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AKTYaJIbHOCTh TeMbl. T€0opHs JIOKAJbHBIX W HEJIOKAIbHBIX 33Ja4 Il ypPaBHEHUH B
YACTHBIX IPOU3BOJHBIX BTOPOTO, TPETHETO M YETBEPTOTO TOPSAKOB BCe 0Oo0jiee aKTHBHO
UCIIOJIB3YIOTCSL IPU MaTEMaTUYECKOM MOJEIMPOBAHUU B 3a/ladax BJarolepeHoca, mporeccax
TerI000MeHa B CMEIIAHHOW Cpelie, pacIpOCTPaHEHUH IIEKTPUIESCKUX KOJICOAHH B COCTABHBIX
JIMHUSAX, COBMECTHO-Pa3ACNbHBIX TEUCHHM BS3KO-YIPYroil M BSI3KOH XUAKOCTEH B TpyOe U B
JIPYTUX MpOIEeccax, MPOUCXOSIIUX B HEOJHOPOIHBIX CpeIax.

B npunoxeHusx BCTpeyaroTcsl Ciiydau, KOTJa BMECTO JIOKAJbHBIX YCJIOBH OepyTrcs
HEJIOKAJIbHBIE YCJIOBUSA, COJIepKallle HWHTErpajibHble ujieHbl. Hampumep, HHTErpajibHbBIC
YCIIOBUSL HCIIONIB3YIOTCA B TeX Cily4asX, Korja o01acTb (QU3NYECKUX XapaKTEePUCTUK
paccMaTpuBaeMO cpeibl HENOCTYIIHA JUJISi HEMOCPEICTBEHHOTO U3MEPEHHUs,, HO BO3MOXKHO
MOJIyuYeHUE JIOTMOJIBHUTENbHON HH(pOpMalMd O XapakTepe Mpolecca B BHUIE KaKOro-inbo
YCpEIHEHMUS.

KpaeBble 3aaun ¢ MHTErpajJbHBIMU YCIOBUSMH JUIsl YPABHEHUS TEIUIONPOBOJIHOCTH
BIiepBhIc M3yueHa B pabore JIx.P.Kanona (J.R. Cannon). Pasmuunbie 0000IICHHS KpaeBBIX
3a]1a4 C UHTErpajJbHBIMU YCIOBHUSIMHU I OOIIETO MapaboInyecKOoro ypaBHEHHS PACCMOTPEHBI B
paborax JI.M. Kambinuna. Cpenu nocnenyromux pador ormerum padorst H.M. MonkuHa,
3.A.Haxymesoii, A.W1. Koxanosa, JI.C. [lynskunoii, O.}O. /JlaHunkuHON M IpYyruX aBTOPOB, B
KOTOPBIX M3y4aJIUCh 33]1a4l C UHTETPAIbHBIMU YCJIIOBUSIMH JIJIs1 YPABHEHHH 1MapaboInuecKoro u
TUNEPOOTUYECKOTO TUIIOB BTOPOTO MOPSIKA.

KpaeBbie 3amaum miisg 1mceBAOMapabOIMUECKUX YpPaBHEHUSI TPEThETrO IMOpsaKa C
npuMmeHeHreM (yHkuuu Pumana wusyuensl B paborax JI. Komronma (D. Colton), M.X.
[lIxanykoBa, B.. XKeramosa, E.A. YTkunoii, B.A. Bonaxosoii, H.C. Ilonosa, H.H.
Esnokumososoii, H.B. Beiinunoii, b.C. A6na6ekosa, K.I'. KoxkoGekoBa u Apyrux.

OnHuM U3 HOBBIX pa3/ieiOB B TEOPUM YPAaBHEHUHM CMEIIAHHOIO THUIIA SBISAETCA
HalpaBJjeHUE, B KOTOPOM KpaeBbl€ 3aJadyMl JJisi ypPaBHEHUN CMENIAHHOTO THIA M3Yy4YalOTCs C
IBYMsI TUHUSAMHU u3MeHeHust tuna. [lo naHHOW Temartuke 3aHuManuch M.M. 3aiiHynaOuaos,
B.®. BonkonaBoB, M.M. Cmupnos, K.b. Cabuto, M.C. CanaxutaunoB, A.K. Ypunos, b.
Hcnomos, A. ConyeB U Apyrue aBTOpPHI.

OnHako KpaeBble 3a7aud C HEJOKAIBHBIMU YCJIOBHSMH, COJEpKAIINE WHTErPaTbHbIE
YJIEHbl, a TAKXX€ 3a/1aud CKJIECUBAHUS C JBYMs JMHUSMU W3MEHEHUs TUNA JJs1 ypaBHEHUI
TPEThEro MopsAJiKa Majuo HuccienaoBaHbl. B Hacrosimel padore chopMynupoBaHbl U U3yUYEHBI
JIOKaJIbHbIE, HEJNOKalbHbIe KpaeBble 3aJaud U 3aJaud CKJICUBAHUS U MapaOONUYecKuX W
TUTIEPOOTNYECKUX YPAaBHEHUM TPETHErO MOPSIIKA C UHTETPAIHHBIMU YCIOBHSIMHU KaK C OJHOM,
TaK U C IBYMS JIMHUSIMHA U3MEHEHHUS TUTIA, YTO U 00YCIOBIMBAET aKTYaIbHOCTh Pa0OTHI.

CBsi3b TeMBI IMCCEPTALMH € TOCYIAPCTBEHHBIMU NIporpaMmmamu. PaboTa BeinonHeHa
B pamKax mpoekta MHcTUTyTa QyHIaMEHTAIbHBIX M MPUKIATHBIX UccieqoBaHUl OIICKOTO
rocynapctBenHoro ynuepcurera MOuH KP mo teme: «M3ydeHue maremarnueckux Mojenei
TUAPOAIPOANHAMHUKY, XUMHUYECKOW KHUHETHKH, TEII0O-MacCoOOMeHa U JPYruxX SIBJICHHMA
npupoas», Ne roc. peructpannu 0005721, 20.04.2012.

Ileab ¥ 321241 MCCIeI0BAHNS.

1. Jloka3arenbCTBO CYIIECTBOBAHUS U €AMHCTBEHHOCTH PEIICHUN JIOKATBHBIX KPaeBBIX
3a/1a4 JJis NapaboNYecKuX U TUMepOOTUIECKIX YPaBHEHUN TPEThEro MOPSIKa;

2. Jloka3aTenbCTBO CYIIECTBOBAHUS M €IWHCTBEHHOCTH DPEIICHUN KPAeBbIX 3a/ad ISt
napaboIuYecKuX ¥ THIEPOOTHMUECKUX YpPaBHEHUU TPEThEro TMOPSAAKAa C HEJIOKaJIbHBIMU
YCIIOBHSIMH, COJIEPKAIINE UHTETPAIbHBIC YWICHH;

3. Jloka3aTenbCTBO OAHO3HAUYHOM pa3pelinMOCTH JOKAIbHBIX U HEJIOKAJBHBIX 3a1a4 JJIs
YpaBHEHUW CMEIIIAHHOTO TapadoyIo-TUNEPOOTHIECKOTO THUIIA TPETHEro TOpsAIKa C OJHOU
JUHUEN U3MEHEHUS TUTIA;

4. Jloka3arenbCTBO OJHO3HAYHOM pPa3pelIMMOCTH KpaeBbIX 3a7ad i1 ypaBHEHUI
CMENIAHHOTO Mapaboyio-TUIIepOOTMUECKOTO THUIA TPEThEr0 MOpSAAKAa C JABYMS JIMHUSMU
W3MEHEHUS TUIA.




MeTonuka ucciaenoBaHusi. [Ipy mocTpoeHun NpeACcTaBICHUs] PEUICHUM ypaBHEHHM
UCIIOJIb30BaHbl METOJbl IIOHM)KEHUS IOpsIKA ypaBHEHUS, CONPSIKEHHBIE 3ajauyd U
WHTErpaJibHbIE YpaBHEHU. JlJI1 JOKa3aTeIbCTBA CYIIECTBOBAHUS M €UHCTBEHHOCTU PELICHUN
IPUMEHEH METOJ PEIyKLUU KpaeBbIX 3aJay K PELICHUI0 WHTETPaJIbHBIX YPABHEHMM THIIA
OpenronsMa unu  Bonbreppa, a Takke MNPUHIMI CXKATBIX OTOOpPaKEHUH U MeTon
MOCTIeIOBATENILHBIX MPUOTMKSHUH.

HayyHasi HOBM3HA I10JIYYEHHBIX Pe3yJbTaToB. OCHOBHBIE HAYYHBIE PE3YJIbTATHI:

1. Haiigensl n0cTaTOYHBIE YCJIOBHS CYIIECTBOBAaHUS M E€IMHCTBEHHOCTH PEILICHUM
KpaeBbIX 3a/ay JJis MapaboiMuecKuX W TUNepOOTMYEeCKHX YpaBHEHUU TPETHEro MOpsIKa C
HEJIOKAJIbHBIMU YCIIOBUSIMH, COAEPIKAILNE UHTETPAJIbHBIE YJICHBI;

2. TllomydyeHsl mnpeAcTaBlIEHUS pEIICHUNA KpaeBbIX 3agad sl TUNepOOInYecKuX
YPaBHEHUH TPETHErO MOPSAJKA C HEKPATHBIMU XapPAKTEPUCTUKAMU;

3. JlokazaHbl TeOpeMbl CYIIECTBOBAHMSI M E€IUHCTBEHHOCTU PELICHUI JIOKATbHBIX U
HEJIOKAJIbHBIX 33]a4 CKJIEMBAHUs JUIsl 1apaboIMUeCcKOro 1 runepOoInyecKoro ypaBHeHUN ThIa
TPETHErO MOPSAKA C OJTHON XapaKTEPUCTUUECKOW JTUHUEH U3BMEHEHUS TUIA;

4. VYcTaHOBJEHBl TEOPEMbI CYILIECTBOBAHMSI U €JUHCTBEHHOCTH PELIEHHH KpaeBbIX
3aa4 JJi1 CMEIIaHHBIX Mapa0oio-TUNepOOTUYECKIX YpaBHEHUI TPEThEero MopsAaKka C IBYMS
XapaKTePUCTUUCCKUMHU JTUHUSAMU U3MEHEHUS THUIIA.

Teopernyeckasi ¥ NpaKTHYeCKasi 3HAYUMOCTb _IOJYYEHHBIX Pe3yJabTATOB.

PesynbTarhl nuccepranuu, CBsI3aHHBIE C MCCIIEJOBAHMEM JIOKAJIBHBIX M HEIOKAJIbHBIX
KpaeBbIX 3a7ad Ui YpPaBHEHHUH CMENIAHHOTO Mapaboiio-TUNEpOOTIMYECKOro TUIA TPEThEro
HOpsi/IKa, MOTYT OBITh WCIOJB30BAHBI U Pa3BUTHSI TEOPUHM KPAeBBIX 3a7ad ypaBHEHHH B
YAaCTHBIX MPOU3BOJAHBIX BTOPOTO, TPETHETO, YETBEPTOrO M O0JIee BHICOKOTO MOPSAIKOB, & TAKKE
IpYU MOJICITMPOBAHUY SIBJICHUW W TIPOIECCOB TEIUIOOOMEHA B CMEIIAHHOH Cpelie, COBMECTHO-
pa3eNbHbIX TEYCHHM BS3KO-YIPYroil M BA3KOM >KMIKOCTEH B TpyOe, U B IPYrHUx IMpolieccax,
MPOUCXOAIIAs B IBYCIOMHBIX CPEax C Pe3KO OTINYAOIIUMUCS (PU3MUECKUMHU CBOMCTBaMH.

