
B.C.repA~KKoa, M.H.HaaHoa 

~HArOHARb PE30RbBEHTY 
H llPE~CTABnEHHH RAKCA 

C000Ul8HMR 
Od'b8AMH8HHOrO 

MHCTMTYT8 
RABPHbll 

MCC18AOB8HMR 
AYOHa 

P5-82-412 

~RH PA3HOCTHYX 3BORIDUHOHHYX YPABHEHHH 

1982 



1. B nHTepaType H3BecTeH PRA eamH~X pa3HOCTH~x 3Bon~~HoH
H~x ypaBHeHH~ /P3Y/, T04HO pewaeM~X MeTOAOM o6paTHO~ 3aAa4H 
pacceRHHR /M03Pf11,2( 66nbwaR 4aCTb H3 HHX CBR3aHa C pa3HOCT
H~MH aHanoraMH CHCTeM WTypMa-nHYBHnnR H 3axapoea-illa6aTa. AnR 
HHX yme H3BeCTeH PRA pe3ynbTaTOB, BKn~4a~~HX: a/ COnHTOHH~e 
peweHHR H 6eCKOHe4H~~ Ha6op 3aKOHOB COXpaHeHHR; 6/ OnHCaH~e 
Knacca P3Y; e/ HHTepnpeTa~H~ M03P KaK o6o6~eHHoe npeo6pa3o
eaHHe ~ypbe; r/ nonHy~ HHTerpHpyeMOCTb P3Y H RBH~~ BHA nepe
MeHH~X Ae~cTBHe-yron /cM! 1- 127. 

B HacToR~e~ pa6oTe M~ paccMoTpHM P3Y, CBR3aHH~e c pa3HOcT
H~M aHanoroM CHCTeM~ 3axapoea-IDa6aTa: 

1/J n+l(z).L n(Z)!/J n(z), 

E(Q·(: :-} /1/ 

rnp~yA n~Kry, ~X MO*HO noencTaBHTb KaK YCnOBHR COBMeCTHOCTH 
ABYX nHHeHH~X 3aAa4: 3aAa4H /1/ H 

i -:rn(ZJ M ~) (z) 1/J n (Z) -1/Jn (z)u 3 f(z 
2 ), /2/ 

rAe f(z2) - CKanRpHaR Cl>yHK~HR z 2, He 3aBHCR~aR OTt H n. PeKyp
peHTH~H cnoco6 Bb14HCneHHR M~>(z) npeAnomeH a pa6oTe 14 ~ B He~ 
A6nOBH~ H naAHK paccMaTpHBanH 6onee o6~y~. Ha nepa~~ B3rnRA, 
CHCTeMy /Mbl 3anHWeM ee B BHAe, npeAnomeHHOM a/8/ /: 

/3/ 

--j.t 0 •1-~R0 , v
0 

=1-S 0 T 0 • 

0Ka3biB8eTCR, OAHaKO, 4TO CHCTeMbl /1/ H /3/ 3KBHBaneHTHbl * 

*AaTOPbl 6naroAapHbl H.T.Xa6H6YnHHY 3a 3To 3aMe4aHHe. 
f ----

lq.· .. ~ '.. '- . 1 



,lleHeTBHTenbHO, HeTPYAHO YBHAeTb, 4TO eenH noTeH~Han~ H pewe
HHR /1/ H /3/ eBR3aH~ eOOTHOWeHHRMH: 

TO M~ nony4HM 

B pe3ynbTaTe Bee 06beKT~, eBR3aHH~e e eHeTeMOH /1/, TaKHe, KaK 
P3Y, 3aKOH~ eoxpaHeHHR, raMHnbTOHOBeKHe eTpyKTYP~ H AP·• ne
peXOART B eoOTBeTeTBy~He 06beKT~ eHeTeM~ /3/. no3TOMY M~ or
paHH4HMeR paeeMOTpeHHeM eHeTeM~ /1/. 

HaeToR~aR pa6oTa RBnReTeR HenoepeAeTBeHH~M npoAonmeHHeM 111! 
B pa3Aene 2 npHBeAeH~ HymH~e B AaflbHeHweM ~aKT~ H3 npRMOH H 
o6paTHOH 3aAa4H paeeeRHHR eHeTeM~ /1/ /eM./2,4.13/ /. B pa6o
Te1111 noAp06Ho o6eymAanaeb samHoeTb pa3nomeHHH no 11 KBaApaTaM" 
peweHHH eHeTeM~ I 1 I H onepaTopa A, AflR KOToporo 3TH 11 KBaApaTbl 11 

RBflR~TeR eo6eTBeHH~MH ~yHK~HRMH. npH 3TOM ey~eeTBeHHy~ pOflb 
Hrpana ~YHK~HR Gnm(z) /eM. ~OpMyny /9//, AnR KOTOpOH D pa3-
Aene 3: a/ nony4eHo eneKTpanbHOe pa3nomeHHe H 6/ noKa3aHo, 4TO 
Qnm{~) ~~~~~T~~ ~y~w~~~u r~~~~ nrPnn~~~nR~~~A K~n~ nT nnP~~
TOpa A. 3TO OAHH H3 oeHOBH~X 3fleMeHTOB noeTpOeHHR eneKTpanbHOH 
TeopHH onepaTopa A, B KOTOpoM npoRBnReTeR ene~H~HKa pa3HOeTHOH 
3aAa4H /1/; OeTaflbH~e 3Tan~ eTpORTeR aHanorH4HO pa6oTaM /141. 

