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3ac00iB. — KBamidikailiiiHa HayKoBa mparis Ha paBax pyKOIUCY.
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HaykoBuii iHTEpec po3poOJieHHS 1 JOCHIKEHHS eMOKCH-ToJiedipHuX
KOMITO3UTIB MOAU(PIKOBAHUX YIbTPA(PIOIETOM 3 BBEICHHAM JAPIOHOAUCIIEPCHUX Ta
JTUCTIEPCHUX ~ M00aBOK  pi3HOI  (PI3MKO-XIMIYHOT  TPUPOAH  OOYMOBIICHUU
aKTyaJbHICTIO X 3aCTOCYBaHHs. 30KpeMma, JJIsi MiJBUIIECHHS pecypcy poOoTu
JeTanei Ta MeXaHi3MIB 3aC001B TPAHCHOPTY, IO JO3BOJISIE 3HU3UTHU 3aTpaTH Ha iX
BUT'OTOBJICHHS Ta peMOHT. J10/1aTKOBO /103BOJIsI€, 3MEHIITUTH BUTPATH HA MOOJAHHS
CWJI TEPTA 1, IK HACHIJOK, MIIBUIICHHS HAAIMHOCTI Ta TEXHIYHUX XapaKTEPUCTHK.
[Ipu mpOMy, TOTIMOJICHE BHWBYCHHS OCOOJMBOCTEH CTPYKTYpH KOMITO3HUTHHX
MarepialliB, 13 BUKOPHUCTAHHSIM CYYaCHMX METOMIB JOCIIKEHHS, I03BOJHUTH
BUSIBUTH TMPOIECHU y O0JACTI MEXaHIYHOI B3a€MOJIIi TiJ1 Mapu TEpTs, 110 y CBOIO
4yepry I03BOJIMTH IPOTHO30BAHO KEPYBATH BIIACTUBOCTAMH IIPU PO3POOJICHHI
nosiMepHux KM 3 miIBUIIEHUMH €KCIUTyaTalliiHUMHU XapaKTePUCTUKAMH.

Mertoro auceprailiiiHoi poOOTH € BCTAHOBJICHHSI OCHOBHHUX 3aKOHOMIPHOCTEH
dbopmyBaHHS MOAM(DIKOBAHUX CIOKCH-TIONMIC(IPHUX KOMIIO3UTIB IS IT1IBUIIICHHS
3HOCOCTIMKOCTI JeTajlel TPaHCIMOPTHUX 3aCO0IB Ta BUJATH PEKOMEHJAIlll 11010
CTBOPEHHsI Ha 1X OCHOBI MarepiajiB 3 [MiJBUIICHUMH TPHUOOIOTIYHUMHU
BJIACTUBOCTSIMHU, SIK1 MPAIIOIOTh B YMOBAaX BIUIMBY arpeCHUBHUX CEPEOBUIII.

VY BeTyIi npejcTaBiieHa OIliHKa Cy4aCHOI'o CTaHy IpoOjeMu, oOrpyHTOBAHO
aKTyaJbHICT, BHOOPY TEMH JHCEpTaliiHOi poboTH, copmylboBaHI MeTa Ta
3aBJaHHS JOCII/DKEHb, MPEACTaBICHI HayKOBa HOBH3HA H TMpaKTUYHE 3HAYCHHS
OTPUMAaHUX PE3yJIbTaTIB.

