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1. POMAHIB M.M. YockoHasieHHs TeXHO0rii GopMyBaHHS MiKpOIYTrOBUX OKCUIHUX IIOKPUTTIB J1s1 MiJiBULLLEHHS
SKOCTi IOBEPXOHB AeTanel — KBanidikalilina HaykoBa Ipalls Ha [1paBax pykomnucy. JJucepranis Ha 3000y TTs
HAyKOBOTO CTyIeHs okTopa ¢inocodii 3a crienianpHicTio 131 - [TpuknagHa mexaHika (13 — MexaHiqHa iHXeHepis) -
IBano-®paHKiBCbKUI HalliOHANIbHUI TeXHIYHUH yHiBepcuTeT HadTH i rasy, IBano-®pankiBebk, 2025. JucepTaniiina
poboTa BUKOHaHa Ha Kadepi KOMITIOTEPU30BAHOTO MAlIMHOOYIyBaHHS IBaHO-PPpaHKiBCbKOTrO Hal[iOHAILHOTO

TEXHIYHOTO yHiBepCUTETY HaPTH i razy. MeTa fucepTaniiHoi po60TH — yIOCKOHAJIEHHS TEXHOJIOTrii (POpMyBaHHS



MiKpOZYrOBUX OKCHUJIHUX [TIOKPUTTIB HA aJIIOMiHI€BUX CIIJIABAX, X MEXaHIYHOI OOPOOKM [1JIs1 MiABUILEHHS SIKOCTI Ta
TOYHOCTI IOBEPXOHb JeTajiell i3 anoMiHieBUX CIIIaBiB 337151 30iIbIIEHHS pecypcy poOOTU BY3JIiB CaJlbHUKOBUX Ta
TOPLIEBYUX YIIiJIbHEHD BillleHTPOBUX HACOCIB. Y BCTYIi OOIPYHTOBAHO aKTyaJIbHICTh pOOOTH, CPOPMYIbOBAHO METY
i3amayvi JocimKeHs, Bifo6pakeHO HAayKOBY HOBU3HY Ta NIPAKTUYHE 3HAUYEHHSI OTPMMAHUX PE3YyJIbTaTiB, BilOMOCTI
po arpobatiito, my6sikauii, CTpyKTypy i 06csr gucepranii. Yepmomy po3zaisii mpoaHasnizoBaHO poboTy
BiZILIEHTPOBMX HACOCIB, [i€ BKJIMBUM € HaZillHe yIiibHEeHHS BajiB.IlepcriekTuBHUM € 3acTocyBaHHd MIIO-
IIOKPUTTIB, Y SIKUX HE HEJJOCTATHbO PO3IJISIHYTO BIIJIMB II0YATKOBOI LIOPCTKOCTI,, TOMY aKTyaJIbHUM € CTBOPEHHS
TEXHOJIOTii pOpMYyBaHHS MOKPUTTIB Ta aJIMA3HOrO LLTiPyBaHHS 1J1s13a0€3M€4eHHs SIKOCTI i1 TOYHOCTI feTasneit. Y
IpPYroMy po37isi aHAJITUYHO BU3HAYEHO eJIEeKTPUIHUI OIlip KOHIYHOTO MiKpO€JIeKTPOa 3i CKOILIEHUM 3Pi3oM 6e3
CIIPOILYBaJIbHUX MPUITYILIEHb, 1110 [1aJI0 TOYHIiLli pe3ysbTaTy. BUsiBI€HO 3HaYHe 3MEeHIIEeHHs onopy (1o 90%)
3aJI€KHO Bif reOMETPii Ta KyTa Haxuiy. 3alpOIIOHOBAHO HOBY KOHCTPYKLIIO MIKPOEJIEKTPOA 3 HU3bKMM OIIOPOM i
3PYy4YHUM PO3TAUIyBAHHSIM €JIEKTPOA IIOPIBHSIHHSA 1JIs MiIBUIIEHHS TOYHOCTI €JIEKTPOXIMIYHMX TOCIIKEHD. Y