OCHOBHBIE 110JI0KEHH S, BLIHOCUMbIE HA 3a1IMUTY:

e VYcCTaHOBIIEHHWE JIOCTaTOYHBIX YCIOBHI CYyIIECTBOBAaHUS M E€IUHCTBEHHOCTH
pelIeHnid KpaeBbIX 3a/ad A NapaboJMdYecKUX W TUNepOOIMYECKHX YpPaBHEHUH TPETHEro
MOPSI/IKA C HEJIOKAJIbHBIMU YCIIOBUSIMH, COAEPKALNE NHTETPAJIbHBIE YJICHBI;

e [lomydyeHue mpencTaBiI€HHUS PEHIEHUH KpaeBbIX 3a1ad JUid TUIEepOOTMYECKUX
YpaBHEHUH TPETHErO MOPSAIKA C HEKPATHBIMU XapaKTePUCTUKAMU;

e Jloka3aTenbCTBO TEOPEMBI CYIIECTBOBAHNE U €IUHCTBEHHOCTH PEILIEHUH JIOKAJIbHBIX
U HEJIOKAJbHBIX 33Jau CKJICHBAHUS A NMapaboJM4YecKoro U runepOoJIn4ecKoro ypaBHEHUMN
THUIIA TPETHETO MOPSI/IKA C OJJHOM XapaKTepUCTUUECKON JTMHUEH U3MEHEHUS TUIIA;

e Jloka3aTenbCTBO TEOPEMBI CYIIECTBOBAHUS U €IMHCTBEHHOCTH PELICHUM KpaeBbIX
3a/1a4 Juisl CMEIIAaHHBIX Mapaboyio-rTUnepO0INYeCKUX ypaBHEHUN TPETHEro MopsiiKa ¢ JIBYMS
XapaKTePUCTUUECKUMHU JTUHUSMU U3MEHEHUS THUIIA.

Anpobanusi padoTsl. MITorn nccienoBanus peryassipHO JTOKIAIbIBAIUCH U 00CYKIaTUCh
Ha KOH(EPEHIHUsX, 3aceaHusIX Kadeapsl U pe3yiabTaThl JOKIAABIBATNCH: B padOTe IIKOJIBI-
cemuHapa «®yHaameHTanbHas U OpukiagHas marematuka» (. bumkex, 2010 r.); na III
MexayHapoaHOW KOH(pepeHIHHn «ACHMITOTHYECKHE, TOIMOJIOTUYECKHE MU KOMIbIOTEPHBIE
metoabl B Marematuke» (Mccwik-Kymnb, mancuonar «OKamteik», 2010 T.); MeXIyHApOIHOM
Konrpecce «The Turkic World Mathematical Society (TWMS) will hold its 4th Congress» (r.
baky AszepOaiimkan 2011), IV MexaynaponHoil HayuyHOUM KOH(pEpeHIMH «ACUMIOTOTUYECKUE,
TOMOJIOTUYECKHE M KOMIIBIOTEPHBIE METOJbl B MAaTE€MaTHKE», MOCBSAIICHHYI0 80 - JeThro
akanemnka MmanamueBa Mypzabeka MmananueBnua (r. bumkek, 2011r.), MexmayHapoIHOM
Konrpecce «V Congress of the Turkic World Mathematicians» (Mcceix-Kynbs, ABpopa, 2014 1.);
| MexxnyHapoaHOH HayuHOUM KOH(EpEeHIIMH CTYAEHTOB U MOJIOJIbIX YUeHbIX «MOo01eXb, HayKa,
TEXHOJIOTMH: HOBBIE Ujeu U nepcrekTuBbl» (PO, r. Tomck, TTACY, 2014 1.); MexayHapOAHOM
dbopyme, npoenennoi B Mccrik-Kyne (c. bo3repu, 2015 1.).
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HekoTopsie monoxeHus: oOCyXIanuch TakKe Ha CEMHHAape «YpaBHEHHUS B YaCTHBIX
npousBogHbIX» (T. Om, Oml'Y, 2010-2016 rr.), pykoBomutenb — 1.¢.-M.H., ipodeccop A.
ComyeB;  MEXBY30BCKOM  Hay4yHOM  CEeMHHape  «AKTyallbHble  BOIPOCHI  TEOpUHU
muddepeHnanbHbpIX  ypaBHeHui» Owml'Y, pykoBogurenr — aA.¢.-m.H., mpodeccop K.
AnpivkynoB (. Om, 2010-2016 rr); cemuHape mno auddepeHIuaIbHbIM YpaBHEHUSAM,
pykoBoauTens — 1.¢.-M.H., mpodeccop K.C. Anpibaes (1. XKanan-Aban, XKAT'Y. 2010-2016 rr).

IIyoaukanuu mo TeMe auccepranmu. [lo reme nuccepranuu onmyOIMKoOBaHbI 7 CTaTEH:
[1]-[8], u Tpu Te3uca [9] - [11].

JIMYHBIH BKJIA1 AaBTOPAa B COBMECTHBIX padorax. B coBMecTHbIX padorax [1]-[3],[10,
11] nmocraHoBKa 3a/laud MPUHAJICKUT HAYYHOMY PYKOBOAMTEINIO, a JAOKA3aTeIbCTBO TEOPEM
CYLIECTBOBAHMS U €JMHCTBEHHOCTH PEIICHUI, TOJTy4YEeHHUE OCHOBHBIX PE3YJIbTaTOB — aBTOPY.

CTIpyKTYpa, 00bEM U KpPAaTKOE cojiep:kaHue auccepramum: Jluccepramusi COCTOUT U3
BBEJICHH S, YETBIPEX IVaB, cocTosAmuX U3 10 pa3nenos, Cucka UCIOIb30BAHHBIX HCTOYHUKOB U3
72 HauMeHOBaHUH W 3aKiroueHus. Hymepanus pas3nenoB — 1BoiHas: nepBas nudpa ykaspBaeT
Ha HOMEp IVIaBbl, BTOpas — Ha HoMmep paszaena. Hymepauus teopem, ¢opmyn, NpUMEpOB —
Tpo¥Has: nepBas Ludpa yka3plBaeT Ha HOMEP IJIaBbl, BTOpas — HA HOMEP pasfielia, TPEThsl — Ha
MOPsIKOBBIN HOMED B pazzaene. O0bem Tekcra 102 crpanu.

[Tonmp3ysick, citydaeMm, BBIpaXar TDIIYOOKyI0 OJarolapHoCTb W MCKPEHHIOKO
MPU3HATELHOCTh MOEMY HaYyYHOMY PYKOBOAUTENIO, TOKTOPY (U3UKO-MAaTeMaTHUYECKUX HAYK,
npodeccopy A. ComnyeBy 3a IOCTaHOBKY 3a/1ay, 3a LIEHHbIE U IIOJIE3HbIE COBETHI, 3a IIOCTOSIHHOE
BHHUMaHUE U 00CYXJIeHUE Pe3yIbTaTOB PabOTHI.

Kparkoe cogep:xanue pa6borsbl.

B raaBe 1 nmeercs 0030p paboT 1Mo TeMe auccepTarmoHHOW padoTel. B pasznene 1.1
COJIEPKUTCSL 0030p pabotr, OMU3KKX O Teme auccepranuu. B pasmene 1.2 npuBeneH 0630p
OCHOBHBIX Pe3yJbTaTOB, OJy4YEeHHbIC B HACTOALICH IUCCEPTALIUU.

Bo BTOpOI#1 raBe paccMOTPEHBI HENIOKAJIBHBIC 337]a4i C UHTETPAIbHBIMU YCIIOBUSMH JJIST
YpaBHEHUS B YACTHBIX MPOU3BOJHBIX TPETHETO MOPSIKA, KOTJAa ypaBHEHUE XapaKTEPUCTHK
UMeeT KaK KpaTHbIC, TAK ¥ HEKPATHBIC JCHCTBUTEILHBIC XapaKTePUCTHKH.

B pa3zneJie 2.1 B obnactu D = {(x, y):0<x<x(y), O<y< h} (puc. 1) nns ypaBHEHHS

Uy, — YPU, +a(x, y)u, +b(x, y)u, +c(x, y)u =0, 1)
rae a(x, y),b(x,y),c(x,y), x(y) - 3ananabie PyHKIIUH, YIOBICTBOPSIONINE YCIOBUSIM:
2(h)=%,>0, 7(0)=¢>0,p>0, Vy €[0,h]:x, < x(y) </, ¥'(y) <0 )
usydaerca 3agaua 2.1.1: maiitu QyHKmuio u(x,y) e C(D)NC**(D), YIOBIETBOPSIOLIEE

ypaBHeHuto (1) B obnactu D u ciieqyromum ycaoBHsIM:
z(y)

u@,y)+ [P y)u(x,y)dx=p(y), 0<y<h, 3)
z(y)
u(z(y),y)+ QU y)u(x, y)dx =p,(y), 0<y<h, (4)
u(x,0)=7(x), 0<x </, (5) .
rae P(xy), Q(x ), @(¥), ¢,(y), 7(X) - 3anaunbIe QyHKIMH, TpHIEM Puc. 1.
r(0)+j P(x,0)7(x)dx=¢,(0), 0<x <7, (6)

I[Ipu P(x,y)=Q(x,y)=0 3amaua 2.1.1 cBomuTCcs K MEpBOM KpaeBOW 3agade s
ypaBHeHus (1). Otmerum, yTo M3 ycinoBus (2) cienyer, uro KpuBas X= y(y) sBisercs
MOHOTOHHO HE Bo3pacTtaoleil pyHkuuei no Y . MHTerpaibHble WwieHbl B KPAeBbIX YCIOBUSIX
03HA4aeT HAIMYUE YCPEIHEHHBIX U3MEPSIEMbIX BEJINYMH.



