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I. U(m) - ypaBHeHHe llipe~HHrepa c Ky6KqeCKO~ HenHHeMHOCTb~ 

(83 ) 

1lf • + t.f + (lf tf') Lf = O , (I) 
n,~ nxx n n n 

t - m 2 
rne lfn(x,t) = (LP n 1, .. ·,'-f n m)' t.fntF n =LILf n jl ' mx n 

" j =~ , 
BCTpeqaeTCfl B paSnKqHHX ~H3~eCKHX npHno~eHHRx, a ero HsyqeHHe HMeeT 
~e 15-neTH~ro HCTjPHID nocne YCTaHoBneHHR HHTerpHpyeMocTH CHaqana 
cKanRp'Ho~ U(1) II , a saTeM H BeKTopH~ BepCH« U(n) , U(p,q) 
83 /2,3/. 06~HO ~fl OT~CKaHHR, B qaCTHOCTH conHTOHH~X pemeHHH 
8) (1),HCnonbsyroT onepaTop~, Bxo~~He B ero ~aKCOBO npe~CTaBneH/~/4/. 
~yro« no~xo~,npe~no~eHH~ Kp~eBepOM ~.M./5/ H ~epe~HHKOM ~.B. u~ 
OCHOBaH Ha HcnonbSOBaHHH ~nfl nocTpoeHHfl perneHHH 83 (1) HecTaqHoHap
Horo nHHeAHoro ypaBHeHHR llipe~HHrepa (nYlli): 

11f t +'+'xx - ufa O , (2) 

rne 'V(x, t ,k) - cxanspaan KOMnJIeKCHaR lPYHI\llHfl, nOTE!HQHaJI 
u(x,t) - ~eACTBHTenbHaR lPYHKQHR, k - KOMnJIeKCHHH n~aMeTp. 

Ha OCHOBe JIYIlJ (2) ~fl 83 (1) 6~H no.rryqeHbI paQHOHaJIb~e IH TaK 
HaSHBae~e KOHeqHO-SOHH~e pemeHHfl/6/ • ~fl nOCTpOeHHfl COnHTOHHMX pe
meHHA MeTO~ KpHqeBepa-~epe~HHKa Tpe6yeT nepelPOpMynHpoBKH H ~eTanH
SaUHH. H~e npe~araeTCR cnoco6 HCnOnbSOBaHHfl nYlli (2) ~nR Haxo~eHHfl 

qaCTHOro Knacca MHOrOCOnHTOHHHX pemeHHA 83(1) B cnyqae, Kor~a conH
TOHbl ~BH~YTCfl c O~HHaKOBoA .CKOpOCTblO (paanen 3). TIo.rryqeH HOB~i.i xnacc 
MHOrOCOnHTOHH~ pemeHH« S3(~) , KOTOp~A,BH~HMOI He~ocTyneH ~fl 

Tp~HUHOHHoro MeTo~a 06paTHoA 3a~aqH pacceflHHfl (M03P). ConHTOHH~e 

pemeHHR S3(1)OTBe~aIDT 6e30Tp~aT~bHHM (6aprMaHOBCKHM) rrOTeHUaallaM 
JIYll] (2).B ~aCTHOM cayxae )J,JIH noreanaanoa nana U = -n(n+1 )b2seoh2bx 

~nR nOCTpoeHHfl HOBHX conHTOHHb~ pemeHHH 83(1) npHMeHeH MeTO~ lPaKTO
pHSal\HH. 

