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Eanb6yues E.E. P4 - 7922 

MOAHijJHK8UHSI MeTOLl8 BCUOMOraTenbHOrO cneKTpa Lin!! pellleHHSI 
ypasaea:ng EeTe-ronncToyaa s KOHe'IHbiX SILipax 

MeTon scrioMoraTenbnoro cneKTpa Monnljl:nunposan TaK, 'ITo MaTpH'IHbie 
sneMeUTbl M8Tp:I!Ubl peaKUH:I! B KOHe'IHblX 5!Llp8X H8XOL15!TCH C UOMOlllbiO OLIH:I!X 
TonbKO anre6panqecK:nx .onepau:nll (o6pamen:ne MaTpnu). He HYJKHo pernaTb 
H:I!K8K:I!X LIHijlljlepeHU:I!BnbHbiX ypaBHennl!;, npUHUIIU flayn11 y'IIITbiBaeTCSI TO'IHO. 
0AH0'18CTII'IHblH UO:z'eHUII8li MOJKeT 6biTb nl06biM, a ABYX'IBCTII'IHOe B3811MO­
LiellCTB:I!Ei. nonJKHO 6biTb 6ea TBepnol! cepJluesnHbi. 

flpenpHHT 06benHH9HHOrO HHCTHTyTa B~ep~x HCC~e~OB8HHU. 
,lzy6Ha, 1974 

Balbutsev E.B. P4 - 7922 

The Reference Spectrum Method Modification 
for Solving the Bethe-Goldstone Equation 
for Finite Nucle~ 

The ref'erence spectrum method is modified so, that 
only algebraic operations are required to obtain reaction 
matrix elements for finite nuclei. No differential equa­
tions should be solved. The Pauli operator is treated 
exactly. An one-particle potential can be arbitrary, but 
a two-particle interaction must not have a hard core. 

Preprint. Joint Institute for Nuclear Research. 

Dubna, 1974 
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·He TaK ,IJ.aBHO B pa6.oTe II/ 6bln ~pe,D.JI~~eH "npocToif 

H TO'IHbiH" MeTO,IJ. peUieHH.H ypaam!HH.H lieTe- ron,IJ.CTOyHa,IJ.JI.H 

KOHe'IHhiX .H,IJ.ep. 3To ypaaHeHHe HMeeT BH,IJ.: 

00 Q ¢ <¢ I v\ 'I' > y y y a /1/ '1'=¢ +2 a a w- ( 
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y 

3Jie.Ch '11 a· - KOppenHpOBaHHa.H BOJIHOBaH' I!JyHKUH.H .D.BYX 'laCTHU 

B cpe,D.e, COOTBeTCTBYIOIUa.H HeBOJMyiUeHHOH BOJIHOBOHiiJYHK-

UHH ¢_ ; KOTOpa.H .HBJI.HeTC.H C06CTBe'HHOH I!JyHKUHeH raMHJib-
a - . .-

TOHHaHa rapMOHH'IeCKOrO OCUHJIJI.HTOpa 11 0 C C06CTBeHHbiM 

3Ha'leHHeM (a : Oy- co6cTBeHHbie _3Ha'leHH.H onepaTopa Q, 
yttHThiBaiOIUero npHHUHn llaynu: OHH paBithi· e,IJ.HHHUe ,IJ.JI.H 

cao6o.IJ.Hhlx cocTo.HHHH u. Hymo ~- .D.JI.H 3aH.HThix: v - peanuciu~ 
qecKoe HYKJIOH- HYKJIOHHoe B3aHMO,IJ.eiicTBHe; w - TaK Ha3bi­

BaeMa.H .CTapTOBa.H :meprH.H, KOJ'OpyiO.MO)KHO C'IHTaTh napa­

MeTpOM 3a,IJ.a'IH'. CyTh ripe,D.JIO)KeHHoro MeTo,IJ.a. 3aKJIIO'IaeTc.H 

B TOM, 'IT06bl pa3li8:faTb 'I'~ no llOJIHOMY Ha6'opy co6CTBeH­

HbiX. I!JyHKUHH $· ypaBHeHH.H lllpe,D.HHrepa: 
}' 

(11
0
'+v) q-,· ~ £ ¢ . 

