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1. ~3BecTHo, ~TO B03~0~HOCTb n p~MeHeH~R MeTOAa o6paTHoH 3aAa
~H pacce~HHA /M03P/ K AaHHoH ~cnoMoraTenbHo~ nHHeHHo~ 3aAa~e 
f(q • .\) / q - Ha60p nOTeHu,HanoB, A - cneKTpanbHblH napaMe Tp/ on
pe AeJ1ReTCA OAH03Ha4HocTbl') H 06paTHMocTblO oTo6pa)!(eHHA ~: ~ ..... I~. rAe 
'" - KJ1aCC nOTeH UHaJ10B I Q I B f. a ~ - Kllaec cooTBeTcTBY~HX AaH
H~X pacceAH~R. ~AeA 0 TOM, 4TO oT06pa)!(eHHe ~ HMeeT xapaKTep 
npe06pa30BaHHR ¢YPb e , 6b1na BnepBble BblCKa3aHa B pafiOTe I I I Ha 
npH~"epe CHCTeMbi 3axapoea-tlJafia Ta. CTporoe OOOCHOBaHHe HHTepnpeTa
U.HH H03P KaK 0606~eHHoro npe06p~30BaHHR ~YPbe OCHOBbiBa e TCA Ha 
MeTOAe pa3nO}f(eHHR no IKBaApa TaM " peweHHH BcnOMOraTeJ1bHOIiI ll lo1H eH

/ 2 4/ HOM 3aAa4H - . OCHOBHY~ pOJ1 b B 3TOM MeToAe HrpaeT nopO)!(Aa~HH 
onepaTOp A . AnR KOToporo I 'KBaApaT bI 'l RBl1 AIOTCR c06cT BeHHblMH ¢lYHK
~HAMH. 3TOT on e paT o p nopO)!(AaeT He TonbKO COOTBeTCTBY~HH Knac c 
HenHHeHHblX 3B0J1~UHOHHblX YP8BHeHHH /H3Y/. HO TaK}f(e HX 3aKOHbI 
coxpaHeHHR H raMIo1nbTOH0 BbI CTpYKTYPbI. Br.ocneACTBHH MeT OA pa3J10
)f(eHHR no I!KBaApaTaM" peweHH iit 6b111 pacnpOCTpaHeH Ha PAA APyr""x 
/s TOM 4Hcne H pa3HOCTHbiX/ BcnOMoraTellbHb/X nHHeHHblX 3aAa4. B 
KaJt(AOM OTAenbHOM cny~ae Ba)!lHblt" MOMe HTOM AnA ero 34l¢eKT""BHoro 
npHMeHeHHR RsnRJ1aCb B03MO)!( HOCTb RSHo ro Bbl4lo1cneH""R cooTBeTCTBYQ
Il.\ero A-onepaTopa B Te pMHHax nOTeH~HallOB Q -eCTeCTseHHblX KOOP
AHHaT B npOCTpaHCTBe m. 

Apyroe Ba)f(HOe HanpaSlleHHe B paMKax M03P, 060CHOBaHHoe S pa
60Tax 1 5,6 / , COCTO\.1T 8 H3Y4eHHIo1 K11aCCOB KanH6pOB04HtJ-3KBHBaneHT
Hb/X H3Y. B ero OCHOBe ne~\.1T TOT ¢aKT , 4TO npeAcTaBneHHe naKCa 
AnR H3Y 11HsapVl8HTHO OTHOCIllTenbHO rpynnbl Ka11H6pOBO~HblX npe06pa
30B aH~~ . ECTeCTBe HHo, B03HHKaeT sonpoe : KaK nepeHOCIo1Tb pe3Ynb
TaTbI, nonY4eHHble Ha OCHOBe TeopH"" A-onepaTopa AnR H3Y, CBA3aH
HbiX C AaHHO~ BcnOMoraTellbHO~ Il""He~HO~ 3aAa4e~. Ha cnY4a~ Ka
llH6pOB04HO-3KBVlBaneHTHOH 3aAa4 H. B 171 TaKoi:1 sonpoc 6b1n nOCTas
neH !1 peweH nonO~VlTenbHO AnR CHCTeMbi 3axapOBa-Wa6aTa. B Hac TOR
~el1 pafi oTe nOKa3~r?.' KaK 3TO MO)KHO cAenaTb H B cnY4ae ee AHC
KpeTHoro aHanora . 

v I(Z) - f (z)v (z). f (z) ~ Z + q . Z - ~(z)ao + v(z)a •n + n n n n 3 

q_q+a +q- a. a
o 
_(1 O).a _(0 l).a _(0 0\a3_(1 0) 

n n + n - ° 1 + ° 1 0) 0-1° 
det f (z),lO. /1.1/

n 

y. IJ' -
f~'.~ 
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CAe z \.1r~aeT ponb cneKTpan bHoro napaueTpa, p. "" (z + z-1)/2. v = 
"" (z - z- )/2 . .o.IlR C\.1CTeMbI /1.1/ npOCTpaHCTBO '" - 3TO MHO)f(eCTBO 
nOTeH4\.1anOB tq 1. AOCTaTO~HO 6b1CTPO CTpeMRm~XCR K Hyn~ np~ 
Inl -+ a MHO)!(~CTBO j" COCTO~T* ~1~ K03$$~4~eHTOB OTpa>+<eHI-1R00. 

p±(z), Izl = 1 /I-1X onpeAeneHl-1e CM. B paaAe11e 2/ . OCHoBHble CBOH
CTsa He11I-1HeHHblX paaHOCTHblX 3S011~~1-10HHblX ypasHeHI-1H /P3Y/, CBR 
aaHHblX c CI-1CTeMOH /1.1/ /8 ,9 1, Obl111-1 l-1ay~eHbI MeToAoM paaJ1o)t(eHI-1R 
no "KBaApaTaM" peweHHH B1 10 , 12t.nOCK011bKY cpeA'" 3TI-1X P3Y Haxo
A\.1TCR paaHOC THoe He11 HHeH Hoe ypaBHeHl-1e WpeAI-1H r epa /PHYW/ 

dq.
iUg -  , (1 _ ...!. trq2)(q + q ) _ 2q _ O. /1.2/2 n n+ 1 n-1 ndt 

6YAeM I-1X Ha3b1saTb y paBHeHI-1RMI-1 T~na PHYW . 
~nR PHYW npe AcT aB11eHl-1e naKca, T. e. YCIlOBl-1e COBMeC T~MOCT I-1 

dv
/ 1. 1/ C n l-1HeHHOH 3 aAa ~eC1 BI-1Aa i --1l M (z) v (z) 3anl-1CblBaeTCR cne

dt n n 

AY~I-1M oo paaoM: 

de 
i~+fM -M I f . 0 . /1 · 3/dt n n n+ n 

CooT BeT cTBy~~aR rpynno Ka 111-16pOB04HNX n pe06 pa30BaHHH COCTOI-1T 1013 
npeo6pa30BaHI-1H BHAa 113/. 

-I - I - 1 dg 
nf. ~ fn (z) = gn+lf . (z)g •• M • ~ M.(z) = g. Mo g 0 - ig n de /1 . 4/ 

r Ae go - He BblpO)t(AeHHaR /soo6t!te rOBo pR t aaS\.1C.RlLla.R OT Z /MaTpl-1~a . 
Ha OCHose /1 . 4/ B /1 3 / 6b1110 nOKa3aHO , 4TO PHYW /1.2/ 3KSI-1SaneHT
HO pa3 HO CTHOMY aHaIlo r y ~eppoMe rHeTHKa ra H3eH6epra /p¢r/: 

d'Sn 2S n+ l /\ S n 28n - l /\ Sn s = (S(1) S (2) S(3» (S .s ) = /1.5/
-- = - - --- + - ---- n n ' n'n'nndt ... -+ -+ -+ 

ldS.S 1 1+(S.S 1)
nn+ nn+ 

nOCI1eAHee ypaBHeHHe CBR3aHO C BcnOMOraTellbHOH 11HHeMHOH 3aAa4eH 

V 1 (z) = f (z) :; (z) • f (z) = ,,(z)u + v(z)S •n+ n n • 0 • 
/1.6/ 

s~ = 0 0 , tr S 0,n Sn -- u 3 ' 101 ~ ~ 
KOTopaR KaI1H5pOB04HO 3KBHsa11eH THa CHCTeMe /1 . 1/; BeKTOp Sn 

*.unR npOC TOTbl HsnO>KeHHR 3AeCb H B AanbHefImeM Mbl 6y,neM npe,n

nonaraTb , QTO 3a.,!l;a\.f3 / 1 . 1 / He mteeT AHCKpeTHoro cneKTpa. 


