
y/IK 517.984 

M. E a i i p a M O I j T l > l , H . M. A c i a H O e a d l n - r MareMai i iKu H Me.xanuKii H A I i A3ep6aHa)KaHa. baRy) 

P A C n P E ^ E ^ I E H M E C O B C T B E H H b l X 3 H A M E H M H 

H ( D O P M V J I A CJIEJIA O H E P A T O P H O E O Y P A B H E H H H 

U i T y P M A . 1 H y B M J l . l f l 

Asymptot ic distribution o f eigenvalues o f a problem generated by the Sturm - L i ouv i l l e operator equation is 
siudicd. The l on i iu la o l ' regularized iraee o f the eorresponding operator is obtained. 

BuBiafThcsi acMMMlOHiHHuii potiio.'ii-i HJiaemix i i i a i e n i . l a . i a i i , mo nopoj iKe i ia oneparopHUM piBHUHuaM 
lU rypMa-/ l i vB i . i . iH . O i p i i M a i i o (})opMyny pery. iapi i io i taHoro c. i i . iy Hi.iiiOBi.iHOro oueparopa. 

riycTb H — ccnapaGe.ibHoc rn.ibGcpTOBo npocrpaHCTBo. (•.) — C K a j i a p H o e n p O H S B e -

; i c H H c li \'-] — H o p M a B HCM. I l y c T b THK/Kc L j = Z-i ( ( 0 . 1 ) . H) ^ H. CKajiapHoe 

npoi i iBc ; icHiiL' B L_> iaAacTcn KaK 

I 

(1) 

Y = {y{f),yi].. Z = {z{t).zx}. y (t). z (t) e L2 {{HA), H), 

Vi-Zi G H. ft = const < 0. 

B n p o c T p a H C T B e L2 { {0.1) . H) p a c c M o r p H M i a ^ a M y 

-y"{f) + Ay{t]+q{t)y[t) = Xy{t). (2) 

? / ( 0 ) - 0 , • (3) 

y ( l ) - / r y ' ( l ) - A y { l ) . (4) 

rae A — c a M O C o n p j i a c c H H b i M 110:10*11 rcjibno o i i pcac . i c H H b i i i o n c p a x o p b H (movkho 

C M H i a r b , MTO A > E, E — eAHHHHHbin oncpaxop b //), Koropbiii s B J i a c T C f l ooparnbiM 

AJIS! BIlOJiHC HcnpcpbiBHoro. 

ripc.mio.TO>KHM TaKacc, HTO o o c p a T o p H a a 4 ) y n K U H a q [t] c j ia6oH3MepHMa, \\q KaK 

( j j yuKUHf l OT t, o r p a H H H C H a n a iO. 1] h y f l O B ^ i c T B o p f l C T c j i e j y i o m H M y c j i o B H A M : 

1) q [f] HMCCT B T o p y i o c j i a o y i o n p o H 3 B o a H y i o n a '0,1], n c/"^ (0 - ^ = 0 . 1 . 2. npn 

K a a c j o M t c [0.1: a B J i a i o T C f l JUcpnbiMH caMoconpaiKCHHbiMH o n e p a T o p a M H b H, t . e . 

[q^>Ut)Y = q^" {t); 

2) 4 ) yHKUHH 11^''' ( o i i i ' ^ ~ ^' " r r a H K H C H b i H a o r p e s K C [0,1] ; 

3) (/(0) = r / ( l ) - 0 ; 

4) / (q (t) f. f) dt ^^0 n p n J11060M / t H . 
./() 

3 A e c b fxi H p o c i p a H C T B o K O M n a K i n b i x o n e p a i o p O B , c H H r y j i J i p H b i c H H c . i a KOTopbix o o p a -

. s „ , r ^ e Sn — C H H r y j i f l p H b i e 
n — 1 
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HHCJia o n c p a x o p a . E c j i h B - c a M o c o n p H J K e H H b i H }i,icpHbiH o n e p a T o p b // h {t^„} ,7Li ~ 

O p T O H O p M H p O B a H H b l H 6 a 3 H C H3 CPO C o G c T B C H H b l X 3J1CMCHT0B, TO [ I ] ( T C O p C M a 8.6) 

m\^ ^ I ] K ^ r . - r . ) l -
n = l 

r i p H (}{t) = 0 c 3 a a a H C H (2) -(4) B n p o c T p a H C T B C L '2 mo : «ho CBfliaxb c a M O C o n p s i K e H -

H b i i i o n c p a x o p Lo c o5jiacTbio o n p e a e j i c H H a D{Lii) ^ {¥ e L2 /—y"{t) + Ay{t) G 
e (//. ( 0 . 1 ) ) . y ( 0 ) = 0 H y i — (y ( 1 ) } , j e H C X B y i o i u H H KaK 

^ 0 (Y) - {-y" {t) + Ay (t). y ( l ) - hy' ( 1 ) } . 

UpM<i(t) ^ 0 c o o T B C T c x B y i o m H H o n c p a x o p o 6 o 3 H a ' i H M L — Lo+Q,rjxcQ: Q{y{t), 

y{l)} = {q{t)y(t)M} — o r p a n H H C H H U H caMOConpf l «CHHbiH o n c p a x o p b L- j . 

Ucjih n a c x o f l m c i i paGoxbi - y c x a n o B i i x b j H C K p c x H O C X b c i i C K x p a laaaHH ( 2 ) (4), H j y -

4 H X b a c H M n x o T i i H c c K o c p a c n p c . x c . x c H i i c coocTBCiiiibi.x t H a M C H H H 11 n o . i V M n r b ( } ) 0pMy j i y 

n c p B o r o p c r y -X « p H 3 0 B a H H o r o cic.ia o n c p a r o p a L. 

