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Pedepar:

1. B pucepTanifiHiil po60Ti BUpillyBasachk HAyKOBO-TEXHIYHA MTPO6IeMa MiABUIIEHHS 3HOCOCTIMKOCTI aBiallilHUX
MIApHIpHUX NiAUITHUKIB KOB3aHHS 13 IOJIMEPHUMHU KOMIIO3ULIITHMMU MaTepialamMu, 0 MPaloioTh B yMOBaX
PEBEPCUBHOTrO pyxy. PO3p06s1€HO CTPYKTYPHY JIOTIYHY CXE€MY JOCTIiI)KEHb BIIPOBAIPKEHHST METAIONOIiMEPHUX Ta
[OJIIMEPHUX KOMIIO3ULIMHYX MaTePiasliB [J1 MAapHipHYX MiAIMITHMKIB KOB3aHHS B aBiallii. PO3po671€HO METOIUKY
Ta CIeljiaJbHAN KOMIIJIEKC YCTAaHOBOK [JIS1 IOCJIiJKEHb METAJIONOIIMEPHUX Ta MOJiIMEPHUX KOMITO3ULiIHHUX
Marepiasis, gKi MOKJIMBO BUKOPMCTOBYBAaTH Yy IIAPHIPHUX MiAMUITHUKAX KOB3aHHA 114 18 aBiauiiiHoOi
IpoMuCIoBOCTI. [TpoaHanizoBaHo Ta BUOpAHO HANUOGIIBII ONITUMAJIBHI CTPYKTYPU METAJIONOJIIMEPHHUX Ta
N0JIiMEPHUX KOMITO3ULIIHMX MaTepiasiB, sIKi MO)KHA BUKOPUCTOBYBAaTU B TPUOOKOHTAKTI IAPHiIPHUX MiJIIMITHUKAX

KOB3aHHS 3 ypaxyBaHHSIM CIIOJIyYHUKA Ta apMYIOYMX KOMIIOHEHTIB. BusHaueHo BUCOKOeeKTUBHI aHTUPPUKLINHI



