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BaegeHH e 

npH HCCJ191l0BBHHH CIT9KT pa HH3KO:'>HepreTH'!9CKH X B030ylf<ll9HHblX COCTOSIHHH H9'19THblX 

Sl.llep PSUlOM aaTopoM HCnonhayeTCSI TaK H83bJaaeMoe "anua6aTlPieCKoe npH6nH>KeHHe', cornac· 

HO KOTOpOMy KOnneKTHBHbie B036Y>Kll9Hit51 MQ}KHQ paCCM8TpRB8Tb H938BHCMM O OT O.UH0l.f8CTH1.{ -

HbiX. 

OaHaKo 3 TO npH5nHJKeHHe, aocTaTO'!HO yaoaneTaopHTelibHOe B l.f9THO-l.J:9THbiX smpax, 

CT8HOBH TCH M8nO Ollp8Bll8HHbiM B H91.f9THbiX MpBX. 

B pa5oTax Jlaabraoaa H CapaapstHa/
1

-
21 

H CapaapstHa
131 

5bwa paaai!Ta Moaen b He'leT

noro Slllp8, B KOTOpOll He HCT!OJ1b3Y9TCSI npearrOllOlKeHHH 00 Bll11808TH'IHOCT H KOnneKTHBHbl X 

.a.aJoKeHHH OTHOCHTenbHO o.a.Hol.faCTHqHbiX. B aToH Moa.enH ru:I.PO npeHCTaanSieTC5l CHCTeMOfl, 

COCTOSIIl!eH 113 OCTOBB II llBH JKy lUei'OCSI B ero none HYKllOHB. npu 3TOM 13BOili1TCSI ynpOil!BIOU!ee 

npean0110>K9HH9, qTQ n011Hbtfi MOM9HT BH9W Hero HYK110H8 COXp8HSJeT C51 . <ll opMB OCTOBB 

SlllPB npeanonaranacb 5ml3KOJI K 8KCH8llb HQ-CHMMeTpH'IHOH. non y4C HHblil 3 HepreTH'!eC KH H 

aaeMbiM cneK TpoM PSIIlB >mep. 

141 
B pa6oTe MOaenb Obrna o5o5rueHa H8 cnyqal\ ueaKCI18JlbHOii <jlopMbl OC T oaa. noK838HO, 

'ITO ypoBHH uetteTnor o HeaKCHBnbHOro no.pa, KBK H ypoBHH '4:eTHO-l.f 9 THoro HeaKcuanbHOro H.n -

pa , MO>KHO pa30HTb HB HOpM8llbHble H 8HOM8JlbHbl9 . nepBble TlpH M8Jlb!X 3H8'1 9 HHSIX napaMeT-

pa H98KCH811bHOCTH Y M8110 OT11Hq810TCH OT ypOBHeti H9 "1 9 TH OrO SlJlpB , nonyt.IeHH biX B M0-

/ 1-3 / 
uemr JlaabiilOBa- CapaapsiHa If npH y .. 0 B HHX nepexoastT. 8Topbre y x oa srr a 6ecKo-

HettHOCTb npn C TpeMneHHH y K HyniO , SlBnHSlCb, T8KH M 06pa30M , XapaK T CpHbiMH nnH 

HeaKCH8JlbHOI'O OCTOB8 ( KBK BTOpOli ypOBeHb CITH H8 2 B '1 9 TH 0 -'19 TH OM He8KCH8JlbHO M Slll p e ). 

B aaHnoii pa5oTe B Tex JKe npeanonoJKe HH ! IX H3Y 'IBIOTCSI aeposrruocTH 3neKTpOM8I'HHT-

HbiX nepeXOJlOB B Het:IeTHbiX SIJlpax C H98KCH8nbHbiM OCTOBOM. 

BepoHTHOCTH nepexoaoa 6on ee 'IYBCTBHTenhHbl K Hey'IHTbiBaeMbr M a aannoli Moaern 

npHMeC51M COCTO!IHHH C a pyrnM j no3TOMY Cp8SHeHHe nony'!e HHbl X p eaynbT8TOB C 3 KCrre-

pHMeHTanbHbtMH JlBHHbiMH noason HT yTOt.IHHTb rpaHHUbi npHMeHHMOCTH H c nonbayeMbiX 

npH5mrJKenHII. TaKoli aHanH3 MOJKeT Ob! Tb noneaeH npH nocTpoeuHH 5onee nonuoti T eOpll ll . 

n epBblfi paaaeJJ rrOCBSI!UeH KpBTKOMy OTIHC8 HH!O M9T01l8 nony'!eHH SI BOJlHOSblX <jlyHKUIIH 

3 



H yposae ll 3HeprHH HB'I9 THoro HBBKCHanbHOro smpa. B p aanenax n-IY npHBOilHTCII <i>opMynbJ 

!lnll Bbi'IHCn eHHII BBpOIITHOCTH 3n9KTpOMBrHHTHbiX nepeXO!lOB H xynOHOBCXOrO B036yJK.UBRHII 

Rllp a . B n srroM paanena uccnenyaTCR npan enbHbJi! c nyqali cna 6or, CBR3R ayJcnoaa c oc TosoM, 

'-fucna HRbl9 peaynbTBTbl npa!lCTBBneHbl B W9CTOM p 83/l9na, Cp8BH9 RH9 C 3XCTI9pHM9HT8nbHbiMH 

n aHRbiMH nposeneHo s paanene VII , 

·r. Bonaoable 4>Yaxnau 

fBMRnhTORHBH B9'19THOro 11/lPB B paCCMBTpHB89MOli MOJl9nB BM99T BB/l: 

H = H+H +H +H 
P Ia \ v tot (1) 

r n e H 
lnt era aec¢e-

pB'19CKYIO 'IBCT... - {3 y -Jtone6BHBlil TIOBepXHOCTH OTIHC biBBIOTCII OTiepBTOpOM H H 
rot 

onepaTop spautaTenbuoA sueprHB ocTosa. SlsabJll sun scex STHX onepaTopos npasenea· B pa-

6oTe141. TaM ·. JKe o6cyJK.UaeTca peweuae ypasaa HHR lllpenuarepa nns cacTeMbi c raManbTo-

HBBHOM ( 1 ), 

B aToll pa6oTe orpaHH'IBMCR accnenosaaaeM spawaTenhHo-onsoqaCTB'IHbtX soa6y JKne

HHli,npasannelKamux O/lROMY u ToMy lKe cocTOliHIIJO no{3- u y -Jtone6aHBRM. Ycpenueuue 

OTI9p8TOpOB TIO HynaBbiM {3 - H y -xone6BHHIIM TipHBO!lHT It 38MBH9 TIBpBM9TpOB f:J B y HX 

pasaoseCRbiMH 3HB'IBHHRMH f3 0 a Yo , Torna spamaTenbao-onuo'laCTB'IHble aoa6ylK.UeHHR onu

Cb!BBJOTCH BBKTOpOM COCTORHBlil UUjlt 

UUJIT .. I' 
n,Jt>o 

A" R. 
Kn<,...,:r.> Ij KO), 

rne 6a3HCRble BBXTOpbl I I j K n ) (c Bpyrnoll Clt06Jtoll) paBHbl 

npH 3TOM 

"' "'o 

IIJKO) -~[llJKO > +(-d' 1 IIJ, -K, -fl > I. 

IIJK {} > a [(21+1)/8., 2 Jl!o 

C06cTB8RH8lil ¢yHXIlHlil onep8TOp8 H 
p 

o' 
Ult 

UJ 
<11 > <~-n ' 

(2) 

(S) 

llJTpBX y 3H8Jta CyMMbl B BWpalK&HBII (2) 031Ja'I89T, 'ITO nonlKHO BblllonHIITbCII ycnOBHe/S/ 

It - 0 • 2m m ~ 0, t 1, !:. 2, ... 

npH 9TOM K > 0 • T8K. KU 

II jKO) _(_,})'·I II j, -K. -fl ). 

