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Criteria

Eligible (check one answer option)

Justification of the official reviewer’s position

The topic of the dissertation (as of
the date of its approval) corresponds

to the directions of scientific
development and/or government
programs

1) The dissertation was completed
within the framework of a project or
target program financed from the
state budget (indicate the name and
number of the project or program)

2) The dissertation was completed
within the framework of another
state program (indicate the name of
the program)

3) The dissertation corresponds to
the priority direction of scientific
development approved by the Higher
Scientific and Technical Commission
under the Government of the
Republic of Kazakhstan (indicate
direction)

The topic of the dissertation corresponds to the priority areas of
development of science in the Republic of Kazakhstan and was
completed within the framework of a number of grant projects
financed from the state budget:

1) AP08855562 “Development of fundamental aspects of catalytic
reforming of renewable natural raw materials - biogas for the
development of environmentally friendly, highly efficient fuels”
(state registration No. 0120RK 00479, 2020-2022);

2) AP08052090 “Formation of catalytic systems with controlled
properties for the synthesis of valuable commercial products”
(state registration No. 0120PK00141, 2020-2022);

3) AP14869966 “Development of theoretical aspects of catalytic
synthesis of “blue” hydrogen for the upcoming transition to carbon
neutrality” (state registration No. 0122RK00561, 2022-2024);

4) AP19677006 “Catalytic processing of renewable raw materials
based on bioalcohols - biomethanol, bioethanol and biopropanol
into valuable gas and petrochemical products” (state registration
No. 0123RK 00259, 2023-2025).

The work meets the objectives of the State Program for the
Development of Science for 2020-2025 and corresponds to the
priority area approved by the Higher Scientific and Technical
Commission: “Rational use of natural resources, including
processing of raw materials and products.”

Importance for science

The work does/does not make a
significant contribution to science
and its important is/is not well
disclosed

The work makes a significant contribution to science, since the
author has developed new heat-resistant catalysts based on Ni,
modified with Mg and Mn, demonstrating high activity and
stability in the process of biogas reforming. The significance of




the study is justified in the context of current trends in the field of
heterogeneous catalysis and the transition to environmentally
friendly energy sources.

The principle of independence

Level of independence:
1) High;

2) Average;

3) Low;

4) No independence.

The level of independence is high, since the work presents a large
amount of experimental data covering synthesis, physicochemical
characterization, catalytic tests and calculations performed by the
author independently.

The principle of internal unity

4.1 Justification of the relevance of
the dissertation:

1) Justified;

2) Partially justified;

3) Not justified.

The relevance of the dissertation is justified, since the work is
aimed at solving modern problems of reducing greenhouse gas
emissions and developing technologies for producing hydrogen-
containing fuel from renewable raw materials.

4.2 The content of the dissertation
reflects the topic of the dissertation:
1) Reflects;

2) Partially reflect;

3) Does not reflect.

The content of the dissertation is fully consistent with the stated
topic, covering both theoretical foundations and experimental
studies aimed at developing catalysts for biogas reforming.

4.3 The purpose and objectives
correspond to the topic of the
dissertation:

1) Correspond;

2) Partially correspond;

3) Do not correspond.

The stated goal and objectives clearly relate to the topic of the
dissertation and ensure the integrity and logical completeness of
the scientific research.

4.4 All sections and provisiona of the
dissertation are logically
interconnected:

1) Completely interconnected;

2) The relationship is partial;

3) There is no relationship.

All sections and provisions of the dissertation are completely
interconnected.

4.5 New solutions (principles,
methods) proposed by the author are
reasoned and evaluated in
comparison with known solutions:

There is a critical analysis, since the author reasonably compares
the developed catalysts with known analogues, demonstrating the
advantages of the approaches used and confirming their
effectiveness with experimental data.




1) There is critical analysis;

2) Partial analysis;

3) The analysis does not represent
one’s own opinions, but quotes from
other authors.

The principle of scientific novelty

5.1 Are the scientific results and
provisions new?

1) Completely new;

2) Partially new (25-75% are new);
3) Not new (less than 25% are new).

Completely new. The author has developed catalyst compositions
for the first time, established the features of their phase
composition, stability, mechanisms of action and coke formation.

5.2 Are the findings of the thesis
new?

1) Completely new;

2) Partially new (25-75% are new);
3) Not new (less than 25% are new).

Completely new, since the conclusions are based on original
results obtained for the first time by the author during a
comprehensive study of new catalyst compositions, their stability,
activity and mechanisms of action in the process of dry reforming
of methane and biogas.

53 Technical, technological,
economic or management solutions
are new and justified:

1) Completely new;

2) Partially new (25-75% are new);
3) Not new (less than 25% are new).

Partially new, since the dissertation presents original approaches
to the synthesis of catalysts by the solution combustion method
(SCS), and also substantiates their effectiveness under conditions
of large-scale and long-term tests. At the same time, the economic
part is of an indicative nature and does not contain a full
elaboration of the technical and economic indicators of the entire
production cycle.

Validity of the main conclusions

All main conclusions are/are not
based on scientifically sound
evidence or are reasonably well
substantiated (for qualitative research
and areas of training in the arts and

All the main conclusions are based on the results of experimental
studies, including the physicochemical characteristics of the
catalysts and an assessment of their effectiveness in the reaction of
dry reforming of methane and biogas.

humanities).
Main provisions submitted for | It is necessary to answer the | Provision 1. Catalysts with the optimal composition, prepared by
defense following  questions for each | the solution combustion method for dry reforming of methane, as

provision separately:

7.1 Is the position proven?
1) proven;

well as biogas reforming, demonstrated high activity, which was
achieved as a result of using the combustion method of the initial
solution in the process of catalyst synthesis, resulting in the
production of highly dispersed materials and the formation of




2) rather proven;
3) rather not proven;
4) not proven.

7.2 Is it trivial?

1) yes;

2) no;

7.3 Is it new?

1) yes;

2) no.

7.4 Application level:

1) narrow;
2) average;
3) wide;

7.5 Is it proven in the article?

1) yes;
2) no.

