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1. Incepranifina po60Ta IPUCBIYEHA MOIIYKY CIIOCO0iB BUPILIEHHS HayKOBO-MIPUKJIANIHOI 3a4a4i MiJIBUILLEHHS
pecypcCy KOPIyCHUX AeTajel CibChKOTOCIIOaPChKOi TEXHIKM 32 paXyHOK PO3pO6JIeHHSI HAHOKOMIIO3UTHOTO
Mmarepiasny Ha ocHOBI esacTomepy ®-40, a TaKOX TE€XHOJIOTIi BiTHOBJIEHHS IOCaAKOBUX OTBOPIB Iif, MiIIUITHUKN
KOYE€HH$. AKTyaJIbHiCTb TEMU 3YMOBJIEHA BUCOKOIO YAaCTKOIO KOPIIYCHUX JeTajlell Y CTPYKTYpi BUTPAT HAa PEMOHT
MaIIMHHO-TPAKTOPHOTO NMapKy (o 25-30% 3arajibHUX BUTPAT) Ta JIOKAJIbHUM XapaKTePOM iX MOUKOIKEHb, 110
pOOUTH IOLITBHUM CaMe BiTHOBJIEHHS, 4 HE BUTOTOBJIEHHS] HOBUX KOPITyCiB. BUKOpUCTaHHS TPaAULiTHUX
IIOJIiIMEPHUX KOMIIO3UTIB CTPUMYETLCS IX HU3BKOIO TEIJIONPOBIiHICTIO, HEJOCTATHHOIO TEPMOCTIMKICTIO T
0OME>XEHOIO afiresiero 10 MeTaJIeBUX OCHOB. lle moripiye TeNa0BUI CTaH i JOBrOBIYHICTb BiTHOBJIEHUX
HiAIMITHUKOBUX BY3J1iB. MeTO10 po6OTH € MiABUILEHHS JOBrOBIYHOCTI Ta MOJIMNIIEHHS TEIJIOBOTO CTaHY I10CaJI0K
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HAYKOBOT'O OOI'PYHTYBAHHS TEXHOJIOTII BiZTHOBJIEHHSI OTBOPiB HAHOKOMITO3UTOM Ha OCHOBI eslactomepy ©-40,
HAIMlOBHEHOI'O MeTaJleBUMHU HaHOYACTUHKAMHU. [I71s1 JOCSITHEHHSI [IOCTaBIeHOI MeTH MOCJIiIOBHO BUPILIEHO KOMILJIEKC
3a/1a4: IPOaHaji30BaHO CTPYKTYPY NePEKTHOCTi KOPIYCHUX JeTasel i xapakTep MOLIKOIKEHHS II0CaT0K «KOPIIYC —
HiAIUITHYKY; y3arajibHEHO OCBif] 3aCTOCYBaHHS NIOJIIMEPHUX KOMIIO3UTIB y BiJHOBJIEHHI OTBOPIB; OOI'PYHTOBAHO
BU6ip enactomepy ®-40 sk MaTpulii Ta MeTaJleBUX HAHOHAIIOBHIOBAYIB; NOCJiIKeHo nedopMaLiiHO-MilHICHI,
anresiiiHi Ta Tenno@isuyHi BIaCTUBOCTI HAHOKOMIIO3UTY; PO3PO6JIEHO MaTeMaTUYHI MOZeJIi, 1[0 OIIMCYIOTh PO6OTY
Marepiany B yMOBaX €KCIIyaTallilHUX HaBaHTaKE€Hb; C(POPMOBAHO PalliOHaJIbHi IapaMETPU TEXHOJIOTIYHOTO
IIPOLIECY BiTHOBJIEHHS Ta MiATBEPI’KEHO €(EKTUBHICTb MO0 PEe3yJIbTaTiB €KCIIEPUMEHTAIbHO I BUPOOHUYMMU
BUIIpoOyBaHHAMU. O6’€KTOM JOCIIIKEHHSI € IIJIiBKY, IOKPUTTS Ta BiTHOBJIEHI [I0CAIKU TUITY «KOPITYC — MiJMUITHUK
KOYEeHHS», cC(pOpMOBaHi Ha [I0BEPXHi OTBOPiB KOPIIYCHUX JleTajell 3a JONIOMOr0l0 HAHOKOMITIO3UTY Ha OCHOBI
enactomepy ®-40. IIpegmeToM JOCiIKEHHS BUCTYNAIOTh AedopmMaliiiHO-MilHICH], aaresiiini Ta TenaodisnyHi
XapaKTE€PUCTUKU CTBOPEHOTO HAHOKOMITIO3UTY, 3aKOHOMIPHOCTI (POPMYBaHHS HalpyKe€HO-1e(OPMOBAHOTO CTaHy 1
TEIJIOBOTO I10JI4 Y BilHOBJIEHUX [1I0CAIKAaX, @ TAKOXK JOBrOBIYHICTh MiJIIAITHUKOBUX BY3JIiB 32 YMOB P€aJIbHO]
