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DyHAaMEeHTaJIbHOE pellieHHe MHOTOTOYEeYHbIX HEJIOKAJIbHBIX KPAaeBbIX 32124
JJISl TUNEPOOJIMYeCKHX YPABHEHHUI TPEThero Nopsiika 1 HHTerpajibHoe
npejacrasjieHue pemeHus B npocrpancreax tuna C.JI.CoboneBa

Pe3rome

B mureparype Mallo HU3y4e€HBI BOIIPOCHl KOPPEKTHOM pa3pelIMMOCTA M IOCTPOCHUS
(GyHIaMEHTaIbHBIX PEIIECHUI JOKAJIbHBIX M HEJIOKAJIbHBIX 3a7a4 JUIs JTUHEHHBIX THIEpOOTNYECKUX
ypaBHEHMH ¢ pa3pbIBHBIMU K03 unimenTamu nim ko3dduumenramu u3 Lp. [TosTomy umeer BaxkHoe
TEOPETUYECKOE 3HAYEHUE MCCIENOBAHME DTHX BOIPOCOB COBMECTHO C BOIPOCOM O HAXOXKICHHE
M30MOP(U3MOB, CBS3aHHBIX C JIOKAJIbHBIMU M HEJTOKAJIbHBIM U HaYaJIbHO-KPAE€BBIMM 3aJadyaMu JJist
TaKuX YPaBHECHHM.

B pabote paccmaTpuBaeTcs MHOTOTOUEYHAs HEJOKAJIbHAs 3ajaya, CBA3aHHAs C OTBICKAHUEM
peuieHus u ew;“)(e) rUnepOOIMYecKOT0 ypaBHEHUS TPEThEro MOpsAgKa € JOMUHHUPYOIIEiH

CMEIIaHHOW TPOU3BOJHON, YAOBIETBOPSIOLIETO MHOTOTOYEYHBIM KpAaeBbIM YCIOBHUSIM. OTH
MHOTI'OTOYEYHBIE HEJIOKaJbHbIE YCIOBUs, 0000IIal0T BCE paHee U3BECTHbIE KIACChl TAKUX YCIOBUN
(paccMOTpeHHBIE B Cily4ae IIaJKMX W HenpepblBHbIX Kod(hduuuenton). [Ipu momomu oxHOro
BapHaHTa METOJa BO3MYILEHHUS HalIEHbl JOCTATOYHBIE YCIIOBHUS, NPU KOTOPBIX ONEPATOp 3ajadu
MOPOKJIaeT N30MOP(}H3M BMECTE CO CBOMM COIPSIKEHHBIM OIIEPATOPOM MEX/Ty ITapaMH MPOCTPAHCTB
tuna C.JI.CoGonesa Wéz'l)(G). IIpu 3TuX € YCIOBHUSX IYTEM IIOCTPOEHHUS CHELUAIbHBIX

COTPSKEHHBIX CUCTEM THIIA «HHTETPO AIreOpandecKuX» YpaBHEHHUI BBEJICHO TAKKE MOHATHS - &
(byHIaMEHTAIBHOTO PEUICHHs paCCMAaTPUBAEMOM 3a/1a4H U TIOMyUYEHO WHTETPAIbHOE MPEACTABICHUE
pelIeHNs] HEOAHOPOIHOM 3a1auH.

Knwueewie cnosa: npocmpancmea muna C.JI.Cobonesa, 0606ujennvie npousgoousie 8 cMvicie
C.JI.Cobonesa, ypasnenus eunepOOIU4ecKkoc0 muna mpemve2o NOopsaoKd, HeNOKAIbHAs 3a0aud,
C8A3aHHAA cucmema, (hyHOaMeHmanbHoe peulerue, UHMezpaibHoe NPeoCmagieHue PeuleHus
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S.L.Sobolev tipli fazalarda tglinct tartib hiperbolik tip tanliklar tgtin ¢ox
nogtali geyri-lokal sarhad masalasinin fundamental halli va geyri-bircins
masalanin hallinin S.L.Sobolev tipli w*)(G) fozasinda inteqral gostorilisi

Xulasa

Kasilon amsalli vo ya omsallari Lp (G) - don olan xatti hiperbolik tip tonliklor tcun lokal va

geyri-lokal masalalorin korrekt hall olmasi vo onun fundamental hollinin qurulmasi ¢ox az
Oyronilmigdir. Ona gora do belo tonliklor Gglin lokal va geyri-lokal baslangic-sarhad masalalarinin
eyni zamanda izomorfizmin tapilmasi masalasi ilo alagali sokildo Oyronilmasi muhim nazori
ohomiyyato malikdir.

