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EJIEKTPOICKPOBE JIETYBAHHSI KOHCTPYKIIIHOI
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BinHnpkuii HallOHAIEHUH TEXHITHAN YHIBEPCUTET

lNpoaranizosaHo npu4yuHU pyliHysaHHS Oemasiel 8y3/ie mepms aeiauiliHOi MexHiKu, sKi 8U2omoersieHi 3
nezosaHoi cmasi 30XICHA. BecmaHoeneHo, wio Ha poboyux nosepxHsx yux demarsel 8idbysarombcs npoue-
cu: abpa3usHO20 3HOWY8aHHS, CXOIMIEHHS, QhpemuHa-Kopo3il i BMOMHO20 3HOWY8aHHS.

Y nabopamopHux ymosax rnpogedeHo 0ocnidxeHHsi 3Hococmitikocmi 3pa3skie 3i cmani 30XITHCA, Ha po-
60u4i NoBepxHi AKUX HaAHECEHO MOKPUMMS e1eKmpoIiCKpo8UM Jiecy8aHHAM. B docnidxeHHI sukopucmaHa KOM-
rnekcHa Memooduka (MemariogpaghiyHUl, peHmMaeHOCMpPYKMypHUU ma es1eKmpoOHHOMIKPOCKOMIYHUL aHari3u).

3Hococmilikicmb ennekmpoiCKpo8UX MOKPUMMIE 8U3HaYyanachb Ha yHieepcasbHill KOMMT'iomepu3oseaHil ma-
wuHi mepmsi 2070-CMT-1 3a cxemoro «Ouck—Konodka» y cepedosulyi MiHepasibHOI agiauitiHoi onusu MC-20 8
yMogax epaHu4Ho2o mepms. Enekmpoickpose neeysaHHs1 3pasKie npoeodusnu y 0ea emanu 3i 3MiHOK cumu
cmpymy, wWo 00380/1UJI0 HACMKOBO 3HSAIMU 8HYMPILUHI Hanpy>XeHHs1 ma 3MeHWUmu wopcmkicme MoOuikosa-
HOI mosepxHi. 5lk kKamod 3acmoco8aHo 3pa3okK, a sk aHo0 — esiekmpoodu 3i crieyeHUX camMogbIOCyHUX MOPO-
wkie 3 kapbidom mumaHy i xpomy. B ripoueci HaHeCeHHs MoKpummie Ha 3paskax 3iMKHEHHST efIeKMmpPOHI8 3
rnogepxHero eriekmpoda rnpueodums 00 sudirieHHs1 Meryio8oi eHepeii, a 8 pe3ynbmami — 00 CrpPsIMO8aHO20
8ubyxy OinsiHKu aHola, WO crpulHsana imrynbc efnekmpoHis. [1id yac eubyxy eecb pidkuli i po3m'akuweHul
Mamepian sukudaembCs 8 MixesiekmpoOHUU 3a30p. 3Ha4yHa YyacmuHa Ub020 Mamepiarny e3aemolie 3 noeepx-
Hero kamoda, ymeoprotoyu fie2oeaHuli wap. Cmpykmypa i ¢hi3uKo-mMexaHidHi eflacmueocmi ompuMaHo20 MoK-
pummsi 3Ha4HOK MIpPOr0 3anexamb 6i0 eefiuqduHU 3epHa Kapbidie. 3i 3MeHWweHHAM po3mipy 3epeH Kapbidie
CyuinbHicmb nokpummsi 36inbwyemscs. Y 38'A3Ky 3 muM, Wo 8 UbOMy 8unadKy npeesasitoe nepeHeCceHHs1 epo-
0ogaHo20 Mamepiary 6 pidkili i naposili ¢ha3ax, Mo 3a Hass8HOCMI 8e/IUKUX 3epeH YacmuHa epodoeaHO20
Mamepiasny nepeHocumscs y euansdi CKyn4yeHb 3epeH. BcmaHoeneHo, wo KoMno3uuitHi esieKmpoicKposi MoK-
pummsi Ha OCHO8i camoghrIOCyr4YUX Cymiwel i3 HarnosHrea4Yyamu Kkapbidy mumara i kapbidy xpomy cymmeso
nidsuwyrome 3HoCcoCmIlKiCMb KOHCMpPYyKuitiHOI nezoeaHoi cmani 30XITCHA, momy 80HU peKkomMeHOyrmbCs
0r11 8rposadxeHHs1 po3pobrieHoi mexHo102ii Mo8epxHe8020 3MIYHEHHS y 8UPOBHULMEO.

