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Review

on the dissertation work of Yeleuov Mukhtar Auezovich
on the topic: "SYNTHESIS AND INVESTIGATION OF POROUS CARBON AND
TRANSITION-METAL-OXIDES FOR ELECTROCHEMICAL ENERGY STORAGE
APPLICATIONS"
submitted for the degree of Doctor of Philosophy (PhD)
in specialty 6D072300 — “Technical Physics”

1. Evaluation of the relevance of the dissertation topic
The dissertation addresses a highly relevant and timely topic in the field of technical physics

i
and electrochemical energy storage — the synthesis and investigation of porous carbon materials ’
and transition-metal-oxides for supercapacitor electrodes. Given the global demand for
sustainable and high-performance energy storage Systems, particularly in connection with
renewable energy integration, electric vehicles, and portable electronics, the research is well
aligned with current scientific and technological priorities. The emphasis on biomass-derived

graphene-like carbon and hybrid electrode architectures adds environmental and economic value

to the study.
2. Scientific results within the framework of the requirements for the dissertation

(clause 127, dated 31.03.11 “Rules for awarding academic degrees”

The dissertation presents a reproducible method for synthesizing graphene-like porous
carbon from biomass, offering a sustainable route to high-performance electrode materials.

The electrochemical properties of the synthesized carbon were experimentally verified,
demonstrating high capacitance and stability. A key innovation is the integration of hierarchical
3D current collectors, further modified with CVD graphene and MnOz, resulting in enhanced
conductivity and energy storage performance.

The scientific findings are supported by publications in international peer-reviewed journals
and protected by national and international patents, confirming the originality and practical

relevance of the work.
3. The degree of validity and reliability of each scientific result (position), conclusions

and findings of the applicant, formulated in the dissertation
The validity and reliability of the scientific results, conclusions, and findings are confirmed

using systematic synthesis protocols, comprehensive physicochemical and electrochemical
characterization methods (SEM, TEM, XRD, BET, Raman, CV, GCD, EIS), and the

reproducibility of experimental data, including long-term cycling stability with capacity retention
exceeding 98% after 5000 cycles. The consistency between the conclusions and obtained results,
as well as the involvement of certified laboratories and multi-institutional collaboration, further

reinforce the credibility of the research outcomes.
4. The degree of novelty of each scientific result (position), conclusions and findings of

the applicant, formulated in the dissertation

The dissertation demonstrates a high degree of scientific novelty by developing a universal
and reproducible method for synthesizing graphene-like porous carbon (GLPC) from various
biomass types, including walnut shells and rice husk. The method utilizes thermochemical
activation in a specially designed reactor, ensuring process purity, scalability, and consistency.
This approach offers a sustainable and efficient platform for converting bio-waste into high-
performance electrode materials. E

A significant contribution of the research lies in confirming the electrochemical suitability of E
the synthesized GLPC through comprehensive characterization techniques, including SEM, L
TEM, XRD, BET, Raman spectroscopy, and electrochemical testing. The resulting materials




exhibit ultra-high specific surface area, optimized pore structure, and excellent cycling
stability—features essential for next-generation supercapacitor applications.

Additional novelty is introduced through the chemical modification of GLPC with nickel
hydroxide to enhance specific capacitance by combining electric double-layer and
pseudocapacitive behavior. This hybridization reflects an innovative strategy in electrode design,
resulting in improved electrochemical performance.

The dissertation further presents a novel three-dimensional porous nickel current collector
with a hierarchical open-pore structure, fabricated via deposition of a nickel suspension with
pore-forming agents and subsequent thermal treatment. This structure provides improved
conductivity and mechanical integrity.

The current collector is then modified with a CVD-grown graphene layer and an
electrodeposited layer of nanostructured MnOz, forming a hybrid electrode with superior
ion/electron transport and electrochemically active surface area. The resulting architecture
exhibits high specific capacitance and excellent cycling stability.

The originality and practical relevance of the research are confirmed by several patents,
including one from the United States and two from Kazakhstan, covering the synthesis methods

| and electrode fabrication techniques.

