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O HOBOIi HeJIOKAJILHOII KpaeBoii 3aj/iave
JJIsi yPaBHEHUsI CMEIIaHHOTO MapaboJio-ruriepb0oJInvecKoro Tuma

B nacrosimieit pabore chopmynpoBana HOBasl HEJOKAJbHAS KpaeBas 3a/ada JiJisl yPaBHEHUsT CMe-
IMIAHHOTO THUIa. PaccMarpuBaercss ypaBHeHHe mapadoso-ruiepbosmaeckoro tuma. Ero oTHOCAT K
[IEPBOMY POJIy MOTOMY, UTO JIMHUS U3MEHEHWsS TUIA HE SBJISETCS XapaKTEPUCTUKON YpPaBHEHUS.
HenokanbHoe ycmoBre CBA3bIBAET MEXKJIy COOON TOYKM Ha T'PAHHUIAX MapadoandecKoil dactu 00-
JIACTH ¥ THIIEPOOJIMIECKON YacTH 00sacT. JTa 3a/a9a, sBJIeTCs] 000DIIEHNEM XOPOIIIO N3BECTHBIX
zasiaa tuna Ppankiist. [Ipu ee perrennn Bo3HUKaET KpaeBas 3aja4a Jjisl YpaBHEHUsI TEILIOIPOBOJI-
Hoctu ¢ ycqaoBusimu tuna Camapckoro-Mlonkuna. B ornmmane ot mmerormuxcest myOuimkanmii 1pyrux
aBTOPOB, BJIM3KUX II0 TEMATHUKE, HEOOXOIMMO OTMETHTD, 9TO B 9TUX PabOTaX HEJIOKAJBHBIE 38 [aT0
PACCMATPUBAJIICH B IPSMOYTOJLHBIX 001aCTAX. B HaIlIeit 2Ke IMocTaHOBKe 3a/[a9i TUIepOOInIecKast
JacTh 00JIACTH COBIAJAET C XapPaKTEPUCTUIECKUM TpeyrojibHUKOM. ChopMympoBaHHas 3aa4a
SKBHUBAJIEHTHO PEylIMPOBaHa K WHTErpajbHOMY ypaBHeHHUIO Bosbreppa BTrOoporo poga. lokazana
O/THO3HAYHAS CHJIBHAST PA3PEINMOCTh CHOPMYJIUPOBAHHON 3aIatH.

KiroueBbie cijioBa: HeJIOKAIbHBIE TPAHUYHBIE YCJIOBUS, YpaBHEHNE MapaboJio-ruinepOboImIecKoro
tuna, Gyuknnsa ['prHa, CUIbHOE pereHue.

Sadybekov M.A., Dildabek G., Tengayeva A.A.
On a new nonlocal boundary value problem
for an equation of the mixed parabolic-hyperbolic type

In the present work a new nonlocal boundary value problem for an equation of the mixed type
is formulated. This equation is parabolic-hyperbolic and belongs to the first kind because the
line of type change is not a characteristic of the equation. Nonlocal condition links points on
boundaries of the parabolic and hyperbolic parts of the domain with each other. This problem
is generalization of the well-known problems of Frankl type. A boundary value problem for the
heat equation with conditions of the Samarskii-Ionlin type arises in solving this problem. Unlike
the existing publications of the other authors related to the theme it is necessary to note that
in this papers nonlocal problems were considered in rectangular domains. But in our formulation
of the problem the hyperbolic part of the domain coincides with a characteristical triangle. The
formulated problem is equivalently reduced to an integral Volterra equation of the second kind.
Unique strong solvability of the formulated problem is proved.

Key words: nonlocal boundary conditions; equation of the parabolic-hyperbolic type; Green’s
function; strong solution.
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Caupioexos M.A., Hinmebek I'., Tenraesa A.A.
ITapab6osa-runiepboJia TUIITI apaJjiac TeHAey YIIiH
>KaHa OeiijioKaJI MIETTIK ecell TypaJibl

Byn xymbicTa apasac THNTI TeHzey VIIH »KaHa OeijloKas meTTIK ecemn Koiblrran.llapabosra-
rurepboJIa TUIITI TeHJEY KapacThIpbLIFaH. TeH ey OipiHIi TeKTi TeHeyre KaTajbl, OUTKEHI THII-
TiH ©3repy CHI3bIFbl XapaKTEPUCTUKAJIBIK, ChI3BIK, OOJIBIT TabbLIMaiiabl. BeitytokaaapH mapThl 00-
JIBICTBIH TIapabOJIaJIbIK, YKOHE IUIepOOoIaIbIK, OOJIIKTepl IIeKapaapblHbIH HYKTeIEepiH e3apa Oaii-
JlaHBICTBIPaIbL. Byur ecen Gesrini PpaHKIIb TEKTEC €CENTEeP/IiH, XKAITBLIAMACHI OOJIBIT TAOBLIAIHI.
Onbl mrerny Kesingie Xbutyrapasdy Tergeyl ymiin Camapckuit-Mlonkun tunti maprinen Gepiiren
mIeTTiK ecen maiina 60sabl. ©3re aBTOPIAP/IbIH MaKAJIAHBIH TaKbIPBIObIHA YKcac OeJrisii 3epTre-
yJepiHeH afibIpMaIIbLIBIFDI, 0J1 XKYMbICTap/a OefiyIoKa I ecell TIKTOPTOYPHIIITHI 00JIBICTAPIA KApac-
TBIPBLIFAHIBIFBI OOJIBIT TaObLIAIbI. Bi3MiH KapacThIpaThIH ecenTe OOIbICTHIH, TUIIePOOJIAIBIK 066JTi-
ri XapaKTepUCTUKAJBIK, VIIOYPHIIIIEeH coiikec Kejemi. KapacThIpbliran ecell 9KBUBAJIEHTTI €KiHIIT
Typaeri Boabreppa mHTErpaaabik TeHmaeyine keartipinemi. Ecenrin 6ipmonmi o rmermistiMTisir
TT9JIeTIIeHe/T].

