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1 NCEBAOMNAPABOJINYECKOrO YPABHEHMIA YETBEPTOIO MOPAAKA

Caapanos TonoH6an blcmaHoBwmy,
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AKTYansHOCTb paboTsl 06y C/I0BIEHA JOKa3aTebCTBOM KOPPEKTHOCTY 3aAa4u COMPSIXeHns Ans JMHENHOro runepbonm4eckoro 1 rnces-
0rMapabonm4eckoro ypaBHEHMI YETBEPTOrO MopsAKa ¢ MAAALIMMU YeHaMM.

Llenb paboTbl: j0ka3aTesbCTBO CyLLECTBOBAaHWS M €ANHCTBEHHOCTY PELLIEHNS 3aa4y CONPSXEHS AN runepboamyeckoro v nceBaona-
Pabonnyeckoro ypasHeHWi YeTBEPTOro NOPALAKa, KOrAa yCioBus CONPSIXEHMS 3a[al0TCs Ha He XapaKTepyucTMHeckKon IMHUN

Metopabl nccnegoBauus: Metonom yHKUMM PUMaHa v HTErpanbHbIX YPaBHEHWV Pa3PEeLLUMMOCTb 343491 SKBUBAIEHTHbIM 00pa3oM
CBOAWTCA K PELLEHMIO CUCTEMbI MHTErpasbHbIX ypaBHeHn dpearosbmMa BTOPOro posa, peLLeHe KOToporo yCTaHaBMBAaeTCs MeTOL0M
110CNea0BaTesbHbIX MPUOMNXEHWI.

Pe3ynbtartsl: B paboTe MccnenoBaHa papeLummocTs 3aAaqu ConpsXeHns Ans runepboamyeckoro v ncesaonapabonm4eckoro ypasHe-
HWV 4eTBEPTOro NopsaKa ¢ MAaaLLIvMm nepemeHHbIMY KO3(@uLmMeHTamu. YCTaHOBIEHO, YTO KOrAa MOPSAOK yPaBHEHUS PaBeH YeTbipem
1 YCIIOBUS CONPSIXXEHUNS 3a[al0TCA Ha HE XapaKTepyCTUHECKOW JIMHWM, TO A1 KOPPEKTHOCTY 3afaqu, BMECTO OObIYHbIX ABYX YCIIOBMM
cKnevBaHus, He0bXoaMMO 3aaHue YeTbipex ycnosun cknevieaHus. OCOBEHHOCTbIO JaHHOV 3aa4m ABAIAETCA TO, YTO yCII0BUSA COMpsXe-
HWS 33[1a0TCA He Ha KOOPAMHATHOM OCH, a Ha bUCCeKTpyCe nepBoyt YeTBEPTM MAOCKOCTU. C LieNbIo ONpeneneHms cneaa MckoMow (yHK-
L 1 ee NPoM3BOAHbIX BTOPOTO, TPETLEro, YeTBEPTOro MopsaKOB Ha JIMHMN M3MEHEHWS TUMa YPaBHEHWM, a TakXe AN1S MOMyYeHns 8-
HOrO NPEACTaBNEHNS PeLLeHNS, NOCTPOEHbI QYHKLMM PUMaHa ANls IMHEHOro rnepboImyeckoro 1 Ncesaonapabonmyeckoro ypasHe-
HWV 4eTBEPTOro rMops/aKka, OfpenenseMble Kak PeLIeHs COOTBETCTBYIOLUMX COMPSXEHHbIX 3aaad [ypca. V3ydeHbl HeKoTopble CBOVCTBA
yHKUMM PrMaHa, 1 oyyeHbl MPeacTaBieHus peLieHns 3aaa4qu KoLwm s IMHEeHoro runepboim4eckoro v ncesaonapabonm4eckoro
YPaBHEHWV YETBEPTOrO MOPsAKa C MepeEMEHHbIMU KO3 PrLMEHTaMM. Pa3peLumMoCTb 3aRaqy CONPSIXEHUS YCTaHOBIEHA SKBMBAIEHT-
HbIM CBEAEHMEM ee K Pa3peLUMMOCTV CUCTEMbI YETbIPEX INHENHbIX MHTErpasbHbIX ypasHeHu dpearonsma BToporo poda. JJokasaHsl
Teopemb! CyLLeCTBOBaHUS W EAMHCTBEHHOCTI PELIEHNI 3aAa4u CONPSXeHUs Ans rnepbonmyeckoro v ncesaonapabonmyeckoro ypa-
BHEHWI 4eTBEPTOrO NOpsAaAKa.

