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Pedepar:

1. IloBkomigc M.B. I[ligBuieHHs pecypcy po60TH LUIiHIPO-MOPLUIHEBOI apu 6ypoBux HacociB. — Keasidikaniiina
HayKoBa Ipalsl Ha IIpaBax pyKonucy. Jluceprallis Ha 31,00yTTs1 HAYKOBOT'O CTyIeHs loKkTopa ¢inocodii 3a
crienianbHicTio 131 - [Ipuknagna mexaHika (13 — MexaHiyHa iHXeHepis) - IBaHo-OpaHKiBCbKUil HalLliOHATBHUI
TeXHIYHUi yHiBepcuTeT HapTH i rasdy, IBano-@®pankiBcbk, 2025. lucepTauiitHa po60Ta BUKOHaHa Ha Kadeapi
KOMITIOT€PU30BaHOTO MAalIMHOOYyBaHHS [BaHO-PpaHKiBChKOTrO HalliOHAJILHOTO TEXHIYHOTO YHiBepCcUTeTy HAPTH i
rasy. Mera guceprauiiiHoi pob0oTH — pO3POOUTH TEXHOJIOTiI0 KOMOIHOBAHOTO 3MilJHEHHSI, 3a6€3I1€4eHHs] TOYHOCTI Ta

SIKOCTi BUTOTOBJIEHHS 200 Bi,ILHOBJIeHHH pO60‘II/IX I[IOBEPXOHb 3MiHHUX ,ueTaJIeﬁ MMOPHIHEBUX HacoCiB ,I[BOCTOpOHHbO'l'



