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AKTYAJBLHOCTh _TeMbl. MaTreMaTH4eckoe MOJAEIMPOBAHUE HEKOTOPBIX 3a1ad
IPUKJIAJTHOTO XapaKTepa, BOZHUKAIOIIUX IPU UCCIIET0BAaHUH IPOLECCOB (PUIBTPALIUU
KUJKOCTH B TPELIMHOBATO-IIOPUCTBIX CPENaX, JBM)KCHMS IOA3EMHBIX BOJ CO CBO-
00HOM MOBEPXHOCTHIO B MHOTOCJIOMHBIX CpellaX, IBUKEHUS TIOUBEHHOM BJaru U sB-
JEHUH Ter1ooOMeHa B CMEIIAHHOM cpejie, NPUBOJUTCS K UCCIEIOBAHUIO IMPSMBIX,
OOpaTHBIX U HEJOKAJIbHBIX 3a/1ay AJIs [ICEBIONAPA00INUECKUX YPABHEHUN TPETHETO
nopsiJIKa.

B monorpadpun A.®. YUynHOBCKOTO NpU U3YYEHHUU OCHOBHBIX 3aKOHOMEPHO-
CTeW JBMKEHMsI MOYBEHHOW BJIarM HCIIOJB3YETCS MOIU(PUIIMPOBAHHOE ypaBHEHHE
auddys3un (ypaBHeHHE Ajiepa)

2
W _ 2 [y )W, A2W |
ot 0X oX ot ox

rae W — BJIQXKHOCTh, X — IlTyOuHa, t — Bpemsi, D(W )= KS_VI\V/ — k03 dunment aud-

¢y3uBHOCTH, K — KO3((PULKEHT BIArONpoOBOAHOCTH, i — MOTEHIMAI BIa)KHOCTH, A
— BapbUpyeMbIil KOO PUIIUEHT.

KpaeBble 3aiauun a1 nceBaonapadoIndecKux YpaBHEHHUM HCCIIEIOBAHbI B pa-
oorax D. Colton, A.M. Haxymesa, A.1. KoxanoBa, M.C. Canaxutaunosa, T.JI.
IxypaeBa, M.X. IlIxanykoBa, B.1. XKeramosa, E.A. Ytkunoii, M.H. Muponosa,
K.I'. Koxxo6ekosa, H.C. [ToroBa, B.A. BogaxoBo# u apyrux.

OOpatHble 3a7a4u IS TICEBOMAPA0OTINYECKUX YPABHEHUM TPETHETO MOpsIKa
paccmotpenbl B padotax b.C. AbnmabGekora, J. AtamanoBa, M.III. MamatrocynoBa u
TPYTHX.

OmHUM U3 BaXKHBIX pa3/iesIoB TEOPUU YPABHEHUN B YACTHBIX MPOU3BOJIHBIX SIB-
JSieTCs MOCTAaHOBKA M MCCIIEJOBAaHUE KOPPEKTHBIX KPAEBBIX 3ajay JJI BBIPOXKIAIO-
HIMXCs MapabOJIMYECKUX YPABHEHHUI BTOPOTO, TPETHETO U BHICOKOTO MOPSIKOB.

KpaeBble 3aaun 17151 BEIPOXKAAIOUIMXCS MAPA0OIMYECKUX YPABHEHHUI BTOPOTO
nopsiika paccMoTpeHbl B padotax M. Gevrey, O. Arena, C.D. Pagani, G. Talenti,
I'.H. Cmupnosoii, FO.I1. I'opskoBa. [lapaGonuueckue ypaBHEHUSI BTOPOTO MOPSIKA C
CUHTYJISIpHBIMU KO3 duiinenTamu uzyueHsl B paborax S. Kepinski, 1.E. Eroposa, V.
Alexiades u apyrux.

OpHako HaYambHO-KpaeBbIe 3a7a4d JUIsl BBIPOXKIAIOIIUXCSA MapabOoIMIecKuX
YpPaBHEHUI TPETHETO MOPSAIKA MO UCCIICIOBAHBI.

B mactosmelt pabore wW3y4aroTcs KpaeBbI€ 3aadd IS BBIPOXKTAFOIITHXCS
rceBonapaboIMuYecKuX YpaBHEHUN TPETHEro MOpsAKa U 3aJaud CONPSDKEHUS IS
JUHEWHBIX U HEJIMHEHHBIX TMCEeBAONapabOINYECKUX YpaBHEHUN TPETHEro MopsjiKa ¢
Pa3IMYHBIMU XapaKTEPUCTUKAMU, YTO U 0OYCIIOBIIMBAET aAKTYyaJIbHOCTh PaOOTHI.

CBsi3b_TeMbl JNCCEPTALMU C TOCYIAPCTBEHHBLIMHU nNporpammamu. PabGota
BBITIOJTHEHA B paMKax mpoekTa MHcTuTyTa QyHIaMeHTaIbHBIX U IPUKIIAIHBIX UCCIIe-
noBaHui Ouickoro rocynapcrseHHoro yausepcurera MOuH KP o teme: «M3yuenne
MaTe€MaTUYECKUX MOJAENEH TUAPOAIPOJUHAMUKH, XUMUYECKOW KHUHETHKH, TEIIO-

MaccooOMeHa M JApYyrux sABJIeHUM npupons», Ne roc. perucrpamuu 0005721,
20.04.2012.




Ileab W 321241 HCCJIEIOBAHUSA.

— JlokazaTh CyIIECTBOBAHME M €IMHCTBEHHOCTHb DPEIICHHs KPACBOW 3a1ayu
Vi1 TICEBAONApa0OJIMYECKOT0 YpPaBHEHUS TPEThEro MOpsiAKa C CUHTYJSIPHBIM
Kod(ppuueHTom;

— mnoctpouth GyHKuMM ['puHa I 1MceBaONapadOIMYEecKOro ypaBHEHUS
TPETHhETo MOPSAKA C CHUHTYISPHBIM Kod(dduinentom. M3yunTs cBONWCTBA TEIIOBBIX
MMOTEHIIMAJIOB JIBOMHOTO CJIOS;

— TIOCTPOUTH 51 U3y4UTh CBONCTBA byHKIIIH I'puna s
IICEBAONApa00INYECKOTO YPaBHEHUS TPETHEro MOPSAKA, BBIPOKAAIOIIEIOCS IpU
X =0. [TomyunTs npeacTaBieHus pemienus yepes GpyHkuuu ['puna;

— TIOCTPOUTH pELIEHUs KpaeBbIX 3aJad Uil  [CEBIONapadOINYEeCKUX
YPaBHEHUH TPETHETO MOPSAJIKA C PA3TUIHBIMHU JEHCTBUTEIBHBIMU XAPAKTEPUCTUKAMU,
KOI/Ia yCJIOBUA comlpsbkeHus 3afgatorcss Ha jguHun Y =0. IloctpouTs U M3y4uTh

cBoiicTBa (yHKIMM Pumana nans nceBgonapaboNMYecKUX YpPaBHEHUN TPETHETO
MOPSI/IKA;

— YCTaHOBUTH JOCTATOYHBIE YCIOBUS OJHO3HAYHOM pa3pelIMMOCTH HEJO-
KAJIbHBIX  3aJad  C  MWHTErpajbHbIMM  YCIOBHSAMHM  JJIA  HEJIMHEWHBIX
MCeBIONapadOIMUYECKUX YPAaBHEHUM TpPETbEero mnopsaka. PaccMOTpeTh pasiinyHbie
BAPUAHTHI BXOXKJACHUS MHTETPAIbHBIX YWICHOB B HEJIOKAJIbHBIE YCIOBHS 3aa4H.