Knio4eBble crnoBa:
3afa4m ConpsxeHus, runepbonm4eckme 1 nceaonapabonmyeckme ypaBHEeHIS, KPaeBble 1 HadasbHble YCIoBuS, GyHKUMM PrmaHa,
ypasHeHus BonbTeppa n @pearonsma.

MocTaHoBKa 3agaun

ITpn usyyennu HUBMKO-XUMUUECKUX IPOIIECCOB,
IPOMCXOJAIINXCA B COCTABHBIX TeJaX, YACTO UCIIOJIb-
BYIOTCS MaTeMaTUUYeCKue MOJIENH, KOTOPbIe OCHOBAHBI
HA COMPSIMKEHNH PAa3INYHbIX TUIIOB YPaBHEHUN B Pas-
HBIX YacTAX paccMaTpuBaemon obsactu [1-3]. Sana-
YU CONMPSAKEHNUS YPAaBHEHWH B YACTHBIX IIPOM3BOTHBIX
TPETHETO ¥ UETBEPTOTO IIOPSAAKOB U3YUEHHI B paboTax
[4-18].

B pabore B ob61actu

D={(x,y):0<x<l,0<y</t}
DPacCMOTPUM 3aJauy CONPSKEHUA A rumepoomye-

CKOT'0 U TICEBJ0IIapab0IMuecKOro YpaBHEeHNI YeTBep-
TOTO MOPSIKA BUAA

Ll (u) = uxxyy + b(x’ y)uxy + c] (x’ y)ux +
+e,(x, y)u, +d(x,y)u=0,(x,y) €D, (1)

Lz(u) = uxxxy + ﬁ(xay)uxy + )/](x’y)ux +

7, (x5, ), +6(x, y)u=0,(x,y) €D,, (2)
roe b, B, d, 0, ¢, g (i=1,2) — 3aganHbIe QYHKIUH, &
D=D\(x<y), D=D\(x>y).

Yepes C"*" 0003HAUNM KJIacC PYHKINIH, MMEIOU[AX
npousBogHBe O/Ox 0y (r=0,1,...,n; s=0,1,...,m).
OTmeruM, UTO JUHUA y=X He ABJIAETCA XapaKTepH-
cTuroi ypaBuenud (1) u (2).
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3amaua 1 (3amaua compssxenus). Haiimu ¢ynk-
uuto u(x,y)eC(D)C**(D)JC**¥D,)], ydosremsopsio-
wyto ypasrenuam (1) u (2) coomsememeenro 6 00aa-
cmax Dy u D,, kpaegvim ycaoguamn

u(0,)=0,(y), u(0,y)=¢,(»), 0<y<t, ()
u, (6L,y)=0s(»), 0sy<d, (4)

u(x,0)=w(x), 0<x </, (6)]
U YCLOBUAM CONPANCEHUS
u(y=0,y)=u(y+0,y),
u(y=0,»)=u(y+0,y), 0<sy</,
u,(y=0,y)=u,(y+0,),
U, (y=0,y)=u, (y+0,), 0<y</ (6)

20e @, (i=1,3) — 3adannbvle QyHKUUL, nputem ONL HUX
BbLNOLHAIOMCA CLedyouue Ycio8Us

¢, €C*[0,h] (i=1,2), ¢, C'[0,A], w €C7[0, 4], (7)

beC(D)NC" (D)), ¢, eC(D,)NC"(D,),
¢, eC(D,)NC*"(D,), d eC(D,), (8)

B eC(D,)nC"(D,), y, eC(D,) "C"(D,),
v, €C(D,)NC*"'(D,), § eC(D,), ©)
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0,.1(0) =y (0) (i = 0,1), 9,(0) =y "({). (10)

Ypasuenusd (1) u (2) B o6aactu D B CUITy YCIOBUAM
conpsiKeHud (6) ABIAIOTCA YPaBHEHUAMYU CMeIIaHHO-
ro tuna [19]. 3agaua 1 B cayuae b, B, c;, ¥=0 (i=1,2),
d, 6=const usyuena B padore [20].

Ilns pemtenus 3agaun 1 BBeneM cienymoniue 0603-
HAueHUd:

u(y,y)=1»),  u(y,y)=v(y),
u, (¥, y) =1y, u, (¥, y)=x(»),0<x<4

rme 7(x), Vx), p(x), y(x)— IOKa Her3BeCTHBIE (DYHKITUIL.

