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Isdo ikinci tortib meyl edon arqumentli xotti hiperbolik tonliklor sistemino
geyri-lokal sorhod sortlori daxilinde baxilmigdir. Masalonin verilonlori {izorino
goyulmus bozi sortlor daxilindo fozalar arasinda izomorfizm anlayisindan istifado
edorok verilmis masoloys qosma mosals anlayisi daxil edilmisdir. Qosma masale 6z
soklina gora inteqro-cobri tanliklor sistemi kimi alinmusdir.

C.C.Axvies, D.IIl. Axmeooe

MOHSITUE COMPSI)KEHHOM 3AJAYM JUISI OJHOI'O KJIACCA
JIMHEMHOM HEJIOKAJIbHOM T'MIEPBOJIMYECKOMN
3AJIAYH C OTKJIOHAIOIMMUMUCS APTYMEHTAMUA

Knwuesvie  cnoea:  xpaesas  3adaua, HeIOKaNbHAA, JIUHelnas,
eunepoonuyeckas, onepamop  3a0aui,  UOMOPQPU3M,  CONPSIICEHHAs  3a0aua,
CONPANCEHHBII ONePamop

B pabore nuueiiHas rumepOoiMyecKas CHCTEMa BTOPOTO IOPAOKA C
OTKJIOHSIOIIMMUCS apryMEHTaMH pacCMOTpPEHa MPH JIMHEWHBIX HETOKAJIBHBIX KPaeBBIX
ycnoBusiX. 1Ipy HEKOTOPBIX YCIOBHSX HAKJIAAbIBAEMBIX HA JaHHBIEC 33J1a4d MCIIOIb3Ys
MOHATHE HW30MOpU3Ma MEXIy IMPOCTPAHCTBAMH BBEACHO TIOHATHE COMPSIKEHHOMN
3agaun. Ilo BuOy compspbkeHHas 3ajada MOJIydeHa Kak HMHTEerpo-ajredpandeckast
cucrema.
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THE CONCEPT OF ADJOINT PROBLEM FOR THE NONLOCAL
HYPERBOLIC PROBLEM WITH DEVIATING ARGUMENTS

Keywords: boundary-value problem, nonlocal, linear, hyperbolic, operator of
problem, isomorphism, adjoint problem, adjoint operator

In the paper linear second-order hyperbolic system with deviating arguments
has been considered under linear nonlocal boundary conditions. Under some
restrictions on the data of the problem using the concept of isomorphism between
spaces there has been gotten the concept of adjoint problem. With respect of view of
the adjoint problem is looked like integro-algebraic system.

‘ 1. Moasalonin qoyulusu
Isds ikinci tortib meyl edon arqumentli

Vl,lz)(t, X) = Zp (t,x) + 2(t, x) Ao (t, x) + 2z, (t, x)A.(t, x) +
+2z:(t,x)A,(t,x) + z,(hy(t,x), x)B,(t,x) + z; t, hy(t, x))Bz (t,x) =

:gg(t,X),
(t,X) ED=T XX, T = [to,tl], X = [XO,xl], (1)

hiperbolik tonliklar sistemina

m

Vi0z)(0) = Z[zt t,¢))a;i(®) +z(6,3)Bi(O] = g2(0), teT, (2)
j=1
VO,IZ)(X) = Zx(O, x) = gl(x)' x € X! (3)

Vo,0z = 2z(0,0) = go. 4)

geyri-lokal sorhad sartlori daxilinds baxilmisdir [1 — 5].

Burada: A, (t,x),A,(t,x),A,(t,x), B;(t, x), B5(t, x) —verilmis n X n -
ol¢iilii matrislordir, belo ki, Ay € Ly, nxn (D), yoni elementlori L, (D)-dandir,
1<p<o;elo a; € Ly(T), a, € L,(X), by € L,(T), b, € L,(X) funksiyalari
var ki, sanki bitin D — do [[A;(t, )] < a1 (t), A2t )| < ay(x),
|B1(t, x)|| < by (t), ||B5(t, x)|| < by(x); hy(t,x) vo hy(t,x) — D -do 6Slgiilon
verilmis funksiyalardir vo sanki biitiin D-do hy(t,x) € T vo hy(¢,x) € X; a;(t)
Vo ,Bj(t), j=1,...,m, T —do verilmis n X n -6l¢iili matrislordir, belo ki,

