O0Js1ikoBa KapTKa aucepTaii

I. 3arasibHi BimOMOCTI

Jep>kaBHHH 00J1iIKOBHI HOMep: 0824U003119
Oco006J1uBi TO3HAYKH: BinKpura

JaTa peectpamuii: 20-09-2024

Craryc: 3axumeHa

PexBi3utu Hakasy MOH / Haka3y 3aKjazy:

I1. BizomocrTi nipo 3700yBaya

Baacue IlpizBume Im'a Ilo-6aTbKOBI:
1. bakyn borpman MukosainoBuy

2. Bohdan M. Bakun

KBasmigikamis: 133

InenTudikarop ORCID ID: 0000-0002-2127-9368

Bupg, pucepranii: nokrop dinocodii

AcnipaHTypa/JIOKTOpPaHTypa: Tak

IIIndp HayKoBOi crieniajIbHOCTI: 133

Ha3Ba HayKoBOIi cIeniaIbHOCTI: [any3eBe MaMHOGY 1yBaHHS

lanyss / ralesi 3HaHb. MexaHiyHa iHXKeHepisa

OcBiTHBO-HayKOBa Mporpama 3i creniaJbHOCTI: 13 MexaniuHa iHxeHepis
JlaTa 3axHCTYy: 14-09-2024

CnenianbHICTB 32 OCBiTO0: O61anHaHHs HAPTOBUX i ra30BUX MPOMUCIIB
Micue po6oTH 3400yBaya: Isano-OpaHKiBCbKUIT HAL[OHAIBHUI TEXHIYHMI yHiBepcuTeT HadTH i rasy
Kopg 3a €IPIIOY: 02070855

Micue3HaxoaKeHHS: ByJ1. Kapniatceka, 6ya. 15, IBano-®pankiBcek, 76019, Yrpaina
dopma ByacHOCTI: [lepkasna

Cdepa ynpaBiriHHS: MiHicTepcTBO OCBIiTH | HAayKu YKpaiHu

InmenTudikarop ROR:



I11. BimomMocTi mpo opranizariiio, e Big0OyBcsl 3aXHCT

Indp cneuniasnizoBaHoi BY€HOI pajaH (pa3oBoi creniaiizoBaHoi BYUEHOI pasu). 1d
20.052.039ID6768

IloBHE HaliIMEHYBaHHS IOPUAHYHOL 0C00H: IBaHo-PpaHKiBChKUII HAl[iOHATBHUI TEXHIYHMIA YHIBEPCUTET

Ha(TH i razy

Kopg 3a €IPIIOY: 02070855

Micue3HaxoaKeHHS: ByJ1. KapniaTceka, 6ya. 15, IBano-®pankiBeek, 76019, Ykpaina
dopma BiracHOCTI: JlepxasHa

Cdepa yIIpaBJIiHHﬂ: MiHicTepcTBO OCBiTH i HayKU YKpaiHu

InenTudikarop ROR:

IV. BizomocTi nIpo niznpueMcTBO, yCTaHOBY, OpraHisalliio, B sIKii 0yJ10
BUKOHaHO JHUCEPTALil0

TloBHe HaliMeHYBaHHSI IOPHUAHUYHOI 0COOH: Disnko-mexaHiynmii inctutyT im. I. B. Kaprienka

HanionanbHoi akagemii Hayk YKpaiHu

Kopg 3a €IPIIOY: 03534506

Micue3HaxoaKeHHS: ByJ1. HaykoBa, 6yz. 5, JIsBiB, 79060, Ykpaina
dopma ByacHOCTI: [lepxkasna

Cdepa ynpaBiriHHS: Haujonanbna akaziemist Hayk Ykpainu

InenTudikarop ROR:

IloBHe HaliIMeHYBaHHS IOPUAHYHOL 0C00H: IBano-PpaHKiBChKUI1 HAl[iOHATBLHUI TEXHIYHMIT YHIBEpCUTET
Ha(TH i razy

Kog 3a €IPIIOY: 02070855

Micue3HaxoO KeHHS: By KapnaTchka, 6y1. 15, IBano-®pankischbk, 76019, Ykpaina
dopma ByacHOCTI: Jlepxasna

