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B HaCTOHweM coo6weH~~ pectb ~AeT o Hen~He~HbiX 3BOnKll.I~OHHbiX 

ypasHeH~Hx, nonyctaeMblx cneAYIOIII~M o6pa3oM. nycTb L ~ A- n~He~

Hble A~!jxjlepeHt.~~anbHble (no nepeMeHHO~ x ) onepaTopbl, o6pa3YIOIII~e 

napy naKca, T. e. nyCTb AaHa C~CTeMa Hen~He~HbiX 3BOniOL\~OHHbiX 

ypasHeH~~, npeACTasneHHbiX s B~Ae 

n + CKlJ:._ + K(A,L] ~0, 
at ay 

( 1) 

rAe c ~ K - KOHCTaHTbl. TorAa cywecTsyeT onepaTop r B~Aa 

N 

r l rn, 
n = 1 

TaKO~, 4TO K03!jxjl~l.l~eHTbl onepaTopa rn 3aB~CHT OT peWeH~H c/> 0 

ypasHeH~H 

aq,n 
c -- = (L - ~ ) ¢ , n ~ 1, ... , N, 

ay n n 

a 3at.~enneHHaH c~cTeMa ypasHeH~~ 

l.b... + CK ..2.!:._ + K(A, L] ~ r, 
at a y 

ca¢n ~ (L-~ )¢. ,n ~ l, ... ,N 
ay n n 

~HTerp~pyeTCH C nOMOI!IbiO MeTOAa o6paTHO~ 3aAa4~ pacceHH~H AnH 

a 
onepaTopa L- c--. np~ 3TOM onepaTop r onpeAenHeTcH cneAyKl-

III~M o6pa30M. 
ay 

nycTb onepaTOpbl L ~ A ~MeiOT B~A 

k 
ko + 1 o k 

L~Aa +luka. 

'--.. mo+ 1 

k ~ 0 (2) 

A = l 
m=O 
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rAe a - onepaTop A~¢$epeH~~poaaH~~ no nepeMeHHa~ x, KBaApaT
Hble MaTpl-1L.J.bl u·0 , u 1 , .•. , uk

0 
111 Ab ... ,Am

0
+ 1 ltlMetoT nop51tJ.OK 

r o 2 1 , a A ~ A - A~araHanbHble MaTp~~bl nop~AKa r 0 COOTBeTCT-
8€HHO c Al-1aroHanbHbiMVl 3neMeHTaMVl Ar 1: o Lt1 a r .;:. o, r = 1 , . ~. , 
r0 . PaccMoTp~M Tenepb n~He~Hy~ c~cTeMy ypaaHeH~~ 

iff n! 0, n = 1 , ... , N, (3) 

OTHOC~TenbHO He~38eCTHbiX MaTp~~ f 0 , f 1 , ... , f N . np~ 3TOM 5y
AeM npeAnanaraTb, 4TO ! 0 ~Bn~eTC~ KBaApaTHO~ MaTp~~e~ nap~AKa 
ro, MaTp~~bl ! 1 , ... , fN ~Me~T r1 CTpOK ~ r 0 CTan5~0B, a MaTp~
~bl .p1, ... , 1/JN ~Me~T r0 CTpOK ~ r 1 CTan5~0B. 3Aecb ~ BC~AY B 
AanbHe~weM 3HaK "-" 03HaYaeT TpaHcnoH~poaaH~e. C noMawb~ pe
weH~~ t 0 , r 1 , ... , r N c~CTeMbl ( 3) onpeAen~M sen~Y~Hbl g 0 , g 1 , 
... , gN nacpeACTBOM paaeHCTB 

a r0 
N 

go~ + < Afo + n ; 1 ¢n t n ' at 

ko ak~ 
k0 -k 

}; (-1 / n 
A 

a t
0 

gn a;y- + 
k ~ 0 axko k 

ko k - 1 . - k -s -1 
a (1/Jnuk) a to 

+ }; }; (-1)' 
k k = 1 s = 0 ax • ax s 

( 4) 

ar. 
- c--- (ry-ry )f , n ~ 1, ••. ,N, ay n n 

rile ¢ 1' ... , ¢N- HeKOTOpble (noKa HeonpeAeneHHble) MaTp~~bl, 
~Me~~e r 0 CTPOK ~ r 1 CTon5~os, ~.cneAOBaTenbHO, g 0 ~Bn~eTc~ 
KBaApaTHO~ MaTp~~e~ nop~AKa r O, a MaTp~~bl g 1, ... , g N ~Me~T 
r 1 CTPOK ~ r O CTOn5~0B. 

