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06 yCTOif'IHBOCTH COntiTOHHblX peweHRif ypaBH9HHSI UlpellRHI'epa 

c aenHHeifHOCTbJO .P II/I lv 

Hccne/lOBaHa ycroif'IHBOCTb conHTOHHbtX peweaulf 

[ 
v2 2{3 v v 

I (-;r+-
2
-A 0 )t+1!'"'(z-vt)] 

A e v+ 
"'- --1!.~--,.,.----,= 

chi- £i-At v :f2 (x-vt)l 

aenuaelfaoro ypasaeHHSI UlpellHHrepa 

lo/J t + oPu + {311/I I v .p • 0 

llnSI npOH3BOnbHblX nonO>KHTenbHblX V. 

Pa6ora Bbtnonaeaa B Jia6oparopHH Bbt'IHCnurenbHOif reXIIHKH 11 asro

MSTH3SURH 011 Hl1. 
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Makhankov V,G. 

On Stability of Soliton Solutions to the Schrooinger 
Equation with Nonlinearity 0\.P!" 

The stability of soliton solutions 

[ v2 ..Y}_ v v ] 
I (T+v+ 2 A 0 )t+ ""]""(z-vt) 

A 0 e 
.P- 2 v ---

ch 17[~AT y 3JL (x-vt)] 
2 0 v+ 2 

to the nonlinear Schrooinger equation 

ii/Jt+.Pn +f31.Piv.P-0 
is investigated for arbitrary positive '' 's. 
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© 1978 06l>eiJHHeHHblfl HHCTHTYT RJlepHl>IX HCCneiJOBSHBfl 0.y6H8 

11Cll0ilb3YH MeTO.IJ,, llO.IJ,pOfiHO OllHCaHHblH B HaWHX pa· 

6oTax 1 ,2 , uccne.IJ,yeM .IJ,ByMepHyiO ycTOH'IHBOCTL nnocKHX 

COilHTOHHblX peweHHH HenHHeHHOrO ypaBHeHHH llipe.IJ,HHrepa 

f/ 

i0 +t/J +nt/J!t/1! ~ o 
t XX 

/1/ 

.IJ,nH npoH3BOnLHLIX nono:>KHTenLHLIX v H {3 . Kor.na ~~ =2, Mbl 

HMeeM cnyqaii: WHPOKO H3BeCTHOrO KyfiH'IeCKOrO ypaBHeHHH 

lllpe.IJ.HHrepa S 3 I eM., HanpHMep, o63op I 1 1 H UHTHpoaaHHYIO 

a HeM nHTeparypy/. Kor.IJ,a t' =4, MLI npHXO.IJ.HM K cnyqa10 

TaK Ha3blBaeMLIX CllaHKOHOB /CM., HallpHMep, pafiOTbl 
13 4</. 

Henocpe.IJ.CTBeHHoii npoaepKoii nerKo yfie.IJ.HTLCH a TOM, 

'ITO ypaaHeHHe I 1/ .IJ,nH npoH3BOnLHblX nono:>KHTenLHblX t' H 

~i ofina.IJ,aeT cne.IJ,yiOJ..QHMH COilHTOHOllO.D.OfiHblMH peweHHHMH: 

v2 2 {3 v v 
i( <-:r+ -W2Ao) t+ 2 cx -v t)] 

A_!)~ 
2 fJ 

v (!J ;r . 2{3 ] ch - A 0 y ~-- (X - v t ) 
2 fJ + 2 

/2/ t/1~ 

r,IJ,e A - aMnnHTy,IJ,a conHTOHa, v - ero cKopocTL. 

