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POSSIBILITY OF THE METHOD OF EXPLOSIVE ELECTRON-BEAM
EVAPORATION-CONDENSATION IN VACUUM TO OBTAIN THE REFRACTORY
AND COMPLEXLY DOPED COMPOUNDS FOR VARIOUS PURPOSES

Background. The method of explosive electron-beam evaporation-condensation of materials in vacuum opens up new
possibilities for obtaining materials containing components, with a significant difference in the elasticity of the vapor,
as well as complex alloyed compounds. This technology is promising for the production of various types of materials
of controlled chemical composition in the form of powder products.

Objective. The purpose of the paper is to study the possibilities of the method of electron-beam explosive evaporation-
condensation of materials in vacuum to obtain in granular and film form refractory and composite materials based on
tungsten and copper, and complex alloyed materials based on titanium.

Methods. The method of explosive evaporation-condensation was used to obtain vapor-phase refractory, composite and
complex alloyed materials based on the WC—W,C, Cu—W and Ti—Si—Zr—Nb systems. The experiments were carried
out on the L-4 electron-beam installation, which was developed by the Scientific and Production Company
“ELTECHMASH” (Vinnytsia, Ukraine) in cooperation with the Frantsevich Institute for Problems of Materials
Science, NAS of Ukraine. The changes in the chemical composition and morphology of obtained products depending
on the deposition conditions in vacuum were studied.

Results. For the first time, refractory alloys and composite materials based on tungsten and copper and complex alloyed
compounds based on titanium were obtained in granular form by explosive evaporation-condensation in vacuum. Using
this technology makes it possible to control the chemical composition and morphology of the produced powder
products, widely used in various fields of science and technology.

Conclusions. The technological conditions for the production of materials containing components with a significant
difference in vapor pressure by the method of explosive evaporation-condensation in vacuum are determined. The
method allows obtaining granular and film deposition products with refining of materials with respect to oxygen and
some metal impurities.

Keywords: electron-beam technology; method of explosive evaporation-condensation in vacuum; tungsten and copper
based refractory and composite materials; complex alloyed materials based on titanium.

Introduction controlled gas media (restorative, neutral) or in vac-

uum. Until recently, the manufacturing technology

Dispersed powders of metals and alloys play an
important role in solving problems of creating ma-
terial and products with controlled complex of prop-
erties. Material based on eutectic mixture of tung-
sten carbides WC and W:C is widely used as a com-
ponent of wear-resistant surfacing material, working
under conditions of intense abrasive wear under
moderate impact loads, for example, in roller bits,
drill pipe locks, and other applications [1]. Materials
of the Cu—W system are traditionally manufactured
by powder metallurgy and are widely used in the
electrical industry. Traditional technology of pro-
ducing electrocontact materials enclude multi-stage
process for obtaining a mixture of powders of the
required chemical composition, compressing them
and conducting high-temperature processing in
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of these materials were based on powder metallurgy
high-cycle methods, including such technological
operations as the production of powders, their sub-
sequent compaction (cold or hot pressing); high
temperature treatment; and/or deformation pro-
cessing of obtained materials and products [2]. In-
vestigation of the conditions for obtaining Ti-based
complex-alloys is dictated by a unique complex of
properties, which makes them an indispensable
component for medical purposes [3]. Recent studies
have shown that a compromise between the required
set of mechanical properties and biomedical con-
straints can be obtained by doping Ti with the most
biocompatible elements such as Si, Nb, Zr, and Mo,
which are stabilizers of the a-phase of Ti [4].
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Electron-beam technology of evaporation-con-
densation of materials in vacuum promotes new op-
portunities for obtaining composite powders (from
nanoscale to several hundred micrometers) in a wide
range of quantity components, phases, dispersed in-
clusions, and other parameters [5]. Since the de-
pendence of vapor pressure and evaporation rate on
temperature for various metals can be quite large,
fractionation in composition is one of the main
problems of evaporation-condensation in vacuum
for obtaining materials which have components with
a significant difference in vapor pressure. It is known
that during evaporation of alloys consisting of com-
ponents with different vapor elasticity, the degree of
their fractionation in composition decreases with in-
creasing temperature and this regularity was used by
Harris and Siegel when developing the high-speed
method of evaporation of alloys [6]. The method
consists in the fact that particles of finely ground
material (alloy of the required composition or mix-
ture of components) are uniformly fed to the evap-
orator, and heated to the temperature of intensive
evaporation of the most difficult volatile compo-
nents of the alloy. Due to the ultra-fast heating of
the alloy, its explosive evaporation occurs, which is
characterized by matching the composition of the
starting material, vapor over the evaporator and con-
densate. The research in this direction was started at

the Frantsevich Institute for Problems of Materials
Science (NASU) in collaboration with the Scienti-
fic and Production Company “ELTECHMASH”
(Ukraine).

