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1. Illoxkomigsc M.B. IligsuimeHHs: pecypcy po6b0oTU LMIiHIPO-TIOPIIHEBOI Iapyu 0ypoBUX HacociB. — KBamigikaniiiHa
HayKOBa ITpallsl Ha IIpaBax pyKonucy. Jlucepraris Ha 3M00yTTsI HAYKOBOTO CTYIEHs AOKTopa dinocodii 3a
crienianpHicTio 131 - [Tpuknanna mexaHika (13 — MexaHiyHa iHXeHepis) — IBaHo-®paHKiBCbKUil HallioHATbHUI
TeXHiYHui1 yHiBepcuteT HapTH i rasdy, IBaHo-@pankiBcbk, 2025. lucepTauiiiHa po6oTa BUKOHaHa Ha Kadeapi
KOMITI0T€pU30BAHOTO MAINHOOYyBaHHS [BaHO-PpaHKiBCbKOTrO HalliOHAJIbHOTO TEXHIYHOTO YHiBepcUTeTy HapTH i
razy. Mera gucepraniiiHoi pobOTH — pO3POOGUTH TEXHOJIOT 0 KOMOIHOBAHOTO 3MIlIHEHHSI, 3a6€311e4eHHs] TOYHOCTI Ta
SIKOCTi BUTOTOBJIEHHS 260 BiTHOBJIEHHSI pOOOYHUX [TOBEPXOHb 3MiHHUX TleTajiel MOPIIHEBUX HACOCIB IBOCTOPOHHBOI
Iii 37714 MiABULIEHHS PECYPCY iX po60TH. Y BCTYIi OGIPYHTOBAHO aKTyajIbHICTh PO6OTH, CHOPMYILOBAHO METY i
3a7a4i JOCTIiIKeHb, BiTOOPa’)K€HO HAyKOBY HOBU3HY Ta NPAKTUYHE 3HAYE€HHS OTPUMAHUX PE3YyJIbTaTiB, IPUBELEHO
BiZloMoOCTi Ipo anpobariito, mybJiikaLii, CTpyKTypy i 06csr nucepratii. Y nepimomy po3ziii IpoaHanizoBaHo poboTy