2. PeweHHfl U(n) S3 H~eM B BH~e 

lfn(x,t) = ceiWepn(Y) • (3) 

,r~e <Pn(Y) = (<t>n,1 '" ·,<Pn,m)t c = d1ag(C 1 , · · .,Cm) 
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w= diagC~1"" ,G ) , ~j D ~CX - ~ t)- Àjt , y =z- vt.m
TIo~cTaB.JIfl.fI (3) B (1), rrOJIyq~M 

<p1( ( 4) n,j - ~ 'Pn,j ... -.i\j <Pn,j 

~... -.ç-, ICj 1
2 <p 2 jj;;' n, 

r~e mTp~x 03Ha~aeT npo~3Bo~HYID no y • 

flyCTb nOTeH~~8JI u ~MeeT B~~ 
n 

~ ... - nCn+1)b2seoh2bY 
( 5) 

Tor~a (4) np~MeT B~~ 

2sech2bY~~,j + n(n+1)b <1Jn , j ... - Àj-<Pn,j (6) 

MSBecTHo/?/, ~TO (6) np~ R8JK~OM n ~eeT n ~M:CKpeTHb1X co6CTBeH

HbIX 3Ha~eHM:H (C.3.) .À .,. _j2b2 ,j=1,2, ... ,n. • tITo6hI HaHTH COOT
j

BeTcTjBID~lie coC5cTBeHHhIe ~K~M:~ (c.~) ~n,j' ~CnOJIb3yeM MeTO~ ~RTOpH
3a~~H • BBe~eM oneparopa "poxneaaa" ~ "~T01KeHMfl" CJIe~IIlHM 

o6pa30M: 

a~+1 1Je, j ==14r + 1 , j ' a f epe,j D1<Pe._1,j' (7) 

rne a; ebthby + iy 'f1e .. ebthby - ~ • CtiCTeMaDI 

(7) B COqeTaH~H c YCJIOBHeM 

Cf:>D • == o eCJITA .e ;>n (8)(,J I P 

nOJIHOCTb~ onpe~enfleT Bce perneHHB ]Yll (6). HaA~eM HeKOTo~e M3 HHX. 

ITyCTb .-i. j _ n • Terna ~3 (7) c Y1leTOM (8) ~eeM &n+ <p 11I o* n,n 
oTKy~a CJIe~eT, qTO 

<Pn,n .. 8eoh~y : (9) 

Pexyppexraaa lPoPMYJIa,JJ.JIfl ~ ,j MMeeT Bli~ 

<Pe.,j .. atar_1.... a;+1 <Pj,j . CIO) 

IJycTb n-1 , T.e. e. _j .. 1 • Torna H3 (9) nOJIytlMM (m • n 

4>1,1 • saachby . (II) 

I1p~ n. 2 HMeeM nsa pemenaa JlYlll (6), OTB eQ8IOII\He ~BYM C. 3 • 

.À1- - b2 ,À 2 ... _4b2 • M3 (9) CJIe~eT 
2by<P 2,2 .. seoh , (I2a) 

a li3 (10) H (lI) nOJIY1lHM 

<P2 , 1 • a~ 4>1,1 1:1 thby aech by. (I26) 

* 3~eCb H B ~anbHeHmeM, MhI onpe~eJIgeM C.~. c TOQHOCTbID ~O nOCTOBHHoro 
MHO_liTeJIB. 

'2 

M3 (3) H (II) HaXO~HM li3BeCTHoe O~OCOJIHTOHHOe pemeaae U( 1) 3.3 
1Q 

tf 1 (x , t ) • C e 1 sechby , (I3) 

rne Icl 2a 2b 2 • B CJIyqae n-m-2 li3 (12,) nOJIytl~M COJIHTOHHOe paneaae 

U(2) 5.3 1Q1
 
c1 shby' )
e 

iQt.f 2 (x , t ) .. ( c e 2 SGCh2by ( 14) 
2 

2r~e Ic11 2=lc2/ ... 6b 2 • AH8JIOrH~O, paccMaTpHBafl cJIytlal1 m=n=) , 

Ha~~eM cJIe~lI\ee pemeHHe U(.3) 3.3 (1) : 

iQ1 2 
C1e (4-5sech by) \ (I5) 