KnroyoBi cnoBa: NokpuTTs, TepTs, 3HOC, CTPYKTypa.

Beryn

[Ipobnema HamiftHOCTI aBiallifHOT TEXHIKH HAa Cy4acCHOMY €Talli pO3BUTKY aBialliifHOT MPOMHCIOBOCTI
HEPO3PUBHO IOB’sI3aHa i3 3a0e3meueHAsIM O€3MEeKH MOJIBOTIB 1 MMOCTIHHO € akTyanbHOI0. HamiifHicTh aBia-
IIHHOT TEXHIKW 3HAYHOIO MipOIO 3JIC)KUTH BiJl IPAIIE3IaTHOCTI BY3JIiB TEPTS.

Bararopiunuii mocBiz excruTyaTamnii i peMOHTY aBialliifHOT TEXHIKH MOKa3aB, 10 NepeBakHa OLIBLIICTh
HECTIPaBHOCTEH 1 BiAIMOB BUHUKA€E B HACIIIZIOK HEMPHUITYCTUMO BEIUKOTO 3HOCY POOOUNX MMOBEPXOHb JeTa-
JIeit BY3JIiB TepTSL.

Cy4acHi TeXHOJIOTIYHI METOIU MOBEPXHEBOIO 3MII[HCHHS BIAKPHBAIOTh HEOOMEKEHI MOXKIUBOCTI IS
CTBOPEHHS 3aXUCHHUX CTPYKTYpP TPUOOJIOTriuHOr0 NpU3HAYCHHS, SIKi 3a0€3MeUyI0Th Mpane3JaTHICTh BY3IIiB
TEpPTS Yy HalPi3HOMAaHITHIIINX YMOBax eKcruryarauii [1].

®dopMyBaHHS 3HOCOCTIHKUX CTPYKTYp HAa POOOYMX MOBEPXHSX JeTajeld By3JiB TEPTs MallWH 1 MEXaHi-
3MiB JO3BOJISIE CYTTE€BO MiABHLIMTH iX HAAIWHICTH 1 JOBrOBIYHICTH, NPOAYKTUBHICTH Mpall, 3MEHIIUTH
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BHUTpATH YOPHUX Ta KOJHOPOBHX METANIB 1 K Pe3yJbTaT — 3a0MAAUTH BEITWYEe3HI MaTepialbHi, CHepre-
THYHI 1 TPYIOBI peCypCH.

Oruasap my6Jikanii Ta aHaJIi3 HeBUpilIeHUX NMpodiieM

B nmocnimkennax O6aratbox BueHHX [2]—[6] Ta iH. MpoaHai30BaHO MPUYMHM PyHHYBaHHS AcTanei
BY3JIiB TEPTS aBiamiifHOI TeXHIKH. AHAJI3 CBIAYHUTH IMPO T€, IO OCHOBHUMH IPOTIECAMH TEPTS, III0 CTUMY-
JIOIOTh pPyWHYBaHHs IOBEPXHEBUX IIApIB JeTajel TepTs € adpa3uBHE, BTOMHE, €po3iiiHe 3HOIIYBaHHS,
CXOIUICHHS 1 PPETUHT-KOPO3isl.

s 3a0e3neueHHs MpaLe3aaTHOCTI AeTaneil By3JiB TepTs, Ha POOOUHX MOBEPXHAX SIKUX BiJOYBarOTh-
Csl BHIIICHA3BaHI MPOLIECH, BUKOPUCTOBYIOTh PI3HOMAHITHI METOAM IOBEPXHEBOI'O 3MILIHEHHS 1 BiJHOB-
nenns. IlepeBaskHa OifBLIICTh 3 HUX HE MICTUTDH YiTKHX PEKOMEHJAlLil 3 BUOOPY reOMETPHYHHX Napame-
TpiB Ta Pi3MKO-MEXaHIYHUX BJIACTUBOCTEH 1 0COOINBO TPUOOIOTIHHHUX.

3ayBa)knMoO, IO CEpeil TEXHOJOTIYHUX METOJIB HAHECEHHs TOKPHUTTIB EIIEKTPOICKPOBE JIETYBaHHS
(EL), sike BiTHOCUTBCS IO €KOJIOTIYHO YHCTHUX TEXHOJIOTIH, BIJIPI3HAETHCS HU3BKOK CHEPrOEMHICTIO, TIPOC-
TOTOIO MPOLIECY, MATUMH TadapUTaMU TEXHOJIOTTYHOTO 00T HAHHS Y OEAHAHHI 3 BUCOKOIO €(DeKTUBHICTIO
301IBIICHHS PiBHS (PI3MKO-MEXaHIYHHUX BJACTUBOCTCH 3MIITHIOBAIbHUX MOBEPXOHb [7].

