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o OObCAlfHelllll,ln 11IICTUTyT RACPllblX HccnCAOBallldl .Qyt5 n 8, 1984. 

BBE,IlE HHE 

PaCCMOTplIIM ABe caMOCOnpR}I(eHHble 3aAa4 111 L1lTYPMa-nIllYBlllnnR 

fjY _ (_D 2 • qj(X»Y="'Y( O="X:5 "), y(O) _y (,,) = 0. j - 1.2 . / 0.1 / 

rAe Bel1leCTBeHHble nOTe H,-,lIIanbl q j ~ C 1 "'" C1 [ O,rr1. D ::: d/ dx. 0603 HD4 111M 
4epe 3 rPj III 1/J j peWe HJ..1A ypaBHeHIIIR f j Y = Ay. AnA KOTOPblX 

<l>i (0 ....) = o#i (". 1.) = o. <I>;(0. ;') =o#; (" . A)= 1 (' =!) . /0 .2/ 

III nycTb 

de I • • 
( ) ( ) /0.3/W j A = <I> j " .... ) = -0/, i (0 . A) = 1't( <I> j .0# i = <I> i 0# j - '" j ob i . 

XapaK TepIIICT~4eC K ~e ¢YHK ~ ~III KpaeB~X 3aAa4 / 0.1/, MHo~eCTBO Hy­
neH KOTOP~X onpeAenR~T HX cneKTpbI , p a B HbI 

(j) (i! ~ ('1 2A ) n + .!... r" q .(x)dx .0(1)u j - 1"'0 ~ "'2n +j IW j (A 0 )= 010-0 • 0 
"0 Jo·~ 

/ 0.4/ 
~3BeCTHO /cM.pa3A . I /, 4TO $YHK~III J..1 

¢(x .... ) - <I>I(x .... )<I>2 (x . ...). 'I' (x .A) = o# I(x.A)o#2 (x . A) /0.5/ 

YAo e IlCTBopRIOT npYl nlO60M AG e y paBHeHIo1AM 

de l ­
" 0 ¢ de l "' D¢ = AD¢. ",,'I' = A~ D'I' =AD'I' /0.6/ 

" 
C on epaTOpOM 

, , 

rAe six) = ql (x) + q2(x) . A (x) = q l(x) - q 2(x) • 

B HaCTORl1Ie~ pa60 TC ~eHTpanbHoe MeCTO 3aH HMaeT nOCTpoeHllle " - ­a npOC TpaHC Tae L 2= Lz(O. ") ; (f. g) = r f ( x) g(x) dx cneK TpanbHoH 
oTeOplIIJ..1 KpaeSbiX 3aAa4 

" - ­hO Z ( •• A) = ;. Z(x.... ) O <x< ". r Z(x.;' )dx-O. Z(".A)=O. / 0.8/ 
o 

" - ­;:': * Z (1. ;' ) = ;. Z (x .;.) 0 <1:':". r Z ( •• A)dx = O. Z(O.A)=O / 0 .9/
" o 

t, , ' . 
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- -

~ Ha 3 TO~ OCHOBe - CneKTpanbHO~ TeOp~~ 3aAa4~ 

de! 1 - - ­ " - ­A' Z -,, (A'+ A' )Z 2 AZ , rZ (x, A)dx = 0, Z(O ,A) ~ Z(".A)./0.10 / 
• 0 " o 

B §1 On~Ca Ha KOHCTPYK~~R $YHK4~~ rpHHa AnR 3THX 3aAa4 . B §2 Me­
TOAOM KOHTypHoro ~HTe rpHpOBaHHR nOnY4eH~ ~opHyn~ pa 3no~eHHR no 
npOH3BeAeHHRM peweHHH K paeB~X 3aAa4 / 0.1 / . nOKa3aHo, ~TO OHH 


RBnR~TC R pa3no*eHHRMH eA~HH 4~ AnR onepaTopOB A; H X; B 


(0 ) 	 " L 2 = 1f(x) I f <;: L 2' r f(x) dx = 0 I . 	 /0 . 11/ 
o 

B pa3Aene 3 CHa4ana npeAnmKeHa c xeMa . n03BOnRIOlI.\afl no ¢l YHK 4 HflM 
nOpO*Aa~HX pa3no~eHHH eAH H~ 4~ AnR K pae8~X 3aAa 4 /0 .8/ H /0. 9/ 
nOCTpOHTb HOBbie nonHble 	 H MHHHMaJ1 bHble B L I = LI (D,") C H'CT eM~ , 

KOTop~e 8 npeAenbH~X cnY4aflX CJ 1 n u 2 :::: rJ YI U I = u2 nopO}t(AalO T CHMn­
neK TYI~eCKHe OTHOCHTeDbHO 6HnHHe~Ho~ ¢OPM~ 

[ f, g J = (f, Dg) 	 /0.12/ 

(0)
6a3~cbI B L 2 • ,lla J1ee nOKaaaHO, 4TO npH U I = U 2 cOOTBeTCTBYlOlQee 
pa3no*e HHe AaeT YlCKOMOe c n eKT panbHoe npeAcTaBneH~e AnR onepaTO­
pa A*. 

HHTepec K o nepa TopaM, CBR3aHHblM C npoH3seAe HHAMH pe~eHHH ABy x 
Tl Yl HeHHblX cneKTpaJ1bHb/X 3aAa4 H OUbl4HO Ha 3b1BaeMbiM A -onepaTopaMH. 
06ycTlosneH , r na BHblM o6pa 30M,Hx npHHeHeHYlRMYI B MeTOAe o6paTHo~ 
3aAa4H pe~eHYl R HeDHHeHHblx 3B0J1104~OHHblX ypasHeHHH . Ha 4ano pa3­
BYITHA TeopHH H n pHJ10)f(eHH H A -onepa TopOB 6~J1o n0J10>KeHQ B H3BeCT­

HbiX pa60Tax A6no BH4a, Kayna, HbI03 J1a, CerlOpa. KOJ1o,Q}t(epo, ,llera c­
nepHc a /CM., Ha n pHMep, /l //, B Aa JlbHeHWeM 3TH HCCJleAOBaHHR 6b1JlH 
n pOAOJl>KeHbI, B 4a CTHOCTH, B pa60Ta x /2-5/. 3AeCb pac cMa TpHSaJ1HCb 

3a Aa4H Ha sc e H OCH, B npeAn0J10meHHH, ~TO cooT s e Tc TsYlOlQYle nOTeH­
4 ~aJl~ ,Q ocTaTOYHO 6b1CTPO y6~Ba~T n p~ x ~ ± ~. ~n~ c nyYaR AB YX ypaB-
HeHHH UJpeAHHrepa COOTBeTCTBY~1lIY111 onepaTOp A = A * _ + Hero 
cneKTpanbHaA TeOpYlfI Yl3nO}t(eH bI B 13/ . xo -_ ~ 

Heo6xOAHMble ADR 3TO~ pa60TbI CBeAeHHR 0 KpaeBoH 3aAa4 e / 0.1 / , 
KOTOP~M ~ B Aan bHeHweM n0 J1b3ye McR 6e3 CCblnKH, HMe~TCR B KH\.iI r e 
MapyeHKo / 6/ . HHme coxpaHR~TC R Bce 0603HayeHHR, BBeAeHHble B 3TOM 
n y HK Te. 

