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BBE,L\EHI1E 

npo6neMa yCT0~4HBOCTH 4aCTH~enOA06H~X peWeHH~ /conHTOHOB/ 
~Bn~eTC~ OAHO~ H3 Ba~He~WHX npo6neM npH HCCneAOBaHHH pa3nH4-
H~X HenHHe~H~X TeOpeTHKO-noneB~X MOAene~. C OAHO~ CTOpOH~, KpH­
TepH~ YCT0~4HBOCTH HanaraeT AOCTaT04HO CHnbHOe orpaHH4eHHe 
KaK Ha peweHHe, TaK H Ha CaMO HenHHe~HOe ypaeHeHHe, C APYrO~ -
CBHAeTenbcTeyeT o npaeHnbHOCTH HHTepnpeTa~HH TeopHH. Bee 3TO 
HaXOAHT OTpa~eHHe 8 nOCTO~HHOM pOCTe 4HCna pa60T, B KOTOpbiX 
HCCneAOBaHH~ nOABepra~TC~ KaK HHTerpHpyeM~e, TaK H 6nH3KHe 
K HHM CHCTeM~ /l-2/. TeM He MeHee, HaCKOnbKO Ha~1 H3BeCTHO, 
3a HCKn~4eHHeM eAHHCTBeHHO~ pa60T~/S/,AO CHX nop paCCMaTpHean­
C~ nHWb Cny4a~, KOrAa npHCYTCTByeT OAHO CKan~pHOe HnH cnHHOpHOe 
none. npH paCCMOTpeHHH ~e MHOrOKOMnOHeHTH~X /BeKTOpH~X nH60 
HeCKOnbKHX B3aHMOAe~CTBY~~HX/ none~ eonpoc OU YCT0~4HBOCTH 
peweHHH OCTaeTC~ BHe non~ 3peHH~ HCCneAOBaTene~. 

npH4HHa 3TOro, Ha HaW B3rn~A, 3aKn~4aeTC~ B cneAY~~eM. 
npo6neMa YCT0~4HBOCTH peweHH~ HenHHe~HOrO 3BOn~~HOHHOrO ypae-
: :~: ::~~ ~~:~20~··T. "'"" "!"'"Rwnn, K ::\ana4e Ha co6c TBeHH~e 3Ha4eHH~ 
An~ HeKOToporo AH~epeH~HanbHOro onepaTopa. EcnH HCXOAHOe 
ypaBHeHHe 0AHOKOMnOHeHTHOe, TO COOTBeTCTBY~H~ onepaTOp ~Bn~eT­
C~ o6~4H~M onepaTOPOM WpeAHHrepa, An~ KOToporo cy~ecTeyeT xo­
powo pa3BHTa~ cneKTpanbHa~ TeopH~. An~ eeKTOPHbiX ~e ypaeHeHH~ 
COOTBeTCTBy~~H~ OnepaTOp - y~e OnepaTOp MaTpH4Hbl~, H HMeHHO 
nocneAHee o6CTO~TenbCTBO CHnbHO ycno~H~eT paCCMOTpeHHe. 

B AaHHOH pa6oTe Ha npHMepe HenHHe~Horo ypaaHeHH~ WpeAHHrepa 
(NLS) c 11 1.1BeToeo~ 11 /H30TOnl14eCKO~/ rpynno~ M~ noKaa~o~eaeM, 
OAHaKO, 4TO ecnH nocneAOBaTenbHO y4eCTb CHMMeTpH~ MOAenH, TO 
An~ HCCneAOBaHH~ YCTOH4HBOCTH MHOrOKOMnOHeHTHO~ CHCTeM~ MO~eT 
OKa3aTbC~ npHrOAHOH TpaAH~HOHHa~ TeXHHKa /B HaWeM cny4ae -
Q -TeopeMa/. 

NLS c U(n,O) • - BHyTpeHHeH CHMMeTpHeH 6~no nony4eHo a 141 

KaK H30TOnH4ecKoe o6o6~eHHe MOAenH Xa66apAa a AnHHHoeonHOBOM 
npH6nH~eHHH/~~ a TaK~e B pa6oTe ;e; B Ka4eCTBe 0AH0H H3 803-
MOMHbiX peAYKLIHH cHcTeMbl AKNS. Ha KnaccH4eCKOM ypoeHe a 4acT-

• B pa6oTe 141 6~o~no nony4eHo aeKTOpHoe NLS c U(p, q) -Hao­
CHMMeTpHeH, 4bHM 4aCTHbiM cny4aeM ~an~eTc~ Hawe U(n, 0) -
ypaaHeHHe. Cny4aH U(O,n) oTnH4aeTc~ oT paccMaTpHaaeMoro 3Ha-
KOM KOHCTaHTbl CB~3H, 
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HOM CJly4ae n =2 OHO Om1CbiBaeT 3JlJ1Yinn14eCKYI nOJlJ'IpYi30BaHHYIO BOJl­

