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1. UICTOPUS

B 1917 r. Conuu 8!, pa3suBas cBou oOuue coobpawenus o6 H30-
TOfIHM, BHICKA3a/] I[IPEANO/JOXEeHHe O BO3MOMHOCTH CYLUEeCTBOBAHHS
siep, MMEIOWHX OJMHAKOBLIE 3apsill © Maccy, HO BCE e Pa3jHUHBIX.
Takne sizpa MOryT ObITh H3OTOIHBIMH (OJMHAKOBBIA 3apsi) M n3oGap-
HbiMKM (paBHBIE MACChl) W Pa3/AHYaThC TOMBKO MO APYTHM TPH3HAKAM,
B UACTHOCTH [0 HMX paJHOaKTUBHOCTH., OHH JOJXKHH ¥IMeTb OJHH H
Te ke XMMHUYeCKHWEe CBOHCTBA H Jaxe C IIOMOLIBIO Macc-clekTporpada
MX MOMHO OblTO OBl OTAHYHTB TOJBKO, echd Obl PAa3HOCTh HX Macc
IOCTHrana 3HayeHus mopsiAika 10—% maccosmx enHuul. Takue sgpa
-Toraa HasmiBaauck Pl u3oromamu BTOpOro poaa B OTJAMYHE OT OOHY-
HBIX H30TONOB, MMEIONIHX pasauyHule Macchl, Temepb MH Ha3biBaeM
3TH 94pa U30OMepaMH.

OTH NpeAnoNOMeHHs He GHIIH MOATBepHAeHH omunToM Ko 1921r.,
xorga TanH1 o6Hapymun paanoaxTueHoe Bewectso UZ (Pag ) KO-
TOpPoe OHJIO H30TOMNHO M H300apHO C XOPOLIO HM3BECTHHIM BelieCTBOM
UX, u orauuanoch OT Hero mepuoioM mnoaypacmaga (6,7 uaca
smecto 1,15 MHH.) M THIIOM HcIycKaeMoro uanyyenus, JlokasarenabcTBa

*I E.Segré and A. C. Helmholz Reviews of Modern Physics 21
271 (1949).
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uzomepnn UZ u UX,, nprBoauMue ['aHOM, OCHOBHBAIHCH Ha
TOM ¢akTe, uT0 062 H3oMepa npoucxoauau oT UX, (sTh?*) nyrtém
B-pacmana u, cnenoBaTenbHO, GHAR €My H306APHH W UMEJH ATOMHM
Homep 90-}-1==91.

JTOT npHMep H3IOMEPHH OCTABAJCH eHHCTBEHHHM B TEYCHHE MHO-
FHX JleT. B cBA3H C Cepb&3HHMH TPYAHOCTAMH TEOPETHYECKOTO 06D~
SICHEHHS 3TOr'0 fBACHH OHJIO OYeHb KeNaTeAbHO HAXOXKIeHue Ipy-
THX NOAOOHHX npuMepor. Janpnehtume pabotw H2 G L W1 ponrpepanni
pe3yabrathi ['aHa, a HeaaBHo cayvait UZ 6w uccaenosan aeraapnoP2 B?,

OTKpHITHE HCKYCCTBEHHOH paZHoakTHBHOCTH B 1934 r. u ocoGen-
HO paciiHpernHe oO6nacTH HCCAEXOBaHHS B Pe3y/ibTaTe HOJydeHHs
MHOMeCTBA HOBBIX PaJHOAKTHBHHIX BelleCTB NyTEM HeHTPOHHOH Gom
6apaupoBKH cNOCOGCTBOBAIH HAXOXIEHHIO HOBLIX NIPUMEPOB Haomepmzs
[TepBHe npH3HAKH CYLUIECTBOBaHMS H3OMEPHH OLIMK HalleHn B MuHnu
Cuunapaom 1 YanmepcomS 3, Buepsue uaomepus 6uaa ycTauoBiena s
cayyas 6poma KypuaroBuim K1 1 ero cotpyanukamu *), a Takke Pepmn
M ero koagerampAl,

OHM HamH, ¥TO PaJHOaKTHBHHE H30TONH GpoMa, MOJYyYeHHHe
NyTéM HeHTpoHHOH G6GOMGAPAMPOBKH, NaJM TPH Pa3iHYHHX panHOaK-
THBHHX Nepuora: 18 MmuH., 4,4 yaca u 34 uaca. Bce onu OBIH «BO-
00-4yBCTBHTE/bHb», T. €. HX IOJYy4YeHHe NOCTHra/10Ch BO3LEHCTBHEM
MeleHHbIMH  HelitpoHami Gonee 3ddeKTUBHO, YeM GLICTPHIMU, ¥ OHH,
Cle10BaTeNbHO, OGPA30BHBAIMCh B pe3y/abTaTe 3axBara HeHTPOHT.
C zapyro#t cTOpoHsl, 6POM HMeeT TOJBKO JBa yCTOHYHBLIX W30TONA,
omuH ¢ Maccofi 79 wu mpyro#t ¢ maccoft 81. Tpu paanoaxTuBHOCTH
J0MKHEL ObiTh OTHeCeHsl NMO3TOMY K H30TonaM Opoma ¢ maccamu 80 u
82 u, csaenoBaTe/ibHO, MO KpaiiHel Mepe, OAHH H3 3TUX H3OTOMOB A0~
MeH HAXOIHTBCSH B IBYX H30MEPHHX COCTOIHAAX. C FEOMOLIBIO CIEHHA b~
HOro mcciaexoBaHust Butout Bl yeTpaHua ansbTepHaTHBHOE OOBsCHEHHE,
CBSI3aHHOE C BO3MOXKHOCTBIO CYIIECTBOBAHUA TPETHETO PEJKOro yCTOMH-
YHBOrO H30TONA (C PACTIPOCTPAHEHHOCTHIO MeHee ![g000), H ClleoBaTEE-
HO, H30MepHsi OpOMa Mor/ia CYMTaThesl JOKasaHHOM. Ilocaenymwoluue pa-
60otel B% §2 poxTBepiAHaH NpelHAyUIHE Pe3yabTaTbl H II0OKa3anH, Y4TO
.mepuoan B 18 Mun. ¥ 4,4 yaca 06a AOMKHE GHTH OTHeCEHH K 3;Br0.

Taxum 06pa3oM CTa/iu HAaxalJHBAaThCH JAOKa3aTeabCTBa H3OMEPHH,
M ClAenylouuil BawHbi wmar 6ba caeaan Be#isexepom W2, xoropmit
nepBHil 1an TeOpeTHYeckoe OOGDbICHEHHE M3OMEPHM B COTJAACHH
C OULITHBIMM JAHHBMH H OGUIENPHHATBIMH TeOPETHYECKHMH IIDeACTaB--
JeHusiMH, YacTo mpeanosiaranu, uTO SILEPHHIMH WU30MepaMH MOTYT HB-
ASTHCSL SIZPA B BO3OYMIEHHOM MeT4CTaGH/JBHOM COCTOSIHHH, HO 3TH
THNOTE3bl HPelCTaBASIHCL HeNpHeMJIeMbIMUA, Tak K3aK Ka3ajnoch, 4TG

.

*) [Toapo6Hee 06 OTKPHITHM siAePHOH M3OMeDHH M JajdbHeHImIHX HCCAE-
AOBaHMAX B 3TOH 06AaCTH, NPOBeNEHHDIX COBETCKMMM (QHM3MKAMM, CM. CTATHIC-
U.B.Kypuarosa u Jl. U. PycnroBa e«/3oMepus aTOMHBIX sfeph-
(YO6uaeitnmii c6opuux AH CCCP, noceaménnnii 30-nernio Beanxoit OxTa6pb-
cko#f pesomonun, 4. I, crp. 285). (ITpus. nep.) :
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He CyHIeCTBYET MeXaHH3Ma, oG6ecHeyHBAIOWEr0 MOCTATOYHO MJIHHHHE
AepHOR MOoaypacmaaa Ajas MeTacTabHABHOrO cocTOsiHMA. Befiizekep
TOKa3aJ, YTO eCAH CIOHHH B BO3GYHIAEHHOM H OCHOBHOM COCTOSIHHSX
OT/IMYAIOTCH HAa HECKOABbKO eAuHHll (X0 5) NpPH SHePrHH BO3GYKIEHHS
0 HECKOJbKHX COT KHJOBOJBT, TO €PHOA NOJypacnana (BO3BpailieHHe
B HOPMa/JbHOE COCTOSIHHE HPOHCXOAMT TNyT&M Y-H3/JyueHHs) CTaHO-
BHTCHl JOCTATOYHO IJIHHHHM IJsf TOrO, YTOOH OOHApYMIHThH CYLLECTBO-
BaHue u3oMepoB. o paGotu Beiin3exkepa Takoe oO0bsiCHEHHe CYuTa-
J0Ch HECOCTOATE/BbHBIM, TaK KaK NepHOA Nojaypacnana ILJas -H3ay-
yeHHS OueHuBancs BeauyyHOR mopsaxa 10— 18 cek., Tak 41O BCe sapa
MPaKTHYECKU BCEria XOMKHL OGHADYIKUBATBCH B HOPMAALHOM COCTOSIHIH.

Teopus Beituzexepa fAajsa HOBHH TOMYOX HCCACNOBAHHIO H3OMe-
MEpHUH, TAK KAK OHAZ yKa3ala Ha HEKOTOpHle CJelNCTBHS, Kacalouide-
csl BHyTpeHHeH KouBepcun u nAp.P 2 S% goropne OHaM NOATBEPK-
JdEHbI SKCﬂepHMeHTa.ﬂbHO.

Haxkonen, npsMoe nokasaTenscTBO 06pasoBaHUs OXHOTO HU3OMep-
HOTO COCTOsIHMS M3 JApyroro 6o AaHo Cerps M ero COTPyAHHKAMH
nyTéM XMMH4YeCKOro pasnefeHus S5,

B Hacrosiee Bpems H3BeCTHO (OJiee 75 map H30OMepHHX siep,
H HX YHUCJIO HelpeCTaHHO yBe/lHYHBaeTcd.

2. BBEAEHHUE

Kak 6bl10 ckasaHoO Bolilie, MBbl Ha3biBaeM «H30MePHHIMH» IBa fiApa,
KOTOPHIE MMEIOT OXWHAKOBhIE 3apsiill M Maccy, HO Pa3/u4aloTcs Xpy-
THMH sIepHBEIMH  CBOHCTBaMM, HalpHMep MepPHOAOM 1oJypacmnaia.
C10BO «H30Mep» 3aMMCTBOBAHO W3 OPraHUYecKOd XUMHM, B KOTOpOH
OoHO 00603HayaeT BelecTsa ¢ OAMHAKOBOH (opMmy.ioft, HO ¢ pasauu-
HOH TPYNMUDPOBKOH 4TOMOB, 4TO BeAET K PAa3JMYHLIM CBOWCTBAM 3ITHX
BenecTB., OGbAcHeHHe H30MepUM HZ OCHOBE CTPYKTYPHOrO pa3jnuus
K aTOMHLIM A1paM HenpMMeHMMO. B opranddeckmx MoJeKyJax sapa
BXOISLIMX B HUX AaTOMOB MNPaKTHYECKH HAXOAATCH B IIOKOe WJH,
BepHee, KOJeGJIOTC BOKPYr ONpPelNea&HHBIX IO0JO0XKEeHHH paBHOBecHS
C aMIIIMTYAaMW, MAJAbIMH II0 CPABHEHMIO C PAacCTOSHUAMMU MEXLy Ad-
pamu. flapa oGpasyior, Takum o6pa3oM, KBa3muECTKMHA NOCTOAHHBIA
Kapkac, BHYTPH KOTODPOro JBHKYTcs 3jeKTponn. CoBeplIeHHO Apy-
ras cuUTyauusi UMeeT MeCTO B sApax. O3Aech [peAnoJaraercsi, uro
HeHTpPOHH U TPOTOHHI B3aUMOAEHCTBYIOT OYeHb CHJABHO W JBUXKYTCH
N0 BCeMy fpy TaK, YTO HHUKAKUEe HX KOHKpeTHHE KOHUrypauuu
HE MOTYT CyU[eCTBOBATH B Te4eHHe CKOJbKO-Hubydb AJAUTENBHOTO
Bpemenu. B TO BpeMs Kak opraHuyeckas MOJeKyJa MoaoGHA MaseHb-
KOMy KPHCTalay, IPO MOKHO CPaBHUThL ¢ kandelt muaxocru. Taxoe
NpennoaoKeHne MOATBEPXKIAeTC COOOPaeHNIMHU, UCTONB3YIOLHMHI
COOTHOILIEHHE HeONmpelenBHHOCTH H HM3BECTHHE AaHHHe O pa3Mepax
slep U BeduduHe sAepHHX cuaW 3,

B03MOXHOCTh TOrO, YTO SAPO, PacCMaTPUBAEMOE KaK Karlis JKHIKO-
CTH, MOWET CyllecTBOBAaTh B YCTOMYMBOM ChpepHUECKOM; a4 TaKKe
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B YCTOHYHBOM S/AJNMNCOMAATBHOM COCTOAHMAX OblAa  0o6CymIAeHa
<$pmorre¥ 1, Pacuétnt ®unbepraF13 u Beiusekepa W19 nmokazamu, uro
00e 3TH’ yCcTOHuHBHE (YOPMEI MOTYT CYIHIECTBOBATH TOJNBKO [PH

2 ' 2
44<gA— < 50 unng U238 (é-: 36). JanpHefimue Buuucaenug W20

TIOKa3a/1M, YTO JAdXe ITH COCTOAHMA MOTYT OKa3aThCqd HeyCTOHUHBHI-
MH OTHOCHTENBHG INepexofia B Apyrue reomerpuyeckue dopwme. Cie-
J0BaTeAbHO, XOTH 3Ta HAes MOMXET HMeTh HEKOTOpOe 3HaueHue MpH
pPacCMOTPEHHM OYEHb TANKE/LIX sAep, OHAa He MOXET HMeTb OTHOLIe-
Husl K mpobjeMe M3OMEPHH M3BeCTHHX 3/MeMeHTOB. DBrum mpengo-
“ieHH HEKOTOpHle Apyrue TeopHu, obcywasnunle Purorre, HO HU OXHA
M3 ITHX TeOpHH He KaweTCs HaM YAOBJIETBOPDHTENbHOf B CBeTe Cy-
1(eCTBYIOMUX AaHHLIX (CM. o6cynmenne 0 — O nepexonos, pasnes 4 e).

ITo runortese Beiusekepa oAMH M3 Mapel M30MEPOB HAXOUUTCH
B BO30y#/IEHHOM MeTacTaGU/ABHOM coOCTOsiHMM. J[lanee, mepuoi monay-
pacnmaga Aas BO3BpalleHHS sApa U3 BO3OYXIEHHOTO COCTOSHUSA IMy-
TEM Y-UCHYCKAHHMS I/l U3YUEHHHIX IO HACTOfLIEr0 BpeMeHu 00bek-
ToB KoJseGiaeTcs B npefenax or 10—13 cex. A0 HECKOJBKUX MeCSUEB,
XOTsl HHKTO M He Ha30BET MeTacTaGH/BHBIM COCTOSHME C TEepPHOIL0M
nonypacnana, pasHnv 10~18 cek., cOBepiieHHO CHO, 4TO HeT Kaue-
«CTBEHHOH DAa3HUUBl Mewly BO3OYMASHHLIMH COCTONHHSMM C OYeHb
KOPOTKMM W IJMHHBIM IlepuofaMd mnojaypacnana. OAHako Aas mpak-
THYECKHX HeneHd yAoGHO roBOpHTh 06 H3GMEpAaX TOJNBKO B TOM CAy-
4yge, KO[Ja MepUOA MOJypacnana AOCTATOYHO BENMK JJS NPOBEAEHHUS
fIpAMBIX HaOMI0deHnH; B MPOTUBHBIX CJydasX Mul GylXeM rosoputh 06
OGLIYHBIX BO3GYMISHHHX COCTOSHHAX. Mbl MOrau Obl yCJIOBHO B Ka-
yecTBe IpaHUUB BHOGpaTh BpeMsi moJypacnaia OKOJO OJHOH CeKyHIHl,
HO TIpUMEHEHHe JJs H3MepeHHil HOBedled 3MEKTPOHHOH TEXHHKH
C 3ala3JbpBAIOIIMMN  COBMNAZeHHSIMM OTOABMCAeT 3Ty TrpaHuly .o
10 7 cek. (cm.P22), Jlo cux mop GHIIO HaHIEHO TOJbKO HECKOJBKO
TAKMX CJyudeB, HO BO3MOXHO OOGHapyWeHHe 3HA4YUTeAbHO 00/bLIero
ux uucna ¥),

OObLIYHBIM CITOCOBOM OnlpeseseHHs] NPHHALJEKHOCTH JBYX DPajguo-
aKTHBHBIX fHep K H30MEPHHM HAH BOOOLle Ccnoco6OM HaXOWAEHHS
M30MEDHHIX siilep fB/SCTCS MX NOJyuYeHHe NyTEM pasjnuHbLIX THIOB
anepHHX GomOapaupoBok. bomGapaupoBka Mel/eHHHIMM HeHTPOHAMH

*) Jle Benemerru n Max-Toyan D22 yccnegosaan 60 axTuBHOCTEN B OG-

aacta or 10 ™3 10 107° cex. u noayunau mosomMTEABHBI pe3yaAbTAT TOMb-
KO B 4 caysaax. MoxXHO OXHIaTb, HOPMaAbHO, OOJbIIErQ KOJAHYECTBA Cly-
qaeB. Xoamc, Meit 'l’yprem;H41 Ge3ycnellHo NMHTAMHCh HA6a04aTh H30-
Mepn ¢ nepmoaamu noxypacmaga or 1072 cex. mo 1 cex. B 16 snementax,

6oMbapaHpyeMbix MelJeHHBMH HeHTpOHaMH, TpeccuT8 He Hamé&n H30MepOB
€ XKOPOTKHM NepHOAOM mnoaypacnaxa B 6 saemenrax, 60MO6apAHpyeMbX
PEHTTeHOBCKHMH jydamu C sHepruedk 1 Mss.
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JAaéT, 332 MCKJ/UeHHeM OYeHb HEMHOTMX CJlyyaeB CpeAd AErKux saep,
TONBKO peakuuu Thna (n, ¥)*), 1. e. peakuun 3axsaTa HeHTDPOHOB.
Tamma-nyuu nopanka 8 Mag **) naor peakunu tuna (Y, 1), KOTOpHE
QueHb JerKO WHTepNpeTHpOBaTh. B cayuyae Gpoma (CM. Bhille) ycTOH-
uuBLie U30TOMBl HMeloT Macchl 79 u 81; 6GoMGapIupOBKOH MeX/eHHH-
MM HeHTPOHAMHM MOMNHO MOJyYuUTh TOABKO Maccw 80 u 82, torma
KaK mnyTém Y-00MGapIMpOBKM MOXHO MNONy4YuTh Macchl 80 u 78,
AxruBrocty ¢ nepuogamu 18 mun. u 4,4 waca OblIM TOJy4YeHH 000-
WMy TUamn 60oMGapIMPOBOK M, CJAEJOBATE/IbHO, MOTYT OHTB OTHece-
el Kk Brso,

B kawectBe Apyroro mphMepa pacCMOTpUM ABa IepHOAa, PaBHHE
21 mud, u 6,5 nns, moayvalowuecs B pe3yisbprate OoMOapAMPOBKH
XpoMa npOTOHaMM H Keje3a Heliteponamd. O6a nepuoma OTHOCHATCH
K uzoromam Maprasua. Jllasee, XpoM HMeeT yCTOHYMBHIE H3OTOMNH
< Maccamu 50, 52, 53, 54 u nmnocsie OGoOMOGAPIHPOBKM IPOTOHAMH
B pesyJ/braTe peakuuu Tuma (p, N) XO/KeH JNaBaTh Maprawelu c Ta-
kumu e maccamu. C Ipyro#l CTOPOHH, XeJe30 HMeeT YCTOHYHBble
M30TONbLl ¢ Maccamu 54, 56, 57, 58 u mocuae GoMmGapaupoBKH ZAelite-
POHaMH HCIIONB3yeMOl 3HEPrHM MOKEeT IIPaKTUYeCKH JMaTb Maprasel
TOJIBKO MyTéM peaxiuil Thia (d, a). ITO L0MKHO NPUBECTH K MaccaMm 52,
54, 55, 56. CiexoBaTesbHO, JBA BHILICYIOMSHYTHX MePHOAA LOKHH
-OpITh OTHeCeHH K Mn®* wau MnB3, C nmpyro#i cropous, Mnb®* usse-
CTeH M3 JApPYrHX peakuuH W HMeeT Hepuoj, pasHuii 310 ausam. Otcio-
na sICHO, 4YTO U3 TPEX H30TONOB MapraHua ¢ mepuoiaMu 21 MuH.,
6,5 nug u 310 DHed ABa XOMKHH ABJAATBCS M3oMepaMmH. [lepuonm,
paBubie 21 MuH. u 6,5 aHs, gouiHe 062 ObThb oOTHeceHH K Mn®?
TdK KaK OHH He MOryT ObTh noayyeHsl u3 V8! npum moMoun pe-
akuun tuna (@, n) uau u3 Cr® peaknved Ttuma (d, n) (8 TO We
BpeMsl H3BECTHO, YTO NPAKTHUECKH BCE SHEPreTHYECKH BO3MONKHHIE
peakud Ha0/II01aI0TCA B neﬁcmmenbﬂocm).

[amma-nyun ¢ sHeprueit 1—3 Msg MoOryT NMpHBOAKTH SAPa B BO3-
OymIEHHOE COCTOSIHME H, CJeld0BaTelbHO, MOryT OHITh HCIOJAb3OBA-
HH AU [10J1y4eHHs H3OMEepHBHIX COCTOSHHH yCTOHYMBEIX Silep, HO B
ITOM cjyvyae He NPOUCXOAMT MCIYCKAHUS HUKAKUX ALEPHBIX YaCTHIL.
Takne me BO30ymAEHHBIE COCTOSHUS MOTyT, KDOME TOro, BO3HH-
KaTb NpPH  HeylNpyrux CTOJKHOBEHHAX C SOPOM 4YacCTHL e
p, a ud.

b

*) Mpl obosnauaem coraacHo Bore 6oMOapaupyiomylo 4acTHiy nepsof,
4 HCOyckaeMmMylo d9actHuy (MAH XBAaHT) BTOpOH; (n, 7). TakuM o0O6pasom,
«O3Hayaer
M 1= AM+ 1
ZA +n0 ZA + +1,
rae M — macca aapa.
#%) D10 OTHOCHTCH K H3OTONAM BJEMEHTOB CpEJHEro Beca. S

4 VyoH, 1. XLV, BH 3
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3. UBNYYEHNA HM3OMEPHHIX ALEP
a) Unctro-H30oMepHHe Nepexonn

OcTaHOBHMCS KPaTKO Ha M3/My4eHHSX, MCIYCKaeMHX APH H3OMep—
HOM [epexojie W3 BHCIIEr0 COCTOSHHS 2 B HH3IIEee COCTOfHHE 1.
CymiecTByeT JBa THNA TaKWX U3/NyyeHu#: raMMa-i1y4d W KOHBep-
CHOHHHE 9JEKTPOHH *). B c/yuyae HCIycKaHWs TaMMa-H3NyYeHHR

(0]
¢ YacToTol ——

uMeeMm
2n €

ho=Eq —E, (1)

(E3, E,—cootBerctBenno sHepruu yposwelt 2, 1). Tlpu ucny-

CKAHHW 9NeKTPOHOB ¢ K, L ¥ T. A. 060/0YeX aTOMa HX SHeprus:
Gyner

fivo — K = Eg, )3

ho—L=E; unr. 1, (3)

rae Eg, E; — sHeprust OAMHOYHHX MOHOKMHETHYECKMX TIPYyNN HCOY=
CKaeMHX sieKkTponoB; K, L —3Heprus CBS3M aTOMHHX SJEKTPOHOB
Ha o6osoukax K, L aToMa, mpeTepmeBalONer0 H3OMEPHHH Mepexol.

C TOuKH 3peHMs 3aKOHA COXPAHEHHS DHEPrMH MONKHO CYHTATb, HTO
[0}

raMMa-u3nyyeHue ¢ YaCTOTOH o BHBHBAET HA HCNyCKaloUleM aToMe
tdoToanektpuuecknit apdext. IToaToMy 3TOT 3¢iheKT HA3LBAETCH HHOT-
Ia BHYTpeHHUM (OTO3neKTpHUeCKUM 3dxDeKTOM HJIM BHYTPeHHeH KOH-
Bepcuelt. OnHako TakOe MpexcTaBieHHe He Ja&T IOJHOTO ONHCAHUS
¢usnyeckoro mpotecca, MPOUCXOAALETO B XeACTBUTEIBHOCTH.

OTHOIIEHHe YHCJAA BLIPHBAeMHX K-9JEKTPOHOB K 4YHCJAY HCIyC-
KaeMHX raMMa-KBaHTOB Ha3biBaeTCs KO3(MPHIHEHTOM HEHOJHOH BHYT-
pente#t konsepcuu nas K-oGomoukn T1:

N
Op == 7\—/-{:— . (4)»

AnanoruuHbiM o6pasoM ompemeasercs a; M T. A. OTHOmEHHEe MMOAHO-~
ro YHCAA HCOYUIEHHBIX 3JEKTPOHOB K YHCIY H3AYYEHHHX KBaHTOB
HasuBaeTcd nPOCTO KOoddulUueHTOM BHyTpeHHeH KoHBepcuu. Taxum
o6pazoM Ko3hdHIHEHT BHYTPeHHeli KOHBEDCHH DaBeH CyMMe YacTHBIX
k05pdUIHEHTOB HEMOJHOH BHYTpeHHeR KOHBepCHH:

N,
a=ap—0o, f-ay= Wi‘» )

rae N,— NONHOE YHMCAO HCMYUIEHHHX 3JeKTPOHOB,

*) Ilpn nepexoje M3 BO30YXKAEHHOFO COCTOfHHS MOMeT OBITb HCIy-
meHa 3JeKTPOHHAadA mapa (9JeKTPOH H Mmo3uTpon). TlpuMepom O2 moxer cay-
WHTb Nef0, DTOT THH nepexoja ABAAeTCS OYeHb GRICTPHM. llpyras BO3MOK-
HOCTb, IPH KOTOPOH HCIYCKalOTCHd JABa KBaHTa, OylIeT OGCYyXJeHa HHUXKe
(pa3nen 4e).
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Beanuuna xosdduiveHTa BHYTpeHHeHl KOHBEPCHMM MOKET KOJie-
Gathc MexAy HYAEM u GeckoHeyHocThlo. MHorma B crapoti u pawe
B COBDPEMEHHOM JauTepaType KO3GDDMINEHT BHYyTPeHHeH KOHBEPCHH

e

Ne+ANy)
nyckaeMelX 3JeKTPOHOB K 4HCAy sAepHuX nepexonos. [lepsoe on-
penenenne (4) Gonee yno6HoT! M wmul Gyinem emy cienoBaTs.

Ecau arom Tepsier K- mam L-3JeKTpoH, TO OH JOJMeH HCEMyc-
TUTh peHrrenoBckue cepun K u L, a rakke saextponm Oxe. Mc-

onpenendancs, Kak T. €. KaK OTHOUIeHHe 4uc/jaa Huc-

nycKaeMbe  DEHTreHOBCKHe 50
JAyYd TpHHAlJIeRaT K CieK- . Cb

™Y, COOTBETCTBYIOLIEMY

aTOMHOMY HOMEpPY BelllecTBa, 20 r Mo 2
MCTIHTHBAIOEr0  M3OMEpHHIH  ~ . °\@
nepexox. Hanpumep, 5 cay- § 0

sae Br®® mowuo naGaiomars % p

XapaKTepUCTHYECKOe W3y~ J_

yenue Opoma. Cienyer ot~ E m

METHTD, YUTO B ADYruX saep- o 2 o E
HBX pOleccax, BelyWHx § , AN

K BTODHYHOMY MHCIOYCKaHHI S

PEHTTeHOBCKHX Jiyyet mno- ¥ a5 Zr

c /e panMOaKTHBHOTO pacna- 5§ V7

X4, PEHTTEHOBCKHE Jyud AB- .
JSI0TCA  XapaKTepUCTHYeCKH- 02t .

MH a9 TNpPOAYKTOB pacna- a1l @U(‘)O 8,00 IZ[’I)O 1600
na. Tak, npu saxsare K-3/1ek- 0@ 10 20 0 40
TPOHA pEHTreHOBCKHE JYUH Majom?

ABAAIOTCH XapaKTepUCTH-

YeCKUMH JUIsi  TpelbiLyile- Puc. 1. KpuBble mOrJaomeHuss peHTTeHOB-
CkuX W y-aydeir Tc%. a — noraomenue

ro  3JeMEHTa  MePUOAMYC-  nayyreqopckux u 7-aydeit B Al; 6 — no-

ckoil TaGmuiuu, a mpH GeTa-  rjowmenne PeHTreHOBCKHX Jayueil B Zr;

pacnane OHM ABJIAIOTCS 8 — IOTJOLeHHe PEHTIeHOBCKUX Jyuei

XapAKTePUCTHUECKMMK  mas B Cb; ¢ — moraomesue peHTTeHOBCKHX
aysefi B Mo. Pucynox B3sat wn3 Phys.
9JIEeMEHTAa, CJIelIleUJ,eI‘O 34 Rev. 55’ 808 (1939).

pacnanawowumcs.  Mayuenue

MCIYCKAHUS XapakTePHCTHYECKMX PEHTTEHOBCKUX JyueH sBAfETCSl MO~
3ITOMY XOPOIIUM METONOM JNJsi OMNO3HABAHHS M3OMEpHHIX MepPexoi0B,
Koraa ans naenruduKka MM PeHTTeHOBCKUX Jydell HCIOAB3YIOTCSA XapaK-
TePUCTHYECKHE TOrJOTHTENH, TO JJIS OAHO3HAYHOLO YCTaHOBJEHHS
ATOMHOTO HOMEpa MHOCTAaTOYHHl CPABHHTE/BHO Majibie WHTEHCHBHOCTH
nanydenus. Ha puc. 1 mana kpuBasg MNOrJOUIEHHUS PEHTTEHOBCKHUX
Ayyeil, HCIycKaeMsIX HDH H3OMEPHOM Mepexoie 3jeMeHToM 43 (Tex-
neuueM). Te e peHrrenosckne ay4u Ounam  choTOrpadupoBaHu
AGenbcOHOM NpU MOMOIIM KPHUCTA/IHYECKOro crekrporpadad?; mu-
kpodororpadus crnekTpa nokasaHa Ha puc. 2. KoauuectseHuoe

4}
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usMepeHue 4UCIA MCHYHLEHHHX KOHBEPCHOHHHIX K-3JEKTPOHOB MOXET
6uTh NPOM3BEACHO NYTEM OMpeleseHHs BuxoXa (uyopecueniun Cl.

