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CREATION OF ELECTRIC
CONDUCTIVE COATINGS USING
GAS-DYNAMIC SPRAYING

The article presents the results of research on the processes
of creating conductive coatings based on copper and aluminum in
order to determine the interaction of components on each other
during cold gas-dynamic spraying (CGDS) and substantiate the
method of introducing an additional component to obtain the desired
composite coating. In particular, under conditions when the copper
sputtering coefficient is almost zero (at a working air temperature of
300 °C), it is the search for the experimental dependence of the
sputtering coefficient on the percentage of copper and aluminum
powders in the sprayed mixture, determining their residual content in
the coating and then calculating based on these data, the sputtering
coefficients of copper and aluminum.

The CGDS method obtained samples with composite
coatings from mixtures of aluminum and copper powders at different
initial mass concentrations of aluminum (from 0 to 100%, in
increments of 10%) Other things being equal (air pressure 0,6 MPa,
air heating temperature 300 ° C) .

The spraying ratio of the mixture and the residual content of
the components in the obtained composite coatings were measured.
Data on the residual content of the components in the coating allows
you to select the composition of the source powder required to
obtain a given content of components in the coating.

The dependences of the sputtering coefficients of copper
and aluminum on the mass content of aluminum in the sprayed
mixture are found. At an initial concentration of aluminum less than
66%. the coefficient of copper sputtering is higher than the
coefficient of sputtering of aluminum. Both increase monotonically
with increasing aluminum concentration until it reaches 61%. At high
concentrations of aluminum (more than 66%) the spray coefficients
of copper, aluminum and their mixtures coincide. The obtained data
on the residual content of the components in the coating allows you
to select the composition of the source powder required to obtain a
given content of components in the coating. For example, the
maximum residual copper content (~ 95%) can be obtained by
adding to the source powder 30-40% aluminum.

The obtained results confirm the interaction of the
components on each other and justify the method of introducing an
additional component to obtain a composite coating containing a
component that is difficult to spray.

Key words: gas-dynamic coatings, spraying, electrically
conductive coating, spraying coefficient.

Introduction. Cold gas-dynamic spraying
(CGDS) - a method of powder coating, rapidly
evolving [1], in which particles with a characteristic
size of 10-150 ym are accelerated in the gas
velocity to speeds of 250-1200 m/s and when
hitting the substrate are fixed on it without phase
transitions. The absence of high temperatures
allows to significantly expand the possibilities of
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methods of coating with powder materials and
provides the method of CGDS before the known
gas-thermal methods the following advantages:

- the possibility of using for spraying
powders with a size less than 30-50 pym, including
ultrafine, which improves the quality of the coating
- increases its density, reduces the volume of
microcavities, the structure becomes more
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homogeneous, it is possible to reduce the
thickness of the coating;

- the absence of significant heating of the
particles and related processes of high-
temperature oxidation, phase transitions, etc.,
which allows to obtain coatings with properties
close to the properties of the material of the initial
particles, as well as composite coatings of
mechanical mixtures of powders physical and
thermal properties;

- no significant thermal impact on the
product, which allows you to apply a coating on
substrates of non-heat-resistant materials;

- simplicity of technical implementation
and improvement of work safety due to the
absence of high-temperature jets, as well as
flammable and explosive gases.

Based on the CGDS method technologies
are created to solve energy and resource saving
problems in various industries, which are
introduced into the practice of non-traditional and
efficient methods of production, repair, restoration,
corrosion  protection,  obtaining  electrically
conductive, thermally conductive, antifriction,
insulating and other coatings for machinery and
equipment.

Analysis of recent research. The
possibility of formation of coatings from particles in
the solid (unmelted) state was unexpected for
experts, because there were ideas about the need
for melting (general or local) for adhesion between
the particle and the substrate surface and the
formation of the coating and that rebound of the
sprayed particle from the obstacle.

