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QEYRI-LOKAL KONTAKT-SORHOD SORTLI BiR SINIF
HIPERBOLIK SORHOD MOSOLOSINO QOSMA MOSOLONIN
KORREKT HOLL OLUNMASI

Agar sozlor: kontakt-sarhod, qeyri-lokal, xatti, hiperbolik, masalonin
operatoru, izomorfizm, qogsma masala, aprior qgiymatlondirmo, korrekt hall

Isda kontakt-sorhad sortli kosilon hallo malik geyri-lokal xatti hiperbolik sarhad
masalasine baxilmigdir. Masalonin verilonlori iizerine bozi mohdudiyystlor qoymagqla
osas moasalaya qosma masalo anlayisi toyin edilmis vo onun korrekt hall olunmasi sorti
tapilmisdir.

C.C.Axvres, O.A.Axkneposa, H.A.Aoxcanosa

KOPPEKTHASI PASPEILIMMOCTbD COIPSI’)KEHHOM 3AJAYH K OJTHOT'O
KJIACCA JUHEMHOM HEJIOKAJIbHOUW T'MINEPBOJIUYECKOM
3AJIAYM C KOHTAKTHO-KPAEBBIMHU YCJIOBUSIMU

Knwowuesvie  cnoea:  KOHMAKmHO-Kpaeeas,  HENOKANbHAA,  JUHEUHAA,
2unepooIUYecKas, Onepamop 3a0ayu, U30MoppU3M, CONPANCEHHAs 340a4a, anPUOPHAsL
OYeHKa, KOPPeKMHoe peuleHue

B pabote paccMoTpeHa JIMHEHHAs rUnepooIMuecKas 3a1ada ¢ HeJIOKaIbHBIMU
KOHTAaKTHO-KpPaeBbIMU YCIIOBHUSIMH, OOJiafiaroniasi pa3pbIBHBIMU pemeHusMu. Hamoras
Ha JIaHHBIE 3a/1a4¥ HEKOTOPBIE OTPAaHUYMTEIBHBIE YCIOBUS, BBEACHO MOHATHE 3a1aul
CONPSKEHHON OCHOBHOM 3a7ja4u€ U HalICHO yCIIOBUE €€ KOPPEKTHOM Pa3peIuMOCTH.

S.S.Akhiev, H.A.Akperova, N.A.Acalova
CORRECT SOLVABILITY OF A PROBLEM ADJOINT TO
A CLASS OF HYPERBOLIC SIDE PROBLEMS UNDER
CONTACT-BOUNDARY CONDITIONS

Keywords: contact-boundary, non-local, linear, hyperbolic, operator of
problem, isomorphism, adjoint problem, a priori estimate, correct solution
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In the paper there has been considered linear hyperbolic problem with non-
local contact-boundary conditions having discontinuous solutions. Imposing some
restrictive conditions on the concept of adjoint problem associated with the main
problem and a condition for its correct solvability is found.

Isdo, ikinci tortib
(LD, %) = 2, (6, %) + 2(t, ) Ag o (t, X) + Z (6, X) Ay o (8, X) +
+Z,(t, X) Ag 1 (t, X) = (L, X), (t,X)eG =G, UG,
G,=(0,T)x(0,2), G =(0,T)x(e,l), (1)
hiperbolik tonliklor sistemino
(L)) =2(t0) Sy, )+ 2(t, = 0) B, ) + 2(t, 2 + 0) B, (1) +
+z(t, 1) B, () +7,(1,0)g,, (1) + 2, (t, - 0) g, (1) + Z, (1, +0) g, (1) +

+z,t00, () =0 ), te(0T), k=12; )
(LX) =27,0,%) =¢,(x), xe(0,1); ©)
Liz=2(0,0)=¢, (4)

geyri-lokal ~ sorhad  sortlori  daxilinde  baxilmisdir [3; 5]. Burada
2(t,X) = (z,(t, X),...,Z,(t, X)) - axtarilan, G, vo G, coxluglarinda kesilmoz n-
olgiili vektor-funksiyadir; A ;(t,X) (i, j=01) -G -ds verilmis dlgiilon nxn-
matrislordir; £, (t) vo ¢;,(t) - (0,T)-do verilmis dlglilon Nxn- matrislordir;
ot,x), @) (k=12) vo ¢@(X)- uygun olaraq G, (0,T) vo (O))

coxluglarinda Karateodori sortini 6doyon n-olgiili vektor-funksiyalardir,

burada R™-m-oleiili  A=(4,.... 4,) (||/1||=i|/1i|) [2.4], sotir vektorlar
i=1

fozasidir, R' =R; ¢,- verilmis n-6lgiilii vektor-funksiyadir; « € (0,1)- geyd
olunmus noqtadir.
Asagidaki sortlorin 6donildiyi forz olunur: Ay €L | (G); elo Ay() e

