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Summary 

It is shown that the rotational inva
riance of an arbitrary axially-symmetric 
nuclear potential can be restored with the 
aid of effective factorized two-body forces 
whose form and strength parameters are 
~ssociated with the nonspherical part of 
the potential (see Appendix). 

The Hamiltonian (8) obtained according 
to this method is applied to the description 
of K"=l+ excitations in even-even deformed 
nuclei. In RPA those excitations are separa
ted into rotational and vibrational branches 
(eqs. (18) and (19)). In odd-mass nuclei the 
polarization effects arising from the coup
ling of quasi".""particle to vibrational 1+ 
states of the core are considered (eq. (20)). 
In. particular, this coupling leads to a re
normalization of one-particle matrix ele
ments of E2 transitions with flK =1 • The 
renormalization may be reduced to dynamic 
(configuration dependent) effectfve charges 
(eq~ (32)). The calculated charges are 
shown in Table 1 and Fig. 1. 

The interband E2 transitions in 
235 

U 
have been considered within the framework 

. of the intermediate coupling model (eq. (1)). 
The B(E2, fl K = 1) values are, to the lead-
ing order, due to the Coriolis coupling 
of states but the contribution from single
particle transitions reduced these values 
by as much as 20 to 30% (see Table 2). 
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BeeoeHue 

. ' -· ' 
H3BeCTHO, 'ITO E2 -nepexo,z:u.I B He'leTHbIX JJ.etl>opMHPOBaH-

HblX JIJJ.,I>aX Me)K,IJ;y_ ypOBHJIMH poTau;H~H8:blX ~onoc, pa3nH'laIO~ 

UlHXCJI .. _ Ha e,IJ;HHHD;Y no npoeKD;HH yrnoBoro MOMeHTa Ha OCL 

CHMMeTpHH ( fl K = 1) , 011em. · 11yBcTii'HTem.HLI ·· K 34iqieKTaM 
KOpHOllHCOB8. CMemHBaHHJI COCTOJIHHH. 3KcnepHMeHTanLHble 

,IJ;aHHble CBH;:teTenLCTBYIOT o· TOM, ~iTo TaKee· nepeXOJJ.bl,-Kal< 

npaBHllO, 3Ha'IHTenLHO YCKOpeHbl no cpaBHeHHIO C O,IJ;HO'!ac

TH'IHLIMH ou;eliKaMH /l ,2/ • · Ka.11eCTBeHHOe 06'LJICHeHHe 34>-

4leKTa ycKopeHHJI 6blno JJ.aHo eme B pa.6oTax /2,3 I npH 
y11eTe B38.HMO,D;eHCTBHJI Koi>Honuca B 'HIDKa:e:meM ·nopJI,D;Ke 
Te.opu':e B03MymeHHH. . . . ,·., ·'.. - ... 

. . d 
0,D;HaKO B nocne,D;HHe t'O,D;bl B CBiI3H C 3I{cnepHMeHTallLHLI-

MH HCCne;I\0138.HHJIMH Bpama'I'enLHLIX COCTOHHHH BnllOTL ,D;O 
BblCOKHX 3Ha11eHHii yrnoBoro -MOMeHTa B03HHK u;eni.Iii PHJJ. 
BoripocoB, '1faca10i:1hixc.ii icaK caMbrd'ri3aHMo,D;eiicTBml Kopuo~ 
ne:ca; 'taK H pomi· o;iul611a:cTH'IHblX nepeXO,D;OB B OUeHKe Be
pOHTHOCTH. E2-nepexo,IJ;OB c·· 8K ,;.1. B 011acT1tocTH, · ,D;nJI 
OnHCaHHJI 3HepreTHKH Bpama Te.JILHLIXiIOllOC Tpe6yeTCJI nepe-

-HOpMHpOBI<a' /06LI11Ho· ocna6neHue/ B3aHMo,D;eiicTBHH Kopuo
nuca H, jaqa.CTYIO," y11eT • ero BO BCeX IlOpHJJ,KaX TeOpHH 
B03MYUleHHii /miu TO'IHaH ,D;Har0Hann3au;HH/ .. B pa6oTaxl4 .~I 

· 3TH npo6neMLI 6blnH pemeHbI B paMicax Mo.I(enH .c npoMe)Ky
TO'IHOii CBJl3LIO. 

llTOOhl noJICHHTL Kpyr BonpocoB, KOTOpble OOCy)K)J;aIOTCH 
B HacToameii pa6oTe, npHBe,D;eM o6mee Bhlpa>Keairn ,D;na 
npHBe,D;eHHoii · Be~oaTilocTH: E2 -nepexci,D;a Me>K,D;y cocToaHH
aMH co cnHHaMH I H I~ B MO,D;enH iip9~:_>KYTO'llloii_: CBH3H 
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B(E2,l' ➔ I) = I ~ c 1 c 1' [<1'2K'0\ IK>x 
, K K' ' K,K',p,p p p 

x,v-5-eCJo 8 ,8 , +e(K,K')(<l'2K'K-K'IIK>x 
16rr KK pp 

l'+f+K' 
x< KI :ln (E2, K-K ') I K '> + (-1) x 

/1/ 

x<l '2-K 'K +K '\IK><K !'TI (E2,K+K ')\K '>)]1
2
, 

I . 
r.ne CK p - aMnnHTY,D;bl KOpHOilHCOBa CMeWBBaHH'1 COCTOH • 

HHH~ Q o - BHyTpeHHHH KBa,npynonLHbIH MOMeHT qeTHO·'leT-

HOrO OCTOBa /napaMeTp/, e - 3apM npoTOHa H e (K, K ') • 
34>qleKTHBHbIH O,D;HO'laCTH'IHbIH 3ap,i:,n; B o6ll\eM cnyqae 3aBH· 

C'1ll\HH OT KOHtl>:e:rypau;Hii COCT0'1HHH, <K I m (E2)1 K '> - O):{HO· 

qacTH'IHble MaTpH'IHble 3neMeHTLI E 2 -nepexo,na. IlocKonLKY 

aenH'IHHa Q O o6LI'iHO Ha ,nBa·TpH nop'1,D;Ka 6onLwe O,D;HO· 

qacTH'IHOrO MaTpH'IHOrO 3neMeHTa, nepBbIH qneH BKBa.npaT

HbIX cKo6xax /1/ oKa3LIBaeTc'1 ,noMHHHPYIOU\HM ,na>Ke npH 

cna6oM CMeWBBaHHH O,D;HO'laCTH'IHLIX COCT0'1HHH B3aHMO,neii

CTBHeM KopHOilHCa. EcnH oT6pOCHTL OCTanLHble qneHbl, TO 

H3MepeHHe B ( E 2 'ti K = 1) .naeT npHMYIO HHtl>opMaIUUO 06 
aMnnHTy,nax CMeWHBaHH'1 ci . 16 ,7 / • He 3aBHCHMble CBe

,neHH'1 nonyqa10TcH H3 3Hep{?.eTHKH Bpall\aTenLHLIX nonoc. 

ConocTaBneHHe 3THX ,naHHbIX Me'.lKAY co6oii H cpaeHeHHe 

C TeopeTH'leCKHMH pacqeTaMH B pa3IlH'IHbIX Mo,nen,i:x npe.n-

CTaBn'1eTC'1 Ba'.lKHbIM ,nn,i: nOHHMaHH'1 MeXaHH3Ma B3aHMO,ne:e

CTBH'1 KopHOilHCa H Bbl'1BileHH~ Hea.nHa6aTH'leCKHX CBS3eB 

Me)K)J;y O,D;HO'laCTH'IHbIM . H KonneKTHBHLIM ,D;BWKeHHBMH. B 

qacTHOCTH, B/6 / H3 3Ha'leHHii B ( E2), H3MepeHHblx/
7 I B 

* 3.necL BHyTpeHHHe COCTOHHBH KnaccH4>Hu;Hpy10TC'1 npo
eICu;Heii yrnoeoro MOMeHTa Ha OCL CHMMeTpHH K H Ha6oooM 
.nononHHTenLHLIX KBaHTOBbIX 'IHcen CocTOHHHHI K> a [K> 
conpH'.lKCHLI no BpeMeHH. 
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,i:,npe 235 u' H3BneKalOTC'1 CBe,D;eHH'1 06 "3KCnepH~eH

TanLHLIX" BenH'IHHax O,D;HO'laCTH'IHbIX MaTp~'IHbIX :1neMeHTOB 

yrno:eoro MOMeHTa < K I j µ I K ' > , Koiop~e oKa3bIBaIOTC'1 

npHMepHO B ,nBa pa3a MeHLWe Bbl'IHCneHHbIX B O,D;HO'laCTH'I· 

HOB Mo,nenH HHnLCCOHa H MeHLWe, 'leM Heo6XO,D;HMO ,nng 

KOilH'leCTBeHHOro onucaHH'1 3Hepre~H'leCK~ro cneKTpa •. Ta

Ka'1 He cornacoBaHHOCTL Mo'.lKeT oKa3a Ti.c,i: cepLe 3Hoii B nna

He TeopeTH'leCKOB, BHTepnpeTaD;HH. Il03TOMY He06XO,D;HM 

Tll\aTenLHhlii aHanH3 BKna.na o,nHoqacTuqHbJX nepexo,noB B 

B_(E 2) ' ,n~g qero Tpe6yeTC'1, 3Ha TL BenH'IHHbl 34xl>e1CTHBHLIX 

3apa,noB e ( K , K ') • · ·_BLI'IHCnErnHIO BX B MeToJie caMocorna

coBaHHor·o .BOCCTaHOBileHH'1 poTatiHOHHOB HHBapHaHTHOCTH 

Aetl>opMHpOBaHHOrO non,i: H nOCBBU\eHa B OCHOBHOM ,naHHa'1 

pa6oTa. 

