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3a~o~e~eao, ~ro o6phiBY aroA lleDO"'ItR ypaaaeul aw6pocpw awcmax . :,,r · 
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Ochirbat G. P4 - 8777 

Calculation of Distribution of Single-Particle 
State Forces 

The method of Green's function baa been applied to 
calc.ulate the distribution of single-particle atatea aJROng 
actual nuclear levels. A chain of equations for these 
functions has been obtained in a model of interacting 
phonons and quasiparticles. We noticed that neglecting 
the higher-order Green's function and thus cutting the 
chain of equations corresponds to neglecting the higher
order components of the wave function in the variational 
methods. The one- and two-phonon approximations are d\s
cussed and the convenience of the Green's function method 
for this case is demonstrated. 

~riat ol the Jobat ln•titate for Naelear Reeeareb 
Dabaa 1975 

TipOCTbie KB83H'i8CTH'IHbi9 H tPOHOHHbie COCT05IHH5I 

B Cpe.llHHX H T5I)K9nbiX 5I.llp8X RBnstiOTCSl .llOCT8TO'IHO 'IHCTbiMH 

nHIIIb B HH3KOne)K8IUeti o6naCTH B036y)K.ll9HH5I, C pOCTOM 

3HepPHH B036y)K.ll9HH5I H3-38 B38HMO.lle~CTBH5I OHH nepeCTa

IOT 6biTb XOpOIIIO onpe.neneHHbiMH COCT05IHH5IMH H ¢paPMeH

THpyiOTC5I no MHOPHM MepHbiM ypOBH5IM /I/ . 
<f>paPMeHT8lUPO npoCTbiX COCT05IHH~ no 5I.llepHbiM ypoa

H5IM 6onee .ll9T8llbHO OnHChiB8IOT B TepMHH8X pacnpe.neneHH5I 

CHnbi COCTOSIHH5I !UHf CHnOBOA tPYHKUHH 1 npe.llCTBBnSIIOIUeA 

co6oA ycpe.nHeHHyiO OKOnO KB)K.llOPO 3H8'I9HHSI 3HepPHH Bepo

SITHOCTb COCTOHHHA, ~Jenocpe.llCTBeHHOe onpe.neneHHe CHno

BbiX tPYHKUHA, Ha OCHOB8HHH nonyMHKpOCKOnH'I9CKOPO MeXa

HH3Ma B38HMO.ll9ACTBH5I, OTBeTCTBeHHOro 38 ¢paPM9HT8UHI0 1 

HBnHeTCSI ea)Kf:{OA aa.na'IeA crpyKTypbi H.nep. 3ToMy eonpocy 

nOCBSIIU9Hbl pa60Tbl /2,3/. 

UenhiO HaCTOHIUeA pa6oTbi SIBnHeTCSI npHMeHeHHe Mero

.na tPYHKUHH fpHH8 / 4 ,S/ K Bbl'IHCneHHIO ¢paPMeHT8UHH O.llHo

'IBClj!'IH}'IX COCTOSIHHA B paMK8X Mo.nenH, OCHOBaHHOA, K8K 

H B •
3 

, Ha B38HMO.lleACTBHH KB83H'i8CTHU C tPOHOH8MH, 

1. Hcxosabre nono)KeHHH H o!5oaaaqeaua 

faMHnbTOHH8H 1 OilHCbiB8IOIUHA B38HMO.lleACTB~e M9)K.llY 

HyKnOHBMH B Mpe, 38nHIII9M B cne.llyiOIUeM BH.ll9 6/: 

H = H + H 1 + HQ; av pa r ( 1 ) 

3secb H.v- cpe.naee none aeArpoaaoA H npoToHaoA cucTeM, 

H pair - B3BHMO.lleAcTBHH, npHBO.ll81UHe K napHbiM KoppenH

UHHM ceepxnpoao.nHmero THna, H Q- MynhTHnonh-MynhTH

nonbHOe B38HMO.ll9ACTBHe, 
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PaccMoTpHM He'leTaoe no A aettJopMHpoaaaaoe Slll
po. C'IHTaeM, 'ITO a aeqeTHOM A Slape .PoHOHbi H KOHCTaH
Tbi MYnbTHnOnb-MynbTHnOnbHbiX B38HMoaeHCTBHH T8KHe JKe 1 