§ 1. onEPATOPbl (A;(") - AI)-I (A'- AI) -1 

BaeAeM. HapRAY C onepaTopOM A * • onepaTop 
'0 

x , Y 


A , ~ 1-{ _D 2 + 25(X) _ r s (y) dy _ r ~(y) dy f\ (z) dz I 

o 4 	 x 0 y xo 'c, 

2 

neMMa 1. 1 . /CM., Hanplo1Mep , /7 I / . n pH nlO6oM' Xo npOH38eAe HI-1e 

Y (x, X) - Y, (x, A) Y2 (x, A) nK>6b1x AByx peweH"ii ypaBHe H"ii I j y ~ Ay 
YAOBneTBopAe T ypaB HeHI-1~ 

Ax Y(x, A) ~ AY (x, A) + S(xo , x,A) , 
o 

rile 
,

1B(x o,., A) ~-- IW (Y ,(xO,A), Y,(xo,A )) r ~(y)dy + 

4 '0 


+(2). - 5(X 
O
)) Y(x o' X) + 2y;('o' X) Y2 ('0 ,1. )1 

nOJlO""'" 3Aeo. Y <I>(x, A) (IV(X, All , x o = 0("). BcneACTB"e /0.2/ 
I-1 MeeM 

A 0 <I> (x, A) = X <I> (x, A) - ~ , A "\j! (x, A) X\j!(x,A) _ 1- / 1.1 /2 
" YpaBHeH" R /0. 6/ nOJly" ae", C <1> (x, A) - r <I> '(y, A) dy , ~'( x, A) = - r\j!(y).)dy. 

o 	 , 
3aMelolaHlo1 e . ECJl~ q 1= q 2 ' ypaBHeH~n / 0 .6/ RBIlAIOTCR npAMbiM 

CJleACTB/.o1eM Tor o H3BeCTHoro ¢aKTa, loITO npOH3S eAeHI-1e Y(x, .x) /l~6bIX 

AByx pewe HH~ y paB He HHR ty = 'Ay ABJ1neTCR peWeHI-1e M ypaBHeH~A 

de l 1 3
L Y = - 1- D + 4q(x) D + 2q (x) I Y = ADY . / 1 .2/ 

4 ' 
B Aa nbHeHweM one paTopbI /\0(17) 6YAeM paCCMaTpHsaTb B npOCTpaHCT ­

Be L 2 C 06JlaC TRMH onpeAeneH~ R 

'I' (A ~( ") ) I f (x ) I f co C 2 , 	 r" f(x) dx -. 0. r(") - a (f(O) ~ 0)1 
o 

BMeCTe c t\~(") 6YAeM paCCMaTpHBaTb H onepaTopbl /\ 0 ' /\" 

:L(A ("» = If( x) 1 f '- C 3 , 	 frO) - f'(O) _[(")_O([(O) = f(") : f '(") ~ O)l
O

" On-olen-1M , loITO 1-13 r ~ T. L~~ ) I-1MeeM F(x) =-, rf(y)dy <;;.T (A,),", eCJl" 
[ <;; i(A"), TO f ' <;: T(A ;,). np" 3TO'" 

-	 3 
A"f = AO' Df , Aog A; Dg. V f, g<;: C ,[(,,) g(O) ~ 0 , / 1.3/ 

" I1JlR JlI06b1X f c; T(A o )' 	 g <;: i( ,\") 

(Ao f,~ ) = - (t, A"g). ( A of, ~J : [ f, A"g ] 	 /1.4 / 

" 

(1\0(") f. g) = (f, A0(") g) , [C; T (AD (") ), g <;: T(A O(") ). /1 .5/ 
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PaC CMO Tp V. M Tene pb K paeBY~ 3aAa 4 y 

A"Y(x. A)" AOY (X.A ). YeO) = Y(,,) = Y' (,,) = 0 . 11 , 61 

KOTopaR 3KB~Bane HTHa / 0.8 / e TOM CM~cne, 4 TO, ecn ~ npH He KOTO­

POM A q,YHKlI t.1 R Y (x, >.. ) RsnRe TC R peweHHeM 3aAa 4H /1 .61 , TO ¢> yHK­

~.R Z (x. A) = Y'(x • .I.) 6YAeT pel!JeH.eM 10 .8/ • Ha060poT. ecn. 

Z(x. A) - peweH.e 10 .81, TO v ex. A) • - I' Z(x,A)dy - pewe H.e 3aAa ­

4" 1 1 . 6/ . 
 1 

BBeAeM 4lYHKlIHIO 

-I IC" (x.y.A) = -20 (A ) 'l' (x . A) <I>(y,A) O(K - y) + 

11 , 7! 
+ [ :!: U (x, A)U3-, (y.A) - <I> (X. A)'I' (y . A» )O(y -x ) l , 

j = 1. 2 J J 

r Ae U , (x. A) = <P, (x. A) "'3 , (x. A), n tA) = "' I (,1) w 2(A).
J J - J 

TeopeMa 1 . 1 . ~ HTe r pa nbH~~ o n e pa TOp 

" R (A . f )(x) = (G (x, y, .'.) f ly) dy 11,81 
" 0 " 

Rs n Re TC R npH nK)60M A ~ p eA ) = C ........ U 0 . . pe 30n bB e HT o~ one paT opa 

A - AD T.e. 11 j= I,2 1
" . 
R ,, (A. f)( x) <; T(A,,), (A,, - AD) R,,(A.f)(x) = f (x), V f <; C , 1 1,91 

R "(A,(A,, -AD)f)(x) ~ f(x) , V f <; T(A,,). 	 11. 101 

,QoKa3al·enbCT Bo . H3 nOCTpoeHHR RApa a BbiTeKaeT cpaay , 4 TO n pl.1 
mo6 0M x R 11(X, f) (x) RBIIReTCR pe rynRpHOH (£)YHKlI Io1 eH OT . A <; P (A 17) . 
~MelOll.te i1 n OIlIOC~ He eblwe e Topor o nopRAKa B T04Kax A (J) ~ (J. , j = 1.2. 

n J 
npH 3T OM, BcneACTBlo1 e / 0. 2/, R,,(A, r)(x) YAOBne TBOPReT K pa e B~M 


ycnoBIIIRM B /1 .61 AnR flIo6o~ f ~ L I' 3 aMeTHM Tene pb J 4T O 101 3 TO):(­

Aec TBa 


d 
d;W(Y2(x,A), y I(X.A)) = ~(x) YI(x. A)Y 2(x.A) 	 1 1. 111 

cneAye T paBeHCT BO 

" 	 - 1 x " 
( R ,,(A, f)(y) ~(y) dy - 2n (A) I (<I>(y) f ly) dy f ~ (y) 'I' (y) dy + 


1 o 
 1 

rt 11 	 17 " 

+ :!: ( Uj (y) fly) dy ( ~(y) U 3-j (y) dy - ( 'l' (y) fly) dy ( ~(y) <I> (y) dy + 
j "" 1. 2 1( 1( 	 x x 

~. " 	 17 
+ :!: t-l) 	 J <p' (" ,A ) (U _ ,(y)f(y) dy - W(<I>I (",A), <P t",A)) ( 'l' (y)f(y) dyl.