DNeKTPOHH BHYTPEHHeH KOHBEpCHH OOBIYUHO MOMWHO OGHApPYMHUTDH
¢ TNOMOLIBK) TOHKOCTEHHHX HMOHH3AaUMOHHBIX KaMep WM CYETYMKOB,
Kpusasgs mnorsouieHuss  MACKHX
MOHOKMHETHYECKHX 3JIEKTPOHOB
YyacTo JOCTATOYHO XapaKTepHa
AAs JaHHOrO MHCTPYMeHTa, XOTH
OHZ CHJIBHO 34BHCHUT OT reo-
MeTpUHM ycTaHoBkM ¥ T. A. Ha
puc. 3 naércag mpuMep KpUBOH
NOTJIOULEHHS AJS  BJEKTPOHOB
¢ aHepruelt 115 K38 u oueHb
MATKKHX OeTa-Ayuyell Ias CTaH-
IAapTHOH HKOHU3ATHOHHOH Kame-
pHl. TlosneaHo Takxe OTMETHTH,
YTO B Cayyae oObyHOro Gera-
pacnana 3JeKTPOHH C HH3KO#R
Puc. 2. Mukpopororpadus Keo-minni 3HeprHel CBA3aHBI C JOJTHM

Tc. Tpu nuka Ha BepxHEH ¥ HuMHeH o ,
XaauGPOBOUHBIX KPUBLIX CooTBeTcTBylor | CPUOAOM ITI0Jypacnana, rosro

Ka-nayGaery Cb, Mo u-Ru. OcHoBHoji MY HA/JH4YHE 3IEKTPOHOB TOJb-
NHK Ha KPUBOH B LieHTpe eCTh Ka-iH- KO HA3KOH 3HEpPruM IpPH KOpPOT-
o, moshmaners i Ol NEPHOE TOypacats (s
pacna,u,a’ch HOJIyI#epHOD.(?M, %asﬂgﬁ npiuep, 200 k38 u 1,3 cex.)
2 pHaM. Pucynok B3aT w3 Phys. Rey. HBJM€TCS JHOKA3aTEJNbCTBOM H30-
56, 753 (1939). MEPHH,
Jlyummne peadyiabraTl OblJIH
NOJIyYyeHBl ¢ IIOMOWpl0  Gerta-
crnextporpadoB pas3anyHoro tuna. OCHOBHOM TPYJAHOCTBIO IPU ITOM SiB-
JAAETCST MOJIy4eHHE JOCTAaTOYHO TOHKHX M HHTEHCHUBHHX HMCTOYHHKOB.
BeienctBue 3TOM TPYRHOCTH 91eKTPOHHbie COEKTPH, IIOJYyYeHHhle X0
CMUX M[Op € MCKYCCTBEHHBIMH DAJMOaKTHBHBIMH BELIECTBAMM,  XYyHe
9/ICKTPOHHLIX CIIEKTPOB, MOJYYEHHHX C €CTEeCTBEHHHIMH PAaIHOAKTHB-
HBIMH - BEULECTBAMU, KOTOPHIE ABJSAOTCA HACAJNBHHIMU 15 HOJAYyYeHHs
[OpeneJbHO TOHKMX HUCTOYHMKOB CO 3HA4YUTe/bHOH axTHUBHOCTBIO. [s
06HApYMEHHH 3JEKTPOHOB OLUIM HCIOJb3OBAHL TaKike ¢ororpacu-
HECKHE ILIACTUHKH, CY8TYHKM M HOHM3AUMOHHHE kamepsl. Ilocie Haz-
Jexaiued MUKPOQOTOMETpHYeCcKOH KanubpoBKM MM  KAJAUOPOBKH
CY8TYMKA OHAM MOJyYeHHl HANEKHHE KOJIHYECTBEHHHIE pe3yabTaTHl
(cm. L1 VLH8,D9) B ciyyae 31eKTPOHOB ¢ oueHb Malioi sHepruei,
Hie ~ 20 38, BCe TPYMHOCTH BO3DPACTAIOT.

_ Ilpumensinace, Hakoweu, u kxamepa BunbcoHa, HO He OYeHb LK~
POKO, Tak KaK paccesiHue BKaMmepe INPHUBOAUT K NOSBJAEHHIO «/IHHHHAD,
[IOXOXHX Ha HelpepHBHWA crekTp Gera-syyed. CoBpeMeHHHE Npo-
HOpUHOHANbHHE CHETYMKH TaKXe OyAyT, KOHEYHO, HCMOJL3OBAHH IS
NONOGHHX M3MepeHuH (cM., Hampumep, C19 y HB), ‘




AJEPHAS W3OMEPUS 365

3nanve ko3dbpuiMeHTa BHYTpeHHeH KOHBEPCHH OYEHb BAXHO C
TEOPETHYECKOH TOYKM 3peHUsl, HO, K COXKAaJeHHIO, H3MepeHue 3ToH
BeJMYMHL OyeHb 3arpyAHuTejapHo. [IpoG/ema cOCTOMT B ompeneie-
HMH 4YHCJHA MCOYLWEHHHIX KBAaHTOB H YMCAA HCOYUIEHHHX 3JEeKTpO-
HoB. HyMmHO HKO6aBHTbL, HTO 4acTO 3TH 00a THIA H3/NYYEHHS HMEIOT
snepruo, menbuylo 100 x3s,

YTO yCHMJHMBAEeT TPYAHOCTH, CBA-

3aHHLle ¢ 1orjdouledneM B uc- /00
TOYHHMKAX, MOFJOUEHHEM B pa3- 50
JHYHLIX OKHAaX M T. X. OnIHako
naubosee TPYAHHIM  SIBASIETCH o

KaauOpOBKA M3MepSIOulero WH- 20

cTpyMeHTa. B cuay4ae HOHM3a- N

L MOHHKIX KaMmMep WM  CUETYM- 10 ~
KOB MOXHO KanubpoBaTh |-Jyuu 5

¢ suepruelt 500 w38 oTHOCH- q

TEJIbHO 3JEKTPOHOB, HCHOJBL3YS 2

MO3HUTPOHHHHA  W3jyuaTesb U
CpaBHMBasl  HEMOCPEICTBEHHOE
IeicTBHe IO3UTPOHOB ¢ addek-
TOM AHHUFUJSUMOHHOTO U3Jyye-
nnst 62 Ouenb yHOGHBL Takme
cudtyuku, paGoTaiouiue Ha COB-

-

%

HumercusHocms ( [ 0g wKana)

nagenue F2 D1, R5, DY 0,21

B caywasx, koraa HM30Mep- 010|‘ 500 1000 1500
HHil  ;mepexox  chaelyeT 32 T 0 B R T
B-pacnanoM wuaM HpemiecTByeT VEVE

eMy (cM. ciaedyoouui pasien),
B-cnektporpad madT BO3MOK- f;;;iog'o‘r’ T‘z”";;fgﬁgﬁﬁ“."eﬁ 3JIek-
HOCTL MOXCHETA M KOHBEPCHOH-  [yonepwe B a/MOMHEHH Géra-n_yggf;
HBIX 3JEKTPOHOB M 3/EKTPOHOB  Co%, PucyHok B3aT H3 Phys. Rev
pacnaga, 4Hca0 KOTOPHX PasHo 55, 808 (1939).
YUC/IY KOHBEPCHOHHHIX  3JIEK-
TPOHOB IHOC YMCJIO Y-KBaHTOB (cum., Hanpumep,l!). Ias onpe-
He/ieHUst TOrO, CKOJBKO pa3 [-u3dydeHue cjedyer (HAnm mnpen-
WIECTBYET)  KOBEPCHOHHOMY 9/eKTPOHY, MOXHO NPHMEHSTH [ —
B-cosnanenus. [las OTHICKAHUS TOrO, KAK YACTO Y-M3/IyYeHHe ClexyeT
(unu npenuiectByer) B-usaydeHuio, NPHUMEHSIOTCH §— Y-COBMaNEHHS.
dopmyan nas oOpaloTKH Takux usMepenuil OblaM JaHn BumenGexom
u Yy W21 koropsle, 0IHAKO, HCNONBb30BaNH KOI(D@UIHEHT O B CTapOM
CMHICJIE STOrO HOHATUSA (CM. ypasHenue (5) u xanbuwe). Ony Takxe
NPUBOASAT IKCNEPUMEHTANBHEE De3y/bTaTH IS HEKOTOPBIX Y-jyued,
C TeopeTuyeckoll TOYKH 3pEHHS BAWHO TAKNKEe H3MEDHUTh OTHOIIe-
p V€ MEXAY DPa3NHYHLIMUA YaCTHHMHU KO3(DpHUUHEeHTaMy BHYTDeHHeH KOH-
Bepcud. O6GBYHO HEOGXOIUMO paccMaTpMBalbk TOJbKO OTHOIUEHHE :TK
L
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910 OTHOILIEHHE TOYHO M3MepseMo Npu HoMouls Gera-cnekTporpada,
¥ TPYAHOCTH KanWOGPOBKM peay/bTaTOB CPABHATENBPHO HEBEIHKH,
TaK KaK OSHepreTHYecKas PAa3HHUA MeXAy ABYMS CpyNIaMd KOHBEP-
CHOHHHX 9JEKTPOHOB B GOJBIIMHCTBE CJy4aeB Majla AO CPaBHEHHUIO C
WX SHeprueH H, c/eloBaTesibHO, 9(eKTHBHOCTL o6HapyKeHHs 3THX
rpynn mo cymecTBy OIWHAKOBA.

6) beTa-paAMOAKTUBHOCTH U H3OMepud

B cayuyasx W30OMEpOB yCTOMYMBHX fep, TAKUX, KAK [nlism K f83m
Sr87m *) “yanydenus, CBA3AHHME C H3OMEPHHM NEPEXONOM, MOTyT Ha-
faogarbess B OTCYT-
P M2, CTBHM  KaKUX-HHOyIb
, ’]Z\ APpYTHX H3IydeHUid.

QnaHaxo BO MHOTHX CAY-

yagx #Apa, UMelOuHe
M30MEpHHE COCTOAHUA,
OKA3HBAIOTCA TaKNKe
Gera - paiuOaKTHBHHIMU.
OnuumeM Ha HECKO/b-
a B A B a 8 KUX BoOGpaKaeMHX
NPOCTHX MPUMEpax He-
a 0 8 KOTOpHE  HHTepeCHhie

Puc. 4. TIp 0COGEHHOCTH,  BO3HH-
. 4. [TpuMepnl sHepreTHYeCKHX ypOBHEH U30- al0IMe [P TaKoM
MepHHX flep. @ — oOmHuH caydair; 6 — tam I Karort, PH 4
(p>>>1); cocroauus 2 u | nesaBucuMo pacna- copnanerun. Ha puc.

LAI0TCS B peayabTare GeTa-uaayuenns; 8 —tun [ A3H2 THIHYAAT - HA-
(<€ 1); coctosmye 2 pacmazaercs B COCTOS- rpaMma ypoBHeil JAad
Hue 1, ¢ KOTOPOro 3aTeM uaér f-pacma. aByx saep A u B. A
nepexoiut B B my-
TéM B-Mcnyckanus ¥ uMeeT BO30yMAEHHOE COCTOSHUE 2 upuMepHo
Ha 100 x38 Bhillle ero OCHOBHOrO cOCTOsHuA 1. B Takie HMeeT BO3-
Gyxn8HHoe cocTosiHMe, BeposiTHOocTs nepexonda B eAHHHLY BpPEMEHH
U3 COCTOfHMA 2 IO OTHOIIeHWi0 K Oera-pacnaly ecTb Aggr BEpOSIT-
HOCTb Hepexoid W3 COCTOHHS 2 B coctosuue | ecThb Ay, Ilepuox
noaypacnana cOCTosHud 2 TOTAa Aa&TcA ypaBHEHHEM

0,69
Ty = —— . . (8)
)‘2(3 + )‘27
OrHOWeHHe MexAy 4YACAOM OeTa- M raMMa-repexonosB pPaBHO
A
2
p= TB . )
27

( ?lé\gu 0603HauaeM Yepes 7 BO3OYKIASHHBIE COCTORHUA YCTOHUMBBIX sAep
oM. .



AAEPHAS M3OMEPUA 367

Tenepr paccMoTpHM IBa Npele/ibHHIX CJydas, BCTpPeyarou{HXxCcd
THA MPAKTHKeE,

[Tonowum cuavana p>>1 (tun II). Toraa cocrosuue 2 pacnapaercs
AIpaKTHYECKH TOJBKO NyT8M [-HCHyckaHud, M fApa B COCTOAHHH 2
#nu B cocrosHuu | Benyr cebd Kak DPasiMyHble He3aBUCHMHE Pajluo-
AKTHBHHE §Apa, KakAOe U3 KOTOPHX HCOyCKaeT CBOH COGCTBEHHHIH
XapaKTepUcTHYeCKu#t GeTa-CreKTp ¥ raMMa-/ydd, cleiymoumue 3a B-pac-
aanoM.

B xpyroM npeaeapHoM caydae, pias koroporo p <&l 1 (tunm I), co-
CTOfHKMe 2 [pPaKTUYeCcKH MepexOdUT TOJbKO B COCTOfHMe 1, KoTOpOe
8 CBOI0 oOuepefp HCOHTHBaeT P-pacmaig. Cocrosuug 2 # 1 Beayt
ce6s B 9TOM Clyuae KaK [Ba pPaAMOAKTHBHHIX BelilecTBa, mpuuém 1
eCcTh JNouepHHH npoayxkt oT 2. B Takom ciayyae Mbl FOBOpMM O ma-
pe reHeTH4YeCcKM pOACTBEHHEIX H30oMepoB. DeTa-cexTp napw rese-
THYECKH DOJCTBEHHHX H30MepPOB COOTBETCTBYyeT Nepexoly, HauuHalO-
imeMycs OT cocrosHus 1 ¢ koHcranToff pacmama Ag. Temepn npen-
4I0JI0XHM, YTO IPH HOMOWH KaKOro-TO MNPOHecca MH NOJAYYHIH B
PaBHHIX KOJIMYECTBax sipa B COCTOAHMM 2 H B cocrosHuun 1 m 4ro,
KaK W ObBaeT OYeHb YaCTO, W3OMEpHHH mepexox M3 COCTOSHHA 2 B
COCTOAHHE | CONMpOBOWAAeTCH H3JAyd4eHHEeM, KOTOpOe MOMeT ObTh
JAerKO ©OTIe/eHO, Hanpumep, nyTEM moraouienus. Ilpu HccaenoBanuu
TO/bKO OeTa-crekTpa MHOrAA HaG/I04aAH B ciaydae Ag; < Mg ABa pas-
JAYHHX [EepHoAa ¢ HIEHTHYHnIM OeTa-ciexkTpoM. Buauane B-aydu
B OCHOBHOM HCIYCKAIOTCSl HEMOCPEACTBEHHO W3 cocTosiHUA 1, ¥ aK-
THUBHOCTh yMeHbINAeTCss MPHUMEPHO € KOHCTAHTOH pachama Ajg. 3aTeM
HACcTynaeT pPaZMOAKTHBHOE DPABHOBECHE MewIy COCTOsHHAMH 2 K 1,
¥ OeTa-pacmaji 1a&T KOHCTAHTY Agy, COOTBETCTBYIOULYIO MEPEeXOAy H3
«€OCTOSIHUSL 2 B cocTosinMe 1, torma kak Oera-cnekTp ocTadTcs COOT-
BeTCTByloWMM OeTa-pacmaly ¥3 cocTosHus 1.

ITa cUTya'us BO3HMKAET B OOJBIUMHCTBE U3BECTHHX B HACTOA-
ilee BpeMsi FeHeTHYECKH POACTBEHHHX Map H30TONOB, Hanpumep Brdd,
Rh1% . Ha puc. 5 npusosarcss kpuBas NOMVIOUIEHUS AJsi U3/yueHHs
Zn% ¢ nepuomamu, passeiMyu 13,8 waca u 57 muH, Kpusue OeTa-no-
CAOUEHHS $BHO MIEHTHYHH Aad ofoux cocrosiHuil, Torja xak rnepuon
13,8 waca ma&r rakime raMMa-u3/ydeHue, COOTBETCTBYIOUlee MEPEXOLY
2—1 (mepexox Meway H3OMEpHBIMH COCTOSHHSMH) HA pHC. 4.

B atoM uacrtHOoM ciiydae He HabMOAANOCh HUKAKUX Y-1yvel, cie-
Aylomux 3a f-pacnagom. B Apyrux cayudasx Takoe u3jydeHue MO-
HET HUMeTb MeCTO, W Hab/lleHHe COBajalouux Oera- W raMma-iy-
deil 0c06eHHO yAOOHO A/ TOro, 4TOOB OTJHYMTh CaMMa-Jy4u, CO-
aposoxwjauue Oera-pacnail, OT FramMa-iayde#, yyacTBYIOUIMX B U30-
MEpHOM Mepexofe.

M3 Bcero BLIIECKA3aHHOTO MOXHO 3aKJIOYHTb, 410 CYUIECTBOBA-
Hye HIeHTHYHOro OGeTa-creKTPa, CBH3aHHOrO C PA3/JAMYHLIMA [EepUO-

AdMH, OYeHb UEHHO C TOYKH 3peHus nnemmbnxauun u onpexene-
&Husl M30MEepHLIX Map.
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B cayuae, korma Ay >>Ayg, MOMOGHHX XapaKTEPHHX OCOGEHHO-
cTefl He BO3HUKAET, HO CPA3y Ke MOKHO 3AMETHTH AHOMAMUIO B 33—
kone Gera-pacmana. [IpuMepoM Takoro ciyyas MOXET CAYXHTh H30—
mepus Ba!®) rne nepuon moaypacmaza y-nepexona pasen 38 wacawm,
a Aas B-nmepexona mepuox moJiypacmana paseH npumepno 20 romam KO,

B KO/AM4eCTBEHHOM OTHOUIEHHM HOHM3aUMA B eIMHHUY BpEMEHI
[, BoaHHKaoouiag B pe3ysbTaTe H3NAYYEHHS, HCOYCKAEMOrO NPH pac-
maie MApH FeHeTHYECKM POICTBEHHHIX U30MEPOB, PaBHa

I'=FkMp [Nz e~ l 4 (Nr‘ T—lﬂr) e =g ],(S)
18— %2y
rie N; u N, —HayalbHHe 3aceJEHHOCTH cocTofHHH 1 u 2.
Kosdpduunenr &  yuutoi-
| BaeT MOHM3aUMOHHYIO cHO-
| co6HocTb ucmyckaemoro us-
2000 7 nyyeHus, reoMeTpHyecKue
ycnosus ¥ T. A. Honmsa-
1000 + KA, BH3WBaeMas H3Jayde-~
HHEeM, COOTBETCTRYIOUIUM H30~
MepHOMY nepexoay 2—1,
Cl0Ad HE BKJIOYaeTCH, TaK
200 4 xkak oHa MOWeT OHTb Jerko
| ormenena. Popuyna (8) mo-
10r 100 Jly4aeTcsi IPH HENOCpeACTReH~
¢y HOM TIpHMEHEHHH  3aKOHOB-
PalHOAKTUBHOTO pacnana.
HauanbHele 3aceadnnoctu Ny,
2001 N, 3aBucat OT cHocoba
R T §] obpasoBanns H30MepPHHIX
100 200 300 400 500 600 700 AMeP; Mbl OGCYNMM 3TOT BO~
Tonwuna noenomumena (MeAL/cmM2)  TPOC HHXKeE.

B mpaxkruke MOXHO Tak-
Puc. 5. Kpustle norxomenHs (B aJioMu-
HUE) A0 Zn®. g — 13,8-uacoBag axtmp- RC OMHIATL CAydad, 1po-
HOCTh; 6 — 57-MHMHYTHAas AaKTHBHOCTb. Pu- MEXYTOUYHLIE  MEWAY TIpe~
cyHox B3AT u3 Phys. Rev. 56, 1095 (1939).  mesbHBIMH (<a»H«6»), 0BCyH~

I8HHbIMK Bhime. OHH BCTpe-

2v
hg — Aoy

500 T ¥ T T L

200

—
[
(=Y

o
()

500 ﬂ

(3%
fom]

Humescusrocms ( 10g wrana )

j S
T

!

YaloTcd, KOraa cay4adHo -—}%;— He cAdKOM otaugaerca or 1. Tax kak
doy M kg MBMEHSIOTCH B UIMPOKMX NpPeNeNaX He3aBUCHMO OIHa OT
Apyro#i, BO3MOXHOCTb TOrO, YTO OHH OyIyT HMeTh OJUHAKOBBLIH MO~
PANOK BeJWYMHH, JOBOJBHO Masa. [laabHelilune OCJOKHEHHS TIPH
aHanM3e H3Jy4YeHHH CBSI3aHH C TEM, YTO TraMMa-Ayuyd, CONPOBOMK—
naomue f-HCnyCckaWMe, MMEOT HWHOrA4 CJAOMHHH crlekTp. IT10
fiBJIeHHE He Cay4aifHO; ero HyXHO OXUIATH B COPJAaCUU C THMOTe3ok
Befiusexepa u ¢ npasusnamm oT60pa Teopuu B-pacnaza. Mo BepHEMCcR

K 3TOMy BONpoOCYy B pasiene 5,
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4. TUMOTE3A BEMU3EKEPA
a) KayecTBeHHas cTopoHa Bonpoca

PaccMoTpuM  OCHOBHYI0O mnpo6ieMy, CBA3aHHYI0 ¢ SILEPHOH HK30-
Mepuelt, T. e. BONPOC O MeXaHu3Me, KOTODPHIH NPEndTcTBYeT H3/ay-
YeHHI0 3HePruH BO3OYHMIEHHOIO COCTOSIHHS B O4YeHb KOPOTKOE BPEMS,

CpenHee BpeMs HKHU3HH COCTOSIHUSL TIPH JIHIIOJBHOM H3NY4YeHUH
raMMa-jyuell BhIpaXaeTcfi XOpOWIO H3BECTHOH GOpPMyNoil 3JeKTpo-
MAarHUTHOH TeOopHu:

3
=5 aan ©)

M,
rae M,, — MaTpUYHBIH 9JIEMEHT 3JIeKTPUYECKOTO MOMEHTA sApa UpH
mn-nepexofe. B aroit dopMmyne neonpeaenEHHON BeAHUHHON sIBASETCH
Toaeko M,,. Ecan nonowuts M, paBHHM 31eKTDOHHOMY 3apsay,
ymHowenuomy Ha 10~13 ¢, 4TO BrHOMHE corsacyercsi ¢ SLEPHHIMH 3a-
pgnaMuM M pa3MepaMH 41pa, TO INPU ©, COOTBETCTBYIOUIEM 3HEPLHH
100 x3s, noayuaem T, =4.10-12 cex. D10 cpennee BpeMs KU3HH
B 10!8 pa3 xopoue HEKOTOPHIX, HaG.I0JaeMHX IKCIEepHUMeHTa bHO. OT-
CI0Aa SICHO, 4TO JOJIKHK JeHCTBOBAaThH O4YeHb MOIHLle NMpaBuia otbopa,
NpengTCTBYIOUMe palMaiMOHHBIM MNepexoaaM. bBop paccmorpen BO3-
MOMHOCTbh TOTI'O, YTO 3/JEKTPHYECKUN MTUNOJBHLI MOMEHT sIpa MOMET
6LITb MHOrO MeHbIle BeJIMUYHMHbBI, OIeHEHHOM BhbIlle, B CHJAY TOrO, YTO
B silpe TMPOTOHBI TeCHO CBA34HH C HeHTPOHAMHM, Tak 4YTO, KOrZa 4acrh
3/IeMEHTapHbIX Y4ACTHIL ABHKETCS BHYTPH HAPA, IJIeKTPUUECKHH HEHTp
TAKECTH MNPUOAH3NTENBHO COBIaJaeT C MEXAHWUeCKHM. ITO JOJIKHO
3HAUMTENBHO CHMXATh LMNOJbLHBIA MOMeHT aapa. OXHako TpyAHO MO-
BEpPHTb, 4TO 3TOT 3PpdexT MoWeT OHTb CYUI[ECTBEHHBIM I/ XOCTATOY-
HOrO CHW)XeHud BeJHYMHB MATPUYHEIX 3JEMEeHTOB.

. Kak ynowsinytro B pasmene 1, Beitusexep W? ykazan, uyrto ecau
YP/JOBHIE MOMEHTHI ABYX SIIEPHBIX yposHelt oTauuyalTcs OGosblie Yem

Ha ONHYy eNWHWUY ——, TO NEPeXOi MeWy HHMH MyTEM JMIOJALHOTO

H3Jy4eHHst CTPOro 3anpeuiH, U OOHBYHO, €CJAH Pa3HOCThb CIHMHOR
ecth [, nepsuifi paspeméHHufl nepexol Gyaet oO8yCAOBAMBATHCA 3MeK-
TPUYECKUM HJIM MACHMTHHIM MyJbTANOJEM Hopsiika 2,

Tenepb oTHOIIEHHE HHTEHCHBHOCTEH KBAAPYMOJABHOIO H XUNOJABHOIO

y
*1

X
M3aydeHdsl HA MadHOM uactore Gyaer nopsaaxa YL rie x — RJIuHA,

OTBEYaIIIast pa3MepaM fAPd, U A — AJMHA BOJIHL MCIYCKAEMOrO W3-
JyueHus, HeséHHas Ha 2w, BooOlle MHTEHCHBHOCTH W3/JydyeHWs 3JeK-
Tpudeckoro moawca 2! uaM MarsuTHOro moaioca 2!—1 6yner nopsaka

x \2(—1 x
— OT JHMOJBHOrO u3ayuyeHud., Tak Kak OTHOUleHUe —i«

X

NOPSAKA 355 AN KBAHTA ¢ sHeprueit 100 x38, TO, CjenoBaTesBHO,
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#HTEHCHBHOCTh KBaAPYMOJBHOrO H3/My4YeHus npuMepHo B 10° pas MeHsbuue
MHTEHCHBHOCTH JMMOJIBHOTO M3JAYy4YeHUH; aHAJNOTHYHOE COOTHOWIEHHE
fonyvaeTcs v Aas Gosiee BHCOKHX moJuocoB. [Ipeanmosaras, 4yro usMe-
HEHHe YIJOBOrO MOMEHTa, HMelOlllee MECTO [IpH Mepexole, AOCTATOYHO
BEJHKO, MOXHO OOBACHHTb CYIIECTBOBAHHE CKOJAb YroZHO Go/bumoro
nepuona noaypacnana. [IpuBengnusle kaueCTBeHHHE COOBPAXEHUT MO~
TYT OHTb Pa3BHTH KOJHYECTBEHHO,

6) MyabTumoOAbHOE H3NydeHUE

OTnpaBHbIM [YHKTOM TEOPHH SIBASIOTCS KJACCHYECKME BHPAKEHUS
AAR  ckanapHoro (g) M BekTOpHOro (A) NOTEH'|HaNOB, CBH3AHHHEIX
< HBWKYUIMMHCA 3apANAMH B sape

AR = /JL(c‘r—" v, (10)
(R, 8= [l g, (1)

THe 7 — PAcCTOAHHE MEXLY TOUKOH P ¢ KoOopAHHaTaMH X, V¥, Z (puc. 6) u

paccMaTpHBAaeMHIM  97e-

P(x,y.z) MeHTOM O0GbEMa, (¥ =
r

_t——T, ¢ — CKO~

poctb cBera, Mnrerpa-
Jpl BepyTca 1Mo BCeMy
NIPOCTPAHCTBY ; py —
NIOTHOCTh 3apsifa B
TOYKE ¢ KOOPAMHATAMH
x', y', 2 B MOMeHT
t* wu j,— nAOTHOCTH
TOKa B TOK Xe CamoH
TOYKE H B TO Ke Bpe-
Ms; dr’ COOTBETCTBYeT

dx', ay', d'.

Tenepb HOMYyCTHM, UTO Py H j, ABAAIOTCS TAPMOHUYECKUMH yHK -

Puac. 6.~ Pacnonoxenue
_BekTopoB R, r, r/ u n.

w
U HAMM BPEMEHH C 4acTOTOH Y = = Torxa oHH MOryT OHITH mpeld-
€TaBJIeHH KaK BelleCTBeHHhE YacTH BupaweHui:

p(r") et =p, (12)
“

j(@)et=j,. (13)
BTH BeJIJHYHMHH CBA3aHbLI YPpABHEHHEM HENPEePBLIBHOCTH

F) .

= —divj,, (14)
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KOTOpPOE 3IKBUBAMNEHTHO YPABHEHHIO
imp = — div j. (15)

Tenepb BHYMC/JIMM BEKTODHBIH M CKaJfAPHBIA MOTeHHaJW B TOYKAX
NPOCTPAHCTBA, PACMOJIOKEHHHX OT Hauled CHCTeMnl 3apfaloB Ha pac-
CTOSHKHH, OO/IBIIOM MO CPaBHEHHIO ¢ pa3Mepamd camoft cucremu. M3
puc. 6 uv~em

r=R-—r’, (16)
=K {-r*—2r cosh, (17)

AR TNPUGAHSHTENBHO 1IpH RS> r/
r =R—r cosh. A - (18)

Mpu noncranoske (12), (13) u (18) 8 (10) u (11) moayvaem

i (¢— f})

8 J (l") eikn-r’ ,
AR = : R—rcosy &% (19)
(l") eikn-r ,
AR, &)=k " f e & (20)

# 3zech, KaK ¥ B MOCACAYIOUMX KOMIJICKCHHX Bupawedusx aas E,
H #u 1. 1., Mu M0Apa3yMeBaeM, 4TO XO/IKHA PaCCMATPHBATHCH TOJBKO
BeufecTBEHHAsl 4ACTb, M eCTh EHNHHYHHIA BeKTOp B HampasieHHd R

o 2x 1 ) A
U k —_ —— = T= T-, rxe — JA/IMHE& BOJIHW HCIYCKAaeMOoro H3nay-

YEeHH1.

s (19) u (20) MOMHO MONYYHTb 3IEKTPHYECKHA W MACHUTHHIE
BEKTOPH TPH MOMOLUIK XOPOUIO H3BECTHHX COOTHOIIeHHIH:

1 0A
E:———gradgo«——z-f(}[—, (21)
H =rotA.
JuddepeHudpyst 00 KOOPAUHATAM TOYKH £, M MOWEM CYMTATL M

TIOCTOSIHHOM, a TAKWe 3aMeHATb B 3HaveHareasx R —r7 cosf wa R.
Mu nonyuaem

E= 4" () S (pn— L) e g, (22)

O A
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HMcnonpsyst coOTHOLleHHe, CleAylomlee M3 YPAaBHEHHS HelpepHB~
noctu (15),

io /ipe’k“"" d’:’:—'/a div j e #knr g’ — ik/ j-nettnr g
Boipaxcenne aas E moxer 6HTb npeoépasoBaHo B
‘ :~ 2
E=—%e /jLe“"‘"dt (24)
3nech j. — npoexuns Bemopa J Ha nN/I0CKOCTh, MepHeHANKYAAp-
HYI0 K BEKTOpY M, Hin
=j—(-mn. (25)

dopmynn (22), (23), (24) nokasusawoT, uro E n H nepmennuky-
AAPHH JPYr K JPYLy M K BeKTOPY M 4 YTO OHH HMeOT paBHHe
a6Cco/IOTHHE 3HaveHHs, O6PaTHO MpomoplyoHaibEbe R, JTO sBAgeTCH
XOpOIIO H3BECTHHM CBOHCTBOM NOJM W3/y4eHWs, YIOBAETBOPSIONIEro

YPaBHEHHAM
E-n=0; —H=[En]; E-H=0. (26)

Onyckasd 3Hak WITPHXA y ¥, PasjoKUM IKCHOHeHTy B (24) mo

chepuyeckum rapmornkam W6
1

o L
2
ikner — 14 ki3 27)
et = 3 HRIHDPest) (957) " v o (o), D
1=0
rie § —yron Mexay n Hr u Jz kr) — ¢dyuxuua  beccena no-
7
I
psiaka l—i—T. Ecau kr <€ 1, T. e. eciy IJIKHA BOJHH KCHOYyCKae-
MOro H3/y4YeHHs BeJMKa MO CpaBHEHHIO C pasMepaMu 00/]acTH, B KO-
TOPOH HAXOZMTCA CHCTEMAa 3apsiioB, TO BEIpaXeHHe (27) MOXeT OHTh.
aIPOKCHMHDOBAHO NYTEM 3aMeHbl jl+ 1 HAWHU3LUIMM YIEHOM pa3foie-
P
Hus 910# ¢GyHKUMM B cTenenHolt pan. Taxum oOpa3oM TnoJydaem
(cm. WT)
1 1 1
L I+

() ey 0 =(7) " 51 3y

M ciaeloBaTeJbHO, Tak kKak 20+1[ (l,: %): 1:3:5....-(2l—1) X
1
X (204-1) (%) 2, umeenm

k
(’tknr-——z — 5’ ( g/ 5 P, (cosb). (27a)

1 =0
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Ilpu noxcranoBke (27a) B (24) mpi Haxomum E kak cymmy umre-
rpanoB, COHEepPHAUINX Pas3/iuyHblie CTellenH Kr:

E=E,+E+E, -} ... (28)

rae unrerpan E; comepxur noxm csoum 3uakom (kr)— 1. [lepsuie
unensl B (28) pasubl

Elz:——-[?wf e (t_lz )f jodr, (29a)

E,=—2_¢" (““f)‘/'hkr cos B dx, (29b)

NE

Bum e ) [ (P =

rAe 3HAK [TPHXA Yy T ONyileH,

E; cooTBercTByeT HOJIO 3MEKTPHYECKOIrO JTUMOJIBHOIO H3AYUYEHHH;
Eg — 107110 «MarHUTHOrO AMMOJBHOIO M 3/EKTPHUECKOrO KBAAPYIOJb-
HOro» u3nydenus; E;~— MOMO «MarHATHOLO KBaAPYNOJABHOTO H 371€K-
TPHYECKOrO OKTYMOJBHOrO» H3NYyUEeHMA U T. A,

[TpuunHa NpPUHATBIX HA3BAHUH M3NYyYeHWH CTAHOBUTCHA SICHOH moc/e
MHTEerpupoBanus Mo yactaM uHterpaios 8 E,, Eo u 1. A. ¢ ucnoas-
30BaHHeM YpaBHEHMS HempepHBHOCTH, YMmHoxas (13) Ha X M uHTe-
TPUPYs MO YaCTIM, [0Jyyaeu

. /jxdﬁ::i(u/pxd'czMx, (30)

rie M, 03HAYAET X-KOMIOHEHTY AEKTPUYECKOrO AMIO/BHOIO MOMEHTA
CHCTeMbl 3apAOB. AHAJOTMuHbe ypaBHewus mosydalores tas M,
uM,

TTomcranoska (30) B (29) nokaswisaer, yro E; ofyciosausaercs
npocto BexTOpoM M, , T. e. MepHEHAMKYAAPHOK K n npoekuued M.
E, cootBerctByer u3yueHHIO IEKTPHUECKOIO JMNOAN, HAXOAALETOCH
B Hauaje koopaunat. [lomcranoska (30) B (29b) xa&r Gonee caomHOe
Bupakenne, [lof MHTerpanoM nonyuaeMm TEH3OP BTOPOro INOPSAKA
C KOMITOHEHTaM#

Ay = J1 % =811 ¢4, Lik=x,y,2z. (31)

Yn00HO BHIPAa3uTh 3TOT TEH30D KAK CyMMy ABYX dacred: OfHOK-—
by, — CUMMETPUYHOH 1O OTHOLIEHHIO K 3amedHe i wa R W JApyro#i —
€y, — AHTHCHMMETPUYHOH IO OTHOLIGHMIO K TOH e 3aMene. AHTHUCHUM-
MeTpHYHasy 4YacTh JaéT 3jeKTpudeckoe IMOJe, COOTBETCTRYIOIiee Mar-
HUTHOMY JHIIOJIO

N:é—f[rj] dx, (32)
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OTKyJa SCHO Ha3BaHWE ¢MarHHTHOE JHHMIOJILHOE M3/NydYeHHe». Diek-
TPUYECKOE TOJe, COOTBETCTBYIOUIEE CHMMETPHYHOM 4YacTH TeH3opa,
eCTh MOJe 3/NEKTPHYECKOr0 KBAAPYMOL.