TpeTboMy po3zisi nociuigkeno crnasu 16T i AK8M, obpane obsianHaHHs Ta npuiaagu. Po3pobieHo HOBUI ITpolec
MO Ta MOZEPHI30BaHO YCTAHOBKY Ta €JIEKTPOXiMidyHI KOMiIpKU. BUKOHAHO IJIaHyBaHHS €KCIIEPUMEHTIB 115
ontumizauii MJIO it midyBanHsa. OnrcaHO METOAMKY OL[iHKU BJIACTUBOCTEN MOKPUTTIB, iX 3HOCO- 1
TEPMOCTIHKOCTI. ¥ yeTBepToMy po3zisi gocaimkeHo MJOanmominieBux neTane i nopasplie agiMasHe miidyBaHHs
OTPMMAaHMX OKCUJIHUX [TIOKPUTTIB. BCTAaHOBJIEHO ONTHMAaJIbHI TapaMeTPU MTPOLIECY, 1O 3a06€3M1€4yI0Th BUCOKY
MIKpOTBEpPZiCTb i MiHiManbHUI 3HOC.II0OyI0BAaHO MOJIEIi 3aJ1€XKHOCTEN CUJI Pi3aHHs I OPCTKOCTi. MiKpOCKOMiuHi
IOOCJIiIKEHHS NigTBepAuan (OpPMyBaHHS PiBHOMIPHOI MIKDOCTPYKTYPH 3 BUCOKOIO a[ire3i€lo, 3HOCO- Ta KOPO3ifHy
CTiMKiCTPIIOKPUTTIB. Y II'ITOMY po3#isi nociigkeHo BriuB MJIOHa po3mMipu feTasnell 3 TOHKUM i TOBCTUM OKCUIHUM
mapom. Po3pobiieHo cxemy KOMOiHOBaHMX IIOKPUTTIB i3 a/IMa3HUM LTi(PYBAHHSM, 110 MiJBULILYE SIKICTh
inoBroBiuHiCTb. CTBOPEHO CUCTEMY OUYMILEHHS €JIEKTPOJITY. BUIPOOYBaHHS MMOKa3aIu 3HOCOCTIMKICTb JeTanen y
1,4-1,55 pasa BuiLy, nigTBEepIKeHO ePeKTUBHICTTEXHOJIOTii Ha BUPDOOHULTBI. Y BUCHOBKaX HaBeJleHO OCHOBHI
pe3yJIbTaTy JUcepTaliiHOI pO6OTH MiJ] Yac PO3B’I3aHHS [TOCTABJIEHUX TEXHIYHUX 3aBJaHb. [lJId JOCATHEHHS METU
PO3p06JIEHO HOBY MOJI€J1b KOHIYHOTO MiKpPO€JIEKTPOA 3i 3pi3aHOI0 TOXUJION MJIOIMHOIO, BIOCKOHAJIEHO OT0
KOHCTPYKILIiI0, CTBOPEHO KOMILJIEKCHY TeXHO0rii0 MJIO anoMiHieBUX CIJIaBiB i3 aBTOMaTU30BaHOI0 YCTAHOBKOIO,
PO3po6JIeHO MaTeMaTUYHi MoJieli IIpoliecy Ta mlidyBaHHS, a TaKOXK CUCTEMY IIOBTOPHOT'O OUYMILEHHS! €JIeKTPOJIITY,
110 MiJBUIILYyE TOYHICTb BUMipIOBaHb, CTabiIbHICTb IOKPUTTIB i 3MEHIIye BUTPATU Ta BILIMB Ha NOBKiIS. [IpakTryHa
L[iHHICTb POOOTH MOJIATA€ Y CTBOPEHHI TEXHOJIOTIi 3MilIHEHHS aIOMiHi€BUX AeTajell OKCUIHUMU MTOKPUTTIMU JIJIs
BUTOTOBJIEHHSI Ta BiIHOBJIEHHS ieTajiell. PO3po6JIeHO METOMYHE Ta TEXHOJIOTIYHe 3a6€e3Ie4eHHs IJ1s1 JOCiIPKEHb i

BUIIPpOOYBaHb. TeXHOJIOTII Ta 06s1alHAHHS BIIPOBAIKEHO Y BUPOOHULTBO 1 HaByaibHUM npouec IOHTYHI.