PomaijUOHHaJl UHeapu~H111H(?C111b U 3¢¢eK1/IU6Hble CUAbl 

'.raMHnLTOHHaHbl caMocornacoBaHHoro /cpe.n;Hero/ non,i:, 

HCnonL3yeMLie ):(na onucaHHH .netl>opMHPOBS.HHLIX :S,nep; He 

'1Bil'110TC'1 poTau;HOHHO·HHBapHaHTHLIMH H He coxpamli<>T 

yrnoeoro MOMeHTa CHC·T·eMbl 'laCTHii:· BOCCTaHOBneHHe po

TaD;HOHHOB HHBapHaHTHOCTH MO)KHO OCYU\e CTBHTL iiyTeM 

BBe,neHHH 34>4>eKTHBHblx ocTaTO'IHLIX B3aHMo,neiicTBHii, xa

paKTepHCTHKH. KOTOpblx CB'13aHbl C Hec4>epH'leCKOH qacTLIO 

noTeHu;Hana ·cpe,nHero non1j: / 8 - 11/. B pa6onix 18- 10/ npo

u;e,nypa· cornacoBaHHH npoBo.nunacL B npu6nIDKeHHH MeTo.na · 

cnyqaiiHoli 4>a3LI. B 6onee 06ll\eM BH,D;e MeTo.zi COMOCorna

COBaHHOrO BOCCTaHOBneHH'1 poTaD;HOHHOH HHBapHaHTHOCTH 

MO'.lKHO c4>opMynHpOBaTL cne,nyIOU\HM o6pa30M. 

IlycTL HMeeM raMHilLTOHHaH H° CHCTeMbl HeB3aHMO,D;e:e

CTBYIOU\HX qacTHD; /KBa3H'laCTHu;/, .n~JDKYID;HXC'1 B aI<CHanL· 

HO· CHMMeTpH'IHOM none. Ilomi:i1:e yr no BOB MOMeHT CHCTeMbl 

j npe,ncTaBnHeTCH CYMMOB yrnOBbIX MOMeHTOB OT,D;enLHbIX 

'iaCTHD;, npH'leM coxpaHHeTCH ero ICOMnoHeHTa J z -Hll\eM 

raMHilLTOHHaH h BOCCTaHaBnHB~IOID;HX B3aHMO,D;eHCTBHii,Ta

KOH, 'ITO 

[ H O + h , J ] = 0 , µ = ±1. 
µ 

/2/ 

5 



B nepBOM npu6nmKeHHH MO)KHO Bb16pa Tb 

h..h 1. = - -1- :£ [H0 ,J t[H 0 ,J ], 
2y /l /l /l 

r.u;e y= <;onst. Tor.u;a 

[Ho +_hl,Jµ ]=[Ho,J /l ]-

-f- I, l[Ho,J/l,],[J/l ,[Ho,J_/l,]]}+, 

/3/ 

/4/ 

y /l 

r.u;e I l+ o603Ha'laeT aHTHKOMMyTaTOp. EcJIH B /4/ 3aMe-
HHTb )J,BOHHOH KOMMYTaTOP Ha cpe.u;Hee no OCHOBHOMY co
CT0HHHIO raMHJlbTOHHaHa H0

, npu'leM noTpe6oBaTb, 'IT06bl 

y=<Ol[J ,[H 0 ,J ,]]10>8 ,, 
/l - -µ /l/l 

/5/ 

TO ycJIOBHe poTaD;HOHHOH HHBapHaHTHOCTH /2/ oKa3blBaeTCH 
npu6JIH>KeHHO BblnOJIHeHHbIM. IlpH6JIIDKeHHe /5/ HBJIHeTCH 
xopowHM, ecnH ace .u;pyrHe MaTpH'IHble 3neMeHTbl .u;aoHHoro 
KOMMYTa TO pa MaJibl no cpaBHeHBIO. C BeJIH'IHHOH y * . B npo
THBHOM cnyqae B3a.HMo.u;eHCTBHe /3/ Heo6xo.I\HMO .u;onoJIHHTb 
KOMneHCHpyIOU{HMH 'IJieHaMH, HanpHMep, ·Tuna 

l · + · 2 
h 

O 
= - /3 I ( J µ , [ H O 

, J µ ]] -y I , /6/ 

no.u;6upa.ll COOTBeTCTByIOU{HM o6pa30M BeJIH'IHHY fJ, H T.,n. 
B IIPHJIO)KEHHH npuae,ueH o6ll{He: BHA 3q>q>eKTHBHblX aoccTa
HaBJIHBaroll{HX CHJI B cnyqae Kaa,upynOJibHOH ,ueqiopMau;HH H B 
o6ll{eM cnr1ae aKCHaJibHO- CHMMeTpH'IHoro nona. . 

* EcnH cpe.u;Hee none g.u;pa OilHCbIBaeTCH rapMOHH'leCKHM 
noTeHu;HaJIOM HHJibCCOHa/12/, TO nerKo noxa3aTb, 'ITO 

y = 2o mw2 Q -103 M:JB, 
0 20 

r,ue 8 - napaMeTp .u;ecpopMau;HH, m - Macca HYKJIOHa, w O -
0CD;HJIJIHT0pHajl qaCT0Ta H Q 20 - MaCCOBbIH Kaa.u;pynoJibHbIB 
M0MeHT. )J.pyrue Ma TpH'IHbie 3JieMeHTbl onepa Topa 

[j [H 0 J n- r2Y B 3TOM cnyqae OKa3bIBa-
µ' ' V 2,µ+v 

IOTCji ~ 10 - l :::- y. 
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IlocKOJlbKY .u;aJibHeiiwee paCCMOTpeHHe IlPOBO~TC$! B 
a.u;na6aTH'leCKOM npn6JimKemrn, MO)KH0 orpaHH'iliTbCH 3cl>q>eK
THBHhlMH CHJiaMH /3/, KOTOpble cornacoBaH.bl c BH,D;OM cpe,1:\
Hero nona n ue coJJ.ep:»<aT HHKaKnx .u;onommTe.iu.HbIX napa
MeTpoa. 

. Y.u;o6Ho BBeCTH onepaTOpbI 

(r) 2 J x , r = -1 
J = J + -r J _ = l 

2iJy, T=+l. 
Tor.u;a h1 npHHHMaeT an.u; 

h = - _1_ L [ H O ' J (T ) ] +[HO' J ( T) ] 

l 4y r=±l 

y =L<o l[J(r)+, [Ho,J (r) ]]JO>. 
2 

/7/ 

/8/ 

/9/ 
(r) 

B npe.u;cTanneHnn KBa3H'laCTHu; onepaTophl J pa3.u;ena-
IOTca Ha 0.D;H0KBa3H'laCTH'IHYIO n KBa3H6030HHYIO qacTH: 

r.u;e 

J (r ) . (r) I (r) 
=J + 

. (T) - L M . . (T) B (r) 
I =-- T . ; ss, I ss , ss , 

. s ,s 
(r) r . (r} (r)+ (r) 

I = - L L • , J,, ,[ A , - TA , ], 

(r) 
B , 

ss 

(r) 

2 , ss ss ss ss 
ss 

+ + = a a , + ra-
s s s a -, 

s 

A , = a a- , · - r a - a , 
ss s s s s 

M , = u u , + V V , ; 'L , = u V , - u , V 
ss s s s s ss s s s s 

/11/ 

/12/ 

/13/ 

/14/ 

3.u,ecb a+ (a ) - orrepaT0phl po»<,neHHH /yHH'ITO>KeHHH/ 
s s -

1rna3nqacTHIJ;bl B cocT0HHHH Is> /coCTOjiHHe Is> conp.H-
H0 C HHM no BpeMeHH/. O,JJ,HO'laCTH'IH.ble MaTpH'IHhle 3JieMeH
Tbl onepaTopa yrnonoro MoMeHTa o6na.u,aroT cne.u;yroll{HMH 
CBOHCTBaMH CHMMeTpHH 

. (r) I . . I , . (r ) . ( r ) 
l ,=<S I -T) s >=T)_.,., =-TJ , 

s_s + - ss s s 
/15/ 
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0 I 
(r) 6 V V 

nepa TO phi npe.D,CTaBmnoT co OH KOJIJieKTHBHhlH yrno-

BOH MOMeHT, KOTOpblii: B MeTO.D,e cnytJaii:HOH qia3bl accon;HH

pyeTCH C npaw;aTeJibHhlM yrJIOBblM MOMeHTOM /cM., HaIIpH

Mep,Al,l 0, 13/ /. * 
B .D,aJILHeiiweM nonaraeM, tJTO raMHJlbTOHHaH H

0
rrpe.D,-

cTaBJIHeT co6oii ra3 HeB3aHMO.D,eHCTByrolll;HX KBa3HtJaCTHU 

(+) 
H0 = const + I E B /16/ s ss 

s 

r.D,e E - O,IJ,HOKBa3HtJaCTH'IHbie 3HeprHH /T.e. yqTeHO crra-
s V 

pHBaTeJibHOe B3aHMO,IJ,eHCTBHe B CTaH.D,apTHOM BH.D,e/. 