3	 2j = 1, 2 J J( J 	 x 

4 

,Qanee , np lo1Me HRR onepa TOp D 3 K ¢ YHKlI lA\.II R17 "" R17 (A, f)(x) . nony­

4a eM C y4eToM y pa BHeHH~ 10. 11 \.II onpeAen e HH R ¢>Y HKlIH~ 

'" j (A ) 10 . 3/, 4TO 

0 3R = 5 (x) R + 25 (x) DR - 4A DR - 4f (x) + 
" x 11 " 17 

1 1 

+ 20- (A) Iw ('" J (x) • "'2 (x» ( <I> (y)f(y) dy + 
o 

3-' 17 	 17 

+ 	 :!: (- 1) 'W("" (x) .<1>3- (x» ( U ,(y) f ly) dy - wt<p ,(x) .<I>2(x» ( 'l'(y) f (y)dy I. 
j = 1,2 J 1 l( J 	 l( 

AHanorH4HO npoee pReTCR pa Be Hc TBo / 1.1 0/ , TeopeMa AOKaaaHa. 

3 aMe'-4aHHe 1, "1 3 :Horo AOKa 3a TeJlbC TBa cn eAy eT , '-I TO R ift>..) 
(1\17- AD) I J.1 B cnY'-Iae npOH 3BOJl bHblX KOMnneKCH03Ha4HblX nOTeH ­

~"anOB q /x) <; c 1 , 

3aMe '-4aH He 2 . £cnH QI "" Q 2.on epaTop A., :":: L. lA nOCTpoeHJ.1e $YHK­
1I ~ ~ r plAHa AnR KpaeBoH 3aAa '-4 H 11. 61 MO*HO npOBeCT~ CTaHAapTHWM 
oi5pa30M /CM., Hanplo1Mep , / 8 / r n .VI I I /. B pa 6 0 Te 6apcenOHa / 9 / 
TaKHM nyT eM 6~na nOC TpoeHa ¢>Y HK lI ~R r pHHa AnR 3aAa'-4H LV ~ ADy. 
o =" X =" '" YeO) ~ Y ' (O) = Y'(. ) =0 . 

CneAC TBHe.O ne pa ToP R ~ (A) onpeAenf=l eTC R 

- clef. - - I 
RotA) ~ OR" (A) c t A~ -AI) , ,\ <; p (A ). 	 1 1 . 121 

" 
AHanor~4HO YCTaHaanlABaeTCR c neAy~~a f=l 

Te opeMa 1 . 2 . nplA nlO6oM A ~ p( i\ 17) oncpa Top 

R O(A , f)(x) , 	 (" Go (x ,y. A) f(y) dy, Go(x. y, ).) - - G,,(Y. x , A) . /1 ,1 31 
o 

onpeAenReT pe30nbBeH Ty Kpa eBo~ 3aAa4H 

AO Y (x , A) , A DY(x. Al. YeO) , Y '(O) = Y(.) , 0, 	 11 . 141 

npH 3TOM 

R' (A) d.1 DR (A), (A' -AI) - I , A <; ptA ). 	 /1 . 151 
" " 	 . 

BB eAeM Te nepb. HapRAY C onepaTopOM A". onepa Top 

A = 1- tA + A l. itA) = l f(x) l f<;C",f(O),ft,,)= O, ['(0)_ ('( ,,)\./ 1. 161 
2 0 " 

5 

http:nOCTpoeHJ.1e
http:YHKlIlA\.II
http:QoKa3al�enbCTBo.H3
http:pel!JeH.eM
http:q,YHKlIt.1R


04e SY1AHO, eCnl-1 

rr 
f .. T(A') ~ I (x) I f .. C 2 , r ( x)dx =O, f(O) =f(u)!, / 1 .1 7/ 

rr 0 
TO F(x) = - r fey) dy I:; T (A) , H H3 f .. T (A) HMeeM (' ... T (A'). 
OnlteTY1M ,4T5 

1 rr ,1 3A = -I-D + 25(1)D + 9% (X) + - t. (x) (f t.(y) dy - f t. (y) dy ! / 1 . 18/ 
4 	 2, 0 

- 2 :1ft :I Y 

A ' = ..L 1- D + 25(1) + 21 .% (x) ( r dy - r dy) - 21 t.(x)( r t.(y) dy r d, + /1 .1 9/ 


4 	 0 tOO 
rr rr 

+ 	r t.(y)dy r dz) I. 
% YOTC~Aa B~TeKaOT cneAY~Y1e paDeHCTBa 

3 	 . 
Af = A'Df, vel:; C , (0) = ( rr) = O, (M, g ) =-(f,Ag), Vf,S" T (A), 

nocneAHee ~3 KOTOP~X nOKa3~BaeT , 4TO A RBnReTCR aHT~C~MMeTp~ -
4eCK~M onepaTopOM . OTMeT~M TaK*e CQOTHoweHHR 


- 1 - ­
[Af,g) = [ f, Ag), A = 2"(A o + A rr)' f, s .. :J: (A) , 

(A"f, g) = (f,Ag) , e.. f(A' ), g .. T(A)' 

TeopeMa 1 .3 . EcnH t( paeB~e 3aAa 4J.1 /6 . 1/ Y1 30CneKTpa nbHbl, T , e. 

0 = a 2 ' TO onepaTOp
1 

1
R()' ) = '2(R (A) + Ro(A)), A .. peA) C'-. a I' 	 / 1 . 20/n 

RBn ReTcR pe30n bseH ToH K pae Bo~ 3aAa4l-1 

AY(x, ).) = AnY (x, A), YeO) = Y (rr) = 0, Y' (0) = Y '(n) , !1 .21/ 

a onepaTO p 

- del - 1 
R '().) = DR()') = (A' - ). I) -	 / 1 .22/ 

~OKa3a T enbCTso. ~nR Toro, 4T06~ nonY4HTb 3TH YTBep*AeHY1R, 

AOCTaT04HO 3aMeTJ.1Tb , 4 TO ycnOBJ.1e a1 = 3KB~BaneHTHO paBeHC TBY
a 2 
WI (A) = W2(A), A I;; C, TaK KaK 

(j) 

(j) A. -A 
w . (A) ~ <p. (n, ).) = rr (A 0 -).) II / 1 . 23 / 

J J n > 1 n 2 

J.1 Aanee npJ.1MeH~T b cxeMY AOKa3aT e nbcTsa TeopeM~ 1.1 . 

