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AXTAEBA HA3T'YJI CMAHJIXAHKBI3bI

APAJIAC TAPABOJIA- THIHEPBOJIAJIBIK TEHAEYJIEP YHIIH
KOUBUITAH ECEIITIH HEIILTY MOCEJIEJIEPI

6D060100— MaremaTrika MaMaHAbIFbI OoibIHIIA Prnocopus
FBUTBIMAAPBIHBIH AOKTOPBI (PhD) FEUTBIMK JOPEKECIH aly YUIIH JaiibIH1aFaH
JMCCEepTaLMsIChIHA

AHHOTAIIMS

TakpIpbINTHIH 63€eKTiILI. Apanac TUNTI TEHACYJEP TEOPHICH AepOec
TYBIHABUIBL  AAPPEPEHUMANIBIK TEHACYJAEPAIH 3aMaHAyH TEOPHUSCHIHIAFEl €H
Herisri Oesiri Oosibin  TaObIMaAbl. bysl ecentepre KuI3bIFYIIBUIBIK AlbIHATHIH
HOTW)KEHIH TEOPHSUTBIK MOHIMEH JKOHE KapaCThIPbUIbIN OTHIPFAH aiiMaKTa Toyenci3
allHBIMAIBUIAPABIH ~ ©3TEPYIH  3€PTTCUTIH  OPTYpJl  THUNTErl  TEHACYJICPIIH
MaTe€MaTUKaJIbIK MOJIENACYTEe HETI3NEATCH KOJIIaHOambl €CenTep/l KapacThIPyMEH
OailJIaHBICTHI.

Apasiac TMUNOTI TEHACYJAEPAIH MaHbI3ABUIbIFBIH amFaml per C.A. Yaniabsirvue
1902 skbutbl «l'a3;mblH  aFbIiCTapbl» arThl €HOETIHAEC KOPCETTI. Apajiac TUNTI
TEHACYJIEPre IeKapaiblK ecentepain Koubutysl 1920- 1930 sxox @. Tpukomn, C.
['ennepcTeaTiH >KyMbICTapplHAa Oactay anFaH. bysl TEOpHsSHBIH JamybIHAA
MaHBI3/Ibl MOCEJIENIEPAIH TECOPHUSIIBIK 3EPTTEYJIEPIMEH Olpre MpPAaKTHKAIbIK MOHI
Kapacteippuirad M. A. JlaBpeHTheBTiH, A. B. bunamzenin, ®.1. ®pankibiiH,
M. Tlporrepain, C. MopaBeUTiH KYMbICTAPHI KaHa TYPTK1 OOJIIbL.

Kazipri ke3nie apanac THNTI TEHACYJEP TYCIHITT KEHEH T KOHE OJ1 €K1 HEMECe
YII KJIaCCUKAIBbIK TUOTI TEHACYJIEPAl KOCHIT KapacThipaabl. Apanac napadona-
runepOoIaibIK TUNTI TEHACYJIEPl KAPKbIHABI TYPAE 3€pTTey OIp >KarblHAH oJyiap
TEPUSUIBIK HETI3JC a3 3E€PTTECE, EKIHIN >KaFblHAH Ojlap opTypil TaOurar
KYOBUIBICTAPBIHBIH MATEMATHKAJIBIK MOJIETIHIH HET131H/IE SKATHIP.

EkiHImi >koHEe YIIIHOIL PeTTI apanac mapadbona- TUNEepOONaNbIK THOTI
TEHJECYJIEPre KOWBUIFAH JIOKAIBJbI YKOHE JIOKAIbAl OOJIMaraH MICKTIK €CenTepl
HICITY MOCENENEPl KAPKbIHIBI TYPAE 3epTTenyae. Jlereamen, Oyn GarbIT OOHbIHINIA
YKacaJlraH KONTETeH KYMBICTApFa Kapamai, eKIHII KoHE YINIHII PeTTi mapadona-
rUNepOONabIK TEHACYJICP YUIIH MHTErPATABIK OIPIKTIPY IIAPTTAphIMEH OEPIITeH
HIETTIK €CENTEPAIH WICHIJTy MOCeNenaepl amblK Kyiae kanaasl. JKorapbina
ANTBUTFaHHBIH OapJbIFbl AUCCEPTALMS TAKBIPHIOBIHBIH 63CKTUTIH KOPCETE .

