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KaTbillleB IO.B. P2 - 11249 

HeycToii'lJHBOCTb KnaccHqecKHX conHTOHHbiX pellleHuii Monenn cpa 
(neiiCTBHT81lbHhi8 H 38piDK8HHbl8 nons!) 

AaanaraqeCKH Hccnenoaaaa ycroiiquaocTb a npononbHOM u nonepeqaoM 
aanpaaneHHHX rrnoCKHX conuroaoa ypaaHeHHH Kneiiaa-ropaoaa c KaanpaTH'lJHoii 
aenHaeiiaocrbro. 11Hlllb Q - conu:Tou o6nanaeT HeKoTopofi o6nacTbiO ycToii-
quaocTu:. 

Pa60T8 BbtnOnHeHB B Jla6opaTOpHH Bbi'l{HCnHTenbHOii TeXHHKH H 8BTOMa
TH38UHH OI1 HH. 

Coo6meHHe 06bellHHeHHoro HHCTHTyTa llllepHhiX nccneooaaHHli. lly6Ha 1978 

Katyshev Yu.V. P2 - 11249 

Instability of Classical Soliton Solutions in the ¢ 3 Model 
(Real and Charged Fields) 

Stability in longitudinal and transverse directions of plane 
solitons of the Klein-Gordon equation with squared nonlinearity is 
analytically studied. Only the Q -soliton has some stability re&ion. 

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

Communication of the Joint Institute for Nuclear Research. Dubna 1978 

© /978 06'1>61lBH9HBDift BHCTBf'YT Jl/l6pBD1JC BCCileJIOBSDft /Iy6JIS 

B HamHx pa6orax /I-3/ 6uno npoBe~eao aaanHrHqecxoe Hccne~o
BaHHe YCTOiqftBOC!H ») fOq&YX CO:U:H!OHHYX pemeHBI pa~a H6:U:HH6IBYX 
BOnBOBYX ypaBBeBHI, ~onycxamDtHX narpasaeBy ~PopMynHpOBKy. Buaa 
asyqeaa npo~on~aaa .-) 1 nonepeqsaa ... ) ycTolqaBocT~ nnocKHX 
CO:U:HfOHOB KaK Hepen:HfHBHC!CKIX 1 TQK I penHTHBHCfCKB HHBapHaBT
BYX ypaBBeBBI ~n:H BOSMY~6HHI ~OBO:U:~HO 06~ero BH~a. ~CC:U:6~0BaHH6 
npOBO~HXOCa C ilOUO~m BapaHpOBaBHH OTHHTerpHpOBaBHOrO no npo~OJl~
HOI KOOp~HBQT6 ~ narpaHKHaBa B6:U:HSH HSB6CTHOrO U:U:OCKOrO COJlHTOH
HOrO peii6HHH. 

~cnon~aya aror ae Mero~, mccne~eM nonepeqsym H npo~on~ym 
ycrolqaBOC!~ il:U:OCKOrO COJIHTOHHOrO P61D6HHH M0~61!H r KaacceqecKOI 
T60pHH non:aiEEf~STa M0~6Jl~ OUHCHBa6TCH peJIHTHBHCTCKH-HBBapHSHT
HYU ypaBH6BH6Y KneiHa-rop~OHa C KB~paTHq&OI H6JlHH6AHOCT~m 

'fH- 'f'/.X + 1'J1.2.'f -A 'f'L :;: 0 {I) 

( m. -uacca cxaaapHoro Be~ecneBBoro nona 'f, ). - nonoaerenHaa 
KOHCTaHTa) 1 KO!Opoe YOll6T 6Y!~ noJiyqeHO Bap~HpOBaHH6Y ~8ICTBHH 

S:Ji.., JxJ.-1: 
b nnoraocum n:arpaauaaa 

»JB pa»KBX nHH6IHOrO npH6XBK6HHH • 
.. )YC!OiqaBOC!~ B~OX~ npo~OX~HOI KOOp~IBQ!Y X, B Hanp8BX6BHH KO!O

pOI o6pasOBaBO JlOKaaBSOBaHHOe pemeHH6 • 
... )ITO~ nonepeqsol yCTOiqftBOC!~m UOHBMa6!CH yC!OiqRBOC!~ COXH!O

HOB B aanpaaneu•x,aepnea~HKynapuoM aanpaBaeaHm Hx pacnpocrpa
ueuaa. 

