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BBEAEHKE

B pauHol pafoTe Mbl NPEeAcTaBuM pe3ynbTaTh 4HCAEHHOTO peweHns
pEnATUBUCTCHUX KBasvnoTeHUHaeHBEIX ypaBHeHwﬁ/1’ , OTMCHIBANUMX
CBAZAHHY CHUCTeMmy OByX 4acThu B WMMMNYMbCHOM MPOCTPAHCTBE.

Kak nokazaHo B paboTax R 8/ B8 chyd4ae B3aMMOASHCTBUA ABYX
CKanAPHEX 43CcTuy KBa2UNOTEeHLMalbHOe ypaBHeHne 8 UMY NECHOM
NPOCTPAHCTBE WMMeeT BUA MHTErpanbHOro ypaBHeHWA, cogepxaileroc
HENMHEeMHYw 3aBUCHMMOCTL OT cOBCTBEHHOMD uMCna — Macce chcTemMs M:

- g -+ - N -
Gl(p MW () = (@m) [V (M, P, )W, (K)dey . /B1/
dK
3pecs G - ceoBophas PyHkuma Topuna, dfl = —————— - sneMeHT
Jm2 4 k2

ofbeMa B MMAYNbCHOM NPOCTRAHCTBE, & V - AOpO YPaBHEHMWA, KBa3N-
noTedyrnan GNA ABYX CKanspHeX uacTry maccel M. B ToM BapmaHTe
KBRa3UNOTEHUMANBHOIO NMOBXOA3A, KOTOpPLIM GbiN P33BUT Ha OCHOBE WY~
pHOHHOK OMArpaMMHON TEXHUKU g’/ , 9TO ALPO MMEeT BWG:

5 2 g%m® -1
V(M'ﬂ'p'k) =" (2")3[wp|k (p0+ ko + WP.R _Mn] ’
- ——  /B2/
wpk¢&5 —_k)2+|u_2, p0= m2+p2 . kO = m2+&2,

rpe B - M8Cca 4acTuud, nepeHoCAllell B3auMogencTsne.

MpucyTCTBUE BeNWuMH P, W K, Aenaet KBasunoTeHyuan /B2/ ne-
AOKanbHHM, T.€. 33BUCAULMM NO OTAENbHOCTK or |p| k|, a nHe ot
paauocrmﬁ — % . 0TMeTuM, UTO BhipakeHWe /B2/ ABnAeTCA COCTaBHOM
UaCTbi0 NOTEHLManos, BO3HWKAWWWX B OABOBPEMEHHON penATMBUCT CKOM
HopMynMpoBKe 3afaud ABYX Ten

MpKn paccMoTpeHui YypasHEHWUA /B1/ Mb OrpaHUHYMMCA CAYYEEM HyNe-
80ro OpbMTanbHOTO KBAHTOBOMO 4YMCnd. NpeacTaBnsAA BONHOBYW QYHK=
ud B BMAE

‘Fewo(s) = (477)‘% f[)(p)p-1 ' /B3/

M UHTErp1vpysa B /B1/ no yrnoBbiM NepeMeHHbIM, nonydaem gnA $(p)
OfHOMEpHOE WHTerpaneHoe ypaBHEeHUE:



oo

J V(p.k, A, u)®(k)dk, /Bh/
Q

«(P)p, — A D(p) =

w
rae

Po+ k_~ M+ g% (p-x)E1H

V(plkship) = ln/ 2 LYY
Po+k, = Ma+[p*s(p +k)®|%

/B5/
M=2A=2m+ECB,m=1~

Aanee mu Gyaem paccmatpusaTh gea BapMaHTa dyHxumm < (P}, Mepsuii:

e () = V1 4 p?, /86/

a2/ ”
COOTBETCTBYET YPaBHEHWID, MONYyUEHHOMY B Ha OCHOBE WNYPHUOHHOH
AUArpaMMHON TexHWKKM, a BTOpON:

eg(P) =1+ p%, /B7/

NEMBOAWT NeByw 4Y4acTb ypaBHeHus /Bh/ BMAY, AOfy4YeHHOMy B” 37 |

Hamu Bypet usyuewo noBeaeHne CcobCTBEHHHIX BYHKUMIE CBA3aHHOL
CMCTEeMbl, 33BMCHMOCTB 2HEPIruKM CBA3W OT Maccsl NpoMexyTounoro Ho-
30Ha f , HaltjeHs KPUTWUECKUE 3HAYEHWMA MACChH [, APYM KOTOPHIX B
tnCTeMe NOABNAETCA NepBOe CBASAHHOE COCTOAHME.