B mepmomy pos3mimi MpOBEACHWM aHaM3 Cy4acHOTO CTaHy IHTAaHHS

BUKOPUCTAHHS TIOJIMEPHUX EMOKCHUIHUX Ta TMojieipHUX MarepiaiiB s



BUT'OTOBJICHHS Ta PEMOHTY BY3JIB TEPTS 3ac001B TpaHCTIOPTY. PO3IIIsiHYyTO OCHOBHI
HAIpPSMKH M1JBUILIEHHS €KCIUTyaTal[liHUX XapaKTEPUCTHUK JeTajied BYy3JiB TepTs,
BUTOTOBJICHUX Ha OCHOBI KOMIIO3UTHUX MaTEepialiB MIJISTXOM BBEIICHHS aKTHBHHX
JUCIIEPCHUX HAMOBHIOBAYIB Ta MOJU(DIKATOPIB, IIO JIO3BOJISI€ BIUIMBAaTH Ha
CTPYKTYpPY KOMIIO3HTIB Ta 3MIHIOBATH iX EKCITyaTaIliitHI XapaKTepUCTUKH.

Y nmpyromy po3aini  OOTpyHTOBaHO BHOIp KOMITOHEHTIB 3B’s3yBada,
MoaudikaTopa, HaNOBHIOBauYIiB Iisi (OpPMyBaHHS KOMIIO3UTHHUX MaTepialliB 3
MIIBUMIEHUMA TPUOOJOTIYHUMH BIACTUBOCTSAMU. HaBeneHi 3aralbHONPHIAHSATI
METOAM JTOCHIJKEHHS: aare3iiHux, (i3uKo-MeXaHIYHUX (pyHHIBHI HaIpyXEHHS
IpU 3rUHAHHI, MOAYJIb MPY>KHOCTI MPHU 3TUHAHHI, yAapHa B’SI3KICTh, 3aJUIIKOBI
HaIpY>KE€HHA, ajre3iiHa MILUHICTh MpU BIAPHBI), TEMWIOPI3UYHUX (TEPMIYHUNA
KOe(DIIIEHT JIHIMHOTO PO3MIMPEHHS, TEIIOCTIMKICTh, TeMIlepaTypa CKIyBaHH:),
TpUOOJIOrIyHUX (KOe(ILIEHT TEPTs, MacOBa IHTEHCUBHICTb 3HOCY) BJIACTHUBOCTEM.
JlonaTKOBO  MPEACTABICHO CyYacHI METOJMKH  JIOCHIIKEHHS CTPYKTypHU
KOMIIO3UTHUX  MarepiaidiB Ta HamnoBHIOBauiB  (IY-cmekrpanpHuii — aHamis,
JOCIIIJIKEHHSI TUTOMOI IUIOLII TOBEPXHI, ONTHYHA Ta CKAaHyl4Ya eJIeKTPOHHA
MIKpOCKOIis). MeTogaMyu MaTeMaTUYHOTO TIJIaHYyBaHHS OINTHUMI3yBald CKJIAJ
JIBOKOMIIOHEHTHOTO O1IMCTIEPCHOTO HAMIOBHIOBAYA JIJIs KOMITO3UTIB 3 MiABUIIIEHUMHU
EKCIUTyaTaliiHUMU XapaKTepUCTUKAMHU.

Tpetiit po3ai NPUCBIYCHUN MUTAHHAM ONTHMI3AIl BMICTY MOJiedipHOTO
KOMITOHEHTY B EMOKCUTHOMY 3B’s13yBayl Ta Moaudikaropa
METWJICHII(EHUIAI30IiaHaT JUId TONIMIICHHS aAre3iMHuX Ta KOTe31MHHX
BJIACTUBOCTEH. 3a  pesynbTaTamMu  aAre3iiHux,  (i3uKo-MEXaHIYHUX  Ta
TEeIIO(MI3UYHUX  JOCTIIKEHb KOMIIO3UTHUX MarepiajliB  BCTAaHOBJICHO, IO
ONTUMAaJIbHUM BMICT ToJiiepipHOi cmomnu ctaHoBuTh ( = 80 mac.u. Ha ¢ = 100 mac.u.
EMOKCUIHOTO oJiiroMepy. Po3poOiieHuii maTepian BiJI3HAYAETHCS HACTYITHUMU
BJIACTUBOCTSIMU: aJire3iiiHa MIIHICTh TpU BiapuBl — o, = 47,0 Mlla, 3anumikosi
Hampy>keHHs — o, = 2,7 MIla. Busznaueno, mo mnpu BBeAeHHI ( = 10 mac.u.
nomiedipuoro  3B’sizyBada ENYDYNE H 68372 TAE nmo q =100 mac.u.

