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Bemyckast B cBeT BTOpOe H3RaHHE PYCCKOTO NepeBOja Kiacciye-
cko#t MoHorpaduu M. KiopH, MBI CUMTANH NPABHJBHEIM COXPAHHTH B
HeNPHKOCHOBEHHOCTH TEKCT OpKriHana. Bonblias uacTh wHbPOBBIX
JAHHBIX OCTaBjeHA TaKkxe Ge3 W3MEHEHHS, TAK KaK Ha HHX B pane
CYYaeE OCHOBAHLI BRIBOAB! B TEKCTE,

B rex cnywasx, Koriia MsBecTHbe B HACTOSIIIEE BpeMsi KOHCTAHTH!
CYLECTBEHHO PACXONATCS ¢ UpHBeAeHHBMH M, Kiopd, 3T0 OTMeueHo
B NPUMeYaHHAX peAaKTOpa.

TaGauuel B NPHAOKEHUSIK TakikKe OCTABAEHBI 0e3 H3MEHEHHA, 3d
HCKJIIOYeHHEM TaGauLbl CTAGHABHEIX H30TONOB (He HMelolled ApsMOro
OTHOWeHHs K PaJHOAKTHBHOCTH), XKOTOPAs UCTIPaBJieHa MO NOCAEIHHM
JIAHHBIM H KPOMe TOTO JIOGaBJeHAa COBPEMEHHasi CXeMa eCTeCTBEHHbIX
pafoB pacnaja (raéi. 5 c’).

Mbt cunTaTH HeyMeCTHEIM aBaTh K Kiaccuueckomy Tpyay M. Kiopu
JONONHEHHs], OCBEIAloNle COBPEMEHHOE COCTOsSIHME Psijla BONPOCOB,
TAABHBM 00Pa3oM (PH3HKH ATOMHOTO HAPa, KOTOPbe TONBKO CJETKA
3aTPORYTH! B OpHTHHANE, HANPHMED METOBl YCKOPEHHR 38DRMEHHBIX
UacTHll, fiepHbIE PEAKUHN, NEMEHTADHHE YAaCTHLEl H HX B3aHMozel-
CTBHA, Je/ieHHe H paclleN/ieHWe sjep, HOBAH SKCIepHMeHTanbHas
TeXHHKAa H T. A. 3a MNOCAeNHHe TOAbl TOSBHACA HAa PYCCKOM
A3bIKEe PSIA KHHI¥KaK TepeBOjHbIX, TaK W OPHTHHANBHBIX, JQIOMIMX
TOAPOSHEIE oéaophl B 3Tux ofnactax (cM. npuioxeuue 17 B KOH-
e KHHIH).

TIpn noAroToBKe BTOPOTO H3JAHHS MePEBO Gbil 3aHOBO CBEpEH C
OPHTHHAJIOM.

B. Bapanos
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Pykonuce stolt Kuurd, nax xotopofi Mapus Kiopu paboTana B Te-
uEeHHe MHOTHX JIeT, Gbl1a 3aKOHYEHA K MOMEHTY ee cMepTH. YacTb Ha-
Gopa Obina rOTOBA €ile IPH ee JKHBHH.

TToAroToBKA KHHTH K MeuaTi npou3pesiena Hamu. Heemotps na tma-
TeIbHOe HCTIPABJEHHE KOPPEKTYP, OT Hac, GbiTh MOMKET, YCKOMBIHYIH
HEKOTOPBIE OMIHOKH, KOTOpble OB bl 3aMeueHb aBTOPOM.

Bripakaem GnarogapHoctsb coTpyaunkaM Paanesoro uncruryta ['pe-
ryap, Tuito, ®ypube, Capesb 1 Ciopyr, NOMOTABWHM HAM MPH PO-
CMOTpe KOPPEKTYp H Tabaum,

Hpen JKoauo-Kopu
bpedepur Koruo

TIPEAMC/IOBUE ABTOPA

3Ta KHHIa SIBISETCS H3JIOMEHHEM KYPCa, YHTAHHOrO B TEYEHHE MHO-
rux Jer B CopGoHHe M H3MEHSBINEIroCH Kam[slil TOJL B COOTBETCTBHH
¢ TMporpeccoM HaykH. XOTs STOT nporpece GyJIeT, HECOMHEHHO, TPONOT-
JABCA, TEM HE MeHee C IeMarorHYecKoli TOUKH 3penHs HOJE3HO OT
BPEMEHH [0 BpeMeHH BKDATLE H3JardTh OCHOBHbIC CBEJIEHHS B JAHHOM
HayuHo# ofnacTh. TaxkoBa ueab SToRt paGoTel, MpefHAa3HAYeHHON AN
CTYZICHTOB M JUIS BCeX TeX, KTO JKeaeT He JeTAJbHO, a JIHIIb B OCHOB-
HBIX YePTaX O3HAKOMHTBCA C H3JOKEHHBIM B Hell MPeIMeToM.

B repBoii YacTH 5THX Jekunfl JAOTCH KPaTKHE CBEACHHS O Ia30BhIX
HOHAX, MEKTPOHAX W JiyyaX, OOPa3ylOUIHXCAd B Pa3peXeHHBIX rasax
NpH NPOXOMACHHH HEKTPHUECKOrO TOKA. DTH CBEJeHHA CTONb HYZKHbI
TIPH H3YYeHMH DAJHOAKTHBHOCTH, YTO MHE MOKA3aJ0Ch YMECTHbIM
BBECTH HX B CIKATOM BH/Ie B YUeOHHK, BTOPAS H I1aBHast 4aCTb KOTOPOTO
NOCBAIEHA PAJHOAKTHBKLIM HJEMEHTaM H HCIYCKAeMbIM HMH JyuaM.

PacematpuBas 9Ty KHHTY KaK y49eOHHK, a He Kax HayuHbifl TpakTar,
1 He BBEJA B Hee BecbMa OGLUMPHOH B HacTosiLiee BpeMs GHOJHOTpaduH .
D1y NOCAEAHIOK MOXKHO HANITH B PEKOMEHAYEMBIX MHOIO paoTax. §1 e
OTpPaHHYKAACh YKA3aHHEM HMEH TeX aBTOPOB, KOTOPbie COACHACTBOBANIM
YCTAHOB/EHHKIO OCHOBHBIX (DAaKTOB H Hfefl.

Topsiuo Gaarofapto Hpen Kiop 3a nomolllb B peflaKTHPOBaHHH 3TOf
KHHTH, a Takxke T. @ypure, Mano u P. peryap sa nomolllb B cocTa-
BAEHHH TabmuuL.
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§ 1. lNeperoc Toka nonamu

MPoBOAHMOCTE METAANOB W SAEKTPOAATOB Ha-
NOMKHM BKPATHE 3aKOHBI SMEKTPHYECKOH NPOBOAUMOCTH METAjlnoB
# anextposuToB. Korfa snextpuuecknil ToK MPOXORHT N0 MeTainue-
CKOlt TIPOBOAOKE, CHJIA STOTO TOKA £ H Pa3HOCTb NOTEHIIHANOB MEXAY
KOHUAMH NPOBOJIOKH CBSI3AHE!, COTMACHO 3aKOHY OMa, COOTHOWIeHHEM
V = ri. 3flecb 5 — CONPOTHBJIEHHE NPOBONOKH, OHO CBA3AHO C AJIH-

HOI { U TIOIePEUHBIM CeUeHHEM § IPOBOMOKH COOTHOIEHHEM & = %l =
= % » TA€ @ — YIEAbHOE CONPOTHBICHRE, 4 y — YACAbHAR HMEKTpO-
NPOBOAHOCTb AAHHOFO MeTajaa. BBOAR MAIOTHOCTB TOKa j = % H pac-
CMaTpHBAs TAKYIO 4acTh TPYOKH TOKa, AN KOTOPOH SMeKTpHUECKOe
none 1 = ] ORHOPORHO, 3aKOH Oma MOXKHO HAaNKCATh B BHAE [ = yh.

TakuM 00pasoM, B MeTAaJUIHYECKOM MNPOBOAHHKE NJAGTHOCTb TOKA
NIPONOPLHOHANBHA HATIPSIKEHHOCTH SNEKTPHYECKOro TNOAA B HaH-
noft Touke,

MeXaHH3M NPOXOHACHHS TOKA B META/LIaX TOUHO ellie He HIBECTeH.
TonaratoT, oAMaKo, YTO OH CBOZHTCH K NDeDEMENIEHHIO SMEKTPOHOB
BHYTPH MeTaJlia Nojl AeflCTRHEM SEKTPHYSCKOTO Hons. CireloBaTeNbHO,
TOK B MeTaqnax sBAACTCS moxom nepewoca. [lepemoc saekTpuuecTsa
B 3TOM CAydae NPOMSBOAHTCA YACTHIAMH OTPHUATENBLHOrO SJEKTPH-
HecTsa, MepeMellieHHe KOTOPbIX He CBA3AHO C 3aMETHBIM NepeMelleHHeM
Macchi.

Cornacno Teopusiv I'ntropa u Appennyca, ToK B pacTBopax siek-
TPOMIATA TAKKe SBISETCA TOKOM NepeHoca, HO MepeMellleHHe SJIEKTPH-
YeCTBA CONMPOBOMAALTCH 3/I6CH NEPEHOCOM BEINeCTBA, NPOHCXONAIEM MO
sakonaM ®apajies. 3akon OMa NPUAOIKAM K INEKTPOANTAM TaK e, KaK
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i K mMerannam. HocHTesn Toxa B SNeKTPOSHTAX HASHIBAIOTCS HOHAMIL.
TlonoKHTENBHO 3apsiIKeHHBIE KATHOHB 0OPA3YIOTCS U3 aTOMOB BOZOPOAA
HJH METAJLNOB, OTPHUATENbHO 3APAKEHHDIE AHHOHBl — H3 ATOMOB Me-
TAaANOHJIOB WA KHCHOTHWIX papnkanos. OGpasyiouvecst B pacTBope
HOHB MOTYT B HEM JKe BOCCOGHHHATbCS. B paBHOBECHOM COCTOSIHHH
MKy YMCIOM HOHM3HPOBAHHBIX MOACKYSA H YHCJIOM HelTpPafibHBIX MO-
JIeKYR 3TOTO BEIIECTBA B PAacTBOPe CYUIECTBYET NOCTOSIHHOE COOTHOLe-
nue, HAIBIBAEMOE CMEnensio Juccoyuayui.

Ecny xonuenTpauus pacrBopa cHavasa HEONHOPOAHA, TO OHA CTPe-
MHTCS CTaTh OHOPOAHOMN BCAEACTRHE ABAEHHA AUGPYIHU, BEISEIBAEMOrO
MONeKyAspHLM ABwkerdeM. JInddysus He DpHEOMT K pasfeeHHio
HOHOB NIPOTHBONOJOKHOTO 3apsiia. HepHCT nokasan, uTo ofuias cKo-
pocth AMPDHY3HE TMPOTHBOMOSOKHO 3aPSIKEHHBIX MOHOB YCTAKABIM-
Baercs GJAarofiaps >SJEKTPOCTATHUECKOMY NDHTSIMEHHIO CJIOEB 3THX
HOHOB, T4K Kak €c/H CJIOH HOHOB O/IHOTO 3HAKA ONePeRaeT Cioll HOHOB
JpPYroro 3Haka, To OGpPas’oBABIIEECS MEXAY HHMH MECTHOE 37eKTpHYe-
CKOE T/l BLIPABHHBAET WX CKOPOCTH.

Ecan morpysuTs B PacTBOp 3AEKTPONHTA JBA SNEKTPOAA, MEHY
KOTOPBIMH CYLIECTBYET PAa3HOCTh NOTeHNHanoB V, To B BOIHUKLIEM NPH
STOM 3JEKTPHYECKOM NOJe NOMOKHTE/blbE HOHB ABIKYTCH K OTpHIA-
TeNBHOMY SNKTPOAY, HA3bIBAEMOMY KATOLOM, 4 OTPULATEbHbIE
HOHBL — K MMOJOMHTENLHOMY SJ€KTPOLY, HA3LIBAEMOMY aHofioM. B pe-
3YABTATE HMEET MECTO HEPEHOC SREKTPHUYECTBA, COMPOBOMAAIOUIRACA
NePeHOCOM NPOTIOPHUOHANBHOTO KOMIYECTBA BEUIECTBa COMMACHO XO-
POILIO HIBECTHBIM 3AKOHAM TEKTPOJH3A.

OcroBHy10 GOPMYNY IS BHIYMCIEHHS INIOTHOCTH TOKA MOMKHO Bhl-
BECTH, PacCMaTpHBag TPYOKY TOKA MEkAy ABYMS NapalJiebHBIMH
nnactisaMi A % K, 57eKTpKUeCcKOe NoJe MEKAY KOTOPBIMH OAHOPOAHO

u uampasreso or A (awoma) x K

£ (katoay). Ilnorrmocte Toka Oyaer pas-
Ha KORHYECTBY 3ReKTPHYECTBA, PO~
XOISINEMY B ©MMHHIYY BDEMeHH uepes
A . efMHHIY [ONEPEYHOrO CEUCHHS TPYG-
k. TlepeHoC 3neKTpHUECTBa TNpOH3-
BOJMTCA  KaK  TONOMHTELHbIME, TakK
K OTpHUATENbHbIME HOHaMB. XOTs 3TH
NOCAEAHNE TEpeMeialoTel B NPOTHBOMONOKHOM HANPABNEHHH, HO
BHIZHIBAEMbIll HMH TOK CYMMHDYETCS C TOKOM, MEDEHOCHMBIM KaTHO-
namn. Tak Kak JBRMEHHE HOHOB NDOHCXOMMT B cpefie, obaajaio-
el GOJBIIM BHYTPEHHHM TPEHHeM, TO CUHTAIOF, YTO KaMbill HOH
npuoGpeTaeT NOCTOAHKYIO CKOPOCTb, MPONOPUHOHANBHYIO HANPSIKEH-
HOCTH A 3NeKTpHYecKoro nonf. TorAa CKOPOCTH KatHOHA H AHHOHA
6YAYT ki U Roht, THe Ry M ky — NoCTOsIHHbIE KOS(MPHUMEHTH, HA3HI-
BaeMble nodsuscnociamy, B eluHAILY BpeMewk yepes eIHHHUY MoTie-
PEUYHOTO CeYEHHS POXOAAT KONHUECTBA SNEKTPHUECTBA KaXKIOTO 3HAKA,
CcOflepXKalilecsi B IHIHHADPAX, OCHOBAHHF KOTOPHIX DPABHB! EANHHLE

—_

Pue. 1.
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NONEPEUHOrO CeUeHHsl, & BHICOTH COOTBETCTBEHHO — CKOPOCTAM &y
H Uy Ecnn € — MOJeKyJsipHasi KOHLUEHTPaUHsf PacTBOPEHHOTO Be-
ulecrsa, d — cTelleHb €ro HOHH3AaLMH, F — 3apaa OAHOBAJEHTHOTO
rpamMM-HOHa H ¥ — BaJeHTHOCTb, TO OGUIMI 3AEKTPHYCCKHH 3apaj
WOHOB KaKAOTO 3HaKa 6y,ue'r pasen L'dl'F, OTKYJAa TIROTHOCTbH TOKA

J=cdvF (ky+ k).

3ra opMyaa BeIpakaer 3akoH OMa H Jlaer caefyIoulylo BeJHUHHY
3NEKTPONPOBOAHOCTH:

p= k=P (bt ),

OTKYJa CJIeiyeT, 4T0 p — BEJINYHHA AJIUTHBHAA OTHOCHTENBHO ABYX
uoHoB. Kosipuinentsr £y # k, MOMHO ONpeJeNHTb NMyTeM 3KCIepH-
MEHTOB, KOTODbIe 3/1eCh He ONHCHIBAIOTCA.

HanGonpiuefi nOABMXHOCTRIO 00/a/laeT HOH Boaopoia. Hna pas-
GaBnenHol consHol KHCAOTHl Npu 18° Halizeno k, = 0,0033 cafcex
(o H), &y == 0,00068 cufcex (non Cl'), ecnn none uamMepsercs B 6/cm.
TToABHKHOCTH HOHOB APYFHX META/JIOB, HauHnas ¢ Kamus (B, =
= 0,00068 cmfcex), MHOro MeHbIUe MOJBHXHOCTH WOHA BOAOPOAA H
MaJio PasHATCS APYF OT Apyra. B obuiem MODSNOK BeNHUNHBI NOJBHIK-
HOCTH HOHOB 3/IKTPOJHTOB B Nofe 1 sjcu nopsiika 1 eufuac.

Msnoxenast 3fech SMeMEHTAPHAR TeOPHs CHHTACTCR HEAOCTATOWHON B npu-
MeHEHHH X PaCTEOpaM conefl CHABLHBX KMCIOT M OCHOBaMHH, TAK KAK OHA 3aCTas-
AAT NONMYCTHTb, YTO 3TH COJH TIONHOCTBID He ARCCONHHPYIOT. OAHAKO No3pHedi-
e paGoTbl AeNAalT BEPOSTHHM TO TPEANONOKEHHE, UTO AMCCOUHAUHA B 3THX
PACTBOPaX NPOMCXOAMT NONHOCTBIO, HO WX 3/IEKTPONPOBOAHOCTb NOHHIKARTCH

BC/IEACTBHE 3NEKTPOCTATHYECKHX TPHTSKERHI MEMXAY MOHAMH, 3aMEANSIOWHX ABK-
JEHHE HOHOB W MOMMNAIOUMY OCHOTHYECKOE AapehHe ([leGaii).

MeroBoaumocTs rasos TakHe rasb, Kax BO3AYX, B oBblY-
HHIX YCIOBHAX TeMNepaTypbl M JaBACHHMS SIBARIOTCH W30AATOPAMH.
DNEKTPOCKOR ¢ 300THIM HJIH AJIOMHHHEBBMM  JHCTKOM, S/IEKTPOA
KOTOPOTO MOJHOCTBIO 3alIHIIeH KaMepoli K IOAJEPKHBAETCA H3OIH-
pyoweii mpo6kofi Xopolllero KauecTea (W3 napadmaa, Ceps HTH SHTapsA)
€ OYeHb YHCTOH MOBEPXHOCTDHIO, MOKET B TeJeHHe HECKONbKHX 4acoB H
Jlae [Heli COXPAHATE TOT HEGOMNBIION MEKTPHYECKHit 3apRA, KOTOpbLt
3aCTaBJIfeT OTKMNOHATLCA €ro JHCTOK.

Bospyx coXpaWsieT CBOH HSOAHPYIOWKE CBOCTBA JHIOb TIPH YCJAOBHH, HTO
HANpSKENHE MEKAY ABYMS S/EKTPOAAMH, PASICNEHHBIMH CAOEM BO3AYXa, HE mpe-
BOCXOZMT OTPENCNEHHOR KPHTHUECKOH BEAHUHHHI, HASLIBAEMON MpOGUSHHLN NQNDS-
ocerues. Korga 510 Hanpsxenue JOCTHLHYTO, MEMAY 31EKTPONAMH BHE3AMHO BO3-
WHKAeT 3M€KTPHYECKHUil TOX B BHAe NPOGHBHOLO paspafa. 1o asnekne GYAET pac-
cmoTpeno Hie (§ 12).

Ve narHo KynoH mokasan, YTo MejseHHas TOTeps 3apsiia Ha-
SJIEKTPH30BAHHLIM TENOM, HATIPHMEP 3JIEKTPOCKONOM, JIHIWIb HYACTHUHO
TPOHCXOAUT Yepe3 MOACTABKY, IJIABHBIM e 0oGpasoM uepes BO3AYX,
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KOTOPEIfl B OOLIYHBIX YCJIOBHSIX BCErfia OGJAJAeT OYEHb Maunoi, HO
H3MEPHMOll 31eKTPONPOBOAHOCTDIO.

Beaeacteie paja NPUUMH BOBAYX MOXKeT NPHOGPECTH 3NEKTPONPO-
BOAKOCTb, HAMHOTO MPEBLIIAIOILYIO €T SMEKTPONPOBOAHOCTE B OOBIY-
HOM_cocTosiHHH. BOT Heckonbko MpuMepos.

Ecis npubausuth x 9NeKTPONy, He Kacasichk €ro, HeGoablioe IIaMs,
TO NIPOHCXOANT GHICTPLI PasPsl HNEKTPOCKONA, TAK KAK TA8Hl, HCXOAS-
wye U8 TNAAMERH, SBASIOTCA TPOBONHHKAMH S/IEKTPHYECTBA W COOG-
HI210T CBOIO 3/IEKTPONPOBOAHOCTL BO3AYXY, B KOTOPOM OHH pacupo-
CTPABAIOTCH.

TotT Xe pesyJbTaT JOCTHTaeTCA NPH MPHONHIKEHHN K SJEKTPORY
pacKanesHofl MeTAINHUECKOHA NMPOBOMOKH, TAK KaK BO3LYX BOKPYT Hee
NIPKOGPETAET HEKOTOPYIO BIEKTPONPOBORHOCTD.

HekoTopble XBMHYECKHe PEaKWHH YBEJHYHBAIOT 3JEKTPONPOBOA-
HOCTH GRM3NEKALIHX CI0EB BO3AYXA. ITO MPOMCXOLUT, HATPHMED, MPH
OKKciteniu Genoro gocopa Bo Brawom posiyXe. Ecain sra peakuus
HAeT MOGAH3OCTH OT SAEKTPOAA HEKTPOCKONA, TO MOCASAHUH pasps-
Kaeres.

Top peficTBHeM peHTreHOBCKMX Jyveit H Jyvell, HCHYCKAeMuIX pa-
JAMOAXTHBHEIMM BeilecTeami (nyw# Dekkepens), BO3RYX TaKkXe cTa-
HOBHTCSI IPOBOJHHKOM S/EKTPHYECTBA. DNEKTPOCKON Ppas3psiKaercs.
ecay BO3lyX BOJU3M OT S/SKTPOAA NPOHUSHEBAETCH NYMKOM PEHTFEHOB-
CKHX JTyueil HAN eCIM K SJeKTPONY NpubJIHKAT PajHoaKTHBHOE Be-
LIECTBO, HANPHMED HEGOJBINOE KOMHUECTBO CONH Palus.

Bo BCex yKasaHHHIX CYYasX PaspsA NPOHCXONWT HEIABUCHMO OT
TOro, KAKOB 3HAK 3apsiia NeKTpolia.

O6ptunmil CEET He NPHIAET BO3AYXY 3aMETHOMN 3JIeKTPONIPOBOAHOCTH .
Ecni e 3JeKTPON SJEKTPOCKONA, CETAHHBIN M3 IKHKA, OCBELaTh
YALTPAPHORETOBLIMA AYuaMu, TO HaGNI0AACTCs CHICTPLI PASPSA VK-
TPOCKOMA, KO TOMBKO B TOM C/Iydae, KOTJA SAEKTPOA 3apSKeH oTpHua-
TeJIBHO.

Bo3MOXKHOCTb fleaTh rasbl IPOBOAHUKAME 3JEKTPUYECTBA B Hame-
pel BHGPAHHEIX YCMOBHAX NOSBONNA TPOHIBECTH YRNYGNEHHOe W3Y-
ueHHE HX NPOBOAMMOCTH H CO3/aTh ee TEeOPHIO. 31a NPOBOAMMOCTD,
KaK H B Cyuae 31eKTPOAHTOB, 3aBHCHT OT TPHCYTCTBHA B rasax 1o-
JIOMUTENBHEIX H OTPHUATENESIX 3aPKEHHBIX MaCTHIL KN uoros. T3,
COMIEPIKALIHI HONBS, HABIBACTCS LOHUSLPOBAHHM. DITEKTPHYECKHH TOK
B HOHH3HPOBAHHOM ra3e SIRNISIETCS TOKOM NepeHoca, NPOH3BOANMEIM Me-
PeMEIieHHeM HOHOB B JJIEKTPHYECKOM Mofe,

OcoGeHHO TOUHbIE ¥ BaKHbie Pe3YJNBTAThl ObLIH MONYYEHB! IPH HC-
MOA30BAHEN B KAUeCTBE HOHM3HPYIOLIEro GaKTopa PEHTIEHOBCKHX JY-
"eit WK Jysedt pajusi, AeficTBHE KOTOPHIX HA ra3bl COBEPIIEHHO aHANO-
THYHO, KaK 370 B JanbHeAweM H GyAeT MPHHHMATLCA.

TIpH MOHH3ANMM T30 He NMPOHCXOAHT, KAK B SJMEKTPONHTAX, pac-
IENJIEHNST MOJEKY/Ib HA JBE ATOMHBIE TPYNNbI, OTOMY YTO ORXHOATOM-
Hble Tasyl, KaK, HApUMep, TedHill, aproH, naphl PTYTH, MOTYT OHITH
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HOHH3HPOBAHEI TAK JKE, KAK MHOPOATOMHbIE rask. CUHTAIOT, YTO HOHH-
3a1[st ra30BOIi MONIEKYJIbl COCTOHT MEPBOHAYAMBHO B OTUIEIIEHHH OT STOl
MONeKyIbl saekTpoHa (§ 9). SToT sReKTPOH, Macca KOTOPOro NpHOJH-
3uTenbHo B 1800 pas Mexblle Macchl aTOMa BOIOPO/A, MOXKET OCTABAThC S
CBOBOIHBIM TONBKO B OYEHb PA3PEHEHHOM rase, B Ta3€ e HOPMATbHOH
MIOTHOCTR OH BCAENCTBHE SIEKTPOCTATHUECKOTQ NPHTSIKEHHS COeMH-
HfeTCs! CO BCTPEUHOH HelTpanbHol MOeKyol H 06pasyer ¢ Hell oTpH-
nateAbHblt HoH. Monexyna, moTepspiiast 3neKTpoH, o6pasyeT nogo-
JKUTENBHBI UOH ¢ PABHLIM 3apSAAOM, HO ¢ NPOTHBOMONOKEBIM 3HAKOM.
3TH MOHOMONEKY/PHBIE HOHEI, CORAUHSAACE € APYTHMH MOREKYJIamu,
MOTYT 00pa3oBaTh KOMIJIEKCHEIE HOHBI.

TasoBbie HOHBI, OyAyuK 3apTKEHHLIMH YACTHUAMH, PACIPOCTPAHEH-
HbIMM B rase ¥ OPHHHMAIOUMMH YYaCTHe B TeNNIOBOM JIBHIKEHHH, MOA-
UHHAIOTCS 3AKOHAM, aHAJIOTHYHBIM TeM, KOTOPHIM NOAYMHAIOTCS HOHBI
B PACTBOPaX 31€KTPOJHTOB. Kak M 5TH nocAefHHe, OHH MOCYT Boc-
COEAMHSATECH ¢ BCTPEUHEIMH HOHAMH TPOTHEOMOJOKHOFO 3HAKA, OTKYJa
BEITEKAET BO3MOMHOCTb PABHOBECHS NPH PaBeHCTBE CKOPOCTeft HX 06-
pasosaHus u BoccoeimHenusns. Ouu MoryT audxpyHAUpORaTH B rage,
€CIH HX KOHIEHTDAUHT HEPABHOMEpHA, a TaK KaK ofbheMmuble IIOT-
HOCTH WX 3aDPSJ0B Yalle BCEr0 HEBENHKHU, TO AHAXPY3HST MOKET NPHBECTH
K YACTHUHOMY DA3NEEHHIO MOJOKHTENbHBIX H OTPHUATENLHBLX HOHOB,
cropocTH An(dY3HH KOTOPHIX OOLIYHO PASMHUHBL.

B cocyse, saknpouamomeM HOHU3MPOBAHHBIA T3, CTeHKa COCYla
fefcrByeT Kax nprunHa AHGHY3HOHHOTO ABHKEHHS TO HARPABACHHIO
k Heil. MoH, paxofamuiica ovenb GIH3KO OT CTEHKH, MIPUTATHBAETCH
K Hefl CBOMM 3/JIEKTPHUECKHM W300paXkeHNeM, T. €. NopobHofl yacTuelt,
uMelolell TPOTHBOTIONOKHKEIA 3apSA K PACTONOKEHHOH CHMMETPHUHO
[0 APYFYIO CTOPORY CTEHKH; OH NPHJINIAET TAKMM 00PasoM K CTeHKe,
KOTOpas BHITATHBAET W3 OuKafillX YYaCTKOB rasa COlepkaujuecs B
HEeM HOHBI; 3TH NOC/eJHHe 3aMellaoTes APYrHMH BoeAcTBHE AH(DY-
3HORHOTO Nepenoca. JpeKT CTEHOK BO3PACTAET C
YBENHUCHHEM HX TIOBEPXHOCTH, TAK MOXKHO £
OCBOGOJUTL A3 OT MOHOB, QUALTPYS €To yepes P%l

BaTHBI TAMIOH.
~—

TIPOCTHN  ONBITOM MOAHO AOKA3aTh NPHCYTCTBHE
3apAISHHELX HACTHIL B HORKSHPOBAHKOM Tage. L 3T0To
JI0CTATOUHO NOCTABHTL Ha NYTH HX ABHKEHHS B SNKTPH-
UECKOM MONE TIACTHHKY H3 H3ONHPYIONIETO MaTepHanz.
Tlycrs, Hampumep, napadiiosas MJacTuyKa P 3akpei-
BAET NNOCKMI KOWEW 30eKTpoza (puc. 2). TIpu npu6an-
KEHHH MOHH3HDYIOWETO NCTOTHAKE — NAGCTHHKA S ¢

npenaparomM MOMOHHA — HOHBI, SHAK 3APAAA KOTOPHIX
NPOTHBONONOKEH 3HAKY SAPAAA SNCKEPOAA,, ABHKYTCH Puc. 2.
K 9TOMY NOCAEAHEMY W 33fepXKHBAIOFLA napaluioroil

naactupkoft. Monn ¢ TeM me 3HaKOM 3apsia;, UTo K SNHAK 3apaja SMEKTPON3-
ABHKYTCA K TOTMOWAKME! HX ’czgg(xe amepti, Ecau napaprHOBYIO NAAcTIRKY
CHATH A0 TONUOH PaspAAKH SMEWIPOCKONA, TO MONHO, YCTAHOBATb, UTO OHa 3apsi,
KEHA H 3HAK €€ 3APAKA TOT, KOFQPOTO CAEMIOBATO OXHAATE.

2 M. Kiopn : r’}"’i559
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Tak kak cHia NPOXONSIIHMX 9Yepe3 HOHH3NPOBAHHEIE Ta3hl TOKOB
MOMET H3MEHATHCA B UIMPOKHX MpeleNax, TO JJIs H3MepeHHs ee MpH-
XOIMTCS YNOTPEGSTh NPHOOPH PAIJHUHBIX THIOB.

Culla TOKOB TIpH NPOCHBHOM JAYTOBOM WJIH HCKPOBOM Daspsjie H3Me-
psieTCsl aMIIepMeTPaMH HAH MHJTHaMIEPMETPaMHu.

ToKH, TPOXOAsUIME B ra3aX, HOHH3UPOBAHHBIX WBNYHEHUSIMH pa-
JMOAKTHBALIX BEIUECTB, NMPH HANPSKEHAAX HUKE PASPAAHOTO OGLMHO
cnabul. CHAY 3THX TOKOB MOMCHO H3MEDATb NPH NOMOILE MYBCTBHTENb-
HBIX TaNbBAHOMETPOB BIOTH J0 mopaaka 10~ @, Opsako Ans STHX
W3MepeHHil yalle MoAb3YIOTCA INEKTPOCKONAMH HJM 3MEKTPOMeTpaMH,
KOTODLIMH MOMKHO H3MepATH TOKH ¢ ciioll of 10719 510 1018 ¢ w paxe
HIDKE.

B ycranopkax, CAyKaWMX JJisl 3THX M3Mepenufi, creyer pasnu-
4aTh ABE OCHOBNBIE UACTH: UBMEPUMENbHBIE NPUGOD W UOHUSAUUONHYIO
Kamepy.

§ 2. MlonnaaumoHHbIe KaMepsl

ViowusaunoHHAs Kamepa COAEPKHT HCCAeNyeMuill OGbeM HOHH3H-
poBanroro rasa. OGHYHO TaKast KaMmepa COCTOMT H3 MeTaJHIECKOro
cocyZa, B KOTOPHIK BCTAB/EH SMEKTPOS, NOAAep HBaeMutil TpobKof H3

# koo
a_Hsetmpeversy
4 | — —8 (e p
't seure
L — 5 A bomagee
T e senre) 7]
s 8
% serne MOMMSANMY

Prc. 3. HONIBaONIAR KaMepa ¢ JBYNH
naactaHamn A M B, K30AHPOBATHLMM
OF KOPOBKH MpH TIOMOH H3OAATODOB @ H
o, Tinactuya A coemmneiia © SaekTpower
Pom, NOTEIEAN KOTOPOFO Malto OTaHua:
eres ot novexuwana sewan. Ilnactana B
COGZHHMEHE C ONFMM NOMIGCOM AKKYMYJAS-
TopHOfi_6araper, APYTofl ROMOC KOTOPOH
coenuHen ¢ 3emitell,  BenesciBwe  STOrO
MexaY saeKTpoRsMH A u B cymiecrsyer
MIBECTHAR DASHOCTL WOTEnuwance. Ho-
HHSAUNA NDOHSBOAHTCH NYSaMH DAXMO-

AKTHBHOLO ~ BEU(ECTER, WARECEUROFO Ha
FAACTUHY, RAKJOAMBAIIYIOCK Ja SAeks
TPOR B,

Phc. 4, Homnaauuohsas Kaepa, snei-
PofaMH KOTODOT ABAAIOTCR KOpoGka B,
Coennennan ¢ Garapeed, b naactHka A,
COemMHeRNas C omexTpomerpoM. Hsosd:
Top cRaGHKen CoemHBeHHOfl < sewnefl 3a-
wisHolt TPYOKOR g, YCTpAHMIOLIEN BEAKYI0
BOSMOXROTTL NDOXOATEHUS TOKA MEMAY

W B uepes OBepxNOCTL HSOMSTOPA.
HoHUSaUUSA  NPONSBOLHTCH  paAMOAKTHB-
UM BEIRECTROM, RANECEHHLIM HA THOMeIIEH-
Y10 Ha AHO KaMepE! TAACTRHKY, HAR Ke
aY4aun, TPOHHKAIUIKMH B KaMEPy epea
HHNHIOR CTEHKY, eCAI OHO JOCTATONHO
TonKa Ana ST0ro. STofl Kamepoll MoxHO
nOTL30BATRCA, COSRHHAR KOPOSKY B <
SeMaefl, a ANCKTPOR A C HACKTPOCKONOM.

H3OMHpYIONero MaTepuana, Mexly COCYAOM M 3NIEKTPONOM yCTaHaB-
JHBAIOT PA3HOCTH MOTeHHuanoB. TorAa, ecnw ras, copepxaiufics B
Kamepe, WOHH3HPOBaH, B Hell BosHHKaeT Tox. Kamepa Moxer nMeTb
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HE OAMH, 2 JBa K3ONHPOBARHBIX 37eKTpoia. B sTom ciiydae pasHocTb
TIOTCHUNAN0B, BEISHBAOULYIO TOK, HAKNAALIBAIOT MEK/Y STHMH ABYMS
BMEKTPOAAMH, COCYA e INPHCOBAHHHIOT K 3eMae,

YTOBE OOECTEYNTh HMEKTPOCTATHYECKYIO 3alUTY. Honesrpamensy

@opma Kamepsl H DACTIONOKeHHe 3MeKTPOROB g

3aBHCAT OT meiH skcnepumenta, OObIYHO YNOT-
PECASIONIAECs: THITE HOHUBANHOHHWK Kamep W30~
pamenbiua puc. 3,41 5.

§ 3. duexTpomeTpuueckne NpuGOPLE

9JIEKTPOMETPM ¢ NHCTXKOM B C HH-
Thi1o. JINs H3MePeHHs HOHH3AUMOHHDLIX TOKOB NO Pue. 5. Hownsaunommas
Sonpillefi YACTH YROTPEGASIOT 3NeKTPOCKONH C e b paenmot wa
ONHHM JIHCTKOM. 3a ABH)KEHHEM JIHCTKA HaGmio- DUC- 4 <1ofl pagnhuet,

o uro mitaciia A secs
JAI0T Yepes MHKPOCKON ¢ MHKPOMETPHUYECKON LIKA- sawenena crepkhes.
Noit. DNEKTPO] 3allFlIeH MeTaJHUecKolt Kame-
poit, HMelOWel OKOWCUKH /Anst HAOMOAEHHS H TDPHCOSAHHSAEMON K
3emze.

DNIEKTPOCKON ABAAETC OYEHb NPOCTHIM H3MEPHTEBHEIM TIPUOOPOM.
Ero kopryc MOXKET OJNOBPEMEHHO CYKHTbH HOHH3AUUORHON KaMepoit,
B KOTOPYIO HOHH3HDYIOUIHE JIyuyH NPOHHKAIOT Uepes TOHKYHd CTeHKY.
Yame, oAHaKO, IPHOOP COCTOMT H3 ABYX OTAGNEHHH, OAHO H3 KOTO-

Hoarrmop

Pie. 6. BnexTpockon < HOWH3AUWORLOH Honnsaunonnas

mepoit, ilnacThRa A Coemuiena c aieKTpo- novemera  non

Xom E, nnacrrwa B — ¢ KopaGrofi S, Il sxexTpGCKkonoM. HSOAMpo-

Y B_MOKHO MOMEUIATE DUANOAKTALHAL B2 BACKTOZ  MOMKET

Zemecrso. Baullilienian KpUIIKOR Kilonka 6ur, B opwe crepna
b CAYKNT AN 3aPRAKM BAEKTPOCKOUE. Han TAACTHI,

PHIX CAYKHT HOHH3AIHOHHOH kaMepoft. OGbluHLIe THIEL NPHEOPOB H3-
ofpazketibt Ha pic. 6 u 7. Hakowell, MOXKHO YIOTPeGASITE SNEKTPOCKOT,
He MMEIONIMIl TIOCTOSIHHOrO COSJHHEHHA ¢ HOHW3AWNORHOM KaMepoit.

HanpaeKne MKy SIEKTPOIOM H kAMEPOR OGHNHO GHIBACT MODSAKA HECKOMb-
KWK COT BOABT. DMEKTPOJ 3aPANAIOT NpH TOMOMH Teda, NASNEKTPH30BAHHOIO
TpenueN, HeGOALIION SICKTPHUCCKOR MAIWINH WM GATAPEH H3 MAJEIBKHK AKKY-

2%
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MYNATOPOB HAM 3MeMeHTOB. ECNK yNoTpeGnATh SNEKTPOCKON ¢ KOHAEHCATOPOM, TO
ANA 3aPAAKH AOCTATOYHO GaTapen H3 HECKONbKHX 9JEMEHTOB.

Cuna Toka paspsia He NPONOPLUHOKAIBHA CKOPOCTH TIepeMeilieHHs
JIHCTKA, TAK K4K eMKOCT, NPHEOpa 3aBHCHT OT NoJoXKeHHs aucTka. Ho
€can CPaBHHTb NPOMEXKYTKH BDEMERH, HYXHbie JAS NepeMelenys
JIHCTKA MEXARY ABYMS BCErAa ORMHAKOBLIMH JIECHMSIMH, TO STH NpO-
MEMCYTKH COOTBETCTBYIOT CTEKAHHIO OMHHAKOBOTO KOJRUECTBA SJEKTPH-
vectsa . CllefoBaTeNbHO, CPEARAN CHA TOKA 33 BPeMA ¢ GyJeT pasHa

i= —;L , 4TO NO3BOMSIET WIMEPHTH €€ OTHOCHTeNbHYIO Benkunny. Hail-

HeHHast SKCUEPUMEHTANBHO BeMYMHA { JIOMKHA GHITH MCMPaBJeHa my-
TeM BbIUMTAHHSA BeNNUNHBI €CTeCTBEHHOrO pacCessHHs WIH coBeTReH
HOTO ABHMEHUS JIUCTKA, T. €. TOrO TOKa, KOT()pbll‘;l BO3HHKaeT B Kamepe
NpH_OTCYTCTBUH HOHHSHPYIOWETro daxyopa.

Jns namepenns aGCoOTHOR BEJHUUKD ¢ HYIKHO TPafyRPOBATh NIPH-
Gop. Onnako rpaJyBpOBKA HAMEHAETCA BC/RACTEHE AeGopMALIMH IHCTKA.
TlosTOMY 2/1EKTPOCKONL Mydllle YNOTPeSASTL I OTHOCHTENBHEIX, a
He anist aGCONOTHBIX H3MEpeHH .

Hroraa ynoTpeSGnsaioT 3MEKTPOCKONDI, THCTOUEK KOTOPHIX ABHXETCS
B BaKyyMe. Srum YCTPaAHAIOTCA BO3HHKROBERME Cprl:'l BOzAyXa BOKPYT
JIHCTKA U BO3MOXKROCTD HOHU3AUMH BO3AYXa B 3TOM QTACREHHH npuéopa,

YKaeM B KauecTse HPUMePa, YTO L5 3NEKTPOCKONA OGHIURLIX pa3-
MepoB, 00BeM KaMephl KOTOPOro PaBeH ORHOMY JHTPY, 8 eMKOCTb —
OpHMEpHO OANOA 3d.-cTar. ed., B OCHIUHOM BO3AyXe HaGmropaercs
NajileHde HanNpsXKeHUs Mopsaaka HECKOJNBKHX BOJBT B 4aC, YTO
COOTBETCTBYET TOKY Daspsja nopsaka 10-%q,

B HEKOTOPBIX 3/€KTPOCKONAX NOMBMMHOA JHCTOK 3AMEHEH OYeHb
TOHKOH NpOBOASMEN HHTBbIO. TIDHMEHAWT ONHY HHTbL, OTTANKHBAIO-
MYWCH OT HENOABUNKHOrG CTEPXKHs, HAH [Be COCAHHENHbIE HA KOH-
HaX K B3AHMHO OTTANKWBAKOUINECH HUTH. CHIDYHNOIM 3AEKMPOMEMPOM
Ha3bLIBAlOT npnﬁop, B KOTOPOM HHTB, HATAHYTaA MeXAy ABYMS NAacTH-
HAMH, 3apAKEeHHbLIMH JI0 PABHLIX, HO NPOTHRONOAMKHKIX MO 3HAKY [0~
TeHUHanoB (Hanpumep, = 100 g), mUepemelraeTcs B 3aBHCHMOCTH OT
3HAKa TNOAYYEHHOrO €10 3apajla N0 HaNpaBjeHHI0 kK OﬂHOﬁ W3 3THX
TJacTHH.

KBA}JPAHTHHE AAEKTPOMETPDL Q6biuHO TIPUMEHSAOTCA
BMEKTPOMETPHl THNa KBajpanTHoro. K stomy npnGopy NpHCOEANHS-
eTCs HOHM3ANHOHHAA Kamepa. Ha puc. B cxemaTHueckH H3oGpaxena
HPOCTQFILUQE HamepHTejbHad YCTAEOBKA.

TMoxa kalod F 3aMKHYT, MEXAY KBAJPAHTAMH He HMERTCH BaTPAKEHHA, a MEKAY
njacTHHaMd A W B yCTaBaBAMBARTCH HalpaiKeHWe, NPHOSHIHTENLHO PaBHOS Ha.
DPAKEHAIO WA Tonocax Gatapew C. ECau BOIAYX MEKAY TJACTHAHAMH HOHH3APO-
BaK, 10 MeXAY A u B Bosnwkaer Tok. Korza xou F pasMuKaor, STOT TOK 3apst-
HACT H30MMPOBAMKYIO CHCTEMY H, HBMEHAN ee NOTEHUHA, BWILIEAET NOCTENEHHOR
OTKNOHeHke CTpesikH. TIpH H3BECTHRX YCAOBHAX CKOPOCTb OTKJOHEHUS CIPENKH
NPONOPUHONANEHA CHAE TOKA 11, CIIEJIOBATENBHO, MOKET CIYIKHTh A €70 HIMEPEHNSI.
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Ha sieMeHTapHON TeOPHH KBajPAHTHOTO 3/IEKTPOMETPA CAeAYeT, YTO €CAH
V — noteHupsan CTpeNkH, a U — PA3HOCTb TOTEHUHANOB MEXAY KBaAPaHTami,
NpeArosiaraeMas NOCTOSIHKON W Manoii mo cpapHeRmio ¢ V,TO CTpeaka nonyuaer
NOCTOAKHOE OTKAOHEHHE @ — kU, TAe k — 4yECMBUMER6HOCHG & ROMENYUaAy. D1a
TIOCNENHSS B HEKOTOPBIX TpeenaX npaMo
NPONOPUHOHANBHA  MOTEHUNANY CTPeAKk
V ¥ 0GpaTHO mPONOPUMONANLRA MOMERTY
naps Cua, obpasywmedcs Npu saxpyuk-
BaHUM HHTH nomBeca. Jierko Jfocraraercs
YYBCTBHTEABHOCTb, NpPH KOTOpol OTKNO-
HeHHE Ha fKane, NOMELeHHOI Ha PaccTos-
HEH OJHOTO MeTpa OT 3EpKana, PABHO OAiHO-
My METpY Ha BOMBI.
EciH H30AHpoBaHHAA CHCTEMA NOAYYH-
N2 MOAOXHTEALHEI 3APAK §, COOGLABILHI
efi NOAOKHTE/BHBI IOTERLNAZ U, TO 4YECHI-
sumerbHocmy K sapsady S, onperendeMas
H3 OTHOLIEHHR @ = S¢, He NIPONOPANONANb-
Ha k. JIOMyCTiM, WTO apmMenHas nomo-
xutensho (V> 0) crpeaa orkaouseres
Ha YIO4 a K Sa3’EMJIEHHOMY KBAafPaHTY.
Torfa mHa WSONHPOBAaHHOM KBaJpaHTe
OCBOGOIKAAETCH HEKOTOPOE KONMYECTBO OTPHI-
BTENBHOTO SMeKTpRUSCTBA AaV, NPOTIOP-  Puc. 8. TloApH#NAT CTPENKa SneKTpONETPa
UHOHANLHOSY @ W NOTEHLHANY CTPedkn V. 2?)?;!"5!;3;;TSQIK;?:‘:*':?ZJ;(":':;;’;OP,Jllﬁg,ﬂ
Obssaan epes ¢ eutocrs naonmposan. SO AP3ND TR xassponton 1 %
WOl CHCTEMBI, HAXOIRM Kawepts. Tinacrana A coequnesa ¢ olkol
napoh xbaupanton Q. lisacruma B coe-
JNHHeHA C OMEEM U3 HomoconGatapen C,
—AaV [ k Apyrofi nonoe KoTopoit coeuRer ¢ 3eMaeh.
e, Ealrywy i Tldpa KBaaPaHTOD £F* K KoDOOKA NPKGOPA
¢ 9 cthAV CoeniHeNtL ¢ Semnell. CrpeaKa coemneia
ComumM M3 monocos Gatapen D, npyrof
510 suaunr, WIo K TeoMeTpuueckol DO Kotopod cormmen cocuneh Kosx
EMKOCTH ¢ NDHCOSRHHAETCA JONOMHUTENb-  Comrnens c semned b 1ouke F. Crpenka
HASl EMKOCTD, HA3LIBAEM@A €OIEKTPHUSCKON  CHAGHEN IEPKANOM, OTKIOHSHHS KOTOPOTO
eMKOCTBIO» H TIpOTOpUBOHaabHas VE. Jler- HaBioRAIOTCR Ha WIKane.
KO BHJCTB, 4TO UYBCTBHTENLHOCTb K 3aPALY
§ BO3PACTAET C NOTeHUHAJIOM CTPeNKH A0 MaKCHMYMa, KOTOpHIi AOCTHraeTcs NpH
37KTDHUECKON eMKOCTH, PABHOM TEOMETpHUCCKON. B 0GEIUHO YNOTpeGN TeMbIX SieKT-
POMETPAX CTpeNKa 3apAKACTER JO NOTEHIMANE TIPHONH3HTEADEO B 100 6 § MAKCI-
MyM NOCTHFARTCR NPH NOTEHWHAJE, HE PEBOCXOATLEM SHAYNTEABHO STy BEHUAHY.
Ecnn sapsn ¢ coofuer H30MHPOBAHHON CHCTEME TOKOM TOCTOSHAON CHABI f,
TO g == it, TAe { — BpeMA NPOXOMIEHHR ToKa. JIBHXeHHE CTPENKH SABMCHT OT i,
a TEKKE OT MOMEHTA HHEPIHH TIOABHIKHON YAacTH, ee TOPMOMCHHA H MOMEKTa napsl
o, BESEIBalomed Kpyverne. [pH noaoGpaNtOM COOTBETCTBYIOMHM OGPA3oM TOp-
MOXKEHHH CKODOCTE JBHIKEHHA OBICTPO CTAHOBHTCA TIOCTOSHHOMN, MepeMelieHye
YKa3aTeNs — MPOMOPUHOWANBHHM BPeMeHH, a YIJIOBaZ CKOPOCTb OTKJOHEHH:
© — nponopuxonanbEofl i. JloKasaHo, KpOMe TOTO, UTO B 3TOM Ciyuae UyBCTBH-
TENBKOCTD K TOKY
£

AV
CooTHowenHE @ == is LA€T HOMONHOCTS HIMEPATH CHAY TOKA i B OTHOCH-

") ILahikenue NOABKIKHON CHCTEMB ONPEAEAReTc ANM{EpeHIHATbHbIM YpaBHe-
HHEM 3aTYXIOWNX NePHOANYECKHX ABHKEHHI, KOTOPOE JIeIKG MHTErpHPYETCA.

o
Yraosas ckopocts @ gF  CTPEMHICS K NPENC/BHOMY 3HAUEAHIO s;, KOTOpOe
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Tenpitex seanunnax. JLIs 9T0TO AOCTATO4HO HAGMIONATH TIEpEMEIteHKe MOKa3aTens
B TOH YACTH WKaJB, Pe 370 NEpeMeleHHe PaBkOMEPHO.

UToSH H3MepiiTh a6CONIOTHYIO BEARNMNY i, He ONDCHENsT BCRX BXOAMILHX B §
BONHUHH, HCKAIQUAIOT C, A W V NyTeM NIPHCORTHNCEHAS K H3ONKPOBAKHOMN CHCTEME 0~
6aBouHOi cMKOCTH €, KOTOpas YMEHBILAET CKOPOCTb OTKAOHEHHA AO NCKOTOPOro o,

TakuM 06pa30M HOAYHAIOT ABA COOTHOWEHHA:

e+ CHEAY
E .

otkyaa

CileflopaTenbHO, 3Han eMEOCTh € I UYBCTBHTRNSHOCTH K NOTEHIAANY &, MOKHO
onpenennts aGCONIOTIYI0 BRNNTHKY i.

§ 4. MeToap KoMOeHCAUHH W MOCTOAHHOTO OTKJAOHEHUS

MoxHO yepxuBaTh NOABHKHOMN YKa3aTeNb HA HYJe, KOMNEHCHPY S
HBMepﬂeMblﬁ TOK Ha HSOﬂHpOBaHHOﬁ CHCTeMe BCE BPEMS DaBHbLIM, HO
NPOTHBOMONOKHBIM [0 3HAKY TOKOM, JAOCTaBJAGMBIM COOTBETCTBYYO-
LM WPHOOpOM.

2) TIPE30O3AEKTPUYECKHUA KBAPLU TnabHOil ¥acThlo 3TOTO KOM-
TEHCHDYIOILEFO TPHGOPa HABARETCA KBAPUEBA TLIACTHIRA B GOPME NPAMOTO MApal-

Pac. 0. Ha pHCYHKC N0 K30BDAMCUNE MAACTHEKI © OGKAAKOME CNCDONM W COOKY, 2 TakMe
TORQMCIHE AAACTHKH N0 OTHOWICHMIO K TEKCATONATLHOMY Ce4cHO KDACTALIa KEADUA B maoc-
KOCTH, nepneHfMKynspHofi k raapol ocu.

nenenknefa, AfuHa [ KOTOPOFO PaBHA HECKOJBKHM: CAHTHMETPAM, WHpHHA € —
oKkono 15 sk, TonuwHa — 0,5 sx. TIMACTHHKA Eblpe3aHa Tax, UTOOH MiaBHag

JOCTHTALTCA MyTeM TIOCTEMEHHOTO YEEAMUCHAA CKOPOCTH, €CAH DEMHM ATePHOH-
YecknH, MAN MyTeM NONCPEMEHHOTO YBeJHYeHMS W YMEHBIUEHHS CKOPOCTH, €CIH
amoprasanys Hegoctatoutia, LleaecooBpasno naberaTs KOJEGATENBHOTO peXuma,
K;rgpli!ﬁ§l|;gnaronpumen ana ugmepernii (cu. M. Curie, Traité de Radioactivité,
1910, I, ).
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(1poiikan) och KpKCTAAA Of 6HIA NAPANTEMbHA WHDHHE, @ OAHA H3 TPEX JBORHBIX
oceil Oy Obina napannenba TOMNEHE IACTHHKH (puc. @ nu 10).

O6a KornA NAACTHHKH BAeAaHEl B onpaphl. OfHa ¥S HEX CAYHKHT A Nojse-
[IMBANHS FARCTHNKH, @ K APYTOl MPHUCIISETCH MAmedka, Ha KOTOPYIO KAAJeTes
TPY3, PACTATHBAIOWHA TAACTHHKY 0O Bep-
THKand Oz. TIpu pacTAXEHHH TNACTHHRH
HA ABYX ee TPAHAX, NePUEHANKYIAPHEX
K JBOAHOM OCH, NOSBAAIOTCA DPABHBIE, HO
NPOTHBONONOKHKIE NO 3HAKY 3aPAAN (.
Ecnu aTH rpani MOKPBITH MeTaIMYecRUMH
obknagkamd P, W P, OTpaHHYeHHBIMH
H3ONFPYIOULKMH BHIEMKAMH m W 1, 70 Ha
0BKMalKaX COGHPAIOTCH 3apsAbl, paBHBIE
3apAKaM, DAasBHBAIOMAMCA TpH [OJAPH-
3alAM naacTHHKEY).

Ycranosneno, uTo

HH]

l
q=0,088-F,

Jewan

Fe ¢ BEIPAXEHO B 3M.-CTAT. ef., a F — Puc. 10. Ha pHeylKke MaHa cxeMa sKeneph-
KINOrpaMMAX. MeHTaTbROR YOrABOBKN. Bra 'ckewa ng-
BTOpAET CXEMY, H30GDAKEAHYIO HA DHC. B,
UToSk KOMMEHCHPOBATH HOHHSAUHOH- o ion  pashBueh, w0 Skbes  fooaBNEH
AMfi TOK TOCTENCHKO BEIEAAWIIAMCH Ha  Kuapu, omva us ofinamex xomoporo F,
KpHCTAle SAPFAOM g, NOMEMHOTY yBeiu. —COCRNFENa ¢ WSONHPODAKHON CHCTeMof,
ai Py X
WHBAIOT TPY3 B MaMleuKe 7a, UTOGH oJex- 2 apyras Py - c aeuach

TPOMETp BCe BpeMsl OCTaBalCA Ha HyfAe.

Torza cuaa HOHH3AUHOHKOTO TOK2

% {rae ¢ ~— NPOROMKHTRILHOCTS BDEMEHI

KOMINEHCalfiH), OTKYAA MOXKHO BBITHCIHTL aGCONOTHYIO BENHUHHY 4.

O6e1uHO ynoTpebaaeMele MAACTHEKH BhileasioT 0T 5 10 10 3n.-cTaT. ef. anek-
TPHSECTBA HA KBJOTPAMM Tpysa, IO MO3BOAAET HBMEPATH Toku cHaoil or 10~9
a0 107 a.

Mpumep. Iaactuuxa pugenser 6 3. crar. 1. Ha kuaorpamy, F = 200 2,
¢ = 30 cex., oTcioia

= 0,04 on,-cTat. ex. = 1,3 - 1071 a.

b) HBMEHEHWE 3APSAlA KOHAEHCATOPA. KoMnencauuounsiii tox
NoAyYaeTca NPH NOCTENEHHOM 3apSIZKEHHH KOHEHCATOPa ONPefeneH ok eMEocTH C A0
M3BECTHOrO TOTeHIMana V naM NpH ero nocTenerHoM paspsxennH. Ecnau mpo-
EONKBTEABHOCTD KOMIGHCALWH DABHA !, TO CHJIa HOKM3AUMOHHOTO TOKZ BHPASATCA
opmysoft i=-7—. Cxema ycranosku nsoGpaxena na puc. I11. Oua nosropser

cXeMy pHC. 8 ¢ ZoGaBNenHeM KOMNeHcCaTopa.

1) Dror npuGop ofbiuno ynotpebaetcs B Tlapisckon MMcTHTyTe pamis ans
nosyuenus HeGONLMIX 3apsA0B ONpefeneH ol BennunHbl. On uaoGperen I1. u. K.
Kiopu B 70 BpeMs, KOTa WMH GBITO OTKPHITO [bE303NEKTPHUCCTBO. CBONCTBO H/1CK-
TPHSOBATLCH OPH RepopMALWM TIPHCYNIE BCeM KPHCTANAAM, HE HMEIOWMM UeHTpa
CHMMETpPHE, HO OCOBEHHO YAOGHO MONB30BATECA WA STOR uenn kpapueM. ITpa-
FOLHOCTh MLIACTUHKH B KAUECTBE A6COMIOTHOTO BTAZIONA DACKTPHUECTBA SABHCHT OT
TOUHOCTH TPaHeHNA M KauecTBa KpHCTanda. O6a 5TH YCIOBHA MOKHO NMPOKOHTPO-
JHPOBATH MPAMEM aGCOMOTHBIM H3MEPEHHEM KONHUYECTRA J/eKTPHYECTBA, BHACNSIO-
fleToCn NPH U3BECTHOR Narpyake.
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¢} MOXKO KOMIEHCHPOBATb H3MePARMHIE HOHN3ALNOWMBIR TOK TOKOM TPOTH-
BONOJIOMHOTO $HAKA, NONYYaeMbiM OT APYTOf HOHHSAWHOHHOH KaMepel, KoTopast

Puc. 11, Buyrpenuss ofwianka kousencatopa K
CoeNHENa ¢ HO0NKPOBAKHON cncTewol, Bemnsst
OOKMAKA L ~ CO CKOMbBAIUN KOHTAKTON GOIL-
WoTo ConpoTHENeHHA R, KOTOPOE 3amblkaeT Toi
GaTapen /%, OXHH H3 NOAKGCOB KOTOPOH N HCOCAHIEH
x_aemae. Tlepemeuian KORTaKT, haMeRswioT HoTeH-
Unan 5 0T 0 5o ¥ H HIMEDAIOT €TO BONBTMETDOM.

NOTEHIHAJ H3ONHUPOBAHHOH  CHCTEMbI

CRYHUT TIepEMERHEIN STANOHOM, DTOT
cnocob o6biuno ynoTpesaseTea As
OTHOCUTENBHELX H3MEDEHHT, HO MOXK-
HO MOJYWHTE M aGCONIOTHBIE BENH-
UHEB, €CNH NpefBAPHTENLHO (PO-
TPafyHpPOBaTh KOMIEHCATOD.
MeTon NOCTOSIHHO-
ro OTKMOHEHMA B He-
KOTODBIX ~ cAyYasx  yacOHO
TIONBE3OBATLCH TAKUM  METOAOM
SMEKTPOMETPHYECKHX ~ H3Mepe-
HHit, TPH KOTOPOM S7EKTPOMETD
JaeT, KaK rajqbBaHOMeTp, onpe-
JIeJIeHHOe OTKIOHEHHE NPH JaH-
HoM Toke. [IAsi STOTO H3OIH-
POBAHHYIO CHCTEMY COCTMHSIOT
¢ 3emneli yepes GoJblIOe CO-
NIPOTHBJEHKE @, B KOTOPOM TOK
nosuuyercs sakony Oma (omu-
yecKoe conpoTnpienne). Torza
BOspacTaeT A0 TeX Mop,

NOKA MOHHSALMOHHBI TOK He GyJeT KOMIEHCHDOBaH nOTepeil uepe3

conpotusnenne ¢. B stom cayaae V = gi. Tak
Kak TIpefleNbHOE 3HAUEHHe NOTeHNHana TWPONop-
UMOHANBLHO H3MEPSeMOMY TOKY, TO eMy Npo-
TIOPUMOHAJTEHO M OTKOHEHH® MeKTPOMEeTpa.

TPYAHOCTS METOJA COCTOMT B TOAGOpe COOTBET-
CTBYIOWETO congomaneum. UtoGks NpH H3MEPEHHH TOKA
nopsiaka ot 107 go 107! @ snaverne V A0CTHIVIO
0,ls, mymuo 6path conporkBierne ot [0* go 10* ox.
Flonbsynch MeTansaMH MM XUIKOCTAME, TPYARO NOAY-
UYATH <TONb GoNpuke ConpoTHBAeRHS. II03TOMY MOAL-
SYIOTCA HOHH3HPOBAHHBIMH TasaMi, CONPOTHBIEHHE
KOTOpHIX NPH H3BECTHBIX YCAOBHAX ABISETCA OMHUECKHM
(§ 5). Taxoe conpoTuBNeRHe M3oOpameno Ha puc. 12,
OHO COCTOMT W3 MOHM3ALHOHHON KaMepsl, OJHH H3 3NeK-
TPOAOB KoTOpoil K COENMHEN ¢ HAOMHPOBAHHOH CHCTEMOR,
a zpyroit L — < semneil. Bosgyx B xaMepe HOHN-

n
B

Puc. 12,

SHPYETCA COOTBEICTBYIOmE TOZOGPaMHEM Hanydennem. OGa 3NEKTPOAA AONMKHE
GBITH CZenaHbl W3 ONHOTO W TOFO ke MeTanna. ECnM ba OXHOM H3 WHX HaXOMWTCA
PAAHOAKTHEHOE BELLECTBO, TO OHO JNOMKHO GHITH 3AKPHTO METANJHYECKOH CeTKoi
H TOTAR Tarol e METalIBYeCKON ceTkoll KoMKeH OHTb 3aKpbT ADPYrof SAeKTPOL.
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OTHM yCTpPaHAeTCR BOBMOMHMOCTL BO3HHKHOBEHHN KOHTAKTHOM PAasHOCTH MOTEH-
UHasoB, BHI3BIBAOWEN B HOHH3HDPOBAHHOM rase TOK, WAYULHE JIO TeX [Op, NOKa B
pesynbTaTe 3apsAKH SMEKTPOJOB RE YCTAaHOBHTCA NPOTHBONCHCTBYIOMIEE Hanps-
HKenHe.

AETANU PUBOPOB, Xopowas H3onALHS NPHGOPOB — Baueiiuee yeno-
BHe TIPH H3MCPeMHH caabbix TOKOB. OCOGeHNO COBEpEHHAS HIOMAUHS HYKHA Ans
COGCTRBERRO RH30AHPOBAHHOM CHCTEMbl», T. €. AN 3JEKTPOZOB B 3NEKTPOCKONE,
KBAZPAKTOB B SNEKTPOMETPC M BCEX COSNMHERHBIX C HEMK SiekTpopor. Hanayw-
UM H30NATOPOM B 9TOM CAy¥ae ABAACTCA SHTAPDL (HAH MPECCOBaNUB SHTapb,
HaswBaeMeblll AMOPaHZOM), KOTOpHI Jerko oGTauHBaeTCR W WANDYETCH H Haonu-
PyeT Haxce BO BAAMHOM BOSLyXe. MeHee COBEPWEHHNIE HIOAATOPE, BPONe 360KHTA,
MOXHO YNIOTPEGMAT: ANA H3OASUBI SIEKTPOMOB, 3apAKAeMbIX 0T Gatapef, HO He
COSTMHEHHEIX C H3OMMPOBANHON CHCTeMON. CHABHO MPORAKAKOWIEE H3NYUEHHE
HOHHSHDYET BO3LYX HE TONLKO B HORH3AUNOHHON KAMEPE, HO H BHE e, BCASICTBHE
Yero MOryT BOSHHKHYTb NapasuTHyecKkHe TOKIi. BBHIY 5Toro npuOopal 4acTo COeAH-
RSA0TCA APYT ¢ APYFOM DPH MOMOWM NPOBOJOB, SAKAIQUERDELX B TPYGKH, HAnoi-
HEHHBIE TBEDJILIM HSONATOPOM, HJH JKe B rasoHenpoHlluaeMbie TPYGKH, Ni3 KOTOpbIX
BHKaYal BOSAYX. CaM TpYOKH AETAlOTCA U3 NPOBOMSIIETO MATEPHANA H COSH-
HAIOTCA ¢ 3eMell, UTOGH OGECTIEUHTh SAEKTPOCTATHUECKYIO SALIMTY HBONHPOBaH-
HON CHCTEME! (XBe TaKhe TpyGKH MSOGpamenM Ha puc. 11). CWeAyeT JOBECTH fo
MHHHMYM2 OOBEMH TPHGOPOB, B KOTOPHX HEOGXOLAMO H3BEXaTh MOHM3AWMH BOZ-
IyXa, KAK, HANPHMED, O6HEM KaMepHl SMEKTPOMETpA, H HHOTIA NOJIE3HO IBAKYHPO-
BaTb W3 HHX BOSIYX.

HeBO3MOXHO NPONSBECTH TOUHBIE SMEKTPOMETPHNECKHE M3Vepenns, He T03abo-
THBLIHCL O ToM, 9TOGH BCe 4ACTH ANNAPATYPH HMENN ONPEACACHHbE NOTERUHAE.
Jlnas 3T0TO BCe SNEKTPONBI COSAHHAIOTCA AR C 3eMfeil Yepes BOIONPOBOAHYIO CeTh,
WK C ONHKM H3 TIOAIOCOB GaTapeH, APYTON NONOC KOTOPOR 3a3eMned, 1pH Tomomy
333¢MJCHHBIX TIOKPHIEK YCTPAHAOT BOSMOKHOCTE BOSHMKHOBEHHS BCAKOTO BPell-
HOTO SNEKTPHYECKOTO NOAR B 3HATOM NPHOOPAMH MPOCTpaHeTEe.

TIpH H3MepEHHAX HOMHSAUWOHHBX TOKOB 4aCTO NIOMB3YIOTCH NOTERLHANAMH B
HECKONBKO COT BOMKT, NONYUAEMBIMH NPH NOMOWH GaTapeil h3 HEGONBUIX SACMeH-
TOB HNH aKKyMyJAATOPOB.

Ur06r Bce 0GPasOBABUINECH B ROHH3AUHOKHON KaMepe MOWH YHacTBOBANH B
nepenoce ToKa, KAMEpa He JOJIKHA HMETD <BDEAHBIX TTPOCTPAHCTED, T. €. NPOCTPAHCTS,
B KOTOPHIX SJIEKTPHUECKOE NOME Cabo [O CPABHEHHIO C NOJEM B APYTHX UACTAX
Kamepel.
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[Tpupona 06paayIOMMXCs B FA3aX KOHOB MOMET BABHCETh OT YCJIO-
Buft ux 06pasopanns. CHayana MBI PACCMOTPHM PeyNbTaThl, KOTOPhIE
NONYYAIOTICS B TeX CAYYAAX, KOTAA HOHU3AUMSA MPOMIBOAMTCS JIYdaMu
Pentrena vaiu nyvamu Bexkrepens (§ 5—8).

§ 5. 32BHCHMOCTb MEXIY TOKOM M Pa3HOCTBIO NOTEHUHANOB

Tok HACHIMEHM s TIpH NOMOHIM TAKHX 3KCNePHMEHTAJb-
HpIX YCTaHOBOK, KaK M3ofpaxeHHote Ha puc. 8, 10, 11, moxso
H3MEPHTL TOK i, BOSHHKAIOUIMH B HOHHSAUHOHHON KaMmepe npu pas-
JTHYABIX RANPAAEHHAX MEXAY snekrpotamu A u B, OyHkuus V)
oBbIUHO He U300PaKAeTCK NPAMOMH, KaK 3T0 GbIBAET B Clydae MeTalid-
YECKOH WAN 3MeKTPOHTHUeCKO! NposomumMoctd. KorZa HOHUBMDYio-
AT GAaKTOp Manoll HHTEHCHBHOCTH JefiCTBYeT PABHOMEDHO Ha coXep-

HAUWMACA MEKAY  SNSKTPOAAMH
[ BO3AYX NPH OGBIYHBIX YCJOBHAX
TeMIepaTypsl W JIABJIHHs, 374
$YHKUHMST IpHHEMaeT ¢opmy, To-

Kasanuyio na puc. 13.
Tlpn  MaakiX HanpsKEHHsX §
BO3pacTaeT no sakoHy Ova — npo-
nopuHoHaibHO V, TaK uTo B 3TOH
pr— HavanbHol (haze. TIPOBOAIMOCTE
aBasieTcs omudeckod. Ecam mna-
nipskeHHe NPOJOMKAET YBeNHYH-
BATBCS1, TO { BO3PACTAET BCE MeHee
H MeHee GHICTPO H CTPEMHTCS K TpellefbHOMY 3HaveHHIo !, Hashipae-

MOMY 7HOKOM HOCOUUEHUS.

TeopernyeckH 5T0 siBNEHHE OGBACHAETCA CIEAYIOUUM OGPA3OM: NOA
BAHSHHEM 31eKTPHYECKOTO HOJR HOHBI, OBPA30BABILHECS B rase, ABH-
KYTCH K SAEKTPOLAM CO CKOPOCThIO TeM GOablllell, UeM CHbHeE none.
IMoka 3Ta CKOPOCTh HEBENHKA, YaCThb HOHOB BOCCOEJMHAETCA RPH

Lo maka

Puc, 13.
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CTONKHOBEHHH JPYT ¢ APYFOM U He AOCTHUTraeT 5nekTposos. Korna cko-
poCTh BO3pACTAET, BO3MOKHOCTb BOCCOSAHHEHHS YMEHbINAeTCs, H MpH
HOCTATOYHO CHJBHOM TOJA€ TOYTH BCe OGPA30BABIIMECS HOHBI JOCTH-
TaloT 3/eKTPoAoBE. ITycTh Q GyAeT YKCAO HOHOB KaXAOTO 3HAKA, 0Opa-
3yloleecs: B Kamepe B eIUHHIY BpeMeHH, a ¢ — abCOMOTHBIN 3apsia
TIONOMHTENBHOrO U OTPHUATEBHOTO HOHA; TOFAd MAKCHMAJIBHOE KO-
JUYECTBO SMEKTPHUECTRA, KOTOPOE KaMbill 3NERTPOJL MONET NOJYTHTh
B eAMHUILY BpeMeHH, 6yaer pasHo Qe. CeoBATENbHO, TOK HACIUEHHS
I = Qe.

TOK HACHIUEHHS UrPaeT OueHb BAXHYIO POJb MPH H3YUEHHH HOHU-
3UPOBAHHBIX TA30B, TAK KaK N0 HeMY H3MepSeTCH CHAA 1eficTBHS HOHH-
3upylolero GakTopa.

B anexrpoanTax Tox caepyer sakony OMa, XoTs1 06pa3opanne HOHOB,
TAK XK€ KAK ¥ B rasax, Mo HeOGXONHMOCTH orpaHHueto. OmMHvecKas
TPOBOANMOCT SJEKTPONHTOB COOTBETCTBYET HauanbHofi (ase KpHBoit
i=f (V). Habawogath TOK RACHIIEHHA B 3MEKTPONHTAX Heab3s
BCJEACTBHE GOJBIIOrO YHCAA H Majofi MOABRKHOCTH 00pasyloluxcs
1oroB. C OveHb MajJO HOHH3HPOBAHHEIMH 3JEKTPONHTAMH B CHJBHEIX
NONISIX MOXKHO HaGRIOAaTh NPENYCMATPHBAEMOS TEOPETHYECKH OTKAOHE-
HEe 0T 3axona OMma, HO TOK HACHINEHHS BCE JKE He JOCTHTAeTCS.

B ycaoBuax HauanbrOW uwacTH kpusoil { = f (V) comporunenne
rasos ARISETCS omuyeckuM (§ 4), NpHUeM HOTEHIHAN, KOTOPOTO MOMHO
JOCTHIHYTH, He BHXONR 3a NpPEieNlsl OMUUECKOR 4acT# Kpusoil, Tem
Bbillle, yem cjabee HOHM3AWNA,

§ 6. Yeaeuenne HoHOB cTpyeil rasa. 3aKOH BOCCOeAMMeHHR

CroiicTBa MOHOB, OGPa3YIOMXCS B Iase, MOTYT GbITh HCCIEAOBAHM
Npy NOMOWH MeTOJa, OCHOBAHHOTO HA YBJIEYEHHM HX CTpyeii rasa.
OciioHoil wacTbio upusopa (puc. 14) ABasercs vetannuyeckas py6a T,

L
I

4

Prc, M.

10 OCH KOTOPOHi Ha PaBHBIX PACCTOSHHX APYF OT APYra PACHOJOKEHDI
OHHAKOBble H3OJNHpOBaHHble aMekTpoabl Ay, A, A;. Tpyba saps-
Kaetcd JIo noTeHnnana V, H OJIMH H3 SIEKTPO/OB COSINHALTCS C aMleK-
TpomMetpoM. Yepes TpyGy npoAyBaeTcs CTPYs rasa, CKOPOCTb KOTOPOH
MOMET ObTh H3Mepena. BosAyX HOHMSHpYETCR WanyueHMeM (peHT-
reuosc;(eue JY4H MNW JYSH PazMst), NPOXOLAUIHM CKBO3b TPYOY B 06-
nacth R.
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YUTo6bt NONYYHTH NPABHALHBIE PE3YNLTATH, 143 HYIKHO OUHCTHTb OF
ABMIH, TIPONYCKast €ro uepes BaTy.

Crpyeit rasa HOHB! yBIIEKAKTCH NAapaielblo OCH TPYGH, HO npH
HaJMUHH NONST MeXAY TPYGOR M OJHHM H3 SMEKTPOAOB OMH NpHOGpe-
TaloT, KPOME TOTO, CKOPOCTb, NepNenHKYIspHy:0 310l ocH. Tok, mo-
JyuaeMlit 3eKTPOJOM, H3MepseTes yaeKTpoMeTpoM. IIpu sToM MOXKHO
HabniofaTh chenyouee:

1) He onun 13 s1€KTPOXOB He MOAYydaeT Toka, MoKa ras B Tpyde
nenoiemxken. IIpH HaHHOR CKOPOCTH CTpyH rasa cusa Toka, Toay-
YAEMOTO NePBLIM SIKTPOAOM, BO3PaCTaeT ¢ yBeJnueRkeM ROTeHUNana
Tpy6rt V fo npefiesra, KOTOpEIM JOCTHraeTcss OpH CHA€ 3TOFO TOKa,
paBHOft CHNe TOKA HACHULERWs, U CTPYS Iasa sa 3NEKTPOAOM He CO-
JepKUT Gosee HOROB.5UTOOBI YIAOCTOBEPHTECS B IIOCTEIHEM, MOMHO
TEPBLIE HMEKTPOA COSAHHHTEL HE ¢ 3MEKTPOMETPOM, a C 3emieli, uTo
He H3MEHHT 3aMeTHO TOJIy4yaeMoro HM Toka. Ecau mpu 5TOM coenu-
HHTE € 3MEKTPOMETPOM JIoG0H ¥3 NOCHELYIONHUX SACKTPOJOB, TO MOKHO
o6HApyXHTH, YTO HH OIHH M3 HHX HE MOJYYaeT TOKa.

2) YHcno HOHOB, yBAEKaeMbIX CTpyeft rasa, yMeHbINAeTCS Aake TpH
OTCYTCTBHH 3/1eKTPHYECKOFO FIOJS BCNICACTBHE WX BOCCORARHEHUS. ITO
MOXHO YCTAROBHTB, H3Mepsisi NIOCJENOBATENBHO TOK HACHIIEHKs {, No-
JRyyaeMbiil KaAABM H3 31€KTPOJOB, KOTZAa BCE TpPEAWIECTBYIOUHE emy
3NeKTPpoAB H3oMupoBansl. Kamawii snexkTpon sapskaetcs Gaarogapst
MOHAM, KOTOpbIe OH TNOTJIOMIAET, MOKA €ro NOTeHIHMAN He CPaBHAETCS
€ noTeHuHanoM Tpy6ul. Korjia noTennBany ye CpaBHATUCh, 3MEKTPOR
He TorJolaer Godee HOHOB. B 5TOM CTALHOHAPHOM COCTOSHMH TOK [,
H3MepseMblil TIPH TMOMOLIM 3nekTPofos Ay, Ay 1 T. A., MeHbIE, YeM:
TOK, H3MepsieMblfi PH [IOMOIH 3JeKTPoAa A;. IT0 yMeHblueHHe Toka
Bbi3LIBaeTCA MOTepefl HOHOB BCAEACTBHE UX B3AHMHOTO BOCCOEAWHEHHs
Ha MYTH MEXKAY SMEKTpoAaMu.

3) B onucaHHbIx Bbiie oNbITax AAGPY3HL HOHOB K CTeHKaM TpyObl
HrpaeT HHYTOXKYI0 Poib. OIHAKO 3TO ABJCHHE MOXKHO HATNAAHO OOHA-
PYXHTb, NIOMECTHB Ha NYTH Fa3a MEXAY R H SJeKTPOAAMH: BaTHBIH TaM-
TIOH M TOAJepIKHBASK MPH 5TOM TY JKe CKOPOCTb JBHKeHHs rasa. Tam-
NoH GyJeT NOToWATb HOHbl, ¥ Ta3, NMOCTYNAOWMA K SJeKTPOLaM,
He Gygmer Gojiee NPOBONHTB TOKA.

3aKoH BoccoEAMHEHN A OG03HAYAM Yepes f1; KOHIRHT-
Pamuio NONOKUTENBHBIX HOHOB, 9epe3 7 — KOHUEHTpalHio OT-
PHHATENBHBX HOHOB (KOHHEHTPalMA H3MepsieTcsl YMC/AOM HOHOB B
efuHnIe obbema). UHCIO BOCCORMIMHAIOLIMXCH B EAHHUIY BpeMeHM
HOHOB KaM(AOTO 3HAKA TPOTOPUHOHATLHO BEPOSTHOCTH BCTPEd MEHAY
HUMH M, C/I€JOBATEJIbHO, MPOH3BEJEHHI0 HX KOHUEHTpAlMii, OTKyAa
BAR CKOPOCTR BOCCOCIWHEHHs B TEYeHHE BpeMeRH ! HMeeM

dn. dn,
e e —anyny,
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rjie o — NONOKUTENbHEL KOI(XPHIMEHT, HE 33BUCALIME OT Ay H fg H
HasbLIBACMBIN Koaghpuyuenmon occoedunenusn. ECIN NONOKHTENBHEE H
OTPHIATENbHBIE HOHBI O0Pa3OBANHCh B PABHOM UHCJIE H3 HefiTPanbHBIX
MOJIeKYJT H AeficTBHEM ANG(PY3HH MOMKHO NIpereSpeydb, TO fy H 1y Beeraa
HMEIOT OiHAKOBY!O BEJHUYHHY, KOTOPYIO MOKHO OOO3HAUHTL uepes r.
Torxa

dn " L i ny

@ — = PR
at s, n ny o, n JENNT

rie no — xouuentpauns npu ¢ = 0. Kpupas n = f (t) ssaserca
YaCTBIO THIEPGOMBI. -

CoriiacHo 3TOMY 33KOHY BpeMs, TpeGylomeecd A YMEHbUICHHS
HOHM3ALMH Ta3a Ha ONPEJEJEHHYIO JOMIO CBOeH BeJHUHHbI, OGPATHO
NpoAoPUHOHARBHO HAUANBRON HOHH3ALUH.

Korpa ras nosrepraercs JieHCTBHIO HOHRSHpYIOero dakTopa, TO
OJHOBPEMEHHO C BOCCOSAMHEHHEM HPOHCXOMHT H O06pa30sarie HOHOg.
Ilyctb oGpasoBaHHe MOHOB BO BCEM DACCMATPHBAEMOM OOBeMe rasa
GyAeT PABHOMEPHHIM 1 YHCAO HOHOB, OGDA3YIOMKXCS B SIMHALE O5BEM,
6yper paBHo N. Ecan mpeneSpeun gefictBuem RH(GDYSHH, TO yBemH-
YeHHe KOHUEHTPAUWH fi MONOMHTENbHHIX HAH OTPHLATENBHBIX HOHOB
ONPeIENIAETCS PABHOCTBIO MEXY CKOPOCTAME HX OODAsOBAHAS H BOC-
coelMHeHNs, OTKYAa

dn

dt

[Mpx ypenHuenty BpeMeHH £ KOHUEHTPAIMA fn CTPEMHTCA K Npefenb-

= N—an?.

o N
Hoft BeSIUYHHE |/ —-» KOTOPaA ROCTHTaeTCd T0TMA, KOTXa o6pasona-

HHe HOHOB OYAET YPAaBHOBEIMBATLCH HX BoCCOelMHeHHeM. TeopeTuue-
CKK 9TO DABHOBECHOE COCTOAIHE JNOCTHTAeTCSl TONBLKO OpH £ = oo,
TIpaxTHYECKH JXe OHO YCTAHABAHBACTCS HPU HEKOTOPOH KOHUEHTPAUHH,
6nuskoli K TpefenbHOM BellHuMMe, 3a BpeMs £, 00PaTHO WPONOPUHO-
Hanbhoe pennunsie Y Na, T. e. Tem Goslee KOPOTKOe, [ueM HHTeHCHB:
Hee HjeT o6PasoBaHHE HOHOB.

Ompenenene xosdpuumenta a MOXer GHTb CAENAHO TO METOLY
rasoBofl CTpYHM TPH TIOMOLHM NpuGOpa, NOZOGHOro H3OGpaXKeHHOMY Ha
puc. 14 (Tayncenn). IyeTs ! 6yner paccrosiHMe MeXAY ABYMS cocell-
HHMH SJeKTpofamp, 4 -— ofveMHbII NeGeT rasa (o0BeM rasa, mpore-
KAIOWEro B eANHHLY BPEMEHH), € — 3aps/l OJHOTO MOJOKHTENBHOTO
HAH OTPHUATeNBHOTO MOHA, U — cpefusisi CKOPOCTh CTIpyd Trasa,
T — BpeMs NPOXOMACHHS Ta3a MeXAY HBYMS COCRAHHMH SNEKTPO-
namy. Io sakony Boccoeannenns
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rie # ¥ n' — KOHUEHTPAUHH HOHOB Y 31eKTpofoB A, u A, Toku na-
coimenust [ n I', KOTOpble MOXKHO NOJAYYHTHL HA STHX SNEKTPOAAX,

6yayT passsl [ =Anen I' =An'e.
Otciofa BLIBOAHTCS ypaBHeHHe:

eA(

a
TI03BOAAIONEE ONPEAERNTE OTHOMICHNE — . Tax KaK 3apsii & MOXeT GBITh

onpefesied HeMOCPEACTBEHHO, TO H3 STOTO OTHOIIGHHS MOMXHO onpene-
T KOS(XPULNENT e.

UroBel TOUHO M3MepUTb KOSGOHHUKEHT @, HeoGXOANMO GHIBTPOBA-
HHeM OUHCTUTD ra3 oT bk, IMbinb ABJiseTcs NpHYHAON HeToYHOCTeH,
TaK Kak HOHbI BCNEICTBHE SJIEKTPOCTATHUECKOrO NPHTSKEHHS NPH-
CTAIOT K NBUTMHKAM, 4TO M3MEHSeT YCAOBHS HX ABWMeHHS. OTHOUIeHNE

a
o B CYXOM BO3XyXe npu OGLIYHBIX YCAOBHAX TeMiiepaTypbl H JiaBie-

nust paeo 3400 sa.-crar, en. lprurnmas e papHbiM 4,77 10~ 951, -craT,
ea. (§ 11), HaXoZHM BeJHUHHY ¢ B CYXOM BO3ZYXe NpPH HOPMANBHBIX
yenosuax pasuoit 1,65-10-¢, KosdpuuueHr ¢ CHauajga BOspactaeT ¢
JABACHHEM, [IPOXOANT Yepe3 MAKCHMYM H 3aTem MNABHO YMEHBIIAETCS .

§ 7. JIBHXcHHE HOHOB B 9JeKTPHuecKoM node. TlomBmXHOCTS

Y100kl NPEYCMOTPETh, KAaK H3MEHSIETCS TOK B 8aBHCHMOCTH OT Ha-
NpsKeHusl MexAY SNEKTPOJAamMH, HYKHO YuecTb JelicTBHe NOAS Ha
HOWbE M KX BOCCOefHHenue., EC/IM rasbl HaXOATCA NPH HOPMAJBHEIX
YCHOBHSIX TeMDepaTyphl M AaBJeHHS B HOHH3ALMOHHBIX KaMepax,
CTEHKH KOTOPHIX HE CJHIUKOM COMHIKEHB! APYF ¢ APYroM, TO JelicTBHEM
Rupysun Moxno npenebpeub. Ogmako npofitema oOLYHO He nNOA-
JiaeTcsl POCTOMY MATEMATHUYECKOMY DA3pELIeHHIO Aake B TOM clydae,
KOrJ@ MpEANONAaraeTcs, YTO HOHBl 00Pa3yloTesl paBHOMEPHO R € INIO-
CTOSHHOH CKOPOCTBIO MEXKAY ABYMS NOMeIleHHbIMH HA PacCTOSHUM [
JPYF OT APyra NapalfieJIbHbIMH TUIACTHHAMH H 9TO JHHHY 3MeKTPHYe-
CKOTO TOJSA NepPUeN/BKYIAPHE K STHM NAACTHHAM.

B ragax, Kak B M€KTPOJNHTAX, HOHBI OOJA/AIOT NOGBUNCHOCHIAMU
ky ¥ ky (§ 1). VX cKOpOCTH B Ii0JIe, HANPSIKEHHOCTb KOTOPOTO paBHa f,
PaBHbl COOTBRTCTBEHHO Ryft JUIS TIONIOKHTENLHOTO M Roft ANAL OTPHILA-
TesibHOro WoHa. OOBIYHO HeJIb3sl CUATATh KOHUEHTPAHH HOHOB OGOMX
3HAKOB PABHBIMH BO BCEX TOYKaX HOHHSHPOBAHHOTO rasa, yepes Koto-
pHiit npoxoauT ToK. TIyCTe fy M 115 GYAYT KOHUEHTPAUHH NONOKHTENb-
HBIX W OTPHUATE/BHBIX HOKOB HA DACCTOSIHHH X OT TWIACTHHEL, CRYMa-
el anogom (puc. 1), e — sapsin wona. Paceyxpas Tak e, Kak B
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ciyyae 3MeKTpoauTHYECKOl HpoBofuMOcTH (§ 1), BHIBOAAT AAS NAoT-
HOCTH ToKa i dopmyay
i =eh (R, + naks) .

Ecau ofpasopaHHe HOHOB HJET ¢ NOCTOARHON CKOPOCTHIO W HADPSI-
JKEHHE MeXJy NIaCTHHAMH Re H3MEHSeTCH, TO YCTAaHABJHBAETCR CTa-
LHOHAPHOE COCTOANHE, TIPH KOTOPOM { OMMHAKOBO ISt BCEX 3HAUEHHH X,
TaK KaK B 3TOM CJlyyae B rase He HaKOMIgeTcs Gonee 3AEKTPHUECKHIT
3apAA.

Ecou moste £ HACTONBKO (/1aG0, YTO HYMCHOM HOMNOB, M3BJIEKAEMBIX
TOKOM, MOXKHO NpeHeGpeub MO CPABHEHHIO C HHCIOM OOPA3YIOIHXCS
HOHOB, TO JIAiSt 113 M fla MOXHO NPHHSATH NOJyvaeMoe B OTCYTCTBHE NIONST

N
3HAYeHUe A = V:, ToNe JKe CUHTATh OAHOPOAHBIM H HaNpAXKeH-

v .
ROCTE €70 paBHoﬁT , TAK KaK B Kaxok Touke o6bema rasa jefictBus

AQJNOKHTEAbHEIX W OTPHHATENbHBIX HOHOB B3aWMHO YpaBHOBeiLH-
Baiorcsi. B 3ToM ciyuae HMeeT MeCTO OMHUECKAH MPOBO/HMOCTB:

VN
=7 Vm (b k).

C apyroft cropotbi, B AOCTATOYHO CHIBHOM f0J€ NAOTHOCTb TOKA £
JIOCTHreT CBOSro MPelebHOTO BHaYeHHs Hachilienns [, IpH koTopoM
DONHOCTBIO HM3BJEKAtoTCA Bee obpasylomnecs uonn: [ = Nel. Oto-
enie

i Vv 1

I £ VNa
NOKa3bIBAIOIEE, KAKAS YacTh OOUIEro YHCAA OOPA3yioUIMXCS HOHOB
MOXET ObITh H3BJeUeHa TPHJIOMCHHEM HANpsKeHus V B mpefenax
ha3bl OMHYECKOH NPOBOAMMOCTH, H3MEHAETCS 06PaTHO NPONOPUHOHANB-
Ho VN N TNJOTHOCTH HOHOB B CTAUMOHAPHOM pexuMe. OMiueckas
(asa HCUepNbIBaeTCA B Fasax Jierve, YeM B SJEKTPOJNHTAX, TaK KaK
KOHIEHTPAIHST HOHOB B Ia3aX MHOTO MEHbIle,

Koraa BospacTanne { CTAHOBHTCS HENPONOPUHOHANbHBIM BO3PACTA-
HHIO V, Noste Mekay MACTHHAMH JeNAeTCs HEORHOPOAHBIM. J1a deop-
MAyus noas MPOHCXOAHT BC/IEACTBHE YACTHUHOTO PasfiefieHHsi HOHOB
OGOMX 3HAKOB, MPHYEM MONOKHTENBHEIR HOHBI COGHpPAIOTCS y KaTona,
a OTpHIATe/IbHbIE — Y aHOAA. HampskenHOCTb NMONS HA JAHHOM pac-
CTOSHHH X OT aHORA ONpelleNifieTcas H3MEpeHHem MOTeHUWala ¢ NpH
pasnnunbx sHauenuax x¥). Ha pue. 16b gaun npumep pacnpeseneHus

1) 270 uIMEPEHie MOKET OHTh CAETAKO NPH HOMOMK TPWEOPOR, YROTPESARIO-
[IXCA NPR KSYUCHEH GTMOCEPHOTO SMEKTPHUECTBA: KAMeablibie SOMAE, SOMAL
© MeTAAmRYECKOH TPOROOKON W T. M.

(e +4y)
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noas M NOTeHUWAMA TPH PABHOMEPHOM 06p33OBaHPH/l HOHOB B BO3-
nyxe Mesxay naactunamd A u K (puc. 15a). Ilone y xarona cunbhee,
YeM Y aHoja. S1a ACHMMETPHSL NPOHCXOAHT OTTOrO, YTC B BO3AYXe
OTpHUaTebHble HOHBI NOABHIKHE® NOJOMUTENBHBIX.

Ecaun Haﬂpﬂ)KeHHOCTb,YTIOJIﬂ } u3MeHsieTCA BMeCTe ¢ X, TO HeJEerKo
BLIBECTH TEOPETHUECKYIO 3aBHCHMOCTL MexAy { H V1), Teopus, paspa-
Gotaunas k. Jdx. TomcoHOM,

TOKA3bIBACT, OAHAKO, YTO NPHEIH-
SKEHHO 3T2 3aBHCHMOCTb BEIDANKA- 1 I3
eresd GOpMYNOf A0 JAOCTHIKERHS
HACHILUERHS
V=A#4+Bi.
Kpupasi i = f (V) spaserca ua- | rt 3
CTBIO NMapabodyl aHanoTHYEO dKC-  § g
TIEDPHMEKTANBHBIM  KPHBEIM  (CM. None
puc.13). Dra dopma KpHBOH Xapak- h
4 7 bt
Somepar
8
z
Puc. 15a. Tlone nanpasieno or A K Puc. 15h. YMenbuesne NOTEHIIHANA @ OT AHOA2
K, Cnou cKonyuenTpHpoBANHLIX HoMOs B (BYHKUHH DACCTOSHHS £ AHHEAHO B Cpeanct
ofpasyior goGaBoutice noe. MpoTH- O6NACTH, BOMHIR  SMEKTPOROB HAGMIORACTCH
eononoKHGe  ocHoOBMOMY Tiomo B yBennseRIe IPALKEHTA, KOTOPOS COOTEETCTBYET
06XacTy,  pacnonowentoli  memay aHOMOMY @ KaToghoMy haienmwo. Karomioe
CROAMH, CKAAALIBAIOIEECA € OCHO- napeune nMeeT Gonbluee 3HaueHHe, ueM AHOJL-
BiM Moncl BGAWS  SAEKTPOZOB. woe. Mone h, KOTOpOS HIMEPSET TAtUenT o

B dyHkuus X, 6OAEE HMTEHCHBHO BONMIH
31€KTPOROD, el B MPOMEHYTONHOA 06AAcTH,
FA€ ofto ORHOPOANG.

TepHa ans i = f (V) B ToM cayuae, Koria 0ofpasoBauHne HOHOB NPOKC-
XOAHT PAaBHOMEPHO BO BCeM oOBeMe rasa, Jame eCiH S/EKTPOJBl He
ABMSIOTCA NAPAJIETbEBIMA IITACTHHAMH .

Viamepenne ToKa HACHILEHHS NO3BONSET Y3HATh CKOPOCTH 06Paso-
BAHUS HOHOB jazke B TOM Cly4ae, Korja oka HenocrosuHa, Havanbsas
OMHYeCKasi NPOBOAHMOCTb, GYAYUH TPONOPLHOHABHA N, TAKKe MONeT
6bITh MCTIONB3OBAHA LS €€ OlipefleleHHs, KO TOJABKO B TOM CAyuae,
KOrJa OHa MOCTOSIHHA.

Ecan o6pa3oBaiie HOHOB MeM(AY TJIaCTHHAMH HepaBHOMEPHO, TO
kpuas { = [ (V) oTkaoHsieTcsi, ocobeHHo B Hauaje, OT (GOPMbl KPH-
BOfi, HaoGpaxensoh na puc. 13. OTKIOHeHHe OCOOEHHO XapaKTepHO,
ecJIH HOHH3aUKMS pachpeeeHa AMCCRMMETPHYHO H HOHB 06pasyroTes

*) Teopetnueckoe _paspeluieniie  5T0fi  NpoGieMbl  B3AONEHO B TPYAAX
U, Ik, Tomcowa # T. 1. Tomcona,
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TONLKG B OYeHb Y3KOM CNIOE Ta3a, COTPHKACAIOMEMCS ¢ OAHMM M3
S7€KTPOAOB. DNEKTPOL OTTA/IKHBAET HOHbI OAHOTO 3HAKA, W TOJABKO
STH HOHbI NEPEHOCHT TOK B rase, TOFAd KaK HOHbI DPOTHBONONOKHOrO
3HAKA O Mepe HX 06pascpaHiA MONOMAIOTCSA 3THM 3JtekTposom. Ecan
06pazoBaHte HOHOB HAET AOCTATOYHO HHTEHCHBRO, To XpuBag i = f (V)
HauMHaeTCs KaK Mapabosia, KacaTelbHas K OCH, MO KOTOPOi OTNOKeEHb!
[I0TeHUHaNbl, B CAMOM Haualle ToclefHefi; Jajee OHA KMeeT neperud,
nocie KOTOPOTO ¢ BO3PACTAET BCe MeHee H MeHee GbICTPO, CTpeMsich

P

Hamod

Arod

Puc. 16a, Puc. 16b.

K npejenbHOMY 3HAYEHHIO l, COOTBETCTRYIOWEMY TNOJHOMY H3BJeye-
HHIO BCEX HOHOB IO Mepe HX ofpasoeanus (puc. 16a).

Ecuu ras COAEPXKUT HOHBI TOMBKO OAHOTO 3HAKA, TO BOCCOEAHHE-
HHA HOHOB HE IIPOHCXOAHUT. npe}lHO}lO)KHM, 4TQ 3TO ﬁy,ElyT TS0~
Te/lbHble HOHE!, oOpasywouecs y amofa. Haitaeno, uto torza # we-
OPEPLIBHO BO3pacTaeT BMECTE ¢ X U HMEET HaHMEHbLIge 3HaYeHHe y Toro
anekTpopa, rie obpasyiorcs HoHbl. ClefioBaTenbHo, 31ech AehopMaLHs
noJis uMeeT APYToll XapaKrep, ueM B Clyyae PABHOMEPHOIl HOHHBALHH.
Ecan wucio OGPQBYPOHLHXCFK HOHOB BEJHKO MO CPABHEHHID C YHCAOM
HOHOB, H3BJEKAEMEIX TOKOM, TO /1 CTRHOBHTCS PABHEIM HYJio {pHc. 16b).
Housl, He U3BIeYeHHBIE TOKOM, PeaGCOPGHPYIOTCS SJIEKTPOAOM.

HsmeEPEHHE HOABHXHOCTEH. Panbire HOHaM OAHOro
3HAKA QNPUINHCLIBAJIH OJHHAKOBBIE MOABHKHOCTH B COOTBETCTBHH
¢ onpegenspmeiics CTATHCTHYECKH CPefeli CTPYKTYPOil HOHOB, COCTOSI-
WLHX U3 MONexyJ, Dﬁ’be}lHHl/lBlﬂHXCﬂ BOKpYF Sapﬁ)KeHHOﬁ YACTHIRBE.
Ho3}meﬁmne HCCNeI0BAHUSA FIOKA3aNH, 4TO HOHbl OAHOTC 3HaKa, 06-
pasyouiecs B KaKoM-anbo rase, MOryT HMeTb Pa3NHYHBIE B H3BECT-
HbIX MpeAesaX NOABUIKHOCTH H UTO CTeNeHb YHCTOTH rasa Wrpaer TIpH
3TOM GOALIIYIO POJib.

KoadxpuuienTst £y B &y MOTYT GBITh ONpE/IENEHB! METONOM Ia30B0il
CTPYH KJH XKe JPYTHMH MeTojamH. B nepBoM ciiyuae ckopocTb, KOTO-
PYIO HOH MOAYYaeT B 3JeKTPHYECKOM TIONE, CPABHHBAIOT CO CKOPOCTBIO
YBJIEYEHHS €ro Cpreﬁ rasa. Bo BTOpOM Cilyyae O0BIYHO TIORB3YIOTCA
TIEPEMEHHBIM NOJEM.

3 M. Kiopn
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OGpasuoM Takofl YCTAHOBKH MOMET CNYIKHTh HOHHW3AUMOHHAS Ka-
Mepa ¢ ABYMs mapainenbhbiMi niactynamu A u B. Ilnacrnna A coefn-
HAETCA € SAEKTPOMETPOM, a TIACTHHA B, Ifie NMPOHCXOIUT NOBEPXHOCT-
Hast IMMCCHA MOMOB KAKOTO-NHGO OAHOTO 3HAKA, 3apmiuaercd 1o Mo-
TeHuHana V, npuuem V nocienopatenbho NPHHHMZET PABHBR, HO HPO-
THBOTIONOXKHBIE 10 3HAKY 3HAUEHWA Uepes NPOMENYTKH BpPeMeHH <.
Ecan nedjopmanus nmosig HaCTONBbKO Mana, 4To €10 MOXHO mpeHeOpeub,

|4
TO HAMPSIKEHHOCTb M0 GyJeT paBHa > rae { — paccrosiHHe MEXKLY

naacTiHamMi. MoOHEI COBepINAIOT MeKAY IMACTHHAMH KohebarenbHoe
JBHKEHHME ¥ MOTYT JOCTHTHYTh MAAcTiHM A TOALKO B TOM C/yuae,
KOra npoussefienne hkr Gonbie /. Ecan nocreneHHO yBeNuYHBATH
abcomoTHyo Benyuny V, 10 mpu Akr = [ 3nexTpoMerp HauMHaeT
nokasbipaTh Tox. TaxuM CHOCOGOM, CMOTPS IO 3HAKY HOHOB, Ofpe-
JensuoT k; Han ke Ecnn B rase uMetor-
Csl HOHbI C PASHYHLIMH NOJBHXHOCTAMH,
TO TOK TMOSBASETCS B TOM CAydyae, Koria
HaKGOMee TOJBHIKHBIE HOHBl AOCTHIAIOT
anexTpoaa A.
¢ YOGk OCYILECTBHTE STOT IKCNEPUMENT, MOIKHO
YNOTPEGAATh IHHKOBYO MNIACTEHY A, KOTOpas Npu

OCBEWIEHHH ~ YNLTPA(HONETOBEIM CBETOM uepes
META/NHNECKYI0 CETKY WCHYCKAeT OTpHUATENbHblE

Pue. 17. Tnactuna A coempsena
¢ saekTpoMeTpoM. CeTka B upHHH-
MaeT_nonepewesiio notenian +V

s~V Tlnacrxiia C nueer NocToss-
HHA moTenunar V', no aconor-
Hofi BeninHe NPeBHLIAIOUAA no-
Texiupan ¥ TaK, STOGM TOnE B Ka-
Mepe BC coxpanano oRNHaKasoe
sanpasserwe. Hoimusatus B a-
Mepe BC NpOMSBOANTCH Ryuiom
sysell, NPOXORALNIM MEXAY B u
C. Vol ORMOFPO Ha SHAKOE yBe-
KATCA K CeTKe [3, npuvem Heko-
1opbE ©3 MHX depes OTEEpCTHN
B SrOfi cerke mpoNBKawT B Ka-
mepy AB.

BOHBl. MOXHO TaKKe, ynoTpeGnas B KauecTBe
SNEKTPOEAa B METaNNIH¥eCKYlo CeTKy, S3acTaBuTb
NPORNKATh Yepes Hee B OTACAAIOWIEE e OT muac-
THHEL A NPOCTPAHCTBG HOWM, 06pasyloulHecs
B cMexmofi el HoWHsauMonmoRt xamepe BC
(puc. 17) 1 ysiexaemue K ceTke B HampapAeH-
HBIM B COOTBETCTBYIOULYIO CTOPOHY S/IeKTpHuEC-
KuM mosiem.

B npuBenensoll Huxe TaGNuLe AaHbl

BE&JHYHHb! nOﬂBH)KHOCTeﬁ NONOHKUTEN BHBIX
HOHOB Ry H OTPHLATEABHBIX Ry AT HOHOB,

o0pasyeMbIX PEHTIEHOBCKHMH JIYYaMH HJH JYYaMH PajHsi B UHCTHIX
¥ CYXHX TrasaX NPH HOPMAJbHOM JABJEHHH (HATIPSKEHHOCTH MOASt
A B BONBTAX HA CAHTHMETP):

Bozjyx

ky cafeex kg chjcex
1,36 1,87
1,36 1,80
0,76 0,81
6,70 7,95

Orciona BHIHO, YTO /1Sl STHX Ta3oB kg >> ky W YTO HOHH B rasax
MHOTO NOABHKHEE, YeM HOHBI B 3JdeKTponuTax (cM. § 1).

Bo BiaHOM BO3yXe MOABHIKHOCTE OTPHUATEABHEIX HOHOB YMEHb-
aeTcst, TOTAa K&K NOABHKHOCTL TOJOKHTE/NbHBIX WOROB MEHHETCS
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ouenb Mano. Halineno, Hanpumep, Ans BNaXKHOTO Bo3AyXa ky = 1,37
H ky = 1,51,
Coryracho KHHeTHYeCKOl TEOPUH Ta30B, NOABH/KHOCTH HOHOB AOJMKHBI
6LiTh O6PATHO NPONIOPUHOHANLHE JABREHUIO Ta3a, €CAH TOMBKO CTPYK-
Typa HOHOB He H3MeHseTcs. DTH TEOPeTHUYECKHE NPEANONOKEHNs Npo-
BEPEHBI DKCTepHMeHTabHO, [Tponssesiente AapieHHs P Ha OQHH W3
KOS(HIHEHTOB Ry HAH kg I BO3NYXa OKA3BIBACTCH NOCTOSHHBIM B
WHPOKHX Npefenax JamieHHst, HO KOTHA AABJEHHE NAJaeT HUMKe W3-
BECTHOTO NpeAesa, OHO HAYHHAET YBENHYUBATBCH. JTO OTK/IOHERHE
BLIALIBAETCS H3MEHEHHeM MPHPOAL HOHOB NDH HH3KUX AABNEHHSIX.
Hexotopeie aBTOPH YKa3LiBAlT, YTO NOJBHIKHOCTb HOHa MOXKET 3a-
BHCETB OT €r0 803pacma, T. €. OT BPEMEHH, KOTOPOe NPOLO MEXKAY
06pa3oBaHHEM 3apSIKEHHON UYACTHIB M TOIJIOMEHHEM €€ 3MEKTPOAOM.
YBeyiuenie BOSPACTa CONPOBOKAAETCS YMeHb-
LICHHEM NOABHKHOCTH, KOTOPOE MOXET 3aBH-
CeTb OT yBeNHUEHHs! MACChl M OOBEMa HOHA.
Tak kak npu usyuennn AMQBYSHH HOHOB
B rasax 6bI10 YCTAHOBJEHO, YTO HOHBI CO-
CTOAT M3 MOJIEKYZ, COCAMHHMBIIHXCS BOKPYR
sapsKeHHOH yacTrubl (§ 8), 10 MOMKHO GblLIO
NPEIBHAETh  CYIECTBOBAHHE KOMIEKCHBIX
HOHOB € H3MeHSIOIENiCss B H3BECTHBIX Npe-
AeqiaX CTPYKTYPOR ¥ COOTBETCTBYIOUIHM PAC-  pye. 15, Honw mpomratr &
TpefiesienieM TIOXBHKHOCTEH. Takoe pac- —gomcts enekipiuecoro noms
- h ucpe3 Anagparmy D B maac-
npefieNieHne TORBHKHOCTeN JICHCTBUTENLHO  tuke P. [Ipofias sarem ana-
HAGMIOACTCH, QMK ONEITH NPOHSBOAATCA  Sharty D n waachne B ontt
B YCNOBHSIX, OGECNEUHBAIOUIHX DAa3fefICHHe —STHHL cunxpokko. BpamaioTea
BOKpYr OcH 00’ ¢ tiepuomod
HOHOB ¢ O/H3KHMH TOABHXHOCTAMH (J1a- T, u womu moryr socrwrats
nopt, puc. 18). TlonyueHHe KpHBbE CXOL-  SISHTPORS tomiooetul kAT,
Hbl € KpUBBIMH BeposThocTH. Hx tdopma 3a- % — nanpaxesuocts noas.
BUCHT OT NIPHPOAE ra3a U COJEPIKAHHS B HEM
napos Bogel. [IpHCyTCTBHE B Tase npumeceli BbISHIBAET PasMasbiBaHne
KpHBOH, TAaK KaK 4eM Jydlle OUHUIEH ras, Tem Oosiee OMpElEeHHEl
TIOABHIKHOCTH
O6pasoBanie KOMIVIEKCHBIX HOHOB, NO-BHAMMOMY, CBA3aHO ¢ CY-
ECTBOBAHHEM CHJI H3OHPATENBHOrO CPOJICTBA MEXKAY /EKTPOHAMH M
Monekynami. HaliaeHo, vanpumep, YTo SMeKTPOHbE JErye CoeAHHIIOTCS
€ KHCAOPOIOM, XJIOPOM HIH IApami BOAM, UeM C azoToM. Monexyasl
HHEPTHBIX 430B, HANPUMeP aproHa, OTAHYAIOTCS OTCYTCTBUEM CPOA-
CTBA K SMEKTPOHAM, TaK YTO 5TH NOCNEJHHE OpH aTMOChepHOM AaBae-
HHH CYIIECTBYIOT B apToHe B CBOGOAROM cocTosHuH. IIpn pasHOf HOHH-
3aUMH TOK HACHHIEHHS TOJYYaeTcst B OUYeHb UMCTOM aproHe MpH
3HAYHTEJHHO MEHbIleM HANDSDKEHHH, uYeM B BosAyxe (Jlamopr M
Cnasea).
BeposiTHOE UKCIO MOSEKY/ B KOMILIEKCHBIX HOHAX O cpeauefi no-
JBHIKHOCTBIO pagHo mpumepho 12 (I1. Jlamxesen).

3*
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I1. JlankeseH NOKA3al, 4TO OTHOWIEHHE KOMDOHIHMEHTA PeKoMOH-
HAlHA @ K CyMMe NOBHHOCTell HOHOB Ry + kg MOXeT GbITh Olpe-
JeNeHO SKCTEPHMEHTAJBHO H YTO COMJACHO TEOPETHUECKHM COOGpasKe-

HHAM YacTHOE & = naMensieTcss B mpefienax ot 0 zo 1.

@
dme (ky + kg
Jas Bosyxa HpH HOpPMAJbHOM JaBieHHH W 17° Hafineno & = 0,27.
Bennunna ¢ sipnneTcs QyHKuHell JaBReHNA U NP BHICOKHX JABAEHHAX
cTpemutes K 1.

§ 8. Mudbysns uonos. OrHowenwne 2/D n 3apap HoHa

Honsl moryT audxpyHAHpOBaTE B CoAepIKAllleM HX rase, seis cebs
TIOROGHO Ta3y, DPAMEILAHHOMY K ADYFOMY Ta3y B OUEHb MajoM KOAH-
YeCTBe. an‘lHﬂa, BbI3BIBaloLIa s }Hflll)q]ySHlO HOHOB, 3aKJI0U&ETCHA B pas-
HHUE HX KoHueHTpaum‘i, BOBHHK&!OI.[Leﬁ BCAEACTBUE HGCOPGHHH HX
CTEHKAMH COCY/IOB, HEpABHOMEPHOIO 06P83033HH${ B HEKOTODOM obpeme
UJIR HAKONNEHHS], BHI3LIBAEMOTO NPOXOXKACHUEM TOKA. ﬂHWySHﬁ CBA-
3aH4 C TeAJIOBLIM JBHIKEHHEM, B KOTOPOM YYacTBYIOT BCe MOJEKYAB
rasoBoi CMeCH, BeAyLHM K BbIDABHHBAHHIO KOHueHTpal.lHﬁ BCEX BHAOB
MOJIEK Y.

K050®HHHEHT AUNOOY3IUH D onpeaessieTces OOBITHEIM
crnocofoM: nmycTe n GyJler KOHLeRTpauMd HOHOB B Touke O, a

dn .
n+ E X — KOHLEHTpalHsA KX B Apyroﬁ TOUKE, HaXOAfAIRECHCA Ha

PacCTOSIHUK X B Hanpabiennu Ox oT mepeoil Touxu. Ilycts ¢ Gyner
YHCJIO HOHOB, MPOXOASIEX B €MHHIY BPEMEHH 4epes eIHHHIY TNo-
BEPXHOCTH, TepleHAnKyaapHOil K Ox. OOLUHO CUHTAIOT, uTO

dn
g=—D3".

B 7ouke O WoHBl B cuay Andiby3aHH ABUMIKYTCA € HEKOTOPOH CKO-
POCTBIO [0 HATIPABMEHHIO FPajUEHTa KoHUeHTpauuH. OGO3HATHM 3Ty
CKOPOCTH Uepes i, a ee COCTABJNIONIYIO N0 HANPABJEHUIO OX Yepes uy.
Torga ¢ == nuy.

Nna onpepenenttss kosdutmenton auddysun Dy u Dy monoxureNnn-
HBIX H OTPHUATEJbHLIX HOHOB, 06PAsYIOIMHXCA B ragax Mo jAeficTsrem
PEHTIeHOBCKHX Jyueli M Ayuell paiust, TPHMeHSIOT METOX rasopoil
ctpyn (Tayncenn).

HonnsnposaHHbIl ra3 NPOXOAMT CKBO3b CHCTEMY YSKHX TPYBOK, B
KOTOPHIX OH TepsieT 4acTh CBOEro 3apsa. Uuc/io HOHOB, BHIXOAAUHX
H3 OO H3 ITHX TPYOOK, HAXOAMTCS B OTHOIUEHHH R K UHCIAY HOHOB,
nocrynarmux B vee, IToTeps HoHOB BhizbBaeTCH Au(Yysnei (ecan no-
Tepell HOHOB Yepes BOCCOSAHHEHHE Webast peHeSpeyb, TO e MOXKHO
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ofbemibiit feGer rasa. Oupegenus R, MOXHO BbMHCAHTb D.

Crenyiomas Tabnpua AaeT Bennurusl Dy u Dy 115 HOHOB, 06pasyio-
HIHXCA B HEKOTOPHIX CYXHX, He COIEPKallMX NEIH Tasax TPH OGbiu-
HBIX YCJIOBHAX TeMREpPaTyphbt H JaBJeHHS.

yuecTb). R ssnsiercss pynkiued , the { — gnuna Tpyokk, a d —
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Bo Baaxubix rasax kosdrupenth Dy 0 Dy 0GbIUHO HEMHOTO YMEHb-
IAKOTCS .

Orpunarenbrble HOHE AnGDYHIMPYIOT B BO3LyXe CKOpee, YeM IO~
JIOXHTe/blbE., BCAeNCTBHE TOTO ras MpH BHIXOAE H3 AMGXPYSHOHHBEIX
TPYGOK HMeeT cabHil nomoxuTeNbHEl 3apsf. OOGpasyemoe 5THM 3a-
PAZOM TOJe CYPEMUTCH BLIPABHATH CKOPOCTH AH(Y3HH HOHOB OGOMX
3HAKOB, H STO BHIPABHHBAIOMIee AEACTBHE TeM OLLYTUTENbHEE, UeM 3Ha-
yHTenbHee HOMH3aUHA, B snexTponutax Gnaronaps aTOMy VCTaKaBiH-
BaeTcst o6Iast CKOPOCTb AHG(HY3HH HOHOB OGOHX 3HAKOB,

Ecnn cpaBHATH K03(pHUHeRTE AH(DY3HE HOHOB B BO3LYXE C KO3(-
Junuentamd AMGPY3HH B BO3AYXe HEKOTOPHIX ra3oB {KOaGKpHLMEHTHI
anddysun B Bosayxe: 0,14 ana CO,, 0,10 ans napos ankorons), 10
TIPHXOANTCS! CHEJaTh NPEANONOKEHHe, UTO HOHLI, CYAA N0 WX CPaBHH-
TeIbHO MejienHof Adxby3uH, NPEICTABMIOT COGOM IPYNNEL MOJEKYI.
Vismeperne NOABHIKHOCTel RAeT BO3MOXKHOCTb H3YuaTh CTPYKTYPY STHX
KOMIIEKCHBIX HOHOB,

CortacHO KHHETHYECKORK TeopHH KoadduunenTtsl Dy u Dy KonKHBI,
KaK B k3 U ky, H3MEHATECS OOPATHO NPONOPUHOHANBHO AaBNeHHIO, H
nponssefierne D; niu D, Ha faRjeHne p JONIKHO OCTABATECS NOCTOAH-
HbIM B TeX XKe CaMbix NpefieNlaX, YTO H NPOH3BENEHHE p HA Ry B kg,
Kosdprunentst Dy n D, yBenHuHBAIoTCst ¢ NOBLIUEHHEM TeMNepaTyphl
OJIHOBPEMEHHO C YBEJUYEHHeM CKOPOCTH TeMIOBOrO JBUKEHHS.

Bajknoe cnencteue BhBeAeHO TayHCEHJIOM M3 PaccMOTPEHHS OTHO-

k
LIeHus D Ansi OfHOTO Mowa. MoxHO RONYCTUTB, YTO NPH ABHAKEHHH

HoHa B rase CKOpPOCTBE 3TOTO ABHXKEHUS RPONOPUHOHANbHA BLI3BIBAID-

meft ero cune, xakoa Ob HH Obwia npuHpoja 3Toil nocaeaweil. IMpu

JBHKEHHH HOHA B SMIEKTPHUECKOM MONe /i CKOPOCTH R/ COOTBETCTBYET

cuna ek, ¢ koTopoit mone JeficTeyer Ha sapsj Howa e. B cayuae na¢pdy-
D dn N

311 CKOPOCTE — 7 'E COOTBETCTBYET CHJ/E, 32aBUCAMLEH OT APUH3Mb-

HOTO NABJICHHST HOHOB p, HMEIOWero MeCTO NPH KORUCHTPAUHH WX 1.

ap
Bra cuna pasHa — dx ans WOHOB, comepxauluxcsi B uncae ndx
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B cnoe rasa, TOMMMHA KOTOPOTO paBHa dx, 4 OCHOBAHHE — €AH-
HHUA TOBEPXHOCTH, MeprenuKyaspuoll k nanpasnenuio x. Crezosa-

TenbHO, A5 OAHOTO HOH2 3T2 CHAQ PABHA — ;Zl;, oTKyZa
dn
P
eh ~dp
e

Tlycts N Gyner wncno mojerysn B 1 cu® rasa npn jasnesnd P u
npu 1ol Xe TeMnepatype, IpH# KoTopoh uamepsuuch k& u D. Tak kak
JaBAEHYE TPOTIOPUHOHARBHO KOKIEHTPAIHM, TO

n p dn N dp k Ne

N P’ dx P de’ D P

N k
Tak kak 5~ BONHYNHA NOCTOSHHAS, TO O OTHOWIGHRIO £ MOKHO

H3MepuTh 3apsall e. Eciin e KpaTHO sileMeHTapHOMY 3apsiRy (e = ve,,
eq=1), TO, MOAB3YACH 3THM e OTHOUICHHEM, MOMKHO ONPEAeHTb
SAAEHMAHOCTL ¥.

MoKHO, KpOMe TOTO, CPABHUTD 3aps/l € Fa30BOr0 HOHA € 3apsjom e
SNEKTPOJIUTHYECKOTO HOHA BOAOPOAA, BRUNCINB 3apaa 2Ne', nepenocu-
MBI HOHAMH BOZOPOAA, cofepamumuca B | cu® pacrsopa mpn 15°
H HopManbiom fasnensu. Hafineno Ne’ = 1,22 - 10® y.-crar. ex.

OTHOLH&HHQ'DE Affl NOJOKUTENBHORO HJH OTPHUATENBHOTO raso-
BOT'O HOHA, BEIPAKEHHOE B 371.-CTAT. €. H YMEOKECHHO® H& P (HOPMBJ’IB-
Hasl B&JHYHHA STOro NMPOU3BEACHHS OKOJO 108 an.-crar. e}l), Jaet
ans Ne BeRHUHHY, MajO OTIHYAIOULYIOCH OT Ne', eciiH YCAOBHA TeM-
nepaTypsl N AaBJiedHsi CPABHHMSBI. OTCiofa  3aKAOYaIoT, YTO 3(1[1!16
20308020 UOHA paser 3apﬂ<?y O00HOBANLHNINO20 DACKMPOAUMUHECKO20 UOHA.
D101 (AKT ABASETCH OJHHM H3 T€X, KOTOPHE NOJMOMEHH B OCHOBY
TNIOHATHS 2AEMEHMAPHOEO 3(1[747004 On TIOATBEPKACH METOAAMH HPFAMOro

L]
5

§ 9. Maumie wonul. Bosblune Mombi. IAEKTPOHB

H3MepeHHs

Hsmepenne Ko3((pHUNEHTOB BOCCOSAHHEHMR, DOABMKHOCTH M AUG-
(y3HH aeT BO3MOMKHOCTH OTPEesiHTh NPHPOAY HOHOB, OOPASYIOIUXCH
NpH PasfHYHBIX ofcronTenecTBax. Bee 06])83}’10!1]&!8(:5{ B rasax mnoa
ReficTBIEM DEHTTEHOBCKMX Jydedl H Aydeit Dekkepess mpH oGbHOM
JaBjJeHHH H TeMnepatype HOHBI ABJAIOTCH nO}lOﬁHl:IMl/l, TaK KaKk HX
TIONBHHHOCTH H KOS(DHUHEHTE JHGDY3HH OAHHAKOBBL. Taxue e HOHb
ofpasyioTes, KOrfa ras npolisaeTcst siekTpuyeckuM paspsgom. Ta-
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KHe e OTPHIATebHBIE HOHEI 0OPasylOTCSi NDH OCBELENHH OTpHUa-
TeJIBHO 3aPAKEHHOr0 IHHKOBOFO 3NIEKTPONA YJAbTPAQHONETOBLIM CBe-
oM. ClleROBaTeNbHO, MOXKHO CUHTATH, HTO BO BCEX STHX CAYYasix MpH-
POZA HOHOB OAHHAKOBA. 3TO — TaK HA3HIBAEMbIC MAAbIe LOHE!, HMEIONIIE
XOpOIO ONpefie/ieHHble CBOHCTBA H CYIIECTBYIOWME B JOBOJLHO LH-
POKHX NPEJeax TeMNepaTyphl H JABREHHS .

CyiecTByIOT, OHAKO, YCNOBHS, MPH KOTOPHIX HAOAIOARIOTCS HOH,
oranYacpecs oT MAITLIX HOHOB. Hanpumep, rass nnamenu cofepikar,
TIOK& OHH OYeHb TOPSYH, HOHBI ¢ OUeHb GOTBUION NMOABHKHOCTBIO. s
ky naxoaar snavenns B 60 pas, a aas kg — B 1000 pas Goabuwiue, wem
¥ Malbix HOHOB. Ho KOrZa rassl OXJaxAaiorcst, MOABHKHOCTH HOHOB
CTAHOBSITCS, HAMPOTHB, OYEHb MANBIME. ITO OGBACHAIOT TEM, UTO HOHBI
OTAKEASIONCH, COSNHHAACD ¢ TBEPABIMH H XWIKHMU YACTHLAMH, COAEP -
KAUHMHCH B TIPOAYKTAX CTOPAHHA. [TOABUIKHOCTD STHX GOA6ULX HOHOS
MOXeT CTaTb 60/ee YeM B THICAYY Pa3 MeHblile MONBHMKHOCTH MafbiX
HOHOB.

Cna6o nozpumubie GOnblllie HOHB OGPA3YIOTCS TAKNKe TPH HEKO-
TOPBIX XMMHYECKHX peaKinax. Tak, oueHb MaJIo HOABIKHKIE HOHBI 0Gpa-
3yloTCa MpH okucienun docdopa Bo BraxuoM sosayxe (E. Bnox) u
TIpH TIONyYeHHH TpeMyuero rasa snexktpoausoM (Tayrcenn). Hakoueu,
GoablliMe HOHBI HCMYCKAIOTCA PacKaNeHHBIMH TeNaMH B NPHCYTCTBHH
BO3/yXa.

B atMocdepe Beeria HMEETCS HEKOTOPO® KOMHUECTBO MAMHIX H GOMb-
IWHX HOHOB. Mankie HOHBI 00pasywoTCst TpenmywiecTBEHHO NoA AeficT-
BHEM HOHHAKPYIOWErO H3MYJYeHHS DajHOAKTHBHLIX 3/IEMEHTOB, pac-
TPOCTPAHEHHBIX B MWHHMAJBHBIX KOMWUECTBAX MO BCEH NOBEPXHOCTH
3emHOro wapa. [IpHcyTCTBHe GONBIINX HOHOB OfbACHSAETCA MPUAHNA-
HHEM Mafiblx HOHOB K MBUIAHKAM H KameJbKaM, BCErJd HMeOUIMMCs
8 atmoctepe (T1. Jlamxesen).

B To BpeMs Kak Ma/ibie HOHb! XApAKTEPHSYIOTCH JOBOJBHO TOUHO
ONIpe/Ie/IeHHON NONBHIKHOCTBIO, GOMbUIHE HOHBI NOYTH BO BCEX CAYUasx
HX 06Pa30BAHNS HMEIOT MOIBHIKHOCTH, KOO IOIEECS B LINPOKHX Npe-
nenax. OHH UYBCTBHTENBHB! TOJABKO K OUCHb CHUIBHbIM SMEKTPHIECKHM
nonsM, H B 3TOM cJIyyae TPYAHO MOAYYHTH TOK HachueHus. Tak xak
HX Au(xpysHsi MeLNeHHa, TO OHH NOYTH He NOIJOMAIOTCS BATHBIM TaM-
TOHOM, JIETKO 3a/1epXKHBAIOIINM MAbie HOHEI, WIIH IpH MPOAYBAHHH rasa
yepes BOAY. BHYTpH 3aKpHITOTO €OCYZa OHH MOHEMHOTY HCYesaioT
BCJIEAICTBHE TIOCTeNeHHOH ANPY3RH K CTEHKAM H MeJJEHHOTO BOCCOSH~
nenusi. Ecnu npeobnajaloT HOHEI KAaKOro~1HGO OJHOTO 3HaKa, TO
B3aHMHOE OTTAJKHBAHHE BbI3bIBACT JBHKEHHE HOHOB K NOMMOMAIONIHM
WX CTERKaM.

Ofpasopakie HOHOB ¢ GOMBINOH MDOABWKHOCTBIO B IasaX INTAMEHH |
TIPH BLICOKHX TeMIePaTypax AOKA3BIBAET, UTO HORK NPK STHX YCAOBHSIX
MOTYT HMeTh PasMepbl MeHbllle, 4eM Majibie HOHEL. TemoBoe JABHIKEHNe,
OYeHb CHJIBHO® MpH BHICOKOH Temneparype, Melaet 0GpasoOBaHHIO MO-
JIEKYJAPHBIX TPYMN BOKPYT 3aPSKEHHBIX YaCTHIL.
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B paspeeHHbIX ra3ax MONOXKATENBHO 3APSIKEHHDBIE YACTHUB YMEHb-
WAlOTCs 10 PasMepoB 3apSKEHHbIX aToMoB. OTPHLATENBHO JKe 3apa-
JKeHHbIe YaCTHIbl HCTIHITHIBAIOT ellle §o/lee 3HAUMTENLHOE YMEHbIIEHHE,
DIOTOMY YTO MX MACCA B STHX YCJOBHSAX PaBHa TONBKO HeDOJBLION fone
{1/ 1500) MACCEI 4TOMA BOROPOA. B 5TOM COCTOSIHUH OTPHUATENBHO 3aps-
JKEHHBIE YACTHILL! HA3BIBAIOTCA SJIEKTPOHAMH M IPEICTABAAIOT COGOH
HEfIENIMBII SJIEMEHT OTPHUATENIBHOTO 3JIeKTDPHYECTBA, KOTOPbI BXO-
JIHT B cOCTaB BCeX aTomOB. CnesioBATENBHO, SIBAACTCS BEPOATHHIM, UTO
RPOLECC HOHH3AUMH FA30B B OCHOBHOM COCTOHT BCETNA B PACHICNJICHHH
MONEKY/ILl HA SEKTPOH H TOJOHHTENBHEI OCTATOK H UTO Ma/ibie HOHb!
06pasyioTcd NYTeM CKOMJIEHHS HECKOABKHX MOJEKYJ BOKPYT KauoH
M3 3THX JIBYX 3apSKEHHBIX yacTefl NEPBOHAYAIBHON MOREKYJIb.

VYenoBus AaBNeHns, AAKIHE BO3MOXKHOCTH OOpasOBAHUS MAaMbiX
HOHOB, OJHOBPEMEHHO OGECTIEUHBAIOT UM OMPEACNeHHYIO NIOABHIKHOCTD.
ConpoTHRACHHE HX JBHXEHHIO B Ta32X, Bb3blBaeMOe CTOJKHOBERHSIMH
€O BCTPEYHBIMH MOJEKYJIAMH, aHaJOTHYHO CHJe TPEHHS; OHO NPONOp-
UHORANEHO CKOPOCTH MOHOB M HATDAB/CHO NMPOTHB IOCAAHER.

K HHETHRECKAR TEOPHS AAeT BOSMOMHOCTE BbIBECTH ANA Kodpouuuentos & u D
el

npocTHe MpHGAIKERHHe CooTHOWeRHA: k=~ 1 D = Auf3 (Narmesen), e

mu
€ — Sapsij HOHa, M — MACCa, & — CKOPOCTS TENOBOTO ABHMKEHHS, A —~ cpefnuil
NYTb. DTu QOPMYZLL YUHTHBAIOT H3MeHeHHe & H D  JabaeHneM (A wMeHsieTcs,
kak 1/p} u ypenhvense D ¢ Temneparypoi. VX uncienHoe pewedne 3aTpyans-
eTCH HeONPENesieHHOCTbIO BeNNdtH m 1 A

§ 10. Hcnyckanne 25eKTPOHOB OCBEWIEHHBIMH
H PacKajJeHHbIMH TeJamu

I. HexoTopbie MeTannbl (HHK H APYTHE ellle Merye OKHCOmMEcs
MeTAJLIb) IPH OCBEILEHRH YIBTPadUONETOBHM CBETOM HCNYCKAIOT OTPH-~
LATEJBHOE SNEKTPHYECTBO. B rasax HOPMaAbHOH NJIOTHOCTH 3TO HCIY-
CKaHHE NPOHCXOANT B BHJE OTPHUATENBHBIX HOHOB. TOK MOXKET MPOXo-
JHTh TOMBKO B MOJE, HAMPAB/EHHOM K OCBElleHHOMY 3M1eKTpofy. Kpu-
past { = f (V) npunnmaer gopmy, u3obpakennywo Ha puc. 16a.

VioHb, coziepykalimecs: B MPOCTPAHCTBE MEMRY SAEKTPOAAMH, MOTYT
yBJIeKaThCA CTpYel rasa H coGHPATLCS HA HIOMKPOBAHHOM BATHOM TaM-
NOHe, coo0Ias eMy OTPLHUATENbHBIH 3apsi.

B Bakyyme HcnycKaeMble OCBEUICHHBIM S/1eKTPOJOM SJEKTPOHBI He
00pasyioT HOROB H, HE BCTPEYash HHKAKOTO COMPOTHB/ICHHA CBOEMY ABH-
JKEHHIO MRy 31eKTPOJAMH, MOTYT NMOA JeHiCTBHEM YCKOPeHHS YKJIO-
HATbCSA OT MHHUI MOAs.

PacnpesieieHHbIe B IPOCTPAHCTBE MY SMEKTPOJAMH OTPHUATE b
Hble 3apAfbl, KOTJA YHCAO HX JOCTATOMHO BEAHKO, ASQOPMHPYIOT NIPH-
NOMeHHOe Tose. B oTCyTcTBME NOMS B3AMMHOE OTTANKHBAHHE 3THX
3apsA0B NPHBOAHT K DPABHOBECHOMY COCTOSHHIO, NMPH KOTOPOM OCBe-
UWEeHHbI 2MeKTPosi peabeopGHpyeT CTOJBKO e IEKTPOHOB, CKOMBKO
OH HCNYCKAeT KX 32 TOT JKe NPOMEKYTOK BPEMeHH.
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Kpugas i = [ (V) ToKka /eKTPOHOB B Bakyyme Mexiy aHOROM H
OCBEIIAEMbIM YNbTPA(HONETOBBIM CBETOM KAaTOAOM NPHHHMAET TY JKe
(hopmy, UTO K KpuBAf NEPEHOCA TOKA GTPHUATENLHBIMH HOHAMH B TIPH-
cyTcTBuH rasa (puc. 16a). IlpuurHa 3Toro sakalouaeTcs B TOM, 9TO
B 060X Ciyuasix eopMallis NOJS BLI3BIBACTCS PAaCTIpeeeHUeM OTPU-
HATENBHOTO 3apsijla, MIOTHOCTb KOTOPOTO YMEHBILAETCS OT OCBEINAEMOTO
KaToaa K anopy. Orciona BLITEKAeT HEKOTOPast aHANIOTHs MEXAY OBOUMH
cnocofamMi NPOBOAHMOCTH, XOTS 3aBHCHMOCTb CKOPOCTH OT BEHUHHEL
nossi B OGOUX CAYYaiX PasinyHa.

I1. PackasieHHBle METAaNbl MOTYT HCIYCKATh 3HAYUTENBHO 6OAb-
Me KONHYECTBA SJEKTPHUECTRA, YeM MeTAM/ibi, OCBellAeMHE YabTpa-
¢nonetosbim ceetom. Hemye-

KaHHEe 3JeKTpPHYecTsa pac- Jouss
KaNeHHbIMH TeNaMH  Hashl- —'\/\vaHl |.||_ L
BARTCS MEPMOUOHHOL SMIC- A _

cued). YUtobel NoayunTh 510
ABleHHe, OOHYHO ApOTYC- / - T
KalT 3JeKTPHUECKHH TOK
yepes TOHKYIO MeTaJjiHyec-
KYI0 (NNIaTHHOBYO, BOAB(Pa-
MOBYI0) HHTB (pric. 19}, Moxc- # arekmpovempy

HO TAKNKE TONbSOBATCS  Puc. 19. F — yromsuam wam wevanmwveckan e,
TOMEILEH AR IO OCH cTeKARAHOR TRYGKI. epes HuTL
YFONBHOM HUTBIO. TPOXoANT TOK NaKaaa I, Aocrasanembill Gutapeen P

Tlosyyaembiil S7EKTPOROM ~ OANH 13 kowIo Wi Aoveach A0 MoTeunuara ¥ mo-

5 CPeRCTROM GaTapen P, OKpyMaomuil #nTb UHTHHADH-

A DNeKTPHUECKHIE TOK 3aBH-  veckaii saexTpon A ' coeitien < snewtponeToow: B
_ CEDMCTHUECK)( SAKPUBAIOMEMCA cocyzle D, B XOTOPOM

CHT OT TEMNEPATYPHl PAC- \3iomuren uumh F 5 anexTpoR A, Moxio yeranosute

KANEHHOH HHTH H AZBJEHHS BAKYYM HAH BBECTH B ieF0 a3,

rasa B cocysie. Ecnu npuéop

CONEPKHT BOSAYX HIH Kakoi-iuGo ApYTofl ras, 10 NPOMCXOAHT OAHO-
BPEMEHHOS HCMTYCKAHNE H NOJOMHTENBHO H OTPHUATEBHO 3aPAKEHKbIX
YacTHIl H TOK MPOXOAWT NpPH OGONX Hanpasliienuax noasi. Koanvecteo
HCITYCKAEMOTO 3IEKTPHYUECTBA GHICTPO YBEIHUUBALTCA € TeMNepaTypoil.
Mpu BHICOKNX TemMnepaTypax TOK H3MEPSETCS FajlbBaHOMETPOM, NOMe-
IEHHbIM MeXAY STeKTPOROM A H 3emaell.

Ecnu B npu6ope nopjepxupaeTcs BaKYYM, TO OKKJIOAHPOBaHKble
B €r0 CTeHKAX H B 3/IeKTPOJAX Ta3kl OBEMKOTY BEAENAIOTCS H HCNYCKa-
HHE TOJOXKHTENbHOIO 3NeKTpHYecTBa Mpekpaulaetcs. B stoM cayuae
[POHCXORHT MCTIYCKAHHE TONBKO S/EKTPOHOB, H TOK MPOXOAUT TOABKO
B TOM CJTyuae, KOTAA T0JIe HATIPABJEHO K HUTH.

TIpoxoxpeHye TOKa B BaKyyme yepes TPYOKy ¢ pacKaieHHbM Ka-
TOAOM XapakTepusyeTcst ABYMs CEPHSMH KPHBBIX, OEHA M3 KOTOPHIX
npepcTaBaser cooTHomenne { = f (V) IAd AaHHON BeNHYHHB TOKA
Hakana [, onpegensiomero aGcomioTHyto Temnepatypy T HuTH,

# Babyym-riococy

%) Monpobuoctn u Guanorpadmio cm. Conférences Rapports 4. E. Bloch,
Les phénomenes thermioniques.
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Apyras mpejicTaBiger cooTrowenne { = f (f) win i=f (T) mra

JaHHOH pasnoCTH MOTeHuuanos V mexay snektpogamu. Puc. 20a u b

BOCTIPOK3BORAT PE3YJILTATH,

% T T nonyyeHHvle JIZHTMIODOM B
OUeHb BHICOKOM BaKyyMe.

Korza Temnepatypa HHTH
ocTaeTeA NOCTONHKON (I NOCTOStH-
10), TOK § yPeRHUABASTCH € BO3-
15 - pacrarvem V TaK, KaK 370 H30-

0| Gpaeno ua puc. 16a. B wauais-
WOl macTH { yBeANuMBASTCA, KAK

Vi, Zasee KpHBas WMeeT nepe-

U6 i O6HApyKHRACT CTpeMeHie

TOKa K Hackiuenuw. Kplipbe,

TonyuacMble  OPH  DPAa3nUGHBIX

veamunuax [ waw T, nacnan-

BAIOTCA OfHa KA APYTYI0 0O BO3-

PACTAIOIUHM BERHUMAAM STHX Tie-

[) = W o 5 DEMERHEIX, HO TOK WACHIIEKHS §

He ROCTHFAeTER ¥ NpH BHCOKHX

snavennax T.

Puc. 20a. Korna pasHocTb noTeunianos
V ocraetcsi NocTosHHON, § BO3-
pacTaeT < ysennvenyeMm f, 1. €.

T ¢ yeeauuensem T. [pi Gorbnx
SHauennsx V, COOTBETCTBYIOINX
l L] HACBIWeHHID, (=G W KpHBan g=

25| 2 | =f(T) npectannsier 3akoH Bo3pa-

CTaNHs SMUCCHN C TeMIEpaTypofi.
Tlph MeHee BLICOKHX 3HAYE-
HuAX V wackiwenue AOCTHraeTes

« TONBKO A0 W3BECTHOM TipefebHOM

BeJIMUHHE] TOKA HAKana M B 3TOH

ofnacTd KpHBax COBNAjaeT <

npenuwectsyomei. Ofnako 1O

Mepe ypemiueHus T pasHoCTs

notehuuanos V cTaHoRHTCs He-

1) JOCTATOUHON JIRl TIOHOTO 13BAL-

e YeHKA SMEKTPONOR. BeileAcTBHC

STOrO KpHBast HMCET TOYKY Nepe-

. r#6a, 3a KOTOPOR Caefyer 06-

NaCTh KAKYMETOCs HACBIUEHHS,

508 COOTBETCTBYIOWMETO COCTORHHIO, B

] KOTOPOM 3/IEKTPOHEI, He H3BJe-
B T T TR o yeHHBIE NOMeM, peabeopoIpyIOTER

KaTONOM.
Abeonomnan mowtegamgpz Tlonaraior, 4To SAEKTPOH He

Pre. 200 MoXET BBIiTH h3 weranna Ges

satpaThi paGotel . DneKTpOUEL,
pacripefenenfibie B MeTadde C

HEKOTOPOH KOHUENTpauHcii A, YYacTsYIoT B TCMIOBOM MONEKYJRPHOM XBHIKEHHH

H BHDPLBAIOTCA 113 MCTAJNa TeM ferde, Yem Bblllie erO TEMNePatypa. DAEKTPOHbl,

pacrpejenenibie B NPOCTPAHCTBE NCPel HCAYCKAKoOIeHd WX CTEHKO ¢ HEXOTOPO#

KOHUENTpalkeli 1, BeiyT ceOf KAk PaspeeRHblll ras, W HEKOTOpbie H3 HHX

6naropaps TeMJIOBOMY ABHIKEHHIO BO3BPAMIAKOICH B MeTaad. B papHoBecHomM

Inckmponneid mok § majeu’

0’|

Bomsmst

ey

Srehmpanvens moh 8wz fowt
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COCTOSIHIN B OTCYICTRME NOAA WUCAO SJEKTPOHOB, WCOYCKAEMBIX efunwuchi no-
BEPXHOCTH B CAUHILY BPEMEHif, KOMICHCHPYETCH WHCAON SMCkTPOHOD, NPOHAKAI-

WHX B METan)  W3BHE.
B ROCTATOURO  CHIBHOM
TIONIE MOJKHO HZBNEKATh BCE
SNEKTPOHH N0 Mepe HX

0BpasoBanhs W MOTySHTH
TOK HACHIMIEHBA §.

Jing  Boawppama
npy  2500° no atco-
JIOTHOH IIKane g Foc-
THraeT BeJHYHELI | a
HA KBaAipaTHbIl CaHTH-

K2TOXOM.

Prc. 21. Kenovpon. F — Dackanefinan WiTe, CHymaman
A — Tpy6uaThh amox,
Tipubop neficteyer Kax shmpanirean,

TOMLKO B HANpaAeHns 0T A K F.

OUPYHAKUWHA  HHTH.
nponycaa oKk

MmeTp nopepxroctn. Jlas storo semectea W = 4,5 6. UroGet noay-
YHTh SJIEKTPOHHYIO SMHCCHIO, MOJb3YIOTCA DACKANEHHEIMH KaTOAGMH

H3 BONBb(PAMA, HAATHHBI, YIAsl, TaH-
Taja, MOAUGNEHA, @ TAKXKe ILIATHHH,
TIOKPHITOlt OKHCNAMH Ka/ibltusi HAW Ga-
pust (katoa BeuesnbTa).

Baxkwefwnmy  mpuGopamu, npak-
THYECKH  UCNONB3YIOWHAMA  TePMOHOH-
HYIO SMHCCHIO, SIBSIOTCA: 3MeKTpHuec-
KHe BEPSIMHTENH C PACKANCHRBIM Ka-
ToflomM?) (kenoTponst) (puc. 21), pent-
TEHOBCKHE TPYOKH C PacKaJeHHbIM Ka-
TofioM?) (pHc. 22) H NaMIlbl ¢ TPeMsT IIeK-
TpogamMu  Hiw  rtpuoas®) (puc. 23),
HIHPOKO TpHMEHSIOUHeca B Gecnpo-

Puc. 22. Tpy6ra Kyanwa.
Panbioi B0s1bdPaucEOH IPOBOAOKH C, epes KoTopyIo
TIPOXORNT TOK HaKaAa, ANOIOM CAYHHT BOALDPAMOBEIL

KaTon_COCTORT W3 cfiH+

asTuaton Hictyckaemre KaTolom  SAEKTDOHB!
YAApRIOT  aHTRKATON B oo MeHTPANEEOR
GOMACTH, 1aSHBAEMON JOKYCOM. BOSHNKaloUE TpH
stom X-1yds HAGAOAOTCH B HAMpaBACtuK X, TOK,
NEpEHOCHMEIL SMKTOHaMH, B TpyGke oSuuMOrG
OBDAIHA MOKET HOCTHIATH HECKOMBKMX MHAAHAMNCD
TPH pa3NOCTA MOTeHUMAIOB, paBuOH 200 K3

Ph. 23. TPHOX COCTONT B3 CTeky:
HOrO 6a/nOHa C COBEPIICHANM o B
MOMHOCTH BAKYYMOM. 13 Ganaowe sa-
XonwTen 3 smextpona: wuTh F, sepes
KOTOpYIO POXOLHT TOK HAKAAG, COTxA
¢ — crupanb, OKPYMaiollan HMTE,
naacraka P, muanuapuveckan,
OKPYHAIOUIEA HATE u CETRY. DICKTPOR-
BN TOK 7, maywurd of packamentiol
WHTH K TLIGETRHEC, NOTEIIHAR KOTOPOR
Bhlle MOTeHUHANA HATH, SuBHCHT OT
ROTeHUHaRA COTKH, KOTODAI noayuaeT
UaCTh HCTYCKASMHX RHTHIO 306KTPO-
HOD. PaBota npr6opa XapakTephay T
KpHELINI, TaK HAILBASMUMH Xapak-
TCPUCTHK MM, NPEACTABATIOWMMITOK 4,
nonyuaewsifi Cexko, i TOK 7, noaydae:
MLH [AACTHHKOR, 8 GYHKUNK noTen:
Ukana o ComRM D onpeacAemiom
TOTeHUHANE NASCTHHKH H_OMDEdeneH-
oM cane I TOKa KaKand. STH KpHBHS
GTHOCATCH K TOMY Ke THRY, UTO W KDH~
e B3 pic. 20, Tak Kak notenusan
CETKW BCETa HEBHCOK 10 CPABHERMIO C
TIOTCHUHAAOM AGCTHAKH, TOK 1 €naG o
CDABHEHNIO c TOKOM 1, TO IGO0
HIMEHEHHE ¥ BIEHeT 32 (000N SHAYHTENE:
Hoe WIMeHeWHe Toka nnactiMi. Ha
STOM npHKlLME OCHOBATIO NpKMENCKIE
TpEXsAeKTPONHON AaMu B KauecTze
yonanTenz.

%) Coni. Rapp. 4. E. Bloch, Les phénoménes thermoioniques.

% Conf. Rapp. 10. A. Dauvillier, La fechnique des rayons X.
%) Conf. Rapp. 5. C. Gutton, La lampe 4 trois dlectrodes.
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BOJIOYHON Tesierpamn U 7esiedbOHUH K B PA3NUYHEIX HAYYHBIX HCCAe-
JAOBaHNAX.

SroT npuﬁop MOXeT TaKKe CAYXKHTh B KaueCTBe renepatTopa Hesa-
TYXawIHX KoneGaHHuil 1 NeTeKTOPa BOMH BBICOKOH YacToTHl.

§ 11. Koupencaumus Bompl HA HOHAX. 3aPAJ HOHOB:
AnemenTapHBiil 3apan

Heplme onpejenenyus sapaia OTRCNbHLIX HOHOB OCHOBLIBAJHCE HA
ABACHUU KOHD&HD&M”H 808aH020 napa Ha COACPXKALMXCA B Tase HOHaxX
(Tayucenj, Tomcon).

HaceunerHeit BoAsHOf nap oGnafaer cBONCTBOM NpH GLICTPOM pac-
IWHPEeHHH CTAHOBHTBECA HEPeChHUlEHHBIM, Taxoe PacwIHpeHne MOXKHO
BbI3BaTh BHE3ANHBIM YBEJHUEHHEM ofbema cocyha, colepiKallero Boay
N BO3AYX. Ecau BO3AYX B COCy/e H€ COACPKHT NblIH, TO NepechileHHe
MeJIIEHHO YHHYTOXKAeTCsd NyTeM OCa’KAEeHHR BOABI HA CTeHKaX cocyia.
Hanporue, B NPHCYTCTBHR NBLIH PACLIHPEHHE COTPOBOKNASTCH BO3-
HHKHOBEHHEM T'YCTOTO TYMAaHa, COCTOAIIETO H3 Kalee€K BOABI, oﬁpaso-
BABIUINXCHA HA NLUVIHHKAX, KOTOPBIE CJYXKAT yenmpamu rxoxdescayu.
3ror TYMaH ToA AeﬁCTEHeM CHABl TAMECTH OCAXKAACTCA, YBACK3s C
coboit newib. TakuM 0Gpasom, NOBTOPHB 3TY OlepallHIo HECKONDBKO Pas,
MOKHO OUHCTHTbL BO3AYX OT NbUIH.

Ecau nocse storo nyTeM HaKaJaHBaHus HpHCnOCDﬁ.’IEHHOﬁ Ads 3T0i1
nesH TMPOBONOKH 05PasoBaTh B COCYJE HEKOTOPOE UHCAO HOHOB, TO MPH
pacllipeHHH CHOBA HaGarIofaeTcst BOSHHKHOBEHHe TYyCTOro TymaHa,
HEHTPAaMH KOHACHCAUHH KOTOPOro fIBJAAITCH BHIAENEHHBIE HpOBOJlOKOﬁ
HOHBI,

Houel, o6pasyouiHecs OpH OKKCACHHH ocdopa M 3JEKTPOJIH3C BOAB, TAKNKE
ABAAIOTCA 9PHEKTHBHKMA NEHTPAMK KOHIEHCANKH BOsHOrO mapa. [1pn nposysa-
HUH BOSAYXA, COAEPKAIWETO HTH HOHBI, Yepes BOAY B Hen o6pasyetcs TyMau. CIpys
NEPECHILICHHOTO Napa CTAHOBHTCA SHAUKTEALHO GoJee MAOTKOMN, NPOXORA ROAH3N
oT KycKa (ocdopa, HEGOMBIIOTO NAAMEHU WAl PACKANEHHON MPOBOAGKH. Bo Beex
STHX CAYYasX LEHTPAMH KORJEHCAUHH CAYMKAT GONblIMe HOHBI, ReficTBHE KOTOPHIX
B 9TOM OTHOUIEHHH TIOAOHO AGHCOTBHIO TbIIH.

KenpBni noKasafl, YTo AaBJekHe HACBIIEHHOTO BONSHOTO Tapa B CONPHKO-
CHOBEHHH C BOATHBIMH KAILIAMW BB, YeM B CONPHKOCHOBEHHH C POBHEIM CNOEM
BOMBL. 3710 sBACHHE, CBA3AHHOE C TIOBEPXHOCTHBIM HATSIKEHHWEeM, RPENATCTBYET
06PA3OBAKIO B Iase TeX OYEHD MANEHBKHX KATIeleK, ¢ KOTOPBIX KO HAUATLCS
koHgeHcauua. [IpUCyTCTBYE NBUIH YCTPAHAET 9TO OPENATCTBHE, TAK KAK MOMEKYMAL
BOJH B STOM Cilydae MOTYT OCANIATHCA Ha TBJIWHKAX, KPHEK3HA TOBEPXHOCTH
KOTOPEIX OTHOCHTENBHO Hepennka. Kpome Toro, NbAHAKH MOTYT liMeTb TAKOR XHMI-
4eCKiit COCTAB, GABTONAPA KOTOPOMY OHW XKAMHO TIOFRMOMAIOT BOXY (KAK, RANDH-
Mep, MEANKKH, 0Opasylolliiecst NPH OKHCICHHN Gochopa) H, CNELOBATRNBHO, KOH-
AEHCHPYIOT JIaXe HeHACHIIEHABI Boaanol nap. Ecan MEAHHKR 3apsiKeHH H ofpa-
3YI0T GOnblIRe MOHB, TO KOHACHCHpYMOUlee AeficTBHE HX €llle YCHJHBAeTes, Tak
KaK OHH 9/ICKTPOCTATHIECKH NPHTATHBAIOT MOMEKYJH BOXH.

Mastie HOHBI TaKiKe MOTYT SIBASTBCA LEHTPAMH KOHJEHCAUUH, HO
ux JleficTBHE cnabee U NPosBAseTcs TIPH Goslee CHIBHOM NePeChentH .
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TouHblE HCCAEIOBaHNA BRABCOHA ZAaNH CAeAyiOUlHe pesy/bTaThl;

YCI0BKS KOHJEHCAIMH B BHIE TYMAHA 3aBHCAT OT CTENEHH Pacili-
penust A, T. €. OT OTHOIUEHNS KOHEWHOro o6beMa rasa K €ro Hayaib-
HoMy ofvemy. Korma A < 1,25, kouzercauun He npoucxoant. Ilpu
1,25 <4 << 1,31 koHAencaUus NPOHCXOAHT TOABKO KA OTPHLUATEBHBIX
uoHax. [Mpu 1,31 <<A < 1,38 oHa NpOMCXOJAHT HA HOHAX OGOMX 3Ha-
ko8, npy A > 1,38 — nake B OTCYTCTBUE HOKOB HA COAEPKAIZUXCS
B rase LeHTPax KOHACHCAUNH, KOTODHMH CJyXaT, BEPOSITHO, Mofe-
KYASIPHBIE CKOMNEHHS .

Ecnu nassate nepecongnuen S OTHONCHHE AABIIEHUs BOANHOTO apa
K JABAEHHI0 HACHINEHHOTO BOAAHOTO Napa B CONPHKOCHOBEHHW C
0A0CKOH TIOBEPXHOCTLIO BOAB! MIPH AakHOIl TemmepaType, 10 § = 4 npH
A=125u s=8 npu 4 =138,

HyxHo 3ametuth, uto npu 4 > 1,25 aawe B 0TCyTCTBHE HOHH3N-
pytomero ¢akTopa HabAIOfaeTca OGPA3OBAHHE HEMHOTOUHCICHHBIX Ka-
nesiek BOAb!. IO NPOMCXORHT BCACICTBHE c1aboft HOMM3ALMH BO3AYXa
HaNydYeHnAMH, u30eKaTh NPOHHKHOBEHUA KOTOPHIX B npuGope obnyHO
Heab3st.

OcHoOBBIBasCh Ha 9TOM, BUJIBCOH H30Gpes METOH, AAOWHIl BO3MOXK-
HOCTEH OTOTPadUPOBATL TPACKTOPYUY WOHHBHPYIOMHMX Jiyuell, KoTophie
NpH COOTBETCTBYIOUEM OCBELICHAH CTAaHOBATCS BHIMMBIMR 6aarofaps
00pa30BaHHIO Kamefiek BOAM Ha WOHAX BAQIb NyTH Jjiyueit. 3roT
MeTOA (TyMaBhbiX TDAeKTODH) FNPUWIOKHM K TNOJSOKHTENbHBIM M
OTPHIATEBHBIM KOPIYCKYJISPHEIM JyyaM. PentrenoBekue Jyun u
Y-yYH OGHADYHBAKOTCS 10 OGDA3YEMBIM HMH BTOPHUHBIM SMEKTPOH-
HbIM aydam?).

k. JIx. ToMcoH HaGalogan CKOpOCTb ONMYCKAHHA BEPXHEIO Kpas
TymaHa, npHmenHB k Heil sakoH CTokca, ONPeNeNsiONIHA CKOPOCTDH
Najerns B conpoThBasomedics cpene. Ecan paguye kanan papen a,
€e TIOTHOCTh d, KOIQMHUMEHT BAIKGCTH BOSAYXA g W YCKOPEHWe
CHIIB! TSIKECTH g, TO

2
9

o=

=[5
-

3TOT ONBIT B COGAMHEHUN C WaMepeHueM HAOTHOCTH KOKHOTO 3apfia u
KOJIHYECTB2 KOH/ICHCHDOBABMIEACS BOAb AA€T BEWUKHY 3apsja oT-
ZenbHOro Houa e, CKOpOCTb ONYCKAHHA TYMaHa MOXHO HaGMIoZaTh B
SMEKTPHYUECKOM NOME 4 B TAKUX YCIOBHSX, WTOGH KOBAGHCAUHMs BpPoO-
HCXOANNIA HA HOHAX ONHOTO TONBKO sHaKka. ITycTs vy H vy GYAYT CKO-
pOCTH ONMYCKaHHA TYMaHa B OTCYTCTBHe TMOAS U B €I0 MPHCYTCTBHH.
Tak KaK T CKOPOCTH DPOTOPUHOHAJIBHLI BHI3HIBAIOUVAM HX CHJAAM,
TO HMeeM, ecaH JefiCTBHE NOJsl APHOABARETCH K AHCTBHIO CHABI

1) Onucanke npuMeHAOmErocs Aus 5Tol ueay npudopa nauo 2 § 65.
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TAXKECTH:
2 ga
o, =2 &

_2 v mg
TG o+ oh

Uy mgteh’

Us 5THX JABYX ONBITOB MOIKHO OTPEfERHTH €.

OmHako STOT METOJ He OUeHb TOMeH, M MHJNHKeH NPHMEHMI METO
HaGMofleAHsl OTACABHBIX KaNedb, He CBA3AHHLI C ABJEHHEM KOHJeH-
caupi. Hefonbliloe UHCAO Kamedek, NOMYYeHHBIX NyTeM MyJibBepHaa-
MM Mac/a, NOCTYNAKT B MPOCTPAHCTBO MEMAY ABYMS WIACTHHKAMM
uepes HeGOJBIIOE OTBEPCTHe B BepXHedl maacThake. TaM OHM CTANKH-
BAOTCA € OOPA3YIOUIUMHUCH MOA AeACTBHEM H3/IYUEHHS HOHAMH, H BPeMs
OT BPeMeHH HOH OCellaeT Ha KamenbKy Macha. Takad sapameHHas
KaTlIsl IOABEPTAETCS OAHOBPEMEHHO NEHCTBUIO H CUJbI TAKECTH H ek~
TPHUECKOTO ToAs. B 3aBHCHMOCTH OT 3HAKA 3ap#A/ia ¥ CHJIEI TIONS KAMis
WM OCTAeTCs HEMOABHIKHOM, HIHM JABHMETCA BEPTHKANLHO BBEpPX WIH
BHH3. [[BHKeRHe Kamenb HAGAIORAETCst NIPH TMOMOIH MHKPOCKOMNA.

Oana Kanist MOXKeT NOCAEAOBATENBHO 3aXBATHTh HECKONBRO HOHOB.
Hamenenne ee 3apsiza NPOHCXOAHT NPEPLIBHO M BEIPANACTCS BO BHE-
3aNHBIX HSMEHEHHAX CKOPOCTH. 3apsafbl OTHENBHBIX KameNb KPaTHE!
SIIEMEHTAPHOMY 3apPALY.

U3 3Tux onmTOB HaitheHo:

e= 4,77 - 10— 3a.-cTar. en.l).

M3 zpyrux MeTofioB onpejleieRHs MEMEHTAPHOTO 3apAfa yKaKeMm
METOJ, ONpejeNteH s 3apsiAa a-YacTRIbl ITyTeM M3MEepeHHH KONHUeCTBA
SNEKTPHUECTBA, TMEPEHOCHMOTO H3BECTHBIM UHCAOM 3THX yacTHU. DTH
ONLITH GYAYT onucankl Huxe (§ 71). 3apaa a-vyacTuubl paBeH YABOeH-
HOMY 3JIEMEHTADHOMY 3apsiay.

DiteMeHTapHBI 3apsj CBASAH C YHCAOM ABOTAAPO N, BHIBOAMMBIM
M3 3AKOHOB 9/eKTPOMH3A, OCHOBHBIM COOTHOIIEHHEM:

Ne =96 500 kynonos = 2,895 - 10 an.-crar. ef.,

e Ne — 3apsi/l OAHOBAJIEHTHOTO IPAMM-HOHA. C.'IeﬂOBaTEJ[bHO, 3Haf e,
MOXHO BBIYHCJIMTD N, H HAa00OpPOT.

Metoaer onpepesieHHsi N MHOTOMHCJIGHHEI H pasHooOpasnmi®), Pa-
AHOAKTUBHBIE SABJIEHHS AZiOT BO3MOXHOCTH NPSIMOTc OlNpeleneHud N
nyTeM H3MeperHsi oGbeMa reiHsf, OOpPa3YUIErocs NpH HCIYCKaHHH
H3BECTHOIO yHcaa a-dactan (§ 72).

1) Hns nprnvenenna sakona CToKca K 0YeHb MaJbiM KaneabKam, HCIONb3YEMEIM
B 3THX ONHTax (pa;mmyc 1 = 5y), BeoGXOANMO BROAHTL MONPABKY, KOTOpast CTaHO-
BHTCA ONIYTHMOH ANA Kamelek, PaZKYC KOTOPEIX TOFO Xe MOPAAK, UTO B CPeAHui
TYTb MOMEKya rasa. B xauecTBe NONPABOTHOrO 4AeHA BXOAHT NJOTHOCTh rasa.

2) Manoxenne STHX METOAOB MOXHO HaiiTh B cooSwenus J. Perrin, Théorie
du ragonnements et les quanta. [Conseil solvag, 1911.)
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TpHBOTHM MpPHHATHE B HACTOSIIGE BPEMS BeHYHHE & H N. [Tonb-
3ysACh HMH, MOMHO BHIMHCAHTbL aGCORIOTHYIO.MACCY ATOMOB H HEPTHIO
MONEKYJt

€==4,77 - 10~ sa.cTar, ep., N =6,06-10%,
Macca atoma. Boaoposa

mﬂ=w= 1,66 - 10—% 2,
N
Macca atoma ¢ aToMHBIM Becom A
ma= 4 1,65 4. 10—% 2,
N
Kunernyeckast SHeprus MOREKyiis:
3 RT

U= =562.10"Mgpros
2 N P
npu 0° C (R — rasosast noctosiunas, T — aGeoNioTHAn temuepaTypa).

§ 12. Yaapnas HOHM3auMst M NMPOGHBHON paspsn

Ecnn oSpasosanne noHoB B LaHHOM OGbeMe rasa NPOHCXOAHT NPaK-
THYECKH C OAHHAKOBOM CKOPOCTHIO H YCAOBHA JABAEHNS 1 TeMIlepaTyphl
e CBILIKOM OTKIOHSAIOTCA OT HOPMaJbkbIX, TO KpHBas { == f (V) nMeeT
XapakTepHyio ¢opmy (puc. 13). CocTosIHHE HAaCHULEHHS ¢ NOCTOSHHBIM
i CyllecTByeT B LIMPOKOH 00-

Jacta 3navenuii V. 3atem npn /|

HEKOTOPOM OGEINHO  BBICOKOM

3HaveHnH V BHesanuo mpolic- .

XOAHT OPOGUBHOH  paspsa.
B rasax, Haxomsumxcs mox
MANEM JaB/eHHeM (HECKOJIBKO
wn Hg), mexay dasofi mach-
KNS U NPOGHBHLIM DPa3psiiom
MOXHO PA3NHUHTL (asy Obic-
TPOro ypennuenust i (puc. 24).

Ha6monaemoe 8 5T0it nepexofHoli ase ypennueHue Toka 00 bACHEHO
Tayncensiom. OGbachenne TayHceHAa COCTOHT € TOM, YTO HOHMI, BO3-
HHKIUHE MOA JiefiCTBHEM HOHH3UPYIOMEro $akTopa, cami CBOHMH Yia-
PaMH BHI3BIBAIOT 00pPa3OBAHHE HOBLIX HONOB.

Yro6bl yAapHAs HOMH3ALMS MOIVA MPOMCXOMHTH, MOH NOMKEH
HMETb JAOCTATOYHYIO KHHETHYECKYIO SHEPrHio, 3HAUHTEJBHO NpEeBbi-
MIAOULYIO SHEPTHIO €T0 TEIMIOBOTO JBHKEHUA. ITY SHEPTHIO OK MpHOG-
peTaeT Nojt AeficTBHEM Sn1eKTPHYECKOro Noas.

Puc. 24,
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[MocTonHAan CKOPOCTh HOHA B ONHOPONHOM SAEKTPHYSCKOM [OME C TOUKH 3pe-
HHS KHHETHUeCKOA TEODPHH ABMNACTCS Ccpeaeli ero ckopocteli B NpOMeXYTKax
MEXIY ABYM MOCAEIOBATENBHBIMH CTONKHOBERHAMN CO BCTPEUHBIMI MOJERYNaMH.
B KAMAOM W3 3THX NPOMEKYTKOB ABHMCHHE HOHA B HANPABACHHH NOAS SBIAAETCS
PABHOMEpHO yCKODEHHBIM, HO HAKOMIAEMAs MM TAKHM OGPA3OM KHHETHUCKAS
SHCPTAA YACTHUHO AH MONHOCTHIO SATPAUHBACTCH NPH CTOMKHOBEHHH. TaK Kak
9Ta JHEPTHS SKBHBANCHTHA BHIAOAHAEMON MONeM pagoTe, TO HMeeM

,

[fle in — Macca HOHa, ¥ — €ro CKOpOCTb, & — ero 3apsi W V — pasHocTb moTen-
W1ANCE MEXTY HGHANbHON W KOREWHOR TouKami NyTH, Bennunua cpedueeo nymu A
HOHA B MPOMEKYTKAX MeX1y ABYMS CTONKHOBEHHAMH C MOMEKYNAMH Tasa M3Me-
KfeTca o0paTHO NMPONOPUHOHANLHO AABJIEHHIO Tasa p. B ognopoxnom mone /4 paa-
HOCTb MOTEHHHANOB HA [NMHE A paBHa hA. MHHHMAanbHOH DHepruW, TpeGylowmefics
NS HOHH3ALNII, COOTBETCTRBYT UOWusayuonnsiti nomenguas Vo W cpelkee none Ay
Takoe, 10 Vo = he A DT0 NOME M3MeHseTes obpaTHO NponopuoHanpho A, a
CNEROBATEBIO, TPONOPUMORANENO JaBACHHIO. [103TOMY NPH NOKMMERHOM Zapfe-
HYH yAapHas HOKNBANHA BAUMHAETCA B OTHOCHTEJBHO CNAGHIX MOAAX.

CpeaHee UHCAO HOHOB, BHOBb OGPaSYICLMXCA HA ERHHMUE AMHHbBI
NYTH TOrO U3 HHX, KOTOPHIA PACCMATPUBACTCH KaK HOHU3UPYIOMUH, 5B
aseTcst (pyHKUHeR nonst A w gaBnenus p. [py yBenuueHunu h ypapuas
HOHH3ANUST MPOH3BOAMTCA CHAYANA TONBKO OTPHIATEBHBIMH HOHAMH,
KOTOpBIE B 3THX YCHOBHSIX SABJASIOTCA CBOSONHEIMH SmextpoHamu. [lpu
JOCTATOYHOH BeJHUMHE A B MOHM3AUWH YYACTBYIOT KaK OTPHLATENb-
HEe, TAK W NOJMOXKHYENbRLIE HOHb. DTH NOCAEefHHE HOHH3HPYIOT Faa
H B TO e BpeMsl OCBOGONAIOT 3MeKTPOHH NpPH YAape O KaToll.
CorsiacHO Teopun TOK § MeXAY ABYMS [MJIACTHHAMH, PACHONOKEH-
HBIMH Ha pacCTOSHAW [ APYr OT ApYyra, sBasercs ¢yHKuHell NpoOH3Be-
nerust pl ® V B OLICTPO YBENMUMBAETCsi MU 3KAYEHHAX STHX Nepe-
MEHHBIX, COOTBETCTBYIOWKBX NpobHBHOMY paspsiny. Otciona crenyer,
uTO npobugrol nomexyuas aviseTcs GpyHKurell npoussesenus pl, Ko-
TOPBIM M3MEpSIeTCS] MAcca rasa Mexpay niaacThHamM (saxon [lawena).
Ecan pacetosthue Mexay NIacTHHAME NOCTOSHHEO, TO NPOGHBHOM NOTeH-
LHAN YMEHbUIAETCA ¢ JABJEHHeM, TIPOXOJHT uepes MHHHMYM, A 3aTem
CHOBa GLICTPO YBEJHYHBACTCH, €CH JIaBJeHHE NPOJOAKaeT NOHHKATLCH .
CrejiopaTensso, CyHleCTBYeT MHHHMAJIbHEI NPOCHBHON MoTeHUHaN
{oxos10 340 & anst BO3AYXa), HHXKe KOTOPOTO HE MOMKeT NMPOH3OHTH Nnpo-
GUBHOM paspsiii, KAKOBO Gbl HH GBUIO faBAeHHE.

CyurecTBoBaHHE MHHIMAJBROTQ NPOGHBHOTO MOTEHNIANA MOXKHO JIETKO MOHATD,
ecH JOTYCTHTb, UTO MpOGHBHON Paspsi TPEOYET OueHb CHABHON YIapHOK HORH-
sauH. JleficTBHTeNbRO, NPH BBICOKMX AABJEHHAX STA MOHM3AIHSA OLYTHMA TONLKO
B CHALHBIX MOMAX, TAK KAK KPHTHYECKAS PA3HOCTD NOTERUHAJNOB NOPSAKA HOMM-
33UHOMHIOTO MOTEHUHANA MIOMIKHA B STOM CNy¥ae YCTAHABHBATHCA Ha OUEHb Ma-
JIOM PACCTOAHUH, COOTBETCTBYIOWICM CPeAHeMY NyTH wonop B rase. Ilpn ouews
HH3KOM JaBJEHKH 3TOfl TPYAHOCTH He CYIIECTBYeT, KO CTONKHOREHHS CTAHOBATCS
PeAKHME I OGpPa3CBAHHE HOHOB — HENOCTATOYHBIM, YTOGBI MITaTh PaspsA.

TIpoGuBHO# paspsa MOKHO BHI3BATL ¥ G€3 NOMOLULH BHEWHETO HOHU-
3UpPYIOEro dakTopa. AT0 OGBACHRETCS TEM, 9TO B TasaX BCErAa DpH-
CYTCTBYET HeGOMBUIOE HHCAO HOHOB.
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Koraa uneno HoHOB nepes NpOGHBHEIM pa3psioM CHABHO BO3PACTaeT,
[PUTOK HOHOB K ITACTMHAM NPOH3BOMMT SHAUHTENBHYIO AeOPMALHIO
nonsi, 0coGeHHO 3aMETHYIO Y KaToAa, NOTOMY YTO NOABHKHOCT NOJO-
JKHTENBHBIX HOHOB MHOTO MEHbIIe MO/BHIKHOCTH 3/1€KTpoHoB. Hakome-
HHE NOBONHTENBHBIX HOHOB Y KaTOAR TPHBOAMT K 0Bpasopanuio oG-
NacTH CHABHOTO NOJIS, KOTOPOH COOTBETCTBYET KamodHoe nadexue no-
meryuaaa. M0 — Ta 06AACTb, KOTOPOW OrpaHHUMBASTCS WOHH3ALHS
TIOJIOKHTENbHBIMU HOHAMY, TOTAA KaK B Jexaiel 3a Hefi ofnactn Go-
Jiee c1aBoro NoMA HOHU3ARHIC NPOAOJIKAIOT NPOU3BOIUTH TOABKO OTPH-
LaTeNbHEE HOHbL.

TpoGuBroit paspsi, NPOHCXOAAUNI MeKAY TNOCKIUMH SMEKTPOAAMH
npu OCbMHOH TeMNepaType, HMeeT OpMy uckper. Ita CTPYKTYpa BO-
ofme CBOHCTBeHHA MPOSHBHOMY Paspsily MEXAY XOJOAHBIMU SIEKTPO-
AamH ¢ HeGOMbUION KPUBHBHOM.

Hckpa, kabionaemas 8 TpyOke ¢ INIOCKHME 30€KTPOJAaMH Ha O6OHX KOHUAX,
HANONHEHHOA BOSRYXOM MOA aTMOCGEPHbIM ZABICHHEM, KAXETCA CIVIOWIHON CBe-
Tomelics ueprofi MexAy aHoRoM H katogom. [IoHMXAA NOCTENEHKO AaBieHue,
HabIIOAAIOT PasNoMKEHHE HCKPE HA €@ COCTABHHIE uacTH. CBETSMIARCH “epra pac-
WHPAETCA H CTEHOBHTCA DACNibIBNATOR. OAHOBDEMENHO HAGAIOAACTCR NOARAEHME
TEMHOTO (apajieeBa NPOCTPAHCTBA, AENAILETO CBETAHIMACA PA3PAA HA ABE 4aCTH:
CRAOWHON HAM CHOWCTEN noAOKCUMEsoHBLE €026, 3AHUMAOWAN GOALIIYIO MACTH

§ =

Puc. 25. C — Katof, ¥ — KaTofke AYUH, ¢ — TeMHOE KPYKCOBO NPOCTPAHCTBO, @ — OTPHIATEND-
Aoe cBeveHHe, / — TemHOe GADAREEBO MPOCTPAHCTEO, 3 — MONOWHTEALHEM CTOAG, A — aox

TPYOKIL CO CTOPOHM AHOKA, W OMPUNGNIEABNOE CGEHEHUE, HAMMHAIOLICECT HEBOMbL-
LM TIATHOM Ma KATOZE N NOHEMHOFY pachpoCTPaHAIOIEecs BOKPYT Hero, Utobu
HabII0AaT 9TO, HYKHKO NOHH3HTL AABJEHHE A0 HOCKONBKHX MHIAHMETPOE PTYTHOTO
cton6a. ECIW RaBieide NPOAOIKAET HORIKATHCH, TO MOJOKHTENLHHI  CTONG
OTOJBHIAETCA K AHOAY, 4 OGNACTh OTPHUATENBHOTO CBewelus pacmnpgercs. [Ipn
AABNEHH bekbwe 0,1 sa PTyTHOTO CTONG OGHAPYMHBAETCA, UTO OTpHUATENBHOR
CBEUEHHE HE KACAETCA KATOM, OTABAAACH OT HETO MEMHUM KPYKCOSELM NPOCHPRH-
€meoM, a OKONO CAMOTO KATOAA BHAHA TOHKa; cBeTAumlanca Naenka. ITpu eme Go-
nee HHKOM AABACHIN (HECKOMBKO THCRUNBIX foell MHATHMETpA PTYTHOTO CTORGA)
ONOKHTENEHBI CTOIG 1l TeMHOE (APAJECBO NPOCTPAHCTBO HCUESAIOT, H TPYOKY
3aNONHAET TEMHOE KPYKCOEO NPOCTPAKCTBO. B 10 e BpeMs CTeKMnHHAA CTeHKa
TIPOTHB KATOAA N1A4HHACT CBRTITLCA 3eMEHBIM CBETOM. 270 CBeueHIle NPHIHCHIBACTCH
BEHCTBING Kamodners Ay«ed. KaTofHue Jyun ABARIOTCA 30EKTPOHAMH, OCBOGOIKARIO-
IWHMICST Y NOBEPXHOCTH KATOAA W NPHOBPETAIOLINMH B CYILECTBYIOLIEM Nepes KM
SNEKTPHYECKOM NOJE CKOPOCTb, KOTOPAR AA€T WM BOSMOKIOCTH MPH AOCTATOHOM
PaSPEIEHHH 1333 MOCTHIATS NPOTHBOTONOKHO! CTeRKM TpySrit. Ha phe. 25 natio
CXEMATHUECKOE NB06pAKERHE YACTell Pa3pSLHOTO CBEYCHKA.

Hcenenys namenense BHENIREro BHAA PAasPRAa, NOME3HO 1I3MEPATH CUAY TPO-
XOASINETO B TPYOKE TOKA W PasPSAHGUS NOTEHLHAN. ¥CTAKOBIEHO, YTO ITOT NMOTEH-
LHAN DPOXOANT Uepes MILEAMYM, 2 NPOBOAMMOCT: TPYGKH — Hepes MAKCHMYM TDH
NABACHUI NOPSAKA OJHOTO MINTHMETPA PTYTHOFO CTONGa.

Ipn npoxowzesnn paspsfa CyWeCTBYeT B3aUMHAsS 3aBHCHMOCTE
MeXAY 0OpasoBaHHEM TNOJNOKHTENbHLIX M OTPHUATENEHBIX HOHOB.

4 M. Kiopu
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Yjapsolpecsi 0 KaTof| NONOKHTEbHEIE HOHLI BBIPHIBAIOT H3 €TO 10~
BEPXHOCTH MJIH M3 CMEXHEIX C MMM Ta30BBIX MOJIeKYH CBOGOAHbBIE
9neKTpoHbl. OTTaNKHBaeMble KATOJIOM, STH SMEKTPOHB 06pasyloT Ka-
TOJHEIE JYUH, KOTOPhle NPH MOIJIOUIEHHH MX Ta30M B TEMHOM KPYKCO-
BOM NPOCTPAHCTBE MAH B OGNACTH OTPHUATENBHOTO CBEYEHHS IPOH3-
BOMAT YAAPHYIO ROKH32UMIO. BOIHMKAlOUNe MPH 3TOM TONOKHTENb-
HEIE HOMbi 00PABYIOT ROAOHCUMEAbHBUL NPUMOK, HATIPABALIOMMACT K
KaToly M oCBOGOMAAIOMMH SMeKTpoHsl Ha ero nosepxnoctu. Takas
CBSI3b MEKAY KATONHBIMH AYYAMH H TIONOIKHTENBHBIM NPHTOKOM SIB-
JISIETCA OCHOBHBLIM YCIOBHEM NPOBHBHOTO paspsiaa.

KHCTD, Paspan B ¢opMe KHCTH NPOHCKOLHT MENZY OCTPHEM W NMaCTHHOI
win B Gonee OBIIEM CAYYAC MEKAY 3A0CTPEHUEM TPOBOIHKKA 1 YIANCHHOR OT HETo
Gonbuoit nOBEPXHOCTHI0. TIyOK B SABHCHMOCTH OT 3WAKA SaPANA OCTPHS HAIEI-
BACTCS TIONOKHTENEHHM HAN OTpHUATENHKbM, OTPHUATEBHHA Nywok YSOx, no-
NOMATENBEB HMEET BUA CBETAUIEHicH KMCTH, Maywel oT octpua. [lone Moxer
LOCTHTAT> GOABUIOH HHTEHCHBHOCTH TOABKO HEMOCPEACTBEHHO NPOTWE OCTPHS, M
TONBKO B 3TOW OG/ACTH NPONCXOAWT ylapuas uOrH3auus. OCTpue noriomaer
HOHB! 3HAKA, NPOTHBOTIONOKHOTG COBCTBEHHOMY, 1 OTTRIKHEAET ORHOHMEHHO 3apA-
JKEHHBIE HMOKHI, KOTOPHE PACHPOCTPAHRIOTCS B Fa3¢, CAGAYA [0 CHAOBLIM JHHHsM
nonsi. Bennunia NpOGKBHOTO NOTEHUHANA 3ABHCHT OT TOHKOCTIN OCTDHA 1f SHAKA
ero sapsiga. [lAf OTPHUATENBHOTO NyYKa STOT NOTEHUKAN Meubie, YeM ANf noAao-
JKHTETLHOTO, TAK KAK B NEPBOM CAYYae SEKTPORB MOYT H3BACKATECA H3 MeTaiia,
BO BTOPOM CNySaE OHH MOTYT NPOHCXOAHTH TOJBKO H3 CMEKHBIX ¢ OCTPHEM Ta30BBIX
monexys. Habalofaeumble B BO3JlyXe MEHHMAJbHbie NPOSHBHBIE NOTEHUHANLL PABHBI
nprOAK3HTENLHO 300 @ Mist oTpUMaTEAbROTO H 500 8 NS NONOKHTEALIONO NYYKOR.

DAEKTPHYECKAS AVIA [lyra oSpasyercs Mex1y PACKaAeNLIMI K-
TPORAMH. YCIOBHA SleCh COBEpINCHHO OTAKMHBI OT TeX, KOTOPHIC CYLIECTBYIOT
TpH XOMOAHBIX IMEKTPOAAX, TAK KAK DACKANEHHBI KATOA OGMABHO memyckaer
SMEKTPOHH BHE 32BHCHMOCTI OT YIAPOB NONOMHTENbHEX HOKOB (§ 10). Karon
HOe MmajeHne GoMee 1JIH MeHee KOMNEHCHPYETCA 9TOi 3/eKTPOHHOW smuccued, i
TpeGyiouleecs HANPAIKEHNE HEBHICOKO (OHO MOKET GHTb YMEHBIICHO HO HECKONb-
xux BonbT). TemMmepatypa 3MEKTPOAOB NOANEPIKHBACTCA MHOTOUHCIGHHBIMII YAA-
PaMit NONOMHTENBHEX HOHOB WAM 3JEKTPOHOB, HO y KATOA3 OHA NOHWKACTCH
BC/IGACTBHE HCRYCKAHHSA SMEKTPOHOB, KOTOPOE B STOM OTHOWIHHH ASACTBYET no-
ZOGHO HCTapeHHio.
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§ 13. OGpaszopanue. Pacnpoctpanenue u cBoficTsa

Katomuble niyust o6pasyioTes Ha KaTofie TPYOKH C Pa3perKeHHbIM Fa-
30M {pHc. 26), KOTla 3TOT KATOJ HCMYCKAET SA€KTPOHL O] BHSHUEM
YRAPOB NOJOXKMTENbHBIX WOHOB. ECAHM KaTop packasen WIH ocCBe-
WARTCS YIbTPAdUONETOBLIM CBETOM (UMHKOBHI KaTON), T0 HCNYCKaHUe
Ayuell MomeT MPOUCXOAUTL TaKxke W B Baxyyme. JIywn ucnycxaiorcs
NEpPIeHHKYIAPHO K KATOAY H
pacnpocTpaHATCA NPAMONHHEH-
no. Ecin gaTop BOrwyT, TO ayun
“GpasyloT CXOASUUHCA MYYOK,
cobupanowuiicas B oxHOM okyce
Ha DPHHUMAIOWEM €ro 3EeKTPosE,
HA3BLIBAEMOM  GHIMuKamodom, Ko-
TOPBIfl CHYKHT aHOJOM HJH COe-
JMHSITCH ¢ AHOIOM, NOMELIEHHBIM
cBoKy. AHTHKATOA CHYAKHT HCTOY-
WUKOM  DNTTGHOBCKX  Ayueli, FAS6,C - uaoh A ook AC . s
BOSHHKAIOWHX MU yXapax Ka- Bautian ofnacTo — CBETAAACA UONYCHEPA.
TOMHBIX AyueH.

KaTofsbie AyuH, majas Ha PasauuHBE BENIECTBA, BBISHIBAIT y HUX APKYIO
(AYOPECUCHUHIO — 3eNeHYI0 ¥ CTXKNA, KPACHYIO Y PYOHHA, OPAKIKEBYK) Y KAABUATA
H T. . OHH NepeHOCAT BeChMa 3HAUKTENBHOES KOMHYECTBO SHEPTHH U MOTYT AOBECTH
SHTHKATOA JO PACKANEHHOTD COCTORHHS.

Katonnie ayun, ofpasyiolinecs B TpyGKe, HANONHEHHON rasoM, CPOKyeHpoO-
BANHbE Ha TIOBEPXHOCTH METANAHYECKOH AAACTHHKH, BH3HIBAIOT HCMYCKAHHE BIO-
PHUHBIX AyNedi TOfi e MPPONbI. BTOPHUHME TyuH PaccenBAIOTCH BO BCR MOAy-
Cepe nepef aHTIKATOROM W, NAJas Ha CTEKJIO, 0GPasyIoT COETALLYIOCH TONYCPEPY.
B Tpy6kax Kyaimma 7axoro SBAEHAH Ne HAGMONA€TCA. MOKHO MONATaTh, 470
B 3TOM C/ySaé OTPHIUATENBHEI SNEKTPWYECKHH 3apAL, PACTPEAE/CHRME Ha BHy-
TpeHHeli NOBEPXHOCTH TPYGKH, NPENATCTBYST PACCEANIHM KATOLHBIM JYHaM ACCTH-
Tarh ee.

Mpoutkawian cnocoGHOCTh KATOAHBIX Jiyyell ofbmpo mana. Ona
YBEAHYHBARTCSH CO CKOPOCTBIO JIVUell H HanpsikeHHeM HX o0pasoBanus.
4%
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B 0GbuHEIX YCNOBHSX OHH HEe MPOXOAAT CKBO3b CTEKASAHHBE CTEHKH
TPYOKH, B KOTOPOH OHHM BO3HMKaloT. OHAKO OHH MOTYT NPOXOANTH
CKBO3b C/I0fi ANIOMHHHS TOMMMHON B HECKONBKO THICSYHBIX MHJIH-
metpa (Jlenapa). Cresap B cTeHKe TPYOKU
HeGO/IBIIOE OKOLIEUKO, 3aKPLIToe TOHKHM
) ANIOMHHHEBLIM JTHCTKOM, MOXKHO 3aCTABHTD
KaToAHble JIyyH TPOHHKATh 4e€pe3 310
OKOLIEYKO B  HAaGJIOJATENBLHYIO KAMepy
{puc. 27), KoTopas MOXKeT OhiTb 5BAKYyH-
Ppe. 27. A — awop, C — xatox,
'S onouiko, P goterpagmicc.  POBAHA HAM Xe COZEPIKATh ras M0 MaAbIM
Fon AT, [OUECHASE na BeHHCN. )
Karonnwe ayun aeficTyiorT Ha ¢oto-
rpaduyeckue NAACTHHKH H HOHH3HDYIOT
rasel, 4epes KOTOpble OHM TIPOXOAAT. OHil MPOMSBOAAT TakXe XHMH-
YecKHe H OKpalIMRaloIyie AfiCTBHS: B Pe3y/NbTaTe MOCTENEHHOO H3Me-
HeHHUS cTekna TpyOKa B 00nacTH CBeTallefics nosycepsl OKpaLIHBACTCs .
KaTon TPYGKII MOMBEPTAETCR Puchivireno, 1 YISTYUHBAIOLIEECA TPH STOM Be-
IMECTBO OTHIARBIBALTCA HA CTEHKAX TPYOKH H BCEX NPEAMETAX, HaXORAILHXCA Neped
KAaTOJIoM. DTOT BPEAHbE SUKPCKT MOXKHO YMEHBUINTb, NPHMEHSS ANIOMUHHEBHI Ka-
ToA. Pacnhinenne KaTofla BHIBWBAETCS, NO-BUANMOMY, YAAPaMH HOJOKHTENbHAEIX
HOHOB © KaTol. 3T sBJeHHE HCTIONB3YETCA LA NOMYHeRHA TOHKHX MeTalsHue-
CKHX TOKPHITII.
3aAPAN AVHER Katomnme nyun nepenocaT otpHUaTesb-
Huifi 3apaf. 3ToT ocHosHEI (akT, ycranosnennnil JK. Tleppenom,
MOXKHO OOHAPYMHMTH  Clle-
AYIOUHM criocodoM (puc. 28).
Myyok ayueli, nenycka-
eMbiXx KaTogoM C, mpoiigs
wepes oTsepcTHe B aHoAe A,
TIOCTYNAET B HBOMHPOBAHHBIH
H COSJIHHeHHBI ¢ 3neKTPO-
MeTpom (papajIeeBCKHA LK~ Puc 28,
apHap F. Coepunenxast ¢
semyiefl (Tak e, Kak M aHoi A) KopoSka B cayXHT aJeKTpocTa-
TH9eckOA saumtof. Llpauuap F npu sToM sapsxaercs OTpULATENbHO.
Ecan mpu nomomu marmiTta myuox Jaydeil oTkiouserca (M. § 14),
TO 3apsMKEHNE LMIHHAPA TPEKPAULACTCS .
Jlenapy, noxasan, uro KaTOAMbIE JYuH, NPOUIEAUIHE Uepe3 TOHKHil
AOMHHHEBH SKPaH, COXPaHSIOT CBOH 3apsia.

§ 14. JleficTBHE MACHHTHOTO M MEKTPHYECKOTO MOJAEH
Ha KaTOAHKIE Jy4H

B MargnTHOM 1 31EKTPHYECKOM NOSIX KATORHBIE JIYYH OTKJIORAIOTCS .
UroBbl yCTPaHHTh MIOMJIOLIEHHE H paccesiHie KaTOAHBIX JNydell B mpo-
XOJHMBIX WMH FTa3ax, HX OTK/OHEHWE HYKHO WCCIedoBaTh B BaKyyMe.
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I. MarnuTHoE oTkaAOHEHuE Cuia F, jeficTeyiomas
B MATHUTHOM Ioe f{ A 4acTHIY C MACCOH /m, HECYNLYIO 3apsifl e H ABH-
HKYULYIOCS CO CKOPOCTBIO U, onpenensercs dhopmyol

F = poHevsin«,

The @ — yrof, oGpasyemplil HANpABJeHHEM MOJA C HAmNpaBNeHHeM
CKODOCTH, 4 p#y — MArHHTHaa IPOHHUIAEMOCTh B IycToTe. D1a cHNA
TepHeHBKYAAPHA K MIOCKOCTH, ONpefiesieMoll BekTopoM H U u; oHa
HaNpaBJIeHa BRPABO OT HAGNKAATENs, KOTOPHI CMOTPHT B Hampapie-
HHM NI0AS H OCh TeAd KOTOPOTO B HANMDABAEHHH OT HOT K TOJIOBE COB-
[agaer ¢ Hanpasnenuem ckopoctd. Tak Kak cuna F nepnedankynspha
K CKOPOCTH, TO TIOCAEANSA OCTALTCS MOCTOAHHON N0 BEHYHHE H MOKET
H3MEHATHCS TOJBKO NO HANpaBJeHH0. 310 — oflian ocobeHHOCTh Aek-
CTBHA MATHHTHOTO MOASl HA 3aDSUKEHHYIO ¥acTHuy.

PaceMotpuM caryyalt 0HOPORHOTO MArHWTHOTO MOAS, HANpPaBJeH-
HOTo OT Hamiofiatensi nNepHeHIUKYAAPHO K IMOCKOCTH (puc. 29),
B KOTOPOIl JIEKHT HauafnbHas CKOPOCTh Ov, U HaYaNbHOE HAaNPaBJeHHe
cunel OF.

TpaeKTOPHsI UACTHUB JIEHT B INIOCKOCTH PUCYHKa, B ee topma
ompefieNisieTcsl M3  YPABHEHHs JBHMKEHHA
NP HOPMAJbLROM YCKODEHWH, HalpaBJieH-
HoM Mo MF'. TlonoxuB sin ¢ = 1 1 ofo-
3HAUMB DAJMYC KPHBH3HE Yepes g, No-
nydaem

OTKyAa
mo
g=const=R= —- .. Prc. 20. OF — NauAILROE HANpAB-
epefl Aekne cham B Touke O, MF'— Ha-
MApaBACHHE CHABI B TouKE M Tpaex-
TpaekTopus SBATAETCH OKPYKHOCTHIO Topai.

pammyca R, KacaTenokoll B Touke O
K Hampasenmo ©u,. Hawmepennne R, B wspecrnom none H jaer

mo . .
BRAMUHHY —> . Jas nyuedt ¢ Gonbofl CkOPOCTbIO PajHyC R BesHk,

H B 3TOM CJyyae HMaMEpPRIOT omxsonenue 8, Hnk GOKOBOEe CMelleHHe,
4acTHIE B Nosie Ha npobere OO0’ = {. VmeeMm cooTHOLIeHHe

S(2R—8) =13,
[ul) HPHGJ‘H)KQHHO, €CNil OTKNOHEHUe Mano,
A
o=, §=—t L el
2R 2 mv

Ecan uactuua e Touke A BEIXOAT W3 061aCTH NONH, TO OKA MPOKOMKAET CBO
NYTb MO KacaTeMbHO# K KpyroBol TpackTopiw B STofi Touke. OTicnoHeHKe z = PB,

e
HAGMIOAACHOR HA SKPAKE, NEPTIEI Ky SAPHOM K 00, IPOTOPLUOHANBHO 3, T. €7 .
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[lywox nyuell MOKHO NPHKAMATL Ha QAYOPECUNPYIOWAN NOA NX AeACTBUEM
3KpaK, HaGmIOfAn NEPEMEleRte CBETAErocs NATHA, yKASHBAIOWEro MECTO Naje-
HES Tydka Ha sKpak. MOXHO Takke INONE3OBATECS (POTOTPABINECKOR NIaCTHK-
Kolf, Ha KOTOpOR NONYWAIOT NOTEMUEHKE B TouKe P, COOTBETCTBYIONEA Hauanbhe
HOMY PaDpaBJCHHIO NyYKa, H B TOUKe B, COOTBETCIBYioWIeli HATIPABAEHHIO
OTKIOHERHOTO Ty4Ka. B OGONX STHX CTYHAAX WMOMKHO WAMEPHTGL 2 N BHI4HCAHTE

e
otciona 1o

Tprmenente 3T0TO MeTOZa TpebyeT BBeACHHA TNONPABOK, BBITEKAKULHX M3
TOro, WTO 06AACTS MAFHHTHOTO NONS HE SBAACTCA PeSKO OTrpanmveltofi. Ecau
CKOPOCTb Jyuell HEBENMKA, TO MONKHO 3ACTARHTL WX COBEPWIATH B IIOJE NOJAYKPY-
rogoll npober n W3MEpHTL ero zuameTp (puc. 29).

B ONHOPOZHOM MATHHTHOM mose H, HanpapieHhe KOTOPOro o6pasyer ¢ Ha-
npaBiekileM Nauanbiofi CKOPOCTH Ug YTON , TPAGKTOPHA AYH3 ABARETCA BHH-
TOBOH NiRKeli, 3aKpyuirBalomelics A NOBEPXHOCTH NPAMOrO KPYTOBOTO MMAHANPA,
06pasyolllile KOTOPOro fapaesbHEl 00a10, @ pagiyc pases R sin a, rae R — pa-
JARYC OKPYMXHOCTH, ONHCHIBAEMOH JYYOM TIPH sin o Ecan MarnuTHO® none
HEe OAHCDPORHO, TO TPACKTOPHI HMEIOT Go/ee CAOKHYIO dopmy noctenento Aedop-
MHPYIOWNXCS Cnpaned.

Y3KHe MySKH KATOARLIX NyYell, IPOXOAALIEX B PASPEKEHHOM rase,
MOTYT GhITh BHAMMB 61arojapsi Be3HIBAEMOMY HMM CBEUEHHIO 3TOTO
rasa, 1t TpaeKTOPHH HX TOTAA MOTYT GbiTh coTorpadmpopannl. CHHMOK

TPAEKTOPHHE MYUKA MOMHO TAKHKE

”[ AOAYYUTE NYTEM NPAMOro AeficT-

' BHs1 NYUKa Ha IOMEILEHHYIO Mapa-

- JeNBHO €TO HANpaBJeHHIO (OTo-
rpaguyeckyio mIacTUHKy. Poto-

z Tpadnn TpaeKTOpUil B MATHUTHOM
mosie JiaHbl B KOHIE KHHTH Ha

otgenbHoM smeTe 1 (puc. 1,2n 3).

B nepemMerHOM MATHUTHOM TO7E Ty«
YOK TAKME HCNBITHBACT OTKJAOHEHHE.
IMycts Tomkni nyeox ayued (phc. 30)
Prc. 30 NAfaCT OTBECHO Ha ILAOCKOCTH PHCYRKA
B TouKe O, BOKPYT KOTOO#i CYIlIECTBYRT
NepeMenHOE MATHHTHOE NOJE, NApan-
nespioe Ox. TorAa xoweu nyuka GyaeT cosepiuath B miockocth Oxy KoneGanne
1o Hanpasnemwio Oy. TOWHO TaK e, /U HEPEMEBKOE TIGNE YCTAHOBAEKO MO Ha-
npasnennio Oy, TO KoneBaHKMe KoHLA Nyuka Oyger nponcxoants no Ox. Ecnu
ONHOBDEMENHO BOSSYHAAIOTCA 062 TIEPEMEHHBIX TIoAS, T 06a KONebauHs Haxiasl-
BawIcH. B CHiXpOHHWX TONAX KOMEBaKlie NPOKCXOAHT MO AHATOHAJIH HPSHMOY-
TOABHMKA, MOCTPOEHIIOTO Ha aMmAKTYRax Ox X Oy, Ecnu ofa 1onst ¥MEIOT OfHHAKO-
BHE MepHOAbL, RO PA3HUHbE Ga3k, TO KOMEI NydKa OMHCHBAST OAHH K3 SIJAICOB,
MOTYIUIHX GbiTh BNHCAHHEIMH B STOT NPAMOYFOMBHKK.

Topenenire nyuka KaTofHbIX AyYell B NepeMEWHOM MATHHTHOM RONE NOJOMEHO

B OCHOBY CMEMYIOWHX SKCTIEDHMEHTANBHBIX METOZOB.

METOA OCLMNJIAOT P A®HH, KaTopHsiil 1y ABJIACTCS MIHOBEHHBIM HH-
AMKATOPOM MarHiTHOro moss. KoneGanwe Nyuka KaTORNMX Jyueii B Nepemennion
TIoN1E MOKET GBITh CHOTOTPadIPOBAHO Ha MIACTHHKE, IOMELIEH KOl TIePTIEHAKKYISPHO
K HaTpaBAcHRIO KoneGanna, 1lonyuaeM e TaKKM NyTeM KPHBLIe AAIOT BOIMOKHOCTS
AHANHIHPOBATL M3MEREHNN MATHHTHOTO TIONA B 34BIICHMOCTH OT BpemMeHH (KaToa-
HBI ocuhanorpad).
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fIPUHLUMN U3MEPEHHS CKOPOCTH KOPNVCKYJNAPHBIX
JIYHEA. (lycTb ABa CHHXPOHHBIX Toast c nepuosioMm T, BO3GYXjaeMue KaTyu-
xamu BB u B'B’, refc1Byor Ha nyuok 00’ B ABYX TOMKAX €r0 NYTH, HAXOAAMNXCS
ApYT oT Apyra Ka paccrosinin I (puc. 31). Tax ®ak 3T0 paccTosHue npoberaeTcs

aAyMami 32 BPENs —5- , 70 Nozle B/B’ fefieToyer wa NyNoK ¢ SanasmMBanKeN qasw

{
? 77‘ no oTHoWeNHIO K nono BB, Ecan g = 1, 10 Kone6aHKA HAKIAALIBAIOTCA,

Puc. 31

KaK B CHHXPOHHBIX T0A%X, JEHCTBYIOULHX B OXHOH Touke. ClieaoBaTeNbHO, MOXHO
HOMEpUTH CKOPOCTb Jyuell v, Hamehsn { wan T Tax, ato6m { pasnanock vT. Hin
W3MEpeHUs CKOPOCTH nopsaxa 10° cujcex KaTyWIKH NITAROT HEPEMEHHEIM TOKOM
BhICOKOH wacToTs ¢ mepiogon T — 107 cex.

II.OnEKTPHYECKOE OTKJOHEHNE YacTHua, wecymas
3APSAN € B SNEKTPUUECKOM ToNe A, MoABepraeTcs AHCTBMIO cHABL eh.
Ecau 3apsfi uacTHIbl OTpHUATeNER,

To wanpasiemte oTofi cuab mpo- Y
THBOTIONIOXKHO HANPABIEHHIO N[O,

pofl TOHKHE NYYOK Jy4ell, KMEIOmHt
HanpaBnenke O0', MPOHKKaeT B Of~
HOpOAxOe Toe A, HMeiomee Hanpa- Prc. 32.

Baexne Oy (puc. 32). Tak Kak oTwio-

HeHHe OObIMHO OBIBaeT MaJbiM, TO

H3MEHEHMeM CKOPOCTH TipeHeOperaior. IIpH MOCTORHHON CHIE OTKJO-
HEHHE JIyya 8 IDH BBIXOJle W3 [OJIfl Noche Mpobera / onpefieNsieTcs u3
GopmyJTbt

!

Ha6atonenne 5AeKTPHYECKOro  OT- i |#

KJIOHERUs TPOM3BOAMTCS BHE NOAS, |

KOTOpoe 00pasyeTcs Mexay ABYMs 0' ! 4 P
GIIUSKO DACTIONOMEHHBIMU ~ TIACTH- | . \
HAMM. I 19
Iycte O Gyaper Touka, B KOTO- : /
| 4

EIR

2
o

vof —

TpaexTopHs apasercss Ayrofl napaGois, KacaTelbHoldl B O K Ha-
npaefenuio O0'. Kacarenbnast K TOR Ayre B TOUKe BBIXOAA M3 NOAS
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nepecekaer OO0’ B ee cepefnre. Habnopaemoe Ha aKpaue, mepnenjun-
KyaaproM K O0’, OTKIOHeHHE § MEXIY TOUKOHA P HafieHHs HEOTKIIOHEH-
HOTO Myuka H Toukoii M ma-

JeHNA OTKJIOHEHHOTO MyHKa J1y-
well nponopunonanbio 8, T. e.
g g e
- mu?’

Hameperue y RaeT BOMOXK-
HOCTb  OMPEJENHTL  BEAUYHHY
e
mo®’

3aTbCs! HYKHBIM BBECTH NONpPAB-
Puc, 33, C — Katog, A — anoa, <caymamufi gua-

paruoh, b — auadparma, M u ¥ — naacruaw, KH, YUHTHIBAIOHLLE JedopMannio

MEIY KOTODHMH YCTAHOBACHO ~ 371EKTDHASCKOE
Toné, BB — Katywie, Meway woropwn yera. LONS IPH BXOJE M BLIXOJE M3

HOBJEHO MaTHWTHO® oz, E — skpan jna #a- KOHJEHCATOpA.
SRIORLHYS, CACH P HEOTKAOHLINKOTO AY4a 1A SKPAKE

cayxur penepou. Ilpy obpamernn  Kamgoro M3 Tpamenenne nepeMenHOTO 3J€K-
moAeH noYa4IoT cGPALSHIIe OTKACHENNA.  rpueCKOTO NOAR ARET PesyBTATE,
NOROSHHE TeM, KOTOpHE [oAYyainTes
B AEPEMEHHOM MarHuTHOM moae. TP IOMOULH Pa3jeJIEHHBIX ONpellenenHbIM npone-
HYTKOM ABYX CHHXDORIIEIX NEPEMEHHBIX 3MEKTPHYCCKAX TIOReli MOXHO USMEPATE
CKOPOCTD AYyueit,
Ha puc. 33 nsobpaxen nprop, paiom
BO3MOKHOCTE HaGNIOAATh MATHHTHOS W 3JeK-
TPHUECKOE OTKJAOHEHNS KATORKHLX Myvedl.

IMpu 3ToM MOXeT oka-

Mul yxe BHfenH, UTO B clyYae Ma-
JBIX OTKAOHEHHI
e

y=B, 5

rae A u B — MHONUTENH, 3aBHCAULHE iz
OT (JOpMLI IIPHOOPA H BeNHUMHEI MOJS.
Ecnn 5T yCROBHS OCTAlOTCH HEH3MEH-
HBIMH, TO 9TH MHOKHTeJTH 110 OTHOLIEHHIO
K e, m U U SIBASIOTCA NOCTOAHHBIMH,
Chefoatenbuo, NOCACKOBATENBHO HCK- "

e
AN D U -, HMEEM

22 e z ¥
ko, Puc. 34.

ym Ty
rRe k u k' — moctosianble. ECAH OTKIOHEHHS Z U ff TPOHCXOMAT O
HOBPEMEHHO H TIOA NPSAMbIM YIIOM APYT K APYTY, KAk B mpuOope Ha
puC. 33, H echH HAvaNbHbIA MYYOK TeTepOTEHEH, TO TOUKH MAJCHHS
BCEX .’ly‘(eﬁ‘ HMEIOILUX Pa3NHyHbie CKOPOCTH TIpH OﬂHHZIKOBOﬁ Benu-

e - o
HRHE OTHOWEHHS -, HAXOAATCA Ba oanol napaGofie, KacaTeNbHOH
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B TOUKe P K HATPABIEHHIO MAaTHHTHOTO OTK/IOReHUS Pz ¥ nMeloweit
OCBIO HaMpaBJleHHe 3JEKTPHYeCKOro OTKJIoHeHHA Py (puc. 34).

DTUM  METOJOM  CKPelusqowuxca OmKACHenysd, unu  mapaGos,
YacTo NOAB3YIOTCA [IPH NCCIEJOBAHMH KATOAELIX H HOJOMHTEJNbHBIX
nyueit,

Bropoe ypaBHeHHe NokaspiBaeT, YTO AN JyUell, HMEIOIMHX ORHY W
e 2z
Ty e CKOPOCTb NPU PAsTMYIHLIX BERHTNHEX — o , OTHOWENHe v onit-

HAKOBO.

§ 15. Otnowenne ¢/m. Macca n KuseTHueckas
3HEPTUS MEKTPOHA

Hsmepenne MarHMTnoro H :-mewrpnqecxoro OTKNOHEHHH KaTOAHBIX

Jayyedt paer EequHHbl— u mv’ M MO3BOASIET BHIYHCAUTH OTHOWIEHHE

e
M CKOPOCTD U. 310 onpefeseHHe MO3BONUAO YCTAHOBHTb H YTOY-

HUTH TIOHATHE 3AEKMPORA, & TAKKE COOMHOIHERUE Me.’”[a_l/ MACCotl t CKo-
POCHIbI0 3APAKEHHON YaCTHUEBI.

HI3BeCTHO, YTO MOCTOSIHHOE OTHOMIGHHE MEXIY KOMHYeCTBOM Mepe-
HOCUMOTO HOHOM €KTDPHYECTBA H Maccofi HOHA NIPH SNeKTPOSH3e Jo-
cTuraer ceoefl HauGonbliedl, Gnu3koil K 104 sA1.-MarH. e., B&THUHHB B
cayuae Bofiopoja. VicchesoBanne KaTofubix nyuelt mpupeno Kpykca
K NPEATONOMEHHO, YTO 3TH JYUH SBJNSIOTCS MATePHAaNbHBIMH YaCTH-
UaMH, 3HAUHTENBHO MEHBIIKMH, Y€M aTOMEl, JBHKYIEMUCA ¢ GONBIIOH

e
cropocTsio. Ilepsble ompefenettst OTHOWEHHS T+ CAenaHHbE ToM-

COHOM NyTeM H3MEPEHHA MATHHTHOTO M SJIEKTPUUECKOrO OTKAOHeHHil,
Janu BeJHUHHY nopsinka 107 3n.-marH. eA. 3Ta BeJuunHA OKasanach
HE 3aBHCAWEN OT MPHPOABI SAEKTPONOB H NPHPOALI H CTENMEHH paspe-
KeHUs Tasa B paapsjnolt Tpybke. CxopocTh Jyueit Gbla NOpsAKa
10° cafeec. Tak Kak BenHYHHA e AN KATOJHOTO Jyda TAKOBA Xe, Kak
ANS OMHOBAMEHTHOTO SMeKTponuTHyeckoro noua (§ 13 u 14), To macca
Mepsoro JoakHa ObiTh Madoli poseli, nopsiaka 1/1000, maces BToporo.
CnefoBaTeNbHO, BENIECTBO COACPIKAT SHAUHTENBHO MEHBIIHE, yeM
ATOMbI, OTPHLATEABLHO Bapﬂ)KeHHble YACTHIbl, HA3LIBAEMBI® JACKMPO-
HaML.

Bruto cpenano MHOTO paGoT ¢ HENBIO TOYHOTO ONPEAe]eHHst OTHO-

e
WEHNA - A0 SNEKTPOHA. 31y paGoTel MOKA3aNH, YTO Macca 3apsi-

KEHHOM UACTHUB HE NOCTOSHHA H YBEJHUMBAETCR ¢ YBEJIHYEHUEM CKO-
pocTH mocneaneil,
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Teopetsuecky npegycmarpupaercs {cM. § 33) cyuecTeoBanse cie-
AYIOIErO COOTHOIICHHA MeXAYy Maccolh M ckopoctsio {popmyna Jlo-
peHua):

TAe fi — OTHONIEHHe CKOPOCTH YACTHUBI ¥ K CKOPOCTH CBeTa ¢ (¢ =
= 3-10% cufcex), a my, — NPEAENbHAS HAN NOKOAWAACA MACC, K KO-
TOpofl CTPeMHTCS /M, KOPJAa CKOPOCTh CTPeMHTC K Hyaw. M3 sroil
Gopmyabl crepyer

e e i 7

L —rtyrp,

mo m,
4TO TNOATBEPIK/EHO OMBITOM.

CoryiacHo KJIacCHYeCKOH MeXaHHKe KHHeTHUYeCKas SHEePTHs aJeK-

1. o
Tpona W = 7 Opnaxo 3Ta opmysa AieCTBHTENbRA TOMBKO NPH

MaJbIX CKOPOCTSiX, NpH KOTOPBIX 772 HE3RAYHTENBHO OTIHYACTCH OT /M.
Ecan e CKOPOCTh 3/I€KTPOHA CTAHOBHTCH CPABHHMOf CO CKOPOCTBIO
cpeTa, crieayeT ynotpebasre dopmyny Jlopenna:

Wzm,p’[il _ —1],

Vi—p ]

KOTOpast CBORUTCS K NpefbAylled, koraa f cTpeMutcs K nyaio, Ecmu
B<Ol;71. e ecmn v < 3-10° cmjoex, To npelienbHbie BEHYRHH m
¥ W npHAoXKHME ¢ OLKGKOH, MeHblelt 0,5% .

Katosubie fiyun, HCycKaeMpie TOBEPXHOCTBIO KATOAA ¢ HHYTOXHON
CKOPOCTBIO, TIPHOOPETAKOT CBOK KHHETHYECKYIO IHEPTHIO B YCKOPSIO-
WeM Tofe MeXY KATOAOM H aHONOM, MeXIY KOTOPBIMH CYIIeCTBYeT
pasHocTb noTeHnuanoB V. CieloBaTe/lbHo, SHEPTHs AydYa HaMepsieTcs
npouseenenneM W = eV. Eciin e 8 V nsmepeny B aOCOMIOTHHIX efu-
Hunax, 10 W namepsercs B speax. OQHAKO NPHHSTO TaKike BHPAXKaTh
W B aaexmpon-gosemax. OAMH 3MEKTPOH-BOALT PaBeH BEUUMHE RPO-

uspefienns ¢V, KOTAa ¢ — 3apsi MeKTpoHa, a V = 1 6. DnexTpon-
BOABLT paBed 4,77-10710/300 = 1,59-10-2 spros.
Pasercrso
1
mye? — —|=eV,
=
gt e
cBofisimieecs npH # << 0,1 k . = eV, ceA3bIBAET OTHOLICHHE . co

o
CKOPOCTBIO ¥ H YaCTO HCNONb3YeTCA AAA ONpesiesieHHA STHX BeJHYHH.

OnBIT COCTONT B H3MEPEHHH MArHHTHOTO OTKJIOHEHHs JyYel II WX Mo-
TEHIHana HCmyCcKauua.
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B nacrositiee Bpems HPHHEMAIOT

e
o 1,76 - 107 s;n.-marn. ea. = 5,28 - 1017 s5.-crat. e,
s

CornacHo sToMy NOKOsIMASACA Macca aiekTpona B 1825 pas menbie
Macchl aTOMa BOJOPOAA. ATOMHbtH BEC 3EKTPOHA, OTHECEHHBIt K
O = 16, papen 0,00055, a ero aGcosloTHA® Macca Mg, BbIUHC/ACHHAs
Mo Macce aToMa BOROPOAd, paBHa 9,04-10-% o,

e
Tak Kak 3Ta QopMy/a YCTaHABIHBAET COOTHOLEHHE MEXKAY P 82,

TO NOCTATOYHO H3MEPHTH OJHO TONBKO MATHHTHOE OTKNCHEHHe, 4TOUbI
ONpEefeNHTh CKOPOCTh Jyyeil M OTCIOA2 DOTEHUMAN HCHYCKaHHs, KOria
OH, KaK B Cllyyae nyveil, HCNYCKaeMbIX PaIHOAKTHEHBIME BEIECTBAaMH,
HenOCPEICTBEHAO HEH3BECTEH.

ONEKTPOH ~ HEAEJNHMBIA B3AEMEHT OTPHILATEA b
HOTO 3AEKTPHYECTBA ¢ 9 OH BXOWMT B COCTaB BCEX
aTOMOB M YYaCTBYeT B SIBJeHHSX 3JEKTPHUCCKOH M TENOBOH NpPOBOLH-
MOCTH, & TaKKe B KCHYCKAaHHH W FOMJOWEHHH CBETA M ADYIHX H3JIy-
yennll. BoabMKCTBO (UINUECKHX H XHMHYECKHX SIBIEHHHl COCTOHT B
ofMeHe FHEPIvH MY 9NEKTPOHAMH H aTOMaMH.

§ 16. Mornomenue M paccesiune KaTOAHMIX Jyueit.
TpoGer. Honuaupyiomas cnocoGHOCTb

DREKTPOH, ABHMMCYUIMACA C HEKOTOPOH CKOPOCTBIO, COXpaHsieT ee
B BaKyYMe B OTCYTCTBHE BCSIKOTO 3JIEKTPOMATHHTHOro nois. Ho npn
TIPOXOXNIEHHH Yepes BellleCTBO NPOHCXGIUT OOMEH SHEPTHH MeX/AY S1eK-
TPOHOM H aTOMAMH 3TOTO BELIECTBA, KAXKMAbIY H3 KOTOPLIX SIBASETCA CO-
BOKYIHOCTBIO 3apsIXKEeRHBIX NeHTPOB. JIyuH, cocTaBnsiollie NepBoHa-
uaJbHO OAHOPOAMBIN Y3KHA NYYOK, MOTYT NPH STOM H3MEHSTH CBOE
HanpaBleHHe, uTO HasuiBaeTcH paccesnues (Duddysmedl win aucnep-
cHefi), # TePATH CKOPOCTb, UTO HA3LIBAETCs nozaouerten (aGeopoumeit),
Omi cnoxable SPpdeKTsl, BHSLBAKIIFE NOCTENEHHOE HCUE3HOBEHHE
nyuKa, 3aMeThbl TeM GoJiee, 4eM MeHbllle CKOPOCTb Jyuefi W ueM mJoT-
Hee NorVomaoliee BemecTso. Karofube jyun, nogyyaemble OGBMHO
B paspaiKbx TpyGxax npu morerpuane ot 50 000 zo 100 000 ¢, cuarro
TIOTJIOIIAIOTCS BCAKHM TBEPABIM BElIECTEOM H Aaike BO3AYXOM DU
aTMOCEPHOM HABMEHHH, TOTAA KaK GBICTpbie f-1yYd palHOaKTHBHBIX
BIECTB MOTYT JIETKO HaGJIOZaThCA B BO3ZYXe, Tle OHM PAcAPOCTpa-
HAIOTCS HA PACCTOSHHH NMOPSAAKA HECKONBKHX METPOB.

OirbekTbl NOrNONIEHY W PACCEAHHS JIeTYe H3MEPSTD B COROKYTHO-
CTH, YeM Noposib. ONHAKO MeTox BHABLCOHA Jan BOSMOXKHOCTb d0TO-
rpadupoBaTh TPAEKTOPHH BTOPHYHBIX KATOAHBIX Jy4el, IPOH3BOANMBIX
B BO3/lyXe peHTreHoBCKUMH Jyuami (§ 24, ota. smer V). O6BUHO 5TH
TPaeKTOPHY UCKPHBJEHB), M TOMbKO Y ObICTPHIX JAyuell uacThb NMyTH
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GriBaeT npaMonuneiina. Teopus npeaycmaTpusaet (§86), uto ABHKYWRI-
sl 3MEKTPOH 0/IKEH HCTIBITHLIBATE MHOXKECTBO HEGOMBUINX OTKNIOHEHHH,
BLIALIBAEMbIX JEHiCTRHEM OTAENbHEIX BCTPEUHBIX ATOMOB, H, KPOME TOTO,
3HAYHTENbHO MEHee YacTble CHABHEIE OTKJIOHEHHS, Bbi3bIBAEMBIE NMPO-
XOMKJCHHEM BNEKTPOHA BOJIU3H APYTOTO SNEKTPOHA N amomMHo2e 50pa
(§34). 370 peficTBHTENBHO OGHAPYKUBAETCS Ha POTOrPAGHSIX TPACKTOPHIE,

Jlo HacTosimero BpeMens NOANYYeHbl YHCAOBBIE AAHHbI, OTHOCH-
UM TIPEHMYIECTBEHHO K OOUieMy oCnaGNeHHso KaTOMHBIX ayyeit,
HHTEHCHBHOCTh KOTODBIX H3MepsieTcss MAH To 3apafy Jyuell, win no
MOHA3AUHH, POH3BOANMOA HMU B paspexenxoM rase. B nepeom cay-
uae MyuoK syuell, NpOWeNIIHX Yepes OAHOPOAHBI cnoft mornotnan-
L(ero BetllecTBa, NOCTYMaeT B LunHuAp Papajies, BO BTOPOM cayyae
OH NOCTYNaeT B HOHU3ALUHOHHYIO Kamepy. OGa MeTola AaiOT aHano-
THUHBIE PE3YJDBTATH, KOTOPbIE OOLIYHO MOTYT OBITb MPEACTABJAEHH KO-
Ka3aTe/bHeiM 3aKoHOM Nornowenus. ITycth [, 6yAeT HauaibHas HH-
TEHCHRHOCTb TIYYKa, a | — HHTEHCHBHOCTb €r0 MOCHe MPOXOMKACHHS
CJHIOSI BEleCTRa, TONIHHA KOTOPOro ¥.

Hanucag / = [ e #%, rae p DOCTOSHHO B HEKOTODBIX Hpefenax
M3MEHEeHHUs! X, oTipefesisieM KOS(MHIHEHT & oOlIero NOrNOMEeHHs B RaH-
NBIX Tpefenax TOMMHHL crost. Tak kak df = — pldx, T0 u nokasw-
BAET, Kakad 4acTb WHTEHCHBHOCTH NMyYKa JMydeit MOTACUAAETCS Ha edu-
HHLE AMKHL BX nyTH. H3 GOpMy.El NOMOWIEHHS BHBOAMM

Inl=Ini,—px.

CrefioBatenbtio, ymeubittenne In 7 (wan Ig 7) B HyRKUHH X NPOUCXOANT
JHHEfIHO, H g ONpejeNsieTes No HAKJIOHY OpsSIMOH, MoAyJaeMoll, ecliu X
oTknajipiBaeTcs no adenycead, a lg I — no opaunaram. Kaxopo 6bt Hit
6binto {4, HHTEHCHBHOCTb NMY4KA YMeHBLIAETCS HANOMOBHRY NpH TIPO-
XOMKIEHHN CI0F TONIMHON L, onpesesisieMolt U3 ypaBHeHNs

plo=In 2=0,693.

Jlenapl noxasan, 4To KOS(MIMEHT g GHICTPO YBEJHYHBAETCH C
YMeHbIIeKeM CKOPOCTH Jydell W YTO O NPHGAHMIKEHHO MPOTIOPLHOHA~

JIeH TNOTHOCTH @ TIOTJOWAIOUIETO BEECTBA, TakK YTO OTHOLIEHHE £

(uau maccosoti Koadpuyuenm nozaowenus) nocronHHo. Touxee Gyner

cKasaTb, qm% ABAstercst BospacTaioueli Gpynkunedl atoMHoro seca A.

Ec/ii BBECTH MACCOBBIN KOS(XPHUMEHT, TO NIOKA3aTeNbHEIH 3aKOH N0~
TJIOWENHS BEIPa3uTes GopMyaol

#

e

I=1Ig 7,

oz

m
TRE -~ 0GEPXHOCHA HACCE, HTH 10D XHOCTIHAR RAOMHOCITH, 3KPAHA,

Macca KOTOporo — #it, TMIOTHOCTb — @, IOBEPXHOCTh — § M TOJIIHHA — X.
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o A
MOKHO OTpefesUTs aTOMHbIL KOS(KDHUMEHT [OTNOLERNs g — ,a

4
JVIS BEILECTBA C MOJIEKYJIAPHEIM BeCOM A ~ MONeKYASpHBIA Koxppu-
LWHEHT [OTNOMIEHHS ft rk OneiT  MoKaskiBaeT, YTO MOMEKYAspHOe

TIOTOIEHHE CJIaraeTcs AAAUTHBHO H3 aTOMHBIX MOTJIOWEHHH Co-
CTaBASIOMMX MONEKYAY aTOMOB.

Ec/i norfomente He MOXeT GbITh YUTeHO MOKasaTenbHoH Gopmy-
JOf € MOCTOSHHBIM (2, TO €TO NPEICTAB/SIOT TIPH MOMOUK f2, HAMEHSIIO-
UIETOCH C X H ONPENENsIeMOro H3 COOTHOLIEHHA

d(Ini) = — pudx.

B 370M cayyae g H3MEPSALTCS JUIA KAKIOTO 3HAUGHHS X N0 HAKNOHY
KacaTenbHOl K KpHBoil Ig J = f (x). CMoTpsi N0 TOMYy, TmoBepHYTa JIH
sTa KpHBadA K OCH cBoefl BHINYKMON HaH cBoeil BOTHYTOH CTOPOHOI,
KOS(XPHLUMEHT HOMMIOMEHNA g C YBENHYEHHEM TOMMHHE! NPOXOAUMOro
JMIYUAMH CNOSL YMERBIUAETCA WM YBEJHUHBAETCS.

IMpu TeopeTnueckoM H3Y4YeHHH MPOXOMCIEHHS KATOMHBIX Ayuelt ue-
pes BemectBo TOMCOH HCCACAOBaM B OTAEABHOCTH 9XpeKT paccessHns W
adexr nornowenns. Paccesnne BbisLiBaeTcs OTTANKHBAIOLIAM AefcT-
BHEM COACPKALLHXCSA B BLIECTBE SJNEKTPOHOB HA INEKTPOHDI, COCTABASIO-
wMe MepBOHAYANbHBIA MyYoK, ABHIKYMHACS 8 Hampapaenuu x. Cun-
TAIOT, YTO OTTANKHBAHHE MeXIy ABYMS 3n€KTPOHAMH TIPOHCXOAHT MO-

2

3
saxony Kynowa (uestpanbHas cHna 5, rle r -—— paccTosnue, a

e — 3apsap). BesencTere 3T0TM0 MyYoK NMOCTENEHHO pacilpseTcs, Tak

410 HHCAO N YaCTHI, NMPOXOAAILMX B €AUHHIIY BpPeMeHH Yepe3 eauHHLY
CEUEHHs, TNEPNenfHKYASPHOrO K HaNpaBaAeHHI) X, C YBeINUEHHEM X
‘YMEHbBIIAETCA,
3akoH sToro VYMEHBUIEHHA A5 YaCTHI CO CKOPOCTBIO U BbIpaxKaercs
dopmynoit
I=1e"",

rie ¢ — Ko3(HIHEHT pacceanns, KOTOpHIfl CUMTAIOT 06paTHO Nponop-
UHOHAMBHEIM 08 ¥ NPAMO NPONOPLHOHANBHBIM YHCHY 1 SJEKTPOHOB B
eJllHHIe O6beMa MOTJOLAIILEro BelllectBa. Mexay TeM n == oN/my
(¢ — MJOTHOCTH, My — Macca aToMa ¢ aroMHpM Becom A, N — ero
[OPSIAKOBOE UHCHO), @ my = 1,65-10~2 A (cm. § 11). Tax Kak oTHoOLIe-

RHe - He OTKIOHAETCA SHATHTENHHO OT 0,5, To maccoBblit Ko3pdH-

HMEHT paccesHusa MPHOAMIKEHAO He 3aBMCHT OT NPUPOABI IPOXOIHMOFO
Nyqamu BelllecTsa. PaccesHHe oYeRb GBICTPO YMEHbINAETCS C yBeSH-
HeHHeM CKOPOCTH HacTHIL.

VicTHHHOe MORMOLIEHHe BOSHHKAeT B peay/bTaTe TOro, 4TO HPH
KaXAOM CTOMKHOBEHHH C I/IEKTPOHAMH, COJEPIKAMMMHCA B MOIAO-
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UIAI0LIeM BEUIECTBe, 31eKTPOHL! TYUYKA OTAAIOT HM YaCTh CBOEH SHEPIHH.
ToatoMy CKOpOCTb H 3HEprHsi Jiydeit NOCTENEHHO YMEHBWAWTCH, H
NYYH UMEIOT ollpefeieHnbifl npobee, COOTBETCTBYIOMIMH HCUEPNAHHIO Ha-
uanbHolt sxeprun W,

Cpemiiee M3MeHEHHE SHEPIHH HA OYTH X BPHO/HIKEHHO BHIPAKAETCS
dopmyaoi

Wi—W?=2ax,

rile @ — NOCTOSHKbI KO3(XPHUHENT, NPONOPUHOHANBHEIN £, OTKYAR ax
NPHOMBIKENHO TPONOPLHOBANBHO QX, T. €. MACCE HA NHHHIY NOBEPX-
HOCTH TIPOXO/\HMOTO JIyYaMH BelIecTBa.

Tak Kak suepruss W nponopiiuoHanbHa RNOTEHIHANY UCAYCKAaHHS
V, 10 Vo* — V23 = kox, oteyna

ol =Vijk,

rae | — mpober nyuefi B NMONIOWAILEM BelecTse,

OnbiThl ¢ ORHOPOAHEIMH KATOAHBIMH JIy4aMH € U3BECTHON CKOPOCTBIO
B HEKOTOPOil Mepe COTVIACYIOTCS C TeOPeTHURCKHMH TPEANIONOXKEHH AMH .
Opnako MOTEPS SHEPTUH OTANbHAIMH YACTHUAMY HA NYTH X H3MeHseTCS
B 3aBHCHMOCTH OT CIYHaHHHIX CTOAKHOBEHHH U He OAWHAKOBA AN BeeX
nyueit nyuxa. [lostomy npoGerd OTAGLHBIX HYacTHI, He SBASIOTCS
PABHBIMH.

Tlotepro sHeprun nyuka Jayyeli ¢ OMHAKOBOH HAYANBHON CKOPOCTBIO
MOMHO HCCENOBATh NYTeM H3MEPEHHS HX MATHHTHOTO OTKJIOHEHHS.
Jinst 570rO HA NYTH Ny4Kka Nepej BXOAOM B NOJe NOMEUIAIOT HOMIOUAI0-
uEft sKpaH onpefenexHoft Toauunet. floxa 3Ta ToaIMHEA He MPEBOCXO-
JIMT M3BECTHOrO TpejeNa, CKOPOCTb sydell DIpH TPOXOMAEHHH wuepes
SKpaH yMeHbIIAeTcs Ge3 3aMeTHOro W3MeHeHHt HX OJIBOPORHOCTH, H
HOBOfl CKOPOCTH COOTBETCTBYET HOBOE XOPOLIO ONpejeNeHHOe MATHHT-
HOe OTKJIOHEHHe. .

B caenywoweii tabnyle TpHBeeHbl B gadyecTse NDHMEPA PE3yALTIATH, NOAY-
wennHe A8 Nyuell ¢ HavanbHON cKopocTd B = 0,52 (1o bekxepy). [lotepa cxo-
poctit fio 40% ee HauanbHON BeNHUHEB NpH PABHOH MOBEPXHOCTHOH NAOTROCTH
SKpaHa OKA3HBACTCH He SaBHCAWEH OT NPHPOAK NOTHOLAIIMETO BRWLECTEA H OTHO-

Py
LWeHHe ———- — PpPHGAMKEHHO TOCTOAHKMM. B Tabaiue npuBoAaTcs Takie

MaccoBble KOSPMNIHEHTE! o AN KakIoH CKOPOCTH. DTH KOSMPHUKEHTH HIMeps-
JAWCh TIO YMCHBIIEHUIO 3aPRAA NYYKA, T. €. 0 YMEHBUICHNIO UHC/A COCTABASIOWHX
ero uaCTALL

m . £ L2 i

P 2fea . B cufe £ z mis
0,001 95 0,516 2,1
0,002 102 0,507 3.6
0,004 145 0,492 3,8
0,006 192 0,463 4,5
0,008 317 0,432 4,8
0,010 430 0,392 49
0,012 670 0,357 47
4,014 1240 0,314 4,5
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OTCIofta BUAKO, NTO ufg NPH YMEHBIUEHWA CKOPOCTH GHCTPO YBe/KYHBACTCH.
Haiizeno, kpoMe TOro, 4TO noTepe cxopocti Ao 40% ee Havanbhofl meaWuHHDI
COOTBETCTBYET YMEHbWEHNE NCIA YAaCTHU NYYKA, CHHIKAIOWEE €r0 HHTEHCIBHOCT
Menee ueM 1o 1%. D710 ymeHbweRne UHCAa YACTHIL BHISHIBAETCA PACCCAHIIEM: NySH,
HCTIMTABUIME CHABHOE OTKJOHEHHe, MAYT BHYTPb 9KPAKA M 3aKaHUNDAKOT B HOM
CBORL myTh.

Hakgeno, yto mpober ! B amOMHHHH KATOAWHIX Jydell, ckopocTh
KoTopwix JexuT Mexkay 0,2 u 0,5 ckopocTH cBeTa, NPRONHKEHHO Npo-
TIOPLIHOHANEH U3, COTNIACHO (opMyJie

4
ol=0,15 (%) =2,4.10-12V8,

T/le o BLpaxeHo B 2fcm?, [ —Bemn V—Ba.

Mertox BrabcoHa, TMO3BOJAAIONMMA H3MEPSTh NPOGErH OTAGNBHBIX
YACTHIL B BOSZYXe, AaeT AN of BeHUHHE! TOTO 7Ke MOPAAKA.

st GbicTpEIx YacTHl (S-nyun) dopmyar ¢ v B V2 He SKBHBAJNEHT-
Hel. C NoBbIIeH HeM IOTEHIHAAA HCRYCKAHHA NPOGer NPOJONIKaeT yBeA-
YHBATBCA, TOMAA KaK CKOPOCTh H3MeHsercs Bce Menbine, OTHOCHTENDb-
Hoe yReJimyeHHe npolera, No-BHAHMOMY, Menblle yBeandeHns V2 (§ 85).

Yueno HOHOB, 06PA3YIONIHXCH B BOSAYXE HA €AMHHLY AMHHbI NYTH
nyvell, WIW LOKUIUDYIOUAS CROCOBHOCMS, OCTAETCS PABHBIM HYJTIO, IOKA
TIOTEHIHAN HCTIYCKAHHS OCTACTCH HHIKE NOTeHIHana HOHMSALHH, a 3a-
TeM BO3PACTAeT ¢ YBeJAHYEHHEM CKOPOCTH JIyueil A0 MAKCHMyMa, paB-
HOTO MPHOAH3HTENBHO 10 MapaM HOHOB Ha CAHTHMETP TPH JaB/eHHH,
paBHOM 1 ma PTYTHOrO cTosGa, Had 7600 mapam HOHOB Ha CaHTHMETp
TIpH HOPMANLHOM ZaBAeHHs. DTOT MAKCHMYM JIOCTHFAeTCs NPH NOTEH-
nHaje MCNyCKaHHS, PaBHOM NpHONH3uTensHo 200 ¢. C pasmbHeftum
YBEJIHUEHHEM CKOPOCTH HOHH3HDYIOWIAS CNOCOSHOCTD YMeHbIAeTCs .
Iudposble gaHHble NpHBefens B riase XIV, § 85.

Meton BuabcoHa Jlall BOBMONKHOCTD YCTaHOBHTB, 4TO 13 340 HOHOB,
TIONYYEHHBIX TIPH OMOMIH YacTHUp ¢ V == 25 000 6, Tonbko 90 obpa-
SYIOTCS HENOCPeACTBEHHO NEPBHYHON YaCTHIIEH, 4 OCTaRbHble OGPasYIOT-
€Al BTOPHYHBIMH SA€KTPOHAMH, NOJYYHBIIHMH CKOPOCTb, AOCTATOY-
HYIO JJIf TOTO, YTOGb TIPHOGPECTH HOHHSHPYIOULYIO CMOCODHOCTD,

3aTpata sHepruu Ha ofpasoBaHue APl HOHOB B OOUIEM 3MayM-
TeNBHO BHIUE TOM, KOTOPasi COOTBETCTBYET HOHH3ALHOHHOMY IOTEH-
waany (okono 17 ¢ ans asora u 15 6 ans kucaopona). Cornacuo MHO-
THM ABTODaM OHA paBHa NpHOAH3HTENbHO 35 ¢ Ha napy obpasyio-
LMXCA B BO3AyXe HOHOB. MCMONB30BaAHHE SHEPrHH MEPBHYHOTO HJEK-
TPOHa etlie HefocTaToHO Hayyeno. B raapax XIII u XIV mut BepHeMcs
K PACCMOTDEHHIO YCJOBHI NPOXOKASHHS KOPIYCKYJAPHEIX Aydeil ue-
pe3 BelllecTBO.

Tlonesysice mpuGopamu BuicoKoro Hampsixenns (V = 250 000 ¢),
TIOYYAlOT KATORHbIE JIY4H €O cKopocThio v = 0,74 ¢, myTh KOTOPEIX .
B BO3/lyXe MpH aTMOCHEPHOM AaBNeHHH DaBeH NPHOMH3UTENLHO 50 ca.
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Harotopasiorea Takke NpuGOpH ANS MONyueHHs Myuedt ¢ eme Gonee
BLICOKMM HATNPSKEHWeM., BefuuuHbl CKOPOCTH M SHEPTHH 3A€KTPOHOB
[pH Pa3NHUHBIX TOTEHIHANaX HCNYCKARHA TPHBEACHH B NPHJONKe-
HHH 9.

§ 17. Mudpakuus SieKTPOHOB

Korpa xaTofuble jiyun NpOXOJAT uepea oueHb TOHKHI Caiofl Betne-
CTBA ¢ KPUCTAMIHUECKON CTPYKTYPON MAH KOTJ OHY OTPAXKAKTCS OT
MOBEPXHOCTH KPHCTAJJIA, BOSHHKAIOT ABNEHHS AHPPAKLHH, TOXOCHER
TeM, KOTOpEe TPOH3BOAAT PEHTTeHOBCKME MYUH. DTOT BaHu (akT
corfacyeTcsi ¢ Teopernueckumi coobpamennamu Jlyn je Bpoias o
CYIIECTBOBAHUH BOJH, CBA3AHHBIX ¢ aAekTpoHamu (§ 35). [nuna sonuel,

yyacTByiolleH B AHQPPAKUUL 3TEKTPOHOB, A =i TRe A — MoCTOSIH-

nad [lnatka (§ 32), a mv — KOAHUECTBO ABHIKEHHS SJEKTpoHA (m —
Macea, v — CKXopOCTh), CHMMKH, moayueHHBle Ha doTorpaduuecKol
TNACTHHKE, DPNeHAMKY/SIPHOR K HATIPABAEHHIO HAUaNbHOTO TYyuKa
nocie TPOXOMACHHA NOCTEAHETO Hepe3 ONeHb TOHKMII KpaH, HMeioT
B KOJel MAH AHQPaKUUOHHBIX NATEH, NOYYaeMbiX B Clyyae PeHT-
reHOBCKHX Jydeil (§ 25). Ecan noresunas ¥icnyckaust V KaTOAHBIX
JAyuell BHIPaXKEH B BOMBTAX, TO UIHHA BOJHM A, yuacTRylouel B Adpak-
wuy, uncaenuo pasua 12,25 YV A (A = 108 cm)!) (cm. puc. 4
n 5 Ha oTA. JaHCcTe [ B KOHLE KHHTH).

Ha oraenprom aucte 1, pue. 4 u 5, faHo nsoGpaskente TnGPaKUHOH-
HbIX KOZel, 06pasyeMbiX HPOXOAALINMH Hepes TOHKHH JIHCTOYEK 30-
JIOTA 3NEKTPOHAMH, ANIst KOTOPEIX V = 40 000 BosbT, a TaKXKe AHATpaM-
Ma NATEH, OBPasyeMbIX KPHCTAMIOM TIATHHDI, HAXOAAIMES B PACIIIO-
IIEHHOM JIHCTOUKE 3TOTO MeTasna.

Juppakups 3IEKTPOHOB A3eT OYeHb YYBCTBHTENLHBI METOX AAS
HCCIIEMIOBAHH S CTPYKTYPhI TOHKHX CJIOSB BELIECTBA, KaK CBOGOIHBIX, TaK
# 06PasoBABINMXCH Ha TMOBEPXHOCTAX APYTHX BEIIECTB.

§ 18. MonoxuTenbhbie NEKTPOHBI

TTonoxuTeNbHBIe SAEKTPOHDL, HIlS NOSUMPOHSL, OTKPbIThE B 1933 T.,
ABNSIIOTCS NONONHTENHO 3apAMKEHHBIMH YACTHIAMH, BeIHYMHA 3apsaia
H MACCHI KOTOPHIX HMEET TOT K€ MOPAAOK, YTO H ¥ OTPHUATENbHBIX S/eK-
Tponos. Hx MOXKHO HaGMIOLATh B CAEAYIOWHX CIYJAfX.

IMapasi Ha BelleCTBO, SJEKTPOMATHUTHbIE HITYYEHHS € MaJoli JiH-
HO#t BOJIHbI A (DEHTTEHOBCKHE JYUH H p-IYUH PAJHOAKTHBHBIX BELIECTE)
BBISHIBAIOT HCITYCKAHHE BTOPHYHBIX 3JIEKTPOHOB, CKOPOCTb KOTOPHIX YBe-
JIHYHBAETCA ¢ BO3PACTAHMEM MPOHUKAIOMIEH CIOCOBHOCTH MEPBHYHBIX
ayueit. Korfia «<kpantoBas» sneprus W, o6paTHo Mponopuuonaibuas i
(§ 28), nocTATaeT ZOCTATOYHON BEMHUHHBI, K HCNYCKAHHIO 3€KTPOHOB

1) Ota opMysa NPHAGKHMA MPH HEBBICOKHMX snadernsix V (§ 35).




[image: image64.png]§18) MONOKHUTENBHBIE 3NEKTPOHBE 65

TIPUCOSAHHSETCA UCTYCKAHNE NOSHTPOHOB, KOTOPOE BLIBAET TeM OBHJib-
Hee, yeM Gonblle, W H ueM Bbille ATOMHLIA BEC BEIIECTBA, HA KOTOPOE
magator nepsuyHble gyun (§ 90). Ipu waGatoneHrH no merony Bune-
COHa TPAEKTOPHH 3JEKTPOHOB H MO3HTPOHOER HMEIOT OJMHAKOBBIA BHI,
DA3THYAACH TONBLKO NO HANPABNEHMIO OTKNOHEHHs B MaCHHTHOM TOJe,

3eMaA MOAYYAST U3 OKPYHKAIOMEro ee NPOCTPAHCTBA CHIIBHO HPOHH-
Kaloilee HanyueHue, Hasbipaemoe kocmuweckus (§ 151). Meton Busab-
COHa OGHAPYXKUBAET B STOM M3NYYCHHH NMPHCYTCTBHE OYEHB GBICTPHIX
S/ICKTPOHOB H HO3HTPOHOB.

TIpH HEKOTOPHX TPEBPALICHHAX, BHIZLIBAEMBIX YAapaMu a-ayvefl
HAR JPYTHX ¥acTHN ¢ Gonbluodl sBeprued (NPOTOWEI, AEHTOHBI, Heil-
TPOHBL H T. JI.), 06pasyioTcs HeYCTORUHBBIE 31eMEHTHI, TIoABepralotuecs
HOAOCHO PafiMOAKTHBHEIM JIEMEHTAM CAMOTPOM3BOJIBHOMY pacmajy.
HekoTopbie M3 3THX MCKYCCTBEHHO NOJYUEHHBIX PaZHOAKTHBHBIX SJie-
MenToB (1. X X) pacnajaiorcs ¢ HCIYCKaHHeM NOSHTPOHOB.

BenuynHHA OTHOUICHUS efrm Y MO3WTPOHOB, Kak 5TO YAAanoCh JOKa-
3aTb, WMeEeT TOT ke MOPHANOK, UTO H Y SMEKTPOHOB. CleloBaTeNbHO,
€CNH MX 3apais NO a6CONOTHON BeTHUREE ONIHHAKOBLI, TO H HX MACCHI
HOMKHE! OBTh MM PAaBHEL WM Maao pasimvathes. Jonyckas, uTo
MACCHI H 3apsifibl 3EKTPOHOB H MO3HTPOHOB PaBHbI, MOXKHO BEIMHCRHTH
CKOPOCTb M 3HEPTHIO NOCASIHHX 70 X MATHHTHOMY OTKJOHENHIO.

[Mpoxofs 4epe3 BEIECTBO, NOSHTPOHBI, KAK H SJCKTPOHEI, 3aMe-
nsioresi. TIORONeHHe NPHBOANT K HCUE3HOBEHHMIO MO3KTPOHOB, 3HEP-
THS KOTOpHIX TPEBPAlllaeTCs B INEKTPOMArHHTHoe uaiydende (§ 90).
TIponon KuTeNBHOCTD KASHH NOHTPOHOB CNEAYET CUNTATH OTPRHHYEH-
HOM, Kak 3To mpenycmaTpupaeT teopus Jlpaka H Kak STO NOATEep-
IKIACTCS OTIBITOM.
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§ 19. OG6pasopanse MONOKHTEAbHBIX Aydeii. AHOAHBIE AydH,
Aneprua. CeoifcTBa

TonoxKuTeNbHbE NYUN OOPA3YIOT MOTOK MOJOKUTENBHO 3APSIHCH-
HBIX YACTHI B Ia30HANOJHEHHOH paspsiwoit Tpyoxe. OHH BOSHMKalOT
B PasNNYHBIX MECTAaX KPYKCOBCKOTO TEMHOTG NPOCTPAHCTBA M OTPHIA-
TeJILHOTO CBEYeHHs H JBHKYTCS K KaTOAY.

Honssysck katonoM ¢ otBepetusiMu (puc. 35), HAGMIOTAIOT 32 HHM
MYYOK Ayuel, BUANMBIX GIarofapsi CBeYEHHIO, BBIBLIBAEMOMY HMIl B
paspexeHHOM rase, JTOT MyYOK BHI3LIBAT (MYOPECUEHLUHIO CTERJSH-
HOl CTEHKH, Ha KOTOPYIO OH MajaeT. OH Majo YyBCTBHTeeH K AeficT-
BHIO MATHHTA.

Tak Kak MOMOHHTENBHbIE NYYH BOIHHKAIOT B rase HA PA3NHUHLIX pac-
CTOFHRAX OT KATOfla, TO CNOMb3yemoe HMH Tajiehne ovennyaia 6yaer

. TeM Gogblle, UeM Rasblie
il OT  KaToja HaXOBHTCA
3l ~ ™\ MECTO MX  BOSHHKHOBe-
= Hust, H HMEET B KauecTee
MAaKCHMATBHOM BeTHUHHBL
Puc. 35, HampsKeHne V, muraio-
mee TpySky. Cresosa-
TesbHO, TYYOK ¥ACTHIL C ONHHAKOBBHIMH 3apSIOM B Maccoli aBAsetcs
HEOJHOPORHBIM B OTHOWEHHH HX CKOPOCTH M 3HeprHH. Macca sTux
YACTHIL HMeeT TMOPSAOK MAacChl aToMOB, TaK Kak ORH oGpasymorcs
MONOMKHTE/ILHBIMH  MOHAMH HaXoAsmuxcs B TpyOke rasos. Crelo-
BATEBHO, CKOPOCTH IIOROKHTEBHEIX YACTHI| MERbILIE CKOPOCTH 3JIeK-
TPOHOB M OGBNHO OFpaHHUHMBaeTCH BelHuHHamu nopsiika 10° casfcex,
LSl KOTOPBIX MAcCy MOXKHO CYHTATb NOCTOAHHOM. CooTHOMIEHNE MeXIY
IHeprHell M YCKOPAJOMMM NOTEHIHANoM OyAeT TOorAa pPaBHO MPOCTO
mufy = eV’ e V' < V.

) Cw. Acton, Haomons n Conf. Rapp. 9, Marie Curic.
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3apan Noua e pamem snementapHomy sapsiy unu xparen emy. [na mouos
© ORHMHOUILIM 3aPSAOH SHEPTHA €V, HIMEPEHHAs B SACKTPOI-BOJBTAX, YHCIEHHO
pabiia noTenKIAAY HCRyCKanHa V, BHpaKeRHONMY B ponpTax. JLn HONOB € KpaT-
HEIM B3PAKOM SHEPTH MPONOPUHOHATLKO yBeAHGHBaeTcs. Ml nimem 96 nocne
uKcen, HMEPSIOIUX SHEPIHIO B SNEKTPOH-BONLTAX, H K95 A1A 0Go3HAReHNR 1000 6
(OZHH SNEKTPOH-KHAORONBT).

Packanennbiit aHOJ, HAaXOAAIMACA B BAKyyMe, MOXET HCIyCKaTh
TIONIOKHTESIbHBIE HOHBI, 00Pa3YIOIHec H3 JETYUHX NPH BHICOKHX TeM-
nepaTypax conell. DHepTHsA aHONHBIX Mydel MOeT GbITb BRIUHC/IEHA
no nataiiemMy TPYOKY nanpsukenmio V ou3 gopmynn mo?f2 = eV,
TaK Kak NajeHune NOTeHUWana AAs BCeX THX ayuefl pasno V.

TlonoxuTenbAEIE, HIH AHOLHBIE, MY4H HMEIOT CEOiicTBa, OOWME ¢
KaTOABIMH JIyUaMH. KaK B 3TH NOCJefHHe, OHU BOSﬁy)Kﬂa[OT CBe4YeHHe
HEKOTODHIX BeUIeCTB M IefcTBYIOT Ha (oTOrpadHueckne ILIACTHHKH.
Onu o6najjatoT Taxke HOMUsHpY:ollell cnocoGnocTbio. OT KaTORHBIX
J[y‘le;l OHU OTRNYANTCS MO 3HAKY 3apsijla H M0 Macce ABHMYLIHXCHA
HACTRIL. JTH YACTHIE!, 0OPA3yICUIHECs NYTeM YAAPHOH HONH3ALH, CaMH
nenmyexaioT ceet. [Ipir aTom HaGaiopaercs sisnenne Monnepa: ans na-
GJIlOJ.laTEJIﬂ, CMOTPSIUETO B ANpaBfetni NoCTyNamulero ayya, Kaxy-
uiics nepnog T HCMYCKaCMOro CBETA H3MeHell To OTHOMIRHITIO K NeR-
CTBHTEJILHOMY MEPHOAY COTIACHO YPABHeHHIO

T =T (l—0fc),

Tie ¥ — CKOPOCTh YAaCTHUL, 4 ¢ — CKopocTh cpeta. HaGaromas sro
SBJIEHHE, MOKHO H3MepuTh v. [IDOHWKAowas CHOCOGHOCTE NONOKH-
TeJbHBIX Jyuell oueilb Maja Jaxe NpH NOTEHIHaAe HCMYCKANHS, Jo-
cTHratoulem 108 ¢,

§ 20. HMsmepenne oTHOUIeHMS e/ IS NONOKMTEAbHLIX Ay4eiil)

Teopnsi AefiCTBHsI MArKUTHOrO H 3MEKTPHYECKOro NOfell Ha mono-
JKHTE/bHBIE YU TAKOBA K€, KaK U B CAYyuae kaTogHmix ayueil (§ 14),
3a MCKMIOYEHHEM TOTO, YTO OHH OTKJIOHSIOTCS B NPOTHBONIONOKHOM Ha-
npasieHnd. Tak Kak 9JMeKTPHUECKOe OTKJIOHeHHEe NPONOPUHOHANLHO
efmo?, T. e. 1{V, To npu panHoM A OHO HMEET TOT JKe NOPSAOK, YTo H
OTKNOHCHHE KATONMBIX AyYelh MPH ONBHAKOBOM BOAbTaMe (NpU ycno-
BHIf, UTO CKOPOCTb 3TiX NOCAEAHHX HeBennka). MarnuTHoe OTKIOHE-
HKe B TeX Npefienax, Ijle OHO 0CTAeTCs NPOTIOPUHOHAN BHBIM efm, Ha-
MeHSeTCH ApH OANHAKOBOM BOMbTa’ke HCmyckannd, kak | efm. Cre-
JIOBATENBHO, NPH paBHOM H OHO ANS MOMCKUTEJBHHIX JYYeH MHOrO
MeHblie, YeM I KaTOMHbIX Jyueft.

Korﬂa TNPOH3BOAAT CIBITHL ¢ XOJOJZHBIM AHOAOM H B Pa3pekennoM
rase, TO VIl H3MEPEHHS e/n HYHKHO OTIPENETHTE MATHHTHOR B JEKTPH-
YecKoe OTKNOHeHHsi. OCHOBHAsl TPYAHOCTb COCTOMT B TOM, HTOOH

1) Biw, Towcon, Acron, demncrep # ip
5
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n36GeXaTb BOCCOSJHHEHHS MOJOXKUTEJABHbIX HOHOB C SIEKTPOHAMH,
00pa3yOlUMICS B Pe3yabTaTe HOHH3ALHH OCTATOYHOTO Tasa.

Uro6s yMeHBWHTL 9TO HeyZOOCTBO, NPHGOp ANHTCA Ha JBE WacTH: KaMepy
o6pasoBanns ayuell, TAe OCTABJAETCS HCCAEAYeMBl £a3 NOK HYKHBIM JaBleBHeM
It TAe Ay9uH NPHOBPETAtoT CBOIO CKOPOCTS, H Kamepy HaGAIOIEHHS, TA TPOH3EO-

AuTCA OTKnoHeHHe Ayued
U TMe TPY MOMOIWIA MO~
- HOTO  HACOCA  TIOANEPHKH-

BacTCA N0 BOSMOXHOCTH

coBepuwensnIi BaKkyym. O6e
~  KaMepH COERHNSIOTCA Ka-

NHASPHOI TPYOKOHR, CAY-

xameil B gauecrse jpua-

$parmsl Ans ayued. Tak

KaK HE BCE NYYH HMEIOT

OMHAKOBYIO CKOPOCTB, TO

BHIFOAHO NPHMEHATH METOX

ONIOBPEMEHHEIX  CKpEIIli(-

Phc. 36. A — Kavepa oSpasosanws nosoNuTeAux  BAIOILMXCH SIEKTPHYECKO-
Tyen P — uabnionatenuuan Kaxeps, C — XuTonc M [0 U MATHATHOTO OTKMO-
AAPHEM KIHATOM ZAT BPOKGKAEHTS 1yueh, L i M — wao.

AMpOBANKHE KYCKI MATKOTO Mencas, P U § — nomocy  NewHR (weton napaGou,
ASKTpOMarHUTA. SAEKTpHYecKoe moxe npuiokeno wenay  § 14). CXewma upnGopa nso-
L M. W0V — MarunTHBA 3KPan, J — XOMOMMALHAK. Gpaxena wa puc. 36.

Tlosp3ysck STUM MeTo-

ZOM AN KAaMEOTO BHAA

nysell ¢ OAMHAKOBLM ef/m, TOAYUAIOT HA SKPAKE LA KAGMIONEHHH AYTY Napaboak,
BRPILITHA KOTOPOR MEKHT B Touke P, a 0cblo CAYKNT hampabaenie Py (phc. 34).

£

Puc. 37. A — asox, € — Katon, 5 U S, — YIKHE UlenH, OTPARKNMBAIONINE BYYOK, Jy H Jy —

TIAACTHEL, MeXY KOTOPLIMII MPHIGKEHO SAEKTPHUECKOE Hone, M — GOAIOCH BMEKTPOMAHNTA,

Z — napanfeMuHue MATYHHLIE NAACTHRE, MEKAY KOTOPUME NPOXOAMT UYHOK, W — GOTOrpadi-

WeoKan TaCTIHNa, ¥ — BUANGMNTOBLT SKPaW LT3 HpeABIpUTENLHCTO HaSAKerin, F — dorys
ayue.

TaK KaK SHaHHe OTHOLWIEHHS efnt AeT BO3MONCHOCTD BHIMHCIHTD M1,
cuutas 3apsA € KPATHEIM SMEMEHTADHOMY 3apany e, (e = neg,
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TAE 1 — KeGONbIIOE LIENOe UKCNO), TO HIMEpeHHE e/ MOKET CAYIKUTD
MemoGOM UBMEPERUS MACC TIONOKUTENbHBIX HOHOB, T. €. ATOMHbIX H
MOJIERYJISPHBEX Mace.

UTo6kI NOBBICHTb TOYHOCTL 3TOrO METOAA, ACTOH NPHMEHHN TPHH-
UM, TO3BOMAICMWMI COOHPATs B OAMOM (OKYCe AYYM, obnajatoiue
PaINHYHBIMK (B H3BECTHBIX Mpellenax) ckopocTami. Ero npuGop Hasel-
BaeTcst Mace-criekTporpadom.

TMapasneabustit Y40k Jgyueli, 06aagaUUIX OMNITAKOBBIM OTHOUICHHEM effH, HO
PAsIMYABIMN CKOPOCTAMH, CHAYAJA OTKAOKAETCH SAEKTPHUECKHM TIONEM, KOTOPOS
paccewBaeT AyUN B PaCXOIAMMACA MyYOK. 3aTeM STOT NYHOK NOCTYNAET B MATHHT-
HOE TIoNle, KOTOPOE OTKJOHSET WX B NPOTHEONGAOXKHOM Hanpapaeltiy W 3aCTABIAET
coliTHch B OAHOM (oxyce F, eciu pasmepbl Npubopa ¥ HanpsKCHHOCTH Toded
TOZOOpaHH COOTBETCTBY IOINM 06pa3om. Cxembl npubopa 1306paxens la puc, 37.
Ecan  apadparmpl  COCTORT 13 CHCTEMb)
enefi, 0 Noyuaemoe Ha GOTOTpadHUECKOl
NRACTHHKE H30GpalKeHHe COCTOMT M3 Pafa
JARHUE, HA3BIBAEMBIX MAcc-CnekTpom. Ka.
2asi TAKAA JMHHA COOTBETCTBYET onpefe-
TIentOfl BeAHAMBE OTHOMIEHNR efnt.

B chyuae anofmbix sydeit yc-
KOPSIIOWA i NOTEeHIHAR OAHHAKOB J19)
Beex Jsrygefl nyuka. Toraa nocratouno
H3MEPHTL 3TOT MOTEHUHAJ] H Mar-
HHTHOE OTKJIOHeHHWe (npuGop Hemmc-
Tepa, puc. 38).

ONBIT COCTOHT B H3MepeRKH 3api-
73, JOCTaBJSEMOTO JIYu4aMH Sjlek-
Tpoay E npn usmensomemcs V. Ilpy
onpeieeHHON BeHUHHe V TOK 3aps-
24 TIPOXOJIUT Yepes PE3KH i MAKCUMYM,  rymnsiik noaywannap, nowerucmi o nep-
YKASHBAIOLWR HA TO, ATO Aysd Nevmissvic”S et prom
OIHCHIBAIOT KPYFOBYIO TPACKTODHIO.  BaeT noAyKpYrosyio Tpackrapmio, y W

§) = wemH, OrpaHHuNBaiouHe 'nywok,
Beanunna efm BuBOLHTCA H3 POPMYN 1’ zuagparwa, yerpansiollas paccennusie

Puc. 38. A — anog, & — Katon, B — fa-

nYuH, E — W30NHpOBamMbI SACKTPO.
mot mo CORRHHEHMEIN ¢ 4YECTBHTETLHEM  37€KTPO-
-5 = ev, - = HoHR . ‘ckonow.

Hsmepenne Toka JaerT BOSMOKHOCTb ONPEJRNKTH OTHOCHTEJBHOE
UHCAIO NyYei pasAUYHOTO BHAA B MyuKe.

§ 21. Macc-ananus. Hzoronbl. IHePrus cBAsH

Hsmepenue efm SBSeTCS MOMHBIM METOAOM XUMUHECKOZO GHANU3E.
ToayvyeHHble METOAOM Napabon CHHMKH CBHIETENLCTBYIOT 0 GONb-
UiOM Pa3HOOGPasHK HOHOB, NPHCYTCTBYIOMWMX B TPYOKAX C paspereH-
HbiM Ta30M. JIerko MOMXHO MOJYYHTb Iapadoibl, COOTBETCTBYIOLIHE
aToMy BOJOPOAA ¢ OAMHOYHBIM 3aPSAOM H MOJeKyJe BOAOpOAa ¢ MPo-
CTBIM 3apsfoM, oGo3HavaeMbiM eped H* u Hy*, 1 Takue xe napaGossi
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A5 a307a B KHCAOPOA3. ATOMHbIE HOHG! MOTYT GbITh TaKiKe NOHBA-
MEHTHBIMH, TOTAA KaK MOMEKYMEl GLIBAIOT MONHBANENTHLIMH TONBKO B
PEKHX cayyasix. HeKoTopbie H3 NPHCYTCTBYIOWAX B PasPSAHBIX TPYG-
KaX YOHOB B BUJe HeHTPaNbHbIX COeAHHeHHII HeHapecTHb. TaxoB pan
CH+, CH,*, CHy* n 1. A. wan pag OH+, OHy*+, OHy+ u 1. a. Cue-
JIOBATE/IbHO, 3TH CORHHEHWS YCTOWUMBB! TOJNBKO B 3aPAKEHHOM
COCTOSIHUH.

Ha otpenbnom ucre [ (B KOHIe KHHIH) AaHbl JBa CHUMKA Mapadon
no k. k. Tomcony.

AtoM BOZOpPOAA, MO-BUAHMOMY, BCerJa HMeET OAHHOMHBIA 3apsj.
Vion H* HasbiBaetcs npomorom.