,l].nH H3y'leHHH nonepe'IHOH yCTOH'IHBOCTH 3THX peweHHH 

HCllOilb3yeM llilOTHOCTb narpaH:>KHaHa 

0 i 2 2 2 {3 v+ 2 
.L==--:--(t/Jt/1*-t/J*~, )-lt/1 I -lt/1 I+-. 1t/JI 2 t t X y v+2 1 /3/ 
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H npo6Hyl0 <l>YHKI.l,HIO, HMClOII.l,YlO B CHCTeMe noKOB COllHTOHa 

COllHTOHOnO,lJ,06HylO <l>opMy *' 

- j <I> (y. t) 

A (y,t )e 
t/J ~-....----

chv [D(y,t)x] 
/4/ 

llO,lJ,CTaBHM /4/ B /3/ H npOHHTerpHpyeM no npO,lJ,OllbHOH 

KoopJJ.HHaTe x • Tor,lJ,a 

r,lJ,e 

- oo A2<l>t 4l(v) 
~ • f ~ dx = --n- -

2 
2 _!_) 

_,.. v B<v· 2 

D2A 2 
~-+ 

D 

2 V+2 
AA D A 2 2 A 4DA 2 8{3 A 

+-;2 y- -(~+<l>y)l)- v(v+4)+ (v+2)(v+4)_n_' 

2 J_) 
B( v ' 2 

l(v)= f 
-oo 

- 6eTa-<l>yHKI.l,HB 3iinepa, a 

4 

chvf 
/5/ 

BapLHpyg JJ.CHCTBHe S = J ~ dy dt no A , D H <!> ue3aBH-

*0TMCTHM, qTo B CHCTCMC nOKOB COllHTOH xapaKTepH3y
CTCB TpeM.H napaMeTpaMH, n03TOMY Bhlpa)I(CHHe /4/ ,lJ,llB 
npo6uoii <l>YHKI.l,HH, 3aBHCBlll,ee OT Tpex "napaMeTpoB" A , 
D H <I> , BBn.HeTcB JJ.OBOllbHO o6lll,HM H onpaB,lJ,aHHLIM. 

4 

if 
I 

~, 

' 

CHMO, HMCCM cne,lJ,ylOII.l,He TpH ypaBHCHHB ,lJ,BH)I(CHHB 3ifnepa

JiarpaH)I(a * : 

2 A tO -A Dt -2 AD <l> yy - 0, 

8 3 
AD -2A D -2AD<l>t +--AD 

YY YY v (v+4) 
8{3 Av+l Q,.Q, 

v+4 

~ I(v) AD -AD <I> --4- AD3 -A D 
v B(.t_j_) YY t v(v+4) YY 

v• 2 

8{3 
(v+2)(v+4) 

v+ 1 
A D .. Q. 

)J;ng HCCllC,lJ,OBaHHB ,lJ,HCnepCHOHHhiX CBOHCTB 3TOH CHCTC

Mhl llHHeapH3YCM ee no ManLIM B03Mylll,eHHBM oA , oD H 

0 <l> B OKpCCTHOCTH COllHTOHHOrO pelliCHHB /2/, nOllO)I(HB 

A,.A
0 

+oA exp(-iwt + ik .l y ), 

~· 

D ,. ::__A i!' y ~.f}_ + oD exp(- iw t + i k..Ly), 
2 0 v+2 

2 f3 v ffi ( . 'k ) <I> = - -- A t + o '¥ exp - 1 w t + 1 , y . 
v+2 0 "" 

B peJynLTaTe nonyqaeM cneJJ.YlOII.l,ee JJ.HcnepcHOHHoe 

ypaBHCHHe, onHChiBalOII.l,Ce nonepeqHhiC YCToifqHBOCTh ( w 2 > 0) 
H HCYCTOHqHBOCTh ( W 

2 <0) COllHTOHHOrO pemeHHB /2/ /cny-
u 2 0 u qaH w = , Hy)l(,lJ,alOlll,HHCB B ,lJ,OnOnHHTCllhHOM HCCllC,lJ,O-

BaHHH, paCCMOTpeH HH)I(e/: 

* llpH nonyqeHHH 3THX ypaBHCHHH OT6pomeHLI qneHLI He 
,lJ,aiOlll,HC BKna,lJ,a B llHHCHHOM npH6llH)I(CHHH. ' 
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8 v 2 2 2 

[
1- 16 __!_U-l..]k6 f3Ao [ 3v 8 I (v) ] 4 32 v f3 A 0v 

"'j/Z .l.--- --- k + 
B(_g_ .!.) v+4 !!+2 2 1 J. -(~-) 2 ( 4) 

v'2 vB(-,-) v v+ 
v 2 

2 
w "" 

16 I ( v) _ ] k ~ + 
[ 1 - 2 2 1 ..... 

v B(~-,2) 

4v(v-4) ----
( v + 2 )(v-"- 4) 

v 
f3Ao 

k2 
J. 