Metoauka uccjenoBaHus. [lpy mMoCTpoeHWHM TPENCTaBICHUS PEUICHUI
YPaBHEHHI HMCIOJIB30BAH METOJ MOHWKEHUS MOPSAIKA YPABHEHUS, METOJ TEIJIOBBIX
MOTeHIMaNIOB U Meton ¢GyHkiuu Pumana. [{ns mokasareinbCTBa CyIIECTBOBAHUS U
€IUHCTBEHHOCTH PELICHUA MPUMEHEH METOJ PEAYKLIHMH KPaeBbIX 3aJa4 K PELICHUIO
MHTETPAIBbHBIX YpaBHEeHUHN Tuia Opearoabma win Boapreppa U UX CUCTEM, a TAKXKE
MPUHITUTT CHKAThIX OTOOPAKEHUN U METOJ] TIOCJIEIOBATEIbHBIX MPUOINKEHUH.

HayuHasi HOBU3HA OJYYEHHBIX Pe3YJabTATOB. OCHOBHBIEC HAYYHBIE PE3YJIb-

TaTbI:

1. Jloka3aTenbCTBO CYIIECTBOBAHUS U €IMHCTBEHHOCTH PEIICHMs KpaeBOH 3a-
Ja4u ISl TICEBIONApadOoIMueCKOr0 YpPaBHEHHS C CHUHTYJISIPHBIM KOA((PHUIIMEHTOM.
BriBonx Gopmysibl CKaukoB ISl TEIUJIOBBIX IMOTEHIMAJIOB M TOCTPOCHUE (PYHKIIMU
I'puHa.

2. lTlomydeHue mpeacTaBICHUs PEIICHUs TICEBIONapad0IMUYeCKOro ypaBHEHUs
TpeTbero TmopsaKa, BeIpoxkaatomerocss npu X=0 uepe3 ¢dyuknuu I['punHa.
Jloka3aTenbCTBO CYIIECTBOBAHUS UM €IMHCTBEHHOCTHU PEIICHUSA KPAEBBIX 3aaad s
nceBnonapadoIMuecKuX YpaBHEHUN TPEThEro NopsaKka ¢ TuHueH conpspkenus X =0.

3. Jloka3aTenbCTBO OJIHO3HAYHOM Pa3pemMMOCTH KpaeBbIX 3adad IS
MCeBMONapaboIMUeCKNX  ypaBHEHUH  TPEThEro  TOpsA/Ka € Pa3IUYHBIMH
JIEUCTBUTEIBLHBIMH XapaKkTepuCcTHKaMu ¢ Juauer conpspkerus Y =0. [loctpoenue u

JI0Ka3aTeNbCTBO CBOMCTB GyHKIMKM PrMaHa Ji71si iceBaonapaboinyecKuX ypaBHEHHM
TPETHEro MOPsI/IKa C MIIAIIIMMU YICHAMHU.

4. HaxoxJeHue JOCTaTOYHBIX YCIOBUN OJHO3HAYHOM pPa3peliruMOCTH HEJo-
KalbHBIX  337a4 C  MHTErpajbHbIMM  YCIOBUSIMH  JJIi  HEJMHEHHBIX



nceBnonapaboIMIecKuX ypaBHEHUN TpPEThero mopsaka. McciaemoBaHue pa3iudHBIX
BAPUAHTOB BXOXKJICHUs UHTETPAJIbHBIX YWICHOB B HEJIOKAJIbHBIE YCIOBHUS 3a/1a4H.

Teopernyeckass M NpaKTHYeCcKass 3HAYMMOCTDH MOJYYECHHBIX Pe3YIbTATOB.
ITonydyeHHbIE pe3ynbpTaThl, CBA3aHHBIE C MCCICAOBAHUEM KPACBBIX 3a7ay U 33Ja4u
COMPSDKEHUS I TICEBIONAapa0OIMYeCKUX YpPaBHEHUUM TPEThETrO MOPSIKa, BHECYT
OIIPEACIICHHBIM BKJIAJl B Pa3BUTHUE TEOPUM KPACBBIX 3aJ1ady ypPaBHEHUU B YaCTHBIX
POU3BOJIHBIX BTOPOT0, TPETHET0, YETBEPTOTO U 00Jiee BHICOKOTO MOPSJIKOB, a TAKKe
B MOJICTTUPOBAHUE SBJICHUN TEIJIOOOMEHAa B CMEUIAHHOW Cpele, MEXAaHUYECKUX U
ANEKTPUYECKUX SBJICHUA B PA3HOPOIHBIX CPEax C PE3KO OTIMYAIOMUMHUCS (pr3nde-
CKHMH CBOMCTBaMH, a TAKXKE B MCCJICIOBAHME 3a7a4d HEYCTaHOBUBIIEHCS (PrtbTpa-
M1 B TPEIIMHOBATHIX MOPOJIAX U MPOILECCOB, MPOTEKAOIIMX B HEOJHOPOIHBIX U KY-
COYHO-OJTHOPOJIHBIX Cpe/ax.

OcCHOBHBIE 110J103K€HHS], BLIHOCHMMbIE HA 3aILUTY:

— JI0Ka3aTeJIbCTBO CYLIECTBOBAHUS M €IMHCTBEHHOCTH KpPaeBOW 3a1adu IS
NICEBA0NapaboIMYECKOT0 YPaBHEHUS C CUHTYJISIpHBIM KO3 unrentom. Jlokazaremnb-
CTBO (hOpMyJIbl CKAUKOB JIJIsl TETUIOBBIX MOTEHIIMATIOB U MOCTpoeHue PpyHkiuu ['puna;

— JIOKa3aTeJIbCTBO CYILIECTBOBAHHUS W €IMHCTBEHHOCTH PEIICHHS KpPaeBBIX
3a7ay IS [ICEBIONApabOIMYECKUX YpPaBHEHUN TPEThEro IMOpsAKa C JIMHHEH
conpsbkenus X =0. [lonyuyeHue mpeactaBiaeHusi pelieHus NCeBIONapadoIMuecKoro
YpaBHEHUS TPETHET0 MOPSAKA, BeIpokaatomerocsa npu X =0 udepes pynkuuu ['puna.

— JI0OKa3aTeJIbCTBO CYIIECTBOBAHMS JOCTATOYHBIX YCIOBUM PpPa3pelIuMOCTH
KpaeBbIX 3a7ad JUid TICEeBIONMapabOIMUYeCKUX YpaBHEHUW TPETHETO TMOPsSAKa C
Pa3ITUYHBIMU JIEUCTBUTEIBHBIMU XapaKTEPUCTUKAMU C JUHHUEH comnpsbkenus Y =0.

[locTtpoeHne u BBIBOJ CBOMCTB (yHKUMH Pumana s mnceBmonapaboIMdecKux
YPaBHEHHUH TPETHETO MOPSAAKA C MIAAIIAMU YWICHAMH,

— OTBICKAHME JOCTATOYHBIX YCJIOBHM OJHO3HAYHOW Pa3pEIIMMOCTH HEJIO-
KWIbHBIX ~ 3aJad  C  HUHTETPaJIbHBIMU  YCIOBUAMM  JUIA1  HEJIUHEHWHBIX
NceBAONapaboNIMUecKuX ypaBHEHUI TpeTbero mnopsijika. PaccMoTpeHHe pa3iudHbIX
BAPUAHTOB BXOKJICHUS UHTETPAJIbHBIX YICHOB B HEJIOKAJIBHBIEC YCIOBUA 3aa4H.