~>KBaHTOBYe acnexru srol Mo~enH paccuarpHBanac~, aanpauep, B 
KBHre H.H.Boronm6oBa H ~.B.mapKOBa / 47. 
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A 1 ( 2.. 2- z. 2. Z ' .3) 
~1 = z l..f-t - 'fx - tn '! + 3 A 'f · 

YpaBHeHHe (I) HueeT Toqaoe conHTOHHoe pemeHHe KonoKonoo6paa

HOll q)opua 
lf :: ..!_ mt- scl2. m ( x - vt) 

5 Z ). Z. V 1- v.t. ' 
(2) 

r.ne 1f - CKOpOCT:b ,liBHll6Hl!fl COHHTOH8 B e.nHHHI.\8X CKOpOCTH CB6T8 C. 
B C>WY penaTHBHCTCKOit HHBap118HTHOCTH ypaBHeHHH (I) .ztOCT8TO'IHO 
iiCCH6,ltOB8T:b yCTOI:tl!HBOCT:b H6IIO.l\BillltHbiX ( 11': 0) COnHTOHOB 

(V = o) 3 m1. p%. mx 
'f 6 :::: z T ~Ch -z . (3} 

tiy.zteu Bap:r:.HpoBaT:r:. AellcTBHe c narpaHXi1aHOY 

.f ( I I ( Z. Z Z. 2. 2.. 2. 1 3) Lz. = 2 J ax ctd 'f-t -rx- 'f, _,., r + 3.~~ 'f ' 
npi11!eM B K8'!6CTBe npo6HOH B03l>M6N ~yHKI.\i1D 

'f=A('j 1 t) sc(z.[B(~,-tJx], 
r;l.le A H B - q)yHKI.\1111 nonepeqaon KOOp;l.lHHaT!ll y H BpeueHH -t-. Tor;l.la 

OTI1HTerpilpoBaHHilli1 no X oT -.... .f\O ~ narpaHDaH L2. paBeH 
,... z. 2. z.r.. 
L:z. = ~ ) J.~ [ At - Ay; In A + ~.t. LAy By -A-t Bt) + 

3 
t. t. z. if 2. fi;AJ + 1::. A ( B-t: - 8y) - r A B + 1s- 8 , 

.3 s., ~ 

B Cl1ny TOl'O, qTo 

- 4 
) cl- J J' 

-60 

-;:::!!_ 
3 ' 

~ 

S ' s! ~ d~ = .i. 
-oo c!r'S 3 

, 

r ·{sl\ ·~- ,._ ~ 
00 2. j st 5 J3 = .!L , 

ci 6 ~ - "' - 9 ' cl '3 15 -- -c.o r cl-6 J f' 'S 3=-
15 

-C>Q 

4 

1 
J 

.) 

CooTBeTCTBYD~e ypaBHeHHR ;l.lBI1:&eHi1H (ypaBHeHHH 8i1nepa-]arpaH~a) 

npilo6peTam BHlJ:: 

-'L m 2 A _j_AB +.!.>.A7... +2~Yll _ A 5yy --e:- 5" 5" B B 5'2.. 

_z_AH 
' e, 

A B-tt = 0 
~ ' 

2. 

'm,_ A" _ f:L A 2. _ _!_;. §:_ _ A A~~ +- !:L A /3~Y + 
Bz. 5 !5 8z.. Bt. 

3 !!>'!> 

IloJiaraa 

+ A A""~ _ !:L A?.. 5-tt. =: 0 
e,z. 3 e,':!> 

A = ~ ~ + 6 A exr (- ~ wf + i K? ) ' 
B :: T + cf 5 t)Cp (- iev-t + i. I<~) , 

nonyqHu B mmenaou no ~A 11 T~ 
HOe COOTHOW6Hi16 *) 

n~H6~i1~eHMi1 cne~yiD~ee .zti1cnepcHOH-

W2. == K2. - ; mz. + 
z.s-, zz. m z. 