HeoH, aToMEmit Bec KoToporo pase 20,2, JaeT ape napaGonel.
Opina ¥3 HUX, CunbHast, cOOTBETCTBYET Macce 20, a aApyrasi, Gosee caa-
6asn, coorBetctByer Macce 22. Jx. k. TOMCOH NPeAnonoxui, 4to
HEOH MOXKET COCTOSITb U3 CMECH /IBYX I'a30B € OueHb GVIM3KHMH XHMH-
YecKHMH CBO#CTBAMM. ACTOH JOKA3al, YTO PasfeNHTh 3TH COCTABMAIO-
UIHE OYeHb TPYAHO. ITH PE3YJLTATE COTIACYIOTCSH ¢ MO YYCHHBIMU TIPH
HCCIEMIOBAHHH PAJIMOAKTHBHEIX SJEMEHTOB 3KCAEPHMEHTANIBIBIMH (aK-
TaMi, H3 KOTOPBIX, N0 Teopun CONIH, CNEIYET, 410 HEKOTOPHIE eMeHTEl
MOTYT HMMeTb OJMHAKORbIE XHMHJECKMe CROWCTBA, HMes DA3AHUHBIC
aToMibie Beca, Takye S/EMEHTH, HasbiBAeMble uIOMONAML, NpeicTa-
BASIOT CHUHEI XHMHUCCKHE THR H 3aHHMAIOT OJHO MECTO B MEpHO-
JMYECKOl cHCTeMe 3jeMeHToB (npuaoxenue 5). Osu  xapaxtepn-
3Y10TCA ONHHAKOBON BeJIUHHON TIONOKHTENBHOTO HNEKTPHUECKOTO 3a-
papa ux sadpa.

Macc-ananus BCeX 3/MEMEHTOB, KOTOPHIE OKa3al0Ch BO3MOMNHBIM
BBECTH B Ta3000Da3HOM COCTOSHHH B paspsjible TPYOKH HAR mepe-
BCCTH B JleTyuce COCTOSHUE HA PACKANEHHOM aHOfe, OHAPYKHI, UTO
GOIBUIHHCTBO 3NEMEKTOR HBASETCA CHOMHBIMH BeleCTBAMH, COCTOS-
MWHMH H3 HECKOJIBKHX H30TONOB. ACTOH ZOKa3al, CBEpPX TOTO, 4io 32
HCKJIOYeHHeM BOJIOpOna, aTOMUHIM Bec xotoporo pasex 1,0078, macchl
H30TONOB C TOYHOCTBIO NPHOIH3UTEIBHO O OfNOIl THICAYHON BBIpA-
JKAOTCS UEAbIMH YHCJAMH, €CH 33 OCHOBAHHE GEpeTcst aTOMHBI Bec
O = 16. CnenoBatesbho, APOSHBIE aTOMHEIE BECZ SIBAKIOTCA CPEAHHMH
ATOMHEIX BECOB H30TONOB, BXOAAUIMX B COCTAB JAHHOTO BellecTBa. 10T
$AKT JAaeT BOAMOKHOCTE BO3BPATHTECH K OCTABMEHHON TeOPHH e0un-
cmea mamepuy TIpoyTa, KOTOpasi HATAJKHBANACH DaHee HA TPYLHOCTb
OGBACHEHHS CYWECTBOBAHNA APOGHBIX ATOMHAIX BECOB.

Vi3 s/emMenTOB, CNIOXKHOCTH COCTABA KOTOPHIX OOHAPYZKEHA Macc-
AHANH30M, YKAXeM CAeAYIONHe: X/JI0p COCTONT H3 H30TONOB ¢ Maccamu

3 31 K
35 u 37, 0603BaUAEMbIX Uepes Cln H CI“, JUTHH — H3 M30TONOB L1‘

0 o a o
u Li, kanuii — w3 nsoronon K u K, kanbunit — w3 nsotonos Ca,,

S
n Ca_, aprou nmeer 2 n3otona, KpunTon 6, kceHon 9, onoso 11; Kax-
ABI PaJHOAKTHBHEIN 3MeMEHT HMeeT [0 HECKOAbKY Haotonos. [lo-




[image: image70.png]1t MACC-AHAJIH3., H3OTOINBL SHEPTHUSA CBS3H 7t

BUAMMOMY, UYHCNO H30TOROB YBEJAMUHBAETCH C YBEJUUEHHEM aToM-
HOTO Beca.

Ha otpenshom ancte 11 (pre. 2) faHB! aCTOHOBCKHE MAacC-CREKTPH
HeKOTOPHIX ateMeHToB. Pre. 39 n3obpakaeT n3oTonnuecknit cocTas Jn-
Tas (no [lemncrepy). Ipunoxenne 5 COAEPXHT nepeyeHb H3OTONOB
HCCMEAOBAHHLIX 10 HACTOAINETO BPEMEHH 3JeMEHTOB.

Hemengubrocms

|

i
I -
58 60 6,1
Amersan macea

0 70

Prc. 39. Jlutui. [[sa MaKCKMYMa COOTBETCTBYIOT ABYM W30TOMM € MaccaMi 6 W 7, ¢ GOmbIIHM
NPeOGNAKAHNEN BTODOFO, COOTBETCTBEHHOTO 2TONHOMY Becy 6,94.

MaAcc-AHANMS MO ONTHYERCKHUM GNEKTPAM Hso-
TofMbl B NEPBOM HPHONMIKEHMH O0GNajaloT OAHHAKOBBIME ONTHYe-
CKHMU chekTpamH. OfHAKO MEMAY COOTBETCTBYMIOUIMMH JHHHSMH MO-
TYT ObiTh OGRapyxens HeBOMBIIAE pasdnuyns (§ 142). Iu pasanuus
TIPUNUCHIBAIOTCA ' CNAGOMY BIHARMIO MAcCl SAPa HA YaCTOTy TepMOB
cepHil, 3aBHCAUIUX B NEPBOM NPHONHKEHHH TOJBKO OT pacrpeiieneHus
32pSIOB B cucTeMe, o6pasyeMoll fAPOM ¥ SJEKTPOHAMH.

HaGawenne nonocaTbix CNeKTPOB, B OCOGEHHOCTH CIIEKTPOB MOLIOLIEHHS,
SBARETCA MYECTBHTGNBHEIM METOMOM OGHEPYNENHS HSOTOTOB. JTH COCKTDEL, Je-
Kaute B UAGpaKpackoll 06IacTH, NpUHALICHKAT He aTOMaN, 4 Monexynam. Takas
MONEKYNa, KAk, Hanpunep, Monexyna HCl, MOKET COBSPUIATS BPAWIATENBHOR ABH-
JKEHHe BOKPYP OCH, TICPNEHAHKYJIAPHOH K JIWHMH flep, a 3TH TMOCJENHHE MOTYT,
CBEpX TOTO, COBEpIIATh KoneGaTeNbHOE ABIKEHHE BLOAb CORAMHAIOWEN HX Ju-
HhH. B pesysbrate 3TOP0 OGpasyercs CNEKTp, COCTOAMHA H3 PANA OMEHb TECHO
PACMONOKCHRLX NHEAH, UMEIOUIHX BHI NONOCH, KOTGPYIO MOXHO DA3ZENNTb Ha
OTHenbHbe NMhuKK. UacToTa Kamuofl AMHHK ABHRETCH CyMMol UaCTOT koAeGaTedb-
ROTO It BP2WATeNbHOTO ABHMEHRH, NpHYEM HHTEPRAN MEXAY ABYMS ROC/AEAOBA-
TEABHEIMH JRHHAMN paRen kfdt), The J — MOMEHT HHEPUHH HOACKYABl, KOTODEH
MOleT GHITb TAKMM cnocofo ysMepen. Tak, monoca moraowekns 4 == 1,76 4 HCl
Pa3pelECTCs WA JHHNI, Ka’7an H3 KOTOBIX COMPOBOMIAETCH CNYTHHUEH MeHb-
LUeil WATEHCHBHOCTH ¢ KATEPBAIOM LIHEB BOAHK OKOMO 14 A, T. €. okono 8+ 10~ ¢ 4.
1o obLACHAETCS Dasjuunem YacToT KodeGanuii monexyn HClsy v HCls, npuuem
$Ta YACTOTa ZOMHHA GBITh HEMHOTO MeHblle B cryuae HCly,
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UyBCTBHTENBHOCTD OMTHYECKHX METONOB Jana BO3MOKHOCTb OOHa-
PYXHTh HEKOTOPLIE H3O0TOMBI, CYIIECTBOBAHME KOTOPHIX OBIO 3aTeM
TIOATBEPIKAEHO Macc-aHanu3oM, Takum obpasoM B Bo3AyXe Obit 0Gna-
Py Ken H30TON KHCJIOPOAa ¢ Maccoll 18, collepKahue KOTOPOTo NPHOIH-

i 1
3uTeNbHO B 600 pa3 MeHblie cofepkannst O, , u usoton O, , colepxa-
1
Hite KOTOpOro eille Meubue. Brutn takime ofmapymensi H3oTonsl N
.
2
1 G, Hakonen, B 8010pofie Gbul RAfCH B OUYEHb MATOM KOJIMUECTBE

H3oTON H:, Macca Kotoporo pasna 2,0135%).

CRoXKHOCTb COCTaBa KUCAOPOAAd BBOAWT pasHuuy nopsaka 0,029 wexmy Xu-

MHYECKHMH ATOMIBIMH BECAMA, OMpEACACHNEIMI NO OTHOWEHIO X O = (6 W aTom-

HBIMIl BECAMII, ONDEJENHHEIMN NyTeM MacC-CHEKTPOTPAdI W OTHECEHRBIMI K
W

0, = 16.

OHEPrNSA cBA3K HuH Y OIHOMO NMPOCTOrG C TOUKH 3PEHHS
H30TONUM 3/1eMeHTa He OOHAPYKEHO TaKofi GOMBIION PasHUIb MeKLY
aToMHOH Maccofi H GnukaluisM UeJTHIM YHCOM, XaK Y  BOJO-
pona (oxoso 1%). Oanako macc-aHANH3 AOCTATOYHO TOYEH, UTOGHI AaTh
BOBMOJKHOCTD H3MepsTh OTK/IOHeHHsr nopsika ot 0,1 go 0,01%, wa-

GnrofaBIIHecs Y APYTUX 5/1eMeHTOB (OCHOBaHHe O:' = 16). Cnaexosa-

Tefbko, APOTOH, BXOAAWHA B COCTAB ATOMHOI HOCTPOHKH, HMeer
Maccy MeHbIYIO, ueM Ta, KoTopoff oH ofnajaeT B CBOGOAHOM COCTOS-
HAH. DTO -- TaK HaswBaeMblli sbghexm KoHOeHCaKUYU MMM CYNAKOBOY-
Helfi agxpext>. Kosppunyuenmonm kondencayuu {<ynakoBOUHbIM KOIGpH-
LHEHTOM») MOM(HO HA3BaTh YACTHOE OT JR/eHHs OTKJOHEHHS H3Me-
pAeMOll aToMHOH Macchl OT GHAAIIIEro LENOTrO UHCAa HA STO YHCJIO,
T. €. CPeiHee OTKJOHEHHE MacChl Ha OIHH TPOTOH AR PacCMaTpH-
BaeMOro atoMa. JTa BeNHYHHA H300paxaercs KpusoH wa puc. 40 (no
Actony). Ona 6bICTPO YMEHBILAETCS ¢ YBEJAHUSHHEM aTOMHON Macchl m,
TPHXOAHT K HYJIO MPU m == 20, NPOXOJHT uepes MHHHMAJBHOE OTPH-
LaTeNbHOE 3HAYEHWe MpH i = 60, CHOBA NPHXOAMT K HYMO TpPH
m = 190, a 3aTeM NPHHUMAET BO3PACTAIONINE MOOMKHTENbHBIE 3HAYCHHU S,

OTKNOHEHNS MaCCHl OOBACHAITCA PA3MUHAMA BO BHYTPeRHell sHep-
ruu aromos (§ 33). Morepn sHeprau AE BLMHCAAETCA NO YPABHEHHIO
Biinnrelina AE = ¢*AM, rae AM — noTeps MaccH, a ¢ — CKOPOCTb
cBera. DTa oTepst 0COGHHO BeIHKA B C/yuae aTOMa TeAHA, eClH CyH-
TaTh, 4TO OH OGPA3yeTcs W3 yeThipeX atoMoB Bojopora. Tak kak atoum-

HBle MacChl, OTHECEHHbIE K 0:' = 16, pasuel H = 1,00778 1 He =

= 4,00216, To notepst Maccel HA TPAMM-aTOM reiHs pasha 4+1,00778 —
-~ 4,00216 = 0,029 e, OTKyZa NOTepsi MacCHl Ha aTOM TeIHsi PaBHa
0,028/N 2 (N = 6,06-10% — unco ABOrajipo), a CooTBETCTBYIOWAs

*) [0pu, Bpukeex, Mopon, BenGpuax.
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TIOTepsi HEPIUM, WIN omepeus cessy, pasua 0,029-9-10%/N, 7. e
4,3-1075 3pros, nan 27-10° 9.

D1a 3HEPTH Bbllle SHEPTHU GHICTPOM a-YaCTHILE, T, . BbLIE SHEPTHY,
BLIIEAAIOMICACH NPH CAMONPOH3BOALHOM TPEBPAIEHHH DaJHOAKTHB-
Horo artoma (§ 69).

Bennunia Kox(pHUKEHTOB KOBJCHCAIMH MOKA3bIBaeT, 4TO 06paso-
BanKe BCAKOTO aToMa H3 aTOMOB BOJOPOJA JIOJIKHO COTPOBORAATLCS
3HAYUTENbHOH MoTepeil SHEPTHHU.

80

60

40

——

20

Legennr macos <1

0 04 60 & W0 20 U 80 130 200 20
Amomras macca
Prc. 40.

Mpeanonarasoch B KauyecTBe eAHHSLE MaCChl BMECTO aTOMa KUCJO-
pona B3ATh HAH aToM Teanst uad sapo He*+, 1. e. atom He, numennstit
JBYX CBOHX 3M€KTPOHOB. JIEHCTBHTENBHO, Kamzoe aTOMHO® SApO CO-
NPOBOKAALTCS BHESJEPHBLIMU DMIEKTPOHAMH, WHCIO KOTOPHIX DABHO
QMOMNOMY NOPAOKOBOMY 4uCAY FTOTO ATOMA UJIH HOMEPY MECTa, 2aHH-
MaeMoro HM B MepHOAHYECKol cicTeMe 3aeMenToB. Onpeienienie Maccsl
TIONOKHTENBHBIX JIY4ell PaclpoCcTpaHAeTC HA ABHMKYINHECR HOMM3H-
poBaHHBIe YACTHIBL. YTOOE! BLIYHCAMTBL OTCIOfla Maccy HefiTpanbROrO
aToMa, HPHXOMNTCS BBOJUTh NOTIPABKY, OCBIYHO HHUTONKHYIO, K0GaBss
Maccy BHIPBAHHBIX SMEKTPOHOB, A UTOOH! BEIYHCAHTB MACCY SADA, HYKHO
BLIYECTh MACCY BHESIEPHBIX SJIEKTPOHOB.

Belunc/iesHas Bhillle FOTEps SHEPLHU AN aToMa Tellds OTHOCHTCH
K 06PAa30BAHHIO TeJIHA H3 YeThIpeX MPOTOHOB M ABYX SNEKTPOHOB, TaK
KaK Macca OCTAJIbHBIX JBYX SM€KTPOHOB, OCTAIOUIHXCS BHEAICPHbIMH,
He NMOABEPraeTcs 3aMeTHOMY H3MEHEHHIO.

§ 22. AToMHBI XuMHYecKHit Bec. ATOMHOe MOPSIAKOBOE HHCIIO.
Pasjienene H30TONOB

UHCI0 M30TONOB U HX ATOMHEIE BECA CASAYIOT CTATHCTHIECKHM 3aKO-
HaM, COTJIACHO KOTOPBIM CPEJHHI aTOMHEIN BEC MPAaBHIBHO MOBLILIALTCS
(32 HeMHOTHMH HCK/IIOYCHHSIMH) C TOBBIIEHHEM HOMEPA MeCTa, 3aHH-
MaeMOoro JaHHLIM EMENTOM B HepHofHueckoi chucteme. Homep Mecta
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s/eMeHTa B TIePHOIHUECKOR CHCTEME HA3LIBACTCH QMOMHBIM NOPAOKOGHIM
wucOM WU amomnein HomMepos. CPelHui aTOMHBIA Bec HasmBaeTCs
AMOMHBIM  XUMUYECKUM 6ecOM. DTa NOCNEMHAA BEIHUHHA COXpanaeT
Cpoe 3HAYeHHEe M MOCJe OTKPHITHS H3OTOMMM, TAK KAK OBHAPYKeHO,
4TO OHAa ¢ GONBINOH CTENeHbK) MPHOMHIKEHHS HE3aBHCHMA OT TpoHC-
XOMJEHHA CMECH H30TONOB M XWMHUYECKHX CMOCOGOB OUHCTKH 3TOf
cmech, MaoTonel KaXporo THITa BCTPEUAIOTCH B IPHPOAE B HOCTOSIHHBIX
COOTHOMWIEHHSIX, H WX pasfefieHde oyeHb TPyaHo. TIpeacTarisercs Be-
POATHBIM, YTO OHH OOPASOBAJHCH B NOCTOSHHBIX COOTHOLIGHHSIX BO
Rcefl conneuHoll cHcreme.

JlBa s3neMeHTa, NpHAAANEKAIIHE K ONHOMY XHMHUECKOMY THIY, Ha-

5 e
npumep Ch, u Cl,,, MOTYT OTAHYATHCH O CBOMM ATOMHBIM Becam, Toraa
KAK JBA 3MEMEHTa C OAWHAKOBLIM BTOMHBLIM BECOM, Hampumep A ®

20
Ca,,, MOTYT TIPHHAJNENKATD K PAIHYHLIM XHMHuecKHM THmam. Takue

3JIEMEHTLl HA3BIBAIOTCS U300APAMU.

Pazjienenrie RH30TONOR GbNI0 MPEAMETOM MHOMOYUCAEHHBIX padoT. Ha
npuMepe PaJHOAKTMBHLIX MEMEHTOB OBUIO YCTAHOBAEHO, YTO XHMH-
YECKHMH METOJAaMH Helb3sl NMPOH3BECTH JAMKe M YACTHYHOrO MX pasjie-
nepus (rn. XXII). Ms apyrux ORHCaHHBIX B CREIHANBHBIX padorax
METOAOR CJIYeT OCTAHOBHTBCA HA TeX, KOTOPhIE OCHOBAHbI MpPeHMy-
IECTBEHHO HA DABAHYMM Macc M3otonoB. Jo HWacToAwero Bpemenk
HAUAYYLIME PE3YJAbTATHL NOJNYYERB NYTeM HCMONB3OBAHHS PA3NHUHS
B CPejiHeft CKOPOCTH & TeINIOBOTO JBHIKEHHS, CBA3aHHON ¢ pasiuuHeMm

mu®
Macchi Y30TOMOS B CUNY NOCTOAHCTBA CpefHell SHEprAH Tu .

Pazjesenre H30TONOB MOXHO NPOHIBOAHTL MyTeM AHCTHNAKHY (Bpencren u
Xenewm. PryTb npi 100° faeT naph, oSoraméHube Goaee JETKHMH ATOMAMH.
TlomecTis pTyTh NpH 3TOH TEMNEPAType B AbIOAPOBCKUI COCYA B 3aCTARAAA TOM-
HUMAIWHECA OT hee NAPH 3aTBEPAEBATL NPH CONPHKOCHOBEANH C MOBEPXHOCTDIO,
OXAAXKISHHOA 0 TEMNEepaTyphl HHAKOTO BO3AYXa, MOJYYAIOT PTYTh, ATOMHMH BeC
kotopoli Ha 0,1 MeKblie HOPMANbHON BemHVHHEL OTHOCHTENBHOE yMeHsUIEHHE
naotkocti (0,0005) TakoBO Xe, KAK yMEHbIIEHkE aTOMHOLO Beca, NOTOMY NTO Li30-
TONE NMEIOT OLHHAKOBME ATOMHBIC OfbemMm (§ 142),

Ipyrofi MeTOA COCTOWT B TOM, WTO €MeCh FA30B 33CTaBAM0T AMGHYHIMDODATH
uepes y3Koe OTREPCTHE HAW Uepes CHCTEMY TPYOOK C NOPHCTHIMH CTEHKaMu. Bosee
ZETKNC MOTeKyAbl AHGPYHAUPYIOT CKODES, H OCTATOR OBOFAUIGETCA TAKEMLIMH
MoZekynaMH. 3actaBue MHPOYHAHPOBATL Yepes TPYGKH C TNOPHCTHIMH CTEHKaMU
25 000 autpos HC, noaydnsu B ocTaTRe 3 NHTpa STOTO IA3a, COLEPIKABUIETO XAOP
© aTOMuBIM BecoM 35,51 BMECTO KOpMaAbHOro Beca 35,46 (TapKHHC H €10 COTPYARMKH).

Bce mpepnoxenuble MeTONB! PasfiefieHs MaJO NPUIOLHB B CHNY TOTO, UTO
OHK TPEBYIOT OueHb GONLINOTO TPY/A, 33 HCKAKUEHHEM Cyyas BOJOPOAA, H3OTONE
KOTOPOTO NMEIOT OTHOCHTENLHO CHABHO pasfnvaloniecs MaccHl. MX MOXHO pasie-
JHTb OYTEM RPOGHOTO WCNapeHHS HAW NyTeM sxexTponusa. Ilonnoe pasjenenne
JAPYTHX 3J1EMEHTOB HYXHO NPOWSBOAMTL TIPH NOMOIH CHEKTporpada, NPHBONA KX
B COCTOSTHHE MOJOKHTENBHEX yded. Takhm cnocofoM yganoch BhIAENHTb HEGOMb
uwe konmvectsa Liy v LI
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§ 23. Hoayuenue u cBORCTBA PeHTreHOBCKUX Jydeil. [pumenenuns

3td nyuH, OTKpHITHle PentreHom B 1896 r., GuiiM HaspaHbl uM
X-nyuamH, Tenepb e X OGHIYHO HASKIBAIOT PEHTIEHOBCKHMH JIYHAMH.
Dkpa ¢ NNATHHO-CHREPOANCTLIM GapHeM, MOMEEHHbIT TOGAH30CTH OT
pagoraiomeli KpYKCOECKOR TPYOKH, cBeTHTCS Gaaropaps jefictedio
HCRYCKAeMOro 3Toft TpyOKofi Hanyuexus. DT Jyudl HOHHBHPYIOT BO3-
AYX U ACACTBYIOT HA (oTorpaguueckie mractuykd. Ouu pacmpoctpa-
HAKOTCA NpsAMonHHelko. OHH BO3HMKAIOT B MECTe CTONKHOBRHHS KaToA-
HBIX JIyyefl cO CTeKASHHON CTEHKON TPYGKH HAM MOMEWEeHHBIM HAa MX
TYTH aHTHKATOAOM.

TIponHKaoIAas CHOCOCHOCTb DEHTTEHOBCKHX Jydell 3HAYHTENIBHO
Gosbllle NPOBHKAIOMEN CNOCOBHOCTH NOJNOMHTENBHBIX M OTPHIATENb-
HBIX JTyueft, o6pasyomuxca B Toil ke TpySxe. DTo AaeT HM BOIMONKHOCTD
NIPOXOANTD CKBO3b CTEHKH TPYOKH M PaclpOCTPAHATBCA B OKPYKalO-
meM HX Bosfiyxe. OTHOCHTENBHAS HENPOPAUHOCTh BEIECTBA AN STHX
Jyyell YBEHUHBACTCH C €FO aATOMHbIM BeCOM. Pasinune B NPO3PAYHOCTH
MBI H KOCTeli JaeT BO3MOXKHOCTh MPOHBBOAUTE PEHTICHOCKONHYECKHE
NPOCBEYHBAHUA WIH ROMYYaTh DERTTEHOBCKME CHHMKH, CMOTPS IO
TOMY, NPHMHEMAIOT NI AYYH Ha GuIyopecuupylomuil 3xpan nan Ha doto-
rpaguyecky:o naactheky. [ltoTabie MeTannbl, GyAydd BeCbMa HEMpo-
3pAYHbIMM JNIST DEHTIRHOBCKHX Jydefl, MOryT jaBath ewe Gonee
peskue Teru,

TponnKaiomas CNOCOSHOCTb PEHTFEHOBCKHX Jyuell YBeNHYHBaeTCs
© YBeJIHYCHHEM HANPSIKEHHs!, MHTAIOMEro TPpYOKY, B KOTOPOI OHH 06-
pasyioTca. CreopaTeNbHO, CHABHO TIPOHHKAIOMIHE PEHTIEHOBCKHE AyYH
CBA3AHbI ¢ OBICTPBIMU KATOAHLIMH Jy4aMy. PeHTreHOBCKHE JY4H He OT-
KJIOHSI0TCAA HU MATHUTHBLIM, BH 3eKTpHyeckum nonsamu. s sroro cie-
AYET, UTO OHH He NEPEHOCAT JEKTPHUECKOro 3apsifa. [TocnesHee MOXKHO

) Cw. Conf. Rapp., 1, Maurice de Broglie, 10, Dauvilliers, Maurice et Loui
de Broglie, Introduction a la Physique des rayons X et gamma, Paris, 1928.




[image: image75.png]76 PEHTFEHOBCKHUE JIVYU . v

NOATBEP/AHTh, NPHHNMAS STH NYUH B NOJHOCTBI HOTMOWAIOIUHI HX (a-
pageeBckuil nuanuap. Onwitel ZHdPaKIHN HA Kpxetanraax (§ 25) of-
HApYMKUAK, YTO PEHTTEHOBCKHE NYUH SBJSIOTCA CBETOM C OUEHb MAJOl
JVIHHOM BOJHBI. YJaA0Ch YCTAHOBHTb HeNPEPHIBHBIA NEpeXoA MemAy
PEHTTEHOBCKHMYU JIyuaMH H oObiuHBIM cBeToM (§ 29).

PenTrenoBckHe JYUM MONY€AOTCst HAM B CHENWMANBHO NPHCHOCOS-
JIEHHBIX JJs1 ONPENe/IeHHOTO SKCMEPUMEHTa TPYOKaX HAH B OOBIYHBIX
TPYGKax, NPOMBILIEHHO H3TOTOBASAEMBIX NSt MEAMUHHCKUX TPHMeHe-
HUll, YTIOTpeOGASOTCA TPYOKH C PA3PeKEHHBIM Ta30M, CHabKeHHbIe pe-
FYAATOPAMH JABJICHHA, WAH TPYOKH C PACKANEHHBIM KATOJOM H C Bbl-
COKIM BakyyMoM. TPYGKH THTAIOTCA TOKAMH BBICOKOTO HATIDSIHEHHH,
JIOCTABAEHHBIMH TPAHC(OPMATOPAMH, BBLINPSAMIEHHBIMH H CTaGHIH3H-
POBAHHBIMU IIPH NOMOUIH BLINPSIMHTENEH H KOHAGHCATOPOB. B 06biuHO
ynotpebaseMblx npuéopax Hanpsukenue goctiraer 250 000 ¢ npu Moui-
HOCTH B HeCKONBKO KHNOBATT. B Crieunanbbix ApHGOpax Hampside-
HHE H MOIHOCTb GBIBAIOT BEHILE.

Han6onee paxiioe nphmeneHne peHTreHOBCKHE NYUH HAXONAT B MeANUKHE Ans
NBYX OCHOBHLIX Lenei: peHTreHONHATHOCTHKH 1 PERTIeHOTepamuH.

TIpocBeunBaKte H PEHTICHOTPaH IAI0T BOSMOKHOCT: OGHApYIKIBATS TIOBPE-
KASHHA W TIEpeJIOMbl KOCTell, NOBPEXAEHHS BHYTPEHHNX ODFAHOB, TPHCYTCTBHE
B OpraH#3Me NOCTOPONKHX Ten, MONABIIHX TYAA B PE3YJbTAaTe HECUACTHOro CAyuasn
(otaeanHmiit mwct 111, pre. 1 u 2). TposnKamomasn cnocoBROCT yNOTPEGAREMbIX
AN PEHTTEHOIHATHOCTHKY Ay9Yell COOTBETCTBYET nampaxernio ot 50 o 100 xe.

Pentresorepanis oCHOBAHA Ha GROMOTHHECKNX NEACTBHAX PEHTIEHOBCKHX Ny’
weil. B cynae MaOMPOHWKAOWHX nyweR ST AeRICTBU MOTYT GiTh BDENHEIMA
B NPHIHHATE OMACKHE OOTH. CHALHO NPOHAKAIOWIHE AYuH 06AARAIT N36HPATeRb-
Wik ICAiCTBHEM HA HEKOTOLIC GOnbHBIC, HAIDHMEP PaKOBbe, KASTKH. Jlyult MOTYT
NIOCTHTATb # PA3PYWaTh STI1 KJETKH, He NOBPEXNAS KOXKH H BHMUIENENAIHX TKa-
well. OTCIONa BOZHHKACT HEOGXORHMOCTL DPasBITHS TEXHHKH NOAVYEHWS TAKHX
CHALHO NPOHUKAIOWIX Ayueil, TPEGYIOULHX BHCOKOTo Hanpsxenas {Boaee 200 Ke).

PentreHosckue MyYH HCNOAB3YIOTCA A/ HCCAEAOBAHUS TOHKUX METanKUeCKHX
NPEIMETOR (OTAENBHEL ket 111, puc. 3 u 4), AnA OMpefleneHys HCTOTEl H CTPYK-
TYPbl PasJHUNBIX Beweers W T. A. Jlaaelre GyfleT cka3aHo o6 WX HCMOAbIOBAHHH
ANS ueaell XHMITYECKOIO aHANK3a,

§ 24. Nornowenne. Paccesnue. O6pasoBanye BTOPHUHBIX Jyuei

TIpoxoxieHHe PEHTreHOBCKMX Jyueil yepes BellleCTBO COMPOBOXK-
JlaeTCs CNOMHBIMK fBieHHAMH. OrpaHHUeHHBI MyYoK Jyyell 4acTHYHO
FPOXOAUT Yepes 9KPaH, YaCTHYHO e Moraouaercss uM. Hekotopbie s
BLIXOJSMX M3 KPAHA Jydeil COCTABASIOT NPONOJIKEHHE NepPBHYHOTO
nyuxa, Apyrue ke SBASIOTCA HCIYCKAEMBIMH BO BCeX HANPaBNeHHsX
SMIOPUHHBIMG AYHAML, YACTHUHO COOTRETCTBYIOIUMHK PACCesSHUIO mep-
BUYHOTO H3/YUEHHS, & YACTHYHO €r0 NpPegpaiyesiito, CONPOBOKIAEMOMY
DOTNOUIEHHEM 3HEPTHH.

Obuutl Kospusitiensm noeaouenus pr NapanNeNbHOTO Nyuxa ayueit
ONpeAiensieTCst YTeM HAMEPeHUS HOWHBAIUNH, MPOHIBOAUMOH B BO3AYXE
NyHaMK [OCHe NPOXOXKEHHS Yepes SKpaHbl pasnnyHoil Toatmuue. Ecau
1o — HavanbHass HHTEHCHBHOCTb, a | — WHTEHCHBHOCTH HOC/IE MPO-
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XOMIGHHS Yepes C/iofl BeleCTBa, TOMUIMHA KOTOPOTO PABHA X, TG MOXKHO
Hanueats | == [ e~#x,

Ecnu g4 noCTOAHHO, TO NOTJIOWEHHE NPOMCXOAHT IO MOKA3aTelb-
Homy 3akoHy. Toraa p onpejiensieTes 0 HaKNOHY NpsMolt, fatomnedt Igl
B GYHKIMAM X, 2 TONUMHA L €05 TOJOBHHHOTO TMOIJIOMEHHS OTpefe-
AsieTcss W3 ypaBHeHus uL = In2 (cM. § 16). Ofniee nokasaTenbhoe
TIOrA0IeHHe PACCMATPHBACTCH KAK XAPAKTEPHCTHKA JAHHOTO OJHOPO-
HOro HM3NydeHus. OHAKO YHC/JEHHOE 3HAYEHHE i B HEKOTOPOH Mepe
3ABHCHT OT YCMOBHA PKCNEPHMEHTA H HE MOXET CUMTATBCS abeomior-
HOl nocrostHHON. KosdiuiuenTy u cooTBeTCTBYET MaccoBbIil KOS(MH-
HHEHT MOTMIOWEHHS 4@ H ATOMHBIA H MOMEKYNSPHBIR KOIbPUIHEHTH
noraolesun udfe i xMfg. ATOMHOE NOTVIOWEHNE SBASETCH BO3PACTAIO
meft GyHKIMeR aTOMHOro Beca, & MOJeKyJAfpHOe TMOrIOLIEHHe aLIH-
THBHO COCTaBJIsIeTCSt U3 TOINIOUICHUH COCTABJSIOUMX MOMEKYNY ato-
MOB. JInsl H3mepPeHHs pr MOKHO NMOJB30BATECA HMEKTPOCKONOM (pHe. T)

Puc. 41,

HIH HOHU3AIMOHHOM KaMepolt (pHC. 5), CORAHHENHON ¢ BMIEKTPOMETPH-
ueckuM npuGopom. Jiyyst NPOHHKAOT B 3TH HPHGOPH Yepes HUIKHIOD
CTEHKY, KOTOpas ¢ 3TOH UeABIO JeNaeTes Kak MOXKHO 6oJee JerKo mpo-
Hiyaemoit, [orjomamonue sKpanbl NOMEINAIOTCH MeK/AY HCTOURHKOM
H3JYYeHHS] H NPHGOPOM HENOCPeACTBEHHO Tepef STOH CTeHKoi.

HcnyckaeMble aHTHKATOOM TPYOKH DEHTICHOBCKME JYUM BCeraa
reteporensl. Kpusas, pawowas 1g [ xak ¢GyHKmuo x, BOrHyTa K OCH
aBCIce, YTO YKAablBaeT HA TO, YTO 4 YMEHBINAETCH ¢ YBe/HUeHHeM X.
YBesiyeHHe TPONHKAIIIEH CNOCOOHOCTH Jyuell ¢ TOAUMHOR HPOXO-
JHMOTO HMH CJIOSI BelliecTBa HasbiBaeTcsl guasmpayueli. Eo oObHO
NOAB3YIOTCA B rAyGoKof PeHTreHOTepanuH Ans YAYYIEHHS KauecTsa
sydgeit, B yuwiepS, UpaBAa, HX HHTEHCHBHOCTH. YKaKeM, YTO OGBIYHEIE
PEHTTeHOBCKHE JY4H MOTYT NPOXOJHTL Uepes UeOBEUeCKOe Telo HIIH
4epes HECKONIbKO MHJTHMETPOB ANIOMHHHA, HO 33JePMHBAIOTCH He-
CKONBKHMH MUJITHMETPaMH CBHHIA.

PasfiefinTs AeHCTBHS MEPBHUHLIX I BTOPHUNBIX NYUell MOXHO, NOAB3YACH Y3KO
HOHU3AIMONKOA Kamepoil (phc. 41}, koropas, SyAyuH B nojoxekhn B, noaywaer
TOMLKO MyuH, HanpasiekHbe no O0’. [lepemectin 3Ty kamepy B nosomerne B’
MOMEO OTPENENHTb KOMHYECTBO BTOPHYHBIX Jyuefl, MCNYCKaeMHX B JAaHHOM Ha-
npasaenin. Hemyckalne BTOPHUHBIX Mydell NPOHCXOAHT HE TONBKO MO HANpaBAe-
HHIO BNEPEA ~ YUl BHXORA (Nonoenke B’), Ho 1 B OGPATHOM HaNPABJEHHN —
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syan mxopa (nonowenne B”). Tornomatwmuhi sKpa, HCNyCKaouui BTOPHYHME
NYYH, hasslpacTcs pagHatopoM. ITomemas B KAMAOM K3 9THX TIONOXEHHH nepeR
BXONIOM B KaMepy JONOJIHNTENBHEIE NOFAOMAIONHE IKPAHBI, MOKHO CPARKRTL NpO-
HRKAIOMYIO CHOCOBHOCTS BTOPHWHBX Mydefi ¢ MpOHHKalowell CNOCOGHOCTBIO DeEp-
BiUHbX Ayucit. [IpH 3Tix HAGTIONEHARX NEPBHUHLIA MYYOK YACTO HANPABATIOT
HARAONHO K Pamwatopy (phc. 42).

Ecnii myuox peHTreHOBCKMX Ayuefl najaeT Ha pamHATOP, HAXOAR-
uulicss B BAKYYMe, TO MPH NOMOIH MATHHTHOTO NOJAS MOXKHO ofHapy-
IKHTB BO BTOPHYNOM H3JYUEHHH MPHCYTCTBHE KOPTIYCKYASPHBIX Nyuelt,
COCTOAWHX M3 3eKTPOHOB {puc. 52). Takum 06pasoM, peHTreHOBCKHE
Jy4H, HCIYCKaeMble BelIeCTEOM NpH GoMGapAHPOBKE ero 3JIeKTPOHaMH,
caMu cnocofiikl BeIGHBATh 3J€KTPOHbl M3 Beiectsa. Haxonsuwiics B
BAKyyMe H30JMPOBAHHBIA pafmaTop, Wenyckas SAEKTPOHE! NoA Aeii-
CTBHeM PEHTrEHOBCKHX JMyuelr, sapsikaercsi ponoxutensho (Kiopy u
Canbak).

Papyatop MOMET TaKke HCHYCKATh BTOPHUHOC MEKTPOMATHHTHOE
HBNYUENHE, KOTOPOE MOMET 3lAYHTeNbHO OTMHYATHCA OT MEPBHYHOrO

nsayuenusi. [Tpy Taxom npespa-
IEHKK H3NYYEHUS ero TNpoHH-
KaoIas CIocOBHOCTh YMeHbllaeT-
cst —(Canbsix). PaGornl Bapkna
[OKA3a/H, YTO MCNyCKaeMele Jer-
KHMH aTOMaMH BTOpHUNbIE DeHT-
TEHOBCKHE JYSH Masi0 OTAHYAIOTCH
: OT MepBHUHBIX Jyyell M MOryT
A PACcCMATPUBATLCA KaK PACCRHHbIE
Puc. 42. 00" — nepewannft napansemanp  AY4L, HO HTO IKENE30, MEAb H
Tyuok, A -~ pamkatop., 0°0’" — Bloprumbii JIDYTHe THMEJBIE METaIbi HCHY-
s, BTG5 SOOI cialor caepX TOrO Xapakiepiioe
‘oT neToumIKa NepERSHBLL NYded. AT ZAHHOTO aToMa OWeHb MANo
DpoRKKatollee Hayuerue. 700w
OHO MOIMIO BOSHHKHYTB, BO3CYKAAIONIHE JAYYH JAONNHE 0GaagaTh
Gonblllell MpPOHHKatwomiell CNOCOOHOCTLIO, HeM XAPaKTEPHCTHYECKHE.
Tponnkalomas CnocobHOCTb XaPAaKTEPHCTHYECKHX Jiyuyell NPaBHJBHO
YBEAHUHBAETCSH C ATOMHEIM BECOM YOTPeGIAeMOro B KauecTse paznaropa
BeillecTa . MOXKHO NIOAYUHTH NPABHABHYIO CePHIO NPAKTHYECKH OAHOPOA-
HHIX H3AyYeHHil, HashiBaeMylo K-cepueii. CyilecTsyeT Takike Apyras
Cephs HCMYCKAEMbIX TeMH 3KE BEUIECTBAMH, HO ellle JIErye NOT/IoMaeMbIX
H3NyYyeHHil, nasbiBaeMas L-cepueii.

TIpuBOINM BeJTHUH bl MACCOBHX KOS(OHIHEHTOB NOTMIOMEHHS B A0

MuunH Ayuell K- n L-cepuii HekoTophX diemenToB (B equunuax CGS).
Fe Cu Ag Ba Au Pt
K-cepna .. 88,1 48 25 08 — —
L-cepha .. — — 760 220 25 20

Vanyuenne Bropuunbix K-, L- H APYIHX cepuil yacto HasbiBaloT
(payopecteryueil. DTH CePHU COBEPIUEHHO AHANOTHYIL ONTUYECKHM CeC-

B
|
{
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PHSIM CHKTPAbKLIX JMHHA, N HX TEPMb! B IeICTBHTELHOCTH HE OfHO-
poausl (§ 28). IMorsomenye SHEPTHH, COOTBETCTBYHOIEE OGPA3OBAHHIO
XapaKTepPHCTHYECKHX cepHif, Ha3LIBAIOT NOTJIOMEKHEM MyTeM dnyopec-
nesuyn. Ero HaseiBaloT Taxke (OTOINEKTPHIECKHM ROLJOUWEHHEM, TaK
KaK JOKA3aHO, YTO M3MydeHHe (PAYOPECIEHLHH CheflyeT 3a HCMycKa-
HHeM BTOPHIHBIX SM€KTPOHHBIX JTy4ell, 0 KOTOPHIX GbIIO CKA3aHO BHILe,
Tlpn nOr7OMmEHHH 3HEPrHA MepPBHUMLIX JyYell H3 aTOMOB paiHaTopa
CHaYajla M3BJNEKAIOTCA S5JIEKTPOHbI, HA3LIBAGMBIE (HOIMOIACKMPOHAMY.
Bosuukaiomiee B pesyJbTaTe 3TOr0 BOSMYIICHHE aTOMa BBIZBIBAET
$ayopecuenunio. [IpaBuao, corjiacHo KOTOPOMY NPOHMKAIOWAS CTIO-
COBHOCTb Jryveil (MIYOpEeCHERIHH HUXKE SHWePrHH RNepBHUHMIX Ayueil,
PABHOCHABHO 38KOHY CTOKCA O TIOWHIEHHH YaCTOTHI H3/YYeHUs NPH
(uIyopeclleHIliH B Ciyyae TorJoledus cseta. [JleficTeuTesnno, mpo-
HUKAI0IAs CROCOGHOCTD PEHTIEHOBCKYX JAywell ssisercs: pynkuued nx
YACTOTH H YMEHBUIAETCST C YMeHbUIEHHeM NocyesHed.

Paccesrue, HaKNafbipalileecs Ha GOTOITEKTPHYLCKOS TOTJIOWIEHHE,
BHI3LIBAET YMEHDbUIEHHE UHTEHCHBHOCTH NyuKa NyTeM €ro pacillipenns
6e3 SHAUMTeBHOTO H3MEHeHWsl uacToTel. CReloBaTeNbHO, 010 CYNeCT-
BEHRO OTAHYACTCS OT (OTOMMEKTPHUECKOrO MOTNOUICHUS.

Tostomy o6t KOI(XPHLUHEHT NOTMOUWEHNA PEHTTeHOBCKHX Ayueii
HYKHO PA3/eNINTh HA BA WieHa:

p=t+0,
Ilie T — ucmunrod Kospuyuenm nozaowenus, a @ — Kospuyienm
paccesnus. STOMY TIOCHEHEMY COOTBETCTBYET MACCOBLI KOI(HUHEHT
ap, 6auskuit k 0,2 B IIHPOKKX Npe/ieNiax NPOHHKAIOWHX CIOCOOHOCTe,
T. e. 4acToT penTrenopckux aydeft. [x. Jk. Tomcon pan Teopuio
DacCesiHKsl PeHTTeHOBCKHX Jyyedl. OH TpHNHCa® 5TO paccesHne TOMY,
YTO COREPIKAIMECA B BEWIECTBE HIKTPOHBI MO/ BAWSIUEM 3MeKTpOMAr-
HHTHOTO NOJIST AAJAIOMIEro H3NYUeHHSt NPHXOAAT b ABHikeHne. Kawzoll
Takoll CMeUleHHBIl SMEKTPOH B CBOIO OUepefb HCNYCKAeT H3dyuenne,
MpUYEM eCi CBA3b BJEKTPOHA ¢ ATOMOM HE OUeHb TpouHa {calo CBa-
3aHHbIA 3NMEKTPOH), TO STO H3JYYEHHE HMEeT NPAKTHYECKH TOT JKe Tle-
pHOL, uTo i MepBHUHOE W3NyueHHe. Paccedsaouas crocodHOCTh aToma
YBESHUMBACTCS C YBeJHUEHHEM UHC/IA €ro SJHEKTPOHOB, OTCIONA BbITe-
KaeT BO3MOMHOCTb TPHOSHKEHHOFO H3MEPEHHS GHCIa 3JACKTPOHOB,
PABHOTO aTOMHOMY NOpsAAKoBoMy uncay (§ 35). o onpeenserca W3
thopMyBl
8z eln
3 mxé’

TAe n — 9YHCAO 3NEKTPOHOB B eAWHHIE 00BeMa PacCeHBaioiliero Be-
WIECTBA, /M — MACCa 3MEKTPOHA, € — ero 3apsfl B HMEKTPOCTATHUECKHX
CIHHULAX, ¢ — CKOPOCTb cBeTa, [loMb3ysich MPHBEICHHBIMH BHIIE
3naveHnaMu e, m, ¢ v n § 11, 15, naxoaum

¢=657.10=%n, afo=0,40 NJA,
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rae A — atomublit Bec, N — aTOMHOe MOPSAKOBOE YHCAO PacCeHBalo-
MUX aToMOB, a N/A — BeNMUMHA JIsl BCEX ATOMOB, 33 HCKJIOYEHHEM
BOAOPOAA, paBHast WAH Oinskas K 0,5.

Cornacuo 370#t $opMyne KOIQHUIHEHT PacCesHAS HE 3aBUCHT OT
AnHHsl Bosnbl. Kpome TOro, H3 TeOpeTHHECKUX COOGpaKeHHil Ciexyer,
YTO HHTEHCUBHOCTD H3/YYEHHS, PACCEHBAEMOTO TOA YTJIOM § K Hanpas-
JIEHNI0 NEPBHYHOTO NYYKa, PACAPEASIIETCS CHMMETPHUHO 1O OTHO-
WIEHHIO K TNJIOCKOCTH, TIePNEeHARKY/SPHOA K MyyKy, Tak yto sdiexr,
HaBnofaeMbIil 10 06e CTOPOHB OT 3TON INIOCKOCTH, AONKeH GBITh OAH-
HaKOB. DTN TeopeTyecKHe NPEANoOKeHH TIOATBEP KAATCS ANT PEHT-
TeHOBCKHX Jyueit co cpefHeit wmmnol Bonubi (1078 cu). B cnyuae ke
aydedt ¢ Manofl AAMHOH BOMHBI (KeCTKHE DEHTIeHOBCKHE JAY4H, WJH_
P-MyUuH) KOSBGHUHEHT PACCESHUS YMEHBIIACTCS C YBIHUCHHEM JHHbI
BOMHBI, 4 WHTEHCHBHOCTb DACCESHHOTO H3AYUEHUS pacrpenessercs
NpeHMyNIeCTBEHHO N0 HANPABACHUIO BIEPE, T. €. NOJ OCTPHIMH YriIamH
K HaMpABJEHHIO MEPBRUHOTO NMyYKa. ITH GaKTel GbUTH TEOPETHUECKH
oObsicHeHbi A. KOMNTOHOM, KOTOPBI 10Ka3a/ OXHOBPEMEHHO, YTO pac-
CesIHHOE H3NYUEHHe He ABAACTCH, KAK 5TO AYMANK Apexe, CoBEPLICHHO
TonoGHbIM NepBHUHOMY HM3nywenHio (§ 30).

§ 25. Audpakuun PeHTTEHOBCKHX Jydedl B KPHCTALTAX

TlombITkY HecnefOBaKHs AHGPAKIMHE PEHTREHOBCKUX JAyyeil mpH mo-
MOU TPEYTONLHOM LieJH NOKA3alH, YTO JUIHHA BOJNHBE! 3THX JAyuefi
HMeeT MOPAJOK BenaHBb 10~% car, DT0 3aCTABRANO AYMATD, UTO AS HUX

» ,  ClIeNyeT NPHMEHHTDb DelleTKy C HHTEPBANaMH
7 mopsiaka [0~% cs, HaM onHOro aHrcTpeMa.
Hureppanst Takoro NopgAKa CYUIECTBYWOT
MEXAY MOMEKYAaMH, 0GpasyIOIUMI TBEpAble
Tena, KpHCTaN B, @ KOTOPHIX STH MOJIEKYAL!
PasMeIEHE B ONpENeSeHHOM MOpSKe, MO-
TYT CAYXKUTb AUPPAKLUOBHBIMH PelleTKaMi
IV PEHTTEHOBCKUX Jiyuell, Bbickasaumas
Jlaye MBICAb O BO3MOXHOCTH TIpHMEHeHHs
=ty KPHCTAJNIOB B KauecTBe JH(PaKUHOHHON

pellleTKH Gbila TOATBEPKACHA SKCDePUMeH-

TanbHo, YToObi mOAy4HTh KAPTHHY ARGPaK-

Puc. 43. UHH  DeHTIEHOBCKHX  Jyvel, JocTaTouHo

NOMECTHTL HA IYTH TOHKOrO nyuka Jygeft,

najaomero wa QororpadhHYecKyio TNAACTHHKY, KPHCTAaJJIHYECKYIO
nnacthHKy L (puc.

TIpeaAnoJioKHM, UTO MIOCKOCTb KPHCTAZNHYECKO TMACTHHKY NepneHidKyAapia
K Dajalomemy Myuky, HanpaBJeHHE KOTOPOTO COBMAJeT ¢ OChI0 CHMMETPHU OA
KkpHcraana. Ha dororpaguueckoil naacTiHke P TOAYUaeTes UCHTPAABHOE TIHTHO A,

00pa30BAKAOE NPAMbLIM YYKOM, H CEPHS MEHEE HHTEHCHBHBIX [ATEH, TAKKX, Kak M,
06pa3oBAHKLIX OTKAOHEHHBIMM 6 ONIPEASNEHHHX Ranpamjerusx nywkamu. Copo-
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KYTHOCTB STHX HATeH oOpasyer GHTYPY, HA KOTOPOH OGHAPYIHBACTCR CHMMETPHA
Kpucranaa Bokpyr ock OA. Hanpuwep, ccan 57a och seaseres TpoiHofi, TO NATHA
pacnonaralorcs B BepUINHAX PABHOCTOPOHHIIX TPEYTOABHHKOB, IEHTP KOTOPHIX Ha-
xoputes B A. Ha otacapkom

amete TV (puc. 1 2) (B Kos-

e KHHTH) JaHH JBe NOAy- T
4eRHble TAKHM 0OpasoM M-
(GPAKUIORABIE KapPTHNEI.

310 JaeT samevaTenbROS
OATBepIHACHHE TeOPHY Bpass,
COPRACHO KOTOPOI KPHCTA/AL!
06pasyIOTCA SNEMEHTAMH, ATO-
MaMIl RN MONCKYRAMH, Ha-
XONAMKMICA B y3aax pewen- ¢
Kku. CeMB KPHCTARIMUECKHM
cuctemam COOTBETCTEYIOT
HeTHPHAAUATH BHACE PEWIETOK.
K ky6nueckoft crcreme npu-
HaJIeXaT TPH PELIeTRH: 1poc-
o Ky6, UEHTpHpOBAHHBITK
Ky6 ® KYG © NEHTpHpOBAH- 1z
nbMH rpansmu, T. €. Ky6 C
SNEMEHTOM B KAXIOM y3ae, Prc. 44.

Ky6 C daeMeHToM TakiKe B
B LEHTPe H KyS ¢ Aonoiui-
TENBHBIMI SMEMENTAMH B LeHTpax rpameli (puc. 44). [lnn KaaoR KpaCTALNMUe-
cxoft CHCTeMW CYIIECTBYET pelleTka ¢ mpoctoit ayefikoil B GopMe napannesenunesa
€ O/IMHZKOBHMH 3/EMEHTAMH TOJABKO B y3naxX. UuCio 3NeMEHTOB B 9TOM cityuae
PaBHO HHCAY 4eeK B OGBEME KPHCTAANA, COAEPIKAIIETO GONBLIOE YHCIIO BNEMEHTOB.

Korzia wa KpuCTam) najaer sIeKTPOMATHHTHOE H3JYUeHHe, BCe ero
3JIeMeHTH BO3CYKIAIOTCA H CTAHOBATCH, KAK 3T0 NPEANOAAraeTcs B
ONTHKE, UEHTPaMU UCRYCKAaHHS ONHHAKOBLIX BOJH. B HekoTOpEIX Ha-
MpaBieHNsiX NPOHCXOAHT COBNajeHHe (as
BOJMH, HAYIWHX OT NOCAEROBATENBHBIX Sj1e~
mentos, Gnarogaps uemy ofpasyercs
MaKCHMYM WHTEHCHBHOCTH, AQIOHME IH-
(pakunonnoe nsteo. TeoperHyeckoe uc-
ClIefOBAHHE MAKCHMYMOB H MHHEHMYMOB
OCJIOXKRACTCA  TeM, 4TO pelleTKa HMeeT
Tpu uamepenus. Ilo metoxy Bparra pu-
$paKuMio Ha MOJEKYJaX KpHCTamia pac-
CMaTPUBAIOT KaK OTPAXKEHBE OT QHOMHbIX
naockocmeri. Kora niockas Bofina nagaet
/e TOA yMOM § Ha aTOMHYK DJIOCKOCTB

g (prc. 45), ayuam AQ u A'O’ cootsetct-

Puc. 45. BYIOT oTpaXkennkle ayyn OB n O'B’, ¢asn

xoToprx B B u B’ coBmapaiwor, TaK Kak

nyty AOB u A'O’B’ pasubl. ChnefosaTenbHo, sjemeHT OO0 NOCKOCTH
PELLETKH AaeT COBNajaiolHe 2¢xpeKThi MO YIAOM OTPaXeHHR 6, PaBHbIM
yray mafiedusi. Makcumym oGpasyercs B TOM cayyae, Korja K sdupekty
5TOH NepBOi MJOCKOCTH MPHCOEAMHSAOTCA S0xpeKThl rydie JMexallHX

6 M. Kiopn





[image: image81.png]82 PEHTFEHOBCKHE Ayuh . v

IAOCKOCTEll, HallpuMep NIOCKOCTIH, Jekaued Ba paccroannn 00" = a
unxke Bepxuel. ®aswr ayuelt AOB 1 A’0’'C coBmafaioT npn ToM yeio-
BHH, 4TO PASHOCTb XOAQ 3THX ayyveit EQ''D Gyzer pasua uenomy unceay
AaWH soaH. OTCIofa BbITEKaeT yCoBHe:

2a cos B =nk.

Korza yron 6 Gansok Kk /2, nonb3yioTcst ero AONOABHTENBHEIM
YOAOM @, OOpa3yeMbIM JIYUaMH C IMIOCKOCTBIO PEiIeTKH, H THIIYT:

2asing =ni.

Yucao n BasbiBaloT nopadkosm Makcumyma. VRTeHCHBHOCTb MAKCH-
MyMa YBeIHUHBASTCA ¢ MOBEPXHOCTHON MIOTHOCTBIO OTPAKAIOMIHX 3¢~
MEHTOB Ha aTOoMHOfl nuockocTH, HanGosee s(peKTUBHBIME SIBAAIOTCS
BaHeliIHe IOCKOCTH, COOTBETCTBYIOUIMe HAHOOMBIIAM BeJHIHHAM &.
K uncay X OTHOCATCA MMIOCKOCTH CMAfHOCTH M ecTecTBelHbie IPaHH
Kpretannoe. Hccnelosanne MakcuMymoB CBOAHTCS K HCCJELOBAHUIO
noAoMends U 3GPeKTHBROCTH aTOMHBIX TUIOCKOCTeff, YHCIO KOTOPBIX
HE OTPaHHUEHO, HO H3 KOTOPBIX TOMBKO BaXKHefilMe 0GHAPYXHBAWOT
cBoe TpHCyTeTBHE. YToOLI MAKCHMYM MO NOABUTBCS, 4 AOJIKIO ObITh
Gonbirre Af2.

§ 26. CnexTpanbHBE aHANHZ B CTPYKTYPA KPHCTAMLIOB

Iuppakudst PeHTreHOBCKMX Jyuell HA KPHCTANAAX OTKPHIA ABa
BaxHBIX NYTH liccaeosanus: 1) ananns o0pasylomUXCa B Pa3IHUYHBIX
YCNOBHSIX PEHTreHOBCKHX
nmyseft, 2) npumerenne
PEBTTEHOBCKUX JYYei anst
HCC/IEZIOBAHUSL  KPHCTAJ-
nuueckolt CTPYKTYpHl).

OGLIYHO ~ CNEKTPanb-
HBIl  AHAAM3  NPOH3BO-
JMTICH  METOAOM  6pa-
HEIOWE0Cs  KPUCTAARG

T (puc. 46). Urobbl nomy-

Puc. 46. uNTh AHGPAKIMIO Jydei,

TONB3YIOTCA  €CTECTBeH-

HOM rPambIO K IUIOCKOCTBIO CNAHHOCTH KpHCTaANa (KaMeHRoi
COMH, KaJbMTa, THACA H T. A.). .

IMyuox nyueil, HeXoAAWHX OT HCTOUHKKa S, npofina wepes wens D,
NajaeT Ha IVIACTHHKY L, MOMElleHHyio Ha cToHKe ronnomerpa. [Ipo-
eI CKBO3hL NIACTHHKY L NyyoK faer aoOpaxeHuwe B Touke A ma
doTorpadrueckoiil nnacTurke P, nepnewjHKyASPRON X €ro Hanpapse-
nuio. CTOMHK MelVIEHHO BpallaeTcs BMeCTe ¢ KpHeTamnoM. Ecan nyvox

) Conf. Rapp., 6, Ch, Mauguin.
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COCTOHT M3 Jyuelf, LIHMHA BOJRH KOTOPHIX H3MEHSETCH HERpepbiBHO,
TO HA NJACTHHKE NOAYYAIOT CRAOWHOL crexmp.

Econ uHTEHCHBHOCTB BOJMH € AAHHON A Bble HHTEHCHBHOCTH ADYIHX COCeZ-

HHX TI0 ARHMG BOAH NYYKA, TO TOAYSAloT AHKMIO, AR koTopolt 2a sing = nA,
TAE G — PACCTOABHE MEXNY ABYMS GAHMANUMA ATOMHBIME TTOCKOCTSAMH, Tapan-
neﬂbx—l;;)mn oTpamaomell rPaKK, a @ — Yol NajeHHs TYYKa HA OTPaXawollyto
rpaHs?).
P DoTOrpadHuecKyio NAACTHEKY MOMHO 32MEHHTh HOHH3AIHOHHOH KaMmepoil, B
KOTOPYIO MYSOK NPOKHKAET YEPE3 Y3KYIO LeNb, YTO NMOBOAACT HCCAEAORATL MH-
TEHCHBHOCTh CIIOIIHOTO CMEKTPa B 3aBUCHMOCTH OT yrua @. Korza xpicrana
MOBOPAYABACTCA BOKPYT OCH HA YFON @, NOACTABKA KAMEDBI MONZKHA MOBEPHYTLCS
BOKPYT TOfl e ocH Ha yron, pashhiil 9p. [lonaxakne B kamepy OOl W3 A
BBIPAKAETCST PE3KHM MAKCHMYMOM Ha KPHBOK HWHUTENCHBHOCTH HOHH3AIKH KaK
$yHkwin sin @, nponopuuoHanbHofl 4.

TIpHhereHHe HORMBAUAOHHON KaMEpB faeT BOSMOXKHOCTH H3MCPATH KOSMH-
1MEKTH TIOCAION(EHHS Ayueh C ONPEASICHHON JNBHOA BONHE NP NOMOLI TIOMe-
ASMBIX MEXAY KaMEPOA H LIEAbI TIOFNOWAIOWHX JKPAHOB.

Monsyach ofHHM H3 YKA3aHHBIX METOJOB M OepAl B Kauectse HC-
TOUHHKA M3NYUeHH: (OKYC AHTHKATOAA, TIONYUAIOT CILIOIKON CTIEKTD,
Ha KOTOPHIfl HAKNAAEIBAIOTCA NHHHH, TPEICTABAAILIHE )apamepncm-
ueckHe JIyYH MeTamia, H3
KOTOPOTO ClieNiaH aHTHKATOA,
¥ AZST MX 00pasoBaHHA Tpe-
GyeTcs onpeAenenHoe MKEHH-
MaJbHQE IlHTaylnee Ralpsa-
skenne. Hamepsa  koadu-
UREHT MOrNOMeHns, o0Hapy-
KUBAIOT, YTO STH JYYH OPU-
HapnemaT K K- n L-cepusam,
HO 4TO Kafas Tpynma He
OJHOPOAHA, @ COCTOHT M3
HECLKOIH:KHX OTAGABHLIX k- Pue. 47, DudpakUHOHALIA COSKTP PEHTTEHOBCKMX
HHA € GAUSKHMH [POHAKAIO- ™" nyuett, ~ ncnyckaewsix MAATINOBKM | aHTHKATOROM.
LHMH  CNOCOGHOCTAMH . He'hrpzn%:x et vaonnol Com. IS e
KOTODEI JIHKIH HOSBASIOTCS  ui nepsu nopasor, Aw, B, v 8topof - MopAAoK
He TONBKO B MepsoM, HO H oo
BO BTOPOM, H B TPETBEM
nopaakax (¢ ymeHblnajomefics HHTeHcupHocTbto). Ha puc. 47 nao-
GpakeHa YacTh NOJYYEHHOTO METOAOM HOHHBAUUH CHEKTPa HCMYCKAHHS
MNAaTHHOBOTO AHTHKATOAA, 2 Ha ofAenbHoM jaHcTe IV (pne. 5) — cnektp

KoL 0K

3) Teomerpuueckie co06paKeHns NMOKASHBAIOT, Y10 BPANAICWMACA KpUCTARA
JAaeT AN KAKAOTO MOHOXPOMATHYECKOTO H3JYYeHHs HCTHHHOE W306pajenHe ILeTH
D, aexaiee or ocH BpameHuss O Ha TAKOM e pacCTONHMH, KAK H cama Wb,
CnejioBaTe/IbEO, HaHAyumde YCAORHS Ajf NOJAYYeHHs OTYETIIHBOTO CMEKTPA KO-
AYHATCH TPH GOTOTPAGHPOBANNH €O HA MeliKe, HMeioued $OPMY KpYTOBOTG
UHANHADA, OCB KOTOPOFO COBNIAAART € OCHIO BPAWGHHS KPHCTANIA, 8 PAfHYC paBed
paccroaruto OD, [loka yrom AudpakiHn OCTAeTCA MAJBIM, 3T0 PABHOCHIBLHO HCe
M0Nb30BARHIO MIOCKON NAACTHEKH HPK paBHblx paccroswusx OA w OD. Bpa-
WAaTeNbHOE ABMIKEHHE MOMET ObiThb 3aMeHEHO KonebaTenbHLM.

6%
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MCTIYCKAHHA BOAb(PAMA, MORyueHHblt Ba doTorpaduyeckofl maa-
cTuHKe (cM. B xonue KHurw).

Hns usmepenns a0CONIOTHON BETHUMHBL A HYKHO 3HATD MAPAMETD a.
B cnyuae KyBuueckofi aueiikM 3ToT Mapamerp pasen pebpy kyGa.
Tlycrs D Gyper mioTHOCTL KpHeTaana, M — ero MoseKyJsipHbifl Bec,
N — uncnio Asorafpo. Tak xak ofreM, 3anlMaeMbiil [paM-MONEK YOS,
paBeH M[D W conepuT N s/1eMEHTApHBIX KYGOB, TO 06BEM KamAOro

3

M3 3THx Kydos paeen M{DN, a pefpo a = V—DMN Ecau  auefika

He SIBJfeTCA NPOCTOl, TO 3TOT pacuer CneAyeT H3MERHTb.

B cryuae kamenHoli comM — KyGHYECKOro KPHCTAAAA, MACTO HCTIONB3YEMOTO
TpH CHEeKTPOrpadmy PEUTTeRCECKHX Jyyel, — NPUXOAMTCA AOTIYCTHTB, YTO XJIOP
K HATPHil pacTiosoellbr nofepemenso B Bepmniax kyGa. Taxum obpasom, pe-
weTka NaCi cocouT H3 ABYX B3aHMHO NPOHHKAIOMIX PEIUETOK C IeHTPHPOEARRHMK
AUERKAMH, OIHOM — COCTABNCHHOI H3 HKOHOB HATPHA, ZPYTOH — H3 HOHOB XAGPa
(prc. 48). Cregopatesibio, NPH NOMLIOBAHMT €CTECTBENHON TpaHbio 100 HYMKHO
CUNTATE 1y NOACKY.S HA TUEHKY KyOIUECKO/ PElIeTKN ¢ HTPHPOBARLMA TPARS-
M, OTEYRA

Apuunman D = 2,15, M = 585, N = 606 - 105, naxoaum
= 2,81 10~ cu = 2,81 &%),

Takas CTPYKTYPa BCTPEMaeTCR y MuoTMx conell, ofpasyloutx KyGnueckhe
KpucTannsl, OBa LOWA 37eCh, NO-BUAIMOMY, PASIENRUEL, N NOHSTHE MONEKYIh
NaCl yHuutomaercs.

Hecneposanye KpHCTanioB COCTOMT B CPAaBHEHHH IPH NOMOIIH H3-
BECTHOTO W3JIYUeHHS PACCTOSHHN MeXay TIMaBHeHIUHMH TJIOCKOCTAME
PeLieTKH H BbIUHCTEHHH OTCIONa KpHC-
TaLHYECKAX NAPAMETPOB,

Metoa  Bpamaomerocs KpucTania
MOXET ObiTh 3aMEHeH HeKOTOPHIMH ApY-
THMH MeTofaMH. MoxHo YnoTpeGnsith
H30THYTYIO CIONAHYIO TMIACTHHKY, Ha-
JOKEHHYID HA WHJHHAPHUECKYIO MOA-
CTaBKy, H TakHM cnocofoM Ge3 Bpa-
UeHUs NoAY4aTb ANl PacKOAALerocs
myyka Jydell, najaioumero Ha heGomb-
HIylo 4acTh KPHBON NOBEPXHOCTH, Pas-
JIMYHBIE B ONIPEJeeBRBIX NPefeax YIab
nafenus. CIEKTpHl NOAYYaloTES HAH
B pe3yJibTaTe OTPAKeHHS, WJH B De3yJibTaTe NPOXONACHHA Jyuel
CKBO3b NIACTUHKY. J1151 MCCAeAOBAHNS OYeHDb MAJIBIX. KPUCTAMIOB yNlO-

Pre. 48,

%A san aurcrpem pasen 107¢ cu. Onna X-exnunua pasra 1071 ca,
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TPeBASIOT CNOf KPHCTAA/IHuecKoro nopomka. Korpa ckBosb Takol
crofi DPOXOAMT Y3KHEf NMYYOK ONHOPOAHEIX Ayueit, TO Ha ¢oTorpadmu-
wecKOil MIACTHHKE, NePReHAHKYNAPHOH K HANPAaBACHHIO MydKa, [O-
nyyaercd cepust KOJiell, B LEHTPe KOTOPBIX DACNONOKEHO MPSIMOe
usobpaenue nyuka. Kaxjoe KOAbUO COOTBETCTBYET OTpAMKEHHID OT
OfHOI CHCTEMBl MIGCKOCTEL, OPHEHTHPOBAHHBIX KaK TJIOCKOCTH, Kaca-
TelbHbIE K KOHYCY, OCHO KOTOPOro fBAfeTCA Wyuok ayueli (meton
JHetas—Ilepepa).

Hpa apdpakunn ayuefi B NOAYKHIKHX KPUCTAIVIAX H HMAKOCTSX
NoNyJaoTes TaKKe NpapHAbHee GUrypsl. [lpu audpakuny B xuAKO-
CTAX MONYYAlOTCs KOMbUA, UEHTPHPOBAHRHE BOKPYr TPAMOTO My4Ka,
Y10 OGBACHACTCH M3BECTHON YNIOPSAROUEHHOCTHIO PACTIONOKEHUS MOne-
Ky B KHIAKOCTH, BOSHHKAIOWEl B Pe3ynbTaTe WX COMKeNNs.

§ 27. Npenomnenne. Nonuoe orpanenue. Moasipusauns

B kauecTse panbeliliefl aHANOIHH MeKAY PEHTTEHOBCKHMH yYaMH
H CBETOM MOKHO OOHAPYXHTD MpeJOMAEHNe ITHX Jydell MpHaMoli, cle-
nawHOfl W3 YRVISi, cepbl, CTekaa MAH MeTaina. Flokasatenns mpemomie-
HHS PEHTIEHOBCKHX Jyuell memHoro Menbliie eannunm. Usmeem

n=1-4,

e 0 — BenuuHHA nopaaKa oT 1075 go 10-8 uns A okono 1 A, Orciona
CaIeAy€eT, MTO NYUOK PEHTPEHOBCKHX Jyuell, NoNajas 13 BO3AYXa WIH
TYCTOTH B 60/1€e TVIOTIYIO CPeAY NOL YIAOM @ K MOBEPXHOCTH pasgena
STUX CPeJl, NPENOMASETCs], eCllH @ BOMBLIE @q, ONPEAENSEMOTO H3 COOT-
HOLWEHHST €08 P = n =1 — 3§ wiu sin® g, = 28.

TTpu @ < @ TPOHCXOUNT NOAHOE OMPasCeRUe MKA. @y AN Pa3-
JIMYHBIX BewecTs (cTekno, MeTaiant) pagno 10—20 mpn. npu 4 = |
W YBEMMUHBAeTCA BMeCTe C A.

SIB/IeHHe MOAWOrO OTPAMEHHT KANO BO3MOMKIOCTD NONYUHTh JH-
(PpaKUHOHHEIA CMEKTP PEHTTCHOBCKHX nyuefi, NOABL2YACH ONTHYECKON
peweTkol IpH ManoM yrie Najenus; ¢ << @4 (oTAenbHsni axet IV,
puc. 3). Ecnn @ + o Gyzer yroa, o6pasyemblil OTKJOHEHHEBIM JTY4OM
© MIOCKOCTBIO PEIIETKH, TO /s MAKCHMYMa n-T0 NOPSAKA HAXOAHM
aw(2¢ + ®) = 2nl, Tie a — HHTEPBAJ PEIUETKH. DTOT MeTOA Nof-
TBEPLNA DE3YNbTATH, BuiBe/ICHEbe U3 NHMPAKNMK Ra KpHCTAAAax
(Komnron u Hyar, Tu6o). Hs npenomnesnsi penTreHOoBCKHX nydei
caeAyeT, 9To GopMysia Bparra He BnofHe Touna W JOIKNA GbiTh He-
MHOTO HCTIDABJIEHa.

CymecTBoBaHHe AMd Nygeil BHICOKON YaCTOTHI MokasaTensi mpe-
JIOMAIEHUS, MEHBUIETO CIUHHIbI, COTAACYeTCS ¢  3AeKTPOMAaTHHTHON
Teopueil.

3Ta Ke TeOpHs NPEAYCMATPUBAET, UTO PACCEMBACMbE JETKHM pa-
AHATOPOM R PEHTTEHOBCKHE YS! ABAAIOTCH NONSPH3OBAHHBIME, KOFAA
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PX HAMpaBJeHHe NEePNenIUKYNAPHO K HANPABJCHHIO NEPBHYHBIX Y-
vefl. TMpuHHMas paccesMHBIN MyUOK Ha BTOPOH pagmatop R, cnyma-
1M aHaAH3aTOPOM, Bapkna, B COOTBETCTBUH C TeopHed, ofHapyxua
JISt 3TOTO BTOPOrO PACCESTHHSI MAKCHMYM HHTEHCHBHOCTH B IJIOCKOCTH,
nepneHuKyAapHoit kK RR'.

§ 28. CnexTphi MCRYCKaHWS W MOTJOMEHHS.
ATtoMHoe aapo. YpoBHU 3HEPruH

1. CuRKTPH HCOYCKAHWSA PeHTTeHOBCKHE JNyuH HCMy-
CKAalTC WIH AHTHKATONOM KO/ BAHAHUEM YAADOB KaTOMRMX Jyuel
C TOTeHUHANOM HCTycKanus V, WIH DaIHaToOpoM, BO3OYKAAEMbiM
TICDBHUHGLIME PEHTTEHOBCKHMH AYYaMH, NPOMSBOASIIMMH BTOPHUHbIE
ayun. Quenb NpoHHKaMue (3KECTKHE) JYYH MOKHO HAGMIOAATE B BO3-
nyxe. UTofbl MeHee XeCTKHE NYYH MORIH NPOXOUUTE CKBO3b CTEHKH
TPYBOK, B TPYOKaX HeN4iOT NpO3paunsie AIS STHX Jyuyefl OKOWEUKH.
Mano npouukaomte (MAFKHE) JYY4H MONYYAIOT H HaGJOAAT B Ba-
Kyyme. Bo Bcex cyuasix NPOHCXOMHT HCMYCKAKKE CRAOUIHO20 CREKMpa
W AuAuil, COOTBETCTBYIOIMX U3AYYEHHSIM C OCOGEHHO BHICOKOH MHTEH-
CHBHOCTBIO.

Kpuebie Ha puc. 49 usoSpaxaioT pacmpefeieHHe HHTEHCHBHOCTH
HCYCKAEMOTO AHTHKATOAOM CILIOMHOTO CMeKTpa B (hyHKUMH THHBL
BOJHb A O BeJHUUHaM V, BHPANKEHHOTO B KHAOBOJBTAX.

CreKTp €O CTOPOHb MHHHMA/IbHO BETHUHHE! A, KOTODAs TeM MeHb-
we, uem Goabwe V, ofpuiaetcs pesko. Hauduasd ¢ 370l npeflenbHO#
BEJTHUHHbI, HHTEHCHBHOCTb OLICTPO YBENHUHBACTCH BRNOTh IO HEKOTO-
POTO MaKCHMyMa, a 3ateM Gojee MeJJeHHO ymenbinaercs. IMonxas
SHeprus Q H3MyueHUsl, MCIYCKAaeMOTO B CeKYHIY, BO3pacTaer ¢
yBesHueHHeM V M aTOMHOTO NOPAJKOBOTO YMCAA N MeTaiia, cayxa-
IIero AHTHKATOAOM, M C CWIOH ToKa {, MpoXojsmiero uepes Tpyoky,
no gopmyse Q = CiNV2 Tak kak mornrowaemast TpYOKOR MOUIHOCTD
pasua iV, T0 KoaipHUHEnT MoMe3HOTO HedCTBUS @ AaeTcst QoOpMyNOH
¢=Q/iV =CNV, rne C — nocrosnnsii -kosxprument. Kosdgu-
HHEHT NOJE3HOTO NeHCTBHSA OCTAETCS MAJIbIM Jaxe NPH BBICOKHX 3Ha-
vepnsix V (okono 1% s RoAB(GpPAMOBOrO AHTHKATOZAa NpPH
V = 100 000 ).

CornacHo 3JIEKTPOMATHHTHO! TEODHH BOSHEKHOBeHHE CIVIOLIHOFO
CNeKTpa ciejlyeT OOBACHHTD HCITYCKAHWEM BOJH TPH PE3KOM TOPMONE-
HHH KATofMbIX Jyueit Ha auTuxatofe (§ 32, 33). Cyuiectsopauue npe-
JeTbHON MHHUMAJBHON JTHHB BOAHEL 4, 3T0f TeopHeit He 0B BACHSETCS.
Ono o6BACHAETCS KBAHTOBOH TeODHell MpU MOMOUIM 3a3KOHA (homo-
anexmpuseckot skeugasenmuocmy (§ 29), coraacHo koTopomy

_ 12340

A v
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rie V BbipaxeHo B BOAbTaX, a A — B auIcTpeMax. 310 COOTHOIe-
HHE TNpPOBEPEHO SKCNepiMenTansno. Hampumep, npu V = 49 400
2o =025 A (puc. 49).

JInxuu cnekTpoe rpynnupyotes B K-, L-u T. x. cepun. Mx uactorel)
ofipefleaAoTC NPABHIAMHA, BHIPAXAEMEIMA 3axonamu Moaau: KOPeRb
KBaJIPATHEIl H3 YacTOThl COOTBETCT-
BYIOUINX JIHHKHA B COEKTPaxX HCNyCKa-
HHS PASIHUHEIX SNEMEHTOB ABAAETCS
JsuHeAHOf hyHKIMell aToMHOrONOpAL-
KOBOTO 4hcHa N MIH TOROMKEHHR
SREMENTA B TIePHONHMUECKOll cHCTeme
S/IEMEHTOB.

OnelTht paccesinus a-ayueft npa-
BEIH K TPEAIONONKEHUO, UTO ATOM
COCTOHT %3 NONOKKTEABHO 38PSIKEH-
HOTO, OYeHb HeGOMBWOro MO pas-
MepaM fj1pa, OKPYKEHHOTO SNeKTPO-
HaMH, CyMMapHBIfi OTpHLaTeNbHbI{
3apSA KOTOPHX KOMIEHCHDYeT To-
JNOXHTeNbHBI 3apsia sapa (§ 79).
Hcxons u3 srtoro, Mosan ponyetua, 92 83 04705 G5 07 08 03 18
uro 3apsd adpa pasen Ne, a0e N
N — amomnoe nopsdxoeoe Hucao, Pric. 49.

a e — onemenmapnoill 3apad.

Teopus aToMa ¢ NOMOKHTENTbHEIM aApoM Owinta paspuTa Bopom wa
ocHOBe MoHATHA o KBanTax (§ 34). Teopus Bopa jana BOSMOKHOCTB
OOBACHATL AHANOTHIL. CYIIECTRYIONHE MEKAY CMEKTPOM CReTa H CreK-
TPOM DEHTTEHOBCKMX Ayuedi.

Jas unteHcHBHOR qniHn K-cepu, oGosHavaemoil wepes K, coor-
nowenue MeXAY » i N npuCiankenno Bulpakaercs GopMynof

=S (N—1)2,

Hamencobemy

rje ve OGO3HAuAeT OcHOBNHIO “acmomy, pamnyio 3,3-10% cex—1. Or-
xnapeas V7 no opaumatam, a N — no aGCUHCCAM, NOMYdaioT
NpAMYIO JIHKRIO, HaswBaemylo npamoid Mosau. Hccnefosanue, KoTo-
poMy ObIIO MOABEPTHYTO GOABUIMHCTBO JHHHMA NOYTH BCeX HIBECTHHIX
9JIeMEHTOB, NOKA3aM0, YT0 JHHMM MO3aNH He ABJSIOTCS COBEPUICHHO
MPAMBIMH M HUMET HeGOJbIIyIo KpHBH3HY. TIpH Manbix N OHH HCNBI-
THIBAIOT TAK:Ke fePeMeHy HaNpaBieHus,

Tpaguxi Mo3nn 3aMeuaTebHO COTMACYIOTCS ¢ MEPHOANYECKofi CHCTeMoll MeH-
1€7eeBA, NEPBOKAYAALHO OCHOBLIBABIIEACA Ha XMMHYECKNX AHANOTHAX (NPHAO-
KeHHe 4). DAeMeHTH pacnonaralores B Heli B MOPSAKE BOSPACTAHHS ATOMHEIX

1) Unctora » cpsizana ¢ AMUAGH BOAHK A CODTHOIWERICH A = 7€, TAE € ~— CKO-
pocth ceeta.
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BECOB B PsiAEl, 06Pa3yIOIIHe BoCeMb FPYIT, 0603HaUaeMLIX HomepamH 0T 0 g0 Vil
Kawaoli TPYINeE COOTBETCTBYT ONPEASACHHAN MAKCIMAAGHGR MOAONUMEASHEN 6O~
ReHmHOC, KOTOAn CHTACTCA Xapasmeprotl D4a snemermal).

JIoNONHNTENBRAA BOCLMAA TFPYINIA CORCPIMHT TPH AACios SUEMEHTOB ¢ Gams-
KHM CROTICTBAMM, KAK, Hanpumep, Fe, Ni 4 Co. DeMeHTh OTHON TpyNMEI HMEIOT
OAMHAKOBYI0 BaNeHTHOCTb H CXOHBIE XHMHYecKHe cBoficTBa?). Eciu BasTb Takoe
CBOACTEO, KAK ATOMHbIfi O6beM (SACTHOE OT AENEHHS ATOMHOFO BECA Ha ILIOTHOCTH
B TBEPAOM COCTOSIHUM), H OTAOKNTL €T0 MO OCH OPAMHAT, a ATOMHBI BEC N0 OCH
alcunee, TO ROAYYRTCA KPHBAR C NEPHONHYECKAM XOROM, MaKCHMYMbI KOTOpOit
COOTBETCTBYHOT LIEJIOYHBIM MeTajjtam®). Bujl 5Tofl KpUBOK YKa3BIBAeT Ha CYueCTRO-
Banpe cemy neprofor: H — He, LT — Ne, Na — A, K — Kr, Rb — Xe, Cs — Rn*),
CONPOBONAACHBIX BOCEMbM KeroauM, TIph COZMAHNW TEPHORUECKOR CHCTEMEI
HeXOTOpHE MeCTA B HeM GBLIO NPHSHAHO HYXHEIM OCTABATE CBOGORHBIMA. [ToTom
3T CcBOBOAKbIE MeCTa GBINH 3aMOMHEHBl BHOBb OTKPHTLIMH 3MCMEHTAMH, B TOM
WHCMe pajieM K APYTHMH PajHOaKTHBHbIMH amementaMu. Ocoboe nosomenwue 3a-
HHMAET TPYNfa PEAKHX 3eMefb, COCTOAMAs H3 GOJBUIOrG YHEHA CeLYOIWHX APYr
3a IpYTOM 7EMEHTOB C GAMSKHMH CRONCTBANH. B HECKOABKHX CAYMAAX MPHLLIOCH
CHeNBTL NIePeCTAHOBKH, MOMECTHE Ka/hfi TOC/E AProHa, WOE NOCHE TenNypa A Ko-
GanpT nocie HUKENA BONPEXH TIOPAKKY WX ATOMHBIX BECOB.

Meron recaeposanns Mosmy NOATBepARA 9TH 0Opalienusi, KOTOpLe
COOTBETCTBYIOT NPABHJLHOMY TIOPAAKY vyactot sydefi K, u mokasar,
YTO pepKHe 3eMIH ABASIOTCA PA3JHUHBIMH /IEMEHTAMH, CNERYIOWHMH
B TOPSIKE aTOMHbIX HOMEPOB.

Merox Moann 2ai BO3MOMKHOCTb HCIOABIOBATb MJIST XHMHHECKOTO
aHANH3A CNEKTPHI BLICOKOH YAaCTOTH, MeHee CJOXHE, YeM ONTHYecKHe
cnexTpnl. Kpome K- u L-cepuil, B HacTosIee BpeMs M3BECTHBI, B QO-
pAfKe yMeHbIaolelicst NpoKKKalomed CMOCOOHOCTH AJSl MAHHOTO
snementa, M-, N-, O- i P-cepud. B Kaxgofi cepuH npoHHKaowas
CRHOCOGHOCT YBEJIHUHBACTCH C ATOMHEIM TOPAAKOBBIM YHCAOM N 3ie-
MeHTa. UToOBI MOTJIA TOSIBUTLCS HOBasl CepHst, N A0JMKHO AOCTHTHYTDH
onpefieneHnofi BelnunHL, Bee cepni naGniofanTcs TONBKO Y S/MeMeH-
TOB C GOJIBIINM aTOMHBIM BecoM (§ 29).

Mpreoaum BesuumHbl A (B aHrCTpeMax) Ans HecKoabkux K- u L-nu-
uuil Bonnppama (no 3uréauy):

Kay 0,2135 Lo, 1,4845
Kay 0,2088 Lay 1,4735
Ky 01844 Ly, 1,9792
Ky 01794 Ly, 1,055

1) OTpHuaTeNDHAS BAJCHTHOCTB AOMOMKSET NOAOKHKTENbHYO fo 8. Tak, xaop
BXOAHT B coemmerte C1:Oy ¢ MOMOKKTEAHON BARCHTHOCTBIO, PABHOR 7, @ €ro
ofkiAaA OTpHLATENbHAT BAMEHTHOCTH papHa 1.

%) Pasjenienne TPYNN Ha TIOATPYNNH HMeeT LeNbl0 Aydimle BHIABHTb aHaJIOTHH
B Kampoit rpymne.

3) HeKoToptie aBTOPH OTKAALHIBAIOT N0 aGCUUCCAM Me ATOMHbii BeC, a aTom-
HOe TIOPAAKOROE HHCIQ.

) Rn — cHMBON pajOHa, Wn SMANALNM pALIA.
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II. CnexkTeb nornomgnns Cnekrpel mornowends Ho-
NYYAOT, MOMellas NONMIOWAIOWNH SKpaH Ha HYTH NYYKA, JAKOMEro
XOPOILUO H3YYeHHB(l CMAOMKON CNEKTP, HATPHMEpP HA TYTH Ny4ka
ayuedl, HCIYCKAEMBIX BONH(PAMOBLIM aRTHKATONOM (OTAEALHHIH JAMCT
IV, pue. 5). OrHocuTenbHOE ociabieniie MyuKa, €ro NOMIOMWEHHE,
NpOSBASETCA B BHAE f040C, PE3KO OTPAHHYEHHBIX CO' CTOPOHBI
HH3KHX YaCTOT M NOCTENERHO HCYE3AMWINHX ¢ MPOTHBONOMONKHOH CTO-
porel. Ha meratmBe 3TH HOROCE! BHINSAAT CBET/EIMH, 33 HCKJOUe-
HHEM [oNoc GPOMa H cepedpa, KOTOpble ABAAIOTCH TEMHLIMH, TaK Kak
3TH BEIECTBA BXOAST B COCTAB CBETOUYBCTBHTENLHOTO COS H MOTAO-
UWieHHe B JAHHOM CJyuae He OCaabJsieT, a YCHANBaeT H3oOpawmenne.
JIast KaxKA0ro MOLIOWAIOIEro SMeMeHTa Habao/aeTest MoJioca Noro-
uleHHs!, cBsi3aHHas ¢ K-CepHell, Tak YTO ee npejest NpeACTABNAET MH-
HHMAJIBHYIO YaCTOTY #; NEPBHUHBIX DEHTICHOBCKUX Jyuelt, MOTyuinx
Bo3GyuTh K-cepHio B TOM 3Ke 9JieMeHTe, Korfa OH HCIONb3yericst B
KayecTBe paanatopa. ITa uacToTa NOYTH coBNajaer ¢ Ky-nunuei,
nmewpttell B K-cepun wanGonbiryo yacrory. Koraa wactora poaGyxne-
HUSl HOCTHTAET WIH APEBOCXOMHT vy, BCe JuHuK K-cepHu HCMYCKAaKTCs
OJIHOBPEMEHHO: YacTOTd 7, MOXET GbITh TOYHO M3mepena. OTKnanbieas
N no abcunceam, a {», — N0 opAMHATaM, noayHawoT NpHOAHKEHHO
npsMyo auEHio {(puc. 53). Ha otaensnom ancre [V (puc. 4) Aano nso-
Spaxenue K-N0IOC HEKOTOPHX 3/EMEHTOB.

B L-cepuu cyRIeCTBYIOT TPH WoJock noraottiedus; Ly, L, Lg,
TpefieNibHble 9acTOTH KOTOPHIX HM300paKaiotes TPeMsi NPHOAUKEHHO
npaMonuseiinsivy rpadukann ¥ v = f(N) (puc. 53). [Mpyrue no-
nocel mpHHAANexaT K M-, N- u 1. A. cepusm.

YacToThl HCMYCKAHHA ONPEAENSIOTCS OCHOBHBIM 3aKOHOM: 6CAKAS
4QCIMOMG UCRYCKARUA PASKA PAsHOcmi Ogyx npedeaos nozaoujenus. 1ot
3aKOH, HA3BIBAEMEIN 33KOMOM COvemanuil, Jerko COMOCTABHTh C TeM
$aKTOM, 4TO B ONTHKE YacTOTH JHHKIT PaBHbLI PasHOCTH ABYX TePMOB,
Ha3blBaeMeix mepmamu ceputl. Teopus Bopa ceasbiBaer npeiedbHbe
HACTOTHl NOTJIGUIEHHST C SHEPREIMUMECKUMIL YPOBHAMY RTOMA, TaK UTO
KaxIbll ypoBeHb PABHACTCS MPOH3BENEHHIO YHHBEPCANLHON MOCTOAH-
nofl 4 Ha nperensnylo vactoTy. B mopsfike yMensluajpomefica sHepruu
caepyior ypoeun K, L, M n 1. .

Ipy HcenenosaHHH NOTMOMEHUS BMECTO (oTOrpaduueckoll TIACTHH-
KH MOXKHO YIOTPeG/ATh HORM3ALHOHHYIO KaMepy, nepejl KOTopoii oMe-
uaeTcst nornowalomuii skpan. Takoit npuGop. JaeT BOBMOKHOCTb H3-
MepsATh KOS(XPHIIMEHT NOPAOLICHHA B BEIECTBE Wa/YUeHHS C Ompele-
nennoft AnnHOA Boanm. Ecnn pacceduue mano, 10 MaMepsieMblil Kosg-
QHIMEHT MOPAOWEHHS GNH30K K KOS(XpHIMEHTY HCTHHHOTO HOTJoUIe-
Hua (§ 24).

Maccosriit ko3¢xpuLMeHT TOTJIOLIEHHs Tfe YReNHHHBaeTCA ¢ A, TaK
uro lg (vfe) sBaserca anueiinoil dyuxuneir lg 1. Koraa 4, yMedb-
mwasch, TPHHAMAET 3HAUEHHE, COOTBETCTBYIOUlEE OAHOMY M3 YpOBHef
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NIOTVIOUIEHUSI HCCAEIYeMOro BelecTsa, Ipa(HK [OKa3blBaer peakoe
yBeNHueHHe NOromaiotell CloCOBHOCTH, LN paspeie noesouenus. Na-
Jlee YCTAHABJIMBARTCS HOBASL 0OAACTH NPABUABHOTO NOMNOWEHAS, NPel-
CTABJIIEMOTO NPAMOI, NapasIenbHofl mpewecTeylomedt (puc. 50a 1 b).
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Pue. 50a. Pue. 50b.

Peakoe yBesHUERHE TOIMOUIEHHS HPH ONpEAENEHHON YacToTe COOTBET-
CTBYeT NOTMIOUIEHHIO 3HEPTUH, TpeSyiometics Jns Toro, YToGH BH3BaTh
HCNyCKaHHe OfHO U3 cepuil.

B HenpepuiBnnIX 06AaCTAX KOIOUUHEHT HCTHHHOTO MONIOUEHHS
YBeNHYHBAETCS NPONOPUMOHANbHO A2 11 N* (N — aToMHOe NopsiaKosoe
UHCAIO NOTNOWAIOUIETO BewecTsa). 3aKOH NOTMIOUIEHAS BhIpaxaetcs
topmynoit

Tle= BN,

TAe B — TIOCTOSINKASA, PE3KO YBENHUNBANOWASNCH NPH NPOXOAAEHHH
OIHOTO U3 YpOBHeH B HanpaBNeHHH yMeHbUIEHHUSI A. 310 pe3koe name-
Henne B waawisator CKAYKOM NOSACUEHUSA,

KoshprusenT pacceuBaHusi of¢ OTHOCHTENBHO MallO IIBMEHSETCA € H3Mele-
Hitem N 1 A Kpome TOTo, ¢ BCETZA MROTO MEHBIIE 7, ECTH TOMBKO N i A He Manbl.
To 06CTOATENLCTBO MOSBONAET ONPEACNNTL T/p B F3BECTHMX NpefenaXx A nyrem
T3MepeHHa oBEro KoSpILHENnTa fg, APIMEHAS COOTHOWENHT

e —CP+ K.

Otkaampias A* no ocu alicuyce, a pfg — 1O OCH OPAHHAT, NOAY4AICT TPAMYIO,
uaanshad opadtata K KOTOpOR AaeT ofp, a HakaoH — fioctosHiyl C. aa pas:
JARYHHX NORAOWAIOMNK BEWECTS NOAYYAIOT CePRIO MpsimsiX. Besandnna K nas eeex
9THX TIPAMBIX NOYTH ORHHAKOBA, HO HAKMAOH OLICTPO ysennunsaercs ¢ N. Tono-

uB C = BN*, onpeaeamior B. B nonoce moromeRa K fg NPHOAHKEHHO PaBHo
0,0062 N*A%, rie A pHpaeio b A,
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Kospprunentsl noraoments na rpamm-atom tAfo U Ha OTAeAbHKI
atom TAfeR MOryT OumTh TpeicTaBjesbt B BHie (3akoH Bpsrra n
MMupca):

tfo=aN32%, uan vdjeR = a' N°13.

OtH GOpMyaBl MAO OTAXYAOTCA OT MpEeAIteCcTBYIOWel, Tak Kak A
Mano omIHyaerca ot 2N.

TlpnBogpM B KauecTBe NPHMEPA BHIPAKCHHA AJLT fo B ANIOMBUHH 1 MefIt B
nonoce K (4 & A)):
aniomh kil 14,48 -+ olg,

Menb 1502 + oy,

[ie ofg NpH YMCPEHNELX ANikAX BOXH Gakako K 0,20, Coraucko Teophn Kowntona
(§30) 9jg = 0,20 npu A = 14, roraa kax nps A= 0,1 ofg= 0,13, a npi A=
Z0,01A e — 0,05.

Orciona BiAHO, uto mpH A = | A paccesune HHYTOKHO O CPABHEHIIIO ¢ NOLAO-
ween, Toraa Kak npst 4 = 0,01 A wmeer mecto obpatnoe, BHANO TakiKe, w10 fipn
1= 0,I'A & caynae anosiing CHIBHO TPeoGaIACT PACCentue, TOTAA KAK B Cry-
Mae Mejfln 3TOrO eule He NPOHCXOAHT.

Onpejencrne paspriBos NOMIOMEHUS, KAK U COEKTPOrpadms Bul-
coKo#l YACTOTE, MOMKET GHITh HCMONB30BAHO ANSl XHMBYECKOr0 aHasnza.
TaK, OHO OLUIO HCIIONB3OBAHO AJsl NPOBEPKH aTOMHBIX MacC HEKOTOPBIX
3J1eMEBTOB, OTHOCHTENILHO XHMHUECKHX q:KJpMyJI KOTOPLIX CYLIeCTBO-
Ba/AK comHenns (Gepuanuil, HHAR).

§ 29. 3akon oxpnBansenTHOCTR JiiHTeiina. Kopnyckyaspube
CMEKTPHI. Ceazb MeXAY PEHTTCHOBCKHMH JYYaMH H CBETOM,
Ypostu sHeprun

DiinuTelH HA OCHOBE KBAHTOBON TEOPHH YCTAHOBHN 3aKOH Mepe-
XOJa SHEPTHH MeKAY IEKTPOMATHHTHBIM B KOPTIYCKYJIADHbIM H3Nyue-
nueM, Manyuenne paccMaTpupaercst He Kax BONHA, 4 KAK PacapocTpa-
HEHHe B MPOCTPAHCTBE XaCMUY SHEpelL, HASLIBAEMbIX KBAHTAMH H3Ny-
YeHHS, CKOPOCTh KOTOPBIX paBHA CKOPOCTH cBeTa. HaiyueHHIO ¢ YacTo-
TOil ¥ COOTBETCTBYET KBAHT, SHEprUs KOTOPOro paBHa /v, a KOMUUECTBO
IBHKEHHSA hve, TAe h — yHUBepcanbHas NMOCTOSHHAN, HasbiBaeMasg
nocmosnnoti Hlaanka,

Korza xatonseili fiyy WK JABHXKYUWHACA 3MEKTPOH C SHeprued
w == eV (¢ — ero sapaa, V — noTeruuan HCNYCKRHHS) 3ATOPMAMKH-
BAETCS HA aHTHKATOAE, ofpasyercs KBaHT WanyseHus hy. 3akon diin-
WTefiBa TOBOPHT, YTO BEAHYHHA 3TOTO KBAHTA HE NPEBOCXOAKT W, T. €.
yTo Ay < eV. CrefoBaTenbHo, AN APEAeNbHOH YaCTOTH CIJIOUIHOTO
cnekTtpa hv = eV, orxkyda 4 = hcfeV.

?) Hexoropsie aBTOpb! IPIHHMAIOT 1A 1I0KA3ATEAR CTONICHH NPH A BoMMIMEY
HEMHOrO OTJIMUHYIO OT Tpex.
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PENTFEHOBCKME JIYYH ra. v

Tpunumast £ = 6,55:10-% CGS, e = 4,77-10~% sn.-crar. en.,
¢ = 3101 camfcex, naxomnm:

2,43 104V,

12 34“A,
1%

rie V BLIPaMeHO B BOJIBTAX.

Dot 3aKOH OMPABABIBACTCH TAKKE NPIl WCIYCKAHHK ATIHAK TasoM NON BAA-
Imiew yaapos snexipowos c swepriet ¢V. Hanpuuep, mapu orvi ne Gyzyun
WORH3POBAHSI, KenycKaloT, Hauikas ¢ V = 4,9 ¢, amwitio 2537 A. Hagnnan ¢ V =

PHc. 51. BeKTpons, nenyckae-
BHE HHTLIO P W ycKopRemme
MeIKAY STOR HKTBIO H CETROR A,
MPOHUKAIOT B NpOCTPANCTEG
MERY STO CETKOR It SnEKTPO-
soM' B. 3awemnsiouiee noae
Meway A u B npemsmcrayer
MM gocTUraTh SaeKTpoma B,
KOTOPLMHl,  NANPOTHE, MoMeT
noayuaTL  noaomuTenpibie
KoMH, 06pasyioluuECn B Tase,
KOTXA NOTEUHan WOMRSALNH
npeBsofifen, OTKYAa MPONEXO-
RHT Ybeaderue Toka. KorAa
OCTHIHYT pesonancbiil narc-
LKA, TAKKe MOKET NPOAIOATI
ybetmsenne TOKA BeAedcie
70T, 4TO 0Bpasylolieeca b rase
B3aYderne moctiraer B w bbi-
3MBaET HCNYCKaHKe doToanel-
TpoHOE.

atoma wi

rae

e

— 6,7 8, OHH HCNYCKAIOT, KPOME TOFO, HAHIO [849 &
[pr V = 10,4 6 NPOHCXOMHT HoHH3AUUS TApoB ¢
HCnycKanKen Beex AnHHR aToft cepuu. Kak 06a peso-
HAHCHBIX NOTERWIana (H3MyyeHne 6e3 HOHH3aUHH),
TaK # Honnsauuomsfl notewmnan (10,4 6) cAzaHbl
© COOTBETCTBYIOMMMH UBAYUCHUAMY  3AKOROM Dfiu-
wreiina.

DT0T MeTOA OGBIVHO ynorpeGnaeTca Ans onpefe-
NIeHHST PE3OHAHCHBIX H HOHU3ALHOHHBIX NOTCHUHANOR
napos u rasosl), Vamepsa Tok, NPOXORAMWE uepes
ra3 NpH PA3HMHBIX BEJNYHHAX YCKODAIOUETO NO-
TEHIKaNa 5JeKTpoHoB {phe. 5l), moaywaioT Kpusylo,
AAIOULYIO PE3KHA MOABEM MNPH KPHTHYECKOM NOTER-
UEAse, ABAAIOLEMCH HORMBAMMOHHBLIM NOTEHLHANOM.
MoJIeKY 1 MOXKET AMETb HECKONBKO HOHH3AIHOHHBX
NOTENUHANOE, OTHOCAWMXCH K MOTepe ONKOTO AR
HECKOMBKHX SNEKTPOROB ¢ PACHAOM HLIH 663 pacnata
MOEKY L.

3akon DiiHTeliHA NPUAOKHM TAKKE K
CAYYal) H3BAEYCHHA 9JEKTPOHOB M3  Re-
niecTBa NOA AeficTBMeM Haxyuenus. Koraa
KBAHT IOLMOUIAETCA 8TOMOM C HCUYCKaHMeM
oTosnekTpoHa (§ 24), 3HepTHA 3TOro KBaH-
Ta ofpamaeTcst B KHHETHUECKY!O SHEPTHIO
3MEKTPOHA @ H B NOTEHIHAABHYIO BHEPTUIO

N0 YpaBHEHH(O

w4,

T=p *'J

(B — OTHOLICHHE CKOPOCTH 3NEKTPOHA K CKOPOCTH CBeTa, Mg ~ NOKOA-
WASACS Macca SNEKTPOHa, ¢ -— ero 3apsap). Yaen w, npeacrasiser
pabomy ussAedenus 3NeKTPOHa U3 aToma. O MOXeT NPHHUMATDL Tipe-
PHIBHLIE BHAYEHHS], ABMSIOWMECS 3HAYCHHSIMH SHEpeeriueckux ypostet
aToMa. B Teoprn Bopa 3TH YPOBHH COOTBETCTBYIOT ONpeNe/eHHbM I10-

%) Conf. Rapp., vol. 11, L. Bloch.




[image: image92.png]$261 3AKOH 3KBHBAJEHTHOCTH BWHIITEMHA 93

NOMEHHAM 31eKTPOHA B ATOMHOH CTPYKTYpe, HANpHUMep, Ha JO3BOMEH-
HBIX OpPGHTAX, KOTOPhIE SJEKTPOH MOMET OIHCHIBATB OKOJO SIApA
atoma (§ 34).

310 B0 NPOBEPEHO AMS H3BJAEKAEMBIX H3 META/IOB MELJIEHHBIX
(DOTOSIEKTPOHOB (HANPHMEP, 3JEKTPOHOB, WSBJIEKAEMBIX CBETOM K3
HAHKA) BYTEM H3MEPEHHS NPH PasNHYHLIX ¥ NOTeHUKana V, KoTopsill
HYHO NPHNOKNTE, YTOOB! TIOMEINATh BLIXONY 3/EKTPOHOB H3 MeTasna
{Mnasuken). B omacT BLICOKHX 4acTOT MpoBepKa Obina cienaHa ny-
TeM H3MepeHHsi MAFHHTHOTO OTKJOHEHHS HCITYCKAEMBIX (JOTOIEKTPO-
HOB, KOTOPOE JaeT BO3MOMNHOCTh Y3HATB MX CKOPOCTb H KHHETHUECKYIO
sKeprio. PasHocTh (v — W) COOTBETCTBYeT OAHOMY M3 YpoBHelt.
HanpoTuB, ecin » HEHIBECTHO, TO STOT METOX JaeT BO3MONHOCTH €ro
H3MEPHTh.

QZAHO W TO XKe H3YUEHIe MONET H3BJIEKAThb SAEKTPOHBI ¢ PasfHu-
HBIX aTOMHBIX yposHell. DTH SMEKTPOHB JIBHIKYTCS C Pasnuynol CKo-
POCTHIO H TIPH MATHHTHOM OT-
KJIOHEHHH JA10T KOPAYCKYARD-
roi cnextp. Ha pnc. 52 uso-
Gpanxen nPEGOP , KOTOPHIM NOJ b~
SYIOTCS [IPH HCCNEJOBAHHH STHX
criektpos (M. ne Bpoitnb). Ha
oTAesbHOM  niHCTe V. MOMHO
BHJAETH oToTpathHy TpaeKTopHii
3NEKTPOHOB, CHATBIE METOIOM
Buascona (§ 11).

Puc. 52. R — paguatop, moayuaouifi nydok

TMPoMERYTOURAT Fhitiscn afieh b ausbpara, orpanin

OBJNACTb MEJKJY PEMT- Baoilan TPaeKTopuio’ dorosnekrponos, P — go-
‘forpaduicckafi MAACTANK, Toaydaloman GoTo-
TEHOBCKHMH JYUAMH  snekTponsl, Koropue B Marwnmiow nose H,

wepeTom [omkan no. ITOMKImbn s wocompacyis oo
CTEMEHHO YCKOpAIomui HoTen- TIPORSBORHTCA B BaKyyMe,
UHAA  SJIEKTPOHOB, NOJYYaioT
TIPH TafileHHH HX HA ' BEUECTBO PEHTTCHOBCKHE JIYYH € YMEHBILAtO-
iefics yacToTol, npuGAMKasomuecst k ydaM cpeta. TPyAHOCTH STHX
ONBITOB COCTOHT B TOM, YTO MeXKAY Y/ILTPadHONETOBbIM CBETOM U OBbIY-
HEIMH PEHTIeHOBCKHMH JIYYaMH JIEXHT o0JacTh HINYueHWH, CHIABHO
HOTOULAEMBIX BCEMH BeIIECTBAMM, JAaXKe rasaMH. OTa TPOMeXYTOou-
Has ofmactb (Mexay 160 A u 10 A) chavana Gbma mecaefopana
HonusauuoHHEM MetogoM- (Tonbeek)l). Tlpu noMoly AH$PaKUHORHOK
PellleTKH NpH MaJblX yraax nafesust {(§ 27) okasalnoch BOSMOXHBIM
TIpOBECTH MX CHeKTporpaduyeckoe neenenosanue (Tubo).

3aKOH NOTJIOWEHHS PEHTIEHOBCKHX Ayuelt AefiCTBUTENeH H AIS JIy-
uelt npomexkyTounoil obnacti. KosdipuiireT nornoweHts B rasax Wil
NEJLTYIOHAE OCTAETCS NPONOPLHOHAABHBIM A 10 A3 = 100 A (Tonbeek).

}) Conf. Rapp., vol. 13,

. Holweck.
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Tpu 4 = 300 A (V = 40 &) nexcut maxcumyn noeaowjerun. 3a 3THM
MaKCHMYMOM TOIJIOUIEliHe C YyBe/lnyeHHeM A GbICTPO yMeHbllaeTcs M
CTAHOBHTCA HE ATOMHBIM, A CEMEKTUBHEIM CROACTBOM, 3aBHCSLIMM OT MO~
NeKYNSpHOH cTIpyKTypel. CnerosaTensHo, 0GMaCTb MAKCHMAMBHOTO
TOTJIOWeHHSt SBAACTCA NOTPAHHYHONA 30HON MEXNY PeHTTeHOBCKHMH
JIy4aMH H CBETOM.

[poniomxenye PEHTIEHOBCKHX Ayuell B OGMACTH BHICOKHX YACTOT
COCTABAAIOT Y~1YUH PAAHOAKTHBHBIX BMEMEHTOB. 3/I€Ch TaKiKe YAANoch
YCTAHOBUTH MEpPeX0 MeXKNY oBeHMH STHMH OGNACTAMH NeKTPOMATHUT-
Horo ciiektpa. CeAOBATENbHO, CTIEKTP 3AEKTPOMATHHTHBIX H3AyueHul
OT 06JaCTH BHJAMMOTO CBETa 10 OBJACTH y-Aydel MOMNHO paceMmaTpH-
BaThb Kak OAHO LEJIOe,

YACTOTH AMHURA W YPOBHH MeXay cepusiMH JHHUE

PEHTTCHOBEISNN Yuell 11 ONTHUECKHMH , CEDHAMH CYLICCTBYET 3aMe-
uaTenbitoe coorsercinue. Us
4 Lfta OFTHYECKHX CepUil paHbLIe BCeX

cTana HaecTHol cepua Baib-
Mepa B CIHEKTpe BOJOPOAZ; ee
4acTOTHE AatoTes GopMyAoil

1 1
)

TAe %, —— OCHOBHAS YacTOTA
(§ 28),a n — opHo B3 HesbIX
yucen 3,4, 5 u 1. 1. [ogoGuse
e, HO Gosee caomuble Gop-
MYJbl TIPHJIOKHMBl H K APYTHM
cepusiM. Bee aTu gopmynsl npu-
HAANEXKAT K THIY:

o

»

V=329 1

1
y=vy |y —
* [(’l +af
- »7,41 = | (PuGepr),
(n'+a)?
) EE Y R L e T rie n n' — lenble yucna, a
omoi tooadiedas tuty @ W &' — [0CTOSHHbIE KamAOH
Puc. 53, cepun. CepHH TNOAYYaKT, IPK-

Jasas n ONpejiefieHHOe  Iesioe
3HaueHKe, a A’ NOCAEROBATEBHbIE LeNbe 3Hauenns, Gonewmue n. Hac-
TOTa Ka}IoH IMHHU PABHA PA3HOCTH ABYX UHCEN, Ha3bIBAEMBIX MepMa-
Mu cepuii. ECH 3aMEHKTE ¥ B 9o NPONOPUHOHARBHLIMH HM BeJIHYHHAMH
1A 1 /iy, To 1fA¢ GymeT nocmosnsnoii Pudbepea R = 109 675 cu~1,
CBA3AHHON C , COOTHOMEHHEM Agvy = ¢ = 3-10°® cafeex, or-
KyAa v, == 3,29-10% cex— 1.
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YacroTel HCIyckaHus DPEHTIEROBCKHX Jyuell onpegensioress pas-
HOCTAMH 4aCTOT YPOBHEH, WFPAIONUX 3/leCh POJb TEPMOB B ONTHKE.
Dueprun yponHedt 0OLIYHO BLIPAKAIOT B HIEKTPOU-BOALTAX NO (POpMYJe
Dfinwreiina Ar = eV.

Ha puc. 53 nzoGpaenn!) H3BecTHbe B HACTOAIIEE BpeMsl YPOBHH
PA3JMYHLIX 3EMEHTOB, CTPYIIHPOBAHHLIE B CEPHU B AOPSJKE YMEHb-
niaoueiics sHeprun: ofuu K-yposews, Tpu  L-ypoBusi {Li, Ly, Ly,
nare M-yposueit (My, My uT. &), ceMb N-yposuedi, (Ha puc. Ny;
coBnafaer ¢ Nyy) nsitb O-yposuefi, Tpu P-yposns (Ha puc. ne nokasa-
Hel), OTNOKMB 110 OCH AGCUMCC ATOMHbIE MOPSKOBSIE YlCHR, @ MO OCH
opmisat | ¥ WA KakyK-HGO APYTYIO NPOMOPLHOHANBHYIO €My Be-
JIMYHHY, TOYHAIOT cepHIo rpaikos Moa/iu, Ha Goabiilell yacTh CBOErO
NPOTSKEHHS MANO OTKAOHSIOMEXCH OT MPAMEIX, a 3aTeM B obpacTu
JIETKUX 3JIEMEHTOB MEHSIOUMX HaupaBaeHie.

HUcnyekanhe AUKRA DOJHOCTLI0 OUDEAENALTCS STHMH rpadukamy. Kamias iv-
WHA COOTBETCTBYET NePexofy SJEKTPOHA C HIBECTHOTO HCXOMUOTO YPOBHWA HA H3-
BECTHBIH YPOBEHb TAZCHHS. Bee JHHIM, 45 KOTOPLIX YPOBHCM Majekns apanctes
K-ypopeHb, 06pasyioT K-cepitto, HCXOAHHIC e YPOSHH BXOANT B CAEAYIOMHE TPY Nk,
TouHo Tak e cepH Ly, Ly, Ly GOSHUKAIOT HpH NaZeti S1XTPOHOB 1A YOI
Ly, Lm, Ly, a HX HCxOAUBIE YPOBHY RPINAANEXAT K CAEAYIOUIM TPYODAM 1 T. A.
ORTH¥ECKHE CepHH BOSHHKAIOT NPH MAJCHUH SNEKTPOHOB ¢ ORHOTO 3 YPOBHEd ¢
Manol SHeprie, TOTMA KAK 407 OOPA3OBAHHA DPEHTLEHOBCKHX AYWell SHEpTils
ypouHeil fonXkHa GbITb TeM Gosiblie, YeM Bbille X uactota. I'padix noxasmbact,
UTO TipH ManBix N CYWIECTBYIOT YPOBHH TONLKO ¢ Madol SHepTHER. CACIOBaTebHO,
JIeTKHE 5IeMeHTHl HCIYCKAlOT TONBKO ONTHYECKHE CEPHI H 4MSTKHE» PEUTIEHOD-
ckue ayun. [1o Mepe ypeanueHus aToMIore NOPSAKOBOTO uneaa N aneprita Kaxnofl
FPYMNEl YBEAHUHBACTCH, GIArOAPA HEMY CTAKOBHTCA BOBMOIKIAHN HCTYCKANTIE ice
Gonee K Gomee MECTKUX Aywel.

§ 30. Teopus paccesnus Komnrona

Tlpy AubpaKisy, NPEIOMACHHH, OTPANEHHN i NONNPHIAUNH PEHT-
TEHOBCKHX Jyuel onu pacceusaomcs, KaK H B ONTHKe, 6€3 3aMETHOrO
HameHeHnst YacToThl, KoMATOH MOKa3af, 4T0 Ha 3TOT COrMacyiomufics
€ 3JIEKTPOMArHUTHOM TeopHeli Npolece NAKNAABBAETCH He COBMECTHMOS
¢ atoft TeopHell paccesme ¢ MaMeHeRHeM uacTothl. ONBIT COCTONT B
TOM, YTO W3 NOABEPriINXCH ANDPAKIMH HA KPHCTANIE PEHTIEHOBCKHX
nyyell BHZEAAETCH MOHOXPOMATHUECKHE MYuOK ¢ AZNNHON BOMRBL Ag,
KOTOpyIT HATIPABNAETCS BA PAAMATOP, CAGNAHHLIL H3 BellecTsa ¢ Ma-
JbIM ATOMHBIM BECOM, Hanplmep fa rpadguToBY0 HAK NapahHHOBYIO
naactuiky. JIyuH, pacceHBaeMble STHM PajguaTtopoM mop yriaom 6 x
HaNpaBNeHKIO MEPBRUKLIX AYYel, AHANK3HDYIOTCS NyTeM AH(PAKIHK
B chekTporpage ¢ BpaualolipMcs kphcTaiaiom. Ilonydaembit cnekTp
COCTOHT M3 HEW3MeUEHHOH JMHHM ¢ AJMHON BOJNBI Ay U H3MeHEHHON

1) [l Bopy n Koctepy.
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JMHHUH C AJMHON BOAWH A, OnpefensieMoll H3 ypaBlenus
A=, + 0,0483 sin29, ,

rfe A BupaMeHo B anrcTpeMax {puc. 54).

UToBbl 06BACHUTL 5TO AiBNEHUE, KOMOTOH MpeitoKi TeopHio pac-
CeTHHA PEHTIEHOBCKIX JNyuel 3JeKTPOHAMH, OCHOBAHHYIO HA NOHNTHY
o kBanTax. OH JONMYCTHJN, YTO KBAHTHl H3NYYeHHs 1 CBoGOAHbIe (c1a6o
CBASAHHEIE) SAEKTPOHS MOTYT HCIHITHBATL CTONKHOBEHHUS, TPH KOTO-
PBIX  3NEKTPOH BbHIOPACHIBACTCS C HEKOTOPOH CKOPOCTBIO, @ KBaHT
N3MeHseT HanpaBieHHe, MPHYEM €T0 Heprus
u yactota ymenbimarotea. Ilycte »g Gyger
4acToTa 0 CTONKHOBEHUS, § H @ — YLJbt, 06-
pasyeMble HaNPABNEHHAMH PACCEAHHOTO ek~
Thosa H KBaHTa <C HayadbHLIM nanpasae-

7 s,
pageznnan
w0 yonon 0

Puc. 54 Pre. 552

HHEM KBAaHTa, H % — YacTOTa DaccesnHOrc keawta (puc. 55a).
DNeKTPOH, HAXOAMBUIMICA A0 . CTONKHOBEHWA B TNOKoe H HMEBMIHE
Maccy g, NOCHE CTOJNKHOBEHHSI HMEeT CKOpOCTb U = f, Maccy m =
mol V T —F%, wonmuvectso npwmenns mv = mofe/ Y 1 — g% 1
IHEPTHIO

M3 npuHUMNOB COXPaleRNA SHEPIHil W KOANYeCTBA ABHMKEHHS Bbl-
BOAATES TPH CJCAYIONHX YPABHEHUSI:

1
Py = hwg -+ myc? [Vl—ﬂz‘— ll R
hvy vy myfc
¢ e cos 6 4 Vl/l—ﬂ’ cos ¢,
0= —hi"g sin g — - myfie sing.

: V]_'gz
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Orciofa BLHBOASTCS B GYHKUMH ¥4 H 6 BEHYUHE %5, § B @, 2 TAKKe
JIHEA u3MeHeHHOW BOMHEL Ag # 3ueprus W. Haxonum

vy == %o O .
‘T It 2msint(92)° W 142+ (1+a)itge
gy g = Ao+ 22 Agsin®(6/2) ,

Tt 62
hfmgchy .

Tak xax yron 8 Moer usMeHaTsea OT 0 Ko %, T0 YTON ¢ COOTBETCTREHHO HSME-
unieTest OF 7 7o 0. CAGNOBATENBHO, SAEKTPOR BCETAA OTOPACHBACTCA TOA OCTPHM
YIJIOM K HAYATBHOMY HATIDABIERHIC KBaKTa. [T0Ka @ Maio (v MaNc), KBAHT Tiepe-
A@eT NCKTPOHY TONBKO HEGONBWYED YacTh CBOEH SHEPTHH, H B STOM Cyuae Hsme-
HeHHE ANHHB BOMHBL NPH PAacCesNHH OCTaeTcs HHYTOKHLIM. Koraa w», ypennan-
BAETCH, & TaK)Ke YBENUYHBACTCH, HO H3MEHEHHF JNHHB BOAHe OpH 8 = 0, 7. e.
KOrfa paccesiHHHE H TMAfAIOULAN KBAHTH HMEIOT OAHHAKOROE HAaNpaRieHHe, He
NPOHCXORAT. VaMeHeHHe LMMHBL BOAHSI YBEAWAHBaeTcR C @ i AOCTTaer cBoeil
HauGonblelk BeaHYIinE 2ad, npH 6 = &, T. &. B CAyuae, KOMAA PACCEHHHBIA KBaHT
010pacHBaeTCA NPAMO HA3al, @ SJAEKTPOH Npamo Bnepes. D1a HanGoNbWAn BeJH-
uKRa pasna 2fm,c, nau 0,0483 A (npunnmas B aGcoMTHLIX eARRHUAX A = 6,55 X
X, g = 9,04-107%, ¢ = 3 - 10%). Ona cootpetcTBYeT HanGoabIWeR BENUYHKE
Sweprus W, onperensemofi us cootnowenns W/hw, — 2af (142a), tne Wihv,
yBeJANUHBARTCH C @ M CTPEMHTCH K efuunue. CrenoBatesipko, repefava SHEPrHH
KBAHTA 57TEKTPOHY HHKOTAA He GHIBAET NOMHOH, HO MOET CTAHOBTLCH BCe Gofce
W Goee MOMHOA MO MEpe yBe/AuEHHS YACTOTH MEPBMUHOTO KBAHTA, XOTA AAXE H
B C/yyae BHICOKHX 4acTOT W OCTaeTdd MAsblM MPH TeX CTONKHOBEHHAX, rae @
6H3KO B HyMO, a @ GAM3KO K 7.

rae & = Avyfmc?

TlapameTp @ CTAHOBHTCS PaBHbLIM €IHHHIE NPH JUTHHE BOMNHBI Aq =
=0,0242 A, 1. e. B ofnacTn p-nyuehr (sreprus 511 snekTpon-Kuno-
BoabT). Prc. 55b n3oGpazkaer pachpeliesenie SHEPIIH MEKIY PAcCedn-
HbIM KBAHTOM H 37EKTPOHOM TIPH PAsJHUHBIX BelHUHHAX 6 U @ B cy-
uze ¢ = |

Pacopegeneike PACCESHHBX KBAHTIOB TPOMCXOUMT COOTBETCTBEHHKO 3aKORY Be-
posTHOCTH. UHCAO KBAHTOB, pacceHBaeMblx 0Oz Yrom o 8 7o 8+d@ K kanpasae-
HHIO TIeBUYHOTO NAPALTENEHOTO MYUKa, HA 3MeMedT oSbema pasHo f(a, 8) d&
Ecnn ¢ = nhv, ectb IHeprns, NPOXOARWAN B SAHHHULY BPEMEHH Yepes CeueHHe

mepeanoro nywsa, To swepra paccesmuux Kpawios gy = i | vof (0, ) ds.

11
Cresap BuGop dyskuny f (a, 6), MOXKHO BHUHCAHTD KOP(GHUMEHT paccesius o,
KOTOp&Ilt IpH @ = ( COBNANaeT ¢ KoadpHUKEHTOM TOMCOHA Gp. DTOT KOSGOHIHEHT
CKAaJBIBACTCA U3 ABYX WIEHOB! 05 H 0g, KOTODbIMH M3MEPSETCS COOTBETCTBEHHO
ocaabierne MEPBHYHOrO Ny4Yka BCAEACTBHE HCMYCKAHHS PacCefiHHBIX PEHTTEHOB-
CKHX Nyweli H BCIGNCTBHE HCTYCKAHNA DACCESHWMX 3MeKTPOWOB. ITH Kostibh-
unents no Komntouny Agiores dopmynamu

o 1 a5 I+e o5«

R P R O R | O

7 M. Reopi
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Otciofa BHAHO, W10 OPH VeenMuesud a, T. €. IPH YMEHBUICHHH Ay ¢ YMeHD-
waeTes, MTO MOXTRepIAaeTca H ombrroMY). [1py NaMEReHHH TPAPOAH MOTIOWAl-
JETO BemecTsa (063 MSMEHEHHS ) KOS((IUHEHT G, OTHECEHMBl K SIEKTPOHY,
0CTAETCR MOCTORHHBIM, €CIH TOMLKO BCE SAEKTPONBI, CONEPMAMHMECH B paccem-
BAKMNLHX aTOMAX, MOTYT PacCMaTPHBATHLCA Kak CBOGONHBIC. DTO YCAOBHE NMPHOAH-
KEBHO OCYIECTBANETCA, KOTAA JEACTBIIG PEHTFEHOBCKHX nyuell Wiw y-nyueit mog-
BEPTAIOTCA CMEHTHL C MANbIM ATOMHLIM BECOM. ¥ TSIKGAMNX aTOMOB, COZEPIKAULAX
SHEKTPOHE C PASAKUHON CTENeMbIO CRSISH, PACCEHDAlOUICE NCHCTBHE HA SIEKTPOH
MOCTORH KO TOTHKO MO OTHOUIGRHIO K KBAHTAM ¢ Odems 6OMbOH ateprHell (y-myan).

s

sf
5'

Horpatrense
mtoraes 1

KBanmy

2 N
2 3 2,

Puc. 55h. Pamiyc OKpYMHOCTH WDEACTABISIET SHEDIHIO GAKAIOWEro KEaita. [ cTpeot,
OTMEYEHHLX OLHHM N TCM e HONEPOM, YKASHEZIOT SIEDTHH DACCEAHHOTO KBaBTa N cOOTRET-
CTBYIOLLIENa PACCEANROND SACKTPONA MR @ = |. CyMMa S STHX CTDENOK DABRA PAANYCY KDYT4,

Teophn KOMOTONA yUKTEIBACT PacnpeleseHke PAaCcCeRHKONO UBNYUCHNS BOKPYT
NEpBHNHOTO NapalICALHOTO TYWKA myuell, TPOXONSMIETO CKBO3H DACCEHBAIOUNMF
2KpaH. ITO PACTPeACHeHHe IPH YBEAHUCHHI & CTAHOBHTCS CHALHO ACHMMETPHUHBIM.
310 ABAEHHE 0COBERHO XAPAKTEPHO B CAYTIAC p-nyved (§ 89).

JIn% BhUMCACHRA KOMXPHLUERTE PACCeRHHA ¢ — Ogtd, TOABSYIOTCA METONAMH
BONHORBOR MeXaHHKH. POPMYNH, Nonyseknpe Kaeiom 1 Hummwoki, nmeor So-
fiee CHOKRYIO (opmy, Yen (hopMysibl KOMITONA, W, TIO-BHAMMOMY, Mydme TNpef-
craasior paccesie y-nyuetl (§ 89).

Paccesuuble 31eKTPOb HAGJIOAANNCH NIPH MOMOIIM MeTOxa BHab-
cona. IlyuoKk NepBHYHLIX OAHOPOAHHX JydYell ¢ H3BeCTHOH ANHHOM
BOHB A MOCTYMaeT B Kamepy pacliupens. Korja npoucxoauT pac-
LWMpenye, BRONL MYTH NYUKA 3aMEYAeTCHl MOSIBACHAE KOPOTKIX TPAGKTO-
PHil, NPHNHCHIBAEMBIX MEANCHHBIM 3eKTPOHaM, 0BIafalouuM HeGoMb-

1) KosHINSHT 0 TAKAE RBASCTCH YMEHBMAIOMEAcA GYHKINEN @, 6o MAKCH-
MANbHAR BEAWUNHR, KAK W AN O, PABHA Go. KOIHUNEHT 0g, PABREI HYMIO NP
a = 0, UPOXORAT Uepea MAKCHMYM DA & = 0,5, 2 3aTem, Tax e Kak & & O, CTpe-
MUTCST K HYJIO MPH AanbHefieM yBENHUEHHH .
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1WOH CKOPOCThIO. MOXKHO onpefieuTh HanpaBieRke HX HCNYCKAHHS 1o
OTHOWEHHIO K HAMPABNEHHID NEPBHYHOTO NYYKa, a TakkKe Mx npoder,
[0 KOTOPOMY MOMHO BHIMHCAHTE HX HAYafbHYIO SHEPIHIO (OTASNbHBI
auct V, puc. 1). Habntonannenb Takike SEICTPEIE paccestHHbIE 3M€KTPOHE,
BOSHHKaIOUIKHE MPH paccesnun y-ryueis (§ 93).

§ 31. Jlosnposka pentreHoseknx ftyyeit. EAMARLA KoanuecTsa,
SddexTHpnas NTMRA BOMKYE

Jl03HPOBKA PEHTFHOBCKUX Ayuell, BBHAY HX MeIMUHHCKHX NpHMe-
HeHmil, umeer Goabwoe sHauenwe. Tpymuo, ofwaKko, co3AaTh TakHe
YCIOBUS, B KOTODHIX H3MePeHHs! PeHTTEHOBCKHX Jydedl GbuiM Gbl CpaB-
Humel. TOK, MPOH3BOAHMBI B HOHH3ALHOHHONR Kamepe NPOHUKAKULHM
B Hee NYYKOM PEHTIEHOBCKHX Jyuel, 3aBHCHT OT CTeNeHH ROTJOMeHHS
B HAMOMHAIOIEM KaMepy rase (OTO3NEKTPOHOB H PACCESHHBIX AEKTPO-
HOB, H3BJIEKAEMbIX MIEPBHYURLIMI JYYaMH KaK H3 £asa, TAK H H3 CTEHOK
Kamepsl. TToSTOMY IpH MOHH3AUWH PasiuuaioT 2asosvitl spdexm u 9p-
hexm cmenki, OTHOCHTENBHOE 3HAYEHHE KOTOPBIX 3ABHCHT OT (OpMbI
Kamepel B JaBJeHHS COepaanlerocs B well rasa.

Cocrostumiics B Crokronsme B 1928 r. Pagnonornuecknit KoHrpece
u3Gpal A H3MEPEHHS PEeHTIHOBCKMX Jyuell MEXAYHApOLHYIO efi-
HALLY, HASHIBAGMYIO PeHmzerom W 0003HAYAEMYIO Uepes I, «IT0 TO KOAH-
9eCTBO PEHTTeHOBCKHX Jywefl, KOTOpoe BbisbiBaeT B 1 cu? aTmocgep-
HOTO Bo3Ayxa npx 0° u gaBnennn 760 um PTYTHOrO cTONGA TAKYIO PO
BOJAMMOCTD, TIPH KOTOPOH TOK HACHINEHHSI PABEH ORHOM 3J1.-CTaT. efl.
TpH YCJIOBHH, YTO BTODHUHBIE SJEKTPOHB MOMHOCTBIO TOTJIOWAIOTCS,
a 3(QeKT CTEHOK KaMephl YCTpaHEH».

Kpome nHTeHCHBROCTH, OGHIYHO GHIBAET HYMKHO XOTH Onl npubaH-
JKEHHO YKa3biBaTh CPEAHee KAUECTBO 60ee HAIH MeHee NPO(HABTPO-
BAHHOTO HEOJHOPOJHOTO Ny4Ka Jydefl, JaBAEMOro PEHTTEHOBCKHMH
TpySKamu. A 3TOre NOMB3YIOTCH METONAMH TOTOMEHHA M onpe-
BensitoT sfexmusnyio dauny eoansr. D10 — INHHA BONHBI OAHOPOL:
HOTO (MOHOXPOMATHUECKOr0) ITyyka ¢ 3(peKTUBHON A, KOTOPHil B He-
KOTOPBIX TPOW3BOABLHO BBIOPAKHBIX YCHIOBHSIX HCIIBITHIBAGT Takoe iKe
TIOTMIOWIEHKE, KaK 1 paccMaTpHBaeMbill HeONROPOMHHI myyox. B cany
CHONHOCTH  SABJeHHIl MOMVIOMeHHsT Sp(eKTHBHAs ATHHA BOJHB He
SIBRAETCSt BO BCEX YCJOBHAX ONMpeReNeHHON BeNHUMHOH, M ITHM MO-
HATHEM CeAyeT B0 HM3bexaHne OMMGOK NONB3OBATECS TOABKO C OF0-
BOPKaMH.
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§ 32. JaeKTpOH M m3nyueHHe

Heeneposanue KaTtoAKbIX U PEHTTEHOBCKHX Nyueit oGHAPYKHIO, YTO
MeHAY STHMH SIBJEHHSMH CYLIECTBYeT TecHas cBs3b. KuHeTnueckas
HEPTHsT 3aTOPMAXKHBAECMBIX AKTHKATOAOM IMEKTPOHOB YACTHYHO obpa-
INAETCH B 9MEKTPOMATHHUTHYIO SHEPFHIO BOSHUKAIIMX TIPH HTOM PERT-
reHOBCKHX Jiyued. CBeT, 10 CBORN NPHPOAE OMIHAKORBIA ¢ PEHTTEHOB-
CKKMH JTyYaMH, TaKxe OGpasyercs 3a cyeT KMHeTHUECKOH SREPruH co-
JepIAUAXCs B BeulecTBe FEKTPOHOB. TaKnM oGpasoM, HCMyCKanue
U3TYHEHHS OKA3BIBAETCS CBAIAHHEIM C H3MEHEHHEM CKOPOCTH 3JeK-
TPOHa, T. €, C ero yekoperues. TIONBITKYM YTOUHATE 3TY CBA3L HATOTKHY-
ANCh WA 3HAUHTE/LHBE TPYRHOCTH, NPHBEAIHE K BO3HMKHOBEHHIO
KBAHTOBOI TEOPHH.

DneKTPOMATHHTHAS TeOPHS CBETA JaeT BOIMOXHOCTb NPHCTYNHTB
K DACCMOTPEHHIO NPOOAEMBl HCIYCKAHHA W TOLIOMEHHS H3NYYERHs
anextponamu, Tlornouenne cocTout B TOM, YTO HEPTHS TAJAIOUIEro
H3NYUEHRA UCMONL3YeTCH /i NPHBELEHHN B IBHMCHHE HAXOLAIHXCS
B 3/IeKTPHYECKOM NOJ€ BOJHBI 34€KTPOHOB. HCnyCKaHHe COCTOMT B
TOM, 4TO 2EKTPON 0OpasyeT BOKPYT cef NepeMeHHOe SAEKTPOMATHAT-
HO® TONE, CBA3AHHOE C er0 YCKOPEHHEM H PaclpoCTpaHsioueecs B
NpOCTpaHCTBE KAk BOAHA. JIopeHI HOKasan, UTO KNACCHYECKas TeopHR
€T BO3MOMHOCTb BEIYHCTHTE JFS CAYYHAS HCIYCKAHUS aGCOMOTHO Uep-
HOTO Tena NPH ONPEAENEHHON TeMneparype pacupefeneHHe MIOTHOCTH
U uanyueHus, HIH SHEPruio Ha eIHHHIY o6beMa, B GYHKUAM IIHHBI
soanbl. Haitpennasn takmm cnocobom Qopmyna nokaswisaer, uto U
H3MEHAETCA OBPaTHO MPOTIOPUHOHANBNO A%, YTO 3aCTaBHAO Gbl TPH-

1) Cw. E. Bloch, Ancienne ef nouvelle théorie des quonta, TParis, 1930. Conf.
Rapp., 2., 18, L. Brillouin.
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nncaTh 06AaCTH KOPOTKHX BOAH GECKOHEUHYIO SHePTHIO. Toutbie OnbiTht
npusenu Kk copmyae )
U di = f(3) d2,

re f(A) — @yukuun, ofpamalomascs B Hyb PH OYEHb MANOH H OYEHB
GoNbINOH JAMHE BOJHB! A H NPOXOASILAS yepes MaKCUMYM TIpH AJHHe
BOJHBI A, 0GPaTRO NPONOPUHOHANLHOHA aGCOMOTHOR TemmepaType.

UroGel momywuts sTy Qopmyny, Ilmank ponycrwia, uTo cojepika-
IMecs B BEWIECTBE 815paMOpsl KU Pe30HAmOPb MOTYT HCITYCKATb H3Y-
YeHHE TONBKO HPePHBHO. KamA0e HCNYCKalHe COOTBETCTBYET ONpeae-
MeHHOMY KOJRYeCTBY SHePTHH HAH KBaHTY Aiv, T. €. HDOH3BEAEHHIO
uaCTOTHl BHOPATOPA HA YHHBEPCAABHYIO MOCTOSNHYIO, HA3LIBAEMYIO
nocmonsnold IMaarka. Takum ofpasoM, B Hayky Gbina BBejeHa 3Ta
OCHOBHAsl MOCTOAHHAS, BEWYHHA KOTOPOH B HacCToAllee BPeMs CYH-
Taercst pasHoil 6,55-10-% ex. CGS.

Tnnoresa Ilmanka BHeCAa pasHOMIaCHe MeMY KNAacCHUECKOH
TeopHel, NOAb3YIOUelicst NOHATHEM HENPEPLIBHOTO B NPOCTPAHCTBE H
BPEMEHH INEKTPOMAarHHTHOTO TIOAS, M OWBLITOM, A5 OOBACHERHR KO-
TOPOTo MPHILIOCh OBPATHTECS K NOMOMIM KOHUENIMH O KBAHTAX.

370 pacxokeHHe He ABJAACTCH eMHHYHBLIMA (PAKTOM, TaK KaK OHO
OOHapYKHIOCH # NMPH APYrHX ofcTosTebcTBaX. PaccMoTpuM caryuait
0BpasoBaHus PeHTTEHOBCKHX JIyYeil NPH MaJeHAH NyYKa KaTOLHBIX
aygelt Ha aHTHKATON. DTH PEHTTEHOBCKHE JYYH B CBOIO OYepesb mpo-
HBBOAAT OTPHIATENbHBIE KOPOYCKYASApHbIE JYyuH, OGAaalollHe CKO-
POCTBIO M 3IHEprHedl TOro ke MOPSAKA, YTO R [EPBHYHBIC KATORHBIE
nyun. CoriiacHo KNacCHUECKOf TeOPHH KaMAOMY NepBHUHOMY Jydy
COOTBETCTBYET 3JEKTPOMArHHTHOE BOIMYyLIEHHS (OUeHb Majio AfA-
[Iecst H3AYUEHHe HAH RYyA6CaLts), PACPOCTPARSIOUEecs B NPOCTPaH-
CTBE, KaK BOSIHA BOKPYT TOUKH TOPMOKEHHS NEPBHUHOTO 3MEKTPOHA,
SHEPTHS KOTOPOTO MEepejaeTcs HTOH naexxe W3MYydeHHs. IREKTPOH, No-
nasumf B chepy AefiCTBHS STOl NEHKY, MOKET NONYYHTH OT HEe TONBLKO
HeGONBIIYIO YACTh €¢ SHepriH. ONLIT Xe, HANPOTHB, NOKA3LBALT, YTO
nepesiaya SHEPTHH MOXeT O6biTh NOMHOM, TaK, KaK ecaH Obl NepBHYHbIT
SNEKTPOH HeNOCPeACTBEHHO NepeAaBall BCIO CBOI KMHETHUECKYIO Hep-
THIO BTOPHUHOMY 3JEKTPOHY. DTO 3aCTABISET AyMaTb, 4TO H3MYYeHHE
MMeeT KOPNMYCKYASIPHYIO CTPYKTYPY, T. €, UTO OHO HCMYCKAaeTcs OT-
JeNbHEIME KGQHMAMU FHEPRLLLL.

OpHako Takne siBAeHUs, KaK AH(PaKLHn ¥ HHTEphepEHIs, o6bAC-
HSIOTCA TOABKO Ha OCHOBE MPEACTABJeHNs O HeMPePHIBHOM pachipesiene-
HUM U3AYUeHHs B NpocTpancTBe. CrpemieHHe OGBEAMHHTb KMaccHue-
CKYIO TEOPHIO ¢ KBAHTOBOJ KOHIENLKeH IPHBENO K CO3AaRHKI0 BONHOBO
MEeXaHHKH,

HekoTophle H3 OCHOBHBIX TOHATHH MpPHBOAATCS B TOCAEAYIOeM
nanoxennd. HamoMuuu, uTo Mbilyske BCTpeyanich ¢ NOHSTHEM O KBaH-
Tax NPH PaccCMOTPeHHH 3aKoHa Jiinreiiva u Teopun Kommrona (§ 29
u 30).
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§ 33. Hsuepuus, Macca W SHEPrda SVIEKTPoMa., INeKTPOMATHHTHAR
TEOPHA Manyvenus

Tk, Jix. Tomcon nokasai, 4To SMeKTPOH 0OJaLaeT HHEPTHOH Mac-
coft B CHNIY OJHOTO JIHIIb TOTO (AKTA, UTO OH HECeT MEKTPHUECKUil
3apsill € M, CNeAOBATENbHO, HE MOXET NpHiTH B JIBYXKEHHE, HE CO3/aB
BOKPYT CeBsl MAarKuTHOTO NOJs, SHEPrHS KOTOPOro NMPHOABASETCR k
SHEPTHH_OKPY’KAIOWEr0 NOKOAMHUNCS SeKTPOH SIeKTPOCTATHYECKOTO
nonst. Tlpusoaum pacueT 3T0fi JAOTIOSHHTENBHOM
3HepTHH B TOM NPOCTOM Cyyae, KOTAa CKOPOCTh U,
NIOCTOSTHHAs TI0 BeMHUHHE W HAaNPABJEHHIO, Maja
IO CPaBHEHHIO CO CKOPOCTHIO CBeTa. Pacnpesenenne
SMEKTPHUECKOTO TOJS BOKPYT 3MEKTPOHA, HAXOAA-
werocs B Touke O (puc. 56), Toraa Syner Taxoe Kxe,
Kak M B COCTOSHHU NOKOSl, NPHUEM 3EKTPHUECKOe
8 none A umeer B Touke M (OM = r) nanpasnenne
papnyca-exropa OM u Bennuuny A= efkyr? (hy—
HHIYKTHBHASL CIOCOGHOCTB, HAH JAHBNEKTDHYECKas
MOCTOAMHAsS B NyCTOTe). MarunTHOe none H, Hanpa-
BJIEHHE KOTOPOTO B TOUKe M MePIeHAHKYISPHO K
npockoetn MOv, imeer Besnunny H = ev sin 6/r2,
rae @ — yron MOv. Tak Kak saBucsiliasi o noast H sHeprisi Ha efu-
HHLY obbeMa paBHa poH%/8m (1, — NpoHUUAEMOCTb B NMYCTOTE), TO
nosnasi sHeprust W, DacnpoCTPaHSIOMANCA B NPOCTPAHCTBE, 3e-
MeHT o0beMa KOTOporo paBe 2ar® sin 6 df dr, shyucasercs no gop-
Myne

v
A

Puc. 56,

W

n oo
2
Ho J . dr pget’
L2 22 | sind0dl | — = .
4 ” 3a
o @
[lps WHTETPHPOBAHHH TIO ¢ B KayecTBe HKIKHETO NpEJeNa CAYKHT pa-
ZHMYC @ 3NEKTPOHA, KOTOPHI PAacCMaTPHBACTCA KAK INAP ¢ PABHOMEPHO
pacnpefieneHHEM HA €ro NOBEPXHOCTH 3apsiioM. Otcioga BHAHO, 4TO
Buipaxenne Inst W umeer dopMmy mw?f2, rae
e = 2 e
=g ey

CnefoBaTeNbHO, SAEKTPOHY HYIKHO MPHNUCATH MACCy g, HE 3aBH-
CSILYIO OT CKOPOCTH, KOTA@ 3Ta NOCHejHss JOCTATOYHO Mana. 310 —
nPedensHAA SACKMPOMALHUMAQS MACCA TiPH MAnol CKOPOCTH, WM f10-
KOMMUAACS MACCA SACKIMPORA.

Tak KaK YiCheHHoe 3HAUEHNE /My IBECTHO H3 H3MEPEHHS OTHOWe-
HUd efm (§ 15), To oTCIONA MOMKHO BEUHCIUTbL PAAHYC @ SJNEKTPOHA.

Npuuumast mg = 9,04-107%8 ¢, ¢ = 1,59-10-% s3n.-MarH. en.,
tho = 1, HaxomsaT a = 1,8-10718 cu.
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Kornia NBuiceHHe SMEKTPOHA, OCTABasCh PABHOMEPHBIM, NPOHCXO-
JHT 6oMee GLICTPO, NPHBEACHHRI Bylllie PacyeT CTAHOBHTCS HETIPHIONKH-
MEIM, TTOTOMY YTO, €CJH NnoAst 4 u H H3MeHsOTCH B JaHHON Touke Ghia-
roIaps NepeMeleHnIo 3IeKTPOHA, TO H3MEHEHHe KaX/IO0ro H3 HHX CBfl-
3aHO C H3MeHeHHeM APYroro no ypasHeHH© Makcesenia, H BblYHCIeRHe
ocnowkusercs.! JlopeHE pnocTaBut BeqHudHEl A M H B 3aBHCH-
MOCTD OT ABYX (YHKUHT, HASBIBACMBIX 3GNQ306IBHOUUML ROMEHY UMY
(CKANIAPHENT M BeKTOPHBA MOTEHNHANb), A Aan AuddpepeHUHANBHbE
YpaBHEHHS! STHX MOTEHUHAJOB B TOouke M, DacCMATpHBAeMLIX Kak
QYHKIMM BPEMEHH { U KOOPAMHAT X, Y, Z, TAC X — HanpaBlieHHe NBU-
JKeHHs eKTpona. Ecin nponssecTs NOACTAHOBKY NEPEMEHHBLIX (npe-
obpasopande Jlopenna):

,_ x—ul v t—xpic
TyR =

(rfie § — OTHOLIeHHE CKOPOCTH YACTHILL K CKOPOCTH CBeTa), To Hafizem,
YTO B CHCTEME KOOPAMHAT X', y', ' ¥ s BpemeHH ', HashiBaeMOro
COBCIMBCHHOLM 8DEMEHEM CUCIIEMDE, SNEKTPOMATHRTHOE TIOJE BOKPYT /teK-
TPOHA SBJAETCA IOMEM NOKORUWIErOCS IJEKTPOHA, DTO 3HAUHT, UTO,
OIpPEAeNNE NO ypapHeHHAM Makceenna noast A u H' Bropofl cncTemsr,
COOTBETCTRYIOIIHE NONAM /1 K H nepBoft cucteMsl, nonyyaior, yto H' =
=0, a &' — nocrosinxoe papuanbroe noae efkqv® Torga mo dopmy-
JnaM TipeoOpasoBauus, ZaiomuM A w H B $yHKumEM ' n H', MOXHO
BBIUHCIHTD BENHYHHEL N0l NePBOfi CHCTEMBL.

Hanpapaenue Ji paananbio, a Hanpapjese H neplexiHKyASPHO
B M K nnockoet MOv (puc. 56). Bennunusl noselt Anst GoAbIAX CKO-
pocTefl v BHIBOASITCA H3 BERMUMH NOAeH, KOTOPble TEOPHS JaeT mis
MallblX CKOPOCTeH, IyTeM YMHOMEHHs Ha (aKtop

Fg.0=

l ¢4
(I—pEsint oy

B pesy/ibTate 3TOTO none ocnaGesaeT NP MaablX 3uaueHHsX sin 0
H YCRTHBAETCS NMPH GIH3KHX K eMHMIE 3HAYEHHAX sin §, Tak uTO 06-
NacTb MHTEHCHBHOTO HOJIS TeM Gojiee OTOABHTaeTcs K TMIOCKOCTH, niep-
TeHAHKYNSPHOH B O K HaMpaBNeHHIO CKOPOCTH (3KBATOPHAJbLHAS THIO-
CKOCTB), YeM Bhile CKOPOCTh; BHPOUEM, [OCHEIHsA HE MOXeET CTaTh
PaBEOIl CKOPOCTH CBeTa, TAK Kak NpH B = 1 noas B 3KBATOPHANBLHOM
ANOCKOCTH NPHHMMAIOT 6eCKOHeUHO GOMBINYIO BeauuHHy. Ecaun npen-
TOJIOXUTD, UTO B CHCTeme x’, y’, 2°, ' 51eKTPOH HMeeT ¢opmy mapa
¢ PABHOMEPHO DACNPENENeHHbIM HA €ro NOBEPXHOCTH 3apsioM, TO B
CHCTEME X, Y, 2, ¢ OH GyzeT uMeTb (OpMY CIVIONEHHOTO 3MHACORAA,
0Cb KOTOPOTO, HANpPABJIEHHAN TO CKOPOCTH, GYAET yKOPOUeHa 1O Cpas-
HeHWIO ¢ 3KBATOPHANLHON oOChio B oTHoumenan | 1 — p2. Sma Je-
dopmauHs HasbiBaeTes coxpatyenuen Jlopenya.
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IMonctanosKa nepeMeHHbIX, 3101128 BO3MOKHOCTb NepeliTH OT CHCTe-
Mbl X, ¥, 2, ¢ k cicreMe x', y',2', £’ B ofpartho, Gbula NpHHATA DiiHWTeH-
HOM 3a OCHOBAHHE WACMAHOL MEOPULL OMHOCUMEAbHOCIL, COTIACHO KO-
TOpO#l He cywecmeyem abCOArOMHO20 pemMent W CUCTEMAM, KOTOpbie
TiepeMellialoTes O/iHA OTHOCHTeNBHO APYTOR €O CKOPOCTbIO U, Chefyer
TIpHIHCATh cofcmeennbie epemena ¢ ¥ ¢'. Mexny STHMH BpeMeHAMH W
KOOPAHHATAMYH CYLIECTBYET TO COOTHOUIGHHE, KOTOPO® TIPeAyCMAaTpH-
BaeTcs Npeobpasopakkem Jlopenna. ONbITy AOCTYMHO TOABKO COGCTBEH-
HO® BpeMs JaHHOH CHCTeMB!. BEIpakas (pM3kYeCKHe BeJTHUYHHBI NPH NO-
MOUIH KOOPAHHAT W COGCTBEHHOTO BDEMEHH, Mbl JIOMKHM MOAYYHTb
MeXJy 3THMW BENHUHHAMH YPaBHEHHS, COXPAHSIOMME OAUHAKOBYIO
dopmy B 1060 crcTeMe. DTO — OCHOBHOM MOCTYJAT YacTHON TEOPHH
orrocuTeabrocTHY). TMosanee Diinwrelin noxasan, 910 3Ta TeOPHA APH-
NOXAMAa KO BCEMY HPOCTPAHCTBY, TAe TPABHTAUHOHHOE NoONe Clado,
HO YTO B TeX OGJAcTSIX NPOCTPAHCTBA, TAE 3TO TONE CUMbHO, OHA AOJXK-
Ha GbITh 3aMenena obtyell Mmeopuett OMHOCUMEAbHOCTY, YCTAHABINBAIO-
mefi cBA3L MEXIY TPAeKTOPHell CBETOBBIX Jyueli H IPABHTALHOHHLIM
noneM. Mel OTpaHHUKBAEMCH 311€Ch TeMH CHIECTRHAMH, KOTOPbIE BXORST
B TIpeie/Ibl NPHAOKEHHS 4aCTHON TEOPHH OTHOCHTENBHOCTH H KOTOpble
COBMNAJAIOT CO CACACTBUSMH, BHTEKAIOUWMY H3 TeopuH Jlopeuua.

YacTHasi TeOpHS OTHOCHTEJBHOCTH MPHBOAMT K M3MEHEHHIO AHHA-
muky. T1. JIaH>KeBeH NOKazan, YTO MOXHO NOCTPOHThL AWHAMHKY, CO-
yetas KHHEMATHKY C NPHHUHNAMH coxpanerus snepruu. Ipumenenne
KHHEMATHKH aGCOMOTHOTO BpeMeHd NPMBOAHT K HBIOTOHOBCKON Mexa-
HHUKe (TIOCTORHRAs MAacca, KHHETHYECKas SHEpPrufl, NpOTIOPUHOHA/b-
Has ©%, u 1. A.). Hpuvenenne kuuematukyd Jlopenua—3fiHmreiina
TIPHBOAMT K HOBOH AMHAMHKE, B KOTOPOR MACCa npONODPULONAAbHE
enympenneil snepeun. Ecau mg — noxosimasics Macea, a £ o — BHYTpeH-
HfASI SHEPTHs B COCTOSTHUH TNOKOA, To E, = myc?. [ng Tena, ABHKY-
Ierocs CO CKOPOCTBI U = f¢, Macca m, NONHAS SHePrHs £, KAHETH-
yeckas sHepruss W n KoHUecTBO NBHAKEHHs g HatoTcs dopmyiamu

m= . E=

g=mv

i

Beskoli notepe sHeprun AE J0AXHA COOTBETCTBOBATH TIOTEPS Macchl
Am NO YHCACHHOMY COOTHOLICHHIO

cdm=AE .

=

) HanoMuum, 410 BBEfeHNE 3TOH TEOPUH B HAYKY CTA/MO HeOGXOAMMEIM Gnaro-
Zapa HeyZaue fONHTOK (onmeiT Majikenncona B Mopies) obhapyxuts abconiotroe
ABHIKeHNe.
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OT0T BMBOA MMeeT GOMblUIOe 3HAUCHHE AU PaspellleHHst Bonpoca o
BHYTpeHHeil sHeprun atomoB (§ 21).

1i3mepeHHe OTHOWIGHHS e/ H CKOPOCTH U KATOHMBIX Jyyeft M y-ny-
uell NOKA3al0, YTO COOTHOUIEHHE MeHAY m U U AeliCTBHTENBRO BHIPA-
waercs dopmynoit m = mof T — B2

Kpusasi Ha puc. 57 npeacraBasier nifmgy B Gynkumn §. Yncaensoe
SHAUeHHs 3TOTO OTHOILEHHSA AaHbl B NpHAoxkeRun 9. Korma # < 0,1,
m OTAHYAETCH OT niy MEHbille HYeM
na 0,5%. Korma g BospacraerT, m
YBeNHYHBACTC CHAUAMA MELJEHHO,
3ateM ouenb ObicTpo H npu S =1
cTpemuTess K oo, TakuM ofipasom,
Macca 3JAeKTPOHa, ABHMKYLIErocs €O 6i—|
CKOPOCTBIO CBeTa, CTAHOBMTCH Oec-

Judd
)
7

KOHEUHO. 5
CitefioaTesIbHO, 3Ta TIpefesibHAs
CKOPOCTb ¢ He MOXeT GbiTb HH IIpe- |

B30fjieHa, HH Raxe AOCTHTHYTA.
SnexTpoMarHuTRO® moOJe, pac-

npeflesisiloileecs, Kak 3T0 381 YKa- 3

3aHO BbIe, 06pasyeT BOKPYT Mepe-

Meularolerocss ¢ MOCTOSIHHOK  CKO- 2

POCTBIO ¥ EKTPOHA CYPYIO, Tepe- L4

MELIAIONIYIOCST BMECTE ¢ SJIeKTPOHOM. 1
Beanuuib nonelt & u H B JauHOH
Touke M 06paTHO MpONOPLHOHAIBHBL
KBa\paTy PacCTOSHUSI 7 MeXAY 3Tol
Toukoft M Tofi, B XOTOpoil Haxo-
ZHACH SNEKTPOH, KOrAa OH 00paso-

Baj 3TH noasi, PacmpocTpaneHHe NONSi NIPOKCXOAMT B (hopMe chephte-

cKOMt BOJHBI, TMOBEPXHOCTH KOTOPOH MPOMOPUHOHANbHA 72, TOTAAa Kak

3HePTHH KaXKAOTO H3 NOfell B eHHELE 06be-

Ma 0BpaTHO NpomopiHoHaibha r4. Eciu ape

nofobHbe cdepbi COOTBETCTBYIOT B OAHO H

TO e MrHOBeHHe IBYM TNOCAEIOBATENBHEIM

OvYeHb OJHSKHM TOJNONEHUAM 3AeKTpona O

w O', To Bropas ofBoJaKHBaeT MePBY, H

KOJBLEOOPASHEIA NPOMEKYTOK MENY HHMH

HasbiBaeTcs naenkod (puc. 58). Ipn yianexnu

N/IEHKH OT LEeHTpa HCIYCKAHWS COLepHallia-

fcsi B Hell 3HEPrHA W3MEHAETCS OGpATHO

Pnc. §8. nponopupoHanbio r®.  CreioBaTenbHo, Ha

60ABIIOM PACCTOAHKH 3Ta SHEPTHA HPHXOAMT

K HYJIO, TAK YTO IIVIEHKA HE IEPEHOCKT SHEPTHH HA GeCKOHeIHOe PaccTon-

Hue. CaeJ0samesto, 8 IMOM CAYAL UBAYHEHUS SHEPRUL NE npoucxodum.,

067 02 03 0 05 05 67 08 09 10p
Pue. 57.
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CornacHo 3n€KTPOMATHHTHON TeOPHH HaNyueHHEe MOXeT NPOHCXO-
JIHTh TOJBKO NIPH HAJXHYMH YCKODEHHH.

Besikoe ABHKEHHE ¢ HeGOJBIIMM YCKOPEHHEM MOJNKHO PACCMATDH-
BATDH KAK KBA3HCTALHOHAPHOE H, CNIEAOBATENBHO, BEIUHCHATS BOSHHKALO-
lee NPy ABHXKEHRH 3KTPOHA MoJe TAK, KaK eCH BBl CKOPOCTD 3TOTO
JsusKeRus Owuta moctoswno, Ha s1o mone, ofpasylomee goany cxo-
poctiu, HAKNAWIBAETCA TIOJe, BO3KHKAMIIEe BCACACTBHE YCKOPEHHS
sfexTpona H ofpasywouee eoauy texoperus. Tlone yckopeHns name-
HSteTCsT 0OPaTHO MPONOPUHOHANEHO r. ClENOBATENBHO, NJeHKA Tepe-
HOCHT ¢ OGOt Ha GonbUIME PACCTOSTHHS KOHEUHOR KOJHYeCTBO SHeprHH,
KoTOpas SIBAETCS H3JydaeMoil SHepreil.

B cayyae HeGOJNBIINX CKOPOCTEil SJIEKTPOHA MONE B BOJHE YCKO-
peHHs pacupefensieTcs creayiomnM obpasom. Ilyets Oy Gyser Ha-
npasnenne yckopenun {puc. 59). IMose A nexut B naockocts MOy,
neprnesaukyJspHofi K pamuycy-sektopy OM. Ilone H nepnengu-
KYJSpHO K mnockocTn MOy W HanpaeaeHo 3a nee. Ofa nonsl mep-
TIeHJHKYASPHBLl APYT X APYTY H K paawycy-sektopy. Tlons pabm

#eey sing. H eysing
r e

3

HYJI0 B HanpaBieHMH YyckopeHus (p = 0) M JocTHralT HauGonb-
meil BeJHYHHB B HANPABJEHHH, NEPNEHARKYJSADHOM K y. Memny
STHMH Mpeje/iaMi OHH H3MEHFIOTCH HENPEephiBHO. DHEPTHS, NepeHoCH-
Masi TUIEHKO/ B eNUHULY BPeMeHH, HIH H3AyYaeMmas SHEprus, paBHA

2ueePy?3c. Hanyuenue pacnpefienigercs B NPOCTPAHCTBE
M b CHMMETPUYHO BOKPYT ¥.

Ecnu snextpon, mBrmxkymuiica ¢ Gonbumiofl cxopoc-
Thio, TONYYAET YCKOPEHHE y, T H3jyYeHHe OKa3hiBaeTCs
pacnpefieNleHHbiM aCHMMETPHYHO, W 3Heprus E INIeHKH,
a TaKKe KONMYECTBO IBH)KeHHs g KOHIEHTPHPYIOTCH
TIPEHMYLIECTBEHHO B HAMPABJEHHHM CKOPOCTH MEKTPOHA
N0 OTHOWEHHIO K HaGmiojatedio, npuueM g = pEjc.

HeuaGexHbIM C/IEACTBHEM NOTEPH SHePrHH ABJSETCH
noteps macesl Am = AEjc?. .

DneKTPOMArHHTHAA TEOPHS NPEAYCMATPHBAET, B HACT-
HOCTH, CAEAYIome Cayuan:

1) SnexrpoH, copeplialomuil NPsAMONHHeliHOe, rap-
MOHHYECKOS KOReGaHHe HJH TepHONHYECKOe BpalleHHe
Ha KpYTOBOH MMM SJAMNTHYECKOH OpGHTE, ARASETCA
HCTOUHHKOM H3/1YYeHHs, MePHOA KOTOPOTO PABEH HePHOAY
3NeKTPOHa (OCUWMIATOPA HJW BHOpATOpa), @ YCAOBHs MOMSpUSALHMH
TIpeRyCMaTpPHBAKOTCA TeopeTHUeckH. TakuM 06pa-oM  OGDBACHAETCS
HCIYCKaHHE CBETA CONEPHKAIIMMUCS B BELIECTBE SJEKTPOHAMH.

2) DneKTpoH, TOABEPTalOUMICs PE3KOMY TOPMOKEHHIO B BELIECTBE,
HCNYCKAeT IJIEHKY H3JYYeHHs TOMNUWHHOW CT, TAe T — AAHTENBHOCTH

Pre. 59.
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TOpMOXeHHs. DT0. Bo3MylIeHNe pasnaraercst B paa Pypre Ha oTAenb-
HBIE WIEHE BLICOKOH YACTOTH H CONMPOBOMKAAETCS HCMYCKAHHEM PeHTre-
HOBCKHX JIyveil.

OTH B3MMAAH HE MOTYT GbITh COXPAHEHB B W3NOMEHHON dopme.
BospaeHust, KOTOPble MOKHO BBIBHHYTb NPOTHB HWX, OCHOBAHE! HA
HEOOXOMMMOCTH AONYCTHTE S/MEMEHT NPEPLIBHOCTH B HANYUEHWH H upe3-
MEPHOCTH TOH NOTEPH SHEPTHH, KOTOPYIO JOJIKEH UCIBITHBATD JEKTPOH-
BHGPATOP UPH H3NYYCHUH.

YkameM, 4TO_BJEKTPOMATHUTHASL TeOPHs MPeAyCMATPHBAET BO3-
MOMKHOCTb NONSIPH3ALHHK PACCEHBAEMBIX DaJHATOPOM PEHTTEHOBCKHX N1y~
uefl BeselcTBHE TOLO, UTO ANA KAMCIOrO HaNpaBJeHHst HHTEHCHBHOCTD
paccenBaeMbIX Jyueil ¥ OPHEHTANHS SMEKTPHUECKOro MONS B Paccesn-
HOM BOJIHE 3aBHCSIT OT HANIPABREHHUsS MEPEMEICHHS PACCEHBAIOMIETO
saextpona. Taxas Gofiee WM MeHee MOAHAS TIONSPH3AUMS AeACTBH-
TeJIBHO HAGMIOAAETCS HA PAJIMATOPAX € MANLIM ATOMHBIM BECOM, paccen-
BAIOIIMX PEHTreHOBCKHE JyuH Ge3 3aMeTHOTO H3MEHEHHS JacToThl,

§ 34. MpunoxeHHe KBAHTOBOH TEOPHH K H3AYUEHMIO.
Teopus Bopa

Teopusi usnyuenns Bopa umena LeAbl0 OGBACHWTS BOSHHKHO-
BEHWE JHHefHBIX CIEKTPOB, OMpeflenfemblX (OPMYAaME, THI KOTO-
puix 6uin ToyHO yctamoesen Punbeprom. Jlis storo Bop noasso-
BaNCA TNOHATHAMH KJACCHUECKOl MEXaHHKH H 3/MeKTPOMATHETH3MA
H OIHOBPEMEHHO HEKOTOPHIMU THNOTe3aMH, CBA3AHHBIMH C KBAHTOBOI
KOHLeNUue! .

Teopusi MpHHUMAeT NpocTefiinyio GOpMY B cyyae aTOMa BOLOPOA,
KOTOPBI COCTOMT W3 SiPa C €AMHHYHBIM 3aDSIOM, HJH NPOTORA H OA-
HOTO 3JI€KTPOHA. BOp NpeAnonoxus, 4To 3JeKTPOH MOMKET ONHCHIBATH
BOKPYT SAPA DSUA TPAEKTOPHI, HASHBACMEIX CHIQUUONGPHBIMIL. DTH
TPaeKTOPHH O0JIalaloT TeM CBOHCTBOM, UTO BPAIEHHE MEKTPOHA HA
OfiHOl H3 HHX He CORPOBONIAETCH HCMYCKAHHEM KaKOro-THGO Hamy-
veHust. Toabko MpH Nepexoie ¢ ONHON TPAeKTOPHH Ha APYTYIO, COTpo-
BOXJAIOMEMCS YMeHbllleHHeM NOTeHUNAIbHOR SHEPTUH CHCTEMBI, SM1eK-
TPOH HCTIYCKaeT OCBOCOMMAIOILYIOCK SHEPFHIO B BH/E H3NYUEHHS ONpe-
nenentofi yactotel. TIpocrefiinee NpeANONONEHHE COCTOHT B TOM, HTO
BCEe CTAUNOHADHBIE TPAGKTOPHH SBASIOTCH KOHUEHTPHYECKHMH OKPYXK-
HOCTAMH C ATOMHBIM SAPOM B HX OOILIEM LEHTPE, IO KOTOPHIM S/EKTPOHb!
ZBHXKYTCSL C ONMHAKOBOH cKOpOCThio. ODpefieienue CTaUHOHapHON
TPAeKTOPHU NPOUZBOJUTCS CJEAYICIIHM cniocofoM: myeTb ¢ 6yzer
©UHCTREHHBIl [apaMeTp, BXONAWHI B 3T0 ONpefefeHde, p -— HM-

nynkc, CBA3apHb ¢ ¢ no Metony amunbrosa. OHM CBAI3aHB yCJO-
BHEM

jpdq=nh,
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TN HMHTETpaJ PACHPOCTPAHARTCA Ha HONHBIN 0GOPOT MM TepHOX,

h — nocrosiHas TInakka, a # — NOJOKNTENBHOE NGO UHCIO, HA3kI-

BAaEMOe KOGHMOBbIM «CAOM. B NPOCTOM cilyyae KpyroBoli TPaeKTOpHH

MOXHO TPHHATE 83 ¢ Yrod 6 MOABHXHOLO PaAHYCa ¢ WEMOABHIKHBIM.
Kunetuueckasn sneprus T = ma®0’%/2, rge a -- paamyc Kpyra,

m — macca snektpona H 0 = dffdt. Umeem p = T [90' = ma®’ =
maw, ,

deq = [mav 40 = 2mmav = nk
0

Takum 06pasom, KBRHTOBbI! 3aKOH YCTAHABHBAET AR5 CTAUHORAP-
HbIX TPaeKTOPHII COOTHOMWEHHe MexAy & H ©. JIpyroe COOTHOLIEHHe
MeXIY TeMH e BeIHYHHAMH JAaeT MEXAHHKA HA OCHOBE TOI0 YCIOBHS,
YTO MPUTSIKEHHE S/EKTPOHA K SAPY YPAaBHOBEWIMBAETCH UEHTPoOek-
Hoill cunofi. Ecan N — aToMHOe MOPSAKOBOe YHCAO, A & — 3MeMeHTap-
HBI 3apsif, TO MOxHO Hanucatb (B cucreme CGSE):

o2
= uan  mvla = Ne?.

Vi3 s7ux OBYX ypaBheHui mosiyuaercs

2aNe* nih?

il L L
nh

4n*mNe?

Corsacro 5TuM GOPMYJaM PaaKyC CTANHOHAPHON TPACKTOPHH NPO-
MOPUHOHANEH 7%, 4 CKOPOCTb H3MEHSETCS OGPATHO APONOPLHOHANBHO A
BosbMeM 33 HadanbHOE TaKoe COCTOSIHHE CHCTeMbl, B KOTOPOM He
MMEIOWHA CKOPOCTH SMEKTPOH HAXOAHMTCA BJadH oT sapa. Koraa snex-
TPOH OMACHIBAET TPAEKTOPHIO, PAiyC KOTOPOl paBeH @, NOTEHIHANb-
Haf sHeprHa U = — Ne?[a, a kuneTnueckasi sueprusn T = mo?2 =
= Ne¥2a. Tonoxum
2
_E—vU4T=—2,
2d

Urobb usBAeyb H3 aToMa MEKTPOH, ONHCHIBAIOHIHI TPAGKTOPHIO,
pajHyc Koropolt paBeH @, Ha GOJBIIOR DACCTORHHE OT SAPa, HYKHO
COOBIHTD NONOKUTEIBHYIO FHEPTHIO E, KOTOPYIO Mbl HA30BEM sHepeued
Ypoens paccMaTpHBaeMOH TpaekTopuH. Bop JoIyckaer, YTo KOTAA OT-
ZlafeHEb OT IAPa SAEKTPOH NaJiaeT Ha OAHY H3 CTAUMOHADHEIX TPAEKTO-
pHil ¢ ypoBueM £, TO 0CBOGOMKAAI0IAACS IPH STOM SHEPIKA E UeAHKoM
HCMOAb3YETCST AMIst HCNYCKAHHS OfKOPOAHOTO H3NMYUYHHS, 4acToTa Ko-
TOPOFC » OMpeNeNeTCH M3 COOTHOWeHMs E = Av. CaMoNpou3BOAib-
Hblfl NepeXxot ieKTPOHA ¢ KAKOro-JaH60 YpoBHS £,y HA APYroil ypOBeHb
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E, Takke CONpOBOMIAECTCH HCMYCKAHMEM H3JNYYeHHS, vacToTa KOTO-

POro BEIMHC/AETCS H3 COOTHOMERns fiy = E, — E,..
Ho

Ne? 2nmN%t Net  2aPmN%et

2a, T nEE Eor = = ’

En= 2a, n'2h2

TAe 7 M 1’ — KBAHTOBbIE YHC/IA, XapaKTepHaylolllHe TPAeKTOPHU ¢ pa-
JANYCAMH @, ¥ @y, CNefoBaTeNbHo,

2m2mN%t [ | 1

T\ T )

WK

4 1 1 _ 27°mN%*

=\ g — ) rae Vﬂf-hs .

Bra Qopmyna nopobra dopmyne cepun Danwmepa. Tlosoxus

= 4,77-10~1 sn.-ctat. ea., N =1, efm = 5,3-1017 aa.-cTar. en.

u A= 655-10-% ex. CGS, nonyuaem Xopouiee YHCJEHHOE COTJIacHe

¢ nocToskHoi PuaGepra ¢ ee sHaueHHeM, BHUHCIASHHEIM 10 dopMmyne

Bopa. JIunud cephn Bansmepa oOBACHAIOTCS KK PE3YABTAT NajeHHs

Ha 2-10 OpOUTY 3MEKTPOHA, HAXOAHWBIIETOCSA Ha OAHON M3 OPGHT Gonee
BBICOKOro Mopsifka (n =2, n' =3, 4, ...).

Cepns Banbmepa HaXoAuTcst B BHAMMOM chekTpe. Ho B cmekTpe
HCIYCKaHHsT BOAOPO2 OGHAPYXKEHEl TAaKKe CEPHH, COOTBETCTBYIOLIHE
KoHeuHblm op6uTaM 1 (cepust JlafiMana) u 3 (cepun Iawena), nepsas
U3 KOTOPBIX HAXOAMTCS B KOHIE YABTPA(HONETOBOTO CIIEKTPA, a BTOpas
B HH(PAKPACHOM CNEKTpe. B KamJoi cepuu paanuvaioT npedessrym
4acmomy, K KOTOPOfi CXOIATCS BCe MHHHH NPH GOMBLIHX 3HAUCHHAX n',
H TFONOBHYIO JIHHHIO, WIH JHHHIO C HaMMeHblied yacToToff, KoTopas
TIONiyuaercs, eClH MCXOAHAs OPOHTA HAa €NHHRIY Bblue OpGHTH ma-
Jeknsi. B cepun Jlalimana rojoBHasl JHHAR oBJajaeT JNWHON BOJMHBL
2= 12157 A, dopmyna ee v = », (I —%} a TpelenbHas 4acTOTa
vy =3,29-10% cex—1umu A, = 912 A. Papsye ocnosHolt opSuTH
{n = 1) pasen 5,3-10~® cu.

CrelytonumM Apyr 3a 1PpyToM OpGHTAM COOTBETCTBYIOT YPOBHH, SHEP-
THA KOTOPHIX E = Avy[n? yMeHBINAETCS € YBeJHUEHHEM MOPIAKE UM
KBaHTOBOTO WHCHA # YPOBHs. HopManbhoe COCTOSIHME ATOMa COOTBET-
CTBYeT MPHCYTCTBHIO 971eKTPOHA Ha HanGoJee HHIKOM ypoBHe n = 1.
B 9TOM COCTOSIHEH He MOKeT NPOW3OATH HCMyCKaHHs JHHAH. UToSh
OHO MOIVIO TIPOH3OHTH, 3JASKTPOH NOJKEH OHTh MepeHeceH 3a cuet
NOCTYNaioweil M3BHe 3HEPTHH ¢ HOPMANBHOTO YDOBHS Ha ONUH H3
YPOBHell ¢ MeHbluedl 3HepTHeH H3sieyernss E. DTO MOMET CAYUHTHCSH,
KOTJa aToM MOJBePraeTcsl yAapy CO CTOPOHBI JAPYTOrO 3MEKTPOHE HAX
NOrMIOWAET SJMEKTPOMATHHTHO® W3JyueHHe. B 060X sTHX ciywasx
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HOCTYNAloUiast H3BHE SHePTHs AOJKHA GBITh IO MeHbwell Mepe paBHO
SHEPreTHYeCKOl Pa3HOCTH YpoBHed. DKBUBACHTHbI MOTEHUHA] Ha-
3BIBACTCS PEBOHOHCHOIM NOMEeHyLaoM, TOTAa Kak NOTeHIHan, COOT-
BETCTBYIOIIHIL H3BJIEUEHHIO SMEKTPOHA € HOPMANLHOFO YPOBHS, HA3hl-
BACTCS UOHUSAYUOHMOIM NOMEHUUAAOM. DTH NOTEHUHANBl MOTYT SHITh
BHIYHCEHb. B vacTHocTH, Momusaumonmmii noteHuMan hvgfe atoma
BOJOPOA2 OKasaJcs paBHBIM 13,5 6, a pesoHaHCHBII MOTEHUHAT Hemy-
ckanns snnnn 1215,7 A pasurim 10,1 6. S1u pesynotathi coraacypTest
€ ONBLITOM, HO TAK KAK BOAOPOX OOLIYHO HAXOMHTCS B MOJNEKYNAPHOM
COCTOAHHH, TO €ro HOHH3AUHOHHMI NOTeHUHAN CNATAETCS H3 ABYX ulle-
HOB, OfIHH H3 KOTOPEIX COOTBETCTBYET AMCCOUHAUMH MOJIEKYJE, a APY-
TOH ~— HOMH3AUWH aTOMa. B COBOKYNHOCTH OOe STH BeNMYMHEI PABHbE
upHGausutencho 17 6.

s e
3 a8
ol
gy =%
el =2
22 sl
ERspE N
S8
=Y
=3
=4
faaot
Pue. 60,

Pric. §0 H306paskaeT 8 IPOMSBONEHBIX, PONOPIUOHANLHMY 3Hepre-
THYECKHM PASHOCTAM eAHHNAX DACCTOSIHUS MEXAY YPOBHSIMH C KBaH-
TOBBIM utcnoM 7. [Iph 7 == oo £ pasno uyato. CTpenkamy noKasaHa
VIOHH3aUUs ATOMA, WCTIYCKaHhe TpeX Jauuuii cepuu Jlakimana u asyx
nEui ceprr BanbMepa.

DOORKT KBHUXKEHHMS aAPA [Ipu Gosee TOUHOM ompesene-
HHU YAaCTOTs! ¥o BYIKHO YUHTHLIBATH ABHIKEHKE sApa aToMa BOXOPOAA,
ZOMYCKAsl, 4TO 5TO AAPO, TAK KE KAK B €r0 3/1eKTPOH, COBEPIIAET JBH-
JKeHHe BOKPYT LEHTPa TSXECTH cucTembl. [loctynas Tak ike, Kak apu
PELUEHHH BONPOCA O ABHIKEHLH TAAHET, 3AMEHSIOT MAcCy M SJEKTpo-
Ha BhlpaxenneMm mM /(M + m), rae M —— macca szpa. Torna ocHoB-
Has YaCTOTa. ¥, 3aMEHSETCS WYacTOTOfl 7, OMpelenseMoil W3 ypas-
HEHMSl

' Yo

T tmM
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Bee smpyrie aToMl, Kpome BOJAOPOAHOIO, MOIYT HMeTh Gosee ofi-
HOTO BHesIepHOrO sMeKTpona. B sTom cnyuae npoGaema TpaeKkTophi
CTaHOBHTCS Gonee CAOKHOH H OOBIUHO HE MOMKET ObITh paspelena.
OflHaKo B HEKOTOPHLIX CNYYafX MOXKHO eule BabniofaTh COEKTH, fio-
J00HBle CIEKTpaM Bogopoaa. Takos ciyuait HOHW3HPOBAHHOTO aToMa
reus, COXPAHMBILErO TOABKO OAMH 3nekTpon. Popmysa ansd Bbl-
UHCAEHHS ¥ BRIBOAWTCH TOTJAa H3 (POPMYNBI, TIONYHEHHON Ans BOAO-
Pona NyTeM 3aMeHBl o Ha 4, WM, TOUHee, MYTEM YMHONEHHS 3TOH
TIOCTOSIHHOM HA NOMPABOUHLI KoshHIUEHT, KOTOPbIM YUHTsIBaeTCs
Apukende sApa. TouHOCTb CNEKTPOrPadUIECKHX HIMEPEHUH HACTONb-
KO BEJHKa, YTO ONpeieNenie NocTostuubix Puaepra nns Bospoposa
H [JI5 TeJIHsT ZaeT BO3MOKHOCTD BEIMHCIUTBL M2cCy 3J€KTpoHa. Takum
€NocoBoM OTHOLUEHHE Macchl MPOTOHA K MAcce 3MeKTpoHa Obio Hali-
IeHo papHEM 1838. CoraacHo STOMY BeNlHUHHA OTHOWEHHS efm Ans
aneKTpoHa paBHa 1,76-107 sn.-mard. el

OBL“HF! CJAYYAM ATOMA C HECKOJABKHMH BJNEKT
poHaMY CHauana OPeANonarasoCh, YTO SMEKTPOHbI ABIKYTCH BO-
KPYr aTOMHOTO $APA HA DaBHBIX PACCTOSHHAX APYT OT Apyra No
KPYFOBBIM CTAlHOHAPHBIM TPAEKTOPUAM, JEKAUIHM B OAHON mioc-
KocTH. JIBiikeHse KaMAOrO 9A€KTPOHA, 3AHHMAIOMEFO OAHY U3
3THX TPAeKTOPHH, COBEpIIAETCH N0 KBAHTOBOMY SAKOHY, KaK B
cnyuae OHHOrO »iekTpoHa. Ho cuna, peficTRylomlas Ha Kaxapiil
SNEKTPOH, CNAraeTcsl 3/eCh H3 TDPHTSKEHHS!, DPa3BUBACMOTO SAPOM
Ne®fa®, w oTrankuBaHHs, P23BHBAEMOrO SMEKTPOHAMM, HAXOUSLH-
MHCSE HA TOH e TpaekTopnu. UrTofb yuecTb feficTBHE 31€KTPOHOB,
HAXOMSIWIAXCA HAa BHYTPEHHHX IO OTHOIUEHHIO K TDAeKTOPHH pac-
CMaTPHBAEMOTO JEKTPOHA KOAbIUAX, MX OOwuit 3apsR BbluKTAeTCA
H3 3apaAa fiipa, AeHCTBHE e SMEKTPOHOB, JEXAUHX HA BHEIMHMX
KONBIAX, CYHTACTCS BCACACTBHE KOMIEHCAUUH papHbiM HYmo. Takum
ofpaaoM, NPHXOAST K 3aMeHe uyncna N B TepMe cepud » = » N2n?
AN OAMHOYHOTO 3JIeKTPOHA unciom (N — @), TAe 0 — YHCI0, i3Mepsito-
Inee JedCTBUE, MPOU3BOAMMOE HA PACCMATPHBAEMBIH IMEKTPOH ApY-
THMI 31eKTPOHAMH aTOMa, OKA3bIBAIOWEME dxpanupyiouee Oeticmeue.
COOTBETCTBYIOUIH 3TOMY TepPMy CepHH YPOBEHb SHEPTHH
N—o)2 Y}
E=hy, jTL ,
a 9KBUBANEHTHBHt moTennuan V suiumcnsercs ws E = eV. Otomy
YPOBHIO COOTBETCTBYET PA3PHIB IIORIOWEHAs H rpaguk Moanu, no-
Syuaembtit, ecnn oTkAaAwBats N To oci abewuce, a ¥v — mo ocH
opanHaT. KBaHTOBOE uHMCJIO ONpefensieTcs MO HAKIOHY Mpsimofl, a
YHCJIO ¢ — MO HauambHON abcmucce. Bee NHHUM AOMOKHB BbMHC-

1) BTOT TEPM MOKET MONYUHTL HCTOMKOLAIME, OBUAPYAHBAIOIICE €ro DOACTBO
¢ onTHueckkm Tepyon Puxbepra Rf(n-t-a)t.
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JAAThCA MO PASHOCTH ABYX TepMOB cephii (NpHRLUN coveTanHil). Ban-
Mafilllee X SAPY OJIHOKBAHTOBOE KOJNBLO 0GO3HauaeTes Gyksoit K,
ciefyiotliee AByKBanToBoe GyKBoit L M 1. A, JIunusa K-cepui Bo3KHKaeT
B pesysbrate nafieRusi Ha K-konbplo (NepBOHAYSJbHO NOTepABLICE
OAHH U3 CBOHX 3JIeKTPOHOB) 3JIEKTPOHA, 3aHHMABLIETO O/IHO H3 BHEINHHX
kowen, Taxum o6pasom, nepsas Jinuna cepun Jlaiiana anst Bogopona
6yner Kq-nuuueil, TOrAa kak Nepsast JMHKA cepud Daabmepa Gyzer
L. Io Mepe yBefMueHHs] aTOMHOrO MOPSAKOBOTG UHCAA STR JIHHHH
TepPexoAaT B OGMACTh BHICOKHX YacTOT (PeHTTeHOBCKHe nydn). OWbIT
NOKa3biBAET, 4T0 K-KOABLO COMCPIKHT ABA, 4 L-KOJBIO BOCEMb JNCKTPO-
HOB (KOTA2 5TH KONbLA 3aMONMHEHK).

3ra npocTas cXeMa OKasblBaeTCA HecoBepiuerroli. [Tpepycmarpu-
BaeMOe €lo YMCNO YPOBHEll HHMKE TOTO UHCAA, KOTOPOE AaeT ONbiT.
HekoToprie JIMHHM, paKee CUHTABMIECs NPOCTLIMH, B AefCTBHTENBHOCTH
cnoxHel. Takosbl Ky- H Ly-nunud, apnsoumpecs Ay6aetamn. JeGait
OPHHSA, UTO HYKHO YUHTHIBATD H3MEHEHHE MACCH ObICTPO ABHXY-
LWMXCS 2NEKTPOHOB € H3MEHEHHEM CKOpOCTH. 3oMMeptdIbl RPeAnoo-
JKHII, YTO JBUNEHHE SJEKTPOHOB NPOHCXOZUT NO SMIMNTHYECKHM
TPAEKTOPHSAM, B OJHOM H3 JOKYCOB KOTOPbIX Haxoputcs sapo. Takas
TPACKTOPHS € ABYMs CTeNeHAMH CBOGOAK HMEET He OJIHO, 4 ABA KBAHTO-
BbIX yHcna. ORHO H3 HHX ABASETCS TeM TOJHBIM KBAHTOBBIM UHCJOM 11,
KOTOPOE OJHO ONpeAeasieT ypoBeHb, NOKA Macca CUNTAETCs NOCTOAHHON.
Ecnif e Macea H3MEHSETCS Co CKOPOCThIO, TO TPAEKTOPHH He ABASIOTCS
TOUHO IMNTHYECKUMH 1 KaXKABI YPOBEHDb Pacnajaercs Ha 2 ypoBHeil
¢ GanaKoll sHEpTHedl, XapaKTePH3YEMbIX KEaHMOBbLM GBUMYMAAbHIM
uucaom. Tak GBUIO NOAYUEHO NMEPBOE OGLACHERHE CROMHON CTPYKTYPH
HEKOTOPLIX JIMHMi, HO, YTOOHLl JOMOJHHTB €FO M YY4eCThb MArHHTHbIE
CBOfiCTBA aTOMa, NOTPeGOBANOCh BHECTH B 3TY TEOPHIO HOBbE H3Me-
HEHHS .

PaccmaTphpasi 3Ty NpoG/eMy B NIPOCTPAHCTBE, BEOAAT TPEThe KBaH-
TOBOE UHCAC, ROCAE 4ero ofHAPYIKHBAeTCH, YTO SAEKTPOHHAH opOuTa
B MATHHTHOM TIOJIE MOXET 3AKHMATb TOJBKO HEKOTOPHIE ONpelenenHsie
noaoxenus. Kaxaoft opfuTe cOOTBETCTEBYeT MArHWTHBI MOMeHT. Jo-
TYCKAIOT, KPOME TOTO, YTO KAMKNBIA SJEKTPOH COBepliaeT BPAIATENb-
HO® JIBHEHHe «CMHH», KOTOPOMY COOTBETCTBYET KKHOTHYECKHI Mo-
MeRT KOMHUECTBR ABHKEHHS H MarRRTHbH MoMeHT. HIS uaMeperns
KHHETHYECKHX MOMEHTOB NpPHHSTA KBAHTORAS eAHHHuUa ff2x. Marmut-
HBIE MOMEHTE! H3MEPSHIOTCA B Mar#eronax Bopa. Benuuuma Marsetona
pasHa ehfdmm (m — NOKOAMIARCA Macca 3JeKTPOHA, & — €ro 3apsi,
h ~— moctosiuuas Tlnauka).

Kaxpomy BXOJfUlEMY B COCTAB TOMA SNE€KTPOHY NPHIHCHIBACTCH
4eTEIpe KBAHTOBEIX YHCJIA: 2AQBHOE KEQHIMOB0E YUCAO 1, XAPAKTEPHSYIO-
1nee IpHGAUKERHO SHepruIo ofHo# us K-, L-, M- u 1. A. rpynn ypos-
Helt, asumymansroe Keanmogoe uycao !, TPHHEMAIOWee B Af2% efRHM-
nax uensle sHauenns: 0, 1, 2, ..., (n — 1), coorBercTByIOWuUe 060-
sHauennsam S-, P-, D-, F- # T. I. TepMOB ONTHUECKHX CepHil, «cruro-
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80e Kganmosoe 4ucAo S, paBHoe 4= 1, B Af2m eluHuuax, W, HAKOHel,
MAHUMNOE KBAHMOBOE YLCAO 11T, H3MEPAIOUIEE MATHHTHBIN MOMEHT S/lek-
TpoHa B aToMe. KBaHTOBOE UHCNO M ABAAETCS MPOH3BOLHEIM OT { H §
4epes HOCPEACTBO KBAHTOBOTO UHCHA [, HASHIBAEMOrO BHYTPEHHHM M
PaBHOTO TeoMeTpHUecKoll peayavtrpylomeli [ i s (B cMbicie BOAHOBON
MexaHukn), CreloBaTefibHO, 3MEKTPOH MOMeT GbITh OXapaKTepH3oBaH
TaKiKe KBAHTOBBIMH Wuciamu n, [, j u m.

OnBIT TOKA3BIBAET, YTO HCIYCKAHHE JHHMU NPOMCXONHT He NpH
BCAKOM COUETAaHHH ypoBHeli. YToGbl yuecTb 5TOT (KT, YCTAHOBHIH
npasusa ombopa, OTPAHRUMBAIOIINE BOMOMHOCTH nepexodos MEMLY
YPOBHAMH. DTH NPABHAA, YCTAHOBJEHHbIE CHAYANA MPOH3BONBHO, GBAN
3aTeM MOATBEPHACHBl TEOPETHUECKUMH coobpaxennamu. [pu Kpauto-
BOM CKauke, BJeKYlleM 33 cofofl MCTIyCKaHWe JHHHH, YHCNO [ MOMXET
N3MEHSTBCS TOABKOHA & 1, uHes10 § — Ha O ik £+ 1 (npuuem coueta-
Hue 0 -> 0 sanpeimeno), uncao m — Ha O man - 1.

Cornacso  npasusy 3anpema [layau B aToMe He MOXKeT cy-
LIECTBOBATL ABYX SJEKTPOHOB, JAisi KOTOPEIX BCe KRAHTOBbIE 4HCAA
Gbiin Gbt onxHakoBel. Ilo Kpaithell Mepe OAHO W3 HHX JQJDKHO
OTHYATBCS,

B nacTosmee BpeMst IPHHAMAICT, YTO CYUIECTBYET OJHH YpOBeHb K,
TpH ypoBHs L, nsiTh ypobHeit M, cems ypopHeli N u T. . Ilonaraior,
YTO 5JeKTPOHHBIE CJION aTOMOB ¢ HAHOOJBUIHM UHCHOM 3/EKTPOHOB
{ypaH) HMeIOT Cefyioilie IVIaBHEIE KBAHTOBbE UHCAA 12 H CAELYIOUiHe
KOJIHYECTBA 3JEKTPOHOB p:

K L M N 0 P

a ... 1 2 3 4 5 6 7
2 8 18 32 18 8 6

Crion 06pasyloTcst H NONMOAHAOTCS MO Mepe ypeqanuernst N. Ilpn
yBennyeHHH N Ha OAMY €HMHMIY KaKAbili pa3 MPHCOSAHHACTCS OAHH
31eKTpoH. OBBIMHO OH MPHCOSAMASETCS K BHEWIKEMY CJIOI0 (HOKa 3TOT
cnoft e GYAeT 3amoHeH), OMHAKO MPHILNOCH AOMYCTHTH BO3MOXHOCTD
3aMOSIHEHHsT B HHesexamero cios. OCOBeHHO CHMMETPUUHBIM SB-
JIAETCA PACTONOMEHHE 3IEKTPOHOB Y OJNATOPOJHBIX Ta3oB: FeJHs,
HEOHA, AapTOHa, KPHIITOHA, KCEHOHa W PajOHA, KOTOPLIMH 3aKaH-
UHBAIOTCH TMEPHOAM MEPHOAMYECKOHR CHCTeMbl 37eMeHTOB  (TIpH-
Jnoxenne 4). CoofpasHO IOHSTHIO BAJNEHTHOCTH BHEWIHHN cJOf
KaxKJ0ro GnaropojHOre rasa COCTOHT H3 BOCHMH S/IEKTPOHOB (Hy/eBast
rpynna). BaseHTHEIMH 3/eKTPORAMH Y Ka)XKIOFO S/IEMEHTA SIBNIAIOTCH
MOBEPXHOCTHbIE 3MEKTPOHM B uHcae oT | 1o 7, cmoTps Mo HoMepy
Tpynnbl,

Jns nomworo ciod p = 2n% Bto gocruraercs gas K-, L-, M- n
N-ciioeB, TOTAA Kak CleLyIOLHe CJOH OCTAIOTCS HENOJHBIMH Y BCeX
H3BECTHBIX [0 HACTOSLIErO BPeMeHH aToMOB. CBEpX THX HOPMAJBHO

8 M. Kiopu
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3aHMMaeMbX SJEKTPOHAMH YDOBHefl B aToMe CYIIECTBYIOT YPOBHH C
Manof sueprHedl (ONTHYECKHE YPOBHH), HA KOTODHIX SJEKTPOHBI MOTyT
HaXOAHTBCS TONBKO BDEMEHHO,

PaccMatpubas rpadukn Mosnn (puc. 53), saMeuaem, 4TO Kambld
H3 HUX NPUOANKEHHO MPSIMOJMHeSH TpH TeX 3RaueHHAX N, NpH Ko-
TOPHIX paccMaTpHBaeMbill YPOBEHb HMEET MOMHOE YHEAO 3JIEKTPOHOB,
W 9TO 3TH IPadHKH MEHSIOT HANpABNEHHe B OGMACTH TeX 3HayeHwl N,
rie panBbiil clofi craHoBHTCA Henonue. Tak, Ans yposus L usmene-
HHE HaNPABJCHHs NPOMCXORUT mpu N = 10, T. e. HauMHAs C HEOHa.
3ameTnM TaKKe, 4to cioH O, P, Q pasrpaHMMHBAKTCS MeHee TOUHO,
yem BHYTpeHHHe cion K W L, UHCO 37€KTPOHOB KOTOPHIX Maso, a
PasHOCTh SHEPTHH BeJHKA,

ATOM, 3N€KTPOH KOTOPOTO NEPEHECeH ¢ ero HOPMAJBHOFO YPOBHS
Ha OJMH H3 ypopHel ¢ Bbicwell dHepruefi, ofJafaeT HeKOTOPOH CBO-
GoaHOH NOTeHIWAAbBON SHepTHENl H HAXOIUTCA B 6030yodertom co-
cmoaruy. K HOPMATTLHOMY COCTOSHUIO OH MOXKEeT BEDRYTLCS!, HCYCTHB
nanyuedye. Knefin u Poccenama cpenand npejinoroxeHHe, 4To pas-
HOBeCHe ZOJIKHO BOCCTAHABJHBATBLCS TAKIKE NTYTeM Mepefaul HaObITKA
3HePTHH OAHOMY M3 BHEIIHHX S/1eKTPOHOB, KHHETHUECKAS SHEPFHA KO-
TOPOrO BCAEACTBHE 3TOTO YBeJHUHBaeTCH. DT0 OyAeT TaK HasbiBaeMoe
CTONKHOBEHHE «BTOpOro poxa. [lonpsysich Metonom Buabcona, I1. Oxe
NOKas3ayl, YTo ATOM, NOTEPSIBUINIA OJHE H3 CBOHX BHYTPEHHHX 3JEKTPO-
HOB, MOXET BEPHYTHCHl K HOPMAJILHOMY COCTOSIHHIO (63 HCIYCKaHHsA
usnyuenns. TIpn 3ToM CBOGOJHAs 3HEPTHst DACXOAYETCs Ha HaBJeue-
RHe Goniee OTIANEHHbIX OT SAPA SMEKTPOHOB, KOTOPbIE NOCHENOBATENLHO
3amemnaiorest emle Goiiee CAABO CBASAHHLIMH SJEKTPOHAMH (CIOMHBIH
(oTo3REKTPHYCCKH 3(PeKT, CM. B KOHIE KHHFH OTAeABHBI JHCT V,
pic. 3). Bos6yixjentbie aTOMbt K MOJIEKYJEl MOTYT TlepejjaBaTh CBOIO MO~
TEHUMATBHYIO S3HEPTHIO COCEAHHM MOJIEKYAaM, KOTOpbIe 6Aarofaps 5ToMy
NPUXOLAT B BO3OYIKACHHOS COCTORHHE, B HOBBIX XHMHYECKHX TEOPHAX
BO3OYKICHHOE COCTOSHHE MOJEKYJbl PACCMATDHBACTCS KAaK OCHOBHOE
YCIOBHE BOSHHKHOBEHHS XHMWYECKHX peakunil.

§ 35. KsanToBas MexaHuka

JIBONCTBEHHOCTD, OCHADYXUBAIOINASCA B IIPHPOAE CBETA, KOTOPHIH
BeJleT cefs TO Kak Psif BOAH, TO KaK NOTOK JETHHIMX YacTHl, 3acTa-
BHAA 3aPOANTLCS MEICTB O TOM, YTO NMOAOGHAA ABOHCTBEHHOCTH MOMXeT
6biTh cBoficTBeHHa M BemectBy. JI. se Bpofinbh mpeanosoxus, urto
Kax(IoH UaCTHLE BCErJa COOTBETCTBYeT BOJIHA, COTPOBOMNAAIONIAS
4acTHIY B ee ABHKeHHH. C 30eKTPOHOM, HMEIOMHM Maccy nt H CKOPOCTD
U, PacIpOCTPAHSETCS NMEPHOAMYECKOE ABJEHHE ¢ JVIMHON BOJAHHI 4 =
= Afmv. TOURO TAK JKe CBET HJIH PEHTFeHOBCKHE JIYYH COCTOST H3 BONH
© 9ACTOTOf ¥, COMPOBONKAAGMBIX ATOMAMH H3/AYUCHHR HIH QOmOHaMIL,
SHEPTH KOTOPHIX PaBHa Av, a Macca Avjc. B o6oHX cayyanx pacnpene-
JieHHe YaCTHI, B KOTOPBIX KOHUGHTDHDYeTCH Macca M SHeprus,
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COEJMHEHO C PaCMpPOCTPAHEHHEM BOJH, CBASAHHEIX C STHMH YaCTH-
LaMH.

Passieas 3Ty Touky speHns, Ilpennurep paspaGoTan Teopuio, Ha-
3bIBaEMYI0 OOBIUHO 804K080L Mexanuxod. DTo Oblla NepBas NOMBITKA
O0BACHEHHS PACCMATPHBAEMBiX KBAHTOBOI Teopueli sBAeHHI NpH no-
MOIIH CHCTEMBI BOJIH, NPEACTABASIOWMX BemecTBo. DBuulk cospanbl
TaKXe M JPYTHe CHCTeMBbl KBAHTOBOH MEXAHHKH, PA3HBIMH NYTSIMH
NPHEOAAIIME K OAMHAKOBEM pesyinbraram (lefisenGepr, Hupax H ap.).
COBOKYNHOCTb STHX PaGOT OTKPHIBAET BOSMOKHOCTD MPUCIOCOBNEHHH
KaCCHYECKOH MeXaHHKK M SJI€KTPOMATHMTHOM TeOPHH K KBAHTOBOH
TeopHH.

Dra KOHILAWHs NOATBEPIAALTCS SKCIEPHMEHTANBHO NYTeM Habaio-
JleHHs aABNeHHE AuGPAKLHH CBSA3AaRHBIX C 3ieKTpoHamu BoaH (§ 25).

Ecnn k gopwyne 4 = hjmv (tne m = myf ¥ 1 — B%, v = ¢f) npn-
moe?

COEJMHHMTD SHEPTeTHUECKOE YPaBHEHHE 3JEKTPOHA =eV, 10

A= holVeVEL BeVmyct

3ra ¢opmyna OPHBOAMTCS K A = fic/eV npu ouens GosbmmX 3Ha-
wernax V H k A = Af Qem,V npu smavennsix V, maanix no cpas-
HEHHI0.C YICHOM 2m o£2fe, KoTophifl paseH 1020 kg. B nocaennem ciyuae

MOXKHO HanHcaTh A = 12 25/r (A B A, V B Bonbrax), manpumep,
2=1295 A npH V=1

Jas cBasanHof ¢ sneKTpOHOM BOJIHBI PASTTHYAIOT PA308YI0 CKOPOLIL
4 = ¢%[v (NpeBHINAIOMYIO CKOPOCTb CBETA) H CKOPOCHLs amnaumydo
HIH SHepety, PABHYIO CKOPOCTH SJIEKTPOHA H CBA3AHHYIO C 4 TeM
ke COOTHOMIEHHEM, KAKOe CYLIeCTBYET B ONTHIE (B paccenpatoteil cpesie)
MeKIy (pa30BOH CKOPOCTBIO TPYMME! BOJH ¢ OJHSKHMH 9acTOTaMH H
IpYNIoBof CKOPOCThIO. Pafuychl BOMHBI COOTBETCTBYIOT TPAEKTOPHAM
SJKTPOHA, MOKAa A MA/O N0 CDABHEHHIO ¢ €e PAJUycaMH KPHBH3HBI,
TaK KaK B 5TOM CJIy4ae SBJIeHHE MOXKHO OMHCATH KJIACCHYECKHMH MeTO-
JaMH, NPHMEHSEMBIMH K JBHMKEHHIO 3aDSKEHHBIX YaCTHIL.

Kak Tonbko A CTaHOBHICH TIOPSAAKA P23MEPOB TPAGKTOPHH, OKa-
3LIBAETCS HEOGXOMHMEIM OOPATHTECS K TIOMOIIHM BOIHOBOH KOHUENIHHY).

Hipeasurep COSNMHMA BONHOBYIO MEXAHHKY C NIPHHUHTIAMH, HCTION b-
3YeMBIMH B KJaccuueckoll aHanwTHueckol mexamnke. Bonna, cpasan-
Hasl ¢ 3apSUKEHHON 4YacTHUeH, BEHIpa)aeTcs vepes GYHKUHIO ¢ KO-
OPAMHAT X, Y, Z W BpemeHH £, YpaBHEHHe PAacnpocTpaHeHHs AaeTcst

thopmyanoit
ddy o E
ut de Vem(E—TU)

1) O1d_yCnoBHA OCYWECTBANIOICA ANS ATOMa BOAOPOAA: PAJHYC OCHOBHOH Op-
6Tl — 5,3% 1079, nuBa NeBPORNERCKOR BONHH SAEKTPOHA, ABHIKYUIETOCA MO
atofi op6uTe, — 3X10-* ox.
ax

dg=
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(E — mnonnas sueprus, a U — TIOTEHUHANBHAS SHEPTHS CHCTEMbl).
310 AndpepeHItHATBHOE YpaBHEeHHe JONYCKAET NepHOAMYECKHe peille-
HUS I HacTOTsl » (opMbi

@ = petrive

i=V=T,
VROBJAETBOPAIONINE YCAOBHAM:

rae

Ay + =g y=0;

= Ejh.

Kaxioe pelnenne g, ypasHeHHs ANsi 9 OyneT cobemsennoil pynxyueri
cucmemst, & v, — ee cobemeennoli uacmomoti. B HEKOTOpBIX caydasx
KOHEUHDBIE 1 O/IHO3HAYHBIE PElIeHHS CYUIECTBYIOT TOMbKO NPU Onpefie-
JIeHHBIX 3HAYeHUAX E, KOTOpble SBASIOTCS 3HAYCHHSMH COGCMSLHHON
SHepeuy cucmemel. ITOT PE3YNBTAT PABKOCHJIEH TOMY, KOTOPHLA TOaAy-
uaeTCsi B KBAHTOBOM TeOPHHM NDH BBEJEHHH NPOW3BONLHBIX YCAOBHA
KBaHTOBaHHf. B ciyuae artoma Bogopopa nomaraem U = —edfr
(r — paccrogHlie MeXKAY AApoM H 3apsiiom e). Korna E << 0, ponyctu-
MBIMH SIBJISIOTCA Te PEUIeHHs, KOTOphie MaloT Ansl E BesiHuMHbl YPoBHE
Bopa. Korna E > 0, nonyyaioTcsi HEKBAHTOBbIE DElIEHHS, COOTBeT-
CTBYIOUIe HCNYCKAHHIO CAJIOMIHONO CMeKTpa.

KBaHTOBbBIE UHCNa, HPPAIOWHE TY XK€ POJIb, YTO H KBAHTOBbIE YHCAA
NepBOHAYANBHOI TeOPHN, BLIBOAATCA 37€Ch HENOCPEACTBEHHO H3 Onpe-
IeNSIoWero NpoGaemy ypaBHeHHs,

Korzia yunTbiBaeTcs: H3MEHEHHE MaCChi CO CKOPOCTbO, 3TO ypaBHe-
HHE H3MEHFeTCA.

3Haueke QYHKUHH ¥ CBA3AHO C BEPOATHOCTRIO HAXOMIEHHS H3-
BECTHOH MNOTHOCTH 3JEKTPUYECKOTO 3apsfa B JAHHBA MOMEHT B
onHolt u3 Touex npoctpancrea. Ecqm  onpejenennas Takum obpa-
30M MJOTHOCTb H3MEHSIETCSi €O BPeMeHeM, TO JOTYCKAIOT, YTO HC-
TyCKAHHE H3AYYeHHS INPOHCXOJHT - MO  3aKOHAM  KNaCCHYecKoft
SJIeKTPOMarHHTHO! Teopur. TakuM myTeM ONPEIEARIOT BOIMOXKHbIE
HHTEHCHBHOCTH H3MyYeHWH, HX MOASPH3ALMIO M Tpasuaa o16opa
NIepexofoB.

HMpunpun HEONPEAEAEHHOCTH. Hpeacrabnss
MaTepHajbHble YACTHULI BOMHAMM, HEJb3fl ONPENeNHTb NOAOKEHHE H
CKOPOCTH ABMIKYILENCSH YaCTHIL TAK, KAK 9TO NPHHATO B KAACCHUECKOH
Mexanuke. Felisenepr copMysnupoBan cyillecTBO 3TOfI TPYAHOCTH
CHIEAYIOUHM 00Pa30M: TIYCTb § ¥ p GYJYT MapaMerphi, onpejessiomue
COOTBETCTBEHHO TNONOJKEHUe YACTHUDLI HA €e TPACKTOPHU H ee KoJuue-
CTBO ABHIKEHHS! B JanMbiii MOMeHT. HeBOSMOMHO COBEPLIEHHO TOYHO
3HATh ONHOBPEMEHHO p W ¢. TOUHO onipefiesieH MOXET ObITL TONBKO
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OMH H3 3TUX NapaMeTpoB. YpaBHeHHe HeompesencnHoctd [eiizen-
Gepra nmeer BHA Apdq = h. KoheuHoe 3HaueHHe NOCTOSHHON /2 H3-
MEPSET CTENeHb HEOUPEJENeHHOCTH, KOTOPast DPaBHA NPOH3BENEHH!IO
H3MeHEHHIl BeNHUHH ¢ B p.

TlofoGHEIe e COOTHOWEHN S HeONpPeAEAeHHOCTH HMEIOT MECTO MeKLY
JPYrHMU TIEDEMeHHbIMU, MPOM3BEJIeHHE KOTOPHIX 0fMajaeT paamep-
HOCTBIO A.

CT)\THCTM‘-IECKHE NPHHUWAI BL CTaTI/ICTM‘IeCKHE
NPUHIHNGI HANUIH LIMPOKOE NpHMEHeHHe B BOJHOBOH MexaHuke; 3ne-
MEHTOM NIPEPBIBHOCTH M 3JieCh SIBNISETCS NOCTOAHKAS /.

B STHX BBIMHC/JERHSX COCTOSIHHE CHCTEMBI NPHHSTO BBIDAXATh B
FaMHABTOHOBCKHX NApameTpax ¢ M p, MepBblit H3 KOTODEIX ABJSETCS
TapamMeTpoM FOMOKEHNA WIH «OGOGIIEHHOH KOOPAHHATON», a BTOPOlt
«CONpSKEHHBIM HMIYJIECOM», OTpenesisieMbiM, Kak ykasano B § 34.
BeposTHOCTE TOrO, UTOOHI CHCTEMA, 3aBHCAWAS OT fi KOODAHHAT, Ha-
XOMUNACH B ONpEJeEHHOM COCTOSHHH, Af51 KOTOPOrO 3HAYEHHS § H P
JEKAT COOTBETCTBEHHO MEKIY § ¥ ¢ +dg W p ¥ p -+ dp, Tpunu-
MaeTcsl NPONOPUHCHANBHON sneMenTy dt = dydqs. . .dgadpydpe...dPn,
KOTOPBIfl HASHLIBACTCS SACMEHIMOM PACRPOCIMPAHENUS (pasot W MOWKeT
€TaTb GECKOHEWHO MAJbM, KOTJA B BBIYHCJEHHS He BBOAAT KBAHTHL
B npoTHBHOM Cyuae dT HMeeT KOHEUHYIO BeJIHUKHY, TAK 4TO dgdp; =
= A JAS KaXJIOH IPYRTEl Mapametpos. BryTpu onpesensieMoil sTimu
npeaesamu AveliKn 06a COCTOSHUA CHCTEMB! JOJIAKHB! paccmMaTpUBaTECA
KaK HACHTHUHBIE.

Ipeacrapasioch Takixe HEOGXOIMMbIM TIEPECMOTPETh OTIpefeNenue
«PABHBIX BEPOSITHOCTE!» WM YHCAO PABHOBEPOSTHBLIX COUETAHMH, Xa-
PAKTEPH3YIOWHX BCEBO3MOXHBIE COCTOSIHHS CHCTeMbI, COCTOseR H3
OTIpefIeNIeHHOrO YHCAA 97eMenToB. BoabMeM, HanpuMep, pacmpepene-
HHe IBYyX MOJIeKYJ @ U & mexay ABymsi sueiikami. B kaacchyeckofi
CTATHCTHKE MOJNEKYABl @ H b paccMaTpHBAloTCsi KaK pasiHuHbe, H
UHCJO PABHOBEPOSITHBIX COYETaHM DaBHO ueThipeM, HMeHHO (g, b),
(6, @), (ab, 0), (0, ab). B cratuctuke Bose—DiinwTelina Monexynrl
@ M b He paccMaTPHBAIOTCA KAK PA3NHUHBIE, H UHCIO PABHOBEPOSTHEIX
COYETAHHH, KOTOPble PAa3HuAOTC TOMBLKO TO UHCHY MOJeKyad B
sivefike, paBHO Tpem, a umenHo (1, 1), (2, 0), (0, 2). B crarnctaxe
depMu  ponyckaeTcs, uTO AYefiga MONKET COAEPHKATb TOABKO OAHY
MOJIEKYy KAH JKe COBCEM HE CORePXAThb HH OfHON MOJEKYJbi.
B 3TOM ciyuae uHCO PABHOBEPOSITHBIX COYETAHMN YMeHbIIAeTcs /0
oauoro (I, 1}.

MoskHO mokasaThk, ut0 cTatuCTHKa Bose—3diinwTelina npunoxnma
¥ doToram. OHa BaeT BOIMOKHOCTL NOJNYHYHTh CORMACYIOULYIOCS ¢ OTIbI-
TOM BEJINUHHY IJIOTHOCTH H3JYUEHHSi B 30HE TEPMHUYECKOFO PABHOBECHS
(§ 32). Ona npuOKHMA TaKkKe K COAEPIKALIMMCS B ATOMHOM sipe
4-4acTHIAM, TAK KAK CUHTAETCs!, 4TO HEKOTOPbIE H3 HHX MOTYT 3aHHMaTh
B AApe CXONHbE MOJOMEHHS, XapaKTepHayeMble OTpPeACTeHHON Beak-
YnHOH sHepruk cucTembl (rmaBa XXI). Uro xacaercs 51eKTPOHOB,
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10 HX MOBefigHHe B METANJaX 3aCTABJSET NDHMEHNTb K HHM CTaTH-
cTuky QepMH B COOTBETCTBHH C RPUHUMROM 3anpera [Tayau, cornacno
KOTOPOMY /1Ba SJIeKTPOHA OJIHOIO aTOMA He MOT'YT HAXOJUTECA B COBEp-
LIEHRO OAHHAKOBOM SHEPTETHUECKOM COCTOSIHAH, T. €. 3aHHMATh OAHY K
Ty e, XapaKTePH3YeMyIo JanHON 3Heprrell, auefiky.
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[image: image118.png]YACTb BTOPAS

%AAI/IOA/(T WBHOCTH




[image: image119.png]FTAABA VI
OTKPBITHE PAAHOAKTHBHOCTH H PANIHOAKTHBHBIX

SJIEMEHTOB
Yuenne o pajHOAKTHBHOCTH OXBATBIBAET, ¢ OAHON CTOPOHHI, yueHHe
O XHMUH DaJHOAKTHBHLIX H/IEMEHTOB, a C APYIofi CTOPOHHI, — YyUeHHe

0 JIy9aX, WCTyCKAeMBIX STHMH 3JeMEHTAMH, H CBSI3aHHblE C 3THM BO-
TPOCH CTPOEHHS AaTOMOB. PajHOAKTHBHBIMH 3IEMEHTAMH Ha3HIBAIOT
0COGbIe XMMHYECKHE D7EeMEHTHI, XaPaKTePH3YIOWMecs CaMONpOH3BOJib-
HbIM ATOMHBIM HCMYCKaHHeM TAK HA3HIBAEMBIX a-, B- H p-ayueit, T. e.
TIOSOKUTEABKBIX KOPHYCKYAAPHHX Jiyueli, OTPHUATENBHEIX KOPAYCKY-
JSAPHBIX Jiyuefi (ABHIKYIIHECH SAEKTPOHEI) H EKTPOMATHHTHOIO H3J Y-
ueHHA. DTO JYUEHCIYCKAHHE CBA3AHO C ATOMHLIMH NPEBPALIEHHAMHU.
Ecau pacemaTpuBath g-, §- B y-Iy4H B NOpsIAKe HX NPOHHKAOUIEH CHo-
COGHOCTH, TO HaHMeHee TIPOHHMKAIOWMUMH 6yaAyT e-n1yud. OHM morao-
WaTeA OYMAKHBIM HIH aJIOMHHUeBBIM JHCTKOM OKoao 0,1 mam Ton-
muHoi. Fix npoGer B Bo3xyXe paBeH HeCKOJNbKHM CAHTHMETpaM. S-TyuH
PacnpoCTPAHSIIOTCS B BO3AYXe HA GONbUIHE PACCTOAHRA H MOFYT fpo-
XOANTb CKBO3Db C/IOH AJIOMHHUS TONHHON B HECKONBLKO MHJIHMETPOB.
P-IyYd MOTYT MPOXONHTH CKBO3h HECKONbKO CAHTHMETPOB TAKHX OT-
HOCHTEIBHO IUIOTHBIX BEUIECTB, KAK CBHHEIL.

§ 36. Jlyun ypaua. Jlyun topus

PapnoakTusrocTh Gbia oTKphITa AHpH Bekkepenem B 1896 r.

Hauano paGor Bekkepens cBf3aHO C IOCA€JOBABUIMMH 33 OTKPhI-
THeM Jayvyefi PenTrena HccaefoBaHHSIMH O JeHCTBHH ¢ocopecuupyro-
WHX H (AYOPECUHPYIOUINX BelleCTB Ha (poTorpaduyecKne TACTHRKH.

Tlepebie peHTreHOBCKHE TPYOKH HE HMeNH METAAIMUECKOTO aHTH-
KaTtoAa, M HCTOMHWKOM Jyuell PenTrexa Gbwia guyopecunpymomas Noj
YAapaMH KaTOAHBIX Jyuell cTekAAHHAsA cTeHka TpYOKn. CnenopaTenbHo,
MOXHO ObIJIO 33JaThCH BOPOCOM, He COMPOBOKIAETCA U BCeria Qayo-
PECLEHNNsA, KaKoBa Owi Hl Cbiid BHIBIBAKLIAS €@ NPHUHKA, HCIYCKa-
HHeM Jyuedt Penrrena. Ilocie Toro kak Ampm ITyankape BbicKasaf
STy MBIC/b, GbIIO CHENAHO MHOrO TIONHITOK MOAYUHTH HPH HOMOUM
ochopeclupyIOUEro CepPHHCTOTO MMHKA HAH NIOABEPTHYTOro AfCTBHIO
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CBETA CEepHHCTOr0 Kaablust QOTOrpadHyeckie OTTHCKH CKEO3b UePHYIO
6ymary. KoHeunblli pe3ynsTaT 3THX ONBLITOB GBI GTPULATENBHBIM.

AHpy DBexkepesb NpOH3BOAHM TaKHe ONBITH C COJASIMH Ypanwa, Tax
K&K HEKOTOPble H3 HHX OONajaloT cBOHCTBOM (uyopecunposaTbl). O
fonyunn ¢otorpadiiueckue OTTHCKH CKBO3b YepHY10 GyMary npm mo-
mout AyopecnupyOwlero ABOKHOTO Ccyanthata ypaHHIa W Kaiusd.
Hanphefiiuge ONbLITHL NOKA3a7H, OAKAKO, YTO HabJlOfaeMoe sBJEHHe
HHKAK He CBSI3aHO ¢ Quyopectieniyeii. Okasanocs, 410 OCBewieHNe CONH
He ABJAETCS HeOGXOAMMEIM YCJOBHEM M YTo Ha oTorpaduueckne nna-
CTHHKHM JIeHCTBYIOT H YDaH H BCe €ro, kaK (NyopecHHpYIouHe, TaK H
HeduyopecHpyolMe, COSNNHERHR, NpHueM Hakbosnee CHABHO Hel-
ciByer Mertannmueckuli ypaw. Bekiepenn ofHapyxaun sarteM, uTO
COeHEHHR YpaHA, B TeUEHHE HECKOJBKHX JIET HAXOAMBIUHECS B TOJ-
HOH TemHOTe, MpojonXKawT HeficTBoBaTh Ha QoTorpadrueckne mna-
CTHHKH CKBO3b ueprYyio Oymary. TorRa OH RpHIIER K Sak/IOYEHHIO,
YTO YpaH H €ro COeNMHEHHA HCIYCKAIT 0cobble yparossie ayuti. I
niyud 06nazaeT cnocOCHOCTBIO NMPOXOAHTL CKBOSb TOHKHE MeTasiHue-
cKpe skpaHet. TIpoXoJis uepes rashi, yPaHOBbE NYYH HOHH3HPYIOT HX
H Jenator MX NPOBOJAMHKAMH SJeKTpHuectsa. Maayuemne ypana camo-
NPOU3BONBHO H NOCTOSHHO, OHO HE 33aBUCHT OT TAKHX BHEIIHHX YCI0-
BHf, KaK OCBelIeHHEe H TeMmepaTypa.

DneKTPONPOBOAHOCTb BO3AYXA MAH JPYTHX Ta308, BH3BAHHAA Aef-
CTBHEM YPAHOBOTO H3JYYEHHS, IO CBOed NPUPOJIE OJIKHAKOBA C SMEKTPO-
TIDOBOAHOCTBIO, BOSHHKaloIeHl B HHX Tox AeficTBHeM ayveli Pentrena.
B o6olix ciydasx HOHbl MMEIOT OIHHAKOBYIO NMOABMMKHOCTL H OJHHAKO-
BEI Koa¢duunent andibysun. Kak n B ciyyae peHTreHOBCKHX Jyyel, o
H3MEPeHHOH B ONpENeJEHHBIX YCJOBHAX BeJHYKHE TOKA HACHILIEHHS
MOKHO OTIPEReNHUTb UHIMEHCUGHOCTD YPANOBOSD USAYHEHUS. .

Jivun Ttopusa  Mecnefopanusi, DpPOMSBENEHHbe OJHOBpe-
menno B. Ulmuarom n Mapuell Kiopu, NOKasanu, YTo COSIMHEHHs TOPHS
HCMYCKAIOT NYYH, NOLOGHbE ypaHoBuM. Takne JIyUH YacTo HasuiBaloT
ayeanu Bexrepeas. BelecTa, HCNYCKAlOWNe yyd Bekkepens, Haspanu
paduoakmusHbiML, a HOBOR CBOMCTBO BEIIeCTBA, OGHAPYMEHHOE MO
9TOMY NYUEHCTYCKAHHIO, ~— paduoaxmusrocrmeso (Mapra Kiopu). Dme-
MeHTH!, 06J1aflatolIHe STHM CBOACTBOM, HA3bIBAIOTCH pPadiosAeMeHmamis.

§ 37. PaguoakTuBHOCTb Kak aToMHOe CBOficTBO. Hoswii meTon
XHMHYECKOr0 AHAJN3A, OCHOBAHHBIA HA PANMOAKTHBHOCTH.
OTKPbITHE NOJOHHA H Pajus

Us sccaeposakuit Bekkepeds cleloBano, YTO ypaw faer Gosee
HHTEHCHBHO® H3/MYueHHe, ueM ero coexuuenus. Mapmusi Kiopu npous-
BeJla CHCTEMATHYECKOE MAyYeHde H3BECTHBHIX TOTJA 3/EMEHTOB H HX
COE/IMHEHHU ] C NENBIO BHISACHUTD, He ABJAIOTCS JH OHH PafHOAKTHBHEIMA.

*) H. Becquerel, Comples Rendus, (896.
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HccieayeMble BEIIECTBA HCTHPAIKCH B IOPOUIOK H HAHOCHJKCH POBHEIM
CJI0eM Ha TIACTHHB OJIHHAKOBOYO AMAMETPa, KOTOPHE MOXHO GhUIO
BBOAHTL B HOBM3AUHOHHYIO KamePy. TOK HaChUUEHHs, BOSHHKAMOUHH
B KaMmepe MeXAy naactanamu A # B (puc. 8 u 10), uamepsincs npu no-
MOIY NbesoyneKTpHyeckoro kpapua. (Ecam mmacTHuel umeioT 8 cu
B AMAMETPE U NOMEILEHbl Ha PACCTOSIHUH 3 cu APYT OT Ipyra, TO CIIOL-
HOIf C/ofi OKHCH YpaHa jaeT TOK ChJof okoso 2-1071 g, u ecan Ton-
MUHA CIOR OKKCH ypaHa NPEBOCXORHT HeGOMbLEYIO ROJIO MUANUMETDA,
TO NpH JanbHelllieM €¢ YBeNHYEHHH CHIa 3TOTO TOKA NOYTH HE BO3-
pacTaeT, TaK KAK HOHH3AUAA NPOHIBOMUTCH TIABHHIM 00Pa3OM OYeHb
Nerko TOTMOMAeMbIMH @-nyYaMH ypaHa.) VaMepenHs NoATBepAamaH,
YTO MHTEHCHBHOCTb M3AYueHMH COeAuHenufi ypana BO3pacTaeT ¢ ype-
NHYEHHEM COZIEPXKAHUA B HHX ypana. To e HabJIiofaeTest M AJIsl CORMIH-
nenuit Topua. CnefoBaTeNLHO, PAIMOAKTHBHOCTb STHX SJIEMEHTOB AB-
NACTCH QIMOMHHIM CBOLCMEOMY).

Hanporus, wenbsst cunTaTh PaiHOAKTHBHEIM TAKOE BElIECTBO, KAK
docop, MOTOMY UTO OH HOHU3HPYET BOSAYX, TONLKO GYLYUH B CaOEM
GecHBeTHOM BHAOMSMeHeHHH. HaXolich ke B KPACHOM BHIOUSMEHEHHH
HAH B OIHOM H3 CBOHX COeZUHeHHIl, Bpoge ¢ocdarta Harpus, docop
HOHR3AUNR He Npon3BopuT. CynbpaT XHHHHA, HORRSHPYIOHIMH BO3AYX
TIpH HAarpeBaHKH HIH OXNAXkJEHHH, TAK)KE HE DPaJHOAKTHBEH, NOTOMY
yTO 0Bpa3oBaHie HOHOB B STOM C/yyae MPOHCXOAHT TOAbKO MPH H3Me-
HeHHH TeMneparyprl. Cle/oBATENbHO, OCHOBHON MPH3HAK PaAMOAKTHR-
HOCTH COCTOHT B TOM, YTO OHA SIBJAETCS CAMONPOH3BONBHbIM ABJEHHEM
H OpeicYaBAsieT cobofl aToMHOE CBOBCTBO. DTH COOOpaMeHWs Hrpany
BAMHYIO POJIb NP OTKPHITHH PajHst.

Hamepennsmu Mapur Kropn Gblin 0XBaweHbl KaK pacrnpoCTpaneH-
Hble, TaK H PEAKHE JIEMEHTH B KaK MOXHO GONbIIeM UHC/Ie HX CORIH-
HeHnil. Kpome UHCTHIX BelECTB, ObiNIO HCCAEA0BAkO JONbIIOE KOTHYE-
CTBO TOPHLIX NOPOA U MHHepanos. TIpy H3MepeHHsIX MPOCTBIX Tea H HX
coefMHeHHNl GblI0 OCRAPYKEHO, UTO HH OHH 3MEMEHT, KpoMe TOpHS,
He o0JIafaeT aKTHBHOCTBIO, JocTHraowedt 1% aktueHOCTH ypaHa?).

Hekorophie U3 WCCNENOBAHHLIX MMHEPANOB, YpaHOBas CMOJAHAA
PYyAa, XaJIbKOJHT, ayTYHRT, TOPHT H ADYTHe, OKA3anHCh PATHORKTHB-
HeiMH. Tak Kak BCe OHH COZRPMAT YpaH HAH TODHHM, TO ObLIO BOJHE
€CTECTBEHHO OOGHAPYKHTh ¥ HHX PaJHOAKTHBHOCTb, HO GOBINAS HH-
TEHCHBHOCTh 3TOTO SBJEHHS Y HEKOTOPBIX MHHEDAJoB OKasanach
HeoxHuaanuol. Tak, ObUIR HalEHB CMOJIAHbIE PYAB (MHHEPAJb OKHCH
ypaHa), KOTOphe B HeThpe pasa aKTHBHee METANJIHUECKOTO ypaHa.
XanbkomuT (KpucTayiHueckutt gocdaT MeAr u ypana) okasaics B ABa
pasa akTHBHee ypaHa. ITH HAKTH PACXORWINCH C MOAYICHHBIME TPH

1) Mismepenta, NPOH3BOANMBIE STHM METOAOM ¢ CORJHHENHSMH ypaHa, AaiOT CO-
BEDIIEHHO NPABHALHEIE PESYNSTATH, C COSIHHEHASMH JKe TOPHA NIOAYHAIOTCS OTKIIO-
HeHHA, 06LACHAIOULHECS BLIARNEHKEM DAAHOAKTHBHOTO I43a, HA3BBAEMOTO TOPOHOM.

%) Tlosasiee G0 Hafinewo, 9ro kanui h PYGIAMA HMEIOT CIAGYiO AKTHBHOCTE
TOpAKa OZHON THCAUHON aXTHBROCTA ypaa (§ 145). (Cu. npu. pen. wa crp. 448.)
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HCCNE/IOBAHMM MPOCTHIX TN H HX CORNHHEHHH Pe3yNbTaTaMH, COTIacHO
KOTOPHIM HHKAKOl MHHEPAN He JOJKEH ObMI OKa3aTECH aKTHBHEE ypaHa
Hau Topyst. C apyroli cTopousl, aBofiHoMN (ochaT Menn ¥ ypana, HMelo-
mufi TaKy1o ke QOPMYAY, KAK W XanbKOJNHT, HO MPHIOTOBNEHHBN: M3
YHCTHIX conefl MeAn M ypaHa, 0Gaajaj COBEPILEHHO HOPMANbHON ak-
THBHOCTBIO (MEHee IONOBHHB AKTHBHOCTH ypama). Mapus Kwopu cpe-
Najla TOrAa NPeNoNoKeH e, YTo YPaHOBAA CMOJIsHAS PYAd, XaJbKOAUT
H ayTYHHT COepKaT HeGOJbIHe KOJHYECTBA CHJILHO AKTHBHOMO Be-
INECTBA, OTAHYHOTO OT ypaHa M TOPHA M BCEX APYTHX H3BECTHBIX B TO
BpeMs NPOCTHX Tesil), M Pellinnia H3eJeUb 3TO BEIIECTBO H3 MHHEPAAOB
MEeTOflaMH  OBBIYHOFO XUMHYECKOTO PaaJIOXKeHHs, AHAJHM3LI S5THX MH-
HEPaoB, JeNABIIMECs OOLIIHO C TOYHOCThIO OT | 1o 2%, He UCKII-
YaJH BO3MOXKHOCTH HafiTH B HHMX HOBBIA 3J€MEHT B NPOMOPIHH STOrO
nopsiika. ONbIT NOATEEPAS FHIIOTEIY O CYMIECTBOBAHUH HOBEIX CHIBHO
DATHOAKTHBHBIX SJEMEHTOB, HO COEPIKARHE HX B MHHEPANax 0Kasa-
JIOCh 3HAYHTEBHO MEHBIUHM, UeM 5TO MOXHO OBLIO NpeanosaraTb, H
ANA H3BNEUEHHs OHOTO M3 HHX B UHCTOM BHJE NOTpeGOBAOCh He-
CKONBKO JIET,

TTepBtie MOHCKH THNIOTETHUECKOTO PAJIMOAKTHBHOTO JIeMeHTa GbUi
MpoH3BeleHbl B YPaHOBOM cMoaHOl pyze copmecTHo Mapuest i [Tbepom
Kiopn.

MeTol 3THX MOHCKOB MOT OCHOBBIBATBCA TOJBKO HA PafHORKTHB-
HOCTH, TAK KaK HHKAaKOe JIPYroe CBOJCTBO FHTIOTETHUECKOTO BEIECTBA
He GBLIO W3BECTHO.

{Ipupesem cnocoB, ¢ HOMOWBIO KOTOPOrG MOXHO MONBL3OBATLCH PAAHOAKTHB-
HBIMH CBOWCTBAMH BEUleCTBA NPH T2KOTO POAZ HCCHNENOBAHHAX: H3MEPSIOT aKTHB-
HOCTb HCXOJHOTO NPOAYKTa, NOABEPraloT XWMHHECKOMY pasieseHHI0 H, H3MEPHB
AKTHBROCTb BCEX TMO/YHEHHHIX MPOAYKTOB, BBIACHSIOT, OCTAJZO0CH JM PAaAHOAKTHB-
HOe BEIECTBO MOJHOCTHIO B OJHOM H3 HHX MM K€ OHO PACTIPEACAMIOCE MEXKAY
UMK} B Kakoli nponopuin.

(Tlepenie ke cllenanHble XHMHUECKHE OflePAUHH NOKA3a/M HAM, IO oforaule-
1HE AKTHRHBIM BEIMECTBOM OCYMHIECTBHMO. Ilsi USMEpeRHs aKTHBNOCTN TBEpAble,
XOPOWO BHICYIIEHHBIE TPOAYKTH, H3MEIbYCHAEE B NOPOMIOK, HAHOCHANCH Ha OMa-
CTHUBL B ONFAAKOBHX YC/OBHAX.)

To mepe monyueHus Bce Gonee W Gonee aKTHBHLIX DEULECTR TEXHHKY H3mMepe-
HHA HyXHO nameBaTh®). HekoTophle MeTOAB! TOUHOTO KOAHUECTREHHOTO OTpenene-
HHA PalHOAKTHBHBIX BEIIECTS GYAYT OffHCaHbl Hike.

ToabKo 4TO OMNCAHHBI METOR aHANU3A CPABHHM CO CTIeKTPanbHBIM
AHANU30M 1O JHHHAM BHICOKOH M HH3KOH yacToThl. OH JaeT BO3MON-
HOCTb HE TOJBLKO OSHAPYKHTh [IPHCYTCTBHE PAJHOAKTHBHOrO BellecTBa,
HO H OT/IHYHTL OLHH PAJHOAKTHBHLIN 3MEMEHT OT APYTOro, TaK KakK STH
SNIEMEHTH PasHSTCS MeKAY COOOM MO KAauecTBY H3JMYYEHHS H 1O Hpo-
JIONKUTENIbHOCTH HX JKHIHH.

YpaHoBasi cMonsiHasi pyaa u3 Hoaxumcraaa (Axumosa), ynotpes-
JSIBIIASCS OpH NEPBHIX ONbITAX, COCTONT NPEHMYUWIECTBEHHO U3 OKHCH

%) Marie Curie, Comples Rendus, anpenb 1898.
%) Cm. Maurice Curie, Le Radiuin et les Radioéléments, Paris, 1925.
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ypaHa, HO COIePIKHT TaKKe 3HAUHTENbHOR KOJIHYECTBO KPEMHEKHCAOTH,
Ka/blHS, MarHus, jKelesa, CBHHUA U HeGOMBIIME KONHYECTBA OYeHb
PasHOOBPA3HBIX SJEMEHTOB: MejH, BUCMYTA, CYPbMbI, PEIKHX 3eMelib,
Bapusi, cepebpa M T. A. CleaHHBIA OPH IOMOLIM HOBOFO MeTOAa aHAJH3
5Toff PYAB NOKA3asJ, 4TO ee PAJHOAKTHBHbE CBOHCTBA KOHUEHTPH-
PYIOTC B H3BJEKACMBIX H3 Hee CORMMHEHHSIX BHCMYTa M GapHs, X0Ts
HMEIOUIHECS B NPOJake COSAMHEHHA STHX METAJN0B, RIBICKAEMble H3
HepaHOAKTHBHDBIX DY/, HEAKTHBHE!. B COOTBETCTBHHM ¢ mepBOHAualb-
po#l runotesoil IMbep u Mapus Kiopi npumin K 3akiioueHHio, 910 B
YPaHOBOH CMOJMAHON py/e MPHCYTCTBYIOT A1BA HOBHIX PAlHOAKTHBHBIX
SMIeMeHTa: nOA0HUIY) W padul®), NepBbill H3 KOTOPEIX 10 CBOHM XMMH-
YeCKHM CBOHCTRAM AOJKeH ObiTh CXOfEH € BUCMYTOM, a BIOpofi — ¢
GapreM. Jtn pesyabrartel Obuir onyGankoBansl B 1898 r. Ozxoppe-
MeHHO GbIIO YKa3aHO, UTO NOJAOHKA MOXKET GbITh OTAeEH OT OCHOBHOR
MacCht BHCMYTA TAKHME XHMHYUeCKHMH METOJAMH, KaK IDOSHOe Ocanie-
HUe CYJb(hHMAOB HJIH OCHOBHEIX 430THOKHC/IBIX coftelf, a paamit oT 6a-
pHsi — APOGHON KpHCTaAAU3alHeN XJIOPHIOB B BOAHOM PACTBOPE HAH
JpOOHLIM OCaX/JEHHEM HX CIHPTOM.

B nipHHOpRe 5TH oltePalii KOHUEHTPHPOBAHHS AKTHBHBIX BeUECTB
JOJIKHB GBITH TIPHBECTH K HX TIOJHOMY OTAEeHHIO.

TMpoGa cozepanlero pauit XJOPHCTOTO GapHs, aKTHBHOCTb KOTO-
POTro B WIECTBAECAT pas NpeBblllaNa aKTHBHOCTh OKHCH ypana, 8hifa
noggeprayra Jemapes cneuuwaneHomy ananusy. Hemapcs Bumecte €o
CUEKTPOM GapHs 0GHAPYIKHI HOBYIO JIHHHIO ¢ UMHON Bonkbt 3815 A3).

Tpu HcenefoBaHUN TPOGH XJOPHETOrO 6apHsi, AKTHBHOCTB KOTO-
poro B JEBSITBCOT Pa3s IIPeBbIUASA AKTHBHOCTb OKHCH ypaHa, ToT Ke
YueHEI HaGMIOMAN ABe APYTHE HOBHIE JIMHWH, a JuHMA 3815 A okaza-
aack yeunusielics. TIpH WecheROBAHHH COAEPIKAMIETO MOMOKHI OYeHb
AKTHBHOFO BHCMYTA4 HMKAKHX HOBbLIX JHHHI OBHAapyxkeuo He GHIIO.

Crano oueBHIHBIM, UTO HOBBIE 3JEMEHTH COAEpHKATCA B YPaHOBOH
CMOASTHOM pYAe B UPE3BBIYAHO MAJIOM KOMHYECTBE, W BBUIGNHTE HX
MOXKHO GYIeT, TONBKO NepepatortaB COTHH HJIM THICAUH KHJIOTPAMMOB
sToli pyAbl, UToGbl NpeAnpHHSTL Takyl pPaGoTy, MPHHLIOCH NOMb-
30BaTBCH MPOMBILIICHHbIMH METOJAMH NepepaGoTKH HCXOAHOTO TPoO-
AYKTa H M3BJEKATb PafHil H3 KOHLEHTPATOB, NONYYAEMbIX HA 3aBOAE.
UHepes HeckonbKo aer Mapun Kiopt yJanoch nomyudth HECKOMBKO
JeUHIPaMMOB THCTON coMl PaaHs, ONPEJeNHTh ATOMHBI BeC 3Toro sfe-
MEHT4 W ero RO TOTO IYCTOBaBllee MeCTO B MepHOAHUECKOK cucteme
snementor?), Tlosanee Mapust Kiopn u A. HeGbepH monyyunu meran-

3 Pierre et Marie Curie, Comples Rendus, woms 1898.

%) Pierre Curie, Maric Curic u. G. Bémont, Comptes Rendas, fexatpn 1898.
Bémont mpnildman yactHe 5 paGoTax mo MayeHHIO paAs.

%) Demarcay, Compes Rendus, aexaGpu 1898.

%) Marie Curie, Comples Rendus, nostps 1899, asryct 1900, moan 1902, an-
ryet 1907.
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angeckui paauit'). TakuM o0pasoM, XHMHYeCKast HHAHBHAYaJbHOCTH
pazus Gblla MORHOCTBIO YCTAHOBJEHA.

TpuMenenne HOBOTO METO/Ia MCC/IEIOBAHMS NPHBE/IO 3aTEM K OTKPHI-
THIO JAPYIHX HOBHIX PaJMOAKTHBHEIX SMEMEHTOB: CHAYANA AKMUHUA,
Haiifienroro A. [JleGrepHom, mnoroM uonus (BoRBTBYN), Mesomopus u
paduomopusn (O. Tan), npomaxmunus (O. Tau n JI. MefitHep) H 7. 1.
Beintt TaKe OTKPHITE PAAHOAKTHBHBIE FA3Ll, HASLIBAEMBIE SHAHAYUAMU .

M3 Bcex STUX BeWeCTs pamiii SBNRCTCA OMMOBPEMEHHO HAHGOACE MIBECTHbIM
N HanGo/iee UIHPOKO NPHMEBASMBIM. DTO BElECTBO, MNPAKTUMECKH BCACACTBHE Mefl-
MEHHOCTH €Yo paciaja HeH3MEHHOE, CTANO NPEAMETOM NPOMBILLIEHHON AOGLIUN
TAaBHEIM 0GpasoM Gnarofaps TOMY, YTO €ro p-H3lydeHHe MPHMEHTeTcs LA fe-
ueGHbix Ueqel. STo nuanydenue B ACHCTBHTENBHOCTH CBA3AHO C PAafHEM TOMbKO
KOCBeHHO. B caMOM pese, WS pajHs HENpepHIBHO 0BpasyeTcsi PaiHOAKTHBHBIN
Ta3, HA3bIBacMBI PAjOHOM, A W3 PajoHAa MOCACNOBATENBHO 0GpAsyeTcs psa Be-
weete: paguit A, paguit B, paguit C, nocnefnuii M3 KOTOPEIX H Ract 0COGeHKO
NpoHNKawUee p-u3Ayyene. Pajnii K cro NpokaBofHbe, OGLIMHO ETO CONPOBOKAAIN-
iHe, Q10T HHTEHCHBHOE G-y f- H p-ASAYHeNHE, KOTOPEIM. NPENMYMECTREHHO NOMb-
30BA/MCHL A TIONB3YIOTCR B GOMBUIMKCTBE HCCICAOBAKHEA O MPHPOJE M CBOICTBAX
atnx_myvel,

C apyroii cTopokbl, B OGNacTll XHMHU PBGOTHl C PaaneM JaiH  [OATBEp-
WACHHE ATOMHOR TCOPHH PaZHOAKTHBHOCTH H CO3ZaXH NPOYHOE OCHOBAHHME AMS
TeOpHH PARHOAKTHBHEX OpeBpalneHtilt).

§ 38. Coextp n aromMbii Bec papusi.
MeTtammaecknii paani

Papnit, 6yAyun [LeNoYHO3MeNbHbIM METANIOM, H3BAEKAETCS K3 PYA
BMecTe ¢ GapueM, KOTOPHIH HAaXONRJACA B pyAaxX Hau e Oull TyAa Ao-
6apen. CMech cosell pajust W Gapusi TOABEpraercst psajy onepanii,
B peaynbTaTe KOTOPHIX paiufi OTRenAeTcA OT GapHs H ROAYHAeTcs
B BMJe uncTOR comu (§ 41).

OGoraenne cMeCH pajyeM CONPOBONAACTCA BO3PACTAHHEM e aK-
THBHOCTH, YCHJICHHeM CIIeKTPaNbHEIX JIHHHI Pajf CPABHUTENbHO C JIH-
HUSAMH OapHs M yBeNHUeHHeM CPeflHero aTOMEOTO Beca. Korna conb
paans Xopouwio OuMIUeHa, coTorpaHpoBaHHLIL CHEKTP HCKPH AaeT
TORBKO XapaKTepHbe NHHUH Pajus H JHIUb ¢ TPYAOM YAAeTCs HHOTAA
OGHAPYKHTE clelpl Haubonee cHnbHol anuun 4554,4 A 6apns, koo
PYIO TMOMHOCTBIO YAAIHTH KpafiHe TPYIHO.

Cone pazusi, BBeJCHHast B TUIaMsi, OKPALIHBAET 3TO MOCHeAHee B
KapMHHORO-KpacHuili nser. MokHo HaGNONATh BUANMBIH CIRKTP 3TOTO
TIAMEHH, COCTOSIIMA H3 XapaktepHwix junufl (Cusenn).

O6uwii BAA CNEKTPa ROZOGEH BHAY CNEKTPOB APYIHX UIEJOYHO-
3eMeBHBLIX MeTasinoB. OH COCTONT K3 PE3KHX W Y3KHX JIHHill H He-
CKOABKHX TYMaHWbiX MOMOC. BOT mepeuenb MMiaBHLIX JAHHHE CREKTpa

1) Marie Curie et A. Debierne, Comptes Rendus, 1910.
2) 25 ropoButHKa OTKDHTHA PaANa NpasaHoBanach B COPOOHHCKOM YNHDep-
cirere 26 gmexabps 1923 T.
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HCKpel (BRAZAHOM JuCT VI, B KoHLe KHHMH, puc. [) M cnekTpa
TAAMEHH
CnexTp HCKPH Crextp miamenu
4896,1 cpemuas 6653
4682,3 oveNb WHTEHCHBHAA 6700—6530 monoca
4533,3 cpexuss 6329
4340,8 nnrencusnas 6330—6130 nonoca
3814,6 oueHb HHTEHCHBHAA 4826
3649,7 nuTencuBHan
2814,0 nurencuenan
2708,6 uutencHenas

B cnekTpe HCKpbl HMEIOTCS JBE TYMAHHBIE MOAOCLI C MAKCHMYMAMH
HHTEHCHBHOCTH, COOTBETCTBEHHO, npH 4627,5 n 4455,2 A

CrexTpaiibhas peakuus Pajust o4eHb YyBCTRHTENbHA. MOXKHO cun-
TaTh, YTO OHA TO3BONAET OOHAPYIHBATL 5TO BEWECTBO B MPONOPLHA
1075, Onnako ero paAHoaKTHBHAs PEAKIHA €lle MHOTO UYBCTBHTENb-
Hee. OHa JaeT BOIMOXKHOCTD JIETKO AO3HPOBATh PAJHH NPH KOHIEHTPA-
nud 10-% 1 faxe onpeAensiTh KOHUEHTpaWsK nopsiaka 10~ 12, AToMubIfl
Bec pafusl H cpeAHHH aToMHbII Bec eMecH Ba 4 Ra moryT 6miTh onpe-
JeneHbl, KaK H aTOMHBI Bec Gaphst, ¢ Gonbloi rousocTbio. [Toka ak-
THBHOCTb CMECH He TPeBLICHJA TPHONHIHTENHHO B THICAUY Pas aKTHB-
HOCTH ypawa, ee CPeAHHH ATOMHEII BeC MPAKTHYECKH HE OTIHYAETCH
OT ATOMHOTO Beca GapHsi.

Jna onpenenenksi aTOMHOTO Beca pafusi IPHMEHARTCs ey fohii Mero, Xmo-
PHCTHI PajiHil, UHCTOTA KOTOPOTO NPOBEPEHA CMIEKTPATBHBIM AHANHION, OGEIBONKH-
BACTCH TIPH TEMNEPaType, GIBKOf K 150°, H 6e3BONHAR COMb TOUHO BIBEIHBACTCA.
3 Apo3paukoOro pacTeopa STOR COMH OCAZKAALTCA XJIOD B BHIE XJIOPHCTOTO cepeGpa,
1 TOAYYEHKOE XIOPHCTOE Cepebpo TRKXKE B3BeWHBACIcs. s oTomeHnn Beca x10-
pucToro cepefpa K Becy XJMOPHCTOrO PajHs MOMHO BHIBECTH aTOMHBI BeC pajus,
3Mas aTOMMBIE Deca XA0pa H cepe6pa H Moaaras, MTO Ge3BOAHEL XAOPHCTHN pamii
e Gopmyay RaCl, 1o awanornit ¢ gopmyaoil BaCl,, npanaTOR AA% XMOPHCTOTG

apus.

TexHHUECKHE MOAPOGHOCTH METOAA H3JIOKEHbl B CHENHAMBHBIX CTa-
Tbax (Mapua Kiopu, lenurumvug). Ins onpefeneHus aTOMHONO Beca
ynotpebasau or 0,1 no 1 2 xnopucroro pamusi. Pasauyrsre onpege-
JIeHUs JIanH COBNAJAIONIHe PesyibTatel. B HacTosilliee BpeMst aToMHbIH
Bec pajHst APUHHMAOT paBHEM 226 (Ag = 107,88 n Cl = 35,457)
(Tenurmmun).

s nonyuenus MeTalaKYecKoro pafus Gblla NPHIOTOBICHA aMa b
raMa pajHA nyTeM saeKTPONM3a pacTBopa, cofepxasuiero 0,1 & ukcroro
RaCl,, npy noMom pTYTHOrO KaToAa. D1a MKUIKAS aAMANbraMa H3Me-
HAETCA HA BO3AYXe M pasjaraeT BOLy. AMajbraMa Gbl1a BRICYlIEHA,
NepeHeceHa B JIOIOUKY K3 YHCTOTO XKede3a H MeperHara B atMocdepe
OYeHb YHCTOTO BOAOPOAA, NIONYYeHHOro AH(Dy3sHell yepes pacKaneHHyio
naatHdy. Amanbrama sateepjiepaer Tpu 400°. Mertana, oTieneHHbifi
oT prytn, nnasutcs npr 700° ¥ HaukHaer yheryunBaThesd. Pafnit —
Gesbtii GnrecTsimni MeTallt, GHICTPO H3MEHSIIOMHKICR HA BO3AYXe H SHEP-
THYHO pasnaraiouuii Bofy.
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To cBoeMy aToMHOMY Becy pafiii, KAK BhICUIK{I FOMOJOr GapHsi, TIo-
MeaeTcs B NOCHASAHEM PsAY BTOPON IPYMNsl MEPHOAHYECKOH CHCTEMbI
3nemeHTOB (mpujoxenne 4). Ero mopsinkopoe yucno 88. Ero cnektp
M XHMHUYECKHE CBOMCTBA MOJNHOCTBIO COOTBETCTBYIOT €ro TOJOMKEHHIO
B cucteme. COOTBETCTBYET STOMY NOJOMEHHIO H €TO CTEKTP BBICOKOM
4acToTH (3HaueHns yposeit Ly u L) (M. e Bpoiing).

Bot xpaTkuii nepeyeHh XMMHUECKHX CBONCTB cOMeld paAus: CynbdaT HepacTeo-
UM B BOfle W PA3OABNEHHHX KNCIOTAX (PACTBOPHMOCTD B Bope 1,4+10-2 2 na autp
opn 20°). KapGowarT HepacTBOpHM B BOje H DAacTEBOPaX YIMEKNCHbIX IMenoued.

nopua pactBopi B Boje (245 2 RaCl, Ha JMTp BOAM mpu 20°), HepacTsOpHM B
KOMLEHTPHPOBAHHOH COMAHON KHCAOTE H a6CONOTHOM CTIHPTE; BPOMHL BElleT cebn
HonobHo xaopuny (706 2 RaBr, Ha aTp Boms npu 20°); THAPAT OKHCH H CYNHHA
pactBopiiMb & Boe. OTneseHHe panua 0T Gapua ApoGHON KPHCTAaNNH3aUKeH OCHO-
BEIBAETCA Ha TOM, YTO XJIOPHI M OPOMHI PaAKA MeHee DAaCTEOPHMEI, 9EM COOTBeT-
cTBylOILNe Conn Sapus (nph 20° 357 2 BaCl, # 1041 BaBry Ha antp Bofb).

§ 39. PagnoakTHBHbIE 2EMEHTDI

Ka:abli pafHOAKTHBHWA SJEMEHT IT0fBEPraeTcsl NpeBpalleHHIo,
COCTOSIIEMY B TIOC/IEAOBATETBHOM pachajie BCeX €ro aTOMOB M MpPOHC-
XOfIALEMY TIO TAKOMY 3aKOHY, UTO NONROBHHA YHC/A HAIUUHBIX 4TOMOB
€ro, Kakopo Gbl 3T0 BHCRO HH GBINO, NMPEBPALLAETCA BCerfa 3a OAHO M
TO Ke BpeMa T', XapakTepHoe AJif AAHHOTO BJIEMEHTA N HAa3biBaeMOe
ero nepuodom UNW epemeren noaypacnada (eMm. raaey XI). Curopsa mo
BeAMuMHe CROEro MepHoia, PaJHOAKTHBHLIE SMEMEHThl HMeKOT Pasiud-
HYI0 NPOJO/IZKUTeNILHOCTS JKH3HH ., MIMEIOTCS 3/1eMeHTEI ¢ 0YeHb GOMbIIok
TIPOAO/KHTENBHOCTBIO JKUSHH, KAK YPaH WAH TOPHil, KOTOpHIE MOTYT
COXPaHATBCH B CONEPIKANMX HX MHHepajaxX B TeueHHe HeCKONbKHX
TeONIOTHYECKHX TNepHOAOB. [Ipyrue, Kak, HanpuMep, panMil, AKTHHHI,
TOJIOHHIT, Me30TOPHH, PajHOTOPHHl H T. A., WCUE3HYT B STHX MHHe-
panax, eCciiH HX pacnaj He GyJeT KOMICHCHPOBATHLCA HX OOPa3oBAHHEM
M3 ypaHa uau TopHs. CnefoBaTeNbHO, STH [Ba NEPBHYHBIX 3JA€MEHTa
0o6pasyioT Hayajla PAfloB HJH CeMeficTB, B KOTOPEIE BXOAAT BCe APYTHE
PaZMOAKTHEHEIE 3JeMEHTH, ABJAIONMECT HX TpousBogdeiMH. Konn-
YeCTBA NPOH3BOAHBIX PAJMOAKTHBHBIX 31EMEHTOB B HEWIMEHEHHBIX MH-
Hepasax NPOTOPUHOHA/bES KOMMYECTBAM NEPBUYHBIX 3JEMEHTOB H Tie-
puoxaM TiponasomHblX (§ 62). BeAKkuil IpOWSBOARMI paAHOAKTHBHEIL
3IEMEHT ¢ JOCTATOYHO GOJBIION IPOAOMNKHTENBHOCTBIO KH3HH MOMET
OBITh, TAK e KAK TIEPRAYHBIC SJMEMEHTEI, W3BJIEUEH W3 YPAHOBHIX M
TOPUEBBIX PYA, HO B HEKOTOPBIX CAYYAAX €r0 MOXHO NOJNYYHTH U3 Ofi-
HOTO H3 €ro Gofee AIH MeHee OTHAJNeHHEIX NPEIKOB, Ye H3BJNECUSHHBIX
paHee H3 pYyAul. PajHOaKTMBHbE SMEMEHTH ¢ MAJOH MPOIOAKHTENb-
HOCTBIO KH3HH MOMKHO TOJYYHTb TOMBKO BTOPEM clocoGom. B srolt
raBe JaHO ONHCAHHE PAMMOAKTHBHLIX JEMEHTOB B TOM NOpsjKe, Ka-
KO OHH HMeioT B CeMeiictBax (mpuioxenne 5c). B ruasax 1X n X
ONHCaHbl PAJMOAKTUBHBIE rassl, HAN SMAHALMH, H AKTHBHBIE OCAAKH.
Q6upit 0630p reHeanorugeckux pafos jad B raasax X XII—XXVII.
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Tak Kak ONHCAHME XMMHYECKHX CBONCTB YpaHa M TOpHS JaeTcst
B PYKOBOACTBAX N0 XHMHH, TO 3JeCh OHH H3aaratkcs He Oyayr. Cyue-
CTBYeT N0 MeHbIlefl Mepe JiBa usoTona ypana: Ul (Bpema nosypacmnaga
nopsagka 10? ner) u UlJ, nponasonustit Ul co 3HaunTeNnbHo MeHbluelt
TIPORONKHTEN BHOCTBIO XU3HH, NPOROPLHs KOToporo B eMeck ¢ Ul ne-
BesinKa. CyilecTBoBaHHe TpeThero usotona AclU BechMa BeposiTHO.

Tlpoussoanste ypana. 1. OTBeTBACHMe pasua

Vpan X. CoepnHeHuss ypaHa HcOyckawoT a-, f- u y-ayun. Op-
Hako camomy ypary (Ul m UII) npuHapneHT TOABKO a-ualnyueHue,
NPOHUKAIOMKE K€ f- ¥ y-IY$H HCBYCKAIOTCA TPYINON NPOUSBOAHBIX
YPaHa, COBOKYIHOCTB KoTopsix ofpasyer UX, oTkpwihiit Kpykcom.
OnbiT nOKa3LIBaeT, UTO HENb3Sl OTAEGNHTE OT YPaHa €Fo o-HaNyueHHe,
TOTEA KAK BEWCTBO, HCNyCKalollee §- H y-NyuH OTAeNSeTCs OT ypaHa
PASIRYHLIME PeaKLHAMU.

HanGonee ynotpeSuTENbHBIMYE CHOCOGaMH  OTAENEHHS ABJAIOTCH:
ApoBHas KPHCTA/JH3allisl HHTpaTa ypaHa, PACTBOPeHHe ypaHa B H3-
GBITKE YTVIEKHCHOTO AMMOHHST B 00patoTKa sQHPOM CHABHO KOHUCHTPH-
POBAHHBIX PACTBOPOB HRTpaTa ypaHa. B nepBom cmyuae ypan X OH-
uentprpyercsi B GoJee pacTBOPHMEIX ¢pakiiax. Bo BTopom cayyae
yPaH NepexoiuT B pactBop, a UX ocraercss B ocajke BMECTe ¢ TAKHMH
HEpacTBOPHUMbIMH B WIEJIOYHBIX PAacTBOpaX TPHUMECHMH, KAk Meneso.
B Tperbem cayuae oGpasyoTes ABA MUAKHX CIOS, OIWH W3 KOTODHIX,
Gonee GOTATHIf UPOM, COREPIKHT ypaH Ge3 ypara X, a Apyroi, Go-
niee Goratwiit Bogofl, cogepxnat uabuitok UX. Ileproa ormenennoro Ta-
KHM 06pa3oM aKTHBHOTO BElIECTBA PaBeH 24 AHaM,

¥pau X — ne npoctoe BewecTso. OH COCTOHT H3 HECKOIBKHX PAIHO-
AKTHBHBIX 37teMenTOB (§ 127). ¥Yparom X; HA3HBAIOT BEIECTBO ¢ Ne-
PHOAOM, PABHBIM 24 JHSIM, KOTOpOE TIONYYACTCS TONBKO YTO OTNHCAH-
HEIMH METOJAMM M SIBJISICTCA H3OTOTIOM TOPHS (aTOMHOE NOPAAKOBOE
uncno 90). Ypan X, ofpasyercs u3 Ul u HcmyckaeT Tpynmy oOueHb
Majio IPOHHKAIOIWKX f-Tyued.

VYpar X, o6pasyerT NpOH3BOAHOE € MAJOH MPOACIHHTENLHOCTLIO
JKH3HH, ypan Xg, unu 6pesuti (Pasnc u [EPHHT), ¢ NepHOAOM, paB-
ubiM 1,13 MR ¥Ypan X, — BECIMA FOMOOT TanTasa (aTOMKOE TIOPSAA-
KOBOe uKcao 91), OH HcnyckaeT rpynny npokMKaroumix f-myyedi. Ha-
KoHell, B ypane X, HafijeHbl B MaJOM KOJHYeCTBE ele ARA APYTHX
PaJUOAKTHBHEIX 3/eMeHTa: ypan Y (AHTOHOB), H30TON TOPHs (aTOMHOE
nopsikoeoe uncao 90, nepuoa 25 uacos) B ypan Z (Faw) (aTomuoe
nopsiaxoeoe uuciao 91, nepuon 6,7 yaca).

Houun Houult, oTkpuiTeiil BonteyaoM, dBasercs Tem H3
TIPOM3BOXHBIX yDaHa, KOTOPOE HeMOCDeACTBEHHO MpeBpallaercd B pa-
Znit (§ 125). Ero nepuox pasen 83 000 ser. XuMHdYecKHe CBOMCTBa
HOHWS COBEPILCHHO OHHAKOBLI C XHMHYECKHMH CBOAICTBAMH TOPHS, Tak
KaK 06a 5TH BellleCTBA ABMSIOTCA W3QTONAMU (aTOMHOE MOPSAKOBO®

9 M. Riopu
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aqucao 90). TIpu nepepaGoTke MHHEPaAOB WOHMH HaXOAAT B TeX e
$pakUBAX, A€ W TOPHI, H BMECTE C TOPHEM €0 OTAeNSIOT OT PeAKHX
aemenb. CrefoBaTeNbHO, H3 YPaHOBBIX MHHEPA/OB H3BJIEKAIOT CMECh
TOPHsSt — HOHHSA, KOJNHYECTBO HOHMS B KOTOPOi, BOOOIIE MEHBILee,
YeM KOJIHYECTBO TOPHH, MOKET, OIHAKO, GbiThb CPABHHMBIM C HYM.

Cnextp cMecH, cozepxanteil 30% HOHHSA, He OGHAPYKHA HHKAKOTO
OTMHYKA OT CNEKTPA TOPHA, MTO NOATBEPIKIANO MHEHWe 00 HAEHTHYU-
HOCTH CReKTPoB H30TONOoB. [loafneiiime HCCREROBAHHS HAJ H3OTONAMK
CBHHIZ NOKA3aJi, OJHAKO, YTO WAEHTHYHOCThb CTIEKTPOB Me AB/IAeTCA
TIONHOM, XOTSl pasfuuHsg kpafiHe HesnaunTenbhsl (§ 142, cm. Takxe
§ 22).

XoTsl copepIKanUe HOKNS B YPAHOBBIX PYAaX OTHOCHTENBHO BEJHKO
(oxono 20 2 Ha TOHHY YpaHa), €ro HeNb3sl H3BJEYb U3 HUX B BHJE YH-
cTofl COMM, TaK Kak OH He OTAENHM OT TOpHs.

Hanyuenne HORlisl HPOCTO K COCTOMT NPEHMYLIECTBEHHO H3 a-nyued,
COMPOBOXIAEMBIX CIACHIM, MaJIONPORHKAIONNM p-HIAYUEHHEM.