Problem statement

The main purpose of these studies is to discover
the possibilities of obtaining powder products of dif-
ferent chemical composition, including components
with a significant difference in vapor elasticity by the
method of explosive evaporation-condensation in
vacuum.

Results and discussion

SPC “ELTECHMASH?” developed a new elec-
tron-beam installation modification L-8 (Fig. 1),
which allows solving a wide range of tasks, in par-
ticular, to simulate various versions of structures in
order to test modern concepts of physics, chemistry
and solid mechanics and create materials with a
given structure and properties for solving a variety
of applied problems. For the first time, a successful
attempt was made at this installation to obtain, by
explosive evaporation-condensation in vacuum,
powdered composite materials consisting of compo-
nents with a significant difference in vapor pressure,

Fig. 1. Scheme of the electron-beam installation L-8: I — cassette with vanes; 2 — crucibles; 3 — evaporator dampers; 4 — gate valves;
5 — ball inlet to install the pyrometer; 6 — electronic gun; 7 — weight sensor; § — process gas closing valve; 9 — viewing system
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in particular, materials based on tungsten, copper,
and titanium.

In the process (working) chamber of the instal-
lation, the vacuum is maintained at the level of
5-(102—107%) Pa, and the vapor flow is deposited on
the substrate or finished parts requiring coating.
Loading of blanks for evaporation into the mecha-
nisms is carried out from above through crucibles.
Electronic guns are installed on the top cover of the
working chamber. The valves are designed for
shielding blanks during heating to establish a stable
technological mode of evaporation and to protect
the valves, which separate the sluice and working
chambers from dust and high temperatures during
the process [7].

Temperature measurement of products in the
installation is carried out using a high-tech infrared
pyrometer and is controlled by special software. En-
tering a small amount of gas (argon) in the process
of evaporation leads to dispersion of the vapor
stream, which allows a more uniform deposition of
the material on the substrate [5]. The installation
also provides for the possibility of partial ionization
of the process gas and metal vapor by supplying a
negative potential to the workpieces (up to 2 kV).
Ionization helps to obtain a precipitate with a favor-
able structure, devoid of crystallographic defects that
occur in the condensed layer during gas inlet. The
full technological process of material obtaining oc-
curs without depressurization of the process cham-
ber. For heating products there are two electron
guns with a capacity of 60 kW. The unit used gas
discharge electron beam guns; Use of a cold cathode
of low-alloyed aluminum alloy eliminates any dis-
tortion, which makes it possible to obtain a stable
electron beam. The total cathode life is about
1000 hours. The use of an electromagnetic focusing
system in cold cathode guns makes it possible to obtain
a high-quality beam with a minimum focal spot di-
ameter of about 10 mm.

In the first time, a successful attempt was made
at the installation to obtain powder composite prod-
ucts, which include components with a significant
difference in vapor pressure. In particular, condi-
tions for production of composite powders of such
refractory materials widely used in industry based on
system of tungsten carbides and tungsten-copper, as
well as titanium-based complex alloyed systems
were studied. The placement of the main nodes in
the working chamber of the installation was carried
out in accordance with the scheme given in Fig. 2.

The following materials were used as source
materials: cast tungsten carbide grade TUU 24.6-
33876998-001-2006 (OOO SpetsPromSplav, Russia)

AR A

Fig. 2. Schematic placement of main units in the working cham-
ber of the L-8 installation: / — electron beam guns; 2 —
technological camera; 3 — crystallizer, 4 — device for
supplying the raw material to the evaporation zone; 5 —
evaporating material; 6 — water-cooled crucible;
7 — viewing window for observation; § — sarcophagus
with a water-cooled lid and an opening for passage of
an electron beam; 9 — trajectory of the path of an elec-
tron beam

after crushing; copper-tungsten vapor-phase con-
dasate production waste and crushed alloy ingots
based on composition Ti—Si—Zr—Nb, developed by
the Frantsevich Institute for Problems of Materials
Science, and obtained by electron beam evapora-
tion-condensation in vacuum. The materials were
used in the form of ingots or pressed pieces, if the
raw material was in powder form. The disposable
loading of the preforms into the copper crystallizer,
for evaporation of the starting materials, ranged
from 1.9 to 3 kg. To collect evaporation products on
top of the crystallizer, a steel cylinder-shaped sar-
cophagus was installed with uncooled walls, which
was covered with a water-cooled lid, with an open-
ing for passage of an electron beam.