AHanornysee paccyxAeHHS MOI'YT OHTL mpuMeredn W K Eg, Ko-
TOpOE #ABJASETCH CYMMOH MarHUTHOrO KBaJAPYIOJBHOrO M SJeKTpHYe-
CKOTO OKTYMOJbHOro nojeit u 1. 1. HauMeHoBaHHS KBaApyNO/b, OKTY-
TMOAL M T, A. CBA3aHH C TeM, YTO MNOJAf, NOAOOHHE CHMMETPUYHON
gactu E, Moryr GuTb 06pa30oBaHbl ABYMS PABHLIMM NUMOJAMH ¢ OPO-
THBOMOJIOXHEIMU asaMu, CABHHYTRIMH MO OTHOWIEHHIO APYT K APYry;
pe3yaAbTHpyloUasg cUcTeMa W3 4 3ap4A0B, He HMeloulas AUIOJIbHOrO
MOMeHTa H CoAepalias 4 moJioca, Ha3HBAaETCHA KBaApPyNoJbHOH, AHa-
JOTHYHO M3 2 KBaapymoJeHl MOXKHO COCTaBHTb OKTYNOJbL H T. I.

Pasnoxenue nosng, o6pa3oBaHHOrO Hamel cucreMofi 3apsiios, Ha
E;, E, u T. 1. ocobenHo mnpuMeHumo, eciu Ax <€ 1, Tak KaK KaK-

X
Iuiii 4deH NO NOPSAKY BeNWYKHEH B RX = 5 Pas MeHbie, ye npen-

mwecTBYIOUUH, u psa ObICTPO CXOAMTCH. 3aech X O3Ha4aeT HAJIHHY,
COOTBETCTBYIOL{YIO pasMepy Hame#t CHCTeMnl 3apsfoB; AN %Apa B Ka-
YeCcTBE X MOMNHO NpPUOIH3NTENBHO BHIOpaTh sZepHH# paaumyc. Irto
NOATBEPKAAaeT BHCKA3bBAHWE OTHOCHTEJBHO NOPSAKA BEJHYHHHE pa3-
JIMYHLIX THIOB W3/yueHHH,, clleslaHHOe B HavaJe HACTOSLLEr0 pasfena.

IlpenmectBylouiee paccMOTpeHHe SBJAsSETCA YHCTO  KJAcCHye-
cxum 40,836 ' Ho ono MoOweT OHTh 06OOGIIEHO MyTEM 3aMeHH AMILIATYA,
IUMONBHHX MOMEHTOB, KBAaAPYMOJBLHBIX TEH30POB U T. X, COOTBETCTBY-
IOYIMH MaTPUYHBLIMH 371eMeHTaMH. TakoOe BhYKC/eHHE NMOMHOCTBIO Ghllo
nposedeHo [laHkoBuM B MoppucoHom P2,

B) [Tpasuna ot16lopla

[ToppoGHoe oOcyXIeHUe BMAA 3AEKTPOMATHHTHOrO MO, reHepHu-
PYEeMOro NMPOH3BOJbHHM MYJAbTUIONEM, OLIO MpoBeneHo [efiriaepomts,
OH na&r BoipaxeHus AJd 10JeH He TOJAbKO B BOJHOBOH 30He, TIe OHH
H3MEHSIOTCS, KaKk R™1 | HO Takie BOJM3H CaMOro MYJbTHIONS, Tl
yMeHbllleHHe MOoAg NPOMUCXOAUT OpicTpee, a Takie NMyTEM KRAHTOBAHHS
nojis TOKa3uBaeT, YTO 3JNEKTPOMATHUTHHE M0JiE, BO3HHMKAWOIIHE OT
SAEKTPUYECKUX M/H MACHUTHHLIX MOJIOCOB NMOPSAKA 2! UMEOT YriaoBHe
MOMEHTH [J1 IO OTHOIIEHHIO K LEeHTPY MyuabTHNosa. COOTBETCTBYIOUIHE
BHIYUC/IEHHS] SIBJASIOTCH AOBOJIBHO CJOMKHBIMH, W IIPH HX MOPOBEXEHHH
CYIECTBEHHO PacCMOTPeHHe N0JAS B IPOMEXYTOUHOH 30He.

ToT (axT, 4TO H3AyYeHHE YHOCHT YTJAOBOH MOMEHT (MOMEHT KOJH-
4eCTBa ABMMKEHUN), B COYETAHMM C NpUMEHeHMeM K U3ayudawomel cu-
creme (SApY) M K HM3MYYEHHIO 3aKOHA COXDAHEHHS YrJIOBHX MOMEHTOB
APHBOLXMT K yCTaHOBAeHMIO mpaBuia or6opa. Ecam I m I’ ecTs Bek-
TOpH YrJ0BOro MOMeHTa (B eAMHHLAX J3) ABYX SA€PHBIX cocrom—mﬁ
MEN(LY KOTOPHIMH NPOMCXOIMAT 3JAeKTPUYECKUH WU MarHuTHuH 2'-nonb-
BHE nepexon, 1O

H—T1<L - (33)
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3T0 npaBuao oT6opa MOWeT Takie OHTb MOJYYEHO Henocpen-
CTBEHHO NPY DPa3JOKEHHH 3JNEKTPHYECKOTO NOAS B Pl mo cepuye-
CKHM TapMOHHKaM, KaK 3TO GHJIO BuNOJHeHO Bhime (cM. (29)) u 6o-
Jnee NOAPoGHO B ctaThe [efiTiaepa.

Hanee, ecau fAp0 HMeeT BO3GYMAEHHOE COCTOSHHE C YI/IOBbIM
MoMeHTOM [’ W OCHOBHOE COCTOSIHME C YrJIOBHM MOMeHTOM [, u3ny-
YyeHue HaMHU3IEro fmnopsaka, CBA3aHHOE € 3TUM NEPEXOAOM, T. €.
HanboJiee BEPOSAITHOE W3JyueHue, 6y11eT JJNCKTPHUECKUM HJIN MarHut-
HEIM MyJbTHIIOJBHLIM H3Jy4YeHHEM MOpaiaKa o (cM. coobpaxenns
O YBTHOCTH, NpPHBELEHHHEIE HIDKe), AJIS KOTOPOro

=1 (34)

310 cnenyer HenmocpeacTBeHHO u3 (33). JeHCTBHTENBHO, MONHO MO~
Kasarh, uTO

[+ 0> (=T, (35)

OTKyNa MMHHManbHOH BeinuWHOH [ u siBasieTcs 3nauenue |J— J').

Ipyroe npaBuno ot6opa MoxeT OBITb HOJyYeHO NPH PaccMoTpe-

HUH yETHOCTH cOGCTBeHHHX (YHKUME dapa. Y&tnoctbh maHHo# co6-

CTBeHHOH (yHKUMM NOKa3kBaeT, YTO ¢ HeH mpow3ofadr, eciu H3Me-
HWTb 3HaK BCeX KOOPJAMHAT dYacTHil. Mmeem

!q)(qll Goye o vy {n)—‘:j——q)(——qla '—q?,"-y__qn): (36)
rie ¢;— KOOPAMHATH i-H yacTMIH (MCKJO4Yas e CNUHOBHE KOOPAH-
nate). Ecam ypasuenue (36) cnpaBenauBo co 3HakoM -f-, cOGCTBeH-
Haf YHKINA HasbiBaeTcs 4ETHOM, B 06paTHOM cjyuae — HeyETHOH.

Kaxanii MaTpUUHHI SJ7eMeHT Tuna

Mm,.=j‘¢;;, (9 qur- ) XTYL10,(qy, 9y,...)dg dg,. .. (37)

paseH Hyuo, ecau Gynxuuu 9, u b, UMEIOT OJAHY YETHOCTE U CyM.
Ma r-+ s+ ¢ sBAfeTCH HeUSTHOH WM €C/M OHM MMEIOT PasHyIo Y&T-
HOCTb, a cymma r-}s-+f uérnas. B stom wunterpane X = Zx;
M T. I.; BCe MATPHUVYHHE 3DJIEMEHTH, ONpPELEe/SIOIMe MYALTHIOABHOE
u3nyyenne, — tuna (37).

ITn pesyapTaThl #BASIOTCE 0000lleHHeM XOpOIIO H3BECTHOTO
cneKTpoCKONnnyeckoro mnpasuna Jlenopre. Ortciona ciesyer, 4TO
9/IeKTPHYECKOE JIMNOJBHOE M3JyyYeHHEe MPOUCXOAUT TOJBKO MEWIY
COCTOSIHHSIMM C pAa3JHYHOM uETHOCTBIO, H BOOOIE SNEKTpHYECKOoe
2l-nposbHOe HM3aydYeHHe H MarHuTHOe 2/—1-moJbHOE M3NyyeHHe BOZHH-
Kal0T TOJbKO HPH [ePexXoiax MemAy COCTOSIHHSIMM C OJHHZKOBOH
YETHOCTBIO, ecau [ — 4&THOE, M TOJBKO MEXAY COCTOSIHUAMH ¢ pas-
anyHOH uySTHOCTBIO, ecau [ — HeudTHOe.

x \2
Ioneskro paccMoTpeTh HH3WYIO CTeyieHb BeJNHWUMHBI —7[—> , BXO-

agmiet B QOpPMyAH ¥ WHTEHCHMBHOCTM, My OyleM Ha3WBath STY
CTeNeHb NOPSAKOM mepexona u 0003HAUATh CHMBOJOM A,
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Hopsnox nepexona paBeH 1 Ais 3JeKTPHUECKOro AHHOJS, 2 — AAf
BJeKTPUYECKOTO KBANPYMOAA WJIH MATHUTHOrO JHOOAf W T. I,

O6a mnpaBuia oT160pa, OIHG, CBA3AHHOE C YIVIOBBIM MOMEHTOM,
U Apyroe — ¢ YETHOCTBHIO COGCTBeHHHX (yHKUUH, npuBelieHN B T46-
aue I, KoTopast ykasbiBaeT MyJAbTHIOAH MHHHMA/JbHOTO MOPANKA
MeWNy COCTOSHMAMH IaHHOM 4ETHOCTH, /IS KOTOPHIX

VEYARGENVE St

K Ttabmuue 1 momkno OuTh HK0GaBieHO BhTekaloniee u3 (35) mpa-

Ta6amna I
IlpaBuaa orbopa Aag MYJIbTHIIOJIBHOIO H3JAYY€HHS
Crenenb BeJUYUHBL X/} [
B BbIpAXMEHHH It 2 4 6 ‘ 8 10
MHTEHCUBHOCTH
daexrpuuecxoe uany- | dunoas | Keaapy- | Oxry- | 16-noas | 32-noan
YyeHHe noJab oL
41
W+ |>} 1 2 3 4 5
H—1"1<
WNamenenne B uéraocta | EcTs Her Ecms ier Ecrn
MaruntHoe  uanyue- — { Hunoas Ksaapy- | Oxrty- | 16-mo.an
HHUe | MnoJb oan
[ \
l . _
I+ 1
I+ I>} 1 9 3 4
H-ri<
Hsmenenue B u€rHOCTH Her Ectb Her Ecrts

RHJIO, COFPJACHO KOTODOMY TMepexol], MeXAy JABYMS COCTOstHUsIMu C
=0 sanpem@gH K U3AyyeHWs JIOGOro Tuma (CM. pasmed 4e).

r) llepuon nonypacnajia Bo3GyxagHHBX
COCTOSAHHUH

Bere B3 rpy60 oleHHsn BepOSTHOCTh H3JAydeHusd BO3OYMAEHHHIX
fAlep NMpH IOMOWIM 3aMeHbl MHTErpajioB B ypasHenusix (29a), (29b)

U T. A. BHpANKECHUEM
wx \A—1
nexw (T ’
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rIe ¥ -— BeJWYHHA TOPSAKA eNWHMUE, e — 3apsil 3JeKTPOHa, X-—
panuyc sapa.

BhumcAsi MOTOK SHEPRMM, WHTErpHPYS M Jeds Ha o, MoJiydaem
yCcpeaH8HHOE 4YHC/AO KBAHTOB, MCIYLUIEHHHX B eXMHHUIY BpeMEHH Of-
HUM SAPOM, T. €. !

28+ jg 24
A = i) Lo < . (38)
N 7 T35 . S 2A=De
1

Ecau Mt nosioxum w2=1 u x=14-10-¥ 1% rze A— macca
sapa (O ==16), yro HAXOMMTCH B COMJIACHH C WUMelOUW(MMUCH CBeje-
HHAMH O SilepHHX paauycax, gopmyna (38) naér
lgh, =20-30 —21g(1-3-...-2A—1)—

—(2A+1)1301g E—2A (o,sar_~ TlgA), (38a)

rie E — sueprust y-usayyewus B Msg ¥ ), BbipaxeHo B cex. L.
3aech A — NOpANOK MYJABTHNOS JJAS 3N EeKTPUYECKOLO U3IY-
uennsi, Tak Kak MarHuTHoe 21-IONBHOE H3JyUeHHE MMEET C TOUKH
3peHud IIPOBENEHHOTO PACU8Ta TAKYI0 IKE BEPOSTHOCTb, KAK W 37eK-
Tpudeckoe 2H1-nonbHOe M3ayyeHne, KOHCTAHT4 pacllaa MarHUTHONO
2l-monpHOrO M3aAydeHUS MOJyvaeTCs U3 NPUBELEHHOH DOPMYAH TpH
A=I+41.

91a dopMysia MOKET PACCMATPHBATHCS TOJBKO KaK OYeHb Ipy6oe
npubnnierne, TaK KAaK 3aMeHa MaTPHUHHIX SJIEMEHTOB COOTBETCTBYIO-
tell CTEMEHBI) NPOU3BElIEHHUs SIEPHOrO PAIMyCa HA 3apii 3/IEKTPOHA
ONpaBIaHA JMIIb PA3MEPHOCTHHIMY coobpamenusMd. OmHako Jaydiuiee
npubamKedHe K JIeHCTBUTEJNBHOCTH MOMXeT OBTh IIOJYYEHO TOJMBKO
IpH JETaJbHOM DAaCcCMOTPEHMH KOJHMYECTBEHHO IPaBUJLHOH szepHol
MOJZEJM, YTO B HACTOdllee BPeMS el HEeBO3MOXHO.

Tem He MeHee, HEKOTOPHE ABTODPH, UCXOLS W3 DPA3NUUHBLIX Ipel-
nojoNeHnH, NOpPeAnpuHsiAn Gojlee JeTalbHHeE BBIYKCACHUS SIEPHBIX
nepuogoB moaypacnaza. Tak, Xe66 u VYiaen6exH5 mpemmosiomuinu,
yro mM3AydYaeT eNMHHYHAd aip(a-vacTHIa, NBMKYLIASCH B HOJE OC-
tTanabHod uactu siapa, a KoenymaX® ppunsn sa gasmxyuiuitcs wany-
AWM  3apan  eluHUyHBE TporoH. Jloyau 12 dupuf™ u Bepre-
20 Bl yenoawn3oBanu MOJMedb KWIAKOW KAIAW, NpeAnoJaras, uTo
M3AyueHHe BHIBHBaeTCH BUOpAUMAMH 3apsikeHHoro siapa. ®uaworre Fl
nan GopMyay s nepHoia 1osypacnana, OCHOBAHHYIO Ha Mpearno-
JOKEHUH, YTO M3JyYeHHe CBA3AHO C BpPAlleHHeM 3aDPSIKeHHOH KanJM.
HexoTopble U3 MMEIOUIMXCS SKCIIePUMEHTA/IBHBIX JaHHBIX OBIIN CpaBHe-
HE € 9THMH TEOPETMYECKHUMM BHpamenuamu L BIL WIS C  yamed
TOUKH 3PEHHS CYWECTBYIOUIHe 3HAHWA B OGNACTH CTPOEHHH fAApa He-
JOCTATOYHE XS TOro, yroOH ONPaBAATh MCHOJb3OBaHKe J0GOH 4a-
CTHOH SAepHOH MOJeNM, M MH TOITOMY HcnoabzoBanu dopmyny (38a).
OnHaKko ONMH MOMEHT MPEACTAB/ISETCH HECOMHEHHBIM ¥), a MMEeHHO,

*) 310 6buIo YKa3laHO JaHKOBHIM (CM.D21).

S VY®H, r. XLV, sun. 3
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4TQ COTJACHE MENKAY TEOPETHYECKHMH BHIPAMEHHAMH M 3KCHEpUMEH-
TaJbHHM MaTepHaNOM SBJASETCH XOPOIUMM HJAM NPHUEMIEMBIM TOJBKO
npH yuére MONpPaBKM, CBH3aHHOH C BHYTpeHHeH KOHBepcHeH.

Ecan 66 aTOM O6bin NMOMHOCTBIO JMIEH BCeX CBOMX 3/EKTPOHOB,
TO KOHCTAHTA pachiaja fiePHOTO M3OMEPHOrO COCTOSHMS ZaBajiach Obt
dopmyno# (38). Hannune e aTOMHBIX 9/7EKTPOHOB BHI3HBAET BO3MY-
HieHMe B fApe, KOTOpOe BJewdT 3a cOGOH sinepHble MepexoiH, CO-
NPOBOXAAIOLIHECS HCIYCKAHMEM aTOMHBIX 3JeKTPOHOB (BHYTpeHHss
KOHBepcHsi). ITOT 3pPeKT ecTeCTBEHHO YBENMYHBAET KOHCTAHTY pac-
naga, npuYéM B OueHb XOpOWeM NPUGAMMEHHA MB MOMEM NOJO-
#uTh Tl 4yrTo KOHCTaHTA pacmaia ecThb

A=l (9)
rae b, xagrcs dopmynott (38), a ), — xoHcranta pacmana, COOTBET-
CTBYIOULas BEPOSTHOCTH NepeXx0ld, BHBBAHHOTO 3JEKTPOHAMH.

[Tleprox nosnypacnaza Bo3GYXAEHHOrO COCTOSHHSI T OIpelenseTcs
COOTHOLIIEHHEM

0,69 0,69
T:T—I")\-{:-TT—(]—*- a), (39&)

# TaKk Kak ko3QPuuueHnT BHyTpPeHHed KOHBEPCHM G MOWKET WMETH
0 e e == ————— 3Ha4eHUsl OueHb 6OJIb-
IIge MO0  CPAaBHEHHIO
C eIuHu 1ed, ACHO, YTO
BHYTpPEHHAS KOHBepcHd
MOXET SBAATHCS CY-
UIeCTBEHHHIM (aKTOPOM
Npu onpelreleHUd He-
puona noJypacnana
B030yKAEHHOTO COCTOS-
HUS

log ©(cew)

Ha puc. 7 naHece-
0,69
HBl 3HAYEHMA Ty == 3
u T cornacio (38) n
log £ (K 3s) (39a) «xak yHkuua
Puc. 7. 1g = B saBucuMocTH o Ig E and Z =  sHeprdM ramma-usjayde-
=35, A=80 —— — — — Ty coraacHo (38a);  yug g A=—80 Z =—
— < coruaceo (39a). Mcnoawaywoica — 35 3Haqum’1 % B
jgorapudMbl npH OCHOBaHuM 10; 3Ha4YeHHda A yka- =~ ¢
34HBI HA PHCYHKe. (3%9a) Owminu B3ATH M3
TEOPETHYECKHX pacué-
ToB (CM. caeaylowne pasfienst). M3 puc. 7 sicHo 3Hauenne BHyTpeHHel
KOHBEPCHH C TOYKY 3PEHUst MOHKU¥KEHUS NMEePHoAa MOJaypacnana cocros-
Hull ¢ Hu3KoH 3uepruedt. Hecmorps Ha mperdensHo rpy6uie npubiu-
WEHUSA, TPENCTABASETCH BEPOATHHIM, YTO A/ NaHHOW 3HEPrud nepexons
C pas/uyHBMM A  HMEIOT MEepHOAH (10/1ypacnana, NOCTATOYHO OT/iM-
yalouMecss IPyr OT Apyra, 4ToGh OO BO3MONHO Halth A xan
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IAHHOTO Tepexona ¢ M3BeCTHHIMM [IEPUOAOM [OJypacnaza H
IHeprued.

[ToBupumoMmy, Lesecoo0pasHo CHelaTh HEKOTOPHIE 3aMeYaHuK,
kacalmuecsd NPUBEISHHHX BBl Pa3dUUHBIX (GOPMYJ IS KOHECTanIM
pacnaza. Popmyna bBere (38) ocHoBaHa TONBKO Ha caMuX OCHEMX
apejacTagienuax. B n060i Teopun BEPOATHOCTh H3JYHEHHS DJEKTPH-
yeckoro 2/-N0JBHOTO KBAHTA MpomopiuoHaibha o 2+2x rre o u x
MMEIOT yKasaHHHWe Bhille 3navenus. Ecau MbBl nmpocto pasinenuM ¢oot-
BETCTBYIOILEE BHpAaWeHHe HA O, TO st KOHCTAHTH pacrmaga MOJydns
ypasHenue (38). Omnaxko B ¢opmynax Pupua, Jloyswa, Pmorre w
Bepres0 HcnoAs30Basach YacTHa# MOjeNb SAPA — WHIAKAS Kamnas;
B 3TOM CJydae 9Heprus KoOJeGaHMil B Kam/e MPONOPLUOHAIbHA ©3 *).
[losToMy KOHCTaHTa pachaZa CTaHOBHTCS MNPOHOPUHOHANBHOH o-°
sMecTo o251, Jlanee, B BbipaxeHHe JJs 3Hepruu ko.heGaHuil BXO-
AAT pazuyc sApa B KBajgpaTe, U I0STOMY pe3y/bTHPYIOLIAH KOH-
CTaHTa pacnaza NpoMOPUHOHANBHA Ppamuycy sapa B creinenu 2 [ —2,
HakoHel, TtaKk kax Ipeamo/araercs, 4ro M3jyyeHHe OMpelensiercy
BceM 3apsmoM fupa Z, TO A 3aBMCHT ot Z3, Torga xak B ¢opMyiae
BeTe HeT HMKAKOH 3dBHCHMMOCTH OT Z.

Bhina cAenaHa IIONHTKAa CPAaBHEHUS IKCHEPUMEHTAJILHHX pe3yJib-
tatoB ¢ Gopmynavn bBere u PupuaFlt. B rtabau (e usomepos, npu-
BOAMMON HHMe, TeOpeTHUeCKMe 3HAYeHUS MepHOJOB MOJypacmaia
noayuensot 1mo ¢Qopmyne Dere, koropas, Boobule roBopsi, ILa&T He-
CKOJIbKO 3aBBILIEHHble 3HAaYeHHS IepHOAOB mnoJsypacnaia. Popmyna
$dupua oOBYHO HadT CAMIIKOM MaJible 3Ha4YeHUs nepuoja moJaypac-
naga. M3 25 cayuaes, AaHHble I/ KOTOPHIX NpPelCTaB/SIOTCH HAAEw-
HeIMH, 06e (popMyabl ZAlOT pasauuyHble A TOJMbKO B 4 Caydasx. Dkcre-
PHMMEHTAaJIbHbIEe JaHHble HEJLOCTATOYHO XOPOIIM JUIH TOTO, 4TOGH ycra-
HOBHUTb, N0 KaKOMy 3aKOHYy A 3aBHCHMT OT © u paiuyca aapa. bonee
JeTallbHOE CPABHEHWE TEOPHHM € 3IKCHEPHMEHTOM CTAHET BO3MOMKHBLIM
1ocae noayuedus OGoJlee rOYHBIX HAHHHIX O KO3(DdH 1H2HTE KOHBep-
CHH, KOTOPHIH OCTA&TCS B BHIYMCAEHMHX HECKOJBKO H2OIpede/iEHHO |
BENMUMHOM, TaKk Kak o AN MarHuTHOro 2f-nojbHOro u3aydenus me
paBHO @ Iad 3jeKkTpuyeckoro 2!tl-monbHoro usaydenus %),

A1) BuyTpeHHsast KoHBepcHd

K cuacrtpio, BLIYMC/AEHHS O, XOTS H C/0XKHblEe, OCHOBAaHH Ha 3Ha-
4yuTeJbHo OoJee HaagwHo# Gase, yem ofeuxu A JMesao B Tom, yro
OleHKa A CBSI3aHA C OYeHb HETOYHHIM OMNpeleieHHeM SAEPHHX MaT-
pUYHBIX  3JIEMEHTOB, 3aBUCAILUX OT JeTajell CTPYKTypH SApa.

#) Tak xe KaK SHEPrus rapMOHHYECKOr O OCIHAATOPA X — @ COS wf PaBHA
-5~ ma2w2,
) m

*#) Anexc u Jlawkos®! wammm xopowee corsacue mexiy 50 sxcnepn-
MEHTAJNbHLIMH De3yJbTaTdMH H TeOpeTHuecKOH ¢opmyJoil, uMewomed Ta-
KYyl0 e 3aBHCHMOCTb OT B3HEPrHH W pajanmyca fiapa, Kax ypasHesus (3oh

5-)(-
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Brlypicienne ¢, HanPOTHMB, OCHOBBIBAETCH HA 3IJEKTPOAMHAMHKE H Ha
3HAHMH CTPYKTYPH ATOMA H MOXET MPETEHA0BATh HAa TOYHOCTb, CPABHH-
MyH0: C TOYHOCTBIO OGOJBUIMHCTBA OOBIUHBIX CIEKTPOCKOMMYECKUX
PacutTos, ' .

+ COOTBETCTBYOlIME BHUMCIEHUSI BHEPBHE ,OblId BHTOJHEHH Xyb-
yoM, Mortrom, Teitnopom u &, Onnenreitvepom 4 TL T2 ag TaxEamx
3/eMEHTOB B'!C/lydae AMIONBHOrO M KBaAPYNOJBHOTO H3Jy4eHHs. Bbi-
YMCJCHHS /I JIETKMX JEMEHTOB M MyJ/bTHIOJeH Gosee BHICOKOrO
10psaKa OuM BuMOJAHeHH Xe60oM U YaenBexom H5 | JlaHKOBbHIM W
MoppuconomP? u Xe66om u Heabconom HO *), '

:OcHoBHOH nieefl Takux BHUMCIAeHUH saBasieTcs ompeleneHue Be-
POATHOCTH nepexona K-, L- M JPYruX 4TOMHBIX JeKTPOHOB B CO-
LTOSIHHA HENPEPHIBHOIO CMEKTPa MOJ BJUSHHEM BO3MYLICHHSH, CO3Aa-
BAEMOTO 9JIEKTPOMATHUTHBIM [OJIEM MyJBTHIIO/S, PAaCHOJI0KEHHOTO B
Hayajle KOOPAMHAT (B LeEHTpe HAPa) H H3JYYAIOWEro OXMH KBaHT
B cekyHAy. XapakTepHoH yepTOHl 3TOH BepOATHOCTH sBAfeTca e Cy-
illeCTBEHHAs! 3aBUCHMOCTh OT 3/MEKTPUYECKOTO W MATHHUTHOrO 1104
B OKDPeCTHOCTAX sipa, rae pacnonoweHs K- u L- ajnektpoHsl. B stofi
obnacth mnoje yOLBAaeT MO B3aKOHY /", rie 7 CBA3aHO C IMOPSAKOM
myasranons (n=1[-4-1 ans snekrpuueckoro 2'-nons) u, cnenosa-
TeNbHO, H3y4YeHHe BHYTpeHHeH KOHBEepCHU. MO3BOJISIET ONpeneUTh
10pAAoK My abtunoad. [IpuMeHsiercs oOblyHas HecTAUHOHAPHAS TEOPHS
BO3MYLIEHU#, U OCHOBHOH 3aZauell SBJiSETCH BHYACJIEHHE MATPUUHRIX
3/IeMEHTOB [/l [OTEHUMAana BO3MyHleHus, CBs3niBalouero K- u L-
COCTOSIHUA C COCTOSHHSIMM HENPepHBHOrO CIEKTPa.

Boiunc/ieHnst, OXBATbIBAlOUIHE BCE BO3MOMHHE CJyYaH, JOJIKHBI
OHTB CHMIIKOM CIOXHB, OCOOEHHO IpH YyuéTe PpEeJSTHBUCTCKHX (-
¢)eKTOB, KOTOPHe CYILECTBEHHH JJf OBICTPHX K-3/1eKTPOHOB (TsiHE-
Jbie 97eMeHTH) AN OBICTPHX HCOyCKaeMHX 9/1eKTpoHOB. OXHAaKO
aast GOJIbLIMHCTBA M3BECTHHIX HM30MEPHBIX I1€PEXO0I0B SHEPrHs WCIY-
JIEHHHIX 3JIEKTPOHOB M KHHeTHdyeckas 3Heprus K-31eKTPOHOB (Ha-
npumep, 18 xag nns Z =40, 43 xss ans Z =60) manw mo cpashe-
HHIO C mc?, Tak uyTOo pensiTuBUCTCKHe 3ddexTH He OYeHb Cylle-
CTBEHHBI ¥¥), ‘

Kousepcug Ha K-o6onouke. HaukoB u MoppucoH naior
$opMyss  AAS KOHBEPCHH 3JEKTPHYECKOTO 2/-NOJEBHOTO H3AYYEHHs

¥) HoBeiimue BbluMciends MArHHTHBIX KOHBEPCHOHHBIX KO3(dHLHEHTOB

6sau  onyGmukoBanst B 59 D25 L20 4 nag snexTpHueCKHMX IMMONBHBIX KOH-
BepcuoHHbX X0addunuentor B 23, (Cm. raxwe U. C. Ilanupo. Buyr-
pPeHHES KOHBEPCHH y-Aydell M OmpejeleHHe KBAHTOBLIX XaPaKTEPHCTHK SIlep-
HBIX ypoBHe#H, Y®H 40, 189 (1950). B aToM 0630pe ocBeméH, B 4YaCTHOCTH,
paa  paboT COBETCKHX aBTOPOB, HE OTPaXEHHHX B crtatbe Cerps u I'eabM-
roavua. fIpuxr. nep.)