Jns pemenus 3agayuu 2.1.1 cHavana pacCMOTPUM BCIIOMOTaTEIbHYIO 3aJ1a4y IS
YpaBHEHUS

Lul=u,, —y°u, = f(x,y).(x,y)eD (7)
C YCJIOBHUSIMH
u0,y)=9,(y), u,(0,y)=9,(y), 0<y<h, u(x0)=z(x),0<x</, (8)
rae g,(y),9,(y) - dynkuuum u3 knacca C'[0,h], npuuem 7(0) = g,(0),7'(0) = g,(0) .
HHTerpupys ToxX1eCTBO
A(U)-ul (P = (N, + 3. u), = (Su, +1°),
U yunutsiBas hopmyay ['puHa Oynem uMETh peacTaBicHue pemienue 3aaaqn (7)-(8):
u(x, y) =7(x) + 9. (x,¥;0,¥)9,(y) - 8(x, ¥;0,¥)9,(y) - 7(0) + xz'(0) -

{8, (% 10,0, 00~ 8, (x,:0m) g, (K - [ dé [ 8x. v, £ (2 mden,
rae q)yHK:II/IH 9(x,y;&,n) onpenensercs Kak pemeHI(/)Ie cheL[y}omeﬁ COIPS>KEHHOM 33/1a4M:
L[A=v,, +1°9), =0, (x,Y) D, (£,n)eD,(&n) eD’, D' ={(&n):0<E<x0<n<y}
(X y:6m)|._, = 8% y:xm) =0, (x,y) e D, [0, y],
g(xyi&m)|, = 9.(x yixn) =1 (x,y) e D,n €[0,y],
9(xy;&om)|,, = o(x y;€), (x,y) €D, & e[0,x],

3nech GyHKIMSA @(X,Y;&) ONpenensieTcss Kak pelieHue 3a1aun ¢ Ha4aJlbHBIMU JIaHHBIMU BOJb

(9)

JUHUU 7 =Y '

IO YiEVN,, = 96 Yix V) =0, I (x y:&, V)|, =9 (x yix y) =1.
PCH_ICHI/IH YK3.33.HHBIX 3a1a4 YI[aeTCH HOCTpOI/ITB B SIBHOM BHJIC:
(%, y;&,m) =n""?sh[n™? (& =X)], o(x,y;&) =y "*sh[y**(& - x)].
Momaras f(x,y)=-a(x, y)u, —b(x,y)u, —c(x,y)u u3 (9) 6ynem nmers:

{Sgg(x, V£ Y)—YPI(X,YiE,y) =0, 0< &<,

U(X, ) = Uy (6 )+ A (X )9, (¥) + By (X, Y)8, (V) + [ C. (%, y; E)u(&, m)dé +
’ (10)

+ [[A 00 yim) 9, (7) + B, (%, yim) g, () + [ d& [ C, (x, y; & m)u(&,m)d,

rae UO( X,¥), AY:n), B,(xY;n), C(XY;En) - U3BeCTHBIE (YHKIMH, BHIPAKAIONIHECS
gepe3 J(X, Y;&,77) 1 kodahdUIHeHTh! ypaBHEHUSI.
Bocnonp3oBasmuce yeiaosusimu (3) u (4) uz (10) nomyuum:

Ha (9.0 +H, (08, () =, (1) + [[Ho (v, ) 9,(n) + Hoo (v, )9, () A +
i (11)

z(y) z(y) oy

+ [H(yOuE y)de+ [de[H (y.&mu(é,mdn, i=12,

roe H; (i=12, j=16), ®, (i=12) - 3amaHHble (QYHKIMH, BBIpa)karoluecss depe3 (PyHKIHUU
3(x,y;&,n) u nanuele 3agaun 2.1.1.
Takum oOpazom, paspemmmocTh 3amauyu 2.1.1 3KBUBaJICHTHBIM 00pPa3oM CBOJMTCS K

pemennto cucrembl ypaBaenuit (10), (11), kotopast npescTaBiseT co00i 3aMKHYTYIO CUCTEMY
ypaBHEHUU OTHOCUTENBbHO PyHKIUH U(X,Y), d,(Y), 9,(Y) . Eciu BemmonHsieTcs ycnoBue

A= Hll(y)HZZ(y)_H12(y)H21(y)¢01 (12)



to cuctema (10) m (11) sBIsAEeTCS CHCTEMOW HWHTETPAIbHBIX ypaBHeHHU Tuma BomabTeppa,
JOITYCKAIOIee €IMHCTBEHHOE PEIICHHUE.

B ywactHoctH, npu P(X,y)=Q(X,y)=0 umeem A= Bl(;((y), y)= —8(;((y), y;0, y). Tak kak
vyelQhl0<x<z(<f, 1o 9x(y).y:0.)>0.
CnenoBarenbHo, A=0.

Taxum oOpas3om, 1okazaHa

Teopema 2.1. Eciu BoinoHeHs! ycioBus (2), (6) u
(12), To pemenune 3amaun 2.1.1 cymectByer u
€MHCTBEHHO.

B pa3gene 2.2 B obmactm D, orpanuuenHas
JTMHASMHU x=0,—h <y<h (h,h>0),y=0(x), 0<x</,
h,=—c(¢), x=¢,—h,<y<0(h,>h,), x=x(y), 0<y<h,

y=h,0<x< X, = x(h) (puc. 2) paccmorpum 3anauy
COTIPSIKEHHUS JIJIs1 YPaBHEHHIA
L,(u) =u,, —y"u, +au, +bu, +cu=0, (x,y)e D,=Dn(y>0), (13)
L,(u)=u,, —au, +bu +cu=0,(xy)eD,=Dn(y<0), (14)
rae p>0,a,b,c (i=12), x(y), o(x) - 3a1aHHbIe GYHKLINHU, YAOBIECTBOPAIOLINE YCIOBUIM
vy e[0,h]:x, < x(y) <, 2'(y) <0, x(0) =4, Vxe[0,¢]: —h <o (x) <—h, o'(x) >0,5(0) =-h,. (15)
3aoaua  2.2.1. Haiitn  byskmmo  u(x,y)eC(D) ~CYD)n[c**(D,) uC™(D,)],
ynosieTBopsitomyto ypaBHeHuto (13) u (14) B obnactsx D, m D, COOTBETCTBEHHO,
HEJOKAJbHBIM YCIOBUSM

v

z(y)

uO.y)+ [P(x.y)u(x,y)dx=g,(y), 0<sy<h,

x(¥) (16)
W) y)+ QUG YIU(x y)dx=g,(y), 0<y<h,
¥ KPaeBbIM YCIIOBUSAM
UO,Y) =g,(¥), —h <Y<0, U(x o (X)) =p(X), 0<X<4, (17)
rae P(X,y), Q(x,y),@ (y) (i =]:’>), w(X) - 3amaHHbIe QYHKITUH.
Ilycts
u(x,0) =7(x), u,(x,0) =v(x),0<x </, (18)

rae 7(X),v(X) - moka Hen3BeCTHbIE (PYHKITHH.
Jlnst pemiennst 3amayuu 2.2.1 MOCTynmuM CeayomuM o0pa3oM. YCTpeMilsisi Yy K HYIIO U3
ypaBHeHus (13) umeem
V"'(X)+a,(x,0)7'(x) + b, (x,0)v(x) +¢,(x,0)7(x) =0, 0<x < 7, (19)
7(x) =u(x,0), v(x) = Uy(X,O) - MIOKa HEM3BECTHBIE (PYHKLINU.

WuTterpupys n1Baxel mo X B mpenenax ot 0 1o x ypasHenue (19) 6yzaem uMeTb COOTHOIIEHHUE
v(x) =vi () +r(x)v'(0) + f K, (x,&)z(£)de, (20)
0

rae v'(0) Hem3BecTHas KOHCTaHTa, Vv,(X), r(X), K,(x,&) - 3ananHble QyHKIINH, BBIPAXKAIOIIUECS
yepe3 AaHHble 3a1aun 2.2.1.
C nmpyroit CTOPOHBI, HHTETPUPYSI TOKIACCTBO

uL, (u) —uL;(9) = (=4,u, +a, ), - (=4, — 9, u-b,8),,

no obmacru D, = {(5, n):0<é<x y<n< O}, BBIUMCIISAS IIOJIyYEHHbIE KPHUBOJUHEIHBIE



MHTErpasl 1o rpanuiam obiactu D, ¢ yderom ycnosuii (17) u (18), momyunm npencraBieHus
peuienus 3anauu 2.2.1:
u(x, y) =9, (% y;%,0)7(x) = 8(X, y; X,0v(x) + @, (X, y) +
X X (21)
+ Vi Y On(@)AE + [ 9.(x, ;£ 0v(9)dE, (%) €D,
0 0
rae @,(xy), V,(X,y) - 3ananHble GyHKuuH, I(X,y;E,n7) - ABISIETCA PELICHUEM CIEIYoLIeH
COTIPSKECHHOMU 3a]1auH:

L(9) ==, — (2N - ([0,9)+,9=0, (X y:&.n)|

Iy &), = @, (% yim), y<n <0,

n=y

—0, 9 (x, y;f,n)‘”:y =1,0<E<X,

a w, (X, y;n) - OIIPEHEIACTCS KaK peLICHUE 3a0a4u
197]77 (X, YiX 77) +a, (X’ 77)‘9()(1 Yi X177) =0, 19(X, YiX 77)|,7:y =0, ‘9;7 (X’ YiX 77)|,]:y =1.
Uckmouas v(x) u3 (20) u (21) nonyuum

U(x, Y) = 9, (%, Y X0)z(x) + [V, (%, Y: ) (£)dE + @, (x, Y) + K (X)v'(0) 22)

rae V,(x,Y,£), ©,(X,y), r,(X) - 3agaHHble QYHKIIH.
Hcnonb3ys Bropoe rpannuHoe ycnosue (17) u3 (22) umeem

4, (x,0(x); x,0)7(x) = —J‘VZ(X, o (x); £)7(£)AE +y, (x) — 1 (x)v'(0), (23)
rae V1 (X) =w(X) -, (x,0(x)).
Ecimu
vx e[0,7]: 8, (x,a(x); x,0) = 0, (24)
TO ypaBHeHuUe (23) 3amuiieM B BUAE
7(X) =, (X) + 1, ()v'(0) +IV3(X, £)z()ds, (25)

rae v, (x), r(x), Va(x,£) 3ananHble QyHKIUH.
Ooparmast ypaBHeHuHs (25) IOTy4YuM
() =5 (¥)+r,(x)v'(0) , (26)

1 1,00 =¥, 00 + [ R AWL(OIE, 1,00 = 15,00+ [R (I, Ry(4,£) - pesonserma apa
Vs(%,8) Hepr)lH003aMeTI/ITL, 9TO U3 BTOPOTO ycni)BI/Is[ (16) BEITEKAET YCIIOBHE COTTACOBAHMUS
o)+ [ QO (X = 9,(0) 27)
Ecnn 0
r=r,(0)+ jQ(x,O) r,(x)dx =0, (28)
rorza m3 (26) ¢ yseron (27), (28) Haiten
VO =3 9.0 -v.(0) —IQ(X,O)V/Z(X)dX (29)

[ToctaBnsis 3navenue v'(0) u3 (29) B (26) okoHYATENIBHO HAMIEM HEM3BECTHYIO () YHKITUIO
7(x) . Torma u3 popmynsl (20) HaitneM u v(X).

[TocTraBnsis HalineHHBIC 3HAYCHUS 7(X) U v(X), B mpeacTaBieHue (21) momydum penieHue
3agaun 2.2.1 B obnmactu D, .



[Tocne onpenenenust 7(x) pemenus 3agaun 2.2.1, kak u B pazaene 2.1.1, cBogutcs K
pa3pelIMMOCTH CUCTEMbl YpaBHEHUH BUJIA

Ha (9,0 +H, (08, () =, (1) + [[H (v.2)9,(n) + H oo (v, )9, ()] +

z(y) () oy

+ [Higlymu&,y)dg+ [de[H (v.&mu(€nydn, =12

rae u(0,y)=9,(y).u,0,y)=9,(y) a H;([i=12 j=16) - 3amaHHbIe GbyHKIMH, pa3peluMOCTh

KOTOPOT'O YCTaHABJIMUBACTCS NP BHITIOJIHEHUSI YCIOBUS
vy €[0,h]: H,,(Y) H,,(y) —H,,(Y) H,,(y) = 0. (30)
Takum 006pa3om JT0Ka3bIBACTCS
Teopema 2.2.1. Eciu Beimonusitorcest ycioBus (15), (24), (28), (30) torga peuieHue
3aiauu 2.2.1 cymecTByeT U €IMHCTBEHHO.
B paznene 2.3 o6mnactu D= {(x, y):0<Xx<+4m, O<y< h} paccMOTpPUM YpaBHEHHUE

Uy _uxy +C(X1 y)U =f (X, y) ) (31)
rae c(x,y), f(x,y) - 3amaHHbIe QYHKIUH.