Cdepa ynpaBitiHHS: MiHictepcTBo oCBiTH i HayKu YKpaiHu

InenTudikarop ROR:

V. BimoMocTi npo guceprariio

MoBga guceprTaiiii: Vkpaincbka

Koau TemaTHYHHUX PYOPHK: 55, 55.39, 55.09, 55.01., 55.03.
Tema gucepranii:

1. TligBuIeHHs pecypcy riOpyuHUX HACOCHUX LITAHT

2. Increasing the resource of hybrid sucker rods



Pedepar:

1. InceprauiiiHa po60Ta NpUCBSIYEHA OOI'PYHTYBAHHIO MOXKJIMBOCTI Ta MOIIYKY IUISXIB MiIBULIEHHS pecypcy
riopupHux HacocHux wraxr (HII) misixom BUBYEHHS 3aKOHOMIPHOCTE! 3MiHM iX BJIaCTUBOCTEN 32 GJIU3bKUX 1O
HaTypPHUX BTOMHUX BUIIPOOYBaHb 3Pa3KiB, iX IOPIBHSIHHS 3 BiANOBITHUMHU BJIACTUBOCTSIMU TPAJULIHO BXXUBAHUX
CTaJIEBMX HACOCHUX LITAHT, OLIiHIOBAHHS ONOPY IMHAMIYHMM HaBaHTaKEHHAM, PO3KPUTTSA MEXaHi3MiB DyMHYBaHHSA
Ta CTPYKTYPHUX OCOOJIMBOCTE CKJIOIJIACTUKOBOI OO0JIOHKU Ta BYIJIEIIACTUKOBOTO OCEP/S MITAHT, PO3POOJIEHHS
TEXHIYHO HOBMX KOHCTPYKIiHUX pillleHb 100 3'€JHAHHS Tijla INTAHTY 3i CTAJIEBOIO F'OJIOBKOIO Ta PO3PAXyHKY
HaIpy>KeHO-1ePOPMOBAHOTO CTaHy Y KpUTUYHUX Ilepepisax po3po6IeHOro 3'€IHAHHS 32 BIUIUBY PO3TSTY Ta 3TUHY
SIK OCHOBA J1J11 OO PYHTYyBaHHS pOOOTO3aTHOCTi pO3p06I€HOr0 3'eAHAHHS 17151 CBEPJIOBUHHOTO 00JIafiHAHHS 3
CYTTEBUMMU BiIXUJIEHHSIMU CBEPJIOBMHU Bifl HOpMasbHOI opieHTalii. OCKijIbKY BUTpaTH Ha 3a0€311e4YeHHs
6e3nepebiliHoi excryaTalii HaTOBUX CBEPAJIOBUH CTAHOBJISITh 3HAYHY YACTHHY Bij] CO6iBapTOCTi OCHOBHOI
NPOAYKLii NalMBHO-€HEPreTUYHOTr0 KOMILIEKCY YKpaiHU, TO 3MEHIIEHHS KiJIbKOCTi 0OpUBIB B KOJIOHAX HACOCHUX
HITAHT, MiJBUILEHHS JOBIOBIYHOCTI KOXKHOTO 3 il €JIEMEHTIB Ta, SIK HACJIiOK, 3HU)KEHHS CIIOKUBAHHS €Hepril
IITAHTOBUX CBEP/JIOBUHHUX HACOCHUX YCTAHOBOK 3aJIMIIAETHCS aKTyaIbHOIO 33/1a4€l0 Cy4acHOro
Ha(pTOBUAOOYBHOIO BUPOOHUYOTO NPOLECY BAKIIMBOIO i 3 HAYKOBOI, i 3 KOHCTPYKTOPCBKO-iHXXKEHEPHO], i 3
IIPAKTUYHOI TOYOK 30py. Cepel; OCHOBHUX NIPUYMH HETATUBHOTO BIIJIMBY HA POOOTO3[ATHICTh HACOCHUX YCTaHOBOK
Ha3MBaIOTh KOPO3ilHO-aKTUBHE CEPELIOBUIIE Ta BUCOKI i pi3HOHAIPaBJIeHi eKCILTyaTalliliHi HABAHT)KEHHS B
eJIeMEHTax IITaHroBOi KOJIOHU. [y nifgBuieHHs epektuBHocTi pobotu LLICHY croropHi Bce yacTime
BUKOPUCTOBYIOTh KoJIoHU HIII, 3HaYHy 4YaCTHMHY LITAHT SKOI BUTOTOBJIAIOTH i3 MOJIIMEPHUX KOMIIO3UTHUX MaTepiais
(TTKM). TopiBHSIHO i3 cTasLIIo [OJIIMEPHUX MaTepiajiB MalOTh psif iepeBar. 30KpemMa B poO0Ti eKCIieprMeHTaIbHO
OOI'PYHTOBAHO BUCOKUI ITOTEHIIiajl LUX MaTepiasliB 3a Pi3HOro TUITy HAaBaHTaXK€Hb, [I0Ka3aHO 0COOJIMBOCTI