*) Dag 2> 60, E>> 250 138 H nAs MalHHTHOTO NepeX0ja JO/KEB OHTh
JUTEHH PeNaTHBHCTCKHME 3(dexTs.
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Ha AByx K -37eKTPOHAX B HEPENSTHBUCTCKOM npubamkeHnd. Popmy-
v

na cnpapennusa A — <€ 1 (U — CKOPOCTb HCIyCKAEMBIX SMek-

TPOHOB): '

[P D)) G

2n 2
[(l +1 (142 BT VJ
4
(24 n2(( - )2+ n2...[L+n2) (1 —e™27) (40)

rie V; yAOBJAETBODAET ypaBHEHHIO

2 2+
Vipr = V,(1 -1 nd) jil + S <1+n2>”(13—{—n3) (41)

i=1

V,=0. (42)

B.3tux ¢opMynax o — KOHCTaHTa TOHKON CTPYKTypH, ¥ — 3Hep-
rUgd raMMa-usjayyeHus B efuHMIAx mc? u

n= — =
2
@y — Z202)
1
_ 3Heprus cBa3u K -31eKTPOHOB ) : (43)
~ \ KHHeTHYeCKas SHeprys KOHBEPCHOHHEIX 3IEKTPOHOB

dopmyna (40) 3HAaUHTEJNBHO YNPOILIAETCH, €CAH YAOBIETBOPSETCS
yenone n<€ 1, 1. e. ecam sHeprus cBasu K-060/10ukn Mana no
CPaBHEHHI0 C KHHETHYeCKOH 3HeprHel#t KOHBEPCHOHHHX 3JJEKTPOHOB
WM, Jydllle, eclH CKOpocTh K-371eKTPOHOB Majla MO CPAaBHEHHIO CO
CKOPOCTBIO KOHBEPCHOHHHX 3J1eKTPOHOB. B 3rom ciyuae

5
H

l
I4+1 T) : (44)

Ecan npeneGpeur BAMAHHEM CIHHA, MarHUTHOE My/AbTHIOJbHOE
uanyueHye Ha K-060/04Ke He KOHBEPTHDPYET.

B pendaruBHcTcKOM NMPHOG/MXEHHM, T, €, NPH MCNOAb3OBAHHH BOJ-
HOBHX ¢yukuul [upaka ¥ npu npeHeOpemeHHH SHeprued CBA3M
K-3nexrpono (n <€ 1), HaukoB u MoppucoH Hammau

1
278 o4 v+2)’_3‘ (+1)2 441
v8 v I1+1 ’

aKl = 734

agr= (45)
27844 fv 42 g
- ( u ) , (46)

Bri=



382 9. CE[PY W A. TEJBMIoJbl

rae o, # B, — KOHBEPCHORHEIC ko3dduynent Ha K-oGonouxe mas
3MeKTPUYECKOro 2-MOMBHOTO M MArHUTHOrO 2'-MOJMBLHOTO M3Ny4YeHHs.
KonnuecTBennne pe3yiabTarl A ramma-jyuyedl ¢ sHeprueil Huxe
0,2 Mag u Z <40 nawores ¢opmyoi (40). Haa Z <30, BHCOKHX
9HEPrHH UM He CAUMIKOM BHCOKHX MMOPSAKOB MY/JbTUROJEHR mMpuemie-
MHe OleHKH naloT dopmyas (45) u (46). [lpu Z>50 aas monyue-
HUSl TOUHHX PE3Y/bTATOB HEOGXOLMMH UHCACHHHE BHUHCIEHHS. DTh
BHYMCJ/ICHHS, BaXHHe ISl silepHoil (u3ukn, MOryT OhiTh NpOBeleHH
CPaBHUTENBHO JeCKO MPH HCMoJb30BaHuu norenuuana Pepmu-Tomaca
JIS aTOMHOTO TOAS ¥ UMCJEHHOro MHTerpMpoBanus ypasHenns llipe-
JuHrepa ¢ MOMOLBI0 HOBEHIIHX BHIYHCAMTE/DHLIX MauiHH. B ¢opmy-
7aX, MPHBEASHHHX BHIE, MCIOAb30BANMCh BOJHOBHE (YHKIKHH BO-
Aopona. .
Kousepcus na L-o6onouKke ¥ YUCHEHHHE pPe3yb-
TAaTH. AHA4/MOTHYHHE BHUMC/EHHs, CB3aHHHE C KOHBEpPCHeH Ha
L-060n0uke, Ghan Bumommens Xe66om u Heabcownom 8. Onu mpuso-
AAT TAaKXKe YHC/eHHHe Pe3yabTaTel Xis Kodh(hH1MeHTa KOHBEPCHH Ha
K- u L-o6os0oukax B C/ayyae 9/eKTPHUUYECKOrO MyJAbTHUIOJS.
KoHeuHnie (OpMy]B, OCHOBAHHHE HA TexX Me IMPHOAMKEHHSIX, UTO

# B caydae K-060/04ku, Gonee CAOMKHB, W Ml [PHBOIMTH HX 31€Ch
He Oynem. Xe66 n

Henbcon maor oueHb
yrobuyio Tabauuy, ¢
IIOMOlLbI0 KOTOPOH MO-
ryT ObTh BHYHC/EHH
ap u o;. Fpapux op
Kax QyHKIUA SHEPrUH
npu Z =235 naércd Ha
puc. 8. Ha puc. 9
NpHBENEH 3aHMCTBOBAH-
HHE u3 crathu Xe60a
u Heabcona rpaduk
3

Lok

Wy o~y oW

0Z0%0 80 120 160 200 240 260 320 7
Iuepaus ( Kas) K yak ¢yuxiun .

Puc: 8. Ko3apdunuenr smyTpenHed Konsepcuu oL E
ua K-06010uKe KaK BYHKIHA SHEPTHH y-1yqeii. [1€00XONMMO 3aMeTHTD,
duexkrpuueckoe usdyuenue, Z=3). 4TO ynoMmsiHyTasd Tab/au-
na "8 gagr g [y2+2a,)

w .
s e W uMeer TOT e CMbIC/, YTO BBEASHHAN

KaKk (QyHKTIHIO
BHllle BequyuHa ¥, T. €. W ecTh 3Heprus 7{-usayyeHus B eNHHH-
zZ

ax me?u Y= = .
t 1= 137
CrnenoBaTenbHO,

\_ W (1372E
: T Tmerzz
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36,7E

WM ——5—, eciH E Bripa¥eHo B x38. [las nonydedus JyduIux pe-

a
3yJABTATOB MPH BHYHCIESHUAX TzL HOoJKHAa HCMONBL30BaThea TabauLa,
L

a He rpaduK; BO BCeX mnpenmectBylouux QopMynax MOXHO yiayy-
WuTh npubdmKeHne, eClu NPHHATL B PAcysT 9KpaHHPOBaHWe siAep-
HOTO 3apsfa AMf Pas/JMYHEIX OpOMT, KaKk 3TO JenaerTcss B TEOPHH

12 S

Y

zoﬂ\\
AN
1\

e

~
I
- \ J \
y T~
S \ .
- <z
2 T
5
(0] EEUER TN I N U AR SN O U O T o e e = ==
0 15 20 25 ‘30

7% (k)

Pac. 9. Kpuswe Las Ng/Nz B s3asucumocts or <%/F nna
3JMeKTPHUSCKOrO MYJALTHNOJLHOrO M3Jydesns. Kpusag B3sita us
Phys. Rev. 58, 489 (1940).

PEHTIeHOBCKUX niyuedl. D10 RoCTMraeTcs saveHoh Z wa Z,, =27 —o,
roe 6= 0,30 ans K-06010ukn ¥ 6==415 aasa L-060109kH, Peayab-
TaTel, NpHBORMMHIe XeG60M u HenbCOHOM, HABANIOTCA TOUHBIMH s
Z =35, u otknonenus aaa 25< Z <50 AOMKHH JAekaTh B npele-
aax 10—20%.

Jlnst MarHuTHOrO MyJABTHIONBHOrO M3NYUeHHT M L-060J04KH KO-
(GUIMEHT KOHBePCHH Ha&TC BHIpAWeHHeM

v

) 1
4 = :
73t v2 2 Z2a® v+2[ 1 +1
b= () B

[QI+1/2—1 v \a
+— (‘Zlfl-v+2>]}' (47
Kaxk MOWKHO BHIIETb, 3TO0 Bl‘)ipa)KeHlfle COlI.'ep)KPIT B KauyecTBe MHO-

wurens § (cM. dopmyny (46)). U 8 stom cayuae mpuGammenne Mo-
HET OHTh yJyuIIeHO MPH yuTe SKPaHUPOBAHMI,
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e) 0—0 nepexoamn

Ocobuiff cay4aéh ¥MeeT MECTO NPH NEepexoiaX MewAy IByMs CO-
croguuamu ¢ [/ =0. Takoil mepexox crporo 3anpejidH A% Bcex
TUMOB 3/JeKTPOMATHUTHOrO M3/YYeHHS,

Ecan fmBa COCTOAHUS HMEIOT OXMHAKOBYI0 4YETHOCTH, AaTOMHbIE
9/IEKTPOHEl MOTYT MCIYCKAThCA HENMOCPEeACTBEHHO, M BEPOATHOCTh IIe-
pexola 3aBHCUT OT IHPOHHKHOBEHMS AaTOMHHIX 3/1IeKTPOHOB B SApPO.
P. X. doyuep F3 Boiuncana a1y BepodatHOCTb. [amMa-uzayuenne RaC
¢ sHepruedr 1,426 Mss cornacHo daaucy u  Acrony E? nosHocTblo
KOHBEPTHPYET M paccMmaTpuBaercsi o6uuHo kak 0—0 mepexof, MOJHO-
CTBIO 3anpeiHHHY B uaayuennn I3, Tor we odpdexT NpPOHMKHOBEHMS
AedCTBYET TaKKe B C/yYasX, KOTAd BO3MOKHH PalHauOHHLE TEPeXONH,
{0 B 3TOM C/y4ae OH fBASETCHA HecylecTBeHHbM T2, Jlpyroit BOaMOx-
HB cay4alt 6b1 coobmén Bose u ap. B3| koropue oGHapyxuan B
Ge ™ (o6pasylouterocs npu pacnage Ga'?) CHIBHO KOHBEpPTHPOBaH-
Hoe Y-u3ayueHue (a>1) c sHeprue#t 0,7 M38 n ¢ mepuoaOM mOJY-
pacnaza 5.10~7 cex., npuuéM He GHJIO MOJyueHo cornacus ¢ ¢op-
vyJolt Befinsexepa.

Ecau, ozmnako, o6a COCTOSHMS MMelOT PAa3nnuHYI0 Y4€THOCTH, TO
OTHajaeT Aawe STOT THIl NMEPEXOAa; TOFAA NMepexol MOXeT NPOUCXOo-
AWTb TOJNBKO B pedynsTate 3ddexTa BTOPOrO nOpaAKa, HANpUMep B
pe3yabTaTe ONHOBPEMEHHOrO MCHYCKAHWS IBYX KBAHTOB W/H JIBYX
31eKTPOHOB, 3axc S6 BHYUCAMA BepOATHOCTb NOAOGHHX 3(deKToB,
Moryuiux HabmofaThcd B HEKOTOPHX c/lydasXx. B ciayyae mcmyckanus
ABYX 3JIEKTPOHOB OYeHb XapaKTepHHM fBJAJACH Obl TOT (pakT, 4TO
ITH SJEKTPOHH MCIYCKAJAHCh Ohl ONHOBPEMEHHO H HMead Obl LIMPOKHUit
pasbpoc 3HEPruM BMECTO TOHKOH JIMHHH, HMelouleH MecTO mpH OOHu-
HHX Tepexoiax, NPH KOTOPHX HCHYCKalOTCH KOHBEPCUOHHHE 3JeK-
TPOHH OT MOHOXPOMaTHYECKOrO ramma-uanyueHus. o cux nop Bo3-
MOMXHOE 3KCMEePUMEHTA/NbHOE YKAa3aHHe HAa CYU(eCTBOBAHME TAKUX Me-
PEXOMOB CYLIECTBYET TOJBKO B ciaydyae usomepa Irl®2 ¢ mepuoumom
noaypacnaga 1,5 MHH., KOTOPHI, BHAMMO, HCHYCKaeT H HENpepHR-
HHH CHEeKTP 7-AyYyed H KOHBEPCHOHHHE 3JeKTPOHH, [0.pabeprep G11
IPOBEN BHYHCJAEHHS JJaA CAy4Yad MUCIYCKAHUS OJHOTO 9JIEKTPOHA
W ONHOIQ Y-KBaHTa MJIsl PA3JHYHHIX 3HAYEHHH SHEPTHH MPOMEMYTOUHKIX
COCTOfIHHH H pas3/HYHHX KOMOHHaNHH Y8THOCTeH.

%) [IpuMeHeHHe TeopHuu

CymMMupys pe3ynbTaThl NpPeXHAYHIEro pasfesa, MH BHIAUM, yTO
nepuoA moaypacuaga fnpa B BO3GYKAEHHOM COCTOHHUH 3aBUCHT OT
silepHoro 3apsza, or £ u A, T. e. OT aroMHOro HoMepa, IHepruH
¥ TMOPSAKA Mepexofa B OCHOBHOe cocrosHue. OaHAKO TeopeTHYeCKoe
HaxOWAeHHe ITOH 3aBUCHMOCTH HABASETCS OYeHb HETOYHBIM, TaK KaK
Tpebyer GoJlee COBepIIEHHHX 3HAaHUA O CTPYKType sApa, YeM Te,
KOTOPHIMH Mbl pacliosiaraem.



ANEPHASL N3OMEPHS 385

Kospduinentsl KOHBepcHH &g, o7, B, B, Takwe spasorcs dynk-
uusmi Z, E, [, HO ux 3HayeHHs MOTYT OHTb BHYHCJEHH 60Jee TOYHO,
YyeM T, TaK KaK COOTBETCTBYIOUIME PACYETH OCHOBAHLI HA MCINOJbL30-
BaHWH B3/JeKTPOLUHAMHKY ¥ TEOPHU 4aToMa.

OKCNepUMEHTa N bHO MOXKHO wu3Mmeputs Z, E, <, uncaa K- u L-
KOHBEPCHOHHBIX 3/1eKTPOHOB (N, n N;) M uKc10 ramma-kBautoB N,
UCIyUIeHHHX NpH pacnage. OOHYHO MOXKHO TOUHO HM3MEpHTh IepBHe

Ng ;
TPU U3 3TUX BeJUYHH U OTHOWECHHUE —7—. I/l3mepeHml BC/JIHYHUH }\K

Ny
n Ny MM WX OTHOMIEHHS SIBISIIOTCH 3HAYMTENbHO G0Jee TPYIAHHIMA,
M, CJeL0BATeNbHO, OHY H3BECTHHI TOJbLKO MPHOAH3UTENLHO, 33 HCKIIO-
YeHHeM C/aydast, KOTAa KOHBEPCHOHHbE 3JAEKTPOHB COMPOBOKIAAIOTCSH
3MeKTPOHAMH pacnaza (cM., HanpuMep, caydau Ini™ u IniS pccne-
zoBatubie Kopxom u JlayconomL?t).

IIpuMeHUM OJyYeHHbie BHIIE TeOPETHYECKHE Pe3y/bTaTH paHblle
BCEro K CJAYyYalo, B KOTOPOM MArHUTHHIM MyJbTHIIO/JEHEIM M3J1ydeHHeM
MOMHO mpeHe6Gpeub IO CPAaBHEHHIO C JIEKTPHUECKUM MYJIbTHIOBHBIM
u3lyueHueM. ITO, BOOOLle TIOBOPS, HMeeT MeCTO INpU YETHOM [ u
nepexoie MEWIAY COCTOSHHSIMM C ONMHAKOBOH YETHOCTBIO MM NPH
HeusTHOM / M mepexoie Mexly COCTOSHMAMH C Pa3IHYHOM YETHOCTHIO
(cm. rabmauuy I). B Takux cay4asx 4uc/oM 34eKTPOHOB, BHIGpOMIEH-
HBIX TIPH KOHBEPCHH MAarHHTHOrO MYJ/BTHUIIOJBHOTO H3JYYEHHS, MOXHO
1aKxKe npeHebpeub.

Teopus naér cieaymowine QyHKIMOHANbHEE CBS3H:

t=1(Z, E, A) cornacto dopmynam (39a), (38); (48)
ag=0,(Z, E, [) cornacHo rabaune BH6; (49)
a,=a,(Z, E, l) cornacuo tabannue B HS, (50)

[Tosromy wusmepus Z, E, =, a, Z’z , VMEeM TpU He3aBHCHMHE

ouenku A (mas 3toro cayuwas A =1[), KOTOpHe MO/KHE HaXxOHLHTbCS
B COTJACUH MeXAy COOOH.

Jlpyrum MeTonoM onpeneieHus / st CJAELYIOUIHX APYT 32 APYroM
{-KBAaHTOB fBJIETCH YrJOBas KOPPeNsiHA MemAY STHMHM NOCJel0Ba-
TeJIbHO M3/ly4YaeMHMH Y-kBaHTamu. Teopusa 6Liia B 3TOM cayyae paspa-
6orana T'amunpToHoM HI5 y Tepruenem G2 . Bpenu u Je#ituB* noka-
3aan, 4ro 9TOT ekt cywectsyer B Co % u Sc*é (o6cyxnenne cm.
B pasfene 7). YrioBas KOpPpeJsiuusi GyBCTBATE/NbHA K 3HadeHusM /
AAst TPEX COCTOAHHM, y4acTBYIOUIMX B ABYX Nepexonax. BO3MoOmHOCTH
noAy4YeHHs AanbHeHIINX cBeleHH#t O 3HAYeHusx [ CBA3aHa ¢ Hab/O-
AeHHEM  KOppeasiHu  Mexay  mnoJspusanuell  mocielOBaTeNbHO
MCIYCKAEMHX Y-KBAHTOB; COOTBETCTBYIOIIME BHLIMHC/ICHUA IPOBEACHHE
danpkoBuM F8, DToT 3dhdhext B oTamume oT yraoso#t Koppeasuuu
3aBMCHT OT 3JEKTPHYECKOro MJHM MAarHUTHOTO XapaKTepa H3JyueHHs.
[Mongpu3aunoHHas Koppensuusi AHHUTHAAUMOHHBIX KBAaHTOB Obina



386 3. CE[P3 H A, TEJRMIO.bIL

3KCHEePHUMeHTaIbHO MoATBepwaeHa Baeynepom u Bpearom B2, Metity n
Merturep P ycneutHo uamepuan 31oT a¢pdext aas y-ayuedt Rh1°6, [Ipu
HCNONB30BAHUU 060X yNOMAHYTHX 3DPeKTOB npejnoaaraeTca GpCTpoe
HCIyCKaHWE BTOPOrO <Y-KBAaHTA, M CJAedOBAaTeJbHO, NPH H30MeDPHHIX
nepexoiax Ha TAKOM NyTH NOAYYATb HMUYITO HeAb3d.

B cayuyae, koria HHTEHCMBHOCTh MATHUTHOTO. MYJIBTHIIQIBHOTO
#3/yUeHUS CPABHUMA C WHTEHCHBHOCTBIO 3/MEKTPHUECKOTO MYJBTUNOMb-
HOTO HM3/y4eHMs, T. e, AAS HeusTHHX [ H IepPeX0J0B MEXAY COCTOf-
HHAMH C OLMHAKOBOH 4ETHOCTBIO MM 44 4ETHEX [ U Nepexolos
MeWIy COCTOSHMAMHM C Da3/MYHOH UBTHOCTBIO, BeJMYHHa A MOKer
GLITh OMpeie/eHa MO 3HAYEHHIO T U [10 SHEPruM COTJIACHO (opmyJe
(38) mpu npeneGpexteHud BAMAHKEM O WM MCAOAR3YH TpyGo mpH-
OMMKEHHOe 3HayeHHe TOH BesHuuHbl. [Ipu 3TOM, OZHAKO, OTHOUIEHHE
—ZL:« HE COOTBETCTBYET er0 3HAYEHHIO, MpuBOAWMOMYy Ha puc. 9. ITO
pacxoxideHue GyleT YKasbiBaTh Ha HajMdHe MarHUTHOFO MY/BTHIIOJb-
HOIO W3Jy4YeHHsl, H Ml [IO9TOMY MpeAro/iaraeM, uro BCSIKOE pacxo-
WAEHHE MEXY IKCIEPHMEHTAIBHHM 3HAYEHHEM {—’:— ¥ 3HaueHHWeM, pHU-
BeJEHHLIM Ha pHC. 9, CB3aHO C MArHUTHBLIM MyJbTHIIOJBLHBIM H3Jyue-

HueM. OTHOIEHHEe MeXIAy 4YHCIOM KOHBEPCHOHHBIX K-3/1eKTpOHOB
{Ng) 1 4nCIOM KOHBEPCHOHHBIX L-3MeKTpoHOB (N,) paBHO

NK NTe aK+ N-(m SK
N,_ NygOp T Nymp °

(1)

tae Ny, ¥ Nyp — YHCNA KBAHTOB, HCNYLIEHHHX MPH 3/e KTPHYECKOM

M MarHHTHOM MYJbTHIOJBHOM u3ayueHuu *¥). Benuuunn Ny H Nyp

MMEIOT C/eAYIOWHA CMBICA: eCW MB MOXeM PpAa3JoKHTb SheKTphue-

€KOe MmoJle, COOTBETCTBYIOUIEE HalleMy H3JyyeHulo, Ha CYMMy ABYX

noneit E, u E,, cO31aBaeMuX COOTBETCTBEHHO 3JEeKTPUYECKHM M Mar-
HUTHHM MYJABTHIOASMH, TO

2

MNoe _Ee

=

N, E%

ym

B ¢opuyne (51) Beamuunn o, o7, Bg, B, GepyTcd u3 TaGanu
K

8H6 u u3 dopmyn (46) u (47), orHOweHHe - H3MepRercs Hemo-
L

N.

cpexcteeHHo. TakuM 06pa3oM HaxXOJHUM OTHOULIEHME T\Ije—’ T. e. OT-
ym

‘HOIIEHHE HHTEHCHBHOCTEH 3/MEKTPHYECKOr0 M. MATHHTHOIO MYJbTH-

TIONBHAIX H3JAyueHHH,

*) Cornacio M. Heancony ne cymecreyer sddekroB nHTep(pepeHunu
MOTyIMX CHeiaTh HenpueviaeMoit dopmyay (ol).
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)
Ewg Gonee MHTepeCHHM, YeM OTHOUIEHHE -— , SBJAETCS OTHO-
; o

A
wleHe }\" MeXAy 4MCNaMH SIEePHHIX I[ePeXON0B, BH3HBAEMHX, CO-
m .

OTBETCTBEHHO, 9JEKTPHYECKHUM H MATHUTHLIM MYJIbTUIIOJIIMH sApa.

Ng
OTo oTHOmCHMe CBA3AHO C OTHOmeHMeMm i dopmynoi
L

e
hetAm
l4ag+a;
Lt-ag—-o; +(@gNg—oay N ) (L 4-Br+8.) B Nx —Brevg) ”
A,H,Jlﬂ NpaKTu4YeCKu BaXHOT' O npenesibHoOro Cﬂy‘laﬁ, npu KOTOPOM

Bce KOIDDHUIKEHTH BHYTPEHHeH KOHBEDCHH Oy, &;, Bg, B, Beauxu mo
CPaBHEHHIO ¢ eduHulledl, sTa dopMyna paét

(52a)

N B
g (ak-l-a/_)(—,\f—wf—)NL

ety -

(52b)

IlpuMepoM Takoro CMeIIaHHOTO M3JAYUEHHS MONKET CHYHUTb H3-
ayuenne Te 8! ¢ mepnomom moaypacnaza 30 yacos H6 *); ragoe wusny-
4eHWe, BepPOATHO, GyleT Takke HaHZeHO B CJOMKHHIX COEKTpax ecTe-
CTBEHHO pajJMOaKTHBHLIX BeuiectB (cM., Hanpumep,M). Omnaxo B Ha-
CTOfILiEE BpeMs MW HE paclmojaraeM I TaKUX TSKEALIX 3J1EMEHTOB
AOCTaTOYHO MOAPOGHBLIMU BHUYMC/AEHHAMH KO3h(hH [MEeHTOB KOHBEPCHH,
KOTOPHIe HEOOXOHMMH IAH CHCTEMATHYECKOrO CPAaBHEHHH TEOPHH C
sKClHepuMeHTa 1bHbiM MaTepuaioM, [lomxpoGHocTH OTHOCHTENBHO INPH-
MeHeHHs! 3THX WIell K HeKOTOPHM YaCTHHM CjydasM JaloTCd B pas-
Aeae 7,

Bosee HemocpeacTBenHOH IpoBepxoH TeOpUH SIBHAOCH GHl H3Me-
peHue SIIEpHHX CIOHHOB 1O W MOCJe H3OMEPHOro Mepexoxd HIH
CMEeKTPOCKONHYECKHM METOLOM C . [IOMOUIBIO H3yHeHHs CBEPXTOHKOM
CTPYKTYPH HJIM METOLOM MOJEKyJAsSpHOre mydxa. Jlns cODTBETCTBYIO-
HMX ¥3MepeHHid wmorau On OuiTh HCMOAb30BaHH aipo K8 m Heko-
TOpHE ApyrHe, XOTH NpEeNNpPUHSTas B 3TOM HAMpPaB/JeHWH IONLTKA

)\e
—_— 131
=YL u B caydae Te HMeeTcs

onedarxa. [Tocae ucupaBIeHUs 3TOH OMEYaTKH COOTBETCTBYIOMee mMecTo B 1°
rjiacut: «JKCNepUMeHTalbHble JaHHpe 00 H3AydYeHHH MOTYT ObiTh 0GBACHe-

*) BH® puuuciesa Beamununa

2
Hbl, €CJIH CYHTATh YTO Y-H3NYyUeHHE €CThb HA T MArHHTHOE MYJAbTUNOJbHOE

1 .
u3nydsenne ¢ /=4 u Ha 3~ 3JEKTPHYECKOE MYABTHIONLHOE H3IyueHHE C
4 —5».
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(Mpozoscknit u Cerps, 1940 r.) uaMepeHus slepHHX CIHHOB CIeK-—
TPOCKONMHYECKMM METONOM HE YBeHyanach YCIHEXOM B CHJAy HeroCTa-
TOYHOH MHTEHCHBHOCTH H3JyueHus. Hecomuenuo, uro Goibiume KOJIM-
yeCTBa PAIHOAKTHBHHX BEILECTB, MNOJy4YdeMble COBPEMEHHBHIMH METO-
A4MH, 1aIyT BO3MOXHOCTH YCHEUIHOTO IIpOBeleHHs NOXOGHOrO 3KCIle-
pHMeHTa.

IpyruM cneicTBHeM Teopuu Beliusekepa, 3acayXHUBAIOWUM YIO-
MHUHAHHs, SBJASETCH MaJjasi BEPOSTHOCTb CYLIECTBOBAHHS JBYX MeTa-
CcTa6Gu/IBHLIX COCTOSIHUA OJHOro M Toro e sapa. llpuHumast Munu-
MaJbHYI0O PAasHHUUY MewAy CIHHaMH BO3GYWIEHHOTO M OCHOBHOIO:
COCTOSIHMH siipa PAaBHOH YeTHPEM eNMHMLAM, MH BHIHM, YTO B Ha-
n6onee 61arompHATHOM c/Jyyae, KOrAA CIHH B OCHOBHOM COCTOSIHHK
paBet O, MB JOMKHH OXMAATH ANAS BOIGYMASHHHIX COCTOAHUE CIMHDI,
paBHbie 4 u 8. CnuH, paBHHH 8, [@OMMEeH paccMaTPHBATBCA Kax
MCK/IOUHTENEHO O0aBmOH, Raxe nocie otkphitus LUynepom u Fos—
aHoy S10 ¢pna /=17 B Lu. U3 cemuleciaTH H3BeCTHHX CayyaeB ¢
HeYETHEIM MACCOBHIM YMC/JOM TOJMBKO B OAHOM cayyae Sb!?* (ne cuu-
tasg Cd¥! u Tel®!| nas xOTOpHX NMepHOX IoJaypacnaza ~ 10—8 cex.)
6b/M [OJMydeHEl YKa3aHUS HA CyleCTBOBAHMA IBYX COCTOSHuE MIS
37107 BOMPOC obcykAaercs B pasgene 7.

OueHb BaXHHM BOIPOCOM, KacalOUMMCS BO30YMIAEHHBIX COCTOSHHUI,
SIBJfIeTCST MX CBA3b C MoJAeabi0 sapa. Haubonee yxaunoit B stom
OTHONIEHUM SBJSETCS KameJbHas MOJeNdb, M XOTA TaKas MOAe/b
sBasieTcsl BCE elld oueHb rpyOniM npubammeHHeMm, OHA JTaET BO3MONK-
HOCTb NOHATh, IO KpaHHeH Mepe KayeCTBEHHO, HEKOTOphie CHEKTPO--
CKOMHYECKHE OCOGEHHOCTH, MO3BOJMIOUIME OGBACHATD H3OMEPHIO..
Hyxno paccMarpmBaTh ABa OCHOBHHX THA ABMKEHMS Kamiu: Bpauie-
HUA U NOBEPXHOCTHHIE KOJeOaHusd. Bpauienue fnpa KaK 1ejgoro TOMIKHO:
MPUBOJHTbL K MOSIBIEHHIO DOTALHOHHHIX ypoOBHeH *):

E=l a4, (53)

rae J— MOMeHT uWHepIHH siApa. Ecau MBI mnpeiacraBuM sgpo B Bule
TBEpIAOH cdepn ¢ Maccolr M, 10 J paBHo —?T MR?, tae R — pagnyc

aapa.
Hcronb3yst ¢BA3b MaccH C PAaluycoM, MH MMeeM
.108
E= 2#%9— I (I-}-1) 3neKTPOH-BOJIBT. ‘ (54)
A3

BeposTHOoCTH nmepexoxa Mexiy POTAIHOHHHIMH COCTOSHHSAMH IO/~
Hbl GHTh 4pe3BHYafiHO MaJH, Tak kak Bpaulamouascad cdepa coBceM

*) Poraunonnnie yposuu, onpeneaseMmme dopMmyaodt (53), 6ynyr umern
MECTO TOJABKO Aas TBEPAOro (kéctkoro) sapa. B caywae uako#t xanau ais
HCI0Nb30BaHHA dopmyabl (53) HeT HuKAKHX ocHoBanuit. (/Tpum. nep.)
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#e M3/IyuaeT M H3JyyeHHe BHI3LIBAETCS TOJMBKO OTK/JAOHEHHEM (hOPMbI
wanau ot cepudeckoit. OAHAKO IHEPreTHYECKHE YPOBHH, CBA3AHHBIE
¢ KoJeGaHUsIMK, TaKwe HaxolAarcd OJM3KO JAPYr OT JApyra, Tak d4To
POTALMOHHLIE YPOBHM HE MOTYT PAaccMaTpHBATBCA KAK «TOHKas CTPYK-
Typa» MO0 CPaBHEHUIO C KO0/1eGaTe/bHRIMH YPOBHIMH, KaK 3TO HMEEr
MECTO B MOJIEKY/ASpPHbIX crekTpax. [losToMy B3aHMOXeHCTBHE Mexdy
gpailleHHeM U KoJeGaHUAMH OveHb cyllecTBeHHo, U Ppenkens Fé no-
TBITAJACA CBS3aTh HHKHHUE SiAepPHble YPOBHH HMEHHO C POTALHOHHO-
8UOPAIlMOHHBIMY YPOBHAMK KaneabHOH MOIeJH.

-[lng aApa, MMeIOHIero onpefeéHHble 3/7eMeHTH CHUMMETPHH, MPHH-
uun [layam nawe B ciayyae UHCTOTO RpAU(EHHSI MCK/IOYAdeT MHOIO
JHEPreTHYECKUX YPOBHEH 1O NPHYMHAM, CXOWHM C TeMH, KOTOpHE
MCKJIOUAIOT ITOJOBUHY DOTAUMOHHBIX YPOBHeH B JBYXATOMHEIX MOJe-
Ky/Aax C ONWHAKOBLIMH AApPAMH C HYJAEBBIM CIMHHOM, DTOT BOIPAC
-o6cywaancs Teanepom u Yunepom T3,

Marrayx M2 o6patn/ BHMMaHMe HA TO, YTO e CYUIECTByeT H30-
MEDHHIX Map ¢ YETHRIM 4YHCJAOM IIPOTOHOB K C YETHRIM YHCJIOM HEHTPO-
HOB. B KkauecTBe BO3MOXKHON WHTeprpeTaluyu 3TOro pakta OH cle’an
ApeInoJOKeHHue, yro g saep 3Toro Tuna (ZUISI YETHO-UETHBIX smep)
paccrosiile MEXAY HIKHUMA YDPOBHAMH BEJHKO H IIOITOMY BEPOST-
HOCTh [MepexX0la MeXAy HWUMHM HHKOTIA He CTAHOBMTCSI JOCTATOUHO
MaJso#t mas Toro, uroOnl HaGaloxanachk uzomepus., Hapyurenmem storo
npaBuaa aBagercd caydait Pb?Y* koropwif, npaBma, ew He OKOH-
YaTeJbHO M3y4eH; ecd PaCHIMPHTD Hpelesl, B KOTOPHX Mbl CUMTaeM
«COCTOSIHMA siIep H3OMEPHBIMH, UCK/IOUEHHEeM fBJASieTcs TaKike SIPO
Ge 2 B3 Taxum o6pasoM «npaBuic Marrtayxa» Heap3s CUMTAthk
CTPOFUM, ¥, BEPOSTHO, €ro TJ1aBHOE 3HAayeHHE NPU M3yuYeHHH H30Me-
pPUM COCTOMT B BO3MOKHOCTM yKa3aTb B cJydyae, KOraia Macca H30-
MEepHOI'O sJpa HeW3BeCTHa, HAa GoJiee BepOATHHIH H30TOMN.