B pa3Aene 4 BBOAHTeR AHaroHanb pe30flbBeHT~ Rn(z) eHeTeM~ 
/1/ H noKa3~BaeTeR, 4TO OHa, KaK H B Henpep~BHOM eny4ae /15,16/, 
RBflReTeR nopomAa~~HM ~yHK~HOHanoM npeAeTaBfleHHH flaKea H 3aKO
HOB eoxpaHeHHR AnR P3Y. nony4eH~ TaKme KOMnaKTH~e B~pameHHR 
AnR Rn (z) 4epe3 onepaTop A. 

B npHnomeHHH npHBOAHTeR KpaTKHH B~BOA eOOTHOWeHHR /17/, 
npH nOMOIIIH KOTOporo AOKa3~BaeTeR 6HOpToroHanbHOeTb 11 KBaApaTOB11 

peweHHH eHeTeM~ /1/. 

2. Ha4HeM e nepe4HeneHHR HeKoTop~x H3BeeTH~x ~aKTOB H3 npR
MOH H o6paTHOH 3aAa4H paeeeRHHR eHeTeM~ /1/ e noTeH~HanoM Qn, 
YAOBneTBOpR~HM yenoBHRM 

2 

lim wnn k =0, 
n .... ±oo 

/4/ 

3TH yenOBHR o6eene4HBa~T ey~eeTBOBaHHe H eBOHeTBa aHanHTH4HO
eTH peweHHH ~OeTa eHeTeM~ /1/, onpeAenReM~e npH nOMOIIIH: 

-n 
lim tfrn(z)E (z) = J, 
n .... -oo 

-n 
lim .p (z)E (z) .. J 
n-+oo n 

CTon6~~ tfr+, .p+ (¢-,.p- )aHanHTH4H~ npH lzl>l (!zl<l). BBeAeM MaT
PH~Y nepexoAa: 

detS(z) .. v= n hk, 
k-.:-

(

a+ ,-b- ) 
S(z). + _ , 

b , a 
/51 

/6/ 

aHanHTH4eeKHe npH lzl>l, lzl<l. H3 HHX HeTPYAHO noeTpOHTb RAPO 
pe30nbBeHT~ eHeTeM~ /1/: 

+ 
9l nm (z). 9l~m (z), 

± + + + -1 9l (z)= )(- (z)8- (x-
1
(z)), nnl n n-m m+ { 

diag(O,l), n> m, 
8+ • 

n·m diag(-1,0), n S m. 

171 

,lleHeTBHTenbHO, H3 I 1 I HenoepeAeTseHHO eneAyeT, 4TO 9l n+1,m(z)-
- ~(z)9lnm(z) .. llnm, a /4/ o6eene4HBaeT TO, 4TO 9lnm(Z) npH lzlll 
RBflReTeR RAPOM orpaHH4eHHoro onepaTopa, aHanHTH4eeKoro npH 
seex lzlll, 3a HeKn~4eHHeM T04eK AHeKpeTHoro eneKTpa z +• B Ko
Top~x a±(z +)=0 /eM. /6//. ,llnR npoeTOT~· B AaflbHeHweM ~YAeM 
npeAnonara~b, 4TO y a±(z) KOHe4HOe 4Heno npoeT~x HyneH. 

3aMe4aHHe. EenH .Pn(z) - peweHHe /1/, TO (-l)na 1/J (-z)a 
Tome 6yAeT peweHHeM /1/. 3 n 

3 
+ + 

H3 3Toro 3aMe4aHHR eneAyeT, 4TO a -(z) (b- (z)) - 4eTH~e /He4eT-
/ 

+ + 
H~e ~yHK~HH z. TaKHM o6pa3oM, eenH a-(z + ).0, TO H a- (-z + )•0. a_ a-
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06paTHa~ 3aAa4a pacce~H~~ An~ c~cTeMY 111 noAp06Ho paccMaT-
p~eanacb e pa6oTax /2,4,13/, He ocTaHaen~ea~cb Ha ee peweH~~, 
OTMeT~M n~Wb, 4TO noTeH~~an Qn BOCCTaHaBn~eaeTC~ OAH03Ha4HO 
no cneAYIOIIIeMy M~H~ManbHOMy Ha6opy AaHHYX pacce~H~~ 5" = 5"+\.1 5"-: 

+ + + 5"-,. 1 p-(z) .. - p -(-z), 1 + l > I z ~ S , c; , za ± , l z a± < 1, Re z a±> 0 , 

+ + + pl(z)= b-/a-(z), ± b±;·± 
Ca= a aa, 

+ + + + 
b-: ¢-(z +)=ba-t/J-(za+>• 

a n a- n -

+ 
•+ da-l a-=--
a dz z•za± 

181 

rAe S 1 - eA~H~4Ha~ OKPYlKHOCTb. MaTp~~a nepeXOAa S (z) BOCCTa
HaBn~eaeTC~ no Ha6opy 181 np~ nOMO~~ A~CnepC~OHHYX COOTHOWe
H~i1: 

