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BBEJEHUE

B paHHoM paboTe Mbl NpeAcTaBuM pe3dynbTaThl UACNIEHHOr o peweHuA
PENATUBUCTCKUX KBA3MMOTeHumManbHux ypasHenui /17 | onuceiBaoumx
CBA3aHHYK CUCTEeMy fABYyX 4acTuly B MMMNyNbCHOM MPOCTpaHCcTEee.

Kak nokasaHo B paboTax %3/ , B Cny4ae B3auMoOAelCTBUMA ABYyX
CKanApHbBIX 4acTul KBA3UNOTeHumanbHoOEe ypaBHEeHUMe B MMNYJIbCHOM ’
NPOCTPaHCTBE MMeeT BUA MHTErpanbHOro ypaBHeHWA, coaepxalero
HenMHENHYI0 3aBMCUMOCTb OT COOCTBEHHOMO 4YMCIla — Macchl cucTemb M:

-1,2 - -3 3> > - N
G (p,Mnﬁﬂ(p) =(2#) fV(Mn,p,k)Wn(k)ko. /B1/
dx
3gecek G - cmobogHas ¢yHkuua puna, 4 = —————— ~ spneMeHT
Vm2 4 k2

obbeMa B8 MMNYNbCHOM nNpocTpaHcTBe, a V - AQpo ypaBHEHMA, KBasu-
noTeHuMan AnNAa ABYX CKanApHbX uacTul Maccel M. B Tom BapuaHTe
KBAa3WMNOTEHUMaNnbHOro MNOAXOAa, KOTOPLIM Obin pasBWMT Ha OCHOBe wWny-
PMOHHOM AMarpaMMHOM TEeXHUKKU B 2 , 3TO AQPO MMeeT BUA:

2.3
> 3> m -1
V(Mn'pvk) = = (_i-—)‘_g'lwp,k (p0+ l{o + wp,k —Mn] 4
m
— /B2/

rae ¢ - Macca 4yacTuipl, MepeHocAlen B3aMMmofencTBue.

NpucyTtcTeue BenmuuH p, u k, genaet KBasunoTeHyuan /B2/ ne-
NOKanbHbIM, T.e. 3aBMCAWMM nNo oTaensHocTW oT |P| u |k|, a He oT
pasHOCTMB -k . OTMeTHMM, UTO BhipakeHue /B2/ aBnaeTcA COCTAaBHOM
YacTbi MOTEHUManoB, BO3HMKAKWWMX B OQHOBPEMEHHON PenATUBUCT CKOM
dopMynmMpoBKe 3agaum asyx Ten 37

Mpu paccMoTpeHun ypasHeHuAa /B1/ Mbl orpaHuumMcs cnyuaem Hyne-
BOTO 0OpBUTaNbHOrO KBAHTOBOTO uucna. [lpeAcTaBnAA BONHOBYK (QyHK-—
uvi B BUAE .

1

Yo_ () = (4m)* ®(p)p /83/

U nHTerpupys B /B1/ no yrnoewiM nepemeHHmM, nonydaem ana P (p)
OAQHOMEpHOEe MHTEerpanbHOe ypaBHeHue:
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«(P)(p, -\ @(p) = =P J V(p.k, A, p)®(k)dk, /B4/
m
rae °
P +k - M4+][ ? p - k)2]%
V(p,k,)x,,u):ln/ 2 2 . p.+( 1
po+k0—M+[/;2+(p +k)21”
/85/

M=2\-2m+E, , m=1.

ﬂaneé Mol BypeM paccmaTpuBaTb gBa BapuaHTa odyHxumu € (P) . Mepe.eoin :

e, (P) = 1+ p%,

/27
COOTBETCTBYET YPaBHEHWI0, NOMYYEHHOMY B
LNarpaMMHON TeXHUKW, a BTOpPOM:

/B6/

Ha OCHORBE NYPUOHHOMN

eo(p) =1 + p°, /B7/

NPUBOAUT NEBYW 4acTb ypaBHeHus /B4/ k Buay, nonyueHHomy B/ 37 .

Hamn BygeT u3yueHO noBegeHue COOBCTBEHHLIX QYHKLMI CBASaHHON
CUCTeMb, 3aBUCMMOCTb SHEPrMu CBA3M OT MaccCh RPOMexyTouHoro 6o0-
30Ha # , HaWAeHbl KpUTUUYEeCKMe 3IHAYeHUMA Macchl p , NPU KOTOPLIX B
cucTeMe MOABMNAETCA MNepBoe CBA3aHHOe COCTOAHuE. .

