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Ha aHccepTaumounyio pabory Mycipenonsoit Jiamupa Bepkinb6ailKpI3bl
Ha Temy: «PazPemuMOCTh CMCIAIIILIX 30 JUIH BOJNOBOrO ypaBHEHHs H
YpaBHEHHS TCIUIOUPOBOANOCTH ¢ MIBOJIONHEH» na couckapne CreneHH
mokropa ¢unocopun (PhD) no obpasoBaresbHoil nporpamme «8D05410 -
MaTremaTuka»

B auccepranmonnoii paGore Mycipenopoii J.b. HMCCACI0BAHLS
HHBOJIIOTHBHbIE BO3MYLIEHHSl BOJIHOBOIO YypaBHeHHMs H YpaBHeHH:
TeNJIONPOBOHOCTH, B KOTOPbIX HMHBOJIIOUHS COJAEPXKHTCS B CTapuie
Npon3BOAHOMH. YacTHBIM cilyyaeM paccMaTpHBaeMbIX YpaBHeHHH sIBJIAIOTCH
KJIACCHYECKHE BOJIHOBOE¢ YpPaBHEHHe M YypaBHEHHE TeNJoNpPOBOAHOCTH,
KOTOpble OBbLIH H3y4YeHbl B KJaccHuecknx paGorax B.A. CrexisioBa, B
MHOTOMEPHOM cJlyuyae — B KJaccHyeckmx paGorax B.A. WMisnna, O.A.
Jlaagpokenckod u ap. IloaTtomy akTyajabHOCTh TeMbl HCCJIeJOBaHHSI He
BbI3bIBa€T COMHEHHSI.

B paGore B n0cTaTOYHOH Mepe NMpHBeJeHbI CCbLIKH Ha HPHJIOKEHHS
AaddepeHnHATBHBIX YPAaBHEHHH B PpasjM4HBIX o00/JacTAX HaAyKH, 4YeM
NOATBEPXKAAeTCH CBA3b TeMbl HCCJHEI0BaHHA ¢ OOMHMH Hay4YHBIMH
nporpaMmMamMH (3ampocaMH NPaKTHKH H pa3BHTHS HayKH H TeXHHKH).
JduccepranHoHHas patoTa BLINMOJHEHA B PaMKax IPAaHTOBOro NpOeKTa,
¢punancupyemoro Komurerom Haykm MuHHCTEpCTBAa HAaYyKH H BbICHIEro
oOpaszoBanusi PecnmyOiuku Ka3zaxcraH, 4TO NOATBEPXKAaeT CBA3b TEMBI
HCCJIeJOBAHHS C rocyJapcTBeHHbIMH nporpammamn Pecny6inku Kazaxcran.
B aucnepramuonHoii paboTe HCC/I€A0BaHLI HHBOJIIOTHBHO BO3MYIEHHbIE
A depeHnHaIbHBIE yYPaBHEHHA c KOMIJIEKCHO3HAYHBIMH
K03()(PHIHEHTAMH, YTO NPHBOJAMUT K CJI0KHOH 3a/aue HCC/IeJOBAaHHN CBOHTB
coGCTBeHHBIX  QYHKIMA  HecaMOCONpsuKeHHbIX  AuddepeHuHaNIbRBIX
ONepaTopoB ¢ HMHBOJIONMEH NMPH Henoab3oBaHuu Meroaa Pypne. Hanbonee
BAKHBIMH Pe3yJbTaTAMH JHCCEPTAUMOHHOH PA0OTHI SIBJAIOTCH TEOPEMBI O
GazucHocTH  Pucca  coOCTBEHHBIX  (PYHKHHH  HECaAMOCOMPIMKEHHBLIX
auddepeHIHATBLHBLIX ONIEPATOPOB BTOPOI0 NMOPHAKA € HHBOJIIOLHEH, TEOPEMbI
0 PpPa3peliMMOCTH CMeEIIAHHBIX 33424 /JI  BOJHOBOr0 YpPABHCHHRA C
HHBOJIOLHEH U ¢ KoMIJIeCHLIM K03((PHIHEHTOM, TEOPEMBI 0 PAIPCINHMOCTH
o0paTHBIX 32724 AJsi YpABHEHMsSl TeILIONPOBOAHOCTH ¢ HMHBOJIIOUHEH H ¢
KOMILTECHBIM K03(ppuumenToM. TToayeHHbIC PEIYNbTATHI ony0JHKOBaHLI B
ABYX okypHanax wu3 ksapruas Ql mo Gase Thomson Reuters. ITum
NOATBEPKAAETCT MX MOJHOe COOTBETCTBHE YPOBHIO TpeOOBaHHH K

AHccepTannu.