L (0,1), A.()eL ,(0,T) funksiyalar1 var ki, G- do sanki hor yerdo
| At X< Ap(x), |As(t,X)| < Avs(t) Sdonilir, burada |-|-matrisin (yaxud
vektorun) normasidir; S, () €L (0,T) vo g;, (N eL (0,T);

Tutag ki, L (G)(l<p<wo)-G-do p doracadon inteqrallanan

p,nxn o0,NxnN

funksiyalar fozasidir; £ _(G)- G -do 6lgiilon vo osason mohdud funksiyalar

25



S.S.Haxiyev, H A.Okparova, N.A.Acalova

fozasidir; £ | (G) vo L

olgiilii sotir-vektorlar fozasi vo nxn olgili matrislor fozasidir. £ | (G)

o (G) elementlari £ (G)-don olan uygun olaraq n-
fozasinda  g(t,x) =(g,(t,X),...,d,(t,x)) vektor-funksiyalarinin  normasi ||g||

£,.©)= ||g0|| L o) soklinda toyin olunur, burada

0,(t,0 =190 = 3|g, (. 0]

Analoji olaraq, £ (G) fozasinda g(t,x) = (g;(t, X)) matrislorinin normast

uygun sokilds toyin olunur, lakin burada

00,0 = Jat. 9] = g, (0],

i,j=1
elo zeL , (G,) vektor-funksiyalar fozasidir ki, onlarin S.L.Sobolev manada

p,nxn

2,2, vo Z, Umumilogmis téromalori £ (G, )-dandir [1] W, .(G) elo zeL

t1 =X

on(G) vektor-funksiyalar fozasidir ki, bunlar G, vo G, oblastlarinda
zeW, (G)) vo zeW, (G)) sortlorini ddayirlor, (t,X)=(0,a) ndqtesindo

kasilmazdirlar vo normalari

1
”Z”wp © = Z{;”Z”wp‘n(ek) ’

kimi toyin olunur, burada
2, e, =12z, 0 *l2l 2, 0o +2d2 @) 2l 2, e

Molum oldugu kimi ixtiyari ZeV\A/p’n (G) funksiyast zeW, (G,) va
zeW, (G,) sortlorini ddoyir. Buradan ¢ixir ki, G oblastinda z eV\Alpyn(G)
funksiyasii hor hanst byeR", b €L (0T), b,eL (0,T) byeL
on(0.1), bel | (G) iiglin

z(t,x) = (AB)(t, X)=h, +0(a— x)]bl(r)ﬁ(t —7)d7r+

+49(x—0¢)].b2 (T)H(t—r)dr+jb3(§)0(x—§)d§+

+[J 0 -200- (¢ )ddd, 1) <6, )
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soklindo  gostormok miimkiindiir. Burada, b, =2(0,0), b (t)=12(t,0),
b,(t) =zt a+0), by(x)=2,(0,x), bt,x)=2z,( %), (t,x)eG, O(t)-iso R -
da Hevisayd funksiyasidir vo
4 (¢,X) =0(¢ —a)0(x—a) +6(a —X),
b = (by. b, (1),b, (), b,(x), b(t, X).

Qeyd edok ki, burada asagidaki isarolomolor nozordo tutulmusdur:
b =b, BM=b"®1), b,t)=b @), by(x)=b(x), b(t,x)=b"(tx),
(t,x) € G,. Bunun tarsi do dogrudur, ysni ogar b, eR", b eL  (0,T), b, eL
on(0.T), byel (01), beL  (G), olarsa, onda (5) boraborliyi ilo toyin
olunan z(t,x) funksiyasi V\A/p’n(G) fazasina daxil olar.

