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FOREIGN SCIENTIFIC CONSULTANT REVIEW

for PhD thesis of Omarova Zhansaya

"Efficiency limits of organometallic perovskites based on CH;NH;SnI; and
CH;3;NH;PbI; for photovoltaics', submitted for the degree of Doctor of
Philosophy (PhD) in the educational program ""8D05303 - Technical
Physics"

Perovskite photovoltaics is a rapidly developing area of solar energy.
Although silicon solar cells currently used in industry have achieved
photovoltaic power conversion efficiencies exceeding 26%, their reported
disadvantages include high cost, high degree of manufacturing technology, as
well as the difficulty in recycling and disposal of obsolete silicon solar panels
due to a relatively large thickness of silicon wafers. In this regard, perovskite
solar cells look promising due to several advantages, such as a wide absorption
range of the light spectrum, high carrier mobilities and relatively large carrier
diffusion lengths, as well as the ease of fabrication and relatively high efficiency
(of the order 25%). However, there are several unsolved problems, which
include high instability under the influence of atmospheric factors. Thus, over
the past decade, there has been an increase in activity in studying the processes
of degradation of various perovskite materials under the influence of external
environmental conditions and the development of highly efficient perovskite
structures.

PhD thesis of Omarova Zh.B. on the topic "Efficiency limits of
organometallic perovskites based on CH3;NH3;Snl; and CH;NH;Pbl; for
photovoltaics" is devoted to the development of a generalized numerical model
for revealing a highly efficient structure of a perovskite solar cell, as well as an
experimental study of the degradation in a perovskite sample.



The PhD thesis determines optimal device parameters, such as thickness
and trap density of the CH3;NH;Snl; absorbing layer, the choice of the hole-
transport layer and anode to obtain high device performance. Using IR
spectroscopy, it was found that the degradation of a perovskite solar cell
depends on atmospheric conditions, and deterioration of the active layer occurs
via hydration degradation of the perovskite crystal structure.

The PhD thesis of Omarova Zh.B. was carried out in accordance with the
research plan under the grant funding program of the Ministry of Education and
Science of the Republic of Kazakhstan in the field of natural sciences within the
framework of the project "AP05133651 - Production and research of promising
renewable sources based on flexible organic semiconductor materials".

The results obtained in this PhD thesis are reflected in relevant publications
of Omarova Zh.B. According to the main results of the dissertation, 15 printed
works were published: 4 articles in journals from the list of Committee for
Quality Assurance in the Field of Science and Higher Education Republic
Kazakhstan for the publication of the main results of the thesis for the degree of
PhD, 2 articles in international journals with a high impact factor included in the
international databases Web of Science (Clarivate Analytics, USA) and Scopus
(Elsevier, the Netherlands) and 9 papers in proceedings of international
scientific conferences.

During the work on the dissertation work, Omarova Zh.B. showed
independence in finding solutions to complex problems, diligence, perseverance
in achieving her goals, responsibility in implementation of non-standard
research tasks.

Based on the publication record, independence in performing quality
research, and qualification requirements for dissertations for the degree of
Doctor of Philosophy (PhD), I recommend the PhD thesis of Omarova Zh.B. on
the topic "Efficiency limits of organometallic perovskites based on CH3;NH;3Snl;
and CH3NH;Pbl; for photovoltaics" for consideration by the Committee to be
awarded the degree of Doctor Philosophy (PhD) in the educational program
"8D05303 - Technical Physics".

Foreign scientific consultant,
Prof. Dr. Safa Shoaee (University of Potsdam)
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@usukacel  koHe  ONTOZJIEKTPOHMKA
HNHCTUTYTBI

[Tpod. Hp. Cada Iloan
shoai@uni-potsdam.de

Ten. (0) 331-977-5453

DAKC (0) 331-977-5615

«8D05303 — Texnuxkaabix ¢puznka» 6ijimM 6epy 6araapaamacsl
Ooiibina ¢punocodpus AokTopsl (PhD) FHIIBIMHA A3peskecin aay yurid
Omaposa Kancasa barnaTkpi3binbin «@oToBoabTanka ymin CH;NH;Snl;
soHe CH;NH;PbI; Herizingeri MeTa/uiopraHuKaJIbIK EPOBCKHTTEPAIH
THIMAUTIK IIEeKTep» TAKbIPbIOhl GOHBIHILA JHCCEPTANMHSIBIK KYMbICHIHA

