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[IpoBenén aHanmm3 U3HOCOCTOMKOCTH KOMHOZMIHOHHBIX TiN/AIN mokpbeiTaii. OOBEKTOM HCCICTOBAHUS
OBLIH MHOTOCJIOIHBIE 2 D-HaHOKOMITO3UITHOHHBIE TIOKPHITHS ToMmuHON 0,8—4,0 MKM, HAaHECEHHEIE TI0 BaKy-
YMHOM MOHHO-IJIA3MEHHOM TEXHOJIOTMU Ha MoANoXKy u3 cranu 40XH2MA. YcraHoBIeHO, 4TO B Ipeaenax
Ka)K/I0TO HUTPUAHOTO 05 TOKPHITHS conep kuT Ti:AL:N = 1:1:2 (at. %). CTpyKTYypy MOKPBITHI, MOP(HOJIOTHIO
JIOPOKEK TPEHUSI, U3HOC UCCIEN0BAINA METOIOM CKaHUPYIOLIEH IEKTPOHHON Mukpockonuu. Teépaocts H u
MOJyJIb YIPYTOCTH E MOKPBITHI ONpeneNnsiy M0 CTaHIapTHBIM METOMKaM HENPEpbIBHOTO MHIACHTUPOBAHUS,
TPUOOTEXHIMUECKHE XapaKTePUCTUKH (KO3 PUIIneHT TpeHus L 1 00BEMHBINA U3HOC J) — TI0 CXEMEe «IIapuK—
JIICK» C KPYTOBOM TpaeKTOpHel NBHKEHUS MIapuKa-UHJICHTOpa. AHANN3 MTOJYYEHHBIX JaHHBIX ITO3BOJIMII TO-
CTPOUTH 3aBUCUMOCTb TBEPAOCTH IMOKPBITHH OT UX 3JIEMEHTHOT'O COCTABA, a TAKKE OKA3aJl, YTO MEXaHUUECKHE
XapaKTEPUCTUKH U U3HOCOCTOMKOCTh MOKPBITHI, HANIBUICHHBIX TIPH OoJiee HU3Koi Temneparype 300—350 °C,
OKa3bIBAIOTCS CTA0OMIILHO BBIIIE, YeM HanbuieHHbIX Tipu 400—450 °C. Y cTaHOBIIEHO, YTO HAUOOJIBIIINE 3HAYC-
HUSI M3HOCA J UMEIOT MOKPBITUS C HAUMEHBIIEH TOJIIKHOM. B CBsI3M ¢ 3TMM aHaIM3 BIUSHUS TONIKMHBI TOKPbI-
THIA O Ha MX U3HOCOCTOMKOCTh POBOIUIIH, IPUBJIEKas paCUETHO-aHATUTHYECKYIO MOJIEIb, Ha OCHOBE KOTOPOH
MTOCTPOCHBI TUarpaMMbl KPUTHIECKUX cOCTOSHUM MOKpeITHii TiN/AIN. JlnarpaMMbl MO3BOJIITH PacCUUTATH
KPUTHUYECKOE 3HAYEHHUE TOILIMHBI HOKPBITUS Omin, IPX KOTOPOM H3MEHSETCS MeXaHn3M u3Hoca. [lomydeHo, uto
[IPY TOHKOM MOKPBITHH (O < Omin), PACHIOIOKEHHOM Ha 00Jiee «MATKOW» (TTACTHYHO) MOJIOKKE, TPOUCXOTUT
YCKOPEHHBIN H3HOC 110 a0pa3nBHO-MEXaHUIECKOMY MEXaHU3MY B CHILY IIPOru0a U pacTpeCKUBAHUS IIOKPHITHSL.
IIpu OTHOCHUTENBHO TOJCTOM MOKPHITHH (O > Omin) U3HAIIMBAHUE MPOUCXOJUT 0 MEXAHU3MY MCTUPAHUSL, YTO
TUTSE NI3HOCOCTONKMX TIOKPBITHIA CYIIECTBEHHO ITPOJIEBAET CPOK CITYKOBI.

KiioueBble cjioBa: BaKyyMHas MOHHO-IIa3MCHHAs TEXHOJIOTHS, HAHOKOMIIO3UIITMOHHBIC ITOKPLITHUA, MEXa-
HHUYECKHE CBOMCTBa HOKpBITHﬁ, TpI/I6OJ'IOFI/ILICCKI/Ie CBOP'ICTBa, MOZACIIUPOBAHUC, KPUTH-
YCCKHEC COCTOAHUA, MCXAHHU3MbI H3HOCA, KpI/ITepI/Iﬁ H3HOCOCTOMKOCTH.
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Abstract

The aim of this work was to analyze the wear resistance of composite ion-plasma coatings and substantiate meth-
odological approaches for its prediction. The object of the study was multilayer 2D-nanocomposite coatings of the
TiN/AIN system with a total thickness of 0.8—4.0 um. The coatings were applied using vacuum ion-plasma tech-
nology onto a substrate made of 40CrNiMo structural steel with a sorbite structure and a hardness of HRC 28—30.
Within each nitride layer, the composition of the components was close to equiatomic, and for the coating as a whole
it was Ti:ALN = 1:1:2 (at. %). The structure of the coatings, the morphology of the friction tracks and the wear
mechanisms were studied using high-resolution scanning electron microscopy. The mechanical characteristics of the
coatings (hardness H and elastic modulus E) were determined using standard continuous indentation techniques. The
tribological characteristics (friction coefficient p and volume wear J) were determined using the ball-on-disk sliding
friction test with a circular trajectory of the indenter ball. The analysis of the obtained experimental data made it
possible to construct a dependence of the coating hardness on their elemental composition and showed that the me-
chanical characteristics and wear resistance of the coatings sprayed at a lower temperature of 300—350 °C are con-
sistently higher than those sprayed at 400—450 °C. In addition, it was found that the highest wear values J were
observed for the coatings with the smallest thickness. In order to analyze the effect of the coating thickness & on their
wear resistance, a computational and analytical model for predicting coating wear during tribological tests was used.
On its basis, diagrams of critical states of ion-plasma composite TiN/AIN coatings were constructed, which made it
possible to calculate the critical value of the coating thickness Omin, at which the mechanism of coating wear during
friction changes. With a relatively thin coating (& < 6min), located on a “softer” (plastic) substrate, during tribotesting,
accelerated wear of the coating occurs by the abrasive-mechanical mechanism due to the deflection of the coating
and its subsequent cracking, peeling and chipping. With a relatively thick coating (6 > Omin), Wear occurs by the
abrasion mechanism, which, with high hardness of the coating, is characterized by its significant wear resistance and
significantly extends the service life.

Keywords: vacuum ion-plasma technology, nanocomposite coatings, mechanical properties of coatings,
tribological properties, modeling, critical states, wear mechanisms, wear resistance criterion.
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