Anpobauus padorbl. OCHOBHBIE TMOJOXKEHUS U PE3YJbTAThl AUCCEPTALUU
JOKJIAJBIBATIUCh HA MEXKIYHAPOJHBIX, PECIYOIMKAHCKUX U PETHOHAJIBHBIX HAy4HO-
MPaKTUYECKUX KOH(DEepPEeHIUAX U MyOIMKOBAIUCH B COOPHUKAX HAYYHBIX padoT:

— PecnyOnukanckass HayuyHas koHpepeHius «Hekmaccuueckue ypaBHEHUS
MaTeMaTudeckod (U3NKKW W uX TpuwioxkeHus». —lamkenr, 2014 r., 23-25
OKTSIOPpSI.

- «AKTyallbHBIE TIPOOJEMBbI MaTEMAaTUKU U WH(POPMATHUKHNY, TOCBSIICHHAS
80-nernro akanemrka HAH PK KaceimoBa K.A., Anmater, 2015 T.

- MexnayHaponnass Hay4yHas KOH(EpEHIUs, TIOCBSIICHHAS &85-JeTHIO
akagemnka HAH KP M.M1. UmananueBa, bumkek, 2016 r.

OTtaenbHbIE MOJOXKEHUS JUCCEPTAMOHHOTO HUCCIENOBaHUS OOCYXIAIUCh Ha
ceMUHapax «YpaBHEHHUS B YACTHBIX MPOU3BOIHBIX», PYKOBOAUTENh — I.(b.-M.H.,
npodeccop A. Comnyes (1. Omi, 2012-2018 rr.); Ha MEXBY30BCKHX HAyYHBIX CEMHUHA-




pax «AkTyaJbHbIe TPoOIeMbl MaTeMaTHKu U uHbopmatukm» Ouml'Y, pykoBoguTenp —
n.¢.-M.H., npodeccop K. AnpimkymoB (. Omr, 2012-2018 rr); Ha ceMuHapax mo aud-
(dbepeHImaIbHbIM YPAaBHEHUSIM, PYKOBOIUTENb — 11.(.-M.H., mpodeccop K.C. AnbibaeB
(. Kanan-Aban, 2013-2017 rr).

Ilyoaukanum no teme auccepramuu. [lo Teme auccepranmu omyoIukoBaHoO /
crareii: [1] - [5], [8], [9] u Te3ucs! 3 moxmnamos [6, 7, 10].

JIMYHBI BKJIAJ aBTOPa B _COBMECTHBIX padorax. B coBmecTHbIX paboTax
[5], [8], [9] mocraHoBKa 3amauM NPUHAICHKHT HAYIHOMY PYKOBOIMTEIIO, a
JI0Ka3aTeJIbCTBO TEOPEM CYIIECTBOBAHUS W €AMHCTBEHHOCTH PEUICHUM, MOIyYEHUE
OCHOBHBIX PE3yJbTaTOB — aBTOPY.

CrpykTypa, 00beM M KpaTKoe cojep:kanue aucceprauum: J{uccepramnus co-
CTOWUT W3 BBEJICHUS, TPEX IJIaB, COCTOSIIMX M3 7 pasaesoB, CIIMCKA WCIOIb30BaHHBIX
MCTOYHUKOB M3 82 HaMMEHOBaHWH W 3akitoueHus. Hymepanus pasznenoB — ABOWHAS:
nepBasi udpa yka3bIBaeT Ha HOMEp IJIaBbl, BTOpasi — Ha HoMep pasaena. Hymepanus
TeopeM, (popmyin, pUMEpPOB — TpoiHas: mepBas 1udpa yKa3plBaeT HA HOMED IJIABHI,
BTOpas — Ha HOMEp pazjiesa, TPEThs — Ha MOPSAKOBBIA HOMEp B paznene. O0beM Tek-
cta — 102 crpanwuil.

[Tonp3ysich ciaydaem, BbIpakal0 DIIyOOKyr OlarogapHOCTh U HUCKPEHHIOIO
IPU3HATEIbHOCTh ~ MOEMY  HAayyHOMY  PYKOBOJMTENIO,  JIOKTOPY  (PU3HKO-
MaTeMaTHYeCcKuX Hayk, mpodeccopy A. ComyeBy 3a MOCTaHOBKY 3a/ady, 3a IEHHbIE U
MOJIE3HBIE COBETHI, 3a MOCTOSSHHOE BHUMAHUE U 00CYKJIEHUE PE3YIBTATOB PAOOTHI.

Kpatkoe conep:xanue padorsl. B nepBoil riiaBe mpuBOIUTCS 0030p JUTEpa-
TYpbI U PE3YJIBTATOB, TPUMBIKAIOIIUX K TEME AUCCEPTALUU, U CPOPMYITHPOBAHBI OC-
HOBHBIE pe3yJIbTaThl, IOJTYYEHHBIE B TaHHOK palboTe.

VYpaBuenue bapenonarra-)KenroBa-KounHoil B 0THOMEPHOM Cllydae 3amuChl-
BAETCS B BUJIE

L0 o
ot ox* oxet
KOTOpOE MOJEIUPYET (DUIBTPALMIO BA3KO-YIPYroM >KUIKOCTH B TpPEUIMHOBATO-
MOPUCTBIX Cpelax, rie @ U A — BEIIECTBEHHBIE MapaMeTPhl, XapaKTEPHU3YIOIIUE
cpeny.

B patote M.X. IlIxanykoBa metogoM GyHKIMU PumaHa n3ydeHbl JIOKAJTbHBIC

Y HEJIOKAJIbHBIE KPAEBbIE 3aJ1a4M JIJIs1 ypaBHEHUS BUIA
Uy, +d(X,t)u, +77(X,t)u,, +a(x,t)u, +b(x,t)u=—-q(x,t).

B.1. XKeranoBeiM u YTKuHON QyHKIMS Pumana st ypaBHEHUS TPETHETO TO-

pAAKa ¢ AByMsI HE3aBUCUMBIMU MIEPEMEHHBIMU BH/1A

U, +aU, +bU +cU +dU +eU=f,
IIOCTPOECHA KAK PELIEHWE MHTETPAJIbHOTO YPAaBHEHHMsI, NO3BOJSIIOIIEE IIPU 3TOM MO-
CTPOUTH SIBHBIN Bu QyHKIMKU PrMaHa B psi/ie YaCTHBIX CIIy4aeB YpaBHEHHUS.

B monorpaduu B.U. Xeranosa u A.H. MupoHoBa npuBeeHbl pe3ynbTaThl HC-
cienoBaHuil mo auddepeHIHaTbHbIM YPaBHEHUSIM CO CTAPIIMMU YaCTHBIMU TPOU3-
BOJHBIMU. XaPAKTEPUCTUYECKUE TPAHUYHBIC 3a7a4M I JINHEUHBIX YPAaBHEHUMN BbI-



COKOTO TOpSKAa CO CTapIIMMHU YaCTHBIMH MPOU3BOAHBIMU M3Yy4eHBI B pabore E.A.
Yr1kunoi. KpaeBble 3a1aun 111 YpaBHEHUW C JIOMUHHUPYIOIIEH YaCTHOW MPOU3BO/I-
HOU paccMoTpeHsl B pabote A.H. MupoHoga.

B pa6ote K.I'. Koxxob6exkoBa paccMOTpeHBl KpaeBble 3a/lau ISl CMEIIaHHbIX
NCeBA0NapadoIo-TUIEPOOIMYECKUX YPABHEHUN TPETHETO MOPsIKA C OJAHOW JIMHUEH
W3MEHEHHUSI TUNA CIEAYIOIIErO BUAA:

UXXX—Uy+b1(X,y)UX+d1(X,y)U, y>ov
Uy B, (X YU, +C, (X, YUy +d, (X, y)u, y <O.

