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Abstract. Modern requirements for technologies and mechanical engineering
products necessitate the creation of new technological methods for processing
materials and the development of appropriate technical means. Promising are
environmentally friendly vacuum, ion, beam and photonic processes for obtaining
materials, applying various coatings, and creating multilayer structures. An urgent
scientific and technical problem is the creation of devices and methods for processing
materials, vacuum devices for producing composite materials and forming coatings.

It is known that significant parameters of materials are determined by the
properties of their surface layers, therefore surface treatment technology, including
the application of coatings and the creation of complex structures based on them, is of
great importance. Vacuum-thermal and plasma surface treatment processes are
promising in this regard.

Key words: vacuum coatings, deposition, evaporation, condensation, magnetron
sputtering.

Introduction. A relevant and popular direction in the development of technology
and technology at the present stage is the use of vacuum coatings, in particular
functional coatings for the automotive industry.

The practical interest is the development of devices for applying vacuum coatings,
the study of coating deposition and their parameters in combination with plasma
treatment on the composition, structure and properties of various materials. The study
of these processes and determination of the practical possibilities of using coatings,
including nanocoatings and nanostructures, is an independent urgent problem in
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science and technology.

Main part. The deposition of various coatings, including decorative, conductive,
reflective metal coatings, is a whole group of methods in which the coating and its
connection with the base (the substrate being processed) is created by the deposition
(adsorption, sorption, chemisorption) of particles at the atomic-molecular level, as a
result whereby a layer of material of a given thickness is formed on the substrate. To
create coatings on products of the automotive industry, it is technically possible to use
galvanic (electrochemical) processes and the use of other similar coating deposition
methods. However, these technologies require a conductive substrate, are energy
intensive, and are environmentally incompatible with environmental conditions.

One of the most promising methods for deposition of some materials onto others
IS vacuum deposition. Under certain vacuum conditions, atoms of a substance
experience virtually no collisions or interaction with the environment when moving,
which allows them to be transferred to objects being processed (substrates). Deposition
of materials under conditions of low pressure (vacuum) forms a fairly large group of
coating methods [1], in which a functional coating of a given thickness and
composition is formed by sorption at the atomic-molecular level from material vapors
(flow of atoms A onto base B).

The diagram of mass transfer during evaporation and condensation (deposition)
of materials is shown in Figure 1.1. Of the total number of evaporated atoms of
material, A (NA), part of the flow reaches the front surface of the substrate B. In this
case, the atoms A are partially condensed and remain on the substrate (NO flow) and
are partially reflected (evaporated) - NR flow. The thickness and nature of the coating
being formed depend on the speed of these flows (and other deposition modes). The
deposited flow of NO on a relatively cold substrate usually forms a coating with a fairly
clearly defined boundary between material A and B. At high temperatures, evaporation
of atoms and mutual diffusion of atoms of the coating and substrate are possible.
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Figure 1. Scheme of evaporation and condensation of atoms
of materials on a substrate

Methods and devices for obtaining high vacuum in working chambers are well
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known and are used in various fields [2]. Technologies for surface treatment of various
materials at reduced pressure (in vacuum) currently represent a fairly developed field
of science and technology. Methods and technical means associated with the formation
of coatings and modified areas on the surface of materials are successfully used in
practice [3].

To obtain reflective, electrically conductive, shielding and other coatings in a
vacuum, methods of thermal evaporation of materials, cathode (ion) sputtering of
targets and pyrolysis of compounds under reduced pressure are widely used. The most
common method is vacuum deposition of coatings by thermal evaporation of various
materials, in particular pure metals, at pressures of 1071077 Pa. The process of coating
formation includes creating the required degree of vacuum, heating the evaporated
working material until steam is formed in the heating zone with a pressure of about 1
Pa, transfer and deposition of vapor on the treated base (substrate) in the selected mode.
Temperatures at which effective evaporation of most metals occurs are usually
1000+1700°C.