l C2e
iQ 

Lf'.3(x,t) == 2thbyaechby sech by, 

iQ 
C.3e .3 sech1by 

, 
rne \c1\2==!C212 /40 "!C.312/15 III .3b2 / 4 

Pa3MHOJiteffil1e pemeH~H CI3)-(I5) )J.JIfl m» n np0I13BO~HTCH Tpl1Bl1aJIbHO 

c nOMo~bro nepeonpe~eneHHB KOHCTaHT Cj 

3. Bo3MOMHOCTb HCnOJIb30BSHH.fI nYill(2) ,l\JIfl nOCTpOeHl1fl pemeHI1H 

8.3 (1) CJIe~eT li3 CJIe~lI\ero YTBe~eHMB: Ha k -nJIOCKOCTH cYII\ecTBYIDT 

TaRHe n TOqeK k ,j=1,2, .. , n t ~TO B~rronHfleTC.fI COOTHomej
HHe 

n 
U(x,t) c- [,ICjI21'V(x,tpkj )1 2 , (17) 

J=1 

rne Cj '" conat • 3To 03HaQaeT, QTO qJyHKQMH lfn,j = Cj't'(x,t,kj) 

SIBJIffiOTCH pemeHH.fIMH U'(m) 8.3 (1) • 

PemeHHfl nYm (2) ~eM B BH~e 

~(x,t,k) eikY-ik2t+1O< (1 + ir!. + 5.2 + 5.3 + ... + Jl.t)06)Q 

2k ~ ~ kn , 

r~ecX= ~ (x - ~t ), !j ta rj(y) t y = X - vt • TaKaB 

3a~ACb COOTBeTcTByeT raJIl1neeBCROMY npeo6pS30BaHl1ID B cHCTe~~t ~BKmy»

~eMYCR BMeCTe c COJII1TOHOM. TIpl1 3TOM BOJIHOBOe qHCJIO k CTaHOBHTCfl 

tntCTO MHHMhIM. PaCCMOTpHM 3TH pemeHHR ripa m...1, 2 • ECJIH n.1 

a m> 1 Mht nOJIYtlHM H3BeCTHoe BeKTopHoe o6oC5l1\etrne O~OCOJIHTOHHOro 
pemeHHfl (13). ijyCTb Tenepb n ..2 • TIO,l\CTaBJI.fIfl (16) B (2), nOJIytlHM 
CJIe~~ cHcTeMy ypaBHeHHA: 

3 



u + s; = S~' + s~ - u 5, = f~ - u J2 = O. (18 )	 k,,2 • .t~(\)+ac) • (24) 

~YHK~HIO ~(x,t,k) B TO~Kax k 1 H k 2 Ha~~eM H3 ( 21) :06uqHO B MeTo~e rrpRMo~ ~HHeapH3a~HH 3TY CHCTeMY He peWaIDT, a' 

HcrroHb3YIDTHeKoTop~e~onOHHHTeHbHHe YCHOBHR (cHMMeTpHH) ~R B~eHeHHR 

n -COHHTOHH~X pemeHH«. Ho B HameM cHYl.Iae ( n...2 ) OKa3bJBaeTCR 60Hee 

HarH~HbJM pewHTb 3TY CHCTeMY, onpe~eHRR KOHKpeTHbJe 3Ha~eHHR k. H3 
rp8H~HbJX YC~OBH~ (B 3TOM rrYHKTe MH OTXO~HM OT 06b~HO« cxeMH ipH~e
Bepa). 

M3 CHCTeMN (18) CHe~eT
 

I t 2 .., 2 ~ I I
f 2 + '!, + 2" I, -	 2a = 2" S2 + s, f 2 - f 1 r2 - 2b = o, (19) 

rne &, b • oonst • MCKHIO~aR H3 (19) .f2 H nonaras 

J,-2z'/z	 (20) 

nOJIYl.IHM CHe~~ee	 ypaBHeHHe ~HR ~K~KH z
 

zOV} _ 2az" + (&2 _ b)z =, O •
 

O~o H3 pemeHH~ 3Toro ypaBHeHHR HMeeT BH~ *
 
z(y) .. 2~ chvy + 2vohiJY ,
 

npH~eM & .. (.;;1-+r) /2 ,b = (l' _ ~.t) 2/4 • Onpeneasa 'f1
 
H3 (20), S.,2. H3 (I9) K rrO~CTaBHRSI nOJIYl.IeHHbIe BhIpwKeHHR B (I6) (npa
 

n - 2 ) H (18), Ha~~eM
 

't'(x,t,k) • eikY-ik2t+io<. <1> (y,k) "	 (21) 

