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REVIEW
OF THE FOREIGN SCIENTIFIC CONSULTANT

for the dissertation thesis of Atchibayev Rustem Alibekovich
“Nanocomposition coatings formation processes and

physical and chemical properties”,
submitted to obtain the scientific degree Doctor of Philosophy, Ph D,
on speciality 60074000 - Nanomaterials and nanotechnology.

The dissertation of Rustem Atchibayev is devoted to studying physical and
mechanical properties and the patterns of microstructure formation of chromium-
based composite coatings modified with nanosized particles, heterogeneous binary
and triple systems obtained by the electrolytic method.

For the first time, a comprehensive study of the processes of microstructure
formation and physicochemical properties, chromium-based composite coatings
structured by nanoscale particles (C, SiO;), as well as nanocrystalline coatings from
double Fe-W (Co), Ti-Co (Mn) and triple Fe-Co-W systems obtained by the
electrochemical method. A new approach has been developed for controlling the
size of crystals in binary Fe-W (Co), Ti-Co {Mn), and ternary composite Fe-Co-W
systems based on variations in current density and formation modes of
multicomponent coatings. Except that, the mechanism of co-precipitation of iron
with tungsten and iron with molybdenum into a nanostructured alloy was
established for the first time and the effect of the composition of electrolytes and
deposition modes on the content of components, morphology, structure,
properties and efficiency of the electrodeposition process of Cr-Si02-C, Fe-W (Co)
coatings were substantiated. Ti-Co (Mn), Fe-Co-W.

Based on a quantitative analysis of experimental data on the kinetics of
oxidation, as well as on the results of tests of physicomechanical properties
(microhardness and tribological characteristics), a phenomenological model is
proposed to describe the formation of the microstructure of nanocomposite
coatings obtained on the steel substrates (5t3, AlSI304 and 17G1S).

The composition of the microstructure of nano-CECs was studied by optical
metallography, spectrometric and X-ray diffraction analysis, scanning electron and
atomic force microscopy. To study the corrosion properties, gravimetric and
potentiodynamic methods were used, as well as a method for measuring electrical
resistance. The physicomechanical properties were studied by methods of
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measuring microhardness and adhesion and using tribological tests. Mathematical
modelling of the formation of electrolytic coatings and prediction of functional
properties were carried out based on the laws of electrochemistry in
electrometallurgy.

In his dissertation, Atchibayev R.A. has presented the possibility of applying
the composition of nanostructured composite coatings based on chromium, as well
as nanocrystalline coatings from iron-tungsten and iron-cobalt alloys for corrosion
protection of surfaces made of carbon steel $t3 and structural AlSI304 and 17G1S
steels. It confirms the applicability of the tested coatings to improve the functional
properties of steels in neutral and alkaline environments. Based on the research
results, a new electrolyte was developed, obtained for the utility model “Electrolyte
for applying nanocoatings with an iron-tungsten alloy” (the patent of the Republic
of Kazakhstan No. 3440 dated 11.11.2019).

The results and conclusions obtained during the study reflect the content of
all sections and are confirmed by the publication of the main scientific results in
peer-reviewed international and domestic scientific publications. The reliability of
the scientific conclusions of the work is confirmed by consistency with the results
of independent studies and conclusions obtained by other authors.

The PhD thesis is stringent and logical, and it presents scientific, qualification,
completed research and is of interest for a large section of scientists in the area of
material science and nanotechnology.

Atchibayev R.A. has reported the basic result of dissertation work at several
International and Republican conferences. He is the author of a few scientific papers
including the publications in the journals entering into Scopus and Web of Science
database or recommended by the Committee for control in the field of education
and science of the Ministry of education and science of the Republic of Kazakhstan.
The PhD student passed a scientific internship at the Wroclaw University of Science
and Technology, where tribological studies were done.

The personal contribution of the PhD student Atchibayev R.A was to plan and
conduct experiments, conduct theoretical and experimental studies, discuss and
summarize the results. The results presented in the thesis were obtained by the
author, as well as together with the staff of the Faculty of Mechanical Engineering
of the Wroclaw University of Science and Technology (Poland) and Physical
Chemistry of the Kharkiv Polytechnic University (Ukraine).

The work was carried out under the project of grant financing of the Ministry of
Education and Science of the Republic of Kazakhstan 2018-2020. AR05130069
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“Development of nanotechnology for the synthesis of functional galvanic coatings for
electrical components” in the priority area “Rational use of natural resources,
including water resources, geology, processing, new materials and technologies, safe
products and structures”. State registration number 0118PK00315.