HY B HeJlYIHe~HOi1 cpe,Qe 171, a Ha KBaHTOBOM /8/ - 11 ~BeTHOi1 11 

caMorpaBYITYIPYIO~Yii1 6o3e-ra3 C T04e4H~M B3aYIMO,Qei1CTBYieM. 3TO 

ypasHeHYie KaJlY!6pOB04HO 3KBYIBaJleHTHO ~en04Ke CnYIHOB rai13eH-
/9/ 

6epra • 

1 . PEWEHH$1 U(n, 0) NLS CHCTEMbl 

CYiCTeMa n HeJlHHei1HbiX ypasHeHHi1 I!.JpeAHHrepa (NLS) c U(n, 0)­
Y130CYIMMeTpY!ei1 YIMeeT BYI,[I 

hfr t + l/1 XX + l/1 (l/1 + l/1 ) .. 0 • I 1 I 
,,,+ -rAe l/1- BeKTOp-cTOJ16e~ 1-13 0 KOMnJleKCHbiX KOMnOHeHT, a 'I' 

3pMYITOBCKYI-COnpH~eHHbli1 BeKTOp-cTpOKa: 

l/1 + == (l/1 i ' ... , l/1 ~ ) • 
CY~cTeMa 111 MO~eT 6~Tb nony4eHa sapHa~Y~ei1 narpaH~YiaHa 

0Ha YIMeeT COJlYITOHHble peWeHYIH C rpaHYI4HbiMYI YCJlOBYIHMYI BYIAa 

l/l(x, t) ---+ 0. 
I xl -+"" 

121 

KpOMe TOrO, OHa YIMeeT COJlYITOHHble peWeHYIH C HeHYJleB~MYI rpaHI-14-

HbiMYI YCJlOBYIHMYI BY!Aa: 

l/1
1 

(x, t) ---+ 0, 
lxl-+oo 

l/1. (x, t) _... l/llo ' 
1 x-+oo 

l/11 (x, t ) --+ -l/l.o ' 
x-+-oc 1 

i=1,s; s>O 
13'1 

= s + 1, n 13 "I 

B 3TOM nocne,QHeM cny4ae MO.QeJlb AOJlmHa 6b1Tb cnerKa MOA~YI~YI­
posaHa aBeAeHY~eM 11 XYIMYI4ecKoro noTeH~Hana" 1.1 a narpaH~HaH 1-1 

ypaBHeHYIH: 

141 

2 

CHcTeMy 111 c rpaHYI4H~MYI ycnoBHHMYI BH.Qa 121 MO~Ho paccMaTpH­

saTb KaK 4aCTHbli1 CJly4ai1 CYICTeM~ 141 C rpaHYI4HbiMYI YCJlOBYIHMYI 

131 npYI s.., n Y1 p. =0, oy,QeM B ,QaJlbHei1WeM npYIAeP~YIBaTbCH TaKoi1 

T04 KYI 3peHYIH Y1 paccMaTpY!BaTb TOPbKO ypasHeHYIH 141. 
CHcTeMa I 41 HMeeT YIHTerpallbl 3HeprHH 

141
• 

"" + 1 + 2 I 151 E == r dx {( l/1 X l/1 X ) - 2 ( (l/1 l/1 ) - p.) 
-oo 

I.Qanee 6ecKOHe4H~e npeAeJl~ YIHTerpHposaHYIH 6yAeM onycKaTbl. 

114YICJla 4aCTYI~ i - ro ~BeTa II N I = r dx lll/li 1
2 

- 1.1 I I ' 

n 
rAe P. "' !. I' 1 , 1=1 

PaccMOTPYIM peweHHe 141 BHAa 

l/1
1 

(x,t) ~l/1 1 (x) · expl-iw 1 tl, w 1 

BeKTOp l/1 (x) YAOBJleTsopHeT CYICTeMe 

Wl/l+l/lu +l/l((l/l+l/1)-p.)cO, 

~;; R. 

3,QeCb nxn MaTpH~a W ecTb W = diaglw 1• ... , w n I. 
CTa~HoHapHaH cHcTeMa 181 HMeeT peweHHe BHAa 

l/1 1 (x)-.l/lt·sch(kx), i=1,s, 

161 

171 

!8! 

19'1 

i-=s+1,n. 19' 'I 

3AeCb l/lfG;C, a k ~;;R. HeTPYAHO BYIA:Tb, 4TO AllH :nora Heo6-

XOAHMO B~nOJlHeHYie CJleAY~YIX YCJlOBYIYI: 

1 II 2 n 2 1 
w I - - -I I 11/1 j I + I 11/1 t I I + 1.1 = w 1 • i = • s, 

2 joal j•1+1 

n 2 
w I .. I' - I !. II/I j I I = w 2 ' 

j•e+1 
1 - s + 1, n 

/10/ 

/11/ 

/12/ 

AnH Taro, 4T06~ YAOBJleTsopHTb 

AYeT noTpe6osaTb (&)2 =0, T.e. 

rpaHH4H~M yCJlOBYIHM 13''1, cne-

D 

I' .. I ll/1° 1
2 

• 
J-•+1 J 

/13/ 
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nonO>tU1M TaK>:<e 

J.L 1 = lim 11/11 (x)l 
2 

I xl-.oo 
1141 

0TMeTt.1M, 4TO TaKOe OnpeAeileHt.1e j.L t.1 llt ycTpaHAeT paCXOAt-1-
MOCTt-1 npt-1 nOAC4eTe E t.1 N1 no ¢opMynaM 151-161. 

