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Dissertation candidate: Khozhanov Alexandr Rafaelevich

Thesis title: “Robotic microplasma spraying of functional coatings with
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Currently, the problems of obtaining coatings with a tailored structure and properties as
well as the tasks of improving the technologies for obtaining functional coatings are in the focus
of attention of researchers, both materials scientists and production specialists. The dissertation
was completed on a relevant and practically significant topic in 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™ (the project leader - Dr. Kadyroldina A.) and
AP14869862 “Reliability Enhancement of Medical Implants Through Using Innovative
Manufacturing and Coating Techniques” (the project leader - Dr. Safarova Y.)

In this dissertation, a new robotic method of microplasma spraying (MPS) of coatings
with the movement of a microplasmatron along a given 3D model of the substrate was developed
and tested. It was proved that this approach exhibit many advantages over previously known
solutions. Moreover, proposed technology makes it possible precise observation and control of
the MSP key parameters as the linear speed of movement of the microplasmatron and the
spraying distance, with the choice of optimal MPS parameters based on factor planning and
regression analysis, which provided coatings with controlled thickness, porosity and good
adhesion to the substrate.

The correctness of the new approaches proposed in the dissertation has been tested in
practice. All developed technical solutions have a high scientific level, which is confirmed by
solid publications on the research topic, obtaining a patent for a utility model of the Republic of
Kazakhstan and an act of production tests.

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

I. New regularities of the influence of the MPS parameters on the efficiency of spraying
and the characteristics of the porosity of a number of functional coatings have been
established, it has been proved that the spraying distance, the current strength and the
flow rate of the plasma-forming gas have the greatest influence on the coating porosity
and the material utilization factor. It has been confirmed that, through variation and
control of the MPS parameters, it is possible to obtain coatings with desired porosity
characteristics and satisfactory adhesion to the substrate. The optimal MPS parameters
for the production of certain types of coatings by the robotic MPS method are
recommended,
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A new method has been developed for robotic MPS of zirconium coating on a titanium
medical implant, which makes it possible to spray a coating with a uniform thickness of
up to 400 pm with a given porosity of 20% and a pore size of up to 300 pm by moving
a microplasmatron mounted on a robot manipulator along a given 3D model of an
implant with exact observance of MPS parameters selected according to the factorial
design of the experiment.

1, A set of new test results of the MPS robotic 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 robot-manipulator moves the
microplasmatron along the 3D model of the workpiece being treated with plasma,
sccurately maintaining the distance of spraying, the speed of movement and the
perpendicularity of the plasma jet falling on the surface of the workpiece, providing
a given range of porosity and uniformity of the thickness of the sprayed coating. |

The content of the dissertation is fully consistent with the specialty "Technical physics”.
The dissertation and the results obtained in it are characterized by internal unity: the goals and
objectives of the study are clearly formulated, and it is shown that each result is obtained when
performing a specific task and serves to achieve the set goal of the study. All results are logically
interconnected, that is, they are achieved consistently and are necessary. The dissertation is
consistent and coherent, the theorctical approaches of the dissertation serve to provide the
desired practical results.

The results of the research presented in the dissertation were obtained by the author
personally. Personal participation of the dissertation candidate Khozhanov A.R. in obtaining the
results was comprehensive - from participation in the planning of the experiment and its
implementation, to the formulation and discussion of the results of the study and the provisions
submitted for defense.

The results of the dissertation, confirming its main scientific provisions and
conclusions, have been fully published in peer-reviewed scientific journals. Khozhanov A.R. has
a Hirsch index of 1 according to the Scopus database.

Thus. the dissertation of Khozhanov A.R. in terms of scientific novelty, completeness
and significance of the results meets the requirements of the “Rules for awarding academic
degrees” of the Committee for Quality Assurance in the Field 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 of Philosophy (PhD) and is recommended for public defense.