2 

B /1.5/ H MaTflo14Ho3Ha4HblH nOTeH~Han Sn B /1 .6/ CBR3aHbI COOTHO
(i)

weHHeM S ""- l S. u.. rAe a. - MaTpl-1~bI naynlo1. 
n 1 = 1 I I 

KaK y~e ynoMI-1Hanocb t A11R ypaBHeHHH THna PHYW pa3B~T 06~~H 
nOA xOA, oCHoBaHHblH Ha TeOpHI-1 nopO~Aa~lLIerO onepaTopa A. B TO *e 
Bpe MR AO CI-1X nap TaKOH nOAxOA He 6b1n npl-1MeHe H K ypaBHeHHAM TH
nn p~r . OCHOBHble TPYAHOCTI-1 AI1R 3Toro 6~nl-1 CBR3aH~: a/ C HeKO
BR pHaHTHocTbtO 4>opHynHpoBKH MeTOAa pa3110)t(eHHR no "KBaApaTaMIi 

peweHHH, Io1cn011b30aaBweHC R B IlHTe paType AD CHX nop; 5/ C OT-_ 
CYTCTBHeM RBHoro o~pa>+<eHHA AnR COOTBeTcTBy~ero onepa Topa A 
4e pe3 Sn - eCTeCTBeHHaR nepeMeHHa R A11R y paBHeHIo1~ THna p¢lr. B 
H~cToA~eH pa60Te 3TI-1 TPYAHOCTH npeOAoneBanTCA , H Bce pe3YIlbTa
T~, KacalOl.!\HeCR yp~BHeHIo1H T~na PHYIIJ . nepeHOCATCR Ha ypasHeHHR 
nma por /CM. pa3Ae n 1./. npH 3TOM MbI nOIlb3yeMcR HAeRMH pa60

/7 /
T~ . rAe peweH~ aHaIlorH4H~e BonpOCbI AnA HenpepblB Hbl X npeAenOB 

3TIo1X ypa8HeHI-1H. [3 pfiAe nYHKTOB, OAHaKO, npORB11RnTCR oco6eHHOCTI-1, 

cne ~HQ1-1 4eC KHe AnR pa3 HOCTH~X C~CTeM . Oc06oe BHHMaHHe YAenReT CR 

Bonpocy 0 ~aKTOpI-13a~ HI-1 nopO)t(Aa~HX onepaTopOB AnA CHCTe M / 1.1/ 

H / 1.6/. OCHO BHble pe3yIlbTa Tbi aHOHCHposaHbI B 1 14 /. 


2. HanOMHI-1M HeKOTo pble Heo6xoA Io1 '''ble CBeAeHIo1R 1-13 npAMOH 101 06 
paT HoH 3aAa41-1 AIlA CI-1CTe Mbi / 1. 1/ 18 , 10,12, 15/. YTO~HHM npe>+<Ae 
Bcero npoCTpaHCTBO mKa t< npoCTpa HCTBO MaTpH4HblX 2x2 nOCI1eAOBa
Te11 bHOC TeH Xn.YAOBIleTBoPA~Io1X YCflOS HAM 

t.rXn = tr Xno 3 "" O. lim nkX n "" O. k = O,l,2 , ... /2.1/ 
1.1 ~~ 

AseAeM, KaK 06b14HO, a HanOr /.1 pewe HHH AocTa r#n(z) 101 cPn(z) CIo1CTeMbI 
/1 . 1/, KOTop~e on peAenR~TC R CBOHM aCIo1MnTOTH~eCKHM nOB eAeHHeM : 

lim if'. (z) Z 
- 0 

u 0 • lim '" (z) Z-' ~ u • Izl = I. /2.2/
• 0 

.~~ n .-"'" 

OHIo1 CBA3aHbI Me>KAY C050H MaTp~u.e~. nepeXOAa 

a:(z). b- (z) )
"'o(z) ~ <p.(z) T(z). T(z) ( b (z) . a -(z) • /2.3/ 

~ + 
det T(z) = V ~ n h k' hk ~ l -qkqk' 


k ::: - oo 


11Me!OU\.aR Me CTO Io1HB0I11041-1f1 f n(-z) = - u 
3 

fn (z)o 3 npl-1 BOAIo1 T K eCTeC T
eeH Hot"Y OrpaH1-14e HH~ Ha MaTpH~y T (z) : 

1'(- z) = u3T (z' u3 . /2.4/ 

3 
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HaM nOHaAOURTCR TaK~e ~YHAaMeHTanbH~e peweHH~ X '(z) : 

:),X 

• 
- (Z))a+ (z) , 1, b 

- (z) ~ '" (z) , Izi _ 1 . 
X: (z) ~ "'. (z) ( b+ (Z) , n n ( O. a - \Z) 

/2.5/ 
<\)YliKLtH H x+(z) Z-n , a t(z) H x-(z)Z-n , a-(z) HMel(n aHallHTHlleCKoe 

n • 
npOAOn>KeHllle npllt IzJ > 1 H Iz\ < 1 COOTseTCTseHHO. 

Henpep~BH~~ c n eKTp CIltCTeM~ /1 . 1/ ASYKpaTeH H 3anonH~eT eAH

tH1ll HYIO OKPY>KHOC T b. npH npeAnonQ)'<eHI-lIo1, llTO Alo1cKpeTH~H cneKTp 

OTcyTcTsyeT ~ MHHHt"anbH~H HaGop AaHH~X pacceRHIIIR ,~ COCTOIo1T 1013 

K03$q}H LtH eHTOB OTpa>l<eHHA p i(Z) -= b .f(z) / a t (z) . Iz I "" 1, KOTOpl:.!e BBHAY 

/2.4/ R snRIOTCR HelleTHbI'''H ¢YHKI.\IIIAMH Z . ,llIlR Toro, llT06~ no Ha6o

PY ~ OAH03Ha4HO BOCC TaHOSHT b MaTpIIIl.\y nepexoAa T(z). AOCTaTOllHO 

Bocnonb30saTbCA AlIIcnepCHOHHblMH COOTHoweHHRMIII : 

(2d( > 
(2_ 2 In ( l - p+p- «()) , Izl < 1A(z) = 2~i ~~= I ( z 

2 2
1 _<!§(+z In (1 - p+p-«()) , Izl 1 , A(z) = -2. <1'1(1=1 /2.6/
"I ( (2_z2 

A(z) = lna+(z), Izl > 1: A(z) = - In(a-(z)IV), Izl < 1 ; 

A(z)= ~ In (a+(z)/a-(z)) , Izl = I , 

2 


nplII \z[ = 1 IIIHTerpan HaAO nOHIIIMilTb S C,"blCIle rnaSHoro 3Ha4eHHR. 

n O TeHLtlllan q BOCCTaHaSlllllsaeTCR no ~ nlll60 nplII nOM~H ypaBHeHHfI
• I 

r e ll b<paHn,a - Jlesl-n aHa - riaplleHKO 8/ llJ.160 KaK pe3YIlbTaT peWeHHll 3aA.14H 
PI-1M'3Ha / 15 , . . 

nepex OA K CI-1CTeMe /1 . 61 ocy~ecTBIIIM nplll nOMO~1-1 KaIll-16poS04Horo 

npe06pa30eaHHR /1.4/ c ~YHK~He~ 

g (z) = Z 
- 112 

[ , f = '" (1) /2.7/
11 11 n n ' 

r Ae f • ollesHAHO, YAoeIleTBop ReT COOTHoweHHRM: n 

C I (07 + q )f , li m f 00 lim C = T-I(l). /2.8/
n+ 0 n n n ' n 

n~_n~~ 

* Y"4eT HaJHfl UUt AHcKpeTHoro cneJ(Tpa He COCTannfleT TPYAa, 
CM. /10 , 12 / . 

'. 

HeTPYAHO y6eAIo1TbCA, 4TO MaTpH4HoaHa4H~e ¢YHK~~~ 

~ (z) ~ [-IZ 1/2", (z) Z-1I2 _ Zn. 
n D n n~~ 

/2.9/ 
; (z) = f-I Z 1/ 2 ¢ (z) Z-1I2 T-\t) _ Z n 

n n n 0 .. - 00 

ABIlR~TCR peweHIIIRM~ ~OCTa AIlA npe06paaOBaHHO~ CIilCTeM~ /1.6~ B KO

TOPOH 

_I 
Sn = fn+l"s[ 0 + 1 ' /2.10/ 

COOTBeTcTBy~aR MaTpH~a nepexoAa 

z, b- (z) 

T(z) ~ /2.11/


ii+() - ) 

b+(Z) , a(z) ~ ¢.(z) 00 (z)-',
( 

CBR3aHa C MaTpH~eH T(z) cneAY~HM o6paaoM: 

T<z) = ZIl"T(z) Z-I I '1: I( I }, /2.12/ 

M~ 6YAeM paccMaTpHBaTb Clo1cTe,"y /1.6/ C eCTeCTBeHH~MIo1 AIlA 


QepPOMarHeTHKOB rpaHH4H~MH yCnoBHRMH, a 
 HMeHHO lim S a .::I 

Inl .. oo n 3 

nepBoe 1013 HHX /npH n .. 0<> 1 aBTOMan14ecKIo1 B~nonHA eTCA, B TO epeMA 

KaK BTopoe cy}!(ae T npOCTpaHCTBO m /KOTOPoe 6YAe"1 06oaHa4BTb 

4epe3 ~(O) I; ~ npHBOAIo1T K cneAy~IIIM orpaHH4eHHAM Ha AaHH~e 
pacceAHHA : 

T(I) = T(_I) = diag(a+(I), .-(1)), T.e. p '( l ) = p ' {-l) = O. /2.13a/ 

nOTpe5ye M Ta K»I:e 1 4To6b1 lim nk[ o 3 ' Sn] ::::: 0 , k 1 , 2,. , . T o rAB MQ)!(

n "!:oo 
HO nOKaaaT b , 4TO ¢YHK~H H b±(z) RBnA~TCR 6ecKoHe 4 HO r llaAKIltMH ¢YHK

e i ipLt HAMH z"'" Ha eAHHlIIllHO~ OKPY>K HOCTH , 4 TO C Y4eT OM 12. 4/ 101 

/2. 13a/ n pHBOAHT K 

2 -1 1
lim I(z - 1) b (z) I < ~ . / 2 .136/ 
Z" 100 

T aK HM 06pa30M, Bce HaWH paCCMOTpe HHR 6 YAYT BeCTHCb Ha Kna c 

ce n OTeHLtl-1aIlOB q 0 Icoo TBeTcTDe HHo So /, AIlA KOTOPblX BbinonHeHbl y c 

1l0BI-1R /2 . 13/. CooTseTcTBYlOtltH i1 MHHHManbHbli1 Ha60p AaHHblX pac c eA 

HHR 3aAa e TCA 4 e p e a: 

:J (0) ~ t p ' (z) , I z I ~ 1; p ' ( z) = - p ' ( - z), p ' (1) ~ 0 I . /2.14 / 

~3 /2 . 12/ " /2.13 / cncAyeT, 4TO 
5 



- + + ± 
a -(z) ~ a- (z)fa (1), t,'(z) _ b'(z) Z+l fa '(1) , 

/2.15/
p\z) ~ b'<z)f~ t (z) p'(z) Z + 1 , 

T . e . M~H~Manb H~~ Ha 60p AaHH~X pacceRHHR /2.14/ RsnReTCR 06~HM 
AnA o6e" x 3aAa 4 / 1 .1/ "/1 .6/ . 