B pa6orax b.C. Abna6ekoBa u 3.P. Aramanona, M.ILI. MamarocynoBa u apy-
IrMX aBTOPOB M3Y4YEHBbI OOpaTHBIE 3a/ayd JJisl TMCEBAOMapadOIMueCKUX YpPaBHEHHM
TPETHETO MOPSAJIKA.

B Hacrosimeit nuccepraiinoHHOM paboTe METOI0M MHTErPalbHBIX YpaBHEHUH,
byakuun ['pruHA M TPUHITUTIOM CHKATBIX OTOOPaKEHUN MCCIIEIOBAHBI CYIIIECTBOBAHHE
W eIUHCTBEHHOCTh KpAeBBIX 3alad JUIA BBIPOKIAMOIIMXCI W  HEIWHEWHBIX
MICEeBA0NApa0OINYECKUX YPABHEHUM TPETHETO MOPSIKA.

B pasgene 1.2 npuBeneH 0030p OCHOBHBIX pPE3YJbTATOB, IMOJTYYEHHBIX B
HACTOSIIEH TUCCEPTALINH.

B nuccepranmonHoi paboTe paccMaTpUBAaIOTCS KpaeBbIE 3aJaud JJIsS TICEBMO-
napaboJIMYeCKUX YPaBHEHUM TPETHETO BUIA

u, +au,+pu +yu +au, +bu +cu=f(xy), (1)
rne «,f3,y,a,b,c,f - 3amannbIe QyHKIUH, 3aBUCAIUE OT X U Y. YpaBHenue (1) sB-
JISIeTCS KAHOHMYECKUM BUJIOM OTHOCUTENFHO CTapIIMX MPOU3BOIHBIX, KOT/IA OJIUH U3
KOPHEHN XapaKTEPUCTUUECKOIO0 YPaBHEHMS JABYKPATHBIM, a APYroM — MPOCTOM. YpaB-
Henue Bua (1) yacTo Ha3bpIBAETCS MCEBAOMAPAOOTUICCKIM.
B pasnene 2.1 nepBoii riaBel B obimactu D={(X,y):0<x</¢,0<y<h}

paccmaTtpuBaetcs ypaBHenue (1), korna a =0, f = 1 :
X
1
uxxy——uyy+ﬂuxy+aux+buy+cu: f(x,y) (2)
X

U U3ydeHa
3amauva 2.1.1. Haittu dysxmmo u(Xx,y)eC(D)n C?(D), Uy €C(D), ymo-

BIIeTBOpstoiee B obmactu D ypaBHeHwmio (2), KpaeBbIM M HaUYaJIbHBIM YCIOBHUSIM

u(0,y)=ei(y), u(£,y)=g,(y), 0<y<h, 3)
u(x0)=7(x),u,(x0)=v(x), 0<x<Y, 4)
rie  fS,a,b,c, f,o(y),o(y),z(X),v(X) - 3aganHble ¢QyHKOUH, MOpUYEM

Bxy),a(x,y),b(x,y),c(x,y), f(x,y)eC(D),
o.(y)eC?[0,h](i=12), 7(x) e C*[0,/],v(x) e C*[0,¢], f(x,y)eC(D), (5)

01(0)=7(0), p,(0)=7(1), ¢1(0)=v(0), 95(0)=v().
Beens obosnauenne U (X,y)=12z(X,y), rae z(X,y) — HOBasg HeH3BECTHas

bynkuus, u3 (2)-(4) mMeeM epBYIO KpaeByro 3a1aqy sl ypaBHEHUS



L(u)zzxx—lzy:F, (6)
X

rne F=-pz, —au, —bz—-cu+ f(x,y) c ycioBusimu

2(0,y)=pi(y), 2(£,y)=¢2(y), 0<y<h,
Z(x0)=v(x), 0<x</.
JUis osty4eHus peACTaBICHUs PEILICHUs ITOU 3a/1au ocTpouM (yHKuuio ['puna ¢
OMOIIBIO (DYHAMEHTAIBLHOTO pelieHust ypaBHeHUs (6), MpeaCcTaBUMOTO B BUIC
AN
Loyl X
Hx,yiEm) =2 zly(z)e ¥, 2=2 ,
2 y-1
rae |,(z) — pynkuus beccens nepBoro poja MHUMOIO apryMeHTA.
®yukuuto ['puna Oynem HCKaTh B BUJIE

G(x,y;En)=HXy;En)-W(X,Y;&En),

rae
W(x,y;&.n)=Wloy 1(£.7)+Wloy 1(S.7),

y y
e WLo (&)= (0.5 m)o(tx,y)dt,  Wop1(Em)=[8 (L t:Em)x
n n

x o, (t; X,y )dt, norenuumansl 1BoMHOrO cios, o4(t;X,y), o,(t;X,y) — HEU3BECTHBIE
wiotHoctH. [lyete AA, ={(&,77):£=0,0<n<h}, BB, ={(,n):{=¢,0<n<h}.
Jlanee nokaszaHbl CICIYIONINE JIEMMBI.

Jlemma 2.1.1. Eciu o1(n7;x,y)eC[0,h],V(X,y) e D, mo umeem mecmo npe-
O0elbHoe COOMHOULEHUE

lim  W[o1(&7)=01(m:%Y), mpu (&,17) € D, (S.170 ) € AA,.
(&m)—>(&m,)

Jlemma 2.1.2. Eciu o,(n;X,y)€C[0,h],V(X,y) e D, mo umeem mecmo npe-
OeibHoe COOMHOUEHUE
lim WLo,1(Em) == 0p(mix,y) +W [0, (& 1o ).
(&m)=>(& 5 ) 2
npu (&,7)e D, (&1 ) € BBy,
rie

y
W Lo, 1(& .m0 ) = [ S (4.t:E 1m0 Yo (L5 X,y )dt -
7 y
psIMO€E 3HAYCHHE MOTEHIMANIA JBOMHOTO CII0s h
W[o,]1(&,n7) Ha otpeske BB;.

Hcnonb3ys CBOMCTBA TETUIOBBIX
MOTCHIMAJIOB JUJII HEU3BECTHBIX IUIOTHOCTEMN
o, (mx,y), o,(n;X,y), mnomydaem  cucremy
MHTETpabHBIX ypaBHEHU Boibreppa BTOpOro 7, T U 20)=1, >
poaa, JOMYCKAKIINX OAHO3HAYHOE PEIICHUE, U
TeM caMmbIM onpenensieM Qyukiuto I'puna. Toraa Puc. 1.
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¢ momotpto Gpynkmuu ['puna s Gyakomit u( X,y ), u(x,y), z(X,y), z,(X,y) mo-
Jy4aeM 3aMKHYTYIO CUCTEMY HMHTETPaJbHBIX ypaBHEHUU Tumna BoibTeppa BTOpOro
pona. B cury cBOMCTB 3aJaHHBIX (PYHKIIHIA AIpa CUCTEMBI YPaBHEHUN UMEIOT CIIa0yIo
OCOOEHHOCTh, M1 TEM CaMbIM JIJI1 YKa3aHHOW CHUCTEMbl YPABHEHHUN MPUMEHUM METO]]
MOCIIEAOBATEIBHBIX MPUOTMKEHUIM U OTHO3HAYHO OTIPEIeNuM perieHue 3aaayun 2.1.1.

JlokaszaHa cneqyromas

Teopema 2.1.1. Ecnu BeinonusatoTcs ycnoBus (5), To 3anaya 2.1.1 umeet eaun-
CTBEHHOE PEILICHHUE.