Isdo Gglincti tortib hiperbolik tip tonliyin cox noqtoli geyri-lokal sarhad sortlorini 6doyan
ueW?(G) hollinin axtarilmas: mosalosi nozordon kegirilir. Bu goxndgtoli geyri-lokal sorhod

sartlarini bu vaxta gadar nazardan kegirilmis bu tip masalalorin hamisini hamar va kasilmaz omsallar
olan hal t¢tn Umumilosdirir. Hayacanlanma metodunun bir variantinin kémayilo, baxilan va onun
gosmasi olan masalonin operatorlarinin bir ¢iit S.L.Sobolev tipliu eWé“)(G) fozalar arasinda

izomorfizm dogurmasi ti¢iin zoruri sortlor tapilmisdir. Bu sortlor daxilinds ham do baxilan masalo
Uclin xususi “inteqral — cabri” tanliklar sistemi soklinds olan qosma tonliklor sisteminin kdmayi ilo
fundamental hallin imumilosmasi tapilmis vo bircins olmayan masalonin hallinin inteqral gosterilisi
tapilmisgdir.

Acar sozlar: S.L.Sobolev tipli fazalar. w®Y(G) , S.L.Sobolev manada tmumilasmis tGramalar,

uclincu tartib hiperbolik tip tanliklaor, geyri-lokal masala, gosma sistem, fundamental hall, hallin
inteqral gOstarilisi
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Fundamental Solution of Multipoint Nonlocal Boundary Value Problems for
Third-Order Hyperbolic Equations and Integral Representation of the Solution
in S.L.Sobolev Type Spaces

Abstract

In the literature, the issues of correct solvability and construction of fundamental solutions of
local and nonlocal problems for linear hyperbolic equations with discontinuous coefficients or
coefficients from L, have been little studied. Therefore, it is of theoretical importance to study these
issues together with the question of finding Isomorphisms associated with local and nonlocal
problems for such equations.

In this paper, we consider a multipoint nonlocal problem associated with finding the solution to a
third-order hyperbolic equation with a dominant mixed derivative that satisfies multipoint boundary
conditions. These multipoint nonlocal conditions generalize all previously known classes of such
conditions in the case of smooth and continuous coefficients. Using one version of the perturbation
method, we find sufficient conditions under which the operator of the problem generates an
isomorphism together with its adjoint operator between the pores of S.L. Sobolev-type spaces. Under
these same conditions, by constructing special conjugate systems of the type of “integro-algebraic”
equations, the concept of a fundamental solution to the problem under consideration was also
introduced and an integral representation of the solution to the inhomogeneous problem was obtained.

Keywords: Spaces of S.L.Sobolev type, generalized derivatives in the sense of S.L.Sobolev, third-
order hyperbolic equations, nonlocal problem, coupled system, fundamental solution, integral
representation of the solution

BBenenne

B pabore paccmarpuBaeTCss MHOTOTOYEYHAs HENOKalbHAs 3ajada, CBS3aHHAS C OThICKAHUEM
(2.1)
p
CMeH_IaHHOI\/'I HpOHSBOJIHOfI, y,)]OBJ'IeT Bopsnomero MHOI'OTOYCYHBIM KpaeBBIM YCJ'IOBI/ISIM.
HcciienoBanue
B pabote paccMmoTpeHa MHOTOTOUYEYHAS HEJTOKAIbHAS 3a/1a4a, CBSI3aHHAs C OTHICKAHUEM PEIICHUSI

u eWéz’l) (G) ypaBHEHUSI

pemerus U eW (G)mnepfionpmecxoro YPaBHEHUsI TPETBEr0 NOpsAJIKa C JOMHHHUPYIOIIEH
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(Lu)x)= DD,u(x)+a, ,(x)Du(x) +
+ al,l(X)DlDZU(X)+ aﬂ.,o(X)Dlu (X)+ ao,l(X)Dzu(X)+ (1)
+8y0(Xu(x)=p(x), xe G =G, xG,

YAOBJICTBOPAIOIICTO MHOTOTOYCYHBIM KPAaCBbIM YCJIOBHUAM HOBOI'O BHUa

(Lz,ouxxl) = Z:ll [a?(xl)u( )"' ﬁ(o)(xl)DﬂJ (Xl X2 )"‘ 7(0)(X1)D1ZU<X1’ ij )]
(I—1,1UXX2) = Zil: [agl)(xz )u(xlj , Xz)"‘ ﬁ}o)(xz)Dzu(le , Xz)"‘ 711)(X2)D D u(xl Xz )]
(Lo o) = Sl s et ) APl PPl ] 2