Indi (5) boraborliyindon istifado edorok feV\A/;n(G) xatti mohdud

funksionallarinin imumi soklini tapa bilorik. Bunun ii¢lin elementlori

6=(bo,bl(t),bz(t),b3(x),b(t,X)) ilo isaro olunmus

Qun =R"xL (OT)xL  (0,T)xL , (0,)xL (G)
Banax fozasina baxaq vo bu fozada asagidaki sokilde norma toyin edok:

b, =lbol +I 2, 01y *[ellz 0y *Isl2 0 + ol o0

Xotti mohdud f eV\A/;Yn(G) funksionallarinin imumi sokli

£(2) = (90, 2(0.0) + [ (9. (1), 2, (£,0))t + [ (2, (1), 2,(t, @ + 0))dlt +
+Ij(¢3(x), 2,(0,9))dx + [[ (p(t, %), 2, (t,))dltdx, 1< p<oo (6)

N

£(2) = (9,,2000)) + [ (g, 2,(6,0)) + [(dp, 2, (t, @ +0)) +

+[(dp;,2,(0,%) +[[ (d, 2,(t, ), p=o0 )

borabarlikloari ilo verilir.
Indi iso (1)-(4) mosalosina qosma masaleni quraq [6] Bunun iigiin (1)-(4)

mosalasinin L = (L, L.L,, L;, L) operatoruna baxaq vo bu masaloni
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Lz=¢, (19
operator tonliyi soklindo yazaq. Burada, ze V\A/p’n (G)- axtarilan, ¢@=
((DO ! (Dl'¢2 ' ¢3’(P) € Qp,n (Qp,n = Rn X‘C p,n (O’T) X[’ p.,n (O!T) XL p.n (01 I) X‘C
on(G)) iso verilmis elementdir. Qeyd edok ki, lizorino miioyyan sortlor

qoyulmus L operatoru V\A/p,n(G) -do toyin olunub, Qp'n -0 tosir edir vo
mohduddur.

L :(j;,n —>V\A/;'n(G) qosma operatorunu qurmaq iigiin Q, -do tayin
olunmus mohdud f e (jq]n funksionalim1 gotlirok. Aydindir ki, f funksional

f= (fy, f,.1,, f5, f) soklindadir vo torifo gore yaza bilarik ki:

f(Lz) = (f,,L,2) +Zj(f (t), (L, z)(t))dt +j(f (%), (Lyz)(x))dx +

_10

+ j j ((t, %), (L2)(t, X))dtdx = (f,,2(0,0)) + j (,(x),z,(0,X))dx +

+Z j (f (), (L .2)(®)dt + jj (f (t, %), (L2)(t, X))dtdX, (8)

_10

Indi ayriligda

2 T
> (F @, (LDt
k=1 o

ifadosini hesablayagq.

Bunun iiglin L, operatorlariin ifadesindon, homginin 2z eV\A/p'n G)
funksiyasinin vo onun Zz,,z, téromolorinin inteqral gosterilisindon istifado
etsok alariq ki, [3]

T T
3 [ OO =3[ (0. 2000+ 26004, + 205, 0+
=l =l

+2(t,D) ;) (1) +2,(t0) 9o, (1) +2,(t,x =009y (V) + 2, (t,a + 0)g,, (1) + 2, ()G (D)dlt =

T 2 T
O 10 0+ B0+ £ 0+ A b+ [ (] £,00¢ -85, 0+ £, Ot +

2
k=10 0 k=lo

2 (o5, (O + 0 @) b, Edr+ [(3] 1,08 -l 0+ 42, Ot +

k=1
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+3 [ £, (Odt.by()d +

2
k=1

1

2

O Sy, —|

[ 0028 0+ 1, 0+

0
2
+>. fk(T)[QE,k (T)+9§,k(f)]'bz(f))df+ S [ f. 0ot -Do@-) B, ) +6(& —a) B, Ot +
= Z k Lk 3k

G k=1

> £, (0|0 &) g}, () +6(C —a) gl (7)] bz, £))d )

K=

N

burada ()" - transponira omoaliyyatin1 gostarir.
Indi isa
] (f @), (L 0)drox
G
ifadasini hesablayaqg.
Bunun diglin L operatorunun ifadesindon, homginin 2z eV\A/p’n G)

funksiyasinin vo onun z,,z, toromolorinin inteqral gostorilisindon istifado
etsok alariq ki,