B pa3nedie 2.2 nepBoii riaBbl B o0actu D (puc. 1), orpaHUYCHHON JTHHUSIMU
X=—/0,(l,>0), y=0, x=x(y),0<y<h,y=h, tae y(y), — MOHOTOHHO HEBO3pacTaro-
1mas kpusas, npuieM y(0)=/¢,(¢,>0), y(h)=¢,,0</¢,<¢,, pacCCMOTPUM 3aJady COIps-
YKEHUs I YPAaBHEHUI!

L, (W) =Upy X%, =0,(x,y) € D, (7)
L, (U) =Uy +a(X, Y)U, +b(x, Y)U, +c(x, y)u =0,(x,y) € D,, (8)
rae D, =D (x>0),D, =DN(x<0), p=const>-1.
OtHOCUTENBHO KOA(DPUITMEHTOB U 3aJaHHBIX (PYHKIUW TMpeArnojaraeMm ciemy-
IES
aeC(D,)nC"’(D,),beC(D,)nC"*(D,),ceC(D,), ©)
#(y)eC[0,h]NC*(0,h), ¥y e [0,h]: 0, < x(y)< ¢, 2(y)<0.
3agaua 2.2.1. Haiitu GyHKIHIO u(x,y)eC(D)n CY{(D)n
[C*Y(D,)uC?* D,)u C*(D,)], yrosrersopsromyto ypasaenus (7) u (8) B o0mactsx
D, u D, COOTBETCTBEHHO KpaeBbIM yCJIOBHUIM
u(z(y) y)=a(y), u(=t,y) =g, (y), 0<y=<h,
U(x0) =y, (%), U,(x0)=y,(x), 0<x</,
Y Ha4aJIbHOMY YCJIOBUIO
u(x,0) =w,(x), —¢,<x<0,
rae ¢ (i=12), ¢ i (] :173) — 3aJIJaHHbBIC TJIaJIKUe (PYHKIIUU, TPUYEM
v, €C*[0,4,],v,eC'[0,4,], ¥, eC'[£,0], ¢, €C'[0,h](i=12)
y1(0)=y5(0), 9,(0) =wy(=L,), wi(£1) = 9,(0).
Beenewm crienyromnue 0003HauYCHUS:

u(=0,y) =u0,y) =z(y), u,(-0,y)=u,(+0,y)=v(y),0<y<h,
rae z(y), v(y) — 1oka Heu3BeCTHbIC (DYHKITUU.

Jlnst perienns 3aaaun 2.2.1 ypaBHenue (7) npeicTaBUM B BHIE
u, —Xxu, = o(x),

(10)

rie o(X)=y/(x)-x"y,(x) — wu3BecTHas QyHKUsA, u uepe3 dyHKUUO [puHa
G, (X, y;£,77) TIOJy4uM IPEJCTaBICHNUE PelleHus 3a1a4n B odnactu D, :

WX, Y) = [ £9G, (%, ¥: E.OWA () — [ G, (x, y.0.mv(m)dy —
0 0 (11)

y (1)

~[Go. 06y 2 () ) ()dn = [d [ G, (x, ;& m)ea($)dE,
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rac  G,(x,y;&n)=U, (X y;&,m) —wW(X Y;&,n),
(&) | {2 K2 e ]J?ffﬂ

U, (X, y;&,m) = ,q=p+2.

a(y —7) " 2y - n)

ITpu x =0 u3 (11) noayyaeM COOTHOIICHHE MEXAY 7(y) U v(y):

() = x| I L] [W(0, y:0, () + 2o y), (12)
o(y- 77)

Y 7 Do(y)= js‘”’G (0,y;&,0)y, (£)dS - szg(O Ys 2(m),mey(7)dn —
q pr(1—f)

rac k=

(1)

- j Gy (0.Y: (). M) ()l - j 4 [G:0.y:6mele)de.

Pemienne 3amaun 2.2.1 B 06JIaCTI/I D, wuepe3 ¢ynkuunm Pumana 3(x,y;&n)
MPEJCTaBUM B BUJIC

u(x,y) =3(xy;0,y)r(y) = 8(x, y; 0, y)v(y) -

- f [5,, (X, y:0,7) +a(0, y)I(x, y; 0,1} (n)dn + (13)

19,6 0. mv(n)dn +U,(x,y),

rac
Up(X,Y) = 30X Y; X0 w5 (X)+ 9(x.y:00)w5(0)— & (x.y;00 )y, (0) -

— [ [9:(x,y;£0)+b(£0)9(x,y;£0)Iws(£)dS.

HNmMmeet mecTo
Jlemma 2.2.1. Eciin

v(x,y) e D, :b(x,y) <0, (14)
TO
V(x,y)eﬁzAvgfe [x0]:3(x,y;&,y)=>&E—x>0.
U3 (13) otHocutenbro 7(Y), v(Y) MOIy4rMM COOTHOIICHUE
v(y) = B(Y)T(Y)+LyH(y,ﬂ)f(ﬂ)dU+Vo(Y)- (15)
Ucknrouas v(y) u3 (12) u (15) nns 7(y), moay4uM UHTETpaIbHOE YpaBHEHUE
()= [ 2 Bgenn e [ KGymetman +(y), (16)

re K(y.n)=w(0,y:0,7)B(y)- j{% W(O,y;O,m)H(m,n)}dm,

g =7~ {—wq—w(o y:0, n)}v (m)d.

7))
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CrnenoBaresibHO, pa3pelIuMOCTh 3a/1aud 2.2.1 3KBUBaJIEHTHO PEAyLIMPOBaiach K pas3-
PEIIMMOCTH MHTETPaJIbHOTO ypaBHeHUs Bonbreppa Broporo poxaa (16), mmeromero
cinaboe sApo, KOTOPOE JI0MYCKAeT €AMHCTBEHHOE HEMPEPHIBHOE PEIICHUE.

Takum 06pa3om, ToKazaHa HIKECTEAYIOIast

Teopema 2.2.1. Eciu BBINOJHAIOTCS y4
ycioBus (9), (10) u (14), To pemeHue 3aa4uu h B, (/,h)
2.2.1 cylecTBYeT U €IMHCTBEHHO.

B pasaeune 2.3 nepBoii rinaBel B 001acTu

D (puc. 2) ycraHaBiauBaeTCs OJHO3HAYHAS D, U

paspemiuMocTh 3anaun 2.1.3: HaiiTh (yHK-

muIo  u(x,y) e C(D1) nC3(D,) nC**(D,), ymo- i u, u, S
A(-£,,0) B(4,0) X

BIIETBOPSIOLLYIO YPABHEHHE
Puc. 2.

L(u)=u,, —x"u, +d(x,y)u=0,(x,y)e D,
B o0nacTu D,, HauaJbHbIC YCIOBUS
u(x0)=w,(x),u,(x0)=yp,(x),0<x</,
TPAaHUYHOE YCIIOBUE
u(z,y)=a(y), 0<sy<h
1 QYHKIUIO u(X,y) € C(D,) nC**(D,), yAOBIETBOPSIONIYIO YPABHEHUE
L, (W) =U,,, + B(X Y)u, +a(x, y)u, +b(x, Y)u, +c(x, )u=0, (x,y) €D,
B o0nactu D,, HayalIbHOE YCJIOBHE
u(x,0) =w;,(x), —¢, < x<0,
TPAaHUYHOE YCIIOBUE

u(x(y),y)=o,(y), 0<y<h,
a TAKXKE YCJIOBI/IH COHp)I)KeHI/ISI
u(-0,y)=u(+0,y), u,(-0,y)=u, (+0,y),0<y <h,