HIETEJAIK FBIJIBIMMA KEHECIITHIH HIKIPI

IepoBckuTTi GOTOBONBTaMKA - KYH IHEPTETUKACHIHBIH KAPKBIHIBI JTAMBII
KeJle XaTKaH canacsl. Kasipri yakeiTTa ©HEpKaCilTe KONJIaHbIAThIH KPEMHHH KYH
3JIEMEHTTEPIHIH (POTOAIEKTPIIIK SHEPTUSAHBI TYPJIACHIIPY THIMIUTIT 26%-1aH acca
Ja, OJIapJBIH KEMILIUIIKTEPiHE KYHBIHBIH YKOFapPBUIBIFBI, OHIIPIC TEXHOJOTHSICHIHBIH
KOFapbl JIOpeKeliri, CoHjai-aKk KpeMHHU IUIACTHHAJAPBIHBIH CANbICTHIPMAIIBI
TYPAE YJIKCH KalbIHABIFbIHA OaMJIaHBICTHI TO3FaH KPEMHUN KYH MaHENbJepiH KalTa
OHJIEY JKIHE KOIEere )Xapary Macesnenepi xkarajibl. OCbIFaH Opai, MepOBCKUATTI KyH
JJIEMEHTTepl OipKaTap apTHIKIIBUIBIKTApbIHA OaiaHBICTHI HEePCHEKTHBAIBI JIETT
CaHaJaAbl, OJapFa  JKapbelK  CHOEKTpiHIH  KeH  JKYThUIy  JMama3oHBHI,
TaCBIMAJLIAyIUbUIAPABIH  JKOFaphl KO3FAJIFBIIUTHIFEl JKOHE TachIMagaylibiiap
1uQ@y3UsACHIHBIH ~ CANBICTBIPMATBI  TYpAE€  VJIKSH  Y3BIHIBIFBI, COHIAM-ak
JIAaUBIHIATYbIHBIH, ~ KapanaWbIMABUIBIFRI MEH CaJIbICTBIPMANBl  TYPAE KOFaphl
taiMaLiri  (tmamamed  25%) xartanel. JlereHMeH OipHelle  IIEIIiJIMEreH
npodsemanap 6ap, onapra arMochepansiK GakTOpaapabH dCepiHEH TYbIHIAWTHIH
XKOFapbl TYPAaKChI3ALIK >kaTaabl. OcblIaiiia, COHFBl OHXBUIABIKTA CBHIPTKBI
KOpIIAaraH opTa >XargalnapiblH OCEpPIiHEH TYBIHIAWTHIH OpPTYpNi HEPOBCKUTTI
MaTepHAIAPABIH  BIABIPAY MPOIECTEPIH 3€pTTEY JKOHE THUIMJLIII >KOFaphbl
NEPOBCKUTTI KYPBUIBIMIAP/IBI 33ipiiey O0HbIHINA GEICEH/ITIK apTThI.

A.Bb. Omaposanbig «DoTtoBosabTanka yimiH CH;NH;Snl; sone CH;NH;Pbl;
HETI3IHJETT  METAUIOPTraHWKANbIK  TMEPOBCKUTTEPAIH  THIMAUTIK  IIEKTEpI»



TaKBIPBIOBI OOMBIHIIG AHCCEPTAUMANBIK KYMBICHI THiMILTIT XKOFapbl NEPOBCKUTTI
KYH 3JICMEHTTEPIHIH KYPBUIBIMBIH AHBIKTAY YIIIH JKANIbLUIAHFAH CAHIbIK MOJENbI]
J3ipreyre, COHIal-aK MEePOBCKHUT YJITiCiHIg ACTPANAIUSICEIH  TOKIpHOETiK
3€pTTeyre apHalIFaH.

Juccepranyspi Kymbicta CH3;NH;Snl, CIHIDY KaOaTbIHBIH KAJILIHIbIFBI
MCH aKaynap TBIFBI3/BIFEI, KYPBUIFBIHBIH KOFaphbl OHIMIIITIH any yImd kemTik
[ICH aHOATHI TackIManiay KabaTblH TanAay CHAKTBl KYPBUIFBIHBIH OHTAMIb!
llapaMeTpiepis anbIkTatran, UK CIICKTPOCKOIHUAHBIH KOMETIMEH NEPOBCKUTT] KYH
SJIEMEHTIHIH Jerpafalimschl aTMocepasik Karnannapra GainaHeICTBl ekeHmiri
aHBIKTAJINBI, an  GeyceHi KaOaTThIH BIIBIPAYBI  MEPOBCKHUTTIH KPUCTAIIJIBIK
KYPBUILIMBIHBIH THADATALHSIIBIK JAeTPaTalHsiCh APKBLIBI XXYPEZ].

Huccepranusipik KYMBICIICH JKYMBIC icTey Gapbichinma JK. B, Owmaposa
Kypaei MaceJlenep iy HIeHIMIepin i3neyne JnepoecTik, CHOCKKOPIBIK, ©3
MaKCaTTapbiHa XeTyne TabaHIbUIbIK, CTAHIAPTThl EMeC 3epTTey TarChIpMaiaphlH
OpbIHJIAY Ke3iH/E XKayalKepIimik KOpPCETTI.

