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Baa11MOAeHCTBl!e con11TOHOB KOMnneKCHOl'O Hen11He1iHOl'O ypaa11e1111g 

Kneiina-ropAoHa 

8 'll!CnenHblX 3KCnepHMeHTaX 11ccneAYIOTC.II CBOHCTBa B3811MOAeiicTBII51 

con11TOHOfl npH CTOnK11oae1111HX B aayMepHOM npocTp811CTBe-apeMeHH. 

BbrnaneHa cirn6ag Heynpyl'OCTb B381!MOAeHCTBll51, 06Hapy)KeHbl aonl'O>KH-

ayume ocu11nn11py10m1Ie CB5138HHble COCTOHHIIH. 

Pa6oTa Bbmonttena B na6opaTop1111 Bbl'll!Cnl!TenbHOH TeXHIIKII 

II 8BTOMaTH3aUHII OH.H11. 

IlpenpHHT O6beAHHeHHoro HHCTHTyTa HAepH~X HCCAeA0BaHHH 
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Getmanov .B. S. P2 - 10208 · · 

The Soliton Interaction of the Nonlinear Co•plex 
Klein-Gordon Equation in Two Space-Time 
Dimensions 

The soliton interaction has been investigated in 
computer experiments. The slight inelasticity of the 
interaction is found. The long-lived oscillating bound 
states are discovered. 

The investigation has been p~rformed at the 
Laboratory of Computing Techniques and Automation, JINR. 
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B 6onLWHHCTBe pa6oT, IIOCBHll{eHHLIX HccneAOBaHHIO 

HenHHeiiHLIX CHCTeM C peweHHHMH conHTOHHOro THIIa, pac

CMa TpHBaIOTCH CHCTeMLI C TpHBHanLHOH AHHaMHKOH conH

TOHOB, o6naAaIOll{He CBOHCTBOM BIIOnHe HHTerpHpyeMo

CTH /I ,2 ~ CneAYH T .,[I..JIH13! MLI 6yAeM TpaKTOBaTL TepMHH 

"conHTOH" B 6onee WHpOKOM CMLICne, 'ieM npHHHTO B /I ,2 /, 

a HMeHHO: KaK peweHHe HenHHeiiHLIX ypaBHeHHH nonH, 
noKanH30BaHHOe B KOHe'iHOH o6naCTH rrpocTpaHcTBa IIPH 

acex -oo< t< 00. 0 B3aHMOAeiiCTBHH conHTOHOB B CHCTeMax, 

He HBnHIOll{HXCH BnonHe HIITerpHpyeMLIMH, H3BeCTHO O'ieHL 

HeMHoro BBHAY OTCYTCTBHH perynHpHLIX MeTOAOB aHanHTH· 

qecKoro. OIIHCaHHH; IlOKa eAHHCTBeHHLIM HaAe:lKHLIM rryTeM 

OCTaeTCH 'iHcneHHOe MOAenHpOBaHHe. B pa6oTax 141 HJno

:lKeHLI pe3ynLTaTLI 'iHCneHHLIX 3KcnepHMeHTOB 110 B3aHMO· 

AeiicTBHIO conuTonoB B MoAenH AeiicTBHTenLHoro cKanHp

Horo nonH, a B151 HaMeqeH IIYTL aHanHTH'ieCKoro OilHCaHHH 

B3aHMOAeHCTBHH conHTOHOB B HeKOTOpOM Knacce rronHHO· 

MHanLHLIX MOAeneii TeopHH rronJI B ABYMepHOM npocTpaH

CTBe ·BpeMeHH, OCHOBaHHOH Ha CBOHCTBe "6nH30CTH" pac

CMa TpHBaeMLIX CHCTeM K anonHe HHTerpHpyeMoii. 

HaCTOJlll{aJI pa6oTa IIOCBJlll{eHa H3y'ieHHIO B3aHMOAeii-

CTBHJI conHTOHOB K O M II n e K C H O r O CKanHpHoro Henn -

HeiiHoro ypaaHeHHH KneiiHa • ropAOHa 

r/J -rfr +m 2rp(l-2A 2 lrfrr)=0. tt xx 

JloKanH30BaHHOe peweHHe 3TOro ypaaHeHHJI CYTL 

rfr .. A 
,\ 

exp!± i[ymyl-A2 (vx-t)+o]I 
ch[myA (x-x -vt)] 

0 

2 -1/2 
y-(1-v ), 

IAl.s 1. 