rae ¢(y)(i=12), ¢;(x)(] :EJ,) — 3aJJaHHBIC TJIaJIKue (PYHKIIUU, TPUYEM
¢,(y) eC'[0,h](i=12), y,(x) eC°[0, 7],
v, (x) e C'[0, ], w,(x) eC'[-£,,0],
v1(0)=v5(0), w1(0).=v3(0), wi(~l,)=9,(0), w,(£) = (0).
B pasgene 2.4 nepsoil rmaBel B oOmacth D={(x,y):0<x</,—h,<y<h}
(¢,h,,h, >0) meTonoM ¢yHKUMKM ['puHA M HWHTErpaJbHBIX YpPAaBHEHUH JOKa3aHBI
CYIIIECTBOBAHUE M €AUHCTBEHHOCTh pelieHus 3agaun 2.4.1, 3akiioyaroiero B onpe-
nenennn Gyskimu U(X,y) e C'(D) n[C**(D,)w C**(D,)], ynoBaeTBopsomeii ypas-
HEHUSA
Lu)=u,, +au, +bu +cu, +du=0, (x,y)e D, D, =DN(y>0),
L,(u)=u,, +a,u, +b,u, +c,u, +d,u=0, (x,y)eD,, D, =D[(y <0)
B obsacTsix D, u D, COOTBETCTBEHHO, KpAa€BbI€ YCIOBUS
u(0,y)=¢(y) u(,y)=0,(y),0<y<h,,

u(0,y)=x(y) —h,<y<0,
u(x,hy)=w(x),0<x</¢,-h,<h, <0

11



U YCIJIOBUSI COIPSIKEHUSA
u(x,~0)=u(x+0),u (x~0)=u,(x+0),0<x<7,
rae ¢ (y).e(y).x(y) w(x) — 3ananusie rnagkue GyHKIUU, h, — MPOU3BOJIBLHOE JCH-
CTBUTEIILHOE YUCIIO, IIPUYEM
2.(¥).p(y)eC [0, ], 2(y)eC*[-h, 01, w(x)eC*[0,¢]
¢1(0)=x(0), 91(0)=x'(0), x(hy ) =w(0).
Tperbsl rj1aBa JqucCEpTAlMM TOCBSIICHA HEJIOKAJbHBIM 3a7ayaM ISl HEJU-
HEWHBIX YPABHECHUI B YaCTHBIX MPOU3BOJIHBIX TPETHETO MOPSIAKA BUIA
Uy (XY )= FOGYUOGY U OGY DU, (XY )l (XY DUy, (X, Y)), (17)
rae F —3amaHHas QyHKIUS.
B pasgene 3.1 Tperbeil rnaBbpl u3ydeHa 3amada 3.1.1: HaiiTu B oOnacTtu

D={(x,y):0<x</,0<y<h} pemenue ypaBHeHus (17), ya10oBIETBOPSIOIIEE YCIOBUS
2(y)

[Ty y)dx=E(y), u(t,y)=o(y), 0<y<h,

u(x0)=17(x),0<x</,
rae T(x,y), E(y) o(y), 7(x), 2(y) — 3a1aHHbIC QYHKIUM.
[Ipu BBINOJHEHUY CIEIYIOUIUX YCIOBUI OTHOCUTENBHO 3aIaHHBIX (DYHKIIMNA:
1) 2(y). E(y). o(y)eC'[0,h], 2(x) eC*[0,£],0 < x(y) < (;

x(y)
2) T(x,y)T,(x,y)eC(D), [(x=)T(x,y)dx=0;

0

3) F(x,y,u,p,q,2,5)eC(DxR®), max|F(x,y,u,p,q,z,s)<H), R® — maTumepHoe
MPOCTPAHCTBO NEPEMEHHBIX (U, p,J,Z,S);

x(0)

B) [T(x0)z(x)dx=E(0), z(¢)=p(0),

pemienue 3a1a4yn 3.1.1 SKBUBAIIEHTHO PEIYIIUPYETCS K pa3peluMOCTH ONIEPaTOPHOTO
ypaBHEHUS

g=Ag, (18)
rac g(X, y) = (gl’ 921 gs! g4’ gs) — BCKTOp (PYHKLII/II/I, gl = U(X’ y)’ gz = UX(X, y)i
g, =u,(xy), d, =U,(X,Y), g5 =u,(x,y), a KOMITOHEHTBI orepaTopa

A=(A,A A, A, A) onpenenstoTcs CIeAyOINUM 00pa3oM:

X y
Ag=d, +[K,F(£Y.9,,9,,9, 9., 9,)dE + [ K, F(X,7,9,,9,,9,,9,, 95)d 7 +
0 0

2(y) ‘

+ [KyF(£Y,0,,9,,9,. 0, 9,)dE + [ K, F(£,Y,9,.9,,0,. 9., 9,)dE +
0 0

z(y) y

X y
+ [d&[ K F(£,7,0,,9,.05.9,,9:)d7 + [ d&[KF(&,7,9,.9,.9, 9,9, )d7 +
0 0 0 0

¢ y
+Id§I Ki7F(§’77’ 91’92’93,94,95)(177, I 21,5-
0 0
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3mecy K, =0, i =15, j=1, 7 — 3ananssie QyHKIHMH, Jo, = U, (X, Y), 9, =U, (X, Y),
Gz = Uy (X1 ¥)s G = Uy (X, ), Gos = Ugyy (X, Y)-
Iycrs |g| = max max|g, (X, y)|, ma&‘Kij‘ <N.Ecmu

1<i<5 (x,y)eD i=1,5, j=1,7
g=NH@/+3¢th+h)<M, (19)
TO ornepaTop A oToOpaXkaeT map S(go, M ): {g : Hg — gOH <M } B ce0sl.

Ecnu BeimonHsaeTcs YCJIIOBHC
d=LN@/+3¢’h+h)<1, (20)
TO oreparop A OCYLIECTBISIET cxkaToe oTobpakenue mapa S(g,,M) B cedst. [Toatomy
B cuity TeopeMbl C. Banaxa B mape S(g,,M) CyLIECTBYET, M IIPUTOM TOJIBKO OJHA He-

TIOIBUKHASL TOUKA OTOOPAKEHUS, T.€. CyHIECTBYET TOJBKO OJHO PEIIEHUE YPABHEHHS
(18). Ompenenus B mape S(g,,M) pemenne ypaBuenus (18) meromoM mocienoBa-

TeNbHBIX MNPUOMMKEHUH, mnocTpouM pemeHue 3agaud 3.1.1. Takum o6pasom,
J0Ka3aHa

Teopema 3.1.1. Eciu Beinonasitorest yenosus 1) - 5) u (19), (20), To perrenue
3agaun 3.1.1 cymecTByeT U eAMHCTBEHHO.

B paspgesie 3.2 Tperhel IIaBbl MU3y4Ye€HA OJHO3HAYHAS PAa3peIIMMOCTh 3aJa4u
3.2.1: naiitn B o6mactu D={(x,y):0<x<I,0<y<h} pemenue ypasuenus (17), ymo-

BJ]eTBop}I}OHIee YCJ]OBI/IHM
u@GO,y)=ao(y), u0y)=e(y), 0<y<h,

u(x,0) +j.T(x, y)u(x, y)dy = (x), 0 < x<lI,

rae ¢ (y), ,(y), T(xy), w(x)— 3anaHHble QyHKIUH.
B pa3spgene 3.3 Tperbeil TNaBel METOJOM HMHTErPAIbHBIX YpPaBHEHUU U
MPUHITUIIOM CKAThIX OTOOpaKeHHWH JI0Ka3aHbl CYIIECTBOBAHWE U E€IMHCTBEHHOCTH

3agaun 3.3.1: Haiitu pemenue u(x,y)eC(D)NC**(D) ypaBuenus (17), ymosie-
TBOPSIOIIEE YCIOBHAM

u(0,y)=e(y),0<y<h

u,(0,y)+ [T, (x,y)u(x,y)dx=g,(y),0< y<h,

u(x,0)+i][T2(x,y)u(x,y)dy:z//(x),O <x<lI,

e @ (Y ), @,(Y), w(x), Ti(X,¥), T,(X,y)— 3anannbie GyHKIMM.
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BbIBO/1bI

B nuccepranum uccnenoBaHbl CYIIECTBOBAHUE W €IMHCTBEHHOCTh KPAEBBIX
3a/1a4 JJ1s1 CeBA0NapabOINYECKOro ypaBHEHUS TPETHETO MOPSAAKA B TPSIMOYTOJIbHBIX
Y KPUBOJIMHEHHBIX 00JIaCTX.