KOMIIO3U1IiliHI MaTepiany i3 pi3HOIO CTPYKTYPOIO, SKi MiABUINATL 3HOCOCTINKICTD Ta JOBrOBIYHOCTI MIAPHIPHUX
MiJIIAIHUKIB a aBiallifiHiN ranysi. BctaHOBIEHO, 0 apMyI04i KOMIIOHEHTY Ta HAIIOBHIOBAYi B KOMIIO3ULITHUAX
MaTepiajiax BifirpaloTh nepuoyeprose 3Ha4eHHs B 3a6e3NeyeHHi 3HOCOCTINKOCTI MOoIiMEPHUX KOMIIO3UIIMTHUX
MarepiasiB IpU MifBUILIEH]I HABAHTAKEHHS, IIPY HU3bKOYACTOTHHUX BiOpaLliHUX BUNIPOOYBAHHSIX Ta IPU
BUIIPOOYBAHHSX HAa PEBEPCUBHE TepTsl. BusHaueHo, 10 nosimepHuil KoMmnosuuiitHui marepian Fluroglide, sikuii
CKJIaJIaeThCsl i3 apMylou0i TKAaHUHM i3 JjomaBaHHsAM Martepiany PTFE Ta ¢pyHKIioHanbHUMU [06aBKaMu 10Ka3ye
BHICOKi TPUOOTEXHIUHI XapaKTePUCTUKH, Ki MOXKHA NTOPIBHSTH i3 KJIACUYHOIO METAIO(PTOPOIIACTOBOIO CTPIUKOIO.
BcraHOBIIEH]I MEXaHI3MU MIPOSIBY PEJIAKCALIMHUX [IPOLECIB B KOMIIO3ULIMHMX MaTepiasax B yMOBaX MIBUIKOAII0UMX
HU3bKOYaCTOTHUX PEBEPCUBHUX PYXiB: pejlakcalisl JOKaJIbHUX HAIIPYK€Hb B METAJIONOIIMEPHIN CTPivLi
BiZOyBa€eThCsl 32 PaxXyHOK MiJIBUIIEHHS MIKPOIIJIACTUYHOCTI Ta 3pDOCTaHHS BHYTPILIHBOI'O TEPTS IPOMIXKHOTO LI1apy
6a6iTy; B KOMIIO3ULITHUX MaTepiajiax Ha MoJliMepHiit 0cHOBI (10 35...65 % crosy4HMKa) pesakcalii HanpyKeHb
CIIpUsie B'I3KONPYKHICTb MaTepiany. BcTaHOB/I€HA BUCOKA 3HOCOCTIHKICTh IOKPUTTSI MOJIi6IEHY (BaKyyMHO-
IyroBuil MeToq) B ymoBax ¢ppeTuHr-koposii, npu 20 Ta 30 MIla naHe noxputTs Ha ciiasi BT-22 xapakTepusyeTbcs
3MEHIIEHHSIM JIiHiliHOro 3HOCY B 2,6 Ta 1,2 pa3u, B IOPiBHSIHHI 3 NOKpUATTAM Ha crtasi 95XI18IIl. Po3pobieHo Mmogesnb
HaIpyXeHO-Ae()OPMOBAHOI0O CTaHy LAPHIPHUX MiJMINNHYKIB i3 KOMIIO3ULiTHUMA aHTUPPUKLITHUMU
marepiasamu. BuzHaueHo, mo KoMno3uLiiHi matepianu Zedex ZX324VMT Ta Iglidur TX1 npu mopenoBaHHi
Hanpy>XeHoAe(HOPMOBAHOIO CTaHY 3HMKYIOTh MaKCHMMaJbHE IMMTOME HalpyKeHHs Ha 50 % B marepiasi npu
HaBaHTakeHH:X B 3, 100 ta 200 KH, B IOpPiBHSAHHI 3 METAJIONOIIMEPHOIO CTPIYKOI0. MOZIE/IIOBAHHAM HaIIPY>KEHO-