<P(y,k)' - , + ideY [Sh;ty + ShY~] + _~:-L ~h~:L - ~o~y_ ] ' 
2k ~chvy + v ch~y 4k LiJohvy + y o~y 

(22) 

u(x, t) _ -2~Y 2~Y +1.±..y1-),~.LYoha:L--: 2a'Y sh)lL S~y
 
(a:' o~~y + vo~y)l.
 

TpHBHaJIbHOCTb rpaH~HbIX YCHOBH~ reneps 03Ha~aeT, ~TO ( a' <. ~ 
~	 + + 
't' (x, t,k) Ix-+($)-	 , + ~ -~ + 4~- - o , (23) 

r~e 5j+ == Jj Ix.::+ • Pemaa (23) OTHOCHTMbHO k, nOHYl.IKMoo 

~	 ÔTOT ~bI6op ~KKTyeTcR perYHRpHoCTbD K ~e~CTBHTeJIbH~CTbD nOTeHUHaHa 
u	 • 

2 
.1 ~ ik,y-ik,+iOC 

I (x, t ,k,) _ e (~ - y ) 9h,)Y_=_0~:L.-_~h~::S~_" (25) 
~ohvy + Yc~

Il' 2t+id. 
\1.1 (	 !h2y_+_s~ =- ohb_=-9~ •(26)
I	 x,t,k • e

ik2Y-ik2 (~+v)lI!	 2) oc.ohvy + ,;) chzy 

JIerko rrposepars , ~TO tPYHK~HH \{J( x, t ,k, ) K 'f (x, t ,k2) BH~a 

(25)-(26) H rrOTeHqHaJI u (22) y~OBJIeTBOpHlOT YCHOBHD COrJIaCOBaHHSI 

(7), r .e. u _ -lc,1 2'Y(x,t,k,)/2 -IC2121'f(x,t,k2)12, rne 
Ic, 12 

I: Ic212 .. (. eeVr~OTCI)~aC~~eT, llTO U( 2) SJ (1) KMee,T 

cne~~ee COHHTOHHoe pemeHHe: 
(27)y>(x,t) _ (C,'f'(X,t'k1 ) ) 

02 'f'(x,t,k2)
B KOTOpOM ~(x,t,kj) '3~BJfi,I <I>oPMYH8.MH (25)-(26). Ecna l{- b 

~ - )b, HMeeM k,- -ib ,k2- -2ib, H peaesae (27) nepexonar B (14), 
a rrOTeH~HaJI u B (5) (n-2 ): u _ -6b2s eoh2by 

BKpaT~e peSDMHpyeM rrOJIyqeHHHe pesYJIbTaTbI. Ha~~eHHHe HaMH peweHHH 

SlBHffiOTCSI pemeHHHMH 5) THna 6HOHOB H COO'l'BeTCTBytOT 6eSOTp8JIt&TeJIbHbIM' 
,	 nOTeHUKaJIaM (6aprMSHOBCKHM) JIYlli(2).• PemeHHH (14) B nOTeH~HaJIe 

U a -6b2s eoh2by HBJIHIDTCH qaCTHbIMnO~KJIaCCOM 60Hee o6~ero COHHTOH

Horo pemeHHSI (27), B cnyqae a~CTaHTHOrO cneKTpa kj+,~kj-ib 

HOBue COJIHTOHHbIe pemeHHH BeKTopHoro 8)(1) MOXHO nOnyllHTb,HC

rrOHb3YH e,e HHBapHaHTHOCTb OTHOCHTeHbHO npeoõpaaoaanaa Lf- '-f' -R lf' 
rne R f 5U(n) • PaCCMOTpHM U(2) 5) • B 3TOM CHYl.Iae RMeeM 

2	 + Idl 2 _ ,R-( ~ d) 101 
-	 a o 

Tor~a MS (27) c nOMO~bIO H30Bp~eHHH nonyqaeM HOBhIe COJIHTOHHbJe peme-
HHH THna 6pHaepa: 

'(A,(o, o'Y(x,t,k,) + d0 2lf1(x,t,k2)) )
lf(x,t) 

A2( -o,ã \fl(X, t ,k, ) + c O 2 f(x,t,k2)) 

í
 r~e IA,1 2 -jA2\2 - ,.
 