NiAlyOy spinel for 15Ni-35A1, NisFe alloy and NiAl,O4 spinel for
15Ni-5Fe-30Al, perovskite CeAlO; for 15Ni-15Ce-20Al. It was
shown that for the 15Ni-35Al and 15Ni-5Fe-30Al catalysts, the
methane conversion at 800 °C was 76% and 88%, and the CO,
conversion was 95% and 94%, respectively. The conversion
values of both methane and CO, at 850°C for 15Ni-15Ce-20Al
samples were 90%.

7.1 Proven: 1) proven

7.2 Triviality: 2) no

7.3 Is it new: 1) yes

7.4 Level of application: 3) wide (applicable in hydrogen energy
and fuel chemistry)

7.5 Proven in the article: 1) yes

This position is proven in section 3.1.2 (Figures 7 (p. 53) and 18
(p- 62)).

The results are reflected in the article: “Dry reforming of methane
over Ni-Fe-Al catalysts prepared by solution combustion
synthesis” and “Dry reforming of methane over rare-earth metal
oxide Ni-M-Al (M = Ce, La) catalysts” in the Journal of Industrial
& Engineering Chemistry Research (Q1, percentile 81%).

Provision 2. The SCS 15Ni-15Mg-20Al catalyst showed higher
activity compared to the reduced sample 12 wt.% Ni-5.6 wt.%
Mg/y-Al,O3 synthesized by impregnation method and having
higher dispersion, which is associated with a stronger interaction
between the metal and the support, which makes it difficult to
reduce the catalyst.

7.1 Proven: 1) proven

7.2 Triviality: 2) no

7.3 Isitnew: 1) yes

7.4 Level of application: 3) wide (applicable in hydrogen energy
and fuel chemistry)




7.5 Proven in the article: 1) yes

This position is proven in section 3.4.1 (p. 111, paragraph 2).

The results are reflected in the article: Mg-modified Ni-based
catalysts prepared by the solution combustion synthesis for dry
reforming of methane in the journal of Catalysis Today (Ql,
percentile 89%).

Provision 3. The role of spinels and metallic nickel in catalysts
prepared by the solution combustion method, playing an important
role in the formation of a certain type of coke, shown by the
methods of XRD, TPO, TGA and CHNS, was established. The
active 15Ni-15Mg-20Al catalyst contains an insignificant amount
of filamentary carbon formed at 590°C with nickel particles at the
ends. The presence of this type of carbon does not reduce the
activity of the developed catalysts.

7.1 Proven: 1) proven

7.2 Triviality: 2) no

7.3 Isitnew: 1) yes

7.4 Level of application: 3) wide (applicable in hydrogen energy
and fuel chemistry)

7.5 Proven in the article: 1) yes

This position is in section 3.2.2 (Figure 37d (p. 87) and p. 97,
paragraph 2).

The results are reflected in the article: Mg-modified Ni-based
catalysts prepared by the solution combustion synthesis for dry
reforming of methane in the journal Catalysis Today (Q1, 89%
percentile).

Provision 4. No significant sintering was observed in the 15Ni-
S5Fe-30Al, 15Ni-15M-20A1 (M = Ce, La, Mn, Mg) and 12 wt.%
Ni-5.6 wt.% Mg/y-Al,0O3 catalysts during temperature cycling
after the temperature was returned back to 600°C, since the
catalysts did not lose activity.




7.1 Proven: 1) proven

7.2 Triviality: 2) no

7.3 Is it new: 1) yes

7.4 Level of application: 3) wide (applicable in hydrogen energy
and fuel chemistry)

7.5 Proven in the article: 1) yes

This position is in sections 3.1.2,3.2.2, 3.3.2, 3.4.2 (Figures 18¢c, d
(p. 62); 35a-d (p. 82); 46a-d (p. 101); 59 (p. 112)).

The results are reflected in the articles shown above and: “Dry
reforming of methane over Mn-modified Ni-based catalysts” in the
journal of Catalysis Letters (Q2, percentile 68%).

Principle of reliability
Reliability of sources and
information provided

8.1 The choice of methodology is
justified or the methodology is
described in sufficient detail:

1) yes;

2) no.

The methodology is substantiated and presented in detail: the
methods of catalyst synthesis (SCS and impregnation), catalytic
test conditions, temperature conditions, flow parameters, as well
as the sequence of physicochemical analyses (XRD, TGA, TEM,
etc.) are described.

8.2 The results of the dissertation
work were obtained using modern
methods of scientific research and
techniques for processing and
interpreting data using computer
technologies:

1) yes;

2) no.

The work uses up-to-date instrumental methods of analysis,
software control of reactors and data interpretation using modern
analytical approaches, which confirms the high level of technical
reliability of the results obtained.

8.3. Theoretical conclusions, models,
identified relationships and patterns
are proven and confirmed by
experimental research (for areas of
training in pedagogical sciences, the
results are proven on the basis of a
pedagogical experiment):

1) yes;

2) no.

Yes, the theoretical conclusions and identified patterns are
confirmed by the results of experimental studies, including a
comparison of the phase composition of the catalysts, their
activity, stability and coke formation characteristics under various
reforming conditions.




8.4 Important statements are
confirmed/  partially  confirmed/
unsupported by the references to
current and reliable scientific
literature.

The main provisions and conclusions of the dissertation are
substantiated based on modern scientific publications, and are also
confirmed by references to relevant and verified sources, which
ensures the reliability and scientific validity of the material.

8.5 The literature sources used
are/are not sufficient for the literature
review.

The literature review covers 251 sources, which allows us to
characterize the current state of research in the field of catalytic
reforming, physicochemical properties of catalysts and
methodology for their evaluation.

9. | Principle of practical value 9.1 The dissertation has theoretical | Yes, because the work expands our understanding of the
significance: composition, structure and functioning of catalysts in the process
1) yes; of dry reforming of methane and biogas.
2) no.
9.2 The dissertation has practical | Yes, since the developed catalysts demonstrate stable operation
significance and there is a high | under long-term and large-scale testing conditions, which confirms
probability of applying the results | the possibility of their practical application in synthesis gas
obtained in practice: production technologies.
1) yes;
2) no.
9.3 Are the practice suggestions | Partially new, since the dissertation proposes improved catalysts
new? and optimized process conditions, based on existing approaches,
1) Completely new; but with the introduction of new compositions, synthesis methods
2) Partially new (25-75% are new); and experimental confirmation of their effectiveness.
3) Not new (less than 25% are new).

