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B paOore mpexacraBieHbl pe3ylbTaThl WCCIEAOBAHUS B BaKyyMe TPHOOTEXHHYECKUX XapaKTePUCTUK
YOPOYHSIOUINX IUCKPETHBIX HOKPBITHH, a TAK)K€ KOMIIO3MLIMOHHBIX ITOKPHITUI HA X OCHOBE, ¢ 1o0aBie-
HUEM CJI0sl TBEPAOCMA30UHOr0 MOKPHITUS. [IpeamMeTom HccaenoBaHusl SIBIIOTCA JUCKPETHBIE MOKPHITHS Ha
ocHoBe TOoHKUX IIEHOK TiBN, xoTopsie ¢popMHpPOBaNIM METOIOM MarHETPOHHOTO PACIBUICHUS C OCaXKAe-
HUEM IIOTOKa MaTepHaja yepe3 (OTOPE3UCTUBHBIC MAaCKH PA3IMYHON F€OMETPUYECKON KOHPUIypaluu U ¢
WCIIONIb30BaHMEM TEXHOJIOTUH B3pBIBHOH (poTonmurorpadun. KommnosummonHsle TOKPEITHA (HOPMUPOBAIH
MarHeTPOHHBIM OCaKACHUEM Ha auckperHoe TiBN-nmokpeiTHe ciost TBEpAO0CMAa304HOTO MOKPEITHS MoS,. B
paboTe OLeHHBANU BIUSHUE T€OMETPHUUECKUX MMapaMeTpOB AUCKPETHONW CTPYKTYPBI (XapaKTEpHBIH pazMep
TUCKPETHBIX 3JIEMEHTOB, CIUIONIHOCTH MMOKPBITHS U TOJIIMHA) HA H3HOCOCTOMKOCTD M KO3 (DUIIMEHT TPEeHUS
(KT), a Takke 0COOEHHOCTH pa3pyILIeHUs] pacCMaTPUBAEMBIX MOKPBHITHI MPU TPEHUH B YCIOBHAX BaKyyMa
P BBICOKOM Harpyske.

B xaudecTBe moANI0KEK MO MOKPHITUS UCTIOIB30BAIM TUIACTUHKH U3 JucToBOM ctanu 12X18H10T. Tpu-
OoMeTprYecKie UCTIBITAaHUS 00Pa3IoB ¢ MOKPHITHSIMH MPOBOAMIIN Ha BEICOKOBAaKYYMHOM CTEHJE IO CXeMe
«c(hepa—IITOCKOCTE)» C UCTIOIB30BAaHHEM TEH30METPUUYECKON N3MEPUTENILHON cucTeMbl. [ aHanu3a Mop-
(onornyecknx 0cCOOEHHOCTEH CIIe10B Pa3pyLICHHUS Ha JOPOXKKAX TPEHUS IPUMEHSUTN PacTPOBYIO AIIEKTPOH-
HYyI0 MEKpocKomnnio. B padore ucnonp3oBanu auckperasie mokpeiTHs TiBN ¢ xapakTepHbIM pa3MepoMm Juc-
KpETHBIX 31eMeHTOB OT 460 MkM 70 805 MKM 1 3HAUCHHUSIME CIUIOITHOCTH OT 0,25 10 0,7; MOKPBITHS UMETTH
TONIIUHY B nuamna3zone ot 0,88 mxm 110 2,11 MKM.

Pe3ynbrarer paboThl CBHIETENBCTBYIOT O CYIIIECTBEHHOM BIUSTHUH ITaPAMETPOB JUCKPETHON CTPYKTYPHI
MOKPBITUS Ha TPUOOTEXHUYECKUE XapakTeprucTuku. O0pasubl ¢ auckperamu auamerpoM 700 MKM, TOJIIH-
HoM 1 MKM U cromtHOCThIO 0,6 IEMOHCTPUPOBAIN HAMITYUIIYIO H3HOCOCTOWKOCTE U OoJiee cradbuibHblid KT.
HcnonszoBanue TBEpmocMazodHoro ciost MoS; cymecrsenHo cHimkaeT KT go 0,03—0,07 u crabunusupyet
€ro TIpH ITUTEIBHON paboTe B BAKyyMe.

[IpennoxeHHbIE TOKPBITUS MOTYT MCIIOJIB30BaThCs IS MTOBBILICHHUS pecypca KOMIIOHEHTOB BaKyyMHOM
1 KOCMUYECKON TEXHUKH.

KuioueBble c10Ba: WHXEHEPHUS TOBEPXHOCTH, TPHOOIOTHS, KOO GHUIIMESHT TPEHNUS, TUCKPETHBIE TOKPBITHS,
YIPOUHSIOUINE MOKPHITHS, BakyyM, MoS.
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Abstract

The study presents the results of an investigation into the tribological properties of hardening discrete
coatings in vacuum, as well as composite coatings based on them with the addition of a solid lubricant layer.
The subject of the research is discrete coatings based on thin TiBN films, formed by magnetron sputtering of
material through photoresist masks of various geometric configurations, using explosive photolithography
technology. Composite coatings were produced by magnetron deposition of a solid lubricant MoS; layer onto
the discrete TiBN coating. The study evaluates the influence of the discrete structure geometric parameters
(characteristic size of discrete elements, coating continuity, and thickness) on wear resistance and the coeffi-
cient of friction. It also examines the failure mechanisms of the investigated coatings under high contact loads
in vacuum conditions.

Steel plates made from 12Cr18Nil0Ti (AISI 321 equivalent) sheet were used as substrates. The wear-
resistant TiBN coatings were deposited by magnetron sputtering of a TiB target in an argon and nitrogen
environment. The solid lubricant coatings were deposited by magnetron sputtering of a stoichiometric MoS»
target in an argon environment. Tribometric tests of the coated samples were carried out using a high-vacuum
tribometer equipment in a “sphere-on-flat” configuration, employing a strain gauge measurement system.
Scanning electron microscopy was used to analyze the morphological features of wear tracks. Discrete TIBN
coatings with characteristic element sizes ranging from 460 um to 805 um and continuity values from 0.25
to 0.7 were used in the study; the coating thickness varied from 0.88 um to 2.11 pm.

The results demonstrate a significant influence of the discrete structure parameters on the tribological
performance. Samples with discrete elements of 700 pm in diameter, 1 um in thickness, and 0.6 continuity
showed the best wear resistance and the most stable coefficient of friction. Incorporating a solid lubricant
MoS; layer into the discrete coating significantly reduced the coefficient of friction to the range of
0.03—0.07 and improved frictional stability during prolonged operation in vacuum.

These findings confirm the promising potential of using discrete hardening coatings combined with solid
lubricant layers for tribological units operating in extreme conditions. The proposed approach can be applied
to extend the service life of components in vacuum and space equipment.

Keywords: surface engineering, tribology, coefficient of friction, discrete coatings, hardening coatings, vac-
uum, MoS,.
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