KyMmbicThiH MakcaTbl. JKYMBICTBIH HETI31 MaKCaThl >Ka3bIKTHIKTA CKIHIII
JKOHE YUIHII PETTI runepOonanbiK skoHe nmapadosa- runepOonaiblK TEHACYNEP
YIIIH IEKTIK €CENTEPAIH KOMBLTYBl MEH PETYJSAP KOHE KYIUTI MICMIMAEPAIH Oap
00J1ybI OOJIBIN TaOBLIAIBI.

3eprTey Macesesiepi. 3epTTEY/IIH HET131 MOCETIENEPI:

ExiHun >koHe yuiHoi perti apajac napadoja- THnepOOoJiaibiK TEHACYJEP
YIIIH UHTETPAIIBIK OIPIKTIPY IIAPTTapbiMEH OepiireH TpukoMu eceOiHE aHasior
€CENTIH KYLITI [EMIMI MEH BOJIBTEPPb OOMYBIH KOPCETY.



YurHmi perTi runepOoiaiblK TEHACY YIIIH YKA3bIKTHIKTA HIEKTIK €CENTI KO
JKOHE 3EPTTEY.

Apainac nmapa®ona- runepOoNabIK TEHACYIEP YIIIH UHTETPAIABIK OIPIKTIPY
HIapTTapbIMEH OEPUITeH MIEKTIK €CENTEPAIH O1p KJIACChIHIA KYILTI MICIIMHIH 00Ty
LIAPTHIH AHBIKTAY.

FpuibiMu skaHaIBIFBL. JKYMBICTA KETECT HOTUKEIEP AJTbIH /B
— Exinun perri apanac napa®ona- runepOonaiiblK TEHACY YUIIH HHTETPaIbIK
OipikTipy maprrapeiMeH OepuireH Tpukomu eceOiHE aHAJIOr €CENTIH KYIITI
niennmiHig 6ap 00ybl MEH BOJILTEPP OOJTYBI JANICTACH].

— Apanac mapaGona- runepOoNaiblK TEHACYJICP YLIIH WHTErPAIABIK OIpIKTIPY
HIapTTapbIMEH OEPUITeH LIEKTIK MEHUIIKTI MOHIHIH 0ap OOdybl Typajibl Teopema
JQNENACH 1
— Exinun perri apanac napadosia- runepOoaibiK TEHACYEP YIIIH HHTETPAJIIbIK
OIpIKTIPY MApPTTapbIMEH OEPUIN€H MIEKTIK €CENTIH MeIMiHIH Oap OOJyBbIHBIH
YKETKUTIKTI IIAPTHI TAOBLUIIBL.
—  YunHmi peTTi THnepOONablK TEHACY YIIIH IIEKTIK €CENTEPAiH; COHBIMEH
O1pre Jlupuxiie eceOiHIH KYIITI MIEMIMIHIH Oap OOybI JAJICIIEH 1.
—  YunHon perti apanac mapadona- runepOOoNaNbIK TEHACY YLIIH MHTETPATABIK
OipikTipy maprrapeiMeH OepuireH Tpukomu ece0iHE aHanor €CenTiH KYLITI
niennmiHig 6ap 00ybl MEH BOJILTEPP OOJTYBI JANICTACH].
— Yo perri apanac napadolia- THNEpOONAbIK TEHACY YUIH KOWBLIFaH
HICKTIK €CENTIH O1p KJIacChl YIIIH OIPMOH/II MICIIITY1 AHBIKTAJI/BL.
3eprTey daici. 3epTTENTeH WIEKTIK €CENTEP MHTErPAIABIK- (DYHKIMOHAIBIK
TeHaeyJepre kentipuiemi. Jlepdec TybHABUIBI JAUQPPEPEHIMANIBIK TEHACYIED,
(QYHKIMOHANABIK ~ TEHACYJICP  TCOPUSUIAPBIHBIH  OAICTEPl  KOJIJAHBLIA/BL
TeopusiibIK KIHE MNPATHKAJBIK KYHABUIBIFbL. JKYMBICTBIH HETI3T1
HOTHKECI HETI31HEH TCOPHUSUIBIK KBI3BIFYIIBIIBIK TyAbIpaabl. Onap MeXaHUKa
MEH (pU3UKA KONTEreH OONIMACPIHIH MATEMATUKAIBIK MOCEJCIICPIH 3EPTTEYAE
KEH KOJIEM[I KJTacTarbl TUNEPOONanblK TUNTETT AepOeC TYBIHABLIBI, COHBIM €H
Oipre apanac >koHE apajac- Kypamjaac THNTI TEHACYJEP YIIIH WIEKTIK €CenTep
TEOPHUSICHIHA KONAAHBITYbl MYMKIH.