Tvyiiia ce3mep: Geiliokasl IeKapaJjbIK, MAPT, HapaboJa-runepbosa Tunti TeHaey, [ pul QyHKIm-
SIChI, OJIJI1 IITEITiM.

1 BBenenue

Teopust ypaBHEHUIT CMEIIAHHOTO THUIIA SABJISETCS OJHUM W3 MEHTPAJbHBIX Pa3JIejOB COBpe-
MeHHOH Teopuu jinddepeHInalbHbIX YPABHEHNN ¢ 9aCTHBIMUA [TPOU3BOIHBIMU. JTO CBA3ZAHO
C BBISIBJIEHUEM MHOYKECTBA IMPUKJIAIHBIX 33/1a4, MaTeMATUIECKOe MOJEJIUPOBAHNE KOTOPDLIX
o0yC/IaBIUBaECT U3yUeHUE PA3JIUYHBIX TUIIOB YPaBHEHUN B paccMaTpUBaeMOil ob/acTu u3me-
HEHUS HE3ABUCUMBIX [T€PEMEHHBIX.

[Ipobyremam Teopun KpaeBbIX 3a/1a9 JJIsl YPABHEHU CMEITaHHOTO THIIA TOCBATIEHBI MHO-
rOYnCeHHbIEe PA0OTHI ABTOPOB U3 OJIMMKHETO U JAJIbHEro 3apy0exkbs. JloCTaTOYHO MOJTHBIH
0030p MOJIyYeHHBIX PE3YIbTaTOB cojiep:kuTcs B Kuurax A.B. Bunanze, JI. Bepca, M.M. Cyup-
noBa, M.C. Canaxuraunona, T./0. Txypaesa, T.I1I. Kasmbmenosa.

Briepsbie Ha BaXKHOCTH W3yUeHns ypaBHEeHN cMeranuoro tuma ykasaa C.A. Hamisirua B
1902 romy B croeit padbore "0 razopeix cTpyax". Hagaso ke ncciemoBanuii KpaeBbIX 33149 JI/IsT
yPaBHEHUI CMeIaHHoro Tura 0110 moJiozkeno B 20 - 30 rojnl mporioro Beka padoramu .
Tpukomu, C. I'ejutepcreara. HoBbiM TOJIMKOM B Pa3BUTHU 3TOH TEOPHUH MOC/IYZKIJIA PAOOTHI
M.A. JlaBpentneBa, A.B. Bunanze, .M. Opanxisa, K.M. Babenko, riae napsity ¢ TeopeTu-
YEeCKUMH UCCJICIOBAHUAMU PsiJia CYIMIECTBEHHBIX BOIIPOCOB 3TOi Teopun OblLila yKazaHa M UX
IIpaKTUIecKasi 3HAYUMOCTh. B OOJIbIIINHCTBE CBOEM, 3TO ObLIN PAabOThI, IIOCBSIIEHHBIE TEOPe-
THUYECKUM U [MPUKJIAHBIM aClIeKTaM YPaBHEHUN CMEIIAaHHOTO SJLUIUIITUKO - TUIIEPOOTNIECKOTO
tura. Vccnenosanue ypasaennii napaboio - TuepooJnuecKoro TUIA MOJIyUnIo OypHoe pas-
BUTHE CPaBHUTEIHHO HemaBHO. OcoOBIl MHTEpEC 3TH 3aJladu MPEJICTAB/ISIOT B CBA3U C UX
MPUIOYKEHUEM K PA3JIMIHBIM 3a/Ia9aM MEXaHUKU U (PUSUK.

Cy1iecTBeHHBIN BKJI ] B Pa3BUTHE TEOPUN KPAEBBIX 3aJia4 Jjid 1Hapabosio - runepOosin-
Jeckux ypasHenunii Buecan uccienoBannsa M.C. Camaxuraunosa, T./1. JIxypaesa, A.M. Ha-
xymeBa, A.C. Bepapimesa. Bompockl 06001eHHON pa3pemnuMocTt B Kjiacce Ly Ha OCHOBE
[IPEJICTAB/ICHUS PEIleHusl B BUJE OMJIMHEHHOro psijia paccMmorpenbl B paborax H.FO. Kary-
cruna (1], [2].

B ommune or Teopum JIOKAJTBHBIX KPAEBBIX 3aJiad, TOPa3/lo MeHee HCCJIeOBAHHBIMU
SIBJIAIOTCS HEJIOKAJIbHbIe KpaeBble 3ajiadun. lI3BecTHble K CETOMHSINHEMY JIHIO Pe3YJIbTaThbl
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MOXKHO IPOCJIE/INTh U3 CIUCKa nutupoBanuii monorpaduit A.B. Bumasge, JI. Bepca, M.M.
Cwyupnoa, M.C. Camaxurauuora, T.J/I. /IxypaeBa. Ocobenno jjisi ypaBHeHHiT mapaboJio-
runepboIMIecKoro THna — B HejaBHO Boie e monorpadun A.C. Bepapimesa [3].

B razosoii qunamuke O.U. Opankis [4], [5] mis ypasaenns Haribiruna:

k(y) ugy — uyy = 0,

riae k(0) = 0, k' (y) > 0, BrepBble TOCTaBIJI KPAeBYIO 3aja4y, B KOTOPOIl HOCHTEJIEM HEJIO-
KaJIbHOTO KpaeBoro ycjopust ("ckauka yrjiornenus")

u(0,y) —u(0,-y) = f(y)

sIBJIAeTCA 4acTb —a < Yy < a rpanuibl £ = (0 obyracTu, cocTosdIell U3 JacTeil rpaHull mo/I-
obJracTeil S/UIMITUIHOCTH U THIEPOOJINIHOCTH ypaBHeHus . [I09ToMy He/ToKa/IbHbIE KPaeBble
YCJIOBHSI TAKOI'O THIIA — CBSI3BIBAIOIIUE 3HAUYCHMS (PYHKIMI Ha IpaHUIaX objacTeil pa3zHOro
THIIA yPaBHEHNs, HA3BIBAIOT yCJAOBUIMU THiIa OpaHK/I.