B KOH~e 3To r o pa3Aena sseAeM B nonHO~ aHanorHH C /2.5/ ~YH
AaMeHTanbH~e peweHHR X:(z) C\.o1CTeMb! / 1.6/: 

a+(z) , 1Ia+(I), 
- 1 112 + -1/2 

-+(z) - ~ (z) _+( ) - [0 Z X n(z) Z (:) :),X n - n ( b z, 0, 

/2 . 16/ 
I, ~-(z») -I Z 112 -( ) Z-1I2x- (z) ~ ;j (z) ~ [ X z 

o 0n 0 ( (:' lIa~(I»)0, a-(z) 

06naAal"X!.tHe TeMYI )!(e CBO~CTsaMH aHan\.o1H14HOCTH no z, KaK 1.1 X :(Z). 

3 . nepeHAeM K cxeMaTH4eCKOMY H3no~eHH~ s KOBapHaHTHo~ $OpMe 

pe3YllbTaTOS, nOIly4eHH~x MeTOAOM pa3JlO)!{eHHR no ItKsaApaTaH" pe

WeH"H AnA 3aAa4" /1 . 1/ /cp . c 1 10_ 12/ 
"KBaApaT~H peWeHHI1 ecnlC T BeHHO B03 HHK aJOT np~ HccneAOBaHHH 

o To6pameHIo1R !.f MHomeCTBa ~ 0) nOTeHUHanoB CI.1CTeMbI /1.1/ Ha MHO

>KeCTBO AaHH~X pacceRHHR 1(0), .lleI1CT BI-1TeTlbHO, HCXOAR 1.13 BcnOMO

raTeIlbHO~ IlHHeHHoH 3aAa41.1, MO~HO yCTaHoBHTb CIleAY~He CBR3H 

Me)l(AY K03~H~HeHTaMI.1 OTpa>KeHHR P+(z) H nOTeHLtHBTlOM q : 
n 

, 1 . 1 ! ] ! - 1 r -1 ± 
p (z) - -- uq h- , <l>n(Z) • op (z) = -+--~O'soq h , <I> (z)] , 

(a,)2 0 0 (a')2 n n n /3.1/ 
~ 

[Z,Y]=-iY,X ] k (X , ["s' Y I J.n n n n o 0 
o z _ oo 

3AeCb ( , ) 03Ha4aeT <l>0PMY K"nnHHra anre6pbI g1(2, C): (X , Y) ~ 


1 ... ! 

= 2trX,Y.aIl K saAPaT~11 peWeH\.o1fl <l>~(z) \.II HX COnpfl>KeHHble \.lIn (z) ablpa)l:~

r.)TCR 4epe3 aHanHTH4eCK\.o1e peweHHR X .! (z). nepeA TeM, KBK n pHBeCT H 
o 

cooTBeTcTBY~He $OPMYTlbl, 3BMeTHM, 4TO BcneAcTBHe BHTHAHBroHanb-

HOC T \.o1 q H Oq B n pasblx 4aCTflX /3 . 1/ Ha caMOM AeIle CYJ.I.'eCTSeHHbI 
o n 

TOIlbKO aHTHA&.1arOHBTlbHble 4aCTH IIKsaApaTos t t <1l~(z), 3TO npHBOAHT 

Hac K pa36 HeH HI'l 

a d d 
X o Xn + X II; Xn "" 0a(Xn, 0a) + 00(X , 0 0 ) , /3.2/

n 

.,ECIlJ.1 Tenep b ~BeAet~ MaTpH4H03HB4Hl.Ie ¢lYHKll,J.1&.1 /4epe3 A 6YAe~, 0603

Ha4aTb MaTpHLtY, 06paTHYlO A , A A- 1 ,I : 

6 

y' (z) = X ' (z)u x'(z), u' (z) = X ±(z) u {,(z) , /3 .3 / 
n ,.! 0 +1 D D,""! II .! n 

TO t tKBaApa Tbi t I q,1 (Z) H 'I' t (Z) o npe AeIlRTCR KaK aHT~A~arOHaIlbHble 
t O O 

4aCT~ y ~ a &.1Met-tHO :n, _ 

. +(z) _ - a+(Y + (z»', 'l'-(z) ~ .-(Y- (z»',
n n,- n n,+ 

/3 . 4/
+ + + tL<I> (z) ~ a (Y (z» , <1>- (z) ~ -a- (y- (z»a . 
n n.+ n n ,

B AaIlbHe~weM HaM n OHaA06A T CJ'l TaK1Ke ltKBaApaTbI" ct>:(z) H If' :(Z) 

~+(z) = -.+ (U + (z» a, ;V-(z) = .-(U- (z» a 
D n, - n n. + 

/3 .5/- + + + 3. - - - _ a 
<I> (z) _ a (U (Z», <I> tz) " - a (U (z».

n n,+ n n, 

IllOtiaJ'l ~a CHCTeM ttKsaApaToel1 \'1' .! I, liji ~ 1, I¢ ~l H Iq;~ I RBIlJ'leT 

CfI nOIlHOH B n poC T pBHCTBe m/1 0 -1 2~To x<e ca,·40e OTHOC~TCR H K TaK 

Ha3b1SaeMbiM C~MnneKTH4eCKHM 6a3HcaM I P , Q I HIP . Q I n n n n 

P (z) ~ _I_(p-'l'-_ l 'l' :'J , Q (z) = __I_( p+v 'l'+ + (b- f .+) <1>+) 

n 2" n 0 0 2b+ b- n 
 o ' 

13.6/ 
- . + - + - +P (z) _ _1_( p_;P - _ p+ 'l' +) , Q (z) _ - _1_ (p V'l' • (b - fa ) <I> l. 

n 2" n n o 2b+ b- n n 

(0)
HH~MH Cn OBaMH, Mbi Mo~eM pa3IlaraTb 3TleMeHTbim no 3THM CHCTe -

MaM . B 4 aCTHOCT H, pa3IlO)!(e HHR n OT e HLtt.1BIla Q VI e ro BapHa 4HII1 SQn
• 0 

no 1'1'; I ~ IP ' Q n I COOTseTCTseHHO HMeKlT BHA: o 

~ (p-'l' - - p+ q, +)q 1 
f - 1 1 ~ Po (z) , 13 .7/o n 0

Z2"i Izl=1 Izl = 1 z 

° 3 8Q 1 ~ ( o p- 'V- + 0P+'l'+),
n 1 13 .8a/

z n n2"l lzl=1 

U 
3 

oq
0 <i ~ (Q 0"_ P 8.) , 13.8"/Z 0 n


lzl = 1 


() 1 + -) ) 1 +f 
"Z ~ - - In (1 - P P (z ) , K (z = - - In (b b (z ) l. 


2" 2 


TaK KaK Mbi s eAeM paCCMOTp e HHe B cy~eHHoM npoC TpaHcTBe m(0) 
,HHTe 

rpaIl D /3.86/ l~ aAO nOH~1Ma Tb B C'~LlCIle rIlaBHo r o 3Ha4eHHR B T0 4Kax 
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z;: ±1. Ere CXOAJ.1MOCTb rapaHTlIIpyeTcR T eM ¢laKTOM., 410 pa3J10)!{e Hlo1 e 

13.8/ MOlKHO nonY4101Tb / 10,12 1 nyr e M Cllo)t(eHHR /3.8 21 101 aHa norlll4HO
+ 

r o pa3J10)l(eHJ.1f1 AnA 036q no I IK BaApaTaMl1 q:, - (z) . Io1HTe rpallbi B KOTO-
n n 

pblX xopOWO onpe AeneHbI. 
H3 /3. 1/ " /3.7/ cneAyeT , 4 TO oT06pa*eHHe ~ OAH03Ha4HO " 06

paTHMO 101 flBIlR e TCR e CTeC TB eHHblM o606meHlIIeM npeo6 pa30eaHJ.1R ~YPbe ; 
B Ka4 eCTBe 06o~eHJ.1R 3KcnOHeH TbI BXOART ~ ! (z) J.1X conpR~eHHbl MJ.1 