enokcugHoro oiiromepy EJ[-20 mokasHuku (i3uko-MeXaHIYHUX BIACTUBOCTEH



MakcuMalibHi. [lokazaHo, 10 HamNpy»XEHUM CTaH MaTepiayliB Ta XapakTep JiHIN
CKOJIIOBAHHSI KOPEJIIO€ 13 TMOKa3HUKAMH (I3UKO-MEXaHIYHUX BJIACTUBOCTEH.
JloBeneHo, 1m0 BBeIEHHS MomiedipHOI CMOJIM B EHNOKCHAHUN 3B’sI3yBad NpU
g = 10 Mac.4. npuBOAMUTH JI0 MiABUIIIEHHS TeIIOCTIHKOCTI MaTpuili Big 7 =341 K 10
T'=352K Ta 3HmWKeHHS iHIHHOT ycaaku kommo3uty Big A4/=0,31% no
A1=0,06 %. 3HayeHHA TOKa3HHUKIB TEPMIYHOTO KOEQIUIEHTY JIHIKHOTO
PO3LIMPEHHST Ha BCIX JOCHIKYBAaHUX TEMIIEPATypHUX [1alla30HAX 3HUKYIOTHCS
nopiBHAHO 3 nokazHukamu TKJIP enmokcuaHoi MaTpwili, a TemMrepaTypa CKIyBaHHS
T, mpu mpomy miasBuinyerbess Bix 7.=311K nmo 7,=318 K, mo 3ymoBieHO
30UTBIICHHSIM CTYTICHS 3IITMBAHHS MATPUIIL.

Y 4yeTBepTOMYy PpO3AUTI TPOBEACHO KOMIUIEKCHI JOCIHIJPKEHHS BILUIUBY
yIbTpadioneTOBOro  ONMPOMIHEHHS Ha  BJIACTHBOCTI  €MOKCU-TOMiehIpHUX
KoMmo3uTiB. KoHCTaTOBaHO, M0 MaKCHMaJIbHUMH MOKa3HHUKAMH JTOCIHIKYBAaHUX
BJIACTMBOCTEH XapaKTePU3YETHCS KOMIIO3UT 3a TPUBAJIOCTI ONMPOMIHEHHS T, = 5 XB
Ta JIOBXKMHU XBWJIl OMNpoMiHEHHS 365 HM. BusHaueHo mOKa3HHKH (i3UKO-
MEXaHIYHUX BJACTUBOCTEH: pyiHIBHI HANIPY>KEHHA TP 3TUHAHHI — O3, = 57,0 MlI1a,
Monynb npyxHocTi — E=3,7 I'lla, ymapna B’sskicte — W =8,9 x/lxx/M%, a
TEIUIOCTINKICTh 3@ TAKOTO PEXKUMY onpoMiHeHHs cTaHoBUTH 1 = 354 K. PosrmsiHyTO
OCOOJIMBOCTI aKTHUBHOCTI Ta MOP(GOJIOTii MOBEpXHI HAMOBHIOBadiB. Bu3HaueHO
NUTOMY IUIONLY TOBEpXHI HamoBHIOBaduiB. IIpoBeneno I[Y-cnekTpanbHuidl aHami3
cmoau, h-BN, CuO, WS,, skuii 103BOJMB OI[IHUTH AaKTUBHICTh ITOBEPXHI
JOCHiIKyBaHMX Marepiamis. B miamasomi v =400...4000 cu? Bu3HaueHO
CIEKTPAJIbHI XapaKTEPUCTUKHU JJISI KOKHOTO 3 TMOPOIIKIB. Bei mocmimpkyBaHi
CIIEKTPH MOPOIIIKIB XapaKTEPU3YIOThCS 3HAYHOIO IHTCHCUBHICTIO CMYT TOTJTHHAHHS
noBepxHeBo-aktuBHux O-H, C=0, C-H, -CHz-, NH; rpyn. Pesynbratu
JOCIIJKEHHST TUTOMOI Iiomii ToBepxHI Ta [Y-cmekrpaabHOTO — aHamizy
MOPOIIKOTOIIOHNX MaTepiaiB J03BOJISIOTh CTBEPKYBaTH MPO €(HEKTUBHICTH
BUKOPUCTAaHHS JaHUX MOPOUIKIB y BUIJIAAI aHTU(GPUKLUIMHUX HATOBHIOBAYIB JJIS

