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BBenenne

[Ipumenenue Teopun JpoOHOrO MHTErpUPOBaHUS U UG PEepeHIUPOBAHUSA B APOOHBIX HIEKTPUUECKUX
COINPOTHUBJICHUSAX OMOJIOTUYECKUX IEMEHTOB, B JIPOOHOM YyIpaBiieHUH IU(GPY3MOHHBIMH CUCTEMaMH, B
yIpaBJIEHUH JBI)KEHUEM, JJIS aHalW3a CHTHAJOB, HCIOJIb3YEeMbIX B pOOOTOTEXHMKE, JWHAMHYECKHUX
cucTeMax M yIpaBJIeHUH MEXaHUYEeCKUMHU MaHMITYJISTOpaMy, MOXKHO HaiTu B pabotax A.A. Kunbaca, X. M.
Mpusacrassl, k. Ix. Tpyxunso [1], K. C. Munnep u b. Pocc [2], U. ITogny6nsrii [3], C. I'. Camxo, A. A.
Kunbac, O. 1. Mapuuus [4] KpaeBble 3agaumn Juis ypaBHEHUH MapabOIMUECKOrO M CMEIIAHHOTO THIIOB,
UCKITIOYaroIue ApoOHble HHTErpo-auddepeHansHble oneparopsl, Takue kak Kanyro u Puman-JInyBusuis,
Obutn MccinenoBaHel B pabotax [5-9]. IlepBbie QyHAaMeHTaIbHBIE HCCIEIOBAHUS TEOPHM HArpy>KEHHBIX
ypaBHeHmii npuHaiexkaT A.M.Haxymey [10-11]. B atux padortax maercst HauOoJjee o0liee onpeeneHe
Harpy>)keHHOTO ypaBHEHMS U TMOJAPOOHAas KiIacCU(pHUKAIMI Harpy)KeHHBIX YpaBHEHM: HarpyKeHHbIe
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middepeHnnanbabie, HTETpabHbIE, HHTETPO auddepeHnnanbubie, QyHKIMOHAIBHBIC YPAaBHEHHUS, @ TaKKe
X MHOTOYHUCJICHHBIE MPUIJIOKEHUS. 3a STUMU HCCIAEAOBAHUSAMU TOciaenoBaiu paboThl [12-17], B KOTOpBIX
OBLTH MOJTy4eHBI HHTEPECHBIE pe3yabTaThl. C APYroil CTOPOHBI, HAM HEOOXOAUMO OTMETHUTH paboTsl [18-20],
B KOTOPBIX METOJIOM OTJEJIBHBIX MEPEMEHHBIX OBLIO MCCIEIOBAHO HECKOJBKO JIOKATBHBIX M HEJIOKAJIHHBIX
Ha4yaJIbHO-KPAeBbIX 3a/1a4 JUIsl HArPY>KEHHbIX YPAaBHEHUH B IPSIMOYTOJIbHBIX 00JIaCTSX.

BolmenpuseneHnsle MyOnMKalUMu OPUBENIM K BBIBOJY, YTO MCCIEAOBAaHUSA B 00JacTH TEOpUHU
Harpy>XeHHBIX AU pepeHInaNTbHBIX YPaBHEHUH JPOOHOTO MOPSIKA AKTYAIBHBI, M 9Ta TEOPUS SABISETCS OIHOM
U3 COBPEMEHHBIX W pa3BuBaroluxcs teopuit PDE. OpgHako kpaeBble 3a7aud C MHTErPabHBIM YCIOBHEM
CKJIEMBAHMS JUIsl YPAaBHEHUN CO CMEIIAHHOM Harpy3koid JpoOHOro MopsjKa €Ilie HEJAOCTATOYHO H3Y4YEHBI.
Cnenyer otMmetruth pabotel [21], [22]. [lanHas cTaThsi MOCBSIIEHA JI0KA3aTEIbCTBY €IWHCTBEHHOCTH H
CYIIIECTBOBAHUS PELICHUS HEJIOKAIBbHOM 3aJ]aul ¢ MHTETPAJIbHBIM YCIOBHEM CKIIEMBAHUSA JUIsl HATPY>KEHHOTO
ypaBHEHHUs 1apabos10-TUIepOOIMUECKOTo THIIA, BKItoYaroero oneparop Kamyro qpobHoro nopsaxa.