J l c r K O n p o B c p H X b , mto, BBo;ifl r n j i b G e p x o B O n p o c x p a n c x B o c o cKa.iHpnbiM n p o H 3 B e -

A C H H C M , o n p c a c j i e H H b i M n o ( j )opMyjic (I), n o . i y M a c M c a M O C o n p n > K C H H b i i i b L> o n c p a 

x o p L. 

B i i c p B b i c Ba .xbTcp |2|, p a c c M a x p H B a a c K a j i H p H y i o t a a a ' i y U l x y p M a J l H y B H j u i a c o 

c n C K x p a j i b H b i M n a p a M c x p o M b r p a H i m n o M yc .TOBHH. n o K a 3 a j i , 4 T 0 moa 'ho C B a 3 a x b c n c i i 

c a M o c o n p a ^ e n H b i n o n c p a x o p . n o , x o 6 p a B n o a x o a s i i n c c r i i . x b f i c p x o B O n p o c i p a n c x B O , 11 

A O K a 3 a j i x c o p c M y p a 3 . i o " *CHHa , H c n o j i b s y a caMoconpawcHHocxb j x o r o o n c p a r o p a . / l a j i e e 

3 T 0 X noj ixoj i 6biJi H c n o j i b 3 0 B a H c t y j i x o n o M [3]. 

ilH ( } ) (|)cpcHHHajibH0-011 c p a r o p H b i c y p a B H C H H H H j y M a j i H C b b paSoxax [4-7], b koxo -

pbix c r i C K X p a j i b H b i i i napaMCxp LO . x c p y K a i i c a b r p a n i i H n b i x ycj iOBHax. 

B pa6oxe [7] ,xxfl o n e p a i o p a . paccMOxpcnnoio b [5], n o . r y M c n a (jjopMy.ra c j i c j a . B 
[5] H3yMCHO aCHMnXOTHMCCKOC pacnpeaeJlCHHH CoScXBCHKBIX 3HaMCHHH. 

Jinn c n c K x p a . r b H b i x 3 a j a M o c t napaMCxpa b r p a n i i M H O M yc.iOBHH Gojicc x o M H b i c 

( M H o r o M . n c i i H b i c ) acHMHXoxHMCCKHC ( j j opMy .xb i H a i i ; i c n b ! b |8]. 

O o p M y i a peiy.THpirtoBainioro c . r c : i a o b i . i a B i i c p s b i c i i o j i y M c i i a H. M. rc . rb(|)aH; ioM 

H B. M. J l c B H T a n o M [9]. flocnc )toh pa6oxbi noABiij iHCb M H o r o H H C J i e n n b i c nccjie;io-

B a H H H . H o c B f l n i e n H b i e n i y M C H i n o v i o r o B o n p o c a K a K ,UJifl K o n K p c x H b i x o i i c p a r o p o B (cm. 

n a n p i i M C p . [ 1 0 - 14]), r a K h . u K t x l ' c p c H H H a . T b H o - o n c p a T o p H b i x y p a B i i e i n i H [7, 15, 16] h 

; incKpcTHb ix a G c r p a K T H b i x o n c p a r o p o B [17, 18]. bo ; icc n o j i n y i o 6H6 :n io ipa(| )Hio mo^cho 

H a H T H B [19). 

O o p M y . x b i p c r y n a p H i o B a H H f a i x c j ie; ioB npHMCHHioTCfl juia BbiHHCJicHHfl nepBb ix co6-

C T B C i n i b l X JHaMCHHH [I 1]. 

B n . 1 AOKatano, mto o n c p a r o p Lq h m c c t A H C K p c T H b i f i c n c K x p . B n . 2 i i o . n y M C H a 

acHMnroTHMccKafl ( J j o p M y j i a jina c o G c T B C H i i b i x 3 H a M C H H H . B n . 3 c n o M O i u b i o a c H M H T O T H -

KH C O O C T B C H H b l X 3 H a M C H n H A O K a i a H O , MTO p H J , H a t B a H l l b l i i p C r y . T } l p H 3 0 B a H H b l M c n c j o M . 

C X O J H T C a aOCOJ l lOTHO ( . I C M M a 4). Jl^ia BblMHCJlCHlW i l i a M C H H f l p a A U HCnOJlbJOBaH M C T O A 

K O H T y p H O r O HHTCrpHpOBaHHJJ. 

I . ^ H C K p c T H O C T b c n c K x p a . CnaMana HccJic;iyCM 3a,ia'jy (2)- (4) n p n q (f) = 0 . 

V c J i o B H c ,1 > E BJiCMCX H o ; i o > K H x c j i b H y i o o H p c A C J i C H H O C X b OHcpaxopa L[] B L 2 - Zlcfi-
C T B H T C J l b H O , 4Jia JH0601O Y e D {Lo} H M C C M 
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H H C J i a oncpaxopa. E c j i h B - c a M o c o n p f l a i e H H U H s i A c p H b i H o n c p a x o p b // n — 
o p T O H O p M H p o B a H H b i i i 6 a 3 H C H3 c r o c o 6 c T B e H H b i x 3 J 1 C M C H X 0 B , x o [ I ] ( x c o p C M a 8.6) 

n p H q{t) = 0 c 3 a f l a H C H (2) -(4) b n p o c x p a H C T B C mo/KHO C B S i a x b c a M O C o n p a a c c H -

HbiH o n c p a x o p Lf, c o S j i a c x b i o onpeacjicHHa D{Lo) = {Y G Z.2 /—y"{i) + ^vi^) ^ 

€ L-2 (0.1))..(/ (0) = 0 H (/] ^ jeficxByioiuHH K a K 

^ 0 (> ' ) - { -y" {t)+Ay{t.). y { l ) - hy' (1)}. 

n p H q {t) ^ 0 cooTBCTCXByioiuHH O H c p a x o p o 6 o 3 H a 4 H M L = L()+Q, rue Q: Q{y (t), 

y ( l ) J = {q{t)y(t)A)} — o r p a H H H C H H b i i i c a M O C o n p f l a c c n H b i H o n c p a x o p b L- j . 