JucceprauisiiblH - KYPbLIBIMBI MEH KeJieMi. J[uccepranus KipicHEIcH,
yur OeJIIMHEH, KOPBITBIHIBIJAH KOHE NaiaanaHbuiraH 91cOHETTEp TI3IMIHEH
Typaabl. Kymeic 100 6eTTI KaMTH b, KOJIAHBUIFAH 3acOueTTep Tizimi 72.



AXTAEBA HA3T'YJIb CMAJIXAHOBHA

AHHOTALIIUA
JMCCEPTALM Ha COMCKaHKUE YUEHOM crenenn nokropa ¢punocodpuu (PhD) mo
cnenuanbHocTr 6D060100—Maremarnka

BOITPOCHI PASPEIINMOCTH 3ATAY UIAA CMEITAHHOI'O
HHAPABOJIO- T'NIHEPBOJIMYECKOI'O YPABHEHUA

AKTYaJbHOCTHh TeMbl. T€OpHs yPaBHEHUH CMEIIAHHOIO THIA SIBIISACTCA
OJJHUM M3 OCHOBHBIX Pa3JCJIOB COBPEMEHHONW Teopun AUQPHEpPeHIAATBHBIX
VPABHEHUH € YaCTHBIMU MPOU3BOJHBIMU. MHTEPEC K 3TUM BOIPOCOM CBS3aH KaK C
TEOPETUYECKOW 3HAYMMOCTBIO TOJIyYaeMBIX PE3YJIbTATOB, TAK U C BBISBICHUEM
MHOXKECTBA MPUKIAAHBIX 334a4, MAaTEMAaTHYECKOE MOJEIMPOBAHUE KOTOPBIX
0OyCNOBIIMBACT M3YUYECHHE PA3IMYHBIX TUIIOB YPABHEHWH B paccMaTpuBacMoid
001acT N3MEHEHUSI HE3aBUCUMBIX IEPEMEHHBIX.

BriepBrie Ha B&XKHOCTb U3YYEHHs YPABHEHMI CMEIAHHOTO THMa ykasan C. A.
Yamnmeirun B 1902 r. B cBoeid pabote «O razoBbix cTpysx». Hauano ke
WCCJICIOBAHMIA KPACBBIX 334a4 Il YPABHEHUH CMEIIAHHOTO TUNIA OBLIO MOJIOKEHO
B 1920-1930 rr. padoramu @®. Tpukomu, C. I'emnepcrenra. HoBbIM TONMYKOM B
Pa3BUTUM 3TOH TeopuM Nochaykuwin padotel M. A. JlaBpentbeBa, A. B. bunanze,
O.U. Ppanxiss, M. IIporrepa, C. Mopasen rae Hapsay € TEOPETUUYECKUMH
WCCIICTIOBAHUSIMU PSJIAa CYIIECTBEHHBIX BOITPOCOB 3TOM TEOpUM Oblla yKa3aHa U MX
MIPaKTUYECKast 3HAYUMOCTb.