eMOKCH-TI0Tie(DipHUX KOMITO3HUTIB.



3a pe3ynbTaTaMH JOCTIKEHHS (PI3MKO-MEXaHIYHMX Ta TeIuIo(i3uuHuX
BJIACTUBOCTEH BCTAHOBJIEHO ONTUMAaJbHI CHIBBIIHOLIEHHS MOPOIIKOMOAIOHUX
nanoBHioBauiB: ( = 30 mac.4. (cmona), q = 60 mac.4. (CuO), g = 60 mac.4. (h-BN)
ta (=5wmac.u. (WS,) BiamoBigHo. Ckiax O1TUCIEPCHOTO JIBOKOMIIOHEHTHOI'O
HAIIOBHIOBAYa y €MOKCHU-TIONieQipHOMY 3B’s13yBadil sl (GOpMyBaHHS KOMITO3UTHHX
MaTepiajgiB ONTHMI30BaHO 3a JOMOMOTOI0 MAaTeMAaTHYHOTO IUTAHYBaHHS 3
BUKOPUCTAHHSAM OPTOTOHAIBHOTO IIEHTPAJIBLHOTO KOMIIO3HIIITHOTO TUIaHYBAaHHS
EKCIICPUMEHTY.

VY m’aroMy po3aiii NpeCTaBICHO PE3yIbTaTH AOCTIIHKEHHS TPUOOIOTIHHUX
XapaKTEePUCTUK KOMIIO3UTIB Ta CTIMKOCTI J0 YyAapHUX HABaHTAXKEHb IPHU
eKCIUTyaTamii 'y pI3HUX arpecHBHUX CepeloBHUINAX. EKCIepUMEHTATBEHO
BCTAHOBJICHO, 110 MPU CYXOMY TE€pPTi MOKA3HUK TEMIIEpaTypu JOCTIAHOTO 3pa3Ka y
00J1aCT1 MEXaHIYHO1 B3a€EMO/I1i MIOBEPXOHBb CYTTEBO 3POCTAE 13 30LIBIIEHHAM LUISXY
Teptss 10 T« =366...369 K. KoediuieHT TEpTs MNpuU I1OMY CTAHOBUTH
f=0,33...0,35. JloBeneHo, 110 KOMITIO3UTHHIA MaTepiai, SKUi BHUIIPOOOBYBAIU Y
CEpeIOBUILI MOPCHKOT BOAM BIAPI3HAETHCA CTAOLIBHOK TEMIIEPATYpOr0 y 00JacTi
TepTs — T = 295...298 K. KoedimieHT TepTs 3a Takoro BUMPOOYBaHHS CTaHOBUTH
f=10,08...0,09, mo € y 3...4 pa3u HWKIAM MOPiBHIHO 3 KM, sikuii BUIpoOOBYyBaIN
npu cyxoMy Tepti. KpiM TOro, BCTaHOBJIEHO, IO IUISAX MPUTHPAHHS 32 PI3HUX YMOB
eKcIUTyaTarlii He BiJipi3HseThes 1 ctaHoBUTH L = 5500...6000 M. ITpoananizoBaHo,
00 NpU BUNOPOOYBaHHI B MAaCTHUJIBHOMY CEpPEJOBHINI KOMIIO3UTHUN Martepiaj
XapaKTepU3y€eThCsI HU3bKUMHU MOKAa3HUKAMH 1HTEHCHUBHOCTI 3HOCY Ta KOE(IIIEHTY
tepts — Im = 0,25...0,30 mr/km, f=0,03...0,04. Temneparypa B 001acTi KOHTAKTY
Opy TEpTi B MACTWIBHOMY Marepiajl 3aluIIa€EThbCsl CTAOUIBHOIO 1 CTAHOBUTH
T, =293...295 K. MerogoM CKaHYHO4YOi EJIEKTPOHHOI MIKPOCKOIi MPOBEACHO
aHaji3 MIKPOCTPYKTYpPH TMOBEPXHI TEpTS 3pa3KiB Ta BCTAHOBJIEHO EJIEMEHTHHUM
ckJsiag moBepxoHb KM 3a 10moMororw peHTreHiBChbKOTO MikpoaHanizy. BusieHo,
o HanoBHIoBa4 Kymnpywm (I1) okcun po3ramoBanuii B MpUIIOBEPXHEBOMY IIapi, 1 HE
BCTyIIa€ B TMpOIIEC TEPTS Ha MOYATKOBOMY €Tall MPUIpPALIOBAHHS Marepiaity.