Ilpn paccMoTpeHHH tJeTHo-qeTHbIX H,IJ,ep H3 raMHJihTOHH

aHa /8/ BbI.D,eJIHeTCH KOJIJieKTHBHaH 6030HHaH tJaCTh 

h iO) = -
4
1- 2 [ H 0 ,l(r) t [H 0 ,I (r)] /17/ 

y r 

H a MeTo.D,e cnytJaiiHoii: q>a3hI raMHJihTOHHaH H
0
+h~O) pa3-

.D,enHeTCH Ha Bpaw;aTeJihHYIO n KOJie6aTeJihHYIO BeTBH ** 

(0) 1 2 2 
H O + h = const + -

11
- ( I + I ) + 

1 2,J X y 
0 /18/ 

+ I uJ,\ Q ~ )+ Q {r ! 
A,r 

r.D,e 10 - MOMeHT HHepn;HH /HMeeT T?T )Ke BH.D., tJTO H B 

Kp3HKHHr- MO.D,eJIH co crrapHBaHHeM/, Q {) + - onepa TOpbI 

qJOHOHHbIX B036y)K.D,eHHH, H WA - 3Hepnrn KOJie6aTeJihHbIX 

KBaHTOB C K 77 = 1 + no OCHM X H y' KOTOpble HaXO.D,HTCH pe

weHHeM .D,HcnepcnoHHoro ypanHeHHH / 
1 
O/ ( E , = E +E , ): ss s s 

2 l1( w~ 
uJ,\ .J. WA ) "' - I 2 , 

ss 

2 . (r) 2 
E ss' L ss' ( l ss' ) 

2 2 
E ,-w \ 

ss I\ 

=0, /19/. 

PeweHHe c w A= 0 COOTBeTCTByeT apaw;aTeJihHOH BeTBH 

B036yne.D,eHHH. ,ll;eTaJihHO CBOHCTBa npaw;a TeJihHhlX H KOJie6a

TeJihHbIX BeTBeii B tJeTHo-tJeTHblX H.D,pax H3ytJeHhl B pa6oTe/
14

/. 

* OnepaTOpbl I (r) HBJIHIOTCH KBa3HKJiaCCHtJeq<HMH no 
CBOeMy xapaKTepy, noCKOJihKY I z =o n [I(r) , I (r ) ] = 0. 

** 0 , }'MeTHM,v tJTO 3TOT _faMHJibTOHHaH COxpaHJ:ieT KOJIJieK-

THBHhlH yrJIOBOH MOMeHT . 
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IlpH paCCMOTpeHHH HetJeTHblX H.D,ep B MeTo.D,e cnyqaiinoii 

cpa3hl Heo6xo.D,HMO B /8/ yqecTb TaIOKe B3aHMO.D,eiicTBHe 

l<Ba3HtJaCTHD; C KOJIJieKTHBHhIM .D,BIDKelmeM, KOTOpoe OIIHCbI

BaeTCH raMHJihTOHHaHOM 

h <: >. = - 4 ~ 7 l [Ho , /r) ] +[Ho' I (i) ] + h .c. l /20/ 

3TOT raMHJibTOHHaH ue CO.D,ep)KHT B ce6e B3allMO.D,eii:cTBHe 

I<Ba3HtJaCTHD; C apaw;eHHCM B CTaH.D,apTHOH q>opMe CHJI Kopno

JIHCa, tJTO CTaUOBHTCH OtJeBH.D,HhlM, eCJIH BblilHCaTb B HBHOM 

BH.D,e KOMMyTaTop 

[H o I (r) ] - - 2 . . 0 (r) 
' . - try + 

., a 5 (wA ) -½ (r) + (r) /21/ 
+ y I (wA a ) [QA . +rQA ]. 

A w A 

3.D,eCL npOH3BO.D,HaH q>yHKD;HH 3 (wA ) BhltJHcnaeTCH B TotJ

Kax, COOTBCTCTBYIOID;HX peweHHHM ypaBHeHHH / 19 / npn WA -/,. 0. 
B /21/ IIOHBJIHIOTCH He orrepaTOPhl KOJIJieKTHBHOro yrnoaoro 

MOMeHTa, a conpH)KeHHbie HM onepa TOphl KOJIJieKTHBHblX 

yrnoa [e(r),I(r)] = i, 122; 

/8 13 15/ 
CMblCJI KOTOpbIX no.D,po6Ho o6cy:>K.D,ancH B pa6oTax ' ' 

B3aHMO.D,eii:CT!JHe Kopnonnca q>H3HtJeCKH IlO.llBJIHeTC.ll npH 

nepexo.D,e H3 na6opaTOPHOH BO BIIyTpeHHIOIO CHCTeMy KOOp.D,H

HaT, CBH3aHHYIO C Bpaw;aIOID;HMCH .ll.D,POM *. Ilpe.D,naraeMaH 

HaMH rrpon;e.D,ypa BOCCTaHOBJieHHfl poTaD;HOHHOH HHBapHaHT-

* KoppeKTHOe rrpeo6pa30BaHHe 
0

B co6CTBeHHyro CHCTeMy 
c coxpaHeHHeM nonnoro yrnoaoro MOMeHTa MO)KHO nRoaec
TH B MeTo,ne o6o6w;euuoii: MaTpllI.(bl IIJIOTHOCTH /16- 8/. B 
MeTO.D,e cnyqaii:Hoii q>a3bl rrpe.D,JIO)KCHa rrpoue.D,y pa BhltJHTaHHH 
H3 BHyTpem1ero raMHJihTOHHaHa n;eHTpo6e)KHOH 3HeprHH 
B3aHMo,neiiCTBHH qacTHU /8 ,15 ,I 9/ 

H '= -(1/250 Hf2 -J;L /23/ 
npHBO,D;HW:aH K noHBJieHHIO CHJI ~opnonnca B BH,D;e JHaHMO-

v ➔ 

,neHCTBHH 0,D;HOKBa3HtJaCTHtJHOro J H KOJIJieKTHBHoro J. yrno-
BhIX MOMeHTOB. IlpH 3TOM rrpn6JIH)KeHHO coxpaHHIOTCH Kon
neKTHBHLie yrnhI e (r) 'O,D;HaKO, eCJIH BHYTpeHHHH raMHJibTOHH
aH He 6hln poTan;HOHHhIM HHBapHaHTOM, TO yrnoaoii: MOMeHT 
He coxpaHHeTCH. KpoMe Toro, a co6CTBeIIHOH CHCTeMe KOop
,D;HHa T q>OpMa raMHJibTOHHaHa /23/ CTpororo o6ocuoBaHHH 
He HMCeT. 
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HOCTB ci>B3B'leCKB He COOTBeTCTByeT nepexo,IJ,y B co6CTBeH

HYIO CBCTeMy KOOp,IJ,BHaT B, CTporo rOBOpH, IlOJIHOCTblO 

KoppeKTHa B na6opaTopHOH CBCTeMe KOOp,IJ,BHaT B CBJIY 

npe,IJ,IlOJIO>KeHBH O TOM, 'ITO IlOJIHblH yrJIOBOH MOMeHT H,IJ,pa 

npe,IJ,cTaBJIHeTCH cyMMOH O,IJ,BO'laCTB'IHblX yrJIOBbIX MOMeH-. 

TOB. 

MbI orpaHB'IBMCH 3TBM o6cy>K,IJ,eHBeM cl>opMbl raMBJlbTO -

HBaHa /20/' IlOCKOJlbKY ero 3aBBCBMOCTb OT 0 (r) HBJIH -

eTCH HeCyll\eCTBeHHOH npu pacCMOTpeHBB B3aBMO,IJ,eiicTBBH 

KBa3B<IaCTBU c Kone6aTeJibHOH aeTBbIO B036y>K,IJ,eHBH <IeTHo

<IeTHoro OCTOBa. B ,naHHOH pa6oTe Hae HHTepecyIOT 3cl>clieK

THBHbie 3apH,ll,bl ,IJ,Jl.H E 2 -nepeXO,IJ,OB Me>K,ny 0,1),HO'laCTH'IHbIMH 

COCTOHHHHMH C t,,_ K = 1 ' KOTOpble H B03HHKaIOT B pe 3YJihTa

Te 3TOro B3aHMO,IJ,CHCTBHH. 

3,firjJeKmuenbie 3ap.ROb1 OA.R E2 - nepexoooe c 11 K = 1 

PeweHHe 3a,IJ,a'IH O C06CTBeHHblX ciiYHKD;B.HX H C06CTBeH

HbIX 3Ha'leHBHX raMHJlbTOHHaHa * 

J{ ""H 0 +t/0> h(l) 
l + I /24/ 

a He<IeTHbIX JI,IJ,pax Hll\eM B paMKax cTaH,IJ,apTHoro BapaanuoH

Horo MeTo,IJ,a /cM., HanpuMep, onucaHHe B 1201 /, Hcnonh-

3y.s: B Ka'-ICCTBe npo6HbIX BOllHOBblC 4iYHKUHH C onpe,IJ,eJieHHblM 

3Ha'-leHBCM K npoeKD;BH yrJIOBoro MOMeHTaHa OCb Z /onyc

KaeM HH,IJ,eKCbl ,IJ,OilOJIHBTeJibHbIX KBaHTOBbIX '-IHCeJI COCTOH -

HHH/ 
, + · KA + (r) + 1 :<PK> =l NKaK + 2 2 X (r) a ,Q,\ l 1 <fl0>, 

K',\r K K 

r,IJ,e NK H x~ ',\ - ~apHaD;HOHHbie aMilJIHTY,IJ,bI, npH'leM 

K ' = K ± 1 ; 1 ¢ 0 > - i!)o1101111h1ii aaK)'YM, KOTopbIH npH6nH

:lKeHHO .S:BJI.S:eTCH B BaKyyMOM ,IJ,JIH KBa3H'-laCTHI.J, /nocne,D.HHC 

nonaraIOTCH npH6nmKeHHO KOMMYTHPYIOII.\BMB c q>OHOHaMH/. 

