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KOMIIPECOPIB ra30TypOiHHUX IBUTYHIB 3 HU3bKUM KOE(QillieHTOM TEPTS 10 TUTAHOBUM Ta XPOMOHIKEJIEBUM
’KapOMIIJHMM CILJIaBaM, IO MPaLo0Th B peXXUMi cyxoro TepTs npu remneparypi 500 oC Ta MOKpUTTIB Ha Bici
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VII. BizomocrTi npo IiP
Ha3sBa po6oTH yKpaiHCBHKOIO:

IHM-2022 /2 Po3po6ka KOMIIO3ULiITHMX 3HOCOCTINKUX [TOKPUTTIB Ha NOBEPXHI BY3JIiB TEPTSI [1JIs1 aBialiliHUX

IBUTYHIB BiiCBKOBOTO ITPU3HAYEHHS

Ha3sBa po60oTH aHIJIiHCBHKOIO:

Development of composite wear-resistant coatings on the surface of friction units for military aircraft engines

Pedepat yKpaiHCBKOIO:

MeTon0oM raps4oro npecyBaHHs BurotosneHo katonu 3 Ti2AIC, (Ti,Nb)2AIC, (Ti,Nb)2AIC-(Ti,Nb)3AIC2, Ti2(Al, Sn)C-
Ti3(Al, Sn)C2, (Ti,Nb)2(Al,Sn)C. 3 BUKOpUCTaHHS XX KaTOMiB OTPUMaHO HOBi BAKYyMHO-JyrOBi Ta MarHeTPOHHi
3HOCOCTIKi KOMII03ULIiliHi MOKPUTTSI HAa 0cHOBI MAX ¢a3 cucrem Ti,Nb-Al,Sn-C Ha noBepxHi By3iiB TepTs i3
’KapoMIIJHMX TUTaHOBUX ciyaBiB BT8-1ta crasni 15X16KSHZMB®AB-1II. [ToKpUTTS MalOTh HU3bKUI KOeDillieHT
TepTsl, BUCOKY 3HOCOCTIHKICTh, €J1eKTPOIPOBiIHICTD, FapHY a[re3ilo 10 IOBEPXHIi i HU3bKUI piBeHb PPETTHUHT BTOMU
i yac tepts 06 crans S8XHBKTBIO-BU Ta I1IX15 3a remnepartypu 500 oC. [TokpuTTs 6y HaHECEHi Ha JIONaTKU
KOMIIpecopa i Bici CTyJI0K Kamepu 3ropsHHs ['T]] Ta nepenani Ha HaTypHi BUNIPpOOyBaHHS Ha (axoBi 0OOPOHHI
nignpuemctsa «IByeHko-IIporpec» ta TOB «JIP3 «MoTop». 3anpONIOHOBAHO TEPMOJUHAMIYHY MOZEJIb 3HOCY
KepaMivYHUX KOMITO3ULiHMX MaTepialiB, 0 BUKOPUCTOBYIOTbCS Y KOHTAKTHHUX I1apaX BUCOKOTEMIIEPATYPHOTO
CyXOro TEPT aBiallilHMX JIBUTYHIB BilICbKOBOTO NIPU3HAYEHHS. MOJeJIb ONUCY€E IPOLIEC 3HOCY Y BUTJIST 3a71€XKHOCTI
MIX iHBapiaHTamMy iHTEHCUMBHOCTI 3HOCY Ta iHBapiaHTaMu TEPMOJVMHAMIYHOIO CTaHy MarepiajiB KOHTAKTY,
reoMeTpii KOHTaKTY, 4acy, MexaHiuHux Ta Qi3UYHUX BacTUBOCTeN. lle m03B0JIsie BCTAHOBIIOBATYU IPUHAJIEKHICTD
IIepPCIEKTUBHOIO MaTepiay o rpynu NOLiOHUX i, TAKUM YMHOM, OIIEPATUBHO NIPOrHO3YyBaTH XapaKTepPUCTUKU 10ro

3HOCY Ha OCHOBi 0OMEXEeHOI KiJIbKOCTi MEXaHIYHUX TOCIiIKEHb.