Overall, the dissertation offers significant advancements in material design and integration
| for energy storage systems, contributing original knowledge and scalable solutions for
electrochemical applications.

5. Theoretical and practical significance of the study
The theoretical significance of the dissertation lies in advancing fundamental understanding

of the structure—property relationships in porous carbon materials and hybrid electrode
architectures. By systematically studying graphene-like porous carbon synthesized from biomass
| and its subsequent modifications with metal oxides, the work reveals how micro- and
| mesoporous structures, surface chemistry, and composite interfaces influence electrochemical
behavior. Additionally, the research explores the synergistic effects that arise in multi-
| component systems—particularly the integration of conductive carbon matrices with
? pseudocapacitive metal oxides and three-dimensional current collectors. These insights
' contribute to the growing body of knowledge in materials science and electrochemuistry,
especially in relation to designing electrodes with enhanced performance for supercapacitor

applications.
From a practical standpoint, the dissertation offers viable, scalable methods for producing

high-performance electrode materials using low-cost, renewable resources such as agricultural
waste. The use of a specially designed activation reactor, chemical vapor deposition (CVD), and
electrodeposition techniques ensures that the materials can be synthesized with high
reproducibility and tailored properties. This approach aligns with global trends 1n green
chemistry and sustainable technology. Moreover, the development of hybrid electrodes with
improved specific capacitance, energy density, and cycling stability supports the advancement of
next-generation energy Storage devices. These include supercapacitors for use in electric
vehicles, portable electronics, and grid stabilization systems. The successful demonstration of
key technologies and the protection of core methods by patents also underscore the industrial

relevance and commercialization potential of the results. t

6. Completeness of published dissertation materials in print
The dissertation is well-supported by a comprehensive set of scientific publications and

patents that fully reflect the scope and results of the research. A total of 11 scientific papers have
been published, including 5 articles in internationally recognized journals indexed in Web of
Science and Scopus, demonstrating the global relevance and scientific rigor of the work.
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Additionally, 3 articles were published in journals recommended by the Committee for
Quality Assurance in the Field of Science and Higher Education of the Republic of Kazakhstan,
fulfilling national academic requirements.

The author has also secured 3 patents, including one granted in the United States, which
confirms the originality and applied value of the developed methods and technologies. The
combination of peer-reviewed publications and patented innovations ensures the completeness
and public accessibility of the dissertation’s main findings.

7. Comments and suggestions on the dissertation: . .
The dissertation demonstrates a high level of scientific and methodological quality, with

clear strengths in its interdisciplinary approach, combining materials science, Surface
engineering, and electrochemistry. The research is well-balanced, integrating theoretical
analysis, experimental validation, and practical application. The analytical methods used are

comprehensive and appropriate, and the results show a high degree of reproducibility, lending
credibility to the conclusions drawn.

At the same time, several aspects could be further improved:

-some sections of the dissertation, particularly those describing scientific novelty, would
benefit from more concise and structurally clear formulations to enhance readability and
precision.

-additionally, while the experimental part is well-executed, the dissertation would be

strengthened by a more detailed quantitative assessment of the economic feasibility of scaling
the synthesis processes—especially for cost-intensive components such as Ni-based 3D current
collectors and CVD graphene layers.

-finally, providing a comparative analysis between the developed materials and existing
commercial analogues in terms of cost-to-performance ratio would further highlight the practical
advantages and competitiveness of the proposed technologies.

Overall, these suggestions are minor and do not diminish the scientific and practical value
of the work, which meets the requirements for a PhD dissertation and offers a strong foundation
for further research and industrial application.

The dissertation titled "Synthesis And Investigation Of Porous Carbon And Transition-

Metal-Oxides For Electrochemical Energy Storage Applications" represents a completed and
well-structured scientific study that includes elements of novelty, theoretical contribution, and
practical relevance. The applicant has obtained significant experimental results that may serve as
a foundation for the development of high-performance electrode materials for supercapacitors.

The dissertation meets the established criteria for the award of the Doctor of Philosophy
(PhD) degree, and the author merits the conferment of this academic degree in the specialty
6D072300 — Technical Physics, subject to addressing the aforementioned remarks.

