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ApceHbeB A.A. P5-4928 

06 3KBIIBaneHTHbiX perynSipii38UIISIX 38ll8'111 paCC9SIHIISI Ha CllnbHO 

CIIHrynSipHhlX il0T9HUII8nax 

B pa6oTe npeano)KeH HOBhill MeToa caeaeHHSI 3aaa'111 pacceSIHIISI Ha c11H 

rynSipHOM ilOTeHUHM9 K ypaBH9HIIIO cf>pearonbMa C HeCIIHrynSipHhlM Sillp0M 0 llo
K838HO, 'ITO B K8'19CTB9 perynSip11311pyiOII.l9ll cpyHKUHII MO)KHO 6p8Tb npeo6pa30 

B8H119 Jlannaca ni060ll cpyHKUHII f1 ( {J ) 113 ll0CT8TO'IHO WllpOKOrO Knacca II 

ll0K838HO, 'ITO peW9H119 38ll8'111 pacceSIHIISI 9CTb rnaaKaSI cpyHKUIISI BH9 T0'19K 

CIIHrynSipHOCTII ilOT9HUIIana. 

Coo6•eaaa 06h8AIB8BBOrO BBCTITYTB aAepBHX BCC~8AOB8BBI 

AJ&ia, 1970 

Arseniev A.A. P5-4928 

On Equivalent Regularizations of the Scattering Problem 
on Strongly Singular Potentials 

A new method is suggested for reducing the problem of 
scattering on the singular potential to the Fredgholm equation 
with a nonsingular nucleus. It is proved that the Laplace transfor
mations of any function p. ( fJ ) from a rather wide group can be 
used as a regularizing function and the solution of the problem 
is a smooth function beyond the singular potential points. 

Coataaalcatloae of the Joint Iaetitate for Nuclear Reeearch. 

DaiMia, 1970 
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( 

1, Mbi H830BeM noTeHuHan V (x ), x ~ R , N? 3 CHHrymipHbJM, ecnH 

MHmKeCTBO n =I X; V( X )=oo I He nyC TO, 3a.uaqa pacceSIHHSI H8 CHHrynHpHOM no

TeHUHane H, B q8CTHOCTH, IlOTeHUHane, HMeJOWeM TBep,ayJO cep.oueBHHy ( T,e, 

/I-3/ 
B cnyqae mes f! > 0 ) , H3yqan8Cb MHOI'HMH 8BTOp8MH BBH.Oy ee B8)!{-

HOCTH H .OnH H.OepHOJl cpH3HKH, H K8K MO.UenbHOH 38,!laqH B TeopHH IlOnH B CBH3H C 

MeTO,OOM nep8TH38UHH, Hawa uenb COCTOHT B TOM, qT06bl 38,aaqy pacceHHHSI 

H8 CHHrynHpHOM IlOTeHUHane CBeCTH K HHTerpanbHOMy ypaBHeHHJO cf>pe.oronbM8, 

SI.OpO KOTOpOI'O He HMeno 6bJ oco6eHHOCTeJl, 

0K83blB8eTCH, :3TO MO)!{HO c.oenSTb MHOI'HMH CilOC068MH, 

2. nycTb ~\! ( X ) = min I v ( X ) ' M I , B .oanbHeAweM Mbl npe.orro-

naraeM, qTo cpyHKUHH V(x)y.oosneTBOpHeT ycnoBHHM A 

A l.)_V M ( X ) = M ' M < 0 

noKanbHO y.oosneTBOpHeT ycnoBHIO renb.oepa l'IpH 't'(x)~ R N 

A 3 ). cymecTByJOT TBKHe KOHCT.BHT&I R 0 <"" , C < oo , a > 0 , qTo 

V(x)<Cix 1-N-a, lxl> R 
0 

3, nycTb 

onpe.oeneHHoro B 

nycTb 

H M -caMoconpH)!{eHHoe pacwHpeHHe a 

C"" cpopMynoA 
0 

H u=-~u+V (x)u. 
M M 

2 
L ( R N) onepaTopa, 

( 1 ) 

f3 > 0 - SI.Opo nonyrpynn&I exp (- (3 H M ) • 

3To SI.Opo onpe.oenSieT 

neMM8 1. OpH 

[ 
p p 

HHTerpanbHhiA onepaTop G~,lf3) .t;_ L _. L , I:::p '5. oo). 