+ n • 
RBJ1RIOT CR Cl> ~ (z). Ta KIo1M ofipa30M yCTaHasIlHeaeTCR, 4TO H03P HMee T 

eMbien ooo6~eHHoro npeo6paaOeaHJ.1R ~YPbe. 
AnR To r o, 4T06b1 3$QeK TIIIBHo BOCn 0 J1b 30BaT bCR Da3J10)f(eH~R HH 

/ 3. 71 J.1 /3.8/ AIlR aHanJ.1 3a COOTBeTC TBYIO~J.1X P3Y , DCTaeTCR BseC TlII 
aHanorlll one paTo pa AJ.1$$epeHUHpOeaHJ.1R , T. e. onepa To pbl, AnR KOTOPblX 
" KBa .qP8Tbl ll RBIlfllOTCR c06cTseHHblMI-1 cJ)YHKl\I-1RM\.1 , a \.1MeHHO: 

(II, - z 2)'fJ 1 (Z) _ ( II _ zl <!J1 (z) _ (,\ _ z2)\V ' (z) _ (A _ z~ <ii 1 (Z) _ 0 
-,. n - n - n - n • 

13·9/2 2- - 2 - - 2 (II - z ) p (z) - (II - z ) Q (z) _ (II - z ) p (z) = (II _ z ) Q (z) _ O. 
n n n n 

A\.1 C KpeTHbI~ aHanor C\.1CTeMbi 3axapoaa-Wa6aTa , KOTOPbI~ 3 A eCb pac

CMaTpI.1Ba e T CR, OTlllll4aeTCR OT c Bcero He npepblBHoro npe Aella 13 , 4:1 803 

MO)!(HOC TblO BBeAeH\.1R ASYX Ha60poa "K s a ApaTOB:' , C BR3aHHbiX C y '! (z)
+ n + 

\.1 U - (z) COOTseTCTseHHO*, 3TOT ¢\aKT ne)to.1T B OC HOBe ¢\aKTOpl1
n + 

3dl.\\.1l.1 onep dTopOB A ,! \.1 A :!..: 

± ± 
A ,! ::::: A A 1, At = A±1A ~ •. 13·10 /2

rAe Ai' i = 1 , 2 o n peAellAIIJT C A OAH03HaYHO CQQTHOWeH I.1RMIII : 

+ ± - ,! + - 1 .. 
"l 'fJn (z) = z 'fJn (ZJ. " 21j1. (z ) - z'fJ; (z). 

/ 3 .1 1/
- .. - +II <!J- (z) _ z (~ -(z), II-.ji +(z) z <!J ' (z) . 
1 II n 2 n n 

l1c xOAR 1Il3 JlI.1He HHo!7i 3aAa41.1 /1, 1 / 1.1 a C \.1MnTOTI.14eCKor o n O a e A e H\.1R p e 

WeH"~ ~OCTa /2 . 2/ , np" n OMOII\" /2. 3/, /2. 5/ H 13.3-6/ nonY4 alO TCR 
Cll eAY~l.1 e ~ B HO KOBap \.1 a HT Hbie BblP~~eH I-1R AllA one paTopO B A; III \.1X 
oGpaTH~x A±. X C; 1!I (0), 

I n 
+ m '" + _ I

Ai Xn- ~)_ Xn ;: (.JJ_Q n) 1~ (X k • l 03' qn])h k 

. "' 1 l Co' ] ) " 2X n - hn :£_ D+ Xn :;: Qn1 ni. 1 (Xk• 0 3 , :1_ Q • . 

*8 5 nOQ H OM cn yqae B03HHKaCT H Tp eT HJ! Ha50p "KBaApaToB", .. .. - .. 
oCHoaaHHhn'7! Ha X - + )( -a X - . il paccMaTpHBaeMoM 3Ae Cb cnytlae 

n ,_ n:!.. n+ 1 

h-1y ±X' 2x2 e CTb npOCTaH CBR 3 b n.+ n n,:!: 

8 

-, '" ' [ ]"IXn - hn:£+Xn ± Qn1n + I(Xk , 0 3 , D+ Qk_1 ), 
13 .1 2/ 

I
j,'2 X X D X ± (D Q I) ~ '(X•• [ 0 3, Q.]) h-. • 

n + - n + n- n 

rAe I.1 Cn Ollb30eaHbI clleAY~l.1 e 0603Hay eH\.1 A: 

~ n-I 
DX _ X j; - 12 (00 +0 3 )+ ~ (00 - 03) D, . ~: ~ 1 1- - 1 .1 n n::!: 1 • t .n k= n k~ - oo 

/3.3/ 
A e r a llbHblH aHall\.1 3, KOTOPbl~ 6YA e T 1.13110*eH B O TA e llbHOH p a6ore, 

nOKa3b1 Ba eT, 4T O one paTop~ A ~ A To*e ¢aKTOpI.13YOT CR: 

13 .11. /" - "2"1 ' II - A 1" 2. 

r A e A11.1 1\2 CBR3uOd lO T 3IleMeHT~ C ~Mnlle KT~4eC Klo1x 6.::13 101 C08 /3.6/: 

" I P (z) - z p (z). II IQ (z) - z Q (z ) . 
n n n n 

13· 15/ 
A2P (z) - z p (z) . " 2Q (z) ~ zQ (z).

n n n n 

He>l<AY onepaTopaM~ A: . A I. A"IA Io1X 06 paTHblMIo1 C OAHOH C TOPOHbI IA ~:>n e -
pa TOpaMI1 "i' A , A IA lAX o 6 paTHblMlo1 C APyrOH CYllteC TB ylOT npoc 

T~e , XO T R IA Heo4 eB~AH~e , CBR 3M : 

II . _ 2. (11+ + ,,+ ). " _ 1.( 11 I· A ) . 
- 1 
"- (" + 11) .I 2 1 I 2 + - 2 + 

13. 16/1 ~ + .....- .: 1 :: II . _ _ ( II +11. ) . "- _ _ 1 ( " - ;A- ) . " _ - (A ; " ).
1 2 1 I 2 + - 2 + 

COBMeCTHOC Tb C OOTHOWeH"~ /3 .1 0/ . /3 ,14/ H /3 . 16/ cneAyeT "3 
T ORAeCTB 

+ - - p + ... - p
( II; AI ) + (II ;A) _ 2. i _ I 2. p_ O. ± 1. ±2 . .. . 

+ - +- +- t-- /3 · 17/ 
( A I - \) (11 2 - "2 ) - ( A 2 - " 2 ) (II 1- A,) = o. 

OT MeTHM, HaKOHeu , 4TO OnepaTQP~ A ~ A YAoBller BopA~r ClleA~IAH 
COO THOl!leHI.1RM COnpR M<eHI.1R OT HOCHrellbHO Koc o c KallApHoro npoH3seAe 

H"" [ • ] ,BBeAcHHoro B /3. 1/ : 
- - -1 -J 

r llX • Yn] - [ X • AY ]. [ II X • h Yn] - [ Xn h . IIYnl. 13 .1 8/ n n n n n n 

CIl>O PMYlllllPyeM Tenep b OCH OB Hbl e pe 3 YllbTaT'" AllA P3Y, CBfl3aHHblX 

C c l1cTe"lo i'1 /1 .1/ /CH . 1 10 , 12/: 

I. npeo 6pa 3 0aaH lit e j nQ3BOllReT AO Ka 3 aTb , YTO Klla c c T04HQ pe

Ult=I eMbl X P3Y 
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• • 

- -

;0 q + F (A) q ~ 0, F (z) = l F z dp- l ) / 3. 19/ H (m)3 nt t n p P l F A _ 1 Jk F (z) z 2(m+ I ) " ( Z) . /3 . 25 /
F p p p+ m 1,1 - 1 z 

3KBHsaneHTeH Ka~o~ ~3 cneAY~~X AS YX C~CTeM n~HeHH~X ypasHe HHH 
Ha ~a HH~e pacceRHHn: 

fl 3 /3.21,/ H / 3 . 25/ non HDR HHTe r pHpyeMoeTb ypaB He H H~ /3.19/ 
04eB ~AHa - n e p e He HHblMH Tl'1na Ae i1c T BHe - y r OJ1 RBJ1RIOTC R Z 2(01 +1) "(z) ip ' (z) :;: F(z)p' (z) = 0, / 3 . 20a / 

t H K(Z) COOTB e TCT BeHHO . 

o (z) = 0 , K (z) = - F(z). / 3 .205/
1 t f

II . C KnaC COM P3Y /3. 19/ CBA3aHa 6e CKOHe 4 HaR c e pHR HHTe r pa 
noD ABHr.<e HIoo1 R :\ . p = O. ~1 I • KOTOpa .R nopm:<.QaeTcR ¢YHK UHoHalloM 
A(z) / eM . /2.6/ , At (z) = 01 : 

~2. 2k
A(z) = l A_k z Izl « 1 ; A(z) = - l A k z- , Izl » 1 . 13 .21/

k= 0 k = 1 

COXP3 HRIOl1.\ HeCA ee.m1 4l.1H bI Ap H H X aapH BUHH t10>+e HO Bblpa3HTb, C OAHOl1 
CT OPOHbI , 4 epe3 COOTBeTCTBY~~He A3 HHble pac ceR HHR; c APyro~ CTO

POHbI , HX MO~HO paCCMaTpHBaTb H KaK ¢YHKUHoHanbi OT nOTe HUHd n a q n: 