Therefore, the dissertation of Yeleuov M.A. is recommended for submission to the

Dissertation Council for further consideration under the specialty 6D072300 — "Technical
Physics".

International scientific consultant: @ Rabi Ebrahim
Doctor of Philosophy (PhD), ——
Senior Research Scientist

Department of Physics,
University of Houston
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NPEIACTaBJICHHYIO B .
P Y . PAMKaX COMCKaHus yueHoit cTeneny JokTopa (puocodun (PhD) no
ChHanbHOCTH 6D072300 - « Texuuueckast Gpu3nKa»

1. OueHKa aKTyaIbHOCTH TeMpr AUCCePTALHH

HHCCfPTauHOHHa’I paboTa mocesmena axkTyanbHOM M TEpCIEKTHBHOH Teme B 001aCTH
TeXHHYECKOH QH3HKA M ONIEKTPOXMMHHECKMX CHCTEM HAKOIICHHA OHEPrHH - CHHTE3Y H
ACCIIENOBAHHIO TIOPHCTBIX YIIIEPOAHBIX MaTephanoB W OKCHAOB NEPEXOAHBIX METALIOB JUIA

HEHUS B o
pHME KaTCCTBE JIICKTPOZIOB CyNepKOHAEHCATOPOB. Y4HMTHIBas TJI00ATBHBEIM CIPOC Ha
yCTOHYHBEIC H Bbécoxoatbtbexmnnme 9HEPrOHAKOIHUTENIBHEIE CHCTEMBI, 0COOCHHO B KOHTEKCTC
HHTErPallid BO30OHOBIEMBIX HCTOYHMKOB SHEPIHH, Pa3BUTHS MEKTPOMOGHIeH B MOPTaTHBHON

JICKTPOHHKH, TAHHOC MCCICI0BAHKE B IOJIHOM Mepe COOTBETCTBYET aKTyalIbHBIM HayIHBIM M
TEXHOJIOTHYCCKAM mnpHopuTeTaM. Ocoboe BHMMaHuWe K rpadeHOmogoOHOMY YIJIEPOLY,

[0JTy4€HHOMY U3 OHOMACCHI, a TaKxke pa3paboTKe THOPHIHBIX APXHTEKTYP MEKTPOJOB MPHAALT
HCCJICIOBAHHIO TOIIOTHUTEIBHYIO 3KOJIOTHYECKYIO H SKOHOMHYECKYIO 3HAYHMOCTB.

2. Hay4Hsble pe3yabTarhl, COOTBETCTBYIOIHE TPeOOBAHHAM K JHCCEPTALHH (IyHKT
127 ot 31.03.2011 «dIpaBni1 npucykaeHUs YIEHBIX CTENEHEH»)

B paboTe npeacraBieH BOCIPON3BOAMMBIN METO CHHTE3a Irpad)eHONn0100HOr0 MOPUCTOro

yriepofa M3 OMOMAacCel, O0eCNEYMBAIOIMA  yYCTOMUYMBBIA IyTh K  MONYHCHHIO
BBICOKO03()(DEKTUBHEIX JJIEKTPOJHBIX MaTepHAIOB.

OKCIIEpUMEHTAIBHO TOATBEPXKACHBI 3JICKTPOXUMHUYECKHE CBOMCTBA CHHTE3HPOBAHHOI'O
yIJIepOAa, IPOJEMOHCTPUPOBABIIETO BEICOKYIO YACNBHYIO €eMKOCTD H cTaOMIBHOCTE. KITIOYEeBEIM
HOBOBBEIEHHEM SBJISAETCS MHTETpallisi HEPAapXMYECKUX TPEXMEPHBIX TOKONPHEMHHKOB,
NonoNHATENsHO MomuuuupoBaHHeX CVD-rpadgeHoM u MnQO2, 4TO MO3BOJHUIIO CYIIECTBEHHO
OBBICHTH IIPOBOJUMOCTD U 3()(EKTHBHOCTH HAKOIUICHHS SHCPIUH.