10. | Quality of writing and design Quality of academic writing: Average, the structure of the work is maintained, the main
1) High; scientific provisions are presented consistently, however, the text
2) Average; contains stylistic overloads, redundant formulations and some
3) Below average; repetition, which reduces the readability and scientific clarity of
4) Low. the presentation.

11 | Comments on the dissertation 1. The work does not present a quantitative assessment of the reproducibility of the obtained experimental

data, including the lack of statistical processing of the results (mean values, standard deviation), which
complicates the assessment of the reliability and repeatability of catalytic tests.
2. The wording of individual conclusions and provisions requires stylistic revision to improve logical

clarity and scientific expressiveness.




.

3. The economic part is presented at the level of a preliminary assessment, without a detailed analysis of
the process efficiency taking into account all technological stages and costs.

Despite the identified shortcomings, the dissertation is a completed scientific study, contains elements of
scientific novelty, theoretical and practical significance.

accordance with paragraph 28 of
this Model Regulation)

12 |.The scientific level of the doctoral | The articles published during PhD program completely correspond the thesis topic of the doctoral student.
student’s article on the research 5 articles were published in the high-ranking journal with high citation, which are included in the
topic (in the case of defending databases of Scopus and Web of Sciences. 3 articles were published in the journal recommended by the
dissertation in the forms of a series | Science and Higher Education Quality Assurance Committee of the Ministry of the Science and Higher
of articles official reviewers Education of the Republic of Kazakhstan.
comment on the scientific level of
the doctoral student’s article on the
research topic)

13 | Decision of the official reviewer (in | The dissertation work of Manabaneva Alua Muslimovna titled “Development of the environmentally

friendly catalytic reforming of renewable natural raw materials — biogas for the production of modern
highly efficient hydrogen-containing fuel mixtures” meets the requirements for doctoral dissertations.
Thus, Manabayeva Alua deserves to be awarded the degree of Doctor of Philosophy (PhD) in the
specialty 8D07107 - Petrochemistry.

Official reviewer:

PhD, Associated Professor, Satbayev Kazakh

National Research Technical University

L —

,/.,/ far
ﬁvﬁ Aitkaliyeva G.S.
4
o
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opMUHMATBLHOrO PELIEH3EHTA HA ANCCEPTALMOHHYI0 paboTy MaHabaeBoii Anya Myciaumorubl Ha TeMy «Development of the environmentally
friendly catalytic reforming of renewable natural raw materials — biogas for production of modern highly efficient hydrogen-containing fuel
mixtures» («PaspadoTka 3KojJ0ru4eckn 6e30MacHOro KaTaJMTHYeCKOro pud)opMHHIa BoO300HOBJISEMOr0 IPHPOIHOro CbIpbsi — OHoOrasa nJjs

HOJTyYeHHsl COBPEMEHHBIX BbICOK03( PeKTHBHBIX BOAOPOACOJAEPXKAIMMX TOIIMBHBIX cMeceii») NPEACTABICHHYI0 H2 COHCKAHHE CTeNeHH
noxkropa ¢punocodpun (PhD) mo obpazosarenbHoii nporpamme 8D07107- Hedrexumus

Ne
n/n

Kpurepun

CooTBeTCTBHE KPHTEPHAM
(MoI9epKHYTH OMH U3 BAPHAHTOB
0TBETA)

O6ocHOBaHHE MO3UIINH
OduuuanbHOro peneH3eHTa
(3aMe4aHNs BbIAEJHTH KypPCHBOM)

Tema muccepraumu (Ha gaty
ee YTBEPXACHHUSA)
COOTBETCTBYET
HaIlpaBJIEeHUSIM
HayKu
rOCyapCTBEHHBIM
IporpaMMaM

pasBUTHUS
A/ vm

! Co0TBETCTBHE IPUOPUTETHBIM
HalpaBJIEHUsSIM  DPa3BUTHS  HAYKH MM
rOCyIapCTBEHHBIM IIPOrpaMMaM:

1) JUccepTaliis BBIIOJIHEHa B paMKax
IIpOEKTa 178)0%1 eneBo IIPOTpaMMBI,
¢uHaHCUpyeMOoro(oi) M3 TroCyIapCTBEHHOIO
OromxkeTa (yKasaTb Ha3BaHHE U HOMEp IIPOEKTa
WJIH IPOTPaMMBl);

2) TUCCepTalys BBIIOJHEHA B paMKax
JpyTroii rocy1apcTBEHHO MporpaMmsl (yka3aTh
Ha3BaHHE TIPOrPaMMBI);

3) JUCCepTAIUs COOTBETCTBYET
OPHOPHTETHOMY  HANPaBICHHIO  Pa3BHUTHA
HayKH, YTBepXJIECHHOMY Briciueil HaydHO-

TeXHHUYecKol komuccued npu IlpaButenscrse
Pecniy6nuku Kazaxcran (Ykazatp
HaIpaBlIeHHE).

Tema guccepramy  COOTBETCTBYET  IPHOPUTETHEHIM
HarnpaBJIeHHSIM pa3BUTHs Hayku Pecnybmmku Kazaxcran u
BHINIOJIHEHA B paMKax psia TPaHTOBBIX IPOEKTOB,
GUHAHCUPYEMBIX M3 TOCYIapCTBEHHOTO OIOKeTa:

— AP08855562 «Paspaborka ¢yHIaMEHTAIBHBIX OCHOB
KaTaJIHTUYECKOTO pudopMuHTa BO300HOBISIEMOIO
MPUPONHOIO CBIphS -~ Ouoraza s CO3JaHHUSA
9KOJIOTHYECKM  Oe30macHoro,  BBICOKO3(PEKTUBHOTO
toruuBay (Ne roc. perumcrpanmm 0120RK00479, 2020-
2022Y;

~ AP08052090 «DopMupoBaHHEe KaTaATUTHYECKUX CHCTEM
C YyHpaBiseMBIMH CBOHCTBAMH JJII CHHTE3a LEHHBIX

TOBapHBIX  mpoaykroB» (Ne  roc.  perucrpauuu
0120PK00141, 2020-2022);
— AP14869966 «Pa3paboTka TEOpPETHYECKUX OCHOB

KaTaIUTHYECKOTO CHHTe3a 'ronyboro” Bogopoza Uit
IpeACTOSAINEro Iepexofa K YITIEpOJHO-HEUTpaIbHOR
sxoHomuKey (Ne roc. peructparuu 0122RK00561, 2022-
2024);

- AP19677006 «Karamutuueckass ~ nepepaboTtka
BO30OHOBISIEMOI'0 CHIPbSI HAa OCHOBE OHOCIIMPTOB —
OuomeraHona, OHO3TaHONAa W OHONpOIAHONA B ILIEHHBIE

razoHedTeXuMH4ecKue npoaykTe» (Ne roc. perucrpanuu
0123RK 00259, 2023-2025).