TaJtHM o6paaoM, K x 0 npHHIIM&JDT cnen]'JOIII»ll Pllll 3Ra'leallll 

~$.K!O 

-j$_0 .!:J-1 

- I + 1 ~n $.1 
3necb ,. - 0 , ~ 1, ! 2 , ••• 

K • ~ , 312, ... 

O -= -j,-j+2, •.• 

{} = - j + 1, -j + 3, ... 

4 

lt+j - 2m, 

It+ j . 2m+ 1. 



KoscjxjmuaeHTbl 

H npeuCT8BilHIDT C06ol\ 

OpTOHOpMHpOB8Hbl: 
~, Ir I 'r.' 
"' AKrl AKn = 0n' 

Q, K >o 
C06CTBeHHble BeKTOpbl 

/) , 
TT 

M8TpHUbl 

< Ii K'D' 1 ~- 1 r i K n l, 

( H + H ) , 
tnt rot 

( 4) 

Eonee nonpo6Ho o6oaHa'leHHH onpeueneHbl a pa6oTe
141

• TaKHM o6paaoM, aauaqa o HBXoJKue

HIIH cneKTpB 3HeprHH H BOilHOBbiX cjJyHKUHll HLJPB CBOUIITCH K H8XOlKUeHHID C06CTBeHHbiX 3H8-

'!eiiHfi l'J fIT H C06C T BeHHbiX BBKTOpOB A~~ MBTpHUbl ( 4) rropHUKB ( j +7\X I+ : ~ ) , 

B cnyqae j = 5/2 peaynbTBT peweHHH a Toil aaua'IH npeucTBBlleH a pa6oTe
141

• B /l BHHOil 

pa6oTe Ha ocHoae aaaecTHbiX A;n B bi 'IHCnHIDTC H Ml H E2 nepeXO/l bl H aepoHTHoCTb 

MHOrOKpBTHOro KYilOHOBCKOrO aoa6ylKUBHHH He'!eTHOrO HUp8, 3neprug apamaTellbHD-OUH0'18C-

TH'IHbiX BOa6yJKUeHHbiX COCTOHHHll B eUHHHUBX < T > (3 o" B blpBlKBeTCH 'lepea 

MOWbiD COOTHOllleHH H E fiT = -3 ( /fiT 

II • BepoHTHOCTb M 1 nepexouoa 

711 f' 

' c no-

Bbipa >KeHHe unH onepaTopa MBrHHTHoro /lHI!OilbHOro MOMenTa a paccMaTpHaaeMoil 

/ 1, 3 / 
MO,uenH HMeeT BH,Q 

lfi ( M l, c.<)=y3/4~r c.< 0 [(gf -gR) ~ 

" 
D' uv j~ + ( 5 ) 

rue j~ · V =--1, 0, 1- IIPOeKUHH Ol!epBTOp8 yrnoaoro MOMeHTB HYKilOH8 HB OCI! KOOpUIIHBTHOil 

CHCTeMhi, CBR38HHOA C OCTOBOM; "o - st.UepHblti M8rHeTOH 1 H g R - rHpOM8rHH T HblB OTHQ-

WeHHR 0,QHOll8CTHqHOrO R KOnneKTHBHOrO ,QBH>KeHHit . 

Hcnon bayg onpeuenenHe unH npHaeuennoil a epoHTHOCTH nepexoua MYilbTHI!OilbHOCTH L 

B ( L ; l r-.I '-r'~=~ 
M '!t 

,- t 1 r 
u LIJ. ) u7J I r 

H rro.acTaansut a nero Bhipa>KeHHe 

I < 

(2 ) nns1 n onepaT op 

l I • 

(5 ), n o n y '!aeM 

rue 

B ( M 1 ; IT .. I ' .,.. ) = ~ C.l I ( g - g ) / i ( j + 1 ) X £t " 0 J R 

x [I R:::. ( l)(Il K,K ' - K I I'-K' ) + 1:~ (l )( Il,-~ . ti i Yzl l + 
K>O 
K '> o 

prr ', = l:' 
KK P.fl , 

{

p 0 

I' 
n 

+ g y i(I+l ) ~~· ~ 
R K>o 

IT 

A Kfl 

5 

prr ' I 2 , 
KK 

t. K = K ' -K = 2p + 1, 

p = 1J, -t,_i, t. 2, ... 

(6 ) 

(7) 

(8) 



rr' I .. J 
Q =<-1) :E' 

JCIC' !)(}' 

f ~· A' r 
Kfl 

R"' (f) .l:' 
JtiC' 00' 

IT 

AKQ 
r"r:' 

A)[ .rn, sn. -fl, 

I 'r-' 
AIC', .-0 t.K : 2p+1, 

t.K = 2p, p = 0, :!}• :!: ;2, •·· 

IT 

AICO 
J"J' 

AIC'U' (j f!l, .K' -K \j 0'}, 

rr' LJ 

~~ 
I'F' su, ( n - ( - 1) l:, 

00' 
A)( 11 , <; f, -n. K'+ :K 1 J n·. > 

(9) 

(10) 

(11) 

Onpe/leneusaB 3/leCb senH'IIIRa Q HcnonhayeTCB s JlanbuenweM. BenH'IHHbi Q H S o6~ 

3aHbl CBOHM npOHCXOlK/leHH9M CHMM9TpH30BaBHOMy BH/lY 6a3HCHbiX B9KTOpOB (3), 

KaK noKa3bJBaeT pac'leT, nocne11Hee cnaraeMoe s BbipalKeHHH (7) Mane s cnyqae 

nepeXOilOB T' .{ r • ( HanoMBHM1 'ITO HH/leKc HyMepyeT pa3nH'IHble COCTOllHHB C 011-

HHM H TeM lKe nonHbiM CUHHOM I ), 

B cny'lae ManoA HeaxcBanhHOCTH ( Yo Mane) ,PopMyna (7) cosna11aeT c peaynbTaTOM, 

Ill 181 
nony'leHHbiM B pa6oTe nasbl/lOBa H CapJlapBHa H Cap/lapBBa JlnB npHBeJleHHOll seposrr-

HOCTH ~~ nepeXO/la M9lK/lY COCTOBHHBMH OCHOBHWX BpawaTenbHWX nonce, 

<lJopM)'na (7) 11aeT B03MOlKHceTb BW'IHCnBTb sepOBTHOCTH ~~ nepeXO/lOB JlnB mo6oro 

Yo ICaK MelK/ly COCTOSIHHBMH OCBOBHWX, TaK H aHOM8nbHbiX nonce ( H MelK/ly HHMH), 

Ill • BepoBTBceTb E2 nepeXO/lOB 

llnB BW'IBcneHBB npHBelleHHbiX sepoBTHOCTell E2 nepexollOB BbmuweM onepaTop 3neKTpB-

'19CKoro KBa/lpynonbHOrO MOM9HTa, KOTOpblll B Jl8HHOil MOJlenH COCTOBT H3 llBYX CnaraeMblX. 

flepsoe ODBCbiB89T JCBaJlpynonbBblll MOM9HT OCTOBa, BTOpoe - KBa/lpyllOnhBblll MOMeH'l llBB-

JKymerOCSI so~:pyr aero uyxnoua, 

lli OCT ( E 2, I' ) • IOCT ( E 2, 11 • ) + )I 011J. E 2, " , ) , 

I OCT( E2, 11 •) • · !10 [cos y 0 2 (0 ) + .-i..-
2 

sin y ( D! (0 )+ D
2 

(01 l)l 
110 I V • U • I Uo~o2 (12) 

ll (E2,,. > =v-;-:-;16,--rr-/"s' lR l: D2 co> v (i 11:1 >. 
OJlB P II JLV · I 2V 
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rae 

lll 0 = v' S/16" e3 .p < u j I r 2 I 7 j > o 

3 aeCb e a<jl, 7 - a.p<jleKTHBHblfi 38p>Ul H p81!HyC-B9KTOp BH9llJHero HyKnOH8 B CHCT9M9 