Lot = D [A0u(x! xd )+ s8Du(x, ! )]

ij=1

Loott = 3 [Au(x/, xd )+ 59D (x, x4 )

i,j=1

IUIsL KOTOpBIX orepatop 3amgaud (1), (2) MOXET OCyIIECTBISTh M30MOPHU3M MEXKIY Mapamu
npoctpaxcTs tHa W > (G)

[TomoOHBIE MHOTOTOUYCYHBIE 33/1aYU B JIUTEPATYPE PACCMOTPEHBI TOJBKO B YACTHBIX CIydasX W
JUISE HUX B OCHOBHOM M3Y4Y€HBI BOIPOCHI CYIIECTBOBAHUS M €IMHCTBEHHOCTH PETYISIPHBIX PEIICHUHN
B ciyvae riaakux kosdounuentos (Kapaanos, 1986).

B pabGore 3amaum (1), (2) m3ydeHa mpu Oojee crnabbIX YCIOBHUAX Ha  KOA((UIMEHTHI THUTIA
CYMMHUPYEMOCTH W  OIPaHHYCHHOCTH, OOCCIICUMBAIOIIMX  OTPAHMYCHHOCTH  OIEPATOPOB
L:w?Y(G)— H  31ech

( 2 0> Ll,l ’ LO,l’ Ll,O ' LO,O

L=
Hy =L, (@)L, (6,) L, (G,)x L, (6, )x RxR n

a,,€L,(G)i=01 u cymecrsylor dynkumn a’ el (G,)eL,(G,) i=01 al, €L, (G,),

TaKHucC, 4TO

2, (x) <@’y (x,). [a,0(x)<a3y, xeG.
Oty 3a7a4y MbI U3y4aeM Kak Bo3MylleHue 3agaun ['ypca

(LouXx) = D/ D,u(x)+a, o (x)DZu(x)+ a, ,(x)D,;D,u(x)+

+ 8,0 (X)Dyu(x)+ 8 (X)DuU(X) + g o (X)u(x) = p(x), x € G;
(LCZ),OUXX:I.) = Dlzu(xlio) = P20 (Xl)

(L(1),1u sz) = D,D,u(0,%,) = ¢1,1(X2) (4)
(Lo,luxxz) = Dzu(O’ Xz) = ¢’o,1(X2)

Lou= Dlu(0,0) =®P10

\I—o,ou = u(010) = Do 0

3anayva (3), (4) sBiIsieTca YacTHBIM citydaeM 3anauu (1), (2) npu

227



Elmi Tadgigat Beynalxalg EImi Jurnal. 2025 / Cild: 5 Sayi: 5/ 224-233
Scientific Research International Scientific Journal. 2025 / Volume: 5 Issue: 5/ 224-233 e-1SSN: 2789-6919

al(o) _ IBJ(O) _ 750) _ agl) _ ﬂJ@) _ 721) _ 0522),3](2) _ 722) _

L] 1) ij i,j v b y&ynnny
B pa6ote (I'yceitnos,1983) mokaszano, 4ro orneparop L° = (LO, Lo, L3, L3, Ly, Lo,o) JTOM 3a1a4u

A

-1
. . (o N .
MMeeT OrpaHUYeHHbIN 00paTHBIH (L ) onpenenéuuplii Ha Hp.
PaccMoTpuM orpaHuueHHbIE OIEPaTOPHI

(N u)x,) = Zill[a?(xl)U(xi, x )+ B (% )Du(x, x} )+ 7 (x, )Du(x,, x! )]

(Nflu sz) = Zn: [aﬁl)(xz )U(le 1 Xo )+ ﬁ,(l)(xz )DZU(le ' X, )+ a(jl)(x2 )DlDzu(xlj , X, )]

i

(No,lu sz ) = Zn: [agz)(xz )u (X1J » Xz )"‘ ﬁ}z)(xz )Dzu(x:Lj 1 X5 )"‘ a(jz)(xz )DlDzu(le 1 X5 )] (5)

n

Nyou= >, [A(il')ju(xlj , X )+ 5D (xlj , XJ )]

ij=1

Nogti = D [A0u(x/, x! )+ 59 Du(xd, x) )]

i,j=1

nefictByromme u3 WY(G) B L, (G,), L,(G,) L,(G,)RuR, coorsercraenno (I'yceiinos, 1985).
Torxa oneparop N = (0, N,y Nipy N Nyg, No,o) OTrpaHHYCH U3 Wsz'l)(G) B Hy. (Guseynov, 2019).
[Ipn nmomomu omneparopa N 3agaun (1), (2) MOKHO 3a7aBaTh B BHJIE ONEPATOPHOIO ypaBHEHUS
(Guseynov, 2015)
LCu+Nu=¢ (6)
Jloka3aHa clieiyroras Teopema.
Teopema 1. Ilycth

v =mad $1af], +1ol,. b0 )
3 (e, . #1850, )