CTPYKTYpY OOOJIOHKU TiOpUAHMX IITAHT, apPMOBAHOI CKJISIHUMY BOJIOKHAMHU, Ta iX BYIJIEMJIACTMKOIO OCEPHS,
PO3KPUTO MEXaHi3MU IX MOMKOKEHHS 3a BTOMHUX Ta Y4APHUX HAaBAaHTAXXEHb, TOKa3aHO KJII0YOBY POJIb CKJIO
BOJIOKOHHOI 000JIOHKH y 3a06e31e4eHHi BTOMHOI MillHOCTi TaKUX LITAHT Ta BYIJIEIJIACTUKOBOI'O OCep[is B
3a0e31e4eHHi iXx BUCOKOTO OIIOpY KPUXKOMY PyHHYBaHHIO. [IpoTe 1151 IMMPOKOro BUKOPUCTAHHS! CKJIOIJIACTUKOBUX
4y Byryennactukosux HII y HICHY ix noTpi6bHO HaZiliHO 3'€AHYBATH i3 CTaJleBUMU FOJIOBKAMU. ATKe HasIBHICTb
pi3b0M Ha VX TOJIOBKaX /A€ MOSKJIMBICTD ITOCJIIOBHO 3'€IHYBAaTU MiXX C00010 BesnKy KisnbkicTb HIII. IcHye 6araTo
KOHCTPYKTUBHMX PillleHb TaKOTO 3'€JHAaHHS. [IpOTe 3 ypaXyBaHHSAM CKJIQZHOTO HANPYKEHO-e(POPMOBAHOTO CTaHY Yy
TaKuX 3'€JHAHHSIX Iifl 4aC eKCIUTyaTalii KoJIoH (KpyTHI MOMEHTH Ta BUCOKI HAalIPY>KE€HHS PO3TATY, 3TUHY Ta yAapYy,
SKUX HEMOXJINBO YHUKHYTU Y ITIMO0KUX CBEPJJIOBUHAX) AOCI 3a7IMIIAETCS BAXJIMBUM i OCTaTOYHO HE BUPIIIEHUM
3aBJIaHHSI, CIIPSIMOBaHe Ha 3abe3redyeHHs piBHO3HAYHOI MIITHOCTI caMoi CTaJieBoi rOJIOBKH i ii 3'efHaHHS 3
CKJIOIJIACTUKOBUM YU BYTJIEIJIACTUKOBUM CTPUKHEM. PO3p006sieHO HOBUIA BapiaHT 3'e€JHAHHS Tijla riOpyUHOI
LITAHTY 3i CTaJIEBOIO rOJI0BKOIO. [1if 9ac il KOHCTPYOBaHHA MiHIMi3yBaJIu BILJIMB KJIEEBOTO IIPOILAPKY Y
3a0e3ne4yeHHi MilTHOCTi 3'€fJHaHHS 000X eJIEMEHTIB, 301/IbIINIIN IIJIOLTY IOBEPXHi KJIe€HOTO 3'€IHAHHSI, PO3ITyCTUBILIN
KiHellb riOpUIHOI ITAaHTY Ha CEKTOPH, MIXK 5IKi TPOCOYYyBaBCsl Kilel, BUKOPUCTAIA MOXJIUBOCTI CUJI TEPTSI B3TOBX
KOHYCHOI IIOBEPXHi IOPO>KHUHY, B SIKill (PiKCyBaaM KiHelp ri6pUAHOI IITAaHTX, YCYHYJIM KOHLEHTPALLil0 HAlPy>KeHb
Ha Mepexoi MiX TiJIOM LITaHI'U Ta KPalKOI0 OTBOPY B CTAJIEBIi OJIOBL, B AIKUX BXxoauia wrtaHra. Cteopena 3D
MOJieJIb TaKoro 3'efHaHHs B cepenosulii SolidWorks nokazasa #oro TeXHOJIOTYHY [1i€34aTHICTb Ta MOKJIMBICTD
BUKOPHUCTaHHSI CTAJIEBUX T'OJIOBOK, IPUMHSTUX B €KCILIyaTallii HAICOCHUX KOJIOH, a 3aCTOCYBaHHS CKiHY€HHO-
€JIEMEHTHOTO aHaJi3y Jaj0 3MOry PO3paxyBaTy HalpyKeHHs i gedopmaliii y KpUTUYHUX Nepepizax po3po6aeHOro
3'elHAHHS 1 TOKa3aTH iX CIPOMO>KHICTh YMHUTY OTIIp eKCIUIyaTalillHUM HaBaHTaXXEHHSM 32 PO3TATY Ta 3TUHY.
3acrocyBaHHs po3po06JIeHOro 3'€lHaHHS CTaJ€BOi FOJIOBKY 3 TiJIOM Ti6pUAHOI IITaHTY 3HAYHO MiBULIUIIO MiLJHICTD i
HAJiMHICTB iX KpilJIEeHHsI MK CO00I0, @ TAaKOXK CIIPOCTUJIO TEXHOJIOTiI0 BUTOTOBJIEHHS 1 300pKU ri6pUAHMX HACOCHUX
IITaHT. 3aBASKU TEXHIUHIiN IPOCTOTI Or0 pearisallisi He BUMarae BeJIMKUX (QiHaHCOBUX BKJIAJIEHb Ta