Pabota orBeuaeT 3amayam ['ocynapcTBEHHO#M MpOrpaMMEl

pazBuTHsi Hayku Ha 2020-2025 romsl ¥ COOTBETCTBYET
IIPMOPUTETHOMY HAIpaBJIEHHUIO, YTBEPXKAEHHOMY BrIciiei
HAaYYHO-TEXHHYECKOH KOMMCCHEH: «Panmonansaoe
WCTIOJIB30BAaHHE  IIPUPOJHBIX  PECYpPCOB,  BKJIIOYAsS
nepepaboTKy CHIPBS U MPOAYKIIHION.

BaxnocTp 11 HayKu

Pabora BHOCHT/HE BHOCHUT CYHIECTBEHHBIH
BKJIaJ B HayKy, a €€ BaXHOCTb XOpOUIIO
pacKpbITa/He pacKphITa.

PaboTa BHOCUT CyIIECTBEHHBIM BKJIAJl B HAYKY, OCKOJBKY
aBTOPOM pa3paboTaHBbI HOBBIE TEPMOCTOMKHUE
KaTaju3aTopsl Ha ocHoBe Ni, MOAUGHUUIHApOBaHHbIE Mg U
Mn, OeMOHCTpHpYIOIIHE BBICOKYIO aKTHBHOCTb H
cTabUJIBHOCT B Ipollecce pudopMuHTA OHOrasa.
3HaYNMOCTh HcCCleIoBaHHs OOOCHOBaHA B KOHTEKCTE
aKTyaJbHBIX HallpaBleHH# B OOJACTH TIeTepOreHHOTO
Karanu3a M IIepexofa K IKOJOTHYECKH YHCTHIM
HCTOYHHUKAM JHEPIHH.

IpuHnun
CaMOCTOSITEIBHOCTH

YpoBeHb CaMOCTOSITENBHOCTH:
1) BBEICOKHI;

2) cpenHui;

3) HU3KHUH;

4) caMOCTOSITEIBHOCTH HeET.

YpoBeHb CaMOCTOATENLHOCTH BBICOKHUM, ITOCKOJIBKY B
pabore NpeCTaBIEHO OonpIIoe KOJIMYECTBO
9KCIIEpUMEHTANBHBIX JIAaHHBIX, OXBATHIBAIOIMUX CHHTE3,
OHU3UKO-XUMUYECKYIO XapaKTEPUCTHKY, KaTaIMTHYECKHE
HCIBITAHHUS M pAaCYETHBIC OLIEHKH, BBITIOJHEHHBIE aBTOPOM
CAMOCTOSTENBHO.

[IpuHUMI BHYTPEHHETO
eqUHCTBa

4.1 O6ocHOBaHME aKTYaIbHOCTH
JMCCepTaLNN:

1) obocHOBaHa;

2) 4aCTHYHO OOOCHOBAHA;

3) He 000CHOBaHA.

AKTyanpHOCTh IHCcepTallii 000CHOBaHA, Tak Kak padora
HalpaBJIcHa Ha pelleHHe COBPEMEHHBIX 3aJad 110
CHIDKEHHUIO BBIOPOCOB ITQpPHUKOBBIX Ta30B H Pa3BUTHIO
TEXHOJIOTHH IOIY4EeHHsT BOIOPOJCOJEPHKAIIEro TOIUIMBA
13 BO30OHOBJIIEMOTO CBIPBS.

4.2 ConeprkaHue JUCCEPTAlMHA OTPaXXaeT TEMY
IUCCEPTaLHH:

1) oTpaxaer;

2) 4aCTUYHO OTPAXKAET;

3) He oTpaxkaer.

Conepxanue AMCCEPTALMH IOJIHOCTBIO COOTBETCTBYET
3as1BJICHHON Te€Me, OXBaThIBasl KaK TEOPETUIECKHE OCHOBEI,
TaK U 9KCIEpHMEHTATIbHBIE UCCIIEOBAHMS, HAlIPaBICHHBIC
Ha pa3paboTKy KaTalu3aTopoB Ui pudopmuHra 6uorasa.

4.3. Ilens u 3aga4l COOTBETCTBYIOT TEME
JUCCEePTAIUU:
1) COOTBETCTBYIOT;

IlocTaBiieHHBIE IIENB U 337244 YETKO COOTHOCATCS C TEMOK
JUCCEPTALIHHN H obecreunBaroT LHECJIOCTHOCTD )5¢
JIOTHYECKYIO 3aBepHIéHHOCTb HAay49HOI'O MCCJICJOBAHMUS.




w

2) 4aCTHYHO COOTBETCTBYIOT;
3) He COOTBETCTBYIOT.

4.4 Bce pa3zensl ¥ TOJI0OXKEHUS AUCCEPTaAlluH
JIOTHYECKH B3aMMOCBSI3aHbI:

1) NOJHOCTHIO B3aUMOCBSA3AHBL;

2) B3aMMOCBS3b YaCTHYHAS,

3) B3aUMOCBS3b OTCYTCTBYET.

Bcee pasaceiabl U IIOJOXCHHA OUCCEPTALUU ITOJIHOCTBIO
B3aHMOCBA3aHEBI.

4.5 llpenyioxxeHHbIE aBTOPOM HOBBIE PEIICHUS
(MpUHLMIIBL, METOABI) APTYMEHTUPOBAHEL U
OLICHEHBI IO CPABHEHHIO C U3BECTHHIMU
pelIeHUsIMU:

1) xpuTHYECKM# aHANTH3 ECTH;

2) aHaIU3 YaCTUYHBIH;

3) aHaIK3 IpencTaBaseT co0oi He COOCTBEHHBIE
MHEHHUS, a HUTATHI IPYTHX aBTOPOB;

4) aHaN3 OTCYTCTBYET.