3 (1o, #1111 )

3o 3 s )

nocrarouno majioe uncio. (Akhiev, 2020). Torna 3amava (1), (2) Be3ie KOPPEKTHO pa3peninma,

. . /\O A \-1
T.€. CYIIECTBYET OrpaHNdeHHkIi obpatHeli L + N

AO A * ’\0 * A * AO 3
OueBuaHO, UTO (L + N) = (L ) +(N) Omnepatop (L ) COBMAJAET C COMPSKEHHBIM ONEPATOPOM
3amaun ['ypca (Guseynov, 2023). OTcroia ciaeayer, uTo I HaXOXIECHUS SBHOTO BHJa OoIepaTopa

A

(I:°+N) JIOCTATOYHO HAWTH SBHBIA BHJ  OINEpaTropa (N) (Hesun A, 1967). Ecmu

f= (f ’ fzym flyl, fO,l’ f1,0, foyo)e Hq orpaHuueHHbI pyHKIKMOoHaN Ha Hp, TO oueBHIHO, UTO
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F(Nu) = 3ot G xd )+ 170D xd )+ #4206 DU 0l o6 )+
+ J.i_l[aj(l)(xz)u(xl",xz)+ ﬂ}o)(xz)DZU(le,xz)Jr yjl)(xz)D D u(x , X, )]fll(g2 Y&, +

+ _[Zn:[aj('Z)(Xz)u(le , X2)+ﬁj(2)(X2)D2U(X1j’X2)+ 712)(X2)D D U(Xl X3 )] 0,1(6‘22)d§2 +

G, J=1

+ i [A(il')ju(xlj , X )+ S; ;D (le , X )]fL0 +

i,j=1
n N . - N
+ 3 [AQu(xd, x2 )+ 59D (%, x] o o-
i,j=1
Hcnonb3yst mHTErpagbHOE MpeacTaBicHue QyHKIMH U eWél’l)(G) [7] 9TO BBIpAXKEHUE MOXKHO

HPUBECTH K BHJLY
f(Nu)= [[(Bf k&)DZD,u(&)de +
+ I(Bz,o fX§1)D12U(§1,0)d§1 + J‘(Bl,l f Xé:z)DlDzu(o- S5 )d§2 +
+ [(Bos f X&) D.u(0. £, )2, + (B0 )Du(0.0)+ (8o o F u(0.0)

A

Orciona  BHAHO, UTO (N) neiicteyer B H

(N )* = (B’ B,0:Bi1:Boys Byos Bo,o) , A

q° OrpaHnu4cH nu UMECT BHU[

(67 ko) = i;a%xq £)0(x) = &) o(m)d 7, +
+26'( @)Iﬂ“”(rl)fzo(rl)da+Z6’(x’ £ YOG To(E)+
+Z<9( —& ) -4 I a )z, )fo, (7, )dz, +
+;9(x" ~ &K —é)ﬂ}”(éz)fl,l(émge(xf A UM
+J_Zt,6'(xf —& ! —a)ria?)(rz)fo,l(rzp
#2200~ &) ~E)APE) fon(&)+ 2004 —E M) ()

# DLAN00G ~ AP0 £~ &) o+ D004 ~E P £ o+

+,2A<°)e( —& P &5 —&)f oo+25<”0( &P & )fo0
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(Bz,o fXé:l) = ZH:T(Tl - gl)ag())(rl)fz,o(rl)d o+

= &

+ IZ,B(O)(Tl)fz O(Tl)d 7, +Z ygo)(rl)fz 0(2'1)+
+ ; H(le -& Xxlj - 51)]2 (72) f1,1(72 )d (i