Iii 3271714 MiABUILIEHHS PECYPCy iX poO6OTH. Y BCTYIIi OOIPYHTOBAHO aKTyaJIbHICTh POOOTH, CHOPMYJIbOBAHO METY i
3a[a4i JOCTIiIKEeHb, BiTOOPa)K€HO HAyKOBY HOBU3HY Ta NIPAKTUYHE 3HAYE€HHS OTPUMAHUX PE3yJIbTaTiB, IPUBELEHO
BiZloMOCTi Ipo anpobaliito, my6JiikaLiii, CTpyKTypy i 06csr nuceprauii. ¥ nepiomy po3ziii IpoaHanizoBaHo poboTy
IeTajieil MOPIIHEBUX HACOCIB Ta OOI'PYHTOBAHO METOJ, MiIBUILIEHHS iX NOBIOBIYHOCTI Yepe3 TBEPHiCTb, TOYHICTb,
IIOPCTKICTb i BUPIBHIOBAHHS €JIEKTPOXIMIYHUX HEOJHOPIZHOCTEN. Y APYrOMY PO34iji CTBOPEHO IH)KEHEPHY MOIENb
IITOKa 6ypOBOT0O HACOCA MiJl HEIITATHUM HAaBaHTAKEHHSAM 4epe3 3HOC YU MMOXMOKHU. [IpoaHani3oBaHO OATKOBI
CWJIY Ta HAIIPY>KE€HHSI, 3alIPOIIOHOBAHO MOJIeJIb Ai/ITHKY 3i 3MiHHUMMU BJIaCTUBOCTSIMHU, BepudikoBaHy FEM.
PesysibTaTy BUKOPUCTAHI /1711 BUOOPY PEXXUMIB BUIIPOOYBAHbD i OLIIHKY [OMyCTUMUX HAIIPY>KE€Hb Y XPOMOBUX
IIOKPUTTSIX. Y TPETbOMY pO3[ijii 00paHo MaTepianu Ta ob61aaHaHHS i po3pob6yieHO KOMOIHOBaHUM IIpoLiec
3MilIHEHHS CTaJIEBUX JI€TaJIE: TOBEPXHEBE rapTyBaHH, GOPMYyBaHHS «6iJIOro mWapy» i HAHECEHHS XPOMOBOTO
IIOKPUTTS B IPOTOYHOMY €JIEKTPOJIiTi. MOZEPHI30BaHO YCTaHOBKY Ta KOMiPKY, ONIKCAaHO METOJUKU OL[iHKU
IIOPCTKOCTI, MIKDOTBEPAOCTI, 3Y€IJIEHHS, 3a/IMIIKOBUX HATIPY>KEHb, IPOHUKHEHHS BOJHIO Ta MIKDOCTPYKTYpPH,
3aIIPOINIOHOBAHO €JIEKTPOXiMiYHi BUMIPIOBaHHS JOIYCTUMUX HANIPYKEHb. Y YETBEPTOMY PO3[iJli JOCJiIKEHO BILIUB
[apaMeTpiB eJIEKTPOXIMIYHOTO XPOMYBAaHHS HA MIOPCTKICThb, MIKDOTBEPZICTD i 3HOC NTOKPUTTSL. [IpoBeneHo
€JIEKTPOXiMi4Hi Ta MiKPOCKOMNIYHi JOCiIKE€HHS, BUBYEHO aIMa3He WTipyBaHHs. Pe3ysibTaTu NigTBEPIUIN BUCOKY
KOPO3iMHY CTilKICTh i HafiliHICTh XPOMOBOTI'O IIOKPUTTS I1if] HABAHTXKEHHSIM. Y ITSITOMY PO3Jijii HaBeJeHO
IIpaKTUYHE 3aCTOCYBAHHS Pe3yJIbTATiB: PO3PO6IEHO METONUKY PO3PAXYHKY IIPUITYCKIB 115 LUTiyBaHHS eTasel i3
XPOMOBHMM IOKPUTTSIM, aHAINITUYHY MOJI€J/Ib HAPi3HOrO 3'€JHAHHS Ta ABTOMATU30BaHy CUCTEMY OUYMILEHHS
€JIEKTPOJIITY. BripoBaisKeHHs TEXHOJIOTI MiABUILIMIIO pecypc aeTaneil y 1,6 paza Ta 3HM3UIIO BUTPATH Ha PEMOHT. Y
BHCHOBKAaX HaBeJIeHO OCHOBHI pe3yJsIbTaTy AucepTaLiiiHOl poOOTH IpU PO3B’s13aHHI 10CTaB/lIeHUX 3aBIaHb. Y
Iyceprallii 3aCTOCOBaHO CUCTEMHUH MifXif, 0 BUBUEHHS 3HOILIYBAaHHS I€Tajlell IBOCTOPOHHBOTO IOPLUIHEBOTO
Hacoca Ta po3po6JIeHO KOMOIHOBAaHMI METO/L 3MiLIHEHHSI CTaJli: IOBEPXHEBE rapTyBaHHs, (PpPUKILiIiHA 0OpOOKa Ta
eJIEKTPOXiMiuHe XxpoMyBaHHs. Po3pobiieHo 6araTopakTopHi Mozesii MiKpOTBEpIOCTi, 3HOIIYBaHHSI Ta MOPCTKOCTI,
BCTaHOBJIEHO BILJIMB PEKMMIB 1ITiyBaHHS Ha MIOBEPXHIO Ta JOCIIKEHO HANPY>KeHO-1e(POPMOBaHUI CTaH IITOKA
17151 3a0€e31eYeHHs 1oro HafiltHOCTI. [IpakTUYHe 3HaY€HHS: pO3POOJIEHO TEXHOJIOTiI0 KOMOIHOBAHOTO 3MilTHEHHS
CTaJieBUX feTajieil i anMas3Horo nutiyBaHHS [J1s MiABULEHHS SIKOCTi TOBEPXOHb; PE3YyJIbTaTH BIPOBAIKEHO Y

BUPOOHUIITBO Ta HaByaHHS IOHTYHI.

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.