From the above said | may summarize that the scope, execution level,
accuracy and scientific and practical significance of the results achieved by
corresponding to all the requirements defined for dissertations by the Control
Committee in Education and Science under the Ministry of Education and Science
of the Republic of Kazakhstan, for PhD dissertations.

Atchibayev R.A. highly deserves a PhD degree of a Philosophy Doctor by
( speciality 6D074000- Nanomaterials and nanotechnology
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BpoL1aBCKuiA TEXHUHMECKUR YHUBEPCUTET

PELIEH3UA
WHOCTPAHHOIO HAYYHOIO KOHCYJIbTAHTA
Ha guccepTaLuoHHyto paboty ATunbaeBa Pyctema AnubekoBuua
«llpoyecchbl YOpMUPOBAHUS HAHOKOMITO3UMHbLIX nokpsbIMull U hu3UKO-XxUMUYecKue
ceolicmea»
npeacTaBMeHHOW Ha nony4yeHue y4yeHon crenenu [loktopa dunocoduu (PhD)
rno cneyuMansHocTn 60074000 — HanomaTtepuanbl U HAHOTEXHONOrMUA

OuccepTauua Pyctem Atunbaesa nocesilieHa M3y4eHWo (hU3NKO-MEXAHNHECKMX CBOWCTB U
0bpasuos hopMUPOBaHUS  MUKPOCTPYKTYPbI  KOMMNO3UTHBIX MOKPLITUA Ha XPOMOBOW OCHOBE,
MOAUULMPOBEHHbLIX HAHOPasMepHbLIMK  YacTuLamn, HEOAHOPOAHbBIX ABYXKOMMNOHEHTHLIX 7
TPEXKOMMOHEHTHBIX CUCTEM, NOMYYEHHBIX 3NEKTPONUTHBIM METOAOM.

Bnepsble Obino  NPOBEAEHO  BCECTOPOHHEE  U3y4eHue  npoueccos dhopMupoBaHna
MUKPOCTPYKTYPbI N (DU3NKO-XMMUYECKUX CBOWCTB, KOMMO3UTHBIX NOKPLITUA Ha XPOMOBOW OCHOBE,
CTPYKTYPUPOBaHHbIX HaHOMacwTabHbIMK YacTuuamm (C, Si02), a TawkKe HaHOKPUCTANINYECKUX
NOKPLITUA 13 ABYXKOMNOHEHTHbIX Fe-W (Co), Ti-Co (Mn) u TpexkomnoHeHTHbix Fe-Co-W cucrem,
NONYYEHHBIX 3NEKTPOXUMUYECKUM METOLAOM. PaspaboTaH HOBbIA NOAXOA K KOHTPOMK pasmepa
KpPUCTaNmoB B ABYXKOMNOHEHTHbIX Fe-W (Co), Ti-Co (Mn) v TpexkoMnoHeHTHbIX Fe-Co-W cuctemax
HA OCHOBE W3MEHEHWIl B TEKYLIMX PEXUMax NNOTHOCTU W (HOPMUPOBAHWSA MHOTOKOMMNOHEHTHBIX
nokpbITWiA.  Kpome Toro, BNepeble YCTAHOBIIEH MEXaHW3M COBMECTHOTO OCaXAEHUS xenesa ¢
BOnbdpamMomMm u Xxenesa ¢ MmonubaeHom B HaHOCTPYKTYPUPOBaHHEIM cnnas n oDOCHOBaHO
BO3AENCTBME COCTABA 3NEKTPONWUTOB W PeXWMa OCaKAEHMA Ha COAepXaHWe KOMMOHEHTOB,
Mopchonoruio, CTPYKTYpY, CBOMCTBA 1 9PHEKTUBHOCTL NPOLIECCA SNEKTPOOCAKAECHNA nokpbeltin Cr-
Si02-C, Fe-W (Co), Ti-Co (Mn), Fe-Co-W.

Ha OCHOBaHWW KONWYECTBEHHOIO aHanusa 3IKCNepuMeHTanbHbIX AaHHbIX Ha  KUHETWKY
OKMCHEHWUS, @ TaKKe PesynbTaToB UCMbITaHWUA (PUINKO-MEXaHNYECKUX CBOCTB (MWKPOTBEPAOCTE W
TPUBONOrMyeckne XapakTepucTuki), NpeanoxeHa eHomeHonoru4eckas mMoaens, yToObl onucaTb
chopMupoBaHME MUKPOCTPYKTYPbl  HAHOKOMMO3NUTHbLIX MOKPLITUIA, NOMYYEHHbIX Ha CTanbHbLIX
noanoxxax (St3, AlSI304 u 17G18S).