2. HETOA HCCnEAOBAHH~ HA YCT0~4HBOCTb 

AnA HaWI-1X ~enet:i YA06Ho Tenepb 3an1-1caTb CI-1CTeMy 181 e cne­
AYIO~eM BI-1Ae: 

d2 
WI!/!>+ -11/1> +<T!/111/1>- J.L)I!/1> = o. 

dx2 
1151 

3AeCb 11/1> - Ae~cTBI-1TeJlbHblt:i eeKTop-cTon6e~ pa3MePHOCTI-1 m .. 2n, 
<!/I I - TpaHcnOH!-1poeaHHbiH eeKTop-cTpoKa; np1NeM eeKTOP II/I> 
nony4aeTCA i-13 eeKTopa 1/1 paa61-1eH1-1eM nocneAHero Ha AeHCTBI-1Tenb­
HYIO 1-1 MHI-1MYIO 4aCTI-1: 

<!/II= lRe!/1 1 , Im!/1 1 , Re!/1 2 , Im!/1 2 , ••. , Re!/10 , lm!/10 !. 

np~-1 3TOM, eCTeCTBeHHO, <c/>11/J>=(c/>+1/J). 
MaTPI-11..1a, 

i=1,2s; k=l,m, 

i = 2s + 1. m : k = 1. m • 

Tenepb y~e W- mxm 

CTai..II-10HapHaA CI-1CTeMa /15/ MO~eT 6~Tb nony4eHa 3KCTpeMaJ1!-13a­
l..li-1eH E np~-1 ABYX AOnOilH!-1TeilbHbiX ycnoB!-1AX: 

s 2 2 
N I . "' ( dx I [1/121 + 1/121- 1 - J.L I ] .. const ' 

I= 1 

3Ti-1 YCI10BI-1A, C T04HOCTbiO AO 6eCKOHe4HO MailbiX BTOporo nopRAKa 
no 81/11 , 3KBHBaJ1eHTHbl cneAyiO~HM: 

2s 
8N I = 2 ( dx I 8rfr. 1/1 1 = 0 , 

i = 1 I 

2n 
oN II = 2 ( dx I oi/J 1/1 = 0 

1=2s+1 I I 

/16'/ 

/16"/ 

CooTeeTCTBeHHO HMeeM 3aAa4y Ha 6eaycJlOBHbiH 3KCTpeMyM AI1R 
¢YHK1..11-10Haila 

F=E-w
1

NI -w
2

N
11

• /17/ 

3AeCb W 1 t.1 W2 t.1rpa10T pOilb narpaHX<eBCKt.1X MHOM<t.1Teilet:i, t.1 
onpeAeilAIOTCA t-13 ycnoet.1t:i opToroHailbHOCTt-1 1161. AnA ycTot:i4t.1Boc­
Tt.1 peWeHt.1A He06XOAt.1MO t.1 AOCTaT04HO, 4T06~ BTOpaA eapt.1a~t.1A 
F e T04Ke 3KCTpeMyMa 6~na nono~t.1TeilbHO onpeAeileHHOt:i Ha HeKo­
TOpOM Kilacce ¢YHK~t.1t:i. B HaWeM Cily4ae nOAXOAA~t.1e ¢YHK~t.1t.1 
npt.1HaAne~aT npocTpaHCTBY m-KoMnoHeHTH~x Aet:icTBt.1TeilbH~X 
C!JyHK~t.1t:i c t.1HTerpi-1pyeMblM KBaApaTOM L~= R m~L 2 • Ec11t.1 noTpe6o­
eaTb, 4T06bt eapt.1allt.1t.1 Ill!/!> YAOBileTBOPAilt-1 ycnoBt.1AM 1161 IKnacc 
TaKt.1X ¢YHK~t.1~ Ha3oeeM VI, TO Hawe noHt.1MaHt.1e ycTot:i4t.1BOCTt.1 
6yAeT COOTBeTCTBOBaTb T.H. Q-ycTOt:i4t.1BOCTt.1 /2/.Tpe6oeaHt.1e cox­
paHeHt.1A 3apAAa Q 3KBI-1BaneHTHO ¢t.1Kca~...,..., 114t.1Cen 4aCTt.1~ 11 N 1 ..., 

Nn 
HTaK, paccMOTPI-1M ¢YHK~i-10Hail F. 

F=fdxl<l/ll!/1 >-_!_(<!/II!/I>-J.L) 2 -<l/JIWI!/1>1. 
J: J: 2 

/18/ 

H3 ycnoe1-1A oF =0 np~-1 npoi-13BOJlbHbtX lo!/1> nony4aeTCA cTa~"'o­
HapHaA cl-1cTeMa 1151. BTopaA eap1-1a~t.1A eCTb 

0 2 F = 2 r dx < oi/JI H I 81/1 > ' I 1 9 I 

rAe TeCTOB~A onepaTop 

A d2 
H =-Hdx2 +<I/II!/1>-J.L)-W-211/1><1/11. 1201 

3AeCb 11/J><I/JI - npoeKTOP B npOCTpaHCTBe CTOJ16~0B Rm Ha 
HanpaeneHI-1e 11/J>. noHATHO, 4TO AJlA nOJ10~1-1TeJlbHOH onpeAeileHHOc­
TI-1 8 2 F Heo6XOAI-1MO "' AOCTaT04HO, 4T06bl Mi-1HI-1MYM 8 

2 
F Ha npo­

cTpaHCTBe V 6b1Il HeOTPI-11..1aTeilbHblM. B CBOIO 04epeAb, KaK Mbl 
YBI-1Ai-1M B pa3Aeile 3, AilA TOro, 4T06bl HaHTI-1 Mi-1HI-1MYM 8