Ue.xb H a c x o f l i u c f i p a G o x b i - y c x a n o B u x b j n c K p c x n o c x b c n c K x p a l a a a m i (2) (4), i r i y -

H H X b acHMnxoTiiMccKoc pacnpcxc.xcHiic C O O C T B C H H b l X t H a M C H H H II n o - i v M n i b {|)opMy.xy 

n c p B o i o p c r y . T H p H t o B a H H o r o c ic ia o n c p a r o p a L. 

J l c r K O n p O B C p H T b , MTO, BBO^fl r H J l b G c p T O B O n p o c r p a H C T B o CO CKajiapHblM H p O H 3 B e -

. a c H H C M , o n p c j i c j i C H H b i M n o ( i ) opMyj i c (I), n o n y M a c M c a M O C o n p a i K C H H b i H b L< o n c p a 

rop /,. 
B i i c p B b i c B a j i b T C p [2], p a c c r n a r p H B a a CKajiapnyio t a j a H v LIJrypMa JlHyBHJiJia c o 

cncKTpajibHbiM n a p a M c r p O M b r p a H H M H O M y c r o B i i n . n o K a 3 a j i , h t o mo" *ho cBajarb c ncii 
c a M o c o H p H A ' C H H b i H o H c p a T o p . no,To6paB i K u . x o ; i J i i n c c n i n b G e p r o B O npocipaiiCTBo, h 

/ l O K a j a ; i i c o p c M y p a a j i o v K C H H a , n c n o J i b t y a caMocoiipaaccHHocrb sroro o n c p a r o p a . /lajiee 
3 T 0 X no;ixo;i 6biJi H c n o j i b 3 0 B a H c D y j i x o n o M [3]. 

/lH(t)(})cpcHHnajibHo-oncparopHbic y p a B H C H H H H i y n a j i H C b b paGoxax [4-7], b koxo -

pux cncKTpajibHbn'i riapaMCXp LO . x cpyKa j i c a b r p a n i i H U b i x y c j i o s n a x . 

B pa6oxc [7] o-xa o n e p a i o p a , paccMoxpcnnoro b [5], no . rvMCHa (J)OpMy.ria cj ic ; ia. B 
[5] H 3 y H C H O a c H M n x o T H H C C K O c p a c n p e ; i e j i e H H H c o o c x b c h h w x i H a M C H n i i . 

Jinn c n c K x p a - i b K b i x 3a ; i aM oct napa .Mcrpa b r p a n i i M H O M y c . i o B H H 6ojiee r o M H b i c 

( M H O r O M . T C H H b l c ) a C H M n r O T H M C C K H C ( j jOpMV. lb l H a i i / l C H b l b |8]. 

OopMy.ia p e l y . i H p i r t o B a H H o r o cjie^a obi.ia B i i e p B b i c n o j i y M c i i a H. M. rcJib(f)aHAOM 

H B. M. J l c B H x a n o M [9]. Flocjic )Toh pa6oxbi n o a B H J H i c b M H o r o H H C J i C H H u e H c c j i e a o -

B a H H H . HocBanieHHbie h i v m c h i i i o i x o r o B o n p o c a K a K ;.uia K O U K p c x H b i x o i i c p a x o p o B (cm. 

H a n p M M c p . [10- 14]), r a K n ;ui ( l '<t"^P<-'HHHa:ibHO-oiiepaTopHbix v p a H H C i i H i i [7. 15, 16] h 

A H C K p c x H b i x a G c x p a K X H b i x O H C p a x o p o B [17, 18]. bo.icc n o j i n y i o O H O J i H o r p a c l t i H O m o x h o 

H a H T H B [19). 

(DopMy.ibi p e r y j i a p H i o B a H H b i x c j i e a o B n p H M C H H i o T C f l ojia B W H H C J i e H H f l n e p B b i x co6-
c r B C H H b i x J H a M e H H i i [11]. 

B n . 1 j o K a t a n o , mto o n c p a r o p /-o h m c c t A H C K p e r H b i n c n c K T p . B i i . 2 n o n y M C H a 

acHMHTOTHMccKaa 4 ) opMy j i a fljia c o G c r B e i i H b i x i H a M C H H i i . B n . 3 c n o M o i u b i o a c H M H T o r n -

K H COOCTBCHHblX 3 H a H C H H H . l O K a t a H O , MTO pa,1, H a t B a i H l b l H p e i y : ! a p H 3 0 B a H H b l M C.ICJOM, 

c x o a H T c a a o c o j H o r n o ( j i C M M a 4). J l n a BbiMHc ; iCHna i n a M C H H a paja iicnojibjOBaH m c t o a 

K O H T y p H O r O H H T C r p H p O B a H H a . 

I . i ^ H C K p e x H O C T b c n e K T p a . CnaMajia Hcc . i i c ; i yCM 3a ,Ta ' i y (2)-(4) npn q (t) = 0. 
V c j l O B H C A > E BJ ieMCT HOJlOyKHTCJlbHyiO OHpClCJICHHOCTb O H C p a T O p a L\\ L>. J\c\\-

CTBMTCJlbHO, AJlfl J l I o G o r O Y ^ D ( i o ) H M C C M 
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1 
{LoY.Y)^,^= j ( - y " {t)+Ay (t). y {t)) dt - j^{y {i) - h {y'{!). y {1))) ^ 

0 

1 1 

^ j \\y'{t)fdt + J {Ayit).y{t))dt-^\\yil)f> 

0 0 

1 

> J [wit)fdt-jJiy{l)f = \\Y\\l, 
0 

T. e. o n c p a x o p I q noj ioacHxe^HHO o n p e j i c j i c H . 

r i y c x b H H c n a 71 < -,2 ^ • • • ^ 7a < • - • fliBJiflJOXCfl c o G c x b c h h s i m h i H a H C H n a M H , a 

y i - • • • — C O O T B C X C T B y r o i U H M H H M O p T O H O p M H p O B a H H M M H B H C o G c X B C H H b l M H B C K -

T O p a M H o n c p a x o p a A. I l y c T b y{t) e D{A) V ( G [0. I j . O o j i o a c M M y/^ (t) ~ [y [t], i^^), 

Torja 
00 oc 

(y. y) = ^ \ y , {t)\^ . (Ay, - ^ |//. (O l ' • 

T t ' o p c M a I. IIpii YcioHuii HuoiJie nenpephi(iiiocmu .4~' e H onepamop Lq UMeem 
(hlCKpetUHblU CUCKHip. 