In the course of experiments, the possibility of
obtaining film and granular deposition products of
refractory and alloyed materials was established by
using a sarcophagus with cooled and non-cooled
walls. Determination of the granules’ shape was car-
ried out by quantitative metallography methods on
thin sections [8]. Sections were prepared by standard
methods from pressurized mixtures of granules with
epoxy. The obtained samples were pressed and hard-
ened, grinded and polished on an aqueous suspen-
sion of chromium oxide. Quantitative micro-
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structure analysis and microhardness of granules’
cross-section (after etching thin sections) were car-
ried out with an “AMIS” image analyzer [9].

In our experiments, it was possible to obtain
film and granulated precipitation products (Fig. 3)
for one technological cycle, which have a chemical
composition close to the original (Table 1). It should
be noted that due to conducting experiments in vac-
uum, the oxygen content in the deposition products
decreases by almost three times (from 0.30—0.35 and
0.15—0.1 % mass. accordingly).

Film and granulated products of deposition of
the material based on eutectic mixture of tungsten
carbides WC and W»C were obtained. It has been
established that the use of powder materials with a
spherical shape particle increases the flowability of
the powder and, accordingly, increases the stability
of the metering devices, and in addition, contributes
to improving the wear resistance of the coating.
Grading analysis of the composition of the granular
product showed that more than 80 % of the total
mass of particles have sizes from 500 um and above
(up to a maximum of 3 mm); fractions of 500/350
and 350/100 microns occupy 3.8 and 13.5 % of mass
accordingly, the rest is smaller fractions.

In the cross-section, the granules have a struc-
ture typical of the cast alloy of this composition [1]
(Fig. 3, b). The main part of the granules has di-
mensions from 3 mm to 500 um and more than 80%
is characterized by a sphere factor of 0.98—1 (calcu-
lated using the formula for the Saltykov form [8]).
Microhardness in particle cross-sections of the gran-
uled material varies within 25 to 30GPa, reaching
up to 40 GPa at individual sites of structure, which
is higher, than the microhardness of tungsten
carbides of industrial production (TUU 24.6-
33876998-001-2006).

Composite materials based on Cu and W also
participated in the experiments, and the difficulty of
obtaining them being determined by the substantial
difference in the elasticity of the vapors of the main

b

Fig. 3. General form (a) and microstructure (b) of granulated
deposition products obtained by evaporation-cond ensa-
tion of the material based on the eutectic WC and W,C
mixture

components. In our experiments only a film product
has been formed, the superficial of which has a
transverse porosity (Fig. 4).

The chemical composition of the film is close
to the original (Table 2). The increased fragility of
the product of evaporation of copper and tungsten
composites obtained in our experiments gives us the
opportunity for its further easy dispersion to obtain
composite powders of a given chemical composi-
tion.

Table 1. Elemental composition of the initial material and final products obtained by evaporation-condensation of the material

based on the eutectic WC and W,C mixture

Material Composition, % mass.
\% Ti \% Cr Mn Fe Co Ni Cu Y Zr Mo
Initial Basis | 0.40 0.21 0.30 0.01 0.15 0.09 0.62 0.54 | <1073 10-3 0.08
Deposition
products:
film Basis | 0.96 0.09 1.92 0.06 1.09 0.27 53 152 | <1073 | 0.03 -
granular Basis | 0.76 | 0.20 | 0.90 | <103 | 0.09 | <107 | <107 - - - 0.06
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Fig. 4. General view (a) and surface relief of deposition products (b) obtained by evaporation-condensation of composites Cu-W

Dispersed product was tested at experiments
for laser deposition using laboratory laser installation
developed by IPMS of NASU, in which a mixture
of argon and hydrogen appears as a plasma trans-
porting powder on a rotating disk. The power of the
laser installation in various tests ranged from 23 to
38.5 kW. The results of experiments show that the
resulting spray powder takes a round shape with a
spherical coefficient of particles at a level of 0.6—0.7.
But this process of powder spraying in plasma is

characterized by rather significant mass loss (up to
30%), and requires further research to improve.

In our experiments, the complex alloy Ti—Si—
Zr—Nb used, which belongs to the group of alloys for
medical purpose, developed in IPMS of NASU [3]
(Table 3).