OCHOBHbIE Pe3yJbTAaThl PAGOTHI HEOXHOKPATHO ObLIH XO0JIOHEHBI Ea
3apyOeKHbIX MEXKAYHAPOANBIX HAYYHBIX KOHq)ePe““"ﬂx'
ChopMyIHPOBAHHDBIC B BHAE TCOPCM PE3YJbLTATHI AHCCEPTAUHOHHOH paboTe!
OnyOJHMKOBAHBLI B CHVILHO PCUCH3HPYCMBIX Ha MEK/IYyHADOAHOM ypoBHE
HAYYHBIX  KYpPHAJIAX, uem  mogrBepxkaaercs  060CHOBAHHOCTL M
OCTOBEPHOCTL Pe3yJIbTATOB auccepTauuu. Mycipenosa  J.b. TaKke
AOKIAABLIBAJIA PE3YJIbTATHI HCCIEAOBAHMI Ha pecnyOIMKaHCKHX, FOPOACKHX
HAY4YHO-NPAKTHYECKHX KoH(pepeHuusx, nyb6aukoBana pe3y/bpTarbl B
H3JaHHAX, pexoMeHAoBaHHbIX KomuTerom mo obecneueHuio KadecTsa B
cdepe HaykH H Bbicmiero obpasoBanuss MuHMcTepCTBAa HAyKM H BbICIIErO
ob0pasoBanus Pecny6anku Kazaxcran.

B nuccepraunonHol paGore mccienoBaHbl paHee HeH3y4YeHHbIe BH/bI
muddepeHUHANLHBIX ypaBHeHHHi ¢ MHBOJIIOLMEH, TaK YTO PACCMOTPEHbI
HOBble MaTeMaTH4YecKHe 00bekThl. Onpenenenne pynxuun ['puna KpaeBbIX
3ana4 1as 1 depennnanbHbIX ypaBHEeHHH BTOPOro Nopsiaka ¢ HHBOJIIONHEH
BrepBbie chopmyiHpoBaHbI B HacTosimel Auccepranuu Mycipenosoi J.b., ¢
YKa3aHHEM BeJIMYHHbLI Pa3pbIBOB NepBoii npousBoaHoit ¢yHxknomu I'puna.
Hosry4ennl onenks pynknun I'puHa HecaMoconpsizkeHHBIX KpaeBbIX 327134 €
AHTHIEPHOAHYECKHMH KpaeBbIMH YCJOBHSIMH H Ha HMX OCHOBEe JAOKa3aHbI
TeOpeMbl O PpaBHOCXOAHMOCTH H 0a3sHCHOCTH COOCTBEHHBIX (YHKIHI
H3y4YaeMbIX KpaeBbiX 3aja4. Teopembl 0 0asucHocTH Pucca coGCTBEeHHBIX
GyBKnHH  H3y4aeMbIX  HECaMOCONPS:KEHHLIX  KpaeBBIX  3agay ¢
CaMOCONPSDKEHHBIMH ~ KPaeBbIMH  YCJIOBMSIMH  HMCHOJIb30BaHBI  NpH
JA0Ka3aTebCTBE TeOpeM O Pa3pelIMMOCTH CMEIIAHHBIX 32124 AJIsi BOJTHOBOIO
YPABHEHHsI ¢ HHBOJIIOUMEH H NPH [0Ka3aTe/IbCTBE TEOPEM O Pa3spellAMOCTH
o0paTHBIX 3aJa4 AJisi YPABHEHHs TeIUIONPOBOAHOCTH C HHBOJIIOUHel. Bce
nepevYncieHHbIe Pe3yJbTaThl SIBISIOTCH HOBbIMH, 0000IIAaIOT panee
H3BeCTHbIE pe3yJbTaThl s 4acTHoro cayyas (2=0) knaccmuecknx
YpaBHEHHH.

Juccepranmonnas padoTa JOCTATOMHO XOPOWIO 3ANJIAHMPOBAHA,
cOCTOMT M3 ABYX ruaB. IlepBasi rmaBa mnocBsieHA HCCAEXOBAHHIO CBONMCTH
coOCcTBeHHBIX (QYHKIHIA HECAMOCONPAKEHHBIX CHEKTPANbLHBIX 3aJa4 ans
andepeHNATBLHOTO ypaBHEHHsI BTOPOr0 MOPAAKAa C HHBOJIOWHEI.
Pe3ybTaThl NEPBOH IJIaBbl HCNOJBL3YIOTCS BO BTOPOH rjiaBe AJisi PelIeHRN
NOCTABJICHHbIX 32124 I'VIaBEI.

