REVIEW

on the thesis of Zhangabergenova Nazerke
“Weighted estimates of quasilinear and bilinear discrete operators”
submitted for the degree Doctor of Philosophy (PhD)
in educational program “8D05401-Mathematics”.

The thesis of Zhangabergenova Nazerke is dedicated to the study of discrete operators.
Weighted estimates of these operators correspond to characterizations of Hardy-type inequalities.

Weighted Hardy inequalities have been increasingly used and as a consequence they have
been analyzed more and more ofien in harmonic analysis, in the theory of differential and
difference equations, as well as in other areas of mathematics.

Many cases of weighted estimates for linear integral and discrete Hardy-lype operalors
have been considered, and there is a large number of books and scientific articles on this topic. In
a second time, mathematicians became interested in studying quasilinear operators. The reason
was due to the use of weighted quasilinear inequalities involving the integral Hardy operator in
Morrey-type spaces. Moreover, the characteristics of weighted quasilinear inequalities can now be
used to study bilinear weighted Hardy-type inequalities.

[n this work, the candidate and co-authors analyze simple quasilinear and quasilinear and
bilinear discrete operators with a kernel satisfying certain conditions. The main problem of the
thesis work is to obtain a boundedness criterion for quasilinear and bilinear discrete operators in
weighted Lebesgue space with various parameter ranges. The analysis of such a class of operators
1s new in the theory of discrete inequalities.

The dissertation contains the following results, that in my opinion are new:

- necessary and sufficient conditions for the fulfillment of discrete Hardy-type inequalities
for quasilinear operators in some new parameter ranges;

- weighted estimates of quasilinear operators with a matrix kernel in different parameter
ranges:

- criteria for the fulfillment of the bilinear inequality for the class of matrix operators in
different ranges of parameters.

The results of the thesis are undoubtedly a significant contribution to the development of
the theory of discrete operators. The scientific results of the dissertation can find application in
harmonic analysis, in spectral theory of differential operators and in related areas and in applied
problems of mechanics, physics, and technology. The main ideas and results of the research can
be used in an educational processes aimed at training specialists at the level of bachelor, master
and doctoral programs in mathematics.

The main results of the work have been presented at several international scientific
conferences. The results of the doctoral thesis have been published in reputable international

journals with a peer-review system, which confirms the validity and reliability of the dissertation
results.

Based on the results of the research, the candidate has either authored or co-authored 13
papers. Namely, 5 papers in highly ranked journals that are indexed either in the Scopus or in tiic
Web of Science database and 8 papers in international conference proceedings.

My opinion is that the results of the doctoral thesis of Zhangabergenova Nazerke on the topic
“Weighted estimates of quasilinear and bilinear discrete operators™ satisty all the necessary




requirements of PhD the dissertations for the PhD degree and that the candidate deserves the
degree of Doctor of Philosophy (PhD) in educational program “8D05401 — Mathematics”.

AU, (AU L
Massimo Lanza de Cristoforis
Foreign scientific consultant,
PhD, Professor, University of Padova, Italy 28.12.23.




«8D05401 — Maremarukay 6inim Gepy Garnapinamace 6oiibiHina duocodus
nokropsl (PhD) napexecin any yiuid ycoiHbUIraH
JKanabeprenosa Hazepke CanmeHKbI3bIHBIN
«KBa3HCBI3BIKTHI JKaHe OHCHI3LIKTEI AMCKPETTIK OnepaTopiap/ bl caiMaKThbl Oaranayiapbl

TaKbIPLIOBIHAAT B AUCCEPTALMSUIBIK JKYMBICHIHA
CBIH-IIKIP

JKanaGeprenosa HazepkeHin juccepTanusuiblK JKYMBICHI JUCKPETTIK onepaTopiiap/ibl
3epTTeyre apHaaraH. byl oOmepaTtopiapabli canMakTel Oaranayiapel  Xapiu - Topizjec
TEHCI3AIKTEP/H cCHnarTaMaiapnl 00JIbin TabbLIa/IbI,

Canmakrsl Xapau TeHCI3AIKTepini KOJIaHbICTApBIHBIH JKUieyine OailaHbICTh  0Jiap
rapMOHMKAIBIK Taaayaa, AudQepeHiHaibK KoHe alblpMallbUIbIK TEHACYJIEp TEOPHACHIHAA
’KOHE MaTeMaTHKaHbIH Oacka caianapbliiia )il KapacTelpbuia 6acTabl.