/1/ 

/2/ 
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PemeHHe /2/ npeAcTaam1eT co6ou "HeTononorHqecKHu" 

conHTOH no TepMHHOnorHH T .)];.JIH / 3 /;cYll.leCTBOBaHHe 06-

nacTH ycTouqHBOCTH 3TOro pemeHH.H/6 / 

A< V l+v2 

2 
/3/ 

CB.H3aHO C HanHqHeM AOnonHHTenLHoro /Hap.HAY C 3HeprH· 

eu H HMnynLCOM/ HHTerpana ABH>KeHHH - 3ap.HAa, 3HaqeHH.H 

HHTerpanoa ABH>KeHH.H Ha pemeHHH /2/ cyTh 

00 

2 2 2 2 2 4 
E = I dx ( IV, I +Iv, I + m < IV,I - A l v, I )l= My, 

t X 
-00 

00 

p = f dx( if, if,* +if,* {/J ) =Mvy, -oo t X l X 

Q=i [ dx(f !/J* -if,*f )=±4A-2 
Ayl-A

2
=±Q. /4/ 

..:.oo t t 

3AeCL M =4mX2 
A(l- 2A 2 ) - Macca conHTOHa, 3HaK 3apHAa 

COOTBeTCTByeT 3HaKy' B 3KCnOHeHTe /2/. QqeBHAHO, /2/ 
onHCLIBaeT o6'beKT co CBOHCTBaMH pen.HTHBHCTCKOH qac -

THI{bl /a qacTHOCTH, E 2 zp 2+ M2 /. OTMeTHM, qTo M H Q 
KaK <PYHKI{HH napaMeTpa A HMeJOT 3KCTpeMyM B ToqKe 

y2/2, KaK pa3 B KOTOpOH npOHCXOAHT noTep.H ycTouqHBO -

CTH /2/ /B CHCTeMe noKO.H/. 

B3aHMOAeiicTBHe conHTOHOB /2/ H3yqanoch B cepHH 

qHcneHHblX 3KCnepHMeHTOB no CTOnKHOBeHHID ABYX conH

'TOHOB BO ace:ii o6naCTH napaMeTpOB A. , vi ,oj ( i =1,2) • 
I 

Bo Bcex cnyqa.11x BLI6Hpanacb CHCTeMa KOOPAHHaT, a KO· 

TOpo:ii VI --v 
2

• IlpH 3TOM ycTaHoBneHhl cneAYIDll.lHe <t>aKThl. 

1. IlpH BhIIlOJIHeHHH uepaBeHCTBa /3/ "c 3anacoM" 

AnH o6oHx conHTOHOB Ha6moAanocL c n a 6 o He y n p yr o e 

B3aHMOAeHCTBHe conHTOHOB B TOM CMhICne, qTo nocne 

CTOnKHOBeHH.H conHTOHbl B 3Ha'IHTenLHOH CTeneHH coxpa

HJinH He3aBHCHMO OT COOTHOllleHHH 3HaKOB 3ap.HAa Q CBOIO 

HHAHBHAyanLHOCTh H <POPMY H C BblCOKOH TO'IHOCThlO -

CKOpOCTI,. THnHqHhlH npouecc CTOnKHOBeHH.H conHTOHOB 

noKa3aH Ha puc. 1. 
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Puc. 1. Cmo/11<Hoee_!!ue C'!._/IUmouoe (A 1~A2 ~0,5, v 
1
=-v 

2
=0,9; 

XO! =-Xo2=-6,0; QI =Q2; !iv= 0). 

2. IlpH COOTHOllleHHHX Me>KAY Ai H Vi ' 6nH3KHX K 

paBeHCTBY B /3/' B MOMeHT CTOnKHOBeHH.H pa3BHBanacb 
V " V HeycToHqHBOCTh, auanorH'IHaH HeycToHqHBOCTH OAHOro co-

nHTOHa npH HeBLIIlOnHeHHH HepaBeHCTBa /3/. 

3. IlpHHI{HnHanLHO Ba>KHYJO ponh HrpaeT pa 3 HOC Tb 

<l>a 3 !10=!01-021 pacceHBaIDlJ..IHXC.H conHTOHOB/pe3ynL· 

TaThl, H3nO>KeHHhle B 3TOM nyHKTe, OTHOC.HTC.H K cnyqaro 

A 1-=A2 /. IlpH /io"rr conHTOHLI OTTanKHBaroTc.H; B qacT· 

HOCTH, BOnHOBhie naKeTbl B006ll.le' He nepeKpbIBaIDTC.H npH 

CTOnKHOBeHHH. IlpH/io,£ 1T B03HHKaeT o6naCTh nepeKphIBa· 

HH.H H n pH TH >Ke H He Me>KAY conHTOHaMH, 3TH 3<P<PeKThl 

MaKCHManbHbl npH 

!io=2rrk, k=0, ± 1, ... 

4. BecLMa Ba:>KHhIM .HBn.HeTC.H Bonpoc O B03MO>KHOCTH 

Cyll.leCTBOBaHHH CB .H 3 a H H bl X CO CT OH H H ii conHTOHOB. 