IMocTanoBka 3agaun

Paccmotpum ypaBHEHUS

1
¢ Dgu+p(x, y)] (t=x)""u,(t,0)dt, aty=>0,
0= X
U —Uyy —0(X+Y) } (t—x—y)"u,(t,0)dt, at y<0,
X+y (l)

C oneparpom Kamyrio:

1 Y Il
“f=—7—" _[(y—t)*f'(t)dt,
C DOy F(l—a) g(y t) (t) t (2)

rae O<a.fy<k p(x, y)n q(X’ y) 3amannbie GyHKIUU. [Tyct Q orpaHnyeHa cerMeHTaMu:
BB, ={(x,y):x=0,0<y<h},
B,A, ={(x,y): y=h,0<x<1
AC:x-y=1 BC:x+y=0
A(L0), A, (Lh), B,(0;0), B,(0;h), C(0,5,-0,5).

npu y < 0 1 xapakTepUCTUKaMHU:

Jlst ypaBuenust (1) nmpu y > 0, 31ech

a(x)=46 X_+1’X__1 ,
BBOI[I/IM 0603Ha‘ICHI/I${Z ( ) ( 2 2 ]
D7 f :;LPF ALE(t)dt,

Q" =Qn(y>0), Q" =0n(y<0), I={x: 0<x<1}, Ilz{x:%<x<1}, I,={y:0<y<hi,

B o6nactu 2 AOKa3bIBACM CAUHCTBCHHOCTD U CYIIIECCTBOBAHUC PCHICHUSA CIICAYIOLIYIO 3a/1avy

3agava. Haumu pewenue u(x,y) ypasnenus (1) uz kraccos gpynxkyuu
1 u(xy)eC(€);
¢Dgyu e C(QY),

3 Ua(Xy) €C(Q LQ"), Uy, (xy)eCQ)
4 Ux(x, y)eC(BB, UAA), Y “Uy(xy)eC(Q UI), u,(x,y) eC(Q UI);

ydoeﬂemeopﬂiou;ue SPARUYHBIMU Y CTIOBUAMU.
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UX(X, y)|A§.A2 :q)(Y); yEI_Z’ (4)

Uy (X, )’)||31|32 =y (y), Yyel,, -

%u [0(x) |=a(x)uy (x,0)+b(x)u,(x,0)+c(x)u(x,0)+d(x), xel, ©)

u yciosuem CKieueaHusl.:

yli—mo yl—“uy(x, y) =4 (x)u, (x,~0) +Z,Z(x))jl( r(tu, (t,0)dt+ A, (xu(x,0), xel, 0

20e @(y), y(y), a(x), b(x), c(x), d(x), u 40 (] :B), 3a0aHHble QYHKYUU, MAKoU, Ymo
ilzf(x)io.
=

EauHcTBeHHOCTH pellieHus 321241
y E=X+Y
N3BecTHO, uTO ypaBHeHuUe (1) MO XxapakTeprueckoi KOOpJHHATE )51
=X— <
n=X-y pu y<0 OyZeT uMeThb BUJI:

_ (&) T ey
o, =X -0 o
BBoauM 000o3HaUEHUA:
r(x)=u(x,0), xel, v (x)=u,(x,—0), xel.