2
F, HaAO 

peWHTb aaAa4y Ha co6cTeeHHble 3Ha4eHI-1A AilA onepaTopa H "' ebl6-
paTb cpeAI-1 HI-1X HaHMeHbwee (A 0 ). Ho TeM caMbiM Mbl onpeAeJlHM 
MHHHMYM He Ha V, a Ha 6onee WHPOKOM npOCTpaHCTBe L~ 6yAeM 
o6oaHa4aTb MHHHMYM 8 2F Ha V KaK M v, a Ha L~-ML• 04eBHAHO, 
4TO Mv .2!ML•Ao. B 4aCTHOM cny4ae Mv=M L/3TO oaHa4aeT, 
4TO co6cTseHHaA ¢YHKLIHA ly 0 (x)>, cooTaeTcTay~aA nepeoMy 
co6cTaeHHOMY 3Ha4eHHIO Ao• YAOBI1eTBOpAeT ycnoBHAM /16//. B 
3TOM cny4ae 3HaK M • onpeAenAeTCA 3HaKOM Ao; cooTaeTcTBeHHO 
npH A 0 .2! 0 co111-1TOH 11/1 (x)> Q- ycTOH41-1B, npH Ao <0 
Q-HeycTOH41-1B. B HaWeM HCCJleAOBaHI-11-1 Mbl 6yAeM pa3J1H4aTb 2 cny-
4aR - peWeHI-1e /9/ C HeTpHBI-'!aJlbHbiMI-1 rpaHH4HbiMH yCI10BI-1RMI-1, 
H peweHHe C HyJleBbiMH rpaHH4HbiMH yCJ1081-1AMI-1, KOTOpOe HMeeT BI-1A 

/21/ 

B nocneAHeM cny4ae cneAyeT YAOBneTeOpHTb I1HWb OAHOMy AOnon­
HI-1Tei1bHOMY yCJlOBI-110 /16/; npH 3TOM B /19/-/20/ CileAyeT nono­
lKHTb j.L =0 H S = ll. 
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KaK Mbl y6eAIAMCfl HIA>Ke, AJlfl IACCileAOBaHIAfl YCTOI::i'-IIABOCTIA pewe­
HIAfl 191 npiABeAeHHOrO aHa111A3a BnOilHe AOCTaTO'-IHO. B CilY'-Iae >Ke 
COiliATOHa 1211 HaM npiAAeTCfl IAMeTb AellO C CIATya~IAel::\, KOrAa 
IYo(x)> He YAOBileTBOPfleT 116'1, T.e. Mv>ML. npiA A o> 0 

3AeCb HIAKaKIAX npo6neM HeT - Mv > ML •Ao > 0, HaniA~O Q­
cTa61AilbHOCTb. Cno>KHee CIATya~IAfl np111 Ao<O.TyT y>Ke HaAo paccMaT­
PIABaTb cneAYKli!IIAe no eeniA'-IIAHe co6cTBeHHble 3Ha'-leHIAfl A 1, A 2 , .... 
AonycTIAM, '-ITO At<O.TorAa, 6epfl e Ka'-leCTBe AOnycTIAMOI::i eap!Aa-
~IAIA IBrP> cynepnoaJ.1~1AIO a!y 0 (x)>+tl!Yt.(x)> 111 ebi61Apafl 
a 111 {3 TaK, 4T06bl YAOBileTBOPIATb 116' I, nony'-IIAM Mv<O, '-ITO 
oaHa'-laeT Q -HeycTOI::i'-IIABOCTb. Ecn111 >Ke A 1 > 0, TO AJlfl Toro, 
4T06bl onpeAelliATb 3HaK Mv• Heo6XOAIAMO AOnOilHIATellbHOe IACcne­
AOBaHIAe I Q -TeopeMa 121 I. 3aMeTIAM, '-ITO 1113 '-IIACila co6cTBeHHbiX 
3Ha'-leHIAI::i At cneAyeT IACKiliO'-IIATb A1 =0 ITaK Ha3bleaeMble Hyneeble 
MOAbll. CooTeeTCTBYIOI!IIAe B03MYI!IeHIAfl He npiABOAfiT K HeycTOI::i'-IIABOc­
TIA, 11160 OHIA COOTBeTCTBYIOT npeo6pa30BaHIAfiM CIAMMeTpiAIA CIACTeMbl 
IHanpiAMep, TpaHCilR~IAfiM COiliATOHal. 

Aflfl TOrO,'-ITOUbl npoBeCTIA OniACaHHOe 3AeCb paCCMOTpeHIAe,Heo6-
XOAIAMO IAMeTb IAH$OpMa~IAIO 0 CT~YKType cneKTpa lA nOBeAeHIAIA co6-
CTBeHHbiX $yHK~IAI::i onepaTopa H 1201. AanbHel::iwiAe BbiBOAbl 6YAYT 
OCHOBaHbl Ha pe3y11bTaTaX CileAYni!IIAX ABYX pa3Ae1108. 

3.CTPYKTYPA CnEKTPA MATP~4HOrO OnEPATOPA mPEA~HrEPA 

PaccMOTPIAM onepaTop 
,.. doll; ,.. 
L:(Iq-Ip) dx 2 +V(x), 1221 

Ael::icTBYIOIIIIAH e npocTpaHCTBe L!. TyT P+Q•m, a Iq, IP - l..lac­
TIA'-IHO 3anonHeHHble eAIAHIA'-IHble MaTpH~bl mxm: 

- { 8 tj • 

0. 1 > p 
I .. I -I . q p 

nycTb, Aallee, MaTpiA~a "noTeH4Ha110B 11 HMeeT CileAYIOI!Iee aCIAMnTo­
TIA'-IeCKOe nOBeAeHIAe: 

.. "'+ "+ 
.. vt s tJ V(x) -..v !IV llt,J ' x-+ oo 

v± 
1 - canst. 