Dissertation candidate Khozhanov Alexandr Rafaelevich is worthy of awarding him
with the scientific degree of Doctor of Philosophy (Ph.D.) in the specialty 8D05301-Technical
Physics,
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OT3bIB
3APYOCKHOIO HAYMHOTO KOHCY/ILTAHTA HA ARCCEPTAHOHNYIO patoTy
Xoxanona Anckcanapa Padasisermnsa

Ha Temy: «PopMupoBatne PyHKUHOHATLILIX TOKPHITHE ¢ 3aJaHHOM CTPYKTYPO 1
CBOMCTBAMH METOI0M POBOTHINPOBAHKHOTD MUKPOTUIAIMEHHOID HANLITCHHA,
NPEACTABRICHHYIO Ha CONCKanne crencHn aokropa dpunocodun (PhD) no cnetmanmsnoctn
8D05301 -« Texnuueckan dmankan

B wacrosee Bpems BONIPOCHL MMOJYYCHHA MOKPLITHA © JaanHoH CTPYKTYpOH #
CBOMCTBAMM M 37441 COBEPUICHCTBOBANWA TEXHONOTHH Npou3BoacTEa  (GYHKIHOHATBHEIX
TOKPHITHI HAXOIATCA B UCHTPE BHUMAHWA YYCHBIX — MATCPHANIOBEIOB M CHCIHATHCTOR
NPOM3BOACTR. JlHCCepTallus BHINOITHCHA HA AKTYANhHYIO M IPAKTHYECKH IHAYNMYIO TEMY B
PAMKAX TIPOCKTOB ¢ FOCOIOLKETHEIM (rpanToBbiM) Qunancuposannem PecnyGmmkn Kasaxcran
Ha 2022 — 2024 rojs Ne AP13068317 «PaspaGoTka HOBBIX ANTOPHTMOB YIPABIEHHS PoGOTOM-
MAHHOYASTOPOM A TexXHoJoTHH 3D ckamupoBanHs ®  agaMTHBHOrO MHKPOTUIAIMEHHOTO
HalLLICHHA NOKPRITHIY (PYKOBOAUTENE: npoekta A-p Kanmpongmua A) u Ne AP14869862
«MHHOBAUMOHHBIE  TCXHONOTMM — M3TOTOBICHMS  NOKPHITHE  JUIM  COBEPIICHCTBOBAHHA
MEIHIIHHCKIX HMILTaHTaToOBY ((pyKoBomHTelL NpoekTa n-p Cadaposa H.).

B pabore Xoxanosa A.P. paspaboTtan u anpobuposan HOBEIH, HMEIOUIHI IPeHMYLIECTRA
N0 CPaBHEHHID C paHee  H3BCCTHRIMH  PEHISHHAMM, poOOTHIMPOBAHHBIR  METO]
MHKPOILIa3MEHHOTO  HanbiUlenna (MITH) nokpeitwit ¢ nepemeiienHeM MHKpOIIaMarpoHa
BAONL 3aMaHHOR 3D-Monenu nojuoikH ¢ NpelM3HOHHBIM COOMOJEHHEM TAKHX KIOYEBRIX
napametpoB MITH kak junefinas ckopoctTs HepeMemeHHs MAKPOILIASMATPOHA H JAHCTAHIHA
HaNbUICHHd, ¢ BeIDOpOM onTHMameHBEIX napamerpor MITH na ocnome dakroproro
MIAHHPOBAHMA M PCIPECCHOHHOIO  aHanHia, 970 O0ecneuHnIo NOJYYCHHE HOKPHITHE ¢
KOHTPOIUPYEMOH TONOIHHOH, NOPHCTOCTRIO H Xopolllel anresdeil Kk noanomye.

KOppeKkTHOCTE NpEeUIOKeHHRIX B JHCCEPTAIIHH HOBLIX NOJXOJ0B TIPOBEpEHa Ha
npakTHke. Bce NpeiIokeHHBIC TEXHHYECKHE DEIUCHHA BHINOJHEHBI HA BBHICOKOM HAYYHOM
YPOBHE, 49T0 NOATHEPK4STCA BBRICOKMM YDOBHeM IIVONMEALMIA [0 TeMe HCCAe oBalus,
HAJIHMYHEM MaTeHTa Ha HojesHyio Mojens Pecnybnuxi KazaxcTan W akTa NpoOHIBOACTBEHHEIX
MCITBITAHWH.