Ecau ymacresa ompemenuTb QyHKIuU 7(x), WX),
w(x), x(x), To pemenue 3agaun 1 cBOAUTCA K Ompese-
JeHu1o pertenusa ypasaenni (1) u (2) B obsacrax D, u
D, cooTBeTCTBEHHO.

(11)

PeweHne BcnomoratenbHbIX 3agay Kowm
PaccmoTpum cienyroniue BCIoMOTaTe TbHbIE 331U,

3apmaua 2. Haiimu ynrxyuio u(x,y)eC(D)NC**(D;)
ydosnemsopaouwyn 6 obaacmu D, ypasnenuio (1) u
HayaavHblm yenosuan (11).

3agava 3. Haiimu gynryuio u(x,y)eC(D—)NC*'(D,)
yoosaemeopsiowyio 6 obracmu D, ypasuenuio (2) u
Hauanvhbim yeaosuam (11).

Teopema 1. Ecau svinoansiomes ycaosus (8) u

wy)eC0,0], My)eC'[00], u(y)C0,(], x(y)eN[0,],
mo pewenue 3adauu 2 cywecmsyem, eOUHCMEEHHO U
npedcmasumo 6 sude

u(x,y)=1(y) -
_T{AI (x,y;6)1(8) + B, (x, y; ) W(E) + }d 5’
LG (x5 1) E) +9(x, v36,8) x(6)
(x,y) €D, (12)
rae
A (x,58) =9,,:(x, ;5,8 +b(5,8) 3 ,(x, 1,6, +
+[b,(8,8) = ,(5,8) +¢,(§,)]9(x, 1,6, 6),
B(x,3;8) =9,.(x, ;6,8 +b(&,6)9(x, 3,6, 6),
Ci(x,;8) =9,(x,3:,8),

a Hx,y;&,n) — dyuxknua Pumana, ompenensemas B
obacTu

Di={(m:x<é<y,E<n<y}
KakK pemnenue ciexytommei sagaun ['ypea [9]:

L($=9,,..+09),. - (9). -(c,;9), +d9 =0,
(x,») €Dy, (13)
3(x,y;Em =0, .(x, ;&M =n-V
xXs<n=<y,
8(x, y;8m1,.,=0, (x|, ,=8-x
x<E<y. (14)

HorasarteasctBo. 13 ypaBuenusa (13), ¢ yuerom
KpaeBeIX ycaoBuii (14), MeTOIOM HHTErPHUPOBAHUS
HOJIYYNM HMHTErpajbHOe ypaBHeHHe Bosbreppa BTO-
poro poja aiad pyHKIuu Pumana:

3,86 =(E-)(n-y) —

s
~ [ds [K (& ms.0)9Cx, yss. 0,

X Y

(15)

rae
K(év n.s, Z) = b(S,l) _(77 _f)C](S,t) -
—(§=9)c,(5,0) +(E = s)(n—1)d(s,1),

KOTOPOE JIOTyCKaeT eNHCTBeHHOe pererue. 13 (12)

HaWJeM IPOU3BOTHEIE

u (%, y) = V(x) -
_ﬁ{AxxJaar@>+Boua@v@)+:Pé
+C (%, 1)) + 9,5, 15D | 7

X

(x,y) €D, (16)
0, (x,) = () +7(») [e,(s, y)ds -
WA, (x, y;:8)T(8) + By, (x, ;) V(E) + :
HH+C, (5 OME) +9,, (5, ;6 28 | 7
(x,y)eD, an
U, (x,1) = x(x) +¢,(x,x)7(x) — ¢, (x, ¥) T(y) =
_’j A, (%, 1;8)7(8) + B, (x, y; HV(E) +
A HCr (61O + 9., (5, 136D 2 | 7
(x,y) €D, (18)

U3 dopmyar (12), (16)—(18) merko ycMoTpeThb, uTo
HavaJbHBIE YeI0BUA (11) BRIIOTHAIOTCA.
Teopema 2. Ecau gvinoanawomea ycrosus (9) u

(y)C'0,(], iy)C?0,(], t(y)€C'10,L], 2(y)C[0,4],
mo pewerue 3adaiu 3 cywecmayem, eOUHCMEEHHO U
npedcmasumo 6 gude

u(x,y) = A4,(x,y)r(y) +
+]{Bz(x,y;é‘)f(§) +C,(x, ;W) + }45
W, (%, 138, ) —w(x, ;&) 2O [
(x,y) €D,