161 

3HaK w 2 onpe,neJI.H8TC.H OTHOC8T8JlbHbiM 3HaKOM '18CJI8T8JI.H 

8 3HaMeuaren.H B llJopMyne 161. B C8JIY rpoMo3,nKoCT8 3T8X 

Bblpa)I(8H8H paCCMOTp8M npe,neJibHb18 CJiy'la8 60JibW8X 8 

MaJibiX k.l. . 
2 4 2 

B nej>BOM npe,nene 8MeeM c.> -:.. k .l. -, 0 lnp8 k .l 
>> f3 A~ I, T .e. np8 6oJibWHX rpa,nH:eHTax non.H B y -
HanpaBneH88 COJI8TOH oKa3biBaeTC.H ycTOH'IHBbiM ue 3aB8C8-

MO OT B8,IJ;a H8JI8H8HHOCT8. 

( 
2 !J 

Ilp8 MaJibiX k .l. k .l. << f3A O) C8TyaJJ;8.H B KOpHe M8H.H8TC.H, 

Tenepb Mbl 8M88M 

w2= 

v 
8vf3A o ----

(v+2)(v-4) 
k~ 171 

OTI<y,na CJie,nyeT, 'ITO TO'II<a ~- =4 .HBJI.H8TC.H OC060H TO'IKOH, 

r,ne 3HaMeHaT8Jlb M8H.H8T 3HaK. JTO 03Ha'la8T, 'ITO llp8 

lJ / 4 COJI8TOHbl H8YCTOH'I8Bbl ITO OTHOW8HHIO K B03MYIU8H8.HM 

B nonepe'IHOM HanpaBJI8H88. Ilp8 H8JI8H8HHOCT.HX C II '> 4 
COJI8TOHbl OKa3biBaiOTC.H nonepe'IHO- yCTOH'I8BbiM8. Ilp8 

v =4, Bbi'I8CJI.H.H 8HTerpaJI 151, 83 4JopMyJibl 161 ITOJIY'I8M 

w2,.k4-~A4(3k2 _ M_A8f32. 
J. 0 .+ 45 0 

181 

JTO 03Ha'la8T, 'ITO COJI8TOHbl lcnaiiKOHbii ypaBH8H8.H 

1 tj; t 1- tj; XX ... f3 tj; I tj; I 4 ~ 0 

.HBJI.HIOTC.H 8 npo,nOJibHO- 8 nonepe'IHO- H8YCTOH'I8BbiM8 

IB8,l1;8M0
1 
ll03TOMY 8X 8HOr,na Ha3b1BaiOT KOpOTK0)1(8BYJU8M8I. 

BpeM.H )I(:U3,H8 cnaii:KoHa MO)I(HO ou;eH8Th 83 4JopMyJibl 181: 

r -:. 1/ ({1 A~ ). 

6 

113 llJopMyJihl 17 I cne,nyer, 'ITO np8 k J-_. 0 qacrora 

KOJie6aH8H w TaK)I(8 CTp8M8TC.H K HyJIIO. Ka'K y)l(e OTMeqa

JIOCb, 3TOT CJiy'laH Tpe6yeT ,IJ;OllOJIH8T8JlbHOrO 8CCJI8,IJ;OBaH8.H. 

IlpoBe,neM ero, 8CITOJib3Y.H Q -reopeMy, ,IJ;OKa3aHHYIO B/L' 

lcTp. 97-981 * . 
IlpoBepHM ycJIOBH.H npHM8HHMOCTH 3TOH T80p8Mbl. 3anu-

W8M 121 B BH,ne V' s ~ rp 
8 

( x) exp (ifLt), r.ne !1 > 0 , Tor.na 

BM8CTO Ill ITOJIY'IHM B CHCT8M8 ITOKO.H COJIHTOHa 

v+1 
F(¢)=-¢ +fLc/>-{3¢ =0. 