B raMBJlbTOHHaH He BKJIIO'-leHhl Te 'lJieHbl B3aHMO,D.eacr
BBH h I , KOTOpbIC OilHCbIBaIOT nepepacce.s:HHC KBa3H~IaCTHD;. 
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OnycKa.a npoMe>KyTO'IHble Bbl'IBCJieHHH, IlpHBe,IJ,eM OKOH

qaTeJibHOe ypaBHeHHe ,IJ,Jljf C,IJ,BHra cneKTpa KBa3H'laCTH'IHblX 

B036y:>K,IJ,eHHii, o6yCJIOBJieHHOro B3aHMO,IJ,eHCTBB11MH h p> 
afj -I g; ( & ) = & - E +.LI I (w2 - ) x 

K K K 2 K, ,\ ,\ aw 
2 2 • (r) )2 ,\ 

M KK ' ( 1\ - EK ') ( l KK ' 
X ------------ = 0. 

/26/ 

EK, +~ - &K 

PeweHH11 &K :noro ypaBHeHH11 onpe,IJ,eJIHIOT HOBbIH CilCKTp 

B036y:>K,IJ,eHBH He'leTHOro 11,IJ,pa. Bapuau;HOHHble aMilJIHTY,IJ,bl 

NK H x uopMHpoBaHbl ycnoBHeM 

2 K ',\ 2 
NK + I I [x (r)] =1 /27/ 

K, ,\, T K 

B HMelOT BH,IJ,: 

K ',\ 
XK (r)= 

N
-2 
K = 

r 2 N (-,2 afj -½ 
K ~ -) 

aw,\ 

ag;(&K} . 

~ 
K 

) 
. (r) 

M KK ~EK-EK' I KK' 

EK,+w,\ -&K 
, /28/ 

/29/ 

r,IJ,e IlJ)OB3BO,IJ,Ha.R 4.>JHKUBH g; (& K} Bbl'IHCJIHeTc.a IlPH 3Ha-

'ICHH11X & K• Y.D.OBJICTBOp.RIOII.\BX ypaBHeIIHIO /26/. 
HTaK, BOCCTaHOBJieHHe POT8.l.I,HOHHOii HHBapHaHTHOCTH 

H,IJ,epuoro raMHJibTOHHaHa B a,nua6aTH'leCKOM npH6JIIDKeIIHH 

aBTOMaTH'-leCKH IlPHBOAHT K IIPHMCCHM KBa3H'laCTHD;a + (pOHOH 

B cneKTpax B036y)K,IJ,eHHil He~IeTHblX H,IJ,ep, 'ITO B CBOIO oqe

pe,IJ,b BC,IJ,eT K nepeHOPMHPOBKe Ma TPll'iHblX 3JICMeHTOB 

pa3JIH'IHbIX <l>H3H'leCKHX onepaTopoB. 

B qacTHOCT~, paHee Mbl yKa3aJIH / 4 ,5 / , 'ITO MOryT 

rrepeHOpMHPOBaTbCH MaTpH'IHbie 3JieMeHTbl orrepaTopa BHyT

peHHero yrJioaoro MoMeHTa, o6pa30Ba1rnoro BHenmHMH 

/caepx OCTOBa/ HYKJIOHaMH B He'leTHOM H,IJ,pe, O,IJ,HaKo 'IHC

JieHHO 3Ta nepeHOpMHPOBKa OKa3bIBaeTCH HeCYII.\CCTBeHHOH 

,nn11 HH3KOJie,Kall\BX Kou<l>nrypanuii. · 

B ,D;aHHOH pa6oTe Mbl paCCMOTPHM nepeHopMHpODKy 

Ma TPH'IHbIX 3JICMeHTOB . E2 - nepe~O,IJ;OB Me>K.u;y COCT011HHHMH 

He'leTHoro .a,npa c 11K=l. 

II 



IlycTL onepaTop E2 -nepexo,noB B npe,nc'i'aBneHHH BTo
pHqHoro KBaHTOBaHHJI HMeeT BH,IJ; 

jJj (E2,µ)= I 
t=n,p 

( t) 2 · , + 
e0 i,<sjr Y2µ ls>a

8
a

8
,, 

ss 
/30/ 

r.ne a! ( a5 ) - onepa TO phi po:lK,D;eHHJI /yHHqTo:>KeHHa/ 
qacTHU, e ht) - 34xl>eKTHBHb1e CTa THqeCKHe 3apa,nbl qacT~ 
/Boo6ute roBopa, pa3nHqHble ,nna pa3HbIX 3HaqeHHH µ /, 
KOTOpble OTpa:>KaIOT Hawe He3HaHHe Bce.e: COBOKynHOCTH<l>H3H
qecKHX BJaHMO,IJ;e.HCTBHH Me:>K,ny HYKnOHaMH B a,npe H orpa
HHqeHHOCTb KOHcl>HrypanHOHHOro npoCTpaHCTBa COCTOJIHHH, 
HcnonLJyeMoro B peanbHbIX pacqeTaX. B pa6oTe /I 4/ CTa
THqecKHe 34xl>eKTHBHb1e Japa,nbl ,nna µ = ± 1 onpe,nenanHcb 
no BKna,ny BpautaTenLHOro 2 + YPOBHJI B qeTHo-qeTHbIX .a,npa:x 
B JHepreTHqecKH B3BeweHHOe npaBHnO CYMM .nn.a E2 -rrepe
XO,IJ;OB. 

IlpH BblqHCneHHH MaTpHqHblX 3neMeHTOB E 2 -rrepexo,noB 
Me)KJJ;y cocToaHHJIMH /25/ onepaTop /30/ nocne rrpeo6pa30-
BaHHJ1 lioronro6oBa paJ,nenaeTc.a Ha O.IJ;HOKBaJHqacTHqHyio 
H KBaJH60JOHHYIO qacTH H HJ nocne,nHe.H JIBHO Bbl,IJ;enaeTCJI 
Ta qacTb, KOTOpaa COOTBeTCTByeT E2-nepexo,naM BHYTPH 
poTaI.tHOHHOH nonOCbI /CM., HarrpHMep, /i4/ /. OrrycKaJI 3TH 
rrpeo6paJOBaHHJI, IIPHBe,neM OKOHqaTenbHbIH pe3ynhTaT .nna 
MaTpHqHoro JneMeHTa 

( t) 'm + 1 ) I ( t) N < <I> I Jll ( E2 , µ. = - <I> , > = NK .,, x . K / K h 

x I e~) VKK' (r2 y2µ. )KK'+ 1 MKK'(EK -EK,)(jµ )KK~x 

X i (w2 £.i_ -½ 
.\ Aa ) CV,\ 

1 + p (E2)[ i:-

.\ E +cv -l.9K' . K ,\ /31/ 

1 l l, 
EK,+~ -0K 

+ 
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r.ne 'V KK, = UK UK, - VK VK, , 9\. (E2) - MaTPHqHbl.H 
JneMeHT E 2 -nepexo,t(a H3 OCHOBHOrO COCTOJIHHJI qeTHo-qeT
Horo OCTOBa Ha B036y)K,IJ;eHHOe C I"K ==2+1 H :rnep
rHeii: (LI,\ /KBa.t(paT JTOH BenHqHHbl onpe.t(em1eT B(E2' 
0+ ➔ 2+1>.) ,CM.pa60Ty/I4/ /. 

Mo)Kffo BBecTH .t(HHaMnqecKHe J(jKpeKTHBHble 3ap.11.t(bl ,nna 
E2 -nepexo,noB, 3aBHC.llutHe OT KOH<l>HrypanHii COCTO.IIHHH: 

. <D 
/ t) ( K 'K , ) = NK N K'{ e o 

,. M KK'(EK :-EK' )(j ) KK' 
+L µ X 

X I 
,\ 

(w 2 aj -½ 
,\ aw ) 

,\ 

2 V (r2 y ) 
KK' 2µ. KK' 

P ,\(E2) x 

1 1 
X [ ----- + -----]}. 

EK +cu,\ -&K, . Fx, + w,\ - & K 

/32/ 

llT06bl Bbl.llCHHTb, .ffaCKOnbKO CHnbHa 3aBHCHMOCTb 
e(t) (K,K ') OT KOH,fiHrypa:u;Hii, paCCMOTPHM cnyqaii, Kor.na 

cpe,nuee none onHcblBaeTc.11 noTeHn;HanoM HHnbccoua. Tor.t(a 
HJ KOMMyTa TO pa [HO> J µ ] nerKo nonyqHTb COOTHOWeHHe 

MKK' (EK-EK' )(j µ) KK' 

'VKK,. (r2 Y2µ )KK' 

3277 2 -v-· -omwo, - 15 /33/ 

r.ne m - Mac ca HyKnoua. KaK BH,IJ;HO, _B npoCTOH OCD;Hnn.llTOp
HOH MO,nenH JTO OTHOWeHHe B006ute He 3aBHCHT OT KOH4lnry
pan;nii. 