V (3 > 0 H M .... "" nocne.oosaTenbHOCTb G ( f3 ) 
M 

B CHnbHOA TononorHH [e .... e. Is_p <ool cxo.n:HTCSI K onepaTopy G ( f3) 

C SI,OpOM 

G(x,y, {3) lim G ( x, y, f3) 
M 

M ~ oo 

3 

(2) 



npeaen B (2) cymecTByeT npH v x, y <.; R ' f3 > 0 
' /4/ N 

AoxaaaTem:>CTBO, B cHny HaaecTHoft cpopMynhi 

c -
G M(x,y,f3 )= G 

0
(x,y, f3) & lexp(-f3 

0
f V M(2yf3(x(r)-ix(l))~x+(y-x)r)dr I (3) 

IIOCne.QOBaTenbHOCTb GJ x,y, {3 ) MOHOTOHHO y6bJBaeT H orpaHH'IeHa CHH3y1 

OTCJOaa cneayeT cywecTBOBaHHe npeaena (2). CxoaHMOCTb onepaTopa GM(f3) 

K G(f3) cneayeT Ha oueHKH 

B aanbHeftweM HHaexc M Mbi 6yaeM onycKaTb, ecnH M= oo 

0 

f3 
I 

!leMMa 2. Yy <:;. R N' f3 > 0 cnpaaeanHao paaeHCTBO 

mes I x, V(x) = oo, G(x,y, {3) ~0 I= 0. 

AoxaaaTenbCTBO, CneayeT H3 neMMbi 1 H paaeHcTaa 

l4J 

!leMMa 3. nycTb ¢ (X) r;_ L 00
' ¢(X, f3) =(G(8)¢ Xx); s- OTKpbiTOe MHO>Kecr-

BO c rna,oxoa xoMnaxTHoft rpaHHuea S f1 rp.O = ·~ , Toraa npH V f30 > 0 

cpyHKUHSI cp ( x, f3) eCTb peweHHe CMemaHHOit 38.QB'IH 

a f3¢ =!!. ¢- V(x) ¢ , f3 > f3 
0 

, 

(x,f3 +0)=¢ 
0 

(X, f3 O ) , X <.; ~ 

(5) 

¢ (x, {3) = f G(x,y, f3)¢(y) dy, x<.;rp, S. 

AoxaaaTenbCTBO. nycTb O(S) - TSKaSI OKpeCTHOCTb 
-s I 'ITO 

O(S)fln = =JO,rp,O(SHlrp,S = ~. 

Ha:RJleM Taxoe M 0 < oo , 'ITO npH M ~ M 0 cnpaBeJlnHBo paBeHCTBO 

VM(x)=V(x) npHxG-O(S), <PyHKUHSI ¢M(x,f3) =G)f3)¢, aenpepbiBHaSI no 

. x <.; R N nPH f3 > 0 , H ecTb peiiieHHe aaJlB'IH 

af3cpM =~¢M-Vlx)¢M, f3>f3
0

,x<.;.0(S). 

¢ (X • f3 + 0 ) = ¢ ( x, f3 ,) ' X r.;; 0 ( S) 
M 0 M 

¢ (x,f3)= f G(x,y,f3) cp(y) dy, x <.;.rp,O(S). 
M 

4 

(5') 