B141 Ha6nIDAanocL o6pa3oBaHHe ocuHnnHPYIDll.lHX cna6oH3 -

nyqaJOll.lHX CB.H3aHHhlX COCTO.HHHH npH CKOpOCT.HX vi -s. 0,2 • 
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HaM He yJJ,anOCb nony'-IHTb CBH3aHHbie COCTOHHHH B o6naCTH 
CKOPOCTeii vi ~ 0,03 B q BC T bl X 3KCnepuMeHTax no 
CTOnKHOBeHBIO, T.e. KOrJJ,a npu t=O conBTOHbl HaXOJJ.HTCH 
CT<ifb ,naneKO ,npyr OT ,npyra, . '-ITO Ha'-lanbHaH «l>YHKIJ,BH 
'P ""''P 1 +I/J2/ 'Pi JJ,aeTcJI /2 / / npu6nm1<aeT TO'-IHOe peweHHe 

(Ol I . 'P · -1/J I x = ,-ti Ix er"" c TO'-IHOCThIO ~ 0,01 . Ilpu ManhIX v 
0 

"'-IHCTbIH" qucneHHblH 3KcnepuMeHT Tpe6yeT 6onbWBX JaTpaT 
MaWHHHOrO npeMeHB, T.K. o6ecne'-leHBe ycnoBBH YCTOH'-IBBO
CTH /3/ npHBOJJ.HT K cunhHOMY pacwupeHBIO o6naCTB noKa
nH3aIJ,HB conuToHa. O,n:HaKo HaM yJJ,anocb nony'-IHTh o c 11,u n
n H p Y IO Ill, e e C 0 C T O H H H e JJ.BYX conHT0HOB C n p O T B -
BO n On O )IC H bl M H 3 Ha Ka M H 3 a pH JJ. 0 B Q, noMelll,aH BX -
npH t = 0 6nH3KO ,npyr K ,npyry' «l>aKTH'-leCKH B 0611J,eii no
TeHIJ,BanhHOH HMe. Oc11,HnnHIJ,HH H0CHT qpe3Bbl'-laHHO pery
nHpHblH xapaKTep; nepuoJJ. Kone6aHHH c ocHonHoii qacTOToii, 
MO,D:ynHPOBaHHOH cnO)KHblM o6pa30M, CTpeMHTCH K 2rr npH 

If (x, t) I 

.,, 
0 

~ 
0 

-0.4 0.0 0.4 

X(xl02 
) 

Puc. 2. 3e0.1110ijUJI C8Jl3aHHOZO COC1/IOJIHWI oeyx CO.IIU1/IOH08 

C npo111ueono.110JICHblMU 3ap.11oaMU (Al= A2 = 0,34; VI =V 2 =o,o; 

x
01

=-x
02

=-4,0; Q
1 

=-Q
2

; 118=0,0). 
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t ➔ oo.- Kone6aHBH conpOBO)KJJ.aIOTCH cna6bIM H3nyqeHBeM nu
HeiiHbIX :e~nH;, Bpe't.rn )Kll3HB CBH3aHHOro COCTOHHHH 3HaiJH
TenbHO 6<>nhwe nepuo,na. Kone6a.HHii. 3non:io~aH CBH3a.Haoro 
COCT0HHBH noKa3aHa Ha'.pUC. 2.' ' . ' 

Bo ncex .. •3KcnepuMeHTax . HHTerpanhI JJ.BH)KeHHH- /4/ 
coxpaHHnHCb c TO'-IHOCTblO He Xy)Ke 10-4. ' 

IlonyiieliHbie 3Kcnep:e:MeHTanhHbie peJynbTaTbl,. a' JJ,yxe 
K0HIJ,en11,uu, B3nO)KeHHOH B /S/ MO)KHO BHTepnpeTuponaTb 
KaK cneJJ,CTBHe - "6nu30CTH" 'u3yqaeMOH CHCTeMbl K Haii
JJ.eHHOH HaMH a 17 I, onUCbIBaIOIIJ,eHCH ypaBHeHHeM 

lp2 Ip 2 2 2 
'P -1/J + >..21/J * t - x + m if,(l-,\ II/JI 2) =0, /5/ 

tt xx l-,\211/Jl2 

KOTopoe HMeeT T0'-IHble MHOroconBT0HHble peweHBH B, ne
P0HTHO, M0)KeT 6bITb npoHHTerpHponaHo MeT0JJ.OM o6paTHoii 
JaJJ,a'-IH Teopuu pacceHHHH. 

TO'-IHbie peweHHH ypanHeHBH /5/ MOryT cny)KHTb nep
_BbIM npH6nH)KeHBeM npu onHcaHBH peweHHH /1/ /o,n:Ho
conHTOHHble peweHHH 3THX ypanHeHBH TO)KJJ.eCTBeHH0 con
na,naroT/. C ,npyroii CTopoHbI, ypanHeHue /1/, Ha Haw 
B3rnHJJ., M0)KeT cny)KHTb 6onee a,neKBaTHOH OCHOBOH ,nnH 
K0HCTpyupoBaHBH Mo,neneii «l>n3B'-leCKOH peanbHOCTB. . 

"' ABTOp npH3HaTeneH ,D;.B.IllHpK0BY 3a KpBTB'-leCKHe 3a-
Me'-1aHHH u no,n:JJ,ep)KKY, M.O.lioronro6cKoMy, B.r.MaxaHb
K0BY 3a noneJHhie o6cy)K,neHHH H B.E.3axapony, yKaJan
weMy Ha B03M0)KH0CTb BHTepnpeTaIJ,BH nony'-leHHblX pe-
3ynbTaTOB KaK cne,n:CTBHH "6nB30CTH" CHCTeMbl K anon
He HHTerpupyeMOH. 
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