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BBEllEHHE 

d -oo< x<oo , D=-. n ~ 1.2 , 
dx 

/0. 1/ 

f (1 +I xl) I vn(x}l dx < "" /0.2/ -
06oaHa4HM 4epe3 C ~(x,k) .., f~(x,k) peweHHR AocTa ypaeHeHHH 
/0. 1/, onpeAenReM~e ycnoeHRMH 

+ 
lim f ~ ( x , k) exp ( "j: ikx) .. 1 lm k ~ 0. /0.3/ 
x-to± oc 

H3eecTHO /eM. , Hanp., 1 1
•
21 

/, 4TO ecn~-1 Dv (x) = v (x)~L 1 ( R ).,.L 1 · 
n n,x 

TO $yHK4HH 

/0.4/ 

/0.5/ 

1 2 J: J: y 
A+ = :r-1-D + 2s(x)-J dys (y)- f dy t.(y)J dzt.(z)l. 

- ±oo ±oo ±oo /0.6/ 

B §1 HacTOR~ei1 pa6~T~,no aHanorHH c131,nony4eH~ $opMyn~ paa­
nolKeHHR no peWeHHRM F - (X, k). Ha HX OCHOBe B §2 nOCTpOeH~ pe-
30flbBeHTbl onepaTopoa A+ -A I .., cneKTpanbHble pa3nolKeHHR AflR 
pa4HOHanbH~X 4>YHK4HH OT- A± . 

OTMeTHM, 4TO e TepMHHax onepaTOPH~x 4>YHK4HH OT A+ /np~-1 
ycnoeHI-1 v 1- v 2 I, KaK 6blno noKa3aHo e H3BeCTHOi1 pa6oTe 1 41 , 

MOlKHO HaHTI-1 o6~Hi1 BHA HenHHeHHbiX 3Bon~4HOHH~x ypaeHeHHH 
/a 4aCTHOCTH, ypaBHeHHR KA4>: v t - 6 vv x + v xu = 0 I, pewaeM~x 
MeTOAOM o6paTHOH 3aAa4H pacceRHHR AflR /0. 1/. OnepaTop~ A± 
11 rpa~T BalKHY~ POflb B TeOpHH /2,5/ o6o6~eHH~X npeo6pa30BaHHH 
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6eKJ1YHAa Afl.A 3THX ypasHeHHi1. B Ka4eCTBe npHilO)I(eHH.R pe3yllbTaTOB 
§§ 1 , 2 B §3 r1011y4eHbl HeKOTOpble OCHOBHble yTBepli(AeHH.R H3 12,5/ 

npH4eM B HeoOXOAHMoa:i H A0CTaT04HO.:i ¢opMe. 
Hap.RAY C HepaseHCTBaMH 10.21, BC~AY B Aa11bHei1WeM, He orosa­

pHBa.R 3Toro oco6o, 6yAeM npeAnonaraTb AJl.R xapaKTepHcTH4eCKHX 
¢lyHKUHi1 

a0(k)=(2ik)-\v(f~(x.k), r :(x.k)) .. r~r:.x -r;,x r: 10.71 

ypaBHeHH~ 10 .11 Bbln011HeHHbiM YCilOBHe: 
-1 

lim(ka1(k) a 2(k)) =a < oc, 
k ... 0 

4TO HeCKOilbKO ynp~aeT ¢1oPMY11HPOBKH 1-1 AOKa3aTellbCTBa. Cny4ai1, 
KOrAa a O =co , MQ)I(HO paCCMaTpHBaTb, KaK H B I S / 

§1. ¢10PMY~ PA3nOIEHHR 

BBeAeM OCHOBHy~ B HaWHX nOCTpOeHH.RX ¢lyHKUH~ 

R _ ( x, y, k )~a -t(k)l F- ( x,k) F + (y ,k) 8(y -x) + 

II. 11 
+ [ ~ r\x.k)f

3
- (x,k)f-(y,k)f+ (y,k)-F+(x,k)F-(y,k))O(x-y)l. 

021,2 n -n n S-n 

rAe 8(x) ~1 npH X> 0 , 8(X)= 0 npH X < 0, 

a(k)= ka 1( k )a 2(k). 11.21 

H3 HMe~HXC.R a 161 aHa11HTH4eCKHX 1-1 aCHMnTOTH4eCKHX CBO~CTB 
peweHH.:i r ± ( x.k) 1-1 ¢1YHKUHH a(k) IKOTOPbiMI-1 B AallbHe.:iweM 
nonb3yeMc.R 6e3 CCblllOKI HeTPYAHO nony4HTb, 4TO !I>YHKUH.R R_ o6-
naAaeT ClleAY~HMI-1 CBO.:iCTBaMH: 

