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Dissertation candidate: Khozhanov Alexandr Rafaelevich
Thesis title: “Robotic microplasma spraying of functional coatings with
specified structure and properties”

Nowadays, the development of new technologies for obtaining functional
coatings with a given structure and properties is in the focus of attention of
rescarchers and the scientific community. The dissertation was written on a relevant
and practically significant topic within the framework of projects with state budget
(grant) funding of the Republic of Kazakhstan for 2022 - 2024 AP 13068317
“Development of new robot-manipulator control algorithms for 3D scanning
technologies and additive microplasma spraying of coatings” and AP 13068317
“Development of new robot-manipulator control algorithms for 3D scanning
technologies and additive microplasma spraying of coatings”. The title and content
of the dissertation are fully consistent with the specialty 8D05301-"Technical
Physics".

Khozhanov A.R. has developed and tested a new, robotic method of
microplasma spraying (MPS) of coatings, which has advantages over previously
known solutions. The new approach consists, firstly, in selecting the optimal MPS
parameters based on factor planning and regression analysis, and secondly, in
providing coatings with controlled porosity, uniform thickness and good adhesion
to the substrate due to the robotic movement of the microplasmatron along a given
3D substrate models with precise observance of the spray distance and the linear
velocity of the plasma jet movement over the surface of the product.

All technical solutions proposed in the dissertation are made at a high
scientific level. This is confirmed by a patent for a utility model of the Republic of
Kazakhstan and an act of production testing of a crushing plate with a coating
sprayed using a new method, as well as a high level of Khozhanov's publications on
the research topic.

The main new scientific results proven in the dissertation and in publications
on the research topic are the following:

1) New patterns of influence of MPS parameters on the efficiency of spraying
and characteristics of porosity of functional coatings made of biocompatible and
thermoresistive ceramic materials have been established, it has been shown that the
spraying distance, current strength and plasma-forming gas flow rate have the
greatest influence on the characteristics of porosity and coefficient of utilization of
the coating material. It has been confirmed that by controlling the MPS parameters
it is possible to obtain coatings with the desired porosity characteristics and
satisfactory adhesion to the substrate. Specific MPS parameters are recommended,
which are optimal for obtaining a certain type ol coatings.

2) A new method of robotic MPS of zirconium coating on a titanium base of a
medical implant has been developed, which makes it possible to obtain a coating



with a uniform thickness of 400 pm and with specilied characteristics of 20%
porosity and pore sizes up to 300 pm by moving a microplasmatron by a robotic
manipulator along a given 3D model of an implant with constant predetermined
speed and exact observance of the MPS paramelers selected on the basis of factor
planning.

3) A set of new results of testing the robotic MPS system has been obtained,
showing the advantages in the accuracy of the execution of technological processes
in comparison with existing solutions (semi-automatic, manual MPS). The robotic
arm moves the microplasmatron along the 3D mode] of the workpiece being treated
with plasma, accurately maintaining the spraying distance, movement speed and
perpendicularity of the plasma jet falling on the workpiece surface, providing a given
range of porosity and uniformity of the thickness of the sprayed coating.

The dissertation is characterized by consistency and coherence, it clearly
formulates the goals and objectives of the study, and shows that each result is
obtained when performing a specific task and serves to achieve the goal of the study.
It is shown that all results are achieved consistently and are necessary. The
theoretical approaches of the dissertation successfully serve the achievement of
practical goals.

The results of the scientific research presented in the dissertation were
obtained by Khozhanov A.R. on one's own.

The results of the dissertation, confirming its main scientific provisions and
conclusions, were fully published in peer-reviewed scientific journals, in particular,
5 articles were published in journals indexed in the Web of Science and / or Scopus
data base with a percentile of at least 36% (Scopus) in the scientific areas of the
dissertation.