3 menaBHUX mybukanuii, GJM3KUX M0 TeMaThKe, MOXKHO 0TMeTuTh paborst [6 — 9]. Oj-
HAKO B 9THX paboTax HeJOKaJIbHBbIE 3aJa9i PacCMaTPUBAJIUCH B IPAMOYTOJIbHBIX 00JIAaCTIX.
B mameit »xe moctaHoBKe 3aa4i MUIIEPOOIHIEcKasi 4acTh 00JIaCTH COBIAJIAET C XapaKTepH-
CTHYIECKUM TPEYTOJIbHIKOM.

2 IlocranoBKa 3ama4uu

[Iycts Q C R? - Koneunas o6/1acTh, orpanndentas npu y > 0 orpeskamu AAg, AgBy, BoB,
A= (0,1), By = (1,1), B = (1,0), a mpu y < 0 - xapakrepuctukamu AC : z+y =0 u
BC : x —y =1 ypaBHeHUs] CMeITaHHOTO MapabOIO-TUIEPOOJIMIECKOrO THIIA

Uy — Uyy, Yy >0

Ugg — Uyy, Yy < 0

DTO ypaBHEHHE CMEIIAHHOIO TUIA. Ero OTHOCAT K MEPBOMY POJY IIOTOMY, YTO JIMHUS H3Me-
Henust Tuna y = () He SBJAETCH XaPaKTEPUCTUKON yPaBHEHHUS.

Yepes W2 (Q) = HY(2) oboznauum npocrpanctso C.JI. Cobosiesa co cKaIsgpHbIM TPOU3-
BesenneM (-, -); u Hopmoit ||-||;, W3 () = La (2); =N {y > 0}, Q=0 {y < 0}.

B obuactu ) paccMOTPUM CJIEYIONLYIO HEJOKAJbHYI0 KPAeBYIO 3aJady, sIBJISIONLYIOCs
obobienrem axasora 3agadn OpaHkis s napaboso - rumnepbosmaeckoro ypastenust (1).
3AIAYA F. Hatmu pewenue ypasuenus (1), ydosaemeopaiousee KAGCCUMECKUM KPAEGHIM
YCAOBUAM

u|AAO =0, “y|AOBO =0 (2)
U HEAOKAALHOMY KPAEGOMY YCAOBUIO

u@ (@) =10+a)u(bo )+ (1 —-a)ub(t), 0<t<1, (3)
(5.

Becrauk KasHY. Cepusi maremarnka, Mexanuka, nagopmaruka Nel(88)2016
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2de 0(t) = (t,1), 0 (¢)
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Jlerko Bujern, uro 6 (t) € AgBy, 6y (t) € AC, 0, (t) € BC. Ilosromy HOBOE HEJIOKAJIBHOE
KpaeBoe ycjioBue (3) CB3bIBa€T MexKjry cOoOOi 3HAUEHMsI MCKOMOIO perlieHus Ha mnapaboim-
qecKoit qactu rpanunibl AgBy 1 Ha runepboTMIecKnX 9acTsaX IPAHUIBI 001aCTH — Ha Xapak-
repuctukax AC' u BC. OrmernM, 94T0 KpaeBble YCJIOBUs B THIIEPOOINIECKON dacTu 061acTu
BHJIA,

au (o (1)) + Bu (01 (t)) =0

XOPOIIIO U3BECTHBI U HOCST HA3BAHUE KPAEBBIX YCJIOBHUiT co cMmernierreM. OHU BIIEpBbIE BBEICHDI
A.M. HaxymiesbiM Jijist BOJIHOBOTO ypashenus (cM. [10]).

ONPEAEJIEHUE. Qynkyuto u € Lo () Hazo6em cusvnvim peuwenuem 3a0a4u, ecal cyuie-
cmeyem nocaedosamenvrocms dynrkyut {u,} ,

wy € W = C1 (@) NCL2 (@) N C? (),

Y0084€MBOPAINUUT Kpaesvim ycaosuam (2) - (3) sadawu, maxas, ¥mo nociedosamesvHocmuy
Up, U Lu, cxodsmes 6 npocmpancmee Lo (), ® dynkyuam u u f, coomsememeenho.

3 ®opMyJsMpPOBKA OCHOBHOI'O pe3yJibTaTa

TEOPEMA. /Jlaa 060t dpynkyuu f € Ly (Q) cywecmeyem eduncmeenroe CUALHOE pewerue
u(z,y) sadavu F. 9mo pewenue npunadaeocum kaaccy H' (Q) N Hy2 (Q)NC (Q), u ydo-
BAEMBOPACTN. HEPABEHCTNEY

lully < € [ fllo- (4)

JIOKABATEJIbCTBO. B cuiny omHo3nadHO# pazpermuMocTu 3ajga4dun Ko Jjisi BOJTHOBOTO
ypaBHenusi, perierue ypasaerust (1) npu y < 0 npejcrasisgercs B Buje

n n 1 1 n
we) = [Cde [ h @t 3@+ r o] -5 [Tveas o)

rie

() =u(z,0), 7(0)=0, {E=z+y, n=z—y,

0 1 —
v =gy s =1/ (551550

Orciona, ¢ yaerom 7 (0) = 0, HEIIOCPEJICTBEHHBIM BBIUUCIEHUEM, TI0JIYYaeM

<1+a)u(eo(t))+(1—a)u(el(t)):T(t)—(HO‘)/0 y(s)ds—“;“)/t v (s) ds+

1

<1‘0‘)7<1>—<1+a>/d& fl(ﬁl,m)dm—(l—a)/tdfl Fu (&) dim

_l’_
2 0 & &
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Beops jmonosnmurenbroe obosnadenue u (t,0) — u (t, 1) = ¢ (), orcioga u u3 KpaeBoro
yesoBust (3), mosrydaem

(1+a)

go(t):u(t,())—u(t,l):T(t)—u(Q(t)):T/O V<S)d8+@/t v(s)ds—

t

_<—1;a‘)7'(1)+(1+04)/ &y [ fi ('51,771)61771‘1‘(1_0‘)/ dgy [ Ji (&) diy.