KaK B 'leTHo-'leTHOM Slllpe c A -1. 
HcnonbaoaaHhi cneayiOniHe o6oaHa'leHHSl 161 : Q8 

w 
8 

, Y 
8 

- onepaTop poJKaeHHSl, aaeprHSI H xapaKTepH-
CTHKH .Poaoaa i qepea g o6oaaaqeaa Ap j , npH'IeM q =A p i 
j - HOMep KOpHSI CeKyngpHOrO ypaBHeHHSI anSI tPoHOHa; 
£(q) 1 a;a - aHeprHSI H onepaTOp pOJKaeHHSI KB83H'I8CTH
Ubi. l.Jepea qa 0603H8'1eHa COBOKynHOCTb KB8H1'0BhiX 'IHCen, 

XapaKTepH3YlOlliHX oaHO'I8CTH'IHbiH ypoaeHh, a= ± 1. 

(2) 8 I f 8 -1 I 2 - 8 ·; r ,= 1 2 v , , Y , r , = 1 2 v 
qq qq qq 8 qq qq 

(8 , y-1/2 
qq 8 

i - i 
rae f , 1 f , - MaTpH'IHhie aneMeHTbi MynbTHnOnh-MynbTH-

qq qq u 

nonbHOl'O B38HMOaeHCTBHSI, V , =U U ,_y V , , U , V -qlJ. q q q q q q 
KOStPtPHUHeHTbi npeo6paaoaaHHSI Eoron106oaa. 

2. CaSI3b pyHKUHH fpHHa c ¢parMeHTauHeii cocTOSIHHH 

PaccMoTpHM pacnpeaeneHHe no ypoBHSIM He'leTHoro 

Slllpa cocTOSIHHSl a:a I 0), rae a;a - onepaTop poJKaeHHSI 
'18CTHUbi 1 CKaJKeM1 HeHTpOHa, :10} - BOnHOB8Sl tPYHKUHSI OC
HOBHOrO COCTOSIHHSI 'leTHO-'IeTHOro Sll\pa, KOTopyiO onpeae
nSieM K8K KB83H'18CTH'IHhiH H tPOHOHHhiA B8KyyM. 

B aanbHeAmeM Mhi MOJKeM HMeTb 3aaaqy Bhi'IHcne

HHSI oaHOKB83H'18CTH'IHOA CHnhr: 

+ 2 s (n > = 1 < n I a I o > I • qa qa 
(3) 

In> - co6cTaeHHhiH aeKTOp raMHnbTOHHaHa ( 1), TaK KaK 

(4) a+ IO)=U a+ 10). 
qa q qa 

PaccMoTpHM tPYHKUHH fpHHa: 

G(t-t',q'a']qa)= ~O(t-t')(O]{a, ,(t),a+ (t')]jO) 
tl q a q a 

(5.1) 

4 

·~(t-t',q'a']qa}= J:-o(t-t'}(O][a , ,(t}Q (t},a+ (t'}]]O} 
!l qa 8 qa 

(5.2) 

H T.a. Hx cneKTpanbHbie npeacTaaneHHSI: 

oo • ....,iE(t-t') 

G(t-t', q 'a' I qa}= -
1- f G (E ,q 'a' I qa}e dE 

2u-,oo 
(6J ) 

oo 
8 

. -iE(t-t') 

G8 (t-t',q 'a'] qa)= - 1-JG (E ,q a'] qa}e dE 
2u -,oo 

(6.2 ) 

H T.a. 3aMeTHM, 'ITO cpyHKUHSl G(E,qa] qa)coaepJKHT ac10 
HHtPOpM8UHI0 1 Heo6xoaHMYIO anSI HallieH 3aaa'IH, TaK K8K 

G(E, qa]qa) = I 
n 

]<nja+ ]0>12 
qa 

E-E + ti£ 
n 

(7) 

H OCTanbHble cneKTpanbHbie tPYHKUHH COOTBeTCTBylOT ace
B03M01KHhiM KoppenSIUHOHHbiM a4J4JeKT8M, KOTOpbiX Mbl He 
paccMaTpHaaeM a a Toil pa6oTe. OaaaKo tPYHKUHSl G (E, qa ]qa} 
CBSI38H8 C HeKOTOpbiMH apyrHMH tPYHKUHSIMH 1 KOTOpbie 
a caoiO oqepel\b BbipaJKaiOTCSl qepe3 6onee cnoJKHbie tPYHK
UHH, TaK 'ITO anSI ee onpeaeneHHSl aeo6xoaHMO paccMaT