CBI3BIKTBI HHTErPALIBIK XKOHE JUCKPETTIK Xap/u Topi3ziec oneparopiap YIilH oJl1ap/bi
caMaKThl Oarajayjapbl KONTEreH Karjaijap/a KapacThIpbLUIFaH JOHE OCbl TaKbIPbIIKA
KaTBICTBI KONTEreH Kitanrap MeH reUlbIMH Makananap Oap. Keiinri buigapbl MaTeMaTHKTED
KBA3HCHI3LIKTHI ONEPATOPIAP/bl 3ePTTEYre KbI3BIFYIIBUILIK TaHbITTEL Mynbin cebebi Moppu
TOpI3/JeC KEHICTIKTep/ie HHTErpalAblK XapAu onepaTopblH KAMTHTBIH CAJIMAKThl KBa3HChI3bIKTHI
TeHCI3AiKTepal KosnanyMen OaiinanbicTel Oosabl. COHBIMEH KaTap, CaIMaKThl KBa3HCBHI3BIKTEI
TEHCI3MKTepAiH CHIATTAMaNapbil Xapau Topisjiec OHMCHI3BIKTBl CAIMAKTBI TEHCI3MIKTEP/I]
3epTTEy YLIiH naijananyra 0onaibl.

Bys JkymbicTa yMiTKep oHe OipiieckeH aBTOpJlap KapanaibiM KBa3UCBI3BIKTBI JKOHE
Genriai Oip WAPTTH KaHaraTTaHABIPAThIH MaTPUIACH 0ap KBA3UCHI3BLIKTBI XOHE OHCHI3BIKTHI
JMCKPETTIK omepaTtopiap 3eprrered. JlucceprauusHbH Herisri MinzeTi canmakrel JleGer
KEeHIiCTIriHjie napaMeTpiepIiH opTypJii apaKaTblHACTaphIHJA KBA3HCHI3BIKTBI XKOHE OHCHI3BIKTHI
JIMCKPETTIK ONepaTopiap/blH EeHeTIMAUTIK KpuTepuiiin aty. OneparopiapslH MyH/Iail KJIaChbIH
Ta1lay JMCKPETTIK TEHCI3IIKTEp TEOPHCHIHAA KaHa 0016l Tabbulaabl.

Jluccepranus/jia MeHiH mikipiMine jxaHa 00JbIn TaObUIaThIH KEJIECI HOTHXKENIEP aJIbIHFaH:

- MapaMeTpJepIiH KeiOip jxaHa apaKkaThlHACTaphIHA KBA3UCBI3BIKTHI OIlepaTopiiap YLIiH
JIMCKPETTIK Xap/u Topi3Jiec TeHCI3AIKTIH OPBIHAATYBIHBIH KaXXETTI )KOHE XKETKUIIKTI IHapTTaphl;

- TapaMeTpiepAiH opTYpil apakaTblHacTapblHJa MaTpuuacsl 0ap KBa3UCBI3BIKTEI
oIepaTopiapblH CaIMaKThl Oarajiaynapsl;

- TIapaMeTpiIepJiH op TYpJi KaTbIHACTapbIHAA MaTPHLAILIK ONEpaTopiiap KJIachkl YIIiH
OUCBI3BIKTEI TEHCI3MIKTIH OphIHJIATY KPUTEPHIIIEPI.