}' }' }' 
/2/ 

Q)KH,IJ.aeTC.H, 'ITO CXO,IJ.HMOCTb- 3T0r'O pa3JIO)KeHH.H 6y,IJ.eT O'leHb 

6hiCTpOH, TaK KaK I!JyHKUHH ¢ y y:>i<e CO,D.ep)Ka T B ce6e 34JI!JeK­

Tbl CHJibHoii KopoTKO,IJ.eiicTBYIOIUeii qacTH noTeHUHana _ v • B 
H,IJ.eHHOM nnaHe 3TO .OCHOBHOe ,IJ.OCTOHHCTBO HOBOrO MeTO,IJ.a. 

O.ziiiaKo ecTb no,IJ.o3peHHe, 'ITO HHKaKoro npeHMYIUecT:Ba 

3,IJ.eCb 'HeT. PaCCMOTpHM npHMep C llOTeHiufaJIOM v, COCTO.H- . 

JUHM TOJibKO' "H3· TBep,IJ.oro Kopa. H3BeCTHO /2/ 'ITO B 3TOM 
·; ' 
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Cnyqae , BOnHOBbie cilYHK~HH 'I' a H ¢a 3aMeTHO OT~'IaiOTC.II 
,npyr OT ,npyra B npe,nenax KOpa_ H Ha HeKOTOpOM paCCTO.IIHHH 
OT Hero--nOCTeneHHO CnBBaiOTC.II, T.e. npOHCXO,nHT "3anequ-, 
BaHHe". _ 'l>yHK~~- :>Ke _ «l> a 6y,neT npOCTO CJJ;BHHyTa no 4la3e 
OTHOCHTenbHO ¢a Ha BenB'IHHY pa,nuyca KOpa H 6y.i{eT, 
TaKHM o6pa30M, 6nH3Ka K 'I' a B6nH3H KOpa , H CHnbHO 
OTnH'IaTbC.II OT Hee B,nanu. -+JICHO, 'ITO -+'I' a\r) O,nHHaKOBO 
CHnbHO OTnBl{aeTC.II H OT ¢a (r ),H OT ~a ( r) , TOnbKO B pa3-
HblX o6naCT.IIX r~ 

Bhlnonaua yxa3aaaoe pa3no:>KeHHe, ,nn.11 MaTpH'IHblX 3ne­
MeHTOB MaTpH~bl peaK~H 'G MO:>KHO nony'IHTb ypaBHeHHe /l/: 

G -<rl. I Jm- oo E -£/Q 
{3a- '~'{3 v -ra> ==(ca-w)::£ ---.Y_..:_P b b - · .. 

ya yf3 

- 00 00 

::£ ::£ 
y fL 

(c - w) 
p. 

E -c 
y {3 

E - w 
·y' 

Y E -w 
y 

1- Q 

131 

b b ( p. ) ·G 
yf3 yp. p.a., 

w- £ 
Jl 

r.ne by·a- ~niTerpanbl nepeKpbiTH.II <<11 ·jA >.06o3aaqaJI_3,necb ·Y '~'a . -

R 

G f3a =: (E' a - w) i 
-w 

b b == ·ya yf3 . 
141 y 

== (t:a- w) [ of3a~ (£ {3 -·w) i by.a byf3 ], 
Y E - w y 

· MO:>KHO HanucaTb ,nn.11 G {3 a 6onee· KOMllaKTHyro cilopMyny: 

, R oo R 1 - Qy 
• G{Q = G{Q -::£ G{Q G • 

pa · pa PY w _ £ ya 
. y y 

--·151 

H~eaao' TaKoe cooTaoweuue - Me:>K,ny G :-MaTp~eii u 
BCllOMoraTenbHOH MaTpH~eii GH nonyqaeTC.II B MeTo~e Bcno­
MoraTellbHOro cneKTpa /reference spectrum method / 31. <?T., 

4, 

1
-, 

\ 
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cro.na .HCH.o /I<·tiTo ypaBaeaue 131 :Mo:>KHo nony'IHTL, H:a'IB:aas­
c ,npyroro xoa~a. Ha.no pa3no:>KHTL_ B p.11,n no :<ll.y·_p~~~HIO 
MeTo,na acnoMoraTenLaoro cnexTpa - 'I'-~ , no,ncTaBHTL· ee 
B COOTHOWeHHe G~ ·=<¢aJvj 'I' R> JinpHHTH0 TaKHM06pa-
3.0M, x. cllopMyne !4f. II6,ncTaB~.H.H3aTeM /41 B /51, caoaa 
B03Bpa~aeMC.II K ypaBHeHHIO /31. . . •. -