OTC'19T8 J CBSI38HHOH C OCTOBOM, flpHB91!9l!HyJO BepOSITHOCTb E2 nepeXOil8 nony'IHM, llOil

CT8BilS!SI (2) H (12) B (6): 

B ( E 2; 

1 
+--sin 

v'2 

1 

lr-+ l'r'l=llR 0 l [ cosy P"',(I2KOII'K')+ 
K >O KK 

K ':> 0 

y pTT' (12K2II'K')+ _ 1_ sin y PTT',(I2K,-2 I l'K')+ 
KK' y2 KK 

72 
sin y 

m r (2j-1)(2j + 3) 
p 2j(2j+2) 

[ RTT',(2) ( I2K, K '-K I I'K ')+ 
KK 

2 + S rr' 
KK' 

(2)(12, -K, K'+K I I'K')I I 

rae R, Q, R H S ABJOTCSI <jlopMynaMH ( 18-11) 0 

flepexon K aKcHanbHO-CHMMeTpH'IHOMy ocToay ( Yo Mano) npHBOAHT K <jlopMyne 

(13) 

!lnH npuae.neHHOH aepOSlTHOCTH nepeXOllOB M9)f(.IJ.Y ypOBHHMH OCHOBHOti Bp8 LU8TenbHOi1 nonOCbl 1 

KOTOp8SI COBnanaeT C COOTB9TCTBYIO!ll911 <jlopMynoil , nony'!eHHOH B pa60T8X ilaBblllOBB H 

Capnap<IH/ 
11 

H CapnapHHa
131 

B e pOS!THOCTb MHoroKpaTHoro KynoHOBCKoro B036Y*Il9HHSI 

KynoHOBCKoe B036Y*A9HHe aTOMIIbiX ru:Iep HBnHeTCSI BB*HhiM MeTOAOM H3y'leHHSI Tex 

B036Y*Il 9 HHb!X COCTOS!HHH, llpHpOAY KOTOpb!X B OCHOBHOM onpeaenS!eT llBH*9HHe OCTOBB S!llp8 , 

TaKHe ypoaHH ycnoaao MO>KHO HaaaaTb KOnneKTHBHhiMH, HO HBilO HM9Tb B BHAY llpH6nH-

>KeHnbtti xapaKTep aToro noHSITHR. B Het.teTHbiX Hapax Henb3Sl oT.nenHTb ll.BH>Keaue ocToaa 

OT O.ll.HO'IBCTH'-IHOrO, K8K 3TO MO>I<HO c.a.enBTb B l.f9THo-qeTHbiX Sl!tp8X. 

B 38BHCHMOCTH OT ycnoaHA, B KOTOpbiX npoaonHTCSI 3KcrrepHMeHT (HMe e TCSI B BHAY 

38pSIA, 3HeprHSI H yron paCCeSIHHS! Hane T810lll9H 'IBCTHllhl, a TBK*e npHpona B036Y*Il89MOrO 

COC TOS!HHS!) BepOS!THOCTb nepeXOil8 M0*9 T 6b!Tb MHOrO M9HbW9 BllH Cp8BHHM8 C 9ABHHU9Ho 

B rrepBOM cny'!ae anSI pac'!eTa aepoSITHOCTH Bo36Y*AeHHSI npHM9HHM8 TeopHS! B03MymeHHHo 

B npOTHBHOM cny'!ae Pru:I TeOpHH B03MYlll9HHSI CXOAHTCSI MenneHHO B All!! p8C'I9T8 H906XOAB

/6/ 
MO llpHBil9KBTb TeOpHIO MHOroKpBTHOrO KynOHOBCKOrO B036Y*Il9H~•S! o 06b!'IHO B 3TOM cny-

qae BKnBA B B9pOS!THOCTb B036y*1!9HHSI ru:Ipa 3.neK TpH'I9CKOrO KBB/IpynO!I :O HOr O MOM9HT8 

7 



ocTosa npeo6nanaeT san s~nanoM sne~Tpaqecxoro xsanpynon&aoro MOMBHTa saewaero HyK

noaa H nocnenHHM snonHe MO~HO npeae6peqb, EcnH SHBWHHM HyKnOHOM KSnRQTCH HBATpOH, 

To s cany ManocTH ero s~$BKTH&Boro aap~a nocnenaee YTsep~eaae scerna sepao. 

Bhlqacneaae sepORTHOCTH MHoroxpaTaoro xynoaoscxoro soa6y~neHHR HH3Kone~awax 

yposaeA aeqeTaoro ~pa 6yneM nposonHTb B npa6na~eHHH ynapa, T.e. 6yneM npennonaraTb 

ManocTb OTHoweHHR xapaKTepaoro speMeHH cTonxaoseHHR K T = ~/(E~- E~, rne E 
1 

a E 
2 

9HeprHH CTaUHOHapHhlX COCTOHHHA, Me~y KOTOpbiMH npOHCXOAHT nepexon. 3TO npHOnH~QHHQ 

onpasnaHO, eCnH napaMeTp e,, ~ ~0,1 , r.ne e •. ~ = Z 1 Z2 e 2(E
2
-E

1
)/2fivE. 3necb 

Z
1 

e H Z~e - 3apHAhl CTanKHSalOWHXCR qaCTHU, V - HX OTHOCHTBn&HaR CKOpOCTb, E - KHHQ

THqQCKaR SHeprHH OTHOCHTQnbHOrO ASH~BHHH, 

8 STOM npaonH~BHHH aMnnHTyna sepOHTHOCTH l)epexona H3 OCHOSHOrO COCTORHHR 1 r 

S S036y~QHHOQ l'r' - onpenenaeTCH C ITOMOWblO Sbipa~eHHH 

a••r c ( uUII'r' -, exp [( -i/1;) r H'(t) dt I .u"11' ) • (14) 

rne 
Y_ (0 ¢ ) ,- a !!!* 
~ p p p 

(15) H'(t) =[4~rZ1 e/SI . l: 
Jl 

( E 2,,.) 

raMIInbTOHRaH ane~Tpaqecxoro xsanpynon&aoro saaa!l.wneAcT&l!R aaneTa10weA qacTHUhl c 

HAPOM-MIIWQHblO, npa STOM ASH~QHHB HaneTa!Owel! qaCTHUhl OITl!Cbi&aeTCR KSa3l!KnaCCl!qecKll, 

H ee TpaeKTOpHR 3anaeTCR C ITOMOWblO 3aBHCHWHX OT speMeHH KOOpAHHaT r (t), 0 (t), </> (t), 
p p p 

BepoliTBOCTb nepexona onpenenaeTcH, xax o6blqao, c noMOWblO cooTHoweHHH 

P c Ir .. I'r') -=·< 21+ :1 r' l: I .,1 '''1 2 

....... (16) 

rne M H M '- MaraBTHhle xsaaToswe qacna aaqan&aoro H xoaeqaoro cocTom<HA. 

noncTasnsH (14) H (15) s (16), nonyqaM cneny10wee swpa~eaue nn!i sepoHTHOCTB 

MHOrOKpaTBOro KynoHOBCKOro S030y~eHHR HApa 

p ( I, .. I',') = I I l: A I -~ " B I ·:. I 2 
-

I ua.t, .K ''> O M .X. K 
(17) 

Benaqaubl 
_,,., In 

B • B + sl" 
.K ,, 3aBHCHT TOnbKO OT aaqanbHOrO H KOHeqaoro COCTOHHHA 

Jt'' K" 

HApa B cneny10mBM o6paaoM &blpa~a!OTCR qepea s enaqHHhl P H Q , onpeneneHHble 

<jlopMynaMB ( 8-9): 
" -1 K rf .. = [ (2I + 1)/2( 1+6 .. > J I 

~ ~ o x>o 
+ 0 rr' (II" -KK"I I 'K'II K ~0 

')[, ' . . 
[ PK :·. (II -~K K "fl'K ') + 

Kynouosc~oe soa6y~euae xa~ qeTao-qe THhlX, Tax B aeqeTHbiX ueaxcaan&HhlX aTOMHhlX 
I 