2 N 2 2 
lna+(z)=...!.. f~ln(l+p+p-)+ iln-z -z~+, 

4"i sl(~z2 a•1 z 2_ z 
a_ 

l zl > 1, 

- 1 d(~2 + N z2-z2 
-loa (z) = ---: !p ln(l+p p-) + i ln ----=.ll± 

4"ls1 (2((2-z2) a .. l z2_z2 
a_ 

z2 
~ !z1<1. 2 • . 
za+ 

3. An~ on~caH~~ Knacca P3Y ~ ~x raM~nbTOHOBCKOi1 ~HTepnpeTa

~~~ ealKHYIO ponb ~rpaiOT paanolKeH~~ no ::KBaApaTaM:: peweH~H c~c

TeMbl I 1 I. B1 111 6blna AOKa3aHa non HOT a C~CTeM I 'I' I ~ I«<> I: 

+ 1 ± • ± 
IYI=IY~ (z), z ~ S ; 9n ,a ' 'I' n,a' a .. 1, ... ,N I. 

+ 1 + "+ 
I«<> 1 =I«<> -cz>. z I; s ; «<>- , «<>- , a = 1, ... ,N I. n n,a n,a 

+ + + + + + 
·~ (z).vnt/J; o r/J;(z), «~>; •Vn¢;o ¢~(z), 

( 
(1)"'{1)) <Pn m 

¢no tPm"' ¢~2)tjJ~2), 

+ .-n,a 
+ • + d + 

= ' - ( z ) 'I' - = - 'I' -(z) I 
n a ± ' n,a dz n z• za± 

~ T.A. 

An~ 3Toro np~MeH~nc~ MeTOA KOHTypHoro ~HTerp~poeaH~~ K ~HTer
pany: 

+ 1 dz -
_L p ~G (z)- -. p -Gnm(z), · 
2 i z nm 2111 z 

IT y+ y_ 

... 

• 

! 

+ * rAe ¢yHK~~~ Gnm(z)-a;m(z), I zl =< 1 ~MeeT cneAYIOI!I~i1 BI1A: 

+ 2 + - + G- (z) • l'l'n-(z)«<> -(z)O + 
nm (a±(z))2 m n-m 

+ + ,.......+ + + -+ 
+8 [2(¢- otjJ-

1
)(z)( ¢-+

1
o t/J-)(z)-«1>-(z)'P-(z)]l, m-n n n+ m m n m 191 

{

1, n>m, 

8 ,. 1/2, n = m, n-m 

0, n < m, 

;j,m=(«<>(2!-«1>(1) ). 
m m 

KoHTypbl y =S 1us"", y = s 1u S 0 • rAe s 1 
- nonolKI1TenbHO op~eH-

+ - - -HlpOBaHHa~ eA11HI14Ha~ OKpylKHOCTb, a S"" ~ S 0 - OTpl1~aTenbHO 
Opl1eHTI1pOBaHHble OKpylKHOCT~ 6eCKOHe4HO fionbWOrO 11 6eCKOHe4HO 
Manoro paA~ycoe. B peaynbTaTe nony4aeM 

hn 8nm= _!._ 'i!, [ 'l':(z)$ ~(z) _ 'l';(z) ~;;;(z) 
211 81 z (a+(z))2 (a-(z))2 

N + 
-2 i (X +X- ), 

a .. 1 nm;a nm; a 

v± 1 r;..±:;:± m± :± 1 

~~nm;a= --( • + -t :an.a'*'m,a~ .. n.a ..... m.aJ-
z a-) 
a± a 

• ± .. ± 
aa +Za+aa 

( • + z + a- ) 
a- a 

]-

1101 

m± .;;'± . ... . 
n,a m,a 

EcTeCTBeHHO HaP~AY c c11cTeMaM11 1'1'1 11 1«1>1 eeecT~ onepaTo
Pbl A± ,o6naAal0~11e ceoi1cTBaM~ 

+ 2 + 
A+ 'l'n-(z)- z Y;(z), 

+ 2 + 
A_ «~>;(z) -z «<>~(z). 1111 

ReHbli1 BI1A 3T11X onepaTopoe ~ on11caH11e Knacca P3Y 6bln~ nony4eHbl 
e pa6oTax /4-0,S,10-1 21. 3Aecb HaM 6yAeT YA06Ho ¢aKTOp~aoeaTb 
11X B cneAyiOIIIeM BI1Ae: 

+ -+ -± + 
A± • A2.;t A 1± , A 1+ 'I'; (z) = z 'I' ~ (z), A 2+ 'I' n (z)- z 'I' n- (z), I 121 

+ -+ -± ± 
.. \_«~>;(z) =Zclln-(z), A2_ «<>n (z) = z«<>n(z), 

- + + + 
'I' n-( z) = vn r/J;; o r/J~ (z), 

- + + + «1>-(z)=V ¢- o ¢-(z). n n n n 

* ¢yHK~~~ Gnm (z) 8 191 HeCy~eCTBeHHO OT n114aeTc~ OT BBeAeH
HOH B 1111• 
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OnepaTop~ A1± H HX o6paTH~e Ai£ 3aAaDTCR $0pManbH~MH a~pa
>KeHHRMH: 

-1 
A +Xn 2-

/13/ 

X • (X <2> -X {1)) 