1. npl-1 n~fit.lx X 1-1 y R_(x,y,k). aR_(x1,x2,k)/ axf. e = 1,2 
.RBil.R~TC.R aHa11HTH4eCKHMH ¢lyHKUH.FIMH OT k npH lmk > 0, Henpe­
pbiBHbiMH np~-1 k € R, 1-1 HMe~T non~cbl He 6onee BToporo nop.RAKa 
B T04KaX 

Nn 
ko,j ~ ara1 u <72, an=lkn,j=iKn,j'Kn,j > 0 1an(kn,j) 2 0]j=1 · 11.31 

2. np~o1 Imk ~ 0 cnpaseAflHBa oueHKa 

I R_(x,y,k} l < K l a(k) l -l8(x-y)+exp(-2Im k l x-y 1} 1. 11.41 

2 

rAe 3AeCb H a AallbHe.:iweM K>O - nocTO.RHHa.R, 3aBHC.R~a.R llHWb 
OT 3Ha4eHHi1 HHTerpallOB 10. 21; npH 3TOM paBHOMepHO no -oc < X, y<oc 
np~-1 I k I .... oo • Im k ~ 0 

R (x , y , k) = [ 2 k-
1
+ 0 ( k -~I 0 ( x- y) + 0( k - 1exp ( -2 Im k I x- y I )) , 

a f -2ik(x -x ) 2ik(x -x ) 
-a-R_(x 1.x 2 ,k) - 2i(-l)le 1 2 e(x

2
-x 1)+[e 1 2 

Xf 

r_nf 1 1 -21mkl x-xd 
+ ~ H(xy)+0(-'18(x 1-x 2)+0(-e 1 )I. f =1,2, 

2 ik k 2' k 

rAe 
H+ (x)=/s(t)e±2ik (t-x) dt. 

- ±oc 
H (x) = H (x)+ H (x), 

+ -

3. Ec1111 s n ( x, k) H c n ( x ,k) - peweHH.A 10. 1 I, Afl.A KOTOpblx 

S 0 (0,k) = 0 , s 
npH X~ y n,x 

(O, k) = l; c
0
(0,k)=1 ,cn,x (O,k) 20, TO 

RJx,y,k) = 
11.51 

- 4k n Is (x,k)c (y,k)-c (x,k)s (y,k)l +a- 1(k)F-(x.k)F+(y,k), 
n= 1,2 n n n n 

rAe nepsoe cnaraeMoe - uena.R He4eTHa.R ¢1yHKUH.R oT k. 

TeopeMa 1. 1. nycTb no ypaBHeHH.RM 10.11 nocTpOeHbl CHCTeMbl 
¢1YHKUH~ I r+ I 11 IF - I: 

± ' ± a ± , n 6 F (x,k), k~ R ua;F. (x) = -F (x,k)l ,kjEa = <l( a 2 • 11 . I 
J a k k=kJ 

Tor,Qa: 
A. Bc.RKa.R ¢1YHKUH.R f(x)E L 1 soccTaHa BnHsaeTc.R no K03¢I!I>HUHeH­

TaM pa3J10ll(eHH.R 

+ 00 + 
(f, F (k))• I f( x) F ( x,k)dx, k E- R u a 

__, 
' + 00 '+ (f, F . )= I f (x)F. (x)dx 

J -oo J 
II. 71 

¢1opMynoi1 

jr(y)dy .. lim .=.!.._ tr-(x,k)(f,F+(k))~+ I"a-~F-J(xXr.r+J ) 
.- R-+oo 2rri -R a(k) n,J 0

• 
0

• 11 .81 

~,C),.-11 ·-(X +) -( )[ • +) .•. ( .. )-t( + )11 +..c. qzj F J x f,F j + Fj x (f,FJ -aj 3aJ f,FJ , 
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rAe a n,j = ci (k n,j ) ' F~.j (x)= F-(x,kn.j) 11 T • .Q.; cyMMI1POBaHI1e 
a ~ -- ae.QeTCJl no seeM k 0 ,JEa" = a '-.. a', a ~ , - no k jE a ' . 11HTer­
pan~ B 11.71 CXO.QJ!TCJ! a6con~THO, a CXO.Q11MOCTb B /1.8/ paBHOMep­
Ha no -"" < x < "" . np11 3TOM, ecn11 C ~ L 1 () L 2 • npe.Qen J~snJ~eTCR 
a6coniOTHO CXO.QJlllii1MCJl 11HTerpanOM. 