BBo,na 3neKTpHqecKnii KBa,npyrronLHLIH MOMeHT 

Q
(e) -~ (t)Q(t) 
20 = ~ eo 20 

t 
/34/ 

' ( t) 
r;:i;e Q 20 - MaCCOBbie ICBa,npynonLHble MOMeHTbl .nm1 
HeiiTpOHOB H npoTOHOB, H nonaraa, KaK B pa6oTe 1141, 
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(t) l e+ e 0 , t = p 
e 0 = . /35/ 

e0 , t =.n, 

npep;cTaBHM g> ,\ ( E 2) B BH,Ae 

9\(E2)=(wfl..L)-½ y 15 x 
aw,\ 81r /36/ 

(e) -l 2 d (p) . 
xi Q20 +e(omWo ) w A J (wA) I, 

rp;e j(p)(W,\) .:, UpOTOHH8,JI qaCTL q>y~HH j (w.i\) 

HaK-OHe:o;, npep;nonO)l(HM JJ;nJI npocTOTLI, 'ITO B3aHMO,AeBCTBHe 

h ~) C,ABHraeT KBa3B'laCTB'IHLIH cneKTP np116JIH3BTenLHO 

o,i,;Hopo,AHLIM o6pa30M /'ITO cnpauep;nuuo JJ;nJI E K < w ~ I, 
T.e. &K.;-EK+oE ' npH'leM loEl<<w,\ ,Torp;aJJ;nJI e >cK,K') 
OKOH'la Tem,HO nony'IBM 

(t) (t) 2 (e) 
e (K ,K '):; NKNK, {e O +2omw0 Q 20 x 

a~ -1 2 ,, ,2 -1 
x I (w.i\ -) [w.i\ ,EK-EK,J ] + 

"' aw"' 
/37/ 

. 2 d(p) · a j -l w ,\ J ( w ,\ ) + 2 e I (~ a> _____ ..;.;_ __ I • 
,\ ~ wf - (EK-EK, )2 

TaKHM o6pa30M, JJ;nJI E2-nepexo,AOB Me)K,lly HH3KOJIC)KaIQHMH 

cocTOJIHHHMH c IE K-E K, l «w A JJ;HHaMH11ecKHe 34>4>eKTHBHLie 

3apJ1,ALI cna6o 3aBHCJIT OT KOHcl>HrypaI(HH, ecnH cnpaBCJJ;nHBLI 

COOTHOWeHHJI /33/ . . OTMCTHM CYIQCCTBeHHOC qJH3H'leCKOC 

pa3nH11Be BToporo u TpeTLero cnaraeMLIX B 4>urypHLIX 

cKo6Kax /37 /. Ilepaoe H3 HBX JIBH<> 3aBHCHT OT ,i,;e4>opManuu 

H OCHOBHOH BKna,A B Hero p;aIOT HH3KOile)KaIQHe 1 + -:0036~

,ACHHH, KOJIJICKTHBHLie CBOHCTBa KOTOPLIX B OCHOBH0M onpe -

p;eJIJIIOTCJI . 11aCTH'IHO-A.LIPO'IHLIMH nepexo,i,;aMH Me)l(Jly ypoa

HJIMH 0,AHOH o6oJIO'IKH. B pa6oTaX / 9 ,141 yKa3LIBaJI0CL, 

'IT0 BpaIQaTenLHaJI BeTBL B036y)l(JlCHHH B ·11eTHo-11eTHLIX 

Jl,Apax HC'lepllLIBaeT He 60.nee ll0JI0BHHLI 3HepreTH'leCKH 

B3BeweHHOro npaauna cyMM JJ;nJI E2 -nepexo,i,;ou 6e3 H3Me-
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HeHHJI rnaBHoro KBaHTOBoro qHcira, a OCTanLHaH qaCTL 

pacnpe,i,;enReTCJI Me)l(Jly KOJJe6aTeJILHLIMH 1+ -Bo36y)l(JleHHJI

MH B cneKTpOCKOllH'leCKOH o6naCTH :mepruii /2-6 M3B/. 

KorepeHTHLie /npH IE ICE K, I< w "- I BKn~LI 3THX cocToJ1-

HHii H onpe,AeJIJIIOT BeJIHqffHY JIBHO 3aBBCHIQeii OT p;eqiopWUlBH 

qaCTH ,AHHaMHqecKoro 3¢,¢,eKTBBHOro 3apH,Aa. . 

IlocneJJ;Hee cnaraeMoe B qiurypHLIX CKo6Kax /33/ JIBHO 
. ~ 

He 3aBHCHT OT p;eq>opMaI(HH. BKna,ALI pa3nHqHLIX 1 -uo36~-

Jl,eHHH B Hero HeKorepeHTHLI /4>YHKI(HJI j (p)( WA ) M0)KeT 

MeHJITL 3HaK c B3MeHeHHeM w "- I, oJJ;HaKo HeT TaKoii cunL

uoii ,AHCKPHMHHaI(HH BKJI~OB BLICOK03HeprH'IHLIX COCTOJIHHB, 

KaK B npe,ALIAYIQeM cnaraeMOM. Ilo3TOMY MO)KHO O)KH,AaTL, 

qTo BeJIB'IHHa Iiocne,i,;Hero cnaraeMoro B /37 / 6y,i,;eT onpe

,i,;enHTLCH 1 + - COCTOJIHHJIMH B o6nacTH E 2 (K = 1) pe 30HaHca 

I w.i\ - 10-14 M3B/, KOTOpLie qiopMBPYJOTCJI 11acTH11Ho

ALIPO'IHLIMB nepexo,i,;aMH Me)K,Ay ypoBHJIMH H3 pa3JIH'IHLIX 

06ono11eK I 141 • · 

Pac11emb1 u o6cyxi:'JeHue pe3yAbmamoe 

KaK BH,AHO H3 /32/' ,AJIJI BLI'IHCJieHHJI 34>qieKTHBHLIX 3apJI

Jl.<l,B Heo6XO,AHMO 3HaTL 3HeprHH WA KOJie6aTenLHLIX 1+ -

B036y)K,AeHHH B '1eTHo-11eTH0M 0CT0Be /peweHHJI ypaBiieHHH 

/19// H 3Hepre!H'lecKHii cneKTP &K -cocToJIHHB B HC'ICTHOM 

JI,Ape. CneKTpOCKOllH'ICCKHe xapaKTepHCTHKH B036y)K,ACHHH 

c K" =1+ , a TaK)KC CHJI0BLIC IJ.>yHKI(HH pa,i,;HaI(H0HHLIX ne

pexo,i,;oB, CBJ13LIBaIOIQHX HX C 0CHOBHLIM C0CT0JIHHCM, ll0.A_P06-

H0 HCCJie,AOBaHbl B pa60Te /l 4 / Ha 6a3e 0,AHO'laCTH'IH0ro 

ll0TCHI(Hana CaKCOHa- By,i,;ca121 •221 • 3Ha'leHH11 CTaTHCTH'le

CKHX 3qlqJCKTHBHLIX 3apH,A0B /35/ 0I(CHHB8.JIHCL no BKJI~y 

BpaIQaTeJILH0rO 2+-ypOBH.sI B 3HepreTH'ICCKH. ~3BeweHHoe 

npaBHJI0 cyMM. THllH'IHLIC 3Ha'ICHHJl/l 4/ e 
O 

- (0,l-0,2)e •.. 

3HepreTH'leCKHe cneKTPLI HC'ICTHLIX Jl,Aep HaX0,nJITCJI 

cornacoBaHHLIM peweHHeM ypaBHCHHH / 19 / H /26/ npH cpHK

CHpOBaHHLIX napaMeTpax IlOTCHI(HaJia CaKcoHa- Byp;ca /3Ha

'ICHHJI ux npuae.nenLI B pa6oTe 1221 I H xapaKTepHCTHK 

napHLIX B3aHMO,AeiicTBHH 6e3 Y'ICTa 3cpcpeKTOB 6JIOKHpOBKH. 

3aTeM BLJqffCJI.sIIOTCJI aMilJIHTy,nLI /28/ H /29/ H 3cpcpeKTHB

HLIC 3apJ1,AbI /32/. 
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IlpHMeCH CJIO>KHLIX KOH4mrypanHii. B /25/ )];Jl.11 HH3KO· 

Jie)KalJlHX COCT0.11HHH C EK <eu ,\ MaJILI H o6LI'IHO He npe

BLimaroT 1 <1o H0pMLI BOJIHOBOH ciiYHK.UHH •. MaJILIMH OKa3LIBa

lOTC.S: H :mepreTiI'leCKHe C,D;BHrH / ~ 50 K3B/ 3THX COCTOJI•. 

HHH, o6ycJIOBJieHHLie B3aHMO,D;eHCTBHeM /20/. 