0 & t &1
Huddepennupyst noaydeHtoe Mo nepeMeHHoii ¢, 6y1emM uMeThb

() =av(t)+®s(t), 0<t<1, (6)

re

Dy (1) = (1+a) / £ (6n,t) dés + (1 - O‘)/t £ (b m) dn. (7)

D710 ecTh OCHOBHOE coOoTHOIIeHNe Mexkty ¢ (t) u v (1), nmosydeHHoe U3 TUIepOOTHIeCcKOi
JacTu 00JIACTH.

4 BcnomorarejabHas napa60ﬂ1/1qec1<aﬂ 3aJada

B mapabosmmaeckoii wactu 06jIacTH  PACCMOTPUM  3aJiady € KPAEBBIM YCJIOBHEM THIIA
Camapckoro-MonkuHna:
3ATAYA SI. Hatimu 6 obaacmu §2y pewenue ypasHeHus menionposooHocmu,

Uy — Uyy = f(x,y),

ydosﬂemeopﬁmmee KAaacCuvYeCkum HaAYaAbHO-KPAeGbIM YCAOBUAM

U‘AAO =0, Uy‘AOBO =0 (8)
U HEAOKAAOBHOMY KPAEGOMY YCAOBUIO
u(t,0) —u(t,l)=¢(t), 0<t<I1. 9)

OueBniHO, 9TO HEOOXOJUMBIM YCJIOBHEM CYIIECTBOBAHUS PEIIEHUs ABJISIETCS €CTeCTBEH-
Hoe ycsioBue coryiacoBanus @ (0) = 0. B nanbHeiimem ero 6yjeM cUUTATh BBIIOJHEHHBIM.
OTta 3aja4a BlepBble Oblaa mpemiokena A.A. Camapcknm, B Hadaste 70-x rogoB XX Beka.
Bajiavua BO3HUKJIA TIPU MOJIEINPOBAHUN HEJIMHEHHON HecTallmoHapHOW TeOpUN HEYCTONINBO-
CTU B TOKOBOH IJIa3Me IPU MAJIOM MPEBBINIeHNN Hopora (IlapaMeTprudecKoll HeyCToNInBoil
mwiasmbl). Maremarnuecku 3ajada Obuta periena H.U. Monkunbim [11], a B 6ostee obmeit
nocranoske H.U. Nonkunbim u E.UM. Monceeseim [12]. B cBasu ¢ stuM, KpaeBble 3a1a4n
Takoro Buja HasbiBaloT 3agadamu Camapckoro-Monkuna. B [13| pacemorpena 3amada st
OOBIKHOBEHHOTO T HepPeHInaIbHOr0 OlepaTopa ¢ BO3MYIIEHHBIMU KPAEBBIMH YCIOBUAMEI
Camapckoro-Nonkuna. Crucrema coOCTBEHHBIX (DYHKIUI 3812491 TI0JIHA, HO 0Opa3yeT bas3uca.
Ha ocnoBe 3T0i1 crcTeMbl TOCTPOEH HOBBIN OA3UC U MOKA3aHO €ro MPUMEHEHNE JIJIsi PeIIeHnsI

Becrauk KasHY. Cepusi maremaTnka, Mexanuka, nadopmaruka Nel(88)2016



60 Canapibexos M.A., Iunnabek I'., Tenraesa A.A.

METOJIOM Pa3/IeJICHUs IEPEMEHHBIX 3814 JIJIs yPABHEHUI B YACTHBIX [TPOU3BOIHBIX. OdeBu/I-
HO, 9TO pellenue 3a1a4n F' B mapabomaeckoil 9acTi 00IaCTH MOXKeT OBITh IPE/ICTABIICHO B
BH/IC perenns 3aaqn S| npu crenmanbnoM Bbibope rpanudnoit dyukmun ¢ (). Cunras 5Ty
byHKIIO N3BECTHOI, TOCTPONM COOTHOINEHUE MeXKIY V (X) = g—Z (x,0) u ¢ (). Umeer mecTo

JIEMMA. [Tycmov ¢ (0) =0, a u(z,y) - pewenue 3adavwu SI. Tozda umeem mecmo coom-
Howenue

V(x):—/xk(:c—t) ") dt+ Py (z), 0<x <1, (10)
2de
k(x—1t)= m Z exp{ x—t)} (11)

/ dil?1/ Go (v —a1,91) f (21, 91) dyi, (12)

Go(2.9) = 3 ; 4 mexp{ - LY (13)

JIOKABATEJIBCTBO. Pemenne 3amgaun SI npejacraBum B Bue

u(z,y) =C(x,y) + 5 (,y), (14)

rie C(x,y) u S(z,y) - YerHble n HedeTHBIE 10 nepemenHoil y wa unrepsase (0,1) gactu
byukm u (z,y):

2C (z,y) = u(z,y) tu(z,1—y), 25 (v,y) =u(zr,y) —u(z,1-y). (15)

He tpynno y6emurbest B Tom, uto dbyuknuu C' (z,t) u S (z,t) asiagores B obiactu () perre-
HUSIMU YPABHEHUIi TEILIONPOBOJHOCTH:

Cy (2,y) = Cyy (z,y) = fo (z,y), (16)

Sy (z,y) = Syy (x,y) = fi(z,y), (17)
1 YJOBJETBOPSAIOT OJIHOPOJHBIM HadyaJbHbIM yCJIOBUSIM