6 . Ecn11 ! 1 (R,x) - s~pameHI1e, nony4eHHOe no4neHH~M .QI1$¢e­
peH~l-lpoaaHI1eM no x a npaso~ 4aCTI1 I 1 • 81 np~-1 R < oo. T. e. 

f 1(R,x) .. .::.!._ f\,- (x,k)(f.F+(k))~+ 
2n i -R x a (k) 

/1 .9/ 

1-1 

!2 ( R , X ) "' -
1-l F-( x , k )[ f, F + (k) ] ~ + 

2n i -R a (k) /1.10/ 
+ 00 + 

r.Qe [f,F (k )] .. f f(x)F (x,k)dx 
-oo :l 

11 T . .Q., TO 11Me~T MeCTO ¢op-

Myn~ paBHOCXO.Q11MOCTI1: 

1 R oo 2ik(y-x) 
lim sup l iT f I f f(y ) e dyldk-ff (R.x) I =O, f .. 1,2. 

11
.
111 a-- x -R -oo 

AoKa3aTe/lbCTBO. nycTb YR- KOHTYP B k - nnOCKOCTI1, COCTORU411H 
113 0Tpe3Ka (- R,R] 11 nonyOKpymHOCTI1 k"'Rexp ( i ¢), 0~¢ ~n, 
R > maxKn,J ' Ya o6XO.Q11TCR npOTI1B 4aCOBOH CTpenK11. npi1H11-
MaJl 80 BHI1MaHI1e nepe411C/leHH~e B Ha4ane CBO~CTBa ¢YHK~I111 R­
/1.1/ , ¢opMyny pa3nomeHI1R /1.81 nony4aeM, cpaaHI1B 3Ha4eHI1e 11H­
Terpana 

1 IR(x) m-

2n i 
"" f YR I_! R_(x,y,k)f(y)dyldk, 

Ha~AeHHOrO C nOMOI.llbiO paseHCTB 

f:(x,kn,J)=bn,jf~(x,k 0 ,J), k
0
,JEa, 

/1. 12/ 

11.13/ 

no TeopeMe o Bb14eTax co 3Ha4eHI1eM IR (x). Henocpe.QCTBeHHO 
noAC411TaHH~M no KOHTYPY y R np11 R .. oo. T04HO TaK me, 3aMeHRR 
B I 1 . 12/ R - Ha a R _(X. y. k) I a X 11 a R_ (X. y. k) I a y • nony4aeM 
yTBepm.QeHI1e 6. no.Qp06HOCTI1 3TI1X B~K/ld.QOK, KOTOp~e BnOnHe dHa­
llO rl-1 4H~ 113nomeHH~M a 13 1 , 3.Qecb onycKaeM. TeopeMa AOKa3aHa. 

TeopeMa 1. 1: B o6o3Ha4eHI1JlX TeopeMbl 1. 1 .QnJl mo6o~ f ~ L 1 
c npaae.QnHBO pa3nomeHI1e 

oo R 

- f f ( Y) dy ~ lim ~ f F +(x,k) (f ,F - (k))A.- ~ " ci ·lr +J (x)(f ,F- ) -
x R- vn i -R a(k) n, n, n,J 

4 

-~' 2iij1 1 F j1x)(f.F J- )+F;(x)[ (f ,FJ) -;;·pa·J ) -
1
( r ,F J- )Jl /1.14/ 

1-1 aHanOri14H~e 11.9/-11.11/ ¢opMyn~ paBHOCXO.Ql-!MOCTI1. 

AoKa3aTenbCTBO nony4aeM , KaK 11 e~we c noM~biO ¢yHK~l-111 

R+(x,y,k)=-R_(x,y ,k). 

§2. OnEPATOPbl ( A ± -.\ 1 )- t 

0603Ha411M, KaK o6~4HO , 4epe3 § npocTpaHcTao Weap~a 6~cTpo 
y6~aa~11X ¢yHK~I1H, 11 nyCTb 

+ 
§ -=lf(x) l lim f(x) .. O, D! E § l. /2.11 

x-.:t oo 

Bae.QeM, HapRAY c A+ 10.61, 11 onepaTOP~ 
1 2 - :l :l y 

A*= -1-D + 2s(x) + s (x)j dy-6(x) f dyt\(y) fdz l. 
± 4 J: + 00 :j:OO + oo 

12.21 
- 1 8 :l 
A ,.QA =-1-D + s (x)+2s (x)D-6(x)f dy6(y)l. 

