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6enAeB 8.6. , Kaprasues 0 . 111 ., KoYKl1H B.111 . 

Anrop11TM peweHl1A ypaBHeHl1111 <l>aAAeesa AflA Cl1CTeMbl 

rpex TO>t<AeCTBeHHblX 6eccnl1HOBblX 'laCTl1L\ 

P4-91 -254 

COJAaHa MareMarnYecKaA nporpaMMa Ha AJblKe <l>oprpaH AnA peweH11A 

OAHOPOAHoro ypasHeH11A <l>aAAeesa Ha onpeAeneH11e 3Hepr1111 CBA311 3 6eccn11-

HOBblX TO>t<AOCTBeHHblX 'laCTl1L\. B OCHOBe 'll1CneHHoro MeTOAa ne>Kl1T KOHe'lHO

MepHaA annp0Kc11Mau11A A11cpcpepeHu.11anbHoro oneparopa, snepBb1e 11cnonb

JOBaHHaA asropaM11 B AaHHOM u.11Kne 11ccneA0BaH11111. B pa6ore nposeAeHo 

OOCTOATenbHOe 11ccneAOBaH11e norpewHOCTl1 MeTOAa 11 norpeWHOCTl1 npoMe

>KYTO'lHblX Bbl'll1CneHl1111 . 3aAa'la HOCl1T 6onee MeTOA11'lOCKl1111 xapaKrep, HO MO· 

>Ker 6b1Tb np11MeHeHa K peweH11IO MHOr11x KOHKpeTHblX KBaHTOBO-MexaHl1· 

'l0CKl1X npo6neM Cl1CTeMbl HOCKOflbK11X Ten. 

Pa6ora BblnOnHeHa B na6oparop1111 Bbl'll1Cfll1TeflbHOIII TeXHl1Kl1 11 aBTOMa

Tl13al.11111 0111All1. 

llpenpHHT 06-beAHHEHHoro HHCTHTyTa 11nepHbIX HCCneAOB&HHH. lly6Ha 1991 

nepesoA asropos 

Belyaev V .B., Kartavtsev 0 .1., Kochk in V.I. 

The Algorithm for the Solut ion of the Faddeev Equation 

for a System of Three Identical Spinless Particles 

P4-91 -254 

The homogeneous Faddeev equation for three identical spinless particles 

is numer ically solved for fir;id ing the binding energy . The algorithm based on the 

finite -d imensional approximation of the differential operator. Estimation of 

errors of th is method has been analysed exactly. This task has a more methodical 

character, but can be applied to the solution of many specific problems of quan

tum mechanics for a few-body system . 

The investigation has been performed at the Laboratory of Computing 

Techn iques and Automation, JINR. 
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PernaeTCH ypaaHemrn <l>an,o;eeaa 11 • 21 Ha onpe,o;enemie 3Heprm1 CBH3H 

a CHCTeMe 3 TO)K,!J.eCTBeHHblX 6eccnHHOBbIX qacTm~: 

[ 6 + E - V{x) (1 + K) ] iµ {x, y) = O • 

rpaHHqffbJe yCJIOBHH HMeIOT BH,Il; 

i/1(0,y) =iµ(x,0) = iµ(X, oo) = iµ(oo, y) =0, 

-/3 x2 
e ' 

" + 1 dv 
Kf(x, y) = xy f --1/J(x', y'), 

-1 x'y' 

y' = J:...j y2 + 2/8 xyv + 3x2 • 
2 

B 6e3pa3MepHblX e,o;HHm~ax ypaBHeHHe ( 1) npHHHMaeT BH,Il; 

. 2 . 2 a a ,.,. 
[ - + - - K2 + v (x) (1 + K) ] i/J (x, y) = 0 ax 2 ay 2 

c TeMH '.lKe rpaHHqffbJMH ycJIOBHHMH, KaK Ha (2). 
BBO,Il;HM IlOJIHpHbie KOOp,D;HHaTbl p ' a : 

x = p cos a , y = p sin a , 

(1) 