6 

§2. PA3nO);{EH~E E.!l~H~tUbi .on~ OnEPATOPOB A;(rr) ~ A O(n) 

nee TpO J.1 /ot no cneK Tp aM (I. KpaeB~X 3BAa4 /0 . 1/ MHo*eCTBa 
I 

" no 0 1 u (J - a i ' (72 a u -......... o 	 /2 .1/
O 2 

TaK KaK np J.1 n .. 00 c npaSeAnJ.1sa aCHMnT OTIo1 Ka /0 .4/, 6YAeM C4 Io1TaTb, 

He orpa HIo1 4 HBaR O~HOCTIo1, 4TO, ecm<1 q' f:. "', TO J.13 A20jl "" A2m + 2 

cneAyeT n .. m. BaeAeM CHC TeM~ ¢lYH KI..I HH tu D 1:= 1 H 1V n ': :: t cneAYIO­

~HM 06pa30M : npH A0 ~ 0' nOIlO*HM 

, 1 
U. 0 - (A.)<I>(x,A.), V n = 21j1(x, AD). 	 /2 . 2/ 

a np J.1 A(o) c .\20+1 =A2n +2~ q "nOIlO* J.1 M 

"-1 	 "-1 
U2n + 1= 2{l ().(.) )<1> (x, A (n)' U 2n+2 = 2{l (A (D) )<1> (x, A (.) ) , /2 . 3/ 

. .. . .. -1 
V2n+ 1 = 2'1' (x, A (D) ) - 2{l(A (D) ) (3m).(n) )) 1jI (x, A (D) l. V2n+2 = 2'I'(X ,1DY/2 . 4/ 

rAe . "" a/ aA . OTMeTJ.1M~ 4TO, TaK K3K ~ cl<1ny caMOconpJHl<eHHOCTH 3a­
!\a4 /0. 1/ Wj (A2n + j)~0. TO B / 2.3/ !l(A n ) t o, a B /2.3/, /2 .4/ 
!l(A(D) t o. HanOMHHM, 4TO 

- I d 
W(Y1 Y2' '1' 2 ) ~ ().-") . n W( Yj,Zj) /2 .5/

dx ,= 1.2 

rAe Y H Z - peweHHR ypaBHeHIo1~ , Yj ==' Ay J • t j Z j :::: Il Z j ' nona­
caR 3AeC b y ;, <p; (x,). ) • = ¢I,(x, "1, nonY4aeM , BcneACTBHe / 0. 3/ , 
paBeHCTBa 

-I
2[<I>(A),1jI(")] =-2[ 1jI ("), <I>(A)]=(A-") (0 (A) - 0(")) . 

1013 KOTOP~X cneAyeT 

DeMMa 2.1 . CJ.1CTeMa IUol 6~opToroHaIlb Ho conpR*eHa CHCTeMe 
IVn I, T . e. 

[ U , V I = - [V ,U m1= 5 m D ' n, m = 1,2, .... 	 /2.6/m D O. 

~aIlee H3 ypaaHeHH~ / 0 .6/, y4"'T~aaR rpaHH4 H~e y c n OBIo1R / 0 . 2/, 
H paeeHCTB 

-I 
<P j (x,A 2D +j ) = C 2D +j ¢l j (x, A 2n+j)' C 2n + j = <p;(rr.A2n+j) ~ (¢I;(O).2.+j) /2.7/ 

no nY4ae M, 4TO cnpaBeAn~aa 

neMMa 2 . 2 . ¢lYHK~HH U "~' (IL) V ~ T (,<\ ) U'" f(A') V ' ''~(A')n , . 'U' 0 n ' n 11 '0 o · 
nplo1 3 TOM,eCnJ.1 Ao ~ a ~ 

A "V n !: Ao V~ c A IlV~. AO Un 3 A: U~ = AU'o , 
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a npYI A(n) I;; a 	 ~oKa3aTenbCTBO TeopeM~ 2.1 nony4lt1M MeTOAOM KOHTypHor o &.o1HTer­

pH pOBaHIo1A, CneAYA / 10 /. nYC Tb A = k 2. 101 e N - OKpy >t<HOCTb B k - nIlOCKO­

A" V2n+ 2 =: Ao V2n+2= hCn) V2n+2 • A" V2n+l :; Ao V2n+1 = A(o) V 2n+ l + V2n+2 ' CTH C paA lo1ycoM N - 1/ 2 , C N - ee ofipa3 B A -nIl0CKOCTI-1. PaBHoMepHo~ n o x r;; [0.11 J n plo1 [kl ... oo • k = a+ ir, VlMelQT MeCTO aCIo1MnTOTIo1 KH 

/I V .A' V' =A V ' A V . A ' V ' =A V ' + V . 
[ 	 IT Ix 2 s ink(x -,,) IT 1(,,- ,) 

o 	 20+ 1 ,,20+1 (D) 20+1' 0 2n+2 11 20+2 (0) 20 +2 2n + l .p(x, k') ainkx + O(~), ~(x,k ) = + O(_e~--;;_ _: 

k2
k k 	 k 

- -I - I -I 	 8", ecn" k <;; eN' OJ (k) - k sin kn(l + O(k ») . PaonO)!(eH"R /2. / , 
/ 2.1 1/ nOIlY4a~TCR nOAc ~ eTOM KOHTYPH~X /.1H T erpall0B 

Cn eACTS"e . CneKTp a< A.) = C'-p(A.) Kpae soi1 3aAa4" / 1. 6/ //0.8// I N (f; x ) =~ ~ R. (A, ((x) dA, I N(I;x) = .2....
1 

9 Ri, (A, f)(x) dA 
TTl eN 	 2rr eN COBnaAaeT c o cn eKTpOM 3aAa4 " / 1. 16/ 1/0 .9// " u(A.) = u (A O) 

=ul u 0"2' p (A,,) : p(Ao)- 06nacTb perYJ1f~pHOCTYI onepaTopoB no TeopeMe 0 B ~4eTax C y y e T OM / 2.8/ 101 cpaBHeHlo1eM nony4 eHH~x B~­
R .(A) (Ro'(A» " Ro(A)( R :(A» /CM. TeopeM~ 1. 1, 1.2/ . Y"cn a ·A. <; Q' pa*eHl-1 i1 C HenocpeACTB e HHO n OAC4HTaHHblM n o eN lim I ~f; x ) (IN(f; x» 
ABnA~TC ~ npOCT~M~ c06c T BeHH~M ~ 3 Ha 4eHHRMH. AnR KOTOP~X Vn (V~) N~~ 

C &.o1C n Ollb30BaHlt1eM yKa3aHH~X B~we aC &.o1MnTOTH K. nOAP06HocTH COOT ­
H Un(U~) CyTb COOTBeTCTBY~~He co6cTBeHH~e $ Y HK"H YI. 4Hc n a 

Be TC TBY~Io1X B~KnaAOK 3AeCb o n ycKa eM . TaK KaK aHaIlorH4H~e pac ­
A(o ) t;; u " - ABYKpaTH~e c ofic TB eHH~e 3 Ha4e H &.o1~ , AnR KOT OPblX 
 4 eT~ nOAPo6HO H3110~eHbI B / IO~O TMeT/.1M nlo1Wb, 4 TO n OAC4eTbI BToporo 
V20-t2(V2n+2)' U2n+l(U20+1 ) H V2o + 1(V2n+l) ' U2o+2(U2o+2) - c o ficTseH­ &.o1HT e rpana no KOHTypy eN npHBOART K paBeHC TBY
H~e YI n p Yl C OeA~He HH~e ¢YHK"YlYI K paee~x 3aAa y /1.6/ //0. 8 // 

" /1. 1~/ //0 . 9// COOTB eTCTseHHO . . N - 2 


Ba)l(HbI~ Bonpoe 0 fia3HCHOCH1 J.1 nonHOTe CI-1C T e M tu n I l-1 Iv n I I ;' (f,x) = :£ v (x) (C, u ) (N ~ ~), 

n "" I nn 

pewae T cneAylO~aR 

rAe 
TeopeMa 2 . 1 0 pa 3 nO)l(eHIo1 1-1 eAJ.1H J.1L\~ AnR o ne paTopOB A O(77) . A~(,,) 


~nR n~6oH , B03MO)l(HO KOMnne Kc H03Ha4HOH,¢YHK "I-1H f ~ Ll HMe~T U2n -1 (x) :& cos 2nx. u 20 (x) x Sin 2n.x. 