aj € Lm,nxn(T) Vo ﬁj € Lp,nxn(T); 93 (t' x), gz(t)' gl(x)r 9o — verilmig sotir
10
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n —vektorlardir, belo ki, g3 € Ly, ,(D), g € Ly,(T), g1 € Ly n(X); L,(D),
L,(T), L,(X) uygun olaraq D -do, T -do X -do p - integrallanan funksiyalar
fozasidir; Ly (D), Lpn(T), Lypn(X) vo Lp,nxn(D)' Lp,nxn(T)' Lp,nxn(X)
elementlori uygun olaraq L,(D), L,(T), L,(X)-don olan n —olgiilii sotir
vektorlar fozast vo n Xn -0lgilii matrislor fozasidir: GeX, j=1..,m,
verilmis noqtolordir.

Baxilan (1)-(4) tipli geyri-lokal xotti hiperbolik sorhod masalasine
miixtalif totbiqi iglords [6 — 9] vo, masalon, [1 — 5; 10] islorindo rast galmak
olur. Bu sarhad masalasinin halli olan n —6l¢iilii z(t, x) vektor-funksiyasini
Wpn(D) S.LSobolev fozasindan, yani 6zlori vo Sobolev monada timumilogmis
Zt,Zy VO Zpy toromolori Ly,(D) -don olan  z(t,x) vektor-funksiyalari
fazasindan forz edocoyik [11]. Dogrudan da (1)-(4) mosoalasinin verilonlori
lizorino qoyulan sortlor daxilindo Vy 4,V 0,Vo,1,Vo0 operatorlart W, (D)
fozasindan uygun olaraq Ly, (D), Ly n(T), Ly n(X), R™ fozalarima tosir edirlor.

Sorhad moasalasini V = (Vo,o,VLo' V0,1,V1,1) operatoru vasitasilo bir
operator tonlik soklinds yazmaq olar:

Vz=g, z€W,,D) (5)

burada g = (go, 91 (%), g2(1), g3(t, x)) dordlityii ;5 (D) = R™ X Ly, 5 (X) X
Lypn(T) X L, n (D) fozasmin elementidir.

2. Xotti mohdud funksionallarin iimumi sokli
Qeyd edok Ki, Nz = (z(tg,x0), Zx(to, X), Z: (t, Xo), Zt (t, X)) Operatoru
Wy n(D) fozasindan (2, ,(D) fozasma izomorf qaydada tosir edir [1 —5; 10].
Dogrudan da bu operator hor bir z € W, ,(D) vektor funksiyasma ,,,(D)
fozasinin yegano ¢ = (g, ¢1(x), (1), p3(t,x)) dordliyiinii garst qoyur.
Eloca do, bu operatora géro hor bir ¢ € 2,,,,(D) dordliiyii yegano z € W, ,(D)
vektor-funksiyasina uygun olur:

2(t,x) = (N"'9) (6, ) = o + f 01 (0)dT +

Xo

+ i 02 @dr+ [ [T ¢z, O)drdg, (6)

burada z(t, x) iciin Z(to, X0) = @0, Zx(to, x) = @1(x), z:(t, x9) =
= @,(t), Ztx(t, x) = @3(t,x). Bu geyd olunanlara osason deys bilorik ki,
Wy n (D) fozasinda tayin olunmus har bir xotti mohdud f(z) funksionali yegano

11
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A= (Ao, A1,42,43) € 0q (D) = R™ X Lqn(X) X Lgn(T) X Ly (D)  dordlityii
la

£(2) = gl + f 01 COX, () dx +
X

- fT PO + | fD 036, )25 (6, ¥)decdx o

soklindo gostarils bilor. Burada
®o = z(to, Xo), P1(x) = zx(to, x),

P2(t) = z:(t, x0),  @3(t,x) = 2 (8, %),

11
—+-=1,
P q

(' )'1isarasi transponirs omoliyyatidir.

Axirinc1 (7) ifadesina osason 2, ,(D) fozasma W), (D)-yo qosma foza
deya bilorik: 2, ,(D) = Wy, (D). Homin (7) ifadosini {2, ,(D) fozasinda toyin
olunmus xotti mohdud funksionallarin imumi sokli kimi do qabul etmok olar.
Bu monada (2, ,(D) fozasina hom do £2,,,,(D) fozasina qosma foza kimi baxa
bilorik: 24, (D) = 025 (D).