± ± 4 :l ±ao /2.31 

r.Qe 3.QeCb 11 s .c~anbHeHweM v n (x ) ~ § . B 3TOM naparpa¢e Mbl 113y-
4aeM, a OCHOBHOM, onepaTOPbl A+ , A: 11 li.+ . KaK onpe.Qene HHble 

+ - -Ha § 111160 §- . B TaKoH nocTaHoaKe 3a.Qa4a ecTecTaeHHO B03HI1-
KaeT B TeOpl111 3B0/110~110HHbiX ypaaHeHI1H 1 pewaeMiolX MeTO.QOM o6paTHO~ 
3a,Qa411 . C¢OPMYI111pOBaHH~e H11me OCHO BHble yTaepmAeHI1R, KaK JlB­
CT ByeT 113 npi1Be,QeHHbiX .QOKa3aTenbCTB, OCTa~TCR cnpaae.Qn11B~MI1 

np11 ropa3AO MeHee orpaHI1411TellbH~x ycnoBI1RX Ha v 0 (x) 11 o6-
nacTRx onpe.QeneHI1R A+ 11 T..Q., yT04HeHI1e KOTOPbiX onycKaeM, me­
naR coxpaHI1Tb p33YMH;~ o6DeM 113nomeHI1Jl. 04eBI1.QHO, 

- + + 
A~ f • A+ f E § . A+ f E '§ - V f ~ '§-

+ - - 12.41 

Henocpe.QcTaeHHO npoeepReTcR cne.QyOI.llaR 

IleMMa 2. 1 . OnepaTOP~ A± conpR)I(eHbl K onepaTopaM A± OTHOCI1-
TellbHO CKanRpHOrO npOI13BeAeHI1R 

00 

(f . g ) 2 r f ( x ) g ( x) dx. /2.5/ 

T.e. 
(!, A ±g) = (At ! , g), Vf, g~§ . /2.6/ 

a onepaTOP A + conpR)I(eH K OnepaTo py A_ OT HOCI1Te/lbHO KOCOCKa­
nJ~pHOrO npOI13Be,QeHI1R 
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[ r, g 1 = (f. o g) =-{g. r 1 • /2.7/ 
T.e. 

[ r . A _g 1 = r A+ r. g J . /2.8/ 
npH 3TOM 

D A: f z ( A ~) 0 
D f • f E § ± , n • 1 . 2 , ... 

- + /2.9/ 
~3 ypaBHeHHH /0.5/ H 

- + 2 + -- 2-
A+F ( x , k ) =-k OF ( x ,k), A _F {x,k )=k OF (x,k) / 2. 10/ 

nony~aeM , a cHny /2 .6/ H /2.9/, 

CneACTBHe. npH kE- R H n = 1,2, ... HMeeM Afl$1 BCIIKOH f~ ~ 

2n + n + 2n. + + n 
k { f , F -(k))=(At f ,F-(k)), k tr.F-{k)] ,._ ( F-(k).A_cl. /2.11/ 

- + 

TeopeMa 2.1. ~HTe rpanbH~H onepaTop 

R (A) f ( x ) = j i't_(x,y ,A)r(y) dy , fE L
1

, /2.12/ -
rAe R_ a~pa>KaeTcfl nocpeACTBOM R_ /1.1/ <!>opMynoH 

- - -1 
R_(x,y,A )=- (2y'A) R_(x,y,k), /2.13/ (k=..;T', Imk > O), 

onpeAenf!eT npH 

N 
H ; p (A ) = C '\(R + v {A . = k 2 J IJ~1). (k J <:- u) 

- n,J n . - n, /2.14/ 

pe3onbBeHTy onepaTopHoro ny~Ka X_- AD , T.e. 

(A -AD)R (A )f = R_ (A XA - AD ) f= ( . Vf € § /2 . 15/ 

npH3TOMR(A)f(x) ... O npH x .. - oo H 

II DR (A)f II ~ K ..!±l!L max(-
1
-. - 1 -:} II f ll . V r E L 

1
. 

- Ll l ka(k)l Imlt Omk) L1 
/2.16/ 

an~~ AOKa3aTenbCTBa 3TOH TeOpeM~ HaM nOHaAOfiRTCfl ABe BCnOMO­
raTenbH~e neMMbl. 

6 

JleMMa 2. 2. B o6o3Ha~eHHf!X TeopeMbl 1 . 1 npH Ka>KAOM z ( z 2 .. A ). 
Aflll KOTOPOrO lm Z > 0 , Z ,f. k n,j E u , <l>YHKUHII 

R (x ,y. z2 ) "' =.!.___ j F-( x,k) F +(y,k) dk + '£, F n~J (x) F :.j (y ~ 
2 tr i ....,., (k 2 - Z P) a {k ) a { k 2 - Z 2) 

n,j n,j /2 .17/ 

+ '£ '~ 1 _j_ F-(x.k) 1 F+( )+ F 1(x) IF +c )- ;;j F+( )II . 
•• ak ., 2 J Y J Y a " · Y a . )(" _ z k .. k j k 2- z 2 a . J 

J j 

aoKa3aTenbCTBO nony~aeM nOAC~HTaB, KaK H B AOKa3aTenbCTBe 
TeopeMbl 1.1, HHTerpan (-2rri)-1 fy R_{x,y,k)(k2-z2) 1 dk.JleMMa 
AOKa3aHa. R 