C(0,y)=0, 0<y<1, (18)

S0,y) =0, 0<y<l1, (19)

rne 2f0 (SL’,y) = f<x7y) + f(.??, 1— y)? 2f1 (I,y) = f(xvy) - f(xv 1— y) HafmeM Kpae-
BBbI€ YCJIOBHS 110 II€PEMEHHON Y, KOTOPLIM Ha rpamure objacTu § y1oBaeTBopsAioT dyHKINT
C(xz,y) u S (z,y). Homunusa dynkmo (14) kpaesbiM ycaosusim (8), (9), ¢ yueToM cooTHO-
mennit (15), momydaem:

lgo (x), S(z,1)= —lcp(x), 0<z <1, (20)

S(x,O):2 5
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Cy(z,0) =S, (z,0), Cy(x,1)=-=5,(x,0), 0<z <1, (21)

Takum obpazoM, Jijisi TIOCTpOeHUsI pelieHns 3aja4du S| nosydaem jBe (6osee mpocrbie)
3aJlaum, KOTOpble HY?KHO DeluTh mnocJeaosarenbuo. Cravana pemaem 3ajady s S (z,y).
D10 mepBag HavaJbHO-KpaeBasl 3ajada Jyis ypaBHeHus Terionposognoctu (17) ¢ omopos-
HBIM HAYAJIBHBIM ycsaoBueM (19) n HeoaHopoqubIME KpaeBbiMu yeaoBusiMu Jupuxite (20). Dto
KJIACCHYeCKasl 3a/1a9a, ee PEIIeHIe CYIeCTBYeT U eJUHCTBeHHO. OHO MOXKeT ObITh IIOCTPOCHO
¢ momornipio dynkiwu ['prHa nepBoii HauAIbHO-KPAEBOIi 3a/1a4H.

Nmest pemenne S (z,y), permaem Bropyio 3aady g C(x,y). DTo Bropas HadaJIbHO-
KpaeBast 3aj1a9a J[JIsl ypaBHEHUs! TEIIONpOBogHOCTH (16) ¢ 0JHOPOHBIM HAYAILHBIM YCJIOBH-
eM (18) u HeomHOpOMHBIME KpaeBbiME yciaoBusaMu Heiimana (21). DTo Takxke Kiaaccudeckas
3a/lada, ee pelIeHre CYIecTByeT U eanHcTBeHHO. OHO Tak:Ke MOXKeT OBITh IIOCTPOEHO C T10-
Motbio GyHKImy ['prHa BTopoil Haua IbHO-KPAEBOH 3a/1auu.

Jlerko BujieTH, 9TO

v(r) = g—Z (x,0) = (8—0 + 8—5) (x,0) =25, (x,0). (22)

dy  dy

[Tosromy st mostydenusi coornomenust (10) mocrarouno pemutsb 3amagy (17), (19), (20)
st S (z,y). DTO nepBasi HadaIbHO-KpaeBas 3a/ada JIJIs yPaBHEHNs TEIJIONPOBOAHOCTH. Fe
dbyukius 'puna nveer sug [14, c. 197):

[exp{ (y_y1+2n)2}—exp{— (y+y1+2n)2}]' (23)

4x 4x

G(I?Jyl 2\/@

[Tosromy miast pemenus 3agaqdu (17), (19), (20) umeer MecTo mpejcTaBIeHIe

x 1
S (a,y) = / d, / G (z — 1y, 91) fu (21, y1) dys +

+/ Gy, (x—xl,y,O)S(xl,O)dxl—/ Gy, (x —21,y,1) S (21,1) d;y.
0 0

Orciona, ¢ yaeroMm kpaeBbix ycsosuit (20) u siBHoro Buga (23) dbyskiun ['puna, Hero-
CPEJCTEHHBIM BLIYUCICHUEM I0JIyTaeM

x 1 1
S(x,y)z/ dwl/ Gz —z1,y,0) (T, 0m) dys + =
0 0

2 /Ow Go (z — x1,y) p(z1)dzy, (24)

riae G onpegnensiercst o dopmyste (13). VaTerpupoBanneM Mo 9acTsM, ¢ yIeTOM YCJIOBHUSI
¢ (0) = 0, Bropoe ciaraemoe B (24) npeJjcraBuM B BUje

1 [* 1 [*

5/ Go (r — z1,y) p(21)dr) = 5/ Gy (z — 21, y) ¢ (21)dy, (25)
0 0

rie

y+n

G (z xly———Z/(zml _zd—l——f/

n=—oo

y+n
2 (ac 1)
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Tenepb HeMOCPEICTBEHHBIM BbIUncIeHneM u3 (24), ¢ ydaeroMm (25), mosydaem

r e
Sy ({E, 0) = / dxq / a— (33 — xl,y,y1)
0 0 Y

Ji (w1, 1) dyr — %/Omk (. —1) ¢’ (1) dt,

y=0

rie k (x — t) onpenensercs o dhopmyste (11). Ilepsoe ciaraemoe mpejicraBisieM B Bujie

x 1 aG
dx —(r — 21,9,
/0 1/0{3y( 1yy1)

IL.HH HEro HeroCcpeACTBEHHbIM BbBIYHNC/JIEHUEM HaXOJIUM, ITO

0G
- a_y(x_x17y71_y1)

} f (1, 91) dys.

y=0 y=0

oG
a_y(x_xhyayl) :Go(x—xl,yl)-

0G
- _(x_'rby?l_y)
dy L =0

y=0

Cymmupyst mosiydenHoe, ¢ yaetoM (22), npuxonum K dhopmyste (10). Jlemma mokazama. Pop-
mysia (10) Jaer ocHOBHOE COOTHOIIEHNE MexK Ly V () 1 ¢ (x), mostydaemMoe 13 napabomaecKoil
JacTu 00JIaCTH.