VYpaBHeHMe XapakTepucTUK ypaBHeHHe (31) nMeeT 0/IHy TPEXKpaTHYIO JEHCTBUTEIBbHYIO
XapaKTepUCTUKY Y =0, IO3TOMY 3TO YpaBHEHHME 4acTO HA3bIBAECTCS YPABHEHUEM C KpAaTHBIMU

xapaktepuctukamu [1]. OnHako, u3-3a Haauyus 4ieHa U,, MOCTaHOBKA 3aJa4d M CBOMCTBa

Xy 2
peuieHus ypaBHeHus (1) aHaiornyHo napaboJIMYECKUM ypaBHEHHSIM.

3apaya 2.2.1. Haiitu B oOmactm D HenpepblBHOE W OrpaHHYEHHOE BMECTE C
IIPOM3BOJHON U, pelieHue ypaBHeHus (31), yA0BIETBOPSAIOIIEE YCIOBUIM

u(0,y)=e(y), 0<y<h : (32)
u(x,0)=7(x), 0< x <400, (33)
Tu(x, y)dx=E(y), 0<y<h, a =const >0, (34)
rae ¢(y), 7(x), E(y) - 3anannble QyHKIINH, IPUYEM

c(x,y), f(x,y)eC(D), E(Y), ¢(y) eC'[0,h], 7(x)eC’[0,+x), (39)
.TT(X) dx=E(0), 7(0)=¢(0). (36)

Beenem o6o3HaueHne
UX(X, y) = 19(X, y) . (37)

ITycTth

u,(0,y)=6(y), (38)

rae 6(y) - moka Hem3BecTHas GyHKIMA. Toraa, 3amada 2.1.2 cBOAUTCS K CIASAYIONICH 3a1a4e
G =8, =F(X,Y),
{19(0, y)=6(y), 0<y<h, 3(x,0) =7(x), 0 < X <400,
rae F(x,y)=f(x,y)—c(x,y)u.

(39)

_(x=g)?
e ‘U7 u U3 mpeAcTaBICHUS PEUICHHS

1
Ucnonb3ys ynkmuio G(x,Y;&,7) = ————
2= (y—n)

3a1aun (39) nomyuum



WX, y) = (X, Y) +ﬁz%dn —Ee(x, y:0,7)607)dn - o

—jdnT 0(5,77)]{@(3,y;f,ﬂ)ds}u(éﬂ)dfy

rne @y(X,Y) - usBecrnas pynkums. O6paruas coorHowenue (40) orHocurensHo G(Y ), Kax
WHTETpAIIbHOE YpaBHEHHE AOeIsi, UMeeM

0Y) = 6,(y)-+ [ H(y:OGmdn + [ dn [ W, (v, £ mu(€ mdé +

y +00 (41)
+[dn [Hy(y.£mu(€n)de,
e &, (y) :ii%dt’ a Hl(y,ﬂ), Hz(y’é:vn)v Hs(yyfvﬂ) - 3aJ1aHHBIC (bYHKHI/II/I,

BbIpaxaromuecs yepe3 KodphuueHTs! ypaBHeHus u GyHkuuu G(X, y;&,7), yAOBIETBOPSIOIINE

creayiouum  owenkam: M, (v <G, [HyvEm S, (&)< 2,
NY—71 NY—71 NY—1

2

0<x<p, B3>0 H(y. s e 07, x> g,

Oopamas  ypaBHenue (41) otHocurenbHO 6(Yy), KaKk HMHTErPAJIbHOC YpaBHCHHE
Bosbreppa BToporo poza co ciaboit 0cO0EHHOCTBIO, UMEEM

0(y) = 0,(y)+ [ dn [ T(y. £ mu(E e+ [ dn [T,(y: Emu(€.mde, (42)

rne T,(y;&.17), T,(y;&n), 6,(Y) - ussecrrsie pynxkunu, a R(y,t) - pe3oabBenta supa
H,(y,n). lloncrasnsis 3nauenue 6(y) u3 (42) B (40) momydaum

Uk, y) =@, 00, Y) + [ A [ K, i £omu(E.m)d + [y [ K, (x, y: &, mu md, (43)

rae K.(x,y;&,m), K, (% VY;&,n), ©,(XY) -3anaHHble QyHKIHH.

Vpasuenue (43) mpencrtaBiasier coOOi HHTErpajbHOE ypaBHEHHE THIA Bojbreppa
BTOPOTO POJa, CYIIECTBOBAaHUE E€IMHCTBEHHOI'O PEUIEHHs] KOTOPOro JOKa3bIBaeTCs METO/I0M
MOCIIEAOBATEIbHBIX MPUOINKEHHIH.

TakuMm oOpa3om, UMEET MECTO

Teopema 2.2.1. Ecnu Beimonaens! ycnoBust (35) u (36), To cyliecTByeT eIMHCTBEHHOE
HEIPEPBIBHOE U OTPAHUYEHHOE penieHue 3a1aun 2.2.1.

B paznene 3.1 B o6mactu D= {(x, y):0<x</, —-h<y< h} (4,h, h, >0) g ypaBHeHui

Lu)=u,-u,=0, (x,y)eD,=Dn(y>0) (44)
L, (u) =u,, +a,u, +bu, +cu, +du +eu=0, (x,y)eD,=Dn(y<0) (45)
rae a,, b,,d,, c,,e, - 3a7aHHble QYHKINH, YIOBIETBOPSIOLINE YCIOBUAM IIaJJKOCTH
a, eC(D2) nC*°(D,),b, e C(D2) N C*(D,),
¢, eC(D2) nC*°(D,), d, e C(D2) N C**(D,) e, e C(D2),
msyaaercst  samaua  3.1.1:  nmaimu  gymkywo  u(x,y)eC(D)NCYD)NC*(D)N

N[C*°(D,)nC**(D,)], yoosremeopsrowyio ypasuenus (44) u (45) 6 obaracmax D, u D,
COOMBEMCMBEHHO, KPACBbIM VCILOBUAM

u@0,y) =, (y), u,(0,y) =e,(y), u(t,y)=p;(y), 0<y<h, (47)

(46)
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u0,y)=n(y). u,0.y)=2z(y). -h<y=<0, (48)
U YCILOBUAM CONPANCEHUS
u(x,~0) =u(x,+0), u (x,~0)=u,(x+0), 0<x</, (49)
20e ¢ (y) (1=13), x;(y) (1=12) - 3a0aunvie enaokue gpynxyuu, yooenemsopsioujue yciosusm
2naokocmu
@.(y), ¢5(y) €C°[0,h], ¢,(y) e C'[0,h], z,(y) C'[-h,,0] (i =12) (50)
U YCILOBUAM CO2NLACOBAHUS
%,(0) = 7.(0), ¢{(0) = %(0), ¢,(0) = 2,(0). (51)
Kak Oputo ormeueHo B pasmene 2.1 ypaBHeHue (44) Ha3bIBaeTCsl ypaBHEHUEM C
KPaTHBIMH ~ XapaKTEPUCTHKAMH, HMEIOIIee JCUCTBUTENbHYIO Xxapaktepuctuky Y =0.

VYpaBuenue (45) yacto Ha3pIBaeTCs ICEBIOMAPAOOIMYECKUM YypaBHEHHEM. DTO ypaBHEHHE
UMEET JIBYKPaTHYIO JEHCTBUTEIBHYIO XapakTepUcTHKy Y =0 1 OJHOKpPATHYIO XapaKTEPUCTUKY

X=0. Iostomy B 3agaue 3.1.1 nmunus y =0 sABIgeTCA ABYKPATHOH XapaKTEPUCTUKOM s
000UX ypaBHEHUM.
Beenem o6o3nauenus U(x,—0) =u(x,+0) =z(x), u,(x,—0) =u, (x,+0) =v(x), 0< x </,
rae 7(x), v(x) - moka Heu3BeCTHbIe (PYHKIUU.
3anucaB ypaBHeHue (44) B Buze
u,, —u, =a(y)-¢(y), (52)
rae o(y) - HeusBecTHas GyHKIUSA, U TIpH Y — 0 uMeeM (QYHKIIHOHAIbHOE COOTHOIICHUE MEXKTY
7(X) u v(X):
7"(X) —v(x) = @(0) - ¢/(0). (53)
Jnis mosyyeHuss BTOPOro (DyHKIIMOHAJIBHOTO COOTHOLIEHHS Mexay 7(X) u v(X)
PACCMOTPUM CIEAYIOLIYI0 BCIIOMOTaTeIbHYI0 3a1auy: Haiimu ¢ynxyuo  U(X, y) € C1(D2) M
NC*™(D,)NC* (D,) yooenemesopsiowyro ypasnenuio (45), xpaesvim ycrosusm (48) u
HayanbHoMmy ycaosuto U(X,0)=7(x), 0<x< /.

MeTonoM CONpSKEHHBIX 3a/1a4, IPUMEHEHHBIM B paszene 2.1, moiayyuM npeacTaBieHue
BCIIOMOTATEIILHON 3a4a4y B BUJIE

U6 Y) = 806 Y x0)7 () + [ A%, v; E)e(£)dE +
y ° (54)
+ [T (% yim) 2 0n) = 90 Y 0m) 5 (r) + C (% Vi) 2, () + Bu (%, o) 1, () e,

rae A(X Y;$), Bi(x,y;n), C.(x, yin), E\(X,y;n) - 3anannble Qynkuunu, a pynkuus 9(X,Y,&,7) -
ABIISICTCA peHIeHI/IeM cne)lyromeﬁ 3a1a4un.
L;(.f,,,) (3%, y;&,m)) = _‘955,] + (azlg)gg + (bz‘g)g,, - (Cz‘g)g - (dzlg)q +€,9=0,

(& m)eD; ={(x,y):0<&<x, y<n<0},

06y 8ml: =0, J(xyi8m.= exp{jaz(x,t)dt} y<n<Q;

y

(55)

S0 Y:6m|,-,= 61 (% ¥:6), 0< £ <X,
rae 6,(x,y;&) - OAHO3HAYHO ONPENENIETCsl KaK pEelIeHHE CIeNyIoIed HadalbHOM 3a1a4u:

G (X Y8, Y) [0, (S V)F(X Yi &, Y] +0,(S V) F(X yi 6, y) =0, 0< &<,
‘9(X1 Y; 5! y)Lz:X =0, 84‘ (X’ y; g' y)|§=x =1
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[Mpu BeImOMHEHMH ycioBUS (46) oOAHO3HA4YHAs pas3pemMMocTh 3amgadd  (55)
YCTaHABJIMBACTCSI METOJIOM UHTETPATbHBIX YPABHEHUH.
BbruuciuB npous3BogHYI0 MO Yy OT U(X,Yy) € Hcmoib3oBaHHEeM (Gopmyinsl (54), 3aTem

YCTpEMJISAS Y K HYJII0, UMEEM COOTHOIIEHUE MEXAY 7(X) U v(X):
v(x) = 9, (x,0;%,0)7(x) + I A, (x,0;)7(£)dE + g, (x), (56)
rae g;(x) = B,(x,0,0) x(0) - 9(x,0;0,0) 1, (0) + C,(x,0,0) 1, (0) + E;(x,0,0) 1, (0).
Uckmouas v(x) u3 (53) u (56) momyanm

£(X) = @(0) + &, ()7(x) + [ A (x E)7(£)dE +§, (x), (57)
rae  0,(X)=0,(x)-¢/(0), a,(x) =4, (x,0;x,0), ;&(X,§) =A,x0;$), a 0) - HeusBecTHas

KOHCTaHTA.
Pemenue ypaBHenus (61) npu HavaabHBIX YCIOBUAX

7(0) = 1,(0), 7'(0) = 2,(0)

HpeI[CTaBI/IM B BUC
7(X) =5 @(0) + [ A(x,E)r(£)dE +9,(x), (58)

rne A(X,£),0,(X) - 3amannbie Gpynximu. Hemssectnyio koncranty o0) onpemennm n3
ycnoBus cornacoBanus 7(f) =¢,(0). Torma m3 (58) momyumm criemyromiee HHTETpalTbHOE
ypaBHenue 1 7(X):

700 = 6,00+ [ A (X r(E)dE 77 [ AL O () (59)

rae g,(x)= gz(x)+€i2[(p2 (0)—g,(e)]x*. Tocne obpamieHUsT BOJBTEPPOBCKOM YaCTH YpaBHEHHUS

(40) mpuxoaum k ypaBHeHH0 DpearoiapMa BTOPOro poja
‘
()= g()+ [ H(x &)z(£)dé, (60)
0

rae H(x,&),g(x) - u3BecTHble GyHKIMH, a R(X,t) - pe3onbBeHTa siapa A,(X,t).