Beginning in about 2000, centers and
laboratories began to appear around the world to
study the possibilities of the CGDS method. The
intensity of research is clearly demonstrated by a
large number of publications, a detailed review of
the literature is presented in the monograph [6]
(the world's first monograph on the basics of
CGDS), and works [1 - 5]. As a result of the
research, various technical solutions were
proposed due to the optimal choice of working gas
[9], size and shape of powder particles [10],
spraying strategy (number of passes, scanning
speed) [11], spraying angle [12], powder heating [
13], the creation of sublayers [14].

It should also be noted that vacuum
spraying of submicron powders [15], the use of
micro nozzles (up to 50 pym in diameter) for
spraying nanopowders (including nonmetals) [16],
the metallization of glass and silicon by CGDS
[17], various plastics [18- 21], as well as spraying
of plastic powders [22, 23]. All these achievements
show how wide the scope of CGDS. The great
variety of materials and coatings obtained with its
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help is presented in detail in published scientific
works [24, 25].

However, the potential of CGDS is not fully
disclosed, some aspects of the process require
further research to create new technologies, their
optimization, as well as a deeper understanding of
the physics of high-speed shock interaction of
heterogeneous flows with interference.

One such task is to study the formation of
composite coatings from multicomponent mixtures,
in particular from two-component, which are
mixtures of two different metal powders. It is
especially important to detect the mutual influence
of the components, for example, when the
sputtering ratio of one of the components in the
presence of another component differs from the
sputtering ratio in the absence of another
component. To study this phenomenon was
chosen as an example a mixture of powders of
aluminum and copper. Early experiments showed
that at a temperature of 300 °C the coefficient of
spraying of copper powder is almost zero. At the
same time, the spraying coefficient of aluminum
powder at this temperature is markedly different
from zero (below are the specific values). The
novelty of this study is to show that at the same
operating air temperature (300 °C) it is possible to
increase the coefficient of copper deposition by
creating a mixture with the addition of aluminum.
This will justify that in cases where it is not
possible to obtain a coating from a powder due to
the limited capabilities of a particular CGDS
installation, the addition of a suitable component
that relatively easily forms a coating, will obtain a
composite coating, which will include in a certain
proportion and " hard to spray "component.

The purpose of research. The purpose of
the work is to prove the interaction of components
on each other in CGDS and substantiation of the
method of introduction of an additional component
to obtain a composite coating. In particular, under
conditions when the copper sputtering coefficient
is almost zero (at a working air temperature of 300
°C), it is a search for the experimental dependence
of the sputtering coefficient on the percentage of
copper and aluminum powders in the sprayed
mixture, determining their residual content in the
coating and then calculating based on these data,

the sputtering coefficients of copper and
aluminum.
Presenting main material. To obtain

composite coatings used a mechanical mixture of
aluminum powder A20-11 and copper C01-11. In
Fig. 1 shows the form of these powders, and in
Fig. 2 - photomicrographs of their particles.
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Fig. 1. Photos of sprayed powders. On the left aluminum powder A 20-11, on the right
copper powder C01-11.

Fig. 2. Photomicrographs of sprayed powder particles. On the left aluminum powder A 20-
11, on the right copper powder C01-11.

The particle size distribution of the powder the standard deviation Sq, calculated from the
is one of the most important parameters that photomicrographs shown in Fig. 2, are presented
determine the possibility of its use in CGDS and in table 1. The maximum share by volume (Mass)
the quality of the obtained coatings [1]. is occupied by particles of size 20-52 ym for

Average values of particle sizes d.,. and  aluminum and 42 - 78 pym for copper.

Table 1.
Powder dep, UM Sg, MM
A 20-11 30,3 15,8
C01-11 46,4 26,6

To create composite coatings were the proportions shown in table 2. The total weight
prepared mechanical mixtures of two powders in  of each portion was 0,5 grams.

Table 2.
The mixture number
Powder
1 2 3 4 5 6 7 8 9 10 | 11
co01-11 1 0908|0706 |05]|04(03]02{01]| -
A 20-11 - o1(02|03|(04|05|06]07]08]09] 1
The coating was carried out using a gas- Engineering, Electrical Engineering and

dynamic spraying device [2] developed and Electromechanics of Vinnytsia National Agrarian
manufactured at the Department of Power University shown in Fig. 3.
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Fig. 3. Gas-dynamic spraying device. 1
- compressed air heater. 2 - nozzle accelerator
of compressed air and spray powder.
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the corresponding size and feed rate of the spray
powder.

