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3y6apeB A.n., 11anaeaa 11.H., noaKonaeB A.n. P4 - 8634 
06 OllHOM RTepaUHOHHOM MeTOlle B TeOpHH MHOPOK8H8nbHOPO 

pacceSIHHSI 

B pa6oTe npenno:>KeH HTepaUHOHHo-cenapa6enbHbiH MeToll peweHHSI ypaa
HeHHH THna flHnnMaHa-illBHHrepa. YcTaHoaneHa aKcnoHeHuHanbHaSI cxOllHMOCTb 
MeTOlla. 'IHcneHH8SI CXOAHMOCTb npoaepS!eTCSI Ha npHMepe e+H pacCeSIHHSio 

CIIOpMYnHpyeTCSI npHMeHeHHe MeTOll8 B TeOpHH MHOPOK8H8llbHOPO pacceSIHIISI. 

Pa6oTa BhmonHeHa a fla6opaTopHH TeopeTH'!ecKoll ljJH3HKII 011.HI1. 

npenpMHT 061>e,QMHeHHOrO MHCTMTyT8 g,nepHbiX MCCJ1e,QOB8HMI 

,ny6Ha 1975 

Zubarev A.L., Ivlieva I.N., Podkopaev A.P. 

On Iteration-Separable Method in the 
Theory of Multichannel Scattering 

P4 - 8634 

Iteration-separable method of solving the equations 
of the Lippman-Schwinger type is suggested. Exponential 
convergency of the method is proved. Numerical convergen
cy is clarified on the e+H scattering. Application of 
the method to theory of multichannel scattering is formu
lated. 

The investigation has been performed at the Labo
ratory of Theoretical Physics, JINR. 

Preprint of the Joint Institute for Nuclear Reeearch 

Dubna 1975 

BeeoeHue 

~nR pemeHHR KB8HTOBOMeX8HHqeCKHX 3a~aq H8H6onee 

qacTo ynoTpe6nReTc~ MeTo~ HTepauuu, npuqeM BOJMo*eH 

pR~ HTepauuoHHbiX cxeM/1 /. O~HH HJ o6mux He~ocTaTKOB 
6onLWHHCTB8 H3BeCTHbiX HTepaUHOHHbiX npoue~yp 38Kmoqa

eTCR B TOM, qTo OHH CXO~~TCR B npe~nono*eHHH "cna60CTH 

B38HMO~eHCTBHB". 

Cyll(eCTByeT, O~H8KO, MeTO~, CB060~Hb1H OT 3Toro He

~OCT8TK8: peqL H~eT 0 T.H. HTepaUHOHHO-cenapa6enLHOM 

MeTO~e /HCM/ pemeHHR KB8HTOBOMeX8HHqecKHX Ja~aq, 
KOTOpbiH CXO~HTCB ~nB npOH3BOnLHLIX KOpOTKO~eHCTBYIOII(HX 
noTeHI.(Hanoa. QqeaH~Ho, qTo npu paJpa6oTKe npu6nH*eHHLix 

MeTO~OB cne~yeT HMeTL B BH~y KB8HTOBOMeX8HHqecKyiO 

38~aqy MHOrHX Ten, llOCKOnLKY CTpOHTL pa~HHHpOB8HHLie 

npu6nH*eHHR K napuuanLHOH Ja~aqe ~ayx Ten ueueneco

o6pa3Ho, T8K K8K COOTBeTCTBYIOII(ee ypaBHeHHe :SCer~a MO*eT 

6LITL UpOHHTerpHpOB8HO qucneHHLIMH MeT0~8MH. 0~H8KO 
paJnHquLie npH6JIH*eHHLie cnoco6LI pemeHHB Ja~aqu ~ayx 
TeJI RBnRIOTCR y~o6HbiM BBe~eHHeM B llOCTpOeHHe MeTO~OB 
pemeHHR 3HaqHTeJILHO 6onee CJIO*HLIX 38~aq. 

B uacTOBII(eu pa6oTe HCM npHMeHReTCB K Ja~aqe ~ayx 
TeJI H K pacceRHHIO ll03HTpOHOB H8 8TOM8X BO~Opo~a. 

B nepaoM naparpa~e paccMoTpeHa Ja~aqa ~Byx Ten. 