[ (F (%), (L2)(t, x))ditdx = [[ (F (%), 24, (%) +2(8, %) Ay o (6, X) +

G G

+Z,(t, X)A o (t, X) +2Z,(t, X) Ay, (L, X))dtdx =

= ([ f(t.)A;,(t, x)dtdx, by) + ](jj f (t, X)A; o (t, X)O(t - 7)0(c — X)ditdx +
+j f (2, X)A (7, X)0(a — x)dx, b, (r))d 7 +]( j j f(t, X)A; o (t, X)O(t —7)0(x — ) dtdx +
+|If(r, X)Ao (7, X)0(x — 2)dx, b, (7))d 7 +Ij(jj (t, )AL o (t, X)O(x — ¢ )dltdx +
+I F(t, )ALt )dt, by (£))dS +IGI F(t, XA o (t, )0t —7)0(x =) (& X)dltdx +

+'J F(r 0K (7, 00— 0)o, (¢ ) dx+ [ FLOALO)OE-7)dtb(z,))dedg,  (10)

Indi asagidaki eyniliyin dogrulugunu aliriq:

f(C2) = (fo, Lo2) + 2 [ (£ ), (L))t + [ (£, (Le2) () +

+ j j (f (t, ), (LZ)(t, X))dtdx = (e, f,b,) + _T[((a)l f)(z),b,(z))d +
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+ [ (@, T)(@),b, ()7 + [ (0, F)(€),by(£))d +
+[[ (@)@ )b, NS = (L7 f)(2), vz eW,,(6) vf € Q.. (11)

burada
o f = fo+Zj L OUB 0+ B )+ B, ) + 55, )t +II F(t At x)dtdx;  (12)
(@, F)(2) = ij f () Ot-7) [ﬂOK(t)+ﬂ1k<t)]dt+z];(f) |92 )+ 92, ()] +

+ j f(7,%) A, (z,X)0(a — X)dx + j j F(t,x) Aot )0t —7)0(cr —x)dtdx;  (13)
0 G

(@, 1)) = () +Z [1,0) 0@—0) |8 O + 55, +Zj f () B, (Dt +

+ j f(t,&) AL(t,<)dt + j [ 1(t.%) At )0(x —¢)dtdx (14)

@)=Y j £ 0t =7) |85, (O + B3, (Ot + Z 1095 @+ 95, @)+
k=1

+ j f (2, )AL (7, )0(x = a)dx + [[ (&, X)A; 4 (t, )0t — 7)0(x — @) dllx; (15)

(@)(@.8) = T(7.0) + [[ F(t,X) Aot )0t - 7)O(x )0 (&, x)cltdx +
+j F(7,%) 4o (7,0)0(x = g (&, x)dx + [ F(6,¢) AL (1O —7)dt +

)
k=

1

£ (00 —7)[0(a =) B () +6(¢ —a) B, O it +

o t—

+2 KO0 -0)g () +0(¢ - )3, (0] (16)

Vo

% (S %) =0(¢ —a)0(x—a) +0(a—X).
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(11) eyniliyinin komayi ilo malum teorema gors alinir ki, biitiin 1< p < oo li¢lin
L :V\A/pyn G) > Qp'n operatorunun komponentlori @,,®,,®,,®;,® olan va
bilavasito (12)-(16) boraborliklori ilo toyin olunan L = (@, 0,,0,,0;,0):
Qq'n - (qun mohdud qosmasi var. Onda

L f =y 2
tonliying biitliin 1< p < oo {iciin (11) -0 gqosma tonlik kimi baxmagq olar. Burada

f = (fy, f,, f,, £, F) -axtanilan, v = (w,,y,,¥,, s, W) -isd qun -don verilmis

elementdir va 1 + 1 =1

P qQ
L operatorunun @y, @y, ®,,0;,»  komponentlorinin  (12)-(16)

ifadosindon istifado etsok (2%) tonliyini asagidaki kimi ekvivalent inteqro-cabri
tonliklor sistemi goklinds yaza bilorik,

oyt =y,
(. F)(@) =y (2), 7€(OT);
(@, f)(z) = w,(r), 7€ (0,T); (31)

(@, 7)) =), < (O));

(f)(7,) =w(1,¢), (z,¢)eG.
Qeyd edok ki, (2') vaya (3") gosma mosalasinin halli ii¢iin aprior
giymatlondirmo