JloKatamcihcmeo. H o c K O J i b K y L q nonoacHxejibHO o n p C A C j i c n , ji,s\n z t o K a s a x c j i b c x B a 

n n c K p C T H o c T H c n c K x p a n o x e o p e M C Pe .nj inxa [20, c . 386] ( x c o p c w a 11) A o c x a x o n n o 

n o K a i a x b K O M n a K x n o c x b b L2 MHO>KecxBa B C K T O p O B 

Y = \y ^D{Lu)l{U>Yy) = 

0 

CHa ' ia j ia ;iOKaa(eM c j i e j iyKnnyio j icMMy. 

J I c M v i a 1. i/.7« •imoopo z > 0 mom'ho ncnimii mciKoe R = R{e) , tmo 

I 

. ^ oc 

/ \M:it)fdt-- | y . { l ) | ' < ^ . 

y h=R+l k=R+l 
JJoKaiame.ibcnmo. Flpn V C Y 

I 

/ Y \yk{tfdt = 

= ~ I \ y U t f ' R d t < ^ f Y \!/^infikdt< 

''^ i k=R+l •'^ { h=R+\ 

< — / {Ay{t),y{t))dt<—. 
IR J IR 

0 
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870 M. bAHPAMOUIb l . H. M . ACJIAHOBA 

riocKOJibKy 'It -> n p H R yz, jviff jitoSoro 5 > 0 MoacHO Bbi6paTb r aKoe /? (£ ) , ' 

< — — — T o r a a ana BbiopaHHoio R Bbnio.iHacTca HTO 
)R ( l -2// j ; 

/ V \yk{t)fdt< ^—^. 

k=fi+l 

C a p y r O H CTOpOHbl, 

1 ^ 

k = R+l k=R+i 
[ylit)) dt 

k=R+l 

{t)yk{t)dt < 

( ! 
< - - Y 

A=//+ I 

l / / I .(OI^/ ' 

- h 
\k=R+li 

I 

1/2 

\yk {t)\'dt 

I 

I 

< 

< 

2 
/ 

!R 

111 ( 5 ) II ( 6 ) c .ncjycT, H T O 

t 

1/2 

\!Jk{t)\ < -
2 

/ 

\flk dt- -
II 

k---R+l 

< 

\ykli)\-< 

2-:/h 

( 1 -2/kf 1 - 2 / / ' 1 - - V / ' 1 - 2 / / . 

(5) 

( 6 ) 

JTcMMa aoKaiaHa, 

riycTb V t Y . OGo'JuaHHM nepei £";̂  M H O J K C C T B O BCKTopoB V -- {[/i fjn} . r ^ c 

iik = {'Ik ( 0 . Hk (1 ) } € L'i ( 0 . 1 ) • C . H i JTCMMbI 1 C J i e j y C T , HTO E/f C C T b f - C C T b B 

Rsia Y . 

I loCKOJlbKy I 'A ( 1 )1 < 1, A- = I. R. H K Ukit) l i p i l M O H H M K p l l T C p l l J i K O M H a K T H O C T H B 

^ 2 ( 0 . 1 ) [21, c. 291], Efi K O M n a k T C H B L 2 , H T O i a B c p m a c T aoKaiarcJibCTBO T C O p C M b i . 

2. AcHMHiOTHMccKoe pacnpciie.ieHHe c o 5 c T B e H H b i x iHaHeHHii onepaiopa LQ. 

n p c a n o j i o v K H M , MTO c o o c T B C H H b i e H H C J i a O H C p a T O p a , 1 T a K O B b i : - „ -^<iii". n x . . u > 

> 0. o > (I. 

yHHTb iBaa c n c K T p a j i b H o c p a s j i o a c c H H C o n c p a r o p a . 4 , a n a K o i ^ J e j j H u i i c H T O B /y^ (t) — 

= {y (/), •^k) nojiyMacM c j i eay iomyK) l aaany : 

-yk{t) = {>^-ik)yk{i]. ( 0 . 1 ) . (7) 
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Vk ( 0 ) - 0 , 

y,(\)-hii',{\)^\y,{\\ 

P e u i C H H C laaaHH (7), (8) M M C C T B M A 

(8) 

(9) 

/1,J1« TOrO ' ITOOLI OHO C l U C yaOB.TCTBOpH. ' IO (9), HCOSxoaHMO H . l O C T a T O H H O , MTOOhl 

s m ( v / A - - A ) - / ( v ' ' A - - A C O s ( v / A - - A - ) - A s i n ( y A - - . A - ) (10) 

X O I H Ohl l i p H O J H O M OA (A / ' A ) - T a K H M o6paW)M, C I l C K T p O H C p a T O p a Li) COCTOMT H J 

TCX BCmCCTBCHHblX A ^ K O T O p b l C XOTH 6bl n p H OJIHOM k y ; i O B J l C T B O p S 1 0 T (10). 