Juccepraunonnas paGora Mycipenosoii J3.5. npencrasaser coGoii
HeJbHBIH  TPYA,  MOJHOCTLIO  MOCBMIMEHHBLIH  powenn  3azad,
chopMyJHPOBANHBIX B BHAC Ha3BaHus Tembl paborui. PaGota oTimuaercs
BBLICOKO# CTENEeHbI0 BHYTPEHIEro ¢AHICTBA NOJIYCHHBIX Pe3yJIbTATOB.

[oay4yeHHble pe3yabTAThbl JHCCEPTALHH HECOMHEHHO SBJISIIOTCH
3HAYHTEJbHBIM  BKJIAJOM B  pPa3’BHTHE TeopuH uddepennuanbHbIX



ypaBHeHHii, cNeKTpaabHOH Teopun AH(pepeHuHATLHBIX onepaTOp(::
Hay4Hble pe3yabTaThl AHCCEPTAUHM MOrYT HaliTH NMpUMEHEHHE li TEOop
¢pyHxknnoHaabHO-ARGPepenunANLILIX ypaBuenui, B cnekTpajbHOH T€OpHH
AupPepeHIHATBHLIX  ONCPATOPOB  H  MX  CMEKIBIX obJiacTsix, B
MATEeMaTHYCCKHX MOJICJIIX, ONHCBLIBACMDBIX /lml)(bepeuuuanbnum;l
ypaBHeHHsIMA ¢ nuBononneii. Ocnonnbie HieH U pe3yanTaThl uccael0BaHnu
MOTyT ObITL HCHNOAL3OBAHBI B y4yeOHBLIX Npoueccax, HANpaBJCHHbIX Ha
MOATOTOBKY CNEUHAIMCTOB B GakajaBpuarte, Marucrparype H J0KTOpauType
[0 MATCMATHYECKHM CHEHAJbHOCTAM.
[lo pesyabTaTam McenegoBanmii onybankoBano 12 pa6or, B TOM YHCJI€

1 paGoTa B HAYYHOM M3aHHM, pexomeHaoBanHom Kommurerom, 2 paborhi B
H3JaHHSIX, BXOAAMHKX B KBapTiab Q1 no 6aze Thomson Reuters n 9 padoT B
MaTepHaIaX MEeXAYHAPOAHbIX KoHdepeHuuii, B ToM 4Yucjae 3 padoTbl B
MaTepHaJax 3apy0exxHbIX KondepeHuuii.

MHoi0o He oOHapyXeHbl HENOCTATKH B cogepkaHHd H o¢opMIIeHHH
auccepranun Mycipenosoii J.B.

Cuuraro, uro auccepranuonnas paGora J.B. MycipenoBoii Ha Temy
«Pa3pemiuMoCcTh CMEMIAHHBIX 32124 AJIS BOJIHOBOIO YPaBHEHHs] H yPaBHEHHS
TeIUVIONPOBOAHOCTH ¢  HHBOJIIOLMEH»  yJIOBJeTBOpPSieT TpPeOOBAHHAM,
npexbsiBasieMbiM «llpaBuiamu npucykaeHns cTeneHeii fokTopa ¢punocodpun
PhD», a ee aBTOp 3ac/y’kHBaeT NpHCYKICHHs CTENEHH AOKTOpa ¢uIocopHH
(PhD) no o6pa3oBartesbHoii mporpamme «8D05410 - MaTtemaTHKa».

3apyOexxHblif HayYHbIH KOHCYJIbTAHT,

AOKTOPp clmmxo-ma"remaTuqecKux HAYK,

npodeccop aenmapraMeHTa MaTtemaTHKH

Bahcesehir University, 34349, Istanbul, Turkiye: BIpanbles
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Report

on the thesis by Elmira Berkinbayevna Mussirepova “Solvability of mixed problems for
the wave equation and the heat equation with involution” presented for a scientific
degree Doctor of Philosophy (PhD) in the specialty «8D05410-Mathematics».