1. METOA PEWEHMA WHTErPANBHOIQ YPABHEHUA

Ompepenenve Maccu W BONHOBOM GYHKUMKM CBR33HHBIX COCTOAHUM
CBCAMTCH K Chefyoweil MaTeMaTudec Kol 3apave. MNpu PUKCHMPOBAHHLIX
napametpax B u p , a Takxe 3apgaHHon dyHKuymm € (P )paccMOTpUM criek:-
TRanbHy 3aaavyy AOnMA NMpou3BOMBHONO BEWECTBEHHOrO 3HaYeHWs A

oo

e(P¥p, -E)¥(p) -+ fGp. .k, A,p)¥(k)dk =0,

1.1/

47
OSP-..._<P:0, B >0,

roe E=E()x) - CNeKTpanbHel napaMeTp, a ¥(k) - COOTBETCTBYIWAA
cofHcTBEeHHan GYHKUMA, ANA KOTOPOH BeNONHEHO ¥(Q) = 0. Myctb
E;{()A) - MuHumanbroe coBcTeeHHoe “vcno ypaeHewua /1.1/. 3apaug
COCTOWUT B HaxOKOEHWMM TaKOIO SHauveWwma A* i COOTBETCTBYOWEH eMy
BONHOBOM OYHKUMM Y*(p) , AnA KoTopwix

A* = E (a*). /1.2/



YUnMTHBAA CROKHYK 38BMCMMOCTB El(A) , peweHve HenuHenHoro
ypaBHeHuA /1.2/ MOKHO NpOM3BECTH fiMile YMCneHHo. Belumcnenue 3Ha-
yeHuit QyHKIWN El(A) ocyllecTBnAETCA MNPK HOMOUM 3 KGHOMWUHBIX anio=
pUTMOB DeuweHnA CheKTpanbHeXx 3apay BUA3 /1.1/, passuTex B 4-6/,

B paBoTe npoBefeH adanus 33BMCHMMOCTH BenuuuH A= (B, p) w
Wr(k, B,p) OT napaMerpos B>0m0Lps b

Mlpy PUKCUPOBAHHOM [ Z 0 MOWHO OnpeaenuTh Takoe sHauenne B,
ApWM KOTOPOM BLINOJIHAETCA paseHcTRO A*(8, )= A, ANA BCAKOMO PUK=
CMPOBAHHOMD 3HaueHus 0 A, = 1, npuuyeM 3Hadehwe Ao = 1 pocTura-
eTcA ONA OpYrok acuMnTOTUKM GOMHOBOM QyHKuMn npu P - 0 /cm.
Npunoxerue/ .

¥(p) :-:‘- + 0(1), p + 0. /1.3/

0aHUM ¥3 BO3MOMHEIX cnocoboB peweHus ypaBHeHWA /1.2/ sBnReT-
CA MeTOpn MpOCTHIX MTepauni

AT (1 - W)A + wEl(An), 0 < wxg 1, ‘ /147
ﬁ > Ay T 3anam@, MOCKOJIbKY ODYHKUWA E, (1) Anda sagaud /1.1/ B
PU3MHECHN uHTepecHoh oBnacTi M3MeHeHun i W B onpepenseT CiHUMaT
Wit onepaTtop B CUMY 0 <E;(x) £ 1. Oanaxo npeaenkHe cny4an
El(h)~§1 rakke npemcTaBnaeT WHTEpec, noaToMy npouecc /1.4/ ne
MoweT GuTb 9dPeKTHBHEM BO scell uccnedyemoin obnactu MaMeHEeHUA
pou B NocKoNbKY MPAMOE BhYMCAEHKE npomasopHoi K] { A )YBecbma
3aTPyAHMTENEHO, B paboTe MCNonb3oBaH ABYXWarOBhiA METOR CEKYUMX,
ABAAYMIACA aHanoroM MeToAa HppTOHA, B KOTOPOM NpOW3BOAHAA
EE(A)—l 3aMEHAETCA PA3HOCTHBIM 3HAUSHUSM. lycTe Ag = Hauanb-
Hoe npubmuxenve. fonaraeM A= El(ho), W panee ocywectennemM
uTepauum nNo dpopmyne

P L —— OB, Y, 1.5/
n—-1 n—1 n n
A - EI(A )-+E1(A ) -~ A n=12,...

He ocTaHasnMBanACh Ha Oeranax, oTMeTHMM Nuilk, 4TO noKaneHanA
CHOPOCTDb CXOQUMOCTH a3TOro fpouyecca NORAUMHAETCA OU EeHKE
n

(A" - A*) < coqz, q < 1.