[TinTBEpKEHO, IO CHCTEMA € TETEPOTEHHOIO, TUCTIEPCHI HATTOBHIOBAY1 PIBHOMIPHO



posnojineHi 'y o0’emi matpuii. HasBHi mnporiecu pyHHYBaHHS 1 BUIIJICHHS
Martepiary 3 noBepxHi KM He posmilieHi 6e3mocepe/IHbO HaBKOJIO JIUCIICPCHUX
YacTOK, 10 BKa3ye€ Ha MiIHE 3YEIUICHHS YacTOK 3 MaKpPOMOJIEKYJaMH MaTpHIll
3T1JTHO 3 MOJIEKYJISIpHOIO Teopiero aaresii. JloBeneHo, Mo KoXKHA 3 TOCHIKYBaHUX
MOBEPXOHb TepTA (OPMYETHCS BHACTIJOK OKPEMOi KOHTAaKTHOI B3aeMOJIT
MIKpOBHUCTYIIIB poO0YOi MapH, M0 MiATBEPKEHO 3MIHOIO CIIBBITHOIICHHS aTOMIB
Ha TOBEpPXHI 0 1 Iicas BumpoOyBaHHs, Ta HasBHicTIO yacTok Fe (0,71 %).
ExcneprMeHTaabHO BCTAHOBIICHO, 110 BUTPUMYBAHHS 3pa3kiB ynpoaoBx 30 ai0 B
arpeCUBHUX CEPEIOBUINAX: MAclsiHE CEpEJOBHILE, MOPChbKa BOJa, pIYKOBA BOJA,
OensuH Ta nyxkHe cepenoBuine (NaOH (50%)) cyTTeBo He BIUIMBA€E Ha 3/IaTHICTH
MOJIIMEPHOTO Marepialy YMHUTU OMIp YJAapHUM HABAaHTAXEHHSM. 3HAWJEHO 4ac
3pOCTaHHS MAaKpOTPIIIMHUA JO IHIIIIOBaHHS 11 poOCTy — IS 3pa3ka, sSIKud
BUTpUMYBaIM Ha NoBiTpi 7 = 0,16 Mc. 3HaYeHHsI MaKCUMaJIbHOTO HAaBAaHTAXEHHS,
K€ TPHU3BOAUTH A0 PYWHYBaHHS 3pa3ka OTpUMaiu Ha PiBHI Pmax = 2,47 kH.
Kputnuna nedopmariisi 3pa3ka nmpu BH3HaAUCHOMY HaBaHTaxeHHI — |, = 0,92 mwm.
BusHaueHo, 1mo KOMIo3UTHHUM MaTepiai 3a BMICTY ( = 60 Mac.4. rekcaroHajJbHOTO
HITpuay O6opy Ta (= 20 Mac.4. cIoid XapaKTepU3yeThbCsl 3HUKEHHSIM afCcopOIrii
CepelloBUIIA HA MOBEpPXHI MaTrepiany: 3pa3oK, KU BUTPUMYBAJIM Ha MOBITPI —
Am =0,12 %, B macnsHomy cepegoBuiii — Am = 0,09 %, cepenoBuiili MOPCHKOi
Bojr — Am = 0,20 %, piukoBoi Boau — Am = 0,23 %, 6enzuny — Am = 0,11 %, NaOH
(50%) — Am = 0,07 %. Ha ocHOBi eKCIIEPHMMEHTAIbHUX JOCIIHKCHb aJre3iiHUX,
Gb13UKO-MEXaHIYHUX,  TEIIO(I3UYHUX  BJIACTHBOCTEH, 3HOCOCTIMKOCTI  Ta
CTAaTUCTUYHOI OOpPOOKH pe3ynbTaTiB JMOCIIKEHHS pPO3pOOJICHO 2 BapiaHTH
KOMITO3UTHHUX MaTepiaiiB Ta 3aXMCHUX MOKPUTTIB Ha iX OCHOBI AJIA MPAKTUYHOTO
BIIPOBAKCHHSI.