For the study, the following modes of
operation of the CGDS device were set. Air
pressure Py = 0,6 MPa, ejection pressure R.
0,095 MPa, heating temperature of compressed
air at the inlet to the nozzle T, = 300 °C. Spraying
distance 20 mm. The spraying ratio of the mixture
was defined as the ratio of the mass of the
obtained coating to the mass of spent powder (in
the experiments it was 0,5 g). The mass difference
of the substrate before and after spraying was
determined by the mass of the obtained coating.
The sputtering coefficients of copper and
aluminum separately in the sputtered mixture were
calculated from the measured sputtering
coefficient of the mixture and the results of
elemental analysis of samples on an electron
microscope.

Fig. 4. The scheme of realization of
CGDS by means of an ejector nozzle: 1 -
supply of compressed air, 2 - an electric
heater, 3 - a nozzle, 4 - a cone with the central
axial aperture for giving of a dusting powder, 5
- a screw part of a cone, 6 - a locknut, C - ring
critical section (gap) between the cone and the
nozzle hole.

The device for CGDS works as follows.
Compressed air 1 from the compressor is fed into
the electric heater 2 where it is heated to the
desired temperature and heated enters the nozzle
through the annular gap C. Circumventing the
cone 4 axial hole creates the effect of ejection. By
adjusting the size of the annular gap C, due to the
presence of the threaded part 5 and the locknut 6,
it is possible to adjust the ejection pressure and
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Fig. 5. of

Application
coatings on a metal substrate.

composite

1 metal substrate, 2 - sputtering
Figure, 3 - nozzle of the CGDS device.

To determine the composition of the
obtained composite coatings, the coated samples
were cut and prepared for examination under a
microscope in accordance with Fig. 6.

'3

1 2

Fig. 6. Prepared section section of the
spray Figure to study the composition of the
obtained coating. 1 - epoxy resin, 2 - metal
substrate, 3 - composite coating.
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Fig. 7. Photomicrograph of the section of the substrate with a composite coating of
copper - aluminum.

The micrographs were processed using determined. The photograph of the processed
PhotoM 1.21 software and the area of each of the  microslice is shown in Fig. 8.
components, ie copper and aluminum, was

“ta PhotoM 1.21 dedicated e o
_I aafu| ® | f/l r1-|wl Ao &a o] ') @l
eeeeeeeeee ] Ofwext [ Bvaprion ofwext |
25521944 e [5%

Pacuer nnowaaun X

Paccurars nnowaas:
B
& D6bexTos no BCemMy U306PAKEHUIO

Mnowaae Potorpapum 5038848 nxc (259241944 nxc).
Mnowane ofwexTos:
2539672 nke (50.40%).

Oruer:
[~ 3anuctieath aBTOMATHYECKH

Nesan kronKa - BbiaeneHme; Npasas - ABMraTh KapTUHKY [x: 2512 m Y: 780 Value: 0 7 I _] 3akpems I
Flg 8 The results of processmg the photomicrograph of the section with a composite
coating using the program PhotoM 1.21, and determining the content of copper and aluminum.

In Fig. 9, presents data on the mass

content of aluminum in the coating (hereinafter g = 79,003x° - 214,09x° + 199,99x* -
referred to as C.,) depending on its mass content  71,815x” + 7,338x” + 0,5835x - 0,001 (2)
in the source powder (hereinafter referred to as

Coa). The dependence graph which can be where x is Cyp,and y is Cea,

approximated by polynomial (1) on the graph is

obtained. The approximation is shown by a dotted
line.

1,2

1

0,2 0 0,2 0,4 0,6 0,8 1 1,2

X= CDN

The absolute value of the aluminum content in the C., coating depending on its content
in the original C,5 powder.
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0,6 0,8 1 1,2

X = CpCu

Fig. 10. The absolute value of the copper content in the C.c, coating depending on its

content in the original C,c, powder.