paaaTh CHCTeMY ypaaHeHHH: 
8 

(E-£ }'G( E,q'a']qa}=B ,8 ,-I r ~ ,G 8(E,q~a']qa}+ q qq (7(7 q , q q 

, ll -r 8 ·G8(E , , I > +a l:· ,, ,q -a qa (8.1) 
q, q q 

(E- w8 ,}G (E,q a' I qa}=- I r~ ,G(E,q "a'] qa}+ 
q .. , qq 

- 8 , (8.2) 
+a' I r, 8,G(E,q"..q']qa)- I r ,8 ,G 88 

(E,q"a']qa}+ 
q, qq q, q q 

, 

+a' ~ r ,(,G88 , (E ,q "-a' I qa) 
q, q8 
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rne 

g gg 
W,=W +f,,W,=W 

q g q q g 
+w , +f ' 

g 

BeenSI eenH'IHHhi 

-a' G (E ', q "-a' I q a ) =G ( E, q" I q) 

G (E , q "a I q a ) = G ( E , q " I q ) 

q 
(9) 

( 10) 

( 11) 

H ToAo H 38TeM nepetil:(SI K 9AHHhiM 0603H8'!9HHSIM C no

MOillblO ¢aa o11 I , aanHweM, 'ITO 

(E-( , }G(E,q'jq)+!o r~,;Gg(E,q"lq)=8 p , (12.1) 
q " q q qq 00 

q , 
g ' ' 

(E-w g,)Gg(E,q '!q)+ I 8 Lg ,,'G(E,q "jq)+ I8r ~ ,Gg~E,q '1q):{ 12.2) 
q q" qq q" q q 

H Tolle 

Peweaue AllSI G(E,qlq)': 

D 
'G(E,q,q)= ~ 

D 

=0 

(13) 

rne D - onpeJlenurenb MaTpHUhi cucTeMhi ( 12.1), ( 12.2) 
11 T.n., Dqa - onpenenHTellh MaTpHUhi, nonytieHHoA ua 

M8TpHUbl CHCT9Mbl ( 13) Bbi'I9pKHB8HH9M O,llHOI'O CTOI16Ua 

H OAHOft CTpOKH 1 H8 nepeCetieHHH KOTOpbiX ll9}1{HT 8119M9HT 

E- fq • 

.UnSI noniOca E QJYHKUHH rpHHa nonyqaeM ypaBHe-n 
HH8 

D = 0, (14) 

a JlllSI BepOSITHOCTH COCTOSIHHR: 

D o (En) S (n) = ---..:Cf __ _ 

qo D '(E ) 
D 

( 15) 

rne 

6 

] 

I 

' 

D ' (E ) = ~ D (E) I 
D aE E=En 

( 16) 

0AH8KO H3-38 OI'pOMHOI'O '!HCI18 CM9IIIBIOIIIHXCSI COCTOSIHHH 

npH CpeAHHX H BbiCOKHX 8Hepi'HSIX B036y}l{l:(eHHSI H9B03M0}1{

HO TO'!HO Bhi'!HCllHTb D H D qa, H npHXOAHTCSI noaToMy no

BOllbCTBOB8TbCSI npH611H}I{9HHhlM peweHHeM B 3TOH 06118CTH 

B036y}I{Jl9HH 51, 

.0.1151 cpaBH9HHSI C BapH8UHOHHhiM M9TOAOM npHBeAeM 

ypaBH9HHSI, nonytieHHble 8THM M9TOAOM. 

.0.1151 HOpMHpOB8HHOH BOllHOBOH QJyHKUHH BHAa: 

g gg' ' 
'P(k 17 )=-1-( I C a+ +I Dg a+ Q+ +IF~ga+Q+Q~+ ... ) 

V 2 p pa po qa qo qo g qa q qo g g 

(3Jl9Cb CYMM8 oepeTCSI no BC9M B03MO}I{Hh1M. COCTOSIHHSIM 

c ABHHoti tieTHOCTbiO 11 H cnHHa K ) eapHaUHOHHhiR npHHUHn 
JlBCT /B/ 

g g g 
(E-t , )C , +I 8 r, ,D ,= 0 

q q q" qq q 
( 18.1) 

g g g g g gg 
(E-w , )D , +I8r , ... c -n- Ior, ,..f , = 0 

q q q" qq q q" qq q 
( 18.2) 

H T,Jl. CpaBHHBBSI CHCTeMy ( 13) C ( 19), Mbl YBHAHM 1 'ITO 

npH npeo6paaoeaHHH 

'G (E, q ' I q) -+ C , , G g ( E ,q ' I q) -+ D g, , G gg , (E ,q ' I q) -+ 2 F g~ 
q q q 