1. METO[L PEIEHMA UHTEMPANBLHOIO YPABHEHMA

OnpegeneHue Maccel 1 BOMHOBOM OYHKUMM CBA3aHHLIX COCTOAHUMN
CBOAMTCA K cCrnegywowen MateMaTudeckon sagauve. [lpu dnKcupoBaHHbLIX

napameTpax 8 M u , a Tawkke 3agaHHOM QyHKuuM € (P)paccMoTpuM criek:

TpanbHyl 3aadudy ANA NPOW3BOJILHOMO BewecTBEHHOrO 3HauYeHWA A

00

e(p)(p, -E)¥Y(p) + ” [ G(p,k, A,p)¥(k)dk =0,
m O
O<p<p,, B>0,

roe E=E()\) - cnekTpanbHuivi napameTtp, a ¥(k) - cooTsBeTcTBYywwWas
cobcTBeHHaA QyHKuua, Gna KoTopoi BuinonHeHo W(0) = 0. NycTb
E,{()) - MuHumanbHOe cobcTBeHHoe uucno ypasHeHua /1.1/. 3apaua
COCTOMUT B HaxXOXAEHMM TaKoro 3HauyeHua A* u cooTBeTCTBYyWULEN emy
BONHOBOW OyHKuMn Y*(p) , ANA KOTOpPBIX

/1.1/

A¥ = E (M%) . ! /1.2/

2

YunThiBaa cnokHyw sasucumocTb E (M) , peweHne HenuHelHoro
ypaBHeHua /1.2/ MOXHO Npou3BeCTU Nub UYMCRNEHHO. BuuucneHue 3Ha-
YeHUN QYHKLMK EI(A) ocylecTBnaeTCca Npyv NOMOWM 3KOHOMUUHBIX anro-
PUTMOB pelWweHua cnekTpanbHeiXx 3aaad suaa /1.1/, passuTbiX g/4-6/

B paboTe nposefeH aHanuMa 3aBUCUMOCTM BenuumH A*¥=A*(B, pu) u
¥Y*(k,B,p) OoT napametpos B> 0 u 0<pu < L,

Npu ¢ukcupoBaHHOM 1 > 0 MOWHO onpegenuTb Takoe aHaueHue B,
NP1 KOTOPOM BLINONMHAETCA PaBeHCTBO A*(ﬁ,,1)= Ao AnsA BCAKOro ¢ouk-
cupoBaHHoro 3Havernua 0< Ay < 1, npuuem 3HaveHnne A, = 1 pocTura-
eTcA ANA Apyroi acUMNTOTUKKM BONHOBOM OYHKuuM npu p » 0 /cM.
Mpunoxenue/ .

a
¥Y(p) = o + 0(1), p » 0. /1.3/
0gHMM M3 BO3MOXHBIX CNocoboB peweHuAa ypaBHeHusa /1.2/ asnAaer-
CA MeTon NpOCThIX nTepauui

Appr = =w)a + wE (A ), 0< w1, /1.4/

n-+
O > ko - 3anaH@, nockonbky ¢yHkuma E,()\) ana sapauu /1.1/ 8
dM3nuecKkn nHTepecHo#n obnactu mMaMeHeHua ¢ u B onpepenseT cCixuMa-
ounit onepatop B cuny 0 < E (X)) < 1. OpgHako npepenbHuit cnyyar
El(A)_,l Takke npeacTaBnAeT mMHTepec, NO3ToMy npouecc /1.4/ ne
MoxeT ObiTb 3(heKTUBHLIM BO BCelt nccnegyeMon obnactM mameHeHUs
p v B. ﬂocxonbgy nNpAMOE BhHUMCNeHne npoussoaHon E ] () )BecbMa
3aTpyAHnTenoHo, B paboTe UMCNoNb30OBaH ABYXWAaroBbM MeTO4 CeKyWuX,
ABNAOWMKCA aHanorom Metoga HbiowToHa, B KOTOPOM Mpou3BOgHas
E{(X)~1 3aMeHAeTCA pasHOCTHLM 3HaueHueM. [lycTb Ao - Hauanb-
Hoe npubnmxenne. Monaraem A, = E, (A ), u panee ocywectenaem
nrtepauymm no gopmyne

A -E, (A", /1.5y
n=12,...

n n—-1 n n
A -E (0 D) +E () ) -

He ocTaHasnuBaAch Ha geTanAx, OTMETWM NWWb, UTO NOKanbHas
CKOPOCTb CXOAMMOCTM 3TOFO nmpouecca noaunHseTcs ouerke 7/

(A" - A*) < ¢ 2"
- <@, g <1.