5, NIOJIYHEHHUE MU3OMEPHLIX AIEP

M3omepHsie sapa oO6pasyloTcs pasAMuHbIMKM OyTaMu. Mel MOmem
"DA3Je/]UTh METOAB MX TOJYYeHHS Ha a) 3/IEKTPOMArHMUTHOe BO36Y-
#1eHHe U b) snepHble peakun. DAKTPOMArHHTHOe BO3OYKACHHE OBLIO
H3y4YEeHO TOABKO HENABHO; BO30YH/AeHHE NOCTHIAA0Ch HEMNOCPRICTBEHHO
JdeficTBUEM PEHTIeHOBCKUX Jiyyed C BLICOKOH sHeprue# PS5 mau meit-
CTBHEM 3JIEKTPHYECKOTO ROJIS, 0OPA30BAHHOIO GHICTPO HBHNYILUMHCH
3apsIKEHHHIMH YacTuuamu. [ast 3TOR e HCNOAb3YIOTCs o-YacTH 16l 12,
1poTonH B4 u snexTponn €2 M22. Bropoil MeTox nosyueHHs W3OMEpOB
B pe3yJbTare SAeDHHX peakuuil sBasgeTca 60Jiee CTAPLIM; KaK Mbi
_yie POBODHJ/IHM, MepBas Napa H3OMEPOB OHJIA OTKPHTA B HPOLYKTaX
«Sera-pacmaga Hl. B Hacrosiee BpeMsi 15 NOJy4YeHAS H30MEPOB NYTEM
‘SAePHHIX NPEeBPALIEHHH HMCIOAb3YIOTCA 3aXBAT MeJJEHHHX HeHTpOHOB,
#Heynpyrue CroJKHOBeHHst OBICTPRIX HeHTPOHOB, (POTOJMEKTPHUUECKU
adubekt, a Takke GoMOapAMpOBKA SAep 3apSKEHHLIMH YacTHLUAMH.
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B HekoTopHX cayuasx H3OMepHHE sfIpa 06pasyloTcs Hemocpen-
CTBEHHO (MpsMOe 06pa3oBaHMe); ONHAKO B OFPOMHOM GOJBLIMHCTBE
cayyaeB 00pa3oBaHMEe M3OMePOB INPOHCXOIHT JBYMs 3TallaMH: mep--
BHH — 00pasoBalue CHJbHO BO3GYMKAEHHOrO COCTOSIHMS SAPa W BTO--
poH — pacnan u3 3TOro CW/AbHO BO3OYXIEHHOrO COCTOAHHA B MeTa-
<TaH/IBHOE COCTOSIHME B Pe3y/nbTaTe KaCKaAHHX INPOIeccoB (KOCBEH--
Hoe ofpasoBaune).

B cayyasx npsmoro 06pa3oBaHuf M3OMEPHOE COCTOSIHHE TOJY -
yaeTCsl OOBYHO B pesysabTate Gera-pacnaia. [Ipsamoe o6paszoBanne

A {4+ Meroiom 3J1eKTPOMarHUTHOr O-
' BO30YMIEHHS HEBO3MOMNHO, TAK
) ' KaK Te Xe mnpasuna or6opa,
2- Kkorophie ofecneynBalOT MeTa-

CTaBGHABHOCTE H30OMepPHOro coi»—

o- CTOSIHHA, MeILalT a1py, Haex
XOZISEeMyCs B OCHOBHOM CO-
CTOSIHHHM, MOTLJNOTHTh H3JYyUeHHE
C nepexonoM B MeractabHJjbHOE:
COCTOSIHHE., ITO NPEANOJOKE-
J9*  Hue noATBepWIaeTCs SKCIEPU-

MEHTaMH, OIUCAHHLIMH B KOHILE

HacTosero pasaena. B cayuae

8 ;'I npeBpalleHnfi, NPH  KOTOPHIX
NPONCXOAMT 3aXBAaT YaCTH M,
c 0 npsaMoe  06pasoBaHHE  TaKke

NPAaKTHYECKH HEBO3MOMXKHO, TakK

Puc. 10. Sinepurie yposrn. OTmpaBas-  gak sgpo MoC/e 3aXBaTa OCTAa8T-

SCb OT ypOBHA A, MOKHO AOCTHTHYTb .o o TOSH rHet
MeTaCcTabuAbHOTO ypPOBHA B  nyTém 6 coc n ¢ aHep/;;eﬁ
KackaaHoro mnpomecca. OcwosHoe co- BO30YHIeHHS B HeCKoabKO Mas,

crogdne € Momer 6biTh MOJydedo H3  YTO 3HAUMTEJbHO BHIlE BO30y-
A pyTéM Ipyroro KackajHOro mpo- HIEHHUS, OXUAAEMOTr0 Aad TH000ro-
necca M B pe3yabTatTe OXHOro C’Ka‘l- HU30MEPHOI'O COCTOSIHUS.
Ka. Pa(‘jCManHBaeTCﬁ TOMLKO 3JIEKTPH~ B CAVYATX KOCBEHH 6 _
YeckOe NMNOAbHOE H3JAYHeHHe. y 1HOro oopa
30BaHHA  MNepPBHYHHH  mpolecc
MPHBOJIUT K NePeBOIY fApPa B CHIBHO BO3GYKASHHOE COCTOSHHE, U3 KO-
TOPOro OHO B pe3y/bTare KacKaAHhIX Npo1ecCoB MepexXoJUT B MeTa-
€rabuabHoe cocTodHHe. [as Toro 4robnl B KOPOTKOE Bpems HOCTHYb
npy MOMOILM AHMOJIBHOIO HJH KBaXPYNOJBHOIO H3AYyYeHHUS COCTOSHHUM
C 3aMeTHOH pAa3HOCTbIO CNHHOB, TpebyeTcd MHOrO 3TanoB ¢ [=—=
uin 2. BecbMa cxemaruyeckasm JAMarpaMma, KauyecTBEHHO OODBACHIIO-
wasg STOT KacKalHWit mnpoluecc, NPHBOAMTCH Ha puc. 10. Ha stoi
AuarpamMMe ypOBHHM CO 3HAKOM -+ CyTb YETHHiE YPOBHM, a yPOBHH CO-
3HAKOM —— CYTb He4€THhle ypoBHH. llpeanonowum, yro sapo, oGpa-
3ywoueecs MPH MOMOILM NpeBpallleHHsl, HAXOAMTCH BHayaJje B COCTOSI-
HUM A, KoTOpoe wumeeT /=1 u ABASETC uETHRIM. 3aTeM SAPO Ha-
4YMHAeT TepsAThb BO3OYWKAeHHWE, UYTO MOXKET NPOHCXONHTh MHOTHMH,
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KOHKYpHPYIOUMH MexAy co6olt nyramu. Ha puc. 10 uzoGpaweuws
CKauKH{, COOTBETCTBYIOUIHE TPEM KOHKYPHPYIOWUM mnpodeccaM, Ity
NPOUeCcCH TaKOBH: eAHHUYHLIA CKAYoOK, MPUBOLAUIMH SAPO B OCHOBHOE
COCTOSHHE, Cepysi CKA4KOB, NPUBOJMILIMX K TOMYy e COCTOfHHIO, H,
HAaKOHell, Cepysl CKAUKOB, NPUBOLIMX K MeTacTaGH/IbHOMY COCTOSI-
uuio B. B mocnennem cayuae aapo ocTaérca B BO3OYMIEHHOM CO-
CTOfIHMM, M TNEepHOA MoJypacrnaiza, COOTBETCTBYIOIHE HPHIKKY
ot B k C, BcaeacTBHe 60/pUION pasHuilpl CHHHOB JOJuKeH OHTh OYeHB
JJIHHHBIM,

XoTd 3TOT KacKaIHhi Ipolecc ewd moLpoOHO He M3yueH, OH O6Ha-
PYyKUBAETCH IKCMNEDHMEHTANBHO B CHJY MOSBJEHHS HECKOJBKUX KBaH-
TOB, MCNYCKaeMHIX IIpH 3axBaTe OJHOTO HeHTpPOHA, HPUYEM SHeprus
9THX raMMa-KBAHTOB, CB3aHHBIX C 3aXBATOM MENJIEHHOI'O HEHTpOHa,
fBasieTcsl BecbMa Hu3KOH. CylecTByIOUlMe H3MePEeHHS JHEPrHH Haxo-
JATCSL B HEKOTOPOM MPOTHBOpEHHU MewAy coboit Rl F5, MU {locnennue
uamepenns M1 pgokaswBalor, urto HauGonee BEPONTHAN SHEPTUS
y-nydeit, ucmyckaeMsix mnpu peaxuuu Cd(n, ¥), Moker RocTHraTh
5 Mas.

Kackannmpiit nponecc CyimecTBEHHO pacliMpHeTcd B CBSI3H C paclliu-
peHleM M TNepeKpHTHeM CHJABHO BO30YKNEHHHX YypOBHeH; COOTBET-
CTBYIOLIMX 9KCIIEPHMEHTAJBLHLIX AAHHBIX ellE OYeHh MaJo,

V3 HecKOJIbKHX, MOCBSIIEHHHIX 3TOMY BOMPOCY IKCMEPUMEHTOB MbE
MOXKEM YNOMSIHYTb 3KCIEePUMEHTH, CBSI3aHHLIE C H3y4YeHHeM MOBeleHus
MeIJIeHHBIX M pe30HaHCHHX HelTpPOHOB mnpu 06pa3oBaHUM H3OMEpPOB.
Boabliag 4acTe 3KCIEPUMEHTANBHOIO MaTepHAa/la OTHOCHTCH K FeHeTH-
YeCKH CBA3aHHBIM H30MepaM, U I[OIepeuHbie CeYeHHS JTOJUKHBI BBIYKC-
ASATBCS M3 3KCNEPUMEHTA/NBHBIX JAHHLIX IIDH y4éTe 3TOr0 06CTOR-
TebCTBA.

dopmynoit (8) BhpamaeTcs MOHM3A W%, Bh3hBaeMasi napo# reme-
THYECKM CBf3aHHHIX HM30vepoB, Hywno em@ 3Harb CBA3b MewAy Ha-
YaJbHEIMA 3aceNgHROCTAMM ypoBHet N| u (v, U momepeyHnM cede-
HueM A4 HX 00pa3omRaHMs, Jra CBSI3b TAKOBa:

M= 21— 70, @)

Ny

l

sy 4+ 6s . —Mat Oa Y _ -y gt
(D{ Mg (1—e™8)+ ;\27_)\13(3 21t —e 13)}, (56)

TAe 3; o, — NONepeuHbie CeveHust MJai OOpa3oBaHWS® COCTOIHUA 1
n 2, © nponopinonanbHO yncay GomGapAM)yIOUMX YaCTHJ, Naxato-
IAX HA eJUHUIY II0BEDXHOCTH HCIHITHBAEMOro 06pa3la B eRUHHLY
BpeMeHH, U [ — Bpems 60MBapAMPOBKH. AKTHBHOCTb, H3MepfieMasd B JO-
6oit nmocaeiywwuil MomeHT, onpeleansercss Qopmyiaoi (8). Popmy-
nut (55) n (56) HemocpeACTBEHHO CNEAYIOT U3 3aKOHA PALMOAKTHBHOTO
pacnana.
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Ecan £ Ht> }\ , MBl HMeeM
2y
Ny = d '
Np= b (), (7)
NI =@ (Gl ~+ a5) . (58)

" (Me)

K coxanenuio, MHOrMe SKCIepUMeHTa/bHbie CBeleHUsi oOpabathi-
Baauch Ge3 yubTa reHeTHYecKOH CBA3M MEWJIy H30MepaMu, M B TO ke
BpeMS B COOTBETCTBYIOULMX CTaThAX He yKa3aHo Bpemst 6omGapau-
POBKH, TAK 4TO Ha WX OCHOBe NONEpPevHhie CeYeHHs BHOBb BHIYHC/EHH
OHTh HE MOLYT,

VaMepeHnst OTHOCHTE/BHHIX NOMEPeyHbIX ceqe}mﬂ A7 oOpas3oBaHus
usoMepoB Rh10% p Br8 noxazanu, 4ro sHeprua pesoHaHca OAHHAKOBA
st 060ux yposre# 528 A2, F10,P6 - 919 MoMHO paceMaTpuBaTh KaK A0-
Ka3aTeNbCTBO TOTO, HTO MeA/eHHbie HelTpOHEI B 060MX M30Mepax 3a-
XBATHIBAIOTCS HAa OAMH ypoBeHb W 4TO IIpomdecc, BeAyuiuit K obpaso-
BAHHIO H30OMEpOB, Cjedyer 3a 3THM 3axBaroM. IloHTekopro onpeje-
JIMJ TaK#e BJIMAHUE HAa OTHOCHTEJ/IbHOE NOoMepeyHoe ceueHue U3MeHeHHs
IHEepPrHA HefTPOHOB, CO3MAIOIIMX PaANMOaKTHBHEIR ponnii. Ha ocnoBaunu
€r0 JaHHBIX MOXHO IOJYYUTh OTHOUIEHHE TOHepeyHHX cedeHui nas
0b0pa3zoBanus TelJOBHMH HEHTpOHaMM RO3BYKAEHHOTO H OCHOBHOTO
COCTOSIHUA poLust

On _— 1
o T 18,5

Inst neiitpoHoB co cpelHeill sueprueil, meubied yem 0,1 Mag, o

3HAYUTENABLHO NpeBHILaoliell TeNJoBY0, OH Hau&x %: 7a- Iro

YKa3bBaeT Ha TO, YTO 3aXBAT MHOTHMH YPORHSIMH NDHBOXHT B CPeAHEM
K JIPYCWM KacKaiHHM [poueccay, UeM IOrJiOmeHre eIMHMYHKIM KK
weMHOruMu yposusmu. JIns em@ Gozee Ouictphix HediTponos (2,4 Mag)
p . Co 1
Peneman R?  wamér =S AHAIOrMYHEE SKCHEePAMEHTH OHAU
b
puinoauenn Anf Br8® 3oaramom u Beprewmrefinom S, a gas Brd,
Z1% y usomepuoii nmapw Pt Harom N, Mx pesyabraTsl B KauecTBEHHOM
OTHOILEHMH COBHARAIOT ¢ NPUBEASHHBLIMM Bhilte jas Rh.

Ecau 3Heprus 3axBaThiBaeMbIX HEHTPOHOB NOBRINAETCH, TaK HTO
-3dXBAT MPOMCXOIUT HA OAMH H3 MHOTHX YPOBHEH CO BCEMH BO3MOX-
HHIMM YT/IOBHIMH MOMEHTAMH, TO MOXHO OMWAATh, UTO BJMSHHE YPOBHS,
Ha KOTOpPHI NPOMUCKOAMT 3aXBaT, OyAeT CMa3bIBATLCS, M B Mpelelinb-
HOM CJydYae IONepevyHOe cedeHHe I o0pa3OBAHNS H3OMEPOB HOJKHO
OnpeieNIThCA TOABKO CTATHCTHYeCKMMH Becamu (27— 1) camux H30-
MepHBIX COCTOAHUI,

B cayyae MenjeHHHX HeHTpOHOB aGCOJIOTHAs Be/UWUHHA TONEped-
#HHX CedeHH# Hisl 06pa3oBaHusi M30MEpOB CHIBHO (AYKTyuUpyer, Kak
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970 ROOGIe HMeeT MeCTO NPH PeaxiusiX 3aXBaTa MeIJEeHHHX HedTpo-
HOB. BhinM u3MepeHH foNepeyHbie cedeHUs A/ OOpa3oBaHuA H30Me-
jpOB B pale C/yuaeB 3axBaTa MelJeHHHX HeliTpoHoB. B rtaGaume II
TPUBOIATCA Pe3y/bTaTH, NMOJyyeHHhe BSH¥ W gBasiomuecs HamBonee
‘NoAHLIMM B 3TOM o6Gaacrd. Bo Bcex ciayyasx, A KOTODHX H3BecT-
HH BepXHHE M HINHHE COCTORHHSA, CHAYala YKAa3HBAETCH BepXHee
COCTOSIHHE,

Hwkecnenyioue coofpakeHuss UMEIOT OTHOLIeHHe K 06pPa3OBaHHUIO
H30MepOB B pe3y/bTare 3axBaTa MelfeHHOro He#rpoHa. CocrosiHue A

l
Ha puc. 10 10/KHO UMETh CMHH, OTIMYAIOUIMACH HA ~5- (HAa yraoBo#

MOMEHT HeiTPOHa) OT CMHHA 3aXBaTHIBAIOLIErO ;mpa. Ha ocHoBanum
H30MepUM W B-pacnala MOoJydYalouiMXCcsl U30MEPOB MOKHO ONpeIeNuTh,
KaKoe M3 JIBYX H30MepHbIX cOCTOsHMH B uau C umeer O60/bIOK
CnuH, a Kakoe HeGonabwol, B tabauue II cocrosiHue, umelouiee cruH,
GoJiee OaM3KMH K CIHHY COCTOSHMSi A, IOMKHO HMeTh G6oJbluee
nomepeyHoe ceyenue. B pasmese 7 3TH pacCykAeHUSs NPHMEHSIOTCH
K Co® uBrs0,

Haunele Tabnuusl I, 3a MckaOYeHHeM OLHOrO-ABYX CJy4aeB, CO-
£1aCyIOTCS ¢ NMPHUBEXEHHEIME COOGDPaWEHHAMH.,

BosBpaujasice Kk NHepBUYHOMYy IIpoleccy, T. €. K 0O6pa3soBaHHUIO
CHJIBHO BO30Y¥AEHHOTO COCTOSIHMSA, HAlOUIEr0 Hayaa0 KacKalHbIM IIpo-
meccaM, paccMOTPUM 3JeKTpPHUECKOe BO30yMkeHue.

IMonurtexopso u JlazapaPS obHapywuau npocTedmmid u  OuyeHb
TUIOMUHBIK cay4yall o6pasoBanuda Inllsm g peayabrate o6ayyeHus: oGHY-
HOrO MHIMST HENPEPHIBHRIM CHEKTPOM DEeHTTEHOBCKHX Jyuell ¢ Makcu-
maabHol sheprueit 1,85 Masg. Muanep u Basapaman M22 noxasanu, yro
3Ta peakuus MMeeT mopor, pasHmuit 1,04 + 0,02 Msg. HMssecTHoe uso-
MEpPHOE COCTOSHHe uMeeT 3Hepruio Ha 0,34 Msg Bhillle OCHOBHOTO
COCTOfIHUSI., IJTOT PE3YJsTAT MOXKHO HMHTEPNpPeTHpPOBaTh, NpennmoJjaras,
yro In!5 pmeer nmpm 1,04 Mas BO3GYMEEHHHH ypOBeHb, C KOTOPOrO
BO3MOXHH [IepeXolnl B 062 COCTOSIHUSA — OCHOBHOE M H30MepHOe. JTOT
YpOBeHb BO306y#IaeTcs HENOCPEJCTBEHHO PEHTreHOBCKMMH /y4aMh
M SBJSeTCS OTIPABHBIM NMYHKTOM IJsl KacKaZHOTO Mpoiecca, NPH 10-
MOLH KOTOPOrO AOCTHraercsi MeTacTabHJ/IbHLIL ypOBeHb. Bo3byxaeHue
COOTBETCTBYeT Yy3kOH nuHHUM abcopbuuu, kak 370 ObIIO mokazaHo [y-
ToMO5, u uaMepeHHe (yHKIMH BO3GYKAEHHS NPH TaKUX YCJAOBHHX
XapaKTepPH3yeT TOJBKO CHEKTP PEHTTEHOBCKUX Jyued, HO He JadT HHU-
KaKUX yKkasaHuH Ha sgepHbii npouecc. OMHAKO, €CJaM CUJABHO yBelH-
YUTb SHEPrHI0 PEHTIEHOBCKHUX Jyueil, MOTYT CTaTh 3(hPeKTUBHEIMK ADY-
,r¥le silepHEe yPOBHU, KOTODbLIE CTAHYT OTIMPABHLIMH IYHKTAMH KaCKaIHbIX
PO [€CCOB; TOrAA MONHO OXHIATH CKAYKA IOMEPEYHOro CedeHHs s
o6pasoBaHMﬁ nsomepa. 9707 3ddexr daxtuyecku Habmomancs Mua-
1epom B Basipamanom M22,
|  BoaOymieHue 31exTPOHHHM yA2apOM HeMOCPENCTBEHHO CHS3aHO
{C BO30ykAeHHEM peHTreHOBCKHMH JaydyaMu. Koaaun3 ©H BaapamanC?

6 YoH, r, XLV, Bun. 3



HeitrpoHuble ceueHust

Ta6auua II

I Ceuenne Jist Ceuenne aaq
Panno- epHO [ TeNJAOBbIX ; Paauo- [Mepuon TeNJXOBbIX
AKTHBH b noxypac- HEHTPOHOB Cﬁzggﬁsgne AKThBHBI noaypac- HeHTPOHOB C?Houwgﬂe
H30Mep nana (B eMHALAX ! H3OMep naia (B enuEMUAx CHeHHH
10724 cu2) 10—2* cu2)
3Ca%? 30 Mun. 0,55 goInlte. 54 muH. 144,06 2.79
2Ca® 150 mun. 0,205 2,68 4oIn116 13 cex. 51,8 ’
20 T15¢ 6 mun. 0,141 53 Tel2? 90 nueit 0,073 0.094
22 Ti5L 72 nns 0,039 3,6 saTel2l 9,3 gaca 0,78 ’
27C060 10,7 mun. 0,66 salel2® 32 nus 0,0154 0.116
2,Co® 5,3 roia 21,7 0,030 5qTelt9 72 muH. 0,113 ?
g0Zn69 13,8 uaca 0,31 5gTelst 30 uac. < 0,008
s0Znd 57 ws, 1,09 0,288 oTels! 25 uit. 0,222 0,036
1Qen 40 yac. 0,073 sCsist 3 yaca 0,016
32 55
Gt 11 nuok | ~045 0,0162 Cstat 1,7 roxa| 25,6 0,000625
348881 57 MuH. 0,033 ) ﬁ:;Eu153 9,2 yaca 1380 1 73
g4Sest 19 M. 0,46 0,072 sEul?? 5-8 xer 796 ’
35B180 4,4 yaca 2,76 ? * ggDyls 1,25 mun. | 120 (Bo3MOKHO | 458
3sBr¥0 18 MuH. ‘ MEHblIIEe) ’
8,1 0,31 | 5Dy 165 140 mun. 2620
sRhi04 4,2 mun, 11,6 [ ryTals? 16,2 mun. 0,034 0.00165
Rh104 44 cex. 137 0,085 “ 73Tals2 117 nneit 20,6 ’
Agin 22 cex. 97 ! 2o 1,5 muu. 260
¢ 7
TAgl0 | 225 nned 2,3 a7 [—r 70 nweir | 1000 0,26
Cd115 43 nns 0,14 | 1sP 1187 18 uac. 1,1
2,5 nis 1’1 0,127 || Pt 3,3 ans | 45 0,244
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NPOLEMOHCTPUPOBAIH, UYTO BO36yXIeHHE TAKOro THIA HMEET MecTo
8 caysae In15m (mpoussommnack GomGaprupoBKa MHAMA 3JEKTPOHAMH
¢ sueprueit 1,3 Mag); nomepeuHoe ceyeHue OniI0 HAWIEHO MO MOPSAKY
BeJnYMHbl PaBHBM 10732 cu? Teopust snexTpuueckoro BO3GyMAEHHA
37eKTpoHamMu Owiia pasBuTa Buxom W24, Ananoruunble BLIUNCIEHUS Hes
nasno Oul1H omy6aukoBans CHenmoHoM ¥ Tymexom S, B 3Tux BHunce-
HUAX CYLLECTBEHHYIO POJIb HIPAET INIOTHOCTD ANePHHIX yPOBHeH KaK ByHK-
Ul SHEPLUM U MATPHYHHIE HIEMEHTHL SIIEPHHIX 3/1eKTPHYECKHX AUIO/b-
HHX M KBaJpyMOJbHHIX MOMEHTOB. Heomnpelen&HHOCTh 3THX BeJUYHH
IPUBOAUT K TOMY, YTO OKOHYATE/NpHHle Pe3yJbTaThl AJAd abGCcOMIOTHOrO
3Ha4YeHHUs MONePEYHHIX CeYeHHH NoJKHH PacCMATPHUBATLCA KaK ONEHKH
nopsigka BeauuuHsl, OnHAKO OT-
HOIIEHHE M@y MonepevyHbMH D
CedeHHAMH A/ 3JeKTPHUIECKOTO
BOBﬁy)KlIEHI/IH PEHTr¢HOBCKHAMHA
JAYy4aMH H 3JeKTPOHAMH MOMeT
ObITH  BBIYUCAEHO 3HAYUTENBHO
fo/lee TOYHO, TaK KaK OHO B B B\
3HAUMTEJBHOH Mepe He 3aBMCHT
oT CTPYKTYpH fapa. [pyGo a r PR
roBopsi, ksaHT GoJaee addexrtu- a ¢
BeH, 4eM 3/IEKTPOH TOH ke 3HeP-  pyc, 11, Mpumepst usovepuu 11 Tuna.
riy, 10 MOPAILKY Be/JIUMYMHLI B @ — ypoBeHb [) MMeeT CIMH, Gau3KHi
137 pas. K CIMHY YpOBH#A UB; 6—-yposem> D
’ Cayualt BO3ByXIEHHsS ek~ HMeer CIHH, GAN3KUH K CIIUHY YPORHS A.
TPUYECKHUM II0J1eM THKE/BX 3a-
psKeHHHX gacTu'( Ouli pa3obpan Batickondom W4 . Usesectnas neonpe-
JeEHNOCTh er0 pAacuéTOB, TaK e Kak W pacuéroB Buka, cBu3zaHa
¢ He3HaHueM $JIE€PHLIX MAarpuyHbiX 3IJIEMEHTOB.

OKCnepHMeHTs € JIeKTPUMeCKHM BO3OYHACHUEM H30OMEPOB 4YacTH-
0aMH M KBaHTaMu Oe3yca0BRO OyIyT COAEHCTBOBATL yJyulEHUI) 3HA-
HKil O CyIeCTBeHHHIX flepHEIX Be/lWunHaX; FyT naa npumep Toro,
KaKnum 06])21301\[ AJS 3TOH 1enu MOXKHO WCIOAB30BATH IKCNIEPUMENTAJb~
Hble PE3y/bTaTHl.

B cayuae oGpasosanus usomepoB uyTéM fB-pacnana Teopus Belg-
3exepa B covyeTanuu ¢ Teopueli GeTa-pacnana Aenaer BepOSTHHM, YTO
33 MCKJIOUEHHEM HECKOJIBKMX OTAe]bHHX CTelMa/LHBIX cayyaes OGera-
pacnal 10/mKeH HeNoCpeICTBEHHO HPHMBOAHTB TOJBLKO K 06Pa30BAHMIO
eIMHUYHOrO HM30MEePHOTO COCTOSIHMSI, ITO CTAHOBUTCR SICHBIM U3
puc. 11, a, Ha xoropom mnpenacrasierd yposens C 6era-pajnOaxkTHB-
HOTO fApa, MPEBPAAIONIErocs NYTEM pacmaga B APYyroe sapo, Haxo-
asujeecsi Ha yposhe A. [lockoanky npaBusia or6opa nas GeTa-pace
flafa AOMYyCKAlOT Mepexoip ¢ pasunuel cnumnos O mau 1, To cornacno
pa3nuutbiM MoLubukanusm teopuu Pepmu K6 wMm gonmHN npeamono-
KUTh, YTO ypoBeHb A HMMeeT TAKOH Xe cnuH, Kak u yposeus C, ik
cnuH, Gauskuil k coudy sapa xa yposue C. °C npyro#t cropoHw,

6*
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4
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H30MepHHH ypoBeHb D ROMKeH HMeTh CHHH, CHJIBHO OTJMYalio-
uMiicsi ot couHa ypoeHs C, a ciexoBaTtenpHo, M yposHs A. 3o
IenaeT HeBepOATHHM npaMofi OeTa-nepexod or D k A u Iexaer
3HauuTeNbHO 60/ee BePOSTHHIM yKa3aHuHBH Ha DUCYHKe INepexoi OT
D x B.
U3 puc. 11,6 dacHa aapTepHaTHBHAaA BO3MOMHOCTH, KOUA2 CHHHH
posuefi C um D oOmeHenH MeCTaMu IO CPABHEHHI0 €O CJyuae
pic. 11, a. Cayuait puc. 11,6 umeer mecro B Cd'15 H16 ppe mepexox D—A
CHOTBETCTBYET M30Mepy C NMepHONOM moaypacmana 43 mud, mepexon
C—B co0TBeTCTByeT U30MePy C NMEepPUOIOM Nojaypacnana 2,3 IHa u Ie-
pexon B— A coorsercrByer uzoMmepy [nll® ¢ meprosoM moaypacnana
4,5 yaca.
Bo3amoxHble HCKJIIQUEHWst MOPAM Obl HabAlOAaTeCs IJS CJy4Yaes,
B KOTOPHIX CHHH YpOBHs C fiBJdeTCS NPOMEXYTOYHEIM MeXAY CIHHAMH

— 2
0,36

1:3/2
013

Rp87 S/‘” Fg/z‘;

Puc. 12. flnepusie yposHu Rb u Sr,

yposHe#i 4 u B, uau AAg CAy4aeB, B KOTOPHX BJHSHWE PA3HOCTH
3Hepruft yporteit A u B KOMNeHcHpyeT B/IMSHWE HAa BepOATHOCTH
GeTa-pacnaga CNMHOBOH PA3HUUE MM Jaxe NPUBOIUT K TOMY, uTO
Gera-mepexoj HeBo3MoxkeH. [IpuMepoM Takol CHTYau N MOKET CHYKUTD
cayyaft Sr¥ M ygoropnit Gbl1 TwaTenbHo uccaenosaH [l Bpumxem
n Mapuwannom D3, Dru mccienoBatesu Hauiu BO3OYXAEHHOE COCTOS-
nue Sr 37 gewautee Ha 0,36 Mag Bhue ocuosHoro. [lepuom moay-
pacmaia STOro COCTOSHUS paBeH 2,75 uaca. Ha ocHoBaHuu 3Tux AaH-
9
HHX MOXHO oxwuIaTh, yro A =05, Cnun Sr87 pasen -7, W caeno-
1 :
BATEJBHO, BEPOATHO, uyro cuuH Sr¥7* pasen ~5~» @ UETHOCTH COCTOS -
Huft APOTHBOINOJOXKHLI, €CAM Mh He XOTHM JIONYCTHTh, YTO CIIHH pa-
K2, M2

‘BeH —121 Cnud Rb pasen —g— , W 6era-nmepexon or Rb8" x Sr¥Tm

SHepreTHYeCK¥ HEBO3MOMEH, TAK KAK YyPOBHHM pACHOJAralOTCH, KaK
JHOKa3aHo Ha puc. 12, n Gera-nepexon or Rb87 k Sr8¥" ™ gomxen mpo-
WUCXQAUTb C MOTJOUIEHHEM 3Hepruu,
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Pasanunnie npHMepn Gera-pacriaga CypbMul, BeAYUIME K H30TOMaM
Tennypa, HMEIOLIEr0 U3OMepHHe COCTOSHHS, HaG/MIOAAOTCSA CPelyt npo-
AYKTOB IeJIeHHs] ypaHa; HUCCleJOBaHHE COOTBETCTBYIOIMX MPOLeccos
pasBeTBJeHUs NpPENCTaBJseT MHTepec.

o. PASIEJIEHUE W3OMEPOB *)

XuMyuecKuit MeTOX pasfefeHHs AAepPHHX M30MEPOB B MPHMEHEHHH
k 6pomy Gnin npemnoxen Cerpa, Xaadopraom u Cuboprom 55, a taxwme
ne Baynrom n JIu66u D4, IToaxe aroT Meron G mpuMendH K Tel-
aypy CuGoprom, JluBuurymoMm u Keunemu 8 u Jlercioppom u Cer-
pal3 K ceneHy. MHTEHCHBHO H3y4ajach TaKxke (PHIMKO-XMMHYECKaH
cTOpoHa Bonpoca, ocobeHHo YuiaapioM, Cuboprom, PpuinaHzepom
n Kennenu W5 S8,

Korza B MoJexyje OZUH H3 BXOAUUX B €8 COCTAB aTOMOB 10T~
BepraeTcsi M30MEPHOMY NepPEXONy, MOLYT BO3HMKHYTb pa3/iuuHbie -
dexTH, NPUBOJAMLIME K DAa3PYIIEHHIO XHMHUeCKMX CBh3ell. Paubuie
BCETO 31eChb HYXHO MDPHHATL BO BHMMAaHHe HNPOCTYIO OTAady OT HCHY-
CKaHUg raMMa-KBaHTa, B pe3y/ibTaTe KOTOPOH aTOM, MCHHTHBAIOWIUE
npeBpauiehue, MOJdy4YaeT KHHETHYECKYIO suepruio E, pasnyio (B 38)

' fi2 2 e2 -

E = M = 0,54.10—3 R (59)
TIe ©—3Heprus raMMa-KBaHTAa B K38 W M —aToMHuil Bec . smna
(0—16) Ecau raMMa-KBAHT MCHBITHBAET BHYTPEHHION . KOHBEPCHIO,
TO 9Heprusi OtAaud, pasymeercd, OoJblue, TaKk KaK COOTBETCTBYET
OTHAYe, CBY3aHHOM C HCIYCKaHMeM 4YacTMUH, MMelolleli He paBHYyIO
HY/I0 MAacCy MOKos. B 3TOM cayyae SHeprust oTAayd paBHa

E= (%) 10~ (Hp)2. (60)

3necs Hp-— MoMeHT 3JekTpoHa B raycc-cu, u E B ypasuenn-
ax (59) u (60) Bupaaerca B 36.