Coctae MUKPOCTPYKTypbl HaHo-CEC wn3yyeH G MOMOUBHO onTU4eckon wmetannorpadguu,
CNEeKTPOMETPUYECKOrO W  PEHTreHOCTPYKTYPHOro aHanwsa, pacTpoBOW 3NEKTPOXUMUYECKON W
aTOMHO-CUNOBOM  MUKpockonuw. [dna  WU3y4eHus  KOPPO3NOHHBIX CBOWCTB  WMCMNONbL30Bannce
rpaBUMETPUYECKUE M NOTEHLMOANHAMUYECKME METOADI, @ TaKXKE METOA USMEPEHUS SNEKTPUUECKOro
COMPOTUBNEHUA. PU3NKO-MexaHWdyeckne CBOWCTBA Obinn  M3ydeHbl  METOLOM  M3MEpEeHWs
MUKPOTBEPAOCTM W 3Are3nn, NpUMEeHeHust TpnOoNorM4eckux neneitanu.  MaTtematudeckoe
MOAENUPOBaHUE (POPMUPOBAHNS 3NEKTPONNTHBLIX NOKPLITUA U NPOTHO3 hyHKUMOHAmMbHbLIX CBOWCTB
NPOBOAWUNNCE HA OCHOBAHWM 3GKOHOB 3NEKTPOXMMWMN B 3MEKTPOMETANNYPIUN.

B ceoeil auccepTaumu, P. A. AtyubGaeB npenctaBusl BO3MOXHOCTb MPUMEHEHWs cocTasa
HAHOCTPYKTYPMPOBAHHbLIX ~ KOMMO3UTHBIX NOKPbITU Ha  OCHOBE  XpoMa, a  Takke
HaHOKPUCTaNNWYEeCKNX NOKPbITMA K3 CNNaBoB wenesa-sonespama W xenesa-kobaneta anA
KOPPO3UIMHON 3alUUTLI NMOBEPXHOCTW W3 YrNEpoAHOU cTanu St3, cTpykTypHoi crann AlSI304 u
17G1S. 3710 noaTeepxAaer NPUMEHUMOCTbE  WMCNbITAHHBIX MOKPLITUA  ANA  YNyYLeHns
(DYHKUMOHANBHBLIX CBOMCTB CTanu B HENTPanbHon u LenoYHoW cpede. Ha ocHoBaHWW pe3ynbTaTos
nccnenosanva 6bin  paspaboTaH HOBbI  3MEKTPONUT, NOMYYEHHbIM ANA  NONE3HOW MOAENN
«3nekmponum 0ns NPUMEHEHUS HaHOMOKPbIMUl €O Chiasom xenesa-eonbgpaman (NaTeHT
Pecnybnuiu Kazaxcran Ne 3440 ot 11.11.2019).

PeaynbTaThl U 3aKMOYeHWUs, NMONyYeHHbIE BO BPEMS WCCNEAOBaHWA, OTPAXaI0T COASPHaHUE
BCEX pa3fenioB W NOATBEPXKAEHbl NybnuKauwelh OCHOBHbIX pesynbTatoB WCCNEAOBaHWA B
PELEH3NPpYEMbIX MEXAYHapPOAHbIX W OTEYECTBEHHBIX Hay4HbIX XypHanax. HanewHoCTb Hay4HbIX
3aKnioyeHuin  paboTbl NOATBEPXKAEHA COrMacoBaHHOCTBIO  C  pesynbTatamMt  HE3aBUCKMBbIX
VCCNENOBaHNIA 1 3aKITOYEeHUA, NONYHEHHBIX APYTMMK aBTOPaMu.



Bpounaeckuit TexHMHeCKkU yHNBEPCUTET

[lokTopckas AMCCEPTaUMA TOMHas W NoruyHas, NpeacTasnaer Hay4Hoe, KBanuuKkaLnoHHoe,
3aBeplieHHOe MCCMEAoBaHWE W NPEACTaBNAET WHTEpeC Ans BOMbLLLOr0 KOMUYECTBA YYEHbIX B
oBnacty matepwanoBefeHns n HaHOTeXHONOTMK.

P A ATuyubaeB NpeacTaBui OCHOBHOW pesynbTaT AUCCEpTaunoHHON PaboTbl HA HECKOMbKIX
MeXayHapoaHbIX 1 pecnybnmnkaHCKux koHdepeHumax. OH ABNAETCA aBTOPOM HECKONbKMX Hay4HbIX
paGoT, BknoYas Nybnukauny B XypHanax, BHeCeHHbIx B 0asy AaHHbIX Scopus u Web of Science
WK pekomMeHA0BaHHbIX KOMUTETOM NO KOHTPONO B cthepe obpasosaHua U Haykn MuHucTepcTsa
oBpasoBanua M Hayku Pecnybnukn KasaxcTtaH. [JOKTOpaHT NpoLWen Hay4YHYl CTaXWpoBKY BO
Bpounasckom TEXHUYECKOM YHUBEPCUTETE, rae NPoBOAUIUCE Tpubonornieckne nccnenosaxus.