PAanun u Ero NEPBBE NPOH3BONHHE XIMUUECKHE
cBoficTRa paliHsi (aTOMHOe MNOPsAKoBoe uhcao 88) ye onNucanbl B
§ 37 u 38. Ero nepuop moaypacnaja pasen 1600 ger. Ilpu mocie-
JI0BATENILHBIX PAfMOAKTUBHBIX NPEBPAIICHHAX W3 paiHs ofpasy-
eTcA PAA PAAHOAKTHBHBLIX /IEMEHTOB C Manofl NPOACIKHTENLHOCTEIO
IKU3HU, KOTOPHIE OBLIYHO COMPOBOKAAIOT Pajuit. ITH SMEMEHTEl — Pa-
RHOAKTHBHEI Ta3 DANOH, WAM SMAHALMA Dafufl, W COCTABNAIOMHE AK-
TUBHBI ocagok sewecersa A, B, C, C’, C"' (raaset I1X u X). Usayue-
HHe COBOKVIBOCTH 3THX BEIlECTR CJOKHO H COCTOMT H3 a-, §- H
y-nyueii.

Panun D u papun E. Paguit D — usoton ceunua (nopsi-
KOBOe aTomMHOe uncno 82, mepuon 22 roma). Ow HenyckaeT S-nyud,
HOHH3HpYIollee JeficTBie KOTOPBIX NPAKTHUECKH HeourytHMo. IMosToMy
nprcyteTBue RaD oGnapyxunpaetes ToAbKo Gnarofiaps 00pasopaiHio
HM TIDOM3BOAHBIX, TepBOe M3 KOTOpwX, pauii E, usoton shcMyTa
(nopsiikoBoe aTomHoe yHcsno 83, nepHof Noaypaclaga 5 Aneit), Aaer
f-usnyuenne, a sTopoe, pajmil F, npuaHaHHOe TOMKJECTEBEHHBIM € NO-
JoHyeM, Jaer g-nsiyuenne. Pamnii D moxno H3Bredus B3 ypaHOBHIX
MHHEPANOB BMECTe ¢ COAEPHANMMCST B HHX CBHHIOM, OF KOTOPOFO pa-
i D nmeorpenum. 3107 paducaxmusneld ceurey WIH PAKHOCBHHEN
{ceuHen + RaD) MOKeT CHYMHTh HCXORHBIM BRIUECTBOM AIS AONY-
genust noaonnd. Cam papnit D MoxHo nofydats U3 pajus uepes pajon
W BellecTBAa aKTHBHOTO ocafka (§ 53 u 129).

Monovwnn Tlononpii — nepB PATHOAKTHBHEN oJeMeHT,
OTKPLITBIT HOBBIM METO/IOM XHMHUECKOTO aHANH3a, OCHOBAHHBLIM Ha pa-
AuoakTHBrocTH. OH MPOHCXOANT OT ypaHa yepes pauuii, TTononnii pas-
MHACTCSH 110 €10 ¢-H3NYHEHHIO H M0 OTCYTCTBHIO NPOKKKAOIMX el
Ero npucytcTBHe GBIIO OGHAPYIKEHO B CYAb(HAAX, OCANKACHHBIX HE
KHCJIOro pacTBOpa ypawosoft cmonsHofi pyast. IlpH anaianse sTux
CyRL(HAOR NMONOHHI CeAOBAN NPEHMYIIECTREHHO 32 BHCMYTOM, & NPy
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THAPOJTHTHYECKOM APOGHOM OCaMICHHH coneft BHCMYTA OH KOHUEHTPH-
poBalicii B MeHee PacTBOPHMBIX (pakuusix. [Mosinefiwme Hceaenosa-
HHSI OGHAPYKHIH, YTO OH COMEPMHTCS B MHHEPAaNaX B KONHYeCTBe,
MHOTO MeHbIIeM, 9eM pajuii, i 4To MepHo. ero paveH 140 AnsM. Mapx-
Bafibi TOKA3aJl, UTO N0 HEKOTOPHIM CBOMM XHMHYECKHM CBOHCTBAM
TIONIOBHI CXOJIeR C TeJTYPOM, BMeCTe ¢ KOTOPbIM OH OcamjaeTcsl H3
CONSIHOKUCAIBIX  PACTBOPOB XJOPHCTEIM oniooM. [Tononnit xapakrtepy-
3yeTCsl TAKke JEerkoCThio, ¢ KOTOPOll HeKoTOphIe MeTamibl (XKeleso,
Mefib, CepeGpo) BLITECHAIOT €10 M3 KKCABIX pacTBopos. [TononHi MOKHO
TIONYUATb HJIW H3 MHHEPAJOB HIH H3 PajuOaxkTHBHOFO CBHHUA HAH U3
panus (§ 41 u 129),

HanGoubiiee KOMHYECTBO 5TOTO SMEMeHTa, TONYUEHHOE A0 HACTOR-
mero Bpemenn (Mapusi Kiopn n A. HeGbeph), paBHsiioch NPHOAN3H-
TesipHO 0,1 M2 ONOHHSR, CMEIWAHHOTO ¢ HECKONBKUMH MUJLIHIPAMMAMH
JPYTHX JECKO BOCCTAHABJHBAEMbIX MeTajyioB, HanyueHde 3Tofi cMecH
NpUGTHIHTENDHO COOTBETCTBOBANO HajyueHuio 0,5 & paaus. Omna n3
JRHHI cHeKTpa HCKpH (4170,5 A), NO-BUAMMOMY, NpHHAAJE}aJa no-
sonuio. TMossnee Guiio yKa3aHO HA CYIIECTBOBAHWE B CNEKTpe NONO-
wis amman 2450 A (A, UYanex).

B nepuoanueckoil cucTeMe 3JeMEHTOB NOJOHHIO, KAK BLICLEMY IO~
MOJIOTY TeiLtypa, OTBOAST HO TOrO NYCTUBABIIEE MECTO PSIAOM C BHCMY-
TOM (aTOMHOe NOpsifKoBOE YHCIO 84).

CXOICTBO NMO/NOHHS B HEKOTOPBIX CIYYasiX C BHCMYTOM, @ B HEKOTO-
pBIX — ¢ TEMTYPOM, NMO-BHAHMOMY, 3ABHCHT OT €ro BAJIEHTHOCTH, TAK
Kak CXOACTBO C BHCMYTOM NMDOSIBISIETCR B TeX COGAHHEHWSX, TAe TO-
JOHKH TpexsanenTeH (CYAbGHA), 3 CXONCTBO € TEMIYpOM B Tex, TAe
OH ueThipeXBajienTeH (XNOpHA, ruapaT oxucen) (M. Twuilo). IMononni
PAcTBOPHM B KHCJBIX, a4 TAK)KE KOHUECHTPHPOBAHHBIX MIENOYHBIX PACT-
Bopax. CliegoBaTe/lbHO, OH MOMET BeCTH Ce0fl KaKk MeTamd WIH e
BXOAHTL Kak Fe B kucaoTHbl pagnkan. B pacreopax, GJAH3KHX K
HeffTPanbHbBIM, €ro CORAHHENHs! FHADOTHIYIOTCH, H PAAHOAKTHBHOS Be-
WECTBO OCAXIAETCSt HA CTEHKaX COCYJOB; 9TOT NPOLECC YCKopseTes
nyreM nentpudyruposanus. ITononnit, no-BuAHMOMY, MOMKET BXOLHTbH
B COCTAB HEKOTOPBIX KOMIIEKCHBIX CORAHHEHHH, KaK, HanpHMep, XJ0-
POTIONOHHATA AMMOHHS, H3OMOD(HOTO COOTBETCTBYIOMINM COEAHHe-
Huam Fe, Pb, Sn, Pt, uan anatnatHocyasorapbamMaTa noncHns, N30~
MOPPHOTO CONK KoGasbTa € Takol e gopMysoil. Popma KOMILIEKCHBIX
HOHOB BblACHeHa ajekTponusom (§ 118).

Tlonouuit MOMHO BOSTOHATH MPH KPACHOM KAIeHHH W cofunparth
BO3TOHSTIONIEECS BEIIECTBO, YBJICKAA €ro B cTpye rasa. HanGosnee uncTbie
Tpenapathi, NOMYYeHHBIe TAKHM NyTeM Ha HeGONBLIOH MOBEPXHOCTH,
COCTOSIH N0 pacueTy SoJiee YeM H3 NATHAECHTH HAJIOMEHHBIX OfHH Ha
Apyrofi MONEKY/NAPHEIX CJ0eB. STH Npenapatsl HMe CepHiil HAH uep-
HbIfl 11B€T, CBOMCTBEHHBIIl NOAOHHIO HITH OAHOMY H3 ero okncioB. Hax-
Gonee JIETYUHMH CORAHHENHSMI TIONOHHS ABJIIOTCS €r0 THAPWA B Kap-
GoHUa.

g*
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Tiponseoansic ypana. 2. OTeeTRACHHE AKTHRHA

OyeMeHThl ceMefiCTBA AKTHHHA SIBASIOTC MO Beefi BepOATHOCTH
NIPOH3BOJHBIME YpaHa, HO OHHM He BXOIAT B FeHeaNOrHUeCKHA psij pa-
IHS M ero mpousBOAHBX. ITonaraior, uTo W3OTONW THNA ypaHa Halor
Hauajio ABYM PAJAM NPOM3BOAHLIX: CeMefiCTBY ypaHa M ceMelicTBY aK-
THHHS, TIepBBIM /IOCTOBEPHO HSBECTHHIM WIEHOM CemeficTBA AKTHHHSA
sBAsfeTcst NpoTaktHHuB. CBA3b MEXAY 3THM BEIIECTBOM H YPaHOM
TIPELNONOKHTENbHO ocymecTaasercs yepes UY.

Nroraktnuun (lan, Mefitnep, Copmu u Kpaucron). Ilpor-
aKTHHHIT GBI OTKPBIT B OTBanax OT MepepaGoTKH AXMMOBCKOH ypa-
HOBO cMonstHof pyapl. HemocpeacTeenso u3 Hero ofpasyercs akT-
niit, Heprof npoTakTHHEA HCHRCIAETCA NPpUGMUSHTeIbHO B 30 000 set,
On uenyckaer a- u f-nyun. [o HEKOTOPHIM CBOMM XMMHYECKHM CBOM-
CTBaM NPOTAKTHHAI GAH30K K TAaHTaNy, BHICUINM FOMOJIOTOM KOTOPOrG
OH fiBiseTCH (ATOMHOe TIOPAAKOBOE UHCAO 91), HO €FO OKHCh, Kak 5TO
caefyer K3 padoT I'pocce, HMeeT He KHCIOTHHE, a CKopee ciaGo oc-
HoBHble cBoiicTBa. ['pocce paspaGoran meTof APOSHON KpHCTaIH3a-
MHH XJOPHAOB UWKPKOHHS W NPOTAKTHHHS, NDH KOTOPOI TPOTAKTHHHA
KOHUEHTPUPYETCH B PACTROPE, H MOJYUYHJ HECKOMbKO CAHTHIPAMMOB
STOTO PajiMOAXTHBHOTO dJeMedTa B yncToM Buje, Comeprkanue mpoTak-
THHHS B YPAHOBBIX PY/aX GIH3KO K COACPXKAHHIO B HAX DARNS, H MOXHO
HaJesIThCS M3BJeub U3 HHX TIPOTAKTHHHI B KONHYECTBE, HOCTATOYHOM
JinSi_OTIPEIeNICHHs] €TI0 ATOMHOTO Beca.

Ecnn npoTakTHHUI HAaXOAHTCS B BHAC OKHCH RJH THADATa OKUCH,
TO OH, KAK H TaHTal, JIeFKO DACTBOPSETCS] BO (TOPHCTOROAOPOAHON
kucaote. OKHCh NPOTAKTHHHA (BeposTHas (opmyna Pa,0;) — Genwmit
NOPOIIOK ¢ OYeHb BBICOKOIl TOUKOR miaBnenks. IIporanenHas ona He-
pacteopiima B HCl, HNO, u H,SO,, Cnnasnesnas ¢ NaHSO, u o6pa-
Gotannast satem Bofiof M H,S0, oma pacTeopsercs n oriensierca
npu stom o Tamtana. [lpy cnnasnennu ¢ K, CO; ¢ nocsenyio-
IHM BeULETAaUHBAHWEM BOJOH B ocajlke nomyyaioT Pa, Torha Kak
TaHTan pacTeopsercs. M3 cOnHOKMCNOrO, a30THOKHC/IOFO H CepHO-
KACJIOro pacTeopa Pa NMonHOCTBIO ocapaercss H3GuTkoM QocdopHO
KHCJIOTHL.

AxTtneun AxThaui (A. [ebbepn) N0 CBOHM XHMHYECKHM
CBOMCTBAM ONIU30K K DEAKHM 3eMJISIM, BMECTe ¢ KOTOPBIMH OH H3BJe-
KaeTcst B3 pyasl. OT PeIKHX 3eMelib OH MOXEeT GhiTh OTAENeH TOABKO
nyTeM AAWTENBHOro (paruuoHnposaus. Cam akTHHHE He JlaeT Jo-
CTYNHOTO HAGNIOJEHHIO HSJIYYeHHS, H €ro NPUCYTCTBUHe OOHApPYKH-
BAETCS N0 HAMYUEHHIO €TO NMPOH3BOAHBIX, 06pa30BAHHe KOTODHIX HAET
EoponbHO MeisienHo (§ 132), Tak uTo 2KTHBHOCThL CBEXKENOIYYEHHOTO
AKTHHHUS BO3PACTAET B TEYeHHE HECKOMbKUX Mecsiuen. [lepHoj aKTHHHA
pageH npubanauTeabro 10 rogam (§ 131), nosToMy oH CO CBORMH NPOH3-
BOJHBLIMH 06pa3yeT OTHOCHTENBHO NOCTOSIHHYIO COBOKYNHOCTh JeMeH-
TOB (CeMERCTBO AKTHHUA) CO CNOMHBIM -, f- U y-H3IyUeHHEM.
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AKTHHHil, TAK 3Xe KaK NOMOHMI M pajnii, chavana 6bin naiifen
B YPaHOBOH CMOMAAHON PYJe, KOTOPas OOHLIMHO CONSPYKHT HeGONbLIoe
KOJIHYECTBO PeAKHX 3eMeNb MPEHMYUECTBEHHO UePHEROil Tpynme: wue-
PHil, JIAHTAH, HEOJUM, NpaseoAuM, camapuil. B Hell Bcerna HaxoasT
HeGOMbIIOe KORHUECTEO TOpHsi. B 5TOM cMecH BelllecTB ¢ GIHIKHMH
cBOficTBaMH TOpHEt siBiseTcs HanGonee ciaGo OCHOBHBIM, a JMAHTaH
HanGosIee CHIIBHO OCHOBHBIM 5/1€MEHTOM. AKTHHHII TIO CBOMM XHMHue-
CKHM CBOCTBAM OHXMe BCETO MOAXOAHT K JMaHTaHy, HO ABJETCS elle
Gonee OCHOBHBIM 5JIEMEHTOM.

ARTHRHI OCaXNAeTCS C TOPHEM H PEAKHMH 3eMISIMA B BHIE THApa-
TOB, (TOPHAOB HJIHM OKCanartoB (OCAaXIeHHe €ro OTHOCHTENLHO MeHee
TONHO, YeM ocaxcieHue nawtana). [Ipu oTleneHud Topis OT HepHs
OOLIYHO APHHSATHIMH METOJaMH AKTHHHH OCTAETCS ¢ PERKHMH 3eMIAMH.
PepkoseMenbHble META/IB MOTYT OBITB OTAEEHB! APYT OT APYra Apod-
HOll KDHCTANIN3ALUHEN HX JABORMBIX aMMOHHMITHHIX HHTPATOB B a30THO-
KHCJIOM PacTBOpe, TpHUEM aKTHHHI BMECTe ¢ JAHTAHOM MOMAJAET B
HauMeHee pacTBOpuMbie (pakuuu. Has NMOAYYeHHH OGOralleHHAIX aK-
THHHEM NPENapaToB JIAHTAHA YCTEIIHO TIPHMeHSeTCH METOA APOGHOFO
OCaXIEHH A CONEPIKAILEro AKTHHHI OKcanaTa JaHTaHa B a30THOKHCJIOM
pacteope (Mapus Kiwopn u ee corpyauuks). AKTHHHI HPH TOM KOH-
HEeHTpUpyeTcs B pacTeope. [IDHNIONMHB 3TOT METOX K coAepiKauiemy
AKTHHHN JJaHTaHy, H3BJEUCHHOMY H3 YPaHOBBIX MHHepanoB Bepxnei
KaraHrd, HelaBHO HONYUHNH HECKONBKO IPAMMOB OKHCH JIAHTaHa,
coziepxkameit o1 1 10 2 me AKTHHHS. DTO KOJHUECTBO AKTHHHA COOT-
BETCTBYeT NpHGAusHTeabRo 10 m ypaHa B pyze.

TaK kaKk H30MOPQH3M COMelt aKTHHHS H NaHTAHA JOKA3aH NPaBHAb-
HOCTBIO XOJa MX APOGHO!H KPHCTA/TH3AUMK, TO MOXKHO NOMAraTh, YTO
XUMHYecKle (GOPMYJIBl COSAWHEHHH AKTHHHA AHAMOTHYHB (POPMYJIaM
COOTBETCTBYIOHINX COSNHHEHHH JaHTaHa.

B nepromuueckoll CHCTEME 3/€MEHTOB AKTHHUIO OTBOLAT A0 TOTO
MyCTOBABIIEE MECTO B MNOCAEAHEM DALY TPYNILI TPEXBAJEHTHBIX 37e-
MEHTOB (aTOMHOe IOpsAKOBOE 4HCAO 89).

Papuoaxtunnn AxtuHun X 3TH Beilectsa fIBAAIOTCH
TIEDBLIMH MPOH3BOZHBIM AKTHHRA M TONY4aioTest M3 Hero. PazuoakTi-
nufl (Tan) — uzoton Topus (aToMHOe NOPsiiKoBoe uncao 90), ero me-
puoi pase 18,9 ausi. OH menycKaeT a-fydYH, CONPOBOXKAaeMbie CJa-
GuM B~ ¥ p-nanyueHueM. OT aKTHHHS OH OTAGNACTCA TEMH e MeTo-
JaMM, KAKMMU TOpMH OT/easieTess OF jantana, M3 pafnoakTunns o6pa-
ayercsl aktrunil X (Tnsenb, ToaneBcKuii), NEPHOA KOTOPOro paBeH
11,2 xust, a H3JAYYEHHE TIO COCTABY CXOAHO C HMYYEHHEM PajHOAKTH-
Hus. AKTHHHE X — H30TON pafusl (aToMHOe MOpSAKOBoe gHCHO 88),
M3 pacTBopa copepikallero aKTHHHR, paaMoakTHHEN W aktnmnfi X,
nepBbte Ba BEUIECTBA OCAXKJAIOTCH AMMUAKOM, NpHYeM aKTHHHA X
ocTaeTcd B pactsope. k3 akTuEHs X oOpasyercs paiuMoaKTHBHBIH
Ta3 — QKMUHOK, H3 KOTOPOTO B CBOIO OUepelb 00pa3yeTcs axmugHoul
0Ca00K QKMUALA, COCTOSIH H3 HECKONBKUX 9/eMeHTOR {rasbl [X n X),
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Mpoussonusie Topun

MEesoTopun 1. 3o Bemecto, oTkphiToe O. I'arom, conpo-
BOXIAeT pajuil, H3BACKAEMbIl H3 MMHEpANOB, CONEPKAIMX YPaH H
TOpuit (TOpHaHKT, MoHauut). Menyckaemoe um, Ro-BHAHMOMY, B- H
p-H3RYueHHe B AEHCTBHTENBHOCTH NPHHAAJIEXKHT €ro KOPOTKOMEPHO-
HOMY TIDOM3BOAHOMY Me30mopi 2. Me3oTopHit 2 MOXHO OTAENHTSL OT
Me30TopHA 1 OCakIeHHEM aMMHAKOM, NOCIe Yero MesoTopHil 2 GheTpo
pacnagaercsi. MesoTopuii | He JaeT AOCTYNHOTO HAGJOAEHHIO H3nYy-
yenuss. Ero He/b3s OTAENHTH OT PafHsi, H3OTONOM KOTOPOTO OH SIB-
asercst (aToMuoe mopsakosoe uncro 88). Ilepron mesoropua | papen
6,7 roga. OH HAXOJMT B MEJMLHHE TAKOE XK€ NPHMEHEHUe, KaK M pajuii,
H CJYXKHT NpeAMeTOM NMPOMBILUIeHHOM JOOBH KaK MOGOYHBIN NPOAYKT
TPH NOJYYEHHH TOPHS AJsi NPOM3BOACTBA CETOK HAKAIHBAHMS.

ME30OTOPUR 2 — H30TON AKTHHHA (aTOMHOE TOPAAKOBOE
gmcao 89). HecMoTps Ha TO, YTO €ro MepHOR paBHsieTcst Beero 6,2 va-
caM, 0Ka3afoCh BO3MOMKHBIM H3YUHTb €ro XHMHUECKHe CBOWCTBA
(HoBauosny) B ysHaTb Garoflapa SToMy XHMHYeCKHe CBOHICTBA AKTH-
HHsl, HONOCPEACTBEHHO® H3YUeHHEe KOTOPBIX, KAK 3TO GBUIO BHAKO Bbillle,
TpeGyeT CAHIIKOM MHOTO BpeMeHH. 9T0— NpHMep TpHMEHEHHs pajiHoaK-
THBHBIX HHAMKaTopos (§ 121).

Jlns otnenennst MTh 2 or MThI nocaeauni oGbISHO BHIKPUCTAIIHIO-
BhiBaloT BMecTe ¢ BaCl, u3 kpemnkoro consiHOKuchaoro pacrsopa, MTh2
TIPH 3TOM OCTAeTCH B PACTBOPE.

Meaotopuil CAyXHT HCTOUHHKOM NOAyuYeHHs pauoropms. [Tocne
TOro KaK pacTBOp, Copepxallii Me3oTopHi, Gbll OCTAaBJEH HA HEKO-
TOpOe BpeMs B NOKOE JNst HAKOILIEHHS PAJIHOTOPHS, OCACRHHA MOKHO
OCafiuTb AMMMAKOM, AOGABHB TPeABAPHTENBHO B DACTBOP HECKOABKO
MUJTHTPAMMOB ORHOTO M3 YBAEKAIOMHX pazuoTopkil Betmects. Ilpu
KPHCTAMTH3ALHK ¢ XAOPHCTHIM Gapuem pajHoTopi#i BMecTe ¢ MTh 2
OCTAETCH B PACTBOPE, HO CAH 3TY ONEPAUUIO TOBTOPHUTH HECKONBKO
Pa3s ¢ CyTOYHBIMH HHTEpBaJaMH, TO NOAYHaloT, HakoHel, MTh 2, cso-
Goxuuii ot RTh, Tax Kak ckopocTH ofpasosaust 0BOHX 5THX BELIECTB
OYeHb PaINHUHBL

Panuortorun Torpuu X. Pagworopuis 6but maiien O. Ta-
HOM B UEIJIOHCKOM TOpHAHHTE, HECKOJABKO COT KHJIOTPaMMOB
KOTOPOro Ghiii nepepaboTaHbl ¢ LEbIo H3BJEYCHHS H3 HHX Pajus.
OT0T MUHEpAs COCTOHT MPEHMYLIECTBEHHO W3 OKHCH TOPHSH, HO COAep-
MHT TaKWe OKHCb ypaRa, a CleloBaTeAbHO, H paaii. TIpu ApoSHoft
KPHCTAJIM3AUMN XOpHAA GapHsi — pajHsi, HONYYEHHOTO M3 STOR
PYALI, OBHAPYKHIOCH, YTO OXHOBPEMEHHO C KOHIEHTpauueil pajus B
HaHMeHee PaCTBOPHMbIX (pakuusX, B BaHGoNee PacTBOPHUMBIX (pak-
IHAX KOHIEHTPHPYETCH APYroe PajHoaKTHBHOE BemlecTso. 1O Be-
LECTBO HMENO TakHe JKe, KAk M TOpui, HO 3BaUHTeNbHO GoJee CHIb-
Hble pajHoaKTHBHEE CBOACTBA. B WacTHOCTH, OHO OOHNBHO BHIAENSIO
PALHOAKTHBHLI [a3, NOMYyaeMblii H3 COSNMHEHHUS TOPHS M HA3BIBAEMDIH
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moponor wru smanayuest mopus (§ 43). Houill snemeHt, OBHABHO BbI-
JeNSOIE TOPOH, GBI HA3BAH PAJHOTOPHEM, H TeTeph H3BECTHO, YTO
OH TPHCYTCTBYET B COSAMHEHHSX TOPHA B KauecTBe ero NPOM3BOAKOrO.
Panuotopuii 66l HaliieH TakiKe B 0CAAKaX HEKOTOPHIX TeNMbIX HCTGH-
Hukos B Casoile (Bnamk). PajuoTopuii — H30TON Topust (aTOMHOE
nopsinkosoe uncao 90). Ero mepuox pasen 1,9 roma, om Henyckaer
a-1y4H, COMPOBOKIaeMble CAGEM S-Hanydennem. Ha papsotopns of-
pasyercsl NpPOM3BOAHOE C Manof IPOAOAZKUTENBHOCTRIO JKH3HK — TO-
puit X (Pesepdopa, Coman). Topuit X — usotonm pamusi, ero nepuosn
paser 3,64 Ausl, OH HCNYCKAeT ¢-NyuH U cnaboe f-nanydewne, Topuit X
npuMensiercs B meuumee. Jns orfenenis Topus X or pajmoropus
noCASAHUI OCAKAAIOT AMMHAKOM, TOpii X NpH 3TOM OCTaeTest B Pact-
pope. Henocpeacrsenno uz topusi X ofpasyercss TOPOH, a H3 TOpOHa
06pasyloTCsl BEIECTBA, COCTARJAIONIME €ro aKTHBHbI OCafioK.
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PAJHOAKTHBHBIE MUHEPAJIB H M3BJIEYEHHE
PAZHOAKTHBHBIX 3JIEMEHTOBR

§ 40. PapuoaxTHBHBIE MHHEPAIH

Bce 5TH, H3BECTHBIE B GOMBIIOM UHCAE, MUHEPAJIb: SIBAAIOTCS MHUHe-
panaMu ypaHa WJH TOPHS, COIEPIKAIIMMM DASTHUKEe KOJHYECTBA STHX
ABYX BeIIECTB B CORAHHEHHH C HEAKTHBHBIMH 3/IEMEHTaMH.

YeuaHBIINECs O BPEMEHH OTKDHITHs pajusi TMOHCKH 3THX MHHepa-
0B OGHAPYKHAH HAIMUYHE HX B PA3HBIX MECTaX 3€MHOro Iiapa. Pa-
JMOAKTHBHbIE S]IEMEHTH, TPOK3BOAHBIE YPAHA HAH TODHS, COAEPATCA
B 3THX MHHEpAjiaX B KOJNHUECTBAX, MPONOPIHOHANBHEIX KONHYECTBAM
HX NEDBHYHBIX 1EMEHTOB. B HEKOTOPMX N3 MPUTOAHLIX ANS MPOMBILI-
JIeHHOM Pa3patoTKH YPaHOBLIX PyAaX MOUTH HET TOPHS. CleoBaTeNbHO,
B HHX CONEPIKATCH HPAKTHUECKH TOMbKO MPOUBBOAHEIE PFAA YpaHa, A
JOObIBAEMbIA 13 HHX pajiit He COMepXHT mesotopusi. Hanporus, Bce
HMeIoUlite NPOMBIIJICHHOe 3HAUCHHE TOPHEBBIE DYABI CONEPIKAT 3HA-
“HTEeNbHBIE KONKYecTBA ypaHa. (CeZoBaTelbHO, BMeCTe ¢ NPOH3BOA-
HbIMH TOPHS B HAX HAXOAATCS H MPOM3BOAHBIE YPAHA H NPOMBILIIEHHO
ZOGbIBaeMBlil ME3OTOPHIl BCETAG CMENIAH ¢ pajueM. STa CMech Me30To-
PH — palus UEHHTCH HHXKE, 9€M UHCTHI pajull, farouui Takoe xe
H3NIyYeHHe, TAK KaK Me30TOPHIl pacrajaeTcs Ha NMOJOBHHY 3a 6,7 rosa,
4 pamuil, NepHOA KOTapore paseH 1600 feT, NPaKTHUECKH MOCTOMHEH.

Pap#oakTUBHEIE MUHEPAJEI HHOTAA GbBAIOT KOHUEHTPUPOBAHEI, HO
ualre OHH BCTPEUAIOTCH B PACCESHHOM COCTOSTHHH. B nepBoM cirygae onk
00pasyioT AOBOJBHO OBBLEMHCTHIE KDHCTAIIL HTH IJIOTHBIE Macchl B
HHJIAX MACCHBHBIX FOPHBIX NOPOR. Bo BTOPOM cllyuae OHH TeCHO CMe-
IUaHbI ¢ IOPOAAMH, TPOITHTEIBAS BCIO HX MACCY HJTH 2Ke GYAYHH paccesHbl
B HHX B BHJE OUEHb MANEHBKAX KPHCTAMNoB. [TpoMbInienHO yaaroch
MCMONB30BATE HE TOABKO Gorathie, cofiepxaitue 50 sz u Gonee papus
HA TOHHY, HO H Ge/lHbIe PYAbl, COARPIKALLE TONLKO HECKONBKO MHJIH-
rpaMMoB Ha TonHy . OTHOLIGHUE PajHs K yPaHY B MHHEpP21aX NOCTOSHHO
H paBuo 3,4-10-7 (§ 124). CnemoBatesbHO, HH ORHA DYAA He MOXET
cofiepark Gosee 340 sz pallua HA TOHHY COAEPIKAIIETOCH B Heil ypana,
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CyliecTByer IBa NPOCTHX €NocoGa ONPeJeNen s PAHOAKTHBROCTH YR, Momuo
NONOKHTL KYCOK PYAB Ha GOTOFpAaPAYECKYIO TIIACTHHKY, HAXOAAYIOCH B TEMHOTE,
W NpOABATH €& MOCne cyTouHOH BHAepKKH. Ha nosnyuenom Heratupe Temubie
MECTa COOTBETCTBYOT aKTHBHEIM, A CBETIHE — HeaKTHBHHIM wacTaAM oGpasua {oT-
RenbHBif aHeT VI, pHe. 2 M 3). MOXKHNO TAaKKe HIMENLUHTH KYCOK PYHBI B TIOPOMIOK,
HBHECTH €TO HA NMAGCTHHY W HIMEPHTHL HOHH3AUMIO, NPOHIBORKMYIC STHM BEILECTBOM
B SAEKTPOMETPHUECKOM npxGope. O6a 3TH cmocoba ynotpeGaaloTea npH HCCAeo-
BaHWH MeCTOPOMAeHHI. [lns 3TOf LeH HMEOTCA ocobble NOpTAaTHBHEE 3JEKTPO-
cronl, TIepBHUHBE MIOTHKE YPAHOBHIE MHHEpadbl, COCTOAWING M3 Gosee waH Me-
Hee MHCTON OKHCH YDaHa, RMEIOT YepHEL UBET W BHICOKHA YJeNLHbi pec. Y paHo-
BLle MHHEPANH, CORCPXKAMINE TAHTANOBYID, KHOGHEBYIO, THTAHOBYIO KHCJAOTH (ca-
MBDCKHT, GeTAGHT U T. 1), TAKHE 6HIBAIOT YEPHOTO HAM TEMHOKOPHUHEBOTO lBETA.
Ho CYWIECTBYIOT TaKike SPKO OKPANIKHHE MAHEPATH Ypaa GOJ€e TOSRHETO mpo-
HCXOXIEHHS, O6DA30BABIIMECA H3MEHEWHEM NEPBHUHBX MHHEPATOB (AYTYRKT,
XaAbKOAKT, KIODHT H T. 1.). TOPHEBBE MHHEPAB! OGBIIHO NMEIOT GOAEE At NEHes
TEMHBII KOPHYNEBH IBET (TODHT, OPAHXKHT, TOPMAHHT, MOHAUNT ¥ T. A.)).

TlprBofHM 3eCh TepedeHb HEKOTOPHIX BAMHEHWHX DAjMOAKTUBHBIX MHHepa-
2108%). OCHOBHEIE METOZM NepepabOTKH HeKoTophiX H3 HMX omicakb b § 41 u 42,
KAK L7 YPaHORMIX, TAK H AJIfl yPAHO-TODHEBBIX MHHEPAToB?).

) Munepanst okucefl U man U u Th:

Ypanosas cmorsnas pyda (YpaHMHHT) MOKeT copepiath oT 30 o 80% U B Buge
okncels UO, # UQs. TOpHS Mano MW NONTH HET, HO MHOTO APYTHX 3ne-
MEHTOB B ManbiX Koanuectsax: SiOy, Fe, Mg, Ca, Ba, Sb, Cu, Pb, Bin . a.
CrpyKTypa RNOTHAR HIH CKpHTOKpHCTamiiwuecka [Axumos (Uexocnosas
kus), Anrmis, CUIA, Benbriiickoe Konro, Kawaga).

Bpéceepum, xaceeum w 7. K, MuKepanbl KpHCTANTWuecKol okncd ypawa. MoryT
‘ConepHaTh Mepemextble KoMMYecTBa OKMcH Tophst ThO, (Hopserns, CILIA).

Topuanume:. MuHepanel KPHCTANNHYECKOK OKHCH YpaHa W Tophs ¢ GOnblMM
npecSaanasuem nocnexuedl (65% Th, 10% U) (Leiron).

b) Uamerennbie BoHBIE MHHEPAJBl:
Bexxepeaunt (UO,y-2H;0), 72% U. Kwpum (2Pb0O-5UQ,, 4H,0), ypasar carnua
55% U. Kasoaum (3PbO-3U0,-85i0,4 4H,0), 40% U, cuauxoypawar
cennua (Beabruiickoe Kouro).

¢) Boanble chnuraTH:

Coddum {12U0,+5Si0, 14H,0], 72% U (Benbraiickoe Kouro).
Opanxcum 66% Th, 1% U. Topum or 45 no 65% Th, 9% U (Hopeernus).
d) Pocdasi:

Agmynum [Ca-200,-2P0,-8H,0), docdar Ca » ypauina, oxono 50% U, wmeer
BHA 3eneHBIX Kpucrasnmuecknx nnaacruvox ([lopryraaus, Tomxnn).
Xanoxosurm, mopbeprum [Cu-2UQs 2P0, 8H,0), docdar Menst 1 yparnaa, okono
509 U, sefeue KpHCTanAM [Kopuysbc (Auraks), TlopTyranns].
Monayunt, GochaT PenKuX seMes, MpeHMyIECTBEHHO LepuToBWX (CePOg, co-
BepIKHT TopHH (B mopsinke 10%) U nemuoro ypana (8 nopsafke 1%) (bpasu-

ans, CIIA, Hugns).

) Kosnekuhs pajXHOAKTHBHHX MMHePaloB HaXomutcs B [Tapuxckom Paanesom
BHCTHTyTe.

%) Cozepxanne U n Th ykasaHo TONBKO NPHMEPHO, TAK KaK OHO MOXMET KoJe-
6aTECA B NOBONBHO WHDPOKHX Apefenax.

*) Mo BompoCy TeXHONOTHH PafHOAKTHBAEX pyA cM. Maurice Curie, Le Ra-
dium et Radioéléments.
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¢) Banamatu:

Kapromwn, sopnuit savanar UO, n K, okoa0 50% U, B BHIE MewToro kpHeTad-
auaecroro ngpowka (GLIA),
Pepearum, mosngrum coneprat U0z i VaOs. okono 50% U (Vaexuctan).

f) HitoBaThl, 1a1TANATH, THTANATH:

Canapesum, WHOSAT 1 TAWTATAT PENKHX 3CMEMb (NPEHMYWCCTBEHHO HTTPOBLIX)
o1 310 15%, U, 4% Th (CCCP, CIUA, Hapws, MaRarackap).

Sercenui, HHOGAT 1 TAKTANAT PCAKIIX JeMeab (ATTpoBHIX) or & A0 15% U, 6% Th
(Hopserwn, CIIA, Magarackap).

Bemapum, KpRCTaLTINCCKHT THTAHOKNOGAT & TAWTANaT ypaa, 25% U, 1% Th
(Magaracxap).

§ 41. Ypanoeble MHHEPaJBl € MaABIM COREPKAHHEM TOPHS.
INepepaGoTka YPaHOBOR CMOJISIHOM PyAbt

B paaneBofi NPOMBIINEHHOCTH HCTIONB30BAJHCh FHABHBIM 06PA3OM
ClleRyiole PYAL: YPAHOBAA CMOJSHAR PYJA, AYTYHHT, KAPHOTHT, Ge-
Tapur?). HeKoTopele M3 HHX CONEPIKAT TAK MAJO TOPHH, YTO OTHOLIE-
wue ThjU B HuXx nmeeT mopsiaok 10~3 (ypaHoBas cMomsiHasi pyia K3
Sxumosa u Bepxuefi Karanry). duis Getadgura 370 OTHOLIEHHE Bhillle
{oT | 1o 4%). ¥Ypanosas cmoastHas pyla H3 S1XUMOBA, B KOTOPOH BbMIH
OTKPBITE pajuil M NMOJOHMH, paspaGathiBajach paHee ISl JOOBIUH
ypaHa, a 3aTeM JIA pajus®).

Ona HaXOAWTCH C ROJOMMTOM H KBApUEM B KHNAX, IPOCTHPAIO-
muxcs Ha Gonburyio FAyOnHy (500 # u Gosee) B FPAHHTHOM MACCHBE.
Ee cocTaB C/IOKEH H HEMOCTOSHEH; HANPHMEp

UsO4 76,82 MnO 0.04 Na,0 119
Fe,Os 40 3i0, 5,07 peaciic seman 0,52
PbO 4,63 Ca0 2,45 HO 3.2
Bi,0s 0.67 MgO 0,19 S 115
AS,06 0,82 KO 0,28 Topii  caeast
Zn0 022

VYparosast cmosisaas pyaa w3 Beabruiickoro Kouro (Bepxusis Ka-
TAHrd) HAXONMTCA B JKHJAX, 0OpasylollUX Psilbi KAPMAHOB B OCAIOU-
HHIX TOPHHIX TMopofiax. OHa COMPOBOKAAETCS MHUHEPANaMH, BOSHHK-
IHMH B PE3YJIBTATE €@ M3MEHEHHS NMOA NefiCTBHeM DASNHIHEIX (HIH-
YeCKHX H XWMHYECKHX areHTOB: XaJAbKOJAMTOM, KasolHTOM H T. A.2).
B Kanape ypanoBast cMonstnas pyfa BalileHa B JKHNAX JAPEBHHX OCA-
JOYHBIX TOPHHIX MOPOA BOJH3H OT MOASPHOTO Kpyra.

1) TepBiiii pagHensiii 3aBox Geur ocnosan B 1904 1. Bo Gpaknni Apwe e Jlnaem.

%) CHauana NpaBiiTeascTsom ABCTPHN, a Tefleph NpaBHTENbCTROM ‘exocioBa-
Kui. [Ipn n3exevennn w3 s1oft pyjibl ypana pasGaBaeHHON CepHOil KHCAOTOH TONY-
4aeTCS OCTATOK 4CHPBIX» CYNBPATOB, COepKAMMX pajuii. VI3 9THX CHIPMX Ccynb-
$aToB BrepBbie Geln NOdyuer pamHit,

%) 312 pyna mepepabarbiactes Ha 3apofie B OoaeHe B BedbruH o cAymuT B
HACTOMICE BPEMA [ABHBLIM HCTOUHHKOM DAfHH.
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Tponece n3pneveHus pajus PAclafaercs HA CIAEAYIOIIE OCHOBHBIE
¢asbl: 1) passoxenne pYAs ¢ NpeABAPHTENbHBIM Z00ABJIEHHeM Gaphs,
KOTOPBIl JOJKEH «yBJIEKaTb» Pajiil; 2) oTAeNenHe CHIPIX CYJb}aToB,
CcofiepIKAMMX GapHi # pamuil; 3) OUHCTKA CHIPBIX CYABL(PATOR H NepeBOj
uxX B XJopuj Gapua—paaus; 4) ApoOHas KPHCTANMH3AUMA XJOpHIa
Gapusi—pagust sl MONyuYeHNs oGOralleHHON palHeM cONM; 5) OUHCTKA
0BOTaleHHOTO XJIOPHAA M KOWeuHas APOGHAA KPHCTANIH3ALKA XJO-
pHAOB HNH GPOMHAOB.

Kpatkasi cxema npouecca gana na Tadauie l; Ha Hell Mokasano
TaKKe, KaK pacnpefeNsiorcs B NMpouecce NepepadoTKu HEKOTopbie pa-
JIHOAKTUBHbIE SeMEHTH. 3aMETHM, YTO MPOLECT MPHCNOCOGMeH K CBOeH
OCHOBHOIl WeAiH — HSBIEYEHHIO pajus W ypawa, ApYTHE Xe paiuo-
3/leMEHTEI, KOTOpHIe NPH 3TOM He NPHHHMAIChL B TAKOM dKe CTelleHH B
pacuer, PaccemBaioTcs MPH PASAHUHBIX ONEPauUsX.

Tatanua I
_____ Ypaosan cwomsuant pyaa + HiSO, 7_

+ 4
ceraox (Ra. RaD, Pu pactsop U, Fe (Pa, To, Ac,Po)
“Fropui pacreop NaCl +Na,GO, |

i i
ocTatox pacrsop ocazok Fe pactsop U
4 TopAuNA pacteop  obpaGarmpactes
 NagCO, No,CO,
ocraton ocanox
4connnan khesora _ cwuhen -+ RaD
¥
ocrarox weounmennwii pacroop Ba + Ra
KpeMReseM, GoMbwan ApoSHaz KpuCTaANSAURT
Pa
ronosa xe0cT Ba-Jo-Ac
obpadarusaercs HyS
4
ocanok okncReuH
cautien + RaD pacroop -+ NH,

Po D
cazpathl pacTsop
okncehs ocaxnacten
Ao to ___(NH),CO,

4
ocafiox

pactaopsiercs HBr
tasaz npodHasn
KpuCTanmNsALAR

ronosa Ra

OG6biano ypaHosast CMOISHaf PyAa NPAMO pasnaraeTcss pasbaeiennol cep-
HOMl KHCAOTON, HO HHOTJA HTOMY NOJIKHA TIPeWeCTROBATh NpeABAPITENbHAA 0Opa-
B6OTKA, coCTORMAs B OGKHIE MENKOPA3APOSAEHHOR PYJIBL ¢ coRoit. OCHOBHON uacTbI0
npouecca SBASETCA NPOGHAA KPHCTAZAH3AUHA XJODHIOB (OPHTHHANBKMI METOX
Mapun Kiopn). Cnauana e BEAYT B HEHTPAABLHOM BOAHOM PACTEOPE, HO NO Mepe
yBeNHUeHUs KOHUCHTPAUMH DPAJUs AefaeTCs BBINOAHEE BECTH ee BO Bee Gojee W
Gosee KHCAIX PACTBOPAX ANA YMeHbUIEHHS PACTBOPHMOCTH XJOPHROB H JyMWero
vnanesus npumeced (Fe, Ca, penkux semess). Yamie Bcerc ApoSHYK KpHCTaRau-
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SaUNIc He MOBOAAT A0 TONYMEHHN WKCTON CONM PAXHA, OPPAHAMHBAACH HOJYde-
HHEM COMN C OMpEACMCHKLM, CMOTPR NO HAZOGHOCTH, Comepxammem Ra (ot 50
20 90%). s oBOTaieNuA yKe KOKICHTPHPOBAHHHX MPOLYKTOB OSHNKO BMECTO
Apo6HOA KPUCTAANH3AUHH XJOPIAOB NOMBIYIOTCA APOOHOH KpHCTaarusalhed Gpo-
wngos (THaeas).

Cxema Apofroit KpucTannusauuy usodpaxena Ha puc. 61. INponecc
COCTOMT B CJeNYIOLIEM: MOJNyyYaloT pacTeop coal (Ba 4 Ra) (¢pak-
wus [), HackueHHbBI MpU TemnepaType, Ganskoi k 100° C. [py oxaax-
JIEHHH M3 3TOTO.PACTBOPA BHIAENSETCH
YacTb COJH B BHAE KPHCTAJNIOB, B KO-
TOpHIX OTHolleHHe Ra/Ba peiute, yem
Bo dpakuun [, OMeHB  KPHCTALAE
OT MATOUHOTO PACTBOPA, NONYHAIOT Ppak-
umio / (KpHCTAMAB) H 2 (KUAKOCTB),
Kaxias H3 KOTOPHIX MoABEpraercs
Takoff ke omepaumn, kak [. 3dtor
BTOPOH DHJ KPHCTANNH3ANUAH AA€T TPH
dpakiuin: KpHCTALIB 13 1, 0603HAUCH-
Hble [; MaTouHbIfl pacTBOp u3 [, MpH-

1 NS N N N

‘[\ZN NS COEIHHEHHBIA K KpHCTa/iam 2, ofosHa-
| ueHHBI 2; MaTOuHmI pacTBOp H3 2,
N ZN ANONS oBosHaverrsit 3. TpeTHil psix KpHCTan-

H3aUMH JaeT YeTeipe ¢pakuuu. Tak

PONRINN TPONOMIKAIOT A0 NONYUYEHHS] MATOYHOrO

PacTBOpa, HACTOMBKO ORAHOTO pajHeM,

“I\i ¢ ’!\ UTO €T0 MOMKHO YAAMHTB M3 Tpoliecca.

\, Oro 0bo3taueno CTPeNKON, HAIPABAEH-

nofi Bnpapo. C Apyroit CTOpOHH, H3

Pre. 61 mpouecca yAANAT ofoTalleHHle pa-

JIHEM KPHCTAaJVIbl, KOTJA KOJNHYECTBO

COIH B HHX CTAHOBUTCHA CJHUIKOM MajblM AnA AanbHefimell gpoGro#

KPUCTaNNu3aunH % (cTpenka -pieso). Hakomus »ru  oforaieHHbe

KPHCTAJuIbl, MOABEPTAOT BX HOBOR APOGHOM KPHCTAIH3AUAH, KOHEN-

HbIM DESYJBTATOM KOTOPOHl SBASETC MONyYeHHe B FOMOBHBIX KDHC-
Tannax YHCTON CONM pamHsd.

Korga, kak B AaHHOM cjiyuae, MOABEPIAiOT COBMECTHOR KpHCTAJ-
JIM3aUHH H30MOPPHEIR, CMEIIHBAIONINECS BO BCEX OTHOUIEHHAX COMH, TO
npouece GpaKuHOHHPOBAHHsI WAET OYeHb MPaBHAbHO. Konmuectsa Ra
1 Ba B kpuCTannax, g u X, BolpaKeHHbI® B NPOUEHTAX HX TOJIHBIX KO-
JIRYECTB, U3MEHSIOTCA OXHO B (hYHKIMH APYroro MO KPHBLIM, H300pa-
weHHbM Ha puc. 62. Kosguyuenmom obozauenus, ylx u xosppuiu-
eHmMOM pacnpederenus, WM Koshpuyuenmon kpucmarsusayuy f, na-
3B/BAOT BEJHYHHBL

e

s e o5t g Tt
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Kos(pmienT f 3aBUCHT OT TeMIepaTyphl H RPUPO;S conu. [ist
xnopuza npu 20° f = 5. Ecik pacTBop, RachilieHAbIl IpH TeMnepaType
mexay 90 u 100°, oxmanuth A0 20°, TO BHIKpHCTaNAH3OBLIBaeTea 35%

BaCl, u 70% RaCly, Toma% = 2. Jlns Gpomuaa f = 9 n Gosee,

Pazuii pacupesiesieTcst 1o Beelt Macce KpucTamnos, W CyIIeCTROBaHKe
ONpEeNEHHBIX UHCACHHBIX COOTHO-
wenKi ykashBaeT Ha To, yTo pac-
npegeneine Ra w Ba mexay kpuc- - F
TANaMH H PaCTBOPOM COOTBETCTBYET
COCTOSIHHIO PABHOBECHS MEKAY (ha-
3aMu. 10 PaBHOBECUE MOXMET, OA-
HAKO, GbITh B HEKOTOPOH Mepe Hapy-
RO BCVIEACTBHE  HEOAHOPOMHOCTH
KHAKOCTH H OCOGEHHO KPHCTAMNIOB.
Ecan f = I, 10 y = x # ne npouc-
XOBHT OCOTAIUCHMA HH B KPHCTAA-
Jax, WY B pacTsope (cayuail H30TO-’
nos). Ecaw f <1, To nponcxomur -

%Ra & spuomannaz

[}
oforamenne g pacteope. [lynkTnpras o A IR
KPUBasi M306GpakaeT ApOOHYIO KpHC- % B0 6 dpvemaurnz
TajlAH3auHMIo okcanato La v Ac B Puc. 62.

A30THOKHCAOM pAacTBOpe COOTBETCT-
Bylolilero TuTpa, mpuyem % La B Kpucrassax owmioken no ate-
nucce, a % Ac — no opauHare.

Ecan PaBHOBeCHE MeXAy PacTBOPOM H KPHCTaNNaMH OCYLIECTBJACHO
TOMBKO /U151 NOBEPXHOCTHOTO CNIOS1 3THX NOCAEZHHX, TO AJi 3TOrO CAy-
gasi OAIXOAAT YPaBHEeHHs :

4 _ 41y ,
dx 1—x
1 — gy = (1 — x)4 (4 nocTosHHO).

B stoM cayuae f ne GyZeT MOCTOSIHHBIM, KAKOBO Gbl HH OBUIO X.
Hu oano 3 TIpMBEEHMBIX COOTHOMIEHHMI, NMO-BHAMMOMY, He IOATBEp-
JJAACTCA COBEPIIEHHO TOUHO.

Ha raGnmue 11 naobpamena cxema nepepaGOTKH ypaHOBOH cMonst-
Hoit pYAB AN TONYYeHUs! NONORHSA, COCTABJICHHAN HA OCHOBAHHH He-
CKOMBKMX C/ENAHHBIX B 9TOM HAMNpaBJeHHH ONbToB. IlosoHul orxe-
JSOT OT CBHHNA, BHCMYTA H APYTHX JIETKO BOCCTAHABJHBAEMBIX Me-
TajlI0B, NONB3YACH ONMHCAHHEIMH B § 39 €ro XMMHUECKHMH U 31€KTpO-
XHMHYECKHMH CBOFICTBAMH.

s tabanub 11 Buaso, 9ro pajuoakTHBHEG cBuHel (cBuHen—+ RaD)
SBASETCA NOSOYHBIM TPOXYKTOM PAANCBOTC NPOM3BOACTBA. Bhilenenne
€ro H3 PYAB OOBLIYHO GbIB2eT AOCTATOMHO NOJHBIM, @ KOHUEHTpANHA
pafusi D — tem Goabille, YeM MeHbIlle HEAKTHBHOIO CBMHIA CONePKHT
pyha. PajuoakTHBHLIA CBHHEN MOMHO COXDAHSITb JUIS NOMYYeHHs
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nonokns. MoKHO yKasaTb CleAylomHe cnocobbl KOHUEHTPHPOBAHHS
nonoHust: 1) ocaxeHHe CBRHIA KOHUEHTPHPOBAHHOR COMSHON KHCIOTOR
H3 a30THOKHCJIOTO PaCcTBOPA, MOMOHHI TIDH 3TOM OCTaeTed B PAcTBOpe;
2) ocaeHHe TIOJOHHS MEKTPOXHMHUCCKH HA MEJHBIX H CepeSpsubIX
MIacTHHAX, TIOTPY#EHHBIX B PACTBOD PAlHOAKTHBHOTO CBKHLA; 3) YBJe-
yerne Po ¢ KOMIOHJAJBHBIM OCAfKOM IHAPATA OKHCH Kede3a.

Ta6anua 1l
¥panosan cwonzuas PyAA + ropa¥an comsnas Kicaora
v
ocTatok nepepabatsiBaetca pacTsop
A8 HSDACUCIS DaRES + H,S

ocanok
pacteopserca 8 HNO,+HCL+ H,0
pacTBop ocaxazeron NH,

{4
ruaparst oxceft Pb, Bi, Po pactzop
©00padaThBalOTCA, WTOOL Cu
KONUEHTpHpORATE
noaonnfi

M3 apyrux noGouHbix NPOAYKTOS PaAHEBOrO MPOHIBOACTBA MPOTAK-
THHHI HAXOIUTCS HAM B NOCJEAHEM OCTATKE OT DABNOIKEHHS DY,
coCTOSAINEM NPEHMYIIECTBEHHO H3 KpeMHesema (oM. Taba. I), wim B
CePHOKHC/IOM pacTBope ypawa. HMoHHM B akTuHuil Takxke YacTHUHO
HAXOMATCA B 5TOM PACTBOPE, & YACTHUHO OCTAIOTCH B HEPACTBOPHMBIX
cynbatax v M3 HAX B Gosblieli CBOell YacTH MepeXxOAAT B XBOCTOBLIE
pacTeopbl Gonbluoft APOGHOH KPUCTANIH3ANHY.

Ta6auna LI

Xsoctosetll pacTBop Go.bion APOGHON KprcTansnsaunw (Ba, Jo, At)
ofpabarssaerca H,S

cy et oxicaehsbh
pacraop
— —~ — .. A NH,

FuApaT orncch pacraop Ba

pacreopengbic & H
+ masencsan ku

e
oxcanats pacteop Fe
+ropaini

pacrop NaOH

THAPATEI OKHCEH,
pactpopessbie B HCI,
06padahiaiorca

Na,CO,
+
bacrzop ocagok Ac+La, Nd, Pr, Ce & 1. 1.
Th, Io othenente Ce. satem ApoGHOC
OCaMASHNE OKCAJATOB B A30THO-
KieaoM pacToope

Ha taénuue [{1 pana cxema 06paGOTKH XBOCTOBBIX PacTBOPOB ANS
H3BJIEUEHNHA W3 UWX, C OMHON CTOPOHBI, CMeCH TOPHS—HOHHS, a ¢
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APYrofi CTOPOHEL, AKTHAWS COBMECTHO ¢ nawranomM. Ecnn pacnosarato
NOAXOARLIEH AsL 9TOTO aNnapaTypoli, TO WABEEBYIO KHCIOTY MOXHO
3aMeHHTh (TOPHCTOBOAOPOAHOM.

MEI OrpaHHYHMCS 31€Ch TOJBKO HECKOJMbKHMH 3aMEYaHHAMH O he-
pepatioTke APYTHX MPOMBUIIEHHO IKCTUIyaTUpYyeMblx pyA. OcHoBHble
(haghl IPOLECCA H3B/IEUCHHS U3 HHX Palusa Te e, YTO H B Cyuae ypa-
HOBOHl CMOJITHON PYZAbl, HO CHOCOGHI PA3JIONEHHS PYR ¥ TONYyHeHHS
CBIPBIX CYAB(PATOR MOTYT HAMEHSATBCS.

KapHoTut, pawasar ypawa, maxomiMbiél mpewmyuectsenwo s CUIA, u ayty-
uuT, gocdat ypana, Ao0biBaeMbli rABHBIM 06pasoM B [TOPTYrasuy, MOKHO B ne-
KOTOPBIX CAYYasX Pa3naraTb pasGaBlenHON COMSIHOH KHCIOTON NpH narpepamin,
oCaXAaA 3aTeM U3 NONYYEHHOTO TAKNM CROCOGOM CONAHOKNCAOTO PacTBOPA ChIPble
cyappath, B Apyrux ciyvasx GbipaeT BHIroARee nepej PACTBOPEHIEM Py)bt B Pas-
GaBneniolt KHCOTe OGPAGOTATD € COO.

Nobesaensit ta Magarackape 6etadiit, COCPHANMA YPain BHECTE ¢ HHOGHEROH,
THTAHOBOH N TAHTANOBON KHCAOTAMIT CNIABAALTES C CONOH H €KUM NATPoM, YTobH
MepeBecTii STH KUCAOTH B pactBop. Ero MOKHO Takxke Crnapiath ¢ Gueyabdatom
jaTpus. B STOM cAyuae TDH BHUNEJAUHBAWNI CMIABE BOROR B HEPACTROPHMOM
oCTaTKe OCTALTCS CyAndat Gapnii—palus ¢ HIOSHEBOH, THTAHOBOI il TAMTANOBON
KHCHOTaMH. DTl KHCIOTHl 3aTeM MOKHO OTACNITb, OOPABOTAB HePACTBOPHMbIA
OCTATOK CAKHM IIATPOM W pazbaBAeHiIof (TOPHCTORAOPONION KHCAOTOR

§ 42. MuHepa/bl TOPHA W ypana

HexoTopule TopueBbie MUHepanbl Geubl ypanoM. Ouy (Takosbl He-
KOTOpbIe TOPHTH) NPEACTABASIOT HAYUHBI HHTEPEC, TaK KaK CONEPIKAT
NPaKTHYeCKH TOBKO Npou3Bofnble TopHs. Ho B npomeunnenso paspa-
GaThiBaEMbIX PYZAX (TOPHAHHT, MOHALMT) OTHOLIEHHE YpaHA K TOPHIO
HACTOABKO BeJHKO, YTO MPOH3BOAHbIE OBOMX STHX BeIIeCTs JAIOT cpas-
HHMOE H3JIyuYenHe,

TopuaHHT — GoraTslii TopMem MuHEpAn Berpedaercss Ha Llefirone
B BHJIE MeJKHX KpHCTAJOB KyGuueckoil copmer. [Ipu nepepaGoTke
HECKOJIDKHX COTEH KHJIOTPAMMOB TOTO MHEepana OBUIY OTKPBITHL Me-
3otopuit ¥ paauotopuii (§ 39). Ou cosepxut ot 60 po 80% Topus u
o1 10 g0 20% ypana. [IpeAMeTOM NPABRABHON NPOMEILLIEHHON SKCITY-
aTalliM A5 NPOH3BOACTBA CeTOK HAKAIHBAHHS SABISETCS!, ONHAKO, 3HA~
YHTeNbHO Gonee GelHHI TOPHEM MOHALHT, TAK KAk €ro B GOMBIIHX
KosnyecTBax HaxonaT B Bpasmank u CIIA B meckax, HasbiBaeMbix
«MOHALHTOBLIM».

Monanur — xprcTainnyecknit ¢ocaT peAkux semeab, cofepika-
i 06bHo oT 6 10 12% Topusi. Pasnaras ero cepHoil KHCIOTOR npu
HAFPEBAHHH, W3BNEKAKT BCe PACTBOPHMbie CynbdaTel. Paauii u Meso-
TOPHA 1 IIPH 3TOM BMeCTe ¢ GapHeM OCTAI0TCS B HEPAaCTBOPUMbBIX CyJb-
¢atax. Janbuelinasi nepepatoTka THX CHPEIX CYJBPATOB He OTIH-
uaeTcst B OCHOBHOM OT ONHCAHHOH BRIIE MepepaGoTKH CoAepXKalux pa-
At chpbix cysbpator. dpofHas KPHCTANMH3AIHST HMEET UeNbI0 Bbi-
JeNuTb B TOAOBY paanit m Mesotopuil 1, a B XBoCT paamotopuil,
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ofpasyromuiics B pesysabraTe NOCTENeHHOTO MPEBPALIEHHA ME3OTOPHS.
MOXHO BECTH KPHCTANNIE3ANMIO 10 NONYUeHHS XAOPHAA HAH GpoMuaa
paans, cBoGofiHOTO OT Ba ® COJlepKalllero NPakTHYeCKH HeBECOMOe
KOJIHYECTBO Me30TOpHS, NOce Yero rpouecc JanbHedweR KpHCTaMIH-
3allHH He MOKeT H3MeHHTb COCTaB TNOJAYYEHHOIO BeIHeCTBa. OJJHaKO
Me30TOPUA JaeT HAacTONBKO CHIBHOE H3jyYeHHe, UTO B HEKOTOPHIX
npenapatax pajiHsi-Me30TOPHSA 4yepes Mecsl Tocse HX NOMYyYeHHs Npu-
GNH3HTENLHO 75% CHIBHO NPOHHKAIOWETO P-H3JYYEHHS NpHHALIeXKAT
me3oTopHio {ero mpoussofiomy MTh 2) u 25% — papuio (ero mpons-
BomHoMy RaC). OGmee y-HaaydeHHE NpenapaTos DafHfA-MESOTOPHS
BO3pacCTaeT 3aTeM B TeUCHHE ﬂpHGJIHSHTeJIbHO Tpex Jer 6.naroﬂapﬁ
06]333053!!14}0 PanvoTOpHUA M NOCAEAHHX NPOU3BOAHBIX pdAja TOPHS.
Tlpolins  uepes MaKCHMYM, OHO BCJEJCTBHE PACNajd ME3OTODHS HAUH-
HaeT yMenblAaThed, H HDHGJIHSHTB."I]:HO qepes 50 ner H3NMyUeHHe Me30-
TOPHR TIPAKTHYECKH HCUYESHET H OCTAHETCA TOJAbKO H3JNy4yeHHe palHsd,
KOTOPOE 33 9TO BPEMS YMEHBUIMTCHA BCETO jinlb Ha 2% cBoel Haualb-
HOll BeJIHIHHBI.
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§ 43. PapyoakTuBHEIE SMAHAUHH

B ync/iie KOPOTKOMEPHOAHBIX NPOHBBOAHBIX YPaHA H TOPHS HMEKOTCS
TPH PafHOAKTHBHBIX Tasa, OGBIYHO HA3BIBAEMBIX IMAHALHAMH DaHs,
Topist 0 akTHEnAY). TTosaHee 3TH Ta3bl GLUTH HA3BaHbI PAZOHOM, TOPO-
HoM B akTtHHoHOM (Rn, Tn, Ac). Pajo BhilensieTcs CoeJIHHEHHMH
pajius, NepBbiM TPOH3BOAHLIM KOTOPOrO OH SBASETCA, TOPOH BbBIAE-
NISIRTCA COSAUHEHHSMH TOPHS, COAepXKauMu Topuii X, H3 KOTOporo
TOPOH HENOCPEACTBEHHO 0BPAsyeTes, AKTHHOH 0OPA3yeTcst M3 AKTH-
HHUS Yepe3 paiyOAKTHHHH M akTHHEA X. JIif ROJYYEHHS OAHOTO 13
STHX Fa30B MOMNHO 3acocaTh B NPHGOP BO3AYX, CONMPHKacaiouHics
BEILECTBOM, COAEPIKAILUM MATEPHHCKHH sieMeHT. CTpyR KaKoro-mnéo
rasa, TIPOXOAS HAJ 3MAHHDYIOUMM BEUICCTBOM, TAKKE 3aXBATLIBaeT
smanawio. Bce TpH aMaHamMu BO BCeX OTHOMIGHHSIX BeAyT cebs Kak
JIpYTHe CHABHO PaspekeHHbIe rasbl.

OGHapyXHTb TIPHCYTCTBHe OAHON M3 3MaHanuil B KaKOM-1HGO
rage MOXHO, BBOAS 5TOT Ta3 B HOHHBALMOHHYIO KaMepy HAH B
COCYA, COAEPKAUMI CePHHCTBIA HHMHK, CBETAUIMNCH B NPHCYTCTBHH
SMaHalH.

Kaxgas u3 sMaHauwil npH CBOeM PaJHOAKTHBHOM NpeBPAWLEHHH
BaeT HayaJo PAAY NPOHSBOAHBIX, OOPASYIOWINX axmusHbii 0cadox, Ha-
3bIBaeMbIiT TAK NIOTOMY, UTO OH COCTOHT H3 TBEDABIX BEIUECTB, OCElalo-
IMX Ha COMPHKACAIOMIMXCA ¢ 3MaHauHell noBepxHocTax. Berectsa,
BXOAfLME B COCTAB AKTUBHBIX OCAAKOB, AT HINYUEHHE, COCTOAUee
M3 @-, f- H p-ryueli. DMaHAUMN UCMIYCKAKT a-Ty4d, N JO HACTOSLIErO
BpPeMeHH TOBKO Y AKTHROHA OOHAPYIKEHO NDOHMKAIOee H3JYueHHe.
Tlpn HeKOTOPBIX YCNOBHAX 3MAHAUHH MOKHO H3YYaTh M0 TMPOHHKAIO-
MY M3JYYEHHIO HX AKTHBHBIX OCAJKOB.

Bonee nojpo6HO aKTHBHbE OCAAKH GYAYT ONKCAHH B cleAyiomest
foaBe.

1) Pesepopa, Jlopw, [eGbepn, Iiseab.
10 M. Kiops
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§ 44. M3mepeHue NOCTOSIHHBIX NPEBPALLEHHA SMaHALMH

KonnuecTBo Kaxgoro IpocToro pajiHOAaKTHBHOTO BEHeCTBA yMeHb-
HiaeTca €o BpeMeHem ! N0 NOKasaTelbHOMY 33KOH

9= qe™,
TAe ¢y — HavaabHoe KOJIUYECTBO BeliecTBa, a A — XapakTtepHast Aansa
JAaHHOTO BEIlEeCTBA paﬁuomcmuana:l NOCIMOAHKQAA, HA3blBaeMasi TaKkXe
nocmosnnol npespatyerus uay nocmossnol pacnada (rnasa X1). Ko-
JIMYECTBO ¢, KAKOBO 6kt OHO HH Gblllo, YMeHbIlIaeTcs HaroJICBHHY 32
Bpemsa T, HasbiBaemoe nepuodoM WIM epemexes noaypacnada, Tax 9To

AT=2, AT=In2=0,693.

2 MOXHO ONPeAeNUTH M0 YINOBOMY KOS(XHLHeHTy npsmoit, H3o0pa-
xarotedt Ig ¢ B dpynkuuu £,

sonsEONOZE IONG

Cura

ool o 5 ez A

. {‘l Gunz dom »«,‘mmz Ay B
T B 3 1
AvA e Bry-ays By 8 B-uy- i
Pnc. 83,

Panown [pocteiwnil crocod onpejeNeHHst NOCTORHHON Mpe-
BPAUIGHHS PafloHa COCTOAT B TOM, UTO B MPEABAPHTENLHO IBAKYHPO-
BaHHYIO HOHH3AUWOHHYIO KAMepy BBOMMTCS BOSAYX, cofepxampuii pa-
JZoH, Tomydaembiil K3 pacTeopa pamus. Kpussie 4 u A’Y) na puc. 63
H306paKAIT CHAY NIONyYaeMOro B Kamepe TOKa HachueHHsd [ B sa-
BHCHMOCTH OT BpeMeHH £, IpH NOMYWeHHH, YTO HATIOJIHEHHE KaMeph
Fa30M GHLIO MLHOBEHHEIM. STOT TOK MMeeT HAdalbHYl BeaWuuny /o,
aaTeM BO3pACTAET cHauana GHICTPO, NIOTOM MeJVIeHHee, NPHOARSHTENBHO
K KOHILy TPETBero 4aca MPOXOAHMT yepe3 MAKCHMYM, Oc/e yero npa-

1) Crenanumie 8 pasubix MACWITGaX BpEMENT.
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BHIBHO YMEHbILAETC N0 FOKA3ATENLHOMY B32KOHY C XapaKTepHbIM
Jusl pafioHa TepuoaomM okoao 3,8 aua. HauanbHwifl TOK BblasbiBaercs
@-JIy9aMH pajioHa. YCHIEHHE TOKA B TeveHHe NepBbIX TPeX HacoB COOT-
BETCTBYeT NOCTENEHHOMY OOPA30BAHHIO AKTHBHOTO OCANKa, MOHH3H-
PYIOHIEro BO3AYX T/IABHEIM O0DAasOM CBOMMH @-1yYaMK, HO OTYaCTH
TakKe W CBOHMH f- W y-nyuamn. Uepes tpu yaca MesAy KOAHIECTBAMH
BEIIECTB, COCTABMASIONMMX  AKTHBHBI
OCAJ0K, M KOJHYeCTBOM PajlOHa ycTa- 7|
HaBIHBAETCS NOCTOSIHHOE OTHOLUEHHE,
H TOT/la BCA HX COBOKYMHOCTH pacta-
JlaeTcst IO 3aKOHY pacnaza pajona (§ 62).
MoxHO BBOAMTH PafOH HE B HOHH-
3aLHOHHYI0 Kamepy, a B HeGoubllyio
3aMasHHYIO AMNYay W HBMEPATh 3aTeM
B (QYHKIHH BpeMeHH ee NpOHUKaKOmiee
uanyvenne (puc. 64). Yepea 3 waca
TIoc/le BBENIEHHS PajJioHA B aMIlyny H3-
AyYeHHe HaukHaeT YOBIBaTbL MO TOMY
He 3aKOHY, YTO H B TIPeAMECTBYIOWEM
OMNbiTe, HO HAYaNbHOE H3JyYeHHe aM-
y.am 3ech GyAeT paBHO Hy.no [puc. 63,
Kpusbie B n B'3)]. 310 ykaswiBaet Ha
T0, YTO B- M y-Ny4H HCIYCKAIOTCH 2aK-
THBHBIM OCA/IKOM, 2 He PAAOHOM.

Cnegyiomuit MeTof A3eT BO3MOXK-
HOCTB H3MEPHUTBL pacnaj pajoHa He-
3aBHCHMO OT AKTHBHOTO OCajKa. Hexo-
TOPOE KOJNHYECTBO SMAHAUUH AeJNHTCH
Ha H3BeCTHhIE YacTH. 3aTeMm nocaeao-
BATEJIBHO Yepes ONpejeNeHALe MPOoMe-
JKYTKH BpeMeHH H3MepPsOT HayalbHOE

PHC. 04. A — HOHH3AWHONNAR Kamepa,
coeannennan B D c Gatapeefi, B—saeK-
TDOL, CORRMMERHEIE B £ ¢ 3neKTpOMe:
Tpom, C — SAKTHan _MOKDHIIKa,
coeminentan ¢ semaeh, T — TYGKa,
BREfieHHan B MonocTh P kawmeps A,
R - aunyxa c paaGioM, MometlienKas
B pyxy T. Hommsanust » Kawepe A
IPGHSBOAHTCA B+ M y- AYHaMM aMOyJEl
1}, NPORHKAOMUMH B A CKBOSE (TEHKH
py6ox T u F.

H3NYYeHHe, BOSHHKAIONEE B MOMEHT
BBeJCHHs| KAXJIOA TaKofl YacTH B OMHY H TY e HOHH3AUHOHHYIO
Kamepy. Ilocne KaMIOTO H3MEpPEHHs Kamepa 3BAKYHPYETCst, UTOGHI
CHAYMHTD IS CELYIOWETo H3MepeHHs. STOT METOA Jal TAKHE e
pesy/bTaThl, Kax H NPEAWeCTBYIOmH. .
Tak Kak NOCTOAHHAsA MPeBPallleHHA PajioHa HMeeT GONBIIce Teope-
THYECKO® H MPAKTHIECKOE 3HAUEHWe, TO 3a TOCJe/Hee BpeMs Obu1o
CAeAHO HECKOMBKO ONpeleIeHH I ee caMpIMH TouHbIMH MeTofamu (Bore,
H. Kiopn, K. Llambe).
BesnuyHra 5T0f NOCTOsIHHOM, onpefeseRHaa ¢ TouHocThio Ko 0,005

A=2,0985- 10—% cex—t, T = 3,823 aus.

1) Cienanseie B PasHBIX MACLITAGAX BpeMEHH.
10%
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Topon TopoH OOLYHO MOAYYAOT H3 TBEPHOTO THAPATA OKHCH
Topud. Ero MOMHO 3acocaTs B HOHU3ANHOHHYIO Kamepy BMecTe ¢
OKDYHKAlOUIMM 3MAHHPY!OUIee BEUleCTBO BO3AYXOM M H3MEDUTD 1O Me-
TOLY NMOCTOAHHKOTC OTKJIOHEHHS (§ 4) CHJY BO3HHKAWWIEro NpH 3TOM B
KaMmepe HOHH3ALUMOHHOTO TOKA, KOTODHIi BCMEACTBHE Pacnaja TOPOHA
JOBO/BHO OLICTPO YMeHbiaeTc. M3 BellecTs, BXOAAIWMX B COCTAB aK-
THBHOTO OCajiKa, TOPHIl A C caMOTO Hauala HAXOAHTCHA B KOJHYECTBE,
TPONOPUHOHANLHOM KOMHUECTBY TOpOHA, OOpasoBaHHe e Topus B
# TopHs C MPOHCXOANT CMIIKOM MEVIEHHO JIsi TOFO, YTOGH OHH MOTAH
NOBNHATL Ha HaMepeHHe (cM. § 54).

-

Puc. 65.

MOXHO TaKKe NPHMEHATH METOA FasoBoil c1pyn (puc. 65). Topon,
BhifleNIsieMblil HAXOAAUIMMCS B JIOJOUKe A SMAHHPYIOUIHM BEIIECTBOM,
YB/IeKaeTCcst CKBO3b BaTHBI QUALTP CTpyeil BO3AYXa, CKOPOCTb KOTO-
poii usBecTHa, BAOAD TPYOhl T, CHAGKEHHON PABHOOTCTOSIMHMH APYT

" oT apyra snekTpofamit. H3MepsioT TOK HACHIEHUS MeXAY TpyOod
KaXIbIM W3 5NeKTpofoB. [To Mepe yaaneHus oOT SMAHHDYIOUIETO Be-
LECTBA 3TOT TOK YMeHBILIAeTCs BCMEACTBHE MOCTENEHHOro pacnaja To-
POHA Ha MYTH MeXAY SMEKTPOAAMH.,

Tlepnoa TopoHa, ompeseneHHblli OCOHMH OMHCAHHBIMH 31€Ch MeTO-
2aMH, pabed 54,5 cek.

AxtnHon. Tak Kak pacnajl aKTHHOHA RPOHCXOART elie
GhicTpee, YeM pacniaj TOPOHA, TO OH MOYKET ObiTh K3MEpeH TOJAbKO 1O
MeToly rasopofi cTpyd. JInst nosnyueHus AKTHHOHA OepeTcs cOmep-
Kamui akTuRUA peflkoseMenbublfi npenmapar. HeoSxofumo yuMTHI-
BaTh, YTO AKTHBHBIl OC3J0K AKTHHOHA OOpasyercsi Ouekb OBICTPO.
Ecan nojiepikuBaTh B TeuekHe 3 yac. NOCTOSHHBI TOK BO3AyXa, TO
KOIMYECTBO AKTHBHOTO OCAJKA HA SMEKTPOAAX U BHYTpenHeH MoBepx-
HOCTH TPYOBI leNaeTcssk NPONOPIHOHANBRBIM KOHUEHTPALUH AKTHHOHA
B 370t yactH TpyGbi. IMo 3TOMy MeTOAY MEPHOA AKTHHOHA HAULTH Pas-
Hbim 3,9 cex. (A. HeGbepn).

§ 45. dudpdysus. dddysua

Bee Tp amanauuH AH(QOYHAMPYIOT B BO3IYXe, KaK Iashl C OYEHh
Manoit KOHUQHT})BHHGﬁ, HO BCI€ACTBHE HX CAMONPOH3BOABHOTO pacnajia
pacCrosHHe, KA KOTOpOe OHH MOTYT YARMATHCA OT SMAHHPYIOLIEre Be-
INecTBa, OrPaHUYEHO NPOACTIKUTEADHOCTLIO HX MH3HH. Tax, B BO3AYXe
HOpMaJIbHOM IMIOTHOCTH PAZOH MOMKET NOYTH PABHOMEPHO PacnpocTpa-
HATLCA - IO BCEMY Oﬁ‘beMy GoAbLUIOTO cocyja, 4acTb KOTOPOro 3aHsATa
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PacTBOPOM Pajisi, HNH e DACTIpefleNlSThCA MeXAYy ABYMs coobliaio-
HIMMHCS COCYJAMH B KOMHYECTBAaX, MPONOPUKOHANBHBIX HX OGDbeMaM,
ecaH TeMitepaTypa 0GOHX COCYAOB OAMHAaKoBa. Hampotue, KoHueHTpa-
IHA TOPOHA H OCOOEHHO AKTHHOHA B BO3NYXe YMEHbIUAETCH O Mepe
ylanenns OT 3MaHupylolwlero pentecTsa. Ecnu nasnenwe Bo3ayxa B
COCy/le MaJIo, TO BCe TPH IMAHAMHH PACTIPEAGTSIIOTCA B HeM PABHOMEPHO.
Koatxpunuent andbysnn D smavauuii B BO3AyXe HAH APYTOM rase
MOXHO M3MEPHTb. DTOT KOSPPUUUEHT ONpeJenaeTcst H3 (OPMYyJibi

dn
nuy = —D——
* dx
N dn
TA 7t — KOHUSHTPAUNS SMAHALNA B LAHHON TOUKe, —7 — COCTABASIO-

masg rpajdeHTa KOHUEHTPAUMH MO HAMPABJEHHIO X, U, — COCTABAAI-
wman CKOpoCTH IIHWyBHH 0 TOMY 2Ke HanpaBJeHNIo 0 nu, — Koauye-
CTBO 3MaHalUH, NPOXOAAlllee B eHHHUY BpeMEHH uepe3 eAUHHIY ce-
YeHHS, NEePNEeHANKYJISIPHOO K HanpaBJeHHIO X.

Hnsi onpexenenna KosddHunenta AugpysdH pagoHa NPHMEHSIOT
caenyromuii Meton (Kiopn u [lann): pagon comepxKHTCS B peseppyape
A (puc. 66), ofpem Koro-

poro paseH u. PesepByap

A wmoxer coofathest

GonmbuinM  pesepsyapoM B P

yepes KanmuMNIAPHYI0 TPYGKY,

ANHHA KoTopoll {, a nome- =§_ s
peuHoe cevenue s. Koan-

HeCTBO PajOHa ¢ B peaep-

Byape A onpereasior no

JeHCTBHIO €r0  MPOHHKAI- Prc. 66

Wero HanyueHHs WA HOHH-

3AIMOHHYI0 KaMmepy, KOrja

PajioH NPHXOAUT B PaBHOBECHE €O CBOHM aKTHBHEIM ocajkoM. Iloka
COOGLUEHHe MEXAY COCYAAMH HE YCTAHOB/EHO, MPOHMKAMOLIEe H3NY-
yeHWe pesepByapa A yMeHBIIaeTC N0 NOKA3ATENLHOMY 3aKOHY
pacnajia pajoHa:

= g ﬂ:—lA
g=ge7, 4 g

Ecnn ke MeIy COCYAaMH YCTAaHOBJIeHO coofliieHue, TO K 3Toft
YOBUIH TIPHCOCAHHRETCA YOBIL OT BLITEKAHHS PAjOHa Yepes Kamii-
asipHyto Tpy6Ky. Korfia K KOHIY BBITEKaHHSI KOHUEHTPALHS DAaiOHA
BCJIEACTBHE PACHPOCTPAHEHHS ero B GOJBILIOM cocyle AeNaercsi OYeHb
Manofi, To TPaAMEHT KOHUEHTPANHU NO BCell AMHHE TPYOKH MOXHO

n
C9HTATh NOCTOSIHHLIM H PaBHBIM —- , TAie it — KOHUEHTpAllkA B pesep-
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Byape A. C’IeﬂOBaTeJleO, KOJIMYECTBO Pajona, NPOXOASLIEro B eAH-
HHIY BPeMeHH Yepe3 Kaxloe CedeHHe KamnuAAApHOil TpyGkm, Gyaer

. Torna ¢ uaMeHsercs MO 3aKOHY

D.

:-——(ﬂ.-{»—?vi) =—1g, rre A=14

TakuM oGpasoM, HanyueHHe pesepByapa A yOblzaeT Mo noKaza-
TeJIBHOMY 3aKOHY, XapaxTtepHayeMoMmy Koapuimentom A’. Onmpesenns
A’ 3KCTEPHMEHTANILHO, MOXKHO BEMHCIHTL D. Bo Bpems onbira jaBie-
HHe M TeMTepaTypa_Bo BeeM ofbeMe NMPHGOPa MOJIKHEI OCTABATHCH HO-
CTOSIHHEIMH. .

Koappunpent” piidpysun D pagona B Bosiyxe NpH HOPMAJBHON
TemnepaType H fapieHuH Haifiien pasreM 0,100 ex. CGS. Corracho
KHHeTHUECKOll TEODHH Ta30B 3TOT KOI(HIHEHT H3MeHseTcs obpaTHo
NPONOPLHOHANLHO AABJICHHIO H YBENWUHBACTCS NPH MOBBILUCHWH TeM-
nepaTypsl.

MeTo BHITEKAHHS HENPHMEHHM X OTpelefieNnio KosdipuumenTos
JAadepysHH TOPOHA M AKTHHOHA BCJENCTBHE MAJION NPOACIMHTENBHOCTH
HX KHU3HH, B 3TOM cliyuae MOXKHO NPHMEHsTH CeRYOuHit meron (Pe-
3epgopa, JeSvepH).

PaccmoTpiM Audxpy3HIO OAHOrO M3 3THX rasoB 1O HaNpaBJeHHIo
Ox BHYTpM Y3KOrO COCYAa C UMAMHAPHUECKHM HAH MpPSIMOYTOJb-

HBIM ceuenneM (puc. 67), B KOTOPOM IOJAePKHBAIOTCS

1 l TOCTOSHHKE TeMNepaTypa % nasienne. Ha Jue cocyia,

Ha ypoBHe x = 0, HAXOJHTCH BeIeCTBO R, HENPepHIBHO

BLIleNIAOlee TOPOH HJH AKTHHOH. BO3MOKHOCTE pacrnpo-

CTPaHeHH ITHX rasoB BBEPX OTPAHHYEHa HX CaMONPOH3-

BOJILHBIM PACRAZOM, }, CIEZIOBATENBHO, B COCY/IE YCTAHABNH-

BaeTCsl CTAUMOHAPHOE COCTOSINHE, MPH KOTOPOM KOHIEHTpa-

UHs TOPOHA WJIH AKTHHOHA NPABMJBHO YMEHBIIAETCH C

yBennyeHueM x. JIONYCTHM, 4TO Y BEPXHETO Kpas cocypa

GHA CTAHOBHTCA HACTONBKO Mafiofl, YTO €0 MOMKEHO Tipe-

HeBpeub. TOrfa PasHOCTb MEKLY KOJHYECTBOM TOPOHA HIIH

Puc. 67.  aKTHHOHA, BXOASIIMM B CJIOH BO3JYXa, TOMMIHHA KOTOPOTO

dx, H KONHYECTBOM TOPOHA MJH aKTHHOHA, BBIXOJALIAX

¥3 5TOTO C10A, GY/eT PABHATECA KOJIHYECTBY IMAHANNH, PACTIABIIEMYCS
BHYTPH 3Toro cyiod. OTciona BLIBOANTCSA

din
D ) in, .
HHTErpas KOTOPOro NpH YCAOBHH, 410 MIsl X =oo n =0, 6yleT HMeTb

BHR A
r=nen(—s| 2.

TZe 1o — KOHUEHTPAUMA SMaHANMH MPH X == 0.
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CrefioBaTeNbHO, KOHLEHTPALHsi n yMeHblaeTc B (YMKUuK pac-
CTOSIHHSA X 7O TOKA3ATEIBHOMY 3aKOHY, a In n — 1o JHueliHOMY sa-
KORY, YTO Ja€T BOSMOMKHOCTh, 3Has A, onpeseants D. Konuentpauus
7 H3MEPSTeTCSt He MPSAMO, a MOCPSACTBOM H3MEPERHS aKTHBHOTO OCaflka,
06pagsyiolllerocs B NPOMOPUHOHANBEOM KOHUEHTPAHH KOJNHYECTBE Ha
TIOBEPXHOCTH BCTIOMOTATENbHOH NIACTHHKH P, nomelaeMofl B cocyn A.
Haitgieno, uro npu 15° C H HOPMaNBHOM AABJNEHHH JNS TOPOHA B BO3-
ayxe D = or 0,09 zo 0,1, a ana akTHHOHA B BO3AYXe, YIVIEKHCJIOM
rase M BOJOPOJZe COOTBeTCTBeHHo paBko D = 0,112, D = 0,077 n
D = 0,412 (A. JeGrvepn, T. Bpioa). DKCNePHMERTAAbHO YCTAHOBIEHO,
uTo Ko3GHuHeHT AnDPYSHH AKTUHOHA H3MeHsieTCs OGpATHO Hpomop-
HHOHAJNIBHO JARMEHHIO,

o cBoum kospunrenTam aughyanH B BO3AYXe IMAHAUHMY NPHOIH-
JKAKOTCS K Ta3aM HIIH apaM C BLICOKHM MOJIEKYJISPHEIM BECOM BPOJie a-
poB cnupra Han ahupa. OIHAKO MONeXyAspHblE Beca SMaHAURM eme
MHOTO Bmie. ATOMHBIi Bec pajoHa CUNTAOT paBHbM 222, go-
MycKas, YTO MOAEKYNAa STOFO ra3a OJHOATOMHA W YTO aTOM pajoHa
ofpasyercs H3 aToMa Ra = 226 mpu noTepe STHM TOCHGAHHM ONHOTO
atoma reausi (He = 4), BeposiTHbie BeHUnHB ATOMHBIX BECOB TODOHA
H aKTHHOHa GyAyT cooTBeTcTBeHHO 220 m 219%).

Jnsi pazowa aTH TeopeTHueCKHe NPEAMONONKEHHS NOXTBEDHIEHE!
OMBITOM NPSIMOTO B3BEIIHBAHHSA NPHT IOMOUN CBEPXYYBCTBHTENbHBIX
mukposecon (Pamseii, I'peif). Ilpyroe noarsepienke 3ToMy Aan MeTon
3dyaun.

3T0T METOR COCTOHT B TOM, WTO Ta3y AAIOT BBITEKATh Yepes OTBEp-
cTHe B TOHKO# Neperopoaxe. TeopHs 5TOTO sIBNEHUS OCOGEHHO MpPOCTA
JUIA Ta3oB, HAXOAALUMXCS TOA OueHb cnalbiM AaBaenuem {Kuyncen).
B 3Tom cayuse Kawabifi ras BhITEKAaeT He3ABHCHMO OT NPYTHX CMe-
IAHHBIX C HHM FasoB, M €ro mapLyua/ibioe JaBJeHHe p B cocyse A,
TA€ OH MEPBOHAYANBHO COAEPHAJICSH, YMEHBUIAGTCS €O BpeMeHeM I 1o
TIOKA3aTeNbHOMY 3aKOHY P = poe~*, TpU YCAOBHH, 4TO B cocyze B,
KYAa OH BBITEKaeT, ero NaplHaIbiOe AABAEHHE HHUTOKHO Mano. [ns
JAHHOTO NpHGOpa KoadpHIMEHT 1 0OpaTHO NPONOPUHOHANER KBaApaT-
HOMX KODHIO U3 TIOTHOCTH Tasa.

. HeGbepH BOCTIONB3OBAICS STHM NPHHIMIOM JNs ONpEJeNeHus
MOJICKYJIIPHOFO BeCa PafioHa ByTeM CPABHEHHSI €T0 C MOJEKYJAPHBIM
BECOM KHeiopofia M aprona. Cocyn A, cofepxamuit pagoH, npu Imo-
MOIK KpaHAa C HIHPOKHM OTBEpPCTHeM coofmiancs ¢ GombkM Ganso-
HoM B (puc. 68). OtBepctie KpaHa GbW10 3aKPBITO TOHKOIH MNaTHHOBOH
NNaCTHRKON, HMeBIedl OJIHO OYeHb MajeHbkoe oTBepcTHe. OmbITHl C
KHUCROPOAOM H WHCTHIM ADTOHOM GbUTH TMPOM3BEAEHBl NIPH HAYAJIBHOM

) Eci rassl SBASIOTCA H30TONAMH, 70 CKOPOCTb AH(GYSHH KAMOLO U3 HHX
B KaKOM-AHGO APYTOM rase I0MKHA GbITh TeM GOMblle, YeM MEHbLIE €T0 MOJeKYARp-
BHt Bec. CutenoBaTeN1bHO, TOPOH J0NZKeR AHdDYHAHPOBATH CKOpee, Yem paloH. DT0T
BOTPOC MOXeT GhITh paspemled Goiee TOUHLIMH IKCMEPHMEHTAMH.
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napaennu ot 0,2 10 0,002 s pTyTHOTO CTONGA, H YOBIb Ta3a B pesep-
Byape A onpefensisiach Mo HOHHIKEHHI JaBJeHns. B onwitax c pafo-
HOM JaBleHHe GbUIO 3HAYHTENBHO
3 HHKE, W KOJHYECTBO PajioHa ompe-
JIeIAN0CH TIO NPOHUKAOMIEMY H3RY-
ueHnto pesepyapa A. Tlpr stom
Hy#kHO OO YUHTHBATD  pacnag
PajoHa 3a BPEMs OMbITa, ITHM Me-
TOAOM MOJMEKYJIApHBIl BeC paloha
OBl Hafiie paBHBIM 221, uTO, yuH-
THIBAsl CTeNleHb TOYHOCTH ORNBITOB,
6AH3KO K TEOPETHUECKONl BeqHuHHe.
TaKolt e 3KCIepKMEHT GblI NPOHIBEACH C TOPOHOM. XOTS B 3TOM
cayvae TPYAHOCTH ObLIH GOABLUIKMH, HafifieHHAs BEMHUMHA OKasanach
6an3K0i K NpeAuecTBYIOMIE.

Puc. G8.

§ 46. A6copOuns KHIKOCTAMH M TBEPALIMH BelleCTBAMH.
Pacrsopumocts. KouaeHcauus nNpu HU3KOHR TemmepaType

SMaHAUMK B HEKOTOPOH Mepe PacTBOPHMB B BOJE H APYTHX JKHAKO-
cTs1x'). B snaunTenbHO MeHbLIeH CTeNeHW OHH abCOPOHPYIOTCH TakiKe
TBepALIMH TesiaMu. PajoH, kak u Apyrue raswl, AupdyHANPYeT B BOKE,
H KO3pOHUKEHT ero audxpyanu 8 ITOM Cllyuyae MOKHO HAMEPATb MeTo-

JIOM, @HAJIOTHYHBIM TOMY, KOTOPBIM NOJB3YIOTCR AMfl M3Y-

M uenust AHGY3HU TOPOHA M aKTHHOHA B Bo3Ayxe. Haiizeno,
uTo mpu 18° D paexo ot 0,9 go 1,0 cu?® B IeHb.

Vi3yueHHIO PacTBOPHMOCTH DajioHa B Boje TNpUAaeTes

8 ocoGerHoe shadenne, TaK KaK 3TOT ras BCTPeyaeTcs B BOAAX

MPUPOAHBIX HCTOYHHKOB, @ TAKIKE NIOTOMY, YTO €r0 PacTBOphl

NIPUTOTOBJSIIOT UCKYCCTBEHHO A151 AeweGHbIX tenetli. Corsiacho

Z 3aKOHAM PACTBOPMMOCTH Ta30B KO(POHUWEHTOM pPacTBOpH-

MOCTH PajoHa B BOJE HA3LIBAIOT OTHOIIEHHE & KOHILEHTPa-

[t pajioHa B BOAE K €ro KOHUEHTPAUUH B COTpHUKacaio-

N memcsi ¢ BOJOl BOSKYXe MPH ONpeleeHHOH TemltepaType

¥ yCTaHOBHBIeMcs paBHopecHu. Ecin v u v’ OyAyT coor-

BETCTBEHHO CONPHKACAIOWINECS 00BEMBI BO3AYXa H HHAKOCTH,

4 g M g’ — KOJHuecTBAa PajioHa B BO3LYXe H B BOAE B PaB-

HOBECHOM COCTOSIHHM, ¢ M ¢’ — COOTBETCTBYIOILHE KOHLEH-

TpauMu pajoHa, To

~JOL~

o/ g=cv,
Puc. 69

=,

¢
gHg =cotc v =c¢(v+ar).

ChnieoBarenbHo, 3Hasl OGBEMBl 0 H 0, MOXKHO ONPEJETUTH a, H3Me-
puB ofliee KOJHYECTBO PalloHa H €ro KOHUEHTPAUHIO B BO3AYXe.

) 1. Kiopu n A. Jlenepn, ®. Tumwrear, T. Maxe, P. TpaySendepr.
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UYTo6E yCTAHOBUTL PABHOBECHE MEXAY FasooGpasHOR H IKHAKON
¢asaMu, NPOH3BOAT COBMECTHOE BCTPAXHBAHKE JKMAKOCTH M rasa HAH
e 3aCTaBJAIOT Ia3 HENpepbiBHO TMPOXOJHTh Uepe3 JKMAKOCTh.

Ha pnc. 69 n3obpaxmen mpoctoiit mpuGop AAA uW3MepeHHs PacTBOPHMOCTH
(E. Pamurrear). Pasrsie no ofvemy pesepsyaphl A K B cooduialores Mexay cobolt
NOCPEACTBOM KpaHa C HIMPOKHM OTBepcTHEM. B peseppyap A BEOAST HHAKOCTH,
& peseppyap B — BO3NYX, CONEpHKalluii PAloN, KOTHYECTBO KOTOPOLO HIMEPEHO
110 IPOBHKAIONIEMY HATYUCHHIO E3epByapa. 3aTeM OTKPHIBAIOT KPaH 1 HECKOTbKQ
a3 TepeBEpTHBAIOT MPHGOP TAK, VTOOM Tad NPOXOMHA Yepes KHILKOCTb. [locte
3TOTO 143 H MHAKOCTb CHOBA PASLENSIOT H HIMEPSIOT KONHYECTBO PANOHA, OCTAB-
werocs & pesepsyape B. [lpn 5TOM HYXHO YIHTEBATE CaMORPONIBOABHMI pacnal
Palona W HIMEDATH NPOHNKAIOWEE H3nyueHHe B YCAOBHAX PABHOBECHS PAioHa C
€ro aKTHBHEIM OC/KOM.

3HaveHHs ¢, HalifleHHble PA3HBIMKH aBTOpaMH Ans BoAb Apd 15°,
konebaoTen 8 npegenax o 0,256 no 0,30. MoxHO npHGAHIKERHO CKa-
3aTh, UTO eC/IH OGBEMBI BOABL H BO3AYXa PABHEI, TO YeTBEPTAsi YACTh
pafoHa HaXOHWTCH B BOZE, a TPH YeTBepTH B posayxe. Korza temme-
patypa BOAbl ROBBIAETCA, o yMenbiiaercss. Ilpn xunewun pajor non-
HOCTBIO YJa/sieTcss U3 BOJLI. B pacTBOpax coseil pajoH pacTBOPHM
MeHee, 9eM B uucTOll Bofle. HampoTHe, B HEKOTOpHX OpraHHYeCKHX
JKHAKOCTAX OH Goflee PacTBOPHM, TAK YTO 3TH KHAKOCTH (KEPOCHH,
CepoOYIIepos) ABAAKTCA, OCOOBHHO NPH HH3KOH TeMmnepatype, aGcop-
GeHTaMM pajoHa.

Huxe npusenessl kodQHUHERTEl PacTBOPHMOCTH pajioHa B BOAE
W HEKOTOPBIX JPYFMX MUJKOCTAX (TOUHBIX JaHHBIX AAsl TOPOHA H
AKTHHOHA MOYTH He HMeercs).

a [or 18 o 20°7 «
Boza za mpn 0°
Crmpr > 3 5
Kepocns > » 107
Bersnn s oa o 20°
Lexcan > oa o 30°
Cepoyraepon » »  50°
> 3 80°
> » 100°

CreknsiHHBIE ¥ MeTALAHYeCKHe MOBEPXHOCTH NPH OOBIMHON Temne-
paType NOIVIOWIAIOT TOJBKO CEAE PAJIOHA, JKHPLl H KayuyyK DOLI0-
waioT oabuwe. Ho nanayymum aGeopGeHTOM ABAAETCA YYofb, KOTOPHIA
TpH OOBIYHON TeMMepaType MOKET NOUTH MNOJHOCTBIO NOrJIOTHTH Bech
HAXOASMMACA B CONPHKOCHOBEHHY ¢ HHM pajoH. IloBbiiensie Temme-
paTyphl BHI3LIBAET BHENEHHE DAJIOHA, BPAKTHUECKH NONHOCTBIO 3a-
Kanuupalomeecss K 300 uan 400° C. Tornomaioltian cnocoSHOCTb 3a-
BHCHT OT ynoTpeGaseMoro yras®).

%) 15 noriomeHHs pajoka ¢ yCUeXoM MPHMEHAETCS AKTHBHPOBAHMBIL YrOAb.
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Bee TBepabie TMOBEPXHOCTH, He TOTMOWAlOLIHE PafOHA NpH OOBIY-
HOll TeMRepaType, OYeHb SHEPrHUHO KOKJEHCHDPYIOT €ro BpH HH3KON
teMneparype (Pesepgopa u Commn). To e HPOHCXOAHT C TOPOHOM
1 aKTHHOHOM. B 3TOM Jlerko yGeautbcst Ha chenyioeM onbite {puc. 70):

CTPYS CYXOro rasa, cofep-
FKAIIETO IMAHAUHIO, NPO-
XONHT uUepe3 3MeeBHK,
T - /7’”“'”’""”" #—L——IL TOTPYXKeHHE B X0RO-

{ JAWIBHUK, W TOCTYNAeT B

HOHH3AIHOHHYIO Kamepy

# amagee A. Ecmm  Temnepatypa

Hanehmposompy  XONOJMJIHUKA PABHA TEM-

. TiepaType JKHAKOTO BO3-

ayxa (— 180°), To sma-

HAllHA TOJHOCTBIO KOH-

JIEHCHPYETCS B 3MECBHKE.

Ilpy noReiWeHHH Ke TeM-

TepaTypbt XONOJHABHHKA

B HOHM3ALHOHHON Kamepe

nossistiercs  Tox., Ecan

ONBIT NPOH3BOAKJICS C Pa-

ROHOM, TO TOK MOsiBAsieTcss BHeaanHo npun — 152° C. Kongencanueit

pajoHa ApH TeMMepaType KHAKOrO BO3AYXA OOLIYHO MOABSYIOTCH AN

OUHCTKH 3TOrO rasa. EC/M KOHAGHCALMS TPOHCXOANT B NOTPYKEHHON

B XONOIMJBHHK CTEKJSHHOR TpyOke (3amas#HON C OZHOrO KOBUA

unu U-06pasHoii), To pajioH, KOHJEHCHDPYIOLIHHCS HA HeBONBIIOM

YU4CTKe BHYTpeHHell NOBEPXHOCTH TPYGKHM, BEI3HIBAET CHUJBHOE CBe-

ueHHe CTeKsa, 61arofaps ueMy fBJeHHe KOHAEHCAUMH YAOBHO AIfl

HaGAtoReHUs.,

SlB/IeHue KOHJEHCAIMA HE CIIELYET CMENIHBATL C NEpPeXoioM PajoHa

B KHIKOE COCTOSHHE, KOTOpPOe MPH aTMOC(EPHOM JABJEHHH NPOHCXO-

auT mpr — 65° C. OOLIYHO nepexofl pafioHa B HKHAKOE COCTOSIHHE He

HabiofaeTcs, TAK KaK PaspexeHHe ero GbiBaeT CAHUIKOM BEMHKO s

TOro, uTOGHl MEXKIY MHAKOH H rasoobpasHoil (asamu MOTAO OCYIIECT-

BHTLCH pasHoBecHe. KoHeHcalus SMAHANMHM HPH  HHUSKOH Temmepa-
Type — siBienHe afcOpOUHOHHOE (NOBEPXHOCTHOE MOTJMIOMEHHE).

Pue. 70.

§ 47. Xumnueckue cpofictsa. Hsnyuenne

OMaHaNHE CYHTAOT HHEPTHBIMH FA3aMH, H30TONAMH, BEICHIHMM IO-
MOJIOTaMH KCEHOHa B ceMeficTBe G/aropoiHbiX rasop. [leficTBRTeNbHO,
HUKOT/@ He HaOMNIOfanM NPH3HAKOB TOTO, YTO KAKas-HHOYAb H3 3Ma-
HalWi BCTYNAaeT B XHMHUYeCKOe CORIHHEHHE NOJ BAMSHHEM KAKHX-JHGO
XHMAYECKHX areHToB (ONbIThI OKHCJIEHHS, BOCCTAHOBJEHHs, NOIJIOMIE
HHSl KHCJIBIMH ¥ INENOYHBIMH PacTBODAMH IOJ NEHCTBHEM 3JIEKTpHYE-
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CKOro pa3psiia ik Ges mero)!). [lonaraior, 4To MOJEKY/Ib STHX Fa30B
OJIHOATOMHbBI, @ ATOMHOE NOPSIKOBOE YHCAO B COOTBETCTBHH,C TeOpHEl
PaHOAKTHBHEIX TIpespalleHHii papHo 86.

Omanauvk HcmyckaloT e-ayun. Koraa ctpys uosiyxa, coaepika-
WEero OJHY H3 HHX, NMPOXOAMT uepes MJOCKHI AUMK ¢ OYeHb TOHKON
BepxHell cTeHKofl (antomummeBast oarra 0,1 s TommuHOR), TO B
camMoM Hayane ONbITA NPOXOASUIETO Yepe3 BePXHIOI CTEHKY WPOHH-
KaIOWIETO W3/Iy4eHHs He HAOMIOAAETCs, H JIMILID 3aTeM OHO MOCTENEHHO
NOABASETCS BCICACTBHE HAKONACRMS AKTHBHOTO OCAJKAa HAa BHYTPEH-
Hell MOBEPXHOCTH fILIMKA. Bbfille yKe YKa3biBajoch, 4ro 3amasHHast
aMnysia ¢ pajioROM TOTHAC OCKE MPHOBEHHOTO HANOMHCHHA ee IasoM
He 1aeT NPOHHKAIOUIEro HafiyueHus. Bosee TOUHHIMA onbITami GbuIo
OBHAPYKEHO, OHAKO, YTO AKTHHOH HaeT 8- H p-H3NyUeHHe.

BblI0 HCCARIOBANO, ABATIOTCS JI SMAHAUWH H, B YaCTHOCTH, pa-
JOH NPY HOPMAIBHEIX YC/NOBHAX 3aPSKEHHBIMH 3ieKTpHYecku. Tax
KaK TIONepeuHoe 5JeKTPHYECKOe TIoNe He BAMAeT Ha Audxbysuio pajiona
B Y3KOH TpyOKe, TO NPHUNIH K 3aKJIOUEHHIO 00 OTCYTCTBHHK y HHX
BIIEKTPHIECKOrO 3apsia.

§ 48. Papon. OGpazoBaune, nakonaenne. Exvunnua xoanvecrsa
panoHa — XiOpH

Tak Kak pa/lHOaKTHBHOE WDEBPALIEHHE DAJMsi MPOHCXOAHT OUEHb
MeIEHHO, TO MPAKTHIECKH MOXHO CUHTAaTh, WTO PAjiOH 00pasyercs
C HOCTOSIHHOM CKOPOCTBIO, NPONIOPUHOHANBHON KOJHUECTRY PaJHsA W He
3aBuCHLIel HH OT KakuX APYyrix obcrostenscts. OGpasymoutufica pa-
JIOH MOJKET PacPOCTPAHATECH B OKPYIKAIOMEM SMAHHPYIOUIee BEIECTBO
TPOCTPAHCTBE, NOSTOMY Mbl DACCMOTPHM 3aKOH HAKOTWIEHHS PajioHa
B 3aKPBITOM COCYZe, COIepIAIUeM TBEPAYIO COMb WM PacTBOP PARHS.

Iycts p Gyner Bec cofepikauieroca B cocyiie pajus, 4 — Koanve-
CTBO PajioHa, 0GPA3YIOMErocst H3 IPaMMa Pajua B eWHHILY BPEMEHH,
g — KOMHYECTBO PAJiOHA, COIEPMKAUIEroci B COCYAe KO Bpemenu £,
A — panuOaKTHBHAs MOCTOHHAS panona. CKOPOCTh YBENYeHHst ¢
PABHSIETCS PA3HOCTH MEX]Y CKOPOCTHIO 0OpasOBAHHS PAfioHa B CKO-
POCTLIO €T0 CAMONPOH3BONBHOFO Pacnaja no dopmysne

MHTerpai KoTopofi pn ycaoBuH, 410 Ansi £ = 0 ¢ = ¢,, Gyger

gt B ey

1) Cotpynunk Paguesoro nucraryra AH CCCP B. A. HukuTnu nogyusa xa-
MHYECKHE COeNHHEHHA PajfoHA M ADYTHX 6.1aropoAHmix rasos. Ped.
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TlepBbii uneH 3Toro BhIpaKeHHs NPEICTABJAET COOOH KOMHYECTBO
pajioHa, OCTAIOWESCS KO BPEMeHH £ OT KOJHYECTBA €TO §o, HAXOANBIlS-
rocs B COCyle B HAUaJgbHbii MOMent, BTopofi wien npeacrapnser cobof
KOJHYECTBO PAfioHa, KOTOPOE HAKOMHJAOCH Obl B COCY/Ie KO BPEMEHH £,
eci Obl B HAYANBHBIT MOMEHT PaiioH Obl TNOJHOCTBIO YAAJIEH M3 CO-
cysa. Ho KakoBbl Obi HH OBMU HayafbHble YCAOBHSA, KOJIHYECTBO ¢
CTPeMUTCH K OfHOMY H TOMY 2ke mpeaeny:

pd
Goo="7""»
MPEACTAB/SIONIEMY KOJMUECTBO PAJOHA, HAXOAANIEECS B PaAHOAKTHB-
HOM DABHOBECHH C KOJHYECTBOM p paius.

Ha prc. 71 usoGpawen B (yHKIHH BPEMEHH 3aKOH HAKOIAEHHS
PajoHa § = goo (I — &™), a TaKkie 3aKOH CaMORMPOHU3BOJIBHOTO
pacnaja OTAEREHHOTO OT PAHs KOJIHYECTBA (oo PANOHA. OTH ABE KPH-
Bble HA3BIBAIOTCA O0ROAHUMEAbHbIMU, TAK KAK CYMMa HX OPAHNAT,

10 —
g
z st
0,8
Hpudin A\ g=g,. 6>
Bi7=a.(1-4™}
06
04 —
X3 3
L
0 R R S R N
Bpesn 8 durz
Puc. 71

COOTBETCTBYIOUHX ORHOMY H TOMY € 3HAaUEHHIO £, NMOCTOHHA W paBHA
Goo - [Ipepesn Hakonenus ¢ ToyrocTbio Ao 0,5% AocTHraeTes 3a Mecsl,
2 MOJOBHHA 9TOH BeNWUMHH 32 3,82 ANs, T. €. 3a BpeMst, PaBHOE Ile-
PHOAY pajoHa.

[TycTh HEKOTOPO® KOJAHUECTBO PAazOHA § HAKONMAOCH [0 NpHBE-
JIEHHOI BHIIE (JopMyae 32 Bpems . BHYHCAHM, CKOMBKO BPeMERH NOTpe-
GoBaNOCh OBI, YTOOH NOMYUKTH TO JKE CAMOE KONMUYECTBO §, eCHH Gbl
He GBIO CAMOTIPOH3BOMIBHOMO pacraja pajoHa. 3TO TaK Ha3blBaemoe
npugedenroe epena b, paercs dopmynoi

g=pdl,,  f= ().
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IMpusenennoe speMs BCErfa MEHbLIE, YeM £, BO3PACTACT C YBEJHUYEHHeM

t ot 0 g0 mpenenbHOro 3HaYeHus 6 Ha3biBaeMoro cpedwett npo-

7
Qoamcumensrocmoro xcusku pajona. das pagona A = 0,007555 B yac,
@ = 132,4 yaca == 5,525 aus.

Bo MHOTHX TEOPETHUECKHX H TMPAKTHYECKHX BIYHCNEHHAX YAOGHO
paccMaTpHBaTh KOJHYECTRA PalOHA, OTHECEHHBE K TeM KONHYECTBaM
pajusi, H3 KOTOPbIX OHH MOIMMH 00pazoBaThcd. BeseacTBHE 3TOrO
KOHrpecc Mo pajHOAKTHBHOCTH, cocTosBilNiicA B Bproccene B 1910 1.,
YCTAHOBHA €JMHHLY KOJHYECTBA DajioHd, KOTOPOil JaHO 6blIO HMS
Kropu. OOHO Kiopu paswo xoauuecmey padona, waxodmuemycs 6 paduo-
akmuenos paenosecuu ¢ OOHUM epammom padus. DTa eAHHHUA, TaK
e Kak ee NOApasfeNeHHs: MHMIHKIOPH, MHKPOKIOPH H MUJNHMHKPO-
KiODH BOULIH B MPAaKTHYeCKoe ynoTpebieHue.

Konnyectao papona, ofpasyemora OZHHM CPAMMOM PAafiHa 3a €AHHHUY Bpe-
MeHH, BHIPAKEHHOE B KIODH, YHCARHHO PaBHO A. STa beawunHa paewa 0,0075 Kiopu,
WK 7,5 MHATHKIODH HA [PaMM Pafiusi B 4ac.

CBeXeNnepeKPHCTA/IHA0BAHRAA COMb PARHA OOBIYHO HE COREPIKHT
HH pafioHa, HH aKTHBHOTO Ocajka. ['OBODAT, YTO OHAa HAXOAWTCS TpPH
Murumyme axmuenoctnu. 3aTeM BCNEACTBHE HAKONMeHHs pajoHa M
AKTHBHOTO 0CA/IKa AKTUBHOCTb COMK TIOCTENEHHO yBeaununpaercs. Ecan
PA/IOH OCTAETCS B KPHCTA/NIAX COJIH H FIOTEPS eFO YePes HX NOBEPXHOCTb
HUYTOXKHA, TO KOJNHYECTBO PAJOHA B CONMH YBENHUHBACTCH TAK Ke, KaK
B 33aKPHITOM COCYJ€, H NPONOPUHOHAIBLHO HAKOIMIEHHIO PAJOHA BO3pa-
CTaeT KOJMYECTBO AKTHBHOTO OCajka. PapHOBecHe AoCTUTaeTes TPW-
OausuTensHo uepes Mecau. [IpesensHas aKTHBHOCTb, H3MEpeHHad MO
@-nyyam, NPUGAHIUTENBHO B 5 pa3 GoMbllle HAYANBHOH AKTHBHOCTH.
Ecnu H3MepATh f- W y-H3NYUeHHS , KOTOPbIe HCNYCKAIOTCS TONBKO aKTHB-
HBIM OC3JKOM, TO HauajbHAs aKTHBHOCTb COMH OyAeT paBHa HYJI0, a
3aTeM OHA YBERHUWBAETCA MO TOMY e 3aKOHY, NG KOTOPOMY HAET Ha-
KOIIeHHe PafoHa. Ecan uactb pajoHa TepseTcs, T0 YBeIHUeHHe aKTHB-
HOCTH B OCOHX C/yyasX GyneT MEHBIIHM.

§ 49. Koamnuecreennoe n3vepenne pajona. Hamepenwe pafus
TO PasoHy

31ech Mbl PACCMOTPHM CIOCOOB! H3MePeHHS HeGOMBIIHX KOMHYeCTD
pajoHa H pajHsi, NPH KOTOPHLIX DAajOH BBOAUTCS B HOHW3AIHOH-
HYI0 Kamepy. CriocoGbl H3MEPeHHs N0 y-HaJyYeHHId GYIYT ONMHCAHB!
Hnxke (§ 97).

KonuuecTBo pajioHa HaMepsieTcst M0 APOH3BOAHMOMY HM B repMeTH-
YeCKH 3aKphIToli HOMH3ALWHOHHON kaMepe TOKY Hachilenus. ITo sTomy
BONPOCY CNIEKYET CAEHATh HECKOJBKO 3aMeuanHii.

1. Tak Kak cuNia ToKa 3aBHCHT OT BPEMEHH, TO HYKHO TOUHO yCTa-
HOBHTb MOMEHT H3MepetHsi. OBLIYHO H3MepeHHe MPOH3BOAAT B TOT
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MOMEHT, KOrld CH/1a TOKA NPOXOAHT Hepe3 MaXCHMYM, TaK KAK aKTHB-
HEI 0CAJI0K NMONHOCTBIO CHOPMHPOBANCSH M AOCTHT COCTOSHHS pajuo-
AKTHBHOTO PaBHOBECHSI ¢ pafoHOM. Biaropaps Tomy yTo makcnMym
JIOBOJILHO PACTSHYT, sl H3MeDeHHS MOXKHO BHIGWPATh BpeMa Mexay 3
H 4 yacaMu NOcne BBeJEHHs PAZiOHA B Kamepy.

2. CHila H3MEPSEMOTO TAaK#M CTIOCOBOM TOKa 3aBHCHT OT PasMepoB
H (GopMBl HOHH3ALKOHHOH KaMephl. Ecnu Kameps noaoGHs 1o ¢opme,
TO CHAA TOKA YBENHYMBAETCA ¢ HX DasMepamH, TaK KaK B GOMBIIHX
Kamepax HOHHM3HpYIOmas CROCOOHOCTb Ayyell HCmonbsyercs Gonee
nonno. Cuna TOKAa YBENHYHBATCH TAKME C NOBBIUCHHEM MNJAOTHOCTH
BO3AYXa B Kamepe.

3. UTo6bl npUAATE H3MEPEHHAM aGCONIOTHOE 3HAUEHHe, HYXKHO rpa-
JyHpOBaTh KaMepy, ONPEAeiHB MAKCHMANBHLIE TOK HACHULEHHS, TOJY-
yaeMblii IPH BBEJIEHMK B ITY KaMePy M3BECTHOIO KOMHYECTBA PAOHA,
HanpHMep, KONHUECTBA, HAKAIJIRBAIOWEI0oCA 32 ONpeleNeHHbIH Npo-
MeXKYTOK BpeMeHH B 3ITAJOHHOM DacTBOpe, CONePKAlleM H3BeCTHOe
KOJIH4eCTBO pajus.

1M CNOCOGOM MOXKHO TOUHO H3MEPHTb, PAJIOH B KONHUECTBE OT
MHKPOKIOPH X0 MHJITHMHKPOKIopH (oF 107% no 10~? xiopu) n paxe
HHXE.

U3 H3NOKEHHOPO MpSIMO BHITEKAET CNOCOS ONPEIeNeRHst COOTBET-
CTBYIOUMX KoauuecTB paans. [lycTb Bec pajus, COfepaulerocs B
pactBope, GyneT p. YiaiHM w3 pacTBOpa Bech CofiepKallufics B HeM
PajioH W JAZHM 3aTeM PafOHy BHOBb HAKONJATLCA B TeueHHe H3pecT-
Horo BpeMeHH ! B 3aKpuiToM cocyge. INoTom momnocTso Nepepeem pa-
JIOH H3 PacTBOPA B HOHWBAIHOHHYIO KAMepY, Tie MPH 3TOM BOSHHKAeT
ToK Hachittentst /. Iycte #, GyAeT NpHBeNCHHOE: BPeMsi, COOTBETCTRYIO-
mee BpeMed £. Tak Kak s JAHHOTO PacTBOpa OTHOUIEHHE ti HE 3a-

'y
BHCHT OT BPEMEHH HAKOIJIEHHA M NPONOPUHUOHANLHO P, TO, CJEA0BA-
TeNbHO, OHO MONET CAYXKHTb AN OTPEflesieHHs NOCNeAHero,

Pajion 0ObYHO H3BJIEKAlOT H3 PACTBOpPA WM DNPOAYBAHHEM HA XO-
sopry (GapGotax) mnw xunsuenneM. Ilepssifi H3 5THX METOOB HpH-
MeHHM K pacTBOpaM HeGOMbIOro ofbeMa (OF OAHOTO JO HeCKONBKHX
KyGHUYeCKHX CAHTHMETPOB), a4 BTOPO# -— Gojee CNOXKHBIE H OOBIYHO
MeHee TOUHBIl — K PacTBOPAM, HMEIOHM OGDBEM HECKOJbKO JHTPOB.

METOAL MPOAYBAHUS HA XOJNOAVY), Usmepaemuil pacTzop noMelna-
€TCS B CTEK/ASHEBIA COCYA A ¢ ABYMA TpyOkaMu a v b, HaseiBaeMuilt GapSotepom
(pHc. 72), 06bEM KOTOPOFO Maj MO CPABHEHHIO ¢ OGBEMOM HOHH33LHOMHON Ka-
Mepul B. Chauafta H3 pacTBOpa YAaNSIOT BeCh CONEPMANANCA B HEM PAaiOH, Npo-
AyBas uepes Hero B Teuenne 10 Mun. eospyx. Toruac mocse 91010 Gap6oTep 3axpel-
BAIOT H BPEMS SAKPEITUA 3aMHCHBAIOT. 3aTeM JAKT PAJOHY HAKONMATHCA OGBIMHO
B NpPOJOMKEHHE OHOrO-TpeX AHel. UTOGH nepepectd HAKOMWBLMACA B PacTBOPE
Panon B HOWMZAUMOHRYIO KaMmepy, WS RoCAeRnell BHIKaUHBAlOT BOSAYX, a 3aTem

1) Nonpoduee cm. Marie Curie, Traité de Radioactivité, Paris, 1910.
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NpHCOSANAAOT K Helt TpyOKy b GapGotepa. TIpn momouwy Kpakow Ry, Ry u Ry ne-
PEBOAAT PAAOH B KAMepY, 3aCachBas B Hee B HECKOJABKO RPHEMOD BHEWHHI BOBAYX,
KOTOPHI NPH 5TOM NPOXOAHT uepes PacTop. MomeHT oxohuakns 3T10f onepaumnu
TaKme 3aMHCHEBACTCA. [[POMENYTOK BPeMeHH MeX(y ABYMA SAMICAKHLMHE MOMEH-
TaMH GYZeT BpeMeHEM HaKONJeHHS pafiowa. Tok u3mMepsercs uepes 3-—4 uaca
NoCAe BBEACHHS PAsoHa B KAMEDY. .

netmpanemp
5 Gener

Ry Ay A

Bamapes v

B Jemmn
&
////// \Horum
E—

Pac. 72.

UYrobbl npouseecTd STH UBMEPEHHN € HanGonblued BOSMOMHON ANsl HUX TOY-
HOCTBIO (NpHGHAHTeAbHO 710 0,5%), HYMHO PaGoTaTh OUEHL TI(ATCHbHO: 6apSO-
Tepbl JOMKHH GbITh XOPOIIO EBMBITH, DACTEODH RPOSPAUHEl, TPH MpOAYBAHHM
He BOMXKHO OLITb BHIGpACBIBAHHI pacTBOpa H T. A. DKCNEPHMEHTaAbHO OMpefe-
JMAEMAf MONPAaBKa AAST BOSMOMHOCTb TIDHBOAMTb H3MEPEHHS K OAWOHR H TOI Ke
DIOTHOCTH BO3AYX4 B KaMepe. Kamepa He A0nkHa uMeTh COGCTBEHHOR aKTHBHOCTH,
NOSTOMY TIOC/E KAXAOrO HIMEPERHR €e HYMHO TATEAbHO OUHIMATE OF BCAKHX
caezos pagona.

MEeton Kunsuenuga Pacteop nomemaercs B koaGy em-
KOCTBIO OT } o 3 24 ¥ KHDATHTCH ANsl ynanenus co;lep)Kau.leﬁcﬂ B HEM
3MaHauHu. 3ateM Konba 3aKpBIBAETCH, H PAAOH HAKONACTCS B Heft
B TeYeHHE€ ONPEAENEHHOr0 NPOMEXYTKAd BpeMeHH. Iocne 3Toro cHosa
KUNATAT PacTBOp B KonGe ¢ OépaTHblM XOJIOAUNBHUKOM H COﬁHPalOT
BbIAEMSOLIHECS Ta3bl MOA PTYTHBIM KoJMOKoAOM (pHc. 73), OTKyAa HX
RepeBOAAT B MpEABAPDHTENBHO 3IBAKYHPOBAHHYIO HOHH3AUHOHHYIO Ka-
Mepy. DTOT Ke MPHGOP MOMET YNOTPeGAATECK INS H3MEPEHHR PafOHA
B KHAKOCTSX, HANPUMEP, B MPHPOHBIX MHHEPAAbHEX BojaX. B aTom
cIyyae HeclelyeMylo KHAKOCTb HAJRBAIOT B KOMGY BPH TMOMOUH RpH-
CﬂOCOﬁ}IeHHﬁ, TO3BONAIOIIETO, HACKOJAbLKO 3TO BO3MOXKHO, Habexkars
noTepb rasa, W TOTYaC NOCNE 3TOTQ HBBJEKAIOT PAJOH KHMAYEHHEM.
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Beriy camonponsponbHOTO pacmaza pajoHa HYXKHO TOYHO YKasblpath
BpPeMS] H3MEPEeHHS .

MrunoXEnns METOROB MeTon NpoAyBaRMs HA XOJOLY
TIpHMeHsIeTCA FAaBHbM 00pasoM s OTpeje/eHHs pPafus B ypaHo-
BHIX MHHepasaXx. Jlnst 3TOTo H3MeNBYawT B TOPOLIOK HeGOJbLoe
konnyectse (0T 1 no 2 ¢) Mumepasna, K KOTOpoMY AOGaBNERO QKOO

Puc. 73. B — xon6a, C — 00paTHLA XOROAWIBHHK, F — NDENOXPAHHTEABHAR CKAAHKA, D —

MAHOMETD, T — INCCBHK 1A OXTAKACHHA BLACATIONNXCS T2S0B, G — KOIOKON ATA COONDARHS

rasos, R — TPeXx0aoBHN KpaH, K H A — COGUHHHTENbHE TPYOKH, COREPIAILUE CTEKATHEYI
BATY H OCYUINTEAN, A — HOMH3AUKOHHAA KAMEpa ¢ ABYMA KDAHAMK 1 17

0,1 2 XnopHcTOro Gapust A yBAUeHHs pajis. 3aTeM 5Ta cMeCh XH-
MHEYecKH 00padaThiBAETCA TAK, YTOObI MOMHOCTHIO H3BJeYb H3 Hee Ga-
puit—paanii. Hajevennwiit xjopui Gapusi—paius pacTBopsieTcs,
H PacTBOp BJIHBACTCS B 6apGoTep AN H3MEPeHHS. DTHM ke METOAOM
MOXHO OTpeJeAUTh KOJIHUYECTBO PajHsi BO BCAKOM BELIECTBE, COARPIKA-
HHE PajAHs B KOTOPOM GJIH3KO K CONEPIKaHHIO ero B pyAax. Ecau konu-
YeCTBO PajHs B TBEPAOM BEIIECTBE MAH B PacTBOPE CJHILKOM BEIIKO
LS IPAMOTO OTPESNCHAS, TO MI% H3MEPERHS MOMXKHO GPATh HABECTHYIO
HX YacTb.

Meros KuNsAueHHs NPHMEHSKOT WIS M3MEDeHHS pajua B pyjax,
TIDH PaCTBOPEHHI KOTOPHIX NOMYYaeTcst MPO3payHbili pacTsop, cofep-
Kauinil, 01HAKO, TAK MHOTO PaCTBOPEHHOrO BEIECTBA, YTO €ro HeNb3f
JIOBECTH 10 HeGOMBUIOro OOBeMa. DTOT e MeTON MPHMeHSIOT AIS
M3MepeHHA pajoHa B TNPHPOAHBIX H HCKYCCTBEHHBIX PAAHOAKTHB-
HbIX BORAX, KOTOphE HEOOXOAMMO GpaTb NSl HaMepeRusi B OGBeme
or | 10 2 2.

B HeKoTOpBIX cyuasix ANsl M3BAEUSHHs PaJOHA M3 MCCAEAYeMOro
BENECTBA MOCAEHEE Pa3naraioT COOTBETCTBYIOUIMMH XHMHUECKUMH
areHTaMH (HampuMep, KOHUEHTPHPOBAHHOH CepHOil KHCIOTOH ‘HA XO-
JIOAly, CONaBNeHHeM ¢ GHCY/NbaTaMH LIENOYHLIX METAJJIOB H T. A.).
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ONLIT MOKA3HIBAET, YTO PACIJIABJEHHOE MM DPAsNOMEHHOE BEIECTBO
MOKET TONHOCTLIO BEIIGASTL COACPIKAMWMEACT B HEM DALOH.

TPAAYHPOBAHHE KAMEP. DTAJOHE PATHs 3a oc-
HOBaHHe NS TPaAyHPOBAHHA GepeTcst TOYMBL Bec HHCTOH conum pa-
Ans, Hanpumep, 6e3BoaHoro xJopuctoro pamus RaCl,. YToBH mo-
JIYUHTB JOCTATOYHYIO TOYHOCTb, HYXKHO 6paTb oT 10 go 20 me conm,
OUMHIEHHON H B3BellleHHOR TaK JKe TIIATEAbHO, KAK TMPH OMpefieleHHu
aTOMHOTO Beca. M3 9Tofl CONM MPHFOTOBAACTCA OCHOBHON PacTeop, OT
KOTOPOFO GepyT ONpefie/ieHHEIe YACTH AJiA NPHIOTOBIEHHS BTOPHYHLIX
pactBopoB. OT 5THX BTOPHUHBIX PacTBOPOB B CBOIO ouepelb GepyT
ofpejie/leHHbe JOH, KOTOphle YiKe NPAMO BJHBaloTest B 6apboTtep.

MOXKHO TaKIKe ONpefeasiTh KOMHYECTBO Paiisi B OCHOBHOM PacTBope
nyTeM CPaBHEHHS. €r0 y-H3JMYYEHHS C p-H3JNYYEHHEM ITAJOHOB pa-
ANA, T. €. 3anagHHON aMOyJbl, coflepxaillefi M3BECTHOG KOJHUECTBO
Pajusi; TAKHE aMDNYJbl HMEIOTCS B KPYNHBIX DPaAHONOTHYECKHX Jabo-
patopusx (§ 97).

B stom cnyuae MOXHO YNOTpeGaaTL He CTOMbL YHCTYHO CONb, KAK
TpH B3BEIKBAHKH.

DTANOHHEIE PACTBOPBI XPAHATCH B 3AKPHITEIX COCYAAX HIIH 3alasH-
HBIX amnynax. UToGbl OHH MOTIH COXPAHSTECS 63 WIMEHEHMS, TIPH
HX TPUTOTOBJEHHH HYKHO 0COGO THIATEIBHO CAEAHTb 3a UHCTOTOH Co-
CYAOB H PeaKkTHBOB. MOXHO TaKKe MPUIOTOBASTD STANOHE H3 TBepAOH
conu. Hns 3tofi nenu Gepercs KapGoHaT GapHA—Pajusi, OCaXIEH-
Hbill B TAKMX YCAOBHAX, 4T00b pafHil 6bl1 paclpefieNer B HeM copep-
meHHo papHoMepHo. KonlenTtpanus pajus B kapGoHaTe IONXKHa OHITH
B3fATa TaKol, 4TOOB B GapGoTep NPHXOAHJIOCH 3arpyxkarb or 1 go 2
JelrpamMm COMM, TAK KAK 5TO KOIHYECTBO MOXKHO B3Becuth. KapGonat
PAaCTBOPSIIOT HEGOJBIUHM KOJTHUECTBOM Pa36aBJIeHHON COMTHOR KUCIOTH
B caMom HapGoTepe.

UYroGet rpasynpoBath Kamepy, H3MEDSIIOT MaKCHMANBHEI TOK Ha-
CBILIEHHS, NPOH3BO/MMLIN B Helt PAJICHOM, HAKOMHBILMMCH 3a ONpeAe-
JIeHHOE BPeMs B 3TATOHHOM PACTBOpe H H3BJICYEHHBIM H3 3TOTO PACTBOPa
npofiysaHueM Ha xohonyl).

TipuBeseM B KauecTBe NpHMepa UHGPOBHE NaHHbIe, OTHOCSIIHECS
K H3MEpHTENbHON yeTaHOBKe [TapHiKCKoro HHCTHTYTa pajfus.

LoHn3anHoHHas KaMepa HMeeT UHAKHAPHYECKYIO GOPMY, €€ BhICOTa
12,5 em, BryTpenHuit xuametp 6,7 cam, o6beM 440 cud. LlenTpanbupit
SNEKTPOA CAenaH B opMe CTepKHA 3 Ma B naMeTpe, HE NOXOASA-
mero o AHa kamephl Ha | cu. Ecau kamepa HanofneHa BO3AYXOM
DPH HOPMANsHOM JIABJeHMH H TeMmepatype 15°, To MaxkcHMasibHbIH
TOK HachUICHHA Ha TPaMM DajHs K YaC NPHBEACHHOTO BpeMeHH
I = 2,62-10% aq.-cTar. ea. MakcuMaibHMA TOK HACLHUEHHS Ha OAHO

?) HekoTopsie naGopaTopui CHaGKai0T STAaJOHHBIMY PACTBOpAMH HAM 00pas-
12MH 9TAaNOHHBIX conedl No 3anpocaM.

LE M. Kiopy
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Kiopt /-8, rie 6 — cpensAsl NPORONKHTENBHOCTb JKH3HM DajloHa,
146 =2,62-104-132,4 = 3,47-108 an.-cTar. ex.

B xouile 3T0#l KHHMH MOMEMIEHH TaG/AHIbI, COCTABACRHbIE A5 00-
MeryeHnst BEMKCIGHHH, OTHOCKIIMXCS K PACNIafly PajloHa B HaMepeHHIo
pajusi NO BHICNSIEMOMY HM PanoHy (npuiomenus 13 u 14).

§ 50. O6pasoBanke H BbijleleHHe TOPOHA M AKTHHOHA

TopoH H aKTHHOH M3yUYeHbl MeHee PafioHa, TaK KaK SKCIePHMEHTH-
POBAHHE C HHMMt 3aTPYAHSIETCS KPATKOCTBIO HX MH3HH. YCTaHOBACHO,
©OJIHAKO, YTO B PACTBOPAX TOPHS NPOHCXOAHT TMOCTOSHHOE 0Gpa3oBaHKe
TOPOHZ, ECAH TOJIbKO TOPHE HAXOJAHTCS B PABHOBECHH €O CBOMMH HpO-
H3BOAHBLIMH M, B YAaCTHOCTH, C TopHem X, H3 KOTOPOro TOPOH Herlocpes-
CTBEHHO OBpasyercs.

Jlnst NOsTyyeHH TOPOHA H AKTHHOHA PEKO TIORL3YIOTCSA PACTBOPAMH .
O6LIMHO ARSL ITOTO YHOTPEOAAIOT TBEpABIE BEIIECTBA: AN MOJYyYeHHs
TOPOHA—THAPAT OKHCH TOPHA, COREPKANMA HPOUIBOAHEIE TOPHS
BIIOTH JI0 Topus X, a A NONYYeHHS! aKTHROHA — THAPATHl OKHceR
pe/lKo3eMeIbHBIX METa/L0B, Coepallne aKTHHUHA, DPANHOAKTHHHA u
aktunuit X, OTH BelnecIBa, OTHOCHTENBHO JIETKO MPOHHIAEMble AJIA
rasop, AAIOT LOBOJBHO NOCTOSTHHOE BhJIENEHHE TOPOHA M AKTHHOHA.
Tpy MpoKanHBaHHE OHH NPEBPAIIAIOTCH B MATONPOHHIAEMBIE OKHCH,
M BbJleNeHUe SMAHALHi SHAUHTENbHO YMeHbLIACTCH.

TTpoH3BOAHAUCH OMBITH KONHUECTBEHHOTO H3MEPEHHS TOPUS U aKTH-
HHSl TIO BBJIE/ICHNIO HMH TOPOHA M/ AKTHHOHA, YBJEKABIUHXCS NO-
CTOSIHHBIM TOKOM BOSAYXa B HOHH3alHOHHYI Kamepy. TexuHka sTHX
onpejieneH il ellle He TaK COBEpHIEHHA, KAK B CY4ae PAJOHa,  OHH He
BOUTH B TpaKTHYecKoe ymoTpeGaenne'). 3ameTim Takke, 4To IO
TOPOHY H aKTHHOHY OMpEJeNeTcs He KOJNHYECTBO HX OCHOBHBIX Ma-
TePHHCKUX S/IEMEHTOB, a JIHIUb KoumyecTBo TopHd X n akrtumus X,
H3 KOTOPHX TOPOH M AKTHHOH HENOCPeACTBEHHO 00pasyiorcs. JToro
HEYNIO6CTBa He CYILeCTBYeT DpH ONpeIeNeRHY DajMst Mo PajoHy.

§ 51. TloayueHHe YHCTOFO PayoHa.
Cnextp. O6bem Kwopu

To, 4TO pajfioH MOT GbITb MONYUEeH B YHCTOM BHAE, UMENO GOJBLIOE
3HaueHHe [ YUEHHS O DaJMOAKTHBHOCTH. OTHOCHTENBHO KOHUEHTpH-
POBaHHBIL PaJOH MONAYYAIOT OOBLIYHO Jyisl HAYYHBLIX HAN MEAMUMHCKHX
Lenelf, 1 TeXHHKa ero NONYYEHHs OUEHb COBEPIIEHHA.

Pajior NoAYuaI0T H3 PACTBOPOB XJOPHCTOTO HIH GPOMHCTORO PAKHS.
27H PACTBOPEI HEMPEPHBHO BHIALJAIOT KHCAOPOA H BOAOPOA, 06pasyio-

) B nacrofiiee DpeMs ONpefeNeHHsi N0 TOPONY N AKTKHOHY BOWMIH B NPak-
Tuxy kak B CCCP, Tak » 2a pyGexon. (Ped.)
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UHECst APH PA3NOKEHHH BOAbI JYYaMH Pajlisi U €ro MPOH3BOAHBIX (Ipe-
HMYIECTBERHO a-nyyaMu). B 3Toll cMecH rasoe HaXoJATCA TaKiKe Mapsl
BOABI, HEGObIIHE KOIHYECTBA YINIEKHCAOro £asa, o6pasyiolmerocst nps
OKHCAEHHH CNEfOB OPTaHHYeCKHX BEIECTB (CMaska KPaHOB), M, HAaKO-
Hell, HHYTOXHbIE KOJHYECTBA refus, O5pasyiolerocst NpK PajHOaKTHB-
HOM NPEBPAIIEHHH PajHA M €ro NPON3BOXMBIX, U pafiona, ofpasyio-
merocs M3 papus.

Konuvectso obpasyloulerocs B eIHHHLY BPEMeHH TpeMyuero rasa
3aBHCHT OT CTeNeHH ROIJOLICHHs! ayveli B NpHGOpe M, CEAOBATENBHO,
oT ¢opMet W pasmepoB mocidegnero. [IpuGAHKEHHO MOXHO YKasaTh,
4TO B PacTBOpe, COAEpXKaLleM rpamMM pajusi, oGpasyerca | cu® rpemy-
yero rasa B yac. Botkauap BO3AYX H3 COCY/la C PaCTBOPOM PajHsl, MOKHO
HaGnofaTh 3aTeM DOCTENeKHOe NOBblleHNe JIAB/JCHNA Ta30B B COCYAe
H HYXHO T03a6OTHTBCA O TOM, YTOOM H3GHITOK Fasa MOT PEryJspHO
BBIXOAHTD U3 Hero. MoXHO, BIpPOUEM, JOCTHFRYTb TAKOTO COCTOSTHHS,
KOT/ia flaBileHHe Ta30B CTaHeT NOCTOSHHBIM, Tak Kak oOpasopaHue
KHCIIOPOa H BOJOPOja GYAST YPABHOBEUIEHO HX BOCCOSAHHEHHEM
(MPOMCXOAAIMM TaKMe NOA JeHCTBHEM DafiMOAKTHBHOrO H3aAy-
ueHHs), HAKOMJEHWe JKe pAafOHA COMACHO TIDHBE\GHHOMY Bhtile
3aKkoHy (§ 48) HEeT [0 MH3BeCTHOTO Hpefiesa, ONPEALNSIEMOTO KO-
JHYECTBOM Pajusi.

Hrobbl H3BJEYD PafOH H3 CMECH Ia30B, 3TY MOCAEIHIO NMpH Ho-
MOUH PTYTHOTO HACOCA 34CACHBAIOT B MPHOOP AMS OYMCTKH (3MaHa-
IMOHHYIO MallMHY), W3 KOTOPOro NPEeABAPHTEBHO NONKOCTBIO, Ha-
CKONBKO 3TO BOSMOMHO, Bhikauaw BO3AyX. IIpmbop copepuT Harpe-
BaeMble JOKPAacHa CETKH H3 MEAM H H3 OKHCH MEAH JUIs TOIVIOWeHHS
KHCAOPOAA H BOJOPOAA, $ocoPHBI aHTHAPHA MIS TOTJIOWMEHHS BOABI
H eAKUi KanHil AN WOFMONIEHHA, yraekucaotsl, Ecnn ue, safawores
LeJbIO TIONYYHTb COBEPILIEHHO YHCTBI PaJIoH, TO OrPAHHYMBAIOTCA TEM,
YTO COGHPAOT OUEHb HeGOBIION Mo OOBeMy OCTATOK ra3oBofl cMecH,
cocrofiliel W3 pajoHa, TeaHs H chiefoB Npumecell. Jas 3Toro cMech
TIEPEBOAST B KaNHANAPHYIO TPYOKY, KOTOPYIO 3aTeM OTAENA0T OT
npu6opa NpH NOMOWM NAAALHOH rOpeiKH. MOMHO TakKXKe KOHJEHCH-
poBaTb PafoH B 3aNAsHHON C OAHOrO KOHLA KamuJAAApHOH Tpybke,
DOTPYKEHHOM, B COCYA ¢ MKHAKHM BO3AYXOM, H, KODAA KOHJEHCALHs
3aKOHUMNIACh, OTAGAHTE TPYOKY oT mpuGopa. Kommencauusa oSHapy-
JKHBAEICA NO CBEUEHHIO TPYOKH (oTAenbHblit suct XX, phe. 3 B kowue
kunr). Cxema npuGopa u3oSpaikena Ha puC. 74.

Ecnn e XoTAT NoAy4uTh YHCTHIE PAJIOH, TO €10 HYKHO NOLBEPTHYTh
JanbHeliiefl ounciKe, KOTopas OGLIUHO NPOH3BOJUTCS B IPYTOM, MEHb-
meM Mo o6beMy, NPuGOPe, NPHCOSAHHEHHOM K NEPBOMY. 3aTeM HYKHO
OTHENHTH OT PajioHa requil. [IAs 9T0TO PajioH HpH TeMmepaType KuA-
KOro BO3JYXa KOHAGHCHPYIOT B TPyOKe M, YCTAHOBHMB Ha KOPOTKOE
BpeMs Hall KOHAGHCHPOBAHHBIM DafiOHOM BAKYYM, YAAJSOT readi.
ToTuac nocae TOro YKCTEI PajioK NIPH ROMOIIM PTYTHOrO 3aTBOpA Me-
PEBOJAT B KAMHAAAPHYIO TPYOKY. ONBIT MOXKHO NMOCTABHTb TaK, YTOGH

1
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H3MEPHTB 0GbEM YHCTOTO PajJoHa TIPH OTIPesieNIeHHOM AABACHHH H co-
TorpadupoBaTh ero HCKPOBOIt cnexTp.

05 KOH

Fracocy
Pl

Pacmeou Ra

Puc. 74. PactBop Ra COREPKHTCA B KPAPUEPOM COCY/E, SATUILICHHOM BHEWIHHM DE3CPBYAPOM,
M W B NauOMETD U 6apOMETP AR HIMEDERNS AABACHER 1232 Kaf PACTROPOM, By — pTyTabli
3TBOp, TIph HOMOUL KOTODOTO B G MPEDIBACTCS COOBLIEHIE MEXAY DACTBOPOM H OHCTHTEALHLM
npuGAPOM A HIH e, HIO0ODOT, YCTANARAWBACTCH COOBICHKS MEXKAY FMMI, TOCIE TOTO KaK M
npu6opa BLHKRYAH BOBAYX; r — KpaH, NPH TIOMOMM KOTOPOrO Iassl HONYCKaioTes B mpubop A,
Ry i By — DEIEPBYADH < DTYTEI, OGPASYIOIIHE HACOC ANA 3aCACHEAHNSE T30D 1 NPOTAIKHEAHHT
X B A} J — NPUGGD 1A naMEDEHNA AABNCHHS razon, OUHIIEHHHX & A; Ry H By — DEsCDBYaph,
00pASYIOINE KacOC A1A SACACHBANNA OUMUERHMX TA30B W NPOTATKMBBHHS HX B KANHAIADAYIO
TPYOKY T; § — Kanuanapan TPYOKa, KoTopas MOMeT GLTh MorpYMena B cocyd ¢ HMAKWM
BOIRYXOM A KOHARHCHPORAKHS A0, CCC — OUHCTHTEMN ZA YAAMCHHA YBACKACMUX PTYTHIO
nysuprKon BosAyXa.

Uncroifi pajon o6NafaeT XapaKTePHbIM HCKPOBEIM CNIEKTPOM, TaB-
Hue JHHHH KoToporo B A famml B Tabuaue (Pesepdopa, Poitac):

3664,6 2082,0 4308,3 4625,9
3753,6 40180 43503 46447
3957.5 4166,6 4460,0 46811
3971,9 42037 4599,0 5582,2
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Yucthil cnekTp pajioHa MOXKHO HaGNIONaTh TONBKO Y CBEKENONY-
YEHHOTO pajiona. IIpH pajHOAKTHBHOM TpEBPAUICHHH DAjoHa H ero
aKTHBROTO OCajlka JOCTAaTOYHO GLICTPO oOpasyerca Teauit M waGio-
JaeTcsi TIOCTellEHHOe TIOABAEHHE €ro CMeKTPa, HaKNaALBalomerocs Ha
cnekTp pagoHa. [IpHONHBHTENBHO Yepes3 MeCAll CMeKkTp PafioHa CoBep-
IEHHO HCYesaer.

ObreM pajioHa H3MEHAETCS ¢ AaBJICHHEM, KaK Y COBepLIHHBIX ra-
30B. OnHAKO B CaMOM Hadane OMBITA OGLITHO HAGNIONAETCSt HAYaTbHOR
oxaTHe ofbeMa, BHSbBaeMoe, KaK MoNaraioT, TeM, YTo MoA JeiffcTBHeM
@-Myyeil CTEHKH COCY/0B MOIVIOWAIOT CJEfibi COACPIKAIIHXCA B pajione
npuMecei,

Buipaxast fapteHne pajioa Kak GYHKIHIO 06bema ANs PasHbiX TeM-
TepaTyp, MOXKHO HaGNIOAATE CHKHIKEHHEe PaJloHa, ONpefienaTh AaBAeHHe
HACHIMIEHHOTO TIapa ¥i TEMAEPATYPY ero KHNeHns. D1a NOCHeANAR paBHa
anst pagona —65° (Pamse#t, Pesepgopa). Pamseit nonaraer, uTo ox
nabaionan npn —71° oTBepleBaHHE PajJloHa B BHIE CKOMJIGHUS €ro Ha
CTeHKe TpyGKH B OfiHOM OcoGeHHO GuecTswel Touxe.

Baxkroe sHauenwe HMeeT onpefenenne ofbema KiopH. Ero moxuo
OTPEJIeNHTh, HAMEPHB NPR H3BECTHOM JaBNEHHH 06BEM YHCTOrO Pajflona,
H3BJEUEHHOTO W3 W3BECTHOTO KOJHYECTBA DafHsi TPH OIpEleNeHHOM
spemenn HakonnieHns. ONRAKO Aydlle He PacCUMTHIBATH Ha COBep-
IeHHO NONHOE H3BJEUeHHe H H3MEPATh KOJHUECTBO PajiOHa CPaBHEHHEM
€ro y-H3NYYEHUS C y-HIMYMEHUAMN sTanoHa papus (§ 97). OGeM ox-
HOTO KIOPH NPH HOPMAJBHOM JaBJIeHHH H TEMIIEPAType paBeH MpHOAH-
auteapHo 0,6 mmd (Peseptopt, Pamseii, MeGoepn, BepTenwreiinl),
YTO COTtacyeTcsi ¢ TeOpeTHYeCKHMH Mpeanonoxenusmy (§ 71 n 72).

Kosuectsa pajioHa KOTOPHIMH TOJIB30BAMACH AJS ONBLITOB, GLUIR
nopsaaka 100 mussmkiopn. Ilpn atmocgepHoM Aapiennd 100 muman-
KIOpH, HAXOAACh B TPYOKe C BHYTpeHHHM AnameTpom 0,2 am, 3aHH-
MaT 2 MM MO AnMHE TPYOKH.

Benenctare nocrenexHoro oSpasoBaHus e oGBeM rasa no mepe
pacnaja pajioHa JIOMKeH YBEJHUHBATHCS, TAK KaK B3aMeH OJHOTO pac-
NaBLIETOCS aTOMa PafioHa MOC/EOBATENBHO OOpasyeTcs TpH aToMa
requst. Ho 2To siBjeHNe OCNONHSIETCA TeM, UTO YaCTb ATOMOB TeNHs
TOrMIOACTCS CTEHKAMH COCY/IOB.

1) B onwrax Bepredwreitna Gbo HCTOAB30BAlO W3MCpeHHe KoaqxpHUNeHTA
3aTyXaHHs B Konebuiomeics ChcTeMe 1Ns KOHTPOXNS 3a 4iCToTOl rasa H ANA onpe-
JeneHns TIPONOPUHIL npHMeced.
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§ 52. Hasenennas paauoakTHBHOCTb, Ofuwue cBoiicTsa.
AXTHBHBIH 0canox

Hasedennod paduoakmisnocmeto HA3pBAOT TY BPEMEHHYIO aKTHB-
HOCTb, KOTOPYI0 MPHOGPETAIOT BeLeCTBA, HAXOMNSIHECS MOGAH30CTH
OT COGNHHEHMII DPajHsi, TOPHS MAM aKTHHHSI. TaK, MOXHO aKTHBH-
poBaTh JIMCTB OyMarW MM METAJUIHUeCKHEe MJIACTHHKH, KOTO-
phle HCIYCKAKT TOTAA CJIOKHOE H3NYueHHE, cocTosllee H3 a-, - H
y-nyueitl),

A10 sBAEHHE MOAYHHSETCH CAEAYIONHUM OGIIHM 3aKOHOMEPHOCTSM.
ARTHBANUS TIPOHCXOAUT, KOTJIA OAHA W3 TpeX SMAHAUKI — pajioH, To-
POH HJIM aKTHHOH, — BHIAS/HMBIIHCE H3 IMAHUPYIOMIETO BEUIECTBA, He-
NIOCPEACTBEHHO CONPHKACAIOTCH C TBEPAOH NOBEPXHOCTHIO. UTOBK aKTH-
BHPOBATb KAKOE-THOO Teslo, MOKHO [IOMECTHTS €ro B 3aKpHTHIH COCyA,
cofepxallnil Topuil, pajuii WAM aKTHHUI, WA TOLBEPrayTs ero Jeli-
CTBHIO CTPYH BO3AYXE, CONCPIAIILTO OAHY H3 SManauuii. Jlag akrtisa-
LMK PaJIoHOM HOCTATOUHO 3aCOCATh ITOT HOCAERHHIE B COCYA, conepiKa-
wHil AKTUBUPYEMOe TeNo.

Ecan npu NOMOIIM COOTBETCTBYIOIIETO NPUCIOCOGNEHHS B COCYAe
TIOJIEP HHUBAETCSA MOCTOSHHAA KOHIEHTPailWs OfHON M3 SMaHauuft, To
BCe HAXOAALIMECA B HEM DPEAMETH HPHOGPETRIOT HABENEHHYIO aKTHB-
BOCTb. DTa AKTHBAUMS YBENHYKBAETCS 1O ONpEJEeNeHHOMY 38KOHY H
CTpeMHTCSl K Tpefelly, HashBAaeMOMY HacouyerHol  axmusayuesi.
Jlns pajoHa ¥ aKTHHOHA TOT Mpefe] AOCTHTAETCS MPUCMHIUTENb-
HO 3a 3 vaca, a AJA TOPOHA NPHONMBHTENbEHO 32 3 AHS. AKTHBALMA
HE 3aBHCHT OT NPHPOAB aKTHBHpYeMoro BemecTsa (Cymara, Me-
TAM B T. A.).

Ecau conpuxocHoBeHHe aKTHBHP YEMOTO BRLIECTBA € SMaHALMed npe-
KpaTunoch, To NMPHOGPETeHHAs HM AKTHBHOCTH H3MEHFETCA €O Bpeme-
HeM IO OTIPE/IGNIEHHOMY 3aKOHY H, HAKOHEL, HCYe3aeT 3a BPEMs TOrO

Y 0. Kiopk 3 M. Kiopr, 3. Pesepgopa u ®. Coann, A. JeSnepi.
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e NMOPAAKA, 9T0 H BPeMs, HYHKHO® JVTsi TIOJYUEHHST HACHIIERHOR aKTH-
BaUMH. 3aKOH /Ie3aKTHBALMK, KAK H 3aKOH aKTHBAlHH, XapaKTepeH
M5t AKTHBHPYIOIIEFO BELIECTBA M AaeT BO3MOXHOCTb €ro TOUHO ofpe-
JenHTE.

Ecan aktupamusl NpOMCXOANT B rase HOPMAambHON IIOTHOCTH, TO
HaBeJeHHAA AKTHBHOCTh KOHIEHTPHPYETCR NPEHMYIECTBEHHO Ha Te-
JlaX, 3apSIKEHHBIX OTPHUATENbRO. B paspeeHHOM rase SToil DasHHIb
He HabmofaercA. B rase HOPMANbHOH MNOTHOCTH NPH OMHAKOBOA
KOHIEHTPAUMH 3MaHAUMil aKTHBALMsS TBEPAOK NOBEPXHOCTH ObiBaeT
Tem Goablell, Yem Goabllle cBOGOAHOE MPOCTPAHCTBO Neped 3TOH No-
BEPXHOCTBIO.

Bot, xak OGBACHAIOT COBOXYMHOCTL 5THX siBaennifi. Ilpyn npespa-
IeHHH AaTOMOB KaxIofl M3 3MaHauuit o6pasyloTCt aTOMbl TBEPAOTO
PAJHOAKTHBHOrO BEMIECTBA. DTH aTOMbl, GYAyud B3BeleHbl B BO3LYXe,
BeAyT cefs, KAK upe3BbUaliHo TOHKAf Nbldb, MOCTeNeRHO AW(GYyHAH-
pyiollias K TBePABM NOBEPXHOCTAM H oCeAalonias Ha HHX, 00pasyst
axmusHbili 0cadoK COOTBETCTBYIOWE! IMaHallui. B paspexmeHHOM rase
STH ATOMBI, BLIOPACHIBAEMEIE ¢ ONPENENEHHON CKOPOCTbIO, MOTYT NPAMO
JIOCTHFaTh CTEHOK cocynia. B rase e HOpMasbHO# NNOTHOCTH OHH 3a-
JEPKUBAIOTCSH HOCHE OueHb KOPOTKOro Mpobera H, GYAYYH 3apsaeHEl,
06pasyioT HOHBI, KOTODble MOTYT YBNEKATHCR I/EKTPHUECKHM TOJeM.
Kasxaplit U3 TpeX akTHBHBIX OCAZKOB ABJIAETCS CJOMHBIM BEIECTBOM,
npuYeM CocTapNens! ouu awanoruuso., Ho ua oTHocHTeNbHO GHCTPO
TIPeBpallaloLierocsi aAKTHBHOTO OCafka pajioHa ofpasyeres Tak Hasel-
BaeMbllt MedaerHO npespatyarouuiica axmusHstl ocadoK, KOTOPEIH MOXHO
HAaGOAATh TOAAMH, B C/lyYae Xe TOPOHA H AKTHHOHA 00Pa3oBaHNS Ta-
KOTO OCajlka He OBHAPYMKEHO.

§ 53. NpeepallieHne aKTHBHOYO OCAAKA PajcHA CO BpeMeHeM:
BEIECTBa A_, B, C. MenteHHo npeBpAmaomIniics AKTHBHBIE 0CAA0K:
Bemectea D, E, F

Jlns HecnefoBaHKSA NPeBPAlIEHHA AKTHBHOTO OCAAKa OBBIUHO AKTH-
BUPYIOT' OJIHYy M3 CTOPOH MeTALTHYeCKofl IJACTHHKH, NOXBEPras ee
JIeHiCTBHI0 SMAHALMH B SMEKTPHYECKOM Nosie WK §es mocneanero. 3a-
TeM HpPH TIOMOIH HOHH3ALHOHHOM KaMephl HCC/IeNTY 0T H3MEHEHNE aKTHB-
HOCTH 2Toft NJIACTHHKH CO BPEMEHEeM, H3MePA Wi €€ TonHoe (a-NyuH),
WIH TOJbKO NpOHHKalolee (- u y-1yun) H3NYyueHHe, NIPUYEM B STOM
MOCHeAHEM CJIyyae o-Jyud NOMJIOIAIOTCS TOHKHM SKDaHOM. 3akoH
Ha0/0AaeMoro H3MEHeHHs! AKTHBHOCTH 33BMCHT OT BpemeHH aKTHBA-
UMH 7, HA3LIBAGMOrO TAKIKE BPeMeHeM JKCRO3UNNH, ¥ OT Biijla H3Mepae-
MOTO H3/YYeHHs.

Kpuseie Ha puc. 75, 76 n 77 n3o6paxaloT H3MeHERHE CO BpeMeHeM
HHTEHCHBHOCTH [ @-U3NYUEHHHA, 4 TAKiKe f- W y-H3JYUEHUS AKTHBHPO-
BaHHOM IVTACTHHKH ANSl PA3AHYHOTO BPEMEHH SKCMO3UIUH T, KOTOpoe
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A3MEHSIETCH B NPefeNax oT OYeHb KOPOTKOrO BPEMEHH M 1O BPeMeHH,
ROCTATOUHOTO AJIA TOJYYeHHA HACHIUEHHOH aKTHBAuUMHY).

a-n y 4 H. Ecan akTHBaLHs NIPON3BOANIACH A0 HACHILIEHHA {pHC. 75,
I}, To | nagaer cHasana GHICTPO, HANOJOBHHY 3a 3 MHH., 3aTeM Da-
JeHue saMeuTsieTcs; Jas ¢ > 4 uac. anbHefilliee NajieHHe MPOUCXOAHT

600~ Homouur akmubisea GoaRka Padona , usiIEINOR 70 OrUASEHUD
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Pre. 76. ORomouns aKTHBHOTO OCAZKA PAIOHA TIO HIMEDERNID
HBAYYEHUN G QNN DAIAHINOTG BPeMeHH AKTRBAUME .

Mo MpeJie/bHOMY NOKA3aTeNbHOMY 3aKOHY, XapaKTepH3YeMOMY YMeHb-
LUeHHEM HATNONOBHHY 3a 27 muH. Ecnn axtupanus Gela oueHS KPaTKo-
BPEMEHHOl, TO 3a OBICTPLIM HAYAAbHHIM IAACHHEM, OTHOCHTENBHO
GOnblwKMM, YeM B CAyuae HACHILIEHHOH aKTHBAUWH, CAeAyeT TOUTH

1) 31u KpHBbIE JANE 3Hech TOABKO KaK THMEpHblE, TaK Kak HX (OpMA MOXET
B HEKOTOPHIX MNPEACNAX HIMEHATHCA B SABHCHMOCTH OT CTENGHH MOTMOUISHNS B
HOHH3AUKOHHON KaMepe nyveil, HCNYCKAGMBIX COCTABNIOMMMH AKTHBHLIN 0CafioK
BeleCTBaMH.
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TOPH3OHTANbHAS YaCTb KPHBOH, 3aTeM CKOpOCTb TaJeHHS ONATH
YBEJIHYHBACTCS H CTPEMUTCA K TOMY JKe Tpelefy, YTo H NMPH 9KCNo-
3HIHM A0 HackimeHus (puc. 76). IIpn NpoMeikyTOUHBIX 3HAYEHHAX
© KpHBBIE HMEIOT TPOMEKYTOUHYIO (OPMY.

Kpusbie axrusauun (puc. 75, /) u fesaktusauuu (pnc. 75, [[)
SIBARAIOTCH AOMOJHHTENbHBIMH

B n y-nysn (puc. 77). Ipy Hacwinennolt aKTUBAUMY KpuBas To-
XOZMT Ha COOTBETCTBYIOMIYI KPHBYIO Jisi a-nydefl, 32 HCKIIOUEHHEM
HaYanbHOM YaCTH, KoTopas He JaeT GLICTPOro MajeHus, a NPeACTaBAseT

Fumencubnoems usnyvensm

Boems § monymoz

Puc. 77. 3BomonuA AKTHBHOTO OCaiKa PATOHA IO HSMEPEHHIO
B+ M y-SNYNENHS A PASTHYHOTG BDEMEHH aKTUBALKH T.

TOPH3OHTANBHYIO KacaTenbHyo. TIpH KpaTKOBpemeHHOH aKeMosniuk |
BHAUa/Ne NPAKTHUECKH PaBHO Hymo. 3aTem / yBennyMBaercsi, npoxo-
JAT 4epe3 MaKCHMYM, KOTOPBIil HOCTHraeTcs NPHONH3HTENBHO 3a HOA-
yaca, W HauMHaeT MeJJEHHO YMeHbWATbest. KpHBhe, COOTBETCTBYIO-
e TPOMEKYTOUHEIM 3HAUCHHAM T, WMEKT NPOMEKYTOUHYIO (opmy.
34aKOR KOHEYHOTQ YMEHBINEHHs JNs BCEX 3THX KPHBHIX TAKOB XKe, KaK
B cIy9ae o-H3NYYEHHS.

TaxuM 06pasoM, ¥ BeeX KPHBBIX NPEBPALICHHS HABENCHHON aKTHB-
HOCTH, BO3HHKUlefi noa AeficTBHeM pafona, oGHapy:uBaercs ofutee
CBOWCTBO: KOHeUHOE yMeHblIeHHe | 1o NOKa3aTeJbHOMY 3aKOHY ¢ Te-
puoxoM, pasebM 27 mun. Ecnn npencrasutb Ig / B dyHKkumy £, To B
TIpefieNie BCe KPHBHIE CTAHOBSATCS MapaJleNbHEIMH TPSAMBIMH (pHC. 78).

Hccnmeniosaide 9THX KPHBBIX IOKA3BIBAGT, UTO AKTHBHBI 0CAIOK
panoHa HeNb3s CUMTATb MPOCTHIM BEUWIECTBOM. “ITOGHI OGBACHHTH HX
BHI, RONYCKAIOT, YTo AKTHBHBIH OCAfOK COCTOMT H3 TPeX BElecTB:
paduii A, 00pasy1ouHiics HENOCPEACTBEHHO H3 PajloHa, IpeBpamaeTCs
B paduii B, KoTopeil B cBo0 ouepeanb npespamaerca B padui C. Pa-
auit A uenyckaer a-JydH, ero nepuox pase 3 muH. Pamnit B, nepuoa
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Kotoporo pasen 27 MuH., ucnyckaer - n y-ayud. Pajuit C, nepHon
KOTOporo pasen 19,5 muu., nenyckaer a-, f- ¥ y-nyun. Bricrpoe Ha-
HaibHOE TIAfieHue o-H3JIYUCHHs NPOUCXOAMT BCACACTBHE paclaja pa-
aust A. HauanbHoe BospacTanue f- H y-HayYeHHs] IPH KPATKOBPEMeH-
HOMl SKCOSULHU HBARETCS CASACTBHEM NOCTENEHHOTO HAKOMIEHHs pa-
aust B u paaus C, oSpasytomxcsa us pagun A, KOTOPHH OARH JRIIL
OTNIOKHACS B HAuaje.

Koneunsi#t nokasartenbnniil sakon™ (T = 27 MHMH.) COOTBEICTBYET
TIOCTOSHHOMY P2BHOBECHIO, YCTARABAMBAlOLIEMYCs Mexay paueM C H
pajueM B BcieAcTRMe TOTO, YTO NMepHOA paiusi C MHOTO MEHblie Me-
S propa pamus B (§ 62). Iloswe
Curigvcrion 6uto  oOHapyeHo, uto papuii C
CONPOBOXIARTCA TNPOH3BOAHLIMY,
00pasyIOmMMHCA B pesysbraTe
JBYX BHIOB DIpeBpallennsi. Bosb-
wasi YacTb aToMos paius C npe-
BpamaeTcs B pagui C' ¢ wueny-
crannem B-nydeli, HeGonbuIOR Ke
wgeno WX npespautaetcs B RaC’’
¢ ucMyckanuem e-nyueli. RaC’ n
RaC’’ HMeloT OYeHb MaWlyio Mpo-
JonkuTenbHOCTb Xusnn (§ 128).

B npunoxenun 14 mnpueene-
Hbl TOUYHBlE LA(POBbIe JAHHBIE,
OTROCANECA K  NPeBPAlIeHHIo
AKTHBHOFO OCajika pajioHa Hocae
IKCIO3UIHH AO HACHULEHHS.

MERAEHHO NPEBPA-

Mgt MAOIMUACST AKTUBHBRA

Puc. 78. ocanoxk HaGmogats stor oca-

JIOK TeM Jierye, UeM MNpOJONKH-

TeJbHee Obla aKTHBalUus M 4eM Gonbule GbUIO KOAHYECTBO PajfOHa.
YCTaHOBNEHO, UTO TIOCHE HCUYESHOBEHHS GHICTPO NPEBPAIAIOIETocs
AKTHBHOTO 0Cajika, OT KOTOPOrO Yepe3 CYTKH He OCTAeTcsi HHKAKOro
cefia, aKTHBHPOBAHHAS TJIACTUHKA HCIYCKAeT a- ¥ S-H3JNyueHHe, HH-
TEHCHBHOCTb KOTOPOrO MPOKOJIKAET YBEHUNBATECH, S-U3MYUERHE NIPH-
OIUSHTENBHO Yepes MecAl JOCTHTaeT KA KYIEToCs NOCTOSHHBIM Npe-
Jena, o-H31yYeHHe NPOJONKAET BO3PACTATb B TeyeHHe 2 JeT, a 3aTeM
TAKIKE KAKETCA OCTAHOBHBLIHMCS Ha IOCTOAHHOM ypobHe, OnHako nyTem
AMUTeBHBIX HAGMIOAEHHN CMOTVIH YCTAHOBHTD, 4TO, NpOMAs vepes
MAKCHMYM Kak f-, TaK W a-H3AYUeHHe O9eHDb MEMNIeHHO YMEHbIIAKTCS.

O1u ABMEHKS OGBACKHIOT CaedylomuM obpasom: paguit (C 4 C' +
+ C'") — nocneuull KOMIAEKCHBI WieH GHICTPO MpeBpallaloerocs
AKTHBHOTO OCaJKa pajoa, — pacnajasch, obpasyer paauit D — Be-
HIECTBO € GOMBIIOR NPOAOTKHTETBHOCTBIO XKH3HH (nepHOA okosio 22 JieT),
HCTyCKalollee TolbKO S-Tyun Ges sameTHofl HOHHM3WpYIoiel ¢nocob-

E
svpienian

lot o

Treopupse owmenculvecme
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noctH. Pamuit D npespainaercs B paunii E, ucnyckaomuit f-myuu,
nepHos koroporo pasen 5 auam, Pajuit E npespawaercs B paawi F,
HCNYCKAMMUR a-IyYH, NePUoA Kotoporo pased 140 anam. Bospacra-
HHE B- H a-H3NYYEHHA COOTBETCTBYET oOpasoBaHmio ns paaus D pa-
aust E u pagns F, a KoHEUHOe yMeHbLuEHHE MPOHCXORUT € TIEPHOMOM
pazust D BcaencTeHe MOCTOSHHOIO PABHOBECHS MEXIY 3THM BEUIECTBOM
n ero npouseoisiMi. Paauit F Npusnan TOXIECTBEHHLIM C NOJIOHHEM
IO CBOEMY NEpHOAY, H3MYYEHHIO H XHMHUECKHM CBOHCTBAM, H TaKuM
o0pasomM GBUIO JOKA3aHO, 4TO COJAEPIKALIMACA B PajHOAKTHUBHLIX MH-
HepayiaX NONOHUI SIBASETCS TPOAYKTOM MPEBPAUIEHHs Pajus.

§ 54. MpeBpamenne aKTHBHBIX 0CAJKOB TOPOHA M AKTHHOHA

D70 mpeBpallieHHe AN PA3NHUHLIX 3HAUEHHH T H306pakeHO Kpu-
BbiMU Ha puc. 79 # 80, 3aKOHEI MPEBPAILEHHS ANS a-HINYYEHNS U A5
TPOHHKAIOWErO f- U y-H3JYUeHHs aHAMOTHYHb. MX MOXKHO OOBSICHNTD,

Jompien  @imibee ooadka mogena

T-lpein| cnmstese

nmsnsuthacms usnpresn

3 & 0 [3 ) % [ )
Bpemn 8 vacax
Puc. 79.

AonyCkasi B TMeppoM HPHGJIH)KQHHH, uTo Ka)K)IHFl AKTHBHBIft 0canoK
COCTONT H3 ABYX Bewects: Topust B u topus C, aktanns B M arTH-
nua C, Kak u B coryyae akTHBHOIO ocajika pajoHa, Beinectsa B memy-
CKaIOT TONBKO fi- H p-nyuH, 2 BemecTsa C, NPOJOAKHTEABHOCTD JKHIHH
KOTOPHIX MeHbIUe FPOJAONMUTESPHOCTH JKH3HH COOTBETCTBYIOUIMX Be-
meeTs B, uenyckawt a-, - u y-nyun. Brpouem, NpoHHKaomee H3my-
JeHHe BELECTB B maio uHTeHCHBHO., Ecnn AKTHBALHA NIPOH3BOAUNACH
A0 HachIleHHWs, TO H3NyYeHHe CHauaaa OCTaercsl NOCTOSIHHBIM, 4 3aTeM
‘yMeHblIaeTCd MO 3aKoHY, KOTOprﬂ B Tpejejne CTAHOBUTCH 3aKOHOM
pacnafia emects B. Ecan e akThBauus 6ba KpaTKOBPeMEHHOR, TO
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BHayase MPUCYTCTBYIOT TONbKO BemecTsa B co cnaGbiv msnyuenHeMm.
BeeACTBHE NOCTENEHHOr0 00pa3oBanus BemlecTs C H3NYyueHHe YCM-
JIMBAETCS, MPOXOAHT Hepe3 MAKCHMYM H 3aTeM HAUMHAET YMEHBUIATHCH.
TlpefenbHblil 3aKOH TAKOB Xe, KaK NPH HACHIEHHOH aKTHBAIMH.
JInst mepHOAOB STHX BewIECTB HARJEHE! CAEAYIOHIHE 3HAYCHHS:

T = 10,6 vaca Agtunii B ... T = 36 mwnyt

Topuh B
> C ... T =605 manym > C...T =216 minyrs

Cx0/IcTBO TPOLECCOB NpeBpalllenHsi BeeX TPeX aKTHBHBEIX OCAAKOB
3aCTABUNIO NPEANONAraTh CYMIECTBOBAHNE TOPUst A W akTHEMA A, aHa-
JOTHYHBLIX Pajfio A, HO YCKONb3HYBIIHX OT HaGJIONCHHS BCAEACTBHE
CJIHIIKOM Masiofi IPONOIDKHTENBHOCTH HX Xu3HH. [eficTBHTeNbHO, NpH
TIOMOLIH CTIELHANLHBIX METONOB HAGJIONEHHS 3TH BewecTpa GbLIH OT-
KpbiThl. TIPHBOAMM ONHCAHHE OJHOTO K3 TAKUX METONOB.

Jarans chmibunen  ecadka  akmunona
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Pxe. 80.

AKTHBHPYIOUIEE BEIIECTBO HAXOAWTCA B NOAOYKE, HOMEIIEHHOA B
SIIHK ¢ ABYMS PACHONOKEHHHIMU JIPYT NPOTHB APYra OTBEPCTHAMH.
Uepes »TH OTBEPCTHN HEMPEPHEBHO ABMMKETCH JIeHTa, KOTopas, Mpo-
XOAR HaJ IMAHUPYIOUHM BELECTBOM, AKTUBHUPYETCH W 3aTeM MO Bbl
XOZe M3 AMlHKa JefiCTBYeT Ha TMOKPBITHl CEPHHCTHIM WHHKOM SKPaH
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cBeveHMe KoToporo HaGmiopaercs npw onbite. IIpu cooTsercTByioliem
PAcCTOSHHY OT SKpaHa IO SITHKA H JOCTATOUHON CKOPOCTH ABHIKEHHA
JIeHTH MOXHO HAO/IONATh CBEYEHHE SKPAHA, BbI3bBaeMoe HCHYCKAIO-
WMMK  @-1yYM BElECTBAMH C OYEHb MAaJOH TPOJOJIKHTENBHOCTHIO
skusud. Ileproa Topuss A pasen 0,2 CeKymapl, NMepHOA akTHHHA A pa-
sen (0,002 cekyrabl.

ThC u AcC npespamarores, Kak paguii C, odpasyst ThC’ n ThC”,
AcC’ u AcC”. CaenoBaTesibHO, MEN(Ly BCeMH Tpema GmICTpo pacna-
JAMWOIHMACS AKTHBHLIMH OCAJKAMH CYIIECTBYeT NOJHAs aAHAJNOIHS.

B npuaoxkennsx 15 u 16 npupepeHn HHQPOBbie AaHHBIE, OTHO-
cAllldecss K MPEBPAUIeHHI0 AKTHBHBLIX OCafKOB TOPOHA H AKTRHOHA
NOC/Ie SKCNOZHIHH 1O HACHIIEHHS

To aKTHBHEIM 0CAIKAM MOKHO OTIDEJIETHTh IMAHUPYIOIEE BEIECTRO.
Jlas Kak[AOTO AKTHBHOTO OCAAKA OCOGEHHO XAPAKTEPeH Npeie/bHbil
3aKOH ero pacnajia. IIpu cooTRETCTBYIOMIEH NPOLONKUTEABHOCTH OflbI-
TOB MOKHO ONpPeNe/HTh KaXIblll aKTHBHBII 0CAA0K B OTJENBHOCTH WIH
Me KX HACNOeHHE. IMAHHDYIOUIEe BElIECTBO NOMEIaeTC B TBEPJOM
RAM PACTBOPEHHOM COCTOSHHH B HETYOOKYIO ¥amiky. 3Ta uamka aa-
KPHIBAETCS, KAK KPBIKON, AKTHBHPYeMON METAJTHUECKON IacTHH-
KOIf T4K, YTOObI He TIPOHSOLLIO CONPHKOCHOBEHUS NIACTHHKH C IMaHK-
pywoum BemectBom. TI1aCTHHKY Ha HEKOTOpOE BPEMS OCTABJSIIOT Ha
yauiKe, & 3aTeM B TeYeHHE HECKONbKUX JHeH HCCNeAYIOT ee HINyyeHHe.

AKTHBHEIM OCAIKOM TOPOHA TOJB3YIOTCA ANSi KOJNHYECTBEHHOTO
onpefiesieHHs DaJHOTOPHS B CoefHeHHsAX Topua. Ompesenenne npo-
H3BOAAT B TeX TPOAYKTAX, B KOTOPHIX TopHi X HAXOAMTCH B PaBHO-
BECHH C paanoTopHeM. [inst 5TOr0 pacTBOPEI, COAEPKaNLe OfHHAKOBbIE
KOMHUECTBA MCC/ICAYEMBIX BELIECTB, HAJHBAIOT B COCYAB OAHHAKOBON
(opMBI, TIpHYUEM OAHH H3 3THX PACTBOPOB CYIKUT STAJOHOM.

§ 55. XuMHueCKHE K 9MeKTPOXUMHHECKHe CBOHCTBA AKTHBHBIX
ocankos. Bosrosika. Paanenenme

AKTHBHBIE OCA/IKH — TBEPble BEIIECTBA, HAXOASAIIHECH B HHUTOKHO
MaJBIX KOMHYECTBAX HA AKTHBHPOBAHHEIX TeaaX. [loTepes aKTHBHPO-
BAHHYIO IOBEPXHOCTH GYMaroii, MOXHO CHATE YaCTb aKTHBHOTO OCajlKka,
60/1€€ CHAIBHBIM TPEHHEM MOXHO YAAJHTb €ro MOJHOCTBIO.

AxTuBHBI OCAOK MONKHO TAKKe OTAEAHTh OT AKTHBHPOBAHHOTO
BeIleCTBa PACTBOpEHHeM B pasbaBleHHLIX KuciotaX. Tak, ecnH mia-
THHOBYIO HH 30J0TYK aKTHBHPOBAHHYIO NACTHHKY 06paGoTaTh pas-
GaBJIeHHON a30THOM MJIH CONSIHON KHCJIOTOH NPH HAaTPEBAHHH, TO aK-
THBHE OCAZIOK MEPEXOAHT B PacTBop.

Bemecrsa A, B n C Ka)/I0ro aKTHBHOTO OCAfKa MMEIOT OMpejieieH-
Hble XHMUYecKHe cBoficTBa. HIX MOXHO OMsITh OCAJNTh M3 HX DAcTBOpa
Pa3NUUHLIME PEAKTHBAMH B NMPHCYTCTBHH YBJACKAIOWHX HX BeIIecTs.
OnuiTel ocayeRHs M APOGHOH KPHCTAMIH3AIHH JAI0T BO3MOMHOCTH
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cyauTE 06 HX XuMuueckux ceofictsax (§ 118). Taxk, AokasaHo, 4To BCe
TpH BewleCTBa B — H30TOnkI CBUHIA, & BCe TPH BewecTBa C — H3OTONL!
BucmyTa. Pajsii A — n30TOR MONOHMS, MpeANONarajT, uro Topui A
W aKTHHRE A Takxe ABNTIOTCA H30TONAMH NONOHHS. B MeteHHO npe-
BpAILAIOMEMCsT AKTHBHOM ocajlke pajfioHa pannii D — nsoton cBHHIA,
a pamnit E — wuaoTor BucMyTa, TOrAa Kak MNoOJiOHMA mpenctasnser
co60it HOBHIfI XMMHYECKHH THII (aTOMHOE NOPSAKOBOE YMCAO 84).

BeutecTra, cocTaBAfIOUIME AKTHBHEIE OCALKK, MOTYT H3BJEKAThCS
B3 WX PACTBOPOB 3MEKTPONH3OM HIH OCAXKICHHEM Ha TIOTDYHEHHbie
B pacTBOp IJIACTHHKH M3 COOTBETCTBYyMOMero MeTanna (Jlepx). Ilpn
STOM TIONYYAlOTCS Pe3YJABbTaTH, KOTOPhie MOKHO GBLIO MPEABHAETL MO
HX XHMHUECKHM CBONCTBAM.

AxTHBHBIT 0CaloK, COOpaHHBIfl HA METAJHYECKOH NPOBONOKE, IPH
HATPeBAHHH MOXKET YNeTyuyHBaTbcs. ECHH B HENOCpeACTBeHHO Giu-
30CTH OT HATPEBAEMOTO AKTHBUPOBAHHOTO TpeAMETa HAXOZHTCS XOJOL-
Has TOBEPXHOCTH, TO BORTOHHEMOE BEUIECTBO OCAKAAeTCs Ha Heli.

Koria najx akTHBHBIM OCAJKOM NMPOH3BOAAT XHMHEUECKHE HJH ek~
TPOXHMHYECKHE ONePAlNK MM NOJBEPTAIOT €ro BOIrOHKe, To OOBUHO
NPOMCXORHT YaCTHHOE PasfiefleHne COCTAB/SIOMHX AKTHBHbIC OCAAKH
Beulects. Tak, MOFPYskas B COMTHOKHCIBIA PAaCTBOP OBHOTO H3 AKTHB-
HBiX 0CajIKOB HHKENEBYIO MTACTHHKY, MOMYUaloT Ha Hell 0CajfoK setile-
cTBa C Gea BellecTsa B, B ueM MOKHO yOeAHTBCS, HAGMIOAAS pacTliaj
oToxuBIerocs enlecTsa. TOUHO TAK XKe B PAacTBOPe MEANEHHO mpe-
BPALAJOWIETOCS AKTHBHOTO ocagka pauit F (nosokni) ocampaercss Ha
cepebpe, Toria kak paguii D n pagui E octajores B pactsope.

§ 56. BosHuKHOBeHMe AKTHBHOTO ocajka. SlmieHue oTgaud

CoraachHo TEOpHH PaJHOAKTHBHbIX NpeBpAllieHHA atom pajusi A,
NepBOro WieHa aKTHBHOTO OC3fKa PajoHa, MpeACTamsieT cofoll octa-
TOK_aToMa pajioHa, NOCAe TOTo KaK M3 9TOTO NOCHEHEro BHIOPOUIEHO
AAPO ATOMA Te/IUs B BUAE G-YaCTHIBL, B CHNTY 3aKOHA COXPAHEHUS! KOAH-
YeCTBa JIBINKEHMS, 3TOT 0CTATOK HCHbITEBaeT oTAavy. Iloayvaemasn um
HAYaNbHAST CKOPOCTh HAXOAMTCS K HAUANBLHONA CKOPOCTH @-Jy4a B OT-
HOWIEHHH, OOPATHOM OTHOIIEHHIO HX Macc, T. €. PaBHA BPHONH3HTESb-
Ho 2% ckopocrn a-nyua. CiefoBaTeNbHO, OCTATOK STOT oOpasyeT
JeTAILYI0 YACTHLY ; (W14 OTAauW»), KOTOpas B pPasPeMEHHOM rase
MOKeT [IpofeKaTh 3HAYHTeIbHOE PACCTOSIHUE, B BO3AYXe Ke HOpMasb-
HOMH_ NJIOTHOCTH HMEeT JIHUIb OYeHb OTPaMHYeHHbIH Npoder, Nopsika
0,1 ma. TToTepsB CBOK CKOPOCTE, 3apsizKeHHbIE TOJOKHTEbEO YACTHIIb
RaA ocTaioTest B3BelIeHHBIMA B BO3AYXE B BH/IE MIONOKHTENbHEIX HOHOB.
OHH MOTYT BOCCOGRARHHTBCS C CONEPHKAIMMHCS B Ia3¢ OTPHUATENDHBIMH
HOHAMH MJIH e ObITh YBJIEYEHHLIMH K KATOAY SASKTPHUECKUM MOMeM.

Arom papus B ofpasyeTcst u3 aToMa pafius A Takxe ¢ Hemycka-
HHeM e-1yua ¥ PajHoaKTHBHON oTAayel ocTaTKa. CBeXKeaKTHBHPOBAH-
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Hasl PALOHOM MeTajHuecKasi IIACTHHKA P BHOpachiBaeT aTOMH! pa-
zns B sce Bpems, noka mpofonkaercs pacnaj pagus A. B akyyme
BbidpachiBaeMele aTOMBl paaus B moryT AocTurarb naactunku Q, no-
MellleHHOfl NPOTHB MMIacTHHKH_P. EcJii, e oNbiT, NpousBoaKTCS B BO3-
JyXe 'HOPMAJIBHOH IMIOTHOCTH, TO, BHIOPachIBaeMble aFoMbl YAEPIKH-
BAWTCA B HENOCPEACTBEHRON GNH30CTH,OT, MACTHHKY P, 06pasys no-
JOMHTEJbHbIE HOHEI, KOTOPHIE TAKNE MOTYT

OpITb COGpAHEl Ha IUIACTHHKE Q NPH NOMOIIH 0

SNEKTPHUECKOrO TIO/fl, HANPABJEGHHORO OT 1

P x Q (puc. 81). CnegoparesnHO, OHHM U3
STHX JBYX CNOCOGOB MOMKHO NOMYYHTL Ha
naacTHHKe Q yucThli paauii B, xotopeiit satem
nocreneqno npespawaercs B pamuii C. IMox-
BHMCHOCTh HMOHOB pafinsi B, onmpepesnenas
no Merony nepemesHoro mnois {(§ 7) [k = 1,3 cmjcex ® BO3AYXe H
5,6 cmfcex B Bojopofe (Tosie B BOJABTAX HA CAHTHMETP)|, COBEPLIEHHO
OJINHAKOBA ¢ TONBHIKHOCTBIO MOMOKHTEABHEIX TA30BbIX HOHOB.

Teopusi pagHoakTHBHOMN OTAAYH Aa/a BOIMOKHOCTD OTKPHTE HOBbIE
PajIOAKTUBHbE SJEMEHTH € Majof NPOXOJIKHTENBHOCTBIO KH3HH,
KOTOpble YAa/M0Ch H3OJHPOBATh Gaarojaps BLIGPACHIBAHHIO HX aTOMOB
npu a-Npespaitenun semiects C (Tan w Meditrep). Tak GbUTH OTKPHITH
paauix C', Topmit C'’, akTuuuii C'/, OGbIMHO CONMPOBOMAIOWNE CBOH
matepuHcKhe Bellectsa C. Bemecrsam C'’ npumucusaor f- 0 p-usay-
HeHHe,

SIRneHue OTZAUM CYIIECTBYET TaKKe NPH MCHYCKanuH f-nyuell, HO
KOJTHYECTBO ABHKEHHS H SHEPTHS aTOMOB OTAATH 3/eCh MHOTO MeHbIIe,
ueM B Cyyae a-oTAaun. [TosToMy siBAeHHe B-OTHaul 3HAYKTEABHO TPYA-
Hee [OALAETCA HAOMIOAEHHIO,

AHanus KXpUBHIX TDEBDAINEHHS AKTHBHOLO OCAJKA AAET BOIMOM-
HOCTb ONDE/IeIHTh OTHOCHTe/bHBIE KOJHYECTBA aTOMOB BeniecTe A, B
# C, 0ceBIIMX Ha TBepAYIO HosepxHOCTH (§ 63). Ecau pajon HaxoauTea
MeHY ABYMA GIH3KO PACHONOMEHHLIMH TACTHHAMH, MEXAY KOTO-
PBIMH YCTaHOBJEHO SJNEKTPHYECKoe NOMe, TOo pajuit A mo mepe ero
00pa30BaHUs USBEKAETCS M3 1432 M OfMH OCaMKJaeTcs Ha KaTtoge, Tak
kak RaB 1 RaC npn sTuX ycnoBHAX He MOryT HAKOMIATECA B rase.
Torfia Ha KaTOfe HaXOAAT TObKO Te Kosuuecta RaB u RaC, xoTophie
o0pasyloTcsi K3 ocesliero Ha Hem RaA. Ecau, manpoTus, paccrosnne
My INACTHHAMH BEAHKO, a foJie cnalo HIW PaBHO HYAW, TO NON0-
JKHTEABHBIE HOHBI Papust A BOCCORAMHAIOTCA, He NOCTHTHYB KaToxa,
H HX pPalHOAKTHBHOS TpEBPAINEHHE YACTHYHO HPOHCXOAUT B Tase,
Torza ras copepxkut RaB u RaC B BHfe HOHOB, YacTh KOTOPHIX OCaX-
JIaeTCst Ha KaTofie. DKCIEPHMENTANbHEIE KPHBbIE OGbIYHO MPHOAHIKEHHO
COOTBETCTBYIOT YCJIOBHAM, B KOTOPHIX OCAXMIANCS ONMH JHib RaA,
HO HCC/IEIOBAH TaKiKe CNIydail, KOTAA HA aKTHBHpYeMble Te/a OCaMJaeT-
cq u3 rasa ke Tonbko RaA, no takxke RaB u RaC. HeGonnwas gactp
AKTHBHOTO OCAiKa OOBIYHO COOHpAETCs Ha aHOLe. DTO YKaswiBaeT Ha

]
Phe. 81
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TO, 4TO Ta3 COMEPIKHT OTPHUATEJbHbIE HOHb Pafius A, CllefoBaTebHO,
MONOKUTENBHB HOH RaA MOXKeT Tocie HEHTPANTHSAUMH TYTEM
BOCCOS/\WHEHHS ¢ OTPHUATENBHEIM MOHOM 32XBATHTH elle OJMH OTpH-
HATeNbHE HOH WJIH 31eKTPOH. D70 NPOHCXOAMT TeM danle, Yem
CHAbHE® HOHH3ALMS.

Ecan KoHUeHTpallMst HOHOB BeJHKa, To AeHCTBYIOMAsN HA HUX CHAA
noNA, Nepeflaasich rasy, NPOHIBOHT SBJEHHE «3/eKTPHUECKOTO BeTPay,
KOTOpBIl H3MEHsET PacTpe/ieNieHHe aKTHBHOTO OCAAKA.

TIpH HM3KOM NaBNICHWH aKTHBALMS NPOMSBOANTCA NYYAMH OTAadH,
1 Ra aKTHBMpYeMON NOBEPXHOCTH OCAXIACTCS OMMH pammii A, eciu
TOMBKO JIYGH OTAAYH, HUAYIIHEe H3 N0GOfl YaCTH pa3perkeHHOro rasa,
MOTYT NOCTHIATb 3TON [OBEPXHOCTH.

AHanornyHpe COOBPANKEHHS NPHNOKHMBL H K AKTHBHBIM OCAAKaM
TopoHa H aKTHHOHA (0 JNydaX otiaun cM. § 76 u 87).
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§ 57. MoxasaTeabHblil 3aKOH NPEBPALICHHS YMPOCTOro BellecTBa.
Bugn npespaienuit

OcHoBHOl 32KOH IIPeBpalleHHs NPOCTOTO BEIleCTBA COCTOMT B TOM,
UYTO KOJMKYECTBO NIpeBpallalomerccs B eIHHHILY BpeMeHH BellecTBa Mpo-
TNOPLHOHAJABKO BCEMY ero HaNUYHOMY KOJHYECTBY. 310 — OTJIHUHTENb-
HHIl NMPH3HAK HeOOPATUMOll MOHOMOAEGKYAAPHON PeaKuHH.

ITycth N GyzeT YHCAO aTOMOB NPOCTOrO palHOAKTHBHOTO BElIECTBA
B MOMeHT BpeMehn f, a N, — aHauenne N npu ¢ = 0. Torna moxHO
HamnHcartb:

a
dt

rae A — XapakTepHblil 178 JAHHOTO BeUECTBA KOS(XHINEHT, HasbiBae-
Ml paduoaxmusHot nocmoaKKol (& TAKKE NOCIMOSNNOLL npespaenus
HIH nocmoansol pacnada). DTa NOCTOAHHAS PABHa YFIOBOMY Koddu-
DHeATy MpsiMol, H3oOpaxaiolledl yMeHblieHHe In A co BpemeHeM.
Ecni moab3yioTCs JeCATHUHBLIMM JOTapH(MaMu, To A BEIBORUTCS HS
YDPaBHeHHS:

=— N, N=Nee¥, InN=lnN—i,

IgN=IgN,—aitlge, rme lge=0,4343.

DT10T 3aKOH 03Ha4aeT, YTO PAJHOAKTHBHLIE TMpPeBpALIEHHA Caefyer
paccMaTpeBaTh Kak c.rlyqaﬁﬂoc'rb, TNIOC/IIOBATEMbRO NIOCTHIAIOWLY 10
YacTh aTOMOB, TOTAA KaK Apyrue aToMbl DpPH STOM OCTAlOTCSl HEH3MEH-
HeiMB. KosHIMeHT A HaMepsieT 6epoamHOCmb Npespaiyesus atoMa,
OTHECEHHYIO K €/\NHNLE BPEMEeHH, HeKOTOpble AaTOMEl JAHHOI'O BELECTBa
HMelT JIWWb OYeHb KpaTKoe CYLIeCTBOBAHME, TOrda Kak ApyrHe ero
AaTOMbl CYIIECTBYIOT 3HAUHTENbHO AOABIIE. MOKHO BLIMHCJUTD HX cpea-
wioto npodoaxcumenstocmo scusu 8. Ecan dN — uneno aromos, pac-
TNABIIMXCS 332 TPOMEXYTOK BPEMEHH MeXAY MoMmewTaMmH ¢ u ¢ -+ df,
TO 3TH aTOMbl CYLIECTBOBA/H B TIPOAOANEHHE BPEMEHH ¢, C:'le}.lOBa'

12 M. Kiop
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TeAbHO, ANS CPeAHell NPONOJKHTENBHOCTH KUSHH Ny ATOMOB HMEIOT:

=00 t=c0

——Jthf—j QAN dt AJtle*"’dt

=0

6=

Cpefiasisi BPOJONKUTEBHOCTD XKU3HH XapaKTepuayer AaHHBIA pa-
ﬂHOaKTHBHblﬁ BNEeMeHT TaK 2Ke, KakK ero nocTosiHHas pacraja.

Hepuo}l T, HAu Bpemd moJypacrnaja paaucaxTHBHOTO 3JEMeHTa,
CBSI3aH ¢ A H 6 COOTHOIIEHUAMH:

AT =1In2=0,693, T=60In2.

VisBecTso 1BA BHAA PajHOAKTHBHBIX NpEeBpAUICHHI: NOCPEACTBOM
HCMYCKAHNA a-Myueit B NOCPeACTBOM HCHyCkaHus f-nydeil. B nepsom
calyyae nepBHYHOEe ATOMHOE SAPO MPEBPAUNAeTCs, BHOPACHBAS a-1aCTH-
1y, T. €. ABHKYLIeecs ¢ GONBIION CKOPOCTBIO AP Tenust, OCTaToK o6-
pasyeT A/po HOBOrO aTOMa, aTOMHARA Macca KOTOPOrO Ha YeThipe efil-
HHIb MeHblle MACCHI TIEPBHUHOTO aTOMa H 8apsija SIPa MeHbllle Ha
2 epHHHLHL

Bo BropoM ciydae MCRYCKaeTcs SAepHEIN 3JeKTPOH, OOpasylolui
B-uanyvenrie. BosnHKaowmii NpH 3TOM HOBBIH ATOM HMeeT NPaKTH-
YeCKH Ty K€ MACCY, YTO M MEPBHUHEIH ATOM, HO €TO SACPHBIH 3apsij
YBeNMUHBAETCA HA EHHHILY.

OGbI4HO ATOMAM JAHHOTO PAAHOAKTHBHOTO BEILECTBA CBOFCTBEHEH
TONLKO OAMH H3 3THX JABYX BHAOB NpeBpalleHHs, HO Habaionaercs,
OHAKO, TAKIKE HECKONBKO CNIyYaeB TAK HA3bIBAEMBIX CAOMCHOLX TIPEBPa-
WeHHil. B 9THX C/yYaAX aToMbl OAHOTO BIECTBA NPEBPAIAIOTCH, B
OIpe/IeNeHHOM COOTHOLICHHH, OAHK C HCHYCKaHHEM e-Tydeli, Apyrhe
¢ HCTycKanueM S-nyueii. Obllasi NOCTOAHHASA pacmafia B 3THX CAyHasx
paBHa CyMMe JBYX YaCTHbIX NOCTOSHHBIX.

Takum 06pa3oM, H3TYUeHHe TeCHO CBSI3AHO C PA/MOAKTHBHBIM IIpe-
BpaIlCHHEM H MOXKET CAYXHTb NPH3HAKOM ero. Uncno a-yactu, ucny-
CKaeMbIX DaJIHOAKTHBHLIM BEWIECTBOM, DaBHO uUNCAY TIPEBpaIlalo-
muxcest atomoB. Takxke JONKHO GbiTh JUISt NePBHYHBIX B-ayueft. Ox-
HaKo B-M3jyueHHe OOBIYHO CONPOBOMIAETCS y-H3JNYUEHWeM, KOTOpoe
MOKeT Bhi3BaTh 00Pa3s0oBaHHe BTOPHYHBIX S-Nyueit, MPHCOSAHHAIONXCS
B DPONOPNHOHANBLHOMK ONMUeCTBE K TepBhunbiM f-nyuam (§ 81). Bo
BCEX CNIyYafgX HHTEHCHBHOCTL HSAYYEHHA NPOCTOrO PalHOAKTHBHOTO
BeilleCTBA, M3MepEHHas B AaHHOH HOHHU3ALMOHHON KaMepe, MOXeET
GHITH BRIpaXKeHa GopMynoi

I=H/N,

TAe k — Koshuyuenm axmuerocmu, 3aBUCAUIME OT NPHPOAB H3AY-
HeHNS W CTerleHH NOIMOMIEHHS €T0 B KaMepe.
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§ 58. FMpuaoxenuss Teopuu BeposiTHocTeil. PaaHoaKTUBHBIE
dayktyaunsn

TlokasatesbHblil 33KOH PaJHOAKTHBHOIO NpeBpalleHHs, GyLyuH
CTATHCTHYECKHM 3aKOHOM, CTIPABEANHB C TeM Goiibleli TOYHOCTBIO, YeM
Goniblie YHCIO paccMaTpHBaeMbIX aToMOB. TeopHs BeposTHOCTEH npely-
CMaTPHBAeT OTKJOHEHHS HaGJMIOAaeMOro SBMEHHA OT MOXasaTelbHON
QopMyALl, HAsHIBAEMBIE PAOUOGKMUCHBIMU KOACOOHUAMU HIH  ayK-
myayuamy (Ieiipnep).

PaceMOTpUM PaIHOAKTHBHO® BEIUECTBO, NPAKTHYECKH MOCTOSTHHOE
B IPOAGJLAKEHNE BpeMeHH HAGMIOEHHH, H PasAeNuM BpeMs HaOalofeHHH
{ Ha m paBHLIX TPOMEXYTKOB 7, Tak uTo ! = mv. Ecin us ofmero
uucna atoMos N 3a BpeMms ! npeBpaTioch AN! aToMOB, TO YHCIO
aTOMOB, NPEBPATHBIUHXCA 32 BPeMd 7, B CPeAReM OYAET PABHO ¥ =
= AtN. OfHAKO YHCNO ATOMOB, B ACHCTBHTEJBHOCTH NPEBPATHBLUIHXCS
B Kam/bili 43 NPOMEIKYTKOB BPEMeHH 7, OOLITHO PaBHO He », a ¥ + 4,
rae A — abcosomnoe omxaosenue WM aykmyagus. OTKNOHEHHS
MOTYT GbITb KAK NOJOKHTENBHBIMH, TAX M OTPHUATENbHBIMH, H HX
CyMMa paBHa B0,

Jis onpefeneHHsi BeJUYHHBI KONeGAHUIl PACCMATPHBAIOT CYMMY
KBaApaToB AGCOMIOTHEIX OTKIOHEHHH A HAH CYMMy KBaJpATOB OTHOCH-
TeJAbHBIX OTKIOHeHHH & = Af». JlokasaHo, 4To

_ 2 - 2
A2 = T4 v & Ze

m—

ItH_opMyiibl Tem Gonee TOUHbI, YeM GOee BETHKO YHCAO HaGMIO-

Jexuit. 42 1 €® npencTaBASIOT COGON COOTBETCTBEHHO CpeAnee KBajpa-
THYHO® OTK/JOHEHHEe H CpejiHee KBAJPaTHYHOE OTHOCHTENbHOE OTKJIOHe-

1
HHE, ¥ H—- JAIOT COOTBETCTEEHHO Haubo/ee BepOATHbIE 3HAUEHHSA

9THX BeJIHUHH.

BepositHocTb p, oTKAoHeHns A, T. e. uucaa atomoB n =y + 4,
NpeBpallaIAXCsT 3a BpeMs T, AaeTcst GopMyaoit p, = e~ ¥/nl. Kpu-
Baf, NpeiCTaBAFOWAT Py B QYyHKUHE 1 AN n = 5, u3obpakena Ha
puc. 82, Ecau m pennxo, 10

Pn=
" Yoy
(3akoH owmGok Faycca).

310 MONKHO BHIBECTH B GoJtee oBled opMe: myeTe Z= N4 (1 — e7Y)
6YJeT uHCAO ATOMOB, KOTOPOE MOJIKHO NPEBPATUTLCH 3a BpeMs ¢ No
[I0Ka3aTebHOMY 3aKOHY, a Z 44 — UHCAO aToOMOB, JefiCTBHTJIbHO
12
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310 Ke sBACHHE MOXKHO PACCMATPUBATb C ADYrOH TOUKH 3peHHS.
CoraacHO TEOPHH MNPOMEKYTKH BPeMEHM MeMJy IOC/e/oBATENbHbIMH
npeBpallieHHAME He AOJKHB! GbiTh paBHbiMH. IIycTb ne Gyaer uncio
[IPOMEIKYTKOB MEXKIY ROC/IEfOBATEALHBIMH NPEBPAICHHAMH 32 BpeMs
HabmofeHnii X, a n — YNCAO TeX H3 ITUX NPOMEKYTKOB, KOTOphie
NpeBBILIAKT BpeMs {. YCTaHOBNEHO, YTO

gt

n

e by — cpednuil npomescymor: bm = X/, Taxum oGpasom, Mannie
TpOMEXYTKH SIBJIAIOTCA HaubGonee qacThiMu, Gonbline Xe TIPOMEXYTKH
penxH.

HaGaionenne paanoaKTHBHBIX (WIYKTYalHH Aajio BOSMOXHOCTE HpO-
BEpPHTb 3TH TEOpPeTHUECKHE TpeAnonoXKeH s, H.Jlﬁ 3TOr0 MOXKHO NOJb-
30BAaTECH H3MEPEHHEM HOHHU3AUHMOHHOro TOKa HJAN perHchauueH pac-
nafa OTAENBHBIX ATOMOB.

B NepBOM C/ay4ae H3MEpAIOT NpH TIOMOLIH KaK MOXCHO MCHEE HHep-
UHOHHOTO npuéopa HOHHS&L[HOHHNﬁ TOK, ﬂpOHSBOﬂPlelH PafnoaKkTHB-
HBIM BeLIeCTBOM, KOJMHYECTBO KOTOPOro B NPOAOJIKeHHME BPEMEHH Ha-
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Bntofiennft 0CTaeTCsH NPAKTHYECKH NOCTOSIHHBIM. Ecau 6b paguoakmis-
HBIX QIyKTyanuil He ObWIO, TO YHCO YAacTHI, HCIYCKAeMblX STHM Be-
WECTBOM, @ CJIEflOBATENbHO, UHCIO HOHOB, OOPa3YIOWMXCA B EAUHHILY
BpeMeHH, 6blA0 OBl TOCTOSHHBIM. B JefiCTBHTENBHOCTH e Mociefo-
BaTeJIbHbE M3MEPEHHR OOHAPYKHBAIOT KOAeGAaHHs CHABl TOKA. JTH
KomeGanHst JIErKo NOAAloTCst HaGMIOLEHNIO, €CH HOHHSAIUNA NPOH3BO-
autes a-nydami, Ecnim ke HOHH3aUHsA NPOWSBOAHTCA B- H y-Ay¥aMi,
TO OHH MEHee YYBCTBHTEJIbHbI, TAK KaK B 3TOM Cy4ae YHCAO HOHOB &,
MPHXOASNIeECS] Ha OAMH PACTABIUMACA ATOM, MHOTO MeHbIle, H OAHA
M Ta e CHNA TOKA { COOTBETCTBYeT MHOTO GOJBUIEMY YHCIY aTOMOB
Z[t, pacniaBiwMXCsl B eNHHALY BpeMeHH. [To5TOMY OTHOCHTENbHOE OT-
KNOHeHMe TOKa #, OYAy4H COIACHO TEOPHH NPOTIOPUHOHANBHBLIM
1/VZ, & 3ToM ciiyuae MHOTO MeHBIE, TAK)Ke MeHbILe i AGCOMIOTHOE
OTKJIOHEHHE NP paBHOil cuae Toka {, npomopuuosanbhoe 1/)Z
wmn V.

Tpusefiem caeayompl npuMep: TOK, CO3JaBaeMHH NpenapaToM NONCHHS, No-
MEWEeHHOTO B HOHH3ALUMOHRY IO KaMEpY, B KOTOPOH ¢-JIyYH NOJHOCTBIO BOTAOLIAIOTCS ,
umeer cuay I = 0,1 sa.-CTaT. eA., COOTBeICTBYIOMYK kemyckanueo 1380 wacriu
B cexyHiy. Ecqu isMepenne HOHH3auMKE Npokssopunock B revende 30 cex., To
UHCAO G-YACTHL, KCMYCKAEMBIX 33 9TO BpeMsT, paBHo 41 400, a HauGoee BepOATHOE
OTK/IOHEHHE PAaBHO €T0 KBaJDATHOMY KOPHIO, T. e. 204, 4TO COOTBETCTBYET Koje-
Gannio Toka Ha 5§04 am.-cTaT. €L, T. €. Ba 0,5% H3MepsiEMO BeNHUHHE.

PapuoakTnpubie (GMyKTyaln CHJAB TOKa, HAOMIOAAEMbIE SKCIIEPH-
MEHTANbHO C MpPUMEHEHHeM OOBIUHBIX METONOB H3MepeHHH HAH TpH
TIOMOIIIH PErHCTPHPYIOWHX NPHGOPOB, COMACYIOTCA ¢ TeOPETHUECKHMH
npeanonoxennamu (Koabpayw, [eiirep, Bopman u T. 1.). 2TH 3Kcne-
PHMEHTH OAHAKO TPYAHO MHTepmperspoBaTh. HanGomee npsamod cro-
CO0 COCTOMT B HAGMIOEHHN CUMHTH/NIANME, NPOU3BOAHMBIX a-yYaMH.
Kaxpasi CUMHTHAAALMA COOTBETCTBYeT pacHajy OfHOro aroma. Pac-
npefesieHre YHCIA CUMHTHIMALMA [0 TOCAELOBATE/NbHEIM MPOMEXYT-
KaM BpeMeHH H300paKaeTcsi KPHBBIMH THIA KpHBOH Ha puc. 82 (Pe-
sepopa u Fefirep).

bBaarogapst BHpaGoTaHHEIM JUIs NOACYeTa a-nyueii meTofam (§ 72)
0Ka3aJloCh BO3MOMKHBIM NPHIIOMHTb K HaOMOAEHHIO PaJHOAKTHBHBIX
duykTyaumit cnoco6, cocTosuii B PerHCTPAllMM Dachaja Kamaoro
aToMa. B 3ToM cayuae nonywaior rpadik, Ha KOTOPOM Kaxpaoe HCycKa-
HH€ @-YaCTHIB! OTMEYAETCS Pe3KHM H3rHOOM BIOJb 1O OCH BPEMEHH.
Paccrosinne MeXAY JBYMS MOCAEIOBATeNbHBIMU M3THOAMH COOTEET-
CTBYeT MHTEPBANY 3MUCCHH, T. €. MPOMEXKYTKY MeXAY ABYMS IOCHe-
JloBaTeNbHLIMK PacnajaMu aToMoB (BKAafHo! ucT X1, B KORNE KHUTH,
puc. 1 H 2). V3MepHB AOCTATOYHOE KOJHYECTBO TAKHX DPOMEKYTKOB
H KIacCH(UHHPOBAB HX IO AJIHHE, MOMHO TMPOBePHTb GopMyRy pac-
npefesients, PaGoTa, BENONHEHHAS HAJL JIECATBIO THICAYAMH HHTEp-
BaJIOB HCNYCKAHHS 0-YaCTHL NOMOHHS, flaNa OYeHb YAOBAETBOPUTE/b-
Hoe TIOATBepIkaeHue Teopuu (Mapus Kiopu),
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13 u3noeHHOro BUIHO, YTO GUIYKTyauMy PajgHoakTHBHOCTH Orpa-
HHYMBAIOT TOWHOCTb M3MEPeHHH HOHH3AMHOHHOTO TOKa. BhiTekaiomyw
OTCIONA HETOYHOCTb YMEHBILAIOT, YBEMHYHBAS YHCIO Hamepennii').

§ 59. Heu3MEHHOCTb PAAHOAKTHBHBLIX MOCTOSHHBIX.
THROTE3H O MPOHCXOMAEHHH PaAKOAKTHBHOCTH

HauGonee nopasutebHOl 0COBEHHOCTBIO PAOAKTHBHBIX NOCTOAH-
HbIX AIBAETCS HX HE3ABHCHMOCTb OT BHELIHHX yemosuit. o nacTosmero
BpPEMEHH He OOHAPYIKEHO AOCTOBEPHO CYUaeB, B KOTOPbIX MOCTOSHHbIE
pacnaza noABepranuch Obi BAHAHHIO 5THX yeaosui. Mostomy mocTosH-
Hele pacnaja, kak 310 ykasan Ileep Kwopu, smasiores atanomamu
BpEeMeHH

Ipu ucenenoBannsX, NPOH3BOAMBLIAXCA C LEABIO OGHAPYKERHS
BHEIHHX (JAKTOPOB, MOTYWHX BAHATH Ha DafHOAKTHBMLIA pacmaj,
OOLIYHO H3MEPFHN0CH H3NYUeHIE.

B oanuX OnbITaxX HCCAGAOBANH, HE HAMEHSIETCA JIH MPAKTHUECKH TO-
CTORHHOE H3JyYeHHe NOJ RefiCTBHeM DasAUUHLIX (haKTOPOB, B APYIHX
ONBITAX MO HAMYYEHHIO HCCMeJOBANH PacAal PAAHOAKTHBHOTO BElIECTBA
B PasHbIX YCIOBHSX.

Vike nagiue ONBITHI, NPOH3BOAHBIUINECH ¢ TOYHOCTBIO 0 1%, mo-
Ka3as T, YTO Kany4eHHe YPaHa W Pajusi He H3MEHAETCS NPH H3MEHEHHW
OCBelllenhsi WJIH TeMNepaTypbl N YTO pacna/l pajioHa He 3aBUCHT HM OT
€r0 KOHNEHTPALHH, HH OT BEIIECTBA COCYJIA, B KOTOPOM OH CONEPIKHTCH,
HH OT TemMepaTyps! B Mpefenax ot 450 g0 — 180° (A. Bekxepens,
IMeep Kiopn, 3. Pesepdopa).

HekoTopbie 13 no3AHEHIINX, BeCbMa MHOTOYHCICHHBIX OTILITOB GbLIH
BBINOJIHEHE! IPU TIOMOWIM TOYHBIX METOJOB, JAMOUINX BOSMOMHOCTH OG-
HapYHUTh OYeHb HEGOAbUIOS H3MeHeHHWe NOCTOAHHBIX. OOBMHO Npu-
MeHSNH MeTOA CPABHEHHH H3MYYeHHs ABYX O00pA3lOB PalHOaKTHB-
HOTO BeleCTBA, OAWH H3 KOTOPBIX MOABEPTANCS HCCAeNyeMOMY BO3 leil-
cTBHi0. Mamepenns N0 PasHOCTH HanydeHids AByX o0pasuoe (METOR
KOMNeHCAUHH) AOCTHTAOT OCOGERHO BHICOKON TOUHOCTH, KOTAA MOAL-
3YIOTCAl CHAIBHO MpOHHKAIOWMM p-uanyuennedM. Takum cnocoGoM Gbno
Hafileno, uTO amnyaa ¢ pajueM (paguil B PABHOBECHH C PAOHOM M Be-
mecteamu A, B, C) AaeT oMHaKOBOe H3TYUCHHE NPH OOLIYHON TemIe-
paType NP TeMnepaType KUAKOro Bofopofa (¢ TounocTso Jo 0,0002)
(Mapus Koopn 1 Kammepannr-Onnec).

Hanyuenue pagisi He H3MeMsieTCst TAKXKe B CHABHOM MATHHTHOM
none (I1. Beiic).

) [IpH SKCMepUMEHTANbHON HSyweun (MYKTyaUHii CreAyer oTTHYATh Me-
TORM, TOBBOJIAIONIHE H3MCPATL BCE HCIYCKAEMBIE IAHHbIM IICTOMHHKOM JIyuH, OT
METOL0B, TIPK KOTOPHIX H3MEPACTCR TOABKO YacTh Jyuel B Npeaenax HeSonpumoro
TeNeCHOrO yraa. B Nepeom Cayuae (MyRTYauMH PacRpOCTPAHAIOTER TOAbKO Ha
HCmyCKaNWE Nyuedl RO BPEMEUH. BO BTOpOM ciyHa¢ ONIi PACMPOCTPAIIOTCA TAIKE
13 PACMpefeacHHC UX B TPOCTPAHCTRE.




[image: image181.png]§60]1 NPOBJIEMA ABYX BEUWECTB 183

Hexotopbte onbiTh 6bU1H cAenanbl VIS TPOBEPKH OTIPEAENEHHBIX TH-
notes O MPOHCXOXK/EHHH PALHOAKTHBHOCTH. IIpHUHRy pacnaja atoma
MOXKHO HCKATh HAM B_€r0 BHYTpeHHell CTPYKTYpe HJAH BO BIHSHWH
BHeHHX (akTopoB. [lpeanonarain OOBIYHO, YTO TAKHM BHEIIHHM
(AKTOPOM MOXET GbITh yAbTPANpPOHHKAIOLICE H3AYUSHHE, HCTOUHHK KO-
TOPOrO HCKAJINW B MHPOBOM NPOCTpaHCTBe Man suyTpn semmn (Tbep
Kropu, Mapusa Kwopy, K. Ileppen).

Jnst paspyluenus aTOMOB PafHOAKTHBHBIX 3/1EMEHTOB ApoGOBafH
TIPHMEHATb @-, f- W y-W3JAYYeHWE CAMUX K€ PajJHOAKTHBHRIX SJfe-
nMenToB'). C Apyrofi cTOpoHBI, NpoGoBanH KCMEPHMEHTANbLHO OGHA-
PYMHTh THMOTETHUeCKOE JieficTBHE BO30YKIAAIOWMNX ATOMHBII pacnaj
Jyyedt.

Ha onbiToB 00syueHHs yKameM CledyloulHe: Paciaj KOHUEHTPUPo-
BaHHOro panoka (maBaense Rn 0,5 atmocdeprr), coaepixapiieroca B
MaNeHbKOM IIapHke, oGbeM KOTOPOro pAaBHANCSA NPHOIH3HTEILHO
0,2 mm®, cpaBEHBaNCA ¢ pacnazom B 20 pas MeHee KOHIEHTPHPOBaH-
HOTO PajioHa, COfepIKaBLUerocs B yANHHEHHON amuyne. llenbio oneita
OhLIO BHIACHHTD, Kakoe JEHCTBHE OKA3LIBAIOT HA KOHLEHTPHPOBAHHBI
PajJiOH JyUH, HCMyCKaeMble HM CAMHM H €ro RPOH3BOJHBIMH. 3aKOH
pacnafia B ofOMX cayuasix okasaacs ¢ ToYRoCThIO Zo 0,0005 onunako-
Boiv (Mapus Kiopu). HenbiTeiBamu ele AeficTBre NPOHHKAIOIMX Jyvelt
paaust Ha pacnaj monorus (Mapus Kiopu) n ypana X (Fepeunt), a
TaKxKe JefiCTBHe q-nyuell NOJOHHS HA paBHOBeCHe MeXy pafuem D,
panwnem E u paswenm F (Mapus Kiopu). Hukakoro sdekra ¢ TOWHOCTbI0
10 0,001 o6Hapyskeno He GELIO.

Jnst o6HapyxeHus: BosGyxKAalouero AefcTBAS Jyuel, HAYWHX OT
CONHIA, CPABHHBAIM AKTHBHOCTb ypaHa B MOJEHb W B NoJHoUb, [Tpex-
nonarasi, Yro BO3CYXKAAlOLHE AYUH, NPOXOAS CKBO3b 3€MIIO, MOTYT
Ot ocnadnensl (Meep n Mapua Kiop), aKTHBHOCTb ypaHa H3Meps-
N TaKXKe B MWaxTe Ha rayGuee 750 m (daectep u lefitens). Bom
TOYHO CPaBHeH pacmaj ABYX o6pasios ypaHa X, OAHH H3 KOTOPBIX
Haxofuacs Ha Bbicote 500 &, a Apyroii ha BeicoTe 3500 & Haj ypoBHEM
wmopa (ITukap u Crasnp). Hukakoll pasHuuel Bo BCEX 3THX Clyyasx
He Hab/10AaI0Ch?).

§ 60. MpoSaema ABYX BewecTe

Sta npoGnemMa COCTOAT B BHIUHCAEHHH KOAHYECTBA DAIHOAKTHBHOTO
aNeMenTa, 0GPA3YIOLIErocs H3 MATEPHHCKOTO 3/€MeHTa B YCAOBHAX ca-
MOTIPOH3BO/ILHOTO pacaja oGoKX 5THX BewecTs. [Tycth N, Gyaer uncno
ATOMOB MATEPHHCKOTO BellecTBa, Ng — HBCNO aTOMOB NPOM3BOAHOTO

%) TIpu TOMOUH a-¥acTHL SOABIION CKOPOCTI YARNOCh NOBHTHCA MpeBpAlCH s
aTOMOB HEKOTODHIX Aerkux smementos (. XX

%) HekoTopHe aBTOPEL YKa3hlBan Ha AHOMATHH B TOBEJCHHH PaNHOAKTHBHHIX
BeIecTB, NPRNUCHIBACMBIE [IMK BIHANHIO CONNSUIEIX Jyuel. DTH GakTH HYKA2WOTCA
B Gonee FYGOKON HOCICIOBAHHI,
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BelIeCTBA, Ay W A, — COOTBETCTBYIOUIME NOCTOSHHBIE pacmaja. His
NEPBOrO BEMIECTBA MMeeM

dN,
a

rae N,,o — YHCNO aTOMOB B MOMeHT BpeMenu ! == 0,

Ecnn M3 KaXaoro pacmaBuierocsi atoma BeuiecTBa [ oGpasyerca
OIHH aToM BEleCTBa 2, TO YHCAO OGPA3YIOMMXCA B e/INHHIY BPEMERH
aToMOB 3TOro mocseaHero Gyaer A;N,, a 4HC/IO pacnmafaloLIMXCH 3a
TO Xe BpeMA aToMoB GyneT AgV,. OTcioga cKOPOCTh HAKOIMIERHS

=—4Ny, Ny=Nyehe, O]

dN
S = g o))
3[0 — YPpaBHeHHE XOPOLUO M3BECTHOro THNA, HHTETpan KoTOporo

AaeTcs BbIpaXKeHHeM
Nam Noge=r 4 22810 (oma_ ot
g Aa—7hy

MPH yCioBHH, yTo Jis £ = 0 Ny = N, .
OTCIO,Lla BHAHO, UTO Ng COCTOUT U3 ABYX Y/A€ROB!

1 = Jalae (e—4 —e—%) u Nyg= Ngee~%'. 3)
T—h

Ynen Ng_g TpeACTABNASeT TO, YTO OCTAROCh K MOMEHTY BPEeMEHHUTOT
HauyaNbHOTO KONMKHYECTBA BellecTBa 2.

N,,1 IpeICTaBNseT KONHYECTBO BelecTsa 2, ofpasoBaBlleecs K Mo-
MEHTY BpeMEHH t us TIEPBOTO BELIECTBA.

Nz’z YMEeHbLIAETCSI MO NPOCTOMY MOKA3aTEJbHOMY 3aKOHY, TOrZa
Kak N, nsMersieTcs no Gojee CJOKHOMY 3aKOHY. DTOT WiIeH, paBHHit
BHauane HYJI0, NPOXOAHT Yepe3 MAaKCHMyM B MOMEHT BpeMeHH T,
onpefleAsIOWANCA H3 YpaBHEHHS

e J2
1]

& 3aTeM YMEHBUIAETCHA IO 3aKOHY, KOTOpbli’l B Npelene CTpeMUTCA K
TOMY H3 JBYX NOKasaTeJbHLIX 3aKOHOB, KOTOPHﬁ COOTBETCTBYET RaH-
MeHbllefi H3 ABYX MOCTOSAHHBLIX A, U Ay,

Cneayer pasinyars JBa CIydas:

I) 4y > 4,5, B npegesie OCTAeTCS TONBKO BEINECTBO 2, TAK KaK Be-
mecTBo [ HCuesaer.

II) Ay << 45, BemectBa / u 2 CYylIeCTBYIOT BMECTE BIMIOTH JIO TIOJ-
HOTG MX pacnaja H MexAy HHMH YCTaHaBAMBAETCA MOCTOSHHOE Ipe-
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JIEIBHOE OTHOLLIEHHE:

A

moa lim AL = gy

PN

AqlVy
1

Torfia roBOpsAT, 4TO MeXAY MATEPHHCKHM BEUIECTBOM [ M €ro mpo-
U3BOAHBIM 2 YCTAHOBHJOCH N00BUICHOE DaBHOSECHE.
Ecny 4; MOXHO NO CpaBHeHuIo ¢ 4, npereGpeus, 10

. N 4
lim Wli 7:— LN, = AN, -

B sToM cyuae unciia pacnajaloliMxcsi B OAMH M TOT e NPOMEXRY-
TOK BPEMEHH AaTOMOB OGOHX BElIECTB GyAyT OAMHAKOBHI, H pachiaj Be-
mecTra 2 OyfeT TOYHO KOMIGHCHDOBATBCS €ro ofpasopanueM. Torza
TOBOPAT, UTO BellecTa [ H 2 HAXODATCH B PaOUORKMUGNOM PasHOge-
cuu?). Tax xax uncna atoMoB N, 4 Ny B 9T0M cliyyae oSpaTHO IPonop-
UHOHANBHBL TTOCTOAHHLIM NPEBPAMEHHST A; H Ay, TO, CEIOBATEABHO,
OHH_DPONOpUKOHANBHEL TMepHonaM Ty u Ty,

Ecny pemecrso / npaxTayeckn CTaCuaABHO, TO

N,=l‘T]:‘]’(l—e“z'L “

3ameTnM, ut0 KOrAa N, HPOXOAMT uepe3 maxcumyM [dopmyra (2)
dN,

=0], T0 BpeMeHHO cymecTBYyeT cooTHoweuHe NyA; = Ngig.

Irofi GOPMYJI0il MOKHO MOTL3OBATHLCS AJs1 ONPEIENeHNs PABHOBECHS.

Mpuwmepu. Korma RaA, ThA mmu AcA pacnaiuch, T0 Ha
aAKTHBHPOBAHHOM Telle OCTAlOTCS WX MepBhe NMpouspofibe RaB, ThB
Han AcB, Tak KaK B 9TOM Clyyae MATEPHHCKHE BEIeCTBA paclajaioTes
GrICTpee, YeM HX MPOH3BOAHBIE.

Papuii A, neproe npoH3BOAHOE PajJOHa, AOCTHTAET C HHM TMOCTOSIH-
HOrO PABHOBECHS, RPWUUEM OTHOLICHHE UHCEN WX ATOMOB OYeHb GNUIKO
K OTHOMIHHIO HX TIEPHOAOB.

Pagon, neproe Npou3BOAHOE Pajiust, AOCTUrAET C HHM PANHOAKTHB-
HOro pasHoBecHs. TOrAA KONHYECTBA HX aTOMOB, BHPAXKEHHBIE B KIODH
JJist PAZIOHA | B TPAMMax AMS pajfiisl, BPONOPIHOHABHB HX TIePHOARM.

PopMysa HAKOIVIEHUst pafoHa (cM. § 48) q=%4 (1—e—*) onnna-
KoBa ¢ dopmyaoit (4).

!} PajsoakTHBHOS DaBHOBECHE B TOM CMECJE, KaK ero ynotpebaser M. Kiopw,
94ACTO WASHIBACTCA BEKOBIM pamHopeche. (Ped.)
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B cayuae JByx BeIECTB CHJA HOHH3AUMOHKOTO TOKA, MPOM3BOAU-
MOTO HanyueRHeM, faeTcs dopmynofi

I =ty Ay Ny + kg, (5)

rae ky ¥ kg — KOS(XPHUHEHTH AKTHBHOCTH, XapaKTepusyiolde CTe-
Nedb TIOTNOIEHNS H3JyYeHHs BellecTB / 0 2 B IaHHOH HOHUBALHOHNON
ramepe. Orciofa BuAHO, uto /[ — aunefinas (yHxuMs ABYX NOKasa-
TeNbHBIX (YHKLWl, HO OTHOCHTEJBHOE 3HAUEHKE UJNEHOB M, Cle/loBa-
TenbHO, popMa kpusolt / = [ (£) saBHCHT oT ynoTpedasemoro npubopa.

B ToM yacTHOM C1ydae, KOT/AA M3JiyueRye [epBOTO BEleCTBA OYeHb
cna6o, ! NPOTIOPLHOHANBHO TONBKO KOJHYECTBY BTOPOrO BelllecTBa M
€r0 H3MeHeHHe He 3aBHCHT OT YNoTpeGasemoro nputopa.
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Puc. 83. Kpubbie N4y Hapre Hoiae

Kpupass ¥y,, naoGpamaer oSpasosanue RaC u3 RaB, xpueas
i\ — pacnan nauanbHOre Komusectpa RaC. OPRHRATH  Kpi-
DOR N, noAyueHt MyTeM cAOKSHHS OPRMHAT Nua M Nux

Ha puc. 83 nokasano npeBpalleHue BellecTBa 2 B NPHCYTCTBHH
BelllecTBA I, IPH TOM YCJIOBHH, uTo NP ¢ = 0 uucaa pacnafaiomuxcs
B OIHHHLY BPEMeHH aTOMOB OOOMX BEIUECTB ORHHAKOBHL (M,Ny,¢ =
= Ay, o — CAYUAH PAAHOAKTHBHOTO DABHOBECUS MEXLYy ABYMs Be-
mectaamu). Ilepuogst Bewectsa [ n 2 cootserereyior RaB u RaC.
Kpusast N, cXOHA ¢ KPHBOH H3MeHEHHsS HHTEHCUBHOCTH H3NyUYeHHS
AKTHBHOTO OCAAKA PAJIORA NIPH AJHTEIBHON SKCTIO3HUKH (M. puc. T7)1).

1) Bonee ToWHO KpuBas N H306DAXKACT H3MEHEHWE WHTCHCHBHOCTH M3Jyue-
win, ecast IpH £ = 0 paguii B 1 panuit C HAXONRTCS B PABHOBCCHI B OTCYTCTBRH
RaA W ecal NpIl AAaHHOM K3MEPWTENbHOM NpHGOpe nsayueHHeMm pazua B moxHo
Apene6peus. DTH YCAOBAA MOTYT GbITe OCYUIECTRAEHE SKCTEpHMEHTAnbHO. (Ped.}
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§ 61. FlpoGaema Tpex BemecTs. [lpoSiaema n Bewecrs

B cayuae Tpex BellecTB BbrHCNEHHs HYXHO JOTOAHHTb GOPMySaMH,
OTHOCANMMUCA K TIPEBPAlEeHHIO TPeTbero peilectsa. EC/H MpH pac-
Naje oaHOrO aTOMA BellecTBa 2 0GpA3YETCH OAMH aTOM BewlecTsa 3, T0

dNg = 1,N;— ;N3 6)

rie Ny — anneilias QyHKMs ABYX FKCIOHCHUHANBHELX BEAWIHH e~ 4
n e~ Tlonuoe pemenne siaasieTcst anHefiHofl byHuxunes STHX BERHYAH,
A Takwe peauuuMubl ¢~ . Ero MoXHO npeacTaBnTh B dopme

Ny=Ng1+ Nog+ Nog,

rie Ny,3 — OCTATOK NPHCYTCTBOBABIUETO B HAYANBHEIA MOMEHT KOJIHYe-
ctBa Ny,o Nap — KoAMuecTBO, 0Opasopapliescss #3 Ny B Ny —

T

§i

Xe
)
X q
1 L4
1
El ]
Bpoan § wompraz
Pue. 84.

KOMHYECTBO, oOpasoBasiueecsi H3 Ny o yeped Ny, Ny U Mg, BbluHC-
AATCS, KaK OBIO M3N0MKEHO Bbile IS CHyYaeB OAHOro H ABYX Be-
mects. OcTaeTcl BHUHCAMTL WieH Ny, PELIHB BbllENpHBeJeHHOE
nudpepeHanbHOe YPABHEHHE NpPH RaYaNbHBIX YCAOBHAX Ny o =0
H Ng,¢ = 0. Haxomum

" AAN [ e—Mt P d N et
BT ) ey (g} (h—2y) u,—mu,—m]'

)

Dr1oT uieH, PaBHBII HY/N10 B HAyane, NPOXOAWT UEPE3 MAKCHMYM H
3aTeM YMEHBLIAETCs [0 3aKOHY, KOTOPBIi B Jipefiesié COBMAZAET ¢ TeM
H3 TPeX MOKA3ATENbHBIX 3aKOHOB, KOS(QHIHEHT KOTOPOrO HAHMEeRb-
wnit. KpuBasi orinuaercs ot Kpusoit Ny, TeM, uTo y Hayana ona Ka-
caeTcsi OCH BpeMeHH, Tak Kak oOpasoBanue Ng u3 N, 3anasjviBaer
BCJIEACTBHE OGPA30BAHHS NPOMEKYTOUHOTO BellecTsa Ny, Ha puc. 84
H306paskeHa KpHBas STOTO THIA, NpeAcTaBasollas obpasosamie RaC
us RaA uepes RaB, npuuem Nz, — uHC/IO 0GpAsyMIAXCS TAKHM
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nyrem atoMoB RaC, BLIpaKeHHOe B IPOLEHTAX OT OOIIEro HAaYaJAbHOTO
uncaa Ny, o TOCAE AKTHBALUUH 10 HACHIIEHRA.

HeTpyauo BuAeTs, Kax 3TO BBHCJEHKE MOMET GbiTh PACAPOCTPa-
HEHO Ha cayyall 72 nocjefoBaTeNbHEIX Bemects. Hncsno atomos Ny, Gy~
JIeT BbIPAXKEHO CYMMOIi it WICHOB:

No=Nog+Np2+ ...+ Nojny+ Now,
KOTOpHIE MpEACTABJSIOT COOTBETCIBEHNUO OGpasoBaMNE BElleCTBA A-TO
TIOPAAKA H3 HAYANLHBIX KONHMeCTE Ni,9. Naygr-.-» Na—gor
KaXJIOro H3 BellecTs,
Cryuao # BEWIeCTB COOTBETCTBYET TOJBKO OAHH IepBHIl UneH, KO-
TOPHH BBHIUUCAKIOT, HHTErpHpPYS AndibepeHnvanbHOe ypapHeHRHE  §i

Nn—1.0

Anmy Npmy — AN, 8)

e H3BeCTHO ofulee Bpiparkenue Ny, U TJle HAYANbHBIE KONHYECTBA
BCeX BELIECTB, KPOMe NMePBOro, MPeANofaraTes PaBREIMA HY/I0. DTOT
uNeH MOMKHO MPSMO RANHCATh, NMpouaBels oueBnjxoe ofobumente (op-
Mmyast (7):

—Ay
RSV 17 VOUR T A P S
na1 = A hy -1 I’Dl(;‘x_“ll)'m(zﬂ_ll) +
e—agt et
o 4 A G
(A=A (As—25) . . . (Ar—A3) (Ag—2n) ... (zn_l_zn)]

910 — NuHeliHAA PYHKUHS 72 SKCIOHEHUHANBHEIX BeIHYHH, PABHAR
nyamio npu ¢ = 0, HpOXOAAiIAn Yepe3 MAKCHMYM H YMEHBIIAIASCS
3aTeM M0 3aKOHY, KOTOpHIH B Npeeie cOBNajaeT ¢ TeM H3 NOKA3ATENb-
HBIX 33KOHOB, KO3¢XpHIHEHT KoToporo Haumedbiumii, Uem Gomsiue n,
TeM Ha GOMbINEM DPOTAKEHHH KpHBas Np,; KacaeTcsi OCH BpEMeH.

PaccmatpuBas croxHoe NpeBpallielue, Beiyllee K Pa3BETBAEHHIO
PAld, HYKHO Y4HTHLIBATL OTHOUIEHHE, B KOTOPOM aTOMbl MATEPHHCKOIO
BeIlIECTB2 NepeXolaAr B ofe BeIBM pAja.

Jina COBOKYNHOCTH 7 BEIIECTE MHTEHCHBHOCTD H3MyueHHst [, name-
peHHas B HOHM3AUMOHHON KaMepe, raercs (opMynoi

I= RNy + by Ny 4 oo+ RdoNy, (10)

rae By, kg, ..., kn — KOI(XPHUHEHTBl AKTHBHOCTH, KOTOPhIE LI Kax-
JIOTO BeMeCTBA 3aBUCAT OT NPHPOABI €IC HAJYUYEHHS H OT CTeNleHH Hc-
MIOJIL30BAHHSA STOCO H3MYUYEHHS! B MOHI3ANMOHHOM Kamepe.

§ 62. lopsuxnoe papHOBecHe. PapioakTupHoe (BeKOBoe) paBHOBecke

Paccmorpum ciyuait, Korfla TIPOAO/KHTENBHOCTD XKH3HH MATepHH-
CKOFO BelllecTBa GOJIbIUE MPOACIKHTENBHOCTH JKH3HH JIFOGOTO H3 €ro
npoussofubix. Toraa npaxruuecky, HauMHas C ONPEJENEHHOrO Bpe-
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MEHH, KOJHYECTBO KAXKAOTO H3 NPOM3BOJHBIX H3MEHSAETCS HO MOKasa-
TeNBHOMY 3aKOHY e~*, TaK UTO B mpejene MEXAY KOJNHYECTBAMH Ma-
TePHHCKOrO H MPOH3BOAHBIX BEIIECTB YCTAHABAHBAETCS NMOCTOSIHHOE OT-
Howenye, [[1g NPOH3BOAHOTO A-TO TOPHAKA HMeeM:

inNn M2 _
S Ny WYy N B ey

CoBOKYNMHOCTh MATEPHHCKOTO BEIIECTBA H er0 NPOH3BOAHBIX B 3TOM
Cliyyae YMeHBUIACTCS N0 3AKOHY, XapaKTePHOMY A% MATePHHCKOIO Be-
WeCTBA, U BCE NMPOMCXORUT TaK, KAK €C/IH Obl HMEJIOCH TONBKO OfHO
BIIECTBO, H3JYYeHHE KOTODOTO CJATaeTCsl B ONPeAC/IeHHOM COOTHOIIe-
HHH H3 H3JIyYeHHs MaTePHHCKOTO BEUIECTBA H M3/MYUERHs KaXJOro H3
€r0 NPOH3BOAHBIX, ITO GYAET COCTOAHHE MOABUMKHOTO DABHOBECHS
MY MaTePUHCKHM BEUIECTBOM H €r0 NPOWSBOAHBIMM.

Tak, pajok MPHOAMSHTENBHO 334 3 4aca JOCTHIAeT MOCTOSIHHOTO
PaBHOBECHs €O CBOUMH mpoussofubiMH RaA, RaB w RaC, u Toraa sa
€ro PacmanoM MOXKHO HaGIIOfaTh HAH 10 OOLIEMY H3NYYEHHIO BCeX STHX
BRILIECTB HJH 110 NMPOHHKAIOWIEMY H3RYUEHHIO ero MOCHEAHEro NPOH3-
Boaroro RaC (§ 44). B mekoTopbix ApYrHX cayyastx DaBHOBECHE YCTa-
HABJHBAETCA HACTOMBKO OBICTPO, UTO MPAKTHYECKH MATeDHHCKHI ane-
MeHT MOMKHO HaGal0JaTh TONBKO B DABHOBECHH € €ro NPOH3BOAHBIM.
Tak, TOPOH H aKTHHOH BCer/a HaG/IOAAIOTCA B NPHCYTCTBHH HX TPOH3-
sopaeix ThA u AcA. Fne

Eciii MaTepHHCKOE BemecTBO MOIIHO CUHTATh B NpONOMKEHHe Bpe-
MeRW HaO/ioReHHi NPAKTHYECKH TIOCTOAHHEIM H €ro NOCTOSHHOMN mpe-
BpAIIeHHS N0 CPABHEHHIO C MOCTOSHHLIMH NPEBPALIEHHS €ro NPOU3BOA-
HBIX MOMHO MpexeGpeudb, TO CO3MACTCA COCTOHUE, HasuiBaeMoe paduo-
GKMUBKLIM PasKOosecLeM. B STOM ClTydae YHC/IA PACMajalouiXxcs B elu-
HHLY BPEMEHH aTOMOB BCEX 3/1eMEHTOB OAHHAKOBBI COTJIACHO COOTHOLLE-
REAM LNy = 49N, o0 = ANy, a Ny, Ny, ..., N, IPONIOPLHORAMBHBL
nepuofiam Ty, Ty, ..., Th.

Tak, paguil ObICTPO (33 OIMH MeCfll) AOCTHTaeT DPaJHOAKTHBHOTO
PpaBHOBECHS C PaJOHOM H ero nponssozHbivd RaA, RaB, RaC. Haau-
UHeM pAaJHOaKTHBHOTO,PABHOBECHSA OGYCJOBIHBaeTCH TakKe T0, YTO
NPOM3BOAHEIE YpaHA H TOPHS COJEPIKATCH B MHHEPANax B KOMK-
YecTBAX, MPONOPUHOHANBHEIX CBOHM HEpPHOAAM.

Mexay HBYMS NOC/AEJOBATENbHLIMH WIEHAMH OJIHOMO ceMeficTBa
MOKET CYIIeCTBOBATE BPeMEHHOE PABHOBECHE, OCYUIECTRIAIOMIEECS B TOT
MOMEHT, KOTJA2 KOJHMYeCTBO NIPOU3BOAHOIO BEllleCTBAa NPOXOAHT Hepes
MaKCHMYM H €ro pacnaj MOJHOCTBIO KOMHEHCHPYETCH ero oGpasosa-
HueM. B 570T MOMEHT KOJHUECTBA OGOHX BEECTB NPONOPUROHA/bHbI
HX TepHOAaM.

O6pasoBanne MPOH3BOAHBIX B NPHCYTCTBHH NPAKTHUECKH NOCTOSH-
HOFO MATEPHHCKOIO BEW\CTBA NPOHCXOZHT MO 3AKOHY QONoANumEss-
HoLX npespauyenui.
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PaccmoTpiM cayuall, KOT4 MATEPHHCKOE BELIECTBO HAXOAHTCA
B DaJHOAKTHBHOM DABHOBECHH CO BCEMi CROMMH NPOH3BOIHEIMH. IToka
9TH BeWecTBa CYHIECTBYIOT COBMECTHO, KOJWYECTBO KaX(AOTO H3 HHX
0CTAaeTCst MOCTOSHHBIM, ECTH OTAeNHTh MaTEPHHCKOR BEIECTBO OT BCEX
€r0 MPOM3BOAHEIX, TO NOMYYAKOTCH hBE cHCTeMsl / U 2, KOTOpble mpe-
BpaWaioTesi NOPO3Hb, HO B COBOKYNHOCTH KOTOPHIX CYMMa KaXKAONO
U3 COCTaBISIIOUINX MX BEIECTB OCTANETC NMOCTOsIHAOI . ChefloBaTesbHO,
€CTH B CHCTeMe 2 KOJHUECTBO O[HOPO U3 NPOK3BOAHBIX YMEHbIIaeT-
<5l IO 3aKOHY § = q f (), The g, — ero mnpesenbHOE KOMHYECTBO,
TO B cHCTeMe [ HAKONJEHHE STOrO BEUIECTBZ NPOHCXONHT MO 3a-
KORY §' = (g [l — f ()], Tax uTo cymma 0GOMX COOTBETCTBYWOUHX
OHOMY 3HAYeHKIO ! OPAMHAT ¢ M ¢’ ocTaeTcsi Tofl ke camoit, Ilpu-
Mep TAKHX JONOJHHTEJBHEIX NpeBpaiieHuii pajioHa JaH Bbmue (cM.
pac. 17).

UYacto B CyYae HECKONBKHX DAINOAKTHUBHBIX BEIECTE BLIUHCIE-
HRA mo dopMmyanaM TpebyloT Goabwore Tpysa. Muorna HX MOXHO
COKPaTMTh, PACCMATPHBAS DABHOBECHBIE COCTOSHHS M CUHTAS PAJHO-
AKTHBHBIH 3/EMEHT H €T0 NMPOH3BOAHBIE, HAXONAWMECH C HAM B YCXO-
BHSIX OIIBITA B PABHOBECHH, OAHMM BelllecToM. Tak, ofpasopanue mo-
JIOHMST M3 DajHs MOXHO PacCMaTPHBATh Kak Cydail TPeX BeLIeCTB:
Ra, RaD u RaF, o6befunsisi pajor o GLicTpo TpeBpawaiolluiics ak-
THBHBI ocafgok ¢ paumeM, a RaE ¢ RaD%).

Jlnst TeX pajHOAKTHBHLIX 3MEMeHTOB, KONHUECTBA KOTOPBIX HaCTO
HPHXOAMTCS] BHIYHCIATD, COCTABMEHB! TAOAMIE, OGJeryalolye pacyeThl
(npunoxenus 12—I16). Tlpy OTCYTCTBMM  CheUMANbHMbIX  TaGaHI
MOXHO TOonb30BaThes OOWell TaGawuel, Aawomieili e~ B (GyHKUHH
x = M (npnnoxenue 1).

§ 63. TeopeTHuecKHii aHAAH3 KPHBLIX OPEBPANIEHHSA

Tlpocroe pajHOAKTHBHO® BEIECTBO NPOH3BONMT HOHH3AUHMOKHbIY
ToK I, MaMeHsmlouuiicd €O BPEMEHeM NO TNPOCTOMY HOKa3aTeJbHOMY
3akony, Tak 4ro lg / ymenblaercs anneiino. Boino 6bl, 0OHAKO, OLING-
KOl JieNaTh OTCIONA BBIBOJ, YTO BO BCeX cayuasx, Korma g [ ymens-
IIaeTCsH NHHEHHO, HABEPHSAKA MPHUCYTCTBYET TOMBKO OBHO NPOCTOE Be-
ecTBO. JIefCTBHTENbHO, Mbl YXKEe BHAGIH, YTO FIPY HAJHUMH NOABHNK-
HOTO DABHOBECHS MEX]Y MaTepPHHCKHM BEUIeCTBOM H €ro NpOl3BOA-
HEIMH COBOKYNHOCTb 3THX BEINECTB PAcNajaeTcss N0 MOKA3aTeAbHOMY
3aKOHY, XapaKTepHOMY /sl MAaTepPHHCKOro Beuiectsa. UTobul obuapy-
JKHTb CJOKHOCTE COCTABA TAXOH COBOKYHOCTH BEWIECTB, CriefyeT pas-
AeNUTh MX XHMHYECKHMH RJH ADYTHMH METOLAMH.

1) Takre NPUGRHAKEHHEE BLHNMACASHHA MOXHO NPAMEHSTh TOALKO B TOM Cliy-
Yae, eCAH NPOWINIO JOCTATOUHO BPeMEHH AA5 HAKOIUIEHAS NIPOMEIKYTOULILIX BEUIECTB,
ranpumep, Sonbure mecsiua And chcremsl Ra — RaD — Po.
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Ecay I apnsiercs annelinoit ¢yHKUHEH HECKONBKHX SKCTIOHERUHANb-
HBIX BEJAHYHH, TO YHCAO 3THX ROCJAE€IHHX NOKA3bIBaeT MHHHMaNbHOE
4HCNO NPHCYTCTBYIOWMX BelllecTB. PaccMoTpum ciyyalf ABYX mMoxasa-
TeAbHBIX (YHKIMH, COOTBETCTBYIOUIHX ABYM PasnluHbiM BeULeCTBaM,
woraa [ = kA Ny + kgl

Tak KakK OflHa M3 3THX NOKa3aTeNbHbIX (YHKUHI yObiBaeT GriCTpee
JpPYroi, To KOHEUHOE YMeHblUEHHe NPOUCXOAMT MO MPOCTOMY NOKasa-
TEHOMY 3aKOHY, 4 KOHEUHoe yMeHbulewwe lg / — 1o nupeiiHomy
3aKOHY, COOTBETCTBYIOLIEMY MeHbIeHl M3 ABYX NOCTOSHHBIX RPEeBpa-
MIENHS, HANPHMEp, A, eCclin Ay <C Ay

a) Ecny 06a BewecTsa HesaBACHME! APYT OT APYTA H HHKAK He CBA3AHEI MEXAY
06Ol TeHeTINeCKH, TO KAXAOE H3 HHX PACTafaetcs NO NPOCTOMY NMOKA3ATENBHOMY
3aKOHY, H TOTA4

[ = ity Ny o €40 4 RdoNy oo™t

aan ¢ =0 aweor 1o = kyhNi, -+ EadeNo
Orciona MORHO NOAOKHTS

Il == pe=ht 4 (1—p) e,

TIe p = mém-,T,e40<p<l,

Iipepenbubiii 3aKoll BEPaXACTCR YpaBHeHMeM
g = lglo—Htlge, J=Joe e,

OTRYAG MOXHO ORPEREANTR Ay 1 Jq, NPHHHMaS, 41O lg Jo paBeH HauambHOR OpaM-
HaTe, HAXOWAMOH SKCTPANOAAUKeN KOHCTHOR NpAMOH. Paskocts [ — J 1t ee aora-
PROM BLIPASATCA YpABHEHHAMH

lg(F—d) =1g(o—J) — At lge, I—d=(,—Jo)e ™,

I T he

-4 -
T =pe M (g

DTOT MeTOA 3HATHSA AQET HOMOKHOCTH ORPEACANTH MOCTORHMME Ay 1 Ay, @
TaKe NAPANETP p, NOKA3HBAIUIHI, KAKAN YACTD H3NYYEHHA B HAUANBHBIN MOMEHT
POHSEO/ITCA TIEPBEIM BEUeCTBOM, TOFMa KaK (l—p) NOKA3WBAeT, KaKasm vacTh

aNs,0
ANy o
6yIeT HAUANBHOS OTHOWEHHE YHCEN, PACRASAICINLCS B CANMULY BPEMEHH aTOMOB,
a § = ks/ky — OTHODIEHHE KONIMWECTB 3JEKTPHYECTBA, OCBOGOKJAIOMHXCR B Fase
Ha Kamil pacnajaumiics aToM. OUeBRANO, 41O

HBAYYEHHt B TOT JKe MOMEHT MPOH3BOAHTCH BTOPBIM BemtecTBoM. ITycth x =

TAK 4TO, 3HARK P, MOKHO BBIMHCIHTL Xy. UTOBH yGeAnTbes B TOM, YTo 00a BelleCTBa
ABASIOTCS NPOCTLIMH N HE3ABUCHMEME ADYT OT /IPYTa, HCCAENYEMYIO CMECH BELLeCTB
HYKHO pASNENHTD | HCCACROBATH NOMYUEHHEIE NI PasfencHu MPORYKTH, UToH
Y3HaTb 3HAYEHNS X U y NODO3Hb, HYJKHO NpH NOMOULH ONLHOTO H3 COOTBETCTBYOLUIX
METOJIOB ONpEfENHTH UHCAO PACTAJAIOMIRXCA B EWBKLY BPEMEHH aTOMOB OAHOTO
W3 BEmeCTs.
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Ha puc. 85 nokasaH aHanus KpHBOil, Ansl KOTOpO#H p
a nocrosiHHbE A; 1 Ay cootsercTBylOT THC 1 RaC.

b) Ecan 06a BelliecTra ABASIOTCS AOC/IEAOBATENbHBIME YICHAMH OJl-
ROTO psifia, TO

= kN, pe=t + kol [N,,‘,e—w + %N L0 (p—t _g—Ay )] .

E—p=",

2 1
310 ypaBHeHne TaKxke MOXKHO NPEICTaBHTb B (opme’)
1Ty = pe=is 4 (1—p) e,
rie

p=-—7

3amernM, uTo A; H Ay, TaK Me KAK X M Y, SBASIOTCH MONOKHTENb-
HBIMH BeIWYHHAMH, TAK UTO B OTJIHUME OT CAyyas ABYX HESABHCUMBIX
BeleCTB MAPaMeTp p MOXKET B JAHHOM C/yyae APHHHMATH KaK NOJO-
SKHTEeNbHBIE, TAK ¥ OTpHNA-
! | TenbHble 3HAYCHNS, Gorblliie
20 N mexbilde eauHuuel. Cre-
I} JoBaTeNbHO, | Anaserca cym-
o MO WM PasHOCTBIO ABYX
SKCTIOHEHIHANLHBIX  BEJTH-
yug. [osiBenne 510l BTOpO#
GOpMBI CYKHT JIOKasaTeN b=
fputer 1 191 CTBOM TOTO, UYTO OJHO H3

Tocapign o moke

v Tyl NPHCYTCTBYIOIMMX  BIHECTB

s Bylg) oBpasyeTcs #3 APYroro (puc.
86). Ilpu ananmse Kkpusoit

W ] w { = f {f) noctynawor, Kak B
oo 8 wonymar cllydae JIBYX He3aBHCHMBIX
Phe. 85. Be{lleCTB, HO MOMET OKa-

3aThes, UTO J o OyZeT Goablue
Iq, mnpHuem orHOWeHue Joff, Oyaer pasno p, ecmn Ay > A, H
Joffo = (1 — p), ecnnt A3 << A,. AHA/IH3 KPHBBIX AaeT, KaK H B cayuae
JBYX HE3aBHCHMbIX BEIIECTB, BETHIHHB A, H A5, 4 TAKKE MapameTpa p,
KOTOpEI ABNACTCA (PYHKLMEH ITHX NOCTOAHHBIX H X U Y.
3aTeM cJieiyeT NpOH3BECTH DasfiefieHHe BeilecTB, HTOOH OKOHYa-
TefIBHO YCTAHOBHTb TeHETHYECKYIO CBA3b M ee MOPSAOK. Jlas ompese-
JEHHUSL X H § MOMCHO BOCTIONB30BATECS CBONCTBAMH PaJIioaKTHBHOTO PABHO-
BecHsi. Hanprmep, ecain B HAUANbHELT MOMEHT 00a BellecTsa BCISACTBHE
TOro, 9T0 00a OHHM BMeCTe GBIH OTAENEHL OT MaTePHHCKOTO BelleCTBA
¢ GoAbitieli MPOAOIKHTENBHOCTBIO XKU3HH, HAXOAATCSH B COCTORHHH pa-

1) B caiyuase ABYX NOCREIOBATENLHBIX BEMECTS ONHONO PAA2 MOXKET MOMYTHTHCS,
9TO HSAyueHHe, PaBHOE HYIO B Hauane, GYAET yBesnunBaTbCA co Bpemenem. Toraa
BMecTo oTHOweRHs I/, GepyT APYToE MOAXOAAIUIES OTHOLUEHHE, HATIPHMEp OTHOCAT
1 K MakcHManbHON opawHaTe.
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IHOAKTHBHOTO PaBHOBECHS, TO HMEOT X
MEHTAJIbHO P, HAXOAAT Y.

C Ipyrofi CTOPOHBI, €CliH AKTHBROCTBIO TIEPBOTO BEWIECTBA IO CPAB-
MEHWIO C AKTHBHOCTBIO €r0 NPOH3BOZHOTO MOMHO IpeHeGpedb, To

A1

p— Ay x

1 u, onpeneqns skcnepH-

pe=
H, ONpeneNus D, HAXOAAT X.
Ecan nonusannoHHbli Tok [ siBasercs dyHkumel 6onee weM ABYX
3KCMOHEHIUHANBHBIX BEARUHH, TO AHANU3 KPHBLIX CTAHOBHTCS TpYAHEe.
OH COCTOHT B TOM, YTO CHAYANA, KAK M B CAyyae ABYX BELIECTB, ONpe-
eS0T, Kakas 4YacTh TOKA
NIPON3BOAUTCS HanGonee 107~
ro JKMBYIIMM  BEINECTBOM,
3aTéM — KaxKasi 4aCTb TOKa
TIPOM3BOAUTCA  CACAYIOWHM
IO MPOAOMKUTENBROCTH HH3-
HH BeIECTBOM U 7. 21, O6BiuHO
ObIBaET HYZKHO TipHGerats X
TIOCTIeA0BATEbHEIM TIPHONH-
JKeHHSIM H BCErJa BbIFOZHO
N0 BO3MOXKHOCTH BBIAEMSITH
PaHOAKTHBHbIE SMEMEHTH B Tt
YHCTOM BHje, 4TOOR B OT- PR
JeNBHOCTH  ONPEAeTHTL UX Iy
NOCTOSIHHbIE APEBPAIIEHHS 3.0 0 - ek
HCCAEA0BATh WX HalyueHHe.
Kpnpas &, na pne. 83
u3opaxaeT HIMEHEHHE WH-
TEHCHBHNOCTH  @-H3NYUYEHHS 00 200 300 4
pannst C co BpemeHeM, npu Bpeus 8 aumgmaz
YCAOBHH, 470 B HAYAMbHBIA Pac. 86
MOMEHT OH HaXOAHTCA B
PAMOAKTHBHOM DABHOBECHH ¢ pamueM B. AHajusHpys 5Ty KpuBYiO
YKa3aHHBIM 34eCh METOLOM (pic. 86), MONYAIOT 3HAYEHHS] IOCTOAHHLIX

Tozapugm cumst moka

Ay u Ay m HAxOMAT p= T’T TpH YCN0BHAX X = |, iy = oo, TTep-
2T Ay

Boe W3 3THX YCNOBH{l BHIpaXkaeT To, 4TO NpH £ = 0 uucha mpespa-
WAOWHXCA B €IHHUIY Bpemenn aToMoB RaB u RaC oamnaxosm, a
BTOpOE YKashlBaeT HA 10, YTO a-AyYH HeMyckaeT ToabKo RaC, a RaB
uX He nenyckaer!), Torjia ypaBHenue NpHHEMaeT (HopMy

1) D10 e ycaomHe JCHCTBATENLHO ANA CHJBHO NPOHHKAIOWAMX y-nyded, TaK
kak RaB #CnyCRaer - u p-nyun CpenHeli NPOHHKAIOWER CIOCOBHOCTH.

13 M. Kiopr
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BBEJEHHE B YYEHHUE 05 U3JIYYEHHUH
PAJHMOAKTHBHBIX BEMIECTB

§ 64. o, - u y-ayuu. Pasjei¢Hne MX B MATHHTHOM NOJe.
MpoHuKkawowas cnocoGHOCTL

HQME}U’IEHHO BeJiell 32 OTKPLITHEM PAiMOAKTIBHLIX 3J€MENTOB He-
CKOMIBKO aBTOPOB OIHOBPEMEHHO YCTAHOBHJIH, YTO HCNIYCKAGMO® STHMH
SNeMeHTaMK U3 YUeHHe COCTOUT M3 TPpeX BUJOB Ayuel, HMeHHO ayueil a,
f 7y, T, e. KOPNYCKYAAPHBIX Nyueil C NONOKHUTEAbHBIM 32PALOM, KOP-
NYCKYASPHBIX SNCKTPOHHBIX Jyuell ¢ OTPIUATRNbHBLIM 3apsiioM H
50eKTPOMATHHTHOTO W3JNYUEHUS. AHAJIM3 13AyueHust Obli BBITIONHEH
YTeM HCCMEJOBAHUS NONIOMIeHHa aydeft H 11X
OTKJIOHEHHSI B MarHWTHOM nofel),

3T TPM BHAA AyYell MOIKHO Da3feNnTh, peil-
CTBYsl HAa HHMX MarHuTHBIM §OJeM N0 cXeme,
n3obpamentofl na pue. 87. Ilycrb nywox a-,
B- B y-nydell, ucnycKaeMblx KPYNHHKOH Ccond
pajus, BBIXOAHT W3 Y3KOTO OTBEPCTHS B CBHH-
nosoll quadparme. Ecan nyrs ayuell Jexur B
JIGCTATOYHO CHABLHOM MarHHTHOM noJe, fiepne-
IUKYNSPHOM K TWIOCKOCTH PHCYHK& W Hampas-
JMeHHOM OT HaGiTiofaTest, TO y-/y4H He HCMBIThI-
BAIOT HHKAKOTO OTKJOHEHHS, ¢-yuH CJerka

OTKAOHSIOTCS BACRO, S-NYUH CHABHO OTKIOHS-

Puc &7, Cxow pamacns  joren ppaso.
nwmioN mose, Koria pagnoaxTuBHO® BRIIECTBO WJH He-
CROJIBKO PAJHOAKTHBHEIX BELLECTB OJHOBPEMEH-
HO MCUYCKalT @-, f- M y~IyuH, TO TNOMAHAST 3IUEPLHsl @-H3MYUeHH:
OBBIYHO GLIBAET 3HAYHTENBHO GOJblIE NOMHOH JHeprud f- H y-HM3-
sysenns, B HOBM3AUNOHHBIX KaMepax OGB/YHBIX Pa3MepoB, Iie myTh
Myyeit B BO3AYXe OT HCTOYHHKA WATYUEHHS A0 CTEHOK Kamephl paBeH
HECKOJIbKHM CAHTHMETPAM, HOHU3ALHA BBHISLIBAETCS MOUTH HCKJIO-

1) Cwm. Marie Curie, Trailé de Radioactivité, Paris, 1910.
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YHTENBHO JNeficTBHeM ¢-nyuell, Ha Jomio e f-myuefl NpHXCAHTCS
oKo/o 1% Eceil NpOH3BeleHHOA HOHH3AWMM, & HA JAOMIO p-Tydedl eie
MeHbILE.

OnHako HOHH3HpYOUee AeficTBHE a-nyyell, HECMOTPS HA €T0 HHTEH-
CHBHOCTDb, JIETKO MOMHOCTBIO YCTPAHHTb, 3aKPhLiB AKTHBHOE BellleCTBO
TOHKHM 3KPAHOM (SYMAMHEIM HJTH 8 IOMHRHEBBIM JIHCTKOM TOMIMHHOMN
okono 0,1 aat), TaK Kak ¢-n1y4m He MOTYT CKEO3b Hero mpoiitn. Hanpo-
THB, ﬂ-.’lyllll MOTYT NPOXOANTh CKBO3b CAOR ANIOMEHHST TOJ[U_LHHO!‘;{ B
HECKONBKO MHJNMETPOB, a y-1YuH NPOHHKAIOT CKBO3b HECKONBKO
CaHTHMETPOB TAaKOTO IMIOTHOTO BELIECTBA, KAK CBUHEIL.

Ipu cpasnernn npouHKawomweidl cOOCOGHOCTH @-, fi- W y-ayuedi ¢
NPOHBKAIOUIEN CNOCOGHOCTBIO COOTBETCTBYIOWUX BHAOB H3NYUeHMs, 10
AY4aEMOTO B KPYKCOBRCKUX TPYGKAX, a-1Yun OKASBIBAIOTCS 3HAYHTENBHO
CH/IbHEE NPOHHUKAIOIIMME, UM MONOKHTEbHbIE MyuH 3THX TPYOOK.
310 3aCTABASIET MPEANONOKHTE, UTO @-NTYYH HMEIOT GOMBINYIO Hauanb-
HY10 CKOpOCTh. JIydn § B neanom Takke 0KasbiBaloTCs Gonee NPORMKAIO-
UIMMH, YeM KaTOAHble Jyuyd, a y-AyuH — Gonee TNPOHUKAWWHMI, YeMm
PEHTreHOBCKHE JYUd, YTO COOTBETCTBYET B NEPBOM Caydae GoMblIeil
CKOpOCTH f-nyuell, a BO BTOPOM — MeHbliedl JUTHHE BOMMb y-nyded.
3aMeTHM, OHAKO, UTO H3NYUeHHEe PAJMOAKTHBHLIX EeUeCTB TeTepo-
FEHHO,  OHH HCMYCKAIOT Takie [ OYeHb JIerko MOLoulaeMbie S-
p-IyuH.