B ~aCTHOCTH, Ma (14) MMeeM cHeAYro~ee 6pMaepHoe pemeHHe U(2) 5)
 

* COHMTOHHHMM pemeHHHMH BH~a (14)-(27) 06iªªiIDT H ~yrHe HeHHHeAH~e 
ypaBHeHHH, B TOM	 ~HCHe HeHHTerpHpyeMHe lI. 

4	 5 

http:CHYl.Iae


r 

o 10 1 sh by + 40 28 102):") 2 
Lfa	 

A1( C 16 
eech by • 

- 10 1 1°2
( A2(- dc 1e sh by )+ C 0 28 

YC~OBHfl ca~ocor~aCOBaHHfl (4) B AeAcTBHTe~bHocTH B~eT 6o~ee 

~~aMeHTanb~~ ~KT: CHcTeMa RB~paTOB c.~. nYill (4) nO~Ha,H rrpOi3
BO~bH~ noTem~Han u MOMeT 6UTb pa3~o~eH no Hen (CM., HarrpHMep, 10/). 
B ~aCTHOCTH, nOTeHqHan u pa3~araeTCfl no RB~aTaM c.~. CH~~ 

o6pa30M: 
~ 

IV	 \.b(k) . 
u(x	 t) • 2 f k !>(kL. m 2(k)dk (28)~" Dl J aW T 4 L -,-:j-- k ef(k r
 

_00 J =-1 a I (k j ) j j
 

3~eCb a(k), b(k) - ROS~H~HeHTH rrpoxo~eHHfl H OTpameHHfl. Pa3~o,eH,e 

THn8 (28) HHor~8 llHTerpHpyroT R8R o606~eHHoe rrpeo6paSODeHHe ~pbe 10 • 
OTMeTHM, ~TO qMCTO CO~HTOHHHM pemeHHflM' OTBe~8IDT 6esoTpamaT~bHHe 

nOTeH~anH, TaR qTO Ros~H~HeHT OTpameHHH b(k).O • B STOM c~yqae 

B (28) HHTerpa~bHHA q~eH Hc~e3aeT,H MH nonyqaeM YC~OBHe (4), r~e 

Ic j / 2 • 4k b(kj)/a'(k ) .• nerRO TaKMe nOC~HTaTb, qTO ~fl ~8Hj
Horo n RO~HqeCTBO Ros~m~HeHTOB IOjl2 COBnSAaeT c qHC~OM 6HHOMHflJIb
HYX KOS~HeHTOB B "pa3~o~eHHH e~HHH~H": 

1 ==	 ( 1 + Sh2by )n- 1/Oh2(n- 1) by .. 

TI03TOMy npHpaBHHBaR R03~HeHTH npH paBHHX cTeneHflX (Sh2by )k 
B YC~OBIDi cor~aCOBaHHH (4),MI:i npHXO~HM R CHCTeMe ~HHeAHh1X ypaBHeHHA 
~R oppe~eReHHfl lojl2 • 

ABTOpH ITpHHOCflT r~y60RYID 6~arO~8pHOCTb M.M.Rp~eBepy S8 
pB.3~flCHeHHe ~eTaneA ero MeTO~8 H 06c~eHHe pe3ynbT8TOB. 
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'I'EMA'IWIECKHE KATErOPHH nYBJIHKAl.IIDt 
OB'bE~HHoro MHCllfi'YTA H;n:PHYX 