MeCTO ¢ opMynbl pa 3nO)l(eHHR 


-2 (V _ 1 (x) :& 477 7T - x) COOS 2Q.!., V 2. (x) = 41< -2 SiD 2"" . 
20• 2N 

- ( f(y) dy = Ji m ~ Vn (x) (f, V. 	 /2. 8/ 
AnA Toro, ~T06b1 n0I1y4~Tb 8 npeAene N -+00 ¢IYHK L\101 1O f(x), 3f,eC b cne ­x N__ n== 1 
AyeT BOCnOJlb 30BaTbCR Kp lo1 T e p&.o1 e M 6a3HCHOCTlt1 B.A.J.iIlbHHa / 1 !. T e o p e ­, 2N 
Ma AOKa3a Ha.( f(y) dy ~ lim ~ - V (x) (f, V ) 	 /2 . 9/ 

0 N__ n=1 0 0 	 C nOM~blO 3T0i1 TeopeM~ yC T a HaBIllt1BaeTCR 

rAe CXOA"MOCTb s /2.9/ paS HOMe pHa no x<;/le(O,.l. a B /2 . 10/ ­	 _ T eop eMa 2.2 /0 cneK TpaIlbHOM pa3IlO)l(e HHlt1 onepaTopoB A11 A' J 

npH x I;; ~ C [0. TT) . npH 3TOM, eC JlH r r;; L (~ ) . TO no Ho pMe L 2 	 A(i(Ao,A:)/ . I\nR n.,60i1C <; X(A.) . ~ 

2N 	 ( A [(y) dy :£ 1:£ .12 . V 2 . (x) [I, V 2 .1 +/2. 10/f(x) ],i,m, ~ V'(x) (f, V ), x TT n =O j = l ,2 n+J n+J n+J 

N... Ool 0 = 1 0 n 
 /2. 12/

2N + Il. V20+ 2 (x) [ f , U 2u + 1 11, 

C(x) I.i.m. ~ - V~ (x) (f , V n ) • /2 . 11/


N_ 0 = 1 

". ecn" f <; X C;;; ,), A' f <; L(O), TO 


o 0 2
OTCIOAa, Y4HTblBa~ n e MMy 2. 1 , no ny4aeM 

CneACTBYl e . CYlcTeM~ IU nl ~ tVol RellR~TCR nOJlHblMH H MHHHManb­ N 

HblM &.o1 B L l' a CHCT e Mbi IU~ I ~ Iv ~ I - nonHblMH H M/.1 HI-lMallbHblMlt1 B L{~) . A; f(x) I.i.m, :£ I
j :::: 
~ 

1, 2 
.12 

D +J
. V 2 

D 
+' 

J 
(x) (I . V 2D 

+. 
J
) + /2.13/ 

N_ n =0 
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' + aD V 2D +2(X)[f , 020+1 ll, 

0, 	 .\ D C;; (]
rAe a D 1.{ An <;; (J 

AOKa3aTenbCTBO . H3 neMM~ 2.2 c y~eToM paeeHCTBa / 1 .6/ ~MeeM 
npH X2n+j~O', .\20+ 1 ~ ON 

(A"f, U 2D+j) =-(A OU 2n +l f) =-[ f, U2n + j 1, 

a npH A2n + 2 <; 0 

(A" f , U2n+~ = - A2n +2[f, U2n+2 1-[f, U 2n + 11. 

OTclOAa pa3J10)t(eHHe /2 . ' 2/ nOnY4aeTCA aaMeHol:1 B /2.8/ f Ha A f. 

TeopeMa AOKa3aHa. " 


3aMe4aHHe 1. H3 npHBeAeHH~x B ne MM e 2.2 ypaBHeHH~ AnA $YHK ­
~HH V; cneAyeT. 4 TO $OPMyny /2.13/ MO~HO paCCMarpHsa Tb KaK 
nonY4eHHy~ nYTeM npHMeHeHHA oncpaTopa Ao H - n04n e HHO npHMe­
HHTenbHQ K pa3J10*eHH~ /2 . 10/, T .C. 

A~ f(x) = D!IA~V;(X)(f,UD ) ' f "f(A~). A ~f<; L~O) • 

AHa n orH4Hoe yTeep*AeHHC AnA /2.12/ HMceM, eCIlH HapAAY C r~T(A~ 
nOTpe6oeaTb A"f (;;: L (~) . 

3aMe 4aHHe 2. nOAC4HTae. KaK H B AOKa3aTeJ1~CTBe TeopeM~ 2 .1, 
KOHTYPHblH ~HTerpan (2" 1) - I (i 1\ ~ (z , C) ( x) (z - 1.)- dz, nony4aeM cne ­
Ay~ee cncKTpanbHoe npcAcTaBncHHc AnR pe30nbBeHT~ 

1VZn+l(x) (C. U 2n +l ) 5D V' (x)(f,U )I,R~ (>.,r)(x) = f , l: 
0. ::::: 0 J::::: 1.2 A ,-A (A _1.)2 20+2 2n+1 

20 +J _ 2o. +j 

c npas eAnHsoe Anfl r .;; Ll ,h';; p(A; ). OTcIOAa , scneAc Ts He paeeHCT­

sa / 1 . 12/ ~ neMMbI 2 . 2, nony4aeM cpaay ~opMyny /2.10/ AnA n~60H 
f G- T (A;). B :nOM acneKTe TeopeMa 2. 1 paCW/.1pReT MHO)t(eCTBO Aony­
CTHM~X f.Anfl KOTOPHX HMeIOT MeCTO npHB~eHH~e pa3no*eHHfI. 

§3. 	 C~ HnnEKT~4 E CK~E PA3nO~EH~R 


~ CnEKTPAflbllAR TEOP~R OnEPATOPA 1\" 

BC~AY s AanbHe~weM, He orosap/.1safl 3T O oc06o, 6YAeM n peAno ­

nara Tb t 4 TO npH HeKOTop OM n > 0 o ­
/3.1/A 2 	 ,(;. a ' (n < nO ) , A 2 ,= A ( ) C; a" (n > n O) • O+J - n+J D 

ConoCTaSHM Ka>t<,q OMY h(o) ~ 0" napy $YHKUHI1 

"-I 	 -1-1 
P n (x) = 2n (A ( 0) )'1' (x, A(n)) ~ (2AD ) U2n +1 = (2S n ) V 2D + 2 ' /3 , 2/ 

. . 
Q n (x) ~ C2n+1 C2n+2 '1' (x. A (n) ) - <l>(x, ).(D) ) ~ An V2n+l- SDU2D+2+ Dn PD 13.3/ 

r Ae 	 U2n + ;(x) , V20+j (x) , J - l,2, onpeAenA~TCA ~opMynaM~ /2.3/, /2 .4/, 
C 2n+j - Te )t(e, 4TO /.1 8 /2.7/, 

An = 2- ) C2n+IC2n+ 2 • S D ,,2-1 ii ().(D) ) . Dn = (6A D)-1 n(A (D) ) . 

