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1. IligBUIEHHA 3HOCOCTIMKOCTI WapHIPHUX MiJINAITHUKIB 3aCTOCYBAHHAIM METAJIONOJIMEPHHUX Ta [TOJIIMEPHUX

KOMIIO3ULIITHMX MaTepiaiB

2. Increasing the wear resistance of hinged bearings by the use of metal-polymer and polymer composite materials

Pedepar:

1. B pucepTauiiiniil poboTi BUpilyBasach HAyKOBO-TEXHIYHA [1pobJieMa MiJBUIleHHS 3HOCOCTIKOCTI aBiallilHUX

LIApHIPHUX MiAIWITHUKIB KOB3aHHS 13 II0JIMEPHUMHU KOMIIO3ULIITHMMU MaTepiasamMu, 0 MPaLoi0Th B yMOBaX

PEBEPCUBHOTIO pyxy. PO3p06s1eHO CTPYKTYPHY JIOTiYHY CXeMY OCJIIiI>KeHb BIIPOBAIP)KEHHS] METaJION0TiMEPHUX Ta

[I0JliIMEPHUX KOMIIO3MULIMHYUX MaTepiasiB [Jis MapHipHUX MiAUMIIHYKIB KOB3aHHS B asiallii. Po3po61eHo MeTonuky

Ta CIleljaJIbHAY KOMIJIEKC YCTAHOBOK [IJIS1 HOCJIIIKEHb METAJIONOIIMEPHUX Ta MOJiIMEPHUX KOMITO3ULIHNAX

Marepiasis, Ki MOKJIMBO BUKOPMCTOBYBATH Yy IIAPHIPHUX MiAMWITHUKAX KOB3aHHA AJ1 18 aBiauiiiHoOi