Jep>kaBHHHM peecTpaniiiHuii Homep JiP:
IIpiopuTeTHHH HANIPpSIM PO3BHTKY HayKH i TEXHIKHU. HoBi peuoByHY | MaTepiany

CrpareriyHuii NpiopUTETHUH HaNIPSIM iHHOBALiHHOI Ais1JIbHOCTI: OCBOCHHS HOBMX TEXHOJIOTIiA

BUPOOHUILITBA MaTepiasiB, ix 06po6eHHs i 3'eIHaHHS, CTBOPEHHS iHIyCTpii HAHOMaTepiaiB Ta HAHOTEXHOJIOTi
I'[i,ucyMKH IOCJIiI>KEHHS: TeopeTuyHe y3araJbHEHHs i BUPIlIEHHs BOXJIMBOI HAyKOBOI TPOGIeMu

Iy6sikamii:

e 1. Porr'ak JI. 4., BennukoBud A. C., BurBuupskuii B. C., lllokomisic M. B. Po3gin 8. locifgKeHHs BILIIMBY
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21-22 nucromn. 2024 p., 3anopixoks / Hai,. yH-T «3anopis. nositexHikay. 3anopiioks, 2024. C. 103-105.

HaykoBa (HayKOBO-TeXHi‘{Ha) HpO,ILyKI.liSIZ [IPUCTPOI; TEXHOJIOTI; MaTepiain; IpOrpaMHi IPOIYKTH,

IIPOrPaMHO-TEXHOJIOTIYHA JOKYMEHTALlisl

CorniasibHO-€KOHOMIYHA CIPSIMOBAHICTb: NOJINIEHHS CTaHY HABKOJIMIIHBOTO CEPEIOBUILA; 3MEHIIEHHS]

3HOCY 00JIa[IHaHHS; MiABUIIEHHS aBTOMAaTU3allii BUPOOHMYHUX [IPOLECIB

OxopoHHi gokymeHTH Ha OIIIB:

Komrm'torepHi nnporpamu
CBiIoLTBO PO peECTpalLilo aBTOPCHKOro npasa Ha TBip N2 111299. Komm'torepHa nnporpama «BrusHadyeHHS
€KBiBJIEHTHUX HAIIPYy>KeHb Y BKPUTill XpPOMOBUM IIOKPUBOM [IiJISIHIIi IITOKA 6YPOBOro HACcOCa B yMOBaxX
HEIITaTHOI'O KiHeMaTUYHOro HaBaHTakeHHS» Porr'ak JI. 4., BennuykoBuy A. C., ButBuipkuii B. C., IlloBKoILIsIC
M. B, lly6eit O. 4., Tytko T. ®.Jlata peectpatiii: 25.01.2022.
https:/ /sis.nipo.gov.ua /uk/search /detail /1695294 /

Bunaxopau, KOpUCHiI MOJieJIi, MPOMUCIIOBI 3pa3Ku
9. IlaT. Ha KopucHy Mozeab N2 106084. Ykpaina, MIIK (2016.01) GO1B 5 /14. [TpucTpiit 17151 KOHTPOJIIO OUTTS
6yposoro nosnota / T.O. [Ipuroposceka, JI1.A. Porr'sk, O.B. Porans, M.B. [lloBkomsic. — N2 u201804522 ; 3asBii.
24.04.2018 ; ony61. 27.08.2018, Bros. N2 16. https:/ /sis.nipo.gov.ua/uk /search /detail /670928 / 10. I1at. Ha
KOpHucHY Mogesnb N2 129444, Vkpaina, MIIK (2016.01) E21B 10 /00, E21B 12 /00, GO1B 5 /14. Ilpuctpiit nns
KOHTpoJI0 6yposoro posota / T.O. [Ipuroposceka, JI1.A. Porr'sik, O.B. Porans, M.B. lloBkomnsic. — N2
u201805867; 3asBi. 25.05.2018; omy6a1. 25.10.2018, Bros. N2 20.
https:/ /sis.nipo.gov.ua/uk/search /detail /240424 / 11. [1aT. Ha BunHaxim N2 123124. Ykpaina, MIIK (2021.02)
B01D50,/00; B04C9/00; B01D24 /46; BO1D29 /62. LluknoH-(inpTp A5 OYMIeHHs rasis abo pigux / JI.A.
Porr'sxk, O.C. ManumeBceka, M.B. Maxkogiituyk, T.O. [Ipuroposceka, A.C. Bennukosuy, M.B. [lloBkomsc. — N@
a201909830; 3asBa. 16.09.2019; ony61. 17.02.2021, Bron. N2 7.
https:/ /sis.nipo.gov.ua/uk/search /detail /1477700 / 12. I1ateHT Ha BuHaxin N2 126018 Ykpaina, MIIK (2006.01)
GOIN 3/56. Cnioci6 gocifizkeHHs IPoLeciB TPUOOKPEKIHTY Mif yac QpuKIiiiHOI B3aeMoii B
METaJIONOIiMEPHUX [Iapax TEPTS Ta MPUCTPIil 1yis ioro 3aiiichenns / O.1. Bonbyenko; [1.0. Bonbuenko, M. .
Byppa, JI.A. Pon'sx, [1.1O. )Kypasnbos, B.C. ButBuupkuii, M.B. III0OBKOIIISAC; 3asBHUK i BJIaCHUK IBaHO-
dpaHKiBCbKUI HalliOHAJ. TeXH. YyH-T HaTH i rady. — N2 a201809783; 3assz. 01.10.2018; ony6s1. 03.08.2022, Bio.
Ne 31. https:/ /sis.nipo.gov.ua/uk/search /detail /1700648 /