[nAa npegcTaBnexHbIX 34€Cb pacuyeToB B cpefHeM BbiNO JOCTaATOUHO
335 uTepaunit Ao AocTuweHua ycnoeua (AT — A%) < 1074, Npu pac-
uete kpuBbLIX A*(B, p ) ana cepun 3sHavennn Bi=B, + 1 - A , 1 =
= 1,2,.., M npu gocrtaTtouyHo Manmx 3HaueHnax A B 3a HauanbHoOe NpuU-
Bnuxerve ana A*(B, 1 ,p ) BHOMPANOCHL yxe BhHUMCIIEHHOE 3HaueHue
A*(Bi,u) . B aToM cnyuae cpepgHee umcno utepauuit Metopa /1.5/
npu Kaxaom B PaBHANOCb LBYM.

0
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2. PE3YNbTATbl UMCNEHHLIX PACUYETOB

PaccMoTpuM ypasHenua /1.1/ npu el(P)=(1-sz)%. LnAa aToro
CNyvyas Hamu MofydeHs rpaQuku 3aBUCUMOCTM uMcna A OT napaMeTpa
B ana p=20; 1; 2, L4 8 Taxom guanasoHe uaMeHeHus S8 , 4nNA
koTtopero 0 < A <1, n paccuuTaHs COOTBeTCTBYyluwme cobcTeeHHbe
QYHKUMM .

Fpaguku sennunn A(B) npuseperni Ha puc.l:p=0,po=1,p3=2,p,=4.

Ha puc. 2 npuBepeHs aHanoruudsie 3asucumoct A(B) ana ¢ (p)=
=14+p?. [nAa ®TUX KpPUBBIX XapaKTepHO CyWecTBeHHO Gonee MepaneHHoe
yBueane A(B) npu ysenuuenun f .

1,0 r ]
E(P)'PO(PO -A) E(P)"Pglpo -2)
A A
05
0‘5’.
¥
0
15 [ G 20 40 [5

Puc. 1. Puc. 2.

Ha puc. 3a npuBeaeHb cOBCTBEHHble QyHKuMu AnA cnyuvas e(p) ,
cooTeeTcTBybwMe napamerpam S = 4,3; p=0 /A =10,509/u B=
=6,b; p=1 /Xx=10,512/. QnAa 62=1~+p2napa CcOBCTBEHHLIX QYHK-
un¥ npu napametpax g= 6,13 p =0 /r=0,501/ u B= 10,8, p =
=1 /x= 0,503/ nsobpaweHa Ha puc. 306.

=p2 p. -
ol € =plre-M | 10 € =plp A

051 ]
}1:0
pet
0 . ;
5 10 »p P
Puc. 3a.
4

!

CobcTBeHHE HYyHKLUUM HOPMUPOBAHLI yCnosBneMm
ax

[ ¢2(x)dx = 1.
(o]

rae B NpUBEREHHBIX pacuetax [OcTaTouyro Gbilo B3ATb 2, = 5,12,

Ha puc. 4 pawwt rpagukm saeucumoc-
Telt sermumnnl B(p ), npu koTopom A(B) =
=1 /T.e. 3Heprus CBA3M pasHa Hynw/
m AB) = 0,5 /sepxnHan napa/ anAa pac-
CMOTpPEHHBIX Mogenen.

Ana cpasBHeHUA c Mopersibw, onpegenAa-
€eMOl fIHeNHbM BXOKASHNEM CreKTpanbHoO-
ro napameTpa, -Ha puc. 1 MyHKTHpOM
NpeAcTaBfieHa MofyueHHas B paﬁoTe/6
sasucumocte A/ p=0(B) pna ypasHenus
/1.1/ c nokanbHeM aapoM V(p,k)=1n/
/(P -X)/(p +k)/, cooTBeTCTBYIOUMM B X~
MPOCTPAHCTBE HEPENATUBUCTCKOMY KyJlo-
HOBCKOMY noTeHuymany. BwaHo, uTO npu
B - 0 Kpusbie NpakTUUECKM COBMARaLT .