eKcIulyaTalii ciZbcbKOrocnoAapCchkoi TeXHIKU. MeTO10JI0TiYHO0 OCHOBOIO POOOTH € TI0JIOKEHHS iH)XEHEPHOT O
MaTepiasio3HaBCTBa, TEOPIl MILIHOCTI ¥ IOBrOBIYHOCTI MaTepiaiB, TEOPil TEMIONPOBIIHOCTI Ta MEXaHIKU
PYVHYBaHHS B NOE€HAHHI 3 3araJlbHUMU IPUHLIUIIAMY HANIMHOCTI MAlIMH i CACTEMHMM MiAXOJOM 10 aHAJi3y
TeXHIYHUX 00'€KTiB. BUKOpUCTaHO TEOPETUYHNMII aHaIi3 HAYKOBUX I1y6JIiKalliil, CTaHAApTiB Ta HOPMaTUBHUX
IOKYMEHTIB, CTaHAAPTU30BaHi METOIMKY BUNIPOOYBaHb I10JIiIMEPIB (Ha PO3TSIT, CTUCK, 3TUH, 3CYB, BilpUB) i
anres3ifiHUX 3'€IHaHb «I10JIiMEp — MeTaJ», METOIVKHN BU3HAYEHHS TETJIOCTINKOCTi, TEPMOCTIIKOCTI,
TEIJIONPOBIIHOCTI Ta TEMIIEPATYPOIIPOBIIHOCTI MOJIIMEPHUX | KOMITO3ULIMHUX MaTepiaiB. [y ONUCY BIJIUBY
CTPYKTYPHY KOMIIO3UTY i pE>KMMiB HaBaHTaKE€HHSI 3aCTOCOBAHO PErpeciiiHuil aHai3, 6araToakTOpHe MJIaHyBaHHS
€KCIIEPMMEHTY 1 PO3PaxyHKOBO €KCIIEPMMEHTAJIbHE MOJIE/II0BAHHS TEIJIOBOTO CTaHy MiJMUITHMKOBUX BY3JIiB,
BiJHOBJIEHMX HAHOKOMIIO3UTOM. HaykoBa HOBM3HA OTPUMAaHUX pe3yJbTaTiB: - Briepiue TeopeTH4HO 06IPyHTOBAHO
Ta €KCIIEPUMEHTAJIBHO MiITBEPIKEHO MOXKJIMBICTb iCTOTHOTO MiJBUIEHHS TEIIONPOBiIHOCTI, TENJIOCTINKOCTI Ta
IOBrOBIYHOCTI NOJIIMEPHHUX [TOKPUTTIB [10CAJIOK MiAMUITHUKIB KOUE€HHS 33 PAXYHOK BBEJ€HHS B €JIaCTOMEPHY
marpuio ®-40 meTasneBUX HAHOYACTUHOK aJIOMiHIIO Ta Mifli; - 3alIpOIIOHOBAHO Ta PO3BUHEHO PErpeciiiHi Moaeli,
SIKi MOB'SI3yI0Th MUTOMY POOOTY PYHMHYBaHHS IIJIIBOK HAHOKOMIIO3UTY, IIOKa3HUKYU MilTHOCTI I aaresii 3
KOHILIEHTpAlli€l0 HAHOHAIIOBHIOBAYiB, IapaMeTpaMy CTPYKTYpPHU Ta PEXKMUMaMi TEPMOBIUIMBY; - YTOYHEHO YSIBJIEHHS
IIPO 3aKOHOMIPHOCTI 3MiHM KoeillieHTiB cTapiHHS 3a MILIHICTIO Ta BiTHOCHUM MOJOBXEHHSIM JJ151 HAHOHATIOBHEHUX
€JIaCTOMEPIB y NOPiBHAHHI 3 BUXiHOIO MTOJIIMEPHOI0 MAaTPULEIO, 110 JO3BOJINUJIO KiJIbKiCHO OL[iHUTY 3POCTaHHS
TEPMOCTIMKOCTi KOMIIO3UTY B 1,8 pa3u 3a MilHicTIo Ta B 1,4 pa3u 3a gedopmatieto; - PO3BUHYTO Nifxonu no
MOJ€JIIOBAaHHS TEIJIOBOTO CTaHy MiJMIANHUKOBUX BY3JliB 3 YpPaXyBaHHIM IIiIBULLIEHOI TEIJIONPOBiAHOCTI
HAaHOKOMIIO3UTHOTO APy, 10 3a6e3nevye 6iyblll piBHOMIPpHUI PO3IIOALT TEMIIEPATYPH B 30Hi KOHTAKTy «KOPITYC —
nigmunHuK». [IpakTUyHe 3HaYeHHsI pOOOTH I10JIAra€e y CTBOPEHHI HOBOr'O HAHOKOMIIO3UTY Ha OCHOBI €J1aCTOMEpPY
®-40 cknagy: 100 mac. 4. enactomepy, 2,0 Mac. 4. HAHONIOPOIIKY aIoMiHio Ta 1,6 Mac. 4. HAHOIIOPOUIKY Mif, IO
3abesneyvye MinBuIieHHS anresiiiHoi MinHoCTi 1o ctasti 3 3310 go 9560 H /M, 3poctanHs TemonposinHocTi 3 0,56 1o
21,8 Br/(m'K) (y 38,9 pasu) Ta nigBuieHHs: yMOBHOI TerocTivikocTi 3 =100 mo =123°C.