In Fig. 10, presents data on the mass
content of copper in the coating (hereinafter
referred to as C.c,) depending on its mass content
in the source powder (hereinafter referred to as
Cocu). The dependence graph which can be
approximated by polynomial (2) on the graph is
obtained. In the graph of Fig. 10 the approximation
is shown by a dotted line.

y =-79,003x° + 214,09x° - 199,99x" + 71,815x’ -
7,338x%-0,5835x + 1,0014  (2)

In Fig. 11 shows the dependences of the
spraying coefficients of the mixture of aluminum
and copper 1, only aluminum 2 and only copper 3

kq
0,04 -

0,03 -

0,02

0,01

P

0,00 = .

from the mass content of aluminum in the original
mixture. The spraying coefficients are determined
by the content of aluminum in the coating
according to formulas (3):

— Eat — Leou
Kaar = Kamixs Kaenw = Kamix 3
pal pru

Oe ksmi» — Coefficients of spraying of a
mixture of powders of aluminum and copper.

k44 — Coefficients of dusting of aluminum
powders.

ks, — Coefficients of dusting of copper
powders.

0,00

T
0,50

T 1
0,75 100 cpal

Fig. 11. Dependences of the spray coefficients of the mixture 1, aluminum 2, copper 3 on
the concentration of aluminum in the original mixture; 4 - parabolic approximation of the
sputtering coefficient of the mixture; 5 - approximation of the copper sputtering coefficient; 6 -
approximation of the coefficient of aluminum sputtering; 7 - spray coefficient of the mixture
according to linear theory (when the components do not affect each other).

77



Ne 3 (102) Bibpauii e mexHiyi

The data for the sputtering coefficient of the
mixture are well approximated by parabola 4 (see Fig.
11). The dashed curve 5 shows the approximation of
the copper sputtering coefficient, and 6 - the aluminum
sputtering coefficient. It is seen that at an initial
aluminum concentration of less than 66%, the copper
sputtering ratio is higher than the aluminum sputtering
ratio. Both increase monotonically with increasing
aluminum concentration until it reaches 61%. At high
concentrations of aluminum (more than 66%) the
spraying coefficients of copper and aluminum coincide
with each other and with the spraying coefficient of the
mixture.

According to linear theory, if the powders do
not affect each other, their spray coefficients remain
the same regardless of the proportion in which they
are mixed. This allows you to calculate the spraying
ratio of the mixture on the basis of only two
measurements: the spraying ratio of only the first
component (copper in the absence of aluminum) Kycyo
and only the second component (aluminum in the
absence of copper). Then by formula (4) you can find
the coefficient of spraying the mixture at a given initial
content of aluminum (C).

kamix = Chaap + (1 — Clegguo 4)

The obtained data on the residual content of
the components in the coating allows you to select the
composition of the source powder required to obtain a
given content of components in the coating. For
example, the maximum residual copper content (~
95%) can be obtained by adding to the source powder
30-40% aluminum. At this initial concentration of
aluminum, the sputtering ratio of copper will be 0,5%,
which is still significantly higher than the sputtering
ratio of pure copper (0,01%). If, for example, you want
to get a residual copper content of 50%, you need to
add to the original powder 61% Aluminum. In this
case, the coefficient of dusting of copper will increase
significantly and will be 15%, etc.

From this study we can conclude that in the
process of spraying the components of the mixture
affect each other. Presumably, the mechanism of
interaction of the components is that the components
with different probabilities are fixed on a surface
consisting of different materials (ie the probability of
fixing copper particles on the surface of aluminum
particles is higher than the probability of fixing copper
particles on steel or copper particles).

Conclusions. Samples with composite
coatings from mixtures of aluminum and copper
powders at different initial mass concentrations of
aluminum (from 0 to 100% with a step of 10%) were
obtained by the CGDS method. Other things being
equal (air pressure 0,6 MPa, air heating temperature
300 °C).