3a,naqy, no-Bu,nuMoMy, MO:>KHo e~e ynpocT:HTb. Ypa:Blie-­
aue ,nn.11 'I' R, non.yqaeTc.H H3 111,' ecnu TaM nono)tmTb ace 

Q == 1: R 
y R 00 ¢ <¢ I vI 'I' > 

'I' == ¢- + ::£ . y ·. y - a 
a a 16/ '' 

y w - £ -, y 

HnH B ,nucilcilepeH~HanbHOH cil~pMe: 

( H + v - w ) 'I' R == ( £ . - - w•) ¢ . 17 I 
0 a - a a _ , . 

IIoxo:>Ke, 'ITo. aBTopbl ~aGoTbl /I/ co3HaTenLHo ;cno:>KHunu 
npo6neMy, ·pa3nara.H . peweHHe 3Toro ypaaaeHH.II no peweHH.IIM · 
ypaBHeHH.II 121. Ecnu 3Toro He .nenaTL~ TO nony'laiOTC.II 
ua:Muoro 6onee npocTble cllopMynhl. YMHO:>Ka.ll 17 I cneaa aa 
¢~ H_HHTerplipy.H, aaxo,nuM: . . . . 

R . 
G fQ ,; (c ~- w). (o{Q.- B fQ ) , 
- pa . p pa pa 

i ' I R ·. ' ' < 

: · r;ie B {3a = < ¢ {3 'I' a > • IIo,ncTaBn.ll.ll Tenepb 3TO Bblpa:>Keliue 
! -} BMecTo 141 B cllopMyny 151, nonyqaeM ypaaueaue ,nnH MaTpu-

- \ . . ~bl peaK~HH: ;t 

; ~ . 

B {3!l . . , - . 
Qf3Gf3a+(w-:-c~) ::£ w -£ Glla==(w-cf3)(Bf3a-o{3a) .• 191 

. p. ll 

Hii,neKc _ ·ll 3,necb npo6eraeT TonLxo · 3aH.HThle. cocTO.IIHH.II. 
Ecnu cocTO.IIHHe {3- 3aH.IITO · u · w ,f(. WTo·· 191 cao,nuTc.Ji 
K cne,nyro~eMy: -

B{Q 
::£ P p. 'G 
(l W -£(l (La 

B{Q - o{Q • 
pa .pa ·/101 
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· · 06o3Ha'la.R 3.1\eCb 
T.opuoM BH,Z\e: -

', 
8 ~ -"= D f3fL,,3an:H~eM./19J..B.onepa-
w -c _ 

fL . 
D·G=B-I, 

r,Z\e I - · .. e,Z\HHH'IHaH- MaTpuna. -Peiiieuue uaXO.l\HTCH B pe-
3ynbTaTe o6pa~eHHH MaTpH:Ubl D: ... : 

. -1 . . 
G = D, • (B- I) 

liy,Z\eT nu D Kouequoii HnH 6ecKoJiequoii, 3aBHCHT or Ton), 
qTo DOHHMaeTCH DO.l\ "3aHHTbiMH ... cocTOHHHHMH. EcnH _G a{3·· 
HY)I(Hhl. HaM, 'IT06bl paCC'IHTaTb :meprmo CBH3H ,Z\Ba)K,Z\bl . 
MarH'IecKoro H,Z\pa, uanpHMep 16 0, TO MaTpuna D 6y,Z\eT 
Kouequoii. B 3TOM cnyqae 3aHHTbiMH Ha3biBaJOTCB Bee .,,, 
.1\BYX'IaCTH'IHLie COCTOBHHB, KOTOpble M0)KHOCCKOM6HHHpOBaTL 
H3 O,Z\HO'IaCTH'IHLIX COCTOBHHH os-H op ..;06onoqe:i<. . 