2. ROMANIV M.M. Improving the technology of forming micro-arc oxide coatings to improve the quality of parts
surfaces — Qualification scientific work in the form of a manuscript. Dissertation for the degree of Doctor of
Philosophy in the specialty 131 - Applied Mechanics (13 - Mechanical Engineering) - Ivano-Frankivsk National
Technical University of Oil and Gas, Ivano-Frankivsk, 2025. The dissertation was carried out at the Department of
Computerized Mechanical Engineering of the IFNTUOG. The purpose of the dissertation work is the improvement
of the technology of forming micro-arc oxide coatings on aluminum alloys, their mechanical processing in order to
increase the quality and accuracy of surfaces of aluminum alloy parts, with the aim of extending the service life of
stuffing box and mechanical seal assemblies of centrifugal pumps. In the introduction, the relevance of the work is
substantiated, the purpose and objectives of the research are formulated, the scientific novelty and practical
significance of the obtained results are presented, as well as information about approbation, publications,
structure, and volume of the dissertation. The first chapter analyzes centrifugal pump operation, highlighting the
need for reliable shaft sealing. MAO coatings are promising, but the effect of initial roughness is understudied,
making the development of coating technology with diamond grinding crucial for surface quality and precision. he
second chapter analytically determines the resistance of a conical microelectrode with a beveled cut, revealing up
to 90% reduction depending on geometry. A new low-resistance design with convenient reference electrode
placement improves electrochemical measurement accuracy. In the third chapter, the alloys D16T and AK8M, as
well as the selected equipment and instruments, are examined. A new MAO process was developed, with



modernization of the installation and electrochemical cells. Experimental planning was carried out to optimize
both MAO and grinding processes. Methods for evaluating coating properties, wear and thermal resistance are
described. The fourth chapter studies MAO and diamond grinding of aluminum components, determining optimal
parameters for high microhardness and minimal wear. Models of cutting forces and roughness were developed,
and microscopy confirmed uniform, adhesive, wear- and corrosion-resistant coatings. The fifth chapter examines
MAO effects on thin and thick oxide layers. A combined coating with diamond grinding and an electrolyte
purification system were developed. Tests showed MAO-treated components had 1.4-1.55 times higher wear
resistance, confirming production efficiency. The conclusions summarize the main results of the dissertation
obtained in solving the technical tasks. To achieve the goal, a new model of a conical microelectrode with a
beveled cut was developed, its design was improved, a comprehensive MAO technology for aluminum alloys with
an automated system was created, mathematical models of the process and grinding were developed, and a
recycled electrolyte purification system was implemented, enhancing measurement accuracy, coating stability,
and reducing costs and environmental impact. The practical significance of the dissertation lies in creating a
technology for strengthening aluminum components with oxide coatings for both manufacturing and repair
purposes. Methodological and technological support for research and testing has been developed. The
technologies and equipment were implemented in production and integrated into the educational process.

Jep>kaBHH peecTpaniiinuii Homep JiP:

IIpiopuTeTHHH HaNpsSIM PO3BUTKY HayKH i TeXHIKHU: OyHnamMeHTasbHI HAYKOBI HOCIIIPKEHHS 3 HANGIIbII
BXXJIMBUX IPOOJIEM PO3BUTKY HAYKOBO-TEXHIYHOIO, COLIiaJIbHO-€KOHOMIUHOTr0, CyCIiIbHO-TIOJiTUYHOTO,
JIIOJICBKOTO NIOTEHLjaNy 1151 3a0e311e4eHHsI KOHKYPEHTOCIIPOMOXKHOCTI YKpaiHU y CBiTi Ta CTAJIOr0 PO3BUTKY
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Bosoginens IODHTYHTI. 3agBneno 06.11.2024. (DopmMasnbHa eKCIIEPTH3A).
https:/ /sis.nipo.gov.ua/uk /search /detail /1826519 /