NMuuHelM  BKNagom Aoktopadta P. A, ATtymbaesa 6bino nNaHWpoOBaHWE W nposeneHue
9KCNEpPUMEHTOB, TEOPETUYECKUX N SKCAEPUMEHTAbHbIX UCCNEA0BAHUIA, 0OCYXAEHWE U NoaBeaeHUe
nToros. PesynbTaTbl, NPEACTaBEHHbIE B AuccepTaumnm, 6binn NonyyeHbl aBTOPOM, a Takke BMecTe
C npenofaBaTtenibCkiMM cocTasom (PakynbTeTa MaWMHOCTPOeHUs BpounaBCcKOro TexXHuyeckoro
yhusepcuteta (Monbwa) v duanyeckon xumin XapbKOBCKOTO NONWUTEXHWHYECKOTO yHMBEpcUTeTa
(YkpauHa).

PaBoTra npoBogunack B paMkax NpoeKkTa [rpaHToBOro uHaHcupoBaHua MuHucTepcrea
obpasosanna ¥ Haykm Pecnybnukn KasaxctaH 2018-2020. ARO05130069 «Passutue
HaHOTEXHOMOrMN ONA CUHTE3a (YHKUMOHANbHbLIX ranbBaHUYECKUX NOKPLITUA ANA SMeKTpUYeckux
anNeMeHTOB» B NpUopUTETHOW obnactn «PauvoHanbHoe WCNoMb30BaHWe NpUPOAHbIX Pecypcos,
BKMIOYAA BOAHLIE pecypchl, reonoruio, o6paboTky, HOBblIE MaTepuanbl U TexHonoruu, GesonacHyio
NPOAYKUMIO 1 CTPYKTYpbI». [OCYAapCTBEHHbIA perncTpaumoHHsin Homep 0118PK00315.

Ha OCHOBaHWW BBILLEM3NOXKEHHOrO f MOrY 3akn4uuTh, 4TO ODBLEM, YPOBEHb WCMOMHEHUS,
TOYHOCTBL, Hay4YHO-MpakTU4Yeckasl 3Ha4YMMOCTe OOCTWUIHYTbIX PE3YNbTaTOB COOTBETCTBYKT BCEM
TpeboBaHnAM, YCTaHOBNEHHbIM K AnccepTaumnam KomuTeTom no KoHTponio B cthepe obpasosaHusa v
Hayku npu MuHucTepcTBe oOpaszoBanus W Haykm Pecnybnuku KasaxctaH 0N LOKTOPCKUX
auncecepTtaumni.

P. A, AtuyubaeB sacnyxueaeT CTENeHW KaHAWAAT HayK No cneunansHOCTU 60074000 -
HaHomaTepuank! u HaHOTEXHONOTUS.

VIHOCTpaHHbIA HayYHbIA KOHCYNbTaHT
HokTop Hayk, npodeccop
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Tekct-nepeBoa JOKYMEHTA C aHTJIMHCKOTO SI3bIKa Ha PYCCKUH SI3BIK BBITOJIHEH
areirctBoM IniepeBofoB TOO «World-Translate», BUH 191040030328, B nuue
nupektopa Mamberosa 3apuda Unpnamesnua, 04.12.1990 roga poxaeHus, MecTo
poxnenns Anvatsr, UMH 901204300387.
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I'opon Ammartsl, Pecnybnuka KaszaxcraH, 4eTBeproe CEHTSOpS OB THICIYH
ABaALATOro roja.

s, AGnanbGekoB Epmex MekeMracoBHY, HOTapuyc ropoma AJIMarhl,
JEACTBYIOLMI Ha OCHOBaHMH TOCyHapcTBeHHOH JsmmenHswu  Ne0002810 ot
29.12.2009 roga, BelmaHHOH KOMHTETOM perucTpaliOHHOM CIy>KOBI M OKa3aHHUS
IIpaBoBOil oMoy MuHHCcTepcTBa rocTiiMK Pecnybnuku Kazaxcras.

CBHUAETENbCTBYIO TNOTHHHOCTE noAnucH aupektopa TOO « World-Translate»
MawmberoBa 3apuda WMnppameBnva, KOTOpas clelaHa B MOEM IPHCYTCTBHH.
JIn4HOCTH TpeACTaBUTENS YCTAaHOBIIEHA, NEeCOCOOHOCTh €ro W IOJIHOMOYHS, a
taxxe npasocriocobHocte TOO «World-Translatey» nmposepeHsr.
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