B Hacrosimiee BpeMs MOHATHE YPAaBHEHW CMEIUIAHHOTO THIA 3HAYUTENBHO
PaCIIMPHUIOCh M BKJIKOYAECT BCEBO3MOXKHBIE KOMOMHAIMKM JBYX WM TpeX
KIITACCUYECKUX THUIIOB ypaBHEHWH. HMHTEHCMBHOE WCCIENOBAHUE YPABHEHUI
CMENIAHHOTO MapadoJI0- TUNEPOOIMYECKOro THMa 00YCIOBICHA TEM, YTO € OJHOMI
CTOPOHBI, HOBBIE THUIIBI CMCIIAHHBIX YPABHCHHWHA MaJl0 MCCICAOBAHA B
TEOPETUYECKOM IIJIAHE, C APYTrOil CTOPOHBI OHM JIEXKAT B OCHOBE MATEMATHYECKHUX
MOJIETIEN Pa3INYHBIX IPUPOIHBIX SIBJICHUM.

Bomnpocel pa3pelinMOCTH JIOKAJIBHBIX M HEJIOKAIBHBIX KPACBBIX 3a1a4 JIs
CMEIIAHHBIX Napadonao- TrUNepOOJUYECKMX YPABHEHWH BTOPOTO M TPETHETO
NOPSAJAKOB U3Yy4aeTCss MHTEHCUBHO. OJHAKO, HECMOTPS Ha OONBIIOE KOJIMYECTBO
paboT MO STOMY HANPAaBIEHUIO, BOMPOCHI PA3PEIIMMOCTH KPaeBbIX 3a1ad C
WUHTETPAIIBHBIMA  YCIIOBUSIMM ~ COMPSDKEHHWS Ui ypaBHEHW  mapalono-
TUNEepOONMYECKUX YPAaBHCHWHM BTOPOTO MW TPETBETO MOPSIKOBO  CTAKOTCA
OTKPBITBIMH. BCE BBILIECKA3aHHOE NO3BOJISET 3aKIIFOYUTh, YTO TEMA JUCCEPTALUN
AKTYaJIbHOM.

Iear padorbl. OcHoBHas 1elb pabOTBHl COCTOMT B MOCTAHOBKE U
MCCIIEJOBAHUE BONPOCOB PETYJISAPHOA M CHJIBHOW Pa3pelIMMOCTH KPAaEBBIX
3ada4 [ runepOoNrdeckux M mapadoio- TUnepOONHYECKHX YPaBHECHUM
BTOPOTO U TPETHETO NOPAAKOB HA TNIOCKOCTH.



3agaun ucciaenosanusi. OCHOBHBIMM 331a4aMH UCCIIEA0BAHUS SBIISIETCS:

YCTaHOBNIEHNE CUIIBHON Pa3pelIMMOCTH M BOJBTEPPOBOCTH aHAOra 3a/1a4yu
TPHUKOMHU C MHTETPAJIBHBIMH YCITOBUSIMU CKIICMBAHUS JJIsl CMELIAHHOTO Mapaboso-
TUNEePOOIMYECKOr0 YPABHEHUSI BTOPOTO M TPETHETO MOPSIKOB.

[TocTaHOBKa ©  W3y4YeHHME KpaeBbIX 33a1a4 HAa  IUJIOCKOCTH  JUIs
TUNEePOOIMYECKOT0 YPABHEHUS TPETHETO MOPSIAKA.

Onpenenenue yCIIOBUU CUIIBHON Pa3peliuMOCTH JUIsl OJJHOTO KJIacca KPaeBbIX
3a1a4 C WHTETPAIBHBIMU YCIOBHSIMM CKIICMBAHWS Ui CMELIAHHOTO NapadoJio-
rUNepOOIMYECKOTO YPAaBHEHUSI.