LOnR TMpeacTaBneHHsX 34ecs pacueToB B cCpefHeM b0 4OCTaTQuUHO
3:5 uTepauymnit Ao LOCTUNEHWA yCnoBwA (A“+1 -~ A%) < 10-4, flpn pac-
uete Kpuehx A*{(S, @) AnA cepuu sHaueruin Bij=Bo + 1 - AB ,1 =
=1,2,.., M npu OOCTATOMHO MasibixX anaueHmnax AB aa HaYanbHOE MNpy-
Gnuenve AnA A By s & } BHOWMpanochk yXe BhUM CNeHHOe 3Ha4eHue
A*(ﬁi,u) . B sTom cnyuyae cpeaHee 44Cno wTepaumis MeToaAd /1.5/
npw Kaxgom 8 pasHAnOCh AByM,



2. PE3YNbTATH YMCNEHHBIX PACYETOR

PaccmoTpum ypaerenun /1.1/ mpM e {P)=(1+p°) ", dns avoro
CNy4as HaMW MOAYUEHH TPagWK1 33BMCHUMOCTM uucna A oT napametpa
B anAa p=0; 1; 2; 4 B Takom Ananazowe mamenenua 8 , ans
KoToporo 0 < A <1, u paccumTany COOTBETCTBYOUME COBCTBEHHbIE
DYHKUMK .

Fpadukn semrunn A(B) npusegern Ha PUC.T: uy=0,pp=1,pu5=2,p,=4.

Ha puc. 2 npueegers AHANOrM4YHble 33BMCHUMOCTH AB) anna ¢,{p)=
=1+p2, flna 2T1ux KPUBBIX XapaKTepHO CyWecTBeHHO Gohee MeaneHHoe

ybusarre A(8) npu ysenuuermu B .

1.0
. - 1
Elphepy (p, = 2] Elp)=pf (B, ~A)
A A
03¢ 05l
o}
0 5 10 15 B 0 20 L0 P
Puc, 1. Puc. 2,

Ha puc. 3a npusegemb coBcTeeHnbe GYHKUMM AnA criyyas €(p)
cooTBeTcTeyuMe napameTpaM B = 4,3; u=0 /A = 0,509/ u B =
=6,4; u=1 /r= 0,512/. Ana 52¢1+p2 Napa cobCTBeHHLIX (yHK-

unit Npu napametpax g = 6,1; p=0 /XA=0,501/u§B= 10,8; ¢ =
=1 /X=0,503/ nm3oBbpaxera Ha puc, 36.

100 __E(DJ=P0“J°')\1 ) 1,0\, E[P)=D,,2{Do-?\l

05}

5 10 p



CobBcTBenHbe BOYyHKUMKM HOPMUPOBAaHe yCnoBUeEM
dx

[ ¢2(x)dz = 1.
o

rge B NMpUMBEAEeHHHX pacuetax [eCTaToMHO 6oino B3ATL 2, = 5,12.

Ha puc. 4 pars rPaduKM 3aBUCHMOC
teir BermmunHel B{p ), npu KoTopom A(B) =
=1 /T.e. 3HeprnA CBR3W paBHa nHyno/
m A(B) = 0,5 /sepxvsn napa/ ana pac-
CMOTPEHHBIX MOgenen.

fina cpaBHEHWA C MOAENb, ONpepens-
eMOM NUHEeNMHBM BXOXOEeHWEeM CNexKTpankHo-
Fo napaMeTpa, Ha puc. | MYHKTUPOM
npefcTaeneHa nonydyeHHas B paboTe
aaeucumocTb A/ = o{B) @ana ypasHeHUA
/1.1/ ¢ nokanbHeM AgpoM V(p,k)=1n/
/(b -k)/(p +k} /], cooTBeTCTBYDUMM B X =
NPOCTPAHCTBE HEPERATUBMCTCKOMY Kyno-
HOBCKOMY NOTeHuuany. BmaHo, 4TO npu
8 + 0 KpuBsie MNPaKTUUECKW COBMNAAICT.

W3 npuBeseHHsx rpagukos cnenyew,
UTO COBCTBEHHBE UMCINAE KBA3SWMNOTEHUM-
aneHaro ypasHendn /1.1/ obnagaotr Temu
We XapaxktepHoiMi CBOKCTBAMM, YTO U
coBcTBeHHbe Yucna ypasHerua UpeauHre-
pa ¢ noteruyuanom Hxaew:

a/ Hanuuue ANA Kawgoro K Kputudec-
KOro 3HaueHnA KoHcTawTel csasu ,(u) ,
NPy KOTOPOM B CUCTeMe ABYX 4acTul MOABARETCA odepegHoe n-ce
ceRzaHHoe cocToauue /puc. 1,2/3

6/ POCT KPUTUUECKMX 3IHAYEHWH KOHCTAHTH CBA3M Bolp) c pocTom
©  Jpuc. b/.