- dz +
A = l In h = i f> - ' .(z) = In a (1) a (1) . o n Z 

n=- Izl= 1 

A = -
1 

l 
~ 

l 
~ 

([q, a ]h-I , APq ) = i ¢ j.!'_ z2p" (z) , p ~ 0 / 3 .22/
p p n=--o.) k =n k 8 k k I I Zz = 1 

dz SAp = i.a aoq h-
I

, AP q ] _ z 2po o(z). 
n n n if> z


Izl = 1 


npHBeAe M ABH ble Bblpa)~eHHA AnR ASYX n pocTe~w lo1x A'p' 

A _ l 
~ 

, I ( r _ qn ' T,- qn ) ' / 3. 23/ 
0= __ + + 

I I I. Ypa s HeHHR / 3 .1 9/ on H C bl Ba~T 6ec KoHe4HoMe pHble enonHe J.1 H
TerplltpyeMbie rar~~11b TOHOB bi CI'1C T eMbi. npl'1 3 T OM CYw.eCTByeT C 4 e THoe 

4HC 110 / HepapX I'1R / C I'1 Mn11e KTH4eCKH X ~OPM n (m) H raMH11 b TOHHaHOB 

H~m ), KOTo pble n o p Ov.<,QalflT OAHO 101 TO )ICe ypaBHeHHe BHAa /3.1 9/ : 

(m) [ _ I m+ 1 1 n = i 0aoqoho -; A 030 Qn 

/ 3.21,/ 

dz _ z 2(m+ l ) 8 0 (z ) " OK(Z),- ,2i . ¢> 

Izl- 1 

Z 


/ 3Ha40K A OU03Ha 4a eT BHeWHee n pO~3BeAeH~e/, 
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3aMe4aHHe. HO~HO nOKa3 aT b, 4TO ¢opMyn~ / 3 . 19/, /3.22/ 
H /3 . 24/ He H3Me H ATC R , ecnH BMeCTO o n epa T opa A n OC Ta BI'1M J1~O~ 
101 3 o n e paTo pOB A+ Hn lo1 A_ . 

4. 06paTIo1McR K CHC Te Me / 1 .6/ , KOTo paR Ka Il ~6poD04 HO -3KB~Ba 
J1eH T Ha A~cKPeTHoH CHCTe Me 3axa p o e a - Wa6sTs / 1. 1/ . Cne AYR HAee 

p a 60T bi , MbI nOC TaB~M D COOTseTC TBHe Kan~6 poso4 HOMY n peo6pa

308a H ~1'l g:f ... l 3aMeHY 6a3Hca B -3 n re6p e g f(r, C ) . n n 
n YCTb XJI - 2x2 MaTpI-i4 H() 3 Ha 4HaR n ocneAOBa T e J1b HOCTb; 0 4 e BHA HO , 

X , MQ)!{ HO pa3nO>I(l.1Tb n o MaTplo1 11 a,.., naynl'1: X n :< X~lOP.' npeo5pa30ssHIo1e n 
nOAo 6HR c fo : 

-I 
X X fn Xn f / 1, . I / n n n 

Mbi 6YAe M p aC CMa T p l'1 saTb KaK n e p e xo,Q K nO,QBIo1* HOMY Ga3l'1cy: 

_ - 1 _ 
/1, . 2/0p. ... a nJ1 ::z: f n0p. fn . 0 o,3 = Sn _ 1 ' p. = D, l ,2 , 3 , 

O'-leSI'1AI-iO , Xn :: X~ o n,p.' npH 3T OM o nepaT OPbi cA~H ra D! /3.1 3/ npeo6

pa 3 YKH CR B 11KoBaplo1aHTHbi e i l one pa Topbl C,Q Blo1r a D±: 

- 1 - 1 - - 1 p._ 
D± Xn "" in (Dt Xn)fn = f in ! 1 (D tX n ) fn ± l fn"" Xn ± l on ,/l' /1, . 3/

n 

KOT o pble , Ka K He TPYA HO nposepHT b , COXpaH.AIO T n O,QB Io1*HblH 6a3HC 

14. 2/ : D 'O ,, = 0 . 
..!. nor- n ,ll: J. 

~p~ n e p exo ,Q e K 6 a 31'1c y /~ . 2/ pa 3G~eH~e / 3. 2/ H KOC OCKa J1RpHOe 

np0 Io1 3 B e,QeH~e / 3 . 1/ To*e npeo6pa3Y~T CR KosapHa HT HO ; 

- d - a ... a _1 a 

Xn = Xn + x" , Xn t n Xn f n • 

.... d _1 d 

X n =: C Xn fn (X ' ( )° + (X , 8 _ I )8 _ I ' /11.4/
n o 0 0 n n 0 

~ 

[ X, V] " l (Xn,[aS' Y 1) = l 
~ 

(X , [8n_ I , Yn]) - IX , YnJI·/4 . 5 /n nn n n ~n= - - 11 = -00 

e /4.5/ M~ BOC n0J1b30Ban~C b Io1H BdPHaHTHOCTb~ ~OPM~ KHIlfiHHra no 
OTHoweHH~ K n p eo6pa 30BaHH~ nOAoGH~ /4 . 1/ . 

EC TeCTBeHHO TaK~e O~H,QaT b, '-I TO 3n e MeHTbI ~a 3080ro n pOCTpaHCT 

BAl ;n (0) AnR y p a sHeH/.1H n ma p¢ r fiY,QY T n OJ1y '-IaTbCn 1013 COO T seTCTBYIO

Ilt I.1 X 3 n eMeHTOB ~(O) npeoGps 3 0 a aHI.1eM /1; .1 / . B TO *e epeMfI ypasHe -

HHn Tlo1na P41 r n lo1wy TcR B TepMIo1Hax n OTeHllHa n a / 1 .6/ S H n03TOMY 
o 

AI1~ H;:I C cy~ecTBeHHO IIa~TI'1 fl BHble Bblpa >tieHlll fI 4 e pe3 S n ,Qllf1 s cex 

II 
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- -

HYHCHblX HaM 3ne Me HTOB 1113 ;a (0) . Hal.lHeM C 8b1RCHeH I-l.R CBR3"" Me~y 
oti pa 3OM nOTeH~",ana Ci _ r I Q f ~ lii (0) H Sn' H3 12.81 H 12. 101n n n n 
cneAye T, 4T O: 

-I 1 	 -I 1 
f I "sC ~ - (8 + 8 I)' C + I f ~ - (S + 8 I) 8 . 1~ . 61n+ n 2 n n- n n 2 n n- n 

nOnb3YRCb I~.h/ , H3 12 .31 nonY4aeM: 

- -I [ 1 -IQ ~ fn QnC• ~ -4h. 	8 n • S._I . = - 4det (By, + 8._ 1), 1~ . 71n 	 hn 

"K eaA p .:'IT bI I 
1 peweH Io1 ~1 AJU1 n peo6pa30aa HHoH CHe TeMbi BBOART CR 

A ~ 
- . - ..... + - + ..... ... -t .... +

C noMOIIjblO Y - (Z) ~ 	X - I " X H U - (Z) ~ X - U X - rAe X - (z)
D t ! n+ :!. n n, ! n ! n' n 

ItlY HAaMeHTaI1bHble aHall1tlTVl4eCK",-e pew e lH1R / 2.16/ 3aA.J"'lH /1 .6/ , 
a Io1MeHHO: 

- + -+ .... + a -.... .... - ........ a 

'" (z) = -a (z)(Y 	 (z» . '" (z) ~ a (z)(Y 1 (z».

n 0- 1, - n 11- ,+ 

- + -t .... + & 
"'n(Z) = a (z) (Y - I • + 	 (z» • q; - (z) ~ - ,;-(z)(Y - 1 (z» •• 

n n n- ."" 

.... + - + .... + i "" .... - - ........ a 14.BI 

'" (z) = - a (z) ( W 	 (z» . 'V (z ) ~ a (z)(W (z».

n 	 n,- n n.+ 

.... + ..... + + a "" .... .... .... "" .... a 
"'n (z) ~ a (z) (W n . + (z». '" n (z ) = - a (z) (W n . _ (z» . 

.!: - 1 .... 

W•• ! (z) ~ Cn f n + 1 Un (Z) . 