JleTajiell MOPIIHEBUX HACOCIB Ta OOIPYHTOBAHO METO], MiABUIIEHHS iX JOBrOBIYHOCTI Uepe3 TBEPHiCTh, TOUHICTB,
IIOPCTKICTBh i BUPIBHIOBAHHS €JIEKTPOXIMIYHMX HEOIHOPIZHOCTEN. Y APYroMy pO3#ili CTBOPEHO iH)KEHEPHY MOJIEIb
1ITOKa 6YPOBOro Hacoca Mifl HeITAaTHUM HaBaHTaXXEHHSM Yepe3 3HOC Y IoxXUOKU. [IpoaHanizoBaHO JOAATKOBI
CWJIY Ta HANPY>KEHHSI, 3alIPOIIOHOBAHO MOJIeJIb AiJISHKY 3i 3MiHHUMMU BJIACTUBOCTSIMHU, BepudikoBaHy FEM.
PesysibTaTy BUKOPUCTAHI /1711 BUOOPY PEXUMIB BUIIPOOYBAHbD i OLIIHKM JOMyCTUMUX HAIIPY>KE€Hb Y XPOMOBUX
IOKPUTTSIX. Y TPETbOMY pO3[ijii 00paHo MaTepianu Ta obs1aiHaHHS I po3pobyieHO KOMOIHOBaHUM IIpoLiec
3MilJHEHHS CTaJIeBUX JleTajlell: IOBEPXHEBE rapTyBaHHs, POPMYBaHHS «6iJ10ro mapy» i HAaHECEHHS XpPOMOBOTO
IIOKPUTTSI B IPOTOYHOMY €JIEKTPOJIiTi. MOZEPHI30BaHO YCTaHOBKY Ta KOMiPKHY, ONKCAaHO METOJIUKU OL[iHKA
IIOPCTKOCTI, MIKDOTBEPAOCTI, 34€IJIEHHS, 3AIMIIKOBUX HANIPY>K€Hb, IPOHUKHEHHS BOJHIO Ta MIKDOCTPYKTYpPH,
3aIIPOINIOHOBAHO €JIEKTPOXIMiYHi BUMIPIOBaHHS JOIIYCTUMUX HAIIPYKEHb. Y YETBEPTOMY PO3[iJli JOCIIIKEHO BILIUB
[apameTpiB eJIEKTPOXIMIYHOTO XPOMYBAaHHS Ha MIOPCTKICTh, MIKPOTBEPZICTD i 3HOC NOKPUTTSL. [IpoBeneHo
€JIEKTPOXiMi4Hi Ta MiKPOCKOIIYHI JOCIIiIPKEHHS, BUBYEHO aJIMa3He WiQyBaHHs. Pe3ynbTaTy NiATBEpIUIN BUCOKY
KOPO3ilHY CTilKiCTb i HaJiliHICTh XPOMOBOTI'O IIOKPUTTS I1if] HABAHTKEHHSIM. Y ITSITOMY pPO3/iji HaBeJeHO
IIpaKTUYHE 3aCTOCYBAHHS PE3YJIbTATIB: PO3POOIEHO METOUKY PO3PAXYHKY IIPUITYCKIB 1151 LTI yBaHHS ieTael i3
XPOMOBUM MOKPUTTSIM, QHAJITUYHY MOZ€JIb HApPi3HOTrO 3'€JHAHHS Ta aBTOMATU30BaHy CUCTEMY OUUIIEHHS
€JIEKTPOJIITY. BIpOBai>keHH s TEXHOJIOTII MiIBUIMIIO PECYPC AeTasnel y 1,6 paza Ta 3HU3UIIO BUTPATH HA PEMOHT. Y
BMCHOBKAaxX HaBeJIEHO OCHOBHI pe3yJsbTaTy AucepTaLiiiHOl poOOTH IpY PO3B’s13aHHI 10CTaB/I€HUX 3aBIaHb. Y
Iycepralii 3aCTOCOBaHO CUCTEMHUM MifXif, O BUBUEHHS 3HOLIYBAHHS €Tajllell IBOCTOPOHHBOTO [TOPLIHEBOTO
Hacoca Ta po3po6s1eHO KOMGIHOBaHMI METO] 3MILJHEHHSI CTaJli: IOBEPXHEBE rapTyBaHHS, PPUKIiiiHa 06poOKa Ta
eJIEKTpOXiMiuHe XxpoMyBaHHs. Po3pobiieHo 6araTopakTopHi Mogesii MiKpOTBEpOCTi, 3HOIIYBaHHS Ta MIOPCTKOCTI,
BCTAHOBJICHO BIUIMB PEXKMAMIB 1ITiyBaHHS Ha IIOBEPXHIO Ta AOCJIiI)KEHO HANPY>KEHO-1e(OPMOBAHUI CTaH LITOKA
17151 3a6e31eyeHHs oro HafinHoCTi. [IpakTUyHe 3HaY€HHS: pO3PO6JIEHO TEXHOJIOTiI0 KOMOIHOBAHOTO 3MilJTHEHHS
CTaJieBUX feTajieil i aMas3Horo nutiyBaHHS [JIs MiABULIEHHS SIKOCTi TOBEPXOHb; Pe3yJIbTaTH BIPOBAIKEHO Y

BUPOOHUILITBO Ta HaByaHHS IQHTYHI.

2. Shovkoplias M. V. Increasing the Service Life of the Cylinder-Piston Pair of Drilling Pumps. - Qualification
Research Work in Manuscript Form. Dissertation for the degree of Doctor of Philosophy in 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
Ivano-Frankivsk National Technical University of Oil and Gas. The aim of the dissertation is to develop a
technology of combined strengthening, ensuring the accuracy and quality of manufacturing or restoring the
working surfaces of replaceable parts of double-acting reciprocating pumps in order to extend their service life.
The introduction substantiates the relevance of the research, formulates the aim and objectives, presents scientific
novelty and practical significance, as well as information on approbation, publications, structure and scope of the
dissertation. In Chapter 1, the operation of piston pump components is analyzed, and a method to increase their
durability is substantiated. The method focuses on surface hardness, dimensional accuracy, controlled roughness,
and equalization of electrochemical heterogeneities. In Chapter 2, an engineering model of the plunger of a
double-acting drilling pump under non-standard loads caused by wear or manufacturing deviations is developed.
Additional forces and stresses are analyzed, and a model of the section with variable properties is proposed and
verified using finite element modeling (FEM). The results are applied to select test regimes and evaluate
permissible stresses in chromium coatings. In Chapter 3, materials, equipment, and measurement instruments
were selected, and a combined steel component strengthening process was developed, including surface
hardening, formation of a “white layer,” and electrochemical chromium plating in a flowing electrolyte. The plating
installation and cells were modernized. Methods for evaluating roughness, microhardness, adhesion, residual
stresses, hydrogen penetration, and microstructure were described. Electrochemical measurements for
determining permissible stress levels were proposed. In Chapter 4, the influence of electrochemical chromium
plating parameters on surface roughness, microhardness, and wear was investigated. Electrochemical and
microscopic studies were conducted, and the effect of diamond grinding was examined. Results confirmed high
corrosion resistance and reliability of chromium coatings under load. In Chapter 5, practical applications of the