JleMMa 2 . 3 , npH Jm k "' K > 0 

j l ! r t< x .lt)r;c x .k ) l dx~K max<-!'-·~). /2.18/ - + 
aoKa3aTenbCTBO. HanOMHHM 161 .~TO Anfl peweHHH r -( x .k) cnpa -

BeAf1HB~ npeACTaaneHH$1 

± ± ik:s ±oo ± ±ikt + + 1 ±oo 
f ( x , k )=e ±f A (x,t)e dt ,A- (x ,X)=-=-fv(t)dt, /2.19/ 

:s 2 X 

rAe 

+ + 
I A-(x,t) I < K( -c X+t) 

- 2 . /2.20/ 
+ +oo 

(-(x)= ± J l v(t)idt, 
:1 

1fxtA±(x1 ,x2 )1~! l v (11 ;~)1 +K(ix1 )(±(xf~. fs l . ,2. /2 . 21/ 

HHTerpanbH~x ypaaHeHHH Anfl A ±( x .t)
161 

C nO~b~ H3BeCTH~X 
HeTPYAHO nony~HTb H OUeHKY 

+ + 1 + (:s+ t ) / 2 
I A-;(x,t)+ A-,(x , t ) i ~ 2 1 v( ~+t) I + K(-(~+t) f l v (s) l ds. 

Jr. 
/2 . 22/ 

~3 /2. 19/ HMeeM 

d + - r + + lk(t-:s) 
-d-f 1 (x, k ) f 2 ( x,k) = ( A (x, t)+A ( x,t )) e 

X Jr. 1 , J: l,t 
dt + 

1 1 00 + lk(t-x) 1 
- -ikt 00 + Itt 

+ -
2

Jv(t)dt f A
1
(x,t)e dt+J A 2(x,t )e dtfA (x,t)e dt 

-oo X -oo J: 1,1 

+ 1 ... 1 = I 1 + 12 + I 3 + { ... 1, 
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rAe 4epe3 I ... I o6o3Ha4eHbl cnaraeMble , nony4aiOUIHecR lo13 BblnH­
caHHbiX 3aMeHO~ 1 Ha 2 lo1 + Ha -. 0TC~Aa, BCJleACTBHe o~eHOK 
/2.20/-/2.22/ 1o1 paeeHcTea 

oo (I+t)/ 2 -K(t-x) 1 oo - 2 K (t-x) 
J( J l v ( s ) l ds ) e dt a - f l v ( t ) l e dt 

X X K I 

nony4aeM, 4TO 

1It(x,k)I~Kmax(1,K- 1 )M+l (X,K), II2(x,k)l .s: K e;cx)N~ (X ,K ). 

I I (x, k) I.5:KN-(x , K)( M+ (x,K )+ N \ x,K )). 
3 2 1 1 

rAe 

+ ±oo -2K i t-xl + ±"" + - 2K lt-xl 
M-(x,K)= ±f lv

0
(t)le dt, W(x,K)E ± J C(t)e dt. 

n n n 
X X /2.23/ 

Tenepb AJlR TOrO, 4T06bl noJly41o1Tb /2.18/, AOCTaT04HO BOCnOJlb30-
BaTbCR CJleAYIOUllo1MH, JlerKO npoeepReMbiMH COOTHOWeHHRMH: 

+ + -1 
M-(x,K) ... O (lxl ... ""), II M - 11 .. (2K) ll v II . 

n n L
1 

n L
1 

+~ /2.24/ 
+ + 1 - + 1 

li N~ Il L (O + ).5 -
2
- J l xv ( x ) l dx. supN - ( x , K),S 

2
- ll v

0
ll 

I , - 00 K 0 n 1 n K L 1 

neMMa AOKa3aHa. 

AoKa3aTellbCT BO TeopeMbl 2. 1. PaeeHCTBa /2.15/, scneACTBHe 
/2.17/, BbiTeKa~T 1-13 ~pMyll pa3JlO*eHHR /1.9/-/1.11/, ypaeHeHH~ 
/0 . 5/ , /2.10/_H paeeHcTea /2.8/. H3 /1.4/H /2.24/ (c v