H T,Jl. 

neBaSI '!8CTb ( 12.1 ) , ( 12.2 ) H T .A. nepeXOAHT B 119BYIO 

'laCTb ( 18.1), ( 18.2) H r.n. 3To oaaa'laer, 'ITO non10ca 

QJyHKUHH rpHHa COOTB9TCTBYIOT peweHHSIM ceKyllSipHOI'O ypaB

HeHHSI nocnenaeft CHCT9Mbl H o6pbiBY uenO'!KH ypaBHeHHA 

AllSl QJyHKUHR rpHHa Bbi6pOCOM BbiCWHX QJYHKUHA rpHH8 COOT

B9TCTByeT npH611H}I{9HHe, CBOAHIIIeeCSl K Bbi6pocy BbiCWHX 

KOMUOH9HT BOllHOBOA QJYHKUHH BHA8 (17). 
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0TMeTHM, qTo cWHKUHH "rpaaa 'G(E,qjq)6onee YA06Ha 

AnSI 38A8qft BbiqacneHHSI can COCTOSIHHii, DOCKOllbKY OH8 

Bbrpa>KaeTCH qepea uax (eM. (7) ). 
Tenepb nepeXOAHM K aonpocy npa6na>Keuaoro pemeHHH 

CHCTeMbl (12). 
nocKOllbKY KB83HqaCTHqHoe COCTOSIHHe opSIMO CBSI38HO 

C COCTOSIHHeM KB83HqaCTHD8 + ~HOB, H TOllbKO qepea HBX 

OHO CBSI3~BaeTCSI C COCTOSIHHeM KB83HqaCTH08 + AB8 ~ 
HOH8

1 
nocpeACTBOM KOTOpblX OHO A811bWe MO>KeT BCTyD8Tb 

B CBSI3b C COCTOSIHHSIMH KB83HqaCTHU8 + TpH ~HOR81 O>KH

A8eTCSI1 qTO HeDpSIM8SI CBSI3b C COCTOSIHHSIMH THD8 KB83H

qaCTH08 + AB8 (H 60llbWe AByX) ~HOH8 He CHllbHO BnHSieT 

ua pacnpeAeneuae cocTOHHHH. 

BBHAY 9Toro o6cToSITellbcTBa npa Bbrqacneaaa aepo

HTHOCTH KB83HqacTaqaoro COCTOSIHHH DpHHHMaeTCSI ~ (12) 
npa6na>KeHae, rAe onycKaeTCSI na6o 'GIU!', na6o 'G

1111 8 ", 

qTO H COOTBeTCTByeT ana OAHO~HOHHOMy, HRH ABYX$0HOH

HOMY npa6naKeHH.SIM AnSI CHCTeM~ (18)/2/. 
PaccMoTpHM OAH~OHOHHOe npa6na>Keuae 

(E-£ , )'G(E,q'j "q>+ ~8r ~ ,.;G
11

(E,q"jq)=8 ,o , 
q , qq qq au 

q 

( 19) 

(E-w8,)G 8 (E,q'jq)+ I 8 r ~ ,,'G(E,q" jq) =0. 
q q" qq 

(20) 

0TMeTBM, qTo 3AeCb qacno neaaaecTHbiX ace eme 

aenHK01 TBK K8K B (19) H (20) tPHrypapyiOT He TonbKO 

KB83HqaCTHUbl C ABHHbiM K 17 , HO H COCTOSIRHSI THD8 KB83H

qaCTHU8 + ~HOH c TeM >Ke K" . l1a ~pMYn (19) a (20) 
HMeeM! 

(E-£ , )G(E,q'j _q)+ Ill,, G(E,q"lq)=8 ,8
00

,, (21) 
q q" q q qq 

rAe 

I 

8 8 
8 r , r , 

n = _ I q qs qsq 

q 'q, '~s E - w 8 
Ills 

{22) 

Ecnu a ::noii cucTeMe npeae6peqb qneHaMH, coAep>KaWHMH 

HeKOrepeHTHyiO CyMMY ll q 'q" npH q 'f= q ", TO 

1 
G(E,qjq) =G 0 (E,q,q) =----

E- f + n 
q qq 

(23) 

3TO >Ke npu6nH>K9HHe yqHThiBaeT npSIMOe B38HMOA9HCTBH9 

KB83HqaCTHOhl C COCTOSIHHSIMH KB83HqaCTHU8 + ~HOHo 
l1a (23) cneAyeT 

1 
S (n) ~ , 

qo g (r ~~ , ) 
1 +I 99 

q, (E - w 8)2 
D ' 

rAe E - KopeHb ypaaaeHHSI? 
D 

(24) 

£ = E- f + n = o. (25) 
q q qq 

ct>opMyna (24) nonyqeaa anepabre B pa6oTi
91 

H 6hrna ac

nonbaoaaaa npH pacqeTe HeHTpOHHhiX CHROBh!X tPYHKUHH 

a/2/. 
l1TepHpyg (22), H8XOAHM! 