CornacHo o011el TeOpHH HHTETPATIbHBIX YPAaBHEHUH, €CIIH
/H <1, (61)

rae H = max |H (x,£)|, To ypaBuenue (60) HMEET €IMHCTBEHHOE PENIEHHE.

0<x,&<r

Pemenue 3amaun 3.1.1 B obiactu D ycTaHaBwiIBaeTcs MeTosioM QpyHkuuu ['prHa.

Takum 06pa3om goka3aHa
Teopema 3.1.1. Eciu Bemomnusitotest yeiosus (46), (50), (51) u (61), To perienue 3anaun
3.1.1 cyiiecTByeT U €IMHCTBEHHO.
B pasaene 3.2 niis ypaBHeHuii Bujaa
L,(u) =u,, +a(x y)u, +b(x, y)u, +c(x,y)u=0, (x,y)e D, (62)
l—z(u) =U, _uyy =0, (X, y) € D2 ) (63)
rae D, ={(x,y):0<x</,0<y<h}, D, ={(x,y):0<x</,—h, <y <0}, 4, h, h >0, a
D=D,uD,, paccmarpuBaercs KpaeBas 3amada 3.2.1: umaimu 6 obaracmu D  gynxyuro
u(x,y) e C(D) nC*(D) n[C**(D,) uC*?*(D,)], yoosremsopsiowyio ypasuenuio (62) ¢ obracmu
D,, a 6 o6racmu D, - ypasnenuio (63), a maxoice sce kpaesvim ycnogusm:

u0,y) =g¢,(y), u(/,y) =¢,(y), 0<y<h, (64)
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u(0,y) = % (y), ult,y) = x,(¥)u, (4, y) = z;(y), —h, < y<0

u(x, —h,) =w(x), 0<x</ (65
20e ¢,(y) (i=12), x;(y) (] =1,_3), 3a0aHHble QYHKYUU, npudem

o (y) €C[0,h] (=1 2), z,(y) eC'[-h,,0] (j =13), (66)

w(0)=21(h), w() =r,(-h), ¢*0)=x"(0) (i=12,k=02). (67)

OTMETHM, YTO M3 TIOCTAHOBKH 3a1a4u 3.2.1 BhITEKAET CIEAYIOMHUE YCIOBHS CONPIKEHHS
Ha JmHAA Y =0 u(Xx,+0) =u(x,-0) , U, (x+0)=u, (x-0),0<x</.

OtHocuTenbHO KO3(PGUIIMEHTOB ypaBHeHHs (62) mpeamosiaraercsi BBIMOJTHEHUS
CIEAYIOLIUX YCIOBUM:

a(x,y) eC(D,) nC*°(D,), b(x,y) eC(D,) nC**(D,), c(x,y)eC(D,). (68)
BBenem o0o3HauyeHUs
u(x,0) = z(x), u,(x,0) =v(x), 0<x <7, (69)

rae 7(x), v(X) - moKa HEeM3BECTHbIEC (DYHKIIHH.
Tormaa B cuiny (67) nMeeM CIIeTyIOIIHNEe YCIOBHUS COTJIACOBAHUS

7(0) =¢,(0) = ,(0). 7'()) = 2:(0), 7(£) = ,(0) = 1,(0), (70)

v(0) =¢(0) = %(0), v(¢) = ¢;(0) = x;(0). (71)
ITepexons k npezneny npu 'y — +0 B ypaBHeHuH (62) nMeeM

V'(x)+a(x,0)z'(x) +b(x,0) v(x) +c(x,0) 7(x) =0, 0< x < /. (72)

OCHOBHBIM Pe3yJIbTaTOM paszziena 3.2 ABIIeTCs J0Ka3aTeIbCTBO TEOPEMbI
€IMHCTBEHHOCTH pelieHus 3agaun 3.2.1.
Teopema 3.2.1. Eciu Beimosnasirores yenosust (66), (67), (68), (70), (71) u

vx e[0,]: ¢(x,0) =0, (73)
vx €[0,7]:a(x,0) =0, %SO, (74)
vxe[0,4]:b(x,h) <0, 75
v(x,y)eD, :a(x,y)+b,(x,y)-2¢c(x,y) > 0} (75)

TO 33/1a4a 3.2.1 uMeeT eAMHCTBEHHOE PELIeHHE.

B paspene 4.1 B oOnactu D, orpaHMueHHOH OTpe3kaMu MpsMbIX X=0,y=-h,
x=0y=hx=-(,y=0,((,¢,h,h,>0) (puc. 3) paccMOTpuUM 3aJaud COMNPSDKEHUS JUIs
ypaBHEHUNU

L(u)=u,,-u,+au +du=0,(xy)eD, (76) )h
L(u)=u,, +au, +bu +cu +du +eu=0,(xy)eD, (77)
Ly(u) =u,, +au,, +bu, +cu, +du +eu=0,(xy)eD, (78) u Pl
rae  a,d,b;,c e, (i=13,j=23) - 3agauHble QyHKUMH, a L .l ; —
D,=Dn(x>0,y>0), “ p,
D,=DnN(x>0,y<0),D,=DnN(x<0,y>0). b
OtHOCHUTENTBHO KO3 PHUIIHEHTOB IpeamnogaracM -hi

crenyromniee:
a,,d, eC(D:), a, eC(D2) nC¥°(D,), b, eC(D2) nC*(D,), a, e C(Ds) nC**(D,), 29
b, eC(Ds) nC*?*(D,), ¢, eC(D;)nC*’(D,).d; eC(D;) nC**(D,), e, eC(D;) (j=23) (79)

3amauva 4.1.1. Haiitu pyHKimo u(x,y) e C(D;) N[C*H(D,) UC*?(D,)]C*°, (i=12,3),
yIOBJIETBOpsitoILyt0 ypaBHeHusM (76), (77) u (78) B obnactsix D,, D, u D, COOTBETCTBEHHO,
KPa€BbIM YCIIOBUSAM
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u(=Ly,y) = (y)ult,y) =9,(y),0<y<h, u(,y)= r(y),u,(0,y) = x,(y),—h <y <0,

u(x,0) =y, (x),u, (x,0) =y, (x),—¢, <x<0 (80)
U YCIIOBHSIM COTIPSKEHUS
u(x,—0) = u(x,+0),u,(x,~0) = u, (x,+0),0< x </,
u(-0,y) =u(+0,y),u,(-0,y) =u (+0,y),0< y <h, 81)
rae ¢ (Y), x (¥),w;(x) (i =1,2) —3aganHble rnaakue QyHKINUU, IPUYEM
¢.(¥) € C’[0,h] ¢, (y) € C'[0,h], () € C'[-h,0];, (x) € C'[,,0](i =1,2); (82)
0.(0) =y, (=01).¥.(0) = 2(0),,(0) = (0),¥1(0) = 1,(0),2(0) = x;(0). (83)
Benem crnenyromme 0003HaYCHUS:
u(=0,y) =u(+0,y) = 7,(¥),u,(-0,y) =u,(+0,y) = v,(y).0< y <h, (84)

u(=0,y) =u(+0,y) = 7,(y),u,(-0,y) =u,(+0,y) = v,(y).0< y<h,
rae 7,(X),7,(Y),v,(X),v,(y) — noka Heu3BeCTHbIE ()YHKIIHH.
Jloka3aTenbCTBO  CYIIECTBOBAHWS UM €IMHCTBEHHOCTH pemeHui 3amau  4.1.1
YCTaHaBJIMBACTCS 110 CIEIYIOLIEMY AITOPUTMY:
1). IToctpoum npezcraBieHue pemeHus 3aaaqdu 4.1.1 B odnmactu D, B Buje

U0, Y) = 0,06 Y %002, 00+ [A (6 y:&)r, () +
k (85)

+ [[B06 vim) 24 n) =0 0%, y:0,m) 2 m) + (%, i) 2, () + Ex (% Vi) (),

0

rae A(X,Y;€), B(x,y;n), C.(X Y1), El( X,y;77) - 3a1aHHbie QYHKIUU, a U(X, Y;&,77) - SBIAETCS
pELICHUEM CIEAYIOLIEH 3a0auu:
LZ (U) = _U;»;,] + (azu)g,»; + (bZU),f)y - (Czu)e= - (dzu)q +EU = O’ (98’77) € D;

V(X% Y87 o= 0,0.(X, Vi & 1) | = exp{faz(x,t)dt} y<n<0, (86)

o(% Y:6:m) |,-, = O(%, ¥;6).0< g <X,
rae 6,(x,y;&) — peuenue cnenyroiei 3agaun Komm:
Uz (%, Y56, Y) = [0,(, Y)u(x, y; 6, Y)], + 0, (S, y)o(x y; 6, y) =0,0< & < X,
0(%,¥;6,Y) e = 0,0, (X, Y36, Y) e = 1.
OtrveruM, 9to 3amada (86), (87) permaeTcs OSKBHBAJICHTHBIM CBEICHHEM K
WHTETPAIbHOMY ypaBHEeHUIO BonbTeppa Buia

< n
o(X,Y;61) = &~ X+ j B(&.7.8)u(x, yis,m)ds + [, (£.)u(x, y: &t +

(87)

+jds jC(g s,0u(x, y:s,t)dt,

rne  B(&,n,8) =b,(s, 77) (&-9)d,(s,1),C(&,s,1) =—C,(S,t) +(E—9S)e,(s,t), KoTOpoe momyckaer
€IMHCTBEHHOE peleHue u3 kimacca C**(D,).
2). U3 (85) naiinem cooTHomeHne Mexay z,(x) u v,(X), moiayueHHoe u3 obnactu D, :