Thus, the dissertation of Khozhanov A.R. in terms of scientific novelty,
completeness and significance of the results meets the requirements of the "RI:IIE-‘S
for awarding academic degrees” of the Committee for Quality Assurance in the F]:z-ld
of Science and Higher Education of the Ministry of Science and Higher Education
of the Republic of Kazakhstan, for papers submitted for the degree of Doctor ol
Philosophy (PhD) and is recommended for public defense. :

Dissertation candidate Khozhanov Alexandr Rafaelevich is wm'tlj}’ of
awarding him with the scientific degree of Doctor of Philosophy (Ph.D.) in the

specialty-8D05301/Fechnical Physics.
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3APYOEKHOTO HAYUHOIO KOHCYIITANTA Ha IMCCepTaHONHYIo paboTy
Xowanopa Anexcanjapa Padarnsennua

Ha Temy: «PopmMupopanne GyHKIHONATLIBIX NOKPLITHH ¢ 3a0aHHOR CTPYKTYPOH H
CBOHCTBAMM METOOM POBOTHIHPOBAHHOTO MUKPOTIAIMEHHOTD HATLLIEHH),

MPEACTARNCHHYIO Ha COMCKANKE crenein aoktopa (puaocodun (PhD) o cnemmansiocts
SDOS301 -« Texnnueckas dusnxan

B macrosuice BpCMA puzpaﬁmmt HOBLIX TEXHOMOHH noaydyeHHs {b}'ﬂmﬂﬂ}[a}]'ﬁ“m
NOKPRITHH  ©  3a7aunoil  CTPYKTYpoll M crOWCTBAMM  HAXOJMTCA B UEHTPE BHAMAHUH
HCCTenoBatTencii W Hayuynol obuectsennoct, Jlnccepraius BuINOIHEHA Ha AKTYANBHYIO M
NPaKTHYCCKH  IHAYUMYIO  TEMY B PAMKAX  NPOEKTOB ¢ rocOlokeTHEBM  (rpaHTOBLIM)
$unancuposannenm Pecniybnnkn Kasaxeran na 2022 — 2024 roam Ne AP13068317 «Paspaboria
HOBRIX ATTOPHTMOB VIIPABICHIS POOOTOM-MaHUIYIATOPOM 4714 TexHoaorui 3D ckanupopanms
i ALIHTHBHOIO  MHKPOMIASMCHHOTO  HanbUleHHA nokpeitHiis ® Ne  AP14869862
«MHEHOBAIMOHHBIC  TeXHOJNOIWH  MIrOTORJEHWA  TIOKDBITHA  JUIA  COBEPIICHCTBOBAHNA
MEAMUMHCKHX  HMIUIAHTatoR».  Ha3dsanue  gMCCepTallMM  COOTBETCTBYET  COMCPAKAHHIO
cneiansrocTd 8D03301-« Texnnveckan duankar.

Xomanos A.P. paipaforan u anpoOHpoBaI HOBHHA, poGOTHIMPOBAHHKIL MeTOA
sMukpoiiaiMensoroe Hanesuienus (MITH) nokpeiruil, umeromnmi npeuMynecTsa 1o CpasHEHHIo0 ¢
PaHEe HIBCCTHBIMH pelleHHAMH. HOBBIH 1oJX0A  3aKNIOUAETCH, BO-NEPBBIX, B BHIDOpE
onTHMaIbHLIX napametpos MITH na ocHoBe dakTopHOro NIAHHPOBAHHA W PErpecCHONHOTO
dHANH3A, BO-BTOPBIX, B 00CCNCYCHUH NOJYHEHHA MOKPBITHH € KOHTPOJIHPYEMOH NOPHCTOCTRIO,
PABHOMEPHOH TONIMHHOH M Xopolued airesHel K [OLI0MKKEe 33 cyeT ¢ poloTHIHPOBAHHOID
nepeMellieHHa MEKPOILTAZMATPOHA  BJOML 3a0aHH0od 3D-Mo0eni noaiokKl ¢ NpelHIHOHHBIM
CODMONIEHHEM MCTAHIIHN HAMBITIGHHA M THHEHHOH CKOPOCTH NEpeMeLICHH A TUIa3MEHHOH CTpyH
N0 MNOBEPXHOCTH W3JEIHA.