(Qf Xz.0)= f(7.)+ [ [ £t Ao (t, X)a (¢, ¥)dtdx+
T¢

+ [ £ 0L (7, 06,(¢ 00+ [ (LAt )t
4 T

operatorunun Q™ torsinin qiymotlonmasi ilo vo torso malik 2nx2n 6lgiili

g;,l (r)+ 91*,1 (7) g;,l (z)+ g;,l (7)
A(r) =
g;,z(f)"‘ 91*,2 (7) QZ,z (r) + g;,z (7)

matrisi alagali olur.
Teorem 1. Tutaq ki, (0,T) -do  sanki  hor  yerdo

detA(x) 20, A() <My, AM@)|<My, M, >0 vo 7 =M,(c+c) <1
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sortlori ddonilir, harada ki, M, >0 sabiti f —don asili deyil. Onda L qosma
operatoru li¢lin

f, sm,cf], . vfeq,
aprior qiymatlonmasi dogrudur [5,6]. Burada,
1 1 1
C = gl*'k oo,(O,T)aq +Hg;’kHw,(o,T)(l —a)’ +H’Bfkup,(0,T)(Ta)q +

Biil, om, M=) k=01

vo M, >0 sabiti f —don asili deyil.
Teorem 2. Tutaq ki, Teorem 1-in sortlori Odonilir. Onda ixtiyari
@ =(Py, Py Py, s, P) er’n sag torofi liglin (1)-(4) masalasinin heg¢ olmasa bir

z EV\A/pYn (G) holli var. Bunun iiciin (1)-(4) mosolosine qosma olan (3%)
sisteminin ixtiyari v = (v, ¥, ¥, W3, W) € Qq’n sag torofi liglin birdon ¢ox
f =(fy, f,, ,, f,, ) €Q,, holli ola bilmoz.
Teorem 3. Tutaq ki,
Q021 (t)+ gl,l(t) go,z(t) +0,., (t)
A(t) =

o1+ 92(1)  9p,(0) +95,(1)
matrisi tigiin sanki biitiin (0,T)-do detA,(t) =0, |A, (t)H <M,, A}l(t)H <M, vo
Y, = M4HQ_1H(C° +c') <1 sortlori 8donilir, harada ki, M, >0 sabiti z(t,x)—don

asil1 deyil. Onda (1)-(4) mesolosinin L operatoru iigiin
HZ‘MM(G) <M, |Lz 0. vzeW, (G)

aprior qiymatlonmasi dogrudur [6]. Burada,

¢ =(Te)"|B,]

1 1

£ - -
o T B+, #0078 k=02

0,(0,T)’

vo M, >0 sabiti z(t, x)— don astl1 deyil.
Teorem 4. Tutaq ki, Teorem 3-iin sortlori Odonilir. Onda ixtiyari
gb:(goo,(ol,goz,gog,(p)e(jpyn sag torofi ligiin (1)-(4) mosalosinin birdon ¢ox

z eV\A/pyn(G) halli ola bilmoz. Bunun iigiin (1)-(4) mosslosine qosma olan (3%)

sisteminin, basqa sozlo
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L f =y,
tonliyinin ixtiyari ¥ = (y,, Wy, V., W5, W) € Qq’n sag torafi liglin heg olmasa bir
f eéq , holli var, l+£=1.
' q
Teorem 1 vo Teorem 3-lin sortlorini nozere alsaq asagidaki teoremin

dogrulugunu hokm edo bilarik:
Teorem 5. Tutaq ki, Teorem 1 vo Teorem 3-lin sortlori 6donilir. Onda

(1)-(4) mosalosi vo qosma (3") mosalosi uygun olaraq V\Alpyn(G) \£) (jq'n -do

korrekt holl olunandir. Basqa sozlo, ixtiyari @ =(¢,, @, 0,05 9) € QAp’n Vo
V=W, W, W, W, W) € qun sag toroflori {iglin yeganos z eV\A/p'n(G) Vo
f= (f,, f, f,, f5,F) e (':)q’n hallari var va bu hallor ti¢iin hamginin

HZH\an(G) < M3H¢HQpn Vo HfHQqn < M6 Qq,n’

qiymotlonmolori do 6donilir. Burada, M, >0, My >0 sabitlordir vo uygun

v
olaraq z(t,x), f(r,¢)-don asili deyildirlor.
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