PacueTs MpPOBOAMIMCE HA OTpesxe AMCKpeTusaumm 2y = 5,12 annA
aCOMMTOTHMKM T(p)::ﬂ(ﬁs),p-+ oo npt N = 65 HeuaBecTHuIX 5/, 0f-
HOCKUTENbHAA TOYHOCTh YMCAEHHBIX pacueToB COCTaBAReT 1073210 ™

OTmeTum, uto 3agave /1.1/ moxeT GuTb nocTaenexo 8 COOTBETCT—
BMe cueTHOe cemeircTso pemeHuit. lycTs E (A) - n-0e nNo CueTy
cobcTeenHoe wicno cuctems /1.1/. Torpa cooTBeTCTBYWan' 'eeTep’’
onpesenAeTCA pPaBeHCTBOM

Puc. 4.

A* = E_(A*),

KOTOPOE MOMHO PacCMOTPeThL B OMpeAeneHHOM [gManasone M3MEHEHWA
B v . TonoRGrM4YecKUM WMHBAPHAHTOM Kawgoro M3 3TUX CeMeWCTB
GypeT 4Mcno Hyreil BOMHOBOW $yHKLKM H3 OTPE3KEe /0,>=/, KoTopoe
paBHo 0 - 1.

S



llanHyo paboTy MOKHO paccmaTpusaTe Kak obobueHue MeTogoB pe-
WeHWA YPaBHEeHWH C MOMLeNbHbIMM NOKANbHEIMU KBa3MNOTEHUMANaMM M
NMHEMHOA 33BUCMMOCTLID OT COBCTBEHHOrO umchna M = 2 A » KOTOpHE
6ot paseuTe B 746/ Cnegyoumm Hawmm warom Bynet peleHue cuc-
TEeMbl YDABHEHWA, OMUCHIBENWMX PENATUBMCTCKYID CBABAHHYI CHCTEMy
BBYX 4acTUy €O cnuHom 1/2.

NPUNOKEHUE

AcumnToTuKa npu P - 0 coBeTBeHHux QyHkumid /1.1/ gns A = 1,

fleBan wacts /1.1/ npu p > 0 umeeT BUA GL5p2+0(p4))W(p)nnn
KaKaoro u3 noteHyuanos €;(p),i = 1,2, Avanuaupys MHTerpanbHbIi
uUneH, PacCMOTPMM ABa CNyuyan:

A/ p # 0, Torga npu A =1, p =+ 0 wMeem

G(p,k,1,p) = In| 12X - _ax y 0y,
1+x
rae
pk
X = + O(pz).

pz2+ p2+k2(po+ k, -2 +\f,u2+ p° 4 kz)
B WTore nonyv4aem paBeHCTBO

]

lim p ¥(p) = —f—rE;(-—(kT))dk, & (u, k) = pPr k2 (k —1 + Ju2 4 k?),
p—+o0 Q ]
/2.1/

KOTOpOe ABNAETCA HeABHWM ypasHeHuweM Ha senmumny B{p) , ykaszau-
Hyio Ha puc. 4. Y706 nonyunTe npubBrumeHHOe DPaBEHCTEBO ana g,
MONOMMM

p¥(p) = a_ +-%)p4-alp2+-." v & #£0, p < ey /2.2/

1 -1

Ecnu npu BoluMcneHWu uHTerpana B nNpaeoit vactu /2.1/ yuqTeeaTsb
Mube BKNaa NepBOro craraeMoro va /2.2/ /9To npeanonomeHve oc-
MOBAHO Ha QaKkTe cunbHoi ''mokanvsaumun'' pewenmna ¥Y(p) B okpecTHOC~
Tn Touku p = 0, HabnwgaeMOM B uMCneHHeIx 3KChepumeHTax/, To no-
nyudaem npubnumeHHoe ypasHedue anAa S

A
1 -8, 9k o, 2,

rae [0,A] ecTh xapaKTepHb#l OTPE30OK NOKANM3auMM COBCTBEHHON QyHK-
UMK .