V(x)-----+ v-. IIV-11 1,J -v~s 1J . 
s; .. -00 

6 

I + -, + -vmln =min v. ,vi ; vmu= max !Vi ,VI I. 
1$p i>p 

TeopeMa. EcnH Vmu < V min , TO cneKTp aaAa'-1111 

f.!y(x)> =Aiy(x)> 1231 
Be3Ae HenpepbiBHbll::i, KpOMe o6naCTIA V max <A< Vrnln • B o6naCTIA 
Vrnu <A< V min pacnonaraiOTCfl AIACKpeTHble co6cTeeHHble 3Hal..le­
HIAfl. 
AoKa3aTe11bCTBO: PaccMOTPIAM aciAMnTOTIAKY 1221 np111 jxj ... oo : 

A d 2 ~ 
L- (I -I ) - + v-

x-+-oo q P dx2 

npiA X-+ oo 6yAeM IAMeTb m HeCBfl3aHHbiX ypaBHeHIAI::i 

d2 + 
(- dx2 +VI )yl(x) .. Ayl (x); i = l,p, 1241 

d2 + 
(----Vi )y 1 (x) =-Ay 1 (x); i ~ p + 1, m. 

"'"' 2 
!?C. I 

+ + BeeAeM E 1 =A- V1 , i ~ p; 
HIAfl 1241, 1251 3an1AWYTCfl B 

+ + Ei =Vi -A; i> p. TorAa ypaeHe-
BHAe: 

d2 + 
- -y1 (x) ~ E1 y1 (x); i = l,m • 

dx2 

AHanoriA4HO nocTyniAM npiA x ... -.., : 

d2 -
--y

1
(x)-E

1
y

1
(x); i-l,m. 

dx2 

EcniA A t;; (V mu, V min ), TO + -E 1 <0; E 1 <0; t .. l,m 

rAe K~ =(-E 1± )~ - Ael::icTBIATenbHble '-IIACila. 
BaeAeM B npocTpaHCTBe peweHIAI::i 2 6aa111ca: OAIAH 

aCIAMnTOTHKOH Ha (-oo) lnpH 3TOM Mbl 06o3Hal..laeM 
CTOI16e~ eAIAHIA'-IHOH MaTpiA~bll: 

no3T0MY 

aaAaeaeMbiH 
I e J > J -1:1 

7 



\r/r . (x)> __. \e 21 > . exp(-K ~ x), 
21 x-+-oo 

\r/r _ (x)> _. je 21_ 1>. expkj x). 
21 1 X-+- oo 

Apyroi1 - ac1-1MnTon1Koi1 Ha (+ oo): 

1¢ 21 (x)> - le 21 > · exp(K1x), 
x-++oo 

i "'1, m. 

Pa3no~l-1M Tenepb eeKTOP~ /27/ no 6a31-1cy /26/ 

I 4> J (x) > = T J 1 (A) \r/r 1 (x) > 

/no nOBTOpA~~l-1MCA l-1HAeKCaM cyMM!-1pyeM OT 1 AO 2m/. 
Bo3bMeM HeKoTopoe peweH!-1e npo6neM~ /23/ 

\rjr(x)> = cJ- \r/rj (x)> 

/26/ 

1271 

1-1 $1-1KC!-1pyeM ero ycnOB!-1eM He06pa~eHI-1A B 6eCKOHe4HOCTb npl-1 X-+-oo: 

i = 1, m. 

PaanO)f(l-1M Tenepb \r/r (x)> 

\rjl(x)>c c;\c/>j (x)>. 

no 6a31-1CY /27/: 

Ko3$<Pl-1~1-1eHTbl c j Bblpa>K~ 4epea C + . 
j . 

/28/ 

c -2 = T fk c ~ ; f = 1, 2m. 

B c1-1ny m ycnoeHA /28/ nony4HM 1-13 

/29/ 

/29/ m ypaeHeHHH Ha c; 
T fk (A) c ~ = 0; t "' 2i ; i .. 1, m • 

noTpe6yeM Tenepb He06pa~eHHR B oo peweHHR \r/1 > npl-1 X-++ oo 

/T.e. c~J-l ,o; J .. l,m)/. 3To AaeT 

n + /30/ !. Tt 2J (A) c 2J = 0; f = 2i ; i • 1, m. 
j= 1 • 

4T06bl y 3TOH Cl-1CTeMbl cy~eCTBOBano HeTpHBHanbHOe peweHHe, Heo6-
XOAHMO H AOCTaT04HO BblnOnHeHHe 

detT(A) = o, /31/ 

8 

rAe T- nxn - MaTp!-1~a CHCTeMbl /30/, KopHI-1 TpaHC~eHAeHTHOro 

ypaBHeHHA /31/- AHCKpeTHble C06CTBeHHble 3Ha4eHHA npo6neMbl /23/, 
T. e. B o6naCTH (V max , V min ) Mbl HMeeM AHCKpeTHbll'i cneKTp. EcnH 
6bl 6blnO Vmln <Vmu ,TO XOTR 6bl OAHa acHMnTOTHKa XOTR 6bl Y OAHOH 
KOMnOHeHTbl peWeHHR /23/ 6blna 6bl OC~HnnHpy~~eH, ypaBHeHHI'i /20/ 
6blno 6bl Ha 1 MeHbWe, 4eM HeH3BeCTHbiX. CHcTeMa /30/ npH ecex 
A HMena 6bl HeTpHBHanbHble peweHHA - cneKTp 6bln 6bl BCIOAY He-
n pe pbiB HbiM. 