OCHOBHBIMM HOBBIMH HAYYHBIMH PE3VIBTATAMH, AOKAZAHHRIMH B JIHCCEPTALMH H B
nyOAHKaUMAX N0 TeMe HCCIAeI0BaHuA, ABMIOTCA CAeAyIOUIHE:

1)  VYcraHosleHsl  HOBBIE  3aKOHOMEPHOCTH  BAWsHMA  mapamerpon  MIIH  ma
HPPEKTHBHOCTD HANBUICHHA MW XAPAKTEPHCTHKH NMOPHCTOCTH (DYHKIHOHATLHEIX NOKPBITHA H3
OMOCOBMECTHMBIX M TEPMOPEINCTHBHBIX MATEPHATIOB, NOKA3AHO, YTO HaHOONLIIEe RIMAHHE Ha
XAPAKTEPHCTHKY  TIOPHCTOCTH M KOO(MHIMEHTa MHCNONBIOBAHUA MATEpHANad NOKPLITHS
OKalbIBAlOT JIMCTAHLMA HaNBIIEHHA, CHIA TOKa W pacxol naasmoobpazviowero rasa,
noATeepAeHo, 410 ynpaenas napamerpaMi MIIH Mo%HO noay4arh NOKPLITHA € JKellaeMbIMK
XapakTepHCTHKaMM  [OPHCTOCTH M YJAOBNETBOPUTENRHON  aareamell K NOLIOKKE,
PEKOMENH/IOBaNK KOHKpeTHEIe napaMeTpbl MITH, onmiManblbie 118 NOAyHEHHA ONPEIeIeHHOTO
THNA TIOKPLITHH.

2) PaspaGoran HoBwii cnocod poboruzuposannoro MITH uupkoHHEBOrO NOKPHITHA Ha
METAUIHYECKYHY THTAHOBYIO OCHOBY MEJHUHHCKOTO HMIUIAHTATA, NOIBOJAIOUIHA NOIYMHTH
NOKPBITHE ¢ PABHOMEPHOR TOMIHHOH 400 MKM H ¢ 3laHHBIMH XAPAKTEPHCTHKAMH [TOPHCTOCTH
nopagka 20% wu pasmepamu nop a0 300 mKM nocpeacTBOM nepeMmemienns  poloToM-
MAHHIYVASTOPOM MHKPONIAIMEHHOIO MCTOMHHKA 1o 3afaunodl 3] - Moaenn uMnaaHTara ¢
NOCTOAHHOH 3a1aHHOH CKOPOCTEIO ¥ TOYHBIM Co0/I0/IeHieM BLIOPAaHHLIX Ha OCHOBE (PAKTOPHOTO
JuianMpopanua napamerpos MITH,

3) Tlonydena CcOBOKYIIHOCTE HOBBIX Pe3YILTATOB anpoGauuu  poBOTH3HPOBAHHOM
eucremst MITH, nokazmBaionias npedMymiecTBa B TOMHOCTH BbINOIHEHHS TEXHOMOTHMECKHX
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NPOLUECCOB 110 CPABHEHHIO ¢ CYMIECTBYIOUIHMH PCLICHHAMH (1onyaBTOMaTHYECKOE, PYUHOC
MITH),  Pobor-maumnynstop — NEpeMEIacT  MHKpONIAIMOTPOH  BIOL 3J1-monenn
obpabaTbiBaeMOro MIAsMON  MIMCIHA € TOMHBIM coBMIOICHHEM  IMCTAHIHK  HANBUICHHS,
CKOPOCTH TICPEMEllieHHa 1 NEPHEHIHKYIRPHOCTH NajcH s MIaIMeHHONH CTPYH Ha NOBEPXHOCTH
Hadennd, obecHednBas 3aJaHHBIA  IHANA3OH  NOPHCTOCTH W PABHOMCPHOCTE  TOJIIHHEL
HANBIISEMOTO NOKPLITHS.

Hassanue AHCCEPTAIMN CODTRETCTRYCT NAacnopry CrncHHalbiHoCTH H €C COEPHRAHHIO.
JluccepTailns ¥ NOJAYYCHHBIC B Heil Pe3yihTaThl XapakTepH3yloTCa BHYTPEHHUM CIHHCTROM:
yeTko cHoPMYTHPOBAHEL HENN W 3a/laul HCCHe0BaHKuA, W MOKA3AH0D, HTO KK [IBIH pe3ynbrar
MOMYYCH TMPH BRITIOAHEHHH KOHKPCTHOH 3a1auu M CAYKHT JIOCTHIKEHHIO MOCTABICHHOH 1Iean
MccnenoBaMMA. Boe  pe3yALTATEL  JIOFHYCCKH  BlaMMocEA3aHbl Mexiy coboif, To ecTh
MOCTHIAIOTCH NOCACNOBATCABHO W ABINRIOTCH HeoOXOUMBIMH, YeTRO NpoCieknuBacTCH TOTHKa,
OTPAKAIONIAN  CANHCTBO  TCOPETHUECKHX  MNOCTPOCHHH  JIHCCEpTAlMM M MPaKTHYECKHX
Pe3NIBTATOB paboThI.