(2) 

(3) 

(4) 

(5) 

(6) 

(7) 

(8) 

¢0p, a) = fi i/1 (x, y) , (9) 



C rpaHH'llibIMH ycJIOBHRMH: 

<ll(p, 0) =·<l.J(p, .!!... ) =·<IJ(oo, a)= O. (11) 
2 

,. 
HHTerpanbHblli onepaTop K ,n;eikTeyeT TOJibKO Ha yrnoeyro nepeMeHHYIO 

a . Ero CBOHCTBa OilHCbIBalOTCH 3a,Il;aHHeM HOpMHpOBaHHbIX co6CTBeHHblX 

cpyHKUHH '71
0
(a) H co6cTBeHHbIX 3Ha'leHHH >..n : 

,. 
KT/ = >.. T/ , (12) 

n n n 

2 
T/ = - sin2na 

n - ' v" , 4 , 2 
"n = - srn- rr n y3n 3 • 

(13) 

(14) 

MeTO,Il;OM KOHe'IHOMepHOH annpoKCHMaUHH (npoeKUHOHHbIH MeTO,IJ; THna 

MeTo,n;a ranepKHHa) 111, 121 peIIIeHHe ypaeHeHHH (10) mueM e eH,IJ;e 

M 

'P(x, y) = I. c. ¢. (p, a), 
i=1 l l 

Ci - 'IHCJIOBbie K03(p(pHUHeHTbI, 

1/2 -aiP -3ip ni 
¢
1

(p,a)=·<l.J.(p)71 (a)=p e (1-e ) 
l ni 

T/ (a) • 
ni 

(15) 

(16) 

CyTb MeTO,IJ;a KOHe'llioMepHOH annpOKCHMaUHH /S- lO/ COCTOHT B cne,n;yrorueM: 

,IJ;JIH ypaBHeHHH 

( A + W) j ·<l.J > = 0 (17) 

npOH3B0,IJ;HM 3aMeHy 

A-A (18) 

TaK, 'ITO 

~ -1 . 
AA (x >=Ix>, 1=1, ••• M. 

i i 
(19) 

PeIIIeHHe ypaBHeHHH (17) lilll;eM e BH,n;e 

_
1 

M . M 

I cl>>= w I. c. I )(. > = I C I¢. >, 
i=1 l l i= 1 i l 

(20) 

2 

-1, 
I ¢i > = w l Xi > ,mm Ix >=WI¢>, 

I i 
(21) 

< ~ + w) I <ti>= o. (22) 

-1 
IlpoeKTHpyeM ypaeHeHHe (22) Ha A ! x. > , i = 1, ... , M; nony'IHM 

l 

M -1 -1 
I. c.<x !A +W ix.>=O, · (23) 

1=1 l p 1 

HJIH 

M 

I A0 • C. = 0, 
I =1 c l I 

-1 
Ay 1 = < ¢ e I w A w + w 1 ¢ /. 

(24) 

(25) 

Ourn6Ka annpOKCHMaUHH A - ~ onpe,n;eJIHeTCH c IlOMOIUbIO cpyHKQHOHaJia 

- 2 
<<ti I ti - ~!<ti> 

F =-----
1 <<Ill~ j·<1J>2 

oo oo N 
A0 = (dp Jdp''<ll0 (p)'cfl.(p') ! [ v (p) (1 + >..n) -

r. I O O r I m =1 np m e 

-K
2

8 ]g (p,p')[v (p')(l+>.. )-K
2

8 1+ ne m m mn
1 

n1 mn
1 

00 

+(dp<llf('p)·clJ.(p)[v (p)(l+>.. )-K 28 ], 
0 I . nf n i n i nf n i 

. 2 
a 

~ =-.- + 
1 ap 2 

1 °a2 1 
-(-.-+-) 
p2 aa 2 4 '. 