+ zn: H(le —& Xxij - 51)]g aJ(Z)(TZ) fo,l(Tz )d Ty +

+ZA ( )9( 51) 10+25(1)9(X - )fo,o
(Blvl f X§2 ) = i B(XZJ - 52 )I glagl)(é:l)fz,o (51 )d T+
+ 3 BOE (&0~ &)+ 3 BPEN (&) +

n n A h,
+ z 7&1)(52)1:1,1(52 )+ Z X J-aEZ)(Tz ) fO,l(TZ )d 7, +
=1 j=1 &,

3 o, + 3, )} f.E)+
L i=1 1=1

n

+ Z O(x) — & WAY +> 500(x; —52)} Lo+

o Sl - s, 30l - 5) o
(801fX§2) Z_llja(l)(fl)ﬁ( 52) 20(%81)d71
+ZJ0‘ 2)(72)f11(72)d72 +Zﬁ (§Z)f11(§2)+

= 52

+ Z Ia(Z)(Tz)fo 1(772 )d T2 +Zﬂ(2)(§2)fo 1(52)"‘

il g,

ZA(i)jB( 52) fio +ZA(O)‘9( )fo,o-

Boof = [[5a®(E)+ BOE )]0 (& )dE +

e

* i le J.agl)(gz)fl,l(fz )dfz +i le Iagz)(fz)fl’1(§2 )d§2 +

+ S RAD + 508+ > [} + 50k,

i,j=1 i,j=1
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Bo.o f= Z Ia(l)("fl)fz o(él)dél

_1 GZ

2 o (@)L (EE +3 [a®(E,) oy (E)dE, +

j=1 G, j=1 G,

I GIIS LM

ij=l ij=1

Torpa conpsxkeHHoe ypaBHeHue 3a1au (1), (2) umeer Bua
VN =p(e) e €Gi Vyof JE)=wi0(e) & <G
(Vl,l fAsz ) = ‘//1,1(52 )’ &, €Gy; (Vo,l f sz ) = ‘//0,1(52 )’ &, €Gy;
Vio f= Yi0r Voo f= Yoo

rae () =0V, Vy0 Vi VorVio Voo ): Hy — H,

A

COIPSKEHHBIN OIEpaTop Ul oreparopa (LO + N) . (Colton, 1972).
O - bynnameHTanpHBIM pemeHneM 3anauu (1), (2) HazoBem QyHKINIO

f (X) = (f ("" X)’ f2,0 (" X)’ fl,l(" X)’ fO,l(" X)’ fl,O(X)’ fO,O(X)) = Hq

KOTOpast Uil KaXKI0i (UKCUPOBAHHON TOUKU X € G SBJIAETCS PELICHUEM CUCTEMbI ypPaBHEHUI

(Vf Xf) X — 51)‘9()( _é:l)e(XZ _4:2)'5 eG;

(
V,of )= (% —£)6(x — &).& <Gy
(\/Llf Xajz): x,0(x, - &,),

Vo)) =00, &) &, €6,

VO’Of =X

V,,f =1

Wrak, cnpaBe/uinBa cienyomas Teopema.
Teopema 2. J{1s1 JOCTaTOYHO MaJIbIX YUCEN

o= ma 3, <, L )
(o, I, )
5, #1870, + L)

3 ftt) Sl )|

ij=1 i,j=1
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3amaun (1), (2) umeer enuHCcTBeHHOe @ (GyHmameHTtaibHoe pemienue (Guseynov, 2022).

f(X): (f (.,., X), fz,o(-’ X), flvl(., X), fO,l(" X), fl,O(X)’ fo,o(x))e H, . ITpu stom peurenne u eWéz’l)(G)
3amauu (1), (2) npencraBisieTcs B BUIE

u(x) = I [ (&, X)p(£)de + I fo.0(& X) s 0(&)dE +
+ [ 126 02(8)88 + [ Tou(&o X)0a(&: ), +
000+ foo(00

HexoTtopble ki1acchl TakKX 3aj1a4 paHee paccMarpuBaiuch B padotax (Kapmaanos,1986)

3akjaueHue

B pabore paccmarpuBaeTcs 0lHa MHOTOTOYEYHAs HEJTOKAJIbHAS 3a/1a4a IS THIIEPOOINIECKOro
ypaBHEHUs TpeThero nopsaka B npocrpancrsax tumna C. JI. Cobenesa. I1pu 3ToM oT ko3P punreHTOB
ypaBHEHHsI TpeOyeTcss OdeHb ciadble yCIOBHS, THIIA OrPAaHUYEHHOCTH W CYMMYPHEMOCTH
ko3¢ durenToB. HaiineHsl pocTaToOdHBIE YCIOBUS NPH KOTOPBIX OMNEpaTop 3aladd MOPOXKIAeT
nzomoppmm mexay mnapamu C.J1.CoOeneBCKMX MPOCTPAHCTB M HMHTETPAJIbHOE MPEICTABICHHUE
HEOTHOPOIHOM 3a7a4yu, TP MOMOIIH (DyHIAMEHTAIbHBIX PELICHUI.