(19)
rue
A,(x,¥) =we(x, 353, ¥) + By, Y)W, ¥; 1, ¥),
By(x,;8) = W, (x,;5,8) + B(E, Hw,(x, ;& E) +
[B,(8,8) —7.(&:8) +7,(E M x, 1€, 5),
Cy(x,3;8) = we.(x,3;6,8) + B(S, OM(x, 15§, 6),

w(x,y;&,m) — dysrnua Pumana, ompejendeMad B
obsactu

DI ={(&m:y<é<x,y<n<&
Kak pemenue 3anaun ['ypea [9]:
L; (w) = Weeen T (ﬁw)gn - (71W)g - (VZW)n +ow=0,

(x,y) €Dy, (20)
w(x, ¥;6,m) [, =0, w.(x, ;61 [, =0,
W (x, ;6 M =1 ysn<x,
w(X, 36, |, = 0(x, ¥;8), y<S<x, (21)
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a o(x,y;&) — pemenue ciepyoiei sagaun Komrn:
Wg;fé(xny;gn y) +[ﬁ(§’ y)W(x, s 57 y)]g -

_yz(g’y)w(xsy;é’y)zoﬁ y<§<x3 (22)
w(%, ;8,0 2, =0, w.(x, ;& )., =0,
W (%, ;6,9 o= 1. (23)

IlorasaTessCcTBO TEOPEMBbI 2 aHAJIOTMYHO JI0KAa3a-
TeqbCTBY Teopembl 1. 3amaua (20), (21) omHO3HAUHO
ompenensder Ghynxuuio Pumana w(x,y;&,n) B obaactu D,.

Jlemma 1. Eciin

Yy €[0, 1A x €[y, 0]: B(x,y)—

1 2
—E(X—y) 7,(x,¥) <0, (24)

TO
w. (LY, y) 21 (25)
oxasareascTBo. MHTErpupys ypaBHeHue (22) u ¢
yueToM ycsoBuil (23), mOSyYnM WHTErpajbHOE ypa-
BHeHHe BobTeppa BTOPOro pomga

mL%aw=%u—@%-

+]H . &s)w(x, y;s,y)ds, y SE<x, (26)

rae
1 2
H(y,&s)=—(s=IP(s,y) - E(S —9)77,(8 )]
Mupdepernupys nBaxab1 ypaBHeHUE (26), nMeeM

W (6,036 9) =1+ [H(p, & s)w, (x,y35,)ds. (27)
4
Ionaraa x={(, &=y us (27) umeem
¢
W (013,9) =1+ [H(p, yi9)w, (4, y;s, y)ds. (28)
;

IIpu cobmtomenuu yemoBus (24) BEIIOTHAETCS He-
paBeHcTBO (Yy,y;5)>0. Torma u3 (28) 3ararouaem, uTo
HepaBeHCTBO (25) umeer mecto. Jlemma 1 moKasamo.

CBeAeHMe 3aAa4M K peLUeHuIo CMCTeMbl
MHTErpasbHbIX ypaBHeHUN

Hcnonbays mepBoe yeaosue (3) us (12), 6ynem nmersb
(y)=
o Hy (0,916 + H (3, )W) +
_%@HJLHAM@M®+%A%QKQ}§@%
rae
H,,(y,8) = 4(0,;8), H,(y,8) =B(0,;5),
Hy;(3,8) = Ci(0,3;8), Hy,(,8) =90, 3¢9,

rae 7(y)=¢,(y). Us (15) ¢ yuerom Broporo yciaosus (3)
nMeeM

't 40, y:6)7(8) + B, (0, y; V(&) + B
wm—j ' . £=
0 +C1x(05y9‘§):u(§)+‘9x(07y7§9§)x(§)
:(pz(y)-
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HuddepeHnupys I0IyUeHHOE COOTHOIIEHME TI0 Y,
TOJIYYUM

w(y) = 4,0, y;»)2(y) +
+ﬂ4¢@x@d@+&¢&xawa+ %&w%w
+C,, (0, ;) (&) +9,,(0,»:5,8) 2(S) e
Orcroga ¢ yuerom (29) mmeem
u(y) =
Hy,(1,9)1(8) + Hy (1, )W) + },5’ (30)
+H (¥, (&) + Hy, (1, 8) x(6)

0

=t + }J{

rue
Hy,(»,8) = 4,0,y )H (3,6 +4,,(0,;95),
Hy,(v,8) = 4.0, y; ) H (3,6 + B, (0,59,
H;(1,8) = 4,0, y; M H;(»,8) +C,,, (0, ;),
H,, (3,8 =4.0,y;»)H,, (3,8 +9,(0,,¢9),
Ho(¥) = 4,.(0, ;) 7,(¥) + 93( ).

