UNIVERSITA
DEGLI STUDI
DI PADOVA

meewE

dt DIPARTIMENTO DI TECNICA E GESTIONE DEI
g SISTEMI INDUSTRIALI

RS

January, 20th 2023

To Al-Farabi Kazakh National University

Subject: Report on the PhD thesis by Nurbek Kakharman « General regular boundary value
problems for degenerate hyperbolic equations » in fulfillment of the requirements for the
degree of Doctor of Philosophy (PhD)

The Phd thesis by Nurbek Kakharman is devoted to the study of a considerably new class of
boundary value problems for degenerate hyperbolic equations, with nonlocal lateral conditions
involving the Newton potential. We note that these boundary conditions were introduced in a paper
by Kal’menov and Suragan in 2009 as natural boundary conditions for the Laplace operator and they
are attracting the interest of a number of mathematicians at international level.

The thesis is organized in three chapters and it includes a carefully written introduction
providing motivations and many references.

Chapter 1 is devoted to the study of appropriate related first order ordinary differential
equations of degenerate type that are solved in weighted Sobolev spaces. This study is extended in
Chapter 2 to the case of second order ordinary differential equations with weakly singular coefficients
and the corresponding results are used to establish existence and uniqueness results for Euler-Poisson-
Darboux type equations with boundary conditions of potential type. Finally, in Chapter 3 existence
and uniqueness results are obtained for the solutions of a class of noncharacteristic degenerate
hyperbolic equations with the Newton potential boundary condition by using a classical spectral
decomposition method.

The thesis is well-written, the results are clearly stated and the proofs seem correct. The
methods are adequate.

I believe that the thesis provides a valuable contribution to this field of investigation since it
gives a clear indication that the boundary conditions of potential type, recently introduced, can be a
natural object for the development of a general theory for a large class of hyperbolic equations.

In conclusion I consider that the dissertation of N. Kakharman on the topic «General regular
boundary value problems for degenerate hyperbolic equations» satisfies all the requirements for the
degree of Doctor of Philosophy (PhD) in the specialty «6D060100-Mathematics» and my decision is
to “Award” the degree.

Sincerely yours, ,'/
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Prof. Pier Domenico Lamberti

Dipartimento di Tecnica e Gestione dei Sistemi Industriali
Universita degli Studi di Padova

Via Stradella San Nicola 3,

36100 Vicenza VI, Italy




TEXHUKA JXOHE ©OH/IPICTIK IMAOYA YHUBEPCUTETI
KYHUEJIEPII BACKAPY BOJIIMI
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on-Papabu ateinare! Kasak yiTTeIK yHUBepcuTeTIHE
TakpippiObl:  Duiocodpus  TOKTOPHI (PhD) popexxecin amy ymin
AalbIHAQJIFAH
Hyp6ex KaxapmanubiH «A3FbIHIagran runepooNabIK TeHaeyJep YIIiH
KAJIMbI Peryasip/bl MIETTIK ecenTep» TAKbIPHIGHI GOMBIHINA YCHIHBLIFAH
AUCCEPTANHSAIIBIK KYMBIChIHA ITTKIPI

H. KaxapMaHHBIH JUCCEpTALUANBIK KYMBICH a3FbIHIATFaH TUNepOOIIATBIK
TEHJACYNep YIUNH OyHipimiKk LIeKapbUIBIK IMapTH JOKAImE eMec HEBIOTOH
IOTEHIHANIbl apKBUIbI OGepiireH 6acTalKbl IIEKApANBIK €CeNTiH MAaHBI3ALI KaHa
KIIaCBIH 3epTTeyre apHanraH. byn mekapaneik maprrap 2009 xeiier Kanvenos
nen Cyparan eHGektepinze Jlamiac omepaTopsl YIiH TaGuru IIeKapabIK
IIapTTap peTiHAE eHIi3UIreHiH JKoHe XalBIKApalblK JeHreiine GipkaTap
MaTeMaTUKTEP/IiH KBI3BIFyIBLIBIFEH Ty IBIPFaHbIH aTall 0TEMI3.

Jluccepranys ym TapaydaH Typajbl JKoHE O MOTHBALMSIIAPHEI
KaMTaMachl3 €TE€TIH MYKHUAT JKa3bUIFaH Kipiclle MEH KOITereH onbuerrep
Ti3iMiHEeH Typajpl.