He3aBHCHMOCTL C0OTH0WCHHJI /33/ OT KOH@Hrypa:u;Hii: 

COCTOJIHHH npH HCilOJIL30BaHHHilOTeHIU!aJiaCaKCOHa~By,D;ca 

IIpH6JIH:>KCHHO coxpaHseTCH T0JihKO )];JI.II MaTpH'IHLIX 3JieMeH

T0B Me)K)];y cocTO.llHH.11MH H3 O,D;Hoe: c4'epH11ecxoii: no,D;o6ono'IKH 

C 6oJILWHM j /HanpHMep, MJI COCT0.11HHH Il0,D;060JIO'ICK 

hll/2 . , i 13/2 H T .,D;./. B ,D;pyrHX cnyqa,ix OTH0WCHHJI /33/ 
He T0JILK0 CHJILHO clmYKTYHPYIOT no BCJIH'IHHe, HO MoryT )];a)KC 

MCH.S:TL 3HaK, 'ITO H IIPBBO,D;HT, B qacTH0CTH, K 31}i4leKTHBHLIM 

3apa,D;aM pa3Horo 3Haxa ,D;JIH pa3JIH'IHLIX Kompnrypa.uHii. 3To 

BB,D;HO H3 ma6A. 1, B KOTOpoii npHBe,D;eHLI BLI'IHCJieHHLie 3Ha

'ICH!U! e (K, K ') )];Jl.11 HCKOTOl)LIX HH3K03HepreTHtICCKBX co

CTO.IIHHH B HC'ICTHLIX a,D;pax. Pac11eTLI npoBe.D,eHLI npH 3Ha

'ICHHH e·0 ... o,14e .a;n.a Bcex H,D;ep, KpoMe N = 143, ,D;JIJI 

KOT0poro HCilOJIL30BaHO 3Ha'leHHe e O = 0,1 e . OTMeTHM, 'ITO 

pa3yMHLie BapHaUHH 3Toro 3apn,D;a npaKTH'leCKH He BJIIUIIOT 

Ha BeJIH'IHHY e( K,K. 1- KaKnpannno, 3Haqeuns 3qi(j)eKTHBHLIX 

3apa,D;OB CJia6o 3aBHCJIT OT Bap:ea.uHH napaMeTpOB cpe,a;Hero 

IIOIDI H xapaKTepHCTBK napHLIX B3aHMO,D;eii:CTBHH. 

Pac11eTLI noKa3aJIH, · 'ITO ,D;JIH E2 -nepexo,D;oB Me:>K,ny 

HH3KOJie)KalJlHMH COCTOJIHHJ!MH, HCX0,11;1.lllUIMH H3 O,D;HOH cqiepn

'ICCKOH Il0'A060JIO'IKH, THIIH'IHLIMH OI<a3bIBaIOTCJI 3ua11em1.a: 

e<n) (K,K') ... 0,8e ne<P)(K,K') ... 1,Se /cM. ma6A. l,ne
pexo,D;LI . Me:>K,ny COCTOJIHHHMH; 5/2 [ 532] ➔ 7 /2 [ 523 ] , 
5/2 [752} ➔ 7/2 [743] u ,np./. )];JIH ,npyrHX KOHqJHrypaunii, 

a TaK)Ke c pocToM ::meprHH Bo36y)KJJ.eHnii B ueqen1hlx a,n;pax, 

:rna11eHHJ1 e (t )( K ,.K ') MoryT CHJILHo !pJIYKTYHPOBaTL no 

BeJIH'IHHe H MeHJITL 3HaK. . 

IIo,nqepxueM, 'ITO paccMaTpHBaeMLie 3.W,eKTHBHhle 3a

pa,n;LI B03HHKalOT B pe3yJILTaTe CBJl3H 'laCTHULI /KBa3H'lac

THULI/ c B3ocKan»pHLIMH Kone6aTeJILHbIMH B036y:>K,D;eHHHMH 

'leTHo-qeTHoro. OCTOBa*• )];onoJIHHTCJILHLie .nonpaBKH MO· 

* 3To .yTBep:ac,neHHe He HBJI.IIeTC.S: CTporHM B CHJIY BLJ6opa 
onepaTopa E2 -nepexo,noa /30/ H CTaTH1Iec1<HX 3apB,n;oa 
/35/. · 
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Ta6.II}ma l. ~eKTHBHHe sapsw,i ,ItJIH He.KOTOpYX E2-nepeXO,ItOB C A K=l B 
Jt1tP8X c ae11eT.1raM Z HJm N 

2 

65 
65 
67 
67 
67 
69 
?I 
?0 

N 

O'· ~0 

95 
97 
99 
99 

IOI 
I03 
!43 
143 

K [NnzA] 

5/2 [4Ial 
5/2 l532) 
5/2(413] 
3/2[411] 
5/2(532] 
3/2[4lr] 
5/2 [402] 
?/2 (404] 

I< [Ni1zl\] 

5/2(523] 
3/2(52!] 
3/2(521) 
9/2(624] 
5/2(642] 
7/2 (514] • 
7/2 [514] 
9/2(7341 
5/2(752] 

K
1
[iln~/\'J 

3/2[4II] 
7/2(523] 
3/2[4II] 
l/2[4II] 
7/2[523] 
l/2[4II] 
7/2(404] 
5/2[40:ij 

K'[Nrz.i./\'J 

3/2(5211 
5/2(523] 
5/2[523] 
'7/2(633] 
7/2[633] 
5/2(5!2] 

15/2(512] 
7/2 [743] 
7/2(743) 

EiC-~'. 
"".,1, 
0,49 
0,56· 
0,70 
0.30 
I,05 
l,01 
0,37 
0,63 

EK-EK', 
fwhb 

0,06 
0,02 
0,36 
0,88 
0,32 
0,41 
o_,n, 
0,73 
0,74 

N,c NK, 

0,995 
0,9'?1 
U,996 
0,995 
0,991 
0,99? 
0,997 
0,99? 

N,<NK' 

0,995 
0,995 
0,996 
0,992 
0,9'?1 
0,996 
0,996 
0,994 
0,993 

e(K,K~ 
e 

2,26 
1,6& 
2,50 
l,87 
l,86 
l,88 

-1,86 
-1,69 

e(K,K') 
e 

-I,42 
-1,4! 
-I,4I 
0,65 
0,59 
I,85 
I,85 
0,72 
0,81 

~ 

ryT B03HHI<aTL BCJIC,IJ;CTBHe H30BeI<TOPHLIXB3aHMO,D;eiicTBHi¥6/, 

CBe,neHH.11 0 KOTOpLIX B ,neqiopMHPOBaHHLIX .11,n;pax npaI<TH'le • 

CKH OTCYTCTBYIOT. 

B1<na,11;LI 1 + -uo36y:>K,neHHii c · pa3JIH'!Hoii :rneprneii eu ,\ a 

BCJIH'IHHY 3<li<iieKTHBHOro 3apa.na npo.n;eMOHCTPHPOBaHLI Ha 

puc. 1. B BepxHeii: qacTH PHCYHKa IIOI<a3aHa ycpe.n;HeHHaH 

CHJIOBaH <PYHI<UHH E2 ·nepexo,noB B H,npe 234 U, onpe,n;eneHHaH 

cne,nyromnM o6pa3oM /14/: · 
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CZ: 1 + + 
J (E 2) = - I. B (E2 , 0 ➔ 2 1>. ) = 

11 w ,\(/1w) 

- 1 = 11w t11J p ,\ (E2) i2. 
/38/ 

HHTepaan ycpe,IJ;HeHHJI Aw = 1 M3B. JlcHo Bbl,IJ;em1eTcJ1 

o6nacTL E 2 (K = 1) pe 30HaHca npH :rneprHH nopJI,D;Ka 11-
12 M3B. B HH>KHeH qacTH pucyHKa noKa3aHLI BKJIMLI 1+-
cocTOJIHHH COOTBeTCTBYJOUUIX 3HepreTuqeCKHX o6nacTeH 

a e (K, K ') ,IJ;JIJI E2 -nepexo,IJ;a Me:>K.IJ;y cocTOJIHHJIMH 7 /T[743] 

H 5/2-[752] a JI,IJ;pe 235 u /c pocTOM w,\ nocne.IJ;oBaTeJIL· . + 
HO CYMMHPYIOTCJI BKJia,IJ;LI/ •. BH,IJ;HO, qTo HH3KOJie:>KallUle 1 -
COCTOJIHHJI HrpalOT oqeHL Ba:>KHYIO pOJIL B qJOpMHpOBaHHH 

:JqJqleKTHBHoro 3apJ1.IJ;a •. BKna.IJ; 1+ -cocTOJIHHH pe3oHaHCHOH 

o6naCTH oKa3LiaaeTcJI = 20"/o. TaKHM o6pa30M, qucneHHble 

pacqeTLI IlO,lJ,TBep:>K,D;alOT KaqecTBeHHYJO CTPYKTypy 3qJqleKTHB· 

11oro 3apg){a, BLITeKa10my10 H3 ypaBHeHHJI /37 /. 
3aKn10qag o6cy:>K,IJ;eHHe 3ql~eKTHBHLIX 3apJI,lJ,OB, OTMeTHM, 

qTo BL1qucne1111Lie 3HaqeHHJI e t) (K,K ') no nopJI.IJ;KY Be.nuqu

HLI cornacyIOTCJI C oneHKaMH, nonyqeHHLIMH B ,D;pyrHx TIO,IJ;· 

xo,IJ;ax I 6 •231. 
TenepL nepeii,IJ;eM K aHaJIH3Y E2-nepexo,IJ;oB Me:>K.AY po

TaUHOHHLIMH nonocaMH ua O,IJ;HoqacTHqJILIX COCTOJIHHJIX 

7/2-[743], 5/2-[752] H 9/2-[734]B 
235 U. KopHOJIHCOBO 

B3aHMO,IJ;eHCTBHe 3THX nonoc yqHTLIBailOCL B paMKax qieuo

MeHOJIOrHqecKoro IlO,lJ,XO,IJ;a B MO,IJ,eJIH C npoMe:>KyToqHoii 

CBJl3Ll0 / 4 ,5/, Ilpn 3TOM qeT110-qeTHbIH OCTOBxapaKTepu-

3yeTCJI TaKHMH napaMeTpaMH, KaK 3qJqJeKTHBHhIH MOMeHT 

HHepu;HH j H BHyTpeHHHH 3JieKTpHqecKHii I<Ba,IJ;pynoJILHLIH 

MOMeHT Qo I TIO,lJ,6HpaeMLIMH II3 cornaCHJI pac~eTOB C :ncc

nepHMeHTaJILHbIMH ,IJ,aHHLIMH 06 3HeprH.HX Bpama TenLHhlX 

COCTO.HHHH B O,lJ,HOH H3 poTaUHOHHLIX IlOJIOC H HHTeHCHBHoc

TJIMH y -nepexo,IJ;OB BHYTPH nonocL1. B3aHMO,lJ,e:iicTBHe Ko

pHonHca B tl>eHOMeHOJIOrHqecKOH qJOpMe .nnaroHaJIH3yeTCJi 

B orpaHnqeHHOM npocTpaHCTBe O,IJ;HO'l'.aCTHqHblx COCTOHHHH 

TO:>K,IJ;eCTBeHHLIX HYKilOHOB H C O,IJ;HHaKOBOH qeTHOCTLIO. Yqn

TbIBaIOTC.JI cnapHBaHHe H 34>4leKThl nenTpo6e)KHOH IlOJIJipH3a· 

UHH. Ilocne,IJ;HHe B03HHKaIOT BCJie,lJ,CTBHe nenTpo6e:>KHbIX CHJI, 

18 

5 

4 

3 

2 

1 

1.0 

0.8 

06 

04 

J IE 2) 