3. Qosma operator v qosma masald
Baxilan (1)-(4) mesolasinin V = (Vo , Vi 0, Vo1, V1) Operatoru W, (D)
fozasinda toyin olunub vo £2,,,, (D) fozasina tosir edir. Odur ki, V operatorunun
9 = (90,91, 92, 93) € 2,,(D) dgiymatlori ¢oxlugunda toyin olunmus xotti
mohdud f funksionali A = (4, 44,4;,43) € 24 ,(D) dordliiyii ilo tomsil
olunur:

F2) = Wog)th + | (VoadXa(ddx + [ (Vom0 +

+—J];(D&Jz)(t,x)lg(t,x)dtdx. (8)

Bu (8) ifadosi hom do W, ,(D) fozasinda, daha dogiq, izomorfluga géra

z(t,x) — In @g = z(to, x0), P1(x) = zx(to,X), P2(t) = z(t,X0), P3(t,x) =
Zy(t, x) elementlorindon togkil olunmus ¢ = (@g, @1, P2, @3) dordliklorinin

12
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Qp (D) fozasinda toyin olunmus xotti mohdud funksionaldir. Yoni (8) ifadosini
miloyyon ¢evirmolordon sonra asagidaki soklo gotirmok olar

fVz) = (Po(Wo,oA’) + f (Po,1(<)(Wo,1l’)(Od< +

+ [ 2@ W02) O + [[ 93 (W12 (@ e, ©)
T D

harada ki, Wy o, Wy 1, Wi, Wy, operatorlart asagidaki sokildo toyin olunur
[2 — 5]:

m
Wyl = A5 + f Zﬁj(t) Ay (t)dt +ﬂ Ao(t, x) A5(t, x)dtdx,
T D
j=1

Wos2)@) = Q) + ) 065 = ) | B0 Byde +
j=1

" HDH(" — Ao (t, %) A3(t, x)dtdx +

t j Ay (6,26 O dt + j B, (6, OM(6 A, CEX,
T T

m

W) = ) @@ + [ 0 -7)

Jj=1 J

Bi()A(t)d t +

+ H 0(t —1)A(t, x) A5(t, x)dtdx + fAz (1, x)A5(t, x)dx +
D X

+ J B, (t,x)A5(t, x)dx, T€eT,
X
(M2 2)@ ) = Y 06 = DDA +
=1

13
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¥ fT e(t—r>;9<<j — OB ONM L+

+A5(7, ) + ff 0(t —1)0(x — Ay(t, x) A5(t, x)dtdx +
D
+ f 0(t — 1) A1(t, HA5(t, OHdt +
T
+ [ 06 =) A0 @0+ [0 (@0 ~ ) B(E O e +
X T
+ [ 6000 - 9 B OBE O+ [ 0O W01) @ +

+ f f 05 (0, (Wi )@, Odedl, (1,0 €D. (10)

Burada, A’ transponiro olunmus Ag, 47((),A5(7),A5(7,{) siitun vektorlari
dordliiyliniin isarasidir, yoni A’ = (A’,/l’l (0),A5(1),A5(7, ¢ )) Vo 6(t) Hevisayd
funksiyasidir. Bu operatorlarin  (10) ifadslorina gors aydindir ki,
Wo,0, Wo 1, W1 o, Wy 1 operatorlarinin giymotlori n — 8l¢iilii siitun vektorlardur.

Bu gaydada toyin olunmus, yoni (10) ifadolori ilo verilon W =
(Wo,0,Wo,1, W19, Wy 1) oOperatoruna V  operatorunun qosma operatoru
deyacayik: W =V*, [1 —5; 12].

Buna uygun olaraq

Wo,0d' = Yo,
(Woa2)() =7i(D), (€KX,
Wi oA) (@) =y2(0), TET;
W112)@ ) =y:(5d) (©{€ED (11)
sistemind (1)-(4) mosalosino qosma masalo deyacoayik [1 — 5; 12]. Qeyd edok

ki, (10) ifadalarina asasan (11) mosalasi inteqro-cabri tonliklor sistemidir vo ona
qosma W operatoru (2, , (D) fozasinda tosir edir. Belo ki, ¥ = (¥o,¥1,¥2,¥3) €

14



BIR SINIF MEYL EDON ARQUMENTLI QEYRI-LOKAL ...

N,n,(D) hesab edocoyik, yoni y, € R", y1 € Lyn(X), v2 € Lgn(T), v3 €
Lq (D) sag toraflori har hans1 n — dlgiilii satir vektorlardir.
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