6



B/ Nycte p = 0, Torpa npu P~ 0

0.5p% +k -1+1p - K|
G(p,k,1,0) = Inf ) =
050% +k, -1 +(p + k)

_2(X+-;—53+%x5+...). X = _.m.-—p »K2P
~ 05p% +y1 +k® 1 + K
-2(% +-1—x3+1—x5+...), X = k , kB <p,
3 5 2
2 k
M . p +0,5p + —§—~

P
[Gp.k,1,0)¥(k)dk = -2a;b_;+ 0(p),

rae b_y = > id

— =g AManoOrvMYHoe B cAyudae k > p MOKHO
NoAyUiTb k=0 (2k + 1) 8

b, - &, + 0(p),
o

?G(D.k,l,O)‘P(k)dk - 2
P k

g

rpe Tawkwe bk=(2k-+1)_% B uTore mumeem paBeHCTBO

p2 _ B . Br o, .
> ¥(p) = pye (-4b a_»)+0(p) = T 0(p), 2.4/

wa KkoToporo cneayet, uto B(0) = 0 /T.e. npu ¢ = 0/ B knacce pe-

weHus f2.2/. MOWHO TMpOBEPWTL, YTC NPpKM MPOM3BONBHOM nopAagKe no

P NepBOro Cnaraemoro B pasnoxeHun /2.2/, cooTHoweHWe Tuna /2.4/
BSynet SHNOMHATLCA TOMBKO TPU B = 0. Quennm ACUMNTOTUKY GyHKUUK
Blu) nmpu i >0 nz opmyns /2.3/ B wunTtepBane g > A, npepnonaras,
4TO uYMcno A AOCTAaTONMHO Manoc 8 cuny nokanu3oBawHocTH'' cobcTeeH-
MOl dyHKuMK. Tpu mMameix K uMeem

b, k) = 2+ K%+ 0(k®max(k, p)).
MoaToMy NPW AOCTaTOYHO ManeiX { , HO OFpaHUYeHHbIX cHM3y # 2 A >
> A, npubauxenHan Gopmyna Ans Blu) umeeT 8BMg :

-

B = G(A)'ﬂ".uz, /2.5/

roe c(A) - HEKOTOpaa KOHCTaHTa, 3asucAwan oT A . ¢opmyna /2.5/
cornacyeTca CO CBOMCTBOM B(O) = 0, a Takke c rpaduKoM pucC.
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Fupkos E.II. # Ap. P11-87-261
JycrieHHO e pE‘.I]IQ.HHe KBaSHOOTEHIHAIIBHOT'O

ypaBHEHHsd C HelIHHeHHBIM BXOXOeHHeM

CHeKTPalIbHOTO napaMerpa

[penscraBieHs PesynbTaTh YHCIEHHOTO HCCIeJOBaHHA Dela—
THBHCTCKHX KBASHIOTEHUMAIBHEX yPABHHMEH, OIHCHEAIOIHX CBA™
saHHYK CHCTeMy ABYX 9acTHI[ B HMIYJIbCHOM OPOCTpAHCTBE, B
cny4ae, KOor[Aa KHTerpaIbHHE Oleparop COOepXHT HelHHEHHY
23BUCHMOCTE OT COBCTBEHHOI'O UH(JIAa -~ MACCH CHCTEMb M=2X\.
YeTaHOBIeHa 3aBHCHMOCTR SHEpPrHH CBJ3H OT Maccen TP OMEXRY—
TOYHOTO B030HA }i, HANIEHH KPEHTHYeCKHe 3HAYEHHs W, NpH
KOTODHX B CHCTeMe MOaBlsaeTCsd NepBoe CBASHOE cocTOAHHE.

PaGoTa BhIonHeHa B JlaGopaTOpHH BHUMCIMTRIBHOHK TeXHHKH
u aBTomMaTHzanuH CHAK.

Coobiense O6LeTHHEHHOTO HHCTHTYTA ANEPHBIX pcenenopamit. Jy6Ha 1987

Mepesog, 0.C.BuHOTpAnOBOH

Zhidkov E.P. et al. P11-87-261
Numerical Solution of Quasipotential

Equation with Nonlinear Entry of Spectral

Parameter

The results of numerical investigation of relativistic
quasipotential equations desceribing the coupled two-par-—
ticle system in momentum space are presented for the case
when integral operator contains the nonlinear dependence
on the eigenvalue—mass of the system M=2A. The dependence
of the couple energy on the mass of intermediate boson Y
{s found. Critical values of mass U for which the first
bound state arises 1s calculated.

The investigation has been performed at the Laboratory
of Computing Techniques and Automation, JINR.

Communication of the Joint Institute for Nuclear Research. Dubna 1987
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