U3 npusepeHHsiX rpagukoeB crneayet,
UTO CODOCTBEHHbIE UMCHla KBA3WUNOTEHUU~
anbHOro ypasHenuna /1.1/ obBnagawT Temu
MEe XapaKTEpHLMU CBOMCTBaMW, UTO U
cofBcTBeHHbie uucna ypasHenua llpeaunre-
pa ¢ noTeHuuanom 0kaswl:

4 a/ Hanmuue AnA Kawkgoro K KpuTudec-

: ) KOTO 3Ha4YeHMA KOHCTaHTH cBA3M B, (u) ,
NP KOTOPOM B CUCTEeMe ABYX 4acTul MOABNRETCA ouvepeaHoe n-oe
cBA3aHHOe cocTosHue /puc. 1,2/

6/ pOCT KpPUTUUECKUX 3HaUeHWt KOHCTaWTe ceAsan B ,(p) c pocTom
g /puc. L/.

PacueTts npoBogMnuch Ha oTpeske guckpetusaumm 3y = 5,12 anna
acomntoTukm W(p)=0(p%),P» o npu N = 65 HenasecTHux 75/ . 0T~
HOCMTEnbHaA TOUHOCTb UMCNEHHBX pacueTos cocTasnset 1073:10 %

OTmeTmMM, uto 3apave /1.1/ moxeT BbiTh NOCTABNEHO B COOTBETCT-
BUE CUETHOEe ceMelcTBO peueHuii. fllycTb En(A) - n-o0e no cuety
cobGcTseHHoe umcno cuctemn /1.1/. Torpa coorBeTtcraytmas''sersb'
onpegensieTcAs paBeHCTBOM

Puc.

A* = E_(A%),

KOTOPOE MOMHO PacCMOTpeTh B onpefeneHHOM AuManasoHe W3MeHeHus
B vp . TONONOrMUECKMM MHBAPUAHTOM KaMAOrO M3 3TUX CeMeilcTs
ByfeT umcno Hynew BONHOBOM (yHKumM Ha oTpeske /0, /, koTopoe
paBHo 0 - 1,

S



faHHyio paBoTy MoxHO paccMaTpuBaTh Kak obobueHue MeTofoB pe-
WeHUA YpaBHEeHWI C MOAeNbHbLIMKM NOKanbHLBIMA KBasunoTeHuyuanamMmm u
JMHENHOM 33BUCUMOCTbLI0 OT cofcTBeHHOro uvcna M = 2X , koTopble
6uinu passuTe B 74—8/ CrnepyoumMm Hawum warom GyaeT peweHue cCuc-
TEMbl ypaBHeEHWI, OMUCHIBAOWWX PENATUBUCTCKYID CBA3EHHYK CMCTEMY
OBYX 4HacTuy co cnuHom 1/2. ’

NPUNOXEHUE

AcumnTtoTrKa nNpu P - 0 cobcTBeHHbx QyHKkuui /1.1/ pna A = 1.

Nesas uacts /1.1/ npu p > 0 wumeer Bua (0,5p2+0(p *)W(p) ann
kaxgoro mua noTeHumanos €;(P),1i = 1,2. AHanuaupys MHTErpanbHuii
uneH, paccMOTpMM ABa cnydas:

A/ v # 0, tTorga npu A =1, p~> 0 nMeeM

G(p!krlr#):lnll—x‘ =—2X+0(X2),
1+x
rae
Pk
x - £ 0%,

\/:L2+ p2+k2(p0+ ko— 2 +\/y2+ 92+ k2)

B uTore nonyJyaeM paBeHCTBO

ll'mp‘l’(p)=£~f—k}’—(k—)—dk, S (u, k) = VuB K (k -1 +/u%+ k%),
T 0 #(p, k) °

p=o /2.1/
KOTOpPOE ABMAETCA HEABHuM ypaBHenueM Ha senuuuny B(up) , ykasan-
Hy©o Ha puc. 4. YToBbl nonyuuTs npubnukeHHoe paBeHcTBO ans B,

MONOKUM
/2.2/

p<co.

PY¥(P) =a_ +ap+ap +.., a_ #0,

-1
Ecnu npu BeluMcreHuu uHTerpana 8 npasow dvactu /2.1/ yuuTwBaTthb
Aub BKNap nepsBoro cnaraemoro ua /2.2/ /3To npegnonoxeHue oc-
HoBaHoO Ha (akre cunbHol ‘‘nokanusayumn'' pewenuns ¥(p) B okpecTHOC-
™ Toukum p = 0, HabnwgaeMOM B UMCEHHbBIX 3KcnepumeHTax/, To no-
nydaeMm npubnuxeHHoe ypaBHenue ans

A
1 - B dk

m £ ‘ﬁ(#!k)

roe [0,A] ecTb xapakTepHbiit OTPe30K nokanMaaulu cOOCTBEHHOW (QyHK-

[.L>0, /2.3/

umnm.