05o ' )HaHHM z — \/X — 7 A . Toraa y p a B H e n i i c ( 1 0 ) n p n u H M a c T BHJX 

sinz - hzcosz = [z' + *)A ) ^ i " ̂ - ('') 

BiflB z — ///, j a n H u i c M y p a B U C H H C (11) B B I O C 

2i 
+ hiyvhy = 0, 

HJIH 

Of io iHaMHM 

f liyvxhy -r -)A — .y~ — 1 i ip i i > 0, 

(12) 

f/k (.'/) ^ 

I t 

T o r , i a 

y[ in) = I' c ^ ' ' fi - - J - T - - 2y = 
sir// 

n p n // = 0 . 

Iichy^hy — hy - 2ysh^y 

sh'y 

riocKo.TbKv n p n (/ > 0 ch y > y. T O h c l i // sh y - hy = —/({y — ch y sh y) < 0. 
T a K H M o o p a J O M , y[. (//) < 0 n p H y > 0. V M H T b i B a j i , q r o //A (0) = /J - .A - 1 > 0 

n p M " -A > 1 — flk ( \ / ^ ) = /'\/7/r"('f'l \/lk — 1 < 0 II { [ l yHKUHS (/A (.'/) MO I IOTOHHO 

y G b i B a c T , j a K - i i o H a c M . ' n o B n p o M C H c y T K e (0. ^/TT) o n a , i i a M i i n a a c n c K o T o p o r o k. H M C C T 

T O ' I H O 0 , H I H K O p C H b . 

H a i i : i C M a c i i M n T o r i i K y K o p H c i i v p a B H c u H a (12). F l p H 6ojibuiHX y H M C C M 

Cth (/ =: 1 + 

Toraa ypaBHCHHC (12) i i p i i H i i M a c T B I U 

7/;- - y^ - 1 + hy (l + O ( e "^ " ) ) = H, 

ii.iH -/Kc //- - hy - 7A- 4- 1 -t- o ( l ) = 0. OTCioaa y "= ^ + y 7A- + ^ - 1 + o ( l ) . 

H-i - 7A - ? 

2 V v " ^ / 

0. /;2 

) A + Y ~ ^ ' 
no j i ynacM AA- — —h.^Py[- + 1 — 

HafucM a c i i M i i T O T H K y T C X pcuiCHiiii y p a B H c i n i a (10), K O T O p b i c o o T b u i e ' A , j p y r n M H 

CjTOBaMH. B C m e C T B C H H b l X K O p H c i i y p a B H C H H a ( 1 1 ) . 3 a i l H l U C M ) T O y p a B H C H H C B B H A C 

1 - + 7A - hz c t g - = 0. z e (0. oc). HJIH 
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872 M . B A H P A M O r J l b l . H- M . A C J I A H O B A 

P a C C M O T p H M 4 ) y H K U H [ 0 

C t g Z -

hzvXs'z - 1 

1 - z ~2 7A- (13) • 

Ik 

hz hz 
n p O M C J K V T K e {TTII. 7T(n -\- 1 ) ) fk{~) n p H H H M a c T i H a n c H H H OT — : c A O +3C H 

, , h s i n zCOSz — hz -t '2z sin' z ^ , ^ 
fUz) — > 0. h< 0. 

sni" ~ 

B H C M j\iz) H M C C T TOJTbKO O A H H H y j l b . l l a i U C M a C H M H T O T H K V OO.TbU lHX l i y j i c i i 3 T 0 H 

4 ) y H K H H H . Ml (13) H M C C M 

z = aiTtg - f TTH ~ 
hz f 

- l + O — 

1 -

r TTfJ = TTil — 

\ l - Z ^ + fK-J 

( \

TVIl — 

o 

+ o 

C o O T B C T C T B y i O m i l C ITHM KOpHJIM C o S c T B C H H b l C JHaMCHHa OHCpaTOpa Z-o HMCIOT BH, ! 

/ 1 \ 
A A , , , ^ .A-^(7rn)- -2/)^-0 — . 

V " - / 
11 r a K , c n p a B C X T H B O cjicayiomec yxBcpafaeHHc. 
. l e M M a 2. CoocmeeHHhie iHateHim onepamopa Lu pacmukiHmoi mi line ccpiiu: 

AA- = - h ^ k + i - ^ O • =lk + (Trnf - 2h ^ O (^-^^ . 

Mcnojibjyfl J i c M M y 2, n p n x o a H M K c . icayK )u icMy y T B c p v K A C H n i o . 

JICMivia 3. fJvcmb A ~ A' > E a H. A~^ nnojiie ucnpcphiHen n ^ an" 

(0 < a ,a = const > U). TocH)a 

X,.{Lo)'-ti,.{L)'-dnK 

^^e 

n + 2 

2 

1. 

Q > 2 , 

Q < 2 , 

a - 2 . 

/loKaiaTe-TbCTBO ncMMbr 3 n p O B o a n T c j i n o T O H >KC C X C M C , H T O H joKaiarcnbCTBo 
j i c M M b i 2 B [22] ( i j 3). 

3. Pery . i f lpHiOBaHHbi i i C U M onepaxopa L. I l c n o . T b i y s . i c M M y 3 H c x c M y aoKa-
sarc-TbCTBa . ICM\H. I 1 ni [15|, M O S K H O noKaiaTb, H T O cymecTeycT nocJieAOBaTCJibHocTb 
HarypajTbHbix HHCC^T { "m } ^= i • K O T o p o i i B b i n o j i n a c T c a HcpascHCTBo 

/ 
A A - A „ , „ > d - n;,;- 1. (14) 

O o o m a H H M O p T O H O p M H p O B a H H b I C C O O C T B C H H b l C B C K T O p b l O H C p a T O p a Lu M C p C J 

Vl . !.'••> Or, YHHTblBaH j T C M M y 3 H l I C p a B C H C T B O ( 14), TaKHM i K C o6pa J O M , K a K H 

B [15] (jicMMa 2 , TCOpCMa 1 ) . MoacHO A O K a i a T b c.icayioiuyio JicMMy. 
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PACMPKilBJIHHHt CObCI BHHHblX i H A m - l l l U l H OOPMVJIA C J I E M 8 7 3 