The deposition products obtained by condens-
ing the material on the non-cooled surfaces of the
chamber got the form of the film product, whereas

Table 2. Elemental composition of the initial material and final products obtained by evaporation-condensation of the composites

Cu—W
. Composition % mass.

Material Cu Al Fe Cr Co Ni Nb Ag W
Initial 70 0.85 0.47 0.38 0.13 0.06 0.06 0.85 Remain
Deposition 76 0.89 0.38 0.12 0.1 0.06 0.2 0.28 Remain
products
Candle-end 12.97 — 0.09 — — — — — Remain

Table 3. Composition of initial materials and deposition products obtained by evaporation-condensation of Ti—Si—Zr—Nb alloy

Material Composition %, mass.

Ti Al Si Fe Cu Y Zr Nb Mo
Initial Basis 0.18 1.07 0.15 0.11 0.01 3.29 15.53 0.35
Deposition
products:
film Basis 0.23 0.16 1.52 0.15 - 0.74 3.99 0.09
granular with
dimensions, mkm
>200 Basis 0.14 0.50 0.10 0.08 0.01 4.01 20.79 0.41
<200 Basis 0.06 1.00 0.05 0.20 0.02 2.70 14.10 0.40
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Fig. 5. General view of granulated (@) and film (b) deposition products obtained by evaporation-condensation of an alloy of the
Ti—Si—Zr—Nb system in vacuum and the main types of microstructure in the cross section of granules (¢, d)

products deposited on the cooled surface of the sar-
cophagus — form of a granular product with a particle
shape, preferably close to the spherical (Fig. 5).

The granules have a shape close to spherical in
the size range from 1-3 mm to several 10 mp.
Chemical composition of the obtained products (see
Table 3), showed that in the conditions of explosive
evaporation-condensation there is a tendency to
preserve the main refractory components in the
composition of the granules formed in conditions of
rapid crystallization. Inspection of the microstruc-
ture in cross section of the granules showed that
large number of granules was found with a dispersed
polygranular disoriented microstructure (Fig. 5, ¢).
Relatively large grain sizes (20—30 pukm) and their
equilibrium shape indicate that the granule for-
mation was carried out under lower cooling condi-
tions than the critical ones. Many granules have a
dendritic structure and length along the main axis of
dendrites varies from submicron to tens of microns,
which indicates non-equilibrium crystallization

conditions (Fig. 5, d). In general, the microstructure
of the granules is similar to the structure of cast ma-
terials of this composition, which is characterized by
the presence of a mixture of a and B solid solutions
based on titanium [4].

Conclusions

Refractory and composite materials based on
tungsten (WC—W:C), copper (Cu—W) and titanium
(Ti—Si—Zr—Nb) were obtained by the method of
explosive evaporation-condensation in vacuum. The
technological conditions of the evaporation-con-
densation in the vacuum of materials with compo-
nents with significantly different vapor elasticity, in
which the film and granular product of deposition
with the restored basic chemical composition is
formed, are determined.

It has been established that by forcing evapo-
ration and material due to the increase of the power
of the electron beam and the temperature lowering
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of the substrate, it is possible to create conditions
for obtaining the granular product with the simulta-
neous refining of the material with oxygen and some
metallic impurities.

Further research should be developed towards

rate of evaporation and deposition of various com-
ponents under conditions of superfast heating in
vacuum in order to develop technologies for pro-
ducing materials of complex composition with a
predefined composition and morphology.

study of the influence of technological factors on the
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I.M. 'peyvaHtok, O.B. XomeHko, I".A. Barntok

3ACTOCYBAHHA METOLY BUBYXOBOIO EIEKTPOHHO-MPOMEHEBOIO BUMAPOBYBAHHSA-KOHOEHCAL|IT Y BAKYYMI
OnA OTPUMAHHA TYTOIMJTABKMX | CKNAOHONEMOBAHWMX CIJTABIB PIBHOIO NMPU3HAYEHHA

Bctyn. MeToa BubyxoBOro eneKkTpoHHO-MPOMEHEBOro BUNapoBYyBaHHSA-KOHAEHC AL MaTepianiB y BakyyMi BiAKpUBa€e HOBi MOXIN-
BOCTi AN OTPUMaHHS maTepianis, WO MiCTATb KOMMIOHEHTU, 3 ICTOTHOO Pi3HMLIEI0 B NPY)XHOCTI Napy, a TakoX CKrnagHoNeroBaHnx CrnasiB.
Lis TexHonoria nepcnekTMBHa ANA BUPOOHMLTBA Pi3HNX BMAIB MaTepiarnis 3a4aHoro XiMi4Horo cknagy y BUrMsAi NOPOLLKOBKX NPOAYKTIB.

