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OT3blIB
3apybeXkHOro Hay4HOro KOHCY/IbTaHTa Ha AUCCepTaLuio
HazeHosoi MNayxap Meip3abeKkKbi3bl
Ha Temy «lpumeHeHne MeToa08 afanTUBHOIO ynpasneHua poboTom-
MaHUNYyNATOPOM 414 afAUTUBHOIO NPOU3BOACTBA MEAULIMHCKUX NOKPLITUIAY,
npeacTas/eHHYI0 Ha COMCKaHMe cTeneHu gokTopa ¢unocodum (Ph.D.)
no cneuymansHocty 8D07101 — ABTOMaTU3ALUA U yNpaBaeHue»

B HactoAwee BpemAa poBOTbI-MaHUNYNATOPbl LMPOKO MPUMEHAIOTCA  ANA
asTomMaTtusaumMu U noebiweHUa 3PPEeKTUBHOCTU NPOLLECCOB Pa3NUYHbBIX NPOU3BOACTB, NOITOMY
3a4a4u, CBA3aHHbIE C ynpasieHuem poboTaMu-MaHUNyNATOPaMM BECbMa aKTyaslbHbl, 0COBEHHO
ana  poboTMsauMuM nNpOLECCOB  aaAMTUBHOFO MNPOM3BOACTBA MOKPBITUIA  MeAULUHCKUX
UMNNAHTaTOB. [uccepTauma BbIMOMHEHA HA AKTYanbHYH U NPaKTUYECKM 3HAYMMYIO TeMy B
pamKax npoeKkToB ¢ rocbogxeTHoiMm PuHaHcupoBaHuem Komutera Hayku MUHUCTEPCTBa HAaYKK
n Bbicwero obpasosanus Pecnybnuku Kasaxcran AP19679327 «MeToabl MalLMHHOrO 0by4yeHus
B 33434ax aBTOMaTUYECKOro ynpasaeHna u MHEPLUANbHOM HaBUraLum mobunbHbix poboTos» 1
AP13068317 «Pa3paboTka HOBbIX aArOpPUTMOB YynpaBiaeHUA PobBOTOM-MaHWUNYNATOPOM AnsA
TexHonorui 3D-CKaHMpPOBaHUA U aAAUTUBHOTO MUKPONNA3MEHHOTO HaNbIIEHUA NOKPbLITUMY.

B pabore HaseHosoi .M. paspabortaHbl M anpobuposaHbl HOBble anrOPUTMbI
aBTOMATMYECKOro yNpaBfAeHUA U aBTOMAaTMYECKOW reHepauuu Tpaektopuu poboTta-
MaHunynaTopa Ana 3agady agauTUBHONO NPOU3BOACTBA MOKPbLITUM, KOTOpble obecnevyusatoT
npeMmyLLIeCcTBa NO CPaABHEHMIO € CYLLLECTBYIOWMMWU pPeLeHUAMM, NO3BONAA YAYYLLIUTD TOYHOCTb
ynpaeaeHuns.

KOppeKTHOCTb pa3paboTaHHbIX aNropuTMOB aBTOMAaTW3alLMKW MPOBEpeHa Ha npakTuke. Bce
npeasioXKeHHble TeXHUYeCKUe pelleHMs BbIMOJHEHbl Ha BbICOKOM Hay4dHOM YpPOBHE, 4TO
noATBepP)KAAeTCA BbICOKMM ypoBHEM nybaAuKauuili no Teme WCCNefoBaHMA M MATEHTOM
Pecnybnunku KasaxcraH Ha NONE3HY0 MOgenb.

OCHOBHbIMU  HOBBIMM HAy4YHbIMW pe3y/ibTaTaMM  AUCCEPTAUMOHHOW paboTbl ABNAKOTCA
chopMynMpoBaHHbIE U AOKA3aHHbIE B gUccepTaumm 1 B nybamnkaumax HaseHosol .M. Hay4yHble
NONOMKEHUA:

1. ApanTUBHBIA METOZ YNpaBAeHUA NOCNeAO0BaTeNbHbIM MaHUNYASTOPOM C CUMAOBbLIM
ynpasBAeHnem, NOCTPOEHHLIN Ha OCHOBE METO4a BbIYMCAAEMbIX KPYTALWMX MOMEHTOB.

