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Thesis title: Development of chromium-nickel-vanadium steels with dissipative
properties and their surface modification by deposition of nanostructured wear-
resistant TiN-Cu coatings

The topic of this thesis is devoted to the development of chromium-nickel-
vanadium steels with dissipative properties and their surface modification by
depositing nanostructured wear-resistant TiN-Cu coatings. The main goal of the
work is the development of new steels and their surface modification using PVD
process and production of the composite coating with advanced mechanical
properties. The topic of research work is at the forefront of experimental
investigations in the field of mechanical engineering and nanotechnologies.

Noise at work is a harmful and dangerous factor. To reduce the noise level
at the source of its generation, the use of damping non-metallic materials is
limited due to their insufficient mechanical characteristics. Some enhancement
can be achieved by development of iron-based alloys with increased damping
capacity and special processes of their heat treatment, however, modification of
metallic materials by coating is extremely rarely used. In the present work, a
complex approach to boost the performance was proposed: the development of
new steels and further modification of their surfaces by deposition of
nanostructured coatings.

The aim, idea and main points of the study are presented appropriately

and reflect the essence of the problem being solved. The structure of the
dissertation is well built.
The candidate presents a well-written thesis including detailed experimental
results and careful analysis of the data. The entire work is well embedded into
literature, showing the broad knowledge of the candidate in the field of her
research area.

In the thesis, casting processes of steels and PVD processes are chrefully
analysed based on complete experimental results. The candidate used several
experimental techniques to manifest her conclusions. Beside casting processes,
determination of the mechanical properties and adhesion of the coatings, also she
used several other techniques like XRD, SEM, TEM, XPS for structural
characterizations. Combining the experimental data allowed the candidate to
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The candidate obtained novel scientific results. Scientific novelty is as
follows:

- new compositions of steels alloyed with Cr, Ni, V have been developed, which
have increased dissipative, acoustic, antivibrational properties, furthermore,
damping properties of steel samples were improved by PVD process.

- the relationships between deposition parameters and structure of
nanocomposite coatings in the TiN-Cu system depending on the concentration (7%
and 14%) of copper were established.

- structure-properties-performance triangle for nanostructured TiN-Cu coatings
deposited on newly developed steels was determined.

The results of the research presented in the dissertation reflect the
personal contribution of the applicant. She published her results in good peer-
reviewed scientific journals and presented them at several international
conferences as posters or oral communications. The list of publications includes
16 scientific papers and 2 patents, including 5 in publications indexed in the Scopus
database. Also, the candidate completed a scientific internship at NUST MISIS,
Moscow, Russia. During the doctorate program, a large amount of research has
been carried out, the results of which confirm the required level of qualification
and education of the applicant.

In conclusion, | found Abuova R.Zh. an accurate and independently thinking
individual who was patient enough with colleagues and contributed significantly
to the success of the research project. | recommend her thesis for the defence
leading to the PhD degree in Nanomaterials and Nanotechnologies (6D074000).
This thesis is ready to be defended orally, in front of respective committee.
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Jlumepnka YHHBePCHTETI Jlumeprka Y HUBEPCHTETI

[leTenik FHLUILIMH KeHeCIiHiH JOKTOPJIbIK AHCCepTalHsTa nmiKipi

JloxropanT: A6yosa PricGy6u HonapiGaesHa
JlokropauTypa 6arnapnamacsi: 6D074000 — «Hanomarepuanjap MeH HAHOTEXHOJIOTHASIAp»
Foitbivu kenecui: : mpodpeccop JLK. Cynees (CoTraes aTbiHAarbl yHHBEPCHTET, AnmMaThl K., KasakcTaH).

[lleTennik FBUTBIMH KeHeclwi: : AHapei bonaapes, FbUTbIM OKTOPBI (JIumepuka Yuusepcuteri, Upranans)
JluccepTalMsHBIH aTaybl: JIMCCHNIATHBTI KacHeTTepre He GonaThiH XpOM-HHKe/b-BaHauii GoaTTapbiia
TO3yFa TO3IM/Ii HAHOKYPBUTBIM/BI TiN-Cu xa6blHaap/s! MoAMHKaLMsIAY apKbUTBI TYHABIPHIT any