V() = 0y (.0;%,0)7,(X) + [A, (X,0;£)7,(£)dE + 9, (x), (88)

rae g,(x) = B,(x,0,0)7(0)—v(x,0,0,0) 1, (0) + C,(x,0,0) x,(0) + E; (x,0,0) 1, (0)-
3). Haiinem cootHomeHne Mexnay z,(X) u v,(x), mpuHecenHoe u3 obmactu D,. s
3TOTO MHTETpUpys ypaBHeHHe (76) B mpeaenax ot 0 1o X umeem
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U, =, = o(y) 2,06 y)u+ [di(&, yu(E, YA +Ty(x ), (89)

ds(£,y) = 3, (£,Y) ~ 6, (&, 1), T (6 Y) = 3,0, V)5, (y) ~ 73(y).
Orcrona nepexons K npezeiny npu y — +0 MOoJy4uM COOTHOLIEHUE MEXAy 7;(X) 1 v, (X):

() ~14(0) = @(0) ~ & (x,0)7, (X) + [d,(£,0)7, (£)d& + T, (x,0). (90)
4). Uckmoyas v,(x) u3 (88) u (90) noiay4um UHTETpaIbHOE YPaBHEHHE
7,(0) = 900 + [H,(x,9)z,(£)d¢, (91)
rae H,(x,€), 9(x) - 3anaHHble QyHKIUH.
Ecmu
/H <1, (92)
TO ypaBHeHue (91) nMeeT eMMHCTBEHHOE pelieHue, riae H = max |H1(X, §)|
0<x, &<t

5). [loctpoum perrenus 3aaaun 4.1.1 B obmactu D3 MIPEJICTAaBUMOE B BUJIE

U0, Y) = W, (%, Y0, V)7, () + [A, (%, yim)e, (n)d + [1B,(x, y; )l (€) -

=W(X, ;€00 (&) +C, (X, ¥; E)w, () + E, (X, Y; Sy, (8)]dE,

rae A (X Y;8), B,(x,y;6), Ci(xy;8), E,(X,Y;&) - u3BecTHbIe (PyHKIMM, BBIPAXKAIOLIUECS UEPE3
koo unmenTs! ypaBaenus (78) u dyakmum w(X, y;&,7) , KOTOpasi ONpeneNseTcs: Kak peleHne

(93)

3aa4u:
Ly (w) =-w,, +(a,w),, +(0w),, - (C;w), - (d;w), +e;w=0, (&) €D, ={(£,7):x<£<0,0<n <y},

£ (94)
WX, ;&) ],y = 0w, (X, Y5 6,m) |-y = exp[ ]bg (s, y)dS} X<E<0, WX Y5Em) o= 6, (X, Vi),
rae 6,(x,y;n) — peuieHue ciaenyoneil HayalbHOH 3a1a4u:
w,, (X, y; X, 17) —[a, (X, m)W], +C;(X,)w=0,0<n <Yy, (95)

W(X’ y’ X’ 77) |77:O = O’ \Ivi] (X' y' X’ 77) |r]:0 = 1
ITpu BeinoIHEHUH yeaoBuit (79) pemenune 3aaaqn (94), (95) cyiecTByeT v € ITMHCTBEHHO.
6). Ucnonb3ys neppoe ycnosue (79) u yuutsiBas, uto W, (—(,,y;0,y) >0, u3 (4.1.32)

MOoJIy4YruM
7 (Y) = 7(Y)+ [Ha (v.m)z, (), (96)

rae H,(y,n), y(X) - u3BecTHbIe PYHKIUH.

7). OnpenenuB 7,(y) u3 (96), 0qHO3HAYHO HAXOAUM perieHue 3aaaun 4.1.1 B obmactu
D, mo dopmymne (93). Toraa n moxxno onpenenuts v,(y) =u,(0,y) .

8). Haiinem pemenue 3anauu 4.1.1 B oomactu D,. J{ns storo pemienne ypasuenus (90),

YAOBJIETBOPSIOLIEE YCIOBUAM
U.0,y) =v,(¥), u(t,y) = ,(¥),0< y <h, u(x,0) = 7,(x),0 < x <,
[IpencTtBanum B BUaE

u(x,Y) = =M, ymelndn+ [d K (x yi&mu(E mdn +T,(x,y), (97)
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rae M(x,y,n), K.(X,¥;&,7), T.(X,y) - n3BecTHbIE PYHKLUU.
9). Ucnonbsys ycnosuto U(0,y) =7,(y) u3 (97) nmosy4um UHTErpajibHOE YpaBHEHUE JUISI

w(y):
o(9)+ [M, Oy, = (y) + [4é K, 0,y: £ muté mdn,
oGpaicHie KOTOpOro HvEeT B o
o(y) = r(y)+jd§IKz(y.§,n)u(§.n>dn. (98)

10). Uckmouas w(y) u3 (98) u (97) oTHOCHTEIBHO U(X,Yy) MOIYYUM HHTEIPAIBHOEC
ypaBHeHue tuna Bonbreppa:

u(xY) =T 06 Y)+ [d[K (6 y:Emu(Emdn, (99)

rae K(x,y;&,m), T(X,y) - u3BecTHbIe (PYHKIIMH, KOTOPOE JAOIYCKACT SIUHCTBEHHOE PEIICHUE.
TakuMm oOpa3om, Joka3zaHa
Teopema 4.1.1. Eciu Boinonusitorest yeiaosus (79), (82), (83) u (92), o 3amgaya 4.1.1
MMEET €JMHCTBEHHOE PEILICHHE.
B pasgene 42 B oOmactu D, OrpaHMYEHHOW  OTpe3KaMH  IPSMBIX

x=0,y=-h, x=4,y=h, x==(,, y=0(h, h, ¢, £,>0), paccmorpum 3anauy conpsokeHns s

ypaBHEHU I
Lu)=u,-u,+au +du=0,(x,y)eD, (100)
L(u)=u,, +au,+bu, +cu +du +eu=0,(xy)eD, (101)
L,(u)=u,, +au, +bu, +cu, +du +eu=0,(xYy)eD, (102)
rae  a,d,b,c,e(i=13,j=23) - 3amaunbie ¢Qyokouu, a D, =DnN(x>0,y>0),

D,=Dn(x>0,y<0),D,=Dn(x<0,y>0).
B obmactu D ypasuenwust (100)-(102) MoxHO paccMaTpuBaTh Kak YpaBHEHHUS TPETHETO
nopsiika ¢ pa3pelBHBIMU Kod(hduimentamu. [lostomy Ha nmuHMSIX y=0 u X =0 morpedyem

BBITIOJTHCHHUA YCIIOBUA COHpSDKCHHfIZ

u(x,—0) =u(x,+0),u, (x,-0) =u, (x,+0),0< x </, (103)
u(-0,y) =u(+0,y),u,(-0,y) =u, (+0,y),0<y <h. (104)
OTHOCHUTETHHO KOI(D(DUIMEHTOB MpeIoaraeM clieayrolee:
a, €C**(D1),d, € C(D1),a, € C(D2) N C¥(D,), b, e C(D2) nC*?(D,).c, € C(D,) N C**(D,),
d, eC(D,) nC* N (D,),e, eC(D2), (105)
a, eC(Ds) nC*'(D,), b, eC(Ds) N C*?(D,),c, e C(Ds) nC**(D,), d, e C(Ds) nC**(D,),e, eC(Ds).
3agaya 4.2.1. B  oOnactu D  wHaiitm  dyHkmmo  U(X,Y) e C(B) N
N[C*(D,) uC*?*(D,)]NC*°(D,) (i = 2,3), ymosmeTBopsomyto ypaHenuii (100), (101) u
(102) B obmactsix D,,D, u D, cooTBeTcTBeHHO, ycnoBusM conpsokernit (103), (104) u kpaeBsM

YCIOBUAM
u(é, y) = ¢1(y)’u(_€1’ y) = (DZ(y),O < y < h! U(X,O) = l//l(x)’ Uy(X,O) = !//Z(X)’_gl X< 0' (106)
U(O, y) = )((Y),—hl sys 0, U(X,—hl) = l//3(X),0 <X<U4,
TIC ¢, (y) (i =12), v, () (j =13), (y) - 331aHHbIC QYHKLNH, IPHYEM

¢,(y) eC'[0,h],¢,(y) € C*[0,h],p, (x) € C'[-£,0](i =1,2), (107)

w,(x) €C'[0,4], x(y) € C*[-h,,0],
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'//1(0) = Z(O)’¢2 (O) = lrlll(_gl)’ ¥, (0) = Z'(O)’z(_hl) =V (O) (108)
st perienust 3amaun 4.2.1 BBeieM cieayromnme 0003HauYeHUs
u(x,—0) = u(x,+0) = 7,(x),u, (x,~0) = u, (x,+0) = v, (x),0 < x </, (109)
Uu(=0,y) =u(+0,y) = 7,(¥),u,(-0,y) =u,(+0,y) =v,(y).0< y<h, (110)
roe 7,v,(i = ZFZ) - [TOKa HEU3BECTHBIC (PYHKIUH.
Anroput™m perienus 3agaun 4.2.1 takas ke, kak u B 3ajnaye 4.1.1.
1). Meroiom nomydeHust COOTHOIIEHUH u3 obnacteilt D, u D, mexny GyHKkuuaMu z,(X)
u v,(X), IpH BBIIIOJIHEHUU YCIOBHS
vxe[0,/] Vye[-h,0]:a,(X Y)+ Yyc,(X,y) =0, (111)
IpUJIEM K HHTETpaIbHOMY ypaBHeHHI0 Dpenroabma BTOPOro poja Ha JUHUN Y =0

7,(x) = P (x) +jK(x,t)rl(t)dt, (112)

KOTOpasi UMEeT IMHCTBEHHOE pelleHHe, €CIIU
/K <1, (113)
rae K = max |[K(x,t)|, @ byakmun K(x,t) n W(X) BbIpakaioTcst qepe3 naHHbIC 3a1a4n 4.2.1.

0<x, t<r¢

2). AHanoruyHsIM 00pa3oM, MPU BBHIMOTHEHUN YCIOBUS
V(X, y) € D3 : b3(xr y) Z O! (114)
10JIy4UM HHTErpaabHoe ypaBHeHHe BonsTeppa Broporo poga X =0

7,(y) = ©(y)+ [K(y,m)z, (n)dn,

JOITyCKalolee eIWHCTBeHHOe pemeHue, rae K(y,n),®(y) - 3agadHble  (QYHKIHH,
BbIpaXkaroliyecs yepes JaHHble 3a1aun 4.2.1.

3). Onpenenus u3 (112), (114) ¢pynkuun 7,(y), 7,(y) COOTBETCTBEHHO, s U(X,Y)
OyzeM UMeTh HHTETpajbHOE yYpaBHEHHE TUTIa BobTeppa BToporo poaa

U Y) =T (xy) + A2 K6 y: e, mdn,

JOTTyCKalollee €IWHCTBEHHOe pemieHue. 3aech T(X,y), K(X,y;&,77) - u3BecTHbIe (GYHKIIHNH,

BhIpaXkaromuecs yepes JanHbie 3a1aun 4.2.1. Tem caMbIM 1aKka3bIBaeTCs
Teopema 4.2.1. Eciu Bemmonusitorest yenosust (105), (107), (108), (111), (113) u (114),
TO peuieHue 3a1aun 4.2.1 cymecTByeT U eIMHCTBEHHO.