2. MpumeHeHne MeToAa WHBEPCHOM AWHAMMKM (METO43 KOMMEHCAUUKM OUHAMUKM
obbexkta U BO3MYLLEHMI) K 33ga4ye TPAEKTOPHOrO ynpaBiAeHUA NOCAeAO0BaTeNbHbIM
MaHUNYAATOPOM.

3. MeTog asTOMaTMYEeCKON reHepaumm Tpaektopumn poboTa-maHunynatTopa ANs 3agad
agguTUBHOrO MNPOM3BOACTBA MNOKPbLITUI, OCHOBaHHbIA Ha HOBOM 4YUCAEHHOM MeToge
KOHCTPYMPOBaHWA BEKTOPHbIX MO HAa NOBEPXHOCTAX, 3343BaeMbIX TPEYIo/IbHbIMU CETKaMMU,
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HasBaHWe AauccepTauumM COOTBETCTBYET NacnopTy CNeuuanbHOCTU W ee  cofdeprKaHuio.
OuccepTtauma M NOAYYEeHHbIE B Hell pPe3ynbTaTbl XapaKTepu3ylTCA BHYTPEHHUM €4UHCTBOM:
4yeTko chopMyNMpPOBaHbI LE/IW U 33834M UCCNEeH0BaHUA, M MOKa3aHO, YTO KaXAbl pe3ynbrar
nosy4eH npu BbINOAHEHUM KOHKPETHOW 334a4u M CAYXKUT SOCTUXKEHUIO MOCTaBAEHHON uenu
nccnepoBaHuA. Bce pe3ynbTaTsl NOrMYECKU B3aMMOCBA3aHbl MeXay COB0M, TO eCTb JOCTUratoTCA
nocnegoBaTesibHO U ABNAKTCA HEOOX0AMMbIMUK. YETKO NPOCNEXKMBAETCA NOTUKA, OTPaXKatoLwas
€MHCTBO TEOPETUYECKUX NOCTPOEHUI AUCCEPTAHTa U MPAKTUYECKUX pe3y/ibTaTos paboTol.
Pe3ynbTaTbl HAYYHOrO UCCNEL0BAHUA, U3NOXKEHHbIE B AMccepTaumu, Bbinm noayyeHbl asToOpom
CaMOCTOATENbHO. HeobX0AMMO OTMETUTL, YTO YacTb UCCABHOBAHMA NO CUMYAALNK aATOPUTMOB
ynpaeneHua po6OTOM-MaHMNYNATOPOM BbINOAHANACk W obcyxpanace B nabopaTtopuax
yHusepcuteta O6yaa, r. ByganewT, BeHrpua BO Bpems HayyHOM CTa)XKMPOBKWM AOKTOPaHTa.
Takum o06pasom, NMYHOE Y4YacTMe aeTopa B MNOAYYEHUM Pes3yNbTaTOB, W3NOMEHHbIX B
auccepTtaumu, 6bINO BCECTOPOHHMM - OT Y4acTMA B MAAHUPOBAHUWM 3SKCMEPUMEHTa M ero
BbINOAHEHUA, 840 GopMYAUPOBKU 1 06CYKAEHMA pe3ynbTaToOB MccaeoBaHuMA.

Pe3ynbTaTbl AUCCEpPTaLUK, NOATBEPKAAIOWMUE ee OCHOBHble Hay4yHble MOJIOXKeHWUS,
BbIBO/bl U 3aKNI0YEHME BbIIM MNONHO ONYO/IMKOBAHBI B PELeH3UPYEMbIX HAYYHbIX U30aHUAX.

Takum obpazom, AuccepTaumoHHaa paborta HaseHoeoit .M. no Hay4HO! HOBU3He,
NOMIHOTE, 3HaYMMOCTU MONYUYEHHBIX PE3YNbTaTOB COOTBETCTBYET TpebosaHuAM rnassl 2 «lpasun
NPUCYXKAEHUA y4eHbIX cTeneHein» KomuteTa no KOHTpoAto B chepe obpazosaHua u Hayku MHBO
PK, npegbasaaembim K pabotam, npeacTaBneHHbIM Ha COMCKaHue cTeneHu goKTopa ¢unocodpum
(Ph.D.) n pekomeHayeTcA K ny6an4HOM 3awmre.