Po3po6eni enokcu-nosiedipHi KOMIIO3UTHI MaTepiaau Ta MOKPUTTS Ha iX
OCHOBI, TEXHOJIOT1s iX (pOpMyBaHHS 1 HAHECEHHS BIPOBA/PKEHO Ha MiANMPUEMCTBAX
CYyIHOOYIIBHOI 1 aBTOMOOUIEOYAIBHOI MPOMUCIOBOCTI, a came: BIIPOBAIKEHO
pesynbrati podotu B TOB «umsapal930» (M. Xepcon, Ykpaina), «Lakiernictwo

Samochodowe» (M. TI'me3no, Ilompmia). Takok pe3ynbTaTH  TOCIHIIKCHHS



BIPOBA/PKCHO Yy HABYAJIBHOMY MPOIEC] MPHU MIiATOTOBII acHipaHTIB XepPCOHCHKOT
Jep KaBHOI MOPCHKO1 aKaieMii.

Kurouosi CJIOBA: enokcu-nonieipHuit KOMITO3HT,
MeTWICeHaIpeHIai13011iaHaT, yiabTpadioieToBe OMPOMIHEHHs, TPUOOJOTIYHI
BJIACTUBOCTI, 3HOCOCTIHKICTh, arpeCHBHE CEpEIOBHINE, CKaHyIo4Ya EJICKTPOHHA

MIKpPOCKOITisI, PEHTTE€HIBCHKHI MiKpOaHaJIi3.

ABSTRACT

Yakushchenko S.V. Regularities of formation of modified epoxy-polyester
composites to increase the wear resistance of vehicle parts. — Manuscript of
qualifying scientific work.

Dissertation in support of candidature for a doctor of philosophy in specialty
275 Transport technologies. — Kherson State Maritime Academy of Ministry of
Education and Science of Ukraine, Kherson, 2020.

The scientific interest in the development and research of epoxy-polyester
composites modified by ultraviolet light with the introduction of finely and dispersed
additives of different physicochemical nature is due to the relevance of their
implementation. In particular, for increasing of the service life of parts and
mechanisms of vehicles, which allows to reduce the cost of their manufacture and
repair. Additionally, it allows you to reduce the cost of overcoming friction forces
and, as a consequence, to increase reliability and technical characteristics. At the
same time, in-depth study of the composite materials structure using modern
research methods will reveal processes in the area of mechanical interaction of
surfaces, which in turn will allow to control the properties during the development
of polymeric CMs with high operational characteristic.