Ucnoawsys yenosue (5) B (18), u suddepernupys
[IOJIYYE€HHOE COOTHOIIEHUE, IMEEM

v(y)=
o H, (1 &0 + Hon(5, OWE) +
=% , (31
VUHJLHM%®M®+HM%@KQ%§()

Hy(3,8) = =B,.(1,0;8), Hy(y,8=-C,. (1,09,
Hy(3,8) =—w. (3,0;58), Hy(y,8) =w.(10,§9,
VoW =v'(¥) = 4,.(»,0)w(0).

Hupdepennupys (29), moayuum
'(¥) = (W) + H, (3, ) T(y) +V(y) + yu(y) +

+y l:Hny(y,é)T(i) +H,,,(3,5)v() +:|d§, 32)
+H 5, (v, &)+ H,, (3,6 x(E)
U3 (32) ¢ yuerom (29)—(31), umeem (33)

() =z,(¥) +

+WHM%®W@+HJMQW@ﬁ+%é 3

oL HH ;s (ys S+ H (¥, x(S)

H, (»,)=H,(y»,H (y,S+
+H,, (7,6 + YH, (1. + H, (1,9, =14,
z,(¥) = 1V + H (0, 0)7,(3) + Vo (V) + Y (p).
IBaskas! tuddepeniupys (18) mo x, moayuum
U (%,3) = Ay (X, 1) T() +V'(x) =
B, (x,y;6)t(&) +
| FCu (%, ;W) +
_Mw+J+%AL%§®M@— >
+w,, (x,3:6,8) 2(8)
(x,y) €D,.

0

(34)
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HUcmonways yeaosue (4) B (34) u nuddepeHnupys
IOJIyYEeHHOEe COOTHOLIEHME, OyAeM NMeTh
x(y)=

(4, (4, ¥) = By (L, y; V)] 2(y) +
=W +4,, (LT (V) = C, (L y)y) — ¢+
W (4,13, V) IUY)
B, ., (£, y;6)t($) +
G, (LY HVE) +

+W(y)yj +w., (6 y;EEWE) - 5"
W, (4, 3;6,8) x(8)
W (y)es(»), (35)

rie W(y)=1/w(2,y;y,y).
C yuerom coorromenuii (29)—(31), (33) us (35) mo-
JIYUUM

x(y)=

s I[K‘”(y’ (&) + Ko, M@ﬂdaf
S K (0h O + K1 O 1D

E\(3,6),0<&<y,
Kal8)= {W(y)Bzww, %8, y<E<t,
E2(y7§)7 0 Sé<y9
Kal,0)= {W(y)czm(f,y;yx y<g<t,
E\(3,6),0<5<y,
Kslr9)= {W(y)wgmy(f,y; £, y<E<t,
E,(»,8),0=<E<y,
Ku(0:9)= {—W(y)wm(f, ¥;6,8), y<&<,
E,-(y, &)=
[AZxxy(g’ y) - Bz,\-x(f’ Vs y)]HU(J’s 5) +
+A2xx(€7y)H0j(yaa -

=W ,
v —szx(f,y;é)sz(y, &) -

W (4,33, M H (3,6)

j=1,4.

20(¥) =
[4,, (£, ) = By (L, s )] To() +
+4,,.(4,0)20(¥) = C, (L y; VI V(¥) = ¢
W (4,333, V) (V) = 95(3)

Taxum o6pasom, 3agaua 1 cBefeHa K PEIIEHNIO CHU-
CTeMbl MHTErpajJbHBIX ypaBHeHuit ®pearoabMa BTO-
poro poga Buja (29)—(31), (36) oTHOCHTEIHHO PYHK-
muit (y), W), wWy), x(y). locae onpeneneHns sTUX
(GyHKIUI pemenue 3agauu 1 B obsactu D, mpezcTa-
Basercs B Buze (19).