The spraying ratio of the mixture and the
residual content of the components in the obtained
composite coatings were measured. Data on the
residual content of the components in the coating
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allows you to select the composition of the source
powder required to obtain a given content of
components in the coating.

The dependences of the sputtering
coefficients of copper and aluminum on the mass
content of aluminum in the sprayed mixture are found.
At an initial concentration of aluminum less than 66%.
The coefficient of copper sputtering is higher than the
coefficient of sputtering of aluminum. Both increase
monotonically with increasing aluminum concentration
until it reaches 61%. At high concentrations of
aluminum (more than 66%) the sputtering coefficients
of copper, aluminum and their mixtures coincide.

The obtained results confirm the interaction of
the components on each other and justify the method
of introducing an additional component to obtain a
composite coating containing a component that is
difficult to spray.
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CO30AHME JMEKTPONPOBOAALLUX
NMOKPLITUA C UICNONIb3OBAHUEM
rA3SOOUHAMUYECKOIO HAMbINEHUA

B crame npvBegeHsbl pesynbTaThl
uccnenoBaHus npoLeccos co3aHus
3NEKTPONPOBOAALLMX MOKPbITUA Ha OCHOBE Meau U
anioMUHUA C UEnblo  BbIACHEHUS B3aUMOBMMSAHUS
KOMMOHEHTOB Apyr Ha dpyra npuv XOJ04HOM
rasoMHaMu4eckom HanblneHun (XrgH) "
obocHoBaHNe MeTOANKY BBEAEHWS AOMONHUTENBHOIO
KOMMOHeHTa ans nonyyeHus Xenaemoro
KOMMO3NLUMOHHOIO  MOKpbITUA. B yactHocTn, B
YCroBusIX, Korga KoaUUMEHT HambieHns meam
MoyTM paBHa Hymwo (Mpu TemnepaTtype paboyero
Bozgyxa 300 °C), 310 MOUCK SKCNEPUMEHTANBHON
3aBUCUMOCTU N3MeHeHNs KoadhpuLmeHTa
HanbIfeHUst OT MPOLEHTHOrO CoaepPXaHWsi NMOPOLLKOB
Meau N anoMUHUS B CMECU KOoTopasi HarblnsieTcs,
onpederneHuss KX OCTaTOMHOro  CoAepXaHus B
MOKPbITUA U 3aTEM BbIYUCIIEHUS HA OCHOBE 3TUX
OaHHbIX  KO3(PULUMEHTOB  HanbIfeHUs Meau U
anomuHms. Metogom XITOH nonyyeHHsle 0bpasubl ¢
KOMMO3UTHBLIMM MOKPLITUSIMA U3 CMECEeN MOPOLLKOB
anioMUHUA WU MeauM Npu  pasfuyHONW  UCXOAHOW
MacCOBOMN KOHLUEHTpaumn antommHms (ot 0 go 100%,
¢ warom 10%) [llpn npounx paBHbLIX YCrOBKSAX
(naBneHve Bosagyxa 0,6 MIa, Temnepatypa Harpesa
Bosgyxa 300 °C). W3mepeHHble KO3hPULMEHT
HanblfleHUst CMecu U OCTaTouHOe CcoAepxaHue
KOMMOHEHTOB B MOMYYEHHbIX  KOMMO3UTHbIX
nokpbITUsX. JaHHble NO OCTaTOMHOMY COAEpPXXaHuIo
KOMMOHEHTOB B MOKPbITUM  [aloT  BOXMOXHOCTb
BbIOpaTb COCTaB UCXOOHOIO MOPOLLKa, HEOBXOOMMBIN
AN NONyYeHUs MOKPUTUA C 3adaHnM CogepXaHum
KOMMOHEHTOB. OnpegeneHsl 3aBNCUMOCTU
KO3(P(PMLUMEHTOB HaMbINIEHNST MEAMN U ariOMUHUS OT
MacCOBOIo CogepaHusi antoMyHNS B CMECU KOTopast
HanbInseTcs. Mpun NCXOAHON KOHLeHTpaLumu
anioMyHUa MeHee 66% Ko3dPULIMEHT HanblneHus
Meau OKa3blBaeTcH BblLLIE koadpduLmeHTa
HanblneHns antoMUHKS. Ob6a MOHOTOHHO
YBEMUUUBAKOTCH C POCTOM KOHLIEHTpaLmm antoMUHKS,
roka oHa He JOCTUrHET BenuuuHbl 61%. [Npur BbICOKMX
KOHLIEHTpaLMSAX antoMnHNA (6onee 66%)