Ji1 3 /2.7/ c neAye T . 4TO np..., h (n) c;.o" /.1 Mee r MeCTO pa se HCTBO 

12 l: V ,(x) U , (y) -U ,(x)V ,(y) = Q ( x) P (y) -P(x)Q (y) . 
- 1 2 2n+J 2D+ J 2n+J 2n+ J II n D n 

J - , /3.4/ 
O Tc~Aa, CKnaAblsaR paano~eH~R /2.8/, /2.9/ ~ /2. 10/, /2.1 ) / COOT­
s eTCTseHHO. nonY4aeM , 4TO c npaaeAn HBa cneAYIO~afl 

neMMa 3 . 1 . AnA n~6o~ <t>YHKU~H r C; L 1 

no 
x " ..L 1 f f(y) dy - r f ey) dy 1 _..L l: l: 1V . (x) (f, U , ) ­

- 2 	 D = 0 j:::::1,2 2Il+J 2n+J2 0 x 

/3.5/ 
- U2n +j (x) (f, V2n +j ) I + 0 = :; , + 1 {Q.(x) (f, P n ) - P n (x) (f, Q n )1 ; 

~ 

(0 ) 

npVl 3TOM. ecnlo1 f ~ L 2 


DO 

f(x) ..L l: l: {V ', (x) (f , U ) - U' ,(x) (f, V2 ,) I + 
2 n ::::: 0 j ::::: l.2 2D+J 2D+ J 2n+J n+ J 

/3.6/ 
+ 	

~ 

l: { Q ~ (x) (f, P D) - P ~ (x) (f, Q D ) I 
n = no + 1 

3aMe4aH~e. ~MeR s S~AY /3. 4/. pa3no*eH~R /3.5/ ~ /3.61, MO*HO 
nonY4H Tb, nOAC4H Tae, KaK B AOKa3aTe nbCTse TeopeM~ 1 . 1 , KOHTYP­
H~e 	HHTerpan~ 

_ 1 jiIRO (A. C)(x) + R (A. f)(x)ldA, ..!.., (iIRo"(A,f)(x) + ii·(A,f)(x)ld ....
2171 	 TT 2".1 fT 

rAe 	 R r,CA, f) • R*OCA . f) /.1 ROCA. f) , R: (A , f) onpeAenfllOTcfI pa seHCTsaMH 
/1.8/, / 1.1 2/ H / 1. 13/, /1.15/. 
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B 06~eM Cn Yll a e nO" 0 CIo1 CTeMa !tl Y Ht<lIlo1J.1 

nn 


IV2n+j , U2n+j l n ~ O,j~ I ,2 I Pn , Q n 1 ""0+ I' 


n o KO TOPOH CTPORTCR pa3Ilo*e H~A /3 . 5/, /3. 6/. XO TR ~ n o nHaR B L 1 • 

HO He M~HHMa Ilb Ha R . AnR To r o . 4T06~ HaHTH M/.1H/.1ManbHY~, Ha M n OHa ­

Ao6ATC A ABe neMM~. 

!leMMa 3 .2 . nplo1 A 20 +j ~ (1' c npa Be,QIlHBbI npe AC TaeneH/.1R 

(") 	 - I ' ) 
(x) _ ~ A J ,U, 3 . (X) + ~ A J 'P f (x), j ~ 1.2, 13.7/

V'lD +i r.$. 0o n,{ _0 + - J f > no 11,[ . 

ljl" -a ( ) '" ali) ( ) 1,2. 13 .8/U2n + j (x) ~ t V2 3' x + - f Pf x , f < n n. n + -J P> II n, 
- 0 	 0 

a npVl '\u} C; a 

- B U2n +2{x) - An V'!o+ l ( x) ~ . ~ Dn•2 f + jU 2f+,1X) .n 
1< n J= 1,2 

- 0 	 13.9/ 

+ 1 E o fP r (x) = l . ~ F" n.2P+ j V2o + j (x) + l Ho rP,(x) • 
r -' n .f> 0 0 

• fs no J- l,2 	 o 
o .1Un 

rAe A o' Bo - Te me, 4 TO B / 3 . 2/ , VI Bce OCTaIlbHble K03¢>¢l1.1 ~l1eHTbl 


OTnVl4H~ OT HynR. B 4 aCTHOC TH , 


. /3. 10 / 

D ~ C 2o+ I '; I I~lo»w2(~21+1) f '" I(~ In) )C20 +2 C21 + I 

• • 21+ 1 C (~ A ) • n.21 +1 2w I (A2/ • 1)(A21. 1 -~Io) )2f + 1 21+1 - to) 

llOKa 3 a T eIlbC TB o MO>MHO nOllYll i-tT b i-t 3 $OPMYll / 2 .8/ J.1 /2 .9/ C f = 


=U2+ j' v 2n + j • rAe Ko3CWll.1l..&l.1eHTbI pa3Ilome ~ VlR [U ITI' Un 1, [Vm . VII 1
o
HaxOA HM C nOM~b~ TO*AeCTBa / 2. 5/	 . npRMO/.1 O~B OA . MVlH YA Teope­

Mb! 1 . 1, nOllY4 I.1M . nOAC\.H1TaB KOHTYPHble VlHT e rpanbl 

C U j (x, ~ ) w. (A ) /3 .11 / 
u~. «,A) d A 1

1 Ii J 	 2n+ 3 -j J (n) . Ii l: 
2.-1 	 2171 j = 1. 2 (~ - ~(o» w .(~ ) dA .

(.I -.I 2o+ j ) " 3 _ P) J 

~3 3TO~ n eMMbI, 8 CHI1Y COOTHOWeHI.1H 61.10pTOrOHaIlbHOC T i-t /2 .6/ VI pa­

BeHCTB /3 .2/, /3.3 /, nOI1yllaeM . 4TO c npaBeAllVlBa cneAy~aR 

neMMa 3.3. ~Me~ T MeC TO p a e CHC TBa 

(V2n +1 , V2m + 1) "" [ U2n+1, U2m +I J '" o. l U20 + I' V2m +lJ = 8o,m' n, m ~ nO' 

12 

(Pn,Pm] :-: O, [Po ·Qm) = 8o,m· (Qo ,Q ml= Ao, mO - 8o,m> .n.m> no· 
13 . 12/ 

rAe 

.;, 2(~ (.»';' IV, (mY- ';' 1 (>-tn» ;"2 (~mY (C r. _ C 2 2 + 1) /3 .1 3/ A 	 C n,m 2n +l""2(J1 + 2 2D+ m 

2(~ lm ) - A In» 


~ 

[V2m + I , Pn l ~[U2m+ I ' Pnl - O m ~ n o < n. 
13 .14/ 

[ V2m+ 1, Qn)= D o• 2m + 1 ' [U2m+ \. Qn J = F n, 2m+ l' 

T e opeMa 3.1. B npOCTpa HCTee L1 C Vl CTeMa ¢ Y HK,-,HVI 

s =< IV2n + 1• U2n+ 1• n "" 0 .1 ..... nO ' P ' Q o . 0 = Do + 1. ... 1u 

flBI1f1e TCfI nOI1HOH VI MI.1HHMaIlbHOH. np l.1 3TOM , ecm1 N < 00, ¢YHt(t..IYIR 

OAH0 3Ha4HO B B ~IAef 0:; CIO) ~ If (x) I fO:; C , r ~ f(x) dx ~O 1 npeACTaB~Ma 
o 