(9)

Pemenue 3agaun Kommm ais ypaBaenus (1) B obmactu (2~ MOXHO HpeI[CTaBI/ITB B BUJIE:

ey = TN 2 a5 T a0 | dnfe-£y

7(x) +2'(l) 11

ufo(x)]= 5V (t)dt+4JQ(§)d§Id77!(t &y ()t

(10)

d _TX)+v(x) g(x)i A
&U[Q(X)] = 5 — ldn)j((t—x)y L2'(t)dt. 1)
[Tocne ucnons3oa (6) ¢ yaerom (3) u3 (11) Mbl osTrydnm:

(L-2a())v-(x) =(2@-x)"q(x) +2¢(x) ) 7(x) —(L—2b(x))7'(x) +

27 MU+ 7)q(x) D 7'(0) - 2d(x) - (x,0)el. (12)

C ydyerom 0003Ha4YeHUH U yCI0BUS CKIeuBaHus (7) uMeeM:

VH(X) = 4,00V (X) + A4, (X)i rO7Odt+ 40z, (13)

Hanemie ot ypaBHenus (1) nmpu y — +0 ¢ yuetom (2), 3) u
Ilm Dg, 1f(y)= F(a)llmy1 “f(v)

Honqum [20]:

T"(X)—F(a)ﬂl(x)v_(x)—F(a)ﬂz(x))jl(r(t)z"(t)dt—
~T(@)2(x)7(x) + T'(B) plx, 0) Df''(x) =0, ”
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7'(0)=w(0), 7'()=¢(0).
1-2a(x) =0

1 14 3aJaHHBIX BBIITOJIHAKOTCS yCJIOBI/ISII
aOAQ+ 4D <0, ¢(O)A40)+4(0)=0,  (4L()/r(x) <O,
24,(0)q(0)/(1-2a(0)) 20, p(0,0)=0, p'(x,0)>0, 4,(0)/r(0) <0,

(14)
Teopema 1. Ecin

(15)
(16)
(A00809/A-22(9)) >0, ((0+G(A(9) 20, (1-2b(x))4,(x)/A-22(x)) 20, (17,

u(Xx
TO, peIIEHHE ( ’y) 3a71a4d, €IMHCTBEHHO.

I_IOKaC%aTeJIbCTBO. I/ISBGCTHO, 4TO €CJIM OAHOpOJHAA 3ajja4ya UMECT TOJIbKO TPUBHUAJILHOC PEIICHUE, TO
MBI MOXEM YTBCPIKAATh, YTO MCXOAHAA 3aJlada UMECT CAMHCTBCHHOC PCHICHUC. I[J'If[ 9TOT0 MPECAIOXKUM,YTO

3ajiaua UMeET JiBa PEIeHUs], a 3aTeM 0003HAYMB UX Pa3HOCTh KaK u(x,y) MBI TIOJYYUM COOTBETCTBYIOLIYIO
OJHOPOAHYIO 3a1a4y. YpaBuenue (14) ymuoxaem Ha v’ (x) u unterpupyem ot 0 1o 1:

T2 (07 (X = T'()] 4 () (v () +T (@) A ()7 (x)edx [ (1) (1) +
0 0 0 0

+F(a)i/13(x)r(x)r’(x)dx—F(,H)ir'(t) (6, 0) DL (x)dlx -
C yuetom (12) Ha cuet d(x) =0, MBI NIOJTy4aeM:

1007 00 = "2 6,000 + A0 7209 -1 (@)] &2V -

o 1-2a(x)
C(@)T(1+y) AT ()a(X) ¢ NETTRET
) | [(t—x)"7'(t)dt

1-2a(x) «
1A 1 2 1
_Ia) (200 g%d [ lr(t)r’(t)dtj - [0 p(x,0)dx] (t =) 7' (0

re 600 ==X a(X) +2¢(x)/(1-2a(x)).

OcHoBbIBasich Ha opmyie [23]

(19)

Ix—t[” =WIZV‘1cos[z(x—t)]dz, O<y<1

MoCJIe HEKOTOPBIX ynpolneHuid u3 (19) Mbl noayunm:

177007 (ax =" [ 2 (6 AW + 40) - 200 @40+ 4 0)]-

L 02,09+6,004(0] 72 (9 T(@)] AGXEZE0D 2 (s

1-2a(x)
+r(gz(ﬂg)(0) @r(x)f'(x)dxj +@i( ﬂr?((x’;)j dx@r(t)f(t)dt} +

yT'() sz L 2,(x)q(x) d H

1 2 ) 2
+W1—7)/202_70 1-2a(x) jr(t)cosztdtj +ur(t)sm zt dtj }+

X

1 0 > 1 1 2 1 _ 2
+F(1—ﬂ)cos;z(1—,6)/2£2 dz(j) p(x,O)d[ur(t)coszt dt] +[£r(t)sm zt dtJ }