HCCJIE.Z.OBAHHA 

HaJleKC TeM8'1'11Ka 

1. 3KcnepHMeHTan~HaR ~3HKa BWCOKHX 3HeprHH 

2. TeopeTH4eCKaR ~3HKa BWCOKHX 3HeprHH 

3. 3KcnepHMeHTan~HaR HeHTpoHHaR ~3HKa 

4. TeopeTH4eCKaR ~3HKa HH3KHX 3HeprHH 

5. MaTeMaTHKa 

6. ~AepHaR cneKTpOCKOnHR H paAHOXHMHR 

7. ~3HKa TR•enwx HOHOB 

8. KpHoreHHKa 

9. YcKOPHTenH 

10. AaToMaTHSa~HR o6pa6oTKH 3KcnepHMeHTan~HWx 
l-4dHHIIIX 

11. Bw4HcnHTen~HaR MaTeMaTHKa H TeXHHKa 

12. XHMHR 

13. TexHHKa ~H3H4ecKoro 3KcnepHMeHTa. 

14. HccneAOBaHHR TBePAWX Ten H *HAKOCTeH 
RAePHWMH MeTOAaMH 

15. 3KcnepHMeHTan~HaR ~3HKa RAepHWX peaK~HH 
npH HH3KHX 3HeprHRX 

16. ao3HMeTPHR H ~3HKa Sa~TW 

17. TeopHR KOHAeHCHPOBaHHOrO COCTORHHR 

18. Hcnon~aoBaHHe pesyn~TaToa H MeTOAOB 
~YHAaMeHTan~HWX ~3H4eCKHX HCcneAOBaHHH 
B CMe*HWX o6naCTRX HayKH H TeXHHKH 

19. 6H~H3HKa 

MaxaHbKOB B. r. ' MbJp3aKyJIOB p. 
HoBbiH Knacc COJIHTOHHbiX pemeHHH U ( n) 
HeJIHHeHHOrO ypaBHeHHH illpe,nHHrepa 

P5-86-356 

HaiJ:geHbl gBa HOBbiX Knacca COJIHTOHHbiX pemeHHH U(n) He
JIHHeil:Horo ypaBHeHHH UlpeAHHrepa. IlepBbiH KJiaCC pemeHHH IIOCTpO
eH lf3 peweHHH JIHHeHHOrO ypaBHeHHH illpegHHrepa C IIOTeHQHaJIOM 
u = -n(n + l)b2 sech2bx. Ilpe,nno~eHa cxeMa rrocTpOeHHH conH
TOHHbiX peweHHH U(n) HeJIHHeiJ:Horo ypaBHeHHH illpe,nHHrepa H c ero 
IIOMO~niD rrony~eH BTOPOH KJiaCC COJIHTOHHbiX pemeHHH. H3 3TliX 
pemeHHH IIOCTpOeHbl HOBbie 6pH3ePHbie pemeHHH U(n) HeJIHHeHHoro 
ypaBHeHHH illpegHHrepa C liCIIOJib30BaHHeM ero liHBapHaHTHOCTli OT
HOCHTeJibHO KOMIIaKTHOH li30TOIIH~eCKOH rpyrriibl. 

Pa6oTa BbiiiOnHeHa B fla6opaTOPHH Bbi~HCJIHTeJibHoi! TexHHKH 
H aBTOMaTH3aQHH OHHH. 

IlpenpHHT 06J.e,nHHeHHOfO HHCTHTyra Jl.[(epHblX HCCJieAOBaHHH. lly6~ 1986 
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A New Class of Soliton Solutions 
to the U(n) Nonlinear Schrodinger Equation 

Two new classes of soliton solutions to the U(n) non
linear Schrodinger equation (S3) are founded. The first 
class of solutions is constructed from the solution of the 
linear Schrodinger equation with the potential u 
= -n(n+l)b2sech2bx.A new scheme for constructing soliton 
solutions U(n)S3 is suggested and via in the second class 
of soliton solutions is obtained. From the solutions a new 
breather solution U(2)S3 is constructed using invariance 
under isorotations. 

The investigation has been performed at the Laboratory 
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