BrnpoBaakeHHS pe3yJIbTaTiB AHCEPTalii: BuposamkeHo

3B'A30K 3 HAYKOBHMH TeMaMH: 0121U109591



VI. BizoMocTi mpo HayKOBOT0 KEPiBHUKA /KEePiBHHUKIB (KOHCYJIbTAaHTA)

BaacHe IlpizBume Im's I10o-6aThKOBI:
1. Por'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 HaliMEeHYBaHHSI IOPHUAHUYHOI 0COOH: [BaHO-PpaHKiBCHKMIA HALIOHAJIBHUI TEXHIYHUI YHIBEPCUTET
Ha(TH i razy

Kopg 3a €IPIIOY: 02070855

Micue3HaxoaKeHHS: ByJ1. KapniaTceka, IBano-®paHkiBcek, 76019, Ykpaina
dopma ByacHOCTI: [lepxkasna

Cdepa ynpaBiriHHS: MiHicTepCTBO OCBITH | HayKK YKpaiHu
InenTudikarop ROR:

CeKTOop HayKH: YHiBEPCHTETChKUIL

Bsacue IlpizBuuie Im's I1o-6aThKOBI:

1. bannypa AHzpint IBanHoBUY

2. Andrii I. Bandura

KBasigikanis: . d.-m. 1., npodecop, 01.01.01
InenTudikarop ORCHID ID: 0000-0003-0598-2237
JoparkoBa iHpopmanist: Scopus Author ID: 57195945903

IloBHe HaliIMeHYBaHHS IOPUAHYHOL 0C00H: IBano-PpaHKiBCHKUI1 HAl[iOHATBHUI TEXHIYHMIT YHIBEpCUTET
Ha(TH i razy

Kopg 3a €IPIIOY: 02070855

Micue3Haxoa KeHHS: By. KapnaTchka, [Bano-paHkiBebk, 76019, Vkpaina
dopma ByacHOCTI: [lepxasna

Cdepa ynpaBitiHHS: MiHictrepcTBo OCBiTH i HayKu YKpaiHu
InenTudikarop ROR:

CeKTop HayKH: YHIBepCUTETCHKUI

VII. BimomocTi npo odiIiiHUX OTIOHEHTIB Ta pelleH3€eHTiB
OdiuiiiHi OIOHEHTH

Baacue IlpizBume Im'a Ilo-6aTbKOBI:



1. JonroB Mukosa AHaATOIiIOBUY

2. Mykola A. Dolhov

KBasigikamis: 1. 1. n., npodecop, 01.02.04
InenTudikarop ORCHID ID: 0000-0002-3962-7551
JoparkoBa indopmamnist:

IloBHe HaﬁMeHYBaHHﬂ IOPUIUYHOL 0CO0H: IHcTUTYT Tpo6iem MinHocTi imewi I'. C. [Tucapenka

HanjionanbpHoi akagemii Hayk Ykpainu

Kopg 3a €IPIIOY: 05417319

Micue3HaxoaKeHHS: ByJ. CapnoBo-boraniuHa, Kuis, 01014, Ykpaina
dopma BracHOCTI: /lepxasHa

Cdepa ynpaBiriHHS: Haujonanbha akazemis HayK YkpaiHu
InenTudikarop ROR:

CeKTop HayKH: AkafemivHui1

Baacwue IlpizBumie Im's Ilo-6aTbKOBI:
1. T'ypei Irop BosnogumupoBuy
2. Thor V. Hurey

KBasigikamis: g.1.1., npodecop, 05.02.08

ImenTudikarop ORCHID ID: 0000-0002-7295-5477

JonmaTkoBa iHdopmarist:

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

MicueSHaxo,vieHHﬂ: ByJs. CrenaHa banpepu, JIbBiB, 79013, Ykpaina

dopma BracHOCTI: /lepxaBHa

Cdepa ynpaBiriHHS: MiHicTepcTBo OCBiTH i HayKu YKpaiHu

InenTudikarop ROR:

CeKTop HayKH: YHIBEepCUTETCHKUI

Penensentu

Baacue IlpizBume Im's Ilo-6aTbKOBI:
1. Koniet Boniopumup bormanosny

2. Kopei Volodymyr B.
KBasidikanis: 1. 1. 1., nou., 05.05.12
InenTudikarop ORCHID ID: He zactocosyetbcs

JonaTkoBa iHdopmaris:



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

Ha(TH i razy

Kopg, 3a €IPIIOY: 02070855

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

Cdepa yIIpaBJIiHHﬂ: MiHicTepcTBO OCBiTH 1 HayKU YKpaiHu
InenTudikarop ROR:

CeKTOop HayKH: YHIBEPCUTETCHKUI

Baacwue IlpizBume Im'a Ilo-6aTbKOBI:
1. OHuceko Osner PomanoBuy

2. Oleh R. Onysko

KBasidikamis: 1. . u., npodecop, 05.16.04
Imentudikarop ORCHID ID: He zactocosyerbcs
JoparkoBa iHdpopmamist:

IloBHE HaliMEeHYBaHHS IOPUAHYHOL 0C00H: IBano-PpaHKiBChKUI HAI[IOHATBHUI TEXHIYHMIA YHIBEPCUTET

Ha(TH i razy

Kopg 3a €IPIIOY: 02070855

Micue3HaxoaKeHHS: sy Kapnarchka, IBano-®Ppankischbk, 76019, Ykpaina
dopma BracHOCTI: JlepxasHa

Cdepa praBJIiHHﬂ: MiHicTepcTBO OCBiTH 1 HayKU YKpaiHu
InenTudikarop ROR:

CeKTop HayKH: YHiBepCHTETChKUI

VIII. 3aKkJII04Hi BiZoMOCTi

BnacHe IlpizBume Im's I10-6aTbKOBI Tanyyk Biranii I'eoprifiosud
TOJIOBH paju

BaacHe IlpizBuie Im's [10-6aTbKOBI TTanyyk Bitaniit I'eoprifioBud
rOJIOBYIOYOrO Ha 3acigaHHi

BinnosimasabHHu# 3a l'li,ZII‘OTOBKy [loBkorisc Makcum BosioguMuposuy
00JIIKOBHX JOKYMEHTIB

PeecTparop IOpueHko TeTssHa AHaToOJiiBHA



KepiBHuk Bigginy YKpIHTEI, mpo €
BiZITIOBiZaIBHUM 3a peecTpallilo HayKoBoi IOpuenko TeTsHa AHaTosiiBHA

JisiIbHOCTI