BbiRCH~M Tenepb, KaK~M Tpe5oaaH~RM AOmt<Hbl YllaaneTaapRTb MaT
PVI4bl u0 , u 1 , ... , Uk , ¢ 1, .•. , ¢N 111 i/1 1, ... , !/JN ,ll.n51 TOro, YT05bl 

0 
onpeAeneHHble nocpei)CTBOM ( 2)- ( 4) MaTp~~bl g0 , g 1' ... , g N YAaa
neTaapRn~ ycnoa~HM 

N 

-(l-ry)g
0

+ }; ¢ 0g 0 ~0, 
n = 1 

n=l, ... ,N. 
(5) 

3 



C nOMOIJlbiO HeCnOHIHbiX BbiYII!CneH~iii nerKO HaXOA~M, YTO AnH cnpaBeA
n~BOCT~ ycnOB~iii ( 5) HeOOXOA~MO ~ AOCTaTOYHO BblnOnHeH~e COOT
HOWeH~iii 

a A 
+ cK-- +K[A,Ll =r, ay 

a"' n c--ay 

ko 

+ ( L - ~ ) o/1 = 0, n = 1 , ... , N, n n 

ko+ 
L = (-1) 

1 .ko+l k .k-
Aa + :£ (-1) a .uk, 

~3 

r 

N 

- :£ 
n = 1 

N 

·+ :£ 
n = 1 

N 
- :£ 

3Toro paBeHCTBa 

ko k
0 
-k 

= :£ Y a 
k = 0 k 

• 

k = 0 

+ 

cneAyeT, YTO onepaTop r ~MeeT B~A 

N 

rAe y = :£ [ A, ¢J'n]. 0 n=l 

(6) 

( 7) 

(8) 

(9) 

TaK~M o5pa3oM, cTpyKTypa onepaTopa r cornacosaHa co CTPYKTypoiii 
ypaBHeH~H ( 1) . KpoMe Toro, co rnacHo ( 8) ~ ( 9) np~ k 0 > 0 ~Me eM 

N a _ a"' _ 
y = :£ i(k + 1) A -( ¢ o/1 ) - [A, ¢ ......!!_.] +[ U k • ¢ n >/! n ]l, 

1 n = 1 0 ax n n n ax 0 
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C'-1cTeMa ( 6) coAep)f('-1T 5onbwoe Y'-1cno '-1HTepecHbrx YaCTHbiX cny
Yaes. PaccMOTP'-1M HeCKOnbKO npocreiiiw'-1X. nycTb c = i , K = 1 , 
'1n = ,)n, n = 1 , ... , N. 5ep~ oneparopbr L '-1 A s B'-1Ae 

L = a2 + u, A= 4a 3 + 3(ua + a.u) + ip, 

rAe U '-1 p - se~eCTBeHH~e ~YHK~'-1'-1 
nonyyaeM c'-1cTeMy ypasHeH'-1iii 111 

x, y , Ha OCHOBe (6)-(8) 

2 a u a au a 2 3-:;--r- -[-+ -(3u ay ax at ax 

. 2 
a u 

+~ 

N 

-2 ~ ( 1¢ 12ll = 0, 
n =1 n n 

(10) 

1, •.• , N, 

KOTOPY~ ecTecrseHHO Ha3saTb ypasHeH'-1eM KaAOM~esa - neTB'-1aWB'-1n'-1 
c caMocornacosaHHbiM '-1CTOYH'-1KOM. He 3aB'-1C~~'-1e or nepeMeHHoiii y 
peweH'-1~ 3TOiii C'-1CTeM~ YAOBneTBOp~~T ypaBHeH'-1~ KopTe~]r~1 -
Ae Bp'-1ca c caMocornacosaHH~M '-1CTOYH'-1KOM. B pa5orax • yKa3aH 
MeTOA '-1HTerp'-1posaH'-1~ ypasHeH'-1~ Kopresera - Ae Bp'-1ca c caMocor
nacosaHHbiM '-1CTOYH'-1KOM B Knacce 5biCTpO y5brBa~'-1X nO X ~YHK~'-1iii. 

B KaYeCTBe BTOporo np'-1Mepa paCCMOTP'-1M cnyYaiii, KOrAa C = 0, 
K =- 2 i . tlanee, B03bMeM oneparopbr L '-1 A B B'-1Ae 

. . 2 1 . 1 2 
L=Aa+U,A=Aa +"2(Ua+a·U) +"2AU, 

A = diag(1, -1), u I~ ~I· 
B pe3ynbTaTe HecnO)f(HbiX BbiY'-1CneH'-1iii, OCHOBaHHbiX Ha paseHCTBaX 
(6)-(9), nonyYaeM C'-1CTeMy ypasHeH~iii 

. au ·--at 

2 
2 a u 

+21ulu+-ax2 

N 
2 -2 

2 ~ 'n(¢ +if!), 
n= 1 n n 

a¢n 
- + u.p - '1 ¢ = ax n n n 

a.pn -ii¢ +'71/1 =0,n=1, •• .,N. n n n ax 

B pa5ore 
141 

np'-1seAeH MeTOA '-1HTerp'-1posaH'-1~ aroiii c'-1CTeMbl B Knac
ce 5b!CTpO y5b!Ba~>1X no X ~YHKlj'-1iii. 
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B 3aKniQYeHI-1e nOAYepKHeM, YTO l-13nOl!<eHHbli1 BbiWe nOAXOA CBOAI-lT 
npo5neMy 1-lHTerpl-lposaHI-1~ c!-lcTeMbl ( 10) K 1-lccneAosaHI-liQ np~Moi1 
1-1 o5paTHoi-1 JaAaY pacce~HI-1~ An~ onepaTopa ,ay- a; - u , rAe 

COOTBeTCTBeHHO a ~ _iL o ~ ..1_ 
X ax'Y ay· 

05wa~ cxeMa 1-lHTerpl-lposaHI-1~ c!-lcTeMbl (6) 5yAeT ony5ni-1KOBaHa 
OTAenbHO. 
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