[Ipm wccnemoBaHWM HENOKATBHOW 3alayd  JJIA  IICEBIONApadoIMdecKoro
YpaBHEHUS TPETHETO MOPSAIKA C CHHTYISIPHBIM KOA(DPHUITMEHTOM HCITOIH30BAH METO/T
TEIUIOBBIX MOTEHIMAIOB. M3ydeHbl CBOMCTBA TEIUIOBBIX ITOTEHIIMAJIOB JIBOMHOIO
CJIOS.

B 3agavax ckiewBaHMsS JJIs TICEBIOINAPA0OIMYECKOIO0 YpPaBHEHUSI TPETHETO
MopsiaKa, BeIpoXxaaromerocs npu X =0, TOCTPOCHBI U M3y4YeHBI CBOMCTBA (DYHKIIUU
['puna, a TakkKe MOTyYeHO MpeACTaBICHHUE pelieHus yepe3 GyHkiuu [’ puna.

[ToctpoenneM ¢yHknuu PumaHa TodydeHbI  JOCTATOYHBIC  YCIIOBHS
Pa3pelIMMOCTH KPaeBbIX 3a/lad JUIsl TCEBIOINAPA0OIMUECKUX YpPaBHEHUM TPETHETO
MOPSAJIKA C PA3IMYHBIMHU JIEMCTBUTEIBHBIMU XapaKTEPUCTUKaMU. V3ydeH psist CBOMCTB
¢byukiuu PumMaHa, KOTOpBIE CYIIECTBEHHO MCIOJIB30BAHbl MPHU Pa3peIIMMOCTH
3aJaum.

HaitneHnsl noctaTo4yHblE YCIOBUSI OJHO3HAYHOM Pa3pelIMMOCTH HEITOKAIbHBIX
3a1a4 C MHTETPAIbHBIMU YCIOBUSMHU JJII HEJIMHEWHBIX TICEBAOMAPa00TMYECKUX
YPaBHEHHN TPEThEro mnopsiaka. PaccMOTpeHBI pa3iMYHbIE BapUaHTBl BXOXKICHHUS
WHTETPAJIBHBIX YICHOB B HEJIOKAJIbHBIE YCIIOBUS 3a1a4H.
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MomnnosipoB Ynapbek [Hyimebexosuutun 01.01.02 — «/luddepenumsanapik TeHmemenep,
JUHAMHUKAJIBIK CHUCTEMANap jKaHa ONTUMAJIBIK Oalkapyy» agucTUrH OOlHYa (QU3MKa-
MaTreMaThKa WIMMACPUHUH KaHAWAATHl OKYMYIUTYYJIYK Japa)kacblH W3JICHUIl alyy Y4YH
“YuyH4y TapTUOTErHW NCEBAONAapadOialbIK TEHJIEMENIEp YYYH UYEKTHK Macelenep»
TEMacChIH/1a ’Ka3bUIraH AUCCEPTALMSIIBIK NITUHUH

PE3IOMECH

YpyHTTYy cCO3106p: UYEKTUK Maceje, 4YeK apajiblK IapTrap, KaliramTblpyy
Macelenepy, NCceBAoNnapadoaanblk TeHaeMe, Puman (QyHKUMSCH, MHTErpajiblK TEHJEME,
YEUUM/IUH YKaJITBI3IBITHl, YSUUMINH >Kallalllbl.

N3unneenyH o0beKkTHCH: IceBaoNapaboNaiblK TEHIAEMENep YYYH YEKTHK >KaHa
KaAJITAIITBIPYy MaceJeJIepH.

HN3unneenyH mnpeaMeTH: TceBAONapaboNalblk TEHAEMENep YYYH UYEKTHK KaHa
KAJITAIITBIPYy MaceJIeJIEPUHUH KOPPEKTTYYIYT'YH U3UIIIO6.

HN3unmeenyHn MakcaTbl: TceBaonapalboNanblk TeHAEMENep YYYH YEeKTHK JKaHa
KAITAIITBIPYy MacelleIepUHUH OUp MaaHMIyy YeduMre 33 OOJYIIyHYH KETKWIUKTYY
IapTTapbIH aHBIKTOO.

HN3unnee ycyaaapel: U3MIIA06/16 UHTETPAJIABIK TEHIEMENEP HA3apUIThIHBIH, PuMan
(GYHKIMACHI,  KBICBIIT ~ YarbUIABIPYY — MOPUHIIMOM,  MaTeMAaTHKadblK  (U3UKAHBIH
TEHJEMEJIEPUHUH, (YHKUMOHAIIBIK aHAIM3AUH JKaHa ChI3BIKTYY 5MEC HHTErpajblK
TEeHJEMeENEp Ha3apUATHIHBIH YCYIAaphbl MaiJanaHbUIIbL.

HN3niageeHyH HIIMMHH KAHBLIBITBI }KAHA TEOPUAJIBIK MAAHUJIYYJTYTY:

— CHUHTYISIPABIK KOX(OUIMEHTTYY YYYHUY TApPTUIITETH ICEBIOMapadoIaIbiK
TEHJEMeJep YYYH JIOKAIABIK OSMEC MacelelepauH KOPPEKTYYAYTY JAajiIJCHTeH.
Keutyynyk moTeHIHMangap MeTony MeHeH ['puH (QyHKIUSCHI KypyiraH. DKd KaTMapiyy
KBUTYYJTYK OTEHITUAIIAPBIHBIH KACUETTEPH YHPOHYJITOH;

— X=0 cpBbIrpiHAa  KyOyJraH Y49YHYY TApPTUOTErH IICEBIONApadOIaibiK
TeHAeMeNnep YYYH ['puH (QYHKIMACHI Typry3y/iraH >KaHa aHbIH KaCHETTEPH H3UJIJICHICH.
Yeunmaun ['puH QyHKIUSACH TYPYHIOTY KOPYHYITY ajbIHTaH;

— ap TYPAYY YBIHBITHI XapaKTePUCTUKATYY YUIYHUY TapPTHUIITETH
TICEBJIONMAPA0OIANBIK TEHACMEIIEPH YUYYH YEKTHK MacelieJepIMH YCUYUMICPUHUH OHp
MaaHWIYy AaHBIKTAIBIIIBIHBIH JKETKWJIMKTYY WIapTTapbl TaObUITaH, YYYHYY TapTHIIETH
TICEBJIOMApA0OIANBIK TEHACMEeNIep YUYH PumaH (QyHKIMACH! TYpry3yiraH >kaHa aHbIH OHUp
KaTap KaceTTepu YHPOHYIIToH,

—  CBI3BIKTYY OMEC TICEBI0NapadoaiblK TeHASMENEp YUYH HHTETPAIIBIK IIapTTaphl
0ap JOKAIIBIK AIMEC MacelleJepIuH OMp MaaHUIYY YCUMIUIITMHUH KETUIIIIPIIMK MIapTTaphl
TaObiIran. MaceneneHuH JIOKaJABIK dMEC IIapTTapblHA HWHTETPANIABIK  MYYOHYH
KaMTBUTBIIIBIHBIH ap TYPAYY (opmamare! BapuaHTTaphl KapayraH.