HAep aasHCBT OT ycnosuA soa6y~eBH!i qepea HHTerpanw A,.K 

C ITOMOWblO COOTHOWQBB!i 

I -1 -I K 
A,.K(q) =(8, 2) [2(1+'kol l•x 

X ( 0
1 

_MK 
• exp [(-i/t. ) 

8 

r dt H'(t) I l 

, KOTOphle onpenenRIOTCR 



rue 

MeTOU Bbi'IHCneHHR H ceol!cTea CHMMe TpHH liHTerpanoe o6cylKUaiOTC51 e pa6oT e
17 1

• 

V • Cnyqaii cna6oii cen3H 

PaccMoTpHM :mepreTH'IeCKull cneKTp u npHeeueHHbie eeponTHOCTH aneKTpH'IeCKHX 

KBaupynonbHbiX nepeXOUOB B He'!eTHOM smpe B TOM cnyqae, KOrua 9HeprHSI B3aHMOUe iiCT BH51 

HyKnOHa C OCTOBOM npeHe6pelKHMO Mana no CpaeHeHHIO C 9HeprHel! BpamaTenbHOrO UBHlKe-

HHHo 

floKa lKeM , 'ITO B 9TOM npeuene MHOrOKpBTHO BblpO >KUeHHble ypOBHI! 3HeprHH ( B eUHHH

UaX nepaoro B036y~<UeHHO!'O apamaTenbHO!'O COC T 051HHS1 ) COBf!BUaiOT C COOTBeTCTBYIOWHMH 

ypOBHstMH 3HeprHH H98KCH811bHOr'O tteTHo-qeTHOr'O H.LJ.p8, 8 npn eeneHHbie BepOSITIIOCTH 3TI9KT pH-

'l€CKHX KB8JJ.pyTIOTibHbiX nepeXO.[lOB TOTibKO MHONUIT9TI€M OTTIHt{8lOTCR OT COOTB9 T CTByl01II.UX 

aepostTHOCTell nepexouoe e '!eTno-'leTHOM smpe. 

~T06bl llOKa3aTb 9TO, UOCTaTO'IHO ycTpeMHTb B pauee nony'leHHb!X peaynbTaTaX K094>-

~JHUHeHT < T > f3o K uyn10 unH, 'ITO 9KBHBanenTuo, K 6eCKOUe'IUOCTII, 

C upyrofi CTOpOHbl , 98!la'ly MOlKHO peWHTb uenocpeUCTBeUHO, ecnH y'leCTb, 'ITO B 9TOM 
; 2 
K coxpanneTcn. Torna eeKTop npenene KD8!lp8T MOM9HT8 KOTIHtteCTB8 .UBH>K€HHS1 OCT OB8 

~ ~ 

COCTOHUHR (2) YU06HO paCCMaTplfA'>aTb B npe!lCTaaneHHII , B KOTOpOM UHarononbHbl R 2 HI ~1 , 

rue RK- npoeKUI!>I MOMenTa R na ocb CHMMeTpHu ocT oea 

R K K - f~ 

C y'leTOM CBOiiCTB CHMMeTpHH , KOTOpb!M UOnlKeH yuoaneTBOp51Tb BeKTOp 

ero pa3no>KeJnie no opTaM Hoaoro 6a3HCa nMeeT aua: 

= ~ ... . 

rue 

- ~ R 

I Ii R RK)=[2(1+8"K 0 )1 [IIjRRK > +( -1) I IjR, -RK> 1. 

up r 
u 

( 18) 

(19) 

A
11 

- BOnHOBast <jJyHKUHS! B HOBOM npeUCTaaneHMI! , lliTplfX y CyMMbl (18) 03f!aqaeT, 'ITO RK 
RRK 

npHHH M89T TOTibKO 1.J.9THbl9 3H8'19HHSI . 

Canab Me>l<llY uayMn 6aa11 caM11 MO~<no nony'IHTb c noMOWbiO cnenyiowell cjlopMynbi 

eeKTOpnoro cno><eUH>I (eM,, uarrpHMep, pa6oTy fexTa 11 C a'lnepa
181

) 

Torua HMeeM 

1 1 i K fl > = < - d .n ~ <I i K • - n 1 R RK l 1 1 i F! R K > • 
RRK 

I IjK'!) =I · 
RR,(' 0 

9 

(20) 



rne 
SRRK 

Kfl 

j-fl 
( -1) 

-~ R 
(1 +-8 ) [(IjK,-fliRRK) +(-1) (IjK,-GIR,-RK)I 

RKO 

nonCT8Bll.IUI (20) B (2) H Cp8BHHB8R C (18), nony'I89M CBR3b M9lKAY BOAHOBbiMH <i>YHKUHII-

MH 
If 

AR RK H 
tr 

AK(l 

~n = l: 
RR > .O 

K-

RR 
S K 

Kfl 
lr 

ARRK 
(21) 

OnepaTop f1 B npenene e .. 0 TOnbKO MHOJKBTeneM OTAH'I89TCR OT Bp8Jil8T911bHOro raMHIIb-

TOHHaHa H9aKCH8nbHOro RAP8 

fi· I" 
~ .. ~ 

a 
~ l: 

K=l 

2 • -2 ( 21T ) RK s1n Y- 3 K • (22) 

MoJKao noKaaaTb, 'ITO MaTpaua onepaTopa 
r.· 

B 6a3HC9 (19) C TO'IHOCTb~ AO MHo-

JKBTens cosnaaaeT c MaTpaueA raMHn»Toaaaua, onHc~sa~mero spameuae '!eTao-'!eTHoro He-

" 
aKCHBnbaoro RApa. CnenosaTenbao, co6cTBeBHhle seKTOpbi MaTpHUbl ( I j R' -R'R: I fi II j R R K ) 

COBUBa8~T C C06CTB9HHbiMH B9KTOp8MH raMHllbTOHH8H8 

/9/ 
KOTOpble HaAneHbt B pa6oTax JlasbtllOBa H <l>anannosa 

'19THQ-'19THOrO H98KCH8AbHOrO &npa, 

H JlaBbinosa H PocToscKoro
1101

• 
R 0r 

06oaaa'!aR nocnenHHe '!epea ARK , nony'I89M RBHblH BH.[l BOAHOBblX <i>YHKUHA B npenene 

e .. ~ 
A" 

RRK 

R 0 r 
BRR AR 

0 k 

3neCb R O - COXpaH~mHHCR yrnOBOH MOMQHT OCTOBa. 

A 

(23) 

Jlanae, H3 npencTasneHHR onepaTopa {l B sane (22) cnenyeT TaKJKe, 'ITO cneKTp 

9Hepr9TH'I9CKHX ypOBH9li H9'19THbiX RllP8 (B 9.[lHHHU8X U9pBOrO B036ylK.[l9HHOrO COCTORHHR) 

COBU8a89T CO CU9KTpOM '19THQ-'19TROrO R.[lpa ( B T9X lKQ 9.[lRKHU8X). npa 9TOM K8lK.[lblli ypo

B9Rb oKaablsaeTCR BblpOlK.[leHRbiM. BbtpolK!leBRble ypoBHH, npaaanneJKamae onHoMy H TOMY 

lKQ 3H8'19HH~ R
0 

, MOlKHO p83AH'I8Tb C UOMOmb~ C06cTB9HHblX 3H8'19HHli UOAHOrO MOM9HT8 

R!lpa, npH'IeM I aaMeHReTCR B npenenax 

I Ro - i I ~ I ~ Ro + 

nonCT8BARR (23) B (21), nonyqaeM !IBHblli BHll BOllHOBOli <jlyHKUHH 

lT . Ro RIC 'b r 
AKfl = l:' S !1 A 

RK~O K RK 

Air 
K!1 npB e .. ~ 

C 99 UOMOmb~ H8XOllHM npHB9.[l9HHy~ B9pORTHOCTb aneKTpH'I9CKOrO KBanpynonbHOrO nepexona 

B(E2;IR
0

r .. I'R;~·.)=B~(E2; Rur .. R~ - r' . )x 

x ( 2 R
0 

+ 1 ) ( 2 I' + 1 ) W 2 (I' l R; -R 
0 

I 2 j ), 

rne B.ll<I>(E2)- npaseQeanaR sepoRTHOCTb aneKTpH'!ecKoro KBanpynonbaoro nepexona B 'IGTH<>

'19THOM R!lpe s Monena Jlasblnosa-<l>anannosa, a W ( I'l R~ - R 0 l2i ) - Koa<l><l>anaenT Paxa. 