§ 65. MeToab! HCCAEEOBANKA H3AVUEHHUS.
OGuapymenne OTACABHBIX YACTHY

Jljist Becaenosatns a-, f- it y-nyueil NPHMENIIOT T€ Ke METOZbI, 4TO
1 IS HCCAE/IOBANKS Jyuelt, 00Pa3yIomIXC B KPYKCOBCKHX TPYOKax.
HanGonee yrorpeGutenbbiMi CNOCOGAMH ABASIOTCA H3MEPEHHE HOHH-
3a0KH, TPOH3BOAHMON a-, f- W p-Tyuyamil B BO3JYXe MNH HPYTHX rasax
{anexTpoMeTprueckiiil MeTon) n HaGaonenue AEICTBHA, OKA3BIBAEMOTO
STHMH JIy4aMH Ha QoTorpaduueckne JacTAHKH (pagHorpadmuecknii
MeTOA} HIH Ha (ocdopectdpyioute IKpaHsl.

OcoleHHblil HHTEPEC NPEACTABANET BO3MOKHOCTb HabJIOATh OT-
AeNbHbe KOPMYCKYJ/SpULe AYYH. 3TO MONHO JeaTh HECKONbKHMH
CNOCOGAMH, KaMAbll U3 KOTODBIX IO3BOJSIET TPOH3BOAWTb MOXCUET
HCMYCKaeMBbIX 32 ONpelefeHHBlil NPOMeKYTOK BPeMeHH UacTHI. Mbl
ONHIIEM 3JieCh Te CROCOSH, KOTOphe YNOTpeGisioTess Ans obHapy-
JKeHlst OTAGNbHBIX YACTHIL B HacTodlllee BpeMA.

CuvsHTuansuun Oawopecunpyompe 1 docdopecuupyio-
IHe BeUlecTBA TaKMe, KAK TNATHHOBOCHHEPOAMCTLIT Gapnit uan cep-
HUCTBIl IMHK, CBETATCA NOA AeficTBHeM a-, §- 1 y-nyueit. Cpeuenne,
BLISLIBAEMOE S U y-NYYaMHU, KAKETCs CIVIOUIHLIM, Jake eC/H ero pac-
CMaTpHBATh Yepe3 MHKPOCKON, a-Ay4H, HAfPOTHB, BHISEIBAIOT CBEYe-
Hie, MPepHBHOCTE KOTOPOro BHAHA NPu MOMOUNI MAKPOCKOMA C He-
Gonblim yeennueHuem. Ha skpaHe B 5TOM cayuae MOKHO BH-
JIeTh MHOTOMHCICHHbIE CBETSIIHECS, GLICTPO BOSHHKZWOUE TOUKH,

13*
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HasbiBaeMble cyurnmuarayuamy. Kawpas CUMHTHAASLHS COOTBETCT-
ByeT yAapy 00 3KpaH OAHOH ¢-YacTHIBL

B kauectse (ocopecipyONero BemecTsa NpH HAGNIOAEHHH CLHH-
THAAALKA Yale BCero yHOTPeGIsioT NPHTOTOBJAEHHBIA OCOBEIM CIOCO-
oM CepHHCTHIl UNHHK, COASPHAWNY HUUTOKRYIO NPHMECh OAHOTO W3
TeX THMKEJNEIX METANNOB, OGLUHO MeJH, KOTOpHie Ha3HBAJOT (ocdopo-
reHaMH. BMeCTo CepHECTOrO MMHKA YROTPeGASIOT TaKKe BH/JEMHT
H anMas, HO COMHTH/JIALEE TOTAA ToNyHaloTes Gostee caabbimi. CUuH-
THAASUHME BaGAOJAIT HAK B NONHONR TEMHOTE HAH TPH OYeHD CaaboM
KpAcHOM CBeTe.,

OBHAPYXEHHE AVUEN NO HOHHBHUPYIOUMEMY AEM-
C T B 1 0. KONHYECTBO 3NeKTpHYeCTBA, 0CBOCOAIAIOMIEeCs B HONH3AHOH-
Hol KaMepe NpH NPOXOXKAEHHH ¢-YaCTHI(LI, MHOTO GOMbiie KOJHUECTBA,
0CBOOOMAAIOWIErOCH MPH  TPOXoskjeHi  f-uacThupt, OpHako oHO
JOCTHFAeT caMoe OGofbilee BeNHUHHb Nopsfka 104 sa.-crat. ex.,
JVISE KOTOPOH OOBIYHBIE 3MEKTpOMeTpUYeckue npuGOPEl He AaloT 3a-
METHOro OTKJOHeHHs. TeM He MeHee TaKe Majble KONHUECTBA 3JeK-
TPHUECTBA MOMKHO OCHADYMHTE SJAEKTPOMETPHUECKHMH METOAAMH,
NOAb3YACh ABACHHEM HOHM3AMMM YAAPOM HAH 3Ke YIOTPeGass yCuJIH-
BalollHe NpHcnocobedus. OnncaHde 3THX MeToaos Aako B § 72, Oun
MOTYT MpPHMEHATBCA TaKXe AAf OOHApYXKeHHs f- U paxe y-nyyel,
npHYeM MNoCneinke OGHAPYXNBAKTCH [0 BTOPHUHBIM JydaM {doTo-
3JIeKTPOHAM HJIH paccesiHHbiM aaexTponam) (§ 29 i 30).

Ipu noMomu ocoGo 4yBCTBHTENBHEIX 3AEKTPOMETPOB YiaeTed 06-
HapYKUBaTh HOHH3HpYIOUlee AeHCTBHE OTHENBLHBIX a-Tydell Jaxke Ges
VCHIHBAKIIHX NPUCTIOCO0aeHHIT.

MEeTon KoHAEHcARMH Bunbcouna 3IroT yxe onu-
canublll Boilte (§ 11) meToR, HaoGpeTeHHbH BunbCOHOM, AT BO3MOMK-
HOCTb B HEKOTOPOM POJie MaTeDHAJH30BATb TPAEKTOPHH OTREJBHBIX
a- uan f-mysedt. Koraa 3t Ayun NPOXOAAT uepes BO3LYX, COAEpPa-
mpdt A0CTATOYHO NepecsillienHbll BOJAHOA Nap, TO HA KaXKAOM HOHe
TOTYac 0GpasyeTcsi Kanenbka BOABI, M €CJH TA3 CHABHO OCBEIIEH, TO
PsAb Kaneiek BAOMb TPAeKTOPHIl Nyuell CTAHOBATCA BHAMMBIMH H MO-
ry? 6bTh cororpadupoansl. TpaeKTopuy e-1ydell NpaAMOIHHENEH
H, BCEACTBHE TOTO YTO UHC/IO KaNeNeK, 00Pa3youuxcst Ha MyTH Kax-
JOM YACTHIEI, OYeHDL BEJIHKO, HMEIOT BHA HENPEPBIBHBIX JiMHHI. D1
TPAEKTOPHH MMEIOT HECKOMBKO CAHTHMETPOB JVIHHE K PE3KO OOpLIBAIOT-
ca. TpaekTophu $-uyacTuil COCTOST W3 DPSfia TOYEK H 4acTo OLIBAIOT
nekpusnensl. JIyud y (KaKk M peHTTeHOBCKHE JY4l) He BHI3BIBAIOT KOH-
JeHCAllUM Mapa Ha CBOGM COOCTBEHHOM NYTH H OOHApYKHBAIOTCSA TO
BUIHMBIM TpaeKTopusM S-nyueil ((POTOMEKTPOHOB HIH pPACCeSTHHBIX
51eKTPOHOB), BOSHHKAIOWMX BRONb MYTH HX NyyKa.

TIpuGop Biibcota B OCHOBHOM COCTONT H3 WBAHHAPHUECKON Kamepsl C, 3a-
KpLITO} CTeKATHRON MAACTHHKOR G (pwc. 88). Pacuinperiie NPON3BONMTCH GHCTPHM
ONYCKAHHEM WHARHAPHYECKOrO MOpwHs P, NosepXHOCTH KOTOPOTO, CAYIKANIAd AHOM
KAMEPH, NOKPHTA BONoil, TIpH 3TOM NPOHCXOAAT MrHOBEHHOE MepechllUeKKe COASp-
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Jaiterocst B Kamepe C BOAAHOTO NApd, N €CAH B STOT MOMEHT ¥EPes KaMepy Apo-
XONAT a- HAIl B-iyuH, TO HX TPACKTODHI CTAHOBSTCA BHAMMEIMH NPH NPABHABHON
PEryAUPOBAIIL CTETEHN PACIEpPENA. UToBhl SACTABHTE NOPIlCHD ORYCTHTHCK, OT-
XpHIBAIT KAaman B H 3TRM yCTaHABAHBAIOT COOGUIGHKE MEXIY NPOCTPAKCTBOM
NOf NOpIIHEM W pesepByapoM A € paspemellibiM BosayxoM. HCrouruk ayveli S
TIOMelILaeTCA HAK BHYTPH KAMEPH pac-

INmpeRNs WAK BHe ee. B mocacamuen
cAyuae NyuH NPOHHKAIOT B KaMepy He-
De3 TepMETHUECKH 3aKPHTOE TOHKOH
naacTHRKOl (43 MeTafna, CAOAH
T. 1) OTBEpCTRe. 10 OTREpCTHE
cHabXeHo 3aTBOPOM, NPH NOMOWN
KOTODOTO PErYAHPYIOT ~MOMEHT H
LNMTENBROCTL NPOHIKKOBEHKS 71y Helt
B Kamepy.

HApyrue METOAD HA-
BAIOAEHHS H GCHETA
nyuen. JelictBreM nygeil Ha
(oTorpaduyeckue  MAACTHHKH Tk dosiyzo < oo
OOLIYHO ROMBIYIOTCS AJ15 HCCTIe-
JIOBAHHA OTKJIOHEHHS a- H f-1y-
uelf B MATHHTHOM M 3J€KTpHue-
CKOM TONIAX, a TaKkxke AAf H3 MEpenHs npu Nomou MukpodoTOoMeTpa
HHTEHCHBHOCTH H3/JyUeHHs.

Muoro pas npoGoBasni O0HApY2KHBATb OTAENBHEIE JYUH N0 HX Aefi-
CTBHIO Ha (oTorpaduyeckue naacTHnky. IIpn 5ToM okasbisaeTcs TpyA-
HbIM OTJIHUMTb MPU PACCMATPUBAHHH HETaTHBA Yepes MUKPOCKON KPy-
THHKY GpoMHCTOrO cepe6pa, NouepheBlliue OT AefiCTBHS Nyda, OT Kpy-
MHHOK, TOYEPHEBIINX NOJ BAHSHHEM INOCTOPOHHHX NPHYHH, H3Oe-
KaTh Y€ro HeNbasd fae H NpH caMofi TaTenbHOd pabore. OnHako
€CIH @-NyYH Najal0T Ha CBETOMYBCTBHTEIbHBIN CIOH MO OYeHb
ManbiM YIVIOM, TO TO JIHHHH NOYEPHEBIUHX KPYIHHOK OGPOMHCTOrO
cepepa MOXHO ONPEJeNHTL HX TPaeKTOPHIOY).

VIHTEHCHBHOCTb - M JB-M3JYueHHs] MOXKHO H3MEPHTb He TOJNBKO
1O HPOH3BOAHMON MM HOHH3AIMH, HO H TO TNEPEHOCHMOMY HM 3a-
PAAY, XOTA 3TOT MOCAGIHHH CHOCOS BCAEJACTBHE €ro MeHblleH UyB-
CTBUTEJIbHOCTH TIDHMeHAETCA sHauuTensHo pexe. Ilo komnuecTsy me-
PEHOCHMOTO SJIeKTPHYECTBA MOMKHO ONPEASTHTh YACIO YacTull, 3Has,
uTo 3apAA B-YACTHILH paBed (—e), a sapad e-actHuM (+ 2 ),
rie e -— 3NeMeHTapHBIl sapsi. TouHoe H3MepeHHe NEPEHOCHMOro
JIyyaMy 3apsfa MOMCHO CAENATE TOABKO B BAKYYME.

Pnc. 38,

) Metofl TOACTOCTONHBIX (HOTOMNACTHHOK, NPEANOKEeRHUit B PaguesoM uKeTH-
tyre AH CCCP JI. B. MEICOBCKHM, MOSBOAET OUPERSNSTL TPACKTOPHH ¢-nyuel
TPH A1060M Yre NafieHHs Ha CBETOMYBCTBHTRNBHEI COH. (Ped.)
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§ 66. Tornomenwe. Npoder B Bosgyxe. KprBas wonusauum.
Ipynnb ayseit

Korja HaGnionaior uaiyyenne Takoro PajiHOAKTHBHOTO BeUleCTBa,
KaK NOJOHHH, KOTOPbifl MPaKTHYECKH HCMYCKAeT TOABKO g-nyunt), To
OOHAPYHHBAETCA 3aMEUATeJbHOE CBOHCTBO 3TOTO M3/YyueHHS, BhIpa-
JKalollieecst B TOM, UTO OHO BHE3ANHO HOrAOLIAETCS B BO3AYXE, PasoM
OGPHBaﬂCb Ha paccTofnkn HpHs}IIISHTeJIbHO 4 cM OT HCTOYHMKA. STO
3aCTABHAO TPEANONONKHKTD, UTO a-NY4il ABAKIOTCS BHIGPACHIBACMBIMH C
onpefenenHoll CHAOH YACTHUAMM, AJHRA NYTH KOTOPHIX B BOSAYXe,
BCMEACTBHE TIOTEPH 1MH CKOPOCTH orpannyera (Mapus Kiopu). MoxHo,
KpoMe TOro, OGHAPYMKWTH, UTO TMYTH YacTHU HPAMOAHHENE W AJHAA
3THX WyTell TPAGIHIHTENbHO OJHHAKOBA (B TOM Cilyyae, KOTAa ciofi
HCNYCKAIOMIEro NYYH BElleCTBA «GECKOHEYHO TOHOK», TaK YTO B HeM
€aMOM e TPOHCXONUT Morjoulenns ayuef). CneioBaTenbHo, HYKHO
JONYCTHTD, YTO BCE a-YAaCTHLLI HCIYCKAIOTCH ABHHBIM DaJHOAKTHBHLIM
BELIECTBOM C OfMHAKOBOH CKOPOCTBIO M 4TO HX IHEPrdUs NOMMOLAETes
TIOCTENEHHO TIPH NPOXOKACHHHM Yepe3 BELIECTBO MO OAHHAKOBOMY 3a-
KOHY.

UToSbl HARRAAHO MOKA3aTb, YTO a-NydH HMEOT onpejeleHHbIli
«IPOGEr®, MOKHO B3ATb B KAUECTBE HCTOUHHKA H3nyuerns cepebpsHyo
NAACTHHKY, NOKPBITYIO TojoHHeM. Ecan 5Ty MNacTHHKY TMOCTeneHHO
NpuGAHKATD B TEMHOTE K SKPAHY ¢ CePHHCTHIM LHHKOM, TO SKPaH BHE-
3aMHO HAYMHAET CBETHTBCS, KOTN@ PAcCTOAHHE MMy HHM H HCTOU-
HHKOM CTaHOBUTCS paBHbIM 3,9 cam (Npu 15° 1 HOpMaJIbHOM AaBJEHHH
BO3AYXa).

Jpyrum 0coSeHHO HALMSAHBM METOLOM SIBIsIeTcss MeTol Bunab-
COHA, KOTAA MOMB3YIOTCA IMIOCKHM TYYKOM Nyuell OT WCTOWHHKA Ma-
aetx pasmepoB (Mpen Kiopu). Crumok Aenaercs Ha TJacTHHKe, MO
CKOCTb KOTOPOH MapaiiefbHa NAOCKOCTH Nyuka Jydedi. Ha nonyuer-
Hofl oTorpaduu MyYoK uMeeT BHA Beepa, 0GPA30BAHHOTO MPSAMONH-

%) Ero ¢aa6uiv p-Hamyuerken B GONBUIHHCTBE ONKTOR MOXHO mpeHeGpenb.
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HEHHO PACXONSAUIHMUCA OT HCTOUHHKA H TIOUTH COBEPLIEHHO DABHLIMU
no AnMHHE TPAEKTOPHSMH a-yacTHU (pHC. | Ra oTaenbHOM Jucte VII,
puc. | wa otaensuom ancte VIII. B Kouule Kuurm).

Jlnst uceniefoBanys NOCTENEHHOro NMOTIOWEHNS a-Nyuell B BO3LyXe
Bpsrr 1 Kneman npumensnu cueayionyiii MeToA: M3 e-1yyeil, WCRy-
CKaeMbiX GeCKOHEUHO TOHKHM CJIOEM PajHOAKTUBHOrO BeIECTBA, NPH
NOMOWIH AHA(parM BHIEAACTCS NYuoK Jyuel, UMEOUHX NPAKTHYECKH
OfMHAKOBOR, TIEPTIEHAHKYAAPHOE K MJIOCKOCTH H3/1Y4aOUlero Cos Ha-
npasserte. IIyeth § Gylel TOK HACHILIEHNS, NPOU3BOAUMBL HOHAMH,
00pasyIOUHMICA Ha HeGOJBIUOM YuacTKe Ny4ka & M OTHeceHHbll K
epuuule JyiHE. Bennunnofi { no onpefeNeHiio H3MEPAETCS HLOHUSU-
purowas cnocobrocmy nyueit, u
KpHBas, H3o0paxalomas i B
(DYHKILHH PACCTOAHMS OT HCTOY-
HHKA M3JYYEHHs, HA3BBAeTCs
Kpusoti  uoxusayuy (HIH KpH-
Bolt Bparra).

Ha nnactiiky P (puc. 89) nano-
CHICH GecrOneuho TOHKRMI Caofl pa- E130
AKOAKTIBHOTO BewecTsa, JIyuy, He- I
UYCKAENBIE STIIM HCTOURKKOM, HPOfi-

9 uepes mnadparMel B BHAC Pafd

napainezbuix TpySok C, mocty-
taloT 8 HOMIBAUNONIYIO  KaNeDY, 4‘””””””“ Elo
7

oBpasyeMyio naacTHHKON A, coean-
HEHHOI © 1CKTPOMCTPON K MeTAANN -
ueckofi ceTKol B, 3apsentoil no
norenusana V. ECin ONBIT npousso- 3
ANTCA B OOBISHBIX YOTOBHAX TemTie-
PATYPEl W XABAGRAS, TO TAYGHHA
KaMepsl {PaCCTOAHIE MEXKAY NIACTH-
WOt A w cetkol B) omkHA 6Ty we 6oavwe 2—3 .x. Hanpamaeune mpown-
KaIOWHX B Kamepy Jyuel NDHOAMIKERHIO NEPNERIMKVARDHO K NAOCKOCTAM P, A
w B. V3MEPACMELA HORIZANNOHNBIA TOK COOTBETCTBYeT 9aCTH npoBera myuKa, orpa-
HUUEHHOB CeTkOR B 5 naacTauofi A, UToGH HORbI, OBPA3yioUHECs HAXE CETKH
B, se Moran Gaaronaps AMGY3HN NPOHHKATb B K&MEPY, YCTAHABNWBALTCH COGAH-
HeHHas ¢ 2eMaei s3amuTHAS ceTka T. aMepsn oHMBANHOHBHA TOK /, nosyvaenbift
TPH PA3AKYHBIX SHAUEHNAX ¥ (TAE X — PACCTOAHHE MENZY HCTOWHUKOM H Cepe-
JHHOR Kamepsl), MOXHO MOCTPONTL KPRBYIO, H306PaKAOUIYID B 3aBHCHMOCTH OT X
CPeAHIOI0 HONN3KPYIOWYIO CNOCOSHOCTL MYUKA HA yyacTke npofera, onpenesneMom
rayGHHOM Kamepbl /. Tlpu NOMOIN COOTBETCTBYIOMIWX MONPABOK OTCIOAA MOKHO
NOAYWNTL KPHBYIO i = | (x) A%l IPENENBHOTO CAYYas GECKOHEUHO YaKOl HORHM3a-
MHOHHOR Kamepitl). BeneCTs e HA.THYHS AHADPATMS ONLT MOKET GHTb OCYLIECTBAH
TONBKO L1 SHAUSHAR X, MPEBOCKOAULNX W3BECTHLIA NPeied, KOTODIR B OSHTHOM
BOSAYXE paBeH MPHGAH3WTENLKO 15 as. OAHAKO NPH NOMONA NPHGOPOB, KOTOpHIE
GYZYT OMHCAKE HHe, STOT NP MOKHO TOKMSHTD H OTIPEACAHTH GOPMY KPHBOR
BAIOTS 5O € Hauana.

Phe. 9.

Ha puc. 90 n3ofpakeHa KpHBas HOHU3AUHH, MOJIYYEHHAss NpU
NIONB30BAHHH B KAUeCTBe HCTOYHAKA H3NYUEeHNs Kak MOXHO Gonee ToH-

1) Cw. Marie Curie, Traité de Radioactivité, Paris, 1910, 11, p. 113,
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KHM CIOEM CONH Pajiisi, HAXOAMILIErocs B PAaJHOAKTHBHOM PABHOBE-
CHH ¢ Pa/IOHOM H AKTHBHBIM OCakoM. CHHTAIOT, UTO 5T KPHBAS COOT-
BETCTBYET HACJIOCHHIO RORMBHPYOMNX ACHCTBRI UeTHIPEX IPYNN a-Ty-
yelt, HCIYCKAEMbIX COOTBETCTBEHHO UETHIPBMA DANHOAKTHBHBIME 7€~
mentami Ra, Rn, RaA u RaC. [Tpu npuGaueHnyd K HCTOUHHKY H3NY-
ueHHS / BHE3ANHO yBenHUMBaeTcs BCAKWI pas, Kax HOBag rpynna
ayuelt IPOHMKaeT B Kamepy. DTO yBeauueHHE HPOUCXOAMT B TOUKAX
By, Py, Py u Py, abeunces xotopbix OPy, OPs, OP, u OP, cootser-
eTByIOT npoGeraM Ry, Ry, R, v Ry. TakuM ¢nocoGoM BPHOJUIKERHEO
Haiiieno, 4TO B BO3JyXe IPH O0bI4-
Holl TemmepaType H JaBJeHHH Ry =

/L = 3,3 cu [papuit}, Ry =41 en
5 [panon], Rs = 4,7 o [pasuit A],
1 Padug e w| Ry = 7,0 cu [panei Cl.

Ipu ynoTpeSaenuH palHOAKTH-
BHOTO BelleCTBA, HCNYCKAMIEro
TONBKO ORHY TPYNNY a-nyvefi, Ha-
npuMep pajusi Ge3 -ero NpousBo-
HBIX, IONYYAIOT KPHBYIO Gostee npo-
croit popmsi (puc. 90, 11). Kpusast
uMeeT elle Gonee ONPEAeJEHHYIO
<popMy, ecan cnoii paH0aKTHBHOTO
BelecTBa GeCKOHeuHo TOHOK. Ta-
\ KOB cayyaii akTHBHOTO 0cajika pa-
noRal), Korka nocsie HCUeSHOBEHHS
pagus A a-nydu UCXORAT TONBKO
oT pagust C, niH, Tounee, OT €70
KOPOTKOUEPHONHOrO NPOH3BOAHOTO
RaC’?). Kpusas wonusauuu usol-

FPaccronnie 4 en pakena Ha puc. 91, /. Ha sroro pu-

Puc. 90. CYHKa BH/IHO, YTQ HORH3HpYIOULas

CIOCOBHOCTh § YBENWUHBACTCS C

yBe/YeHHEM PACCTOAHMS OT WCTOUHMKA BILVIOTh JO MAKCHMAJbHOIO
3HAYEHUs!, B3ATOTO 3/1ECH 33 RMHHMILY, @ 3aTeM OYeHb GHICTPO YMEHb-
IaeTes 1O TIOUTH JIAReiHOMY 3aKOHY. OfHAKO STOT AHRElHEBIA 3aKOH
YMeHbLUGHHS. HE COXPAHAETCH J0 CAMOro KOHUA npobera, Tak Xax He-
Gonblllas OCTATOMHAA HOMM3aUMs HCsesaeT Gonee moctemeno. [Ipord-
JKeHHe 3TOTO MOJIOrOro KOHIA KPHBOM C/erka yBeJIMYHBAETCA C YBeaH-
YeHHEM CHJIbl UCTOUHHKA H3AY4eHHs H UyBCTBHTENBHOCTH H3MEPH-
TesbHOro npudopa. Baarogapst sTomy TPYAHO TOYHO OMPEleasTb Npo-
Gerd MO PACCTORHWSAM, HA KOTOPHIX HOHH3AUMOHAHIL TOK NOJHOCTHIO
Heyesaer. OKa3anoch YAoGHEe BBECTH TOHATHE SKCALDANOALPOSAHNOZ0

3) B 5T0M cayuae pesyabraThl U3MEPEHHl HYXKHO NPUBOANTH K ORHOK H TOll
e CHJIE HCTOWHHKA MI/YSeHHs, YSHTHBAR PACNaj OCAAKA CO BpeMeHeM.
%) TpeneGperas HeGONBIIHYM SHCIOM G-4ACTHL, HCMYCKACMBIX PAfHEM C.
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npobeeq, BeNHYHHY KOTOPOTO ONDENenflOT, TPOAOIKA JNHHEHHYIO
KPyTo CNyCKAWMlylocsn MacTh KPHBOH RO nepecedenus ¢ ocwio Ox
(Tennepcon).

Ha puc. 91, /7T nsoSpakeHa KpHBAN HOMH3ALMH AAS a-Myuel anek-
TPONHTHYECKH OCAXKIEHHOTO GECKOHEMHO TOHKOFO CIIOA MONOHHA, 2Ta
KpHBAS B KOHEMHOH YacTH COBEPUIEHHO MOAOGHA NpeAwrcTBYiowed
kpuBoit (puc. 91, [), B yeM MOKHO yGeAHTLCS, OTHECH OPAHHATH KaX-
Joii KPHBOI K ee MaxcuManbHON OpANHATe, B3fiTOM 3a eqununy. Ecan
TIepeMeCTHTE KPHBYo /] MapajijleNibHo OCK X TakK, 4TOObI MaKCuMatb-
Hble ODAHHATH 0GeWX KPHBHIX COBRAnH, To Kpnpast [/ noutd ToyHo

. AVE7A
E A \ w| |
3 06
i i \
§ o4
K
Lo \
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v T z 3 ] 3 g T

Pacemonne § et

Puc. 91, J—sKcrpanoanposarnmlil npaer a-aactiu RaC’,
11 ' sxerpanonuposautt npobér a-vactul Po, OB =

HanoKATCSA Ha KpuByio [, CnefosaTennHo, HOHH3MpYlollee AeficTre
Kaxzoft Fpynnel e-1yyell ompefensercss ee mpoderom: Jy4H TOJNOHHS
B MOMEHT HCNyCKaHmsi BeAyT cefs Tak e, Kak Jyun pamust C', yxe
npoleAine B BO3AyXe NYTh, PaBHBLIA Pa3HOCTH MPOGETOB OOEHX STHX
rpynn. Huave roeops, nosefenne Jyueil Gyfler ONHHAKOBO, €CAH HX
ocTaTouHble npoGern pashel. OTCIOAa MOMKHO 3aK/IIOYWTH, UTO B 3TOM
cayuae YACTHILI HMEKT OJHHAKOBYIO CKOPOCTb.

CnenoBaTeNbHo, MOXHO JOMYCTHTB, HYTO HCTYCKAaeMble PasqHy-
HbMH DAJHOAKTHBHLIMH SJeMEHTAMH TPYIMbl ¢-YacTHI OTAHYAIOTCS
TOSbKO CBOEH HAYaibHOK CKOPOCTHIO, KOTOPAs NPH AAHHEIX YCAOBHAX
TemMnepaTypsl H AABJEHHA oOUpeflefser MX Mpoder B Bosmyxe. [Ipu
VMEHBIIEHNH HX CKOPOCTH BO BPeMA WYTH OHH NP PABHBIX OCTATOY-
HBIX IIPOGErax COXPAHAKT OAHHAKOBBIE CEOHCTBA.

Ha puc. 92 H3oOpakeHa KpHBAs MOHH3AUMH, NOJNYYEHRAs C AKTHB-
HbM OCagkoM Topusi, 3pech OGHADYMKWUBAETCA NPHCYTCTBHE ABYX
rpynn e-aydgeii (npoGeru mpu 15° — 4,8 n 8,6 cu), npuHaANEKAWAX
ThC u ThC'.

JIAst MonydeHHs KpBOH HOHH3AUHH B BO3AYXe TPH PaSTHYHBIX
J@BNEHHAX U TeMIepaTyPax MoXHO IOMb30BAaTHCR MpuSopom Bpsrra,
MOMELUEHHBIM B TepMeTHUECKH 3akphiBaouluiics cocyl. OnuT Hoka-
3BIBAET, YTO B CYXOM BO3AyXe SKCTPaNONHMPOBAHHbE Npobert ofpaTHo
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IPOTOPUHOHANBHE TJIOTHOCTH BO3AYXa, & HOHM3HpYIOmAs COocos-
HOCTb MPSIMO MPONOPLUHOHAIBHE efi.

MOKHO 3aCTaBATB COBIIACTH JIBE KPHBLIE, MONYUEHHLIE TPH Pasnuy-
HHIX NAOTHOCTAX BosdyXa D, W D, ecnd Bee npoude YCI0BHS Gblan
0fWHaKoBE. [lnsi 3TOFO ab-
cuuces kpusoit 1/ {puc. 93)
Topus £+ HYKHO YMHOXKHTb Ha OTHO-
/\ wenne D oDy, a opanHaTh —

0

A na otHowerne D,/D,. Touka

M, xpueoit [/, cosmanaro-

was ¢ Toukoft M, kpupoit /,

Ha3bIBACTCS TOrAA COOMmsemnt-

cmeyroweri mouxod. 3T CoB-

najaioiide TOUKH COOTRET-

4 CTBYIOT OAHHAKOBOMY KOJU~

uecTBy NpofiAeRHOro BO3LY Xa

A R OHAKOBOH CKOPOCTH dac-

2 THIX Tyuxa. Taomwane, orpa-

HUYEeHHas] KPHBOﬁ HOHU3A-

LHH H OCAMH KOOPAWHAT,

s 2 4 3 8 ®  usMmepsier MoAHBIA HOHH3a-

Pacemowon 8 om HHOHHEIE TOK, NOAYYaemblil

Phe. 92. TIPH TIOJHOM  TIOTJICUIEHHH

nyuxa B Bogayxe. Ona ocra-

eTcsl OZMHAKOBOH, KakoBa Obl HH Obia nuornocts D. Ilnowags,

orpannuensas KpHBofi I, 0cbio aGCHHCE i IBYMS 110GBIMH OpAUHATAMH,

paBHa IUIOLIAMHM, OTPAHAYEHHON KpPMBOH /f, ockio abenuec M ABYMs
COOTBETCTBYIOUIHMH OPJHHATAMH.

00,

Homsausonsid mok

w1 LT

Houssasomseni mok

|

1 2 3 4 S 6 7 8

Paccmammie 8 om

Puc. 93 Kpubbie noHHSauun a-nysell 1010HAA B BO3AYXE ApIL
15°. 1 - wopmansioe pantenye P, [I — pasaente Pf2

CrefoBaTensho, KPHBYIK HOHH3AUHH, TOJNYYEHHYH B CYXOM BO3-
JlyXe TIDH JaBNeHHH p W TeMmmepaType £, MOXHO NPHBECTH K Qopme,
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COOTBETCTBYHOIIEHA HOPMAJLHLIM YCIOBHAM TEMNEPaTyphl W AaBIeHHs
HAH e JAPYIHM ONPefeJIeBHBIM YCAOBHSM, HAlPHMEP HOPMAJBLHOMY
paenenuio u 15°. Jlas 9T0r0 JOCTATONHO YMHOMKHTB aGCLHCCHE W pas-
JeNUTh OPAMHATEL HA KOS(KpULMEHT:

p_ 273 P 213+15

L e fyge= P 2O DY

760 27341 760 27341

Tjie p M3Mepeno B MHANHMETPAX PTyTHOro ctonda, a £ -— B rpajaycax.
Benue Mol BHAEJIH, YTO HaJlHuHe }'\Ha(l)l)al'Mbl MelaeT onpeaesuTh

(opry KpuBoOit y ee Hauasa. CoryacHo u3JIOKEHHOMY, 3TO HeYyA0GCTBO

MOXKHO YMEHBUIHTb, MPOLH3BOASA OfibIThl NPH TMORHXEHHOM JAaBlIEHWH

1 Nprbope NOAXOAAIMX pasmepor. YeM ANuHHEe NPOOET, TeM MeHblue

npu 0ARNAKOBOH AnaparMe HeAOCTYNHAST HaJIIONEHHIO YaCTh KPHBOIL.
Jlast 31070 MOMKHO NONB30BaThes NpuGopom Bpsrra (puc. 89), no-

MEIeHHbIM B FepMeTHYecKH 3aKpbiBatoupiiics cocyn. Jpyroli mpuron-

Hbil A1 9TOR Henu npuGop HaodpameH Ha puc. 94.

# anesmpamenpy

I %
- = Xy
e K Gamapee
Phc. 94. A — TepMETHYECKN 33KPLEAIOMINIICA MeTamamueckyli_cocyn. HCTounmk waryuenws §

MATHX PAIMEPOB W IHADDArHA D YKDENACH: ka noacTabke £, TIONBMANAR NOACTABKA C MOXeT

MOMEWATLCA 1 DASTHYKLIY PACCTONHMAX OT WONNSAZHOWHOR KaMEpu, 06pasosaHroll Xoyms

MAGCTHIAMH P 3 Ps, MEKAY KOTODHMH NDOXOANT, e KOCARCh HX, NADAMETLHAENA NYHOK Mydelt

oT merounkia 8. TIOCTYNToulu /i B SACKTPOMETP TOK CGOTBETCTBYeT yako moaeswofl nodoce,
cResalikofl B LAICTUNE Py W H20AMDOBAHHOR OT NoCTemNed.

BMECTO TOTO YTGOHI CTPOMTE KPHEYIO HONI3ALMH, HIMEHSS PACCTORHHE MENY
ACTOMHUKOM ¥ KAaMepOH NP NOCTOSHHOM JARJEHHH, MOXHO OCTABAATH 3TO pac-
CTORHHE NOCTORHHBIM, HSMEHAS JABIEHTe 5 NpHGOpe. B 5TOM CAYyWAe pesymsTaTsl
NIOCAENOBATE bHEX HAGIIONEHIIH KYXHO, UTO0L CASNATE HX CPABHAMBIMI, NPIBO-
AMTb K OXHOR NaoTHOCTI.

TToNyueHHbE DasHBIMA ABTOPAMI KPIBbIE WOHUSALHH HECKOMBKO PASHATCA
MMy COS0M No hopMe. DTH PASANUNS 3ABHCAT OT PALA BTOPOCTENEHRLIX MPHYHH,
KOTOPHIX MBI @Ile He KACAHCh: Tak MPOHCXONHT OTPAMEHHE HEGOABILOTO KOMH-
UECTBA G-nyuell WA CTEHKAX AWAQPATMLL H H3MeHeHHS WX HATDABJEHHS, OGBIARO
HE3HGUHTENbHOE, MpH CTONKHOBEHHAX C MOMEKYMaMH rasa (§ 79). YnorpeSnente
METANIHUECKHX CETOK TAKAE MPHBORNT K M3MEHEHHIo QOPNEI KpuBbix. CreneH
BANABNR STHX IPHUN SaBUCHT OT YNOTpeGAfeMOTo nphGopa. CAENOBATENBNO,
HYXKHO ONPeAeHTb YCNOBHA DOAYYEHUS HOPMAAbNOG KPUBOH HOHH3AUMH. ITH
YCIOBUA COCTOAT B CHEAYIOMWEM: HYHOK JyueR JOMKeH NPOXONATE Yepes Anadparmy
B CaMoM Hauale CBOETO Mpolera,® B Kawectse AMAGPATMEI CIEAYeT ynoTpeasth
He TPYOKY, a TOHKIE NJACTAKEL ¢ OTBEPCTHAMU. [lepBoe yCAOBHE HENb3A OCYLIECT-
BHTS C COBEpIIEHHON TOWHOCTEIO, HO K HEMy MOKHO NPHOMHIWTHCR, MPOHSBOAR
HaGniofelHs npn HHSKOM ZaBaenih. [TpHGOp, H3oOpaseHHbi Ha pHe. 94, JaeT
BO3MOMKBOCTb NOCTPONTL KPHBYIO, OUERb GANSKYIO K HOPMAABHOH.
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Jleawas BJGBO OT MAKCIIMYMa YacTb KPHBOH HOHM3ALMU B BOB3-
ayxe §= [ (x)} MOXeT 6uiTb NPUCANIKEHHO NPEACTaBNeHA (POPMYJOit

_
i=C({R —x) /’, rie C — nocrosnsil KosduuHenT, a R — npoGer.
R
4 2
Hurerpan [ :J idy="2CR d OPEACTARNAET CYMMapPHLIF HOHR-

I
3aUMOHHLI TOK, NOayYaeMbill IPN NOJAHOM TOMMOIUEHHH TyuKka Jyvedl
B BO3/lyXe, C HEKOTODOIl [MOTPEUNOCTHIO, BhiTeKaomeii U3 TOro, urIo

1
dopmyna i = C (R — x} h A9 KOleuNOH YacTH KPHBOH He BepHa.
Tak kak npober R nponopuuoHaited ¢* (v — Haua/JbHasg CKOPOCTb
uactul, § 70), TO NpHBeAeHROR 3/ECh COOTHOlIeHHe MexAy [ n R Bhl-
paMaeT, uTO KOJHMUECTBO 3NEKTPHYECTBa, OCBOGOM(AAICUIEECS B rase
DpH MPOXOMAEHHH a-YacTilbl, NPONOPUHOHANLHO T2, T. €. TNOrao-
MaeMOH KHHeTHYECKOH IHEPTHH.

§ 67. Mepeyenb MeTORGB K3MepeHHS NpoGeros
W pasieNeHus rpynn a-ygeii

Kaxnbifi 13 nepeuyncyeHHbIX HHE METOAOB HMeeT CBOH Mpeumy-
IecTsa N CBOK 0coGy10 00acTe NpHAOMeHHd. Bo Beex eaydasx Tou-
HOCTb Pe3yNIbTaTOB 33BHCUT OT BO3MOMKHOCTH HOMYYHTb aKTHBHOE Be-
eCTBO B BHJAE GECKOHEUHO TOHKOTO CJIOS, YTOOH! IIOIVIOUIGHHE B HeM
ero cOGCTBEHHOTO H3MYUYeHHS GbUIO HHYTOIKHO MAJbIM.

2) METOX NMOHHU3ALEHK BP3rra. logpobuoe omicanie sToro Metosa
yaxe jano B § 66. ON COCTONT B KBMCPENIIN OIA3ANY A, NPONCXOAsEl BIONL TIapa-
AEABHOTO TYWKa nysei.

b) METOML KOHAEHCALUNY BUABCOHA. 3T0T MeTOfl 0OWYHO NPH-
MeHSIeTCH AUIA HAGMIONEItHS NAOCKOTO MyWKa JyucH OT HCTOYHMKA MaibiX pas-
MepoB. B HEKOTOPHX CIYHAFX CAOMHOCTL NYYKA BHAHA NPAMO Ha CHHMKax (pHe. 4
wa oraenphoM aucte VII, 6 rpynn RTh, ThX, Tn, ThA, ThC, ThC’, puc. 3 Ha
otaenron ancte VII, 2 tpynmer AcC u AcC’; pre. 2 wa otaeashom acte VI,
2 rpynnet RaA 1 RaC’). ECili ATHHE! IPOGETOB GAN3KH, TO PEay.ILTATH RCICACTRHE
Kone6austi NpoGeros (§ 78) CTAHOBATCR HEACHHMI, N TOTAA WHCIO Myvell pasangmof
ANAHE OPHXOAMTCH onNpeiesnth crarhetusecku. HanwGosee BepoatTHBli mpoSer u
Wneso ayuel KaMOH FPYNOL BO BCeX CIyuanx HYKHO ORPENENSTH CTATHCTRYeCKH
(phe. 2 Ha otAentHoM Aicte VIL, 2 cpymnbl panioakTinms).

) METOA MATHHTHOTO OTKJAOHEHHKS. 3107 METOR, oNucaHubli
B § 76, faeT BOMONHOCTb OTAEIATE JAPYT OT Apyra OAHOPOAHBIE IDYONbI g-jyueit,
DOALSYACH PAsNHYHBIM OTKIOHCHHEM 5TNIX YPYNN B MATHHTHOM TOMe. KaKzoit
rpynne a-mydell ¢ ONPEACNEHHON HAUANLHON CKOPOCTBIO COOTBETCTBYET ofta JIH-
Hilsl MATHNTHOTO CTiGkTpa. HI3MEPHB CKOPOCTH, MOMKHO BMUHCAHTH TpoSeri, Tar
KaK COOTHOLIEHHE MEXIY I 1 U TOURO IKCHEPHMEHTAILHO ONPEAENCHO (§ 70).

d) METOA CLMHTH A LN [TOACUNTHBAKT YHCAO CUHHTHAN SUHH, TPO-
WIBOANMEIX TIAPANIETLILIM TYYKOM -ySeh Ha SKpawe C CEPHUCTHIM LHNKOM,
NOMEUIACMOM HA PASJIMYHBIX PACCTOAHHAX X OT HCTOUMKKA HSayuenis. [pn onpe-
JeNeHHOM BHAYSHHH X NPOKCXOMMT GHICTPOE YMEHBUICHHE WHCAA CLWWTHAAAING,
YKasmBaolee Ka KOHEl MPOBra OLHOI H3 IPYIN -1ydell H ARIOIlee BOIMONKHOCTS
H3MEPHTb 3TOT npober.

ef W3MEPEHME 3APSIAA AYUEMN Jror meron (§ 71) cocronr B ToM,
WTO B BAKYYME H3MepAeTcs 3apsajl, NPHHOCHMBIE K SJEKTPOAY NADAILNENbHBM Myl-
KOM a-iydeii, MPOXONRMAM 4CPe3 NOMOWAIONIAE SKPaHM Pasiuuiok TONIMHHE
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(§ 68). BHeaamnoe YMClBLICHNG TOKA 3APATA YKASHEAeT Ha MOJHOE TOMIOMIEHHE
SKpaom omvoH W Tpynn ayuell (puc. 105)

METON NOJACYETA a-UACTUL, OCHOBAHHER HA ¥ JAPHOR
HOHU3AUNHK (§ 72). TMapaaaeanubld nysok ayusfi TocTynaeT B CYETHHK,
NpOHiAA_ Vepes NOTNOWIAIOIKE SKPAHEL PAIAFURON TONLLNHHL,

) IVOOEPEIHLHANGIBIN METON WOHW3ALHYN C HABJIOAE-
HUEM OTAEMBHBIX AYEN. Iapasteaniuii nysox ayuelt npoxoant no-
CEROBATEABHO YEPE3 JIBe V3KNE HOIMSHHIONHHC KAMEDH, Pasiedewuble MeTad-
ndecKoft ceTkofl. DAEKTpIINECKO NOAT B O6CNX KAMEPAX IMECT MPOTHBOTONOKHOE
wanpapaenne. CeTka, pasfeaslonan KaMeph, NPHCOCANMEHA K INEKTPOAY, H3Me-
HelHe 3apfAa KOTOPOTO H2MEpAeTcs NN NOMOILI YCHAUBAIOuEro NpucRocodae-
UL, DTOT OUCHb UYBCTBHTSALARH APHGOP AACT BAIMOIKHOCTE OGHAPYKHBATE NydH,
KOTOpUIE SATOPMAXIBAIOTCH B MepPof KANCPE, HC RPONTRAT BO BTOPYIO (Pesep.
dop, Yopa i Biux Biansme).

CHCTeMATHYECKOR H3YUekite a-yuell, HOMYCKAaeMBIX PafMOaKTHB-
HEIMH 3JIEMEHTAMH, NIOKA3a/io, YTO KAl £3 STHX 3/MeMEHTOB HCNy-
CKaeT OOBIMHO TOABKO OAHY rpynny e-nyueid. Ofnako B MocheiHee
BpeMsl YCTAHOBUIMN, YTO HEKOTOPHE DANUOAKTHBHBIE JEMEHTH HCIHY-
CKalOT CJIOXKHOE @-H3JyYsHHe, COCTOsiNee N3 HECKOABKHX TPYI Jy-
4eil, MPOBEIH H HauaMbHLie CKOPOCTH KOTOPWLIX Mano pasnates (Ral,
RaC, ThC, AcC, An, RAc, AcX). B nactosiiee Bpemsi nsBectHo 23
PAHOAKTHBHEIX NPEBPAIMEHHs C HCNYCKAHWeM NPOCTLIX MITH CJOMKHBIX
rpynn e-nyuefl. B mpuaowenun 7c jan nepesenb STHX IPYRR, HX
npoGeror M HX HAYANbHLIX cropocTell. B mosayxe mpn mopManbHOM
JaBjeHHH U 15° npoSern pasaHMHLIX TPYRI e-ryuell pexar B HHTep-
Bane o7 2,5 1o 8,6 ca. CHHMKH HEKOTOPBIX IPYIM a-nyveli, cllenasusbie
no MeTony Bunbcona, paub na ornenvhmx aucrax VII u VIII. Bonn
TaKKe OOHADYIKEHB B OUeHb MayIoil NPOTOPLHH G-1YuH C OCOGHHO
Goaplmmp npoderamu. B npunowenun 7C yxasaHsl STH TaK Hasel-
BaemMble «WIHHHOMpoOeKHsie> TPYNNL Jayyeil, menyckaeMsie RaC’,
ThC’ u AcC’, a ma puc. 3 1 4 {oraenskprii quct VIII) moxkHO BHAeTb
TPaEKTOPHU Nyuell, MPUHAANGKAUGIX K 57iM rpynnam. HauGoabiumi
nsBecTHRl mpoGer pased nputausurensuo 11,56 cw. Uneno wacrmm
ANUHHONPOGEIKHQH TPYNNbI COCTABASICT MeHee 1/ip,  OJAHOBPEMEHHO
HCIYCKAeMBbIX YaCTHIL HOPMasibHOR rpynmul,

§ 68. flpoGer B rasax. Ioauas wonnsaums. TIpoGer B MMAKOCTAX
H TBePABIX BEUECTBAX. 3alePHHBAIOWAA CNOCOBHOCTD

MornomweHnE B ¥ A3AX. MoKHO neeiefoBaTh NOTJIOlIEHHE
a-1yyei He TOMBKO B Cospyxe, HO H B ADYLHX rasax, NOAL3YACH
AN NONYYeHWs KpHBOH WOHM3ALUM ONKCAHHBIMH BbILE TepMe-
THYECKH 3AKPHIBAOIIMECH NPHOOPAMH, HATIOMHSEMbIMH HCCAENYEMbIM
ra3oM NPH HyXKHOM JaBjiennu. MOKBO Takxe IpHUMEHATb LIS 3Toro
meTop Buabcona man meros cudnTuaasuuii. OCuine cBoACTBA Habo-
JIaeMOTO #IBNICHHS TaKue Xe, KaK IPH NOIVIOWEeHNH a-n1ydYell B BoaAyXe:
KPHBas HOHH3aIHH HMeeT CXOAHYIO OPMY H HAeT BO3MOMHOCTb OTIpe-
JenuTE Tpober, KOTOpmifi BO BCAKOM Trase OKasbiBaeics 0OpaTHO
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[PONOPUHOHANBLHLIM €10 MIOTHOCTH. OiHAKO KpHBbE, NONYYEHHBIE B
pasHbIX I'a3ax, He COBepLICHHO MoA0GHb. Tak, B Cyyasx BOAOposA U
Tests MAKCHMYM MeHee PACTAHYT H HaXOAHTCH /IHIKe K KOHLY fipodera,
4eM B BO3AyXe, H KPUBAS HMEET BHJ $0/€e OCTPOro KAWHA.

B rasax mpH OHHAKOBOM JaBAeNH# H OJMHAKOBOH TeMmeparype,
T. €. TIPH OHUHAKOBON MOMEKYASPHON KOHIUEHTPAWH, npoder a-nydeil
onpesleNleHHol TPyNnbl TeM GOMbIIe, YeM MEHbLI® ATOMOB COREPIKHT
MONeKyfa Iasa W YeM MeHblile Macca 5TiX atomos. Tax, mpober e-
ayueit pagns C' # NOMOKHA B BOJAOpOAe NpuGau3uTenbHO B 4,5 pasa
Gonbule, ueM B Bossyxe. B Nomemaemofi sjech TalaHle NpHBeXeHb
noc/e/HAe 3HAYEHHA BEJIHYUH NPOGErop a-nyueit nosonns u pagua C'
(BEIpAXKEHHEIE B C#) B HEKOTODHIX Ia3aX TNPH HOPMANBHOM JABNeHHH
u15°%

Roaayx O, Na H, He A
a-ayan Po 3,87 364 3.89 113 215 417
a-nyn RaC’ 6,96 660 7.0 35 30 T3

Monuas voHU3AUMNSL bDBonsiuoe sHavenne uMeET BEAHYHHA
nOAKOL  UONUSGKu, TPOH3BOAUMON B TIasaX a-1yYaMu BJONb HX
npotera. Tak Kak INOMAAb, OrPAHHYEHHAS KPHBOI NOHMBALMH, AaeT
HaM BO3MOXKHOCTb ONDEASNHTh HOHH3AUMOHHBI TOK, TOJydaeMbifi Tpr
NONTHOM NONAOLICHRH NyuXa Ay4eli, T, YTOOb! BHIYHCAHTH HOHHIHPYIO-
niee JieHCTBHE OTAENBHON YACTHIE!, HYIKHO 3HATH €l¢ YHCAO HCMy-
CKaeMbIX B eJWHHIY BpeMeHH uacTHu nydxa (§ 72). 3aTo oTHOCUTENB-
Hasl NOMHAS HOHU3AUNS, MPOB3BOANMAS OLHHM If TeM ke MyYKoM B
PASAHYHEIX Ta3aX, ONpejeasiercss TNpPSMO 13 CPABHEHHS IVIOMajei
KpPHBHIX HOHH3AIHH, MOJYYAeMsIX B STHX rasaX ¢ OAHHAKOBBIM HCTOY-
HHKOM H3/yYeHHMS W B OlHHaKoBoM mpudope. OubiT NOKa3LIBACT, TO
OHA B HEKOTOPOH Mepe 3aBHCHT OT npofera Hccaeayemuix Jyueii. Pe-
BYJbTATE, TNONYYEHHBIE DA3HBIMM ABTODAMH, CHJBHO DPACXOAATCH.
B crenyiomedl Tabanue NplBefeHbl HEKOTOpLie Houeliluie 3HAUEHHS
BEJIKYHKBI OTHOCHTEIbHOI NONHON HORM3AUMI AAS ¢-Nyueil NOJOHHS
(Menep, Hafiny) W a-nyveil ¢ oCTAaTOUHLIM NPOBETOM, PaBNLIM 7 MM
(Tapuu). -

Tpoter 3,8 cx TIpoter 7 st
Boaayx ............ | Bosayx ..
Asor R ]| ﬁﬁm

nenopon
Kucaopox JERREAE 1,09 Boaopon .
Vraexueablii 13 LOL - Tequit
Tenuft 1,15 Heon
Heon 1,30 ﬁgm%”- .

i

Apron 145 Keenon ...

VRaxewm Taxxke, uT0 no Bparry noaHas HOHH3ALHA B HEKOTOPHIX
rasax H mapax Ha 20—35% wbiwe, uem B Bosfyxe; CS,, CHy, CoHy,
CyH,, CgHeO, CeHy, CHj, Br, CHyl, HCI, HBr, HT u . 4.
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CpaBHeHHEe 9THX PeaynibTATOB MOKA3BLIBACT, YTO NOJHAS HOHH3ALUA
B PasAWYHbIX JABYATOMHBIX Ta3aX C JICTKMMH ATOMAMH NOYTH OLHHA-
koBa. Ona ppime B He 11 cule phiue B ApyriX 6MaropoAHbIX rasax.
B 3THX rasax ¢ 0fHOATOMHON Monekynofl oHa TeM Gosblue, YeM MeHblue
noteHliran wonuzauyn V. Cpaphende apyatomunx rasos H, (V =
=16,56), Ng (V =178y n Oy {(V = 155 6) ¢ He (V = 24,6 8) naer
NPOTHBONONOKHLIA PE3YAbTAT, OTKYAR CASAYET, UTO SHEPIHS o-Aydeil
PacXOAyeTcs He TONbKO Ha HOHM3aLHio rasa. Moxio cuuTath, Y10 B
rasax BosfyXa H B Hy fonst snepruu, saTpauneaeMoi Ha BO36ymieHne
Moiekyasl, Boitie, yem B He.

MTOrnOMEHNE B KHAKOGCTAX W TBEPABX TEAAX.
Uornomenne a-viyseld B KAAKOCTAX 1 TBEPABIX TelaX CXOAHO € HX
[OT/IOWEHHEM B [A3aX B TOM OTHOUIGHHH, YTO 3/eCh, TAK JKe KAK K
B Ta3aX, KAKAAs FPYNNA Jyuell B KAKNOM BEIIECTSe MMeeT ONpejeeH-
ueiit mpoGer. IMpoler sydell B AHAKOCTAX ONPEAEASIOT, NOTPYHasi B
HUX HCTOUHNAK M3AYUCHKS MANbX PAa3MepOR U HaOMI0Aas MOMCHT HCYes-
HOBEHHS CHUHTHIJIALMI Ha IKPAHe C CepHHCTHIM UHHKOM, MOMellleH-
HbM Y BOBEPXHOCTH KALKOCTH. Tak Kak #swmepsieMsie npoGeru BechbMa
Maabl, TO TOAWHMHY TNOTJOMAMIEr0 COS HYMKHO OUEHb TOUHO OMpe-
NensTh ONTHUECKUM MeTOJoM. B clydae TEepABIX Tem TaKKe NOMb-
3YIOTCSL METOIOM CHMHTHAAALIIR. DKpaH H3 NCCAERYEMOTO TIOTIOWA0-
lero BelWieCTBA [eIACTCA B (HOPME KNHHA C QUeHb OCTPLIM YraoM. DToT
3KpaH NoMellaeTcs HeMOCPeACTREHHO Ha/l JIHHERHAIM HCTOUHHKOM HaTY-
vennsl (AKTUBHPOBAHHAS NPOBONOKA, UEPUEHAMKYAAPHAS K pedpy
KNHHA), & 3KPAH C CEPHHCTBIM UHHKOM — € TMPOTHBONOROMKHOM CTO-
poHbl KasHa. Tak KaK BO3PACTAHHE TONIHHBI KIRHA KIET HENPEPHIBHO,
TO JIIHMR, 33 KOTOpOf’l CLUMHTHAAAUAY [PEKpamaloTcs, TOUHO COOT-
BeTCTBYET HAHGOMbUlEl MPOXOAMMON MyYaMH TOAUNIHE ClIOF, T. €.
ax npodery.

YcrasoBNeHO B nepBoM NPHOMHMEHKH, 4TO HPOGEr B MKUAKOCTAX
U TBEp/IbIX TellaX TeM MeHblle, geM GOnble IOTHOCTh NOTAOMIAOLEro
BellleCTBA, W 4TO TpeGyloluascs ATs TOJMHOTO NMOrMOLIEHHs INOBEpX-
HOCTHAS TIOTHOCTB HMEET TOT Xe NOpsajoK, 4To H B rasax. B npuso-
JAHMOH 3flech TabiRUe AAHB BETHUHHBI NPOCEroB a-Mydefl NOJAOHHA
u RaC’ B xuakax 1 rBepasix Tenax (TpaySenbepr, Muxab).

Jlerko yOemHTBCS, Y4TO COOTBETCTBYIOWAS Tpofery noBepXHOCTHAs
Macca YBENHYHBAETCS C ATOMHBIM IMOPSAKOBBIM UHC/JOM TTOTIOTHTEJIS.
Beanunna nponssefieHns R-D (npoGera Ha MioTHOCTE) HaMeHseTes OT
0,011 ejem? st Al po 0,027 efen® anst Au o Pb (a-nyan RaC’).

[IpoGer a-ayuei RaC’ npu 15°
Li.....1290p N .84 Sn

578 Cu .. 1834 .
068  Zn. [298a  Au.
788 Ag L192p T
1874 <d .. L2424
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MpoGer a-nyveil Po npi 15° TpoGer a-nyseft RaC’ npu 15°
Bona L8204 60,0 1

Cnwpr 37, u 70,5 u

Spnp 130

Benanr ... 36,3 4 70,0 &

B sxenatiie ¢oTorpaduueckux niacTHHox npoter a-nyueit Po pa-
BeH npubausutenpio 27 u, a a-nyueit RaC’ — 52 p (§ 102).

BosavyWwHBA 3KBUBANEHT IlocTenenHoe MOrMOUEHHEe
a-yyeil TBepABMA BELIECTBAMH ONPEACAACTCS NYTeM HCCNENOBAHHS
KPHBOIl HOHH3AIUH, NPOH3BOJUMON B .BO3AYXE JyYamH, NpOLIe/-
WHMH CKBO3b 3aKPHIBAIOIIHH HCTOYHHK HAIYYeHHS! TOHKHH OAHOPOA-
HBll 3KpaH U3 HCHBITYEMO-
TO IONJIOMAKIIEro BELIeCTRa,
TOJIIHHA KOTOPOTrO MeHbile
npobera nydeli B BeuleCTRe
sxpaHa. Haiifero, uTo op-
Ma 3Toll OCTaTOUHOH KPHBOH
WoHusauny i = f (x) npax-
THYECKH He H3MeHseTcs,
OHA TOABKO CHABHFAETCS Ma-
passieibo ocH X DO Hamnpa-
BAEHHIO K Hauany OpARHAT
Ha BEJHYWHY A, KaK 3To Mo-
h kasaHo Ha puc. 95.

AN Benmunna capura 4 co-
0 T 7 3 5 OTBETCTBYET PABHOMY YMEHb~
Pacermnmus 8 aw eHHIo mpodera ayyed u Ha-
Puc. 95. f — KPHBaA HONM2AWEHN d-Ty4Yel NONOHUA, 3bIBAETCH EOBOyWHDW oK8U-
1 <~ KpHBan OCTaToNHOR HoRKAAWMN, NOAYNeRHAR  GACHINOM JAHHOTO SKpaHa.
CTeM e CaMbiM HCTOUHHKOM HAAYYEIINT, SAXDLITHM o
NIOMBEHHEREIM SKDAHOM TOUTHHGH 0KONO 0,0035 Mt BosaywHEIf 3KBHBAJIEHT fAB-
JsETCA BAXKHBIM  XapaKTep-
HBIM TIpH3HAKOM JAHHOTO 3KPaHa, HO, OfiHAKO, OH HEMHOTO U3MEHSeTCH
B 3aBHCHMOCTH OT CKODOCTH Jydeill B MOMEHT WX MafeHHsl Ha SKPaH,
T. €. B 33BHCHMOCTH OT PACCTOSIHHSl MEKAY SKPAHOM H HCTOYHHKOM
usnyuenus. ONBIT NOKA3HIBAT, uTO AJA OJHOTO M TOrO IKe SKpaHa
A yMenblaeTes no Mepe NPUOAHAKEHHS K KOHLY npobera.

YkameM B KauecTse IIPKMEpa, UTO JNs o-1y4ell NOJONHsA B Hauanme
ux mpodera | cu BoszyXa sKsuBaZeHTen Npubmusurensio 6 s, Hau
1,6 mefem?, amoMunrs u 2 p, WAH 4 mefcm®, sonota.

MornoWEHME HEMAPARAEABHEX AYYER Ilpu uc
CoI€IOBAHAK TORIOMEHHs g-tyuefi uacTo ObiBaeT yAOOHee HAPOH3-
BOLHTb HaGOfeHusl Haj NyYKaMH Napaiienbieix ayueir. INonesho,
OJIHAKO, OTIPERE]HTh TaKiKe HOHH3AWHIO / B TOM CTyYae, KOTla 3Kpan
mpsAMO, 663 AHa(parmbl, HATOMKEH Ha HCTOYHHK H MPOXOAsIIME CKBO3b
HEro Ay#H MOJHOCTHIO TOTOMAKTCA B HORK3AWHMOHHON Kamepe. Ot

CW

-

Howssauussmend ok
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KJIaApEas N0 OCH aGCHHCC TOMNMHY 3KpaHa /, a MO OCH OPAHHAT TOK
HacblEeHEst {, NOAYYaloT KPHBYIO NOLJONIGHHA Jyvyed, HAYWHX B
pas/HUHLIX HANPABJEHHAX OTHOCKTENBHO 3KpaHa. B kavecTee MCTOY-
HAKOB H3JYYeHHS MPH TAKHX ONBITAX MOMB3OBAJINCH HJIH GECKOHEUHO
TOHKHMH CJIOAMH aKTHBHBIX BRINECTB (3MCKTPOJHTHUECKH OCAXACHHBIN
TONOHKH, AKTHBHbE OC3JAKH K T. J.) WM e CPABHHTENBHO TOJCTHIMA
CROAMH HX, YaCTHYHO MOIMIOMIABWHMH CBO® HaayueHue. B ofonx sTHx
cayuanx seanynny / = f (/) MoxHo npexgn-
BeTh, YUHTHIBASL yMeHblueHpe mpobera Ha-
KJIOHHO HAYUIHX JIyYeil B SKPAHE H MX HOHHSH- )
PYIOILYIO CNOCOGHOCTL BJO/L  OCTATOYHOrO
TyTH B BoaAyxe. TeopHsi U ONBIT NOKAILIBAIOT,
yto Korga ! Bospacraer, ] ymeHbvliuaercs BCe
Gosee n Gonee OLICTPO, NpHUEM B KOHLE MPO-
Gera TPOHCXOIMT KpafiHe Deskoe NajieHne.
Orot xapakTepHbI} Ajis o-Nydell 3aKOH HOMIO-
menust (Mapust Kiopn) cunbHO oTnHYaeTca oT
06HIYHO HAOMIOAAEMOTO 3AKOHA TIOMIOLIERHS -

u y-nyveil. Ecau norpoSoBarh NpefcTaBHTh |
uepes { = [™*, TO KOMPPHUHEHT NOTA0- -0
IUEHHs g HeNpepLBHO Bo3pacTaeT ¢ [ u cTpe-
MUTCH B KOHUe mpodera K GeCKOHeUHOCTH, KaK Puc. 9.

5TO BHAHO u3 pHC. 96, Ha KOTOpOM H3oGpa-

JKeHa KpHBas, MpeAcTapisiomas Ig J B pynkunn ortHomenns x = Afr
s a-ayuelt RaC’ (4 — Bosaylusbli SKBHBANEHT ANIOMHHHEBOTO K-
paHa, r — npoGer ayyefi B Bo3iyXe).

1,0]

0 05 102

Uro6sl yKasaTh MOPRAOK BETHUWHBI, MPUBENEM CTEAYIOWMI NPUMED: HA30BEM
TIPe/ILNBHEM CJI0EM OZHOPCAHbIE CNOH PAAHOAKTHBHOTO BEUIECTBA, TOMIUHHE KO-
T0poro paeHa mpoGery c-ayueil s Srom memectee. [pOcTOM pacuer noxassisaer,
uTO eCAH Gb HOHHIHPYIOMIAN CHOCOGHOCTR JIy4a BAOAL €r0 NYTH f B BOBLYXe
6bla  NOCTOANHA K ec/TH Gbl BOSHYIIHBIN SKBHBANEHT PACCMATPHBAEMOrO BelECTA
BAOJB NYTH JyYa #° B STOM BellecTBe bl TAKXKe NOCTOSHEH, TO HOHH3ALHOR-
Hbll TOK, TIPOM3BOAWMBIA TPEACNBHBIM CJOEM, PABHAICA G UYeTBEPTH TOTO TOKA,
KOTOPH NPOHSBOMMAO 6Bl TO JKe CaMOe BEWECTBO, €CAH Gbl OHO He HOTOWAND
CBOHX Aiyueil.

BAKEP)KHBAIOH.IAﬁ COOCOBHOCTA UToGh y4ecTb Tno-
TJonatonee lleﬁCTBHE OTJAJIbHBIX MOJIEKYJl HJH aTOMOB, EleT BBEJ
TIOHATHE 3adepamcusaronjeri cnocobrocmy, ONpefensieMoll Cefyomum
06pasoM: ec/i NpoGert OAAKOro M TOTO ke TyuKa jydell B ABYX pasaHd-
HBIX TasaX C OAHHAKOBhIMH MOJEKYJSPHbIMH KOHUEHTPaUHsMH 6y}1yT
R u Ry, TO unciia MONIEKYJ KAXKAOPO rasa, Tpedylolmecs Ay NOJHOTO
AOTVIOUWEHKA NyUKa, 6YAYT NPONOPLUHOHANBHE R U R o. ClegoBaTenbHO,
SHIIEP)KHBQIOIHGI:I CIOCOBHOCTRIO MOJIEKYJl NEPBOro rasa OTHOCHUTENABHO
BTOPOrO MOXKHO HASBATh BeWYHHY S = Rof/R. Jlnsd cpaenenns Gepyr

14 M. Kiopn
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HAH BO3AYX (MPHHHMAS, YTO OH COCTOMT H3 ATOMOB CO CPEAHHM aTOM-
HBIM BecoM A = 14,4), nan Kncnopoa.

3afepKHBaloLLy0 CIOCOBHOCTh ATOMOB JIOGOre POCTOrO BELECTBA
MOXKHO omnpejesnTh Gojee oGIHM CMOCOGOM, KaK BeaM4HHY, OGPAaTHO
TIPOTIOPUHOHANBHYIO HHCJTY aTOMOB, TPefylOuleMycst IS NOIMOWIEHHS
nyuka. IIyetb R u Ry GYAYT Npofery B WCCAEIYEMOM BELIECTBE U B
BelilecTBe, H3GPAHHOM ANt cpaBHewus, d U dg — TJOTHOCTH 3THX Be-

wecTs, A ¥ Ay — HX aTOMHbe Beca. OTHOCHTENbHAS ATOMHas 3ajep-
KHBAIOWAs COCOBHOCTD BLIPAZHTCS (BOPMYMOI
— Ry A
Rd A, '

a 3ajlepIKUBAIOLIAST CIOCOGHOCTD MOJIEKYJILI, Macca KoTopolt pasHa M,

dyner
Rudy M
Rd A

BmecTo Toro uToGbl OTHOCHTD 3aJIeP /KHBAIOULY IO CIOCOGHOCTD K 110J-
HOMY TIpOGETY, ee HacTO OTHOCAT K 5KBUBAJIEHTHBIM UaCTAM NpoGeros
B CpaBHHBaeMbIX BewecTBaX. OnpeaefeHHAs TAKHM NyTeM 3aiepxH-
BaIOWAs CNOCOGHOCTE He SABJAETCS NOCTOSAHHON HAa BCeM MPOTSKEHHH
npoGera, a NOCTENEHHO H3MEHAETCH ¢ H3MEHEHHEM CKOPOCTH YACTHIL.
Y 3newenToB, aTOMHBIl BeC KOTOPHIX OO/iblle aTOMHOrO Beca
BO3JtyXa, B3ATOTO KaK HODMaJbHOE BELeCTBO Al CPABHEHHS, S C
YMEHDLUEHHEM CKOPOCTH HACTHIL YMEHbILAeTCs, Y BOAOPOJA NMPOHCXO-
JHT obpaTHoe.

Taxum 06pasoM, 3aAepXHBAIOMAA CNOCOGHOCTb He ABMACTCA BENH-
YHHOU, HMefollell npocTofi cMmbica. 3ajepikHBalowias CnOcoGHOCTD
aToMa ABAsAeTCA BospacTawliell gyHkuuell aToMHoro Beca. Flo Bpsrry
1 Kiemany s TpOMOPUMOHANBHO YA, a 3alepKHBaolas Crocos-
HOCTh MOJEKYJbl COCTABAAETCS ALAHTHBHO H3 3a/lepHHBAIONIHK CHO-
cofHocTell ee aTomoB. [lepBblil H3 STHX 3AKOHOB He TOATBEPKAACTCA
TIONIHOCTBIO, H NS 3aMeHbl €r0 GbiM TpeinokKens! Apyrue (opMyasl,
B KOTOphi€ BBOJHTCH MOpAAKoBoe uncao N. 3akoH ajAHTHBHOCTH,
MO-BHIHMOMY, ROCTATOYHO TOYEH, 32 HCKJAIOUEHHEM HECKOMbKHX CaIy-
yaeB, B OCOBEHHOCTH JKe Clyyast aToMa BOJOPOAA, 3a/ePKHBAIOMAS
CNOCOBHOCTE  KOTOPOTO HE BO BCEX €ro COGAMHEHMSX BIOJHE OAH-
HaKOBa.

B creayommeit TaGanle NpuBeJeHs! CPeARHe 3aflepKHBAIOMUE CIO-
COGHOCTH HEKOTOPHIX MPOCTBIX Tefl, OTHECEHHBIe K YCJIOBHOMY aToMy
Bo3tyxa'). OHH BbiUMC/IEHBI U3 MIPHBEJAEHHLIX Bhillle BEMHYHH NPOGETOB.

33T wNCna AJIOTCA TOABKO KaK NDHMEPHBE, TAK KAK PeE3yabTaTh, moAy-
ueHHBIE PA3HHMH aBTOPaMH, CHABHO PACKOAATCA.
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Atom sosnyxa 1,0
H ... 02

He .. . 0,35
N .. . 0,99
o . 1,08
A 1,90

3agepxuBatowpe crnocodoetn Moneky CO, CO,, CHy, CH,, CiH,,
CgHg, CsHy,, CHgBr, CHClg 1 T. A. COOTBETCTBYIOT NPasuny ajAuTHB-
HocTH (3ajeprknBalolias cnocobHoeTs atoma C oxono 0,9). 1o npa-
BHJIO CHPABEANUBO TAKKE AAsi MOJEKYJ MAPOB BOALI W CNHPTa (3afep-
SKHBAIOWME CMIOCOGHOCTH OKoso 1,5 1 okono 4,0), Ko 3ajepxHBaome
CIOCOBHOCTH TeX JKe CaMBIX MOJIEKYNl B JKHAKOCTH THPHONH3HTENBLHO
Ha 10% Beue. IlpaBnao afANTHBHOCTH, SYAYYH OYeHb LIMPOKO MpH-
JIOKHMO, MOXKET OBITb HCTIONb30BAHO [JS BBIMHCIEHAS NPOOETOB, Be-
JMYAHA KOTOPHIX IPAMO HE li3Mepena.

§ 69. MarsuTHOE M 9/1eKTPHUECKOE OTKJOHEHHS.
OtHoureHHe 3apsilla K Macce. a-Ayun — AAPA ATOMOB FeNHA.
Macca u sneprus uactuup, MoTteps sapsga

MATHHTHOE OTKJAOHEHHE JIydM ¢ Mano uyBCTBHTEMbHbL
K JeHCTBUIO MAFHHTHOTO MOASt U MOPYT ObiThb 3aMETHO OTKJOHEHb!
TOJABKC B CHIbHOM TNONE. Hal’lpaBJleHﬂE OTKNO- 7 7
HEHHST MOKA3bIBAET, YTO OHH HECYT TOJOKHTENb-
Heiit 3apad. [lo BeaAMYUHE OTKNOHEHHST MOKHO
onpeaenyTh otHowenne MofE (M — macca vac-
THUE, E — ee 3apsi, U — CKOPOCTb) H BBIYHC-
JATb H3 HETO U,

a) IPAMON METOR (pnc. 97). Jlnneitneit we-
TOURNK HSAYGCHHA, NEpReHAUKYAADHE K NAOCKOCTH
PHCYHKE, O6pasoBan BECKONEUHO TORKHM CllOEM aKTIIS-
Horo Bemecta. Ha (oTorpaduueckyio nuactuuky P 2—
Majaer y3Kuk nyuoK a-Iyueil, HCXOMAWMH OT HCTOULNKA
# OFpaHHYEHHBI WEJbIO F, MapannedbHs HCTOUHHKY .
[laactiika P nepnesivkydspHa K MJIOCKOCTH, B
KOTOpOli MIeKAT HCTOUHWK H IMeNb,  NAPaIenbHa
nocaefuell, 3TOT MPHOOP HAXOANTCR B repMeTHuEcKH
3AKPHBAIOIIEMCH ALNKE, B KOTOPOM YCTAHOB/GH Bhi-
cokHll Bakyym. SlAK NOMEIMEH MERAY TOTIOCAMH 18K
TPOMATHNTA, COSNAIOLLETO BO BCEM €0 OOBEME MOCTONH-
HOE H ONHOPOTHOE MAFKNTHOE Mofe H, NEPREHAIKYARP-

5
HO® K MAOCKOCTIN pHCYKKA. JlydH ONACHBAIT KPYroByio Pue. 97
Tpackropiio (§ 15), onpeacaneyio Touxawn S n F 0 pamnycom KpHBHIAEl R,
npracy
Mo
Mo _ wR,
E

rae M, v, E — macca, CKOPOCTb H 3apSiA G-MaCTHUM.
14%




[image: image210.png]212 a-Avun [r71. X1t

VisMenss Manpaejenke moas, monyvaor Ha Gororpapmueckol MAACTHHKE ABe

PesKie THBNH, PACIIONONMEHHEIE CHMMETDHUHO TIO OGe CTOPOHB JHHIH, NONYYaeMolt

B OTCYTCTBHE fIONA OT HEOTKMOHEHHOTO MyuKa. PaccToAHMe z UeHTPANBHON NHHHK

oT Raxmofl n3 GokoBbIX onpenensiercs us ypassenna OA (CA-+AB) = OF-0S
{pnc. 98) wan

2[e+ 2V R— (T H IR = H (' + 1),

rae { — paceTosiHMe HCTOYHHKA OT IR,

/| " a I’ — paccTOAHNE WU OT INACTHHKH.

TIpR MafblX 3HAUEHHAX 2 MOKHO

110ABIOBATLEA MPHE.HKEHHOH hOpMY IOH

2Rz={ (V' 4+ )).

{ Mbl BujeNH, YTO @-AYYH MPO-
§ CTOTO BeLIteCTBa HMEIOT ﬂpHﬁ}IHSH-

=

TENLHO OJIMHAKOBHE NPOGErH, K
NPEANORONHIH, YTO OHH HMeIOT
OAMHAKOBYIO HAYaJbHYIO  CKO-
Puc. 98, pocTb, 10 AefiCTBHTENBHO NOA-
TBEPIKAACTCS OTILITAMH OTKJIOHERHS
B MATHHTHOM TNOJIE NPH TOH TOUHOCTH, KOTOPYIO JaeT mpaMol
Metofl. KaioMy BellleCTBY, HAXOAAWIEMYCH B GECKOHEUHO TOHKOM
cnoe RaA, RaC’, Po, ThC, ThC’ u T. Z., B MATHHTHOM CIEKTPE COOT-
BETCTBYET OfHA OTKJIOHEHHAs JIHHHA, LHPHHA H Pe3KOCTb KOTOpOH B
npefenax UyBCTBHTENBHOCTH HE OTJIHYAKTCS OT HIHPHHE H PESKOCTH
UEHTPANbHON HeOTKNOHeHHOH JuHHH., CJNIeloBATeNbHO, paCCestHH,
YKasbiBAIOIIEro Ha Pas/uyusi B CKOPOCTAAX, He MPOHCXOAHTY).

OXMH 3 ONHITOS ¢ G-1yuaMK TONOMMA A4N NPHGHIKEHHO CAEAYIOUIHE Pesyih-
Tathl: { = 20m, I’ = 3cm, H = 10 000 rayccos, R = 33cm, 2 = 2,3 #x, MyjlE =
— RH = 3,3-10% sn.-maru. ex.

Ha otneapiom nicte 1X (puc.2) nokasan MATHATHEIL CHEKTp, mOnyueHHH
NpH TOMOUA YSKOH aMOyAH C YPe3BHYafiHO TOHKHMH CTEKNAHHBIMH CTEHKAMH,
cofepxapuielt PagoW H ero npoussomyblie. COeKTp COCTOHT M3 Tpex NHHHi, TpH-
BapneXawHx rpynnam a-ayver: Ro, RaA » RaC’. Samennerne nyuxa Jyueit npu
NPOXOKIEHHH Uepes CTEKNAHHYIO CTEHKY HE3HAUHTENbHO M He OTpaxaerea Ha
PESKOCTH AMHuA. MarHUTHEGE COEKTp Jiyuell AKTHBHOTO OCAKA TODHS COCTOKT N3
ABYX aunmi, npuramnexmamux ThC # ThC’ (puc. 3 ha otgeabnom ucte 1X),

¥ Hnorma gotorpaduueckylo NNACTHHKY 3aMEHSIOT SKPAHOM C CepHH-
ctem nueKoM. TorAa BmecTo JHHHH Ha doTorpadun HaGMIORAIOT NO-
Jiocy cupHTHAIANMA Ha sKkpane, HHorga dotorpaduueckas niacTHRKa
TIOMEI2eTCS He NePNEHANKYAAPHO, a MapaesbHo nyuky. B srom
cJIydae Ha CHHMKe ROJYYaioT H3oGparkeHue TpaekTopuH ayueil (puc. |
Ha oTAenbHOM Jucre 1X).

b) METOR @O0KYCHPOBAHUA Ecau mpocTpancTso, B KOTO-
POM YCTAHOBJEHO OAHOPOJHOE MAUHHUTHOE IoJie, HACTONBKO BEJIHKO,
9TO KpYroBOH mNyTe Nyuka Jydell NEJNHKOM JIGKHT B IOJe, TO

1) UypCTBHTENBHOCTD METOAA HAa OTKJIOHEHHE XOpOIlast, YYBCTBHTENBHOCTD Ha
paccesiie HeBHCOKa.
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MOYKHO OYeHb TOUHO M3MEPHTb R MO MeToAy (OKYCHPOBaHHS, OGBIMHO
npuMensieMoMy Adsi f-ayuedt (§ 83). Dror MeTos yAasoch NPHAOKHT
X a-nyuaMm, ToAb3ysck GOAbAM MarkuToM Tlapikckod AxafeMun
HayK, .MOCTPOeHHHIM NOA pyKosoactoM A. Korroma. Jrtor npubop
(nomewatowiniicss B Beabbio 1o IMapuieM) MoxeT faBaTh noJe CHIOR
no 25000 rayccop Mexay mmoc-
KHMH NOJIocaMi 75 cu B AHaMeTpe,
PasiBHEYTHIMU Ha 5—6 cu.

TIpHALKT METORA COCTOHT B CHEAy-
fowen.

Jiyan, ncxopfue OT HCTORMuka §
(pc. 99), HarHGalOTCA B KPYT B Mar- -
HUTHOM TI0Ne, TEPLEHIHKYASPHOM K —

TNOCKOCTA PHCYHKA, NPOXORAT 4epes n-lﬁ/—
Anadparmy D W mafaior wa dororpags- St

ueckylo MaacTHARY P. Jlyw, npoxomsi- §

it Yepes UeHTp AHadparmb, BTpeuaet Puc. 9.

naactuuxy B Touke M, neaumeh Ha

ToM Ke AnaMerpe, urto it 5. leomerpn-

YeckHe coOBpaNceHHsT OKA3KIBAOT, 1TO MPHOAHZKTENLHO B STOH Ke TOYKE colayTes
BCe ApYTHE Npomefmite Wepes AnaparMy JYUH, AT KOTOPHX R OAMHAaKoBO.
CrenoBatenbho, TOMKA M SBASETCH okycos STHX Nyuell N0 OTHOWEHHIO K 5.
TTosTomy 3Ty YCTAHOBKY HaSHBAIOT MPHGOPOM C GoxycHpoBKOf. Tak e Kax npu
NpAMOM CTIOCOBe, ONBIT NPOHIBOINTCA B BAKYYME.

B aToM cayuae umeem:
24 8= 4Re,
TAe Z — OTKJIOHeHHe OM, OTCIHTaHHO OT HeHTpa Auadparmel, [ -~ pac-
CTOfiHHE HEHTPa AMAparMbl OT HCTOYHHKA. OYeBHAHO, §TO Z BO3pA-
craer ¢ R. EC/iH 2 BenHKO MO CpaBHEHHIO € [, TO OO MPUEANMKEHHO
IPONOPLHOHANBLEO R, T. €. OTHOWeRRIO mufeH.

NMpusmep: aayws RaC/, H = 24 000 rayccos, R padio npubAR3HTesniio
16,6 cx, a 2 = 33 cu. UameHeIio CKOPOCTH Ha 1% COOTBETCTBYT H3MEHEHHE Z
NPHEANBHTENBHO HA 3 MM.

Paa/lensiomas cnocofHOCTb STOTO MeTOAA A/ MATHHTHOTO CeKTpa
e-nydeit B 100 pas sbutie pasfessiomieil cIOCOGHOCTH NPSMOTO METOAA.

DTHM MeTOnOM GbIa YCTAHOBMEHA CJOMHOCTL HIM (TOHKAf CTPYK-
Typar a-nydeit ThC (C. Posen6mom). Bumecro onsok anHMH (OTAeNb-
mulit nuet [X, puc. 3), nonyuaemoli NpAMbIM METOZOM, 3ech oBHAPY-
JKHBAIOT 1IECTh JMHHUIL; [BE CHIBHBIC OUeHb GNH3KHE JIMHMH H YeThipe
Gonee cjadbie. Kpome TOro, ©blia BEIICHEHa COKHOCTb CMEKTPOB
a-nyueil RAc, AcX, An, AcC, RTh u Ra. Ipynms RaA, RaC’, Po,
ThC’ okasanuck upocrovu. Ha orpenvubx aucrax I1X n X paunt
U300paXEHHA HECKONLKAX CNEKTPOB, NMOJYYEHHBIX METOAOM (OKYCH-
poeaHusi. HekoTopble NHHHH HACTONBKO ciabhl, UTO HA 3THX PUCYHKaX
HX HeNbas BHAETb.

ThC (6 auunit), otaenbubil anct 1X, puc. 4 n 6.

ThC' (1 nunus), otAenbael auct 1X, puc. 6.
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AcC (2 annnn), AcC’ (I nuus), orpenbubiil amet IX, puc. 5.

RaTh (2 anumnn), ThX (1 annug). Ta (1 auana), ThA (1 annns),
otaeabHbil auet X, puc. 1.

RaAc (11 auauit), AcX (3 muHuu, 0fHA U3 KOTOPHIX HAKNALBIBAETCS
ua cocegHoo juuvo RaAc), An (3 auunuu), AcA (1 aunus,
oTaeabhbifl auer X, puc. 2.

Ra (2 amuun), Rn (1 aunnn), RaA (I nunus) RaC’' (1 anuus),
otaenbhuil auer X, puc. 3.

Pyc. 4, orpenvhuiit auet X, paer annun ThC 4 ThC’, RaC’,
AaC + AcC’ n Po, Tak Kak HCTOYHHKOM Jiydyel CHYKHAA CO-
BOKYIHOCTb STHX BEUIECTB.

CKOPOCTH, COOTBETCTBYIOUIME NHHHSM TOHKOH CTPYKTYpeI, AaHEl

B npuaoxkennn Ne 7B.

Tlph ROMOI 5AEKTPOMATHHTA YMEDEHHO! MOMINOCTH ¢ KOAbUeOGpaSHBIMIL N0
JIOCAMI TAKIKE MOXKHO 3CTABNTD 4~y ONHCHBAT NOAYKPYT B HOUTH OZHOPOAHOM
MACHUTHOM noae. B 3ToM npuGope dioTorpadyeckyto NIACTHHKY 2aMEHSIOT CYETHH-
KoM aiyueit.

HceneaoBath TOHKYIO CTPYKTYPY TPYNNL! a-A1yUelt MOMKHO HE TONbKO
IO BeJIBUNHE UX OTKNOHEHHs B MaPHHTHOM NOJe, HO H M0 BeHUHHE HX
npoGeros. Tak, B cnyuae RAc metox Buascona (§ 67, b) aaeT posmox-
1HOCTh OGHAPYKHTb ABE TPYINbl a-nyueil, Kax-
A% U3 KOTOPHIX COOTBETCTBYET HECKONBKHM
JHUHAM marHuTHOro cmexktpa (Mpen Kiopu).
C.HO)KHOCTb @-N3NYyyeHHis HEKOTOPbIX BeleCTR
Obl1a yCTaHOBNEHA ANGDepeHlnaNbHEM METORCM
(§ 67, g) (Pesepgopa U ero COTPYAHHKH).

Henyekauue ogsnM 1 TeM e PaJHOAKTHBHBIM
BEIIECTBOM HECKOABKHX TPYNN a-1yueli ¢ Guna-
KHMH CKOPOCTSIMH CBSI3aHO € HCTIYCKAHHEM HMH
AflepHBIX y-aydell B TOM e PaHOAKTHBHOM
npespamienun (r1. XVI).

3JIEKTPH‘{ECKOE OTKAQHEHHE.
VsmepeHne 31eKTPHUECKOrO OTKJIOHEHHS JaeT
BO3MOKHOCTE onpefenuts Mu/E (§ 14).

& 210 u3MepeHie NPOHIBOILHTCA MPH MOMOUH CJAEAYIO~
Puc. 100, wero nprsopa.

JlyM, UCNycKaeMble ANHEiHLIM  NCTOWIMKOM S,
NEpOeHARKYASPHEIM K TJIOCKOCTH pHCyHKa (puc. 100),
TIPOXOAA MEXIY MAACTHHAMH KOHACHCATOPA, OTKOKAITCA M Yepes uless £ fanaor
Ha (pOTOrpadiHuecKyio NAIACTHHKY. [TyTh Jytel B 0GAACTH 9ASKTPHYECKOrO MOAT A,
YCTAHORTENHOTO MEXZY IIACTHNANM KOBAEHCATOPa Ha TPOTAMENRN I, ABARETCH
YacTbio LYTH NapaGoabl, OTPAKIMEKHOA HCTOMHIKOM W LIEAbIO, BepLIHNA KOTOPOH
HAXOAHICA B cepeliie NyTH. 3a WENbw BHe NoAs TPACKTOPUA Nywxa JNyuei
NpAMOTHKeI DA 1 06PA3YET YrON P C HANPABICHHEN HEOTKIGHEHHOTO MydKa.

Otxnonenne B sAeKTpHueckoM nonme Oyger y = l'ige, rae ' —
paccTostHie MeKIy Wenbio M dotorpaduueckoll maacinukoi. C apy-
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Tofi CTOPOHBI, H3 CBONCTB mnapaGonel HMmelT tgo =4 8/, rae 8 —
BHICOTA CerMenTa Napabofbl, NPefCTABASIOAsT OTKAOHEHHE YacTHIM,
Macca koTopolt M, a 3apan E, npoxojsmiel Co CKOPOCTRIO U YT /2,
NOABEPrasch JeficTBHiO cuibl £/, TepUeHAMKYNSIPHON K HANpaBJeHHio
ee CKOPOCTH.
CrenosaTenbho,

1 Eh 2

T2 M 4’

OnBIT HYKHO NPOU3BOAHTbL B BBICOKOM BaKyyMe. Beanunna otkao-
HeHHS B 3MEKTPHYECKOM T10JI€ B COBRMHEHHH C BeJHYUHON OTKJIOHEHHS

B MAarHHTHOM IIOJ€ [T BO3MOMHOCTb ONPEAENHTb OTHOLeHHE %
H CKOPOCTb U.

OTHomenne % H ckopocTh snyveit. OcoGeHHO TOuHbIE
onbiTh ¢ g-ayuamy RaC’ (Peaepopa u PoOGHH30K) Aann cpefHiol0 Be-
JHYHHY % = 4820 371.-MarH. efl., oYeHb GNHU3KYIC K TEOPETHUECKOH

BEJIH‘IHHE£ 151 ABYXBANeHTHORO MOHA TeMusl, PaBHOM 56492
A e ' P 7,001

= 4823 (3apsill OIHOBANEHTHOTO rpamm-HoHa 9649 aa.-Mary. efl., aTom-
ubift Bec He 4,002, a He++ 4,001).

Hnst a-nyueit RaA u Rn saiifesst ouenb Gan3Kue BelUUHHBL

E
i
E
Menee Tounbe H3MEpEHHUS r IS APYTUX TPYMN MOKA3A/H BCE e,
uTO 3HAYHTENAbHBLIX OTKNOHeHuH 3jech ObiTh He moxer. Hakowen, Ro-
E .
KA3AHO, 4TO 7 HE HAMEHACTCR, KOTAA -My\t POXOAAT CKBOSD TORKHI
sKpaH. TaKHM OGPA3oM, YCTAHOBHJH, YTO BO BPEMs BHIETA M3 SADA
@-YaCTHIA SBJSTCA aTOMOM TeIHSI, JHLIEHHBIM O0OHX CBOKX 3JIeKTPO-
HOB, T. . adpom amosa zeaus (He**). Tlostomy, uToGbl onpenennts
HAYaJBHYI0 CKOPOCTb a-yyeill, AOCTATOYHO M3MEPHTH HX OTKJIOHEHHE
B MarHuTHOM nose. [punumas ans a-nyuefi RaC’ TouHo usmepennyo
(no meToay QokycHpoBaHust, Pozentatom 1 dionion) senuunny MulE =
= 3,993-10° ¥ yuynTeBASL H3MEHEHHE MACCH CO CKOPOCTBIO M =
= Mo/I/I — B3, HAXOmAT Anst 3THx Jyuell v = 1,922-10° camfeex,
E[M = 4813.

[as HexoTOpeIX Ipynm a-iyyefi CKOPOCTH GBUTH H3MEPEHH HEmo-
cpenctsenno. [lpH OTCYTCTBHH NpAMBIX H3MEPEHHIT CKOPOCTDH BbIYH-
eASOT no Bexnynne npobera (§ 70). CkopocTh BeeX rpynm A2Hbl B
npunoxenun 7c¢. Oun nexar B uutepsane ot 1,4-10° cafeex o
2,25+10° catfeex.
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MOKHO NP AMEIM OTBITOM TOATBEP/ANTD,UTO NOTEPSBIIHE CBOIO CKOPOCTD a-9aCTHIIE
06pasyioT 133 renith (Pesepboph). Takofl ONbIT Gbia NPONSBENEH C PAAOHOM, HAXO-
JHBIIHMCA B CTEKNSKHOA aMAyJe, CTEHKH KOTOPOR GEUTH HACTONBKO TOKH, 10
@-Iy4H MOT/IE NPOXOAHTL Yepe3 HHX. AMIyNa 6bina NOMemeHa B CTEKJIARRBIE
COCYI, B KOTOPOM Gbll YCTAHOBAGH BHCOKHA Bakyyw. MIyiide K3 aMIyaM g-Tydi
MOTAOIANKHCE CTERKAMK cocyaa. O6pazoBaBLUKeCs aTOMbI Te/iH CHOBA BHIENAAMCH
43 CTEHOK Gaarofapa Andxpy3nn, KOTOpasn yCKOPANACH JEFKHM HAaTrpeBaHUEM COCYAA.
Uepes HecKoAbKO JReli HAKONMMBUINACH ras NPH NOMOIRH PTYTHOTO 32TBOPA TEpe-
BOLHACH B KAIMAIAPHYIO TPYOKY, NOMEIEHHYIO B Bepxieh SacTh cocyaa. B kanua.
AApHYIO TPYOKY OEIM BNasHel 1Ba SMeKTPOAA. Taxkm €nocofoM CMOTMM H3MepHTH
0o6beM rasa ¥ HaGAIOAATD €FO CNEKTP, KOTOPHIN 0Ka3aACA CHEKTPOM refns.

MACCA M ®HEPIHf 4ACTHUH 3Haag BEIHYRHY OT-
HOLLEHH S '[by% NS qyded n npuruMas E == 2¢ (Tae e — sneMeHTap-
Hbill 3apAA), MOXKHO BRIMHCIHTb MAcCy a-YaCTHIILL,

TIpunnmasn Mif,: 4823 an.-Marn. ef. = 1,447-10Y 3p..crat. ea. u
e = 4,77-10710 371..cTaT. ex., HAXOAAT

M, = 6,508 - 10— 2,

TMonpaBka Ha H3MEHeHHe MAaCChl CO CKOPOCTBIO A a-iydeli RaC’
Rocturaer Toabko 0,25%. .
U
5
Ifie ¥ — HayanbHas CKOPOCTb. 3Ta GopMyia PHIOKHMA K CKOPOCTSM,
Jns koTopix B = vjc Huxe 0,08 (¢ — cKopocTb cBeTa), ¢ OWMGKOI,
menbedt 0,5%. C s1uM npHOMIKeHNEM HaxonaT W = 3,30-10~% o?
sproB. Tounee Gyner

Kuneruveckas sueprus W a-uacTHIb! B MOMEHT BEITETA PABHA

W:Mdc’[

_1}= 5,930 - 10—3 (n— 1) spros,

Homem;ua/t HCNYCKAKUA PaBeH Pa3HOCTH MOTEHUHWAJIOB ¢, KOTOpas
6hisia Gbl HYJKHA, 4TOGB COOOLIUTEL YaCTHIE ee CKOPOCTh M €€ SHEPTHIO.
30T TNoTeHlHan onpelensieTcsl 13 COOTHOWEHHA W= 2(29), OTKYAA

6,216 - 10% (y—1) 3a.-cTaT, en. =
= 1,864.10 (p—1) e,

= Myt
'P—T(’I—'l)

HIH [PUEAHKEHHO

L 10132 g
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O6biuHO 3uepriio W HsMepsior noteruuanom V = Wje = 2p, 1. e.
B 3JIEKTPOH-BOJIBTAX.

Jna a-uactuuel pagus C’, HAaYalbHas CKOPOCTb KOTOPOH ¥ =
= 1,922-10° camfcex, MO TpHBeAeHHHIM BhIe (OPMYJNaM HAXOAAT
W = 1,22-10-%3proe = 7,683-10°% 38; ¢ = 3,84 108 ¢. O1Ciofa BujiHO,
4TO SHePTHs ¢-4ACTHIUL BEJNHKA [0 CPABHEHHIO C 3HEPTrHeil ras’oBhIX
MOMIEKYJI.

Ilpy MOMOIM Pa3HOCTH NOTEHIHANOB OKOMO 108 & MOMOKMTEALHBIM
HOHAM TeAHs MOXHO COOSIIMTA SHEPUIO, KOTOPOH COOTBETCTBYET TPO-
Ger, pabubii npubausurenvio 1 cu (Kpeiin, Jlaypurcen, Coatan),

BrifpacuiBarke «-9acTHIN — fABJNeHHE BHYTpHseproe. Ecan ponycruts, uro
aTOMHOE PO NPEACTABAALT CO0OA Chepy PAAHYCOM a K UTO ¢-4aCTHIA, Pacnono-
JKeHHAR Ha MepUdePHMA ANPA K HeCywas 3apsAf, paHHl 2e, OTTaNKEBaeTCH Rfep-
BHM 3apafioM Ne, HaXOASWHMCH B UEHTPE HRPA, TO SHEPTHSA, npuo%%e?&

:

Mas yacTHLelH ToX ReficTBHeM OTTaAKuBalowefl CHAW, Oyner paBHa W =

a
Monokus @ = 1071 cx (TaKOB, NO-BHIMMOMY, TOPANOK BENHUHHM pa3MEpOB
SEEP ATOMOB TANKEAHX dneMenton) (§ 79), HaxoaaT mas W BenHuHRY, GIHIKYIO K
4-107 5pTOB, T. €. HMEMOUYH ToT e NOPALOK, 470 I SHEpTHA a-4acTHIE. Caeto-
BATEABHO, MOXKHO NIONIAraTh, UTO B HETIOCPEACTBEHHON GAHSOCTH OT ATOMHOTG AMIpa
¥, HECOMHENHO, BHYTPH €TO CYLIECTBYIOT S/EKTPHYECKHe NOAA FPOMafHOd cHAbL,
COOTBRTCTBYIOULRE PASHOCTH NOTEHNHANOR B HECKONBKO MEJNNOHOB BOABT Ha pac-
CTOAHHMAX, HAUNTENDHO MEHBIIHX, YeM pasmepnl atomos {raasa X XI).

B npunomennn 7b pawnl Beanunnsl W pnd a-nyvedt pasnuynolt
CKOPOCTH, BLMYHCJIEHHBIE C ﬂOHpaBKOﬁ HA H3MEHEHHe MacChl CO CKO-
POCThIO,

Moteps saPsafA Mb yme BHIGTH, YTO B MOMEHT BBUIETA
U3 sigpa a-4acTHUa ABJASAETCH AQPOM aTOMA TeARs. OILHBKO. YRaBAK-
Bas noTepsBIIME CKOPOCTL YaCTHLRI, NOJYYaloT ra3 reJIHﬁ, COCTOSIIHHT
H3 HeﬂTpa}leHX ATOMOB. CJIEJJOB&T&JIBHO, BO Bpems npoﬁera a-4yacTHIA
TepsAeT CBOH 3apAA, 3aXBaThiBaf 00a HEAOCTAWOUIKX SJEKTPOHa, NPH-
4eM HYXHO NPEANOJOXHTb, 4UTO 3TO NPOHCXOANT B KOHIlE IYTH. Heii-
CTBUTENBHO, COrIaCHO KHHETHUECKOM TEOpUH l'lp06el‘ﬂ B rasax HeﬁTpaJlb-
HBIX MOJIEKYJI, CKOPOCTh KOTOPBIX PaBHA HayanbHOM CKOPOCTH a-nyqeﬁ,
JOJLKHBI GbITb HHYTOKHO MaJbl. I/ICXOAFI, Hanpumep, M3 HPOCTOﬂ TH-
NOTE3b! YNPYTHX CTOMIKHOBEHUHI MeMRY MOJNeKysaMH, JETKO MOKasaTh,
4TO Hocje HeGONBLIOTO YHCAA CTONKHOBEHH R CKOPOCTDb YacCTHLbl YMEHb-
LIKTCA B0 cpe}meﬁ CKOPOCTH TeIMJ0BOFO JBHIKEHUS H UYTO NPH MepBBIX
JK€ CTOJIKHOBEHHAX € MOJICKYJaMH BO3/lyXa 4YacTHUa Gy}:LeT orépomeﬂa
HAa3aj UAH B CTOPOHY.

yCJlOBHﬁ, B KOTOPBIX MPOHCXOAHUT 3aXBaT 3JEKTPOHOB, TOYHO yCTa-
HOBJeHE! paboTamu 'enpepcona u Pesepdopaa, KoTophie HCCTENOBATH
0 METOAY OTKJOHEHHSI B MarHATHOM TGJ€ COCTaB NapajileIbHOrO
my4qKa a-.vlyqeﬁ, ABHXKYILIHXCS B BHICOKOM BaKyyMe noc/ie NPOXOKAEHH
yepes 3KpaH. B sToM ciryuae MarHuTHbI CMEKTP COCTOMT M3 ABYX JIH-
HHfl, OIHA K3 KOTOPBIX COOTBETCTBYET YaCTHLAM C ABOMHEIM 3apSLOM
He“, a BTOpasi, MeHee OTKJOHeHHas, COOTBETCTBYeT YacTHUAM C
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ofuHOUHEIM 3apsaomM He* . OTHOCHTeIbHAS HHTEHCHBHOCTh JHHKI MOKa-
3pIBAET, UTO YHCAO UACTHIL ¢ OAMHOYKBIM 3apSAOM YBeNUUHBAETCA ¢
ToAWMHHON 3kpana. Koraa ocraTouHelil npoGer oueHb Mam, MyuyoK €O-
JEePIKHT TaKiKe 3HAYMTENbHOE KOMMYECTBO He3apsKeNHbX yacTHU. M3
STHX ONBITOR C/@AYET, UTO YACTHUBl AOJKHbI 38 BPEMS CBOEro mpotera
COTHH Pa3 NOMepeMeHHO TO 3aXBATHIBATb, TO BROBb TePSATh OXMH HJIH
oba saekrpona. dns ofoux Buaoe monos Het+ u He* moxno oupe-
JennTb cpeduuli nymb, KOTOPBII OUM MOryT mpoberaTh B BO3AyXe Ge3
H3MEHEHHSL CBOETO COCTOAHMSA (CpeAHHN NyThb ANs 3aXBaTa MEKTIPOHA
Ay, CPENHUI TyTb AN NOTEPH SIEKTPOHA A,). OTHOLUEHHE Yuce] HOHOB
He* 1 He+* B nyuke paBHO OTHOUICHHIO CPeAHHX NyTelt A3 W A, n3
KOTOPbIX Z‘Z YMEHBLIAETCH €O CKOPOCTHIO YacCTHY ¥ 3HAYUTEAbHRO MeAJdeH-
Hee, yeM A,. [To3ToMy OTHOLIEHHE YHC/A2 YACTHIL ¢ ORHHOUHEIM 3apSAOM
K UHCY YaCTHL( ¢ ABONHHIM 3apSAOM C YMEHbIUCHHEM U GLICTPO YBENH-
upBaeTcsi. [[pUBOAMM BEAHUMHEL A, i A; B BO3AYXE NPH HOPMAJIBHBIX
YCMOBHSIX TeMIepaTYPHl H AaBieHns (ans a-nyueit RaC').

’r (saxsar 2, (rotepa
Cropocts cafoex anekTpoRa) i snexTpona) Mtk
1,80-10° 2 200 1l 0,005
146-10° 520 7.8 0,015
0,90-10° a7 50 0,13
0,86+ 10° 3 30 1

CpeHuil MyTh HEHTPANLHOrO aTOMa relisl 10 MOTepH HM OJIHOTO
snexTpona npu v = 0,9-10° cufcex pasen 1 p.

B ofracTi Tex CKopoctefi, Ije M3MEHEHHH 3apAkA YacTel, YaCTHLIB!
BeyT cefst B MAarHUTHOM noje Tak, Kak ecan Obl OHH HECTH 3apsAj,
NPOMEXYTOUHbIH MeXAy e H 2e.

B cpeineM cuuTaior, 4ro a-vacthua RaC’ xa mpoTskenun 6,4 cau
npoBera Hecet ABORHOMN 3apsif u Ha npoTsukennn 0,5 ca mpobera Hecer
OJWHOYHBIY 3apAf.

TeOPeTHYECKH MOKHO TDpEARosaraTs, 4YTO BEPOATHOCTD MOTEpH
3MEKTPOHA BYJET TeM GObllle, YeM Bhillie OyJeT NOTEHLMa/ HOHU3AUHH
MOJEKYJIbl, a BEPOATHOCTH NpHCOENKHeHust OyleT TeM Gofblue, uem
CKOPOCTb 3/IeKTPOHA Ha OpOuTe ByAeT GnHKe K CKOPOCTH a-YaCTRIbL O
BeNUYHHE M HAMpaBieHHlo. [IPHOMKIKEHHBIE PACYETH], OCHOBAHHbIE HA
STHX TPEANIONOKEHHAX, NO-BHAHMOMY, COOTBETCTBYIOT SKCTIEPHMEHTAM.

§ 70. CooTHomeHMe MeXXYy HAuANBHOW CKOPOCTbIO W BPoGeroM.
CoOTHOWEHHE MeXIY HAYaAJbHONH CKOPOCTBIO W NOCTOSHHON
npespaeHus

Mel yxke BBIJEMH, YTO NMPOGEr -4acTHI B BO3AYXe YBelUUMBaETCS
C YBeJiHUeHHeM HX HAYANBHON CKOPOCTH. YTO0E TOUHO YCTAHOBHTH 3TY
3aBHCHMOCTH, MOCTEMEHHO YMEHBWAIOT CKOPOCTh YacTHIl, TIOMellas Ha
TyTH Nyuka nornoilaiontde sxpausl. OcraTounbil npober # nocae npo-
XOMACHHS MyuKa uepe3 SKpaH HI3MEPSIOT NYTEM HCCAEAOBAHUST KPHBOH
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nonusauny. Jlns W3MepeHus OCTAaTOMHON CKOPOCTH Jyyeil mocne mpo-
XOKAEHHST HMH TOTO JKe KPaHA MOKHO NOJB30BATLCA NPHGOPOM ANTS
ompejiesieHust MarHATHOTO otkaokenns (puc. 97). [Ipu 3ToM nososuRy
MUHeHHOTO HCTOMHMKA M3JYYeHHS| 3aKPslBAIOT SKPAHOM, TaK YTOGH!
NONYYHTh HA TWIACTHHKE W3OGPAKEHUS ABYX JHHAI, OHA H3 KOTOPBIX
COOTBETCTBYeT HAYaABHOM, a Apyras YMeHbUWEHHOR CKOPOCTH.

TMoka yMeHbleHHe CKOPOCTH He C/THUIKOM BENHKO, MOJAYHAIOT MOYTH
HE pacLIHPEHHOE 1t JOCTATOYHO YeTKOe AUIS TOUHOTO H3MepeHHs M300pa-
JKeHMe BTOpoit U3 Tux amenit {oTRenbubii ancr 1X, pue. 3).

MoKIO TakiKe HPU NOMOLY COOTBETCTBYIOUIEIO NPHGOPa HIMEPHTH
OCTATOUHYEO CKOPOCTh TIOCE MPOXOMEHIS AyYell yepes onpeenerHoe
KOJIHYECTBO rasa,

Tefirep 0BHAPYXKKJI OYeHb NPOCTYIO 3aBHCHMOCTb, COTMACHO KOTO-
poft r = kv®; mpoGer mponoplUyoHaieH KyGy CKOpocTH. 3Ta 3aBHCH-
MOCTh H3BECTHA NOA MMeHeM 3axona [etieepa. DTOT 3aKOH, HE MPHIO-
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Puc, 101, Cooruioiene Meyay CKOpOcTHIO 4 npoGerou (Bpurre, Hpex Kiopu). r — Ocratodiuin
upober B BO3ayXe n) \5 H MOPMAABHOM [BJEHHH, » — COOTBRTCTBYIOMAR STOMY npatGery
cRopocTD, 00 calcer — Mawanbianm cKOpocT» a-yactuy Ra

_JKUMBIH Ha.TIOCAEAHMX JBYX CaHTUMETpaX npobera (CKOpOCTb HHXe
10° eajcex), HaNpoOTHB, HOCTATOYHO TOYHO MPHJIOKHM K HAYAABHEIM
CKOPOCTSIM M NpoferaM B BO3AYXe PA3AHYHBIX FPYNI ¢-4acTHl, MPH-
HuMas k= 9,25-10-% n 1/k = 1,08-10% (v B cafcex, r — npober
B BO3yXe MPH HOPMANBHBIX YCAOBHSIX TeMIepaTypel H JARIEHNS).
HroGet ipu BbIMMCIEHHH CKOPOCTEH No npoferaM NoAYYdTh Gonburyo
TOMHOCTb, TOJIB3YIOTCS SKCAEPUMEHTANbHOM KpHBOK U = f (£).
COOTHOLIEHHE MeKY CKOPOCTBIO B OCTATOYHEIM TIPOGETOM A7sl CKO-
pocTel MeBbUIMX, 4eM CKOPOCTS g-vacTuy, Ra(’, nsobpaxaerca Kpusoi
Ha puc. 10f. Boxbluasi yacTh 370H KPHBOf NOCTPOERA NYyTEM MPSAMBIX
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U3MEpEHHH 7 W U, ANS TIOCACAHMX 3e MUIHMeTpoB npofera o Bbl-
BeleHO H3 KDHBOH HOHM3alMH, JOMYCKas, YTO HOHH3HpPYIOWAs cro-
COGHOCTb NPONOPUHOHANLHA BSHEPTHH, TepseMOll Ha JAHHOM OTpe3-
xe mytu (§ 66). B 970l yacTH KpuBofi ¥ H3MEHSETCS TIOYTH NPONOPLHO-
HAMBHO U,

VisMeReHHe CKOPOCTH @-1ydel UPH NPOXONISHHH Yepes MeTasii-
YecKHe 3KPaHB! (A5 TeX METANIOB, KOTOPhIE MOXKHO TOJNYUHTb B BHAE
JIOCTATOMHO TOHKHX JIHCTKOB) GbUIO HCCAENOBAHO BIIOTH A0 CKODOCTH,
6nu3koit K 4+108 cmfeex, u ocraTouHoro mpodera, GNU3KOTO K 3 MM.
Tlps 5TOM B MATHHTHOM CIEKTpe MOMYYAXOT PACIILIBUIYIOCS JUHHIO

Y

S N

LX3 i

\

05

H ¢ Gosdyr %! ity A A9
[ Fi B | &l LB 1] &
5 15 Fil 25 mejes’

Jamdﬂem oo The' & pasmusne feuwieembax

Puc. 102, Kpusue sawenneus_a-~vacruu (C. PosehGmion 1 T. Maro). vy = 2,054 109 cafcex —
HAYANEHAS CKOPOCTH G-4acTHl ThC', v ~ CKOPOCTH WACTHI NOCAE NIPOXGHACHHA 4epes SKPaH.

3710 HOKa3bIBAeT, YTO MM NPOXOKACHUH UEPE3 SKPAH CKOPOCTH HaCTHL
CTAHOBATCH PasiHYHLIMA.

Kpuebie na puc. 102 noxaspiBaoT, 4T0 OPH OAMHAKOBOH MOBEpX-
HOCTHOH MacCe 3xpaHa yMeHbLUEHHE CKOPOCTH TeM GOflblle, YeM MeHblle
aTOMHOE NOPSAKOBOE UHC/IO BelleCTBa DKpaHa.

Tefirep 1 HaTTon OGHApYKHAH OUEHD BaXKHOE COOTHOLIEHHE MEKAY
NpoGEroM a-4acTHI, HCIYCKAEMbIX PAAHOAKTHBHGIM MEMEHTOM, K ero
NOCTOAHHOA pacnafia A: y 2/eMEHTOB, NMPHHALEXALIHX K OAHOMY Ce-
MelicTBy, npoGer TeM AnHHHee, ueM GhicTpee MX pacnai. Kpome Toro,
Ig A siBAgieTcst NpHOANKEHHO NuHeliHOA ¢yHKIwedt g r. OTknagbiBas
1g r no ocu abeuce, a Ig A 1o oci OpAHBAT, TIOAYYAIOT TPH Napasient-
Hble JIMHAH, NEPBAS H3 KOTOPHIX COOTBETCTBYET ypaHy, HOHHIO,
PazHIo M €ro NPOMSBOAREIM, BTOPas — TODUIO H €r0o NPOU3SBOAHLIM,
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TPETbSL PALY AKTHHWSA, HAuWHAR C TPOTAKTHHHSA. Bojee BHUMATens-
HOE PacCMOTpeHue NOKASHIBAET, YTO TOUKH, COOTBETCTBYIOUINE 3JeMeH-
TaM OHOTO CeMefiCTBa, NYULIE JIOKATCS HE HA MPSMYIO, A HA IMIABHYKO
KpyBYI0. DTH KpHBbie H3o6paxensl Ha puc. 103, I mocTpoeHHs ux
NONb30BANHCh BEIHUHHAMH NPOGEroB, NMPHBEIEHHBIMH B NPHJIOKEHHH
7. Us pucynka BMARO, uTO BCe 3mementer cemefictsa U — Ra, a
TaiKe CemeficTBa TOPHS NOMEWIAIOTCS HAa COOTBETCTBYIOUIHX KPHBBIX.
ns cemeficTBa Xe aKTHHHS he HAGIIONAETCH TAKOH NPABHABHOCTH.
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Prc. 163,

Ocolerno Goablloe OTKJIOHeHHe JaeT AcX, NepPHOA KOTOPOro MeHblUe
neproga RAc, npoSer e ¢-4acTHI, 3HAUHTENbHO KOPOUe.

3akon leiirepa—H3sTT01a CBA3LIBAET BEPOATHOCTH NPEBpALUEHHs
aToMa ¢ SHeprued MCIyCKaemoli UM q-JacTHUbL. 314 CBA3b RECOMHERHO
00yCIOBJEHA sifepHON CTPYKTYpO# H, TO-BHAMMOMY, MOXeT GbiTh
OGBACHEHA € TOUYKM 3PEHUs BOJHOROA MeXamuku {ra1. XXI, § 114).

§ 71. 3apax o-ayueii. Onpefenensie cpefneil NPOROIKHTENBHOCTH
JKH3HM pajus

UToGet HaMepHTE 3apsA, NEPeHOCHMEI] a-YacTHUE!, HX 3aCTABAAIOT
NajaTh HA MEKTPOA, HAXORAUMACS B OYeHb BHICOKOM Bakyyme. Meii-
CTBHTJIbHO, STH JYYH TaK CHJBHO HOHHSHPYIOT rasel (§ 72), uto Tok
3apafa CPaBHHTENBHO C HONH3ALUOHHBIM TOKOM HHUTOMEH BO BCEX
cayyasx, Kpome OYeHb HH3KMX Aabienuit. Jipyrue Tpyawocts saBHcHT
OT MPUCYTCTBHH JAEKTPOHOB, OOBACHSIOUIErOCS WIH TEM, YTO HCTOU-
HHK @-1yuefl HCTIyCKaeT TaKkke S-Nyud, HAH TeM, 4YTO NOBEPXHO-
CrH, Ha KOTOpHE NAZaioT a-1yuH, HCNYCKAIOT MEAJIEHHbIE SJEKTPOHBI
(em. d-mywu, § 75).
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Ias wamepenns aapsiga ynotpebaserca ciepyiownii npuéop (Pesepdopn n
Tefirep) (puc. 104): nyuok a-nyueil HCXOAMT OT HCTOUKHKA MANbIX PA3MEPOB. DTOT
SCTOUHHK, COCTOMMHA H3 GRCKOHEUHO TOHKOFO C/IOA DAAHOAKTHBROFO BeINecTsa,
NoMeuten #a naacTany S. [lyuok syseh orpamn-
en gHagparmoil D, OTBEPCTIIe KOTOPOR 3aKpHTO
04eRb TOHKON aniOMHKHEBOR naacTiwKol (OKoAo
3 & Tomukol). [Ipofa uepes 5Ty MAACTHHKY,
NYYH TPOHHKAOT B (apajechCKni unausap F,
BXORHOE OTBEPCTHE KOTOPOTO 3aKPMTO TAKOH ke
ANIOMHBHEBON TAACTHHKON, KAK H OTBEPCTIE AHA-
Qparwbi. DekTpOR F COBMNHER C 31EKTPOMETpOM.
Mexay F H D MOMHO yCTAHOBHTH 3AEKTPHYECKOR
none /1, KOTOPOE NPAKTHUECKH He HAMEHSIeT CKo-
POCTH @-Nyuell, HO 1a€T BOIMOKHOCTS ONPENETHTS
OCTATOUHBI HOWHBAINONHNE 10K, UTOOM f-ayun,
BAYIUIE OT HCTOUHMKA, He NONAAaMN Ha SNEKTPOL
F, WX OTKAOHAWT, nomewas npHGop B CHIbHOE
MaruHTHOR MoAe, NEPTIEKHKYNAPHOE K MIOCKOCTH
pHcyHKa. OAKOBPEMEHNO MEENEHHBIE SJCKTPOND,
WAYULHE OT 31eKTPOKOB D 11 F, BCNEACTBHE HCMEITHI-
BAEMOTO HMH OTKNOHCHNS BO3BPAAIOTCS HA WC-
NyCKAOWHe 1K NoBepXHOCTH. OTHAOHEHHE a-Tyyes]
B MAFHHTHOM DOHE AP 3TOM HACTOALKO C4alo,
4TO He OTPAK@eTCH KA Pe3yAsTaTAX HBMEpEHIIsi.

Pue. 104. Tlyers § 6YeT Tk, 00pasyemuil 3pARON_ a-uac-
THL {TOK 3apAfa), & i — HOHH3ALHOHIBIA TOK.
CMOTPR M0 HANpABJEHHIO MONA A, NOCTYNAKWER K 3neRTposy F Tok Syrer
- ikl
=i+, wm , oTkyma i ’57“"
TIpn Queks BHICOKOM BAKYYME BEAHUHORN i MOKHO NIpeNebpedb, 1 T0ra § = iy = iy,

€CTH TONBKO OAUOCTLIO FCTPaHeHsl NAPASHTHYECKHE TOKN, BbI3WDACMBIE 31€KTPO-
HAMH, HCOYCKAEMBIMH TBEPAbIME NOBEPXHOCTAMH.

OTOT MeTOL MpHMEHSIETCS AMS W3MePeHHs 3apsija e-mydeit, wcmy-
CKaeMbIX 32 onpeeNeHHbI TpoMexyTok Bpemenu RaC’, comepaanmest
B npenapare RaC, Guenh NpORMKAIOIEE y-H3JNYYEHHE KOTOPOLO H3Me-
PAETCA CPABHEHHEM C OueHb NMPOHHKAIOWNM p-H3NYUEHHeM U3BECTHOTO
KOSHMNECTBA Paiisl, HAXOASINETOCA B PABHOBECHH C PAafOHOM W AKTHB-
HbiM ocagkoM (§ 97). Tak kax B 3TOM NOC/efHEM Clyyae y-H3MyYeHHe
¢ Gonbuiofl MPORIKaOWEl CIOCOBHOCTb IOHCAYCKAETCS TONBKO PAnHEM
C, TO H3MEpeHME MOKA3bIBAET, ¢ KAKHM KONUYECTBOM PAIUS UCIONb-
syemuiii npenapat papus C Gbln Obl B PABHOBECHH, T. €. KaKOBA €ro Be-
JIMYKHA B KIOPH. MBI 3HAEM, KPOMeE TOTO, UTO B COCTOSIHHUK PAJHOAKTHB-
HOTO PABHOBECHS YHCAA NPEBPAMAIOUUXCS B €IMHHLY BpeMeHH aTo-
MOB MATEPHHCKOTO BEIleCTBA H €r0 TPOU3BOAHBIX OAMHAKOBHL H UTO
NpK NpeBpAleHnk 0AHOro atoma Ra Han RaC ucnyckaercs TONbKO
ofiHa a-yactHua. CMeJOBATe/LHO, 3apsi] HCNYCKAeMbX MpPeNapaTonm
RaC + RaC’ e-nryueif Ha omwo kiopn RaC pasen szapsfly a-ayvdei,
HCIYCKAeMBIX 3a TO JKe Bpems rpammoM Ra. Takum o6pasoM, HMeeTcs
BO3MOXKHOCTb W3MEPATh 3apAj ¢ a-MaCTHU, HCIYCKAeMbIX B CEKYHAY
TPaMMOM Dajiisl, MeAY TeM Kak MpsAMoe H3MepeHue 3apsza a-ayueil,
HCTIYCKAeMBIX COMbIO Pajis, Gpilo Gl HETOUHBIM, TaK KaK TPYAHO HO-




[image: image221.png]§71) 3APS[, -AYUEH 223

Ny4uTh AOCTATOMHO TOHKHH H He CoAepauuil NPOU3BOAHLIX PaiHf
cnofl 37Ol conH.

Bennunsa ¢ — OCHOBHASl NOCTOAHHAS, MMEIOWAA OYeHb BAXKHOE
3HAYEHHe, NOTOMY YTO H3 HEe BHIBOASIT CKOPOCTb HPEBpAILEHHs PaAns.
JlefiCTBHTENbHO, €CIH ¢ — 3MEeMEHTApHbIl 3apAA, TO YHCAO @-YaCTHL,
nepeHoCSAHX 3apaA ¢, OyAeT f = g/2e, TakoBO ke GYJAeT H YHCIO
aTOMOB, NpeBPAILAGIINKCA B eAUnAlLY Bpemenn. Ipamm pajus conep-
WHT N{226 aTomoB (N — uHeaO ABOrajpo), a moCTosiHHaA pacnafa A
pafust papHAa OTHOLIEHHIO UHCJA NPEBPAMIAIOUIMXCA B eAWHHIY Bpe-
MEHH ATOMOB K OOUMIEMY UHCAY HaAHYKbIX atoMmoB. ChiefoBatedbio,
nonoxus Ne = F = 9650 371.-Mard. ei., UMeT

P 226n _ 226¢q

N 2F

3uasn A, BHUHCAAIOT CPEAHIOI0 NPOJOIIKUTEIEHOCT KH3HH § H e
pHoa T. Cornacho nocnezuHM ompefieneHusm ¢ = 35,1 sn.-ctar. ea.
{Bpeanux u Keiis), oTkyla n=3,68-10%, a nepnop pagus T = 1600 get.

[Ipsimoe M3MepeRne n NORTBEPHAET 3TH pesynbTatot (§ 72).

Mo BenmuuitHe 3apsAa ¢ MONKHO BHIUMCAHTH OGBEMbI PanoHa H redHst,
0BpasyeMuIX TPAMMOM PaJuA B CeKYHAY. JeliCTBHTEABHO, YHCNO HEMy-
CKaeMbixX ayuefi, n = g/2e, PaBHO UHCAYy ATOMOB T@IHS H UHCAY aTO-
MOB pafioHa, OGpasyloLuXcst 3a To e BpeMs. CReloBaTesIbHo, B ce-
KyBAY obpasyercs nfN = gf2F (rae F — uucno Papages) rpamm-
MOMIEKY/T TeHs H CTONBKO e TPaMM-MOJeKYJ pafona. CooTseTcTByIo-
wpft o6beM paped qU/2F, rae U — oGpeM IpaMM-MOJEKYJbL.

Tennit MOXeT HAKANJIHBATLCA B HEOTPaHHUYEHHOM KOJUYeCTBE, MpH-
YeM ero 00LeM YBEIHUHBAETCS NMPONOPUHOHANBLHO BPEMEHH, €C/H pac-
CMaTpHBAeMbIl POMEKYTOK BpeMeHH Mak [0 CPaBHEHHIO CO CpeaHel
HPOAONIKHTENBHOCTBIO MH3HH pafus. CleoBATeNbHO, OGbeM u redus,
00pasyemMoro rpaMMoM pajusi, a paBHOBecdH C pajokoM, RaA, RaB
# RaC, HCIyCKAIOWAMH COBMECTHO 4 YHCNEHHO PaBHble TPYMNB -7y~

ueil, 6yner
4nUt 29Ut
N F
Pafon BeJeACTBUE PO CAMONPOM3BONBHOTO paclajia MOMKET HaKO-
IMATBCS TOMBKO 0 H3BECTHOrO Tipefena. IpeaenbHbiii o6seM u’ onpe-

fesisiercs H3 GopMynBl
,_nU _ qU

W= ,
AN 2Fi

rie 1 — nocTosHHAf pacmaja pafona. Beiuncnenuuii Takum oGpasom
06DBeM paBen OGBEMY OAHOTO KIODH, T. €. o0BeMY PajoHa, KaXoasule-
rocsi B PAaBHOBECHH C FPAMMOM pajus.

Brluncrenneie 3HaveHust 4 W 4’ COMACYIOTCs ¢ HafiieHHBIMH Ha
onerre.  Ilpunumas n = 3,7-10, ¢ = 35,3 sa.-crar. en. (§ 79),
U=224-10° cud, F = 9650 sa.-maru. ed., 2= 2,1-107% cext,
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naxoaum, uto npu 0° Cu =173 m#® B ron, a o' = 0,66 mm®
(§ 80 u 58).

Bt Takwe CAenaHbl M3MepeHHS ToKa sapAia a-yuelf Apyrux
pammoakTHBHEX 3iementoB (Po, ThC 4 ThC’), Ho 3gech cootHOLe-
HHE MeXKAY KOJMYECTBOM IEPEHOCHMOTO o-MyUaMH 3MeKTpHYecTBa H
KOAMUECTBOM DAAHOAKTHBHEIX BEWIECTB HE TAK TOYHO W3BECTHO. Hlame-
peHue TOKa 3apffa B COeMMHe-
HUH C H3MepeHUeM HOHH3AIHOH-
1) —  HOTO TOKA JlaeT BO3MOMHOCTh
ONpefeNHTh YHCHO HOHOB, OG-
pasyeMbIX OTHENbHON a-4acTH-
&) well (§ 72), B COBMMHEHHH e

L C TIPSAMBIM NIOACYETOM a-YaCTHIL

H OHO JIaeT BO3MOMHOCTb ONpeje-
| JUTh 3apAA OTAeNbHON a-ac-
) THUL!. DTHM MeTopoM Pesepdopa
4) n I~ YCTAHOBHJ, YTO 3apsaj g-yac-
|
i
i
i
i
1

THIH paBeH 9,3+ 10720 3y, -cTar,
efl., T. €. YABOCHHOMY SAeMeH-
TAPHOMY 3apsfy.

Korna napanfienbHult nyyoK
@-YaCTHIl TPOXOAUT Uepes TOH-
KHil OAHOPOAHMBIN SKpaH, YHCAO

. gacTHi B Iydke, HpOLIELIEM
Puc 10, cxecmuu ThG, & soctuus T Mpoter  oKpak, ocTacTen ha Goablieh
Tiponopuns 100-0C = 65%. OC =35%. 4acTH TpoGera NPaKTHYECKH
TIOCTOSIHHEIM, TAKXe MpPaKTH-
9ecKH TIOCTORHHBIM OCTAaeTCA H TOK 3apaja. Uucio paccemBaemblx
Jyuefi B YACTHI ¢ OJMHOWHBIM 3apSROM (MAH HE3APSIKERHHIX) B Myuke
cpaBHMTeNbHO Mato. K komimy mpofera sTo uymcno 6GHICTPO YBeJH-
ypBaeTcsl, BhIHBas MNafieHue TOKa 3apsfia, OYeHb DEe3KOe Ha IO-
caepneM yuactke, Puc. 105 msofpamaer H3MeHeHHE ToKa 3apsaa
Q-YaCTHIl AKTHBHOTO OCA/KA TOPHS B 3aBHCHMOCTH OT TOMIIMHEL TIPO-
XoauMoro LenodaHoBoro skpana (no I'peryapy). [lepsoe mamenue
TOKA COOTBETCTBYET KOHIY NpoGera a-nyyelt Topus C, BTOpoe — KOHLY
npoBera a-tydeit Topusi C’. CnefoBaTesibHO, 3T0T ONBIT AaeT BOMOXK-
HOCTb PA3HUKTh 00€ 3TH TPYNIbI @-YACTHI, ONPeJeHTb AOMKO YACTHIL
B KQXOH M3 HUX M H3MEPUTb HX mpodern.

Tak saprie -saomyTAC + THC 8 %

il

0 2 TAs 340
Toruuna aearogonsives sipana § mefewt

§ 72. Moncver a-uacThu, YMHcIo KOHOB, O6PasyeMbIX OTACNbHOH
a-4acTHUel Ha cBoem npobere

TIpuHLMGE PASAMYHBIX CNOCOGOB HAaGMIOLEHMS OTASTLHBIX Jydeil
yake Oslan onucansl B § 65 (cM. Takxe § 67). Bee 5TH NPHHUMNBL IPH-
NOKHMBI TAKKe AN TNOACYETa STMX ayded. 3jech GYRYT ONMMCaHBI
HauGonee yNnoTpeSHTe/bHbIE TPHOOPH H HOJNYUaeMble IIPH HX MOMOLA
pesyabTaThL,
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MPHEOP ANS MOACYETA CUNHTHAJSAUUA (prc. 106). a-nyun
UCMYCKAIOTCA HCTOUHNKOM MAanbix passepos S, MOMEMEHHbM B 98AKYHDOBAHHBII
cocys. Tlydok nydeil, orpaknuenubii xuapparmofi D, nafaer Ha skpan £, cocTosi-
st WS CTERASHHON NAACTHHKH, NOKDMTOA TOHKHM CAOEM
CepHHCTOro nukka. Tak Kak 9KpaH Npospaved, TO BO3HH-

KalouAe Ha HeM CLHHTHANALAN MOXKHO HaGMIOARTH NpH TO-
MOWH MHKpPOCKONa M, TIOMEUIEHHOTO 32 SKPaHOM. M

ITOACYET UYACTHU NO MOHHSHPYIOWEMY
JUEMCTBHIO, CHETHHK C HUTBIO, METOA PE3EP-
©oPNA M TEACEPA (phc. 107). — Pacxoaamwiica
NYuOK a-ydefl, ACNYCKAEMEIX CTOYHNKOM MAJbiX PAsMepoB
S5, 4epes TOMKYI0 ONACTHHKY H3 GIOMHHHAZ AN CHOABL, 3a-
KPHBAIOMLYIO OTBEPCTHE AHAParMEl D, MPOHAKACT B ULAHAL-
PHYECKYI0 HOHH3ALHOHKYIO KaMepY. DaekTpon A coenunen ¢
INEKTPOMETPOM, BIEKTPOA B ¢ mojiocom 6GaTapew, Apyroi
nonioc koTopoit coemnen ¢ semnei. OT S a0 D nyms
nyvelt mexut B sakyyme. [lapnenne B KaMepe (WECKOJbKO
MHANBMETPOB DTYTHOTO CTonG2) W Hampsxenne Garapen
(okomo 1200 6) NOAGAPAIOTCS Tak, YTOOH YA2pHAs HorHa-
UHS YCHTHDBANA NPAMOE HOHUWSHpYiouwee ReficTsMe aydeii.
Ipt MPOXOHMIEHHN KaKAOrO AyHa SIKTPOMCTp OTRAOHA-
1. OH OPHBOMHTCH K HYMIO MOCPENICTEOM GOTBUIORO CO-
NPOTHBAEHHA  (HANpHMep, CONPOTHENEHHS HOHM3HPOBAR-
HOTO T23a), COBIHHEHHOO ¢ 3eMAell, OTKNOHEHHS SaMHCH-
BAOTES (POTOTPAPHIECKH.

B npuGope Lefirepa, nonyonBuleN HASBAHHE Ciemuusa
¢ ocmpuex (puc. 108), Ayun, HCXOASIINE OT HCTOYARKA Ma-
ABIX PasMepoB S, wepes 3aKPHTOS TOWKOH TIACTHHKON H3 AMIOMHNHS HAW CAl0-
Jbl OTBepCTHe IHadparMbl D NPONWKAIOT B KaMepy B, LEHTpAneHH 3neKTpos

e

Puc. 106

Pac. 107

KOTOPOR nMeer dopmy urapl. Kamepa B 3apseHa [0 BBICOKOTO NOTeHUMANa
(oxon0 1200 ¢). Hria coeuuena ¢ ceTKORt yCHANTEABHOH mammolfl G. Bxompenne
Jy9a B KaMepy OTMEUaeTes WeAuxcM TefedoHa WAH e 3aNACHBaerca (oTorpa-
reckut).

Ha otnenpuom smcre X1 B KoHte KHEPH (puc. 1) AaHO H30Bpaxe-
Hue (oTorpadudeckoll 3anuCH a-Nydyei.

Ha pncydke BHAHO, YTO NMpH BXOMCHHH @-acTHLE B IPHOOP
THAA, H300paxenHoro Ha puc. 107, MPOHCXOAUT pesKoe OTKIOHEHHE H

1) BMeCTO KIVIE YaCTO YNOTPEBASIOT CTEPHEHD ¢ HEGOABLUIAM APHKOM HA KOHILe.
15 M. Kopu
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3aTeM MOCTelleHHOE BO3BpAlleHHe NOKasaTens npudopa K Hyawo. Buaxo
TAK3Ke, UTO HHTEPBaTbl SMHCCHH e DABHBI H PacnpefleleHne ayueil He-
PaBHOMEPHO.

B onucanmbix 3fiech mphGopax, JefiCTBHE KOTOPHIX OCHOBaHO Ha
YAApHO# HOHMB3aLHH, OTKJIOHEHHS B OOUIEM HE NPONOPUHOHATBHEI KO-
JIHYECTBAM SMEKTPUYECTBA, HENOCPEACTBEHHO OCBOGOKAAEMBIM JTyYaMH
B xamepe. CaieloBATENIBHO, NPH NOMOIW 5THX NPHOOPOB TPYAHO OTIH-

YHTH ¢-uacTHUBl OT APYLHX Jyuedl, K
KOTOPBIM TaKiKe MOTYT OHTb OpHMeHe-

HBl MeTOAbl cyeTa (H-vacTuiel, A-uac-
THUB H y-Ayun). Ilocnenune ycoBep-
IIEHCTBOBAHKA YCHANTENEH aau BO3MO-
ZZ2 JKHOCTb WBTOTOBJATH CUETYHKH, B KO-
TOPHIX YCHJIMTENEM HCTIONBIYeTCH He-
IOCPEACTBEHHO MEPBHYRAS HOHW3ALHS.
8 B 5TOM ca1yyae OTKJIOHEHHS MPOMOPIHO-
HAJBHBI KOMHYECTBAM OCBOSOKIAEMOTO
JIYUaMH 3NEKTPHYECTsa (OTALNbHEI NHCT
XI, puc. 2).
! OneiThl MOACYETA  @-4acTHU  ObINH
| TPOU3BEJIEHBI ¢ PA3NHYHEIME PaJHOAKTH-
3o BHbIMH snteMeNTamu. Bepst B kauecTse
ul HCTOUHUKA HANYYEHHsT AKTUBHEL OCAROK
i Panus, y-H3AyyeHUe KOTOPOTO H3Meps-
? €TCSl CPABHEHHEM € y-H3NYYEHHeM 3Ta-
o noua pafust (§ 71), MoxHO OMpeaentTh
Pue. 108. YHCO fi @-YACTHR, HCTYCKaeMblx B
CeKyHAY ofHuM KiopH RaC’ win ofHum
rpamvom pajusi. OTciofa W3 COOTHOWeRM ¢ = 2ne u A = 226 nfN
BHIGHCASiETCS] MOCTOAHHAS NpeBpalliennd paaua A u sapaj ¢ (N —
uHeno ABOTafpo, e — sfMeMedTapHeil 3apsn). Yucao ofpasyiomuxces
B CEKYRJLY TPAMM-MO/IEKYl Te/insi WK pajlona 6yJeT Toraa pasHo nfN.
Peseptopa u Tefirep Haumk n = 3,57- 1019, [Tosgneiiune onbiTHl AanK
A5 1 BeAHudHBl, KodeGmomuecs or 3,40-101° go 3,72-10%. Takum
06pa3oM, 3Ta BAKRAS NMOCTOSHHAS, & CAEJIOBATENBHO, H MPOACMKH-
TeJIbHOCTh XKH3HH PAAHs ONPeleNelbl ¢ TOYHOCTEIO TONBKO JI0 HeCKOJb:
KHX TIDOUERTOB. B TOMelleHHHX B 3Tofl KHHTe TaGlHUaX TPHHATO
n = 3,7-10%% orkyna T = 1590 gerl).
Moxcuer a-yacTUU ypaHna U TOPHS HeNanCs Ans ONpEJeSeHNs Ine-
PHOIOB STHX PAAHOAKTHBHEIX 3aemenToB (§ 122 n 135).
Toncuer a-uacTHI MONOHHS BMECTE ¢ H3MEPEHHeM OGbeMa 00pasyio-
werocsi TeqHA AevaeTcsi ANsl onpeaesenns whcna Aporaapo (§ 73).
KpoMe Toro, moAcyeT @-UacTHIL NOJOHHS Jad BO3MOXKHOCTh AETAJIbHO

g

1) 310 e SHAYEHHE £ MPHHATO B § 71 477 BEKCAGHUA O6LeMa KIOPH B KOMK-
UeCTBa 06pPa3YIOMErocs refns.
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HCCIIENI0BATh KOACCAHHS HHTEPBAJOB SMHCCHH ¢ TOUKH 3DEHHS TeOpHH
peposiTHocTefl (§ 58).
* "YNCNO WOHOB, OBPA3YEMHX OTAENBHOM @ YACTHLUEM,
TlocyeT @-4acTHU AaeT BO3MOMHOCTb ONPEASTHTH GHCNO HOHOB, 06-
PpasyeMblX OTAGALHEIM a-TydoM. UTOObt NOJYUHTD 3TO YHCAO ¥, HYMHO
H3MEPHTh HOHH3AUMOHMBLH TOK [, BOIHHKAIOUINA B BO3LYXE NPU TOTHOM
NOTNOIWIEHHH NYYKa nyyei (§74), H ONpeJeNHTb, KPOME TOTO, YHCJIO Yac-
Tan myuka s, Torfa us ypaBHends | = nve MOKHO BHMHCIHTB ¥
{¢ — 3nemenTapHblii 3apsan).

Ecan BMeCTo MoAcueTa YacTHI H3MEPSIOT NEPEHOCHMBII JIy9aMH TOK
sapsapa #, 10

i=2ne,
v=21Ji.

OTH H3MepeHHs POH3BOAMKCHL MPEHMYIIECTBEHHO C a-YacTHUAMH
RaC’ u nononnsi. B nepeoM cayuae HCTOUHHKOM H3NYUEHHS ABASETCA
npenapar RaB 4 RaC nan RaC. MntencusHocTs Takoro mpemapara
onpefiensieTcs NO p-B3NyueHHio. MaMepeHHbI MoHbIT HORM3ALHOH-
HBIi TOK MOXHO OTHOCHTB K BeJMYHHe ToKa [, KoTophiit umencs Gbf,
ecni 6l npenapat ObW1 B PAJHOAKTHBHOM DABHOBECHH ¢ IPaMMOM pa-
s, T. e. coflepkan oano Kiop RaC’ (§ 97).

DKCTIepUMEHTATBHO ONpefeneHo, 4To B Bosiyxe [ = 3,9-108 ag.-
crar. ef. IpunuMas n = 3,7-10° u e = 4,77-10"1° sn.-crar. en.,
HAXOAAT, UTO At OAHOIN g-uacTHub RaC’ (npober nph 15° — 6,96 ca)
v paBHo 2,20-108,

CrefloBateNibHo, OTAEMbHAs @-4acTULA OOMajaeT 3HAUHTENbHOf
HOHM3UpYIOMeH CNOCOGHOCTHIO, H KONHYECTBO HOHOB, OGPasylOMHXCs
BJOAE NYTH NY4a, OYEHb BEAKKO. 3a HECKOMBKO MUIMIMMETPOS 0 KOHUA
npoGera, rie MOHH3HPYIOIWAN CIOCOBHOCTE a-MyYell IOCTHIaeT MaKCH-
MaJIbHON BEJIKIHHbI, YHCO HOHOB, OGDA3YeMbIX a-4aCTHUEH, MpPHO.H-
3uTesibHO pabao 6500 na | am. BeneicTse 3Toro NyTH a-ayued Ha
CHHMKaX, CIGNAHHMX MO MeTOLy BHAILCOHA, HMEIOT BHA HENpepEIBHBIX
aunnit (cM. otzenbHble JucTel VII 1 VIIT) 1 pasanunTh Ha HHX OTAeNb-
Hble KamedbKH HeBoaMoxuo. HMx MoXHO pasnnunth Tonbko Toria,
KOTJia OTBIT NPOH3BOAUTCS B BOZOPOAE NPH YMEHBIIEHHOM RABMEHUH
MM B BOBAYXe IPH HH3KOM JAaBJNeHHH.

O6pasoBarie HOHOB BAOAb NYTH @-Jy4eil NPOHCXOART JANEKO HEPaBHOMEPHO,
M OHM pACMONATAlOTCR MJOTHEIMH CTONGHKAMH, B KOTOPHIX HOWbI NPOTHBONOJONK-
HBIX 3HAKOB HAXOAATCA OueHb GAM3KO APYT K Apyry. Benencrsue svoro tpyamo
TIOAY¥aTh TOK HACHILCKHA, TAK KAK PAAOM PACHONOMEHHbE HOHBI MOTYT BOCCOR.
AHHATHCA PaHblile, YeM WX DA3JeNHT 3/eKTpHueckoe nore, Cormache paspaGo-
rannof T1. JIaHieBeHOM TCODHH STON HOWU3AQUL 8 KOAONMGX, HACHIUIEHHE Jerue
AOCTHTE€TCA B NOje, NePHeHAHKYMSPHOM K Hanpaeneruio ayueil, H ngnnee B
Tosie, MapannenbHoM HX Hanpapiendio. FlonMmXenhe naBieHHs TakKe odJervaer
JOCTHHEHHE HAchIeNHs. B aTMochepe oueHb UHCTOrO aproHa TOK HaCHIUEHHS
NIONYHAIOT TIPH NIOMOUIA SHAUHTEALHO GoJiee caboro MoAs, weM B Bo3myxe (§ 9).

15*
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Ecyiit JOMYCTHTD, YTO NOMHAS ROHH3ALNSA, IPOUIBORYMAH B BO3AYXE
@-nyvaMi, OponopmuonanbHa R*% (§ 68), To udcno HoHoB k, ofpa-
3yeMblx B BO3JyXe a-uacTHUEH PasiHYHbIX PaHOAKTHBHBLIX BEIIECTB,
MOXHO ONpelenHTh M3 dopmyanl k = 6,3-104-R%, Gepa sa ocHoBa-
HHE YHC/IO HOHOB, oBpasyeMoe a-qacTuueit RaC’ (R o — wmpober mpu 0°).
B npuwiomenun 7a NpHBOAATCS GoRee TOYHEIC 3HAYEHHA k, BBIYKCIIEH-
Hble N0 BEJHYHHAM SHEPTHH.

Cornacno To3fHEHIIEMY HENOCDENCTBERHOMY ONPENENIeHHIO  YH-
ca0 k aas e-ayveh monowns papuo 1,53-10% (T'peryap), uto manro
OTNHYAETCA OT BeJHUHHBl R, BBIYHC/JEHHOH NO npobery H pasHOM
1,52-108,

Tak Kak papuii M ero mpowssomnme Rn, RaA, RaC’, RaF
(nan Po) B DABHOBECHH C HHM MCNYCKAKT B CEKYHAY OAMHAKOBOE
uACIO a-9acTHI, TO ¢opMyaa / = nve JaeT BEHYHHY NOJNHOTO
HOHH3ALHOHHOrO TOKA Aast paikaA (Ha rpamMm) H AAs KAXKAOro M3
STHX Npou3BOAMBIX (Ha kropu). [lpunumsa n = 3,7-10% n Beamc-
st MO MPOGETY, TAKHM MYTeM HAXOZAT CAEAYIOWHE BeNHUHHB [
(B an.- cTar. ea):

Ra  Rn  RaA RaC Po
2107 1,37 1,56 1,72 2,20 1,52 (1,59
o=t 2,43 2,76 3,06 3,90 2,60 ,71)

B ckobkax NplBeieHa onpeleseHHas NPAMbIM ONLITOM Be/HUHHA ¥
H COOTBETCTBYIOIAs eff BeqnunHa /. 3Hasi YHCAHO HOHOB, 0GpasyeMblx
@-yacTHIel, MOXHO ONPEReNHTE SHEPIHIO, 3aTpauHBaeMYIO Ha padory
HOHW3aWny, PasfleNNB BLIDAKEHHYIO B 5JEKTPOH-BOIBTAX SHEPTHIO
a-yacTium RaC Ka yHco HOHOB, 06pasyeMbix 9Toli uacThiell B BO3gyXe,
HAXOAAT, UTO JHEPTHs, 3aTpaunBaeMasi Ha OOGPA30BAHHE OAHOM MAaph

HOHOB, B CPEHEM PaBHA

Flotenusian HOHH33UMM T230B, BXOAAWKK B COCTAB BO3AYXa, He NPEBOCXOAUT
NONOBUHEL STOM BENMTAKEL: €rO CHUTAIOT PABHEM |7 6 Aas as0Ta M 15,56 L1a KuCAO-
pona. CneposaTenbro, paGoTa HOHM3AUMH COOTBETCTBYET MEHEE HYEM NONOBHHE
normomacmoli suepriid. Honnsamia aTomos Ha 6oJee TiYGOKHX YPOBHAX He MO-
KeT NPOHCXOAHTB TAK YacTo, YTOOEl 3THM MOXKHO ObIIO OCDBACHMTL Taxoe pac-
XOMJCHHE, U OHO OGDBACHAETC TNABHBIM 00PAsSOM BHAYHTENbHHIM BO3GYKIAKWIMM
BeHCTBHEM a-nyuell. CAENYET OTMETHTB, KPOME TOTO, YTO HOKK3AWNHA NPOHIBOAATCS
He TONBKO ¢-NyYaMH (MePBHYHAS BOHW3ALHA), HO H OCBOGONKNAEMBIMH HMH 3NeK-
TPOHaMH (BTOPHUHAS WOHKIAUMS). DHEPTHs, COOSUEHHAS 3NEKTPOHAM a-NyuaMH,
3ATPAYHBACTCA Ha BTOPHUHYIO HOHHSALMIO TOABKO YACTHUHO, TaK KaK SHEPTHS
MHOTHX H3 STHX SJ€KTPOHOB K/ HIZKE HJIH HEMHOrO Bbile Toil, KoTOpas Tpebyercs
A MOHHSAUHH. 3aMEYaTENbHO, YTO B TAKHX YCNOBHAX OBPA30OBAHUE HOHOB B BO3-
JyXe BCe e HA BCEM MPOTSKGHHH KPHEOR HORHSALMHM MPONOPUHOHAJILHO 3aTpa-
4iBaeMol SHePTHE § 66. D1a NPONOPUHOHATEHOCTS, BEPORTHO, HE ABIAETCA TION-
Hofl, HO OTKJOHEHHS JOJKHEI OBITh HESHAVNTE)bHEL. B reniy Ha WOHMSanHio pac-
XOpyeTcsi GOAbWIK TPONEHT SHEPIHH a-TyYedl, TAK KAK BHUHCJCHHBE Cpepuil
TIOTEHNNAN HOWH3AWKN (0K0A0 30 6) 3MECh BANNKE K HCTHHHOMY ROTEHIHANY HOMH-
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saunn (24,6 6) To e HaGMOZAeTCA ANA HEoHa. DTO, BEPOATHO, CBASEHO C TeM,
4TO CTPYKTYPA OZHOATOMHBIX MOAeKy/d. He n Ne mpome CTPYXTYPH ABYATOMHBIX
MOJIEKYJl a30T2 H KHCJOPOA3. TeODHA HOWHSAUHH d-TyduaMi W3NOmeHa B § 77,

§ 73. OGpasoBanue reiusi PaJHOAKTHBHBIME 3JeMEHTAMH

TocTostKOR NPHCYTCTRME Te/Hs B PANHOAKTHBELX MuHepanax 3a-
CTABHJIO TIPEANONAraTh, 4TO OR ABASETCS OJHHM H3 MPOAYKTOB IpeBpa-
UeHHA PaJHOAKTHBHBLIX 3MemenToB, B 1903 r. Pamzai u Comnu ony6an-
KOBany cooBllenne o TOM, 4T PajioH ofpasyeT reduil, oGHapyKeHHBIH
HMH TI0 €0 CTIeKTPY . 370 BakKHOE OTKPLITHE GbIIO HeMeJUIEHHO TIOATREp-
KISHO APYTUMH HaOMI0KATeNAMH M ObO YCTAHOBJCHO, YTO renul ob-
pa3yercd TaKxe pajueM H ADYTHMH DaJHOAKTHBHEIMHA 3/leMeHTAMH,
ucnyckaomumi a-nyun (1. Kiopu u K. Hdeicap, 2. Pesepgopa,
A. HeGbepn u T. A.). OGpazoBaHue redsl STHMH PaAHOAKTHBHBIMH
SNEMEHTAMH MOMHO TNOJHOCTbIO OOBACHUTS, JOMYCKass, 9T0 a-Ty4d
COCTOAT B3 HNiep aTOMOB reiusi, OHO CAYKUT BAXKHEIM APIYMEHTOM B
TIOMB3Y TEOPHH ATOMHOrG TpeBpailleHHsi PAAHOAKTHBHBIX JEMEHTOB,
B OCOOEHHOCTH ¢ TOUKH 3DEHHS XHMHH.

Bhiio HaMepeHo KOMHUECTBO Telsl, 0fpa3yeMoro palueM, Haxofs-
UIMMCSL B PaBHOBECHH € PafOHOM H aKTHBHBIM ocaakoM. [as storo
HaTPEBAHYeEM YJANSMHCH H3 COMM PAANs CORepXKaluuecs B Heli rasml, H
cyxas colb COXpaHadach B pakyyme. Hcrmyckaembie COMbIO a-ityuH
TIOFOMWAHCh PEHMYIIECTBEHHO CAMOH JKe COMIbIO, KOTOpas TaKHM
06pasom yfepiHBana obpasyloumiicss reai. Yepes HeCKONbKO Mecs-
HEB COMb CHOBA HArpPeBalH H H3MEPSAH O6BeM BbLIEASIONIErOCs HPH
HaTpeBaHun rveansi. LlojyuenHble TpH STOM pesynbTaTsi: 164 mm?
(Oetoap) n 156 ma® (Pesepdopa u Boareyn) Ha rpamm pagus B rof,
GAH3KH K TEOPETHUYECKHM.

BBiIO TaKKe H3MEDEHO KONHYECTBO IeJHS, OGPasyeMoro moJo-
HHEM, W HalileHo, YTO OHO COOTBETCTBYET YHCIY PAcNaBIIHXCS 33 BpeMsl
HAKOMJIeHUA TeJinst atomos nosonusi (M. Kiopn u A. HeGeepn). Ha-
KOTLIGHHE TeJIHs MPOHCXOAHAC B COCYIe, COAepPIKABIIEM KHCJbIN pacT-
BOp MOJIOHHS, KOTOPHIf B HAYaJIe OMbITA HCMYCKAN B CEKYHIY CTOMBKO
e q-nyuel, CKONbKO HX HCNYCKAIOT 3a To e Bpems 90 we pajus,
OTAEJEHHOTO OT €ro MPOM3BOAHBIX.

OGpasosabwmniica sa 236 aneit reanii npn aTMOCHEPHOM AABNEHHH
sanuMan 13,5 mam NO JUIHHE KaNUAASDHON TPYOKH ¢ BHYTPEHHHM JIHa-
metpoM 0,34 mm (npusefienusil & 0° oSbem pasen 1,3 um?).

Bruto xafifero, 4TO KONMYECTBO reausi, o0pa3yeMmoro aKTHHHEM,
COMPOBOMKAAEMBIM €TI0 TIPOH3BONHBLIMY, TPABHIbHO BO3PACTANO CO Bpe-
MeHeM B TedeHHe 6 mecsues (A. JleGbepn). YCTAHOBJEHO TAKXKe, UTO
cna6o pafROAKTHBHBIE BELIECTBA, KaK YpaH H TOpHI, 06pasyioT renuit
B KOJIMUECTBE, TIOPSAOK KOTOPOTO COOTBETCTBYET CKOPOCTH HX pacnaja.
310 GBI NOATBEPIKAEHO TaKIKe HCCAEIOBAHHSAMH PaHORKTUBHBIX MH-
Hepanos.
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§ 74. KoanuecTBenHOE M3MEPeHHE TBePABIX PAAMOAKTHBHBIX BeIUECTB
No a~H3JAYUEHHIO

Hamepenne HOHU3AUHH, IPOU3BOAHMOIl ¢-yuaMH, ABASETCA HAHGO-
Jiee UYBCTBHTE/BHLIM €rocofoM  KOHUECTBEHHOIO H3MepeHhs Hcny-
CKaWIMX 3TH JYYH PAJHOAKTHBHBIX 3JEMEHTOB, TaK KaK UYKHCJO HOHOB,
oépaaylomnxcsi TpH TNpeBpalleHHH KaxKAoro aToMa, OYeHb BeJHKO.
HaunGonee ynotpeGutenbHeiii METO] ONpeeNeHns aKTHBHOCTH MHHepa-
JIOB HAN conelt PajAHs COCTOHT B TOM, UTO 3TH BELLECTBA BBOAAT B HOHH-
3aUMOHAYIO Kamepy ¥ HaMepsioT BOsHHKatOUMit B Hefl IPpH 3ToM ToK
HaCBIUEHNSA, MOUYTH MNOJHOCTBIY 3BBHC$ILLLHI>'I OT HOHH3HPYIOLETro zefi-
CTBUA a—.nyqeﬁ. HpaKTH‘leCKH yacto GbiBaeT BBITOAHO NOAB30BATBLCSH
TaKUM METOACM H3MEpPEHMHA, HO TOUHOCTB €ro OGBIMHO HEBEJIHKA BCJIEH-
CTBHE YaCTHYHOIC NONOWEHHA a-nyqeﬁ CamMHM HCCAEAYEMbIM BELIeCT-
BOM. MOHHSauHOHHblﬁ TOK TIpH OAHOM H TOM K€ KOJNHYECTBE HCCJE-
JAYEMOTO pafiHOaKTHBHOrO BEILECTBa MOXKET HMETb BeCbMa PAIMUHYIO
CHNY B 3aBHCHMOCTH OT CTeNeHH ﬂpOéJleHPlﬂ 3TOro BEWECTBa H BeAH-
YHHB 3aHHMaeMOil HM TNIOBePXHOCTH. Ecnu YCNoOBHA MOTJIOLIEHHS Cle-
J1aTh CXOAHBIMH, TO ®-H3NY4YEHUEM MOXHO MOAB30OBATHCA ANA HpHﬁ!lH-
JKEHHBIX KO/MHYECTBEHHBIX onpeneﬂeﬂni

s 9r0ro GepyT ORHHAKOBBIE NO BECY KOJHMUECTBA HMCCACAYEMHX BELIECTB,
W3MENBUAIOT HX KAK MOKHO TOHbIUIE H POBHLIM TOHKHM CJIOGM HAHOCAT Ha OfMHA-
KOBME RNACTHHM, TAK, WTOOH 3aWMMGEMBie HCCICAYEMHIMH BEU(ECTEAMH TOBEpX-
HOCTH TIPHXOARANCH B UEHTPAJLHON HACTH MAACTHH W OGN _OAMHAKOBB N0 Beak-
unHe. 3aTeM 9TH MIACTHHEL BROAT B HOHHSALHOKHYIO KAMEDY . BHITONKO YNOTPeBanTS
Kamepsl TaKHX pa3MepoB, YTO6hl a-nyHH, HCNYCKAEMBIE CIOEM AKTHBHOTO BEILECTBa,
TIONHOCTBIO NOTMOWANACS BO3AYXOM PaHbille, YeM OHH HOCTHIHYT BICKTPOAA HAH
CTEHOK, TAK K4K B STOM Clyuae CHAA TOKA HACHIUIEHHS HE 3aBHCHT OT MIOTHOCTH
BO3RYXA. D10 yenoBHE MOKHO OCYHMIECTBHTb, €Cin npoler aywell ne mpesmumaer
3—4 ¢cu. Toraa, 9T06bl NOAYNATD TOK HACHIEHHS, €C/H CHAIA €TO He MPEBOCXOAHT
HECKOJIBKHX 5M1.-CTAT. €N, IOCTATOUHO NPUAONKHUTb PA3HOCTb NOTEHIHANOB B He-
ckonbka cor BoabT. Ecau npoGer nocruraer 7—8 ca H 3MEKTPOJH COOTBETCTBEHRO
PASNBUHYTH, TO MPH TOMOIUIH OGBIYHO YNOTPEGAsEMBIX GaTapeil CTAHOBHTCA TPYAKO
NOAYATh TOK HACHILEHAA.

Cobmiogasi ykasaHusle Bbilie MPEAOCTOPORHOCTH, MOMHG HIMEPATH B OTHO-
CHTe/IBHLIX BETHYHHAX KONHUECTBA OAHOTO M TOTO e PAHOAKTHBHOTO BewecTpa,
cozepiamHecs B OHOM H TOM JXe Iorjomalomem pewectse. Hameperna 6yayT
Tem Tounee, YEM AyUme NPUrOTORNEHbl CIOH AKTHBHHX BEMECTB. OOBIAHO MeAKHi
TOPOIIOK HCCAEAYEMOTO BeWecTBa B3GAATHIBAIOT € XNOPOPOPMOM M 3aTeM AAOT
3TOMY TOPOWIKY MEJNEHHO OCeCTh Ha MNACTHHY. DTOT METO] YHOTPeGAfiloT, Ka-
TIPHMEP, B CAGIYIOMHX CAYUAAX: ONPELeNeHHe PAJHS B CYXHX CJIOAX GapusA, HOHHA
B OKHCH TODHA, NPOTAKTHHKA B OKHCH TaHTana, KOTOPaR CNYXHT LS yBICUCHKS
TpOTaKTuRAA, W T. A. [Ipd HEONHOPOAHOCTH CAOEB, HEPABHOMEPHOM BHIAICHHW
3MaHAUKH W HEOLHHAKOBOM OTHOCHTE/bHOM NOFMIOMEHHH G-UIYYEHHS B HCCAE-
AYeMbiX BENIECTBAX Pe3YALTATH NPOUIBENCHHBIX N0 3TOMY METOLY H3MEpenuit MoryT
OWTb HCMIONB3OBAHL TONBKC K2K BechbMa NPHOMHXKEHHBE YKa3aHdi [if 0OCae-
Ayownx ofipenenenuii.

Tlpu 5THX H3MeperHAX OBLIYHO MONBLIYIOTCA IMalOHOM ANA CpaBHeHks. Yame
BCEr0 B KauecTBe TAKOTO 3TAJOHA YMOTPEGJAETCSs TOHKO HIMENbYeHHAsmn OKHCh
YpaHa, OCMNICHHAS H3 CYCMeH3HH B KHAKOCTH POBHBIM K [LTOTHHM CIOEM HA Me-
TaATHYECKHH ZHCK HAM B ILIOCKYI0 OYEHb HErNySOKYIO HallewKy.
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Uro6hl noMydiTh GONBIIYIO TOUHOCTS W ACHHIE PE3YA5TATA, HEOBXONNMO YCTpa-
HHTp NOMJIONIEHNE G-Tyuell BCAKOH APYTOil Cpemol, KpoMe Fasa, HOHW3AUHIO KO-
TOPOro H3MepRIOT. CHCAUBATENBHO, CAOH HCCNELYEMBX TBEPABIX PAZHOAKTHBAMX.
BEIIECTB ROJMHH GBITh HACTOJIBKO TOHKHUMH, YTOGb NOTJIOWEHHEM /ydYeld B HHX
CAMHX MOXKHO SbL1O Mpenetpeus. UTobk yAOBACTBOPHTL STOMY YCAOBRIO, TOAMHHA
€710l IONKHA GITL MEHBIUIE JIECATOR A0.1H MHKDOHA. HEKOTOPLE PAIHOAKTHBHBIE 31e-
MEHTEI, HanpUMep, BEWECTBA, COCTABAAMWIIME AKTHBHLIE OCAJIKH, MAH TNONOHMI,
OYEHb JIETKO JIOIYUNTb B C/I0E HACTONBKO TOHKOM, 4TO OH ABISETCA HEBRIMMBIM.
TOKKHE CNOK CORLNHENM: PaAHs WK YPaHa OMYUAIOT BHNAPHBAHHEM HX PacTBO-
POB HJIH ke OCaXAeHHEM H3 OueHb TONKOH CYCHeH3HH B KuakocTh, Ocaziok COCTOMT
HIH M3 MaNeHBKHX KPHCTANNOB, MAN U3 3€PEH MAJBIX Pa3MEPOB.

Ecnu pajuoa THBHBLA 3/IEMEHT 0CaX(IeH OECKOHEUHO TOHKHM C/I0em
Ha TWIOCKOM MOBEPXHOCTH H €T0 a-NYYH NOJHOCTHIO NOTMIOWAIOTCS B BO3-
JlyXe KaMepsl, T0 MONYYaeMblii TOK HACBIMEHUS {, BHPAZaeMblil OBLIYHO
B 9M1.-CTAT. €jl., HMEET BIOJHE ONPeENeHHYIO BeIHUKHY, A HMEHHO, OH
paBeH TOJOBHHE TOTO HOHH3ALHOHHOTO TOKA [, KOTOPLIl BOSHRK 6l
ecnu 6bl HOHH3ALUS BO3RYX2 B KaMepe MPOH3BOAMAACH BCEMH ¢-UaCTH-
UMM, HCTYCKAEMBIMH JAHHBIM KOJWUeCTBOM BemlecTsa. (B ycaoBnsax
OTIBITA NIONOBHHA o-NYuell TOrfOWACTCS MAACTHHOM, Ha KOTOPO# Haxo-
JUTCST BelLECTBO.)

Jlnsi coepuneHut ypaHa myTeM SKCTPANOASUMH Pe3YJIbTATOR W3Me-
PeHHit, MPOH3BEJERHBIX € KAK MOXHO Go/lee TOHKHMH CJOAMH, Bbl-
uucneno I = 1,4 51.-CTaT. 1. Ha rpamM ypawa. a8 pajus TakuM xe
criocoBoM Haiigeno I = 2,4-108 3n.-cTaT. €. HAa rpaMM Paius MPH Mu-
HHMANBHOM AKTHBHOCTH, UTO COIVIACYETCH C TEOPETHUECKHMH IIpeAno-
noxernsami (§ 72). OcHoBbIBasich Ha STHX LWH(PAX, MOIKHO KOJAHYECTBEH-
HO OTIpeAeNaTh YPaH U Paguil, usMepds MOJRYIO AKTHBHOCTb KAK MOKHO
Gomee TOHKHX CJIOEB.

3Has NOCTOSIHHYIO Paciafa A u YHCAO HOHOB ¥, OBPa3yeMoe OTAeb-
Holl g-yacTHiell, MOKKO MO BesMukse TOKa | BHIUHCARATL B TpaMmax
KONHYECTBA § PAJMOAKTHBHBIX 3MEMEHTOB, NPSIMOE B3BEUIHBAHHE KO-
TOPHIX HeBO3MOXHO. TaK Kak UmMcjlo aTOMOB B ¢ FPaMMaX BeINeCTBA
paBuo gN[A, TO uHCIO 4TOMOB, PacHajaioWAXCS B SAKHHILY BPEMeHH,
2 CNefoBATeJIbHO, W WHCAO HCNYCKAEMBIX 32 TO e BPEMS a-4acTHI
6yaer pasko AgNJA, oTkyna

I = 2gNvelA
(A — atomHbIll Bec, N — uncno ABoragpo, e — >nemeHTapHbill 3apsif).
Taxum ofpasom, Haiifeno, uto Tok / = 1 31.-CTaT. ell. COOTBETCTBYET

g = 0,83:1071® 2 nosoHHS, TEOPETHYECKH BLHIUHCAEHHBI aTOMHBIA Bec
Koroporo paeen 210 (§ 120). Beanunny Toka 1/2 = I, usmepentoro
B HOHH3ALHOHHOM KaMepe, 4acTo YNoTPeGARAIOT Mst YKA3AHHS OTHOCH-
TeNbHBIX KoJTiuecTB NonoHust. Tok [’ = | an.-cTar. eA. COOTBETCTBYET
g = 1661071 2, nan 0,74-107% KiopH NOMOHHS.

Ecnu RaC saxoantest B papnosecis ¢ RaC’, T0 uicaa HCTYCKaeMbiX
HMH B GIHHHILY BPeMeHH o-iyuell ONHHAKOBH. CneloBaTeABbHO, H3Me-
pus 1’ gnsa a-nyveit RaC’, moxuo ompefeanth koamyectBo H RaC
#t RaC’ B MHAAHKIODH HJH B rpaMMax.
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Uenm CHNBHEE HOHK3AUKSA, TeM TPYAHE® NONYUNTL TOK HACHILIEHHS FDH MOMOMIH
OBBUHO YTOTPEGAIONLEroCA RANPAKEHNA. B 3TOM CIIYUae MONHO NONB30BATHCA
FONMBIMH B H3BECTHBIX NIPEJeNaX SKCNEPHMEHTAABIBIMI NONPABOYHLIMK T26AALAMH
uik KpubiMe. Yalle Ke N3MEPSIOT { WM NN HIBECTHOW 4aCTH HCCAELYeHOro
BELIeCTBA HJIH JNSI W3BECTHON YACTH NONHOMO H3AYUeHHA. 31ech MBl ONHIIEM lBa
MeToAa’) KOMNYECTBEHHOTO ONpefiesietis, AAIOUIHE BO3MOKHOCTH TONb3OBATHCS
O/IHMM 3NEKTPOMETPHUECKHM NPHOOPOM A/l HAMEPEHHS PasMNUHBIX KOAWYECTB pa-
ZHOAKTHBHOTO BEMIeCTEA.

1. Tlepserit MeToX HassiBaeTcst xaneaoweis, Paséasmenisii pacTsop Kecaemye-

MOPO BellecTBa B3selnBaeTcA. Kansa sT0ro pactBopa npii NOMOWH OHTETKH ne-
PEHOCHTCS HA CTEKARNHYIO TIACTHHKY
H B3BEWMBACTCH Ha ANEPHONHUYECKHX
Becax ¢ ToanocTbio A0 0,1 se. Bspewen-
Has Kanas (Becsmasn okono 20 ue) uina-
pHBAETCH AOCYXa Ha TON Ke MNACTHHKE
(0CTaToR OT BHINAPHBAHUS AOJIKEH GHITh
efBa BHAHM}, H DIJAaCTHHKAa BHOCHTCH B
W3MEpHTEABHE NpnGop. UTOGM HsGe-
HaTp CAHIKOM G0SbWOLO PasbaBlenns
PacTBOpa, MOKKO B3ATh ONPERACHHYIO
YaCTp ero H NPHTOTOBHTD H3 HEe BTOPH-
uHBIA PAcTBOp, OT KOTOPOTO 3aTem 6paTh
Kanau.
e - TIpn xopomeil pa6ote 3TOT MeTod
ZaeT TouHocTh A0 1%. Ecau goctatoura
TOWHOCTD 210 2—3%, TO MOXHO OTKa-
3aTBCS OT B3BEWHBAKHA KaNelb, CakTas
BEC HX NPH BLITEXAHHI H3 BEPTHKANLHO
[OCTABAEHHOR i TPeABAPHTENbHO BbIBe-
PeKROIL NHMETKK NIOCTOSHHBIM.

2. BTopoli MeTox MOKeT GuTh ph-
MeHeH NS ONpEIESCHHR KONNYeCTBA
AKTHBHOTO BEIICCTBA, KOTAA OHO OTAO-
EHO OGECKOHEUHO TOHKHM ClIOeM Ha
HeGoAbINOl MocKoH moBepxHocTH. Ko-
Hycoobpa3Hblll Nydok Ayyel, HAYwHi
= OT NOMEILEHHOTO B BAKYYM HCTOURHKa S

W orpannuennsil mabparmolt D, npod-
A5 wepes 3aKpPHIBAINLYIO OTBEPCTHE AHa-

4 B
A anchmpowempy

K oene Hsomamap

Puc. 109. HCTOwHHK § BATYNeHHA HaxORUTCR

Ha racTHEe, TOLIEpKUBACHOH npoBKOR R, 2a-

KpeBaiomedi TpyOKY 7. Boanyx BHKauupaerca

¥3 DpHBoD2 uepes TPYGKY O. HMonnaaunonsan

Kauepa AB sautnitena xopobKoft P, coenHuen-
Holt ¢ seMneft.

HPACMBI ANIOMHHAEBYIO MACTHHKY OKOAO
3 4 T0MUNHON, NONAZAET B NPOCTPAR-
CTRO Mei/ly NAACTHHAMH HOHH3ALIOH-
HOM Kamephl A i B H 3leCh MONHOCTHIO

NOT/IOWEETCS, He NOCTHTHYB NAACTHH.
B nonepeyroM NO OTROWEHHIO K Han-
PABJEHMIO MYUKA S/IEKTPHYECKOM TOAE HACHUIEHHE AOCTHTAETCH OuCHB JNETKO.
Hamepus Tok i, yMHOMKAIOT €r0 Ha NOCTOsHHEE Kosbduudent % = 2aC/w®, rae
@ — TenecHuli yroa nyska ayueli, a C — GAKTOP, KOTODhIM YUHTHBAETCA YMeHb-
WeHHe HOHMSAUHH, BBISHIBAGMOE 3aMelIeHHeM JyYell NP TMPOXONACHHA HX Yepes
ANOMANEBYI0 NNACTHAKY. Beawanua SToro ymenbliex s, ofuuko banskas k 10%,
ONpENEALTCA NPenBAPHTEAbRO. TAKHM CNOCOGOM OKA3aNO0Ch BOZMOKHO MAMEPATE
semiunmel § ox 100 000 81.-c1ar. . n shume. [IpHGop n3obpamen 1a puc. 109.
Tpusezem crepylomnii NpHMEP: €CcAu Npenapar NOAOHHS NOMeER B WOHH-
38LHOKRYIO KAMEPY, PACCTOAHNE MEATy NAACTHHaMIl KOTOPON PaBHO 4 ci (AyUH

'} 311 Meton ynotpebamiorcs B TTapuIKCKOM DaIHEBOM WHCTHTYTE MMABHBIM
06pasoM JNst ONpejeneHHA MOAOHHA. "
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WHCYCKAIOTCA B TeecHoM yrae 2n), 10 Aa = | 9.-CTaT. eX. Raceillenne ToKa
¢ TouHOCTHIO fio (,5% ZOCTHTaeTcss MpH HanpserHH, pasnom 1000 e Tlpu Tom
*JKe HAaMpAXNERHH And § = 100 3n.-cTaT. el HachlmewHe TOKa He JOCTHCaeTes NpH-
Gausnrenbno wa 5%, mis i = 300 sn.-c1at. em. — Ha 12% u mnx i = 1000 sa.-
craT. ef. — Ha 30%. Korma i umeer nopsagox 20 000 n Goaee 34.-cTar. ef., 1O
NPH OPHIOKEHHH BHCOKOFO HANPAMKEHWS MEXAY TJACTHHAMA KaMePhl MOKET
TPOH3OHTA Pa3pA] PaHbLIe, YeM YNacTCi HAGAIoAaTe HACHILEHHE.

JInst KONHYECTBEHHOTO OMNPEeJeNeHHs DPAJHOAKTHBHLIX 3JEMEHTOB,
HCTICKAJOUIMX a-Jy4H BMECTO H3MEDEHHH HOHH3ALUHOHHOTO TOKA
MOXHO NOJB30BaThCA TPSMBIM TOACYETOM G-YACTHIL HIIH M3MepeHHeMm
HX ToKa sapsija, NpHUEM IOCAeJHHN CNIOCOd NPHMEHRM TOABLKO AJIS
CHABHBIX HCTOYHHKOB. Mex<ay TOKOM 3apsiia #, H3MEpPEHHEIM B yIie
27, W KOMHYECTBOM HCIYCKAIOWETO a-NYuH PafHOAKTHBHONO 3/EMEHTA
g cymecTBYyeT cooThollenue i = AqF[A,

§ 75. S-nyun. Bropuumbte peH'l;reHoncxue ay4H,
BO36YKAGEMblE G-TYHAMH

é-Mlyun., Paccmatpusas coTorpadupoBannble IO METOAY
BunbcoHa TPaeKTOPHH a-nyuell B BOROPOAE, MOKHO BHAETb, YTO OT HHX
0o Beell UX JJIHHE OTXOAST KOPOTKME BTOpHUHble TpaeKTOpHH. Yem
IVIHHHee 3TH Toc/ielHHe, Tem Oojlee OCTPbI YroA OHH 00pas3yloT ¢
TpaeKTopHe# camoro a-tyda (ota. amer XI puc. 4). Cumraior, yto
BTODHYHbIE TPACKTOPHH NPHHANVIEKAT EKTPOHAM, BBUIETAIOMHM U3
HOHH3HPOBAHHBIX @-YYaMH MOJEKYIl.

Bonbimas uacTh ofpasylonxcs TaKHM OGPa3oM OTPHUATEBHBIX
HOHOB HMEST OueHb Majbie CKOPOCTH, M HX NpoGerH HH B BO3AYXe,
HM Ja¥e B BOJOPOAE HeAOCTYNHbI HaGmiofeHuio. OAHAKO HEKOTOphIE
SNIEKTPOHB HMEIOT GOJbIIME CKOPOCTH H GAArofapa oGpasyeMmblM HMH
HOHaM MX MpPoGerH CTAaHOBATCS BHANMBIMH. DTH S1EKTPOHH! 4acTO Ha-
3BT J-2y4amu. FIX CKOPOCTD MOXHO BBIYHC/HMTH N0 JTHHE HX Tpaek-
Topuit (§ 16). MoXHO TaKie TEOPETHUECKH ONPEAENHTh BEPOSITHOCTH
HCIYCKaHHA 3/eKTPOHA ¢ JAHHOM CKOPOCTBIO W YIo MEMAY ero Tpaek-
TOpHeli H TpaeKTopHe#t oGpasyroilleli ero ¢-4acTHIUbI, OCHOBMBASCH HA
KAACCHYECKOH KOHIENMIHH KYJOHOBCKOTO MIEKTPOCTATHUECKOrO NpH-
TSMEHHA MEXKIY SMeKTpoHom M o-uactHuefi (§ 77). Makcumanbhas
CKOPOCTb, KOTOPYIO B 5TOM CJIyuae MOMeT TPHOOPEeCTH 3JeKTpOH,
paBHa 2 v (U —— CKOPOCTb @-4acTHLBI). DTofl TpefeNbHOH CKOPOCTH
COOTBETCTBYET MpeflefibHbIi MpoSer f, BO3pacTaOUuil HPONOPUHO-
HaJbHO 4,

PeaynbTaTsl ONLITOB COOTBETCTBYIOT KJIACCHUECKOH TeOPHH B BOTIPO-
€ax O COOTHOIWEHHH MEXAY F M U, TaK Xe Kak B BOTPOCE O WHCIE
S/IEKTPOROB, BLIGPACHIBAEMBIX C TaKOM CKOPOCTBIO, UTO HX HpoBerd
BocTynub HaGmioferio. HauanbHast CKODPOCTb SJEKTPOHA OCHYHO,
Kak sToro TpefyeT Teopus, GbiaeT TeM Oosblie, Yem MeHbIE Yroa
MeXJY HanpaBlleHHeM SIeKTPOHA M HANDAB/NEHHEM @-UacTHLUM, HO
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3lech HaGNIOAAIOTCS TaKKe OTKAOHEHHSI OT TEOPHH. 3TH OTKJIOHEHHS
MOTYT MPOHCXOIHTD BCJEACTBHE W3MEHEHHS! HANPABJEHHA SJIEKTPOHA
B Hauaje ero myTH.

Mpenenbuuiii npoGer d-nyveil, ofpasoBaHHbIX a-iyuamH Po B Bo-
IOpojie NpH HaBieHHH OKomo 50 cm PTYTHOTO cToaGa, pased 1 ma,
npegebHbtit npoGer d-nyuefl, obpasosannbix a-nysamu ThC’, npu tex
ke ycaopusx pasen 2,9 amu (I1. Oxe). TpoGer d-nyueit, obpasoBan-
HoiX a-nygami RaC’, NMpH HOPMAafbHBIX YCAOBHSIX TEMNEpaTypsl H
JaBieHus AoCTHraeT 2 ma B Bogopofe u 0,5, am B Bosayxe.

He Tonbko MOMeKyJTb HTH aTOMBI Ta30B, HO H MOMEKY.IH H aTOMbI
BCEX JIPYTHX BEIIECTB H, B YACTHOCTH, METANJOB NPH CTONKHOBEHHSX
€ «-YaCTHUAMH HCMYCKAIOT MeJJIeHHHIE InekTpomsl. Ilostomy, koraa
@-7Ty4H NPOXOAAT Yepe3 MeTATHIECKYI0 MIACTHHKY, C ee NIOBEPXHOCTH
BbIIETAIOT 3MeKTPpoHEl. YUHCno 3THX siMeKTponos Aocturaer 10—20 wa
OfIHY @-4acTRUY, @ CKOPOCTb PERKO MPEBOCXOAHT BENNYHHY, COOTBET-
CTBYIOULYIO HECKOABKHM BOJAbT2M.

BTOPUUHBHE PEHTCEHOBCKHE avuu OOpydo nog
RefiCTBHEM @-Ayuell 3JIeKTPOHbI BEIOPACHIBAIOTCS C BHEIUMHX AaTOM-
HBIX YpoOBHefl, ofnafalomux manofi sheprueil, Moxer, ognako, cay-
UHTBCA, YTO INEKTPOH OYIET USBJEUEH C OAHOrO H3 Gosee MIYGOKHX
ypoBheli. B aToM cllyuae Bo3BpallieHHe aToMa K HOPMAJNBHOMY COCTOR-
HHIO COMPOBOXAETCH HMCNYCKAHHEM 3/EKTPOMATHHTHOTO H3JY4eHHH,
XapaKTePHOTO AN BO3GYKASHHOrO aToMa. DT0 ABNEHHE AeHCTBHTENBHO
HaGAIOIANOCh, HO HHTEHCUBHOCTD €10 BCETAA HEBENHMKA, TAK KaK YHCAO
aTOMOB, BO3CYXKIaeMbiXx Ha Gofiee IMYOOKHX YDOBHSIX, OYeHb Mano.
KnaccuuecKasi Teopusi B IPHMEHEHHH K CBOGOAHOMY JIEKTPOHY Dpefy-
CMAaTPHBAET, KAK 3TO TONHKO YTO GbIO YKA3aHO, UTO BHEPTHS, KOTOPYIO
@-YaCTHUA JaHHON CKOPOCTH MOMXeT COOBUIHTL CBOGOAHOMY 3/I€KTPOHY,
OrpaHHYeHa MAKCHMANBHBIM 3HAUEHHeM . EcCTecTBeHHO npeamono-
KHTb, YTO 3JEKTPOH MOXeT ObiThb H3BJEUEH C KAKOTO-THGO YPOBHA
TOMBKO B TOM Cllydae, KOFAA SHEPrHs 3TOro YpoBHS Huxe w. Otciona
BLIYHC/SIETCH BePXHHH TNpPeRe SHEPrHH BTOPHYHOIO H3NYUEHHs, BO3-
HHKAIOWero TPY CTONKHOBEHHSIX ¢-4acTHI ¢ aToMaMu. Tak, HanpuMep,
JAS e-nydell TMOMOHHS -— BelECTBA, OCOOEHHO MOAXONSWIErO AN HC-
CJIe0BaHKA STHX BTODHUHBIX JyUell, TAK KaK ero COGCTBEHHOE sijepHoe
y-H3/TyueHye OUeHDb cnalo, — Tpeles] SHePrHH BTODHUHBIX DEHTIEHOB-
CKHX Jyueli paBen nmpuGansutenbho 3000 ¢ (Likua sonwel 4 A). Bro-
PHUHbIE DERTIEHOBCKHE JIYUH HAGMIOAAIOTCA HITH MO TIPOH3BOAMMON HMH
HOHMBAIIMH HAH NPH TIOMOILHK CYETUHKA ¢ OCTpHeM. JIHHA BOMHBI H3NY-
YeHHST OnpefiesieTcsl N0 MACCOBOMY KO((hHIHEHTY TOTJOUEHHS #fe
B ANOMHHHH. PeHTreHOBCKHE JIyuH BO3GYMKJAKTCA WIH B BellecTBe
TIACTHHLI, HA KOTOPYIO HAHECEH MOMOHMI, MAH B PAfaTOPe, HA KO-
TophIll MagarT a-nyud. Urobpl ycTpaHuth efictBHe H-nyweil, BO3HH-
KaloluX NPH TpeBpallleHNH aTOMOB COLEPIKAIlerocs B BOBAYXe a30Ta
(§ 108), HCTOUHHK a-nyueil MOXKHO MOMELIATD B ATMOCHEPY YIVIEKHCHOTO
rasa.
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O6pasoBanne PEHTIEHOBCKHX ayuel nof AeficTheM a-ayveir Po
HAGMI0AANIOCh B PA3JHYHBIX 3JEMEHTAX C TIOPSJKOBbIM YHCIOM OT 12
no 83 B obnactu BonH AHHON ot 10 fo 1 A (xBaHTOBaR Smeprus or
1200 zo 13 000 26). DTu H3Mydenns NpHHAANENAT K cepuu K y Jerkux
5NeMenTOB H K cepusiM L 1 M y Gonee Taxenrlx snementos. Kosgdu-
UHEHT BBIXOJA, BbLIPAXAEMbIfl OTHOLIEHHEM UYHCHNA KBAHT HAMYUCHHS
K UHCAY @-YacTHU, OBICTPO YMEHBIIAETCS € YMEHbLIEHHEM JIHHBL
BonHbL A Bo30yiKpaemoro Hanyuenusi. [Ipumep: nanydyenwe K uunxa,
A=1,44, (n/o}a = 40, xospduunent Brxosa 24 kBanTa na 10%
a-yacTHi, Wanyvenne L cepedpa, 4 = 4,1 A, (ufo)n = 730, xosidxpu-
uHeHT Bbix0Aa 450 kBauToB Ha 10* a-vactun (Bore n ®pentn, H. Kropn
n ®. Xonno).

VCTAHOBNIEHO, YTO 3HEPTHSA KBAHTA BTOPHYHBIX PEHTTEHOBCKHX AY-
yeil, BbIpaMeHHAT B 3NEKTPOH-BOABTAX, HHOIAA BHAUNTENBHO MNpe-
BOCXOUT Ty SHEPTHIO, KOTOPYIO COMMACHO KNACCHYECKON TEOPHH a-yd
TONOHHH MOMKET COOCULHTL CBOSOAHOMY 3MEKTPORY, H TeM Gonee 3Hep-
THIO H3BJIEYEHHs! SJ€KTPOHA C COOTBETCTBYIOLIEro YPOBHA. 31O pac-
XOMJIEHHE TIHITAIOTCH OOBACHUTL HITH HCXOAA H3 CKOPOCTEHt 3/eKTPOHOB
Ha MX OpGHTaX, MJIH NOJb3YACH METOJAMH BONHOBONH MeXaHWKH. B Jer-
KHX 3/1eMeHTax a-Jy4d MOTYT BO3OYKIaTe B KpaiiHe HeaHaUHTeNbHOH
NIPONOPIUHH OUeHb NMPOHHKAIILEE JYYH (y-1Y4H H HHATPOHM), CBA3AH-
Hble ¢ sIBJeHHsIMH TIpeBpaleHnsa atomos (§ 109).

§ 76. Jlyun oraaun

Korfa a-vacThila BHJIETaeT H3 aTOMa, OCTATOWHEN ATOM HCIBITHI-
BaeT oraauy. Ecan M n v — wacca ¥ HavanbHas CKOPOCTb a-YaCTHILLL,
M’ u o' — Macca W HayaJbHas CKOPOCTb OCTATOYHOTO aroMa, To,
ZOMyCKas, uTo NePBHYHLI aTOM B MOMEHT paclala HeTOJBHMeH, NO
3aKOHY COXPAHEHHS HMRyanca nMeeM Mv = M'v".

OrGpoutennplit 6aarojaps oTAaue aToM ABHXKETCA B BaKyyMme nps-
MOJIHHERHO U MOeT NPOHTH KeKOTOpoe pACCTOSHAE Aaxe B BO3AyXe
TIDH TOHHIKEHHOM JaBfennu. CeI0BATE/IbHO, OH BeleT cels, Kak Kop-
TYCKY/IAPHBIA AYY, H MOSTOMY HA3bIBAETCS Ayuom omdadw. Mer yie
Bupenu (§56), kKak siBlIeHHEM OTAAUH QOBHCHAETCS NOBEACHHe BEIECTB
AKTHBHOTO OCAfKa TIPH MX OBPA30BaHWH H3 CMEWAHHOH € BO3AYXOM
amananui. Jlysn oTaauu,YBosKHKatoUHEe NPH HCTYCKAHHE a-nydef,
HA3BIBAIOT TAKKE (-1ydaMu.

Macca, sHEPTH A Macca M’ atoma oTgauM paBHa Macce ep-
BUYHOTO ATOMA, YMEHBLIEHHOA Ha maccy M uacTuuel a. Jlns pasauy-
HBIX DaJHOAKTHBHEIX 4TOMOB, PACHAfAIoMHUXCA ¢ HCIYCKAHHEM a@-1y-
uet, orromenue M’{M nsMeHsercsa B npeflenax oT 50 o 60, chenosa-
TebHO, B TeX e NMpelenaX WIMEHAIOTCS OOpATHbie OTHOMIEHHS CKO-
pocTeft ofo’ n suepruii Mo*/M'v’2

Bepst B xayecTse npumepa BhbpachiBaHHe aToma RaB (M’ = 214)
Npu palHOAKTHBHOM pacnafie aTtoMa RaA (CKOPOCTb  @-YaCTHUB!
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1,69-10° cmfcex), naxonum v’ = 3,16-107 cafeex u sneprio W' =
= M'v'%{2 = 1,76-10~7 spros, uau 11 000 6.

Tlo 3THM CBOHM CBOHCTBAM G-NYUH CXOHBI ¢ NONOMHKTENBHLIME 1Y+
yaMu ¢ GOABWON Maccoll W eNHHYHBIM 3aDSAOM, HCIYCKAeMbIMH TIPH
pasHOCTH MoTeHUWas o mopsaxka 100 000 6.

Smeprust aToMa oTAauH W' oueHb Mana No CPaBHEHMIO C 3HEpruel
W, ucnyckaemoll ofHOBpeMeHHO q-uacThueli. OJHAKO ee HYMHO YuH-
TEIBATh B HEKOTOPBIX CIyYasX TPH BHUHC/IEHHH NOJNHON SHEPTHH pa-
JMOAKTHBHOTO npeBpanienna E = W 4 W', Oro — Ta Benuuuna E,
KOTOpasi BXOAMT B SHEPreTHUECKHE COOTHOLIEHHA MeXAY a-NyYamu M
SIEPHEIMA p-1y4ami [raBa XVI]. CkopocTH H SHEPTHH aTOMOB OT-
Jaui JaHbl B NPHIOKEHHH TC.

Metoawm vasnopaeEHns Buxon B § 56 Geut ykasan
cnocot HabnofeHns, COCTOAUIN{ B TOM, YTO aTOMbl OTAAUH COGHPAIOT
Ha IIACTHHE B BAKyyMe WJH B BO3AyXe HOPMANBHON IMOTHOCTH NpH
TOMOLIM  3/eKTPHYECKOro noss. Mamephs saTeM HsiyueHHe 5TOl
IAACTHHB], MOMXHO ONPENeANTh KONHYECTBO NOMYUEHHOTO €0 pajiio-
AKTHBHOTO BeiiecTBa. [IPOH3BOAS 3TH ONBITH B BOBAYXE HJH KAKOM-
GO APYroM rase NpH HH3KOM JaBACHHH, MOXHO HCCIEJOBATH MOMMIO-
ulekne a-yuefi B STHX rasax H HX HOHM3HPYIOULYIO CNOCOOHOCTD,

Moxnro Taxke HaGMOAaTh G-1yYH MO MeTOAY BHA®COHa B paspe-
JKEHHOM BOBAyXe HJIH BOAODOfe, COAepiKallleM ONHY W3 3MaHALMH, Ha-
npumep, pafos. Ilpu 5TOM BMecTe C TPaeKTOPUAMH a-Nydell MOKHO
HaOMONaTh H TDAEKTOpHY Q-nyueil. Eciu NasieHne B KaMepe BO BpeMs
pacuiipedHs paBHAETCA NPHOMH3UTENbHO | cm pTyTHOro croaba, To
JJHHA TpaeKkTopHil a-ntyuelt gocturaer 7 mm (P. XKoauo). Senenue
OTAAYH peAKo HabatofaeTcs B ero npocteiieil Gopme, OYeHb YacTo Jayy
OTAAYH OTKJOHSIETCS OT CBOETO HOPMABHOTO HATIPaBJEHHS, NPOTHBO-
TIONIOKHOTO HAMPABACHHIO COOTBETCTBYIOMIETO a-71y4a, H TOTAA H3 TOUKH
€r0 BOSHHKHOBEHHS OTXOJHT €ile O/IHA TPaeKTOpHs, MpHUHAARENAIIAS
OTGPOIEHHOMY aTOMY rasa. Blonb TPAeKTOPHH Jyya OTAAuH GepyT
Hayajxo APYTHe TPAEKTOPHM, KOTOpble MOIYT NpHEaLIeKaTb OTOpack:-
BaeMblM aTOMaM Ta3a WJIH 3JEKTPOHAM, KaK STO HaG/iofaercst H B Cay-
yae a-nyveit (§ 75).

Ha orneapnom nucte XII mpuBepedst QoTorpaduu, Ha KOTOPhIX
MOKHO BHJETH SIBJEHHE OTXAYH NPH DAAHOAKTHBHOM TNpeBPAalleHHH
aktanona B AcA u AcA B AcB. IlpojoskurtennHocTh kushH AcA
HacTOJIBKO Mafia, YTo HHOTJA HA O}HOM CHHMKE MOMKHO BHAETb 002 5T
NOC/IENIOBATEAbHBIX [IPEBPAIIEHHS .

Ecnin HaHeceHHHIl HAa MJIACTHHY DaHOAKTHBHBIA MpenapaT Hcmy-
CKaeT g-TyH, TO KaXIAOMY @-1ydy, HAOpaBAeHHOMY OT IIAcCTHHHI,
COOTBETCTBYeT JIY4 OT[auH, HANpPaBMEHHB K IJIacTHHe, W KakIOMy
@-nydy, HATIPABACHHOMY K MJIACTHHE, COOTBETCTBYET AyY OTAAuH, Ha-
npaBaeHHEH OT NAacTHHBL Tak XaKk cofpaTe MOMKHO TOJBKO aTOMbI
OTAauH, HATIPABNEHHBIE OT ITACTHHA!, TO BLIXOA, T. €. OTHOLUEHHE UHCAA
COOPaHHHX aTOMOB OTAAUH K YACHY MPeBPATHBIIHXCS NEPBUYHBIX aTo-
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MoB Gyfler, B JyglleM cayuae, pasen 50%. Ecam caoil paguoaktas-
HOrO BEIECTBA TOJCT MM HEPOBEH HACTOJBKO, YTO MOIMOILAET YacTh
nyeli oTAauu, To BeIxoa Gyxer Huxke. Teopernvecknit, pausiil 50%,
BBIXOA MOXKHO TIONYUHTH TOMBKO B TOM Cayuyae, KOTAA PaAHOAKTHBHOE
BElECTBO HAHECEHO GECKOHEWHO TOHKHM CJIOEM HA FIaJKYI0 NIACTHHY.

Mornomenus HOHMUBHPYIIMAA CHOCOBEHOCTD.
Jlyun oTAauH MOTJIOMIAIOTCS TA3aMH 3HAUHTENBHO CHAbHEE, ueM
@-IyuH, HO TPOUECCH ROIJIOWEHHS OOOHX BHAOB JyYell Npep-
CTaBAAIOT HEKOTOPOE CXOACTBO. Tak, @-1yun HMEIT B rasax ompese-
NeHHBNT Mpoder, AMEHA KOTOPOro OGPATHO NPOTIOPUHOHANBHA MJIOT-
HOCTH rasa, OXHAKO KonmeSanus NpoSera Gosee BeNHKH, UeM B Caydae
a-yueit {§ 78). Iprpenennbiil K HOPMAJBHOH IMIOTHOCTH rasa mpoGer
a-nyveit RaB, wenyckaemelx npu npespamendn RaA, pasen 0,14 wan
B Bosfyxe n 0,82 mu B Bozoponme (Bepremtureiin), [auna mpoGera
BO3PACTAeT ¢ yBeJHYCHWeM HAYaNbHOH CKOPOCTH @-iyued, T. €., cliie-
JOBaTe/IbHO, C YBENHUEHHEM HAYaNbHOH CKOPOCTH COOTBETCTBYIOLIMX
a-nyvefl.

MoxHO HaGMIONATS NPOHHKHOBEHHE @-Nyuelt He TOAbKO B rashl, HO
H B TBepible BellecTsa. ATOMbI, OTOpachbiBaeMble IO HaNPaBAeHHIO K
I1acTHHE, HA KOTOPOH HAXOAWTCH WCIYCKAIOUIee ¢-TY4H PaHOAKTHB-
HOE BellecTBO, NPOHHKAIOT B 3TY INIACTHHY Ha HeGOMbLIYIO TIAYGHHY,
KoTOpas st cepedpa, Mein H HuKenst pasHa 10—20 mu.

Ha ceoeM myTh @-xyun HOHH3HPYIOT Tasbt (Beprenmreiin). B navane
npodera uhCIO 00pasyeMbiX HMK HOHOB Jame TPEBOCXOAMT YHCAO
HOHOB, 00pasyeMblX COOTBETCTBYIOUMMH @-IyYaMH, HO ofliee YHCIO
HOHOB B TEDBOM CJIydae MHOTO MeHblle, ueM Ansi NOCHEAHHX H, MO-
BHIUMOMY, JaKe TOPAsKO MeHbIle ABYX NPOUEHTOB, COOTBETCTBYIO-
X OTHOWEHHIO 3Heprufi. STo HoHM3RpYIOWlee AeficTBHe JaeT BO3-
MOYKHOCTD HAGMIORATb G-NyuH, OOPA3OBARHBIE HEAKTHBHLIME ATOMAMH,
HATIpHMED, aTOMAMH CBHHUA TIpH PaJHOAKTHBHOM NPEBPAIIEHUH TOJIO-
HHsl, OGHAPYXKHTh KOTOPble, KOFAA OHH COGpaHbl HA IMaCTHHE, HEJb3s
BCJJEACTBHE OTCYTCTBHS Y HHX H3/YYEHHS.

3apan nvue#m oTaauu [lpu  uccaetopanun B  Ba-
KyyMe y myseit orpaun pajus C’ (atomsl pagus D) ofHapymkuBaercs
TIONOMKHTeBHLIA 3aDANl, YTO JAeT BOSMOXKHOCTb H3MEpATh HX MATHHT-
HOE H BMEKTPHYECKOe OTKAOHeHHs, YCTAHOBAECHO, IO ¥ 3THX Jjyuelt
OTHOIIGHHE e[/ COOTBETCTBYeT 9JacTHHAM C OJHWHOUHBIM MOMOMKHTENb-
HBIM 3apAZIOM, Macca M CKOPOCTb KOTOPHIX COTIACYIOTCSL ¢ TEOpeTH-
YeCKH BHIMHCHIEHHbIMH Beiuuunamu. OIHAKO W3 ONBITOB, NpPOH3BE-
JeHHBIX B GoNee coseplieHHOM BakyyMe (BepTenutefin), caenyer, 4ro
STH NYYH BHauaje He HeCyT HHKAKOrO 3apsiia M MPHOGPETAloT HOno-
JKHTENIbHBI 3apsjl BCASICTBHE NOTEPH SJIEKTPOHA IPH CTOMKHOBEHHH
C MONEKYJIAMH OCTATOMHOTO Ta3a.

AtoM oTHaun, o6pasylomufics NpH PaAHOAKTHBHOM TIDEBDAINEHHH
HEHTPaMbHOTO aTOMa C HCMYCKAHHEM G-UACTHIL, AOJKEH HMeTh JBOH-
Hofl oTpHmaTenbHBIL 3apAA. HO 3TO MOMeT H3MeHSTHCH BCIeACTBHE
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oAHOBpEMenHOf noTepH nepidepLueckux saekTpoos. [lostomy Tpyauo
TIpeABHAETh HaYaJbHBIH 3apsjl aToMa OTAAYH, XOTS MOMKHO IIpeAnoa-
TaTh, YTO OH 3aBHCHT OT JEKTPOCPOACTBA H XHMHYECKHX CBONCTB
3T0ro atoMa. HiMeiompiicss no 3TOMy BONPOCY SKCHEPHMEHTATbHBIH Ma-
TepHas elle O¥eHb He TOMOH,

IMpu octatounom nasnenns, pasroM 0,1 Gapa, aTomu otaauu Po
(atombl Pb2%%) He sapsikend, a atomsl orgaud ThC (atomsi ThC'’
THD2 TAJJIHA) 3apsUKeHbl nonoxutenbho (P. Iperyap).

Jlns ompejeneHns 3apsja aTOMOB pajusi A HCCJIENOBajH AKTHBa-
HHIO TVIACTHH KOHAEHCATOpa PAfOHOM MpPH OUEHb HU3KOM JABJEHHH
Bo3yXa. Jlydn oTAaun (aToMbl pajus A) OTKJOHSJIHCE B SJEKTPHYe-
CKOM TIONIe MeXXIy MJacTHHaMH KoHAercatopa. ITo pasnoctu B akTHBa-
UHH 0GeRX MNACTHH BHIMHCAMIH, UTO aTOM pajust A HeceT B cpefHeM
ABOHHOU MONOXKHTEAbHEI 3apAA. CleloBATeNBHO, BBIET o-YACTHIbI
H3 aTOMa PajioHa COMPOBOMKAACTCS BHWIETOM B CPEIHEM YeThIpex Nepu-
tepHueckHX snekTpoHoB (B. Myun).

KAXYMEECS YAETYUNBAHKE SBACHHE OTAAUH MOKET
B HEKOTOPBIX C/YYasiX CO3/aBaTh BHAHMOCTb JIETYYECTH PAEHOAKTHB-
Horo BellecTa. Tak, npH obpasoBaHHH RaB H3 RaA, Haxopsuse-
rocsi Ha TBepAoft moBepxHocrd, RaB uacruuso auddysampyer B
OKPYXAIOUHil BO3AYX TaK, KaK ecAH Obl OH bl JeTyd Npu o6hY-
HOH Temmepatype. B HeKOTOPEIX ciyuasix aToMbl PaAHOAKTHBHBIX Be-
UIECTB OKA3HIBAKYICH PACTIONOMEHHBIMH HA TBEPAOH MOBEPXHOCTH OT-
memphbiMu rpynnamu (§ 102, 118). Takwe rpynmel, no-BUIHMOMY,
MOTYT OWTh LEAMKOM MIH YaCTHUHO BBIGPOUIHE! ¢ 3TOM NOBEPXHOCTH
BCJEJCTBHE OTAAYH WK yAapa a-nyqa. DTH ABIEHHSA, KOTOpbe MOTYT
HCKaXaTh DesYJbTaThl H3MePeHHil, NMPOH3BOAHMBIX € HeAblo ompeie-
NeHHsi PAJHOAKTHBHBIX NOCTOSHHEIX, JI€TKO HAGMIOfATh Ha mpenapaTax
NONIOHRS.

§ 77. Teopus MpoxoxieHHA a-nyueil uyepes BewleCTBO

Mexy a-gacTuueil, npoxofsimedl yepe3 aToM, H COCTABJSIOUHMH
3TOT ATOM SIAPOM H SJEKTPOHAMH neﬁc‘rsylo‘r CHABL SJAEKTPHYECKOro OT-
TAanNKHBAHUA HAH NPUTAKEHUS, NOAMHHAWMHECH, Kak 06bIyHO Nona-
raioT, sakoHy Kyaona. JeficTBide KamIOro 3apsKeHHOTO UEHTPA 0CO-
GeHHO CHJIBHO NpoaBafeTca B Hel‘lOCpe}lCTBeHHOﬁ GMH30CTH OT Hero.
ﬂeﬁCTBHe, OKa3blBaéMOe aTOMaMH Ha @-4acCTHIy, B KOHEYHOM HTOTe
CKNAAbIBaeTCs H3 Jlel‘r'iCTBPlil 3THX OTAENbHbIX LEHTPOB. ClieﬂoBaTeJ":vH0y
HaM HEOGXOJJHMO PaccMOTpeTH B3auMofeficTBHe @-YaCTHbI, HMelOU.leﬁ
macey M, aapsaf E U CKOPOCTb ©, H ¥acTHIH, HMeiouwelt maccy M’ n
sapsig E’, mpHueM 3Ta MOCHeHAH YacTHUA A YUPOLIEHAS TpeAmona-
raeTcs cHauana HaXOAMILEHiCA B COCTOSIHUH TOKOS. Ecau 3nakn 3apsa-
JIOB YAaCTHUl OAHHAKOBLI, TO YACTHUbI OTTAJKHBAIOTCA, €CAH XKe 3HAKH
3apsIOB NPOTHBOMOMOMKHEI, TO YaCTHUB TPHTATHBAWTCS APYT K
Apyry. CKO])OCTH YacTHIL A0 W NOCAe CTONKHOBEHHSI TaKOBH, 4TO HX
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MACCH MOXHO CYHTATb MOCTOSHWBIMH. Pelllenne 3Tofi 3ajauy MOXKRO
HAWTH, NONB3YACH OCHOBHBIMH 3AKOHAMH KJTACCHUECKOH MeXaHHKH. Mol
paaepeM NOCHEAOBATETHHO HECKOMBKO YaCTHBIX CJYy4aes.

a) DENCTBHE AAPAC BOABIWON MACCON HA &V YH.
S1Apo, HMeoliee NOCTATOMHYHO Maccy, TNpPH Apo-
XOKIEHHH a-YaCTHILI He TPHXOJHT B ABHIKEHHE.
IMycrs & — paccrosHHe OT 3TOFO HEMOABHIK-
HOTO NeHTpa F 0 HampapfesHs HAvanbyoil
CKOPOCTH HacTHLE! vg {puc. 110). IToa miusiHueMm
OTTANKHBAIOWETO  AefiCTBHS  sApa  TpaeKTOpHA
a-9acTdUpl NpHuMMaer Gopmy rHnepGonel, BHe-
wHufl GOKYC KOTOpOil JIEKHT B UeHTpe sapa F,
2 HanpaBieHus HAYANBHOM CKOPOCTH M KOHEUHO!
CKOPOCTH TOCJIE CTOJKHOBEHHS COBNAjAKT € ee
acumaToTaMH. Tax Kak mepefayl SHEPTHH B 3TOM
CAysae He NPOMCXONMT, TO KOMEYHas CKOpOCTb
@-9aCTHIb! YHCAEHHO PABHA €8 HAYAIBHOH CKOPOCTH
Vg H PE3YNbTAT CTOAKHOBEHHSN COCTOMT TOMBKO B
OMmKAOHEN I %-UACTHIEL. BeanunHa 3Toro oTKaO-
HEHHS H3MepReTCA YIJIOM B, KOTOpbii HAXORAT H3
YpaBHERHA

[ E'E ’
€ 2 bo}
(£ n E' srlpaxaotcs B a.-cTar. ed.)?). Pae, 10,

Kparuaiiee pacctosiiue D mexay suipom H
@-9aCTHIEH COOTBETCTBYET NPOXOXKAEHUIO Tochesuell yepes BepIUHHY
runepGonut. Benuwnna D onpenensietcs M3 GOpMyJB!

Db I+sin6/2
cos /2

%) [IprAuMas, 9TO TPAEKTOPHA e-UaCTHUW NPEACTABARET CoBof rumepony ¢
BHEIHKM POKYCOM B LEHTpe Apa, 3Ty GOpMYNY BEIBOAAT TAKHM 06Pa3sOM: NYCTh
P 6yzeT bepunHa Iumepboab, 4 U — CKOPOCTb Jyda B 9TOR Touke. M3 3akoHoB
COXpaWeHHS SHETHI H WMRYIsCa CEyeT:

1

vb=uvD; M@ —oh)= _E,E,‘ e D=FP.

Orciona:
Mu}D* — 2EE'D — Mujpt =

Mo reomerpuueckum CBONicTBAM THMepGOsbl ee MHHMAam noayoch pasha b. Ecin
OF = 0 — ee (oKalbHAR TOAYOCH K ecan OF = ¢, To
1+sin 6/2

D=ate=b-iwm

Tocrapus B NpuBeleHHOE Bbllle YpaBHEHHe BMECTO [ 370 €ro 3naueHke, HAXOMHM
nocsie CORpalleHHs:
EE' EE'!

tg9/2 = = ; Hor

s o=t .
a=blgo2 o= ons
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Ecan 6 = 0, 1o D paBno b, ecau 6 = x=, To D cTpematcs K npe-
2EE’
M

CrefioBaTe/IbHO, NIPH OAHHAKOBOM BeJHUHHE § OTKAOHeHue O Gyaer
TeM Godibllle, YeM MeHBIIIE CKOPOCTH a-YACTHILI H YeM GO/IbLUE OTTANKU-
BatoWiHil sapal sapa E = Ne (N — aTomHOoe nOpsAKOBOE UHCHO,
e — snemenTaphblil 3apaa). OueBHIHO, KPOME TOFO, UTO KOTZA pac-
CTOSIHHE b yMeHBIaeTCsl, KAUNHAS OT OTHOCHTEJIBHO GOMBIION BeJIH YHHEL
Ao HYAs, 6/2 namensetcs ot 010 7f2, a 6 —or 010 = Beauunna pac-
CTOSSHUA b, HA KOTOPOM OTTafKHBaloLlee AeficTBHE SApa Ha G-YACTHIY
JIeNaeTc HaCTONBKO MasibiM, UTO UM MOXHO TpeHeGpeyb, KpaiiHe He-
3naudtenbHa. Tak a-uactuna RaC’, npoxoas oKoso aapa aroma 30a0Ta
(N == 72), ovknodfeTcs NPHOIMINTENBHO TONBEO HA COTYIO Tpagyca,
KOTAa & = 2-1073 cm, T. e. UMeeT BEJIHYMHY DOPSAKA pasmepa aToMa.
OTKIOHeHHe HA OJHH rPajyc AOCTHIAeTCst, KOMJA G-4acThua Npoxo-
JMT HA CTO pa3s MeHbIUeM PaCCTOSHHH OT SAPA, 7. €. B UEHTPAIbHON
yacTd aroma. IIpu LeHTPanbHOM CTOAKHOBeHHH (b = 0; 26 = =)
@-yacTuia OTGpacHBaeTca Hasaj. BepoaTHOCTE TAKOTO LEHTPANBHOrO
CTOJKHOBEHHS OUeHb Majda. ODKCTIEDHMEHTANbHas CTOPOHa BONpPOCA
O CTOJIKHOBEHHHM @-JaCTHUH € SAPAMH TAMKENBIX IJMEMEHTOB OIHCA-
Ha B § 79,

b) BSAMMOAERCTBME ®UACTHUB C AETKHM SAPOM.
Korpa a-uacTHna crankupaercs ¢ sApoM, HMeIOUIMM Maliylo Mac-
cy, TociefHee NPHXOIMT B JBHKenwe. B sToM ciyuae yaoGHO
pacCMaTpHBATh OTHOCHTebHOE JBHMKeHHe OOEMX YaCTHU BOKPYT HX
ofitlero teHTpa Tskectd G, KOTOPHIH MepementaeTcs
B HanpaBJeHHH HAualbHON CKOPOCTH @-9aCTHIBI CO

vM
M+M
JBMIKEHHH B 0-YACTHI\A U S/IPO OMHCHIBAIOT FHNIepGony
¢ BHewnnM ¢okycoM B G. OTHOCHTeNbHOE OTKNO-
HeHHE @ a-YacTHIb OT €6 NePBOHAYATBHOTO HallpaB-
JIeHES, BbMHCAEHHOe No 3akony Kynowa, gaetcs
opmyJoik

JleNbHOMY 3HAYEHHIO

cKopocThio U = . B 3stom oTHOCHTENBHOM

'
V
i
|
|
1
{
i

Gl

EE M+M
by MM

tgp/2= o

Mycth 6 w 6' GyAyT COOTBETCTBEHHO YFAB, 06-
pasyemble C U, KOHEUHbIMH aGCORIOTHHIMH HATpaB-
JIeHHsIMH CKOPOCTefi NOCNIe CTONKHOBEHHS a-YacTHIp!
% atoma. OGa 3TH HanpaBiieHHst O0pPa3yOT BHJKY,
BEpIHHA KOTOPOH JIeKUT B TOUKE CTOAKHOBekusi O (puc. 111), a yron
wy=0+ 6. Mexny ¢, 0, 8, v, v’ (v u v/ — KOHEYHBIE CKOPOCTH
yactHU), M H M’ MOXHO YCTAaHOBHTH COOTHOMICHHS, BBITEKAIOIME

Phe. 111,
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TOBKO H3 TPHHUHIOB COXPAHEHHS KOJHUECTBA ABHIKEHHS H SHEPruH
n He Tpebylolllie TOUHOTO 3HAHHS 3aKOHA CHJIN B3aWMOfgeficTHA, DtH
COOTHOLIEHHS HMEIOT BHA:
My, = Mv cos 8 + M't cos§’,
0= Muvsinf — Mo sing’,
Moj = Mo + M'o'2,

2

U3 370ii cuCTeMbl ypaBHeHHH BLIBOAATCS CAEAYIOUIHE COOTHOLICHHA
MEKIY PasHHYHBIMH TIePeMEHHBIMH:

i

M
20" +ctgfsin26’ = —
cos + ctgf sin I

tgb' = ‘cos 0 4 Y M — M2sin’g
(M4 M) sin6 ! ®

_ A/Icoso:tVMi M2 sint§
M+M

_ 2Mcost’

MM

W M AMM’ 20
= = ————¢c0s

W  Mog  (M+M)R

@

Ecm M’ > M, To 3Hak nepel PajuKaioM HONOKHTENEH, eCitH
M’ < M (uTo GbiBaeT TONBKO B CiIyude BOAOPOAA), TO OH MONET GHTh
H TIONOKHTEEH M OTPHUATeNeH,

B OTHOCHTeJIbHOM JABHMEHHH BOKDYT UeHTpa TsukecTH G yrao oT-
KNOHEHKR @ M @’ OT HanpasieHHs ckopocTs U touku G SyayT

vsin @ tgg’ = v'sin ¢’
v'cos§'—U "

tgp= ®

" vcos6—U’

s ypasuennit (M + M) U = Mv,u Mo sin 8 = M’ v' sin 8’ cre-
ayer, uro tg ¢ 4+ (g9’ = 0, T. €. YTO B OTHOCHTEJILHOM ABHKEHHH Ha-
TIPaBJICHHST KOHEYHOH CKOpocTH OOeHX 4YacTull BPOTHBOMOROMHBL.
Kpome Toro, nosmssysick ypapuexnsmu (2) Hin BEBEJEHHHIMH H3 HHX,
JIOKasblBaloT, uTo {g@ = — tg26’, orkysa ¢ + 20’ =x. Torna
16 M. Kiopn
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aBconioTHBe OTKAOHEHHA 6 U 8’ n sneprust W', cooliennas e-uacti-
neft sApY, BHIPAXalOTCA B (QYHKHHM OTHOCHTEILHONO OTKAOHEHHS ¢

dopmyramn

M'sing |

_M W AMM e
M-+M cosg’ !

v, ([vlﬁ:M’)“ sin 5

tgé

Korpa paccrosivve b yMeHbuaercs, HAUHHAS OT OTHOCHTENbHO GOABLUINX 3Ha-
wernfi 20 0, yroa /2 namensierca ot 0 fo %2, yroa @ — ot 0 Ko %, yron 8’ —
ot #j2 po 0. CnefioBaTeibEO, NPH CTOJKHOBEHHH, B KOTOPOM CKOPOCTD a-YaCTHIIB
MaJO HSMEHRETCA, BCIPEWHOE AP0 OTGPACHIBACTCR MOR NPAMLIM YIIOM K €€ Ha-
NpABAENHIO, A NpH USHTPAJBHOM CTONKHOBEHWH OHO OTOPACHBASTCH B TOM e
caMoM HampaBAexuK. BO BCEX CNYUARX HATpaBfeHHe MPEIEALHOA CKODOCTH AApA
0BpasyeT ¢ HANpaBAGHHeM HATANbHON CKOPOCTH G-SACPHUb OCTPH Yrom.

Hanpotus, npefiennt n3mMeHenun oTkmoHexns @ sapucat or macc M u M’. Ecan
M’ <M (410 GbiBaeT TONBKO B Ciy¥ae, KOTAa M’ — macca azpa BOAOPOAR), TO-
OTKJIOKEHUE 8, PABHOE HYMO MW OTHOCHTEABHO GOALUINX 3HAUEHHAX b (@ = O),
NP YMEHBWEHKH b NPOXOLAT Uepes MAKCHMYM H CHOBA CTAHOBIITCH DABNEM HY.IO
OpH TeHTPANBHOM CTONIKHOBEHHH, Iie b — 0. Korla 8 NPOXOANT Uepes MaKCHHYM,

4

@ onpefensierca u3 ypauewns M cose -+ M'= 0. ﬂpnnnmanW

7,008 *
HaXOAUM Buaxc. = 14,5°. Criefopatenbio, 9T0 — HaHGONbUIEE BOSMOKHOE OTKIOHE-
HHMe G-YaCTHUB! NIPK CTOAKNOBEHHH € sApOM aToma Bopopofa. Tak kax tg 8> 0
WM > M’ 1o g Takme > 0, T. 6. yToA BRAKHA OCTPHil WM Camoe Goabuiee
APSIMOI.

Ecok M = M’ (cayuali CTOAKHOBEHHS G-U2CTHU, ¢ AZPAMM ATOMOR Tena),

tge _ 28
2~ M
AQ @(2 ¥ YPON BHNKM BCETAa MPaMof.

Ecan M < M’ (clyuali CTONKMOBEHHH G-YACTHIL C SEIPAMH ATOMOS MIOOHIX 3e-
MeHTOB, KPOME BOJOPOXA B TedHA), T0 NpPH YMEHBUICHAH b yron @ HENpepbIBKO
ysenuuuBaerca ot ( 10 #, 14K YTO fAPH UEHTPAJLHOM CTOAKHOBEHNH (b = 0) wacTHna
orGpachiBaeTcst Hasa. YoM BHIKH BCera Tynoit.

10 tg8 =

. Torza oTxioHeHWe  MaMeRSCTCH B mpeAedax of 0

Hons suepruu W'[W,, nepefabaeMass sipy NpH CTOAKHOBEHMH,
YBeIHYMBAETCS TPH YBENHUEHHH @f2, T. €. Npyn yMewblllerku b. OuHa
JocTHraeT HanGONbIell BeJHYHHLL TIPH HEKTPATbHOM CTONKHOBEHHH.
C zpyroft cTopoHEl, Npu pasHoil Benmuuke ¢ W' NpoxoanT depes
MakCHMYM, Korfia M’ = M, W saTeM NpaBHIbHO YMeHbIUAeTCA IPH
YA

yeeanuenun M. TIpHBOAMM BeqHyHEbI OTHOWIEHHS W TIPH LeHTpaL-
o

HOM CTOIKHOBEHHH @-JaCTHIB! C SAPAMH aTOMOB HEKOTOPBIX SEMEHTOB!

fAape H He G e} A Fe Au
wiw, 064 1 0,75 0,64 0,33 0,25 0,085

Ha yxasaumbix ¢opmysn TonbKo Gopmyna (1) BiaouaeT 3akoH
cuabl; Gopmyasl (2) — (6) BKUIIOUAIOT TOMBKO 3AKOHHL YHPYIOro YAapa.
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Ha puc. 112 usofpamenst TpacKTOpHH, BbBeieBHHe W3 3akona Kyuaona, B
YacTHOM CAYYae CTONKHOBEHAA MEMAY ¢-UaCTAUEH W SAPOM 2TOMA KHCJAOPORa

npn @/2 = 45°, uto cootnercrayer b= 1,9-10-% cu ann U = 1,92-10° cufcer
(a-aywn RaC?).
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Puc. 112, PacCoauns BeipaeH: B BeluyHGaX, KPATHBIX napawerpy b. Crpenxi yxasuwsamor
HANDaRAEHHE ABIIKERNA, I — TPACKTOPHE OTHOCKTENLHOTG ABHKEHIA BOKPYT EHTPA TAKECTH @,
A 3 A" — Watanvhbie acHMTOTH, B & B’ — KoHeuithle acHMNTOTH, II — a0COMOTHBIE TPACKT
Pun, A W A — gSvanLuLe &CHWNTOTH, B H B’ — KOHEUHHC ACHMNTOTHAECKMe HAMDABICHAS.
[lyBKTHpEE AMAKE YKASHBAIOT OXHOBDEMEHHbE IOAOKEHNS OOCHX HACTHIL,

OKCnepHMEHTATbHAS CTOPOHA BONPOCA O CTONKHOBEHHH a-4acTHLM
¢ AApaMH JIEMKHUX 3JeMEeHTOB omucaHa B § 80.

¢) HEBCTBHE ®UACTHLDB Ha SAEKTPOH. PaccMOTpuM
Tenepb cayuall CTOAKHOBEHHST MeX1y a-MaCTHUeHd N CBOGOAHBIM JeK-
TPOHOM, HMeiolM Maccy M’ u 3apan e’. XoTa 3JeKTPOH H
@-YACTHIIA BIAUMHO TPHTHTHBAIOTCSH, OJHAKO BhIBEJEHHHE AN STOTO
CIyHas GoPMYUIbl, 32 HCKIIOUEHHEM REPEMEHD! HANDABICHHA YTIOB @,
@', 0, 8', cOBeplIeHHO OJMHAKOBBI ¢ (JOPMyJaMH, BHBEAGHHBIMH AN
cnyuas orTanxupanus. Tak Kak Macca a-uaCTHIBI 1O CPAaBHEHHIO ¢
MACCOll SIeKTPOHA OUEHDb BEJHKA, TO NPH CTONKHOBEHMH ee Hampapie-
HHE H CKOPOCTH NPAKTHYECKH HE W3MEHSIOTCA. DNeKTPOH BhIGpachi-
BAeTCA € HEKOTOPON KOHEWHON CKODOCTBIO, IIPHYEM er0 OTHOCHTEN bHAsS
TPAeKTOPHA B cHCTeMe KOODJAMHAT, CBA3AHHMLIX ¢ a-yacTHuedt, Gyler
THNepGoNoH, BO BHYTpeHHeM (POKYCE KOTOPOH JIEKHT a-uacTHU@. HTo
Kacaercs aBCOAIOTHOTO ABHKEHHS SAEKTPOHA, TO OH CHAuaNa MpHGAM-
KaeTCA K a-yaCTHUe M NPOXOJHUT 32 Hell B HETOCPEACTBEHHOH GIH30CTH
OT Hee. ACHMNTOTHYeCKOE HATPABJEHHE €r0 KOHEYHOW TPaeKTOPHH
ofpasyeT ¢ HaNpaBJeHHEM @-uacTHIE OCTphil yroa 8’ = #f2 — ¢f2,
rae tg /2 onpegensercs ua dopmyis (1), CpaBHRTENBHO OTAANEHHbIE
OT @-4aCTHILbl SMEKTPOHBl BHIGPACLIBAIOTCA IOJ BPSIMBIM YIMIOM K €€
TpaekTopuH, Ganskue K Heil Bwdpachisaiotcs BrepeA. Cnocod nadimio-
JeHHs 3THX 5JeKTPOHOB Obl1 ONKcaH Bbime (3-1ydu, § 75). Duepruio,
NONYuaeMyto 3JeKTPOHOM OT @-HaCTHIH, BEIMHCISIOT MO TOH ke ¢op-
MyJe, 4TO W B C/yyae CTORKHOBEHHS MEXJY e-4acTiuell B aTOMHbM
aapom. CkOpocTb BHIGDACHIBAHHS 3/EKTpOHA © == 2v,cos §' (mpe-
HeGperast M’ no cpaBrenHIo ¢ M), crefloBaTeBHO, OHA HE MOXeT GBITh

16+
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Goaplue  yABOGHHOl  HAvaNbHOH  CKOPOCTH  a-yacTuubl. Ecnu
vy = 1,9-10° cmfeex (a-nyum RaC’), TO MakcHUMaTbHAf CKOPOCTb U
6yzer 3,8-10° cmjcex, 9TO COOTBETCTBYET MAKCHMAMNBHOR 3HEPIHH
W' = 2M'v} = 420098 (ueHTpanbHOE CTONKHOBEHHE).

Ha puc. 113 n3obpajens OTHOCHTENbHAR 1l AGCOMOTHAA TPACKTOPHI SA€K-
TpoR, 1s KoTOpOre. @12 = 46°, wro mpi 0 = 1,9-10° sk coomnenerayer
b= 1,3107% ¢x
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Puc. 113. PaccrosWus Empamews B Bermenmax, KpaTAWX Mapamerpy 5. Crpeaxw

YKasMBAIOT HANPABAENKe ABHAKEHNS. I ~ TPACKTOPHS OTHOCHTENBHOPG ABIKEHHA SIEKTPOKA
BOKDYT WEHTPA TAKECTH, B KOTODOM NPROMNEHHO HAXORWICA Q-ACTTNA) MAYSRbRER

SCHMTIOTS 2 = b KOwewnan ackmiors y - —bi U - abcomonie Tpaextopur:
aaseria nepowewaetcs no oo y. [ SneKTpoMs hwaisa acuwmora -
KOHEuHO® aCHMTToTRYecKko® HAnpaBaenne — 5. IYMKTADHN AWNWK TOKASHEIT ONHOBpE:

AT AR o vacTaN,

d) 3AMEAMEHUE ®-YACTHL B BEWECTBE. PaccMarpi-
Bast BOMPOCH O SAME/VICHHH G-4aCTHL B BEUIECTBE H O MPOHIBO-
JEMOt MMH HOHH3ALMH, HeOSXOZMMO YUHTLIBATH PSiA CTOJKHOBEHHI!
@-YaCTHIb ¢ COAEPKALMMUCS B BEIIECTBE SAPAMH H SIEKTPOHAMH. Yo~
BUsT 31€Ch OYeHb CIOKHEI H BLIHYXKJAI0T YUHTBLIBATb TAaKKe CYUIeCTBYi0-
mie B aTOMAX CBR3H.

Ecnu Bce aToms! NPOHM3BIBAEMOTO -NTYYaMH BELIECTBA NpHHAALE-
XaT K OJHOMY BHAY U YHCJIO HX B eIMHHUE 0GHeMa PaBHO 72, TO BEPOAT-
HOE YHCJIO P M aTOMOB, HaYaJbHOE PAacCTOSHHE KOTODBIX OT Tpaek-
TOPHU a-1yYa NEXHT MeKAY & u b - db, Ha eqMHHLY AHHBI NYTH
ayva Gyaer 2mbndb ans apep u 2mbnN db jas snekrponos (N —
aTOMHOE TMOPSAKOBOE Yneno). MHave romops, 27b db — adbenTHBHOS
noNepeukoe ceueHue BOKPYT a-YaCTHILL sl Mepefiaus SHEPriH, cpel-
Heil MexxJly sHepruel, cooTBeTCTBYOWE! b, H SHeprueil, COOTBETCTBYIO-
me# & + db. Vameneune sueprud W 4acCTHIBI ¢ HA OTPe3Ke NyTH ee
dx BCefcTBHE CTONKHOBEHHII C 3/eKTPOHAMH, KOTOpBIE PACCMATPH-
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BAIOTCS 3/leCh KaK CBOSoaHble, Aaetcs dopMynoii
oo
aw 4MM
& _fW,_,_, sint ©. 2abnN db.
dx 2
o

3amenss sin% €r0 3HaueHHeM, BbBEJeHHBIM 13 GopMyasl (1), Haxoaum

ME - AMM a9 2EER 1

2 (M4 My 2T Mv @tbht’
e a= EE MM
e 7 (I

Ecan nonoxuts E = Ze (ina e-vactiun Z = 2), E' = e, M’ = m,
TO
oo Smer

AW _ aaZieNn [ bdb _ 2aZ%Nn J d
dx mo? [ZEXa “mo? g
11 a

TaK KaK HHTETpan HmeeT GeCKOHEUHO CONbIUOe 3HAYCHHE, HEOGXO-
BMMO IIPHHATD B PAacyeT BHYTPHATOMHbIC CHJIb, OrPAaHHYHBAIONUINE Tie-
Penauy SHEPrHH -YaCTHIBI 3/1eKTpoHaM, OTHOCHTeNbHO SHEpTHH, Te-
pefiaBaeMOll g-uacTHlell sfpaM, MOMHO AOKa3aTh, YTO ITa SHEPIHS
HHYTOXHA TO CPABHEHHIO C 3HeprHell, NepelasaeMoli elo JIeKTPOHAM,
< onHOl CTOPOHEL, TIOTOMY YTO YHCAO AAEP Mekbiie!), ¢ APYroft CTOPOHbI,
NOTOMY YTO Tepejaua 3aMeTHOro KOJNMYeCTBa SHEPTHH MPOMCXOJMT
TONBKO B Csiyyae TeX KpafiHe PefKuX CTONKHOBeHHN C fApaMH, Kora
b ouensb mano.

B rteopuu Bopa, npejuiecrBoBapileil KBAHTOBBIM TEODHSM, CBA3b,
yAepxuBatollas SAEKTPOH B aTOMe Ha ero HopManbHoll oplute, yno-
Jobasaachk TNCEBIOYIPYToli Chile, KOTOPOH COOTBETCTBYET COBCTBEHHAs
4acToTa ». Uem oHa Bhue, TeM MEHDIUE SHEPrd{Y NePeAaeTcs jeK-
Tpony. IIpH HEKOTOPHIX YCMOBUAX BBIYHCAEHHA NPHBOAAT K 3ameHe

Ky
Opejesla HHTErpaluH b = oo KOHEWHHM Dpellenom b =g, rie
K=1,123, Ecnu B atoMe HMEKOTCS 3M€KTPOHBl C DasNHMHBAMA

dW
HaCTOTAMH ¥, TO 7~ NPHHAMaeT dopmy

4w daZNn

dx mo?

rfe vy — CPelHee reOMeTpUYeCKOe YaCTOT #; BCEX 3JEKTPOHOB aToMa.
Ora TeopHs BCJAEACTBHE NONMYIIEHHBIX TPH €€ BHBOJE OrpPaHHYCHHH

1) Ba HCKJIOUEHHEM CAYyYasi BONOPORA.
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JOJI2KHA TeM JYYLle COrJaCOBHLIBATBCS C ONBITOM, YeM BO/IblIe CKOPOCTh
a-Ayueli H YeM Jlerue MOrJoOWAoNINe aToMbl. JleficTBHTENbHO, B CaIy-
yasiX BOZOPOAA H TEMHS HAXONAT, IO 3Ta (OPMya HPHONHIKEHHO
COOTBETCTBYET OMBITY, CAH TOMB3OBATLCA TeMH YACTOTAMH, KOTOphie
JUIA STHX PasoB JlaeT KNacCHYeCKas TeOpHS PAacCesiHHS CBETa H KOTOpsie
Maso PasHATCsSl OT 4acTOT yPOBHeN, ONpeflensieMbiX N0 HOHHSALHOH-
HOMY TIoTenilnany. OHa MeHee NDHAOKUMA B CTyuae ATIOMHHHUS H elle
MeHee B Cliyuaix ApYrHX Go/ee TAKeNHX eMenToB. Bee xe ona ka-
YeCTBEHHO OGBACHACT TOT (KT, YTO NPH YMeHbllleHHN U 26COMIOTHOE
dav
dx
NOBEPXHOCTHOH Macce SKpaHA yMeHbllaeTcss APU YBeJHUEHWH aToM-
HOTO MOPAAKOBOro uncna N. JIeHCTBHTENBHO, XOTH YHCJIO MOMMIOLIAIc-
HIMX 3JEKTPOHOB OCTaeTcs MPAKTHYECKH OJMHAKOBBIM, BCE e, uYeM
Goablle N, TeM Gosblue MOMVIOWAIOIHI ATOM COAEPIKHT TMPOUHO CBA-
3aHHBIX /EKTPOHOB, KOTODHIM a-YaCTHUA JAHHON CKOPOCTH coofuiaer
MEHbIlle SHEPTHH, YeM CBOGORHOMY OEKTPOHY.

Ecau v HACTONBLKO BEJIHKO, UTO H3MEHEHHEM JOrapHPMHYECKOro
unera opmysnut Bopa MoxkHO mpemeGpeub, To HHTerpan ee Gyler
v — v = Ax, riie A — NOCTOAHHAS, NPUOIINKEHHO NPONOPUHOHANDb-
Hasl IUIOTHOCTH TOTVIOWAIOWEro BelllecTBa. ITa (JOPMYJIa, B HBBECTHBIX
npefesax NPHIOKUMAs K 3aMejVIEHHIO KaTofHbIx ayueit (§ 16), Bbme-
JeHa U3 KnaccHyeckoft Teopuu Bopa, oiiHAKOBO AeHCTBHTENbHOH Ans
f- H ¢-4aCTHIL, TOKA HX MacCy MOMHO CYHMTaTh nocTosinhoi. Korpa e
ee Heab3s 6oJiee PacCMaTPHBATE KAK MOCTOSHHYIO, 3TY TEOPHIO Heof-
XOAUMO Hu3MeHHTD (§ 85).

TepBas TeOpHs, OCHOBLIBAIOWASICA HA NOHATHH O KBaHTaX, Gbila
npeanoxena TeHAepcoHOM M 3aTeM nepepaGotana ®aynepod. Cun-
Taeres, UTO a- MJAH B-aCTHUM MOTYT NepefaTh 3MKTPOHY 3HEPTHIO,
TOJBKO €C/IH OHA, BHIUKC/AAEMAS KAK B Cyd9ae CBOGOJHOTO 3MeKTpoHa,
JIOCTUraeT BeHYHHEI, TpeSyIoUelics A5 HOHU3ALHH HITH PE3OHAHCHOrO
BOIBYK/JEHHsSL aToMa. BLIGHCJEHHE BEDOATHOCTH NEPEAAYH SHEPTHH
@-4aCTHUB! MPH MOIMIOLICHHH €e B BOAOPOAE JIaeT B 5TOM CAyuae Bedu-
YHHB 6oee HH3KHE, UYeM NOAYYAeMBIE SKCTEPHMEHTANbHO,

Meroze! BOMHOBON MeXaHHKH BHECJH 3HAYHTENbHbIE USMEHEHHS B
BHIUMC/IEHHE BePOSTHOCTE! nepefad AaHHON SHEPTHH H COOTBETCTBYIO-
WHX 3QeKTHBHBIX ceveHuil. Hcuncienne cpeflnell nepejaun sHeprun
npuBeno K dopMyse BeTe, koTopas AIs NMOCTOSHHON Maceh MHILeTCs

3HAUEHHe —— YBEJIHYHBAETCA H UYTO NOTEPH CKOPOCTH NPH paBHOH

B BHIE
dW __ _ 4nZ%'Nn In 2mu?
dx mu? v
a Jis TIePeMeHHOH! MacCht — B BHIE
2p4, 2
AV ampea (g gmn Lya B)
dx mo? w 2 2
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rie W — CpejiHee PeOMETPHYECKOR IHEPTHH BO3CYKACHHS H HOHH3AUHH
aromal). J[lns nOroweHns e-1yyedl B BOAOPOJE BOJYYAlOT XOpoluee
corjacue ¢ ONbITOM, TOMOKHB W = 15 96. Ilpu yeeanuennn N nogdu-
paloT IMIUpHYeCKH Apyrue sHayeHus W (I'. Mawo).

e) [TPOBEr KOJNEBAHHSA IPOBETAHHANPABAEHHS
Hnuny npofera «-yaCTHU B BeUleCTBE HEAb3A TOYHO BBIYHCIHTE
u3 GopMyJ 3aMelVIeRHsl, TaK KakK 3TH (JOPMyabl He MPHIOXKHMEL
B xonne mpodera. Flo dopMe KpHBOH H3MEHeHHS CKOPOCTH JyueH
B 3aBHCHMOCTH OT TOMIIHHB MPOXOAUMOTO HMH CHOS BEIECTBA ANHHY
npoGera MOMXKHO ONpeleNHTh TOAbKO MPHOMHKEHHO. MOXHO 3aTO BRI
YHCMHTL KoMeGaHus npofera ¢-4aCTHY, C O/IMHAKOBOH HaYadbHOI CKo-
pocTbio. Hcxoas #3 TeX ke MPHHLHIOB, YTO H IPH paspelleHHH npotae-
Mbl 3ameiienus, DBop ycramoBma, uto koneGarHs mpoGera BhI3BI-
BAIOTCH TOMBKO CTONKHOBEHHSMH C 3eKTpoHami. OHH BHIPAKatoTCs
GopMyJioit, KoTOpast GyAeT npuBeleHa Hike. Dta opMyaa nposepeHa
Ha onbite (§ 85)%).

Hapsaay ¢ koleGaHnsaMU BEJHYMHE Opofera, ABASIONIHMICA CleA-
CTBHEM Dsja MOTEPh SHEPrHH, KOTOhIe HCTBITHIBAET KaX/asi YacTHIIA
NpH CTONKHOBEHHSAX € 3MEKTPOHAMH, CYUIECTBYIOT TaKMe KOJeCaHHS
Hampapsenns. IToMHMO Tex peflknX, HO MHOrAa BeCbMa GOMBLIMX OT-
KJOHEHHH, KOTOpbie BLIBLIBAIOTCS CTOJNKHOBeHHsMU ¢ sapama (§ 79),
HabniojaeTcst Taxke NOCTENeHHOE PACIUUPENHe MepBOHAUANBHO Y3KOro
myuka jyuelt, 310 OGBACHAIOT CYMMHPYIOUHMHCH ACHCTBHSIMH TeX He-
GOMBIINX OTK/MOHEHHH, KOTOPHE HCMBITHIBACT KaXIas YacTHIA NOR
CORNHHEHHBIM BJMAHHEM 5fiep U AKTPOHOB, COCTABAAIOLIHX aTOMEL.
310 ABACHHE, HA3HIBAEMOS CAONCHOLM PACCCANUEM, CNERYET 3aKOHY Be-
POATHOCTH, TMOZOGHOMY 3aKOHY OWHBOK. JTOT 3aKOH MPIIONHM AHITb
Jo Tex mop, MoKa TOAIIMHA KpaHa X HACTOJAbKO Mana, 4To paculipe-
HHe Nyyka HeBeanko. Yucio y ayueil, KoHeyHoe HanpaBiieHue KOTO-
phIX 00pasyeT ¢ HaualbHbIM HATPaBJeHHEM YroJ B mnpefenax oT @
o 0 4 d6, B sTOM Cryuae paeTest dopmynoft (Bere)

de
dy = 5 ug %P (—62/22%),
rie df2 — TenecHsill yroa B mpegenax ot 6 1o @ -+ d6, a A — Haubo-

fee BepOATHmE yron oTknoHewus, nponopuuonanvumit N Y nx
(n — uncno atomoB B ejumuie ofvema skpana, N — HX aToMHOe

3 Tlo @. Baoxy HyxHO M06aBAATS B CKOGKAX NOMPABOYHBE WIEHE!, YHHUTO-
HKaMoWAEC TpH JOCTATOYHO GONbWAX 3HAYCHHAX U.

) dnamM NoKasad, uTC 3aflayy ¢ KOJeGaHHAX npodera MOMHO PACCMAaTPHBATD,
He YUHTHIBAS BHYTPHATOMHBIX CRA. [eHCTBUTESbHO, SNEKTPOHH, YAANEHHHE OT
TPAEKTOPKH MACTHU, CAMIIKOM MHOFORHCAGHMM, YTOGH BHISBATH SAMETHEE KOXe-
Gamws, x0T OTIABAEMOHl MM ameprhel meabss npeueSpeu. KoneSanus Busel-
BAWTCH TOABKO GAHSKHMH K TPAGKTODHH WACTHUH 3/MEKTPOHAMI, KOTOphe BElyT
ce6R TaK, KaK ecii Gbl OHH GBLIH CBOGOXHBL.
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nopakosoe uucno). Sra Gopmyna NpoBepeHa NyTeM NOACYETA CLHH-
THAAALKH, OOPA3YIOWUXCs HA IKPAHE M3 CEPHHCTORO HHHKA HA pas-
JIRYHBIX PACCTOSHHAX OT OCH TepBowauanbhoro nyuka (I, Tefirep).
Ans e-nyueit RaC’, NpoXoAALUIKX Yepes 30A0TYIO ITACTHHKY TOMMIMHON
B 4 g, Halifleno A = 2,9°, Aas aqloMHHHEBON TWIACTHHKH TOMULHHOA
B 10,5 p Haiipeno A = 0,9°, npuyem ofe MIACTHHKH HMENH OXHHAKO-
BHIl, paBHbiil 1,5 ca, BO3AyMHbIT sKBUBanNeHT. Takum ofpasom, mpu
papHOil TOrNOMalomell CNOCOGHOCTH PACCEHBAIOWAS CMOCOOHOCTD Be-
WECTBA YBEHUHBACTCS € €ro MOPAAKOBIM uncaoM. TMpu ymeHbileHHU
CKOPOCTH Mydell yroa A yBejuuHBaeTcsi o6paTHO NPONOPLHOHANLHO V3.

fy Honusupyiomas CHOCOBHOCTH MOXKEO BBIHCIHTH
NepPBHIHYIO HOHM3ALHIO, MPOH3BOAUMYIO a-ydaMmH (win f-nyuamu),
JOTycKasi, 9TO YMCAO § Tap HOHOB, 0GPasyOIMMXCA Ha eRHHHUe
JVTHHBL TIYTH JIy9a, PAaBHO YHCAY CTOJNKHOBEHHMH, TIPH KOTOPHIX COOG-
maeMas SAEKTPOHY SHEPTHS NPEBOCXORHT HIMEPSEMY) HOHH3AUHOH-
HbIM TIOTEHUHATOM MHHHMANBHYIO 3HeprHIo W', TpeSyioutyocs st Ha-
BJIEUEHHS 3TOrO 3yexTpona 3 atoMa (Tomcon, Bop).

HeoGxoaumo zast atoro, 9rofbl paccTosHue b Ob1O MeHbllle Beu-
uHHH b;, OnperenseMoil Ha paBeHcTBa

22 . .
ppno 2BET L EE MM
MW, ¢ MM
CrienoBaTesIbHO, HCAO TAKHX SMEKTPOHOB, OOPA3YIOUHXCA HA UHHLE
JNHHBL IYTH JIyya, GyAeT ¢; = mb3nn;, e # — YNCAO aTOMOB B elH-
HHIE 06DbeMa, a f; — YHCIO TeX DAEKTPOHOB B aTOME, Il KOTOPHIX
pafoTa napseyenys u3 aroMa pasHa W;. IIpH CTONKHOBEHHSX 6-4aCTHIL
C 9JeKTPOHAMH Maccoli s/iexkTpona M’ Mo cpaBHeHHIO ¢ Maccofl a-ua-
’

cTHubt M MOXHO NpeneOpeudb, OTKYAa a == W IMonoxus E =

=2E' =2 w M’ = m, Haxogsr [As TNePBHYHON HOHH3UPYOLIEeH
CIIOCOGROCTH

8rnet _L_,_l_)
9= "\, emr)’

TAe CYMMHDOBAHHE PaClPOCTP2HEHO Ha BCE 3NEKTPOHBL aTOMA.

B snauenne g e BKMIONEH HOHU3AUHOHHLIA 3(PeKT 2MeKTPOHOB
(8-nyun, cm. § 75), Boureramoiux us atomos. [losTomy, 4ToGH Ompe-
JeIUTh BeUYHHY TNOMHON HOHH3alMH Q, HYXKHO YUeCTb 3Ty 6mopuy-
nyo uonusayuro (Bop, daysep)t). Hafineno, uro anst e-wactnu, RaC’

i
a no Gaynepy 9, stoft Beauunbl. TIPHMCHAA STH GOPMYNS! K OLHOMY SHAUEHIIO i,
MOXKHO BHIETh, UT0 Q TaK e, KaK I g, CHAYATA YBEAHUIBAGTCA C U, MPOXOMMT
4epes MaKCHMYM H NpH JafbHEfilleM YBEAHYCHHH U NPABHABHO yMeHbaeTcA. 310
KaUeCTBEHHO COTMIACYETCA ¢ OMBITOM.

Suenet 2mwr
3 - Zmot
) Moawan rownsauns no Bopy paska npaSanaerHo @ = Sy
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B RHavyaje WX Tpobera B BOAOPOAE, TeMHH H BO3JAYXE OTHOLICHHE Q
q

¥MeeT BeNKYKHY OT 2 70 4. BLNCHCHHBIE H SKCIRPHMEHTANBHEO NOAY-
UeHHHIE 3HAYCHHS Q MMEIOT OJHHAKOBLIY MOPSIOK, HO PACKONKAEHHS
MeXIy HHMH BCE JKe BeJHKH,

BonHoBas MeXaHHKA H3MERSET NOJYYeHHbe NPH TOMOUM KAACCH-
UECKOi TEOpPHH DPesysbTaThl H A2eT A HOHMSUPYIOMEHl CNIOCOOHOCTH
HEMHOTO OTJIHUHYIO OPMYNTY, B KOTOPYIO, KaK H B CAyuae 3aMeiJIeRHs,
BBOAATCA KOS(XPHUMEHTR!, YHCJICHHOE 3HAUYEHHe KOTOPHIX MOKA el He-
JIOCTATOUHO ONPEEeHO.

§ 78. KoneGanne npobGera

IIpoGer a-nysuelt ORHOH rpynnbl HMEET XOPOLWIO OMpEJeneHHYIO Be-
anuuny (§ 66). OaraKko ¢-nyYH ORHOTO MyYKA MOTYT OTAHUATECH APYT
OF JIpyra no AJHHE HA BeAHINRHY,

B OGBIYHOM BO3/LY X€ He RpeBbllialo-

myw 2—3 mm (CM. DHCYHKH Ha 10
orfeasHom nmere VII u VIII).
310 MABJeHHE HA3BBAIOT KoneGa-
HHami  mpoGera  (Mo-2nTVIHHACKH

«straggling»).

T
i

TocTenessoe MOTNOWEHKE a-Nyyeit
OMKOTO NyYKa CHavana WSywai myTem
MOACYETA CUMHTHANALU, BOSHHKAIOIINX
Ha dKpaHe € CEHUCTHM LHRKOM TOX
ReficTBHEM MepPTIEHAMKYNSPHOTO K ANIOC-
KOCTH 9KpaHa Napainessoro Nyyka
Jyueft, HCXORAWMX 13 GECKOHEUHO TOH-
KOPO C/loA aKTHBHOTO Bewectsa. Ha-
MeHSST DAcCTOHHE SKpaka OT HCTOY-
HHKA, HALLTH, 4TO YHCAO Aydel, 0CTaio- 1 i
meecq Ha GoAbWER YACTH TYTH Tyuka 68 & 65 |63
NOCTOSIHKBIM, HA NOCASHEM CAWTHMeTpe  Mubare Gz apoter x={

Omwpcarmnae vuens veomy

Wz ew

npofera yMewbmaercs cHavana  Mell-
JneHHO, a saTem oueHb ObcTpo. OAHAKO
nNpoisBefleHpe o MeToAy BuabCoHa
neeaeorain (Mpew Kiopi) nokasasm,
YTO NOMYUeHHBIE PaHee Pe3yJbTaTH 3aBh-
CeNH OT APHHATOrO cnocoba HabnioneH s,
TaK Kak He BCe a-JyuH ¢ HeGOMbIIHM
OCTATOUHBIM NPOGEroM oORapyKIBanich
IPH NOMOMY KPAHa C CEPUHCTMM WHR-
koM. Ha pHCyWKax, mpHBEZeMHMX Ha

Puc. |14, Pacnpegenenne mpoGerop a-4acrill
RaC’ b B031yXS NpH HOPMAMLHOM AGRICHRH K
15° (pen Kiopw w A. Mepeve). I — ueno
Nydel c AMRHOA of z sio x + dr B dYBKunm
S6cumcel © OTAOWENM MO ODIHHATE, KA
OPAHHAT TAKOBA, 4TO MAKCHMATBHAA OPAHEATA
paeaa 1/fx. Hanbonee bepostHmii mpoGer
& pasen 6,87 ca, I — uHCAO NY¥eR ¢ ANHHOR,
npesMmabLet: Z, Pasiu4ne & Lnhbe OTACTH:
HBIX AYYed Huxe 3 aa.

oraenbubix ancrax VIL u VLI, MoxHo namepnts fanuy ayselt maockoro myuka,
HCNYCKAeMBIL HCTOUHHKOM MAVbX pasMepos. OTknamwsas no aGcmyceaM pac-
CTOANHSA X OT HCTOUHKKA, & MO OPAUHATAM YHCNO ¢-YACTHI, ANKKA KOTOPBIX Gonbiue X,
NOAYNAiOT KPHBYIO, NOKA3HBANILYIO, 4TO pasniuns B giuke ayseli RaC’ ne npepk-
waror 3 mu {puc. 114, I1).
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KonuuectBo v dx yacTHl, mMeloWpx JIHHY OT X Ao X + dx, npo-
XOAWT YePes MAKCUMYM FIPH ONpefelIeHHOM 3HauyeHWH X = [, KoTopoe
x—1
HA3LIBAIOT Hauboaee seposmusin npobezom. [lycts & = - Syner
OTHOCHT@/IbHOE OTKJIOHEHHE OT ITOro Mpobera Jisl ANUHE ONpEAeJeH-
HOrO Jiyya. BepoaTHOCTb P de OTHOCHTENBLHOTO OTKJOHEHHS B Tipe-
Jletax Mexay € u & + de paetca dopmysofi

.

e ¢de,

Pde =

1
elf=
rae ¢ — TMapaMeTp, OTHOCALIM{CH K OMHOPOAHON rpynne a-ayueif,
pacnpocTpaHsiowelica B onpefeseHHOM rase, npu JO0OH ero miotr-
HOCTH TOrZa Kak 1 unamenserca oGpa’rHo TNpOTIOPUHOHAJIBHO 3TOH 0JAOT-
HocTH. Benuuuna HanGonee BepOATHOrO (POGEra HEMHOTO MeHblUE Be-
JIMYUHHDL DKCTPAMOMHPOBAHHOTO Npobera, ONPENeNeHHOH N0 KPHBOI
HOHH3ALHH. Coraacro q)OpMlee CpeAHee OTHOCHTENIbHOE OTKIOHEHHE &
paBHO Hyn©o. CpejHee KBAAPATHYHOE OTHOCHTENIBHOE OTKNOHEHHE [zt

paBHO V’? , TaK 4YTO YEM MEHbIlle o, TEM YKe TpeNearl, B KOTOPHIX

pacnpeensioTcss AMHHE NPOGEroB q-4acTHIL.

3akoH pacnipeiesieHHa Taxoil GopMul 66T OOHApY:KeH cHavana AIs
a-nyuell mofonus (oTAenshuil aucr VIII, puc. 1), saTem Aas HecKONb-
KHX ApYPMX rpynn. Hawuiyuine peaynbTaThl ObUTH NOJYYeHBl JJIsi
e-nyueit RaA n RaC’ B ToM cayuae, Korfa TOMUHHA AKTHBHOTO CJIOS,
a cyIe/IoBaTeALHO, H €ro MOINIOWAKWAs CIOCOGHOCTS GEUIH HUUTOKHO
wmanel (0Tfienbrbii anet VI, puc. 2). IonyyeHnme Anst HHX 3uave-
HHA @ (rac' = 1,1-1072, gpea = 1,25:10~%) xopowo coraacytores ¢
TeOPETHUECKHMH NpefnonokernaMy (§ 77). YxaweM, HaIpHMmep, YTO
B BoaAyxe npu 15° H HopmanbHoM AasieHnd 90% a-vactun RaC’
HMEIOT IIPOBErH, pasHsIuHecs MeHee yem Ha 1,8 mm (st a-nyueit RaA
COOTBETCTBYIOMAR BenMuunHa OyieT 1,4 mm). Pacnpejenenne anun
a-nyuelt mokasano Ha puc. 114, 1.

Tak xak KofeGaHHs npoGera OTHOCHTENBHO HE3HAUHTENbHBI, TO
H3MeHeHHe HOHM3HDYIOWeH CIIOCOSHOCTH BAOMb TPACKTOPHH OTAE/B-
HOTO a-71y4a B KAKOM-JIHGO rase JOCTATOYHO TOMHO COOTBETCTBYET KpH-
BOH HOHH3AUMM MapaJJeNbHOTO NyuKa Jyvelt.

§ 79. Pacceniine a-iyueit. HCKJIOMHTENBHbIC CTOMKHOBEHUS.
H3mepenne sapsiia aTOMHbIX sfep

Y3KHil Ny4oK a-1yuell, HCOYCKAeMBIX HCTOUHHKOM S, TPOXOAHT
vepes TOHKHI 9KpaH L, He M3MeHSIA 3aMETHO CBOEro HamnpaBieHHs
(psc. 115), u nagaer B Touke P Ha 3KPAH C CEPHHCTBIM LuHKoM E.
Ofinaxo Ha 3KpaHe 3aMeyaloT TaKkxe CUMHTHINAUNH, Bbi3blBaeMble Y-
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uaMH, OTKJIOHHBLIEMHCA NMOAOGHO Nyay OM oT cBoero mepBOHaYalb-
Horo Hampassenust SO Ha yroa 6. KomuuecTso pacceHBaeMsIX TaKHM
06pa3soM Jiyueli TeM MeHBllle, yeM Goiblte yron 6. Tem He Menee, nonb-
3Y9ICH TIONIOMAIOMIMH NAACTHHKAMH H3 TSAKENbIX

METANNOB, MOXHO HAaGRiONaTh YIMbI DacCeRHHA, P
poctarawomue 90° B Jjaxe npeBOCXOJiillne 9TY
BeIMUHRY. B atoM nocnegHem caydae {8 > 90°)
@-1yuR oTOpackiBaioTCH Hasaf of L, W uX Torja
HaGMIOMAIOT Ha 3KpaHe ¢ CEPHHCTHIM IHMHKOM,
noMelnerkEoM B E’. ——f—t

IrH GONbUIKE OTKNOHENH, OMUCAHHEIC BREPBbIE

TeiirepoM B MapcaeHoM, GbINH TEOPETHYECKH 06Db- .
acHensl Pesepdopaom. OH TpeANOnoKu, 4To Kax-
Jioe Takoe OTKJOHEHRHE BbI3BIBACTCSA CTONKHOBEHHEM
C OT/EAbHBIM ATOMOM, KOTODOMY [l 3TOTO CJIeAyeT s
IpUINCATh ONpeJefeHHyio CTpYKktypy. AToM co- Puc. 115,
CTOUT H3 A0PA ¢ CYMMADHBIM TOJIONHTE/IBHEIM 3a-
PANOM H pasMelleHHBIX BOKDYr Hero 3sexkTpoHoB. Cymma 3apsioB
SIEKTPOHOB HOPMANLHOTO aToMa Mo aCORIOTHOH BeNHUMHE paBHa 3a-
pagy sinpa. Pasmephl siApa OueHb Mallbi IO CPAaBHeHHIO C 0GBEMOM, 3a-
HUMaeMbIM 3JEKTPOHAMH, 4 Macca aToMa TOYTH ROMHOCTBIO CKOHLEH-
TPHPOBAHA B €r0 sApe, TAK KAK MAcca SAEKTPOHA MO CPABHEHUIO C
Hell 09eHb HesHaunTenbHa. TakuM ofpasoM, CTPYKTYpa aToMa NoAOGHO
CTPYKTYpe INAHETHON CcHCTeMs! sABAfeTCS He cIouIrofi, Boabwas
YacTh NPOCTPAHCTBA, 33HHMAEMOrO aTOMOM, IYCTa, TAK KaK ero Macca
H 3apsj CBA3aHbl C BXONSWINMH B ero COCTAB YACTHIAMH, PasMephl
KOTOPLIX [0 CPABHEHHIO C PasMEPOM ATOMA HHUTOKHEIL Mbl yxe BH-
AN, KaK 9Ta KoHUennus Owina pasrta Bopom (§ 34).

@-UACTHU MOXET WCIHTATh CHABHOE OTK/IOHEHHe B TOM ciyuae,
KOT/la, NPOXOAA CKBO3b aTOM, OHA MOTIaJlaeT B HENOCPeJACTBEHHYIO Bau-
30cTh K aToMHOMY siApY. Torna Ha a-yacTuiy AefiCTBYET TORBKO OAHO
3TO SIAPO, H HX B3AHMHO® OTTAJIKHBAHHE MOXHO BHIYHCAHTb IO 3aKOHY
Kynona (§ 77). BeposTHOCTb TAKOTO CAYYasi HeBeJIUKA, M CTOJKHOBE-
HHsI, COTIPOBOMJAOMHEcs GOJBIIMMI OTKIOHGHHAMM ¢-1Yuel, 4acTo
HA3BIBAIOT UCKAIOWUMEAbHOIMIL CIMOAKHOBERUAMY. Mbl yixe BHAGTH, YTO
€CTH TpeHeGpedb ABHKEHHEM RApA, TO YIoJ § MeX]y KOHeYHbIM H Ha-
HaJIbHBIM HanpaBlieHueM a-dactil| faercsi GopMyoit

g 6 _ EET _ 2Ne
Py >
rae E — sapsn ¢-yacTHIbl, M — ee Macca, v — ee HayaibHAsI CKOPOCTb
H b — pacCTOsiHHe ee HAuaJBHON TpaeKTOpuH oT aupa, E' — sapsn

fApa, e — aJeMeHTapHHI 3apsj, N —— aToMHOe MOPSAKOBOE YHCIO.
Ecnu yskuit napajsienbHyi NYYoK a-nyuell MPOXOENT CKBO3b TOH-
Ky10 TJIACTHHKY, ILWIOCKOCTb KOTOPOH MepneHAuKy/spHa K Harpasne-
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HHIO AYYKA U B eHHHUE 00beMa KOTOPOH COAEDIKHTCH 1 ATOMOB, TO
BEPOATROCTb p TOTO, YTO G-YaCTHLA OTKJIOHHTCS Ha yrod, Goasinii 8,
pasua wbnl, uau

4nniN%et

[
2, 2
M2t tg 3

U3 3708 QOPMYAE MOKHO BHIBECTH BeposiTHOCTD | (8) dO yrna or-
KJIOHEHHST, JIexallero Mexay 6 u 6 + d, 1. e. UMCHIO YacTHI, pacceu-
BAeMBIX MeXIY STHMH YLJIAMH.

U1o6b1 NPOBEPHTH 3Ty TEOPHIO HA OMBITE, MOACYHTHLIBANK CHHHTHI-
ASINHH, BHI3BIBAGMbIE PACCESHHBIMH @-NyYaMH HA SKPaHE C CEPHHCTHIM
1HHKOM, KOTOpHI NOMELIA/ICH HA PAasHBIX PACCTOAHHSX OT OCH Y3KOro
nyyka e-nydedt. [Ipy yraax oTKAOHeHuUs!, B npegenax or 5 1o 150°, oneir
JIOCTATOYHO MOATBEPXKAACT TEOPMIO BO BCeX CAydYasX, KOTAA siapa Ha-
CTONBKO THMKENB, YTO HX OTOPACHIBAHHEM MOXHO ApeHeGpeub.

VkaxmeM B KayecTse NpUMepa, 410 WHCAO g-vacti RaC, OTKAOHSKWHXCT
A NPOXOMAEHHN 301070l MuacTHHKH, Tommuuoll B | z2_Ha yrox, Gonbwmit 90°,
pasHo nprbausnTensHo 3-107% ux ofiero yncna.

CooTBeTCTBHE MewkAy TeopHell W ONBITOM AIsl TSKeJBIX sIep CBH-
JeTeNsCTBYET O TOM, YTO NPH TPHOAHKEHHH ¢-4acTHUbL K SAPY BILIOTh
JIO OYeHb MaJIOTO PacCTOAHHS, HCYUCAAeMOro B 7+10~1% cu, JelicTBYylo-
IIHe MexAy HHMH CHJIbE ONpefensiorcs sakoxoM Kysoma.