Hayunple  pe3yibTaThl  MOATBEPXKICHBl — MyONMKAMAMH B MEKIyHapOIHBIX

pelieH3UPyEMBIX Ky pPHAJIAX H 3AlMILICHB HAlMOHATGHBIMH H MEKITY HAPOIHBIMY [IaTEHTAMH, 4TO
CBHIETENILCTBYET 00 OPUTHHAIBHOCTH U PUKJIAHOM 3HAYUMOCTH BBIIOJTHEHHOTO HCCIIEIOBAHMSL.

3. CremeHb 0GOCHOBAHHOCTH H JOCTOBEPHOCTH KAMJI0r0 HAYWHOI0 pPe3y/IbTaTa

(m0J102keHH s ), BBIBOJIOB H 3aK/II09eHHIl concKaTesi, cCpopMyJIHPOBAHHBIX B AUCCEPTALHH
O60CHOBAHHOCTS U JOCTOBEPHOCTh HAYYHBIX DE3YJILTATOB, BHIBOAOB U 3AKTFOUCHUH

oOecreyeHpl HCIOJIB30BaHUCM CHCTEMaTH3HPOBAHHBIX IPOTOKOJOB CHHTE3d, a TaKXKe
NpUMEeHEHHUEM KOMILUICKCa COBPEMEHHBIX METO/IOB (hH3MKO-XUMHYECKOH H SJIEKTPOXHMHYSCKOH
XapaKTepu3aluHy, (COM (SEM), [1PM (TEM), PCA (RXD), BOT (BET), pamanHOBCKYIO
CIIEKTPOCKOIIHIO (Raman), [IBA (CV), rabBaHOCTaTHIECKOC sapshxanue/pazpsoxanue (GCD) u
OUC (EIS)), a TaKXe BOCIPOM3BOJHMOCTE  OKCTICPHMEHTAIIBHBIX JIAHHBIX, BKJIIOYas
JI0JITOBPEMEHHY IO cTaOMJIBHOCTD ITPH [UKJIMPOBAHUH C COXPAHCHHECM émkoctH Oonee 98% mocine
5000 muxnoB. CoryiacOBaHHOCTD MEXIY dKcrepHMEHTalbHBIMU pesyJibTaTaMH ¥ BBIBOJAMH, &

TAKKE YYaCTHE cepTH(UIUPOBAHHEIX naGopatopuil W MHOTOOTPACIIEBOE COTPYAHHUECTBO
JIOTIOJIHUTEJILHO MOATBEPIKAAIOT JI0CTOBEPHOCTB TOJIy HCHHBIX HAYYHBIX JAHHBIX.

4. Cremenp Hay4HOH HOBH3I

(b1 KQJKAOr0 HAYMHOro Ppesy/bTaTa (MoJ102KeHH ),

copMy THPOBAHHBIX B AHCCEPTALIIE
KU ypOBEHb Hay4HOH HOBU3HBI, B YaCTHOCTH - 33 CUCT

CTIPOH3BOHMOTO merona cuHTe3a rIpadeHono o0HOro
CChl, TAKHX KaK CKOpJIyIla I'pELKOro

H BO

pa3pa0OTKH YHHBEPCAIHHOTO
: 4 : pa3IHYHBIX pu(0B OHOMA

nopucroro yrinepona (I'TIIY) 13




opexa M pHCOBas wenyxa. Metox ocron

00TaHHOM
paspa PCAKTOPe, 410  0OGecneynpacrt BHICOKYIO 4HCTOTYy  rmpomecca,  €ro

MacIITabupyeMOCTh M cTaGuMibHOCTE [peuiokennplit mogxo OTKphIBAET yCTOHTHBYIO ¥

QEPCKTHBHYIO ILIaT(QOpMY s peoOpasoBanus 6HOOTX0N0B B MaTepHaibl € BRICOKMM
NOTCHIHAIOM JUIA SHCProHaKkomenus,

aH HAa TEPMOXMMHYECKOH aKTHBAIHH B crenraJIbHO

penbranns.  1lonyuennsie  matepuans:  o6nagaior CBEPXBBICOKOH  YENBHOH IUIOMAIBIO

[OBEPXHOCIH, OUTHMHU3MPOBAHHON MOPHCTON CTPYKTYpOl M BBICOKOH CTAGHIBHOCTBIO TDH

MHKMHPOBAHIL — IIMOYCBEIMU XapaKTepuCTHKaMK 1l IPUMEHEHHS B CYIIEPKOH/EHCATOPaxX
HOBOT'O TIOKOJICHHS.