5 OcHoBHOE nHTEerpaJjJibHOe ypaBHeHue

Ucckimouas v (z) uz coorrortennit (6) u (10), moaygaem mist ¢ () nHTErpaabHOE ypaBHEHHE
Bousibreppa BTOpOro poja

go’(x)+oz/0xk(x—t)go'(t)dt—<1)(x), P (x) = a®y (z) + Py (). (26)

Taxkum obpaszom, 3aga4a F 9KBUBaJIEHTHO peIyIIPOBaHa K MHTErPAJIbHOMY YpaBHEHIIO BoJib-
Teppa BToporo poja (26). 3aMeTum, 9To moJIyYeHHOE HHTEerPaJIbHOe ypaBHEHHE COBIIAIAET (3a
UCCKJIIOYEHUEM IPaBOil YacTu ypaBHEHUS U KO3 UIMEHTa Mepe/i MHTerPaIbHBIM OIIePaTO-
pOM) C MHTEI'PaJIbHBIMUA YPAaBHEHUAMM, BOZHUKAIOIUMU IIPU PEIIECHUN JIOKAJbHBIX KPa€BbIX
zaja4 Tpukomu Jijis ypaBHeHus 1mapabdboso-runepooimaeckoro Tuma. MeToibl penenns Takux
MHTErPAJIbHBIX yPaBHEHMIA IITUIPOKO N3BECTHHI.

Takke HEOOXOIUMO OTMETHTDH, YTO HamboJiee MPOCThIM ciydaeM sBjsercd o = (0. Ilpnu
sToM u3 (26) cpady ormpenensiercs 3Hadenue ¢ (r) u perenue 3agadn ' cTpouTcs B sBHOM
BU/IE.

B obmiem ke cirydae, Tak Kak spo k () MpecTaBuMO B BUJE

rie k (z) € C*[0,1], To k(z) — siapo co caaboit ocobennocTsio. [109ToMy cyrecTByeT eiH-
CTBEHHOE CHJIBHOE pellieHre ypaBHeHus (26) 1 OHO MMeeT BUJ

(p’(x):<P(x)+/0$F(a7—t)<I>(t)dt, (27)
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rae [' (x) — pesosbBenta ypasuemnus (26):

o0

ZKJ , Ki(z)=—ak(z),

j+1 / K1 ZL‘—t (t)dt, jGN
s (27) JIETKO y6e,ILI/ITI)CH B CIIPaBEIJIMBOCTU OIICHKHA

I’ (x)HLQ(o,l) <cal® (33)||L2(0,1)»

au3 (7) n (12) maxoaum, 4ro

| (x)HLg(O,l) < o || fllo-

Takum oOpazoM, moIydaeM OIEHKY

" (@)1 0.2y < € 1 fllo- (28)

6 IlocTtpoeHme perneHus 3agadm F

3 (27), ¢ yaerom ¢ (0) = 0, mocsie HECJOKHBIX IPEoOPA30BAHMUIT TTOJLY IUM

go(a:):/oxfl(x—t)@(t)dt, Fl(m)zl—l—/oxl“(t)dt. (29)

Teneps permrenne 3aaun F' Boccranas/mBaeTcs B obyactu ()1, Kak perrenue 3aga4qu Sl ¢
rparn4noii dynknuneit ¢ (x) u3 (29). I[To mocrpoernomy B obsactu €2y PENIEHIIO HAXOAM T ()
u v (). [Tosromy B obsactu Qg [yt perenne 3aa4qu F 0JIHOZHAYHO BOCCTAHABINBAETCS, KAK
perenne 3aaaun Kormm no dopmyie Tanambepa (5).

OTcrofia 1 U3 CBOMCTB pelleHrs epBoii HaYaIbHO - KpaeBoii 3a1a4n JI/Is ypaBHEHUs Tell-
JIOTIPOBOJIHOCTH CJIe/iyeT, uTo pemtennue sajtaun F npunasyrexur H' (Q) N Hy? ()N C (Q)
U, KaK CJIeJICTBHE OIeHKH (28), y/I0BIeTBOpsieT HepaBeHCTBY (4).

[TokazkeM, uTO HafijenHoe pemenue oyjer cuabHbM. Tak Kak Co (ﬁ) wiotHo B Ly ()
T0 1151 J1060# bymkmn f € Ly () cymecrsyer mocenosarebuocts dynkmmit f, € Cp (ﬁ)
taknx, ato || f, — f|| = 0, n — oco. Obosnaunm u, = L' f,.

Ipu f, € Cg () nerpyano Bugers, uro ®, (z) € C'[0,1]. Ilosromy ypasrenue (27)
MOZKHO paccMaTpuBaTh KaK MHTErpajbHOe ypaBHeHue Bojibreppa BTOPOro poja B MPOCTPaH-
cree C1[0,1] . Caenosareisho, @), () € C'[0,1]. Orcrona u,(z,0) € C*[0,1], & w(x,0) €
ct 0, 1]. VI3 cBoiicTB perrieHnit IepBoii HAYAIBHO-KPAEBOIT 3a/1a91 /1l yPaBHEHNUST Termonpo—
BOJHOCTH M 3aJa9i Komu /st BOJHOBOIO ypaBHEHHs, IOJydaeMm, 9To u, € W jaia Beex

B cuy mepasercTBa (4) umeem
[un = ully < cllfo = fllg =0, n—o0.