IMyTeM TOUHOro H3MepeHMs UHCAA @-YACTHIL, PACCEHBAEMBIX B XO-
POWIO ONMPEASEHHHX YCJOBHAX TOMKHMH MeTALJIHYECKHMH MNacTUH-
KaMH, ObLIO APOH3BEJEHO SKCNIEPHMEHTANbHOE ONpelesente SAepHOro
sapsiga Ne (Usasuk). Haiienutie uucana 29 past menu, 47e mns ce-
pebpa M 78¢ A MIATHHE CONMIACYIOTCA ¢ NPEANONOKEHHEM, YTO 3apa
A/pa paBeH NPOH3BEIEHHIO 3/IEMEHTAPHOrO 3apAAA HA ATOMHOE MOpsAA-
KoBOE uMCAo N, ompeflessiioflee MeCTo 3JeMeHTAa B NepHORHYECKOH
cHcTeMe,

Hns crayuast pacceAnns a-n1yuell pH CTONKHOBEHUH C OTAENDHBIMH
NeTKUMH AADAMH TPHMEHSIOTCH ApyTHe (OpMYJbl, TaK KaK sfech
HYXHO YUHTBIBATD JBHXKeHHe sApa. [IpH STOM Teopus HCKJIOUHTEND-
HBIX CTONKHOBEHHH Takke focTaTouHo noatsepxkzaercd (§ 80).

§ 80. Jlyyu B0AOPONA W RPYIHX JETKAX ATOMOB

Korza e-yactnua npoxofut odeHb GMH3KO OT AApa JETKOro aToma,
TO NPOHCXOMHUT, KaK H B CJIYyYae TsKENOro AApa, CTONKHOBEHHE, Ha-
SBIBAGMOR UCKAOYUIMEAbHSIM, TAE YUACTBYIOT TONBKO CHJIE, BO3HHKAIO-
mpe MeKAY 3TMM sAPOM M -4acTHiel; OAHAKO 3JeCh ABHXKEHHEM,
COOOIIEHHEIM APy, Henbasi NpeHeGperaTh. Hanpaesenns TpaekTopuit
AAPA W @-YACTHIb [OCAe CTONKHOBEHHS OGpasyfoT BHJKY. Hx yrasl
9 W 6 ¢ HAUANBHLIM HANPABJEHNEM a-N1yYa MOKHO BBMHCIHTS B QYHK-
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nuu napamerpa b (§ 77), ecan NpeANoONOKUTH, YTO CHAA OTTAJKHBAHHS

MeXAY AAPOM M yacTHuel naMeHAeTca no 3akory Kynowa. Ho kakos

©bi HH Gb1 3aKOH H3MEHEHHA STOH CHJBL, MEXAY YIMaMu, MaccaMd H

CKODOCTAMH CYUIECTBYIOT COOTHOMIEHHS, KOTOPhIE BBIBOASTCH TOMBKO

K3 MPEANONOXEHHS, TTO CTONKHOBEHHe BBUIO YIPYFEM, T. €. U3 3aKO-

HOB COXpaHeHHs: UMnyabca H 3ueprun [cm. (§ 77, dopmyast (3) u (4)].
Tlpu nomomu onsoit w3 dopmyxa (3), nanpuMep, GopMyaE!

"
e _"TM
g M

M

’
MOXHO BHIMHCAHTb OTHOHICHHE W ©CJIH YHaJI0Ch H3MEPHTD YIAb f

u 6'. HanmomunM, uto mpu M' << M (CTONKHOBeHHE C SAPOM aToMa
BOZOPOAA) yron Bunky (6 -+ ') GriBaeT OCTpHIM, NpHYeM & He MpeBH-
INAeT CBOEr0 MAKCHMAJBHOrO 3HaueHHs 14,5°. D10T yron posmkex GuiTh
npaMeM npk M’ = M (cTonknoBeRWE ¢ ANPOM renusi) M TYNbIM DpH
M’ > M, T. e. pH CTONKHOBEHHH ¢ SIAPOM JIOGOTO B/EMEHTA, KPOMe
BOAOPONA H TeAHs.

Mertox Buabcona gan BO3MOXKHOCTh HAG/IONATh OGpasOBaHHe STHX
BHJOK B rasaXx. [loiyuennble (otorpadyu TOKaskBaloT, YTO MOcie
CTONKHOBEHHS 00¢ YaCTHILBl HMIOT OrPAHNYeHHbIH, TPHOIHKEHHO NPsi-
MonuHefiHbi npober, PororpadupoBaHHE BHAKH HyXHO IIPOH3BOAMTHL
OZIHOBPEMEHHO B JIBYX DA3NHTHBIX TJIOCKOCTAX, YTOGHI HMETb BO3MOXK-
HOCTb 1O OGOHM NOMYUEHHBIM CHUMKAM OTpEAeIRTh yrael 6 u ' Tak
K€ KaK u yroa Buaxu, Takoe BuGpacyiBasie siep NPH CTONKHOBEHHAX
€ a-uacTHUAMH HAGMIONanoch Y BOAOPOAA, TeNHS, a30Ta, KHCAOPOAA H
aprona. IlosydeHHble PeSYJbTATHl COQTBETCTBYIOT 3aKOHAM YNPYroro
cronkHoBeHHs (Baskker, Ileppen u Ouxe).

Tpober e-yacThibl NoC/Ae CTOMKHOBEHHS TeM MeHblle (nO cpaBHe-
HHIO € MIPOOEroM, KOTOpbift OHA COBEPINA Gbl, €CH Gbl CTONKHOBEHHS
He NPOH3OWINO), HeM GOJIbINE OHA HOTepsfia B ckopocT. IIpoGer Bui-
6pomeHHoro spa TeM GoMbUle, YeM GOMBLIE €ro HAUANBHAS CKOPOCTh,
{lpn GoAbMEX CKOPOCTAX MpPOSer NPHUOAH3UTENBHO MPONOPUHOHANCH
Ky6y CKOPOCTH, & NPH MajbiX NPUGNHIKEHHO DPOMOPHHOHAJEH CKO-
pocti, CornacHo QopMynaM (4) CKOPOCTH TOCHE CTONKHOBEHHst U H U’
TAKOBHI, 4TO
' 2 M2?sin2?

Yog M e, B MeosOkVMT— s
vy M+M Ty M+ M

Oqesmmo, YTO ANl OAHOIO H TOTO K€ s/ipa BeJHUNHA np06era Bblpa-
aeTcs cooTHoWeHueM R’ = R’y f (cos 6), rae R — MaxkCHMasibHbI
npofer, COOTBETCTBYIOWMH LEHTPATLHOMY CTOJKHOBERHIO C yacTHed




[image: image252.png]254 2-JIYYH (ra. xix

AaHHOH cKOPOCTH, a [ (cos 8") — dyHKuMA, YBeHuHBAIOWASNCHA C yBe-

7 ’
nuyerdem cos 6°. Ecau 8 3 T ¢ = 0u R’ = 0, CneoBaTennho,

€CIH SIAPO BLIGPACHIBACTCHA TMOA YI/IOM, GJHM3KHM K IpSMOMY, TO Ha-
Gni0Aa10T He BHAKY, a TOJABKO H3THG HA NYTH e-1yya, MpHYeM obmas
AMHMEA TpoGera 3TOro Jyua NPaKTHUECKH He H3MEHSeTCs.

Ha orpenbrom aucre XIII pawmi dotorpaduu BmroK, ofpasosas-
WIHXCS NPH CTONKHOBEHUH a-Ayueli ¢ afpamu Bojopoda (puc. 1), asora
(puc. 2), aprona (puc. 3) m xucsiopofa (puc. 4). Bunka, monyuennas

B KHCJIOpOJe, CHATa B JBYX ~INIOCKOCTAX, IpHueM 6 = 76°%;
0 = 45°12%; 0 + 6 = 121°18; L — 0,28 u L — 0,82Y).
Yo Do

Tak Kak BHJIKH Yalllé BCEro o0pasyloTcs B KOHIE npoGera a-nyua,
T0 R u R’ o6euro Manu?). B GompiunHeTse cayuaes R <C R, TaK Kak
CKOPOCTh, coollllaemas SAPY, OOHIMHO HHKE CKOPOCTH, COXPAHSIEMON
a-yacTulell, H TObKO B CJIydae BOAOPOAA CKOPOCTD S/PA MOMKET ObITh
BBIlIE CKOPOCTH @-YacTHIBL. Tak Kak TeOpHs TIPOXOKIEHHR 3apiKeH-
HBEIX YaCTHI, CKBO3b BEIIECTBO €llle OYeHb HeCOBEpLIEHHA, TO TEOPETH-
4eCKOe BHIYHCJCHHE BeJHUYHH NPOGEroB /aeT BeCbMa HETOUHbIE Pe3yilb-
TaThl, TeM Gojee, 4To BLIOpAChIBAeMEle #ApPa KHCIOPOLA H aproHa Be-
POSITHO CONPOBOMAAIOTCA GONBUIMKHCTBOM HX BHEIIHHX 3/IEKTPOHOB.
B cnyuae Bogopoaa ycTaHOBEHO, UTO BHIOpachiBaeMasi YacTHUA sB-
JISeTCA NIPOTOHOM,

Y1066l IpOBEpUTh HA ONBITE, MPHAOKHM i 3aKOH KynoHa K cy-
YaKo CTONKHOBEHHS a-UaCTHIb C IETKHMH SIADAMH, HYKHO ONPEAENHTh
YHCJIO CTONKHOBEHHI!, B Pe3yabTaTe KOTOPhIX SAPO BLIOPACHIBACTCS MO,
YIAaME, JICKAUMMH MEXAY ONpeleSeHHHIMH 3HadeHusvd 6°, a
G-9aCTHIA OTKJIOHSETCS NIOA YIIaMH, JIEXKAUHMHE MEXKKY ONpele/eHHbI-
Mit 3HaueHHsiMi 6. OkasbiBaeTcs, ACHCTBHTENDHO, YTO 3TO UHCAO BEIpa-
skaeres B GyHKUUA & (§ 77) H 4TO 3aBUCHMOCTD BeTHuMHbL 6 H 0 OT b
cooTBeTCTBYeT 3aKoHy KysioHa. D10 Gbito BLIACHEHO NPH HCCHEAOBA-
HHMM Jyyell BofOpoOAa.

H-NTyuu W3 KOpPNyCKyJspHBIX Jiyueil, BOSHHKAOMAX NpH
CTOJKHOBRHHSIX @-Jydell C JITKHMK aTOMaMH, HaHGOTee H3yueHbt YUK
BOJIOPONA, TAK KaK OHH 001afalor HauGonbllefi MpoHuKalomed cnocos-
HOCTbIO. DTH JIy4H 00pasyioTcst aTOMaMK BOROPOJA, NOTEPSBIMMH CBOM
5MeKTpoH, T. e. npoTokamu. Mx obosnavator cumeonoMm H. HawnGons-
1asi CKOPOCTh H-4acThibl CONIACHO NIPUBEJCHHOM Bhillle (hopMyre paBHA
¢’ = 1,6 0,. B CPaBHHTENBHO MPOCTOM CJIY4a€ IHPOTOHA MOMKHO Teope-
THYECKH ONPEfEiNTb, YTO NPH PABHON HAYANbHOH CKOPOCTH H B Of-

1} Dra BUNKA NPHOMHKEHHO COOTBETCTBYET YCHOBHAM, DPUEATEM TPH NOCTPOS-
Huw rpagHKa, Ha0OpaKeHHoro Ha puc. 112,

) UroGer BeiGpaciBaembie aTomb O, N B A Gbno ferue RaGmIOKaTh, kaMepy
HATIOMHAOT CMECEIO OJIHOTO H3 5THX TAS0B C BOJOPOZOM, BCICACTBUE 4eTO JIHKA
NpoBeros yBeJHYHBAETCA.
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HOM H TOM )Ke rase ero NpoGer AOMKeH GuiTh NPUOIH3NTEBHO paBeH
npobery e-uactiusl. Ecay npoSer nponopuyotaneH v8, 1o Haubonee Gbl-
crpbie H-nyun, Ans kotophx 8’ = 0, mmetor npoGer R'y, npumMepro
B 4 pasa mpepblNaOMIHi
npoGer  NOpOKAAIOMIEX
HX a-nyyedl, Torga Kak
ars H-nyda, oSpasyio-
mero ¢ mpoussoAsmei
ero e-vacruueit yron 6,
npofer R’ = R’q cos§'?).
foka &' we mpeBocxozHT
H3BECTHOTO Tipefiena {0Ko-
510 50°), mpober H-vacti-
el mpepwiiaer  npoger U
TOH @-4aCTHIEI, OT KOTO- Pue. 116,

poli oHa RpoHsouLIa.

Yro6s naGmofath H-1yuR, CHayala NOJb30OBAAHCh HX OGMIHMC
@-J1y4aMu CBOfICTBOM BLI3BIBATH CHHHTH/JIAUHA HA SKPAHE C CePHHCTBIM
iHKoM. OIHH U3 MpeAHASRAYEHHBIX IS 3TOTO MPHOOPOB H30GpaKeH
Ha puc. 116,

Ucrounnxom § ayselt cayxus cunpiun npenapar RaC, ThC nan Po, name-
cemnisli Ha HeBOMBILON MHCK, KOTODHIN MOXeT NepeMeilaThs B TpyGke T, Hanom-
usieMofl BOJIOPOJOM MOZ HYXKHbIM NaBnenveM. OTBEPCTHE HA KOHIle TPYGKH 3a-
KDHITO TOHKOH MeTaAnHueckofi HMACTHHKON F, KOTOpass MOLMOMAET a:Y4H, HO
nponyckaer H-nysr ¢ GonblHM NpoferoM, ofpasyouiHecs B BOLOPOfe Mox Aefi-
CTBHEM HCIYCKAEMBIX HCTOUHHKOM a-iyved. CLHHTHANALHH HA 9Kpake C CepHH-
CTHIM UMKKOM HAGMINAIOTCS MpH MoMowd Mukpockora M. UtaGel mecierosats
NpOHUKAOMYIO cnocobnocTs H-nyueil, mexay okoweukom F u skpanom E BBOAAT
JOMONHHTENbHbIE SKPaHK, ECNH HCTOUHHK HCTYCKaeT - M p-NyuH, TO ANRA yMeHb-
weHHs OOWEro CBEYHRS SKpana B-Aydll OTKACHAIOT, TIOMEUAA IPHGOP B CHIbHOE
marsutHoe nose. Tak KaK y-MyuH HeNb3s OTKJOHHTB, TO 4acTO GbiBaeT yNOGHO
B KAUECTBE HCTONHUKA MyTell MOAE30BATECA Po. XOTA CKOPOCTb €70 a-ny4el MEHbIIE
ckopOCTH a-nyweil RaC’ W THC', HO 3270 €70 f- H -HSMYUEHHEM MOXHO TIpEHeGpe.

B kauectse uctounnka H-ayueil MOKHO BMECTO BOAOPOAA MOL30-
BATHCS BEWIECTBOM, GOTaThiM BOAOPOAOM, HATPHMeEp, napaduHOM, B
BHJIe OUEHb TOHKOM IJIEHKH, KOTOpasi OSLIYHO HAKMaALIBAETCH NPAMO
na uCTOYRRK. Toraa B Tpy6ke T MOXHO YCTAHOBHTb BaKyyM RJIHK e
HaNOJNHATD €€ PasNHYHLIMH MOrMOMIAIMMME JyJd rasamd. [eomerpn-
YecKHe YC/IOBHA HCIYCKAMHS Jy4eil B 9TOM Cyyae YIpouiaiorcs.

HecmoTpst Ha TPYAHOCTH, BBITEKAlOImHE H3 HEOARODOAHOCTH CKO-
poCTeif, yAaNoCk YCTAHOBHTB, YTO HOLMIOMIEHNe F-ayyell NPOHCXOHT
[0 3aKOHaM, OUeHb CXOAHBIM C TeMH, IO KOTOPEIM MPOUCXOAHT NOLIO-
menue a-rydeii. B gacTHOCTH, SKpaHBl, S5KBHBAJIEHTHbIE 1O CBOell NO-
TJIoMatoNelt CIIOCOSHOCTH AN a-Ayuell, TaKkkKe SKBHBAIEHTHbI H s

1) B nefiCTBHTENbHOCTH COOTHOMEHHE R C 0’ W, CREAOBATENbHO, C 87 He TAK
npocro. Tabauna ckopoctefi, BeuHCAeHHBIX To dopMyse Bete, mawa B npuno-
KEHHH.
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H-pyueit. Cornacho TeopeTHUeCKHM MPeRNONOKEeHHAM OTHOLICHHE HpPO-
Gera nanGonee GuICTPHX H-Nyueil K NpoGery npousBoAAUIX UX a-Tyuelt
B BOJIOpOZie H B Bosayxe 6ausko K 4. Tak, e-nydam RaC’, mpoGer ko-
TOPBIX B BO3/yXe PaBeH 7 CM, COOTBETCTBYIOT H-AyuH, HanGonblunit
npoer KoTOpuiX B BO3AyXxe 6musok k 30 cx. B Bofopone mx mpoGer
pasen mpuGhusnTensno 120 ca, a npofer e-nyyeir RaC'— 32 cm.
Touno rak xe a-nysam Po cootsercTByer H-NyuH, MaKCHMAMbHBIA
npoder KOTOphix B Bo3AyXxe 6an3oK K 16 ca.

CuMHTHANSUMH, BH3bBaeMbe H-TyuaMr, ciafee CUMHTHANALUE,
BLIBBIBAEMBIX @-y9aMil, TAK KaK SHEPLHA Jae CaMbiX GbicTpix H-iy-
ueit He npepbimaer 0,64 sHeprHE NOPOKAAIOIAX HX a-mydell.

Jpyrum meTozom HaGmonenns H-nyueil siBasiercs meton Buabcona,
O NPHMEHEHHH KOTOPOTO /s HCCEAOBAHHS BHJOK Mbi YK€ TOBODHJIH,
DTOT METOA JaeT BO3MOXKHOCTb HCCNEAOBATh pacupelefeHue Aaun H-
nyyedt, BLICTYNAOMINX 32 NPEAeSTl TYUKA BO3OYKAAIOMKMX HX a-nydedl.

Ha puc. 5, Ha otaeneroM ancre X111, nau cuimox nyaka H-ayqeir,
M3BNEUEHHBIX H3 TOHKOTO /IO leAsodaHa a-TyyaMd TNOAOHHS, HAY-
WHMH OF HCTOURHKA MAJIbIX PASMEPOB, a-JIyWH MOMIOMAIOTCS B UeJIO-
tane, Torna Kak o6pasoBaBlIHecs B HeM H-1yuH BPOXOAAT uepes aTOT
9KpaH H NPOHHKAIOT B KaMepy PacLIHpeHus.

Haxounen, wonusupyoweil ciocobHocTbio H-nydell mosbsosBanuch
ANt MX OOHAPYXeHHAl H NOACYETA TPH MOMOIUKH CYeTURKA C OCTPHEM
TAaK e, KaK 9To JejaeTcs B Cnyyae q-myveit (§ 72).

CunTalor, YTO NMPH PABHOM CKOPOCTH MOHH3UPYIAS CIIOCOSHOCTH
H-nyvelt B 4 pasa Menblile HOHH3HpYIOWell CHOCOBHOCTH a-aydeit
(Baay u Poua).

H-nyas OTR/OHSIIOTCH B MATHHTHOM H 3JEKTPHYECKOM NONe TIO TeM
e 3aKOHaM, 410 H a-ayun (§ 69). Koraa oTKIOHeHHs 2 H y Mafbl, Z

MOXKHO CHHTATh MPONOPUHOHANLHEIM —prrr @ f — MPONOPLHOHATBHEIM

L JIast mpOTOHa OTHOLIEHAE £
Moz - P! M

E N
Goirbille OTHOWEHHS F7 s e-yua. CrefioBatelbHo, Tpr  paBHOH

CKOPOCTH OTRJOHeHNsT H-nyyell z 1 y TaKxke B 2 pasa GoJbilie COOTBET-

TpHGAH3HTENAbHO B 2 pasa

- v
CTBYIOLUX OTKJAOHEHHH a-ydeli. Tak kak HanGoabluasi BeIWYHHA o=
"

paeHa 1,6, To OTKJIOHEHHs 2 H y H-nyueil, MMEIOIUX 3Ty MAKCHMANb-
HYIO CKODOCTb, OTHOCATCH K COOTBETCTBYIOUIMM OTKAOHEHHSIM BO3-
6yxparomux Hx a-ayyedt, kak 1,25 n 0,78, D1 npepnonoxenia GuuH
TIPHOMIKEHHO IPOREPEHD! HA OLbITE NMyTeM HAOJIONEHHS TepeMelleHHs
NONOCH CHMHTH/JIAUMA, BHI3BIBAEMBIX Y3KUM Tyukom H-ayuelt mos

AeficTeHenm mogid. IIpH 3ToM NOMyuHAR AIS 47 BEMUHHY, Gnuskyio

K 104 201.-MarH. eA., U fnst 0’ — BeRHYUHY, OnH3KY© K 1,6 v (Pesep-
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dopa). Mpuposa H-nyueit Gbina ycraHORIEHa IPH TOMOIIH MeTOXA,
CXOAHOrO ¢ MeTofoM Macc-crexTporpacga (Ilrertep).

Ilpn Betpeve H-nyvefl ¢ aTOMHBIMM SIPAMH MOTYT MPOHCXOMMTH
HCKJIOUHTENbHEIE cTonKHoBenns. Ha otaenbhoM sucte X1V paner no-
JiydeHHBIE D0 MeTody Bumibcona dororpaguu H-nyueit. Omma W3 HX
TpaexkTopuii 0fpasyer H3ruG, a Apyras oOxaHuusaetca Bunxo#t. Cuu-
TaloT, YTO H B TOM H B JADYTOM CJyyae NPOH3OUMIO CTONKHOBeHHe H-
Jyda ¢ SAPOM a30Ta WIN KHCAOPOJA.

§ 81. AnomanbHOe paccesHue a-nydedi

Oco0eHNHO BasKible Pe3y/bTaThl NOJNYYEHB! TPH HCCAAOBAHHH pac-
npefenenna H-nyveit mo yrnam ¢'. BeposTHOCTE TOTO, UTO HAuaNbHas
TPAEKTOPUH a-UACTHUL! NPOIIAIET B OUeHb TOHKOM CJIOE BEIECTBA, COAEP-
JKalleM 7 ffep B eAuHHue 0GheMa, HA PACCTOSHHM, MeHbuleM b, or
©OfHOI'O U3 3THX Afep, paBHa wwbnl, rae [ — Toaumua cnosi. Kaxnomy
CTOJKHOBEHHIO, HPH KOTOPOM STO YCAOBHE BLIMOMHEHO, COOTBETCTBYET
H-uacTHua, 11 KOTOPOH ' MeHbIe, UeM 3TO CefyeT H3 COOTHOIIGHHS
mexay 6 1 b, BuiBeneHHOTO corviacHo 3akony Kymowa (§ 77):

EE M+M

b MM

Bee oTr H-vacTrig! HMeloT npoder, Gomblmil 9eM R’, onpeaensieMblit

u3 gopmyast R’ = R’y f (67), rae R’y — MakcuManbHblil npoder,
Orciofia MOXKHO 3aKJIIOUHTb, YTO 4HCAO ¢ H-yacTHu ¢ mpoGerom,

npeBuIAlOLHM R, obpasyiomuxes B | eu® Bogoposa (B HOPMaNbHBIX

YCJIOBHSAX TeMNePaTypHl H AABJICHHS) IPH NPOXOMACHHH Yepes Hero Q
@-4acTHI, CO CKOPOCTBIO U, omfpeaenseTcs Gopmyaoit

9 _ Kt _ Amnet  (MAMP
0 Ktgo', ree K ” T
IMpuauMas 7 = 2,70-101%, ¢ = 4,77-10-1° sa..cT1aT. ef., v =
= 1,92-10° cafcex (a~nysu RaC’), M = 6,60:10~%4 2, M’ = 1,66 X
X10~% 2, naxopar K = 1,46-10-%.
DKCIepUMEHTaNbHO HAOMOAAOT YHCA0 H-UacTHI, HCUIYCKAeM bIX B
Hampaeaennn 6 B TejecHOM YRae dw, C NPOGEroM, COOTBETCTBYIO-
mumM 6. B sToM cayuae pacueT gaer

g _ dniet (MAMP  do
Q v MIM® costO

clgh’ =

3/lech ONBIT PACXOIUTCS ¢ TEOPETHYECKUMY Npefnonoxenuamu (Pesep-
$opa, Haasnk u Briep). IMpoussofsa no Metofy CUMHTHAASUMEA NOA-
cuet H-uacTHl, HCIycKaeMBX TOHKOH MapaduHOBOH maenkoff u ofpa-
3YIOWHX ¢ BO3OYKIAOWHMMH UX a-Y9aMH YTOJ, aexaiuil mexay 20°
17 M. Kiopn
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u 30°, HaXOAAT, YTO OTHOLICHHE % a5 yraa 8’ pmeer NpHOJAK3UTEIBHO

HOPMa/bHY10 BEIHYMHY, €CH CKOPOCTb a-1yyell COOTBETCTBYET TONBLKO

2 em mpoBera, HO YTO, YeM Goblle CKOPOCTD a-1yueil, TeM Gonbllie 4
MPEBOCXOAMT BbMMCAeHHYIo Beanundy. Korma mpoSer R stux nyueit
pabeH 2,9 ca, uncao H-nyueil, HaGniofaembIx B nanpasaenun 6 = 30°,
B 4 pasa Gousbille BhbumcaeHHoro. Korga R = 6,6 ¢, Habmiogaemoe
Ans 6' = 30° wneno Ayuelt npuéansntenbro B 30 pas Gonblile BHIYHCAEH-
Horo. Korpa R = 8,2 cx, uneno H-nyueit, Ha6aioflaeMbix B HalpaBie-
Hue 6’ = 30°, B 100 pa3 Gonblle BEIYHCAEHHOTO.

Tak Kak NPH OAMHAKOBO! BEWYMHE b a-YacTHIA TPHOMHIKAETCS
K S\py aToMa BOAOPOJA TeM Goablile, Yem GOMbIUE ee HAUANLHAS CKO-
pocts, To Pesepdopl npeanono:uun, uto sakon Kynosa He npuioxum
Gonee, KOTZA PACCTOSIHIE MEMAY OGSHMH YAaCTHUAMH CTAHOBHTCA A0CTa-
Toyso ManeiM. Ecan pacnpenenenne 6bicTpbix H-nyueil Mo pasanunbiv
yraaMm 6’ Hé corsiacyercs ¢ TeOpHel, TO He coriacyercs ¢ Hefl H yrio-
BOE pacnpelieNieHHe a-Aydell, pacceHBaeMbiX MpPH CTOAKHOBEHHX. D10
paccesiitie, KOTOpoe HelB3Sl BBIMHCJNTb, NONB3YACh 3akoHom Kynona,
HA3KIBAIOT QHOMUAGHOLM DACCEAHUEM.

Anomanbnoe paccennue g-n1ydedl HaGAOAANOCH He TONBKO B BOAO-
pofie, HO M B requH. Ero MOXHO Gbuo Takke HaGliOAaTh, HCCHEAYS
APOXOMAeHHE TyUKa a-nydell Yepes TOHKYIO IMACTHHKY M3 alIOMHHHA
HaH MarHEs. [Ipd onpejilelerHyIX YIaX paccessHusl H CKOPOCTAX YHCIO
PACCESTHHBIX YacTHU NPeBHILAET BBIYHCJEHHOE, NPH APYIHX OHO HHME
BbIUHCACHHOTO. B cayuae Al OTHOIeHMe UHCNA G-vaCTHIl, paccel-
BaembiX B HANIpaB/IeHHK 6 = 135°, K TeOpeTHUECKH BHIBEAEHHOMY HHCHY
HX DPH MaJIoit CKOPOCTH a-iydell paBHO eANHHIE. ECHH CKOpoCTh yBe-
JIHYHBACTCS, ITO OTHOLIEHHE CTAHOBHTCS MEHblUE eIHHHUL M 3aTeM,
NpOfAs Uepes MHAHMYM, CHOBA BospacTaeT. Bo Beex cayuasx paccesi-
HHe CTAHOBHTCA HOPMANBHBIM, €C/H PACCTOAHME COMMKEHHS o-4acTHIb
C SAPOM ZI0CTATOYHO BeAHKO (a5 Al 3T0 paccrosinue CUNTAIOT PABHBLIM
npHOAH3HTEBHO 13-107% cx).

OGbsicHeHNe 5THM SBJCHHAM OKa3anoch HeOGXOAMMBIM HCKATh B
CTPYKTYype atomuoro siapa. Korja asa spa RAXOAATCS HA OYeHb OAn3-
KOM PAcCTOSHHU APYr OT APYra, TO HX B3auMOAEHCTBHE Kenbss yIo-
AOGASATE B3aHMOAERCTBHIO IBYX TOYEUHBIX 3apsIoB N0 3akoHy Kymona.

Y1o6bi onpeenuTh OTKJOHEHHE OT 3aKOHa KysoHa, MOXHO K
uAeHY, BLIPAKAIOIEMY BbITEKAIOIee U3 STOTO 3aKOHA B3AHMHOE OTTAJ-
KHBAHHE 3apAROB Ajep, AOGABUTH W/eH, YUHTHIBAIOWUI HX B3aUMHOE
TpUTSKEHHE, NPOSBJSIONeeCH NPH OYeHh MalbIX DPACCTOSRHAX F H
H3MeHsTiouleecss o0paTHO NPONOPLHOHANBHO ", TAe n > 2. CxogHas
dopmysa TONYYHTCA NpH IONYLIEHHH, ¥TO B KYJOHOBCKOM MEKTPH-
HeCKOM Tofle, o6pa3yeMoM o-YacTiiiell, SAPO MOMET MOJSPH30BATBCS
{(JdeGait n Tapametiep).
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TMonb3ysich METOAAMIH BOMHOBOM MeXaHHKH, TAKXKe MOKHO APHIATH
K 3aKOHY HOPMANBLHOTO PAcCeAHnst, MOKA coXpausercs sakon Kysoua
(MorT). CaeoBaTeNbHO, HYXHO NPEANIONOKHTb, UTO paclpefeenne
noTeHMaNa B ToNe, OKPYXKAIOUWEM #APO, OTKAOHAETCS OT 3TOrO 8a-
KOHA, WPHMeHHAs, HaNpHMep, NPEATOKeHHYIo [aMOBLIM MoOAenb As
NOTeHIHANbHONH (YHKIHH BOMH3H SAPA, MOXKHO OOBSACHATL TEOPETH-
gecku (§ 114 u 115) aHomanbHOe paccesiHHe.

TaknM 06pas’oM, B CJlyyae JETKHX aTOMOB @-4aCTHIA MOXET TpH-
GNmKATBCH K AAPY HAacTOAbKO, UTO pasMepbl H CTPYKTypa OGeHX
YACTHIL BAMAIOT HA XOf ABJEHUs. PaccTOSHUS CONHKEHHMS HMEIOT Mo-
panok 4-10-3 ca. HaoGopot, B ciyuae fiep Meau, cepeGpa H 30/10Ta
paccestHHe OCTAETCS HOPMANBHBIM MPH PacCTOSHHAX COMKEHHS, COOT-
BeTCTBeHHO pasHbiX 1,2-10712 cu, 2-10712 cx, 3,1-10712 cu, oTKyAa
cJleflyeT, uTO pasMepbl STHX s/ep AONKHBL GBITh HHKE STHX BEMHYHH.
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§ 82. HccnenoBanue f-nyuell MeTOEOM TOTJIOMIEHMS.
Koadmunent norsomenus. Ipynnu f-ayueii

f-nyun pajOAaKTHBHBIX BelleCTB TO CBOell MPUPONE OXHHAKOBHI
C KATOAHBbIMH JIYYaMH ¥ DPH TPOXOKAEHHH Uepe3 BEleCTBO HCMBITHI-
BAIOT Te e BANSHHS, UTO M 5TH nocieanne. CefoBaTeNbHO, HX Ro-

Treherzaeny

Pae. 117,

TNOUEHHE — sBJACHHe OUeHb crowkHoe. Of-
HAKO HMEeHNO BeTHYUNOIl o6uIero noTIoMenus,
onpefensieMoll, Kak B cyuae KaTOMHBIX Jy-
deff, nonbsoBaNnCh BHauane, uTOGbl Xapak-
TEPU30BATH f-UNyHeHHe PasNHYHbIX PaAHO-
AKTHBHBIX BeIECTB, M NONbL3YIOTCHA elle-
OBBISHO I PACMIOSHABAHHA STHX NOCAEAHHX,

HanGosee mnpoctoii uw  yyBcTBHTEABHBI
METOJ HCCGROBAHHA S-nyUell COCTORT B H3Me-
PeHHs HOHH3AIHOHHOTO TOKA, IPOHIBOAHMOrO
HMH B Kamepe, ¢ MpPHMEHeHHeM TOMIOMAL0-
IMX 3KPaHOB HAH Ge3 Hux. OObmxo 3T0
HaMepeHHe TNPOMSBOANTCS B BO3AYXe IpH
aTMOC(EPHOM JIABJEHHH NPH TMOMOUIM HOHH-
3AIHOHHONA KaMephbl, HasbiBaeMoll «kaMepoff
AN npoHuKamoux ayuelts, Jlys, wcxons-
ue OT HCTOYHHKA S, 00Pa30BaHHOTO POBHBIM
CROEM DAJIHOAKTHBHOTO BeleCTBA, MPOHH-
KaloT B 3Ty Kamepy P uepes BEIDe3 B ee CTEH-
Ke, 3aKpHITHI alOMHHHEBOHl NNacTHHKOR L
(puc. 117). Meway nCTOUHHKOM H Kamepoit
BBOJAT Morsowammue kpanbl £. Kamepy
MOXHO 3aMeHMTb SJEKTPOCKOMOM, B CTeHKe

KOTOPOTO CAGNAH BhIPe3, 3aKPLITHI claomoromaroeli S-Iyun niac-
TuHKON L. Ec/ill HCTOYHUK HCMYCKAET a-NyuH, TO TOAIUHHA NAACTHHKH
L pomkHa GbiTb JOCTATOMHON JYI MX TOJNHOTO HOTJIOUIGHHS.
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C TOYKH B3PeHHs MHTEHCHBHOCTH MPOHWKAJOWEr0 B KaMepy Haay-
4eus BHFONHO IIPHEIHKATS HCTOUHHK K KaMepe HacTOIbKO, HACKONBKO
370 NO3BOARET HEOOXOAUMOCTb COXPAKHTb MEXKNY HHMH MDOMEKYTOK
a5 BBefieHus 9xkpaHoB., Cle0BATeNbHO, NPOHMKAWILHE B Kamepy
Jyud OGLIYHO He NMAPANIENbHE], H HX HANDPABIEHHS HBMEHSIOTCA B LIH-
poKnx npenenax. IIpu6OPLL TAKOTO THIA, RO HE OOASATENBHO OAMHAKO-
BEIX PasMepoB, JAlOT HEMHOTO DaSHSIHECA KPHBBIC ROHH3ALMNH, YTO
0BLIYHO OGBACHACTCS PACCeAHUEM, KOTOPOe S-1yuy MOROOHO KATOLKHIM
Jy4am HCOHITHBAIOT NPH NPOXOMJEHHH uepes skpan (cm. § 16). Ilep-
BOHAUATBHO Napa/Ie/bHBLL NYUOK Jyuelf, NPOXOAS yepes BeMIECTBO,
6HCTPO pACCEHBACTCS W NPEBPAINAETCA B PAaCCesliioE HaMYdeHHe,
cocrosliee 13 Jyuedf, HAyWHX BO
BCEX HANPABIEHHSX, KaK B CTOPOHY  / w 7
HaUaIBHROTO HATPABACHAS MYUKA, TAK 1 15 IR
% B TPOTHEONOJOWKHYIO CTOPOHY.
OnicanHble 34eChb YCJOBHA H3Mepe- s L
HHSl COOTBETCTBYIOT ~NpPHOIHKEHHO 15
COCTOSIHHIO TIOJIHOTO PAaCCEsHRS. 5 b

O6wut  KoyPPUIHERT Ooroue- ,
BER g W MacCoBBil  Kosthpuuuent 1 [

0
TIOT/IOLUEHH 5t ﬂonpeﬂe.vmxorcn, KaK

ans KatogHelx ayued (M. § '16) na
COOTHOWEHHH

L
IT=le#w=1le ¢,

rae ] — HauanbHas HHTEHCHBHOCTD, l; () » el i
I — HHTeHCHBHOCTb, H3MEPEHHAs Tnnanat hpana 8w

uepes IKpaH TONMMHOM %, @ =  pye y15. Monowenne - i y-aysed

IJIOTHOCTh ROTVIQUIAOMIETO BEIECTBA,  TOHKOCTEHHOR AMIYJibl ¢ PajoHOM MEAHHMI
‘SKpanaMH.

m
. NOBEPXHOCTHAS Macca 3TOro

pemecrea. ToamuHa L, KOTOPYIO AOJKEH BMETb SKpaH, UTO0bl HHTER-
CHBHOCTb | YMEHBIIHAACh HATIOIOBHHY, ONPELEASIeTCs U3 COOTHOLICHUS
pL = In2 = 0,693, Ecam HCTOUHAK HCMYCKALT HE TONLKO B-, HO TaKKe
M y-NyuH, TO TPOUSBOAHMAS NOCNEARUMH HOHH3AUMA OTHOCHTENBHO
uepennka, Korza HamydyeHne yMeHpIIAeTCs 1O HeBOJIBIION YacTH ero
HauaNbROH BeAMYHHB, TPHCYTCTBHe p-Ayuell oOmapyxusaetcs no
OCTATOUHON MOMMBALMH, MPOUSBOMMMOl JyUAMH, SHAUHTENBHO Gonee
npoHAKaloluMH, deM p-nyuu (pue. 118). B 3T0M cayuae HYXHO
BBOAHTH TONPABKY, BHUMTAS W3 BEUYHHB HOKU3ALHOKHOTO TOKA,
HPOH3BOJHMOTO fS-Ty9aMH, SKCTPaNOIHPOBAHHYIO BENHUHHY HOHH33-
IWOHHOTO TOKA, TPOH3BOAHMOLO y-NyYaMH.

TIpk MOMOWHM TaKHX TpHOOPOB, Kak n3oGpaxentbii va puc. 117,
SEI0 HAlJIeHO, UTO f-H3JyueHHe MHOTHX PHOAKTHBHLIX BEIIECTS B
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IMPOKHX NpPeNesax HHTeHCHBHOCTH (NPHOMM3MTENBHO BANOTH 10
yMeHblleHHst 20 1%) noraoimaeTcs No RPOCTOMY NOKA3aTeNbHOMY 3a-
kony. TakoB cayuail obiuero moraowenus f-nydefi RaE B amoMinun
(w=45cn"% L;, = 16,9 cu?® 2~1). 3akoH norsomenus f-nyueit UX
B AJIOMHHRH CTRrA€TCS U3 ABYX NOKA3RTENbHBIX 33KOHOB C QUEHb paa-
JHYRBIMH KO3(XPUUHEHTAMH ty = 18 e~ 1 gy = 460 cu~ L. lokasano,
KpoMe Toro, uro f-uanyuende UX NeliCTBUTENBHO COCTOHY H3 ABYX
IpyNN Jyyeil paaiHYHOTO DPOHCXOMACHHS, MeHee HpOHMKaloulas M3
KOTOPBIX (ty = 460 cu~?) uenyckaeress UX,, a Gonee npouuxaiotias
(py =18 ex~!) — conposoxpaioium UX,; ero KOPOTKOKHBYIIHM
nponssoanbiM UX,. Takum o6pasoM, B YKa3aHHBIX CAyyadx NMPOCToe
PAANOAKTHBHO® BELECTBO HCIYCKAeT TONBKO OAHY rpynny p-nydeil,
XapaKTepu3yeMyio OJHHM Kos(uiHenToM mormoulenns. Jas apyrux
pemects (RaB, RaC) HyXHO IOUYCTHTH CYIIECTBOBAHWE ABYX HIH
Tpex TpYNn Ayuelf, KaxZas H3 KOTOpbIX 0GMafaeT oONpefe]eHHEIM
koaddrimentom noraomenns. IMoromaemble NO NOKA3aTENbHOMY 3a-
KOHY TPYNIIB f-Tydell XapaKTepH3YIOT HCUYCKAIOUHe HX PAZMOAKTHB-
Hble BEIIECTBA. B 5TOM ecTh H3BeCTHas aHAJOTHS C BO3MOKHOCTBIO XA~
PaKTePH30BaTh DA/IMOAKTHBHOE BUIECTBO MO NPOGery HCmyckaeMoH
HM TPYNUH ¢-nyyeil. OIHAKO 3Ta aHAJOTHA Jajieko He moaHa. Heif-
CTBHTENIBHO, @-Jyuy OJHOM TPYNNbl HMEIOT COBEPHICHHO OAHHAKOBYIO
HAYaJbHYIO CKOPOCTb, H MATHATHBMI CHEKTD @-M3JIYYEHHS COCTOMT H3
OpHOM MJH HecKOABKHX JuHuil. Hanpothe, §-nyun onHoli, onpenenen-
HOR MO MX NOKa3aTeNbHOMY NOTAOWEHHIO, TPYMME HE ORHOPOAHBI MO
cBoeit cKopocTd. B MarHHTHOM cneKTpe Kaxjofl rpynne S-nydefl coor-
BETCTBYeT He MHHHS, a MOAOCA H3BeCTHOro NpoTskenus (§ 83) co cpen-
Heil CKOPOCTBIO TeM Goabiliell, yeM MeHbllle Ko3hdUUHERT MONOWEHHS .

CoBpeMeHHO® COCTOSIHHE TeOPHH He TI03BONAET AaTh 0GBACHEHNE OKa-
3aTeIbHOMY BaKOHY TNOrAOMIEHHS €CTECTBHHBIX rpynn S-nyuedt. Bepo-
ATHO, OH IBASETCA PEIyNbTATOM P GAKTOPOB, IMIABHBIMH H3 KOTOPBIX
ABASIOTCS HAYAMBHOE pacipelieleHie CKOPOCTell W paccesiHue Jydeil.

B cnenyiolueit Tabnune npupeleHst KoXpOHIUHEHTE! MOTJOMIEHHS B
ANOMHHHH €CTECTBEHHBIX TPYMn f-nyueil paiHOAKTHBHBIX BewlecTs!):

oo ent ‘ woent \ oo o ‘ -
UX, 460 Ra 312 Pa 126 MTh1 ?
UX, 18 RaB 890;80; 13 Ac? MTh 2 0140 1020
UY okono 300 | Ra {C+C’) 50; 13 RAc 175 RaTh 420
RaD 5600 AcB 1000 ThB 153
RaE 45,5 Ac(C+CM) 29 | ThCHCD 21,6 14,4

1) OTH yHCTA COOTBETCTBYWT TaGaHlle PANHOAKTUBHHEX KOHCTAHT $a 1930 r.
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Orciola BHAHO, UTO f-HanyueHHe PAAHOAKTHBHEIX BEWIECTB COCTOMT
W3 PPYNI C OYeHb PA3NHUBON NPOHHKalOeli cocoSHoCTbI0. LHTeHCHB-
HOCTb HanGofee NOTJOWAEMbIX TPYNIN YMeHbUIAeTCs NPAKTHUYECKH A0
HysIsl A/I0MHHHEBLIM SKpaHoM ToaulnHofl B 0,1 ax, Toraa kak moa-
HOe ToriolleHde  HamGonee 20,
NPOHHKAIOUMX TIPYNN AOCTH- )
raercs Tonsko npu nomomn /| \
SKpaHOB TOMLMRON B He- 16
CKOJILKO -MHJTHMETPOB. AKTH-
HA# u MesoTopuit | npespa-
WaloTesl ¢ MCNYCKaHHeM sfep- 4 - Vi ¥
HOTO 37eKTPOHA, OAHAKO HX f- ke g
H3JyYeHHE O CHX NOp eue He g4
oGHApYkeHO (BEPOATHO, OHO

ot
OueHb JETKO MOTRomaeMor).

Ha puc. 119 nsofpaxenm 04 ke
KPHBbIE TOMOLICHHSA  HEKOTO- S
PhIX Tpymm f-ayueil  amioMH- [zogma
HHeM. 0 [ TR P TR

Jlenrapa oBHAPYIKHI, YTO AN A Tenicuna amesmon 8 sn

Pre. 119,

KATOAHBIX Jyyefl % Mano u3-

MEHSIeTCSl ¢ M3MeHeHHeM IIOTHOCTH g NORMOWAOUIero BeulecTsa. I1o
cnpaBeuBO U Aas f-nydeit. Ospnako Gomee TOYHOE HCCAEAOBAHHE

4 - o
nokaswBaet, uto £ spasercs BospacTaioleli ¢yHKUHell  ATOMHOTO
NOpsAKOBOTO UHcAa N. 3DTa (YHKUMS, NO-BHAHMOMY, HMeeT BHA

a + bN (Dypure), rae uien bN oCTaeTCs MeHbllle @ Jaxe

NpH_BBICOKHX 3HAueHHSAX N.
B COKHbIX BEleCTBAX MONEKYAApHLIL KOSQOHUIHEHT NOTIOUIeHHS
NPHOANMKEHHO ABAAETCA CYyMMOfi ATOMHbIX KOS(XPHUHEHTOB NOTWOLIe-

HHSA COCTABJSIOWMX 3TO BEIECTBO 3MEMEHTOB NO (])opMy.'le/l————

A
Z,M, L (M — monexynsipuuit Bec, A — aTombiil BeC, g —

n.'!omoc'rb), OnHako OTMEYEHE! OTKJIOHEHHA OT 3TOrO NpaBHAa ajiu-
TBHOCTH (DypHbe ® Tuiio).

Ha puc. 120 n3o6paskenst Kpupbie nornoulenus S-nyueil RaE B anto-
MHNHH H HEKOTOPHIX ApYruX Bemtectsax. Ecau no ocn abenyce oTkaa-
HbIBATh NMOBEPXHOCTHYIO IIOTHOCTB, a Mo ocd opiunat Ig [ (I — uu-
TEHCHBHOCTb M3/yueHHS, H3MepAeMas To HOHU3ALHH), TO NOyyaeMble

1) Kak Tenepb uspecTHo, S-nyyn Ac HMEIOT MakCHMaabHylo auepraio 0,04 Mss,
a peiiyuit MsThl — suepriio 0,063 Mos. (Ped.)
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KpHBbie MPAMOMHHENHE, 32 HCKIIOUEHHEM COOTBETCTBYIOWeH YCTAHOB-
JIEHUIO PEKHMA PACCERHHS HAYANBHOM WACTH, TAE HAKIOH WX GOblue.
Tlo HAKJOHY KPHBBIX MOMHO BEMHCIUTB K.

ONBITH ¢ Y3KUMH NYYKaMH S-Tyuelt, NMEIOUIHX OAHHAKOBYO HAYANb-
HYIO CKOPOCTh, NOKA3HIBAIOT, YTO MOTJIOMIEHHE TAKHX NYYKOB HE CelyeT
IOKa3aTeNbHOMY 3aKOHY M UTO B 3TOM Cltydae MOKHO HaGNIONaTh yBe-

3.0 — quveHne kodddunuenta Norao-
WEeHHS] ¢ TOMUHHOA IPOXOAH-
g/ Moro Jtyuamu csos. Crefosa-

TeIbHO, TIOKA3ATEIbHOR MOIIO-
IeHHe f-Aydefl HeNb3sd CUH-
TaTh MPUIHAKOM HX OAHOPOA-

Hocti (Bmibcon).
\ \ I\ s HeKoToprie aBTOpE! H3yuaTH
oz norniomenne  f-nyveff  myTem
10 = H3MEPEeHHs| He HOHH3AUMOHHO-
FO TOKa, a TOKa 3apsija, mepe-
‘ HocHMoro 3ThMH nyuami. O6a
| . MeTOla JAl0T AHANOTHYHbIE pe-
1 ‘.jwu Lepetoe 3YRBTATH, KOTAA paclioNnoKeHne
0 [ 97 SKPaHOB MO OTHOUIEHHIO K HC-
Puc. 120. TOUHWKY 1 NPHEMHHKY Jydedl

ORMHAKOBO.

[ponnkarolias cROCOGHOCTb ANEPHBIX B-ayvedl, HCMyCKaeMHX TPH
PAJIMOAKTHBHBIX TIPEBPANIEHHSIX, B OOLIEM BO3PACTACT ¢ NOCTOSHHOMN
pacmaja HCIyckarowero ux siementa. Tak f-ayun UX,, nepwor ko-
TOporo oxono 24 fueit, 06pasyioT B cBOefl COBOKYNHOCTH TPYURY JY-
yefl, 3HAUNTEJbHO MEHee NPOHHKAMILYIO, Yem rpynma nyueft, memy-
cKaeMbX ero TpousBofisiM UX,, MepHoj KOTOPOro NpHOAHU3HTENBHO
pageH | Mp. ORHAKO 3/1€Ch HEMB3A YCTAHOBHTD CTOIb TOYHOTO 3aKOHA,
KaK B clIy4ae HCNyCKaHHA e-aydel (3akon [efirepa—Harrona, § 70)Y).

w3

§ 83. MarmWTHOE W eKTPHYECKOE OTKAOHeHHs. OTHOMWeHWE efm W v.
MarnuTHbe CHEKTPH

B-7yuH OTKJAOHAIOTCS MATHUTHBIMU H 31€KTPHUECKHMYU TOMSMH YMe-
penHoil cuabl. Tlepsble HCCTEAOBAHUS STUX OTKJIOHEHHH GbUIH CASAAHMI
FuseneM, Mefiepom u lllefinnepom, Bexkepenem u [lopHoM. Bexke-

- e
pesb OOHAPYXHJ, YTO Y f-nyyell OTHOIIeHHe 3apsifa K wMacce o

HMeeT TOT e ROPSAAOK, UTO M Yy KaToAHbIX Jyyed. [TpuBomnm ommca-
HHEe OHOr0O W3 ero ONbITOB: KPYIHHKA S conu painA noMeuanachk B
CBHHIOBLIfl COCYAl, MOCTABNEHHEIN HA CBETOUYBCTBUTENbHBIH cnoft do-

1) lns f-u3nyuaoLHX PagHoH3oTonos CapiKeHT NPEMIONEA SMIHPHUECKYIO
bopryay A = E*maxc, KOTOPas MeHee TOMHO COOTBETCTBYET ATOMHLIM AaRHEIM. ( Ped.)
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TorpathuuecKofi NIACTHHKH, 3aBepHYTOl B UepHyio Gymary (puc. 121).
B MarauTHOM mojie, TePNeHAMKYNSPHOM K TWIOCKOCTH DHCYHKA, Ha-
npaB/ieHHbI! BBepX NYYOK NApaifefbHbIX f-nyueil OTKAOHAICH o,
onKcaB TMPHONKKEHHO NONYKPYrOBYW TPAaeKTOPHIO, Majan Ha mja-
ctuHKy P. Ha cHuMKe nonyuanmach mmMpokas paccesiHHas M0JOCa.
370 yKa3bIBAJO HA TO, YTO MYYOK COCTOHT H3 Aydefl, pasiMuHO OTKIO-
HSIOLAXCS B MATHUTHOM nONTe,
Korga nnacTHHKY 3axpbisand  §
PAasAHYHLIMM  TIOTMOWAIOUHME  \
aKkpaHami (6ymara, CTeKJIO, Me-
TajlIbl), PACCTOSHHE MY He-
TOYHHKOM H3JyUeHUs U Haua-
JOM TIONYY2eMOil Ha NJaCTHHKe
nOAOCH  YBEHUHBANIOCH —TeM
Gospllte, ueM Gonee MOrVIO-
waomuy Ghil 9kpan. CRENOBATENBHO, YeM MeHbIIEe B-YuH OTKJIO-
HAOTCA, T. €. deM GOabllle HX HAYANbHAA CKOPOCTDb, TeM MEHbLIe OHH
u noraowatorca. INonyueHnast Takum cnocoGoM ¢otorpadua ana Ha
puc. ! Ha oTAenbHOM JucTe XV. PHC. 2 Ha TOM e JHCTe H3oOpamaeT
pasfie/leHHe Jyuelf, HCIYCKAEMbIX PAfHEM, B MATHMTHOM Iioje, nep-
TIeHAMKY/SIPHOM K HAYallbHOMY HANDABAEHHIO Nydka (CHHMOK clenay
Ha NAACTHHKE, NapaienbHoll Myuky). OTKAOHeHHEIk PaCCesHHBIA Iy~
YOK COCTOMT M3 fS-Jyyel, HEOTKJIOHEHHH — H3 a- M p-nydeil (oTKNO-
HeHue a-ayueii B Mosle TAKOH CHIIBI HHYTOMNHO).

TlepBbié ONBITHI, LENbIO KOTOPHIX GBUIO HCCAEA0BATb H3MeHEHHe OT-

e
HOILIEHHS - C U3MEHCHHEM CKOPOCTH U, Sbinu nmponspefent Kaygma-

HOM, KOTopblﬁ NPUMEHSA AAfA 3TOTC METOA CKPEeWHBAKWUXCS MarHuT-
HOTO M 9JIEKTPHYeCKOro orknonenuit (§ 14 puc. 34). Herounukom sy-
vell CIyKHNA KPYTHHKA cOMM pafns. Kamaoh ckopoctu f-nyuedt coor-

e
BETCTBYeT ONpeZeieHHOe 3Hauerue e H onpefienenHas TOYka Ha pa-

JAHOrpaMMe, MOAYYeHHOH Ha QoTorpauueckoli nmacTHHKe Tpu naje-
HHH Ha Heée B BaKyyMeé OTKJOHEHHBIX .vlyqeﬁ. COBOKyl'IHOCTb 3THX TO-
yek ofpasyeT HenpephIBHYIO KPMBYIO, KOOPAHHATaMH KOTOPO#l B IJIO-
CKOCTH ITACTHHKH ABJASIOTCA MATHHTHOE H 3EKTPHUYECKOE QTKJOHE-
HHA Z U . CooTHOlLIeHHE MEXKRY E Y, BbIBelEHHOE H3 3Tl SKCTepH-
MeHTaJIbHOH KpHBOﬂ, TIOKA3bIBaeT, YTO C yBeNHUeHHeM CKOPOCTH OTHO-

e
LEHRE -~ YMEHBIIALTCR.

St pe3yabTaThl JAJAH MepBOe MOATBEPKAEHHE TEOPHH ob SJEKTPO-
MAFHUTHOM TIPOHCXOXJEHHH Macchl saexTpona m (§ 33). Muorue Tou-
Hble paﬁo'ru 3acTaBadAlT AONYCTHTDL, YTO COOTHOLIEHHE MEXAY /M H ﬂ

BEIpaxkaeTcst ypapHenueM JlopeHua—DidHwmTelina m =
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TAe /my ~— TOKOAIMAscH Macca'). 3Ta QOpMyJa AaeT BOZMOXKHOCTH
e
ONIPEACIHTD —- 1f ¥ NYTeM H3MePEHHS TOABKO MarHHTHOTO (H/TH TORBKO

SAEKTPHYECKOro) OTKAoHeHHsi. IlyeTh R 6yner paamyc Kpyroeoil
TPAEKTOPHH, OTHCBIBAEMOI AYUOM B MepNEeBAHKYNSPHOM K ero Hampae-
JEHHIO OHOPOIHOM MarHHTHOM Noye H. Hmeem

I — RH = e , HaM £ 1,76 « 107 an.-marh. en.
€ efT—p oy

U1o6bl H3MEPHTB R, NIOAb3YIOTCA TEMU e, Y€ OMHCAHHLIMH Bbillle
MeTOJlaMH, YTO U B cayvae a-nydefi (§ 69), Ho ¢ mpHMeHeHKeM 3HauH-
TeJIbHO Gonee C1a0Oro MarHHTHOrO NOJH, Tak, N0 METOAY MPSIMOro oT-
xJoHeHHs (puc. 97 u 98) nosyyaor B OXHOM U ToM e Npubope OAuHA-
KOBOE OTKJOHEhNe, ToJb3yACh B Ciiyuae a-iydell NONOHHA TNOJeM
oxono 10 000 z¢, a B cayuae f-nyueli co cropoctsio § = 0,9 — nozem
oxoso 100 ec.

Mero QoKyCHPOBaHHSA, KOTOPBIl COCTOMT B TOM, UTO f-3y4H 3a-
CTaBAAIOT OMHUCHIBATD B MATHHTHOM MOJ€ NONYKPYTOBYIO TPAGKTOPHIO,

Hacoe
/

N

s
B

Coomiotins
shpan

Prc, 122, § — HCTONHHK W3nywemns, D — Inapparma, P — fio-
TorpaguecKan nnactnika, E — TOACTMA cBHBUOBHE 3KpaH,
Saumaomih MMACTHAKY P OT y-ay4ed HCTOWHNKA .

BaeT BO3MOMXKHOCTb TIOYUHTb Go/bliee OTKAOHEHHE H JyUllle PasAenHTh
NyuH, HO TpeGyeT NpuMeHerHs Gosiee cuybroro moas. [lpuHumm me-
ToAa u3foxeH B § 69, cxeMa onbTa H3oOpaxeHa Ha puc. 99, a nputop
ua puc. 122. Tlpnmep; B = 0,9; RH == 3502, caenoBarensho, Ats
R =5 cu H paeno mpubansurensho 700 zc.

) Ukcnennbie 3HAYCHHS Aahpt B Tabauue 9 (npHAOKeHHe).
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UToGsl nadexaTh 3aMeLIeHUs H paccesHis nyyell, 9Tu onbIThl HYKHO
IIPOH3BOANTD B BhICOKOM Bakyyme, [Monyuaemmii Ha ororpaguueckoit
NNACTHHKE MacHumAbil cnexmp B-nyuell MOXET COCTOATb U3 HeMpephiB-
HOTO CMeKTPa H N3 OTAENBHBIX JHHHIA.

f-yacTHLA CO CKOPOCTBIO ® = fic 006.1aJaeT KWHETHYECKOI SHeprHedl

1

W =me? | —= 1| =¢eV,
Gali=a

riae V — sxeuBanentHbl NOTEHIHAM, COOTBETCTBYIOWIMA nNoTeuuany

HCIYCKAHHS XaToAHeIX Jydeil (§ 15).

B mpunoxennd Ne 9 nanni Bennuunnl R v V no sospacraomnm
3HAYeHHsSI™M f.

MarHuTHEIE CIIEKTpPHI f-nydeli Pas/HYHBIX PAAHOAKTHBHLIX BEIIECTR
CHJIbHO pasHfATCa Mexay cobofi. Tak, cnektp RaE cocTout us oaxod
HEMpepHIBHOH NOMOCH, CHEKTPH BemlecTB B # € aKTHBHBLIX OCAAKOB
COCTOAT 3 ABYX MOJIOC, HA KOTOPbie HAKAANBIBAIOTCH MHOTOUHC/ICHHbIE
CHABHBIE JIMHHH, CNEKTP Pajifl COCTOHT TOJbKO H3 Tpex Juuuil. Heko-
TOpble MATHHTHbIE CHNEKTPH H306paxeHbl Ha oTAenbHoM ancre XV.
TIpuBOANM COCTaBIEHHOE IO MHOTHM aBTOpaM') NPUGMHXKEHHOE ONHca-
HHE CINeKTPOB (IHEPTHSt B K36; TMponaBeneHne RH B zc - cu; HauGosee
HHTEHCHBHBIE JHHHH OTMeYeHbl 3Be3flouKoli; uepes W, obosHaueHa
HaHOOJbIlAs SHEPrUs H3BCTHHIX B HACTOsIIEE BpeMs AHHHIY).

UX, [logoca, npu 100 xae
3 auswn: RH 927 1028 1057
v o7 86,2 90,7
UX, Tonocsr mps 400 xss 1 1300 38
3 awnnn: RH 1037* 1508 1555
w 87,6 172 186

Ra 3 awumn: RH 1037 1508 1575
w 87,6 172 186
RaB Tomoca, mpocTHpasmomasncs 0T 06/aCTh Manux Sueprnil no 650 «se.
Boanee 30 aunntt: W, = 387,5 kse.
VinTeHCHBRBIE JHHIH:
RH 658 763 1400* 1666* 1762 1926* 2002 2242
W 36,7 488 150 204 224 260 277 333
RaC Tlonoca npocripatomancs 3a 3000 ksg. O6aacTb oveHb cnabuix nonoc
H MHAHA BHCOKOH CKOPOCTH
Bonee 60 mitnnii: Wiy = 2513 x38

1) Nlannw, Dagnc, O, Tau, Meiitep, Baek, Dcnuw, Hosawosh, T. Tpad u 1. L.

*) Hncno HabioZaeMblX JHHHE MOXKET YBENHUHBATBCH TPH YBENHUEHHH CHAB
HCTOUHHKA W3JYMEHHl H YCOBEpIIEHCTBOBAHWH NpHGOpa. PacXOMpewHe BesnuHH
IHEPTHH, JABaeMbIX DasHEIMH aBTOPAaMi, MOXeT gocturaTe 1%. Bu6op mpuso-
JAWMHX B TaliHUe JHHEN AO KEKOTOPOH CTENEHH NPOWSBOJEH, TAaK KaK OLEHKa
HHTEHCHBHOCTH JHKHI NoKa eule He TouHa. B TaGniue yxas3awH, B YaCTHOCTH,
JIHHHH, COOTBETCTBYIOMHE (OTOINEKTPOHRM, BHIGPACHIBAEMBIM BCIEACTBHE BHYTPeH-
Hero ofpailenns ¢ yposHa K OCHOBHHMN rpymnami y-nyuel (cu. § 93).
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RaD

RaE
Pa 12 nunnii:

RAc

AcX

B-NIYUH N1 X1V

YuteHcHBUBIE JHHHHD
RH 2962* 3252 4840 5253 5873* 6128 7063 8554
W 5l4 500 1027 1145 1323 1396 1667 2104
flosoca, npoctupaiomanca 20 40 xse. [Inte ankuit, A7 Tpex us
KOTOPEIX:
RH 600 714 738
v 20,9 43,3 46,1
Toroca, npoctwpaiomasncs ot 100 1o 1300 ras.
Wi = 318 K6,
HHTeHCHBHbIE JIMHUH:
RH 956 1595+ 1736 1985
W 753 190 220 275
Oxono 50 aunwit: W, = 280 ke,

Unrtencrpuole auinn:

RH 534 707,5¢ 732* 822 1201* 1306 1546 1634
W 246 42,5 454 56,7 1305 150 180 198

Oxono 20 anenii: Wi = 251 roe.
VINTeRCHERHE RHHI:

RH 733 816,5% 1265 132t  1502% 1880
w455 559 126 136 171 251

Ac (B+C+C") Tlonoca, npoetnpatowasncs 1o 1500 £36; 14 aunni: Wy = 737 ko

MTh2

RTh 6 sunni:

ThB

Th (C+C)

HnTencusibe THHUK:
RH 762  1942* 2153 2242 2245 3796
W 48,7 264 312 333 334 737

Novioca, npoctparomanca go 2050 xsg. O6racTb oueHb CAAGBX
nofoC 60ABLIOH CKOPOCTH

Bonee 30 aunnii: Wy = 1537 «se.

VInTeHCHBHBIE NHHHH:
RH 688* 700* 796 953 1170 1692 2317 4035
W 88,1 41,6 532 749 109 210 352 804
RH 806 827 891 911 988 1010
W 547 567 656 688 80,1 834
TMonoca, npoctupatomanca zo 300 kse, 20 munuft: Wy, = 296 xss.
Hrrencupunie AHHIH:
RH 1107 1386* 1691 1751* 1808
W 98,3 147,7 209 222 234

Tlonoca, npoctupasinasca 4o 2300 x2e. OBAACTH Ouelb CAABHX HONOC
Gombwol cKopocTh

Bonee 50 aum, Wy = 2620 x36.
Histencuskie aunny:

RH 537* 653* 1594 1657 2603 2887 10 000
w247 362 189 202 422 494 2531

Buiie 6bl10 yKa3aHO, YTO KPOME HENPEpbIBHOrO CheKTpa {[oaoc)
H OOBLIMHOTO JIMHEHHOrO CHeKTpa CYWECTBYIOT OGNACTH OYeHb CJadbix

JHHHE W

nonoc, ofHapy:xeHHse B crnekTpax RaC, Th (C4-C')

U MTh2, coOTBeTCTBYIOMINE SHEPTHAM, 3HAYHTENBHO NPEBBILAOMIIM
3HepruH HopmanbHoro cnektpa (Moeanosuy n Scnun). Yncno g-nyveit
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B 9TOfl 9ACTH CNIEKTpa, TO-BRAHMOMY, OYeHb Mano NO CPABHEHHMIO ¢
yHCAOM f-aydeil B ROpManbHO yactd cmexktpa. Ponb stux ayueit B
PaIHOAKTHBHBIX TMpPEBPALIEHHAX B HEKOTOPON Mepe HAaNOMHHAeT Pofb
JUTHHHONPOGEKHEIX a-nyueif.

B cnenyroutefi Tabnuue npupefest sentunns RE 1 W ans p-nyueit
€ HCKJTIOUHTENbHON SHeprredl.

RaC Th (C+C") MTh2
RH or 150002027000 18000; 400007  10000; 16 700; 21 000; 28 000
W or 4000m0 7600  4900; 11000°  2600; 4200; 5900; &000

3aMeTHM, YTO SHEPrHs S-yuell, HCIYCKAEMBIX S1eMEHTAMH, IPeBpa-
UIA1OMKEMUCS ¢ BhIOpacLBanneM a-tydell, pesennka. Ona edsa mpe-
BocXOAHT 300 xsg. p-myun c Gonpwoh sHepruell BmioTs o 3000 xae
Al HOPMAMbRBIX JYydell (H eile Go/blefl AR HCKNIOUHTbHBIX Ayueil)
NPHHAMIEKAT PAIHOAKTHBHEIM SJeMeHTaM, NPeBPAIAIOLKUMCH ¢ Heiry-
CKaHHeM SJEPHBIX 3JMEKTPOHOB.

BBuay CMOXKHOCTH MAarHHTHOTO cmexTpa B-nydeil ero crpoeHne
HeNb3si OOBACHHTD, PACCMATPHBASI €10 KaK CHeICTBIE TOABKO ORHOM
npuuunbt. PajnoakTnproe BelIECTBO, RPEBPAWANMIEEC ¢ WCTIYCKA-
HueM B-nyuell, He MOXeT OHTb XapaKTePH30BAHO OAHOPOAHOH rpynnol
Jyuefl ¢ onpefenennoll CkopocTblo. JIMHHU CNEKTPOB OOLIMHO MPHMH-
CLIBAIOT BTODHYHLIM f-yYaM, BO3GYIKIAeMHM B DAJHOAKTHBRBIX aTo-
Max MCITYCKAaeMEIMH TIPH HX IpeBpaliesku y-nyuamu (§ 93). dru f-nyun
BBUIETAIOT He U3 Afpa, a M3 OKPYMAOUMX NOCHeNHee SNEKTPOHHMX
enoes. CreflyeT nosaraTh, YTO HeNpepbiBHbL cnekTp obpasyeTcs nep-
BHUHBIMH fS-AyuaMH, HCTIyCKaeMbIMU SADAMH NPH f-pacnaje, T. e. uTO
HAuaIbnaf CKOPOCTb STHX Jyuell MOMET H3MEHHTECS B IIHPOKHX Npe-
Aenax.

§ 84. Hamepenue 3apsia ¥ ROAcCHeT S-vacTHll

TMepeHoc OTPHRATENBHOTO 3apsaa f-NyYaMi pajus Gbil HATASNHO
noKa3aH TIpH ToMOUM caefykomero npuGopa ([lbep n Mapus Kiopu):
JyHH, UCTTYCKAEMBIE COMBIO PAHA, NAJANH HA META/THYCCKHH S/1eKTPOZ,
3amMEHAB METAIHIECKON JKe MOKPHILKOH, COeHHEHHOMH ¢ 3eMieil.
OneKTPoj OB H3ONHPOBAH OT NMOKPHILKK TOMKHM ChoeM napaduua.
TosniiHa NOKPBUIKH U NAPAQHHOBOrO C/IOS Gbl1a HACTORLKO MATA, YTO
Goabuwas yacTh f-ryueli NPoHHKANA IO 31eKTPOAA, TOTAA KAK ¢-AYHH
MOr/IOMAANCh NOKPBIKOH. ITpucoesnieHHBIl K 3J€KTPOLY 3MIEKTPO-
MeTp OGHAPYIKHBAJI OTPHUATeNbHLIA 3apan. Ecan, naoSopor, coap pa-
Aus MOMelllaNach B METANHYECKHI SULHK, TIOKPHITEI cioeM napagnaa
H COGNHHEHHOM ¢ 3emMnell MeTaJJHYECKO! MOKPHIIKOi, TO BCASACTBHE
BbUIETA S-nyuell W3 SMHKa 3/1EKTPOMETP, COCAWHEHHBII ¢ SLLUKOM,
OGHAPYMHBAJ TIONOKHTENbHLIT 3apsA.

Henpepuipusit nepesoc otpunaTesbHOro SAeKTPHUECTB2 NPH HCHY-
CKaHHH f-AyYell MOXHO JEMOHCTPHPOBATh TPH TOMOILH CAEAYIOLEro
npubopa (CTperT): TOHKOCTEHHA§ SanasHHasA CTeKAfHHAS aMmnyaa ¢
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panueM (phc. 123a) yKpenasercs Ha H30NUPYIOUIEM KBAPLEBOM CTEPIKHE
BHYTPH CTEKASIHHOTO COCYAA, B KOTOPOM YCTaHOBJEH BLICOKHI BAKYYM.
312 amiyla 3apsKaeTcss NONOMMTENBHO, TAK KAK HCIYCKaeMble CO-
JiepxalluMcsl B Hell MpemapaToM S-1yum
TIPOXOAAT CKBO3b ee CTeHKH. Ecan K MeTan-
JiMuecKol OnpaBe amMmyabl MOABECHTb JIUC-
TOYKH SAEKTPOCKONA, TO HAKOATIOMUACH
3apsi 3acTaBAseT STH JHCTOYKH pAacxo-
JuTbes. KOCHYBIIHCh CORAMHERHON ¢ 3eM-
nefi METAJIHYECKOH KHOMKH B CTEHKE CO-
cyAa, JHCTOUKH Pa3psxKalorcs H Najalor.
VYnap, OHM CHOBA 3apsKaloTCs H TaK He-
TIPEPBIBRO ABHKYTCA Ty Aa H obpaTHo. Cxon-
HBIil ONKT MOMHO OCYIIECTBHTH, NOMENAs
amnyny R He BHYTpH COCyAa, a BHYTpH
BnaspHOH B cocyl TpySkm (pue. 123b).
Bruretaioinie us aMnyssl S-nyuM, npoias
CKBO3b CTEHKY TPYOKH, 3apsAKAIOT CHAGKEH-
Hbill JTACTOYKOM UHJAHHADHUECKHIl 3JeKT-
pon A, RoMetIeHHB BHYTPH 9BAKYHPOBAH-
HOTO COCYJA Ha H30JHpPYIOWeH MoAcTaBKe.
B stoM caydae sapag, sacrasasiowwii
JIHCTOYEK OTKJOHSTBCA, OTPHUATEIEH.

Hamepue nepeHocUMuIil f-yuamu Tok
3apsa M JONyCKasi, UYTO 3apsjf OLHONG
Jyua paBeH 3/IEMEHTADHOMY 3apsily, MOMHO ONPEAe]HTb YHCIO
HCITYCKaeMblX B €IHHHIY BpeMenH Jryueil. Takywe usaMepeHHs Ipous-
BOJHIHCE CJAEAYIOUIMM CNOcOGOM: HCTOYHHK Jaydell S nomeluancs
B TOHKOCTEHHYIO TPYOKY, CAYKHB-
WYI0 UEHTPANbHLIM 3/1eKTPOAOM BHY- Hacoe
TpH Kamepsl A, KoTopasi Guta coe-

E ucny- *Bamagen

AHHEHA C SNEKTPOMETPOM y
JKHAA BHEUIHKM 3JM€KTPOIOM (pic,
124). Ycranosus B Kamepe BhiCOKUEL — —— é

Pre. 123a. PHe. 123b.

BAKYYM, K3MEpsaH TOK, KOTOpHl £ -
NOYuAN SMEKTPOMETP, KOTAA BHYT- )
PeHHHUIt 5MeKTPOJL IOBOAHACH X0 NONIO-

HHUTEABHOTO AW  OTPHHATENGHOTO Puc. 124,

notennuaia V nepemenHoil Besu-

yiHbl, B BHICOKOM BAaKyyMe HOHH3AIMIO, TPOHIBOAUMYI B-1yuaMH,
MOXHO GbLIO NOUTH TOMHOCTBIO YCTPAHHTh, a-NYUH NOLJOLATHCD
cTexkamu TPYGKH, B KOTOPOil HAXOAMNOCH H3yualolliee BellecTso. Bee
e TOYHOCTb 3Toro cmocofa HAwe, YeM B ciyuae a-nyyefi (§ 71), Tak
Kak: 1) B npolecce, MOMHMO HCHYCKAEMEIX PAAHOAKTHBHBIM BELIECTBOM
B-nyuefl, yUacTBYIOT BTOpHHHBIE S-NYul, BHUIETAMOliNe H3 MeTasinte-
CKMX NOBEPXHOCTEN NMOA AEHCTBHEM MEPBHYHBIX f-Ayueft uaH conpo-
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BOXIAOWAX HX y-ayuell; 2) S-AyuH YaCTHYHO NOMIOUIAIOTCH M
PacceuBalOTCsl CTEHKAMH TPYOKH ® CAMHM DaAHOAKTHBHBIM Bellle-

CTBOM, €CJH TONBKO
TONIMHA €ro CofA He E
oyeHb MaJa.

Hns  onpenenexust
uncaa f-nyueii pasnay-
HEIX CKOpOCTeH B mar-
HHTHOM CHIeKTPe TOK
3apaja H3MEpHIT B &
MarsuTHoM mone. Jlas
3TOrO NONBIYIOTCH PH- Mook
60OpOM, CXOIHBIM C H30- ahyvenuR
OpaKeHHBIM Ha pPHC.
122, HO 2 HaHHOM Cay-
uae gororpaduIecKy
TINACTHHKY 3aMeHsoT
npremunkom apages, Puc. 125.
Kyla H TOCTYNaioT
B-nyun (puc. 125). Tlomyyaemslil NMPHEMHHKOM 3apsji COOTBETCTBYeT

| Hsonyposamneni
npuesk

7

mu
BCEM JlyuaM, ANs KOTOPHIX TpoH3Befene RH = = JIEXHT B Npele-

flax, onpeaejsieMblX pasmepami OTBePCTHA NpHEMHHKA. Hamensaa
N H, sacTaBasiioT BXOAMTHL B
TNpHEMHHK JY4H, NIpHHAAJE-
KalHe K nocnefoBaTenbHbiM
4acTsIM MArHKTHOTO CNEKTpRa.
[pn sTom Tpyaso TouHO
Y4eCTh IPOHHKAOWHE B IIPH-
E€MHHMK BTOPHYHBIE S-TYYH.

ﬂ-qacmuu TaK Xe, Kak H
A-YaCTHI bl MOXKHO NIOACHHTDI-
BaTb, H3MEPSAA NPH NOMOLLH
YCHIHBAIOHIHX NPHOOPOB HX
HOHH3HpYoUlee ﬂEﬁCTBHe,

Puc. 126 8 — uctowmuK aysct, b n A — muagpar | IPOHSBONHTL  STH H3Mepe-

i, € — caerauk, M —Toikan cliofaas Mactaika, HHSl TPYAHee, 4eM B cayuae
3aKPHBalONAA OTBepCTHe cuerinka, Pb — Toacras &
Conmioban maacana, sawpwalonipn ceerapk ot O-NYYEH, TAK Kak f-nyun

RIS L 5 Aot HOSK, OBAANAT  MeRbUeH | HOHM-
B cletdnx. 3HpYIOWed H B obueM Gob-

wieft TmponHKatowedl crnocoG-

HOCTBIO, YeM a-NyuH. CleoBaTeNbHO, B cygae f-nyueil nvMeercs Gonblie
TpHYKH AN owH6oK. [ToAcYHTBIBAS MPH NOMOIIM CYETYHKA C OCTPHEM
ANM C HHTBIO JyTH, 0Gpasyloulde MOCHeJOBATENbHEE YACTH MArHHT-
HOFO CTEKTPa, Y3HAIOT, KaK PACTIPEAeNRIOTCA B ITOM CTIeKTpe JYYH pas-

mzm._:():
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AMYHBIX CKopocTeft. CrefloBaTeIblO, B JAHHOM Chydae Takof MoAcYeT
Jnyyeit 3aMeHsieT H3MEepeHHe X 3apsaa. Cxema BpuGOpa H30Opakena Ha
puc. 126. TlonyvenHble KPHBbIE NOKAa3LIBAIOT COOTHOUIEHHE HEMPEpHIB-
Horo u JingeiiHoro cnektpor (Ysgsuk) (puc. 127).

| /
]

Ecau cueTYHKM HMEIOT BXOAHBIE H BBIXOAHBIE OKOWEYKH, 3aKPBIBAIO-
wpeca TOHKHMH SKPaHAMH, TO £-AYY C ROCTATOMHOH HAUANBHOA CKOpO-
CTBIO MOKET NOC/ENI0BATENLHO IPOHTH Yepes ABa IOMEIIEHHLIX Ha Onpejie-
JIEHHOM PACCTOAHHH APYT OT Apyra cyetynka. ITyTem ofHORpeMenHOf pern-
CTPAaUMK NPOXOAICHHIA AYYa B OBOUX CYETUHKAX MOMKHO KOHTPOIHPOBATH
ero HanpaBjeHHe. ITo — TaK Ha3bIBaeMblil «MeTol, coBNafenuit» (Bore).

TTpousBesenHbIe 0o ONUCAHHOMY 3/6Ch METONY NOACUETH f-nyueiiRaB,
RaC,RaE,ThB, ThC nokassiBarot, 4T0 YHCIO f-nyueil, HCHYCKAMBIX KadkK-
ABIM H3 STHX BeIeCTB, MA/JO PA3HATCH OT YHCJIA PACHABIIHXCS ATOMOB.

TeopeTHYeCKH MOMHO OXHAATh, YTO UpPH MPEBPALIEHHH OAHOTO
aToMa HCTyCKaeTcd OfMH sAepHbI 3/eKkTpo. Bulno, ofHakKo, Aoka-
3aHO TaKKe, YTO p-JIydH, HCIYCKaeMble AAPOM BCAe 3a ero f-npespa-
IUEHHEM, MOTYT BEIDBIBATh (JOTOSJEKTPOHBI H3 3MeKTPOHHBIX 0GOJ0YEK
TOro JKe sipa (BHyTpenHee oSpaiiennue). CrenoBaTeIbHO, YHCRO HENy-
CKaeMBIX PajMOAKTHBHBIM BEWIECTBOM f-nyvell MONET HPEBOCXOANTL
UHCMO DACTAAAIOUINXCS ATOMOB STOTO BEUIECTBA RAKE H B TOM CJIY-
yae, KOTJa K HHM He MPHMELIHBAIOTCS BTOPHUHBIE S-NYUH, HCMyCKae-
Mble aTOMaMH Apyrux Beiiects. Kosuuectso §-yacTuil, obpasyiomsxes
B pesy/ibTaTe BHyTDeHHero ofpalleHusi, He 3aBHCHT OT yfoTpebnde-
Moro Ans saGnofeHus nputopa. Jns RaB -4 RaC uncno stux ayuedt
paBHseTcss npuGnizuTenbHo 30% 9HCAA HCMYCKaeMblx MMM f-nyueit.

Meton Buabcona. [Tonyuensbva no metofly Buinbcona
dororpaduamMu TpaexTOphH f-ydell MOKHO MOJB3OBATHCHA ANA NOA-
CUeTa UMCJ2 YACTHL H A H3yyeHMs pachpelencHHs MX CKOpOCTed.
To Besmuune npodera, ecis OH He MPEBOCXOAMT HECKOJABKEX CaRTH-
METPOB, ‘MOXHO BHYHCIHTE CKOPOCTh 3/1eKTpoHOB. CKOpOCTH GHICTPHIX
HACTHI ONpeAeASOT NPH NOMOLUE MATHHTHOTO MONS, HANPABAEHHOTO
70 OCH KaMephl, U3Mepsifl paJuychl KPHBK3HE TPAeKTOPUA Ha cTepeo-
CKOMHUECKHX (OTOrpaPHAX MAH Ha CHEMKAX, CMleJaHHBIX B JIBYX Das-
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JMHUHBIX 10cKocTAX. TToab3ysich A0CTATOUHBIM YHCIOM coTOrpadrpo-
BAHHBIX TPAGKTOPHH, MOXKHO CTATHCTHYECKH KNaCCHMHIHPOBATH JMYYH
N0 HX CKODOCTAM H 3HEPTHSIM M TIOCTPOHTH KPHBHIE pacTIpefelenis,
TIONOGHEIE TeM, KOTOpBIe MOMYYatoT PaHee ONMHCAHHBLIMH METOAAMH.
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Phc. 128, HenpepniBHHe cReKTPH f-nyueft.

Ha otgensiom ancre XVI (puc. 1) JaH cHUMOK myuka B-nyueil
RaE, napanieibHOTO TIPH BXOZE B KaMepy H DaccesiHHOTO 3aTeM B
MATHHTHOM TosIe. DHeprun cpoTorpaguPOBAHRBIX AyHel NeKAT MEHAY
950 k96 (HaHMeHee OTKJIOHEHHbIE NYy4n) H 166 k3¢ (HauGosee OTKIOHEH-
HBIE JIYYH).

CTPYKTYPA HENPEPBBHOFO CHEKTPA Kpusbe pac-
npefieleHust f-ayuelt MO HX 3HEPrHH B HEMPEPHIBHBIX CIEKTPaX
HMMEIOT MAKCHMYM TIDH OTDEAENeHHOM 3HAVEHHH SHePTHH H TIo opMe
CXONHBI C KDHBBIMH BeposiTHOCTH. B ciiyyae RaB MaKcHMyM JeKHT
npu 170 ka6, B cnyuae RaC — npu 400 x36. Kpupnie pacnpefeneHus,
NoJyYeHHbie TyTeM H3MEPeHTis 3apsaja Jyueil, H3o0pasxeHsl Ha puc. 128
{TspHn).

I'paHHUBl HENPePLIBHLIX CHEKTPOB CO CTOPOHBI GOJIBIIHX CKOpOCTelt
JIOCTATOYHO TOYHO OMpeAesieHbl. HalifieHHble PasNHYHBIME MeToiaMu
3HAYEHUsl MaKCHMAJbHO SHEPIHH, BeJHUMHA KOTOPOH, MO-BHAHMOMY,
XapaKkTepHa JJsl SAEPHOrO B-H3NYYeHHA KaMJOro BeMlecTBa, GAHIKH
Apyr k Apyry. Tak Kak JHHHM OOBMHO PacloNiomeHs! B Npefenax He-
TIPEpBLIBHOIO CMEKTPa M MHKTEHCHBHOCTb WX OTHOCHTENBHO HEBEJIHKa,
TO BepXHUE FPaHHUbl HEMPEPHIBHBLIX CIEKTPOB MONHO ONPEXeNHTh HE
TOABKO MO (oTOrpaduAM MaTHHTHBIX CIEKTPOB H KPHBbM pacnpesene-

18 M. Keopk
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HHSl, HO H 10 KpaliHemy npoSery, H3MepeHHOMY TIO MEeTOLY HOHH3ALWH.
HaliienHble 1o HACTOSIEr0 BPeMeHH (MOKa ellie ¢ NPHOMHKeHHOH Tou-
HOCTBIO) Ipefiesibhble 3navenuss RH u W npuselienbl B ciienykomei Tag-
aune (RH ec-cm, W — B ko)1),

w v
130 AcB* 500
2 30¢ AcC”, 1500
650
3150
40
1300

Hauanenrte yacTH HenpepHBHEIX CIEKTPOB ONpeAEEHBI OYeHb He-
TOUHO BCIGACTBHE PASTHYHBIX OIIHGOK, BHI3LIBAEMBIX BTOPHUHBIMH SBAe-
HHAMH.

Tounoe ompefenene CTPYKTYPhl HEMPEPHIBHBIX CIEKTPOB HMEET
GONblIIOE 3HAYEHHE C TOUKH 3PEHH:A OGBACHEHHA STOTO A0 CHX NOp eille
TeopeTHUeCKH HesicHoro siBaeHust { §114).

§ 85. TMoTeps CKOPOCTH WPH TPOXCHAEHHH YePe3 BEUECTEO.
NpoGer. Hounsupytowasn cnocoGHocTe

YroBbl ONPeeNuTh, KaK H3MEHHIACh CKOPOCTD S-YaCTHIl Nocae Toro,
KaK OHYM NPOLLTH Yepe3 ¢J10fi KaKOro-1nGo BElecTBA, HCTOUHNK Jyyell
3AKPHIBAOT SKPAHOM, CAEMAHHBLIM U3 AAHHOTO BEIUECTBA, H HCCIEAYIOT
MATHKTHBI CREKTP Jydell, mpollefAlunX dYepes 3T0T skpaH. [loka toa-
LIMHA KPaHA HE DPEBOCXOAUT ONpejeeHROH BEAHUMHE!, JHHHK Mar-
HHTHOTO CMIEKTPA OCTAlOTCH DE3KHMH, PHYEM BCEACTBEE 3aMeANeHHS
ayueit NPH NPOXOKACHHUH UePes SKPaH OHH OTK/IOHAIOTCA CHIIbHEE, ueM
COOTBETCTBYIONIHE JTHHHA CNIEKTPa, 00Pa3yemMoro He NPOLIEAUIHMA ye-
pes 3kpaH Jyyamu. B 310M cayvae 3ameanenue f-nyueil MOXKHG C
H3BECTHO! TOUHOCTBIO H3MEPHTh NO MATHHTHBIM cmekTpaM. C yBems-
YeHHeM TOJIIHMHBEI SKPAHA JHHUH CIeKTpa Bee Gonee u Gofee pacTibl-
BAIOTCs, YKa3bipas ITHM Ha Bo3pacralolliee paccesnue aydeit. Besen-
CTBHE 3TOTO NPOJOJIKATL HAGMIOACHNE A0 TMOMHON MOTEPH CKOPOCTH
Henpas. OfWaKe ClleAyeT TpeanoaaraTh, YTO S-NY4H HMEIOT B Be-
uecTee «npober», aRaJOFHUHbIH NPoGery a-nyuelt, XOTA H MeHee TOUHO
onpepeneHHEIN .

Ure6bl onpeaenuTh npoder SKCNEPUMEHTANIBHO, HEKOTOPLIE aBTOPE
M3MepsNH HOHM3MpYoulge JeficTEHe OAHOPOAHLIX f-yuell, yBeswyn-
Basi TORUIMHY 9KDaHa [0 TeX IOP, NOKA HOHH3HPYIOmlee AefiCTBUe He
TpeKpallanoch NoARocTbio. Korma npofer me NpeBOCXOAMT HECKOJb-
KHX CaHTHMETPOB, €ro MOXKHO H3MEPHTb MO MeTofy BuiibcoHa.

Urofbl  ONpefie/iNTh HOHH3HPYIOULY!0 CNOCOGHOCTS  OAHOPONHOTO
nyuKka Jyuell, MPOM3BOAAT NOKCUET Jyuefl, coepmallmxcsa B TMydKe,

1) Mansmep, Capmwent, Jlexyan u ap. Uucna, OTMeueHHBIE 3BE3ROYKOH, H3-
BECTHE MeHee TOUHO, YeM OCTaslbHble.
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1 H3MEPAIOT TOK HACKIIEHAS, IPOUSBOAUMBIA MPH HX YACTHUYHOM [OTVIO-
IeHHH B HOHU3ALMOHHOR KaMepe Ha HEKOTODOM OTpeske mpobera.
MO3KHO TaKIKe HCTIONb30BATh NOACYET UEHTPOB KOHJRHCAUMH HA TPAGKTO-
puu B Kamepe Brnbcoua.

Bo BceX yKasaHHbIX OTHOUIHHSX MCCaefoBaHHe f-mydell sBasietcs
paclIHpeHHEM HCCIe0BaHHil, IPOHBBEACHHBIX Hajl KATOAHBIMH JYyUaMH,
Ha ofnacTb GoAbWHX cxopoctedl. Kak u B cAyuae KaTopueix aydei,
3aMelileHHe S-4acTHIl OTpefienfeTcs NPeHMYILECTBEHHO MACCOl Torno-
WIAOMEro COS SKpaHa, Kakopa Obl HH OblTa MPHPOAA MOCAERHETO, H
npoGer ¢ HOCTATOUHBIM MPHOMIKEHHEM BHIPAXKALTCs NPEASTbHON Belu-
uunoft 910l macen, CooTHOMIenHe MexAy NpoGerom R u CKOPOCTBIO
¥ MK 3KBHBRNEHTHRM foTeHuuanoM W, JMeiollee NPH yMepPEHHBIX
ckopoeTaiX dopmy R ~ vt u R ~ W2, c ypenuuednem W uamersercs,
n xorfia W nexut mexxy 1000 u 3000 xse (8 mexay 0,95 xo 0,99),
R craxoBuTCS NPHGIHIKEHHO NponopuacHaabibiM W. [1poer f-yactuu,
ana kotopeix W = 3000 xse, B anomuuuy goctiraer 1.6 efea?, 1. e
nputanantensHo 5,5 uxu. Orciopa, JonycKas, YTO NPH PaBHbIX Maccax
HOIVIOWAIOUIETO CIOS 3TH JYy4d IMOTA0MAI0TCH OJHHAKOBO, BBIUHCIAIOT,
YTO HX Npofer B BO3AYXE NPH HOPMANBHOM Aasnenrnu u 15° papeu
13 . 372 BeNUUHHA COTVIACYETCS C NPAMBIME HAGTIONCHUSMH, OOHAPY-
JKMBUIAMH B M3MYUEHHH PajuA f-Tyud, KOTOPhIe MOFYT OTKJIOHATBCS
MAaTHUTHBIM [O/IeM HA PACCTOSHHW HECKOABKKX METPOB OT HCTOMHHKA.

B cnepyromedt, cocTap/eHHOll 0 JaHHBIM Pa3HLIX aBTOPOB, Tabauile
YKa3anbl BHIP2MEHHHE Yepes MacCy NOLOUaollero cnos (efem®) Be-
nuupHe npodera G npu pasauunoll ckopoctn v = fe. Han xawporo
3Hauennsi f yKasaHbl Takxke sHeprus W B ksg u mpoGer R B BO3fyxe
ROPMaJbHOI NOTHOCTH B ca. BesencTsme HETOWROCTH onpemeneHus
npodera f-ayueir sHagenus G U R BecbMa NPHOAMKEHHD,
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Houusupyiomas cnocoSHocTh f-iyuell, Tak e Kax HONM3HPYIOWAS
CHOCOGHOCTb KATOJHBIX JyUell, YMEHBUIAETCS, KOTAA YBeAHYHBACTCS HX
cKOpocTh. OEHAKO OHA CTPEMHTCA HE K HYJAIO, & CKOPEe K HeKOTOpoMY
[OYTH MOCTOSHHOMY 3HaueHnio. B ciaepywluefl TtaGanne npuseieHst
UHCSIA ¥ HOHOB, OGPA3yeMbIX S-1y4oM Ha MPOTSKeHnH | cu myTH B BO3-

v
Ayxe (CKOpoCTh B = » sHepras W B xs). Uncno » orrocuTes k

18+
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HOHAM, 06PA30BABMIHMCH KAK B CHJTY TePBHYHOIN, TAK H B CHNY BTOpHY-
HOl wonnsauuu (§ 16).
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Hauéo.vlbmaﬂ AOHM3HPYIOWAS CNOCOGHOCT (¥ = 7700) coorser-
CTBYET SKEHBAfICHTHOMY NOTeHUKaNy okono 150 sa.

Kak u B cnyuae e-nyyeit, suepris, satpaunsaemas Ha oGpasoBatne
naphl HOHOB, paBHa NpEGAU3RTERbHO 35 96.

§ 86. Teopns mpoxoxaeHus S-nydedl uepes BEUECTBO

Teopnsi npoxoxzenns B-nydeil uepes BelleCTBO CBA3aHA C eme
GONbIIAMA TPYAHOCTSIMH, YeM B CIydae g-aydel, Tak Kak B 3TOM cay-
uae AMGDY3UA HIPAET 3HAUNTENBHO GOMBUIYRO poib. HeHCTBHTENBHO,
@-4acTHLA, NOCTENEHHO 3aMeANsiACL 6nar0}lapﬂ CTOJKHOBEHHAM C CO-
AePIKALIHMUCA B BEINECTBE SJEXTPORAMH, obbrHO COXpaHnsaer CBoe nep-
BOHayaJIbHOE HANpaBAeHHe IOYTH A0 CAMOTQ KOHLA NYTH. ﬁ-qacmua
NpH TaKHX CTOJKHOBEHHAX He TOJNBKO 3aMe/IfeTcs, HO Takxe H OT-
Kionsercs. Korja mapannenshbifi nyuok fi-nydyelt B Bakyyme nagaer
HOA TPAMBIM YIVIOM Ha oTorpadyecKkylo IIacTHRKY, TO nHa Hell no-
JYYAeTCs] Pe3KO OrPaHHYEHHOe YePHOE NATHO B cpopMe CeUeHHsl MydJKa.
Ecau e Ha TIYTH 3TOTO NYYKa HA HEKOTOPOM PACCTOSTHHY OT MMTACTHHKH
nomelaThk SKpaHo! ysunquaalomeﬁm TONMKHB, TO NATHO BCe Gonee
4 Gonee pacnablpaeTcsl d OUepTaHHA €ro CriaKuBaIca. Takne canmkn
ACHO [MOKa3biBaiOT, HACKONBKO 3HAYKTEJbHO pacCefHHe ﬁ-nyqeﬁ.

D10 paccestHyie f-myuell MOMKHO TAKXKe BHAETb HA CHHMKAX, MoJy-
YeHHBIX II0 METOAY mecoua, KOTOpbIE GblIH yXe ONnuCaHbi B IVaBe,
OTHOCAINEHCA K KaToAHbIM Jsiydam (§ 16). Ha TakuxX CHHMKaX MOXHO
Habn10JaTh NMOCTENEHHOE HCKPHBJEHHE TPAaeKTOpUE Jayuell B pesysb-
Tare psja HeGONBIIHX OTKJIOHeHlflﬁ, a TaKKe peskke H3THOBI HX HOOA
D.eﬁcnmem OTAENIBHBIX 3JIEKTPOHOB HAA fJep TpH OYeHb GAH3KOM
CTONKHOBeHKH. B mpesefrax Kamepbl BujbcoHa TPaekTOpHH GBICTPBIX
SJEKTPOHOB NPH OTCYTCTBHY NONS npﬂMOJlHHeﬁHbl, a B NepneHjnKyaap-
HOM K HX HAIpPaBAeHHIO MOJEe MPaBHABHO 3aKpYIJeHul (puc. | Ha or-
pensioM Jucre XVI B KOHIE KHHTH).

ﬂeﬁcmne, OKa3biBaeMOe BeUjeCTBOM Ha ﬂ--ﬂyq, 3aKToyaeTcs BO
BJHSHHA COAepHAUXCss B BILECTBE 3JEKTPOHOB H dAlep Ha 3NeK-
TPOHB NydKa.
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Paccmatpusasi npobnemy B3aHMOACHCTBHH JBYX 3apAMKEHHBIX ya-
CTUI C TOYKH 3PEHHA 3aKOHOB K/ACCHUECKON MeXaHHKH ¥ 3aKOHa
Kynouna, nonydaior ¢opMyasi, mnpHeefeHHbie B § 77. 3T dopMyast
NPHAOXKHMbBI K IEKTPOHAM B TOM CIYYae, KOIJA H3MEHEHHEM HX MacChl
€O CKODOCTBIO MOXHO fiperedpedb. Posib sifep CBOAHTCA K pacceH-
BaHHIO TYUKa. DHepIus, nepejiasaeman f-nyyamu sApaM, HHYTON-
Ha 10 CPaBHEHHIO ¢ 3Hepriell, nepeaabaemoil uM snextponam. Cnefo-
BATE/BHO, HMCHHO 31eKTPOHbl BLIBHIBAIOT 3aMelJIeHHe NYUKa, OXHO-
BPEMEHHO YYacTBYs B €ro pacCessHuH. IIDM CTONKHOBEHHH B-4acTHL
¢ JIEKTPOHOM, KOTOpbIi NpeinonaraeTcst HOKOSIMMMCH, [OCAEAHKI
DPHXORMT B JBHIKEHHE, U TPAGKTOPHM O0enX WACTHI TOCHRE CTOJKHO-
BEHHS 00pa3ylT BHAKY. [IpH CTOJKHOBEHHH B-4aCTHLEI C SAPOM
TPAeKTOpHsA Nydya AaeT H3THO. CTORKHOBEeHLsi, NPH KOTOPBIX OTKIO-
HEHHE p-YaCTHIEl BHIBEBAETCH JEHCTBHEM OJHOTO TONBKO SMEKTPOHA
HAH OJIHOTO TOJBKO $ApAa, HAa3LBAIOTICS, KaK H B Clydae a-niyuefi,
HCKJIIOUHTENbHBIME  CTOJNKHOBeHHAMH (npocmoe paccesuue). Ilocte-
NEHHOE HCKPHBIEHJE TPAEKTOPHH BBI3LIBACTCA HAKNAMBIBAIOMIHMHCH
OJIHOBPEMEHHBIMH  ACHCTBHAMY ONHBMENAIHX 3aPKEHHBIX UaCTHL
(caooxrioe paccesnue). TloTeps sHepTHH HA KAKOM-NHGO OTpesKe nyTH
CKJAApIBAETCHA H3 YaCTHUYHKLIX NOTEPb YHEPTHU HPH BCTPEUAX € INEKTPO-
HaMH.

Korza HyXHO YuuTHIBATH H3MEHEHHE MaCChl CO CKOPOCTBIO, TpUBe-
AeHAble B § 77 GOPMYJIBl CTOJKHOBEHHA ABYX YacTHIL GOJIee He MPHJIO-
KM

B s70M cityuae NpH CTONKHOBEHUHU S-4acCTHIB C AAPOM, KOTOPOE Npej-
HOATAETCs HEMOABIKHBIM H JeficTBYI0IMM Ha f-qacTHlly no 3akoHy Ky-
NOHa, 3TA YACTHIA OTKJOHAETCH CHAbHEe, ueM OHa OTKAOHsach 6bi,
ecan 6bl ee mMacca Gbia nocTostrHoll. PopMa onucbBaemoil €l OpSHTH
U3MEHSIETCS, U OHA MOXKET HECKONLKO Pa3 OGONTH KPYroM aapa, Ipex-
Je YeM YAANHMTCA OT Herol).

Vron Buaxu, o6pasylomelics NpH CTONKHOBEHHN S-YacTHIL C M€K~
TPOHOM, He 0Os3aTeabHO NpsMoil.ITyCTb 8 — CKOPOCTh YACTHI A0 CTOIK-
HOBeHHsI, B’ U '’ — CKOPOCTH 0GONX SNEKTPOHOB IOCHE CTONKHOBEHHS,
8’ 1 0 — yrapl KOHeYHBLIX TPAEKTOPHUfl ¢ HAUANBHEIM HAIDABJECHHEM
nyya, V3 3aKOHOB COXPAHEHH S HMNYAbCA H SHEPTHH BHIBOAAT, TIOMONHB

¥ =m H MPOH3BEAS COKpALIeHHe OOIUMX MHOMKHTeNel, Cefyl-

He YpaBHeHHs:

By =B'y' cos b’ + p"y" cos 0",
0=p'y sinf'— g"y" sin 0",
y=y+y"—I,

2‘2)4CM. «Radiations from radioactive subsiances», Rutherford, Chadwick, Ellis,
p- 224,
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KOTOpnie [T BO3MOKHOCTH ONPeJeJHTh HenspecTawie B, B'', 07,
8'' B GYHKUHH OHOTO U3 HUX H f. Pacuer NoKashBaer, 4T0 yrosl BHAKH
¢ =8 4 §" ocraercs NPSIMEIM B TOM Cyuae, KOTAA CKOPOCTh OJHONO
M3 SMEKTPOHOB TIOC/e CTONKHOBEHMS Maja, HO 4TO 3TOT yroa Gyaer
OCTPbIM, KOTAd CKOPOCTH OCOMX 3IEKTPOHOB NOC/AE CTONKHOBEHHS
Onuski. Mexny yraamu 8’ m 6’ cylecTBvet cooTHOUIeHHE

g 2
tg 0 tg B" = i
HanmeHbllee 3HAYEHHE ¥ HMEET B CYH4E CUMMETPHYHOTO CTOJKHO-
BEHNSR, NMPH KOTOpoM 6’ = 8" = g . Torza
tg2 ¥ o 2 _
2 oyl

Ora peauuuna crpemutes k 1, Korsa § ctpemures K O (y = 90°).
Ona crpemuresi k 0, korfia B crpemurces K | (p = 0).

Mertoa BuibcOHA MOATBEPHKAZET 3TH Npeinosoxenus, Puc. 2 Ha
oTAenbHOM nicte X VI n306paxaeT NOYTH CHMMETPHYHOE CTOJIKHOBEHHE
3neKTpoHoB (B = 0,968; B’ = 0,93, " = 0,91; » = 60°) (®. Ko-
10). CKOPOCTH BHIYHCAEHbl MO HCKPHBJAGHHIO TDPAGKTOPMEl B MarHHT-
HoM note. Puc. 3 Ha ToM ke qincre (B KOHHE KHUTH) H300DakaeT CTOA-
KHOBEHHE OTHOCHTENIBHO ME/UIEHHBIX 3MeKTpoHoB (p = %0°)

He cymecTByeT HHKAKOTrO CHocofa GTIHYHTH NOCTE CTOJNKHOBEHHS
S/IEKTPOH, KOTOPHI 210 CTONKHOBEHUS! ABATANCSA, OT TOTO, KOTOPHI Lo
3TOro Gbil B IMOKOE.

KonuuecTsa ABHIKEHHA W SHEPTHH JO M NOLAE CTOMKHOBeHUSA BYAYT

p=mefy, p=mefy  p'=mepy";
Wem?y—1), W=me(—1), W=m?@—1).

Meskay 3THMH BelTHMHHAMM CYWECTBYIOT CJIEAyIOMmHe COOTHOWIeHH !

o 2cos 8’

o " ysintd’
P 2c0s8”
p 1-+cos?0” +ysin®g”’

W

W~ 1+ cos*@ +ysin® 6
W 2c0s®f”
W T Tcos?o"{psinZé"’

J
2cos? 6’ l
|
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KOTOphIE TIpH ¥ I ceoparcs K QopMy/naMm A DOCTOSTHHOH MACCHI
l'Ipn OAHHAKOBOM YTJ/€ BbleaCblBaHl/lﬂ liepelaua SHepruu 6yﬂe‘r MEHb-
e B TOM CJyvyae, KOrja yuHTbIBaeTCsl H3MEHEHHE MACChl CO CKOPOCTbIO.
Beaununny yrna ¢ MOKHO BEIPA3HTb B (DYHKLHAH TONBKO KONHUECTB
JABHKEHHSI HJIH TOJABbKO KHHETHUYECKHX SHGPI‘Mﬁ CIEAYIOMKEMH ypaBlie-
HHUAMH:
Pr=pt+pt+ 2p' p'cosy,

1

]/(1+ B 1 2t
W w
TeopHsi saMefneHHst f-myyeil, ocHOBaHHe KoTopoil monomeno Bo-

POM, CXOLHa ¢ TeopHell zaMeANeHHs a-Nydell, 3a HCKIIOUEHHEM TOTO, YTO

B caydae f-nyduell HY)XHO YUHTHIBATb PeNATHBUCTCKYIO NMONMPABKY, MH-

clieHHas BeJUYHHA KOTOPOH, BOpoueM, HesnaunTtesnbua. JIpyroe pas-

JIHYHE COCTOHT B TOM, YTO 3/1eCh BHIVHCIISIOT He CPEAHI00, H HanGonee

BEpPOATHYIO BEMUYHHY NePefiain SHePrHH, KOTopas OTAHYACTCA OT CPel-

Heil BeMHUHHBI BCISACTBHE BO3MOXKHOCTH GONBIINX NOTEPh SHEPTHH NPK

CTOJIKHOBEHUSIX, COOTBETCTBYIOUIHX Ma/biM BeIUHHAM napamerpa b.

Kax u B cnyuae a-nyuelf, npobaeMa, paspaGoTaHHas cHayana MeTo-

JamMu KaaccHYecKol guanku, Gblia 3atem YLAyGieHa MpH NOMOUIM BOJ-

HoBo#l mexauukn (DBete, Monnep). Teopuio samepnenus f-nyuefl we

yAaeTCsl CAMYATH ¢ OMBITOM TaK TOYHO, KAK TeOPHIO 3aMeINeHHs a-

Jyueit.

CorsacHO TEOPHH MEXIY CKOPOCTHIO B W rnpoussefieHnem RH

JOMKHO CYIIECTEORATL CAEAYIONISe NPHONMIKEHHOR COOTHOLIEHHE:

PRl

cosp =

= const,

rae 4 (RH) — yMeubluenue npousseserus RH TNpH NPOXOXAeHHH
Ay4aMB MacChl Ha eIMHHLY TOBEPXHOCTII ROMowalomero caoa 4.

A (RH
Tounee f* % NGIKHO MEJNEHHO YBEJIHUMBATBCS C YBeIHUEHUEM

B, uT0, MO-BHAHMOMY, COTJAACYETCS C OMNBITOM.
Hnas mpodera f-nyueii G, BHIUHCAAEMOTO N0 NIPeAeIbHON Macce Mo-
roWaKllere ciost, BopoM Npenoxena ciepywoliag gopMyaa:

G= 3(1/14192 + Vl—ﬂﬁﬁz) ,

e S — KOoS(PHLHERT, MEATEHHO YMEHBIAIOWUACH IpH YBeAHUCHHN .
TIpoSery, onpeensieMble NO MpeAeNY HORKIALHH, UBMEHSIOTCA B COOT-
BETCTBHH C YKA3AHHBIMH Bhbillle TEOPETHUECKHMH COOODANEHHAMHU, OCTa~
Basich 110 a0COMIOTHON BeqHUHHE HIKe YHCEN, BHIBEICHHBIX H3 OMNLITOB
¢ 3aMeVIEHHEM.
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Tak Kak YHCIO BHELIHHX 3JEKTPOHOB y #APA Ha eAHHHLY MACChl
NIOBOrO BEIECTBA OCTAETCS MOYTH NMOCTOSIHHBIM H DNPOYHOCTb HX CBS3H
HMeer TeM MeHbllee 3HaueHne, 4eM GoJblle CKOPOCTh YacTHUBY, TO
AnA f-nyyeil (MM KaTOAHBIX Jydeit) AoCTATOUHOH CKOpOCTH (IpHMepPHO
$ > 0,3) pasHble MacCH TOTMOWIAIOLIHX CJOEE DA3/MHUMBIX BEMIECTB
NPHOMHIKEHHO SKBHBANEHTHBl C TOMKH 3DEHHS YMEHBUICHHS CKOPOCTH
¢
10°
JKeHHbIH yepes Maccy HOIVIOMAMIIErO C0Si, BO3PAcTaeT ¢ ATOMHBIM
BECOM TOrJoLAoero Bemecrsa (§ 68), Tak kak NpoYHO CBA3AHHbIE
3JIEKTPOHb YHaCTBYIOT B TOIOUIEHHH MeHblle, UeM 3JeKTPOHbI ¢ 60-
nee cnaGoli cpasbio. HexoTopbie apTophl yKasbisaloT, 4TO NooGHOE,
HO 3HAYHTENBHO GoNee cnaboe BO3pacTaHue NPoGera ¢ ATOMHEIM BECOM
HaBnofaeTcs U B cayuae f-nyuei.

Houusnpyiouiasn €nocoGHoCTb f-nyueft BIBOANTCS H3 TeX e Teope-
THYECKHX COOGPAXKeHHH, UTO H HOHHSHPYIOUIAs CNOCOGHOCTD a-Tyuei.
Ecnu npene6pedb H3MEHEHHEM MAacchl /11 SMEKTPOHA CO CKOPOCTBIO, TO
Al NePBHYHON HOMHM3ANMH COTVIACHO KJACCHUECKOH TEOPHH HAXORAT

(em. § 77)
2anet 1 2
mo? Eni(W,_W)'

VI3 310l hOpMYNBI CAEAYeT, UTO HOKHIUPYIOWAs CIOCOBHOCTD HMeeT
MaKCHMYM, a 3aTeM, KOrja 3Hepruf HOHH3AUHH CTAHOBHTCA Maaa Mo
cpaBHeHHIO ¢ 3Heprueil f-nyva, T. e. B cAyuae S-nyueit ¢ 3Hepruei
B HECKONIBKO THICSY BOJBLT M GOjtee, OHA H3MEHseTCs 00paTHO NMporop-
uROHaNbHO v2, TOT ke TeOpeTHUeCKHH De3yJbTaT MOAYuaeTcs, eCiH
JOTIONHHTH GOpMYAY TaK, UTOGH! €10 yYHTBIBAJACh H BTOPHYHAS HOHH3A-
uus. [To Bopy, nonpapka, BHTeKaiouias U3 H3MEHeHHs Macchl cO CKOPO-
CTbIO, He3HAUHTENbHA . OMLIT NOATBEPIKAACT NPUHOAHIKEHHOE IOCTOSHCTBO
npoussefenns f2-Q (Q — nonHas woHH3HPYIOWaEs cnocobHocTe) (§ 77)
# MOPAOK TEOPETHUECKH BBIBEACHHBIX 3HAUCHHH Q, TOYHO OMpeAenaTh
KOTOpbIe TEOpHSl €llle He B COCTORHHH.

H mpobera. CKOpocTh g-nyuefi He JOCTHIAeT -~ , W WX Npober, BHpa-

§ 87. Jlyun oTpaun

SlBrende oTAAYH, CONpOBOKAAIONIEE HCTycKaHue S-nyuedl, ropasio
TpyAHee TIOAAAETCS OOHADYMEHHIO, YeM TO e SBJeHHe B Cyyae a-ny-
ueil (§ 76), Tak KaK KOJHYECTBO JABIXKEHMS N SHeprus f-ayuyedl o6b4HO
MHOTO MeHble KOJHUeCTBA ABMIMKEHHS M SHePruH q-vactull. JleHcTBH-
TebHO, MBI yKe BHRenH, yto atoM RaB, BniSpaceiBaembtil BeaelcTBHE
OTAAUH TNpH a-pactiafie RaA, HMeeT HAYafAbHYIO CKOPOCTh WOPSAKA
3107 cujcex, RaB, npespamanck B RaC, nenyckaer ofpasyiolne 06-
WHPHLIH MATHHTHBIH CreKkTp f-nyud, HaHGOMBINAA CKOPOCTB KOTOPBIX
paBHa npHOAu3HTEABHO 0,9 ckopocTH ceeTa. Ho game Ans sTuX HaR-
Gosiee GRICTPHIX AyYell CKOPOCTb ¥ BHIOPACHIBAEMBIX BCJASACTBHE OT-
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paun atomoB RaC eapa npesbnuaer 10 cmfcex, Kak 370 creflyer Hs
33KOMA COXPAHEHHS KOMMYECTBA JBHMKEHHs:

mpe
Vi—p
Tie m — NOKOALIAsics Macca 3JIeKTPOBa, ¢ — CKoPocTb cieta, M —
aromuenit Bec RaC, papueii 214, Ouesngno, 910 GonblIas 4acTs BHOPa-
CBIBAEMBIX B CHY OTAAYH ATOMOB HMeeT HaualbHYIo CKOPOCTb MOpsiiKa
CKOPOCTH TEILIOBOrO JBHKEHKS HIH JMWb HEMHOTO NPEBBILAOILYI0
nocaenuioio. CiefoBaTe/blio, WX NMpoGeTH BO BCeX YCAOBUAX, KPoMe
CAyYash pAspeXEHHBIX Iasop, Kpaline Mansl.

TiaTeNbHO BLITOIHEHKbE B BAKYYME ONBITEL [afH BO3MONHOCTH
obHapyxHTh shi6pacbiBanue RaC upn npeepawenun RaB u phiGpa-
chiBanve ThC npu mpespamenus ThB (Beprenwreiin, Myckar, [Ho-
nati, Puaunn u Ap.). Ilpy 3Tom yaaBamoce coGupath He BCe ATOMEL,
KOTOpble JONKHbI BBIGPACHBATLCS B HATPABJEHHH OT NOACTABKH, @
TONBKO yacTh UX. BhxoX (HECKONBKO NPOLEHTOB) 3aBHCHT OT YCAOBHA
onbita, OH YBENHIUBAETCSH, KOCAA B KauecTBe HCTOYHHKA Jydell MmOMb-
3YI0TCH GECKOHEUHO TOHKHM CJI0EM AKTHBHOTO BEUIECTBA, 0CAMAEHHOrO
Ha NOJHPOBAHHON MOBEPXHOCTH, I IGCTHHA, CAYKAWAS ANs COBHpa-
HUS BHIOpAacHiBaeMbIX aTOMOB, MOLAEPAMBACTCS NPH HUSKOH TeMme-
paTtype.

Ocobuiii HHTepeC MPEACTABAAIOT HCCIEAOBAHHS HAX BHGpackiBanueM RaC’ npi
npespamenyn RaC, Npokssenenssie SIKOGCEHOM LN ODPENEACNKA MOCTONKAOR

npespawenus RaC’. Ecnn napanzeanebii nysox atomos RaC’ pw6pachiBaetcs
HCTOUHHKOM § TO Hampabienyo Sx, 70 wucno atomop RaC’, pacnajalomuxecs ka

Mo

oTpeaxe dx ST0F0 Ny9Ka KA PACCTONHA X OT HCTOUNHKA, NPONOPUHOHANLHO &
THE U — CKOPOCTs OTAAYH. COCUUTAB GIiCIO CHHNTHINALNT, BHIBIBAEMEIX a- ny'-xamu
RaC’, nenyckaeMblMH Ha TIOCACAOBATENBHHX OTPE3KAX STOLO NYUKA NOA MPAMBIM
YEAOM K HeMy, N OPHHSAB IR U HAHGOKee BEPOATHYIO BEANYHHY CKOPOCTH OTZAuH,
onpenensior 4 (SxoSeer, BapTon, JKoano). S10T Meton faeT anA neproga RaC’,
BeHuNNY Topsaka 3-107% cek., nepuog ke ThC’ BciencTBHe €ro CAANIKOM MAJON
TIPONIOMKATENbHOCTH, TaKHM oﬁpaaom onpefennTh He yiaercs'). Onnako sTOT
MeTOJ BH3BIBAT BO3PANCEHNE BCARACTBHE TOTO, YTO CKOPOCTh BMOPACHIBACMBIX 2TO-
MOB HMeET TIOPALOK CKOPOCTH TEILIOBOTO ABHIKERHS.

§ 88. KoauwuecTBeHHOe H3MepeHWe DPaJHOAKTHBHBIX BEIECTB
no f-usaydensio

Tak kak B-nyun oObHO He MNOIJIOMAIOTCA NONHOCTBIO B BO3XYyXe
KaMeph!, TO Pe3y/NbTaT H3MEPeHHs 3aBHCHT OT (POPMBI H PA3MepOB Ka-
MEPB H OT NOJOKEHKS, KOTOPOE 3aHMMAET HCTOUHHK M3JYYeHHA fO OT-

%) TMepuozsl nonypacriasa RaC’ i ThC’ onpeaenersl NpsbiM NYTeM ¢ HCTOAb-
30BAHHEM CUETYHKOB C BPEMEHHOR 3ATHKKOH H OKA3aAUCh PABHBIMM:

TRaC = 1,64:107 cex.; TThe! = 2,9:1077 cex.  (Ped.)
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HOWIEHHIO K KaMepe BHYTPH UM BHe ee. Ualle BCero WCTOUHHK NOMe-
IIAETCS BHE KaMephl Ha OOMBIUEM MW MeHbIIeM DACCTOSHHH OT Hee,
H B STOM CyYae AAS H3MEDEHHs yNoTpeGAsioT MpHOOpP, NOAoOHHI
usobpaxkeHHoMy Ha pHc. 117. B oTHomeHME Tornouwenus f-nyueil
B CJI0E HMCOYCKAIIIEr0 WX BEIIECTBA OCTAETCH CPABEANHBEIM CKA-
3aHHOE 1O BOMPOCY ONPEASNEHHS DAAHOAKTHBHBIX BelECTB no
a-H3IyuenH1o (§ 74), o BHITEKAOILHE OTCIONA OUIMOKH MO Mepe yBesH-
YeHHS TMPORHMKAlOWEl CrocoGHOCTH Ayvell YMEHBIIAIOTCA, H HX MOMHO
YY€CTb NpH TOMOULE COOTBETCTBYIOWIUX NonpaBok. Ecan caoft akrne-
HOTO BelllecTBA OueHb TOHOK, TO OTpaxcalollecs OT MOACTABKH JydH
MOTYT DPOHHKATb B KaMmepy. Bemnunna storo adipekra saBucHT oT
TIPMPOABL NOACTABKH. MBI JlaeM 3/eCh HECKOJIBKO NPHMEPOB KOMHUECT-
BEHHOTO OMpEJleNeHHs PAJHOAKTHBHBIX BellleCTB NO S-H3NYUEHHIO.

Veaun X. Moxwo cpaBHHBaTb KovueHTpauud UX B ofHOM
na coennnennfi U, uaMepss HOHH3ALHOHRWIH TOK, NMPOH3BOAMMBEIEI B
HOHH3ALHOHHOM Kamepe (puc. 117) mpenmapatam# 3TOro COEAMMEHHS,
NOMeIAeMBEIMH HA ONpEJeNeHHOM PAcCTOAHKH oT Kameprl, Ilpenaparer,
COCTOALINE M3 ONPENeJNEHHOTO COSNIMHENUS YDaHa, HAHOCATCA B paB-
HBIX KOJIHYECTBAX HA NOBEPXHOCTH OAMHAKOBBIX MOACTABOK. AmoMH-
HHEBBIll 9KPaH, CKBO3L KOTOPBIH JIyyn NPOHHKAIOT B Kamepy, HMeeT
BCerja OAMHAKOBYK TomugiHy. Ecnm mpemapat copepxxnt U n UX
B PaBHOBECHEIX KOAHYECTBAX, TO MO KoiHuecTBY U MOKHO BBIMHC/IHTB
KosnyectBo UX B aTomax U B rpaMMmax. CJ'Ie}lOBaTeJIbHO, fyTeM cpaB-
HEHHsi C TAKHM MpPeNapaToM MOXHO ONpelenkTb KouueHTpaumwo UX
B Npenapatax, COAEPXKALMX He PABHOBECHHIE [O OTHoWeHuio K U ko-
nwvdectBa UX nmpu ycaoBun, uTo BeuiectBa, cocrasiswoimue UX, Ha-
XOIATC MeXAY co00fl B HOPMAABHOM COOTHOLUCHHH.

Pagun D u panumn E. Konnentpanun RaE B coemune-
HHSIX PaJHOAKTHBHOTO CBUHUA MOXKHO CDABHHBATh, H3MEPAs f-U3nyue-
HHE TIPH Tex ke YCNOBHAX, YTO M B NPeUIeCTBYiOmeM ciyyae. Ecau
RaE naxonutes B papHoBecHH ¢ RaD, To TaxnM cnoco6oM ompefensiior
M OTHOCHTENbHOE KonHuecTBo RaD. Ecnu papuoBecue ¢ NOJOHHEM
TaKKe YCTAHOBHJOCH, TO MOMHO W3BJIEUDb MOJOHHH H, ORPEASNHB ero
KOJIHUECTBO B MUJNMKIOPH HJH B IpaMMax (§ 74), YCTAHOBHTB COOTBET-
CTBHE Me/ly H3MepseMbM fS-nsnyueHneM n Kommuectsom RaE u RaD
B MHJUIHKIODH HJK B rpaMMax.

Axtunnn Ecain nomectuth npenapat La -+ Ac B rep-
METHUECKH 33KPHITYW (4TOOB H30eXKaTh NOTepb AKTHHOHA) TOHKOH
ANIOMHHHEBOH HJIH CMOAAHON KPLHILUKOH YalleyKy, TO MOXKHO H3MepHTL
HauGoMee TpORHKalollee H3NyueHHe AKTHBHOFO ocafika. Ecau sToT
0CajloK HAXOJUTCH B PABHOBECHH C AKTHHHEM, TO TAKHM TyTeM MOMKHO
OIIPEJeNNTb OTHOCHTETBHEIE KOMMYeCTBA AC ¥ IPOMEIKYTOYHBIX TIPOH3-
BOAHBIX. YT0OBI ONPEAe/IHTh YHCAO PACTIAZAIOMAXCS aTOMOB, HYKHO
TIPOU3BECTH PAEYMPOBKY, KOTOPAss COCTOMT B TOM, YTO H3Mepsiercs
TIONKbI HOHU3AUMOHHBLH TOK [, NPOH3BOAMMBIN a-NyyaMH aKTHBHOTO
0cajika aKTHHHS, H HOHH3AUHOHHBIA TOK [g, NPOH3BOAMMEIA B OnMpene-




[image: image281.png]§83] KOMMYECTBEHHOE HSMEPEHHE PAJIHOAKTHBHBIX BEUIECTB 283

neHHOM Kamepe f-n3nyueHUEM TOrG e aKTHBROTO OCajika. 3Has YHCAO
PACRAAAICIKXCS ATOMOB, MOXKHO BEIPA3HTL KOAM4eCTBAa Ac ¥ ero mpo-
HSBOJHBIX B IPaMMax NPU YCAOBKH, UTO H3BECTHA NOCTONHHAS pacnaja
AKTHHHA HIH OTHOCHTENbHBIE KONHYecTsa aTomos Ra H Ac, pacnagaio-
IHXCA 32 OAHHAKOBLI MPOMEKYTOK BPeMeHH B YPAHOBBIX MHHepatax
B COCTOSHHH paBHOBecHs (OTHOLUIenHe paspeTnaeHns cm. B § 131).

Tlpu onpejienennu oThowenHst [4/l, CrefyeT YunTEBaTB, §TO Be-
uupna orsomesus AcC//fAcC B ToM cayuae, KOra STH BemecTa
HAXOAATCS B NOCTORHHOM DABHOBECHH TOABKO ¢ AcB, oTnuyaercst oT
BEANYHHB! TOTO XKe OTHOIUeHHS NPU PAJHOAKTUBHOM PaBHOBECHH C AK-
TiHueM (§ 133).




[image: image282.png]TIABA XV
y-JIYUH

§ 89. Hccnezobanue y-aydeil MO HX FOTVIOLICHUIO B BelmeCTBe.
Tpynrowt y-ayueii. Kosdtbuuuwent nornoumenns n xosdduunent
paccesiHns

y-A1yyH BNepBble HaOroAANHCh BHAAPIOM, 3aCTABHBLINM MYHUOK JIy-
ueil pajds MajaTh NOA MAJbiM YIOM Ha PAA TOMOMEHHEIX OJHA Ha
Apyryo dotorpaduvecknx mracTHHOK. Ilpu oM nywok p-ayueii mpo-
XOJHJI, HE H3MEHssChb, 4epes BCe IMIACTHHKH, NaBas Ha Kaxaofl w3
HHX CBOE H30GpaKenHue.

p-My4H HMEIOT TY JKe IPHPOAY, UTO H PEHTTEHOBCKHE NYUH, U AJHHA
HX BOMHBI A Obl1a M3MEPEHA TEMH ke METONAMH, YTO ¥ [IHHA BOMHbI
pentrenosckux yyuelt (§ 25 u 29).

Korma neeneaytor norsiomenue Jydeli pajusi IPH TOMOUIH TOACTBIX
TIOTJIOWAIOMKNX SKPAHOB, MOMELIaeMbIX MeAAY HCTOUHHKOM Jyyell u
5MeKTpockonom (pHc. 117), mepBriMit NoTJomatoTes f-nyuu (puc. 118).
TTo mepe yux mornioweHMs KOI(XPUIMEHT ROrJIONIEHHS OLICTPO YMEHb-
waercs. Ilpu AoctaToynol ToNUHE PKpaHa, HanpuMep, HaUHKas ¢
TONUIMHE] CBUHLOBOFG 9KPaHa, PaBHOM | s, STOT KOS(pUUHERT OTHO-
CHTCH TOMBKO K -71y4aM, KOTOPBIE, eC/IH OHH TeTeporeHHb, CTAHOBATCS
dnarojaps ¢uaAbTpaunn sce Gosee H Gonee npoHuKawiuMi. [logb-
3YACh CHNBHEIMM HCTOMHMKAMH M3JYYEHHst H UYBCTBHTRBLHBIMH MpH-
Gopami, MOKHO HaGRIONATL HOHU3HPYIOUiee NefiCTBHE y-nyuell CkBO3b
caoft cBHHIA ToMIMHOA B 20 cu K Gonee. Jlerko HaGmoaaTb AgiCTBHE
STHX Jiyuell Ha SKPaH C NJIATHHOCHHEPORUCTRIM GapHeM CKBO3b YeNo-
Beueckoe Teno. OOmuit Kos(xpHUHEHT NOIIOMERHS g, ONpelenseMblit
AR p-Ayued TAK JKe, KAK AAA PEHTreHOBCKHX Aydell, NPHOMHKEHHO
npoNOpIHOHaNeH INIOTHOCTH ¢ Noraoulanoulero semmectsa. [Ipa Gosee
TOYHOM ONpeJelIeHHH MACCOBBIl KOI(XHUHEHT pfe, XOTA M HEMHOIo,
HO H3MEHSIETCSl C aTOMHBIM BECOM MOTMIOLIAIONIEro BeecTsa,

PajoakTuBHbIe BelNeCTBAa HCNYCKAT, KPOME CHABHO NPOHHKAI0-
MUX p-nyyedl, TAKKe JETKO NOLJouiaeMbie p-nydd. YtoSel obHapy-
KUTb TIOCAEAHHe, HYXKHO NONIOTHTH a-JIyYH TIPH NOMOUIM TOHKOro
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SKpaHa, a f-I1yyd OTKJNOHHTh MardHuTHeIM mojem (puc. 129). IMony-
YeHHAs TAKHUM CIOCOBOM KpPHBAs TNOIMIOWIEHUS TeTePOTeHHbIX y-Ty-
yeil aKTHHHs1 B DPABHOBECHH C €r0 NPOW3BORHLIMH H30GDAKEHA HA
puc. 130.

y-HayueHie PANHOAKTUBHBIX BWeCTs NMPH HCCACNOBAHHH N0 Me-
TORAY FMOMIOBIEHHS OCBMHO OKasLiBAeTCs COCTOAUMM H3 HEGOMBIIOro
uHCAa TPYDN, KaM[Jan H3 KOTOPHIX NOMIOAETCS NO NOXa3aTenbHOMY
3aKOHY. XOTA nonyuaeMble KO(XHUHEHTH HECKOMLKO H3MEHSIOTCA B
3aBHCHMOCTH OT yNOTpedssemMoro mpuéopa, M CaMo PasnoXKeHHe Ha
TPYNNB 0 HEKOTOPOH CTeMeHH NPOH3BOMBLHO, BCE e 3TH ONpefienen-
HBIE TIO METOAY NOTJOMIEHHs! TPYNILI y-yueil MOTYT XapaKTepH30BATh
BCRyCKaliee HX PAAHOAKTHBHOS BRIECTBO.
B nomemaemoit Huxke TaGnuile NpHBeAEHB
3HAUSHHUS ;& A% CAYYaeB NOTMOGHUS B M0~
MHHMH H B CBHHEE'). DTH Ko3(PHINeHTH B
3aBHCHMOCTH OT NOPAAKA UX BETHYHHBI JIst
cayyas TOTVIOWEHHA B AJIOMHHHH Pa3/ieNeHbl
Ha 4 cepun. Jlaa cayvas MOTIOWEHWA B

A a CBHHIE NPHBEAeHE! KoS(upulMenTs HanGonee
NpOHHKAIOUEH TPYMIL JAyuell KamAoro Be-
uecTna.

1

£ lg
[X] S—

N 8

08l

7 05 T i ?

HormomiR e Tonanz coon arcons § olcnt
PHe. 128, ¥ W 8 — nomocs Prc. 130.

sackrpomarnTa, £ an £’ —
TonOKeRHA SKpda, A — Ho-
Kmaaumonnan Kawepa.

CpaeHenne Kos(QpHIHENTOR NOTJOMEHHA p-nyuelt B Al ¢ koagpu-
LHEHTAMH [OTJIOUIEHHS B HEM PEHTIEHOBCKHX Jyuefl N3BeCTHON AAHHLI
BOJIHB MOKA3bIBAET, ¥TO IPYMNL p-y4ell NepBeIX TPex KOJOHOK 3TOH
TaGINIbl MOMHO YTOAOGHTb CooTBeTcTBEHHO cepusM M, L n K uemy-
CKaeMBIX JaHHLIMH 3]eMEHTamH DEHTTEHOBCKHX JydeR, TOrja Kak
rpynnel ayuelt IV KoONOHKH COOTBETCTBYIOT GoMee BLICOKHM HacTOTaM
H MOFYT HMeTh TObKO fiepHoe npoucxoxienne. Janee GyAeT BUIHO,

) 3HaYeHHA fAl B3ATH C HEKOTODHMH H3MEHEHHAMH H3 TaGAUL PATHOAKTHRHHX
noctosHEbx Ha 1930 r.
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O/IHAKO, 4TO sAePHOe NPOHCXOM(IEHHe CJelyeT NPRIKHCATH H HEKOTO-
PBIM TPYNaM Nyded HEBBICOKON YaCTOThL.

HauGonee npounkaouttie rpymusl y-nyued npuHagsexar Ra(C4C’),
MTh2 u Th(C + C”). Ilpr u = 0,5 B CBUHLE TOAUMHA CJIOS NOJOBHH-
Horo norsiomiexns L = 0,693/0,5 = 1,4 cx. Haubonee mnoraoujaemoe
P-H3IyYeHHe HOHHS HOMIONIAETCH HA NOMOBUHY CJIOBM AMIOMHHMS TOJ-
EHOA TOMEKO B 6,4 p.

Tlpu Gosnee TouHOM aHaJl3e MOTMOWEHHS y-1yuell HYXKHO, KAK B
calyyae PeHTreHOBCKNX JyUeil, pasaHyaTh HCTHHHOR NOTIOMIEHNE H pac-
cesinve (§ 24 n 30), noaaras

p=t+a,

TAe T — KO3(HUHEHT (OTOINEKTPHUECKOTO NOIOLICHHS, a4 & — Ko3d-
dHnHENT paccesnHa, MOXKRO SKCHepHMEHTAIbHEIM NYTeM NPUGIIIKEHHO

i
}
i s 1,5
10,23,0,12| 0,58
X — 1z X T
2700 | 46 , — Ovuers | 0,9
i ! | | caagas |
| - 2% i 0,28 J -
. 120 | 3l - ‘
i - = L 020 | 0.8
i — 2 01z | 0,62
! 160 ‘ 32 i |
- 1= 0,096 | 0,46 [
|

onpefennTh Jofo 0GoMX 3THX KOd(XPUIMENTOR B 0CAACAEHHH MOCTY-
MAOUIEre B MaMePHTENbHBl NMPUOOP y-H3AYYeHHs H CPAaBHHTH ero
TIOTVIOUIEHHE ¢ MOTIOWEHHEM PeHTIeHOBCKUX Jydvedl (Kosmbpayw, Aman
u Cronep{n a1p.).

CxemalusmeruTeabuoro npusora (puc. 131). Mysox
p-Aydell OT HCTOYHHKA S, OrpaHHYeHHblll CBHHLOBRIMH gHadpar-
mami C 1 C’, Mex/y KOTOPBIMH TIOMEILEH CBRHIOBBIA QUALTP F, depes
CBHHLOBYI0 uaparmy D NpoHHKAeT B HOHUSAUHOHHYIO Kamepy B.
Tornowatomuit axpan nomemaerca B £ uan £'. TNocrynaoilas B Ka-
Mepy HacThb DACCEAHHOTO STHM 3KDAHOM HBJTYYEHHS TIDH TOJOMEHHH
ero B £’ Golee BelnKa, YeM NPH TIONOMKEHHH €T0 B £, BeJHUHHA Xe
}OTOINIEKTPHICKOTO NOTNOWEHHS OT NOJOMEHHS SKPAHA He 3ABHCHT.
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Momectue sxpan B E, NpHGIHKEHHO H3MEPSIOT g, MOMECTHR €ro 8 £,
HPHﬁJIH)KeHHO H3MEepPHAIT T.
VletuHHOE MaccoBOe TIOPOUICHHE PEHTreHOBCKHX Jiyuell, H3yueHHoe

T.
Ans A > 100 X?), npoucxoaur no sakony, Bparra u ITupca ?=
o
= aN*3, rie N — atoMHOe NOpSAKOBOE 4ACNO, A — ATOMHBI} Bec,

—

g s =n
| (2110 |

Pre. 131

A — AJuHA BONHBL, @ — TOCTOSHHAS, KOTOPAs M3MEHSeTC CKauKoM,
KOTA@ A IPOXOAHT Yepes 3HaueHke, COOTBETCTBY(OIEE OAHOMY H3 YDOB-
Heil morsowalouero atoma®). Ecad gactota y-ayueit BeWe uacToThl,
cootBetcTBYOell ypoeuto K (1,56 xs¢ ina Al; 87,8 ks aas Pb), 1o
Tax#X CKAaukoB Ooflee He NPOMCXOJMT, H TOTAA COTAACHO HCCAEOBA-
HH#M, NPOM3BEJGHHBIM Hall PEHTTeHORCKHMH Jyuamu, a = 1,36-10-2,
orkyAa tfe = 14,4 B pas amomunus W 7/p = 3000 2 ana ceHHOA
(A B A).

OnuiT NoKasbIBAeT, YTo QOTOSIEKTPHUECKOE MOIVIOWEHHE y-Ayueil
naMensiercsl ¢ N, TaK ke KaK B CJyYae PEHTTEHOBCKHX Jyvyeil, eciH A
ocraercs Buille nputausnTenbro 100 X. Ho 310 He Tak B OTHOLIeHHH
nsmeHenna T ¢ A mexay 100 X u 10 X. Kospduusent noraomenns
7 B CBUHUC TPHOIIKEHHO ONPEAENsETCS IyTeM CPABHEHHS TOMHOTO
nornomenusi, T + ¢, B Pb u B Al, Korna A gocraToyso Mano, uTOGE!
BeNuuUHON T B cayyae Al MOKHO GblIo IpeneGpeus H CYHTATL T IPO-
MOPLUKOHAIBHBIM YHCIY BHESAEPHHIX SCKTPOHOB B eUHHLe OGHeMa.
JIiuHa BOSHB HCNIOAB3YEMOrO H3/YUEHHs! BHIBOAUTCA, KAaK 3TO H3JMO-
KeHo Janee, U3 BeNUYHHB 6 B Al. TakuM CrocoGoM MOMKHO MOMYYHTE
SMOHpHuECKYI0 (opMyny, Aawltyo T B Gyakuan A. Takosa dopmyna
Tpes mig 4> 100 X

Ig Top = 3,654 1gi + 0,48 (IgA)*, A—p eanuuuax X.

Mpu i = 10 X BBOAHTCH AONOAHHTEABHBI wied. CUHTAIOT, YTO 3Ta
(opMysla MOKET IpHMEHATHCS /15 BLIUHCIeHHA T B B o6aacth A << 10 X,
Cornacno teopu Komnrona (§ 30) ans p-nyueii BbICOKOl 4acToTh
KO3(XPHIIMENT OTKJIOHATCS OT 3akoHa ToMCoHa, N0 KOTOPOMY BeJH-
uHHA OTHOWEHHS Of¢ He 3aBHCHT OT JUIHHGI BOJHK W PABHA MPHOIH-

Y Egnnua X = 1671 ax.
%) CoracHo HeKOTOpHIM aBTOpaM TOKa3aTe:1b CTenenH A 6mike K 2,92, W 3aKoH
Bpsrra i [Thpca He MPILIOKFANM BIOTHE TOWHO,
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keHHO 0,2, DT0T ko3(pulKEeHT, XOTH H FOpasjo MeHee GHICTPO, dem
KO3DOUIMEHT HCTHHHOTO MOIMIONIEHHS, YMEHBIIACTCS ¢ AIHHON BORHLI.
O CKIaABIBACTCH M3 ABYX WIEHOB, OJHH H3 KOTOPHIX NPeACTABASeT
SHEPTHIO, PACCESTHHYIO B (JOpMe HaNydYeHus, a APYrod -— SHEPTHio,
NepeaHHy0 SJEKTPOHOM OTAauM: ¢ = 05 + 0,. Ilo Kowmntony o
oof(1 + 2a), rae o, — koa(xpunment Tomcona, a a = hy/mc?
hjmel (h — noctosusias TInaHka, ¥ — yacTOTa M3JyueHHs, m —
NOKOAWASACT Macca 3MEKTPOHZ, ¢ — CKOPOCTs CBeTa, A — AIHHA
Bonybl). [ToapHedinas, BLBeICHHAS MPH MOMOIIH BOJIHOBOH MEXaHHKH
dopmyna KueltHa—HHmHHBL NokasbiBaer, 4TO yMeHslieHHe ¢ ¢ A
NPOHCXOAHT MeafenHee, COracHo STHM aBTOpaM

3,V ta 143
470 (T+2a)24"

2(14e) 1
1+ % &

il

a

In(l+20)| + ;&In(l»"—%)-——

3

w=a 1;13 Il gm 4 2049 @e2am) | B

a2 (14 2aj? S

Tak Kak ¢ = 04f («), 2 6o NPONOPUHOHAIBHO UHCHY 71 SAEKTPOHOB
B eIHHHLE 00BeMa PacCeuBaloIero BeulecTsa, TO O0BIYHO AAs KAHAOTO
BeIIECTBA ONIPEARMSIOT KOSPBLLLUEHN PACCEARUA KA IAEKIMPOH. O = O[N.

12010 5 I Korza y-Nyuwsd BbICOKOI 4acTOTHI
s T PacceHBAIOTCS  JIETKHMH  aToMa-
3 1 | MB, KOTOpble COZEPKAT TONBKO
98 R cnafo CBsA3AHHBIE SJEKTPOHBI, TO
- BCe STH IJEKTPOHBI C TOYKH 3pe-

HHUS UX PACCEHBAIOWEro AeficTeis

66 onunaxosbl. Cornacko kinaccuuecs
KOH TeopuH 6yfn = 6,57-10-28 oy
" oofe = 0,40 NJA (§ 30).
Kpupas wa puc. 132 usodpaxa-
eT oo, B QYHKUHH @ Tio dopMyne
Kreina—Huwmssl. Equanme a co-
OTBeTCTBYET 9HEpTHs 5,11-108 s6.
Paccesinnoe Hanyuenne pacnpe-
Jensiercs HRaue, YeM STOCMIeyeT H3
Prc. 132. KNaCCHUECKON TEOPHH, TAK KAK J1y-
4 BLICOKOIT 4aCTOTEI PACCEHBAIOTCA
TIpeHMYHIECTBEHHO MO HAaNpasfeHuio BUEped, T. €. NOA HeGOMbLINMH
YIIaMH ¢ HalpableHHeM MaJalouero Nyuka, pacceHBanne xe B ofpaT-
HOM HATIPaBAeHHH HJH TIOX NPSMBIM YRAOM K OYMKY JIA STAX Jyuedl
© BBICOKON NPOHMKAIOUIEH CNOCOBHOCTBIO MPAKTHYECKH PasHO HYJo.
YraoBoe pacTipefeneHHe pacCesHHbIX SJEKTPOHOB TaKKe HiIMeHseTcs
¢ ¥acToTOH y-Mydeil, TIDHUEM C YBEJHUEHKEM YaCTOTH! YBEJHUMBACTCH
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HHCIIO SMEKTPOHORB, HANPABACHHE KOTOPHIX NPHONMMKAETCS K HAMpaB-
aenmio myuka (§ 30 puc. 55).

HAnuna Bonubt y-nyuelt TpH PaCcCsHHH H3MEHSETC OUeHb SHAUK-
TenbHo. Hanommuum, uto A = 4 4 0,0242 (I — cos ) A, rae 8 — yroa,
ofpasyeMblii paccestHHbIM M HAYaNbHbM myykamu (§ 30). Janea BOJHbI
p-ryvelt RaC (A ot 5 po 20 X) npu paccesHHH B Hanpasaeduy § = 90°
yBennunBaercs Gonee, veM BABoe. Hapsiy ¢ ManyueHHeM ¢ M3MeHeH-
HO¥ JUIHHOM BOMHBI AQJIKHO CYUIECTBOBATh, B OCOGEHHOCTH IIPH ManbIX
BEJIHYHHAX 6, Takie HEKOTODOe KOMHYEeCTBO nydell ¢ HeHsMeHEHHOH
AnuHol BONHBL [lo Mepe yBeMuuenlifn uwacTOTH M3AyUeHHH BeNYHHA
WCTHHHOTO NOrJIOWIEHHS MO CPABHEHHIO C PACCESTHHEM YMeHBIAeTcs
TeM 3HaYUTEIbHEE, YeM MeHbile aTOMHOe MOPSAKOBOe YHeao N 1orao-
watowiero semectza. Tak, npi A = 20X B cayuae JMETKIX BellecTs
T HUYTOXHO 1O CpaB-
HEHNIO ¢ 0, @ B CAyuae
CRHHUA NOPAKOK Benu-
YHH T W O TPH TOil e
JIAHE BONHbL OJHHA-
kOB, MoxHo, cnefopa-~
TeJBHO, CKa3aTh, YTO
NOTAOWEHHE  CHABHO
TIPOHKKAIOLIUX y-yHel
B JMErKHX BeuIECTBAX
O6YCIOBANBAETCST TOMBKO paccestHies, TOria Kak B BEmeCTsax ¢
BBICOKHM aTOMHBIM BEeCOM OHO OCYC/OBMHBAETCS TAKKE U (POTOIJIEK-
TPHYECKHM TOMIOWEHHEM.

M3 H3MOMEHHOTO CREAYET, 4TO KOIPHUAEHT DACCESHHS RPOHH-
KAlOWMX y-1yYel B JEIKHX BEWIECTBAX MOMXHO M3MEPHTb ¢ XODOUWHM
NpHGAIKeRNeM, NoMellas NOMOWAIOWEe SKPakbl £ MeXAy HCTOUHH-
KOM H3JIyHeHWS MASBIX pasmepo S H y3KOH HOHH3AUHOHHON Kamepoi
B, pacnonoeHHoill HAa OTHOCHTENbHO GOJBIIOM PacCTOAHHH OT S
(prc. 133). B stom c1yyae ocnatieHne NOCTYMAIOWETo B KaMepy Iy4Yka
nydeii o0yCAOBAHBAETCA MOYTH HCKMOUHTENBHO paccesnueM. Takum
cnoco6oM HafiieRo, HanpuMep, uTO AJasl y-nyuedl npemapata Ra, npo-
(HABTPOBAHHLIX CKBO3b CBHHUOBBIT 3KpaH B 4 ca TOAWUHOMN, ofp B
BOAe HIH B aiOMHAIH paBHO npubansurenbo 0,05 (Bpyuay)l).

Mowmemas kamepy B nosnoxkende B’, MOXHO H3MepHTL H3NYydeHHe,
paccenHBaemMoe B JAHHOM HATpaBJeHHH.

Ecali T MOXKHO IIpeHefpeub, TO H3AMepeHHe ¢ AaeT BOSMOKHOCTD [0
TeopeTHYecKoll opMysie onpeneanTs A 419 OAHOPOAHOTO NyYKa Jyyeit,
Ecnu anHa BOMH NEXKHT B 00JACTH MArKHX PEHTFEHOBCKHX Jydell, rie
6 TIO CPABHEHHIO C T HHUTONCHO, TO TaKKe MOXKHO ONpefieduTh A, Hame-

1) [Tpi TaKIX OMITaX CAGAYET NMOMB3OBATHCH NAPANTEAbHMM TYIKOM Nysell.
Herounnk ayveli Aoqken GbTh 3aUIMLEH Tak, UTOOLi ero paccemBaeMoe Ha Gius-
NeXAMHUX NPAMETAX HINYHUEHHE HE MOTJIO AOCTHTATH KaMEph.

19 M. Kiopn
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PHB s, KOTOpOe B 3TOM CJyuae pasko ¢. Korza s(extsl Moriolenns
H paccesiHUsl HAKAAJILIBAIOTCA APYT HA ApYTa, COOTHOLIEHHE MEXKAY # U
ANHHOM BOJHEL Gojlee CJIONKHO, H OnpesieNienue A TO g CBA3AHO C pas-
MMYHBIMA OlIHGKamK. TaK KaK HCMYCKaeMbie PafHOAKTHBHBIMH Belle-
CTBAMH y-JyUH TETEPOreHHEBl, TO CTApAlOTCs ONpeenuTh, Kak B CAyyae
PEHTTeHOBCKHX Jiyyel, «3¢xpexTHBHYIO AauBY BOmHb» (§ 31), npupag-
HHBAs B TIPOH3BOJBHO BHGPAHHLIX YCOBHAX NOLJOUIEHHE TeTeporeH-
HOFO MYYKA K NOTJAOUEHHIO OAHOPOAHOrO MyyKa Jyuedl, XOTA BBHAY
CJIOMHOCTH sIBNeHHs foHATHe 3¢QexTHBHON ANKHBI BOHL! HE SABISETCA
BNOJHe TOUHBIM. DpeKTHBRAS ATHEA BONHBL s NPOPHALTPOBAHHBIX
vepes cofi CBHHUA TONUIHHOA B 4 ca y-nyuelt RaC pasna mpuGiusk-
Tenpno 7 X. Korga y-nyud MpOXOAAT yepes TONCTeie CIOH BeIIECTBA,
TO-B Ka/IOM S/IeMeHTe IPOHU3BIBAEMOr0 HMU 0GBEMA 00PasyIOTCS JIYUH
¢ M3MeHeHHON BeaelcTsue sipMenust KomnToHa AnHHOM BOJHBL.

§ 90. Sineproe morsoweHue W OGPA3OBAHHE NMOJOKHTENbHBIX
NEKTPOHOB

Hameperust kos(pQHIUKEHTA paccenHHs HAHOONee KeCTKUX y-nyyell
PajHOAKTHEHEIX 5/1EMEHTOB JAJH BO3MOXKHOCTb CPABHUTb BEJMUHHBI
PACCesHUST HA 3MIeKTPOH PA3IHYHBIX 2/1eMERTOB. JIiA CHIBHO OTdHIb-
TpoBatHbix Ayyeif RaC (4 = 7 X) kospHIHEHT 7, B IETKHX BellecTBax
HMEeT BeHYHHY, cooTBeTCTBYIOMYIO QopMyne Kneitna—Humunsl, Ho
B BEIIECTBAX C BHICOKHM ATOMIbIM BECOM OH MPEBOCXOAUT 3Ty BEIHUHHY.
B cnyuae nauGonee secTkux y-nyueit Th (C + C”) A =47 X, yse-
JHuEHHe O, C ATOMHBIM NOPS/KOBBIM UHCJOM INOTIOTHTENS eule Sosee
3aMeTHO. 310 sABJeHHe GbITO OOBICHEHO A0LPHOIM paccesstes WIn adep-
HoLM noeaowerues y-nyyei ¢ Gonbiuoit sneprueii (JI. Meirnep, Tappan,
Yao, TenTrep n gp.). Hopmanbeoe snavenue o, mpu A = 4,7 X pas-
maeres 1,23-10-% cu HaGmiogaemoe B cayyae CBUHUA yBelHueHue,
onpeesAeMoe NO OCTATOYHOMY (HOTO3EKTPHYECKOMY 3(eKTy, AocTH-
raeT 30% 3TOl BeNHUMHBI.

Heeneposanue 310ro JONOIHHTENBHOTO MOTJIOUIEHHA 3aTPYAHSETEA
TeM, YTO HHTEHCHBHOCTb H3MEPHEMOro H3JYUYeHHA OOLIYHO OUeHb Mana.
Yacto B 3THX cayuanX BMECTO HOHH3ALHOHHOM KaMephl YNOTpeSsasioT
cyetunk (§ 91).

YeTaHOBNERO, UTO, DO-BUIHMOMY, K DacceHBaeMOMy BCJAEACTBHE
ABeHNHs KOMITOHA H3NYYeHHIO NPHCOSNHHSAETCA H3NyueHue, KOTopoe
HHEBIM TIyTEM NOAYYAeT CBOKX IHEPTHIO OT NEPBHUYHOTO HBAYUEHHs.
CornacHo HEKOTOPLIM ABTOPAM B 3TOM CaAYHae HCNYCKAeTCsl MOHOXPO-
MaTHYeCKOe K3yueHHe, ARHA BOMHLI KOTOPOrO Goiblile AMHHB BOJHEL
NepBHYHEIX Jyuef,

C fpyrofi CTopoHH!, HEIABHO OBIIO CAENAHO BANKHOE OTKPhITHE,
B 3HAYNTENIBHOI CTeNeHH ofbAcHsIowee ajepHoe norsowmenne. Korza
CHJIBHO TPOHHKAIOUIHE y-7YYH NAJAI0T HA CBHHUOBYIO MMIACTHHKY, OHA
HCNYCKAeT 3apsiKeHHble YACTHLb!, TPACKTOPHH KOTOPHIX MPH Habato-
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JleHHM B Kamepe Buabcona no BHAY NOJOBHE! TPaeKTOPHAM OLICTPHIX
3/IEKTPOHOB, HO OTKJIOHGHHE HX B MATHUTHOM MO/ COOTBETCTBYeT [0-
JIOXKHTEJBHOMY 3apsiAy. DTH YACTHUB HA3BIBAKT NOONUMEALHOMU
snexmporamt. OHH ObINH BlIePBBIE 3aMEYEHE! IPH HCCAENOBAHHH KOCMH-~
uecknx ayveil {(Ansepcon, Buekker n Okknaannu, § 151). 3atem 6bu10
OGHAPYIKEHO, YTO CBHHeN, 00MyvaeMbili TeM CJOXKHBIM H3JAyYeHnueM,
KoTopoe RaeT Gepunnuil, GomGapaupyemblfi a-nyuamm Po, Mcmyckaer
NONOYKHTENIbHbIE 3J1€KTPOHDI. Buino YCTaHOBJEHO, 4TO HCIyCKaHHe HX
BoisbiBaeTcs fedictereM y-nydeit (M. Kiopn u ®. JKoano). Ksast
p-lyua, CTORKHYBIUMHCH C $APOM aTOMa CBUHIA, MOXET HCYe3HYTh,
ofpasys JBa 3NEKTPOHA, OfMH H3 KOTOPHIX HOMOKHTENEH, 4 APYroft
orpriaTencH. Ecay cuutaTh NOKOSIUECH MACCH 0OOMX SNEKTPOHOB
OAHHAKOBBIMH , TO MEHHMAIBHAS SHEPIHst 2 /mc?, TpeSyomasca A HX
wanepuaausayuy, 6ynet pasta 1020 «as. CnefoBaTesIbHO, 570 siBJEHHE
MOMET NPOHCXOAUTH JHWIb B TOM cliyyae, KOIJA SHePTHs yp-Nyueil
Bblille O3HAYeHHoro npefena. TlonHas sueprua marepuannsoBasieics
NapH JMEKTPOHOB HE MOMKET MPEBOCXOAHTb MOARYI0 SHEPTHIO NEPBUU-
HOMO KBAHTA. DTH NPEANONOKEHHS TORTBEPIKACHb KCIePHMEHTANBHO.
He TonBKO CBHEeW, HO Takke M APYTHE BEUIECTBA NPH MOTVIOWEHHH
p-nyueil HCMYCKAIOT NOMOKUTENbHBIE SNEKTPOHBI, NPHUEM UHCIO HX
CPABHKTEJBHO C YHCAOM OTPHHATENBHBIX SJEKTPOHOB BO3PACTAET NpU
MOBHILIEHUH aTOMHOTO MOPAJKOBOFO 4HC/MAa Hanyuartens, OHO Takke
BLICTPO BOBPACTAET C BO3PACTAHHEM SHEPTHHM HCTIONB3YEMBIX y-yueil.
B cayuae ceunna oxo ot 8% ans y-nyvefi ThC'” ¢ sueprueii 2650 xse
AoxopHT 10 30% Ana y-nyueit ¢ sHeprueil 5000 xss, uenyckaemsix Ge-
puanHem mpu GombapAHpOBKe ero e-vactuuamu (§ 109). B mepsom
cayuae KHHETHUECKAs SHePIHA 9JeKTPOHOB Hocturaer 800 xse, BO
BTOpOM cayuae 2000 xse.

O6parienne KBaHTA B JBa SJEKTPOHA FB/AETCA HOBHIM BHAOM IO-
rioMeHnst y-ayvell. STOT BHA NOMIOWEHHS MPH OYEHb BBLICOKHX YacTo-
TaX MOXeT CTaTb NpeoOAajfialomiM H UM, BEPOSITHO, OOBACHAETCA TaK
Ha3bIBaEMOe SAEPHOE TIOIVIOLIEHHe, TaK KaK 002 9TH SIBNEHHSA HavH-
Hal0TCH DPH ORHHAKOBOH MHHHMAJNBHON SHEpTHH y-iyueil, GAH3KON Kk
1000 x96. TMonosuTenbrbe 3MeKTPOHbL GbIIN HA3BAHBI NOSLMPONAMY.
Ha otaensiom ancte XVII B KOHIe KHHTH BHAHE! TPAEKTOPHH ABYX
nap anextponoB. OfHa 13 5THX map (puc. 1) oGpasoBanack B Bo3fyXe
nop, AefictereM p-nyueli ThC”. Oba anekTpoHa 3flech MCXOLAT H3 OA-
HoO# Touxu. BTopas mapa (pHc. 2) H3BIEYEHA W3 CBHHUA p-TyYaMn ¢
sHepruedl B 5000 xag. 3pech 06a 3MEKTPOHA HCXOZAT, NO-BHAHMOMY,
He U3 OfHON TOUKH.

M rtex xe TeoperHyeckux coobpaxcenuil, xoropwie panu [upaky
BO3MOXKHOCTb NPEIBHAETh CYIIECTROBAHHE NOJOKUTENbHBIX 3NEKTPO-
HOB, C/IEIYeT, YTO JKH3HD TAKOTO NOJIOKHTE/BHOTO SAEKTPOHA AOMKHA
6hITh OYeHb Kpartkofi (mopsAka HeGonbuioit nomn cexynmwl). Tlpu
CTONIKHOBEHKH €T0 € OTPHIATE/BHBIM SJMEKTPOHOM 06e 9acTHIb HCue-
3a10T, TPHYEM 3TA «Jemamepuasusayus» COMPOBOKIACTCH UCIIYCKa-

19%
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HHEM ABYX (JOTOHOB, BHEPTUs KAaXEOTO H3 KOTOPBIX DAaBHA MPUO/TH-
autensio 500 xse. MeilcTpHTenbHo, Norjiomenue yp-ayuel, sHepris
KOTOPEIX JIOCTATOYMA Jfist 0OPA30BAHUSA MO3UTPOHOB, COMPOBONAACTCS
Kenyckatnem y-yvell ¢ sneprueit 8 500 xse (Tappant u Ipeir). C apy-
roil CTOPOHHI, NMOTJOUIERHE MOINTPOHOB, 0GPA3YIOUINXCS HpH NpeBpa-
wennn atomMos ( §112), Takice conpoBokAAeTCA UCHYCKAHHEM p-Tyyeit
¢ Takoit xe suepruefl (PKonuo, Tuto).

§ 91. Bropuunsie ayun. [opcuer y-myueii

ITpoxofis uepes BEUIECTBO, y-NYYH, KAK U PEHTTEHOBCKHE NYYH, OG-
PasyioT BTOPHYHBIE JY4H, BOSHUKHOBEHNE KOTOPLIX CBA3aHO TAABHLIM
00pazoM ¢ SIBJEHHEM paccesHusi n (OTORMEKTPHUECKHM 3IeKToM,
BTopruHOe 3MeKTPOMATHHTHOE H3JYYeHHe COCTOUT M3 PACCesHHBX Y-
uefl 1 XapaKTEepHCTHUECKHX Jyuedl (MiyOPeCUeHLUH, BTOPHYHOE KOP-
TYCKyY/SIPHOE H3MyYeHHE COCTOHT 3 PACCESAHHBIX SAEKTPOHOR M (OTO-
3JEKTPOHOB H «MATEPHANN3OBAHHBIX» NONOKHTENbHBIX H OTPHNATENb-
HhIX 31€KTPOHOB.

SHeprusi OTASMbHLIX BTOPHYHBIX 3/ICKTPOHOB BO3PACTAET C YBENIH-
ueHHeM SHEDIHH KBAHTA NepBuYHbIX p-Ayueft. Ilpu npoxoxienun
y-ayueli BHICOKOI wacToThl, A <C 20 X, vepes serkde BeuiecTsa (oTo-
2MeKTPHUECKoe TIONoUIene 10 CPABHEHRIO C PACCeAHHEM HUYTONKHO,
H BTOpHUHBIE S-YUH SBIATCS IAEKTPOHAMH PACCESHHS, TOrAAa Kak
npi Gonee HU3KHX YaCTOTAX, HANPHMED,
mpu A= 1A, 1ake B anlOMHHHH Npeos-
JajiaeT UCIycKauue (OTOEKTPOHOB.

Ha puc. 134 naofpaxena cxema mpocroro
OnuITA, AAIOLIETO BOSHOKHOCTb OGHAPYKHTh HCTY-
CKaMne BTOPHYHBIX Jiyuehi; NEPBRUHEIC Y-Ay4H OT
#eTOUHWKa S nafaa Ka pajnaTop R, BLI3sIBAIOT 06-
Pa30pANKE BIOPHUHBIX Aywedl, KOTOpole NpOHU-
KaI0T B BNEKTPOCKON £, 33UAMENHAR CRUNLOBbIN
axparon. [ToMewas nprGop B NeprieHAHKYNapHOe
K MUIOCKOCTH PHCYHKA MATHHTHOE NOAE, yCTaBaB-
JMBZIOT, UT0 BTOPKYHOE H3NYUEHHE HACTHUHO CO-
cToNT M3 B-nyued.

Ecan MCTOUHNK p-/yueil we 3amnuieM CBHH-
U0BOH NOKPHWEKOR, KOTOPaa HaeT BOIMOMHOCTb
fIPOXOHTE  TOABKO TOMHO OrPAHNYEHHOMY AHA-
(parmoft YKy nyuefl, TO HCTYCKaEMBe HCTOURH-
KOM p-ayun, JOCTHTas CAM3NEKAKX DPEIMETOB, BH3HBAKT 0GPA30BANHE BTOPHY-
HBIX J1ydeit, MOTYIUMX HCKaSHTb De3yAbTaTH HaGniofenuil,

Puc. 134,

Tak KaK NpH MajeHHH KATOAHBIX Jyuell Ha PajHaTop BOIHHKAIOT
PEHTIeHOBCKHE NYUH, TO CeAyeT OXKHAATh, UTO DPH NajeHHH S-ryuei
BO3HHKAIOT y-nyqd. XOTS 3T0 §BJAEHHE BCASACTBHE MAJON WHTEHCHB-
HOCTH M3/yYeHHS TPYAHO OOHAPYMKHTH, BCe JKE HEKOTOPhIE HCCJIEA0-
BATEAH YKa3sHIBAIOT, MTO PafHaTOp, HA KOTOphil Najawor f-nyun RaE
(Cpeit) uan RaC (Usgenk), ncmyckaer craGoe y-usfyueHHe,
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Koraa p-nyur nposdKaloT B CYETUMKH C OCTPMEM HIH HUTbIO, 3TH
CHETYHKH PearHpyloT TAK ke, KaK MPH NPOHHKHOBEHHH B HHX f-aAyuefl.
310 O6BSICHAETCA JeficTBHEM BTOPHUHBIX f-lydefl, BOSHHKAWOWHX [PH
TOTJIOWEHNY p-Jydell CTEHKaMH NPHOOPA HAX COAEPKALIMMCH B HEM
rasoM. CynTasi, UTO KaXJas 3aperMCTPHPOBAHHAs $-9acTHIA COOTBET-
CTBYET OHOMY TIOTJIOWEHHOMY KBAHTY y-1ydell, MOXHO KOCBEHHO NOJ-
CuMTHIBATH 3TH Rocenuye. TPyAHOCTb MOACHETA COCTOMT B TOM, UYTO
UaACTh p-1yueli MONET MPOHTH CKBO3b CYCTHHK, HE NONIOTHBIUNCH Y HE
BbI3BAB, CJIEAOBATENbRO, OOPA30BAHMSA S-Tydeli.

DroT cnoco MORcYeTa OLMT MpPUMEHEH AJsi OMpOAeNenHs dhena
y-lyueft, HCNYCKAEMBIX HaXOAFLUIMHCA I3 DABHOBECHH C FPAMMOM PajHsi
konnuectBamu RaB n RaC (Kopapuk). [Tyyok y-ayueil mapan Ha nome-
LWEHHYIO NEpell BXOAKAIM OTBEPCTHEM CHETYHKA ¢ OCTPHEM MeTaijnue-
CKYIO MIACTHHKY. YUKTHBAS IOIVIOMIEHHEe 3TOH IMACTHEKON NepBHY-
HBIX p-Nyueil ¥ BO3OYKAaeMblX HMH BTOPHUHBIX S-Ayuell, HalllH, YTO
1 2 pagus (rounee RaB u RaC) ncnyckaer7,3-101%) xkpaHToB p-ayveil
B CEKYHJY, T. €. NpuOH3UTENbHO | KBAHT HA KaXkblit IpeBpaTABLIMICS
3a 70 Bpems atoM RaB u RaC.

Sro wiHCNo, BePOSITHO, HIHMKe AeHCTBHTENLHOIO.

IToacyeT y-KBaHTOB OYeHb HArJSAHO OOHAPYKHBAET, YTO ¥-H3NY-
yeHHe B COOTBEICTBHK ¢ KBAHTOBOW Teopwell HMeET KODIYCKYJspHbiE
cpoficTea.

§ 92. Rudpakums y-ayuedi. Vsmepense RIMHB! BOAHBI

Mpupona y-ayyeit, fonroe Bpems OLbIBlIAs COPHON, MPH3HAHA [MO-
ROGHOM NPUPOE PEHTTeHOBCKHX aysdedl. OmbIThl MATHHUTHONO OTKJAOHE-
HUSL TapalsieAbHOro nyyka ayueil RaB 4+ RaC ofmapyxmpator, uto
MEXALY HEOTKJOHEHHBIM MYUKOM y-nydeill H Gonee MIM MeHee OTKJIOHEeH-
HBIMH B-Ty4amH DasiHYHOH CKOPOCTH CYUIECTBYeT CBOGOAHBL npoMe-
xyToK (otneabbli suer XVIII, pue. ). Tlonarator, uTo y-nyud He
nepeHocAT aMexTpayeckoro sapsfa. OfHAKo, KOMAa2 OHH NOCTYMAKOT
B npuemuux Papages, 9TOT NOCAEAHHI MONET NPHOGPECTH MOJOKU:
TeAbHbI 3apsA BCAENCTBHE TOTO, YTO CTEHKH NHAMHAPA NOA KeficTBHEM
POXOASLIMX CKEO36 HUX HanGo/ee MPOHMKAIOMAX y-TyYell HCMYCKalT
BBUIETAIOMIHE HAPYIKY OMeKTPOHbI. Takum o0pasoM, MOMOKHTENbHbI
3apA] UMIHHAPA He NPUHOCHTCS p-AyYaMH, a BOSHHKAET B pesy/brate
COMNPOBOM/AIONIETO UX BTOPHUHOTO SABJIEHHs,

To, yT0 y-Ayun mo CBOCH NPHPOAE NOAOGHL PEHTTEHORCKHM JyvaM,
6b1J10 OKOHYATENbHO YCTAHOBJIEHO HCCJCNORAHHEM ANPPAKIIH STHX JIY-
uefl, IPOH3BOAMBUIMMCH NPEHMYIECTBEHHO N0 METONY BPAlLAOLIErocs
Kpuctama (§ 25). IlepBeie onerTsl JaMH BOSMOMKHOCTb OGHAPYXKHTb B
An(parnEoHHOM crnekTpe y-wanydenust RaB + RaC nnund, cooTser-
CTBYIOWFe JTydaM ¢ ANdHo# BodHbl o | 10 0,1 A. Bruno caenano npea-
NoMoKeRHe, UTO STH AyuR OpaHaanexar k cepusm K u L nenyexao-
WHX HX PaIHOAKTHBHBIX 3JEMEHTOB M BO3GYXKIAlOTCH B aTOMax STHX




[image: image292.png]294 ¥-AYUR {rJL XV

NOCAEAHHK SAEPHBIMH f- HIH p-TyyaMH, o6aafaioliMy Goslee BEICOKOH
sueprieil (Pesepdopn u Dunapen). CnenosaTenbHo, HHTEHCHBHBIE JH-
uu 1,139 A 1 0,952 A (yroet audpaxumu okono 12° u 10°) cnextpa,
ofpasyiomerocsi pH AHPPAKUHH HA KPHCTAaNIe KaMeHHO! COMH, NpPH-
Hagnexar x cepud L paaus C (N = 83), asnsioluerocsd NporykTom
npeBpalneHus papns B (N = 82) nyTem ucnyckaHus SAEPHOIO 3JeK-
TpoHa (§ 94). OHH COCTABASIIOT YACTh (MYOPeCIeHIHH, BO3OYKACHHOM!
B mpeBpaTHBliemMca aToMe. Jlyun ¢ ANHHON BomHEl okono 0,160 A n
CO 3HAYHTENBHO MEHBIMHM YoM jucpakuux (1°,40) oTHOCST K cepun
K y-Gnyopecuenumn atoma 83. Mexay 0,13 u 0,17 A oSmapyxeno
8 aunyil, npuHapnexawnx K cepusM K snementos 82, 83 u 84. Heko-
TOpbIe H3 3THX JMHKI JOMKHB GbITh ABOHHBIMU (Bananapec).

3TH HaGnioneHHsl GBUIH paclpocTpakeHbl Ha 06nacThb Goslee KOpOT-
KMX BOJH H HA H3nYUEHHS, KOTOPble MOLIE HMETb TONBKO siiepHOe
NPOUCXOKACHHE: B CNEKTPe PajHOTOPHS H €ro NPOH3BORHBIX BIJIOTH
20 A = 0,052 A sueprus pasua 236 xse (Tu60), B cnextpe RaC sniiots
2o A= 0,016 A sneprus papua 770 xag (Ppuneit). B nocaeanem cay-
yae yroi Audpakuuu papeH Toabko 9,8 mun. [lostomy, uToGHl pasie-
JNTh NPSIMO H OTPaXKEHHBIN MyYKH, APUILIOCH NOMeIaTh (ororpadu-
HeCKYI0 INIAaCTHHKY HA A0BOABHO GonbuioM (160 ca) pacTosiHHE OT He-
TOYHHKA H3JMYYEHHA H NMONL30BATLCA CHNBHBIME HCTOMRMKAMH. Takumu
HCTOUHHKAMH CAYMHJH OYeHb TOHKHME CTEK/SHHBIC aMIyJael, COAep-
KaBuHe Ao 900 MUAAHKIOPH PaRoHa C eTo npoussoiHbME RaB 1 RaC.
JIMHHK CHABHO TPOHHKAIOWIETO H, CNe0BATENBHO, Cabo AeficTByo-
wero Ha Qororpaglueckue TIACTHHKH H3NYUEHHS TIONYYANNCH B 3TOM
ciryyae nocse NPHGIH3HTENBHO 15-4acoBoi BBIIEPKKH.

Jlnuusl BOH y-nyueR 4acTO BhpamaloT He B aHrcrpemax (A =
= 1078 c), a B eqnnunax X (X = 10711 cx). Haumenswas, oSnapy-
JKEHHAsl METOOM AH(PAKUNH AMHHA BOAHH pasHa 16 X.

B crepyioweit Tabnnue AaH nepeuerb IMABHBIX JHHHN AM(PaKLUHOH-
HOro cnektpa p-nydeit RaB n RaC, moaydenHoro npH TOMOLIH KpH-
CTAaMIOB KameHHON cond. HinHBt BOAH A BEpaxeHnb B X-eAHHHOAX,
sueprust W B 3MeKTPOH-KHAOBOABTAX.

y-nyun RaB 4 RaC

Jluuud payopecuennnn JIHEHS saePHOTO NPOHCXOXJCHHAS
ks w i W i w
1139 10,8 Cepus L 83 Npespamentie Tpespametie
952 13,0 » L 83 RaB — RaC RaC — RaD
166 74,4 - K 82,83 232 53,3 29,5 420
161 76,7 o 83,84 51,6 240 24 515
143 86,3 i 82,83 42 294 20 617
139 88,8 ” 83,84 35 353 16 770

Hcenenosanssi, NpousBelieHHble TTO METOLY KOPNYCKYJADHbIX CReK-
TpoB (§ 94) Hax RaC, otaenennsiM oT. RaB, fann Bo3MOKHOCTh YCTaHO-
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BHTb, KAKHE NHHUH NPHHALNEKAT KAXKIOMY H3 STHX ABYX S/EMEHTOB.
B TaGauue mpuBeAeHbi TOJHKO JHHHEM TEPBOTO TOPSAKA, HO B 3TOM
CReKTpe HaG/ORANH TaKiKe JHHUH BTOPOFO MOPSAKA, COOTBETCTBYIO-
nMe, HampuMep, cuabHbiM annnam 20 X, 35 X wuan 161 X, 166 X.

B andpakunonnom crnextpe y-Jydell aKTHBHOFO OCajka TOpORa,
TaK XKe Kak B cnekrpe y-nyueil RaB - RaC, ofHapyxeRbl JHHHU
uyopecuesunn snementoB 82, 83 n 84 (Banagapec).

DTH OTIBITBI MOKA3AMM, HTO 3AKOHHL AHPAKUUH JeHCTBHTENbHE N0
MeHblell Mepe 10 A = 16 X.

Jlo cux mop ynanoch HCCAeAOBATb TOAbKO JMHHEHHbIH AHPPAKiUMOH-
HBIi CNEKTP, OTHOCHTENBHO 2Ke CYIeCTBOBAHNST HEMPEPLIBHOTO CIEKTPa
He HMeeTCsl HUKaKHX JaHHbX. Ha otaenshoM ancte XVIII naodpaserbl
HEKOTOpble AHGPAKIHOHKbIE CNEeKTPbL.

§ 93. Hsmepenue AAAB BOJHG y-ayueli MPH MOMOUH COIEKTPa
BTOPHYHBIX f-ayueil

MeToIoM AMGBPAKUMH HA KPUCTALNAX KaMeHHON conu (paccrosnue
MeXIy aToMaMHi paBHO 2,814 A) yAan0Ch U3MEPHTD AMHHE! BOJH BILIOTH
a0 16 X.

JHanvreiimee nposnkende B 3ToM 061ACTH 3aBHCHT OT BO3MOKHOCTH
NPHMEHHTL IS TIONYYeHHs AH(MPAKIHOHHOTO CNEKTPA KPHCTAIBI ©
Sosbllell oTpaalollell H pasgeasiomedl CNocoSHOCTHID. MOXKHO, of-
HAKO, H3MEPHATb rOPa3A0 MEHbILHE JUTHHEBI BOAH TYTEM HCCACAOBAHHS
MATHHTHBIX CIEKTPOB BTOPHUMBIX S-1yuell ((OTO3NeKTPOHOB MM pac-
CesTHHBIX 3JI€KTPOHOB).

a) PortoaneErTPOHBB Henyckanne ¢ortosnekTpona npu
TIOTNOWIEHUH ATOMOM KBaHTa H3AYUEHHs NPOMCXORHT TO 3aKOHY
sKBUBaNeHTHOCTH DjfHwreiina (§ 29) fiv = W, + W, rae hv — suep-
THS NOTMIOWIAEMOro KBanTa, W; — 3HEprist YpOBHS, ¢ KOTOPOIO H3-
BAIEKAETCA SMEKTPOH, n W — npHOGPETeHHAs SMEKTPOHOM KHHETHYe-
ckas aneprus. OTKAOHAA (OTO3NEKTPOHB! B MATHHTHOM TOJIe, MOXHO
H3MEpPHTb HX CKOPOCTb H onpefenuTs W H3 OTHOLIeHHS

3aKOH SKBHBAMCHTHOCTH OKA3a/CA BEPHLIM /IS PEHTI@HOBCKMX A1y~
yefl. ONBIT NOKAsal, YTO OH NPHAOKHM TAKNKE M K y-lyuaM.

2710 6bLI0 OGHAPYKEHO CASAYIOUMM CNOCOGOM (DATHC): CAYIKHBIIAS
HCTOYHHKOM y-yuell TOHKas aMilyJia ¢ PafloHOM NoMellanach B MpH-
Gop ANA H3MEepeHHs MArHHTHOro OTKJOHEeHHs S-nydefi mo meToxy do-
KycupoBarHs (phc. 122). D1a amayna sakpeiBanach TOHKUMH MeTaj-
JIHUECKHMH 0G0MOYKAMH, CIYKHBIIMMH panaTopami. Te us menyckae-
MBIX HCTOUHWKOM y-Tyuelf, KOTOPb€ HMEIOT JOCTATOURYIO JJS STOro
4acTOTY, M3BJEKAIOT 3MEKTPOHBI ¢ YPOBHS K BCTPEUHSIX aTOMOB, 3Hep-
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I'Hfl KOTOPBIX NPABH/ABHO YBeAUYHBAETCH C NOBbilieHHeM NOPAAKOBOIO
uHCAa STHX aTOMOB. MOHOXpOMaTHUeCKol rpymne nyyefi nepBHYHOTO
-H3NYUeHHsi, YACTOTA KOTOPOH NpeBbillaeT YAaCTOTY PACCMATPHBAECMBIX
ypoe#eii K, B MATHHTHOM CIEKTpe BTOPUYHKIX f-nyuell JonkKHE COOT-
BETCTEOBATh OMA JIHHHS, MPaBANLHO NepeMellalomascst B oB1acTb
MeHBIUMX cKOpocTelf, KOria YBellunBaeTcst NOPAAKOBOE YHCJIO MOTJO-
WAUIHX y-U3NyueR”e ATOMOB.

Jlaem uyncierHblt npumep no dagucy: myctb Wy Gymer smeprius
ypoeusi K B 3A€KTPOH-KHI0BOABTAX, W — KuHeTHueckas sweprus ¢o-
TOSJEKTPOHOB, H3BJMEUEHHBIX ¢ 3TOTO ypoBHsA. TaK KaK Aafl BCEX die-
meHTOB cymma W, + W ofuHakoBa, TO HA OCHOBAHHH NPHBOAMMBIX
MGp MOMKHO INPHATH K 3aAKIIOHEHHK) O CYWECTBOBAHHH NePBHUHOH
rpynnsl y-nyueh Ay = W 4 W, = 200 xze.

! | et )
[P i S m——
W, w6 ... 253 | 220 ‘ 212 %03 | 174
Wi, o6 37 ‘ 6 | 78 89 } 118
|
S— i ‘ , |
| W Wy, o ‘ 200 | 28 ! 200 200 ¢ 202 |
H i
i |

JIUMHE BTOPHYHOTO CTIEKTPA HAKADAMIBAIOTCA WA COEKTp MepBIuHLIX A-nyved,
XOTA NOCAEAHHE YACTHYHO TOTAOWAIOTCA PAANATOPOM. Te N3 BTODHUHBIX ayvell,
KOTOpble BOSHHKJIM HE Ha TOBEPXHOCTH, & B TONME PAaAMATOpA, 3IAMEANAIOTCH,
BCAEJCTBHE W€TO JIMHHH PACCEHBAIOTCS, HO NMEPEMENCHHE HX NP H3MEHERMH aTOM-
HOTQ BeCa PAZMATOPA MPOHCXOJHMT OUEHb NPABHILHO.

BMecTo Toro TOGhI SaKpelBaTb HCTOUHAK N3AYYeHHS OGONOWKOH H3 CAyMa-
ETO PAfHATOPOM BEWECTBA, MOKHO HANPABAATH MYWOK y-Ayuell Ha MIACTHAKY,
CLeNaHHEYIO M3 3TOTo semecrsa. Henyckanie (IOTOIMEKTPOHOB NPOHCXOAUT B MECTE
T2feHHA TYYKAa Ha MAACTHHKY. DTOT METON, MPeNMYUecTBO KOTOPOrO COCTOHT
B TOM, 4TO Ha TIONYYAEMELHl CEKTP He HaKAaBBAIOTCA COEKTPH NEPBUUHBIX Jyuel
¥ YCTPAKAETCH VACTHUHOE MORIOIGHHE BTOPHUKBX AYuel, TPEGYeT MpHMEHEHHs
3HBUHTENPHO GOjlee CHABHBIX HCTOUHHKOB, UEM OMHCAHHBIY BHOIE METOA.

31uM CIocOGOM GbLI OBHAPYYKEHB YACTHUHO Te MKe TPYIIB, KO-
TOpble ObLIH HalifieHbl METONOM AH(PAKUMH, #, KPOME TOro, HOBHE
rpynnel ¢ Gonee BuicOKON yacToroil. [TpHBOZMM B KadecTse npumepa
niepeuenb rpynn p-nyyelt RaB u RaC (no TuGo);

Dmeprun Kz
241 204 852 466
(426 507 610 770 938 (129 1244 1778 2220

RaB
RaC

Henmyckanne (OTOSNEKTPOHOB  BEWECTBOM, HA KOTOPOE NafaioT
y-NYUH, HasblBAIOT GHEWINUM omosgpesmon B OTIHUHE OT BHYTPeH-
Hero ¢oTosdipekTa, 0 KOTOPOM GYIET CKa3aHO HHXKE.
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b) PACCESTHHBE 3MEKTPOHE. y-1yui MOKHO HCCHRNO-
Bath, NOJb3YACh MOMYYEHHEIMH N0 MeTOAy BuiibcoHa B MarsnTHOM
fone CTePeOCKONMHYeCKHMH (QOTOrpadusAME TPaeKTOPUii paccesHHEIX
3JMeKTPOHOB, OGPa3oBAHHBIX 3THMH Nyuami (CKoGeablbiH).

Mapanneasibit Ny9oK p-nysell 4epes 3aKPHTOC KPAHOM OKOLIGYKO IPOHK-
KaeT B KaMmepy Buancona, NOMellenHyIo B BEPTIRAALHOE MATHHTHOE Tone, B cogep-

JKALIEMCS B KAMEPE ROBRYXE y~1YUH HCAITBIBAIOT KOMNTORORCKOR PACCEsHHE, COTIPO-
BONCAAIOWEESS ACNYCKAKNEH PACCESNHBIX SCKTPOHOB.

DNEeKTPOH, HCXOAAWM U3 KakoH-IMGO TOUKH IYTH Nyyxa, ABH-
MKeTCl B MATHHTHOM NOJIe M0 KYre Kpyra (dnu 0o CHUpAajH, eCiTH YIoa
MeXAY HAYaJbHLIM HANPaBACHUEM 3EKTPOHA M HaNpaBAeHHeM [0as
GNH30K K TpPAMOMY).
Mo nonydernbM GOTOrpadusaM ONpeNeNROT CKOPOCTb SMEKTPOHA f
H YTOJI p MENAY ero HaualbHbIM HalpaBieHHeM H HANPaBJAeHHeM NydKa
p-nyuell. DHePTHSA paccessHHOrO snekTpoHa W cBfisama ¢ sHeprueit
KBaHTa BO3GYIANTeNs Av W yrsioM ¢ ypasuernem Komuroua:
hy
—, Tae &= -——
14+ 22+ (1 + «P tg2p me?

(m — nokosiulancst Macca JIEKTPONA, ¢ — CKOPOCTb CBETA).

Ha orpeabuom macte X1X pann gotorpadmu TpaeKTopuﬁ paccestn-
HBIX 3eKTPOHOB, 00pasoBasHbix y-nyyama Th (C 4+ C).

30 —
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§ l |
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Snagpeun 8 srehmpon-hunolensmex
Puc, |35a.

310T METOJ OATEEPARS CYILIECTBOBAHHE MOHOXPOMATHYECKUX TPy
p-Nydeil B WaNYYEHHH PAAWOAKTHBHBIX BEUECTB H AQJ BOSMOKHOCTb
ONpEeNeNATh YHCIO DPACCEAHHBIX 3JEKTPOHOB, OOpasyeMblx Kaxaoh




[image: image296.png]298 YAVHH i1, X¥

Takoll rpynnoit. OTCioA2 BHIBOANTCA YHCAO IEPBUYHBIX KBAHTOB AAs Pa3-
JMVHLIX 3HAYEHHA v U pachpelefeHMe HHTEHCUBHOCTER B cneKtpe
y-ayuei.

DKCOEPHMEKTANIBHO OTIPElle/IEHHOe YHCJIO PAcCesiHHBIX MEKTPOHOB,
HCIYCKaeMbiX B pefieiax yriia oT ¢ 0 ¢ + do Ha NYTH Myuka y-iydeit
C 4aCTOTON ¥, MOMXHO CPABHHTH C GHCIOM HX, BbIBEJEHHLIM U3 TEOPHH
paccesinus. 9T0 CpaBHEHne [0Ka3blBaeT, YTO
dopmysa Knefina—Hunmnp  cormacyerca ¢
ONBITOM.

Mprsesem caeaywoltuil yHcaeHHbIE MpHMEp,
OTHOCSIHACA K PACCESHHBIM 3JEKTPOHAM, 0-
pasyembiM rpymnoft y-nyueit RaC ¢ sueprueil
W =610 kss. DHeprusi paccesiHHOTO 3JEKTPOHE,
HCNYCKAEMOTO B HAMPAB/JEHHH  HAUAMbHOrO
KBahTa, @ == 0°, paBHa 430 k38, ckopocTb
f =084, npoSer B Bo3iyxe oxosmo 120 cm.
DHEPrUst 3MeKTPOHA, HCMYCKAEMOTO TOH YIAOM
@ = 20°, paBHa 360 xs8, = 0,81, nmpober —
okono' 85 ca.

= =
Sucno idanmod o anmesbanan gy

n ful jmm | M n non
400 835 820 1680 2000 2650 xaf
The+THC"
Puc. 135b.

Hucno p-ayueil B ONpefielleHHBIX WHTePBAZAX SHEPTHH H300pa-
KaeTest rpaduKami, TOJoOHbIMH rpadky na puc. 135a (y-nyun RaB
1 RaC, npodusibTpoBaHHbIE CKBO3b CJOH CBHHIA TONIMHOA B 3,5 MM).
Hannuue cnsomoro dora mexay Golee HIH MeHee Pe3KNMH MaKCH-
MyMaMH YacTHYHO WM TIOJHOCTbIO OSBACHAETCA HEZOCTATOYHOM pas-
pellfarolieil cNOCOBHOCTBI0 MeTOAA. BeHYHHEl SHEPTHH, COOTBETCTBYIO-
wHe OTYET/IUBO BHUIEAAOMHMCH MAKCHMYMAM, XOPOILIO COMMIACYOTCH
€ BEJTHYHHAME 3HepTHit TPYNN y-nyuel (TAKOB CAyYall CHABHLIX PPy
¢ sHeprueii B 612, 1778, 2219 x26), onpefie/ieHHbIMU IO BHEIUHeMY HJIH
BuyTpenHemy (§ 94) cdortosnextprueckomy sddexry. Ipadur oSrapy-
KUBaeT CylIeCTBOBAHHE TPYNI y-nydell ¢ eme Goablieii sneprHeil
(mexay 2000 u 3000 xae).

B chyuae y-nyueit ThC + ThC'” aTuM MeTOIOM yCTaHaBAHBAETCH
CYLIeCTBOBAHHE OYEHb CHJIBHOH rpynnsl ¢ sHepreit B 2660 x38, uto
COTIacyeTes ¢ Pe3yNbTATAMH, NOJYUEHHBLIMH [YTeM HCCEIOBaHHS BHY-
TpeHHero ¢oToanexktpuueckoro sdexra (puc. 135b).
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§ 94. HnTepnpeTauss €CTECTBEHHOTO CNEKTpa [S-myueii

PesysibraThl MCCAEIOBAHMA MO BHELIHEMY (POTONEKTPHYECKOMY S~

KTy Aa} BO3MOXKHOCTb CJIEAYIOUMM 0OPasoM OGDBACHHTHL HajuuHe
MHOMeCTBA JHHHN B ecrecTBeHHOM cnektpe f-nydell (§ 83): Tak kak
TIPHCYTCTBHE STHX JIKHMA OCHADYIKHBAETCH Y TeX BEIIECTB, KOTOPHE
HCNYCKAIOT TAKKE H p-1YuH, TO CJIEAYeT AOMYCTHTD, YTO HCXOMAWKI U3
AApa TPEBPALIAIONIErocs aToMa KBaHT y~1ydell MOXET NOra0mAThCS
B TOM e CAMOM aTOMe, BbIPBIBAR NPH 3TOM SJMEKTPOH C O[AHOFO H3 €ro
ypoBHell, 310 fB/eHHe HABLIBAIOT GHYMPEHHUM (HOMOSACKMPULECKUM
acpexmon UM SHYmMpeHHUM OOpawerues y-usnyuenust B f-Haiyue-
Hue. BepoATHOCTb BHYTPEHHETO OGpalleHHs NO CPABHEHHIO C BEPOAT-
HOCTBIO BHELIHEro OBpailieHHs HIH BHEIIHEro JOTOSIeKTPHYECKOTO -
(peKTa MOXKHO a priori cHHTaTh GOABIIOH, TaK KAK KBAHT, paccMaTp-
BaeMbIit KaK KOPNycKy/a, NOKKAAs aTOM, B KOTODOM OH o6pasoBaiics,
MPOXOAHT MEeNSAY €ro sneKTpoHaMn. EcTecTpeHHble cnekTpel fS-myuelt
OOBLIYHO TIONYYAlT B YCAOBHAX, TAe MOMMOWEHHE Nydeil N0 BO3MOK-
HOCTH YCTPAHEHO, U JIHHHH 3THX CIIEKTPOB MHOTO TOHbIIE H OTUETIHBEE
JIMHHI COEKTPOB, NONYYAaeMBIX TPH NOMOIIH BHEIIRETO (OTOIMEKTPH-
yeckoro afxpexra.

Ipu HCCNEAOBAHHY eCTECTBEHHHIX CHEKTPOB BOSHAKACT CJAEAylo-
was npobyeMa: MycTh Kakoe-HGO BElIeCTBO NPEBpailaeTcsl, HCMyCKas
B- v y-nyun. Ecn sjeprast f-4acTHIA, BEET KOTOPOit BEI3LIBAET H3Me-
HeHHe MOpPSAKOBOTO 4HMCAA, UCTIYCKAeTcst NepBOH, a y-Ayd — BTOPHIM,
TO TNoCAennHil H3BJeKaeT (OTOIMEKTPOH H3 yXe MPEBPATHBLIErocs
atoma (J1. Meftitep). Ecam, HanpoT#s, ucnyckaHe y-nyueit mpef-
LIeCTBYeT HCNYCKAHHIO SAEPHEIX S-iydel, TO BHYTpeHHee ofpallenue
NPOUCXOJUT B MIEPBHYHOM aToMe. TaK Kak 3HaueHust yposHedl B oGoHX
3THX C/IY9asfix HEOJHHAKOBLI, TO HEOAHRAKOBH OYAYT W NOJYyYaeMble
CIIeKTPHI. YTAyGleHHoe HCCIEA0BAHHE CNIeKTPOB 3aCTABHIO NPH3HATD,
4TO HCMYCKAaHHE SICPHOTO 3JCKTPOHA SBJASETCS HavalbHOfl, a meny-
CKaHHe y-Tyua — fnocaeayioedl gasoli npespamenus. CnefoBaTenbHo,
(GOTOSNEKTPOHL] JIOMIKHBI BHIPHIBATLCH ¢ YposHefl npeBpaTHBLIEroCs
artoma. [lpumep: ucmyckaempie RaB (¥ = 82) y-yunm IpousBoAsT
BHYTPeHHHI QoTosneKkTpuueckuil s¢epekT 8 atome RaC (N = 83), o6-
pasylollemcs pH npespawmenyy RaB. Orciona BHAHO, 4TO NpH Npespa-
IEHHH ATOMA €r0 PA3fHUHbIe COCTORHHS Pa3fieieHsl HEKOTOPbIME Npo-
MEXYTKaMH BpeMeHM. B npueelennoM slech npuMepe f-nyud ueny-
CKAKTCA B KOMUE KUK ATOMOB BeulecTsa B, Torga xak y-myun —
B Havase musnu atomos BeuecTa C, UTo6Hl n3GexaTh HEACHOCTH, che-
AyeT TOBOPHTb, YTO f-y4H M TOCAEAYIOUe 33 HAMH y-1y4d HCmy-
cKaloTcst HpH mpeppamennn RaB — RaC.

Vi3 muorounciennsix pador (Fax, Mekitnep, Hauny, dnnuc, Baek,
Hopanoery, Dennk u Ap.) caeayeT, uTo GOMbllas YacTb ANHHI eCTecT-
BEHHBIX CIIEKTPOB MOXKET GbiTh OGbSICHEHA BHYTPEHHHM (HOTO3IEKTPH-
HecKHM 3(EeKTOM, TNPOH3BOAUMEIM = TPYMNAMH MOHOXPOMATHUECKHX
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y-nydeii. Cnenopatenibko, NO JHHHNM €CTECTBEHHBIX CINEKTPOB MOKIO
ONpefeNiTh NOPOKAAOUNE X rpynnel p-nydell. [Tonyuernsie Takum
CrocoGOM Pe3yJbTaThl COMMACYIOTCH ¢ Pe3y/ibTaTaMH, TOJYYeHHBIMH
OMACAHHBLIMH panee MeTofaMH (§ 92 m 93), H CAYHAT OCHOBHBIM HCTOY-
HHKOM HAIUAX 3HAHWHA O clieKTpax y-aydeh.

B npunokenud 10 yKasaHe IpYOIe! afepHbIX MOHOXpOMATHYE-
CKHX y-myueli, OGHAPYKEHHBIE NYTEM HCCIEROBAHHA eCTECTBEHHbIX
CTIEKTPOB Pa3JHUHBIX PAZHOAKTHBHBIX BewlecTs. Jpyrie MeToAw cay-
JKMIIH LS KOHTPOJIS 3TOTO OCHOBHOTO METOJa MM JKé JONOMHSNH €ro
B TeX C/IyYasix, Fie APHMEHCHHE WX JaBajio H3BECTHOE INPeHMYLIeCTBO.

Heeseaosakine TPynn siepHeIX p-Iydell 3actaBiasel Npuiitd Kk 3a-
KJIIOYEHHIO O CYLIeCTBOBAHHH B s/paX cHcTembl ypopHeil. Yacrtorsl nu-
HRfl y-nydell KAKOTO-/INGO BElIECTBA ONPEACNRIOTCS PASHOCTAMH 4acToT
AflepHLIX YPOBHeil, KAK YaCTOTh! CTIEKTPOB PEHTIEHOBCKHX Jyuefi —
PasHOCTAMR 4acTOT BHeaflephblX ypoBhell. K sTomy Bonpocy mer Bep-
HeMest Hume (n1. XVI).

§ 95. HATencuBHOCTL y-myvedl

OcobeHno BaXHON sABAAETCS MPOG/AeMa paclpefefeHHs SHeprull B
cnextpe y-nyuefi. Kax Mbl yike BHIENH, STOT CNEKTp ABASETCS JHHER-
HBIM, TIOCKOJIbKY CYIIECTBOBAHME CIVIOIIHOTO (JOHA HE YCTAHOBJEHO.
MOXHO 3a]aThCsl UEJbIO ONPEACTHTD IS KAXHOH NHHUH OTHOCHTEND-
HOE UHCIO KBAHTOB, HCMYCKaeMbIX ¢ JaHHol wactotolt. Ofun u3 upu-
MEHSIeMBIX JUIst STOFO METOIOB COCTOHT B MHKPO(OTOMETPHYECKOM Ofipe-
JlelleHuH MHTEHCHBHOCTH JUHHH AHQPAKUFOHHOTO CHEKTpa WIH Ixe
[EPBUYHOrO WJIH BTOPHYHOTO (POTOINEKTPHUECKOro cnexTpa. Murep-
TIpETAlHS Pe3YABTATOB ITHX H3MEPEHHIT 3aTPYIHUTENBHA, TAK KAK NPH-
XOAMTCH YUUTHIBATDH NOrIOMIEHHE NEPBUYHBIX M BTOPHUHBIX JTydeil (o-
Torpadueckofl MAACTHHKOH, @ TaKxie BePOATHOCTb BHEIIHEro HJIH
BHYTpeHHero opalllenns. BBOAS COOTBETCTBYIOUIHE MONPABKH, NPH-
XOJAT K 3aKANIOUEHHIO, YTO JHHKH BBICOKON YaCTOTHI MPEACTABASIOT B
cnekTpe y-lyuell 3HAUMTENbHO GOMBIIYIO JAONO SHEPTHH, ueM 3TO
MOXHO GBI0 TIOJATaTh NO OTHOCHTEJBHOMY MOTEMHEHHIO JHHHE Ha
naacTHrKe, D70 MHeHHe NOATBEPHKAACTCS MOJACYETOM KBAHTOB B (YHK-
UMK UX SHEPTHH MO 00pasylouuMcs B KaMepe Basbcowa paccesisbiv
snektpoHam (CxoGenbupi, § 93). IlpuBeieM B KadecTBe TpHMepa
queao ! KBAaHT, HCMYCKAeMBIX DACHABUIMMCA aTOMOM, S [VIABHBIX
aunnit RaB 1 RaC no Smuucy u Acrony (W B x38). [Cu. tabmuuy.]

RaB | RaC |

w I w ‘ r | ow ’ 1 !

241 0,12 607 0,66 ‘ 1298 | 0,08 ‘

| 99 0,26 766 0,065 1379 0,065 |
350 0,45 933 0,065 | 1761 0,26

1120 0.2t | 2198 007 |
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CoBOKYMHOCTE COOODAKEHHH, H3 KOTOPBIX BbIBeeHbl 3TH HHCJIA,
JlaeT TaKie BO3MONHOCTb ONpEeAeNUTb BePOATHOCTb BHYTPEHHEro oGpa-
enus Ha JanHoM ypoBHe, Tak, Hanpumep, ans rpynnsl W = 350 xse
BEPOATHOCTL OOpallenusl Ha yposue K atoma 83 Oyzer 0,10, a wa
yposHe L — 0,02. [na rpynn Beicokoil yacroTer RaC (607—2200 «s6)
KO3(HUMEHT BHYTPeHHero ofpalleHns Muoro menbille (0,006-0,001
Ha ypore K). OcoGo Hy:xHO paccMaTphBaTs rpymny 1414 kse, koto-
pas He OGHAPYKMBAETCA B (POTONEKTPHUECKHX CNEKTpaxX, XOTd B
€CTECTBEHHOM CIIEKTPE OHA TMPEACTABACHA CHITbHBIM HCIYCKAaHHEM SJeK-
Tporoe (TnGo). CnefioBaTeNbHO, He YCTAHORJIEHO, YTOOH p-Ny4H 3TOH
TpYIIEl BHIXOJAMNM 3a Upefiesibl PACNAJAIOUIETOCA aTOMA, H NPUXOIUTCA
NpeAnoaraTh, 9T0 BEPOATHOCTb BHYTPERHEro OGPAlIeHHS B 5TOM CAY-
yae paBHa | (uam Gmu3ka K |} HJIH YTO SHePrHA HCRYCKaHHs 3TOH
IPYNilbt HEMOCPEJCTBEHHO COOGIIAETCS BHEAZEPHOMY SNEKTPOHY, YTO
TIPEATIONAraeT BO3MOMKHOCTD B3AHMOACTCTRUS MENLY STHM SIEKTPOHOM
n agpoM (CMexanb).

Cpennns saeprusi KBanTa y-nanydenns RaB -+ RaC cornacxo npu-
Be[IEHHBIM 3/lech AaHHBIM Ginska k 800 x9g, Toraa kak and RaB u RaC
Nopo3Hb oHa npudausutenso pasua 320 n 1050 xss. MeTon paccesin-
HBIX SJIEKTPOHOB €T HEMHOTO OT/HYAIOUIMECS BeMMUUHEL

Konnuecteo sHepruH, HCNycKaemolt B Bufe y-nyweil npu pacnaje
aTOMA Pas/HYHLIX PaJMOAKTHBHBIX S/IEMEHTOB, H3MEHAETCA B UIHPOKHX
npefenax, Kak 310 CJefyeT H H3 CPABHHTENbHLIX H3MepeHHil HOHH3A-
uud, TPON3BOAHMON STUMH BellleCTBAMH B OAHON H TOH e Kamepe.
Corniacho NpHBEIEHHBIM 3/1eCh JaHHEIM 5Ta SHEPrHs B cnyyae RaB4-RaC
paBua 1860 x3¢. B caeayioulef TaGnule NPHUBESHB! OTHOCHTENbHEE H
aBCOMOTHBIE BEJHYHHEl SHEPIHH, MCNYCKAeMule B BHAE y-H3MYueHHs
TIPH pacniajie aToma PA3HLIX PaZHOAKTITRIBIX BELIECTB.

1860 ka8
200 »
1660 »
780 »
4300 »

RaB+RaC
RaB

3neprust, nenyckaemas ThC -+ ThC', ocofenKo BHICOKa, SHeprus
ke, Henyckaemas AcC -+ AcC'’, 1no-BHAHMOMY, PABHA BCETO TOJIBKO
0,1 sneprum, menyckaemoii RaC.

§ 96. Hounsauusa y-nydamn

Honnzmpyolmasi CNOCOGHOCTb p-Ayuell ONpeNeNsieTcs: HCTyCKaHHeM
BTOpHUNLIX -nyueil. IToayyaemelil B faHHOH Kamepe MOHU3AWHOHHBIH
TOK 3aBHCHT OT TOrO, KaK HCMONB3YIOTCS VIS HOHH3ALMH rasa ¢oro-
SMEKTPOHB H PacCenHHbe HMEKTPOHBI, o0pasylouinecst ol AelicTBHEM
TIePBHYHbIX JIyuell B CTEHKAX KaMepel H B HamosHsuollem ee rase. Cre-
JOBATeNbHO, NPH HOHH3AMHU CEAYET DA3AMYaTh 2q30ebil W n08epx-
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HOCmHol SGGEKTH. 3aBHCHMOCTD BeIHYHHB HOHH3AMHH OT 060HX THX
HaKJIAALBAIOIHXCA 3(XPeKTOB OCBIYHO OUeHb CAOXKHA, TAK Kak 3/ech
HMeeT BHAYeHHe He TOMBKO YacToTa y-Nyyeil, HO Takike (opma W pas-
Mepbl Kamepbi H TOJIIHHA H NPHPOIA €e CTEHOK.

Ecnn kamepa coflep:KWT BO3AYX MAH JpYrofi JerkHil ras, 1o NOro-
WeRte p-ayuell B rase OGbIYHO CBOAMTCS K PACCeSHHIO ¢ 0GPa30BaHHEM
paccestHHBIX 91eKTpoHOB. [loBepxHOCTHLI s(hbexT ¥ BemlecTs, ofpaso-
BaHHbIX JIETKHMW aTOMaMH, COCTOHT B HCIYCKAHHH PACCEAHHBIX 3JEKT-
poros. Ecan e cTeHKH Kamephl cZlelaHbl W3 GoNee TSKeNbIX BElecTs,
TO OHH MCRYCKaloT Takxke (OTOIEKTPOHBI. Bee 9TH 9NeKTPOHEI, KaKOBO
Gbl HH GBLIO HX TIPOHCXOMIEHHE, COBEPIIAIOT B Fade HEKOTOPHIt NyTh,
[I0Ka He CTOJKHYTCH €O CTEHKAMH, KOTOpble HX norouawT. Caegosa-
TeNbHO, Ka¥Abill 37eKTPOH OOBLIUHO NPOM3BOANT HOHH3ANMIO rasa
TOJbKO HA YaCTH CBOEro MyTH.

Ecan noselnaTte faeienHe BO3JyXa B Kamepe, He H3MEHAS NPOHH-
KalOWIero B Hee y-H3/yYeHH s, TO KOMKUECTBO y-Nyuelt, NONTOmAIOHXCS
B BO3AyXe, YBENHUHBAeTCs! MPOMOPHHOHANBHO AaBjieHHIO p. OfHaKo
HOHH3ALHOHHBI TOK { yBenHuWBAETCS CHAYagd MeJJIEHHEe, YeM p, H
JIHITh HAYHKHAS ¢ H3BECTHOTO 3HAUEHUS p, BO3PACTAHHE i CTAHOBHTCA
nuHelinbM, JIefiCTBATENBHO, KOMJA JABJERHe JAOCTATOYHO sl TOFO,
YTOGHL JJIEKTPOHbl, HCXOAsIHE H3 CTEHOK, LEJHKOM NOTJOWANHChH B
BO3JYXe Kamepw!, HOBEPXHOCTHHI a(xpeKT OCTaeTCsl NOCTOSHHBLIM, H
ecTil JaBleHHE TPOAOJIKAET YBEJAHUYHBATHCH, TO HAGMIONACTCst TOABKO
H3MeHeHHe ra3oBoro s(xpeKTa, MpONoPIHOHAIBHOE NOBLILICHUID JaBIe-
HHS. DTH COOBPaKeHH JalOT BOIMONHOCTb ONPECAHTS NOMIO YYaCTHS
Fa30BOr0 H NOBEPXHOCTHOrO 3ipeKTa B HOHM3AUMK Fasa MPH NOMOLIH
KpHeoil { = [ (p), npeacTaBIAONE! HOHK3AUHOHHBI TOK B (QYHKIHH
JABAEHHS.

ToBepxHoCTHEI 3(XpeKT HIpaeT BaKHYIO OB NPH H3MEPEHHAX
HHTEHCHBHOCTH PEHTTEHOBCKHX Jyueil W p-nyvyell [0 METONy HOHH3a-
LHH, TAK K4K 3TH H3MEDEHHS HECPABHHMbI, eClIH SKCREPHMEHTANbHbIE
YCAOBHSL B OTHOWEHHH NOBEPXHOCTHOTO S(ipeKTa passuuHbl. UToGhl
YCTPaRrHThb M0 BOSMOKHOCTH 3TO 3aTPY/HeHHE, 34 eAHHHLY PEHTIEHOB-
CKHX Jiyuell TIDHHSUIH penmeeH, T. €. MHTEHCHBHOCTb NapaifieqbHOro
nyuka Jyuefl, AaiOWero BOIMOKHOCTD TIOAYuHThb B 1 ca#® BO3AyXa TOK,
paBHBI | 9/.-CTAT. €A. HCK/IOMMTENBHO B PesyJbTaTe rasoBoro sg-
(eKTa, NPH YCAOBHH, YTO 3IEKTPOHBI, HCXOASILHNE H3 BO3AYXA, IETHKOM
B HeM noraotawores (§ 31).

Hcxoast M3 TeX ke cOOOPaceHHH, MOMHO ONpEeJeNHTH SHEPTHIO,
MIOTOWAICILYIOCH B BO3yXe Tonbke Grarojaps rasoBomy stpeKTy
ans y-nyuelt RaB 4+ RaC, Haxoxsimuxcs B paBHOBecHH C 1 2 pajud.
Jtd 3TOr0 TMOBEPXHOCTHHIH 3(XPeKT MOXKHO YMEHBLIHTb, YIOTpeGuass
KaMepy C OYeHb TOHKHMH, CASJAHHEIME U3 BeUleCTBAa, COCTOSIIETO U3
JlerkHX atoMos, cTekami. [To MBy uncio HOHOB ¢, oOpasyionuxcst
B Teuenne 1 cex B 1 cu® BO3AyXa Ha PACCTOARHH £ OT HCTOUHHKA, COfep-
HAalIero rpaMM Pajuf B PABHOBECHH C eTO NPOU3BOAKBIMH, BBIPAKAETCS
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opmynoit g = Ke™#[r?, rae 4 — KOS(DOULHEHT TOFJOUIEHHA Tyuel
B Bo3ayxe. OTCIOa A5 MOMHOrO YACIA HOHOB Q, 00pasy:ollerocs NpH
TIOIHOM MOTMIOMIEHKN H3NYUYEHHS:, liMeeM

e
Q —j‘anﬂ?"" dr = —43;’5 .

Monpsysch npoxuKaoukMi dyyami RaC, nauwd Q paexpm npudan-
3UTeNbHO 1-10%5, a cooTBeTCTBYOWHI TOK / NPUGAHINTENLHO PAaBHLIM
5-10° s0.-cTaT. e, BesMYUHBL 3TH, BEPOSTHO, HIKe JeilCTBHTEIBHBIX.

BiaHAHAE NOBEPXHOCTHOTO 3XpEKTAa NPOGOBAMI YCTPAHATL €M CJEAYIOUAM
<Nocabom.

Tlapasienbrblii TydoK Aysell oT MCTOWIHKA MAABIX pasMepos § TpOHIKaeT

B [ePMETHUECKH 3aKPHITYI0 HOWH3ZUHOHYIO KAMEDY YePE3 ATIOMHIMEBOE OKOIIKO
F (puc. 136) W OpOXOAUT MeXCLy ABYME NOMYWITHIADHUECKHMU 5aEKTPOAAMI
A W B, nepeuii H3 KOTOpHIX CORAMMEN C 5aeKTpO-
MeTpoM, a BTOpOii C Gatapecii; noAyUKALHAPE G.
COENHHEHRHE CO CTeHKAMH Kamepw D) CAyXKAT 3a-
JUNTHLIMG 3AEKTPOAAMH. [1yUOK PLIXOAWT M3 Kamepu
yepe3 OKOWKO F'. DIeKIPOMETP HIMEPAET TOK, BHIShL-
BaeMblii HORAMH, OGPASYIOWHMHCA B OTMEYEMHOH
NYAKTHPOM OGACTH TIOR HEACTBICH BTOPHUHMY £y~
ueli, BOSHKAWOUIX Ha My mywks, Mccaeays seai-
UHHY TOKA i B YRKUNK AABACHUA BO3AYXA B KAMEDE
BANOTH f0 10 aTMocdep, AOCTHRAIOT NOTJOMEHKA B
rase HCOYCKAEMBIX B CTODOHbI BTODHUHEIX SNEKTPOHOB
K OpONOPUNOHAABHOCTH MEXAY i W p. OTHOCHTEARNO
37€KTPOHOR, HCMYCKACMHX B HATIPEBACHNH nyuxa,
MOXHO JOTYCTATb, 4TO 3JEKTPOH, BXopsmke b
SAUITPHXOBAHRYIO 0614CTb, H 9ACKTPORH, BUIXORSNLHE
3 Hee, B3aHMHO KOMTIercupylorea. Toraa uucao Honos,
o6pasylouHXcs B OTMEYenHONl MYHKTHPOM ofaacTh,
BHYHCANETCS [0 TIOTAOHIEHKIO TNEPBHYHOTO MAdyue-
HHs B Tofi ke obsacth. BausiHHe BXOAHOTO okowxa
He CKAZHBACTCA 3AMETHO HA PE3y.bTATAX HMEPCHMIL
Mycte Es — sneprug, exolsman b sddexTHBHYIO
ofnactb B Teuerke | cek. Uepes momepednoe cevclie
5, HaXOAAIEECH HA PACCTOAKKI £ OT NeTounkka. Tak
KAK (OTOSAEKTPIUECKHM TIONTONIEHIEM MOIKHO Npe-
Hebpeub, TO SHEPTHA, NONIOIEHHA B IDEKTHBHOIN Puc. 136.
o6aactu, paBHa GalEs, rhe I — pacCTORHHE Mexay
OTPAHHIHBAIOUAMH SqKPEKTHBHYIO 06AACTb HNOCKO-
CTAMB, 8 0p — Ta YaCTh KoSGDHINEHTA PACCEHHA, KOTOPa§ NPEACTABARET IHEP-
[0, TIEPEAaHHYIO PacCemHUBIN SAEKTPOHAM. UNCIO Nap HOHOB, OGPAIYIOILHXCH
nph’ obpamenun 5Tofi suepruH, pasko sgiEsjel (§30 1 89), rae eV — cpexnas
SHEpFHA O6pPasOBAHHS OLHOH MapHl HOHOB.

Tlonyuaemsii 37eKTPOMETPOM TOK § = fie, W i = o,Es]V, o1kyga E = iVjsgls.
Ecan 651 shepria E MoAHOCTSIO MOMIOWMAZACh B BOSTYXE, TO GbLT OB MOAYUEH
tox I =E/ Ve ifogls. 3Han { 115 W Gg, MOXNO BRMHCATH |, a Takke MOAHMIL
HOHHSALHOHHBIA TOK 47rt], KOTOPWIA NOAYWMACA GH TNpH TOTJOWEKHU B BO3AYXE
BCEX HCNYCKAEMBX IAKILM HCTOUHNKOM p-nyteii. LA BLUHCIEHNS COOTEETCTBYIO
el SHEPLHH HYXXHO 3HATE eule 1 V.
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B kayecTBe HCTOUHMKA H3NYUEHHS MOXKHO YNOTPEGASATH CONH pa-
JnA HAW HeGoablide TPYOKH ¢ paJiOHOM, COjepXaHHe KOTOPOTo Hpo-
KOHTDOJIMPOBAHO CPABHEHHeM ¢ 3TajoHOM pamusi. Takum cmocoBom,
npuHuMas oq = 0,000025 u V = 35 ¢, Hamum, uTO HCmyckaemas
TpaMMoM pajHs B BuIe y-nydeit sweprus W = 1,08-10% spejcex, a
MOAHLI TOK mOrAomer s 3THX Ayuei B Bosayxe / = 9,3-10° an.-crart.
en. (Bpyuay). [lpusefennas snecs Bennuuda W cootseTcTsyet 9,3 xas
B yac, YTO COMMIACYETCA C SKCTIepHMEHTANBHEIM OIpeneneHnem (danuc
u Bycrep, § 104).

§ 97. KoamvecTBeHHOe H3MePeHUe PaIys MO y-H3AYUEHUIO.
JranoHsl

Konuyectso pajust 06BUHO HIMEPAIOT TIO €10 y-HaNyYeHKio. OCHOB-
HO® NPEeHMYIIECTBO 5TOTO METOJa COCTOUT B TOM, UTO, NMOAB3YACH HM,
MOKHO KONHYECTBEHHO H3MEpSITh BElW(ECTRBO, HAXOASLIEeCs B 3aNasiH-
HOH TpyGKe, CTEHKH KOTOPOH JIErko DpoHWI@embl anst y-iyveil. Ho
TAK KaK SHEPris, fOTiolaeMasi B BUJe y-Jyuel B HOHU3AMHOHHOM Ka-
Mepe, OObIYHO OUEHb Ma/a MO CPABHEHHIO ¢ SHEPTHel, KOTOPYIO MOTYT
OTHATb B Kamepe TaKHX ke Da3MePOB OJIHOBPEMEHHO HCIYCKaeMbie
@-JTy9H, TO VA U3MEPEHUS TIO y-H3MYYeHHIO HYKHO 6paTh 3HAYHTENBHO
GoMbIIHE KOMHYECTBA BELeCTBA.

Ecan HeGOADBHIOE “KOMHYECTBO BEUIECTBA HAXOAHTCS B MANEHBKON
cTekasAHHOM amnyne” (nanpumep, 2 cx fnuHOH M 3 Ma B XHaMeTpe),
TOMUIKHEA CTEHOK KOTOPO# he npesriuraet 0,3 ma 1 ecln NPOHUKAIOMINE
B KaMepy JydH (UABTPYIOTCS uepes CBUHUOBbIN 5KpaH B | ca ToauLu-
HOt, TO MOTNOMeHHeM Jyvell B CTeHKAX aMIyJasl H B CAMOM H3Ty4aio-
iIeM BEUIeCTBE MOKHO NpereOpeub. it JABYX OAMHAKOBBIX aMITYJ
{3aHHMAIOINX OZHHAKOBOE MOBOXKEHHE OTHOCHTEABHO KaMephl), COAep-
MaWpEX pafuil B PABHOBECHH C PAZICHOM H AKTHBHEIM OCAJKOM, OTHO-
[DeHHEe KOJHUECTBA DAAHST DABHO OTHOWEHHIO HOHM3ALHOHHBIX TOKOB,
H3MEPEHHBIX B COCTOSIHHH HACHILIEHHS .

5

Pue. 137.

IpuGopy npugaior Ttaxylo ¢QopMy, 4TOOH HeGOMBILINE PA3NUUNA
B PasMepax aMmyJ W B KOJHYECTBAX COMH B HHX He MMENH SHAUEHHS.
Jlns 9T0ro HCTOYHMK HaiyyeHHsi S MOMEMAT ROBOABLHO JAJEKO (He
MeHee, YeM ha paccTosiHHH 50 ca) OT SMEKTPOCKOTA, OKPYHEHHOro 3a-
UHTHBIM CBHHUOBBIM SKPAHOM, MOXHO TaKie NOJIb30BATHCA IHOHH3A-
UHOHHLIMA KaMepamu ¢ GonbluMu NaactaHamn (ot 20 po 30 cx B
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auaveTpe). BepxHAA NMAacTHHA TaKo# KaMephl 3aKPLIBAETCS CBHHIO-
BBIM 3KPAHOM, A WMCTOUHMK MOMEILAeTCH HAH MPSMO HA 5TOT SKPaH
Wi Ha HEKOTOpOll BhICOTe Haj Hum (puc. 137).

Uto6bl CTaHAAPTH3HPOBATE M3MEPERHS, KOHIPECC MO PajHOAKTUB-
HOCTH, cOCTOABIHIICS B Bproccene B 1910 r., yupenns sTanonnym ko-
MHCCHIO, KOTOpAsl Pellia YCTAHOBHTb MHTEPHAUMOHANBHBIA STANOH
papus, COCTOAMM{ M3 aMnyabl, COAEPIKalWeH H3BECTHOE KONHUYEITBO
paaus. 3107 3TaN0H Ou HaroToRAeH Mapueit Kiopu B aBryere 1911 r.
B Ilapuxe B BuJe TOHKOCTEHHON CTEKASHHOH aMmnyJiHl, colepKaiyen
21,99 me oueHb YMCTOro Ge3BOAHOrO XJOPHCTOrO PajHs, TONYYEHHOro
U3 COMW, CAyMuBUICH NS onpelesieHus atomHoro Beca. Jpyrof sra-
Jion, cogepxammit 31,17 me RaCly, 611 nprrotosnes B Benckom pa-
JIHEBOM HHCTHTyTe M ObwI JIOTYIleH KOMHCCHEH B KayecTBe BCIIOMOTa-
TeNBHOrO 31an0Ha. CpaBHeHHe OOOHX 3TaJOHOB, NPOH3BEJEHHOE KO-
muccuelt B 1912 r., Aanc BuosMe coBMAjalOUINe pesyNbTaThl, MOCIE
4ero GblI0 PEllleHO H3rOTOBUTD AJIST PA3MKUHBIX CTPAH TAK HA3BIBAEMble
<BTOPHYBEEY STANOHBI NIyTeM CPABHEHHS KAXKAOrO H3 HUX C HHTEPHA-
UHOHAJIBHBIM M BCTIOMOTATeNbHBIM 3TAJOHAMH C TOYHOCTbio Ao 0,2%.
HAna amnys 3THX BTOPHYHBIX STANOHOB ObUIN NPHHSTH CJAEAYIOUHE
PasMeprl: JUIHHa OKOAO 30 mam, BHyTpPeHHRl AnameTp 3,2 s, TONUHHA
crerox 0,27 mm.

HiTepHannonanbibii 310K Xpauntcs & MeKLyHADOLHOM 6IOPO Mep H BECOB
B CeBpe, OTKYAR OH HABACKAETCH TOALKO IR HIMEEHIS BTODHUEX STA’OHOB,
HarOTOBAREMBIX B [laphkckom pajuesom MRCTuTyTe. B asrycte 1911 r. oM co-
Fepwan 16,74 ne pagns sementa {cuntan Ra = 926,0; Cl = 35,457), no pcaex-
CTBHE CAMOMPOH3BOALHOTO PACHAJA PAJHA, BHPAMKAIIEroCs RPHORH3HTENLHO B
0,046% B Tom, K 1934 T. €ro KOANYECTEO YMEHBHAOCH Ha 1%. DTO yMeHbileaHe
YUNTLIBAETCA ADH H3MCPEHASX.

LieHTpaspHoE 610D MeD OOHIMHO 06.141aCT HECKOBKHMU THLATENBHO CPABKEH-
HBIMM APYT C APYFOM STABOHAMN C PA3MMUHBIM COACPKAKHEM PaZKs B HaX. Tou
HOCTb CPABHUTENbHBIX l3MepeHHA TeM BElle, ueM GNIKe APYT K ADPYLY CPaBHH-
BaeMHe aMIyJLL N0 PasMepaM ¥ NO KOMHYECTBY coan B HHX. I1pu 0GBIMHbIX H3-
MPEHNAX ANA MORMIMHCKHX W NPOMBINICHHBX Ueaeii TOWROCTH HAWE RCEFO Che-
AYET CunTaTh paBHOil 0T 0,5 20 1%. Baarofaps opramkIaWHn B PABAMAULX NaGO-
PATOPHAX H3MEPATEISHBIX OTACNOB, TOIOBHBIX HAMCPITEALHOMY OTIEAY B [Tapha-
CKOM PajIMeBOM HHCTHIYTE, KOMHYECTRA Dafiifi OGBIYHO OMPEENRAIOTCA 3INEKTPO-
METPHYECKH, @ HE B3BEUIHBAHHEM.

CHIIBHO OTOHIBTPOBANHbIE Y-TYUH, KOTOPHIMH ONIB3YIOTCS I15 STHX
H3MePeHH]i, NPHHAANEKAT He CAMOMY Pajliiio, a ero NpoussoHoMy RaC.
Ecan RaC He HAaXOMWTCA B PABHOBECHH ¢ Ra, TO 3TH W3MepeHHA He
MOTYT CJOYMHTH A5 ONpEeASIEHHs KojhvecTea nocmegnero. OnHako
TaK KaK B CBeKENPHIOTOBJEHHOH conM pazus komuuectso RaC yse-
JIHYHBAETCA NPONOPUHOHANBHO KOMKYECTBY DafioHa, TO MOMKHO B Cay-
yae HeOOXOIHMOCTH BHIYHCANTD HPeJeNbHYI0 BENHUKHY 1O H3MePEHHSIM,
CHEJTaHHBIM TIPEKAE, YeM YCTAaHOBHAOCH PaBHOBECHE, T. €. JO HCTeue-
HUSL MeCSIUHOTO CPOKa.

C MeHbilell TOUHOCTBIO MOWHO CPABHHBATE N0 p-HINYHEHHIO KOMH-
4ecTBa paRHs B BelleCTBAX, NONIOWEHHEM KOTODBIX Heb3S Npexedpeun.

20 M. Keoph
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TakiM DyTeM [OTYHAIOT NpPHONIAKEHHBIE A3lHbIE TPH HCCJSAOBAHHH
MHHEPAJIOB.

Tlo y-nyuaM MOMKHO TOUHO H3MEPSTh Le TONBKO KOAHYeCTBO Pajds,
HO Takxke pajoHa M RaC, KOMHYECTBO KOTOPHIX NPHHATO BHIPAXKATh
B KIODH MAH B MHJUTHKIOpH. Taik Kak MCTOUHHKOM y-Nydel, HCNODb-
3yeMbiX 1A u3Mepeniil, seageTcs RaC, To KOAHYECTBO €0 B MHJLIH-
KIODH MPSIMO OIPENeNISIeTCS CPABHEHUEM ¢ STANTOHOM, KaK B TOM CIydae,
KOIJIa OH HAXOHMTCA B AMNyJe BMECTe ¢ PajfieM HAH PafCHOM, TaK H B
TOM CJTyuae, KOTAA OH OT/AeNEH OT HHX C aKTHBHLIM ocajkoM. Hameperie
aMnyn ¢ pajoHOM MPHXOANTCs! MPOH3BOMITE YACTO, TAK KAK OHH MPH-
MEHSIIOTCS B MEANLMHE.

Ecan RaC iie HaxouTes B PasiOBECHH C PaMieM, TO KOIHYECTBO ErO H3Me-
HFETCH, ¥ STO HYNHO YNTHBATH MPH NSMEPEHHAX, OTHOCH HX K OTPEAENEHHOMY
MOMEHTY BpeMend. TO JKE CACKAYET 1enaTb NPH N3MEPEHHAX AMOYJI C DANOHOM Mo
p-H3RyUeHHI0 coZiepxanieroca B HHX RaC. Kpome Toro, B 370M cayvae oTHOwWe-
Hye KonuuecTs RaC W pajioHa B COCTOSIHHE TNOABIIXKHOTO PABHOBECHS HeMHOro
OTINYACTCR OF OTHOMIEHHA STHX KOAN4CCTS B ToM cydae, Korma Rm i RaC ha-
XGANTCA COBMCCTHO C PAMNEN H D PanHOBECHN  wuM. TeOpH7 NOKA3MBAET, WTO
HaXofnuleecs B aMIy.e KOJHUYCCTBO PAJIOHA ¢ MOMET GLITh BHIMHCTENO N0 KOMH-
YECTBY €rO g, H3MEPEHHOMY 10 -1y4aM TIYTEM CPABHEHHS C STATOKOM Paii, H3
cooTHOMENHA

CAC A — DOCTOSIHHAR NPEBPAenusi Pajloha, a a, b B ¢ ~~ NOCTOSNHHE NpeBpa-
wenns RaA, RaB u RaC. Ilponssens noacuer, maxomat ¢” = ¢ (1—0,0088).

Hamepenne TpyGoK, COfepIKAlUX Me3CTOPHH AN DafHOTOPHI,
TaKkke DPOH3BORHTCS NO y-U3NYUEHHIO, HO B 3TOM CJiyyae HeJIb3sl NpH-
TOTOBHTb ITAJIOHBL H3 TeX JKe BEUIECTB, TAK KAK HEBO3MOKHO MOJYUHTh
BecOMble KOJMYECTBA NMX YHCTBIX cofiefl, Iloatomy NPHXOZHTCS MOMb-
30BATBCS STANOHAMH PAJMA ¥ BHIPAKATH KOJIHYECTBA ME30OTOPHA H pa-
JHOTOPHS B «MHJINTDAMM-SKBHBaJeHTax pausa». B cayuae RTh
y-u3nyuenne Hcxoaut oT ThC 4 ThC"”. B cayuae MTh yuacteyer
9Ta e rpynna ayued (tak kak RTh o6siuio npucyTeTsyer B npenapa-
Tax MTh) u rpymna syweit, ucnyckaemsix MTh 2, peinectBom rpome-
XKyTouHeM Mexxty MTh 1 u RTh. Kosdduuuentsl noraoients obeux
STHX FPYNN OTAM4UESl OT KO3((HUMeHTa ToraoweHns y-nyuedl RaC
(§ 89). [TosToMy pe3y/bTaThl H3MEPEHHH IyTeM CPABHEHUS C STANOHOM
pallsi 3aBHCAT OT HAMEPHTENBLHOro NPHGOPa K OCOGEHHO OT TOJUIMHEI
CBHHLOBOTO 3KpaHa.

TNpu moxynke pauOAaKTHBHBIX BEMIECTB OUEHb BAXKHO yMeTb pas-
JAUYATH ME3OTOPHH, PaAHOTOPHI H paidil, HaXONAMHECS B 3aNasHHBIX
TpyGKax, Tak kak MTh u RTh pacmagawTtcs ropasgo GeicTpee, dem
panuit. Hroet 6ICTPO CAeMaTh 3T0, He BCKpHBaA TPYGOK, NONB3YIOTCA
PasHUUAMH KOS(GOUIMEHTOE MOLMOUIEHHS, TMPOWIBOAA H3MEDeHHs CO
CBHHIOBLIMH 3KpaHaMH pasanudofi Tonutuubl (Bore). lcronkosanne
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pesynbTaToB HaGniofieHHs, TpyAHoe camo mo cele, eule Gonee OCAOK-
HfeTCs BCAeACTBHE Toro, uro B mpemapatax MTh (§ 139), kotopoie
BCEr/a NOJAYUAKT U3 PYA, COREPIKAUX COBMECTHO YPaH M TOpHIt,
TIPACYTCTBYET HEKOTOPOE KONHuecTBO pajus, JApyroit cfocod KOHTpoas
COCTONT B OIpefe/eHHH AJSl HCCNeAYeMOll H ITasionnoll TpyoKH ¢ pa-
JIHeM OTHOWIEHHS R MX H3NYUeHH ! H OTHOLICHNS 4 KONHUECTB Bhije/sie-
MOTO HMH Teria. Eciu uccieyeMast TpyOKka CORePIKHT pajiudl, To 37H
oTHolllenns paBHbl (R = 4), ectn e OHA CONEPKHT MEROTOPHI W ero
uponseoarsie, To R 74 M H3MeBseTcs ¢ BORDAcTOM mpenapata (Ma-
pua Kopu).
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SHEPTETHUYECKHUE COOTHOWEHHWSA MEXIY AAEPHBIMH
y-JIYYAMH n o-JTYHAMHA

§ 98. y-nyun u sijepHbie YPOBHH

YacTh p-nyuell pagHOAKTHDHBIX BeWIECTB ABASETCA (NIyOpeCieH-
nueli, BOSHHKaiolleH B aToMaX BCJIEACTBHE BO3MYIIEHHS NIPH Nepexo-
JiaX BHesZepHLIX 3neKTpoHoB (§ 75, 94). Onnako HanGonee sHauTENb-
Has YacThb y-H3JYUEHHS| WUMeeT fAjepHOe NPOMCXOWKAEHHE H TaKe
COCTOHT H3 MOHOXPOMATHYECKHX TPYIIN ¢ OMpefleqenHoil AMHION BONHEI
H sueprueil, ITH TPYNIBl HCRYCKAIOTCA NPH BOSMYUIEHHH, BO3SHUKAI0-
meM B fAPE, KOTJA U3 Hero BHOpachiBaeTCA SMEKTPOH pacnaja Wi
a-4acTHUA. MoxHO AymMaTh, yT0 94Ap0O 06AaaeT ONpeenentoll CIpYKTy-
poil, NpeAnoAaraimeil CymecTBoBalte AACPHLIX SHEPTeTHIECKUX YPOB-
Hell, 3aBUMAaeMBIX B HODMA/JBHOM COCTOSIHHY COCTABJISIOUHMH #APO
gacTHUaMH. Ecid ofna MM HeCKOAbKO HACTHIL IepexoisT Ha Gonee
BHICOKHI ypOBeHb, TO AP0 NPHXOAHT B 6030yowdenHoe COCTOSRHE H
MOXKET BO3BPATHTBECH K HOPMANbHOMY COCTOSHHIO NYTeM HCHYCKaHHS
MOHOXPOMATHYECKHX y-Jyueii.

Henbss, ofnako, npoBoauTh AadbHENIIYI0 aHANOTKIO MEXAY Siep-
ROl M aTOMROff CTPYKTypaMH H NoJjaraTs, 4TO BO3CYXKIEHME SApa
CBfI3aHO € TIepexofiom AAEPHOrO 9MekTpoHa. Tak Kak HCnyckaemble
TpH PajHOAKTHBHEIX NPEBPALIEHHsX SACPHEIE 3JAEKTPOMSI He ofia-
JAtoT OTpe/ieIeHHBIME cKOPOCTsiMH (§ 83), TO He BHAHO HHKaKoH BO3-
MOXHOCTH YCTAHOBHTh UKC/ICHHBIE COOTHOUICHHS MEXAY HX SHEPTMsMH
H SHEPTHAMH SAEPHBIX p-iyuell. Hanporus, a-nyun HenmyckawTcs
M3OKWHETHUECKHMH TIpynnami, 3T0 3acTaBisieT JAyMarh, YTO BXOAf-
Life B COCTAB A/pa a-YaCTHUb! HAXOAATCA B ONpeieJeHHBX KBAHTOBBIX
COCTOSIHHAX, COOTBETCTBYIOUIHX HEBECTHHIM YPOBHAM 3Heprau. [amos
JIOMYCTH, UTO TPH  q-TIPEBPAIICHHH MOMKET NPOM3OHTH BHYTPHALEP-
HBll Mepexofl a-YacTHIB ¢ HOPMAILHOTO K BO3CYKACHHOMY YPOBHIO,
BIEKYITH{ 32 COGOM HCyCKaHue y-ydeil, SHEPTHA KOTOPHIX HAXORHTCA
B ONPE/Ie/EHHOM COOTHOLICHHH C 3Hepruell a-nyuefi.
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BriGpachiBaHie $AepHOrO f-nyua TAKiKe MOXeT COMPOBOMAATHCH
BOSOYK/ICHHEM siipa BCAEJCTBHE Mepexofa g-9acTHUEl HIM NPOTOHA.
BOBHMKAIONIEE NIPH 3TOM p-H3AYUeHHe CBA3AHO ¢ HCMYCKAHHEM LIHHHO-
NPOGENHBIX a-YaCTHIL (€CH OHO MPOHCXOAHT), HO €r0 COOTHOIIEHHA ¢
AIEPHHIMU S-1YUaMH OCTAKOTCS HEBBISCHEHHBIMH .

§ 99. CoorpeTcTBHE MeKLY rpyﬁnamu a~ H y-ayued

Mbl paccMOTPHM NOCNENOBATENBHO OCHOBHEIE TPYMNLI HOPMAXBHBIX
W TPYNILL MTHHEONPOGEKHBIX a-yyeli.

a) OCHOBHHE TPYNOB HOPMANbBHBX JYUYEMN
MarBuTHBI CMeKTP HOPMAJIBHBIX a-Nyuell, HCIYCKaeMblX KaKHM-HGO
PAAHOAKTHBHEIM 37€MEHTOM, COCTOHT M3 OAHOI JHHHH MJH HECKOJb-
KHX GAMSKHX APYT K APYFY JHHEN, KaXHad H3 KOTOPbIX XapaxTepH-
3yeT oHY IPYNNY Ayueil ¢ ONpefeneHHOi CKOPOCTHIO H SHepTHeit (§ 69).
PasnoctH sHeprin A 3THX CPYNN MOTYT GbiTh CPaBHERb ¢ SHEPTHAMH
U y-nyueil, HCNYCKAGMBIX TIPH STOM K€ PAIHOAKTHBHOM NPeBpalIeHHH.
o TaMoBy Tpynne! a-nyvell ¢ MAKCUMANbHOI SHEpTHEA HCXORAT ¢
HOPMANBHBIX SAePHBIX YPOBHe(l. OfHaKO HEKOTOpbIe a-yuH, BRIETas
H3 supa, BOIOYMKAAIOT €ro, NepejaBast uacThb CBOell SHEPTHH JpYroff
@-4acTHle, KOTOPAsk TPH HTOM IEPEXOAHT ¢ HOPMAABHOrO Ha Gogee BEI-
COKHil ypoBeHb. DTH JyuH 0OpPA3yIOT TPYMNY C ONPEAENEHHON, MeHb-
ieil, yeM HOpManbHAs, SHEPTHel, ¢-4ACTHUA, NOAYYHBIIAS HAGHLITOK
SHeprHH 4, Tepsier ero, BO3BPAMAsACh Ha HOPMAJLHBIT YPOBEHDb € HCNY-
CKAHHEM y-lyueli ¢ sHepruefi U/. DTO IPOUCXOMMT B Hauane MKHIHH
sapa B, ofpasyroumerocs np# npespaulesii A — B. Oueprna U = 4.
OHa MozKeT GBITh HCTYIHIEHA B OHOM TOJbKO KBAHTE W/IH B PrAe NMOCHe-
JIOBATENbHBIX KBAHTOB.

D10 IHEPTETHYECKOE COOTBETCTBHE MENKAY a-IPYNNaMK H  y-Td-
HHAMHA JOKAasaHO PAAOM ONEITOB ¢ g-nyyamm ThC u  y-nmydamm
Th (C+ C' + C”) (Posentmom u Banapapec). Iloute Becem 3
15 BosmOXHBIX MexAy 6 rpynnamu a-nyuefl pasHOCTAM SHEPrHH COOT-
BETCTBYIOT IPYNb -yuell, 8 H3 KOTOPBIX yKa3aHbl B Caefyiomed Ta-
Guiue (SHEPrUH BuPaXeHbl B 3JEKTPOH-KHJIOBOMbTAX)L).

ThC ... L. 40,7 202 204 332 437 458 478 627
Th{CHCHC) ..U ... 40,0 287 298 327 432 451 471 617

JIpyTuM NpUMEPOM MOTYT CAYIKHTD a- M y-nyun RAc:

RAc...4 33,6 41 60 (00 191 275 295 309
RAc...U . 31,5 43,7 6,4 101 195 282 300 300

TonoGHoe ke COOTBETCTBHe cyillecTnyeT B cayuae AcC (py-rpynna
350 x88) u B cayuae Ra (y-rpynna 189 «ss). a- u y-nyun RAc meny-
ckatotest NpH npespauiernis RAc 2> AcX. a-nyun ThC nenyckatores

*) [Iph BUNCACKHI A 1y3KHO YUHTHIBATS SHEPFHIO YACTRU OTAAUN, NPHGABAA?
€¢ K 3WEPrHH g-UaCTHUL.
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TPy NpespameHin ThC?ThC”, y-nyun Th (C + C' + C") panpwe
NPHNHCHIBAIACH TIPEBPAILEHHIO ThC”?ThD, HO Terephb AOKA3aHO,

YTO [PYONLI TOHKOH CTPYKTYPL HCMYCKAlOTCst, Kak 3Toro Tpebyer

Teopua npu npeppamenun ThC -2 ThC”.
UToGbl 06BACHHTD peayibTaThl 9THX ONBITOB, 0O Teopun lamosa
CJEAYET NPEANOIOKHTD, UTO UKCAO SHEPTeTHUECKUX AAEPHBIX yposHeil
3JeMeNTa, BOSHHKAIOUEro B  pe3ysib-

4 T %%  1are npeBpalleHHs, PAaBHO YHCTY HC-
! TyCKaeMblX o-TPYND, MpPHYEM 3HEPFHS

§ T 98 otux rpynn £, = Eg 4+ don. Tae £y —
Pl SHEPTHST HOPMANBHOTO {(HAU OCHOBHOTO)

EERE ypoBus, & d,; — PasHOCTb SHEprhil

e S PO HOPMAJBHOH IPYNTb g-)tyyell H rpynRbl
ilg |8 |& a-a1ydeli 71-T0 NOPSIAKA € MeHblieli Skep-
alllll rueit. Cxema sigepHoll cTpykTypst ThC™”

R no rpynnam e-nyyeil ThC usobpaxena

i 4 +‘ | Ha puc. 138. BosmokHO, 4TO HEKOTOPBIE

z T 90 TIEPEXOMS MeKIy YpOBHAMI 7APA AB-

JIAOTCSH, KaK U B Clydae PeHTreHOBCKUX

Prc. 138. Cuicrema yposneil aapa ThC”.  Jyueil, 3aNpelleHHbIMH.
A — ociobHGl ypoBews, B—F 803Gy

aumee ypomi, HsGurox siepria b) JAMHHOMPOBEXKHBE

KAMIOTO W5 WX HaA SHEpTHEN YpoBHS N

WU B Supawen 5 os. Crpimamy [PYTNB @-aAvarp  [lexoTopbie
TIOR3 NIEPEXOALI. PaAMOAKTHRHBIE 3JIEMEHTH, KpoMe oc-

HOBHBIX TPYNN, HCNYCKAIOT TaK Hasbi-
BaeMble HHHONPOGEXKHBIey a-TyyH (COKPAINEHHO AT}, YHCAO KOTO-
PHIX TIO CPABHEHHIO C UHCAOM OCHOBHEIX Jydell oueHb mano. Io cux
nop HMCTyCKanne  UIHHHONPOGEXHBIX  a-ayuefi  nabaiofaioch y
Ra (C+ C' 4+ C”), Th (C+C' 4+ C") n nosanee y Ac (C+C +C").
TNonarator, 4To 3TH JYYH HCMYCKAKTCS |
RaC’, ThC’ u AcC’, kotopnie oBpasyoT- 4

7
cst B pesyasTate f-npespamenns RaC,
ThC u AcC B camu HCNyCKAKOT @-1y9H.
Cornacno Tamopy oGpasyiolieecst P 2
TyTeM BLIGPACHIBAHNKS SEPHOTO BMEKT- I
poHa npu npespawtentin C rs C'sapoC’ Puc. 130

HAXOIUTCS B BOSOYIKACHHOM  COCTOSI-

HHH, TAK KaK OfHA M3 COCTAB/SIOLIHX IO UaCTHIl 3aHHMAET YPOBEHb
E, Gonee BHICOKHI, Y4eM OCHOBHON ypoBeHb E,. BosGyxienHoe siapo
C,' MOJKeT BEDHYTLCS K HOPMANBHOMY COCTOSHHMIO E g, HCTTYCTHB KBAHT
y-Nydeft 4acTOTHI ¥, W MOABEPTHYTbCH 3aTeM npeppallennio C' — D ¢
ueryckaHueM @-iyua c 3Hepruelt E,. BepoaTrocts 0 Takoro nepe-
xofla oveHb BeauKa. Ho cyuiecTByeT Take HeGOJbBIIas BEPOSTHOCTb
A toro, uto C,' npeBpaTiTCst MpAMO 8 D ¢ HCNYCKAHAEM A a-4aCTHIb!
¢ sHeprueli Ey 4+ A, tae A = hv. Yncnio N 3THX uacTHIl HA npes-




[image: image309.png]§99) COOTBETCTBHE MEAQY IPYIIIAMH a- M y-JIVHEN an

= N A
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KONUYECTBO BO3CYNAEKHBIX aToMoB C’' W p— N — 4ucao KpanTos
Ha NPEBPATHBIIHICA aToM. JTH COOBPaKeHHs MOXKHO PacIpOCTPAHHTD
Ha cydail, Koraa Bo3GyiIen e HeuesaeT NyTeM HCIYCKAHHS HECKONbKHX
nocnefoBaTeNbHEIX KBaHTOB. [IpocTas cxema nsobpasena Ha puc. 139.

Y RaC’ obuapyseno 12 rpynn an a-ryueil (Pesepdopi n ero
COTPYAHMKH) ¥ YCTAHOBJIEHA CBA3b 3TUX TPYNI ¢ CHILHBIMU TPYNNaMH
y-nyueii RaC. Tak, wanpumep, rpynme nn nydeit, aia kotopoii 4 =
= 607 ks, COOTBETCTBYeT rpPyNNa y-Ayuyeil ¢ TaKoil ke >Heprued.
Tpynne an ¢ 4 = 2880 k3¢ COOTBETCTBYET HCIYCKAHNE NOCAEA0BATEND-
HbIX KBaHTOB 3Hepritef (1761 + 1120) 36 u 1. 1. Hanbonee nuTEHCHB-
Has rpynna ¢ npoGerom 9,13 cu (npu 15° # HopManAbHOM AaBNeHHH),
NO-BHIUMOMY, COOTBETCTRYET FpYIIMe p-nyuelt A = 1414 k38, koTOpas
OBHADYKUBAETCS TIABHBIM O0PA30M MO HCMYCKAHHIO (GOTO3NEKTPOHOB
BHYTpeHHero obpalienus. Ecan N u (p — N) onpeneneHw skcnepu-
MEHTaNbHO, TO NpuBefleHHAs Bbie (GOPMYNa JaeT BOIMOKHOCTD Bbi-
wHeARTD 8, Tak Kak A BEUHC/AAeTCs 1o npobery (§ 70) unu e Teopern-
YecKH TPU MOMOIIK BOMHOBOH MexaHHKH (§ 114). INopsgox HaiilenHbix
Anst 6 sennunn (ot 1014 10 10% » cek.) cornacyetcest ¢ TeopHeit.

OCHOBblBaﬂCb Ha COOQTBETCTBHH MeEXAY JlJ[MHHOHpOﬁE)KHbIMH a-y-
YaMH B p-AyYaMi, MOMKHO TIOCTPOHTB CHCTEMY ypoBHeit RaC — pajmo-
AKTUBHOTO 3/eMeHTa, HauGonee H3YYEHHOTO ¢ 3TOH TOYKM 3peHHH.

Iipu oteyTeTBHA KAaKHX-THOO CBeNeHni O TOHKOH CTPYKTYpe a-Hany-
YeHH TPH MOCTPOSHNH CXEM SUIEPHBIX YPORHEH MOXKHO OCHOBBIBATLCS
TONILKO HA TOM, UTO SHEPrHM HEKOTOPHIX TPYNN p-aydefl PaBHBI pas-
HOCTH 3HEPTHif ABYX APYFHX rpynn. BuiGop yposweil B 3ToM caydae Ao
UBBECTHOI CTENEHH MIPON3BOJEH, UTO 3ACTABAACT TPHHHMATD MOCTPOEH-
Hble TAKKM CIOCOGOM CXeMbl TOABKO C OTOBOPKaMH.

Hanoxennse B 370i rviaBe (axTsl GpOCAIOT HEKOTOPHI cBET na
TPOHCXOKIEHHE SINEPHBIX p-Tyuell, TAK KAaK WMH YCTAHABNHBAETCH,
4TO B PACCMOTPEHHBIX 3/€Ch CAYYaAX HCIYCKAKKE MOHOXPOMATHUE-
CKHX y-nydell ONPEAIeNISIETCA TEMH ke SNEMEHTaMH AepHOl CTPYKTYPHI,
YTO M MCHycKaHHe a-nyueli. ORHAKO B cIyyae y-myyell, CONPOBOKAAIO-
WHX HACMycKAaHWe SEPHEIX S-nyueli, SHepreTHYeckHe COOTHOLIGHHA
0CTAIOTCS HEH3BECTHBIMH,
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§ 100. Vionnzanus rasos, KUAKOCTel M TBEPABIX Teml.
JNeficTeue 3apsaga

@-, f- H p-IyUH HOHH3UPYIOT BEECTBO B €ro TBEPAOM, MHIKOM
1 raso0Bpa3HOM COCTOSHHH, HEH3BECTHOCTD CYUIECTBYET TOMbKO TO BO-
IpOCY HOHE3HDYIOUIero AeficBHA a-ayvell Ha TBepaAble BewecTea. Ecan
BOSMOKHOCTb HOHM3allMH MOAEKYJE, KaK 3TO, NO-BHAHMOMY, HMeeT
MeCTO B ACHCTBHTEJBHOCTH, HE 3aBHCHT OT CTeMeHH CyLUeHHs BeliecTsa,
HACTLIO KOTOPOrO OHA SBASETCH, TO BOCCORNMHEHHe HOHOB H YCOBHS
HX ABHMEHHS OT 3TOTO 3aBHCAT, OTCKA BbiTekaeT 3HAUNTETbHAS Pad-
HHUA B TOBEJEHMH ra3oB, JKHAKOCTEH H TBEpPABIX BEIECTB M MHOTO-
UHCACHHDbIE HEACHOCTH CMbIC/Aa HabilORaeMbIX SIBJACHHI.

a) HMounusauusa rasob 7o seienne Obno yme He-
CHIEIOBAHO ¢ PASNMYHBIX TOUEK 3PEHHA B NPEIUECTBYIOMHX [JABaX,
W MBI BHACAH, YTO HM MOCTOSIHHO NIOb3YIOTCS NIPH HCCAEAOBAHHAX pa-
JHOAKTHBHBIX BEllecTB H H3MYUeHHH.

HanoMuum, 4To HOHM3HpYIOlee AeficTBHE a-, f- H y-UBNYUEHHS Ka-
KOro-HGO BelleCTBa B WOHM3AUMOHHON KaMepe OOLIYHBIX Pa3MepoB
onpejensieTcs: TABHLIM OCpa3oM a-nyyaMmu (IpH YCAOBHH, YTO Bellle-
CTBO HE 3aKpHITO 3kpaHom). Hosusupylonee gefictsye f-nyueft paBHo
npuanauteasho 1%, a nOHHSHpYIOUlee JeHCTBHe y-qydeli eie ciaa-
Gee. IMo sToMY Henb3st, OAHAKO, CYAUTH 00 OTHOCHTENILHOH SHEPTHH a-,
B- 1 y-H3NyYeRHil, TAK KaK OHU HEOAMHAKOBO NOTJIOWAIOTCS B KaMepe.
Oneitet MofcueTa nyyell 3acTaBJsOT NoOAAraTh, YTo NpH pacnage oA-
HOrO aTOMa PaAHOAKTHBHOTO BEIIECTBA HCIYCKAETCA OfNA ¢-vacTHLA
H l'lpHGJ[HSPITeJ[bHO OARa ﬂ-qacTuua H OZMH KBaHT. (\,ﬂe}lOEaTeJﬂzHO,
TIOMRAst HOHH3ALHMS NPH OAUHAKOBOM YHC/E PACTABILIIXCA ATOMOB TPO-
TOPUHOHANbHA GHCAY HOHOB ¥, KOTOpHIE OfiHA YAaCTHHA MOXeT obpa-
30BaTb HA NPOTSIKEHHH CBOETO MONHOTO DpoGera B Bosayxe. Yueno 7,
ZOCTOYHO XOPOILO H3BECTHOE MR C/iyuast a-nyuell, B 3aBHCHMOCTH OT
CKOPOCTH TOCJEARKX H3MeHsieTcsl B Mpefienax or 100 000 o 250 000.
370 UHCNO MeHee KIBECTHO Asisl Cyuasi S-nydell, H OCOSHHO RS CAy-
uam p-nyuelf, KBAHTOBbIE DA3HOCTH KOTODHIX TAKMKE H3MEHSIOTCS B
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WHPOKHX Mpeaenax. B cpeanen st y-nyuell RaB 4+ RaC » = 20 000,
ana f-nyueil cpennsis senmumsa eule Hhxe (v = 10 000). Cormacno
MHOTHM aBTOpaM SHepTIisl, 3aTpayBaeMast Ha 06pasoBaHue Napbi HOHOB,
He 3aBHCHT OT IPHPOAE! H3/YYHHS, HO UHCAA, NABACMBIE TS BeJTHUHHb!
370l smepruu, konediorea or 30 a0 45 6. MoxHO Takme AyMaThb,
4TO T2 SHEPrHsl 3aBHCHT OT SHEPTHM HCIOnbayemsix f- H y-ayuei,
XOT NPOH3BE/IERHBIE 0 HACTOSIEr0 BPEMEHH ONLITH!, NO-BHANMOMY,
He BOATBEPKAAIOT 5TOrO MPEATIONONEHHS .

B rasax Nnpy yCJAOBHH He CJKUIKOM HHTEHCHBHOH HOHH3ANUH MOXHO
NONYYHTH TOK Hackmenns. [axe B cayuae e-ayuedl, rje nunefiuas
[AOTHOCTD HOHOB 3HAUUTENbHA, MOIKHO

TIpH YMePEHHON KOHH3AllMH OCYHIECT- T,
BUTb HaChIIEHHE. £ 8
B CHABHO HOHH3HPOBAHHOM rase, Sesm

TIOABEPTHYTOM JeHCTBUIO  SMeKTpHYe-
CKOrO NOJS, YBJIEKAeMble STUM HOJEM
HOHBI OKA3LIBAIOT HA MOJEKY/H OKPY- 4
JKAIOWEro HX BO3AyXa 3HAUMTeJbHOE —
MexaHuueckoe feiictere. Tak kak noso-
JKHTENbHBIE H OTPHUATEIbHbIE HOHb! ABH-
JKYTCH B NPOTHBOMONOXKHLIX HalpapJie-
HUSX, TO B 00NACTH OXHOPORKOTO A0S,
rie KOHUEHTPaLMH HOHOB PasHbIX 3Ha- g 4
KOB OJHHAKOBLI, HX JeHCTBHS B 3HAUM-
TeNbHOW Mepe B3aHMHO YDaBHOBELIH- Pue. 140
BalOTeA. 3aT0 BOSHMKAKIKA TpH Bes-
KOl acHMMeTPHH TOJAA WAIl HOHIOH KOHUEHTpAWH H3OLITOK CHABI,
JeficTByoUiell B ONHOM HANDABJEHNH, BLISKBACT aexmputeckut emep.
D10 sBJEHNE BIHAECT HA DACTPE/ieieHHe AKTHBHLIX 0CAJKOB HAa SMEKT-
popax u cTeHKax cocyla, B KOTOPOM NDOHCXOAHT AKTHBAUMS.

b) MoMH3ALNSA KUAKOCTEN JO HACTOSUIErO BpPEMEHH
Habatonasack TONbKO B MBOIHPYIOWEX KUIKOCTAX, HATIPUMEp, NETPO-
aeitHoM 3dHpe, Ba3eJHHOBOM Macle, JKHAKOM Bosayxe n T. A. (1. Kiopn).

OnITH NPOHSBOANANCH CTEAYIOWAM OBPASOM: JKHAKOCTE HAXOMNTCA MEKAY
ABYMA WAARHADKUECKHMI 3aexTposami A u B (puc. 140). BiyTpy snextposa A,
COEMHHEHROTO € 3/CKTPOMETPOM, NAXOANTCH amnyaa ¢ pajuem R. dnekrtpor B
CcoRmIAER ¢ Gatapeefi. CoeAHHCHAAS ¢ semaeil 0XpanHaa TpyOKke G, WacTHuHO To-
pyXennas B KHAKOCTb, 3alLLIAET STEKTPOL OT HONHIUROHHOTO TOKA, NPOH3EO-
RHMOrO B BO3RYXe NCXOAALLMMHE M2 aMNyNLL AYUaMu. - 11 p-AYYH A3 AMOYABI NPOHH-
KalOT B KHAKOCTo Uepes TORKYIO CTEHRY a7ekTpona A. Llosyuaemmii RONHIALMOH-
HBIfl TOK YBENHYMBACTCS NPOAOPUHOHANDLIG HANPAKENHIO B GOALe WIMPOKHX Npe-
Renax, wel B TOM Cywae, ec/iH Gbi HAKOCTS GBLIA 3aMenena rasom. ONHAKO H B
CRyuAS HHAKOCTH OBHAPYKNBACTCA TeHASHIIA K HACHIeRMlo. B TIATeALAO OuH-
EHROM TEKCRHE YCTAaNOBACNO MPUCYTCIBAE ARYX BHIOB HOHOM: ORHH — GOACE NOK-
BRIKHBIE H CTIOCOGHBIE K HACHILENHID, APVFHE, BOBMOMKHO 06pasyloumlieca H3 ClefoB
nphMecedl, — Menee nopsuxisle (Sdic). MoHb € nopmanbiofl NORBHKHOCTbIO

e
HMEIOT, NO-BHAKMOMY, KOS(OHIHEHT TOLBINKHOCTH Ropaaka 6-107¢ &\‘Z:u
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HaGawopaemast B cayyae f-nydelt MofHash HOHH3ALHA B XKHAKOCTH
3HAUHTENILHO HIXKE HOHH3AUMH, BO3HHKaloWeH NpH MORHOM Moriotie-
HHH 3THX Jaydeil B BosjiyXe. B cayyuae a-nyueii, poSer KOTOpEIX B XHA-
KOCTH OYeHb Mall, 370 fAipJicHHe elle Gojee 3aMeTHO, W HabmojaeMas
B KHAKOCTH HOHM3ALHSI OKA3biBAETCA B THICAYY Pa3 MeHbIle HOHH-
samun B Bo3pyxe. OfHako 3TH (aKThl, WO-BHIMMOMY, OSBACHAITCS
He TeM, MTO B KHAKOCTH 0Gpasyercst MeHbllle HOHOB, a OYeHb GOMb-
woll JuHelHOR NJIOTHOCTbIO HOHOB (HORK3alMsl B KOJOHKAX), uTO
NPensiTCTBYeT YBACUEHHIO HOHOB U GAYONPHATCTBYET MX BOCCORAM-
HEHH 0.

¢) HOMN3ANHIO TBEPAB X TEJ NPOHHKAOWUMH §-H p-BY-
YAMH  MOMHO HalAIonaTh, TNOAB3YACh NPHGOPOM, H30GpaKEHHBIM
Ha puc. 140, ecan Hanute B cocyA B pacrniaBreRHbli  napagHH.
Mo BausiHueM Nydell HOHH3AUHOHHBIA TOK BOSHHKAeT KAK B JKHIKOM
napadune, TaK M NOCTE 3aTBEPAEBAHMA, HO B NOCJHEJHEM Clyuyae OH
cnabee. Tok B TRepAOM NapaHe 3aBUCHT He TOABKO OT COCTOSHHA
napaguna B paccMaTPHBAEMbII MOMEHT, HO M OT €r0 NPeAIeCTBYIO-
IEro COCTOSIHMS, TAK KAK MEKTPONPOBOAHOCTh BO3PACTAET C YBEH-
YeHHeM BpeMeHH AeficTBHS ayueli. Ecau, mocie TOro Kak ToK Mpoxo-
AH HEKOTOpOE BpPeMsi, YHKUTOKHTb NPHIOKEHHOE Tofe, COSNHHHB
anexTpos B ¢ 3emieil, T0 0GHAPYXKMBAETCS BOSHHKHOBEHHE 0OPATHOPO
TOKa. DTOT CHAbHBIL BHayane TOK OLICTPO HeyesaeT. DTH SIBJEHHS
OBBACHAITCS HAKOIJIEHHEM B JH3AEKTPHKE HOHOB, HMEOUEM TOT Ke
XapaKTep, UTO H MONAPH3ALHS AMSMEKTPHKA NOJ AeiCTBHEM SJEKTPH-
HECKOTO Tons B OTCYTCTBHH Ayuell. CrefoBaTeNbHO, 3TY NOASPHIAUMIO
HYXXHO OGBSCHHTL HANUYHEM HOHOB B AHSAEKTPHKAX B HOPMAJbHOM
COCTOSIHHH.