Ie(OPMOBAHOTO CTaHy MAPHIPHUX MiJINITHUKIB i3 KOMIO3ULIHUMY aHTU(PUKLIHHUMYU MaTepiaslaMu JOBELEHO
3MEHIIEHHS MUTOMUX HAIIPY>KEHb Y [IOBEPXHEBUX LIapax MaTepiajiB NiIMUITHYKIB IPY BUKOPUCTAHHI TATAHOBUX
crninasiB BT22 3amicTs nigmunaukosoi ctasi 95X18II 1o 20 %, B 3a71€XKHOCTI Bii MaTepiasny Ta YMOB HaBaHTa>KeHb.
BusHaueHo, 10 MAapHipHUI MiIMUITHUK i3 0JIiIMEPHUM KOMIO3MLiHUM Martepianom Fluroglide (apmyloya TkaHMHa,
PTFE Ta ¢pyHKIiOHANbHI JO6aBKYM) TI0Ka3y€e 3HOCOCTINKICT B 1,8 - 2 pasu 6isbiny Ha Biapisky 40-100 Tuc. LUKIIiB, HiXX
NiAIMUIHYKY i3 iHITMMY KOMIIO3ULiTHMMU MaTepianamu. [IpoMucioBUMH BUIIPOOYBAHHSIMU IOBEIEHO, 110 [IPU
3aMiHi BHYTpIIIHBOTO KijIbLISI HIAPHIPHOTO MiJMIAIHUKA KOB3aHHS HA TUTAHOBU CILJIAB i3 IOKPUTTSIM MOJIIOIEHY
3HOCOCTIMKICTb KOMITO3ULIMHUX MaTepiasiB aHajIorivyHa iX 3HOCOCTIMKOCTI 110 cTasi. [IpakTiyHe 3HaYEHH
OJlep>KaHUX pe3yJIbTaTiB [10JIsIrae y TOMY, 1110 pO3p00JIEHO METOIMKY OL[iHM TPUOOTEXHIUHMX [1I0Ka3HUKIB
KOMIIO3ULiITHMX MaTepiasiB Py HU3bKOYACTOTHUX PEBEPCUBHUX PyXaX Ta MOJEPHI30BaHO CIELiaJIbHUN KOMILJIEKC
YCTAHOBOK [JIs1 LOCJIZPKEHb METAJIONOJNIMEPHUX Ta [TOJiIMEPHUX KOMIIO3ULIMHUX MaTEPiasliB, SIKi MOXKIIUBO
BUKOPHMCTOBYBATH Y IIAPHIPHUX MiAIIMITHUKAX KOB3aHHS AJ1 aBiallilHOi TPOMHUCJIOBOCTI. 3alIpONIOHOBaHI
TEXHOJIOTiYHi peKoMeHAallii 1010 BUPOOHULITBA MAaPHIPHUX MigMIUITHUKIB KOB3aHHS i3 MOJIiMepHUMU
AHTUQPUKLIMHAMYU KOMIIO3ULiTHUMY MOKPUTTSIMU 151 aBiallitHOI IPOMUCIIOBOCTI. PO3p06JI€HO CTPYKTYPHY CXEMY
IOCJIiIPKE€Hb MOJIIMEPHUX KOMIIO3ULITHUX aHTU(PPUKLIMHUX MaTePiasliB Ta BIPOBAIXEHHSI apHIPHUX MiJIIUITHUKIB
Ha 6a3i uux MaTtepianiB, AJ1s OTpUMaHHs Joparkosoro ceptudikaty tuny STC (supplemental type certificate) y
BaXKeJIi aBTOMATy nepekocy rejikonrepis cepii Mi-8T, Mi-8P, Mi-8PS, Mi-8MTV-1(Mi-17-V), Mi8SMTV(Mi-17), Mi-
8AMT, Mi-171, Mi-17V-5, sKi npauo0Th Ha aQPUKAHCbKOMY KOHTUHEHTI y MiITPUMKY MiXKHAPOLHUX MicCiit
BcecsiTHbOi npomoBonbyoi nporpamu (WFP) ta Opranizauii O6'egnanux Hauiit (UN)