TakuM 9uHOM, poOOTH CIPSMOBaHI Ha JOCHIPKEHHS TPHOOIOTIYHUX BIACTUBOCTEH TIOKPHUTTIB, OTPH-
manux MetonoM ElJI € akTyanpHUMU.

Mema pobomu — nocninuru BruB EIJI Ha Tpubonoriuni xapakrepuctuku ctani 30XI'CHA.

EKCHepI/IMeHTaJ'lI)He Oﬁﬂallﬂaﬂﬂﬂ Ta METOAUKA ZIOCJ'liZI)ReHHH

EnextpoickpoBe lieryBaHHsl 3pa3KiB 3 KOHCTpyKLiiHOI jeroBanoi cranmi 30XI'CHA mpoBoanmnu Ha
ycraHoBli «EniTpoH-526» y ABa eTanu 31 3MiHOIO CHJIM CTPYMY: Ha MEPUIOMY — 33 YMOBH KOPOTKOT'O
3aMUKaHHS 31 cTpyMoM 48 A, a Ha apyromy — 15 A. CTyneHeBuil TeXHOJOTIYHUM peXUM 0OPOOICHHS
JIO3BOJIMB YaCTKOBO 3HSTH BHYTPIIIHI HANIPYXKEHHS y pa3i HAHECEHHsI IIOKPUTTSI, 3aBJIIKM Pi3HHMIII HATPY-
JKEHb, K1 BUHUKAIOTh 32 PI3HUX PEXHUMIB 0OpOOJIEHHS, a TAKOXX 3MEHIINTH MIOPCTKICTh MOBEpXHi. Tpu-
0O0JIOTiUHI TOCIiPKEHHS 3MIHCHIOBaIM Ha yHiBepcanbHii MarmmHi TepTs 2070-CMT-1 3a cxeMoro «Iuck—
KOJIOJIKa» Yy CepelloBHIII MiHepaibHOI aBiamiiHoi onuBrn MC-20. MamenHs 3a0e3nedyBaioch 3aHypeH-
HSIM PYXOMOTO 3pa3ka (KOHTPTiJIa) y OJIMBY, IO 3a0e3MedyBajio peXuM TPaHuvHOro TepTs. Meranorpa-
(hiuH1 ZOCTIKEHHS MPOBOAMIN Ha ONTUYHOMY Mikpockorm MMP-2P a takox Ha eneKTpoHHOMY MiKpoc-
komi-mikpoanaiizatopi CAMEBAX SX-50, mo 103BONMIO SIKICHO 1 KUTBKICHO aHali3yBaTy MiKpooO’ eMu
MOKPUTTIB.

Pe3yabTaTtu gociainkeHHs

IIpoBeneHi  MOCHIIPKEHHSA  TPUOOJOTIYHUX
BIIACTUBOCTEH EIICKTPOICKPOBUX IOKPHUTTIB B
YMOBaxX I'paHHYHOTO TEPTS MOKA3alH, 10 KOMIIO-
3UTHI CTPYKTYpU 3 HaIlOBHIOBaYeM KapOigzom
XpoMy MAalOTh 3HAYHO BHWIIY 3HOCOCTIHKICThH
(puc. 1) y mopiBHSHHI 3 KOMIO3HIIISIMH, ¥ CTPYK-
Typi SIKMX 3HAXOJUTHCS KapOil THTaHY.
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2 1 2 ~ ~
Lli MOKPHUTTS CYTTEBO MiIBHIIYIOTH 3HOCO-
] _— criiikicts crami 30XTCHA. B yMmoBax rpamd-
[ My .
£ 01 HOTO TEPTS Ha POOOUMX MOBEPXHAX 3 EJNEKTPOIC-
= _________,.../ : KPOBHMH TOKPHUTTSIMH YTBOPIOIOTHCS BTOPWHHI
____.__-—-/-"" CTPYKTYPH 3 HEBEIUKOIO JKOPCTKICTIO. FJ'II/I6OI.<I/IX
BUPUBIB CKOJIOBaHHSI MOKPHUTTIB HE CHOCTEpira-
. nock (puc. 2). Ilpomecu akTuBarii i macuparii
0 5 1 PMMa  ypiBHOBaXKYyIOThCSL.
[Mmactnana medopmariss JokamizyBayiach y
Puc. 1. 3anexHicTb iHTEHCHBHOCTI 3HOH.IyBaHH$[1BiI[ Ay>Ke TOHKHMX IOBEPXHEBHUX IIapax. KOMHOBI/I-