6

|
|
]
1

e

U - ¢l

B/ Nycte ¢ =0, Torga npu p~ 0

0.5p% +k —-1+|p - k|
G(p,k,1,0) = In( ) =
0,5p° +k, - 1 +(p + k)

1 3, 15 P

-2(X+—x%x°+ —%° + ...), X = — ,k>p
3 5 2 2
N 0,5p% +/1 +k*" -1 +k
-2(x +-§—X3 + %TX54-...), X = k , k<p,
2 k?
“ p +0,5p + -

P
[G,k,1,0)¥(k)dk = - 2a,b_,+ 0(p),
(o}

rpe b_;= ¥ ——— = . AHanornuHo B crnyuyae k > p MOXHO
nonyuuts k=0 (2k + 1)% 8

JG(p,k,1,0)¥(k)dk =- 2 = b -2 +0(p),

p k=o

rae Tawwe b, = (Rk + 1)"% B utore uMmeeMm paBeHCTBO

p2 B B .
- q’ p) = + (—4b a + 0 = a + 0 ,

5 o _, 2 ) + 0(p) g 21t o) /2.4/

M3 kotoporo cnegyet, uto 8(0)= 0 /t.e. npu & = 0/ B knacce pe-
weHun /2.2/. MoxHO npoBepuTb, UTO MpU APOU3BONbBHOM MOPAAKE MO

P nepsoro cnaraemMoro B pasnoxewun /2.2/, cooTHoweHue Tuna /2.4/
GyaeT BLINOMHATLCA Tonbko npu B = 0, OueHUM acMMNTOTUKY QYHKUMK
B{y) npup ~»0 us odopMynsl /2.3/ B uHTepeane p > A, npegnonaras,
UTO uMcno A AOCTaToOYHO Mano B cuny '‘noxanmaoBaHHocTU'' coBcTBeH-
HOU QyHKumu. [Mpun Maneix K umeem

é(p, k) = p® + k% + 0(kZmax(k, p)).

Mo3TOMy Npy [OCTaTOYHO ManbiX i , HO OFpaHMUEHHbIX cHuay i 2 A >
> A, npubnuwxennaa topmyna ana B(p) umeet sup

B = c(A) 7. pu?, /2.5/

roe ¢(A) - HekoTopas KOHCTaHTa, 3aBucawas oT A . dopmyna /2.5/
cornacyercAa co ceoiictBoMm B(0) = 0, a Takwe ¢ rpapuxom puc. k4,
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Xupxos E.II. u ap. P11-87-261 -
UucneHHoe pemeHHe KBasHIOTeHUHAIbHOrO
YPaBHEHHs] C HeJIHHeHHbIM BXOXIeHHeM

CIIeKTpanbHOIr'o mapaMerpa

IlpegcraBneHds pesynbTaThl YUCIIEHHOrO HCCIeOOBAHHF DelifA-—
THBACTCKHX KBasSHIOTEHUHAJIbHRX yPaBHEHHIi, OMMCHIBAWIHMX CBs—
SaHHYW CHCTeMy OBYX YacCTHI B HMIYIbCHOM NPOCTPAHCTBE, B
cnydyae, Xorga 4HTErpanbHu# onepaTop COOEepXKUT HenuHeHHYo
SaBHCHMOCTDH OT COGCTBEHHOTO UMCJIA — MacCh CHCTeMs M=2).
YcraHoBmeHa 3aBHCHMOCTH 3HEDPIHH CBfSH OT MacCel IpOMexy-
TOYHOr'o 6030Ha W, HalpeHs KpHTHYECKHe 3Ha4YeHHA W, IIPH
KOTODHIX B CHCTEMe MNOABJIAETCH NepBoe CBA3HOEe COCTOsHHEe.

Pabora BemmonmHeHa B JlaGopaTOpHH BHYHCIHTENBHOH TEeXHHKH
H aBToMmaTusauuu OHIH.
Coobimetine O6beHHEHHOr0 HHCTUTYTA ANEPHBIX HccineRoBaHmi. ly6ua 1987

Ileperon 0.C.BuHOrpamosoii

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 describing 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=2\. The dependence
of the couple energy on the mass of intermediate boson u
is found. Critical values of mass u for which the first
bound state arises is 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