Crenosarensio, {u,} — €CTh HOCIEAO0BATEILHOCTD, OTBEYAIOIIAS OMPEICTCHUIO CHIBHOTO
pemenus. [Tostomy 3amada F' cuiibHO pasperninma Jist j1io0oii mpaBoil dacTu f, U CHIIbHOE
1 1,2 o)

pemienne npunajyiekuT Kiaccy H' () N Hyy ()N C (Q) . Teopema mokasana.
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7 3akJrodeHue

B pabore mpesoxkena HoBasg HeJOKaJbHasi KpaeBas 3ajada /I YpaBHEHUsS CMENIaHHOTO
napaboJsio-runepbosndeckoro Tuma. OcoOeHHOCThIO pacCMaTPUBAEMON 3a/1a9u ABJISIETCS TO,
YTO HEJIOKAJbHBIE KPAEBbIE YCJIOBHS CBI3bIBAIOT 3HAUEHUsT HCKOMO (DYHKIINK HA JacTIX I'Pa-
HUIIBI TapaboIMIecKoil u rurnepbosmueckoii odbaacreii. B oriudane ot pabor JIpyrux aBTopoB,
B IIpeJjIaraeMoil HOBOW ITOCTAHOBKe THIepOoInIecKasd 9acTh 00JIaCTU COBITAJIACT ¢ XapaKTe-
PUCTUYICCKUM TPEYTOJIHbHUKOM.

Bajaua peynupoBaHa K HHTEIpaJIbHOMY ypaBHeHno Tutia Bosbreppa BToporo posga. [Ipn
9TOM IIOJIYYeHHOE YpaBHEHHE aHAJOTUYHO MHTEI'PAJIBLHBIM yPABHEHUSIM, BOZHUKAIOIIUM ITPU
perennu 3aa4 TpukoMu (KOTOPbIe MOXKHO CUUTATH KJIACCUIECKUMM ).

Jlokazana ojiHO3HavYHas CUJIbHAs pa3penmMocTb chpopMyIupoBanHoi 3aj1a4un. [loryden-
HBIIl pe3y/IbTaT I03BOJIIET B JIaJIbHEHIIeM pacCMOTPETh CIEKTPAJIbHYIO 3aJlad9y C TaKHM
HEJIOKAJIbHBIM KPaeBbIM YCIOBUEM, HAITOI00MN UCCIEI0BAHUI CIIEKTPAJIbLHBIX CBONCTB 331491
Tpuxomn [15 - 17].

8 BuaarogapuocTu

B zaksmouenne aBTopbl BbhipaxkaioT npusnaresbnocts T Kaabmenosy, b.E. Kanryxuny n
BceM yuacTHukaM Oo6teropojickoro Hay4dHoro cemuaapa "Jluddepennuaababie omepaTops
1 WX TPUIOKeHus" 3a IJIOJOTBOPHOE O0OCYKJIEHNE IOy IeHHBIX PE3YIbTATOB.

Pabora BbImIoiHEeHa TIpU TOJJIEPYKKE TPAHTOBOTO (DUHAHCUPOBAHUS HAYyIHO-TEXHUIECKIX
nporpamm u npoekto Komurerom nayku MOH PK, rpant Ne 0825 /T'®4.
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K CBEAEHVIO ABTOPOB
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4. B penaxnuio HEOOXOIUMO IIPEJACTABUTH IJIEKTPOHHYIO BEPCHUIO CTaTbu: tex-daiiyibl paboThl u (ailabl
PHUCYHKOB Ha OXHOM aucke. s (pailioB puCcyHKOB pEKOMEHIYyeTCs UCIOIH30BATH CPEICTBA OCHOBHOTO
nakera WTEX2e nm dopmar eps [em. m.7]. YkasweBaercs kon mo Y/IK. B pemaknmio takzxke npemcras-
JIIETCSI OTTUCK PabOThI B JIBYX 9K3EMILIAPAX.

5. ObbeM craTbu, BKJIIOYAs CIIMCOK JUTEPATYDPHI, TAOJIUIBI U PUCYHKHU C MIOJPUCYHOYHBIMUA HAITUCAMMA,
AHHOTAINN, HE JOJIZKEH IPEBBINIATh 15 CTPaHUI] eIaTHOTO TeKCTa. MUHUMAIBHBIT 00beM CTAThHU - H
crpanuIl. B Hagame paboThI TOcse 3arojioBKa 1 paMuIuii aBTOPOB pabOTHI TTOMEIAETCSA €€ aHHOTAITHST
B oobeme 200-250 cjoB Ha TOM Ke s3bIKe, HA KOTOPOM HabpaH OocHOBHOI TekcT. Kpome cmesmennii,
KOTOpBIE MOXKHO IOYEPIHYTH M3 3ar0ojIOBKa, aHHOTAIUsS JOJIXKHA, OTPayKaTh METOJbI UCCJIEI0BAHUS,
OCHOBHBIE PE3YJIbTATHI CTATHU, X HOBU3HY U YKA3BIBATH HA CMEXKHBIE PAOOTHI.

Tlocne anHoTaMM 3ama10TCA KiIo4deBble cioBa. Jlmst Kaxkmoit paboTel 3amaiiTe 5-6 KIIIOYEBBIX CJIOB B
MOPSIJIKE WX 3HATUMOCTH, T.€. CAMOE BasKHOE KJII0YUEBOE CJIOBO CTATHU JIOJKHO OBITH IMEPBLIM B CITHCKE.

Haspanue paborer, @O aBTOpoB, aHHOTAIMS U KJIIOYEBBLIE CIOBA JOJXKHBI OLITH MPEICTABJICHLI B
CTaThe Ha TPeX g3bIKax: Ka3aXCKOM, PYCCKOM U aHTJIMACKOM.