J l e M M a 4 . riycmb oepammi'iui na ompeiKe [0. 1| u sbinojHftemcfi vcjomie 

l i m V ( / J „ - A „ ) ^ l i m v „ ) . . (15) 

1 1 1 — ^ — ^ m—>3C ' ^ 
n=\I -1 

iV)t' { " ' u l ^ ^ i ~ nodnociedoeumcihnocmb. KomopuH y(k)(i:iemsopHem Hepasen-

IHIHY i 14), 

H a i O B C M l i i i i > (//„ - A „ ) pcryj i f lpH30BaHHbiM C J I C ^ O M o n c p a r o p a Z . InaMC-

HHC T K H o npe j c j i a . KaK o y j c r ; ioKa ja i io Hn>KC, H C j aoHc i i r o r r o r o , KaKMM o 6 p a j o M 

Bbiopana i ioc . iCAOBaic j i bHocrb { / ' , „ } . ripu K o r o p o M B b i n o . i n a c r c a (14) . 

OpTOHopMHpoBanHb ie C O G C T B C H H U C BCKTOp-tfiyHKUHH o n c p a r o p a LQ H M C E O T B H . I 

{.sin(.rA.,„/)>^A-Hiii(-' 'A,„)>^A-} i 

n = 0 . X . k — N, oc, 

k - 1 . x . A - ^ 1. .V. 

r.rc .r„j^. Kopnn \ p a B H o n i n (11) (./'Ad - MHiiMbnt Kopenb) . 

CnaMajia joKa>KCM Cj ic . ry iomyio j icMMy. 

. I c M M a 5. I-AViu oncpamopHUH (fniiKiitiH i/it] \<U)<ijemnopficm VCIOHU^IM 1 3 n 

o > (I. nu> 

E E 
,1=1 A=l 

- . r A . u / ' f ' o s 2 x h . n f f k {t)dt 

E 
k=S 

I / 
2.1-1.. „h - bi,h\2.Vf,„ - 2.rA.„ + 2 J A . , ; < -O .S2JA . „ 

2.i-(.._uh vos{2.n._ot)fk(t)df 

+ 

2xk.oh - / i s in2 jA . , o - 2JA- .O + 2xjfc.ocos2a>.o 
< oc. (16) 

.Y)£ '/Af/) ( ' / { ^ ^ - A . ^ - A ) . 

JJoKaiaHicibcnieo. I l n rc r p n p y a ABaiKAbi no 4acT5iM H McnoAb iVH yc j ioBHC 3 {q[. (0) — 

= q'f. ( 1 ) - ) ) ) , H M C C M 

1 ^ • I 

/ r o s 2 . r A . , i ^ / A (0^// = s i n 2 . r A , , / A ( 1 ) I C O S ( 2 J - A . „ 0 /(.' (f)df. 
J ^-I'k.n {2xt,_„) J 

C VMCrOM aCHMnrOTHKH Xi,. „ — TTT) h O 
~ll 

/J_\ 
H ycj iOBHH 1. 2 H i n o c . r c A H c r o 

coorno iHCHHH c.ncAycT aGcojuoTHaa c x o A H M o c r b . i B o i i H o r o p s j a B (15 ) . 

/' .. / 1 \ 
TaKVKC y iHTbiBa f l . ' i r o .rA.ii v""fA- O 

y c r o B H i i 1, 2 n o . r y i a c M aoco . i i o i nvEo C X O A H M O C T B BTOporo p « A a e (16) . 

r ipC.rnO.nO^HM, HTO BbinO.IHHCTCfl V C . I O B H C 

. r j c OA ^'A"*\ > 0 . H i 

L 

/ 
1-d 

\fk(t)\ 

t - 1 
< O C . (17) 

r a c 6 > 0 - AOcraroMHO Ma.Toc 'u ic . 10. 
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H74 M. bAMPAMOrJTbl. H. M. ACJIAHOBA 

/loKa>KCM cj ieayioi i ivTo TcopcMy . 

TeopeMa 2. /lyciiih fihinaimiemoi vcioaiic JCMMbi 2. taiii onepamopnufi (pynKiiUfi 

q [f] ydoa.iL'meopHcm ycioeuHM I - 4 , u muK.we {17), mo ciipa&ed.iiiea (popMyia 

1- V " , x \) 
hni ) (/(„ - A„ ) ^ ; • 

III—--v ^—' 4 
11 = 1 

JioKasamejtbcmeo. Cor.nacHo J I C M M C 4 

1- . \ / -2 . rA . „/ i cos i2xk.„t) fk ( 0 dt ^ 

-r YJIJT; , . „.„//-/) si l l 2.ri..„ - 2.rA,/, r 2,rA.„ <-OS2J-A., , 
/. = ! i,= l „ 

= a i +<T.,. (18) 

Jinn Bbi'iHC.iCHHfl 3Ha ' ici i i in C\ 'MMI, I p s ; i a 

-2,rA .„/M-,>sf2,o.„0 A {l)df 

'1=11 
h - h sin2xf,.n - 2r^_,, + 2.i>,„ vus2x^._„ 

(I 

i ip i i Ka'/KziOM 4>nKCnpOHannoM k Mccnc . i ycM acHMriTOXHMCCKOc i i o n c i c i i n c (t iyiiKiuii i 

v 

n=o 2- '̂'̂ -" '̂ - ^ i i i - - ' ' A , i < - 2 .CA.„ T 2 X A . „ cos2.;7 

npH _V -> X . 