Jlureparypa

1. Akhiev, S.S., Akhmedov, F.Sh. (2020). On a boundary value problem for a third-order equation
with a non-local condition A.M.Nakhushev. Development Eugation, Science and Business:
Rerult: abstract of the Internasional Scientitic and Practical Internet Conference. December 3-4
2020. Ukraine, Dnepr.

2. Akhiev, S.S. (2010). A priori estimate for discontinuous solutions of a second order linear
hyperbolic problem. Elektronic Journal of Qualtative Theory Differ. Equ. Ne 23,
http//www.math.u-szeger.hu/ejqte/

3. Colton, D.T. (1972). Pseudo parabolic equations in one space variable. Diff. equat, vol12, Ne3, p.
559-565.

4. Coleman, B.D. (1965). Instability, uniqueness and nonextstense theorems for the equation
u, =u,, —Uugonastrip. Duffun R.J and Mirel V.Y. Arch.Rat.Mach.Anal, 19.100-116.

5. Jlesun, A.A. (1967). Onepatopsl ¢ mepBOi MPOU3BOJHOM MO «B YECICHUHM» W HEJIOKAIbHBIC
rpanuunsle ycioBus. Mze. AH CCCP, cep, mam-xkam., T. 31, Nel, ¢ 61-86.

6. Kapnanos, P.I'. (1986). 3amaua ['ypca ans Harpyk€HHOTO THIIEPOOIMYECKOTO YpaBHEHHUS
Tperbero mopsuka. Meowsys.coop. Hayu. Tpyoos. «Henoxkanvuvle 3a0auu 0nsa ypas. 6 yacm.
Ilpouss. u ux npunoscenuss kK mooen. u agm. npoekm. ciodxc. cucmemy. Kao-ban. I'Y, Hanpuuk,
1986, c.140.

7. Tyceitros, O.M. (1985). O cymiecTBOBaHHU M STUHCTBEHHOCTH PEUICHUI HEKOTOPBIX KPaeBBIX
3a1a4d Ui TUrepOOMYecKoro ypaBHeHUs: TpeTthero nopsaka. M3B.AH A3zep6.CCP, cep.dus-
TeX.n MaT.Hayk, Ned ¢.120-124

8. TyceitnoB, O.M. (2019). O 3amavax tuna Komwu u ['ypca Ha TUHHMSX C XapaKTepPUCTUUECKUMHU
KyCKaMU JJIsl TUIIepOOIMYeCKUX ypaBHEHHUI BToporo nopsiaka. International conference, Khazar
University, Baku, Azerbaijan, c. 158-160.

9. Guseynov, O.M., Ismayilov, N.A., Mamedov, R.M., Kubishev, I.N., Gasimova, A.R. (2015). On
optimality equation for the linear hyperbolic equation of second order with numerous non-lokal
boundary. THERMAN 2015 and 4" Rostosker International symposium, Baku, Azerbaijan, (77-
78)

Xtx

232



Elmi Tadgigat Beynalxalg EImi Jurnal. 2025 / Cild: 5 Sayi: 5/ 234-238
Scientific Research International Scientific Journal. 2025 / Volume: 5 Issue: 5/ 234-238 e-1SSN: 2789-6919

10. Guseynov, O.M., Mamedov, T.D. (2024). Fundamental solution of a Cauchy and Goursat type
problem for Second order hyperbolic equations and related oprimal control problems. Journal of
Contemporary Applied Mathematics, V1. Nel. July. ISSN 2222-5498

11. Guseynov, O.M., Mamedov, T.D. (2022). Fundamental solution of Cauchy and Goursat type
problems in lines with characteristic and non-characteristic pieces for third order hyperbolic
equations. Journal of Contemporary Applied Mathematics, V12. Ne2, December. ISSN 2222-
5498

12. BonaxoBa, B.A. (1983). O6 onmHoli KpacBOW 3amayu Il ypaBHEHHUS TPETHETO IOPSAKa C
HeJNoKanbHBIM ycnoBueM A.M.Haxymesa. /[V, 1.19, Nel. C.163-166

[Toctymmo: 14.02.2025
[Tpunsto: 20.05.2025

233