B cany csoliCTB W ( I' -I R a' · R 0 I 2 j ) npaseneunaR sepo!ITHOCTb B ( E2; I R 
0 

r .. I' R,;' .r' ) 

OTAH'IH8 OT Byns
3

nHWb QCAH BbiUOAHR9TCR COOTBOW9HHQ TpeyrOnbBHK8 

6. ( 21I') H 6. ( 2 R
0 
R~- ) • 
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npi!BeaeHHB!I BepO!ITHOCTb nepeXOilOB OT llB HHOrO COCTOHHH!I IRa T BO ace Bblp0)1(09HHbl9 

KOH91.1Hbl 9 COC TOHHH SI C U8H HblMH R' r' 
0 paaHa npHaene HHoll aepo!!THOCTH nepexona a 'leTHo-

'leTHOM !!llpe 113 COCTOHHH!I R0 T B COCT051HH9 

n'+i 

~ B ( E 2; I R r ., I' R' ,' ) = rfl ¢> 
0 0 

I '~1~'..;1 
B cnyqae 6onhiiiHX {; 3HepreTH'IeCKHl! CneKTp HMeeT Bllll MYilbTHnlleTOB, B KOTOpbiX 

IlOp!lllOK CllellOBBHH!I H p a C(((enneHHe ypOBHel! 3BBHCHT KBK OT {; , TBK H OT Yo • 3a pac-

menneHH9 MY11bTHITn9T8 OTB9TCT B9HHO KB8JlpynonbH09 B38HMOA9i1CTBH9 H 
lnt 

MynbTH-

nneT, nocTpOeHHbiH HB nepBOM BpBIIIBTenbHOM ypOBHe 2' 'leTHQ-'IeTHOrO OCTOBB, pac-

CM8TpH BBilC!I B pa6oTe 5payHIIITel!Ha H ne-lli a nHTa/
171

, B KOTOpoll , KBK H B llBHHOll pa6oTe, 

yrnoaol! · MOMeHT aHeiiiHero HyKno Ha npennonarancH coxpaH!IIOillHMC!I, 11 paaeH 1 / 2 (an!! 

H30Tonoa Tt ) u 3/2 (an!! H30Tonoa Au ) • 

B 3BKiliO'IeHHe 3 T oro paanena onpenenHM cpellHHe 3HB'IeHH!I K H In I ' npencTaBn!IIO

lUHe IIHTepeC L:Il!l KB'IeCTBe HHOH xapaKTepiiCTHKH CTpyKTypbl B036y lKileHH b1X COCTO!IHHH 

IT 2 

I K I = K I' K I AK !1 I (24) 
f!,K > 0 

1!1 I " I' !1, K >o 
1!1 I 

IT 

AKf! (25) 

VI 4HcneHHbte peaynbTBTbi 

B bi 'IHCneHHe 3HeprHil B036Y lKileHHbi X COCTO!IHRI! He'leTHOrO HeBKCIIBilbHOrO !lllpa H aepo-

SITHOCTeA 3119KTpOM8PHHTH 6IX rrepeXOUOB M9}1{LlY HHMH npOBOJlHJIOCb C ITOMOlUbiO ~119KTpOHHD-

C'leTHoii Bbi'IHCilHTellbHOil MBIIIHHbi OY!f!Y!. PeaynhTBTbi npencTaaneHbl Ha pHcyHKax 1-6. 

Bbt'IHCnenHst npHaenenHbtX aepo!ITHOCTeil Ml 11 E2 nepexonoa npoaonnnHCb np11 cnenyiOIIIHX 

3H8t.I9HHH.X. IT8p8M9Tp8 Y 
0 (a rpanycax ) 

0; 5; 

OT 10 no 15 c IIIaroM 0,5; OT 16 no 20 c IIIaroM I; 

OT 22 ,5 llO 30 C IIIBrOM 2 ,5; OT 14,125 llO 14, 875 C IIIBrOM 0,125. 

BLI1..fHCneHHhte 3Hat.temHI 31ieprHH aoa6y>KneHHbiX cocTOSIHHH a .a.orronHHTenbHbrx TO'liKax noa-
/ 4 / 

BOIIHliH y TO'IHHTb 3BID!Cl!MOCTb 3HeprHl! ypoaHeii OT Yo, nony'leHHYIO paHee a pa6oTe • 

3TH HOBble llBHHbie BMeCTe C HeKOTOpblMH pe3yllbT B T BMil pa60Tb/
41 

npellCTBBl!eHbl HB 

pH c . I. Ha p11c. 2 Hao6pa>KeHa aaaHCHMOCTb OT Yo npHaeneHHbiX aepO!ITHOCTell M 1 
2 2 

nepexonoa B enHHHuax 1'
0 

( g
1 

- g11 ) , paCC'IHTBHHB!I no <jlopMyne ( 7) 6ea y'leTa no-

cnenHero cnaraeMoro, nponopuHoHallbHOro g~ • H a puc . 3-4 npHaenennwe aepo!!T HOCTH 

KO/l/leKTHBHblX E2 nepexonoa, paCC'IIlTBIIIlble no <)JopMylle ( 13) c m 0 = 0 ' llBHbl B 38BHCH 

MOCTH OT Yo , TaK KBKJII
0 

<< Jll
0
,TO KBBilpynollbHblH MOMeHT BHeiiiHero HYKIIOHB MOlKeT llBBBTb 

II 



38MBTHbiA BKJI8.ll TOllbKO npa nOil8Bn9HHbiX KOliJIBKTBBHbiX E2 nepeXOil8Xo 3Ta nonp8BK8 B CJly

/ 3/ 
'laB M8JIOA ueuca8JlbHOCTB Bbl'lacneua a pa60Te CapAaplillla , Ha conocTasneHHsr puc. I 

H pUC, 2-4 BHIIHO, 'ITO pB3KHe CK8'1KH npHBBilBHHbiX sepOSITHOCTBA nBpBXOilOB COOTBBTCTsy 

IOT H3MBHBHHIO xapaKTBpa aasHCHMOCTH OT Yo suepruA coOTBeTCTByiOmux ypOBHBA, TaK, 

npu y0 u 10°-13° 9HBprusr COCTOSIBHSI Y. 1 nocnB llOBOJlbHO ssmoA 38BIICHMOCTH OT Yo 

(npu M8Jib1X Yo ) H8'1HH8BT 38MBTHO orryCK8TbCSI c p oCTOM Yo , OllHOBPBMBHBo 

B(E2; Y. 1~-+1 ) soapac TaeT 6onBB 'IBM ua JIBS nopHJll[a, Bbi'IHCJIBHHOB no cjlopMYnB (25 ) 

~ H3MEmsreTCg OT 0,5-0,6 110 2,20, 3TO nOJ<83biB8BT, 'ITO 9TOT ypOBBHb npao6pBn 

xapaKTep 8HOM8JlbHOro spamaTBJlbHOro COCTOHJIHSI C OllH0'18CTH'IHbiMH X8plll<TBpHCTIIK8MH..! 