Byl AMMIOMIBIK JKYMBICTBIH TaKpIpbIOBl HAHOKYPBUIbIMADI TO3YFa to3imai TiN-Cu sabblHAApbIH
KOJJaHy AapKbUIbl AMCCHIMATHBTI KacueTTepi 6ap XpOM-HHKe/b-BaHaMHHA GonaTTapblH 93ipJeyre KoHe
onapablH GeTiHiH MOAH(pHKALMACHIHA aPHATFAH. JKyMBICTBIH Herisri MakcaTel - ra3 dasaceitan (PVD)
anbIHATBIH (PM3MKANBIK TYHABIPY npoLeciH naiaanana OTIPbIMN, XKaHa GonarTapzbl 93ipey kKoHE 0apAblH
GeTiHiH MOIM(HKALMSACHI JKOHE HKAKCAPTBUIFAH MEXaHHKATIBIK KacueTTepi 6ap KOMIO3HLHAIBIK skabbIHAap
any. FbUIbIMH-3epTTeY XKYMBICHIHBIH TaKbIpbIObl MalIMHA JKacay JKOHE HAHOTEXHOIOTrHIAp caJlaChbIH/AFbl
SKCTIEPHMEHTTIK 3epTTEy/IeP/iH al/IbIHFbI KATApbIHAA OpHaJIaCKaH. |

bIC OpHBIHJAFbI LIYBUI 3HAHABI HKOHE KayinTi (akrop GombIn TabbIAbL. Oubl maiima Gomy
Ke3iHae IIybUT AGHTeHiH TOMEHACTY yuwin AemndeprerTia GeiimeTary1 MaTepHaNiapablH JKETKITIKCI3
MeXaHUKIBIK CHMATTaMaapblHbIH CaliapblHaH ONapabl xonzaHy wekrenred. Kei0ip »xakcaprynapra
JKOFaps! ieMripepnerTin KaGineTi Gap TeMip Heri3iHaeri KOpbITNATap/b! KIHE ONAp/B! TEPMHUSIIBIK OHIEYAIH
apHaifbl npoLiecTepiH jkacay apKbUIbI KO JeTKi3yre 60/1a/bl, alafiia METal MaTepHATap/b! »aOBIHABI caTy
apKbL1bl MOAU(HKALMAIAY OTE CHPEK KoJzaHbLIajp!. by )KyMbICTa oHIMALTIKTI apTTHIPYABIH KYPAei Taciii
YCHIHBLIFaH: JKaHa GoaT MapKanapblH 3ip/ey JKoHE HaHOKYPBUIbIM/bI kaOBIHAAPBbl TYHIBIPY JKOMBIMEH

onap/ibIH GeTTepiH oaaH opi MoAH(HKALHANAY.

3epTTeyiH MaKcaThl, MAEACE MCH Herisri epeskenepi Jo/Me-11971 Ma3MYHJIQIFaH JKOHE KapaCTbIPbLILIT
OTbIPFaH MOCEIEHIH MoHiH KepceTe/i. JluccepTaus KypbuIbIMbl alKpIH KYpBUIFaH.

JIOKTOpaHT KCTIEPUMEHTTIK HoTHKe/ep/i JKoHe IPEKTEPAIH MYKHAT TalZayblH KAMTHTBIH JKAKChI
JKa3bUIFaH JUCCepTaLUsHbl YCbIHA/IbL. Bykin skyMpic 9eOHETKE HKAKChI KipikTipinres, Gy AOKPaHTThIH
3eprTey canackl GOHbIHLIA KCH TaHBIMBIH KOPCETE/LI.

Jluccepraumsaaa 6onat Kyio npouectepi xone PVD npoLecTepi TOMBIK IKCMEPUMEHTTIK HOTIDKENEP
Herizinae MyKMAT TajlaHfaH. JIOKTOpaHT ©3 TYKBIPBIMAApBIH PacTay yuwin Oiprewe IKCTEPHUMEHTTIK

ajicTep/i KosjaHFaH.
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Kyio npouecrepines, MeXaHHKalbiK KAaCHETTEPAi XKoHe kaGblHAap/bIH are3uschli aHbIKTayiaH
Gacka, KyPBUILIMABIK CHNATTAMANapAbl aHbIKTAy Yiuin on conpaii-ak XRD (aupakumsaibik peHtremix
Tannay), SEM (ckanepneywi pactpaik Mukpockonus), TEM (kapbiK TycipyLui 21eKTPOH/IBIK MUKPOCKOMHA),
XPS  (PeHTTeH-3/IeKTPOH/BIK  CTIGKTPOCKOMHSA) CHAKTHI GipHemie Gacka fga oicTepi  KOMIaHIbL.
OKenepuMeHTTIK  aepektepai GipikTipy kammupaTtka JaibiHaanran MaTepHaliapiblH KacHEeTTepiH e
aHbIKTayra MyMKiHAik Gepai.