-1 00 

A1 =0 1(p,p',a,a') = I. T/ (a)TJ (a')g (p,p'), 
n=l n n n 

'\Jr;P-, min (p, p') 2 n 
g (p,p') =--- [ ----] 

n 4n max(p,p') 

3 

(26) 

(27) 

(28) 

(29) 



i 

4 ,r/2 2 2 
vnm(p) =- f dasi112masin2nae-t3P cos a 

1T O ' 

2 
detA(K ) = O, 

2 4 
Ae1 = Pe1 + K Qe1 + K Re 1 , 

0000 

Ro = 8 f f dpdp' <ll (-p) <ll (p') g (p p') 
Li ne n i . e i ne ' ' 

00 oc: 

Qe· = - f fdpdp'·<IJ
0
(p) <ll_(p') [ v (p) (1 + A ) g (p, p') + 

l Q Q t l nf n i ne n i 

00 

+v (p') (l+A )g (p,p')]-8 Jdp'<lle(p) <ll
1
(p), 

nf ni ni nf nf niO 

00 00 

P
0 

= (1 + A ) (1 + A ) f f dpdp'·<IJ
0 

(p) <ll_ (p') x 
ti nf ni Q Q t l · 

N 
x Iv (p)v (·p')g (·p,p') + 

m=1 nem mni m 

00 

+ (1 + An ) J dp<ll0 (p) <ll (p) v (p), 
i O t:. i ne n i 

(30) 

(31) 

(32) 

(33) 

(34) 

(35) 

00 1 1 2 a <1> • a<11e 
.<¢ IL\ l</:>e> =8 fdp[-(- - 4n.)<l> (p)'<l>e(p)--

1 
-1, (36) 

i 1 nine O ·l 4 1 i ap ap 

M M 
<4>lt1-L\l'<ll>= !. I CiCn .<</:>ill\+Wl</:>e>, 

i=1f=1 t:. 

- 2 
<<ll I t1 1 - t1 I '<ll> 

F=-----
.<¢1 L\11 <1>>2 

M 

<ll=Ic¢. 
i= 1 i i 

4 

(37) 

(38) 

(39) 

' 

r 
J 
I, 

1_:\ 

\{ 

CtIHTHBaHHe C ,,!JI Ta6-
J1HI.J; '\{ l O ) B 03Y """' ) 

3uq:ucJieH~Ie BCIIOMoraTeJTh-j .,j netiaTI> 
HHX KOHCT8HT 

_____ __,Bo.n otiepe~oro Ha6opa 
rrapaMeTpOB a.i C n/K 
(HJIH reHepnppBaHHe HX .n;p. 

CITOCOQQ 

,b[qHCJ18HH8 3H8lI0HliH 
P ) Q 1 \?.. ~ M8Tpwmux 1 ~ II8lI8TI, 

M8M8HTOB A,<.· 

emeHHe HeJIHHefiHoro ypaBHe-
HIDI J.e.i I At; ( t.L) \ ~o 
(BHlIHCJieHHe SHeprHH CBH3H 

\e. '- H onpe.n;eJieHHe c , 
,JIH BOJIHOBOfi \PYHKium 

-.::: L,C.;"-e: 

EHtIHCJieHHe qlyHKIU!OHaJia 
OIJ;8HKH F 

HST o6pa6oTaHH Bee 
Haoopu a..- ? 

(, 

.na 

l 
OCT8HOB 

Ilpmuunmam.HM 6noK·cxeMa nporpaMM&I S3E 
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B1,1qHcJiemrn MaTpwrn1,1x ::meMeHTOB Af i aeneTCH no CTattnapTHoif n/n SIM PS 
(MeTO,ll; CHMnCOHa) C aBTOMaTHqecKHM BbI60pOM wara HHTerpHpOBaHHH 

,ll;JIH 3a,ll;aHHOM (a Harnett 3anaqe) oTHOCHTeJibHOM TOqffOCTH REPS= 10-1
, 

HJIH 10-2 ' HJIH 10-3 (no ycMOTpeHHIO nOJib30BaTeJIH). 