EcnH )Ke Mbl XOTHM .HCDOnh30BaTb G -MaTpuny a''Ka­
qecTBe 34JclJeKTHBHOrO B3aHMOAeHCTBHB, HanpHMep /1/ ·, B 
s-d-.o6onO'IKe' TOrO ')Ke lfi 0, TOr,Z\a· 3aHHTLIMH Ha,Z\O Ha3LI- '. 
BaTh··. -Te ·. hayx·<iaCTH'IHLie COCTOBHHB, ,B. KOTOphiX; XOTB fiLl 

o.ziua 'ilac;una 'naXO,Z\HTCil B OS ~.HnH op_ -o6onoqKax, )1~6~ 
o6e· qacTH:Ubl ·uaxo,Z\BTcB:·a· s.:..:d -o6ono'IKe~- MaipuQa b ·-
B 3TOM cnyqae HMeeT 6eCKOHe'IHYIO p~i3"MepHOCTh , H 'uy)KHO . 
r,Z\e-To · ee o6pe3aTL. 

lf3 ypaBHeHHil /10/ BH,Z\HO, 'ITO ,Z\nil Ha.xo~eHHil MaT­
pH'IHhiX 3neMeHTOB G {3a . Me*.l\Y. 3aHBTbiMH cocioBHH~MH, 
HaM He Hy)KHO HH'Iero 3HaTL 06 OCTanLHLIX MaTpH'i'HLIX 
3neMeHTaX. ·MO)KHO .00.1\YMaTL, 'IT.O CB060,Z\Hble COCTOBHHB 
Boo6~e -He anHHJOT ua 3aHBTble. Ha caMoM ,Z\ene 3To ue T·aK: 
CBH3~ Me*.l\Y HHMH ocyiUeCTBnBeTcH nocpe,Z\CTBOM Ko3qi­
cllunueuioa Bf3a·HanuweM ,Z\nB HHX ypaaneHHB. ,IJ,n11 3Toro 
npe,Z\CTaBHM \}IR B BH,Z\e pH,Z\a: 

a . 
;_ 

WR= I¢ 8 
a y ya 

y 

/11/: 

yMuo:>tO.M_ /7/ ~ne~a ua ¢ ~ H npouuTerpupyeM~ 

"" 
(f/3- w) B/3 + ~ <¢f31vl ¢ > B = (f -w) o/3 a . y ya a a 

y ·. 

6 

"" 
: ~ ( v f3y + .fy o_fJy- w o~y ) B_}U.= (f ~- w) ·of3a • /il/ 

y . .. . '· .. 

JI~HO, 'ITO np:li fa ~.w ,Z\0~0 6b1Tb 
nO)KHM; 

B.ya = 0, I:I03TOMyno-

. B ya = CE· a -. w) Cy ~ • . . . _ 

.(II 
KpoM:~- TOTO, o6'o3Ha'IHM v/3 + f 0/3 ~-'vf3y·Tor~a ,H3 /12/ 

·' r · '· Y ·Y Y · · 
HMeeM:. . "" . . .. ~ ( v - vr 0 ) c ='o . ' / . 

~· ·: .. . . l' . f3y f?Y .. ya f3a 
.. unu.B on.epaTopuou.clJopMe: ·_ . 

- . . " . -. . .. · ·( V - w I)· C = I~ 

-·: 

;• 

<l>'opManLuoe peweuue 3a,Z\a'IH .nonyqaeTcH B BH.l\e ... 
, . . , . . . C =. ( V:- wl) :..1 • ; . 

.· MaTpuna V. -.w I HMeeT. 6ecKoHe'IHYJO pa3MepuoCTb. 'l1To6bl . . __ .,. .. . ~ . .. 
nony'IHTh KaKHe-TO 'IHCneHHble pe3ynbTaTbl, DpH.l\eTCJI. ee 
o6pe3aTL. CTpororo ·' o60CHOBaHHH 3TOH npone.l\YPbi neT. 
HeKOTOPLIM onpaB,Z\auue:M ee MO)KeT cn~Tb nuWL To, ·'ITO 
M~ TPH'IHLie 3neMeHTbl v 13~ ·_-noc-~;en:euuo ·y6~BaiOT c p·ocTo~ 
3HeprHH, CO~TBeTCTBYJOIUeH HH,Z\eKCaM a .~,.f3. Jlo C)'ll;leCT~y, 
C .o;.3T.{)H )Ke npo6neMOH. CTaJIKHB~TCH. H . al3T(_>Pbl /1/, KOr,Z\a 
-~ . . •.' ,.;. . -- . --, ~ . : ' -'~ .. ' .. 