OTH 3HePruM OTHAYH HMHOTAAZ MOTYT OHITh AOCTAaTOYHH AJf paspy-
HIEHAS] MOJieKyJhl; OIHAKO, HampuMep B ciydae Opoma 80, sHeprus
orTiaud paBHa Toapko 0,01553 58 B caydae raMMa-u3nydeHus IR
0,034 98 B caydae OTXAYH, CB3aHHOH C BEUIETOM KOHBEPCHOHHOTO
9JIEKTPOHA, OITH 3Heprud OGe3yCNOBHO MeHbIIe SHEPTHH XUMMYECKOH
CBS3W W HENOCTATOYHB! J/I PA3PYLWIEHHS MOJEKYJhi.

OnaHako B cayyae, KOrJda INPOUCXOJUT BHYTPEHHsisi KOHBEpPCHd,
OCyulecTBJIEHHI0 XUMHYECKHX U3MeHeHu#lt cnocobeTByeT Apyro# sddext:
cTaHoBUTCA CBOGOAHON 3MexTpOHHas op6uTa BQ BHyTpeHHe#t 060404Ke

*) O630p, MOCBAEHHEIH 3TOMY BOIpOCY, Obli paHee HAMACAH K.llrap-
x e (Phys. Zeits. 42, 184 (1941)).
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aToMa, M NPOUCXOIMT NaleHHe BHYTPh BHEIUHHX 3JEKTPOHOB BIJIOTh
Jo BasentHnX. [Ipy 3TOM xuMHueckas CBSI3b pa3pylidercs, W aTOM,
WCOBITHBAOUIHA M30MEPHLIH Nepexol, OTAenseTcd OT MOJEeKYJH, cra-
HOBAICb MOHOM MJH MeHAs CBOK BajdeHTHOCTh. [locie storo arom
MOXHO BhUIEJIHTh € IIOMOLIBI0 XHMHYECKHX METOLOB, KaK 3TC 1enaercd
B Xxopowo usBecTHoM Merone Cuunnaapra-Yaiamepca Ass pasienenus
NpoAyKTOB HeliTrponHo#t GomGapaupoBku. Hampumep, ecau Mol Ipuro-
TOBUM OpOMOGEH30/ HJAH Kakoe-HHOyAb APYroe OpraHuvecKoe coelu-
HeHue OpoMa, MCMOAB3ysl Aas 3TOH Heau Br8® B BhicueM H30MepHOM
cocrosiHuy (T ==4,5 yaca), MLl MOXEM 3aTeM yIanuTh OPraHUYECKOe CO-
elMHEHMEe NPH TOMOLLA BOAB ¥ MaJOr0 KOJIMYeCTBA CyAb(UTA HATPUS.
B soano# dpakiunn nocae oOcaxaeHns HITPaToM cepeGpa MBl HAXOAUM Hu-
crhifi Br 80 B nmknem nsoMmepHoM cocrosHuu (t==18 mun.). Mosexymi,
B KOTOPHIX NPOU3oHIEN HaoMepHuil nepexox Br ™, paspymuanch # ocBO-
Gonunu GpoM. B Bome srtor 6pom mepexoaur B Br— u ocaxmaercs
HUTPATOM cepeOpa, B TO Bpems kak OpoM, He NoABepruidfica usoMmep-
HOMY mepexoay, OCTa&Tcsi B COCTaBe OpraHuyeckod monexyan, Ko-
HEUHO, MOXHO Takike HabiloAaTh ysennuenHe Br®® (=18 wuu.)
B OPraHHYeCcKOM COEAMHEHMH Moc/e pasfeneHus, 4YT0 HemocpeJCTBEHHO
NOATBEPHAAET FeHEeTHYECKYIO CBf3h MeMUy IBYMs H3oMepaMu Gpoma.

Kak ykasnBasiock Bblllle, OPEACTAaBAAETCS BEPOSTHHIM, YTO Cylle-
TBEHHOH B 3TOM MeTOJle §ABJSeTC BHYTpeHHsusi KoHBepcus. Ha sto
B0 ykasaHo Yunaapoom WS u daiipGpasepom F7 u noxrsepxaeHO
sxcnepuMenramn Cubopra, Ppusinennepa u Kennenu S8, Dru aBropH
NPHUTOTOBHJIM IM3THA UMHKA ¢ Zn®% B ero BriciueM COCTOSHHM M JTH-
stua teaaypa ¢ Tel?” unu Tel?® Take B UX BHICUIMX W3OMEPHBIX
COCTOAHUAX. 3areM OHH HCHOAPANN YK43aHHbIE COEJAMHEHHS] U BBOILUJH
MX B COCyJ, COAep¥ailuil JBa 3/eKTPoJd C PasHOCTHIO MOTEHIMANOB
B HECKOJBKO COT BOJBT. B caydae Teadypa aToOMbl B HHXHEM H30-
MEPHOM COCTOSIHMM OTHESIIMCh MPH 3TOM OT napa. B ciyuae LUHKA
Kennenu, Cubopr u Cerps HuKaxkoro otrieienus He Habawaaiu. Tax
Kak o0a HCXOAHBIX COedMHeHHH TONOOHH ¥ XHMHUeCKWe CBA3M I|HHKA
¥ Telaypa NPHUMepPHO OAMHAKOBL, eCTeCTBEHHO NPHUIUCATh PA3HULY
B MX INOBelennu ToMy aKTy, 4TO TeMIyp HMeeT oueHb OO0JbIIOH
KoadpnieHT BHyTpeHHeH KOHBEDCHMH, a IIMHK HWMeeT O'eHb He3Hauu-
TeAbHBIH KO3DPUIMEHT KOHBEPCUH.

+Iror peayabrar ewd Gosee YAWBUTENAEH, eclA¥ NPHHNTb BO BHHU-
MaHHe TOT (PaKT, yTO IHEePreTHUeCKast PA3HOCTH MEXAY MU30MEPHEIMU CO-
CTOSHUSIMU B cilyyae lMHKA paBHa 439 x38, a B cayuae Teaiypa TOMb-
¥0 100 xss. DHeprus oTJau¥ raMMa-KBaHTa B IepBOM CJAyyae paBHa
1,538, a Bo BTOpOM Cilydyae 3Heprus OTAAYH KOHBEPCHOHHOTO 3J/eK-
TpOHa paBHa TOAbKO Oko0J0 0,7 38, HecMoTpd Ha 3Ty CYUIECTEHHYIO
passuily, XuMuUYecKOe pasjgelseHHe B Tealype 3HauHTeabHO Gosee
adpekTUBHO, YeM B LMHKE; 3TO W yKa3plBaeT Ha TO, YTO BHYTPEHH:dA
KOHBepCHf, a He OTAaua, MWrpaeT CyUleCTBEHHYI0 DOJp B Tpouecce
pasiesiedus. 910 06CTOATENBCTBO MOKHO OOBACHHTh Pa3NMYHEIMH MeXa-
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umamamu. ONUH U3 HUX yie O yKa3aH — OH CBfi3aH C NOC/AEAOBATE b~
HHM TafeHMeM 3JeKTPOHOB Ha MecCra, OCBOGOWISHHHE B pe3yabrate
MCOYCKAHUS KOHBEPCHOHHOIO 3MEKTPOHA, NMPHUYEM MaieHde MPOUCXOANT
70 Tex NOp, NOKa HKawe BaJeHTHbE 3MeKTPOHH MajaloT HA BHYTPEH-
HIOI0 OGOJIOYKY, B pe3yJ/ibTaTe 4ero XHMHYecKad CBA3b Pa3pylaercs.

Kpome TOro, ucmyckauue sjleKTpOHa KOHBEDCHH SBJAETCH NPOILeC-
COM O4eHb GHICTPEIM II0 CPABHEHHIO C NMEPHOJAOM MOJAEKYISPHBIX KOJe-
6anuit. TostoMy nociie MCIycKaHNS KOHBEPCHOHHOTO 2/EKTPOHA MOJe-
KyJa MOKET OKa3aTbCsd B MPEXMCCONVATHBHOM COCTOAHMM. ITO CTa-
HOBUTCH Goilee SICHLIM, €C/IM yuecTh, 4TO MchoyckaHue K- nam L-3nek-
TPOHOB BHE3aIHO [OBBILIAET Ha ONHY elHHUY 3hdeKTHBHEA 3apAL BHYT-
peHHelt yacTH aToMa, 4TO BhI3HBaeT 00J/bllde M3MEeHeHHs B BOJHOBHIX
dyHKUMAX BHeWIHMX 31ekTPoHOB*), Ha puc. 13 u3o6paenn MoTeHInanb-

Ingpeur

3

\/——_—70' CCMOAKUE

a

Puc. 13. (loTeHuuanbHas 3HePrus Kax QYHKuus

DACCTOAHMS MeXJY AADaAMH B MOJEKYJe. & — HOp-

MajJbHOE COCTOfHHE; O -— COCTOfiHHE, B KOTOPOM

ORMH H3 aTOMOB NpeTepiel H30MepHbill mepexon
¢ BHYTPeHHe# KoHBepcuefl.

Hble KPHMBBIE /LIS MOIEKYIEl B 3aBHCHMOCTH OT PACCTOAHUS MEXKLY suLpaMU
(xpuBas a); npumenssd uputinn Ppanka-KonmoHa, M BuIMM, uTO
MOJIeKy/a, HAXONSasCs B OCHOBHOM Koune(aTenhbHOM COCTOSHHMH,
B pe3y/ibTaTe M30MEPHOTO NMEpPeXOia COBepUIAET MPERKOK OT KPHBOiL @
K KpuBOfl 6 M TakuM 006pa3oM MePeXOAHT B COCTONHUE NpPEIMCCOLHA-
uuu. Teopernueckn 310 sBieHne u3yuna Kynep €13, Mu ue pacno-
JIaraeM NOKA JAETAJBHBIMH SKCHEeDHMEHTAIBHLIMH HMCCJIeZO0BAHHSIMU OT-
Me/bHHIX MEXaHWU3MOB DAa3pYLIEHHS MOJIEKY/s NPH W3OMEPHOM TNepe-
X0lie, ¥ H4 OCHOBAHWHM CYIECTBYIOUIMX JAHHHIX HeMAb3s el caenath
HUKAaKUX ONpelelEHHKX 3aKk/M04eHuil Mo 3ToMy Bompocy. Onsako u3

*) D7or 3peKT MOXKET GHITH YCHIEH B CBA3H C HCIYCKAHHEM 3JeKTPOHOB
Oxe, BOZHAKAWMHUM NOCJAe NOosiBieHHs B K-060/04Ke CBOGOLHOrO MecTa.



400 9. CETPY U A. FEABMIOJBIL

sxcnepuMenTor Yuanapaa W6 CuGopra, ®pumnengepa u KeHuennS®
w Kenneau, Cubopra u Cerps X3 mpexcraBasietcst BEepOSTHHM, 4TO Cy-
IecTByeT TeCHas B3AMMOCBSI3b MEXNY BHIXOXOM ISl pa3hesieHus H30-
MepOB M Ko3hduIHeHTaMH BHYTpeHHel KoHBepcHH. B uneapnHoM cay-
yae, KOTJa Pa3jaraloTcd W yIAAfIOTCH TOJBKO MOJIEKYH, NpeTepne-
BalOli¥e M3OMePHH NMepexox C NCHycKaHHeM Komaepcuouuoro 31eK-
TPOHa, MH JOJKHH HMETh

| e = =t (61)
rie o-—Ko3(pdHUHEeHT BHyTDeHHe#l KOHBEPCUH M pP~— yacTh IOJHOK
aKTUBHOCTHM, BHAeiseMasi TPH WCIOAb30BAHMH XHMHYECKUX MeTONOB.

Ie Bayar u Jlu66uD5 usvepuiau p Zag HeckONBKUX peaxiui,
Bimoyatomux Br#, u Hauuim 3HaveHMs p, U3MeHsOL(MeCH B mpeaenax
mexay 0,026 u 0,095. EctecTBeHHO NpENION0KHTh, YTO HAUBHCUINE
Ha6alonaeMple 3Ha4YeHHs p RalOT coriacHo (61) HIKHME Npelen nad a.
CaenoBatensto, B caysae Br80 o >20. 1o maxoautcs B cornacum
¢ sxcnepumentamu [punGepra u Pycunosa G4 (cm. pasnmen 7), xoro-
phie He OOHAPYXHJH B 3TOM C/lyYyae HEKOHBEPTHPOBAHHHIX 47 Kuio-
BOJBTHHX 7-Jyued,

TaxuM 00pasoM XHMHYECKHH MeTOX mO3BOJAET KOCBEHHHM MyTEM
n3MepaTh kos(pduilKenT BHyTpeHHeH koHBepcuH. B caywae TpEx uso-
MepoB Teaaypa W Se® mnpuMeHeHMe XHMMYECKOro MeTOAd TaKKe
yKasnBaeT Ha TO, 4TO KO3(hUUHEHT BHYTPeHHel KOHBEPCHH HBJSET-
¢t GosbuiuM ¥), Husmmue 3HadeHMst p, HaGJilofaeMble B HEKOTOPHX
cayyanx L4 D5 nouyrn HecOMHeHHO NO/KHE GHITh OTHECEHBl 33 CHET
XUMHYeCKHX OcoOeHROCTEH HCNO/E30BaHHBIX Ppeaxinuil,

XuMuueckoe pasfelieHHE H30OMEePOB MOXeT JMOCTHTAThCA TaKxe
B HEKOTODHX CJydafx nyTéM oO6MeHHOH peakUdH; 3TO IMOKasan
Wmpe 1!, xoropui konuentpuposan Br® ¢ mepuonom moaypacnaaa,
paBHuM 18 MHMH., Ha mMOBEPXHOCTH ocaika Opomucroro cepe6pa,
B3BEIIEHHOTO B BOAHOM pAaCTBOpe, CoXepiauleM uonu Bré® ¢ me-
pHoOfOM mojypacnana, pasueiM 4.5 yaca. AHAnOruyHEM 06pasom
CerpsS? xoungenrpuposan Br8 ¢ nepuomoM moaypacnaia 18 MuH.
Ha MOBEPXHOCTH METaJIHYeCKOro cepefpa, MOrPYyHKEHHOrO B GPOMO-
6enzon, coaepwaunii Br® ¢ nmepuogom nonypacnama 4,5 yaca. dae-
KTpHUUYeCKHe I10Jisi B HENPOBOJASALUIMX PpPAacTBOpPax TaK¥ke MOryt GHITh
UCIOONB30RAHL I/l BHUIEJEHHS H3OMEPOB, HAXOAAUXCA B HUSIIHX
H30MEPHEIX COCTOsHHSX C18, 013,

7. HEKOTOPBIE CJIY4YAN HM3OMEPUH

B nacrodiiem pasjene JACTanApHO paccMaTpUBAIOTCA HMEIOUIHECH
B HaimeM pacnopsXKeHUH CBeICHHA O HeKOTOPHIX H30Mepax. Hpmwe-

*) B pa6ore P. P. Buabamca W2 \akcMMagbHEIH BHXOXL B caydae H30-
MepoB ‘Te OKa3ajiCi 3HAUMTENLHO MeEHbIIE 1000/4. Ozmaxo 3TOT Bompoc oc-
TaéTCA NOKAa OTKDBITHIM.
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pPH BHIOMPANHCh HECKOABKO CJy4YaHHO, HO 4acTHYHO BHOOp onpexe-
AsACAd  HaJMYHeM JOCTaTOYHOro KoJauuecTBa cBeldenudh. Jlaorcs
TPpH Cayyasgs u30MepHH I Tuma, XoTd TIIATeNLHOMY H3YYeHHIO OHIIO
NOABEPrHyTO 3HAYHTENBHO O6ONbllee HX uucjao0, BkioueHH nBa-
caydas 1l rtuma, xoropue mnomumo cayuas UX,—UZ Toabko
SBJSIOTCA JeTaJbHO HCCASJOBAHHRIMH TMDEICTABUTE/IMH H30OMepOB
3TOr0 THMA.

Cnyuat Br®®

Cnyuait Br8 gBasercs K/NaCCHYECKMM B MCTOPUM HCKYCCTBEHHOM
panuoaktuBHoctd. O6 ortkpuiTHH udoMepuu Br80 ywe Guio ckaszado
B pasgede 1. IlonuTku onpelefHTh, Kakoe COCTOSHHE $BJAETCH
BHICIIHM, NYTEM H3MepeHHS MOpOra peakuuu OBUIM HeLOKa3aTeabHbI
TIOTOMY, YTO, KaK OyIeT BHIHO, W30MEPHEIE YPOBHH OYeHb OJU3KH APYT
K npyry. Kpome Toro, 66110 HeH3BEeCTHO, OTHOCHTCH U 3TOT caydal
k tuny [ wae k tuny II. Oanako xuMudeckuBi MeTOX pasneneHus,
npennoxeHsntt Cerpa, Cuboprom u Xandopraom S5, moxasan ompene-
JEHHO, Y4TO H30Mep C INepHOJOM MoJypacnafa 4,4 yaca mepexOmHT
nyTéM pacmafa B M30Mep C IepHOZOM moJypacnaxa 18 MuH., yeMm
YCTaHaBJUBAETCA ero MPHHAL/NCWHOCTh K Tumy I (cMm. ofcyxmenue
sroro Merona B pasgene 6). Bckope mnocie sroro Bamae#r u Mak
Kpepu V! cdortorpadmposanu JIHHHM KOHBEDCHOHHBIX 3JIeKTPOHOB
aByx 4-u3nydenuit. OHu HaGalOxa/M TPU 3JEKTPOHHHE JHHHH, KO-
TOpHe MOTJH OHTb OTHeCeHnl K K- H L-JIMHUAM 7-U3/ydeHus C SHep-
riueft 49 k38 M K L-AuHUU {-U3NydeHuS C Heprdei 25 w38 WA K
K- n L-nuuuam y-usnydeHuss neprusmd 37 wzg w 49 x3g. Irtot
Bonpoc Ou/1 BHSCHEH 3KcmepuMentaMu [punbepra u Pycunosa 94
KOTODHE I10Ka3aJ¥ ¢ TOMOLLbI) H3MepeHHH MOIJIOUIeHHs, YTO HCOy-
cKaJcd Y-KBaHT ¢ 3Heprue#t mexay 35,9 u 37,4 xss. Ouu He HaGmo-
IAnH HHKAKUX KBAHTOB ¢ 3Hepruelt 49 k38 W waMepuiu, yTo 1%
Y-usnydenns ¢ ssepruedl 37 x3s xo3dduiveHT KOHBEPCHH PaBeH edn-

. N,
HHle ( =0 5> . Ha ocHOBaHuH 3THUX cBedeHHH CTAaHOBATCSK
(Ne"i‘Nq) ’
COBEpIIEHHO oOdYeBHAHHM, uro Br8 o6mamaer cocrosHWeM, fpeBH-
IIAJOUMM OCHOBHOe Ha 86 x98, W uTO mHpsMol mepexod U3 3TOTO-
COCTOSIHMSl B OCHOBHOE COCTOfIHHE OYeHb CHJABHO 3anpeuwdH. OnHako
nepexon B COCTOSIHHE ¢ 3Hepruelt 37 38 MMeeT MepPHOX TOJypacma-
Aa 4,4 yaca, W HMepexod M3 COCTOAHHA C 3Heprueft 37 x38, nosuau-
MoMy, OHCTpPHH.

Bonpoc uayuancs B nganbHelimeM xeranbHo Bepreao B!l koro-
pHifi BHOBb H3MEPHJ KO3PDHIMEHT KOHBEPCHH 7|-H3JYUSHHA C IHEPrH-
eft 37 x38 u onpeneaunn K-H L-xoHBepCHOHHHE Ko03pDuuHeHTH Ka-
WAOro THna <-u3nyueHud. Jaf paszeneHHS 3MeKTPOHOB OH HCHOOAb-:
30BaJ MOrJOLIeHUe, YTO JAaéT 3HAYUTEJbHO MeHBIIYI0 TOYHOCTB. YeM:
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npuMenedue Gerta-crnekrporpada cO CYETYMKOM, HMEIOLIHM <¢OKHO»

(4yBCTBHTEALHOCTh (OTOM/EHKH K 3/IEKTPOHAM B STOH 3HepreTHyeckon

o6aactu GucTpo u3meHsercs). [Ipeamoaarast omsits, YTO KOHBEPCHS

Y-usnydenus ¢ sHeprued 49 x98 ABASETCH MOJHOA (a4 = 00), OH Ha-

wén agfo, =7,3 and y-u3nydyeHust ¢ sHeprued 49 x3s u agjo, = T

s |-u3nyueHus ¢ sHepruelt 37 kg npu axg —-a; = 0,64, CpasHupas

9T Pe3y/ibTaTh ¢ Teopuelt Xe66a u Heancona 6  bBepreno sakmo-

YHJ, 4TO Y-H3/yueHHe C 3Hepruell 49 ¥38 AB/AETCH MATHATHRIM OKTY-

MOJbHEIM, a Y-H31ydeHHe C sHeprHel 37 K38 — MATHUTHHIM JMMOJb-

#uM. BerupciieHnbfl mepHOZ noJypacnaZa MMeeT HPaBHJBHHH IOPSI0K

BeJIMYMHB, HO BO3HHKAeT CH/LHOE BO3pakeHHe MPOTHB NPUHATOH UM

cxembl. CoriaacHo npaBuIaM

Jnepaus (M38) Cnup Hemmwocme otGopa (Tabamua I) w&rHocTs

2,08¢ 5 *  yposHs ¢ sxepruel 86 xag

2037 :E,#waca 5 U OCHOBHOTO COCTOAHHUA

’ i JOMKHA ObITh  OJUHAKOBOM,

20 ] ¥ TIOSTOMY [epexOl Mexay

ﬁ’ML{S v TUMM  JIByMS COCTOAHUSAMH

" LOJKEeH OCYLHECTB/ATHCH

13 0 ha 24-T10/IbHBIM TEPEXOAOM C Iie-

’ pPHOLOM IOJypacmaia Ko-

poue, uem 4,4 yaca, B CHaAy

TOFO, YTO IIPU ITOM BhlIe-

nsgetcd 6oJiee BHICOKAS Hep-

9 ¢ -~ * rud. [lostomy npencrasasercs

Sedd  prw0 greo Gonee BEPOSTHHIM, HTO, Ha-

Puc. 14. Cxema pacnaga. puMep, Y-H3ayueHHe C 3Hep-

ruelt 37 K38 ABiAfeTCH NeK-

“TPHYECKHM TUIOABHAIM, KaK H OblJIO Mpeanoaoketo [putGeprom u Pycu-

HOBBIM O #; yETHOCTD COCTOSHHA M CHMHB COOTBETCTBYIOT YKAa3aHHHIM Ha

puc. 14. Cornacno Kononunckomy K6 §— -nepexon ¢ nepuonoM 18 mun.

u cootBeTcTBYlomui B+ -mepexox, o6Hapywennnit BapGepom B, gpns-

10TCS  OXHOKpartHO 3anpeulnubiMu. Tax kax Kr8® umeer cnun, pas-

Hoiit 0, Hanbonee JIOPMYHO, YTO CIMHH pacnpefe/leHn TaK, KaK 3TO

yKas3aHo Ha puc. 14.

TuiaTe/ibHhle M3MepeHHS og/ay ¢ momouipio B-cmexrporpada MOryT

BHECTH SCHOCTH B 3TOT BONIPOC.

I+

+H

Tak uro aapo Br8% oGpasoBaHHoe B pe-

3
20 ’
3ysapTaTe 3axBaTa MeJJIeHHOTO HelirpoHa, OyleT HMeTb CIMH, PaB-
HEH 1 Wi 2,

Ha ocHOBaHMHM BHUIENPUBENZHHRIX cOOGpakeHUH TP mocuae-
LyIOIMIeM KacKaAHOM Hpolecce CKOpee MOXHO OWuAaTe o0pasoBanus
COCTOfIHUS ¢ MepHogoM 18 MuH., yeM cocTosinus ¢ nepuoioM 4.4 ya-
ca. PaxkTuyecku, kak BUAHO u3 Taba. II, sta cmpasemnuso, npuuém

.COOTBeTCTBYIOILlee OTHOIIeHHe paBHO 2,9,

Cnu# Br™ paseH
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Cayuan Agl¥

Wsomepust B Ag 197 6rna ortkpuira AnpBapeioM, [ennMrosbueMm
Hesabconom A3, Oun o6paTHiM BHUMaHnMe Ha TO, yTO Majas BeIHYH-
Ha OTHOWIEHHS ag[o, , HaGmOAaeMas IS Y-M3/yueHus ¢ SHeprueft

93 x38, ucnyckaemoro Cd ¢ mepuonom noaypacunana 6,7 yaca, ykasnsaer
Ha 6oJBLI0e H3MeHeHUe CIIHHA TIPH COOTBeTCTBYIONIEM NepeXxojie aapa Ag,
-06pasoBasuierocd B pesyapTare K-3axsara. OHM HallIM, Aajee, COOT-
BETCTBYIOILYIO STOMY IIepPeXOAY akTuBHOCTh Ag ¢ mepuonom 40 cek.
Sr1oT cayuaii GHJ MOMHOCTHIO HMccaemoBad Bpaxrom u Ap.B10 koro-
pble HallId, yTo mepuold padeH 44,3 cex. To e u3oMepHoe cOCTOd-
HHe mosyuua BeinenGex W13 npu momoud Bo3GYHAEHHS PEHTTEHOB-
CKAMM 1y4aMu, W OHO OBNIO oTHeceno [enbmroJjbuem K Ag!0" na
©OCHOB3HHH ONKTOB ¢ OOM-
6ap1dpoBKO  pasaen€HHbBIX ~
uzoronos Cd H? | Ha puc. 6.vac_cd"™
15 nmaérca cxema ypoBHeH, L \
fpelsoxerHas bpaarom wu 12t \ K o
Ip., KOTOpHE HAlll¥ TNO3H- ’ \ N0 42%
TPOHH C BepxHell rpaHuleit 101 A
arepruu 0,32 Mag u Y-nyuu 99271 \e*
¢ sHeprued 0,846 Mss. Ouu E{Maa?'s \
CPaBHWJM 4YUCJIO HEKOHBep- 06k
THPOBAHHHX  |-KBAHTOB ¢ ’
4UCAOM KBAHTOB aHHUCHSA- o4l
UMM, TIOJyYeHHHX OT MNO3U-
TPOHOB, a TaxXe CPaBHUIU 02f 7
4HCJ0 MO3NTPOHOB C YACIOM 443 cen g, TT539 Mos 2
91eXTPOHOB BHyTPEHHEH KOH- 0F  pAg® 1
Bepcuu. M3 stux AByx oTHO- Z
IIeHWH, 3HASl OTHOCHTEJIBHYIO

3 peKTUBHOCTh CYETYHKOB K Puc. 15. Cxema pacmana.
MO3UTPOHAM M AHHUTHJIS-

IIMOHHOMY H3JYYeHdI0, OHM BHUMCAUAW & == 16-=3. 3HaveHue «
AAs 9JeKTpHUecKoro 2*-moapHoro wM3syuewus paBHo 165, ans
MarHuTHOrO 23-moJbpHOrO Hasyuenuss a — 24. [loaromy BepofiTHee
BCETO MPE/MONIOKUTD, YTO KWMEET MeCTO MarHuTHOe 23-MoJBHOe H3JYy-
genue. OnHaxko orHoumieHue ag/a, pasio 0,92, B TO BpeMs KaK Teo-

perdyecKoe OTHOLIEHME JJs MArHATHOrO mnepexola pasHo 4,2, a
And 3JekTpuueckoro nepexoaa 0,58, Mexoma u3 3toro, ussiyuyenue
ZOomKHO ObiTh Ha 809 snexTpuueckuM W Ha 20 % MATHUTHHM. IT0
pOTUBOpeYHe BO3HHKAeT, BO3MOMHO, M3-3a TOrO, 4YTO B 2TOH#
06/acTH  BbYUC/AEHHE KOIDPHLMEHTOB KOHBEpPCHH B HepessTH-
BHCTCKOM IIPHOJMIKEHHM yiKe He saB/iseTcss ToudwM. [lepmoa moay-
pacnafa, BHUMC/IeHHHH ua ocuose ypasdenuna (39a), 8 1500 paz
AAWHHEee, YeM HYXHO, B TO BpeMd kak Iag A =3 OH oOKa3siBaeTcs




404 9. CEFPY H A, TENBMIOJBL, -

B 4000 pas xopoue Habiionaemoro. YYuTHBasi BCe JaHHHe, mpe-—
CTaBAeTCS BEPOATHHM, YTO H3MEHeHHe CHHHA PaBHO 3 NPH HaIHYUE
3anpeTa IAf JMEKTPHYECKOTO OKTYMOJBHOIO H3JIYUEHHS, YTO XaET AJAR

7
cOCTOsIHUA ¢ sHeprued 93 x38 cnuH, paBHHi 5, TOTAA KaK M3BeCT—
HO, 4to Iag Ag 19" B OCHOBHOM COCTOSIHUHM CNUH JOJKeH OHTh paBeH.
- amma-uanyuenue ¢ sHepruett 0,846 Mss saBasercs snextpuue-

CKMM IUMOJbHEM. OCHOBHOE COCTOSIHHE W COCTOfHME C 3Heprueh
0,093 Mss nomkHH HMEThb Pa3Hylo YETHOCTH (TaK KaK IEKTPHHECKOE
2%-nospHoe usayyenue 3ampeiteHo); B+ -mepexon n K-saxsar sBas-
W0TCS pa3perieHHBIME TepexolaMy.

Cnyvyait Mn#?

