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BeKTOpHoe HenHHeAHoe ypasHeHHe WpeAHHrepa /HYW/ so3HHKaeT so 
MHOrHX 3aAa4aX ¢H3HKH KOHAeHCHpOBaHHOrO COCTO~HH~/l/,HenHHeAHOA 
OnTHKH H ¢H3HKH nna3Mbl/ 2/. HanpHMep, MHOronOApeweT04Ha~ MarHHT­
Ha~ ~eno4Ka co cna6oA CBRJb~ MemAY noApeweTKaMH peAy~HpyeTc~ 
K HYl:J c H3orpynnoA U(p, q) 

11
• 06o6~eHHa~ MHoro~eeTHa~ MOAenb 

Xa66apAa a AnHHHosonHOBOM, Henpep~BHOM npeAene onHCblsaeTCR 

U(~, ~)HYW An~ aHTH¢eppoMarHHTHoro cny4aR H U(n,O) HY~ AnR ¢ep­

poMarHHTHoro cny4a~ /I/. Cy~ecTByiOT o6o6l!jeHHble MaTpH4Hble HYW 12•31, 
HYW Ha CHMMeTpH4eCKHX npocTpaHcTsax/4/ H AaMe Ha peAYKTHBH~x 
OAHOPOAHbiX npoCTpaHCTBaX/S/, npHMe4aTenbHO, 4TO OHH COXpaH~IOT 
CBOACTBO HHTerpHpyeMOCTH. 0AHaKO AOCTaT04HO nonHOe HCCneAOBa­
HHe TaKHX CHCTeM npoBeAeHO nHWb npH TPHBHanbH~X rpaHH4H~X ycno­
BH~X, HaKnaAbiBaeMbiX Ha noneBble nepeMeHHble/6 •7 • 21, 1/J(x, t)-.. o 
X--> ±oo, B TO >Ke BpeM~ <)JH3H4eCKH HaH6onee pa3yMHO pa6oTaTb Ha 
YHHTapH~x npeACTasneHH~x H3orpynn~. no3ToMy, ecnH a cny4ae 
KOMnaKTHOA H30rpynn~ U(n,O) MO>KHO HCnOnb30BaTb KOHe4HOMepH~e 
npeACTaBneHH~ H COOTBeTCTBeHHO TpHBHanbH~e rpaHH4H~e ycnOBH~, 
B cny4ae HeKOMnaKTHbiX rpynn U (p, q) /H Aa>Ke U (0, q)/ He06XOAHMO 
HCnOnb30BaTb 6eCKOHe4HOMepH~e npeACTaBneHH~. 3TO npHBOAHT K CH­
~icMc ~ Uc~KOHe4H~M 4HCnOM B3aHMOAe~CTByiO~HX 4aCTH~ H, COOTBeT­
CTBeHHO, C HeTpHBHanbHbiMH rpaHH4HbiMH ycnoBH~MH 1/J (X, t) -.. COOSt * , 

X4±!XJ 

0AHaKo npH nepexoAe K nocneAHeMy cny4al0 aHanH3 CHCTeM~ 3Ha4H­
TenbHO ycnoMH~eTc~. 3a npoweAwHe 10 neT, Ha4HHa~ c pa6oT~ 3axa­
posa H lJa6aT a /B/, nocBR~eHHO~ cKanRpHOMj;' U (0, 1) HYUJ, no~sHnoc b 
e~e HeCKOnbKO pa60T B 3TOM HanpasneHHH ,g-Il/, 0AHaKO COBepWeHHO 
HeHccneAOBaHH~M ocTane~ BeKTOpH~A sapHaHT HY8. 

HeAaBHO asTopaMH cosMeCTHO c MaxaHbKOB~M B.r. 6~n s~nonHeH 
PRA pa6oT, • nocBR~eHHbiX 3TO~ npo6neMe 1 12

• 1·11. B HHX noAp06Ho 
HccneAOBaH cny4aA U (0, q) HYW. Cny4aA U (p, q) HYW, 6onee cnolKHbiA 
H3-3a HecaMoconp~>KeHHOCTH L oneparopa JlaKca, HaXOAHTCR a npo­
~ecce H3Y4eHH~. 