0
- fEL 1 ) 

cneAYeT, 4TO R (A)f(x) ... 0 np1o1 x ... _..,. Aanee, TaK KaK H3 
/1.5/ HMeeM -

DR_(A)f(x)~j_a_ R_(x , y,A ) f ( y)dy . 
-- a x 

TO B CHJly O~eHOK 

+ + 
lf~(x.k) I S Kexp(:; KX), I fn~x(x,k) I .S: K (1 +1 k l) exp(.t'KX) 

nony4aeM 

I DR_ (A)f( x ) l< K(l + lk ) I j l f ( t ) l e-2K(t- 1 ) dt + 
- I ka(k) I x 

X X 
+ f lf(t) I e

2
K(t- x) dt + l 1...L r ~ ( x,k) f 3-_ (x. k)l f lf(t) I dt I, 

-oo n "' 1.2 dx n n -oo 

/2.25/ 

4TO BMecTe c /2.18/ 1-1 /2.24/ AaeT /2.16/. TeopeMa AOKa3aHa. 
H3 3TO~ TeopeMbl 1-1 neMMbl 2 . 1 / eM. TaK*e TeopeMy 1. 1'/ HMeeM 

8 

J 
l 

J 
) 

ClleACTBHe 1 • npH A ~ p (A-) / 2. 14/ onepaTop 

- -1 - - ..,_ 
(A + -AD) . R+(A), R +(A)f(x) =- J R _(y,x, A) f(y)dy, -

npH 3TOM 

-1 - der. 
(A ± - A I) = R ± (A) D = R ±(A) , 

(A* -AI) -
1 

"' DR+ (A) de~. R* (A) . 
~ - + 

/2.?..6/ 

/2.27/ 

/2.28/ 

Aanee, 3aMe4aR, 4To H3 / 2 . 15/ 1o1 / 2. 16/ BbiTeKaeT I CM. ,HanpH­
Mep / 11 I TOli<AeCTBO rHJlb6epTa 

R - (A) - R - (11) = (A - 11) R -(A) DR- (11) A, 11 ~ p (A _ ) , 

nOJly4aeM CTaHAapTHbiM o6pa30M 

CneACTBHe 2. OnepaTop R_ (>.) RBJlReTCR aHallHTH4eCKO~ ~YHK~H­
e~ OT A E p(A _ ), A/lR KOTOPOH 

d
0 R- (.\) I c:L\ n = n! R_ (.\)(DR_ (A)) n n = 1,2, .... , /2.29/ 

nplo14eM OTC~Aa, B CHJly /2.27/, /2.28/, 

d
0

R± (A) / d.\
0 

= n!R±+
1
(A) , d"R±(>.) / d.\

0 
= n!(R±(A)) 0 + 1 • /2.30/ 

HMeeT MecTo TaKll<e cneAy~ee 

~lleACTBHe 3. ~YHK~HR 

R_ (A) r E §- vr E § . A E p(A_ ) . /2.31/ 

AoKa3aTellbCTBo. C nOMO~b~ H31lOll<eHHOi1 Bblwe cxeMbl AOKa3a­
TellbCTea o~eHKH /2.16/ 1-1 BbiTeKa~ero H3 /1.5/, /2.13/ paeeH­
CTBa 

2- .., a 2 
D R_(A)r(x) = -4f(x) + J --R_(x,y,A) f (y)dy 

- ax 2 
HeTPYAHO BbiBeCTH, 4TO 

p f - . 
sup lx l ID R (A)f(x) l < oo V f E §, f = 1,2, p "' 0 ,1 , ... 

I -

Tenepb, AJlR TOrO 4T06bl noJly4HTb /2.31/, OCTaeTCR 3aMeTHTb, 
1-13 /2.3/ 1-1 / 2. 15/ HMeeM 

- X -
D 

3 
R- (A) f = I s I (x) + 2s (x) D - t'l (x) f dy t'l(y) I R_ (A) r - 4f . 

CneACTBHe AOKa3aHo . --
HaKoHe~ , OTMeTHM, 4TO c y4eTOM ~PMYilbl pa3no*eHHR / 1 .8/ 

nony4aeM 

4TO 
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CneACTBHe 4. CneKTP onepaTopHoro ny4Ka i\_ - AD,KoTOPbiH onpe ­
AenReTcR KaK AOnonHeHHe e A - nnocKOCTH K pe30JlbBeHTHOMY MHO­
*eCTBY p(A _ ) /2.14/, RBJlReTCR ABYKPaTHbiM H Henpep~>~BHbiM npH 
A _G- R + , r,~:~e co6cTee~Hble ¢~HK~H~ ecTb orpaHH4eHHble peweHHR 
F (x,±k) y p aBHeHIIIR (/\ _ -k D)F (x, ± k) s 0 H COCTOHT 1113 

KOHe4HOro 4Hcna npocTbiX co6c TBeHHbiX 3Ha4eHHi1 >. n i"' k ~ . i , 
k n, j G- a " , r,~:~e COCCTBeHHble ¢y~K~HI-1 F ;, j (X) ~§ -;H ABYKPaT ­
HbiX co6cTeeHHbiX 3Ha4eHI-1H A J = k J , .k J ~ a', rAe co6cTBeHHble 
¢YHK~HH F j(x) ~ § 1-1 np!-1coeAI-1HeHHble Fj (x) ~ § - . 