2. The dissertation is devoted to finding ways to solve the scientific and applied problem of increasing the service
life of agricultural machinery body parts by developing a nanocomposite material based on elastomer F-40 and a
technology for restoring bearing seats for rolling bearings. The relevance of the topic is due to the high proportion
of body parts in the structure of repair costs for the machine and tractor fleet (up to 25-30% of total costs) and the
local nature of their damage, which makes it expedient to restore rather than manufacture new bodies. The use of
traditional polymer composites is limited by their low thermal conductivity, insufficient heat resistance and limited
adhesion to metal substrates, which worsens the thermal condition and durability of the restored bearing
assemblies. The aim of the work is to increase the durability and improve the thermal condition of rolling bearing
seats in the housing parts of agricultural machinery by developing and scientifically substantiating the technology
for restoring holes with a nanocomposite based on elastomer F-40 filled with metal nanoparticles. To achieve this
goal, a set of tasks was solved in sequence: the structure of defects in housing parts and the nature of damage to



‘housing-bearing’ fits were analysed; the experience of using polymer composites in hole restoration was
summarised; the choice of elastomer F-40 as a matrix and metal nanofillers was justified; the deformation-
strength, adhesion and thermophysical properties of the nanocomposite were investigated; mathematical models
describing the behaviour of the material under operating loads were developed; rational parameters for the
restoration process were established and its effectiveness was confirmed by experimental and production tests.
The object of the study is films, coatings and restored ‘housing-rolling bearing’ type fittings formed on the surface
of housing parts holes using a nanocomposite based on elastomer F-40. The subject of the study is the
deformation- strength, adhesion and thermophysical characteristics of the created nanocomposite, the patterns of
formation of the stress-strain state and thermal field in the restored fits, as well as the durability of bearing
assemblies under real operating conditions of agricultural machinery. The methodological basis of the work is the
provisions of engineering materials science, the theory of strength and durability of materials, the theory of
thermal conductivity and fracture mechanics in combination with the general principles of machine reliability and
a systematic approach to the analysis of technical objects. Theoretical analysis of scientific publications, standards
and regulatory documents, standardised methods for testing polymers (for tension, compression, bending, shear,
tear) and polymer-metal adhesive joints, methods for determining the heat resistance, thermal stability, thermal
conductivity and temperature conductivity of polymer and composite materials. Regression analysis, multifactorial
experimental design and computational and experimental modelling of the thermal state of bearing assemblies
restored with nanocomposite were used to describe the influence of the composite structure and loading modes.
Scientific novelty of the results obtained. - For the first time, the possibility of significantly increasing the thermal
conductivity, heat resistance and durability of polymer coatings of rolling bearing seats by introducing metal
nanoparticles of aluminium and copper into the elastomeric matrix F-40 has been theoretically substantiated and
experimentally confirmed. - Regression models have been proposed and developed that link the specific work of
destruction of nanocomposite films, strength and adhesion indicators with the concentration of nanofillers,
structural parameters and thermal impact modes. - The understanding of the patterns of change in ageing
coefficients in terms of strength and relative elongation for nano-filled elastomers compared to the original
polymer matrix has been refined, which has made it possible to quantitatively estimate the increase in the thermal
stability of the composite by 1.8 times in terms of strength and 1.4 times in terms of deformation. - Approaches to
modelling the thermal state of bearing assemblies have been developed, taking into account the increased thermal
conductivity of the nanocomposite layer, which ensures a more uniform temperature distribution in the ‘housing-
bearing’ contact zone. The practical significance of the work lies in the creation of a new nanocomposite based on
elastomer F-40 with the following composition: 100 mass parts of elastomer, 2.0 mass parts of aluminium
nanopowder and 1.6 mass parts of copper nanopowder, which provides an increase in adhesive strength to steel
from 3310 to 9560 N/m, an increase in thermal conductivity from 0.56 to 21.8 W /(m'K) (38.9 times) and an
increase in conditional heat resistance from =100 to =123 °C.
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InenTudikarop ORCID ID: 0000-0002-9589-0194
JoparkoBa iHdpopmamnist:

IloBHe HaliMeHYBaHHSI IOPUAHUYHOI 0COOHM: HaujoHanbHuil TEXHIYHMIA yHiBEpCUTET "XapKiBChKUIA

MOJIITEXHIYHUN IHCTUTYT"

Kopg, 3a €IPIIOY: 02071180

Micue3Haxoa>KeHHS: Bys. Kupnuyosa, Xapkis, XapKiBchkuii p-H., 61002, Vkpaina
dopma BracHOCTI: JlepxaBHa

Cdepa ynpaBiriHHS: MiHicTepCTBO OCBITH i HayKy YKpaiHu

Inentudikarop ROR:

Baacue IlpizBume Im'a Ilo-6aTbKOBI:
1. Canin Anarozniit ®enopoBuy

2. Anatoliy F. Sanin
KBasigikamis: 1. 1. n., npodecop, 05.02.01
Inentudikarop ORCID ID: 0000-0002-5614-3882

JoparkoBa iHdopMmanist: https://scholar.google.com.ua/citations?user=SfdpywcAAAAJ;
https: / /www.scopus.com /authid /detail.uri?authorld=7005800076

IloBHe HaiMeHYBaHHSI IOPHUAHUYHOI OCOOH: [IHINPOBCHKMII HALIOHAIBHUIA YHiBepCcUTeT imMeHi Onecst
['oHuapa

Kopg 3a €IPIIOY: 02066747

Micqesﬂaxo,lpKeHHﬂ: npocnekT Hayku, [JHinpo, JHITpoBChKuii p-H., 49045, Ykpaina
dopma ByracHOCTI: [lepxasna

Cdepa ynpaBitiHHS: MiHictepcTBo OCBiTH i HayKu YKpaiHu

InenTudikarop ROR:

PeuenseHTn

BiacHe IIpizBuie Im'sa I1o-6aTbKOBI:
1. Kenemem AHTOH OJieKCaHAPOBUY

2. Anton O. Kelemesh

KBasigikanis: . r. u., gou., 05.05.11

InenTudikarop ORCID ID: 0000-0001-9429-8570

HoparkoBa indopmamist:

IloBHe HafIMeHyBaHHH IOPUIHUYHOL 0CO00H: TMonTaBChKuUit iepKaBHMI1 arpapHUil yHiBEpCUTET
Koz, 3a €IPIIOY: 00493014

Micue3HaxoaKeHHS: ByJs1. CKkoBOpOAY, ITonrasa, [Tontascskuin p-H., 36003, YkpaiHa

dopma ByacHOCTI: [lepxasna



Cdepa yIIpaBJIiHHﬂ: MiHicTepcTBO OCBiTH 1 HayKU YKpaiHu

Imentudikarop ROR: https:/ /ror.org/01s344n79

VIII. 3aKkJII04Hi BiZOMOCTi

BaacHe IlpizBuie Im's [10-6aTbKOBI Xapuenko Cepri#i OsieKCaHIPOBHY
rOJIOBH pagu

Biacue IpizBuie Im's I1o-6aThKOBI Xapuenko Cepri#i OieKcaH[poB1Y
rOJIOBYIOYOTO Ha 3acCiiaHHi

BigmoBizansHMIA 32 HiATOTOBKY Kysbmina Haranig MukosaiBHa
00JIiKOBUX JOKYMEHTIB

Peec'rpa'rop Opuenko TersiHa AHaTOJIiBHA

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

OisSIIBHOCTI