M3unneeHyH NpakTHKAJABIK MaaHucH. JKanramTelpyy Macenenepu KaTbIKaH
MPAKTUKAIBIK MacelleJIepId YeUYY/1e HINTEM YbIThIITaH aITOPUTMIN KOJIJIOHCO OOJIOT.
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PE3IOME

nuccepranuu MoimosipoBa Yiapoeka JlyimoOekoBrua Ha Temy: “KpaeBwle 3amaum
JUTSL TICEBIONapadOoIMYeCKUX YPaBHECHUH TPETHEro IMOpsIKa” Ha COMCKAaHWUE YUYCHOM
CTENCHM KaHJujaTa (pu3nKo-MaTeMaTH4yecKux Hayk mo crneruaibHoctd 01.01.02 —
«/lnddepeHnmanbaple ypaBHEHUSA, TUHAMUYCCKUE CHCTEMBl H ONTHUMAJIbHOE YIIPaB-
JICHUE)

KiaroueBble cJjioBa: KpaeBble 3aJadd, TpPAaHUYHBIE YCIOBHS, 3aJa4d
COTIPSKEHMSI, TICeBIONapadoInieckoe ypaBHeHue, pyHkuus Pumana, MHTErpambHOE
YPaBHEHUE, €IMHCTBEHHOCTh PELICHMS, CYIIECTBOBAHNUE PEILICHNUS.

O0beKT ucciae0BaHUA: KPACBbIC 3aJaUM U 33Ja4d CONPSIKEHUS I TICEBIO-
napaboJIMYEeCKUX YPaBHEHUN TPETHETO MOPAJIKa.

IIpeamer ucciaenoBaHMs: KOPPEKTHOCTh KPAEBBIX 3a7a4 U 3a1a4U CONPSIKECHUN
U1 TICEBJONapabOIMUECKUX YPaBHEHUM TPETHETO MOpsiIKa.

Ieap ucciaenoBaHMs: YyCTaHOBUTH JOCTATOYHBIE YCIIOBHMS OJHO3HAYHOW pa3-
PEIIMMOCTH KpaeBBbIX 3a/Jad W 3aJayd CONPSDKEHUM U1 MCeBIONapaboInyecKux
YPaBHEHHU TPETHETO MOPSAIAKA.

Metoabl ucc/e0BAHMA: TPU HCCIEIOBAaHUU OBLIM HMCHOJIb30BaHbl METObI
TEOPUM MHTETPAIBbHBIX ypaBHEHUH, GyHKIMU Pumana, MpUHIUI CHKATHIX OTOOpaxke-
HUW, ypaBHEHUU MaTeMaTH4ecKor (U3uKu, QYyHKIMOHAIHHOTO aHAIN3a M TEOpUU
HEJIMHEVHBIX UHTETPAIbHBIX YPABHECHU.

Hay4Hasi HOBU3HA M TeopeTHYeCKasi 3HAYMMOCTDH MCCJICIOBAHUA:

— JIOKa3aHbl CYLIECTBOBAaHME M €IMHCTBEHHOCTb PELIEHUS HEIOKAIbHON
3aJla4yM Ui NICEBONapaboIMuecKOro YpaBHEHHs TPETHETO MOPSIKA ¢ CHHTYJISPHBIM
kod(urmenToM. MeTooM TEIUIOBBIX IMOTEHIIMATIOB MocTpoeHa (yHkuus ['puna.
N3y4eHbl CBOMCTBA TEIJIOBBIX ITOTEHIIMAIIOB IBOMHOIO CJOSL.

— TIOCTpOEHbI M W3y4eHbl  cBoWcTBa  (QyHknuu  [puna s
MCEeBIONapadOIMUYECKOr0 YpaBHEHUS TPEThEro MOPSAIKA, BBIPOKAAIOUIETOCS MpH
x=0. IlomyueHsl pecTaBieHus peneHus yepes GpyHkiuu ['puna.

— IIOJIy4E€HBl JOCTAaTOYHBIC YCJIOBHs pPa3pelIMMOCTH KpaeBbIX 3anad I
NICEBONapabOIMUeCKUX  ypaBHEHHUH  TPEThEro  MOpsAaKa C  Pa3IUYHBIMU
JNEHUCTBUTEIBHBIMU XapakTepucTukaMu. [locTpoeH U u3yyeH psij CBOWCTB (YyHKLIHU
Pumana st nceBaonapaboinyeckuX ypaBHEHUH TPEThEro NopsaKa.

— HalJeHbl  JIOCTATOYHBIE  YCJIOBHS  OJHO3HAYHOW  Pa3pelIMMOCTH
HEJIOKAJIbHBIX  3aJlad  C  HUHTErPAlbHBIMH  YCJIOBUSIMH  JUJII  HEJIWHEWHBIX
NCeBONapaboIMUECKuX YpPaBHEHHUI TpeThero mopsaka. PaccMoTpeHbl pa3inuyHbIe
BAPUAHTHI BXOKJECHUS MHTETPAJIbHBIX YWICHOB B HEJIOKAJIbHBIC YCIOBUS 3a/1a4H.

IIpakTH4yeckoe 3HaYeHHe Hccaeq0BaHusA. PazpaboTaHHbIN aIrOPUTM MOCTPO-

CHUA PCHICHHA MOXKCT OBITh HCIIOJB30BaH B IMPHUIIOKCHUAX IIpU PCIICHUA
IMPAKTHYCCKHUX 3aaa4, CBA3aHHBIX C 3aja4aMu COMPSXKCHUA.
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ABSTRACT

of Ularbek Duishobekovich Moldoiarov’s dissertation on: “Boundary value
tasks for pseudo-parabolic equations of the third order”, submitted for the sci-
entific degree of candidate of physical-mathematical sciences by the speciality:
01. 01. 02 — «Differential equations, dynamical systems and optimal control»

Key words: boundary value problems, conjugation problems, pseudo-parabolic
equation, Riemann’s function, integral equation, uniqueness of solution, existence of
solution.

The object of study: boundary value problems and conjugation problems for
third-order pseudo-parabolic equations.

Subject of research: the correctness of boundary value problems and the con-
jugation problem for pseudo-parabolic equations of the third order.

Research object: to establish sufficient conditions for the unique resolution of
boundary value problems and the conjugation problem for pseudo-parabolic equa-
tions of the third order.

Methods applied: the methods of the theory of integral equations, Riemann’s
functions, the principle of condensed mappings, equations of mathematical physics,
functional analysis, and the theory of nonlinear integral equations have been used in
the study.

Scientific novelty and theoretical significance of the research:

— the existence and uniqueness of the solution of a nonlocal problem for a
pseudo-parabolic equation of the third order with a singular coefficient are proved.
The Green’s function has been constructed by the method of thermal potentials. The
properties of the thermal potentials of a double layer have been analyzed.

— the properties of the Green’s function for the third-order pseudo-parabolic
equation degenerated at x=0 have been constructed and analyzed. Representations of
the solution in terms of Green’s functions have been obtained.

— sufficient conditions for the solvability of boundary value problems for
pseudo-parabolic equations of the third order with various real characteristics have
been obtained. A number of properties of the Riemann function for pseudo-parabolic
equations of the third order have been constructed and studied.

— sufficient conditions for the unique solvability of nonlocal problems with
integral conditions for nonlinear pseudo-parabolic equations of the third order have
been found. Various variants of the occurrence of integral terms in the nonlocal con-
ditions of the task have been considered.

Practical significance of the study. The developed algorithm for constructing
the solution can be applied in applications for solving practical tasks related to conju-
gation problems.
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