0 0 ( N) ( N ) N IN)
f (x) ~ la I V2' l(x)- b IU2' l(x)l+ l IcQ '(x)-d P'(x)1 

o 	= 0 2n+ 0 + 2n + 0 + _ 1 D n 0 0 
n-o o+ /3 . 15 / 

TorAa 1.1 TOIlbKO T o rAa, KorAa nplo1 n .:s N 

IN) 	 N 
c. ~ (I, Po) , a2o +1 "," (t.U2o+l)- k c mF m 2n+l 

m=n + 1 ' o 

NIN) 
~ (I, V 2 I ) - ~ cm 0m, 20. + 1 	 13. 16/b 2o+ 1 n + m = oo+ l 

N 00 IN) (N)(N) 
do = (t,Qo ) - k 0mAm,n + l: la2m+IDn,2m + l- b2m+ 1 Fo, 2m+ l I 

m= np+ 1 m "" 0 
.J'm 

IN)
J.1 npVl n>N 0 0. = 0, do - 0 . T.e. 

r.. Il O 

( f P)~ O (fQ) - ~ cA + ll)N)O _bIN ) r 1 /3 17/
'D . , n - I m m n 2m+- l D.2m! 1 2m+l n 210+ 1 ' .m1"n + 1 • m.. O 	 ' 

n 
o ~ m 

rAe Dn. 2m+ h Fn,2m+1 onpeAenRIOTcR H3 /3 .1 0/, A n,m - H3 /3 .13/. 

AOKa 3a Tenb CTBO. H3 /3.7/ ~ /3.8/ cneAyeT, 4TO, ecn~ 

(t, U2. + I) ~ (I, V20+1 ) ~ (f, Pm) - 0 (n ~ no < Ill), TO ( f , U2o +2) 0, 

(t. V2D + 2) == 0, n =0, 1 ... , DO' OTCIOAa , BCIleACTBl.1e pa3110 >MeHHR/3 . 5/ , 
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nonY4aeM, 410 CHCreMa S n OnHa B L I' TaK KaK MHHHMaIlbHQCTb BblTe­

KaeT Henocpe ACTBeHHO 1013 /3 .15/ , TO AnR 3aeepweHHR AOKa3aTenbCT­
sa QCTaeTCR npoeepJ.1Tb 3TY $opMy ny. nYCTb r ex) npeACTaSHMd B 8101­

Ae /3.15/. TorAa 101 3 neMM~ 3.3 nonY4aeM, 410 K03~~H~H eHTbI B 310M 
pa3I10*eHH H OAH03Ha4HO onpeAenR~TCR no $OpMynaM /3.16/, H Bblnon­
HR~TCR ycnoBHR / 3 . 17/ . Aanee 0603Ha4HM 4epe3 g(x) CyMMY pRAa 
B npaBO~ 4a CTH pase HCTsa /3.15/ , rAe K03¢¢"'~HeHTbI cnpaeeAIlHBbI 
H3 /3 .16/, / 3 . 17/ . C nOM~.~ neMM~ 3.3 YCTa HaBn"BaeM , ~TO 

(g, U2n +l ) :(f, U 2ntl ) , (g, V2. +I ) : cr, V2.+ I ) (n ~O ,l" " ' ''o) H (g,P n): 
= (r, Po ) ' ( g.QtI) "", ~r. QD).n > no+ l.CJ1eAOBaTeI1bHoJ B 01I1Y y)\(e AOKa­
3aHHOv. nOllHOTbi CHCTe Mbi S. n OllYl.4aeM f= g . 	 TeopeMa AOKa3aHa . 

0603Ha 4HM. 4epe3 So 'E ipn ' Q D1; -=0 • S..., = IV 2D+l' U2n+11n":O 
CI-1C TeMbl ¢lY HK ~\o<1 H , KOTopble nonY4a lOTCR Vl3 S nplo1 n o = 0 101 nO D: .., 

COOTBeTC TBeHHO , 4TO 3K BIo1BaneHTHO YCI10 BIo1RM 0' = rJ VI U"f12 r/J . '-13 

I1eMM~ 3. 3 cneAy e T, 4TO 3TVI C Io1 CTeM~ RSllRIOTCR CIo1MnneKTVl4eCKVlMH, 

T.e. ¢YHK UIo1&.1 V 2o + 1' U 2o + 1 YAOBfleTBopRIOT npH nlO6oM n :z- 0.1. ... pa-


BeHCTsa /3. 12/ , a AnR Pn , Qn HMeeM 


[Pn 'Pml:[Qn.Q ml = O. [P.,Qm1 : 5n.m (o · ~ 	 ,z). 13. 18/ 

B 3THX cnYl..IaRX s onpoc 0 CXOAHMOCH1 DRAa /3. ' 5/ npVl N _.., pewa e T 

CI1eAylO~aR 

TeopeMa 3 . 2. AnA BCRKOi1 ¢YHK4t.1V1 r~ L (~) npl-1 a' :< r:t I-1 Mee T MeC TO 

p a aIlO)!(eHlo1e 

N 
f(x) : !.i.m. ~ IQ ~(x) ( f,Pn) - P~ (x)(f.Qn)l. 13·19/ 

N_..,n = O 

a nplo1 a '" - p a 3nmt<eHl-1e 

N 
f(x) ~ l.i. m. ~ I V2' I(x) (f. U 11 - U2' I(x) (f, v 2 + I) I . 13 .20/

N_.., 0 ::0 0+ zn + n+ 0 

npl1 3TOM, ecnl1 f ~ L , cnpaBeAI1 V1Ba 1-1 cneAylClUiafi cPopMyna
I 

, " 
.L I r f(y)dy - r f(y)dy I ~ IQ (x) (f . P ) -	 P (x) (f. Q )1 . 13.21/

DO n D
O2 	 ° , .-

~ 

B /3. 19/, / 3 . 20/ PRA~ CXOARTCR no HopMe Lz. a B /3.2 1/ CXOAH­

MOCTb paBHOMepHa nO x <; 1'1 C ( 0, rd. 