ZS" ' 

OnHC!liB8ID~ee nonepe'!HyD HeyCTOI:t~HBOCTL COni1TOHHOrO pemeHilli (3). 
~3 5TOrO COOTHOmeHHH cne.ztyeT 1 qTo np11 K=O COnHTOH (3), a 3H8qM~ 
H (2), HeycTOit'!HB, T.e. B8pH8!.\HH aunnHTY~~ H Wl1pi1Hill O;l.lHOUepHOrO 
COnHTOH8 npi1BO;l.li1T K ero HeyCTOitq!1BOCTI1. Ilonepel!HaH HeycToa'l!1BOCT:b 

CT86HnHaHpye!Cli np11 Kz. > "'!>\-z: m 2. • 

PaccuoTpHM cJiy'!ait aapaaeaaoro cKaJiapHoro nona ~ B uo~eJIH 

C nJIOTHOCT:bD narpaHKHaHa 3 :L = I '~-'-t 12. - 1 '~' x /2. - m ,_ I '-r lz. + ~ >. l 'r f 
Jp8BH6HH6 ,ltBHK6HHli i1U68T BH~ 

'f'.t-~: -'fl(l( +m2.'f -J/'1'/Cf'= o, 
ltJHeyCTOl'!HBOCT:b HUeeT U6CTO npH f.) 

1
C. 0. 
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a ero COllH!OHHOe pemeHHe eCT:& KOUllll6KCHaH CKanRpHaH ~YHKUHH 

1.1/=~ 7'h _C..J sc 1771.-c:v .x-v-'-e <4> '1. - ~ LZ({ 'Z. ,j.) _,;;;-t;-

I 2 )... 2. l{:j- va ' 

r,ne W - B6!1l6C!B6HHaH KOHCTaHTa, 
3apa~ s~o conHroaa paBeH 

Q = i j{~'*~- 'f~:) J>c 
-00 

a m,_- e:;z>O. 

= 12. j;j /._%. -z.J% .. 
Az. t'" -e.v 

k1ccne,nyeu caaqana npo,non:&HYIO ycro!'IHBOCTD Q- comtroaa. 
nna S!Oro HCUOll:&Syeu Teopeuy B.r.MaxaH:&KOBa / 5/, cornaCHO KOTQ
po! ,nnH H6HHHeaHHX BSaHUO~e!CTBHA ,nOBOlll>HO o6~ero BH~a YCTO!'IH
BOCT:& Q - COllHTOHOB penRTHBHCTCKH HHBapHaHTHHX ypaBH6BH! HU66T 
U6CTO lli/IUID npH J.QjJ.w<O. 

PaccuaTp!4Baeubli'\ O,nHouepHii! Q- COllHTOB npO.zt01l:&HO YCTO!qMB 1 
-2. 2. h-2 ~ 1,-z KOr,na C.V .tC.. m t(.714J 1 H HeyCTO£\'IHB npH In ;>yev, ToKo 

JQ(cl.w e-:..{m:.-4wz.)(hl 2 -w .. Jf!z. 
nHcnepCHOHHOe COOTHOW8HH6 AllH nonepe'IHO! YCTO!'IHBOC!B COllH

TOHHOrO pemeHHH ( 4) B cnyqae npo6aoa !lJYBKUHH {! H tf:>_ q,yBKUBH ;t
Ill + , npneu A=(ma._;:sa.)~/z. +fA} Cf>=z::>-1; +I'"¢') 

t.. f2 r::: \A sci.. Ax . ext{- i~) (5) 

HU66T BH,n 
1 

w 'Z.== k.. '-- {9 ( rnz.. -lf CJ 1
) ± [ 81 ( m2.. -~w'l +86'1;:/;,~_J'f·} /U: •. 

(6) 

llpH K=O (T.e. ~na npo~on:&ao! ycro!~~HBOCTH) nonyqea peayn:&rar, 
TO'IHO COOTB6TCTBYmllll! T60peue / 5/. 