HaBaHTaxeHHS P ctani 30XI'CHA: 1 — 6e3 mokpuTrs;

, 1iHI MOKPUTTS JOOpE IPHUIPAILOBYIOTHCS, IIPO-
2 — nokputts camodiroc + TiC; 3 — nokpurts camodumoc + CrC, 1 P A0DpE HpHIIpanl y » 1P

TUCTOSITh CXOIIJICHHIO 3 KOHTaKTYIO4OIO 3araprTo-
BaHo0 cTautio 30XI'CHA i MaroTh BUCOKY pellakcaliiiHy 34aTHICTb.
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Puc. 2. MikpodoTtorpadii moepxons tepts ctaii 30XI'CHA : a — 6e3 HOKpHTTSI; 6 — 3 TOKPUTTIM

BucHoBok

KoMmo3utliiiHi eJeKTpoiCKpOBi MOKPUTTS Ha OCHOBI caMOQIIOCYIOUMX CYMilllel 3 HAalOBHIOBAYaMHU
TiCiCr;C, MmokHA pEKOMEHYBaTH JUTSI TOBEPXHEBOTO 3MIIHCHHS JIeTalel BY3/iB TEPTsl, BATOTOBJICHHUX 3
KOHCTpYKUiHHO1 JtleroBanoi ctani 30XI'CHA, sKi eKcITyaTyroTbCsl B YMOBaX IPaHUYHOTO TEPTS.
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The paper analyzes the causes of destruction of parts of friction units of aircraft, which are made of alloy steel
30XI'CHA. It has been established that the following processes develop on the working surfaces of these parts: abrasive
wear, stuck, fretting corrosion and fatigue wear.

In laboratory conditions, studies were carried out on the wear resistance of samples made of 30HGSNA steel, on the
working surfaces of which were coated with electrospark alloying. In the research process, a complex technique was used
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(metallographic, X-ray diffraction and electron microscopy analyzes).

The wear resistance of electrospark coatings was determined on a 2070-CMT-1 universal computerized friction machine
according to the disk-block scheme in the environment of MC-20 mineral aviation oil under conditions of boundary friction.
Electrospark alloying of the samples was carried out in two stages with a change in the current strength, which made it
possible to partially relieve internal stresses and reduce the roughness of the modified surface. A sample was used as a
cathode, and electrodes made of sintered self-fluxing powders with titanium and chromium carbide were used as an anode.
In the process of coating samples, the collision of electrons with the electrode surface leads to the release of thermal energy
and, as a result, to a directed explosion of the anode portion that has received the electron momentum. During the explo-
sion, all liquid and softened material is thrown into the interelectrode gap. A significant part of this material interacts with the
surface of the cathode, forming a doped layer. The structure and physicomechanical properties of the resulting coating
largely depend on the grain size of carbides. With decreasing grain size of carbides, the coating continuity increases. Due to
the fact that in this case the transfer of eroded material in the liquid and vapor phases prevails, and in the presence of large
grains, a part of the eroded material is transferred in the form of accumulations of grains. It was found that composite
electrospark coatings based on self-fluxing mixtures with fillers of titanium carbide and chromium carbide significantly in-
crease the wear resistance of structural alloy steel 3S0HGSNA and are recommended for the implementation of the devel-
oped surface hardening technology in production.

Keywords: coatings, friction, wear, structure.
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DJIEKTPOUCKPOBOE JIETHPOBAHUE KOHCTPYKIMOHHOM JIerHPOBAHHOM
craqu 30XT'CHA nis nerasei y3J10B TPeHUS

1Hau1/10Ham,HLH71 aBHALIMOHHBIN yHUBepcuTeT, Kues;
ZBHHHI/IHKI/HZ HallMOHAJIbHBIN TEXHUYECKUW YHUBEPCUTET

lMposedeH aHanu3 MpuyuH pa3pyweHusi Oemarnel Y3708 MPEeHUsi aguauyuoOHHOU MEXHUKU, U320mMOo8/IeHHbIX U3 ieaupo-
g8aHHoU cmanu 30XICHA. YcmaHoerneHo, 4mo Ha pabodux nosepxHocmsx amux Oemarel npomekaom credyroujue npo-
yeccol: abpasusHbIl U3HOC, CxeamblgaHuUe, chpemmuHa-KoppPo3Us U yCmanoCmHbil U3HOC.