~OKa3aTen.CTBO ~OPMyn~ /3 .19/ " /3 ·20 / n0fo) 4aeM "3 /3.6/ 

VI /3.5/ nplo1 DO = O. Aane e oGo3Hal..lVlM l..Iepea s Z (f: x) 4acTHylO 


CyMMY DflAa /3.20/, VI nycT b 


N " 	 2 " 
aN (f;.) ~ :i: 1. cos 2nx r fey) cos 2ny dy + - sin 2nx J f (y) sin 2ny dy 


n".l " 0 " D 
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eCTb 4aCTHafl CYMMa PAAa ¢)YPbe AJ1R f ~ L(~)	 . PaSJ10)t(eHVle /3 .2/ BbIBO­

A"TCR HenocpeAC TBeHHO AO Ka3a TenbC TBOM lim I S(~) (f, x) -aN (t; x) I = 0 
npl-1 N""* ..,. /lIlA 3TOrO cneAyeT BOCnOJ1bSOSaT bCR Vl30eCTHblHH aC HMn­

TOT Vl 4eCKVlMVI ¢)opMynatolVi An R c06cTBeHHblx 3Ha4eHVlH A0 VI peWe HVleM 

r:p (x, A ) , I/J (x, .\ ) ypaBHeHVlfI f y = Ay . VlMeR B BY1AY, 4TO, B cHny 

TeopeHbI 3 . 1, eCIlVI PRA /3. 20 / CXOAHTCR, TO ero CYMHa AOnH(Ha 6~T b 
f(x) . COOT seTC TBYIOLLtVle Oll.eHK VI CXOAHbI 1013IlOH(eHHblH S /6 / /CM. AOKa ­

aaTeJ1bCTBO TeopeM~ 1 . 3. 2/, H 3AeC b VlX onrCKaeM. PasHoMepHa A 

no Os Xs" CXOA"MOCT. 4aC THblX CYMM s ~~ (f;x) pRAa /3 . 19/ 
C a N(r; x) CJ1eAyeT 1.13 paBeHCTB 

lim 	S~~) (f; x) ~ lim p Ii'(A, t)(x) dA : lim ON (f; x) 
N .. .., N_ eN 	 N 400 

KOTopble YCTaHa SJ1V1BaIOTCA MeTOAOH AOKaaaTenbCTBa TeopeMbi 1 .1. T eo ­

peMa AOKaaaHa. 

C nOM~.~ pa3no~eH~H /3. 19/ " / 3.21/ ner KO YCTaHaBnHBaeTCR 
cneAYIOLLtaR 

TeopeMa 3.3 0 cneKTpa!1bHOM paaJ10)f(eHHH o nepa TopOB A· H 1\ . 
npVl ycnQBHH 01 = U2 CHC TeMa 4>YHKlI.lo1V1 Ip ' . Q' I'" 0 RS!1 AeTCR n 011 ­

(0 ) n 0 n= 

HOi'! B L 2 CVlCTe~OH C05CTBeHHblX 4>YHKUHH Kpa eBOH aaAa4V1 / 0.10/, 

T .e. P;,Q'.~q;(A'), 

AP : JI' P'(x) = A , P' (x) , JlQ ~ JI 'Q':A Q' (A =A(.) 1, /3 .22/on O D n nn O D 

VI, 	 cneAOB aTeIlbHO, /3.19/ - pa3no*eHH8 eAVlHIo14b1 AIlR onepaTopa 1\•. 
npH 3TOM 

ii '	 r(x) i A I Q'(x)(t,P ) - P'(x)(f, Q )1.f ~q;(A'),ii·t'" L(02).13·23/ 
n =0 n D n 0 0 

AHanor Vl 4Ho , pa3nO)KeHVle /3.21/ Aa e T pa3!10H(e HHe eAVlHVl4b1 onepaTopa 

A /1.16/, VI ero cneK Tp a nbHoe pa ano~eHHe VlMeeT cJ1eAYIO~HH BVIA 

1 x " ..,
-21 JAf(y)dy- JA f(y)dy l z :i: A.IP (x) [!,Q J-Q (x) [ f,P 11 , /3 . 24/n n n n o 	 x n ~ D 


f " :r (II) . 


,lloKa3aT eJlbC Tao. YpasHeHVlA /3.22/ AIlR IPYHK UVl VI Pn(x) CJ1eAyIOT 

1013 ypasHeHHH /0 .6/ VI paBeHCTB /3 . 2/ . YpaBHeHHA A llfl Q o npOBe ­
PR~TCfI HenocpeACTseHHO C nOM~b~ n eHMbI 1 .1 C Y4eTOM ycnOB Y1A 

WI(A) : "'2(A) "paSeHCTsa /2 . 7/ . PaBeHCTBa /3.23/" 13.24/ Sbl­
80ARTCA, KaK H B TeopeHe 2.2 . TeopeHa AOKaaaHa . 
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XpHcToa LX. 	 PS-8Lt-S03 
o 	 A-onepaTopax AnA 3aAa~H ~TYPMa-nHYBHnnR Ha KOHe~HOM HHTerpane. 

CneKTpanbHaR TeopHR 

nOCTpoeH3 cneKTpanbHaR TeopHR 3aAa~ 

- - -	 " ­
AO(..)Z(x,l.)-l.Z(x.l.l. O~s ~ ", (Z(I.>..)dl: .. O Z(.) _ 0 (Z(O) .0) , 

o 
rAe 

d 21 1 1 :I 1 :I. Y 
.\; ,. 0(.) ---+-${S)+-S1{s.) (dy - -.1(x) (A(y)dy (dz. 

4 dl:2 2 " 10 4 "0 10 

. 	 1 Isex) 	 .. Q} (I.) + q 2(X) , 6(x) ... Q} (x) - q 2(1), QJ(I) ~ C [0," 

- nOTeHLlHaaol caMoconpRllleHHblx 3aAa ... llIrYPI"'<l-I1HyBHnnR Y +(.\ - q (I.»)' _0.n 
yeO) .. y(..) ... O. HiJ 3T0l1 OCHoae AOKa33Ho. ",TO, eCllH 3aAal.olH IilTYPMa-I1HyaHnnR 
H3ocneKTpanbHbIe, TO c06cTseHHwe ~YHKUHH 3aAa4H 

o 


2 • r Z(.,A)d% . 0, Z(O) .Z(o)
x- Z del ~(AO- + /\'- )Z _>..Z, 

o 	 ( • 
nopo-naOT CHMnneKTH4eCKHH 6a3Hc B npocTpaHCTBe L~) .. If'" LZ(O, "), ( r(sl cb.. 0 I. 

o 

Coo6.eHHe O&beAKHeKHOrO KHCTKTYTa RAepHWX Hccne~oBaKHA. nY6Ha 1984 

nepeBOA O.C.BHHorpaAoBoH 

Christov E.Ch. PS-84-S0J 
On the A-Operators Associated with the Sturm-Liouville Problem 
on the Finite Interval. S;lectral Theory 

The 	spectral theory is constructed for the followinq ciCJt'lIV,lluc prob­
lems: 

o-
A«"l Z(s.')') .. l. zex. l.), 0.5'.5'" r z(•• AId% .0, Z(.) _ 0 (Z'(O) _ 0), 

o 
where 

- 1 L . .!..cx) .. ...!.. (I.) (dy .-ll\(.) r My) Oy r d.t''''oo:Ol,,)- -. dl:2 2 4 • •• • '. '. 
1 

3(S) - ql(S) .. Q2(S) , 4(1.) .. 11 1(1.) Q2(s.). qJ(:I) '" ellO,.1 

are 	potenliolls in lht" ",('I'.-<.IJolnt Sturm-l iouvi li e problems 

Yu 	 .. (.). - qJ (s.»y .0, J .. 1.2. yeO) )'( .. ) O. 

From here, we proved t hal tht.! rll'en luncllons of the problem 

A-	 Z d'!' t(A· + ;;.·)Z Ai. r Z(x.,),)t1s. .. 0, Z(O) .. Z(It}· 
o 	 • 

are 	simplectic basis in the space L(~I -Ie<; L 2 (O,It'). ( f(z)d:r, .. 01 
• 0 

The investi9ation has been performed at the Laboratory of Computing 
Techniques and Autom.:Jtion, JIUR. 
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