The thermal evaporation method can be used to obtain coatings of many non-
degradable materials, but significant difficulties are caused by the evaporation of
refractory materials, alloys and compounds, the composition of which changes when
heated, as well as interaction with the evaporator [4,5]. It should be noted that the
energy of atoms in a vapor flow during thermal evaporation usually does not exceed
51072 J (about 0.1-0.3 eV/atom). Application rates during thermal evaporation are
usually 1+100 nm/s.

To heat and evaporate materials in a vacuum, the heat generated in resistive
evaporators made of refractory materials (W, Mo, Ta, C) and boats of various shapes
Is most often used. In directly heated evaporators, filament currents reach hundreds of
amperes. Refractory ceramic crucibles are also used, in which evaporation can be
carried out due to induction heating of the material by eddy currents. A variation of the
thermal evaporation method is the application of coatings by heating refractory
crucibles using electron bombardment, for which electron flows accelerated to energies
of 2+4 keV are used.

When forming coatings, the method of electron beam evaporation of materials
with a focused beam with an energy of 5+50 keV of various powers is also used. The
electron flow is easily focused and controlled using magnetic coils and additional
electrodes. The specific power of the electron flow reaches 107 W/cm?, which allows
you to evaporate any materials from the surface heated zone. In this case, the
interaction of the evaporated molten material with the walls of the crucible is
eliminated, which ensures the purity of the applied coating. The coating deposition rate
during electron beam evaporation of materials is usually 5+100 nm/s.

Figure 1.2 shows one of the diagrams of a device for electron beam evaporation
of materials from copper crucibles.
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Figure 2. Diagram of the electron beam evaporation device:
1 - cooled crucible, 2 - electromagnetic coil, 3 - focusing coil, 4 - filament
cathode, 5 - high voltage insulator

Another large group of vacuum coating methods is based on the well-known
phenomena of cathode sputtering, in which the transfer of target material is observed
due to the transfer of energy from bombarding ions [6-8]. Spraying methods have
advantages such as the ability to apply refractory materials and alloys. The simplest is
the conventional diode system for cathode sputtering of materials in a glow discharge
at working gas pressures of about 10 Pa and cathode voltages of up to 3+4 kW (the
system provides a deposition rate of no more than 1-2 nm/s). There are complex
cathode sputtering systems for carrying out processes at pressures of about 107! Pa,
using additional electrodes, incandescent cathodes and magnetic fields, but the
deposition rate of coatings is low.

More advanced and promising systems are magnetron devices, which are
distinguished by the presence of perpendicular electric and magnetic fields in the
cathode region. The devices operate effectively at working (inert) gas pressures of
about 10! Pa, voltages up to 1000 V and discharge currents of 1+50 A. Cooled
cathodes usually have a long service life and provide a coating deposition rate of 1+10
nm/s.

Conclusion. An urgent technical problem in the industrial production of various
products is the development of environmentally friendly methods for processing
materials and industrial products, in particular parts of the automotive industry, the
creation of vacuum import-substituting devices and methods for producing functional
coatings from composite materials with specified properties, in particular reflective and
protective coatings.

P.X. Caitmaxmenos, I'.P.CanmaxmenoBa

ABHALIUS CAJTACBIHJIA KOJJIAHBLJIATBIH BAKYYM/IbI
"KABBIHJIbI KAJBIITACTBIPY TEXHOJOTUSIIAPBIHBIH 3AMAHAYH
TEXHUKAJIBIK IHEIIIMJIEPIH TAJIJIAY