PaccMOTpHM Tenepb 3aAa4y /23/ AnA 6onee y3Koro Knacca one­
paTopoe (p = m): 

,. d2 ,. 
L = -1 dx 2 + V(x). 

noTpe6yeM orpaHH4eHHOCTH 0(~: 

\ V ij (x) \ < c ij , X r;;; (-oo , + oo ) • 

PaccMoTpHM ¢YHK~HOHan THna /19/: 

J[yl== r <y\L\y>dx. 

6yAeM C4HTaTb AOnyCTHMble BeKTOp-$yHK~HH HOP~HPOBaHHbiMH Ha 
eAHHH~Y. TorAa H3 BHAa f. H orpaHI-14eHHOCTH V(x) cneAyeT, 4TO 
¢YHK~HOHan J orpaHH4eH CHH3Y H HeorpaHH4eH CBepxy, 3KCTpeMa­
nH3a~HR ero /KoTopaA npHBOAHT K npo6neMe WTypMa-nHyeHnnR 
/23/ AnA onepaTopa /32//, noaeonAeT onpeAenHTb nHWb MHHHMYM. 
3TOT MHHHMYM paBeH HaHMeHbWeMy C06CTBeHHOMY 3Ha4eHHIO A0, npH­
Hanne>KaWeMV UHCKOeTHOMV /HODMHDVPMOMV/ cnPKTOV /UHCKOeTHbl!'i 
cneKTP, e c1-1ny npeAb1AY~ei1 TeopeMbl H BHAa onepaTopa /32/, 
HMeeT npaeo Ha cy~ecTeoeaHHe H ne>KHT e o6nacTH A <Vmin I. 

4. HYnEBbiE MO,l\bl. CnEKTP TECTOBOfO OnEPATOPA 

A OnepaTop H/20/ HMeeT cneAYIO~YIO acHMnTOTHKY npH \x\ -+ oo: 

H -+-l(d2/dx 2 +w 1 ), T.e. V =-w
1

=k2.TaK KaK e AaHHOM cny-mln 
4ae q:Q, TO B ycnOBHAX TeOpeMbl pa3A.3 3Ha4eHHe VmaxMOlKHO 
C4HTaTb paBHbiM (-oo ). CneAOBaTenbHO, ,iiHcKpeTHbll'i cneKTP pacnona­
raeTcA e o6nacTH A< k 2 • 

PaccMOTpHM cHcTeMy /15/ AnA cny4aR TPHBHanbHbiX rpaH~4HbiX 
ycnOBHI'i (S = n, p, = 0). 0603Ha4HM u 1 := (r/J l) 2 - KBaApaT aM-
nnHTYAbl _1 -!'i KOMnOHeHTbl peweHHR /21/. nycTb onepaTop DkJHMeeT 
cneAylO~HH BHA: 

HDkj I r/r> = 0, 
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T. e. D kj !t/t > ; k, j = 1, m - HyneBble MOAbl onepaTopa H /20/. 
0HI1 CBf!3aHbl c "t~eeToeoi1" U(n, 0) -11HBapl1aHTHOCTbiO 11CXOAHOH 
cl1cTeMbl, no3TOMY 6yAeM Ha3biBaTb 11x "t~eeTHbiMI1 11 • HeTPYAHO nony-
411Tb fiBHblli BI1A 11 l.IBeTHOH 11 MOAbl: 

1 -1 I <t/t IDkJ =10, ..• ,0,-,0, ... ,0, -,0, •.• ,0 · sch(kx). 
'--v-"" t/t k t/t t ...._,__. 
k- 1 m-j 

/32/ 

PaCCMOTpi1M B /32/ OTAeilbHO CTpOKy K03¢$111.111eHTOB. 8 npOCTpaH­
CTBe Rm CI1CTeMa TaKIAX CTPOK (k,j = 1, m) nopOIKAaeT OpToro­
HailbHOe AOnOI1HeHI1e K CTpOKe, COCTaBileHHOH 113 aMn1111TYA pewe-
HI1fl- lt/t'l,t/t2',···• t/t~}, T.e. 1111HeHHOe npOCTpaHCTBO pa3-
MepHOCTI1 m-1. nocneAHee 03Ha4aeT, 4TO cy~ecTeyeT 1111wb m-1 
He3aBI1CI1Mafl Aei1cTBI1Te11bHafl ''t~eeTHaR'' MOAa. Ao6ae11e K HI1M 
HYileByiO MOAYo CBf!3aHHYIO C TpaHCI1fll.II10HHOH 11HBapl1aHTHOCTbiO, 
nony411M m.TeM caMbiM Mbl nOilHOCTbiO Y41111 CI1MMeTpl110 CI1CTeMbl. 