Ha neMMbl 1 cne.ayeT, qTo V x: ¢M(x, f3
0

y-+¢(x, f3 
0
); M-+ ,oo , a 

CMbiCne noToqeqHoA cxo.aHt.«>CTH, npHqeM II ¢ M II 
00 

'5_ II ¢ II 
00 

• 0TciO.aa 

cne.ayeT, qTo 

sup I V ¢ ( x, f3 ) I < oo ~ f3 > f3 , 
M, xI;; S x M . 0 

nosToMy ¢ ( x, f3) HenpepbiBHa no x a S npH f3 > f3 
0 

• Tax xax S 

H f3 0 npoHasonbHbl, To ¢ ( x, f3) G. C(~ Q ) , ,V f3 > 0 • Ho Tor .a a peweHHe 

aa,aaqH ( 5) CYli!9CTByeT H 9.QHHCTB9HHO, npHq~M OHO 9CTb npe.aen cPYHKUHI 

¢ M (x, f3 ) npH M -+ oo , a 9TOT npe.aen paaeH ¢ (x, f3) , 

Ha neMMbi l H HepaaeHcTaa \3) cne.ayeT, qTo onepaTopbi G ({3) o6-

paayiOT nonyrpynny orpaHHqeHHblx onepaTopoa a [ L P -+ LP , I -::_ p .,;. oo ] • 

~ 
u(x), 

P(O)u = 

0, 
A 0 - HHcj>HHHTeaHManbHbiA onepaTop nonyrpynnbl 

nonO)I{HM no 
onpe.aeneHHIO 

H u = -A 0 P ( 0 ) -u, D ( H ) = I u , u ~ C , P ( 0 ) u C- D (A 
0 

) c L P I • 

Ha neMMbi 3 BbiTeKaiOT cne.ayiOmHe cne.acTBHR: 

1. OnepaTop H ecTb pacwHpeHHe onepaTopa, aa.aaHHoro B 

!l>opMynoA ( 1) npH M = "" 

2. nonyrpynna G ( f3 ) npHHa.ane)I{HT Knaccy c 0 B LP ( R ;;- 0 ) 'l~<~ 
30 A 

0 H H L 2 ( R N'\ n ) B u C8MOCOllpS1)1{9Hbi, 38MKHyTbl H 
0<> 

Hu= jAdE (A,H)P(O) u, G(f3)= f exp(-A{3)dE(A, H) P(O), 
0 0 

2 r.ae E (A , H ) -paano*eHHe e.aHHHUbl OTHOCHTenbHo L ( R~O) • 

OnpepeneHHe. cPyHKUHH u ( x, k ) H83biBaeTcH peweHHeM aa.aaqH pac-

ceHHHH .anH onepaTopa H , ecnH OHa Y.OOBn9TBOpHeT COOTHOW9HHHM: 

(6) 

u(x,k) = exp(ikx) +¢(x,k) (7) 

1-N 1- N ,--- a - ----z--
ct><x.k)=O<Ixl ),(---iy'A)cp(x,k)=o(lxl· ) lxl-+oo. (8) 

a1x I 

5 



neMMB 4. Cl>yHKUHSI U (X, k ) B TOM H TOnbKO B TOM cnyqae yoosneT-
( 

BOpSieT ypaBH8HHIO ( 6), ecnH OHB npH KBKOM-HH6y .ll b (3 > 0 y .llOBneTBOpSleT 

ypaBH8HHIO 

exp (-A {3) u = G ({3 ) u , (9) 

npH'l~M, ecnH U (X, k )<;.L 
00 

H y .llOBn8TBOpS1eT ( 9) npH KBKOM-HH6y .llb (3 =(3 0> 0 t 

TO oRa y.aosneT80pHeT (9) npH 8cex (3 > 0 

LloKaaaTenbCTBo. LlocTBTO'IHO .llOKaaaTb nHWb nocne.aHee yTsep:>K.lleHHe. 

Bse.aeM BCUOMoraTenbHOe 6aHBXOBO npocTpBHCTBO, COCTOSIW8e H3 cpyHKUHI, 

paBHbiX HyniO HB • H opMy 8 HeM aa.aa.aHM cpopMynol 

l1a oaeHKH t3) If neMMbi 3 cne.ayeT, 'ITO 8 8 ecTb nonyrpynna 

KnBCCB C O • nonO:>KHM 

S ( (3 ) = exp (A (3 ) G ((3 ) , 
n 

-t f3o 
(3 f exp(2rrin/{3 )S((3) d (3 

0 0 0 

nycTb u ( x, k )<;. L 
00 

H y .aosneTBOpSleT ( 9) npH f3=f3o 
I St 

• Tor.aa 

S ( (3 ) u = ( C, 1 ) l: exp ( -2 1T in {3 / (3 
0 

)In u ; 0:;: {3 ~ {3 0 , ( 10) 
n 

r .ae cpyHKUHH (I 
n 

U ) (X TBKOBbl 1 'ITO 

HI u =(A+2rrin/{3 )I u 
n 0 n 

(12) 

l1s ( 11) H neMMbi 3 cne.ayiOT oueHKH: 

(I u () (X) = 0( 1) • I v (I u ) (X ) I = 0 ( 1 ) • I X I .... 00 ' 
. n x n 

(13) 

a H3 (12) H (13) 8 CHny ycnoBHI A cne.ayeT, 'ITO (I n u ) ( x ) = 

H3 ( 11) cne.11yeT, 'ITO (I n u) = 0, n * 0 H H3 ( 10). cne.ayeT .llOKB3biBB8MOe 

yTsep:>K .lleHHe. 

