Tpenue u uznoc Friction and Wear

2022. — T. 43, Ne 4. — C. 433—442 2022, vol. 43, no. 4, pp. 433—442
FO.D. Muzanw, U.B. Konecnuxoe Yu.F. Migal and 1.V. Kolesnikov
VJIK 620.3

Bausinve cocTaBa U TOJIUHBI HAHONMOKPbITHH TUNA TIiAIN
HA [POYHOCTh MX CBA3M C ’KeJe30M: KBAHTOBO-XUMUYEeCKUM
aHaJIM3

1O.®. Muraas, U.B. KotecHukoB

Pocmosckuii 2ocydapcmeennuiii ynusepcumem nymeti cooowenus (PI'VIIC),
ni. Pocmosckozo Cmpenkogozo Ilonka Hapoonoeo Ononuenus, 0. 2, 2. Pocmog-na-/[ony 344038, Poccua

Hocmynuna 6 pedaxyuro 18.05.2022.
Tocne oopabomxu 22.08.2022.
IHpunama x nyoruxayuu 22.08.2022.

C noMoIIpI0 METOIOB KBAHTOBOM XUMHH UCCIIEIOBAHbI ATOMHBIC CTPYKTYPBI, BO3HHKAIOIIHE MTPH BaKy-
YMHOM HaHECEHWH HaHOMOKPHITHI cocTtaBa TiAIN Ha moBepxHOCTH kene3a. PaccMoTpeHsr 3 QexTsl, mpo-
SIBJISIFOIIMECS IPU HAHECEHUH NEPBBIX aTOMHBIX CIOEB TaKUX MOKPHITUH. I[IpoBeneHs! pacyéTsl NpOYHOCTH
CBSI3U MOJOOHBIX MOKPHITUI ¢ TIOBEPXHOCTHIO. B pamMkax ucmons3yeMoii B paboTe MOJIENU MOKa3aHo, YTo
HanOoJiee MPOYHBIM SBJISIETCS] BADHAHT HOKPBITHSL, HIDKHUM CJI0H KOTOPOrO COCTOUT U3 aToMoB Ti, Haxoms-
LIMXCSI HETIOCPEICTBEHHO Ha MTOBEPXHOCTH JKeje3a. Brlmiesnexaniie ciion cocTosAT u3 cMecu atromos Ti, Al n
N. [IpoYHOCTB CBSI3HM TAKOTO MOKPBITHS C XKeJIe30M MOXKET Bo3pacT Ha 13% 1o cpaBHEHUIO ¢ €€ MUHAMAIIb-
HBIM 3HaueHueM. [Ipu MoaenupoBaHNU B3aUMOACHCTBHS MOKPHITUS C TIOAJIOKKOH YCTAHOBJIEHO, YTO MPOY-
HOCTB CBSI3M MEX/y KOMIIOHEHTAMH MPAKTHYECKH HE 3aBUCUT OT TOJIIMHBI MOJI0KKH, €CIIH MOAJI0KKA CO-
CTOMT M3 TpeX Wi 0ojiee CI0eB aTOMOB Kene3a. DTOT (PaKT CBUAETEIbCTBYET O KOPOTKOICHCTBYIOIIEM Xa-
pakTepe MeXaTOMHBIX CHJI Ha TPaHHIIE TOKPHITHE-TIOIJIOKKA, YTO CYIIECTBEHHO YIPOIIAET TEOPETHUUECKUI
aHaJIM3 NPOYHOCTHBIX CBOWCTB MOAOOHBIX cucTeM. B paboTte mokasaHo, 4To npu pacdere aTOMHBIX KOH(H-
rypanuii, BOSHUKAIOMIMX Ha TIOBEPXHOCTH JKeJie3a MPH BaKyyMHOM OCaKJICHHH, CIIEAYET OTBICKUBATh KOH-
¢durypanmy ¢ MUHIMaJIBHOW dHeprueid. IMeHHO Takue KOHQUTYpaliu ¢ HauOoIbIIeH BEpOSITHOCTHIO 00pa-
3yIOTCS Ha TOBEPXHOCTH HMOAJIOKKH. TpaguinoHHbIe CLIOCOOBI HCCIIEAOBAaHHUS aTOMHBIX CTPYKTYP, OCHOBAH-
HBIE Ha MIPUHIHUIIE MUHUMAJIBHONW SHTAJBIIMM CUCTEMBI, B 3TOH CUTyalluu HE NPpUMEHHUMEL. B pabote momy-
YEHHBIE PE3YJIbTAThl COMOCTABIICHBI C N3BECTHBIMH SKCIIEPUMEHTAILHBIMH JIAHHBIMU, OTHOCSIIIIUMUCS K T10-
JOOHBIM O0BEKTaM.
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Abstract

Atomic structures arising from the vacuum deposition of TiAIN nanocoats on the iron surface have been
studied using quantum chemistry methods. The effects arising from the application of the first atomic layers
of such coatings are considered. Calculations of the adhesion strength of such coatings to the surface were
carried out. Within the framework of the model used in the work, it is shown that the most durable is the
coating variant, the lower layer of which consists of Ti atoms located directly on the surface of iron. The
overlying layers in this coating consist of a mixture of Ti, Al and N atoms. The adhesion strength of such a
coating with iron increases by 13% compared to its minimum value. When modeling the interaction of the
coating with the substrate, it was found that the bond strength between these components practically does not
depend on the thickness of the substrate if the substrate consists of three or more layers of atoms that make
up the iron crystal lattice. This fact indicates the short-term nature of interatomic forces at the coating-sub-
strate interface and greatly simplifies the theoretical analysis of the strength properties of such systems. The
article shows that when calculating atomic configurations arising on the jelly surface during vacuum deposi-
tion, it is necessary to look for configurations with minimal energy. It is precisely such configurations that
are most likely to form on the surface of the substrate. Traditional methods of studying atomic structures
based on the principle of minimum enthalpy of the system are not applicable in this situation. The article
compares the results obtained with known experimental data related to similar objects.

Keywords: nanocoating, coating thickness, mechanical strength, chemical bond strength, quantum chemical
analysis, atomic structures, adhesive interaction, interatomic interactions, composition of atomic
layers, vacuum deposition, the principle of minimum energy of the system.
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