B nabopamopHbix ycrnosusix nposedeHbi uccriedosaHusi uaHococmotikocmu obpa3syos u3 cmanu 30XITHCA, Ha pabo-
que ro8epxHocCmu Komopbix 6bliu HaHECEHb! MOKPLIMUS 37IEKMPOUCKPO8LIM fleeuposaHueM. B npouyecce uccnedosaHusi
ucronb308aHa KoMraeKkcHas Mmemoduka (Memarnogpaghudyeckull, peHmMeeHOCMPYyKMYpPHbIU U 371€KMPOHHOMUKPOCKOMU-
yeckul aHanu3sbl).

W3Hococmolikocmb 311eKmpOoUCKPOBbIX MOKPpbIMuUl onpedensnack Ha yHUBEPCaibHOU KOMMIbIoMepU3Upo8aHHoOU Maliu-
He mpeHus 2070-CMT-1 no cxeme «duck—konoOka» 8 cpede MUHeparbHO20 asuayuoHHo20 macnia MC-20 e ycrnosusix
2paHU4YHO20 mpeHusi. ANeKmMpOoUCKPO8oe rieeuposaHue obpa3yos nposoduru 8 0ea amarna npu UMEHEHUU Cusbl MOoKa,
4Ymo M0380/UI0 YAaCMUYHO CHSIMb 8HYMPEHHUE HaMpsKeHUsl U YMEeHbWUMb Wepoxo8amocmbs MOOUUKO8aHHOU Mosepx-
Hocmu. B kadyecmee kamoda criyxun obpa3ey, a aHo0a — 371eKmMpPOo0Obl U3 CMEeYEHHbIX CaMOIIFOCYIOULUXCS MOPOWKO8 C
Kapbudom mumaHa u xpoma. B npouyecce HaHeceHus nokpbimul Ha obpa3yax coydapeHue 371eKmMpPOHO8 C M08ePXHOCMbIO
anekmpooa rnpusodum K 8bldesieHUt0 mernogoll 3Hep2uU U 8 pe3ynbmame — K HanpasrieHHOMY 83pbi8y ydYacmka aHo0a,
8OCIPUHSIBLWIE20 UMIYIIbC 3/1IEKMPOHO8. Bo 8pemsi 83pbiga 8ech XudKuli U pa3Msi24eHHbIlU Mamepuan ebibpacbigaemcsi 8
MexXaneKkmpoOHbIli 3a30p. 3Ha4yumersbHas Yacme 3mo2o Mamepuarna e3aumodelicmeayem ¢ M08ePXHOCMbIO Kamoda, obpa-
3ys nneaupoeaHHsbIl criol. Cmpykmypa u U3UKO-MexaHu4yecKue ceolicmea rnosy4eHHo20 nokpbimusi 8 6onbwel cmeneHu
3asucsim om eenu4UHbl 3epHa kapbudos. C ymeHbuweHUeM pasmepa 3epeH kapbudos niomHocmb MOKPbIMUS ye8enuyuea-
emcsi. B ceasu ¢ mem, ymo 8 OaHHOM crlyyae rnpesasnupyem fnepeHoc 3podupyemMoeo Mamepuarna 8 UKol u rnaposol
asax, a npu Hanu4yuu KpyrHbiX 3epeH Yacme 3podupyemMo20 Mamepuarna nepeHocumcsi 8 sude ckonneHull 3epeH. Ycma-
HOBIEHO, YMO KOMIMO3UUUOHHbIE 3/IEKMPOUCKPOBbIE MOKPbIMUSI Ha OCHOBE CaMOIOCyUUXCS cMmecel ¢ HarnonHUmensmu
kapbuda mumaHa u kKapbuda Xpoma Cyuw,eCmeeHHO Mo8bilarm U3HOCOCMOUKOCMb KOHCMPYKUUOHHOU rea2upoeaHHoU
cmanu 30XICHA u pekomeHOyromcs 0nsi eHeOpeHusi pa3pabomaHHOU MexHo102uuU Mo8epxXHOCMHO20 YPOYHEHUs 8 Mpo-
u3zeodcmeo.
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