Ecau sacraputs a-fyud AeficTBOBAaTb Ha OYEHb TOHKHH CJIOM AM3/eK-
TPHKA B 3MEKTPHUECKOM TIONE, TO RaO/MIofaeTcs BOSHUKHOBEHHE GHICTPO
yMenbluaomerocs Toka, OctaTounnii odenb ciadeiil ekt NpHIHCH-
BACTCA OOBLIYHO HOHH3AUHM.

d) TIPHAOXEHUS HMOHN3UPYIOIWEIO JAENCTBHA
Honnsupyioune ayyn oGaeryaloT NPOXOKAEHHE SAEKTPHUECKOTO Pas-
PANA MEKAY ABYMs SMEKTPoJaMu. ITO SBJeHHE MOKKO HalniofaTh Ipu
MOMOIM MHAYKUHOHHOH KaTyWKH € MCKPOBHIM mpephipateteM. Ilpu
cootBeTCTBYIOMeSl Pery/iHpOBKe TPHGOPA NPHOMHKeHHe HCTOYHHKA
nyueit 6yner BLILIBATD MpoxomaenHe Hekpol. Ecnu moa JeficTsuem
PAAMOAKTHBHBIX BEWECTE BO3AYX B NPOCTPAHCTBE MEXKAY ABYMS CAe-
JIARHBLIMH H3 PAsHBIX META/VIOB SJEKTPOAAMH, OARH H3 KOTOPBIX COGH-
HeH ¢ semieli, a IPYrofl ¢ 31eKTPOMETPOM, CTAHOBHTCH TPOBOKHUKOM,
TO 3MEKTPOMETP NOKA3HLIBAET NOCTOAHHOE OTKAOHEHHe. DTO JaeT BO3-
MOMHOCTE H3MEPHTb KOHTAKTHYIO 3MEKTPOABHIKYILYIO CHIY OOOHX pas-
JIGMEHHBIX CMI0SM BO3YXa META/NIOB. OTH S/IeKTPOABHKYUIHE CHIIbI
HMEIOT BenHuMnY MOpsifKa Jonedl BObTa.

Metanmuueckuii 30HA, NOKPHITHL TOHKHM CJ10EM PAIHOAKTHBHOLO
BEIIECTBA, MOMET YNOTPeOAATHCA AMA OnpelefieHHst NOTeHUWata NpH
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H3MEPEHUSX ATMOCHEPHOTO 3neKTpHuecTBa, CMOTPSl NO HANPABJIEHHIO
DO, CYMECTBYIONEr0 MeXAY 30HAOM H OKPYXAMUUM €r0 HOHH3UPO-
BaHHBEIM BO3LYXOM, 30HJ NOTAOLIAET HOHBI KAKOTO-MHEO OAHOIO 3HAKa,
NOKa ero MOTEHHHaJ He CTAHET PaBHbIM MOTEHUHARY TOf YaCTH mpo-
CTPaNCTBa, Ijle OH HaXoNHTCH. BYIYuH COefMHeH C 31EKTPOMETpOM,
PAAHOAKTHBHbI 30H MOMKET 3aMEHATD KaNeNbHEIE H I1aMeHHbIE 30HABI.
PajoaKTHBHEIE GOHAbl BOIAH B NPAKTHYECKO® YHOTPEOIEHHE: ORH
HCTIONB30BAMICH NPH NONAPHBIX HCCIENOBAHHAX.

Kondencayus nepeconyennozo 800snoeo napa NydaMi pagHOaKTHB-
HbIX BELECTB ObMIA yXKe HECKOMbKO pa3 PaccMOTpeHa B 3TOH kHire B
cesi3d ¢ MeTolloM Buabcona. B npucymemeuu padora HaGMIOAA0T Tak-
2Ke KOHOEHCAUUIO RACOIUEHR020 U 0aMce HeHACHIeHRO20 g0DaH020 napa.
B 6ani0Kax, cofeprKalliX AUCTHINHPOBAHHYIO BOAY H BOSAYX € NpH-
Mechl0 SMaHaUMH, MosBiseTcss TymaH. To JKe NPOMCXOAMT H B TOM
chyyae, KOTA2 BOJY 3aMeHAIOT pasbamaenuoil cepHOHl kHcaoToll (Ma-
pust Kiopi). LIeHTpaM: KOHAGHCAUWH, TIO-BHANMOMY, SIBASIOTCS TPYINbI
MONIEKYJl XHMHUECKHX COeAUHeHH T, o0pasyouuxes NoA AeficTBHEM Y-
vell 3 MPHCYTCTBYIOIMX B cocyfe peiects. IlosiBienne Tymana Ha-
6ni0jaeTcs B NPHCYTCTBUH NeTPOJIEfiHOro Sdupa, cepoyrieposa, Ges-
BOAHOTO 3¢upa, HoLa, Kamopbl. B 3aBHCHMOCTH OT NPHPOJbI BEWeCTB,
BBOAHMbIX B COCYA ¢ 3MaHalKel, TyMaH GbiBaeT GoMNee HAH Melee YCTofl-
yus. OH, NO-BHIMMOMY, SIBAfETCHA NPW3HAKOM NPOHCXOAsUIEd B co-
Cyle XHMHYECKOR peaxiliu.

TIponnKalouye Jy4H, HCXOAANUIMe U3 TPYOKH C pajieM, BhISbIBAIOT
KPUCTQANUBALUI BEUIECMSs, HOXOOMUUXCA 8 COCMOSHUL NEpeoxaadce-
HuA. D10 ABACHAE GBIIO YCTAHOBJEHO MPH MOMOWH NEPeOXJAaMAEHHONR
cephl. OGayYast YacTb OJHOPORHOTO COS KamnesmeK cepbl, NOJYYaloT
B 9TOM yacTH Gonee GLICTPYIO KPHCTAINIK3ALMIO, UYeM B HeOO/y4aeMolt
gactn cnost. Tpu 310M yBeNHUNBARTCA KAK YHCAO USHTPOB KPHCTALIH-
3AUHH, TaK H CKOPOCTh €e,

e) JEvcrBusa 3APALA 3apaasl HOHOB, OGpa3yIOLIMXCS
B rasax B MpPHCYTCTBHH OGOABUINX KONHYECTB PajHOAKTHBHMX Be-
WECT, @ TaKKe 3apsjbi, NEPEHOCHMbIE a- K B-TyYaMH, HAKOTAACH,
NIPOH3BOASIT 3aMeTHHie ACHCTBHS.

BHYTPH CTeKAsSIHHON aMIy/bl ¢ PajHeM NPOHCXOAHT HAKON/EHHe
SJIEKTPHYECKOrO 33pSAA, TAK KAK a-1Y4H HE MOTYT BHIXOAHTH H3 aMIIYJIBI,
TOrja Kak B-Tydu HCIYCKAlOTCS HAapyXy. D10 06CTOATENBCTBO Mpej-
CTaBARET ONACHOCTD ISl AMIYJIB!, KOTOPash B HEKOTOPHIX CIYY4asX Npo-
GUBAETCS IEKTPHUECKHM DPA3PAIOM. DTO MOXKET ClYUHTbCA MPEHMY-
IIECTBEHHO TOrA2, KOTAa, uTOObt BCKPBITE amIy.ny, ee HaipesaioT H
CTEKNIO B MECTé HajJpe3a CTAHOBHTCst ToMblle. UToGH H3GexkaTh 3TOTO,
B OJIHH H3 €e KOHIOB BUAHBAiOT MATHHOBYIO NPOBOMOKY, MPOHHKAIO-
Y0 BHYTPE aMIyJibi.

B TOHKHMX ammyJiax, COLepXalliX pajioH Moj aTMOCHepHBIM JaBe-
HHeM, MOXHO HaGMOAATh 0OpasoBaHHE HCKP B rase, COMPOBOKAAIO-
meecs pacTpeckuBaHHeM crekna (A. HeGbeph). TIpn HekoTOpbIX yeuo-
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BHAX JaBJEHHA B rase NPOHCXOAAT CAMOTIPOH3BO/BHBIE CBETSILINECS
paspsabl, NOAOCHHE pPasprfaM, HaGMIONAIOMEMCA B Pa3PeHeHHbIX
razax.

Ecan HeGonbluasi Kapuepas UalleyKa COAEPIKHT CHALHBIA npena-
PAarT MOMORHSA, TO CNYCTH HEKOTOPOE BPEMS €e CTeHKA BO MHOTUX Mec-
Tax MOKPLIBAETCS MENKHMM BHIGOHHAMH H pacTpeckupaercs. STo, se-
POATRO, TMPOHCXOJHT OT HeGOAbIUHX HCKOPOK, BOBHHKAIOUHX BCJeA-
CTBHE HAKOMJIHHS 3aps/0B B H30AMpYIoileM Beiectse (Mapus Kiopu
u A. ieBreph).

PajnoakTHBHO® BelleCTBO, NOMEIEHHOE B BAKYYMe Ha H30AMPYIO-
el TOACTaBKE M 3aKPHITOE 000M0YKOH, mponyckawowel S-ayum, HO
He TIponycKalomeli a-1yuH, AOMKHO GbLIO b CAMOTPOH3BONBLHO 3apsI-
JWTECK [0 NOTeHIHana, JOCTATOMHO BLICOKOrO, UTO0El BOCTIPENATCTRO-
BaTh BbUIETAHHIO f-nyueil. [IpakTHUeCKH npeaenbHbI NOTEHUHAN Onpe-
JIeISIeTC HeCOBEPIIEHCTBOM H3OMSIKM

§ 101. Cserosbie zeiicTensA. TepmomomuHecuenuus

CoesiiHeHHs GapH — Pajust H COSMIMHEHUS Pajis CaMOTIPOH3BONBHO
ceersitest {ITbep u Mapns Kiopy). Bessofnke xnoplcThie H GpoMicTsie
COMH HCITYCKAMT OCOGEHHO CHABHBIN CBET, BHAHMBII NPH AHEBHOM OCBe-
HIEHNH, KOTJA KOMHYECTBO COMll DAt NOCTHIAeT HECKOJBKHX HellH-
TpamMmoB. Hpu 3TOM CBETITCSl He TOAbLKO NOBEPXHOCTL Npenapara, Kaxk
5T0 GbIBACT B C/TYYAae NOABEPTHYTHIX OCBeWeH I0 (hochopectwpyoLINX Be-
mecTB, a Besl ero Macca. Co BpemeHeM CBeYeHKE YMEeHbLIACTCH BCIeICTBHE
H3MEHeHHsl CONH, CONPOBOMKIAIONErocs okpailksaHuem ee, [Iph mepe-
KPHCTALTH3AUMA € NOCAELYIOWNM O0e3BOKUBAHHEM TIEPROHAYANIBHOE
CBEYEHHE COJIM BOCCTAHAB/IMBAETCSH.

PactBopet conteft Gapis—paanst WM PAAMA TAKKE BBIBIBAIOT CBeye-
HHe, B 9eM MOXKHO YOeAHTBCS, MCCMeAys HX B mnaTheosofl ammyne,
KOTOpasi He CBETHTCSH MOAOGHO CTEKAy NOJ JeficTBueM Jyueil.

Caeuennte coiteft pagusi mpunuchBaetcs AeHCTBHIO ero Jaydefi, Bos-
GYXJQOWHX (IYOPECLEKIHIO MOJEKYJ INeJOYHO-3eMeNbHOM ComH Tak
JKe, Kak ee MOXeT Bh3BATh BHEWHAS NpuunHa. COSAHHEHHS HOHHA M
AKTHHHS TaKiKe CBETTCH.

Ha omienshom macte XX (puc. 2) ana otorpadma aMmyasl ¢ pajtieM, no-
nydeHHas B TeMHoTe GNATOZAPA ACHCTBNID COBCTEEHHOTO CBETA STOTO BEUIECTER,
4 Ha pHC. | — MOyyeHHas NPI Tex iKe YCIOeBHSX (POTOrpadns uawenkd, conepxa-
meil 4 2 coan paghs. (CM. B KOHWNE KHHTH).

Toa pefictBiem nydeil pajds CBETHTCH TaKkke OKpyXaoluli ero
BO3AYX. CpeyeHue BO3AlyXa BbI3bIBaeTCH TJIaBHBIM 06p830M JeficTBHeM
a-}lyqeﬁ Ha a30T BO3yXxa, MoA0CH KOTOPOro OGHapy)KﬂBalOTCﬂ CIeKTPO-
cKonuuecknm uccaegopanneM (lorunc, 3eeman), TaK Xe Kax B ciydae
BNEKTPHYECKOrO paspsiaa. Bee HCIyCKAKWIIKe a-Nyud BellleCTBa Ipo-
H3BOAAT HA BO3XYX TaKoe ke neiflcmue,
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Ha otgeabom aucre XX (puc. 4) fama cienauan o Temmote gotorpagwn
BO3AYXA, CRETAIETOCS 0K ACHCTBHEM G-ylel WONOWHA, TCXORAWHX OT HCTOW-
WAKa MamblX paawepon. [10 paAwycy ceeTAmEHCR 30N MOWHO ORPENCAHTH APO-
6er a-nysc moacHHA.

a-, f- 0 y-Ty4d PaJHO2KTHBHBIX BellleCTs BO3CYKAAIOT (uyopecued-
1Ho 1 (GoCOPECUeHII0 BO MHOTHX BelIecTBaX, MpHueM, Kak ofiiee
NpaBHJO, STH BellieCTBA MOFYT Bo36yKaaThes H caetoM (IT. u M. Kiop),
OJIHAKO OTHOCHTeJIbHAS HHTEHCHBHOCTb BO3CYMIGHHA He BCErja ojHHA-
KoBa. CocOGHOCTBIO K BO3GYKACHHIO 0612210 IaBHbIM 05Pa30M COH
EJIOYHBIX H NIEAOYHO-3EMebHBIX MEeTA/IOB. PYOPeCUHpYIOT Takie
Gymara, BaTa, CTEKJIO, MeTa/bl ke He guyopecunpyioT. Korga pason
KOHJCHCUPYETCA TIPH HHSKOH TemnepaType B CTEKJISHHON TpyGKe, TO
TPyOKa APKO CBETHTCA B MeCTe KOHAEHCALHHU, YTO JaeT BO3MONKHOCTh
¢ororpadrposaTs 910 apAeHHe (oThenbani auct XX, pue. 3).

Hna nabnwoaenus f- H p-rydeit nyduie BCEro MOAXOAHT NJATHHO-
cuHepoAuCTRIl Gapuit. i HaGmofenus o-nyueil OGBIUHO ynOTped-
JisieTCs CepHUCTBIL HMHK. BosHHKalollee NOJ AeficTBHEM a-ayuel sBae-
HHe CHHHTHARAUKT yike omucaHo Bhiwe (§ 65).

BOBHHKHORERHE CUMHTAINAUNA NPHIHCHIBACTCA BOIGYMACHHIO 0COBHIX ocdo-
PpozcinbLy gormpos, OSPA3YeMBIX MPUMECAMH, HANPIMED MeAIO, HAXONAULMMACT
B CEPHHCTOM UMITKE B COCTOANHH TBEp/bIX PACTBOPOD. DTH LEHTPH NOJ yAAPAMH
Guilyuei IMCHRIOTCA, TaK UTO 06Ay9aenbill CopINICTHH MHHK MOCTENeHHO TepAer
CBOIO CROCOBHOCTL K CBevenmio. [L1% HaGNIOIEHNA CRIHTHIASURAA MOAB3YiOTCA
TAKIKE BHANCMHTOM H QJIMA3OM.

Tonbayach CHABHHIMH [PENapaTaMM MONOAHZ, MOXKHO NPH AHEBROM CBeTe
HAGA10AaTE CBEYCHHE DKPAHA C CEPHHCTHIM LHIEKOM, TOMEUEHROTO OKONO AKTHB-
HOFo BELLECTSA. CHIBHOE CBEUCHHE TIOAYYAIOT TAKIKE, BEOAL PAZOR B COCY, COLEP-
AU CepHUCTBLY MR,

Hanpasnsast Ha sKkpad ZnS TOK BO3AYXa, CONEPIKAMMI AKTHHOH, PaAHOAKTHB-
Wbl Ta3 ¢ MAN0H NPOAONKHKTENLHOCTLIO JKII3HH, HAOJI0AAIOT lta SKpaHe NosBleHke
KPAaCHBOTO CBETAWETOCS OPeoa.

Hiamenenre gocopecuupyOlnX BellecTs NOA AeficTBHeM a-, f- H
p-ltyyeil OGBIYHO OOBACHAIOT MOCTENIEHHEIM XHMHYECKHM APEBpaLeHHeM
0B/y9aeMOro BelliecTBa.

Ecou e-1yud NajaioT W04 OCTPLIM YIOM, TO IPH TOMOULA MHKpO-
CKOMa MOKHO HaGMIOATh CBETSIUINGCS TPAEKTOPHH HX MPoseros B ¢oc-
dopecuupyrolem BemecTse. f-1yyn BH3LBAT Gonee ciadbie CUMH-
THISUHH, YeM @-1yud. f- H 9-J1yYH He BHISBIBAIOT CLUHHTHIISMHIY).

JeitctereM nydell Ha (ocdopecnupyrommye SKpaHbl HHOMAA HOXb30-
BaJHCh NS OOHAPYIKEHHS UACTHI HEYASHHO PACCHIMAKHOTO DajHOAK-
THBHOTO BeIIECTBA.

Ha ocopectipyloliero CepHHCTOro UIMHKA C TIPHOABNEHHEM OYeHb
1eGOMLIIOrO KONHYECTBA COMM pajus (OGLIYHO MEHBINE /g) NPHIO-

1) Tenepb U3BECTHO, ¥TO CWIMTHAARLMY, BOSHAKAIOLE B TEeDAMX M IKHI-
KHX BEUECTEAX TIOJ BAHAHHCM f- If p-Nyuell, MOTYT GBITb OGHAPYKEHM TpH MOMOUIH
hoTo3NeKTPOHHEX yMHOKHTeAeH. Ha 3ToM ochOBaHO WHPOKOE NpHMEHEHKE CIEHH-
THANSWIOHHBIX CYeTYHKOB. (Ped.)
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TOBJISIIOT Kpacku, caboe NOCTOSIHHOE CBedeHWe KOTODHIX BHAHMO B
TEMHOTe. DTH KDaCKM HAHOCAT Ha HH(epONaThi YACOB, NPHLENbHbIE
TIPHCTIOCOOMEHHSA, CBeTAlMecs MoKasaTedn U T. A. Bmecto pamus ans
3THX KPacOK yNOTPeGJISIOT TaKike Me3OTOpHIl H PajuoTOpHil.

TepmonioMAHecHeHIHell HAa3LBAIOT CBOMCTBO HEKOTODBIX BEILECTB,
HanpHMep (IIOOPMTA M ANATHTA, HCMYCKATb CBET NPH NOBBIIEHWH HX
TeMIepaTyphl HHKE TEMIEPATYPH Kajenis.

UtoObl HaGMIOAATh TEPMOOMHHECISHIHIO NJIABHKOBOrO IlNaTa,
JIOCTATOYHO GPOCHTB KYCKH ero Ha Harpetyio Ao 500° MeTanauyeckyio
nnacTHAKY. IIpy narpepaHuu HCIYCKaeTcs ONpefeNeHHoe KONHYeCTBO
cBeTa, W SIB/IEHHEe He MOKET GbiTh MoBTOpeno. ONHAKO eC/H BEllecTBo,
CBETALIAACA CMOCOGHOCTL KOTOPOro HeuephaHa, MOAREPrHYTh AelicTBHIO
PaAHOAKTHBHOIO H3JYHERH S, TO OHO CHOBA PHOJpeTaeT CBOACTBO HCMy-
CKAaTh CBET TIDH HATPEBAHHM. DTW SBJEHHS CRSSAHBI C H3MEHEHHEM
oKpacku. Pal0OPUT OKPAIHBAETCS NIPH 00N yUeHUN H OGeCUBEUHBALTCH,
HCNYCKAast TePMOJIIOMHHECILEHIHIO.

To Xe fABNEHWE NPONCXOANT CO CTEKAOM H Keapuem. DT BeulecTsa, (ayope-
CLHHPYS NOA HefiCTRHEM Jhyuell, OKPAalINBAOTCA, @ UPH HATPeBaHHN ofCCUBENM-
BAOTCA, HCMYCKag TepmMomOMRHeclenuwo. Harpesahpe HeGOabIBX KBAPLUEBBIX
COCYJI0B, CONEPKANMX PAiHH, OOBIMIO JIENACTCR AAA YAAACHHA OKPACKH, MOl
weil BUAETh HX COfepHHMoe. [T0siBEHNE W HCUE3HOBENWE OKDACKH CBA3AHBI C NPO-
XONSLAKMH B BOIECTBE XHMHYECKHMH 0DOLECCAMH.

BO3MOMKHO, 4TO OKpacka NMPUPO/HBIX QMICOPHTOB, TAK e KAK UX
CHOCOBHOCTL K TePMOJIOMHHECUCHIUH, BO3MOKHA BCJIEACTBUE NPOROA-
JKHTENLHOrD AEHCTBHA H3AYUYeHHIT, KOTOPOMY STH BEINeCTBd NOABEPTa-
JIUCH B TIPONOMIKEHHE LUEABIX TeONOTHYECKHX 3NOX.

§ 102. dotorpaduyeckue jelicTeus

Baarojaps BeficTBHIO MPOHMKAOWKX Jyuell coeantenuil ypana ua
CBETOYYBCTBHTe/bHbIE MACTHHKH BekKepenb OTKPL SBJIEHHE PARHO-
axtupKocTH (§ 36). Croficteo AeficTBosaTh Ha 3TH MIACTHHKH, ofliee
IS a-, - U y-nyyell, HCMOMb3YeTCA, KAK MBI yike BHAENH, NIPK HCce-
JOBAHHH MArHHTHOrO H 9JEKTPHYECKOrO OTKMOHeHHA (a- u f-myuu) R
Audpakuuu (p-nyun). B NocienneM ciyuae y-nyus AefiCTBYIOT He He-
TIOCPE/ICTBEHHO, 4 Yepe3 NOCPEACTBO BO3DYKAAEMBIX HMH B CBETOUYB-
CTBHTeJILHOM CJI0€ BTOPHUHBIX S-nyueit.

ITps NOMOLLK HCMYCKAEHEIX TPOHSBOAHLIMH PAJHsL NPOHHKAIOIKX AYuell MOXHO
NpOH3BOAHTE FPOCBEYHBAKHE TAK JKE, KaK NPH NOMOWI PENTIEHOBCKHX Jydeit.
[CTOTHHKOM RINYWEHHH CAYIKHT COAb Palid, HAXOASIAACK B 3anasHHoll TPYOKe.
TpybKa NOMEMAETCA Ha ONPEACNEHHOM DACCTOANME OT CBETOYYBCTBHTENbHOR
NIACTHHKA, NPOCBEYHBAEMBIIL TIpeAMeT noMemaercs MexAy wumu. [lonnsyscs me-
CKONBKUMA CAHTHPAMMaNH COAN , OMENERHON Ha PACCTORENH 20 CA OT MIACTHKKH,
MOXHO 33 UaC MOMYUHTb CHHMOK TAKOFO MPEMIMETa, Kak KOLEAEK (OTACNbHbI JHCT
XXI, puc. 1). BenencTene peikocTH PaiHOAKTHBRLIX BEILECTB  [ETEPOTERHOCTH
HX HBNYUEHHH OHH HE NONXOAAT AJA MENHUMHCKHX npocseuusanuii. Ognako oMu
MOTYT ObITb HCTIONE30BAHE! AR TPOCBEHHRANUE META/INHYECKUX TIPSAMETOR, TOA-
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uHa BaH GOPMa KOTOPHX HE AaeT BOIMOKHOCTH NPHMEHHTB PEHTIEHOBCKHE JYdn
(oraenbrLA aucT X X1, prc. 2 1 3 B Koplie KHHTH).

HuTescHBHOCTD M3JIyueHNs, ASHCTBOBABUIER0 Ha NAACTHHKY, H3Me-
PSIOT NyTeM (OTOMETPHYECKOTO OIpe/eieRUsiee NOYepHeHHs.

3r0T cr0CO6 HCMBITAHHSA NPHIOKHM KAK K LIHPOKAM fOMOCAM, TaK H K Y3KHUM
CheKTpaspRuM aunasy, [IpUMeHfieMEl B HOCJCAHEM CAYYAC MeTOL HASHBAKT
MARPOGOTOMETPHICCKHM. K306pazKerHe APKO OCBEEHNON e M KPOBOTOMETPa
NPH NOMOIUH JIHH3E OTGPACHBACTCS HA hCehefyembiil cnekTp. [Ipoxoaawni ckBoss
TMAACTHHKY CBET NAj3eT Ha TEPMOSAEKTPKUECKHi CTONGHK UM oTosaemert. Ilpn
970M HabAIOZAIOT SAEKTPHUECKNE TOK, KOTOpbIi GyAeT TeM cnalee, “eM CHJbHEe
NOTeMHesa HCCAEAYEMAR YACTh MAGCTHHKH. [lepeMelias nAACTHNKY, 3anKCHBAIOT
KPHBYI0 H3MEHEHHR TOKA, KOTOPAS COOTBETCTBYET H3MEHEIHIO NOTEMHEHUS [NACTHH-
i, Ecant ] — cia CBETa, NPOUIEAINEro CKBO3b TLAACTUAKY B MECTe, OUEPHEBIIEN
noa pelicTBHem ayuedi, a /o, — cuna cBeta, NPOLLENIIETO CKBO3b Hee B MECTE, He
TOABEPriteMCs ASHCTBHIO NY4ell, TO NOYepHeHie § ONpPeAeNsieTcs 13 COOTHOWEHHA

$=1lg-~ Ecan ceer morsiowaeica No HOKasaTeIbHOMY 3akony [ = [, e #x,

10 5 = prige, ThE ¥ — TOMLMHA [VIACTHHKE, 2 g — KOSQGUUHEHT noTAOMLE-
HHR. Beniauua S SaBHCAT 0T MBOTHX GaKTOPOB: OT Ka4eCTBA RAGCTHHKH H CROCOGA
POSBAEHHS, ¢ OAHON CTOPOHbI, OT HHTGHCHBHOCTH H3AYUeHHF {, €r0 NOTIOWEHHS
B NJIACTHHKE M BPEMEHH SKCMO3HLMH ~ ¢ apyrof. Coraacko Bote i ApyTAM aBTo-
PaM, AIS MGHHOMO W3AYYEHHH, NO-BHUMOMY, MOKHKO NPHHSTE 3AKOH B3AHMHOCTH
$=¢ (') MeXLy WHTEHCHBHOCTBIO H3NY4EHHR H BpeMeHeMm IKcnosumn. Ilpu-
poa 5TOi YHKWHK COOTBETCTBYET NOCTENEHHOMY SAXBATY DHEPIMH H3nydeHus
LeRTPaMH, CTIOCOGHMMH K TPOABACHHIO, CONEPMAULUMHCA B UYRCTBHTENBHOM CHOE.
YBenuuente S, CHAUANA NPONOPUHONANSHOE [-f, 3ATeM SAMEANAETCR H MpeKpa-
waetca. [ns GonbmnX Benwuns f-# HaGniopaetcs Aaxke sBAeHHe OOpawlenns,
ROROGHOE (POTOrPadHUCCKONl CONAPH3ALNH. DPOTOMETPHUSCKHE NIMEDEHHS MDOHS-
BOJIAT NPEHMYINECTBEHHO B HAYAABHBIX YCAOBHAX, TAe S NPONOpPUHOHANLHO [ +& 1 st

@-J1YYH TOAHOCTBIO MOTAOWAIOTCS B OGBIUHBIX NAACTHHKAX, ﬁ’ﬂy'ﬂi
TNOrJoWAanTest TONBKO 4aCTHYHO, [IpUYEM TeM MEnbile, Yem Gosiblue HX
cKopocTb 0. B ciiyuae y-nyuel B CBETOUYBCTBHTENLHOM CA0€ 06pa-
3yrwTes q}OTOBJIeKTpOHbI H paccennnbie 3JeKTPOHBI, H neﬁc‘raue Ha fna-
CTHHKY 3aBHCHT OT CKOPOCTH 3THX BTOPHYHbIX le’-ielﬁ, KOTOpas cama
ONpefenaeTcs KBaHTOM hy fIePBAYHBIX .'ly'-lei’l. HKcneRHBIE COOTHOLLR-
HUA Mexay S, v H Ay Malo H3BECTHBI, HO MOKHO Npejinonarate, YTO
OHH ONpelesTioTCA [VIABHEIM oépaaom 3aKOHaMHK MNOTJNOUICHHA nyqeﬂ
B CBETOUYBCTBUTEJNBHOM CJIOE.

Ilpumenenne GoTorpaHUeCKHX INACTHHOK OCOGEHHO UEHHO B TOM
OTHOUICHHY, YTO NPH HX HOMOULIM MOXHO NyTeM coorsemmylomeﬂ Bbl-
JePXKKH HaMepATh caaGofeficTBysoine uanyuenus. Tawosm cayuau
OyeHb caaboro H3JIyuYeHHS] NPHPOAHBLIX PaJIHOAKTHBHEIX BEIUECTB H WH-
TEHCHBHOIO, HO 0Y€Hb NPOHHKAMILETO H3JY4YeHHH KOHUCHTPHpOBaH-
HBIX PaaHOAKTHBHLIX BeLIeCTB.

Beino caenano MHOTC TMONBITOK KCHOAb3OBAHUA (OTOrpaduuecKux
NJAaCTHHOK AN NOACYeTa a».rlyqeﬁ. STO, OAHAKO, TPYAHO OCYIIECTBHTDb,
NOTOMY 4TO paccMaTpHBaeMbie Yepe3 MHKPOCKOM CaeAbl NeprneHaH-
KyJAPHBIX HIH CaGOHAKIOHHBIX K IIACTHHKE a-lydel, COCTORUUE H3
KPYNHHOK BOCCTaHOB/JGHHOH cepeSpsiHOl oMM, COBePLUeRHO He OTIH-
HHWMbl OT TeX BOCCTAHOBJEHHBIX KPYRHHOK 3100 CoAR, TPUCYTCTBHE
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KOTOPbIX HEH3GeKHO Ha BCAKOH IPOSIBNEHHON MAacTHRKe, He NOABEp-
rapiefics 06nyuenniol). TIPHONIKEHHO MOXKHO CYHTATDH, YTO KaMIOMY
@-3YUY COOTBETCTBYET OflHA BOCCTAHOBAGHHAS KPYNHKKa. Ecnu a-ayun
DAafaloT HA IVIACTHHKY O] MAJEIMH YT/IAMH, TO OHH OGDA3YIOT BAOIL
CBOETO NYTH PAAL! BOCCTAHOBAEHRBIX KPYNHHOK, KOTOPBIE MOIQIO OOHA-
PYKHTB ¥ COCYHTATE.

70 ABJCHNE HAGHIOMACTCA CIEAYIOMIUM CrOCoSoM: Ita (oTorpadueckyio naa-
CTHHKY OCAMAACTCS OUedb MAJEHLKAS KPYMNHKA AKTHOGHOTO BCLLECTBA. Q-JIyUH
570T0 BellecTsa, NPOHNKAS MOA OWSHb MAABIMH YrMawi B KEAATRH, 0Bpasylor
B HEM BLOMb CROETO MYTH PAAL BOCCTANOBACHNLX YACTAIL; NPK TIONOMA MUKPOCKONa
nocie NPOSBACHHS MOXHO BIUIETh 1306pajeisiie, Hwelollee HOPMY SBESAb 00
STOMY M30GPAKEHNIO MOKHO ONpeaeanTs Npober Ayuei (MionpuTein). STuM Me-
TONlONM TIOZIL30BANNCE /MK OGHADYIKEHHH ABACHUA ePYNAUPCORNUS PBLOAKINUEHNK
amoscs, KOTOpbE 00pa3yioT NP PasAHUHBIX OOCTOATEABCTBAX MONCKYSAPHbIE
CKOMTENNA OYERD HEGOABUIHX PBIMEPOB, MOROBHHIE KOANOWAANLHEN, KO COCTOR-
e 143 GOMBIIOTo YHeAa YACTHY (oTAeABbHHU aHeT X X11). TaKiie ckofaents obpa-
3yloTcst Kak B T43aX, TAK W OKngxoctax (Iame). [pHpOZa COCTaBASIOWMX HX
ZTOMOB ONPEREATCTCH H3MEpeHHes NpObera a-ayuell B MeaaTiie.

MukpogoTorpadueil MOKHO NONb30BATECR VIS HCCHSNOBAHHSA Pac-
npefienenus PaJHOAKTHBHEIX BeUIeCTB B opranuame. Tak, NOIOHEH,
BCHPBICHYTE B PACTBOPEHHOM BH/E MAJICHLKHUM MUBOTHMM, COOH-
paeica s OnpedeJieHHBIX OpraHax, IpeflapaTsl KOTOPBIX MOTYT ObITh
ceororpauposarsl {§ 105, orpeasuwit nuer XX, puc. 5).

§ 103. Okpawmupaiowye ReictTBHA. XuMHueckune ReficTBAS.
Tlaeoxponyeckue KoabRa

Ion pefictBueM a-, f- U y-Mydeil NPOHCXOAAT XHMAYECKHE NPeBpa-
UWeHHA H OKPAlIHBAHHE HeKOTOPbIX BeulecTd. OkpamMBaHue vacTo,
ecld He BCeTla, MOMHO CUHTATh COYTHHKOM XHMHUECKOro Npespa-
eHus.

Bneppele oxpaluppaioillee JeiicTBHe jydeil pagua RabMORanH Ha
crekae 1 dapdope (I1. 1 M. Kiopu, 1899 r.), ToTyac BC/eA 32 STHM yAa-
Jock HabuiofaTh ofpasoBanue osona (Hemapes, I1. Kiopn), sarem
paznoxeHse Bojbl (CH3ens), npeppawenne Geaoro gocdopa B KPacHbIl
(Bekkepens) u 1. A. Iloanneiilne HccsefoBaHNA TOKA3ANH, YTO XH-
MHueckHe HefCTBHA Aydell paJHOAKTHBHBIX BEleCTB Upessbiuafiso pas-
HOOOPA3Hbl, H K3YueHHe HX COCTABASET HACTOANIYIO OTPAcib 3HAHHAA,
HA3BIBAEMYID «PaZROXHMHel»?).

JIyun pajHOAKTHBHBIX BellecTs GoJee HnH MeHee GhICTPO pasra-
TaIOT BCE BHAB MOEKYJT, TOTAA KaK BhI3bIBaeMble ReficTBHeM cBeTa ¢o-
TOXHMHYECKHE DEaKUHH SBAAIOTCH H3CHPATENbHBIMH KAk B OTHOLIE-
HHK 5P TUBHOH AN Kb BOMHbI, TAK 1 B OTHOMIGHHH BH/IOB NO/REPTaio-
waxcs Bo3AeHCTBUIO cBeta Monekys, Orciofa Cliellyer, No-BHANMOMY,

% Cu, nphm. ka c1p. 197
% Cu. S. C. Lind. The Chemical effects of a-particles and electrons (American
Chern. Sociéty Monograph. series, 1928).




[image: image319.png]§ 1081 OKPAINBAIILIE NENCTBHI 321

4TO XHMUYECKOE AEHCTBHE CBETA MPOSIBAAEICS B TeX CAYYasx, Korja
OH BbI3bIBAET PEIOHAHCHO® BO3GYKACHHE MONEKYJN, TOTAA Kak a- H
f-myun HeficTBYIOT MyTeM HOMMaallH, KOTOPYIO OHH NPOH3BOAST B
noromaomweii ux cpepe. B coorsereTBuu ¢ 3Tofl THUOTe3C XUMHUe-
CKoe feficTRBIe a-Tyyell MHOTO CHIbHEe XMMHUECKOTo NeACTBUS f-1yyelt.
Y-lyuu AeficTBYIOT uepes NOCPEACTBO BO3GYHAAEMBIX HMH BTOPHUHBIX
B-nyueii.

a) OKPAMUMBAWOMHUE AERCTBUS Bee Buib crekna, dap-
dopa, ¢asuca M T. A. OKPAWHBAKICS B HPHCYTCTBHH DaAHOAKTHB-
Hoix BeilecTB, COCYALI, KOTOPBIMI NOB3YIOTCSA MIPH padioTe ¢ STHMH Be-
IECTBAMH, MOCTENEHHO OKPALUKBAWTCA B KOPHUYHEBHIH WAH rosgeTo-
Bbifi IBeT. OBECUBETHTb HX MOMKHO NYTEM HATPEBAHMSH, KOTOPOE YaCTO
conposoxaaercs Tepmoaiominecuennuedi (§ 101). Tak e seayr ceba
COCYABI W3 CTEK/A MUPEKC M ILIaBJCHOTO KBAPLA.

Okpawnpaomee AeficTBHE a-ydell PACHPOCTPAHSETCS JIKIIb HA
COOTBETCTBYIOILYO HX TIpofery Hefombiryio raySuny. Oxpaunisato-
wee aeiicTaie f-nyyeil, HMelOWHX Goablui mpoder, pacnpocTpaHseTcs
raySike ¥ eme raydxe pacnpocTpaHseTes oKpalldBaioulee aeficTBue
y-aydeil. HanoMRUM, UT0 KYCKH CTeKMa, NOABEPrRYTHie AEHCTBHIO cOM-
HEUHOTO CBETA, CO BPEMEHeM NPHHHMAIOT ONPEAeJeHH0e, OGLIHO (rOMe-
TOBOE, OKpallHBaHue.

Hecnefiopatue CBA3H MEKAY OKPAllUBAHHEM H XHMHUCCKHM COCTa-
BOM He a0 0 CHX TNOp TOUHO onpejeeHHbix pesynbTaTos. IMpreyT-
CTBHME NIENOYHBIX META/IOB, HATPHS H KafHs, NO-BHAHMOMY, SIBISIETCS
OAHOH M3 BBIBIBAIOWIMX ero MPUIHH, AKTHBHYIO POJb TNPHIHCHBAOT
TAKKe TAKHM BELIECTBAM, KaK Mapraey  csuuell. [Ipu npogosku-
TeJbHOM OO/MYdYeHMH OKpalIHBasHe TepecTaeT VCHAHBaThed. ITO
NO3BOASIET AYMaTh, YTO OKpalnueaollee AefiCTBHE OTPaNHYNBAETCSH
ofpatholi peakuwelt.

[Mpupomubie MIHEPATH W YHCTHIE CONY TAKIKE OKPAWHBAOTCS, W 9TO NOCAY KHAO
npeAMeTOM MHOTHX HCcaenoBakhil (Meiiep, Hun6pam, Jluux # Bapayenn n ap.).
3aech sBASHIE OKDaWNBAUNA TAKKe TeCHO CBAZAHO C TEPMOJIOMHHECUCHUHEH.
MHOTOUHCNEHHEE NCCHEOBAUS ObIAH NPONIBEASHH HAL KAMEHHON COMBIO, KOTO-
Pasi B 3aBHCHMOCTH OT YCAOBHI 0BAYNEHNS OKPANIMBAETCA B romyGoll MAH KeaToiis
uBeT. DTOT (FAKT CBABIBAIOT C CYIUICCTBOBAHHEM MPUPOMHBIX OOPA3UOB KaMeH HOW
oM, CHIBHO OKPAWEHDBX B FOAYGOH NBeT, BepOATHO, MOL HAKOTASIOWHMCS Aeil-
CTBHEM NOTAOIAEMbIX M3AyYeHul. AnMa3, Aalongii o ZeHCTBHEM &-Ayuell KpACHBYIO
rony6yo ¢gayopecieHliio, OJHOBPEMEHHO OKPAWHBACTCS ¢ NIOBEPXHOCTH B 3eNenbii
neeT, 3to OKpAlINBAHHE HCYEIEAT TPH HALPEBAMHH.

Coan papun 1 pannsi—Bapis MeHsOT CROH cBeT. KPHCTANIH 6e3BOAHOMO XNO-
PRAa 11 GPOMIIA JIMCIOT B PACCERHHOM CBETE UNCTO Gelbili UBET H MCNYCKAWT Lo-
ay6oe ceeyenne. Co BpeMeHEM 3TH CONY WIMEHAIOTCH 1 NPHHHMAIOT CRPOBATO-KO-
pHuEBLIT, 0 3aTeM CePOBATO-UePHBIl UBET. DTO H3MEHEHNE BHEUIRETG BHIA COOT-
BEICTBYET XHMMYeCKOMY TIPEBPALIEHITIO CONH C BHIAGMEHHEM XJ0pa HJH Gpoma.

Docpopecunpyioye H GIYOPECUHPYIONIHE SKPAHBI FOA AelCTBHEM
nyuefl okpaumBaiTes, R 3(PEKTUBHOCTb HX yMmenbilaetca (§ 101).
Cocysl ¢ (GocopecHUpYOUAM CePHUCTBIM HHHKOM, NPe/HA3HAYeHHbIH
AN JeMOHCTPAlMH CBEUEHHS, BOSHHKAIOMIEro MPH BBEAEHHH BHYTDb
2| M. Kiop
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€ro pajioHa, TOcJe OTBITA HYMKHO TINATENIBHO 3BAKYHPOBATh, UTOGH
uaGexkath namenenusi cynsuna. Eciu NONOKATE yakyio aMmyay, co-
Repxautyto 10 MUFHKIODH PAfOHA, HA MEHKY TWIATHHOCHHEPOAUCTOro
GapHsi, TO y2Ke Yepe3 uac oA aMIYJ0H Ha 3e/1eHOM oHe SKPaHa MOXKHO
BHAETh NPOJOJIrOBATOR KOPHUHEBOE MSATHO.

Tlonbsyach CHNLHBIMH HCTOUHHKAMH H3AYUEHHS, MOMKHO HaGMio-
JaTh Ha OHOTHTE He TOMbKO NPejenbHOe OKpAUIUBaHHE, HO B OGPATHbIY
sipext (EnixelioBekuit). I10 sBAeHHE MOKHO OCHAPYKHTb MPH IO~
MO Y3KOft CTeKJSHHOR aMNy/int, CTEHKH KOTOPOfi HacTO/bKO TOHKH,
4TO MaJo OCIabAAIOT NPOHHKAOIIME CKBO3b HUX a-Ayun. Ecnu vakyio
ammyny, coflepakautyio 600 MHANHKIOPH pafoHa, NMOJNOKHTbL HA GHOTH-
TOBYIO IJIACTHHKY, TO NOJ Heit Ha cBeToM (oHe TWMIACTHHKH GHICTPO
ofpasyeTcst NPOJOATOBATOE KOPHYHeBOE NATHO. UYepes HECKOABKO
JHell OKPBIUMBAETCS BCA NMIACTHHKA, HO MECTO MOJ aMmyJoft Gneieer
H KAXETCS CBETMBIM Ha KOPHUHEBOM (POHe NJIACTHHKH. DOTOMETpHUe-
CKOe HaMepeHHe MouepHeHH TaxkKe OGHAPYHUBACT, YTO Tocae JOCTH-
JKEHHUS] MAKCHMYMa OKDAlIHBAHHE HAYHHAET OCHAGEBATH,

b) TAEOXPOHHYECKUE OPEOMB. Tak HasblBaloT OKpa-
IEHHbe 30HB! MPUOAIMKeHHO chepHueckoli dopmbl, Habiiofaembe
B HEKOTOPBIX MHHEpaJaX, TIaBHEIM 06pa3oM CIOAaX; GHOTHTE, MYCKO-
BHTE H T. Jl. DTH 30Hbl YACTO COCTOAT U3 HECKOJIBKHX KOHUEHTPHYECKHX
konell. Mx o6pasoBaHHe OGBACHAIOT HAJHYHEM MHKPOCKONHYECKHX
BKJIOUEHHH KPHCTAIOB WHPKOKA W/t ANATHTA, COAEPMKALIAX PafiHO-
AKTHBHBIE BEHIECTBA H OKA3LIBAKIIHX T03TOMY OKpalluBalomee Aei-
CTBHE Ha MHHEPAJ C MOMEHTA ero 05pa3oBaHiis. Painycst OKpallleHHBIX
30H COOTBETCTBYIOT MpoferaM e-Nyieli psifa ypaHa-paiusi B TOM Be-
miecTee, Tiie 3TH Konbua odpasosanuch (dxonn). Oanako sonpoc 06
00pasoBaHHK HEKOTOPHIX KOJEl ellie He paspelueH, TaK KaK HX paHyce
He COOTBETCTBYIOT H3BECTHLIM B HACTOSIIIEE BpeMs npoderam.

Tlpn HarpesanHn MUHepajoB KOJbLA HCYE3AlOT.

MpuronuM Tepedenb HOPMANBHBIX RBPOGETOB @-HACTHI, COOTBET-
CTRYIOMHX HAORIONEHUSIM HAM KOJBUAMH .

U.........16a Th
To .. 18

RTh
Rn 23 "
RaA ... 27 ThX
RaC’ 13 TR

Bosmoznocth  ofpauiensst ofxpekra, oGHapyMeHHas B cayuae
6GHOTHTA, MOMET HrpaTb BaXHYIO ponb B 06PasoBAHHU KOMEW H sB-
AsATbCS MPHUKHON OWMOGOYHOrO HcToakoBannst nxl). Ora sarpyAuser
TaKxke onpefieieHHe BO3PACTa MHHEPA OB NYTeM CPABHEHHS HHTEHCHB-
HOCTH OKPAIKBAHUSA KOJell C HHTEHCHBHOCTBIO OKPAWHBAKMA, NORY-
4aeMOro TpH TIOMOIUIH H3BECTHOPO KOMMuecTBAa pajus. Manedbkas

%) HekoTopsle 01€0XpOnYECKHE KOABUA 06DA3YIOTCH, NO-BHANMOMY, a-l1ydaMs
TPaHCYPAHOBHIX 31EMEHTOB, OOPA3YIOUINXCA MpPH 3aXBaTe AAPAMH ypaKa HEHTpO-
HOB CIIOHTAHHOTO Jenewua. (Ped.)
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KPYNKHKA Pajy# NPOH3BOAUT BHAMMOE OKPALIMBaHHE, HCIYCTHB OKOJO
10% @-nyueit. s storo BuiBoAAT, YTo Ra B kosmuecTse nopsnka 10~ 2
oBpasyeT OKoJ10 ces BUANMBIE KONbUA B TeUEHHe TeosIorHYeCKOi SNOXH
JMUTeNBHOCTBIO 0KOM0 300 MHUNJTHOHOB JeT.

¢) Xumuueckne Aencteus Omuoit u3 HauSostee BaKHbIX
XHMHYECKHX DEAaKUHil, NPOHCXOAAULX MO ACHCTBHeM ayuell paano-
AKTUBHBIX BEIIECTB, ABASETCA DA3fNOKEHHe BOAH, B pe3yibTate
KOToporo ofpasyeTcst rpemyunil ras. Mol yxe BCTpeyanHchb ¢ STHM
sIB/EHHEM TNPH ONMHCAHHH TeXHUKH H3BJEYEHHS PajioHAa M3 PACTBOPOB
coneil pagusi (§ 51). Pasnokenne BoAnl NPOHCXORHT TOA AefCTBHEM
KaK a-, Tak i - H y-nyueit. Ero jabmonaior 8 pactBopax noaoHns,
T/Ae Ha BORY AeficTByioT ToAbKO a-nyuu (Mapus Kiopu u A. [TeGbepn),
K DPH MOCPYKEHHH B BOAY CTEKNSHHON aMNy/sl ¢ pajHeM, TAE a-TydH
HORHOCTHIO MONIOUIAIOTCS CTEHKAMH aMIYJbl H B BOAY NPOHHKAIOT
TOMBKO f- # y-nyun (A. debbepr). B aToM nociennem ciyuae ofpa-
3YIOTCSL BOJOPON H MepekHch BOAOPOJA B KOMHYECTBE, COOTBETCTBYIO-
LieM KOJHYECTBY MOMMIOMIEHHOro Kuciopoaa. CnefosaTenbHo, pasno-
JKEHHE BOJEI MOXET ObiTh NPEICTABAEHO CACLYIONIHMH PeaKLHAMIM:

2H,0 =2Hy + 0p, uaw 2H;0=Hy0, + H,.

MOKHO AyMaTh, YTO Y4 HOHH3HDYIOT XKHIKYIO BOAY TaK e, Kak
OHK HOHHBMPYIOT BOASHbIE NapHI, T. €. YTO NOA HX ReficTBHEM MOAeKYa
BOJb! TEpSIET JNEKTPOH H 0GPA3YeT NONOKHTEABHLIH HOH. DT 0cBOGO-
JJHHBIE SIEKTPOHB! MOTYT KeHTPANHIOBATH JNEKTPONHTHIECKHE HOHEL
BOAOPOAA H BbI3BATH BbIENEHHE MOMeKYJ 9Toro rasa. IonoxurenbHble
nousl HeO (4) Taxske MoryT HefiTpanusosaTh OTpHUATE/LHBIE 3JAEKTPO-
nrTHYeckye HoHbl OH (—), KoTopbie npH 9TOM 06pa3yIoOT MOAEKYMSIPHEIE
coepunenns HoO, (nepexnch Bogopoga) win Hy + O, (rasooSpasnrte
BOAOPOA K KHC0POJ). ClefoBaTeNIbHO, PA3NOKeRKe BOABI NOA AeficT-
BHeM HOHH3HPYIOUIUX Jydeil MOAOGHO SMEKTPOAU3Y (e SMeKTPOAOB, H
COOTBETCTBEHHO C 3THM KOJHYECTBO BOLOPOAA H KHCNOPOZA, OCBO-
Goxpaionieecst 0o AeficTBHEM AAHHOTO H3JIYYEHHS, RPHOJM3HTENBHO
paBHO TOMY KOAHUECTBY 5THX Ta30B, KAKOE BLUISASETCS SMEKTPORHTH-
YeCKHM TOKOM, PABHAIM HOHW3ALHOHKOMY TOKY, NPOH3BOAHMOMY 3THM
H3MyYeHHEM B BO3AYXe,

Jlyun pagMoaKTHBHBEIX BEMIECTB PA3NArakT BOAY TAKKe B TBEPAOM
K rasoo6pasHOM COCTOSHHH, HO AelCTBHE HX B 3THX C/yHasiX 3HAuM-
Tenbno cladee. JlokasaHo TaKke, YTO 3TH YU MOTYT BHI3BIBATL 05paT-
HYI0 peakuHio, T. e. 00pasoBaHte NapoB BOALI B CMECH KHCJOPOAA ¢ BO-
JIOPOSiOM.

B BLIIEAAIOWIEMCA W3 PACTBOPOB CONEH PANHA FPEMYUEM Taze HMeeTcA HaGhl-
TOK BOJOPOAA, TAK KAK ¥ACTH KHCHOPONA 8aTPAYHBAETCA HA OKHCJEHWE DPTYTH
¥ CM2SKI KDaKoB NPRGOPa, B OGO yNOTpeGAsieMsx NpHOOpax Ha TpaMM paias
ofpasyercs of 0,5 10 | cx® rasa B uac. HTa BeNHUHAA MOXET KOAEOATHCS, TAK KAK
OZHOBPEMEHRO NPOHCXORAT NpAMasi M oOpaTHam PeakuHH, 3aBHCAMmHE OT YCIO-
BUil NOTNOUIEHHA Nyuell PaANST H €O MPOHIBOAHMX PACTBOPOM, CTEHKAMH cOCYAa

H HAXONANIMMKCS B HEM rasaMu. YBeAHuenwe JaBJeHNR BCACACTBHE Pa3NOMeHHs
BONH MOWKET CT4Tb ONACHHM A7% DACTBODOB AajiHfl, M CONepHAllMe TaKHe pa-

21*
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CTBOPE! COCYAH CIENYET CUAGKATH MPHCMOCOGCNINCH Aas BHXOAA razal). 3amas-
HBIe AMNYA5I, COAEPIKAUAE MAOKO BLICYUICTHEIE COAW Pafiie, NHOTAA CANMONPOM3-
BOMBHO B3PLIBAIOTCA NP COTPAICRHHN WAN NOCHUCHRAN Tewmepatype. ITph ux
BCKPBITUM MOKET TIPOH3OATH B3PHB ¢ PasGPachlsaiieM CORLPIKUMOrO.

W3 apyrux peakunit yramem pasaoxenie HCl, HBr u HJ u o6par-
Hbte peakLnH, OOPa30BaHHe 030KHA B KICIOPONE H 0GPATHYIO PeaKIuio,
pasnoxenre NH; u o6paThyio peaxunio, aHanornyHoe jeiicTBHe Ha
H,yS u 1. & Mpn geficreun nyvelr Ha MeTaH N 3TaH HabMiofaeTCs ofpa-
30BaHHE BOJOPOXA H TpeNeNbHBX YIJieBOJOPOIOB GoJee BBICOKOTO
NOpsIKA, TpH JeficTRHH HA alleTHAel -— OOPA30BAHHE TPOAYKTOB €ro
TIONAMEPH3ALNH . :

Mapadu pasnaraetcs ¢ BoiAeNeH#eM rasa, GYMara JKeiTeeT H Kpo-
LIHTCA, KAY4YYK H3MEHSeTCd d CTAHOBUTCHA JIOMKIM, 300HHT pasaa-
raeTcd, MeTaasibl B NPHCYTCTBHH BO3RYyXa OKHCastioTes. Iliatana B
CONPHKOCHOBEHHH ¢ pacTsopoM RaCl, nepexoaut B pacTeop, BepOATHO,
BCACHCTBHE BEIICNEHUS XJI0pa.

XpaHeHHe KOHIEHTPHPOBAHHBIX PaJAHOAKTHBHLIX BEWECTB H 00pa-
6OTKA HX 3aTPYAHSKIOTCH XHMHYECKOH aKTHBHOCTRIO, KOTOPOH OHH 0f-
Magaor Grarofaps CBOEMY H3NYYeHHIO.

Ha ¢otorpadhueckux NAacTHHKAX, NONBEPrRYTHIX AEACTBHIO HH-
TEHCUBHOTO @-H3NYYeHHS, BCJEACTBHE H3MEHEHHs XKeNaTHHA nosis-
AAN0TCA YTAyGheHus.

i3 H3MOMEHHOTO CJCMYET, UTO €M PATHOAKTHBHBLIA BEMEHT Ha-
XOAMTCH B CHABHO KOHUEHTPHPOBAHHOM COCTOAHHH, TO BTOPHYHbIE
peaxiuy, NpoucXofiailie Noa AeficTBUeM ero H3NY4eHHs, MOCYT HApy-
wWaTh HOPMaMBHBIl XOA XHMHYECKHX H 3JeKTPOXHMHHYECKHX PeaklUui,
CBONCTBEHHBIX STOMY 3JeMEHTY. 10T (aKT JeNaeT HeHafeXKHbIM NpH-
JOXeHHe OOLIMHBIX XHMHUECKHX METOAOB HCCJENOBAHMS K BBICOKO
AKTUBHBIM PaJHOAKTUBHEIM SfMeMeHTam. [TpH HCCIEIOBAHNM YHCTBIX
conefl paaus STy TPY[HOCTH elle MOXHO TNPEOJONeTh, HO TAKIHE Be-
llecTBa, KaK TONOHWA M PamHOTOPUH, CKOPOCTh pacmafa KOTOPbIX
MHOFO GOnbIe CKOPOCTH Pacnaja paaus, BEPOATHO, He MOrH Gbl OHITH
HCCHeoBAHB OOBIYHBIMH XHMHYECKHMH METORAMH, ecu §bl HX YAAIO0Ch
MOJYYHTh B BHAE YHCTBIX coefl, Tak Kak JelicTBie HaNYUeHHS HA CO-
CYAbl W PeAKTHREI MPHOOPETAeT CyIIECTBEHHOE 3HAUERHE.

PaccMOTpHM Tenepb pafuOXHMUYECKUE PeaKLHH C HX KOMHYeCTBEH-
HOH cTopoHsl (onbiTel Pamses u Kamepona, dwana, IHefiepa, Bypnens,
Jluupa n Bopayena, Mywpa ¢ corpyarukami H hp.).

UYro6ke TIOAYUATE NPOCTHE KOTHUECTEEHHBIE COOTROWIEHHT, HYMHO 3MaTh CTe-

feub NOTJIOWEHHS W3NYYEHHs, NPOH3BOAAILETO XMMiuecxoe Aefctaue. OSHYAO
B STHX CAYMAsK YNOTPEBARIOT CHEPIUECKYIO AMRYIY C PANOHOM, CTEHKH KOTOPOK

T B TIApHACKOM paAuesom WICTHTYTE B KauecToe TAKOTO SAmATHOFO NpH-
CNOCO6AEHHA YNOTPROIAETCA OTKPHITHI MAHOMETD, CACAAHKEI Tak, YTOGH Ta3 MOT
BBIXOZHTD Uepes YAWeEuKy C PTYThIO HAPYXY, KOTAA AABJCHHE STOTO Ia33 HEMHOTO
npesbicHT aTMocdephoe. ORBIT 1N0Ka3aA, OLHAKO, UTO T43 He BLIXOAMT Hapyxy,
TaK KaK BCAGACTBHE PABHOBECHS, YCTANABNHBAIOWETOCA MEHKAY PA3NONKEHAEM BOMB
H oBpaTHOW peakuked HAH PeakIHAMH, NIPH KOTOPHIX 06PA3yIOUIUCCH Tasbi MOMIO-
IGAIOTCA, €r0 NPEAE/bHOS AABJIEHIE GAHIKO K ATMOCHEPHOMY.
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HACTOABKO TOIKH, 4TO NPOMYCKAIOT G-NYSH. 3HAS HAVANBHYIO 3UEPLHIO H TON-
IANY CTEHOK, MOMKEO BBIUUCIHTL SHEPTHIO, NMOTJOWAEMYIO OKPYXKalouleH aMnyny
cpencli. TIpoAyKTEL HaG0ZaCMOTl pealkiutn HYIKHO YAANATh, Y4TOOH H3GeKaTh 00-
PaTHOA peakimh. KORMMECTEEHHME IICCAECAORANNA NPOHIBOAIHCH TAKKe NyTeM
CMENHBAHIA pafona C MOABCPraewbinil ACHCTBIIO €rO H3AYdels TasaMit B cde-
PHUCCKHX COCYAAX, TAK KAK NPOCTAd (OPMA COCYRAOB AAET B STOM CAYYAE BOSMOK-
OCTe TPHGARNKERHO ONPEICINTL CTENCHb NOTAOWERNs HANYUCHIS.

JHocTatoyno TouHKe H3Mepends XHMHUECKOTO JEACTBHS H3/ayYeHHs
NOKA3AMK, YTO 3TO JAefCTBHE MPONOPUHOHANBHO MHTEHCHBHOCTH H3IY-
denuss. Ecau, HanpuMep, B KayecTe HCTOUHHKA Jyvell HOMB3YIOTCSH
PAZOHOM, TO XMMHUECKOE HiiCTBHE STHX Jyyell YMEHBIIAETCA N0 TOMY
JKe 32KOHY, M0 KOTOPOMY YMEHpIAeTCs KOJMUECTBO pafiona. Kpome
TOro, GLMIO OOHAPYHEHO CYLIECTBOBAKHE UYHCIEHHOTO COOTHOLIEHHS
MeXAY XHMHYeCKHM JeficTBMEM 11 MOHHSHDYIOWeH CIOCOGHOCTBIO AYy-
yeil. B ofulem uucao Mosexyn M, BXOAAUKX B peakuio, TPpHONH3A-
TeNbHO PABHO YHCAY Nap HOHOB N, 06pasyemblX B BO3AYXE Hanyue-
HHEM, BBISBIBAIOIIIM PeaklHio. 10 3aCTABASET NMPHIHCHLIBATL HOHAM
Ty aKTHBHYIO PONb, O KOTOPOIl y2Ke rOBOPHJIOCH Bbillle TIPH OGBACHe-
HUH SBJAEHHS PA3OKEHUs BOAH. YCTAHOBMEHHbIC TAKHM 00pasoM 3a-
KOHbi HA3LIBAIOTCA 3AKOHAMI LONOXUMUMECKOL SKEUSBAACHIMHOCIILL.

OcroBHBaACh HA 3THX 3aKONAX, MOXKHO HATlepe/l BLIYHCITHTL XHUMH-
YecKoe AeHcTBHE A3HHOrO ManyveHus. Jlns 3TOro HaGAIOAAEMOe XHMH-
yeckoe JefiCTBHE CPABHHBAIOT, HACKONBKO 3TO BO3MOXKHO, C WOHH3a-
uneft, KOTOPYIO 3TH Jyun NPOH3BEAH Obi B PEArHPYIOWEM BeleCTBe,
ecii Ol OHO HAXOZHAOCH B Ta3000PA3HOM COCTOSTHHH,

BosbmeM cayuail Boflsi, ColepKameit pagnii u panoH. Ecau rpamm
Ra uCnyckaeT B eIHHHLY BpeMeHH § @-YacTHIl, TO TAKO® JKe YHCAO
HX nenyckaeT pagod, RaA n RaC’. Tlycrs v GyAeT cymMMa yncesa HOLOB,
ofpasyiomuxcest npi NOTVIOIEHEN OAHOTO JYYa KaXEOLO H3 3TUX Be-
eCTB B BOAAHOM nape. JonycTuM, 4To obuiee YACJO HOHOB, 06Pa3ylo-
IMMXCS B AKMAKON BOAE 3a eAMHMUY BPEMEHH, DaBHO §¥ U 4TO TAKOBO
Ke UHCAO MOJIeKYJ OB, Pa3faraiomiXxcs 3a TO JKe BPeMA Ha BONO-
PoX u Kucaopoa. Toraa uncio MOMEKys rasa, oGpasyiollerocs B eau-
HHLY BpeMeHH, paBHO 1,5 g», a ofbeM ero pasen 1,5 gvfp, rie p —
UHCHO MOJIEKYA B elUHHmE o0beMa NpH TeX e YCJMOBHAX Temnepa-
Typbl M japaerusi. Ecd pacyeT NpOH3BOAMTCA AN ONHONO KIOPH pa-
JIOHa, TO § He H3MEHSETCs], a ¥ 3aMEeHSETCH Ha ¥, KOTOPOe PAaBHO CyMMe
YHCeN HOHOB, 0OpasyeMbiX g-nyvamd pajowa, RaA RaC. Ilpusumas
¢ = 38,7-101 B cexyHay, p = 2,7-10¥ u cuyuras, 4TO BeNHYHHB
»=16,8-10 u »' = 5,5-105, oTHoCAWMECH K CAYYal0 HOHU3ANKH BO3-
Ayxa, ANA cnyyas HOHH3AUWH BOJAHOTO TApa JOJMKHEB GbiTh YMHO-
erbl Ha 0,8, HAXORAT, YTO TpaMM pajus B pacTBope ofpasyert 4 culfuac
rpeMydero rasa, a KIOpH pafoHa B PacTBOpe 0GpasyeT 3a TO XKe BpeMms
3,2 cu® 370r0 raza. OOLeM rasa, OBPAsSYIOHIErocst NPH NOJHOM pacnaje
OJIHOTO KIOpH pajiona, pabel 3,2 8 (8 — cpenHsi NPOAGIHKHTENBHOCT
JKU3HH pajiona), T. e. Ipudnusurtensho 430 cau®. [lpu 3ToM npexnona-
TaeTCsl, UTO @-y4H MOAHOCTBIO NOTIOUIAIOTCSA B PACTBOPE HAH XKe 4T
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B CAYYae HENONHOTH MOMVIOUICHHA HA 3TO BBOAUTCA COOTBETCTBY WA
nonpaska. K sToMy cregyer noGaButh iumaueckoe HeficrBue f- n
y-nyuell Ha BOLY, KOTOPOE MOMET JOCTHIATh HECKONBKHX HPOLEHTOB
BLIYHC/EHHOM ANS a-AyYell BeImynHbl, H XHMHYeCKOE ZeficTBHe ayueil
OTAaYH, HAMHYHE KOTOPOro GbIIO YCTAHOBJEHO SKCHEPHMEHTANBHO.

OnBIT A0CTATOUHO TOUHO NOXTBEPAKAAET STH MpeanonokeHus. Hau-
ayuliHe SKCTepHMeHTHl Jand Ins oTHollesns M/N semuunny, mano
oTnudanmylocs oT efirnunet (Qoan u [lediep). O6bem rpemyuero rasa,
obpaayeMbili OHMUM KIOPH DajioHa, paBeH NpHOH3HTeNbHO 400 cud.

Tlonbayach HEKOTOPHIMH APYTHMH PeaKuHMsSMH, TaK)Ke HAlLTH, 4TO
M = N unu Mano pasnuTcs OT kero. TakoB, HanpuMep, caydail oGpa-
30BaHHA 030HA& M3 KHcAopopa (MyHA ¥ ero cotpyinuku, Jluuz), rae
YHCNO 06PAsYIONIMXCS MOMEKYJ 030HA PABHO HJIH HEMHOrO Bbllue dHcja
1ap KOHOB, OGPA3YIONUXCA B KHCAOPOAE MO AefiCTBHEM TOTO e H3Ny-
ueHHsi. B HeKOTOpHIX APYrHX cryvasix HaififeHo, uto M/N cmabHO
OT/HYALTCS OT eIHHHIEl B GONBIIYIO HAH MeHBIIYIO CTOPOHY. MHOro-
YHCMEHHble PeaKUuH, rae M/N paBHO HeCKONBKHM €IHHHUAM, MOTYT
6biTh OGBACHEHE! OOPa3OBaHHEM BOKPYT HOHOB MOMCKYJAPHBIX CKOMIE-
HHN, yyacTeyiomkx B peakuwH. TakoBsl peakinyu pasnoxenus N,O,
H,S n NH,, rae M{N konebnercs or 2 fo 3 (Bypuenas).

Ha sep n BoastHoll map aiyun AeficTsyior ropasgo ciatee (MIN <
<< 0,05). MokHO npeanonaraThb, YTO Takoe GOJbIIOE OTIHYHE OT KHA-
KOl BOMbl OOBACHSIETC NPHCYTCTBHEM B BOJIE SJEKTPOAMTHYECKHX
HOHOB, MOYTH COBEPIUEHHO OTCYTCTBYIOIHX B BOASHOM NApe U BO JIBLY.

Tunotesa 06 OOPA3OBAHMH MONEKYJIADHBIX CKOTMIERHE NPUrOAHA,
B YACTHOCTH, ANSl OOBACHEHHA TAKHX PEAKUNH, KAK TMOAHMepH3ALHA
CyH, unn ofpasopanie Tana M3 MeTaHa NyTeM COSAHHEHHS ABYX pa-
aukanos CHg ¢ soyienennem Hs.

CoBepueHHO OTTHYEH XApaKTep HeKOTOPHIX PeaKuuil, BH3bBaeMbIX AEHCTBHAM
CBETA, HANpHMep, PeakUWH obpasosamns HCt ns H, n Cly, Tae otnowenne M/N
oueHb BeaWKko (Mopsika 10°). B 9TOM Ciydae CHHTAIOT, WTO PEAKUHS ABAACTCA
yenrod, T. €. uTO KaMABl UEHTP pPeakuWu BHI3HIBAET MEMb NOCAEA0BATEIbHHX
agdexros. Tak, nanpumep, osykienue womexynn H, momer nphsectn K pac-
IWENNEHNIo ee Ha 1Ba aTOMA, KaXABIA H3 KOTOPHIX CHOCOOEH CORNHEHTLCH C OAHHM
U3 aTOMOB KaKOiH-AH60 Moaexyn Cly. TIpH 5TOM 0CT2I0TCS CBOGOAHKMH ABA aTOMa
Cl, KoTophle MOFYT TaKXKe earHpopaTe ¢ ABYMA MOAeKyaasi H,. STo mponos-

HKAETCR [0 BOCCOCNHREHHA WUBORHPOBAHHBIX H3JYdeHteM A4TOMOB JPYT C RPYroM
WM e 10 COSTHHENMS X C ONHOH U3 MpUMeCel, HAMDHMED, C KHCIOPOKON.

KoauuecTsenHsle AAHHbIE O XHUMHUYECKHX lleﬁCTBﬂﬂX ﬁ- un 7-.1[}"46!7[
TNOKa elle HEMHOTOUHCJEHHbI. OﬂHZ\KO 3aKOH HOHOXHMHUECKON SKBHBA-
NeHTHOCTH, NO-BHAEMOMY, npHioxuM o K mum (Kaiinan). Tlo Jluupy
3TOT 3aKOH PACNPOCTPAHSIETCA HA BCe CAYUAH AHCTBHSA -, f- H y-a1y-
veit na TBEpAbE, KHAKHE H raaooépaaﬂble BELeCTBA, 33 HCKJAWUEHHEM
YacTHOTO cay4asi LUEHHbIX pEaKLlHl:‘L

XumByeckoe JeficTBHE Niyyeli MPOHCXONMT 32 CUET HX IHEPTHH, HO
HCINIONB3YETCA OHA MPH ITOM OUEHDb HEMOJHO. TBK, Hanpumep, 1 KIOpH
pafioHa 3a BpeMsl CBOEro pacnaja BbijessieT 3HeprHio B KOJNUYECTBE,
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paBHOM TIpHOMH3HTENBbHO 15 000 xaa (§ 104), morymyio atb paGoTy
pasnoxeHus 0,22 rpamMM-MONeKyJibl BOAE (TENJIOTA 0GPA30BAHHA TPAMM-
Mostexybl pasHa 68 400 xaz). COOTBETCTBYIOUINIL STOMY OGBEM rpemy-
YETO 1232 B HOPMAJBHBIX YCNOBHSAX papeH 0,221,522 400 = 7392 cad,
Tak Kak 00beM, KOTOPblfl MOMHO PACUHTEIBATL NONYUHTb, HCXOARA W3
cootHollenust M/N = 1, papen 430 cu®, T0 KORHYECTBO SHEPTHH, HC-
TIONb3YeMOi MPU ITOH PeaKLHH, COCTABASET BCEro Toabko 6% ot moa-
Holf SRepruu Nyyedl. ITopANOK 3TON BeNHYHHEI MOATBEDKAAETCA SKCHE-
PHMEHTA/BHO KaK B 3TOM, TAK H B APYTHX cayyasix. Hanomuum, urto
HCTIONB30BAHHE 3HEPTHH Ayuell mpu OOPA30BAHUH HOHOB QUEHb He-
noano (§ 72). D10 U ABANETCS OCHOBHON MPUUMHOIR HENONHOTO HCMIOb-
30BAHHA ee NPH XHMHUECKAX PeaKmusiX.

§ 104. Bhizeaenne Tenaa palMOAKTHBHBIMH SJeMEHTAMK

Korfa a-, f- 1 p-nyun TOTAOMA0TCH B BEIIECTBE, TO HX 3HEPrHs
B KOHLE KOHUOE mpeBpauiaeTcs B Temno. ITponcxoisiiee BeNescTsHe
5TOTO TMOBLILIEHHE TeMNePaTypbl Tend, NOMIOWAIOWEro JyuH, SABHCHT
OT €ro TeMNOEMKOCTH H ero
TennoBoli uaonaumun. Takoe
NOBBILIEHHE  TeMIepaTypbi
HCMIBITBIBAIOT, B MacTHOCTH,
PAJHOAKTHBHLIE  BelllecTea,
HanpLMep, coNb pajius, Go-
Jlee M MeHee NONHO NOrNo-
Larotmas Jy4YH, HCMyCcKaeMbte
CaMuM pajHeM H €ro Mpou3-
BOAHBIMH.

CaMONpPOH3BOMLHOE  Bbl-
JleNeHue TeTIa COMAMH pajius
6ein0 oTipbiTo I1. Kiopu n A.
JIaGopzom B 1903 r. Sror
OYeHb BaXHHA dakT nocmy-
KHA ROKA3ATEABCTBOM TOTO,
YTO ABAEHHS PajHOAKTHBHOCTH COMPOBOKAAITCS BhfIGNEHHEM 3HAMH-
TeNbHAIX KOMHUECTE SHEPTHH, U CHJIBHO CIOCOBCTBOBA TP H3HAHHIO TOTO,
4TO STH SIBMEHHS BOSHHKAIOT B Pe3y/bTaTe ATOMHEIX NpeBPALEHHI.

Yro6y HaGaoRaTh BbAEJeHHE Temna, AOCTATOYHO NOMECTHTH 3a-
NasHHYIO CTEKNSHAYIO aMIyNy, COAEPHALLYIO CONb PajHs, B AbIOAPOR-
CKHil COCYA PAROM C pesepByapoM BBENIERHOTO B 3TOT COCYA TepMOMETPA.
Y106k #3GeKaTh MOTEPH Tellaa, OTBEPCTHE COCYAR 3aKPbIBAIOT IUePCThIO
HAH BORAOKOM. IMo Mepe YCTaHOBNEHHA TENJOBOTO pexHma TeMmnepa-
Typa B COCyZe NOBHIIAETCS K AOCTHIAeT, HAKOHEL, NpefenbHOro 3Ha-
HeHHs!, NPEBBILIAIILETO TeMIepaTypy, KOTOPYIO NOKA3LIBAaeT Takof xe
TEpMOMETP, TIOMElIEHHbIH A% CPABHEHUS B AbIOAPOBCKHH COCYA, €O-
nepxkalnii HeakTHBHOE BewlecTso (puc. 141). Ecan TpyfKa conepxut
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HECKONbKO JEUUrPaMMOB DAHsi, MOBBINEHNE TeMIepaTyphl MOKeT
JOCTHTHYTh HECKOJNbKHX TPafyCoB.

Bonswoe snavenne nmeer SKCIepHMERTANIBHOR ONpelesIeHne KoNu-
decTBa TeMJa, BBAENSEMOTO IPAMMOM PaiKs B eRMHHIY BpeMeHu. D10
KOJIWUeCTEO 3ABUCHT OT MOMMOWEHKA o-, f- U y-Ayuell B KanopumeTpe.
Jlnst 9THX HaMepeHHH NOABIYIOTCS BeChbMa PASMHUKBIMU KalopHUMeTpa-
MH, HEKOTODLiE 13 KOTOPHIX 37eCh OTHCHIBAIOTC:

PhC. 142. JIEfisHON KAIopHMeTp COCTOHT
3 pesepsyapa, HANONHTEMOro B BepX-
neil wactw EE Bopoi, a B Hummell aa-

Prc. [43. Kanopuerp CocronT HS
TENNCHIONUPYIOLEro cocya A ¢ ABofi-

eI M pryTeio, KOTOpas EOXORHT KO Ka-
nuaATpRofl TPY6KK C. BBORA b BEHTAMD:
Y10 TPYOKY XAODHCTHIl MeTHA, BHSHBAKT
©6pasobaklie Abaa ¢ BOKDYF 5708 TOYOKH.
Kanopuuerp MoMemaetc B _Temiondofie
PYloUH COCYA ¢ TombMn cTeHKaMk A,
B3 KOTODHIX BHKA4AN BOSAYX. DTOT COCYA
HanoaRACTCA TaloUW ABROM B. Asnyna
€ DamHeN NOMWASTCA B ¢ b USHTPANLHAR

e crenxas, Cocya A, coxepmaumn
Juasn Botopox H romemaerca s
GombIIH TENAONSOAHDYIOWNA COCYR ¢
XunkuM Bozopofom H'. Ecam ssectu
& H aunyay ¢ panWen. 5oiopon nena
pserca W 10 _TPYOKE ¢ MocrynaeT B
mpoGupxy E. 9107 omur mpeacTasTAET
HEKOTGPYIo OMACHOCTL AR COXpaM-
HOCTR aMnyIb ¢ panem.

TPYOKa saKpulBaeTca TeNnAORIOAHDYIOUelt
NpOGKOH (Ha DHCYHKe He TOXAzaHHOR).

) Jflenanoi kanopnmerp Byusena (puc. 142). Amayaa c
coMbIo Pajus, TIPEABAPHTEJbHO OXAXKAEHHAs B GaKe C TAUIHM NbIOM, BBO-
IHTCR B OOHNRBIE NefaHoll karopumerp. KOIHUECTBO MOCTENEHHO TAKOUIETo NbIa
ONPENEATIOT TIO NEPEMEU(EHAI0 PTYTH B KanMAAspHoi TpyGke. [10 Koawuectay
pacTasBilero /1bAa BHIUHCASIOT KOANYECTEO BLAGAHELIEIOCS 33 To JKe BPEMs
Tenaa.

9) Kanopumerp co ckumennnm rasor Kopu u Abwo-
apa (puc. 143). B atoM cayyae Tenio, BHACJAEMOE PAJNEM, HCIOIBSYETCA NS
HCTIAPEHNs CHHMKEKHOTO Ta2a, HANIPHMED, KHAKOO BOSAYXA WAH BOZOPORA, Tefl-
J0T2 HCTIAPEHUS KOTOPOro NpY aTMOCHEPHOM AABJEHHH HUSBECTHA.

) Auddpepernunanbhui MeTanAnHUECKH I Kanopu
MeTp (phc. 144). DT0T NPUGOP COCTONT M3 BYX NOABX METAINHYECKHX UHARHIPOB,
B offiH M3 HUX BBOAMTCA aMny.Ta ¢ PaAOHOM, B APYToft — COUpa’abHasn NPoROJIOKE
€ W3BECTHEIM CONPOTHBIJCHHEM F, WEPe3 KOTOPYIO MOXHC NPOMYCKATH SNERTPH-




[image: image327.png]§104) BBIAEJNEHHE TEMJIA PATMOAKTHBHBIMH SJIEMEHTAMU 329

yecknil Tox i. B Hefionbwoe yray6nenve B JRE KaXKAOTO M3 UMNKHHIPOB BBOAHTCH
OLKF 3 CTIACE TEPMOAACKTPHICCKON napsl. CHAY TOKa i PEryAMPYIOT Tak, YT0BH
rabBAKOMETp G, BKIIUCHWL B Lenb TEPMOSNEXTPUNCCKON Naph, e o0Hapy-
JKHBAN HIKakoro toka. TOrAa KOAHHECTBO
Tenna, BHNENTEMOrO  aMmynofi,  GYMET
PaBRO  KOJAHMECTRY TENAA, BLIAGIAEMOTO
conpastio, 1. e. ri*, Mpn6op nsorupyerca
©OT BHEWNHX KoNeSamnii TeMnepaTypol.

4) UyscTBiuTeabR bl aAh
a6aTudecknfi KAaJOPHMETD
(puc. 145). Metanauueckufi npnemiix A,
CofcpKamuit UCTOUHHK Temaa §, NOABe-

Pue. 144

WHBALTCA BHYTPH MeTananyeckoll oosouxd B, OKpymewdoll BOLOH, HaniTol
8 cocyR C. Pasnocts temnepatyp mexay A # B, H3Mepsenyio TIPH OOMOIH TepHO-
SNEKTPHUECKON Napsl ¢ raNbBaHOMETpoM G, TOLNEPKMBAIOT Ha Byne TYTeM NocTe-
NeHHOTO NOAOTpeBankA Oanu C, TemMnepaTypa KOTOPOH H3MEPRETCH OUYeHb 4yB-
CTBHTENBREM TepMOMeTpom. TIoBLUIEHHE TeMTCpaTyphl GAHH PABHO MOBHILIEHHIO
TEMIIePATYPLI NPHEMHIIKA; OTCIOAA BHYHCIAETCH KOMRYECTBO BLICTHBIIErOCH B HEM
Tenna (Crenrocaasckuit H dopabbsiabekas).

[pu momomy >THX H HEKOTOPHIX APYFHX APHGOPOR CbiH NOAY-
YeHbl CXOAHDbIe PesyNbTaThi. B Kam0M Ciydae CTApannch ONpPeReAHTb
CTeNeHb MOTNOLIEHHST M3JAYYeHHsS B KalopHMeTpax. a-NYuH OOBIMHO
TORIOMAOTCA B HHX NOMHOCTBIO, HO f-NyYH H B OCOOEHHOCTH p-Iy9H
NOTIOWAKTCS He Brodye. OKPYKHAA HCTOYHHK TIOTIOMAICUHMH 3Kpa-
HAMH H 3HaA KO3(ULHMEHTb MONMOUEHKS, MOXHO ONPEAENHTh JOMIO
a-, f- 1 y-nyuei B Tennosom sdexre. HyXHO TaKKe YIUTEIBATB JydH
OTAAYH, COMPOBOMHAAIOUINE @~TYUH M NOrJIOMIaeMble Jlerde MOCASNHHX.

B ciydae COKHBIX PajHOAKTHBHBIX BELIECTB, HATIPHMep, DafHsi
B CONPOBOK/ICHHH €r0 MPOU3BOAHBIX, CTAPAIOTCS 1O MePe BOIMOMNCHOCTH
OMPEACUTL TemjoBble jelicTBHs OTAeNbHBIX BemtecT. Tak, Hanpu-
Mep, Teriopoe JeficTeue Ra ompejensior, npueenst ero K MUHHMYMY
AKTHBHOCTH fyTeM OTAEXeHUst DRJOHA M AKTHBHOro ocanka. Hakorme-
HHe STHX BElIeCTB A0 COCTOAHHA DABHOBECHS [aeT 3aTeM BO3MOKHOCTH
ONPeAETHTE HX A0JIO B TenyiosoM adiperte. TIpH momoliy COOTBETCTBYIO-
WEX NPUBOPOB MOMKHO TaKKe PasiuIHTL TelIoBbie nefiCTBHA pajoHa
W ero NpOu3BOAHbIK.

TIpHBOANM CBOAKY PE3y/IBTATOR, OTHOCHILHXCA K BELIEJEHHIO TeINA
pajeM H €ro HaXOAAUIMMHCS B PAaBHOBECHH C HHM TPOM3BOJHBIMH,
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B KaJlopHsAX Ha rpamM B uac (no Pesepdopay u Pobunsony, Mellepy
u Teccy, 2naucy u Bycrepy)l):

aaywnwa.ayan foyws  pesysn Beero
Ra 25,9 — - 25,2
Rn 29,8 - — 29,8
RaA 309 31,0
. 375 552
cero 6,3 9.4 140,1

TakuM 00DPa3oM, FpaMM Paiusi B PaBHOBECHH C PAAOHOM H GbICTPO
NIpEBPAlIAIOIIMCS AKTHBHBIM 0CAJKOM BbiflessieT okono 140 xas B uac.
Hs s10r0 koanuecta oxono 89% NPUXOAHTCA HA AOMIO a-1yued U
a-ayueii, 4% — Ha poqio B-nyvefi u 6,5% — na poaio y-ayueit.

BaxHO COMOCTAaBHTh STH pe3y;bTAThl C KHHETHUECKON 3Hepred
a-yueli, koTopas MoxeT OHITb BbIUHC/AEHA CJELyoWuM CHocoboM:
TPaMM pajis COMPOBOKAAEMOrO ero GLICTPO NPEBPALIAIONHMUCA HPO-
M3BOAHBIMU, HCIYCKaeT B CeKyHNy B dopme a-ayuedl suepruio W =
= nm =, 0%, TAE 71— YHCAO HACTHI KAMEOH 13 HCTIYCKAEMBIX STHMHU
BelecTBaMK 4 FPYIM, M — MAcCa o-HacTHUE, > 0% — CyMMa KBajpa-
T0B CKopocTeli Hcmyckauns. IloactaBass ciofia 3KCNEPHMEHTANBHO
HabileHHble BeHuuHB 1 = 3,710, m = 6,60-10-% 2, > 0 =
= 11,44-108, naxomar W = 1,405-10% spzfcex, a cooTBeTCTBYIOLIEE
STOMY KOJHUYECTBO BbiAeAgiouerocss 8 uvac Tenaa 3600 W/4,18-107 =
= 121 kaa. Cuntast 5Hepruo a-iyveil paBHo#t npuGnusutensuo 2%
IHEPrHH a-Nyyell, HAXOAAT, YTIO COOTBETCTBYIOWEE HM KOMHYECTBO
Tenna Gyner pasHo 2,5 kar. CymMa ofenX HafileHHBIX BeNHUHH,
paBHaa 123,5 xas, GnH3Ka K 3KCIEPHMEHTANBHO HalifieHHOR Beau-
unne. OTCIOfAa MOMKHO 3aKMIOYHTL, YTO B Chyuae o-Aydedl KoJduye-
CTBO BBIIENSIONIEroCs TEIa IKBHBAJNEHTHO NOTIOMAeMoll KHHETHYe-
CKOIf 3HEPTHH STHX nyuell H HX nyuell oTaaun. CreA0BaTeNbHO, BEChMA
BEPOATHO, YTO 0Blilee KOMNYECTBO BhLIEJISIOMEroCs TeMIa SKBHBAIEHTHO
SHEPrHH «-, f- H p-Ayuell H COOTBETCTBYIOUMX Jydell OTHauH, ApYyTHE
e (PaKTOpbl, €CAH H BAHFIOT, TO JMHIIB B HE3HAUHTENBHON Mepe.

Hexonst M3 9TOro, MOXKHO BHIYHCAHTH KONHUECTBO Terdd, BblENs-
€MOTO IPYTHMH HCIYCKAlOUIHMA a-Nyyu BeuecTeamst. Tak, Hanpumep,
HaliIeHO, YTO 5MeMeHTH paja YpaHa — DajHs B PABHOBECHW C IPaM-
mom Ra Buigeasior B uac: Ul + UIl — 52 xax, lo — 23,6 xaz, Po —
27,2 kas. Canras, yro UX, UZ, UY, RaD u RaE sngensiior B cym-
Me okono 30 ka2, MONYUHM, YTO BEIKECTBA PSAA YPaHA B PABHOBe-
CHH C rpaMMOM pajHa BHENAOT NpHOAH3HTeNbHO 270 xas B vac.
TaK Kak pasHOBecHOe oTHowenHe RafU = 3,4-1077, To rpamMm ypana
B PABHOBECHH €O CBOMMH TPOUSBONHEIMA Bhyeaser 270-3,4-1077 =
=9,2:10"% kaz B uac.

1) Cu. takxe Rad. of rad. subot. p. 16].
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KonuyecTeo Tenna, BhAENEMOro RELIECTBAMH PSAA AKTHHHA, PABHO
npubau3uTenbuo 3% 5TON BEMHUMHEL, TAK KAK YHCJIO aTOMOB, TpeBpa-
WAIOWHXCS B 9TOM PsAY, PaBHO NpHONHauTeNbHO 3% qucna ato-
MOB, NpeBpallaloUINXCsl B NpeimecTByiomeM psay. CreaoBaTensHo,
B COBOKYNHOCTH 063 psijia BeeAsoT oxono 10™* xaa na rpamm ypa-
Ha B yac,

ITpu nomowM TAKHX XKe PacyeToB HAXOAAT, YTO IPaMM TOPHS B PaB-
HOBeCHU ¢ ero TNPOH3BOAHBIMU Bhileasier okoao 2,2-10-% xuz B wac.

37u pacyeThl NOATBEPHAAIOTCA HIMEPEHHAMH YBENHUEHHS KOMHYe-
CTBA BLIEJISIEMOTO CONAMH PAJHS Tela, MPOHCXOASIIEro BCAEACTBUE
obpasoeans nononns (M. Kopu u JI. Hosanosud). OHM nozTBepHk-
HAIOTCH TAKKe U3MEPEHHSMH KONHYeCTBA TeNsa, BbIACASEMOrO COSMM-
HEHHSIMH TOPHS H YDaHOBHIMK MHHepanaMH. B aTom mocnesnem cayvae
H3MEPEeHHS NpousBoAnmich Haj 100 2 1 Gonee BemecTsa.

B cayuae TAKHX BelWeCTB, KaK NOJOHHMI, T MOJXHAA HOKH3ALKA,
TIPOR3BOAHMAS a-TYYaMH, MOKET ObITb TOYHO H3MEpeHa, H3MepeHHe
KOJIHYECTBA BBIACNSEMOrO Tella B COSAHHEHHH ¢ H3MepeHHEM HOHR3a-
LHONHOTO TOK2 | JAET BO3MOZKHOCTh ONPEETHTE QHCAO ¥ 0BpasyeMeIX
@-JIyYaMH HOHOB MPH NOMOIIH COOTHOUIEHH
me?

I =nve, q/I=W,

Tle § BLIPAXKEHO B 3prax.

Tlps H3MEPEHNAX KOMHUECTB BHAEJSEMOTO PaJHOAKTHBHBIMY Bellle-
CTBAMH Temaa CleAyer MsGeraTb OWHGOK, NPUIHHOH KOTOPHIX MOTYT
OBITh BhI3BIBaEMble NECTBHEM Jy4ell XHMHYeCKHe peakuHH.

UT00b! BHIYHCAHTE NIONHOE KOJHYECTBO TeNJIa, BbACAAIOMErocs NpH
TIpeBpAlieHHH PaAROAKTHBHOIO BEIIECTBA, HYKHO KOMHYECTRO Teraa,
BhIE/IEMOr0 HM B €MHHIY BPEMEHH, YMHOM(KTb HA CPENHIO0 Npo-
JIONKHTEIBHOCTb €0 kHaHH. Cie/oBatenbHoO, NPH NONHOM TIpeBpalle-
HHH IpamMMa pafns Bhyjiensetcs 170-24-365-2300 = 3,4-10° xas, T. e
7,7-10% kaa na rpamm-atom papus. [Tpu monHoM NpeBpalleHAN ypaHa
Bbigensiercs 1,2-1012 xaz wa rpaMM-aToM, NPH TIONHOM HpPEBPallleHUH
Topusi ~—— 1,1-10'% xas ua rpamm-atoM. Ipn mosmoM mpespaieHUK
KIopH pajona Bhifensiercs 116+132,5 = 15 400 xkax.

CpagzeHNe TENNOTH NPEBPALEHUs IPAMMA PaTHA C TeMIOTOf cropa-
HHA rpamma Bojfiopoia pasHoll 34 200 xas moKaswiBaer, yTO nepBas
B 100 000 pas Gonbitte. Pasniua Gyjer eime Gollee NOPAIHTENLHOH, CAH
KOMIHYECTBa Tel1a OTHECTH K IpaMM-atomy, T. e. k 2262 Ra u | 2 Bojto-
poma. OTciona BUAKO, YTO KOMHUECTBA TENJA WIIH 9HEPTHH PajHOAKTHE-
HbIX MpeBpalleHHH OTMUAIOTCS MO MOPAAKY CBOGH BEHYHHBY OT 3Hep-
THH XHMHYeCKHX peakuwil, D10 ykashBaeT Ha TO, UTO PafHOAKTHBHbIE
NPEBPAIIEHAS ARMSIOTCS NPEBPALICHHAMH ATOMHEIMH, 4 HE MONEKYAAD-
HBIMH. 34TO SHEPrHH MpeBPALICHHS DPA3JHHHBIX PAJHOAKTHBHBIX ATO-
MOB HMEIOT ONMH H TOT e MOpsfoK. Eciu rpaMM ypana shizenser B
©UHHILY BPEMEHH 3HAUHTEJbHO MEHblle Tenja, ueM rpaMm palis, To




[image: image330.png]332 JEWCTBHS U3JVYEHUS PAIMOAKTHBHBIX BEMIECTB  ([JL X VII

3TO 3aBHCHT TOJLKO OT TOTO, YTO MPEBPAILEHHE YPaHa NPOHCXOAHT
MHOTO Me/JIeHHee.

BoifieleHi10 3Heprui B opme Telsa COOTRRTCTBYET MOTEPsl MACChl
Am, KOTOPYIO MOXHO BHIMHCAHTD, PA3ACIHE BbIPAKEHHOE B SpraX KOIH-
uecTBO BbileNuBlLeiica sHeprau Ha 9-1020 (§ 33). Torna Am = 0,036 ¢
Ha rpamm-atoM npespatuuierocsi Ra mAm = 0,056 2 Ha rpamm-aTom
ypaHa, npespaTtnsierocs uepes Ra. IoTeps macchl Am npnéapnserca
K TOTEpe MacChl, ABASIOMEHCA CACACTBHEM BHIACNCHUS Teus MyTem
Henyckauus e-dacthu. Dta mocneansts noteps maccel paBHa 20,01 2
pas papusi M 32,04 e anst ypaua. Jlnst TOpHA TIOTEPS reslisl COOTBET-
creyeT 24,012 ¢, a dm = 0,05 2 na rpamm-arom. ChejoBaTesbHo, no-
Tepsi MacChl BCMEACTBHE BBINEJEHHS SHEPrHH SBJSETCH HE3HAUHTENb-
HOl 4aCThiO OGIIEro H3MEHEHHS Macchi ATOMOB IPH DPaAMOAKTHBHOM
npespalueni.
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BHOJIOTHYECKHE JAEVUCTBHSI H3JIYUEHHSA.
MEJUUHHCKUE NPHJIOXXEHUSY)

§ 105. Buonornyeckne RefCTBHA

o, B- 1 y-nyu IeficTBYIOT Ha MUBbIC KACTKH NOJZOOHO PEHTTEHOB-
CKHM J1yYaM, Bbi3biBasi HSMEHEHIe TRAHEll JKUBOTHBIX H PACTHTENBHBIX
opraHuamoB. Briepsrie 3o siBnensie HaGntoganu Teep Kiopu n Bekke-
pedb, MOAYUYHBIIHE OXKOTH OT aMIIyJ! € PajHen.

MexanusM Guosorudeckoro AeficTeust Jyuefl MOKa ellie MAnO H3Be-
cted. OfuaKo TecHast CBA3b, CyUIECTBYIOMWAs, NO-BUANMOMY, MEKAY HX
XMMHYECKHMH JefiCTBHSIME M HX HOHM3HpYIOMEl CloCOBHOCTBIO, fB-
MNSeTCA BAXKHBIM AOBOJOM B MONB3Y TOFO, 4TOObl HCKATH CBA3L MEKAY
HOHM3AUHeEll H GHOJMOTHYECKHMN AeliCTBHAMHA. JKCNepHMERTANBHBIX [0~
Kas3aTeNbCTB 3TOH CBA3H RO RACTOAUIErO BPeMeHH, OIHAKO, HE HMeeTCs
TaK KaK Mbl He PacrllofiaraeM MeTOJaMH HCCHACJOBAHHS, JAMOUMMI BO3-
MOXHOCTb OGHAPYXHTh HOHI, OGPA3YIUHecs B TBEPABIX H KHAKHX
BeWwecTBaX, W3 KOTOPHIX COCTOAT Tkawli. O61acTh GHOMOrHYECKOTO Heit-
CTBHSI Ayuell orpaHNyYena MX NpoHuxammeii cnocodHocTbio. Crenosa-
TeNbHO, @~1yYH MOTYT AefiCTBOBATb TONBKO B HEMOCPEACTBEHHON Gan-
30CTH OT HCTYCKAMOIMX WX DAAHOAKTHBHLIX aTOMOB, JeficTBHe S-nyuel
B JKHIKOR CDelle MOXKeT PACTIPOCTPARATECS HA PACCTOAHME TOPAAKA
I cx, a neficTBHe p-nyueli B TaKoi Xe Cpelle — HAa PACCTOSIHHE TOPSA-
Ka 1 m.

1) DepctBus HA PACTEHHWSA [loiBepriyTh pacTeHust
ﬂeﬁcTBMlO H3JYYEHUST MOAKO NYVTEM l]pl[(‘,.’ll/l)l(ellhﬂ K HuM TBEp-
LOro DAJHOAKTHRHOTO BElecTBa. MOkKHO TaksKe OpOWaTh pacTeHHe W
TIOYBY, HA KOTOPOll OHO pacTeT, pPajHOAKTHBHLIM PACTBOPOM. MoxHO,
HaKOHell, BBONMTL DAfHOAKTHBHBIE Ta3bl B OKPyMKawuuil pactenue
BOBAYX.

Ha6mopaembiit 1pn 9TOM_3(XpeKT 2aBHCHT IJIaBHBIM 00pasoM OT
HHTEHCHBHROCTH H3Ay9YeHHs. EcAn 5Ta MHTEeHCHBHOCTb NEPeXONUT H3-
BECTHbIE MpENieNbl, TO AeHCTBHE W3JyYeHHS BCErZA GhIBAET BPEJHBIM;

1 Cn. Maurice Curie, Le Radium et les Radioéléments, Paris, 1925.
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JIMCTBSL JKeATSOT H 3acCblXaloT, H pacTenne norudaer. CeMeHZ, noa-
BepriiHecss OTHOCHTENIBHO CH/ABHOMY OGHY‘JSHI/HO, He TpopacTareT Win
AT cAaluie PACTEHHS .

Ecnu J03bI H3JTyUeHHUS] AOCTATOYHLI, RO HE YPE3MEPHbI, TO OHH OKa-
3bBaOT BO3GYKARANIee AclicTBHe: Gosee GLICTPOe MpopacraHhe, Ay4-
wHit POCT, YCH/EHHOE UBETEHHE M MICAOHOILeHHE.

DTUMIL Pe3y.aLTATAMA NPOGOBATH BOCTIONB3OBATECH 15l NYHL COibCKOTD XO-
3uficTBA, NPHTOTOBINA paduoakmueHse YAoOPentA, COCTOABILIIE OGHUIO H3 OCTAT-
KOB OT NEPEPaBOTKH PAAHOAKTHBUBIX PYA HAM N3 PYR, HACTONBKO GERUBIX DaiNeM,
UTO €O HEBMTIHOO GBUTO H3BICKATH. AKTUBHOCTS STHX BCULECTB OOMUHO paBHS.
aace 5—10% aKTHBHOCTH OKHCH ypaHa. BBMAY HCONMHAKOBOTO COCTaBA STHX
VAOGpeRHil - TPYAHO CPABHHBAT He BCCTAA COBMA/IAIOUIAE Pe3YALTATH, moAyden-
HbE pasHbIMH SKCTepAMenTaTopamH. OfHAKO BO MHOTHX CAyuaax 1aSroAanoce
NOBBIliIEkHE YPOKANKOCTH 3ePHOBBIX 11 APYFHX PACTEHIE.

3ameTuM, 4TO H HODMAJLHO DACTEHHSI >KHBYT B paiHOAKTHBHON
cpene, TAK Kak TONBA, BOJA M aTMOC(epa COREpKAT PARHOAKTHBHbIE
Bellectsa (rnaBa XXVIII). CregoBatensho, 6yeT 3aKOHELIM IPENFO-
JOXHTB, YTO 3Ta OOUlast, MPaBla ouenb cnabast, PajHOAKTHBHOCTDH
Cpeinl ABMSETCS OHUM W3 YCAOBHI UX HOPMANbHOTO PasBHTHs. YBe-
NIMGHBAT PAJHOAKTHBHOCTb CPEAB!, MOXKHO HAJEATBLCH MONYYHTh B He-
KOTOPBIX Caiyuasix GaronpuaTHsle pe3ynbraTel, OAHAKO eCaH 3TO yBe-
JMYeHHE BHIXOAHT 34 H3BeCTHHIE MPefensl, TO paBHOBeCHe OYAET Ha-
BepHOE HApYWEHO B yUIEPS pacTelins.

2) JENCTBHUE HA XHBOTHBE TKAHH AKTHBUbE Be-
HIECTBA MOrYT RefiCTBOBATL HA MKUBOTHbU! HAM YenoBeuecKHii opra-
HH3M KaK eMewnutl WAH KK eHympeHAuii WCTOYHHK H3NYUEHHS,
GyAyuH BBEJIeHBI B HEro WM uepe3 KHIUIEUHHK, HIH [TyTeM BIPLICKHBA-
HUA PafHOAKTHBHEIX PACTROPOB, H/H NyTeM BABIXAHUS PAIHOAKTHBHbIX
rasos. Korfa panHoaKTHBHbIE 3f1€MEHThI pachpefeseHbl BHYTPH opra-
HU3Ma, TO HA HEro JIefiCTBYIOT BCe BBl HCMYCKAeMbIX HMH Jyuelt H
0cOGeHHO CHABHO a-nyuH. Korfla paAHOAKTHBHLIE SMeMEHTHl HaXOAATCS
BHE OPTAaHH3Ma B CTEKASHHBIX HIH NAATHHOBLIX TPYGKaX, TO HA Hero
LefiCTBYIOT TONBKO f- H p-NYYH, TAK KaK a-1y4yH TOMJIOAIOTCA CTeH-
Kami TpyGOK.

a) BHYTPEHHEE SEMCTBME BbeAenne B OpraHnsM octa-
TOYHO GOMBUINX KOMHYECTB OJHOrD M3 HCNYCKAIOMMKX a-Tyud pa-
JMOAKTHBHBIX SMEMEHTOB BBI3LIBAET NOBPEN(ICHHS, KOTOphE MOTYT B
HanGosiee TKENBIX CydasX NPHBECTH Aaxe K cmepri. [lpu onwitax
Hajl JKHBOTHbIMH Oblia ONpefieNieHa CMEPTebHAS 033 JUIA BIPLICKH-
Banuit nononns n topus X. Koamvecteo mosonus, pasHoe 500 .-
crar. ef. (§ 74), cmepreabHO AAs kponuka. OZHAKO NOMOHHH He sB-
nsieTest GHICTPO JefiCTBYIOMMM SIIOM, H CMEPTh HACTYNAeT B pesyJabTaTe
TIOBPEN/IeHUH, PASBUBAIIWIRXCS B TeYEHHEe HECKOMbKHX Aiteft H CBA3aR-
HBIX, MO-BHAHMOMY, ¢ HRKOIJIEHHEM NOJOHHS B OMpEeJEJEeHHBIX Opra-
HAX; KOCTHOM Mo3re, cefeseHKe, noukax. Ha oTaeabroM nucre XXII
{puc. 5) JaHa yBeNMYeHHAs MHKPo(OTOTpaduA, NonydyeHHasm NyTeM
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HaOKeHUs Ha (PoTOrpaduuecKyio MIACTHHKY TIpeliapaTa MOUYKH Kpo-
KA. DTOT NPENapaT cheraH yepes HeCKOMbKO AHEN Mocje BIIPEICKH-
BaHHsl NOJOHHA KHBOTHOMY. [lofioHHH, uacTHUHO yiaasiomMAcCH ¢
Mouoil, B Gonblueli cEoell YacTH GHKCHpYeTca B Nepudepuueckoil YacTh
nouek {cM. B KOHLE KHHTH).

HenyckaeMble TONOHUEM a-Ay4H, AeHCTBY ST HA NNACTHHKY , AeTalbHO
TIOKa3HBAIOT PACAONOKEHHE €ro 4acTHU. Takoe uaolpaxenue Hasbl-
BaeTcsl ayTopaanorsucronordueckum (Jlakacaub u Jlarre).

3nas cMepTenbHble A8 JKHBOTHBIX JIO3Bl, TNOIMOIEHHOTO TON0-
uust ¥ Topust X, MOKHO ONPEAENHTE, 4TO J03bl, PABHLIE HECKOMbKHM
THICAYAM 3/1,-CTAT. eAl., GYAYT CMepTe/Iblbl HIH OYeHb OMACHH! AR de-
nopeka.

TpyaHee oNpelesnTh OMACHYIO A03Y B CAyuae TAKHX AOITOKHBY-
KX Beects, Kak pamuil. JICHCTBHTENBHO, €CNH 3TH BEUIECTBA He
YAANRIOTCS H3 OPraHH3Ma, TO KYMYJSTHBHOE AeficTBHE H3NYYEHHS MO-
KeT NPHUHHATL NOBPEXKAEHHR, KOTOPHIE MPOSABASIOTCA TOMBKO CHYCTS
CObI M, YCHITHBARACK CO BPEMEHEM, BH3BIBAIOT cMePThY). CilefloBaTeabHO,
npH ynoTpeO/ieHHH B KaUeCTBE MERUKAMEHTOB JOATOKHBYIIHX BELECTB
HYXHO c06110/aTh GOMBUIYIO OCTOPOXKHOCTE H NydIle NOAb3OBATHCS
ZNf 3TOR U KOPOTKOWWBYIIHMU BEMECTRAMH, NOJKOR JeHCTBHe KO-
TOPBIX MOXeT OBITb ONpEAENeNo SKCIEPHMEHTANbHO,

TaknM oBpasoM, AeficTBHE a-iyyelt B GO/BLION /03¢ BbI3bIBAET pac-
Ta W HeKpOo3 OGNYUYeHHBIX KJIETOK. B Manol e f03e OHH OKa3biBaIoT,
KaK U Ha pacTeHHs, BOaByx/alollee AeHCTBHE, KOTOPOE, BIPOYEM, elle
OYeHb MAJO H3YYEHO,

O BHYTpeHHeM fieflCTBHU DaJHOAKTHBHBIX BEIIECTB, HCNYCKAIOUIRX
TONBKO - H p-Nyd4H, NOUTH HHYETrO Hen3BecTRO. sl TaKHX OMBITOB
aydille Beero nopoulak Get ypan X u papais E.

D) BHEWHEE AEWCTBUE. 310 jelictBHe H3YUanioch Kak
ans B-, Tak B ocobeHHOCTH And p-nydell. Ecan BBecTH BHYTPb Kakxoii-
HuGYAb TKAHH, HANPUMEP, MBILLL:, TOHKYIO CTEKAAHHYIO AMNYJY, CO-
JlepHKALYI0 AOCTATOURO GOMBLIOE KONMYECTBO Pajusi, Me3OTOPHSA HIH
pajioHa, TO B MNpeAenax npodera f-nydyeil FMOCTENeHHO NPOHCXOAMT
noAHEIA HeKpo3 TKauH. CNenoBaTelbHO, B-1yYH OT JAOCTATOYHO CHIb-
HOTO MCTOYHHKA BRIBHIBAIOT pacnaj KNeTok BeeX BHAOB. Takoe e neit-
CTBHE OKABLIBAIOT P-NYYH B AOCTATOUHO Gosibloh n03e. OAHAKO MOKHO
NOKA3aTh, UTO HX JSHCTBHE MMeeT H3BHpATeNbHbIA XapaKTep, KOTOpbIH
OOHADYKHBAETCA TeM siCHEe, YeM GONee MPOHMKAIOWUMH SIBAAKTCA
ayun. OKasbiBaeTCsT, UTO KJETKH B 3aBHCHMOCTH OT CBOEH MpHPOIb

) MHOTO MECUaCTHEIX CYHaeB TAKOro POAa NPONIOWNO B NPORIBOACTEE CBETH-
muxes gpacoxk. Paboune, HAHOCHBUIHE S5TH KPACKH OPH TOMOIGH KHCTOYEK, CMa-
WHBAAH 5TH KHCTOUXKH TyGami. YacTo NOBTOpAEMOE BBEACHHE HEGOJBLIHX KOMH-
WECTB DASMA BHI3BANO Y MHOTMX DaGouMX MOBPEKIEHHS, KOTOPHE Y HEKOTOPHX
W2 HHX OGHAPYIKH/IHMCH TOTAA, KOMAA OHIf e OCTABHA 3Ty paboTy. DTH NoBpeMze-
HHSI COCTOANH B HEKpo3e uedocTel i TKaWell PTa M 3J10KaYeCTBEHROH aNeMHH.
BAUIO YCTANOBAGHO, UTO B Tenax 5a60ACBUIMX HAXOAHTCS Pajiii.
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H laX<e OT CBOETO COCTOHHA 00IANAI0T BeChbMa PA3IHUHON uyecmgumes-
Hocmoio K 06ayuerwro. HauGonee yysCTSHTENBHEL JedTENbHbIE KIETKH,
HAXOAAWPEC B COCTOAHHH OBICTPOrO H3MEHEHWS H DA3MHOMEHIf.
30T HaKT HIGHPATENBHOTO PA3PYLIEHH KAETOK y-1yuamy (oMHHHYH),
elle MajNo ACHHIN TeOPETHUECKK, HMeeT Kpajihe BaX(HOe 3HAYEHHe HIsi
TepanuR, MOTOMY 4TO OH JaeT BO3MOHOCTb pPa3pymaTh GOIBHEE
TKAKH, He Pa3pyllas MPH TOM ORHOBPEMEHHO O0AYyuYaeMbie 3J0pOBbIe
TRAHH,

Tak Kak p-1yun LEHCTBYIOT uepes NOCPEACTBO OGpPasyeMblX HMU
B TKAHAX BTOPUYHLIX S-nyuedt, TO C/efyeT NPEANONOKKT, YTO S-a1yuH
GONMBILOH CKOPOCTH Takice ofsafaloT H3GupatesbhbiM felicTBHeM. 3To
TOATRepIKAaeTCs feficrBrem na TRanu f-nyueit UX; (JIsxacans). Pas-
auuKe Mexay feficTeHeM f-nyuelt U JeficTBUeM y-Jyueil AOMIKHO 3a-
BHCETb TJIABHBIM 00PA30M OT YCMOBH MOMMOUWEHHS SHEPLHH B TKAHAX,
KOTOpbIe OUeHb PA3MHUHBI, CMOTPS O TOMY, NPOHHKAET AW HHTEHCHB-
Hoe f-H3NyyeHde B TKAHH H3BHE WK Ke oOpasyercs B MAyOnHe WX TO
Mepe TOryolnents y-nyyed.

HanGosee 4yBCTBHTENBULIMA K AYYaM YACTAMH OPTaRH3MA SBASAOTCS
KOMa, CAHBHCTBIE O0OJOUKH, KOCTHEIl MO3F, OPTAaHE! PA3IMHOMEHHS.
Muniis 1 KOCTH MeHee 9yBCTBHTENBHB,

Havecenuoe 1y4amy TOBpEKAEHRE PASBUDAETCH, KaK OMOF. 3amuBlenue uaers
TeM TpYAHce, HeM CayGHe NoBpeXNAeHie, T. e. yeM ojiee BeUKO YHCIO0 (OpaKeH-
HEIX 9aCTHIL. TAK HA3bIBAEMOE CKDEITOR JHCTBIe OGLRCHAETCH PasAKUAON GyBCTRH-
TENBHOCTHIO KACTOK KOMH K OBIyueKHIo. OBAYICHAE He BHSHBACT CPasy HaMeHe-
HHA SMKAEPMbI, H TNOBPEXAeHHe ee OGHAPYMHRACTCA TONLKO 9epes HEKOTOPOe
BPEMS, KOTOPO® MOMKET PABHATHCA HECKONBLKKM JHsAM. DTO NPOHCXOAHT OT TOTO,
uTo SMMACPMA OCTAETCH HEMOBPEKASHUON, KOTAQ Gosee rayGoiitit Ciofl KaeTox
Ve paspyiuen uazyuensien. [109TOMY SmiepMa COXpaHsercss BIAOTS A0 CBORTO
€CTeCTBEHHOrO YAANENS, HO BHOBb YIKE HE 3aMeliaercs.

Tlon neiicTBueM JAydell KAGTKH TOTHOAIOT, NO-BHAMMOMY, KaMIas MOPO3Hb,
AKAMOTHYHO TOMY, KAK NOCHGAIOT MOA AeiCTBHEM /yueii MHKPOODrasi3Mb{, HEeKo-
TOphle H3 KOTOPHIX Pa3pywaorea NoA AeiiCTBHeM PEHTrenoBCKHX Ayuell, yabrpa-
PHONETOBOTO CBeTa, A Takike a-, B+ I y-nyuel PalMOAKTHBAMX Beiects. Llocen-
Hile HCCREAOBAHMA NOKA3HIBAOT, W10 THOENb MHKPOODTAHU3MOB MPOHCXOAMT NO
saxony seposmsuocmi. UT0661 IONYUNTS CMEPTENBHOE TOPAKEHHE, KAKABLA MHKPO-
OPTAHHSM B OTACABHOCTI AOMEH HCMLITATH OMPEICSHIOS BOSRENCTBHE, T. €. ObTh
NOPAKEHHBIM WM @-TY9OM HAH OJHAM WA HECKOABKIMH KBAaHTAMK 3IEKTPO-
MarHUTHOTO Hajywenus. Uneno KBaHT, Tpefylouieecn LS TOTO UTOGH BH3BATE
CMEPTb, HASHBAIOT nOPozos. TTO-BAAUMOMY, STH KBAWTEl, PACCMATDIBACMSIE KAk
OTHENBAEE YACTHUH, AOMKKb MOPA3HTL HEGONLILYIO JEKALLYIO BHYTPI OPranNmMe
OBARCTH, HSILBIEWYIO wyaCmewmessiod Sonoid. KOTAa KRanTe Hagalor Ha No
BEPXHOCTS OGNY4AEMOll KyABTYPhl, T0 KOAHNECTRO MOTMGLIMX MHRDOOPTABH3MOE
W306PAKACTCH B QYHKUHI DpeMelln FPYNToli KpHBLX BepOATHOCTI, KAXIAs Hs
KOTOPHIX COOTBETCTBYET ONpPeleneHHOMY 3Hauelinio Topora s. [lepsan us stix
KpuBsix, $ = [, npeficTasaset cofoil npoctylo MokasaTennayio Gynxuuio. 31a reo
pHsl YCTEWHO NPUMERSNACH B OCOGCHHOCTH K MGACTBHID OIMODONMBX AEIKS
NOMOINAEMEIX PEHTTEHOBCKNX Aydels C AnnHof BoaRs o 4 ao 8 A (Foabsex 1t Jls-
Kacakb).

ECAH 5Ta TeOPHA NPHAOKIMA TAKIKE K PACHALY KAGTOK, HO HA B KAKOM CAYUAC
HEBOSMOKHO DA3PYIIMTL H3NYUYEHHEM BCE KIETKH RAHHOTO BAJa, TaK Kak pebyto
WEECs ANA 3T0rO BpeMa obuydenus Syger Gecxoneuno.
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¢) AencTtBuE Ra raasza Ecin p-1ysn NPOHHKAKT B raas
cnepef WNW Yepe3 BHCOMHYIO KOCTb, TO B [Ja3y CO3laeTcs OuLy-
LIeHHe BHAMMOIO cBeTa. OHO OCOGEHHO CHJIBHO, KOTAA NPOHHKHOBE-
HHe Nyuell NPOKCXOAWT BREIANHO, HANPHMEP OpPH NPHONUIKCHHH K
a3y HCTOYHKKA H3NYUEHRS (aMIyNEl, COAEPIKaleH OKONO MeNUTPAMMA
paaus). D10 MOKHO OOBACHHTE HAH (uIyopecuennwell, poaGyxnaemol
B Cpe/ie r1asa, WIH NPAMbIM JefiCTBHeM Nyueil Ha CeTYaTYIO 0GONOUKY.

§ 106. MelnuuHcKHe NPUMeHeHHs

TlepBrie NONMLITKH HCNONB30BATL NYYH Pajud AAA JeveCHbIX Heneft
OBl CAENAHBl BCKOPE BCJIEJ 32 OTKPLITHEM 3TOTO BemlecTsa. Buauane
€ro npoGoBaNM TIPHMEHATb ANH JeYeHHs KOXHEIX Gofesnell — Boi-
YalkH, GarpoBHX POIRMHIX NIATeH, 238 ¥ T. A ([launo), 3aTem obracTh
€ro MEIHUWACKHX DPHJOKeHHH CTajla PaclIMPATHCA, H HMEHHO 6na-
TOAAPST STOMY CMOR/IA PA3BHTLCS NMPOMbIUIEHHAA AOGHYA DAAMA H Me-
3070pHsi. TIplMeHeHHe PAJIHOAKTHBHBIX SNEMEHTOB JAS JeueGHBIX ne-
Nefl N0 aHANOTHM C PeHTreHOTepannefl HASHIBAKT Kropu-mepanued.
Kiopu-Tepanusi aBisieTca OCIUEM HazpaHHEM OOOHX STHX METONOB Je-
YeHUS, OCHOBLIBAIOUMXCS HA TMPHMEHEHHH KOPNYCKYJAAPHBIX H SA€K-
TPOMaTHHTHBLIX H3JYUeHRH, 06najalomux Goabmoi sHepruedt,

PaproakTiBHbie 91EMEHTH MOTYT NPHMEHSTBCS KAK BHYTpeHHee
cpencTBo. B oTOM Ciydae, KaK H B Ciyyae PaAHOAKTHBHEIX BaHH, Ha
OprafusM AefiCTBYIOT IMiaBHBIM 06pasoM a-yad. OHM MOFYT TaKHe
neficTROBATH HA OPTAHH3M H3BHE NOCPENCTBOM CBOBX y-Ayueit. B sTom
C/y4ae HX NPUMEHeRHE HMeeT GONbine CXOACTBA € DPHMEHEHHeM PeHT-
FEHOBCKMX Jyuefi.

1) BHYTPEHHASA KIOPH-TEPANHUS U PAAHOAKTHB-
HBE BAHHB. B 3THX clyuasX HCDOJNB3YeTCs MeCTHO® WH 00-
mee BO3GYxAalomee JeficTBHEe a-nyveit Ha opramusm. Hayusere oc-
HOBARHA 3TOTO METOLA JIEUEHHs elile He PaspaGOTAHEL, H OH ABJSETCH
MO MPeRMyWeCTRY SMAHpHUECKHM. IIpHMeHSTBCA 3TOT METOA MOMET
B BECHMA PasAHYHLIX (hopMax:

a) Iast esederun @ aceaydor OGLNMHG TPHMEHSIOTCA CCTECTBENHE MAN HCKYC-
CTBEHHBIC PAfIOAKTHBYBIC BORbL. B O6OMX CyuanX aKTHBHLIM BOUECTBOM ABARETCH
pa)zlczus,) TAK KAK CCTECTBCRHbIE MHHEPANLHHE BOAW PEAKO COAEPIKAT CIERH PafHs
(s b) Bnpeickusanus ICAAOT B BENSI, MWLM MW cyctaps. JLaa SToro nosb-
3YIOTCA CTEPHNN30BARHLIM QHSHOAOTHYSCKUM pactBopoM (7,5 ¢ NaCl Ha autp
BO/bI), COACPKAILHM PACTBOPEHKBIH HAH B3BEWCHNLIH PAINOaKTHBHLI JNeMeHT
(panft, Mesotopuil, pagmorophii, Topuit X, aktunuii X). Bnphickhpatwtest Takme
PACTBOPEI pajioka H ero aKTHBHOIO OCAJkaA.

©) Hneassyust NPOT3BOANTCA NYTEM BABIXIHHA BO3ZYXA, COASPIKAULEro PajoH.
Jos 910l LEAW YCTPAMBAIOTCH WHFAAALHOHNME 3aiM HAM KaGuHEl. [lonpsyiorcs
TaKKe WHINBRAYANLHLIAY HHANAUHOHHLINKN AUNAPATAME B CONETARAH C PACTBOPOM
papas. Jlnn nerasisuky Toposa ynotpebasiores NpHOOPE, coxepxalife Topuil X,

d) BanHEL JIenalo1cst U3 €CTECTBEHNBIX M HCKYCCTBEHHEIX DafIHOAKTHBHBIX BOX,
COTEPHAMMX NPEHMYLUICCTBEHHO PAJIOH, W TPA3ed, COpCpXAWHX paauil, a WHOFAA
Taxke Topuii W pagnotopif,

22 M. Kiopn
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ARTHBHOCTH TpPHMEHHEMEIX ANl JeYeHHs] BELIECTB BCerla OueHb
Manbl. Joser pajHa BHPAXAKWTCS B MHKPOrDAMMAX, JI03bl DajioHa B
MHKPOKIOPH ¥ Jla)Ke B MHJUTHMHKDOKIODH. BBelleHfibe B OPraHHaM
PALMOAKTHBHBIE S7EMEHTH UYaCTHUHO BLIBOAATCS W3 HEro, UacTHYHO
e 0CTAIOTCA B HEM JO CBOEro pacrnafa.

BBuTH CO3JAHEI CNEUHANTBHBIE YYPEMIHUS!, B KOTOPHIX HCHOMB-
3YIOTCS VIS STHX MPOUEAYP TPHPOJHBIE PAIMOAKTHBEbIE BOALI H Tasbl
H3 PasNHYHLIX PalioHOB.

BHEWHRY XKIOPU-TEPATIUA NOCPEACTBOM P-JIVUETR
Tpu 5ToM MeTOAe JeYeHWs, OCHOBHIBAIOWEMCS WA PSne KPYNHBIX
HayYHbIX HCCAGAOBAHHIL, TONBIYIOTCA OTHOCKTENLHO GOMBUIHMH KOJH-
4eCTBAMK DAJIHOAKTHBHEIX 3JeMeRTOB. B kauecTse mCTounmka nydefl
YNOTPeSNAIOTCR TNABHBIM OGPAsOM CONMH PajusA, OGBIYHO cyabdaT,
HaXOJSIHECs] B 3aMasHHBIX CTEKNSIHHBIX WIH METAJJHYECKHX aMiy-
nax HeBONBUIONO JAMAMETPA. ITH AMNYAB HMEIOT QOPMY 3aKPBITBIX
¢ ofouX KOHNOB mpybox. Ecny opnb M3 KOHNOB Takoi TPyOKH 3a-
OCTpeH, TO OHA HasblBaeTCs wesof. JeNaloTcsi TaKke ATJIHKANuM W3
HaknaeeHHoft comu. Jlns 3Toro cyapaT pamus HAHOCHTCS Ha mJjiac-
THHKY M saKpenasercs Ha wefi nakom. Conn pamuss — OGapus,
YROTPeGARIOUINECST JAsl H3FOTOBJCHHS TPYOOK, MIOm W anjHka-
i, comepxat or 10 go 90% coan pagusi. Ha opramnaM s aToM cay-
yae JIeHCTBYIOT TONBKO NPOHHKAOMHE JYUH POH3BONHEIX Palus, NpH-
yeM Gnarofiapst GUABTPALNH NEPBHYHBE S-TYUM TAKXKe YCTPAHFIOTCS.
Pacnaz paaust NPOHCXOAHT HACTONBKO MEANIEHHO, YTO MPAKTHYECKH
€r0  KOJMYECTBO MOXKHO CUMTATh IOCTOSHHLIM (KONMUECTBO pajus
yMeHbInaeTest NpaGausuTencho Ha 0,4% B roa).

Paauit Moxno 3amedsiTh Me3oTopHeM 1. B sToM cirydae moabsysores
y-NydaMH ero KOpOTKOXHBYLIEro npoussoanore MTh2 u Gonee oraa-
siennoro npoussoaroro ThC'. Tax kax mesotopnil pacnajaercs na
nonopuHy 3a 6,7 roga M paAHOAKTHBHAS SBOMIONHS Npenapata OueHb
caoxpra (§ 139), To HYXHO HacTo KOHTPOAHPOBATE €TO H3JNyueHHe.
MoKHO TaKMe ynoTpeSiaTh PaHOTOPHIl, pacmafalclHfics Hanoao-
BHHY MPHONHSHTENBHO 32 ABA FOAA, HOTOMY YTO H3 Hero obpasyercs
ThC’’, nenyckaowHi y-nyun.

TIpH HEKOTOPLIX YCNOBHAX PajHil MOXKET GhITh 3aMeHeH PaaOHOM,
nepHOA KOTOporo paee ecero 3,8 ARS. y-HaJyueHne B OOOMX STHX
cay4asx Menyckaercs pamem C.

TIpH noMowWI YoKe OMHCAHKMX BHWE (§ 51) METONOR MOKIIO HBBACUL HAKOIHD-
Wwkilcss B PACTROPaX codell pagnst panon. ETO MOGAE OMHETKM COGAPAIOT B AN
HYIO KANMAASPHYIO TPYSKY, KOTOPYIO 3aTCM MpH HOMOMI TOPE’KH paspesaioT a
Tpefylomeeca unc/o dactell. Hepes 3 uaca, KOPMA YCTAHOBRIOCH paBliosecde ¢
ATHBHHM OCAZKOM, HSMEPAIOT y-HBAYUEHHE TOAYUCKHBIX MATCHBKIX aMmnyl
KaK MONHO CKOPee NMyCKaloT WX B ymoTpeGaenne, Pacnaj pajoHa yuNTLIBAIOT MO
COCTABMGHHBM AR STl mean wkanaM. [IpuroroBsennc TpyGOK € PaZOHOM Npo-
NSBOANTCA TOALKO B YUDEKACRHAX, DACMONATAIONKX OTHOCHTENBHO GOABLINMK
KOMMMECTBAM: PaZHs N HMEIOWHX BOSMOXKHOCTE JEpHATh b pacTBope TpaMM K
Gonbuwe papusi. [luameTp TPYGOK Ne AOMXEN DPEBLIWATL HECKONLKRX JAECSTHIX
MinaiMeTpa (B [lapuiKCKOM DAAHEBOM MHCTHTYTE MPHIOTOBAAIOTCS TPYOKI C jma-
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MeTpom B 0,4 ax), WIOOs! 11X MOXKHO GHIO BBOAHTH BO BHYTDEHIOID NIOIOCTS Me-
Tanauueckix NTon. I[IpenMylecTBa yNoOTpeGACHHS pajfioHa COCTOST B JErKOCTH
ero pacnpegenennsi no TpYGKAM H BOIMOKHOCTH HITOTORIEHHS OYeHb TOHKHX
TpyGoK. Kpome Toro, CTOMMOCTE aMnys ¢ PAajOHOM NO CPABHRIHIO €O CTOHMOCTBIO
AMIYJ C PafHCM COBCPUIRHKO NESHAUHTENBNA, B YNOTPEOACHHS X B GOABHHUAX
He CBN3AHO C PHCKOM SHAYNTENBHLX MATEPHARBNEIX LOTEp.

Kaxopo 6b HH ObLIO YIOTPESAIOUICLCH PaNHOAKTHBHEIC BEIIECTBO,
OCHOBHBIM YCJOBHEM ero YCenlHOro NPHMeHEHHs SBJAETCS TouHOe
3HAHHE HHTEHCHBHOCTH €0 U3JYdeHHst, UTO TpeGyeT OPTaHH3alMy M3
MepHTeNbHOM 1aGopaTOPHH.

HeﬁCTBl/lE H3MYUYeHHA Ra TKaHH 3aBHCHT OT €ro pacnpejejeHna.
Jas Toro 4To0BI H3NYyUEHHe MOIMIO MOARiCTBOBATL HA IMYGOKC pacmo-
JNOXEeHHbie TKaHH, He Topakasl BbllUe JeXKaliiX, OHO HOJIXKHO OHITh
710 BO3MOXXHOCTH OJHOPOAHBIM. Batax Caydasax MnoaAb3yOTCA NPOHHKa0-
HIHMH y-1yYaMH, BbiIEJICHHEIMH TyTeM (MAbTPALUK H3 O0Uero usmy-
verns (JomuHHYH).

DUALTPAUIA OCYWECTBANCTCS HPH MOMOUYN METAMNNUCCKHX, OOBUHO TAATHHO-
PpHANEBRIX, oBooueK ToamnuOR 0K0n0 0,5 an. Taxwe 0GONOUKN He MPOYCKaloT
NepeuuHbX f-ayvell ¥ MATKHX p-Ayuell, HO T& W2 BTOPHUHBIX B-Tyuel, KOTOphble
BOSBYAIAIOTCH HCCTKHMH p-1YUAMH BO DICIIHIX CAORX NAATUHOBOH OBOAONKH,
npotinkaleT B TKarH. UToGH OTIABHTL HX ACHCTBHE, 1LAATHHOBYI0 OGOJIONKY OKPY-
HAIOT BTOPOI 06OMOUKON 3 BENeCTRA, COCTORMETO H3 JICTKKX ATOMOB, HATDHMED,
BOCKOGOI, NPOBKOBOH, KayuyKoBOH, aNOMAHIEROR.

Pacrpeneseniie OTGUILTPOBANHOTG HANYUEHIS B 0GAyIAEMOfi 30He GyYACT Jyu-
WM, €CIIT NIOAL3OBATLC HCCKOMBKAMU AMTYJTAMI (O4AraMn W3AYHSHUS), NOPAAOK
pa3Melllends KOTOPHIX ROJKeH GbITh THIATEAGHO OTpPefeleH.

Jlast paunoKansHOTO MPHMEREHIS STOTO METONA JICHEH 1T, CBCPX TOTO, TPEdyeTcs
yrnyGaeHnoe WaymeHHe UYBCTBHTENLHOCTH Tharell K OGAYYEHINO H H3MEHEHWH
NPOMCXOAAMWNMX B STHX TKAausX noy ero jefictsnen. CHCTEMATIYECKHE HCCMEAOBA-
HilSL TAKOTQ DOJA MOTYT GMTh OCYMIECTBJEHE! TOALKO B YYPEACHHAX, PACTONA-
TaIOMAX COOTBETCTRYIOWNMH JAGOPATOPHAMH 1l HAYYHBIM HEPCOHANOM.

Buewmsiaz KiopH-1epanks NPUMEHACTCA B CTYNae pasiRuHBIX KOKINLX Goneseil,
MATOUHBIX KPOBOTEUEHIl, HEKOTOPWX KATeropHit HeBDRTOB, HEMpABUABHEIR 3apY5.
uepanyi.

Ho B OCHOBHOM STOT METOJL e NPHMEHACTCA Aifl GOPLOL C PAKOM BHYTpeH-
HUX OPraHOB, KOTOPaR A0 OTKPHTHA KIODH-TEPRNMHl Benach TONbKO XMPYpriue-
CKHMN CiocoGaMm. Pax BCTpeuaeTcs B OueHb PASAMYRHIX (HOPMAX, UYECTRHTENb-
HOCT KOTOPBIX K OGAYYEHRIO HEORMHaKoBa, [IpH HEKOTODEX (OPMAX STOTO 3a60-
NeBaHus JeelNe OBAYSCKHEM JaeT 3HAauNTeAbHbil TPOUEHT CTOHKHX BBISAOPOB-
aenknii, Jlpyrie dopMbl paka oxasbisalorca Gonee TPYABLIMN 1i TPEGYIOT HOBBIX
Hecaenonaliiii. B 3aBICHMOCTHL OT NPHPOXS! SA6ONEBANNA 11 TEOMETPHUECKAX YCAO-
Bufi OGRYYCHHS TIOMB3YIOTCA I KIOPH-Tepanieil ik PeHTreHOTeparHeR HiH Xe
OBOHMII STHM METOZAMH COBMECTHO. K HACTOSIEMY BpeMeHH MOJyueHbl SHaW-
TeNbHLIE PE3YNBTATH, N MOMHO NANEATHCS 1A JaJbHEfilIWE YCTXH TO Mepe H3y-
YeHNA 3TOrO METOAA ¥ NO Mepe TOro, KaK panHee Pacno3HaBaHHe 3TOTO 3aoneBa-
HHS W HEMeANEHHOe Neverne CTaHeT OOBIYHBIM.

§ 107. 3amwTa oT H3AYNeHHH

PaGota ¢ pagHOAKTUBHEIMH BEIECTBAMU TpeGyeT HEKOTOPHIX NPeo-
CTOPOMHOCTEH, TAK KAK H3JyyenHe MOXET NPHUHHHTD BPeI Kak B
CAyyae, KOTRA PaiiOaK THBHbIE BEIIECTBA TIONAJAIOT BHYTPL OpraHHaMa,
22%
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TAaK H B TOM Cl1yyae, KOT/ia MPOHHKAOUIEE Ha/JyueHye AefcTBYeT Ha Hero
H3BHE.

1) OnacHOCTE NMONANLAHUSA BHYTPb OPTFAHUSMA
B sTOM CJyyae PajHOAKTHBHEIE BEIECTBA, HECMOTPSI HA PA3HHLY B Me-
XaHH3Me IEACTBHA HA OPraHH3M, MOXKHO YIOXOOHTD MeTeHHo Jeif-
CTBYIOIMHM #7aM. BBelieHHe paIHOAKTHBHBIX SJEMEHTOB B OPraHH3M
CTAHOBHTCS BPEAHBIM NPH H3OBITKE 03Bl MJIH BCJIEJCTRHE HAKOMIIO-
merocst ASACTBHR MANbX 103. B HECONBIIOM JKe KOMHYECTBE STH Hjie-
MeHTH MOTYT ObITb TIONE3RBl MM, N0 Kpafinek Mepe, Gesspeinu. Cre-
JIOBATENBHO, TIPK OGPALERAN ¢ HIMH MYXKHO COGMIOAATD Te JKe [paBuaa
TIPEAOCTOPOMKHOCTH, KaKHe OOf3aTeNbHbl NMpH PaboTe C XHMHYECKH
ANOBHTHIMY BEILECTBAMH .

3i TIpaBHNA COCTOAT B TOM, UTOOhl, paboTas C TBEPALIMH H XKMAKHMH paiHo-
AKTHBHBIMY BEWICCTBAMM, He KACATBCA MX DYKAMF, a NI01530BATBCS COOTBRTCTBYIO-
wHMI TipUcnocobaeniaMH, KaGerate o6pA30BAHNA B BO3AYXE DL TEEPAMX Be-
WeCTE H pPasGpHBTMBANIA KHAKNX BEIIECTE, 3aCaCHIBATL KMAKOCTH B MHMETKM
HE PTOM, a NPH TIOMOLIH Pe3HHOBOro GasoNa, H3GeraTt NPUCYTCTBHSA PaJHOAKTHE-
HbIX Ta30B B PafouiiX MOMEIIEHNAX, BHTATHBAS 9TH Tasbl HAPYXKY M XOPOWO mpo-
BeTpiBan noMemerne. Ilpn paGove ¢ KOHUEHTPHPOBAHHEIMA BELIECTBAMH MONHO
NONbBORATECA BEITSKHEIMI KOANAKAMH OCOGOR KOHCTPYKUHN, 3aCTEKJEHHBIMI CO
BCEX CTOPOH M HMEIOWHMH OTBEPCTHS TOABLKO NSl POCOBBIBAHHA B HHX PYK. Bhi-
JefsiemMbie PAANOAKTUBHLIMH BEILECTBAMIH Fa3bl YAANSIOTCH H3 KOMTIAKA TOKOM BO3-
NyXa. PEKOMEHIYETCH, HaKOHGL, He OCTABATHCS 663 HAZOGHOCTI MOGAHZOCTH oOT
ROABEPTAIOMMXCA XHMIUECKoH OOPaBOTKE KOHUEHTPHDOBAHHBIX BeUlECTB H YAa-

ARTHCA OT AHX, KaK TOTHKO WEMOCPGACTBCRHDI Hal30p MEpECTaeT GHTh HeobXo-
EHMBIM.

2)OnAcHOCTb NPOHHKAIOWEIO H3AYVYEHHA ITa
OMACHOCTh CBA3AHA He TOMBKO € 06PaboTKOR, HO HIXpaHERHEM PaHOAK-
THBHBIX Bemects. OT Hee CYIIECTBYeT AR CIIOCO6A 3allUTHI MOMELIATh
MexAy paGoTAlOMM M HCTOUHHKOM Aydell MOMIOWAMONME 9KPaHbi,
clenaHHble W3 TAKOTO MJIOTHOTO BEIIECTBA, KAK CBHHEN, W YAANSATbCS
OT HCTOUHHKA Jyuell HACTONLKO, HACKOABKO TO NO3BOJSIOT YCJOBHA
pafoTel, TAK KAK HHTEHCWBHOCTL H3YYeHHs HCTOUHHKA HeGOMbIIHX
Pa3mepoB H3MEHfAETCS O0paTHO MPONOPLHOHANBHO KBAAPATy PaccTos-
HHS OT Hero. OTH NPeJoCTOPOIKHOCTH NOJAOGHBI TeM, KOTODble NpHMe-
HSIOT UPH MO/TL30BAHHH DEHTTEHOBCKHMH JIyYaMmH, HO BBHLY G0nb-
Llefi NpoHUKaloeR CocofHOCTH y-iyveli TOMNHHA 3AMHTHLEIX SKPa-
HOB AO/KHA OHITH GOMBIIeE.

B TlaphwCKOM DABNCBOM HHCTHTYT OGHUHO AAsi AHUHON SAUUTH YROTPeS-
ASIOT TakKe Ke SKPANW, KAKAE YNOTPEGASIOTCH AN SALIMTH SACKTPOMETpHue-
CKHX TPHGOPOB OT KAYWEro WsBHe HanyuyenHs. HacTo OfHH W Te e CBHHUOBBIE
TOKPHIIKH 3aWHM@0T I npuGopsl, K paboraromero. B apyrux cay4asx moss-
SYIOTCA AOTIOAHUTENLHBIMY 3aUWHTHBIMA NPHCIOCOGNEHNAME: SKPAHBl AN USMEpH-
TenpHEIX RPHOOPOB H NDHGOPZ ANA MOTYYEHNS DAaZOHA, CBHRLOBHE CTONBI AnA
PaGoTH ¢ TPYGKAMU € PajiueM H PAfIOHOM, TO/ICTEIE CBHHILOBBIE CTEK/a MEXIY STHMH
TpYOKaMK 4 ONepPaTopoM H T. A.

fipn pabote ¢ TpyGxamu, COAEPIKAIMA KOHUSHTPHPOBAHHOE PAAHOAKTHBHOR
BEL(ECTRO, MOME3YIOTCH HAGOPOM IIKMUOR, KOTOPBE AAIOT BOSMOMHOCTh H3GEKATS
BCAKOH HEOCTOPOXKHOCTH. TPYOKH NEpeHocATC] B AUHYKAX, CTEHKH KOTOPBIX TO-
KpHThl JOCTATOMHO TOACTBIM CNOCM CBHILA. XPAHATCH TPYGKN B SILHKAX HIW
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WKahax, 3aWHILEBHBIX CBUHUOBHMN CTeHKAMH TOMIKHOA B canTHMeTp W Gonee
HJIA e CTEHKaMH M3 OGBIYHOrO KNPRHUA TOMUKHON B 20 cu 1 Gonee. UToGe obner-
9HTb NEPEHOC, HATOTOBMAOT CBHHIOBHE MIHTKH, H3 KOTOPBIX ACNSIOT NepelBRKHbIe
neperopaakit).

AHAnH3 KPOBH SBAARTCH TOUHLIM CDEACTBOM KOMTPOMA COCTOSHAS 3ZOPOBb
PaboTaiomuX ¢ PANHOAKTHBHBIMY semecTRamu. HeficTBRTENDHO, PACCTpORcTBA 350~
POBLSI, PH3bIBAEMNIE AEiCTBHEM AYUeli, G6bIUHO ¢ CAMOTO HAYANA CONPOBONAAIOTCS
HaMenennen dOPMYNEL KPOBH: UHCAA KDACHBIX M GEAHX KOBAHHX WIADHKOB H
NonuNyKACapos, [[PH KANHUHH TKOro HSMEHERHR GOPMYALL KPOBH HYXK1O NPEPBATh
PaboTy HAH H3MEHHTD ee YCJAOBHS.

1) HeckonbKO TSMKEJNBIX HECYACTHBIX CMY4aeB, NPOKCILCAWHX B NPOMBIILIEH-
HBIX M KOMMEpUeCKHX MPEeAnpHATHSX, CJeAYeT NPHIHCATh SRHO HETORHON OpranH-
BauHy padoTH.
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{IPEBPAUIEHHE JIEFKUX ATOMOB MPU CTOJIKHOBEHMSIX
C a-YACTHHAMMH. HENTPOHD!. CTOJIKHOBEHHS
C NPOTOHAMM

§ 108. [peppauienne ¢ UCmycKaHWeM MPOTOHOB

TMopgepras azotr GomGapaupoeke a-uactuuamu, Pesepdopa nabato-
Aan ofpasopanue HeGOMBIIOTO uHCAa GhCTPHIX H-acTau, o6BACHSI-
meecs NPHCYTCTBHeM B NPHOOpe OKK/MOAMpoBaHHOrO sofopoaa. Ho
OH OCHAPYXKHA TaKikKe, YTO Ha SKpaHe C CEPHHCTLIM (MKKOM TNOAY-
HAKOTCH CHHHTHIIAUNE, COOTBETCTRYIOUINE JY4aM ¢ MPOGEro, 3Hauk-
TeJbHO MPEBBIIAIMNM MAKCHMANBHBIR Tpober H-nyuefl s ycaoBHAX
olkITa. Pesepdiop/ caenan NPeANONOKEHHE, YTO B STOM NOCTEIHEM CaY-
Yae CUMHTHJUIAUHH BHI3LBAIOTCS MPOTOHAMH, BHIPBAHHBIMK 3 Afep
azoTa NpH 0coBeHHO CHJbHbLIX CToNKHOBexMsix (1919). Tlosnuefiume
OMBITEL TIOATBEPAHIN STO TDPEAIONONKEHHE H /Al BO3MOMHOCTb pac-
TPOCTPAKHTD CIEAHHBIE B OTHOWIGHHH A30T2 3aKJIOYEHHS| HA ADYTHE
nerkue atombi. Takum 06pasoM yCTaHOBJEHO, uTO Sombapdupossa we-
KOMOPBIX GEIECTNE Q-AYUAMU MONEH GHI3bIBAIMb UX QMOMHOE npespa-
wenne (4aCTO HA3BIBAEMOE <HCKYCCTBEHHEIM pacillennennem»)l). 1o
NepBoIii IPHMEp He CAMONPOU3BONBHOTO, KAK B CAYYae PaAHOAKTHBHBIX
NpeBpallieHifl, 8 SKCNEPUMEHTANBHO NONYYEHHOIO ATOMHOFO Npespa-
uenusi. Yncno npespantatoulxcs npy GoMOapAHPOBKe aTOMOB OueHb
HEBENUKO, TAK K&K ITO sBJCHHE MOXKET MPOU3OHTH TOAbKO B Cayuae
CTOJIKHOBEHHi HA OYEeHb MAMEIX PACCTOAHHSIX.

MeTofnl HaGmoaeHKn H-nyuell, BOSHHRAOUIMX NMPH ATOMHOM Tpe-
BPAILIEHHH, CXONHB C METOAAMH, PHMEHSIOMAMACA JNH HCCAEOBAHIA
«@CTECTBEHHBIX» H-itydefi, T, e. aydefl, oBpasyiouxca nps BuGpacs-
BaHHM HPOTOHOB M3 ATOMOB BOKOpoAa (§ 80). Paannuue cOCTOMT B TOM,
YTO NPH ATOMHOM NPEBPALICHHH NPOTOHB MOTYT BHGPACHBATBCA KaK MO
HaNpapJieHyio BAEpes, T. €. NOJA OCTPHLIMH YIJIAMH K HampaBJenHio na-
llalomnx ayuelt, Tak ¥ B 06paTHYIO cTopony. OGHapyxKerHe Jiyyedt npo-

‘) ﬂpumeneuue 3TOrO MOCJEANETe TEPMHHA DRPEACTABNAET HEYNO6CTBA, TaK KaK
{KaK 370 6YJI€T NOKA3AHO AANbILE) NPH STOM N1e BCETAA NPOICKOANT Apofaciilie sLpa.
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U3BOAHTCS METOAOM CLlHHTPlll.'IiILlHﬁ, METOAOM 3EKTPHYECKHX CUETHH-
KOB, 4 Takxe MeToAOM Buiabcona. ﬂJlil HCCAENOBARHA NPH NOMOWMH
TIEPBLHIX ABYX METOJOB TNPOTOHOB, BhlﬁpaCHBaeMbIX BNepef, MOXHO
NoAb30BaTLCH NPHGOPOM, H3OGpaMceHHbIM Ha pHC. 146. OcHOBHble

3/.,;.:" @rm wabmarnn

Tmlm oeruma vecredyemseo feuecmfz
:fw/m//v o~mypisi

Puc. 146,

TPYAHOCTH COCTOAT B YCTpaHEHHH €CTECTBEHHBIX H-Nyuel, BOSHUKAIO-
muxX Garofapsi NPHCYTCTBHIO CENOB OKKJIOAHPOBAHHONO BOAOPOAA
B HCTOYHMKe H3JYUeHHS, AHA(ppaIMax M CTEHKaX DPHOOPa, a TaKme
B TOM, 4TQOBl H3GeKaTh cMelteHHA H-myuell Mpespallenus ¢ NePBRY-
HBIMH HJIH PACCESHHBIMH a-ny4amu. ITosTomy Hau6onee TOUHLIMH SB-
AOTCS HaOMIOJCHHST HAl TeMH H-Iy4aMK RpeBpalleHHs, MpoSer Ko-
TOPHIX MpEBbIMIAET Npofer NOPOKARIOWAX HX a-nyuedl. B caenymomesn
Tabnune npusenens npoberu H-nyuedt npespamenns (s cu, B BO3NyXe
npu 15° C ¥ HOPMANBHOM [ABNEHHH), HCHYCKAEMEIX HEKOTOPHIMH 3518~
MeHTaMH NpH GomGapauposre a-tyuamn RaC’.

B N F Na Al P

58 40 65 58 90 65
38 18 48 36 67 49

TipoGer H-yacTHIl, HCIYCKAEMBIX HA3aJl, MeHblle NpoGera f-uacTui
ACHyCKaembix Brepea. C Apyroft cTOPoHs!, OBLITHO HAXOLAT, YTO MAKCH-
ManbHBIl NPOGEr NMPOTOHOB, A TAKXKE UHCIO HX YBeNHUHBaeTCs €O
CKOPOCTbIO NOPONAAIOMHX HX a-Tyuell.

B cayuae anoMnuns fBjeHie MOKHO elile HaGRIORATb ANA a-YaCTHIL
¢ npoGerom B 2,5 cu. Msmepenue MarHHTHOrO OTKAIOHEHHS JaJiO BO3-
MOXHOCTb YOeAHTECH B TOM, YTO HCHYCKAeMble YacTHUb XeHCTBH-
TeABHO SBAFIOTCA H-JyuaMH, T. €. ABUKYWWMHCA npoToHamu. Cha-
Hajla CYRTAJM, 9T0 HX TPOGer B BO3AyXe NPONOPLHOHANEH, KaK H B
cayuae a-nyuefi, Ky6y HX HasanbyOR CKopocTH. Temeph NOABIYIOTCH
HECKOJIbKO HHBIM cooTHOIeRHeM (§ 80).

UroGbr pacnpoCTPAHHTE 5TH HAGMIOACHHS HA YACTHILI C MEHBIIHM
npoferoM, MOALSYIOTCS BOSBPATHEIM METONOM, MDH KOTOPOM HaGio-
JAI0TCS NYUH NPEBpAlleH s, HCNYCKaeMble TOX TYTBIM YIAOM K Hanpas-
neHHlo nopoxpalowux ux a-ayuedi (Kupw n Tlerepcon) (puc. 147).

Tpoton, Henycraembie Brepen
Iporonti, Henyckaewie Hasax .
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OTaMYHTb paccesiHHble o-MY4YH OT H-myuell MOXHO B H3BEeCTHOH Mepe
no APKOCTH CUMHTHIUIsuKA. Kpome Toro, octatoubilt mpoGer o-ua-
CTHI, CHABHO OTKJOHUBILHXCA NPH CTOJNKHOBEHHH C JIETKHM aTOMOM,
Mal [0 CPABHEHRIO € HX HOp-
MaJIBHBIM TIPOGETOM, ecTeCTBeHHbIE
;e @-TYUH B OGPATHOM Hanpabje-
HHH He wucnyckalotes. Baaronaps
STHM OOCTOATENBCTBAM  YAANOCH

HauIoAaTh NPOTOHB NpeBpaine-
JIID) HH3l, HMEIOWHEe NPOGEr MeHbIHH,
yeM Tpofer BO3CYMAAUHX HX
a-4acTun.
Mexay pesyabraTamu, Moay-
Serpagan oupiinal mow. YeHHEIMB PASHBIMH aBTOPAMH, CY-
Yoronni «a-spes ity s WECTEYIOT ellle PACKOM eI, Boa-
MOWHOCTb MPEBPAUIERKN C HCTIYC-
ot ’” rabaodenss KaHHEM DDPOTOHOB, NO-BHAMNMOMY,
Puc. 147. HosspaTiif Meton. ONpENCNeHHO  YCTAHOBAGHA JWisl

GONLIIMACTBA JMeFKHX 3MEMEHTOB
BONIOTB A0 Kaiihs, HO B oTHotueHuu Li, Be, C u O, a Takxe HeKOTO-
PHIX 3/IEMEHTOB 33 KallHeM, MHEHHs €llle PACXORSTCS.

Kos(pHupeHT nonesHoro IefiCTBHS NpeBpauleHHsi, T. €. SYHCIO
H-uacTHLl (MMM YMCIO NPEBPATHBIIHXCHA ATOMOB) HA @-YAaCTHIY TOUHO
eme He uspecteH, COMMIACHO DasHbM aBTOpaM TpH GOMOGapiMpOBKE
amoMHHus g-yacTHuami RaC’' 4icho NMpeBpAaTHBMIHXCSH aTOMOB pas-
HO npr6nusutentHo 10 Ha 10° g-uactuui. B asote mo mertomy Bmnb-
cona o6Hapyxmin 8 Tpaektopuit H-uactin Ha 400 000 tpaektopu#t a-ua-
CTHI, ¥TO cocTapasier 20 NpeBpaTHBIDHXCA aToMoB Ha 10° a-yacTHu
Th (C + C’) (Baekker).

CiefiorateNbHO, KOJIMUECTBO 0GPA3YIOMerocs NPH aTOMHOM NPeBpa-
WeHHH BOJOPOJia BO BCAKOM Clyyae HMUTOXHO. Tak Kax Anst OCBOGO-
JKIEHHS OJHON MOMEKYJb BOAOpoZa TpeSyercs npubmmsntessho 10°
e-sactun RaC’, 1o Ha rpaMM pamus B rof obpasyerca ofreM BOXOPOAa,
ensa paBumifi 0,0003 Ky6HueCKOro MMJVIHMETpA.

Hexkotopeie ocsoSoxaatolpecs: PR ATOMHOM RpPEBDAILeRHH Npo-
TOHB HMetoT Gonblwoit mpober. CornacHo NpHACKEHHIO 8 TNPOTOHY,
npober kKoToporo npesnimaet 70 ca, CIELYET IPHIACATL KHHETHYECKYIO
SHEPTHIO, MIPEBHIIAIONYE0 KHHETHUECKYIO SHEPFHIO NopoXMaiomedi ero
a-vacTunbl, nenyckaeMoif RaC’l). Takos cayuail memyckaeMmoro npw
npespantenny Al mox zeficTsueM a-nyueil RaC’ npotona ¢ npoderom
90 c#, KOTOPOMY COOTBETCTBYET cKOpOCTh 4+ 10% catfcex v SHepTHs, NpH-
GausuTenche B 1,17 pasa Goapmas sHeprmm  nopoxiamlleli ero
-YaCTHIE.

3 l'Iyun, v Eyner €KOpOCTh, 8 R — npoGer a-uacTHub. CKOPOCTH NPOTOHA ¢
Tof e suepriefl v’ = 2v0. Ecwt npuuate, uto R’IR = v¥/o*, 1o npober R'= 8 R,
otRyxa R'= 56 ca.
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Cre0BaTeIbHO, HYKHO AOTYCTHTD, YTO B SIBJICHHH TNpPeBPAUIEHHS
YUYACTBYeT BHYTPEHHSIA1 SHEPTHS aTOMa.

TMopAaKOBOR YHC/IO H ATOMHAst Macca aToma, OOPasyIomerocs B pe-
3ynbTaTe NPEBPAllleHHs € HCIYCKAHHEM NMPOTOHA, AOMKHBI ObITh Ha
eMHWLY MeHbllle TIOPSAKOBOFO YHCAA W aTOMHOR MACChl HAYARLHOTO ©
aroma. Ho MOKHO Takme NPEAYCMOTPETh BO3MONKHOCTb TOTO, YTO
CTORKHYBWASCA C SAPOM g-vacThUa OyZeT saxeauena uM. B peayan-
TaTe TAakOrO CTONKHOBEHHS| ATOMHAs Macca KOMKHA YBeJAHUHTECH Ha
3 eAMHMDGI, & NOPSNKOBLIT HoMep — Ha efununy. CornacHo 31oft ra-
noTese NpeBpailleKne aToMa a30Ta DPHBOAKT K 0GPA3OBAHHIO H3OTOMA
KucIopofia ¢ aromHoft Maccoli 177). Takoff, no-BHAHMOMY, peaysibTaT
661 noyuen BiieKKeToM B ero YIOMMHABIIHXCR BEINE ONBITAX , COCTOSIR-
mHX B ¢oTorpadupoBaNHH GONBIIOTG KONMHYECTBA TPAGKTOPHH a-myyelt
ThC + ThC' no metony Bumsbcona B asore ¢ npumecsio 10% Kucao-
pona. Ha 270 000 tpaextopuit a-gactin ThC' 1 145 000 Tpaexropuir
a-nyvell ThC HaGawnanoch GoabLIOe YHCIO BHIOK, COOTBETCTBYIOLIHX
YNPYrUM CTONKHOBEHHAM, H CBEPX TOr0 8 BWJIOK, NPHIHCHIBAEMBIX
IPEBPALICHKIO ANiEP A30TA H 0BPA3YIOUIMK JBe BETBH, ORHA H3 KOTOPHIX
ABASETCA TPaeKTOpuefl MPOTOHA, a ZPYras — TPaeKTopHell aTOMHOro
OCTATKA, 3aXBATHEILETO G-YACTHIY. Takoro pofia BMJKA M300parKeHa
Ha otzenbuom Jancre XXIIT (puc. 1). Uro6b OGSCHHTH 3TH BUJKH,
HYXHO BOMYCTHTH, UTO MPH TAKHX CTONKHOBEHHAX COXPAHSIETCH HM-
TYAEC, HO HE KHHETHUeCKas SHeprus. B cpeneM kHHeTHueckas sHep-
ris ofeHx 06pasOBABIIMXCA NPH CTONKHOBEHHH vacTHi pasHa 0,80
HauajbHOK SHEPTHH e-9acTRIb. TakHM o5pa3oM, MpeBpalleHue asora
¢ 33XBATOM Q-YaCTHIBL CONPOBOKIAETCS NoTepedt sueprun, EcaH cyd-
TaTb MpOLECC MPEBPAMEHHS AMOMHEHS (A = 27) aHANOTHUHBIM IIPO-
Heccy TpeBpAIieHAs 430Ta, TO PACYET NOKASHIBACT, 4TO 3TOT MPOILeCC,
B pesyJabTaTe KoTOPOro ofpasyerca Si%?, cONpoBOMAAETCH YBeAHUeHHeM
KHHeTHYecKo# snepru. [IpH BmOpachbaduK npoToHa, npoGer KoTo-
poro B HanpasieHHH, OIHHAKOBOM C HanpaBleHWeM BeIORBIIEH ero
a-uacTHIl RaC’, pasen 90 ¢y, 57a 3Heprus ypeauumBaetcs Ha 17%,
TaK KaK HAYaibRas CKOPOCTb NPOTOHA B STOM caydae B 2,13 pasa
NpEBbIIAET HAYANLHYIO CKOPOCTh G-4aCTHIbL.

TIpHnoXUB TPHHUHN COXPAHEHHA KOAHYECTB ABHAKEHHA K MpeBpa-
LIEHHIO $APA, MACCA KOTOPOTO NOC/e 3aXBaTa a-uacTHuet pasha Ma,
TIOAYUAIOT YPARHEHHS

Mg 05 cos 0,,+M,.v,,cosB":Mv,( o
Mgy ogsiny — Movpsin By =10, |

rie Mvu — KOAHYECTBO ABHKEHHS a-uacTHubl, My Uz ¥ My U, — KOXH-
4eCTBA JBHMKEHHWS SpA H NPOTOHA NOC/E CTOMKHOBeHHUS, fa W O —

Ta MEiCAB Onsia shickasana JK. Ileppenow. Aromb OY npucyrcreyior s
aTMOCHEPHOM BOBLYXE B OYSHb MANOM KOJHWECTSE MO CPABHENWIO C KOMHYECTBOM
atomos O (§ 21).
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yrasl Hanpameunﬁ BHGPGCHB&HHR STHX y4acTHH C HampapJieHHeM
a-nyya. V3 atux ypapHenult BHIBOAHTCS

Mava sindy | Mgus _ sinéa

Mo~ sin(@a+0n) Sin (82 +8a)

Mo

Vismepus Ha doTOrpadiil BUJKH YLAb! Oz B On, MOXKHO BHITHCIHTD OTHO-
menns Mats B Mpt, ¥k Mo, O1ciona IpsMO BEIBOAMTCS! CKOPOCTH TIPO-
TOHA Up. Tlo JJInHEe TPAaeKTOPHH SiApa MOXHO OIpPEAeAHTb, Chpasel-
NMBO JH npenofoxenne, uto Ma = M’ 4 3 (M’ — macca sapa Jo
npespainenus). MOXHO Takme ONPEAGNHTL Un MO BeSHYHHE NpoGera
TPOTOHA, HCNYCKAeMOro TOA YToM 8, M BLIYHCAUTD Uy H3 ypaBHe-
Huit (1).

Eenu JAONYCTUTH, YTO KaxKAce NpeBpalleHie OZHOr0 H TOro e THNna
CONPOBOXKAACTCA BBIIENCHHEM SHEPTHH Q (NOMONKHTENLHON UK OTPH-
ua're.nbﬂoﬁ), TO 3Ty 3HEPTrHIO MOXKHO BBIYHCJIHTE H3 YPaBHEHHA

Wad Wo = Wa+-Q

(W, — KHHeTHUeCKasn 3Heprus a-jyda jo cToAkHoBeHHs, Wo 0 Wa —
KHHETHUYECKHE 3HEPrHH NPOTOHa H aApa nocae CTOJIKHOBEHHH)»

Ha odmero NPHHIHNA COXPAHEHHUS SHEPTHH CIeIYeT, 4TO H3MeHeHHe
KHHETHYECKOH SHEPruu Q JONXKHO OBITH SKBHBAJEHTHO H3MEHEHHAM
BHyTpeHHeﬁ BHEPrHH, COOTBETCTBYIOIIUM H3MEHEHH AM MACChl BCAEACTBHE
ynakosounoro adupekra (§ 21). Peaknust mace (H3MEPEHHBIX B COCTOS-
HAU I10K0$I) Bblpa)KaeTcd ypaBHEeHHEM

MatMu=M+M—14,

rae 4 — yMeHblUeHHEe MAcChi CHCTEMEI, paBHOE % . npuuem @ > 0,

€C/IH IPOHCXOAHT moTeps Macch, H Q <0 — B NPOTHBOMONOXEOM
cayuae, Hponepka 3TOTO IHEPreTHYECKOTO COOTHOIEHHUS 'rpeGye'r TOY-
HOTO OlIpeAeNieHusi @ H BCeX BXOAAIIHX B COOTHOLleHHe Macc. XoTs
HMEIOMHECs SKCIepHMeHTanbHbIe AaHHbIE ellle He MOJIHBI, ORAHAKO CuH-
TaK0T, YTO 3aKOH COXPaHeHHs IHEePrHH pacHpOCTPAHAETCA H HA 3TOT
C.lly‘{ﬂﬁ H uTO, CJAECAOBATENBHO,

Wat Wo=Wo+c4.

Ecqn npeBpalienne CONPOBOM/AETCA HCNYCKaHHeM y-nydell, To HX
snepruio W, caeflyer NpHGaBHTh K NEBON YacTH ypaBHeHHS.

BenuukHb!, BXOISINNE B 5T0 ypaBHeHHe, BRIPANKAITCA B 3prax Hian
SMEKTPOH-BONBTAX. DNEKTPOH-BOMLT SKBHBaJeHTeH 1,591-10-12 spr.
Enunnna atomuofi macchi (Y/ye Macchi atoMa Of) 3KBHBaJeHTHa TO
BHYTpehReii sneprun 9,32-10% s8.
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Tlpeppaienne MoXeT NPOM3ONTH TONBKO B TOM CJyuae, xorpa 6a-
NanC SHePrHH GnaronpHATEH NS 9TOTO, T. €. Koria

Wetc2d>0.

TpoTonsl NpeBpalllenHs, NO-BHANMOMY, OGEIGHO OO6PA3YIOT FpyNnbi
¢ ompegenennbim npoeroM {(Bote, ®pewrn, Tlose, Usasux u zp.).
Hexons us TeopeTHUECKHX COOOPaKeHHIT, CACAYET NONAraTh, UTO FPYNNL
TIPOTOHOB ¢ ONpeeNeHHOR HaYaJbHON CKOPOCTLIO COGTBETCTBYIOT mpe-
BPAIIEHHIO C 3AXBATOM a-YaCTHIM, TOTAA KaK HauafbHble CKOPOCTH Mpo-
TOHOB, HCITYCKAeMBiX NPH NpeBpauleHkH Ges 3aXpaTta a-4acTHUB), Pac-
TIPeReNRIOTCA HeNpEphIBHO. Bbil TaKkKe OOHAPYIEH PE3OHAHCHBI 3¢-
eKT, cocTodmuil B HCNYCKAHWM OHOPORHBLIX TPYMM NPOTOHOB, MPH-
veM Mpenesibl, B KOTOPHIX JIEKAT CKOPOCTH a-JyUel, BEISBIBAIIIAX STOT
sdibeKT Tem yiKe, YeM TOHBINE C/iofl OMVIOWAIOLIEro STH JIYUH BellecTsa
(Hoze).

YpaBHeHHs COXPAHEHHN SHEPIHK ¥ KONHUECTBA ABHIKEHUS TMOKASbi-
BAIOT, YTO NPOTOHB! ¢ HAHGOBLUEM TTPOGETOM HCITYCKAIOTCA B Hanpabae-
HUH TapaouiX e-aydefi. [To Mepe TOro Kak yroa oTKJIOHERHS MPOTOHA
OT 3TOro HanmpaBAeHHA yBenuuupaercs or O no 180°, npober ymeHs-
aeTes, 3TH NPEHNOOKEHHS TOATBEPIKICHE! SKCIePHMEHTANbHO.

Ha pue. 148 npenctasaeno (mo YajBHKY) WCNyCKaHHe HPOTOHOB
TOHKHM a/IOMHHHEBLIM JHCTKOM, HA KOTODHH NajaeT MyuoK a-nyuedt

T
g
) TN
4
S
§ : Gl
g1 ° -
§
[ ] E3 ] [
Louna roofeza opomanod 8 o deslyza
Pue. 148,

¢ suepruefi 5,3-10° sg. IlpoToHw, HemycKaeMmuie Bniepe, ofpasyior
ABE ORAHOPOAHLIE TPYNNM, NPOGErH KOTOPLIX PAaBHHI MPHGAH3HTENBHO
33 1 63 cu, a suepray 5-108 n 7,310 26. st nepBofi u3 3THX rpynn
BHIAGAERNe KuReTHYecKofl smepram Q' = 0,16-10% s, Anm Bpropofi
Q = + 2,1-10° 36. D7H pe3yABTATH MOKHO OGDBACHHTb, NOMYCTHB, UTO
Q npencTapaseT BCIO 2Hepr#Io Ac?, 0CBOGOXAAIOMYIOCH TIPH siAepHOf
peaKumi:
Alj7 + Hey = Sife + H} + 4,
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TAE BEPXHHE CHMBOJLI OGO3HAYAIOT MACCHL COOTBETCTBYIOUMX siepl).
Tax Kax Tpynna OPOTOHOB C MEHBIHM MPOGETOM HCTYCKAETCA € OT0-
UieHHEeM KHHETHYECKOH SHepTu# Q', TO OJHOBPEMEHHO NPOHCXOAHT
BO3GY:AeHHe OCPasOBABIIErcCs B Pe3yabTare NpERPAIIHHH aToMA.
DT0T aTOM MPHXOAHT B HOPMANBHOE COCTOSIHHE, HCMTYCKas KBAHT y-Ty4a
¢ snepruefi @ — Q'

TakuM 06pasoM, B 5TOM ABAEHHH yYaCTBYeT CHCTeMa 7ePHLIX YPOB-
Hefl. a-uaCTHA 3aXBATHIBAETCS € BRIISJEHHEM SHEDIHH E,, ecnH owa
3aXBaTBIBAETC HA OCHOBHON YPOB€HB, KOTOPOMY IPUIMCHBAIOT SHEP-
rHi0— E,. Ecain e oHa 3axpatbiBaeTcsl Ha BOSOYMJEHHLIl YPOBEHb
—~ E’,, T0 BhIJle/ieHHAas SHepIus papna E'y. Ecan aAf H3BJEueHNs Npo-
Tona! B OGOMX Cyuasix TpeGyeTcs IOIVIOMEHHE OJMHAKOBOH SHEPTHH
Eq, TO MOXHO HanHCAaTh CEAYICUINE YpaBHEHHA:

Wat Wo =W, + Ea—El=Wo+ 4, )

Wik Wi = Wet E—Fn .} ®
W,=E.—E. !

Ha puc. 149 nokasan (no Iyskancony H Muanepy) sfgext peso-
HAHCHLIX YPOBHER B NPeBPAILCHHH aJIOMHHHA NPH W3MEHEHHH Tpobera
BOSCYMJQIOUMX  STOT  ShekT
a-nydeil 0T 6,5 cu 20 BETHUHHBL,
HeMHoro mepblneit 4 car. Yncno
NPOTOHOB NPEBPAIlEHNs CHA-
wana OLICTPO YMEHBILAETCS €
sHepruefi a-nyueft, Ho 3atem
KpHBas MMeeT PHA MHHEMYMOB
% MakcumymoB. Ilocnenuue
COOTBETCTEYIOT — PE3OHAHCHBIM

YPOBHAM, T. €, SHEPIUsM, NpPH
Z7 R TR A T KOTOPHIX @-9aCTRUA OCOOEHHO

Lnns olzn sy 8 2o Bavigza NETKO TPOHWKAET B SAPO.

OGHapyero, 4To IIPK Ope-
Bpaimesnn Al Hemyckaercs He-
CKOMBKO TPYNN DPOTOHOB CO-
OTBETCTBEHHO HECKOJDKAM 3HAUCHHAM $INepHLIX yposHefl. ¥ asoTa
00Rapy:eHa TONBKO OJHA IPYNNA NPOTOHOB, HCIIYCKAEMBIX NPH Tipe-
BpalllekHH ¢ SaXBaTOM ¢-UACTHIM, C NOTVIOIIEHWeM SHepriH Q =
=-—1,3-10* 5. Bop, drop ¥ HATPUK MCHYCKAIOT NO HECKOABKY Ofi-
HOPOJHLIX TPYNI HPOTOHOB,

Sato apomones, wayhecsser AL

Prc. 149,

%) Man atomusie Maccel, HOTOMY YTO WHCAO BHERACPHBIX SAEKTPOHOB B OGEHX
UacTAX YpABHEHAS OMHHAKOBO. OBO3HANEHHS MBCCOBEIX YHCE] W ATOMHBIX HOMEpOB,
nprraThl Conseil Solvay B 1933 r.
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§ 109. Bo3Gysxjense NPOHHKAIOHIKX Jydeil B JErKHX atomax
DPH CTOAXHOBEHWH C G-HACTHUAMH

TlonBepras pasfuuHble Bemtectsa GOMGapAMPOBKE a-YACTHUAMH MO~
sonns, BoTe 1 Bekkep OGHAPYNIIH, UTO B STHX YCIOBHSX HEKOTOpbIE
JIeTKHe aTOMBl HCMYCKaloT cilafoe HajyueHwe, NPOHHKAIOWAs Cnocod-
HOCTb KOTOPOTO TPEBLILAET NPOHHKAIILYI0 CIOCOBHOCTD CAMBIX 2KeCT-
KuX y-nydell, HCNYCKAEMBbIX PajIHOAKTHBHEIMM sJementamu (1930 r.).
CHauana 9To 9BIeHHE 00bIACHSIOCh HCYCKaHHEM y-yveli BCISJCTBHE
BO3GYMIEHHAS SAEP, MOTYINero CONPOBOMAATLCA 3AXBATOM a-HACTHIH.
10T 3GxPeKT 0COGEHHO CHJIEH ¥ GepHJJIHS, HO OH HAGNIOAeTCS TAKXKe
B Menblllel crenenn y Li, B, F, Na, Mg, Al
. [Monssysice metonom nounsanun, Upen Kiopn n @, Konuo obua-
PYKUJH HOBOE CBONCTBO NPOHHKAMMHX JydYel, HCRYCKaeMbiX Oepui-

JrieM Wil GopoM. OKa3aaock, YT STH NyIH s
MOT'yT ‘BHIGMBATE NETKHE Afpa, HAaPUMEp, [na - ]
TIPOTOHBl N3 BEINECTB, CONEPRKAUINX BOAO- R

po, wau siapa rennst {1932 r.). Do ocros-
HOe CBORCTBO BHOBD OTKPBHITOro H3aY4eHHA
KBASETCS NPHYHHON X0 TOTVIOUWIEHHS .

DKCNEpUMEHTAILHAR YCTANOBKA 11306paneua
ua puc. 150. Crabmuii {oxono 100 MuANHKIOpH
Po) HCTOUHHK a-Ay4eii § NOMEUIeR HETOCPEACTREH IO
HAL TOMKHM CORM HCCIEAYEMOTO JIETKOLO 3ie-
Menta R. Henyckaemble STHM  eMEHTOM JyuH
TIPOXONAT CKBO3b TOHKAH 3Kpa# F M nponHKawT
B HOHHBAUMOHHYIO Kamepy A, YCTaROBACHHYIO
Hajl ONEHb MYRCTBHTENBHBIM BJcKTpoMeTpOM E.

JlyuH MpOWNKAIOT B Kamepy CKBO3b TOHKii
anoMiANEBLH JNCTOK (Tonmuitofl B 0,01 ss).
Jlyan, ucnyckaensic Po 4 Be (Be, obayuaembiit
a-nyaans Po) 1 (HALTPYeMbIE AMF YAaTeiHA CAa-
6OTO »-H3NY4eHHA NONOHHS UYepes CioR CBHHUA
TonmuKOA B 1,5 Cx, EN3HEAIOT B KaMmepe CueHb
cnabhiii 1ok (nopsaaka 1074 ax.-ctat. ef). Dror
TOK MPAKTHUECKH He MSMEHACTCH, KOTAA MEMAY
CBHRUOBBIM SKPAHOM Il KaWepoll MoMellaior ToH-
KHE YFONbHHe, MEAHbIE HNK cepeSpRHbIe, SKPAHHI,
HO OH MOXeT YCHIWTBCS BJIBOE, €CAH B STOT
TPOMEKYTOK HOMECTHTb LeANopaHOBHI, GyMax-
Rbii 1AR napadhAOBMA sxpaH. JlCRCTBHTENBHO,
STH CONCPIAIHE BOAGDON BEUICTBA MPH TaKHX
YCAOBUSIX HCIYCKAIOT NPOTOHB, KOTOpbie NPOH3-
BOJAT B HOHH32UHOHKON KaNeDe AONOAHHTEALHI
ToK. Hanonuas KaMepy NocaefoBATENbHO BOBMY- Puc. (50,

XOM H TesheM, OBHapYKHBAIOT, STO HpH pPaBHEIX

Maccax STHX rasos TOK, oOpasyemmil ayuamm Po + Be wan Po 4+ B B remu,
3HAYNTENBHO CHNIbHES TOKA, O6PASYEMOTo HMH B BO3Ayxe. JloNOnHUTENbHAA HOHHU-
SALAA B TeNNN TPHINCHBACTCH AGACTBHIO o Aep, BHOPACHBAEMBX JyHaMH.

TomMeman MeXiy HCTOUMHKOM H KAMEPOH TOACTHE JKPAHb, YCTAHABAWBAIOT,
410 npH pasRofi NOBEpRHOCTHOM Macce SKpanoB wanyuente Po 4 Be i Po + B
TOTA0MALTCA TeM CHAbliee, YeM Jerde morsomatouye aTome. Hanprmep, napa-
HH NOTNOWALT €70 3HAYNTEADBRO, CHIAbHEE, ueM Meflb.
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CymecToBaHNE SABJICHHS BHGPACHBAHUSA JETKHX ATOMOB 6BLIO NOA-
TBePWIEHO MeTofioM Buavcona. INponmkawmue B xamepy Buincona
ayyn Po - Be MOTYT M3BJeKATh NPOTOHBI M3 NOMEHLEHHOTO BHYTPb
KaMephl NapaguHOBOrO SKPaHa HAH H3 MOJEKYJ CONEPMHAUIETOCs B Hefl
posinoro napa. TakuM ke ciocoGoM HAGIIONANOCH BHOPACHBAHNE SAEP
rennst ¥ a30Ta. [poHykaiolini Jyq, BEIBHBAIONLIN] BHOpacHBatHe SApa,
He HOHWBHDYET MOMEKY, Fasa M, CEAOBATENLHO, €ro MyThb Ha doro-
rpadHsax He BUIHM (oTAebHbR et X XIII, puc. 2, 3, 4 1 oTaenbHBIH
et XXIV, puc, 1 B xoHUe KHHFH).

Nas naGmioneHust BLIGPACHIBACMBIX , YACTHII TIPHMEHSIOTCS TaKe
CYETUHKH C HPOTIOPLUHOHANBHBIM YCHIEHHEM.

PesyabTatel 3THX ONBITOB TPYAHO OGBACHHTb, €CJ¥ CUHTATh, YTO
AY4H, BHIBLIBAOLIHE BHIOPACHIBANHE JETKHX aTOMOB, SIBISIOTCA p=Ty-
uamy. YsABHK TOKA3an, UTO STO NBJEHHE MOXKHO YAOBAETBOPHTENBHO
OOBACUNTD, JONYCTHB, UTO B NPOHMKAOMIEM H3TYUSHHH, HCIYCKACMOM
Be uan B, npHCYTCTBYIOT HEfTPOHBl — YACTHIBI C ATOMHOH Maccofi,
6NU3KOM K €AMNHIE, H HYJeBbIM 3aPALOM, KOTOPBIE MOTYT COCTOSITE K3
TIPOTOMA W S7I€KTPOHA, CBA3AHHALIX GO/iee TECHO, YeM B aTOMe BOAOPOAA.
CyulecTBoBaNYe HeATPOHOB HEKOTOPHIE ABTOPHI MPEABHACAH €INe PaHb-
e, HO SKCAEPHMEHTANBHO OHO BIEpBBIe GLLIO NOATBEPIKJCHO ABRAE-
HueM BLIODACHIBAHHA NETKHX fAep.

HeilTpons: ABASIOTCA HOBLIM BHAOM KOPNYCKYJSIPHOTO H3JYYeHHS.
310 HaAyveHWe MOTYT HCMYCKATh JIETKHE SJEMeHTH TOA AeHCTBHeM
a-nyuefi. Y HEKOTOPLIX 3/1eMEHTOB, B YACTHOCTH, Y GEPHIVIHS, aTOMHOE
npeBpallieHHe ¢ HCMyCKalHeM HefiTpOHA INpW 3aXBaTe -YaCTHIL FB-
ASIETCs NPeGIafaloiM CPABHHTeABEO C TeM BHAOM aTOMHOFO HpeBpa-
NS, KOTOPLIfi CONPOBOMIAETCH MCIMYCKaHHeM TPOTOHOB.

Onnako uanyverne Be H B COCTOMT He TORBKOG M3 HefTPOHOB, HO
TaKxKe U H3 p-nysefl, o6pasylomnX KOMITOHORCKME PAaCCesHHEIE SieK-
TPOHBI, KOTOPEIE MOXHO HabaionaTh B Kamepe Buibcona. Dueprus ux
PaBH& HECKONBKHM MUJIHOHAM 3JIEKTPOH-BONBT.

Tax 2ke kax B C/lyyae HCMYCKaHHS NPOTOHOB, SHEPIHs, COoGilaeMas
HellTPOHY NPH aTOMHOM MPEBPAIIERKH, 3aBHCHT OT SHEPPHU a-YaCTHII!
H SHEPriH, BLIZeSEMOil HIH NOrNOmaeMoil IPH PEaKIHH, KOTopast He
H3MEHAETCSl ¢ M3MEHEHHEM CKOPOCTH a-1yua. HanGonmbuiefi sueprueit
oBnaja;eT HefiTPOKBI, MCNyCKaeMble B HaNpaBjeHHR BO3GYMIAIOWIAX
ux a-nyyeft. C yseanyenseM yria uenyckanus ot O go 180° ata suep-
THSL YMEHBINAETCS B NOJHOM COFNACHH ¢ 3aKOHAMH COXDAHEHHS SHep-
THH B HMITYJIbCA .

Crenoatenbio, HefiTPOKHI, HCIyCKaeMble CIOEM BeNIeCTpa, MOJ-
HOCTBIO MOTNOMAMEM a-Ty4H (HanpuMep, GepUANHKA) H NOMEMIEHHEIM
B HENOCPEJCTBEHHOM GJH3OCTH OT PAJINOAKTHBHOTO NIpenapata, BCerna
He OJHOPOAHHI TIO CBOEi CKOPOCTH.

OKCTIEPHMEHTAIbHBIE YCIOBHA He TOSBOJHMIH IO HACTOSUETO Bpe-
MeHH HaGRIofaThb OAHOPOAHEIE IPYNIL HefiTpoHoB. OjHako umeercs
YKasaHue Ha pashe/eHHe HX HA TPYNOB, a TAaKWe Ha SIBJIEHK:
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PesoHaHCd, MOACGHBE HAGMIONAEMBIM MpH HCMYCKAHHH TPOTOHOB
(§ 108).

TipuBozRMEIE 3H€Ch AaHHBE OTHOCATCSA K BOSGYKIEHHIO HEKOTOPHIX
SNEMEHTOB a-NYUaMH TIONOHHS, HAYANbHAs CKOPOCTh KOTOPHIX PABHA
1,6-10° camjcex, a sueprus 5,3-108 sa.

Heiitports raym
———————
Manenmanesbti Bueprin
npo6er BuGpa-  Dueprua neiirpoios B o
Chisacann s
Apororos
Bepraanii 2 pynnel ... 2en gjgiigl 50
Bop I rpynna . 16 cx 3,25-10° 3-10°
Tirrvis — 010,270 0,5:106 < (¢

DTop, HATPHIl, MATHHH, aJIOMHHHA TaKXkKe HCMYCRAIOT HEHTPOREl H
y-nyun. B, F, Na n Al npunagnexat K 4HCny TeX 31€MEHTOB, KOTOPbIe
MOTYT NOABEPraTbCst MPeBPAlIeHHIO ¢ HCnycKakueM npoToHos (§ 108).
B cayuae 6opa xemyckal#e MPOTOHOB npumHesiBaor B0, Henyckasue
HefiTPOHOB, BEPOSTHO, TAaKIKe CIeAyeT YaCTAYHO NMPUIHCHIBATH 3TOMY
usortony. Jna snementos F, Na n Al, umeiomnx TOJBKO 1O OXHOMY
RPeACTABHTENIO, C/eAYeT NPHBHATL BO3MOKHBIM 062 3TH cnocoba mpe-
BpauleHNs . VIcnycKanne y-Nyuell MOXKeT OMTh CBA3AHO C HCITYCKaHHeM
HECKOABKHX ONHOPOAHHIX TPYMN MPOTOMOB MJIH HeATPOHOB, B OTpa-
JKaTh PA3HOCTH SHEPrHA MEKLY STHMH FPYNDNaMu, HO B HEKOTOPhIX
Cryyasx OHO, NO-BHAMMOMY, SIBASIETCS CAefCTBHEM BO3CYXKICHHS SApA
Ge3 3axBaTa @-4acTHIH H He CONPOBOXKIAIOLIErocs 0GA3ATERALHO aTOM-
HEIM TIPEBpALeRHEM,

§ 110. Hanyueune nelitponos. Macca Hefirpona

B omauyne oT a- H f-nyueli HelTPOH He 0GAAAET HOHHIUPYIOIAM
neficeueM. Ero nponmkaolas CnocoGHOCTL BeNHKA HMERHO BCIIGACTBHE
TOFO, YTO STA HaCTHUA C HYJEBLIM 3apsACM Maso JeficTByeT Ha SJeK-
TPOHHI H ¢ SHEPTHS He PACTPAYHBAETCS| NPH MHOTOUHCJEHHEIX HOHH-
SHPYIOIMX CTONKHOBeHHAX. OHA PacXOAyercst 5OMbKO IPH CTONKHO-
BEHHAX ¢ AAPAMH, CONMPOBOXKAAIIIXCS BHIOPACHBAHKEM WJIH NpeBpa-
IEHHEM DOCTENRHX.

B cuny 3akoma coxpameHHs HMIYJbCa SHEPPHsi, KOTOPas MOMET
GbiTh coolena AApY APH YNPYToM CTONKHOBEHHH, GyleT TeM Goblie,
yem Gauxe Macca apa K CIHHHLE, T, €. K Macce CaMOro HelTpoHa.
Mpy CTONKHOBEHUSX C TSKEALIMH SAP2MM HeMTPOHH PACCeHBAIOTCH
Ges saMeTHONl MOTepd sHepruu. HampoTws, MpH NPSMBIX CTONKHOBE-
HHSIX € JIETKHMH aTOMAMM OHH YCTYNAlOT HM 3HAUHTEABHYIO 4acTb
cBoedt sHepruu. IIpH CTONKHOBEHHAX € sAPaMH BOAOPOAA HEATPOHbI
MOFYT MOJNHOCTHIO OTAABATh MM CBOK SHEPTHIO.
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EnvHCTBeHHBIA MeTOJ OnpefeneHHs! SHEPTHH HEATPOHOB COCTOHT B
W3MEDEHHH SHEPIHH BhiOPACHIBAEMbIX HMH SUIEP, @ HMEHHO, MPOTOHOB.
DHeprus 1eHTPOHOB pABHA 3HEPrHH TIPOTOHOB, BHIGPACHIBAEMBIX MO
HANPABJEHHIO ABHIKEHHS NIEPBLIX, H €& MOXKHO ONPESeTHTb NyTeM HaMe-
penlis npofera 3THX NPOTOHOB.

st onpefesienus SuePrim GHICTPHIX HEHTPOHOB (HECKONIBKO MHJNH-
OHOB 3NIEKTPOH-BOMBT) MOXKHO HAMEPSTh MAKCHMANbHBIA Npober B aiio-
MHHHH TIPOTOHOB, H3BJCKAEMBIX 9THMH HERTPOHAMH H3 TOHKOTO CIIOH
napaguua. JIns onpeneneHHs SHepriuM MeANeHHBIX HefiTPOHOB MOMKHO
u3MepsATh npofer H-ayueli, usB/leKaeMbiXx H3 BOASHOTO Mapa, cogep-
xamerocs B Kamepe Busbcona.

B onbiTax, NPOUSBOXMMBIX HOHH3AUHORHLIM METOAOM, HEHTPOHMI OT-
AHYAKT OT p-AyYell MO OCOGEHHOMY XapaKTepy WX MOMMIOUIEHW:, a
HMEHHO, MO TOMY, 4TO HX MACCOBOE ROIVIOIISHHE YBeNHUHBACTCH NpH
YMEHBLIEHNH BeCa NOIVIOUAUHK aTOMCB, KO3(dHUHEHT NOIOLEH S,
CKAAALIBAIOMIHIC H3 ABYX UICHOB: PACCeAHHS M TIOTEPH SHEPTHH MpH
CTONIKHOBEHHAX, CHABHO 3aBHCHT OT ynoTpeGasiemoro nputopa. B cay-
yae GHICTPBIX HEMTPOHOB (HECKOMBKO MMJIIHOHOB 56) HX HHTEHCHBHOCTh
YMEHLIIACTCS HATIOMOBAKY COEM CBHHIA TOMLMHON OKOMD 5 oM und
CJOeM aMOMHMHHSI TaKoll ke TOJLIMHES, Macca KOTOPOrO MHOIO MeHb-
e MacChl CBHHUOBOrO cnof. Mejsenntie HeHTPOHHl (SHEPTHA NO-
papka 0,5 36) DPAKTHUECKH TIOTJIOUWIAIOTCR CJIOEM CBHHIA TONUIMHOM
B 1 cm.

Hcenezopanne HefiTPOHOB, NMPEACTABAAWINNX C00OH OYeHb MPOHH-
Kalollige H3NyueHNe, He OTKMOHSIONIEECH B MAFHHTHOM None H OBHApY-
KHBAEMOE TONBKO OMarofapd ero BTOPHUHBIM 3(peKTaM, IpPeACTaB-
ASIET TPYAHOCTH, TIOLOGHEIE TeM, C KOTOPBIMH CTAFKHBAIOTCS NPH HCCle-
JOBAHHY y-nydefl. B 4acTHOCTH, ONEHB TPYAHO YCTAHOBHTH METOX MOA-
cyeta STHX YaCTHL,.

HeliTpoHE! HCRYCKAIOTCA NPH PANAYHBIX PEAKLHAX NPEBPAEHHS
BHISBIBAEMBIX a-1YUaMH MaM AefiTOHAMH (H:)4 Ionrarawor, 4o BCkoOpe
TIOCAE CROErO HCIYCKAHHA HeNTPOHH HCYe3aloT JHGO BCJEACTBHE Ca-
MOTIPOH3BO/IBHOTO NPEBPALIEHHST 3THX SIIP B aTOMBI BOZOPOHA, AHGO
BCJIECTBHE 3aXBATa HX NPEBPAMAIONIMMHCS TPH CTONKHOBERHA C HUMH
saapamul).

WCnycKAHME DNONOXHTENBHBX HJANW OTPHUA
TEJABHEX SJMEKTPOHOB NPH NMPEBPAMEHUAX Habao-
IEHHs, TPOHSBEAEHHBIE N0 MeTORy Buabcowa, o6HapyxupRalor,
4TO HEKOTOPHIe JETKHE JJIeMeHTH TOA AelicTBHeM a-ayuell memyc-
KAIOT HE TOABKO NPOTOHbI WJH HeHTPOHB, HO TaKMe H TOMOKH-
TeqbHbte anekTpoHsl. Ha ormenshom aucte XXIV (pue. 3) Buaen
OfIMH TPOTOH H OJHH WONOKHWTENbHBIA SMEKTPOH, BHIOPOUIEHHEE

1) lokasaMo, 4T HeATPOH CONTAHHO NPEBPAIALTCH B MPOTOW ¢ HCNYCKAHHEM
f-uactuusl ¢ nonynepuonom T /s 13 mun. (Ped.}
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U3 AIOMHHHEBOTO JHCTKA PH aToMHOM npespanienun Al (Mper Kiopu
u ®. Xoauo). MoxHo nonarats, uto B ciydae Al u B npeppamenne
TPOHCXOIUT JiMGO ¢ HCTYCKAaHHEM NPOTOHa, JHOO C HCIycKaHHeM
HeRTPOHA H TONOMHTENBHOTO 3/1eKTpoHa. B ciyuae Gepraana ofpa-
30BaHWE HIEKTPOHHEIX Tap MOLAO Obl NMPOMCXOJHTH NMyTeM BHYTpeH-
Hell Mavepranusanuu p-nyuedr (§ 90): ¢oToH, mpeBpamAACH UPH Bbl-
Xofle B3 sApa, MOT Gbl 06pa30BaTh MOSOMHTENbHBIA H OTPHUATENbHEI
SNEKTPOHBI,

MpEBPAMEHNE NPH C TONKHOBEHHH € HER-
TPoHAMU. VCKAOUATENbDHOE CTONKHOBEHHe HefiTpoHa ¢ Jjer-
KHM $iADOM Yallle BCero ObtBaeT ympyrum. WHoria, ofHako, HefTpoH
MO3KeT Bbi3BaTh npespatuenue (Pesep). Tak HCTONKOBLIBAETCS CTONKHO-
BeHHe, uzobpaxennoe Ha otaensnom aucte XXIV (puc. 2). Hpeamo-
JIaTaeTCs, 4TO B 3TOM CAyuae NPOHCXOUT CIEAYIOMAS A/epHAS PEAKIIHS:

N + nj = BY + Het.

To mMetogy Busibcona HaGrORAHCH TAKIKE H APYTHE MPEBPAIICHHR,
BhI3bIBaeMble HefiTpoHaMu (kucaopod, ¢rop, apror). HckyccTsennoe
TOJNyUeHne pPajuoOAKTHBHBIX SJIEMEHTOB IIOA AeﬁCTBHeM HeﬁTpOHOB
(§ 112) rokasbiBaer, uTo HERTPOHBI MOTYT BHISHIBATH NpeBpalleHHe
OYeHb MHOTHX 3JICMEHTOB, BIJOTL A0 HanGonee TAXKENBIX, H YTO 310
sIBJIEHHE YacToe.

Macca HentTroHA  CpaBHeHHe MAKCHMANBHON  3Hep-
THH Pasau4YHBIX Bblépacbmaemux SAep Aano BO3MOXHOCTL YCTAHO-
BHTb, MOAB3YACH (OPMYJIaMH 3aKOHA COXPAHEHHS HMOYAbCA, 9YTO
macca welitpona Gauska K emHnue (Yonsuk). [ns Gosee TouHOro ompe-
JieJIeHHsT 5T0fl Macchl MOXKHO ITONb30BAaTbCS ﬁﬂepHOl:l peaKuHeﬁ, B KO-
Topolt yuacTeyer HefiTpon. Ecnn Bece ocTanbhble BXOASILHE B PEAKIHIO
Maccel, & TakKe y4yaCTBYWLIAA B Heft SHEPTHA H3BECTERI, TO MOXKHO
BBIYHCAHTL Maccy HefitpoHa.

l'lepBoe onpejeseHue Ebio CAeNAHO, OCHOBHIBASICE HA MpeAnosio-
JKEHHH, YTO HeHTPORHI, BOIGYKAAEMbIE ¢-Tyuamyl B 6Ope, HCMYCKAKTCS
1O caeaylomeit peakumu:

Bi! + He$ = NM 4 nj.

B sTofl peaknuH HenasecTHa Toabko Macca nj (Uspemk). Onnako
ONIBITE! HAJ SJEKTPOHAMH NPEBPAICHHA TOKASaNH, 4TO HCHYCKAHHe
HelTPOHOB TaK 3Ke KaK M HCIyCKaHUe MPOTOHOB, HYXKHO, MO KpaiiHel
Mepe YaCTHYHO, mpHTHcaT» sApy BY. Otciona, onpeenns MakCHManb-
HYKO SHEPTHIO MPOTOHOB, HEHTDOHOB H NOJOMHTEAbHBIX SJEKTPOHOB,
HemyckaeMbix BY mox peffctBueM a-nyuefl MoJoBHA, Maccy HeHTpoRa
Hawau pasroft 1,010 (Mpes Kiopu u &, Yonno).

JZipyrue saepHbie peaKuuH, OTHOCSUHECS K HCMYCKAHUIO HeATPOHOB
TIPH ATOMHBIX NPEBPAWICHHAX, AAIOT IS MACChl HEATPOHA BEAHUMHB,
Jexampe B npefenax or 1,006 zo 1,010. Maccy HefiTpona B HacTos-
23 M. Kiopx
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e BpeMs HENL3A CUNTATE OKOHUATETBHO YCTAHOBJIEHHOMHY), motomy
YTO OHA 38BHCHT OT 3HAHUS TORHOM SHEPTHH HCIYCKAEMBIX YACTHIX
u p-nyvedl, BHASAHIOMEACS NPH PEAKUMAX, H CHENAHHbIE BHBOAL MO-
IYT U3MEHHTBCS BCAEACTBHE OTKPHITHS HOBOH IpYmNbi HeATPOHOB HAK
y-nyuefr.

Ecan Macca HeiiTpona Gonbite Macchl MPOTOHA, TO MOMKHO Mpef-
ToJIaraTh, ¥T0 HeliTPOH HEYCTONYHE H CAMONPOU3BONHHO PEBPAIIALTCR B
PO BOAOPORA C BHAENEHHEM SHEPTHH.

§ 111. Npespaimenne NPy CTOFKHOBEHHSIX C NPOTOHAMHK

YroGhl BH3BATh PEBPAILERHE C HCMYCKAHHeM IPOTOHA WY HefiTpona,
FIONb3OBANHCH g-uacThIaMi ¢ Goxewmof sHepruedt, [losauedinnie onbitsl
Kokpodra u Yonrora (1932 r.) nokasann, 4ro MOMKHO NONYYHTH Mpe-
BpAUeHHs aTOMOB PH IOMOILL TPOTOHOB
¢ ymepentofi anepruel (100—400 xss).
Takue nNPOTOHH MOAYyaloTCs B GONbL-
HIOM KOJHYECTBE KaK MOJNOMKHTEJbHbIE
AyuH B paspapmeix Tpy6kax. [ITycts
Ny40K npotoHoB (puc. 151) manaer 8 A
e Ha cnoft Li. Jiyus, Hcnyckaembie 3THM

cnoeM, HaGMIONAIOTCS Yepes 3aKPhITOE
8 OueHb TOHKOH ClionsHOf naacTuuKok C
GOKOBO® OTBEPCTHE B CTEHKE TPYGKH.
B 97Hx YCHOBHAX JUTHH HCMYCKART KOP-
NYCKYASIPHBIE JYUH, BHIBBIBAIOMHE 5ID-
KHE CURHTH/UISIHH HA SKDAHEe ¢ CepHHC-
Pre. 161 ThiM uuaxom B, Ecun st nyun npouu-
KawT B xamepy Bunecona, 70 B Hell
NoAYyaloTes TPAeKTOPHH, OXOXKHE Ha TPaeKTOPHH a-1ydeil. CunTaioT,
4TO MPOMCXOAsINee B JaHHOM C/yuae MpeBpallenne COCTOUT B TOM, YTO
Aapo Li] saxBaThiBaeT mpoToH, o6pasys aRpo ¢ Maccoil 8, kotopoe pac-
NARAeTC Ha JBe a-MaCTHIB C BHEPTHel, OAH3KON K SHePTHR a-nyuefl
ThC’. D10 npeanonokeHne NOATBEPKACHO HCCNEAOBAHHAMH TIPH TO-
MOHIH CUETYHKOB C MPONOPUHOHANLHBIM YCHJIEHHEM, KOTOPHE AT
BOSMOXKHOCTb ONPEAENHTH NPUPOY HCIYCKAEMBIX YACTHIL N0 HX OTHOCH-
TenbHoll NOHN3HPYIOWEH CNIOCOGHOCTH.

Ecan nanpapnenus 0GOMX Jyuefi CUMMETPHUHBI OTHOCHTENEHO Ha-
TIpaBfeHHs Nafaolero NpoToHa, KOTOPHil CTanKHBaeTes ¢ sIpoM Li
B Touke O (pHuc. 152), TO sfepHass peakuUMs BLIPASUTCS YpaBHeHHeM

\ Tk rpomonat

Q

Lif + H} + Wa = 2He} + 2We.. 1))

%) Macca nefitpora papna 1,008082 (pns. skana), uTo cocrasaser 1,00083
waccu npotona. (Ped.)
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Cumoas Li, H i He 0603Ha4a10T aTOMRblE MACCHI, TAK KAK YHCAO
BHEAJIGPHLIX 3]IEKTPOHOB B 00EHX HaCTAX YpaBHeHWs OMuHakopo. ITpu
Wg = 270 x9e npoGer a-nyuefi pasex 8,4 cu, a 3neprus 17,24-108 sg.
Hpnrumas Lif = 7,0146Y), H = 1,00778, He = 4,00216, naxoznm,
4TO yMeHBIICHHE MACCH paBhO 0,018]1 B cooTeTCTBUM C yBeNHUeHHeM
KHHeTHYeCKOH 3Heprus Ha 16,97-10% s¢, uro skpupasentro 0,0182 exn-
HuLB Macel, Tak Kak NPOTOHbI B 9TOM cyuae 6OaAat0T OTHOCHTENBHO
Manoll SHepruel, To 3HEPTH ¢-ayueil NOYTH NOAHOCTHIO ROHHKAET 32
CUET YMeHbIIEHHS Macchl.

Yron 8 (puc. 152), BhuCAEHHBIH M3 COOTHOUIEHUS

Muvg = 2Mpty, cos 8,

6ausox K 90°, Tak KaK HMIYAbC, OTAABAEMBL IPOTOHOM, OTHOCUTENLHO
Man. CefoBaTeNbyo, MOXKHO KOHTPONHPOBATE SAEPHYIO PEAKIHI0, Ha-
Gaofias a-NlywH, HEMycKaeMbie O NPSMBIM YIVIOM K MyMKY NPOTOHOB.
Ecnu nadiiofenne npous-
BOAHTCA HE TOA TWPSIMbIM 8000, ————
YIJIOM, TO Pa3HOCTb SHEPTHH \
MY a-yacTHued, nemycka-
emolt Brepex, U a-yacTuueil,

& 6009
H
‘§ <
N 3§ am T
§
J
H

c-vaemt | vaomye

2000)

) 3 B3
Burdyneni sulasewm poestsgmues e
Tpetprugesve Vi 203 Geiemiven npomames ¢ segeued 6020

Pue. 152, Prc. 153,

|
|
|
} 0
|
|
i

HCIYCKAeMOR HA3ajl, YBHYHBACTCA C YBeNHUEHHEM SHEPTHIl POTOHA .
To, 4T0 @-YacTHIBI, HCNYCKAIOTCA NapaMH B MOUTH HPOTHBOIONOKHOM
HarpaBJeHHH, 6hN0 OGHAPYKEHO MeTooM BHAbCOHA.

Ha pre. 153 usoSpaena xpueas morsowenns a-tyueil mpespa-
ulennst Li, HenyckaeMbix MOA NPAMBIM YINIOM K HaNpasieHHIo MPOTo-
HOB ¢ sheprHeit 450 xs6. s prcynka Bunmo, ut0 50 @-nyun o6pasyior
TOMOT€HHYI0 TPYIINY C BHOJHE ONPeACEHHbIM IPOGRIOM, PABHLIM 8,5 car.

%) Mo nocaennemy onpenenennio BsinGpuama
23
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Kak Buaxo us puc. 1541), umcao npespaumeHuii GbICTpo pacter
€ TOoBHIeHKEM sHepriH npoToHoB. IMpu Wy == 10° uncao cTonkHoBe-
HHf, BHI3BIBAICUIMX TpeBpaligHte, paBHO HNpuOAH3HTENbHO 3 Ha 107
npotonos, npH Wy = 250 £36 flonis TakHX CTOAKHOBeHHI paBHa 1078,
Bro ABAEHHe BCe e JOCTYNHO AAA HaGAIONeHHs. GJarofaps BO3MOXK-
HOCTH NOJIy4aTh AOCTATOMHO HHTEHCHBHBIE MYYKH NPOTOHOB.

500,
1 g
3
T m) £
=
3
g
S m —
&
§
[
B /
05 00
negan sgomonat § %0
Puc. 154.

Tpn npeBpauieRin JKTHS BCJEACTBHE CTOAKHOBEHHS C MPOTOHAMH
oBpasyercd He TONBKO YK€ YKa3aHHas BHILE rpynna e-ntydedf ¢ Gonb-
1ol sHepruedl, HO TakKe M IPYNNLl ¢ Masofi sHeprHeil, ¢ npoleramu,
paubiME 11 B 6 MM, BO3MOMKHO, CONPOBONIAEMEIE HCMYCKAHHEM
y- qyueit.

Tlpesparenne ¢ HCMYCKaRueM a-yyeil Habaloganoch TaKxke y Gopa,
TIOABEPTHYTOrO GoMOApAUPOBKe MpoToHamu ¢ 3ueprueft 150 xss. INpen-
NOJIAraeTes, UTo B STOM CAydae F/epHAS PeaKUus COCTOHT B 3aXpaTe
npoToHa ¢ o6pasopannen C¢ H Pacnasiom TOTO SAPA HA TPH a-YacTHIL.
PTop Mo AelicTBHEM NMPOTOHOB TaKkKe MCIyckaeT a-ayud. Hemyckaior
HX, BEPOATHO, H HEKOTOPHIE APYIHE BelliecTsa.

IMPEBPAMEHUE MPH CTOJKHOBEHHAX C n,uPAAMM,AH{ (AEA-
ToHamu) Jloypenc, JIHBUHICTOH H YaHT OAYHUAH NpeBPALeRH
NPH NOMOWK MOJEKYIspHEIX noHoB (HH®) + ¢ sneprueit no 2-108 ss.

1) Kokpopt n Yoatow, Jloypenc, Jlusnureron, Yaiit n Fenpepcon.
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Sror TUn npeBpawenus, Habmopaomuiics y Li (oTaenbHbil nwer
XXV, puc. 1), HcToNKOBRIBaeTCA Kak 3axBat anpa H} ¢ nocneayrouum
pacnajioM OOpA3OBAaBLIETOCH TAKHM TNYyTeM sApa H HCIYCKaHHEM
@-4aCTHI. B TAaKNX Yc/OBHSIX JUTHH HCIYCKaeT ¢-ityud, ofnafaioiue
Gonbilioli cKopocThto (mpoer 14,5 cam, sueprus 12,4-10% s6). Ira
Peakunsi BEIPAXKAETCS yPaBHEHHEM

Lig + Hz = 2Hes .

Snementsi Be 1 Na Takae nofBepraiores NPeBPalIEHA ¢ HCIYCKA-
HHeM a-nydelt. OGpasylollsecsi B PesyabTaTe STOTO IpeBpaiieHus
aTOMBI MOTYT OhITb cooTBeTcTBeHHO Li7 M Cl2.

HekoTophle s/ieMeHTH Toj JeficTBHeM AeATOHOB Npespaulalotca ¢
HCIyCKaHHeM DPOTOHOB WM HEeATPOHOB.
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UCKYCCTBEHHOE NOJIYYEHUE PALMOAKTHBHbLIX
JJEMEHTOB

§ 112, O6pasoBaHHe HOBBLIX PAJHOAKTHBHBIX BEUlCCTB
npH GOMGaPENPOBKE a-1yYaMH WIH APYTHME HacThHaMM

B 1934 r. Hpen Kiopn n ®. JKoano OTKPLIIN, YTO HEKOTOPHIE Be-
mecTBa {(amiomuuuil, Gop, Marauil), nopeeprhyTele GoMGapaAHpOBKe
a-nyyaMd TIOMOHMA, RPOJOMKAIT MCNYCKaTb NMPOHHKAlOLlee U3Jyye-
HHE M KoCKe ApeKpailenusn GoMGapAnponkx. D10 HaMydeHHe, KAK H B
CAYHaEe €CTECTBEHHBIX PAZHOAKTHBHBIX 3/IEMCHTOB, YMEHBIIACTCH CO
BPEMEHEM TIO NOKABATENLHOMY 3aKOHY, XapaKTepu3yeMoMy ONpefieneH-
HEM TepuogoM. Insi Gopa nepuoi paseH NpHOAH3uTeAbHO 14 Mun.,
AAA aNioMuHus — 3,25 MHH., AAA MarHus — 2,5 MuaH.

B cayuae 60pa M ANIOMUHHST H3JYYCHHE COCTOMT H3 TNO3MTPOHOB,
SHepTHs KOTOPBIX MOKeT focTuraTh 2—3-+ 108 sa. CirefoBaTensho, 3uech
TOMydeHbl PAAKOAKTHBHbIE 3IeMEHTH HOBOTO THIA, HCMyCKaolue
TIO3HTPOHBI.

B cnyuae mMaruna usnyvenHe COCTOHT NpeHMyLUECTBEHHO H3 f-aryyeil
€ KeGONBIINM YHCAOM NOBHTPOHOB. CNIEIOBATENBHO, AECH UCKYCCIMEEHHO
noayder paducaxmugHeill semenm, ucnycxaioumgul  f-ayuu NOA0GHO
€CTeCTBEHHBM PAAHOAKTHBHBLIM SIEMEHTaM.

Ecan sHeprusi q-nyueil ymenblllaeTcsi, Nepuoj M SHePrHs H3Nyye-
HHST HE H3MEHSIOTCS] H YMEHDbIUARTCH TOMbKO KHTEHCHBHOCTb.

310 fBACHYHe OOBSCHSETCS 00PA30BAHHEM HEYCTOHUMBLIX fjep Npu
MpeBPAIIEHHH JErkHX BEWeCTB, HCIYCKAIOMHUX HeHTPOHB MOj AeficT-
BHeM a-nyueil. Tak, Hanpuamep, B ciyuae Gopa umeem

Bi® 4 Hef = NP 4 n}.

Tak Kak siipo NJ® He ycTOHUHBO, TO OHO NOC/Ie HEKOTOPOTO CPEelHero
CpPOKa CYIIECTBOBAHHS IOABEPraeTcs MPeBPallieHHio:

.
NP =CPte.




[image: image357.png]§12) OBPASOBAHKE HOBBIX PAIMOAKTHBHbLIX BEHECTB 359

Touro Tak e Al oOpasyeT HeyCTOHUMBYIO PasHOBMAHOCTE (ocopa
P3 n savem koHewuwilt mpoaykT Si¥.

Cpeausisi NPOJOMKATENBHOCT KUBHH HEYCTONUMBBIX aTOMOB J0-
CTATOYHA A5 TOrO, YTOGHl HX MOKHO GBLIO XMMMUECKHMH CHOCOGA-
MH OTAENHTb OT BeUleCTBa, M3 KOTOPOTO OWH oOpasoBanuch. He-
CMOTPA HA TO, YTO URCAO NPEBPATHBUIMXCS AaTOMOB Kpafine Mafo,
TAKHE ONBITHl NOXTBEDIWAH IWIOTE3bl OTHOCHTENBHO HX TNPHPOAEL
B vacTHOCTH, yJanoch H3BJeub aKTHBHlE BelleCTBa B BHAE [a3a,
KOTOPBIl CYNTAIOT aMMUAKOM B cayuae B H (ocOPHCTEM BOAOPO-
JoMm B cayuae Al

B ciyyae marnusi, BeposiTHO, 00pasyeTcsi 1B PAAHOAKTHBHAIX Me-
MeHTA B PeaynbTaTe CREAYIOUINX peakliiii:

Mgs 4 Heg = Sizi + n},
Myi% 4 Hed = Alg} + Hi.

Sif] wenyckaer mosutponbl, AlZ menyckaer f-nyun. Al oGpasyercs
B Gonbmwem KomuwecTee, uyem Si3l (ommensmmit aumer XXV, puc. 2
B KOHUE KHHTH).

HoBule pagnoakTHEHbIC BEWICCTBA TONYURIH HA3BAMNS paduoasoma,
paduopocopa, paduokpemnus, paduoaromudis. OHE SIBASIOTCH nep-
BBIM TIDHMEDOM UCKYCCHIBEHHO ROAYUCHHBIX HEYCHOUNUBHY SACMENITIOR.
Beae 3a 5THMH 9KCNEpHMEHTaMH GbUIO HOYYEHO GOMBLIOE YHCI0 HOBBIX
PARMOAKTHBHEIX 3JEMEHTOB HyTeM OGNYYEHHA 3JeMEHTOB PasJHYHBIMH
BHAAMH YAaCTHIL, MOTYUIHX Bb3bIBATH MPEBPAUCHHS: a-1yyaMH, MIPOTO-
HAMH, JefiTOHaMu, HefiTrpoHaMH.

Hyrem oOsyuenssl a-nyvam, NpoToHaml B AeTonamy NOAYMHIH

Gomee 12 BUAOB HeyCTONUHBLIX feP, HCIYCKAIOMX MO3HTPOHBL H fB-
ASIOUMXCH H3OTONAMH YCTOHUHBLIX P JNETKHX 9AEMCUTOB.
+ - TTyrem o6ayuenis heiTPOHAMH NOJYURIIH CoNbUIOR MHCAO PAAHOAK-
THBHBIX anemenToB, Henyckamownx B-nyun (Pepmu). Ipu GomGapau-
POBKE HefiTPOHAMH MOTYT TpeBpamAaTbCs C 00pa3oBaHHEM TaKHX
HEYCTOMUHBLIX Afiep H Gojee Tsykedble 3MeMeHTs!, BIOTb 0 ypaua
U TOPHA. DTO OODBACHAETCH TeM, YTO HEfTPOHbI He 3a4epHUBAIOTCA NO-
TeHUHAJbHBIM GeprepoM siaep (oTaenpHbllt ueT XXV, pue. 3).

MonyuaeMbie HCKYCCTBEHHO PAJAMOAKTHBHbIE 3JEMEHTLI, TIO-BUIH-
MOMY, COBEPUIEHHO TIOROOHBI PajHOAKTHBHEIM 3JEMEHTAM, BCTPEYaro-
IHMCS B pHpoae. Hcnyckaemble HMH TIO3KTPOHBI H S-1yun oGpasyior
CIEKTPb!, MOJOGHBIE CMEKTpaM DPaJHOAKTHRHMIX Beluects. HekoToprie
H3 HCKYCCTBEHHEIX PAlHOAKTHBHEIX SNEMEHTOB HCIYCKAIOT p-NyUH.

DneMenTs!, HCYCKAJOIHE NO3HTPOHKI, HCIYCKAIOT TaKe f-Hsiyde-
HHe ¢ aneprueit 500 000 s¢, BosHKKallee B Pe3yJIbTAaTe YHUYTOKEHHS
MO3ATPOHOB B NOIMoWalomeM ux Bemectse (§ 18).
¥ MOMHO HAaZeATBCS B CKOPOM BPEMERH NOAYYHTH APH MOMOUWH TPY-
BOK JUTSl YCKOPEHRS YACTHIL HCKYCCTBEIHLE PAAHOAKTHBHbIE SNEMEeHTH,
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* HHTEHCHBHOCTh H3/y9eHHS KOTOPLIX GYAET CPABHAMA C HHTEHCHBHOCTBIO
H3NyYeHHS eCTECTBEHHBIX DAAHOAKTHBHBIX 37€MEeHTOB.

TOl'}.la 3TH ROBbI€ BELIECTBA CMOI'YT NOJNY4YdTb MEAHLHHCKOE, a Be-
POATHO, TaKKe K HHOE NPAKTUYECKOEe NIPHMEHERHE, HPH BBEJAEHHH B Op-
TAaHH3M OHH AOJIKHBI 6yﬂyT BBHAY Pa3JIH4Usl XHMAYECKHX CBOMCTB BeCTH
cebst COBEPLIEHHO HRaye, 4eMm ofbiyHbIe PanHOaKTHBHbIE 3JEMEHTHI.
MoXHO TAKIKE NPeINOAAraTh, UTO OHE GYAYT UPWMEHATECS B KUMH-
YeCKHX U OGHOJOTHUECKHX HUCCNeIOBAHHAX B KauecTBe HHAHKATOPOB
JNs ONpefiefieHHsi CBOMCTE MX HEAKTHBHHIX H30TONOBY).

1) PapnoaKTHRHBE H30TONBL HALIMK Cefe, KAK H3BECTHO, CaMoe MHPOKOE Nph-
menenne. (Ped.)
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§ 113. dnemenTt CTPYKTYPH. YCTOHYMBOCTD.
OnuThl KaacCHUKAUPH

Coraacho TeopHH eAHHCTBA Martepuu (§ 21) oHa JoaMHA COACPHATD
B K4YeCTBE OCHOBHBIX 3JEMEHTOB CTPYKTYPb! NDOTOH H 3AEKTPOH,
Macchl KOTOPBIX COOTBETCTBEHHO pasHbt 1,6-10-#~zu 9,0-10-2 2,
Ha ocunoannn Tex ixe cooGpazkeHuli, o KOTOPHIM PaJHyC SMEKTPOHA
cunrTaloT pasHbiM 1,9-10718= cu, NpoTOHY caeAyeT TpHIHCATD pajuyc,
paBrbit 10736 ou (cm. § 33). Onbitel paccesiHds a-Ayyeft 3aCTaBASIOT
JyMaTh, 4TO pasMepbl sep HsMeHsioTcs oF 10~19— ci B caryyae JerkHX
apep 10 101 cu B cayuae TSReABIX sifep. DMKTPOHE COAEpPKATCS
YAaCTHYHO B SAPE (AJepHBIe SJEKTPOHBI), 4 YACTHUHO BHE €F0, 3aHHMAsl
PAJIMYHbIE SHEPTETHUECKHE YPOBHH, ONpe/ieisieMble AACPHEIM 3apSIOM.
OcHOBBIBAsACh Ha COOGPAMEHHAX MONCKYsPHON QU3HKH, CIUTAIOT, UTO
aToM HMeeT pasMephl nopsafka 1078 cu. Otciona caeayer, y10 ofbeM,
3aHHMaeMblfl SJEMEHTAMH CTPYKTYPBI aToMa, KpaiiHe Mad No cpasHe-
HHIO ¢ 06BEMOM CaMOF0 aToMa.

Mycts P GymeT npomoxnoe wucao, 1. e. HeNOe UHCIHO, GauKalillee
K aTOMHOMY Becy A KaKOTO-HOO S/eMeHTA C TIOPAAKOBBIM YHCIOM N.
PazhocTb 7 = P — N npeAcTaBnsieT UHGIO sAePHBIX sieKTpoHos. Ecin
HCKJIOUHTD Cy4all BOZOPOAA, TO OTHOUIEHHE 1t/ P U3MEHACTCS OT MHHH-
ManbHol BenumHEl 0,5, 4aCTO BCTpeyaroielic y JIETKHX S/IeMEeKTOB, 10
sesnunnsl 0,61, KOTOpYIo 3TO OTHOINeHHE AoCTHTaeT y ypawa. Ipotonn
H BMeKTPOHBI, CYUHTAIOMIMECH OCHOBHEIMH 3/IEMEHTAMH CTPYKTYDEHI,
BHYTPH f/ep, BEPOSTHO, BXOJAT B cocTaB GoJiee C/AOXKHBIX €AHHHIL
Hcnyekanne pajHoaKTHRHBIMH 3/1eMEHTAMH -YaCTHIL 3acCTaBjseT Ay-
MaTh, YTO OJHHM H3 SJIEMEHTOB SIEPHOM CTPYKTYPHI ABJIACTCS Q-9aCTHIA
uAH «renuon». Henyckanue HefiTpOHOB MPH HCKYCCTBEHHBIX MpeBpa-
HIEHHAX 3ACTABJISIET CASIATh TAaKOe K€ NPEANONOKERHE OTHOCHTENbHO

"3 JTutepatypy 1o stoit rrase cw. Conf. Rapp. vol. 9 (M-me P. Curle): Consti-
tution' of Atoniic Nuclei and Radioactiviti, Gamow, Oxford, 1931; Conseil Solvay,
1933.
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HeliTpoHoB. HyKio TaKe MPHHUMATL BO BHUMAHHE HCIYCKAHHE NOMO-
JKHTENBHBIX SAEPHBIX SNEKTPOHOB.

Paznunble 0GCTOATENBCTBA 3ACTABASIOT COMHEBATLCA B TOM, YTOGH
3JEKTPOHB! MOTIH HAXOANTHCS B SAPAX B CBOGOAHOM coctoAnuu, Ecau
HefiTpoH 00pasyeTcsl H3 OZHOrO NPOTOHA H OJIHOTO SAEKTPOHA, TO BCe
OTpHUATENbHBIE siepHbie SIEKTPOHLl MOTYT BXOUTE B COCTaB HellTpo-
HoB. Ho BO3MOKIIO TaKaKe, 4TO HEATPON HBASETCA STEMEHTAPHON YaCTH-
ueft, a IPOTOH— CJIOXKHOf yacTHUel, cocTosiLell N3 HeliTpOHA K MOJO-
JKUTENBHOIO 3JIeKTPoHa. B Takom cliyuae macca NPOTOHA JOMNKHA GbITh
MeHbllle, a4 He OO/blie MAcChl HedTDPOHA. ¢-YACTHIA MOXET CKJIAAb-
BAThCS U3 ABYX NPOTOHOB H JIBYX HelTPOHOB.

B nactosiliee Bpemsi CKIOHSIOTCS K MHEHHIO, UTO SAPO COCTOHT H3
HefiTpoHoB U NpoToHoB ([efisenGepr) H UTO ofe 3TH YaCTHILLI ABASIOTCH
3/EMEHTADHBIMA, HO YTO, OFHAKO, BO3MOXKHEI 00a BUJA Npeppallenus:
RefiTPOH ~> NPOTOH H NPOTOH —> HEHTPOH.

Jinsi Beex 4aCTHIL, KOTOPbIE MOIYT BXOAHTD B COCTAB AP, CTPEMATCS
YCTAHOBUTH BEMHYHHY KHHETHYECKOTO MOMEHTA Bpallerna (cruy) (§ 34)
H NoAXoAsmy© cratueTHKY (§ 35). Ofaro TOUHBIX CBEAEHHH 06 3TOM
elme He HMeetcsl. K @-9acTHNAM, NO-BHANMOMY, HOMKHA GbITb MPHJO-
MeHa craTHeTHKAa Bose—3ftmwreiina.

OnuET NOKA3LBAET, YTO HEKOTOPHIE 3MEMEHTHI ABNAOTCS YCTOHUM-
BLIMH, TOFJA KAk NPYrie CaMoMpou3Bo/MbHO mpespamatores. Hekoto-
poie YCTORYMBEIC MPH OGHIYEBLIX YCIOBHAX SMEMEHTHl pacliafialotes mpH
GomGapMpPOBKe HX a-AyYaMH, DPOTOHAMHK HAH HefTpouamu.

TlosToMy KaskaoMy JQHHOMY COUETAHHIO IMEMEHTOB CTPYKTYpHI
HYNHO NPHIMCHIRATL ONpefefentbie NPenensl YCTOHYHBOCTH.

DeMeHThl ¢ BBICOKMM 2TOMHBIM BECOM, [OCHEIHHM H3 KOTODBIX fB-
astercst ypas (N = 92, A = 238,14), nce papnoaktueHsl, OTciona ce-
JYeT, NO-BHAMMOMY, YTO HAKOI/EHHe NPOTOHOB H MEKTPOHOB B SAPaX
OTpaHHUEHO YC/OBUAMH YCTORYHBOCTH.

Teoplisi NPONOPLUHOHATLHOCTH MACCH H SHEPrHH JAeT BO3MOKHOCTh
TPHCTYNHTE K PA3pellieHHio NpoGaemst YCTORUMBOCTH, TAK KaK 3JIeMeHT
JIORIKEH UMeTh TeM GONBINYIO YCTOAUHBOCTD, yeM Gosislile GyAeT noTeps
BHYTpeHHell SHEPIHH H COOTBETCTBEHHAs NOTepsi Maccsl MPH ero ofpa-
30BAHIH,

OGpasopanue aToMa Fe/IHsi H3 VETRIpEX ATOMOB BOAOPOAA CONPO-
BOK/JAeTCs 3HAUNTeNbHON motepell Macchl (§ 21). Dueprus ceasy re-
acHa (0xono 27108 96) BhilIE SHEPrUY CambiX GHICTPHIX a-nyuelt. 1o
YKa3blBaeT Ha TO, YTO MyTeM GOMGADPAMPOBKH a-NyYaMU Kesib3s paspy-
HUTH aTOM Teqisi.

Bo Beex aTomax, 3a HCKJIOUEHHEM BOJOPOAA, Macca NPOTOHA, Kak
M B cyuae Tesilist, B CpelHEM MHOTO GMIIKe K eIHHHLE, TeM Macca CBo-
Goanoro npotora. CefoBaTeNBHO, IOCTPOSHHE BCAKOrO aToMa H3 Npo-
TOHOB CONPOBOKIACTCA 3HAUHTEAbHON NoTepeit sneprun. Ecan, ¢ apy-
rofl CTOpOHbI, 0GpasoBanie aToMoB He sBisieTcsi MepsuiM STamoM H
Afpa ClEAYOIUX 33 HUM JEMeHTOB B Gonbllleli HacTH cBoefl Maccht
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06pasyioTCs M3 [eHOHOB, TO SHEPILs, BBUGNRIOWAsCA B STOH BIOpOi
{ase, MHOTO MeHblile 3HEPTHH, BhIeAsioweiicsa B nepBoil aze. C 3TuM,
BEPOATHO, CBA3AH TOT (PAKT, YTO IPH PATHOAKTHBHBIX NPEBPALEHHSX
HabaIofaeTcst HCMyCKaHue a-4acTHll, 4 He MPOTOHOB.

VYcTagoBleHa NapaJIENnbHOCTh MEKIY YCTOMUMBOCTHIO 3NeMEHTOB H
HEeKOTOPHIMH CTATHCTHYECKHMH JaHHbMH. He anst Beskoro wueftoro
YneAa, CAELYIONero 3a eAHHHLell, HAXORUTCA NpeJcTaBUTeNb CPeAd
UeMBIX aTOMHBIXT BECOB PasMHuHLIX H3oTonos. Hexoropne uncaa, mo-
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Puc, 155.

BHAHMOMY, COOTBEICTBYIOT ATOMHbIM BeCaM C HyJeBOH WM OYeHb Ma-
JIOl BEpOSITHOCTBIO. UeTHble 3HAUEHHS! YHC/MA SAEPHBIX SAEKTPOHOB 7
BCTPEYaiOTCA MHOTO Yalle HeYeTHBIX 3HAYEHHH, eCid YUHTbIBATH BCe
H30TOTIBI, YHCJIO KOTOPHIX Y 3/1eMEHTOB € UETHEIM NOPSAKOBLIM HOMEPOM
Gonblue. [TpeoGaajaHue yeTHbtX snauenMiit N o A pacupocTpassercs
W Ha PajiHoaTHBHEE aeMedThl. Cnepyer oTMeTHTb, UTO A0 CHX NOp
He H3BECTHO HH OAHOFO MpeACTaBHTens Tumoe N =85 u N = 87 1),

PacnpocTpaseHHOCTh  PAsMYHBIX BEIIECTB BO BCeJenHOl, pac-
CMaTpuBaeMasi KK TMPH3HAK HX Gonbuuedi win meibliefl ycTofiunsocti,
CBsI3aHa C MX IOPAAKOBbIM uncioM. [apkune cob6pan pesyJabTaTel Gonb-

1) Srremertot N = 85 (acrathn) n N =87 (parunit) BcTpevarorcn B nppone
B KalieCTse NPOLYKTOR PASBETBACHAE D eCTeCTENHBIX PSAZX pACMalA: ACTATHH —
npu -pacnage RaA, ThA, AcA; dpanuwnii — npn e-pacnane Ac (Ped.)
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IOrO YHCAA MCCAENOBAHHIA XHMHYECKOro COCTABa 3eMHOH KODH, 2
TaKie MeTeopuToB. OKasaioch, YTO KOJIHUECTBO ATOMOB C YETHEIM N
B 3eMHoft kope paBHO 90%, a B MeTeoputax — 98%, mpuyem sHauH-
TeNbHO GoMee BCeX APYTMX BEIUIECTE PACHPOCTPAHEH KHCNOPOA.

Myorne aBTOpH SaHHMAJHCH BONPOCOM O COOTHOWEHWSX, CYMIECTBYIOIHUX
mexAy P u N. Hutepec npeactaBnser ¢pyHKUMA 5THX Beauunn U = —4~) N
KOTOpAst, B YACTHOCTH, YMEHBIIACTCH HA eAMHALY, KOTAA ATOM IPETEpriesaeT PasHo-
AKTWBROE MPEBpANIEHHE C HCNyCKauKeM a- Had B-nyda (Dypuse). CxopocTh a-ayuel
P2s/IUSHBIX SNEMEHTOB, 32 HEMHOTHMH HCKJIQIERUSMH, CBA3aHA ¢ U NPHOAMKERHO
nunelinuM 2axonom ¢ = 0,082 (100 — U)-10° cajcex. [locTontnas npeBpamerns
2 paiHOAKTHBHHIX SMEMEHTOB, NPEBPAIAKIHXCH C HCNYCKAHHEM G-UAaCTHIL, MOKET
GuiTh MPHGAKKEHHO BHpaeHa B GyHKuHn U popuyaol Ig 4 = 235 — 3U (Mapin
Kiopn # ®ypHbe) (puc. 155). D10 yKasHBaeT Ha 10, 410 BEPORTHOCTb G-HCMYCKa-
WU CBASAHA ¢ Maccofl Il sapsifiom wepea U1), lnst anemMentos, HCNYCKalomHuX B-1ysH,
He CYNeCTBYET TAKOTO COOTHOWEHHH, N HX MOCTOSHHBIC NPEBPAIICHHA KIMHAIOTCA
B SHAYNTENBHO Goee Y3KHX Mpefenax.

ﬂ}lpa 31eMEHTOB PSIIOB YPAHA —pajKs, AKTHHHSA M TOPHS NMpHHAA€e-
AT COOTBETCTBEHHO K THDAM P =4p 4+ 2, P=4p + 3, P=4p
" {p — uenoe uncro). Crego-

'y BaTeibHO, BCE HCTYCKAMONIMe
! [ e a-J7yud PAAHOAKTHBHEIE JJTe-
MeHTHl HMeIOT pa3nHuHble

o el NpoOTOHHBIE YxCIa P, 33 He-

7ot KaouekeM Belects C, koTo-

' e ~7 B DEIE UMEIOT TONe MPOTOH Hoe
o Aot umMeno, uyto M BemecTsa C’

§ h.m ot Kpupaa, mnpeacrapasomasn
oy xRaC” AM\ \7‘, lg A 3THX pPaj{HOAKTHBHLIX
3eMenToB B (yHKmHH P,

|3 HMeeT HEPHOAMUECKHH XOJ.

4 Sra KpHBas H300parKeHa Ka
\ puc. 156 ),
/7|

Az

)

Th Bouno caenaro MHOrO Io-

-] ALITOK CO3JATh OXBATHIBAIO-
@ 2 2l P %y Bce — KAK aKTHBHBIE,
Pric. 156. T2aK M HE aKTHBHbIE -— H30TO-

bl KAacCHGHKAIIMIO 3/1eMeH-
TOB NO HX sfiepHoOll crpykType. HexoTophie H3 9THX MONBLITOK BHYLWA-
JMHCh TOH MBICABIO, YTO TeHealOTHYeCKHe PAAbl PAAHOAKTHBHLIX 3Je-
1} DToT JMHHEHHEIT 3aKOH, BEPOATHO, ABAAETCA UYACTBIO GONEE CHOKHOTO, BO3-
MOXHO MePHONHYECKOTO, 3aKOHA. YCTORUMBOCTL SIEMEHTOB, st KoTophix U < 73
W OTCYTCTBHE S/IEMEHTOB, Ans Korophlx U > 87, sactaBaser iyMath, uTo log 4,
yMenhwalomuiics npu yBennuernn U or 75 o 85, ysenuumpaercs npn U > 85
M yMenblaetea npk U < 75. YkasasHe Ha 3T0 BHAAT B TOM (akTe, 4TO NEPHON
Po muoro Gosswe nepuogia RaC’, a mephox U wmenpie mepropa Th.
*) [pu noctpoensy 570l kphboht ana RaC, AcC u ThC nonnsopanncs HacTHy-
HLIMH TIOCTORHHbIN NDEBPAILEHHS, OTHOCAUIMUCH K Q-IPEBPALLENNIO.
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MEHTOB NPOJOJKAIOTCA B TEPHOAMYECKON CHCTeME H TPOHHKAKT ee
NOJHOCTBIO, XOT B AeHCTBHTENLHOCTH B STHX NPOJOJIKEHHSX PSOB
TIPOLIECCOB NPeBpALIEHHs He NPOHCXOAHT. B sToM ciiyuae paccMatpu-
BAIOT YeThlpe psiga THMOR P =4p, P=4p+ 1, P=4p + 2,
P = 4p + 3, rfie p — LeNI0e YHCIO, H CUHTAIOT, UTO SAPO COCTOUT H3
resiHoRoB # 0, 1, 2wy 3 npoToHos 1 P — N — 2p slepHBIX 3/€KTPO-
uoB. Mo ApYFHM BO33PEHHSIM 3MEKTPOHHI TEPSIOT B SAPE CBOIO MHH-
BHAYaNbHOCTb, B AEPO BeAET cefa Kak OGDBeJHHEHHe FeNHOHOB, HEi-
TPOHOB H NPOTOHOB.

Ha semne ycnoens ofpasoBakHst M pacmaja Ais Goablueil wacTH
3NEMEHTOB OKA3BIBATCA HeocymecTHMbiMH, Ho necomuenHo To, utO
YCNOBHSI O6pA30OBAHHs STHX BeIIECTE KOTZAA-TO CYILIECTBOBAJH. BriTh
MOXET OHH CYIIECTBYIOT H Tenepb B JAPYTHX OGJACTAX BC&JEHHOH.
210 NPeANOSONKEHHE BHYIIACTCS DPASMBIULIEHHSMH O NPORCXOXACHHH
YABTPANPORHKAIOMETO HAH KOCMHYECKOTO HBNYYeHHs.

§ 114. CamonpoH3BOJbHLIE PAAHOAKTHBHBIE APEBPRIUEHHS

TMpHuRKa, BHI3LIBAIOMAS PAAHOAKTHBHBIC MPEBPALUCHHs, OCTAETCH
ellie HeH3BeCTHONH. BeposiTHO, OHa NEXHT BO BHYTPEHHel CTPYKTYpe
#7pa, NOTOMY UTO BHEIHHE areHThbl
He BJIHSIOT Ha Tpolecc NpeBpaile-
HHUSL PAJHOAKTHBHEIX SJEMEHTOB.

SILPO COCTOMT U3 MOMOMHTENBHBIX
H OTPHUATEALHBIX MaCTHL, COBOKYN-
HOCTh KOTOPBIX JefiCTBYeT BOBHE Kak
eIUHBIA MOAOXHUTeNbHEIH 3apaa Ne,
06pasyIoiil KYAOHOBCKOE SeKTpH-
ueckoe none. Ho caenyer npennona-
raTth, YTO BHYTPH $APA MeXAy ero
COCTABHEIMH YACTAMH JEfCTBYIOT He
KYJIOHOBCKHE CHIthl IPHTSKEHHS . DTH
CHJTBL, ASfICTBYIOMIHE TOJEKO HA OYeHb
MaJibiX PacCTOSHMSX, OfecriednBaioT
CBA3h MEXKJY YACTHIAMH, BXOMAUMME B cocTas siapa. ' CyluecTsoBanHe
STHX CHJ OOHAPYKHBACTCHA B IBJEHHH aHOMANBHOTO paccestHud (§ 81).

To npeacrapnenuio F'aMoBa aToM B LENOM COCTONT W3 vacTeil, pas-
JeNeHHbIX GONBIHME TIPOMEXYTKAMH, a {SIPO : MOKHO , YIOAOGHTH
BOASIHOM Kamne. Cuabl, AeficTBYIOINE Ha KAXKAYIO YaCTHLY TAaKOH Ka-
NeNbKH, OTHOCHTENBHO Majibi, MOKA 3T2 Y4CTHUA HAXOAHTCS BHYTPH
KaneJbKH, HO OHE GbICTPO YBeIHYUBAIOTCH, KOTAA paccMaTpHBaeMas
9acTHIA MPHOMHKACTCS K IMOBEPXHOCTH.

PaccMoTpuM B COOTBETCTBHH € STHM TIPEICTABJEHHEM KPHBYIO, NPek-
CTABAFIONYIO NMOTEHIHANBHYIO SHePTHIO U a-4yaCTHUEI, MBICTEHHO OT-
JNesIeHHON OT_OCTAJIBHOTO 51ipa M HAXOASIENRCS Ha PaCCTOSIHKM £ OT €ro
uentpa (puc. 157). B medTpanbHoli yacTH BIIOTH A0 ' = fg MPOCTH-

Pre. 157,
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paercst 003aCTh MHHHMAJIBHOTO OAHOPOAHOTO notenuuana U,. Bomisu
oT ry U ObicTpO yBeNHUHBAETCH, RPOXOANT yepes MaKcHMyM Un H 3a-
TeM YMEHDbIUAGTCR MO 3aKOHY, KOTOPbiH GBICTPO CTPEMHTCH K 33KOHY
Kynona. Torza TIOTEHNHANBHAS SHEPTHS G-HACTHUB NO OTHOLICKHIO
K OCTa/fIbHOMY fIApY NMPHHUMaeT 3HAaYeHHe

rie N — nopsaaxoswil HoMep sfapa, a € — 3aeMeHTapHblil 3apan. Ta-
KHM 00pa3’oM, AP0 XapaKTeDPH3YeTCsi PACCTONHKEM ry, KOTOPOE MOMKHO
HA3BaTh €10 «PAAHYCOM» H BENHUHHON OKDPYMKAIOUEro €ro MOpora Hiu
«RHOTEHUHANBHOTO Gapbepay Uy, CHHTAIOT, UTO 0GBEM SApA NPHOMH3H-
TenbHO NpOTOpLKOHATeH ero Macce. [lo mepe ypeauyenns macest U
YBE/IHUHBACTCS, H HOPMAJbHBIA YPOBeHDb, 3aHHMaeMblii a-uacTullel B
NEHTpanbHOfl o6sacTu Aapa, nossiliaercst. Korza atoT yposeHb HMeer
HEKOTOPO® NOJOKKTETbHOE 3HaueHHe E, TO OH HeyCTOHYHB MO OTHO-
IWeHHIO K 06,1aCTH, Nexateli BHe AApa, HO CYILIeCTBOBAHNE NIOTEHIHANb-
HOro Gapbepa NpensTcTBYeT BHIXOAY wacThuel M3 sapa. C ToukH 3pe-
HHS KJACCHYECKO! MeXaHHKH TaKoll BBIXOL HE MOMET OCYUIeCTBHTBCS,
€ TOUKH JKe BPEHHA BOMHOBOK MeXaRHKH BCer/la CYImEeCTBYeT HeKoTopas
BEPOATHOCTh Nepexofia -YaCTHIBl C OAHOH M3 TOWeK BHYTpeHHel
06N1aCTH HA OAHY M3 TOUEK BHEUIHe# o0acTu € Toff e suepruell u of-
paTHo. BepoatsocTtb Takoro nepexofa TeM Gonbie, yem E GIIHIKe K no-
pory Up,.

Dra npoGiieMa MOKET GBITH Pa3pelliena NPH NOMOULH CHCTEMBI BOJH,
npeactapnsiomedt yactuuy B none aipa (Famos). Ilpunamasn Ans KpH-
Boit ABC ynmpotennyio qopmy A’B'C’, maxomnm Ans A cremyioiee
BBIpakeHHe:

_amefim ¥

h
=-r—e *
4mr}

Lol ey

rie m — Macca a-4acTdid, a £ — sHeprus, ocsoboXAaomascsa npH
npespaimend. 310 coOTHOUlRHHE MeAY A H E HAMOMHHAET 3aKOH
Tefirepa—Hatrona, Ho A 3jech 3aBHCHT He ToAbKO or E, a Tawke
oT N H ry (cunTas mMaccy m NocTosHHoO#). 3uas £ H A, MOXKHO onpefe-
JHTh 7o, TAKUM NyTeM HAXOAST, YTO AJIS NPEBPAMIAICIHXCS C HCITYCKa-
HHEM ¢-4aCTHI 3NEeMEHTOB BCEX TPeX PANMOAKTHBHLIX CeMefACTB Benu-
UHHBL 7o Aexat Mexay 61071 n 9,5-1071 cu. 3a uckioueHHEM He-
CKOMIBKHX OTCTYIUIeHHI 9T pafnycsl B Mpefefax Kakporo psiia yse-
JIHYHBAIOTCA ¢ YBeJHUCHHEM aTOMHOTO Beca.

Mpt yxe BHIGTH, Y70 @-9aCTHIBl 3aHHMAIOT B SPE ONPEJENEHHBE
SHEpreTHUECKHe YPOBHH, OGHAPYKHBaeMBIE IO TOHKOH CTPYKTYpe Mar-
HATHOTO crektpa (rasa XVI). Bce OHH HaxXolsTcs HA OCHOBHOM
YPOBHe, XOTA OAHA {3 HMX MOXET BPEMEHHO HaXOJHTCA Ha BoJee Bhl-
COKOM ypOBHe. MOMKHO NBITATBCA NMPHINCATE HM, KAaK BHESACPHBIM
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5]IKTPOHAM, KBAHTOBbIE UHCAA, HO HMEIOLIHecH 00 5TOM CBEJlenHs NoKa
efile COBEpIIENHO HENOCTATOUHbI.

Ilpu nepexofe HacTdi ¢ OCHOBHOrO Ha GoJiee BLICOKKE SAEpHbiE
ypoBRH sApO Bo3Oykaaercs. BosGysiienroe sAPO MOWET BEPHYTHCS
K HOPMAJAbHOMY COCTOSHHIO MM MYTeM HCIYCKAHHA p-Tydedl, WK ny-
TeM HCNYCKAaHHA JJIHHHONPOGEIKHOH a-UaCTHUL, FTH NMyTeM HCIYCKaHKHs
BHESJEPHOTO DMEKTPOHA, KOTOPOMY HENOCPEACTEEHHO llepejlaercs SHep-
rHsi BO3GyKAeHHs . BepOATHOCTb STHX APOUECCOB HCUHCHANACH TEOpe-
THYECKH, HO HACTAMBATh Ha MPABHJBHOCTH 3THX PacyeToB ObMIO Ghl
TIpeIKIeBPEMEHHO.

PaguoakTusHoe npespalienHe ¢ HCnyckanueM f-nyueit (cokpaliento
f-npespaienue) ABaseTCa npodnemoil Gosee COKHOM, YyeM npespatie-
HHE ¢ HCTTYCKaHHeM a-Tyuefi, OTOMY 9TO f-AyYH pacnaja pasHoAKTHB-
HOTO 3JI€MeHTA HMEIOT CKOPOCTH, paclpeiensiolHecs B HeKOTOPhIX lipe-
nenax Henpepbisno. CieyeT 3a/aThCst BOMPOCOM, MPIAOKUM U NIPHH-
UMD COXPaHEeHHs SHePrHM K fflepHOMY f-ucnmyckanio. Ecmi 310 Tax,
TO ¢JiefioBaso OBl NPUKTH K BHIBOLY, UTO MAcchl aTOMOB, NOJYYalOLHXest
nyTem B-NpeBPalIeHHR H3 ATOMOB C PABHBIMH MACCaMH, JOJIKHAL GBITH
B M3BECTHHIX MpefleslaX HeOAMHAKOBLl (pasHRIA HE AOMXKHA TPEBOCXO-
aute 0,003 epuuuubl aTomHOl Maccsl). HenmocTOSIHCTBO MacChl aTOMOB
OJIHOTO W TOTO 7K€ BHAA HATAJKHBACTCS HA BO3PAKEHHS KAK C TEOPeTH-
uecKoli, Tak M 3KCIEPUMEHTANBLHOHA CTOPOHEI.

B HacTosiige BpeMst MOJAraioT, YTO SHEPTHs, BHAEAAOMASNCS NPH
NpeBpaleRHN ¢ BenycKaHneM f-mydeil HaH nosuTpoHos (§ 112), pasua
SHepriH HauGojee GLICTPBIX 3MEKTPOHOB H SHEPTHH OJHOBPEMEHHO HC-
nyckaeMelx p-nydell (echd MCMYCKaHMe NOCAENHHX NPOHCKOAHT).
VicnyckaHne KaXIoro 3jeKTPOHA CONPOBOKIAGTCS HMCNYCKAHHEM OA-
Roro Hefitpuno ([Tayan), n cymMMa SHepTHil OOeHMX 3THX YaCTHL, Bcerja
paBHA NpeenbHON 3HEPTHH CRNOLIHOrO CHEKTPa, TAK KaK HelTPHHO
NOMYYaeT TEM MeHblle SHEPrHH, YeM GhiCTpee COMPOBOXIAEMBIT MM
sJekTpoH. HeilTpuHo Xoskent mMeTh myJeBo 3apaj M cmuH fy. Ero
NOKOILANCA Macca JAONKHA ObITh OUEHb MAJoi, BEPOATHO, HyJeBOH
{Tleppen). TMonbitks oGHAPYKATE JefcTBUA HEATPHHO OCTamICh Gesyc-
nemmnbiME. Bo3MOXHO, YTO TpOHHKaiOmas CNOCOGHOCTH HEHTPHHO
OueHb BeMHKA, UTO H JaeT HM BO3MOMHOCTB YCKOMB3HYTh OT HAGMIO-
Aeuust).

Ecnu npeanonarath, uto fipa cOCTOAT M3 HEHTPOHOR B NPOTOHOE,
TO PafHOAKTHBHOCTb € HCTYCKaHWeM f-nydeli JOMKHA ABAATBCH CAeA-
CTBHEM BHYTPHSIAEPHOTO NpEBPAIIEHHs HefiTPOHA B NPOTOH, @ PaAHO-
AKTHBHOCTh C MCRYCKAHHEM NOSHTPOHOB — CJCACTBHEM BHYTpHSJED-
HOTO NpeBpalllenis Npotoxa B Hedpox, CMOTPA N0 TOMY, UTO HMeEeTCH
B sApe B H30HTKE (MO CPABHEHHIO C KOJHYECTBOM, TPeGYIOWNMCs Ans

1) CymecTropaniie HeRTPMHO YAANOCH JIOKA3aTh SKCTEPHMEHTRNbHO BEJUSM
MOWHGrO SNEPHOTO PeAKTOPA NO P-H3AYURHHMIO, CONPOBOKAANMEMY 3aXBAT Heli-
Tphuo nporono. (Ped.)
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SACPHOH YCTONYHBOCTH) HefTPOMB WIH NPOTOHBI, OHO OKA3BIBAETCH
PaIHOAKTHBHBLIM C HCTIYCKAKHEM HJIH OTPHIATENBLHBIX, HAH NOJOXKH-
TeNBHBIX 3/1€KTPOHOB.

Camo 1o cefe f-npeBpalleHHe He JAeT HaM HHKAKUX CBedeHHil O
ARAEpHEIX YpoBHaX, Ho eciu ouo conposoxiaeTcs o-npespallieHueM,
NIPH KOTOPOM TMOMHMO, OOLIYHBIX a-Jyueil HCMycKaeTcs HeGoJblioe KO-
JIHYECTRO MIHKHONPOGEKHEIX a-AyUeH, TO TeOPHS STOr0 ABNEHHSA, NPed-
qnoxennas lamosuiM (§ 98), NO3BONAET ONPEAEUTL CXEMY ITHX YPOB-
Heff, JIo HACTOALIErO BPEMEHH 3TO YAaaoCh CAeIaTh TOABKO B CHy-
uae RaC’.

P-H3NYUEHHE PaJHOAKTHBHEIX S/EMEHTOB UACTHYRO SIBAAETCS Mmep-
BHYHBIM, T. €. SIePHbIM, 4 YaCTHYHO BTOPHUHEM (raasa XV). Conpo-
BOXKRAIOIME ATOMHOE NpeBpalieHHe MepBHYHbIE y-Nywd HCMYCKAaloOTCs
B HauaJie XHBHH BOSHHKLIENO B pesy/ibTaTe 3TOr0 NMPEBPAWIEHHS aTOMa
H BEIOPAcHBAIOT U3 NOCHEAHErO 3AEKTPONS, KaXOAALIMECS Ha BHesjep-
HBIX SHepreTHYeCKHX YPOBHSIX. JTOT BHYTPEHHHH (OTOSIEKTPHYECKHH
S(peKT CONPOBONKAAETCH HCIYCKAHUEM BTOPHUHBIX y-nydeit. SlaepHbie
p-ay4 06PA3yIOT OAHOPOJHBIE FPYINbI, COOTBETCTBYIOUIME «BHYTpH-
SAEPHEIM YDOBHSIM SHEPTHHY.

Hcnyckanne szepuoro KsaHTa CBS3aHO C TePeXOJaMH OMHOH M3,
COCTARJMSAIOKIMX PO YACTHL: TeNHOHA, NPOTOKA MK HeATPOHA, MeXY
SIACPHBIME  YPOBHAMH, BepDOATHOCTL TAKHX NEPEXOA0B BLMHCIISETCH
MeTO/aMH BOJIHOBOIl MeXaHHKH, HOMYyCKAsi, YTO TOME HINYYeHHA [O-
ZOGHO NOMIO HNEKTPHYECKOrO «AnNoas», OfHAaKO NPH HEKOTOPHIX CAY-
HasiX CHMMETPHY 3JEKTPHUCCKHI MOMEHT JHNOASA JOJKEH HCUEsHYTh,
W TOrAa B BHIDAMEHHH NONS CHELyeT YUHTHLIBATbL YNEHbl, KOTOPHIMH
0GbIuHO npeHeGperaor, H B HePBYK Ouepesb YleH «KBaAPYNONs».
Hceaenosanne KOS(XpHUHEHTOB BHYTPEHHero OGpalleHUst 3acTaBaseT
JIOYCTHTD Y PAAHOAKTHENBIX SJEMEHTOB AHNOABHOE H KBAIPYNONbHOE
unanyuene (Teflnop u Morr). COrnacHo BOMNHOBOM MeXaHHKe H3Jyde-
HHS JMIONS K KBaAPYNOMs COOTBETCTBYIOT H3MeHEHHSIM KBAHTOBOTO
A3UMyTANBHOTO YHCNA /, OPHMHCHIBAEMOrO YacTHIE, 3aHHMAOWeH
opui M3 BOSCYMICHHBIX YpOBHeli $iApa, HA OfHY W Ha JIBe eMHULb
(B0 HYJb eAHHHL).

§ 115. HcKyccTBeHHbIe SREPHBE Tponeccsl

ﬂﬂ.pO MOMXeT COfepaTkb refHOHbI, HteITpOHH, {IPOTOHBI, KOTOpEIE
3aHUMAIOT B HEM ONpejleNeHHLIE SHEePTeTHYECKHe YPOBHH B YCJIOBHAX,
O KOTOphIX B HACTOfIllee BpeMA HAYHHAIOT JIKIUb CMYTHO AOTaABBATBCA.
I/Isyqel-me HCKYCCTBEHHbBIX npenpamenuﬁ TOKa3aJo, 9T0 MOXHO BbI3BATh
BHYTPHAAESPHBIL OOMEH OHHOR M3 COCTABAAIOMIMX HAPO YaCTHIL HA
HaCTHILY APYroro BRAA, MPOHHKAWILYIO B 5TO AAPO ¢ GOMBLIOH CKO-
POCTBIO, HJAH XKe BHyTpHﬁ)leprlﬁ CHHTe3 TeJJHOHA IPH NOMOLIH YacTHI
¢ meHbllell Maccoll ¢ MOCJEAYIOUUM PAcTafioM ATOMHOl NOCTPORKH.
Hpespaw.enne BO3MONKHO TOJBKO B TOM Clyyae, €CAn SHSPTETH‘!CCKHﬁ
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Ganaxc A Hero Gnaronpusiten, Hccnenosadue GanaHcoB sacTaBasieT
AYMaTb, YTO NPH HEKOTOPbIX NPEBPAIEHHSX NPOHCXOAHT JOMOMHH-
TeabHOE HCTyCKaHHe y-nyuedt.

Jns xaxJoro siApa ycnOBMS BXOAA M BHIXOAA YAacTHIBI 3aBHCAT OT
BENMYHHBI NIOTEHUMABHOFO Gapbepa H Pe3OHAHCHBIX YPOBHEH.

1) Ecnu sHeprus vactiusl E Boilie sHeprunr mopora Uy, To 3T1a
YaCTHLA MOXET NPOHHKRYTh B SAPO NIPH YCJOBHH, YTO OHA HMEET COOT-
BETCTBYIOUIEE HATIDABJEHHE.

2) Ecnu E < Up, TO NPOHHKHOBEHHE YaCTHIL Yepes [OTeHIIHabHEII
Gapbep BCe 2Ke MOXET NpoM30HTH. BeposiTHOCTL TAKOrO MPOHMKHOBE-
HHS BbUMCHSETC NO (OPMyJaM, COBEDUIEHHO NOJOOHBIM (QOpPMynam
Tamopa’ insi caMONPOUIBONBHOTO HCOYCKAHMA e-4acTHU. Jauubtil mo-
TeHLHaNbHEIH Gapbep Gonee Npo3padyeH Aast NPOTOHA, YEM AJIS TeHOHa,
TAaK KaK 3apifil H Macca TPOTOHA MeHbINe 3apfAfia H MAacChl eHONA.

3) MNorenuuanbHHi Gapbep OCOGEHHO WpPO3payeR NS  YACTHL,
SHEPIUS KOTOPHIX COOTBETCTBYET OAHOMY H3 PE3OHAHCHHIX ypOBHefl
fAPA. BTO TEOPETHYECKOR TPEANONOKEHHE TNPOBEPEHO IKCIePHMEH-
TaJIbHO.

TopsifoK  BeTMUHHB MOTEHUHAMBHSIX OapbepoOB, OKPYMKAIOUWHUX
JeTKHe AApa, OKAa3aJ0Ch BOSMOMCHBIM ONDENeUTh HA OCHOBAHIN JAH-
HbIX, NOAYYEHHHIX U3 OMNLITOB TIO AHOMAJIBHOMY PacCesiHmio a-Aydeil
H HCKYCCTBEHHOMY MpEeBPAalIeHUI0. AHOMANBbHOE paccesiHue MOSIB-
JigeTcsl TOrga, KOTAA g-yacTHUA NPHOMIKAETCA K AAPY HA TaKide
GIK3KHEe PACCTOAHHA, KA KOTOPHX 3akoH Kynoua ywie HenpHMeHHM
(§ 81). Torna uyacTula NPOXOAMT Yepes MOTeHUHAMBHBI Gapbep; OT-
ciofla, paccMaTpHBasi NPOGJeMY aHOMANBLHOTO DPACCENHHS € MOMOLIBIO
METO/OB BOJIMOBOH MeXaHHKH, MOMHO TONYYHTb CBeeHns o0 3TOM
Gapvepe. C apyroft CcTOPOHEI, TMOACYET MPOTOHOB NpPEBpAUIEHUSt B
YHKIWHH SHEPIHH TAJAUIHX a-Ayueli NO3BOMAET Y3HATH PE3OHAHCHDIE
YPOBHH, a TaxKe BBIMHMCIHTbL Gapbep. B caemyromeil TaGnHue upuso-
JSTCST HEKOTOPHIE JaHHble 00 SHEpPruH Gapbepos (0o Usasuky):

Snement . . . . . ... Bel BP By NM FP Mgy Al
Dueprua Gapvepa B 10° s¢
(wmsnnh Tpegen) . . . 3,5 3,7 3,7 4,1 5 6,5 6,8

Kaxos 6 uyn Gbli cmocoS NMPOHHKHOBEHHA HACTHIB B SADO, ee
3aXBaT ¢ BHIOpACHIBAHKEM APYrdX HACTHI SABASETCHA, [O-BHIAHMOMY,
OGBIYHBIM THIIOM fZepHBIX peakuuit. [Tycrs W OyjeT kunetuyeckast
3HEprus Najalolliell yacTngl, £ — SHePIHs yPOBHS, HA KOTOPHI OHA
3axmaThiBaeTc, E' — 9HEPTHA YPOBHH, € KOTOPOIO H3sfeKaercs
BIGpackiBaeMas yactuua, W' — ee KnHeTHueckas skeprua n W' —
KUHeTHUeCKast dHepTus oTépollenHoro sapa. Toraa

Wi+W =W—-E+E.

Y ycToiuuBLIX ATOMOB 3HEPTHH HOPMAJbHBIX YPOBHe!l OTPHUATENbHOL
24 M. Kopu
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(oHepTHs H3BJEUCHHS MOJOMATeNbHA). CNeIOBATEIbHO, NpPeBpalleHie
ofneruaetcs, ecin E << E’ (yposenb E raybxe ypopns E’). Onnako
3aXBAT MOXeT NPOHCXOAMTh TAaKKe Ha GoJee BHICOKOM ypoBHe E,
npuveM W' B TakoM cayuae ymeHbllaercsi. ClieoBaTe/IbHO, BRIOPACH!-
BaeMble YACTHIBI HCTIYCKAIOTCS FPYNNaMH, oGnafaioliuMU ofpeieneH-
Holi ckopocThio. HanGosee ObicTpasi H3 3THX TPYNN COOTBETCTRYET
3axBaTy Najaiomefl YACTHLB Ha OCHOBHOH ypoBeHb. Takos oBmwuil
cayual 3axBaTa ¢-YaCTHUEI C HCIYCKakWeM npoTona. Hexoropre
IPYnNb TPOTOHOB JOJUKHBI CONPOBOMKAATECH HCNYCKAHHEM TPy
y-nydeli ¢ JONOJHATENbHON SHEPTHENl, HO SKCIEPHMEHTANBHO 3TO elle
He TIOATBEPHACHO.

3ameTHM, UTO OnpefieleH ROl CKOPOCTH 3aXBaueHHON JACTHIL COOT-
BETCTBYeT ONpEJeNIeHHast CKOPOCTh BHIGPAcHBAeMOIl YaCTHIbI 10 OfMHO-
wenuro k& adpy. TosToMy 6narofiaps ABMMEHUIO, cOOCIIAEMOMY ITOMY
SApY Najaoliedt yacTHilell, BHIGPACHIBaEMbie YACTHUL HMEIOT MPaKTH-
ueckH GOMBIIYIO CKOPOCTL TOrAA, KOFJA OHH HCIYCKAIOTCS B HANIpaBae-
HHH 9TOTO JBHIKEHHA, YeM TOrJA, KOIJa OHK MCIYCKAOTCA B APOTHBO-
TIONIOXKHOM HAMPABACHHH,

HapecTHble ZI0 HACTOSILIErO BPeMeHH CydaH NpeBpamieHus MpH GoM-
GapAHpoBKe HEHTPOHAMY HCTOJKOBHIBAIOTCH, KAaK 3aXBaT HelTpoHa ¢
HCTyCKaHHEM TelHOHA. TeopeTHUeCKH OHH OGBACHIOTCH TAK e, Kak
H Bbille ONHCAHHBIE TIPEBpallleHHst NMPH CoMOApAMPOBKE a-AyYaMH,

TIps HaGNIOJABWKXCA 10 HACTOSIIETO BPEMEHH NpeBpallleHHsX ¢ 3a-
XBATOM MPOTOHOB HJH JEHTOHOB MPOHCXORUT 0OpasoBaHHe HEYCTOHuM-
BOTG 5/pa, Pacnafaiolierocsi 3aTéM HA4 HEKOTOPOE UHCAO IeJHOHOB.

B 10 Bpems Kak mpeBpauleHHe ¢ 3aXBATOM Najatollell uaCTHIIBL
NPHBOAKT K HCIYCKAHHIO H3OKHRETHUECKHX TIPYNN BhIGPACHIBAGMBIX
vacTull (MHHefiHbIl CNEKTp), Npespaillenye 6e3 3aXBaTa YACTHLBL LOMKHO
NPHBOANTb K HETIPEPLIBHOMY DacnpefieneHuio CKOpoctell (cnnowwoit
criekTp). JleficTBHTENBHO, B 3TOM NOCJICIHEM CJyuae SHEPTHH BHIGpACcH-
BaeMbiX YacTHY (¢ A0GaBlieHHEM HEPTHH OTAAYA #Apa) AONKHLL H3Me-
HATbed 0T O 1o W + E’ B 3aBHCHMOCTH OT KOJHYECTBA SHEPIHH, 1IO-
AyuenHol OT pajaowedl wacTHUb. TeM He MeHee BepXHss TpPaHHIA
chekTpa CKopocTeli A0NKna GbiTh onpefenenuofl. BeposthocTh Ta-
KOTO pojia MpeBpameruil Maja, ¥ 0 CHX TMOP He H3BECTHO HH OfIHOTO
HX TpHMepa. .

TeopeThueckH NPEAYCMATPHBAETCS TAKIKE BO3MOMHOCTD BO3OYXIe-
HHS sApa najatomleit yacTauell Ges 3axpaTa nocseaseit u 6es npespa-
weRus. YKasawne Ha Takofl 3Q¢eKT Zaer y-Hanydenwe Li, no-supu-
MOMY, He CBSI3aHHOE C ero IpeBpalleHHeM.

AHOManbHOE TIOTNIONIEHHE p-yYell ¢ GONBLIOH SHEPTHEH TAKENbIMA
SApaMH NPHOJHKACTCS K ABMEHHSM NpespallieHns. Bosmoxmo, ofl-
RaKO, UTO OHO OOBACHAETCS MaTepHaL3aLuell KBAHTA B Napy 3eKTPO-
HOB (MOJOXHTEAbHBIH H OTPHUATENLHBIR) Ge3 H3MeHeHHS sapa.

KocMuueckne myun, mo-sHAMMOMY, TNPOHSBOAAT ATOMHblE IpeBpa-
menns. Bbuto Gel, OHAKO, NPEXKAEBPEMEHHO CYANTH O NPHPOJe 3THX
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npespallleHWi, NoKka He BHISICHEHA MPHPOJA BHIBHIBAIOUIMX HAGAI0-
NaeMbie sBNenna Jyueit (§ 151)1).