~eTaJILHO HJyqeHLI BOllpOCbl CXO~HMOCTH. B qacTHOCTH, 

noKaJaHo, qTo HCM cxo~HTCR 3KcnoHeHuuanLHo H paaHo

Mepuo ~JIR mupoKoro Knacca noTeHuuanoa. Hccne~oaaHa 

qucJieHH8R CXO~HMOCTL MeTO~a. 

Bo BTopoM naparpa~e HCM npHMeHBeTcR K TeopHH 

MHOrOK8H8nLHOrO pacceRHHR. llpOBO~HTC~ o6o6meHHe Teo

peMLI 0 CXO~HMOCTH MeTO~a ~JIB MHOrOK8H8JILHbiX 38~aq. 

PaccqHTaHa ~JIHHa pacceRHH.Il noJHTpoHa Ha aToMe ao~opo
~a c yqeTOM CBR3H IS , 2S , 2P, 3S ,4S BHpTyaJILHLIX co

CTO~HHH 8TOM8 BO~opo~a. 
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§J. 3aoa'la 08YX •e.11 

)J;syxqacTB'IHoe napuBaJJLHoe pacceJIHBe onBcwsaeTcJI 
ypaBHeHBeM 

00 

!/! E ( r) = j e ( kr) + f G E ( r, r') V ( r') !/! E ( r') r ' 2 dr', 
0 

C 1
je(kr)ne(kr'), rs_r', 

Ge(r,r') l 
k -

1 
n E ( kr) j e ( kr ') , r',:::: r, /1/ 

r.ne j E B n E - cilYHKUBB cooTBeTCTBeHHO PBKKaTB- BeccemJ 
B PBKKaTB-HeiiMaHa. 

CymHoCTL UCM 3aKmoqaeTcJI B cne.ny10meM: 
noTeHuBana V 3aMeHJieM cenapa6eJJLHLIM 

v = 
Vlx><xiV 

s <xl Vlx> 

onepaTop 

/2/ 

a B Ka'leCTBe X BLI6BpaeM KaKOe- JJB60 npB6JIH)I(eHHOe pe
meHBe ypasHeHBJI /1/. 3aTeM c cenapa6eJJLHLIM noTeHuBa
JJOM /2/ ypaBHeHBe /1/ pewaeTCJI B HBHOM BB,ne B Haxo
.IJ:HTCJI !/! 1 = t/le (x 0 ). Ilocne :noro, nonaras s /2/ x 

1 
= !jJ; , 

OllJITL pewaeM ypaBHeHBe B HaXO.IJ:BM !/Jl = !/JE (x 
1
) , 3a TeM 

X 2 = t/le (x 1) B T .,n. 
PaccMoTpBM TenepL cxo,nHMOCTL HCM. IloKa)l(eM, 'ITO 

cnpase,nnBsa TeopeMa: BTepauBOHHo-cenapa6enLHLiii MeTo.n 
.IJ:JJJI cila3LI pacceJIHBJI Ha KOPOTKO,neiiCTBYIOIUeM llOTeHUBaJJe 
CXO,nHTCJI 3KCllOHeHUBaJJLHO B paBHOMepHO. 

Ilpe)I(.IJ:e scero OTMeTBM, 'ITO HCM Ha xaMoM ware 
npBBO.IJ:BT K sapBa.«BOHHOMy npBHUBllY ffiBBHrepa 2 • )J;eiiCT
BBTeJJLHO, nyCTL ~E - npo6HaJI iYHKUBJI, TOr,na 4la3a pac
CeJIHBH Ha llOTeHUBaJJe /2/ C X = !/J f BMeeT BB,n 

tg 0 fs = tg 0 e . c ( k ) ' 

- -1 -
tgoe = -k <j e IVI!/!e >, 

4 

- - - - -
C(k)=<jeiVI!/Je >1(<!/Je IVII/Je>-<1/leiVGVI!/Je>), /3/ 

-
H, eCJJH I <je IV! ( !/! e- !/!E)>~£, TO 

l<jeiVI<!/Je-Cx)l- <2 /4/ 

Cne.nosa TeJJLHO, 

1 tg o e - tg o e s 1 - f 2 • /5/ 

)J;nH .IJ:OKa3aTeJJhCTBa CXO.IJ:BMOCTH HTepaUHOHHOrO npo
uecca 

,/, N . I . N- 1 N - 1 
'+' E = J + < G E Vi !/! E > C , 

N-1 N-1 N-1 N-1 
c =<je IVI!/Je >1(<!/Je IV-VGVI!/Je >, 

/6/ 

noKa)l(eM, 'ITO 

m:xl<jr IVI(!/Jr -!/Jt)>l- m:xJ<jeiVI(!/Jr- !/J~- 1cN- 1 )>j. 