Kputnueckuit  aHanmu3  eCTh,  ITOCKOJIBKY  aBTOP
000CHOBaHHO CPABHMBAET pa3pabOTaHHBIE KaTaIU3aTOPHKI C
U3BECTHHIMH AHAJIOrAMH, JEMOHCTPHPYS NpPEHMYIlecTBa
IPUMEHEHHBIX  MOJAXOJOB M IIOATBEpXIass WX
3¢ GEKTHBHOCT SKCIIEPUMEHTATHHEIMYU JaHHBIMH.

IMpuHIun Hay4HOH HOBH3HBI

5.1 Hayunsie pe3ynbTaThl ¥ IOJOXKEHHUS
SBJISIIOTCS. HOBBIMHU !

1) MOTHOCTHIO HOBBIE;

2) YaCTUYHO HOBBIE (HOBBIMH SIBIISIOTCS
25-75%);

3) He HOBBIE (HOBBIMU SIBJIIIOTCS MEHEE
25%)

IlonHOCTBIO HOBBIE. ABTOPOM BIIEpBBIE pa3paboTaHbI
COCTaBBl KaTalli3aTOPOB, YCTAHOBJICHBI OCOOCHHOCTH HX
¢$azoBOro cocrasa, CTaOMIILHOCTH, MEXAaHU3MOB JIEHCTBUS
U KOKCOOOpa3oBaHUsl.

5.2 BeIBOABI IMCCEPTALUU SBISIOTCS HOBBIME?
1) mONHOCTHIO HOBBIE,

2) YaCTUYHO HOBBIE (HOBBIMH SBISIOTCA 25-
75%);

3) He HOBBIE (HOBBIMH SBJSIIOTCS. MeHee 25%).

[onmHOCTHIO HOBBIE, TOCKOJLKY BBIBOJBI OCHOBAaHBI Ha
OPUTHHANBHBIX pe3yJbTaTax, BIEPBBIE IMOJTYYECHHBIX
aBTOPOM B XOJl€ KOMILIEKCHOTO HCCIEJIOBAHMS HOBBIX
COCTABOB KaTaJIN3aTOPOB, UX CTAOMIBHOCTH, aKTHBHOCTH U
MEXaHU3MOB JEHCTBUS B IIpoLECCe CYXOro puhpOopMHHra
MeTaHa U Ouorasa.

5.3 TexHu4yeckue, TEXHOJIOTHUYECKHE,
SKOHOMHYECKHE UIIH YIIPABIEHYECKHE
pelIeHus

SBJISIIOTCS HOBBIMU B 00OCHOBAHHBIMH
1) NOJTHOCTHIO HOBBIE;

YacTMYHO  HOBBIE, MOCKOJIBKY B  JHCCEpTAllMH
IpEeNCTaBICHEl OpPUIHHANBHBIE MOAXOABI K CHHTE3Y
KaTajJu3aTOpOB METOIOM TropeHus pactBopa (SCS), a
Takke o00ocHOBaHAa #X 3PGHEKTHBHOCTE B YCIOBHSAX
MacITaOHBIX M JJINTENBHBIX HCIBITaHui. BMmecte ¢ TeM,




2) YaCTUYHO HOBBIE (HOBBIMHU SBJISIIOTCS 25-
75%);
3) He HOBBIE (HOBBIMY SIBJISIOTCA MeHee 25%)

9KOHOMHUUYECKAs YaCTh HOCUT OPMEHTHPOBOUHBINA XapakTep
M HE COHNEPXHUT TMNOJHOH TMpPOPabOTKH TEXHHKO-
9KOHOMHYECKUX IIOKa3arejed BCEro MpOU3BOJCTBEHHOTO
IUKJIa.

O00OCHOBAHHOCTE
OCHOBHEBIX BBIBOJIOB

Bce ocHOBHBIE BEIBOIBI OCHOBaHBI/HE OCHOBAHBI
Ha BECOMBIX C HAYYHOU TOYKH 3pEHHS
JIOKa3aTeNnbCcTBaxX JUOO JOCTATOYHO XOPOIIO
obocHoBaHk! (151 qualitative research
(xyonHuTaTUB peced) U HapaBlIeHUH
ITOJATOTOBKH II0 HCKYCCTBY U I'YMaHUTapHBIM
HayKaMm).

Bce ocHOBHBIE BBIBO/IBI OOOCHOBAHBI PE3yJIbTaTaMU
9KCIEPHUMEHTAIBHBIX UCCIIEIOBaHUH, BKIIOYAIOUIMX
(bHU3UKO-XUMHYECKYIO XapaKTePUCTUKY
KaTajJu3aToOpoB U OLEHKY HX 3(h(EKTHBHOCTH B
peakiuu cyxoro pu¢opMHHTra MeTaHa u 6uorasa.

OcCHOBHBIE IOJIOXKEHHA,
BBHIHOCHMBIE Ha
3aIUTY

Heo6xonumo OTBETHTE Ha CIEAYIOUE BOIIPOCH]
0 KaXXJIOMY TIOJIOKEHUIO B OTAEIBHOCTH:
7.1 JlokazaHo JH NOJIOXeHHEe?

1) nokazano;

2) ckopee J0Ka3aHo;

3) cxopee He IOKa3aHO;

4) He 10Ka3aHo;

5) B Texyineit GopMyIHpPOBKE IPOBEPUTH
JIOKa3aHHOCTH TMOJIOXXEHUS HEBO3MOXHO.
7.2 SIBnsercs v TPUBHATIBHBIM?

1) na;

2) e

3) B Tekywe# GpopMynHpoBKe IPOBEPHTH
TPHBHAILHOCTH MOJIOXKEHUS] HEBO3MOXKHO.
7.3 SIBnsiercs i HOBBIM?

1) na;

2) HeT;

3) B Tekymeit GopMyIupOBKe IPOBEPUTH
HOBH3HY MOJIO’KEHHUS HEBO3MOXXHO.