Bce Texnuueckue pelicHUA, NPCAIOMKKCHHEIC B JHCCCPTALMHE, BHINOIHCHED HA BRICOKOM
HAVYHOM VPOBHE. JT0 NOATBEDAIACTCH HATHYHEM MATCHTA HA NOJE3HVIO Mojaens PecnyvOiuks
Kazaxcran W akta NPOH3IBOACTBCHHEIX HCMOBITAHHH IUIHTBI C MOKPBITHEM, HAMBUICHHBIM MO
HOBOMY METOJTY, @ TAKKE BEICOKHM YPOBHEM MYOIHKALHI 110 TEMe HCCIe0BaHHA,

OCHOBHEIMH HOBBIMH Hay4HBIMH pe3yabTaTaMM, JOKalaHHBIMH B JHCCEPTAlHH M B
NyOIHKAIMAX 10 TeMe HCCEA0BAHRA, ABIAIOTCH CACAYIONHE:

1) VYeraHoBieéHs! HOBBIE  3aKoHOMepHocTH  BaManns  napaverpos  MIIH  wa
3hheKTHBHOCTE HANBLUICHUS M XAPAKTEPHCTHKHM HNOPHCTOCTH (YHKIHOHAIBHBIX MOKPBITHA W3
OHOCOBMECTHMBIX W TEPMOPC3HCTHBHBIX MATCPHANOR, NOKAIAHO, YTO HanOO/IbIICe BIMKHHC HA
XAPAKTEPUCTHKH  NOPHUCTOCTH ¥ Koa(HIMeHTa HONONB30BAHWA MATEpHANa NOKPHITHA
OKA3LIBAIOT JIMCTAHLIWA HANBUISHMs, CcHJa ToKa M pacxoa naasmooOpasylouiero rasa,
NOATBEPAACHO, HTO yhpasadd napamerpamu MITH Mmoo nonyuars NOKPBITHS € KeIaeMbIMH
XAPAKTEPHCTHKAMHY  [OPHCTOCTH M YIOBICTBOPHTENBHOH  agreamedl K NOANONKKe,
pekoMenIoBanEl KoHkpeTHbie napaMerpsl MITH, onTumanbieie U HOTYHCHHA ONPENETICHAOIO
THIIA NOKPLITHH.

2) Paspaboran noewtid cnoco® podoruanposannoro MITH u#pkonHeBOro NOKpeiTHA Ha
METALTHYECKYIO THTAHOBYIO OCHOBY MEAHUMHCKOIO HMILIAHTATA, MOIBOJSIOMMI NOTYIHTE
NOKPBITHE ¢ pasioMepHoi Toauuol 400 MKM H ¢ 3a1aHHEIME XAPAKTEPHCTHRAMH OPHCTOCTH
nopaaka 20% w pasmepamu nop ao 300 MM nocpeacTsoM nepememieHus  pofoToM-
MAHHITYIATOPOM MHKPOIJIA3MEHHOIO HCTOYHMKAa  no 3agannoi 3]1 - mojenn mmnaanTara ¢
NOCTOAHHOM 3aAHHON CKOPOCTHIO H TOUHBIM COBIIOASHHEM BLIOPAHHLIX HA 0CHOBE (PaKTOPHOrO
nnaHnpoeanua napamerpos MITH.
| 3) Iloaydena COBOKYNHOCTH HOBLIX PE3YAETATOB anpobaitnn  poboTninpoBannoi
crcrembl MITH, noKaskiBaIOWas [PEHMYLIECTBE B TOYHOCTH BBINOJNHEHHA TEXHOIOTHYCCKHX