Bse,neM cilYHKUHOHaJJ 
/7/ 

p ( !/J) = mkax I< j r I VI!/!> I . /8/ 

HeTpy,nHo BH,neTL, 'ITO p y,nosneTsopHeT seeM onpe,neneHHHM 
HOpMhl H .IJ:OKa3aTeJJbCTBO /7/ CBO.IJ:HTCJI K .IJ:OKa3aTenhCTBY 
COOTHOWeHHJI 

( ,/, .!. N) . N- 1 N- 1 
P '+' E - '+' E - P'!/1 E - !/! E C ) · 

Y'IHTbiBaJI peKyppeHTHOe COOTHOWeHHe /6/, HMeeM 

P (!/J e- !/! ~) - P [ G e v < !/! e - !/! ~-1 eN -1 > J • 

Cne,~osaTeJJLHO, ecnB Ge V - snonHe HenpepLIBHLiii onepa
Top, TO COOTHOWeHBe /7/ cnpase,nJJBB0/3/. 
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H3 /7/ cne~yeT, 'ITO ecnu Ha xaxoM-TO ware oxalKeTC.II 

m:x I< j e I vI <tfJ e - t/1 ~) > I - ( < 1, . 
IO:S: 

10 - t- t- 10 t'l) 00 t'l) 0 t- 00 co co :s: 
To, c~enas nocne 3Toro N1 BTepanui, nonylfBM - C\1 10 '<:!' t- <o:l' 10 C\1 - '<:!' 0) C\1 00 N::f 

00 C\1 t- co t'l) t'l) 0 0 10 t'l) C\1 10 t- a:l cu 
0 10 0) C\1 - 10 0) - 0) 10 0 t- '<:!' -~ N+N1 0) 0) t- t- C\1 C\1 10 00 t- 0 C\1 '<:!' '<:!' 

m:xl<jf JVI(t/Jf -t/Jf )>I- exp(2N 1 fnd, C\1 0 0) co 00 C\1 0) 00 10 - 0) C\1 - ... f.< 
a:l 0) 0) 0) co co C\1 t- co t'l) t- 10 0 0 ~:s: 

~ 
00 10 0 0 t'l) 0 00 '<:!' 10 t- t- 0 00 
t: t: t-; cq '<:!' t'l) - 0 q t'l) 10 C\1 - •:S: . . . . . . . . 0 

B TeopeMa ~oxa3aHa. 0 0 0 0 0 0 0 0 0 0 - co - --;:;g. I I I I I I I I C\1 
HcnonL3Y.II pe3ynLTaTw TeopeMw, nonyqaeM ~f.< - ~ 

ltgBe 
N N-1 2 -~ :s: 

- tgBe 1 - IC -II , 10 ~ 10 10 C\1 10 t- 10 0 10 '<:!' - C\1 II o:s: - t- 0 0) - '<:!' C\1 - 0) 0) 10 co >< 0 t'l) 0 10 t- t- ~ 0 0 10 C\1 0 0) co ~ 

I N-1 I 00 10 00 10 10 0) - 0) 10 0 t- t'l) 0.. 
ecnu C - I < I. '<:!' 00 t'l) t'l) '<:!' C\1 10 00 t- 0 0) 0) C\1 -(I) - N '<:!' '<:!' t'l) - t- C\1 0) 00 10 - 00 '<:!' 10 ~r:: 
Cne~oBaTenLHO, ua xa~oM ware MOlKHO oneHBTb norpew- a:l C\1 00 t- co co C\1 t- co t'l) t- 10 00 l5 cu t'l) - - 0) t'l) 0 00 '<:!' 10 t- t- 0) (I) 

HOCTb. ::1 co co co 10 ~ t'l) - 0 0 cq 10 - - (I) t:: 
:s: . . . . . . . . . . . t:: () 

B OTnBlfBe OT 6opHoBcxoro pa3nOlKeHB.II AA.II TpexMepHoB t:: 0 0 0 0 0 0 0 0 0 0 - co - cu 0 
10 I I I I I I I I C\1 :s: r:: 