Hayunast HoBu3HA. B paboTe noay4yeHsl CIEAYIOMAE PE3YIbTaThI
— JlokazaHa cWiIbHas pa3peliMMOCTh M BOJBTEPPOBOCTh aHajora 0000IIEHHON
3a1a4 TPUKOMH C MHTETPAIbHBIMH YCIOBUSMHU CKJICHBAHHS JUIsl CMELIAHHOTO
napadoJI0- TUNepOOINYECKOr0 YPABHEHUSI BTOPOTO MOPSAKA.

— JlokazaHa TeopeMa O CYIIECTBOBAHUM COOCTBEHHBIX 3HAYEHUI OJTHOM KpaeBoit
32124l CO CIIECHHATBHBIMU YCIOBHSMM CKIICMBAaHWS Ui CMEIIAHHOTO Napaboio-
rUNepOOIMYECKOTO YPAaBHEHUSI.

— HaiineHnsl qoctaTouHbie YCIOBHS PA3PEUIMMOCTH ISl OJTHOTO Klacca KPaeBbIX
3a1a4  C  WMHTCIPAIbHBIMM  YCJIOBHSAMH  CKJIEMBaHWs Uil  mapabono-
TUNEepOOIMYECKOr0 YPABHEHUSI BTOPOTO MOPSIIKA.

— JlokazaHa cuibHas pa3pelIMMOCTD Psia JIOKAJIbHBIX 331a4, B TOM YHCIIE 3a7a4a
Jupuxie s runepOoIMYECKOro YPaBHEHUS TPETHETO MOPSAIAKA.

— JlokazaHa OQHO3HAUHAs Pa3pPEIIMMOCTh M BOJBTEPPOBOCTh aHAIOrAa 3a7ayud
TpHUKOMU €O CENUAIBHBIMU YCITIOBUSMH CKJIEMBAHUS JUIsl CMEIIAHHOTO Mapabomo-
TUNEPOOTMYECKOTO YPABHEHUS TPETHETO MOPSAIAKA.

— Jlng omHOro Kiacca KpaeBbIX 3amad A CMEIIAHHOro — mapadoJio-
TUNEepOOIMYECKOr0 YPaBHEHUS TPETHETO TMOPsJAKAa YCTAHOBJIECHA OJHO3HAYHAS
(peryysipHasi ¥ CHJIbHAs1) Pa3peIMOCTb.

Mertoabl uccaenoBaHusi. VccienyeMble KpacBblE 3a4aud  SKBHBAJIEHTHO
PEAYLHMPYIOTCS K WHTErpo- (PYHKIMOHAIBHBIMU YPaBHEHUsAM. MCHomb3yroTcs
METOJBl TEOpUH IU(PPEPEHIMAIBHBIX YPABHEHUI B YAaCTHBIX MPOW3BOAHBIX,
TeOpuH (P)YHKIMOHAJBHBIX YPABHEHHH.

Teoperuyeckasi H NpaKTHYECKasi HEHHOCTb. Pe3ynbTaTel paboThl MPEXIE
BCETO MPEACTABISAIOT TEOPETHUECKUH MHTEPEC. OHM MOTYT OBITH UCIOJB30BAHBI B
TEOPUM KPAEBbIX 3a4ay s I[IHPOKOTO KJIAcCa YPABHCHWA B YaCTHBIX
NPOU3BOAHBIX THUMEPOOJMYECKOTO THIA, & TAKXKE CMEIIAHHOTO M CMEUIAHHO-
COCTaBHOIO THIIOB, TPA M3YYEHUH MATEMaTHYECKUX BOMPOCOB MHOTHX PA3JEIIOB
MEXAHUKHU U (PU3UKH.

Crpykrypa u 00beM auccepranmnu. J[uccepranmonHas padoTa COCTOUT M3
BBEJICHUS, TPEX PA3/EIIOB, 3aKITFOUEHUS U CIIACKA UCIOJIb30BAHHBIX NCTOYHUKOB U3
72 naumeHoBanuii. Pabota uznoxena Ha 100 crpaHunax.