MTOr>h( BblBCCTH (jJOpMy-iy A- IH T v (/}, I ipCACTaBilM // ' i i 'IJICH CVMMbl T\) B B l u e 

BblMCia B TOHKC ,/;, „ HCKOTOpOii ({jyHKmiH KOMlLieKCHOil HCpCMCHHOii Z, H M d O l U C H 

nO.lIOCbl B TOHKaX ('A . o - . i fk.X- PaCCMOTptIM KOMU-ICKCliyiO (|)yHKUH10 

^/((•os2rf 
G(z)-^ 

' J ra (jijHKuiia M M C C T npucTb i c i ioj i iocbi B lO ' iKax . J A , , , H TTII. BbmcT B T O M K C J ' ^ . , , oy jer 

p a e c H 

res C{~) - - - ' ' k . n I' ais2.fA.„/ 
^=.'^ „ -h s i i i2 . r t .„ + 2hxi,„ - 2xi,_,, - 2.rA.„ (:OS2J.-/,-,„ 

a B TO ' iKC TT/i 
—n"////cos 27r/// 

res G (c ) = — - — - — = co s27 rn f . 

B KanecTBc KonTypa HHTcrpHpoBamiH B O I B M C M i jpaMoyroj ib i i i iK c B c p i u H n a M H B i / B , 

/l;v -: i¥i. KOTopbiM o6xo/iHT TOMKv ix^,•i^ cjiCBa, a TO'iKH —/./•/,,() u ') c n p a B a . l l p M 

KavKjoM (IjiiKCMpoBamiOM A- li > .r^.n- Bnoc.icacTBHH B c r p c M i i T c a B o c cKOHCHHoc rb , 

a - 4 \ + - jT. n p n l aKOM Bb ioopc A\M ./"A, V < .-̂  v < v-i-i-

(I>yHKUllH G ' (;} HBJiaCTCfl HCHCTHOH (JjyHKUHCH OT HO lTOMy HHTCrpU.T B.TO.lh HaCTM 

KOHT\"pa , i i axoAa iue i icH Ha M I I H M O H O C H , a TaK>KC no no : i yoKp\ * H o c r a M c ucHTpaMH B 

^iXf; oopaiuacTCf l B nyjib. 
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PACnPEAtJlEHHE COBCTBEHHblX 31IAMEHHH H OOPMVJiA CJIEM ... 875 

E C J I H Z = U + iv, T O npH 6ojibiiiHX r H npn > 1) (f)yHKHH« G {z) Qyjiev H M C T B 

nopjJ.IOK () , H .IJIH taAilHHOrO JHaHCHHa A \, B J H T W C B.lOJIb 

BCpXHCii M HH/KHCH CTOpOH KOH IVpa, CTpCMaTCa K HV.llO HpH D OC. 
TaKHM oopajoM, nojiyiacM ([lopMy.iy 

1 .. / zbco^2zt . . , 1 , / zbcos2zt 

' ^ ' 27r7 B^^ J {-l,zc\'AZ -f l - z ^ - 'k)^in^z 

1 f -zhcos2zt 
H lim / :y—(iz, z — re , 

2771 r-O J (-hzCtgZ + 1 - ^2 _ -,;;.) sill^ 2 
\z\ r 

-7r/2<v:<Jr/2 

N 

SN {t) - ^^cos27r/U. .-| 

ripif .V —)• x: 

.1 V + , /? 

lini 
27r? B 

/• -zhvos2zt ^ 

.1 i-hzCtgZ + 1 ~ ;2 _ , ) si„2 _ 

.'1 V + ,TC 

. 1 /• /_- = 
A^-i^ s m 2 ; 7 r ^ - c s m CTT 

1 7 cos(2.V + l )fcli(2fr) - Ksm{2jV + 1)^ , 
- — / 2 tif = /. 

^'J^ - i s h (2n7r) + - + n.'} (1 + ch (2r7r)) 
(19) 

JlcrKO HOKajaTb, H T O 

1̂1 < < "̂' 
A,w C O S y 

1 I 

j r.v f0 A- (t) dt = - 15.V (0 A (0 dt+ 

I .4.v-f,Tc 
1 /" ^ , /• -zhcoH2zt , , 

t ^ / A ' / —dzdt-

0 /lv-(oc 

1 

2T/ 7 -/jcctgc + 1 - z^ - 7fr)sin^ = 
0 

;-/)cctgc + 1 - z''̂  - 7fr)sin^ 
\z\=r 

-7r/2<̂ <7r/2 

ripH /• 0. Hcnojib3yj! ycjioBHC 4, H M C C M 
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«76 M . b A H P A M O r J T b l . H . M . A C J I A H O I J A 

1 

J " J (-hzctgz + l ^ z ' ' - - , , ) s m ' z 

-7r/2<^<7r/2 

1 
f r , . f 2zh sin^ zf , , 

- J Mt) J 7 - T — .> . . . . -2 ^^^f 

0 
( — / t s c t g s + 1 - - 7 f c ) s in 2 

-7r/2<v?<7r/2 

^ / A ( O 7 „ ^ " ? ' : T ; r ' y - , . . (22) 

It - T r / 2 

H p a B a s nacTb (22) npH r —> o C X O J I I T C H K 0. 

n p H ;V yz HJ (19) H (20) c yneTOM ycnoBim (17) r io j iynacM, M T O TpcT i i i i H J I C H B 

npaBOH HacTH (21) Tomc C T P C M H T C H K Hyji io. MxaK, 

1 1 

Urn / r , v ( n A ( / ) r / / - - l i m f Sy {t) f, {t] dt ^ - ' ^ ^ ^ ^ ^ ^ ^ ^ . (23) 

0 0 

yMHTb ieaa (23) , m (18) H a x o A H M 

A ( 0 ) ^ A . ( i ) 

1 

r i p o B O a a aHajlOI HMHbIC BblMUC-TCHHa aJl» i72. HMCCM 

/ A . ( 0 ) + A ( 1 ) t r . ? ( 0 ) + t r 7 ( i ; 
l i m V - A „ ) = - V 

fc=l 

MTO AOKaJblBaCT CnpaBC.TTHBOCTb TCOpCMbI 2. 