research results were presented. A methodology for calculating allowances for grinding chromium-coated
components, an analytical model of threaded connections, and an automated electrolyte purification system were
developed. Implementation increased component service life by 1.6 times and reduced maintenance costs. The
conclusions present the main results of the dissertation work in solving the tasks set. The dissertation applies a
systematic approach to studying the wear of components in a double-acting piston pump and develops a
combined steel strengthening method: surface hardening, friction treatment, and electrochemical chromium
plating. Multifactor models of microhardness, wear, and roughness were developed, the influence of grinding
parameters on the surface was determined, and the stress-strain state of the piston rod was analyzed to ensure its
reliability. Practical significance: A combined technology for strengthening steel components and diamond
grinding was developed to improve surface quality. The results have been implemented in production and
integrated into the educational process at Ivano-Frankivsk National Technical University of Oil and Gas
(IFNTUNG). Keywords: double-acting reciprocating pump, combined strengthening of parts, chromium plating,
coatings, flow electrolyte, surface hardening, “white layer,” technological process, surface roughness,
microhardness, residual stresses, electrochemical studies, diamond grinding, defective layer, corrosion resistance,
wear resistance, cutting regimes, automated control system, electrolyte cleaning, cyclone filter.
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MIPOrPaMHO-TEXHOJIOTIYHA JOKYMEHTALlis

ConiaJIbHO-€EKOHOMIYHa CHpﬂMOBaHiCTb: MOJIMNIIEHHS CTaHy HaBKOJIMIIHbLOIO CEPENOBUIIA; 3MEHIIEHHS

3HOCY 00JIa[IHaHHS; MiJBUILEHHS aBTOMaTU3allii BUPOOHUYHMX [IPOLECiB

OxopoHHi gokymeHTH Ha OIIIB:

Komn'torepHi nporpamu
CBiZIOLTBO IIPO peeCTpallilo aBTOPCHKOro npasa Ha TBip N2 111299. Komr'torepHa nnporpaMa «BrusHadyeHHS
€KBiBaJICHTHUX HAIPY>KEHb Y BKPUTill XpPOMOBUM NIOKPUBOM [iJISIHIII IITOKA OyPOBOrO HAcOCa B yMOBAX
HELITAaTHOr0 KiHeMaTUYHOI0O HaBaHTakeHHS» Porr’ak JI. 4., Bennukosuy A. C., ButBuipkuii B. C., llloBKoILISIC
M. B., Ily6ei1 O. 4., Tyrko T. ®.[Jata peecrpauii: 25.01.2022.
https:/ /sis.nipo.gov.ua /uk/search /detail /1695294 /