OnepaTop A 11MeeT TaKme OTPI1l.laTe11bHOe co6cTeeHHOe 3Ha4eHI1e 
A o=-3k 2 ; cooTB~TCTByiO~afl co6cTeeHHafl <I>YHK1.111fl ly

0
(x)> ecTb 

/33/ 

0TMeTI1M, 4TO OHa HeOpTOrO~ailbHa peweHI110 /21/. 
n-., ..... ,,....~ IIT'r'\ -Mnr"'o-."P,., .... U ''" ·~·~,...,.. ... .,.,...,,.,., ... .., ............... ~,,-._,...,.., 0 • 11 '-" _,...t:;__ 
,,_.,.,._. .......... , ··- _,,_.,... ...... -,_. •• ,, .... ,,.,_.._., MPJJ•••~• ....,.,t-"''"'11....,,.._.,,_,,..,..,. .. 

cTBeHHbiX 3Ha4eH11H. Anfl 3Toro npl1paeHReM K HYiliO ece aMn1111TYAbl 
peweHI1fl lt/t (x) >, KpOMe t/tt .Mbl nOI1Y411M m 06b!KHOBeHHbiX ypaBHeH11H 
WpeA11Hrepa, KOTOpble nerKo pewaiOTCfl

1 10 ~ l-13 HI1X (m-1) ypaeHeHI1e 
6yAeT 11MeTb B11A 

d 2 2 2 1 2 
(- dx 2 -(t/t~) sch (kx) + T(t/t~) )y = AY, /34/ 

11 0AH0 ypaeHeHI1e 6yAeT B11Aa 

(- _d_ - 3 (t/t i ) 2 sch 2 (kx) + .!.._ (t/t o ) 2 ) y = AY 
dx2 2 I /35/ 

YpaeHeHI1e /34/ 11MeeT peweHI1fl A 2=0; .\. 3 = k 2 , a ypaeHeHI1e 
/35/ - .\.o•-3k 2 .\.1 =0; .\.4 .. t 2 • B pe3ynbTaTe y Hac ecTb OAHO 
OTPI1l.laTe11bHOe, m Hyneeblx 11 m nonom11Tei1bHbiX co6cTBeHHbiX 
3Ha4eHI1i1.Ecnl1 6bl onepaTop A 11Men e~e OAHO co6cTeeHHOe 3Ha4eHI1e 
MeHbWe HYilfl, TO OHO nORBI1110Cb 6bl B cneKTpax HaWI1X m ypaeHe­
HI1~ /34/ 11 /35/. Ae~cTBI1Te11bHO, 4To6bl cTaTb nono*HTeilbHbiM 
B cneKTpax /34/ 11 /35/, 3TOMy COfiCTBeHHOMy 3Ha4eHI110 np11 113-
MeHeHI111 aMnJ111TYA t/t j npi1WI10Cb 6bl /no TeopeMe 0 HenpepbiBHOH 
3aB11CI1MOCTI1 OT napaMeTpa/ nepe~TI1 4epe3 HYilb. 3To, OAHaKO, 
HeB03MO*HO, T.K. Ha6op HyileBbiX MOA Mbl 11C4epnaJ111 nOJlHOCTbiO. 
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5. YCTOn4HBOCTb PEWEHH~ C TPHBHAnbH~MH rPAHH4H~MH 
YCnOBH.s:IMH 

BepHeMCfl K <I>YHK1.1110Hany 8 2 F I 19/ np11 s .. n, IL =0, T. e. pac­
CMOTPI1M peweHI1e /21/. Bb1We 6bl110 noKa3aHO, 4TO HenpepbiBHbiH 
cneKTp TecToeoro onepaTopa H Ha411HaeTCfl npaeee HY11fl. OnepaTop 
H 11MeeT eAI1HCTBeHHoe OTPI1l.laTe11bHOe co6cTBeHHOe 3Ha4eHI1e, 

11 COOTBeTCTBYIO~afl C06CTBeHHafl <I>YHK1.111fl HeOpTOrOHailbHa peweHI110. 
CneAOBaTeilbHO, BblnOnHeHbl ycnOBI1fl ~ TeopeMbl MaxaHbKoea 121, Ko­
Topan KOHCTaTI1pyeT yCTOH411BOCTb peWeHI1fl np11 Bbln011HeHI111 

a 
~N1 < 0. 
awl /36/ 

npi1MeHRfl $OPMYI1Y /6/ 11 Y411Tb1BaR /10/-/11/, nony4aeM 

N 1 a4y-w 1 , 

4TO 03Ha4aeT BblnOnHeHI1e /36/. TaKI1M o6pa30M, peweHI1e /21/ 
Q -ycTOH411BO no OTHOWeHI110 K MailbiM B03My~eHI1RM np11 nl06b1X 
3Ha4eH11RX napaMeTpOB oft · 

6. HEYCT0~4HBOCTb PEWEHHt-1 C HETPHBHAnbHbiMH rPAHH4HbiMI-1 
YCnOBH.s:IMI-1 

PaccMOTOIAM TP.nPnh nPIIIPHIAP It:)/ rJArTPM'-' /4/ n!"'IA ,.,..,,..,.T,'-'T'-''-'v 
KpaeBbiX 3Ha4eHI1RX BI1Aa /3/, T. e. 0 < S < o, IL !- 0. noKameM, 
4TO e 3TOM cny4ae BTOpafl eap11a1..111fl F nonom11Tei1bHO HeonpeAene­
Ha Aame Ha npocTpaHCTBe V. 