Yr1o6bl MONUEPKHYTh 3HAUCHHE SHEPTeTHUECKUX PacyeTos NPH H3y-
YeHHM HCKYCCTBEHHBIX TpeBpauleHHil, HATIOMHHM, YTO ONBITH MpeBpa-
mesns Li nytem GoMmOapAdpoBKH MPOTOHAMH Oblai CAGAREI HOTOMY,
YTO TEOPETHUECKH ObiMa BHIYHCAEHA SHEPTHS, KOTOPAS MOTJIA Obi OCBO-
GouTLCS, ecil Gbl AApo Li mocne 3axBaTa NPOTOHA HCMyCKaRo Asa
a-ayua.

Ecnn Bropaume B SEEPHYIO PEAKUHIO MACChl ATOMOB H3BECTHbI
¢ GoAbLION TOUROCTLIO, TO SHEPTeTHUECKH{T GanaHc JaeT BaMHbe YKa-
33HUS O BePOSATHOCTH MpeBpamends. OOPATHO, ecnd JIOCTATOYHO XO-
POLIO H3BECTHa BBIAENSIOMAACA NPH NPEBPALCHHH HEPTHS, TO 3THM
MOKHO BOCHO/IB3OBATLCS /Ui TOUHOTO OMpefieNeHust OfHOH M3 yuacT-
BYIOUIHX B PeaKUHH Macc, MPAMOe ONpefieNielie KOTOpoli MOMKeT GuTh
TPYAHEIM BBHAY MaJofl PacripoCTPAHEHHOCTH ATOMOB 3TOTO BHJa (Ha-
nipumep, OF, C3® u 1. I,

1} HawGoace 13BECTHHIE SAEPHEIE TPEBPALICHHS, BLISHIBACMLIE KOCMHYECKHMH
Aygamu, 310 00pasoBaniic HIOTONOB renws W APYLHX JETKHX HHEPTHHX TA30B B
METEOPHTAX, & TaKxe o6pasobaHue b semnofi armocpepe H®, CM it Be®. (Ped.}
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§ 116. MNpxuuuns KraccHpukauuy

Kaaccupuxaunio pajnoakTHBHLIX 37€MEHTOB MOXKHO DPaccMaTpi-
BaTh ¢ ABYX OJMHAKOBO BAXHBIX TOYEK 3DEHHS, HMEHHO, C TOUKH 3pe-
HUS CBOfICTB, KOTOPBIMH OHH OGNAfAIOT KAk PaJHOAKTHBHEIE HEMENTEL,
H ¢ TOUKH 3PEHUs CBOHCTB, KOTOPHIMH OHH 00.1aJlaloT, KAK XHMHYECKHe
aNeMenT. B meppoM cayuae HECAEAYIOT SBOAIOHMHIO PAAA SAEMEHTOB,
NPOHCXONSLINX TOCHEA0BATENBHO OT MATEPHHCKHX BEIIECTB; YpaHa MK
TOPHS(. ITa SBONONHA ONPEJLASETCS B CHAY HEHIBECTHBIX €llle MPHIHH
AfepHOl CTPYKTYPOHl, ¥ B XBMHUECKHX CBOHCTBAX PAJAHOAKTHBHLIX 3Je-
MEHTOB He OBHAPYMKHBAETCS HHKAKHX OCOOEHHOCTEH, KOTOpHE 3aCTaB-
NN OBl IPEAYCMATPUBATD BO3MOMNKHOCTb TAKON SBOJIOMHH.

Crioco8 KiaccH(UKALMM, OCHOBAHHBIH Ha PAXHOAKTUBHBIX CBOFCT-
BaX, COCTOHT B YCTAHOBICHHH OTHOWIGHHH DPOACTBA M rpyNIHPOBKE
JIEMEHTOB MO CeMeficTBaM.

C apyrofi CTOpoOHEI, Kaxjbll PajHOAKTHBHHIA 3/MeMeHT ofmafaeT
onpefieeHHBIMH XHMIYECKIME CBOHCTBaME. DTH cpoficTBa, Kak H B
cayuae HeAKTHBHBIX S/IEMEHTOB, 3aBHCAT HCKIIOUHTEBHO OT ero sifep-
Horo 3apsia. Crenopate/ibio, HYMHO Y3HATbL 3TH CBONCTBA W ONpese-
ANTL MECTO KaXAOrO PARHOAKTHBHOTO SMEMEHTa B NePHOAHTeCKOi
cHcTeMe. DTO MOXKHO OCYHIECTBHTB, TOJBLKO NOMB3YACH XUMHYECKHMH
H 3MEKTPHYECKHMH METOJaMH.

§ 117. Pacnpeneiienne mo cemeicTBam

TocnegoBaTebHbIE OTKPETHS HOBBIX DAJHOAKTHBHBIX 3JEMEHTOB:
pajusi, NMOJNOHHS, AKTHHHS, SMAHALM{l, AKTHBHEIX OCAZKOB H T. A.,
OLICTPO NPHBEJH K OOHAPYMEHHIO POACTBA Me[Y MMMH, KOTOpOe mo-
CHYKAIO OCHOBOH [Js1 TeOPHH PajFOAKTHBHLIX NpeBpamenuii. Belro
YCTAHOBJIEHO, UTO PAJHOAKTHBHBIE /EMEHThl 0OPa3yIOT eCTECTBEHHLIE
cemeficTsa. MaTepHHCKOe BEULECTBO KAMK[OTO W3 3THX ceMeficTE Aaet
Hauano pAny MPONSBONHEIX, NOCEAHee H3 KOTOPEIX HeakTHBHO. Ofpa-
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30BAHHE DANHOAKTHBHBIX 3/EMEHTOB M3 HENOCPEACTBEHHO MpefiectT-
BYIOUIMX WM B PaJHOAKTHBHBIX PSJAX 3JNEMEHTOB B GOMBIIHHCTBE CUY-
yaeB YAANOCh HAGMIOAATH SKCIEPHMEHTANLHO: TAKOB Ciyuail o0paso-
BaHUA pajfioka U3 paausi (§ 48), paaus us wouns (§ 125), pagus B ns
paaust A (§56) u 1. 1. B raasax XXIII 1 XXVII flauo Muoro npume-
POB TaKOTO HPAMO YCTAHOBNEHHOTO pojcTsa. HMelotes, OfHAKO, Cy-
HaH, [Ae He YAANOCh NONYYHTb IKCTEPUMEHTANbHLIX A0KA3aATeLCTB 1
TrJie POUCKOKAEHHAE SNIEMEHTOB YCTAHARMBARTCS HA OCHOBAHMH KOCBEH-
HbIX_COOGparkeHni.

Ecan H3MeHENRE H3AYUeHHA KAKOro-nibo BelllectBa NPOHCXOANT He
1O NPOCTOMY TOKA3ATENLHOMY 3aKOHY, TO 5TO BElECTBO SABJSETCHA
CMEChIO PaAHOAKTHBHBIX aneMenToB. Hecnesobanie HaMeHeHHS H3TY-
YeHHs JAeT BO3MOXHOCTb ONPEReJHTh, COCTOAT JIH STH PAAHOAKTHBHbIE
sMeMeHThl B POACTBERHON cBA3H Mexkay coboii (§ 63). Oanako name-
HEHHE H3JYYeHHS 1O NOKasaTe/bHOMY 3aKOHY ellle He JOKashiBaeT
TOro, YTO TNPHCYTCTBYET TOMBKO OHO NPOCTOE DAAHOAKTHBHOE Be-
ECTBO; B 3TOM OGBI4HO MOMHO YAOCTOBEPHTHCS TONBKO NyTeM pasfie-
JIeHUS BelecTBa.

TeTeporeHHOCTb H3MyueHHS ABJIACTCS BAMHBIM NPHIHAKOM CHOMK-
HOCTH BeillectBa, CMUTAIOT, YTO Kam/AbH PaAHOAKTHBHBIA S/1EMEHT
HCMYCKACT a-AYYH C ONMpefiefexHofi HAYARbHOM CKOPOCTHIO 1 onpefe-
NeHHBIM TIpoGeroM B Boaflyxe. OHOBpeMeHHOE HCIYCKAHHE OAHON HJIH
HECKOABKHX TPYNI a-ywefl ¢ PasiHIHbIMU NpOSeraMu (He CYHTas TOH-
KOH CTPYKTYPBl U AIHHHOUPOSEKHBIX syueli) paccMaTpHBaeTcs Kak
JAOKA3aTeABCTBO CIONHOCTH BEUIECTBA H HMEHUO 3TO CAYMKUT OAHHM
u3 JIOBOJOB B [0/Ib3Y TOFO, UTO ypaH COCTOHT H3 AByX u3otonos Ul
u U Il unu yro Tophil C COAGPIKUT KOPOTKOKMBYILEE TPOU3BOA-
noe ThC'.

OnnOBpeMeHHOe HCITYCKAHIE ABYX ABHO PA3NHYHBIX PPYIT SASPHBIX
B-myveit laeT NOBOA AN aHANOTHUNBIX 3aKJIOEHHH, KaK 3TO MOKAsbl-
Baer cayyait UX, f-manyyedne KOTOPOO CUMTAIOT NPHHAJTEKAIIHM
ABYM cocTagasiowum ero permecteam UX; u UX,. Ho mul yxe Bugenn
TaKzke, YTO MPOCTOE BEIeCTBO, HAaNpHMep, oAno u3 Beuwlects C win B
AKTHBHBIX OCAJIKOB, MOMET MCIYCKATh HECKONBKO ORHODOAHBLX Tpyfin
f-nyuefi BIOPHYHOTO MPOHCXOMKICHHS, OOPASYEMbIX HECKOJBKMMH MO-
HOXPOMATHYECKHMH TPYNNaMH, HCTIYCKaeMblX TNPH 3TOM e hpespa-
meHuu y-nyveft (rnasa XV).

Y HEKOTOPEIX TIPOCTHIX BEINECTB, HANPUMED Y Pajusi, a-H3MyueHHe
conpoBOKAaeTcs f- H y-H3NyueHHeM co cnaGoll sHepruedi. B atom
caIyyae y-Jiyud HMeloT fAepHOe MPOHCXOXKIHNE, BOSHHKAN BCMEICTBUE
BO30YIK/EHHA APA TIPH MCIYCKAHHM a-4acTHLB, A S-H3MYUEHHE HMEeeT
BTOPHUHOE NPOUCXOXKEEHHE, 00Pasysich MPH BHYTPEHHEM OGpAlIeHHH
p-nyyell. Sliepuas f-uacTMUA BCerha COOTBETCTRYET NPEBPALIEHHIO
aToMa, BTODHUHAR e f-uacTHUA €My He COOTBETCTBYET.

B HeKoTopbix cayuasix, YTo6bl YCTAHOBHTL COCTaR CeMelCcTBa, NoJib-
30BaNHCh SMNHPHYECKEM OTHOLIERHeM, CYWECTBYIOMUM MEXKAY [OCTO-
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SIHHOH MpeBpalleHyst u ApoGerom e-nyyedt (saxou lefirepa—Harrona,
§ 70). Mone3yscs STHM 3aKOHOM, NPHIULTH, HATPHMED, K 3aKJIIUYEHHIO
o cymecteoBanud RaC’ u ThC'.

Hiayuentie COOTHOWEHHT, CYNIECTBYIOUUX MEKAY PaAHOAKTHBHBIMH
3NeMeHTaMH, OGHADYKUJIO MOPA3HTENbHBIE aHANOTHH MEKLY cemefict-
BaMH. DTH aHANOFHH B CBOIO OYEPelb ABHANCH HCTOYHHKOM HOBBIX OT-
KPBITH M a1 BO3MONHOCTb JONONHHTh Kiaccupukawmio. Tak, ana-
JIU3 AKTHBHBIX OCAJKOB MPUBEN K NOHCKAM M OTKPBITHIO AHAJOFHYHEIX
RaA kopotkoxusymux peilects ThA u AcA, koTopele crauaga
YCKOAB3AJTH OT HaGmiogeHus.

HaunHas ¢ Tpex paJHOAaKTHBHBX Fa30B — pajoOHA, TOPOHA H aKTH-
HOHA, — TPHXJbl NOBTOPSIETCH OZMK M TOT K€ THN PaJMOAKTHBHOMN
aBoMoLHH, B KaXIOM H3 9THX TpeX C/yyaes MOABJSETCS CepHA Npo-
ussopubix A, B u C, nopsanoK H cnoco6 npespalleHHs] KOTOPHIX OAH-
HaxkoBHl. [IpeBpaiienne Bcex Bemects C NMPOMCXOAMT aHAJIOrHUHLIM
06pasoM ¢ pasBeTBIeHHeM PsANOB K ofpasosanuem semects C' u C'.
Ha sToM ananorns Mexay pajami, oIHAKO, 3aKAHUHBAETCH, TaK Kak
B psiiaX Topusl M aktHHus Bemectsa C' H C'7 4BAAKTCA NOCAETHUMH
AKTHBEBIMH YIEHAMH, a B PSAY paaus u3 RaC’ cneayior ele aKTHBHbE
unenbl RaD, RaE u RaF, o6pasyomye MefleHHO NpeBpallaiomHiics
AKTHBHBIH 0CAJOK.

Vi3 BellecTB, KOTOpyle B CBOHX CeMeliCTBaX MPeAUIECTBYIOT PajHoO-
AKTHBHBIM T43aM, MOMHO PACCMATPHBATE B KaUECTBE COOTBETCTBYIOLUHX
uNeHOB, C OAHOH CTOponbl, paxuil, Topuit X n axtuunit X, ¢ Apyroil
CTOPOHbBY, HOHHII, PajHOTOPHH H pajHOAKTHHRMIA. AKTHHMI H Me30TO-
puit 2 B CBONX pAAAX COOTBETCTBYIOT APYT APYrY, HO HA PAJL pagus 3Ta
aHAJIOTHA He PacIPOCTPAHSIETCS .

OTH aHANOTHH JOJIKHBEL OHITS OueHb FAyGokuMH. OHH YKasbiBalT
HA CXOICTBO SAPHOL CTPYKTYPb H OCHAPYXKHBAIOTCA TAKHE B XHMU-
YECKHX M 3JIEKTPOXHMHUECKHX CBOfICTBAX COOTBETCTBYIOWIMX PaiHO-
AKTUBHBIX 3J€MEHTOB, HO PA3JHYHA B CPellHell NPONOMKHTENBHOCTH
HKH3HH 3THX 2JIEMEHTOB MOTYT ObiTb OY€Hb BENHKH.

Vpan sBRAETCS MATePHHCKHM BeIIECTBOM ceMelicTea, OfHA ¥acTh
SNIEMEHTOB KOTOPOro OOBLIUHO CONPOBOMAET ypaH, a Apyras 4acTb,
Gyayuu OTJefeHa OT Ypasa NPH HIBJICUEHHH €ro H3 PY/AH, JHIIb OUeHs
MeJJIeHHO BHOBb Ofpasyercst B nocnenneM. CiefoBaTeqbro, TIPaBHib-
Hee CYAeT CUHTAaTh, UTO CYWIECTBYET, C OAHON CTOPOHDLI, CODCTBEHHO
ceMefiCTBO ypana M, C JAPYLOli CTODOHBI, SRJSIONIEECA €ro Npoion-
JKeHHeM ceMelicTBo paausi. HenocpejcTBeHHBIl NIpealecTBeHHHK pa-
JHS HOHUA SIBJACTCA MPOMEKYTOUHBIM MENKLY OGOHMH 3THMH PSAAMU
BellecTBoM. O6a 3TH psijia B COBOKYIIHOCTH HA3biBAIOTCA CeMelCTBOM
ypaHa — pagus.

Bo BTOpoe ceMefictBO BXOAST Topuii H ero mpouspoamble. ITpo-
TAKTUHHN, aKTHEMH H MX NPOM3BOJHHE OOPasyioT TpeTbe ceMefi-
©TBO, HaspiBaeMoe cemeficTBoM akTHHHs, CBSi3b 3TOTo cemeficTBa C
YPaHOM OKOHUATeNbHO elle He YCTAaHOBJEGHA. HeKoTopbie aBTOPHI
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TIOMATAIOT, UTO MEXKAY YPAHOM M CEMeHCTBOM TOPHA TaKkKe HMeercst
cBs3bY).

Onucanne cemeficTB AaHo B cefyomux riasax. CocTaB KamIoro
H3 HHX B OTJEJbHOCTH NPHBEIEH B COOTBETCTBYIOLIell rnaBe, a BCex
BMecTe — B NpHAOKeHHH 5. B 370/ TaGnute Ans KaxAOTO 5/M€MeRTa
yKasaHe! psjl, cnoco® TPeBpalleHHsT M NMepHOX.

§ 118. XumnuecKHe U 3JeKTPOXAMHUECKUE CBOUCTBA
PaAHOAKTHBHBIX MeMEHTOB. Bajenrnocts

Onucanue XHMHYECKHX CBOHCTB PAafHOAKTHBHBIX S/IEMEHTOB JAHO
B rase VII. B s10ft raBe onucanbl H pasoGpaHbl METOABI, cyxKarlie
AJIST OTIpefielieHst STHX CBOHCTB. PajHOAKTHBHBIE SMEMEHTHI, 38 HCKJIIO-
ueHHeM YPaHa H TOPHS, OOLIYHO TO/BepralTcs XHMHYecKol ofpadoTke
B YCJOBHAX, Tie HX KOHUEHTPAURS CJHUIKOM MAJa, YTOOHl ee MOXHO
6bII0 H3MEPHTS Ge3 NOMOLIIM METOJIOB, OCHOBAHHEIX HA PAMOAKTHBHOCTH.
Paauit, uncTbie conn KOTOPOro AOCTYNHbI HCCEAOBAHHIO, ABIAETCA HC-
KioveHHeM. B HacTosilee BPeMs K HEMY MOMXKHO NPHCOSNHHHTD H TPOT-
AKTHHHH, KOTOpHII Takxe OblI, XOTS H B OUeHb HEGOMBLIIOM KOJNH-
yecTBe, BhedeH B wuctom Buie (§ 131). OxHako MBI He MOXKeM MOKa
elle HAZEATBCH NONYUHTb TaKHE PesybTaTbl ¢ KAKHM-AHOO APYrHM
PaAHOAKTHBHEIM 3eMEHTOM, a ecJi Obl 3TO Jlake H 0KasaJoch BO3-
MOXHBIM, TO XHMHYECKHE JeHCTBHS H3JYUEHHS HEJONTOBEYHBIX H HCTY-
CKAWWKHX ¢-TyYH BIIECTE HAPYIUANH Obl HOPMAMBHBIA XON XHMiuue-
CKHX peakiuit ¢ TOr0 MOMEHTA, KAK 9TH BelleCTBA OKA3aJHCh GHI CKOH-
HUEeHTPHPOBaHBI B BecOMOM Kosnuectse (§ 103). CnepoBaTensno, XHMHS
W BNEKTPOXMMHST PAJHOAKTHSHBIX SNEMEHTOR AOJKHBI, Kak obllee
NpaBHJIO, NpHGeraTh K TOMOLIH METONOB, NPHMEHHMEIX K BELIECTBAM,
HAXOAAMHUMCS B COCTOSHHHM CHITBHOrO pasfasfienns. 3aTo OHH MOMb-
3YIOTCSL OYEHD YYBCTBUTEILHBIMH H TOUHBIMH METOZAMH KOJHUECTBEH-
HOrO OMPEeNEHHs, KOTOPhIE JAIOT BOSMONHOCTE PaspelaTh npoGnemsl,
HE Da3PeniiMbie B CIYYAe HEAKTHBHBIX 3/1eMEHTOB.

VkameM, HAPAMED, YTO BOIMOKHO KONHYECTBENIIO oMpefeanTs panuii B 100 2
BelllecTBa, ecAH BecoBad OpPOMOpUHs ero pasua 1072, IIpn OXHHAKOBOM H3AY-
WEHHH JOCTHTAIOT TeM GONbilell MYBCTBHTENLHOCTH, YeM MEHBLIE NPOHOAKHTENB-
HOCTb XU3HH ONpEAenseMoro peectna. Tax, RaC B koauvecTse npiMepsio 10~z
(NPHGANBHTEABHO 2+ [0 aTOMOB STOTO BeilleCTRa) BHSHIBAET B ISMEPHTENBHOM NpH-
Gope Tok mopamka 101! , KOTOPbIfi MOXKHO TOWHO HIMEPHTb M KOTOEIf MO BenH-
uHEe GJH3IOK K TOKY, BbI3HBACMOMY STAaNONHBIM RICKOM OKHCH ypaHa ¢ TOBEpX-
HocThlo, pasyoil 20 cx®. Bo MHOCHX cayuasix cheldl paiiOaKTHBHOIO BEULECTBA B
ApYroM Bemectse HabiloXaTh JieTHe, 9eM CJeABl HEAKTHBHOTO Bemecrsa. Tak, Ha-
npumMep, zudysnio B Bo3Lyxe yRoGHee HAGMOAATL B CAyYae PaJHOAKTIIBHOrO, deM
B Cllyuae HEaKTHBHOTO Ta3a.

a) XUMHUECKHE CBONCTBA MoXHO 3a1aThesi BOTIPOCOM,
AaeT JH HCCAeioBaHHe XMMHUECKOTO NMOoBeAeHHs paSsaBJ[eHHle paano-

" 1) J0¢TOBEpHO YCTAROBACHO, HTO POROHANANLHIKOM PIAA AC ABAAETCH MPHPOL-
et WaoTon USP. Ceagit MexIy cemecTsamy Th w U He cymectayer. (Ped.)
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AKTHBHBIX 5/IEMEHTOB BOSMOKHOCTb YSHATb HX MOBEJEHHE B KOHUSHTPH-
POBAHHOM COCTOSIHHH M TOYHO ONPEAeNHTb HX XHMuueckuit vl Tpya-
HOCTb, ¢ KOTOPOI 8/1eCh CTATKHBAIOTCS, COCTOMT B SIBJICHHSAX, HasbiBae-
MBIX NI06ePXHOCITINGIM no2sowjerues (adcopbyuelt) U yeaeueruen, poib
KOTOPHIX B XHMHR CTAHOBHTCS OYeHb 3HAUHTENIBHOH, Koraa paboraior ¢
BEIECTBAME, HAXOSUIAMHCS B COCTOSHHH Kpajinero pasbaBieHHs.

O6BIYHO 0 XHMHUECKHX CBOMCTBAX KAKOTO-NHOO 3JeMeHTa CYAAT Mo
€ro OCaXIeHHK) B BHAE HEPACTBOPHMBIX B ONPEAENEHHBIX YCIOBHSX
COeJMHEHHIT WIH JKe, HANPOTHB, MO TOMY, YTO OH OCTAETCH B PACTBOPE.
D10 CyMAeHnE OCHOBLIBAIOT TAKIKE HA KPHCTAJJIH3AMH CONell 1 opie
M cocTaBe NOMYYeHHBIX KphcTamios. BosbmeM B KauecTse nprumepa
weneso, Kotopoe He ocamaaercsas H,SO,, ecan oHo spasercss emd-
CTBEHHEIM PACTBOPEHHBIM METAILIOM, HO KOTOpOe Ocamfiaercs, OAHAKO,
YACTIYHO, €CJH PAcTBOP COACPHKHT TaKMe H Gapumit. B srom ciyuae
TOBOPAT, YTO NPOH3OUIIO YeAeweHue Ke/esa CePHOKHC/bIM OapHeM,
WAM adcopbyus wenesa Ha HepacTBOpHMOM ocaike. Ho KakoBa 6bl HU
6blIa NPHPOLA STOTO SBJIEHHS, €r0 He OTHOCHAT K UHCHY OCHOBHBIX
NPH3HAKOB, CHYMAWHX AIs ONPEAeNeHHs XMMEYeCKOro THIA XKesesa
H ero MecTa B NepHOJHYECKOf CHCTEME 3MeMEeHTOB.

DNEMEHT B COCTOSHHK TAKOTO pasGaBieHHS, KAKOe valfle BCETO Ha-
OntoflaeTcss Y PagHOAKTHBHBLIX 3/IEMEHTOB, TOMBKO B COBEPLIEHHO HC-
KIOUHTENLHOM CY4ae MOMET OKasaTbCsl B YCNOBHAX, e NPeed ero
PACTBOPHMOCTH (yfieT nepeiifie M TIe OH MOMET 06Pa30BaTh KOJUIOH-
JAnbHble WAH KPHCTAJMHUCCKHE YACTHIE, KOTOPBIE, OYAYYH CAHIIKOM
MaJIbIMH JNISi TOTO, YTOGH GBITh BHAHMBIMH, BCE JKe CTPEMATCS 0CeCTb.
B oObiyHOM cyuae OCAXACHHE WM KPHCTAJIM3AUSA BbI3bIBAETCS
OJHOBPEMEHHBIM TIPHCYTCTBHEM APYTOTO BEIECTBA, HA3LIBAEMOTO yé/e-
xarotgus. Jnsi MONHOTO WAK YACTHYHOTO OCAMJEHHA PalNOAKTHBHO-
YO 9JEMEHTA MOTYT ObiTh HCTIONB30OBAHLI PAa3MYHBIE YBAEKalOHe
BELECTBA, M BAKHO DA3MHYUTL CPEM 3THX peakuuii Te, KOTOpbie
Jydlile BCEro JAOT BOSMOMKHOCTD ONPeleNUTh XHUMHYeCKHEl THN aJe-
MeHTa,

AzcopOuns — CNOXKHOE SIBAEHHE, B KOTOPOM YYacTBYIOT CHAbl MO-
NEKYIAPHOTO CHEIIEHHS K CBA3b KOTOPOTO C XHMUUECKHMH CBOHCTBAMH
ellle OYeHb HE0CTATOYHO H3YueHa. B HEKOTOPLIX cayuasax STOT ekt
SIBNSIETCH TIOBEPXHOCTHBIM H, NO-BHAHMOMY, SaBHCHT IMIaBHBIM 00pa-
30M OT 3NEKTPHYECKHX CHJI, BOSHHKAIOIHX B pe3yabTaTe sapsia HNH
TONAPHOCTH HOHOB HJH MOJEKYJ aACOpOMPYEeMOro BemeCTBAa WM
azcopGenTa. YKaKeM .B KauecTBe NPHMeDA HA aJCOPOUHIO MHOTHX Be-
IecTB Ha Cyab(are Gapis, XIOPHCTOM cepebpe, CTeknie H OUSHb CHJIb-
HYIO 3/ICOPOLHIO TIOPKUCTEIM YTJIEM PASAHUHBIX TBEPABIX, KHIKHX HIK
ra2000pa3HBIX BeillecTs, B ApyrHX, Go/ee HHTEPECHBIX ¢ TOYKH 3peHHs
onpeflefieHus XUMHUeCKHX CBOMCTB, CJIyyafX YBAEYEHHOE BEIIECTEO
SABJIAETCS COCTABHON YACThIO OCAKA MAH KPHCTAJIOB, H €CTh OCHOBA-
HHE JyMaTh, YTO OHO BXOAUT B KPUCTAJIHUECKYIO PELETKY YBJIeKaio-
mero BemecTsa. CXOACTBO OKA3blBAeTCA OCOGEHHO GJH3KuUM, KOTAa
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YBJIEKAEMOE BEIIECTBO MOMET KPHCTAMAHIOBATHCS B JI0GOM COOTHOIIe-
HHH € YBAGKAIOWHM N0 ONpefeNeHHbIM YHCACHHbIM 3aKOHAM, YTO 3a-
CTaBJAET TPEANOAAraTs MOAHLIA H30MOP(H3M 06OHX ITHX BElleCTB.
CneloBaTenbHO, €CAH NONB3OBATLCSK OAHHMH TONBLKO XHMHYECKHMH
PeaKUuAMY, TO U3 COBOKYIHOCTH ONBITOR OCAMAeHHI M KPHCTAJIH3A-
KA B IPACYTCTBHH PASTHYKEIX YBICKAIOWHX BENIECTB MOJKHO BBIACHHTD
OCHOBHEIE XHMHUECKHE CBOHCTBA PafiHOaKTHBHOTO BellleCTsa.

Ora 3ajaya TeM JieTde, YeM Mpolle XMMHYecKne CBOHCTBA JaHHOTO
szeMenTa (TaKOB, HANpHMep, caAyyali pajus). 3HAaUHTENbHO TpYAHee
XHMHYeCKO® HCC/IEJOBAHKE TAKMX BEINECTB, KaK MOJOHHH, KOTOpHi
NPUHAANENHT K WIECTON TpyNTe NepHOJHUECKOH CHCTEMbl M MOXKET
00pa30BLIBATH HECKOABKO BHAOE HOHOB.

B0 CAENAaHO MHOTO NMOTBITOK YCTAHOBHTH OGIIHE NPaBHia, Aaro-
1He BO3MOKHOCTb OBHADYMKHTD MEHKAY PEAKUMAMH YBIEUEHHS KAKOro-
60 paMOAKTHEHOTO BEMEHTA Te, KOTOPHIME OH OYAeT o6aaiaTs,
ecnu oH BYAeT HAXOZMTHLCS B KOHLEHTPHPOBAHHOM COCTOSIHHH, T. €.
ero aHanutHyeckue cBoiictBa. HauGonee cOOTBETCTBYET COBOKYN-
HOCTH 3KCREPHMEHTANBHBIX Pe3yJAbIaTos, NO-BHIMMOMY, Ciefylollee
(Tuito):

1) Ecau pafnoakTHBHBI 9JleMeHT MOJHOCTHIO OCAZKAAETCH KAKHM-
JHOO PAKTHBOM NIPH MOMOIIH OYeHb HEGOMBLIOTO KONHYECTBA YBACKAK-
HIETO BelecTBa, TO MOXKHO CUHTATD, UTO 3TOT JIEMEHT GYIET OCakAATEC S
TeM JKe CaMblM PEAKTHBOM, HaXOAACh B BeCOMOM KOJHYECTBE, W B OT-
CYTCTBUM YBJEKAIOIIEr0 BEIMECTBA, W UTO YACTHIEI 3TOTO NOCHAHEro
CAyHKAT TOABKO AIA COGMPaHKA OOPa30BaBIIErOCS HEPACTBOPHMOTO
COeJHHEHHA.

Tipumep. [Mononnii ocaxgaerci H3 KHCABIX PacTBOPOB CePOBOACDOOM B
TIPHCYTCTBHY OHOTO W3 YBMEKAIOWHX BEN(ECTB, B3ATOLO B KOAHUECTBE, MeHbilleM
1 Kz Ha HeCKONbKO KyGHUECKAX CaHTHMETPOB pacteopa. EcTb ocHOBaKHe AyMaTs,
uTO CepiNCTHfl NONOHMII HEPACTBOPHM B KHCJBIX PacTBOpax, YeM Ofpefensiercs
BaXKHOE AHAMHTHYECKOE CBORCTBO STOrO BOWECTBA.

UYro6bt yOeIuTECS B TOM, NPHHAANCKHT MM KAKafA-INGO Peakuus K 31oil Kate-
FOPHH, MONKHO TNOJDB3OBATHLCA METOAOM yenmpudyeuposarus KUAKOCTH, B KOTO-
polt ofpasyercst 0CanOK, YTO CHABHO oO6Aeryaer cobupaWue nocaenero. B meko-
TOPBIX CAYYANX ITOT METOA JAAeT BO3MOMHOCTb OBOHTHCH Ges ymoTpeSaenns Ybie-
kajomero eewectsa (Cniic). Hanpumep, uenTprdyr#poBaHHeM KHCAOrO, COfepika-
1METO CepoBOAOPOS, PACTBOPA NONOHUS BHI3LBAIOT OGPA30BAHHE HEBHAHMOTO OCAIKA
TIOJIOKHA HA CTERKAX TPYOKH B OTCYTCTBHH YBASKAlOUIEro Benecrsa, IO e npoHc-
XOAMT NpPH UEHTPHPYTHPOBAHHH MOYTH HEHTPANBHOTO PACTBOP2 NOAOHHS, MoXHO
NONarath, 9T0 B NEPBOM CHYUAe NOOHHI OCAXAACTCHA B BHAE CYALUAA, A BO BIO-
POM — B BHAE OAHOTO H3 NPOAYKTOB THAPOJH3A, BPOLE OCHOBHOH COMH WAH THApaTa
okHci. TakHM 06pasoM, PacTBOPHMOCTb STHX COBAMKEHHIl TIONOHWA CNETYET CUH-
TaTh KpafHe Manofi, menbwe [0-1° 2 na KyGuseCKHil CAHTAMETp pacTBopa.

2) EclM pagHoaKTHBHBIA 3/MEMEHT OCaXaeTes] KakHM-MHG0 peakTH-
BOM He TOMHOCTbIO, B KOJIMOHAANBHON (OpMe # B NPHCYTCTBHA 3HAUU-
TeJIbHOH MAcChl YBJIEKAIOUEro BEIIECTBA, TO MOMHO CYHTAThb, 4TO OH
YBJCKACTCST B CHITY AACOPOUAHH B HOPMAJBHEIX YCHOBHAX NPH TAKOM
criocoBe B YHCTOM BRJE HE OcamJaeTcs.
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fTpnmep. Tlononnil 4acTHYHO yAEpHIBACTES OCAAKOM XJOPHCTOTO CepeGpa
B KHCIIBIX PACTBOPAX, HO KOMHUECTBO YBICKAGMOTO B 0CA0K NOJOHHS TeM MeHbille,
HEM KHCAC® PACTROP W YeM MEHBIIE KOMHUeCTBO ocaxctentoro AgCl. Otcioma sa.
KJI0YAOT, UTO XACPICTHIL NONOKHE PACTEOPHM B KHCABIX CONSHOKHCIbIX PAacTBO-
pax. D0 COCTABAAET OAHO H3 €rD AHAANTISECKAX CBOACTE. A

3) Ecanu pafuoakTHBHEIN SMEMEHT OCAKAACTC KAKHM-NKO0 peakTH-
BOM B KpHCTalnuyeckoif (opMe He MONHOCTBIO H B MPHCYTCTBHN JIIO-
6OTO KOJINYECTBA YBNEKAIOMEro BEIecTBa HAH eCU OH MOXKET KPUCTAN-
MK30BATHCA C TOCAEIHHM B JIOOIX OTROWIEHHSX, TO YO ITOMY, TAK Ke
KaK B CTydae (2), MOIKHO CyHTb 06 €ro aHAHTHYECKON PACTBOPHMOCTH.
Ho 3nech crenyer, KpoMe TOro, UCC/IENOBATD, He CYUIECTBYET JIH MEXIY
PANMOAKTHBHBIM S/EMEHTOM H YBJICKAIONIHM BeileCTBOM H30Mopdn3Ma.
Ecnn n3oMopguaM cymecTByer, To MOKHO MOJArath, YTo PaflOaKTHB-
HBlft 31EMEHT HaXONUTCA B CMEWIAHHBIX KPHCTAMIAX, BXOA B COCTAB
coenHenua ¢ Toll e xuMnyeckoft ¢opMyaolt, uTo B yBAeKatoulee Be-
mectBo. Tem caMbim 3Ta (OPMYJIa H BANEHTHOCTb PAAHOAKTHBHOTO Be-
LIeCTBA CTAHOBSITCH H3BECTHBIMH,

IlphsnacaMyn K3OMOPHIMA CAYKAT: PABHOMEDHOR PAClpPeNesiecHHe DAHOAK-
TUBHOFO SMEMEHTA B KPHCTAMNAX, COBMECTRAR KPUCTAMMHZANNA C HECKOJBKHMH
YBACKAIOWMMIL BEUlECTRAMH C OBpPa3oBaHMeM palla H3OMOPHHLIX CONed, COBMECT-
Han KPHCTANIHBALHA C HECKONBKUMH COMMI O[HOTO f TOFO JKe yB/JEKAOmero
BEIIECTBA W, HAKOHEL, ONpEJLSeHHBIE HHCAEHHBIE COOTHOLICHHS, JAlOLIKE BOIMOXK-
HOCTH ONPEASJATHL KOSh(pUIUHEHT Pppaxuuonupoparna (§ 41).

Takum 06pa3OM, XHMHUECKOE WMCCAeNOBAHHE PAJHOAKTHBHBIX Be-
WECTE MPHBOAMT K OflpefesiesHlo KX aHANHTHYeCKHX CBORCTB H XMMH-
4ecKHX GOPMya WX coepunenkil. Ecn pajMOaKTHBHLIC 3/€MEHTH! SB-
AAUOTCH HIOTONAMM KAKHX-THOO OCHYHBIX 5/1€MEHTOB, TO 00 3TH Npo-
GneMel PeIllAloTCsl OJHOBPEMEHHO, €CH e OHH NPeNCTABAIOT HOBbIL
XHMHUeCKWA THT, TO HX AaHAJHTHYECKHE CBOHCTBA Y3HATh jerue, ueM
HX Xumudeckne dopmyabt (cm. § 39). JeficTButenbro, Takoe aHANHTL-
ueckoe CBOIICTBO, KaK o0pa3oBaHHE HepPaCTBOPHUMOrO cyfbduia B pas-
BaBJeHHbIX KHCIOTAX, MOKET GbITh OOLIUM AJIS HECKONBEHX 9/JEMEHTOB,
(opMysel coefluneHHit KOTOPBIX PASTHYHbE.

WeTopust OTKPHITHSA Dafsisi 0COGeHHO NOKA3ATENbHA AN XNNMUN PafHOAKTHB-
HBIX 3emMenToB. [1pH nepepaBoTie ypaHoBOfi CMONAHOH DY pazuil oTAensercs
BMECTe ¢ GApHEM OT Beex APYTHX ameMeHTOB. OT Gapha OH MONET GbTh 3aTen OT-
BeNeH TOALKO IIyTeM APOSHOR KPHCTANAM3ALHKM WAH JAPOGHOTO ocamaenus. O1coaa
3aKNIOUIAHN, YTO PAAuH UMeeT GNH3Koe POACTEO ¢ GapueM, ABNAACH €TO BHICIIHM
TOMOJIOTOM 1 MMes ONWHAKOBHIE ¢ GapueM (opMYAbl COOTBETCTBYOUIHX COERHHE-
usfi. DTo GHIO MOATREPHAEHO NOSAHeRMEMH paboTami. Taxuk 06PasOM Xopowo
YCTAHOBNEHO, WTO MOXHO COCTABHTbH TPEACTABIEKHE O XHMHUECKOH NpHpoge sie-
MellTa, HAXOASUIETrOCs B KpaiiHe Majoll KOHIEHTPALWH, MO €ro MOBAEHHIO B NpU-
CYTCTBAH pAa3ANKLIX APYIUX BMEMEKTOE.

HanoMuumM, xak XuMuueckoe HCcaieflosanue pafHOAKTMBHBIX 3fe-
MEHTOB TIPHBENO K OTKPBLITHIO H30TONHH. BLIIO YCTaHOBMEHO, UTO He-
BOBMOXKHO B TIPEJENaX MyBCTBHUTEJNBHOCTH M3MEHHTDH KOJHUECTBEHHLIE
COOTHOILEHHSI HEKOTOPLIX PANMOAKTUBHLIX S/IEMEHTOB HIH MEXAY CO-
6ol MAH B OTHOLIEHWH HEKOTODBIX HEAKTHBHBIX BelIeCTB. Tak, He-
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CMOTpS Ha GOMbIIME YCHAHS, CAeNaHHbIe AN JOCTHIKEHHS STOH UeJH,
XHMHUECKHM MYTeM HE YJAJIOCh H3MEHHTH KONHYEeCTBEHHEIE COOTHOLIE-
HUS 3/1EMEHTOB B CMeCH pajins ¢ MesoTopreM 1, patis D co caunnom,
HOHHMS C TOpHeM, TODHS ¢ PafHOTOpHeM, D10 MbITAUCH OCYUIRCTBHTH
GPEHMYNIECTBEHHO TyTeM APOOHOH KPHCTAJNIM3AUMH WAH APOSHOTO
OCaNIEHHS ¢ GORBUMM YHCAOM MOCTEL0BATEAbHbIX onepautuil. [Tonbso-
BaJuCh Takke AuddysHedl, ucTunnauuedl H T. K.

OcHOBuIBafICh HA 3TUX HMEHHO pesynbratax, Commu B 1910 r. yera-
HOBHJI XMMHUYECKOe TOMACCTBO SJEMEHTOB, KOMKUECTBEHHbE COOTHOILE-
HHS KOTOPBIX He YAanoch H3MeHuTb. OH OTBEA 3THM He OTAENMMbIM
APYT OT APYFa SJeMeHTaM OJIHO H TO JKe MecTO B MePHOIHYECKOI CHCTeMe
SNEMEHTOB H HA3Ba/ X us0monau. V3otonb HMEIoT oMHAKOBbI sep-
Hblfl 3aps/i, KOTOpbIfi onpefensieT WX oOWHl xumuseckutl mun. DTOT
3apa) paBeH Npohssefiesnio Ne, sIeMeHTAPHOrO 3apsaia € Ha TOPARKO-
BOE YHC/IO N MeCTa, 3aHHMAEMOTO 3/IEMEHTOM B NePHOMYECKOt CHCTEME.

CooTBETCTBYIOUIHE UIeHb PAAHOAKTHBHBIX CeMefiCTB ABAAIOTCA H30~
TOnaMH, TAK UTO @HANOTHA B DaJHOAKTHBHON SBOMIONHM CONPOBOMN-
RAETCST TOMASCTBOM XHMHYECKHX CBOMACTB.

HekoTopble pagnOaKTHBHBIE S/MEMEHTHl MOTYT HAXOAHTBCS B KOAKOHAANBHOM
coctoaunn. Torja NPH AKANNH3€ OHH HE MOTYT NPOXOAHTH CKBO3h NePraMeHTHYIO
BSyMary. OAHOBpPEMeHHO WX KOIPOHIHEHT AH(PDHYIUH B IKHEKOCTH YMeHbuIaeTes.
Tax BeAyT ceba Te SJEMENTEl, COSXHHEHHS KOTOPHX JErkO TFHAPONH3WDYWTCA:
nonounkt, ypau X i T. A. KORAORAaNbHEE arPeraTsi MOTYT OSPA3OBEBATHCH TONBKG
W3 COSLMHENHH DAZHOAKTHBHEIX 3IEMEHTOB, KOTAA DACTBOPHMOCTL STHX COEAM-
HeWRE KpajtHe Mana, MW e DAZHOAKTHBHEIE BeWECTBA MOLYT OCAXKUATBCH Ha
KONNOMAANBHEIX arperaTax, oOpA3OBAHHBIX APYTHMH BemiecTeaMu. Bapewenmnle
B KHAKOCTH KOIOMJANbHEE YACTHUE AKTHBHMIX BEUIECTB MOTYT OHTbL OTAE/IeHE
ueHTpudyraposanyem. Byiyun coGpanbl Ha (ororpadMyeckoil NnacTUHKe, STH
WacTHIE KT HA HEA W300paXeHHs, NOAOGHEIE TDIBEJSHHHM B KOHIE KHUMH Ha
sinannom ancte XXI1 (§ 102). .

Hs MeToz0B, MpUMEHsIeMBIX ANST OTASNEHHS PAAUOAKTHEHBIX SJEMeH-
TOB H ONpejeNenks UX CBOMCTB, HYKHO YNMOMARYTb BOTOHKY, O MpH-
JOKEHHH KOTOPOH K AKTHBHBIM 0CaKaM yke rOoBOpHIoch (§ 55). oo~
HHfl TAKKe MOMKET BOBTOMSITECH, H 3THM CBOACTBOM NOMB3YIOTCS MPH
ero obpabotke. JleTydecTs pajloaK THBHOTO BelecTBa 3aBHCHT OT TOTO, B
KaKOe COeIHHEHHe OHO BXOLHT, H, BOSMOXKEO (IO HEKOTOPLIM aBTOpaM),
OT TIPHPOM TIOLANOKKH, HA KOTOPYIO OH HAHECeH.

XuMudecks it THII GOJBUWHHCTBA PAJHOAKTHBHBIX 3/IEMEHTOB OKasa-
JIOCH BO3MOMHBIM YCTAHOBHTB NIPH NMOMOLIR XuMHueckHx metoaos. Ho
3TH METOAbl HENPHJIOKHMEL K CIHIIKOM HEJONTOBEUHBIM BEMIECTBAM, U
HX XUMUYeCKHA THI Gbl1 ONpefiefieH MO AHANOrHAM B CeMefiCTBaX HAH
TIPU MOMOUIH 33KOHOB CMEIIHHS BANEHTHOCTH, O KOTOPHIX 6YIeT cKa-
3aHO Ja/ibllie.

b)DAEKTPOXUMUYECKHE CBORNGCTB A Iu cBoiicTRa ONpe-
ZeJIeHbl TAK e XOPOLIO, KaK i Xumkueckne. [IpH HX HaydYeHuH He HYXKHO
J0BABASITD YBJIEKAOIEro BelieCTBA H MOXHO N0J1y4aTh Pe3YALTATH, NPs-
MO OTHOCRUIMECH K CONEPIKAMMMES B PACTBOPE PAAMOAKTHBHEIM HOHAM.




[image: image378.png]380 KJNACCHOHMKALIHSL BIEMEHTOB (ra. Xx11

PaiioaK THBHBIE SJIEMEHTE! MOKHO H3BAEYb H3 HX PACTBOPA SMEKTPO-
JTA30M WU OCAXKICHHEM HA COOTBETCTBYIOWAIT METAJll, MOrpysKeHHbI
B pactBop (/lepx, Mapkpanba). Hexoropble n3 9Tux cnocoGoB cramy
OOBIYHBIMH TIPH OTASNEHHH PafHOAKTHBHBIX 3/1eMeHTOB. Tak, MOJNOHHI
9aCTO OTASNAETCS MM OUHIIAETCA MyTeM OCAXICHHS Ha MEIM HIH ce-
pebpe. BemecTsa C Tpex pajHOaKTHBHBLIX CeMeNCTB BLUIEASIOTCH H3
TOPSUEro CONSIHOKKCIIOTO PacTBOpa MyTeM OCAMICHUS 1A HHkete.

Tlonyuernbte TAKHM NYTeM PE3y/ibTaTh IAIOT BOIMOMHOCTD KJIACCH-
GHIEPOBATL PAAHOAKTHBHbIE SJIEMEHTH RO HX SNEKTPONONOKHTENbHEIM
cpoficTBaM. OHAKO BCIEACTBHE HE3HAUHTENHOCTH KONHYECTBA, C KOTO-
PBIMH NPHXOAHTCS paboTaTh, HHOTAA GBIBAET He ACHA PUPOAA OCAMKAR IO~
HUXCS HOHOB; STH MOCAEAHHE MOTYT OHITb H METAJMUECKHMH H KOM-
TEKCHBIME HOHAMH .

Y1obbl OXapaKTEPH3OBATL HNEKTPOXUMUYECKHE CBOfCTBA 3/eMenTa,
OOBIYHO ONPEAENIOT €T INCKMPOXUMUHECKIL ROMEHYUOA.

Ilycrs O 13 SIEKTPOROB SMEMEHTA O6pA30BAH HCCACAYEMBIM METAZIOM,
ROTPYIKEHHBIM B PacTBOP ONHOA W3 CBOMX coneit (cocyz A), a apyroit seaserca
HOPHQAGHBIM 94EKMPOOH, WATIPHMED, KaJOMEAbHHIM, COCTORUINM 3 PTYTH, Ha
KoTOPYIo Momener csioll Kanomenn (FIg,Cly), N HOPMATEROTG PACTEOPA XAOPHCTOTO
kaans (cocya B). Cocymsl A 11 B coobiiaiorcs IpH moMOuy Y3KOro cuthota, Conep-

Kalero Ty e KWEKOCTb, 4TO 0 B i 33~
KPHTOrO GRARTPOBANKKON SyMaTofl, YToSH
3BMEANHTS NPOHCXONALCe BCASICTRNE AHA-
Bysnn cumewlenne knpKocrelt mempy A
W B (puc. 158). Mexay weTaanoM # ero
HOKAMI  CAMOTIPOH3BOABIO  YCTAHABAHBA-
eTCsi PABHOBECHE HIM NyTEM PacTBOpeHHst
METANAA, WAM NYTEM OCAMACHUS 4aCTH
HOHOB.

Baexmpoxusuneckut nomenguan V me-
Tajng B PACCMATPHBASMOM PACTBOPE OF-
PeAENAELTCA PAIHOCTHIC NOTEHIHANOB MEKAY
metannon A 1 pryTeIo B. CEA0BATENLKO,
V onpenenaercs OTHOCHTGNBHO NPAKTH-
Pre. 156, YECKH NOCTOSHHOTO NOTEHUMANA HOPMATE-

Horo anekTposal). Teopna Hamenehus V

C M3MEHEHUEM HONHOM KONLUEWTpAUNN Mes
Tanna paspadotaua Hephcton. Ecau cocys A Conep HT pactsop conu HCCAEAYEMOTO
METAJNA U ABA HEH3MCHRIOMMXCA B ABHHBIX YCIOBHAX 31eKTPONa a W ¢ (puc. [58),
7o, UTOGE! OGHTRCA OCAKAEHIA METAMNA HA KATOAE, KYXKHO NOCTENENHO yBEAHM-
BATh MIOTHOCTb TOKA A0 MOABJEHHA BHIHMOTO OCALKR, YTO COOTBETCTBYET OTPEde-
JeHHOMY MOTEHIIWATY KATOMA TIO OTHOWIEHHIO K HOPMATBHOMY STEKTPORY b. 10T
Kpumudeckuil ROMEN4Uar OCAXIEHHS DABEH SSKTPOXIMHYSCKOMY NOTEHRAANY,
OTHOCHUIEMYCH K PABHOBECHIO MY METANTOM H PacThopoM V i, C/ea0BaTennHo,
MOKET CAYKNTL A ONPEAENSHRS NOCTELREr0,

HanBoabwuuil 1o a6COMOTHON BEAHUNHE OTPHIATEMHHEIMI SMCKTPOXHMHUE-
CKAMIE TIOTEHUMANAMH O6JAKAIOT TAKIE BNEKTPONOAOKHTSIBHEIE METANTB, KaK
WHHK, ellle GORBIIAMY NOTERUHANAMA OGAANAIOT LIENOUHbIE MeTanbl. [10N0KHTeNb-
WbIE SHEKTPOXHMINECKHE NOTEHUKANE V XaPAKTEPHBL [t TAKIIX JETKO BHTECHASMBIX
N3 1X COTeli METANIO0B, KAK Mellb AR Cepe6po, W ellle G0Mee JerKko BhITECHASMEX

Pacmlyy
el

Hg,CLy
tg

1) Ero NpusnMaior, TraBiiM o0pasom, na OCHORAHHH OMBTOR HAL SMEKTPO-
K2NHANADHEIMA ARJCHAANK, paBhbm 0,56 & (ITawen).
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307078 M TnaTiHE. TaxuM 06pasoM, TOPAROK, B KOTOPOM METALNM BHTCCHAIOT
APYT APYTa W3 WX DACTBODOB, CAYKHT YKa3aHHEM HX SACKTPOXHMHUECKOTO NOTeH-
uHAAA W RACT BO3MOXKKOCTH KAACCHOHUUMPOBATH METANNEl Ha GoAee W Menee «Gna-
TOPOJHbIen, T. €. MeHee OKHCMSEMsIE H GONee OKHCMSENHE,

214 cooGpaenis TPUIOKUME! TAKKE W K DATHOAKTHBHBIM dj1e-
MeHTaM, HO OGBIYHO He PacronaraloT TAaKHMH KOJHUECTBAMH X, STOGB
JI5 H3YUEHHS XUMHUECKOFO PABHOBECHS CAGNATh SNEKTPOJ, THOKPHITHI
HeentenyembiM snementoM. ClleaoBaTenbno, TPHXOAKTCH H3MEPATH CKO-
POCTb OCaX/IEHHS B ONPEACNEHHBIX YCIOBHSAX. PasHOCTh MoTeHuHanos
MeXAY 3JEKTPOAOM, Ha KOTOPOM COBNpaeTcsi OCajiokK, M pacTBOPOM
3flech ompeensieTcss He CPABHHTebHO HEMHOTOYHCJEHHBIMH DajHo-
AKTHBHBIMH HOHAMH, & TNOCTODOHHWMH, HaNpHMep, BOAOPOAHBIMH
HOHAMH.

Jlna aToro mpumensiores cienyiomue meropsl (Cepeum u TManer):
1) Tlorpyxenye Metaja B pacTBOp OAHONR W3 €ro coneff, X xoTopoif
npuMelray paJnoakTHBHEIY snement. IIpy sToM Hamepsievcs, ¢ OAHOH
€TOPOHbI, TIOTEHIHAN METANJIa OTHOCHTEbHO PacTBOpa, C ApYrofi cTo-
POHbBI, CKOPOCTh OCRXNIEHHS PAaAMOAKTHBHOTO SieMeHTa. 2) Jwekrpo-
U3 NPH NOMOLIM NJATUHOBEIX SJNEKTPOROB KHCIOTO PacTBopa pafuo-
aKTHBHOTO saementa, Tlpu STOM M3MEpSIOT NOTEHIMAN KATOAA H aHOKA
OTHOCHTNIbHO pacTBopa. B OBOHX CNYYasiX HAXOAAT, UTO SBICHHE
ocaXAeHUS ONPELeNseTcs NOTeHIHAIOM aeKTPoaa, GYAeT iU 570 aHOK,
KaToA WAH H30JMHPOBAHHEIN SMEKTPOA.

Yrofb ONPENeNHTs CKOPOCTh OCANKICHHS, H3RNEKAIOT Hepes ONpefeNeHHBe
TPOMEKYTKH BDEMEHH S/IEKTPOA N3 XMHAKOCTH W H3IMEDAIOT cOOpABLICECH HA HEM
KOJAKYECTRO PANHOAKTHBHOTO BeulecTsa. MOXHO TAaKiKe, fOAB3YACH Gosiee HOBHLIM
METONOM, OIPeAesIsiTh CKOPOCTb OCaXAekHs B JioGOf MOMEHT NpH NMOMOMH BAe-
JIARHOTO B CTEHKY COCYJa 30N0TOTO SMEKTPOAA, HACTONBKO TOHKOTO, 4TOGEI mpo-
TYCKATb ¢-NYYH OCEBUIETO HA HEM PAAHOAKTHBHOTO 3JeMenta. HOWNSamKsA, NpOH3-
BONHM2S STHMH JyuaMH, MSMEDAETCA B PACTIONOMERHON COOTETCTRYIOLINM, 06pa-
30M HOHusauuohHofi kamepe (®. JKonno).

Hauaabuas CKOPOCTb OCAMZEHHS TONOWNS B 0,1 HOPMANBHOM ASOTHOKHCAOM
pacTsope, OYeRb Manas NPH JIOCTATOVHO BHICOXOM KATOAHOM NOTEHUHAfe, PEKO
TIOBBILAETCH, KOTAA STOT NOTENIHAN TNOHUIKACTCA NO ONPefieNieHHOH BeNHuUHb,
paerofi npuGausnTensio + 0,38 4. DTOT KPHTHYECKHH NOTEBLHAN OCANACHAS MANO
H3MEHALTCA € KHCJOTHOCTHIO PACTBOPA M C KOHUEHTpauHedl nosnonns (mociefnee
He coraacyercs ¢ Teopnell Hephera), Huxe KpHTHYCCKOro moTewunana HaualbHAS
CKOPOCTL OCaXKICHHA TeM GObie, YeM HukKe KaTOAWHHA NorteHunan. Kpome Toro,
B TaKOM pacTBope HaGniONAaeTCs oCaXAeHAe NONOHNA Ha aHOfle B TOM CyYae, KOrAa
MoTenuHan moceanero hiwe 0,1 KPATHYECKOro noTeruMana, Ganskoro k -+ 1 6.
Drn pesyabTaTel, MPEACTABACHHbIE KDABOH HA pHC. 159, NOKA3BIBAIT, YTO B a30THO-
KHC/OM PAcTBOPe DONOHHI MOMET CYIECTBOBAT, B BHAE ABYX PasARYHBIX HOHOB,
OpUYEM TOT, KOTOPHI OCAMNAACTCH HA aHOAC, MOXHO CYHTaTh nepexnceio, Hon,
KpUTHHECKH]T noTeHupan Koroporo V = + 0,38 g, Moker GbiTb OKHCHIO, TAK KAK
B BOCCTAHOBUTENBHON Cpejle, HANpHMED, B [IABEJEBOKHCJOM DACTBODE, OCAMNAL:
HHE Ha' Karolie NOJYYAlT pH KPHTHUECKOM Notedunane V = - 0,02 ¢ Ge3 ka-
KOTO-INGO 0CAIKACHAA HA amoAe. BO3MONHO,” WTO STOT NOTEHMMAN XapaKTepeH
ana_wona Po.

TIpH NOCTORHHOM MOTEHIHANE INEKTPOJA KOAHUECTBO OCAMIEHHOTO BEIIECTBR
PACTeT BHawale NPONOPUMOHANBHO BDEMEHH OCAXNAeHHs, 3aTeM Gonee MEANEHHO
H CTPEMATCS K NpPeAeNbHOMY SHAYEHHIO BCEACTBHE 0GPAaTHOTO PACTEOPEHHA OCARKA.
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Takum oOpasoM, YCTAHABJHBAETCH DPABHOBECHE MEXAY OCAMKACHHHM MOJOHHEM W
RAXOASWMMCS B pacTsope. H3medsn noTeHUHAN, MOXKHO ONPEAEAHTh DaCTBOPEHRE
0CAKACHHOTO MONOKHS.

Havanbnas CKOpocTb 0CaieHHS H TPENeNbHAs LONA OCAKAAIGIETOCA BElIec-
TBA ABAAIOTCH (YHKUHAMI TOTEHUHAJA 3NEKTPOAA, YBeNMUIBAKIIMMACH npil
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Tomenuan srehpods 8 ummze Mo on, V1. pocmb L
Prc. 159.

yMeHblUeHKH nochefinero. CKOpocTh ocapenus u3oGpaxaerca ¢opmynoii BHaa
dn
S =eWe—m—pn,

rie N, — HAYaNBHOE WHCJO ATOMOB B PAacTBOPE, 7 -— WHC/O aTOMOB; OCEBIMHX 3a
BpeMa ¢, « M f§ — kO>pHUHEHTH, 3ABUCAIINE KAK OT NOTeHUHAna snektpoia V,
TaK ¥ OT APYTiX SKCTEPHMEHTANBHEIX yCAoBuft, Hanpumep, ABHKEHHS DPAacTBOpa
# TemnepaTypl. COrnacho MpHBeAeHHON $ech GOpMyae mpelleibioe 3HayeHie n
OTNPERENSIETCST K3 COOTHOIIGHHS

aN,

T T GEA"

WTO YHC/IEHHO COOTBETCTBYET MeHee GLICTPOMY H3MEHEHHIO C TIOTCHIMANOM, deM
3To chenyer 3 dopmMynr Cepudensaa’).
Korza V yMembmaercsi, oTHOWeHHE TOO cTpemutes K [, 0 H3BJEdeRNE NyTeM
[
SMEKTPONH3E MOKET GHiTb TOUTH TIOMHEIN.
Bosbuem B KadecTse NpuMepa OCauEHNe NONOHHA HA MAACTHIKY, MOTpY-
meHyio B 0,125 HOPMAIBHBIl A30THOKHCAB pacTeop. IIoTewWRansl MAACTHEOK

1) Tipeanoxennoli aasi sameds Qopmyas Hepucra B Tex caywasx, Korja
S0EKTPOML HE TOKPHIT ATOMAMH TOTO ke BEIECTBA, KOTOPOS HA KeM OCaMI4eTcs.
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s Ag, Cu, Ni u Fe paennt cootsercrsenno + 0,020, — 0,026, — 0,142, — 0,40 6.
CrefioBaTebHO, OCaXCIeHTe TPOCXOAHT BO BCEX STHX CAYUasX, NPHUEM CKOPOCTH
€r0 OT OIHOTO MeTanna k APYTOMY YBEAHWHBACTCA B TOM NOPAIKE, KAK OHH Nepe-
wyHeneHel. B Tom ke nopsike yBeJHYHBACTCH W MAKCHMANBHAS A0AS OCAXKAAOWE-
roca Bemlect2a, pashan 72% Ans Ag u 96% aas Ni.

Vispreuekne NOAOHHA K3 A30THOKMCMOTG PACTBOPA MYTeM OCAXKINGHMA Ha Ag
CTaHOBMTCA GoNee NOMHEIM, ECAM K STOMY pPacTBopy mpHGapuTh Hemuoro HCI,
BCAGACTBHE YETO NMOTERUHAN JNEKTPOLR NOHKHKACTCH.

PaanoakTHBHBIE H30TONBI HMEIOT OAHHAKOBBIfI KPHTHYECKUI MOTeH-
1A ¥ He MOrYT GITh PasfiefleHbl INEKTPONH3OM, TAK e KakK OHH He
MOTYT GhiTh pasjiefeHbl XHMHUECKHM NyTeM. 310 GHNO 1POBEPEHO HA
nsotonax csuuua: RaB, ThB, AcB u RaD u na usotonax BucMyTa:
RaC, ThC, AcC u RaE.

PajHoaKTHBHEIE SJEMERTBl MOXKHO NPHOMMKEHHO PACIONOKHTBL NO
HX YOBIBRIOWMM 5NEKTPOMONOKUTEAbREM CBOHCTBAM B CJEAYIOLA
psia: Ra, Th, U, RaD, RaE, Po (kaxuoe H3 5THX BeulecT8 cunTtaeTcs
BMeCTe ¢ ero H30TOTIaMH).

B nomemaenmoit 31ech TaGiuie NPHBOAATCA SAEKTPOXHMHUECKHE 1O
Teruuansl V pajHoaKTHBHEIX JEMEHTOB H HX H30TOTIOB, OTIPE/eeHHbIe
K HACTOSIMIEMY BPEMEHH C HEKOTOPOH TOYHOCTBIO OTHOCHTENBHO Kano-
MeNBHOTO 3neKTpojia B HOpManbHoM pacTeope KCI (mpu 20°). Dnextpon
HEKOPPOAUPYEMbIN.

Pagnii. AsotHoxmCAHIT pacTBop. HopMaabuas kokuen-

Tpauwits Hokos Ra*t+

Ocaxpenwe na xatone Hg ........... ... ... - 1,7188
Commen.  AsorHogucnsii pactsop, HopMansnan komuen.

Tpamus Howos Db+

Ocaxgenne na Katoze ..

Ocaxaenne Ha anose (PbO;)
Bucmyr.  AsoThokwcanili pactsop. Hopmaasian xonien-

Tpaums Horos Bit++

Ocaxaenne Ha KaTone
Tononuti. ASOTHOKHEMLLH, CePROKHCAB, YKEyeHOKRCANI

pacTBop

Kounenrpanua Po or 107° no 1072 wop-

MaJIbHOR

Qcamzenne Ha katofe

Ocamaente na anose
Mononnit. XpoMoxueawii pactsop

OcamenHe HA AHOM® ..\ \ .\ oeeenreiiss Lo+ Ll e
Monownit. Wasenesokucasiit pacrsop

OcaMleHne Ha KaTOMe ..........o.ovvrroon +0,02¢

— 0,434
+1.0 6

DNeKTPOXHMHYECKOE HCC/MENOBANHE PAHOAKTHBHLIX SIEMEHTOB faeT
BO3MOXKHOCTD TIOJIYUHTD TOUHLIE YKA3aHHA 06 MX XHMHYECKUX PEAKUHAX.
Ecnut B cepHOKHC/BI PACTBOP TIONOHUS MPOMyCKaioT ToK SO,, 10 0ca-
JKJeHHe Ha HAEKTPOJAX NPEKPAILaeTcsl, YTO YKA3blBaeT HA BOCCTAHOB/E-
HHE H Paspsii HOHOB MONOHUA, CONPOBOKAAINIUECS BRIIAJECHHEM €ro
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B 0canoK. MOXHO TaKxe NPUATH K 3aK/IOYEHHIO 00 H3MEHEeHHH NpU-
POIbI ¥ BaNEHTHOCTH PAAHOAKTHBHHIX HOHOB B TOM CayHae, KOra mpH-
6aBnenUe KaKOro-1HOO PeaKTHBA BHISLIBACT H3MEHEHNe KPHTHYECKOTo
NOTEHIHANA OCAMSICHHS .

Brionne onpenenenHoe 3MeKTPOXHMIYECKOE OBEJEHHe PAAHOAKTHE-
HBIX S/IEMEHTOB H3MEHSETCS, KOTAA KOHIEHTPAlHS PaAHOaKTHBHOTO Be-
eCTBA YREAHUHBARTCA HACTOABKO, UTO XHMHUYECKHE AEHCTBHS o-ayuelt
JenaloTesl 3HAYKTENBHBIMA. JTO NpeAnoNoKese Gbi10 NPOBEPEHO TIPH
TIOMOIH 3/7EKTPOAA, KOJHYECTBO OCAMCAEHHOTO TOJOHHMSI Ha KOTOPOM
66110 9kBHBaseHTHO 100 31.-cTaT. e, Ha 1 #m®. B sToM ciiyuae Hepos-
MOXKHO MOAAEPHHBATL NOTEHNHAA SNEKTPOAA MOCTOSHHBIM M HaGato-
BaTh HOPMANBHBIA XOJ SMEKTPONH3A.

¢) BanestHOCTD BaTeHTHOCTBIO PAIHOAKTHBHLIX SMEMEHTOR
onpefiensieTc MX NPHHAMIEKHOCT K TOJ MIM HHOA rpynme iepHo-
Auueckoll cucTeMb!. BaseHTHOCT, MOMXHO y3HATh TyTeM M3YUeRHS
XHMHUeCKHX CBOHCTB M, KPOME TOFO, MyTEM H3MePEeHHA NOJBHIK-
nocth K n xospdnimenta augpysun D pajsuoakTHBHHIX HOHOB B
pactRope. K u D ONpefeNfioT, H3MEPAS PAAHOAKTHBHLIMU METOaMH
TNepeMelliere HOHOB B PACTBOPE NOA BIHSHHEM 3/eKTPHYECKOro NMoas
MM BCJIEACTBHE PASHOCTH KOHUEHTPALMM B OTCYTCTBHH Noas. Ecim
HOHBI, KOHUEHTDAIHS KOTOPLIX OYeHb MaJla, RUGDYHAHPYIOT B SEKTPO-
JIMT, COAepHKALLKA GONBLIOE KOMYeCTBO HOHOB NPOTHBOMOJOMKHONO
3HaKa, TO. CoOTHOuleHHe mexcay K # D nmpuuumaer ouenb npocTyio
(JOpMY, KOTOPYIO MOKHO BhiBecTH 3 dopMyanl Heprera ins snextpo-
JIHTOB H COBEPIUICHHO M0J0GHYIO0 Toll, KOTOPOH MOnb3yIOTCA B caAyudae
rasopsix HoHoB (§ 8). IMombaysce Temu e 0GO3HAUEHHAMH, HAXOLAT
D _RT

K vF

Yrobbl ONIPEReANTH BaCHTHOCTS, HOCTATOYHO H3MepHTb K K D B ofu-
HakoBofl cpefie. BsUAY TOrO YTO BaJNEHTHOCTH BBLIPAXKACTCH LEJEIM
yncaioM, Gonbwoil TounocTH He TpeSyetcs. Tak kak kosduitnent K
ANSL 3THX HMOHOB H3MEHSETCH B JOBOJBHO Y3KHX HpefeiaX, ocTaBasich
Gnuskam Kk 0,0006 cafcex B mone 1 efca, TO MONKHO OrpaHHUHTBCS
TOIBKO H3mepenneM D. TIpuGauikeHHO ANA OJHOBANEHTHOrO HOHA D ==
== 1,25 cu® B fienp, Ans AByxBanenTroro 0,63 cu? B fiedb H T. 4.

B creaymomeii taGanue npusefens (mo epeui) nofBHKHOCTH H
KOIPOUUHEHTE ABGPY3UH DPAJHOAKTHBHLIX SJIEMEHTOB (C yKasaHHeM
BalleHTHOCTH #) B 1072 HOPMaJIBHOM COJSIHOKHCJIOM PacTBOpe.

Tlpn oT4X ONBITAX, KAK W NPH ONBITAX BNEKTPONH3A, Cheayer H3Gerath NpH-
CYTCTBHS DAAHOAKTHBHEIX 3NEMCHTOB B KOMJIOHAANLHOM COCTOSHHH. 3Jech TaKxe
MOMET GBITh COMHEHME OTHOCHTELHO DPHPOLEl HaGMIONaeMBX sowoB, Cornaceo
HeKOTOPEM ABTOpAN HOH TIOJOKHA € BANENTHOCToI0 2 ABIACTCA HOKOM PoD, obpa-
3yIOLNNMCA B PEsy.bTATe THAPOANSA POCl,. 3aMETHM, 4T0 BATEHTHOCTH SneMet-
T0B, NPHNAANeXamX K 6onee BHCOKHM FPYNNAM, He TaK NOCTOAHHA, KaK BANEHT-
HOCTE IIEAOMRMIX H IUEAOUHOIEMENLHEIX METANIIOR,
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B 0fMHAKOBBIX YCJOBUAX M30TONH HMEIOT OJMRAKOBYIO BajeHT-
HOCTh, OMUIHAKOBYIO BAJIGHTHOCTE B OJHHX H TeX 3ke yCAOBHSX MMEIOT,
B GacTHOCTH, COOTBETCTBYIOUIHE UMeHbi PAAHOAKTHBHLIX CEMEHiCTB, 4To
JOTIONHSET YiKe OTMEUEHHYIO Bbille AHAJOTHIO UX XMMUUECKHX H JeK-
TPOXHMHYECKHX CBOHCTB.

§ 119. 3axon CMEWEHHs BANEHTHOCTH

BaneutnocTs ofpasylolierocst B pesyJbTaTe paHOAKTHBHOTO TNpe-
BpAllleHHsl SAeMeNTa He OJHHAKOBA C BAJEHTHOCTBIO €r0 Henocpei-
CTBEHHOTO TpPeAleCTBeHHHKA. CMelleHHe BaJeHTHOCTH NPOHCXOAHT NO
onpeJie/IeHHbIM XapaKTePHbIM A JaHAOTO ciocoba IpeBpalledust 3a-
koHaM. Ecoiu mpeBpalllenne NpOHCXOAHT ¢ HCHYCKAaHHeM a-iydedi, To
BAJIEHTHOCTD YMEHbBIIACTCH HA 2 ©NMHHIb, €CJIH OHO TIPOHCXOJHT C
HCMYCKAHHEM SJEDHBIX S-Nyuell, To BafeHTHOCTb YBeNWUHBAETCS Ha
enunniy. [Ipy TPHUMEHEHHH 3TOrO NPABHJA HYJEBYI) BANCHTHOCTH Clle-
JIyeT CUHTATb SKBHBAAGHTHON BaN€HTHOCTH 8, BaKOHBf CMEILEHHST H3NA-
raTcs 00BIYHO CreAyIomHM obpasoM (Copan, Pasc):

1. Ecne aToM TpespaliaeTcs ¢ HCNYCKAHHEM a-9aCTUllbl, TO BOSHH~
Kalomnit NPH 3TOM 3/IEMEHT, aTOMHBI BEC KOTOPOro Ha 4 efHHHILI
MeHbIUe aTOMHOTO Beca MATePHHCKOTO BEleCTBAa, MepeMeliaercs oT
NOCHENHEr0 Ha B PPYNNE BJEBO B TOM IKe Py NepHOAHYecKod
CHCTEMBL,

2. Ecqn aToM mpeppamiaeTcst ¢ HCMYCKAHHEM sIEPHOM fS-4acTHUw,
TO BO3HHKAIOUW{ NPH 3TOM S/NEMEHT, ATOMHbI BeC KOTOPOre paBeH
ATOMHOMY BECY MATEDHHCKOrO BeilleCTBA, MePeMellaeTest OT NOCTEAHEro
Ha OfHY TPYIRY BIPAaBO B T0M ke PSLY NePHOAUYECKOH CHCTeMbI,

Tlpn 3TOM JOMYyCKAIOT, YTO HE CYIIECTBYeT HHWKAKHX JPYIHX
cnocobos npespaiienns u uyto MThl w akTuHHI, :H3NyyenHe KOTO-

25 M. Kiopn
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pBIX A0 CHX TOp elle He YAAIoCh HaGmofaTh, HCOYCKAIOT SAEPHBIE
p-nyant).

Tipaskaa CABMra GHLIN BbIBENeHB HA OCHOBAWHH HeCKONBKMX MPOCTAIX Cay-
waen. Tax, pajnii C ATOMHHIM BecoM 226, 3aHHMAIOWAN MECTO B TOCTEAHEM PAAY
BTODOI TPYTMB, TepAsl a-UaCTHLY, OGPA3yeT PajoH, HHepTHMI Tas C GTOMHMM
Becom 222, NOMSMAIOWHAC B TOM e pAZY B HyMeBOW Ipynne WHEPTHBIX rA30B.
Mpumersia 310 NMpaBuAO K DaAoHy, KOTOPHIE TAKNKE TPEBPAIIACTCA ¢ HCNYCKa-
KHEM a-4aCTHLUbI, OTHNMAIOT 2 elMHAIibl OT BaNEHTHOCTH 8, npHuen pamnit A Toraa
NORAZAET B WECTYO CPYNMy. XnMHUeCKHe CRORCTBA Pajmhsi A COOTBETCTBYOT €ro
ONPEZEAEHHOMY TAKMM TMYTCM MECTY B LEPHOLHNECKOR CHCTee, Tax e ONPABRBI-
BAGTCA W NPABHJIO CABHTA, OTHOCAMEECs K S-1yd4aM.

Uanoxennble 3flech 3aKOHBI HENOCPENCTBEHHO CBASAHB C Npef-
CTaBleHBsiMH  MO3iH, COTJIaCHO KOTOPHIM MECTA 3MEeMEHTOB B TepHO-
RHYECKOH CHCTeMe ONPeAensoTCs HONOKHTENBHHIM SIEPHBIM 32DSIOM
Ne (N — atoMHOe OpANKOBOE UHCJIO, e — eHHHLA 3apsijia, pasHas
no aGconoTHOl BeAHYHpe 3apsiy saektpona), Korfia sapo MCmbITH-
BACT DA/MOAKTHEHOE NpEBpalleRHe, BHOPACHIBAHHE a-YACTHIBI, HECY-
Hiefl 2 eIHHHUE! TOJOMHTENBHORO 3apfAfa, NPUBOAHT K MOHHIKEHHIO
NOPSIAKOBOTO YHCNA Ha 2 efMHHUB!, a BeGpackiBaHHe S-UacTHLbI, He:
cylelt eAMHUIY OTPHLATENLHOTO 3aPAAA, YBEIRUNBALT HA SIHHHLY ero
TIONOKHTENbHBIE 3aPAA |, CNEJOBATENBHO, €0 NOPSAKOBOE YHCIO.

HSMEHeH“e BANENTROCTH, CORPOBOXKAAIOWICE 3TH H3MEHEHHs ANep-
HOTO 3apsfa, OOBACHSAETCS COOTBETCTBYIOWIMM H3MEHEHHeM paclpere-
JieHns fepHQepHYecKHX 3aeKTponoB. UroGel octaTecst HERTPANEHLIM,
aToM, TepRIOlAil a-YACTHUE!, XONZKEN TOTEPATh TAKKE ABA BHELIHHX
snekTpola. AToM, Tepsiolii Afiepublit SAeKTPoN, B CHY TOl Ke IpH-
YHHBI TPUCOGHHAET OMY MePUbePHIECKHIT SNEKTPOH.

Tonvaysch 3aKoHAMH CMEIIEHHS, MOXKHO NPOCAEANTH PasMellenie
KaxJ0ro M3 ceMeficTB B NepHOANYecKOfl cucTeMe. B nelt HaxofAT MecTo
BCe PASHOAKTMBHAIE SIEMEHTHl, €CAH JONYCTHTb, UTO OHH OGPasywT
TPYIIB H3OTONOB, KAXAasi B3 KOTOPbIX 3aHAMAeT B CHCTeMe TONBKO
onHo Mecto. CooTBeTCTBHE B PaZMOAKTHBHON SBOMOUHH MEXAY uie-
HaMH Tpex CeMelicTB YKA3hIBAeT HA HX NPHHAIENHOCTD K OJHON rpynne.
OBpartHoe He BCEria NPaBH/IbHO, TAK KAK PaiHOAKTHBHOE BElIECTRO B
npotlecce CBOeHl IBOMIONHH MOXET NPOXORUTE Yepes OAHY H Ty ke
Tpymiry Gonee OAHOTO Pa3a, a HEKOTOPHE DPAAHOAKTHBHLIE NEMEHTLL
ABASUOTCS MBOTOMAMH HEAKTHBHBIX 3/EMEHTOB.

§ 120. Tpynnb PanHOAXKTHBHMX HM3GTONOB.
Pacnpenenenne B nepuu}mqeckoﬁ CHCTEME

B nacTosiluee BpeMst H3BecTIO 38 PAAHOAKTHBHBIX SMeMeHToB. OHH
obpasyior 10 rpynn H30TONOB, KOTOPBIE PA3MEMIAIOTCH B ABYX NOCHEA-
HHX pAAax CHCTeMbl, HaunHasi ot N = 8t no N = 92. Mecta N = 85

) CM. npumM. Ha crp. 263.
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H N = 87 0CTaioTes HE3aHATHIMH, H COOTBETCTBYIOUIHE HM 3JIEMEHThI
HEH3BECTHBIY).

K rnepsbiM TpeM H3 3THX JeCATH XHMHUYecKHX Tuno, N =8I,
N =82 u N = 83, npuHajsexaT OJHOBPEMEHHO H PafHOAKTHBHbiE H
HEAKTHBHbIE 3/1EMeHTH — Tajuii, cBHHell # BHcMYT. K cemnu caefyio-
WM NPUHAAREKAT TOJBKO DAfHOAKTHBHBIE OJIEMEHTBI, M HH OIHH
HEeAKTHBHEII H30TON B 3THX IPYNNAX A0 HACTOALIETO BPeMeHH He H3Be-
cren, [TTb 43 STUX CeMH TPYRN OTKPHITH HCKJOUHTENBHO PAJHOAKTHB-
HBIMH METOJaMH H 3aHHMAIOT NYCTORABUIHE 70 HX OTKPMTHS MecTa B
nepHoanyeckoll cucteme. Cloga oTHOCATCS TPYNNel nojonus N = 84,
pasona N = 86, paqua N = 88, axtuuud N = 89 u npoTakTHHHS
N .

AToMHble Beca ypaHa, TODHA W PaIus ONpeAe/eHbl MeTOIAMH XHMH-
YecKoro aHagnsa. B HacTosiliee BpeMsi MX CUHTAlOT paBHbIMH 238,14;
232,12; 226,0. Vi3 IpyrHX pajMOAKTHBHLIX 3JeMEHTOB Haubojee TOU-
Hble falHble HMeloTest o pagore. Ero atomuwit Bec, onpesenennsit my-
TeM BLIMMTAHHS 4 eMHUL W3 aTOMHOTOG Beca pajus, paseH 222. 3rto
NOATBEPIKEHO H3MepenteM kos(puusienta sdxpysun (§ 45).

AtoMHble Beca IpYrUX 5/1EMEHTOB /IO HACTORUIErO BpeMeHH He HaMe-
PEHBI, M Y KOPOTKOKHBYIIUX BEWECTB, KOTOPble HeBOSMOKHO NOMYYHTD
B JOCTATOYHOM KOJHYECTBE, 1€ MPHXOAHTCS HAAEATLCH KX W3MEPUTh.

B ceMeficTso ypana—pafHs BXOAAT ABA BE(ECTBA, KOMHUECTBO KOTOPHIX B
MHHEpANaX NpeBBIIAET KOAMUECTBO pagMs. ITH Bemectsa — ypaw 11 W owwii.
Tax kak ypaw 11 weabssn omiennts ot UL, a lo ot Th, To weniss w onpeaeanTs
X aToMPe Beca.

MoxHo, OAHAKD, NOKA3aTh, 4TO B COOTBETCTEHH ¢ TEOPETHYECKHMN NPEANONoKe-
nnami aromHbli sec o ke atomnore seca Th (§ 125). O6pasosakne HoHuA B
OUHIIEHIHX COAAX YDaHa WIT CAHIIKOM MelieHuo (2 - 1074 2 ia Touny ypama
B rof), WTOOk STHM MOXKHO GHIO BOCTONb30BaTCA. [TpHHALNENAMWE K 3TOMY
ke cemeiictBy RaD, 13BeKaeMHIil H3 MHHEPAJIOE BMECTe CO CBRHUOM, MOMKET GbITH
NONYYeH TAKNKE H3 PAAHST, HO H SJeCh CKOPOCTh 06pasoBanns OUEHL Mana
{MOHO BHMHCAHTb, UTO W3 rpamma Ra obpasyercs okono 0,4 sz RaD B rom).
EcAl NOMBITATLCA BCE Xe eX0 HAKATIKBATE, TO OF OKAXSTCH CMEIIANNEM ¢ OOpa-
3YIOLUHMCA B3 HETO CBHHIOM.

B cemeficTBO aKTHHUS BXOAAT JBA AOJATOMHBYILHX H HE HMEIOLHX HEAKTHB-
WX M3OTONOB SAeMeNTa: NPOTAKTHARNA 1 AKTHHAL. [IpOTAKTIHAH 6L yHKe noay-
uen B udCTOM BHAe (§ 131) M HAXOMWTCA B MHHEDANaX B AOCTATOMHOM KOMHUeCTBE
(oxono 200 sz HA TOHHY YpaHa), TaK uTO B GAHIKOM GyLylleM MOXKHO GYAET onpe-
IeAHTH €ro atoMblli Bect). AKTHHHIL UHOH OYEHb TPYAHON PAGOTH, HECOMIHEHHO,
MOKHO BHEANTH, HO KOMHUECTBO AKTHHHS B MHINEPATAX HACTONBKO Malo (OKOMO
0,13 Mz Ha TOHHY ypaHa), UTO He/p3s WAZEATLCA NOMYYHTH €r0 B KONHWECTBE, Tpe-
BHWAloeM TPHMEPHO | M.

Mp oTCYTCTBUH NPAMOTO H3MEPEHHST ATOMHBIA BeC HAXOAAT, CUUTAS,
YTO NPH KaXKJOM MCMYCKAHHH ¢-HACTHHbI 3TOT BeC yMeHbllaercs Ha 4
eAIMHHIL, H NpereGperas H3MeHeHHeM eTO NPH HCRYCKARUH SNEPHOrO

1 Ci. npum. na ctp. 363,

#) Macc-CexTpoMeTpIIcCKoR  GNpenenieniie atoMmoro teca Pa Ano wicio
231,05. (Ped.)

25%
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B-nyua. DTOT CMoco6 BHIUMCAEHNA TpeGYeT TOYHONO 3HAHHS PAKa npe-
BpallleHnit ¥ aTOMHIOTO Beca OJIHOTO M3 BEWeCTB TOTO psifa. Tak Kak
HH JUI7 OLHOTO H3 3/1eMeHTOB PsAa aKTHHHS aTOMHbI BeC NpsMo eme
He ONpefieNiel, TO BOMPOC 00 ATOMKBIX BECAX JIEMEHTOB BCETO 3TOrO
psiiia ocraeTcsi Moka HepaspemeHusiM'). B cemeiictBax ypana—pagust
i TODHSI ATOMHble BeCa B OTHOWICHHH THCAA EAHHHL, [O-BHAHMOMY,
TOYHO YCTAHOBJEHBI, HO B OTHOWIEHNH JIECSATHYHBIX 3HAKOB CYLIECTRYET
Heonpe/ieeHHOCTb, Tak, myTeM npuGaBieHHA 4 €ZMHHIL K ATOMHOMY
BECY PANNs ATOMHLI BeC HOHMsL HAXOAAT pasHbiM 230, 4 HyTeM BLIYH-
TaHus 8 e\KHAL H3 ATOMHOrO BeCa ypaHa ero Haxoaar pasHuM 230,14.
Orciopa BHAHO, KaKoe BAXKHOE SHAauYEHHE HMEET TOUHOe ONpelefere
ATOMHBIX BECOB TeX /IEMEHTOB, B OTHOIIEHHH KOTOPBIX OHO BHIIOIHHMO
SKCTIEPHMEHTANBHO.

Ecny gonycrnma sxcTpanosisuua kpusoft Acrona (pre. 40) wa ofnacts, 3ann-
MAEMYI0 PALHOAKTHBABIMY SIEMEHTANH, TO MOXKHO ONPERCAHTh, HACKONLKO UX ATOM-
BBe Beca JOMKNHLI NpeBbimarth ueasle NHcha. HalienHme raxuM myTem atommble
Beca, oTHeceRHbIE K O — 16, N COOTBETCTBYIONLIE 1M RAPOTOHHHE uicaa P Gyayt:

P 206 210 220 226 230 232 238
A 206,029 210,038 220,062 226,0775 230,087 232,093 238,109

Tlosyuennbii Takum nyTem atomustii bec Ul BechMa 630K K BOJHUIKE GTOM-
HOTG Beca ypawa, Najiiesuoii 3KCmepnMenTaibto 1 papHoli 238,14 (238,16 no ot-
Howenwie K 0Y). [ln% TOPAA MOTYYAIOT TaKoe e COBNAIEHHE Pe3yALTATOR, ATOM-
Hufl ke mec 226,0, naGmopennbtit ann Ra, oxasmiBaercs canwkom ManwiM. Pas-
HOCTL MEWAY aToMHMMK secamu 238,109 u 206,029 npuGansntenbro panna norepe
MACCH MPH HCTYCKAWRH 8 a-4acTHI, T. e. 32,017 MIOC NOTEPA MACCH, COOTEET-
CrBylola OTCpe SKepTiA TpH Dpespamiesii atoma Ul B RaG, 7. e. 0,056 (§ 104).
B ciyuae Th COOTBETCTBHE C NPEANIOATAEMbIM ATOMHBIM BECOM TOpHEBOTO CBUHIA
(P = 208) TaxKe yLOBMETBOPHTENLHO.

B crestyomeit rabanue Aan COCTaB FPYRN PaaHORKTUBKLX HSOTONOB, NpuIEM
KaxAasg rpynpna npejiCTaBAeHa /AHG0 CBOUM HauGoJee YCTONUHBBIM TNPeACTAaBH-
TeneM, AHGO HEAKTHBHBIM I3OTONOM. 1151 TEX ATOMMBX BECOB, KOTOpHE He non-
BEprasiick NPAMOMY ONpEfleNeHHI0, KAHE! TOMBKO WH(PEl eiunuiu. B omnowennu
ATOMHBIX BECOR PAla AKTHHNN CASNAHO YKA3AHHE, YTO KX PACCMATPHBAIOT TONBKO
KaK_BauGosee BEPOSITHDBIE.

BamMeTnM, UTo K Tpyne N — 82 MOKHO MPHCOSNHHHTS HEAKTHRHHE SICMEKTE,
o6pasylolltiiec B peayaAbTaTe NPeBPaeNHli PANHOAKTHBHEIX saemenToB (ra. XXVI):

Vpano-pannessii ceiwen (an pagnii G) P = 206
Ypano-akTHntiensit cauren (Han axthank D) ... P = 207
Topwestiii conme (R TOpUE DY v \eei... . P = 208

B 7aGatue 4 (NPHAOKEHRS) KRKIAA B3 TPYON HCTONOD PAKHOAKTHBHELX Bne-
MeTOB 0603A%ER Yepes FAGBNIOTO MPEACTABRTENN AAHKOTO XRMHRECKOO THIA,

1) B nacroAulce BpeMs ATOMHLIE BECA SIEMEHTOB PSfia AKTHIHA MOKHO CuH-
TATb YCTAROBAGKNILIMN W COOTBETCTBYIOUMA APHBEAEH LN B Tabawle, (Ped.)
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§ 121. PagHoaKTHBHbIE MHAMKATOPDI

To 00CTONTENBCTBO, UTO HEKOTOPLIC PAAMOAKTHBHEC SHEMEHTE! AB-
JARI0TCA H30TONAMH oGbIKHOBEHHLIX anementos (T1, Pb, Bi), nonyuuno
HHTEPeCHOe NpHMeHekue, DTH PajHOAKTHBHLIE INEMEHTHl MOIYT GHITh
HCNOJIB30BAHL! B KAueCTBe OYeHb WYBCTBHTENbHBIX UHOUKAMOPOS TPH
PasAHYHBIX HCCAENOBAHUAX HX HEAKTHBHbIX H30TomoB (TeBelun H
TMaser). RaD n ThB npumessitoT B kadecTBe HHAKKATOPOB AJisi CBHHIA,
RaE n ThC — B kauecTBe HBAMKATOPOB MIS BHCMYTA, MOXKHO TaKike
YUOTpPeSaATh PANHOAKTHBHBEE NEMEHTH B KayecTBe HHAWKATOPOB RIS
UX Takke PajHOAKTHBHLIX H3OTOMOB, KOIJA CUHTAIOT, TO H3MepEHHE
BHIGPEHHOTO B KauecTse HHIMKATOPA 5JeMENTA Jierse, ueM HaMepeHHe
HCCTIEAYEMOTO JIEMEHTA,

Tak, nyteM JoGaBieHHs B KauecTee HHAHKaTopa RaD yaamoce
H3MePHUTh PACTBOPHMOCTb XpoMaTa cshulla (1,2-107% 2 Ha anTp npu
25°), 4T0 TPYAHO CAEAATh METOAAMH MHKPOXHMHgecKoro anamnsa. Ko-
auuecTBo RaD B STOM cyyae H3MEPSNIOCH 11O S-H3TYUYERHIO €10 TIPOH3-
BozHoro RaE nocne ycTanoBAeHHS PaHOaKTHRBHOFO PABHORECHS.

Pagnem D nonbsosannch Takke AT H3YUeHHs B3auMHON aubdyann
aTOMOB pacIiaBaeHHOTO cBuana npu 340° C. Ha nomewenunid Ha jHo
TPYOKH CJIOH AKTHBHOTO CBHHUA HaKNaILBalCA CHOll HEaKTHBHOIrO
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ceinua. Yepea HecKonbKo AHel OCTHIBLUYIO Maccy pasfesni 1ia TOH-
KHE FODH3OHTANLHBIE CJIOH U H3MePANH HX aKTHBHOCTb. TakuM croco-
GoM koappHIHerT Au(PYSHH HALE B CPefHeM PaBHbIM 2,2 ca? B feHb,

Mpy nomoutt usorona BucMyTa RaE 6wito oGrapyseno cyumecTro-
BaHHE HE H3PECTHOTO JO TOTO BPEMEHH Iasoo0pasHOro BOAOPOAHCTOro
BHCMYTA.

MeTo/l HHAMKATOPOB NPHMEHSNCS TAKOKE AR HCCAEAOBAHHS aAcops-
[HH CAE/IOB BEl[eCTRA OCafkaMy H (PHIbLTPaMH, AT PasfHyeHHs MoJe-
KYJSIPHOTO PACCeAHHNs] OT KOANOUIANBHOTO COCTOSIHMA, JANA HCCAENO-
BaHHS OOMEHA MeXY HOHM3HPOBAHHLIMH CONSMHM H COCAWHEHHSIMH C
KOMIIIEKCHBIMH PaiKalaMH, ANA H3MEPEHHs NOBEPXHOCTel OCafKkoB
TIOPOUIKOB, ANA H3YUeHHs lepeMelIeH s CBHHIIA B PACTERNAK, BHCMYTA
B OpraHHaMe U T. A.

B rpynnax pafHoaKTHMBHEIX 3J1eMeHTOB Moabsosanucs UX, B ka-
vecTBe HHAWKaTopa Ansi Topus n MTh2 B kauecTBe WuAMKatopa Ans
AKTREYA.

Tpumenense MTH2 Ansl XHMHYECKOTO HCCHENOBAHUS AKTHHHS OUEHb
nosiesHo. JIefiCTBUTENBHO, HECMOTPS HA €r0 AOBOJNBHO SHICTPLIA pacian,
MTh2 mporo nerue M3MepATL MO MCIYCKAEMOMY HM y-H3NYUEHHIO,
YeM HaMepATh aKTHHHI, KOTOPHIfl He HCHYCKAET H3AYUEHHS C 3aMeTHOl
HOHU3UpYotelt CNOCOGHOCTBIO W KOTODHIH MOAHO H3MepATH TONBKO
IO MBJYYEHHIO €70 NPOU3BOJHBIX, 0OPA3OBAHHE KOTOPHIX MPOHCKORUT
JIOCTATOYHO MeANEHHO.
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CEMEACTBO YPAHA. EM0 OTHOWIEHHE K CEMEMCTBAM
PAJIHSI H AKTHHHSA

§ 122. Cocrap cemeiictea. YpaH I v ypan IL. 3tanonss oxuce ypana

Ypan, Nepsuunblit snemenT cemeficTBa, H3BeCTER Yie faBHO. UMes
ATOMHOE TIOPAAKOBOE YHCAO 92, OH 3aHHMAET B NEPHORHUECKOH CHCTEME
5/EMEHTOB TOCJIeflHee MeCTO B NOC/NERHEM DPsAy LWIECTOH IpPYMIBL
CornacHo mosameliiieMy onpe/ie/leHHIO, ero aToMHbI Bec paBe 238,14
{TenurmMua). YpaH, M3BAeueHHbl BIepBble W3 YPAHOBOM CMONSAHOM
PYAbI, BXORHT TAKKE B COCTAB MHOIHMX JAPYTHX MHHEpAsoB.

Tps moMoWH pajHOAKTHBHEIX METOJOB HCCIEROBAHHR GbLIO OGHA-
PYIKEHO, UTO YpaH, BXOIAIUIMA B COCTAB TONYYaeMbiX OCEMHBIMA CTIO-
cofaMH UHCTHIX coJiefl, Henb3s CYHTATH NPOCTHIM BemecTsoM. OH
COCTOHT H3 JIByX H30TONOB, HaskBaeMbix ypaxom I u ypaxoM II, Ko-
Tophie OOLIYHO COMPOBOMKAAIOTCH HX KOPOTKOKHBYLWHMH NPOUSBOA-
HBIMH: ypanoM X, YpaHoM X,, ypauom Y # ypauom Z. Kpome Toro,
B JaBHO OUHIIEHHBIX COASX YPAHA HAGMIONAeTCH MOABMEHHE OUeHD Mefl-
JIEHHO 00Pa3yoMUXCa BEMEeCTB: HOHHA, COMPOROKARIOUIETOCT pajueM
H BCEMH €r0 NpOMSBOAHbIMH. [IPHBOAKM OCHOBHYIO CXeMy 3BOJNIOLHH
cemeiicTBa ypaHal) ¢ yKasaHHeM CrocoSa NpeBpallienks W NepHoja:

8 8 ° a
Ul — UX, —= UX,; — UIl — Jo —— Ra- nponsBogubie
4,410 et 24,5 Anw 1.4 MHH. 3. 10% et 83 000 et

Ecan seMeHTHI, CAEAYIOUHe OAHH 3a IPYTHM Ha 3Toi cxeMe, Ha-
XOJATCSl B PABHOBECHH CO CBOHM MAaTEPHHCKHM BELIECTBOM, TO QHCIO
HX 4TOMOB, NMPEBPALIAIOMHXCS 32 OAHO H TO XKe BpeMs, OHHAKOBO (MK
noYTH OAHHAKOBO). HanpoTnp, uMena npespalamompxcs Npy Tex e
yenoBuax atoMos UY # UZ muoro mMenbime, UZ (mepuoa 6,7 uaca) ofpa-
syercsl B pe3y/bTaTe HacTHYHOTO NPEBPAMICHHA B Npomnopiuu 3,5 Ha
Tecsdy w3 UX,, KoTophlit mouTw mennkoM npeepamaercst B UX,.

%) Cobpemenkan cxema pacnaga pats U fawa & npuaowennn Me 5¢/. (Ped.)
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UY (mepron 24,6 yaca), Kax mpesnosnaraior, oGpasyercs B pesyabTaTe
npeBpalllennst TPETHETO H3oTona ypana AcU (§ 140).

Bemecta UXy, UX,, UY n UZ MoXHO BaIACUTE U3 conell ypaHa.
Toraa OGHAPYIKHBAETCS], 4TO B-JIYYH HCIYCKAIOTCS COBOKYIHOCTBIO STHX
BEWIECTH H YTO OUHUIEHHBIl ypaH HCOYCKAET TONBKO ¢-NTYuH, KOTOphbie
cuuralor nNprnasnexamumi UL m UIL (H, RO3MOMKHO, B HeGOJBLION
nponopurn AcU).

CaMocTositesibHoe cyilectopanre nsoronos Ul m UIl aenyckanu,
HCXOASt H3 COOBpaKenull PaJMOAKTHBHOCTH, el IO TOro, KaX NosiBie-
HHe TIOHSITHA M3OTOIHK CEJA/N0 BO3MONHOCTL TAKOH CHOMHOM CTpyK-
Typbl BeposttHOM. CpaBHHTENbHbC H3MEPEHHS o-H3NYYeHHS TOHKHX
CA0EB OUHIEHHOH OKICH YpaHa H APEBHUX HEeH3MEHEHHBIX YPaHOBBIX
MHHEEpaJIOB NIPHBENH HeKoTOphIX aBTopos (Mak-Koft u Poce, Boabteyx)
K NPELNOAOKERHIO, YTO B COCTOSIHUH Pa/HOAKTHBHOTO DABHOBECHS CO
CBOMMH FDOM3BOJHBIME YpaH WCIYCKaeT ABE @-9acTHUH Ha KAXAYIO
@-4acTHLY, KHCMYCKaeMylo pajueM hix HoHHem (§ 126). Dto Moxue
OOBACHUTE, AONYCKASA, YTO YPaH COCTOHT U3 JIBYX BElECTB: MATepul-
CKOTO BellleCTRA 1 €0 HPOHSBOAHOrO, KOTOPOE B MHHEPANaX HAXOAHTCS
B PABHOBECHH C 3THM MATEPHHCKMM BELIECTBOM. DTO NPEANONOKEHHE
GLITO MOATBEPIKACHO MOACYETOM CUMHTHIVISUHE H UCCAENOBANHEM KPH-
Boil nonnsauuy. [Mo3sikee HAOMIOACHUS, NPOUBOAUBIIKECS TIO METOAY
Branbcona Kaj upesBbMaiino TOHKHMH INEHKAMH YpaHa, Aa/il BO3MON:-
HOCTh H3MEPHTH TIpoGern ofeHx rpynn e-nydedl. B nactosiiee Bpems
CYHTAWOT, 4T0 5TH Npoern pasun 2,67 n 3,12 cx (B bosnyxe npn 15°
U HOPMAJNbLHOM ﬂaB!leHl/ll/l).

UToGbt HEMOCPEACTBEHHO ONPENENHTb CPELHIOI0 NPOJOKHTENBHOCTD
JKH3HH YPaHa, HYXKHO 3HATH UHCIO £ 6-YACTHI, HCOYCKAEMBIX B eflH-
HUILY BPEMeHH FPAMMOM YHCTOrO YPaHa, PACHPEIENeHHOTO BeCKOHEURO
ToHKUM caoceM. Eean ROTYCTHTDb, UTQ H3 JABYX 32pE€rHCTPHPOBAHHBIX
HACTHI TOMBKO OAHA HCNYCKaeTCR Nput npeBpauiennu UL, 10 ero nocront-
HaA Npeespaimenns A onpelensieTcs U3 cooTHowenns A = nAf2N, rae
Ay — atomuwii Bec Ul, a N — uncao Asoraapo.

TIpHrOTOBHTD OueHb TOHKHE CJIOH YpaHa BecbMa TPY/HO, B 0COOEH-
HOCTH, €CIH DOAb30BATHCS METaaAnuecKHM ypaxoM. [lostomy anst
9TOrO OGHLINHO TIPUMEHAETCST HE METAIVTHUECKHH ypaH, a okHch UsOg.

ToukHe con OKIICH ypaHa 9acto MPHTOTOBARIOT crefyiouM crocobom (Ao
Mak-Kow): oueHb TOHKO HOMEIbUEHHOE BEIECTBO CMEUMEAeTCH ©  JeTydeil
JKHAKOCTBIO {aleToHoM, X0podopmon). CHayala AAIOT OCECTb CAMBIM Gonburum U
TANEAWM WACTHUAM, A 3aTEM CAHBAIOT KHAKOCTh BMECTE C OCTABIUNMCH B Heil
BEILECTBOM Ha ANWCK, NOMEMEHHHH B UAlIKY, SaKPHITY KPBIUUKOH WS npeforTs-
paleHHs BHNApUBAHMA. BElNECTBO OCEKAACTCH Ha WWCK OMEHL TOHKHM OZHO-
poaNLIM _citoen. ICORNGECTBO OCEBMIEro hA €AMHHWNY MNOBEPXHOCTH BEIECTRA
ompefeNiseTCs B3BeliBalken. Mamepaemas 00 a-U3NYUEHHIO AKTHBHOCTb CAOM,
HayMHAA ¢ ONpeJeNeRHON TOMMUKHBI €r0, OCTaeTCs JIOCTORHHON, TAK KAK a-AyuM,
HCIYCKaeMBie HYIKHE/l YacThio /0K, TOLOWAOTCH B HEM CaMOM. D1a NpefelbHas
ToAMMEA JOCTHTAeTCs, KOTAZ KA | cu® ocefaer bcero anwp 15—20 me okwew.
Ilis NOACuETa e a-1yueil GMeflyeT TOMB3OBATHCH ClIe BHAYHTENBHO BONee TOHKHMA
caosMi.
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TMonbaysich METOAOM CHMHTHANAUMN, HAULH, YTO TpaMM ypaua
(UI 4 UI1) uenyckaer B cexyHny n = 2,37-10* a-yactuu, (Pesepdopr
u Teiirep), orryja nocrosHnas npeepauiehna 4, = 1,45-10-1° B rox.
IMoMUMO 3TOro IPSMOTO CHOCOBA NOCTOSHHYIO NpeBpalleHHs ypaHa
MOXEO OTIPEASNHTH, 3HAs MOCTOAHHYIO NPEBPAMEHHS A PARHST H OTHO-
IleHKe @ Paiusi K YPaHy B COCTOSHHH DPAJHOAKTHBHOTO PABHOBECHS,
B KOTOPOM OHH HaXOIATCH B APEBHIX YPAHOBbIX MHHepanaX. B atom

cayyae umeror A, = gi‘ , rie A — atomusili Bec Ra. Ipunumas
o =3,4-1077 u% = 2295 ser, HaxofaT A; = 1,56-10"1® B roa.

DTOT pesy/ibTaT JOCTATOYHO GIM3OK K PE3ynbIATY, MOJYYeHHOMY MpSi-
MbIM METOJIOM, H, BepOsiITHO, BoJee ToueH. B RacTosmee BpeMs MPHHH-
maor A, = 1,5-107%° B rog, oTKyZa CpeHAN MPONOMKHTENBHOCTh
KH3HM 6 = 6,5-10° net, a mepuox T == 4,5-10° qet?).

Buaropaps Go/biol MPOAOMKUTENLHOCTH XKUSHE YPAHA OH MOKET
COXpanATBCH B MHHEpAJaX, BO3PACT KOTOPBIX HCURCIAETCA COTHAMH
MHJIIHOHOB JieT.

Tepuon ypaua II csauana Gblil BEMHC/IEH MO NpoGery ero Jydei
npu momouui 3axona [efirepa—Harrona (§ 70). Takum nyrtem neprox
€ro HalliiM paBHbIM npuGnusutencho 108 ger. 3aTeM 3Ta BesMuHHA
Oblna onpefienesa no oopasopanuio UIl ua UX. Ypany X gaanu ma-
KOIIATLCS B NPEABAPUTENbHO TUIATENIHO OYMIIEHHOM MpenapaTte
ypaHa, cogepxauleM Q atomos Ul. B cocTosHHH paBHOBeCHS YHCIIO
atomoB UX,; paBno g = QAurfyx;. 3atem UX, MOJHOCTBIO H3BAEKANH.
TMocne ero pacnajia (yepes HECKONbKO MECSUEB) B OCTATKE HAXONHAOCH
¢ atomoB ofpasoeapiuerocst UIL. Onpegensin 9HCNO 2 g-9acTHIL, HC-
NYCKAEMBIX 9THM OCTATKOM, M BBIYMCJISNIH Ayy H3 COOTHOWEHMR n
= Agng. 3ToT ombir noaTBepAmsn cymecrsopaune UII (Yomrnnr).

Tleproy Ul cuutawr pasubiM 3-10° ser. Ha avtoro caenyer, uro
To Koaudectso UIT, koropoe cofepxutes 8 UL B COCTOANUA paBHOBe-
CHfl, NPAKTHYECKH He UBMEHHET aTOMHOTO Beca TOro NocyegHero (oT-

HowWweHHe %! npubnusutencro pasko 10~4), Tax Kak TNpu mpeBpa-

HIEHHAX, KOTophle MpuBOAAT K obpasosanuio UII ua UI, ucnyckaercs
TOMBKO OfiHa w-yacTuna, To atomubiii Bec UII caeayer cuurath pas-
HBIM 234,

Tak KaK IpH H3MepeHHH H3NYYeHHs TOHKHX CJI0eB OKHCH YpaHa,
TeXHHKA MPHTOTOBJCHHS KOTOPBIX OblAa ONKCAHA BhHIE, MOMYHalOTCS
TOUHbIE PE3YJIBTATh!, TO KMH NONB3YIOTCH B KayecTBe 3TanooB. [amepss

) Npx BHYHCTEHAK HePHOAZ YpaHa | KAaK NPAMBIN, TaK M KOCBEHHBM METO-
LOM Mbl TIpeHeGperni Tem, YTO NONYYEHHBIE HAMH DeSybTATH MOTYT MBMEHHTBCS,
CNH UPHAATH B PACUET DAL AKTHHIA. BHTEKalollan OTCIOfa nonpasxa (ck. § 1313
pasHa NpuGNN3ATENBHO NHlb 3%, T. €. HHIKe TOH TOMHOCTH, C KOTOPOI B NIACTON-
wee ppeMs onpefenena NOCTOAHHAA Npespamersa ypana |
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NIPOM3IBOANMBIN G-NYSaMH TAKOTO C/IOS HOHH3AMHOKHEIN TOK B (DYHKUHK
KONMYECTBA YPAHA HA eAHHHILY NOBEPXHOCTH, NOAYYAIOT KPHBYIO, KO-
TOpast JIaeT BO3MOXKHOCTb ONPEIeNHTh MPEASTbHYIO TOMMIMHY CNOf,
HYXKHYIO M5l NOTJIOUIEHHS a-Nyuell, WAYIHX H3 HHXKHEH 9acTH 5Toro
cnost. Brauasie, NOKa MOIJONIEHHE a-Nyuel B CJI0@ OCTAETCS HHYTON-
HEIM, 3Ta KPHBAsi AOMKHA JuHe{HO BOspacTaTh. [FIpakTHuecknm e
TPYAHO TPHUIOTOBHTBL CJIOH HACTONBKO TOHKHE, YTOGHI HOHH3ALUHOHHBIHA
TOK Obl1 TOYHO NPONOPUHOHAJEH KOJNHYECTBY YpaHa, H NPHXOAMTCS
npuerath K SKCTPAnoffilyy no Tofl HauaabHON YacTH KPUBOH, KoTo-
PYIO YAeTCR NONYUHTL JKCTIEPHMEHTAbio, TakuM DyTeM Obinu 1o-
nyueHsbl ciepytoliue yucaa (o Mak-Kowo, Meitepy u ITanery).

VounsauuonHelii ToK /, 06pasyIomRiics pH NONHOM NOMOWEHHH
B BO3JyXe a-tyuelt, HenycKaemutx rpammoM ypana (Ul - UII), pasen
1,45 3a.-crat. e, niu 4,8:10710 g,

Houusanuonnelii Tok £, 06pasyomuiics Ip NOMMOWEHUH B BO3AYXE
a-iyveil, nenyckaeMelx ofHOH cTopoHoil cyos okner UgQg, TonmuHa
KOTOPOTO HEMHOTO NpeBbilliaeT Npefeabuylo, pasen 1,75-1073 si.-crar.
ef., uan 5,8:10713 g na 1 cu? NOBEPXHOCTH CNOA.

Besyina HouN3anMonkoro ToKa [ ANsl ypama JOCTATOUHO COIMIACyeTca ¢ Be-
AHYHHOR MOHH3AUHORHOTO TOKA JIA PAlNs (HORM3AWHOMHBIL TOK [’ mpu moanom
NOTAOWEKAY @-NyYeil, CnycKaeMHX TPaMMoM pafis, pasen 2,427 10° sa.-crar. en.),

eCAH JONYCTHTS, YTC 7 ¢ " e K — cymMa uHCesn HOHOB, 06pasyemMblX B BO3-

Ayxe a-vactuel UL n a-vacthueit UII, K2 — uncno wohos, o6pasyembix a-1actauci
Ra (npunoxenne 7), a g = 3,4:1077 2 — KONHYECTBO Pafusl, HAXOAALErOCs
B PABHOBECHH C TPAMMOM YpaHa, KOTOPOE B @AHKHILY BPEMEHH HCNYCKAET CTOMNBKO
Ke a-iyueli, CKONBKO MX HCMycKaeT Kaxsil b3 waotonos Ul wau ULL, coepica-
IIXCA B TPaMME Ypana.

TIpuBeAeHHEIME 3ech BeAHUHHAaMU | H { NONB3YIOTCS NPH TPajyH-
poBKe Kamep MO 3TanouHeM Hjenkam UgQOg.

§ 123. Ypan X, n ypan Xy Ypau Z. Ypau Y

Mbt yaxe ufiens (§ 39), 4To OGBIUHBIE YPAHOBBIE CONH MOTYT GHITH
JNHINeHBl HX f-H3AyueHHs. YNOTpeCisiBluvecs IS 3TOrO XHMHYECKHe
METOZBI TIPUBENH K OTKPBITHIO ypaHa X, CHHTABILErocs paHee NPOCTHIM
BelllecTBOM. Tenepb Tak MPOAOMKAIOT HA3LIBATL COBOKYNHOCTH OOLIYHO
npucyTeTBytonux BMecte BemlecTe: UX,, UY, UX, u UZ. Heficten-
TeNbHO, MPH K3BAEUEHHH M3 COEAMHEHHs! ypasa Msotoma rtopus UX
BMECTe C HHUM H3BJEKAeTCH H HpﬂHaﬂ.’le)KaH.ll/lﬁ K TOMY e Xumuue-
ckomy tuny UY, a UX, n UZ sBaaioTea KOPOTKOKHBYILHME NPOH3BOA-
HuMH UX;, KOTOpble GBICTPO NPHXOAST B PaBHOBECHE C MOCAEAHHM.
Tpynna peniects, coctasasiomnx UX, mocte cBoero oTAesenus oF
ypaHa pacnagaetcs MO 3aKOHY, XapakTepusyemoMy nepuogom UXg,
pasubmM 24,5 aus (puc. 160, /). B 1o e Bpems B ypaHe BHOBL oGpa-
syeTest ypan X IO 3aKOHY JOTIONHMTeNLHOM sBoound (pue. 160, /7).
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CrieaoBateNsio, poACTBO ypana X ¢ YPAHOM MOMKHO CYMTATH TOUHO
YCTAKOBNEHHBIM.

Tpynna semects UX HcnyckaeT raapHbiv o6pasoM f-yun H B He-
GOMBIIOM KOJHUECTBE p-ayud. e cHAbHbBIE FPynnbt f-myveil ¢ KO-
UIMEHTAMH TIOTIOIeHHs! B amoMuHun & = 460 cu~l u o = 18 cn™?
Gputi OGHAPYKeHbl MPH MEPBHIX e HCCAeIoBaHHAX. OTHOLEHHe HX
HHTEHCHBHOCTell B TeueHie BCETO BPEMEHH pacraja ocTaeTcsi MOCTOsH-

=N

Kaoseandy U4 8% om pathobecnses hasnecnts
>

=~
50 ) 2l
Bpemn 8 iz
Puc. 160,

HbM. Y CBEXEIPHIOTOBACHHBIX MOCAE OTHOCHTENBHO KOPOTKOTO Bpe-
MeH: HAxOILIEHUS B ypane npenapatos UX HaGnionaercs, Kpome roro,
cnaGoe B-usnyuense, KOIDHUHEHT TNOTJONEHHA KOTOPOro s paseH
npuGaH3RTeNbHO 300 a2, I10 HaMyyeHHe YGblBaeT ¢ NEPHOLOM, paB-
HBIM HPHOIH3HTENLHO OHOMY AHIO, T. €. SHAUHTEBHO CKOpee OCHOB-
HOTO HaiyyeHHsi. MCTyCKawlliee ero BeiiecTBO Ha3BaHo ypanom Y
(AHTOHOB).

Tlyrem xumuyeckoii 06paGoTkM, cocToflled B TOM, UTO COAepxKa-
weeest B UX KOPOTKOKHBYIIEE BEIECTBO BbIAEASLTCS C TAHTANOM WIH
e OcakjJaeTcs Ha CBHHUE H3 CHAaCOKHCOrO PacTBOpa, YCTaHaBH-
BaeTCs, 4TO JBE OCHOBHHE IPYNIL f-Ayyeil NpHHajJIexaT ABYM pas-
HbIM BelecTBam. KopOTKOKUBYIlee BEIECTBO, NEPHOA KOTOPOro paBeH
NpHGAMINTENbHO | MUH., 6bUIO HasBaHO Opesuem MiH ypanom Xg
(®asnc n TepHHT), a MaTepHHCKOE BEILECTBO C NEPHOAOM, PABHBIM
24 HAM, ¢ TOFO BpeMeHH CTA/IK HashipaThb ypaHom X;. Bbuio ycraHos-
aeno, wto UX, oopasyercs w3 UX,, n UX,, KaK BbiCllieMy TOMOJIOrY
TaHTaNa, OTBeaH Jo TOro mycTobaBuwee mecto N = 91 B nociexneM
psiAy DsTofi FPYNIE NEPHOAMTECKOR CHCTEMBI.

Ioszsee Gbino oGuapyxero, uro UX;, Aaer Havano ne TONbKO
UX,, HO TAKXKe B OYeHb Ma/Oil NPONOPIHYH BELIECTBY, HA3LIBACMOMY
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ypanom Z (TCan), koropoe, no-BHANMOMY, siBasierca usortornom UX g i Bbi-
JeNseTCs BMeCTe C NOCJeJHHM nyTeM ajcopbuuu Ba rautane. UZ ov-
Juyaercs, opHako, or UX, no ceoemy mepunopy T = 6,7 waca m mo
KOPQUUNEHTY MOIVIOUICHHST B AJIOMHHHH WCNYCKaeMblX HM S-nydeil
@ =0T 270 po 36 cu~1. YuKTHIBaA OTHOCHTENBHOE MOMJIOUIEHHe f-a1y-
yell B WOHM3AMOHHOR Kamepe, Haxoasr, yto UX; mpespaumaercst B
UZ B oTHowmenun Beero Jammp 3,5%,, raaBuoi ‘e BETBDIO ABJISETCA
BeTBb, cofepxauas UX,.

Ipoucxomaense UY onpeaeninTs TpyaHee. IDTO BEIECTBO, 0O~
BHAHMOMY, He CBSI3aHO reHeTHUecKH co cmoum naoronom UX,. Ero
TIONYYaloT B TeM GOAbIleM 10 cpasHennio ¢ UX, KonnuecTse, ueM Ko-
poye Bpemsi HAKOT/EHHS STHX BEUIECTB B COeJMHeHHAX ypaHa. Cuu-
TAIOT, UTO B COCTOSIHHH PABHOBECHS ¢ YPAHOM TOABKO NMPHOAHSUTENDHO
3% npeppaljaiolixCs ATOMOB 3TOTO IOCAeIHero nepexofsr B UY,
OCTAMbHBIE e NPEBPAINAIOTCS B INIaBHON BeTBH. ITO NO3BOASET Ay-
MaThb, YTO aKTHHHH o0pasyeTcsl H3 ypaHa yepes ypad Y1).

§ 124. OThowenue paaws K ypany B MHHepadax

Papuli, ecin He CUNTaTh HEKOTOPBIX, PEIKHX HCKJIOUEHHII, BCTpe-
yaeTest TONBKO B YPAHOBBIX MHHepanax. DT0T JaKT B COSRMHEHHH C
TIePBLIMH CBEAEHHSAMH O CPeiHelt TIPOJON KHTEABHOCTH JKH3HU pajHs 0,
OuUeHb Manoll N0 CPABHEHUIO CO CPeAHER MPOONKUTENLHOCTDIO IKHIHE
ypana @', H NpEANIONOKCHHAMH O BO3PAGTE YPAHOBWIX MUHEPANOB
3aCTaBUI NPEJBUAETH CYIIECTBOBAHNE FEHETHYECKO! CBS3H Mexcty ypa-
HOM K pajdeM. B COCTOMHHH DPafHOAKTHBHOIO DaBHOBECHS BECOBOE

A6

OTHOLLEHHE PAAHS K YPaHY IONKHO GHITb PaBHO @ = 7 rie A

ik
u A’ —atoMusle Beca Ran ypana I. EciH B ipeBHHX HeU3MEREHHbIX ypa-
HOBBIX MHHEPANaxX CYLIECTBYET COCTORHHE DajMOAKTHBHOTO DaBHOBE-
CHsl, TO OTHOLIEHME Paflsl K YPaHy ¢ B BHX AOMKHO OHTh TAKUM XKe,
ABJSACH, CJeOBATENbHO, IPHPOJAHONH KOHCTAHTOM, OYeHb BAXKHOH Kak
© TEOPETHUECKOH, TAK H C NPAKTHYECKOM TOUKH 3PEHHS.

UToObl Y3HATb @, HYMHO KORHYECTBEHHO OMPEAeNUTH YPaH H panui
B MHHEPANaX PA3AUYHORO COCTABA W NPOHCXOMACHUA.

KonnuecTsennoe ONPeAeeHHe YpaHa MOXET OHTb CIENaHO PASJHUHLIMU Me-
Topamy. [Mocne pacTopenHs MiHepana KHCAB( PacTBOP €ro OGBIYHO OCaMAAETCA
H,S, H HepacTBopHMble CYMbHNN OTRexsiorcd. Pactaop nocie yaamewns H.S
okucaserca n ocaxpaercs NHy. TuapaTel ans u3pieuerns ypana odpaGareiatorcs
pacTBOpoM KapGoHaTa AMMOHHS. AMMHAUHEI] PacTBOpP KOHUEHTDHpYeTCs, MOZ-
KHCNSETCA a30THOR KAC/OTON W HATPEBAeTCH A0 YAGMCHHR COj DTOT PacTsop
TIPH HETpAAH3AUMK 2MMHAKOM JNaeT OCafloK, KOTOPHi NPH NpPOK3NUBARHH Mpe-
epawaercs B UsOg, B B TakoM BHIE B3semupaercs. HekoTophie aBTOpH Npemno-
SHTAIOT BIBEWNBATH YPaH B BANE GocQOPHOR BAH MuPODOCHOPHOH con. OKHCH
UsO;, XOpOILO ONPEASIEHHOTO COCTaBA. COREPIKIT 84,8% ypana.

1) MOXHO CUNTATL ycTaHoBaeHHbM, w10 UY o6pasyerca us ypawa AcU®™® i
1e ceasaw renetneckn ¢ UL (Ped.}
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Pazuil KOAHUECTBEHHO ONPEIeAseTCA MO BHIAEAACMOMY HM pafoHy. s 3toro
PACTBOPAIOT B3BEUICHHOE KOAWAECTBO PYAbl W 3aTeM HIBASKAIOT HAKOMKBHIMACK
B 3TOM PACTBOpE DEAOH WM ke CHAYANA HIBNCKAKT H3 PYAB COLEpIKAWMACH B
yieft pajuii. B 3TOM RoCAeAieM ciydae K PACTEOPY pyabl Kobasamior BaCly B Ko-
AnvectBe npHGau3HTeNEHO0 10%, OT ee Beca W OCAXNAIOT PagHi ¢ GapueMm CepHOH
kncaoroit. Cynsdbat 6apHfi—pagHA MPEBPallalOT B PACTBOPHMYIO COMb KHTISIVE-
HHeM €ro ¢ DaCTBOPOM CORM ¢ NOCIEAY/OWIHM PA3NOMERHEM NOJYYEHHOrO Kapo-
HATA COASTHON KNCAOTOM. PacTBOp X7TOPHIA BAMBAETCA B 6apboTep Aus OMpexefe-
HIIS TIO METOLY NPOLYBaHKA Ha XOTomy (§ 49).

IMo cOBOKYIHOCTH DEe3yNLTaTOB, NOJYYEHHBIX PA3SHBIMA ABTOPAMH
(BoabTeya, Mak-Koii, [nefisa u T. A.) AN MHHEPAsOB C BeCEMa pas-
JIMYHBIM COZEPHAHHEM ypPaHa H COCTABOM, MOXHO MPH3HATh, YTO B
JAPEeBHHX MHHEpaJax OTHOWeHHe ¢ NPUONU3NTeNbHO NocTostHHO. Ham-
Gonee BepOSITHAsH BE/HYHHA STOTO OTHOWIGRHS, BbIBeACHHAS AAf ypa-
HOBEIX CMOJISIHBIX PYN H OperreputoB, paeHa 3,4-10~7. B ayrysurax
H KAPHOTHTaX 5TO OTHOILIEHHE YacTo ObipaeT nuxe 3+1077, Tak Kak 3TH
MHHEPANbl He TAK CTaphl, KAK YPAHOBast CMOASIKAA PyMa, H 0G6pa3oBa-
NHCh B Pesy/bTaTe H3MEHeHUd TIOCHeiHeldl BO BpeMeNa, He CTOAb RPeB-
HHe, YTO0b PaBHOBECHE MEXKAY YDAHOM U ero MPOH3BOAHBLIMH YCreno
yetauoBHTbes (§ 125).

B sutepatype NOSBAAINCH ONHCAHAA MHHEPANOB, COAPHKALINX pa-
Auit Ge3 ypana. OHK SIBASIOTCS OCABKAMH, COCTOANMH H3 BEINECTS,
nepeHeceHibiX BOAON B HElABHEE BPEMs.

8 125. TIpoucxoxpenne pazns. Hounit
R

U3 ortHomenns U CKOPOCTH Pacnafia pajusi MOMKHO BBIYHCAHTH

CKOPOCTh €10 05PA30BAlHA B MATEPHHCKOM BellecTse. [leficTBRTeNbHO,
KOJMYECTBO § KAKOTO-MHGO MPSIMOrO NPOH3BOAHOTO, TIOCTOSIHHAS pac-
naja KOTOPOro paBHAa A, YBeNHUHBACTCH CO BPeMeHeM IO 3aKOHY
§ = foo(l — e ¥), Te goo — paBrOBecHOE KommuecTBo, OTciona
HauanbHasi CKOPOCTH yeeiHueHus ¢ npu = 0 6yfeT 4 = A¢co.

OnbiThl, NPOHZBOAHBIIHECS C LEAbIO ONPEeNeHHs CKOPOCTH obpa-
30BAHMA PajHf B TUATENbHO OYMIICHHBIX COMRX YPaHA, NOKA3ANM,
¥TO 3Ta CKOPOCTb He TAKOBA, Kak NPEANONAraiH, NpHHHMAn IAf A
3HaUeHNe, BLIBEIICHHOR H3 ONBITOB MOACYETA a-aydell, a LIS § oo — 3HA-
yenke, NONYYERHOE U3 HaMeperuil p. OKas’anoch, CACAOBATENEHO, YTO
pajuit He ABAAETCA MDPAMLIM NPOH3BOAHLIM YPaHa.

3anas/biBanie o0pasoBaHHs paliil B OUMLUICHHBIX YPAHOBEIX COMSX
NONYYaeT O6bsACHENHe, eClH JONYCTHTh, Y4T0 MeN(IYy YDAHOM H paiHeM
HMEETCs TIPOMEIKYTOUHOE JONTOKHBYLEE BelllecTBO. OTKPHITHE 3TOrO
BeINeCTBA, HaNAeHHOro BONLTBYIOM H HA3BAHHOrO HOHHEM, PA3PeUIHIO
BaXHYI0 MPOGAeMy MPOHCXOKAEHHS Dajiisi, ABASIOMErocs Hemocpen-
CTBEHHBIM MPOHSBOAHbIM HOHHH.

Honuit BeTpeyaeTcs B YParOBMX MHKEPANax H IPH WX nepepadoTke
ClleAyeT 3@ TOPHEM, H3OTONOM KOTOPOTO OH sBAsteTcd. B suizeneHunoi
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H3 MEHEPANOB CMeCH HOHHA—TOPHS NPOUCXONUT OOPA30BAHHE DAjHs,
UTO MOMKHO OGHADYXHTb MO BhleeRHio pagona. C Apyrofi CTOPOHHL,
6bI10 YCTAHOBJEHO, UTO UHCTBIE COMM Ypaua oBpasyloT pajuil mo sa-
KOHY, KOTOPBIl MOKET ObiTh OGBACHEH NPOMEKYTOUHEIM O5PA3OBaAHHEM
uonus (Coann).

Hounit menyckaer ofny rpynny e-nydeil ¢ mpoSerom 3,19 cu &
Bo3Ayxe npH 15° u HOpManbHOM JaBienud. CleoBaTeNbHO, pajuil
00pa3yeTCs 13 HOHUS NYTeM a-MPEBPALEHH S, H €T0 aTOMHBIT BEC RYKHO
cyuTaTh paBhbiv 230. HOHHIO NPHNKCHIBAIOT TAKXKe y-H3NMydeHHe, da-
CTHUHO OYeHb JIErKO NOTIoilaeMoe, YaCTHUHO MpoHHKatomee (§ 89).

Mpy nepepaoTke YPAaHOBEIX PYA HOHHIL YACTBIO IIEPEXONHT B pac-
TBOP C YPAHOM H JKe/I€30M, A YACTBIO BMECTE C PEIKHMY 3eMIAMU yBAS-
KaeTcsl HEPACTBOPHMBIM CYAbGATOM GapHs-—pagus.,

Mo npobery a-nyuefi HOHME ROMKEH HMETh NPOAOIKHTENBHOCTH
JKH3IH, CPEIHION MeXAY NPOAC/IKHTENLHOCTAMH JKH3KK ypaHa 1 u pa-
ansi. TIoCTOAHNYIO NPEBPAUIEHHS] HOHHS MOMKHO ONPee/iTh, H3MEPHB
CKOPOCT 00pasoBanis PaiHs B OUKLIEHHBIX coyisix ypaua. Jdokasauo,
4TO Havanbias ¢@aza oOPAsOBAHHS PaJUsT MPHGAIKENHO BLIPAKAETCS
opmynoit

AodpaRacof®.

Mpunumast Rage = 3,4-1077 2 Ha rpamMM ypana N Ap, = 4,4-10°¢
B IOA, HALWTH K3 OMBITOB, Npofomkasiuuxcs 18 et (Copnut n Xnuiuc),
Ao = 9,1:107% B rof, 0TKyAa cpefHAs TPONOJIKHTENBHOCTD XH3HU
nonus pasna 110 000 ser, a nepuog T = 76 000 ner. B Teuenne 20 ner
B KHJOrpaMMe ypala obpasyetcs okoso 3-107 2 pagusa.

Jipyrue MeTojb! ONpefie/ieiHs PANHOAKTHBHBIX NMOCTOSHHBIX HOHHS
OCHOBAHB! HA H3MEpEeHUH O0Pa30BAHHA PAjHfA B H3BECTHOM KOJHUECTBE
HOHHf HJIHM e HA U3MEPeHHH a-u3NyYeHHA GeCKOHeyHO TOHKOrO CJIos,
COMEPIKAEro UBBECTHO® KOJNHYECTBO HOKHA. [leficTBHTeNEHO, HYCTh Q
GyNeT KOJMYECTBO HOHHS, NPOH3BOAAILErO B €AHHHITY BPEMEHH KOJH-
uecTBO ¢ paaus. Tak KaK COOTBETCTBYIOIICE KONHYECTBO PACHIAJAOUIE-
Tocst noHns Gyzer 230 {226 Q, o A, = 230 ¢/226 Q. C Apyro# cTo-
POHBI, N0 HOHH3AUHOHHOMY TOKY, MPOH3BOAHMOMY ¢-NYYAMH TOHKOTO
CIOSl BEMIECTBA, COAEPHKAIETO H3BECTHO® KOJHYECTBO HOHHSI, MOKHO
OnpesieNuTh YHCAO g-Tydell, HCOYCKaeMbIX B eIHHHIY BPEMEHH, H OT-
CIOfA BHIUHCHHTL A, BOSMOXKHOCTH MDHMEHEHHS STHX METOJOB 3aBHCHT
Io
Th
MHHEPJIOB CMECH H30TONOB. D10 OTHOMIEHHE ObIIO ONpeAeNeHo AIs
CMECH HOMHS-—TOPHS M3 SIXHMOBCKOH PYAbl OYEHb YYBCTBHUTENbHBIM K
TOUHBIM METOJIOM, COCTOSIINM B ONpE/efieHHH B BHIE GPOMHCTOTO ce-
pebpa Gpoma, cofepxaierocs b Gpomuie Topusa (Fennrumug u Topo-
BHI). TakuM cnocoGoM aTOMHBI Bec YHCTOrG TOpHST ORI Haffie pas-

OT BO3MOIKIIOCTH Y3HATh OTHOLIEHHE B H3BJEKAeMOH H3 YPaHOBLIX
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HbIM 232,12, a cpefiuuii aToMHBIH Bec AaHHOH cmecu 231,51. Orcioga,
cynTas atomublit Bec Io paBawiv 230, nomyunM, UTO aTOMHAs MPOMOP-
uEA noHMA B cMecH paBHa 0,2877. Hamepus obpasosanne pajns B
570i cMech (okono 8,3-10-% 2 Ra na rpamm HOHWsi B roA), HAUMIH
810 = 120000 ner u T = 83 000 mer (Mapus Kwopn u Koveas). ITy-
TeM H3MepeHHs aKTHBHOCTH TOHKUX CIOEB BePXHH{l Npefien cpegeil
NPOAOMKHTENBHOCTH KH3HH HOHHA Obil Halifew paBHbiM 130 000 aer
(Cr. Meitep). CnepoBatenbHO, NOPHAOK BENHUMHBI STOH MOCTOSIHHOH
XOPOIIO YCTAHOBJIEH, W ee cuuTaloT Gnuskofl x 120 000 aer.

VssnekaeMple M3 pAsiHuHBIX MHHEPAJOB CMECH HOHMS—TOPHA
COMlePIKAT CPABHHMBIE KOJHUECTBA 3THX BELIECTB TOABKO B TeX CIy-
uasix, rje oflliee KONHYECTBO H3OTOMOB THHA TOPHA oueHb Mano. Hei-
CTBHTENBHO, PABHOBECHOR m‘l—xomel—melﬁO , BHIMHCJCHHOE MO CPeIHHM
NIPOAOMKHTENLHOCTSAM MX JKH3ReH, DpHOMKeHHO paBHO 21075, Cre-
JOBATENLHO, CMECh HOHHA—TOPHs Gyfer Gorata HOHHEM B ToM cayuae,
KOrja OTHoleHuHe % HMeeT ToT e nopsiiok. Takoe otnowenne ’f:
HMEETCS B YPAHOBbIX CMOJSIHBIX PYAAX Pa3NHUHOTO NPOUCXOKAEHHS.

Briieanis NOAHOCTBLIO HOMHMII, compoBomjalomuii ypan B jApeBHell
PyAe, MOKHO TIO KOSHYCTBY 0OOPa3yeMoro HM Pajiist BLIYHCAHTD I0-
CTOAHHYIO MPEBPAIIEHUST OCAEAHErO H3 YXKe YKA3aHHOIO Bhillle COOT-
nolternHs 4 = Adoo. OHO MPHMeHsETCS TAK, KAK €CIH 61 paanii obpa-
30BLIBAJICS HEMOCPEICTBEHHO M3 YpaHa, MPHYEM 33 Joo NPHHMAIOT TO
KOJIRYECTBO Pajiisi, KOTOPOE HaXOAUTCA B paBroBecHH ¢ lo 1 Tem Konu-
YecTBOM ypaHa, oT KoToporo [o oTgenen.

TIpoAOKHTENBHOCTD KUBHH [0 GOMbilasi IO CPABHEHHIO ¢ NPOXOI-
IKUTEJILHOCTBIO JKUIHU PAJHs, HO KOPOTKAS MO OTHOWEHMIO K IPOAOI-
JKHTENBHOCTH JKH3RH ypaHa. CeJoBaTe/bHO, 3BOJIOUHMIO YpaHa B
JPEBHUX MHHEPANaX MOXHO PAcCMAaTPHBATh KAk npobieMy IBYX Be-
meers U u lo, conpopoxaeMbix HX NpPOM3BOAHBIMH. sl MOHHS
MAaKCUMYM IOCTHTAeTCsl MpHOIH3uTeNbHO uyepes 600 000 neT.

§ 126. OTHOCUTENbHAA AKTHBHOCTbL PAAHOAKTHBHBIX 31€MEHTOB
B YPAHOBBIX MHHepanax

3HauHTeNbHAS YACTh CBEACHHH 06 OTHOLICHUSIX MEXKAY PARHOAKTHB-
HbIMU ceMeiCTBaMH Gbl1A NONYYEHA NyTeM CPABHEHHS HONH3ALHOHHBIX
TOKOB, BOZHHKAIOWIMX TPH NOJHOM UOIMIOIGHHH B BO3AYXe a-lydeil
PaHOAKTHBRBIX /IEMEHTOB, COAEPXAUMIXes B JPEBHHX MHHEpAJax.
[Ba sneMenTa B KOAHYECTBAX ¢ M ¢, MPUHAANEKAUINX K OAHOMY He-
Pa3BeTRJISIOMEMYCH PAAY M HAXOMUIEXCS B PABHOBECHH CO CBOMM
JOATOKHBYUIHM MATEDHHCKUM BELIECTEOM, HCMYCKAIOT B €AHHHIY Bpe-
MeHY OJHHAKOBOE UHCIO a-Tyueft. CefoBaTenbHO, COOTBETCTBYIONINE
q ¥ ¢’ TOJHBIE HOHH3AUHOHHEIE TOKH OTHOCATCA APYT K ADYFY, K&K
uncaa HoHOB k u k', oGpasyiommxces ua npoGerax R w R’. Cuutast £
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.
NPUCTM3NTENbEO NPONOPUUOBANBHEM R'T MIH NONL3YsCh Gosee ToU-
HbIMH JI@HHBIMH M3 TIDHJIONEHHS 7, HAXOJAT OTHOWIGHHH, KOTOpbie
JIOMKHB] CYNIECTBOBATH MEMAY OTHOCHTENbHEIMH aKTHBHOCTAMH 3Me-
MERTOB, NPOHCXONAMINX OT ypaHa H TIPHHAJJeKAlUX K OZHOMY He-
passeTBASIOLIEMYCA PSAY. DTH COOOPAXKEBHA MONKHO NPHIOKHTH K
YPaHOBLIM MHHEDANAM, COAEPKALNM JMIUb CAE/bl TOPHA. YTOTpedasie-
Mbill Jijisl H3MepeHHa CNOf MiHepajla JOJKeH GbiTh CTOMBL JKe TOHOK,
KaK M CNO# COSNMHEHWH YDAHA NPH H3MEPEHHH NOJHOH aKTHBHOCTH
rpaMma ypaHa. 3Hasi KOAKYECTBO DYABI, TOWeAHefi Ha HIrOTOB/EHHEe
cJlof, # Cofiepanue YpaHa B Hefl, MOXHO ONPEJENHTb NOJHBIA HOHH-
SaLMOHHBLIA TOK Ha FPaMM ypawa B pyAe. SToT ToK, HaMepsoumuil
AKIMUBHOCHTL HQ 2PAMM YPara 6 pyde, TIOUTH B DATh PA3 CHJIbHEE HOHH-
33aLHOHHOTO TOKA HA TPAMM YPaHA B OMMIICHHBIX COSMHEHHSX MOCHeL-
tero. Taxoe OTHOLIEHHe MPHONMIKEHHO OIMHAKOBO ANS BCeX JPEBHHX
YPAHOBBIX MHHEPAJIoB.

CnefiosatensHo, B pyAe KaxIOMy IPaMMy YpaHa, 2KTHBHOCTb KO-
TOPOro NPHKATA 34 EHMIHILY, COOTBETCTBYET HAGHITOK AKTHBHOCTH, PaB-
HBI npUOJHSHTENBHO 4 eMHHLAM. DTOT H3GHITOK AKTHBHOCTH OOBSIC-
HseTca NPHCYTCTBHEM B DYJe CONPOBOXAAIOUIMX Ypa# B MOCTOAHROM
TIPOTIOPIHA DARHOAKTHBHLIX 3JIEMEHTOB W TJAABHBIM OOPasoM aMeMeH-
TOB, HCTIYCKAMOUINX @-1y4H: HOHHA, Pajusi, paliona, pagus A, pagus C’,
papusi F (DOMOHMS) 1 HEKOTOPBIX BEWECTB AKTHHHeBOro psifa. Has
OTIpeJie/IeHHsT OTHOCUTENbHOH AKTHBHOCTH HYXHO KOJHYECTBEHHO H3-
BlEUb H3 PYAsl KAXK/IOE BELIECTBO, IPHIOTOBHTL M3 HEro Upe3BbIYaiHO
TOHKHH CJIO# [ W3MEPHTh NPOR3BOAHMEI STHM C/IOEM MOJHEIT HOHH3A-
[HOHHBIH TOK. DTOT ONLIT HeMb3s NPOH3BECTH C KOPOTKOKHBYIUHMH Be-
WIECTBAMU H Aaze ¢ APYTHMH Gonee RONTOKUBYLIMMU BelleCTBAMH, s
KOTOPDIX, 33 HCK/IIOUEHHeM NOMOHHA, TOUHOCTb MOMYUAeTCH MajKoh,

Vonkil nocse npubasneHHs YBJAEKAIOMEro BENIECTBa H3BJEKAeTes H3 PYA Ta-
KMl XKe XHMUueCKHMH METOjam, kak i Topifi. [lonoHui MOXKHO coBpaTh myTeM
OCaNIGHHA W3 PAcTBOPA Ha cepeOpARYI0 NJAaCTRHKY. Pamnil nasnekamT ocaxje-
BHEM CEpHOf KHCAOTON ToCHe TPHGABACHHS.B PACTBOP PYA OPHS, 3aTem Ofpe-
ReNSIOT #aYaAbHYI0 AKTHBHOCTD OCA/lKa ¥ ee flajibhelimee pospacTanue. Hauanban
AKTUBHOCTb HPIHAAIENKHT TOABKO PARHIO, PASHOCTL MEXTY HAYANBHOH H Ipesiens-
HOf AKTHBHOCTBIO OGbACHsETCH o6pasoBainem Rn, RaA, RaC’.

B cenyioleii TaGANIe NPHBOAATCS PE3YNbTATEl HEKOTOPLIX TAKHX HIMCPEHNH
B paboTaM pasHEIX ABTOPOB.

Bruuncenot) Habaionero
1,00 1,00
0,53 0,50
0,55 oxono 0,50
0,62
0,68 £ 2,18 oxono 2,00
0,88
0,61 0,61

=
%
2
°
3
g
H

761

1) Cuirrasi, uto cyMMa ROHOB, oGpasyemix a-sactauei Ul n UII pasha 2,5+105.
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Cpasnerne aktuBHocTeli Io, Ra u PO ¢ aKTMBHOCTEIO ypaHa NOA-
TBepIKAaeT, UTO NocAefHHil NCNycKaeT ABe rpynnbl e-nydefi. Cymma
SKCIMEPUMEHTANBHO HAOMONAEMLIX aKTHBHOCTE MANO PasHuTCH OT
CYyMMBI BHIUHCEHHBIX aKTHBHOCTell, Torfia Kak NpH DPABHOM uHCE
HeMycKaeMbiX a-nydeit 6 rpynn cemelicTBa akTHHHS ROMIKHBI GBITH Gbl
CUMTATHCS MPHONHSUTENbHO 33 4 efuHuuBl akTHBHOCTH. Otciofa ciie-
AYET, WTO PAjHOAKTHBHBIE /EMeHThl CeMelicTBa AKTHHHA HE MOTYT
TPOUCXONUTh OT YpaHa Mo Toil 3e JMHHH POACTBA, UTO H pajuil, # 4To
3T0 CeMefiCTBO MOKET ABAATBCS NHlb OTRETBJCHIEM CeMeHCTBa ypana,
B KOTOpOE [epexoiuT HeGOoNbIIAA YacTh aTOMOB NOCAELHEro.

QKCHQPHMEHTZ\HEHO JBOKasano, HTo B MitHepanax MeAy BeilecTBaMi
CceMefiCTBA ypalia ¥ aKTHHHS CYUIECTBYET NOCTOSHHOE OTHOUIEHHE H YTO,
CENOBATENBHO, MEHY STHMH CEMeHCTBAMHU CYWECTBYET reHeTHYCKAs
cBa3b. Toyuo eHle Be yCTaHOBJAEHO, Kaxkas vyacTh npeBpallammuxcsa
aTOMOB ypAH& IEPEXOANT B BETBb AKTHHNS, HO OHA, NO-BHAMMOMY,
Gamska kK 4% (Tpocce, Yenr n Ppencus).

uy
Vi3sMepenus NOKa3LIBAIOT, YTO OTHOWEHHE - MOCTOAHHO H PAaBHO

ux
npubausurenvro 3%, YTO AaeT BO3MOMHOCTL nomectnTs UY B paj
AKTHHAS .

Hs poseaos e moawsy cywecteoBanitg uzotona ULl nmam AcU,
JAIOIEro HAYAA0 ceMelicTBY aKTHHHS, yKaueM Ha TOT (akT, YTO KpH-
Basi, npeAcTaBasoman sakon efirepa—HaTroA2 Ana sT0rO0 CemelicTea,
OTIHYACTCS! OT COOTBETCTBYIOUIHX KPUBBIX CeMeficTB IPOH3BO/HBIX
ypana i TopHs. Kpome TOro, pesy/bTaTh HCCefOBAHME MACC-CIIEKTPOB
cBuBLA (M0 ACTOHY) NONTBEPMIAT NPEANOJNOKEHHe, YTO ATOMHBII
BeC aKTHHNA pasen 227, a ne 230 nin 226, xak 310 KOAXKHO Obl GHITH,
ecan Gbl aKTHHEI Dpoucxoaua nytem orserBreuis ot UIL nan UL
(§ 140). Dro 2acrapasieT mpemnonararh cyiectsopanne AclU, mate-
PHHCKOTO 9N1eMeHTa cemeficTBa AKTMHHS C aTOMHBIM BecoM 235 1),

Tlpoucxom/ientie cemelicTBa aKTHHUSA Obiio OH BLIACHEHO, €cln Gbi
Obls TOUHO H3BECTer ATOMHHI BeC OHOTO 3 BEWECTE 5TOro ceMeficTBa.
Takas BO3MOKHOCTb HMEETCSH TOJIbKO B OTHOLEHHH NpOTAKTHHRA, KO-
TOPBI HAXOAHTCS] B MHUEPANAX B KOJAHUECTBAX, AOCTATOUHBIX ML €ro
n3BReuerts (40% oT KOAMuECTRBA pajus), H, NO-BHAUMOMY, HE CMelaH
B HHX HH C KAKHM HEAKTHBHBIM UJH NOJITOMXHBYIIHM H30TOMOM.

HekoTopble aBTOpBI IOTYCKAIOT, YTO HAYANBHBIM MaTePHHCKHM Be-
HIecTBOM ceMeficTBa AKTHHHSA MOWKET 66ITh H30TON YpaHa ¢ aTOMHBIM
Becom 239, uenyckamowuit a-ayun. JIga ciepyiolige sa HHUM 4mena,
ucnyckaroue S-nyun, npusofat k AcU. 3a uckiaiouennem U, Bee
JpYLHe H3OTONbl ypaHa MOTYT NPHCYTCTROBATH TOMBKO B MaJoil fpo-
TOPLMH, COBMECTHMON C €ro XUMHYECKHM ATOMHBIM BECOM.

1 Cw. npum. na crp. 375,
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§ 127. Cocras cemeiicrBa. Paanid

Pajuit 3aHEMaeT MecTo B TOCAEAHeM PHAY BTOPOIl PPYNINBl NEPHOAH -
uecKol cucrembl 3nementoB. Ero atomuslil Bec pasen 226,0, atoMHoe
nopsaKoeoe uncno N = 88. 370 BelllecTBO AaeT HAUANO MHOCOUHCASH-
HbIM NPOHIBOZHEIM, TIEPBEIM H3 KOTOPHIX ABJSETCS PaJHOAKTHBHBIA ra3
pafio. Pajion, mpeBpallasch, TNPOHIBOAHT DPHA TBEPABIX KOPOTKO-
JKHBYWHX BellecTs (SbicTpo MpeBpaliaroiliuiics AKTHBHAI OCAJOK).
TMocneanee U3 HUX MPOH3BONMT JOJATOKMBYI(ee BellecTBo RaD. RaD
CO CBOMMH MPOH3BOAHBLIMH 00Pa3yeT MeJJIeHHO MpeBpallalolHics aK-
THBHBIT 0CaJ0K. FIpHBOMMM CXeMy psiia NpeBpalleHki ¢ ykasaHuem
criocoBa NPEBpalICHHsT K MepHoAa:

RaC”
a 1,32 MU,
L
*+RaB—*»RaC/ > RaC’
1590 aet 3,823 aus 3,05 MHH. 26,8 MMM, 1972 MuH. OKOAG 10— cek.
8 # a
—->RaD —— RaE — Po—— 1)

22 rona 5.0 aust 140 apett

Pagnn  Metonsl onpeneneHks cpeaHell NPOXOAMKHTENBHOCTH
KH3HM DajHA Yyie OHCAHbl B NpeJLIeCTBYIOWHX raapax (§ 78, 79)
u § 130. HanoMuum, uT0 3Ta NOCTOSHHAsSE MOXKeT OMTh onpegeneHa du-
3UYECKHMM METOAAMH, COCTOSILIMMH B TOACYETe ¢-YacTHUL, HCIYCKAeMbIX
IpaMMOM PAIHA B CeKYHAY (NOJACHET NPOM3BOJMTCA WM Hemocpel-
CTBEHRO, W/ NIyTeM H3MEPEeHHs NepeHOCHMOro JYYaMM Toka 3apsaja),
a TAaKXKe YHCTO XMMKYeCKHM METOLOM. DTOT MOCJeAHHHE METOA COCTOMT
B H3MePEeHUH KONHYECTBA PAAHsl, 06PA3YIOLErocs H3 H3BECTHOTO KOJH-
YeCTBA HOHHA, HAXOAHBLIEroCst B Pyl B PABHOBECHH C K3BECTHBIM KO-
JNHYECTBOM Dajns.

1) Cospemernan cxeMa pacnafa psfia Ra fana g npunoxenun 5¢'. (Ped.)
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PesynbTaTel, TONYYeHHbE QH3HUECKUMH METOAAMHU, PACXOJATCH Ha
HeCKOJBKO MPOLEHTOB (mepHOA Konebneres or 1600 go 1700 ner).
HauGonee cornacyiollnecs pesynbTaThl, NOAYYeHHble XHMHYECKHM Me-
TOIOM, AAIOT AA NepHofa BeaHuuny 1680 ner. B HacTosmlee Bpems
(xomrcenst konctaut 1930 r.) ero cunrator pasubiM 1590 ronam.

Papuit Gen noayuer B BUAE YHCTBIX conelf, a TaKxe B MeTannHye-
CKOM cocTosiRMH. Ero aTomubtil Bec 6bl1 TOUHO onpefenen. XuMuuecKkie
cBOHCTBA paius yake ObMH onucansl B § 38 u 41. Ouy BUosne xapak-
TEPH3YIOTCH H30MOPMH3MOM coneil paaus ¢ consimi Gapus. OnTHyecKH i
CNeKTP PAAHS NOJHOCTBIO HccrenoBan. MaBecTHO neckonbko yposueil
MOIVIONIEHHS CNIEKTPA PEHTTeHOBCKHX Jyuelt.

a-H3ayyeHne papus (npoGer B Bosfyxe npu 15° n 760 mm pasne-
Huf paBer 3,39 cm) COTIPOBONKAAGTCH HEMHOTOUHCHEHHOH TIpyMmoi
a-yueil ¢ MeHblllell CKOPOCTDbKO (TOHKAs CTPYKTYpa, § 69} u caaGeim
MAJOTPOHHKAIOWMM SAEPHEIM y-uanyvennem (189 x3e), npu BHyTpeH-
HeM 0GpallieHHH KOTOPOTO o6pas3yloTca TpH IpYNmbl f-nyyelt, obHapy-
JKHBAEMBIX B MaCHHTHOM CIIEKTpe.

TovHOe KOAHYECTBEHHOE ONPEAeeHUE PaH# NPOHIBOANTCS NMyTeMm
H3MEPEHHSI BRYIESIEMOTO UM Pafona (§ 49) HIH y-HaTydeHns ero npo-
uspofHoro RaC (§ 97).

Ipu nonHOM MOTJIOWEHUH B BO3AYXE @-NYUell, HCNYCKAGMbIX TpaM-
MOM Pajiiisi B CEKYHIY B TeJIeCHOM yrie 4, BO3HHKAET TOK, BeJHYHHA
KOTOPOTO, BbIUHC/IEHHAS MO UHCTY HCMYCKAEMBIX a-YaCTHIL H YHCAY
ofpasyeMbix KaxIoi W3 HHX HOHOB, paBha 2,4-10% sn.-cTat. en. Us-
MepeHHs] HOHH3alLHKH, IPOK3BOANMON TOHKHMH CHOSIMM AKTHBHOTO Be-
IIECTBA, NONYYEHHBIMH NYTeM BHINADHBAHHS Pas0aBNeHHbIX PAcTBOPOB
coneit paaus, NOATBEPIKAAOT 3TH Npefronoxwenns. Cnefosatenbro,
NOJHAA 2KTHUBHOCTb pajud, OTASJMEHHOro OT erc NpOH3BOIHBIX, OTIIO-
CHTCSL K TIOJHON AKTHBHOCTH Pasioro mo Becy KOMIYecTBa ypana
(UI + UII), kak 2,4-10%/1,4 = 1,7-108,

§ 128. Pajjon H GHICTPO NPEBPAWAIOWMICA AKTHBHBIA OCAA0K

Toapobhoe onlcanne pajoHa Aano B rviase 1X. JtoT pagHoaKTHB-
Hblil Ta3 oGpasyeTcs HenocpeJcTBeHHO Ha paauda. Ero meprof, papswi
3,823 pHs, ompefieneH ¢ GOJBIIOH TOMROCTBIO 1O NPOHHKAMIEMY
-H3NYUEHHIO €ro NPOHABOMHLIX (cM. npuaoxewdst 10 u rnasy IX).

BroT uHepTHEIK ra3 (N = 86), HECMOTPH HA OTHOCHTEJBHYIO KPAT-
KOCTb €10 JKH3HH, MOXKHO MONYUATh B UHCTOM BHAe. [Ipu atMochepHoM
AABJICHHH ONHO KIODH Paiiona (KONHYECTBO pajlona, HAXOAdlleecd B
PABHOBECHH € TPAMMOM Dajis) saHuMaeT ofkem, pasuuiil 0,60 sad.
CunTasi aTOMHBIl BeC PajloHa PaBHBIM 222, HAXOAAT, YTO OAHO KIOPH
papona secnt 6,5-10-% 2. B onHoMm Kiopy cogepxurcesa 1,83-10% avo-
MOB_pajioHa.

Pajion KoHfieHcHpYeTcs nyTeM aficOPGUHH HA XONOAHBIX NOBEPXHO-
CTAX NPU TeMNepaType KUAKOrO BO3AyXa. DTHM CBOHCTBOM DajioHa

26*
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4acTo NOJB3YIOTCA I €ro OuHCTKH, Flomb3ysch OTHOCHTENBHO GOJb-
IHMH KOJHUECTBAMH OUMIMEHHOrO PaOHA, MOKHO H3MepHTh JaBie-
HHE €r0 HACHLUIEHHOTO Tapa B (YHKIHE TeMNepaTyphl H OnpefelHTh
0TCIOfA TeMnepaTypy ero KuneHus, pasuyw — 65° C.

OnTHyeckHll CEKTP pPajioHa OueHb MOAHO HecnepoBaH. Ilo mepe
pacnasa pajona HabJiofaeTcs NOABJEHKE CNEKTpa relHst, oBpasyio-
uieroca B pesyJbTaTe T0r0 pachajga.

Pajon mpeppainaeTcst ¢ HCNYCKauieM ¢-4acTHU, MPOSEr KOTOPHIX
B Bo3flyxe npu 15° n 760 wmm Rasnenus pasen 4,12 cs. Hukaxoro
JIPYTOTO H3MyUeHHsT Y HEro He OBHapyKeHo.

TIpuroTopienne aMnya ¢ pajioHOM SIBASIRTCS BeCbMa OOBIMHOM Ofe-
pauseli, IOTOMY YTO OHI YNIOTPEGMSIOTEA KAK /15T JaG0PaTOPHBIX, TAK
W ISl MEANUMHCKHX HaloGROCTed.

Pajion npousBOAMT NeEPBhIl AKTRBIEI OCANOK, COCTOSLIMIL U3 TpeX
pemecte: RaA, RaB n RaC (rnapa X), nepuofbl KOTOPHIX COOTBET-
ctBeHHO papHm 3,05 mim., 26,8 muu. m 19,7 muu. RaA nemyckaer
a-nyuu ¢ npoSerom 4,72 cm (B Bosnyxe mpu 15° u 760 mam naBneHus).
RaB sucnyckaer f- u p-nyud. RaC Beerfa composomIaeTcs ABYMS
CBOHMH KOPOTKOKHBYIMMH npoussoguemmu RaC’ u RaC’’. CoBokyn-
HOCTb 3THX /MEMEHTOB HCMYCKAET CAOKHOE a-, f- W y-Hanydenne. Cun-
Taor, uro Npu npespawerny RaC nponcxonut passetsaenne pana,
npuyenM mouth Bee atomel RaC mpeBpaiaiotes ¢ Henyckaune f-aydeit
8 RaC’ » smuwsp 0,03% RaC npeppamniaercst ¢ HCRycKanWeM ea-nydelt
B RaC".

HatGaopaemaa seera y RaC rpynna e-nydeil ¢ npoGerom 6,96 cm
B BO3AyXe HcnyckaeTcs npu mpespamenun RaC’. Cormacho saxoHy
lefirepa—HsTrona npu Taxofl Anine npoGera g-tyyeft xusab RaC’
Hoskua OBITe upessbiuafino KpaTkok. D10 Mpefnonoxente Suo 3a-
TeM NOATBEPIKACHO NPAMBIM ONLITOM, OCHOBAHHBIM Ha SIBJCHHH OTAAYM
(§ 87). Taxum oGpasoM, cyuecTecBanne RaC’ MOMHO CHHTATh A0KasaH-
HbIM. DTO BEWIECTBO SIBAACTCA NOCHEAHHM HPOMEHYTOUHBIM WIEHOM
mexkay RaC n gosroxusylipm eetectom RaD.

RaC"’ 6 otfeser ot RaC nytem Benonb3opaHUs SIBJEHMA OTAAUR
pH HCTycKanuy a-ayueit, Ero nepuoa pasenr npudananrenbto 1,3 MuH.
On HemyckaeT f- H p-H3JYUeHle, NOXoOHOe f- W y-maiyuennto RaC,
HO KOJHYECTBEHHO 3HAUHTENbHO Gomee crmaGoe. OOpasyloueecs B pe-
3yAbTATe €ro TPEeBDAIEHHS BEUIECTBO HMEET TOT ke ATOMHBIN BeC i
NOpAAKOBOE YNCIO, 4TO H RaD.

B npuaoxennn 14 npusesensl Tabauipst paciaja aKTHBHOTO OCaAKA.

XuMnueckne u BJIEKTPOXHMITYECKHE CBOHCTBA BEWIECTB, COCTABAAND-
WAX AKTUBHLIL O0CAJOK, ONPEAeNsIOTCs K3 OTHOUIGHHA H3OTOMMM,
DKCNEPHMEHTANLHO YCTAHOBNEHO, uTo RaA sijisieTcst H3OTOTIOM TIONO-
npst, RaB — nsoronom ceunua, RaC — usotonom sucmyTa. Ipasuna
KJacCUDHKALKA 3aCTaBAsAT ponycTuth, yto RaC’ n RaC'’, xumuue-
CKHe CBOHCTBA KOTOPHIX HENOCPEACTBEHHO HE MOMAH ObITb M3YYeHHI,
ABAAIOTCS H30TONaMy, nepeeiil Po, a Bropoit T1.
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Bewectsa A B'n C MoryT Gbith paspenensl. [IpakTHuecky YHCTHI
RaA nosyuyaioT na IIacTHREKe, NOABEPLHYTOM KPATKOBPEMEHHOH aKTH-
BauHKM B papome. YToOwl Nonyunth unerwlit RaB, cobupaior Ha nua-
CTHHKE B TEYeHWE HeNpONO/IKHTELHOTO BPEMEHH aTOMbI OTAAuH M3
npenapara RaA. 2101 cnocoG,nofyyenls udcToro pagus B ssasercs
aryuuniv, RaC nomyuator, oTieasis ero or RaB nyteM ocaxnenuas ha
HHKeNeBYIo TWMIaCTHUKY, TOIPYMEHHYIO B COAANOKHCABIA pacTBOp
RaB 4+ RaC.

§ 129. MepiieHno NPeBPAMIAIONIHICS AKTHBHbIA OcafoK')

IMpespatekne koporkoxnsylux Bewecrs RaA, RaB, RaC npu-
BOMMT Yepes NMPOMEKYTouloe BemlecTso RaC’ K A0NromuBYUIEMY Be-
mectBy RaD. CaaGoe wanyueniie 5T0TO neillecTsa CHauala OCTABANOCH
HesaMeueBHbIM. OHO COCTOMT M3 HECKOMBKHX rpynn f-nyueit ¢oro-
5NEKTPHYRCKOr0 NPOHCXOMACHHT ¢ MAJIOM CKOpocThio (§ 85). Oun Bo3-
OyxAaoTes FPYINOf sfeprblX y-iyuel ¢ snepruelt 47 Kse (§ 94), Koad-
(PHIBEHT TIOPOIEHHs KOTOPHIX B anlOMUHMI CNIB0K K einBule. Bro-
past, BHAUMTENBHO JIerye MOTIoMIAeMAast FPYNNa y-nyvel, uar = 45 cu™?,
OOBSACHSAETCA KaK H3nyueHHe_(yopeciteHllnu cepuu L, ecau cuuvaTh
RaD usotonom ceusua.

Ilo cBoemy nofokeHHIO B neproauueckoit cicreme RaD gosmen
NpeBpamATbCs ¢ HCMYCKAHHEM sifepHEIX f-nydell, KoTopbie, OIHAKO, A0
HACTOAIIEro BpeMeHH Mano nssectum?). Merop Bunbcowa aan Bos-
MOKHOCTb HaB/IOAATH S-1Yuil (OTOINEKTPHUECKOTO NPOUCXOKACHHA ¢
npoferoM nopsiaka b ca 0 OGHAPYXKHTb, CBEPX TOro, Golee KOPOTKHe
YU, KOTOPbiE, BO3MONKHO, SIBJSIOTCA SAEPHBIMU S-Nydami.

TpsiMEIM IIpon3BOAKEIM paans D sBasercs pamuii E, usnydeinse Ko-
TOPOTO COCTOHT NOYTH HCKJIIOUHTENBHO H3 AOBOJIHO NPOHHKAIOMMX
f-nyueit, o0pasyioUlMx CONOMIHON CHEKTP M CUMTAIOUIMXCA HAEPHBIM
H3NyyeHHeM. ¥ Hero HaGnioAaercs Takxe cliafoe A0BOABHO NPOHHKAIO-
mee y-usnydenne, pa = 0,24 em~ 1. Pamuit E npespamaercs B noso-
unit (RaF). Ioaounil nenyckaer rpynny e-nydefi ¢ npoderom 3,87 cu
(B Bosmyxe npy 15° C o HOPMAJBHOM JaBA€HHH) H AT HEAKTHBHO®
NpOK3BOAHOE TMNA CBUHUA. [TpenapaTe! NONOHHS HMCMYCKAOT, Kpome
TOro, OveHb NPOHHKawIee caaboe fAjepHOe y-UBNYYEHHE, a TAKME
OYeHb cJlafoe K OUeHb JIErKO MOIJIOWAEMOe y-HaTyUeHUe, COCTOsILIee
[MIaBHBIM 06pasoM U3 K3NY4eHHs (WIYOPeCLeHIUH, BO30YXKAaeMoi
@JIyYAMH B CaMOM NOJOHNY M B METAJINYECKOH IIACTHHKE, HA KOTO-
poii HaxonuTcs ero npenapar (§ 75).

Paguit E ¥ nononuit Morys OsITh pasfeiexl. Fx nepHoast SbuH
H3MepeHbl HENOCPEACTBEHHO MO YMeH blleHuio uaayuenna. flepuon RaE

3 Cw. raasy X, § 53,
%) Maxcimanbnan sheprun f-nyueli RaD paska 0,017 M. (Ped.)
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CUHTAIOT PaBHbIM 5 JAHSAM, NepHoA nonoHus — 140 ausm, Kpusas yGu-
Banns H3ayyenus RaE usobpaxena na puc. 161, 7. Kpusas ySuiBaHns
HanyyeHust MONOHHA — Ha prc. 162, 1.

Tlepuor RaD msmepsieTcs 1o u3nyuennio ero npouspofnbix. [ep-
BOHAYanbHO yroTpeGnspuniics, He TpeGyiolHii GONBLIOro BpeMeHH
MeTOA onpefiefleHHs MepHofa RaD cOCTONT B H3MepeHHu KOJHYeCTBa

00grs T e “T‘ T T

50

2%

0 N

e 6 sz
Pue. 161, — 1. Pacnaa RaE. If. O6pasosanne RaE nz RaD. Kpxsan I — yucao
ATOMOB, NPEBPAIAIOUIACT B €AHHHLLY BPEMEHH, B NPOUSHTAX OT HAYaABHOrO YHTAA MX,
KDHBAR 11— SHanO. SToMaD, MPCBAARUNXCH B GANRHLY BDENEHT: AAETD ATONOS

RaD. MpeBpAILAIOWKXSA B eAHIILY BPeMeHH NpH ¢ = 0, NpHHATO 3a 100,

NONOHHST, oBpasoBasiuerocs yepes RaD M3 H3BECTHOTO KOJHYeCTBa pa-
[OHa_3a onpefeneHunii NPOMEKYTOK Bpevend. M3 Q atoMoB nMesine-
roci B Hayade ONbITA DajJoHAa OCPA3YeTCH TAKO® ME YACAO ATOMOB
RaD. Uncno atomos Po, ofpaszopaBlinxcs 3a Bpems £, paBHO ¢ =
= Qf (f), rae Qynxuus f (f) wmspectua (puc. 162). Takum cnocobom
6bino Hafineno 7 = 16 ropam, H 3Tol BeNMuHHOR AOATOE BPeMS NOJAb-
3oBasinch, OjiHako npsiMbe HaGMOASHHS Haj pacnaioM pagus D, sa-
XOASIerocs: B OCTOSTHHOM paBHoBecHH ¢ RaE n Po, nyTem namepenus
B-usnyuennsn RaE wian e-usnydenus Po mokasanu, 4to NpHHATas Be-
AMUMHA CcaMlikoM Maga. COrMIACHO 3THM HAGMIONEHHUAM, AIUBLIHMCS
moutn 20 jer, mteprog RaD pased npubnusuteqpko 20 ropam. Jto
MONTBEPIKACHO HOBLIMH HCCJEJOBAHMAMH, NPOH3BEAERHHIMA 1O Me-
TOLY, AHANOTHYHOMY TOMY, KOTOpbill Gbit onucan nepbiM. MoxHO
NpHHATH KaK HanGosee BepoaTHyto Benuunuy T = 22 rogaM. Kpusas
pacnaga RaD usoGpaxena Ha puc. 162, [7].
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o cBonM XuMHYECKHM H SNEKTPOXHMIYECKHM cBoficTBaM RaD as-
asieTea H3otonom ceiHua (N = 82). TMosToMy oH H3BAEKAETCS H3 ypa-
HOBBIX MHHEPA/IOB BMECTE ¢ COACPIKAILNMCH B HUX CBHELOM. Pasiennts
HX XOTS Obl YACTHHHO MbITAHCh MHOTO a3 H PA3HUHBIMI CIOCOGAMH.
311 paGoTbl BXOAAT B YHC/O TeX, HA OCHOBAKHH KOTOPBIX GbINO ycTa-
HOBJIEHO TOHsITHE WsoTonun. Kak u cenwew, RaD ocampaercs sfekTpo-
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Puc. 162. — I. Pacuag RaF. /7, Obpasabantie RaF ua RaD. /Z1. Pac-
max RaD. Jian Kpuooli 1 u III mo oCH GPAMMAT OTIONHHM 4HCAA
TOMOB, NpPEBPANLIIONUIXCA B EXHAAILY BPEMERH, B NDOUEHTAX OT Har
HATKHOTO YHCAA WX, @ XA KDHBOH 11 ~ 4HCha aromos RaF, npespa-
ULaIoWINXCA B EAHHILY BpeMeRH; wHcAo aTomoB Ral), mpespamaio-
UAXCR B EIUNAILY BPEMeRU IpH £ = 0, npHHATO 32 100, Tlepeceyehtie
KpHBBIX I ¥ ITT CootbeTcrayer pauosecitio mexay RaD i RaF.

JIN30M HAW B BHJE META/A HA KATOAe, HAK B BHJE MEPeKHCH Ha aHOie
(§118).

Papnit D MoxHO Moayyath N3 MHHEPANOB, B KOTOPHIX OH HAKOIAJCS
{(§ 41). B 310M cayyae KOHUEHTpALHS eFO BCErJa OYeHb Mafa, TIOTOMY
4TO OH OKA3BIBAETCS CMEIIAHHLIM CO CBUHIOM B NPOTIOPUMHM TOPSAKA
or 10~7 no 10-8.

C fpyroft CTOPOHBI, MOXKHO u3BAeKaTh pagdilt D, Haxomsswmics
B CTapblX npenapartax pamns. TaKoli onbiT npofensiBaicst BO MHOPHX
naBopatopusix. [asi 5Toro K pacTBOpY CONH papust NPHBABAAIOT He-
BoMbluoe KoJAHuecTBO MeTanna, Hanpumep Cu wan Bi, aast ysaeue-
nns pagust D u ocaxaator 3101 Metann H,S B mpueyrersun HCL. Ipu
sToM paanit E uw nononwit ocaxpalorcs Bmecte B pagnem D. Chyers
HECKOMbLKO JIeT N3 3TOrQ nhpellapaTa pajdsi CHOBa MOXKHO H3BJedyb Ha-
KOMHBIIKICS B HeM 3a 3To BpeMs paauit D.
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3a rof 4a rpamma palus odpazyercst okono 0,4 mz RaD, 3a 22 ropa
okono 6,3 me, a PABHOBECHOE KOJIMUECTBO PABHO HPHONH3HTENBLHO
12,7 me; RaD, nonyuennwiit #3 Ra mpd OTHOCHTENBHO KOPOTKOM Bpe-
MEHH HAKONJIEHHS, NPaKTHUeCKH He CONEPYKHT APYFHX BHJOB CBHHUA.
Tlpu Gonee pirutenshom Hakonnennn k RaD nprcoefuusaeTcs odpasyio-
uwiics B pesy/bTaTe ero NpeBpalleHHs HEAKTHBHBIA CBUHEI C aTOM-
HeiM BecoM 206 (atomubni Bec RaD pasen 210). 3a 22 roja Ha rpamm
paaus Hakanaupaercs 2,5 sz Pb®8, uto pasno npuGausutenvuo 40%
KOJHYECTBA HAKOMHBIUErocst 3a TO ke Bpema RaD. 3aTem no mepe
pacnaja pasds oTHoWeHue Pb* x RaD HenmpepwiEHO BO3pacraer.

Hakowell, B KauecTse HCTOYHHKA paiua D MOXKHO MOMB3OBATBCS
aMITYNaMi ¢ PajioHOM, YACTO NPUIOTOBMACMEIMY B Naf0paTopusx U we-
KOTOPBIX JIeYeOHBIX YUPENHEHHAX.

Tlocyie pacniafia cofiepIKaBIIerocs B HUX PaJioHa aMIyJibl COGHpaioTes,
ApoGSTCa H oBpaGaThiBaloTed napckoil Boakoil. Bemecrsa D, E n F,
a TAaKXKe 4aCTb CTEKQ CO CiefaMt COAePHKAIMXCS B HeM MeTAMIOB NpH
3TOM pacTeopsiotcs. B wacTHocTH, pacTBOpAeTcs M copepkaumiics B
CTeK/ie CBHHEI B KOJHYeCTBe, OOBIYHO ACCTATOMHOM JJs TOTO, YTOGHY
cobpatb RaD u ero npouspofinbie. 310 HeGOABIIOS KOMHYECTBO CRHHILA
(0T 1 10 HECKONBKHX MHJUTHIDAMMOB) 33TeM OUHIIAETCS, PACTBOPAETCS
B a30THOH KHCIOTE, H MOJNYYEHHBI PaCTBOP COXPAHAETCS B KBAPUEBBIX
HAH_MHPEKCOBBIX COCYAAX.

RaE ssasercsi HsoTonoM BheMyTa (N = 83). Ero usBnexaloT us
pacTeopoB RaD, ¢ KOTOPbIM OH B T€UEHHE MECSIA JOCTHIART COCTOSHHS
PaBHOBECHS.

RaE o610 MONY9aoT 3AeKTPONU3OM DAcTBOPa MYTEM OCAXAEHHA Ha Ka-
TOfe, MOTEHUNAN KOTOPOrO NO OTHOWEHHIO K HOPMATLHOMY BMEKTPOLY AOMKEH
nomnepHBaTben MeAy — 0,1 1 — 0,44 6, HIK OCAXAEHHEM HA HHKeEBOR naa-
CTHHKE W3 Temnora CONAHOKHCAOTO pacTBopa. B ofonx stix cayuasx RaE compo-
BOKAZETCS COREPIKAMUIIMCA B PACTBOPE TIONOHHEM, TAK KAK NOCASAHHI ocaXaaeTcs
nerue RaE. TlostoMy B Tex cayuasix, KOTAA PacTBOp COAepIKUT MUOMO TMOJOHKS,
nOCACAHHA  Jydlie NpEABAPHTENLHO HSBAeub. [IpH APOGHOR KpHCTARJHSAUHH
XJIOPHAA HAW RHTPATA CBHHUA, COepamero pagiii D W ero MpoH3sozabie, RaE
¥ RaF (nononuil) xonuenTpupyotes & pactsope. TakiiM NyTeM MOKHO MONYSHTH
KpUCTAAN®l, CoBepulerHo He cofiepwautie RaE u RaF,

Tonouuit (N = 84) npexcrapssier cofoll HOBbI XWMHUECKMil THII,
KOTOPHIt MOWET GbITh HCCAERORAH TONBKO METOJAMH PALHOAKTHBHOCTH.
Ero xpmHueckue U 31eKTPOXHMHAYECKHE CBORCTBA GLINH onucanbl & § 39
u 118. 13 MuHepalsioB ero 1o6biBaloT MHIIb B HCKJIOYHTE bHBIX CTYYastX.,
OGbiuKo e ero noayyaiT H3 RaD myTteM ocauIeHHs HA CepeGpsiHOi
NAACTHHKE, BPALAIONIEACH B YKCYCHOKHC/IOM HJH C1ab0, A30THOKHCIOM
pactBope RaD (i 5TOMy pacTBOPY BCErAa MOMMHO ObITR A0GaBIeHO
HeGO/bLIoe KOJHYECTBO CONMSIHON KHCAOTs). Bo3rorka nononns (Wi ero
coefiuueHnll) OGLIMHO BPUMEHSETCH A €0 OUMIUEHWS WJH NepeHoca
¢ OJIHOH NOANOKKH Ha JAPYIyio.

OTH NaHHBE TOSBOASIOT ONPeAeNHTh BecoBble Komiyectsa RaE
# RaD npyu ycaoBHH, YTO YCTAHOBAEHO COOTBETCTBHE MEMIy f-H3-
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sysenneM RaE, B onpefiefieHHbIX YCNOBHAX, H KOAHYECTBOM MO/0-
HHS, KOrAa OH HaXogutes B papHoBecud ¢ RaD u RaE, u uro,
CEOBATENIBHO, BECOBHE OTHOMEHHA STHX TpexX BelleCTB N3RECTHbI
(§89) ).

Ecni B HayanbHblil MOMeHT BpeMedH RaD oTaefen or cBoHX npo-
H3BOAHBIX, T HAKONJEHHE HX MPOUCXOAHT MO BECHMA PASIUYILIM 33KO-
naM. O6pasoeanite RaE cooTsetcTByer npoGaeme 1gyx Beuects (§ 60).
Ero KOJIH4YeCTBO ¢ YBeJHURBACTCA CO BPEMeHeM, PROIHSHTENbRO Yepes
50 AHeit MPOXONUT Uepes MAKCHMYM M 3aTeM YMEHbIIAETCs No NoKasa-
TeNbHOMY 3aKOHY, xapakrepHomy ans RaD. [octosuuast mpespauge-
Hps RaE HacTOMbKO BeMiKa N0 CPaBHEHIIO ¢ NocTostinoll mpespalie-
Husi RaD, 4T0 yBemuuende ¢ MOMHO C JIOCTATOUHBLIM DPHOJHKEHHEM
NpeAcTaBuTh HOPMYIOH ¢ = Qoo (I — e™#), Te goo — MaKCHMalIb-
Hoe xoJuuecTso (puc. 161, I1).

O6pasopanne nonouns (puc. 162, /I) paccMaTpupaercst KaK npo-
Grnema Tpex Bemmects (§ 61). ITycrb Ny GyRer 4uCAO ATOMOB MONOHHS,
HAKONKBLIEECS K MOMEHTY BpeMenH ¢, a Ny o — 11aYai bHoe YHCAO 4To-
Mo RaD. HMmeem (cm. § 61, rnaBy XI) paeencrso:

A Qe M 4 ReM %),

rae Ay, Ag, Az — COOTBETCTBEHHO, NOCTOAHible NpespauieHus RaD,
RaE u Po. Yepes gBa mecsia BTOPOH WiIeH CTAHOBIIMCH HHUTONHBIM
MO CPABHEHHIO C HEPBLIM N TPEThUM.

Ng NPOXOAUT uepes MakcHMyM npu ! = 2,3 rofla ¥ 3aTeM yMeHb-
WwaeTcs NPONopuHoUanbho RaD. Bemuuuisl NOCTOAHILIX Tpespatie-
ans RaD, RaE n Po rtaxoswl, 470 oThowenne RaE x RaD B cocrost-
HHH TIOJBHIKHOTO DABHOBECHS TAKOBO XK€, KAK U NP MAKCHMyMme, a
ornowenne Po x RaD B cOCTOSHHA NOABSIKHOrO PaBHOBECHS NPeBbI-
IHAET CYWECTBYOlee NpH MakCHMyme oTHollende Po k RaD npuéan-
3UTENBHO b HA 2%.

I) Hanpumep, B oIHOR 13 ycTanomok TTapHIKCKOTO PAiEBOTO  HHCTHIyTA
10 000 sn.-ctaT. e1. Ans Po cooTeetcreyer. ! 31.-cTaT. ejuHwue A4 pagms
Tax KaK KOIAYECTRO NOAOKHA g — 1,65-10~% 2, To Kownvectro RaE pasao mph:
Bansutensso 5g/140, a koanvectso RaD — 22.365 ¢/140, 1. e. npubansurensho
5,9:107¢ 2 RaE n 9,5-107% 2 RaD.

24iy
AR e R ey AR

GHCACHHbE SHASERNA 415 BeAHUHH, CODTBETCTBYKMINX TiepHonam 22 rofa, § Awefi
# 140 puedt, paBubl COOTBETCTEEHHO:

P = 1,01837; < =0,03639; — 1,03639.

P
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Monbsysce npuBeieHHAOR Bhillle QOPMYJIOH H YUHTLIBAS CAENAHHbBIE
B ONpeleeHHbIe CPOKH W3BJEYEHHS NOMOHHS, MOXKHO KOHTPOAHPOBATH
pactsop RaD. DroT KOHTpOAbL OGHApYKHBAaeT COOTBETCTBME TEOPHH
€ OMBITOM.

§ 130. Jpomonns pagus

BBHAY MHOFOUKCACHHOCTH H PA3HOOOPA3HA NIPOHIBOANBIX Pajust €ro
IBORIOLHA OUEHD CNOKHA. PacCMOTPUM Cosib Pajusl, TIOMElIEHHYIO B
sanasHAYIO TPYOKY, TTOCIE TOTO KaK OBa Gblia OTA/NeHa OT BCEX CBOHX
NPOK3BOAHEIX MTYTEM OUHCTKH H KPHCTaNMH3aunH. B 3ToM cayuae cons
HAXOJAHTCH MPH MHHMUMyMe aKTHBHOCTH, H €€ M3NYYeHHE COCTOMT B OC-
HOBHOM TOJBKO M3 OfHON TPYNNbl e-yyeil. B Teuenne nepporo Mecsina
NOC/E NPHIOTOB/CHHS B COMH M B aMnyfle HAKOIMIAIOTCA KOPOTKO-
JKHBYIIME NPOAYKTHl NpeBpalieHus — Pajion H aKTHBHBIE OCAfoK.
OGpasopanne 3THX TNPOH3BOJHBIX CONPOBONKIAETCH NOSIBIEHHEM Tpex
HOBHIX TPYNN a-1yuell, a TakkKe CHIBHOrO f§- M y-H3ayyeHHs RaB
¥ RaC. Dra spoouns saBepliaeTcs B Teuewde mecsina. [anbHefiuas
3HAUHTENILHO GOJIee Me/JIeHHASt SBOMIOMHA COCTOHT B HAKOIMEHHH Be-
wecte D, E n F. Ee ckopocTh onpenesisercsi CKOPOCTbIO 06pa3oBaHus
RaD. C o6pasosansem RaD M ero NpoH3BOJAHBIX MOSBNHETCA HOBAs
rpynna f-nydeif, ncnyckaeman RaE, u nstas rpynna e-nyveit, ucny-
cxaemast Po.

Tlepuioa, GLICTPON SBOMIONMK MOXKHO NPAKTHUECKH CUHTATH COOTBET-
CTBYIOHINM TpoClieMe IBYX BellecTB. MaTepHHCKHM BEleCTBOM 37ech
ABNgeTCA pajni, a NPOH3BOJAHBIM — DPAJlOH, CONPOBOXKIAEMEI Belle-
crBamu RaA, RaB u RaC w waxammusaoomuiica Mo 3aKoHY §
== on(l — e~ #), Ilie goo — PABHOBECHOE KOJHYECTBO, 8 A — NMOCTOAHAAR
npeBpamienHs DPajoHA. MeMeHHYIO BOMIONMI0 TaKKe MOMHO pac-
cMaTpPHBATh KaK NpobJieMy ABYX BEMICCTB. B JaHHOM cilyyae MaTepuh-
CKHM BetecTBoM GyJeT pajuit B COBOKYNHOCTH CO CBOHMM NPOH3BOA-
HeiMH o RaC’ BRIOYHTENBHO, 2 NPOH3BOAHBIM RaD B COBOKYHHOCTH
¢ RaE u RaF (puc. 163, /J). ITpunucas nepeoit COBOKYNHOCTH BelIECTB
TIOCTOSIHHY IO TIPEBPAILEHHs Pajisl, a BTOPOil MOCTOSIHKYIO Npespalle-
uua RaD, HaxomsT, 4To monioBhHHOe KoauuecTBo Ra (D + E 4+ F)
oBpasyercss yepes 22 rojla, a PasHOBECHE ¢ PajuieM BOCTHraeTest NpH-
GansurenbHo 3a 140 ner. KoauuectBo RaD mpoxoant uyepes makcu-
MYM W 3aTeM YMeHbluaeTCsl IO 3aKOHY pacnafa paausi. Tousee Gbwio
Gbl paccMaTpHBATh Hakomsienume Po Kak npoSieMy Tpex BeillecTB
Ra—RaD->Po (pue. 163, [11)1).

CunbHO NpoOHUKAIOWMM y-H3NyueHHeM obnanaeT Tonbko RaC, npo-
NOPHUHOHAJIBHOCTS KOTOPOrO ¢ PajHeM yCTAHABMHBAETCS Yepes Mecsi

) Kpusas, Haobpaxernan Ha puc. 163, /71, coorperctayer dopmy.e:

JeNe

T8 e 1,01428 - [eminat— 1017490 —40¢ 4 0,01749¢=54]
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noc/ie 3aKPHITHS aMMy.b ¢ conblo pamus. Crepoparennto, Aanbueii-
Wasi 3BOJIOLHA HE BAHACT HA HHTEHCHBHOCTH 3TOTO BHJA H3NYYEHMS,
U OTHOUIGHWE y-H3NYUYEHHI JIBYX aMIys OCTaeTcsi NMOCTOSIHHBIM U paB-
HBIM OTHOLIEKHIO KOJIHYECTB COAEPIAKALUEToCs B HUX Pajusi HE3ABUCHMO
OT BO3pACTa STHX NPERapaToB.
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Pue. 163, Pacnaa Ra. I1. Pacnag RaD. [11. O6pasosaiine Ral) us Ra.

1v. Obpazonwiue RaF w3 Ha. Kpueble I u T — uncao npespamaomuxcs

B GAUIHLY BDEMENl ATOMOB KAWJIOTO BeUiCCTBA B MPOUSHTAX OT HAMathHO-

Fo Qiicaa nX, KipuBtie [I1 ¥ IV — UKCIO NPeBPAUIAONNXCA B ERUHHLY Bpe-

Meni atomos RaD # RaF: uneao atomos Ra, npeBpallaiolliXca B emumILy
Bpemery npu ¢ = 0, nupuaTo sa 00,

He Tak oBCTOMT fieNno, KOrja H3MepsT ciato OTdHALTpOBaHHOS
p-H3JIyueHHE HAH f-WaNyueHue MDY ¢ paaueM. B 3Tom cayuae vacTb
n3mepsieMoro a(ekTa BhsbBaeTcs nanyvendem RaD u RaE, u caeno-
BaTENLHO, OTHOLICHHE HANYYEHHS Panee NPHIOTOBNEHHON aMIyJbl K U3~
JIYYEHHIO TO3/HEE NPHIOTOBJEHHOH aMNyJbl BbIE OTHOWEHHS KOJAN-
4ecTB CONEPIKAILLTOCs B HHX Pagus.

OTHOWeHHe g-H3NYYeHHst CTAPOTO NPENapaTa Pajiua K o-U3JyueHHo
6onee HOBOTO Mpenapara TaKike Bbiile OTHOUIGHHS KORHUECTB COAEp-
JKAWETOCs B HUX pajflisi, NOTOMY 4TO NEPBHIfi COAEPIKUT OTHOCHTENLHO
Gonble nosoHusi. CreloBaTeNbHO, KOJMHYECTBO TeMNa, BbAEJSEMOro
[PH TMOTMOWEHKHA a-nyyell CTApOro Nperiaparta, TaKe CPABHHTEBHO
Boite. ONBIT MOKA3blBAET, YTO OTHOIEHHE KOJMYECTB Tensia, Bbiiense-
Moro cTapofl u Go/ee KOBOIl aMnyJofl, Bbillle OTHOLIEHHS OYEHDH NPO-
HUKAKWHAX H3AydeHnii 5THX ammyl. HaGmofaemoe npesbienne (pas-
Hoe mpubausutesbno 10%, ecan cpaBHHBATH HEJABHO NPHTOTOBJEH-
HYIO aMIyny ¢ aMITyniof, TpHroToBaensoll 17 seT Ha3aa) cortacyetcs
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€ TEOPETHUECKHMH MPEANONOKEHHMH, OCHOBBIBAIOWHMHCS HA BeHYH-
HAX PAAVIOAKTHBHBIX TOCTOSTHHBIX W OTHOCHTENBHON 3Hepruu rpynn
a-ayuel.

Ilpu npespaulenns pajust ¥ ero NPoOM3BOAHLIX B Ipenapate Ha-
KalusaloTca HeaKTHBHBIE BenlecTsa, o0pasyloulpecss B pesyabrate
5TOro NpeBpallleHns. DTUMA HEAKTHBHLIMH BEUIECTBAMH ABAAIOTCS re-
Jni B CBUREN ¢ aTOMHEM BecoM 206. KOJMHYeCTBO 5THX 3JIEMERTOB
YBETHUHBACTCS €O BpeMeHeM, NPHUYEM TeOPeTHUeCKHH mnpeaen JOCTH-
raeTcsl TOABKO MOC/Ae NOMHONO pacnaja pajloaKTHBHOTO BelleCTsd.
Torpa vauanbHas Macca Pajus 3aMeliaeTcsi CBUHLOM H FejIHeM B OTHO-
wennn 206 k 20, T. e. npuGausuTenbHo 910 Mz ceuHua n 90 me resnst
Ha TpaMM pajus.

UYepes 22 rona (neprog RaD) KOJIHECTBO HEAKTHBHOTO CBHIUA OYAReT pasno
yKe 2,5 uz Ha FPaMM PamusT, 8 KOMINECTBO Feqin Sa Heckombko et 0,71 ue, nan
4 cud. Pacuer nokasbizaer, WTo B amnyae 06blunOi (OpMEI, comepKaltel OkonG
REUMTpaMMa papHs, Kapaenie Grarogaps o5Pa3oBaHMIO TeAlsl MOMET BO3PAcTH
Ha aTmMocepy M GOnee, ¥TO OMACHO AAS COXPAHHOCT amMMyab. CAEAOBATe/bHO,
HeaGXOAUMO BpeMA OT BpeMellll BCKDBIBATL AMIYAY, 4TOGL JaTh BBIXOA HAKONHB-
WweMycs renio.

Taxk Kak B 3anasHHO} aMIyJse ¢ CONBK Paus IPOLYKTE! NPEEpaLie-
Husl, Pb 1 He, cOXpansioncs, 10 yMeHbilleHHe BeCa MOKET IPOMCXOANTE
TONBKO 34 CYET HCHYCKAHHS f-nydell i noTepd macch Asm, coorser-
cTBylowed notepe sHeprun AE 1o ypasuennw AE = ¢2Am. BenescTpre
noTepy HAEKTPOHA B KAN/OM H3 UeTHipeX S-TipeBpallieHuil aToM pajus
TepsieT Tonbko 1078 croeil macchl. TloTepsi SHepruM, H3MepeHHas no
KOMHYeCTBY Bbliedslolleroca Tenaa, pasua 3,4-10° xas npH nonHOM
npeBpalieRnH 1 & paans, YTO COOTBETCTBYeT TOTepe MAacChl, PaBHOI
1,6-10~4 2. BoiuHc/eHRble TAKHM CROCOGOM NOTEPH MacChl CAHIIKOM
Majibl, 9TO0sl MX MOXHO OBLIO HaGNOfarTh NPH MOMOIIH BecoB, H HO-
DHITKH 00HADYZKHTh H3MEHeHHE Beca 3anasHHbIX aMnyJs ¢ PajiHeM ocTa-
JHCh Ge3pesy bTaTHBIMH,
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CEMENCTBO AKTHHHA
§ 131. Cocras cemeiicTBa. TlpoTakTHuMiA. AKTHHHMI

JloBOMIbHO BLICTPO BCJIEA 38 OTKPBITHEM AKTHHHS NOCMEAOBANG OT-
KPHITHE €10 TPOUSBOAKEIX, CHAYAIA AKTHHOHA 11 €0 AKTUBHOIO 0CalKa,
sarem axtaunf X H, HaxoHell, paguoartuHusd. COBOKYRROCTh 3THX
BElIeCTB COCTABNSET CeMeficTRO, CBAI3b KOTOPOTO ¢ CeMeHCTROM ypaHa
Gbl1a NPEAMETOM MHOFOSHCAEHHBIX AHCKYCCHI M SKCTIEPHMEHTanbHbIX
HccaeoBannil, yxe otMevennnix B raase XXIII. Axrunnit, mepuop
KOTOPOTO paBeH NpHONH3NTeSbHO 10 rofaM, MOMKeT CyUIeCTBOBATB B
ApeBHHX MHHEPANaX TONbKO TIPH YCJOBUH, UTO OH B HHX e o0pasyercs
U3 CBOETO MATEPHHCKOrO BellecTBa. [TOHCKH $TOro MATEHHCKONO Be-
HECTBA MPHBENH K OTKPHITHIO MPOTAKTHHAS. Cliel0BaTeIbHO, TAaBOH
cemefiCTBa, TPOSOINAIOWEro HOCHTD €70 MMS, SBASETCS He AKTHHH
Mepen uuM NoMellaeTCH MPOTAKTHHHII, a Nepen DPOTAKTAHIEM, KaK
npennonaraioT, ypan Y, CUHTAIOMMACA NPOH3BOARLIM H30TONA VpaHa
AcU.

TIpupoauM cxeMy mpeBpauiekkil ¢ ykasaHWem Cnocoba npespaite-
Husl H TiepHopal):

a I
AcU—o UY 24 Pa %o he - Rate T AeX T
4. 10 ner 24,6 yaca 32000 mer 10 per 18,9 gns 11.2 pss

— An-"o AcA T
3,9 cer. 0,002 cex.
phecr 2o,

<7476 wu,

o AcB - T AcC <
5,000 26 W o

510~ cer

[TpoTaKTURHIT — BHICWNH FOMONOT TAHTANA, €r0 MOPSTJAKOBOE YHCIO
pasno 91. ATOMHBIt BeC MPOTAKTHHHS OKOHUATENBHO HE YCTAHOBJEH.

Y) Conpementan cxema pacnaga AcU fama B npnnowewin 5S¢, (Ped.)
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B nactosiiee BpeMst €T CUHTAlOT paBublM 23] COMNACHO pesyJLTaTaM
MAacc-aHANH3a CBHHUA W3 YPaHOBBIX pyAl). [IporakThHit Gbl1 OTKPBIT
B pesyaptate paGoT HaA 0Opa30BaHHeM AKTHHHA B NPOAYKTAx
nepepadotkn ypanoselx pya (O. Taw u JI, Meiituep, ®. Coman n
J1. Kpaucron). INosaHee yaanoch MofyuuTh okoao 40 sz unctoli oKHeH
npotaxtuuns (Tpocce), UTO 10 BOIMOKHOCTb HCCIEAOBATD €X0 CIIEKTP
BBICOKOIT 4acTOThI (cepusi L), I10 ucceioBaHHe NOATBEPAHAC, YTO TIO-
PAAKOBOE HYHCAO TPOTAKTHHHA PaBHO 91, Kak 3TO npejnonarain R
PaHbliie, OCHOBBIBARICH HA METOJAX KAACCHPHKALHH DaAHOAKTHBHBIX
3JEMEHTOB, H3NOMeHHbIX B rase X XII. XuMHuecKHe cBOficTBA NpoT-
AKTHHHS OBbIH Y)X<e OoNHCaHb B § 39.

FporakTnuuii menyckaeT a-nyuwd ¢ mpoSeroM 3,67 c# B BO3AyXe
npH 15° H HOPMAJBHOM JABJEHHH M HECKOABLKO TPYIN BTOPHUHELX
B-nyueil (POTOSNEKTPUYSCKOTO MPOHCXOMKAEHHS, BOCYHKAACMBIX TpPeMs
rpynnami nepBUyHLIX p-nydedt (§ 83 u 94). IIporukaromas cnocobHoCTb
aTHX nyuedt (u = 126 eu~! gma B-nyueit B Al) mocraTouna aas Toro,
4TOGb HMH MOXKHO GBUTO TIOJB30BATHCA RISl H3MEPEHHS KOHUEHTPHPO-
BAHHBIX TPENApATOB NPOTAKTHHHS.

l'lpo*raxmunﬁ ~-— BellecTBO }lO.J'll"O)KHByLU.ee. Ero nocrosunas Tipe-
BpalleHtst A cHayana GbIa BBIYHCAEHA MO Npodery ero a-nyueft. 3a-
Tem OHa Gblia onpefenena No CKOPOCTH 06pasoBanusd Pa B OUHUIEHHBIX
COE/IHEHUSIX ypaHa U3 cooTHowenns A = Ao, TAe A — KoNHYecTBO
Pa, ofpasyioiieecs B eAMHHLY BPEMEHH, a §oo — KOAHUeCTBO Pa,
HAXOAsSIeeCs: B PABHOBECUH € JAHHBIM KOMHUECTBOM Ypana B ApesHeil
pyae. Ilyetb A’ = 4'¢'0o GyAeT COOTBETCTBYIIIEE YPaBHEHHE, OTHOCH-
mieecs K OOPAasoOBAHMIO PAAHST H3 TAaKOIO JKe KOJAMYecTBa ypaHa, Ha-
XOJSIETOCs B PABHOBECUH C HOHHEM.

B pyne pasuosecuule komnuectsa Pa 1 Ra naxofarea B oTHolueHny

oo A X AT

oo AT A AT
OrHoenne uHCces aToMOB, 0OPasylMBXCA 32 OZHO H TO e BpeMd,
pauo AA'JA’A, rie A u A’ — cooTBeTCTBeHRO aToMHbIe Beca Pa u Ra.
310 GyneT omuoweruenm passemeienus, ecny Pa u Ra nponcxoast ot
OJIHOTO H TOro Ke H30TOMa ypaHa. Eck 3Ke OHH NPOHCXONAT OT ABYX
HE3aBHCHMBIX M30TONOB, TO UHCJAO NPEBpaillaoMMXCH B eAMHHLY Bpe-
MeHH aTOMOB KayKIOTO M3 HHX DABHO MPOH3BEJEHMIO YHCJIA HANHYHBIX
aTOMOB Ha NOCTOSHHYIO Tpespailenusi. IlpnBoguM nosjmeiiwne, Ho
€ille HEAOCTATOYHO TOYHBIE BEJAHYMHbl PAJHOAKTHBHBIX NOCTOAHHBIX!

T =32000 ner; AAIA'A=0,04; Goofgoo=08.

CoraacHo STOMY B APE€BHHX HeH3MEHEHHBIX pyAax Ha TpaMM paansa
umeetcs 0,8 ¢ Pa.

1) Cw. npum. K crp. 387,
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TpoTakTHHKA TPYAHO MONHOCTBIO H3BACUb H3 PYAH. O BhiieasieTcs
TyTeM YBAEYEHHs TaHTAOM HIAH UHPKOHHeM, [IpOM3BeneHHBIMH No
OGOHM 3THM METoJaM MCC/IENOBAHHSIMH YCTAHOBIEHO NOCTOSIHCTBO OT-
nowenus Pa/U B munepasax (I'pocce, Yenr aa Haur).

OGpazopanne aKTHHUA 13 IPOTAKTHHHA GbNO MPOBEPEHO SKCIEPH-
MEHTAJILHO TI0 BbIAENIEHH 10 aKTHHOHA NpefapaTaMy NPOTAKTHHHS!, BHa-
uajle He COJePXKaBWMMH HHUKAKHX PagHOAKTHBHLIX TpuMeceil.
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Duc. 164, — I, Pacnag AcX. I1. OGpasosatine KAC i Ac. LI{, Obpasosaniie

AcX B Av. Kpusas I — 44O Ipespamalouiixcs B GXHHKLY BPEMeHH aTo-

OB B TIPOERTAX OT YHCIA ATOMOB, NPLBPAULAIONIUXCS B CAUHHLY BpemeHn

npu ¢ = 0, KpuBue II W I11 ~ MucKo MPEBPAINAIOUIXCA B CAHANIY Bpe-

Merm aToNoB RAC 1 AcX: MUCHO ATOMOB AC, IDEBP2BIOUHXCA B CRHAHLY
BpeeHH MpH ¢ = O, npuRsTo 3a 100,

AkTinuii nomeinaeTcs B NOCACAHeM PALY TPeTbeil TPYIIE! NepHOIH-
ueckoil cuctembl. Ero nopsiakonoe uncno N = 89, ero aTomublii sec 227,
TlonyueHHe H XMMHYeCKHe CBOHCTBA AKTHHHS ONHCAHBI B § 39.

Jo cnx nop coSeTBenHoe M3MydeHHe aKTHHHA He OGHAPYMEHO, HO
ClleyeT NoJaraTh, YTO er0 NpeBpaliehke COMPOBOKIACTCA HCMYyCKa-
RHeM ffepHbix f-nmydelf ¢ Mamoil CKOpoCTbiol).

TIpoaosKHTeNbHOCTD JKUBHH AKTHHHS NOBOJBbHO Benuka. OHAKO
Ha CTaphiX NIpenapaTax axTHHMA yXe Y1aJoch HaGNIONATh €r0 pachaf.
Takue Tpenapatsl H3MepSIOTCA N0 A-HSAYYEHHIO AKTHBHOTO OCAfKa,
HaXoMsLeroCst B paBHOBeCHH ¢ aKTHHHeM uepes RAc n AcX. Ilepuon
AKTHHUS, H3BECTHbIl NOKa JIMIUb BectMa NPHONHSHTENBHO, paseH 10
rofaM.

%) Cu. npum. na crp. 263,
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DBOMIONNS AKTHBHOTO OCAJKA MOKET PACCMATPHBATECA KAk IpoGae-
Ma TpeX BElecTB: aKTHHUS, PAJHOAKTHHHS H aKTHHHs X, CUHTAS, 4TO
TOC/IeAHH I COTIPOBOKAACTCS AKTHHOHOM H AKTHBHBIM OCAAKOM B KOJIH-
4ecTBAX, COOTBETCTBYIOMIMX PajlMOaKTHBHOMY paBHoBeculo. Homyckas,
YTO KOJIHYECTBO AKTHHHSI B TeyeHHe HECKOJbKUX MeCALEB OCTAeTCs
NIPAKTHYECKH TIOCTOSIHHBIM, HaXoAAT, YTo pasuosecne AcX ¢ Ac ¢ Tou-
HOCTBIO A0 1% ycramasnusaercst uepes b Mecsuee, sa Takofl e CpOK
npuxoanT B pashosecie ¢ Ac n AcC”, eciin TONBKO HE MPOUCXOAMT
floTepH aKTHHOHA (puc. 164, /7).

§ 132. Papumoakrunuii. Axtunuii X

a) PALMOAKTHHNM — MEPBOE NPOH3BOAHOE AK-
TuHUA OTOT 3MeMeHT sBIfeTCs HsotomoM Topust (N = 90)
H OTAENSIEICA OT AKTHilUA TeMd K€ CIOCO0AMH, KOTODBIMH pas-
JeRsOT TOPHH H NAHTAH (HaNpuMep, OCAMCIEHHEM DHNOCYJbL(HTOM
HATpHS B HEHTPAJLHOM PacTBope HJIHM OCAXJEHHEM NEPEeKHCBI) BOJO-
pOKia B NPHCYTCTBHH HEGONBIIOTO KOMHYECTBA YBJEKAIOLIEro BelecTBa).
PapnoakTuHui npeppamaeTcsl ¢ HCNYCKAHHeM a-iyuefl (cnekTp TOH-
KON CIpYKTYpHI), 00pa3yiomux JBe FPYNMel ¢ GAB3KIMH [0 BeNMIHHE
npoGeramu: 4,68 u 4,34 cx B BozAyXe npu 15° u HOpManNbHOM AaBie-
Hun ( §69). Kpome Toro, eMy RpHMINCHIBAIOT CII0XKHOE SAEPHOE y-H3TY-
uenne, cocTodumee u3 10 romorenssix rpynn (vexay 30 u 300 xsg,
§ 93), v f-nanyuenne BTOPHYHOTO NPOUCXOMIEHHS, COCTOAICE H3 MHO-
THX TPYNT GOTOINEKTPOHOB, 0OPE3YIOUXCS MyTeM BHYTPEHHEro o6pa-
ieHns AACPHBIX y-nyuedt (§ 83 u 93).

M3 paguoaxTHrus o6pasyetcs akIuHuil X W ero npousBogusie. Iy
3BOJICLHIO MOMHO PACCMATPHBATL KaK RPOGIEMy ABYX BEIECTB, C Of-
HOft CTOPOHDI, PAAOAKTHHMS, a ¢ APYTrofl — akTHHHs X B paBHOBECHH
¢ ero npoussofubivil. Ecau npenapaT RAc B navasbHBIE MOMEHT He
coniepkHT AcX, TO YHCIO ATOMOB TIOCNENHETO B 3TOM Tpenapare cHa-
yala BO3PACTAET, MPOXOAHT Yepes MAKCHMYM, a4 3aTeM yMEHbLIAETCS
flo 3aKOHY, KOTOpBi B Npejiene COBNAJaer ¢ 3aKOHOM pacmana RAc.
HMsmesenne o- #an p-manyuennss npenapatos RAc mpoucxomnt mo
CXOAHOMY SAKOHY, KOTODbiil CTPeMHTCA K ToMy e mpejeny. Caenosa-
TeIBHO, H3MEPsisl 5T Hanydexue, onpelensior nepuoid RAc. Taxum
nyTeM ero nepuoj GLuT Hafizen papueM 18,9 gus (puc. 165, ), uto npe-
BLIIACT BeNHUHHY, Halifiennyio o sakony lefirepa—Hstona.

DAKTHHUAX ~HENOCPEACTBEHHOE NPOM3SBOAHOE
PAZMOAKTUHUs Ilpn ocawjenuu pDajMOAKTHHHS W AKTHHHS
AMMHAKOM O OCTaeTCsl B PacTBOpe. YCTAHOBJIEHO, YTO OH SABAAETCS
H30TOMOM PAJHA K UTO, ClIeI0RATENBHO, €10 OPAAKOBOR YHC/IO PABHO 88,
Ero MOoXHO TOAYYHTH H3 NpenapaToB pPafHOAKTHHRS, INOAL3YICH
ABNEHHEM OTJAYH NPH HCNYCKAHHA a-fyveil.

W3 akrurus X 6picTpo 06pasyIoTes €ro KOPOTKOMKHBYIINE NPOH3-
BORMEIE, AKTHHOH H AKTUBHAIA OCAJOK, JOCTHTAKNIME DPABHOBECHA C
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HHM B TEYeHHE HECKONDbKHX UYacoB N HCMycKawomue a-, f- U y-1yuH,
Visnyuenne Toft COBOKYNHOCTH BelllecTE, HaGAI0/laeMoe ¢ MOMEHTA ycTa-
HOBJICHHS DABHOBECHSI, YMEHbIIAETCH N0 NOKA3ATENBHOMY 3aKOHY, Xa-
PpaKTepHOMY NSl aKTHHHS X, OTKYJa M ompellensieTcsi NEPHOA MOCHeA-
Hero, VI3MepeHNs! XOnkHbl NPOMABOAHTECA B YCNOBHAX, HCKIOYAI0-
X TOTepIo akTHHOHA. B HacTosnee Bpemst nepuofl akTHuusa X cun-
Talot papubiM 11,2 aus (puc. 164, /). Cam aktnauit X vienyckaer rpynmy

wu» J;iﬁ% b

(]
Bpewn 8 dax
Puc. 163, — 1. Pachag RAc. I Obpasovamne AcX n KAc
KpHEas 1 — JHCAO MPEBDAULAIOLIUZES T SHAKLY EDEMEHH ATOMOR

B NDOUSHTAX OT HAYAALKORD MHCAA H, KDHBAR 1] — 4Heao fpen

PDAIAILIXCA B EATHHUY BDEMENH aToNOB ACX: 4HCIO ATOMOB

RAC, IPEBpaILAOMIIXCA B SANHINLY GPeNeln npH ¢ = 0. NpRIATO
52 100.

a-yuei ¢ npoberom 4,37 cu B Bosstyxe npu 15° C u HopManbHOM JaBae-
nun. Tak ke Kak B caydae RAc, HO TONbKO B MeHbllefi CTenedH, 34eCh
Hal/I0AaeTCs OTKJOHelHe OF sakona [elfirepa—Harroma. Axtauuii X
HCIyCKaeT Taike ApYrHe TPYAObl e-nyuell (Tomxas cIpyxtypa, §.69)
U sijepHOE y-H3NYUeHHe, COCTOoMilee H3 5 rOMOTEHHBIX IPYNN (MeXAy
140 1 270 k38) 1 obpasyiollee MPH CBOEM BHYTPEHHEM 06PALIEHHH MHOTO
rpynn BTOpUNBIX f-nyueil (§ 82).

Konnuectso AcX, ofpasymwmerocs B npenapate RAc, B Bavaib-
HbIfl MOMEHT He cofepaaBlieM AcX, NMPOXOAMT uepe3 MaKCHMYM IpH
t = 20,8 gus, a yepes 100 nHell yMeHBIIEHHe 3TOTO KOMHYECTBA IIPOHC-
XO[MT NPAKTHUECKH IO 3aKOHY, XapaKkreproMy Arst RAc (puc. 165, 7).
Hsnyyenne Takoro npemapaTta MoxeT ObITh IpejcTaBieHo (OpMymoi
I = KAN + K’AN’, rae AN n A’N’ — cOOTBETCTBEHHO uHcaa TPEBpa-
JHAWIUXCS B eAMHANY BpeMenn atoMoB RAc u AcX, a Ku K’ — ko3-
MIHEHTH AKTHBHOCTH KaXJIOTO W3 STHX BeilleCTB B YCJAOBHAX HaMepe-
27 M. Kiopu
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uud. lipn s1om kosdupuupent K' OTHOCHICA He TOABKO K HOHHZHPYIO-
memy AelicTeHio Jydeli AcX, HO k HoHMBHDYIOUEMY AelCTBHIO Jyqeli
AKTHHOHA H AKTHBHOrO 0cajka B paBHoBechH ¢ AcX. Hepes 6 Mecsiles
OT HayaJbHOIO KoaudectBa RAC ocTaetes JiMlb HeMHoro Goaee 0,001.

§ 133, AKTHHOH H €r0 aKTHBHBIA OCAZOK

AKTHHOH WM IMAHALMA AKTHHHS — DAJHOAKTHBHbII ras, NpH-
Rajfexaluil K TPynne HHEPTHHIX Ta30s -(N = 86). O ucnyckaer
a-aysd ¢ npoberom 5,79 cu B Bosjyxe npu 15° u HOpMalbHOM JaBie-
nuH. Buula taiie ofHapysena BIOpas TPYNNa ¢ HEMHOrO MeHBLIHM
npoGerom (§ 69). B nacrosulee BpeMs DepHOL €ro CYMTAIOT PABHBIM
3,92 cex. (§ 44).

AKTHHOH — HenocpeicTBeHHoe npousBoanoe AcX, W BCJIeACTBHE
OLICTPOTHI €ro pacfiafia OH AOCTHIAeT PajJMOAKTHBHOrO PaBHOBECHS C
AcX wmenee, uem B | mHH. IlyTeM nsmepeHHsl BHIAGSIOWEroca dKTH-
HOHA MOJKHO OIIPeAeVIATh KosHuecTBo AcX A Hepes 3TOT HOCTeABHE —
KOJHYECTRBO PAAHOAKTHHHS M AKTHHUS. OJHAKO TeXHHKA ITHX H3Mepe-
Wnfl He TAK TOYHA, KaK B CJyuae PajoHa, NOTOMY 470 paboTa ¢ aKT-
HOHOM 3aTPYAHSIETC] KPATKOCTBIO €ro KH3HH. [IpH HaMepeHHAX Bbl-
JensuOierocsi aKTHHOHA YACTO MOAb3YIOTCS TBEPALIMH BelIECTBaMH,
HEKOTOpble H3 KOTOPBIX OYeHb JIerKo NPOHHIUAEeMbl Jif Hero. Takosel,
HanpuMep, OKHCH, THAPATH M (TOPU/L IaHTaHA, BMECTE C KOTODbIMI
00bIYBO_BLIAGAAT aKTHHUM.

AKTHBHBII OCAJOK AKTHHOHA, KaK Mbi yae BHiead B rase X,
COCTONT M3 HECKONDbKMX BEilecTB, nasbiBaemblx AcA, AcB, AcC, AcC’
# AcC"’, HenocpelicTBEHHBIM [POH3BOJAHBIM AKTHHOHA SIBJSETCS OYEHb
KOpoTKoxuByilee BewectBo (T = 0,002 cex.) AcA, ucnyckaoiee
a-nyru ¢ npoGeroM 6,58 cu B Bosxyxe npu 15° u BopManbHOM Aamie-
HEH. AcA, XHMHYeCKHe CBOHCTBA KOTOPOFO He MOIIN GbiTh Hemocpel-
CTBEKHO M3ydYeHH!, N0 aHAJOCHH ¢ RaA CYHTaeTCs H3OTONOM MONOHHS
(N = 84).

Tlpu pacnaje akTuus A u3 Hero ofpasyercss akTusuit B, a u3
aKTHHUS B 3HaUUTeAbHO GOJlee KOPOTKOKHBYIINE NPOHBBOAKBIE, C KO-
TOPBIMH OH JOCTHIaeT DAaBHOBECHs MeHblue, YeMm B Hoayaca, Ero me-
puon, T = 36,0 MuH., BHUHCASETCS NO CKOPOCTH YMEHbIUeHHsS H3ny-
HeHusl AKTHBHOrO 0CANKA, NMOCAE TOFO KaK YCTAHOBWJGCH 3TO PABHO-
Becue. AKTHREA B — nszotont ceunua (N = 82). MoXHO DOJYYMTB
pacTBOp aKTHEMA B, He cOfep:alHi ero NPOH3BOAHBIX, BhICNHB
AcC 27eKTPOSIH3OM WM OCAXCACHHEM Ha Hukesde. AxTunnuft B npeepa-
AeTCA C HCMYCKAHHeM AAepHBIX S-Jyyedl ¢ Manof CKOpOCThio, COnpo-
BOMIAEMEIX MAJIORPOHRHKAIOMUMH p-aydami (§ 83 u 89).

AxTuruit C, HemocpelcTReHHOR Npou3BofHoe AcB, ucnyckaeT jpe
TpYNmb a-nydel ¢ GIH3KHMH NO BeandiHe npoteramk (5,51 u 5,09 cu
B BO3AyXe IPH HOPMAJIbHOM JiaBienkH). OR ABASETCS H30TONOM BRCMYTa
(N == 83). Ero BbAesIOT H3 PACTBOPA AKTHBHOIO OCAKA OCAXKAEHHEM
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ua HRkene. Ilepuox akTuuus C, BHUHCACHHDUL N0 ero pacnafy, pase
2,16 mun. Axrunnii C npespaiiaeTcss ABYMA DasanuHbIMY CHIOCoDaMH,
NIPHUEM MOUTH BCe ATOMBI €r0 MpPeBPaulaloTCs ¢ HCIMYCKAHHEM a-Tyveil,
M JMiOb OYeHb HeGoaslias yacTh HX, okomo 0,20%, npespamaercs
¢ MCHycKaHHeM f-nyuel. B pesyabprate a-npeBpameHHs oOpasyercs
BelecTso, nassiBaemoe AcC'’, KoTopoe MOMKHO COOpaTh, MOJB3YSCH
ABJeHHeM OTAaud. B pesyibrarte f-peBpatlenHs obpasyercss OYeHb
KOPOTKOMKHBYIIEE BellecTBO, HasbiBaemoe AcC’ (N = 84), Hcmyckalo-
wee ¢-Ayd4H ¢ nmpoberom B BosAyxe okono 6,5 cm. IMepuog AcC’, Bbl-
YHCHEHHBIH 110 3TOMy mpobery, HMeeT Nopsuiok 5-102 cek.

Axrunuit C'* — wsoron tannus (N = 81). Ou ncnyckaer f-ayu,
KOTOpHIE 0GPasyloT HaHGoNee MPOHKUKAIONYIO IPYNNY STOF0 BHAA H3IY-
YeHMSl B CeMelfiCTBe AKTHHHS H HCIONb3YIOTCH A5 KOMHUECTBEHHOIO
onpesenenus nocieaHero. ConpoBoKalollke HX AOBOMbHO NPOHUKAIO-
e p-1y4H HCMONB3YIOTCS AN KONHUECTBEHHORO ONpefeneHKs L0CTa-
TOYHO CHABHBIX TPenapaToB.

Tepron AcC’’, ompefiesieRnblil 1O CKOPOCTH ero pacnaja, pased 4,76 MuH.
Tak Kak BeAWdHHA €ro 1o CPaBHEHRIO C BEAHUHHOIN MepHoia AcB me HAuTOZKHA,
To orHowenke AcC’'JAcC, ycranapaKBatolieecs IPH PAacnafe akTHBHOTO OCazKa, He
TaKOBO, K&K B PABHOBECHH C aKTHHHEM H Jiaxe ¢ PAaAHOAKTHHHEM H akTumwem X.
Ecan oTwowekKe 1 /1) HORNSAUHOHHLX TOKOB, BLI3bIBaCHbIX. a-nyuait AcC (Moa-

HOCTBIO MORMOWAKIHMACA B BO3AyXe) H S-nyvamu AcC” (chonmyeyxble B Jan-

HOM BpHGOPE), SKCTEPHMEHTANbHO ONpegeneHo, 10 orHomenwe Jloflg cooreer-
CTBYONee TOMY e WHCRY NPEBPAUAIOUWXCH B EAUKHLY Bpemenst atomos AcC w

AcC”, muBomnTca 13 oTnouenns Joflp  yunonennes nocaegero Ha ¢’ (¢ — b) =
= 1,[5, tae & — nocrosunan npespaulenns AcB, a ¢’ — HOCTOSMHAR NpeBpa-
menus AcC’’.

B akTHBHOM OCaAke, coctostmem K3 AcB, AcC u AcC’’ (e CUMTAR HHYTOK-
Koit nporiopuan_AcC’), sBosioutia AcC’ COOTBETCTBYeT MpoSACMe ABYX BOULECTH,
a seoaiouus AcC” — npobaeme Tpex Bemects. HanGonee nyxuble undpossie Ian-
Hbie NPHBENIEHbI B IPHIOKEHHH 15.

§ 134. 3somoums cemeficTea

DBoaIolEA STOrO CeMeHiCTBA XOPOUIO H3BECTHA TONBKO, HAUMHAS ¢
NPOTAKTHHHS, KOTOPHIH PACCMATPHBAETCA KAK MATEPHUHCKOE DBELECTBO
AKTHHHEBOTO Psifia M OOMajaeT 3HAUMTENLHO GOJBILEN NPOAOIKUTEN b
HOCTBIO JKH3HH, YeM €T0o NPOH3BOAHLE. TaK KaK CPeMfist MPOROAKH-
TeNBHOCTb KH3HH aKTHHHUS B CBOIO OYepe/b Bhile cpeanedl NPOOKH-
TeJLHOCTH JKH3HH [OCAEAYIOWAX NPOH3BOAHBIX, TO 3BONIOLHA cemefi-
CTBA MOKET paccMaTpHBaThCsl KAK ApoO/neMa JABYX BellleCTs; ¢ OAHOH
CTOPOHbI, MPOTAKTHAHS, @ ¢ APYToii CTOPOHBI, AKTHHHS C €10 NPOH3-
BONHBIMH. KO/MH4YeCTBO aKTHHHS HOCTHraeT MaKCHMyMma NPHOJH3H-
TelbHO gepes 50 JeT mocne Hayada ero HAKOWIEHHS W YMEHbLIAeTCs
3aTeM NPONIOPIHOHANBHO YMEHBINEKHIO KOJUUECTBA NPOTAKTHHMUSA.

MartepHHCKoe BellieCTEO NPOTAKTHHHUS, HassipaeMoe UIIL uan AcU,
HOMKHO 0613 ]1aTh RPOAOAKKTENBHOCTIO JKH3HH, JOCTATOUHOM I TOTO,
4T00Ll OHO MOTJIO COXPAHHTBCS B APeBHHX MHHepanax. CuHTaioT, 4TO
ero nepuop Moxer OwiTh 0T 108 fo 10° ser. Hexoas u3 mocTosucina

27*
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OTHOIUEHHIT HSOTONOB B CMECSAX KX, NPOMCXOAAMNX H3 PABHUHBIX
MECT 3eMHOFO [Iapa, MOXKHO NPeANodoxuTh, U0 orHoeHne AcU[UI
B 3MOXYy 06pasoBaHusi ypaHa Gbo BCIORY OMMHAKOBEM. Torfa, ecau
TIOCTOSIHEBIE NpEBPALIeHist ¢ TOTO BPeMEHH He H3MEHSUIHCh, 3TO OTHO-
weHue, a takxke oTHowerns PafU u AcfU, necmopst Ha HoCTeneHHOe
YMeHbIIEHHE, MOLAW BO BCEX APEBHUX HEH3MEHeHHBIX MHHepanax
0CTaThCA OJHHAKOBEIMH. HecMOTp# Ha HEKOTOPbIE SKCTEpHMEHTANbHbIE
PACXOMAEHHS, ONLIT MOATBEPXAAET 5TC NPEANONOKEHHE.

Ecnu matepunckuM BeuiecteoM Pa (uepes nocpeactso UY?) aBasercs
UIIT unu AcU, atoMHBIi Bec KOToporo paseH 235, a MepHOJ, MeHble
neproma Ul, To comep:xaHne BemecTp cemeilicTBa AKTHHHA YGLIBAET B
MHHepanax GhICTpee, UeM cofepikanHe pemiecTs ceMelicTa paansi. Uto
JKe KACAeTCs TOrO, CYLIECTBYET Jii Y AKTHHHA eIl OAHO MATEPUHCKOE
BEWIECTBO € ATOMHBIM BecoM 239, To IO $TOMY BONPOCY B HAcTosiliee
BpeMs HeJTb3si CleNaTh HUKAKOTO 3aKAIOueHHsY).

B noom ciyuae sBoOnMs ceMelicTBa AKTuuUS, Rauunas ¢ AcU,
MOXeT B OSILeM pacCMaTpHRaTsed Kak mpoGnema Asyx Betects, AcU
1 Pa B COBOKYIHOCTH CO BCEMH €TI0 NIPOH3BOAHBIMH. PaBHOBECHe Meay
AcU n Pa gomxuo ycTamasrHBaTbes 3a BpeMsi nopsiika 200 000 ner,
HHRUTOKHOE TO CPABHEHHIO ¢ BO3PACTOM MHOFPHX MHHEPAJOB.

%) Paauonsoton ¢ atomhum pecow 230 ARaseres oPut™, KOTOpHil nonyuaetes
HCKYCOTRRHHMIM TyTeM, A TAKKE OOPA3YETCH B MANDIX KOAHUECTEAX B YPAHOBBIX
MHHPANAX MYTeM 3aXBaTa AAPAMA YPAHA HEATPOHOB CMIOHTAHHOTO AeseHN. Py
nyTeM a-pacriaga npevpamaercs s U (Ped.)
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§ 135. Coctas cemeiicrsa. Topuit

TlepBHuHBIM 3NEMEHTOM 3TOTO CemelicTba ABasercs Topuil. Habaio-
JABIIHECS TIPH H3MEPEHHH AKTHBHOCTH 3TOT0 BellieCTBa HelPABHAbHOCTH
TIPHBEMH B OTKPHITHIO SMaHALUMH TOPHSA, HAU TOPOHA, H obpasyromerocs
B pesynbTaTe pacnaja MOCAeJHErO aKTHBHOTO Ocajka. ONBITEl, NPOH3-
BORHBIUNECS € LTI ONPEIEJHTb, NPHHAATEIKHT JIH AKTHBHOCTL TOPHS
eMy camOMY, pHBETH K BbiieneHnio topus X. Hakouen, npn mepepa-
6OTKE TOPHARMTA € Nebi0 HIBJACUEHHA DAAHS ObUIH OTKPBITbI Me30-
TOpHIl H paaMoTopuil. 3aTeM ObWIO OCHAPYKEHO, UTO ME3OTOPHIl sB-
JIAETCH CNOMKHBIM BElUICTBOM M COCTOMT M3 Me30TopHsi | u Meso-
TopHus 2.

TMpusoanm cxeMy npeppaniennii ¢ ykasauuem cnocofa npespaiie-
HHA H nepHofat):

Th - T - T WTHe T RTR o THX 4 Th -
1.8 14 ner 6,7 mer 13 wava 1.9 roa 3.64 nna 54,5 cek.
@ ThC?
SThA - o ThB - The BT

0.4 cex  10,6vaca 60,5 mun. P X THC!
10,1 v,

Topuit — JaBHO u3BeCTHBIN aeMeHT. OH MOMEACTCS B NOCASAHEM
PAAY ueTBEPTOH rpynmsl MepHoAnueckofl chcTemsl. Ero nopsikosoe
upeno N = 90. ATomublii Bec TOpHsi NO NO3AHERAIHM JAHHBIM PaBeH
232,12, On BeTpeuaetest B MHHepasaX BMECTE C yPaHOM M PeKHMH 3eM-
AsiMH. B NpOMBILAGHHOCTH TOPHl TpHMeHsieTCsi AIA H3TOTOBJEHHS
CeTOK HakanupanHd. OH JOGHIBAETCS TIAABHBIM OOPA3OM M3 MOHALH-
Ta — Qocdara TOPHA M PERKHX 3eMeNb, CONEPHAILEro CPABHHTENBHO
HeBonkiloe koandectso (0T 1 fo 10%) okicH Topusi. 31a pysa paccesna

1) Cospemennan cxema pacnaga psna Th mawa B npuaowensit 5¢’. (Ped.)
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B TaK HA3bBAEMBIX MOHALHTOBBIX MMECKAX, AOCLIBAEMBIX MPEHMYUIECT-
BeHHO B Bpasunuu. O6paboTka 3TOM PyIbl, € LeJDbIO H3BACHEHHS TO-
PHSL M Me30TOpHS, onucana Bbiie (§ 42).

YeaoBusa paaHoaKTHBHON 3BOMOUMHE TOPHA TAKOBHI, YTO €0 TPYAHO
NOAYYHTH OTAENEHO OT ero npoussogneix (§ 139). Kpome Toro, Topuit
MOXET COAEpMATH B KAUECTBE PalOAKTHBHOTO 3arps3HeHHs CBOM H3o-
TOT — HOHUH, KOTOPLIA 0OLIYHO MPHCYTCTBYET B TOPHEBBIX PyAaX, TaK
KaK OHH cofiepxaT ypan. IlosTomy fio cHX TOp usJyUenne TOPHS H
CPEIHSAS ero MPOAOKHTENBHOCTb KU3HH TOUHO elle He OnpejeseHbl.

Topuii HCIyckaeT OAHY rpynny a-nyueii ¢ npoderom 2,6 cu B BO3-
Ayxe 1IpK 15° 1 HOPMA/TBLHOM NaBeHuH . [TDOAOIIKHTEN bBHOCTD €70 JKH3HH
OUEND BE/IHKA, H €ro fMepHOA NPRXOAHTCS ONMPENeNsTh MyTeM NOACYETA
HCMYCKAEMBIX WM @-HacTHl. JTOT NOACUET NPOH3BOAUMICS NPH MOMOIIH
Npenaparos TOPHs, HAXOAAUIETOCH, NPEANIONOKHTENBHO, B PABHOBECHU
¢ ero npon3BoIHbMH. [TOJCUNTAHHbIE @-YACTHULI OTHOCH/IH B PaBHOM
nponopusH K 6 rpymmaM a-nyuefi, HCIYCKAaeMbX BELIECTBAMH 3TOTO
cemeiictra. Ilo no3fHefllluM onpenenenusis NEPUOJ TOPHS pPaBen
1,8:101° gerl). Toro e MOPSAKA BEAHUHHBI MOJYUEHBl TIPH 3aMeHe
MeTojla TIOACUeTa a-Ayyell METOAOM H3MEPEHHS HOHH3AUHOHHOIO TOKA,
TIPOK3BOAMMOTO JIYSaMH OUeHb TOHKHX CJIOEB BemECTBa.

Jpyroil McTon cocTonT B ONpegefiekNU ANsl He CONepIKAllell OGHUYHOTO CBHHIIA
pyae ornowenuit ThiU w Pby/Pbry, rae Pby u Pbrn — konuvectea cBunua,
HAKOMHBIIHECH CO BPEMCHH OGPA30BAHHS DPYAB B DPe3yabTaTe npeppamenus U
# Th. Cuntas, UTO ATOMHEIC BECA STUX CBHHUOB W3BECTHG, ONPRAENNIOT X Npo-
TOPLAIO N0 CpeZHEMy aTOMHOMY Becy mx cmecu (§ 140). [TpHBORHM pesynbTaTht
WCCANOBARNA OHOTO 113 OSPASHOB XOPOWO KPHCTATAN3OBAHHOTO TOPHAHHTA
(Kapw): ypana — 11,8%, topus — 86,9%, csunla ¢ atomibiM secom 207,2, pas-
HLIM B 9ACTHOM €Ny Jae STOFO TODHAHIITA ATOMHOMY Becy OGbIIHOTO CBHRLA, — 2,34%.
Coraacio 5ToMy KONHUECTBA YPAaHOBOrO (aToMRbfi Bec 20B) W TOPHEBOTO (aTOMRELL
Bec 208) CBAINIOB paBHI, cooTaeTcTBERHO, 0,96 h 1,38%. Otciona Pbu/U = 0,0815
1 Pbru/Th = 0,020, UToSbl NepefiTi K YCTy aTOMOB, Nepsoe OTHOMIEHNE CAGAYET
YMEOKHTE ma 238,2/206 = 1,15, a Bropoe Ha 231,1/208 = 1,12. Torna mmeem
NpREMIKERNO:

fo _ 1,15-00815 _ o
T T 1,120,020 s

CHeaopaTesbHO, PACnajl TOPHA NPOHCXOANT NPRGJIHSHTENBLNO B 4 pasa MelneH-
Hee pacnaza Ypawa, a NEpHOL TOPHA, €CAH CULTATH, WTO NEPHOA ypaua | pasen
4,4 - 10° aer, paren 1,8 - 10% ner. BBURY NpuGAMKEHNOCTH STHX BLISHCIEHHH
KONIWYECTEO NPEBPATHBIIErOCs PaRHOAKTHBHOO BEMIECTBA OTHECEHO K HMCIOWEMYCH
B HACTOAI| MOMERT KOAHYECTBY ero, 6e3 yUeTa ero NOCTENEMHOLO YMEHbIIEHHS.

§ 136. Mesotopuii 1 n mesoropmii 2

Mesotopuil | — nepBoe Mpou3BOKHOE TOPHA. DTO BELIECTBO ABASALTCS
H30TOMOM PailA B BMECTe ¢ HHM BbIAGIATCS H3 TOPHEBHIX MHHEPAJIOB,
KOTOphle BCETJa CONepHAT Takke H ypan. ITopsakoBoe YHCNO Me3o-

%) [eproa nonypacnaza Th paser 1,39 10% aer. (Ped.)
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Topust 1 N = 88, ero atomunii Bec oxonto 228. On jfoObiBaercs npo-
MHIINIEHHO KaK NOGOUHBI NPORYKT B TOPHEBOM TipoHsBojcTse (§ 42).
MesoTopuii 1.He faeT 3aMETHOTO COGCTBEHHOTO Maaywenns. CUHTAIOT,
YTO OH NpPEBPANIAETCS C HCRYCKAHHeM SAEPHBIX f-nydeil Masoil CKo-
pocTH. HelocpeACTBeHHbIM IPOH3BOAHBIM ME30TOpHS | SIBASETCH Me3o-
Topuii 2, NPOROJKHTEbHOCTD JKH3HH KOTOPOIG MHOIO MEHBIE NIPOAOT-
SKHTETBHOCTH 2KM3HM Me30TopHdA 1. Pasuoseche mesotopust 2 ¢ Me3so-
TopHeM | ycTaHamnuBaercs B ABa AHf. MesoTopuit 2 HenyckaeT B-nyqu
U OueHb TNPOHHKAIOWHE y-1yud. OH ABASETCA U3OTONOM AKTHHHA H
MOXKeT ObiTh OTAENeH OT Me3OTOpHst 1 ocakfeHHeM aMMHAKOM B NpH-
CYTCTBHH YBJIEKAIOUEro BElIeCTBa.

Ilepuon mesoTopus 2 onpefenseTcs nyTeM U3MEpPeHHs pacnaja npe-
TApaToB, He COMEPHAMHUX PANMOAKTHBHLIX 3aTPAsKenuil. Takne HaMe-
peHHsl YA0OHO NMPOH3BOAUTH IO p-AyYaM, €ClH HHTEHCHBHOCTH HX AO-
cratoyHa, IlepHoa Mesotopust 2 cunraloT paBHbIM 6,13 uaca.

Baaronapa tomy uTo Mexmay MThl s MTh2 6bictpo ycraHabiu-
Baetcsi papHosectte, MThl MomHO KOMUUECTBEHHO ONpeAENATH MO
y-usnyuennio MTh2. Onrako $T0 ompelieNleRHe OCNOMHSACTCA NPHCYT-
CTBHEM pajiusi, 4 TaKxke pajiHOTOpus M ero mponssopuwix. Mcenenosa-
HYMe KDHBOW HM3MEHEHHS p-H3NYUeHHs CO BPEMEHEM JaeT BO3MOMHOCTH
OMpeJIC/INTh NMEPHOA Me30TopHs 1. STOT NepHOA CUMTAIOT, PABHEIM
6,7 ropa (§ 139).

Tak kak MThl uspnekaercsi us pyarl B cMecu ¢ Ba u Ra u ¢pak-
LHOHHUPOBAHHE 3TOH cMecH, IPH KOTopoit yianseTcs Ba, ne Hamenser
orrowenns MThlfRa, To 3T0 OTHCWeEHHE H3MEHSETCH JHIIL Gaaroxaps
TOMY, 4T0 Me3oTopuii 1 pacmajaercst GwicTpee, yem pazufi. Korma Ba
TIONHOCTHIO YAAJIEH, OCTARLICECS BEUIECTBO NMOYTH HEIMKOM COCTOHT M3
Pajust ¢ OuYeHb HEGONBILNOH flade M B CaMOM HauaJe IPHMEChI0 Meso-
Topus 1, KOTOPEI TeM He MeHee MOXeT ZapaTh Gofee CHIBHOE y-HATY-
uenye, YeM pajuii.

BosbMeM B KauecTBe NpPHMEPA MOMAUHT, CORpXAWHB x % ypana n y % 10-
pusi. UWeao NPEBpalAMUXCS B €IHHHUY BPeMEHN AaTOMOB ypaHa M HaXojame-
rocsi B PABHOBECHH C HIM DaNHS Mponopuxoanbuo xiu/Av, a AN TOpHA H Ha-
XONSINETOCS. B PABHOBECHA C HHM MeSOTOHS | OHO PONIOPUAONAABHO ¢ Arh/ATh.
B cmecr Ra + MThl (gonyckas, yro pacnajoM Me3OTOpHA B NPOAGANEHHE Bpe-
MEHH VSBJNCUEHNS H3 PYAB MOXHO IDEHEODEub) WHCJA NPEBPALAIOWIHXCS ATOMOB
MTh | u Ra oreocates, kak yhrmAu/xAyAmh. Ipn % = 1, y = 10 310 otHOme-
Hite PaBio 2,5. CAEAOBATENbHO, B HORN3AWNONHOR KAMepE JUIA HMePEHHs y-yuel,
B KOTOPOH KosHuMenThl axthsnocteli MTh, zeficTBYIOWero Yepes ero mpoHs-
somsoe MTh2, w Ra, seficTeyloltero uepes ero nmpoussogroe RaC, oaunaxossl,
y-usayserne MThi B paBHOBecH ¢ MTh2 GyzieT B 2,5 pasa MHTeHCHBHee p-HaMyue-
nis_Ra e papnopecun ¢ RaC. Ho tak xak mepnon MTh1 paser 6,7 rona, a mepi-
oft Ra -— [600 jer, TO ¥HC/AA WX HANHYHLIX ATOMOB H2XOAATCH B OTHOLEHKH
2,5+ 6,7/1600, 1. e. okono 0,01. CrefoBatenbto, Rauanbhoe Konuuectso MTh]
B CMecH paBHO npuGAHaHTensHo 1% OT Koanvectsa Ra B mell. PaccMaTpneaeMbiil
Munepan coaepxut 0,3 w2 MThl n 34 42 Ra na TOKHY TODRS, TOTRA KaK MO p-U3NY-
gennio MTh2 KomiuecTBo ero ha 34 42 Ra GyZeT B AAHHOM Cayuae SKBHBAJIEHTRO
2,534, 1. e. 85 e Ra. M3saeuenue MesoTopus 13 GONLUINX KONUYECTB MIHEPANOR
Aano BbIXOA N0 NOPSAKY BENHUHHH, CDDTBeTCTByIOLI(Eﬁ BHULEYKA3aHHOMY, OAHAKO
JOCTATOUHO TOUHHE JAHHBIE OTCYTCTBYIOT.
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M3 upcThIX coneit TOpHS MOXKHO TOJNYUMTb Me3oTOpRH I, mpaktu-
YeCKH He CofepaKaupiii pafus, YHCTHE Conu TOpHA He COAGPIKAT Ypana
M pajfius, HO HOHHHl OT HHX OTASNHTb HeAb3d. Mesoropuil obpasyerca
MHOTO CKOpee, YeM pajuit, H Yepe3 6,7 roga, BpeMs, PaBHOe €ro me-
PHOAY, HAKAIJHBAeTCR NOJNOBHHA Toro KonHwectsa MThI, koTopoe
COOTBETCTBYET PABHOBECHIO €r0 C TOpHeM. 3a TO e BpeMs HAKaITH-
BaeTCsl ML HHYTOXHAA Joas (okoao 0,00006) Toro kKonuuectsa Ra,
KOTOPO€ Gbla0 Gbl N3BJIEUEHO BMECTE ¢ MESOTOPHEM H3 PY/Ibl, TIOCHYKHB-
weft A1 NpUroToBNEHIA 310l conn TopuA. bnarofaps otHocuTenbHOR
OBICTpOTe OGPa30BAMHA MOMKHO TPeLyCMATPHBATH BOSMOKHOCTB TIPO-
MBIMLTEHHOTO NOAYYEHHS ME3OTOPUS | U3 GONBIIMX KONHUECTB TOPHEBEIX
coneft.

§ 137. Pamnovopuit. Topuit X

Panuoropuit 6611 OTKPHIT B HanGonee PacTBOPUMEIX (PAKIHUSX APOS-
HOl KPHCTAIH3ALHH CoNefl GapusT — Pafust, NONYYEHHBIX H3 TOPHAHUTA
(§ 39 u 42). Ou sBasiercst u3oTonoM Topust (N == 90) H BMecTe ¢ HHM
BbiIeAsieTCs W3 MHHepanos. Ho Tak Kak H3B/ieueHHbIe H3 PYIbl H OUH-
wennbie coan MThl + Ra cBoGORHBI OT TOPHS, TO, CEAOBATENBHO, OT
Hero CBOGOAEH H PajHOTOPHH, makomsiolluiics B 3THX CONAX B pe-
3ynbTaTe NpeBpAILEHHs Me3OTODHST H OTACISIOWMACA 3aTeM OT HHX B
CHJILHO KHCJIBIX MATOUHBIX PAcTBOpaX APOGHON KPHCTANMHZALMH XJ0-
puuos. OcaguThb PajHOTOPHi W3 TAKOTO PACTBOPA MOXKHO aMMHAKOM
WIN TIePeKHChIO BOJOPOAA B MPHCYTCTBIH TOAXONAIIETO YEJEKAIOHero
BewecTBa. Paj\MOAKTHBHEE DJEMEHTH, KOTOPHE OJHOBPEMEHHO MORYT
ObITh yRJeyeHH B ocagok (ThB, ThC, RaB, RaC), moTom zerko or-
JIeASI0TCS OT PAIMOTOPHS NMYTeM OCAaXKASHHA WX B BHAE CYJbGHAOB B
Kuciom pactsope. HemocpeactsenuniM nponssoinbiM RTh snsiercs
ThX, xoTopwiii otpensiercss oT RTh npi ocaxjeHHH TOCAEIHETO aMm-
muaxoM. Cregoeatenbro, MokHO noaydate RTh, ceoSoauwii ot Bes-
KHX pajHOAaKTHBHLIX 3arpssHenuii. Ero npeanosaraemuiii aToMHuIl Bec
pasen 224 1).

PaguoTtopnit nenyckaeT rpynny e-uactsu ¢ npoSeroM 4,02 cu B
Bo3Ayxe mpH 15° H HopMaabHOM Aamsenun. CymecTBoBanue ApPyroif
rpynnet BeposaTHo. O 06naRaeT TakKe p- o y-H3nyuenneM. Ero y-ayun
COOTBETCTBYIOT Cepuk K sMeMeHTa, OGpasyioIErocs B pesyibTaTe
npespatnenns (N = 88), a f-nyun ofpasyior 6 rpynn GoTo31eKTPOHOB,
BO30YHAAEMBIX y-NyuaMi (GMYOpeclleHunH, KOTopas B CBOW Ouepeib
BO30YHAAETCA @-TydamMu.

Pagnoropnii obpasyet psjl NPOR3BOAHBIX ¢ OTHOCHTEJIBHO KOPOTKOH
HHBHBIO, ¢ KOTOPbIMH OH TIPHXORHT B paBHOBeCHe NDPHOJH3HTENBHO
3a OfMH MeCsll, €CAH TONbKO He Tepsiercs TopoH. C obpasoaHHeM
AKTHBHOFO OCaAKa TOPOHA TMOABAFIOTCH S-NYYH H OYEHb NPOHHKAIO-

) Arownmit Bec RTh pasen 228. (Ped.)
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mpe y-Ayun. [locnegune HCOOMb3YIOTCS AR KOMHYECTBEHHOTO Ompe-
JeNeHUs PanHoTOPUS.

Mepuoj pandoTopus onpefiesied N0 YMEHBWEKHKIO y-H3MYUCHRS aAK-
THBHOFO OCajKa B pasHosecHH ¢ RTh. B HacTosiee Bpems ero cud-
TaioT paBHEM 1,9 rona.

PapuoTopnit monyuaoT A0BOALHO yacro. OH NpHMEHseTCA B Npo-
MBILIEHHOCTH CBETAUMXCS KPACOK, A TAKXKe B MeIHUNHE, T OH Cay-
MHT NS monydenus Topus X. Paguoropuit nosyvaoT, oTACNSs ero
TIEPHOMUYECKH OT Me30TOPHS, H3 KOTOPOTo Ol ofpasyetest. Paanotopuit
HaXOlSIT B OCAJKAX HEKOTOPHIX TETJb(X HCTOUHHKOB, BOAbI KOTOPHIX
JIOJKHB COACPIKATD Me3OTOPHH.

B naoparopusx pajuoropuii ynorpeGasercsa Ans TOJYYEHRA TO-
poHa, BhIeAsIeMOro ofpasylomumcs u3 paanoTophsi TopueM X. Ioab-
3YSCh ApenapaTaMH PaAHOTOPHH, MOKHO TIONYYATh AKTHRHLIA OCafOK
TOpUA HA IIACTHHKAX, MPHCTIOCOOJEHHBIX AN TOH UEAH M OOBMHO
3apfAKAEMBbIX OTPHIATENBHO.

Topu#t X MOMHO TIONYYHTb, OCAMAAA PACTBOP TOPHA AMMHAKOM.
Topuii X npu sTom octaetes & pactsope, Ho Tak kak topuit X spnserca
HeNOCPeACTBEEHbBIM NPOH3BOJAEBIM PAaJHOTOPHSA, TO €r0 MOXHO TaKKe
Nofy4aTh M H3 KOHUEHTPUPOBAHHBIX MpENapaToB 5TOFO MOCASAHETO,
TIONB3YACh TeMK JKe PEaKIHAMH, KOTOPEIE MOTYT CAYMKHTb s OTfeNe-
uua ThX or coaeil Topusi.

ThX — musoton paaust H mesotopusi I. CuenoBaTenbro, H3 cosieft
TOpHSI €ro noaydator B cveck ¢ MThl. CroGoanmit or MThl Topuit X
nomysaor 3 paanoTopHsi. Ilpeanonaraemetit atomupiit Bec ThX pa-
BeH 220 1).

Henocpencteenno us topust X ofpasyercst Topod. Hs Topona obpa-
3yeTcst aKTHRHBIN ocajok. Parnosecie ThX ¢ 3THMH NpoOM3BOAHLIMH
yCTaHaBJHBAECTCA B 3 AHS.

ThX oTAeNsIOT OT €ro NPOH3EOAHLIX, HENPEPBLIBHO YBAeKad TOPOH
TOKOM Iasa M OCAxas BeNECTBA AKTHBHOTO OCANIKA CEPOBOAOPOIOM
HJH aMMHaKOM. YcTaHoBjeHo, yto ThX, oTAeneHHbI OT CBOHX NPOH3-
BOAHBIX, HCITYCKAeT OJHY IPYNNy a-nyueil ¢ npoberom 4,35 cu B BO3-
nyxe mpH 15° U HOPMANBHOM JABJIEHHH.

Topon u Topuit A ofpasyioTcst BHOBb NPHSJAN3HTENBHO 32 10 MuH.,
BbI3bIBAA NOsIBJEHKE HOBLIX rpyun a-nyueit. Topufi B co creayomumu
3a HHM MPOU3BOXHBIME O0pasyeTcss MejleHnee. OGpasoBaHue STHX Be-
IeCTB TaKKe COMPOBOMIAGTCS NOSIBACHHEM HOBBIX PYTN a-iyued M,
KpOMe TOTO, CHJIBHO NpoHHKapouwwmX f- H p-gydeir. ChefosaTeNbHo,
npenapathl ThX o6najaloT HauaAbHLIM @-H3AYUEHHEM, KOTODOE YBe-
JIMYUBAETCH, IPOXOANT Yepe3 MAKCHMYM, a 3aTeM YMEHBIIAeTCs B COOT-
BeTCTBHH ¢ mepHofom ThX. f- u y-Manyuenne BHauase OTCYTCTBYeT,
3aTeM TaKKe NPOXOAHT Yepes MAKCUMYM K YMEHBIUAETCA NO TOMY ke
saxony. Onpenenenubiii otciopa nepuog ThX papen 3,64 ans. B nep-

3} Atomusiii Bec ThX pasen 224. (Ped.)
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BOM NMpHOAMKEHHH 06Pa3oBante AKTHBHOMO OCajKa MOKHO PACCMATPH-
BaTh Kax Npodnemy JBYX Bellects: ¢ ofmoit ctopowsl, ThX, compo-
soxpaemoro Tn u ThA, ¢ apyroii cTopons, ThB B paBrosecun ¢ ThC,
ThC’ u ThC"'. CnexosatennbHo, f- H y-HadyueHe JOCTHTAET MAKCHMyMa
OAHOBPEMEHHO C TeM, Kak ero jocrdraer ThB, T. e. mpuGansutenpro
3a 40 uac., ecnn cyntath nepros ThB pasHmM 10,6 yaca. Makcumym

!ﬂﬂ-!’ q

v 0 2 £}
Bpeus 8 iz

Puc. 166, — I. Pacnax ThX. 1. O6pasosanne ThX 5 RTh. Kpusan

1 — yHeA0 npeBpaMAoliluXCs b eATELY Bpemer: atoMos ThX B mponen-

TAX OT HAYATEHOTO YHCAA HX, KPWHBAA Il — WHCAO MPEBDANAIOWHXCH b

CAMMHUY BpeMeHh aTomo ThX; uncno atowom RTh, npespaulammuxca
B eauukly Bpemenn mpn § = 0, NPHEFTO 3a 100,

@-H3NYYeHHUs! JOCTUFAeTCH PaHblle, ¥ NOJNOMKEHHEe STOTO MaKCHMyMa
3aBHCHT OT OTHOCHTE/IBHOTO MCIIONB30BAKHS PasHLIX TPYNI a-Tyyell B
HoHusanuoHHol kamepe. Uepes 40 auefi konuuectso ThX ymenpmaeres
10 0,0005 ero HaYaABHOTO KOJAMYECTBA.

Odpasopanne ThX B consix TOpHUSl NPOHCXOAHT TO 3aKOWY ¢ =
=(goo(l — €7¥), Tfie Goo—— MPeAENBHOE KONMUUECTBO, §— KOMHYECTBO,
HAKOMMBILEECS K MOMEHTY Bpemenu f, a A — TOCTOSHHas Tipespailie-
wnsg ThX. Topuit X obpasyercs us Topus uepes MTh u RTh; stum
NOCTeHHM NOL3YIoTCA Ans nofydennss ThX, ynorpeGasiomerocst B
meanuuHe Ans HEbeknuit. O6pasosanne ThX ws RTh rtaxke npouc-
XOIKT TO YKA3aHHOMY 3JleCh 3aKOHY, ToTomy uTo nepuoa ThX man no
cpashenuio ¢ mepuonoM RTh (puc. 166).

Ecan RTh ocaxkpaeTcs He aMMHaKOM, a NEPEKHCbIO BOAOPOAA, TO
AKTHBHBIN OCafloK ocTaercs B pactsope BMecte ¢ ThX. B10 BhIrogso ¢
TOYKH 3pEeHHsH NOBHILEHHS Hauanbuoil akTHBHOCTH, ThX Moxno mony-
uath u3 RTh nytem orfaun. BriGpachiBaeMbie aTOMB! 3apszKeHbl IOJ0-
JKHTEAbHO H MOTYT GbiTh COGpaHbl MPH NOMOIIM 3NEKTPHYECKOTO NS,
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§ 138, Topon M ero aKTHBHBIA 0CANOK

Topon — pannoaxtuBHpii ras. OH ABASETCS WBOTONOM pajoHa
{N = 86). CaoiicTea Topona onucanst 5 ryiage 1X. Ero nepuos pasen
54,5 cek., npeanonaraembii atomueni Bec — 220. Topon — Henocpes-
cTennoe npousBognoe ThX, HO Ans MosMyyeHHs AKTHBHOTO OCAgka
DPEeANIOYHTAIOT NOMBb30BATHCA NpenapaTaMH  Gojee  JIOAPOMCHBYUIErO
RTh. Tlocnenuuii yacto ponysawoT aas 3T0fl Lenn B BujJe rujpaTta,
HHOTAA CMEIaHHOTO ¢ FHAPATOM JKeie3a WAH ADYTHMH JIeFKO MpOHH-
HAEMBIMH J151 TOPOHA THApPATaMH.

TopoH MOXHO NONy4YaTh BeiGpackBanieM u3 ThX. BuGpackizaembie
aTOMbl B 5TOM CJTyuae OKa3blBAIOTCH He 3aPAMKENHBIMH HH B BO3LYXe,
HY B JPYTHX Tasax.

TopoH HCmycKaeT e-nyuu ¢ npoberom 5,06 cu B BospyXe npu 15°
H HOPMAJBHOM JABJEHHH.

DKCIEPUMEHTANBHO TOPOH OOBIMHO HAGNIONASTCSL BMECTE C €ro Ko-
POTKOXXHBYIUM [POH3BOAHBIM TOpHeM A, KOTODHIli NPAKTHYECKH OT
nero HeorAenum. [lepuon ThA pasen 0,14 cek.l), oH HemyckaeT oy
rpyuny e-ayueit ¢ npoderom 5,68 cu B Bosgyxe npH 15° 1 HOpMAJbHOM
nabnexnu. [1o CBOEMy MOMOKEHWIO B TIGPHONMUECKOH CcHCTEMe M MO
aHanornd ¢ RaA ropuii A smasercs nazotonom mononust (N = 84).
Atomubiit Bec Topust A pagen 216,

Topuit B, mpoaykT npespamerns Topus A, — H30TON CBHHDA
(N = 82). Ero aTomubiii Bec paped 212, nepHos, onpefefeHHhil no
[peeNsHOMY 3aKOHY pachaja akTHBHOrO ocafka, pased 10,6 uaca.
Hanyuenne Topust B cocTouT u3 f- u p-nyuefi, Gonpieil vactbio fo-
BONLHO Jerko noraoulaembiX. Cpeaunfi KOSQQHUHEHT TONIOMEHHA
p-nyuell B anOMUHHH paBed NPHOANBUTENbHO 153 cu~ 2. B HX MarHuT-
HOM ClIeKTpe OBHApYKeHO HECKONBLKO IPYIN, H3 KOTOPHIX HanGomee
HHTEHCHBHBIMH AIBASIOTCA TPYNNB ¢ 3Hepriedl ot 150 o 225 xkse (8 oT
0,686 no 0,720). Cnnoupast nonoca CHEKTPa COOTBETCTBYET 3JEKTPO-
Ham pacniaja. SlaepHbie y-1y4H 06pasyioT TPpYMIiLl, Hanbonbluas YacToTa
KOTOPHIX COOTBeTCTBYeT MpuOnusutenbuo 41 X-emuuuuam u 300 xse.

Topuii C, nenocpenctsennoe NpoussoiHoe Topus B, spaseres uso-
TonoM BreMyTa {N = 83). Ero atomubtii Bec paser 212. Ou sbiiensercs
H3 PACTBOPA AKTHBHOIO OCajKa ocaMAenteM Ha Hukene. [lepuop To-
pus C, onpejefienHbiii [0 €70 pacnaAy B PABHOBECHM ¢ HPOK3BOMHBIMA,
pasen 60,5 MHH. ManyueHne 3Tofi COBOKYNHOCTH BeIECTB COCTOUT M3
ABYX OCHOBHBIX Ipymn a-nyueil ¢ npoGeramu 4,72 u 8,61 cu B Bosiyxe
npu 15° u nopmanbhoM JaBaesnu (pnc. 92 u 105), a Takke f-
H y-nyvei,

Tloncuer Ayyelt no MeToAY CUMHTHANALUN, 4 3aTem N0 METOAY Buab-
cora noxasad, 4to 35% a-vacTHL umetor Apoder 4,7 cu, a ocTanbHbe

1) Teprioa moaypacniana ThA pasen 0,158 cex. (Ped.)
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65% — 8,6 cu. Kpome Toro, nabaiogalorcst B 0UeHb MaJoOM YHCAE AYUH
¢ HCKJIOYHTEeNbHBIME npoeraMH, paBHbimH 9,8 u 11,7 cu.

I'pynna ¢ npoSerom 4,7 cau npunucuipaerca ThC, rpynna ¢ npoGe-
roM 8,6 cu CunTaeTCs NpHHAAJEKAEH OIHOMY H3 €T0 MPOH3BOAHBIX —
ThC’, 0ueHb KOPOTKOXKHBYLIEMY BelllecTBY, KoTopoe ofpasyerca u3 ThC
B pesyabTate f-npeepauietus 65 % atomos nocneauero, IMepnop ThCY),
BLIYHC/IEHHBIN N0 BeNHUHHEe fApobera ero a-myvell, Menbuie 10-8 cek.

Ipynna e-ayueit ThC spasieTcs cloxHON (TOHKas CTpYKTypa).
Ona cocTOHT H3 6 rpynn, HaumeHbIUas M HAMGOALIIAS CKOPOCTH KO-
TOPLIX PasHATCH ApubAH3NTeEHO HA 4% (§ 69, ornenbnmit ancr 1X,
pHc. 4 u 6).

Hs topus C myTeM OTAauM NOJYYalOT BewlecTso, HasmBaemoe ThC”,
ucnyckatonee f- ¥ p-nyyd. Ieprog ThC'’, onpefeseHHbI no ero pac-
napy, paser 3,1 mun. Topuit C'" — musoton Taanus (N = 81). Cun-
TaKT, 4T0 OH ofpasyerca n3 ThC B pesynbrate a-npeppammenus 35%
aTOMOB TIOC/I/IHErO.

Beaeacraue kpaTroeTH xkuski ThC' onpesenenne NpHAAIEKHOCTH
f- 1 y-nyuefl RaTanKuBaeTCst Ha TPYAHOCTH, CORBOKYTIHOCTD STHX Ayuel
oXpaThBaeT Hanbonee OwicTphie f-myud M Haubojiee NpoHUKAIOLME
y-ayun cemefictBa Topus. Kos(uilieHT NOTNOMEHHS B aNOMHHHH
p-nyueis ThC p = 14,4 cu~?, p-nyueit ThC'” p = 21,6 cu~1.

p-ayuu ucnyckatotess ThC u ThC”. KosxpyuuenT HX MOrIOMEHHS
B cautle u = 0,46 cu~1. [lpesienbHble 3KBHBaNEHTHbIE OTEHUHAJBE -
# p-yueil UMEIOT TOT JKe NOPSAAOK, Y4TO H COOTBETCTBYIOUIHE NOTEH-
unaser RaC, 7. e, paBHBI HECKONBKHM MHJJIHOHAM BOJBT?).

DBOMIOLHS aKTHBHOTO 0Cafika TOPHs PacCeMaTpHBaeTCs Kak npotaema
asyx wetects: ThB # ThC, B paBroBecun ¢ ThC’ n ThC”. Ecan ThB
B Hayane He CoAepXHT ThC, TO KOJHUECTBO TMOCAE/HETO MPOXONUT Ye-
pe3 MaxkcHMYM uepes 3,8 uaca. McuesHoBenre aKTHBHOTO OCajKa npo-
BCXOuT A0 1% nprGausurenbuo B 3 AHA.