6JIH3KHMH K X8p8KTBpHCTIIK8M OCBOBBOrO, (13 OCHOBHOM COCTOSIBBSI 2,4 < K < 2,5 B 2,4< \0\ ( 2,5 

npa BCBX aua'IBBHSIX Y0 ) • Aaanora'IBble H3MBHBHH sr npoacxall SIT c ypoBHHMll cnaua 

3 5 . 0 3 5 5 5 1) T 1 a 2 1 s paAoaB 14-17 • B (M1;-l.- 1 u B(M1; 22~7 · n8.llaiOT 6onBe 'IBM ua llBB 

5 2 2 
5 5 

nop!lllKB, B(E2; -Jt .. 2 \} aoapaCTBT, a B(E2; 2 2 ~""!I nocne ya~~:oro MHHBMyMa 

ocTaBTCSI ua npe >KHBM ypoaue, CneAOBaTeJlbHO, oTuome HBB n pusBilB HHbiX aBpOSITBOCTBA 

E2 K M1 nPpexoAOB s o scBx cnyqasr:x aua'IHTe nbu o a oapacTaBT, 

0 1 3 5 7 9 
T a KHM a6paaoM, npu 13" < Y0 < 17 ypoaHB 2 1, 2 I, 2 J.. 2 2 ·a T2 npao6peTBIOT 

'IBpTbl KOJlJlBKTHBHb!X COCTORHHII c o · 3 B8'1eHHe M In : • n pu6nH3HTBJibHO p 8BHbiM In •I OCBOB

u o r o c ocTosruu p, u co auaqeuu eM nr- , OTnH'Ia iOmH MCSI n pu6nuauTBJlbHO ua 2 a o T T ocuos

"or o COCTOSIHHSI, npHBBilB HHbi B s e pO SITHOCTB M1 n epBXOilOB B OCHOBHOB COCT OSIHBB llOil8BJlBHbl, 

T OrllB K 8 K COOTBBT CT BY IOIUHB E 2 nBp BX O/l bl 06bi'IHO HCfibiTbiB810T yCHJIBHHe, 3 aaHCHMOCTb 

9 Heprau 9 THX C OCTOSIHH A OT Yo non o 6ua aasaCHMOCT H suepruu aTop o ro yposusr cnuua 

2 'IBT Ho-'leTHoro SIIIPB B MOAen u JlaBbiilOBa-<l>ununnosa ( ua puc, I o ua o6o a u a '!e u a Kpec

TH K BMH), 

J.iTSK , MOlKHO BHilBTb 0 'ITO n pH He60Jlb !llOM H3MBHBHHH Yo B03MOlKHO p83KOB H3 M BHB

HHe CTpyKT y p bl ypOBHeil , n pa 3TOM UOJIOlKBHHB ypOBHBII MOlKBT 3 8MBTHO HB H3MBHHThCSI, 

Jl a >Ke n p H B BCb M 8 fiOXOlKHX cneKTp8X ypoauel! npnpona B036ylKL\B HHbiX COCTOSIHHII B HB'IBTHbi X 

S!Jlp8X MOlKBT 6b!Tb BBCbM8 p83JIB'IHOII , 

Jlo CHX nap o 6CylKL\8J18Cb 38BHCHMOCTb npHBB/lBHHbiX sepOHTHOCTBII nBpeXO/l8 H3 B03-

6y>KUBHHOrO COCTOHHBg B OCHOBHOe, Ecnu p a CCM OTpBTb nBpBXOilbl MBlKL\Y aoa6y>KAeHHbiMH 

COCTOSIBB HMII , T O MOlKHO npHIITB K TOMy lKB BbiB OilYo 'ITO H pllllbrue, 

Ha OCHOB8HHH H3JIOlKBHHOrO B p 8 311B JIB IV ( C M , <jnpMyny ( 17)) Bbi'IHCJISUI8Cb 

aeposrT HOCTb MHoroKpa Tuo ro KynouoacKoro aro6y>KABHHH COCTOHHB A cnuua ~ In + > KaK 

cjlyuKuuu napa MeTpa q • PBa ynbTBTbl IlpHBBilBBbl ua puc, 5, BBposrTuo cTb MuoroKpaTuoro 

KynouoacKoro aoa6y>KABHHH np11 paccesmi!H uaneTa iOmBA 'IBCTHUhl ua yrnbi , 6nuaKnB K rr , 

/11/ 
MOlKHO Bbt'IHCJIHTb C JIOMOIIIbiO T8K H83biB8BMOrO Q acjl (IJ) -npn6nHlKBUBSI ( CM, pa60Ty ) , 

Cpaaue u ue KpBBbiX, cooTaBTCTBYIOmax aua'IBHHgM Y
0 

= 100 C OllHOA CTOpOHhl, H 
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Y0 •20° H 80° c .upyroll, noKa3bi&aeT, 'ITO nocne Tore, JtaK .uaHHoe cocTomme npaoiSpeno 

KonneKTHsHwll xapaKTep, sepoRTHocTb ero KynonoscKoro soa6y~eHHH soapacTaeT 6onee 

'19M H8 nOpH,UOK, 

Ha pH~. 5 nyHKTHpnwMH ltpHsbiMH npe.ucTasneHbl sepoHTHOCTH KynonoscKoro soa6ylKJle

HHH YPOSHSI + 1 • Sbl'IHCneHHbl9 no TeOpHH S03MYIU9HHH. npHse.ueHHaH sepORTHOCTb aneK-

TpH'IeCKoro KSa.upynonbnoro nepexona swqacn>~nacb no <jlopMyne ( 18) c lll = 0 
• 

SH.UHO, 'ITO TeopHR B03MYIU9HHll .U89T .UOBOnbHO rpy6oe npn6nRlK9HHe npH 1 < q < 2 

C9M BenpHM9HHM8 npH q > 2 • 

CpasaeuHe TeopHH c aKcnepHMeHTOM 

• Qqe-

H cos-

He.uocTaTOK aKcnepHM9HT8nbHblX .uaHHbiX no aneKTpoMarBHTBblM nepexo.uaM s H.Qpax 

. 5 J = --z-- Be n03SOITR9T nposeCTH .U9T8nbH09 Cp8SH9HH9 T90pHH C 9li:Cil9pHM9HT8ITbBbiMH .UBH-

HbiMH. 

B cnyqae 
7 

j =--r 
H 165 

0 • 
165 

Dy H HM9IOTCH 9KCnepHM9HT8nbHbl9 .U8HHb19 .UITH H.Qep 
167 

Er • Ha pac. 6 npe.ucTaBJieHa aasHCHMOCTb OT Yo aaeprall HH3KOITelKaiUHX yposaell s H.upe 

CO CllHBOM OCHOSHOro COCTOHHHR 7/2 (s .U8HHOJI MO.U9ITH OH paseH nonHOMY MOM9HTY SHew-

Hero ayKnoHa ) • B Ta6n.u:nax I, 2 H 8 auepreTH'IeCKHll cneKTP H.Qep Ho165 Dy 
165

n 
167 

Er Cp8SHHB8eTCR C 9KCnepHM9HT8nbHblMH .U8HHblMH, 3H8'19HHe nap8M9Tpa Yo onpe.ue-

ngeTCSI nOITOlKeHHeM 8HOM8ITbHbiX Bp8IU8TenbHblX yposHell, napaMeTp 
~5 5-

H,Upa Ho c noMOIUbiO ypo&HH 2 9Heprall 995 ,xas. nng H,Uep 

( ~HKCHpyeTCSI .UITH 

D 
165 167 

y H Er (; TO'IHO He 

onpe.ueneao. O.unaKo oqesH.uno, 'ITO ono Mane ( ( :;; 0,25) , anaqe s aTHX H,Upax Me~y 

OCHOSHbiM COCTOHHH9M H H8DITIO.U89Mb!M 8HOM8nbHo-Sp8IU8TenbHb!MH COCTO>IHH!IMB nel!<an 6bl 
5 5 

yposeHb cnnna 2 < In I ~ T ) c nocTpoennoll na aTOM yposne spamaTenbaoll nonocoll. 