3a~aqu HCM CXO~BTC.II paBHOMepHO B 3KCllOHeHnBanbHO B cu ::1 0 
f-o = = npBBO~BT Ba Ka~OM ware K YHBTapHOB S ·MaTpBne, B TO (I) = 

C\1 t- 10 0 t- C\1 0) C\1 00 10 00 - 00 f.< (I) 

speM.II xax B o6W1fHOB TeopBB B03Myll(eHBB YHBTapHOCTb co t- 00 C\1 0) t'l) t'l) C\1 0 co t'l) '<:!' '<:!' 0 ~ 

swnonH.IIeTc.ll nuwL npu6nBlKeHHO. 
co t- - C\1 t'l) '<:!' 00 0 10 0) 0 t'l) t'l) r:: f.< 
C\1 t'l) '<:!' 10 t- C\1 co - 0) '<:!' '<:!' 00 C\1 cu () 

Depei~eM lfBCneHHOB ... co t- t'l) 10 00 00 10 00 t- 0) '<:!' 0) co = f.< Tenepb K CXO~BMOCTB MeTo~a. a:l 00 0) 0 t- - - 0) 00 10 0 t'l) 0 t- (I) 

B Ta6n. 1 npuse~eHw MBHW pacce.IIHB.II ua noTeHIUiane 
t'l) 0 10 C\1 co C\1 t- co t'l) t- '<:!' '<:!' 0 tl; ~ 
C\1 t'l) - 0) t'l) 0 00 '<:!' 10 t- t- '<:!' t- :s: f.< 
'<:!' 10 co 10 '<:!' t'l) - 0 0 t'l) 10 - t'l) = 0 

V(r) = ~0( I- r). 
. . . . . . . . . . . • . tl; 0 

0 0 0 0 0 0 0 0 0 0 - co 0 (I) () 

r I I I I I I I I C\1 
() tl; 
() :s: 
cu = 

Toquoe 3Ha1feHBe ~nBHW pacce.IIHB.II Ha TaKoM noTeunuane I I co 0) '<:!' C\1 10 0 0 0 0) co 10 t- 10 o..tl; - t- - t- C\1 0 0 0 C\1 0) 00 10 - cu (I) 
nerxo BbllfBCnBTb/1/ • Ouo pasuo '<:!' - 0) 0 '<:!' 0 0 0 '<:!' 0) 0) t'l) t- = () '<:!' 00 t'l) ('i) - 0 0 10 - 0) 0) 0 0 :s: () t- - t- C\1 t- 0 0 t- t- 0) 0) 0 0 t:: cu co 00 - 0) 10 0 10 00 10 0) 0) 0 0 1:( 0.. c t- - C\1 co 00 g t- co t'l) '<:!' 0) 10 0 

"" 
a:l 0) 00 10 t- C\1 00 '<:!' 10 t- 0) t- 0 :il co co co 10 <o:l' t'l) - 0 0 t'l) '<:!' 00 10 I 

I g 1 I [( i + l)!(i- l)!J . . . . . . . . . • . . . == 0 0 0 0 0 0 0 0 0 0 - '<:!' 0 
a:l 2 i= 1 I I I I I I I I -a= - 1:( 

"" I gi/(i!)2 
.. 

0 10 0 10 C\1 - 10 - - 10 q cq ~ 
(I) 

i=O IIi) 
C\1 - - • . . . :s: 

0 0 0 0 - - - = I I I I I cu 
:r 

H3 Ta6n. 1 BB~O, 'ITO B o6naCTB 3Ha1feHBB g, r~e 
(I) 

' 
=a 

CXO~TC.II 6opHOBCKBB PJI~, nepsoe npB6nBlKeHBe HCM He :s: 
0.. 