7.4 YpoBeHb 111 IPUMEHEHHS:

1) y3kuii;

2) cpenHuit;

3) wupoxu#;

[Tonoxenne 1: Karanu3aTopsl ¢ ONTUMAIBHEIM COCTABOM,
NIPUTOTOBJIEHHBIE METONOM TODEHHS B pacTBOpE JUis
YTJIEKUCIIOTHOR KOHBEPCUU METaHa, a Takxe pupOpMHUHTa
fuoraza NPOAEMOHCTPHUPOBANH BBICOKYIO aKTHBHOCTD,
KOTOpasi OCTUTaNach B pe3yibTaTe IMPUMEHEHHS METO/a
TOpEeHHs MCXOJHOIO pacTBOpa B IIpoIlecCe CHHTe3a
KaTaIM3aTopOB, HPUBOJAILETO K MO YSHHIO
BBICOKOJUCIIEPCHBIX ~MAaTepHAIOB H  (OPMHPOBAHHIO
mmuHem NiAlOs mns 15Ni-35Al, crmuraa NisFe w
mnubgend NiALOs gns  15Ni-5Fe-30Al, neposckuta
CeAlO3 mma 15Ni-15Ce-20Al. Tlokazaso, 4ro mis
karanuzatopoB 15Ni-35A1 u 15Ni-5Fe-30Al1 xouBepcus
MetaHa npu 800°C cocraBmia 76% u 88%, a KoHBepcHs
CO: paBHa 95% u 94%. 3HaueHHs] KOHBEPCUH B METaHA U
CO; npu 850°C mns 15Ni-15Ce-20A1 obpasuos
cocrasisiia 90%.

7.1 dokaszano: 1) mokazaHo

7.2 TpuBHANBHOCTE: 2) HET

7.3 SIBnsercs 11 HOBBIM: 1) na

7.4 YpoBeHb TIpUMEHEHHS: 3) IUHpOKUil (MpUMEHHM B
BOJIOPOIHOMN 3HEPreTHKE U XUMHUHU TOILIMBA)




4) B Texyme# GopMyIUpOBKE IPOBEPUTH
YPOBEHB

IIPUMEHEHUS MTOJIOKEHUSI HEBO3ZMOXKHO.
7.5 JlokazaHo ¥ B cTaThe?

1) na;

2) HeT;

3) B Tekymielt GOpMyIHPOBKE MPOBEPUTH
JIOKa3aHHOCTH IOJIOXKEHHSA B CTAaThe
HEBO3MOXKHO

> Hoxkazano B cratbe: 1) na, pe3yabTarhl OTPaXKEHBI B
crathsix: “Dry reforming of methane over Ni-Fe-Al
catalysts prepared by solution combustion synthesis”u
“Dry reforming of methane over rare-earth metal oxide Ni-
M-Al (M = Ce, La) catalysts” B xypHane Industrial &
Engineering Chemistry Research (Q1, npouenTiis 81%).

[onoxenne 2: SCS-karamuszatop 15Ni-15Mg-20Al
nokasai 6oJiee BHICOKYIO aKTHBHOCTH 10 CPABHEHUIO C
BOCCTaHOBJIEHHbIM oOpasmom 12%Ni-5.6%Mg/y-Al,Os,
CHHTE3UPOBAHHBIM METOAOM NPONHUTKH MU O0ONamaroIuM
0oJiee BBICOKOH IHUCIEPCHOCTHIO, YTO CBsI3aHO C Oolee
CHJIbHOM B3aMMOCBS3bI0 MEXJIY METAVIOM H HOCHUTENEM,
KOTOpas 3aTpyIHSET BOCCTAHOBJICHHE KaTaIH3aTopa.

7.1 JlokazaHo: 1) nokazaHo

7.2 TpuBnanpHOCTh: 2) HET

7.3 HoBusHa: 1) na

7.4 YpoBeHb pUMeHEHUS: 2) cpeHuit (st pudopMUHTra
Ha buorase U 1abOpPaTOPHBIX YCTAHOBOK)

7.5 JlokazaHo B crathe: 1) na, B ctatbe: Mg-modified Ni-
based catalysts prepared by the solution combustion
synthesis for dry reforming of methane B xypnarne
Catalysis Today (Q1, npouenTiib 89%).

IMonoxenue 3: VYcraHOBiEHA pOJb INNHHENEH H
METAUIHYECKOTO HHUKEJIS B KaTajlu3aTopax,
IIPUTOTOBJIEHHBIX METOJOM TOpEHHs B  pacTBOpE,
UIPAIOLIUX BAXHYIO POJb B 00pa3oBaHUM ONpENeIEHHOTO
BHAA KOKca, IokazanHoro MerogamMu POA, TIIO, TTA u
CHNS. AxrtuBHpli  katammsatop  15Ni-15Mg-20Al
COINEPXKHUT  HE3HAYUTENBHOE  KOJHYECTBO  yriepona
HUTEBUAHOIO THIIA, HA KOHIAX KOTOPOIO HaXOIATCS
YacTHIBl HHUKeNsd, obpasyemble npu 590°C. Hanuume




Takoro THHA YrjepojJa HE CHHXAeT aKTHBHOCTH
pa3paboTaHHBIX KaTAIH3aTOPOB.

7.1 Jlokazano: 1) noxasaHo

7.2 TpUBHUANBHOCTE: 2) HET

7.3 HoBmsna: 1) na

7.4 YpoBeHb NIpPHUMCHEHHMS: 2) CpeIHHH (aKTyaJbHO B
KaTaJli3e U MaTepHAIOBEICHHH )

7.5 JloxazaHo B crathe: 1) 1a, B ctaThe B )kypHase Catalysis
Today (Q1, nponientuns 89%).

ITonoxenue 4: 3HaYUTENPHOTO CIEKaHMs! B KaTAIA3aTOPax
15Ni-5Fe-30Al, 15Ni-15M-20A1 (M = Ce, La, Mn, Mg)
12%Ni-5.6%Mg/y-Al,O3 HE HabII01a10Ch npu
TEMIIEPATYPHOM  IMKJIUPOBAHMU IOCIE  IIOHHKECHHS
TemnepaTypsl oopatHo 10 600°C, Tak Kak KaTanu3aTopbl
IIpY 3TOM HE TEePSJIH aKTHBHOCTH.