1 • B HacTo~~eA pa6oTe M~ H3Y4HM KaHOHH4eCKYIO cTpyKTYPY 
U(p,q) HYt:J 

C KOHCTaHTHbiMH rpaHH4H~MH ycnOBH~MH 1/J(x, t) -,-__.-±
00
--oi/J± , 

/1/ 

* M~ orpaHH4HnHCb nceBAOYHHTapHbiMH H30rpynnaMH 1 TaK KaK TOnb­
KO B 3TOM cny4ae raMHnbTOHHaH CHCTeMbl OCTaeTC~ 3PMHTOBbiM /J/ 

..4tc: ·. 
5,Y/' 

'.j. ~ ~ ~~~~1:i~ 

L. :-L~. 
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3AeCb 

( ;fr rjJ) = t I rjJ (a) 12-
a= I 

n 
I 1 r/1 <aJI2 

3=p+I 
- 6HnHHe~Ha~ ~OpM~, 

p = ( f+ r/1 +) = ( i_ r/1-) - 6eCKOHe4HO B~pO~AeHHOe 

"eaKyyMHOe11 COCTO~HHe /KOHAeHCaT/ C Hyneeo~ 3HeprHe~; 

- + 
r/J=r/1 y0 , Yo =diag(+1, ... ,+1,-1, •.• ,-1). 

p q 

CHcTeMa /1/ raMHnbTOHoea. Ee KaHOHHYecKa~ CTfiYKTypa npH TpH­
BHanbHbtx rpaHJ.14HbiX ycnOBH~X 6btna HCCneAOBaHa B I 4/. 8 KaHOHJ.1-
4eCKHX nepeMeHHbiX r/l,(i; :lrjJ(al(x),(i;<bl(y)!=io 3 bo(x-y) raMHnb-
TOHHaH ecTb H=JX[(!];xr/Jx)-((rfrr/J)-p) 2

]. 

0To6pa*eHMe nepeMeHH~x rjJ,~ e AaHH~e pacce~HH~ ocy~ecTen~eT­
c~ c noMO~b~ ni-1He~Ho~ 3aAa4H: 

cPx =U¢, ¢ 1 =Vc/J, /2/ 

RBH~~ BJ.1A MaTpi-1~ U, V np1-1BeAeH B pa6oTe/ 7/. HaM noHaA06HTC~ nJ.1Wb 
nepeoe 1-13 ypaeHeHH~ /2/, J.1Me~~ee BMA 

cjJ x (x, A)=- iA I¢ (x, A)+ C(x)cjJ (x, A), 

rne 

Q(x)=( ~. -ir/J(x)') 
-lrjJ~x) 0 

/3/ !=(1 0\ 
0 -In) 

BeeAeM e paccMoTpeHHe MaTpM4H~e peweHM~ ~ocTa An~ cneKTpanbHO~ 
3aAa4M /3/, onpeAen~eM~e CBOMMH aCMMnTOTHKaMM: 

rAe 

2 

<I>+ (x, A) - X+ (x, A), 
- x~±oo -

i/\ X 

~ (x, A) = X±(,\)..; 

X± (A) ( A+~ a(A)) 

r/1 G+ ± -

/4/ 

., 
I: 

·~ 

l 

(f +2 -(f±3 1¢;±1 

--1/F ±I 0 0 

G± 0 1 0 

0 0 1 

a(.A) =(.A -~,0, ... ,0), 

. 2 2 )" 
A=diag(-t;;", ~ • .A, ••• ,.\),~ =A +P; detx± = 2.,p. 

nocKOnbKY peweHH~ ~OCTa <l>+(x,A) H <!>_(X, A) o6pa3y~T ~YHAaMeH­
TanbHY~ CJ.1CTeMy, TO Me*AY HMMM cy~eCTByeT nHHe~Ha~ CB~3b: 

<I>_ (x, A) = ctl+ (X, A) S (A), /5/ 

rAe MaTpH~a pacceAHMA S(A) YAOBneTeopReT ycnoe1-1RM nceeAOYHI-1-
TapHOCTH: 

ss=I, s = r0 s+I0 , f'0 =diag(l,y 0 ). /6/ 

I .o \" II~ o •,...... ,., \; ,.., ,.., r\ I J ...... r T I .. • 

~ - ~., •.• r- - -

detS(A) = 1. 171 

nepe~AeM OT peweHH~ ~OCTa <I>_(X,A) K HOBbiM MaTpM4HbiM ~yHK~HRM Z: 

-i/\x 
ctl_(x,A)=X+(x,A)e Z(x,A), !8! 