Haomepus Mn®? ortnocurcs ko 1I tuny. Msomepu Mn®® 6mnn 06-
dapyxenn Jlupuuryaom u Cuboprom 3, xorTopee moayunau ux B pe-
3yabrate peakuun Fe® (d, a) Mn®2. Temmenmuurep H7 nmonyuun osrw
n3oMepsl B pesysbraTe peakuun Cr(p, 1) Mn u uccnexoBan ux Uanyye-
nue. [Toanoctpio uayunan aru aktvsHocty [ukox u delita P13 y OcGopn
u Heity O4, ncrmosb3oBaBmue f-crnektporpad ¥ MeTOA COBHAleHUi;
TIPUBOJUMHE HIXe pe3y/bTaTH B3fATH U3 HUX cTateH. M3aomepn wnme-
1ot nepuoian 6,5 maa u 21 muu. [lepwon, pasnu#t 6,5 nus, cBs3aH
¢ UCmyckaHueM MO3HTPOHOB ¢ BepxHell rpauune#r 0,582 Maeg, 3a ko-
TOPHIME CJAeIyIOT TPH KaCKaIHHX 7Y-u3nydeHus ¢ sHeprusamu 0,734;
0,940 u 1,46 Mss. HesaBucumocth 3-— Y coBmageHu#f OT 3IHepruu
B-4acTuy noxaswBaer, yTO CMeKTp B-aydedl SBASETCS MPOCTHIM. ITOT
U30Mep HMCOLITHIBaeT TaKie K-3aXBaT, CONPOBOMKAJAEMHI TeMu He
CaMHIMH TpeMd 7Y-u3nyyeHuaMH. OTHOIIeHHE }\K/)\B pasHo 0,54, wurto,
NOBUIMMOMY, YKAa3HBAaeT Ha TO, YTO Nepexol SBJASEeTCS paspeléH-
HeM cA/=0 naa 1 u Ge3 usMeHeHus u€THoCcTH C14

[Tepnon, pasuit 21 Mun., uayuasmuics Oc6oprom u [eftTuem 04,
MMeeT MO3HTPOHHEI! CHEKTP ¢ BepxHelt rpaHuuelt, pasHol 2,66 Mas,
M CONpPOBONKIAETCS EJIMHHYHEIM |-H3JIyueHHeM c 3Heprueit 1,46 Msg.
ITO u3nydyeHue MOYTH JAOCTOBEPHO fBAAETCA TEM Ke CaMBIM, 4TO W
Ha6alonaemoe Aas 6ojiee IJIMHHOTO NMEePHOIa; 3TO YKa3HBaeT Ha ToO,
4TO lepBOe BO3OYHIABHHOE COCTOfHHE, y4acTByloUiee B STHX Iepe-
xonax, umeer 3Hepruio 1,46 Mass. ComocraBass 3Heprud pacnana,
MBl BHAHM, 4YTO YpDOBeHb, oOyciaoBauBaowu# mnepuon 21 MuH., Je-
*KUT Ha 2,66 — 0,528 — 0,734 — 0,940 = 0,40 M3s Buiie YpOBHH,
OTBETCTBEHHOTO 3a aKTMBHOCTH ¢ nepuonom 6,5 mus. OcGopH u ety
NOATBEPAMJH STO MNpexnoJoxeHne, o6HapyxuB Ha 2.10% pacnamos
ONMH KOHBEPCHOHHHH 3/1eKTPOH OT T-Aydell ¢ 3Heprueit 0,392 Mas.
KoadprunenT KOHBEDCHH A Y-H3AydYeHHMs C TaKOH BHICOKOH 3Hep-
riefl ToJeH OBTb HHU3KUM, W TaKHM OOpPa3OM 7-KBAaHTOB JOMKHO
OhITh 3HAYUTENBHO O60Jbllle, YeM 3/7eKTPOHOB. B ciydyae MarHutHoro
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2%-nonpHOro M3nydeHus KOIPPUUHEHT KOHBEPCHH MAOJMWeH ObiTh pa-
sen 0,039, ¥ cooTBeTCTBeHHO INepHOZ MNOJAypacmaia JOMmxeH OHTh
pasen 21 < 2-103 0,039, uro masr okoso 1600 munyr. [lepexon
¢ A =05 padr nmepuon mnoaypacmaga 1,6-10% MuH., 4TO XOTH M He
HaxOOUTCA B XOpOINeM COIJACHMM ¢ ONHTOM HO 3HAYUTE/BHO Jyuile
nepexoxa ¢ A=4, nawowero nepuoxa, pasHuit 20 cex. Ilosromy mu
JLO/DKHEL TIPENNOJIONKHUTE, YTO ABA M30MEePHHX COCTOSHHA Pas/inualTCs
#a 4 CIMHOBHE €IHHWIH U 4TO

-OHY MMEIOT Pa3Hylo Y€THOCTD, TaK JvepeuA ( M3F) 21 mun Cnunt  YEMHOC Mo
YTO0 3/MeKTPHYeCKOe 2%-onbHOE ugz 99 0 *
uziyvenve 3anpeiieHo. YroObu 422 T 4 ¥
.He TpPUHUMATh 3HAUEHUS CIH- J 358"

HOB GosbliMMM 4, mnpencras- 313 65K ; _
asercss  JIOTHYHHIM  NPUHSATH " +
I=0 gaa ypoBHf C NepUOIOM 240 = 2 T

21 Mun. u /=4 nand ypoBHH
. nmepuonoM 6,5 mHg. ITO mpH-
BOAUT K CXeMe YypPOBHeH, moxa-
3aHHolt Ha puc. 16. §-+-nepe-
X0n ¢ mepuoiom 21 MuH. pas-
pelwdH B COCTOfiHHE C 3HeprueH ] P 5 O
1,46 Mss, o 3anpemgH B oC- Cr Mn

‘HOBHOE COCTOfHHE, TaK Kak Puc. 16. Cxema pacnana.
0—0 nmnepexoxn, no xpaiinet

Mepe, JABaWIb 3anpeuidH B cuay npasuaa ortGopa Teanepa. Tpu
B036y#aEHHHX cocTosiHnd Cr®2 DomKHbl MWMeTh BO3PACTAIOUIUE CTIMHHI,
TaK YTO MpsiMble MepPexolsl B OCHOBHOE COCTOSIHHMe, MMelomiee ciuH 0,
ABAAIOTCA B AOCTATOYHOW cremeHd 3anpelEHHbIMH. Jad yTodHeHHH
PAacnonoxeHus U XxapakTepa ypoBHe#l HeoOXOXMMO WMETh TOYHHE CBe-
IeHHS O COCTOSHMEM ¢ 3Hepruedt 1,46 Mas.

I+

Cnysap Co®

Ko6ansT nmeeT ToAbKO OfMH ycToRuuBeE uzoron Co %9, xoTopulll B
peaynnTate 60MOapAMPOBKU ero MeNJIeHHHMH HeHTPOHAMH OGHADYWH-
BaeT JiBa PaJMOAKTMBHLIX mepuoaa, pasHeix 10,7 mMuH. u 5,3 roxa.
ITH NepuOAM HO/MKHH OuTh oTHeceHH K Co b, Jlefity, Jaauor u
Pobeprc P13 fetansHo wuCCAENOBAAK 9TH AKTHBHOCTH. AKTHBHOCTD
£ nepuoroM 5,3 TOXA, KOHewHO, fBJAseTcss HauboJee JNETKOH HJst
H3yUeHHUd. TmaTeanue nswepeﬂnﬁ ¢ nomowp0 B-cmekrporpada u
$— v m y—+q coBmamenuit moxasaau, 94to B-u3AyueHHe C MaAKCH-
MasibHOM aHepruelt 0,308 Mag conpoBoxknaercs AByMsl KacKaXHLIMH
<{-usjydenusmMu c sHeprusmu 1,1 u 1,3 Msg. Vayuenne yrnoso#t xop-
pensilun IBYX  {-u3nyueHui (Bpemd u [JleiruB14) poxasano, uro
Kaxnoe U3 HUX SBJASETCS KBAAPYNOJbHHM M uTO Yy4YacTBYIOULME B Ile-
_pexo,ue COCTOSHHS, BEPOATHO, HMeloT chuHH 0; 2 m 4, TaK Kak
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OCHOBHOe -cocTosiHne Ni %0, spasiouterocs npoxayxtoM pacnama Co *°,
HECOMHEHHO HMeeT CHHMH, paBHeH 0. ITH NpennoNOMeHUs OplaE
MNOATBEP¥AEHH JdanpHeliinMH HabmoxeHusiMu D20 | cornacHo KOTOpHM
Ha 10° pacmazoB OGHapyxuBaeTCH MeHblUE OXHOTO Y-KBAHTA C 3BHEp~
ruefi 2,4 Mag, uHave roBops, NpsIMOM NEPeXOX M3 COCTOAHHMS C BHep-
rueit 2,4 Msg B OCHOBHOE COCTOSIHHE CHJBHO 3anmpewgd. Ha ocHo-
BaHMH 3THX JNaHHHIX NMpPeICTABJASETCH BO3MOMHON cxeMa ypoOBHeH, n3o-:
Opax&unaa Ha puc. 17. Tak xaxk Koppeisiusl MewIy HanmpaBleHUAME
Y-u3aydeHuit He TMO3BO/ASET OTAUYUTL 3IIEKTPUUECKOE WUINYUEHHE OT
MAarHUTHOTO, Y&TKOCTh COCTOSHMH HeompedeséHna ¥ nogoOpana Tax,
4yToBH 06ecmeynTh MHHUMA/IBHOE 3HaYeHHe | Jjis1 COCTOSHMA C Mmepuo-
aom 10,7 mun, Ilepexon us cocrosHus Co ®® ¢ nepuomoM 5,3 roaa
B OCHOBHOe coctosinie Ni®0 gBastercs, KOHEUHO, CUIBHO 3aHPeUlSHHHM,

a mepexof ¢ aHeprueir 0,308

Iuepaus (M36) Coun Yémwocms ~ 4¥198 BaNpeligH OXHO- MM ABY-
2,764 KPA4THO.

z,708 2; t Hetity, SDaamor u Po-

24 90 2a2.80em ¥ 6eprc P18 yamum ans rnepuona

ML‘}} 10,7 MuH. KOHBEPCHOHHbLIE 3JEK~

10 TPOHB Y-W3NY4YEHUs C SHEP«

i3 L, + ruet 0,056 Mss, xoTOpHE R0A-

- WHe OBITh OTHECEHH K H30-

MmepHOMYy nepexoxy [ Tuma.

0 R ITOT mnepexos UMeeT MecCTo

w o0 t noutt 8 90% cayuaes. B ocra-

Co Ni§0 ommxes 10 cayuaes ucny-

Puc. 17. Cxema pacnana. ckaeTcss B-uacTHua ¢ MakcH-

ManbHOH BdHepruedt 1,28 Mg
(M3 HIKeCJedyOUIMX N@HHBIX 3Ta 3Hepruf JAOMKHA ObITh  PAaBHA
1,45 Ma3g), conmporoxmaeMass Y-KBaHTOM, KOTODHH, Kak Obia
obnapyxeno I[Tukoxon P2, upenrnyen y-xBanty c sHeprueil 1,3 Mas,
UCNYCKAeMOMY B C/ydYde AaKTHBHOCTH C AJUHHMM nepuogoMm. Ecan
NpeanooKuTh, KaK YNOMUHAJNOCH Bhilie, YTO yPOBeHh C 3Heprueh
1,3 Mss (cm. puc. 17) umeer cmMH 2, TO ypOBeHb, [ePHOJ pacmaia
koToporo paeed 10,7 MuH., nomxed umeTh cnud 1 ¢ TO# ke uyéTHO-
cteio®), Torna P-mepexon OyieT paspeli€HHHIM, T|-nepexon Oyaer
TOrAa S/ekTpUueckuM 2%-mosbHHM M3jydeHMeM, a YETHOCTH JBYX
HU30MepHHX ypoBHel OyayT npoTHBONO/A0XHs. Teopernyeckufl mepuon
noJaypacnaxa [HJas 3T0ro nepexoja pasen okoso 0,2 cek., 4yTO He
HAXOJUTCH B XOPOIIEM COCJIACHU C «YACTHYHBLIM IePHOAOM .MOJYypac-
naga», paeHuM 12 muH. OaHako 3xaekTpuueckoe 2%-moabHoe u3Ay=
yenne naér 3-10° cex., yro XaéT em® GoJee CHIBHOE pacXOMAEHHE.

*) Ipyras BO3MOXKHad CXeMa TaKOBa: LJAS YPOBHS C IEPUQAOM 1_(2:7,MHB':. .
CnuH paBen 2, 98THOCTb +; NJ% ypopnsa ¢ nepnoaom 53 ropa — 55 ; nas
OCHOBHOTO COCTOsiHMA — () + ; OCTajbHbie ypPoBHHM 0e3 uU3aMeHenud. '
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Vsmepende i 3TOro cnyuas oTHOmenus uuciha K- ¥ L-KOHBEPCHOH-
HbIX /IEKTPOHOB MOXET NaTe MOPHANOK 7-Nepexola, HO Aai Takoro
KOPOTKOro MepHoja Hoaypacnaga 3TO M3MEPEHHE TPYAHO IIPOBECTH.
Cxema ypoBHe#t Ha puc. 17 mnpeacrasisercd corjiacCyioulefica c
ONHTHHMA HaHHBIMHU.

Caenyer ocTaHOBMTHCS emé Ha onanom Bompoce. O6a usomepa
¢ nepuonamu 10,7 muH. u 5,3 rona oGHAapYKHMBAIOTCH NPH 3axBaTe

Menaennnx nefirponos Co®, ans koroporo 1=~2~. Coctasnoe

a1po (koMuayHasgapo) Gyder, cjejpoBaTensHO, HMeTb [ =3 nau
4 u, KaK Gmao yxasaHo Jlefituem, Junuorom u Pobeprcom, ecin
nepexol B M30MEpHOE COCTOsHHe TPOUCXOAMT B pe3yibTaTe HC-
fyckaHusi HeGOJBIIOTO uKc/a KBAaHTOB, COCTOSIHUE C MEpHOAOM d JeT
(I=4) nomkHo OHTh CH/bHEE NPEACTAB/IEHO, YeM COCTOSHHE C fle-
puorom 10,7 wmuu. (/= 1). Pak-
THYECKHU SKCMEPAMEHTANBHEE W3-
mepenust (cm. tabauuy ) no-
KA3HBAIOT, YTO MONEPeYyHoe ce-
yeHue JAst 06pa3zOBAHHT  H30-

3Inepaur (M356) Crun Yemmwecmb
{3,020 2w

-

2 M
Mepa ¢ mepuoiom 5 et B 33 300 £ - 3
pasa OoJtule MOMNEpeYHOro ce- 1.3muH T 5004.
yeHUs 1Js 06pa3oBaHud U30Mepa
c nepuoraom 10,7 mun. 2.3 2

3,015 :::;T,f

+1 1+

yseauyenoe J0pas

I+

Cayuat Shiz \ N

|
[Mocneannit cnOmKHHHA M UH- \\
TepeCcHL cayyalh — 310 TPOH- \
Has wusomepus Sb1*¢ obuapy- \
wenHan Mareosuarom u jap. M 16, 060 \ /
Ouu HAWK TPH PATHOAKTUBHLIX ’ \
nepuoaa, CBA3aHHHIX ¢ Sb1%4,
o0pasyomumMest  Opu 3axBare
MEeAJAeHHOro HefiTpona B oOpas- P Te'2"
nax, oboramgnueix Sb 123, Oanum
W3 MePHOAOB fBJfETCS XOPOUIO Puc. 18. Cxema pacnaza.
u3BecTHEf 60-aHEeBHHIA Mepuox,
CXxema pacnaja goroporo, npensoxennas llappom-Toavaxabepom n
Meiteprodom M7 naéres Ha puc. 18. M3 mByx ocraomuxcs nepHo-
1OB ONMH, PaBHb 21 MUH., CBS3aH ¢ HCIycKaHHeM B-nyyed M KOH-
BepCHOHHBIX 3JEKTPOHOB OYeHb HU3KOH 3HepPruH, COOTBETCTBYIOWIHX
Y-U3NYUYEHUIO ¢ 3HeprTHed 0K0/10 20 K38; CO BTOPHIM NMEPHOAOM, PAaB-
HeM 1,3 MMH., CB3aHO WCTIyCKaHMEe SHEPIMYHMX P-ayueHl ¢ BepxHeh
rpannueh 3,0 M38 u HeGOABIIOrO KOJAMYECTBA KOHBEPCUOHHHIX dMEK-
TPOHOB HH3KOH SHEPrUM, COOTBETCTBYIOUIHX T-H3/IYUEHHIO C 3HeprHell

-+

S
+
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15 "x38. K-pentrenosckux ayue#h Sb He Habmoaanock,. 4TO yKasbi-
BaeT HAd TO, YTO HMEIOUIASCH SHEPTHS HENXOCTATOUHA AnH K-KOHBEPCHH.

O6a cocrosiung ¢ nepuomamu 1,3 muH. ¥ 21 MUH. JHOMKHH OHTh
OTHECEHE X BHICIIHM cocTosiHMaM Sb %% rtax kax oHu 006a mcnycka-
fOT CHJIBHO KOHBEPTUPOBaHHBE T-ny4d. Homycrum, 4ro o6a cocTosi-
H{A pacnazalTcs B cocTosHMe ¢ mepuoioM 60 mHeft, koTopoe HMeer
1101HY10 3Heprulo npespamenns 8 Te 1?4 pasnyo 0,6 1,74+ 0,7 = 3,0
Mass. Tax xak mepexoid ¢ mepHonoM 21 MHH. HCHyCKaeT KOHBEPTH-
DOBAaKHOE Y-U3NydeHHe ¢ BHeprueH 20 x98, MBI MONKEM NOMECTUTH
ero Ha 3,020 Mss Buime Tel?* w npennonoxutb, uro Habialonaembe
B-nyun sBasloTC AOvepHHMH Jyuyamu 60-aneBHOro mepnona. 21-mm-
HYTHHHA NepHoJ moaypacnaga MoweT OHTh OGBACHEH, eciM PasHOCTH
CNIHHOB PaBHA 2 ¥ KBaAPYMOJBHOe M3nydeHue 3ampemieHo. Teoperu-

1
YeCKM Mepuos, Npyu 3TOM paBeH 3 MHH, A4 MarHMTHOrQ KBaIpyIOJ/iL=-

HOro M3nyuyeHns u toavko 0,04 cex. ;s siexTpudeckoro 23-moas-
HOTOj M3]1y4YeHHs C KOHBEDCHOHHHM Ko3(DpuuMeHTOM, 3HAYNTENLHO
-GOABIIAM B IOCJ]eAHeM ciaydae. B nio6oM cayyae f-nepexoi B OCHOB-
toe cocrosaue Tel?* pomxen OuTh cuasho 3anpew&H. CocrosiHue
€ nepuoioM 1,3 MHH. IONKHO MMETh YaCTHYHHI IePHOA MoJypacna-
Ja B cocTosiHue ¢ mepunoioM 60 aued, BeCcbMa IJHHHHH RO cpaBHe-
Huio ¢ 1,3 MMH., Tak KaKk npeo6aajaiomiuM THIOM pacmaja sBasercs
B-omMccHs, TpHBOAAUIAT HeNOCPENCTBEHHO B OCHOBHOE COCTOSIHME
“Tel2t, OnaTe COWHOBA" PAa3HOCTh 2 C 3ampeulBHHBIM 3JeKTPHYECKHM
A3/yveHneM MOWeT OGeCHedyuTh HeOOXOLHMbIH NepHOd MoJypacHana.
Jiig 4nuCTOrO MATHUTHOTO KBaJpPYHOJABHOTO [Epexoja BhYMCJEHHBIH
nepnoli mnoaypacnana paseH 13 muH. Dera-mepexoX B OCHOBHOe CO-
ctoguue Tel?* gBasercs, BePOSITHO, OMHOKPATHO 3ampeUlEHHBIM,
MOXKHO BUAETb, YTO 3TH JaHHBlE YKJAALBAIOTCH B HECKOJBKO CXeM
pacana, OxHO# M3 TakuMX CXeM fBASeTCS cXeMa, IpeJCTaBjeHHas
na puc. 18. Ilepexon c sueprueit 0,7 Msg ¢ ypOBHE C HePHOAOM
60 ameft cornacHo dopmynaM, XaHHHIM KOHOMMHCKHM, OXHOKPATHO
3anpeuidH, B TO BpeMs KaK Hepexol c snepruelt 2,4 Mss sanpeuwign,
no xpalinefl Mepe, ABa¥Ib. B COOTBETCTBHH C STHM JAJSI COCTOSIHHL C
nepuonom 60 AHe#t cruH paBeH 3, Tak 4TO MEepexo] B OCHOBHOE CO-
crosinue Te 12 aBasieTcss TPk 3anpemduuniM. Kpome Toro, ecau ypo-
BEHb C NepuojoM 1,3 MHH. umeeT chuH, paBHufi 0, ¢ UETHOCTHIO, NPO-
THBOMOAOKHON uEtHocTH Te 134 f-nmepexoln sampeuwtaercs ABawAb, H
~-MepexoX NMPOUCXOAHT ¢ A =4 Bmecro A =3, kak npennonarajioch
Boitte. [ yTOYHEHMS CXeMbl PacCMAaTPHBAEMBIX NMepexoJioB Onl/K npej-
J0MeHH HeKOTOphle OnuTH. HanpuMep, no koppensiuuy Hanpas/eHH#
~-u3nydennit ¢ sHepruamu 1,7 u 0,6 Mag B cayuae 60-aHeBHOro ne-
PHOJA MOKHO CYAMTh O CHMHAX COOTBETCTBYIOMX coctosuuit. Hon-
“KHb OHTh TAKXe€ OueHb N0JIE3HH JOIOJHHTEeIbHbE NaHHHE O TpaBy-
aax or6opa npu B-pacnaie. KosphpuuueHTH KOHBEPCHH IS H30-
MEPHRIX Y-JyYeH HACTOABKO BEAWKH, YTO U3MEDHUTh MX GueHb TPYAHO,
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MOSICHEHUS K TABJIMLE 111

B ta6anue lII npuBedeHsl naHHHE O BceX H3BECTHHIX HM30Mepax
na 1 auBaps 1949 r. KoHcTpykuusa TabGJaMUH Takas XKe, KaK MCHO/b-
3oBantas Bere u nemaBHo CubopromS2 . Tlepsue xBa croafua He
TpeGyior oObsicienu#i. B Tperbem croabue «Kuacchl» o6o3HaueHus
takue ke, kak y Cubopra:
A — ¥30TON H3BECTeH (MacCOBOE MHMC/O M 3IJIEMEHT H3BECTHH),
B — u3oronm BeposTel, 3J€MEHT HM3BECTEH,
C— omuH U3 HECKOABKUX M3OTOHOB, 3AEMEHT M3BECTEH.
Buin  oT6polleHH H30TONH, NMOAXOAfllME IMOA Kaaccudukauuio
D, E, F u G (cMm. 820), 3a oxdHuM Mau JABYMS MCKAOueHusMu. B stnx
HEeCKOJIBKHX CJAYy4asix JOKa3aTeJbCTBA H30MePHUM BHIIAAAT OYeHb yOe-
JUTeNLHBIMH, HO H30TONMYECKHMH COCTaB Heu3dBecTed. Takume cayuan
BO3HUKAIOT, HANpHMep, KOrAa u30MepHl 06pa3yloTcs IpH Bo30Oyxie-
HMH PEHTIeHOBCKMMH Jydyamud. B pesysabrare Takoro or6opa Gesyc-
JIOBHO ObliIH OTOPOIIEHK HEKOTOpHE MOMJUHHBE CAYYdHd HU3OMEDUH,
HO MBI NPEANOJaraeM, 4ro MX HEMHOrO,
B yerBEproM cTOaGlE yKa3bIBAETCH TNl U3/yUeHHS C HOMOLLBIO
caenyouinx 0603HaUeHHH:
B— — orpuuarenpHble Gera-u4acTHIH,

pt — monowurenbusie Gera-yacTHUb (IO3HTPOHM),

x—rayma-nyqu,

e — 3/1eKTPOHH BHYTpeHHel KOHBEPCHH,

o — aabda-vacTULbl,

K — K-3axBat (uau, oflliee, 3aXBaT OPOGHTANLHOrO anexrpona)
WU3nyyeHH:z aHHUTHASIAM W PEHTIeHOBCKHE JIyuH, COMPOBOXKAAIO-
LlHe BHYTPEHHIOI) KOHBEPCHIO, He YKAa3hBaOTCH.

Yro kacaercs nepuoioB IoJypacmana, TO y Hac He OblJIO HaMe-
peHus BKJIOYaTh BCe H3MepeHHble BeJM4HHL, XOTH B HEKOTOPLIX
cayuadx OblI1O BKJIOUYEHO HECKOJLKO BelMuydH., B HECKOAbKUX Cay-
yagix JaloTcst Ipefesbl, B KOTOPHX JeXar W3MepeHHnle 3HauyeHHd.
Cepiiky Ha JHTEpaTypy OTHIOAb He SBJSIOTCH HCYEPNHBAIOIMMH (HO
NpHBOAMTCH GOMBUIMHCTBO MOCaeaAHHX pador).

B croabie «Tunm uzoMepa» nox tvmom I nonpasymeBaeTcn pacnan
MeTacTabU/IbHOTO COCTOSIHMA B OCHOBHOE COCTOSIHHE INPH IOMOIIM
Y-W3/y4eHHUs MM . BHyTpeHHell KonBepcuu; mox tumoM Il mompasyme-
BaeTcs pacmajg o60MX M3OMEpPHHX COCTOSHHH B COCEJIHHH 3aeMeHT
npu novomwu B~ -, B+ - wam K-npoueccor (em. pasmen 36). Kpome
toro, OykBa (/ yka3nBaeT Ha BepxHee H3 M3OMEPHHIX COCTOSTHUH,
L — na HimxHee. B cayyae Tpéx cocrosuuil U7 o6o3HadaeT HauBbIC-
uee cocTosHue, U’ — cpelsee COCTOsHME, B COMHUTEJBHHIX Cay-
4afgx MOCTaBJeH BONPOCHTE/]bHE 3Hak. IIpH OTCYTCTBMM OTpenengH-
HBIX [0Ka3aTe/bCTB 3TH OyKBHl He MOMeilalorcd. B cayuasx H3oMe-
POB YCTOUYMBLIX 3J1eMEHTOB MPHUBeJEHH TaKKe YCTOHYMBLIE H30TOIMH.
HanbHelimine nosichenHus k tabauie III cm. na crp. 429,

7 YoH, 1. XLV, Bum. 3



Ta6mma nsomepon

Ta6auuna I

Tun u3ayue- Iepuon Tun Oueprus U3nydeHHd
z A [Knacc HUs moaypacmana |usomepa | wactan | - [Tpumedains
20 Ca#® A =, 4e~?) |25 maca (W) | II (?) [2,3(W9)mnor. 0,8 (W9) Moxer 6biTh Ca't;
Catt C B B"( ) 30 mua. (W9) | 1II (?) B (H30) coobmaerca o
ero 06pa3oBaHHH Ny-
TéM (y, N)-peakuuH.
21 Sc#4 A e,y 2,2 pua (W8) 10 0,269 (S19) cmexr. a==0,08; ag/a; =8,
44(519) Ho B atoll o6aactu
244 pua (H17) HEYYBCTBHTEAbHO K /.
Teopus Aaéra = 0,15,
©~10 mMun. aas D24,
[1peanoYTATENLHO 3HA-
yeHne A =4,
Sc# A pt 4,1 gaca (W8) IL 1,47 (819) 1,33 (H17) nor,
CIexT.
Sc# A e,y 20 cex. (G22) 1U 0,18 nor. (G22) Ha6monammcs u
3K TPOHH KOHBEPCHU
u y-ayun. Bepodrno,
snayenne A = 4. Teo-
pus  NpelCKa3biBaeT,
8=,y yTo t~1 "aca.
Scio A K(W10) |85 nueit (W10) 1L 0,36, 1,49 | 0,88, 1,12 (P12) BeposaTHO, Kackal
(P12) cnexr. 0,2,0 B aape Ti%(B23).
22 Tist A B (W8) 6 mun. (S9) | II U(?)|1,6(89) nor. CocTosHHe sBasieT-
Csl BLICLIMM C 3Hepre-
THYeCKOH TOUKH 3pe-
Husl.
Tist A B,y 72 nua (W10) | 11 L (?) | 0,36 (W10) | 1,0(W13) mor.; 60- B-crmexTp, BEPOATHO,
nor. lee HH3Kag npocroit. MHoraa kac-

3neprug (M8)

KaaHue y-1yau (M8).

1187
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A

25 Mps? A gt,y 21 mun, (L5) | I, I U | 2,66(04) | 0392 1,46 (O CM. oBCyxaenne B
CHOEKT. crexT. pasnene 7.
Mn2 | A l8+,K.7(G14)| 6,5 qua (L5) | I, 11 L | 058(P13) 0,73, 0,94,
CHexT. 1,46 (P13) cnexr.
27 Cos8 B e 938 ggca 11U 0,023 (8§35) cnexr. Beposrtio, A=23.
(835)
Co?%8 A 8t,y, 72 nua 1L 0,47 (D23) | 0,805 (D23) cnekr.
K (G14) (L14) CIexT.
Cofo A B 1 e 10,7 mun. LU | 1,56(P7) | 0,056, 1,30(D13) CMm. obcyxaenre B
(L14) CIIEKT. (P12) cuexr. pasnexe 7.
Cofo A B,y 5,3 rona I, 11 L | 031(DI12) 1,16, 1,30 (P7)
(L14) (J1) cmext.
30 Znte A e,y 13,8 uaca 1U 0,439 (Hi8) cnexr. 0,1> a>0,01, wuro
(L7) ykassiBaeT Ha A = 5.
Teopust paér =270
tac., 325 wuam l\g24.
CrnuH, BepOSTHO, 7+
Zn® A B™  |57mum. (LT)(K3)| 1L 1,0 (K3) et 7 (K3) Cmiﬂ, BEpPOAT-
HO, 7?.
32 Gent A gt 40 =ac. (S11); | 11 U (?) |1,2(S11) nor. CocrosHue aBaAgeTCs
36 uac. (H17) BLICIIMM C 3HepreT-
uecKoi TOYKH 3PeHH.
Gent | A | K.e(SI1) ' 11 nmett (S11) | 11 L (?)| 06 (M13) | 05 (M13) cnexr. | B pesymbrare (y,n)-
BH(?) (MI13) CHexT, 0,6 (S23) mor. | PeaKuUHR STOT H3OMep
He Ha6mopaaerca (H37).
Gem? | A e~ 5.10~7cex.(B13)| 1 U 0,70 (B13) Moxer 6urs 0—0
nepexoa. CM. pasnexn
IVe.
Gen? A ycrofunBeI# 1L
Gel A BT(AB) | 59 cex. (A8) I [2,8(A8) nor. Yro6m  BUACHUTH
Gen A BT(S17) 12 wac. (S11) 1 1.9 kam. cocrosHus U u L, nyx-
, (S17) (S22) HO H3Y9HTb Y-JYUH,

BUdAWOEN BVHJIITH
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Xge o, - -

[Iponoamenue

DHeprug HBIydeHHs
13

Lo Tun [lepuon Tun
Z A 2 . [NpumeuaHust
S | nsaydenns | morypacmaia | nsomepa 9acTHIL Y-nydei
‘ T
33| As | A K 60 wac. (H32) 11
As | B gt 52 wun. (H31) 11
34| 8¢ | A e 17,5 ce<. (G15)| 10U 0,15 (A8) nor. Teopus paér
t~2 vaca naa A=4.
Se™ A ycrofuusbft 1L
Sest | B! e (L3) 57 muu. (L3) 1U 0,99 (HB8) cnexr. W3 nepmoga moaypac-
(L6) Hajia BeposTHO, 4T0 A = 4;
aglay =4, 4TO yKasH-
Baer Ha 500/, 224, 500/, M23,
Sest | B! - 19 mun. (L3) 1L 1,5 (L3) mor. [lepexo4 B OCHOBHOE CO-
Se | By EY(AB)| 67 cex. (A8) | 1 | 34 (A8) nor. cromse B, mepostio,
— paspeméd,
Sess | A, B, 30 Mun. 11 1,5 (G21) nor. | 0,17, 0,37, 1,1 [lepexon B OCHOBHOE
(G21) nor. cocroanue Br8 cuabHO
3anpenién.
35 | Br¥ A €T,y 4,4 uaca (B11)| 10U 0,049, 0,037 (V1) CM. o6cyx aeHne B pas-
Brwo (85) 5-20(A10) |03 (55 @1y mor| "< "
WAl gt | 18wan (S2) | IL O(ALD) 105 (S2) (BIB) nor.
@ | et
36 [Kms1 | C e et 13 cex. (C5) v " | 0,187 (C5) cnexr. M3oMepHbIH  Iepexor
HECOMHEHEH; IpHHALIeK-
HOCTb ero X Kr coMHu-
TelbHa. BeposaTHo, A = 4.
0,127 (C5) cmexr. | 13 cex.
Kregt | C le™,mer 1| 55 cex. (C5) LU |~09(3004)~06 02 (H3%1) nor. HuskHee cocrostne Aas
K | A| +(2%), 31 yac. ‘(817) 1L (700%) MEPEXON0B C IEPHOAAMH
K (982%) (C6) H (31) mor.; 13 cex. nam 55 cex.

1,0 (W25) mor.

484
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39

Krss

Krs3
K183

Kr8s

S8

Sr85
Sr87

Sr87
Y87

yor
Y88

yss

e

> P W

(S
B,y (H34)
e, v (D3)
(., v O7)
e , v (D7)
(R3)
e, v (DY)
K (D7)
K, 1 (D3)
(H19)
8+, 0,190
(P14)
5+

!