Y\..IIHblSa .A Io1 Me lOLl.\ e e MeCTO Ann np0lo13B0 l1b Ho r o pewe~H1R v (z) J1HHe~HOI~ 
n

3aAa yIo1 / 1 .1/ TOHCAeCTBO: 

-1 - 1/2 _1 1/2
f I Z V \ (z) f Z v (z ) 1~. 91nt- n + n n 

H /4 . 4/ , HaXOAHM CBR3b npe ofipa30 eaHHblx IIKsaApaToe" / 4 . 8/ c 
"KsaApaTaM H" 13. ~ 1 H /3. 5/ : 

f- 1 _ 1- f- - + +1 - 1- .~ ±(z) z- [ IJi (z) C, "' - (z) = z C "' -C . 
n n n n n 2 n n n 


(a t ( I) 


14. 101 
- :!: ± 1 -1 t - , :;: 1z - 1 f
4' n (z ) ~ z f n '" (z) Cn • '"~ (z) ' .f ", - C 


a - (I» - n n n' ( 

CHMn n e KTIIIl..!eCKlile 6 a 3 HcbI !P Q I HIP Q I . COOT8eTCT8Y~He 3aAa4eI I 

no nn - /1 .6/ , 8 80AATC.A TaK)I(e B n OllHm1 aHano nU1 C oa3101caMH IP Q 1 101 
-	 n I n

IP • Q I 13. 61 (det T (z) ~ V. detT (z) = 1): n n 
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- 1 .... - =- .... + : + - () i (~" + -- /-+ =+ I
P (z) ~ - (p - '" - p "' ) Q z ~ - -- p '" + (b a) '" ); I I . 11 I

D 277 n n •1 n 2b+ b- n n 

n e peMe HHble _ 1Pn I ....Qn I 	8 b1 p a*arnC R T0 4HO TaKHM me 06pa30 M 4 epe 3 

IIKsaApaTbllI 'I' <l> • CBR3b Me~y CIIIMnlleKH 14eCKIIIMH 6a3111caMH o6e lo1 x 
n 

I 

• 
3aAa4 HMeeT BIo1A: 

.... - 1 .... _1 

II P (z) ~ fn P (z)C • Q (z) . f Q (z)C •

U n n n n nn n 

I~. 12/~ ~ (z) ~ rip (z)C . ~ (z) _ c- iQ (z)r . 
n nn n n nn n 

n OPO}l(AaJOlltlo1e o n epaTopbl, KOTopble "AHarOHallIll3 YIOTCflll no npe06pa 

30aa HHbiM IIKBaAPaTaMI 1; n 0 I1Y4aIOTCR o4eBVlA HhiM o6pa30M Ae~cTBHel-l 
npeo6pa30BaHHR 1~, l /: 

- t -1 ± -	 - ± .... ± .... ! - ± 
Aj ~C n Aj fn • A , =	 A 2 A I • A ± ~ A I A 2 • - - - I~. 131- 1- -	 - 1- 
A ~ 2 (A+; A_) . 	 A ~ 2(A+ + A_ ). 

_ f- AnR Tor o, 4 T06b1 	 n ony4HTb RBHble Bblpa~eHHR A nR onepa TopOB 

A~ TOllbKO 4epe3 § 	 . AOCTaT0 4HO 3aMeHIo1Tb ee3Ae B /3 . 12/ 0 J q1 0( _ n ± n 
101 D Ha U J q 101 0 cOOTBeTcTBeHHo, rAe± ± n ± 

- 1 1 

O. ~ - ("o +S \)+ - (" - 8 )0. 	 14. 1~ 1 

- 2 n-	 2 0 n- 1 t 

~enH4 HHbI D± 101 qn n pHBeAeHbI B /4.3/ 101 /4 .7/; .ABHaR ¢opMyna AllR 

D± 4 e pe3 S n n Olly4aeTcR C Y4eTOM /4.6/. non e 3HO TaK)I(e HMeT b BBHAY 

cneAy~ee H3 12 .81 TO~AeC TSO : 

_ - 1 -1 
q = f Q C 	 f q f 11,. 151 

n -1 n n - l n 	 n- 1 n - l n - 1 
-

OTMe TIilM T a K)I(e , 4 TO ceO~C TB a conpR~eHH R AllR onepa Topoe A 101 A 
OTHOC IIITell bHQ KOCOCKan.RpHOrO npOlll3 eeAe HIIIR /4.5/ a BT OMaTIII4 eCKIII 

ne pe HOC RTCR H3 13. 13/ : 
- - .... .... -	 - - .... - 1 - - _1 ~ -

IAXn • Yn} = Ixn • A Y ! . l AXn . h n Yn ~ ~ [X n' lin AYn !· I~. 161n

Halll60nee TPYAHbI~ war COC TOHT B HaxmKAeHHIII <llOp,.1Yllbl, Bblpa)!(alO

'l\e~ o q = ~l o q f 4epea 8 11 III e r e Ba plllaLt lll!O oS•. tla 4 HeM C , n n.... nn 1 1 r 
Toro, 4 TO 08 _ 1 = r;; (03 , a fn f ~ 1 f , OT KYAa clleAyeT COOTHoweHllle:n ll

o _ 1 . I [ 0 J - I 	 I. t 
(o ff ) -f 8 1. 08 If • 	 1_.1 71 

n n 4 n 11 - n - n 

:)TO HaR.OAIo1 T Ha MblCllb paccMoTpeTb 60n e e 061!~lo1e Benlll 4111H bI U , (z)
" ... 1 I 

~ 8 ,p n .p n(Z) " Yn(z) ~ 	8.pn_ l.p n(z); 04eOHAHO, "n(l ) ~ Il C nf~ . He TPYAHo 
y f.i eAIIITbcn, 4 TO U (z) III y ( z ) YAOBIle TBopRIOT ypaBH e HIIIRM J n OXO)l( lo1M 

Ha T e J KOTOPblM YAOBn eTBP>PRnT U! \II Y ± a /.1Me HHQ : 
n . t n , t 
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• • 

+ -+ -+ +
U - I (z)f (t) - Y - • (z) ~ 0, Y - , (z) _ f (z) U - ± (z) _ 0,

n+ • t n n. - n , n n, /1•. 18/ 

U I(z)f (z) - y (z) ~ 0 , u (z) _ f (z) y (z) = Sq . 
n+ n n n n n D /4. 19/ 

nocneAoeaTenbHoe ~CKn~~eH~e ~3 / 4 . 18/ A~arOHanbH~X yaC TeH. . /
Un- ± ~ Yn- :t np~BO,Q"'T K ypasHeHIo1AM 3 . 11 / 11 K RBHblM Bblpa>f<eHHRM 

/3: 12/ Ann A~ .To4HO TaKaA ~e npo4eAYPs, npHMeHe HH sA K /4 . 19/ , 
AaeT clleAYIOUlHe <!>OPMYllbl, CDRSblBalOU(He (u (z»' H (y (z»": 

+ -+ a 1 a _ 1 
(A2 - AI ) ( u (z» ~ (z - - )( y (z» + Z a Sq 


n Z n 3 n 


(A- - A-,) (u (z» a. (z -.!:..) (y (z»" + Z-' a oq +2 
n Z n 3 n /4.20/ 

+ as[q., Z (Il T-'(z)T(z»'l. 

npHpaSHHsaR B /4.20/ z .." 1 J.1 nOJlb3YACb /2. 13a / , nonY4s eM: 

+ Ji+ " ( A - ) ( u (1» = a oq ,
2 1 n 3 n 

(A-2 - iI:i ) (u (1» a = a Ilq + q o In (.+(1) / .-(1», /4.21/ 
n 3 n n 

OTKYAa, B8HAY 13. 161 , cneAyeT 

" a 1 + _
(A 2 - "I) (u (1» - a oq ; - q 81n(a (1) / a tI». 

n 3 n 2 n / 4 . 22/ 

~~ Toro, 4T 06b1 no nY4101Tb Tpe6yeMbI~ o TseT, OCTaeTCA np HM e HHT b 
npeoopa30 BaHHe / 4.1 / K /4. 21/ H / 4 . 22/ H BocnOllb30Ba Tb CR /4 .1 7/: 

,-..' - 1 - + -+ 1 a 30 q = 8 I f oq f 
n n- n n ~ ( " 9 - A I) - (8 I' 08 n- 11n - 4 11 - ~ 

/4 .23 / 
( - :: 1 ( 1 - + _
A 2 - "I )- 8 1.08 11- -q o ln (. (1 )/.( I » .4 n- n - 2 n 

\113 CBOHCTsa nOnHOTbi "KSSAPSTOS" /3 . 4/ J.1 / 3.5/ J.1 CHMnne KTH 

'1 e CKIo1X n e pe MeHHblX /3.6 / r: fleA ye T, 4TO CIo1C TeMbi '4i ! j I q, ! j I (j) ! I 
= + - - ": -= n · n ' n'

I <D - I , I P , Q I, IP . , Q I Tome RBIlRIOTCR nOIlH~MH , 'r . e. mOOOH :)Ile MeHT n n n_ n n 
npOCTpa HCTsa ))1 (0) MOw.eT Gbl Tb pa3IlO)J(eH no Ka}!(AO~ 101 3 HIo1X. HY)f(Hble 
paanOy.<e HHfI MO}XHO nOIlY4HTb 101 Heno c peAc Tse HHO , npHMeHHB K COO T seT 

CTBYIOl:tI1M pa311Q)l(eHI1RM, CBR3a HHblM C 3 aAa4el1 / 1. 1/ , Kal1101o POBo4Hoe 
npe06pa30 aaHlo1e / 4.1 / . TaK, B 4aC THOCTI1 , 101 3/3 .7/ nOIlY4a eM; 

-.!--- 'f dz (p-"'- _ p+", +) (z) . 
/Iqn ~ 2 .i lz(= 1 z n /4 .24a/ 

q" -i eli dz 
p. (z).c 

z /" .2 ~5/Izl= 1 
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OTMeT ~M , 4TO pa3Ilo~eHHe /4.246/ nOCIle AeHcTBHR onepaTOPOM 
ii I - li2 nepeXOAHT B: 

dz 1: 

8 ICii - q I) ~ - i f> .- ( z - - ) P (z) . /4.25/
11 - n n- z z n

Izl e I 

T04HO TaK }Ke, KaK H B CIlY4ae 3a,Qa4H /1.1/, ~opMYIla o6pa~e 
Hlo1fl: 