Kanauzaat sxkana FilbIMU HoTHKeNepre KO JKeTKi3A. FhUTbIMK skaHAbIFb! KeNeCieH Typaibl:

- JKOFapbl NHCCHNIATHBTIK, aKyCTHKAJIBIK, Aipiire Kapchl KacueHTTepai uenexerin nerupnenren Cr, Ni, V
GonmarrapablH kaHa Kypamaapl o3ipnenni, oman Oacka, PVD opici apkeuisl Gosar yarinepiHi
AeMndepnelTin KacHeTTep/Ii KaKCapTHUIb.

- MBIC KOHUEHTpauuschiHa (7% sxoHe 14%) Gaitnanbictsl TiN-Cu sxyifecinmeri KosaHy napameTpi MeH
HAHOKOMIO3HTTIK JKaObIHABLIAP KYPBUILIMBI APACBIHAAFbI TOYEAINIKTEp AHBIKTAIBL.

- JKaHamaH o3ipnenreH Gonatrapra cambiHathid TiN-Cu HaHOKYpBUIBIMAaiFaH jkaGblHAapFa apHaIFaH
KYPBUIBIM-KaCHET-CHIaTTaMa YIIOYPhIbl aHBIKTaJI/IBL.

Juccepraumana yChIHBUIFAH 3epTTey HOTHKENepi 3epTTeyuliHiH skeke ynecin kepcereni. On o3
HATIKeNepiH GeNrini peLeHsnsIaHFaH FEUTBIMH XKYpPHAIApAA KAPHAIAb! JKOHE Oap/bl [IaKaTTap Hemece
aybi3iua GasHaamanap Typiae GipHelue XalbIKapaibik KOH(epeHuusIapa yebHapl. JKapusiaHsiMaap Tizimi
16 FBUTBIMH JKYMBICTBI XKOHE 2 ATEHTTI KAMTHb, OHBIH ilinae Scopus aepekTep 6a3achlHia HHAEKCTENETIiH
5 JKapUATAHBIM 6ap. Conpaii-ak nokropant Peceit, Mackey k. (MUCHC» ¥3TH-za FpuIbIMH TaFIbIMAaMaaaH
otTi. JlokTopaHTypana GiniM amy GapbiChlHEa O KONTereH 3epTTeysep JKYpPri3fi, OMapAblH HOTHIKeepi
3epTTeyLiHiH OUTikTiniri MeH GiniMiHiH KaxeTTi AeHrelid pacTaiapl.

KopeiteiHapuiaii kene, PJK. AGyoBa — opinTecTepiMeH KapbIM-KaTbIHAChl JKAFbIHAH JKETKiTIKTI
IIBIIAM/IBUIBIK TAHBITBII, 3€PTTEY )KOOACHIHBIH TaOBICHIHA eeyJli yiiec KOCKaH YKBINTHI XKoHe TIyesci3 oinai
6ineTiH agam Jen caHaiiMblH. MeH OHbIH JUCCEpPTALMACBIH HaHOMAaTepHaJap JKoHE HAHOTEXHOIOTHAIap
(6D074000) canachlHaarbl FHUIBIM JOKTOPBI AQPEXKECiH aly YIUiH KOPFayFa YChIHaMbIH. By aucceprauus
THICTI KOMHCCHS aJIIbIHA aybl3LIa KOpPFayFa JanbIH.

FBIIBIMH KbI3METKED, [Kon koiibuiran] 16.10.2023r.

Wmskeneprik paxynbrer, JInMepuka Y HUBEPCHTETi nokrop PhD Annpeit Bonnapes

andrey.bondarev@ul.ie
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piHII aKnam exi MbIy XKHUBIPMA TOPTIHINI KBLT.
0.08.1998 sxeuter Kasakcran Pecny6nukaceimpig

MEMJIEKETTIK JIMICH3USACEIHEIH Heri3inge opeKeT
CTywl, AJIMaThl KaJacHIHBIH HOTapHyChl, MaFaH TaHBIMall ayJapMarisl Kypreibaesa I'ynnas

Myxamenanuepransy KONITaHOACBIHBIH  MIBIHANBUTBIFBIH KyaJlaHIBIpaMbIH. AyIapManibiHbIH
KEKE TYIIFaChl aHBIKTATI/IBL, OpEKeT KabieTTiTiri e OKiNeTTiKTepi Tekcepinzi.
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