ABTopb i BbTpa>KaioT a i a r o j a p H O C T b B . II. TopoaMVK u M . . T . n^poaMVKy m nx B I H I -

MaHHc K HacTOHmci i paooTc . 

1. /mocp,- li. a. Kpciiii \t r. BBe jemte B reopHio ; iunc i !max Moc:iMOL-(nipH-AeEiii[>L.\B H 
ni.ibGepTOBOM i ipocTpai ic iHC. M . : HayKa. 1 9 6 5 . - 4 4 S c 

2 . IVcilter J. Rcgul^ir cit;env;ilue problems with e ige iuuk ie p;iramL'UT \\f hu i i iK ian conili i ion.s M a l h . 

Z , - 1973. 133, S. .101 3 1 2 . 

3 . Fiilion Ch T. Two-po in i bi)uniJar>' value problems w i i h c i i i c m a i u c co i i ianu 'd in i l ic l ioundary cnnd i l i o i i s 

Proc, Roy. Soc. l id inburgh A . 1 9 7 7 . - 7 7 . - P. 2 9 3 31JS. 

4 . l'oi)fumKB. fi. PhiotiK M A. O ipaHHHHUX la-ianax .T-IH onepa i op i i o i o vpamicuMs 111 rypMa JliiyBK;[.'iH 

CO ciiCKrpa.Ti.HWM uapaMOrpoM B ypaBKeii i iH u B [paHii'iiii>[M yc . ioBim flpHMbie i i oopan ib i c ^a.iii'<ii 

[copHii pacccHHMH. KMCB, 1 9 S 1 . C . 3 1 3 . 

5 . Phii'itiK M .A. 0 6 aciiMiiToriiHetKOM pacnpeae-TCHiin coocrBCuHNx i i iaHei i i i r i neKoropbix rpa inc i i iMX 

ta-ian X IH oncparopHOio vpaBuouHx l l l i y p M a - . l i i vBH. i .m / VKp. Mai. iKvpu. - 1 9 8 0 . 32, .Ni; 2 . 

C , 2 4 8 - 2 5 2 . 

6 . A.iiien h. A. AcMMU' io i i i ' i ccKoe noBc ieuHe coocrBc i iub ix ifia'iciuiM o.uu' i i KpacBofi "ia;ia'iii OJin ' . i . iMri-

[UHccKOio ;iH4j({)i;pe!iniia:[bui)-uucpaiopni>ro ypaBi ieuna B ioporo iiopwaKa ..• TaM -Ke. - 2 0 0 6 . - 58, .Ni; 8 . 

C . 4 6 52, 
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PACIlPEaEJIEHIlE C O B C T B E H H b l X 3 H A M E H H H H O O P M Y J I A C . n E ; i A 8 7 7 

7 . AcWHOHd //, M. d ' o p M v . i a c i i e a a u j i i o r i r p a i i i i m i o r i l a a a i i i X I H o i i c p a T o p u o r o v p a B H c m i a l l l x y p M a -

J l n y B H : u a // C n 6 . Max. >Kyp'i. - 2 0 0 8 - 4 9 . X i ; 6, - C . 1 2 0 7 - 1 2 1 5 , 

K. Minaini'ii li. .•). P a c n p e n c u T i i i i e c o o c T B e n i i i . i x fHaieHini o r i e p a T o p i i o r o ypaBnemiH l l l t y p M a - JlHyBii ; i ;rs 

. H i B . A l l C C C P C c p . MaT. • 1 9 7 7 , - 4 1 . X i ; 3, - C . 6 0 7 - 6 1 9 , 

9 /i'ih(/iaiiii If A/,, Jk'MimoH B M. 0 6 O;IIIOM npocTOM TOAMCCTBC ,X'IH c o n c T B c i i H b i x l u a H e m i i i .in(})i})e-

p e n u i i a . i i . H ( ) m o n e p a T o p a B T o p o r o n o p N j K a /' /1(IK.I, A H C C C P , - 1 9 5 3 , - 8 8 . S» 4 , - C , 5 9 3 - 5 9 6 . 

10 . ,7uKuu Jl. A. H o B b t i i M C T P f m- 'MMcneHMi i c n f i c T B C H i i b i x ^ i i a H e H i i i i o n e p a t o p a U U T y p M a - J I i i y B i i J i J i i i // 

i l o K . i A H C C C P - 1 9 5 7 1 1 6 . JVs I. 

1 1 . JiiKiiii J. A. <t>opMy.ibi c . i e a o B x ' l J i a m l ) 4 ) c p e ( m t i a ; i b i i b i x o i i e p a r o p o B l U T > ' p M a - J l M y F i H n , i J i // Y c n c x H 

Mai, (ravK. 1 9 5 K , - 1 3 , B u n , 3 ( 8 1 ) C , 111 - 1 4 3 , 

12 . llilheri R C, Kramer I! A T r a c e f o r m u l a s f o r powers o f a S l u r m - L i o u v i l l e o p e r a t o r /' C a n . J , M a t h , • 

1 9 6 4 , 1 6 . . V - 4 P 4 1 2 - 4 2 2 

13 . faihiMOH \{. r. O cvMwe " i ' t i i o c T c i : tc jCTi ie r i r i - i x i i i a H c n i i i i a B v x caMoco i i pK/KCHUbix ouepaTopOB / / 

; i o K . i A H C C C P 1 9 6 3 1 5 0 . S-: 6, - C 1 2 0 2 1 2 0 4 . 

14. Caoomwiuu B. A. O c i e a c p a m o c T H JBVX ,aM(} )4)epeiiuiia ; ihHbix o c i e p a i o p o B BWCLUUX i i ops , iKOB // 

;lM(})4>i-'peuu- y p a B i i C H i i H , - 1 9 6 6 , - S'j 12 . C . 1611 - 1 6 2 4 . 
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