n n • n ' 

no OTHOWeHHD K KOTOpOMY onepaTOp~ Ai± , II± YAOBfleTBOPRDT cne

AY~HM COOTHOWeHHRM, aHanorH4H~M COOTHOWeHHRM conpR>KeHHR: 

/14/ 

nepa~e ABa paBeHCTBa B /14/ nony4aDTCR HenocpeACTBeHHO H3 RB

HOrO BHAa A i± I 13/ H H3 onpeAeneHHR { , ] . nocneAHee paaeHCTBo 
CfleAyeT H3 nepa~X ABYX H H3 /12/. 

KococKanRpHoe npoH3BeAeHHe { ~ n. xn ] B03HHKaeT ecTeCTBeHH~M 
o6pa30M npH B~4HCfleHHH K03~H~HeHTOB pa3flO>KeHHR aeKTOpHOH no
CfleAOBaTeflbHOCTH h~1 X 0 no CHCTeMe I' I /eM. 1 111 I. TaKHe 
>Ke npOH3BeAeHHR BXOART B B~pa>KeHHR AflR CHMnneKTH4eCKOH $QpM~ 
H aapHa~HH,raMHflbTOHHaHoa,nopo>KAa~Hx P3Y,cBR3aHH~e c /1/. 

6 

Me>KAY onepaTopoM lit H <I>YHK~HeH G nm(z) cyllleCTByeT TecHaR 
CBR3b. AeHCTBHTenbHo, npHMeHHB MeTOA KOHTypHoro HHTerpHpoaa
HHR K HHTerpany: 

1 -t t;2+z2 G+ 1 2-f- (2+Z2 G-
-2 · f. (2 2 nm(()- -2 · f -:;:22 nm ((), 

771 y -z 771 y ., -z 
+ ~ 

nony4HM cneAy~ee cneKTpanbHoe paano>KeHHe AflR G nm{z) *: 

2 2 2 + -
a (z)=...L~~ l..+z r'~'n<l..>~;:;w 

nm 477 s1 (. (~z2 (a+((,))2 

N 

';((,) ~;;; {()]
(a-{(,))2 

-2 ~ (Y + + Y- ) 
a=1 nm;a nm;a • /15/ 

+ d ((-za+ )2(l..2+Z2) + -+ 
y- -lim -[ - .,-(()~-((,)]. 

nm;a (-+za± ,d( (,((2-z2)(a±((,))2 n . m 

Ha /10/, /11/ H /15/ cneAyeT, 4TO 

2 -1 2 -1 
(A++Z) (A+-z )G 0 m(z)hm •8nm' /16/ 

TO eCTb Gnm (z)h ;/ RBnReTCR <I>YHK~HeH rpHHa AflR npeo6paaoaa-
HHR K3nH OT onepaTopa A+. npH lzl- 1 cneKTpanbHoe paano>KeHHe 
/15/ H COOTHOWeHHe /16/ COXpaHR~TCR, eCflH onpeAeflHTb 0

0
m(z) = 

1 + -= -;,-(G
0

m(Z)+G 0 m(z)]. a HHTerpan a npaBOH 4aCTH /15/ nOHH-
"' 

MaTb B CM~Cne rnaBHOrO 3Ha4eHHR. 
3aMeTHM, 4TO 3TOT peaynbTaT 0TflH4aeTCR OT aHanorH4HOrO pe-

3YflbTaTa AflR CHCTeMW 3axapoaa-Wa6aTa /CM. 114~rAe AOKa3aHO, 
4TO Henpep~BH~H aHanor G RBnReTCR <I>YHK~HeH rpHHa AnR Henpe
p~BHOro aHanora one.paTopa A+ I. 

B KOH~e 3TOrO pa3Aena OTMeTHM, 4TO CHCTeM~ f'IJ H ~~~ 6H
OpTOrOHaflbH~ H 4TO Ka>KAaR H3 HHX COCTOHT H3 flHHeHHO He3aBHCH
M~X 3neMeHTOB. AoKaaaTenbcTBO 3THX <!>aKTOB ocHoa~aaeTCR Ha TOM, 
4TO peweHHR CHCTeM~ /1/ YAOBfleTBOpR~T cneAY~HM 6HKBaApaTH~M 
COOTHOWeHHRM: 

± + -1 ' [~ (z), 'I- ((,)h
0 
l•-

n n z 
/17/ 

* H3 npHBeAeHHoro BbiWe 3aMe4aHHR cneAYeT, 4TO. G nm(z) RBnR

eTCR 4eTHOH <I>YHK~HeH z. 

7 



nollb3YRCb I 17 I. aCV!MnTOH1KaMVI peweHVIH ~OcT a npl-1 n _. ± 00 /5/ 
VI paeeHCTBOM 

( z/ (,)n 
P .v. lim -- == i "8 (argz -arg (,), 

n->oo (- Z 

1 z, (,~S , 

MO~HO npoeepV!Tb, 4TO 

+ + -1 + + -1 
[«<ln-(z),lf'n((lhn 1=0, [<II- ,lf'-

13
h ] .. o, 

n,a n, n 

• + • + 1 
[ ... - - ' - h- l 1 ··+ • + • + 

'¥ • {3 =- --(a-z ++a-)a- • 
n .a n, n 2 a a- a a 