KaK sHnHo Ha Ta6nnn, na6niOn aeTCH .uosonbHO xopowee cornacHe MelK.uy npe.ucKaaa

HIHtMH TeOpHH li 9KCll9pHMeHTanbHblMH /l8HHb!MH S llOITOlK9HBH yposHeJI, KOTOpbt e ItpHH8.UIT9-

~<BT nonoce c I !1 I 
nonoca K ~ lfll +:2 

, npn6nH3HTenbHo pas noll ·I !1 I ocHosnoro cocTO!lHHH, H c K .:fill-· 2 , 
165 

na6niO.uaeTCH TonhKO s H.Qpe Ho H ee nonolKeHne TeopeTH'IeCKH 

nony'la9TC!l HHJKe Ha6niOnaeMOll H8 9KCnepBM9HTe. i1HTepeCHO OTM9TBTb, 'ITO T90p9TH'Ie

CKH8 ypOBHH IT9lK8T n6nB3H 9KC.UGpHM9HT8JlbHO Ha6niO.Q89MblX, HO OHH X8p8KTepH3YIOTC!l 

.upyruM anaqeHHeM cnnua. B csgan c 9THM npe.ucTa&nHeT HHTepec nenocpe.ucTsenuoe 

aKcnepHMeHTanbuoe onpe.ueneHHe cnnuos yposuell c aueprnell 566 K9B (He .uypneT nn 9TO 
5- u-

T H T ) H 687 K9S. 

B Ta6nnnax 4 H 5 aKcnepHMeHTanbBb11
6
9aHBble no npase.ueHHblM sepo!ITHOCTHM 

165 
Ml H E2 nepexonos s H.Qpax Ho B Er cpasnnsaiOTCH c TeopeTH'IeCKHMH. Oco6wll 

HBTepec npe.UCT8S.USIIOT H3M9peBHbl9 C llOMOIUbiO KynOBOSCKOro soa6y~9HHH a6coniOTHW9 

3B8'19BBH npHS9.U9HHOll sepO!ITHOCTH aneJtTpB'IeCKOrO KS8.UpynonbHOrO S036ylKJl9HHH 

18 



L 

BHOMBnb HOlt non OCbl B 

165 
Ho 

/ 12 /. 
( pa60T8 [i8liMOHaa 1 3n6eK8 H C THBeHC8 } 11 npHaeaeH-

167 
Holi aepoRTHOCTH E2 aoaoy>KJleHli H nepaor o ypoBH9 8HOH81IhHOli n on oCbl B Mpe Er ( p86o-

/ 13 / 
T8 r aHr'pCKOr'O H neM6epr8 ) • T8KIIM o6p830M, nono>KeHHe 9HepreTH'IeCKHX ypoaHef.l 11 

165 165 
3 Ha '!eH!Ie npHBeJleHHbi X aepo RTHOCTell nepex oa a B <~apax Ho , Dy H Er 

167 
no3ao-

nReT 3aKn iO'IH't b , 'ITO H>I>Kaliw11e aoa 6y lKJleHHbie ypoaHH cm!Ha + , + 11 + npHHaane>KaT 

8HOM8Ub HD-BpBW8Tenb HOli nonoce , nOCTpOeHHOH Ha OCHOBHOM COC TORHIIH JlBHHOr'O RJlpB . [inR 
- r7'IT: 165 

onpeaeneH!I R nono >KeHHR BHOMBnbHO- Bp8WBTenbHOli n onoc bi c K ~ 1"1+ 2 B M pe Ho 

de06XO!lHMO y T Ott HeHHe 9KCne p HMeHTBR b H blX .!l B HH bi X . 

B 3BKniO'Ie HHe aaTop C'IHTa eT CBOHM npH RTHbiM a onroM Bbipa3 HTb HCKpeHH IOIO onaro-

a apHOCTb A.C. [i a BbiJlOBY 3 8 noCTORHHhlli HHTepec K paooTe 11 ueHHbie KpHTH 'IeCKHe 3aMe'!a

"""• a TaK>Ke P . A .Capa8pRHY 38 n one3Hbie JlHCKycc HH, 

n " T e p a T y p a 

I. A.C. LiaBblllOB , P . A . C8pll8 P <IH. )1<3 T<I>, iQ., 329 ( 1963) . 

2. A.C . [iaBbiJlOB , P . A . C8pll8 PRH. BecTHHK MocK. yH- T8 , cep .<jm3. 8CTpOHOMHH1 N. 4 , 
72 ( 1962) . Nucl, Phy 5,, B 1 06 (19 62 ), 

3. P . A . CapaapRH, B ecTHHK MocK. ya- T8 , cep . <jm3HKH , 8CTpOHOMHH, N. 4, 18 ( 1963) . 

4. B.B.n8wKeBH'I , P . A.C8paapRH. Yl3B. AH C CCP, ;@, 11 88 ( 1964). 

5 . A,Bohr • K ongl. Dan, Vid, 5elsk, Mat. - Fys, Medd,, ~ No,1 4 ( 1952) , 
(CM. nepeBOJl B CO, n pooneMbl COBpeMeHHOU <jJH3HKH N<! 9 , 1955), 

6 . K,Alde r, A,Win the r, Mat. Fys, Me dd, Dan. Vid, S e lsk ., B No.8 ( 1960) . 

7. B.B. n8wKeBH'I . B ecTHl!K MocK . YH- T8, cep. <jJli3HKH , 8CTpOHOMHH , N• 6 . 65 ( 1963 ). 

8 . K,H e c ht, G .R .Sa tchle r, Nucl, Phys,, B 286 ( 1 962) , 

9. A .C . LiaBblll OB, L<l> . <l>llnHnnoa. )!\ 3T<I>, !!.§... 440 ( 1958 ) . 

10. A.C. Ll8BhiJlOB , B .C . P ocTOBCKHli . )!; 3 T<I> 2§., 1788 (1959) . 

II. B.B . n8 wKeBH 'I . Yl 3aec TH9 AH CCCP £, ( 1965). 

12 . R .M.D iamond , R ,E lbek and F,S,Steph e n s . Nucl, P hys,, 4], 56 ( 1963) , 

13 . K) .n . r aar p c KHli, Yl .X. neMoepr. Yl3a , A H CCCP £..§... 1027 ( 1962 ) . 

14. K.H . r poMOB, B.C . .Ll >Kenenoa, B . 3 aonb CK8 , 11 . 3aonbCK1n1, Yl . A . neoeaea , Jl. Yp68Heu . 

Yl 3a. AH CCC P , £..§... 1019 ( 1962) . 

15. R .K.She line, W,N,Shelto n, H.'J:l\·1otz a nd R ,E ,Carter, P hys, Rev, 136 B351 ( 1 964) , 

16 . B.C . il>Keneno a , n.K. n eKep , B .O .Cepreea. C x eMbl p8Cn8!18 p8)ll!aKTHBHbiX HJlep. 

Yl3r• .• A H CCCP , M - n., 1963 . 

17. A , B raunstein a nd A , de-- Shalit. Phy s, Lett., .b 2 64 ( 1 9 62) , 

18. O,W,B ,S c hult, B ,P,Maie r und U, G ruber, Z , fur Phy sik, 182 , 1 7 1 ( 1964) , 

P y Kon HCb nocTynHn8 B H3Jl8Te:Ib CKHil oTaen 
12 ¢eap8n9 1965 r . 