MeTa gocnigXeHHs. BUBYMTM MOXNMBOCTI METOAY €MEKTPOHHO-MPOMEHEBOIO BUOYXOBOro BUNapoByBaHHs-KOHAEeHcaLii MaTepia-
niB y BakyyMi Ans OTPUMaHHS B rpaHynbOBaHOMY i NNiBKOBOMY BUIMSAAI TYronmnaBkMX i KOMNO3MLINHMX MaTepianiB Ha OCHOBI Bonbdpamy
i MiZi, @ TaKoX CKnagHONeroBaHNx martepianis Ha OCHOBI TUTaHYy.

MeToauka peani3sauii. MeToa BubyxoBOro BUunapoByBaHHS-KOHAEHCaLii 3acTocyBanu Ans oTpUMaHHs Napoda3oBuX TyronnaBKux,
KOMMO3MLiNHKX | cknagHoneroBaHux matepianis Ha ocHoBi cuctem WC-W,C, Cu-W i Ti—Si—Zr—Nb. EkcnepumeHTv NpoBOAUNN Ha enekT-
POHHO-NPOMEHEBIN ycTaHoBLi L-4, sika pospobneHa HaykoBO-BMpOoGHM4MM nignpuemcteom “‘ENITEXMALL” (M. BiHHvus, Ykpaina)
cninbHo 3 IHcTUTYTOM Npobnem matepianosHascTsa iMm. |.M. PpaHueBmya HAH Ykpainu. BuByeHo 3miHM xiMiyHOro cknagy i mopdonorii
OTPUMAaHWX NPOAYKTIB 3aNeXHO Bif, YMOB OCa[KEHHS Y BaKyyMi.

Pe3ynbTaTtu gocnigxkeHHsA. Bneple metogom BubyxoBOro BMnapoByBaHHSA-KOHAEHC AL y BaKyyMi OTPUMaHO B rpaHynibOBaHOMY
BWIMSAI Tyronnaski Cnnasy i KOMMO3WLIHI MaTepiany Ha OCHOBI BonbgpamMy Ta Mifli, @ TaKOX CKNafgHOMeroBaHi Cnnasu Ha OCHOBI TUTaHy.
BuikopucTaHHs Uiei TexHonorii Jae MOXNUBICTb peryntoBaTh XiMibHWIA cknag i mopdororito BUPOBeHMX MOPOLUKOBUX MPOAYKTIB, sKi
MatoTb LUMPOKE 3aCTOCYBAHHSI B Pi3HMX ranys3sx Hayku i TeXHIKN.

BucHoBkuW. BuaHaueHo TexHOMoriyHi yMOBM OTpYMaHHSA METOAOM BMOYXOBOro BUNApOBYBaHHA-KOHAEHC ALl Y BakyyMmi maTepianis,
LLIO BKMIOYATb KOMMOHEHTY 3 ICTOTHOIO Pi3HWLEIO B NMPY>XHOCTI napy. Metoa fae amory oTpuMyBaTy rpaHynboBaHi Ta NniBKOBi MPOAYKTH
ocapKeHHs 3 padiHyBaHHAM MaTepianiB No KUCHIO i esiKX MeTaneBnx AOMiLLKaXx.

KntoyoBi crnoBa: eneKkTpoHHO-NMpoOMeHeBa TEXHONOTISA; MeTo BUOYXOBOro BUNapoByBaHHs-KOHAEHcaLi y BakyyMi; Tyronnaski 1
KOMMO3MLiHI MaTepianu Ha OCHOBI Bonbdpamy i Mifi; CKnagHoneroBaHi Cnnasy Ha OCHOBI TUTaHY.

W.H. I'peyvaHiok, E.B. XomeHko, I".A. barntok

NMPUMEHEHME METOOA B3PbIBHOIMO S3NEKTPOHHO-NTYHYEBOIO WCMAPEHUA-KOHOEHCALIMM B BAKYYME [ONA
MONYYEHUA TYTOMNTABKMX N CNTOXKHOJIEFTMPOBAHHbBIX CTMJTABOB PA3JTMYHOIO HASHAYEHWA

BBepeHue. MeTop B3pbIBHOTO 3MEKTPOHHO-MYYEBOrO UCMAPEHUSA-KOHAEHCAUMN MaTepranoB B Bakyyme OTKpPbIBaeT HOBble BO3-
MOXXHOCTU Ans MOJSlyYeHNs1 MaTepuarnos, COAEPXKALLUMX KOMMOHEHTbI, C CYLLLECTBEHHOWN pasHuLe B yNpyrocTy napa, a Takke CroxHosne-
rMpOBaHHbIX CNnaBoB. [JaHHash TEXHONOrusi NepcrekTUBHa AN NPOM3BOACTBA Pa3fMYHbIX BUAOB MaTepuarioB 3a4aHHOr0 XMMUYECKOro
cocTaBa B BME MOPOLLKOBbIX MPOAYKTOB.