KapAMHaJIbHOTO NepeobalIHaHHS HasBHOTO YCTaTKyBAaHHS MiliiMaIbHUX YCTAHOBOK.

2. The dissertation is devoted to substantiating the possibility and finding ways to increase the service life of
hybrid sucker rods (SR) by studying the patterns of changes in their properties during fatigue tests of samples



close to real life, comparing them with the corresponding properties of traditionally used steel sucker rods,
evaluating the resistance to dynamic load, revealing the mechanisms of destruction and structural features of the
fiberglass shell and the carbon-plastic core of the rods, the development of technically new structural solutions for
the connection of the rod body with the steelhead and the calculation of the stress-strain state in the critical
sections of the developed connection under the influence of tension and bending as a basis for substantiating the
workability of the developed connection for hole equipment with significant deviations of the well from the normal
orientation. Since the costs of ensuring the uninterrupted operation of oil wells constitute a significant part of the
cost of the main products of the fuel and energy complex of Ukraine, reducing the number of breaks in the sucker
rod columns, increasing the durability of each of its elements and, as a result, reducing the energy consumption of
rod well pump installations remains relevant the task of the modern oil production process is important both from
the scientific, from the design and engineering, and from the practical points of view. Among the main reasons for
the negative impact on sucker rods performance are the corrosive-active environment and high and
multidirectional operating loads in the elements of the rod column. In order to increase the efficiency of the work
of RWPU, today more and more often use columns of SR, a significant part of the rods of which are made of
polymer composite materials (PCM). Compared to steel, such polymer materials have a number of advantages. In
particular, the work experimentally substantiates the high potential of these materials under various types of
loads, shows the features of the structure of the shell of hybrid rods reinforced with glass fibers and their carbon
fiber core, reveals the mechanisms of their damage under fatigue and shock loads, shows the key role of the glass
fiber shell in ensuring fatigue strength such rods and carbon-plastic core in ensuring their high resistance to
brittle failure. However, for the wide use of fiberglass or carbon-plastic SR in RWPU, they need to be reliably
connected to steel heads. After all, the presence of a thread on these heads makes it possible to sequentially
connect a large number of SR. There are many constructive solutions for such a connection. However, taking into
account the complex stress-strain state in such connections during the operation of the columns (torques and
high tensile, bending, and impact stresses, which cannot be avoided in deep wells), there is still an important and
not finally solved task aimed at ensuring equivalent strength of the steelhead itself and its connection with a
fiberglass or carbon fiber rod. A new version of the connection of the body of the hybrid rod with the steelhead
was developed. During its construction, the influence of the adhesive layer in ensuring the strength of the
connection of both elements was minimized, the surface area of the glued connection was increased by spreading
the end of the hybrid rod on the sectors between which the glue seeped, and the possibilities of frictional forces
were used along the conical surface of the cavity in which the end was fixed hybrid rod, eliminated the stress
concentration at the transition between the body of the rod and the edge of the hole in the steel head, in which
the rod entered. The created 3D model of such connection in the SolidWorks environment showed its
technological efficiency and the possibility of using steel heads adopted in the operation of SR columns, and the
use of finite element analysis made it possible to calculate stresses and deformations in the critical sections of the
developed connection and show their ability to resistance to operational loads in tension and bending. The use of
the developed connection of the steel head with the body of the hybrid rod significantly increased the strength
and reliability of their attachment to each other, as well as simplified the technology of manufacturing and
assembly of hybrid sucker rods. Due to its technical simplicity, its implementation does not require large financial
investments and a radical conversion of the existing equipment for lifting installations.
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3B'130K 3 HAYKOBHMH TEMaMH:

VI. BizoMmocCTi Ipo HayKOBOr0 KepPiBHHKA /KEPiBHUKIB (KOHCYJIbTaHTA)

Baacue IlpizBume Im'a Ilo-6aTbKOBI:
1. Konen borgan Bosogyumuposuy

2. Bogdan V. Kopey

KBasigikanis: n.1.1., mpodecop, 05.05.12
InenTudikarop ORCID ID: He 3acrocosyerbcs
JoparkoBa iHdpopmamuist:

IloBHE HaliIMEHYBaHHS IOPUAHNYHOI 0COOH: [BaHO-DpaHKIBChKMIA HALLIOHAIBHUIT TEXHIYHMIA YHIBEPCUTET

Ha(TH i razy
Kopg 3a €IPIIOY: 02070855
Micue3HaxoaKeHHS: By Kapnarcbka, 6y. 15, IBano-®pankischbk, 76019, Ykpaina

dopma BracHOCTI: JlepxaBHa



Cdepa yIIpaBJIiHHﬂ: MiHicTepcTBO OCBiTH 1 HayKU YKpaiHu

InenTudikarop ROR:

Baacue IlpizBuuie Im's Ilo-6aTbKOBI:
1. Kpeukoscoka l'aninna BacuiiBHa

2. Halyna Krechkovska

KBasigikamis: x. 1. 1., npodecop, npos.H.c., 05.02.01
Imentudikarop ORCID ID: He zacrocosyerbes
JoparkoBa indopmamnist:

IloBHe HaﬁMCHyBaHHﬂ IOPUIUYHOL 0c00H: dizuko-mexaniunmii inctutyt iM. T'. B. Kaprienka

HanjionasnbpHoi akagemii Hayk YKkpainu

Kopg 3a €IPIIOY: 03534506

Micue3HaxoaKeHHS: ByJI. HaykoBa, 6yz. 5, JIbBiB, 79060, Ykpaina
dopma BracHOCTI: JlepxaBHa

Cdepa ynpaBiriHHS: Haujonanbha akazemis HayK YKpainu

InenTudikarop ROR:

VII. BizomocTi npo odiiiHuX OTIOHEHTIB Ta pelleH3€eHTiB
OdiuiiiHi OIOHEHTH
BaacHe IlpizBume Im's I10-6aThKOBI:

1. XapueHko €BreH BaneHTHHOBUY

2. Yevhen V. Kharchenko

KBasigikanis: .1.1., npodecop, 05.02.09

InenTudikarop ORCID ID: He 3acrocosyetscs

JoparkoBa indpopmamnist:

IloBHe HaiMEeHYBaHHS IOPHIUYHOI 0COOM: HanjonanbHuii yHiBepcutet "JIbBiBCbKa MOMTiTEXHIKA"
Kopg 3a €IPIIOY: 02071010