2. In the dissertation, the scientific and technical problem of increasing the wear resistance of aviation articulated
plain bearings with polymer composite materials operating in reverse motion was solved. A structural logical
scheme of research on the introduction of metal-polymer and polymer composite materials for articulated plain
bearings in aviation has been developed. A methodology and a special set of installations for the study of metal-
polymer and polymer composite materials that can be used in articulated plain bearings for the aviation industry
have been developed. The most optimal structures of metal-polymer and polymer composite materials that can be
used in tribocontact hinged plain bearings, taking into account the conjunction and reinforcing components, have
been analyzed and selected. Highperformance anti-friction composite materials with different structures have
been identified, which will increase the wear resistance and durability of hinge bearings in the aviation industry. It
has been established that reinforcing components and fillers in composite materials play a paramount importance

in ensuring the wear resistance of polymer composite materials under increased load, low-frequency vibration



tests and reverse friction tests. It has been determined that the polymer composite material Fluroglide, which
consists of a reinforcing fabric with the addition of PTFE material and functional additives, shows high
tribotechnical characteristics that can be compared with a classic metal-fluoroplastic tape. The mechanisms of
manifestation of relaxation processes in composite materials under conditions of high-speed low-frequency
reversible movements have been established: relaxation of local stresses in the metal-polymer tape occurs due to
an increase in microplasticity and an increase in internal friction of the intermediate layer of the babbitt; in
polymer-based composite materials (up to 35... 65% of the conjunction) stress relaxation is facilitated by the
viscoelasticity of the material. High wear resistance of molybdenum coating (vacuum-arc method) under
conditions of fretting corrosion is established, at 20 and 30 MPa, this coating on VT-22 alloy is characterized by a
decrease in linear wear by 2.6 and 1.2 times, compared to the coating on 95X18Sh steel. A model of the stress-strain
state of hinged bearings with composite antifriction materials has been developed. It was determined that the
composite materials Zedex ZX324VMT and Iglidur TX1 when modeling the stress-strain state reduce the maximum
specific stress by 50 % in the material at loads of 3, 100 and 200 kN, compared to metalpolymer tape. Simulation of
the stress-strain state of hinged bearings with composite antifriction materials proved a decrease in specific
stresses in the surface layers of bearing materials when using titanium alloys VT22 instead of bearing steel 95X18Sh
up to 20%, depending on the material and load conditions. It was determined that a hinge bearing with polymer
composite material Fluroglide (reinforcing fabric, PTFE and functional additives) shows wear resistance 1.8 - 2
times greater on a segment of 40-100 thousand km. cycles than bearings with other composite materials.
Industrial tests have proven that when replacing the inner ring of the hinged plain bearing with a titanium alloy
coated with molybdenum, the wear resistance of composite materials is similar to their wear resistance to steel.
The practical significance of the obtained results lies in the fact that a method for evaluating the tribotechnical
indicators of composite materials under low-frequency reversing movements has been developed and a special
complex of installations for the study of metal-polymer and polymer composite materials, which can be used in
articulated plain bearings for the aviation industry, has been modernized. Technological recommendations for the
production of articulated plain bearings with polymer anti-friction composite coatings for the aviation industry are
proposed. A structural scheme of research of polymeric composite antifriction materials and the introduction of
hinged bearings based on these materials has been developed to obtain an additional STC type certificate
(supplemental type certificate) in the automatic skew arm of helicopters of the Mi-8T, Mi-8R, Mi-8RS, Mi-8MTV-1
(Mi-17-V), Mi-8MTV (Mi-17), Mi-8AMT, Mi-171, Mi-17V-5, which work on the African continent in support of the
international missions of the World Food Program (WFP) and the United Nations Nations (UN)
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2. Ceprist A. becniasios

KBasigikanis: n. 1. u., c.u.c., 05.02.04

InenTudikarop ORCID ID: He 3acrocosyerncs

JoparkoBa iHpopmamnist:

IloBHe HaliMeHYBaHHSI IOPHUAHUYHOI 0COOH: HaujonanbHa akaziemist HayK YkpaiHu
Kopg 3a €IPIIOY: 00019270

Micue3HaxoaKeHHS: ByJI. Bonopumupceka, 6ya. 54, Kuis, 01601, Ykpaina

dopma B1acHOCTI: JlepxaBHa

Cdepa ynpasiiHHS:

InenTudikarop ROR:



Baacwue IlpizBumie Im's Ilo-6aTbKOBI:
1. Inmuyk Ceprin [leTpoBud
2. Serhii P. Chimchuk

KBasigikamis: . r. u., gouent, 05.02.04

Imentudikarop ORCID ID: He zacrocoyerbcs

JonaTkoBa iHdopmanist:

IloBHe HafIMeHyBaHHﬂ IOpI/I,I[H‘IHO'l' 0COO0M: JlyupKril HalliOHAJIbHWY TEXHIYHUIN YHIBEPCUTET

Kopg 3a €IPTIOY: 05477296

Micue3HaxoaKeHHS: ByJ1. JIbBiBCEKA, OyA. 75, JIynpk, Jlyupkuii p-H., 43018, Ykpaina

dopma BracHOCTI: /lepxaBHa

Cdepa yIIpaBJIiHHﬂ: MiHicTepcTBO OCBiTH i HayKU YKpaiHu

InenTudikarop ROR:

Penensentu

VIII. 3ak1104Hi BiZOMOCTI

BaacHe IlpizBuiie Im's ITo-6aTbKOBI

TOJIOBH pajgu

Biiacue IIpizBuie Im'sa I1o-6aTbKOBi

TOJIOBYIOYOTO Ha 3acCiiaHHi

BignoBigasibHUI 3a HiATOTOBKY

00JIIKOBHX JOKYMEHTIB

PeecTpaTtop

KepiBHuk Bigginy YKpIHTEI, mpo €

BiZINOBiZaJIbHUM 32 peecTpallilo HayKOBOi

OisSIIBHOCTI

MikocsHuMK OKcaHa OseKkcaHpiBHa

MikocssHumk OkcaHa OJiekcaHpiBHA

CBupug Muxanno MukonanoBmuy

VKpIHTEI

Opuenko TersiHa AHaTosIiBHA