JluccepTalMsHbIH  HOTHIKEJEpl JMCKPETTIK ONepaTopiap TEOPHSCHIHBIH JaMybiHa
alTapiIbIKTall yjec KocaTblHbl €03C13. JluccepTanusHbH FhUIBIMA HOTHIXKENEPI rapMOHHKAIBIK
tangayaa, JuddepeHIHAIIBIK ONEepaToOpiap/blH CHEKTPJIK TEOPUSACHIHJA MOHE OHBIMEH
OaiylaHpICTBl canajiapja, COHJA-aK MexaHuka, (U3MKa XKOHE TEXHHKAHBIH KOJINaHOaIb
MaceselIepinle  KOJJAaHbLIybl MYMKIH. 3epTTeyMiH HErisri MAeslaphl MeH HOTHXKeJepi
MaTeMaTHKajaH OakaiaBpuar, MarucTparypa oHe JIOKTOpaHTypa JeHIeHiHJe MamaHIapiibl
nasipiayra OareITTaIFad OKy Y/AEpiCiH/e NaiialaHbUTYbl MYMKIH.

JKyMBICTBIH HEri3ri HOTHXKeNEpl XajlblKapajblK FhUILIMM KOH(pepeHumsuiapaa Giprerue
per Oasnpanrad. JIOKTOPJBIK JHCCEPTALMAHBIN HOTHIXKEJIEpl peleH3HsUIaHraH Oenxen
XaNbIKapaiblK FHUILIMA JKypHAIapAa Kapusianrad, Oyn Jucceprauus HOTHXeIepiHin
HEeri3/IUIri MEH CEHIMAUTITIH pacTaiiibl.




3eprrey  mammkenepi Goiibiima yMiTkep komne OGipiecken asropiap 13 makaa
Kapusiaran. Artan aiitkanna, 5 makana Scopus nemece Web of Science jepekKophiHia
HHACKCTEArCH JKOFapel peifTHHITI JKypHangapaa koHe 8 Te3HC XalblKapaiblK KOH(EpeHIHA
MaTepualaap »uHarbigaa KapusjiaraH. .

Men XanaGeprenosa Hazepkenin «KBa3nchi3biKTel #%9HE OHMCBI3BIKTBI JHCKPETTIK
ONEPaTOPNApAbIH canmMaKThl Oaraiaynapsl» TaKbIpbObIHAArbl JOKTOPJLIK AHCCEPTAIHACHIHEIN
HATIOKeNnepl unocodus AOKTOpHI Aapexecine apHairan A0KTOPIIBIK nHCCCPTﬂII.mfﬂaPllwl
OapiblK TananTapsix KaHaraTauJblpajibl JKoHE YMITKED "8D05401-Maremaruka" Oinim Oepy
Garnapnamacet Goiibimina unocodus gokropst (PhD) napexecite Naiblk A€ CaHAHMBIH.

Macenmo Jlansa ne Kpucrodopue
Llerennik ruLIbIME Keneci,

PhD, npodeccop,
[lanya Yunsepcenreri, Hranus 28.12.23x




[Teperoa ¢ aHTAMACKOTO A3bIKA HA ka3axckuii s3bIK BoinosHen JyHycoBoi MaknaJ )Kapxmuﬁexonnoﬁ.
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Pecny6anka Kasaxcram, ropoa Acrana
BoceMuAALATOE SHBAPS IBE THICSYH ABAALATH YETBEPTOTO TO/LA.

s1, Kycaunosa Hyprysb JlaynGaesna, HOTapHyc ropoja Acrtana, AeiicTBYIOUMIA Ha OCHOBAHUH
nuuensnn Ne12004244 or «05» wions 2012r., Bb1aHHOH MUHHCTEPCTBOM octnin PK KoMuTETOM
pErucTpallHOHHOH cnykObl M OKa3aHHs NpaBoBOii MOMOILH, CBHUACTEILCTBYIO [10/UIMHHOCTL TIOJIMTHCH
nepepoauuka JKyHycoBOH Maknan KapkbinGekopnbl,  JIn4HOCTD nepeso/lMMKa  yCTaHOBJIEHA,

neecrnocoOHOCTh M IOJIHOMOYHS MPOBEPCHDL.
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