IIPOMHUCJIOBOCTI. [IpoaHanizoBaHO Ta BUOPAHO HANMGIIbII ONTUMAaJbHI CTPYKTYPU METAIONOIIMEPHUX Ta
[0JliMEPHUX KOMIIO3ULIMHNX MaTepiasliB, IKi MOXXHA BUKOPUCTOBYBATH B TPMOOKOHTAKTI LIAPHIPHUX MiTIIAITHUKAX
KOB3aHH$ 3 ypaxXyBaHHSIM CIIOJIyYHMKA Ta apMYIOYMX KOMITOHEHTIB. Bu3Hau€HO BUCOKOE(MEKTUBHI aHTUDPUKILiIHI
KOMIIO3ULIiliHI MaTepiany i3 pi3HOIO CTPYKTYPOIO, SIKi MiABUIIATL 3HOCOCTINKICTD Ta JOBrOBIYHOCTI MIAPHIPHUX
MiJIIMITHUKIB a aBialiiHii ranxysi. BCTaHOBIJIEHO, 10 apMyIOUYi KOMIIOHEHTHY Ta HAIIOBHIOBAYi B KOMITO3ULIITHUX
Marepiasnax BifirpaioTs nepuioyeproBe 3Ha4eHHs B 3a0e3re4eHHi 3HOCOCTIUKOCTI MoJIiMePHUX KOMIIO3UIITHUX
MarepiasiB Ipy NifBUILEHI HABAHTAXEHHS, IIPY HU3bKOYACTOTHUX BiOpallilHUX BUNIPOOYBAHHSIX Ta IIpU
BUIIPOOYBAHHSIX HAa PEeBEPCUBHE TepTsl. BusHaueHo, 10 nosiMmepHuil koMmnosuuiitHui marepian Fluroglide, sikuii
CKJIaJlaeThCs i3 apMyl0o4u0i TKaHUHM i3 JopaBaHHsAM Martepiany PTFE Ta ¢pyHKUIioHanbHUMU J06aBKaMu II0KA3ye
BUCOKi TPUOOTEXHIUHI XapaKTePUCTUKY, SIKi MOXKHA MTOPIBHATHU i3 KJIACUYHOI0 METaI0(TOPOIJIACTOBOIO CTPIYKOIO.
BcraHoB/I€HI MEXaHI3MU IPOSBY PejlaKCalilHKX MPOLIECIB B KOMIIO3ULIIMHMX MaTepiasax B yMOBax WBUIKOIIIOYMX
HU3bKOYaCTOTHUX PEBEPCUMBHUX PYXIB: pejlakcalisl JOKaJIbHUX HAIIPYKEHb B METAJIONOIIMEDHIN CTPivLLi
BiZIOyBa€eThCs 32 PaxXyHOK MiJIBUIIEHHS MIKPOIIJIACTUYHOCTI Ta 3pDOCTAHHS BHYTPILIHBOI'O TEPTS IPOMIXKHOTO LI1apy
6ab6iTy; B KOMIIO3ULiTHMX MaTepiajiax Ha NoJliMepHill OCHOBI (7o 35...65 % crosyYyHMKa) pesakcallii Halpy>KeHb
CIpusie B'I3KONPYKHICTb MaTepiany. BcTaHOB/I€HA BUCOKA 3HOCOCTIMKICTh IOKPUTTSI MOJIi6AEHY (BaKyyMHO-
IyroBUil MeToq) B yMoBax ¢ppeTuHr-koposii, npu 20 Ta 30 MIla naHe noxkputTs Ha ciasi BT-22 xapakTepusyeTbcs
3MEHIIEHHSM JIiHiliHOro 3HoCy B 2,6 Ta 1,2 pa3u, B NOPiBHSHHI 3 TOKpUTTAM Ha crtasi 95XI18IIl. Po3pobieHo mogesnb
HaMpyXeHO-Ae()OPMOBAHOI0O CTaHy LAPHIPHUX MiJIINANHYKIB i3 KOMIIO3ULiTHUMU aHTU(PPUKLITHUMU
Marepiazamu. BusnaueHo, o Komno3uniizi marepianu Zedex ZX324VMT ta Iglidur TX1 npu mogemnoBaHHi
Hanpy>XeHoAe(OPMOBAHOIO CTaHY 3HMKYIOTh MaKCMMaJbHe MMTOME HaNpyXeHHs Ha 50 % B Marepiasi npu
HaBaHTakeHH:X B 3, 100 ta 200 KH, B IOPiBHSAHHI 3 METAJIONOJIIMEPHOIO CTPIYKOI0. MOZIE/IIOBAHHSIM HAIIPY>KEHO-
Ie(pOPMOBAHOTrO CTaHy MIAPHIPHUX MiAIUITHYUKIB i3 KOMIO3MLIHHMMY aHTUPPUKLINHAMYU MaTepiajlaMu JOBELEHO
3MEHIIEHHS MUTOMUX HAIIPY>KEHb Y IIOBEPXHEBUX LIapax MaTepiaiB NiMUIHYKIB IPY BUKOPUCTAaHHI TATAHOBUX
ciasiB BT22 3amicTs nigmunHukoBoi ctati 95X1811 no 20 %, B 3a/1€5KHOCTI BiJ, MaTepiasy Ta YMOB HaBaHTaXKE€Hb.
BusHaueHo, 10 MapHipHUI NiAMUITHUK i3 IOJliIMEpHUM KOMIO3ULiHUM MaTtepianoM Fluroglide (apmyloua TKaHMHA,
PTFE Ta ¢pyHKUiOHaNbHI 1006aBKM) IIOKa3ye 3HOCOCTIHMKICTb B 1,8 - 2 pa3u 6inbuly Ha Bigpisky 40-100 Trc. LUKIIB, HiX
HiANUIHYKY i3 iHITMMY KOMITO3ULiTHMMY MaTepianamMu. [IpoMucioBUME BUIIPOOYBAHHSIMU IOBEIEHO, 110 [IpU
3aMiHi BHYTpIIIHBOTO KijIbLISI HIAPHIPHOTO MiJMIAIHUKA KOB3aHHS HA TUTAHOBUY CILJIAB i3 IOKPUTTIM MOJIOIEHY
3HOCOCTIMKICTh KOMITO3ULIMHUX MaTepiasliB aHajIorivyHa iX 3HOCOCTIMKOCTI 110 craji. [IpakTiyHe 3HaYEeHHS
OJlep>KaHUX Pe3yJIbTaTiB [OJISITa€ y TOMY, 1110 PO3PO0JIEHO METOIMKY OL[iHM TPUOOTEXHIUHMX [1I0Ka3HUKIB
KOMIIO3ULIITHUX MaTepiajliB IPU HU3bKOYACTOTHUX PEBEPCUBHUX PyXax Ta MOJEPHI30BaHO CIIE€Lia/IbHAN KOMILJIEKC
YCTaHOBOK [IJIs JOCIIiIPKEHb METAJIONOIMEPHHUX Ta MOJIIMEPHUX KOMITO3ULIMHUX MaTepiaJliB, SKi MOXKJINBO
BUKOPUCTOBYBATH Y IIAPHIPHUX MiAIIMITHUKAX KOB3aHHA [J14 aBialilHOI IPOMHUCIIOBOCTI. 3alIpOIIOHOBaHI
TEXHOJIOTiYHi peKoMeHAallil 11010 BUPOOHULITBA MAPHIPHUX MiAMIUITHUKIB KOB3aHHS i3 MOJIiMepHUMU
AHTAUQPUKLIMHAMU KOMIIO3ULiTHUMY OKPUTTSIMU 151 aBialliiiHOI IPOMUCIOBOCTI. PO3p06JI€HO CTPYKTYPHY CXEMY
OOCJiIKEHb MOJiIMEPHUX KOMIIO3ULIMHAX aHTU(QPUKLIMHAX MaTePialiB Ta BIPOBAIPKEHHS IIAPHIPHUX NiIMUIHUKIB
Ha 6a3i nux MaTtepiaiB, Ay oOTpUMaHHs goparkosoro ceptudikaty tuny STC (supplemental type certificate) y
BaXkKeJIi aBTOMaTy nepekocy rejikonrepis cepii Mi-8T, Mi-8P, Mi-8PS, Mi-8MTV-1(Mi-17-V), Mi8MTV(Mi-17), Mi-
8AMT, Mi-171, Mi-17V-5, sKi npauooTh Ha aQPUKaHCbKOMY KOHTUHEHTI y MiATPUMKY MiXKHAPOIOHUX MiCiit
BcecsiTHbOi npopoBosbyoi 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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OdiuiiiHi OoIOHEHTH
Baacue IlpizBuuie Im's Ilo-6aThKOBI:

1. Becnianos Cepriit AHATOINOBUY

2. Ceprit A. becnianos

KBasmigikanis: 1. r. 1., c.u.c., 05.02.04
InenTudirkarop ORCHID ID: He 3actocoyerscs
JoparkoBa indpopmamist:

IloBHe HaliMeHYBaHHSI IOPHUAHUYHOI 0COOM: HaujoHanbHa akazemis HayK YKpaiHu



Kopg 3a €IPIIOY: 00019270

Micueanaxo,szeﬂﬂaz ByJI. Bononumupceka, 6ya. 54, Kuis, 01601, Vkpaina
dopma ByacHOCTI: Jlepxkasna

Cdepa ynpasiiHHS:

InenTudikarop ROR:

CekTOp HayKH:

Baacue IlpizBuuie Im's I1o-6aThbKOBI:
1. Inmuyk Ceprint [leTrpoBry

2. Serhii P. Chimchuk

KBasigikamis: . r. u., gouent, 05.02.04

InenTudirkarop ORCHID ID: He sactocoyerscs

JopaTrkoBa indpopmamnist:

TloBHe HaliMEeHYBaHHSI IOPHUAHUYHOI 0COOM: JlylpbKuil HALOHAJILHUIA TEXHIYHMIA YHiBEpCUTET
Kopg 3a €IPIIOY: 05477296

Micue3Haxoa>KeHHSI: By JIbBiBCcbKa, 6y1. 75, JIyubK, Jlyupkuii p-H., 43018, Vkpaina

dopma ByacHOCTI: Jlepkasna

Cdepa ynpaBriHHS: MiHicTepCTBO OCBITH i HayKK YKpaiHu

InenTudikarop ROR:

CeKTOop HayKH:. YHiBepPCHTETCHKUI

PeuenseHTu

VIII. 3ak1104Hi BiZOMOCTI
ByiacHe IlpizBuiie Im's ITo-6aTbKOBI MikocsiHumk Okcana OJiekcaHzIpiBHa

TOJIOBH pajgu

BiiacHe IIpi3Buine Im'sa I1o-6aTbKOBI MikocsHunk OkcaHa OJiekcaHpiBHa

TOJIOBYIOYOTO Ha 3acCimaHHi

BiagmoBizasibHUH 32 MiATOTOBKY Ceupun Muxaiino Mukonaiosny

00JIiIKOBHX JOKYMEHTIB

PeectpaTop YkpIHTEI



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

IisiIbHOCTI