Pedepar aHI1ilCbKOIO:

Cathodes from Ti2AIC, (Ti,Nb)2AIC, (Ti,Nb)2AIC-(Ti,Nb)3AIC2, Ti2(Al, Sn)C-Ti3(Al, Sn)C2, (Ti,Nb)2(Al,Sn)C were
produced by hot pressing. New vacuum-arc and magnetron wear-resistant composite coatings based on MAX
phases of Ti, Nb-Al, Sn-C systems on the surface of friction pairs made of heat-resistant titanium alloys BT8-1 and
steel 15X16K5SH2ZMB®AB-III were obtained using these cathodes. The coatings have a low coefficient of friction,
high wear resistance, electrical conductivity, good adhesion to the surface, and a low level of fretting fatigue when
rubbing against steel 58XHBKTBIO-BI and IIIX15 at the temperature of 500 oC. Coatings were applied to the
blades of the compressor and the axes of the blades of the combustion chamber of the gas turbine engine, which
were transferred to the specialized military enterprises "Ivchenko-Progres" and "Lutsk Repair Plant "Motor" for
full-scale tests. A thermodynamic model of wearing ceramic composite materials used in high-temperature dry
friction contact pairs of military aircraft engines is proposed. The model describes the wear process as a
dependence between the invariants of wear intensity and the invariants of the thermodynamic state of contact
materials, contact geometry, time, mechanical and physical properties. This makes it possible to establish whether
a promising material belongs to a group of similar materials and, thus, quickly predict its wear characteristics
based on a limited number of mechanical testing.

Ingexc YIK: 620.1

Koau TemaTHYHHUX PYOPHK: 55.09.43

KepiBHHUKH po6OTH

BiacHe IIpizBuie Im'sa I1o-6aThKOBI: [Tpixua Tersana OsnekciiBHa
HayKoBHI CTYIiHb: .T.H.

BueHe 3BaHHS: akagemik HAHY



InenTudikarop ORCID ID:

JoparkoBa iHdpopmamnist:

VIII. HaykoBa (HayKoBO-TexHiYyHa) npoayKuis (HTII)
Haszsa HTTI yKpaiHCBKOIO: KoMrosuwiiiHi HOKPUTTS Ha OCHOBI MAX (a3
HasBa HTII aHrificbKO0: Composite coatings based on MAX phases
HTII, sixy nepezn6ayasiocsi CTBOPUTH:

IIpuunHau, yepe3s aki HTII He 6ysio0 cTBOpeHoO:

OTpumaHi pe3yJsIbTaTH: Marepianu

l'asry3p 3aCTOCYBaHHS: ABialliiiHa TexHika

PeecTtpanifiHuil HOMep KapTKH T€XHOJIOTii:

Omnuc HTII: Komnosuiitni nokpurta Ha ocHoBi MAX (a3 cucrem Ti,Nb-Al,Sn-C ToBImuHO©0 5-11 MKM, HaHeCeHi
Ha [TIOBEPXHI By3JIiB TEPTS i3 )KapOMILIHMX TUTAHOBUX CIIJIABIB Ta CTajli. XapaKTepU3yITbCs HaHOTBepicTIo 18,6 I'Tla,
cryneneM aaresii HF1-HF2, koediuientom Tepts p= 0,35 3a 20 oC i 0,65 32 500 oC, NUTOMOO IBUIKICTIO
3HomyBaHHg W o 2,14x10-5 mm3 /N i 19,4x10-5 mm3 /Nxm 3a 20 oC i 500 oC, BignosigHo, i BUTpUMyIOTh 1,5.105

LMKJIB 1O PyMHYBaHHS 32 HaBaHTaXeHHs F = 14 krxm Ta 3a aMIuniTyau nepemimenss A = 0,9 mm yacrororo f = 13 ',
ComniannbHO-eKOHOMIYHA cripsimoBaHicTh HTII: 3menmenns snocy obnagHanus
Brnius HTII Ha moBKiJjs:
BnposagskeHHst HTII: PospoGka nepenana Ha HaTypHi BUIIpoGyBaHHs Ha (axoBi MiAPHUEMCTBA
IIpakTnyHa peasnisanis HTII
IToyaToK eTamny: 01.2024
3aKkiHYyeHHs eTamy: 12.2024
Crnio>KuBavi NPOAYKILii: ITifnpremcTsa 060pOHHOI IPOMHUCIIOBOCTI
IlepcneKTHBHI pHHKH: €Bpora
XapakTep cniBpOoOIiTHHIITBA 3 iIHBECTOPOM
IToTpiOHMI 06CAT iHBECTHILIH, THC. TPH.:
IIpaBa, 0 HaAAIOTHCS iIHBECTOPY MicJIsl 3aBepIIEHHST POGOTH:
HasaBHicTb 0i3Hec-IJIaHY:
TexHiKO-€eKOHOMiIYHE OOrpyHTYBaHHSI.
IToTeH1iaIbHUH 0OCST IIPOZASKY, THC. TPH..
OuiKkyBaHHI TepMiH OKYIHOCTI (POKiB):

HoaparkoBa iHdpopmamist:
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