Micue3HaxoaKeHHs: sy/. Crenana Banzepu, 6y, 12, JIbsis, 79013, Ykpaina

dopma BracHOCTI: JlepxaBHa

Cdepa ynpaBiriHHS: MiHicTepcTBO OCBIiTH | HAayKu YKpaiHu

InenTudikarop ROR:

Baacue IlpizBume Im'a Ilo-6aTbKOBI:
1. CannponoB Onekcannp OsekcangpoBruY

2. Oleksandr O. Sapronov



KBasigikamis: n. 1. n., npodecop, 05.02.01

InenTudikarop ORCID ID: 0000-0003-1115-6556

JoparkoBa iHdpopmamnist:

IloBHe HaiMEeHYBaHHSI IOPHUIHUYHOI 0COOH: XepCOHChKA IepPKaBHA MOPChKA aKafIEMist
Kopg 3a €IPIIOY: 35219930

Micueanaxo;pxemm: IIPOCIEKT YIIaKoBa, oya. 20, Xepcos, 73000, Vkpaina

dopma BracHOCTI: JlepxaBHa

Cdepa ynpaBiriHHS: MiHicTepcTBO OCBIiTH i HAayKu YKpaiHu

InenTudikarop ROR:

PeuenseHTu

Baacue IlpizBume Im'a Ilo-6aTbKOBI:
1. JIax Muxanno MuxainioBud

2. Mykhailo M. Liakh

KBasigikamis: k. r. u., npodecop, 05.05.12
InenTudikarop ORCID ID: He 3acrocosyerbcs
JoparkoBa iHdpopmamnist:

IloBHe HaliIMEeHYBaHHS IOPUAHYHOL 0CO0MH: IBano-PpaHKiBCHKUI HALIOHAILHUI TEXHIYHUE yHIBEpCUTET

Ha(TH i razy

Kopg 3a €IPIIOY: 02070855

Micue3HaxoaKeHHS: ByJ1. KapniaTceka, 6ya. 15, IBano-®paHnkiBcek, 76019, Yrpaina
dopma ByacHOCTI: [lepxkasna

Cdepa ynpaBiriHHS: MiHicTepCcTBO OCBIiTH | HayKy YKpaiHu

InmenTudikarop ROR:

Baacue IlpizBume Im'a Ilo-6aTbKOBI:
1. [TaneBHuK Onexkcauap BacniboBuy

2. Onexcangp B. [laneBHUK

KBasigikamnis: n.1.1., mpodecop, 05.05.12
InenTudikarop ORCID ID: He 3acrocosyerbcs
JoparkoBa iHdpopmamnist:

IloBHe HaliMEeHYBaHHSI IOPHUAHUYHOI 0COOH: [BaHO-DpaHKiBCHKMII HALIOHAJIBHUI TEXHIYHUI YHIBEPCUTET

Ha(TH i razy
Kopg 3a €IPIIOY: 02070855
Micue3HaxoaKeHHS: By Kapnarcoka, 6y, 15, IBano-®pankischbk, 76019, Ykpaina

dopma ByacHOCTI: [lepkasna



Cdepa yIIpaBJIiHHﬂ: MiHicTepcTBO OCBiTH 1 HayKU YKpaiHu

InenTudikarop ROR:

VIII. 3aKkJII04Hi BiZOMOCTi

BaacHe IlpizBuie Im's [10-6aTbKOBI Terpuna Jimutpo FOpifiosny
rOJIOBH pagu

BaacHe IlpizBume Im'st II0-6aTbKOBI lerpuna Jimutpo FOpifiosnd
rOJIOBYIOYOTO Ha 3acCiiaHHi

BiagmoBizasibHUM 32 MiATOTOBKY BaxyH Bornan MukosnaioBny

00JIiKOBUX JOKYMEHTIB

Peectpartop YkpIHTEI

KepiBHuk Bigainy YKpIHTEI, mpo €
BiZIIOBiZaJIbHUM 32 peECTpallil0o HAyKOBOi IOpuenko TeTsHa AHaTosiiBHA

OisSIIBHOCTI