(> '(z) ~ ~ ti'j ,h-lcii'( )] /4.26/(i ±) n n n Z • 

KOTopaR nOIlY4aeTCR nYTeM KaIlHopoBo4Horo npe06pa30aaHIo1R 1013 
/3. 1/ , H pa3Ilo~eHlo1e /4.24a/ n03BOIlRIOT y6eAHTbcR B TOM, 4TO M03P 
HMeeT CMblCIl o606~eHHOrO npe06pa30BaHIo1R ~YPbe. neHCTBHTeIlbHO, 
H3 /4.24a/ H /4.26/ clleAyeT, YTO oT06pa~eHHe Iq.1 ~ Ip\z)1 OAH03
Ha4HO 101 06pa THMo. JlaIlee Sn BOCCTaHaSIllo1saeTCR O,QH03Ha4HO no Q

n 

K~K peweHlo1e IlHHeHHoro pa3HOCTHoro ypasHeHIo1R S n - Sn_1 = S n-I qn
- (lnSn,YAOBJ1eTBOPRIOll\erO rpaHH4HblM YCIlOBHRM lim Sn = (13 ' 

1,,1 .~ 
nnA Toro, 4T06b1 Hanlo1caTb p~3noReHHe AIlA Baplo1a~HH nOTeH~HaJ1a 

:lDAa4 J.1 /1 . 6/ no IIKBaApaTaM" I~ :1. np/.llMeHI-1M CHal.4ana npeo6pa30

~aHHe /4.1/ K /3 . 8a/ H 3aTeM nOAeHcTByeM onepaTopOM (,\+_ K+jl = 
- 2 , 
- 1 -+

" (''+-If AI' C yyeTOM /4.23/, /3.9/ H /3.11/ nOClle HecnO~HblX 
U~KnaAOK nonY4 aeM : 

11_ [8._1' 08._,1 ~..L if' -.!l,z_ (op+ "' + + lip ",-). /4.27/ 
2711 Izl=l z2_ 1 11 n 

CXOAI-1'10CTb \.1HTerpaIla B /4.27/ I KOTOPbl~ cIleAyeT nOH\.1MaTb B CMblC-

Ile rIlaBHoro 3 Hal.4eHI-1R B T04Kax z = +1 o6 ecnel.4\.1SaeTCR YCIlOS/.IleM
I 

/2 . 136/. nYTeM CIlo*eH\.1R /4 . 27/ C aHaIlor~4HblM pa3no*eHlo1eM AnR 
1 :::::e ! 
4'S0-1,5Sn_ 1 ] no IIKsaApaTaM" l<1>n I. KOTopoe To~e xopowo onpe-

AeIleHQ BBHAY /2.136/, MO~HO nonY4J.1Tb TaK*e pa3IlO}KeHHe no C~CTeMe 

IPn • Q n I: 

'41 
(8._ 1 , 08._ 1 1 <f> ~ (Q 0; - P o;) (Z) /4.28/2 n •Izle 1 Z - 1 

rAe 
- 1 -+ _ _ 
.(z) = .(Z) - 2,; In(1 - p p (z)) .e 

- i - + -- i.. _
K (Z) = - - !n(b Ib (Z» ~ K(Z) I ilnz + _ In (a (1)/a (1». /4.29/ 

2 2 
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Pa3nomeHHR /4.25/ H /4.28/ n03BonR~T AOKasaTb Bce npHBeAeH
Hble H~>Ke pe3YllbTaTl,f All,R ypasHeHHH nma PHYIU. ~1AeR AOKa3aTenbCT
aa TaKaR HCe, Kat< YI AnR ypaBHeH...,a:; ntna PHYW leM. 11 21 /. HH)t(e Hbi 
nOKa*eM, Kat< pe3ynbTaTbi I - I II pa3Aella 3 nepeHOCRTCR Ha ypasHeHHR 
THna p$r nYTeM HenocpeACTseHHoro npHMeHeHHR Kan...,6poBo~Horo npe06
pa30BaHHR /4.1/. 

I. Knacc ypasHeHHH THna p~r COAep*HT Bce P3Y SHAa: 

..L[S I.S 11+F~A ) S I(q -q I )- 0 . F(" ) ~ IFz2(p-1).4 rl- n- ,l n- n n- p p /4.30/ 

YpaSHeHHe /Q.301 3KBHsaneHTHO ypaBHeH""~ /3.19/, a cneAoeaTenb

HO, - H J1"'He i1HbI'~ ypaoHeHlo1RH /3 . 20/ A I1R AaHHblX pacceRHHR. e CJ1H 

$YHKLtHL-1 F(z) H i\z) C BRsaHbI COOTHowe Hlo1eM: 


F(z) = (z2 + z-2 _ 2) F(z). 
/ 4 . 3 1/ 

~nR Toro, YT06b1 y6eAHTbCR B 3TOM, AocTaTo4 Ho nOAeHcTBoeBTb Hd 
... 1 - ~ 1 .... 

/3.19/onepaToPoM (A 2 - /\,)- ~ ( /\ + /\ - 2)- (/\ 1 - /\ 2) H npHMe HHTb 
npe06pa30eaHHe /4.1/ . B 4acTHoc TH, nOACTaSHB B / 4 . 31/ 3 a KOH 

AHcn e pCHH AllA PHYIU F(z) "" (z 2 + z - 2 - 2). nOllY4HM F = 1, a COOTee.

cTBy~ee P3Y /4.30/ nepe~AeT B p~r /1.5/. 
~ Ha RBHO~ CBR3H Me*AY AaHH~MH pacceRHHfl AllR C~CTeM / 1 . 1/ 


11 /1 . 6/ . 6e3 TPYAa y6e>KA a e MCft ~ 4TO nopO)i{Aa~He ¢YHK!.tHo Hallbl l1H


Ter pallO() AB"OKe HJ.1R npOCTO CB.R3aHbI Me>KAY C060H: In a fez) = 1n a t (z ) 


+ d ' 
- lna- (1). TaK Kat< -lna- (1) = 0 , TO Ha60pbt COXpa H.RtI)UH1XCR BellJ.14J.1H 

dt 

Ap AflR o6e a-tx Ca-tCTeM cOBnaAalOT . A T e pMIo1Hax nOTeHltJ.1ana a8Aa4111 /1 . 6/ 
OHH ""Meli)T BI4A: 

~ 

1 
~ 

Ap ~ I ( [ ij ,S 1. h-
I ii Pq ) = i <fi ~ z 2 P iT (z).

P n=- oo k '" n k k-I k k li z z .= 1 
~ 

AO ~ Ir In ..!.. (1 + S ,S ) ~ i rp .lk. • (z). / 4. 32/11 =-00 2 n - n I,I~I z 

PilAp ~ ! [[Sn_I. 5Sn_ I1, A S _ 1 (ii - qn-I) ~ . n n 

B 4aCTHOCTH. HMe eM: 

1 
~ 

A :!: 1 2 I IrlK(SnSn_ I) K(Sn _ 1Sn ) (1 ± S ) l. / 4.33/nn "" - <>0 

rAe K(X) ~ (1 - X) (1 + X)-1 
- npe 06paaoBaHa-te K3,n1-1 MaTpl-114b1 X .

ill. Ypa BHeHHR / 1' . 30/ , TaK ~e KaK 1-1 ypasHeHI-1R /3.19/, onlo1CbI
B.=tIO T BnOllHe a-tHTerpI-1Pye",ue 6e Ct(QHe 4ltOHepHble raMHl1bTOHOBbi CHCTeMhI. 

16 

COOTBeTcTBy~aR lo1 e papXIo1R r aMH J1 bTOHOBblX CTpyKTyp 3aAaeT Cft na

paMH raMJ.1J1 ttTOHl-1aHOB H~m) H 2-¢mpM w(m), rAe: 
F 

ii(m) ~ I F A = i 1 dz F(z) Z2(m+1l;;(z), / 4. 34 /F P P p+m 1,1_ 1 z 

:: 111+ Iii (m) ~ ~ [ rS ,5S 1 " 1\ I Sn_l· 5S _ 1 1] 16 n-l n-I n

/4 . 35/ 
2(m+ 1) 

~21 <fi z 5;;(z) " 5'(z).
z 2"-::-2--

1.1~ 1 z + z - 2 

o Ka4eC'Be nepeMeHHblX Tl-1na AeHcTBHe-yroll B 3TOM CllY4 ae s blc Tyna

W)T Sem'l4HHbI Z (2m+lf(z) H K(Z) (z 2 + z-2 _ 2)-1 COOTBeTCT BeH

lt~ . 