Ta6JIHQa vnm('P), KOTOpaR XpaHHTCH Ha MJI (MarHHTHaH JieHTa) H npH 

pa6oTe nporpaMMbI S3E cqHTbIBaeTCH B onepaTHBHYIO naMHTb (O3Y), BbI

qHcJieHa J:i,JIH O -~P ~ 30 C waroM h = 0,01, qTo n03BOJIHeT npH HCnOJib30Ba-

HHH Ky6HqecKOM HHTepnOJIHQHH BblqHCJIHTb :meMeHTbl MaTpHQbl Af i C MaK-

CHMaJibHO B03MO)KHOM ,ll;JIH naHHOM nporpaMMbl OTHOCHTeJibHOM TOqttOCTblO 

( = 10-8 • 
0TH. 

IlpHMep proyJihTaTOB a1,1qHcJieHHM no nporpaMMe S3 E 

K2 F 
2 

F 
al a2 a3 K 

0,2 0,5 0,7 0,2641 4,5 · 10-3 0,4677 3,4· 10-1 

0,2 0,5 0,75 0,2369 2,2· 10-2 0,5605 65·10-1 

' 

0,25 0,5 0,75 0,2328 3 5.10-2 

' 
0,6319 7 7· 10-1 

' 

C =-6 762 
,[{JIH Ha6opa (0,2; 0,5; 0, 7) { c 1 = 1,0 

' 2 ' 
c

3 
= 4,664. 

YMeCTH(!. cneJiaTb eme HeCKOJibKO 3aMeqaHHM. Bo-nepBbZX, HBHbIM BH,ll; one

paTopa t,,. He BblilHCbIBaeTCH, cymecTBOBaHHe t,,.-l ,ll;JIH /),. nocTyJIHpyeTCH. 

Bo-BTOpbZX, T.K. peweHHe ypaBHeHHH «l>anneeaa HI.QeTCH B BH,ll;e 

M 

1J! = L Ci <P1 ( X, Y) , 
i= 1 

KaK pa3JIO)KeHHe raJiepKHHa 111 • 
121

, rne M - KOHeqttaH BeJIHqHHa, TO cqeT 

no nporpaMMe S3E npH HaX0)K,ll;eHHH K
2 

H BOJIHOBOM cpyHKQHH 'l'(x, y) 
H,ll;eT B 3aBHCHMOCTH OT M. 

B Haweii 3anaqe 0,1.$ ai .$ 1,0; 0,4 .;: K
2 -s_ 1,00; ,ll;JIH npyrHx 3anaq, ecTecT

BeHHo, o6JiaCTH, a KOTOpbIX Jie)KaT HCKOMbie BeJIHqHHI,I H napaMeTpbI, MoryT 

6bITb npyrHMH. Ilo3TOMy npH M = 1 HeT_ npo6JieM B MHHHMH3aQHH cpyHKQHO

HaJia no e,ll;HHCTBeHHOMy napaMeTpy a i= 0Tpe30K [ 0,1; 1,0] npoCTO npoxo

,ll;HTCH C nocTOHHHbIM waroM H 3HaqeHHe K2 ,ll;JIH min F npHHHMaeTCH 3a pe

ineHHe. IlpH M = 2 y)Ke Hy)KHO npHMeHHTb JIH60 npHeM noKOOp,ll;HHaTHOro 

6 

~ 

cnycKa, JIH6o HCnOJib30BaTb HHbie MeTO,ll;bl MHHHMH3aQHH. QqeHb 3cpcpeK

THBHblM OJ<a3bIBaeTCH npHeM nOK00p,ll;HHaTHOro cnycKa. HanpHMep, (pHKCH

pyeM atHKC. H a1 3aCTaBJIHeM npHHHMaTb 3HaqeHHe H3 oTpe3Ka [ 0,1; 1,0]' 
no minF1 HaXO,ll;HM ToqJ<y (a1' a:HKC.). Tenepb a*l cpHKCHpyeM, a napa