"·?.l:..' HM lipHXO,Z\HTCJI TaK )Ke npoH3BOnLHO o6pe3aTb CyMMHpOBa-··, 
uue B /4/. Bnpo'leM, ux pacqeTLI noKa3biBaiOT, 'ITo,·ecnH:.; 

~ -_-~ p11A. /4/ o6phlBaeTCJI npu' .D:ocTaTO'IHO 6onbWHX y, B03HH~ 
- ·,J<aK)lxla.R OllH6Ka npeue6pe)KHMO Mana. 

. · ~' HTaK, 'IT06bl pac.C'IHTaTb 3:Heprmo CBH3il .1\Ba)f(J\Ll Maru-. 
"·· -'leCKOf:'O '11.1\pa, ueo6XO.l\HMO: . :, 

lB 
1l 

1/_BL~'IHCnHTb MaTpJf<iuble. 3neMeHTbl: <·¢a I vI¢ 13>, 
2/ o6paTHB MaTpilny V-- wi,uaiiTH Ko~clJclJunu,~HTbl caf3, 
3/ o6paTHB MaTpuny D, uaiiTH MaTpH'IHble 3JieMeHTbl 

-,~Gaf3 • Onepa:UHH 2/ H.' 3/. ~a,Z\0 DOBTOpHTb ~JI .. K~()rO . 
. , 3Ha'leHHJI w, eCnH OHO MeHJieTCJI. QqeHb npoCTO B 3TOM 

/ 

.~ 

Mel'o;:te . :Mo)I(Ho BBecTH B 3HepreTH'IeCKHe 3HaMenaTenu 
. -C.l\BHr~;· KaK 3To npe,Z\naranH H,Z\eH H 3Mepu I 4 ~ ,IJ,n11 3Toro 

. ,Z\OCTaTO'IHO DOBCIO.l\Y 3aMeHHTb c Ha e = f + fl • 
·' ' y y ·y y .· 

. TaKHM o6pa3oM, 3a,Z\a'la uaxo~eHHH MaTpH'IHbiX 3ne-
MeHTOB . G a~ CBO.l\HTCH K O.l\HHM TOnbKO anre6paH'IeCKHM 
onepaiJ;HHM I v af3 . C'IHTalOTCH . H3BeCTHbiMH/. He H~HO 
pewan. HHKaKHX .1\HclJclJepeunuanLHbiX ypaBHeHHH, DPH'IeM 
DpHH:UHD IlaynH TaK )Ke, KaK H B /1~ y..ffiTLIBaeTCJI TO'IHO •.. 
Cne,Z\yeT .. TaK)Ke DO,Z\'IepKHYTb, 'ITO npH BbiBO,Z\e OCHOBHLIX ,. 
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ypaBHeHHH HHr,I\e He HCllOJIL30BaJIHCL KaKHe-JIH60 OC06Lie 

caoiicTBa HeBo3MYilleHHLIX BOJIHOBLIX 4>YHKnHH · ¢ • Do3TOMY 

He B03HHKaeT HHKaKHX npo6JieM npH nepeXO,I\e ot rapMOHH­

'IeCKOrO OCUHJIJI.IITOpa; HanpHMep, K noTeHUHMY CaKCOHa-· 

By,I\ca HJIH KaKoMy-HH6YAL ,I\pyro~y cpe,I\HeMy nomo. 

B .cnyqae noTeHUHana c TBep.I\LIM xopoM MaTpH'IHLie 

3JieMeHTLI < ¢ fJ I v I ¢ y > . o6pallla10TC.II :B 6ecKoHe'IHOCTL H 

TOr,I\a JIY'IWe npHMeHHTL 06LI'IHLIH Me_TO.I( BCllOMora­

TeJILHOro cnexTpa~ T .e. peniHTb. 'IHCJieHHO ypaaHeHHe /7 I, 
BLI'IHCJIHTL 3aTeM HHTerpanLI nepeKpLITH.II <¢ · I 'P R > ":li 
HCllOJIL30BaTL HX B /10/. . . . a y 

B 3aKJIIO'IeHHe .11 xoqy no6naro,I\apHTL · H.H.MHxaiinoaa 

3a MHOrO'IHCJieHHLie llOJie3HLie ,I\HCKYCCHH. 