The purpose of the dissertation is to establish the basic regularities of
formation of modified epoxy-polyester composites to increase the wear resistance
of vehicle parts and to issue recommendations for their creation of materials with
high tribological properties that work under aggressive environments.

The introduction presents an assessment of the current state of the problem,



substantiates the relevance of the choice of the topic of the dissertation, formulates
the purpose and objectives of research, presents the scientific novelty and practical
significance of the results.

In the first section was analyzed the current state of the use of polymeric epoxy
and polyester materials for the manufacture and repair of friction units of vehicles.
The main directions of improving the performance of parts of friction units made on
the basis of composite materials by introduce active disperse fillers and modifiers,
which allows to influence the structure of composites and change their operational
characteristics were considered.

In the second section was substantiated the choice of binder components,
modifier, fillers for the formation of composite materials with high tribological
properties. The generally accepted research methods are given: adhesive, physical
and mechanical (flexural stresses, elasticity modulus, impact strength, residual
stresses, adhesive strength at separation), thermophysical (thermal coefficient of
linear expansion, heat resistance, glass transition temperature) tribological (friction
coefficient, wear rate) properties. Additionally, modern methods of studying the
structure of composite materials and fillers (IR spectral analysis, study of specific
surface area, optical and scanning electron microscopy) are presented. The
composition of the two-component bidispersed filler for composites with high
operational characteristics was optimized by mathematical planning methods.

The third section is devoted to the optimization of the content of the polyester
component and the methylene diphenyl diisocyanate modifier in the epoxy binder to
improve the adhesion and cohesion properties. According to the results of adhesive,
physical and mechanical and thermophysical studies of composite materials, it was
found that the optimal content of polyester resin is g = 80 wt.% per g = 100 wt.% of
epoxy oligomer. The developed material is characterized by the following
properties: adhesive strength at separation — o, = 47.0 MPa, residual stresses —
or = 2.7 MPa. It is determined that at introduction of q = 10 wt.% of polyester binder
ENYDYNE H 68372 TAE up to g = 100 wt.% of epoxy oligomer ED-20 values of

physical and mechanical properties are maximum. It is shown that the stress state of



materials and the nature of chipping lines correlate with the indicators of physical
and mechanical properties. It is proved that the introduction of polyester resin into
the epoxy binder at g = 10 wt.% leads to an increase in the heat resistance of the
matrix from T = 341 K to T = 352 K and a decrease in the linear shrinkage of the
composite from Al =0.31% to Al = 0.06%. The values of the coefficients of thermal
coefficient of linear expansion in all studied temperature ranges decrease compared
to the TCLE of the epoxy matrix, and the glass transition temperature T, increases
from T, = 311 K to T, = 318 K, due to increase of the degree of crosslinking of the
matrix. In the fourth section, a comprehensive study of the effect of ultraviolet
radiation on the properties of epoxy-polyester composites. It is stated that the
composite is characterized by the maximum values of the studied properties at the
irradiation duration z, = 5 min and the irradiation wavelength of 365 nm. Values of
physical and mechanical properties were determined: flexural stresses —
on = 57.0 MPa, elasticity modulus — E = 3.7 GPa, impact strength — W = 8.9 kJ/m?,
and heat resistance under this mode of irradiation is T = 354 K. The features of
activity and morphology of the surface of the fillers are considered. The specific
surface area of fillers is determined. IR spectral analysis of mica, h-BN, CuO, WS,
was performed, which allowed to evaluate the surface activity of the studied
materials. In the range of v = 400...4000 cm™, the spectral characteristics for each
of the powders were determined. All investigated spectra of powders are
characterized by a significant intensity of the absorption bands of surface-active OH,
C=0, C-H, -CH,-, NH, groups. The results of the study of the specific surface area
and IR spectral analysis of powdered materials suggest the effectiveness of the use
of these powders in the form of antifriction fillers for epoxy-polyester composites.
According to the results of the study of physical and mechanical and
thermophysical properties, the optimal ratios of powdered fillers were established:
q =30 wt.% (mica), g = 60 wt.% (CuQ), q =60 wt.% (h-BN) and g = 5 wt.% (WS,)
respectively. The composition of the bidispersed two-component filler in the epoxy-
polyester binder for the formation of composite materials is optimized by

mathematical planning using orthogonal central compositional planning of the



experiment.