/18/ 

COOTHOWeHVIfl /18/ n03BOilfi~T B~4VICilVITb K03~$VI~VIeHT~ pa3110~e-
HV!fl 11~60r0 31leMeHTa CVICTeM~ flf'J no 3TO~ me CVICTeMe. noA-
CTaBV!B /18/ B /10/, Mbl, OAHaKO, nOily4aeM TOilbKO 04eBV!AHbJe TO~-
AeCTBa 1f' ± (z) • lf' ± (z) 11 T. n. 0TC~Aa ClleAyeT llV!He~Hafl He3aBV!-
CVIMOCTb 3~eMeHT8B CVICTeMbl flf'J. 

AallbHe~wee nocTpoeHV!e cneKTpallbHO~ TeopVIVI onepaTopa A+' 
BK11~4a~~ee a ce6R: a/ TeopeMy o cneKTpallbHOM pa3no~eHVIVI one

paTopa g(A+ ), rAe g(z 2 ) - MepoMop$HaR ~YHK~VIR; 6/ nocTpOeHV!e 
narpaH~eeoro MHorooopa3VIR PJY "' VICCileAOBaHV!e ero CBOVICTB Ha 
OCHOBe CVIMnlleKTV14eCKOrO COOTHOWeHV!fl nOilHOTbl I 1 1/, npOBOAVITCfl 

aHallOrVI4HO pa6oTe1141, VI Mbl Ha 3TOM OCTaHaBilV!BaTbCfl He 6yAeM. 

4 T " 3 /2,4/ • paAVI~VIOHHbiVI nOAXOA K p Y COCTOVIT B npeACTaBileHVIVI 
VIX B BV!Ae YCilOBVIfl COBMeCTHOCTVI 

dL n (z) (f) (f 
- + L (z)M (z)-M > (z)L (z) =0 

dt n n n+1 n 
/19/ 

M {f) (z) 
n 

= ~ M z k RBilReTCR nonV~HOMOM OT z "' z-,1 "' nOACTaBVIB ero 
k n,k 

B /19/, M~ nolly4VIM peKyppeHTH~e COOTHOWeHV!fl Allfl K03$~VI~V!eHTOB 
Mn,k; MO~Ho npoeepVITb, 4TO onepaTop A+ pa3pewaeT 1-1x. Aanee 
MO~HO BOCnOilb30BaTbCfl MeTOAOM o6o6~eHH~X BpOHCKV!aHCKVIX COOTHO
WeHVI~ "'nony4V1Tb o6~1-1~ BVIA P3Y /cM. 14-6,8/ /: 

. dwn f A 
la3 - + ( )w • 0, 

dt + n 
/20/ 

VI COOTBeTCTBy~~y~ 3aBVICVIMOCTb AaHHbiX pacceRHVIfl OTt: 

dS 2 [ dt_.,f(z) a
3

,S{z,t)]. /21/ 

8 

3AeCb Mbl noKa~eM, 4TO AV!aroHallb pe30ilbBeHTbl CVICTeMbl /1/, 
KaK VI B HenpepbiBHOM Clly4ae, fiBilfleTCfl nopO*Aa~VIM ~YHK~HOHa
llOM npeACTaeneHVI~ naKca"' 3aKOHOB coxpaHeHHfl All~'~ P3Y /20/. 
BnepBble TaKO~ pe3YilbTaT 6blll nony4eH renb~aHAOM "' AHKHM Allfl 
HellHHe~HbiX 3BOil~~HOHHbiX ypaeHeHVI~/ 15~HX MeTOA OCHOBbiBaeTCfl 
Ha Vl3y4eHV!VI a6cTpaKTHbiX onepaTOPHbiX Kone~. Apyro~ cnoco6 Bbi
BOAa 3TOro pe3yllbTaTa COCTOVIT B V!CnOilb30BaHHH fiBHOrO Bblpa~e

HHfl AV!arOHallVI pe30ilbBeHTbl 4epe3 KyC04HO-aHallHTV14eCKHe pewe
HHfl llVIHe~HO~ 3aAa4Vt/ 16~HH~e Mbl BOCnOilb3yeMCfl BTOpbiM cnoco60M, 
KOTOpbl~ n03BOilfleT TaK~e BblfiBHTb ecTeCTBeHHY~ CBR3b MemAy A -
onepaTOpOM H AHaroHallb~ pe30ilbBeHTbl, KOTOpy~ onpeAellHM KaK 

R (z) = !R (z)- ..L 1 + + -1 
= + 2x;;(z)a

3 
( x ~ (z)) , I z I ~ 1. 122/ 

n n,n-1 2 

04eBVIAHO, Rn (z) YAOBileTeopReT ypaeHeHH~ 

/23/ 

TaK KaK Rn (z) aHallHTV14Ha no z, Mbl Mo~eM paccMoTpeTb acV~Mn

TOTVI4eCKHe pa31lO~eHHfl: 

R
+ 1 00 {p) -p 

(z) "' - -a 3 + ~ R z 
n 2 P-1 n • 

I zl » 1, 

R~ (z) = I zl «1. 

noACTaBVIB HX B /23/, Mbl nOilY4HM Allfl K03$$H~HeHTOB R~p) Te ~e 
peKyppeHTHble cooTHOWeHHR, 4TO "' Allfl K03~H~HeHTOB Mn,k" A c 