B UenAX KOMUCCTBERHOTO ORpEfleNetl MHTAHCH YCTAHOBHTH COOTHOLIEHHE
MeIKJly p-HSJYUCHWEM H Q-H3XYueHHeM Hpenapatos ThC'’. y-H3NyUeRHE OCHABA-
A0CE TI0 OTACIIEHHIO K P-HanyueHHio | sz Ra, T. e. b MHANHTPaMM-9KBHBAJNEHTAX
Ra. Tak xak y-nyun RaC W p-ayun ThC” obrazaior pasnnunofi nposikawomel
CNOCOGHOCTBIO, TO NOAYYAEMBIR Pe3y/BTAT 3aBHCHT OT yNoTpeGasemMoro npuGopa
1 TAaBKbM OGPA30M OT TOAULMHBL CBHHUOBOTC (QHALTPYIOWEro 3KpaHa. Y KameMm
B Kawectse NpiMepa, 4To mpenapat ThC + ThC’ - ThC”, skBupancuTsMé npn
H3MepeHuH uepes CBHHLOBMI 9Kpan Tommuuoit B 10 sx 1 se pagns, ncmyckaer
4,2-i0? a-vacTin B cekysay. Ho ecn Takoil ke mpenapar HaXOXHTCH B PaBHO-
secn ¢ RTh naw ¢ ThX, 70 othowenue a-nyuell K p-1yuan GYICT HEMHOFO BBILLE.
JleftCTBRTENBHO, OTHOWEHHE YHCEN NPESPALIAIONIXCA B OIHO H TO e BpemMs aTo-
woB ThC” 1 ThC pasro 1,05, koria ThC' HAXORHTCH B TORBHIKHOM PABHOBECHH
¢ ThC, u paeno 1, xoraa ThC'" n ThC Haxopates B pashopecuu ¢ RTh. Cneriopa-
Te/bHO, B TIOCAEZHEM CNYUAe UHCAO ¢-YaCTL, HCMYCKACMBIX B CEKYRAY mpenapa-
Tom, skerBasenTHEM | 42 Ra, Gyzer 4,4-10%

%) Ieprion nosypacnana ThC’ pasen 2,9 10~7 cok. (Ped.)
N *))MaKcuMaJleau sHeprust p-nyueii ThC panna 2,20 Mse; TG — 1,805 Mos.
{Peg.
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§ 139. Jponouus TOPHA U Me3OTOPHS

TonbkKo YTO H3BNEUEHHBIIt H3 PYALI TOPHA HE CONEPIKUT ME3OTOPHS,
HO COMPOBOXKAAGTCS BCEM KOJMHYECTBOM HAXOJHMBIIETOCH B PABHOBECHH
¢ mHM paagotopus. Fpubiasntenbto uepes Mecsy pagHoTOPHRA NPUXO-
JAT B PABHOBECHE CO CHEAYIOUIMMH 32 HUM [POH3EOAHMIMH. Pasuruua
MEAY H3NYUEHUEM CHCTEMEl TOPHA--NIPOH3BOAHbIE B STOT MOMEHT[it
H3AYYERHeM STOH CHCTEMbI B py/ie CBOAHTCS TOLJA K OTCYTCTBHIO B Nep-
BOM clIy4dae f- U y-lydefi Me30TOPHs 2, CONPOBOKJAIOMIEr0 MESOTOPHIT 1.
3aro a-H3AyYeHHE B 000HX CAYHASIX MOUTH OARHAK0oBO. OARAKO Takoe
FONOKEHHE HE MOKET COXPAHATLCS, TIOTOMY UTO KOJHUECTBO PaiHOTO-
pHs, pacnaj KOTOPOro He KOMBEHCHPYeTCSt 06Pa3oBaHHeM, YMERbIIAET-
¢, BHIBBIBAs 3THM MPONOPUHOHANBHOE YMEHbIIEHHe KOMKUECTB BCeX
npon3BoAHbIX pajroropus. Konnuectso RTh mpoxofut Yepes MEHEMYM,
a 3aTem Gaarofaps nocreneHHomy obpasosauiio MTh 1 cHoBa ysesHuH-
Baetess H mpubauanTenbuo uepes 50 net RTh foeTHraeT paEnosecust
¢ Th u MTh . UncneHHo 3Ty nmpoOneMy MOXKHO paccMaTpHBaTh Kak
npofaeMy TpeX BeIIECTB, NePBhIM M3 KOTOPHIX SIBJSETCS MPaKTHYeCKH
noctostubii Th, BropoM — copokynuocTs MTh 14+MTh 2 ¢ nepro-
fgom 6,7 roga w tperem RTh + nponseosanie ¢ mepHofoM 1,9 roga.
3amernm, uto ecan or Th, uaxogsuwerocs B paBHoBecHd ¢ MTh | n
RTh, orgenute MTh, 10 paisoakTKBHbte IBONOUHK 00X (pakunil
GyayT fononHuTeabHbIMH. Ecin npeHeGpeub HaganbHBIM OCIOMKHEHHEM,
ABJSIOMUMCS CaefcTBHeM Toro, uto ThX oTaeasiercs Bmecte ¢ Me3o-
TOPHEM, TO HMEeM

I Ni= Nooe™2t, N',:Z;'N“—i— (e MmNy,

¥

L Ny=Neo(l—e=d), Njj = Nb [1~ — (e""‘—e"‘")]

rae N n N’ — cootserctrenno uncaa atomos MTh | n RTh, Neo
" N'oo —— 4HCAA 4TOMOB TeX X BEilleCTB B COCTONHHH PaBHOBECHS ¢
Th, A u 2’ — nocrosuusie npespaienuss MTh 1 u RTh (4 = 0,103
B rof, A’ = 0,365 B ron). YpaBnenus | oTHOCHTCA K SBOJIOLHHE OTAe-
aiennoro ot Topusi MTh, ypasnenus I1 — K »BOMIIOUHH TOPHA, OT KO-
Toporo otaened MTh. Konnuectso RTh npoxoAnTt vepes MakCHMyM
Bo §paknuy [ 1 vepes MyBUMYM[BO gpakuiy 11 B OAHO H TO 3KE Bpems,
pashoe 4,83 roga (puc. (67 u 168).

Tax Kak coBokynHocth BeuiectB MTh I4+MTh 2 we wcnyckaer
@-ayuell, TO 4HCNO @-YACTHI[, MCIOYCKAeMbiX B eIMHHIY BPEMEHH BO
tpaxuuy I, nponopunonaabue N';, H crepoBaTenbHo, STOi e BenH-
YHHE TPOTIOPLUHOHANbHE H Bee 3((eKThl, 3aBHCAIIHE OT a-nyvei. Tak,
BO $pakuui [ npoUsBORUMBIT a-TY4aMi HOHH3AUMOHHEN TOK, BHaYane
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paBukil Hymo, depes 4,83 rofa NPOXOJHT 4Yepes MAKCHMYM, a saTeM
YMEHDIUACTCS 10 3aKORY, B IPE/IeNie COBMAAIOMIEMY ¢ 3aKOHOM pacnajia
MTh 1. Bo ¢paxuun I1 npousBoguMelil a-1y4aMH HOHH3AHHOHHBI TOK
COCTOHT M3 ABYX uacTeli, MepBas M3 KOTOphIX, NpHmuchBaemas Th,
NOCTOAHHA, a BTOpas, NpHNHChiBaeMast cucteme RTh + npouseoanse,
nponopuyoHadbia N’y DT0T TOK, He H3MEHSIOWHNCA BHAuade IpPH
nspneuennt MTh, vepea 4,83 roza NpPoXOAHT Yepes MHHHMYM, a 3aTeM
TOCTENEHHO YBEJIMUHBACTCH BO HAYAMBHON BEJHUHHBL.

Hanozxennoe ajiech COTIACYETCA ¢ HAMEPEHHAMU aKTHBHOCTH TOPHS
K €ro MPOM3BOJHBIX B MHHEPANAX H MPOJAXHBIX YHCTHIX COMAX H Ya-
CTHYHO OCHOBBIBAETCA HA STHX HaMepeHussX. OueHb TOHKHE CJIOH pas-
JIHYHBIX TOPUEBHIX MHHEDAJOB (TOPHAHHTA, TOPHTA, OPAHXHTA, MOHa-
1UTa) NPOU3BOJISAT OJHHKAKOBBI HOHH3ALMOHHKI TOK Ha TPaMM COZep-
JKAMWETOCST B HHX TOPHMs (€CAHM BBIYECTh TOK, MPOM3BOAHMBIA HPHCYT-
CTBYIOIIHMH B TeX JKe MHHePaJax ypaHOM H ero nponseogusmi). Ipo-
JaXKHEIE HE COMd TOPUS AAIOT HA TPaMM TopHs Gosee c1alblii HOHH3A-
IHOHHBI TOK, KOTOPWIl MPHOJUIUTESBHO B JBA Pasa MeHblle TOKa,
cooTBeTCTBYIOMero rpammy Th B Murepanax (Boatsyn).

AHaOTAUHbIE PE3YNBTATE GLUTH TONYYEHB OTHOCHTEMbLHO BBIAEMEHIIT TOPOHA
H 06pa3soBaHIin AKTHBHOIO OCAJKA, KONIYECTBA KOTOPHX MPONOPUHOHANBEEL KO-
avectey RTh (vepes npomextyrountiii nponyxt ThX). A TaKHX ONHTOB MoMb-
30BANUCH OAHHAKOBLIMK YALIKAMH, COACPIKABIIKMH PAaBHME O0BEMb PacTBOPOB MH-
Hepasa uAA Topkesoll conit. Kamaam gamka 3aKphiBanach NJAaCTHWKOR Ansi CobH-
PaMHA AKTHBHOTO OCaAxa. 1IpH PABHOH SKCMOMUKE G-H3TYHeHHE NAACTMHOK OKa-
3a/0Ch ONHAKOBBIM HA [PAMM TOPHS JUISi BCEX MHHEPAJIOB, TOTAA KAk C CONAMHA
TOPHSA HA TPaMM TOPUA TONYYHJAH NPHONH3KTENHLHO BIBOE MEHBUIYIO aKTHBHOCTb
(Hanypuan).

[lepsble cBeeHNs 0 NEPHOAE ME3OTOPHS GLUTH BONYUEHb! H3 CpaBHe-
HUSA CONel TOPHs PA3JIUHOrO K3BECTHOIO BoapacTa. Bosee Tounbie pe-
3YJBTAThL GBIIH NOJYYeHb! 3aTeM NyTeM MHOTOJMIETHETO HAGAIOBeHHS pa-
JMOAKTHBHON SBOJIOLKH ME30TOPHs. ECAH TMOCTOSHHas npeppaulesns
paauoTOpHsX A’ H3BeCTHA (N0 NPSIMOMY H3MEPeHHIo pacnaja, jaerde Ao-
CTYBHOTO A5l HaOMiofenns, yem pacnaj MTh 1), To nameperne ckopo-
cTi obpasosanuss RTh AaeT BO3SMOMKHOCTb ONpefeINTy N3 ypaBHeHHIT [
TIOCTOSIHAYI0 Npespailens A MesoTopusi 1. YUHTERas e-HaayueHune
DaAMs | ero NPOH3BOAHEIX, KOTOPLIE MOTYT COAEPIKATBCSA B IIpenapartax,
MOKHO IO a-H3YUeHMIO STHX NPENapaToB ofpeaenuTsh koandectso RTh.

Viameperne y-HaiyueHusi Aaer Gonee TOMHbIE De3yJbTaThi, HeMm
H3MEDEHHE a-HBMYUYeHHS. DT0 OGBICHACTCS NPEHMYLECTBEHHO TeM,
4TO MO p-H3JTYUEHUIO MOKHO U3MEDPATH NPENApaTH, HAXOAALIHeCS B
3amasHHBX TPYOKAax M, CAEJOBATENbHO, He Tepsioue TopoHa. Oa-
HaKO B 3TOM CJ1yuae HeOOXOAUMO YUHTHIBATE y-H3NyUeHHe, HCNYCKaeMoe
MTh [4+MTh 2.

Y-UATYHEHHE MOKIO NPEACTABHTD HOpMYoli
I=KAN 4+ K"MW,

e K K' — xosruguessms GRmuSHOCmu, T. €. KOANUCCTBA SNCKTPHNCCTER,
OCBOGOIMAAIOLECH B HOHHBAUAOHHOH Kamepe NpH pacnaze atoma MTh | m RTh.
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Tak KaKk TPOUHKAIOWaH CMOCOBIOCTS y-Ayveli MTI 2 1ie OIHHAKOBA C NPOHHKAIO-
weit crocoGaoctelo y-nyveir ThC”, BXomsmel B counoxnrens N', T0 OTHOmeHnE

38BHCHT OT HIMEPUTEALKOO MPHGOPE N B ©COGENIIOCTH OT TONUMHEL BHAL-

TpylouLero caos caiHUa. BosMokRo BuOpat shavenis 4 ik K'/K Tax, wrofw mo-
NYUNTE XOpOlUee COrAACHE ¢ TEOPETHUECKHM 3aKOHOM 3BOJIOINMR. ECan Mesorophit
COAEPIRHT pajHii, TO NOCAEMHIE IYHRO ONPEAENHTb KOJAWUECTBEHHO W BBYECTh
WHTEHCHBHOCTb €0 H3AYUEHHT N3 NNTEHCHBHOCTH OGILETO H3AYWEHHS.

K
TonowenHA MAKCHMYMA SABHCAT OT BETNMMWN OTHOWERHR - . Tprarman

K
A= 0,108 5 rog u A = 0,365 B ron, HAXOLAT BpENS MAKCHMYMA 7 M5 pasAHi-
i L
HBIX 3HAYEHH 1’4
£ 05 10 1,5 oo
© ner 1,43 2,76 3,3 4,83

‘OTHowenire X BLIYHCICHHO® K3 H3MCPeHHl, NPOH3BEACHHLIX CKBO3b (HMb-

Tpylouwi cioil CBUHLS TOALUIHOIO B 5 s, paHo mpuGmnsuTEeABHO 1,5. C yBe-
AWGEHHEM TONLURHG: CBRHUA OHO BO3pACTAcT, Tak Kak y-ayui MTh 2, Kosgdu-
HCHT MOTAOWCHHR KOTopEX 4 — 0,64 c#™ 1, moTAomamTeR CiAbHeR, Sem p-nydn
ThC”, xospbuLmenT normomenns kotopeix = 0,46 e~ Koraa y-nanysetne
MTh 2 nawcpaior cpazmiTenso ¢ p-iaaysekiien RaC, A1A KOTOPOra s = 0,5,

npoHCKOMNT ofpatHoe. B 3ToM cywae oTnowenHe akTHBHOCTEH - Ha pacma-

o
AMasouuficn atoM (K, — Kosguppnnedt axTnerocts RaC) ¢ ysennuennem TonmuHH
CBHHIA YMeHbIIaeTCs.

O1CiI0/a MOXHO SAKMIOWHTb, UTO SKBHBANEHT X B X2 PAZIST, BHUNCACHHNE NO
P-H3NYYEHHIO, HIMEHRETCR C TOMIIWHOR CBHHLA, YREJIHYHBAACH C NocAefHel Ans
RTh h yMentwmance ¢ Heft 111 MTh. Beaezctsre obpasosanns RTh npn ssouolsix
MTh usmenenne skBnBanenta X ¢ [ CHavaja SaMeANfieTcs, a 3aTeM YCKOpAETCA.

B crenylomed TaGanue NpHBEJleHsl SKBHBANGHTHL B DajHu JJIA NpPeNapatos
MTh pasnnusora sospacta npi pasiuunod Tonuke cenAa (1o Bore). B kasans-
Wbl MOMCHT TpenapaTel He comepmaT RTh.

™ Bospact ] ‘ ‘
i ~bromax| ‘ 1,0 | 2,0 ‘ 3,0 ‘ 4.0 8,0 | 10,0
A e
1,251 1,218 1,179 1,117 0,971 | 0,818
121411214 | 17180 17121 10,976 | 0,825
172101 1,181 | 17127, 0,986 | 07835

1,211,188 1,13710,998 | 0,847
220 | 1,20311,1541 1,016 | 0,864
233|1,219| 11172 1055 | 0881

i1

Otciofla BHAHO, YTO W3MEHERHE SKBHBajeHTa X ¢ [ H ¢ BOSPACTOM npenapa-
TOB OYeHb SaMeTHO TABHBIM OGPA3OM Y CBEXCNPUTOTOBNCHHHX (BO3pacT MeHee
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2 zeT) u B Menbwell cTeNenH y CTApWX (s0spact Gonee 6 met) Mpenapatos, y npe-
Tapatos e B BO3pacTe OT 3 A0 5 KT & Ma0 Menserc. TIpHNech pafHs BO Beex
CAYHASX YMEHBUGET HaMeNeHHe. OZHAKO Tph NMOMON(A TONHBIX KPHEBIX TOTOLLe-
HKS MOXHO C HEKOTODBIM MPNOAHKEHHEM OMpElenuT) nponopusn Ra, MTh u RTh
B NpenapaTax, HaxONAWHXCA B 34nasWHbiX YpyGkax. Bonee Hajemube pesynb-
TATEl NOAYYAKICH, eCAH TAKHE H3MEPEHSS NPOMSBOLAT B TEUSHHE HECKONLKHX
MeCALes.

PacemoTpiM, HakoHell, KaK H3MEHSETCS KOJAMYECTBO TeNJa, Bhbife-
asiemoro npenaparamn MTh. Tax kak BbiZeneHHe Temna OGYCHOBNH-
BaeTcsl MNABHBIM 00PA30M SHEpTHell a-Tyyeid, TO KOJHYECTBOM Tenaa,
PASBHBAIOWMMCS TIPU AOTJIOIEHUH - M S-mydeil, B MePBOM IPHOJHXe-
HHH MOXHO NpeHeOpeds. B TaKoM cyuae KOMHYECTBO Tellia, Bhiedsie-
MOTO Ke CO/IepIKAILMM pajus H pagHoTopus npenapatoM MTh 1+MTh 2,
BHaYaNe PaBHO HYJIO, A 32TeM YBEJIHYHBACTCH CO BPEMeHeM HpOIop-
unonanbHo HaxomneHrio RTh. OSosnauns yepes 4 xo/uyecTBO Temia,
Bhigensemoro mpemaparoM MTh 14+MTh 2, usmepenHoe mo cpasHe-
HHIO ¢ KOJHUYECTBOM TEIId, BLENSIEMOTO STAJOHOM pPajis, NpaKTi-
yeckH He cogepxamuM RaD  mosonHs, uepes [ p-Hajyuehue 3T0ro
Hpenapata, M3MEpeHHO® MO CPAaBHeHMIO C p-H3JNYUEHHEM TOTO XKe

STanoHa, Ml HalideM, uFO OTHONIGHHE —r— , BHAUAJE PABHOE HYIIO,
JIOMKHO 3aTeM YBeHUMBATLCA TIO GopMyJIe

4 h

4 ki G hu'’
rae A —— OTHOLICHHE T uncenr atomos RTh u MTh, mpespaiaio-
HYXCS 33 OMH H TOT JKe NPOMEKYTOK BPEMEHH, u H u’ -— COOTBET-
CTBEHHO OTHOWEHHA Koadruuentor K # K' K kos(HIHEHTY axTuB-
HOCTH p-Ayueil pajusi B paBHoBecHn ¢ RaC u ¢’ — oTHOWeHHe KOMH-

YecTBa Tellid, BHIAESEMOTO Ha aToM MpH upeppaiieHun RTh +- mpo-
W3BOJHBIE, K KOAMYECTBY Telna, BhUACFEMOTO HA ATOM TP Npespa-
meinn Ra 4 nponssopnbie (Ges RaD u cepylomux sa HEM NpOH3-
BoAbIX). OTHOWeHNHE ¢, BHYACAEHHOE NO SHEPTHH HCNMYyCKAHHS
e-yacTHL, pasHO 1,335, Koa(uumeuT 4’ MOKHO ONpeNeNuTb, H3Me-

4
pHB - a1 mpenapara RTh B pasropecuu ¢ ero npoussogusivi. Torza

a4
7O KpHBOI yBeANteHN - €O BpeMeHeM MOXKHO yauath 4. Ecau mpe-

napar MTh conepxut papui, T0 dopmysa, faollan AT,Aommm

6biTb  gonosmnena. Tak Kak / M3BECTHO, TO STHM COOTHOLIEHHEM
MOXHO TOAB30BATBCA A ONpEJeNeHHs. BEAMUHMBI & M BO3pacTa
npenapara.
28 M. Kopy
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4
Hamenenns T HaGNiofaBlIKeCT B MPOJO/KEHHE TIOUTH 4 JIeT Ha

cofiepaBwem painit npenapate MTh, cornacyiotcsi ¢ STHMH TeopeTH-
UECKHMH NPEATIONOKEHUSIMH

CoBMECTHOE HAXOJKAEHHE YPAaHA H TOPHMA B MHHEPAJaX 3acTaBjser
NPeAYCMaTPHBATL BOIMOKHOCTh CYIHIECTBOBAHHSA FEHETHUECKOH CBA3H
MeXY 3THMK aeMenTamu, Hampimep, TOpHil MOr 6k 6bITh NPOM3BOA-
HHIM H30TONA ypaHa ¢ aTOMHbIM BecoM 236. HayueRHe KONHYECTBRHHBIX
cootHollennli Mexay U u Th B HEKOTOPBIX JPEBHHX HeH3MEHEeHHBIX
MHHepasax cHayaja Aafo HeKOTOphie SOBOALI B NOAB3Y 3TOM IHNOTE3b!,
HO TO3JHeflIne HCCNENOBAHHA TIOKA3A/N, YTO AeNaTh HA OCHOBAHHH
3THX JAHHEIX KaKWe-TH60 3aKMIOUEHHs NPEeXIEBPEMEHHO.
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HAKONWJIEHHE PAIHOAKTHBHBIX 3JIEMEHTOB
H NPOAYKTOB HX MPEBPAILEHHSA
B PAJHOAKTHBHBIX MUHEPAJIAX

§ 140. KoHeuHble NMPOAYKTH PAAMOAKTUBHBIX NPEBPALEHHI.
Teanii. Ypanossiii ceuteu, TopueBsiil cBHHeL

DBONIOUHS PAIHOAKTHBHBIX CeMeficTB NPHBOAMT K 0GPasoBaHHIO
YCTOHYHBHIX HEaKTHBHBIX 3nementoB. ONMH U3 ITHX NOCHEAHHX, re-
Jaull, ocBOSOKAAIOWHIICA NYTeM HCMYCKAHHH a-Nydell, MOXeT B 3aBH-
CHMOCTH OT YCIOBHA HAH BbiIENSTECS H3 NPOU3BOIALIENO €ro BelecTBa,
HJIM OCTABATBCH OKKJIOAMPOBAHHLIM B Hem. Kpome renus o6pasymrcs
ApyrHe HeaKTHBHbIE BElIECTBA, MOPAAKOBOE UKCJO H ATOMHBI BeC KO-
TOPHIX MOMHO BBHMHCAHTH. [TOCNEJHMM AKTHBHLIM JEHOM OCHOBHOM
BeTey cemefictBa U — Ra sBaserca nonouuit. Ero nopsakosoe yncio
N = 84, atomunil pec A = 210. CaenosaTelbHO, At €L0 HEAKTHB-
HOro npoussofHoro RaG, obpasyiolerocs B pesyJbTaTe a-Npespalle-
HHs nonoHHsA, N = 82, 4 = 206. Bo BTOpoil BeTBH /1A NPOU3BOA-
noro pagusi C', ofpasyiollerocss B 04eHb MasIofi nmponopuuu, N = 82,
A = 210. CrepoBarenibHo, 9T0 — HJH BelllecTBO, HAeHTHYHOE ¢ RaD,
MR Ke 3JeMeHT, KOTOPbIil MOXKHO OO bl OTAHYHTH OT MOCHeNHEro
TONBKO B CAyuae, ecid Obl pasfiuyHe HIePHOl CTPYKTYPHl NpOsABAA-
J0Ch B DAsNHYMH PajiMOAKTHBHBIX cBoficTe. B cemeficTBe aKTHHMA
TaKxe NMPHXOANT K ABYM 3jeMeHTaM THHa cBHHUA, N = 82, ¢ oguHa-
KOBBIM ATOMHBIM BECOM, H3 BEJHYHHB KOTOPOFO BRIBONSTCS BeNHUHHBI
ATOMHBIX BECOB APYFHX 5AeMEHTOB STOTO CeMeficTBa. B oTOM cemedt-
cTBe npousBofHoe BemgcTra C’ ofpasyercd B OUEHb MAJMOM KOJHYECTBE
N0 CpaBHEHHIO C TIpoM3BOAHLIM Bemectsa C'/, naspisaeMbi AcD.
BBONIOLHST CeMeHCTBA TOPHS TaKke NPHBOAMT K ABYM 3JeMeHTaM THma
CBHHIA, 00pasyioliyMes B CPABHHMBIX KOMHYECTBAX H HMEIOUIHM ORH-
HaKoBHlil aToMHbill pec, Gauskuii k 208. DTH, Mo Beeil BEPOSTHOCTH
HJeHTHYHBlE BemlecTBa HasbBatoT ThD (cm. npmnoxenne 5b).

Taxum 06pasoM, 3aKOHb PaAHOAKTHBHBIX NPEBPAIIEHHIT 3aCTABNAIOT
NpeAnonaraTh CyUeCTEOBAHHE HECKOJbKHX HEAKTHBHBIX N30TONOB THIA

28%
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CBUHUA, PA3HHLA ATOMHBIX BECOB KOTOPBIX MOKET JOCTHIATh 2 eAMHHL.
311 npenonoxens Oblid MPOBEPEHb SKCIEPHMEHTANbHO M CII0Co0-
CTBOBAJIM YCTAHOBJICHHIO MOHATHS H30TONMH. B 70 3e BpeMs BO3HHK BO-
npoc, He ABJTETCH 1k OGHIKHOBEHHEI] CBUHELl, NPOHCXOAAIMA H3 CBHH-
LOBOTO GJIeCKa, CMeChl0 CBHHUOB DAAMOAKTHBHOTO HMPOHCXOMCHHS.

D1H BONPOCH HCCASAOBAJHCH MYTeM ONpE/ejesHs ATOMHEIX BeCoB
H MacC-aHAJIM3A CBHHIIOB PA3NHYHOIO MPOHCXOMJeHUs. B HeusmeHeH-
HBIX M HE CO/IPKAUHX TOPHA YDAHOBBIX MHHEPANAX MOXKHO PacCUHTbI-
BATb HalTH «yPAHOBBIA CBUHENY, COCTOALIMI H3 MOCAEAHHX WIEHOB pa-
JAMEBOro K aKTHHHeBOro psafioB RaG n AcD. B neusMeHeHHbIX W NOYTH
He COAePMAUMX YpaHa TOPHEBBIX MHHEPaiax NOJKEH HAXOHTBCA
TIpeHMYLIECTBEHHO NOCJEAHHN UieH TOPHEBOTO Psija, HAH TOPHEBHIL
cBrHeus. MitHepaibi, NOABEPrILHECs NOCIE CBOEr0 00Pa3OBaAHHA H3Me-
HEHHIO, MOLYT COAePATb KPOMe CBHHIA, 0ODa30BABIIETOCH B HHX B
pesyabTaTe pPajHOAKTHBHOTO NPEBPALIEHHS, HEKOTOPOE KOJHYECTBO
DOCTOPOHHEr0 CBKHIA, BHEIPHBINErOCH H3BHE NPH HX DA3NONEHHH.

Macc-anafii3 CBHHIIOB NPOUBBOAKJCS TPH TIOMOIIH MACcC-CIIEKTPO-
rpada ActoHa. st STOrO NO/AB30BAJKCH JETYUHM TeTPaMETUICBHHLOM,
B Macc-cniextpe 0ObIKHOBEHHOTO CBHHLA U3 CBHHUOBOTO GJecKa oGHa-
PYKEHO HeCKO/NbKO NHHHMH, COOTBETCTBYIOMMX maccam oT 203 zo 210,
Tpu ocHosHHEIX H3oTONA ¢ Maccamu 206, 207 U 208 coflepkarcs B HeM
B kKonuuecTax 28, 20 u 49,5%. Macc-aHaiH3 CBHHIA ypaHOBOH CMO-
nAsnoft pyas ¥3 Karanru (atomuetit Bec 206,05), cocTosiltero raasHbIM
00pasoM H3 YPAHOBOTO CBHHNA, KAJ Te Xe TPH JHHHH, HO HX OTHOCH-
TelbHbie HHTCHCHBHOCTH HAMEHHJHCH TaK, YTO COASPXMaHue H3oToma
208 okasanoch OueHb MaJibiM, CojepKanne naotona 207 paBHbM 6,7%,
a COoEepiKaHHE CHIBHO Mpeobranamwero usotona 206 pasHeM 93,3%.
Corsnacto 3ToMy, AKTHHHEBOMY CBHHILY C/ISlyeT NPHRHCATD JKEKI 207,
HA OCHOBAHMH UEro U BBIUHCASIOTCS aTOMHLIE BeCa BELIECTB Psija aKTH-
HHA M, B YaCTHOCTH, aromHell Bec 235 msoToma ypaua III, pawomero
Hayano yToMy pagy (§ 126).

Aromumit Bec RaQ BHIBOAST M3 aTOMHOrO Beca Ra, BhiuHTast H3
TOCACAHETo BeC 5 @-yacTall, MOKOSIUASCA Macca KOTOphX paBba 20,01.
TIpk TOUHOM BBIYHCAGHHH HYHHO, KPOME TOFO, YUHTHIBATH YMEHBIICHHE
Maccsl Am, CBA3aHHOE ¢ NOTepell sHepTHH AE NpH 3BOMOUAN DAgMs.
Onpepnenis AE No KONHYECTBY BBIAS/SIOMErocs TelAa, HAXONAT, 410
cooreeTcTByiomee AE yMeHBIlleHHe ATOMHOTO Beca PaBHO NPHOAH3H-
Tenbto ToAbko 0,04 (§ 104).

Ecau, ¢ apyroit cropoub, atoMei RaG_u AcD ofpasyiorcs B
pyAe B KOJMYECTBAX, PABHHIX COOTBeTCTBeHHO 96% u 4% (§ 127),
TO CpeiHHil ATOMHEI BEC HX CMeCH, BHIBEJIeHEWIT H3 UeanX wncen 206
u 207, 6yzer 206,04. CrefoBaTe/bHO, aTOMHEIH BeC YPAHOBOI'O CBHHLA
ocTaeTes oYeHb OAH3KHM K 206 (pasHulia TONBKO B COTHIX JIONAX).

B cayyae TopHA yMeHblIERNE aTOMHOIO Beca BCJEACTBUE MOTepH
SHeprHM paBHO ApHOAHaHTeNbHO 0,05, OTKy/a aTOMHLIA BEC TOPHEBOTO
ceula Oyaer 208,06, cunras, yro Th = 232,12, a macca § ucmyckae-
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MBIX B DIPONECCe ero 3BOAIOUMH a-yacTHL — 24,012, CreposaTeabio,
aTOMHEIt BeC TOPHEBOrO CBHHIA OYeHb G1H30K K 208, Becbma BeposiTHO,
YTO OCHOBHbIE COCTABJTAWIINE OCLIKHOBEHHOIO CBHENA HASHTHYHbB TpeM
HM30TONAM CBHHUA PAaAHOAKTHBHOIO MPOUCXOMXKAEHHS. ATOMHbIﬁ Bec
CBHHIA PAIMOAKTHBHOTOG TPOMCKOMCHHS, 0OPA3YIOMErocs B MHHepa-

o Th
Max, copepKallux ypaH u TOpHil, ABAAeTCS DyHKIHeR OTHOLIEHUS i
B 3THX MHBEpPaJaX H MOCTOAHHBIX NpeBpailenys ypawa # Topus. Cun-
T2s B NEPBOM MPUONHIKEHHH CKOPOCTH 06pa30Baltsl CBUHIOB NMOCTOSH-
Hoit M cooreeTcTByloueit Tem konndecteam U u Th, xotopuie comep-
KATCA B MHHEPANAX B HACTOfAllee BpeMdA, MOJAYdaeM ATOMHBI BeC
CMeCH CBHHIIOB U3 COOTHOILUEHHS

AmTh 238 AmTh 238
A~(206+208L J(I mIh 2383

WU 232

AU 232

IMpunumast —;i =4, HaXOAHM;
ThU=0,0 A=206,00 Th/U= 10,0 A=207,44;
« ThfU=0,1 A=20605 Th/U= 500 A =207,85;
Th/U=1,0 A=206,41 ThjU=100,0 A=207,92.

Onpefeneyne aTOMHOTO Beca CBHHIA, CONEPIKAIIETOCS B PAjHOAK-
THBHLIX MHHEPanax, MPOM3BOAHNOCH MPEHMYIIECTBEHHO NyTeM ONpesie-
JAeHHA (B BuAe XJIOPHCTOTO cepeGpa) XA0pa, CONEpHALETrocs B MOMAY-
YEeHHOM H3 HHX OYeHb UHCTOM XJOPHCTOM CBHHLE, DAacTBOPEHHOM B
_ropsveit Boje. st cpaBHEHHS MOBTOPHO ONPEASNSLICA ATOMEBII BeC
OGLIKHOBEHHOTO CBHEIA U3 CBUHUOBOTO 6/1eCKa, KOTOPLIY, KaK oKasa-
JI0Ch, He 3aBHCHT OT NPOHCXOXKAEHHT MHHEPANa H OueHb GNU30K K
207,20.

B caepyomux tabauuax NpuBefeHsl PesyabTaTe HEKOTOPHIX Ofipe-
JeNeHHA aTOMHOrO Beca CBHHUA H3 PAjMOAKTHBHBIX MHHEpPAnoB MO
Conam, Tenurmmuary, Puuapacy, Baxetepy, Mopuey Kiopu.

TaGmuua I (crp. 438) oXpaThBaeT MHHEpPANBI Pa3JTHYHOIO HPOHC-
XOMIEHHS C HUYTOXKHBIM HJIH MansiM comepxanuwes Th. Hs mux o
HACTOSILIENO BpPEMeHH MCCIEJOBAHBI MHHEPANbl HEKPHCTALIHYECKOR
(yparoBbIe CMOJISIHBIE PYABI) H KPHCTAJTHYCKON (YpaHHHHTH, Gpor-
TepUTH, KIEBEHTHl H T. J.) OKHCH YpaHa, HEKOTOpble KapPHOTRTH H
KOMbM, COZepMalliee ypaH yranctoe seuwectso (Llsewns).

Ha 3roit TaGaHupl cremyeT, Yo aTOMHELl BeC YPaHOBONO CBHHI@A
JIefiCTBHTENBHO MEHbIE ATOMHOTO Beca OGBIKHOBEHHOrO CBHHUA. Han-
MeHbIlas U3 NpUBefieHHbiX B Hell Beanynr 206,01 cormacyeres ¢ Teope-
THYECKHMH TNPEANONOMKEHHAMUA. 3aKOHHO, MO-BHAHMOMY, NOTYCTHTb,
YTO MHHEDAJB!, B KOTOPRIX aTOMHBI BeC CBHHLA Bhbillle 3TOH BeNMYHHEI,
conlepKaT cMech (cmoNisiHast PyAa u3 SIXMMOBA, KAPHOTHTEHI) YPAHOBOTO
# OGBHIKHOBEHHOTO CBHHIOB.
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Tab6anuna I

SIXUMOB, yPAHOBAS CMOJRIHER PYAA

SIXHMOB, ypaHOBas cMonsHas PYAA .

KopHyon,” Arraiks, ypaHosan cvoaaian pyia

Karaura, Kouro, ypaHoBan cMoasinas pyia Lo
Cesepan Kaponuia (CIIA) ypawmumr - . . . . . |
Moporopo (Adpuka), ypaHHRAT P
Hopeerns, 6pérrepit R

Hopeerns, 6pérreput

Hopeernn, KiesedT

Hoperusi, Kneseut . .

IOmuan Rakora (CHIA), ypauumn

Kouwopazo (CLIA), kapHoTat

Koaopazio (CIIA), kapHoTHT

ABCTpanis, KapHoTHT

Ulseuns, KONbM, KAPHOTHT .

Ta6muna 11 cofiepKHT JBa aHANH3A TOPHEBHIX MHHEDANOB C ManbiM
cofepranneM ypaHa. BBuly PEAKOCTH TAKHX MUHEPAJIOB OBM 10 HACTOSI-
IIEro BpeMeHH He MOTJIH GbITb HCCAEAOBAHb B GONBLIOM YHCHE.

Ta6anua [1

‘ Topu 1 BRCOHT2 | 11etinoncinit Topi

(Hopeerits)
Conepmante ypana . . . ‘ 0,459 1,629
> Topna . . . 20,104 54,4 9
» cenHUA. . 0,35% | 0,36%
ATOMHBEIR Bec cBHHUA . . 207,90 ‘ 207,77% ‘

D1H aTOMHbIE BECA, IIPEBBULANOIRE ATOMHBI BeC OGEIKHOBEHHOFO
CBHHIA, MaJNO PasHATCS OT BHIYUC/EHHBIX TEODETHYECKH, YYHTBIBAA,

Th
410 OTHOIHHE 77~ B TOPHTE 3 Bpesura pasuo nputausntentho 67,

a B UelmonckoM Topute — 34,

B Ta6nuue I1] npupefeHbl ananuabl TpeX 06pa3uoB TOPHAHHTA, CO-
Aepxamnx Th u U B 64H3KUX COOTHOWEHHSX ¢ BO3PACTAIOMUM OTHO-
wennem ThfU.

Tabanua IIT

| Th% | U% | Pb% | Arownwit sec conhua
57,0 26,8 3,5 206,83
TopHatHT 62,7 20,2 3,1 206,90
68,9 11,8 2.3 207,21
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DIH uHCaa, MAMO OTAMYAILMECS OT TEOPeTHYECKH BbIYUCAEHHEIX,
NOKA3KIBAIOT, YTO ATOMHBII BEC CBUNLA BO3PACTaeT ¢ yBE/HYEHHEM OT-

Th
HOUERHS - - O1ci0aa MBI MOXEM CHENATh 3aKAI0YEHHe, MTO CBHHel,

cofiepalluiica B pafMOaKTHBEBIX MuHepanaX, ABASETCA WM YpaHo-
BbiM CBUHILOM, UJTH CMECHIO YPAHOBOTO H TOPHEBOrO CBHHUOB € BO3MOXK-
HOll IIPHMEChIO OOLIKHOBEHHOrO CBHHUA.

§ 141. Bospact mmHepanor

06’)33033“”9 CBHHIA H reJus B paaMOAaKTHBHBIX MHHepanax AaeT
BO3MOKHOCTh ONPEIEIATh BO3PACT 3THX MHHEPANOB H COASDIKAMMX HX
POPHHIX MOPOJ NIPK YCJIOBHH, YTO CO BPEMeHH CBOEro 06pA30BAHHS OHU
He npeTepneBann H3MEHEHHA MOA ﬂeﬁCTBHeM BHEIHUWX areHToB H YTO
BO BpeMs 06PasoBaHHs OHU HE CONEPKANH HI CBHHUA, HI reans. O6pa-
sylolufica B MHHEPATaX renuil OKKAOANPYETCA HMH, HO 3Ta OKKNIO3U,
Tem Gojee TNOAHas, yeM Gojee IIOTHO OKIVIIOAMPYIOWIEE BEleCTBO,
penko GbiBaeT COBEPIIEHHO NOAHOH. Clef0BaTeNbHO, MPeAnOUTHTENb-
Hee TI0/1b30BATBCA METOA0M, OCHOBBIBAIOIIIMCS HA 0OPA30BAHUH CBHHIA,
XOTA W 3/leCh TaKKe BCTPEUAIOTCA TPYLHOCTH, TAK KAK HE BCeria Jerko
ONpejieNinTh BEPOATHOCTE TOTO, NPOUCXORUN M1 B Gonee HAH MeHee oT-
JaNeHHOM TPOLIIOM OOMeH MEXIY MHHEPAnoM K oxpyxKalomell ero
cpenoﬁ B OTHOHIEHHNH KXOMIOQHEHTOB, NO KOTOPhHIM ONpeensieTcsi ero
BO3PACT, T. €. YPaHa, TOPHS H CBHHUA. X0pOIWO KPHCTANNN30BAHHbIE
MUHepabl MPEACTABAIOT ¢ 3TOf TOUKH 3peHns GOJblUe rapanTHil, Ho
Jake H B 3TOM C/yyae HYXKHO CUHTAaThCSl C BOBMOMKHOCTBIO BHYTPEH- °
HETo H3MeHeHHs Ge3 naMeHels BHewHedl dopmbl. Jlist onpesenenis
BO3DPACTa MUHEPAJA HYXXKHO 3HATh KOAHYECTBO ypaua, TOPIA H CBHHUA
B HeM, & Takke aTOMHBI Bec nocieanerol}.

Tlepnoaet U u Th pasusl cootBerctBento 4,4-10° u 1,8-101¢ ro-
naM. 3a 500-108 jer — Bpemsi, COOTBETCTBYIOLIEE BO3PAcTy APEBHMHX
MuHepanos, pacnajaercs 7,56% U u 2% Th. [Ipu onpexenenuu sos-
pacta B nepBoM NPHOJIKKEHHH, A0YCKAIOT, YTO CKOPOCTb 06pa3oBaHHA
CBHHIIA C MOMeHTa 00pa30BaHHUs MUHEepana Gbla NOCTOSHHO! H paBHOH
CKOPOCTH ero 06pasoBaHusA B HacTofllee BpeMs. B npuneieHHble 3jech
(GOPMyJIbI, MOMYUEHHBIE TIPH 3TOM JOMYMIEHHH, JIETKO MOMK(O BBECTH
NOMPaBKH, yuuThBawomHe u3merenne koanuects U u Th or momenta
00pasopaHus MHHEpana A0 HACTOSUIErO BPEeMeHH.

B HeusMeHeHHBIX MHHepanax, BO3PacT KOTopeix npessiaet 10 ser,
cylecTsyeT HocTostHHoe pasHoBecue MexAy U u Th n ux paguoakrus-
HBIMH TIDOM3BOAHBIMH, KOJHYECTBA KOTOPBIX MO CPABHEHHIO C KOJHUe-
CTBAMH MaTepHHCKHX BEllleCTB oueHb Manbl (§ 62). Hakonasiores Tonbko
HeaKTHBHEe nponaBoausie Pb u He. 3akon wx Hakonsenwsi, BuiBe-

3) TIpH onpeiesieRAX aBCOMOTHOTO BOZPACTA CCBHHUOBHM METOAOM» WIIPOKO
HCTIONBIYETCA H3OTONMHMI aH au3 coHHNa. (Ped.)
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JAeHHbIA M3 (GOPMyJBl pajMOAKTHBHBLIX NpPEBpauIeHHil, BbpaXKaercs
nipocToit opmynoit
No= Ny (1—e ),

rae N, — UHCJIO aTOMOB 0OpasOBABIIErOCs 3a BpeMsa ¢ HEAKTHBHOTO
BEILECTBA, NOCTOSHHAS NpeBPAllleHAss KoToporo A, =0, Ny, — Ha-
YaibHOE YHC/IO ATOMOB MATEPHHCKOTO BEIECTBA, A; — ero MOCTOSHHAA
npespailenusi, CoXpansis TONbKO MepBHIl YieH PasiokeHHs e~ mo-
ayualT Np = At Ny, KoHeunme npespauleHusi ypaua # TOPHS B
CBHHEIL W TenHil MOXHO HalHCaTh B BHJE:

U=Pby+8He, Th==Pbny+6He
Mpuuumas
U =238, Pbyp=206, iy =1,6-10"15 rop,
Th =232, Pbm =208, Ap==4.10" 5ron),

HaXOAAT KOMHYECTBA 00Pa3yIOUIErocs B TO/ CBHHUA:

g= ;gg 1,6-10-1°.f=1,4-10"¢2na 12U,
q’=»§g; <4.10-1.f=386-10""2ua le Th
1 06beMbl 00pasyIollerocs B rojl resus:
L 1,6.10—10
= % -22,4-108=12-10~*mutua lo U,
u = -6——% +22,4.108=2,3-10~8 um3 na 12 Th

(06BeM PpaMM-MONEKYJbI ra3a B HOPMAJbHBIX YCIOBHSX paBeH
22,4-10% mxd).

Ecan Pb — ofuiee KoanYecTBO CBHHUA, HAllAGHHOrO B MHHepase
na U ¢ ypana u Th 2 Topusi, T0 Bo3pacT pyast onpenensercs u3 ¢op-
MYJIBt

Pb

Co——.
U+KTh
Eci nonoxkuth C = 7200, K = 0,26, o Bospact T okaxercst Hopsiika

HECKONbKAX MHJMOHOB JieT. 3HAYeHHS, NPHIHCHIBAEMEIE STHM KO3(¢-
$ULHeHTAM PASHLIMH ABTOPAMH, H3MEHSIOTCA B 3aBHCHMOCTH OT BbiGOpa

1 Cu. mpam. wa ctp. 422.
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PaJHOAKTHBHBIX MOCTOSHHBIX, B OCOOEHHOCTH 3TO OTHOCHTCS X KOS(H-
wierTy K, TaK KaK B HETO BXORHT NOCTOSHHAA NPEBPAIIEHHS TOPHT,
KOTOpAS W3BECTHA MeHee TOUHO, YeM TNOCTOAHHAS NMpeBpalleHHs ypaHa.

AnajornuHast GopMysa UPHMEHHEMA [/ BBMHCIEHHS BO3PAcTa no
oBBeMy IeHs, OKK/MOAMPOBAHHOTO B MHHepase, cofiepxaumem U 2
ypana n Th 2 Topus; .

cer o 108 ner,

rae C’ == 8300, a K’ = 0,19. Ecan HeckonbKo 06pasuos pajnoaKTHs-
HBIX MHHEDAROB, HPHHAANCKALHX K ONHON FeoNOrHYecKol (opManuH,
JawoT oanxakosoe orHoulende R = PbfU+4KTh, To BhiuHCNeHHBIN H3
3TOPO OTHOLIGHHS BO3DACT, BEPOATHO, GyJeT OOUIMM BO3PACTOM BTHX
MHHEPAJIOB H 3Toft reosOrnueckoll opMallum, a CofepHaluiics B HAX
cBiHell Gy/IeT LETHKOM PaAHOAKTHBHOTO NMPOHCXOMKAeHHs (Mociefnee
KOHTPOIHPYETCS H3MEPeHHeM aTOMHOrO Beca).

VYcranoBieHo, YTO OTHOlIEHHE R AOBOMBHO NOCTOSIIHO Jd pAja
MHHEPAJIOB U B OCOSEHHOCTH VI TeX W3 HHX, COEpIKaHUe TOPHS B KO-
TOPEIX MAJO H KOTOPhie COLepIKAT MPEHMYILECTBEHHO YDAHOBbI! CBU-
Hell. MuBepanni, GoraTble TOpHUeM H GeHbIE YPAROM, Pee oCTanTes
HEH3MEHHBIMH H Yallle TepsioT CBHHeI NOJ JIeACTBHEM BHEIUHMX areH-
ToB. [TpHBOAUM HeCKONLKO NpuMepos No Xoamey u Jloycony u Kupiury.
TIpH BLITHCJIEHHH BO3PACTA APEBHBIX MUHEPAJOB C YPAHOBBIM CBHHIIOM
yuTeH pacmajl ypaHa cO BpeMeHeM.

1) Hoprexckne knesenth (ApeHAalh W ero OKpeCTHOCTH).
Tpeanonaraewoe Bpemn 06pasoBanya — AOKeMOPHACKHF MepHon.

U% Ta% Pb% R
ot 54 no 66 or3 mo 6 or 10 no 11 or 0,163 o 0,184

Bo3apacT, BWUHCIEHHBI N0 HAKMEHbIIEMY 3HAYERHIO R, cyHTamwemycs Gosee
ARocToBepHbIM, paber 1100-10° ser.

2) Hopeexckue Gpérreputer (Paag # Mooc) B BHAE KPHCTANAOB B RErMATH-
Tosbx xujax. IIpeAnonaraemoe Bpems OGpA3oBaRns — ROKeMGPHACKHA NepHon.

U% Th% Pb% R
or 48 50 75 or 10 no 0,1 or 6 1o 9 or 0,11 a0 0,15

Bospact, BHUNCIEHHb N0 HauGosee 9acTo BCTPEVAIOUIEMYCA 3HAYEHRIO R =
= 0,13, pasen 900 - 10° jer.

3) AgpHanckie MiHepansi: ypaHHMHT #3 MOpOropo H ypaHoBam cMOASHas
pyAa w3 Karasrs.

U% Th% Pb% R
or 70 5o 80 oueHb Mano ot 6 1o 7 ot 0,083 a0 0,094
R = 0,08 cooTeeTcTByer Boapacty okomo 600 - 10* ner (xomen moxem6paii-
cKoTO Meprofa). Bosee BLICOKOE COAEPIKAHHE CBHHUA B HIMEHCHHBLIX MiKepalax,

CONPOBOKAAIOUMX YPAHOBYIO CMONAKYIO PYAY U3 KaTaHTH (KIOPUT, KasOAHT H T. L),
ABNACTCA CNEUCTBREM HX HSMEHEHHS M HE SBJIACTCR MPH3HAKOM HX BO3DACTa.
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4) Yparopan cuonsvas pyna n3 Sxamosa. OTHowenwe R usmensiercss ot 0,02
Ao 0,07, Onpejenenye aTOMHOTO Beca 3acTABARET NPEANONOKITS, 9TO NPOHC-
XOMNA0 BHEZPeHNe GOLIKHOBEHHOTO CBHHUA W3 GAN3INEIKAINero CBUHIOBOTO GaecKa.
TIpHanMan 478 ypauosoro caiikia R = 0,03, 5Tofl ypaHoBOH cMonsHOH pyfe Npli-
micHBalOT BOapact okoo 200 - 10* zer. Eme Molloxe KapHoTHT #3 Kosopafo,
Tae oTHomenne PbjU 1ike 0,01, i pasnuuHble ayTYHNTE C elle MERbIIM COREp-
KaHien cBHRUA,

5) Vpamnnnt ws IOxwofi Maxorst (CUIA), ouewb Apesnuii wiwepan b buie
KPHCTAN/OB B MeTMATHTe, CONEpIKHT Ypanosblil chinew, R = 0,226 coorserctsyer
Boapacty 1500 - 10° neT (apxefickast 3pa).

6) lleftnonckne TOpHAHHTH B BHAE KPHCTAMJOB B nermaTnte cogepxar Th
6osbine, uem ypana (okncu ThO, v UQ, samewaor Apyr Apyra Kak usoMOpHbie
PpyTITLY.

U% Th% Pb% R
or 10 10 3) o150 mo 70 or 1,8 mo 3,5 o1 0,06 10 0,08
Boapacr or 450 1o 600-10% ser.

7) Pan mukepanor ws Hopsernu (BpeBsr) — TOpHTHL, a TakKe MAKEpaAs ¢
manbim copepianuem U w Th (unpwow, nupoxnop, 6uotnt u T. &.). [Npeanona-
raemoe BpeMs 00pa3oBaHMSl — cpeAnuii ZeBod. OtHowenue R or 0,04 xo 0,05,
Ha6MIONAENOE Y TeX U3 HIIX, KOTOPbIé KAKYTCA HEH3MEHEHHEMY, COOTBETCTEYeT
B03pacty ot 300 1o 400-10% ey, HeKoTophie TOPHTS! H OpaHIKHTH TOTO e TPo-
HCXOMAEHHA AAIOT MHOTO MEHBIIYIO BENHUHHY OTHOWEHHA R, UTO, BEPOATHO, 0fbAC-
HseTcs novepeii cBuKua. CHIMKATH TOPHSA, COlCDKAUIAE MATO YPAHE, TO-BHIIMOMY,
0COGERHO NOABEPHEHH TAKOMY H3MEHeHHIO.

Uro kacaeTcst rediisi, To GblIO H3YUERO KAK KOJHYECTBEHHOE COAEP-
JKaHHe, TaK H ofpasoBakHe ero B MuHepaxax (Crpert). OGBIMHO KOMH-
4ECTBO COAEPIKALIErocs B MHHEpanax Teddd RO TOPSAKY BENHUHHE!
COBIIAZAET € KOJHYECTBOM €FO, BBIYHCASHHBIM N0 COEEPKAHHIO B HHX
U, Th u Pb, Ho onO Bceraa HHxKe 3Toil BLIMHC/AGHHOH BeJHUHHBI, BPH-
deM HEOCTATOK TeJilsl YBEJTHUYMBAETCS ¢ BO3PACTOM MuHepana. Heko-
TOPBle OTHOCHTEJTBHO MOJIOJBIE YPAHHHHUTH cofiepxat 1o 70% HopMasb-
HOTO KONMYECTBA resIiA, TOrAa KaK JpeBHEIe MHHEPabl COAEPIKAT JHIUEL
HecKoMbKO npoitentoB. CeaoBaTensyo, METol ONpelenenns BoapacTa
MHHEpaJIOB N0 CONEPIKARHIO T&/IHS 3HAYHTENILHO MEHee TOUeH, UeM Me-
TOJ OMpefe/IentsT HX BO3PACTa MO CONEPMKAHHIO CBHHUA. 3aTO METOZBI
ORpefie/eHH st MAJILIX KONUYECTB IeJIMs MHOTO YYBCTBHTeNbHee MeTOAOB
onpeResieHH s MablX KOJIHYeCTB CBHHUA.

YkameM B KauecTpe NpUMepa, 4TO B CAMADCKHTE COAEPIKAHHE TEHA HafifieHo
pasHBIM 1,5 cH® wa rpaMM MAHepada Rt 15 cu® Ha TPaMM ypaHa, uTO COOTBET-
cTByeT BO3pacTy okono 100-10% jer, T. e. BeaHuHHE, NOPSAOK KOTOPOR BEPOATEH.
TOpHAHAT e CONEPIHT AHWL 0Kono 10 cx® HA TPaMM, YTO COCTABANLT OKOJO NO-
ROBURM KOZHUECTBA, BHIANCTEHHOTO W3 coorHowehmii U, Th w Pb B Miurepale n
113 €ro ONDEJILNeHHOre N0 3THM COOTHOMICHEAM BO3PACTA.

HepaanoakTusnble MHHepansl cofepxaT ouedb Majo Teaus. Tak,
Hampumep, B KBaplle HailAeHO ToAbKO oxonoe 2-107¢ cu® renust Ha
rpaMMm.

O6pasoanue rejns B pacTBOpax PafHOAKTHBHEIX MHHEPANOR Npo-
ACXOAMT B COOTBETCTBMM C TEOPETHYECKHMH NpemnonoxeHusmu. s
TAKUX ONLITOB PaAHOAKTHBHBIE MIHEPAJLI GPANHCH B KOJHYECTBAX OKOMO
100 ¢, pacTBOpb: HX OUHIIAMKCD OT TA30B U OCTAB/IANUCH HA HECKONBKO
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MecsILeB B 3aKPHITOM cocyae. [ToToM HakoNHBLufCs 3a 3TO BpeMmsi re-
Anil M3BJAEKANCS, OURWAJCH, H €r0 00BeM, PaBHE NPHOIH3HTEABHO
0,01 ua3 na 100 ¢ ypana B rosi, H3MepsJICs PH NOHHKEHHOM JABJCHHH.

Tlpu nosenuennn TemnepaTypsl Ao 1000° C MOHAUHMT U TopHaEuT
MOTYT NOMHOCTBIO BEAGNATh COAEPMALIUCA B HHX reii,

VKaneM, HAKOHEIl, Ha TOMBITKH ONpe/IeSIeHHs BO3DAcTa MHHEPAJIOB
TyTeM CPABHEHHS BCTPEUAIOMHXCH B HHX ILIEOXPOMUECKUX KOREW
(§ 103) ¢ WHTEHCHBHOCTBIO KOJMIEL[, NOJYYAeMbIX KCKYCCTBEHHO NPH fl0-
MOULH H3BECTHBIX KONHUECTB PaJHOAKTHBHBIX BeuiecTd. ONHAKO BCAe-
CTBHE TOro, YTO HHOI/IA KOJNBIA OGECUBEYHBAKITCA, ITOT METO/L ABNIACTCA
HEHAJeIKHBIM,

Onpegenenne ANHTENLHOCTH TOJOTHUECKHX MEPHOLOB OMHCAHHBIMI
3lech METOlaMH HmeeT GOJIBIIOe 3HAYCHHE, TAK KaK OHO JIaeT BO3MON-
HOCTb KOHTPOJIHPOBATh Pe3YJIBTATHI, TOJYYABLIHECS PaHee METOAAMH,
OCHOB2HHBIMH Ha OGPAa30BaHHH OCAJOUHBIX OTAOKEHHI HJIH Ha cofep-
JKauuu coneft B Mopekofl Bofie. Hoshle MeTOAB AatoT AN BO3pacTa rop-
HBIX TOPOA 3HAYEHHS TOTO Ke NMOopsaka (HO ofbiyHO Bosbliee), 4TO H
TIpeKHHE METOMbI.

§ 142. Hsoronw cBHHMA

DnemenThl THna cednua (N = 82) GbuIH NPEAMETOM MHOTOYHCHEH-
HBIX HCCAEOBAHA H CHIFPANH BaXKHYO POJb B PA3BHTHH NOHSITUSA H30-
Tonuu. K 3Toft rpynne BellecTB NpHHAJJEKAT HeKOTOPHE KOPOTKO-
XHBYLIME PAJ\MOAKTHBHLIE SNeMeHTH (RenlecTea B), ONWH AOBOMbHO
JOATOKHBYWHE sMemMent (pauii D ¢ nepuonoM okofio 22 Jlet) K He-
cKonbko YeTofiduBhix saementos (RaG, AcD, ThD), obpasyrowuxcs
B pesyJibTaTe NpeBpallennil pafHOaKTHBHBIX sneMeHToB (§ 120).

M3BneyeHHbIi H3 PAAHOAKTHBHEX MHHEDAJOB CBHHeN BCera odaa-
JlaeT HeKOTOPOll aKTHBHOCTHIO, 0OBbACHsIONIEHCS NPHCYTCTBHEM B STOM
ceunue RaD u ero mpouwssogubix RaE u RaF (momonus). Tak kax
cofiepkanne RaD B CBHHIE OYeHb MaJ0, TO PHCYTCTBHE €TI0 He BJIHSET
Ha aTomHbifl Bec nociefHero. Koanyecrsa RaD, RaE u RaF, comep-
JaWKecs B CBUHUE, NPONOPUHOKANLHLI COMCPIKANUIO ypana B pyZe,
a xouuentpaliss RaD B oflieil Macce CBHHIA 3aBHCHT OT BO3pacTa
MMHEPANa ¥ OT cyuafiHblX BHeAPEHUll OGBIKHOBEHHOTO CBHHIA, COCTAB
KOTOPOTO He 3aBHCHT OT €r0 TIPOHCXOMKICHHSY).

HsoTombl CBHHIA C pasnuvHbIM ATOMHBIM BECOM HMEIOT, OAHAKO,
OMMHAKOBBIfl aiiomHeul 06Bem, YACTHOE OT AeNeHHs aToMHoro Beca A
HA M0THOCTD D. ATOMHBIT 06BeM ONPeesics NO METOLY THKHOMETpa
Ha YHCTHIX, TIIATEAbHO 0BPABGOTAHHEIX 0O6PA3NAX CBUHUA H3 K/IEBEHTA

1) HisoTonslii cocTap <OGBIKHOBEHROTOY CBHHUA He ABAALTCH MOCTORHHEIM,
B ofuteM RABAONACTCH 3AKOHOMEPHOE YBEAHUCHNE CONEPIANHA PASHOTEHHBIX H30-
TonoB: Ph*®, Ph*" y Pb¥s o Mepe yMEHbIWeHHS TEONOTHUECKOTO BOPACTA Mi-
nepana. (Ped.)
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A = 206,08), toputa (A = 207,77) 1 OGLIKHOBEHHOTO CBHHLA (A =
= 207,20). OTHOWeEHHe =~ ObINO HANNEHO NOCTOSHHBIM C TOUHOCTBIO

D
1o 0,0002.

TlokasaTeNlb NpPeJOMICHHS, H3MEPEHHBIE ¢ GONbILOH TOUHOCTBIO Ha
KPHCTA/IaX A30THOKHCJIOTO CBHHUA, OAHHAKOB LS PASNHYHEIX BHJOB
nocJennero v paped 1,7815 mpu 20°. MoneKyJasiprast PacTBOPHMOCTH
9Toft coftM TaKxKe NIOCTOSIHHA H paBHA 1,7992 mMoselt Ha JIMTP BOAR! NpH
25°. CnefoBaTebHO, PACTBOPHMOCTh CONENl Pa3HbIX BHAOB CBHHHA, BEHI-
uuC/eHHAA B IPAMMAX Ha JHUTP BOAI, NPONOPIUOHANBHA MONEKYASP-
HOMY Becy 3Tofi col. Tak Kak MIOTHOCTh HACHINEHHOrO PACTBOP2 MOX-
JlAeTCs TOUHOMY OIIPENeNeHHI0, TO STHM MOXHO ROJB30BATHCA JUIR
CpaBHeHHS aTOMHBX BecoB. Takofl METON MPMMEHANCH KAaK K CBHHILY,
TaK H K XA0pY.

Temneparypa TWIaBAEHHST CBUHUA B €TI0 XMOPHCTON COMH He 3aBH-
CHT OT ero aToMHoro Beca. Ilapa, cOCTaBIeHHAs W3 JBYX MPOBOJOK,
ClleflaHHBIX H3 H3OTONOB CBHHLA C PASMMYHBLIMA ATOMHBIMH BeCaMH, He
ofHAPYKHBAET HHKAKOH TePMOIREKTPOABIKYIIEH CHAL. DieKTpornpo-
BORROCTB 3THX NPOBOJOK OJMHAKOBA, M CBEPXNPOBONHMOCTE YCTAHAB-
JMHBAETCs NPH ONHOM H TOI Ke TemnepaType.

Takoe NoBejieHHE H3OTONOB CBHRIA B COGJMHEHHH ¢ MOJHBIM MOAQ-
6HeM MX XHMHYECKHX H SAEKTPOXHMHIECKHX CBONCTB CBHIETENBCTBYET
© TOM, YTO H3OTOMHbIE ATOMBI HH MOJEKYJE MOTYT Ge3pasinyHo 3ame-
wWath APYF APYra B OUEHB MBOTHX CAYYANX.

TTonbiTKH pasfesieHHs: H3OTONOB CBUHUA GBUTH OUEHb MHOTOYHCAEH-
Hel. OcofenHo nokasatesbHOMl GEMIA ROMBITKA pasieneHust MyTeMm
PPAKLHOHUPOBAHHA KHJIOrpaMMa asoTHoRHCI0k comi Pb (4 = 206,41).
Tlocne Thicsum xpucTannusauuii B xpafinux ¢paknuax Owna HaliaeHa
OiMHAKOBAS BEJIHYHHA ATOMHOIO BECA CBHHLA H OJMHAKOBAS KOMIEH-
Tpaunss RaD (Puuapnc # Xon).

OntiyeckHe CNEKTPhl PANHOAKTHBHEIX H30TONOB O4eHb cxonubl. Ha-
NpUMep, He YAaNOCh Hab/ioAaTh HUKAKOrO PA3JHUHA MEKAY CIEKTPOM
TOPHS H CHEKTPOM cMecH Topus ¢ 30% HoHus.

Onpako TOUHOE HCCHefOBaHHE NPH NOMOWH HHTep(hepeHIHOHHOrO
MeTOJa CMEKTPOB H30TOTIOB CBUHIA C PAS/IHUHBIM ATOMHBIM BECOM OOHa-
Py*HA0 HeGONbLIME PASJHYHS B ANKAAX BOJH OBHHX H TeX e JAHAHI.
Hanpumep, Aas aunun A = 4058 A naineno (Mepron):

M—2 =0,005 4,
A X7 == 0,0022 A

A —0GLIKHOBEHHEI CBHHeN, A’ — ypaHOBHIA CBHHeN, A" — TopHeBbIl
CBHHEN.

Takoro e nopsfAka pasaHuus OOHAPYXKEHH INf ADYIHX JHHHH
ONTHIECKOTO cnekrpa. B cmexTpax Bhicoxol uacTotht (cepuit L u M) no
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CHX NOp He HallleHO HHKakoro pasnuuus. C TeoperHyeckol TOYKH 3pe-
HHSl MOMCHO OXHAATH, UTO H3MEHEHHE MAcchl SAPAa OKa3niBaet HeGOMb-
1I0€ BIHSHAE HA YACTOTY HaNYUEHHIt, HCIIYCKA@MBIX 31eKTPOHAMY, 3aHH-
MaKWYMH Pa3uYHbIe SIIEPHEIE YPOBHA B aTOMax.

§ 143. Comepxanie PafHOAKTHBHBIX SAEMEHTOB B MUHEpANax

TeopHsi DaJHOAKTHBHBLIX NPEBPAllEHHl [2eT BOIMOMHOCTB Bhl-
UKHCAHTD, KAKHe KOJHUECTBA ¢’ KaXAOre H3 MPOM3BOAHEIX HAXOMATCH
B PABHOBECHM C KOJHUECTBOM ¢ MATEPHHCKOro BeilecTea. B Muuepase
OCTAIOLIEMCS B TeYeHHe AOCTATOUHO NMPOAOIKHTEABHOTO BPEMEHH Hens-
MEHEHHBIM, OCYIECTBIACTCS COCTOAHME pasHOBecHs. Jas 3T0r0 B Cay-
4ae NPOH3BOAHBIX YPaHA HYIKeH MHANHOH JIET, a B Cyuyae NPOHSBOA-
HBIX TopH# JOCTaTOuHO TonbKo 100 Jer.

Ecan psafi ne paseerBasercs], TO ¢ MOXHO BBIMMCTHTD H3 COOTHOILe-
wusa q'lg = A’A[AN, rie A 1 A — aTOMHbIHl BeC H NOCTOSTHHAR NpeBpa-
HIEHHAS] MATePHACKOrO BEleCTBa, a A’ W A” -— aTOMHEI Bec H MOCTOSH-
Has WpeBpallleHHs NPOM3BOAHOTO. EC/u e Pl Ha ORHOM H3 WIEHOB
Pa3BETBASETCS, TO MOCTOAHHYIO MPEBPANIEHHS 4 CIGAYeT YMHOKHTD Ha
«OTHOLIGHHE PA3BETBJEHH s, MOKASHIBAOMIEE, KAKAS YacTb ATOMOB He-
PeXOAMT B JAaHHY1o BeiBb. OTHOUICHHe NOCTOSHHBIX NpeBpailleHHs
MOXHO 3aMeHWTb OODATHEIM OTHOLeHHeM MepHoNoB, TOrZa ¢'lg =
= A'T'/AT. B caiepymonleii tabaulle NPUBENEHA BEIRUMHA ¢ TIO OTHO-
HIHHFO K yPaHy, PajHIo, TOPHIO H MesoTopH1o. OTHOLIeHHE passeTsie-
HHA MeXy pSAaMH AKTHHUA W pajua NpHHATO pamxbiM 0,04, nepnox
UI — pasnens 4,4-10° ser u neprof Topust — pasuem 1,8-1010 nert).

Ora TabauLa NOKASLIBAET, YTO JaXe B CaMbix GOraThix MHHepanax,
B Gosbllieft CBOSH YACTH COCTOAWIMX M3 YPaKa WM TOpHs, BCe PafHOAK-
TUBHBIE SJIEMEHTHI, SBASIOUIHECH MPOWIBOJHBIMK THX ABYX BEIeCTB,
cofiepatcss B Kpafine MaJofl KOHIUCHTPaIHK.,

CemefictBo TOopHs
Becossie OmHOWEHLR PABHOSECHHX KOAUSECMS

‘ l Bemecreo T (cex.) The=1
l Th 5,6 «10 1,00

MTh! 2,1 10¢ 3,68-10-10

MTh2 2,21+10¢ 3,88.10~

RTh 6,0 -107 1,05.10~%°

ThX 3,14-10° 5.41-10-%

Tn 5,45.10 9,23-10~%

ThA 1,40-101 2,32.10~%

| ThB 3,82.10¢ 6,23.10~1

i ThC 3,63.10° 5,92.10—%

659 The < 10-¢ < 10—

35% ThC” 1,86-10° 1,04.10~

1) Cw._ iphuevauns na ctp, 375 u 422
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CeMelicTBO ypana—pagna—aKTHHHSA
Becosvie 0mMHOUIERUR DABHOSECHGIX KOAUYECTS
Beurecrno T (cex) Ra=1 Ui =1
u1 1,39-10% 1,00
UX: 212 10° 15-10-1
9,65% UXs 5,84101 5" g
0,38% uz 204 10t o 1o
Ulr 9.4 10 6,710~
9%9% o 2,6 .10 5 1,810~
Ra 510010 X 34107
Rn 3130-10° 6,
RaA 18310t 3,
RaB 161-10° 3)
RaC 1)18:10° 2
o, RaC’ okoso 107¢  [okono
ot RaC 7,92.10t 6
4% RaD 694100 1,
EoE 1:26.100 7
Po~RaF | 1.20-10° 2]
% AcU 1,3 .10 3.8-10-2
Uy 89 10t 20610
Pa 101-10% 8,3 <107
Ac 31 -10e 205 10~
RAc 1263-10° 13 107
Acx 917 10s 727 o
An 302 370 ‘tg-m
AcA 2 1g-s 15 1070
AcB 2,16:10° 178 {1070
AcC 1,30-10° 926 .10-1
0,329 ack oxeno 1070 |oxono 3° -10-%
99.68% Acr 2,86-10¢ 2,1 1107
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§ 144. Paccesinue PajHOaKTHBHON NBIAM W PAAHOAKTHBHOCTD
Jaabopatopuit

TMpu Buijenennn TAKKX CHIBHO PAIMOAKTHBHBIX 3JEMEHTOB, Kak
paanii, cliefibl paZHOAKTHBHBIX BEMIECTB, Oceas Ha OMKAHIMX mpe-
MeTax, JeaoT HX PajHOaKTHBHBIMH, [JosTOMy TMpH paGoTe ¢ CHABHO
Pa/OAKTHBHBIMH BEMIECTBAMH BCE YNOTpeGJseMbie NDH OMBITAX Mped-
MeTHl, B OCOGEHHOCTH e Te, KOTODHIMH NOJB3YIOTCA B XHMHYECKHX
naBopaTopusx, GHICTPO CTAHOBATCSH AKTHBHBIMH. 1O € NPOHCXOIUT CO
cTeHaMH H MeGenbio paGounx nomemensii. Bosayx aaGoparopuit npu-
o6peTaeT aHOMAJIbHYO IPOBOAHMOCTD, H H30AALNA PHOOPOR fenaeTcs
nepocTaTounofi. Cam paGoTatomuii MepeHOCHT aKTHBHOCTb Ha cebe H
Ha cBoefl Ofiexcie, YTO MOXHO YCTAHOBHTB IO paspsiiy SMeKTpocKona,
K KOTOPOMY OH NpHOMHMkAETCH.

IosTomMy ciieayeT MpHHEMAT OCOGbIE MepH NPEIOCTOPOIKHOCTH, 4TOGH H3be-
KATh PACCEAHHS AKTHBHON IBLAM i 3apaxeHus naGopatopwh. [Tpeamersi, Koto-
PhIMH TIOABSYIOTCH WDH XHMAUECKOH 06paGOTKe, HHKOIMA He AOMIMIb BHOCHTHOR
B TOMeMEHNE A% GHBHUECKHX HCCICROBAHRA. HyxHO CAEIMTL 3a TeM, GToGsl
B 3TOM MOMEUISKHH, HE OCTABANIKCH Ge3 HAZoGHOCTH AKTHBHbIE BEWIECTBA, HE HA-
XOzmUlieca B 3anakHLX Tpykax. HyXHO TaKkwe MaferaTs BeiencHis sMaHa-
UKil B 3TOM NOMEINEHNH, TAK KAK 3MAHALKH AGNAIOT BO3AYX TPOBOAHHKOM Kak
camu mo ceGe, TaK W ONAarofaps AKTHBHOMY OCAAKY, KOTOPBI OHHM 06pazyioT na
CTEHAX MOMENISHWS H Ha HAXOAAMHXCA B HeM mpeametaXx. M3 smanaunit Gonbie
BCEro CleAyeT GOATbCA SMAHAUKH Pajsisi, MOTOMY YTO OHA OCTABASET AKTHBHBIL
OCAflOK € OYeHb MEAJEHHOI SBONOLKEN, pacnaj KOTOPOTO AJHTCS OKONO CTa JIeT.
Ecsl B NOMeWEHHN, NPEIHA3HAYEHHOM AJMR H3MEPEHHH, NPON3OLLIO BHAENeHHe
9IMAHAINH, €10 HEOBXONHMO HEMEATSHHO XOPOWO NPOBETPHT.

Ouens n071€3H0, 4roBbl AA6OPATOPHS COCTONNA U3 ABYX HIM TPEX OTACABMEIX
nomemekni. Toria pa6oTy ¢ OUEHb AKTHBHLIMH BEUIECTBAMH MOXHO FIPOH3BOAUTD
B OAHOM MeCTe, a paloTy CO CMa60AKTHBHHIMH BEUIECTBAMH H H3MepeHus B APYTHX
nomemenusx, Takoe pasieneHHe AOIKHO CTPOTO COGMIONATBCA W HYIKHO MPHHM-
MaTh Goablie TMPeJOCTOPONKHOCTE NPOTHB 3AaHOCA PAJMOAKTHBHON TBUTH H SMa-
HauKi B TOMeLeNNst, KOTOphe HEOGXOAMMO OT 3TOTO MPEAOXPAHHTH.

Hecmotpsi Ha BCe NpEJOCTOPOHOCTH, BOSAYX MOMCWEHMI Aasi (H3NGECKHX
NCCMENOBANML B PANHOAKTHEHMX 1a6OPATOPHAX B jae ROSAYX S;AHHI, B Ko-
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TOpHIX 370 HaGOPATOPHH HAXOAATCS, BCeMAa 0GNalaeT NPOBOAHMOCTLIO IHAUHTENBHO
Goabiuiell, YeM HOPMANLABIL BO3LYX.

Hyxuo, ciefoBaTeibHO, CTPEMHTBCHA BCAYECKH YMEHBIUHTb BpPENHHE TOCHEN-
CTBHS MOBBINEHHON HPOBOLHMOCTH BOSAYXA HM3MEPHTENBHHX moMemennidl. I1pi
paboTax €O CTATHUECKHM SJCKTPHYECTBOM COOOIIEHHE MEXRY PaSMMUHEIMM npH-
60paMd YacTo YCTAHARAHBAIOT MPH NOMOULH H3OAUPOBAKHKX METANAHUYECKHX MPO-
BOJIOK, TPOXONAINIAX BHYTPH COSHHEHHBIX C 3eMMell MeTalnuuecKnx TpyGok, Ko-
TOpbIS 3AWHMIAIOT TIPOEOAA OT BAMAHWHA BHELIHETO 3JeKTPHuecKoro noas. Iipu
HCCJISIOBAHNAX HA/l PANHOAKTHBHEIMA BEWLECTBAMH TaKasl- NPEJOCTOPOAHOCTs He-
JOCTATOMHZ, TAK KAK BOSAYX CTAHOBHTCA NPOBORHHKOM M HeH3GOXKHO BOSHMKAW-
WasA MEXZY NPOBOAOKOR H TpyOKol KOHTAKTHAR SNEKTPONBMKYHLas CHia CTpe-
MHICHi BBI3DATL TOK 4€PE3 BOSAYX H, CNEfOBATENbHO, OTKJIOMHTS S/IEKTPOMETD.
Tosromy TpyOKs, SauHaiolue NPOBOZA, JYYUIE S3aNOAHATE NapaduHOM HIK
APYTHM HSOAMPYIOWHM BELICCTBOM WJH XK€ BRKAUMBATH K3 STHX TPYOOK BOBAYX.
Jlyuwe Takxe RONBIOBATHCH TEPMETHICCKH 3AKPLITHMH SJEKTPOMETPAMH, B KO-
TOPHIX ycTanomneH Bakyym. Haxkowed, nps STHX HI3MEPEHUSX JIyulle BCETO MOJb-
S0BATHCH HYNEBBM METOLOM.

Hcenepopanua canabblx akTHBHOCTel 0GLIMHBIX NPHPOAHBIX BEIIECTB,
KaK TIPaBH/IO, He MOTYT TIDOW3BOAHTBCA B TeX J1aGOPaTopHAX, B KOTO-
PBIX COARPIKANUCH WIIH COREPKATCA KOHUEHTPHPOBAHHBIE PAJHOAKTHE-
HBle BEIIeCTBa.

§ 145. HanyueHue kanus u pyGHAHS

IpoGnema BeeoGleli paHOAKTUBHOCTA BellecTBa GblAa NPEAMETOM
MHOIOUHC/CHHEBIX HecaeoBaHui, OnpeseeHnbi pesyabTaT Gbl Noay-
ueH ANA JBYX IIENOYHbIX MeTannoB: K u Rb, koTopeM caefyer npunu-
caTh c1a6yio pajHoaKTHBHOCTb, GOHAPYXeRRYIO BllepBble Kemndennom
1 Bynowm.

3TH BelecTBa CAMONPOH3BOABHO HCIYCKAIOT ciaboe f-uanyuyete,
ofHapyxuBaeMoe DO €ro HOHHRpYIOWlell cnocoGHOCTH M doTorpagu-
yeckomy Jefictauio. CoNl PaaTHYHOrO NPOUCXOKACHHA 06NAJAIOT CXOA-
HOl aKTHBHOCTBIO, KOTOpasi mpuGanautensio B 1000 pas Menblne ak-
THBHOCTH ypaHa. AKTHBHOCTb STHX COMeH NMpPONMOPUHOHANbHA COAEpPXKa-
Huio meraioe K nau Rb (ecan yyuTnBath noraomenue), Crefosa-
TeJTLHO, 5TY aKTHBHOCTD MOKHO CUHTATb HX ATOMHBIM cBOficTBOM, KoH-
IEHTPHPOBATH AKTHBHOCTb NyTeM (paKUHOHHPOBAHHA coNell Kajus He
yaanock. ORHAKO, IPHMEHHB MeTOA ApoSHol meperonxu, lepewmn mo-
NYYHA OCTATOK, AKTHBHOCTb KOTOPOTO Oblia Ha 4% Bwillle HOpMaAbHON
akTHBHOCTH. OTCIOfla OH CAEJIaN BLBOJ, UTO PAJHOAKTHBHLIM ABJAETCS
H30TON ¢ aToMuoli MaccoH 41, a He msoron ¢ aromuofi maccoit 39 1).

Tlps uccnenopanuy conefl Kaaua ¥ pySuaus OOLIYHO NONB3YIOTCA
OTHOCHUTeJILHO GOMBUIMME KOJHYECTBAMH 3THX BElIECTB, PacnpeesieH-
HBIMH Ha GOJBIION NoBepxHOCTH (Hampumep, 100 2 na 1000 cu?, Torza

1) Touno YCTaHOBMEHO, YTO PANMOAKTHBHHM siBasiercs Hsoton K, nepnoa
nonypacaa koToporo papsietca 1,31+10° sier. On pachafseTcs ABOWHBIM IyTem:
889, nemyckaer f-nyws ¢ npespamennem B Ca%; 12% — nyTem 3aXpaTa 3neKTpoHa
obpasytor Ar%. (Ped.)
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HOHH3ALMOHHBIN TOK paBeH TpubausurenbHo 10718 g). Tonpsysicey Ta-
KHMH 4YBCTBHTENbHBIMH NPHOOPAMH, KAaK CUETUHKH fB-Ayued, KOJH-
YECTBO HCCAEAYEMOTO BeUIECTBA MOXHO yMenbliuth A0 20 me. He-
CMOTP# Ha CNalylo HHTEHCHBHOCTb H3MYYeHHS, OKa3aloCh BOSMOMHBIM
YCTAHOBHTH, UTO B MATHHTHOM NOJE OHO OTKJIOHAETCS KaK B-TyuH
(Anpuo}.

ITo cBoeit npoHMKAWOMER CHOCOGHOCTH B-MTY4H - Kanus CXOHBEL C
p-nyuvamu paana E, a f-nyun pyGmaus — c f-nyuamn pamus. Kosd-
(HIUHERT NOTVIOWEHHST B aNIOMHHNH g COTVIACHO PasHBIM ABTOPAM paBeH
or 30 g0 40 ex~* past K ot 300 g0 500 e~ anst Rb. CootBercTBeHHO
STOMY HX CpeJHHe CKOPOCTH HOMKHHI Obith paBaui 0,85 n 0,60 (mo or-
HOICHHIO K CKOPOCTH CBeta)l),

Kanui, mo-BHauMOMY, MCIyCKaeT Taxxke clafoe y-H3lyueHHe, 1O
TipoHHKaioWell COCOGHOCTH CXOAROE ¢ p-HanyueHHeM RaC.

Meroj nojicuera -uacTHIL, HCMYCKAEMBIX TORKHMH CJIOSIMH BeulecTaa,
Jall BOSMOXHOCTb CPABHHTD YHCJIO S-UACTHIL, HCIYCKAEMBIX OMpefe-
JIeHHBIM BeCOBBIM KOJTnyecTBOM K mainr Rb, ¢ yncsiom f-vacTun, Hcnyckae-
MbiX UX B paBHOBECHH C TAKHM JKe BECOBLIM KOJHUeCTBOM ypawa. Ta-
xuM myrtem Haman otHomenust K:Rb:U = 1:16:1000. Orcropa, yun-
TEiBaA, 4to f-usnyienne UX cOCTOHT 13 XBYX TPYUN, MpHHAANEKAILHX
ABYM CJIefly fOlLMM ApYT 3a ApyroM anementaMm UX, u UX,, Bruucassor,
uro meprof K pasen 1,5-10% ser, a neprox pyGmmnst — 4-1011 jer,
Ecan JOMYyCTHTH, YTO S-AydH KajHs HCHYCKAIOTCS TOJbKO H30TOTIOM
K%, 1o mepuos nocnegrero 6yieT pased 7,5-10%1 rogam. Ecan, xak
3TO BEPOATHO H ecTh, f-1yun K u Rb HMetor sanepuoe npoucxoxaenne,
TO NPOLYKTOM MpeBpauieHust Kamus Gyfer Ca, a MpOAYKTOM mpespa-
mennst pyGunus — Sr. D10 HPeAnoNoKeHHe elle He IPOBEPEHO.

Hu oaue U3 APYrHX WIETOYHLIX METANOB HE JAeT 3aMETHOTO HaNy-
yeHHs (¢ TOUHOCTBIO JI0 Yfggq H3NYUEHHS KAJHA).

Takoe e HCCneoBaHWE GBIO TPOM3BENEHO HAl PA3NHGHLIMH SNEMEHTAMH
ot Watpns fio p1yTH (Tion). .HEKOTOPEiE ABTOPH CUATAIOT, OAHAKO, WTO OHM Ha-
ORIOAANH HCTYCKAHKE a-YaCTHIL ¢ MaibiM NPOGETOM ¥ Pjia OGHKHOBEHHEIX METaJ-
aon (Fodman), HO 3TO ewe HYXAACTCA B SKCIEPUMEHTAABHON NpoBepKe.

Hanyuenne K n Rb siBHIOCH NepBEIM SKCNIEPHMEHTANBHO YCTAHOR-
JIEHHBIM q)aKTOM, 06Hapy)KHBI.LlHM, 4TO B HEPHO[lH‘!eCKOP“l CHCTEME H BHE
obaact, saHuMaemoit U 1 Th B ux NPOM3BORHEIMH, HAXOAATCA Pajuo-
AKTHBHBI® 3/IeMeHTE, OAWH H3 KOTOPBIX HMeeT AOBOJIbHO MaJlblﬁ, a Apy-
roit Cpe}IHHﬁ ATOMHBIA Bec. HO-BH}JLHMOMy, MeKAY STHMH AKTHBHBIMH
ENOYHBIMH MeTAJJTAMH U THXKEJBIMH PajHOAKTHBHBIMH SJI€eMEHTaMH He
cyuecTayer HHKaKoH CBSI3H. B.naronapﬁ BHAYUTENIBHOMY COACPKaHRHIO
KaAHfl B 3eMHOf KOpe KOJHYeCTBO TemNa, BL/IeJISIeMOro HM, HeCMOTpﬁ
Ha cnaboctb ero H3nyuyenusi, BEJAHKO.

%) Maxcumansas stepria fonywek K® paswa 1,325 Mss, oneprua p-nyseit
paBna 1,459 Mas. Makcumaabhas sHeprits f-nyuell Rb pasna 0,975 Moe, 2 shep-
Tus p-ayvelt 0,384 Mse. (Ped.)

29 M. Kiopn
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§ 146. PappoakTHBHOCTL camapus

Camapuit (N = 62) cnabo pagroaktHeed. OH HCITYCKAeT g-4ACTHAbI
¢ npoGeroM okono 1,2 cu (Cesemn u ITanp). Ero akTuBHOCTH paBHa
NPHOIHSHTENBHO [y;o AKTHBHOCTH ypana. UHCAO HCNYCKAEMBIX MM
YacTHL PaBRO 75 HA IPaMM B CeKYHAY.

DTH a-1yuH RaGIIOIaikCh NIPH NOMOULK CYETYHKA ¢ HHTBIO, 4 TaKKe
HOHN33LHOHHBIM MeTojiom. HX TpaekTopHH HAbAOBATHCh B KaMmepe
Busscona (Mopuc Kiopy u ®. JKommo).

Ecan paIHOAKTHBHOCTb CAMAPHS NPHHAANEKHT He ONHOMY H3 H30-
TOINOB, NPHCYTCTBYIOMKX B MAJIOA NPONIOPLHH, TO YHCAY HCITYCKAGMBIX
HM @-YacTHIl COOTBETCTBYET NepHOJ, paBHbit 1,2-1012 nerl), C apyroi
CTOpOHH, M3 TeopeTHyeckoll (opMynel TaMoBa, cBsisbiBalomeli MepHoOL -
C NPOGETOM @-YacTHIL, CAEAYET, YT BEIECTBO C NOPSAKOBLIM UHCIOM
62, nenyckawiire a-nyuu ¢ npoderom 1,2 ca, IOJXKHO MMeTb MepHOA
TaKoro e nopsaxa. lNostomy BecbMa BEPOSITHO, UTO PaJAHOAKTHBHBIM
ABASETCS! OCHOBHON H30TON camaphs.

§ 147. PaguoaKTHBHBIE 3JeMENTH B NOYBAX M TOPHBIX JOPOJAX

Pacnpoctpanelne palHoOaKTHBHBIX SA€MEHTOB B 3eMioll Kope He
OrpaHHYHBAETCA TOMBKO COGCTBEHHO YPAHOBHIMH H TOPHEBLIMH MHHe-
panamu. Braropapst upesBelYalHOM UYBCTBHTELHOCTH H3MEPHTENb-
HEIX METOJOB OKa3aJoch BOSMOMKHEIM YCTAHOBHTDL, UTO BCe HOUBEI M
TOpHBIE TIOPO/iB! MOTYT COAEPIKATH CHE/IbI, OOLIYHO HUYTONHbBIE, PaHO-
AKTHBHBIX BellecTB. [lepBsie HCCENOBAHHS MO 3TOMY BOTIPOCY OBINH
npouseefiensl SnbeTepom u lefiTenem, KOTopble OOHAPYXKHIH, YTO 06-
Pasilbl PasNUYHLIX MOUB BBISHBAKT NOBbUIIEHHE NPOBOAUMOCTH BO3-
AyXa B HOHH3aHHOHNON Kamepe, 3aBHCAINEe OT HCCHELYEMOIl TIOUBHI H
ocobeHno sameTHoe B cayuae rvind. M us wetounukor Cepeproft Mra-
nun (QaHro) okasajcs ellle HACTONBKO Gojlee aKTHBHBIM, YTO H3 HETO
MyTeM XHMHUYeCKOH 00paGOTKH YJanoCh HSBIEUL HeGOBIIOE KOJMRUe-
CTBO pajus, KOTOPHI GblI ONO3HAH NO BbyIEJeHHIO pajona. B To xe
BpeMa GbuI0 O0HAPYXeHO, 4TO B aTMOCepe NPUCYTCTBYIOT 3MaHALWH
H MX AKTHBHbE OCaJKd, YTO NO3BOAANO NPEANONONKHTb, 4TO NOYBA
COJIEPIKHT SJEMEHTH, H3 KOTOPHIX OGPasylOTCs 3MaHallMM, a CiefoBa-
Te/IbHO, OHA CONEPHKHT H MATePHHCKHe BEMIeCTBA 3THX 3MeMeHTos. J1o
32CTABH/IO NPEANPHHSTE KOAHYECTBEHHOE ONPEIeNeRHe COAePKAHXCH
B NOYBAX H TOPHHIX MOPOAAX DajHOAKTHBHLIX deMenToB (CTperr,
Haxonn, Xoame n ap.). Tlpy aToM HaMepstoch CojepiKaHHe Pajuf H
TOPHSA, COAEPIKAHHE XKe ypana onpeieNsioch TIO PajHio, B NMPEANoNo-
JERHH, YTO OTHoMWenne UfRa uMeeT MOCTOSAHHYIO BEAHUHHY, PABHYIO
3-108. Jins aHannsos Gpann ot 50 go 100 e BemecTna.

*) [Mepnox noaypacnaga Sm™* pasen 6,710 uer. (Ped.)
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UToSH KOMKYECTBEHHO ONPENeUTh DPAXuA,TMOXAO DPAINOKHMTL Cofleprallee
paAnii BEWECTBO, 3aTeM PACTBODHTEL €T0 H MSMEPHTb Paiuii MO HAKONHBWIEMYCS
B 3TOM PacTBOpe PaOHy, H3BJleKaeMoMy MeTofoM kKHmaderns (§ 49). Moxwno Taxxe
CNAAaBHThL HCCAEAYEMOE BEUIECTBO CO CMEChI0 UIGMOYHBIX KApOOHATOB HAH €AKHM
Ka/il W 3aC0CaTh B HOHN3AUHOKHYIO KAMEPY BHUIENRIONIHECS TPH NIABAEHHH Iash,
cozepiKaiye paoi,

Topnii Take ONpefeNANCA MO SMaMamiW. KuCAWA PacTBop HecaemyeMoro
BWECTBA MOMEIMANCA B COCYA C OGPATHEIM XOMOAM/ABbHHKOM. CIPYR BO3fyXa, npo-
XOfAmas uepes KUNSUIKE PacTBOP W OCyilaemast MpH BEIXo4e H3 COCYHa, ysie-
Kalla TODOK B HOHH3AUHOHHYIO KaMepy (HSBJICUCHHE €ro NPOHIBOLHTCR TONBKO
nocne MONHOFO YAAJIGRHS W3 pacTBOpa pajona), [TonyuaeMblit 8 HOHWSaLHOHHOM
KaMepe TOK CPABHHBAJCH C TOKOM, NOTYNAEMbIM B TeX XKe YCAOBHAX NPH NOMOWH
PacTBOpa, COMEPKAMErO H3BECTHOE KOAMYECTBO TOpHH. MOXKHO TakXke BBIAEANTD
M3 HCCAGAYEMOTG BEMeECTBa FHAPATH PEAKHX SeMenb, COACPXALLLE TOPHT, H 3aTeM
onpefleAHTb NOCNEAHUI MyTeM CPABHEHHA C THAPATOM, CONEPKAaHHE TODHA B KO-
TOPOM H3BECTHO.

TIpH BCeX TAKHX OTbITAX HEOBXOAMMO KOHTPOJHPOBATE CONepKAHHE
Ra nmu Th B ynotpeGasiempix peaktuaX. B cpefiHeM B ropHbIX noposax
cofiepuTCst okono 10712 2 Ra, T. e. okoao 10-¢ 2 U u okono 1075 2
Th Ha rpamM NOPOAbI.

Copepxanue PajHOAKTHBHBLIX BRIIECTB B PasiHuHBIX TOPHHIX HO-
pomax HeoiwHakoBo. Kucibie ussepmeHibie nopoani Gorave paaneM,
HeM OCHOBHBIE H3BEPIKEHHEle MaH ocafounwie nopoad. Tak xe, no-
BHIHIMOMY, H3MEHSIETCR U conepskaHne TopHs. Cpeluue nauibie O Co-
aepxkanun Ra, U, Th n K B rpammax Ha rpamM mopoasl MPHBOAATCH
B chenyioulell TaGanie:

Ra u Th K | sio,
Topoget Be 107 | B2-107 | se- 107 | 9% P
Kuicasie nanepientiie ’
(rpann, rrefic) . . 3,0 8,0 2,0 34| T
Gengprtic WOBCpAEH- |
Hele ..o ... 1,3 3,9 0,5 1,3 ] 48
Ocapiountie
{necuaHukn, caan-
LB, HSBECTHAKN) . - 1,4 4,2 1,2 - -

TIpeanonaraior, 4To OCafoYHble MOPOALI TePAIOT B OCARKAX TMIYOHH-
HBIX BOJ, Yacth Pajusi, COAEPIKABLIENOCH B H3BEPIKEHHBIX NOPOAAX, H3
KOTOPBIX 3TH OCafOUHbIe MOPOAbl 00Pa3yioTes .

CyiecTBYOT 06aCTH, OTHOCHTENbHO GOraThie pajHeM, HampHMep
Can-Torapackuit 1 CuMIiOHCKHIL TyHHenH, H o6JacTH, Geluble pa-
AneM. Jlapel Besysus cogepxar o 16-10-1% 2 Ra na rpaMm nopofibi.
KaMeHHLIe MeTeOPHTEI COAEPIKAT MPUGAHSHTENBHO CTOMBKO Ke Pamys,
CKOJIBKO €ro CO/IePIKAT 3eMHEIC OCHOBHBIE TIOPOJIBL, KENE3HbIE METEOPH T
COAEPIKAT TOPA3A0 MeHble PajHs.

BuluncnuTh ofllee KOJHUECTBO COJEPIKAIIErOCS B 3eMie pajius
HeNb3f, TAK KaK HEH3BECTHO H3MelleHHe ero KOHUeHTpaluH ¢ rayGu-

20%
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Holi. HexoTophie TEOJIOrH MOMAraioT, 970 3eMIIsT COCTOMT H3 JKeJesHOro
Apa, OKPYIKEHHOTO OGONOYKAMH H3 TOPHBIX NOpoA. Buemmuss ofo-
JI04Ka, HanGojee GoraTas KPeMHESEMOM, OfIHOBDEMEHHO ABJSETC H
HanGomee GoraTofi PafHOAKTHBHBIMH 3JIeMEHTAMH. DTH COOOpaNeHHs
HMeloT GoMblioe 3HAYEHNE AU paspellesusi BOMPOCa O TEIOBOM pe-
xuMe semni (§ 152). Tax xax B 3TOM pexKHMe MOKET HIpaTh podb K
Kanu#, TO B NPHBEJEHHON Bhille TaGAHIe ero COfepKAHHE YKA3aHO
Hapsany ¢ coiepxanuem Ra, U u Th.

O6pasoBaHHe YPAHOBEIX H TOPHEBLIX MHHEpaJIOB OOBACHAETCA mpe-
BPAUIEHUAMH TPAHHTHBIX MOPOA NOJ AefiCTBHEM BOA MPH BHICOKOH TeM-
nepatype. Brarogapd MeIJIeHHOCTH KPHCTALMH3AUMH DACTBOPEHHOMH
MAM PACIVIABJIEHHON MACCH HEKOTOPHIE MEMEHTHl MOTYT KOHIEHTPH-
PpoBaThCH B HanGonee PACTBOPHMBIX HACTSIX ee, KOTOPhIe, KPHCTAJLIH-
3yACh B CBOIO 0Yepellb, 00PasyioT MUHEpAbl, 3ANOTHAIONIHS TPEIHHE!,
00pasoBaBilliecss B Macce NEPBHYHON KPHCTAMIH3ANHH. DTH NMepBHY-
HEIE MHNEPasbl MOFYT 3aTeM IOABEPTATECS MPEBPALICHUSM, B Pe3Yiib-
TaTe KOTOPLIX 0GpasyloTcs BTOPHUHBIE MHHEDAJLI.

§ 148. PajpuoakTHBHBIE VEMEHTHE B NPHPOIHBIX BOXAX
H rasax

Korpa armocdepnulii BO3AYX NPOAYBAETCS Yepes BOAY HCTOUHMKA,
€ro NPOBOANMOCTDb 00LIYHO yBenuunsaercd (Tomcon, MuMmTenT 1 T. A.).
370 yReAuYeHHE POHCXOAUT BCIICACTBIE TOTO, YTO CTPYST NPOAYBAEMOTO
BO3/yXa 3aXBaThBaeT HEGOJBIIOE KOJNHUECTBO PAsiOHA, PACTBOPEHHOTO
B BOJE HCTOUMMKA.

3rot pakT ABaserca obwuM. OAHAKO OH He YKa3blBaeT HA ONpeje-
JIeHHOE COZepXaHHe pagus B Boje. Uallle BCero BOMB HCTOTHHKOB CO-
JlepaT Ha JHTP KOJNHYECTBO PafoHa, SHAUNTENBHO MpeRbILAIOmee TO
KOJIHYECTBO €ro, XOTOPOe COOTBETCTBYET PABHOBECHID C PALEM, HAXO-
JAWKMCA B TOM ke 00Dbeme BOAb. [IPHXOAHTCS MPEANIONaraTh, YTO B
TAaKHX CyYasnX pajfioH 3aXsaThiRaeTc BOJAMH IPH HX CONPHKOCHOBE-
HHH ¢ NOPOjiaMH, 4epe3 KOTOPhie OHH INPOXOAAT AO CBOErO BBIXOMA Ha
noBepXHOCTb. M3OHITOK pajioHa BHJAENAETCA B BOSAYX H pacnajaercs
co Bpemenem. Cne/ioBATENbHO, PaJHOAKTHBHOCTD TAKHX BOA [O Mepe
yJanenus OT MecTa BWXOJA HAa IOBEPXHOCTh yMembinaercd. ITosTomy
AKTHBHOCTb BOJ PYubes H peK OGBIMHO HUMKE AKTHBHOCTH BOJ MHTalO-
WEX M3 MCTOUHHKOB.

Kpowme pajnst BOABI MOTYT COAEPIKATH TOPHI. STH PafMOAKTHBHEE
BEUIECTBA BCTPEUAIOTCS TAKKE B OTIOKEHHSX BOA. B OTNOKEHHAX He-
KOTOpHIX HCTOUHHKOB Haftfied pajnoTopuil (HCTOURHK Suraiion).

CaexeneperanHas BOAA HeaKTHBHA, €CHH NEPETOHKA ee NPOU3BO-
JMach B HEAKTUBHBAX COCYHAAX.

Hexotople ncrounuxu jawor Gojee Wid MeHee OGHNBHOE BbiAeNe-
HHe ragoB. Be/eNcTBHE MOBONBHO OFPaHHYEHHON DACTBOPHMOCTH pa-
JIOHA KOHUEHTPAIMS €ro B rasaX MOXKeT NpeshlliaTh KOHUEHTDARHID
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€ro B BOJE, H3 KOTODOM OH BbIENsIeTCS. YCTAHOBIENO TaKike, YTO
BOJIBI HCTOYHHKOB MOTYT BHIAGIATH TOPOH.

B KeKOTODHIX MeCTaX IPOHCXOANT He CBASAHHOE C BOANBIME HCTOY-
HHKAMH BEIIE/IEHHe Ta308 CKBO3b MOPHCTBIE TOPHbIE HOPOAL! H NOYBHL.
31H NpHPONHBE Taspl YacTo cofiepxat Gonblioe KommuecTBo CO,.
Kpome Ttoro, B HHX CONEpHKATCA a30T, ONATOPORHble Taskl (aprow,
rennit, Heon), a Takxe pagoH (Mypé, Jleman). Hcrounnk B BypGon-
Jlanen Bhigenset oxonto 10 000 auTpoB reansi B roj. [asoBee HCTOU-
uuky B CIIA (Tekcac) JaoT Takoe KOJHYECTBO FesHsl, UTO MM TIOJb~
3YIOTCS st HANOMHEHHS aspocratos. [ennil, BEIXOAMUIMA K3 3emid,
BEPOSITHO 0GPA3YETCs U3 NeKAUINX B ryOHHe pajiOaKTHBHAIX BEIIECTB.
He Hux ke o0pasyerca U BHIXCAAWNIT U3 3eMau pajoH. OAHaKO HOHCKH
PaJHOAKTUBHLIX MHHEPAJIOB, OCHOBBIBAIOUIHEC HA 9TOM NPH3HAKE, NO-
BHAMMOMY, HE HMEIOT WAHCOB HA YCNeX, TAK KAK PajioH, a TeM Gojee
YCTOHUHBLIH Teanil MOCYT MPOMCXOAMTH M3 OTAANEHHBIX MOA3EMHBIX
ofnactefi.

KomuuecTso BHASASIOMErOCs Teals, NMO-BHAHMOMY, HE CBH3aHO ¢
AKTHBHOCTBIO HCTOYHMKA.

AKTIBHOCTD BOJL H3MEPSETCSH N0 KONMYECTBY COREPNMAMErocH B HOX PANAs, TO-
PHst W pajioHa. B3sB Boy B MeCTe BHIXOKa HCTOWHHKA, CENYeT HEMEATEHRO TePMETH-
WeCKH 32KPHTb COCYA M 3aMETHTh BPeMs B3ATHA MPoGhi. KAR MOMHO CKOPEE BCICR
32 ITHM BOAY fPH NIOMOLLK AIPHCNIOCOGNERYSE, Jeatolero NOTEPIo PALOHA MEKHMAND-
HOR, NEpeNNBAIOT B HAMEPHTENLHL TPREOD, PANOH HIBIEKAIOT METOLOM Kimade.
HHSL W KOMIYECTBEHHO wsMepsior. Boly ocTaBasioT ka onpenentennoe Bpems B 3a-
KPHTOM COCYAe, HAKONWBUUIHCA B HeH DafloH CHOBA H3BAEKAIOT H TAKHM DyTeM
ONpefieNs 0T CofepKane PaflHA B Bote, OGHUHO 310 COMEPKAHHE GHBALT HHUTON-
B, Painl MOKHO TAKAE ONPEACTAT B OCTATKE OT BWNAPHBANHA HIBECTHOTO
KOJMHYCCTBA BOJH. B 3TOM e ocTaTKe onpejensercs W TOPHil.

B nprponssix rasax onpepensieTed TONbKO PaRoOH, TAK KAk TOPOH BBHAY KpaT-
KOCTH €r0 KH3KH MOXCT OMTh COBPaH ARWb B OCOGNX YCAOBHAX, YUTOGH KOAH-
UECTBEHHO ORPEACNHTH PAfOH, ra3 B MECTE ero BBIXoAa COBHDAIOT B rePMETHYECKH
3AKPBUTEIF COCYN, OTMEUAA MOMEHT B3ATHs NMPOGHl, H 3aTeM TOTYAC e nepeBofiaT
B MORU3AUHOHHYK) Kamepy H3MePHTENbHOTO npudopa.

Tocne Toro Kak HM3MepenHe pajiona CHENAHO, HYMKHO YUeCTb pac-
Naj NOCASAHEFO H NPHBECTH U3MEPEHHEe K MOMEHTY B3ATHA mposet. Co-
Jeprkanue pajoHa KaK B BOAe, TAK H B Tase MPHHATO BbIPAXKATH B
MHLAUMHKPOKIOPH (10~° KiopH, cokpatlleHHoe OGO3RAYEHHEe MMKKIOPLL)
HA JHTP B MecTe BHIXOAA. [loAb3yioTcs TaKime eMHUUEH KOHIEHTpa-
upn «omarom» (1 sman = 107 kopu Ha antp). Ilpn ouenke axkTHB-
HOCTH HCTOUHHKA ClellyeT YUUTHIBATh HE TONbKO KOHUEHTPAUUIO AKTHB-
HHIX BEINECTB, HO H JA€OHT HCTOYHHKA,

BesiepcTBHe HAMYHS CBASH MEKAY PAJAHOAKTHBHOCTBIO TENALIX HC-
TOYHMKOB ¥ HX JleueGHbIMH CBONCTBAMH Obla HCCENOBAHA AKTHBHOCTH
oueHb GONILINONO UMCAA STHX HCTOYKMKOB H TENAbIX Ipssell BO BCeX
crpanax. AKTHBHOCTb GOMBUIMHCTRA MCTOUHHKOB HE NPEBOCXOIUT aK-
THBHOCTH OCBLIMHLIX DHTBEBBIX H peuHbX Boi. Hopmassho Ha nutp
BOIBI cozepXkuTca orono 0,1 mmxxiopu) (1 aMaH) pajoHa H OKOJO
0,005-10-3 2 panus.
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B mopckoit Bofie copeputes okono 0,03 mmrkwopy HA naTp H OT
410715 no 14-10-18 2 Ra nHa auTp. CiiefloBaTebHO, H 3J€Ch PaJOH MO
OTHOIIEHHIO K PAIHIO HAXOIHTCS B H3GBITKE. 2TOT H3GLITOK HECOMHEHHO
TNPHHOCUTCS PEeKamH.

HanGonee Goratail pajoHOM H3 U3BECTHHIX JI0 HACTORLIETO BPEMEHH
HCTOURHK HAXOJHTCS B yPaROBOM pyAHHKe B SIxumoBe. OH COLepx uT
165 mmxriopu Ha nuTp Bofbl M 450 mmrkiopu Ha Jutp rasa. Cogmep-
JKaHHe pajHsl Ha JIUTP BOABI B 3TOM HCTOYHHKe pagHo 2-10710 2, 3na-
UHTeNBHEIA H3OLITOK pPajioHa, NO-BMIAHUMOMY, NPOHCXOJAHT H3 TPAHUT-
HOTO MacCHBa, B KOTOPoM Haxoiutcs pyAuuk (Beronek).

PajHoaKTHBHOCTb HCTOYHHKOB HE HAXOAHTCS B NPOCTON CBASH ¢ MX
TeMNepaTypoii. DTa AKTHBHOCTh KOMEGNETCS MO AHAM, Ce30HaM W B 3a-
BHCHMOCTH OT METEODOBOTHYECKHX YCJOBHIL.

Temnepa- _ Rn,
wypa | 107 woputa | RS,
(tpanyen)| pom—=T
Bagnéres-de-Luchon, ncrou-

Hux Lepape . . Ppanunn 29,3 a5 — —
Extreys (pepxuns -Hyapa) » — 340 —_ -
La Bourboule,  ucrouusk

Chauny . . » 54,8 205 1614 -
Plombjeres, nCrounnk Lam-

binet » 2.8 141 — —
Sail-les Bains, ncrounnk du
Hamel . . » 34 118 502 -
Royat, ucrownnk St.-Mart » 28,8 145 497 —
Bagnoles-de-{Orne . . . » 26 7.35 25 0,68
Vernet-les-Bains,  ucrounug

Providence B » 37,6 157 159 —
Luso . - HOXTyram«m — 305 — -
Bath, ngs Well . HIJTHS 50 17,3 336 1,4
Gastein, ucrounuk Ell{abe‘h Ascrpusn 46,7 533 — —
KapacGan, Sprudet . . . Uexo- 72,5 0,4 32| 05

cnosakns

SIXHMOB, TeNJEIA IICTORHHUK . » — 1640 4500 2,4
Sxumos, Bonoent de Step. . » — 18000 | 118
Brambach, Neue Quelle . . TepManns — 7150 - -
Bapen-Bagen Biittquelle . » 23,5 500 - —
Ischia . . . Hramma 57 1355 — —
Konopapo, acrownnk Ne 207 CILOA 14,5 305 2725 —
LowerGey ser Basin, Firchole

Lake . . » 85 2,9 3290 -
Murasugi, Museparsuuit sc-

tounnk Etigo . . . . Slnouns 25 160,5 — —
Arima, Irino-Yu . . . . » 53,4 0,8 13,2 —
Arima, Itihozi . . . . » 3l 138 — -
Tuwa (Bowbei) . . . . Hugx 67 s —| =
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YKameM, HAKOHell, 4TO MPHPOAHbE He(pTH CONEPHKAT PAfOH, KOTO-
phiff BAaroaps ero OTHOCHTENBHO (OABUIOH PACTBOPHMOCTH HE BbI-
JiensieTes H3 HKX B BO3AYX.

B ta6aune (cM. cTp. 454) NpnBoAsiTCS JaRkbIe 06 AKTHBHOCTH HEKOTO-
PHIX HCTOMHHKOB. MeXKIy COflepyKaHHeM pajioka H CORePIKaHHEM PaiHs
HeNb3s1 3AMETHTh HUKAKOrO NPOCTOrO COOTHOWEHHS, TAK KaK (GaKTOpHL,
OT KOTODBIX 3aBHCHT HX CORepraHue, B KAXIOM Cyyae DasiHYHbi.

§ 149. Conepmanue pajloHa W ero AKTHBHOrO Ocajka B armocdepe

Vs smananmii, BHUIEAIEMbIX COAEPIKAIUMMHCA B 3eMN€ H BORAX pa-
JIHOAKTHBHBLIME BEIIECTBAMU, TOABKO OZUH PAROH HMeeT NpOAOJIKH-
TeIBHOCTD JKM3HW, NOCTATOUHYID AR% TOTD, Wivls MAPPyamsponsts
aTMocepy, Iae NPHCYTCTBHE €T0 H €r0 aKTHBHOTO 0CajlKa OOHAPYXKH-
BaeTcs Jaxe Ha COMBLIOM PACCTOSHUH OT 3eMan. TopoH BeTpeuaetcs
TOMBKO MO GJN30CTH OT 3EMJH, HO €70 AKTHBHBIN 0CJ0K, YBAeKaeMbiil
JBHKEHHAMH BO3AYXa, HMEET NDOACIKHTENBHOCTH MKH3HH, AOCTATOY-
HY10 A TOTO, YTOOHE YAAMATECH OT 3eMIH HA BHICOTY, 3HAUHTEJBHO
GOMNBIIYIO, UeM TOPOH, H3 KOTOPOTO OH 00pasyeTcsi. AKTHHOH MOYTH
He MOXET DPOHHKATh B aTMOCcePy, HO B Hell HaXOAAT WHOTAA B OUEHb
HeGOMBIIOM KOMHYECTse ero akTHBHBI OCAZOK.

Y106k OGHAPYMKHTE NPUCYTCTBYE B BO3JYXe AKTHBHBIX OCaAKOB,
HATATHBAIOT B HeM JUTHHHYIO METAJIHYECKYIO OTPHUATENbHO 3apAKeH-
HYIO H30AHPOBaHHYIO MpoBONOKY (Dabetep H lefitenn). Dxcnoswims
JUIATCH OT HECKOJBKHX YACOB JI0 HECKONBKUX JHell. 3aTeM MpoBOAOKY
CHHMAiOT, HAMATEIBAIOT HA KapKac M IPH TIOMOUIH SNeKTPOMETpHYe-
CKOro MpuBOpa M3MEPAIOT MPHOSPETEHHYIO €10 HHOr@ BeChbMa 3HAYH-
TEABHYI0 AKTHBHOCTb, CO BDEMEHEM CaMONDOH3BONBHO HCYESAMLLYIO.
ITyTeM COCKAGNHBAHHS HJIM TIPH NOMOUIM KMCOT MOXHO CHATH MOBEpX-
HOCTHBIH CJIOf POBOJIOKH M CKOHUEHTPHPOBATh aKTHBHOCTb B heGosb-
IIOM OGBbeMe CHATOrG BELIeCTBA, KOTOPOE CTAHOBHTCA TOTAA NAOCTATOYHO
AKTHBHBIM 151 TOTO, UTOGH fleficTBORATh Ha (oTOrpadHIecKHe IMACTHH-
KH H BO36YXHAaTh ocdopecennio. STOT ONbIT JaeT OAHHAKOBbE pe-
3YJABTATH KaK B 3AKPHITOM IIPOCTPAHCTBE, TAK H B CBOOOAHOM BO3AyXe,
OJIHAKO TZK KAK B MOCAEIHEM Cnyyae HCmoabsyercs Goabmmil obpem
BO3ZYXa, TO H KONHYECTBO COGPAHHOIO Ha IPOBOJMOKE AKTHBHOTO
BelecTBA OhiBaeT BONbLIHM,

AHasu3 KPHBBIX H3MEHEHHS COOPAHHOf HA NPOBOAOKE AKTHBHOCTH
TIOKA3LIBAET, YTO OOLIYHO Ha Hell HaXONHTCH CMeChb AKTHBHBIX OCAAKOB
pagoHa u TopoHa. [lepBuiM B TeueHHe HECKONbKHX YacOB HCUe3aeT ax-
THBHBIL 0CAROK pajona, W JanbHeilluyil pacnaji NMPOHCXOAKT MO 3a-
KOHY, XapPaKTePHOMY ISl aKTHBHOTO OC3JKa TOPOHA, HAYAJIBHYIO aK-
THBHOCTb KOTOPOFO MOMHO TOTAA ONPENeNHTb MyTeM IKCTPallosiluu.
o pasnocTs Mex/ly HagabHOR SKCNEPHMEHTaNbHON KPUBOH U SKCTpa~
NOMMPOBaHHOM KPHBOH HAXOLST KPHMBYIO Pacnaja aKTHBHOIO OCaAKA
PajfioHa H OMPENENSIOT €ro HaYaJbHYIO aKTHBHOCTD. -
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KonuuecTsenHoe COOTHOMIEHHE AKTHBHBIX OCAAKOB PAjHs ¥ TOPHS
3aBUCHT OT ycaoBHil onbiTa. Hax mopeM 1 BbICOKO Haj emnefi mpo-
BOJIOKA AKTHBHDYETCS IMIABHbIM 0OPA3OM PAjOHOM, MOGAM3OCTH OT
3eMJIH, HANPOTHB, MOKET MPeodaalaTh aKTHBALHA TOPOHOM, B OCOOEH-
HOCTH, €CNH B IIPOCTPAHCTBO, OKPYMKAioinee MPOBOJOKY, HENPEPHIBHO
3aCaCHIBACTCA BOBAYX OT 3EMAH.

Korga B aTmocdepe NPOHCXOAMT KOHIEHCAUHs BOAAHOTO INapa,
JOKAb M CHEr TPH CBOEM MAjEHHH YBJEKAIOT YACTHIb AKTHBHOIO OCa/l-
ka. OctaTok OT BenapuBanua 50 cu® A0KIEBON BOALI HMEET 3aMETHYIO
AKTHBHOCTb, KOTOPAas MOMET ObITh BMeCTe C 9THM OCTATKOM Tepese-
JleHa B PAcTBOP. DTa aKTHBHOCTH CAMONPOHSBOJBHO HCUE3aeT CO Bpe-
meHem. CoGHpaeMoe TAKHM COCOGOM  PaiOAKTHBHOE BEUIECTBO SB-
5eTCs AKTHBHBIM OCaikoM pamns. CeemeBHINABIUHI CHer AaeT NpH
BENAPUBAHUHE TAKON JKe aKTHBHhIA OCTATOK, Kak H JAOMjeBas BOJA.
TIpy NPOROMIKHTENBHOM CHETONAJe PAXHOAKTHBHOCTb CHEra YMeHb-
maerest.

Llenbio KOAHUECTBEHHBIX ONPEeNEHHT PaIHOAKTHBHOCTH aTMaCephl
SBJISIETCH NPEHMYIIECTBEHHO H3MePeHHe COflepKalIeracs B Hell pagoHa.
Jlnst 37010 CylmecTsyeT NpAMOH MeTON, KOTODbIl 33KMI0UaeTCs B TOM,
YTO N3BECTHBI OCBEM BO3AYXa MPONYCKASTCH uepe3 3MeeBHK, MOrpy-
JKEHHEIl B BAHHY C JKHAKMM BOSLYXOM. PalloH, KOHJeHCHDYIOuMACS
B 3MeeBHKe, 3aTeM NePeBOANTCH B HOHM3AaIMOHHYIO KaMepy. Komjen-
calliio NP HU3KOH TeMIepaType MOXKHO 3aMeHHTb TOIMOMEHHEM B
yrie. YToGhl BhAEAWTh 3aTeM NOMIOWEHHBIE yryieM pajoH, Tpyoky
¢ yrem caepyer Harpers a0 300°. B xauecte aGcopGenToB nph-
MEHSIOTCS TAKIKE CepoYIePOA H KePOCHH NPH HH3KOH TeMmepaType.
OTH H3MepeHHs JAIOT PE3yJILTATH, MEHSIOMHECH B INHPOKNX Opeaenax,
Cpennee coieprranue pajJiona B aTMocdiepe HaJl KORTHHEHTAMH IOGJH-
30CTH OT 3eMIH paBHO MPUOAU3HTensHO 10~ wopufemd, uro coorser-
cTBYeT mpHMepHO 2 atomam papona B | cu®. Haj oxeasamu BpanH oT
Geperos coaeprkaHue PafloRa MeHbIE H MOXKeT Najats fo 10718 kopufem®
B NORAPHBIX OGJIACTAX HaJl CHETOM H JIbJOM OHO MAJ4eT NOYTH AO HYJIH,
OneIThi, TPOMSBOAMBIUEECT NPH MOAHATHY HA A3POCTATAX, MOKA3LI-
BAIOT, YTO ¢ YBeJMYEHHEM BLICOTH KORUEHTPAIHS PaJOHa YMeHbINARTCS,
KaK 3TON0 W CJIeAOBalNO OMHAATb, €CH HCTOYHHK aTMOCQRpPHOrO pa-
JIOHA HAXOZUTCH B MOBEPXHOCTHOM CJIO@ OUBHI.

TomiMO 5TOTO MPAMOro MeTONa H3MePeHHs COAepIKaHHs PajoHa
B aTMoctepe, GBUTH CHleflaHBl TAK)Ke MOMEITKH KONHYECTBERHOTO ompe-
JINEHHST PAafOHA KOCBEHHBIM METOZOM, B KOTOPOM HCNOMB3YIOTCA BbI-
WeYROMSHYThle ONILITH AKTHBHPOBAHHS MPOBOMOK. Pe3yNbTATH TAKHX
ONBITOB HE NMOMAIOTCA, OJHAKO, TOYHOMY HCTOJKOBAMHMI, TAK Kak NO-
Be/ieHHe COfEpXKAIIUXCH B aTMocdepe pajHOAKTHBHBIX BelIeCTs He
BNOJIHE M3BECTHO. 3a/aa COCTOMT B TOM, UTOBHI H3MEPHTb KOHHEHTPa-
LHIO AKTHBHBIX OCAAKOB M OTCIOIa BBIMHCAHTbL KOHIEHTPAIMIO PajoHa
H TopoHa. B Bo3fyxe. IIpu 5TOM mpeamosaraetcs, 4TO B OTCYTCTBHH
3NEKTPHULCKOTO N0JiS 3MAHAIKK ¥ COCTABMSIONIAS KX AKTHBHBIX OCAL-
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KOB PacnpefieisioTcsl B aTMocdepe paBHOMEDHO N B COOTBETCTBHH C
33KOHAMH PAJHOAKTHBHOTO paBHOBecHs . OIHAKO 5TO NPEANOROKEHHE
B H3BECTHOH Mepe NpPABHIBHO TONBKO A PAfOHA, CPEHSI 3Ke KOH-
UeHTpaUUsl TOPOHA ObLICTPO NajdeT NPY yAANeHHH OT 3eMAH.

MoXHO JaTh 571€MEHTAPHYIO TEODHIO aKTHBALUK NPOBOJOKH ¢ AHAMeTpoM 2a,
TIOMCMEHHOR 1O OCH WHJAHHAPA C BHYTPEHHUM AHAMETPOM 26 U 3apsKeHHON OTph-
UATe/IbHO MO OTHOWIEHMIO K BTOMY WHAHHAPY no moteHunaxza V). Homyernm, uto
Ha NPOBOJOKE OCEAIOT TOMBKO aTOMH RaA, SADMKEHHEIE NOJOKHTEALHO H HMER-
ine nogsikaoeTh K. [lpu 5T0M HEKOTODHE B3 HHX DACNANAIOTCA DAHbILE, Geh
oHH mocTATalOT nposonokn. Ilycrs @ Gyzer uncno aTomoB RaA, ocepaiomhx B
CIHHHILY BPEMEHH HA €IHHHUE MWHB MPOBONOKH, Py — UHCAO aTOMOB, 06pa3y0-
WHXCH BHYTPH UANHRAPA B TO XKe BPEMA H HAa TAKOM Xe OTpeske AnHnu. OTHO-
wenne $f/P, usMeHACTCH B GyHKuun V TaKk Ke, Kak Wonu3aunokubli TOK. [lpw
M3JOM DACCTOSAMMH MEKAY NPOBONOKOH M UMAWLAPOM W UPH BHCOKOM Hanps-
JKEHHN 3T0 OTHOWeHIe GANSKO K efuunue. B 5ToM cayuae obpasylomuiica BHyTpH
URANKAPA aKTHBHBIR OCAIOK NOUTH MOAHOCTHIO COGHpaeTcs Ra mpopodoke. HpH
YBENHUEHHA OObeMa RJIH yMENbUICHRH HanpsimenHs PfP, yMeHblIaeTes H cTpe-
MHTCA K Kymio. TakAM 0GPasoM, H3 JaHHOTO OGBEMa Tasa MOKHO NOAYWHTb Mpe-
JeBHEL (KT, COOTBETCTBYIOWMR HaBAedernio P, atomoB RaA. B sTom cay-
Yae, HIMEPHB AKTHBHOCT NPOBOJIOKH, BH3BIBACMYIO OTAOKHBUIHMACA HA Hel RaA
H €F0 NPOHIBONNEINH, 0 CPABHEHHIO C SOPEKTOM, NONYUAEMBIM B TeX e CaMbiX
YCHOBHSAX OT H3BECTHOTO KOMHUECTBA DPAKOH,’ MOXKHO OMPEAENHTH KOHUSHTPAUHKY
pamoHa B HCCEAYeMOM rase.

Bonee noanas Teopun JoNMHA YUHTHBATL BOSMOKHOCTD BOCCOCAMHEHHA HOHOB
RaA ¢ comepXaluMMHCA B BO3AYXe OTPHLATENLHEMH HONGMH HAI OCAKIEHHS HX
HA NBIANMKAX C NPEEpAILCHHEM B MATONOABMMHEIS GONbluMe HOHS. ECAN o5ben
Tasa Man, To 06a STH SBAEHUA OKA3HBAIOT CAaGOe BAHAHNE, NIOTOMY WTO HOHH3A-
uns vasa TOTAA HeBeAWKa. 3aTO B OTOM CAyuae OCaxienvwe atomos RaA scerma
MOKET GblTh He MONHBM BCACACTBHE TOTO, UTO YacTb 06PasyloWlHXCA aTOMOB OKd-
HKTCA BHANANE HE3APAKEHAOH.

Ecni pajiyc NANHHApA b YBeNHUKBAETCR, TO YCAOBHA ocaxlens RaA B wn-
ZEMIpE TPHUGARKAIOTCA K YOJIOBHAM OCAZKICHHs €r0 B CBOGONHOM BosayXe. Kow-
uenTpannst RaA mo 6.1n30CTH OT NPOBOMOKH CTAHOBATCR TOTAA OAWBKOH K PABHO-
BecHofl, a ABUNKENHS BO3AYXa YCHIHBAIOT ITO CXOACTBO YCAOBMA. SlBJeHHR Boc-
COSNHHERAA K OCAXMJCHHN ha MHUIMHKAX B STOM C/YYAe OKA3bIBAIOT BANAHKE 3Ka-
UHTENLHO GObINeE, YeM B CHyUae OFPAHHUEHHOrO GOBEMA.

Te xe coo6pakeHls NPHAOKHMB K aKTHBHOMY OCAJKY TOPHS, HO BCJGACTBHE
HEONIHOPOJHOCTH KOKUEHTPALIH TOPOHA OWHGKH 3/1eCh NONYYaoTeH GONbIHMH.

AKTHBHBEIR OC3ZOK MOXHO COBHPaTh He H3 HEMONBHIKHOIO BOSAYXA, 8 H3 BOS-
AyXa, NPONYCKASMOTO Yepes LAHEAPHICCKHR KoHIeHcaTop {acmupatop JGepra).
Tlps aToM oGbem HCIOAB3YEMOTO Ta3a YBEJHWYABAETCH, H3BJCUYSHUE JKE PajHOaK-
THEHBIX WOKOB ocTaerca nonkem (Cepnves, KO.'lhpaé/m).

Bo Bpem axmibauih RHTH BemecTsa A, B # G HAKONAWOTCH Ha el CooB-
PasHO ¢ 3aKoHaMi PAZMOAKTHBNLIX mpeBpamennii. HonnsanuOHAMIl ToK [, n3me-
PeHNRE [OCTe ONPEeASNeHHOTO BPEMERH aKTHBALMU { HJH COYCTA ONPEAENenHoe
BpEMst TocNe NIPEKpalllerns aKTHBAUNH, ANS KAXJOTO BewecTpa MPOTOPUHOHAJEH
KOJNHYECTBY STOTO BEUIECTBA H €T0 KOS(MHIHEHTY AKTHBHOCTH B JAHHOM M3ME-
putenvroM TpuGope. Ecau xosdpuiHeHTE aKTUBHOCTH W3BECTHE, TO, MsMepus [,
MOXKHO ONPENe/HTH UHCAO COBPaHAMX Ha NPOBOJOKE atomoB RaA. OTCIORa Bh-
uMCAfeTCs KOHNEHTpauus N aTOMOB pajGHa B paBHOBECHH C KOHMUeHTpauned N’
artomos RaA 8 npoxonsiiies uepes npusop BosRyxe.

B npucyTCTBHH RKTHBHOTO OCafika TOPHS X J cieayeT npuSasHTb ACTLONHHTENb:
HHe yfensl. Ananns Kpueok, Ratomeli / B QyHKIRK BPEMEHH BO BPEMA WIHW mocne

1) Cm. Traité de Radioactivité, — M-me P. Curie, Paris, 1910.
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AKTHBAWKH, TIO3BONAET ONPEAEANTS YACTL TOKA, NPHHAAIEIKAILYI0 KaKAOMY S aK-
THBHBIX 0CAKOB. [IpONIBOIHMAS AKTHBHBIM OCAIKOM TOPHS 9aCTh TOKA YBENHdH-
BACTCA C YBEMTHYEHHEM BPCMEHHM AKTUBALMH H 3aBHCHT OT YNOTPeGASEMOTO NpR-
Gopa. B HEKOTOPHIX ONMTAX, CAGMAHHEX ¢ MpoBosokol o1 10 1o 100 s mnHof,
OMEIneHKON Ha BHCOTE HECKOMBKHX METDOB OT 3eMiH, oMa npemsiliafa 50%.

MosxHo cpasy cofpaTs BeCh CofepiKaluiics B OrPAHHYEHROM OGBeMe
BO3LyXa aKTHEHBI 0CaoK, MPOMYCTHB Yepe3 3TOT BO3AYX KHCTEBOM
Ppaspsii MeXRy octpueM M InacTurkolt (verod Cenmia). Takum cmoco-
60M MOMKHO cOGpaTh Ha NAACTHHKE HE TOJABKO DajHOaKTHBHBIE HOHBI,
HO H B3BELIEHHYIO B BO3AYXe MELIb, C/IEJOBATENBHO, H3BACUCHHE HOHOB
MONHO CYHTATh JOCTATOYHO TIOJHBIM, JTOT METOJ JaeT /i OTHOMIEHHS
akTHBHOTO 0cagka Th K akTHBHOMY OCAAKY Ra BeNHUHHBI MeHblle Tex,
KOTOpble BHITEKAIOT H3 OMLITOB AKTHBALMH HA OTKPHITOM BO3AyXe, H
BEposITHO Gosee GAH3KHE K TeM, KOTOPHe COOTBETCTBYIOT DajHOAKTHB-
HOMY PaBHOBECH!0, CYMIECTBYIOUIEMY MY SMAHAUMSIMH H HX TPOH3-
BOAHLIMH B BO3JYXe MOGJHIOCTH OT 3€MIH.

OnbITh, NPOU3BEACHHbC TPH IOARATHH HA A3pOCTare, NOKA3LIBAIOT,
YTO KOHLEHTPAUHS AKTHBHOTO OCalKa, B OCOGEHHOCTH JKe AKTHBHOTO
ocafika TopHs, GBICTPO YMEHDbMIAeTCsl ¢ yBeJHUeHHeM BICOTH. Hax
MODSMH KOHUEHTDAUHSA €r0 MHOTO MeHbile, YeM HaJ KOHTHHEHTaMH,

§ 150. Honusauus atmocdepr. HoHH3aUUA B 3aKPBITOM cocyne

ArMocgepHHI BO3AYX Beersia cnabo HoHusMpoaH. IToBausoctd or
3eMAH H HA YMEPEeHHbIX BHICOTAX OT Hee 3Ta HOHHBAUWS [OYTH MOJHO-
CTBiO OOBACHAETCS AeiCTBHEM DaJAHOAKTHBHBIX BEIECTB, PAacmpocTpa-
HeHHbIX B atMocdepe, mouse H Bogax. Ha Gonbumx BrICOTaX HaGnio-
JaeTcsl MOSIBAEHHE HOBOTO HOHH3HPYIOEro akTopa «KOCMHYECKOTO
YALTPANPOHHKAIONIETO H3NYUEHHs», HelCTBHE KOTOPOrO HA yposHe
MOPS OTHOCUTENBHO HESHAUHTENLHO.

CHCTEMATHUECKOE HCCIEIOBAHHE HOHH3aUMH aTMOCGepbl TPEACcTas-
asteT GOMBIION HHTEpPEC, TAK KakK HOHbl YYACTBYIOT B PA3JHUHBIX Me-
TEOPONMOTHUECKHX siBNeHHsiX. OHH YYacTBYIOT, HampuMep, B o6paso-
BAHMM 3MEKTPHUECKOTO TIONH Y MOBEPXHOCTH 3eMiM, B OOPasoBaHHH
06naKOB KOHJEHCanuell BOASHOrO Mapa Ha 3apsuKeHHBIX UEHTPAX H B
TPO3OBEIX STBJEHHSX .

Cogepxanne HOHOB B aTMOCHEPHOM BO3JyXe M3MEPSETCA NpH 1o-
MOIOE acTuparopa D6epTa. STOT aCIHPATOP COCTOHT U3 TPYOKH, Jepes
KOTOPYI0 TPONYCKAeTCs W3BECTHoil 00BEM BO3IYXa, OTAAIOUIErO CBOH
HOHH PAcTIONOKEHHOMY NO ocH TpYOKRH saekTpony (§6). Hysxro otan-
YaTh «MaJible HOHBL» OT «GONBIINX HOHOB», OOPasyOMXCA B Pesylib-
TaTe OCeJAHHs MANBIX MOHOB HA COEePIKALMXCA B BO3AYXe MBUIHHKAX
u xamenvkax (JTamkepeH). Ko/HuecTBeHHOE COOTHOWIGHHE STHX ABYX
BH/IOB HOHOB H3MEHSIETCS B 3aBHCHMOCTH OT aTMOCGHePHBIX YCaOBHE H
UHCTOTHL BO3AyXa. VIOHHAA KOHMEHTpalus NePHONMYeCKH H3MEHSeTcA
B TeYeHHE CYTOK WM B Gonee JMHTeNbHbE CPOKH.




[image: image457.png]$150) MOHH3ALMA ATMOCOEPBl. HOHH3ALMA B 3AKPHITOM COCYAE 459

Bonbiile HOHH M HellTpanbHble YACTHUB TAKHX XKe PasMepoB, Be-
POSATHO, CAYIKAT NEHTPAMH KOHJCHCAIMH ANIs OGNAKOB, OOGPA3YIOMIHXCA
Ha BHICOTaX, MeHbWHX 2000 x#. B Macce posayxa, mojbimatomefics
nocae 06pasoBaHKs TAKOTO ofJ1aKa, HOBbIE KAILIH MOTYT 0GPa3oBaThCH
TOJIBKO HA 3HAUHMTEJBHO Goabmedl Bricote (10—12 ku), rae Grarogaps
OXJAKEHHIO TepechilieHHe CTAHOBUTCA NOCTATOUHBIM AN KOHASHCA-
WHH BOJIBHOTO Napa HA MaJbIX HOHAX.

KoHUEHTPAaLHA MalbIX HOHOB B _BO3jlyXe NOYTH TOJNHOCTBIO OMpe-
JIelISeT €ro 3MeKTPOINPOROAHOCT. Boasimne Houbl Gnarofapst cBoeit
Maniofl NIOABHMKHOCTH HE MOTYT NPUHHMATH 3HAYHTEJLHOTO YU4CTHSI B
MePeHoce TOKA, XOTA HX UHCAO H 3apsii MOTYT GhITh GAHSKH K YHCAY
H 3apAAY MasblX HOHOB.

Horuzauus aTMochepHOTO BO3AYXa Ha YPOBHE 3eMJIH 3HAVHTEABHO
BHIIIE, YeM €T0 HOHH3AUHS HA HEKOTOPOM PAacCTOSHMH OT Hee. Bo Bma-
JMHAX H TeMepax HHOTa HaGNioflaeTcs IOBBIUeHHAsS HoHH3alHsi, Oco-
GEHHO 7Ke NIPOBOASLIIMY. SBISIOTCS 1a3kl, 3aCACHBAEMbIE H3 OYBI, YTO
OOBACHACTCA NPHCYTCTBHEM B HEX OTHOCHTENBHO GOMBUIHX KOTHUECTE
IMaHallifl H aKTHBHBIX OCaZKOB.

TMoj AefiCTBHEM HOHHSHDYIOUEX (PAKTOPOB B BO3LYXe 06pasyercs
H3BECTHOE uncAO HoHOB. OGpa3oBaHHe OXHOM NMapbl HOHOB B | cm3 BO3-
JAyXa HOPMANbHON TJIOTHOCTH TPHHATO 0fo3Hauath yepes j. Ecan n —
HOHHAS KOHIEHTpALMs, NPeiNOiaraiomasnca OAHHAKOBOH Aaf HOHOB
000HX 3HAKOB, TO H3 3aKOHOB BOCCORMHEHHS MOXHO BBIBECTH COOTHO-

IeHHe n = V% . OnHako HEKOTOPhle aBTOPHl CUHTAIOT, YTO MpH
TeX MafblX HOHHHIX KOHUEHTPaIHSIX, KOTOPBIE CYIIECTBYIOT B aTMocde-
pe, NOTePS HOHOB NPOHCXOIHT GOJbINE BCAEACTBHE OCENAHHS HX Ha
B3BelIEHHBIX B BO3JYXE UAacTHUAX, YeM 6Jarofaps BOCCORARHEHHIO
HOHOB Pa3HLIX 3HAKOB, DTO 3aCTABJAET HIMEHHTh GOPMYWTY, AAOULYIO
CKOPOCTb BOCCOGAWHEHHs, NyTeM NOOABACHAS K HOPMANDLHOMY UJEHY
an® uneHa fin, HMelollero npeobnapmaiomee swayenne. Torja xak a
papusiercst mpuausutensho 1,6-107¢, aaa B HAXOAAT BEAHYHHY MO-
paaka 0,02 cex—1, uTo JaeT AN cpefiHell MPOIOIKHTENBHOCTR JKHIHH
HOHA B HOPMANBLHOM BO3AYyXe BeMHuHHY, 6auskyo K SO cek. ITpn KoH-
LeHTpalyl n = 10% an® HUYTOKHO MO CPABHEHHIO C fn.

MHOrOYHCEHHBIE H3MEPEHHS, Pe3yJBTaThl KOTOPHIX KONeGMoTCA B
IEPOKHX Npefenax, SacTABsOT AONYCTHTh, YTO B HOPMAJBHOM BO3-
JyXe Ha BRICOTAX, G/IM3KHX K YPOBHIO MODS, HOHHAfl KOHUEHTPAIHs
n paBHa nputausutensHo 600. Cornacuo ¢opmyne j = fn Takoll XoH-
LIEHTPALWH COOTBETCTBYeT 06pasoBanHe 12 j WOHOB, OGBACHSIOMLEECS
B Gonbluefl CBOeH YACTH HPHCYTCTBHEM DPaJIHOAKTHBHBIX BEIUECTB B
semne H arTMocdepe.

Ecan B | cu® cogepauten 10~ xiopw panowa, 1o Rn, RaA u RaC uenycxator
npubausurenpro 3,56-107% g-uactuu B cexkymay. Tak Kak uncna uoHos, obpa-

SYEMBIX MYHOM KAJKAOTO H3 STHX BEWECTS, PaBHEI COOTBRTCTRENHO 155 000, 170 000
W 220 000, 10 B CyMwme oH 0GpasyloT 2 j HOHOB. UToSsl yuecTs HOWHIHpYOULeE
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KeHCTBHE f- W y-nyued, 5TO WICIO HYKHO YBeAaNTH Ha [0%, uto maet 2,2 . Tlpx-
THCHIBAA TAKOE K& HOHH3WDPYIOLlee AECTBHE TOPOHY H €r0 aKTHBHOMY OCAlKy,
nonyuaen B cymme 4,4 j.

Urofbl BEIMHCAATL HOHHSUDYIOUWLEE XERCTBHE H3NYYEHHA, HAYMUIErO H3 3EMIH,
PAcCMOTPHM 3MEMENT 0GDbEKa BO3AYXA, AeKaWuil ¥ MOBEPXHOCTH 3eMIH B Touke 0.
JHna 310T0 MBICIEHHO TPOBEAEM B 3eMie ABE KOHUSHTPUYECKHE MOJYCHEPHl ¢ Neh-
Tpom B O n paguycamu r n r 4 dr. Macca peulectsa, HAXONAWETroCs MEKAY STHMH
nonycepamy, pasua 27riedr, rxe @ — TJOTHOCTh Bewecrsa. Maymiee orciona

K _
uanyveHne ofpasyer B Touke O Ha eAuRHUY OOBEMA BO3AYXA d"—Te Box
X 2nr2gpdr voHOB, TAe K — uKCAO HOHOR, OGPa3yeMBIX B eWHHUE OGBEMA TPAMMOM
AKTMBHOTO BEI@cTBA HA PACCTOAHAI | e, p ~ BHIpaNenHoe B rpaMMax KO-
HEeCTBO PAilOAKTIBHOTO BEUIECTBA HA TPAMM TOUBH N 4 — KOIQUUHEHT [OIVIO-
1eHHs HaNyueHHs B nouse. HHTerpupys 310 ypaBHEHHe B Ipefejax oT r =0
H0 r= ©°, HaxoEAT n = 2nKpols. DKCHEPHMEHTANBHO ONPEJENeHo, WTO Aad
y-nyueii pagua K = 3,9-10°, [Ipunuman g = 0,1, HAXOAAT, UTO €CNH NOYBA € TNOT-
HOCTBI0 @=2 COREPAHT p = 2+10~ 2 pajus, T0 Y ee NoBepxHOCTH B | ca® BosAYXA
ofpasyeTcs olHa Napa HOHOB B CEKYHAY, wan 1j. Ecan cosepixatne topis p = (078,
TO HOHM3RPYIWOUIEE AEHICTBUHE €re -H3NYUEHHS, KAaK 9TO CNefyeT H3 ONBITOB, OCHO-
BaNHBIX Ha TPAMOM CDaBHeRHH, GYAeT Toro e nopsiAka. ClegoBaTeNibio, ofuiee
HOHRSUPYIOIEE AeliCTBHE NPH CPEAHER AKTHBHOCTH NOUBY PABHO NPHOAHIHTENLHO
2j. Hap OTHOCHTeNbHO AKTHBHLIMHE MOMBAMH 3TAa BEMHYHHA OOLIYHO MOMET GbITh
yABGEHE.

DTH BEIMUC/EHHS HE NPRIOKHMEL B CAyyde JIOUB, y TOBEPXHOCTH KOTOPHIX
TIPOHCXOAIMT Ou€Hb HHTEHCHBHOE oGpasoBasue Wonos (o 100f n Gosee), moTomy
WIO 31€Ch MOI'YT HENOCPEACTBEHHO BAHATL f- 0 ¢-NYUH CONCPHKAMMHXCA B STHX NOU-
BAX M BBIAE/AIOUIHXCA M3 HUX PAJHOAKTHRHHX BellecTs. BoaMymaromee AeiicTane
B- M -M3NYuEHHA CONEPKANMMXCA B TIOYBE BEUIECTB NepecTaeT GuITh 3aMETHBIM
Ha PACCTOAHHH OKOMO | M OT ee moBepxHOCTH. OFHAKO BCAEACTBHE HAGMIOLACMBIX
KOJIeGaHHil B KOHLEHTPAUHH DAZKOAKTHBHEIX 3JMEMEHTOB B 3eMIe K BO3NyXe TH
BHIYHCTIEHHA AZIOT TONbKO BeChbMa NpHOJHKEHHYO Bennunsy. B ofuwem panuo-
AKTHBHOCTS MOUBHL B ATMOCHEPH JaeT ot 6,5 K0 [0 J. [IPUNKNAS, 470 HOUHSHDYIO-
inee 7elicTEHE KOCMHUECKOTO H3yUeHHA Ha YpOBUE MOpA paBHo 1,5 j {§ 151), no-
nyaaem, uTO TOJHOE HOHW3HpYIOUIee ReliCTBHE BCEX STHX (baKTOpOS PaBHO OT 8
#0 11 f. Ora BeanunHa No CBoEMY MOPRAKY COBNAZAET € BeNMIHHON 12 j, BBIUHCACH-
HOH O CONEPIKAHHIO MANLIX HOHOB, NHITATHCH Ke OGBACHHTD HMEIOWYIOCA MEXAY
HEMH PA3HHLY GbiI0 651 GECMONE3HO BBHJAY HETOUHOCTH STHX JAHNBIX.

JleficTBHe HOHMBUPYIOUHK (GAKTOPOB Ha ATMOC(EPY MOKHO HCCIe-
A0BaTh HE TOJBKO B CBOGOAHOM BO3YXe, KO H B 3aKPHITOM COCYAE,
TIyTeM H3MEpEHHS TOKa HachillenHs [ B repMETHYECKH 3aKPBITOH HOHH-
3aiuonKol Kamepe, HsmepeHne / NpsiMO aeT YHCAO HOHOB, 00pasylo-
INMXCA B KaMepe B €IMHHIY BpeMEHH, MPHYEM 3/eCh He NPHXOUTCS
YUHTLIBATb KOS(GHUHEHT Boccoeaunenus. Habmiojennsa Hal orpaHH-
ueHHOH maccoll BO3AYXa JAIOT BOIMOKHOCTb TIOJNB30BATHCS GoNee JyB-
CTBUTEABHBIMK NPHOOPAMH W TOJYYaTh GOABIIYIO TOYHOCTh, 3aT0 3Jech
HEOOXOMHMO YUHTHIBATb TNOBEPXHOCTHEIA ST,

MOXHO ZaThb CJIefyIOWNi Nepeyenb MPHYHH HOHH3AUWH B 3AKPbI-
THIX cOCyAax:

1. TIpoHHKaIOWIME JIYUH, BXOASILHE B KAMEPY Yepes ee CTeHKH. DTy
JIY4H MOTYT HPOHCXOAHTb OT PAAMOAKTHBHBIX BELIECTB, HAXOJAIMXCR
B MOYBe, H OT YaCTHI aKTHBHMIX OCAIKOB, B3BEIIEHHBLIX B aTMOCdepe
HJIM JKe OCEBIIMX HA BHEIUHell NOBEPXHOCTH CTEHOK KaMephbl (BHeliHee
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H3nyueHue). BTOpHUHBIE FyuH, HCNYCKaeMble CTEHKAMH KaMephl MO
JefiCTBHEM HAYIHX W3BHE NMePBHUHBIX Ayuyell.

2. Jlyun, Hemyckaemble COAEPKAIMMHCS B KaMepe paJHOAKTHBHBIMH
SMAHALMAMH M OOpasyIOMMMICS H3 HHX AKTHBHBIMH ocajkamu. Bro-
PHUHBIE JYYH, COTPOBOXKIAIONIUE STH NePBHUHBE JYUH.

3. Jlyun, NpOHCXOASIIHE H3 CAMHX CTEHOK, €CAH NOCHelnHe pa-
JHOAKTHBHEL, H BTOPHUHbIE JAY4i, CONPOBOXKJAIOMKE 3TH NEePBUYHLIE
AYYH.

4. KocMuuecKie H3/TyueHHs.

BaxHzo 3HATh, KAKAMH CNOCOGAMH MOMHO PasfIeNNTh CHOKHBIH 5~
(eKT, MPOH3BOAMMEIl BCEMH 3THMH (AKTOPAMH.

JleficTBrE BHEUIHEro NPOHAKAIOMETO HAYUEHH S MOKHO YMEHBIUHTL,
OKpYXas Kamepy 3alHTHEIMH NIOrMIOMAHIMMH SKpakamy. Beitectso, 03
KOTOPOTO CAGMANbl STH SKPaKbl, JIGJKHO ObITh NO BOSMONHOCTH CBO-
GOMHO OT PAJIHOAKTHBHBIX 3arpS3HeHuit.

Moo HaGexaTh BBEJEHHS B KaMepy PajHOAKTHBHBIX SMaHaumi,
HaMONHAS ee BO3NYXOM, TIIATENbHO OHIIEHHBIM OT STHX Tas0B, TEMH
€NIOCO0AMH, KOTODhIe CTYXAT /U1l HX KOJWYECTBEHHOTO ONpEAeNeHHS
(§ 149). B 3ToM cnyuae sMaHAUHA MOrYT NOMACTh B KAMEPY TOMBKO
BCEACTBUE HARHUHA DaiUOAKTHBHBIX 3arpsSHERHH B CTEHKAX.

CreHKH yuaCTBYIOT B HOHH3aUWH B CHAy IBYX mpwuur. C opofi
CTOPOHH, OHH MOrYT COJEpXKATb CNEA6l DPANHOAKTHBHBIX BEILECTB,
JelicTBHe NPHYHKB JONMKHO GbITh YCTPAHEHO HAIEIKANM BHIGOPOM
MATEpHANOB IS M3TOTOBJEHHS CTeHOK. C APYTofi CTOPOHBI, CTEHKH
HE3aBHCUMO OT BCAKOTO PAJHOAKTHBHOrO 3ArPH3HEHHS BAHAIT Ha
TIONHYIO ROHH3ALMIO U ee pAchpefielieH e, OTOMY YTO NOJ JelcTBueM
NepBHYHBLIX Aydyell OHM HCTYCKalT BTOpHuHble Jyun. Hanbonee
3HAYHTE/bHOE JeficTBHE COCTONT B MOFJIOUIEHHH SHePIH y-nyveil ¢
nenyckanuem GoToaNeKTPOHOB H PACCESHHBIX SIEKTPOROB, HOHHBUPYIO-
Imee fieficTBe KOTOPBIX MPHCORAHHACTCS K HORHSHPYIOUIEMY ASHCTBHIO
SMEKTPOHOB, OCBODOMKJAEMBIX HEMOCPEACTBEHHO B HAMOJHAIOLIEM Ka-
Mepy Boafyxe. CrefloBaTenbHO, 3€Ch HYXKHO Da3fHyaTh 2¢3086ii
apgpexcn 1 nosepxrocmuoill spexm (§ 96). Beanunna sToro mocsiefnero
BaBHCHT OT Pa3MePOB H (OPMbI KAMEpB H IPHPOALI CTEHOK, A TAKME
OT J]ABNEHMs W NPHPOJB rasa.

Ecnn kaMepy ¢ THIATENBHO OYHUIEHHBIMH CTEHKAMH HATONHHTEL OYH-
INeHHBIM BO3XYXOM, TO B Hell HaGRIORAeTC NPABMJILHOE W MeIJIeHROe
YBe/IHUCHHE HOHH3ANNH, OOBIMHO MPUNHCHIBAEMOE BBIIEJEHHIO SMaHa-
LM U3 CTEHOK, H HePery/spHble KONeCaHHA HOHH3AIMH, Bb3BBAEMbIE
H3MEHEHHSIME BO BHEIIHeM MPOHHKAIOMEM HITYUeHHH. DTH Koneba-
WS HEOGXONHMO YUHTBIBATD, YTOOb NONYUHTH CPABHHMBIE HAGTIONCHNS .

Hounsauns [ 8 3aKpHTOM COCYAe YBEMKUHBACTCS C JaB/eHHEM CO-
Jlepaalieroess B Kamepe rasa. Ee MOXHO NPeJCTABHTb B BHAE CYMMBI
JIBYX UJICHOB, OAMH H3 KOTODBIX, NPONOPUHOHANBHE AABJIEHHIO, TIPH-
NHCEIBAETCS NPOHHKAIOUUM JIy4aM, a Apyrofi, crpemaupfics K H3pect-
HOMY Ipefiesy, NPHIHCHBAETCA Gojee MORIOLIAEMBIM AYydaM, HCTY-
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cKaeMbiM cTedkamH. OTHOCHTEAbHAS BeNM9HHa OOOHX Y/JEHOB 3aBHCHT
ot yenosuit ongira. Hexortopsie aBTOpH HAGAIONANK, YTO B UHCTHX
rasax IpH BLICOKMX AaBlienuax (>>50 atmocdep) HOHM3amusi He yBe-
npyMBaiach Gonee ¢ pamienneM. [IoepXHOCTHBIA 3(heXT yBenHuu-
BaeTcsl ¢ NOPHAKOBbIM YHCAOM N BeINeCTBa, M3 KOTOPOFO CAeAaHbl
CTEHKH. DTOT 3(peKT YMEHBIIAKT, NOAB3YACh KaMepamu, CANAHHBIME
H3 BEIIECTBA C MAjbIM ATOMHEIM BECOM.

Hs copoxynuocts nponspefieHHbIX HAGMIOAEHA ClieAyeT, UTO HOHH-
3alUR B 3AKPBITOM COCYJle HA YPOBHE MOPSI B CpeIHEM pasHa MpHOAH-
3uT€nbRO 10§, Korka MOBepXHOCTHmE 5QPEKT MO BOIMONKHOCTK ycTpa-
HeH. DTOT Pe3YAbTAT COMMACYeTCsi ¢ Pe3yJbTATaMH, NOJYYERHBIMH Ny-
Tem H3MEPEeRHsl HOHHON KOHUeRTpauuu B atmocepe. Honusauun, 3ua-
YNTeJbHO TNPEBRIUANOWIA 3TY CPElHION BeNHUMRY, Habnofanach Haj
TPaHUTHBIMH MAacCHBAMHM M 3aiexaMu Kaaus. Hal okeanamu ona ma-
naer 1o 4j. Ente Gostee HU3KHe BEAHYHHEI TTONYdeHB B CORSIHBIX KONSX, a
TaKkKe Haj NMOBEPXHOCTAMY GOABUIMX O3eD H OGOABIINMH CHEXHBIMH
HIH_NefOBLIMH NPOCTPAHCTBAMH

OcoGennblit HHTEpeC NPEJCTABASET H3MEHEHHe HOHM3ALMA B 3a-
KPBITOM COCY/Ie C BBICOTOIl, ONPE/Ie/IeHHO® H3 OILITOB, TPOHIBEACHHDIX
HA A3pOCTATAX HJM HA FOPHHIX BepuMHax. Bnaots 10 2000 # uonnsa-
nHs He MpeTepneBaeT 3sHAYHTENbHbIX HsMeHennii (Tokens). Ha Bricote
or 2000 zo 5000 # oHa sHauuTesbHO ysenuuupaetcss {Tecc). DrH Ha-
Gatopennst sacTapuid [ecca JONYCTHTL CYIMIECTBOBaHWE MAYIEro
CBEPXY H3NYYEHHS, BEPOATHO, BHE3EMHOTO NPOHCXOMAEHHS, NPOHH-
Kaiouas CRocofHOCTb KOTOPOro MpeBbiluaeT NPOHHKAIONLYIO Crocob-
HOCTb BCEX H3BECTHBIX BHAOB H3JYUeHH[i. DTa FHIIOTe3a GbiNa MOATBep-
feHa TIYTeM H3MeDeHHs KO3((OUIHEHTOB MOIJOUWEHHS 3TOTO HOBOrO
H3JTYJeHHs!, OOBIYHO HABHBAEMOTO (KOCMHYECKHM H3JTYYEHHEM>,

HesapHcuMo 0T 5TOM NPHUHHEI aHOMAJHH B PACIPOCTPAHEHHH rep-
LOBCKHX PAJHOBONH 3aCTABASIOT MPEANoNaraTh CYIHeCTBOBAaHLE HH-
TeHCHBHOM HOHM3aUKH B aTMoctepe Ha Bhicote 50 xm, Tae Bo3ayX
CHJIBHO paspexkeH. B 5Tofl 30He BO3AYX NPHOGPETAeT NMPOBOAMMOCTD,
BePOATHO, NOA JeHCTBHEM TIOTIOWAIOIIHXCSA B BePXHHX COsIX aTmoche-
PH YABTPAPHONCTOBLIX COMHEUHBIX Jyuell,

§ 151. Kocmaueckoe manydenne

Hsmepenng nosusauuu MNPOHUKAIOMAS CROCOB-
HOCTb HM3AYYEHMA Mbl yKe BuJeaH, UTO CYLIECTBOBAHHE
KOCMHYECKOTO H3JIYYEHHA ObuI0 OOHADYZKEHO MYyTeM H3MEpEHHT HOHH-
3aUHH. DTOT ke METOX TOKA3a/d, YTO MPOHHKAIOWAS CHOCOBHOCTb HO-
BOPO HA/YueHHs SHAUYHTENBHO TIPEBHILAET IPOHHKZIOUYIO CTIOCOSHOCTL
y-nyuell, SBAAIINXCSA Wauolee NPOHHKAIIAME H3 Nyyell, Hemye-
KaeMblX DaJHOAKTHBHBIMH BElUIECTBAMH.

Hounsauusi, NpoH3BOAHMAs KOCMHUYECKHM H3JIyYeHHeM HA ypoBHE
Mopst, paBHserca Tonbko 10% HOHH3aUMK, TPOU3BOANMOH PAAHOAKTHE-
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HEIMH 3/eMeHTAMH. UToGbt OOMErudTh H3MEPEHHst, YCTPAKAIOT, Ha-
CKOABKO BOSMOXHO, IeficTBHE MOCAEAHAX H MOMB3YIOTCH HOHH3ANHOH-
HBIMH KaMepaMmH, HAMOJNHJEMBIMH [430M NPH BBICOKOM JaBJAEHHK (OT
10 no 50 aTmocep). Msmepenust mpusofsrca 3ateM K HOPMAJBHOH

Humenculworms kocmivechuz ayveis

TIOTHOCTH BO3AYXa (OTHOCUTENBHO €AuHmUbL [ cM. c1p. 459). Baaro-
TPHATHO! CPEfOH AN TaKHX H3-
MepeHHIl SBISETCA OWEHb Mano 49
aKTHBHAS BOKA HEKOTOPHIX OOMb- i
wux ozep. Llorpyxaemeie 8 BOLy
(a0 ray6uH, npepbnmaux 200 x)
KaMephl CHaGXaiuch MPHCHOCOS- A
NeHMEM AN ABTOMATHYECKOH 3a-
micH ToKa (Perenep, osepo Con-
stance). Takme e H3MepeHHS

TPOU3BOJMIHCh B BHICOKOTOPHBIX W

03epax, y TOBEPXHOCTH KOTOPBIX

KOCMHYECKHE JYYH TPOH3BOAST

Gostee CHABHYIO HOHH3ALHIO, MeM

Ha Masbix BbICOTAX (MuJTHKEH H

Kamepon). Taknm criocobom Kosd-

(UUMEHT TOINIOLIEHHS B BOAE & N

6B Halifled paeuem ot 0,002 1o e A
0,004 cu~1. Brulo Takke ykKa- a0 » ¥ 4 % 80
3aHO CyllecTBoBanme elre Gonee Moz Grive
NpOHHKAsOUlelt  rpynnbi ¢ g Puc, 169. flornouenne Kocunseckoro
= 0,0002 cu—. Kpupas Ha puc. HaNyseHnz B Boje.

169 maobpaxaer o6pasoBaHHe

HOHOB (B j-eMHHNAX) B (QYHKUMH MPOXOAHMOTO JYuYaMH CAOS BOABI.
Croft aTMocdepst, nexaniefi Hall ypOBHEM o03epa, BLIMHCIEH B MeTp-
9KBHBAJIEHTAX BOJMI,

Ecnu 3aMeRHTL KaMepy CHETHHKOM, TO JelicTBHe KOCMHYECKHX ny-
yell MOXKHO HaGM0ZaTh CKBO3b CJIOH CBHHNA TOMMMHOA B 1 M.

Ynonobass KOCMHUECKOE H3NYUEHHE YJBTPANPOHHKAIOUIM y-7y-
4aM, MpoGOBAIH ONPENSTHTb JJHHY HX BONHEI METOAOM MOINIOMICHHS.
TakuM crniocofom HX KBAHTOBas 3HEPTUs Gwlia Halifena pasHod 10% s¢
1 Goabme. Ofnako GOPMyabl NOTAOIEHHS B 3TOM Cydae Gosee He
TIPHMEHHMbl  6J1arofiaps fABJEHHIO SIAEPHOTO MOTVIOWIEHHs y-Nydeil,
9HEPTHS KOTOPLIX NpeBhiluaeT 108 s6.

V3MEHEHHE HOHH3AUHM C BLICOTOR  YBeJMUCHHE
HOHM3AUMK C BBICOTON HCCAE0BaH, TOAbMASCH HA a’spocTate, H
NpH [OMOIIH WaPOB-30HAOR ¢ CaMo3aMKCHBaloWHMH npuGopami. TMep-
BBl cNocod Aai BO3MOMHOCTD HaGNIOAaTessiM, CHAGIKeHHBIM H3MepH-
TeNbHbIMH TIPHOOPAMH, BPOHHXHYTE B CTpaTocdepy A0 BbICOTH 17 xm
(naBnenne B 7 ca pryTHOrO cron6a) (ITukap » Kosunc). INpx nomouwy
wapa-30H4a Ob1a MOAYYeHa 3altich HOHH3AUMOHEOrO TOKA, NABAEHHS
H TeMuepatypel R0 BHICOTBl 28 x# (RaBjeune 2 cu PTYTHOro croaba)
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(Perenep). TlpusoAst H3MEPEHHS K HOPMAABHEIM YCHOBHAM JABIEHUS
# TeMOEpPaTypHl, NOJAYHAOT KPUBYIO, HB0OpaKenHyio Ha puc. 170, Dra
KpHBast Nocie GLICTPOFO NOABEMA AAeT Nepertt i Y rpanul atmocdepsl
CTpeMUTCR K Tpenesy, paBHOMY mpumixenso 275§, yTo cocrapnser
275 nap HOHOB B | cu® BO3AYXa HOpMANbHON IOTHOCTH B CEKYHAY.

300 ‘
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METOA 9AEKTPUUYECKHX CUETYHKOB. DBore u Koab-
repcrep AN H3yueHHs KOCMHUECKHX Jydell BOCNONB3OBAMHMCH CHET-
wiXamil C HHTBIO. [IPEHMYILIECTBOM STOTO MeTONa fIBAAETCA ero 6oub-
was YyBCTBHTENBHOCTb. KpoMe TOro, PerueTpHpys COBNAZGHUA HPH
[OMOMLK ABYX HAH TPeX COOTBETCTBYIOWHM 00Da30M PaclONOKeHHBIX
CYETYHKOB, MOMKHO YCTPaBHTh NapasuTHYecKHe 3hdeKTH H ompe-
JleNuTh HanpasieHue HonusHpyowmx Jyueit (Poccu). Hafimexo,  uro
MA4KCHMaJIbHOE UnCO ayveli NajaeT B BePTHKAJIBHOM HANPABISHUH W
UTO 5TO WHCAO YMEHDBIMACTCH ¢ YBeNUIeHHEM OTKIOHEHHS OT BEPTUKAJH.
310 OODBIACHASTC TeM, YTO KOCHIE JIYUH CHABHE® MOMNIOMAITCS aTMOC-
tepoit. Uncno uMnyascos, NOAYHAEMbIX CUETUHKOM BC/IEACTBHE RApO-
HUKHOBEHHSI B Hero Jyuefl, WAYIHX MO BCeM HANPABIEHHAM, PABHO
npuSauzatencuo 1,5 wa | cu? MOBEPXHOCTH B MUHYTY.

MeTon Buabcona Houusupyomue Jaydn, cocTapasiolue
YacTh KOCMHYECKOTO MaJyueHHsi, MOryT OuTb cdororpadupopanst no
wmerofy Buabcoda. OBbuHO 3TO (oTorpadupoBaHHe NPOUSBOAUTCS B
MarHHTHOM NOsi€, B yMepenHbIX NOMAX TPACKTOPHH STHX Ayueli MpsMO-
NuHelHE W TOXOIAT HA TPAEKTOPUYU GLICTPHIX SAEKTPOHOB (OTALNBHELR
et XXVI, puce. 1 1 2). Takyio TpaeKTOPHIO MOXKHO BUAETEL HA OTAEb-
#om aucte XIX (puc. 3) B konte kuurH. OT TpaekTopHil BTOPHIHBIX
9MEKTPOHOB p-NyUell HAa TOM e CHUMKE OHA OTIHYAETCA OTCYTCTBHEM
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KkpuBH3HbI (CKoGeablbiH, mose 1800 rayccoB). B Gomee cunbHbIX Mar-
HUTHBIX foaAX (Hanpumep, 18 000 rayccos) ModTH BCe TPAEKTOPHH
HeKpHBJIeHBl. MaMepHB uX pafychl KDHBH3KGI, MOXKHO OUPEAENHTH
SHEPTHIO YaCTHUBI, EC/IH H3BECTHA € MACCa.

Moka macca MPOTOHA He TMPEBHINAET 3aMETHO €ro MOKOSIULYIOCH
Maccy, €ro CKOpoCTb TIPY OAHHAKOBOM RF{ MHOTO MEHblue CKOpOCTH
2NEKTPOHA, a4 €ro HONH3HPYIOUad CnocoGHOCT, Mroro Gonbuwe, Cie-
Z0BaTebHO, NPH OAMHAKOBOM HMCKPHBAEHHH TPAeKTOPHA YacTHU B
MAPHHTHOM 10J1e 00 HX MAacce MOXKHO OOBbIMHO CYAHTH 1O NPOH3BOAH-
MOl MMH BAOJbL CBOEro MyTH HoHuaanuu. Takum cnocobom Guino naii-
ZIeHO, YTO HAaG.l0faeMble TPACKTOPHH DPEIKO NMPHHAANEKAT NPOTOHAM.
OGLIYHO OHM ABMAIOTCS TPAEKTOPHSIMH SJEKTPOHOB, HO HCKPHBAEHHE
HX OAHHAKOBO YacTO COOTBETCTBYET H OTPHUATENLHOMY H TIOSOKHTENb-
HOMY 3apsify (Npeanoarasi, uTo HanpasfeHHe Jayyell uasecTHO). 10
H b0 HAMANOM OTKPBITHS NIOJOKUTENBHEIX IEKTPOHOB HAH NOSHTPO~
HOB (AHJEPCOH), Macca KOTOPBIX, TOUHO €Ul He H3BeCTHAH, He MOXeT
3HAYHTENbHO OTIHMUATBCS OT MaCChl OTPHUATENbHBIX NEKTPOHOB, Dnek-
TPOHBl H TO3UTPOHBI KOCMHYECKOTO H3MYYeHHs 00AafaloT SHeprHAMH
oT 108 go 10° s6. OTMeueno Taxike CYUIECTBOBAHHE Jyuelt ¢ snepruei,
npesbiatotteil 101° 96. Insi STUX 4ACTHLL ¢ HCKJIOUHTENbHOI CKOPOCTbIO
Pa3nHuHE MEKLY JTEKTPOHOM H MPOTOHOM HCUE3AeT, NOTOMY YTO 3Hep-
i AOKOR CTAHOBHTCA Jaxe AR MPOTOHA MAJOW N0 CPABHEHHIO C Ki-
HeTH4eCKOH sHepriedl (sHeprus mokos nporona 9-108 se, sueprus
TIOKOsL 3neKTpoHa 5,1-108 98). Ecan noMecTuTs BRYTPb Kamepb! Buirs-
COHA CBHHUOBYK) IMIACTHHKY B HECKONbKO MUJJUMETPOR TOMILHMHOMN,
TO CKOPOCTb H PAAHYC KPHBH3HBI TeX HOHH3HDYIOUIEX KOCMHYECKHX
Jryueit, KOTOpble MPOXOAAT CKBO3b Hee, 3aMeTHO yMeHblalotcsi. [lpw
3TOM ompefeffercs U Halpas/eHHe HX npobera.

Bropuuune avun Jlneuu OcoleHHO  NOpasuTeNb-
HBIM CBOHCTBOM HOHH3HPYIOWMX Ayueil ABAAETCA HX CNOCOGHOCTH Bbl-
3biBaTh 00pasoBaHye WIKBHell», WIH IPYMN, MOTYU(HX COREPKATb 6o-
qee 20 syyeit (Baekxer u Oxknanunu) (oTAenvHeti auct XXVI,
puc. 3). Bee nyun, o6pasyiomne iBeHb, HCXOAAT H3 ORHOM TOUKM H,
CJIE/I0BATeNBHO, ABJAKTCS BTOPHUHBIMH JIYYaMH, BO3HHKAIOUIHMYU MO]
neficTBHEM . KOCMHUeCKOro ayua. TPaeKTOPHH HEKOTOPbIX U3 STHX Jy-
yeil pasBeTBAAIOTCH, UTO TaKxke oObAcHseTcs ofipasoBaHHeM BTOPHY-
upix ayvedt (Ckobennubn). HHorsia ToukH 06pasoBasust MHBHENR JeMAT
Ha TNOMelleHHOl BHYTPb KAMEPH CBHHLOBON M KakoH-nubo Apyroit
MeTaMndeckoll MuractHeke, Cymmaphasi sHeprus Jydeil JMBHS HMeeT
nopsanok 101 38, DHepril TAaKOro e MOPSAKA COOTBETCTBYeT Habmio-
JlaemMoe HHOLAA B HOKH3AlHOHHBIX KaMepaX BHe3anHoe o6pa3oBanme
nonoB. CiefyeT monarats, YTO 5TH SIBJIEHHA CBA3AHBI ¢ SACPHBIMH
NPeBpaIeHHsIMH, BhI3HBAEMBIMH KOCMHYECKHMH JNYYaMH.

HPMPO,U.A KOCMHUYECKHX JYYEFR mMPOTHHn
seooeKT. KocMudeckHe AyuH  pacCMaTpHBAZMCh HAM KAk
YABTPANIPOHHUKAIOIHE y-TyUH HIH KAK OueHb GBICTPHE 3apsKeHHble

30 M. Kiopr
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yacTHUb, NPOHHKAKINEE B 3eMHYI0 aTMOCGepy H3 MeKAyNAaHETHEIX
TPOCTPAHCTB. ECAH 5TH JIY4M SABASIOTCA 3apsKeHHBIMH UacTHIAMH,
TO B MAarHHTHOM TOJIe 3eMJTH OHH JOMKHB OTKIOHATECS TAK, YTO YHCJAO
HX ¥ NOMIOCOB ByfieT Goaslie, 9eM y 5KBaTOpa, DTOT <WHPOTHBII (-
derT> Gbul RelicTBuTeNbRO obHapyxen (Kue#t, KomnTon u ero cotpya-
HHKH # Ap.). VoHusalus, NpousBoMmiMas KOCMHUECKHMH JyYaMd, HA
wrpore - 50° wa 15% npesbilaeT HouMsaumio Ha mwHpoTe 0° U B
JalbRelilleM ypeaHunBaercsl ¢ MpoTofi. CAesoBaTeNbHO, HYXKHO JO-
OYCTHTh, YTO KOCMHYECKOe M3/yueHHe YaCTHYHO, €CTH TOABKO He IOJN-
HOCTBIO, COCTOHT M3 NPOHHKAIOMIMX H3BHE B aTMOCHEPY TONONKHTeNb-
HEIX HAH OTPHUATENBLHBIX 3/EKTPOHOB. M3BecTHO, Kpome Tore, uro
SIBICHHE CEBEPHBIX CHAHHE OOBACHACTCS NPOHHKHOBEHHEM B ATMO-
cdepy 5IEKTPOHOB.

HeTouHHK 3HEPTHH OGPA3OBAHHS NEPBHUHLIX KOCMHUYECKHX Jyuefl
eille ne H3BecTeH. [IOp#JOK ee paBeH NOPAAKY BHYTPeHHeH SHEpPrHH
TRKENBIX Afep?).

§ 152. PaguoaxTHBHOCTb M TepMuMecKHe YCIOBHSA HA 3emie
u na Coanue

Mporue aBTOph! yKasbiBalH Ha TO, 4TO PAJHOAKTHBHDBIC SJEMEHTH!
JOJUKHBL BAUATD Ha Tenntoolt pexum ConHua u 3eman.

VenoBHsA KNSHE HA TIOBEPXHOCTH 3eM/H 3aBHCAT NPEHMYIIECTBEHHO
OT KOJYeCTBA JHEPTHH, noaydaemoit Semnedt or Connua. Dra sHeprua
HEOIHOKPATHO H3MepsIack. B cpeiseM BbuHCAeHO, 4TO Ha | cau® sem-
HOH NOBEPXHOCTH B MHHYTY NMajaeT OTBECHO OKORO 2 ka4 (CoNHEUHAs
nocTosiHAAs), a B cekyHAy okoano 0,035 xas. 3Has paccrosHue 3emian
ot Conntia D = 1,5-10% cst, HAXORAT, YTO TOJHOE KORMUECTBO BHEP-
rrH, usnydaemoit ConnneM B cekyHay, pasao 0,035-4 #D?, T. e. npu-
GausnrenbHo 108 .kga. Cuutast, yto macca Coanua pasHa 2-10%8 2
M 9TO KOJHMYECTBO Temna, BhIAEsAeMOro | e ypaHa, Haxomsulerocs B
PABHOBECHH C €ro TPOH3BOAHBIMH, paBHO 2,5-1078 xasfcex, HaxoAuM,
gTO flaKe €ClH 68l COMHUE URHKOM COCTOSO B3 YPaHA, TO SHEPrHst,
BbIENAOIIARCA B PE3YABTATE PAAHOAKTUBHBIX MpeBpalleHnii, Guina Gl
sxBuBanentia 5+10% xasfcex, T. e. nonosune wcnycxaemoll ConnueM
snepruu. K Tomy e B cocrase Tex wacteft ConHna u 3emik, KOTopbie
JOCTYIIHBI HCC@ROBAHUIO, YPAH OTHIOAb HE ABISETCS MPeoGIajaionum
BRILECTBOM.

CnexTpanbhbifi apanus He oOnapyxusaer npucyrcrust na CosHue
PanuOaKTHBHBIX sieMeHTOB. ONHAKO OHH MOPYT CONEPXAThCS B €ro
LeHTpaNbHOM 06/1acTH, CBeT KOTOPOli TIOrAOAeTes BHEWHIMH CJIOAMH.

1) Jueprits NEPBHINEIX KOCMHHECKHX ayuefl cocramaser (2--20) 10° g, Crextp
3HEpruil € NOCTENeHRHM YMEHBIIEHHEM WHTEHCHBHOCTH npocthpaetcs o 10M se.
(Ped.)
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B0sMOKHO, 4TO OGHAPYXKeHHBIl B STHX BHEUIHHX CJIOSIX FeJHi 0Bpaso-
BaAcA B PesysibTaTe PajHOAKTHBHEIX MpeBpalienHi.

Bo Beskom ciyuae, H3BeCTHBIE IO HACTOAUIETO BPEMEHH BUABI pa-
JIHOAKTHBHBIX NpeBpalllenHil MOTYT AaTb TONBKO HacTh H3JygaeMoi
CoMnHUEM SHEPTHH H, CJEIOBATE/IBHO, He MOTYT SIBJSITBCS ENHHCTBEH-
HHIM HCTOUHHKOM ee. McnmyckaeMple MpH 3THX NPEeBPALICHMSX JNYUH
TOYTH MOJHOCTBIO MOTAOWANHCD OB aTMOCEPOl, He HOCTHTAs 3eMHON
TIOBEPXHOCTH.

YacTo CYHTaNH, YTO COMHEUHAR SHEPIRSA fABJAfETCA SRepruelt Tsro-
TeHus, 0CBOGOMKAAMOLeficA TIPH NOCTENEHHOM YNJIOTHERNH COJNHEYHOTO
BeuwlecTBa. Yexons us atoif rumnotesk, KenbBuH BBIMHCAMA, UTO AMH-
TeJIBHOCTE COBPEMEHHOrO COCTOINHS COJIHEUHOH CHCTEMBl HE IIPEBBI-
waer 100 mumonos jer. Bouncnenus Hapeuxa paior ewe Gosee
uuzkyo uHppy (12 Muannowor ser). ITH UMGPH SHAUMTENBHO HHXKE
NpeanionaraeMoli ATHTEALHOCTH TEOJOTHUECKHX 5MoX. CuiefioBaTesbHO,
B CosHue, NO-BHAHUMOMY, AO/KHB CYUIECTBOBATH APYTHe HCTOUHHKH
9HEPIHH, NOJIEPKUBAIONIHE €ro MPH BLICOKOH TeMnepaType. 510 MOTYT
GBITH HJIH SIBJICHHS PaJIMOAKTHBHOCTH, KAK HSBECTHEE, TAK €Ue H He-
H3BECTHBIE, HJIH SBJERHA OGPA30BAHHS ATOMOB W3 NePBOHAUAJBHBIX
COCTABAAIOUEX, HAH ABEHHS pacnaja Macchl).

OTHOCHTeNBHO 3eMAK RO OTKPHITHS DagHOAKTHBHOCTH Obia NPH-
HATa Ta TOUKA 3PEHHs, 4TO 3eMia ABAAIACh PAHBLIE PACKATCHHOH Mac-
coli, NofBeprilefics 3aTeM TOCTENCHHOMY OXJaXAeHHIo. OueHb MOMHO
TEOpUH 3TOTO npolecca Guina usnoxena Kenbsurom. Corsaceo 3Tofl
TEOPHH TIPOLECC OXJMAXK/ECHHS MyTeM JYYEHCNYCKAHHA CHauaja Gia-
TOfApsl KOHBEKIHOHHBIM TOKaM B JKHAKOH Macce MPOHCXONHN OYeHb
6bICTPO, W dYepes KOPOTKOE BpeMsi 3eMNsl MpHIOLIA K TeMIeparype
3aTBEpICBAHHS NIOBEPXHOCTHBX TOPHBIX MOpo (okono 4000°)2). C o6-
pasoBaHHeM TBepAofi BHelNHel 0fooukH (hasa GHICTPOro OXJAAMAEHHS
OKOHYRJACH, H C TeX HOp OXJaXIeHHe HAET OYeHb MEAJEHHO, TAK KAK
Manasi TeIVIONPOBOAHOCTb BENIECTBA 3eMHOM KOpbl MellaeT BHYTPeH-
Hemy Telly paclpocTpaHAThCA K moBepxuoctd. Torma Ha 3emne yera-
HOBHJIOCh PABHOBECHE MY MPHTOKOM 3HEPrHH oT CoaHuna H norepei
€e TyTeM AY4YEHCTIYCKAaHHS, W BepXuuil cnoit Seman Grarogaps STomy
NpHOSpeN MOCTOSIHHYIO TEMIEPaTypy, ONpPeISMHBINYI0 KAHMAT 3eMin
H ¢JleflaBIIyo BOSMOMKHBIM TIOSBJERKE KU3RH Ha Helt. Takum oGpasom,
reoioruueckas H GHONOTHYECKAS MCTOPHS 3EMHOTO Miapa HAYHHASTCS
€O BpeMeHH eT0 3aTBEPACBAHHS. B JanbHelilleM n0Teps TeMIa BRYTPEH-
Hell Maccoll B eAMHMILY BPeMeHH MOXeT ObiTb BmipaxeHa QopMmyJofi
Q = SKG, rne § — naomaap semnofi nosepxroctd, K — Koa(pu-
UHEHT TEMIONPOBOAHOCTH MOBEPXHOCTHHIX TOPHBIX MOPOR H G — TeM-
nepatypuslil TpaHeHT y noBepxuocTH 3emnH. B Teuenie 3ol daskl He

1) OcHOBHBM HCTOMHIKOM COMHeNHOA SHepram mpuiumaetes cantes He ms H
IYTeM TAK Ha3KBAGMOrO YIREpONHOA3OTHOTO HMKNA Bere (Ped.).

%) To RosmHefilunmM TeoprAM 5Ta TemmepaTypa mhwme (ot 1200 no 18007).
30%
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FPOHCXOANT 3HAMUTENbHOTO H3MEHEHHS NOBEPXHOCTHON TEMIIEPATYpPEI,
HO BHYTPH 3eMJTi pacnpejietekHe TeMIepaTyphl IOCTENEHHO H3MEHSETCST.
Tagenne TeMnepaTyphi, OrpaHHUHBABUIEECS CHAYANA MOBEPXHOCTHBIM
ClIoeM, PaclpocTpaHserc Ha Bee GOMbIIYIO TAYOHHY, HO Mepe TOro
KAK PacnpocTpaHsierca B IMYGHHY OXMaXKAEHMe, TaK 4TO rpaguent G
Y TNOBEPXHOCTH TNPABH/BHO yMeHbliaeTcsi co BpemeHeM. Mcxoas w3
STHX MAHHBIX, MOMHO BLIYHCIHTD BDeMS, TIOTPeOHOe Jnsl TOFO, UTOOL!
rpajHeHT JOCTHT cBoell coBpeMenHON BenHYnHBL. Takum 06pazoM GeLTO
HaMAEHO, uTO JVIHTETBHOCTb FEONOTHYECKOH HCTODHH, HIH «BO3pAcT
3eMan», paBHaeTcs npudausutensHo 100 munauonam Jer. Coraacuo
NozAHeHIINM, OCHOBAHHBIM HA TeX JKe MPHHLHMNAX, BEMHCEHHSM BO3-
pacT 3emnu paBeH 22 MHJJNHOHAM Je€T.

3T0T BO3PACT, OAHAKO, HEAOCTATOUEH AAA OOBACHEHHS OCHOBHBIX
MOMEHTOB MCTOPHH 3eMHOrO Wapa. [IPOHCXOAHBUee B TeUeHHE 3TOro
BPEMEHN MOCTeNeHBOe BHYTPEHHee OXJMAMKJCHUe M COMNpPOBOXAAMIIHE
€ro CHKaTHS He AOCTAaTOUHB A OOBACHEHHS GOMBUIHX TEKTOHHUECKHX
noTpsaceHHi. STOT BO3PACT HE AOCTATOUCH TAKKe IS OGBACHERHS OG-
Pa3’0BaHNs OCAZOUHBIX OTJOMEHHH N 3BONIOUKA OPraHHYecKUX (opM.
Ilosfnee namepexne BO3PAcTa pajHOAKTHBHBIX MHHEPaJOB MOATBEP-
[HAI0, YTO 3TH TeOpeTHUECKHE MPEANONIOKEHNSA He COOTBETCTBYOT Aefl-
CTBHTENBHOCTH, U NOKA3aJ10, YTO BO3PACT 3eMAH CaelyeT CUMTATh paB-
HbiM ApuMepHo 1600 Muanonam ner (§ 141). OnuoBpemerHo nevueano
BCSIKOE NPOTHBOPEYHe MEXLY TeopHell H ONMbITOM, TaK KaK COfepia-
ecs B 3emile PaIHOAKTHBHEbIE 3MeMERTs! TIpEACTARAIOT cobofi HCTOY-
HHK 3HEPTHH, 3aM€ﬂJ|ﬂIOL|.lHﬁ OXJaxAeHHe Seman.

PaccMoTpete YHCREHHbIX JAHHBIX MOKA3AJI0, YTO PAAHOAKTHBHOCTD
NOBEPXHOCTHBIX FOPHBIX HOPOJ MONET GbiTh NOCTATOYHON AAf TOTO,
4TO0b BMECTO MPEATIONATABIIErOCH OX/AMKACHHS NPOHCXOJMNO Harpe-
Bauue. JefCTBUTENBHO, KOJHYECTBO Tensia, uenyckaemoro 3emaedi Ha-
pyxy, Q = SKG ncuncnsierca Tak:

K =5-10 3 xaafepad - cn - cec, KG=1,6 - 10~%, karfemieex,
G == 0,00032 epadfcm, Q== SKG = 8,2 . 10 aafcex.
S =51 10 ca?,

TIpHMEM, YTO KONMYECTBO Tennd, BBIAG/SIEMOrO IPAMMOM ypaHa B
PABHOBECHH C er0 NMPOU3BOAHBIMH, ¢ = 2,5-10~8 xasfcex. UTOOkl KOM-

NEHCHPOBATH HOTeplo Temaa Q, HyKHO P:% = 3,3-10® 2 ypana,

Ecau cpegnee collepianne ypaHa B semiie pasHo 61078 2 wa 1 2 ropnoit
TIOPOfibl  (COOTBETCTBEHHO CpeIHEMY COLEPKAHHIO Paius, PaBHOMY
10732 2 Ha | 2 ropHoit nopoawl), To Tpedyloiieecs: A KOMIEHCALHH
noTepH Tela KONHYECTBO YpaHa P COJEPKHUTCS B MOBEPXHOCTHOM COe
TOPHBIX TOPOA TOMWMHON B 37 xM (CUNTasA, YTO CPeAHAS MIOTHOCTH
3THX TIOpoA papHa 3).
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IMprimem, uto cpentee cosepranne Topus pasHo 1,5-107% 2 na rpamMm
TOpOABI, @ KOJMHYeCTBO BbiieasieMoro Tema pasHo 0,7-107% kasjcex
Ha 1 2 Topus. Torfla KOAHYECTBO TeNna, BhAEAEMOro TOpHeM, GyaeT
paBusiThes 0,7 KOMHYECTBA TENAA, BHUIEAAEMOTO YPAHOM, BCIEACTBHE
Hero TOALIHHA C/IOS FOPHBIX TOPOJl, KOMIEHCHPYIOWIEro MO KOJHUeCTBY
PaaBUBAIOIIETOCH B HEM TENNA NOTEPIO TenIa Q, yMEHBINAETCS 10 22 rf.

MOKHO, HaKOHeL, nokasaTb, 4To colepawwiicss B 3emie Kaaui
TaKkKe AaeT 3HAUHTE/bHOE KOJMYeCTBO Tenna. [IpuHHMAas copepikaune
ero pasnbim 0,04, a KOJIHYECTBO BBIENSIEMOro Tenna paBHbIM 4+ 10712 kae
HA TpaMM KaJaWfa, MN0AYYAKT, UTO HA TPaMM NOPOAb OH BbIAENsSeT
16+10~1 kas, T. e. MOYTH CTONBKO e, CKOJABKO U YPaH, KOTOPHIA
naet 15:10% xaa na rpamM nopojbl.

Ecu KOHIEHTpPAUWA PAJHOAKTHBHBLIX 3JEMEHTOB BHYTPH 3eMin Ta-
KOBa e, KaK H Y IOBEPXHOCTH, TO KOMHYECTRO BHIIE/ HEMOTO HMH Tenna
TIpHG/H3HTENbHO B 100 pa3 mpeBhiliaeT NOTEPIO Tenaa B MHPOBOE NPO-
CTPABCTBO U BHYTPeHHAA TeMAepaTypa 3eMIH AOMKHA MENEHHO MOBbI-
wathes NpUGAH3HTENLHO Ha 2+1078 rpagyca B rof.

Ecny cpemusisi KOHUEHTPALMA PAAHOAKTUBHBIX 3/1eMEHTOR C MpH-
GaudieHHEM K LEHTPY 3eM/TH YMeHbLIACTCA, TO MOMKET HMETb MeCTO HIH
DABHOBECHOE COCTOSIHHE WM BHyTpeHHee oxaaxfenue. Bolin mpemto-
HeHbl PA3MHYHbIE TeOPHH, MO-PASHOMY OUEHHBAIOUUE 3HAUERHE PAAHO-
AKTHBHBIX 31€MEHTOB B TenyioBoM pexkume 3emnn'). CoraacHo Teopuy
MArMaTHYeCKHX UHKAOB JIKOMH pajlHOAKTHBHBIE 3JEMEHTH BHIBLIBAIOT
TOBLIIIEHHE TeMNepaTypet, Jexallell Noj NOBePXHOCHBIMH NOPOAAMH
6a3a1bTOBON MarMel. ITO NOBbILEHHE TEMNEPATYPhl NPHBOAHT K NAAB-
JIEHHIO MarMbl H TeM CAMBIM BbI3BIBAET MepeMellleHHe KOHTHHEHTOB.
Korzia H36bITOK Tenia HCue3deT, MarMa CHOBA 3aTBepAeBaeT. JTH reoo-
THYECKHe NePeBOpOTEl HMeIOT MepHOAMYeCKHA XxapakTep?).

B HexoTOpbIX 0cOGEHHO 6OTaThiX pajHOAKTHBHBIMA BeLECTBAMH TOp-
HBIX MaccHBaX (CHMIIOHCKKH TyHHedb) JefCTBRTENbHO OGHApYXeHbl
COOTBETCTBYIONIME AHOMANHH TEMIEPATYPHOTO rpaiHeHta.

1) O1H Teopnu kanomenn B «Geologie und Radioaktivitétr G. Kirsch, 1928,
Yucnennbie annble npusenenst ¥ «Radioaktivitits, S. Meyer u. E. Schweidler. 1927.

%) TeopHs MATMATHYECKHX THKTOB JUKOMI, OCHOBAHHAR HA NeEPHOXHYECKOM
(panﬂ())r‘eHHOM pacnaabienin  6a3sanbIoBOTO C/IOM, NDH3HAHA HECOCTOATENbHOM.
Ped.
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§ 153, CaymGbi W3MepeHHst W KOHTPOAS

Tprmvenenne pAAROAKTABHLIX BEIIECTB B MEAMIHHEE N HEKOTOPHIE HX
[IPOMBIINTEHHEIE NPUJONEHNA BbISBAJIH HAJOOHOCTD B TOUHOM KOHTPO/e
YnoTpedaseMEIX KOMHYECTB 9THX BEIIECTB. 3TOT KOHTPOMb HOUTH BCeTJa
NPOH3BOAUTCS METOLAMH, OCHOBAHHBIMH Ha PaJHOAKTHBHOCTH. B pas-
JIMYHBIX CTPAHaX HTO JIOBEPEHO CRENHAIbHbIM H3MEPRTENbHBIM Nabopa-
topusam'). IlepBas Takasi maGopaTopns Gbiia OTKpeiTa B [lapmike c
LENBbIO YCTPaHeHHs OUIMGOK MPH JO3HPOBKE PAJNOAKTHBHHIX BEIIECTB
B KIOpH-TepanuH.

CnyxObl KOHTPONSL BBIAAIOT CBHAETENLCTBA, TEKCTH  KOTOPBIX
3aBHCAT OT poja onpefenerns. IlpuBogmM Kpatkuii o6sop Tex
3afiay, KOTOPBIM JO/KHBI OTBEYATH CJAYMHOl paZHOAKTHBHBIX H3Me-
peunit:

1) HsMEPEHME no y-usayuenuwo. B ary xareropnio
BXORMT OOJBIIAS YACTh TOUHBIX H3MEDeHHSl, NPOH3BOAUMBIX Hall Be-
ECTBAMH, COAEPMALWIMUCS B 3aNASHHBIX CTEKJISHABIX HAW TUIATHHO-
BBIX TPyOKax OGLIYHEIX pasMepoB. y-H3JjyUYeHHe TaKMX TPYGOK CPaBHH-
BaeTCd C y-H3NYUEHHeM 3TAlOHA € H3BECTHbLIM COREpXKaHHEM Pajus.
TaK ONpefefisioTCs KOMHYECTBA pajiif, Me3OTODHS, |pPaiHOTOPHS
H B HEKOTOPHIX ciyuanx pafioHa. (OCOCEHHO TIIATENBHO KOHTPO-
JIMPYIOTCS STAMORB NyTeM CPABHEHHS HX C MEXAYHAPOAHBIM 3Ta-
qiorom (§ 97).

2)I3MEPERHE COREPKAHMS PAJLHS B OBPA3BUAX
PYA uAW B PACTBOPAX. Pamil, copepxaumiica B
ofpasuax pyA, TepeBONMTCS B DACTBOP H 3aTeM KOJHYecT-
BEHHO oNpefensieTcss 1o pafoHy (§49). MoXHO TakKe KOJHMYECTBEHHO

1) Caiy6a namepennil na6opatopnn Kiopn B TIapH#CKOM PALHeBOM HHCTHTYTE
(@panuun), Haunonasbnas duamueckas nabopatophs (Amrans), Jlabopatopus
cBoGORHOrO yHHBepcHTeTa B Bproccene (Benbriin), ®HsHKoTeXHHUecKuft rocyap-
crmenEilt uHCTATYT (Tepmanns), Pagueswfi wucTHTyT (Asctphs), BOpo CTaHAap-
ToB (Coennnennne Wrath).
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ONpefeNNTh YPaH XMMHYECKHMH MeTOLaMH W BBIYHCAHTL CONCpIKaHHe
pajdsi u3 oTeolienna Ra/U, npeanonaraotnerocsi uspectHbiM. s
onpeieeHus Paus MO Pajony Gepercss WM BeCh PACTBOD HJH YacTb
€ro. B BEKOTODBIX CNYUasix GbIBACT HYKHO ONPEAENUTh TaKiKe TOPHH.
Ecan cofepalie nocqefiHero He CAMUIKOM MAJo, TO 3TO ONpeleNeHie
(POH3BOANTCA XHMHUECKHMU METOJAMH.

3) COREPXAHHE PAAMS MU PAJNOHA B MUHEPAJb
HB X BOJAX. 370  Onpefie/ieHHe TNPOHSBOAHTCA  METONOM
BLeAEHHS] pPajoRa M3 DACTBOpa, NpHUEM, €CJH PafoH HaXo-
JITCS B H3OHITKE N0 CPABHEHHIO C PABHOBECHLIM KOJHUECTBOM, TO H3Me-
PeHHe HYJKHO OTHOCHTb K MOMEHTY B3sITHS BOLBI H3 HCTOuHHKa (§ 148).
Paguit MOXHO ONpesieAATh B OCTATKE OT BHIIAPUBAHHA GOMBIIHX KOIH-
uecTs BOAbl. OTHOKEHHS MHHEDAJbHBIX MCTOYHHKOB TaiiKe MOTyT
OLITh H3MEDEHB Ha COACPIKAHHEe B HHX Paius H APYTHX PAAHOaKTHBHBIX
BelecTB. “ITOChI NPOU3BOAMTL H3MEDEHHS BBIIENAIOWEToCs DPajoHa,
HYXHO PacnofaraTh 3TANTOEHBIMH PACTBOPAMH ¢ H3BECTHBIM COAEpIKa-
HHEM PajHsi, KaK UBIOKERO B § 49. DTH 3TajOHRbIE PACTBOPH WK 3Ta-
JIOHHBIE DACTBOPHMble COMH CO BCefl HEOGXOAHMON THATENBHOCTBIO H3«
TOTOBASAIOTCA CyxGaMu H3IMEPERHUIT.

4y AKTuBHOCTbL OBPA3LOB TBEPABX TENA I
OnpefieieHHsT NPOH3BOAATCS CPABHEHHEM C 3TAJOHOM OKHCH YpaHa
yTeM H3MEPEHHA a-U3/YyYerHs OAHHAKOBBIX KOJHYECTB CPABRHBAEMBIX
BELIECTB B OAHHX H TeX e YCAOBHUAX. TouHOCTb HSMEPEHHﬁ HeBeJIHKa,
H OHM JIHIUb NPHOMHIKEHHO YKa3biBalOT COAEPKARHE DAAHOAKTHBHBIX
Bemiects (§ 74). Takim e METOloM CpaBHHBAIOTCS MexAy coBoll ypa-
HOBLIE 3TaJIOHBI,

5) TPAnvHPOBKA MSMEPHTENbHB X TNPHBEOPOB
@NEKTPOCKONOB, NbE3OSAEKTPUUECKHX KBAPUEB).
IMomnmo  sToro,  caymGLl  W3MeDEHHH  ROMMHBL  JaBaTh  CBe-
JieHHS O DaJHOAKTHBHOCTH DA3NHUHBIX APYTHX BeILECTB Kak IMpu-
POAHBIX (MMHEpAJNBHBIE TPH3H, OTJIOKEHMS MCTOYHHKOB . T. 1.),
TAaK H HCKYCCTBRHHO NPHTOTOBJNEHHLIX AJS MEAHUHHCKHX NPHJIOKEHHI.
Hccneaoakue 9THX NPOAYKTOB TPOM3BOAMTCH PAa3THYHBLIMH CIIOCO-
GaMM B 3aBHCHMOCTH OT WX CBONCTB.

Tlpy moGHX BHAAX H3MEPEHHI HHOTAZ, YTOOH yYecTb KaKue-InGo
ocofbie 0BCTOITENbCTBA, APHXOAMTCS BBOZUTb MONPABKH HAH NPOH3-
BOZUTL KOHTPO/IbHbIE ONEPALAH, KOTOPbe HEeNb3fl 3apaHee MpeiBH-
neth,

Y7066 MPOH3BOLUTE H3MEPEHHS ¢ HEOBXOAMMOM TOUHOCTBIO, H3-
GeraTh OWHGOK M YMETb U3MEHATb, CMOTPS NO HAAOGHOCTH, METORE!
KOHTPOJI, HYXKHO 0G1ajath XOPOWHM TEOPETHYECKHM 3HAHHEM sBJe-
HHfl PaJHOAKTHBHOCTH H GOMBUIMM TPAKTHUECKHM OMBITOM B OGJacTH
M3MEPHTE/bHON TeXHHKH. DTHMH KAuecTBaMH MOTYT 00AafaTh TONBKO
paGOTHHKH CNEUHANBRBIX J1AGOPATOPHI,

Yxamem Takmke, yTo CYMECTBYIOT TeXHHUeCKHe JabopaTopuu AIs
MSTOTOBJIEHHS OGBIYHO YNOTpeSAseMbIX PAIHOAKTHBHEIX Npenaparos.
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Taxue na6OPaTOpHH CYLWECTBYIOT NPH JNEYeOHBIX YYPEKASHHAKX NS
HPUIOTOBJIEHHS NpenapatoB panona. Mmeiorea Takxe maGopaTopu,
H3rOTOBARIOUIHE NpenapaThl TOpHA X AN MeAHUHHCKHX HaZoGHOCTel.
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3 1,8697116 0,74082 31 1,9986971 0,99700
4 1,8262822 0,67032 4| T,0082628 0,99601

0,5 T,7828527 0,60653 5| T,9978285 0,99501

0,6 1,7394233 0,54881 6| T,9973942 0,99402
7 1,6959938 0,49658 7| T,9969599 0,99302
8 T,6525644 0,44933 8| T,9965256 0,90203
9 T,6091349 0,40657 ﬂ 9| T,9960014 0,99104

Cokpatienran Tabauua ana
BHUHCTEHHA €7 %,

lg e
lg emos

—lgy

~ lge

lgy

Mpitmep Bhancaerna: y — ¢~ 472

= 1,5657055

§ = 0,22047,

NHwyT

= T,8262822
tg o007 = T,9695994
lg e o0 = T,9991314
7,3607185

Ta6auua norapadmos jaer

TIpn 06paTHOM BHUHCACHUH

= — 2,302585 ig 4.

IpuBoauMas uuxe Tabayua Kaer
BEMHUHHB X IVISL HECKOMBKAX MACTHbIX

anavernil
1 0
oL 0,1053605
o 0,2231435
T 0,3566750
“lie 05108255
5o 06031472
the 0,9162907
i 1,2039728
o 16094379
e 23025851
0o 16051702
[ 6,0078553
50, | /931472
17 | 1,3862944
i, L 20794415
i 27795887
o 3,4657350
et 471588830
Y | 4,8520802
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2. TABJIMLIA OCHOBHbBIX KOHCTAHT

Haubosee ynompebumensrsie eeausiurot u edunugoc:

= 3,1416 1 X-eguwuua = 107" e
e= 27183 14 = 107*% cx
le = 0,36788 L
Ige = 0,4343 1g = 3998 30.-CTaT. €.
1n2 = 0,69315 .
Ocosnvie geaustunsl
Cropoctb caeTa: £ = 2,9980- 10 curjcer

ATOMHbIe MacCE:

o = 16,000 abconioThan BeanyMua 26,381 <107 ¢
H = 1,00778 » » 1,662 10 ¢
Het = 4,00216 » » 6,5904-10- 25
mq npoTowa 1,0072 » » 1,661 107>
o vacTaU @ 4,00106 » » 6,508 -10- %
mo anekTpoRa  0,0005479 » » 9,040 -10720 5

OrHowenne MacCHl NOKOSIWEToCcs SMEKTPOHA X Macce aToma Bojopofa 1 : 1825,

Yuicao dapasen: F = 96 490 a6e. ky.oHoB
96 495 MeNAYHAPORHBIX KYAOHOB
Daementapubtit 3apan: e = 4,770-1071° abc. sn.-cTat.en.
Vaeabhuit 3apas: £ = 1,761-107 aGe. sa.-marn.ea.
e

= 5,2765-10% aGc. i.-cTat. ea.

MaTHHTHGI MOMEHT SACKTPOHa: 0,9175+ 10~ spefec.
MarkTHEIR MOMEHT TpOTOHa: 04967107 % spefac
Kpant aciicrems Tlaanka: B = 6,547 107 spe-cer.

Uneno Asoraspo: N=

Fe _ 6,064-10% ma rpamm-monexyny
¢
2,702 10 wa cw® (15°, 760 aa).

1 ron = 365,24223 aus = 3,155693- 107 cex.
I cex. = 3,168876-10~¢ rona.

O6paTHan MOCTORHHOR TOKKOR CTPYKTypH:: fa = 137,29;

h

PR
Trpoce

Tasosast noctoshsan ans | rpam-wonexyat R = 8,314-107 CGS.
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TTpoussodnsie seruaunni

o
8= g ) m = mey
Credyen

Ymobor npespamuns YMROKUMG RO

| szesmpon-somsru » sprn 1,5911-10-1¢
9pFH B SACKTPOR-BOTEL 0,6285. 104
eAMBHLEL MacCH (%) B spra 1,482-10-
pTh B eannmIH Macm[%) 0,6746- 108
equRHLE MaACCH (%‘] § 1€KTPOH-BOABTHI 0,9316-10°
3NEKTPOH-BONBTH B EAHHHIB MAcCh (%‘)ﬁ] 1,0734-10°

1 rpamm cootsercTeyer 9-10% 3prop, wan 5,656-10% amekTpon-BOABT.

1 3neKTPOH-BOMBT cooTseTcTBYeT 1,77-107% 2,

mee? = 5,9303-1072 opz = 3,7272:10° s¢ Ana a-ayueh
moct = 8,1252-10=7 9pz = 5,1067 108 3 gna B-nyveit.
mec? = 1,4938-1072 5pz = 9,3885-10° 58 Ans npoyoHOR.

moct

% = 6,2162- 10 sa.-cTat. en. = 3,7272-10°8 ans a-nygeii.
et
= 1,7034-10° an.-ctat. en. = 5,1067-10° ¢ ans p-ayuedr,
m

.
+‘: 3,129-10° an.-crar. e = 9,3885-108¢ ana npotohos.
Kaneruueckasn aueprus E = moe? (0 — 1).

E = 5,9808-107% (1 — 1) opz fina ceayuefi,
E = 8,1252:107 (s — 1} spz jns B-nyueh.
E = 1,4938-107% (7 — 1) spz Ans NPOTOROB.
E = 3,7272:10° (y — 1) 58 ana a-ayueil.

£ = 5,1067-10° (s — 1) 56 zan eayued.

E = 9,3885-10° 1 — 1) 56 Ann nporowos.
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TlpousBesenHe MardATHOrC noast H Ha Pajuyc KpPHBMSHEL R TPaeKTOPHH, BH-
padeHHOE B rayccax X i,

HR = 7 10— 6,2162:10% 1p aan a.ayel.

HR = "% 0 1,7034-10% o ann fonyich.

:
HR = %% 35— 3,120-10% 48 aan wporonos.
Nansa BOAHH B ca
1,9628-10-% _ 1,2336-10~4
" '3HeprHf KEaHTAa B SPTax  5HEPTHX KBAHTA B SJEKTPOH-BOABTAX

THoNHOe UHCAO (-UACTHI, HCMYCKAGMEIX TPAMMOM DAZHA B COKYMAY:
= 3,68-10%,
Kospduunent A0 BoMHCHEHHS YHCAA NAD HOHOB £, IPOH3IBONHMEIX @-YacTHUER

H ero CKOpOCTH ¥ MO npofery R B Bo3pyxe (BHIYHCACHHOMY B ¢4 ansi 6 == 0° u
H = 760 nx)

£l
k= koR® .
¥® = aoR,.
o = 6,3-108 (npnGanKenHo).
ap = 1,08-1077.
an% = 1,026-10°,

3. EAHHHIB PAAHOAKTHBHOCTH

Padui. Copepxanue Pagusi BHPAKACTCA B BECOBHIX eAMHHUAX (PPaMMAX WIH
MHAZHTDAMMAX) STEMERTA paiHa.

Koanuectpo M060r0 pafKOAKTHBHOTO SJEMeHTA CeMeficTBA PAAHs, HAXOARIe-
Tocs B paBHOBECHH C | 2 Ra, Ha3wBaeTca «KiopH» (0G03HAUEHHE KIODL).

Pagon. O6sem | xiopi panona pasen 0,66 wu® npu 0° u 760 s

1 mMaaauMakporiopn = 107° kiopu.

t swan (E) = 103 xopujz (1071 opujen?).

1 ennnuma Maxe (I ME) paBHa KONHYECTBY SMaHalHy, KOTOPOS 6e3 NPOAYKTOB
CBOETO pacnajia pH NOJNKOM HCROMB3OBAHHH €T0 HSAYUCHHA B BOBAYXE MOXET AaTh
TOK Hacwumenns cuioft 10~® sn.-ctar. ex. 1 ME = 3,64 E.

Hosonut, | wiopn Po mcnyckaer 3,7-10% a-yactan s cekysay. Ero pec pasen
2,24-1074 2 Po.

KonnuecTs0 MOROHAA, RANOWEE B BOAYXE TOK Hacwmenns 1 9x.-c1at. ed. (aph
TIOKHOM HMCAONB30BAHHH g-yueil, HCNYCKAeMBIX B TeJeCHOM YIfe 2 x), paBHO
1,68-107 2 Po, nnm 0,75-10~* xwopu Po.

1 MHKDOKIODH NOJIOHHA (MPH HCNOABL3OBAHHH B BO3AYXe a-Aydell, HCMyCKaeMBIX
B TeJecHOM yriie 2 #) DPOM3BONAT TOK Hachluewus cumolr 1,34 an.-crar. ea.

Meaomopusl. Uepes «1 sz Me3oTopha» B RacTosllee BpeMs OSHYHO 0GO3Ha-
KT TO KONHWECTBO €10, KOTOPOS O CBOMY J-USAYWSHNIO SKBHBAJICHTHO 1 e
PaNHs (cpaBHERHE WSTYUeHHt NPOHSBONMICE NOCKE MPOXOXKACHHS Mepes CRHALO-
Bl SKpaH TOMUHKON B § mM4). DTO OfpefeNieHHe b CUIY MHOTMX OPHYHH (3aBH-
CHMOCTb OT BO3pACTA NpenapaTa W MPHGOPa) HENOCTATOUHO H HETOWHO.
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<) Tabauia panoakTHBHLX cevellcTs
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¢’} Tabanua PazHOAKTHBHHIX CeMEHCTB MO COBPEMEHMBIM AaHHbBIM
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MPUAOKEHUST

TPHAOKEHHUE 6

a) meprun K-yporBedi 31eMENTOR ¢ MOPAIKOBHM HucaoM N
(B 3MEKTPOH-BOABTAX)

1 13,5 24
2 25,0 25
3 42,4 26
4 115,4 27
5 190,2 28
6 287,3 29
7 402,8 30
8 532,7 31
9 692,0 32
10 875* 33
n 1067 34
} 12 i 209 35
e} 1 560 36
14 1838 37
15 2 142 38
i6 2 468 39
17 2820 40
18 3192 4]
i9 3 596 42
20 4026 43
21 4 479 H“
22 4 953 45
23 5453 46

v w N w
5974 47 25 450 70 61 230
6522 48 26 640 71 63 280
7094 49 27 850 72 64 920
7690 50 29 080 73 67 240
8310 51 30 350 74 69 230
8 960 52 3820 75 71150
9 640 53 33 150 7% 73 640

10 370 54 34 500*% ke 76 120
11080 55 35 820 78 78 230
11 840 56 37 240 79 80 540
12 630 57 38 750 80 82 850
13 450 i 58 40 280 81 85 150
14 300* 59 41 830 82 87 820
15 160 60 43 380 83 90 420
16 060 61 45 050* 84 93 000
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18 940 64 50 140 87 101 100*
19 950 65 51 960 88 103 800"
20 940* 66 53 650 89 106 700
22 110 67 55 660 90 109 470
23 150 68 57 190 91 112 200*
24 290 69 59210 92 115 770

Yncsia, OTMEYERHLIE 3BE3NOMKOM, NMOAYUSRH TYTEM WHTEPIOJANHH.
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7. TABJIHUbI BEAHYHUH, OTHOCSILHUXCA K «-JIYHAM
a) Obmue crenenus
Ocriosible seausurol

= 6,508: 10— o,

9,540-107 % 3p..cTar. en.
= 3,182-107 % 5;1.-marH, ef.

Roxosmasca macca
DnexTpHueCKUil sapan

Orhowenne sapsma K Macce . —o- == 4823 a1, -MarH, <&,

o
2
2
M,
Oosnatenun 1 gopmyas:
v — nauanenas ckopocms.
v
B — omuowenue ckopocmu v K ckopocmu ceema: § — re

IMpu THx pacuerax ¢ NpHHHMAeTCA paBHemM 2,9980-10% cujces. B Tabnunax
RaHb! BEHYHHN A%, BXOAANIHE BO BCE PeaATHBACTCKHE NONPABKH.

E — HOHQABHAA KUNEMUNECKAR SHEPRUR, SUPANCENHAA 8 Spaax:

EzM"c'(VILﬂ* *lJ'

V — NauaavHas KUREMUAECKAR SHEPEUR, GUIPANEHNAT 8 SACKIMPOH-KUAOBONLMAX:

V= % 3.107% (E——b sprax, e — 5 sa.-cr1. ex).

V' — HG4QA6HAR KUNEMUYECKAR INEPEUR Ayua omOauu (8 BACKMPOR-KHA0S0ABIMAX):

vie My,

TEe M’ — Macca atoMa OTHauH.

v — nom)u SHepaus, 006000HAaAOUWAACT nPu pacnade (8 IMEKMPOR-KUAOBOAL-
max):

wW=V+V.

HR ~ npouseedentie MazHumuo20 noAR KA paduyc KPpususuel mpaexmopud,
onucetsaemolr a-uacmue:

n — cpednuil npobez & sosdyxe npu Oasenuu TB0 mm  pmymwuozo
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cmoaba u 15° C. BHYKCNER W3 COOTHOWEHHUS

BT ame E

_AFL (4”.:0:) 34E Li(&m‘zﬂ)_*_q)(v)v W

NOAYYEHHOFO B Pe3YNLTATe HHTETPHPOBAHWA _TEODETHYECKOTO YPABHENHS
Bere—bBaoxa. 3uech m — Macca 1extpona, a Lt — cumpan wnrerpadeioro
aorapHpMa

de 1 (gon
Li(x) = ? = 05772 + lg (g + 2. Rt

®(0) NP GonuinX CKOPOCTAX TPAKTHMECKH NOCTOHHO W NPRACTABASET B 3T0M
‘Ciyuae TIOCTORHHYIO FHTETPHPOBAHIS, GHCASKHOS 2HAUGHHC KOTOPOH Ompene-
ARCTCA MOACTAKOBKOR B (1) BeAIUMA, OTHOCAIMXCA K OCHOBHOR TpyRNe ThC’:

054, + 10° carfee, = = 8,533 eat.

#(c)_ YNEHLIIZETCH UPK MAAWX CKOPOCTAX NO MHTEFPAJy NONPABOUHBIX GNEHOB
Baoxa. _
nenenro noctonnnsie A u E pashsr:

M
128 AmNZ

— 9,44, - 107,

1,38-10~2 ap2 = 87 sa.

Benuunna E, MI0Xo M3BECTHAn TOPETHUECKH, OTIPEACIISETCs SMITHPHUECKH, U3
SKCMEPIMEHTANLHO MONYUEHHBIX Pe3YILTATOB.
P — swempanoauposarseid npofez ¢ 80sdyxe npu 760 sm pmymrozo cmorba u 15° C,
Pasnocts P —— 7 3aBHCHT OT Konebaunii npoGera. B obnacth eCTeCTBEHHBIX
FPYRN G-nyuell MOKHO NOJB30BATLCR SMINDHYECKHM yDaBHEHHEM

P =10z

k — uucao nap wonce, cOpasyemsix 83osb noAnozo nymu npobeza ¢ 603dyxe. Moxuo
CUNTATh, YTO STO YHC/IO NPONIOPUHONATBEO HAYASbHON KHHETHUECKON 3HeprAu:

ko= 1,80-10% E.

DarTop nponopuuonznbnccm NAeTCs SKCTEPHMEKTANbHON BeNHUWHOH & Aas

rpynmu RaC% & = 2,20+ 105,

I — unmencugrocmo cocmaewou(ux MOHKOU CHPYKMYPsL 1 QAURHORPODEHHOLX ua-
£muy, OTHOCHMAs OGBIYHO K HHTEHCHBHOCTH HaWGoJlee CHABHOH TPYTNH.
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b) TaGaunm Bospactaommx ckopoctedi a-ayyeit

o E v HR =
g &
cnfeerc opz K8 2 -ch ox

x| 107 | 107k 108 108
0,75 0,626 0,1857 1167 1,565, 0,55 0,33
0,80 0,712 0,2113 1328 1,659 0,62 0,38
0,85 0,804 0,2385 1499 1,763, 0,70 0,43
0,90 0,901 0,2674 1681 1,866, 0,80 0,48
0,95 1,004 0,2980 1873 1,970, 0,91 0,535
1,00 1,113 0,3302 2075 2,0745 1,04 0,59
1,05 1,227 10,3641 2288 2,178s 1,18 0,655
1,10 1,346 0,3996 2511 2,282, 1,32 ,72
1,15 1,471 0,4368 2745 2,386 1,48 0,79
1,20 1,602 0,4756 2989 2,490, 1,67 0,86
1,25 1,739 0,5161 3244 2,594, 1,87 0,93
1,30 1,881 0,5583 3509 2,698, 2,09 1,00
1,35 2,028 0,6022 3785 2,801, 2,33 1,08
1,40 2,181 0,6477 4071 2,906, 2,68, 1,17

| 1,41 2,212 0,6570 4130 | 2,926, 2,634 1,18
1,42 2,244 0,6664 4189 2,947, 2,69 1,20
1,43 2,275 0,6758 4248 2,968, 2,74, 1,22
1,44 2,307 0,6853 4308 2,989, 2,804 1,23
1,45 2,340 0,6948 4368 3,010, 2,86, 1,26
1,46 2,372 0,7044 4428 3,0304 2,92, 1,27
1,47 2,405 0,7141 4489 3,051, 2,98, 1,29
1,48 2,438 0,7239 4550 3,072, 3,04, 1,30
1,49 2,471 0,7338 4612 3,093, 3,104 1,32
1,50 2,504 0,7437 4674 3,114, 3,164 1,34
1,51 2,537 0,7537 4737 3,134, 3,235 1,36
1,52 2,571 0,7637 4800 3,155, 3,29, 1,37
1,53 2,605 0,7738 4863 3,176, 3,36, 1,39
1,54 2,639 0,7839 4927 3,197, 3,43, 1,41
1,55 2,673 0,7941 4991 3,218, 3,49 1,43
1,56 2,708 0,8044 5056 3,238, 3,56, 1,45
1,57 2,743 0,8148 512t 3,259, 3,63, 1,47
1,58 2,778 0,8252 5187 3,280 3,704 1,49
1,59 2,813 0,8357 5253 3,300 3,78, 1,50
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[Tpodosscenue
v E v HR =
o i 13
emfcex spe H Ke ecem oM
i
i
10°x 1072x 1078 108 10 x
1,60 2,849 0,8463 5319 3,322, 3,854 1,52
1,61 2885 | 0,8570 5386 3,343, | 3,92, 1,54
1,62 2,991 0,8677 5454 3,363, | 4,00, 1,56
1,63 2,957 | 0,8784 5522 3,384, | 408, 1,58
1,64 2,993 0,8893 5590 3,405, 4,164 1,60
1,65 3,029 0,9002 5658 3,426, 4,24, 1,62
1,66 3,066 0,9112 5727 3,447, 4,32, 1,64
1,67 2103 | 09222 5796 3468, | 4,40, 1,66
1,68 3,140 | 09333 5866 3,488, | 4.48, 168
1,69 3,178 0,9445 5937 3,509 4,56, 1,70
1,70 3,216 0,9558 6008 3,530, 4,654 1,72
171 3,954 0,9671 6078 3,551, | 4.73, 1,74
172 3,292 | 0,9785 6149 3579, | 4.82, 1,76
1,73 3,330 04,9899 6221 3,593, 4,915 1,78
1,74 3,369 1,0014 6294 3,613, 5,004 1,80
L75 3,408 1,0129 6367 3,634, 5,09, 1,82
1,76 3,447 1,0245 6440 3,6555 5,18¢ 1,84
1,77 3,486 1,0362 6513 3,6765 5,284 1,87
oL 3,52 1,0280 6587 3,697, | 5.37, 1,89
579 3,565 1,0599 6662 3,718, 5,47, 1,91
1,80 3,605 1,0718 6737 3,738, 5,56, 1,93
1,81 3,646 1,0837 6812 3,759, 5,664 1,95
1,82 3,686 1,0058 6887 3,7805 5,76, 1,97
1,83 3,726 1,1079 6963 3,801, 5,87, 1,99
1.8¢ 3,767 1,1200 7040 3,822, | 5.7, 2,01
1,85 3,808 1,1322 17 3,843, 6,07, 2,03
1,86 3,849 1,1446 7194 3,863, 6,184 2,05
1,87 3,891 1,157¢ 7272 3,884, 6,29, 2,08
1,88 3,983 1,1695 7350 3,905, 6,40, 2,10
1,89 3.975 1,1820 7429 3,996, | 651, 2,12
1,90 4,017 1,1945 7508 3,497, 6,62, 2,15
1,91 4,059 1,2071 7587 3,968, 6,73 2,17
1,92 4,102 1,2199 7667 3,989, 6,85, 2,19
198 4,145 1,2827 7748 4000, | 6966 2,21
1,94 4,188 1,2455 7829 4,030, 7,084 2,24
1,95 4,231 1,2584 7910 4,051, 7,20, 2,26
1,96 4,274 1,2714 7991 4,072 7,32 2,28
1,97 4,318 1,2845 8073 4,003, | 7.44 2,31
1,98 4,362 1,2976 8156 4114, | 7,56, 2133
1,99 4,406 1,3108 8239 4,135, | 7,69, 2,36





[image: image489.png]NPHACKEHUS

=ty

ool toto oot hoh

B BRNRRRLERY

wee

R e POPNOOPIPIENR NN N

=
&5

©

g

M podoaxcenu®
E v HR n
B 3
ape x8 ec-cn o
1
. T
i
10=2x 10X 108 10°x
4,451 1,3240 8322 4,156, 7,82, 2,38
4,496 1,3373 8406 | 4,176, ] 7,95, 2,40
4,54) 1,3507 8490 | 4,197, 8,08, 2,43
4,586 1,3642 8575 | 4,218, 821, 2,45
4,631 1.3777 8660 | 4,239, 8,34, 2.48
4,677 1,3913 8745 | 4260, } 147, 2,50
4,723 1,4050 8831 4,2815 8,615 2,53
4,769 1,4187 8917 | 4,302, 8,754 2.55
4815 1,4324 9003 | 4,323, 8,89, 2,57
4,861 1,4463 9090 | 4,343, 9,03, 2,60
4,907 1,4602 9178 | 4,364, 9,17, 2,62
4,954 1,4742 9266 | 4,385, 9,32, 2,65
5,001 1,4883 9354 | 4,406, 9,45, 268 |
5,048 1,5024 9443 | 4,427, 9,61, 270 |
5,096 1,5166 9532 4,448, 9,76, 2,73
5,144 1,6309 9622 4,469, 9,91, 2,76
5,192 1,6452 9712 4,490, 10,07, 2,78
5,240 1,5596 9803 | 4,511, 10,22, 2.8
5,288 1,5741 9894 4,532, 10,38, 2,83
5,337 1,6886 9985 4,552, 10,545 2,86
5,386 1,6082 | 10077 | 4,573, 10,70, | 2,88
5,435 16179 10169 4,594, 10,86, 2,91
5,484 1,6326 10262 | 4,615, 11,035 2,94
5,533 [,6474 10355 4,636¢ 11,19, 2,96
5,583 [,6623 10449 4,657 11,36, 2,99
5,633 1,6772 10543 4,678, 11,53, 3,02
5,683 1,6922 10637 | 4,699, 11,704 3,05
5,734 1,7073 10731 4,720, 11,885 3,07
5,785 1,7224 10826 4,741, 12,05, 3,10
5,836 1,7376 10922 4,762, 12,23, 3,13
5,887 1,7529 11018 | 4,783, 12,414 3,16
6,145 1,8308 11504 | 4,887, 13,43, 3,29
6,410 1,9093 1200t 4,992, 14,324 3,44
6,680 ‘ 1,9901 12508 | 5,136, 15,35, 3,58
6,055 2,072 13027 | 5,201, 16,44, 3,73
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c) EcrecTeNHMe rpynne a-ayued

OcHOBaHHEM ANS BbIYHCHEHHA CIYRHT SKCNEPHMEHTANpHO ONpeleseHHas Bbe-
NHUMHA CKOPOCTH @-nyuell, a TaM, TAE CKOPOCTb He GRUIA HENOCPEACTBEHHO H3Me-
pera (UI, UL, Yo, AcU, Pa, Th), — Beawuilna 3kcTpanoAipoRAHHOro npoera.

A Ochosnme rpynnu

v E
vivi] | »| &
Pagnoaktisute | 100 | 50
B/IEMEHTH
cujces | ope | %8 | ww | ew | oox |s10°)

ypau 1 . 1,420 | 0,666 | 4190 | 71 | 269 | 2,72 | 1,20
Ypau 11 | 1511 | 0,755 | 4740 | 81 |324,| 328 | 1,36
o . 1498 | 0742 |4660 | 82 |15 | 39 | 1034
Panu) 1519 | 0763 |4795 | 86 |29 | 333 | 1)37
Paon 1625 | 0,873 | 5488 | 100 | 404 | 4108, | 157
| Pamun A 1699, | 0,954, (6001 | 112 | 4,64, | 4,69 | 1,72
Paguii CY . 15627, | 0,876, | 5508 | 105 | 4.06; | 411 | 1)58
Pl €/ 1922, | 1222, | 7683 | 146 | 6,87 | 6,944 | 2,20
Hoaounit 1597, | 0,843, | 5300 | 103 | 3,83 | 3187 | 1'52
Agtusoypan L5 {0755 | 4740 | 82 | 324 | 328 | 136
Tporaxtusiic (| Tses | osisslis| b |63 | 357 | L7
5| 1701 | 0,957 | 60L5 | 108 | 4186 | 478 | 1)
Paguoaxmuund .. {.) 10663 | 0,914 | 5748 | 103 | 4,345 | 4,39 | 165
Arrunup XY 1650 | 0,910 |5720 | 104 | 431" | 4,36 | 164
Axcrmnont) U811, | 1,086, | 6826 | 127 | 5,68 | 574 | 195
Axtvnni A 1 1174, | 7382 | 140 | 6,44, | 6,505 | 211
At C 1784, | 10053; | 6621 | 128 |5.42° | 5148 | 1,90
Axrannd ¢ 1802" | 1,184" | 7445 | 14 | 653 | 6160 | 2013
Topuit .. ass | 0691 | 4345 | 77 | 284 | 287 | Ii2a
Paguoropiitt) Ui5, | 0,862, |5420 | 97 | 3,96, | 401 | 155
Topuft 1653 | 0,904, | 5681 | 108 | 4,26, | 4,31 | 1163
Topon ... 1738, | 1,000, | 6284 | 116 | 499" | 5,045 | 1,80
Topuii 4 805, | 1078, | 6775 | 128 | 562 | 566 | 1,94
Topnii C¥ 1,707, | 0.963, | 6057 | 117 | 471 | 476 | 178
Topwit €7 .. 054, | 1,396, {8779 | 169 | 853 | 8,62 | 251

1) MphBefenne uicna OTHOCATCA K HaHGOnee GRCTPOA M ONHOBPEMEHHO Hak-
6onee HUTEHCHRHOK cocTaBiaiomed A TOHKOH CTPYKTYpHI.

2) IIpHBeACHHHE YiCaa RBAAIOTCA CPEHHMH BIBCLIEHHBMI AN COCTABAAIOWKX
A, B 1 C TONKOH CTPYKTYDH, 06pasyioIIux HauboJiee GHCTPYIO TPyINy.

%) TipuBeleHBHe YHCIA SBJARIOTCA CPEHHMH BIBEWIEHHBIME AN COCTABAAIHHX
A u B Tonkolt CTPYKTYpH.

*) IIpuBesicHHbE YHCAA ABASIOTCA CPEJHHMI BSBEIICHHNMN A COCRABAAIOWNX
H, I, J Tonkolt CTpYKTYpH, 06pasyiomux HauGosee MeANentylo rpynny.
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1T podosncernue
B. Fpynuu Tonkoh cTpykrypH
v 14 W= "
PapuoaxTHBHEE ViV 1
saewent g 100 cufeex| ke | roy cu |
I
Panui Al 150 4795 | 4881 | 3,29 | Cunvman
{31 5% 4612 | 4697 | 310 Chatan
A 1,627, 5508 | 5613 | 4,06
paniC { G| (Rl | Suo | s | o
A 1706 | 6050 | 6159 | 4,70 0.8
B 70l | 6019 | 6127 | 466 015
c | leors | soss | eoa7 | 463 10
b | 16w 5967 | 6075 | 460 015
Pamnoaxma- | E | 1688 5923 | 6030 | 4,54 0,08
s F | Leso, | ser0 | 5975 | 449 0,1
G| 1613 ssie | Ho21 | 443 005
H | rees, | 57es | seee | 43 0.8
7 1662, | 5744 | 8847 | 434 015
i 1,659 5710 | 5822 | 432 06
kK | Ues2, | Sov4 | 5776 | 426 o
ja | onees | osnT | osem | a3 1,0
Acmwnk X 1B | 1642 5605 | 5709 | 418 06
tc | ese | 8532 | sear | 4o 0,15
Al e, | oesw | ews | 568 1,0
Axwanon B | U778 6561 | 6683 | 535 0,0
¢ | 1759 | 6437 | 6556 | 5.8 o)l
Akt G jA | VLT84 | 6621 | 6749 | 542 10
18| 17an | S | dies | 4o 02
Pagworopnd | A | 1,615, | 5420 | 5517 | 3,98 1,0
(8] & 8335 | 5431 | 387 02
Al L7, | 6089 | 6207 | 474 0.3
B | L7os | oo | ciee | 470 | 10
Topuil C ci o 1665 5762 | 5873 | 4.36 0,03
b | Lo 5617 | 5728 | 419 10-2
E| el 5507 | 5708 | 417 0,02
Pl te2 5474 | 5578 | 408 10
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I podoaxcerue
C. Laww pobexkme rpymnn
PaguoaxTHRABE v
Severts B 10° cafeen ‘J V kos |‘ W xas
[ 1,922, 7683 | 7829
| 1,995, 8280 | 8437
21 2079, 8941 9112
3| 2,087, 9060 | 9242
1| 2115 9315 | 9493
5| 2,135 9492 9673
PPamniic ... ol 2154, 9660 | 9844
7 2,167, a7e2 | 9968
8| 218l 9908 | 10097
9| 21200, | 10077 | 10269
10| 2207, | 10149 | 10342 | 10,83 0,38
i1 2,297, | 10329 | 10826 | 11,15 1,12
(2| 2246, | 10509 | 10709 | 11,47 0,23
0| 2,034, 8779 | 8948 8,53 10°
Topuit C* ... i 2,135, 2492 | 9673 9,69 34
2| 20249, | 10538 | 10738 | 11,53 | 189
|

8. TABJIHUbI BEJHYHH, OTHOCAWHXCA K H-JIYHAM
a) OGwue crepeHns
Ocrosnote eaununsl

Macca nogosulerocss nporona Mu 1,661,410 32¢ 2.
DRexTpHYECKHA 3apAL: ¢ = 4,77-10~1 50 craT. ef.
1,591-107 % an.-Mara. ea.

[

13
Ornomenne sapsiia k Macce — —
P My

Obvsranenun u Gopayis (CM. TaGMHUL, OTHOCALLKECS K @-AY4aM).

¥ — HavaiibHas CKOPOCTD,

B — OTHOIIeNHE CKOPOCTH U K CKOPOCTH CBeTa,

E — aua/ibHas KAHETUUECKAR SHEPTHS, BLPAKEHKAR B SPrax,

V — Haua/ibHas KKHETHUECKAs SHEPTHSA, BLIPAKEHHRAS B 5/1eKTPOH-KHAQBOMb

Tax,

HR — npouspefieHHe MAarKHTHOTO MOMs HA PAJUYC KPHBH3HL TPACKTOPHH, ONH-

9579 sa.-Mara. en.

" 1
chiBaemols poTonom | Hr= My |,
1—p e
7 — cpefHuit MPoGer B BOIAyXe Npu 760 4x pryTHOTO Cronba u 15°C. Buune-
JieH H3 TOTO e COOTHOWEHMA, YTO ¥ AAfA ¢-lydeH, nonaras
Ay = o o007, Ae
o= o Wz~ e Ax
SnaveHne NOCTOHHHOR HATETPHPOBAHHA @ OMPENAETCH TaK, YTO:
=820 npu v=2,054- 10° catfcex.
Tonpapounsle wnensl ; Broxa n u3meHense sapana Ans H-nyueR meapive,
4em 299 a-nyuell. DTO yUUTHBAETCH NMpH MAAMX cKopocTaX. [IpH GombidX cKo-
POCTAX YHHTHBAiOTCA Pe/IATHBHCICKHE NOMPABKH.
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b) Tabamua Bospactasomux copocted H-aysed

El M E ‘ 12 HR
omjcex spe 1 K 2c-cH
v Y
!
10°x 1078 107X 108

1,0 L3 0,831 522 1,044 0,8
t,1 1,346 1,006 632 1,149 1,1
1,2 1,602 1,i98 753 1,253 1,4
1,3 1,881 1,406 884 1,358 1.8
1,4 2,181 1,630 1028 1,463 2,3
1,5 2,504 1,872 1177 1,568 2,9
1,6 2,849 2,131 1340 1,673 3,6
1,7 3,216 2,406 1513 1,778 4,4
1,8 3,605 2,698 1697 1,883 5,3
1,8 4,017 3,007 1891 1,988 6,3
2,0 4,551 3,333 2095 2,093 7,5
2,1 4,907 3,676 2310 2,198 8,9
2,2 5,386 4,036 2536 2,304 10,4
| 2,3 5,887 4,414 2773 2,409 12,1
24 6,410 4,808 3021 2,514 140
2,6 6,955 5,219 3280 2,619 16,1
2,6 7,523 5,647 3649 2,725 18,4
2,7 8113 6,092 3929 2,830 21,0
2,8 8,724 6,554 4120 2,936 23,9
2,9 9,358 7,034 4422 3,042 27,0
3,0 10,015 7,531 4734 3,148 30,4
3,1 10,694 8,045 5057 3,254 34,1
3,2 11,395 8,577 5391 3,360 38,2
3.3 12,118 9,126 5736 3,467 42,6
3.4 12,863 9,693 6092 3,573 47,4
3,5 13,631 10,277 6460 3,680 52,6
3,6 14,422 10,89 6838 3,786 58,2
3,7 15,234 11,51 7227 3,893 64,1
3,8 16,068 12,14 7628 4,000 70,5
3,9 16,925 12,79 8040 4,107 774
4,0 17,804 13,46 8463 4,214 84,8
4,1 18,705 14,15 8897 4,321 92,7
4,2 19,629 14,86 9343 4,428 01,3
4,3 20,575 15,59 9800 4,535 0,4
4.4 21,543 16,34 10270 4,643 9,9

4,5 22,534 17,10 10750 4,750

4,6 23,547 17,88 11240 4,858

4,7 24,581 18,68 11740 4,966

4,8 25,638 19,49 12250 5,075

4,9 26,717 20,32 12770 5,184

5,0 27,819 2117 13310 5,203
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9. COOTHOEEHHKE MEXXRY CKOPOCThIO -JIVHER H WX IHEPTHEHN,
HX PARHYCOM KPHBH3HbI B MATHUTHOM NOJE # H AJIHHOA
BOJIHbl KBAHTA C TAKOW )XE 3HEPTHEAR:

» 1 w100 w HR xl
5 X-ean

V‘ —# 02 el aon HHnax
0,01 1,00005 0,041 0,2553 17,0 483100
0,10 1,00504 4,095 2,574 171,2 4792

1 4,964 3,120 188,5 3953

2 728 5,915 3,718 205,9 3318

3 856 6,952 4,372 223,4 2822

4 995 8,1 5,080 240,8 2428
0,15 1,00144 9,205 5,842 258,4 2112

6 01305 10,60 6,664 276,1 1851

7 01477 12,00 7,543 293,9 1635

8 GF660 13,49 8,477 31,7 1455

9 01855 15,07 9,473 320,7 1302
0,20 1,02062 16,75 10,5301 3477 1171

1 281 18,53 11,65 365,9 1059

2 512 20,41 12,83 384,2 61,7

3 755 22,38 14,07 402,6 876,8

4 1,03001 24,38 15,33 421,1 802,2
025 | 103280 26,65 16,75 439,8 736,4

0 3562 28,94 18,19 458,7 678,2

7 3857 31,34 19,70 477,7 626,2

8 4167 33,86 21,28 496,8 579,7

9 4490 36,48 22,93 516,2 538,1
0,30 1,04829 39,24 24,66 535,7 502,3

1 5182 42,10 26,46 565.4 466,2

2 5550 45,09 28,34 575,3 436,2

3 5934 48,21 30,30 596,5 407,1

4 6335 51,47 32,35 615,8 381,3 |

i ;

32 M. Kiopn
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Hpodonwerue
i - T
w100 w HR xl ‘
ave o weou | B Xeem
|
S S
54,86 34,48 636,4 387 |
i 6 5840 36,70 6573 3861
62,07 3901 6784 3162 |
i 65,90 11,42 69,8 2070 |
i 69,88 43,92 721,5 2609 !
0,40 1,09109 74,01 16,52 7434 26,1
] 9639 78,32 1922 7657 2516 |
i 2 | 1,10090 82,80 52,04 78,3 2871
3 0763 87,45 54,96 8113 244 |
i 4 1356 | 0220 8801 | 845 212)7
045 | L7 97,33 61,17 868 201,7
6 | 2623 | 1026 64,46 5 1914
\ T e ow0s0 o788 907.0 8s |
1 8 3990 113,7 | 71,44 ‘ 932,0 172,7 H
| 9 | ame | ¥ | 7515 957,5 a1 |
Io0s00 | o1,15469 | 1257 79,00 983,4 1561
| 05 | 5858 | 1288 80,98 9996 1523 |
i 0 ] ess | 1 83,01 1010 18s
| 15 | 6660 1354 85,08 1023 450 |
| 0| 078 | 187 879 1037 45 |
055 | 7494 | 1421 | 8934 1051 1380 |
30 7924 | 1456 9153 1065 1847 |
| s | s | 1492 | e 1079 185 |
b 40 8312 152,9 96,07 1093 128,4 i
I 65 | e.9 | i5T6 98,40 1107 125,4
i
| osso | 119736 | 1614 100,8 1122 124 |
| 55 ‘ 20213 | 1642 032 | 1136 I s
| 60 0700 | 1682 105,7 1151 1se |
| 65 1 lss | 1722 1083 | 1166 I n3y |
| 0 | 7 |1 o s | ute
el ommoms Ll we
80 | 757 ; 116, | 121 S
| 8 3200 1893 | ned D2y | oggs7 |
% 3853 | 1938 121,8 ‘ 1245 o2
: o w47 1261 | egue |
| o0 | 125000 | 2031 | 1977 | 128 e
05 5592 | 2079 | 1307 1294 ]
| 0 6108 | 2129 | 1338 | 1311 X
| 15 6818 | 27O | 157 | 1829 | wo |
| 20 7453 | 2031 | 1102 1347 00
| oezs ’ 8102 | 2283 | 1ss ‘ 1365 | 8508 |
30 8767 | 2337 1469 1383 83,08 |
35 ou7 | 2393 | asoa | 10l 82,05 |
1 44 oy | BRY M2 8013 |
i 15 vss | 2s07 | I 7% |

57,6 | 1439
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1Tpodorscenue
v w HR g
? sp2 98 ac-cn B u)z(a;fan:?.

0,650 256,7 161,3 1458 76,47
58 262,8 165,2 1478 74,70
60 269,60 169,1 1497 72,97
65 275,4 173,1 1518 71,26
70 282,0 177,2 1538 69,60
0,675 288,7 181,5 1559 67,98
80 295,6 185,8 1581 66,38
85 302,7 190,38 1602 64,83
90 310,0 194,9 1624 63,31
% 3175 199:6 1647 61.81
0,700 325,2 204,4 1670 60,34
05 333,1 209,4 1692 58,91
10 3413 2145 1717 57,51
15 349,7 219,8 1742 56,13
20 358,3 225,2 1767 54,78
0,725 367,2 230,8 1793 53,46
30 376,3 236,5 1819 52,16
35 ,8 242,5 1846 50,88
10 394.7 24816 1874 49,63
45 405,5 254,9 1902 48,40
0,750 415,9 261,4 1931 47,20
55 426,6 268,1 1961 46,01
60 4377 2751 1992 4485
65 449,1 3 2023 43,70
70 460,1 ,7 2056 42,58
0,775 473,2 298,4 2089 41,47
80 4859 4 2123 40,40
85 499,1 315,7 2158 39,32

90 512,7 324,2 2195 38,28 |
95 526,9 333,2 2242 37,25
0,800 541,7 340,4 2271 36,23
2 547,7 344,3 2287 35,83
4 553,9 348,1 2303 35,43
6 560,2 352,1 2319 35,06
8 566,5 356,1 2336 34,65
0,810 573,0 360,2 2353 34,25
2 579,6 364,3 2370 33,86
4 586,3 368,5 2387 3347

6 593,1 3728 2405 33,

8 ,0 377,1 2422 32,71
0,820 607,1 381,6 2440 32,33
2 614,7 X 2460 31,93
4 621,5 390,6 2487 31,85
8 629,0 395,3 2496 31,20
8 636,5 400,1 2515 ,85
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podonxcenue

s t w100 w HR 4
yi—p ape Ko won | ® b e

0,830 1,79287 644,2 04,9 2535 30,46
2 80252 652,1 409,38 2555 30,00

4 81236 660,1 1149 2575 29,74

6 82239 668,2 4200 2505 29,37

8 83260 676,5 4252 2616 29,01
0,840 1,84302 685,0 4305 2637 28,64
2 85364 6936 35,9 2659 28,30

1 86447 7024 4415 2680 27,95

8 87522 704 447.1 2703 27,59

8 86680 7206 52,9 2725 27,24
0,850 89831 729,9 458,7 2749 26,89
2 91006 7394 4648 2772 254 |
4 92206 7492 470,9 2796 26,20
8 93432 759,2 4772 2820 25,88

8 94685 769,3 14835 2845 25,51
0,860 95065 7797 490,1 2871 25,17
2 97274 790,4 4967 2897 24,83

4 98612 801,2 5036 2923 24,49

6 99982 81204 510,6 2950 2416
8 2,01383 8238 517.7 2978 23,82
0,870 2,02818 35,4 525,1 3006 23,49

2 04287 8474 5326 3034 23,16

4 05792 8596 540,2 3064 22,83

6 07335 872,1 5481 3004 22,50

8 08916 8850 556,2 3125 22,17
0,880 2,10537 898,1 564,5 3156 21,86
2 12202 11,7 573,0 3188 2153

4 13909 925,5 5817 3221 21,91
8 15663 9398 590,7 3255 20,88
8 17465 954,4 599,9 3289 20,56

0,890 2,19317 969,5 609,3 3325 20,24

2 21211 984,9 6191 3361 19,93

4 23180 1001 6291 3399 19,61

6 25197 1017 639,4 3437 19,30

8 27275 1034 650,0 3477 18,98
0,900 2,20416 1052 660,9 3517 18,86
2 31623 1069 6722 3559 18,35

4 33900 | 1088 683,8 3602 18,04

6 36251 1107 697,38 3646 17,73

8 38680 | 1127 7102 3602 17,42

0,910 2,41191 1147 7230 3739 17,18
2 43789 1168 734,3 3787 16,80

1 46479 1130 7480 2837 16,49

6 49265 1213 762,3 3889 16,18

8 52155 | 1236 7770 3943 15,87
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I podoancentie
P 1 w100 w HR X‘
o B A-€H-
T—7 spe K96 ac-cn e
0,920 2,551565 1261 7923 3999 15,57
2 58971 1286 808,2 4056 15,26
4 61511 1312 8248 4116 14,96
6 64883 1340 8420 4178 14,65
8 68398 1368 860,0 4243 14,33
0,930 2,72064 1398 878,7 4310 14,04
2 75894 1429 898,2 4380 13,73
4 79898 1462 9187 4453 13,42
6 84090 1496 940, 1 4529 13,11
8 83487 1531 962.5 4609 12,82
0,940 2,93105 1569 986,1 4693 12,51
2 97962 1609 1011 4781 12,20
4 3,03080 1650 1037 4874 11,89
6 08482 1694 1065 4971 11,58
8 14198 1740 109¢ 5074 1,27
0,950 3,20256 1790 1125 5182 10,97
2 26602 (842 1158 5299 10,66
4 33547 1898 1193 5420 10,34
6 40869 1957 1230 5551 10:03
8 48713 2021 1270 5690 9,711
0,960 3,57142 2089 1313 5840 9,304
2 66234 2163 1360 600! 9,073
4 76078 2243 1410 6175 8,750
6 86784 2330 1465 6364 8420
8 98485 2425 1524 6571 8,093
0,970 4,11344 2530 1590 6797 7,758
2 25566 2645 1663 7046 7.420
It 41407 2774 1743 7323 7,076
6 59197 2919 1834 7634 6,725
8 79374 3083 1937 7986 6,360
0,980 5,02520 3971 2056 8389 6,002
2 5,29433 2489 2193 8856 5,625
4 5,61268 3748 2356 9408 5,237
6 5,99718 4060 2552 10070 4,834
8 6,47441 4488 2796 10900 4412
0,990 7,08883 4947 3109 11950 3,967
1 7,47037 5257 3304 12610 3,733
2 7,92154 5624 3535 13390 3,490
3 8,46639 6067 3813 14320 3,235
4 9,14243 6616 4158 15480 2,967
0,995 | 10,0125 7323 4602 16970 2,680
6 | 11,1915 8282 5204 19060 2,370
7 {12,919 9686 6087 21940 2,070
& | 158193 12042 7568 26890 1,630
9 | 22,3662 17362 10911 1,131
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10. AUEPHBIE 7-JIYUH

MPHAOXKEHUS

ILanna Janna
fpespamenne 3';"",’(_:” o %em. || Mpespamenne SH:P:;;” el
e AHax
| | [ us | 107
UX, 91,9 | 134 176 70,1
UX, ThB - THC ) 238 51,8
294 42,0
Ra 189 65,2 299 43
39,9 | 309,2
52,9 | 233,1 287 430
‘ 20,6 | 51,27 298 414
RaB") y | 267,1 47,98 || ThC — ThC™'Y 327 37,7
293,7 | 42,00 132 286
l 349,9 | 35,25 151 274
471 26,2
58,8 | 210 || a7 20,0
426 29,0 2765 | 44,61
498 218 || ThC” = ThDY 510 242
607 20.3 282 212
766 16,16 2620 471
RaCh 933 13,22 726 17,00
1120 1101 || ThC - ThC’ 1) { 1623 7,60
1238 9,96 1802 6,85
1379 8,94 143 8.0
1414 8,72 f 153 804
1761 7.00 || AcX?) 157 79
2193 5,63 200 &
268 6
RaD 47,2 | 261 65,1 | 189,
Ac 349 354
95 130 (B+C+C) Y 402 30,7
Pa?) 204 41,9 4245 29,1
323 8,2 827 149
58,1 | 212
3L5 | 392 795 | 155
43,7 | 282 129 95,4
53,3 | 232 184 67,0
61,4 | 201 249 49,4
RAct) 100,5 | 123 MThy") 319 38,7
1 149 82,8 338 365
195 83,0 408 30,2
254 186 462 2,7
282 43,8 915 13,5
U] 300 41,4 970 127
RTh 86 143,4

1) C. D. Ellis, Nombres de 1934.
) L. Meitner, Zs. f. Phys., 50, crp. 5 (1928).

%) L. Meitner, Zs. f. Phys., 34,
9 T. Graf. C. R. 197, ctp. 238

. 807 (1925).
(01'%3). (1925)

%) Black, Roy Soc. Proc., 106, ctp. 632 (1925).
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[image: image501.png]2. PACHIAL PABOHA I = I, e=3¢

Hsmenenie e=# co spemenem (npn T = 3,823 amn, 4 = 0,18131 3 nenn)

Yacer| O geeit | 1 nesv 2 anst 3aus -| 4 nusa Sanefi | 6 gueil | 7 mwed | 8ameit | 9 nwed | 10 aued
0 | 1,00000 | 0,83418 | 0,69585 | 0,58047 | 0,48421 | 0,40392 | 0,33694 | 0,28107 | 0,23446 | 0,19558 | 0,16315
1 0,99247 82790 69062 57610 48057 40088 33441 27805 23269 19411 16192
2 98500 82167 68542 57176 47695 39786 33189 27685 23094 19265 16070
3 97759 81548 68026 56746 47336 39487 32939 27477 22920 19120 15950 ‘
4 97023 80935 87514 56319 46980 39190 32691 27270 22748 18976 15829
5 96293 80326 67006 55895 46626 38895 32445 27065 22577 18833 15710
8 95569 79721 66502 55474 46275 38602 32201 26861 22407 18692 15592
7 94849 79121 66001 55057 45927 38311 31959 26659 22238 18551 15474
8 94135 78526 65504 54642 45581 38023 31718 26459 22071 18411 15358
9 93427 779356 65011 54231 45238 37737 31479 26260 21905 18272 15243

10 92724 77348 64522 53823 44898 37453 31242 26062 21740 18135 15128
11 92026 76766 64036 53418 44560 37171 31007 25866 21576 17998 15014
12 91333 76188 63554 53016 44225 36891 30774 25671 21414 17863 14901
13 90646 75615 63076 52617 43892 36614 30542 25478 21253 17728 14789
14 89964 75046 62602 52221 43562 36338 30312 25286 21093 17595 14677
15 89287 74481 62131 51828 43234 36065 30084 25096 20934 17463 14567
16 88615 73921 61663 51438 42608 35793 29858 24907 20777 17332 14457
17 87948 73364 61199 51061 42585 35524 20633 24719 20620 17201 14348
18 87286 72812 60738 50667 42265 35257 29410 24533 20465 17072 14241
19 86629 72264 60281 50285 41947 34991 29189 24349 20311 16943 14133
20 85977 71720 59827 49907 41631 34728 28969 24165 20158 16816 14027
21 85330 71180 59377 49531 41318 34466 28751 23984 20006 16689 13922
22 84688 70645 58930 49158 41007 34207 28535 23803 19856 16563 13817
23 i 84050 70113 58487 48788 40698 33950 28320 23624 19706 16439 13713
M podoancenue
Yacw | 11 aneit | 12 awedi | 13 gueit | 14 ameit | 15 nwed | 16 mueit | 17 gredt | 18 mwedt | 19 awedr | 20 auedt | 21 mews
|
0 ! 0,13610 | 0,11353 |0,094701 |0,078998 |0,066898 |0,054971 |0,045855 |0,038251 ;0,031908 |0,026617 |0,022204
1 13507 11267 93989 78403 65402 54557 45510 37963 31668 26417 22036
2 13405 11182 93281 77813 64910 54146 45168 37678 31430 26218 21871
3 13305 11098 92579 77227 64421 53739 44828 37394 31193 26021 21706
4 13204 11015 91882 76646 63937 53334 44490 | 37113 30959 25825 21543
5 13105 10932 91191 76069 63455 52933 44155 36833 30726 25631 21380
6 13007 10850 90505 75497 62978 52535 43823 36556 30494 25438 21220
7 12908 10768 89823 74929 62504 52139 43493 36281 30265 25246 21060
8 12811 10687 89147 74365 62033 51747 43166 36008 30037 25056 20901
9 12715 10606 88477 73805 61566 51357 42841 35737 29811 24868 20744
10 12619 10527 87810 73250 61103 50971 42519 35468 29587 24681 20588
11 12524 10447 87150 72698 60643 50587 42199 35201 29364 24495 20433
12 12430 10369 86494 72151 60187 50206 41881 34936 29143 24310 20279
13 12336 10291 85843 71608 59734 49829 41566 34673 28924 24127 20127
14 12244 10213 85197 71069 59284 49454 41253 34413 28706 23946 19975
15 12152 10136 84556 70534 58838 49081 40943 34153 28490 23766 19825
16 12060 10060 83919 70004 58395 48712 40634 33896 28276 23587 19676
17 11969 09984 83288 69477 57956 48457 40329 33641 28063 23409 19527
18 11879 09909 82661 68954 57520 47982 40025 33388 27852 23233 19381
19 11790 09835 82039 68435 57087 47620 39724 33137 27642 23058 19235
20 11701 09761 81421 67920 56657 47262 39425 32887 27434 22885 19090
21 11613 09687 80809 67409 5623t 46906 39128 32640 27227 22712 18946
22 11526 09614 80200 66901 55808 46553 38834 32394 27022 22542 18804
23 11439 09542 79597 66308 55387 46203 38541 32150 26819 20372 18662
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Yacw | 22 aun 23 aun 2 gns | 2Bweh | 26awell | 97 awel | 28 jmed | 20 aweit | 30 nued
0 | 0018521 | 0015450 | 0,012888 | 0,010751 | 00089684 |0,0074812 |0,0062406 |0,0052058 |0,0043426
1 18382 15334 12791 10670 89009 74249 61937 | 51666
2 18244 15219 12695 10580 88339 73690 61471 51277
3 18107 15104 12600 10510 87503 73135 61108 | 50891
4 17970 14990 12505 10431 87014 72585 60549 50508
s 17835 14878 12411 10353 86350 72030 60003 | 50128
6 17701 14766 12317 10275 85709 71497 59641 49751
7 17568 14655 12224 10§97 85064 70958 59192 49377
8 17435 14544 12132 10421 84424 70424 58746 49005
9 17304 14435 12041 10044 83789 69894 58304 48636
10 17174 14326 11951 09969 83158 69368 57866 48270
11 17045 14218 11861 09894 82532 68846 57430 47907
12 16916 14111 11771 09819 81911 68328 56998 47546
13 16789 14005 11683 09746 81295 67814 56569 47188
14 16663 13900 11595 09672 80683 67304 56143 | 46833
15 16537 13795 11508 09599 80075 66797 55721 46481
16 16413 13681 11421 09527 79473 66204 55301 46131
17 16280 13588 11335 09455 78875 65795 54885 | 45784
18 16167 13486 11250 09384 78281 65300 54472 45439
19 16045 13384 11165 09314 77692 84809 54062 45097

20 15924 13284 11081 09244 77107 64321 53655 44758

21 15805 13184 10998 09174 76527 63837 53251 44421

22 15686 13085 10915 09105 75949 63356 52850 44087

23 15568 12986 10833 09036 75379 62880 52453 43755

13. HAKONIJIEHWE PAJOHA B PAOHM
Hsmenenne Gynxuun f, = '7 (1 — e~y co Bpemenem (npu T = 8,823 gua, 2 = 0,18131 b Aens,
6= % = 5,515 awed)

Yack 0 apedt 1 nenp 2 gus 3 mHa 4 pus 5 zrelt 6 nuedt 7 anedt 8 nweir
[ 0,91457 1,6775 2,3139 2,8448 3,2876 3,8571 ! 3,9652 4,2223
1| 0041531 94920 7064 3380 8649 3044 6710 9769 2320
2 082731 98356 7350 3619 8848 3211 6849 9885 2417
3 12360 1,0177 7635 3856 9046 3375 6987 9999 2513
4 16419 0515 7917 4092 9243 3539 7124 4,0114 2608
5 20446 0851 8198 4326 9438 3702 7959 0227 2702
6 24439 1185 8476 4558 9632 3864 7394 0339 2796
ki 28410 1516 8752 4788 9824 4024 7527 0451 2889
8 32348 1844 9026 5017 3,0014 4183 7660 0561 2981
9 36253 2170 9968 5244 0204 4341 7792 0671 3073
10 40130 2494 9568 5469 0391 4497 7923 0780 3164
11 43980 2815 9836 5692 0577 4653 8053 0888 3254
12 47802 3133 2,011 5914 0762 4807 8181 0996 3343
13 51591 3449 0365 6134 0946 4960 8309 1102 3432
14 55353 3763 0627 6352 1128 5112 8436 1208 3521
15 59087 4075 0886 6569 1309 5263 8562 1313 3608
16 62793 4384 1144 6784 1489 5413 8686 1417 3695
i7 66472 4601 1460 6997 ie67 | 5561 8810 1521 3781
18 70123 4995 1655 7209 1843 | 5708 8933 1623 3867
19 73747 5208 1907 7420 2019 | 5855 9055 1725 3959
20 77343 5598 2157 7628 2193 6000 9177 1826 4036
21 80911 5895 2405 7836 2366 6145 9297 1926 4120
22 84452 6191 2652 8041 2537 6288 9416 2026 4303
23 87971 6484 2896 8246 2708 6429 9535 2125 4286

908
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Hacw | 9 queir 10 pweit 11 giedt 12 nueil 13 Aneit 14 pueti ‘ 15 xreii 16 gneit | 17 aweit ‘ 18 nueit
]
0 4,4367 4,6156 4,7648 4,8893 4,9931 5,0797 5,1520 5,2122 5,2625 5,3045
1 4448 6224 7705 8940 4,9970 0830 1547 2145 2644 3061
2 4529 6290 7761 8987 5,0009 0863 1574 2168 2663 3076
3 4609 6357 7816 9033 0048 0895 1601 2190 2682 3092
4 4688 6424 7872 9079 0087 0927 1628 2213 2700 3107
5 4767 6490 7926 9125 0125 0959 1654 J 2235 2719 3123
-
6 4,4845 4,6555 4,7980 4,9170 5,0162 5,0090 5,1681 5,2256 5,2737 5,3138
7 4923 6620 8035 9215 0200 1022 1707 2279 2756 3153
8 5000 6684 8088 9260 0237 1052 1733 2300 2773 3168
9 5076 6747 814 9305 0274 1083 1758 2322 2791 3183
10 5151 6811 8194 9348 0311 1114 1784 2343 2809 3198
11 5228 6873 8247 9392 0348 1145 1810 2364 2827 3213
12 4,5302 4,6936 4,8299 4,9435 5,0384 5,1175 5,1835 5,2385 5,2844 5,3227
13 5376 6997 8350 9478 0420 1205 1860 2406 2861 3242
i4 5450 7059 8401 9521 0455 1234 1885 2427 2879 3256
15 5523 7120 8452 9364 0496 1264 1909 2447 2896 3271
18 5595 7181 8503 9606 0526 1293 1933 2468 2913 3285
17 5667 7241 8553 9648 0560 1322 1958 2481 2930 3299
18 4,5738 4,7300 4,8602 4,9689 5,0595 5,1351 5,1982 5,2508 5,2046 5,3313
19 5809 7359 8652 9730 0629 1379 2005 2528 2964 3326
20 5879 7418 8701 9771 0664 1408 2029 2548 2980 3340
21 5950 7476 8749 9811 0697 1436 2053 2567 2596 3354
22 6019 7534 8797 9852 0731 1464 2076 2587 3013 3368
23 8087 7591 8845 9891 0764 1492 2099 2606 3029 3381

809
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14. AESAKTHBALUMUA AKTHBHOTO _OCAJKA PARHS
Yucna atomos RaA, RaB u RaC,

NPEBPALIAIONAXCH 33 ERHMHLY BDEMEHH B KOHIE BPeMEHK ! nocae
HACHILIEHHOH AKTHBAUMN

Bpemn
¢

4
0 ma. 30 cex.
1 min.

1 vac

1 yac 10 mun.
1> 20 »
i 30 »
» 40 »
» 50 »

» 30 »

L
&

Papnit A
2a-A

160
89,3
79,7
63,5
50,6
40,4
32,2
16,3
10,4
66
33
1,1
03

Pannit B
Xs-B

100
99,9
99,7
99,0
97,9
96,6
95,0
89,7
8,8
81,9
76,2
67,2
59,1
51,9
45,7
40,1
35,3
31,0
23,9
18,5
14,3
11,0
85
66
5,0
2,3
11
0,2
.

Panuii C
G

100

99,9
9,8
99,7 !
99,0
98,2
97,2
9,4
91,6
86,9
81,8
76,5
70
65,7
60,4
50,5
41,7
34,2
27,7
22,4
17,9
14,3

69

35

0.8

0,2
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15. RE3AKTHBALHSA AKTHBHOIO OCAAKA AKTHHHSA
Tabanua Raer wucna atomos AcB, AcC n AcC”, npeBpallalomuxcs 32 eAnHHuy
BPEMEHH K KOHLY BPEMeHH { MOC/e HACHIEHHON AKTHBALHW
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16. BE3AKTHBALIHSL AKTHBHOIO OCAIKA TOPUA

TaGanua paer gncsa aromor ThB, ThC m ThC”, npespamaiowmuxca B eAMHHLY
BpEMENH X KOHUY BpemeNd ! NOCAe HACHIEHHON AKTHBAUMW

Topua C7
Bpewst Topuit B | Topw C oouee R
t 2s-B e C HaAYHeHHe e CF

Acn-Cr ‘ c35%

0 100 100 100 35

1w 99,9 100 100 35

5 99,5 100 100 35

10 98,9 99,9 100 3

15 98,4 9,9 100 35

20 97,8 9,8 | 90,9 35
2 97,3 96 | 98 3,9
30 96,8 9,5 99,7 349
20 9,7 99,2 99,4 34,8
50 4,7 98,7 99,0 34,7
1 vac 03,7 98,2 98,5 345
2 8,7 94,3 9,7 33,1
3 822 89,5 90,1 31,8
4 76,9 84,4 84,8 20,7
5 72,8 79,3 79,7 27,9
6 67,5 744 74,9 26,2
7 63,2 69,8 702 24,6
) 59,2 65,4 65,8 23,0
9 55,5 61,3 61,6 2,6
10 51,9 57,4 57,7 20,2
15 37,4 41,4 41,6 14,6
20 27,0 29,8 30,0 10,5
25 19,4 215 216 75
30 14,0 15,5 15,6 55
2 7.3 80 8,1 238
50 38 4,2 4,2 %
60 20 2,2 22 0.8
70 10 1,1 1t 0,4
80 05 0,6 06 02
% 03 0,3 03 0,
100 0,1 02 0,2 0,1
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17. CTHCOK PEKOMEHAYEMONA JIMTEPATYPBI

B. M. Bapaunos, Pamowerpns, Haa. AH CCCP, 1956,

C/ E. Bpecaecp, Pagmoaxtieinie snements, T. | n 11, Tocrexnsgar, 1952.
5. B. Wnonsckni, Atomas gusika, 1. T II, Tocrexnsnar, 1951.
T Ppunacuacy x L Kexnexn Boetene b psmuoxnmie, HIT,

.3KC|1epH;eHT8}IBH3ﬁ Ajepran pusuKa, cbopH. noj pemaxkumeit 3. Cerpe, 7. I
x 11, U
3 ﬁneg(uan reonornsi, c6opr. ol penaxunedt T, Payas, W, 1956.

eBe il H, PaiHOAKTHBHHE MHAHKATOPH, HX MPHMEHEHHE B OHOXHMII,
HOpMANBHOf (HIHONOTHH M NATONOTHNECKO! (PHSHONOTHH YeNOBEKA H HKHBOT-
weix, HJI,
8 A H. HBCMEﬁHOB, A B. lamvuxun u H. Il. Pyneunxo,
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