XX 
191 

TecTOBblii raM8JibTOHHaH 3Toro ypaBHeHH.H 

) =_z_F ( ¢) I 
a¢ ¢=¢ 

s 

H (¢ s 

HM88T HYJI8B08 C06CTB8HH08 3Ha'I8HH8 lc.3.l H COOTB8T

CTBYIOJUYIO eMy co6CTB8HHYIO llJyHKUHIO lc.4J.I 
f 

0 
(x) - L ¢ ( x ), ax s 

o6.H3aHHbl8 TpaHCJI.HJJ;HOHHOH CHMM8TpHH 3a,IJ;a'IH, ITOCKOJlbKY 

H f o (x) = 0. <l>yHKUH.H fo (x) .HBJI.H8TC.H O,IJ;HOY3JIOBOH, no-

3TOMY CYIU8CTBY8T O,IJ;Ha 6e3y3JIOBa.H C.llJ. C OTpHJJ;aTeJibHbiM 

C.3., T.e. Q -reopeMa npHM8HHMa. B COOTB8TCTBHH C H8H 

COJI8TOH t/Js yCTOH'IHB, 8CJIH 

2 
d [J \t,/J \ dx 1 / d fl ~ dS I d !1 > 0, 

s 

8 ueyCTOH'IHB, Kor,na dS/d f1 :5, 0. 
3aBHCHMOCTb S (fL ) HaH:,neM C llOMOIJJ;biO MaCWTa6HOrO 

j_ jJ 1-1 

npeo6pa3oBaHH.H x • x v'/1 , •/.> _ _, f1 JJ q; / {3 • npu KOTopoM 

191 npHHHMaeT BH,IJ;, CB060,IJ;Hb1H OT {t : 

_ ¢ __ +; _ ¢- v+ 1"" O. 
XX 

¥ 0TM8THM, 'ITO B itJopMyJie 16.581 H 4JopMyJie nepe,n 
ueH:, a ral()l(e B 16.591 .nonymeuhl one'laTKH: 3HaK8 uepa

seHCTB ,IJ;OJI)I(Hbl 6LITb H3M8H8Hbl Ha o6paTHbl8. 
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2 ( 4-l/ )/21' 
IlonoMy S=f¢ dx""/1 c(v,f3),r.IJ.e c(v .{3)' 0- 4>YHKUHJI, 

3aBHCJIII.\aJI JIHWL OT napaMeTpOB v H {3 . 0TCJO)J.a 

dS 
---4-v 
dll • 

a yCJIOBHe HeyCTOHqHBOCTH fiJIOCKOrO (x.t) COJIHTOHa eCTL 

v ~ 4. 
Pe310MHpyg, MO)KHO CKa3aTL, qTo COJIHTOHLI ypaBHeHHH 

/1/ HeyCTOHqHBLI npH JIJOfiLIX l' , JIH60 B npO)J.OJILHOM Ha

npaBJieHHH npH v.:: 4, rru6o B nonepeqHoM npH 1-· :.:. 4. B ToqKe 

v. =4 COJIHTOHLI HeyCTOHqHBLI KaK B npO)J.OJILHOM, TaK B no

nepeqHoM HanpaarreHHJ~X. 

11Hor.IJ.a paccMaTpHBaiOT ypaaHeHHe BH.IJ.a/4/ 

if +~1 -at/1!!/J IT/ +{-3t/Ji¢ iv =0. 
t XX 

Bo3MO)KHLie peweHHJI ypaBHeHHH no.IJ.06Horo Tuna B npo

CTpaHCTBe d H3MepeHHH, paBHO KaK H HX YCTOHqHBOCTL 

B qeTLipeXMepHOM npOCTpaHCTBe-apeMeHH, paCCMaTpHBa

JIHCL B pa6oTax 
151

. Pa3pa6oTaHHLie TaM MeTO.IJ.LI rrerKo 

nepeHOCHTCH Ha crryqail .IJ.BYMepHoro npocTpaHcTaa-ape

MeHH. 
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