I[anee, O6I:C,Z[I/IH$I$I IO 4aCTAM B MOCJICAHUC NBA YICHA, OKOHYATCIIbHO MMOJIYyYaCM:
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20~ -2 20,40 + A1) -7 O)(cO4(0)+ 4(0) ]+

HN2,00+6,02,00] 29k (@) 2S00

T(@)4,(0) (ir(x)r'(x)dsz T(a) J(MX)J ( jr(t)r’(t)dtjz s

7'2(X)dX —

2r(0) r(x)

yT(@)a@A4@Q) = _, 2 ) yT@) % s
4(1—2a(0))sin7z7//2£2 (M (0,2)+N (O,z))dz+W£z dz

A()A) | 12 2 p(0,0)  ©M?(0,2)+N?(0,2)
L 2a(x)}[ (x,z)+N (X’Z)]dx+2r(ﬂ)smﬂﬂ/2£ 7 dz+

1 -7 2 .
2F(,B)S|n7z/3/2oz dZI( (x,2)+N?(x,2)) p,(x,0)dx =0 20

M(x,2) = j 7'(t) cos ztdt,

rac

Taxkum oOpazom, B cuiry 7(0)=0, 7(1)=0 npu e(y)=y(y)=0 (18) B cury (15)-(17) u3 (20)
d(x)=0

JIeTIaeTCs BBIBOJL, UTO . CnenoBaTenbHO, Ha OCHOBE PEIIEHMs BTOPOM KpaeBOM 3a/1a4u JJIsl ypaBHEHUS

(1) ¢ yuerom |20|, [24| ma cuer (4) u (5), nonyuum u(x, y)EOB Q. Jlanee, n3 (GyHKIMOHATHHBIX
d(x)=0 v (X)=0

cooTHomeHu# (12), ¢ yaerom MOJTy4aeM, 4yTo

a-
CymecTBoBaHMe pelieHUus 3agaun

Teopema 2. Ecau ycrnosus (15)-(17) u
P y) €CHA)NCHQY), q(c+y) eC(@)NCHQ), 1)

P(y), w(y) C(T) ACH(1,): a0, b(x), c(x), (), () <CH(T), (=T3) -

BbINOIHEHDL, MO PeUeHUe UCCIeOYeMOll 3a0adu Cyujecmeayemn.
Hoka3zareabcrBo. C yuetom (12) Ha cuet ypaBHeHus (14) momyaum

"(X)+ A(X)7'(X) + B(x)} (t—x)” L7/ (t)dt + p(x, 0)} (t—x)217/(t)dt -

. CJ'IG,I[OBaTeJ'IBHO, Ha OCHOBAHHWH PCIICHHUA

u(x,y)=0, 3aMKHYTOH 00/1aCTH

(@) 2,(x)] FO)7 Bt +C()(x) = D(x)
x (23)

37eCh
[(a)(1-2b(x))4(X) yT()a(X) A (X)
A= BO=""Za2ax)

C(X) =-T(a)(c,(x) 4 (%) + A4(x)), D(x)=- zr(fl—)gléz?()d .

Orctoroma, mpu X 1 5 cuny vil)= (p(O) = (1) 3aKITF0YaEM, 4TO
(1-b(@) - a(@)))¢(0) - ;d @
c(l) . (24)

(1) =
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WuTerpupyem ypaBHenue (23) ot X' 10 1 u cunras (24) mociie HEKOTOPBIX BHIYUCIEHUH, [10JIy4aeM

F(0- K OF@Odt=F(x), xeT,
X (25)