AHnoamna. Texuonoeusanap MeH MAWUHA JHcACAY OHIMOEpIHe KOUbLIAMbIH
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3amanayu mananmap Mamepuaioaposl oHoeyoiy HcaHa MexHOI02USIbIK d0ICmepiH
acacayovl JHcoHe Muicmi MeXHUKAIbK KYpanoapowvl Hcacayovl Kadxcem emeoi.
Mamepuanoapost  any, apmypiai ocabblHOAPObL  KOJNOAHY, KOn  Kabammol
KYPOLILIMOAPObL KYPY YUWLIH IKOIO2USILIK MA3A 8AKYYMOBIK, UOHOIK, CIVIENIK HCIHE
GdomonovlK npoyecmep nepcnekmusanivl Ooavin  madwvliadvl. Mamepuanoapowi
oHOeyee apHANRAH KYpuligbliap MeH a0icmepoi, KOMNOZUYUSILIK Mamepuanioapobl
OHOIpY2e  JicoHe  JCAOBIHOApObl  KANbINMACMbIPY2A — APHANRAH — 8AKYYMObIK
KYPOLIZLLIAPObL HCACAY O3EKMI EbLIbIMU-MEXHUKAIbIK Macele 00abin madwvliaoul.
Mamepuanoapoviy manvi306l  napamempaepi o1apovly Oemki KabammapviHblH
KacuemmepimeH aHblIKMalamulHul Oeeini, COHObIKMAH HCAOIHOAPObL HCARYObL HCIHE
011apOblH He2i3iHOe Kypoeii KYpbLibiMOapobl iHcacayobl KOca aneanoa, bemmi oyoey
MEeXHON02UACLIHbIY,  Manbizbl  30p. Ocvlzan baiiianvicmvl  bemmi  8aK)YMObIK-
MEPMUSLIbIK HCIHE NIAZMANbIK OHOey npoyecmepiniy 601auazel 30p.

Tyitin ce30ep: 6akyymMowlK JHcabblHOAp, MYHObIPY, OYAAHY, KOHOEHCayus,
Ma2HempoHOapOblY WALUBIPAY L.

P.X. Caiimaxmenos, I'.P. CanmaxmenoBa

AHAJIN3 COBPEMEHHbIX TEXHUYECKHX PEH_IEHI/II7IU
BAKYYMHbIX TEXHOJIOI'HH ®OPMHUPOBAHUA ITIOKPBITHH,
IMPUMEHSAEMbBIX B ABUALITMOHHOMU OBJIACTH

Annomayusn. Cospemennvle mpeOOBAHUS K MEXHOA02UAM U  U30eUIM
MAWUHOCMPOEHUS, obycnasiusarom HeoOxXo00UMoCnb CO30aHU HOBbIX
MEXHON02UYEeCKUX  Memooo8  00pabomku  mamepuanios u  pazpadbomxu
COOMBEMCMBYIOWUX — MexXHuyeckux  cpeocms.  Ilepcnekmueuvimu — A6110MCA
9KONO02UYECKU HYUCMble BAKYYMHble, UOHHble, JyHesble U (HOMOHHbIe NPOYUECChl
NOJYYEeHUs. MaAMepuanlos, HaHecenue pa3iuidHblx NOKPbImMull, co30aHue MHO20CIOUHbIX
cmpykmyp. AKmMyanibHOU HAYYHO-MEXHUYECKOU NpoOaeMOoll SBNAemcs CO30aHue
VYCMpOUCme u Memooos 0opabomKu Mamepuaios, 8aKyyMHuIX YCMPOUCME NOJLYYeHUs.
KOMNO3UYUOHHBIX MAMEPUAN08 U POPMUPOBAHUS NOKDLIMULL.

H3zeecmno, umo 3HauuMble naApamempvl Mamepuanros  Onpeoensiomcs
CceOUCmBaAMU  UX HNOBEPXHOCMIHBIX CI0€8, NOIMOMY MEXHOI02Us 0Opabomku
NOBEPXHOCMU, 8 MOM YUCLe HAHeCeHUe NOKPLIMULL U CO30AHUE CIONCHBIX CIMPYKMYP
Ha UxX OCHoge umeem Ooavuwioe 3Hauenue. llepcnexkmusHvIMU 6 3MOM OMHOUEHUU
AGNAIOMCA  8AKYYMHO-MepMUdecKue U  NId3sMeHHble  npoyeccbl  00pabomixu
NOBEPXHOCTU.

Knioueevle cnoea: eaxyymuvie nokpulmus, — ocadcoeHue,  UCnapewue,
KOHOeHCayusl, MacHempOHHOe pacnblieHue.
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