MeTp a2 3aCTaBJIHeM npo6eraTb PM 3HaqeHHM H3 0Tpe3Ka [ 0,1; 1,0]' Haxo

,ll;HM ToqKy no min F 1 (a~ ' a *2 ) ' (pHKCHpyeM a; H a 1 BbI6HpaeM H3 Toro 

)Ke oTpe3Ka l 0,1; 1,0], H T.,ll;. Ta1<0M npoQecc B 3aBHCHMOCTH OT minF1 

oqeHb 6bICTp0 CXO,ll;HTCH (npHBO,ll;HT K e,ll;HHCTBeHHOM TOqKe npH naHH0M ware 

no napaMeTpaM a i ) • 

,[{JIH M = 3 y)Ke e,ll;HHCTBeHHblM 3cpcpeKTHBHbIM (npaKTHqecKH) B Harnett 

3a,ll;aqe OKa3bIBaeTCH JIHlllb MeT0,ll; noKOOp,ll;HHaTHOro cnycKa. ,[{aJiee, HCCJie

,!J;YH CXO,ll;HMOCTb 3anaqH B 3aBHCHMOCTH OT napaMeTpa M, Mbl ,ll;0JI)KHI,I 6bIJIH 

6M, KaK 6ynTo, cq1naTh ,ll;JIH M = 4, 5, ... , HO ,ll;aJihHeiilllHH qHcJieHHbIH 3Kcne-

' pHMeHT BbIHBJIHeT ,ll;JIH 3a,ll;aqH Ha co6cTBeHHble 3HaqeHHH ( O,ll;HOpO,ll;HOe 

ypaaHeHHe «l>anneeaa) 3aMeqlJ.TeJibH0e o6cTOHTeJibCTBO, qTo, eCJIH 3a(pHKCH

pOBaHbl KOHQbl HHTepBaJIOB H3MeHeHHH napaMeTpOB a i ( a H' a K) , TO nocJie 

Toro, KaK HaM,ll;eHbl ,ll;JIH 3Toro HHTepaaJia KOpHH 1(
2 

npH M =3, 4, ,ll;aJibHeH

lllee no6aaJieHHe qHcJia npo6HbIX cpyHKQHH (yaeJIHqettue napaMeTpa_ M) He 

naeT HOBblX co6CTBeHHblX 3HaqeHHM (npH 3a,ll;aHHblX YCJIOBHHX)' T.e. Ha6JIIO

naeTCH oqeHb 6bICTpaH CXO,ll;HMOCTb KOHeqHoMepHoii annpoKCHMll.QHH no M 

(qHcJio npo6H1,1x cpyHKQHH). 11, B-TpeTbUX, apeMH cqeTa Ha 3BM COC-6500 
-2 

C BnOJIHe npHeMJieMOH TOqHOCTblO A f i ( = 10 ,ll;JIH O,ll;HOrO Ha6opa 
0TH. -3 

napaMeTpOB a 
1 

npH M =3 COCTaBJIHeT t '= 6 MHH, a npH ( = 10 (MaKCH-

MaJibHO ,ll;OnyCTHMaH B HallleH 3a,ll;aqe TOqHOCTb, KOHKpeTHO ,ll;JIH 'CDC-6500) / l 4
/ 

t, = 25 MHH, qTo, aoo6me roaopH, Mbl cqHTaeM ,ll;JIH TaKHX CJIO)KHblX 3a,ll;aq 

BnoJIHe npHeMJieMbIM H ,ll;a)Ke peHTa6eJibHbIM. 
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