B pasnene 4.3 B obnactu D, orpanmdenHoit orpeskamu mpsameix X =0, y=-h,,
X=f, y= h, X:—Kl, y:O (¢,0,,h,h; >0) paccmarpuBaeTcss KpaeBas 3ajada Ul

CMCIIIaHHOT'O napa6ono-rI/Inep6oaneCK0ro YpaBHCHUA C ABYMS JIMHUAMHA U3MCHCHUA TUIIA

L(u)=u, —u,=0, (x,y)eD, (115)
L, (u) =u,, +b,(x, y)u,, +d(x,y)u, =0, (x,y) € D,, (116)
L, (u)=u,, +b,(x,y)u,, +c(x,y)u, =0, (x,y) € D, (117)

rie b(i=12),d,c - 3amannbie ¢ynkumu, a D, =Dn(x>0,y>0), D,=Dn(x>0,y<0),
D,=Dn(x<0,y>0).

Banaua 4.3.1. Haiumu @yuxyuio u(x,y) eCl(ﬁ)m[c“l(Dl)uCM(Dz)uC“Z(Dg)],
u,, €C(D,), yoosremeopsiowyio ypasuenusm (115), (116) u (117) 6 obracmsax D,, D, u D,
COOMBEMCMBEHHO, KDACEIM Y CIIOBUAM
U=y, y) =@ (y), ult,y) =@, (y), 0<y<h, u(0,y)= x(y),
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0,(0,Y) = 7,(y), ~h, <Y <0, u(x0) =y, (X), U, (x0) =, (X), —, <X<0
U YCNOBUAM CONPAINCEHUS

u(x,~0) =u(x,+0), u, (x,~0) =u (x,+0), 0<x <7,

u(-0,y)=u(+0,y), u,(-0,y) =u,(+0,y), 0<y<h
eoe oY), x(Y), w,(X)(i=12) - 3a0annvie enaokue ¢ynxyuu, npuiem

¢,(y) € C*[0,h],¢,(y) € C'[0,h], x(y) € C'[-h,,0], y; (x) € C'[¢,,0](i =1,2),
?.(0) =y, (=£1), v1(0) = 7:(0), v, (0) = (0), wi(0) = ,(0), w2 (0) = 2 (0).
Jloka3aTeabCTBO TEOPEMBI CYIISCTBOBAHUS M €IMHCTBEHHOCTH peuieHus 3amada 4.3.1

YCTaHABIIMBAETCS METOJOM, U3JI0KEHHOU B pazaeine 4.1.1.

BriBoabI

B nuccepranmm copMynupoOBaHbI M UCCIIECAOBAHBI JIOKATBHBIE M HEJIOKAIBHBIC KPAeBhIC
3ajjaud U1 YPAaBHEHMH CMEIIaHHOrO MapaloJo-TurnepOoJuYecKuX YpPaBHEHUH TpPEThEro
HOPsIIKA C OJJHOM U IBYMsI JINHUSMHM U3MEHEHHUsI THIIA.

OTnMuMUTENbHON 4YepTON HEJIOKAIbHBIX 3a7ad 3aKI4YaeTcss B TOM, HEJIOKAJIbHbIC
YCJIOBHUS 3aJaud COJAEPKAT HMHTErPalbHbIC YJICHBI, XAPAKTEPU3UPYIOLIUE OIPEICICHHbBIC
YCPEAHEHHBIEC BEJIMYUHBI.

HpI/I peICHUHN 3aaa4 HCIIOJIb30BaHbI MCTO/bI ITOHWXKCHUA IMOPsAAKaA ypaBHeHHﬁ, METO
CONPSKCHHBIX 3aa4, MCTOA PECAYKIIMU K HHTCIPAJIbHBIM YPABHCHUAM, IMPUHIMUIT CXKUMAIOIINUX
OTO6pa)KeHHI>'I 1 MCTO/J IOCJICAO0BATCIBHBIX HpPI6J'IPI)KeHPII>i.

Haitnenbl nmoctatoyHble YCIOBHS CYIIECTBOBAHUS W E€AUHCTBEHHOCTH PEIICHUMN
JIOKAJIbHBIX W HEJOKaJbHBIX 3aj]a4 Uil YPaBHEHUN CMENIAHHOTO Mapadoiio-TUNepOOInYecKuX
YpaBHEHUH TPETHETO MOPSIKA.

HOJ'IyLIeHBI MMPpEACTAaBJICHUA PCHICHUSA 3a/1a41 BO BCEX PACCMATPUBACMBIX oOacTsx. HpI/I
MOJIYYCHHHU PE3YJIbTATOB 110 HCJIOKAJIBbHBIM 3aJadaM H3-3a HAJIWYWA HWHTCTPAJIbHBIX yCJ'IOBI/If/'I
TPAAUIIUOHHLBIC TIOAXOAbI BUIONU3MCHCHBI.

Pe3yJ'IBTaTBI Auccepranuu, CBA3AHHBIC C HCCICAOBAHWEM 3adadyu CKJICUBaHUU JJIA
Hapa6OJ'II/ILIeCKI/IX nu rHHep6OHI/IquKI/IX ypaBHeHI/Iﬁ TPETHETO IOpdaKa, MOryT OBITh
HCIIOJIB30BAHbI AJId PAa3sBUTHUA TCOPHUU KPACBBIX 3aday ypaBHeHI/Iﬁ B YAaCTHBIX ITPOHU3BOJHBIX
BTOpPOTI'O, TPETHETO, YETBECPTOI'O U 0oJlee BBICOKOTO MOpAIKOB, @ TAKXKC IPHU MOJACIIMPOBAHUU
SIBIICHUN W MponecCcoB, MPOTCKAOIMMUX B HCOAHOPOJIHBIX M KYCOYHO-OJHOPOAHBIX Cpelaax
Cpa3JInYHbIMU (I)I/I3I/IKO-XI/IMI/IquKI/IMI/I XapaKTCPUCTUKAMU.

18



Cnucok ony0JMKOBAHHBIX padoT

1. ApxkabaeB, H.K. HenokanpHas 3a7a4a ¢ MHTErpaIbHBIM YCIOBHEM ISl JIMHEWHOTO
YpaBHEHUS B YACTHBIX MTPOU3BOIHBIX TpeThero nopsiaka [Tekcr] / A. Conyes, H.K. Apkabaes //
Bectuuk KPCVY. Tom 10, Ne9. — 2010. — C. 150-153.

2. Apxabaes, H.K. KpaeBpble 3agaun mjisi CMEIIaHHOTO Mapabo0JIo-THIEPOOTHIECKOTO
YpaBHEHUS TPETHETO MOpsiaKa ¢ AByMs JMHUsAMH u3MeHeHus tumna [Tekcr] / A. Comyes,
H.K. Apka6aes // Becthuk KHY. Cnen. o, — 2011. — C. 136-138.

3. Apxkabaes, H.K. 3amauu compspkeHHS A1 JTUHEHHBIX TICEBIONApa0OIUISCKIX
ypaBHeHul TpeThero mopsaka [Tekcr] / A. ComyeB, H.K. ApkabaeB // Becrauk TI'Y.
Maremaruka u mexanuka. — 2013. — Nel. C. — 16-23.

4. ApkabaeB, H.K. 3amaua compspkeHus i ypaBHEHHH TPEThErO TMOPSIKAa C
uHTerpanbabpiMu  yenoBusimu  [Teker] / H.K. ApkxaGaes // HcciemoBaHusi MO HHTETPO-
muddepeHManbHbIM ypaBHeHUAM. Boimyck. 47 — bumkek: Mnum, 2014 — C. 142-146.

5. ApxabaeB, H.K. KpaeBble 3amaum 11 ypaBHEHHS TPETHEro TMOpPSAKa C
unTerpanbHbiMu yenoBusimu [ Teker] / H.K. ApkaGaeB // Bectauk Oml'Y. Cepus ecTecTB. HayK.
Cuerr. Boi. — 2014, Ne3, 5 uzg. — C. 22-27.

6. ApkabaeB, H.K. KpaeBas 3amaua a1 CMeENIaHHO-TICEBAONAPa0OTINYECKUX
ypaBHeHUU ¢ AByMs juHHsAMH m3MeHenws tuma [Tekcr] / H.K. Apkabaes // IlpuBomkckwii
HayuyHbIl BecTHUK (PD), 2016, N5 (57) — C. 15-21.

7. ApxkaOaes, H.K. EnuHcTBEHHOCTD pelleHMsl 3aJaul CONPSDKEHUS 1JIs YpaBHEHUN B
YacTHBIX MpPOM3BOAHBIX TpeThero mopsiaka [Tekcr] / H.K. ApkabGaeB // EcrtectBennbie u
MaTemaTuuyeckue Hayku B coBpeMeHHOM Mupe Cu0AK, «Coopnuk crareit nmo marepuaiam XLIT
MEXIYHApOAHBIN HayYHO-TIpakTHuecKoil koHdepeHun» (PD), 2016, No5 (40) — C. 74-79.

8. ApxabaeB, H.K. O xpaeBoii 3amaye Ui MCeBAONAPAOOTMYECKUX YpaBHEHHU C
xapakrepuctukoi nuHueil ckneuBanus / H.K. ApkabaeB // BectHuk Kaman-AGanckoro
rocyaapcTBeHHoro yuuepcutera. Crerr. Boi. — 2016, Nel (32). — C. 73-77.

9. Arkabaev, N.K. Conjugation problem for the third-order equation with integral
conditions [Tekcr] / N.K. Arkabaev // Abstract book. Issyk-Kul International Mathematical
Forum, Bozteri, Kyrgyzctan, 5-7 June, 2015. — P. — 56.

10. Arkabaev, N.K. Problems of interface for linear pseudo-parabolic equations of the

third order [Texct] / A. Sopuev, N.K. Arkabaev // Book of Abstracts. The 4" congress of the
TWMS. Baku, Azerbaijan, 1-3 Jule, 2011.- P. 276.

11. Arkabaev, N.K. Boundary value problems for third order equation with integral
boundary conditions. [Texct] / A. Sopuev, N.K. Arkabaev // Abstract book. V Congress of the
Turkic world mathematicians, 5-7 June, Issyk-Kul Aurora, 2014. — P.-136.

19



ApkadaeB HypkacbiM Kbliib140eKOBHYTHH «YUYHUY TAPTUIITErH apaJiai napadoJia-
runepooJaIbIK THITErH TeHAeMeJIep YUYH JOKAIBIK KaHa JOKAJIBIK YMeC YeKTHK
maceJiesep» aered temaaarsl 01.01.02 — «Iud depenunanabik TeHaemenep,
AUHAMHKAJIBIK CHCTEMAJIAP KaHA ONTUMAJIIbIK 0AlIKAPYY» aAUCTUTH 000HYa PU3NKA-
MATeMaTHKAa WINMIEPUHUH KAHAUAATHI OKYMYIITYYJIYK J1apakKachblH U3IEHUII aJ1yy Y4YH
JKA3bLITAH TUCCEPTANUACHIHBIH

PE3IOMECH

AUKBIY CO30P: JTOKAIJIBIK Macelesnep, JOKAIIBIK IMEC Maceelnep, )KaJIralTeIpyy
Macenenepu, napabojaiblK TeHaeMenaep, TUMEPOONANIBIK TeHaemenep, HHTETPaIbIK
TEHIEMEEP, YCUUMINH KaJTbI3IbITbl, YSUUM/IMH >KaIallbl.

N3nanee o0bexkTH: TubuH ©3ropTyydy OUp jkaHa KU ChI3bIKKA 33 OOJITOH YUYHUY
TApPTUOTETH MapadoIablK XKaHa TUIEPOOIABIK TEHIAEMENep YUYH JIOKAIIBIK KaHa JIOKAJIBIK
IMEC Macelelep KaHa JKaJITrallThIPyy MaceJeIepu.