Apyro~ cTopoHbl, noACTaBHB /6/ a /22/, nony4HM 

+ + 
.P (1)± )(z)o +a ~v cb;; 0 .P;; (z), 

n a- 3 n a-

nepe~AeM K BbiRCHeHH~ CBR3e~ Me~AY onepaTopoM A+ H R n(z). 
nonb3YRCb RBHbiM BHAOM onepaTopa A+ I 13/ H acHMnTOTHKO~ pe
weHVI~ ~OCTa npH n-> ±oo /5/, HeTPYAHO noKa3aTb, 4TO 

9 



OTKyAa HenocpeACTBeHHO cneAyeT, 4TO 

71 R! (z) •± z a 3 A1+ (A + - z 2 )-
1
w n • 

Ha /1/ H /24/ MO*HO y6eAHTbCR B npaBHnbHOCTH COOTHOWeHHR 

+ 1 00 -

(R ~ )ll(z) .. +- I. wkvk 
2 ken +l 

¢_: 0 + 
o ~:;l(z)= .1. ± + ·'· ± 

Y'k+l 'f' k -;± 

/24/ 

3To npHBOAHT cpaay K cneAYIOIIIHM KOMnaKTHbiM Cl>opMynaM AnR R 0 (z): 

p- ±1, ±2 •...• 
/25/ 

p -± 1. ± 2 ••.. , 

OnepaTopbl J~ (z) AnR P3Y /20/ RBnR~TCR nHHeHHbiMH KoM6HHa-
~HRMH R~P>. Mbl BblnHweM M<!> (z) TOnbKO a ABYX npocTeHWHX cny-
4aRx, KOrAa a /2/f(z2 ) • ..,z2N H f(z 2) • ..,z-2N, N> 0, ..,.const: 

2N-1 N ( ) N 
M(N) (z) • v[ I. z2 ·PRnp + 1 (2 ) 

n P-0 "'!" R n ( I+ a3 )]. 

(-N) 2N-1 P-2N (...P.) 1 (-2N) 
M

0 
(z) • ..,[ I. z R 0 +-Rn ( J-a 8 }]. 

P-0 2 

(±N) 
AeHCTBHTenbHO, nOACTaBHB M0 (z) a /19/ H socnonbaosaswHcb 
KoMnaKTHbiMH CI>OpMynaMH /25/, Mbl "!.ony4HM P3Y iwn,t +vA±.:'wn • 0, 
cooTBeTCTBYIOIIIHe /20/ c f(z2) • ..,z-2N • TaKHM o6paaoM, R (z) 
MO*HO paCCMaTpHBaTb KaK nopO*Aa~~HH CI>YHK~HOHan npeACTaaneHHH 
JlaKca AnR P3Y. 04eBHAHO, o6~eMy cny4a~ C f(z2 ) • I. J ~l!N COOTBeT-

(r) (N) N 
CTByeT Mn (z)- I. rNM n (z). 

N 
Hecno*HO TaK*e y6eAHTbCR, 4TO R0 (z) nopo~AaeT nnoTHOCTH 

aaKOHOB coxpaHeHHR P3Y. Ha /1/, /5/ H /6/ cneAyeT 

10 

/26/ 
A(z)=lna+(z), lzl>1; A(z)--lna-(z) 1 lzl<l. 

CpaBHHB /26/ c Bblpa*eHHeM AnR R0 (z) /22/, TYT *e nony4HM 

dA oo + 
z- =;I. [ tr(R~ (z)a ) ±.1]. 

dz nz-oo 3 

ToT Cl>aKT, 4TO A(z) He aasHCHT OT t, cneAyeT HenocpeACTBeHHO 
H3 /19/. 

AsTopbl 6naroAaPHbl n.n.KynHwy aa noneaHble o6CY*AeHHR. 

nPHIIOJIIEilHE 

3AeCb Mbl npHBeAeM KpaTKHH BbiBOA COOTHOWeHHR /17/. AnR 3TO
ro Ha4HeM C TO*AeCTBa: 

zD 1-(ll 1
,. (D n -z B n• 

n+ n+ /27/ 

rAe ¢
0
(Z) H t/1

0 
( (} - ABa n!OObiX peweHHR CHCTeMbl /1/ npH paa

HbiX aHa4eHHRX z H ( cneKTpanbHoro napaMeTpa. BoaseAeM o6e 
CTOpOHbl /27/ B KBaApaT; 3TO AaeT 

22 ..2 22 2 
z (D 0+1-J:S'~)+ ( (B 0 +1 -D0 ) -2(z (D0 +1Bn+ 1-B0 D 0 ). 

npocyMMHpoaas no - oo < n < oo, nony4HM 

~ 2 2 1 100 ~ (Dn-Bn) .. --2(zDn -( Bn) • 
n=-<><> ( 2_ z n•-oo 

TO eCTb 
2 

[ v n ¢no¢ n (z), Vnt/Jn o tPn (~] .. -/f_rfl[ z ¢~2)(z)t/J~l)(() - (¢ (~~2) t/J(:laf I"". 
AnR TOrO 4T06bl nony4HTb /17/, OCTaeTCR 3aMeTHTb, 4TO H3 /12/ 
H /14/ cneAYeT ~en04Ka paseHCTB: 

-· - + + 1 + [~a (z), '1'
0
- ((}] • [«i~(Z), 7 A1+lfl-;;(()]"' 