6 



I' 

VITaK, Mbi ycTaHOBHnH, qTo (9) 9KBHBfleHTHO (6). VIs neMM 3 H 4 Bbl-

CneACTBHe, PeweHHe saAaqH pacceSIHHSI u ( x, k) .t;_ C 2 ( R N '\ 0 ) • Tenepb 

HSM Hy)KHQ H3 peweHHA ypaBHeHHSI (9) BbiAenHTb Te, KOTOpbie YAOBneTBOpS!

IOT ( 7 ) H ( 8) o 

nonO)KHM 

l 
gM(x,y ,{:3)= G 0 (x,y, {:3)- GM(x,y, {:3) 

+ -1 
T- (A. ) = - [ exp ( - ( A ± i 0 ) {:3 ) - G ({:3 ) ] g • 

M 0 M 

( 14) 

noACT8BHB (7) H (14) B (9), Mbl nonyqHM: 

[exp(-A{:3)-G 0 ({:3)]¢=-g[exp(ikx)+¢]. (15) 

g H [ exp (- ( A ± i 0) {:3) - G 
0

( {:3 ) ] -1 

JleMMa 5, CnpaBe.llnHBbi cneAyiOLLlHe oueHKH: 

1 ) 0<g(x,y,f:3)<G (x,y,{:3), Yx,y<;.R ,(:3>0. 

2) 

3) 

I'Ae C 1 H C 2 OT 1\t He 38BHCSIT, C 1 He SSBHCHT OT f:3 
AoK838TenbCTBO, OueHKH (I) H (2) npH lx I<8Ro TPHBH8nbHbl, nycTb 

I x I > 8 R 0 • VIs (2) cneAyeT: 

1 

J g ( x, y, f:3) d y = l --lb I exp (- f:3 J V ( 2 y f:3 x (r) + x ) d r ) I 
M O M 

= l- lf, sup l2yifx(r)l<o, 51 xI 
O:S/:S:I -

< 

I ..... I - lb I - ,-f:3 ) I I I I .... I < sup2y x(T >0,5 x -

1 
0 ;:S T :£I 

f:3ff>sup l2vflx<r)l~o,51xl I J V (2y{fx(r)+x)drl + 

+ 2& I sup 12 vtf X ( T) I >0,5 I X II < c 1 [ f:3 I X I - N- a + exp (- I X I 2 /8 f:3) ] • 

OueHKa ( 3) BbiTeKaeT :Hs neMMbi 3, 

7 
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CnencTBHe, OnepaTop g G- [ L P -+ Lq I 1 'S_p 'S_ oo, 1 ~ g q<_oo] 

He HenpepbiBeH npa 1 < p < oo 

6. nycTb IL < {3) G- L 
00

(0, oo) 

00 

3 f' > 0 : f exp ( t: f3 ) 1L ( f3 ) d /3 < oo , 1L ( {3 ) 2:, 0 • 
0 

nycTb 
00 

F(A)= f exp(-A.{3)p({3)d{3. 
0 

/5/ 
OnpenenHM onepaTop F (-L\) <;. [ L P-+ L P ] <tJopMynoa: 

(16) 

(17) 

l1HTerpan B ( 17) fiOHHMSeTCSI B CMbiClle EoxHepa, ¢HKCHpyeM TO'IKY A 0C- (O,oo) 0 

nyCTb 0 ( ,\ O) AOCT8TO'IHO M8118SI OKpeCTHOCTb TO'IKH ,\ o 1 nyCTb 

AC- 0(,\0 ) H lm,\~0, Torna 

(F(A)- F(- L\))-1 =F(A.f
1 

[E +KF(,\)], 

rne 
-1 -1 

K F ( ,\) = ( 2 IT i ) j F( II) [ F ( ,\) - F (II) ] R ( II , - L\) d II • 

Rnpo onepaTopa K F( A ) ner-Ko noLIC'IHTSTb c noMOlllbJO <tJopMyn&I 

R(-v,-L\)= f exp(-ll{j)G ({3)df3. 
0 0 

npoCTSSI BbiKII8LlK8 LlSeT: 