Bo3bMeM eap11a1..11110 noneeo~ eeKTop-$yHK1..11111, KOTopaR 11MeeT 
cneAYI0~11H cne1..111anbHbl~ BI1A: 

81/f. (x) 
J 

{ a j sch (kx) th (kx) , 

a J sch2 (kx) , 

j = 1, 2s 

j = 2s+ 1, m. 

04eBI1AHO, 4TO 18 $ (x) > opToroHailbHa 1 of (x) > 11, cneAOBaTeilb­
HO, npi1HaAJ1e*I1T V.C APYrOH CTOpOHbl, KaK MOmHO HenocpeACTBeH­
HO y6eAio1TbCR, AJ1R HeKOTOpOrO Ha6opa a j BblnOilHReTCR 

A l&fr(x)> = ~ IBi(x)> , 
"' - 2 m 2 rAe H- onepaTop /20/, a .\. =-k -2 I (t/tt) < 0. 

i =2s+ 1 
TaKI1M o6pa30M, <I>YHK1.1110Han 82 F npi1HI1MaeT OTPI11..1aTe11bHOe 3Haqe-
HI1e Ha $yHK1..11111 j8tfo (X)> ~ V • 3TO 03Ha4aeT, 4TO peWeHI1R 
/9/ np11. HeTpi1BI1a11bHbiX rpaHI14HbiX YCI10BI1f!X Q -HeyCT0~411Bbl K 
MailbiM B03My~eHI1RM np11 11106b1X napaMeTpax t/tj. 

II 



8 aaKn~4eHHe aeTOP xoTen 6~ e~pa3HTb ceo~ rny6oKy~ 6naro­
AapHOCTb npo~. 8.r.MaxaHbKOBY aa npeAOCTaeneHHe TeM~ H BHH­
MaHHe K pa6oTe. H 4peae~4aHHO npH3HaTeneH H.8.MaxanAHaHH, 
~.n.P~6aKoey, A.KYHAY H, e oco6eHHOCTH, O.K.nawaeey aa HHTe­
pecH~e o6cy~AeHHR H noneaH~e coseT~. 
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I13AaTeflbCTBO HHOCTp~HHOH flHTepaTyp~, •t • 

PyKonHCb nocTynHna a H3AaTenbCKHH OTAen 
25 MaR 1982 roAa. 

6apaweHKOB H.B. YcToii<~MBOCTit "qaeTHwx" conMTOHOB P2-82-376 
B AOnonHeHMe K H3aecTHWM conMTOHHWM peweHHRM HenHHeiiHoro ypaaHeHMR Wpe­

AHHrepa c "qaeToaoil" rpynnoil c-eTpMH U(n,O) npM TPMBHBilltHWX rpaHH<~Hwx 
YC110BMAX np!!BOAATCA peweHHA npM HeMC'Ie3a~MX YC110BHAX HB 6eCKOHe'IHOCTH. 
3aAB'IB 06 3HepreTH'IeCKOi! Q-ycToii'IHBOCTH peWeHMil o6oMX THnOa CBOAMTCft K 
npo6neMe WTyPMa-flMyBH1111H AJ1A acnOMOraTenltHoro MaTpM<~HOro onepaTopa. noApo6-
HO paccMaTpMaaeTCA CTPYKTypa cneKTpa TBKHX onepaTopoa, AeiiCTB~MX 8 
npocTpaHCTBe BeKTOp-~yHKqHil, A/1A HCCileAOBBHHA cneKTpa BCnOMOraTellltHOrO one­
paTopa CYUieCTBeHHWM OKa3waaeTCA Ha11M4Me 10 qaeTHbiX10 HyneBbiX MOA, T.e. MOA, 
CBft3aHHioiX C 11!4BeTOBOH10 CM-eTpMeH CHCTeMbl. npoaeAeHHOe paCCMOTpeHMe no3a0-
11fteT CAenaTit 3aKnD'IeHHe 0 803MO*HOCTH npMMeHeHHft Q-TeOpeMbl, C nOMOilllt~ 
KOTOpoi! AOKa3bl&aeTCA yCTOii4MBOCTit C011HTOHOB C TpHBHallltHWMH rpaHH4HbiMH yc-
110BHftMH A/1A ll~biX 3Ha\leHHil napaMeTpoB. noKa3aHa HeyCTOii'IHBOCTit peweHHil 
C KOHCTBHTHbiMH KpaeBbiMH YCilOBHftMH TaK*e AJ1ft ll~biX AOnyCTHMbiX Ha\lallbHbiX 
AaHHwx. 

Pa6oTa awnonHeHa a na6opaTopHH BW4HCnHTenbHOil TeXHHKH H aBTOMaTH3aqHH 
OHRH. 

Barashenkov I.V. On "Coloured" Solitons Stability P2-82-376 
In addition to soliton solutions of the nonlinear SchrOdinger equation 

with U(n,O) "colour" syrrrnetry under the vanishing boundary conditions 
solutions under the nonvanlshing ones are found. The energetical Q-stabl-
1 ity investigation for both of them is reduced to the eigenvalue problem 
for an auxiliary matrix operator. To examine its spectrum the presence 
of "coloured" zero modes (i.e. generated by the "colour" symmetry) appears 
rather essential. The consideration carried out permits to draw a conclusio 
si~n a~ to the applicability of the Q-theorem. With its help the stabi-
1 ity of solitons is proved under the vanishing boundary conditions with 
arbitrarily chosen parameter magnitudes. Instability of solutions which 
are constants at both infinities is also shown for any allowable initial 
values. 

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