113 mun. (L3)

ycTOHUMBHIT
4,5 waca (H34)
(W25)

~10 ner (H33)
70 o, (D3)

65 nmeit (D7)
2,7 uwaca

YCTQUUHBLIA

14 yac.(D3)
(S12)
80 wac. (D7)

105 pmeit (D3)

2 vac. (S12)

1
1L
U )

L3
10U

1L
1U

bt
~ Qh

U )

1L (?)

1,0 (H3%) nor.

0,74 (H33) nor.

0,83 (P14) cniekr.

1,65 nor. (O1)

[

+

0,029 uan 0,046
(H8) cmexr.

0,17, 0,37 (H34) nor.

Her y (H33)
0,170 (D3) cnexr.

0,8 (D3) nor.
0,386 (H8) cnexr.

0,5 (D3) mor.
Her ¢ (?) (D3)

0,908, 1,89 (D14)
CIEKT.

2.8 (19%) (G16)
D (1. )

[Mpucyrcrayior o6a

Y-ayda. agfa;~1 aas y-ay-

4a ¢ sreprueit 0,046; B
3TOM cayyae A = 4. 600/,
224 n 40% M28, Briuuc-
JeHHOE 3HAYeHHEe T ~

3
~50 yac. Cnux 5t

9
Conn 5 *.

Briculee cocrosHue ¢
TOYKH 3peHHs SHEpPrud
B-wacruu,

Jag A =4, 1~150 MuH.
3HaHue a M ag/a; MO3BO-

JAsieT onpenemTh I
ag/a; =6, a~0,15. Itn

3HAYECHH], KaK U 3Hade-
HHE T, YKAa3bplBaOT Ha

1
A =5, 925 Cmu 5 =.

9 __
Coun -5 F-
JloxasarelbcTBa HeHa-
HEXHDI.

Pacnanaercs B S187 ¢
nepuonov 2,7 yaca.

0,908 u 1,89— kacxan-
Hoie, Bt nepexon B S188
CHIBHO 3ampeuién,

Huxuuil npegen suep-
ran y-ayueit 0,15 Mas.

BUJANOEY BVHIITE
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[lpogoaxenue

Sueprua uzayueHds

3 Tun Tlepuon Tun
Z| A 3 . [IpuMeyanus
S | usnyuenus | moxypacmana |nsomepa 9aCTHIL Y-ayuedt
Yor | A e,y 50 mun. (G9) 1U 06! (F19) nor. Beposrao, A = 5. Teope-
S18 THYECKH T~2 Yaca.
yot A §~ (B8) | 57 nueit (G9) 1L 1,6 (B8) mor.; | Y e™
(H20) (31(8) 1(71-110) 1,53 (L4) cnexr.
Gl17)
40 | 2% | Ale vy namK| 45 unn (03) | 1(?) 0,555 (H38) cmekt.| [losuxumomy, mer pt.
D7) CejexTHBHOE MNOTJOLIe-
HHE PEHTTEHOBCKHX Jyueid
MOXKeT MO3BOJINHTD Pa3u-
9uTh THOH 1 W L
Zr | Al gt(s13) | 78 wac. (D3) | L (?) |10 (S13) xam. HeT 7
(D3) mor.
41| Cbot [ A e, 7 (B2 62 nus 1 U 0,13 (?) (M20) nor.| Bnavemns A—4 u A=
=05 B 103 pa3 He coraa-
CYIoTCd € 9KCIEepHMEeH-
TaJbHLIMM JaHHBIMH. He-
06XOHMB! TOUHBIE 3Ha-
YEHUA {-IHEPrHM U gf .
Cb9 O AHHHBIA PaanoakTHBHOCTD He 06-
HapyxXeHa.
Cb# B, 1 10,1 gua (K11);1 11 1,38 (S31) kam.| 1,0 (K11) nor. Heo6xonuMbl  TOYHbBIE
11 ame#t (S31) 1,38 (K11) nor. H3MepeHHs B- W y-ayueil.
Cboz | A |8—,7(W26)|21,6 uaca (W26)| II 1,2(W26) nor. | 0,6 (W26) nor.
Cbs | A |e™ 42 pua (W15) 1 U [oayuen  BO36Gyune-

HHEM PeHTTeHOBCKMMH Jy-
yamn. Jlpyrne cooOiue-
uus 06 3TOH axTHBHOCTH

MOryT otHocutbea ¥ Ch9,

1484
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Cp»

Cb¥

Cho4
Cb%

Cbes

TcH

Tco

Tc%

e~ ;8770.01%)
(G18)

e, 1, B

B A,y

K, 1, e (E3)
(H29);

+ ]_o A
¥ )

ycroftunpuiit

6,6 mun. (G18)

> 100 jer
90 wac. (L11)

35 Rueit

53 muH. (H28)

53 MHH.
(H28) (M4)
62 nusa (H29);
52 aus (E3)

1 L
L1Iu
LIL
I U
1 L
1 U
1 L
11

1,3 mor.

0,146 (H35)
CIIeKT.

9,45 (H28)
CIIexT,

0,4 (H29) xam.

0,058 nor. (G18),
1,0 (C11) mor.

0,216 (H35) criexT.

0,758 (H35) cmexr.

0,0334 (H28) cexr.

0,38, 0,87, 1,48, 1,85,

2,74 (H28) cnexr.
0,201, 0,570,
0,810, 1,017
(H29) coexr.

9
Cnur 5 -

Teopus gaér t~900 mun.
[
—K=—6— anga 924, Be-
arL
posarHo, A=4.
PannoakTHBHOCTD €Li€
He OGHapyXKeHa.
3uavenng A=4n A=>5
o6a He COFIacylTCs C
onsiToM. Bonpoc Moxer
6LiTb paspemiéH H3Mepe-
2K
a
OGpasyerca B 98,69
clyyaeB npM pacnaie
Zi%, g =2,4.10"% paa
E-leqa ¢ 3Hepruei
,798 Mas.

A=4. Teopus

a
'—IL AOJAKHO
ay

HHEM

naér
T~ 20 yac.

6LiTh OY€Hb MAJBIM.

Jomxno 6uitb Ha 1,4 Mas
BBIILIE OCHOBHOIO COCTOM~
g Mo®,

BUJINOEU BYHIIXB
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Mpononxenne

Tun
H3AYYeHHs

Mepuon
noaypacuajna

Tun
1aoMepa

DHeprua usaydeHdsd

4aCcTU

Y-nydeit

[Tpumevanns

45

Tc%

Tc®

Tev

Tc®

Tc99

Rhs

~ | Knace

K,e 1)

Bt wan K

e, 1(59)

8=

20 uac. (E5)
(Md)

93 zus (CT)

6,6 yaca (S4)

9,4-105 ner
(M14)
45—48 muH.
(F12) (W14)

11

1 (M15) U
(E3)

0,32 (M14) nor.

0,762, 0,932,
1,07 (M21) cnexr.

0,097 (18) cnexr.

0,136 (84) cnexr.

0,0942 (F15) nor.;
0,059 vau 0,037
(HZ21) cnexr.;
0,0659 (G8) cnexr.

W3omepHs cOMHHTENL-
Ha, TAK Kax HH OJHO
M3 3THX COCTOSHUH He
Habmoxaxocs B Mo%,

a

a—’:— ~ 2. Teopernuecxue
3Hayenwuss T He COFJa-
CyloTeL € ONBITOM B
1000 pas nas A =4 un
5. BeposarHo, cmellanHoe
- u M-uaaydenue (HS).

Ilepon nonypacnaja
CAHIIKOM JUIMHHHIR nag
oOHapyXeHns B HacTOfi-
[iee BpeMs.

DKcnepuMeHTaIbHOE
N0KA3aTeNbCTBO  HEHA-
néxHo. 3Hauenue A =4
yxa3biBaer Ha t~ 9 wac.
Heo6xoanmMur msMepeHns

aK
@ H .,
L

Cornacuo (G8) zabmo-
AaiTca K-peHTr eHOBCKHE
JYYH H 3Je{TPOHBI C BHep-
rueft Toabxo 42,7 K38

a 6oaburoe. OrcyrcTeHe

NYroJNdydad "v H €413 ‘e
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A7

Rh103
Rhio4

Rh104
Agoe

AglOﬁ

Aglor

Agior
Agtoe

> 5

—

ycroitunBbiit
4,3 muH. (A4)
(P2) (F12)

44 cex. (A4)
P2

24,5 muu. (D6)
(P8)

8,2 nusa (F2)
(P8) (H22)
40 cex (A3);
44,3 cex. (B10)

ycToH4IuBHI#
39 cex. (B10)

11

11

S~

<

o~

2,3 (C8) kaum.;
2,6 (H21) crexr.
2,04 (F2) nor.

0,069 (03) cnexr.;

0,087 (F15) mor.;

0,095 wau 0,073
(H21) cnexr.

ner v (F2)

0,72, 1,06, 1,63

(D11) (E1) cmexr.

0,093 (H8) (B10)
Crexr,

0,088 (H9) (B10)
CIIEKT.

L-31eKTPOHOB BHITIAHHT
CTPaHHBIM. 3a HCKJI0due-

2K
HHEM OTHOIIEHHS = XO-
L

pouiee COrJacHe CO 3Ha-
yenneM A =4, xoropoe
naér T~ 20 vac.

[MosuanuMomy, um K-
i L-kouBepcus OTCYT-
creyer. lVamepennoe B
(A6) 3HaueHne a yKa3bl-
BaeT Ha M23, A==4 naér

2K
t~20 Muy.,, HO —
aL

JOKHO ObITh ~ 1,
Heo6xopuMsl 6oinee

TOuHHE H3MepeHHs BT-
H Y — Y-COBHajeHHH.
Ecau Bce y-nyun Kackan-
Hble, TO Nepuoj 8,2 fHA—
sepxuuit ().

CM. obcyxaeHne B pas-

gene 7. I'= 5 .

1
1=2i.

ag + &, = 19, uro yxa-

a
3bIBA€T Ha M23, Ho —aﬁzl
L

BUJINOEN BVYHJATH
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flpoanoaxenne

OHeprus H3ayyeRds

Q Tun Iepuon Tun
Z A 1 . Hpumevanus
Z | weaysemns | moaypacmaza |M3oMepa qacTUlL {-nyueit
naér 65% D24, 3504, M23.
Teopus paér t~1 uac
7
g A=4 I =5 +.
47 | Aglos | A ycToHYHBHIH 1 L [= _;_ +.
Agmo | A [~ 22 cex. (AD); | 11 2,6 (H23) nor. Ha ocuoBauuu ¢ (tabm.
’ 24 cex. (H23); 2,8 (G6) Kam. 1) couy, BeposTHO, Ma-
28 cex. (F12) aeHbkni. Her pocrarod-
(P8) HBIX CBeJeHuH 114 onpe-
o Aeaenus U amm L.
Agio | A | K, e 225 nueit 1 0,65, 0,925, 1,51| Ha ocuoBanuu o (Tabu.
(L8) (R4) (D11),_crekr. 11) cuun, BeposATHO, 6OJL-
moi.
48 | Cdmt [ A |e, ¢ 487 mun. (Q15) | | g7 0,149, 0,247 (H24)|  Ilas 0,149 y-nyua A =
(W17) (D8) (H18) cnexr. =4.0,247 y-nys — Kac-
_g KaLHDIH,
Cdut | A je™, ¥ 8'%820)““- 1 U 0,247 Bepoartho, 322
Cdin { A yeroHuHBRIH 1 L
Cdis | A 2,3 Mm_}.s(H%) 1 U
Cdus | A YCTOHUUBBIHA
Cdus | A |87, ¢ 43nua (823) | 1 vy |1,67(H16)cnexr.| 0,5 (S23) nor. £ -mepexoi B OCHOB-

Hoe cocrosuaue Inls, [le-
pexox B usomep Ink1d
ouenb caaGoiii. Iepexon
B OCHOBHOE COCTOSHHE
Cdi® ne nabaoaancy.

Bepostuo, A = 6.

487

N9y OJWIYE) 'V W EdI3D "€



43

Cdus

Inl12

Inits

Inl1s

Ini3

Inll4

ﬁ_’ T

-

BT BT K
e, v

-

2,33 axa (L1);
2,5 nua (G3)

23 muu. (B18)
(529)

9 mun. (B18)
(S29)

105 mun. (L1)

yCTOAUNBHIH

48 nuedt (L1)

1

1,10 (H16})
cnexr.; 1,13,
0,6 (L1) cnekr.

T 1,7 (L1) kam.
B 1.

0,52 (H16) crexr.;
0,65 (M9) cnekr.

0,16 (BI8)

0,393 (L1) cnexr.

0,192 (L1) cnekr.

fT-nepexoa B H30Mep-
HOe cocTOsHue Inlls,

A=—4 naér 1~ 15 mMuu,,
a
K o na=6 gaadN
e

oK

Wsmepenns FL_ naayr
BO3MOMXHOCTb  BbIOpATD
Mexcay - ¥ M-uzayue-

unamd, Crnur 4 i 5.
CnuH, BeposTHO, 1.

%K 5,4, a=0,T.

a
L
HauGosee Bepostdo M24,
. 9K
Teopns naér - -=§6,
aL

a=0,3; t~140 uac.

1
Cnun Dl +.
9 _
Crug o ¥
2K _ 4, o~ 100. Teo-
“r
5
pus 1aer xuas V=9 5
1
325, & M24, a =12

H 1~ 1600 guei. Coun,
BePOSITHO, O +.

BUJINOEH BVHAATH
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lpononskenue

Tun

{lepnon

Tun

DHeprus H3nyyeHus

o
Z A =1 " [Tpumeuanns
S | Memydewus | moxypacmaia | MsoMmepa YaCTHI| y-aydeit
Int4 | A | BT 72 cex. (L1) I L | 1,98(L1)coekr. Crun, BepositHo, 1 -,
(B6) (L9) (L10) -
49| mws | A e v 45 waca (L1), | 1 U 0,338 (L1) crexr. | X-—48 53 ac=1.
4,1 uaca (B4) ¢
(G3) M2¢ nagr =~ 500 uac,
“K. =55, =0,6. Crnn,
L
BEPOSATHO, 5~ +.
Inits | A ycroiuuBsrit Cuux %I.
Inlié A p— 13 cex. (A4) 1 2,8 (Cg) KaM. HET ¥ (M5) QOba nepexona paspe-
(C9) B IIeHbl ; HEOGXOXUM bl A aJIb-
Inlm A p——, b 54 MUH. (A4) 11 0,8D(C10) CIIEKT. 0,428, 1,12, 1,31 HeHlIHe Hccle 0BaHUS.
(C9) (LY 2,32 (D11) cnext. | [lepuon 54 MuH., BepOAT-
. HO, Bepxuuii (U).
50 | Sni® e, T 13 nmeit (ng) I U ~0,250 (ng) nor. 3HaueHHe MacCOBOroO
e,y uncaa 119 comuuTenbuo,
HQ OlIpeJleNEHHO ABJASIETCH
H30MepOM, TaK KaK MC-
HyCKaeT PEeHTI eHOBCKHe
C sysn Sn; BepostTio, [ = B,
Snlte | A ycroiuuBriit 1 L
Snt2l-[ B |g— 36 mun. (N2) | II 92.5—3,0 (N2) nor.| Her T (?) (N2)
Snt2t | A |8~ 28 uac. (L18) | 1I 0,4 (L18) mor. | Her y (L18)
511 SB'® | B | K,e™, v | 6,0 aneit (L18)] 1I 1,1 (L18) nor.
Sbiz | B 1§t 17 mum. (L15) | 11 1,53 (A9) xam.
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52

Shiz

Shizs
Shiz4

Shi
Shin

Tetat

Teld |

Tel2l
Tel2s

-

3,5 MuH. (M16)

2,8 nHa
21 muu. (M16)

1,3 muu. (M16)
- 60 nneit (L15)

143 nua (P10);
(B19)

5.10 8cex.
(B20)

17 nueit (P10;
~ 60 nueit (F20)

t 125 nmed (S7) |

1,94, 1,36
(M13) cnexr.

3,2 (M16) nor.
2,4, 0,7 (M17)

0,140 (M16) mor.

0,58 (R6) cuexr.;
0,80 (M9) cnekr.
0,02 (M16) nor,

0,015 nor.
1,7 (M17)

0,082 (H36) cnexr.

0,213 (H36) cnexr.

0,61 (P10) nor.
0,125 nor. (F20)

Teopust faér paa A=4
T~ 12 cex. «a
6bITh ~ 12.

CM. o6cyxaenne B pas-
pene 7.

Boamoxno, uro cxema

pacmaza  3HAYHTENBHO -
ciaoxHee. CM., HaIpHMeD,
(K9)-

2K

Pt 0,082 ykasw-
L

Baetr na A=23. Ilepuox

noJaypacrnana Tpebyer, no

Kpaiineit mepe, A=—=4.

a
& ykasbiBaer Ha A=
oL

=3 A=2 naér ‘:N‘

~ 107 cex.

T ~ 4000
JHeH, K 0,2, Duep-
%L

A=5 gpaér

rast y-ayua MnojaydeHa B
pe1NoJ0XKeHHH, UTO KPH-
Bas [OTJOWEHHS COOT-
BeTCTBYeT L-3JMeKTPOHAM.

JOJXHO .

 BALIAWOEH BVHJIATB

12%



lpogonxenue

SHeprug H3nyueHHs

8 Tun [Tepion Tun
z A = . Mpumeuanns
S | Hsaysemus | noaypacmana | u3oMepa qacTyn 1-aydeii
52 1 Tel® | A ycrofuHBBIR I L
Tel?” | A je™ 90 nuefi (S7) I 0,086 (H8) cuexr. %K-~0,75; A =35 naér
L .
clerxa Jydiee COrJacHe.
D{Z naér 50%% 3, 500, M.
Teln | A |B™ 9,3 vaca (87) I L |0,76(87) nor. HeT ¥
Tetw | A |e 2aa(S7) | 1 U 0,102 (H8) criexr. | X~ 1. Beposrio, 3
' #MA= 511aé1{ Jyuniee
coraacue, yueM A=4,
Te'» | A | B~ 72 mun. (S7) | 1 L | 1,8(R6)cmexr.
(AS5)
Tetsl | A |e™ 30 qz(igsgsn 1 U 0,177 (H8) cuekr. El‘;K;~2. BepositHo, 3
U M. I==4 nau 5.
Tesl | A | 8™ 25 MHH.5(87) I L
A
54| Xelwn | B |e, ¢ 75 cex. (C5) | I U 0,175 wau 0,125 He mna6mopanocs L-
(C5) cnexr. kouBepcun 0,125 y-1yua;
34 KOHBEPCHIK), BEPOSITHO,
X?BETCTBEH 0,175(f~ayq;
=4 naer t ~ 500 cex.
Xel2? | B |e™, v, K (?) | 34 nua (C5) 1 L 0,9(C5) nor. e~

(444
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55

56

Xelss

Xeldd

Cslsd

Csls4

Ba'33

Balss

Baiss

Balss
Bals7

Baiﬂ?

>

I
B™, e, v

7 1

e, K, 1

e, Y

10 Mun. (W22);

15,6 mun. (R7)

12 muu. (G7)

9,4 waca (S15)
(W22)

3,15 yaca (S25)
(K5)

1,7 roaa (K5)

38—39 uac.
(K9) (W18) (Y1)

20 ner (K9)
28,7rona (Y2)

ycToiuuBbIf
158 cex. (T9);
156 cex. (M18)

ycroHduuBHI it

| B
1 L
LIIvu
L InL
I U
I L
1 U
I L
I U
I L

0,93 (P4)
2,4 (825) nor.
0,03 (25%).

0,65 (75°4) (E4;
(D15) cne«r.

0,52 (P4) cnexr.;
0,6 (S24) nor.

0,247 (P4) cmexr.

0,150 (PT) cnexr.;
0,7 (S25) nor.

0,568 259, 0,602,
0,794 (E4) (D15)
cnedrT.

0,276 (C12) cne ¢T.

0,32,0,085 (Y1) nor.

0,29 (Y2) nor.

0,663 (T4) (M18)
CIIeKT.

BeposatHo, A = 5; teo0-
pust naér t~ 4 uaca.

Bepoarso, A =4. He-
06X01YMO 3HaTb OTHO-
IIeHHEe BeTBJEHH.

& 3,2. A=25 pnaér
2L

t~ 100 zue#t. Popmynrst
a

AJS & U 2K 5 3r0it 06-
ar

NaCTH HEIPHMEHHMEUL

Boi6op H30TONOB HeHa-
néxen. Ecan nabmonawot-
ca L-3ne <TPOHBI, TO, Be-
poatHo, A = 5.

a==0,14; A =05 naér
1200 ce <. BepositHo, cHHH

11
-5 *. (M18) yxa3eBaer

Ha TPYAHOCTH TeOpHH
B-pacmajza B caysae pac-
naga B Cs137.

Cnun 5 F.

BUJANOEN BVYHJIATHE
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Mpoadaxkenue

JHeprus H3RydeHAs

9 Tun [lepuon Tun
7 A S [Tpumeuauus
S | Hsayuens noaypacnaza ,| HsoMepa YaCTHI y-aydedt
63} Euts2 | A |87, 1, e, K| 9,2 vaca (P9) | II 1,88 (T6) cnexr.| 0,123, 0,163,
(R8) 0,925 (T6) crexr.
Eul52 B, .8 ~5xer (I2) | 11 0,751 (S32) | Hecxoabxo (832) Wssecren kax usomep
(532) CIIeKT. ¢ nepuonom 9 uac. B pe-
3yJbTaTe€ MacCC-CHEKTPO-
rpaduteckoro uccaeno-
BaHus (12). TpyaHo on-
PeACNNTh BDHEPrHI0 Y-Ay-
el ere)fcrane 3aKTHBHO-
1
65| Tb | A | g~ 3,9 waca (H12)| I cru Euli.
(M7) ]
To® A B, v 72—73,5 AHd 11 0,516, 0,882 |0,086,0,195, 0,212, Jaunpte o y-ayuax co-
(B9) (B21) (12) (C18) cnexr. | 0,297, 1,15 (C18) | munrenbHuL.
CIeKT.
66 Dy165 B e 1,25 MHH. (13) 1 U 0, 102 (H38) CIIeKT. 3naueHue MaC’Cbl BE-
(F11) POSTHO M3 Macc-CHeKTPO-
rpaduueckHx  HCCaeA0-
BaHHH. 2K mano. Bepo-
oL
Dyi® | A |87, y 9,5 waca (P9) | 1 L | 1,18(DI16) | 1,0, 0,37 (M13) | *THO, A =4
(H13) (M7) cmexr.; 0,42, | cnexr.; 0,091,
0,88, 1,25(827)| 0,37, 0,78 (S27)
CMeKT. CHEKT,
68 Er C le™ 2,5 cex. (D18) 0,2 (D18) mor. BepontHo, A =4.

1444
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69

71

72

73

Tm169

Tmi69
Tmit

Tmi7
¥ .

Yb

Lul’

Luli

Hf7 179

HftmT,
Talst

> O -0Om W

O »

B

1.107 5 ¢ces.
(D22)

ycrofiauBhiit
2,5-10"% cev.
(D22)
~500 awneit (K10)
6 ce . (D18)

50 ces. (D18)
3,4 naca (D17)
(F9)

7,3-1010 ger
(N14) (L13)
19 ce«. (F11)

yeToRuuBbIi

2,2.107% cex.

(D22) (B22);

2,0-1075 cex.
(B3)

N e

bt
m—

11

T o o~

0,1 mor.

1,15 nor.

0,215 (L13) mor.
0,40 (F9) nor.

0,19 (D22) nor.

0,113 (K10) cuexr.

0,23 nor. (D18)
0,02 nor. (DI8)

HeT Y.

0,260 (F9) nor.
0,20 (F11) nor.

0,133, 0,145, 0,478
(C17) cnexr.;
0,128, 0,472 (B22)
crie«T.

A~2n A=3 napr
3Havedns 1, B 1000 pas
OTJaNYalIIHecs OT Habaio-
AaeMblX, Heob6xonumut
3HAHASA TOYHHIX 3HAYEHHH
IHEPrdUu H a.

a=1,3; A=2 paér
1~ 1078 cec.

Hoayueno nyrém {n,7)-
peaxnuil.

[oxyseno myrém (n,¥)-
peaxuuit.

[oayuero BO36YKIe-
HHEM  PEHTTeHOBCKHMH
aysamu (D17).

Jomxen ObTH H3OMe-
poM. Usoron onpepenéu
Ha OCHOBAHHH «IIPaBUIA
Marrayxa» (F11). A =4
naér =~ 50 cex.

W3z (B22) 0,342 y-ayu
IpejpniecTBYeT H30Mep-
HOMYy q-aydy. a~0,6.
Beposaruo, A = 2.Corxac-
HO (B5) A =3, nmas
0,478 vy A =2. HUx cxema
He 3anpemiaer nepexoja
B OCHOBHOE COCTOsSHHE.

 BUJANOEU BVHLATE
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[Tpornoaxenne

Tun

[lepuon,

Tun

JHeprusa H3JAYUeHHS

Z A é . IMpumeganus
S | H3IyHweHHMR | moiypacnaa | u3omepa qacTun, y-nyqei
73 | Tamsl | A ycraiuuBbiit 1 L
Talsz |[A |, Y 16,2 mun. (S14)] 1 U 0,22 (S14) nor 3uauenne 0,22 noay-
4eHO B IIpeANOJ0XKEHNH,
qro  Habmopaiwrca L-
aaextponn (S14). Bepo-
_ ATHO, X == 4.
Tai#2 | A |7, v, e~ |117 ameit (Z)| | L 0,499 (&2) 0,15, 0,22, 1,13,
CMEKT. 1,22 (R6) cnekr.
741 wis | D 1e”(DI8) 5,5 cex. (D18)| I U 0,100 nor.(D18) | Jnexrponnt  uMmeror
MaKCHMAaJAbHYI0 3HEPTHIO
0,08. Mpeanoaaras, d4ro
3]e<TPOHBI ecTb L-3iex-
TPOHHI, BepoarHo A==4.
wis ycroitunsbrit I L
75| Re® | A |eT, v 0,65-10~5 cex. U 0,135, 0,086, Haubosee xouBepTHpO-
(D19) (D22) 0,101 (V3) ciext. | gaup 0,135 y-ayan. [Ba
IPYrHX Y-J1yda, BeposT-
HO, HECyllecTBe b A == 2
uav 3. CIHHH, BepOSITHO,
5
Rel8” | A yc ToH4InBbIH Cnnu >

o

9%¥
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77

78

79

80

Irlez

Ir192

Pt1s1

pite
Auls

Au's

Aul®

Aulo?
Hg197

H gl97

Hg*

e, ¥

o
7, 1(K7)
B (30%), K

(70%). ¥,
e (S33)

87, K (W28)

e

K, ¢, e~

K, v, 7

1,5 wmuu. (G19)

75 Aueit (G20);
60 nHeit (M6)
(F4)

18 uac. (M6)

3,3 nua (M6)
5,55 nus (W27)
(833)

14,0 vac. (W28)
(M6)

7,4 ce<. (F16)

(W15)

ycroAuuBbIi
23 gaca (F17)

(F16) (W12)
64 vaca (W12)

43 mun. (M6)
(F17)

|

11

i1
IT (?)

1))

0,59 (G20) nor.

0,65 (S16) nor.;
0,72 (K7) nor.

~ 027, ~ 0,43
(S33) cnekr.

0,06 (G19)
0,307, 0,467,

0,139, 0,358 ¢ K,
0,173, 0,334
¢ #7(S33) cnexr.

0,250 (F16) mor.;
0,077 (F16) nor.

0,125, 0,157 (V2)
CIIeKT.

0,075 (H26) cniexr.;
0,077 (F16) nor.

0,222 v 0,362
(H24) cnexr.

0,603 (D10) cne ..

KonBepcHs TOABKO Ha
L-o60a04ke, A= 3 nau 4.

B (L16) mnabmoparoch
6oabme [-ayueil.

y-Jlyud — KacKalHble.
Tag 0,07 T-1yda
t< 1078 cex. A=4
naer t~ 10 cex.

[lepnon noaypacnana
0,157 y-ayua < 107 cex.
(F16).

O6a Y-1yda CHIBHO
KOHBepTHPOBaHL. Bepo-
atHo, A =05. W aomep
ycroidusoro Hg,

BUJTNOEH BVHIITHK
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Npornonmenue

JHeprua H3AyueHHA

1
YA A § Tum Hlepuoa Tun i , . [puMeuanns
> | weayuerus | moaypacmaza usomepa: 4acTu, ‘ {-nyueit
! I
82| Pbwt (B |e ™, ¥ 65—68 muu. 1 U 1,1 (F18) mor. HckmoveHne u3 «mpa-
(M3) (F18) (T7) {e™, v; 0,9 (M3) mor.| B2 Marrayxas.
Pb2ed | A ycrofiuuniit I' £
Pb* | C e~ 1,6 Mun (WID| I U 0,15—0,25 (W11) |  Beposrso, A ==4. Uso-
Mep YCTOHYHBOTO MH30-
Toma Pb.
91 | UXP!| A |p™, 1(MI0)] L,14mun. (C14)| LU U | 2,32 (980 0,394, 0,822, Vs 3navenudt © u_a
2 B, 1 (M10) (C14) 1,4’(1}0/0)/‘{)3’7) 0,782,70,95 (87) | nas y-aysa A=5 (B7).
CIEXT. CrIexT. N3omepHbi#l y-iyd Ha-
6monaercd  TOJNBXO B
. 0,129/, cayuaes.
Uz=st} A g, ¢ 6,7uwaca (C14) | L II L | 0,45 (90%), | 0,85 (B7) cnexr.
. (F2) 1,2 (100/0) (%7)
CIIEKT.
93 | Am22{ A | g~ 16 uac. (S26) | I 1,0 (826) nor.
Am22| A [ 87, a (020/g)] 400 zer (§26) | I1I 0,5 {S26) nor.

8G¥
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SIAEPHAS M3OMERUSL 499

B croabey «DHeprug HM3JydYeHHsi» BKJIIOUEHH CCHAKH TOABKO Ha
camble nocieanue paboTH, colepkaliue Haubogsee TOYHhe U3MepeHHd.
B croaBer «Yactumupl» BKAOYeHH TOABKO B~ - u Pt -uacTuum.
B croafue «y-iyuyd» SHEPruUd Mepexofa OT BepXHEro K HMKHEMY
M30MEDHOMY COCTOSIHHIO daHa KypcuBoM. COMHHTE/BHBIE. C1y4aH OTME-
vaioresi-B «[Ipumeuannax», Wcenonb3oBaHhble COKPAWIEHHS H CHMBO-
Abl HMEIOT CHelyIOlHe 3HayeHus

MOT. — MOT/I0IEeHHE

KaM. — Kavepa BHibCOHZ (C MarHMTHBIM NOJeM B cnyqae Gera-
yacTun);

CHeKT. — MArHWTHOE OTKNOHeHHe (MarHMTHHA cnexTporpad nim

CNEKTPOMETP M/ CYETYMK C MAPHHTHEIM [OJeM); He Jelaercs pas-
MUK MEMAY KOHEEDCHOHHHIMH JEKTPOHAMHM H BTOPHUHHMH (oTO-
MeKTPOHAMH

D-q-n-peaxuns — u3Mepenne HelitponHolt sHeprun uz D-y-n-
‘peaxi{ 1,

Touka ¢ 3ausTOM pasdenseT BeNHUHHH, Onpele/EHHbE He3aBHCH-
MO APYr OT Jpyra, Hampumep, HE3aBUCHMbE ONpeleeHus nepuoia
noqypacnaﬂa WM SHEPrHW U3AYUYeHHus,

B «IIpuMeuaHusi»> BK/IOYEHH COOTBETCTBYIOIM(HE CBeJEHUs O 3Ha-
YeHUsIX a, %u T. A. (CCBUIKM AAlOTCS B CTOAGUAX «IJHEPrUs u3ay-
YeHHs»); 31ech Ke YKaspBalotcs 3Hauesus A, Kak ykaswBasiock
Buille, HanpuMmep, A —4 MoOMXeT o03HayaTbh 3JexkTpuueckoe 2%-mo.b-
Hoe (92%) uam MaruutHoe 2%-mosnbnoe (M2%) uanyuenme mam o6a
Mecte. [lepuon nmoaypacnaza oGosnauyaercs 6ykBo#i t. B HexorTophx
cly4yasx CHOUHHL COCTOSHHH CONPOBOXAANTCH YKA3AHHEM YETHOCTH.

Hanpnmep, 7 —- o= u—;—: 00603Ha4al0T CIUH %—ﬁn-—-—% fiu npotn-
BOHOJKO)KHle YETHOCTD. '
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