'G(E,qjq)=G
0

(E,qjq)+G 1 (E,qjq)+···, (26) 

rAe 

n ,n , 
Gl (E,qjq) =I qq q q 

n .n, ... n , 
G (E,qjq)= I qq qq q q.(27) 

2 '"_2_ -, - - -q f f ,f 
q q q 

qq f f , f , 
q q q 

npOH3BOASI CyMMHpOB8HH9 1 nepeDHllleM (26) B BHA9! 

2 
1 1 p , 

G (E .q I q) =-;::;- + --:::l I _q-
f ~ qpq f-, 

q q q 

(28) 
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3JleCb 

n ,,n ,, , 
qq q q 
. + P,=Il ,+I 

q qq q'~q' 
(29) -l , 

q 

¢yHKUHH ~ (E,q!q), G2 (E,qiq), ... Y'IHTbiBaJOT B3aHMOJleil:cTsHe 
KB83H'I8CTHUbl a+ C OCTanbHbiMH KB83H'I8CTHU8MH, KOTOpoe 
ocyWeCTBnSieTCSi 'lepe3 COCTOSiHHe TH08 KB83H'I8CTHU8 + 
<j:JoaoH. BKnaJl 3Toro saaHMOJlettcTBHH, KaK HBCTsyeT H3 
(28), He HH*e 'leTsepToro nopRJlKa no Ma rpH'IHbiM ane
MeHTaM. Crporo rosopg, KOrJla y'IHTbiBaeTCSi senH'IHHa 
P 2

, , He06XOJlHMO paCCM8TpHB8Tb JlByX<j:JOHOHHOe npH6ne
)!{e'\me, npH'IeM 3Jl8Cb HM99T CMhiCn OCT8BHTb TOnhKO nep
Bblil qnea B (29). K TOMY *e B JlByx¢loaoHHOM npH6nH*eHHH 
B npasoi\ '18CTH ( 28) JlOn)!{eH OOSiBHTbC Sl qneH 1 OllHChiB8lO
WHi1 CBSI3b KB83H'I8CTHUbl C COCTOHHHHMH THna KB83H'I8CTH
U8 + JlB8 <j:JOHOHa: 

, 0 'f ~ f ~ f 8 , f 8 8 'f ~ f ~ ' f ~ f ~ 
1 ~~ qql q 1q2 qls ~q qql qi q2 q2q3 qa«t · 

I ( , + , ,:.)( 30 J 
; (l -E) q lq2q3 (w~ -E)(~~ -E)c.";8 (w~ -E)(~8-E)~ ' 
q q q I q 2 q3 q I q 2 q3 

rJJ.eB~!-1 

w ~ 
q3 

H 38BHCHT 

~ E =w -
q3 

OT BB9Jl9HHOA BbiWe lj:Ja3hl 8 , 
([' 8 , ' .,. (1 + 5«~ , ) 

- I q,q I • 

q' w ~~-- E 
q 

Mbi paccMorpenH sonpoc o Bhl'IHcneHHH sepoHTHOCTH 
COCTOHHHA, JlnH KOTOporo 06H38TenhHO peweHHe CeKyngp
HOrO ypasaeHHH (15), KorJla 'lncno yposaei1 aacronbKO se
nuKo, 'ITO HM99T CMbiCn roBOpHTb 0 BepOHTHOCTH, npHXO
JlHWeftcg Ha eJlHHH'IHhitt aaepreTH'IeCKHA HHTepsan, yJlo6ao 
rrepeXOJlHTb K 6onee rpy60My OOHC8HHIO <j:JparM9HT8UHH H8 
H3biKe cunosott ¢lYHKUHH, 

ABTOp C'IHT89T CBOHM npHHTHhlM nonroM Bblp83HTb 
6naroJlapHOCTb JI.A.Manosy H B,f.Conosbesy aa coseTbi, 
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