=)

PeweHue cucrembl NHTEerpabHbIX ypaBHEHVII;I

Cucremy ypaBuenwuit (29)-(31), (36) samuinem B
BHUJE

8=+ [K,(7.0g,(9de i=14, BT)

J=lo
rae
g =1(»), &) =v(y),
&) =uy), g =20y,
P =7,(1), po(¥) =V, (»),
Ps(¥) = 1 (3)s pa(¥) = 20(¥)s

H,(3,6),0<E<y,
K,-l(%f):{ ’(ig’)q -=

L(nE.0<E<y,
K,-z(y,f) {0 y<€<£

s, 0<EL X
Ko(3,6) = { '(y?q sEy

4 ’O< < s
K.,(»,6)= { 'y(ii 0 t=y

Ilycts M = max {Z max | K, (»,8) I} Ecuu BhI-

<i<4 <y,E</

II0JIHAETCA yCJI0BUE
Mo <1, (38)

TOT/Ia CHCTeMa ypaBHeHWi (37) uMeeT eJUHCTBEHHOE
pellieHue, MPeJCTABUMOE B BU/e
I3

g =p+Y [R, (7.8 (Ode i=14,

J=lo

rae

R, (3,8 =2 A" K" (3,9,

K (01,8 =K,; (5,9, 1,j=1,4,
K(y,6) =
K (0,9 K (5,0 + KD () K (5,8) +
j KD (1)K (5,8 + KD (59K (5,9 }s

i,j=1,4,n=23,..

Taxum 06pasoM, TOKAZaHO

Teopema 3. Ecau 6winonuawomes ycirogus
(7)-(10), (24) u (38), mo pewenue 3adauu 1 cywe-
cmeyem u eOUHCMBeHHO.

3aknoyeHne

U3 reopem 1, 2 crepyer, 4T0 MOCTPOEHIEM (DYHK-
nuu Pumana mid compasKeHHBIX 3a1ad (3agauu I'yp-
ca) yaeTcs HOJIYUUTh IIPeICTaBJIeHUS PEIIeHIS BCIIO-
MOTaTeJIbHBIX 3a/[a4, KOTOPBIE CYIIECTBEHHO MCIIOJIh-
3YIOTCSA DY PEIIEHNY 33/IaUU COMPAKEHNA. Y CTOBUS
(24) obecneumBaer nmocraTouHoe ycuaoBue Dpenross-
MoBocTH cucTeMbl (37). VI3 TeopeMbl 3 BBITEKAET KOP-
PEKTHOCTD 3aJjaUu CONpsKeHusa. Yepes QpyHKuu Pu-
MaHa IOJyYeHbI IPEeJCTABIEHUS PEIIeHusd 3aJauu B
ABHOM Bujie B o0mactax D, u D, cOOTBETCTBEHHO.
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THE CONJUGATE PROBLEM FOR HYPERBOLIC
AND PSEUDOPARABOLIC FOURTH-ORDER EQUATIONS

Tolonbai Y. Saadalov,
Osh Technological University named after M. Adyshev, 81, Isanova street,
Osh, 714081, the Kyrgyz Republic. E-mail: saadtol 68@mail.ru

Relevance of the research is considered by the proof of correctness of the conjugation problem for linear hyperbolic and pseudoparabo-
lic fourth-order equations with low figures.

The main aim of the research is to prove the existence and uniqueness of solution for conjugation problem for hyperbolic and pseu-
doparabolic fourth-order equations when matching conditions are specified not on a characteristic line.

The methods used in the study: Using Riman's function and integral equations methods and equivalent model the solution of the pro-
blem is reduced to the solution of the Fredgolm integral equations system of the second order where the solution is attained by the con-
sequent approximation method.

The results: The author has studied the solvability of the conjugation problem for hyperbolic and pseudoparabolic fourth-order equations
with low variable coefficients. It was ascertained that when the equation order equals four, and matching conditions are specified not on
the characteristic line, four gluing conditions should be specified for the problem correctness instead of usual two gluing conditions. The
peculiarity of the problem is that the matching conditions are set not on the coordinate axis but on the bisector of the plane first quarter.
In order to determine the unknown function trace and its derivatives of the second, third and fourth orders of changes in the line-type
equations, as well as to obtain an explicit solution representation, Riemann functions were constructed for linear hyperbolic and pseudo-
parabolic fourth-order equations that are defined as solutions of the corresponding Goursat conjugate problems. The author studied so-
me properties of the Riemann function and obtained the solution representations for the Cauchy problem for linear hyperbolic and pseu-
doparabolic fourth-order equations with variable coefficients. Solvability of the conjugation problem was obtained by its equivalent reduc-
tion to the solvability of the system of four linear Fredholm integral equations of the second kind. The theorems of existence and uniqu-
eness of solutions of the conjugation problem for hyperbolic and pseudoparabolic fourth-order equations were proved.