N3uianee mnpeaMeTH: ydyHUYYy TapTHNTETH MapaboNialibIK jKaHa THUIEPOOJIAIBIK
TEHJEMEJIEp YYYH JIOKAJIJBIK >KaHa JIOKAJJbIK 3MEC MaceleliepAuH jKaHa JKaJITallThIPyy
MAacCeJIEeCUHUH KOPPEKTTYYIYTY.

N3u166HYH MaKCAThI: YYyHUY TapTUITETH NapaOoJiajiblK JKaHa THIIEPOOJIABIK
TEHAEMeNep YYyH JOKaNJbIK JKaHa JIOKAJAbIK JMeC MacelelepanH, OUIOHJIOW e
JKUITAIITHIPYY MACEJIECUHUH YEYMMHWHUH KaIlalllbl )KaHa KAJITbI3AbITbl TEOPEMAIIAPBIH
JATUIIIO0.

H3uagee ycyaaapbl: M3WIIEO yYypyHIa TEHIEMEGHHH TapTHOWH TOMOHIOTYY
METOAYy, TYWUYHIOII Macejelep METOAY, UHTETPALABIK TEHAEMENEPre peayKIUsIoO
METOAY, KBICHIIl YarbUIABIPYy MPUHIMOM, YyJaanall >KaKbIHAAMTHIPYY METOIY
HaigaJaHbUIIbL.

N3un1060HYH HIIMMHI AKAHBIYBLIABITBI (KAHA TEOPUAIBIK MAaAHUIYYJIYTY:

e YuyHUuy TapTUNTErd Mapabojaliblk >KaHa TUNepOoyaiblK TEHIEMENep Y4YH
MHTETPAJIBIK MYYeJepay KapMmamn TypraH JIOKaJJbIK 3MEC HIapThl 0ap YEKTUK
MaceeNepAnH YeUYMMAEPUHNH JKallallbIHbIH JKaHA >KaJTbI3AbITBIHBIH KETHILTYY
HIapTTapbl TaObUIIbI;

e Dcellyy 5MeCc MYHO3/1eMeslepre 953 OOJroH Y4YYHUY TApTUNTErHM YEKTHK
MaceleNneparH YeUUMIEPUHIH KOpYHYIY aJIbIH/IbI,

e TunTtu e3repTyydy OMp MYHE3IOMOIYK CBI3BIKKA 33 OONTOH Y4yHUY TapTHIITETH
napaboJaablK )kaHa TMIepOoIablK TEHAEMeNep YUYH JOKAIABIK JKaHa JIOKAJIIbIK
AMEC KANTaTHIPYy MacelleJIepUHUH YeKUMACPUHUH JKalllalllbl KaHa >KaarbI3IbITbI
TeopeMasapbl JaJuJICHH;

e Tuntu e3reTyydyy KM MYHO3AOMOIYK CBI3BIKKA 33 OOJTOH YUYHUY TapTHIITErH
apanam napa0osa-runepOoIanbIK TEHAEMENep YUYH YK apaliblk MaceselepUHUH
YeKUMJCPUHHUH Kallalllbl )KaHa KaJITbI3AbITbl TEOpEeMaapbl JATUIICH IH.
ATBIHTAaH TEOPUSUIBIK JKBIMBIHTBIKTAp JXEKeue TYYHIYJIyy YYYHYY TapTUITErH

apajanl TUIITErH TeHJIeMeJIepInH TEOPUSCHIH/IA dKAHBUIBIK OOy SCENTENeT.

N3nianeeHyH MNpaKTHKAJBIK MaaHMCH. YeuuMIu Typry3yyHyH HIITEIIUI
YBITBIITaH AITOPUTMUH KAJITAIITHIPYy Maceserepy MeHeH OalIaHbIIIKaH MPaKTHKAIbIK
MaceJeNepin 4Yeuyy yuypyHaarsl KoJAoHyIylTapia naigaianyyra 0osor.
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PE3IOME

auccepranuu Apkadaesa Hypkacoiva Kpuiblu6ekoBuua Ha Temy: «JIokajibHBIE U
HeJIOKAJIbHBbIE KPaeBble 3a/1a4H /1J1sl YypABHEHUI CMeNIaHHOTO NapadoJio-
rUnepooJIMYecKoro THNA TPEeThero MOpsiIKa) HA COMCKAHUE YUEHO# CTeleH: KaHIu/1aTa
Ppuszuko-maremaTuyeckux Hayk nmo crnenuajabHocT 01.01.02 — «/Indpdpepennuaibubie
YPABHEHHUS, JUHAMUYECKHE CHCTEMbI H ONTHUMAJILHOE YIIPABJICHH )

KiroueBbie cjioBa: JOKajdbHBIC 3a/aud, HEJIOKAJIbHBIC 3a7a4M, 3a/la4yd CKJICHBAHUS,
napaboJMYeckoe ypaBHEHHE, THUIEPOOINUYECKOe YypaBHEHUE, HHTErpajbHOE YypaBHEHUE,
€IMHCTBEHHOCTD PEIICHHUS, CYILIECCTBOBAHUE PEILICHHUS.

OO0beKT ucciie0BaHUA: JIOKAIIbHBIC U HEJIOKAJIBbHBIC 337]a4M, U 3a/1a4d CKJICUBAHUS JJIs
napaboJMYecKuX U TUIEePOOTMUECKUX YPAaBHEHUN TPETHET0 MOPSIKA C OJJHOU U ABYMS JIMHUSMU
W3MEHEHUS TUTIA.

HpeJIMeT HCCICA0BAHUA: KOPPCKTHOCTD JIOKAJIBbHBIX W HCJIOKAJBbHBIX 3aAad, W 3ada4u
CKJICMBaHMI JJIA Hapa6OJ'II/ILICCKI/IX u FI/IHep6OJIPI‘leCKI/IX ypaBHeHI/Iﬁ TPCTHEI'O MOpAAKa.

Leab ucciaenoBaHus: JOKA3aTEIbCTBO TEOPEMBI CYIECTBOBAHHUS U €IWHCTBEHHOCTU
JIOKaJIbHBIX U HEJIOKAIBHBIX 33J1a4, a TAKXKE 3a7a4M CKICHUBAHUN JIJISl TICEBIONApa00IMUEeCKUX U
TUNEepOOTUYECKIX yPaBHEHUN TPEThEro mopsaKa.

METOIIBI HCCICI0BAHUA: [IPU HMCCICIOBAHUU OBUIM HCITOJIB30BaHbI MECTOA INOHMKCHUA
nopsiika YypaBHCHHA, METOJ COIIPSOKCHHBIX 3aJdad, MCETOH PCAYKIUHW K HWHTCIPAIbHBIM
YPaBHCHUAM, IIPUHIUAII C)KATBIX OTO6pa)KeHI/II‘/'I, MECTO IMOCJICA0BATCIBbHBIX HpI/I6J'II/I)KeHI/II7L

Hay4ynast HOBU3HA H TeOpeTHYeCKas 3HAYUMOCTb HCCIEOBAHUSA:

e HalineHsl 10CTaTOYHBIC YCIOBUS CYLIECTBOBAHMS U €IMHCTBEHHOCTH PEIICHUN KPAaEBBIX
3a7a4 Juid 1apa0ojM4ecKMX M THIepOOIMYEecKUX YpaBHEHHH TPEThEro mopsijika ¢
HEJIOKAJIbHBIMU YCIOBUAMU, COAEPIKAIINE UHTETPAIbHBIEC YICHBI,

e [lomydeHsl npeACTaBIEHUS PELICHUN KpaeBbIX 3aJau JUisl TUIEpOOINYECKIX ypaBHEHUMN
TPETHErO MOPSAKA C HEKPATHBIMM XapaKTePUCTUKAMU;

e JloKa3aHbl TEOPEMBbI CYIIECTBOBAaHUSA U EIUHCTBEHHOCTU pEIICHHUN JIOKAJIbHBIX U
HEJIOKAJIbHBIX 33/1a4 CKJIEUBAaHMS JUIsl TapaboIMuecKoro 1 runepOooInyeckoro ypaBHeHU!
THUIIA TPETHErO MOPSIKA C OJJHON XapaKTEpUCTUUECKON TUHUEN U3MEHEHUS TUIIA;

e Jloka3aHbI TEOPEMBI CYIIECTBOBAaHUSA M E€IMHCTBEHHOCTH PEIICHUN KPAaeBBIX 3ajad Ul
CMEIIaHHbIX Mapaboso-TUNEPOOINYECKUX YpPAaBHEHHUH TPEThEro mopsAiKa C JBYyMs
XapaKTepUCTUYECKUMHU JIMHUSAMUA U3MEHEHUs TUIIA.

ITonmy4yeHHBIE TEOPETUYECKHUE pE3YyJbTaThl SBISAIOTCS HOBBIMM B TEOPUHM YpPaBHEHUU
CMELIaHHOTO THUIIA JJI1 YPABHEHUHN B YACTHBIX IIPOU3BOAHBIX TPETHETO MOPSAIKA.

IIpakTHyeckoe 3HayeHHe HCCJIeAOBaHUsA. Pa3paboTaHHBIN aIrOpuUTM IMOCTPOEHUS
pelieHnss MOKeT ObITh HCIOJb30BaH B MPUJIOKEHUSX MPHU PEIICHUU NMPaKTUYECKUX 3ajad,
CBSI3aHHBIX C 337layaMM COTIPSKEHUSI.
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SUMMARY

Dissertation: «Local and nonlocal boundary value problem for equations of mixed
parabola-hyperbolic equations third order» of Arkabaev Nurkasym
Kylychbekovich is submitted for the scientific degree of candidate of physical-
mathematical sciences, speciality 01.01.02 — «Differential equations, dynamical
systems and optimal control»

Keywords: local tasks tasks, tasks, nonlocal bonding, parabolic, hyperbolic
equation equation, integral equation, the uniqueness of the solution, the existence of a
solution.

The object of the research: local and nonlocal tasks and objectives for gluing of
parabolic and hyperbolic equations of third order with one and two lines of type changes.

Subject of research: the correctness of local and non-local tasks and objectives of
providing for parabolic and hyperbolic equations of third order.

The purpose of the study: to proof of the existence of local and non-local tasks, as
well as providing for psevdoparabolicheskih and third order hyperbolic equations.

Research methods: in the study were used the method of lowering the order of the
equation, the method of conjugate reduction method for tasks to integral equations,
principle of compressed mapping method of successive approximations.

Scientific novelty and theoretical significance of research:

e Sufficient conditions of existence and uniqueness of solutions of boundary value problems
for parabolic and hyperbolic equations of third order with nonlocal terms containing
integral members ware found;

e Received the submission of solutions to boundary value problems for third order
hyperbolic equations with nekratnymi characteristics;

e Existence and Uniqueness theorems of solutions for local and non-local tasks bonding for
parabolic and hyperbolic equations of the third order with one characteristic line type
changes are proved,;

e Theorems of existence and uniqueness of solutions of boundary problems for mixed
parabolo-third order hyperbolic equations with two characteristic lines change type are
proved.

Received theoretical the results of the are new in the theory of equations of mixed
type for partial differential equations the third order.

Practical value of the study. The algorithm can be used to build the solution in
applications when solving practical tasks associated with taskspairing.
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