[Mev· 1 B(E2lspu 1 

1 3 

ecnJ (K K
1 l/ , e 

5 

" 

7 9 11 13 w[MeV) 

! I I I • 

0.2 1 1 3 5 7 g 11 13 w[MeV) 

Puc. 1. BBepxy: tuAoBa.11 rfiy11Kt1UJ1 E 2 - nepexooo8 8 JI Ope 
234 U /cM. meKcTil/. B11u3y: ny11Kmup11aJ1 AUHUJI - noA1taJ1 

eeAU<iUNa 3rfi,fieK111U81tozo 3apJ1oa e ( K, K ') OAJI E 2 - nef?,exo
oa MeJICOY COC1il0Jl1lUJIMU 7 /2 -[743] U 5/2-[752 ]" 6 JlOpe 

235u. 
CnAOlll1lQJl /IUHUJI - nocAeooeame/lb1lO cyMMUpyeMble 8K/IQObl t -8036yJ1COe1tuii OC1/l08Q 234! lj c pa3/IU'i1lblMU ru 8 
8eAU<iU1lY e (K,K '). 
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,IJ;eHCTBYIOIIUl4 Me)K.14y HYKJIOHaMH BHeWHHX KOHqlHrypa:a;HH, 

yqaCTBYIOll{HX BO BJaHMO,IJ.eHCTBHH KopHOJIHCa, H rrepeHop

MHPYIOT ero. B pa6oTax / 4 ,5/ 34>¢eKTbl, CBH3aHHble C 

B3aHMO,IJ.eHCTBHeM /20/, He YlffiTbIBaJIHCL, O,IJ.UaKo rrpone

,IJ.eHHhle on;eHKH IlOICaJaJIH, 1-ITO BO3HHKaIOll{aa npH 3TOM rrepe

HOpMHpOBKa Ma TpnqHblX 3JieMeHTOB ( j µ )KK' OKa3LIBa

eTCJI HeCyll{eCTBeHHOii ,IJ.mI HH3KOJieiKall{HX KOH<l>nrypan;nii. 

Pe3yJILTaTbI qncJieHHbIX pac~eTOB ,IJ.JIH soTaD;HOHHOH 

IlOJIOChI OCHOBHOrO COCTOHHHH 7 /2 [743] n 35 U ony6-

JIHKOBaHhI B pa6oTe / 5/ • IlpH 3HaqeHHHrrapaMeTpa 1/(2j) = 
= 7 K3B xopowo BOCilpOH3BO,IJ.HTCH 3HepreTHKa 3TOH poTa

D;HOHHOH rronocLI. Te )Ke napaMeTpbI n 311a1.JeHHH e(K, K ') 
H3 ma6A. 1 OhlJIH 11cnom,Jonani.1 B pac11eTaxB(E2), noKaJaH

HLix B ma6A. 2. Bhl'IHCJICHHble BpaID;a TCJihHble 3HeprHH B no

nocax 512- [752] n 9/2-[734] Y.IJ.OBJICTBOPHTeJII,HO corna

CYIOTCH C 3KCrrepHMeHTaJILHLIMH 3Hal.JeHHHMH. Ilpn 3TOM 

BJaHMO,IJ.eHCTBHe KopHOJIHCa /TO'IHee, MaTpH'iH.ble 3JieMeHTbl 

(j µ ) KK, j nepeuopMHpyeTcH / ocna6nHeTcR/ Ja cqeT 

n;eHTpo6eiKHhIX CHJI npHMepHO na 20o/o. 
3Ha11eHHH B (E2) Bbl'IHCJIHJIHCb no 4lopMyJie /1/ c aMn-

JIHTy,IJ.aMH C I nonyqeHHhIMH H3 pac11eTa Bpall{a TeJibHblX 
K' 

cneKTpOB. CpaBHHBaH pe 3YJILTaTI,I B CTOJI6n;ax 6/ H B/ 

ma6A. 2,BH,IJ.HM, 1.JTO yqeT O.IJ.}IO'-!aCTH'IHblX nepeXO,IJ.OB rrpnno

,IJ.HT K H3MeHeHBIO B( E2) Ha 20-30o/o. Ilpn 3HaqeuHH Qo = 
== 10 6apn cyMMapua,i: BeJIH'IHUa rrpnne,IJ.eHHblX nepOHTHOCTeii 

E2 -nepeXO,IJ.OB Ha ypoBHH poTaD;HOHHOll IlOJIOChl 5/2.-[752] 

3aMeTHO npeBI,IwaeT 3KCrrepHMeHTaJibHOe 3Haqemrn, O,IJ.HaKO 

yMen1,wenne Q O na 10-15o/o noJno.n:aeT cornaconaTh pac11e

ThI c OIIblTHbIMH ,IJ.aHHLIMH. B CJiyqae E2 -nepexo.u.on Ha ypon

HH poTan;HOHHOH IlOJIOCbI 9/2- [ 734] Y.IJ.OBJICTBOpHTCJibHOe 

cornacue C 3KCnepHMCHTOM lIOJiyqaeTCH rrpH Qo - 10 6ap1-1. 
MLI He IlblTaJIHCL rrpOBO,IJ.HTb 6onee TOHKYJO IlO.[(rOHKy 

pac11eTOB K 3KcnepHMeHTaJII,HbIM ,IJ.aHHbIM HJ- 3a Heonpe.u.e

JICHHOCTH BhI6opa napaMeTpa Q O ,IIOCKOJihKY ero BCJIH'IHHa 

He _.[(OmKHa o6R3aTeJibHO COBIIa,IJ.aTb co 3Hal.JeHHeM B coce.[(

HHX 'ICTHo-qeTHLIX H.[(pax. KpoMe Toro, 3KCnepHMeHTaJihHhle 

ow116KH H3MepeHHH B (E2) ,IJ.OBOJibHO BCJIHKH H )KeJiaTeJILHO 

HMCTb. He3aBHCHMLie 3KCnepHMCHTaJihHLie .n;aHHbie, Harrpa

Mep, H3 H3MepeHHH BpeMeH )KII3HH. 
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CpeAH B03MO:>KHhIX npn'-IHH, ICOTOPLie MoryT npnnecTH 

K H3MeHeHHIO TeopeTH'leCKHX 3Ha'leHHH B (E2)' OTMeTHM 

B3aHMOAeHCTBHJI KBa3H'laCTHU C ~OHOHaMH KBaAPYilOilLHhlX 

/ K 77 -= o+ H 2 +. / n OKTynOJILHbIX KOJie6aHBi OCTOBa. Pac

'leThl, npoBe.z:i;eHHble D pa6oTe / 2 l/, llOK8.3aJIH, 'ITO npHMeCH 

CJIO>KHhlX KOHd>HrypaUHH B OCUOBHOM COCTOJIHHH. 
235 U He· 

BeJIHKH, O,D;HaKO ,D;OCTHramT 20- 39o/o B B036}')K.D;eHHhlX co

CTOHHHHX 5/T[752] n 9/r [734 ] . EcTeCTBeHHO, 3TO npH· 

BeAeT K neKOTOPOMY ocna6neHHIO KOpHOJIHCOBa CMCWHBaHHJI 

COCTOHHHH H YMCHLIIIeHHIO 3HaqenHii BepOJITHOCTCii E2 -
nepexo.z:i;on MC:>K.nY HHMH. 

B 3aKJIIOqeHHC aBTOpbl BblpruKalOT 6naro,D;apHOCTI, 

C.T.:Semrnuy, P.B.,lvlconocy, B.r.3eneBHHCKOMY H H.H.Mu

xaiiJIOBY 3a IIOJie3Hhle ,IJ;HCI<YCCHH. 