1-Tapay asreipanran THNTI GipiHuI peTTi KapanaibiM AHGbGbepeHIHATIBIK
TeH/eyNep YIiH canMakTel CoboNeB KeHiCTiriH/e MemieTiH xKalb! pery/Ispis]
IIeTTIK eCeNTepAi 3eprTeyre apHAaIFaH. Byl 3epTTey 2-rapayia oucis
CHUHTYJSAPIBIK KO3 QUIHEHTTEP] OGap  ekiHmi  perri KapamnaibiM
Ju(QepeHManIbK TeHAeyIep JKaFrnalblHa JKAIFaCTHIPBUIABI JKoHE COHKeC
HOTHIKEJIEp - NOTeHIHal TYpAeri ImeKapalblK IIapTTapMeH KoMbLIraH Ditnep-
Ilyaccon-Jlap6y TumTi TeHmeynmepi yumiiH MmemimiHiH 6ap xoHe Gipereimik
HOTIDKENICPIH ~ aHBIKTay YIIH maiiganansuianel.  CoHBIHZA, 3-Tapayna
KIaCCHKAJIBIK ~ CHIEKTPJK JKiKTeXy oiCiH KOJIaHa OTBIpeIN, HbIOTOH
[IOTEHIUAIBIHBIH IIEeKapalblK IIapTBIMEH KOMBLUIFAH CHIIATTaMaJBIK eMec
a3FBIHJIAIIFaH THIEPOONANBIK TeHAEYNepaiH Oip KIACHHBIH IIeImiMaepi YIIiH Oap
JKoHe Gipereilirik HoTHKENEpi anbIHFaH.

JuccepTanMsIBIK JKYMBIC JKaKCHI JKa3bUIFaH, HOTHKENEp aHBIK KeNTipiireH
JKOHE JRJIelepi Ayphic. OiCTepi aleKBaTTHI.

Huccepraiys 3epTTeyAiH OCHl calacklHa KYHIBI Yilec KOCamsl el
ecenTerMiH, ©HTKeHi Oy 3epTTey jKaHa EHTi3iNreH IOTEHIMANIBIK TYpHET
IIEKapalbIK MApTTAPMEH KOMBUIFaH IMIIepOONanblK TeHAeYIepaiH YIKEH KIackl
YUIiH JKaNumbl TEOPUSHBI AaMBITY YIIiH TaOMFH OOBEKT GOla aJaTHIHBIH HAKTHI
KepceTei.

Kopeiteiaaemaii kene, H. KaxapMaHHBIH «ASFBIHAAIFaH IUIep6ONaBIK
TEHAEyJIep YLIiH JKailbl pPerynsapibl IIETTIK eCenTepy» TaKBIPBHIOBIHIAFE]
AUCCEePTAUUSIEIK XYMBICEI «6D060100 —MaremaTika» MaMaHOBIFEI OOMBIHIIA
dunocopus moxropsr (PhD) nopexecimin auccepranmsnapra KOMBLIATHIH



6apisik Talnanrapra cait sxome MEHIH OHbIMIIa FBUIBIMH J1opexeHi “bepyre
JaubIK” mer ecenreimiy.
IIBIH XKYpeKTeH

npodeccop ITeep Tomenuxo Jlam6epry,

Kadenpacsr
Crpagenna Cag Hukona 3,
36100 Buuenna VI, Hramug



Texcr-nnepeBon, ¢ QHIVIMACKOrO fA3blKa Ha Ka3aXCKUH S3BIK  BEINOJIHEH MHOIO,
nepeBogunkoM JKypreibaeBoit ['ynHas MyxaMenanueBHOM, NNH 770502401865,
Pecry6nuxa KasaxcraH, ropox Anmatsl, bocTaHIBIKCKUH padioH, ynunia MapkoBa, 24A,
ouc 18, Ten+7 7772473792, e-mail: globus-zh@mail.ru.
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ropon Anmatel Pecrmybmmka Kasaxcran. [lpaaumath ce Mapra [Be TBHICSYM JBaALAaTh
Tpetbero ropa. S, KoxkaxmeroB Hypman KupruzbaeBud, HOTapuyc ropopga AJIMarThl,
muuensuss Ne 11002952, Beimana KomuteroM PervcTpalldOHHOM CIIy:KOBI M OKa3aHMs
TIpaBoBO# oMoy MuHucTepcTBa loctunu Pecry6miku Kasaxcran ot 21.11.2011 ropa,

CBUIETEIBCTBYIO  IMOMIMHHOCTE MOANMCH mepeBomunka JKypreibaeBoit  I'ynmHas
MyxamenanueBHel. JIMUHOCTD NepeBOTUMKA YCTAHOBJIEHA, JEECIIOCOGHOCTh M MOTHOMOYHS

IIPOBEPEHEI.

3aperucTpupoBaHo B peectpe 3a Nel 145
Omutauennas cymma: 1829 TEHLE.

IToanuce HOTapuyca

AT,
ES8302972230330133747B38620E

HoTapuarTsik ic-apekeTTiy bipereii Hemipi / YHUKaNbHbIA HOMED HOTapUaNbHOro AeHCTBUS