N 
F(A.) ,jX -2-- 1 <a+l)/2 _ 

K ( ,\)( x, y) = - _i ( ) H N (\x-y h/ A)+ A(,\, lx-y!); 
F ~4 F'(,\) 21Tix-yl T- 1 (18) 

_JL -1 (I) N 

A(A.,!x-yi)=(21T) 2 I f[F(A)-F(p2 )] F(p 2 )H N (lx-y!p)p"T" dp + 
c+ -2--t 

-1 .(2) 2L 1-~ 
+f[F(A.)-F(p2 )] F(p 2 )HN (!x-y!p)p 2 dpllx-yl 2 .(19) 

- --1 c 2 

B ( 18) aHaK (-) 6epeTCH a cnyqae argA>O, (+) - a cnyqae 

arg ,\ < 0 ; B (19) KOHTypbl C + H C - BbiXOASIT H3 0 1 npH 

8 



.uocTaToqHo 6onbWHX I p I cosna.uaJOT c nyqaMH arg p = ±£ H Bbi6paHbi 

T8K 1 qT~ M9)KJ1Y HHMH ne)KHT TOqHo O.UHH Hytb cpyHKUHH [ F(A)-F(p 2
)). 

nonO)KHM 
+ 

K ;<A)= K F( A± i 0) • 

neMMS 6, 1 ) Y A> 0 : K F ( A + i £ ) .r;_ [ L 
1 
ll L oc .... L q , q > 2 N /N -1 ] 

H Henpepb1B9H no £ B OKpeCTHOCTH £ = 0 B CHnbHOA: TOITOnOrHH, ' l 

2) Y ¢ ~ L 
1 
ll L oo : [ F ( A ) - F (- 1'1 ) ] F (A ) -t [ E + K F±( A ) ] ¢ = ¢ . 

¢ G- L ¢(x)=0( I x 1-N- a), lx I-> oo 
1 TO ¢yHKUHH 

y.uosneTBOpHeT ycnoBHHM uanyqeHHH H .uns Hee cnpaseanusa 

8CHMITTOTHKa: 

1-N ( K; ¢ )( x) = C ( A , f3 ) I x I -2- exp i I x I v' A ) f exp ( -i ( n, y h/-:.\) ¢( y ) d y + 

nns .llOK838TenbCTB8 neMMbl .llOCTSTOqHO BOCITOnb30B8TbCH cpopMynoA: ( 18) H 

aaMeTHTb, qTo cpyHKUHH A (A, I x-y I) aHanHTHqHa no A npu A~ 0 (A 
0

) H 

A(A,\x-yll-l 

-N+2 
0 ( I X- y I ) I X -y I -> 0 

-N-2 
0 (I X- y I ), I X -y I -> 00 

(20) 

x/ ~ 
JloK838TeRbCTBO neMMbl 6 ORHpaeTCH H8 cne.oyJOUlHe JlB8 CBOICTB8 '+'YHK-

UHH F( A) 

F(A)>O, A(;(O,oo) H F(A)=OO/IAI), IAI-+oo), largAI< 71/2. 

9 



nerKO IIOK838Tb, 'ITO .unsr orrepaTopa K± (A) crrpaae.unHBbl YTBep:>K.UeHHSI 
( 

neMMbl 6, IIOSTOMy H3 neMMbl 5 cne,llyeT 

neMM8 7, OnepaTop T ± (A) <.:; [ L P _. L q , l < p < oo, ~ < q < oo ] 
M - N-1 

H BIIOnHe H9IIpepbiB9H, 

neMM8 8, .[lnsr TOI'O, 'ITO~bl qJyHKUHSI U ( X, k) = exp ( i kx) + cp ( x, k ) 

6bin8 peweHHeM 38.ll8'1H (6-8), H906XO.llHMO H .llOCT8TO'IHO, 'IT06bi cp (x,k) 

y.uoaneTaopsrna ypaaHeHH~ 

·+ 
cp(x,k) = T (A)[ exp (ikx) + cp(x,k)]. (21) 