14 

Ta e!II M!¥l l 

165 TeopeTH4eC KH e M aKcnepMweHT61lbHij e cnKHij K aneprHH R~pa Ho 

-----------------------------------------------------------------------~ 
3KcnepHwenTallh Hije AaHHije Teop eTM4eCKKe ~HH!Ie 0 

~ =0 ,1875 , I• : I J ,B 
-------------------------------------------------------------------------

I '.If E(KeV) I 'li" E( KeV) 

---------------------------------------------------------------------------

7/2- 0 7/ 2- 0 

9/2- 94,69 9/2- 94,69 

11/2- 208 11/2- 209 , 9 

lJ/ 2- ) )9 lJ/- ) 45 

J / 2- 511 J/2- 514 

11/ 2- 560 

5/2- 564 5/2- 566 

7/2- 6)8 7/ 2- 6)8 

lJ/2- 702 11/2- 687 

9/ 2- 7)4 7/2- 715 

11/2- 851 lJ/ 2- 815 

lJ/2- 991 

5/2- 989 5/2- 995 

7/ 2- 1059 1080 
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TaCIIIMl.\1\ I 

165 
TeopeTMqecKMe M 3KcnepMweRT8JibR~e cnMR~ M 3HeprMM BApa Ho 

-------------------------------------------------------12--
·r~operMqecKMe ..JiaHH~e 0 3KcnepMMeHTtinbH~e AaHH~e 
., =0, 1875, d•=IJ,B 

-----------------------------------------------------------------------------
I <Jf E(KeV) I'll E(KeV) 

---------------------------------------------------------------------------

7/2- 0 7/2- 0 

9/2- 94 ,69 9/2- 94,69 

11/2- 208 11/2- 209 ,9 

lJ/2- ))9 13/- )45 

J/2- 511 )/2- 514 

11/2- 560 

5/2- 564 5/2- 566 

7/2- 6)8 7/2- 6)8 

1)/2- 702 11/2- 687 

9/2- 7)4 7/2- 715 

ll/2- 851 lJ/2- 815 

lJ/2- 991 

5/2- 989 5/2- 995 

7/2- 1059 1080 
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Ta6 JII!l\a ~ 

D I6S 
TeopeTI!4 8CKI!e 11 3KCnep l!ll eHTilJ! bHble cnHHIJ 11 3Heprllll H.npa ~ 

T eopeTI14 8C Kll e JI.aHH!Ie 
0 

~ =0 '1 875 ' r., ~ 12 '75 
JKCn8pllM8 HTa.Ji b Hb/8 .l{UH!We 

15 ,18 

------1r------------------------- ------------I ~-----------------------
l E(KeV) E(Kev) 

7/2+ 0 7/2+ 0 

9/ 2+ 8J,J97 9/2+ 8J,J97 

ll/2+ 184,1 ll/2+ 186, 088 

lJ/2+ )01,4 lJ/2+ J OJ 

J/2+ 5J8, 4 J/2+ 5)8 0 62 

ll/2+ 580, 9 

5/2+ 584,9 5/ 2+ 58) 0 99 

7/2+ 649,6 7/ 2+ 648 

9/2+ 7J4, 0 

ll/2+ 842,8 

Ta6JI!lUa :J 

E I~ 
T eopeTII 48CKIIC II 3Kcn epaw eH TUJ! b Hbl8 Cni!Hbl II 3 H8pf llll H.l{pa ~ 

TeopeTH 4 eCKlle .na HHbl0 
~ =0 , 25 , J> I<> ,'i 

3Kcn epiiM 8HTaJibHble .naHHb/ 8 IJ ,l4 

-----I-.3,----------------------------------------I~---------------------

E( Ke v) E(KeV) 
-------------~----- ·---------·-----------------------------· 

7/2+ o,oo 7/2+ o,o 

9/2+ 78, 6 9/ 2+ 78, 6 

11/2+ 17J ll/ 2+ 179 

lJ/2+ 284 lJ/ 2+ 290 

J/2+ 5Jl J/2+ 5J 2 , 2 

ll/2+ 585 

5/2+ 587 

7/2+ 6J 9 

I ~ 

Ta6Jillqa 4 

Teo peTII4ecKMe 11 3KCnep11118HTaJibHhle 3H~~5Hl! R npllse.neHHbiX sep o liTHOCTell 
3 .11 eKTpowarHI!THbiX nepexo.nos a ll)lpe llo 

-----------------------------------------------------------------
Ilepexo.l{bl 

TeopeTII4 eCKMe )laHHu e 

S =0 ,1875 , #o=I 4° 
3Kcnepl!weHTa JibHble 
MHHble 12,16 

-----------------------------------------------------------------
s 7 ) 

0, 73;!:0,16 
B(E2; -,; i .... ~ 1. 

0, 461 
B( E2; fi __. j;:t.) 

B(E2 ; f Z ---f 1) 
0, 098 0, 26:!;0,16 

B( E2 ; l z --. 1t 1.) 

B( E2 ; {Z - :1 1) 
0,70i o,64:!:o,JJ 

B(E2; tz. - ~ 1 ) 

B( E2; I 1 - f .of ) 
0, 485 0,62;!:0,12 

B(E2 ; i-! -!-f ) 
B(E2 ; l-1- f;?,) 

0,112 0,20;!:0, 08 
B(E2 ; i 1 - 1:1. ) 
B(E2; i 1 - t 1.) 

15,0 50 
B(E2; f-i - t:t., ~i, f~) 
B(E2; f 1. - :t -1.) 

B(E2; t 1. -- :. 1.) o,28J o,24 
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"" 0 

10° 5 s _] 

10-f 6 - ~, 

f0-2 

f0-3 

f0-4 

2 

5 10 15 20 25 30 
Pac, 2, npaaeneaabie aepoHTHOCTH Ml nepexonoa a enu aauax 11-0

2 ( g l - ga ) 
2 

a He'<eTHOM aea KcHanbHOM 
MP9 (j ~ 2._ ) B aaBBCBMOCTII OT napaMeTpa Yo np 11 ( = 0,25 

1- B (Ml; + !1 .. +1), 2- B(M1 ; +2 .. +1) , 3 -B( M1; --;- 2 .. + 1 ) , 4 -B(M1;+ 2-+-f l ) , 

5 - B ( M 1; }1 .. + 1 ) , 6 - B ( M I ; t I .. i- I ) . 



6 6 

5 

2 2 

3 

3 

5 10 15 20 25 30 

2 
Puc. 3. npnoen enJtaR oepOHTIIOCT~ KOJlneKTJl lllfMX E2 n epeXOLl OB u eu iiiiHltftX )I 0 B IIC "{e THOM 

HeaKcuanbHOM S1Jl pc ( j ... T ) B 3SB' fCH~toc·ru OT nap a .teTpa Y o npu ~ "" 0, 25 

t 5 3 7 5 5 1-B(E2; t~Tl ) , 2-B(E2;T l-,T l) 3-0(E2;"2 2 ~T 1) , 

4-B(£2 ;-,-2~-t t ) , 5-B(E2;+2~ft), 6-B(£2;-ft ·+1 ). 

2 1 
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tv 

10-{~ / 3 

f0-2 ~ /~ 

10-4 

2 2 

5 10 15 20 25 
2 

P11c. 4 . f!pllaeaeHHB SI aepoSITHOCTh KonneKTHBHb!f E2 rrepexoaoa a eaHHHUBX lll 0 

B He'teTHOM He8KCH8llbHOM SUlpe (j ~ 2 ) B 38BIICI! M OCTH OT rrapaMeTpa Yo 
rrp11 ~ ~ 0, 25 

- B ( E 2; + 1 ~ i- 1 ) , 2 - B ( E 2; -i1 ~ i- 1 ) , 3 - B ( E 2 ; + 1 ~ i- 2 ) • 

3 
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0,05.----------.----,-----.-------. 

0, 0'-1 

Q03 

0.02 

0,01 

0 f 2 3 

PHc. 5. Be~oSJTHOCTh KynouoacKoro B036y>KA eHH!! ypoauea -.}- 1 ( wTpHx-nyHKTHp) 

H 7 1 ( CDnOWH&g nHHHS!) B 38BifCI!M OCTH OT napaMeTpa q DpH !jmKCH-

pOB&HHOM ( ~ 0,25 • 3H8'19HH!I napaMeTpa Y 
0 

J18Hbl B r~&JlyC&X, 
nyHKTHp- BepO!ITHOCTb KynOHOBCKoro B030YlKD.eHHSJ YPOBH!! 7 1 • Bbl'IHCneuaa!l 
no T eOpHH B03MYW9HB!!, 

23 
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PHc. 6 . T o >Ke , 'IT O H Ha pHc . I npH j = 7/ 2 . 