IlpUAO:JICe HU e 

. Ilycn, cpe.a;nee none HApa HMeeT aKcHam.Ho • CHMMeTpH'I· 

Hyro KBa,1J;pyIIOJibHYIO AecJiopMaumo, T.e. HeccliepuqecKaH 1.1aCTL 

IlOTeHUHana HMCeT BH.D; 

V(r) =Vo (r)Y2 ,J.0) /II.I/ 
➔ 

r.a;e VO (r) - npoH3BOJILHaa ciiYHKUHH Ir I n napaMeTpa 

,1J;e4>opMaUHH. · Bne,z:i;eM O,IJ;HO'lacTH'IHhie onepaTopLI 

1 == I<s!VoCr)Y js'>a+a, 
2 '/1 s ,s , . . 2 ' /1 s s 

/II.2/ 

)];11.11 HHX cnpane.z:i;JIHBO KOMMyTaUHOHHoe COOTHOllleHHC C KOM· 

IlOHeHTaMH IlOJIHOro yrnonoro MOMeHTa /CM., nanpHMep / 24/ / 

[J ,5, ] +=yA(A+l)-µ(µ+v) 1, 
V 11.,µ V= _l /1. ,µ+z,, 

ECJIH HO npeACTaBJICH raMHJibTOHBaHOM THna 

nerKo nponepHTL, 'ITO 

22 

/II.3/ 

/16/, TO 

-1;..[J-r ,[H 0 ,J ]],µ=0,v= ±l 
0 V V 

'.f2.µ -l 1 [ . --= Hc,J ],µ =±1 y6 µ 

__ l_~ J , [H 0 ,J ]], µ=2v=±2. 
2y6 V V . 

/II.4/ 

raMHJILTOHHaH 3q)q)eKTHBHLIX BOCCTaHaBJIHBalOIUHX CHJI, y.z:i;on

neTBOPJIIOIUHH Tpe6oBaHHIO j)OTauHOHHOH HHBapHaHTHOCTH 

/2/, MO)KeT 6LITL BLI6paH B BH,!J;C 

~ 2 + 
h = - "'- I I 12 -< 0112 IO > 0 0 I X 

y fl=-2 ,fl ,µ. µ.' 

/II.5/ 

xl12,µ. -<O I 1 Io >o l. 
2,µ µ,O 

r;:i;e nenH'IHHa y 
COCTOHHHIO H o 

onpe;:i;enaeTCJI cpe.D;HHM no OCHOBHOMY 

y = -·6 < o I j=2 I o > 011 0 ,/1 ' 

B qaCTHOM cnyqae noTeHUHana HHJILCCOHa
1121 

·v (r) = - ±.y ~omw2 r 2 
0 3 5 0 

/IT.6/ 

/IT.7/ 

34>4>eKTHBHLie B3aHMO.D;eHCTBHH /IT.5/ couna;:i;aroT C o6LI'-IHO 

HCilOJIL3yeMLIMH Kna;:i;pynOJILHLIMH canaMH, npa1.1eM KOHCTaH· 

Ta 3THX CHJI pauna * 
8TT fl 2 Y 16TT on 2 

K=-(-) -=-- -- /IT 8/ 
15 mw

0 
Q 2 15 mQ ' • 

20 20 
r,IJ;e Q 20 - MaCCOBLIH KBa;:i;pynonLHLIH MOMeHT. 3Ta ueJIH'IHHa 

K cornacyeTCJI c ouenKoii: 125/, nony1.1ennoii H3 ycnoBHH 

caMocornacouanHH XapTpH·«l>oKa· :SoroJI106oua ));JIB raMHJIL· 

* 3;:i;ecL K HMeeT pa3MepHOCTL 3HeprHH, T.e. npe;:i;no

naraeTCH, '-ITO B onepaTopax KBa.D;pynonLHLIX CHJI HCllOJIL· 
3YIOTCJI 6e3pa3MCPHble MaTpH'-IHLie 3JieMeHTbl onepaTopa 

KBa;:i;pynoJILHoro MOMCHTa. 
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TOHHaHa c KBa.u.pynonLHLIMH CHnaMH. Ecnu BLI6paTL Q 20 B 

BH)J.e, auanorH'IHOM 3neKTPH'leCKOMY .. KBa.u.pynonLHOMy MO· 
MeHTY 

.· 4 2 
Q20 = 5 ARoo' /II.9/ · 

r.u.e .R O - pa.u.uyc JI.IJ.pa H A - MaccoBoe 'IHcno, TO Benuquua 

/II.8/ COBna.u.aeT C KBap;pynonLHOH, KOHCT_aHTOH C_BJl3H liopa

MoTTenLCOHa 16 1, B KOTopo_ii cpe.u.HeKBa)ipaTH'IHLIH pa,IJ;Hyc 

Jip;pa paaeu <r 2> = f Rg 
PaccMOTpHM · cnyqae: npOH3BOHLHOro aKCHaJILHO·CHM· 

MeTpH'IHoro noTeHI~HaJia .u.ed>opManuu, 3a.QaHHoro B BH,IJ;e 

pa3JIO>KeHHJI no cd>epH'leCKHM rapMOHHKaM 

V (r ) = I f ,\ ( r) Y ,\ ,o ( 0 ) , 
,\=0,2,4, ••• /II.10/ 

r.u.e h {r) 3aBHCJIT TOJILKO~ OT pa.u.uyca. H napaMeTpoB 

.u.ed>opMaUHH. BBeJJ;eM O,IJ;HO'laCTH'IHLie onepaTOPbl 

j=,\ =2 <s If,\ (r)Y,\ js'>a+ a , , ' ,µ , ,µ ' s s ' s,s /II.11/ 

)J.JIJI KOTOpbIX cnpaBe)J.JIHBbl COOTHOWeHHJI KOMMYTa«HH/II.3/. 
IIoCKOJILKY B 3TOM CJiy'lae 

[ H O 
, J ] = - I v' ,\ ( ,\+ 1) 1 

/1 µ=±1 ,\ ,\,µ /II.12/ 

TO 3d>d>eKTHBHLie BOCCTaHaBJIHBaIOil\He CHJILI Heo6xo)J;HMO KOH· 

CTPYHPOBaTL )J;JIJI Ka>K)J;OH MYJILTHilOJihHOCTH ,\ = 2, 4 , ... 
IIpHBe)J.eM OKOH'laTeJILHblH BH,IJ; raMHJihTOHHaHa h 

1 ,\ 
h =- - ! 1<. I { 1 -< 0 I i 

2 ,\ ,\ µ=-A ,\ ,µ ,\ ,µ 
+ 

10 > 0 l X 
µ,O 

xi 5;,\ -<011,\· [O >o 
O 

l, ,µ ,µ µ, 
/II.13/ 
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·1 

r.u.e H3 Tpe6oBaHHJI poTa«HOHHOH HHBapHaHTHOCTH CJiep;yeT 

1 
I<. =------

,\ < o I j=,\, o I o > 
/II.14/ 

npH'leM 3TH BeJIH'IHHbl CBJl3aHbl C 3HepreTH'leCKH B3BeWeH

HblM npaBHHOM cyMM )J;JIJI yrJIOBOro MOMeHTa COOTHOWeHHeM 

y = < 0 I [J + ' [ H O ' J ]]I O > = 2 ,\(,\+. 1 ) . 
'. /1 . /1 ,\ K,\ 

/II. 15/ 

TaKHM o6pa30M, B CHCTeMe, OilHCblBaeMOH ,qe4>opMHpo

BaHHblM noTeHnuanoM THna /II. IO/, B03HHKaIOT KBa.QpynoJIL· 

Hhle, rexca.u.exanOJibHLie H T • .u.. CHJILI C pa.u.HanhHOH 3aBHCH· 

MO,CTLIO f,\ ( r)' CHJIOBLle napaMeTpLI KOTOpLIX caMoco

TJiacoBaHHO onpe.u.eJIJIIOTCJI BHJJ;OM noTeunuana. 

HaJIH'IHe B H0 3aBHCJIIl\HX OT ~ed>opMaUHH CilHH·op6H

TaJILHLIX 'IJieHOB 6y.u.eT npHBO)J;HTh K B03HHKHOBeHHIO 34>4>ex

THBHblX B3aHMO,QeHCTBIIH HHOH CHMMeTpHH, 'leM ill. 13/. 

IIpH 3TOM COOTHOWeHHJI /II.12/ H /II.15/ CTaHOBJITCJI npu-

6JIH>KeHHLIMH. Ka'leCTBO 3TOro npH6JIH)KeHHJI MO>KHO npoae

pHTh IlPJIMLIM BLl'IHCJieHHeM H cpaBHeHHeM JieBOH H npaBOH 

qacTee: /II. 15/. 

3aMeTHM, 'ITO aHaJiorH'IHLIM o6pa30M MO:>KHO CKOHCTpyu

poBaTL BOCCTaHaBJIHBaIOil\He CHJILI B CJiyqae mo6oro Hapy

weHHJI CHMMeTpHK cpep;uero noJIJI. B qacTHOCTH, npH ua

pyweHHH TpaHCJIJIUHOHHOH HHBapuaHTHOCTH IlOJIJI B CHCTeMe 

B03HHKaIOT 3d>d>eKTHBHble BoccTaHaBJIHBaIOJQHe CHJILI MYJlhTH· 

IlOJlhHOCTH ,\= 1,3,... , CHJIOBLle napaMeTpLI KOTOPLIX MO· 

ryT 6LITb onpe.u.eJieHLI H3 Tpe6oBaHHJI coxpaHeHHJI IlOJIHOro 

HMilYJILCa, 'ITO OTMe'lanOCh B pa6oTe /l l/. BoccTaHOBJieHHe 

rpa,llHeHTHOH HHBapHaHTHOCTH cnapHBaTeJILHLIX CHJI npHBO)J;HT 

K B03HHKHOBeHHIO )J.OilOJIHHTeJILHhlX 'IJieHOB K CTau.u.apTHOMY 

raMHJihTOHHaHy napHLIX B3aHMO,IJ;eHCTBHH 1261 H T • .IJ... 
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