JIONONHATENbHAS HOBU3HA NOCTHTaeTCH 3a CYUET XMMHUECKOH momudukanuu TIITY

OTpaXXacT HHHOBAIIMOHHBIN IOAXO K IIPOCKTHPOBAHUIO JIEKTPOAOB U MPABOJUT K YITy4ILICHHIO
3JIEKTPOXUMHYCCKUX XapaKTePHCTHUK.

B muccepraumuuM Taxxe IPpEACTABICH HOBBIM TPEXMEPHBIA IOPUCTHI HHUKEJICBBIM

TOKOIPHCMHHK C HEPAPXUICCKOH CTPYKTYPOM OTKPBITHIX IIOP, HOTYISHHBIA METOIOM OCAKICHHS
CyCHeH3MH HHKCII C T1opooOpasylomumu no6aBKkaMM M MOCHEAYIOWEH TEPMHUECKOM

obpaboTkoH. lakas cTpykTypa oGecmeumBaer yiydmeHHYIO 37EKTPONPOBOAHOCTH K
MEXaHHYECKYIO IIPOYHOCTE.

Jlanee TOKONpHUEMHUK MOIUHIIHPYETCS CII0EM rpageHa, CHHTE3HNPOBAHHOIO METOIOM
CVD, u 31€KTPOOCAKACHHBIM CJIOEM HaHOCTPYKTYpHpOBaHHOro MnO2, GopMHUpyst THOpHIHBIA
9NIEKTPOJ, C BBICOKOH HOHHOW M 3JIEKTPOHHOM MNPOBOAMMOCTBIO, @ TAaKXKe YBEIWYSHHOM
INEKTPOXUMHYECKH AaKTUBHOHW IOBEPXHOCTBIO. [lonmyueHHas apXuTeKTypa IEMOHCTPHPYET
BBICOKYIO YACIBHYIO €MKOCTD M OTIMYHYIO CTaOMIBHOCTD NPH IHKJIHPOBAaHMH.

OpUrHHaJIBHOCTP M IpPAKTHYECKas 3HAYUMOCTH paboTBl TMOATBEPXKNAIOTCA PSAOM
naTeHToB, BKIro4Yas oquH nateHT CIIA u nsa natenta PecyOnuku Kaszaxcras, oXBarTsBaromumx
KaK METOJIbI CHHTE3a, TaK U TEXHOJIOTHH U3rOTOBJICHHUS 3JICKTPOJIOB.

B neinoM, JUccepTalus IpeACTaBiIsSeT COOO0M 3HAUMTENBHBIM BKIAQN B pa3paloTKy u
HHTErpALMIO MATEPHANIOB UL CHCTEM HAKOIUICHHS SHEPIUH, NIPeyIarasi OPUrHHATLHBIE HAYYHbIC
pe3yJIbTaThl M MacIITaOHpyeMbIe PELIEHHS UL PAKTHYECKHX NEKTPOXMMHYECKHX 3a/au.

5. TeopeTHdyecKasi H NPAKTHYECKAS 3HAYHMOCTD HCCJIEI0BAHMSL

Teopernyeckas  3HAYAMOCTh  JIMCCEPTAUMM  3AKIIOYACTCS B YTy OJICHUM
hyHIaMeHTaJBPHOr0 IOHMMAHHs B3aHMOCBASH MCMCIY CTPYKTYPOH U CBOMCTBAMH IOPHCTHIX
YIIEPOAHBIX MATEpPUAIOB ¥ TMOPUIHEIX apXHTCKTYpP SJICKTPOAOB. CucTeMaTH4YecKoe H3yUeHHUE
rpad)eHONO06HOr0 MOPHUCTOrO YIJNEpPoAa, MOJIYICHHOTO I3 OHOMACCHl, U €ro MOJU(pHKALHH
OKCHIAMH META/UIOB TO3BOJISET YCTAHOBHTH, KaK MHKPONIOPHCTAS M ME3ONOPHCTAd CTPYKTYpa,
XHMHS TIOBEPXHOCTH M CBOHCTBA HHTEP(EHCOB B KOMIOIHTAX BIMAIOT Ha JICKIPONHMITCCKOS

noseienne. Kpome Toro, HeciefoBaHAe packphlBact CHHEpreTHIecKue d(p(PEeKThl, BOZHUKAOIIHNE
0coGEHHO TPH COYCTAHUH POBOJSIIHX YIIICPOXHBIX MATPHIL