In the fifth section presents the results of the study of tribological
characteristics of composites and resistance to shock loads during operation in
various aggressive environments. It has been experimentally determined that the
contact temperature index of the specimen in the area of mechanical interaction of
surfaces increases significantly with an increase of the sliding distance to T = 366...
369 K during dry friction. The coefficient of friction in this case is f = 0.33...0.35.
It is proved that that CM differs in improved tribological characteristics, which was
tested in a seawater environment. The contact temperature in the friction area is
stable and is Tx = 295...298 K. At the same time, the coefficient of friction is
f=0.08...0.09, which is 3 to 4 times lower in comparison to CM, which was tested
at dry friction. In addition, it was found that the way of friction in different
conditions is not significantly different and is L = 5500...6000 m. It was analyzed
that when tested in a lubricating medium, the composite material is characterized by
low wear rate and friction coefficient — I, = 0.25...0.30 mg/km, f = 0.03...0.04. The
temperature in the area of contact during friction in the lubricant was stable and was
Tk = 293...295 K. The microstructure of the friction surface of the specimens was
investigated by scanning electron microscopy analysis and the elemental
composition of the CM surfaces was determined using X-ray microanalysis. It was
found that the copper (Il) oxide filler is located in the near-surface layer, and does
not enter the process of friction at the initial stage of running-in of the material. It is
confirmed that the system is heterogeneous, the disperse fillers are evenly distributed
in the volume of the matrix. The existing processes of destruction and releasing of
the material from the CM surface are not occur directly around the dispersed
particles, which indicates a strong adhesion of the particles with the macromolecules
of the matrix according to the molecular theory of adhesion. It is determined, that
each of the investigated friction surfaces is formed due to the separate contact
interaction of the microirregularities of the working pair, which is confirmed by a
change in the ratio of atoms on the surface before and after the test, and with the

presence of iron particles (0.71 %). It has been experimentally established that



holding the specimens for 30 days in aggressive environments: oil, sea water, river
water, gasoline and alkaline environment (NaOH (50%)) does not significantly
affect the ability of the polymer material to resist impact loads. The time of initiation
of macrocrack growth for the specimen which was kept in the air was found —
7= 0.16 ps. The value of maximum load that leads to the destruction of the specimen
was Pmax = 2.47 KN. The critical deformation at this load was | = 0.92 mm. It was
determined that the composite material at the content q = 60 pts.wt. of hexagonal
boron nitride and g =20 pts.wt. of mica is characterized by a decrease in the
adsorption of the environment on the surface of the material: a specimen, which was
kept in the air — Am =0.12%, in an oil environment — Am =0.09%, seawater —
Am = 0.20%, river water — Am = 0.23%, gasoline —Am = 0.11%, NaOH (50%) —
Am =0.07%. On the basis of experimental studies of adhesive, physical and
mechanical, thermophysical properties, wear resistance and statistical processing of
results of research 2 variants of composite materials and protective coatings on their
basis for practical implementation are developed.

Developed epoxy-polyester composite materials and coatings based on them,
the technology of their formation and application is implemented in the shipbuilding
and automotive industries, namely: implemented the results of LLC «Shipyard1930»
(Kherson, Ukraine), «Lakiernictwo Samochodowe» (Gniezno, Poland). Also, the
results of the study were implemented in the educational process in the preparation
of graduate students of the Kherson State Maritime Academy.

Key words: epoxy-polyester composite, methylene diphenyl diisocyanate,
ultraviolet irradiation, tribological properties, wear resistance, aggressive

environment, scanning electron microscopy, X-ray microanalysis.
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