Bunaxopnu, KOpUCHI MOJeJIi, MPOMUCTIOBI 3pa3Ku
9. IlaT. Ha KopucHy Mozenb N2 106084. Ykpaina, MIIK (2016.01) GO1B 5 /14. [TpucTpiit 1151 KOHTPOJIIO OUTTS
oyposoro nosnota / T.O. IIpuroposceka, JI.5. Por’sk, O.B. Porass, M.B. llloBkomnsic. — N2 u201804522 ; 3asiBi1.
24.04.2018 ; omry6a1. 27.08.2018, Bros1. N2 16. https:/ /sis.nipo.gov.ua /uk /search /detail /670928 / 10. IlaT. Ha
KopucHy Mogesnb N2 129444, Vkpaina, MIIK (2016.01) E21B 10 /00, E21B 12 /00, GO1B 5 /14. Ilpuctpiit nns
KoHTpoIo 6yposoro posota / T.O. [Ipuroposcska, JI.A. Porr'sik, O.B. Porans, M.B. lloBkonsic. — N2
u201805867; 3asgBi. 25.05.2018; omy6a1. 25.10.2018, Bros. N2 20.
https:/ /sis.nipo.gov.ua/uk /search /detail /240424 / 11. [1ar. Ha BuHaxig N2 123124. Vkpaina, MIIK (2021.02)
B01D50,/00; B04C9/00; B01D24 /46; BO1D29 /62. llnknoH-}inbTp A1 ounlleHHs rasis abo pinun / JI.A.
Porr'sk, O.C. Manumescbka, M.B. Makosiiuyk, T.O. [Ipuroposcska, A.C. Benukosny, M.B. llloBkomnsic. — N2
a201909830; 3asB. 16.09.2019; ony6:1. 17.02.2021, Bron. N2 7.
https:/ /sis.nipo.gov.ua/uk/search/detail /1477700 / 12. I1atenT Ha BuHaxin N2 126018 Ykpaina, MIIK (2006.01)
GOIN 3 /56. Crioci6 gocigpkeHHs MpoLeciB TpPUOOKPEKIHTY Mif, yac GPUKLIiAHOI B3aeMOo[lii B
METaJIONOIiMEPHUX TIapax TePTS Ta MPUCTPIil 1yis ioro 3aiiicuenns / O.1. Bonbyenko; [1.0. Bosbuenko, M. .
Byppa, J1.A. Pon'sx, [1.1O. XXypasnbos, B.C. ButBuupskuii, M.B. IlI0BKOMJISAC; 3a5BHUK i BJIaCHUK IBaHO-
dpaHKiBCbKUI HalliOHaJ. TeXH. YyH-T Ha@TH i rady. — N2 a201809783; 3assz. 01.10.2018; ony6s1. 03.08.2022, Bio1.
Ne 31. https://sis.nipo.gov.ua/uk/search /detail /1700648 /

BrnpoBazkeHHS pe3yJIbTaTiB AHCEPTalii: BiposamkeHo

3B's130K 3 HAYKOBUMH TeMaMH: 0121U109591

VI. BizoMocCTi Ipo HayKOBOr0 KePiBHUKa /KePiBHUKIB (KOHCYJIbTAaHTA)

Baacue IlpizBuuie Im's I1o-6aTbKOBI:

1. Pon'sik Jlro6omup SIpocyiaBoBuY



2. Liubomyr Y. Ropiak

KBasigikanis: 1. 1. u., npodecop, 05.02.08
ImenTudikarop ORCID ID: 0000-0002-9374-2550
JoparkoBa iHdopmamist:

IloBHE HalIMEeHYBaHHS IOPUAHYHOL 0C00H: BaHO-PpaHKiBChKUI HAI[IOHATBLHUI TEXHIYHMIA YHIBEPCUTET

Ha(dTH i razy

Kopg, 3a €IPIIOY: 02070855

Micue3Haxoa KeHHS: sy Kapnarchbka, IBano-®pankischk, 76019, Ykpaina
dopma BracHOCTI: JlepxasHa

Cdepa yIIpaBJIiHHﬂ: MiHicTepcTBO OCBiTH 1 HayKU YKpaiHu

InenTudikarop ROR:

Baacue IlpizBumie Im's Ilo-6aTbKOBI:

1. bangypa Aupnpiit IBanHoBHY

2. Andrii I. Bandura

KBasidikanis: n. ¢.-m. ., npopecop, 01.01.01
Inentudikarop ORCID ID: 0000-0003-0598-2237
HoparkoBa iHpopmawisi: Scopus Author ID: 57195945903

IloBHe HaliMEeHYBaHHS IOPUAHYHOL 0C00H: IBaHO-PpaHKiBCHKUI HAI[iOHATLHUI TEXHIYHMIA YHIBEPCUTET

Ha(TH i razy

Kopg 3a €IPIIOY: 02070855

Micue3Haxoa KeHHS: sy/. Kapnarchka, IBano-®pankischbk, 76019, Ykpaina
dopma BracHOCTI: JlepxasHa

Cdepa yIIpaBJIiHHﬂ: MiHicTepcTBO OCBiTH 1 HayKU YKpaiHu

InenTudikarop ROR:

VII. BizmomocTi npo odiliiHuX OTIOHEHTIB Ta pelleH3€eHTiB
OdiuiiiHi OIOHEHTH
BaacHe IlpizBume Im's I1o-6aThKOBI:

1. JonroB Mukosa AHaATOJIi10BUY

2. Mykola A. Dolhov
KBasigikamis: 1. 1. n., npodecop, 01.02.04
InenTudikarop ORCID ID: 0000-0002-3962-7551

JoparkoBa iHdpopmamnist:



TloBHe HaliMEeHYBaHHSI IOPHUAHUYHOI OCOOM: IHCTUTYT IpO6IIem MiHOCTI iMeHi T C. TlucapeHka

HanjjonasnpHoi akagemii Hayk YKkpainu

Kopg 3a €IPIIOY: 05417319

MicueSHaxo,q)KeHHﬂ: ByJ. CapoBo-boraniuHa, Kuis, 01014, Ykpaina
dopma BracHOCTI: JlepxasHa

Cdepa ynpaBiriHHS: HaujonanbHa akazemis HayK YKpaitu

InenTudikarop ROR:

Baacue IlpizBumie Im's I1o-6aTbKOBI:
1. T'ypei1 Irop BosogumupoBuy
2. Thor V. Hurey

KBasigikamis: 1.1, npodecop, 05.02.08

Inentudikarop ORCID ID: 0000-0002-7295-5477

JoparkoBa indopmamnist:

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

Micuesnaxon)KeHHﬂ: ByJs1. Crenana banpepu, JIbBiB, 79013, Ykpaina

dopma ByracHOCTI: Jlepxasna

Cdepa ynpaBitiHHS: MiHictrepcTBo OCBiTH i HayKu YKpaiHu

InenTudikarop ROR:

Penensentu

BiacHe IIpizBuie Im'sa ITo-6aThKOBI:
1. Konei1r Boogumup borgaHoBrny

2. Kopei Volodymyr B.

KBasigikanis: n. 1. u., nou., 05.05.12
InenTudikarop ORCID ID: He 3acrocosyetscs
HoparkoBa indpopmamnist:

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

Ha(TH i razy

Kopg 3a €IPIIOY: 02070855

Micue3Haxoa KeHHS: By. KapnaTchbka, [Bano-®pankiBebk, 76019, Vkpaina
dopma BiracHOCTI: /lepxasHa

Cdepa yIIpaBJIiHHﬂ: MiHicTepCcTBO OCBiTH i HayKU YKpaiHu

InenTudikarop ROR:

BiacHe IIpizBuie Im'sa I1o-6aTbKOBI:



1. Onuceko Oner PomaHoBUY

2. Oleh R. Onysko

KBasigikamis: x. 1. u., npodecop, 05.16.04
InenTudikarop ORCID ID: He 3acrocosyetses
JoparkoBa indopmamnist:

IloBHe HaliIMEeHYBaHHS IOPUAHYHOL 0C00H: IBaHo-PpaHKiBChKUI HAl[iOHATBHUI TEXHIYHMIA YHIBEPCUTET

Ha(TH i razy

Kopg 3a € IPIIOY: 02070855

Micue3Haxoa KeHHS: By. KapnaTchbka, [Bano-pankiBebk, 76019, Vkpaina
dopma BracHOCTI: /lepxasHa

Cdepa yIIpaBJIiHHﬂ: MiHicTepcTBO OCBiTH i HayKU YKpaiHu

InenTudikarop ROR:

VIII. 3aKkJII04Hi BiZOMOCTi

Bnacwue IpizBume Im's [1o-6aTbKOBI Ianyyk Biraniit I'eoprifioBuy
rOJIOBH paau

BiacHe IIpizBuie Im's I1o-6aThKOBI [anvyk Biranit ['eopritiosnd
TOJIOBYIOYOTO Ha 3acCiiaHHi

BinmoBimasbpHUI 3a Hi,ILI‘OTOBKy [lToBkomigc Makcum BosiopuMupoBuy
00JIiKOBUX JOKYMEHTIB

Peecrpa'rop [Opuenko TersiHa AHaTosiiBHA

KepiBHuk Bigginy YKpIHTEI, mpo €
BiZIOBiZaJIbHUM 32 peeCTpallilo HAayKOBOi IOpuenko TeTsna AHatosiiBHA

OisSIIBHOCTI