1 - + + -1 z ± + -1 
•-z[A2-~~(z), •;<()h 0 J·•y[~ 0 (z), •;;<Oh 0 ]. 
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/24/ 

w -(·qn), 
n -r

0 

OTKy,qa Henocpe,qCTBeHHO cne,qyeT, 4TO 
+ . 1 

11 R ~ (z) •± z u 3 At+ (A+ - z 2f w n • 

~3 /1/ H /24/ MO*HO y6e,qHTbC~ B npaeHnbHOCTH COOTHOWeHH~ 

+ 
o ~+l(z)= 

3To npHBOAHT cpa3y K cne,qyiOIIIHM KOMnaKTHbiM Cl><>pMynaM ,qn~ R 0 (z): 

p- ±1, ±2, •••• /25/ 

p -± 1, ± 2 •.•. ' 

/20/ ~Bn~IOTC~ nHHeHHbiMH KOM6HHa
TOnbKO B ABYX npOCTeHWHX cny
H f(z 2) • 11 z -2N, N > 0 , 11-const: 

M<:>(z)-~~[~~ 1z2N·pR~> + iR(:N\ J+ u3 )]. 

(-N) 2N·1 P-2N (-R) 1 (-2N) 
M

0 
(Z)•II[ I z R 0 +-R0 ( J-u 3 )]. 

P-0 2 
(±N) 

AeHCTBHTenbHO, no,qcTaBHB M0 (z) B /19/ H eocnonb30BaBWHCb 
KOMnaKTHbiMH Cl><>pMynaMH /25/, Mbl nony4HM P3Y i w n t + 11 A±N w 0 • 0, 
cooTeeTCTBYIO\IIHe /20/ c f(z2). 11Z±2N • TaKHM o6pa3oM; R (z) 
MO*HO paCCMaTpHBaTb KaK nopO*AaiOUIHH ~YHK~HOHan npe,qcTaBneHHH 
JlaKca ,qn~ P3Y. 04eBHAHO, o6111eMy cny4al0 c f(z2 ). I J ~2N cooTeeT-

<0 (N) N 
CTByeT M0 (z) • ; fN M 0 (z). 

Hecno*HO TaK*e y6eAHTbC~, 4TO R0 (z) nopo*,qaeT nnoTHOCTH 
3aKOHOB coxpaHeHH~ P3Y. ~3 /1/, /5/ H /6/ cne,qyeT 

10 

00 + -1 + I l±..l.tr[(x- (z)) u 3 x -(z)( l ± u3 )] .-11, 
n=-oo 2 n n 

/26/ 

CpaBHHB /26/ c BbiPa*eHHeM ,qnR R0 (z) /22/, TYT *e nony4HM 

dA oo + 
z -=;I [ tr(R~ (z)a )±JJ. 

dz 0 ,....,., 3 

ToT ~aKT, 4TO A(z) He 3aBHCHT oT t, cne,qyeT Henocpe,qcTBeHHO 
H3 /19/. 

AeTopbl 6naro,qapHbl n.n.KynHWY 3a none3Hble o6cym,qeHH~. 

nP~IlOJI!Eil~E 

3,qecb Mbl npHee,qeM KpaTKHH BbiBOA cooTHoweHH~ /17/. An~ 3To
ro Ha4HeM c Tom,qecTea: 

z D 
1

- ( 3 
1 

.. (D n - z B n, 
n+ n+ 127/ 

r,qe ¢
0
(z) H t/J

0
(0 - ,qea nl06blx peweHH~ CHCTeMbl /1/ npH pa3-

HbiX 3Ha4eHH~x z H ( cneKTpanbHoro napaMeTpa. Bo3ee,qeM o6e 
CTOpOHbl /27/ B KBa,qpaT; 3TO ,qaeT 

22 ..2 22 2 
z (0 0+ 1 -15~)+ ( (B 0 +1 -D0 ) -2(z (D0 +1Bn+1-B0D 0 ). 

npocyMMHpOBaB no -oo < n < oo, nony4HM 

~ 2 2 1 00 ~ (D
0
-B

0
) .. --2(zD0 -( B 0 )1 , 

n=-"" ( 2_ z n•-"" 
TO eCTb 

2 

[V
0

¢
0

o¢
0

(Z), V
0

t/J
0 

° t/J
0

(0],., _vf -9[z¢~2)(z)t/J~l)(() -(¢(~~2)./:lafl"". 
( -r 

An~ TOro 4T06bl nonY4HTb /17/, OCTaeTC~ 3aMeTHTb, 4TO H3 /12/ 
H /14/ cne,qyeT ~eno4Ka paeeHCTB: 

-· - + + 1 + [~. (z), 'I';(()]. [4i~(z), 'Z'Al+l(l;(()] .. 

1 - + + -1, z ± + -1 
.,{A2-~~(z), •;<()h 0 J·•y[~ 0 (Z), ·~(()h 0 ]. 

11 



Jli1TEPATYPA 

1. 3axapos B. E. H AP·· TeopHR conHTOHOB: MeTOA o6paTHOH 
aaAa4H. 11HayKa11

, M., 1980. 
2. Ablowitz M.J. Studies in Appl.Math., 1978, 58, No.1, 

p.17. 
3. MaHaKoB C.B. !3T~, 1974, 67, c.543; Flaschka H. Progr. 