Jlumepamypa 
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2. B.D.Day. Rev_.MocJ..Phys., 39~ 719 (1967). 
3. H.A.Bethe, B.H.Brandow, A.G.Petschek. Phys.Rev .• 129, 225 (1963). 
4. R.J..Eden, V.J.Emery. Proc.Roy Soc.~ (l..) A248, 266 (1958); 
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PyKonucb nocmynuAa e U30ameAbCKUii omqeA. 
7 MaR 1974 .zooa. 

lij, l 

. 

Y CJIOBH.II 06MeHa 
flpenpHHTbi H coo6meHHH OlfJ{If paCCbiJiaJOTCH 6ecnnaTHO, Ha OCHOBe 

B3aHMHOrO 06MeHa, YHHBepCHTeTeM, HHCTHTYTaM, na6opaTOpHHM, 
6H6JJHOTeKaM; Hay'!HbiM rpynnaM H OT,ZteJlbHbiM yqeHbiM 6onee 50 CTpaH. 

.Mbi O:JKH.ztaeM, 'lTO nonyqaTenH H3.ztaHHii OIIHII 6y.ztyT caMH npoxs­
JlHTb HHHI.tHaTHBY B 6eci:maTHoii nocblnKe ny6JJHKai.tHii B ,D;y6Hy. B nopH.ztKe 
06MeHa npHHHMaiOTCH Hay'!Hble l<HHrH, :JKypHaJJbi, npenpHHTbi H HHOrO 
BH.zta ny6naKai.tHH no TeMaTHKe OIIHII. · 

E.ztHHCTBeHHhlii BH.zt ny6JIHKai.taii,KoTopblii HaM npHCbiJiaTb ae cmi.zty· 
eT ,- 3TO pimpHHTbi I OTTli:CKH eTa Teii, y:JKe ony6naKoBaHHbiX B Hay'!HbiX 
:JKypHanax/. 

B px.zie cnyqaes Mbi caMH o6pamaeMcx · K nonyqa TeJIHM Hawax H3.zta­
HHH C npocb6oii 6ecnnaTHO liPHCJlaTb HaM KaKHe~nH6o KHHrH HJlH 
BLmacaTb .ztnx aaweii 6H6naoTeKH aay'IHbie ~ypaanbl, H3.ztaromaecx a Hx. 
cTpaaax. 

OT~eJibHhle 3anpochl 
lf3.ztaTeJJbCKHH OT.zten e:JKerO.ztHO BblfiOJlHBeT OKOJIO 3 000 OT.zteJibHbiX 

3anpocos aa BhiCbiJlKY npenpHJITOB H coo6meHHii OIIHII. B TaKHX 3a­
npocax cne.ztye'f .o6.H3aTenbHo . yxa3biBaTJ> HH)leKc 3anpawasaeMoro 
H3,ZtaHHH. 

A~peca 

llHCLMa no sce:M sonpocaM o6Meaa ny6naxai.tHHMH, a TaK:JKe 3anpo­
Cbl Ha OT.ztenbHble H3.ztaHHH cne.ztyeT aanpasn.HTb no a.ztpecy: 

· 101000 MocKea, 
TAaeHbtii not~maMm, n/R 79. 
HaoameAbcKuii omoe11 
06~eOUHeHHOZO UHC111U111Y111a 
JlOepHbiX UCCJie(JoeaHUii. 

' ?'/ 

A.ztpec .ztnH nocLinKH scex ny6naKai.tHii B nopnmce o6MeHa, a TaK:JKe 
.ztnH 6ecnna1'Hoii no.ztnHCKH aa aay'IHhle :JKypaanhi: · 

101000 MocKea, 
FAaeHbtii not~maMm, n/R 79. 
llayt~Ho·mexHu'lecKaJl 6u611uomeKa 
06~eOUHeHHOZO UHC111U11Yifla 
JlOepHbiX UCC/IeOoeaHUii • 