CaA3b Me*AY HepapXHAMH raMHJ1bTOHOSbiX CTPYKTYP, COOTseTcTBY~
IItHX 06eHM flHHeHHblM 3 'l l\a4aM, ner4e DCero MOW-HO Ha&1TH B TepMI-1

IIOX AaHHblX pacceRHHR. CpaBHeHHe /4.34/ H /3 . 25/ c y4eToM /4 . 3 1/ 
HaCT : 

lI (m) _H(m+l) jf(m- 1) _2jf(m) /4 . 36/~' F + F F' 
qT06~ y C TaHoBHTb CBR3b Me*AY 2-~opMaMH, B~pa 3a-t M CHa4alla n(m) 

/3.24/ 4epe3 AaHHble pacceRH HR 3aAa4H / 1 .6/; 

(m) 2 . '" d 2(m+I) - 11 ~ 1 .,. ~ z 5. " OK + i 5 In(.+(I)/ ,-(I)) " 5A 1.14.371 z 10+Izi~ 1 

CpaBHHBaR Tenepb /4 . 37/ H /4.35/, HaXOAHM; 

U(m) = ii(m+l) + ii(m-I ) _ 2ii (m ) + iilln(. +(1)/ .-(1)) " 
5A +I · /4. 33/m

. + 
TaK KaK C}'lKeHHe BapHa4H>1 5 In(. (1)/ .-(1) H 5 Am+l Ha npOCTpaH -
CTBO peWeHI-1H 11~6oro H3 P3Y /4 . 30/ paSHO H yn~, 06e HepapXHH 

r at1Hflb TOHOBbiX CTPYKTYP 3KBHBaneHTHbI Me>!<A Y c06oCi. OTM e T HM, 4TO 

n p ocTei1waR H3 CHMnneKTH4eCKHX ¢OPM /4.35/ 

-pOI>r - (-1) i 
~ 

n - 0 ~ (5 Sn " [S., 5Sn1) / 4 .39/T 
11 ""' - 00 

COBnaAaeT C KaHOH~4ec Koi1 AnR CHCTeM THna por / t6~ HeTPYAHo y6e
AH TbCR B TOM, 4TO np",r BMeCTe C r a'''Hnb TOHHaHOM HP¢lr = Ao no

po~aeT PQr /t .5/. 
3a KOH4HM 3TOT P J3A e n Kpa T KHt" 06cY}I(AeHHeM ne p exo Aa K Henpe 

PbtBHOM~ npeAe ny. AnA Y P.1 BHC Hl-1H THn a PHYW 3TOT Bo n poc 06cy:-t<Aan
lAllCFi B 11 I , HanOMHVlM. \.lT O ::l YO T npCAell no n ilp<lt"eTPY 6 ... O ,rAe z => e 
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q ~ Aq(x) , Sn;; sex), nplo1'-4eM X '"" nA OCTaeTCfI CJ!Io1KC,,",pOeaHHblM. npH 
n 

6 ~ 0 nHHeHHaR 3aAa4a /1.6/ npHHHMaeT aHA ;~ 'I' (x • . "l ~ .\S(x)'I'(x • .\) . 
~__ dx 

a $OpMyn lo1poBKa CBO~CTB I-III ...,3 pa3Aena 4 nepe~AeT B COQTBeT

cTBy~j.1e ¢opMynHpOBKj.1 AnR ypaaHeHH~ THna ~r /eM. I? / /. B 4aCT

2HOCTH.iiP"'r ~ AoHiiP"'r/4 . 39/ npH 6 ~ 0 paBH"', 6 ii",r _ 6 j dxtrS 
00 	 _ 00 J:

1
" 6- fl"'r ~ _;6- 1 f dx tr(oS '} [So oS]) cooTaeTcTa eHHO, rAe H'",r H 
- QW _CoO o 	 - KaHOHIo14eCKH e Bblpa~eHj.1R AnR raMHI1bTOHlo1aHa H 2-¢QPMbI Knac

cIo14eCKoH HenpePblBHO~ MOAe nlo1 ~r. ~R To ro, 4T06b1 nonY4HTb ypae 
He Hl.1R A BH}f(eH Io1f1 3T0 '1 MOAeI1!.1, Mbi AOJl}l<HbI TaK>!<e B /1.5/ 3aMeH).<Hb

2 napaMeTp 3Bom:H..\J.o1Io1 t Ha /j. t . 

BblcwIo1e Io1HTerpanbi ABIo1}f(eHj.1R AnR MOAenlo1 ¢r nonY4a~TCR KaK npeAen 
n OAXOARl!.tIo<1X I1Io1H eHHbI'X t<oM6V1Ha~Hi1 Ap. TaK, J.,tJlr-i Toro, '-4T06b1 nony4101Tb 

~r 2p 2 k 
P -Tbu:' Io1HTerpan A p ¢lr , MbI AOJ1)"Hbi paCCMOTpe Tb I. P (-1) A k 

k ~ 0 k p

4TO 	 cooTBeT cTByeT 3 aKoHy Alo1cn epc~101 (z _ z- 1)2P. B n peAene /). -+ 0 
3TO Bblpa)KeHlo1e nepexoAIo1 T B A2p + 1 AffJr • AHanor1014HO, AnJl Toro . 4T06b1 

nOfTY4101Tb nrTylO CIo1MnneKTIo14eCKYIO ¢lO~ ""y n (m ) AIlJl I!>r, Mbi AOIl>KHbI pac-

CMOTpeTb npeAell Bblpa)f(eHl-1.R ~n (2m' (_lfnCIJ&'-k) ;;; A2m- l n (111) . 
~ok 	 "'r 

nOcneAHee Hawe 3aMe4aHIo1e COC TOIo1T B TOM , 4TO B Henpe pblBHOM 

npeAen e ynpo~a~TCJl CBJl3~ Me~AY ~epapXHJlMH r aMHllbTOHOBb/X CTPYK-


Typ. Ae~CTaHTenbHO, ¢oPMyn", /4 . 36/ ~ /4 .38/ nepeXOART a 

H (m) = H(m+ 2) &.1 n(m) = n(m+ 2l cooTaeTCTaeHPo 4TO BOCHYW ClJr HYW ClJr +... 	 , , 

np0lo13BOAIo1T OCHOBHO~ pe3YIlbTaT pa60TbI / 17 / 
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np~MM~eTC~ noAn~c~a Ha n pe npKHTW M c~eHM~ 06~~MHeHHOrO MHCTMTYT. 
AAepHW~ M( CneAo e.HM". 

YeTa HOe neH. cneA~aA CTOHMOCT . noAnHCKM HI 12 MeCA~ e . Ha ""SAaMMA ONAM , 
.KnC~aA nepecwnKY. no OTAen . MW H Te MaT M~CKHM K.Tero pMII"" : 

HH,QEKC HHA1HKA llelo4a noAnHCKM 
H.1 ro~ 

1. 3 Kcne pH.eHT ~n.HaA $M3 H"a aweOKHX 3Hepr""H 10 p. 80 Kon. 

2 . TeOpe TH 4e CKaA ~3H Ka aWCOKH X 3Hepr""H 11 Q. 80 Mo n. 

J . 3 Kc nepMHe HTan_H'A HeHTPQHHaA ~3MKa ~ P . 80 Kon . 

,. i eopeTH~eCK.A ~HSH Ka HH3 KH ~ 3HeprHH e p . 80 Kon . 

s. " iiH e Ha TI'I Ma ~ P . 80 Kon . 

6 . ~Ae p".A cneKTpOCKO~A H paAH OXHMMA ~ p. 80 ItOn . 

7 . ....SM Ka TIII.-er.l K MOttOI 2 p. 85 Kon . 

8. KpMOre l-lMKa 3 P. 85 Kon . 

9. )'CI(OptnenM 7 p . 80 Kon . 

10 . Aa TOMa THsaUHA 06PI60TI(H 3 KC ne PMMe HTan.HWx 
AIH HW X 1 p. 80 Kon . 

11. Sw~CnMTen~~ aA " a Te " 3 T"Ma " T e~~MK3 6 p. 80 Kon . 

12. XM"." O. 70 I(on. 

1J. TeX~M Ka ~"3M4eC M oro 3 Kc ne pMMe"T a B Q. 80 Kon . 

". HC~AO.aHMA T.ePRW~ 

ftAep~M MeT OA3 "M 
Te n M *MAMOC TeM 

1 p. 70 Kon . 

15 . 3KcnepM"e" T an ~HaA ~H ~M Ka AAe pHWX peaKY"" 

np" ""3 K"X 3He p r MAX P . 50 Mon. 


16 . Ao3MMeTP" A M ~M3MKa S~"TW p . 90 KOn . 

17. TeOPMA MO HA eHCMPQBaHHOro COC TOAHMA I) p. 80 ICOn . 

18. H cnon ~ 30.aM Me pe3yn ~TaTO. M MeT OAOB 
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CI IC 'l'CMbl . T :'ll( IIM oOPilSOM OCllODlIN e peSynbTaTbl . Kacaro~eC ft p as 

1I0CTBNX y p aBlle llHi\ T H n a HeIlHH CrUlOro ypaB He H.HR: lllpe.D,HHrepa , nepe
<tloPMYn H P YIOTCH lVI fl pa9HOCTHbiX aHanOI'OB y p aBHeHHA THna ~eppo
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p2-84-803Vakl ev J . S., Gerdjikov V.S., Ivanov M.I. 

Gau p,e Transformat i ons of t he Genera t i ng Operator s, Re l a t ed 
t o the Discre t e Zakhar ov-Shaba t Sys t em 

A gauge covariant f ormul a tion of the me thod of expansions 
over t he " squar ed" so l u t ions of the difference Zakhar ov-Shaba t 
sys t em is proposed. On this gr ound t he correspondi ng expan 
s i ons over the "squar ed" so l utions and the expl ic i t f orm of 
the generat i ng oper ator s for t he gauge equi v al ent sys t em are 
ob t a ined. Thus t he main r esult s concerni ng the d iffer ence 
non- l inear Schr od inger t ype equa tions ar e r eformul a t ed fo r 
t he dif ference anal ogs of t he Heisenber g fe r romagne t ic t ype 
('(Iunt i cns. I n parti cular, t he i nterrel at i on between t he cor
r {'upol1tl illH h i erarchies of Hamiltonian s truc tures is es t ab l i 
shed, 


,'IIt' i "vI'!l l i I",n l i on has been performed a t the Laborat or y 

of 1'lli'O, ,"!t' HI l' hYHh'fI, . IINT< . 
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