Theor.Phys., 1974, 51, p.703. 
4. Ablowitz M.J., Ladik J.F. J.Math.Phys., 1975, 16, No.3, 

p.598; ibid, 1976, 17, No.6, p.1011. 
5. Chiu S.C., Ladik J.F. J.Math.Phys., 1977, 18, No.4,p.690. 
6. Levi D., Ragnisco 0. Lett.Nuovo Cim., 1978, 22, No.17, 

p.691; J.Phys.A: Math.&Gen., 1979, No.12, p.L163. 
7. Dodd R.K. J.Phys.A: Math.&Gen., 1978, 11, No.1, p.81. 
8. Kako F., Mugibayashi N. Progr.Theor.Phys., 1979, 61, 

No.3, p.776. 
9. Bruschi M. et al. J.Math.Phys., 1980, 21, No.12, p.2749. 

10. Bruschi M., Ragnisco 0. J.Phys.A: Math.&Gen., 1981, 14, 
No. 5 p. 1075. 

11. Gerdjlkov V.S., Ivanov M.l., Kulish P.P. JINR, E2-80-882, 
Oubna, 1980. 

12. Gerdjlkov V.S., Ivanov M.l. JINR, E2-81-811, E2-81-812, 
Oubna, 1981. 

13. Xa6H6YI1HH 11.T. AAH CCCP, 1979, 249, ~1, c.67. 
14. repA*HKOB B.C., XpHCTOB E.X. HaT.3aMeTKH, 1980, 28, ~4 • 

. 50 1; 6 HH ~H3 . y H., 1980 , 7 , t.•1 , C. 28 . 
15. renb~aHA 11.M., AHKHH Jl.A. ~YHK~.aHa11H3"' ero npHn., 1977, 

11 ' 11'2 , c . l1 . 
16. Gerdjlkov V.S. JINR, E2-81-652, Dubna, 1981. 

12 1 

PyKonHCb nocTynHna 
3 HIOHR 

8 H3AaTe11bCKHH OTAell 
1982 roAa. 

rePA*HKOB B.C., HaaHOB H.H. 
aHarOHanb pe30nbBeHTW H npeACTa&neHHft naKca 
AnA pa3HOCTHWX 380nQ~HOHHWX ypa&HeHH~ 

PS-82-412 

PaccMaTpHBaOTCA pa3HOCTHWe 3BOno~HOHHWe ypa&HeHHft /P3Y/, CBA3aHHWe 
c AHCKpeTHWM aHanorOM CHCTeMW 3axapoaa-Wa5aTa. BwAaneHW cne~H~4eCKHe oco-
5eHHOCTH pa3HOCTHO~ 3aAa4H npH nOCTpoeHHH cneKTpanbHO~ TeOpHH HenoKanbHOrO 
onepaTopa A, nopo*Aa~ero 3TH P3Y. noKa3aHo, 4To AHaroHanb pe3onbaeHTW 
nHHe~HO~ 3aAa4v. R 0 (z) ABnAeTCA nopo*AatOIIIHM ~YHKLlHOHanoM AnA npeACTaaneHH~ 
JlaKca H 3aKoHoa coxpaHeHHA P3Y. nony4eHw KOMnaKTHwe awpa•eHHA AnA R

0 
(z) 

4epe3 onepaTop A. 

Pa5oTa awnonHeHa a Jla6opaTOPHH TeopeTH4eCKOH ~3HKH OH~H. 

Gerdjikov V.S., Ivanov H. I. PS-82-412 
The Diagonal of the Resolvent and the Lax Representations 
of the Difference Evolution Equations 

The difference evolution equations (DEE), related to the discrete 
analog of the Zakharov-Shabat problem,are considered. The specific features 
of the difference problem in the construction of the spectral theory of the 
nonlocal operator A, generating the DEE, are outlined. The diagonal of the 
resolvent of the linear problem R0 (z) is shown to be the generating func
tional both of the Lax representation and the conservation laws of the DEE. 
Compact expressions for R0 (z) through the operator A are derived. 

The Investigation has been performed at the Laboratory of Theoretical 
Physics, JINR. 
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