Key words:
Conjugate problem, hyperbolic and pseudoparabolic equations, boundary and initial conditions, the Riemann functions, the Volterra
and Fredholm equations.

REFERENCES 8. Sopuev A., Arkabaev N.K. Problems of interface for linear preu-
1. Samarsky A.A., Vabishchevich P.N., Lemeshevsky S.V., Matus igpf;;bge};cs Zc;cu?}:;m%w]{/[gleégg (X(zigt') 59;): 0{ —ASbSZ{ICtSéOT;}ie
P.P. Raznostnye skhemy dlya zadachi o sopryazhenii uravneny o 27§ : ’ jan, Vs :

giperbolicheskogo i parabolicheskogo tipov [Difference schemes . . L
for the problem of conjugating hyperbolicand and parabolic type 9. Moldoya.rov U.D. Nelokaln.aya zadacha s 1ntegr§lnym1 usloviyami
equations]. Sibirsky matematichesky zhurnal, 1998, vol. 39, dlya nelineynogo uravneniya v chastnykh proizvodnykh tretego
no. 4, pp. 954-962. poryadka [Nonlocal problem with integral conditions for non-li-

2. Nakhusheva V.A. Ob odnoy matematicheskoy modeli teploobme- near partial differential equation of the third order]. Bulletin of

na v smeshannoy srede s idealnym kontaktom [On a mathematical the Tomsk Polytechnic University, 2012, vol. 821, no. 2,

heat transf del i ixed envi t with perfect con- pp. 14-17.
t:cat]. Il;zr'sltsnflz ;?;%LZTILIII_ 22_1;‘(13\/[]\3?‘2]36)(; HII;E: 4V2V,1 pp-p;ni_e?)c 4-con 10. Saadalov T.Y. Kraevye zadachi dlya smeshannogo psevdoparabo-

3. Nakhushev A.M. Uravneniya matematicheskoy biologii [Equa- lo-giperbo%icheskogo uravpeniya ?het.vertogo poryadka_snelokal-
tions of mathematical biology]. Moscow, Vysshaya shkola Publ., nym usloviem sopryazheniya v krivolineynom treugolnike [Boun-
1995. 301 p. dary tasks for the mixed psevdoparabolo-hyperbolic equation of

4. Dzhuraev T.D., Sopuev A. K teorii differentsialnykh uravneniy v the fourth order with non local condition of interface in a curvili-

chastnykh proizvodnykh chetvertogo poryadka [To the theory of near triangle]. Vestnik Oshskogo gosudarstvennogo universiteta.

the differential equations in private derivatives of the fourth or- Seriya estestvennykh nauk, 2012, 0. 3, Pp- 1,14_12 L .
der]. Tashkent, Fan Publ., 2000. 144 p. 11. Sopuev A., Satarov A.E. Zadachi sopryazheniy dlya uravneniy v

chastnykh proizvodnykh chetvertogo poryadka s razlichnymi de-

5. KozhobekovK.G. 0 himosti zadach heniy dl i-
A razies Lostl zacact SOpLyezIBhiy ayatie t ystvitelnymi kharakteristikami [Conjugation problem for partial

neynykh uravneniy v chastnykh proizvodnykh tretego poryadka " ) ‘ R .
[On conjugation problem solvability for nonlinear partial diffe- differential equations of the fourth order with different valid

rential equations of the third order]. Bulletin of the Tomsk Poly- characteristics]. Issledovaniy po integro-differentsialnym ura-
technic University, 2009, vol. 315, no. 2, pp. 9-12. vneniym [Studying in integro-differential equations]. Biskkek,

: Ilim, 2012. Iss. 44, pp. 124-133.
6. Sopuev A., Arkabaev N.K. Nelokalnaya zadacha s integralnym .
usloviyem dlya nelineynogo uravneniya v chastnykh proizvod- 12. Sopuev A., Saadglov TY Kraevye zadacm dlya smeshannogo
nykh tretego poryadka [Nonlocal problem with integral condition psevdoparabolo-giperbolicheskogo uravneniya chetvertogo pory-

for linear partial differential equation of the third order]. Vestnik ad_ka s nelokalnym usloviem gopryazheniya v krivolineynoy obla-
KRSU, 2010, vol. 10, pp. 150-153. sti[Boundary tasks for the mixed psevdoparabolo-hyperbolic equ-

ation of the fourth order with non local condition of interface in

7. Sopuev A., Arkabaev N.K. Kraevye zadachi dlya smeshannogo gi- o ; e
curvilinear area). Vestnik Oshskogo gosudarstvennogo universite-

perbolicheskogo uravneniya tretogo poryadka s dvumiy lineiymi ;
izmeneniy tipa [Boundary value problems for a mixed parabolic- ta. Seriya estestvennykh nauk, 2012, no. 3, pp. ,122_128‘ .