In the dissertation work of E.B. Mussirepova the involute perturbations of the
wave equation and the heat equation, in which the involution is contained in the
highest derivative, are studied. A special case of the equations under consideration
are the classical wave equation and the heat equation, which were studied in the
classical works of V.A. Steklov, in the multidimensional case in the classical

works of V.A. Ilyina, O.A. Ladyzhenskaya and others. Therefore, the relevance of
the research topic is beyond doubt.

The paper provides sufficient references to applications of differential
equations in various fields of science, which confirms the connection of the
research topic with general scientific programs (requests for practice and the
development of science and technology). The dissertation work was carried out
within the framework of a grant project funded by the Science Committee of the
Ministry of Science and Higher Education of the Republic of Kazakhstan, which
confirms the connection of the research topic with the state programs of the
Republic of Kazakhstan.

In the dissertation work, involute perturbed differential equations with complex-
valued coefficients are studied, which leads to the difficult problem of studying the
properties of eigenfunctions of non-self-adjoint differential operators with
involution using the Fourier method. The most important results of the dissertation
work are the Riesz basis property theorems for eigenfunctions of non-self-adjoint
second-order differential operators with involution, theorems on the solvability of
mixed problems for the wave equation with involution and with a complex
coefficient, theorems on the solvability of inverse problems for the heat equation
with involution and with a complex coefticient. The results were published in two
journals from the QI quartile based on Thomson Reuters. This confirms their tull
compliance with the level of requirements for the dissertation.

The main results of the work were repeatedly reported at foreign international
scientific conferences. The results of the dissertation work tormulated in the form
of theorems are published in highly peer-reviewed scientific journals at the
international level, which confirms the validity and reliability of the dissertation
results. E.B. Mussirepova also reported the results of research at republican, city
scientific and practical conferences, published the results in publications
recommended by the Committee for Quality Assurance in Science and Higher
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Education of the Ministry of Science and Higher Fducation of the Repub
Kazakhstan.

In the dissertation work, previously uninvestigated types of differential quatlons
with involution are investigated, so that new mathematical objects are considered.
The definition of the Green's function of boundary value problems for secopd-
order differential equations with involution was first formulated in this dissertation
by E.B. Mussirepova, indicating the magnitude of discontinuities in the first
derivative of the Green's function. Estimates of the Green's function of non-self-
adjoint boundary value problems with antiperiodic boundary conditions are
obtained and, on their basis, theorems on the equiconvergence and basis property
of the eigenfunctions of the boundary value problems under study are proved. The
Riesz basis property theorems for eigenfunctions of the studied non-self-adjoint
boundary value problems with self-adjoint boundary conditions are used in proving
theorems on the solvability of mixed problems for the wave equation with
involution and in proving theorems on the solvability of inverse problems for t'he
heat equation with involution. All the above results are new, they generalize
previously known results for a particular case (a=0) of classical equations.

The dissertation work consists of two chapters. The first chapter is devoted to the
study of the properties of eigenfunctions of non-self-adjoint spectral problems for a
second-order differential equation with involution. The results of the first chapter
are used in the second chapter to solve the tasks of the chapter. Dissertation work
of E.B. Mussirepova is an integral work, completely devoted to solving problems
formulated in the form of the title of the topic of the work. The work is
distinguished by a high degree of internal unity of the results obtained.

The results of the dissertation are undoubtedly a significant contribution to the
development of the theory of differential equations, the spectral theory of
differential operators. The scientific results of the dissertation can find application
in the theory of functional differential equations, in the spectral theory of
differential operators and their related areas, in mathematical models described by
differential equations with involution. The main ideas and results of research can
be used in educational processes aimed at training specialists in bachelor's, master's
and doctoral studies in mathematical specialties.

Based on the results of the research, 12 papers were published, including 1 PapeT in
a scientific publication recommended by the Committee, 2 papers in publications
included in the Q1 quartile based on Thomson Reuters, and 9 papers in
international conference proceedings, including 3 papers in toreign conterence
proceedings.

I note that dissertation work of E. B. Mussirepova on the topic: "Solvability of
mixed problems for the wave equation and the heat equation with involution" for
the degree of Doctor of Philosophy (PhD) in the specialty "8D05410 -
Mathematics" meets the requirements established by the Committee for Quality
Assurance in sphere of science and higher education of the Ministry of Science and



Higher Education of the Republic of Kazakhstan, and this dissertation may be
admitted for defense in the dissertation council.

Allaberen Ashyralyev
Foreign scientific consultant,

Professor, Doctor of Phys. and Math. Sciences

Department of Mathematics, Bahcesehir Univ

34349, Istanbul, Turkiye k 24.06.2023