JIHBIX METAUIOB H TPEXMEPHBIMH TOKOIIPHEMHHUKAMH.
(0 HAyYHBIX 3HAHHH B 00JIACTH MATCPHANOBEACHIS H

B MHOrOKOMITOHEHTHBIX CHCTEMaX,
C IICEBI0EMKOCTHBIMH OKCHJIAaMH TIEPEXO
JTH BBIBOAEI CIIOCOOCTBYIOT PaclIHpEHH
JEKTPOXHUMHH, OCOOEHHO MPHMEHHTENBHO K pasp

OB.
XdPAKTEPUCTHKAMHU CYNEPKOH/ICHCATOP
P Cp Hq:éllfoﬁy I spemis, JVCCEpTAIIS pejularaeT JKH3HECIOCOOHBIE M
paKT KK

ONHBIX MATEPHAIOB C
MaCmTa6preMme METObI I‘[OJIyquHﬂ BHCOKOf)(I)(beKT“BHHX 3JICKTP I p




HCTOB30BAHUEM HEIOPOruX BO30OHOBISIEMBIX pecypcoB, TaKHX Kak CebCKOXO03ANCTBEHHBIC
orxonpl. IIpMeHeHHe cnenuanbHO pa3paboTaHHOro peakTopa JUIA AKTHBAIHMH, METOAOB
XHMHYECKOr0 OCKNEHHS U3 Ta30Boit paspl (CVD) 1 21eKTPOOCAKACHHA 00ECTIEIHBACT CHHTES
MATEPUAJIOB C BBICOKOM BOCIIPOU3BOAUMOCTBIO M KOHTPOJIMPY EMBIMH cBoiicTBaMu. Takou Mmoaxo
COOTBETCTBYET MUPOBBIM TEHACHIHUSAM B 00J1aCTH 3€JIEHOM XUMHUH H yCTONYHBBIX TEXHOJIOTUH.
Kpome TOro, pa3paborka rHOPUIAHBIX 3JIEKTPOJAOB C YJIyYUICHHBIMH IOKa3aTC/IAMH yA€TbHOH
SMKOCTH, TUIOTHOCTH SHEPrHM U CTAOMIBHOCTH NpPH UHUKIMPOBAHHH CIIOCOOCTBYET Pa3BUTHIO
HAKOTATENEH DSHEpPrMM. B MX uMCIO BXOAAT CyIEPKOHAECHCATOPBI, NpPEAHA3HAYCHHDIC JUTA
HCIIONIB30BAHUSL B JJIEKTPOMOOMIIAX, MOPTATUBHOM 3JIEKTPOHHKE M CHCTEMAX cTaOWIM3alid
JHEproceTei. Ycremsas AeMOHCTpAlMs KIHOYEBBIX TE€XHOJIOIHYCCKHX pelleHui ¥ NaTeHTHad
JaIATA OCHOBHBIX METOJMK IOAYEPKUBAIOT NPOMBIIUICHHYIO 3HAYHMOCTD H KOMMEPYECKHAH
MOTEHIHAJ ITOJYYEHHBIX PE3yJIHTATOB.