TeopeMa 2.2. Pa~HoHaJlbHOH ¢YHK~HH 

0 (,\) .. P (,\) + :£ e m s (A-Jl m ) -s , 
m, s ' 

ll m ~ P (A - ) ' /2.32/ 

rAe P(,\) - nOJli-iHOM, CyMMa HMeeT KOHe4HOe 41-iCJlO cnaraeMbiX, no ­
CTaBHM B COOTBeTCTBHe OnepaTOp 

O (A_ )= P (t\_) + :£ cms(t\_- Jl ml}-s 
m, s ' 

TorAa AJ1R mo6oi1 r ~ § - HMeeM npeACTaaneHHe 

O(A )r .. -=.L.JO(k 2 )F- (x,k:)(F +(k) , t]..J!L. + 
- ~ - aOO 

[ F+ • r) 
+ l "0 (k 2 J ) F - J. (x) n' J + 

n, n, • 
a n,j 

+ I'~I aak O(k
2
)F- (x,k) l k = k · [ F t .CJ + 

a J J 

+ n (k J2 ) F J- (x) I[ r :+ • f] - ..2 [ F ~ • c 111 
J a" J a J 

rAe 06o3Ha4eHHR Te *e, 4TO H B TeOpeMe 1. 1, npa-1 3TOM 

DO (A )f = P(A* ) Df + I c (A* -!l 1)-
8 Df~ § , 

- + m,s m,s + m 

H AJlR BCRKOH f ~ § cnpaBeAJ1HBbl paBeHCTBa 

(n (A! ) f. F + (k)) = 0 (k 2 ) ( f , F + (k)) • k ~ R v a , 

(O(A! } f , r;) = (f. aat O(k 2 )F + (k) l k=k i), ki ~ o ' . 

/2.33 / 

/2.34/ 

/2.35/ 

/2.36/ 

,lloKa3aTeJlbCTBO. TaK KaK H3 /2.11/,/2.25/1-1 a(k)-1 0 npH 
k ~ R , a(k:} = ~~:-1 (1 + o(l))) , I k I ... oo cneAyeT , 4TO nOAIJIHTer-
panbHOe Bblpa*eHI-ie B /1.8/ RBnReTCR 6eCKOHe4HO ,t:IH~epeH~HpyeMOH 

to 

¢yHK~!-1eH OT X, KOTOpaR paBHOMepHO no -oo < X < oo y6bleaeT npH 
lk: I .. oo 6biCTpee I k 1-n , n = 1,2, ... , TO , npHMeHRR onepaTop A~ 
K 06eHM CTOpOHaM ¢oPMYJ1bl paano*eHHR /1.8/, n ony4aeM /2.34/ 
AJ1R O(A_ }=A

6
_ • .llH~epeH~HPYR s-1 paa / 2.12/ , c y4eTOM 

/ 2.17/ , / 2.27/ 111 / 2.30/, nony4aeM /2.34/ AJ1R ~A_)=(A_-j.t If8• 
COOTHOWeHHR /2. 35/ ,t:IJ1R 0 (A_ ) = P ( t\ _) 04eBHAHbl BCJleACT BHe /2. 4/ 
1-1 /2.9/, a e o6~eM cny4ae BbiTeKa~T H3 /2 . 28/, /2.30/ 1-1 /2.31/. 
PaeeHCTBa /2.36/ RanR~TCR npOCTbiM cneACTBHeM /0.5/ , /2.6/ 
111 /2.28/. TeopeMa ,t:~OKa3aHa. 

§3. HEKOTOP~E nPHnO*EHH~ 

0THeCeM K ypaBHeHHRM /0. 1/ , KaK B I S / ,t:~aHHble pacceRHHR 

+ + -1 + . • -1 . 
S0 =lr0 (k) = b0 (k)a 0 (k),k~ R ; kn,J'cn,j =-lb

0
,Jan,j ,J=l, ... ,N

0
1, 

-1 + - /3.1/ rAe b0 (k) = (2ik) W(f 0 (x.k). C n (x. -k)). a 
0 

(k) 
OnpeAeJlReTCR /0.7/ , b n,j - /1.13/, an,j =a (k n,j ) . 0TMeTHM, 
4TO 

-- --- 2 2 
an (-k:) = a0 (k} . b 0 (-k:) = b 0 (k) , I a 

0 
(k) I = 1 + I b

0 
(k) I . 