0TU6TIIll 3.zt6C:& TOT nll6 Ollli!Hli! 4/aKT 1 qro KaK J.Q /& , !aK H 
w2. ( np11 K2•0) nponopiUtoaan:&Hli paaaocu ~n'-- fti:i", 11'101 no-BH,nH

uouy, roBopHT B non:&ay Bb16opa npo6aoa IPYBKIUIH B BH.zte (5). 
PaccuorpHu cooTHoweHBe ( 6) npH K 4CI. B arou C.JIYqae 

1. :L - 9 ( m -a.- 'f ;:;/'·) ± [ 9 { m1-lfwa) +Ita e:;'K"/t"'.,._ 'IEJ•;J 
w = k + 16 

llpH arou ~na cnyqaa Bepxaero aaaxa (saaxa nnmc) 
'2. '1. { '2. - 2.) / ( 1.. 4 - "-) w :::- 1<.. m -eN "' - w 
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{ 
... 

l 

H nonepe'IHaH aeycTo!~~HBOCTD ( c.Jt <( 0) Hueer uecro npH m ... <.l(ii~ nna 

cnyqaa HH&aero SHaKa (sHaKa MHHyc) 

w'-= kt.. + [-9(m'1..-4i>,_) -Zlf~t./(.1./(""'L_qi:J%..)]/8 
1. ,,-2. 

H H6YCTO£\'IHBOC!l> COllHTOHa llOHBHH6TCH npH l1l '7 'f t.J • 
\. II-~ nna .,... .::: ., tJ ,1.\HCOepCHOHHOe COOTHOm6HH8 ( 6) npH06peTaeT 

BH.zt (npH JIIl6HX K) 

1.._ z.+'2..9,'39 i:SK 
w - 1<. - 16 

9Ta SaBHCHUOCU npH K ~£I AaeT HeyCTOA'IHBOCT:!.1 KOTOpaH C!a6HllH-

SHpyeTCH llHm:& npH 

2..9,'3' , ' 
K '> """ .... 

1b 

z..g, ~.9 
32 

/n.. • 

TaKHU o6paaou, UOXHO C.ztenaT:& BbiBO.zt 0 TOII 1 qTQ aapa&eHHbiA 
conHTOH ( 4) npH K a I nonepe'IHO aeycTo!qHB npH Bcex saaqeaHax na
paueTpOB m H W . 9Ta H6YCT Olii'IHBOCTD CTa6HJIH3HpyeTCH llHU npH 

6on:&mzx aaaqeaBax BOnHoBoro qwcna K. 
B SaKJimqeHH6 OTII6!HU 1 qTO HCCJI6.zt0BaHHbl9 B HaCTOH~61ii pa60T6 

KOllOK01JOo6pa3Bbl6 COllH!OHY (2) H (4) HBZHm!CH HeyCTO£\qHBbiUH o6pa-
80BaHHHUH1 KaK, Bnpoqeu, H BCe llOAo6Bbl6 HCCJI9AOBaHBbl6 HaYH pa-
B96 /I-3/ COllHTOBY penR!HBHCTCKH HHBapHaHTHbiX ypaBH9HHiii. HHm:& 
KOllOK01JOo6paaH06 COllH!OBH06 pemeBHe BepenaTHBHCTCKOrO ypaBB6BHH 
KopTeBera-~e Bpuca, coBna,n~ee no ~opue c conHTOBBbiU pemeHHeu (2), 
Hccne,noBaHHbiU B ,naBaoA pa6o!e (KBa.ztpa! rHney6onHqecKoro ceKaaca), 
OKa3biBa6TCH yCTO!qJB~U KaK B npO,l.\OH:&HOII / 6/, TaK H B nonepeq-

HOU /7 'I ,3/ aanpaBJieHJllU. 
ABTOP 6naroAapeu B.r.MaxaH:&KoBy, E.IT.IH.ztKOBY H H.B.Yaxan.ztH-

aBH sa nonesable o6cy&L\9HIH. 
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