OmapoBa XKaucas barnatkeI3bIHbIH AHCCEPTANMANBIK JKYMBICHI Kazakcran
PecriyOnukacer Binim %oHe FuummmM MHMHHUCTPJITIHIH KapaTbUIBICTAHY FBUIBIMIAPbI
CaTacChlHAArel TPAHTTHIK KapKbLIaHABIDY GaFnapiamackl GOMBIHINA FBLTBIME-
3CPTICY Kocnapbina caiikec «AP0513365] — Hkemai opranukaisik JKapThLiai
OTKI3rim MaTepHaniap HerisiHue nepcHexTUBT KaHAP THHIATHIH Ke3aepai eHmipy
KIHE 3CPTTCY» K00aCk! asACHIH/A Ky3ere aChIPbLTAJIbI.

JIHCCepTaLMSIIBIK KYMBICTA aIbIHFAH HoTmkenep JK.b. OmaposaHb THicTi
0achLIBIMIaphIHIA KOPCETUIreH. Huccepranumsiisik JKYMBICTBIH HETi3ri HOTHXKeIepi
Oo#bIHIa 15 Gacma KYMBICBI Xkapusnanran: PhD mokropsr ASPEXKECIH any yImin
AHCCEPTALUSIHBIH,  Herisri HOTIKENIEPIH  Kapustiay — yonH — 4-i Kazakcran
Pecnybmvikacer  BiniM  sxane FLIIBIM ~ MUHHUCTDIITiHIE  BigiM  xoxe FBIIBIM
Callachblnla calaHbl KAMTaMAacCkl3 €Ty KOMUTET] YChIHFaH OaceutbiMaapaa, Web of
Science (Clarivate Analytics, AKIIL) sxome Scopus  (Elsevier, Hupnepnann)
XaJIbIKapaNbIK AePEKTEp GasachbiHa eHrizinren MMIIaKT-QaKTOPEI KOFapHI LIETE ik
KypHalnapia 2 sxoHe XaibIKapanbiK FhUTBIMY KOH(epeHnUsnap Ipiy Martepraniap
JKUHarbIHa 9 Makaina.

FeutbivMu KAPUATIAHBIMIAPIBIH  HOTHXKEJEpiHe,  camaln 3epTTeyrep
KYPri3yJeri Toyencismikke xone dustocodus: moxTopsI (PhD) reutsiMu mopeskecin
allyFa apHAJIFaH JUCCEPTALUANApra KOMBLIATHIN Gapybik GLIKTiTIK TaJlallTapblHA
Cy#eHe oTsIpbin, JK.B. OmapoBanbi «®oToBOIETaMKA yuin CH;NH;Snl; sxome
CH;NH;PbI, Heri3iHgeri METaIOPraHUKAIIBIK NICPOBCKUTTEPAIH  THIMTIIIK
HIeKTepi» TaKbIPHIOLI  GOHBIHINA AUCCEPTALUANBIK KYMBICBIH «8D05303 —
Texuukansik duzukay 6iim Oepy Garnapaamacs! 6oiibrriig duocodpust noxTopsI
(PhD) mopexecin Oepyre naibik 1em ecenteiimin,

ITerennix FLTLIMU KeHec,
Ipod. Ip. Cada Hloau (ITorcnam YHUBEPCUTET )
/xo07151 Gap/




Men, Kemxeraesa /[luana CepukGoaosma, HMH 890416450513, (ten  Kyxar Ne
037494459, Kasaxcran Pecmy6mukacembi Imki Ictep Mumnucrprairiven, 02.02.2015 >KbUIBI

Gepinren, 01.02.2025 xbutra meifin sxapamasr), 6yi1 Kyxar TYNIHYCKAQJIBIFBIHA COWKECTITIH XoHe
AYPBIC ayJapFaH/IbIFbIHA KOJIBIMIBI KOUBII PACTAHMEIH.
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«21» coyip 2023 xbuiel, MeH Mycaraepa Aiirepum MakcaTtoBua, Kazakcran PecnyGnukacs:
OiIeT MUHHACTPIITIHBIY Oepinren No21015147-camsr 15 coyipae 2021 KBUIBI JTHLEH3USCHIHBIH
HETI3IHIe SPEKET JKacayIIsl AJIMAThl KAaackl HOTapuychl ayaapMambiHeH Kemskeraesa {nana
Cepux00/10BHA KOJIBIHBIH TYIHYCKATBIFBIH KyolaH[bIpaMblH. AyJapMalllbIHBIH KEKe Oack
AHBIKTAJIOEL, OpeKeT KaOlIeTTIIIr] JKoHe oKIJIeTTLIIr TEKCEePiIIi.

Tizimimzge Ne 1216 TipKemi
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Hotapuareik ic-apekeTTin biperedl Homipi / YHUK3ALHBIN HOMEP HOTApUanLHOro AeHCTBUA