NPOLIECCOB 10 CPABHEHMIO € CYMICCTRYIOUIHMH pPCLICHHAMH (MOJIyaBTOMATHYECKOE, py4YHOe
MITH).  PoGor-maumnynsarop  nepeMelniacT — MHKpPOIUIAsMOTpoH  Bjonib  3JI-Mojens
oGpabarsiBacMOT0 TNA3MOI  HAIGNHA € TOUHBIM  COD/MIOJICHHEM JIHCTAHIHK  HANBUICHHA,
CKOPOCTH MEPEMCIICHHS W NEPICHANKYIAPHOCTH NAJICHHA M1aIMEHHOH CTPYH Ha NOBEPXHOCTH
wagenns, obccneunBas  3aanublil  MANAION  NOPHCTOCTH W PABHOMCPHOCTH  TOJIHHBI
HANBUIAEMOTO TTOKPBLITHA.

Jluceepranus ¥ noAydcHHBIE B HEl  peayibTaThl XApaKTCPHIYIOTCA BHYTPEHHHM
C/THHCTBOM: YCTKO CHOPMYIHPOBANLI HEHAH W 3aJiau HCCNIC/IOBANNA, W MOKA3AHO, YTO Kaw/Ibii
PE3YNLTAT TOJYHEH TP BLINOJAHCHWH  KOHKPETHOH 3a1a4  H  CAYKHT JOCTHHKCHHIO
[ocTapIeHuoll e neeacaosanng, Bee peiynbTaTsl JOrHYeCKH BIaHMOCBAZAHLl MEKITY CODOH,
TO ecTh JOCTHTAIOTCH NOCJACA0BATENLHO W ABifIOTCA HeoOXxoauMbIMH, YeTko npociexupaeTcs
NOTHKA, OTPAMKAIONIAS C/IMHCTBO TEOPETHYCCKHX NOCTPOCHHH JMCCEPTALMH M MpaKTHYECKHX
PE3YALTATOB PabOThHI.

PeaynLTaThl HAYMHOTO HCCHEOBAHNSA, HUIONKEHHBIE B AHCCepTalMK, OLUIH MOMYUEHbI
NoxanosbiM A.P. caMOCTOATECALHO.

PeaynbTathl JAMCCEPTALIMH, MNOATBEPIKAAIOIIHE €€ OCHOBHBIE HAYYHBIE [MOJIOKEHHA,
BBIBOAB M 3aKmovYeHne ObliM B nojHOM o0beMe onybiMKOBaHBl B pELEHIHPYEMBIX HAYYHBIX
W3JaHHAN, B YAaCTHOCTH 5 crarteii onyOnukoBaHbl B KypHanax, HHjuekcupyemsix B Web of
Science and/or Scopus data base ¢ npouentunem He Huke 36% (Scopus) mo Hay4yHbIM
HANMPaBJICHHAM AHCCEPTALIHH.

Takum oOpasom, jaucceprauuoHHas pabora XoxkaHopa A.P. no HayYHOH HOBM3HE,
NOJAHOTE, 3HAYMMOCTH TNOJYYEHHBIX Ppe3yJIbTaTOB COOTBETCTBYeT TpebosanuaM «llpaBmi
NpHCYXKICHHA YYeHbIX cTeneHed» Komurtera mo ofecnedeHHIo KadyecTBa B cepe Haykd H
BeICIIEro o6pazopanus MHHHCTEpCTBA HAYKH M Beiciero obpasopanus PecnyOnukn Kaszaxcran,
npeabaBIfeMbIM K paboTam, npejicTaBleHHLIM HA COHCKAHHE CTENEHU J0KTopa puiocopum
(PhD), 1 pexomeryercs K nyOIHYHOM 3alIHTe,

Jucceprant Xokanos Asekcanap Padasneesdy NOCTOMH NDHCBOGHHA €My YHCHOH
creneny aoxktopa tunocodekux Hayk (Ph.D.) mo crnenmansnocts 8D05301-Texnudeckas
dHINKA.
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