TeopeMa 3.1 . .llnR ~YHK~HH 
J: 

t\(x) = v (x) - v
2 

(x). w(x) = s (x) - A(x) f t\ (y) dy 
1 J: _,: 

cnpaeeAJ11-1Bbl paano*eHHR 

J: 1 00 

f !\ (y) dy = -=- J !\ + (k) F- (x. k) dk + 2 I "(-1) n c + J F -J (x) + 
-oo rr -oo n, n, 

rAe 

+ -+ 2 I' t\ J F J (x) • 

J: 2i""' - -f w(y) dy =- f ks +(k) F (x , k) + 4ii"k . c +J F J (x) + 
-oo " -oo D,J n, n, 

+ 4i :£ 'k J 8 ~ F-:- (x) • 
J J 

t..+ (k) = r t (k) - r~(k). 8+(k) = r ~(k) +r ;(k), 

6+ 
J 

+ + 
c 2,j - c l.j + + + 

8 j = c 2,j + c l.j 

/3.2/ 

/3.3/ 

/3.4/ 

/3.5/ 

/3.6/ 

,lloKa3aTeJlbCTBO BbiTeKaeT HenocpeACTBeHHO 1113 ¢oPMYJ1bl paano­
*eHHR /1. 8/, eCJlH BOCnOnb30BaTbCR cne,~:~y~eH H3BeCTHOH neMMOH . 
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JleMMa 3.1./CM., Hanp., / 1,2/ 

I 1 . 7 I AJlR ¢lyHKUHH ~ (x) 1-1 w (x) 
S ~ cneAy~HM o6pa3oM: 

/. Ko3¢l$HuHeHT~ pa3no*eHHR 
/3.2/ B~Pa*a~TCR nocpeACTBOM 

+ . -1 ( + n + · -1 + 
~ (k) =(2Ia(k) ~. F (k)), (-1) 2c j =a (/\, F . ) , n, n ,J 

/3.7/ 
( F +) + " -1( + , ~. j = 0 , ~ J = a j ~ , F j ) , k j I; a ; 

-2iks+(k) =(2ia(k))-1 (w, F +(k)), 4ik .c+. =a-1
1 

(w,F+ .) , 
D,J D,J D, D,J 13 • 81 

(w,F;)=O, 2ikJs; = aj1 (w,rt>· kJ~a'. 

~3 pa3no*eHHR /3.4/ nony4aeM cpa3y cneAY~ee 

CneACTBHe 1 /TeopeMa eAHHCTBeHHOCTH e o6paTHO~ 3aAa4e pac­
ceRHHR/ . Ha6op eenH4HH S~ /3.1/ onpeAenReT OAH03Ha4HO noTeH-
UHan v 

0 
(x) e ypaeHeHHI-1 /0. 1 I. 

Aanee H3 /3.3/, /3.4/ e c1-1ny Teope~ 2.2 HMeeM 

CneACTBHe 2. CnpaeeAJlHBO paeeHCTBO 
1 co + 

6 (x) + n (i\ +* ) w (x) = -- f I l\ (k) - 2ik n (k 2 ) 8 + (k) I F - (x, k) dk + rr :r 
~ /3.9/ 

+ I"I(-1) 0 +2ik . fl(k 2
1

)1c +J r-. (x)+ 
n,J n, n, n,J,.z 

I'I2A~+4ikJfl<kP8r IF~:r ex>. 

rAe fl (A) - pauHOHanbHaR ¢lyHKUHR /2. 32/, onepaTOP fl (A~ ) onpe­
AenneTCR 3aMeHOH B /2. 3 3/ A_ Ha i\! /2 . 2/. 

TeopeMa 3.2. AnR Taro 4T06~ noTeHuHan~ v (x) e ypaeHeHHRX 
n 

/0.1/ YAOBneTeopRnH ypaeHeHH~ 

~(x) + fl(i\! )w(x) = 0 -oc < X< oo , 

He06XOAH~ H A0CTaT04H~ cneAY~~He ycnOBHR: 

'\+(k) - 2ikfl(k 2) s+(k) .. o. fl(k2) =net 2>. k ~ R; 

(-1)0 +2ik 0 ,jfl(k~,j) ~O. k 0 ,j ~a" ; 

h; + 2ik j n (k ~ ) 8 r = 0 • k J ~ (J, ' 

rAe 0603Ha4eHHR Te *e, 4TO B TeopeMe 3.1 H cneACTBHH 2. 

/3 . 10/ 

13.11 I 

/3 . 12/ 

AoKa3aTenbCTBO AOCTaT04HOCTH a4eBHAHO e cHny /3 . 9/. 0TMe­
THM, 4TO BTOpOe paeeHCTBO B /3.11/ cneAYeT H3 nepeoro B /3 . 2/. 
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Heo6xoAHMOCTb /eM. TaK*e ! 1, 2 ' I B~TeKaeT, ecneACTBHe /3.7/, 
/3 .8/, H3 paeeHCTB /2.36/. TeopeMa AOKa3aHa. 
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