7.1 lokazano: 1) nokazaso

7.2 TpuBHAIBHOCTE: 2) HET

7.3 HoBusna: 1) na

7.4 YpoBeHb NpUMEHEHUS: 3) IHUPOKUH (IOJXOIHT Kak
U1 1TabOpaTOPHOro, TaK U MIJIOTHOTO YPOBHS)

7.5 Jloxazano B crarbe: 1) ma, pe3ynbTaThl TaKKe
OTpaXeHbl B CTaThsiX, NOKa3aHHBIX Bee u: “Dry
reforming of methane over Mn-modified Ni-based
catalysts” B xypmane Catalysis Letters (Q2,
OpOLEHTHIIb 68%).

[Tpurumn
JIOCTOBEPHOCTH.
JocToBepHOCTH
UCTOYHUKOB U
NpeaOCTaBIBIEMOU

8.1 Bribop MmeTomonoruu - 060CHOBaH UK
METOIOJIOTHS IOCTaTOYHO MOJPOOHO OIUCaHa!
1) na;

2) HeT.

Metogonoruss 000cHOBaHa M TOJAPOOHO W3NOXKEHA:
OIIMCaHBl METOJBl CHHTe3a KaraiuzaropoB (SCS wu
NPONMTKA), YCJIOBUS  KATaJUTHMYECKHX  HUCIBITAHUH,
TEMIIEpaTypHbIe PeXHMBI, NapaMeTphbl IOTOKOB, a TaKXKe
MOCNIEZ0BATEIPHOCTh TPOBEACHUS (PUIUKO-XUMHYECKUX
ananu3oB (POA, TT'A, ITOM u gp.).




uHpOpMAaITH

8.2 PesynpTaTh! AUCCEpTaiMOHHON pabOTHI
[IOJIy4EHBI C UCIIOJIB30BAaHHEM COBPEMEHHBIX
METOJIOB HayYHBIX HCCIIEOBAHUN K METOUK
00pabOTKH U MHTEPIIPETALMA JAHHBIX C
IIPUMEHEHUEM KOMIIBIOTEPHBIX TEXHOJIOTHH:
1) na;

2) HeT.

B pabote mpuMeHEHBl aKTyalbHBIE HHCTPyMEHTaIbHBIC
METOJIBI aHAIKM3a, NPOrpaMMHOE YIIpaBlieHHe peaKToOpaMu

M HUHTEepHpeTalus  JaHHBIX C  HCIOJH30BAHHEM
COBPEMEHHBIX AHATUTHYECKUX MOJIXOJIOB, 4TO
MIOATBEPXKIAET BBICOKMH  ypOBEHb  TEXHWYECKOH

JIOCTOBEPHOCTH IIOJYYEHHBIX PE3yJIbTaTOB.

8.3 TeopeTuueckne BbIBOJBI, MOJEIH, Ja, TEOpETUYECKHE BBIBOJIBI H BLISBJIEHHBIE
BBISIBJIEHHBIE B3AUMOCBSI3M U 3aKOHOMEPHOCTH | 3aKOHOMEPHOCTH TIOATBEPXICHBI pe3yabTaTaMu
JIOKa3aHbl U NIOATBEPIKICHBI 3KCIIEpUMEHTAIBHBIX HCCIIeJOBaHHH, BKJIIOYas
9KCIIEPUMEHTAIBHBIM HCCIIeI0BaHHEM (1S comocTaplieHHe ()a30BOro cocTaBa KaTaJH3aTOPOB, HX
HalpaBJICHUH NOATOTOBKH I10 MEJArOrHYECKUM | aKTHBHOCTH, YCTOHYUBOCTH u 0COOEHHOCTEN
HayKaM pe3yJIbTaThl JOKa3aHbl Ha OCHOBE KOKCOOﬁpaSOBaHHSI npHu Pa3IAYHbIX YCJIOBUAX
MeIarori4ecKoro 3KCIepUMEHTa): pudopmuHTa.

1) na;

2) HeT.

8.4 Baxxarie yTBepXICHUS OcCHOBHBIE DONOXEHHUS H  BBIBOABI  JUCCEPTAIMH

HOITBEPXKICHBI/YACTHYHO TIOATBEPKACHBI/HE
TIOJTBEPKAEHBI CCHUTKaMH Ha aKTyaTbHYIO H
JIOCTOBEPHYIO HAYYHYIO JHUTEPATYpY.

00OCHOBaHBl C OIOpPOM Ha COBpeMEHHBIE Hay4HBIE
nyOnuKaluu, a TakXe IOATBEPXKIEHBl CChUIKAMH Ha
aKTyanbHBIE M TIPOBEpEHHBIE  MCTOYHUKH,  YTO
obecrieunBaeT JIOCTOBEPHOCTH " Hay4YHYIO
000CHOBAaHHOCTH MaTepuaa.

8.5 Mcnonb30BaHHEIE HCTOYHUKH JIUTEPATYPhI
JIOCTaTOYHBI/HE JOCTATOYHBI JUIS
JUTEPaTypPHOTO

ob30pa.

O630p mnmTeparypsl oxBaThiBaeT 251 HMCTOYHHK, YTO
IIO3BOIIAET OXApaKTEPH30BaTh COBPEMEHHOE COCTOSHHE
UCCIIeIOBAaHUH B obnacTu KaTaJIHTHYECKOTO
pudOpMHHTa, (GHU3UKO-XUMHYECKHX CBOMCTB
KaTaJIu3aTOPOB U METOJOJIOTUH X OIICHKH.

[IpuHIIHI TPaKTHYECKON
LIEHHOCTH

9.1 lucceprauus HMEET TEOPETHUECKOE
3HaUYeHUe:

1) na;

2) HeT

Jla, TaK Kak paboTa pacmmpseT MpeICTaBICHHS O COCTaBe,
CTPYKType H (GYHKIHOHHPOBAHUH KaTaIH3aTOPOB B
npoliecce cyxoro pupopMHHra MeTaHa u Ouorasa.