AKHTAEVA NAZGUL SMAILKHANOVNA

SUMMARY
of thesis on scientific degree of Doctor of Philosophy (PhD) in the specialty
6D060100-Mathematics

ISSUES OF SOLVABILITY FOR THE MIXED PARABOLIC-
HYPERBOLIC EQUATIONS

Actuality of the theme. The theory of equations of mixed type i1s one of the
main sections of the modern theory of differential equations with partial
derivatives. Interest in this question associated with both the theoretical
significance of the results, and the identification of multiple applied problems,
mathematical modeling, which leads to the study of various types of equations in
the considered region of variation of independent variables.

For the first time in 1902 the importance of studying of mixed-type equations
pointed Chaplygin in his paper "On the gas jets". The beginning of the study of
boundary value problems for equations of mixed type was initiated in 1920-1930 y.
in works Tricomi, S. Gellerstedt. A new impetus to the development of this theory
was works of M. A. Lavrentyev, A.V. Bicadze, F.I.Frankl, M. Protter, C. Morawetz
where along with theoretical research a number of substantial questions of this
theory has been specified their practical significance also.

At present the concept of mixed-type equations significantly expanded and
includes all the possible combinations of two or three classic types of equations.
Intensive study of mixed parabolic-hyperbolic type equations due to the fact that,
on the one hand, new types of mixed equations studied a little in theory, on the
other hand, they are the basis of mathematical models of various natural
phenomena.

Solvability questions of local and nonlocal boundary value problems for
mixed parabolic-hyperbolic equations of second and third orders are studied
intensively. However, despite the large amount of work 1n this area, the solvability
of boundary value problems with integral transmission conditions for parabolic-
hyperbolic equations of the second and third orders are still open. All of the above
permits us to conclude that the subject of the thesis is relevant.

Purpose of work. The main purpose of this paper is a study and statement of
regular and strong solvability issues of boundary value problems for hyperbolic
and parabolic-hyperbolic equations of the second and third orders on the surface.



Objectives of the study. The main objectives of the study are:

- establishment of the strong solvability and Volterra property of analogue of
the Tricomi problem with gluing integral conditions for mixed parabolic-
hyperbolic equations of the second and third orders

- a study and statement of boundary value problems on a surface for a
hyperbolic equation of the third order

- determination of the conditions of strong solvability for a class of boundary
value problems with gluing integral conditions for mixed parabolic-hyperbolic
equations.

Scientific innovation. The following results have been obtained:

-Proved strong solvability and Volterra property of an analogue of
generalized Tricomi problem with gluing integral conditions for mixed parabolic-
hyperbolic equation of the second order.

— Proved the theorem on the existence of eigen values of a boundary
value problem with a special gluing conditions for the mixed parabolic-hyperbolic
equations.

— Found the sufficient conditions of the solvability for a class of
boundary value problems with gluing integral conditions for parabolic-hyperbolic
equation of second order.

— Proved a strong solvability of a number of local problems, including
the Dirichlet problem for a hyperbolic equation of the third order.

— Proved the unique solvability and Volterra property of an analog of
the Tricomi problem with special gluing conditions for the mixed parabolic-
hyperbolic equation of the third order.

— Established the unique (regular and strong) solvability for a class of
boundary value problems for mixed parabolic-hyperbolic equation of the third
order.

Methods of research. Investigated boundary value problems are equivalent
reduced to integral-functional equations. The methods of the theory of differential
equations, the theory of functional equations are used.

The theoretical and practical importance. The results of the study
primarily represent theoretical interest. They can be used in the theory of
boundary value problems for a wide class of partial differential equations of
hyperbolic type, as well as mixed and mixed-composite type, in the study of
mathematical problems of many branches of mechanics and physics.

Structure and volume of thesis. The thesis consists of an introduction, three
chapters, conclusion and list of used references of 72 items. The work 1s set out on
100 pages.