XYlKe, lfeM BTopoe 6opuoscxoe, BTopoe npB6nHlKeBBe HCM He t t:: 
xylKe qeTBepToro, TpeTLe ue xylKe BOCLMoro 6opuoscxoro 
B T .~. B COOTBeTCTBBB C TeOpeMOB. 
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§2. MHOZOKUHUAbHOe pacceJIHUe 

MHorae 3aAaqa BAepHOA H aTOMHOA ~H3HKH CBOABTCB 
K pemeHHIO MHOrOKaHanbHOA CHCTeMbl ypaBHeHHA 

f.2 2 e <e + I) 
--F"(r)+L a a F (r) +l V ,(r)F-(r)=(E-ca)Fa(r). /9/ 

2M a 2M r 2 a a' aa a 

06o6ll.(eHae HCM Ha MHoroKaHanbHble 3aAaqa npoBOAHTCB 
npocTo 121. B 3TOM cnyqae AnB ynpyroro pacceBHHB 

vs ,= 
a a 

Vf31x 13 ><x IV , a y ya 

<x I v I x > o op p 

a AJIB Heynpyrax npoueccoB 

vs,= 
aa 

Vf31x'f3><x IV , a y ya 

< x31 v op I x P > 

/10/ 

/11/ 

s 
)l;anee MO>KHO nOBTOpHTb BCe paCCY>KAeHHB, npeAnonaraB V , a a 
BnonHe HenpepbiBHbiM onepaTopoM, a nonyqaTb paBHoMep-
HYIO a 3KcnoHeHuaanbHYIO CXOAHMOCTb HCM AnB MHoroKa

HanbHbiX 3aAaq. 
)l;ml HJiniOCTpaUHH MeTOAa paCCMOTpHM CTOnKHOBeHHB 

no3HTPOHOB c aToMaMH BOAOPOAa. TaK KaK Macca no3HTpoHa 
Mana no Cp&BHeHHIO C MaCCOA npOTOHa, TO ABH>KeHHe BApa 
B npouecce CTOnKHOBeHHB HeCyll.(eCTBeHHO H HM MO)KHO 
npeHe6peqb. IlpeAITOnO>KHM TaK>Ke, qTO aHHHrHnBUHB HAeT 
qepe3 KaHan o6pa30BaHHB IT03HTpOHHB. TorAa COOTBeTCTByiO

ll.(aB CHCTeMa ypaBHeHHA HMeeT BHA / 2/ 

t 2 2 ~ ~ 
(-'V +E-< ) F (";)=(l+f)u

0
m(r) Fm(r). 

2M n n m 
/12/ 

3AeCb 

Unm ( ;) ~ e2 e2 ~ -> 

f t,"'ri ( r) (- - --- ) t/1 m< r ') d r ' , 
r I~ -.,I r - r 

8 

rAe I t/1 0 G> l - cacTeMa co6cTBeaawx ~YHKUH:ii aToMa 
BOAOPOAa. B Ta6n. 2 npaBeAeHW B aTOMHOB CHCTeMe eAUHHU 
Anaaw pacceJIHHB no3aTpoaa aa aToMe BOAOPOAa npa ac
nonb3osaaaa cenapa6enbaoro noTeauaana. 

PaccMaTpasanacb CBJI3b KaHanos pacceBHHJI qepe3 sapTy

anbHWe COCTOJIHHB 1S, 2S , 2P , 3S , 4S aTOMa BOAOPOAa. 
)l;nJI cpaBHeHHJI npHBeAeHbl AaHHble TOqHJ.IX pacqeTOB Ha CTa
TaqecKOM noTeHUHane H C yqeTOM CHnbHOB CBJI3H COCTOJIHHB 
1S - 2S 141 . BHAHO, qTo cenapa6enbHhlii noTeH:uaan AaeT 

AnHHW pacceBHHJI, 6nH3KHe K TOqHJ.IM B 3aAaqe C orpaHaqeH
HblM qacnoM KaHanos. Haa6onhmaii BKnaA B AJIHHY pacceB
HHJI, KaK H cneAOBano npeAITOnaraTb, BHOCHT yqeT BHpTyanb
HOrO 2P COCTOJIHHJI aTOMa BOAOPOAa. H3 Ta6n. 2 BHAHO, 
qTo PBA no BHpTyanbHWM S -COCTOJIHHJIM 6WCTpO CXOAHTCJI. 

TaKHM o6pa30M, MW nOCTpOHnH 6WCTpOCXOAJIII.(YIOCJI 
YHHBepcanbHYIO npo:ueAypy, KOTOpaJI npHMeHHMa AnJI pac
qeTOB pacceJIHHJI 3apB>KeHHWX qacTHD; Ha aTOMaX, a TaK)Ke 
JIAepHWX CTOJIKHOBeHHB. 
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