BypanewT, 8 kbipKyiek, 2025 xbin.

Initium gupekTop

haidegger@irob.uni-obuda.hu
+36-30-3720764

1034 Budapest, Bécsi Ut 96/b. http:/firob.uni-obuda.hu

Tel.: (06-1) 666-5728 Fax.: (06-1) 666-5545 haidegger@uni-obuda.hu




OE Llll GBUDA UNIVERSITY
EKIK - UMIVERSITY RESEARCH

AND INNOVATION CENTER

REVIEW
of a foreign research advisor on the dissertation
of Gaukhar Myrzabekyzy Nazenova
with the title " Application of methods of adaptive control of a robotic arm for
additive manufacturing of medical coatings ", submitted for the degree of
Doctor of Philosophy (Ph.D.)
in the specialty 8D07101 - Automation and Control"

Currently, robotic manipulators are widely used to automate and improve the efficiency
of various production processes, so the tasks associated with the control of robotic manipulators
are relevant, especially for the robotization of additive manufacturing processes for coatings of
medical implants. The dissertation was completed on a relevant and practically significant topic
within the framework of projects with state budget funding of the Science Committee of the
Ministry of Science and Higher Education of the Republic of Kazakhstan AP19679327 "Methods
of machine learning for tasks of automatic control and inertial navigation of mobile robots" and
AP13068317 "Development of new robot-manipulator control algorithms for 3D scanning
technologies and additive microplasma spraying of coatings".

Inthe dissertation of G.M. Nazenova, new algorithms for automatic control and automatic
generation of the trajectory of a robot manipulator for additive manufacturing of coatings were
developed and tested, which provide advantages over existing solutions, allowing for improved
control accuracy.

The correctness of the developed automation algorithms has been tested in practice. All
proposed technical solutions are implemented at a high scientific level, which is confirmed by the
high level of publications on the research topic and the patent of the Republic of Kazakhstan for
a utility model.

The main new scientific results of the dissertation are the scientific provisions formulated
and proven in the dissertation and in the publications of G.M. Nazenova:

1. Adaptive control method for a sequential manipulator with force control, based on
methods of Computed Torque Control (CTC).

2. Application of the inverse dynamics method (method of compensation of object
dynamics and disturbances) to the problem of trajectory control of a sequential manipulator.

3. Method of automatic trajectory generation for a robot manipulator for additive
manufacturing of coatings, based on a new numerical method for constructing vector fields on
surfaces defined by triangular meshes.

The title of the dissertation corresponds to the passport of the specialty and its content.
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 was obtained
during the implementation of a specific task and serves to achieve the set goal of the study. All
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results are logically interconnected, that is, they are achieved consistently and are necessary. The
logic is clearly traced, reflecting the unity of the theoretical constructions of the dissertation
author and the practical results of the work.

The results of the research presented in the dissertation were obtained by the author
independently. It should be noted that part of the research on the simulation of robotic
manipulator control algorithms was carried out and discussed in the laboratories of Obuda
University (Budapest, Hungary) during the research internship of the doctoral student. Thus, the
personal participation of the author in obtaining the results presented in the dissertation was
comprehensive - from participation in the planning of the experiment and its implementation, to
the formulation and discussion of the research results.

The results of the dissertation, confirming its main scientific provisions, findings and
conclusions were fully published in peer-reviewed scientific journals.

Thus, the dissertation of G.M. Nazenova in terms of scientific novelty, completeness
and significance of the obtained results meets the requirements of Chapter 2 of the “Rules for
Awarding Academic Degrees” of the Committee for Control in the Sphere of Education and
Science of the Ministry of Science and Higher Education, presented to works submitted for the
degree of Doctor of Philosophy (Ph.D.) and is recommended for public defense.

Budapest, September 8, 2025.
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