AoKaaaTenbCTBo, AocTaTo~HOCTb, YMHO:lKHB (21) Ha [exp(-A,9)-G 0(ml. 
rrony'IHM, 'ITO cp(x, k) y.uoaneTBopsreT (15), OTKy.ua cne.uyeT, 'ITO u(x,k) 

y.a:oaneTaopsreT (9), a rroToMy H (6), YcnoaHsr (8) cne.uy~T Ha paaeHcTaa 

(21), neMMbi 5 H 6. Heo6xo.UHMOCTb, EcnH u(x,k) ecTb peweHHe 

(6-8), TO ¢(x,k) y.uoaneTaopsreT ( 15). YMHO:>KHB o6e qacTH ( 15) Ha 

[exp(-(A+idf3}-G
0

({3)] -I H BOCIIOnb30B8BWHCb TeM cpaKTOM 1 'ITO B CHny 

ycnosHA HanyqeHHH 

Mbl rrony'IHM Tpe6yeMoe yTsep:>K.UeHHe, 

3BM9THM 1 'ITO H.llPO HHTerpanbHOI'O ypasHeHHSI (21) He HM99T CHHrynsrp-

HOCTelt H938BHCHMO OT IIOT9HUH8na V (x ) H p83MepHOCTH IIpOCTp8HCTB8 N , 

!} 1 - CBS13H8H KOMIIOH9HT8 MHO:>K9CTB8 ft N '\ !} 

wasr 6ecKOH9'1Ho-y.uaneHHy~ TO'IKy, n 2 = R N '\ (!) u n 1) • 

neMM8 9. EcnH ¢ \X t k ) y .uosneTBOpsreT ypasHeHH~ ( 9 J, ycnoBHSIM r 
HanyqeHHH (8) H IIpH !xi-+ oo HM99T 8CHMIITOTHKy 

TO ¢(x,k),o IIpH X <;;_ !} 1 

AoKaaaTenbCTBO, 11a ( 9) H ( 8) cne.uyeT, 'ITO cp(x,k) y.uoaneTBopsreT 

yp8BH9HH~ 

cp(x,k) (22) 

II OSTOMY 

y(n) =C(A,~) f exp(-i(n,y)y'A}(gcp)(y)dy 

10 



YMHO:>KHB (22).-Ha (gcp*)(x,k), 1 npoHHTerpapoBBB no x H Bbl'ITSI 

x/ 1 
KoMnneKcHo-conpH:>KeHHoe Bbipa1KeHHe 1 nony'IHM: 

0 = J ( g ¢*) ( x, k) [ K + (>,, I x -y I ) - K-O., I x-y \)] ( g cp )( y, k) dx d y 

{i 

1-N 

OTKy.aa cne.ayeT, 'ITO y (n) = 0 • noaTOMY cp(x,k) = 0(1 xl-2- -£), 

TBK KBK cp(x,k) ynOBJieTBOpHeT (6) 1 TO B CHJiy TeopeMbl T,KaTO 

i cp (X, k ) = 0, X <;. {} 
1 

• nycTb /L ~fj ) a6COJIIOTHO Henpepb1BH8 H y .llOB-

JieTBOpSieT ycnoBHHM ( 16), F (A) onpe.aeneHa paBeHCTBOM ( 17 ) 1 

F(H) = JG({:3)p.({:3) d{:3, T±(A, F) =-F(A)-
1 

[E+K!(A)]r(g), 
0 

00 

r (g > J g (x,y, /3) p. ({:3) d {:3. 
0 

p q 

neMMB 10. r (g) ~ [ L -+ L ' 1 ~ q < 00 ' 1 ~ p ~ 00 ] 
H BfiOJIHe 

HenpepbiBeH
1 

T±(A,F)~[LP -+Lq, l<p<oo, 2N_<q<oo] 
-. N-1 

H BfiOJIHe 

HenpepbiBeH. 3Ta neMMa cneayeT H3 neMM 5 H B. 