BrnipoBagykeHHs pe3yJIbTaTiB AHCEPTalii: BiposamkeHo

3B'130K 3 HAYKOBUMH TeMaMH: 01190002231, 0124U003748

VI. BizomocCTi Ipo HayKOBOr0 KEPiBHHKA /KEPiBHUKIB (KOHCYJIbTaHTA)

Baacue IlpizBume Im'a Ilo-6aTbKOBI:
1. bannypa AHzpint IBaHOBUY

2. Bandura Andrii I.

KBasigikanis: 1. d.-m. ., npodecop, 01.01.01
InenTudikarop ORCHID ID: He sactocoyerbcs
JoparkoBa iHdpopmamnist:

IloBHe HaliMEeHYBaHHSI IOPHUAUYHOI 0COOH: [BaHO-DpaHKiBCHKMIA HALIOHATIBHUI TEXHIYHUI YHIBEPCUTET

Ha(TH i razy

Kopg, 3a €IPIIOY: 02070855

Micue3Haxoa>KeHHS: By Kapnarceka, 6y, 15, IBano-®pankiscbk, 76019, Ykpaina
dopma ByacHOCTI: [lepxkasna

Cdepa ynpaBriHHS: MiHicTepCTBO OCBIiTH | HayKy YKpaiHu

InenTudikarop ROR:

CeKTOop HayKH:. YHiBePCUTETCHKUIL

BaacHe IlpizBume Im's I10o-6aThKOBI:

1. Pon'six Jliobomup SpocnaBoBud

2. Liubomyr Y. Ropiak

KBasigikamis: 1. 1. n., npodecop, 05.02.08
InenTudikarop ORCHID ID: 0000-0002-9374-2550



JoparkoBa iHdpopmamnist:

IloBHE HaliMEeHYBaHHS IOPUAHYHOL 0C00H: IBano-PpaHKiBChKUI HAI[IOHATLHUI TEXHIYHUIA YHIBEPCUTET

Ha(TH i razy

Kopg 3a €IPIIOY: 02070855

Micue3HaxoaKeHHS: By Kapnarchka, 6y, 15, IBano-®pankischbk, 76019, Ykpaina
dopma BracHOCTI: JlepxasHa

Cdepa ynpaBiriHHS: MiHicTepcTBO OCBIiTH | HAayKu YKpaiHu

InenTudikarop ROR:

CeKTOop HayKH:. YHIBEPCUTETCHKU

VII. BinomocrTi npo odiniliHuX OIIOHEHTIB Ta PELI€H3E€HTIiB
OdiuiiiHi OIOHEHTH
Baacue IlpizBumie Im's Ilo-6aTbKOBI:

1. Kycun SIpocnaB MapkistHOBUY

2. Kusyi Yaroslav Markiyanovych

KBasigikanis: 1. T. 1., gou,, 05.02.08

Inentudikarop ORCHID ID: He sacrocosyerbcs

JoparkoBa indpopmamnist:

IloBHe HaliMeHYBaHHSI IOPHUAHUYHOI 0COOM: HaujonanbHuil yHiBepcuTeT "JIbBiBCbKA MOTITEXHIKA"
Kopg 3a €IPIIOY: 02071010

Micuesnaxon)KeHHﬂ: ByJ1. Crenana Bangepw, 6yz. 12, JIbgis, 79013, Ykpaina

dopma ByacHOCTI: [lepxasna

Cdepa ynpaBitiHHS: MiHictrepcTBo OCBiTH i HayKu YKpaiHu

InenTudikarop ROR:

CeKTop HayKH: YHIBEpCHTETCHKUI

BiacHe IIpizBuie Im'sa I1o-6aTbKOBI:
1. Crypent Muxanno Muxainiosny

2. Student Mykhailo M.

KBasigikamis: n. 1. u., npodecop, 05.02.01
InenTudikarop ORCHID ID: He 3actocoByerscs
HoparkoBa indopmamnist:

IloBHe HafIMeHyBaHHﬂ IOPUIHUYHOL 0c00H: dizuko-mexaHiunuii inctutyt iM. T'. B. Kaprienka

HanjonanbpHoi akagemii Hayk Ykpainu

Kopg 3a €IPIIOY: 03534506



Micue3Haxoa>KeHHS: By Haykosa, 6y 5, JIbBiB, 79060, Ykpaina
dopma BracHOCTI: JlepxaBHa

Cdepa ynpaBiiHHS: HaujonasnbHa akaziemis HayK YKpaiHu
InenTudikarop ROR:

CeKTop HayKH: AkaneMiqHuit

PeuenseHTu

Baacue IlpizBuuie Im's I1o-6aThbKOBI:
1. Konei1 Bonogumup borgaHoBny

2. Kopei Volodymyr B.

KBasigikanis: n. 1. u., nou., 05.05.12
InenTudirkarop ORCHID ID: He sactocoyerscs
JopaTrkoBa indpopmamnist:

IloBHe HaliIMeHYBaHHS IOPUAHYHOL 0C00H: IBano-PpaHKiBCHKUII HAl[iOHATLHUI TEXHIYHMIT YHIBEpPCUTET
Ha(TH i razy

Kopg 3a €IPIIOY: 02070855

Micue3HaxoaKeHHS: ByJ1. KapniaTceka, 6ya. 15, IBano-®pasnkiBcek, 76019, Yrpaina
dopma ByracHOCTI: Jlepxasna

Cdepa ynpaBitiHHS: MiHictrepcTBo OCBiTH i HayKu YKpaiHu

InenTudikarop ROR:

CeKTop HayKH: YHIBepCUTETCHKUI

BiacHe IIpizBuie Im'sa ITo-6aThKOBI:
1. Onuceko Osner Pomanosny

2. Oleh R. Onysko

KBasigikamis: n. 1. u., npodecop, 05.16.04
InenTudirkarop ORCHID ID: He 3actocoyerscs
HoparkoBa indpopmamnist:

IloBHe HaliMeHYBaHHS IOPHUAHUYHOI 0COOM: [BaHO-PpaHKIBCHKMIA HALOHAJIBHUI TEXHIYHUI YHIBEPCUTET

Ha(TH i razy

Kopg 3a €IPIIOY: 02070855

Micue3HaxoaKeHHS: ByJ1. KapnaTceka, 6ya. 15, IBano-®pankiBeek, 76019, Ykpaina
dopma BiracHOCTI: /lepxasHa

Cdepa yIIpaBJIiHHﬂ: MiHicTepCcTBO OCBiTH i HayKU YKpaiHu

InenTudikarop ROR:

CeKTop HayKH: YHIBepCUTETCHKUIT



VIII. 3akr04Hi BimoMocTi
Biacue IpizBume Im's ITo-6aThKOBI Tanyyk Bitaniit ['eoprifioBuy

TOJIOBH paju

Biacue IpizBume Im's [1o-6aThKOBI [Tawyyk Birasniit I'eoprifioBiy

rOJIOBYIOYOTO Ha 3acCifiaHHi

BiznoBigansHHU 3a MiATOTOBKY PomaniB Mukosia MukosyiaiioBug

00JIIKOBHX JOKYMEHTIB

PeecTtpartop YkpIHTEI

KepiBHuKk Bigginy YKpIHTEI, mpo €
BiZITIOBiJaJIbHUM 3a PEECTpalLilo HayKoBoi IOpuenko TeTsHa AHaToiiBHA

OisIJIbHOCTI