Wcnonb3zoBannast ureparypa Jo/kHa O6ITh odopmitena B coorsercrsuu ¢ ['OCT 7.1-2003 "Bubsumo-
rpaduyeckas 3anuch. bubsmorpadudeckoe onucanue. Obrme TpeOGOBaHUS U TPABUJIA COCTaBIeHUs" .
Crmcok JuTepaTyphl JOJKEH COCTOATh He bosee dem n3 20 HanMmeHoBaHu. CCBUIKM HA UCTOYHUKH B
TEKCTEe CTATHU JIAIOTCS TOJNBKO B KBAIPATHBIX CKOOKax (6e3 muruposanus [12], npu nuTHpOBaHuN MK
nepeckase aBropckoro Tekcra [12, c. 29]). Hymepanusi cChUIOK B CTaThe MPOU3BOJAUTHCS O MOPSIIKO-
BOMY HOMEpPY HCTOYHHUKA B IPUCTATEHHOM CIIUCKE JIUTEPATYPbl. ADXUBHBIE MaTepHajbl B CIUCOK HE
BKJIIOYAIOTCsl, CCBIIKY HA HUX TIOMEIAIOTCS B TEKCTE B KPYTJIBIX CKOOKax. [Ipn MCIIo/Ib30BaHNN B CTATHE
HCTOYHUKOB U3 3JIEKTPOHHBIX PECYPCOB WK yaaieHHoro pocryna (VHTepHeTa) B CIUCKE JIUTEPATYPBI
npuBoauTCs 6bubImorpaduyueckast 3alnCh UCTOYHUKA U CChLJIKA Ha CETEBOI PECypC C IOJHBIM CETeBhIM
ajgpecom B MaTepHere. 2KemarebHO yKa3biBaTh 1aTy OOpaIleHUsT K PECyPCY.

Crucok JimrepaTyphbl Ha s3bIKe OPUTHHAJIA COIPOBOXKIAETCS CIIMCKOM JiuTeparyphl (references) B an-
TVIMICKOI TpAHCAUTEPAIAN.

6. 2KypHas npuiepKuBaercsi IMHOTO CTUJIsI U [TO3TOMY IIPEIbsIBJISIET Psijl 00X TPebOBaHUl K 0pOpPM-
Jieanto pabor. Mexonubiit (HEOTTpAHCIMPOBAHHDBIN) tex-ailyl Jo/KeH NEeJUKOM IOMEIIAThCA B MOpH-
30HTAJBHBIX PAMKaX IKPaHA 38 BO3MOXKHBIM UCK/IIOYEHUEM MaTPUIL U TabJIAIl U TPAHCINPOBATHCH He3
nporectoB IMTEX2e u coobimennit 0 KPATHBIX W HEOMPEJIEJEHHBIX METKAX, OOJIBINMNX IIEPEITOTHEHHBIX
u He3amoJHeHHbIX O0okcax. He criemyer ompenenssiTh MHOTO HOBBIX KOMAH], M300peTas COOCTBEHHBIHN
cJieHr. ABTOpPBI MOTYT IOJIIPY?KaTh JAPYyrUe CTaHIapPTHBIE CTHJIEBbIE HAKEThI, HO TOJBKO T€, KOTOPHIE
He BXOJST B IIPOTHBOpevne ¢ nakeramu amsmath m amssymb. Ecrecrsenno daiiyi, Kpome Bcero mpo-
9€ero, J0JIKeH ObITh MPOBEPEH Ha OTCYTCTBUE IPAMMATHYECKUX U CTHIMCTHYECKHX oImmbok. Crarhu,
HE YJIOBJIETBOPSIONINAE STUM TPEOOBAHWUSM, BO3BPAIAIOTCS HA JTOPAOOTKY.
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DranoHHbIi 00paser; paboThl ¢ jeMOHCTpanuel rpaduku, ¢ npeaMOysoil yeTpauBaromeil peJakiuio,
CTIIMCKY TUIAYIHBIX OMMOOK ODOPMIIEHUS W METOJBI NX YCTPAHEHUST MOYKHO MOJIYIUTh B PEIAKIIAN HJIA
Ha caiite KasHY um. anb-®apabu http://journal kaznu.kz.

7. I'padudaeckne dailiabl ¢ pUCYHKAMHI JIOXKHBI OBITH TOJBKO KA4eCTBEHHBIMHU UePHO-OeIbIMU B (POp-
Mare .eps , JubO BBINOJHEHHBIMU B JIAT€XOBCKOM ¢dopmare. Pucynku B 3tux dopMarax geIarTcs,
HaIpUMep, C TOMOIIBIO MOIIHBIX MaTeMaTndecKux makeroB Maple, Mathematica nmm ¢ momompio ma-
keta Latexcad. KauectBenunie rpadudeckue daitibl caemanibie IpyruMu IpaduaecKuMI IporpaMma-
MU JIOJIZKHBI OBITH CKOHBEPTHUPOBaHbI B popmar .eps ¢ momoibio Adobe Photoshop wim kouBeprepa
Conversion Artist. Bce pucyHKy JIOJZKHBI ObITH y¥Ke UMIIOPTUPOBAHHBIMEA B tex-haiijl u mpejcraBiis-
IOTCsI B PEJIAKITUIO BMECTE C OCHOBHBIM baityiom crarbu. ['padudeckne hOpMaTH,OTIIMIHBIE OT BBIIIE
YKA3aHHBIX, OTBEPIaiOTCs.

Penaknust BupaBe 0oTKa3aThCs OT BKJIIOYEHUS B pabOTYy PUCYHKA, €CJIH aBTOP HE B COCTOSHHHU OOecIie-
YUTh €r0 HaJJIeKalnee KadecTBO.

VBarkaeMble 9UTATENIN, BBl MOYXKeTe TojmucaThes Ha Hai kypHaia "Becruuk KasHY. Cepus maremaru-
Ka, MexaHuka, nHdopmaruka”’, koropsriit Bkiodern B Katajgor AO "Kasmoura""TASETHI 11 ZKYPHAJIBI".
KomnuuecTBo HOMepoB B rox — 4. Haekc 118 MHAMBU/IyaIbHBIX HOINCINKOB, IPEIIIPAATHI U OPIaHU3AINN —
75872, monmucHas 1ieHa 3a rog — 1200 TeHre; MHAEKC JbIOTHON TOJIIUCKY JIJIsT CTY/IEHTOB — 25872, monncHast
IeHa 3a ToJ 1 cTyneHToB — 600 Tenre.
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