6. ITostHOTA ONMYOJHMKOBAHHBIX MATEPHAJIOB JHCCEPTAIIHH

JliccepTanus MOAKpeIUieHa oOmUpHEIM HaOOpOM Hay4HBIX nmyOnuKanui ¥ MaTeHToB, B
IOJIHON MeEpe OTpaXalomMX 00beM M pe3yJbTaThl MPOBEAEHHOI0 HCCIICOBAHHS. B obmei
CIIOKHOCTH ommy6umKoBano 11 HaydHBIX padoT, BKIIOYAs § craTeill B MEXXIyHApOAHO NPHU3HAHHBIX
KypHaJIaX, HHACKCHPYEeMBIX B Oasax Web of Science u Scopus, 4TO NOATBEPKIAACT rJI00aJIbHY IO
aKTYQJIBHOCTH ¥ BHICOKUH HAY4HBIH yPOBEHB BBINIOJIHEHHON paOOTHL

JIOTIOMHHATENHHO Oy OJIMKOBAHBI 3 CTAaThH B XKy pHAIAX, peKOMeHIOBaHHBIX KOMHTETOM II0
ofecIeYeHIIO KauecTsa B cepe HayKd M BHICIIEr0 00pa3oBaHuUs Pecnyomuku Kasaxcras, 49TO
COOTBETCTBYET HAIIMOHAIBHBIM aKaJIeMUICCKUM TpeOOBaHHAM.

ABTOpPOM TaKXe IOJIy4YCHBL 3 maTeHTa, BKIIOYas OJUH, spinaHHbll B COeIMHCHHBIX
[[ITaTax AMEpPHKH, YTO CBUACTENBCTBYCT 06 OPUrMHAILHOCTH M NPUKJIAJIHOH 3HAYHMOCTH
pa3pabOTaHHBIX METONOB H rexHonormii. CoueTaHHe PELEH3UPYEMBIX MyONHKalkH K
JAIAIEHHBIX MHHOBAIMI 00ecedrBacT MONHOTY, HOCTOBEPHOCTL ¥ NyONHYHYIO JOCTYIHOCTE

OCHOBHBIX p€3yJIbTaTOB MCCEPTALMOHHON pabOTHI.
7. KoMMeHTAPHH H NpeI0KeH s 10 JHCCCPTAlHH
JluccepTalus OTJIMYAeTCs BBICOKHM yPOBHEM Hay4YHOH K METOJOJIOTHYECKOH POPAOOTKH.

Fé HeCOMHEHHBIMH JOCTOMHCTBAMHU SBJLAIOTCA MK IMCIUILTMHAPHEIM MOAX0M, 00bENHHSIOIIHH
MaTEepHAJIOBEICHHE, TCXHOJIOIHIO [IOBEPXHOCTEH H SJIEKTPOXHUMHIO. HccnenoBaHue OTIMYACTCS
cHaTaHCHPOBAHHOCTBIO - YCIEIIHO HHTErPUPOBAHEL TEOPETHUYECKUH aHAJIN3, SKCIIEPHMEHTaIbHAS
npoBepKa ¥ NPAKTHYECKOE MPHMCHCHHE. VIcionb30BaHHbIE AHAIMTHYECKHE METOMBI SIBJISIIOTCS
060CHOBAHHBIME ¥ BCECTOPOHHHMH, @ MONYHYCHHBIC DE3yJIbTATb NEMOHCTPUPYIOT BBICOKYIO
BOCIIPOM3BOAMMOCTb, YTO MOBBIIACT JIOCTOBEPHOCTH CJIEJIAHHBIX BBIBOJIOB.

TeM He MeHee, PSJL ACIIEKTOB MOXET OBITh yJTy4IICH:

- HexoTopsie pasziesibl paboThl, B YACTHOCTH, ONUCHIBAIOIIHE HAYUHYIO HOBH3HY, MOTJIH
651 GEITH M3/I0XKEHBI 60NIee JTAKOHUIHO M CTPYKTYPHPOBAHHO, HTO yIryHIIHIIO OBl BOCIIPHUSITHE
TeKCTa ¥ TOYHOCTH (OPMYJIHPOBOK.

- DKcIepUMeHTaNbHasA YacTh, XOTsH H BHINOJIHCHA Ha BBICOKOM YPOBHE, BhIUIpaia OBl OT
Goee  JETAJIbHOH KOJMYECTBEHHOH  OIEHKHM  SKOHOMHYECKOH EeJIeCO00pasHOCTH
MacIITabupoBaHus TPEIOKEHHBIX MPOLLCCCOB CHHTE3a - OCOOEHHO B OTHOLICHHH 3aTPATHBIX
KOMIIOHEHTOB, TAKMX KaK TPEXMEPHBIC HHKCIICBBIC TOKONPHEMHUKH U IpaeHOBBIC NOKPHITHI,
[oJTy4eHHbIE METOJIOM CVD.