3aMeTI/IM, YTO 3TO YPaBHCHUC SABJIACTCA WHTCIPAJIbHBIM YPaBHCHHUCM THIIA BOJII)TCppa BTOpOTO poaa,

raec
_ L B(2) t p(z,0) ; :
K(x,t)=A(t) + { G dz +£ S dz —r(a)i/lz(z)r(z)dz —{C(z)dz. 26
F(X)=(0) —i D(t)dlt —r(l)iC(t)dt. o
B cuy (22) 1 (23) u3 (26) 1 (27) ¢ yaerom O <57 <1 crenyer, uro
KODI<C o ogoro 0SX<L 0<t<1 (28)
F()eC(T)NC*(1). 29)

Takum oOpazom, yuutbiBass (28) u (29), Mbl JemaeM BBIBOJ, 4YTO ypaBHeHue (25) sBusercs
MHTErpalbHBIM ypaBHEHHEM THma BoibTeppa BTOpPOro pojaa M, OCHOBBIBASCb Ha TEOPUU HHTErPaJIbHBIX
T 2
) ) c(rnc(
ypaBHeHU# Tura BonbpTeppa, Mbl HalileM YHUKaJIbHBIE pelIeHus ypaBHeHUs (25) B kiacce .
JT0 pemienne 3aaaercs Gopmynon [24]:

(0= [ROGHF@dt+ F(x), xel.
: (30)

R(x,1) PEe30IBBEHTA -SIPO U3 K(x1) . Uarerpupys ypaBuenue (30) ot X 10 1, momyqaem

r(x)=—idtﬂ¢(0)—iD(:)dc:—r(l)icmdg}R(t,z) dz

rmae —

—}[40(0) —i D(z)dz —r(l)iC(z)dz}dt, xel.

X

(31)
B cuy (27) u (28) u3 (30) MbI 3aKi1t09aeM, 4TO

7(x) CHT)NCA(1). (32)

IToncranss (30) u (31) B (13) ¢ yuerom (21), (22), (32) MbI onipenensieM v (X) B KJ1acce
v (x) eC(NNCH(1) (33

Hanee, B cuny (32), (33), npunumas Bo BHUManue (12), x=1 cUHuTas, 4TO V(l):Z"(l):go(O)H
c@=0

7(1).
MBbI HAXO0AUM HeI/I3BeCTHYI'O HOCTOFIHHYIO ( ) .

7(1) =[ (1-a(1) -b®))p(0)+d (1) ]/c(D). (34)
Taxum o06pazom, perreHne chopMyITMpOBaHHOM 3324l MOKET OBITH BOCCTAHOBJIEHO B O0JIACTH Q" kax

pelleHre BTOpoii KpaeBoii 3axaun ams ypasuenns (1) (em. [5]), a B o6mactn €2 kak pernenne 3axaun Komm
s ypaBHenus (1) (em. (9)). CaenoBarenbHo, chopMyIHpOBaHHAs 337a4a OJHO3HAUYHO pa3perMma.

Teopema 2 noka3zaHa.
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a(x) = 5
3ameuanue. Eciu mozoa u3 (12) cnedyem, umo cghopmynupo8anuas 3a0aya IK8UBANEHMHO
7T(X
CBOOUMCSL K UHMESPAbHOMY YpasHeHulo Boremeppa 6mopozo pooa OMHOCUMENbHO NPUBEOEHHO20 (%)

evluie, mo 6ydem O00KA3AHA 0OOHO3HAYHASA paspettumocmsv NOJYYEeHHO20 UHMeZcpaAllbHO20 YPABHEHUAL.