J.1Me~~HM aCJ.1MnTOTJ.1KH /CM. /4/ H /5// 

iAx -1 

{ 

Z(x, A) -;:-::, e X+ (x, A) x__ (x, A), 

iAx 
, Z(x, A) - e S (A) 

/9/ 

X-"+ oo 

1-1 YAOeneTeop~~~HM ypaeHeHH~ 

- 2i ~Zx (x, ,\) = (W (x, A) + 2~ A (A)) Z (x, ,\), /10/ 
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.......... -------------------------------
-ip ) 

Q. In 

Q+ =Vim Q(x). 
- X -+±OCI 

PacKp~eaA cHcTeMy 110/ no nepBOMY cTon64Y MaTPH4~ Z, nony4HM 

C~CTeMY HCKOM~X ypaeHeHH~: 

-2i(«<lx =a+[,9+2A(A-()(J+p)/p)fi +(B.f), 

2
/' [ 2 ... - i.,flx + ,9+2A(A-()(1/J+p)/p1fi +(B.f)fi + /11 I 

2 - - ... 
+ 2(a- 2( )fi = ,9- 2A(A + (Hl/1+ p)/ p- (B ·f), 

-2i d X + l,s + 2A (A - o< J + p) 1 p 1f I ; + < a . ; ) c + 

+ [a + 2 p - 2 A(A + ()] f = A 1[2p - 2A (A + ()] - [2p -2A (A-( )]f I 1/p, 

T 
A =(y2/J;+I'Y3····•Yn)' B=(c2,c3/.f+l'"""•cn/~+I). 

3aMeTHM, 4TO BBeAeHHaA B~We $YHK4HA cll(X,A) ABnAeTCA KBa3HKnac­
CH4eCKHM npeACTaBJleHHeM AilA KOMnOHeHTbl Z II (X, A). B CHilY /91 OHa 

HMeeT aCHMnTOTHK~ 

{ 

41(-oo, A)= fn Z0 (A), 

«<l( +.,., A) = rn S II (A) , 

1121 

npoH3BOAAUiaA $yHK4HA AJlA IlOKailbH~X aaKOHOB coxpaHeH~A tn Sil (A) 

CBA3aHa c peweHHeM «<l(x, A) cneAY~HM o6paaoM: 

4 

fnS 11 (A)= f dx«<lx(x,A)+fnZ0 (A). 
/131 

-00 

AnA AOCTH~eH~A nocTaBileHHO~ 4eJ1H He06XOAHMO Ha~TH acwMnTOT~-
4eCKHe peWeHHA CHCTeM~ /11/ B BHAe PAAOB no o6paTH~M CTeneHAM 
A H cpaBHHTb K03$¢H4HeHTbl 3THX pa3IlO~eHH~ C COOTBeTCTBY~UIHMH 
K03$$H4HeHTaMH paano~eHHA fn Su (A). HcKOMble PAAbl npH 6onbWHX A 

HMe~T BHA 

/14/ 

B npHH4~ne, H3 cHcTeMbl I 11 I Md~Ho nony41Hb peKyppeHTHble $opMyn~ 
AilA K03$$~4HeHTOB «<ln (x) , F n (xY H F n (x), KOTOpble CBA3aH~ c ~H­
TerpanaMH ABH~eHHA In cneAY~HM o6pa3oM: 

"" 
In= J dx«<ln(X)+Yn• 

/15/ 

\ 
0AHaKO BBHAY rpOM03AKOCTH 3THx-cocn~HH~ M~ ~X He npM90AHM. 

A eMecTo 3Toro npY!BeAeM IlHWb nepe~e TPH HHTer~HI-IA, 
HMe~He npAMO~ $1-13!-14eCK~H CM~Cil. 

