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HccnenoBano BIusHIE XUMHUECKOTO U (Pa30BOr0O COCTaBa, CTPYKTYPBI M TPUOOTEXHUYECKHE XapaKTepH-
CTHKH JBYX THIIOB BAKyYMHBIX HOHHO-IIIa3MEHHBIX aHTU(PUKIIHOHHBIX YITIEPOTHBIX TOKPHITUH, JIETUPOBAH-
HBIX COOTBETCTBEHHO MOJINO/IEHOM U BOJb(ppaMoM. TpuboTexHIUECKHE XapaKTePUCTHKH UCCIETyEeMbIX I10-
KPBITHM OLIEHUBAJIUCh HA YETHIPEXIIAPUKOBOM MAallMHE TPEHUS ¢ MOJECPHU3UPOBAHHON ONPABKOM Kak IpHU
CYXOM TpPEHUH, TaK M IPU TPEHUU B PEKUME TPaHUYHON CMa3KW B MHAKTUBHOW (momuanbdaoneduHOBOE
macio [1AO-4), moBepxHocTHO-akTHBHOM (ITAO-4 + 1 Mac. % onenHOBO# KUCIOTH) I XUMUYECKH aKTHBHOM
(To xe macno + 2 mac. % npucagku JJD-11) cMa309HBIX cpemax. YCTaHOBJICHO, YTO BCE MCCIIEIOBAHHEIC
MOKPBITHS CYIIECTBEHHO CHIIKAIOT KaK MOTEPHU Ha TPEHHE, TaK W M3HOC. OOHApyKEHO, YTO JIETHPOBaHHE
IIOYTH TaK K€ CHIDKAET TPEHUE, KaK UCCIIeyeMble CMa304HbIe MaTepuaisbl. Tak, IpU CyXOM TPEHUU IIapuKa
u3 cramu [IX-15 mo HuImHApHYECKIM MTOBEPXHOCTSM POJIMKOB U3 TOH XkKe CTald, ObUT oy4eH kKoddduim-
eHT TpeHus ~ 0,8; Mpu TpeHUH I1apa 1o poJIuKaM, Ha KOTOPBIH HAHECEHO NMOKPBITHE U3 «MOHOKPHCTAJIINYE-
CKOTO YINIepOa» JIETHPOBAHHOTO MONUOIeHOM, K03 duimeHT cyxoro Tpenus cocrasisier ~ 0,7; TONOTHH-
TEJIHHO B Cpelle MHAKTHBHOTO Maciia Ta rmapa TpeHus obecrmeunBaeT kodddurment tperus 0,12—0,14; a B
cpezie Maclia ¢ XUMHUYECKH aKTHBHOW cepocoiepikallell npucaakod KodQQHUIMEHT TPEHUS] CHHXKAETCS 10
0,05. [l mapsl TpeHHs CTaJlb — ajaMa30nof00HOe OKPBITHE JIETHPOBAHHOE MOJIMOICHOM, IPH TPaHUYHON
CMa3Ke IMOBEPXHOCTHO-aKTUBHOM KOMIIO3HUITHEH, MUHUMANTBHEIN Koddumment Tperus cocrasmi 0,09. Yuér
MOJTYYEHHBIX PE3YJIBTaTOB MO3BOJIUT OIITUMHU3UPOBATH MIPOIIECC CO3aHMUs BHICOKOI(GEKTHBHBIX CMA30YHBIX
MaTepHalIoB AJs TSKETOHATPY>KEHHBIX Y3JI0B TPEHUS.

KiaroueBblie ciioBa: aMOpQHBINA YIIepo1, aTMa30mo00HbIH YIIIePO, JIHHEHHO-IICTIOUCYHbIH YIIIepoI, rpa-
HUYHAs CMa3Ka, JIETupoBaHue, KOAQ(UIIMEHT TpeHNUs, TPaHUYHAsT CMa3Ka, U3HOC, MO-
nubeH, Bosibdpam, (pa3zoBoe COCTOSHUE TOKPHITH, MAIIMHA TPEHUS.
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Abstract

The paper presents the results of a study of the chemical and phase composition, structure, physical-mechanical and
tribological characteristics of two types of vacuum ion-plasma antifriction carbon coatings alloyed with molybdenum
and tungsten, respectively. The first of these types of coatings has a highly oriented linear-chain structure; the second
type is an amorphous hydrogenated carbon. The tribotechnical characteristics of the studied coatings were evaluated on
a four-ball machine with a modernized friction unit and were carried out both under dry friction and under friction in
the boundary lubrication mode in inactive (polyalphaolefin oil PAO-4), surface-active (PAO-4 + 1 % by weight of oleic
acid) and chemically active (the same oil + 2 % by weight of DF-11 additive) lubricating environments. It was found
that the coating with both “monocrystal” carbon and diamond-like carbon, both alloyed and unalloyed, significantly
reduced friction losses and wear of the steel samples to which the coatings were applied, and alloying of these coatings
reduced friction almost as much as the studied lubricants. Thus, under dry friction of a ball made of ShKh-15 steel on
the cylindrical surfaces of rollers made of the same steel, the friction coefficient obtained was ~ 0.8; when a ball rubs
against rollers coated with a molybdenum-doped “monocrystalline carbon” coating, the dry friction coefficient is ~ 0.7;
additionally, in an inactive oil environment, this friction pair provides a friction coefficient of 0.12—0.14; and in a
chemically active sulfur-containing oil environment, the friction coefficient decreases to 0.05. For a friction pair of
steel — molybdenum-doped diamond-like coating, with boundary lubrication by a surface-active composition, the min-
imum friction coefficient is 0.09. Taking into account the obtained results of the proposed study will allow optimizing
the process of creating highly effective lubricants for heavily loaded friction units.

Keywords: amorphous carbon, diamond-like carbon, linear-chain carbon, orienting coatings, boundary lu-
brication, alloying, friction coefficient, boundary lubrication, wear, molybdenum, tungsten,
phase state of coatings, friction machine.
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