Jluteparypsl

Kilbas A.A., Srivastava H.M., Trujillo J.J. Theory and Applications of Fractional Differential Equations,
in: North-Holland Mathematics Studies, vol. 204, Amsterdam: Elsevier, 2006. 523 p.
Miller K.S., Ross B. An Introduction to the Fractional Calculus and Differential Equations, John Wiley,
New York. 1993.
Podlubny I. Fractional Differential Equations. Academic Press. New York. 1999. 364 p.
Samko S.G., Kilbas A.A., Marichev O.1. Integrals and derivatives of fractional order and some of their
applications. Minsk: Science and Technology. 1987.688 p.
Pskhu A.V. Fractional partial differential equations. Moscow: Nauka, 2005.199 p.
Kadirkulov B. J. Boundary problems for mixed parabolic-hyperbolic equations with two lines of
changing type and fractional derivative. Electronic Journal of Differential Equations. 2014. 2014(57) .
pp. 1-7.
Karimov E.T., Akhatov J.A. Boundary value problem with integral gluing condition for a parabolic-
hyperbolic equation involving the Caputo fractional derivative. Electronic Journal of Differential
Equations. 2014. 2014(14). pp. 1-6.
Ashurov R.R., Cabada A., Turmetov B.Kh. Operator method for construction of solutions of linear
fractional differential equations with constant coefficients. Fract. Calc. & Appl. Anal.Springer, 2016.
19(1). pp. 229-251.
Islomov B. I., Yuldashev T. K., Ubaydullayev.U.Sh. On Boundary Value Problems for a Mixed
Type Fractional Differential Equation with Caputo Operator. Bulletin of the Karaganda
University. Mathematics series. [12021. 1(101). pp.127-137.
Nakhushev A.M. Equations of Mathematical Biology. M .: Higher school, 1995. 301p.
Nakhushev A.M. Loaded equations and their applications. M .: Science. 2012.233p.
Kaziev V.M. Goursat problem for one loaded integro-differential equations. Differential. equations.
1981. T. 17. No 2. pp. 313-319.
B. I. Islomovl, O. Kh. Abdullayev, N. K. Ochilova. On a problem for the loaded degenerating mixed
type equation involving integral-differential operators. Nanosystems: physics, chemistry, mathematics,
2017, 8 (3), p. 1{12}
B. I. Islomov, O. Kh. Abdullayev. Gellerstedt type problem for the loaded parabolic-hyperbolic type
equation with Caputo and Erdelyi—Kober operators of fractional order. Russian Mathematics, 2020, Vol.
64, No. 10, pp. 29-42.
Khubiev K.U. On a boundary value problem for a loaded equation of a mixed hyperbolic-parabolic type.
Dokl. Adyg. (Circassian.) Intern. acad. sciences. 2005.
Abdullaev O. Kh. A nonlocal problem for a loaded mixed-type equation with integral operator. Vestnik
Sam. state tech. university. Series of Physics and Mathematics. 2016.
Abdullaev O.Kh. Some problems for the degenerate mixed type equation
involving Caputo and Atangano-Baleanu operators fractional order. Progr. Fract. Differ. Appl. 6, No. 2,
1-14 (2020)

© 2023, CAJMTCS | CENTRAL ASIAN STUDIES www.centralasianstudies.org ISSN: 2660-5309 | 100



CENTRAL ASIAN JOURNAL OF MATHEMATICAL THEORY AND COMPUTER SCIENCES  Vol: 04 Issue: 12 | Nov 2023

Sabitov K. B., Melisheva E. P. The Dirichlet problem for a loaded mixed-typeequation in a
rectangular domain, Russian Math. 2013. 57( 7). pp. 53-65.

Sabitov K.B. An initial-boundary value problem for a parabolic-hyperbolic equation with

loaded terms, Russian Math. 2015.59 (6). pp. 23-33.
Ramazanov M.I. On a nonlocal problem for a loaded hyperbolic-elliptic equation in a rectangular
domain. // Mat. magazine. Almaty. 2002.2 (4). pp. 75-81
Salakhitdinov M.S., Karimov E.T. On a nonlocal problem with conjugation conditions of the integral
form for the parabolic-hyperbolic one with the Caputo operator. Reports of the Academy of Sciences of
the Republic of Uzbekistan. 2014. No. 4. pp.6-9.
Abdullaev O. Kh. Gellerstedt type problem with integral gluing condition for a mixed type
equation with non-linear loaded term. Lobachevskii Journal of Mathematics, 2021, Vol. 42, No. 3, pp.
479-489
Smirnov M.M. Mixed type equations. M .: Higher school. 1985.304 p.
Mikhlin S.G. Lectures on linear integral equations. M .: Fizmatgiz. 1959.232 p.

© 2023, CAJMTCS | CENTRAL ASIAN STUDIES www.centralasianstudies.org ISSN: 2660-5309 | 101