9.2 Tucceprauus UMeeT IPaKTUYECKOE
3HAYECHHE U CYIIECTBYET BBICOKAsS
BEPOATHOCTH IIPHMEHEHHS [I0JTYYEHHBIX

Jla, TaK KaKk pa3paboTaHHBIE KaTAIH3aTOPHl JEMOHCTPUPYIOT
cTabunbHyl0 paboTy B  YCIOBMSIX JUIHTENBHBIX ¥
MacIITaOHBIX MCIIBITAHMH, YTO OATBEPXKIACT BO3MOXKHOCTE




pe3}'JII>TaTOB Ha IMPAKTHUKE:
1) na;
2) HeT.

| Bx NMPAKTAYECKOrO NPUMEHCHHS B TEXHOJIOTHAX MMOJIYUCHUS]

CHHTE3-Irasa.

9.3 IlpennoxeHus Ui IPAKTUKY
SIBJISIFOTCSI HOBBIMHU:

1) MOTHOCTHIO HOBBIE;

2) 9aCTHYHO HOBBIE (HOBBIMH SIBJISIOTCA
25-75%);

3) He HOBbIE (HOBBIMH SBIISIIOTCS MEHEE
25%).

YacTMYHO HOBBIE, IIOCKOJIBKY IHCCEpTalus NpeliaraeTt
YCOBEPIIEHCTBOBAHHBIE - KaTaau3aTophl "
ONTUMH3UPOBAHHBIE YCJIOBHS IpoOllecca, ONHUpPascCh Ha
CYIIECTBYIOIIME MOAXOABI, HO C BHEAPEHHEM HOBBIX
COCTaBOB, METONOB CHHTE3a M JKCIEPHUMEHTANbHBIX
NOJITBEPKACHMH UX 3PPEKTUBHOCTH.

10. KauectBo KauecTBO akageMuU4ecKoro nmuchma: Cpenuuii, cTpykTypa pabOTBl BBIIEpPKAHA, OCHOBHBIE
HaNUCaHUS U 1) BBICOKOE; HaYYHBIE [TOJIOXKEHUS H3JIOKEHBI IOCIIEN0BaTEIBHO, OTHAK(
odopmiieHUs 2) cpenHee; B TEKCTE IPUCYTCTBYIOT CTHJIMCTHYECKHE IIEPErpy3KH

3) HUXKE CpEelHEro; U30BITOYHEIE YOPMYJIMPOBKH M HEKOTOPAs MOBTOPSIEMOCTH
4) HE3KOE. YTO CHMXKAET YUTAEMOCTD ¥ HAYYHYIO YETKOCTH M3JIOXKEHHUS

11. 3ameqaHus K 1 B pabore He npencraBieHa KOJWYECTBEHHAS

JUCCEePTAIAN OLIEHKa BOCIPOH3BOJHMOCTH MOJTY4YEeHHBIX

SKCIEPUMEHTAIBHBIX NAHHBIX, B TOM YHCJE OTCYTCTBHE
CTAaTUCTHYECKOH 00paboTKH  pe3ynbTaToOB  (CpeaHux
3HaYeHWH, CTAaHZAPTHOIO OTKJIOHEHHs), YTO 3aTpyHHSET
OLIEHKY HaJEXHOCTH H NOBTOPSIEMOCTH KaTAIUTUYECKUX
HCTIBITAHUH.

2 DopMyITHPOBKH OTHEJIBHBIX BBIBOJIOB %6
MTOJIOXKCHUH HYXXIAFOTCS B CTHIMCTHYECKOH nopaboTke as
MOBBIIEHUA  JIOTMYECKONM  UYETKOCTH W HAy4YHOM

BBIPA3HTEIBHOCTH.

3 OKOHOMHMYECKAs 4YacTh INPEICTABICHA Ha YPOBHE
npeaABapéHHOH  OIIGHKHM, 0e3 [NeTaNpHOr0 AaHaIH3a
a¢dexTHBHOCTH nporecca c y4éToM BCEX

TEXHOJIOTUYECKUX CTaIUH U 3aTpart.

HecMoTps Ha BBISIBIEHHBIE HETOCTATKY, TUCCEPTAI[HOHHAS
pabora mpexacTaBisieT coOOH 3aBepIIEHHOE HAy4YHOE
HCCNIEJOBAaHUE, COMAEPXKUT IJIEMEHTHl HAy4YHOH HOBU3HBI,
TEOPETUYECKYIO ¥ IPAKTHYECKYIO 3HAUHUMOCTb.




12.

Hayungiit ypoBeHb
CTaThH JIOKTOpPaHTa IO
TeMe UCCNeoBaHus (B
cly4ae 3alllUuThl
JIUCCEepTalMU B BUIE
LMKJIA CTaTeH
odpuUHaIBHbBIE
PELEH3EHTEI
KOMMEHTHPYIOT
HaY4YHBIH yPOBEHb
CTaThbH TOKTOPAHTA IO
TEME HCCIICIOBaHM)

CraTb, ONyOJIMKOBaHHBIE B XO/1€ O0YU€EHHUS B JOKTOPAHTYPE, TOJIHOCTHIO COOTBETCTBYIOT TEME AUCCEPTALIHH
NOKTOpaHTa. 5 crareil OmyOJMKOBaHBI B BBICOKOPEHTMHIOBOM JXypHaJe€ C BBICOKON IHTHPYEMOCTHIO,
BXoasmeM B 6aspl JaHHBIX Scopus U Web of Sciences. 3 crareu onyGnHMKOBaHBI B IKypHAIE,
pexoMeHn0BaHHOM KOMMTETOM 110 00ECIIEYeHHIO KayecTBa HAyKU M BBICIIEro obpazoBaHus MuHucTEpCTBa
HayKH U BeIcLIero obpasosanus Pecnybnuku Kazaxcran.

13

Pemenue opummantsHoro
Penenzenra (cormnacHo
MyHKTY 28 HacTOSAMIErO
TunoBoro nojoxexHus)
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puPOpMUHTa BO300OHOBIIEMOIO MPUPOAHOTO CBIpps — OHorasa Jus IOJNy4EHUS COBPEMEHHBIX
BBICOKO3((PEKTUBHBIX  BOIOPOACOJEPXKAIMUX TOIJIMBHBIX CMeECei») COOTBETCTBYET TpeGOBAHUSAM,
NpeNbsIBISEMBIM K IOKTOPCKHM JauccepTanusM. ManabaeBa AJlya 3aCly>XHBAaeT MNPUCYXKAECHUS YYEHOMH
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