hyperbolic equation of the third order with two lines of type chan- 13. Sopuev A., Sgtarov A Zadaqha sopryazheniya dlya neliney-
ging]. Vestnik KNU, 2011, Spec. Iss., pp. 136-138. nykh uravneniy v chastnykh proizvodnykh chetvertogo poryadka

27



Caapanos T.bl. O 3apaye conpskeHns Ans rMnepbonnYeckoro v ncesaonapabonmMyeckoro ypaBHeHWi YetepToro nopsaka. C. 22-28

14.

15.

16.

17.

28

[Conjugation problem for nonlinear partial differential equations
of the fourth order]. Vestnik OshGU. Seriya estestvennykh nauk,
2012, no. 3, pp. 128-138.

Sopuev A., Arkabaev N.K. Zadachi sopryazheniya dlya lineynykh
psevdoparabolicheskikh uravneniy tretego poryadka [Conjuga-
tion problems for pseudo-parabolic linear equations of the third
order]. Vestnik Tomskogo gosudarstvennogo universiteta. Mate-
matika i mekhanika, 2013, no. 1 (21), pp. 16-23.

Sopuev A., Satarov A.E. Ob odnoy zadache sopryazheniya dlya ne-
lineynykh uravneniy giperbolicheskogo tipa chetvertogo poryad-
ka [On a conjugate problem for nonlinear hyperbolic type equa-
tions of the fourth order]. Vestnik Oshskogo gosudarstvennogo
universiteta. Seriya estestvennykh nauk, 2013, no. 1,
pp. 252-259.

Sopuev A., Saadalov T.Y. O zadache sopryazheniya dlya giperbo-
licheskikh uravneniy chetvertogo poryadka [On conjugation pro-
blem for hyperbolic equations of the fourth order]. Sovremennye
problemy differentsialnykh uravneniy i ikh problemy. Tezisy do-
kladov Respublikanskoy nauchnoy konferentsii s uchastiem uche-
nykh iz stran SNG [Modern problems of differential equations
and their problems. Proc. of the Republic conference with partici-
pation of the scientists from CIS countries]. Tashkent, 21-23 No-
vember 2013, NUU im. M. Ulukbeka 2013. pp. 105-106.
Smirnov M.M. Uravneniya smeshannogo tipa [The mixed type
equations]. Moscow, Nauka Publ., 1970. 296 p.

18.

19.

20.

Sopuev A., Saadalov T.Y. Ob odnoy zadache sopryazheniya dlya
psevdoparabolo-giperbolicheskogo uravneniya chetvertogo pory-
adka [On a conjugate problem for psevdoparabolo-hyperbolic equ-
ation of the fourth order]. Aktualnye problemy teorii upravleniya,
topologii i operatornykh uravneniy. Tezisy dokladov vtoroi
mezhdunarodnoy nauchnoy konferentsii, posvyashchennoy 20-let-
iyu KRSU i 100-letiyu professora Ya.V. Bykova [Urgent problems
of control theory, topology and operator equations. Proc. of the
2! International conference devoted to twentieth anniversary of
KRSU and 100 anniversary of professor Ya.V. Bykov]. Bishkek,
5-T September 2013, KRSU. pp. 114-115.

Sopuev A., Saadalov T.Y. Kraevye zadachi dlya smeshannogo
psevdoparabolo-giperbolicheskogo uravneniya chetvertogo pory-
adka s nelokalnym usloviem sopryazheniya [Boundary tasks for
the mixed psevdoparabolo-hyperbolic equation of the fourth or-
der with non local condition]. Bulletin of the Osh technological
university, 2012, no. 1, pp. 55-59.

Dzhuraev T.D., Sopuev A., Mamazhanov M. Kraevye zadachi dlya
uravneniy parabola- giperbolicheskogo tipa [Boundary tasks for
equations of parabolic-hyperbolic type]. Tashkent, Fan Publ.,
1986. 220 p.

Received: 24 June 2014.