Y41-1Tb1BaA pasno~eHI-!e ((A) e PAA no 11A c Heo6xoAI-IMOH HaM 

T04HOCTb~: 

'"(') ~ \ ip ip2 5 
., " = '1/ A- + p :: "+ 2. A+ --3 + 0(1/A ) ' 

1 (2 iA) 

AilA nepe~x Tpex HHTerpanos nony4~M 

l1 = f ds[(~l/1)-p](x,t), 
116/ 

-oo 

5 



0TMeTHM 4TO neps~e ABa HHTerpana COOTBeTCTBY~T IlOKailbH~M 3aKo­
HaM cox~aHeHHR 4Hcna 4acT~4 H HMnynbca B c~cTeMe 111. TpeTH~ 
HHTerpan HMeeT He CTOilb 04eB~AH~~ $H3~4eCK~~ CMbiCil. HeTPYAHO, 
OAHaKo, y6eAHTbCR, 4TO 13 BXOA~T B onpeAeileH~e raMHilbTOHHaHa 
AilR cHcTeMbl I 1 I, KOTOPbl~ AaeTcR Bblpa>KeHHeM 

1171 

2. 3HaR npeACTaBneHHe raM~IlbTOHHaHa 4epe3 K03¢$H4~eHTbl pa3-
IlOll<eH~R $yHK4HVI fn Sll (A) H HCnOilb3YR CK06KVI nyaCCOHa Me>KAY 
pa3IlVI4HbiMVI 3IleMeHTaMH S -MaTpi-14bl, Mbl MO>KeM B RBHOM BVIAe Bbi-
4VICilVITb BpeMeHHY~ 3BOI1~4VI~ nocneAHe~. 

BBVIAY TOro, 4TO npo4eAypa nony4eHVIR CK060K nyaCCOHa RBilReT­
CR AOCTaT04HO rpOM03AKO~, MW onycKaeM npoMe>KyT04H~e BWKilaAKVI. 
B nonHoM o6beMe 3TVI VI APYrVIe BW4VICileHVIR 6YAYT ony6nVIKOBaHW oT­
AenbHO. ,lJ,nR CK060K nyaccoHa Me>KAY 3IleMeHTaMVI Sll (A) VI Sij (jt), 
i, j = 1 , 2 ... , n + 1 IHe06XOAVIMbiX AnR onpeAeneHVIR BpeMeKHO~ 3BO­
IlY.lli~VI S-MaTPVII..Ibll VIMeeM npVI A f- IL, ((A) f- 0, ((ll) f- 0 

!S 11 (A), S ijC11) l =-IS 11 (A), Sji (ll) l, 

!S 11 (A), Sii(ll)l=O, i,j=1,2, •.• ,n+1, 

All + p 

2(A - IL) ((A) ( (IL) 

1181 

1191 

3aMeTVIM, 4TO V13 COOTHOWeHVI~ 1181 B CVIIlY 1141 BWTeKaeT, 4TO BCe 
IlOKailbHWe VIHTerpanW ABVI>KeHVIR ln HaXOARTCR B VIHBOil~I..IVIVI: 

1201 

,lJ,nR nony4eHVIR VICKOMO~ 3B0Il~I..IVIVI S-MaTpVII..I~ AOCTaT04HO Tenepb 
pa3IlO>KVITb neable VI npaBble 4ac TVI cooTHoweHVI~ I 191 lnpeABaPVITenb­
HO pa3AeilVIB VIX Ha SJJ~)/ no o6paTHWM CTeneHRM A VI BOCnOJlb30-
BaTbCR KaHOHVI4eCKO~ $OPMO~ ypaBHeH~~ ABVI>KeHVIR: 

/211 

6 

Y4VIT~BaR $opMyn~ 114, 17, 19, 201, nony4VIM 

at S ii (A, t) = 0, at S 12 (A, t) =- 4iA(S 12 (A, t), 

at Slk (A, t) =- i(A + ()
2 

S lk(A, t), at S 2k(A, t) =- i(A- () 2S 2k(A, t), 

at Ski (A, t) = 0, at Sfm (A; t) =-at Smf(A, t), 

i, r. m = 1,2, ..•• n + 1; k, j = 3,4, •••• n + 1. 