- JlonoJHATENbHbIA CpPABHHUTEJIBHBIH  AHAJIH3 pa3pa0OTaHHBIX  MAaTCepHAIOB M
CyLIECTBYIONIHX KOMMEPUCCKHX AHAJIOrOB 110 KPUTEPHIO «CTOMMOCTb-3()(peKTHBHOCTH MO3BOJIHIL

6b1 HATVISJIHO NMPOJIEMOHCTPHPOBATD NPAKTHYECKHE NPEHMYIIECTBA 1 KOHKYPEHTOCIIOCOOHOCT
npeJiaraéMbIX peleHHH.




B 1ENOM, YKa3aHHEIC 3AMEUaHNs HOCAT YaCTHBIH U PEKOMCHATENbHEIH XapakTep H HE
yMISIOT HAYYHOH M NPHKJIATHOM IEHHOCTH JUCCEPTALMOHHOM pabOThl, KOTOpas COOTBETCTEYCT
yCTAHOBJICHHBIM TPEOOBaHMAM K JMCCEPTALHMAM Ha COMCKAHME CTENEHH J0KTOpa dunocodpun
(PhD) M CIHYXHT MPOYHOH OCHOBOM [y MOCIEAYIOIMX MCCIENOBAHUA H BO3MOKHOM
IPOMBIILICHHOH peajiu3aluK pe3ybTaToB.

JlucceprauonHas paboTta Ha Temy «CHHTE3 M HCCIef0BaHHE MOPHCTHIX YIJICPOAHBIX
MATEPHAIIOB M OKCHJIOB EPEXOAHBIX METAILIOB JUIS JIEKTPOXHUMHUYCCKHX HaKOIHTE e IHEPTHH)
npeJCTaBIAeT COOOH 3aBEPIIEHHOE M XOPOWIO CTPYKTypHPOBAHHOC HaydHOC HCCIIe0BAHHE,
cojepamiee 3JEMEHTBl HayyHOHM HOBM3HBI, TEOPETHYECKOro BKIaad H PaKTHYECKOH
2paquMOCTH. COMCKATeNeM IIONyYeHBl CYIIECTBEHHBIE JKCIEPUMEHTANbHBIC pE3yJIbTAThL,
KOTOpBIE MOTYT CTaTh OCHOBO# JUIS pa3pabOTKH BHICOK0IQPEKTHBHBIX JICKTPOAHBIX MaTEpHAaJIOB
U1 CYyNIEpKOHIEHCATOPOB.

JluccepTalus COOTBETCTBYET YCTaHOBIEHHBIM TPEOOBAHHSAM, mpeabABISEMBIM K padoTaMm
Ha COMCKaHHe cTemeHH nokropa ¢uinocoduu (PhD), m aBTop 3acmyXuHBact IPUCY KIACHUA
yKa3aHHOM CTENECHH IO CIENHUATIBHOCTH 6D072300 - Texuuueckas (u3HKa, IMpH YCJIOBHH
yCTPAHEHHUS U3JI0XKEHHBIX BBIIIC 3aMCUYaHHH.

B cps3M C OSTHM [uccepTaluoHHas pabora Eneyosa M.A. peKOMEHOyeTCad K
[IpeCTABIICHHIO B IACCEPTALMOHHBIA COBET UL NabHEHIIEro pacCCMOTPEHHS IO CIENHATBHOCTH
6D072300 - « Texunueckas QU3UKa». ‘

MekayHApOAHBI HAYYHbIH /noonuce/ Paou D0paxum
KOHCYJIbTAHT:

JloxTop ¢unocoduu (PhD), crapmu#

HAy4HBIA COTPYAHHUK Kadeapsl pu3uKH

XBIOCTOHCKOIO YHHBEPCHTCTA