PaccMoTpHM HHTerpanbHoe ypasHeHae (21) H 

cp ( x, k ) = T + ( A, F) [ exp ( i k x) + cp ( x, k ) ] (21 1
) 

TeopeMa 1, YpaBHeHHSI (21) H (21 1
) HMeiOT e.aHHCTBeHHoe pewesae 

.anSI Be ex ,\ ~ ( 0, oo ), sa HCKJIIO'IeHHeM Tex TO'IeK I .\. I 1 KOTOpbre npa• 
sa.ane:>KaT .aacKpeTHOMY cneKTPY onepaTopa H • CooTBeTCTBYIOWHe 

C06CTBeHHbie cpyHKUHH Y.llOBJieTBOpSIIOT O.llHOpO.llHbiM ypaBHeHHSIM: 

T+ ( ,\ I ) "' = "' ( ' A I ) ; T + ( ,\ I ' F ) "' = "' ( ' ,\ I ) ' 

(23) 

x/ 3TOT npHeM 6blll C00611leH HSM n,.Ll.~anneeBbiMo 
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llpK'I~,M supp rp ( X , A ) S,_ {l 2 

l: l < 
A <A 
;-

mes n:~ 

r< ~ + 1 > 
2 

H crrpaseanHBa oueHKa 

N N 
A-2- + o (A -2-), A .... oo 

AoKa3aTenbCTBo, TaK KaK T' (A) BllOJIHe Herrpepb!B9H B 

(24) 

LP 
+ 

To n116o (E- T -1 P P 2N (..\.)) G-[L .... L ,--<p<oo] , 11 Tor.aa (21) HMeeT 
N-1 

e.aHHCTBeHHOe peweHKe, JIH6o rrepsoe 113 ypaBHeHHft ( 23) HMeeT HeTpHBH8Jib-

Hoe peweHKe, nycTb rfJ (x. A 
9To peweHKe, YMHO:lKHB o6e 'IBCTH 

(23) Ha [ exp(- ..\{3)- G 
0
({3)] , Mbi llOJiy'IKM, 'ITO rfJ (x, ..\.) y.aosneT-

BOpSleT paseHCTBy (9) ), Tor.aa B CKJiy neMMbi 9 supp rfJ (x, A) c n 2 , 

no9TOMy rfJ ( x, ..\.) <,:; L 
2 

11 y .aosneTaopSleT ( 9) npH acex f3 > 0 

OTKy.aa cne.ayeT (24), TeM caMhiM .anSI (21) TeopeMa .aoKa3aaa, OTKy.aa cne

.ayeT cywecTBOBaHHe H e.aHHCTBeHHOCTb peweHHSl aa.aa'IK ( 6-8) npH ..\.~!A.; I. 
TiycTb u(x,k) - peweHHe l6-8J, Tor.aa npH scex f3 > 0 oHo y.aosneT

BOpSleT ( 9), OTKy .ll8 cne.ayeT, 'ITO 

F ( ..\.) u = F (H ) u 

H <P(x,k) y.aoaneTaopSleT ypasHeHHIO (21' ), 

B cHny neMMhi 10 n116o (21') HMeeT e.aHHCTBeaaoe peweHHe, nH6o BTo

poe 113 ypaBH9HHft ( 23) KMeeT KOHe'IHOe 'IHCJIO HeTpKBK8JibHbiX peweHHft, 

nycTb 1/J (X • A I ) STO p_erneHHe, YMHO:>KHB o6e '18CTH ( 23) Ha 

F(..\)-F(-.1) , Mhi nony'IHM, 'ITO r/J(x,..\,) y.aosneTBOpSleTypas
HeHHIO 

F (..\. ) r(J = F (H ) r(J , 

OTKy.aa B cHny TeopeMhl [ 16,6,2, (5)] cne.ayeT, 'ITO H rfJ = ..\. rfJ 
TOMy r(J ( x, ..\. 1 ) y.aosneTaopseT ycnoBHSIM neMMhl 9 H 

, U09-

supp r/J(x. A )C n 2 ' OTKy .a a cne.ayeT, 'ITO rfJ (X • A . ) c;. L 2 
I TeopeMa .llOKaaa-ui _ 1 

a a, 

AaTop rny6oKo 6naro.aapeH H.H.rosopyHy 38 npe.aocTasneHHbie ycno

BHSI .llJISI pa60Tbl, 

f 
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