CooTHoweHVIR 1221 MO>KHO 3anVIcaTb B 6onee KOMnaKTHO~ $opMe: 

122/ 

iS 1 (A, t) = [l(A), S(A, t)], 1231 

l-13 1221 MO>KHO 3aKil~4VITb, 4TO 3IleMeHTbl S la(A) V1 S2a (A), a= 2,3, 
... , n + 1, RBil:RY.lTCR nepeMeHHbiMVI yr IlOBOrO TVIna VI 3aB~CRT OT Bpe­
MeHVI. npVI 3TOM Ba>KHO OTMeTVITb nORBJleHVIe ABYX pa3IlVI4H~X 4aCTOT 
w I 2 =(A ±()2 

, 4TO MO>KeT npVIBeCTVI K CylJ.IeCTBOBaHVI~ OCI.IVIIlil~py~­
lJ.IVIX CBR3aHHbiX COCTORHVIH /IS/. 

flerKO B~AeTb, 4TO npVI p -> 0 pesyilbTaTbl 1221 nepeXOART B 
paCCMOTpeHHWe npVI Tp~BVIailbHWX rpaH~4H~X YCilOB~RX/! 4/. 

1,1., "'~-'!'.'""A'>nnwPI-I._.,...,..,... rnPnvPT, UTn HYiil r HPI<I'lMn;li<TH0&:1 TJ(n ':'-

VI30rpynno~ VI HeTpVIB~ailbH~MVI rpaHVI4HWM~ YCilOB~RMVI 111 COXpa­
HReT CBO~CTBa nOilHO~ ~HTerpVIpyeMOCT~ l6ecKOHe4HaR cep~R IlOKanb­
H~X 3aKOHOB COXpaHeHVIR B VIHBOil~i.IHVI ~ T.A.I. 

B 3aKJ1~4eH~e asTop~ Bblpa>Ka~T 6naroAaPHOCTb npocjleccopy 
B. f. t~aXaHbKOBY 3a o6CY>KAeHHe nocTaHOBKH 3aAa4VI VI BHHMaHHe K 
pa6oTe. 
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PyKon~cb nocTyn~na B ~3AaTenbcK~~ OTAen 
7 ~~H~ 1983 roAa. 

nawae8 O.K., CepreeHKOB C.A. P2-83-377 
raMHn~TOH08a CTpyKTypa U(p, q) HYI!I c HeTpHBHanbHWMH rpaHH~HWMH yCOOBHAMH 

lf3y~aeTcA KaHOHH~ecKaA cTpyKTypa HenHHeHHoro ypaaHeHHA WpeAHHrepa 
c HeKOMnaKTHOH U(p,q) H3orpynnoH. YcnoaHe yHHTapHOCTH npHBOAHT K Heo5xoAHMo­
CTH paCCMaTpHBaT~ 3aAa~y 0 B3aHMOAeHCTBHH 6eCKOHe~HOro ~HCna ~aCTH~ HnH 
3aAa~y c HeTpHBHan~HWMH rpaHH~HWMH ycno8HAMH. CKo5KH nyaccoHa Me*AY 3neMeH­
TaMH MaTpH~W PBCCeAHHA BW~HCneHW 8 A8HOM BHAe H )'CTaH08neHa HX 380no~HA 
80 apeMeHH . nony~eHa 6eCKOHe~HaA cepHA OOKanbHWX HHTerpanoB ABH•eHHA 1 

HaXOA~HXCA 8 HHBOno~HH. 

Pa5oTa •wnonHeHa • na6opaTOPHH •w~HCnHTen~HOH TeXHHKH H a8TOMaTH3a~HH 
OIU!If . 

Pashaev O.K., Sergeenkov S.A. P2-83-377 
Hamiltonian Structure U(p,q) of Nonlinear Schrodl nger Equation with 
Nonvanishing Boundary Equations 

Canonical structure and integrability of Nonlinear Schrodlnger Equation 
with noncompact U(p,q) isogroup is investigated. Unitarity condition makes 
us to consider the interaction problem for infinite number of particles 
or the problem under nonvanishing boundary conditions. The Poisson brackets 
between the scatter ing matrix elements are calculated explicitly and the 
time evolution of the spectral data is given. The existence of infinite 
sets of local involutive conservation laws is established as well. 

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