Llenb uccnepoBaHuii. 13y4nTb BO3MOXHOCTM MeTOAA 3NEKTPOHHO-MYYEeBOro B3pbIBHOMO UCMapeHUsi-koHAeHcauum matepuanos
B BaKyyMe [ns NoNyYeHUsi B rpaHyMpoBaHHOM U NIIEHOYHOM BUAE TyronnaBKMX U KOMMO3ULMOHHbBIX MaTeprarioB Ha OCHOBE Bofbdpama
1 Meau, a TakkKe CIIOXHONErMpoBaHHbIX MaTepunanoB Ha OCHOBE TUTaHa.

MeToauka peanusauuun. MeToa B3pbIBHOrO UCMapeHUs-KOHAEHCAUUU MPUMEHUNM ANs nonyvyeHus napodasHbiX Tyronnaskux,
KOMMO3MLMOHHbIX U CIOXHOMErnpoBaHHbIX MaTepuarnos Ha ocHoBe cuctem WC-W,C, Cu—W u Ti—Si—Zr—Nb. SkcrneprMeHTbl NpoBoAMN
Ha 9MeKTPOHHO-Ny4YeBOM YycTaHoBKe L-4, padpaboTaHHOW Hay4HO-MPOM3BOACTBEHHbIM npeanpusatuem “ENTEXMALL” (r. BuHHuua,
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YKkpauHa) coBMecTHO ¢ MIHCTUTyTOM Npobnem matepuanoseferus um. N.H. dpanuesuya HAH YkpauHbl. M3yueHbl U3MEHEHUSI XMUYeC-
KOro coctaBa 1 MOpdOonornm Nony4YeHHbIX NPOAYKTOB B 3aBUCMMOCTU OT YCIOBUIA OCaXAEHWS B BaKyyMe.

Pe3ynbTaTbl nccneaoBaHus. Bnepsbie MeTOA0OM B3pbIBHOMO UCNapeHUs-KOHAEH ALK B BaKyyMe NofyyeHbl B rpaHynMpoBaHHOM
BWAe Tyronnask1e Crnaebl U KOMNO3ULIMOHHbIE MaTepuarnbl Ha OCHOBe Bomnbdpama U Meau, a Takke CNoXHOMNervpoBaHHbIe Cnnasbl Ha
OCHOBe TUTaHa. Vcnonb3oBaHne faHHOW TEXHOMOMMN AAeT BO3MOXHOCTb PerynMpoBaTe XMMUYECKUI COCTaB 1 MOPMOOrio nponsse-
EHHbIX NOPOLUKOBbIX NMPOAYKTOB, KOTOPbIE UMEIOT LUMPOKOE MPUMEHEHUE B PasfNyHbIX OTPACAX HAYKN N TEXHUKK.

BbiBoabl. OnpefeneHsl TEXHONOrMYeckve ycrnoBus nonyvyeHnss MeToAoM B3pbIBHOTO MCMApeHWs-KoHAEHCaUnn B Bakyyme mMarte-
puanos, BKIIOYAKOLWMX KOMMOHEHTbI C CYLLECTBEHHOW pasHuLen B ynpyroctu napa. Metoa no3BonsieT nony4vatb rpaHynvMpoBaHHbIe U
NNeHoYHble NPOAYKTbI OCaXAEHNS C paddHMPOBaHNEM MaTepyanos Mo KUCMOPOAY Y HEKOTOPbIM MeTanM4ecknm NpUMecam.

KniouyeBble cnoBa: 3nekTpoHHO-Ny4YeBas TEXHONOMS; MEeTOZ B3pbIBHOIO MCMapeHusi-koHAeHcauun B BaKyyMe; TYronnaskue u
KOMMO3WLMOHHbIE MaTepuarbl Ha OCHOBE BOMbdpamMa U Meau; CIIoKHONErMpoBaHHble CrnaBbl HA OCHOBE TUTaHa.
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