PesynbrarThl HAYUHOrO HCCICA0BAHHA, HANOKEHHBIE B AHCCEPTAlHH, OBLIH MOJYYCHBI
asTopoM camocrostenso. Jluunoe yuacrue Xowanosa AP, B MONYHEHHH PEIVILTATOB,
M3JNOMEHHBIX B JMccepTaiMd, ObUI0 BCECTOPOHHHM - OT Y4acTHd B IUIaHMPOBaHHH
IKCHCPHMEHTA W €ro  BBINOAHCHMS, 0 (OPMYIHPOBKH U OOCYHJICHHA Ppe3yibTaTtoB
HCCNEJOBAHHA H I'ID.]'ID}E{EHHﬁ, BLIHOCHMEIX Ha 3ALIHTY.

PeavibTarhl JIMCCEPTAllHA, TOATBCPAKIAIOLIAE €€ OCHOBHBIC HayHHBIE [IOOKCHIA,
BLIBOB! M 3aKTIOYeHHEe OBUIM 1I0JHO ONYOIHKOBAHBI B PELEH3UPYEMBIX HAYUHBIX H3JaHHIX.
Xowanoe A.P. ummeer muzexc Xupma 1 no Oase Scopus no Hay4HbiM Halpab/ieHHAM
JAACCEPTalMH.

Taknum ofpazom. auccepraumonnas pabora Xoxanosa A.P. mo HayuHOH HOBH3HE,
NOMHOTE. 3HAYMMOCTH [ONYYEHHBIX pE3yNbTaToOB CcOOTReTCTBYeT TpeGoBanmam «lIpaBri
NPHCYAICHHS YHEHBIX CTemeHeity KoMHMTETAZ 10 ODECTICHCHHIO KayecTBa B cthepe HaykH H
BRICIIErD 0OpazoBaHns MHHHCTEPCTEA HAYKH U BBICUIETO obpazopanus PecnyOnnkn Kazaxcran,
NpeTLRBARCMEIM K paboTaM, NpeicTaB/eHHBIM HA COMCKAaHME CTENEHH A0KTOpa thrunocodHu
(PhD). u pexoMeHayeTes K NMyOIHYHOH 3alATE.

Nucceprant Xokanor Anckcanjp PadasnbepHd JOCTOHH [IPHCBOCHHA eMy YUeHOH
crenenu goktopa (uuocodexux mayk (PhD.) mo cnenmanshocrd 8D05301-Texuuueckan
pHIAKA

JlokTop duaocoduu, JOKTOP TEXHHYECKHX HAYK, Opogeccop (noanuck)  Jlewek JlaTtka
MamuHocTporTeaLHbIH (DakyIbeTeT,

Bpounagckuil yHHBEPCHTET HAYKH H TEXHOJIOTHH,

va. JlyxaceBuua 5, 50-371 Bpounas, [ojaeima

FnexTponnas noyra: leszek latka@pwr.edu.pl

Tleperos ¢ aHraMACKOro A3hiKA Ha PYCCKMH H3bIK BRINOJHEH NEPEBOAYHKOM Anbuikatosoii lyasnapoil
CexkeHoBHOMR
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Pecny6nuka Kazaxcran, ropoa Cemeii, obnacts Abaii.

JBanuats BockMoe OKTAOPS JiBe ThICAYH JABAALATE TPETHEroO rojia.
A, Jlenecosa I'ynpuas MakcatoBia, HOTApHyc HOTApHAIBHOrO OKpyra obnacTH
AGaii, nuuensus Nel7017983 or 19 oxrabps 2017 ropa, seiganHas
MunncrepeTrom [OcTHiH Pecniybnuku KaszaxcraH, CBHAETENLCTBYIO
MOANMHHOCTS noanuck nepesojunka Anbuikanosoi ['ynbHaper CexeHoHbl,
JluuHocTh  mepeBOJMMKA  YCTAHOBJIEHA, JICECNOCOOHOCTE M MONHOMOYHSA

NPOBEPEHBI.
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