Ne 3 (102) Bibpauii e mexHiyi

KO3(PMLIMEHTBI HaMbINEHWUS MEAK, aNtOMUHKUS U KX
cMecu  coBnagjatoT. HavigeHble  gaHHble Mo
OCTaTO4HOMY COAEPKaHUIO KOMMOHEHTOB B MOKPbLITUN
JaloT BO3MOXHOCTb BbibpaTb COCTaB  MCXOOHOIO
MOpPOLLIKa, HEOOXOANMBIV NSt NoNyYeHns Tpebyemoro
codepXaHusi KOMMOHEHTOB B MOKPbITUM. Hanpumep,
MakcvMarnbHOe OCTaTOYHOe CoAepXaHue Mean B
HanbineHoMm nokpbimuun  (~ 94%) moxeT ObITb
co3naHo npu gobaeneHun B UCxodHbIN nopotlok 30-
40%  anioMuHKS. MonyyeHHble  pesynbTaTbl
yKa3blBalT HA Hanuyme BINSIHWSI KOMMOHEHTOB ApYr
Ha apyra 1 no3sonstT 060CHOBaHO pekoMeHOoBaTb

BBeJeHUdA AO0NOJTHUTENbHOIo KOMIMOHEeHTa ansd
co3faHus KOMMO3ULMOHHOIO MOKPbITHS,
codepKallero  KOMIMOHEHT, KOTOpbIA  TPyOHO
HanbInsaeTcs.

Knroyesnle crioea: 2a3o0uHaMuyeckoe
MOKpbIMUS,  HarlbllieHUe,  efieKmponposodswee

MOKpbIMue, Ko3ghulyUeHm HarblIeHUs:.

CTBOPEHHA EJNIEKTPOMNPOBIAHUX NOKPUTTIB
3 BUKOPUCTAHHAM rA30ANHAMIYHOIO
HAMUNEHA

B cTaTTi HaBegeHO pe3ynbTaT OCNIOKEHHSA
NPOLECIB CTBOPEHHS €MEKTPONPOBIAHUX NOKPUTTIB Ha
OCHOBi Migi Ta antoMiHil0 3 MeTOI 3'ACyBaHHSA
B3AaEMOBIMIMBY KOMMOHEHTIB OAWH HA OJHOrO Mnpu
XOMNOAHOMY rasoguHamiyHoMy HamuneHHi (XMOH) i
OBrpyHTYBaHHA METOOMKA BBEOEHHS [O04ATKOBOrO
KOMIMOHEHTa ans OTPUMaHHS OaxxaHoro
KOMMO3ULINHOIrO NOKPUTTH. 30Kpema, B yMOBaX, KOMM
KoediLieHT HanuneHHs Migi Make OOPIBHIOE HYMHO
(npu Temnepatypi poboyoro nosiTps 300 °C), ue
MOLWYK  eKCepUMEHTamnbHOI  3aneXHOCTi  3MiHu
KoedpiljieHTa HanuneHHs Big MNPOLEHTHOro BMICTY
MopowkiB Migi Ta anoMiHilo B cyMmiwi  ska
HanNUMIETLCH, BU3HAYEHHS TX 3aNULLKOBOro BMICTY B
MOKPUTTI i MOTIM ODYMCIIEHHSI HA OCHOBI LIMX LOaHUX
KoeiLieHTIB HaNUneHHs Migj | antoMiHito.

ma mexHorsoegissx
2021

Metogom XI[OH otpumaHi 3paskm 3
KOMMO3UTHUMW MOKPUTTAMM 3 CyMIlLE MOPOLLKIB
anioMiHito i Migi nNpu  pisHin - BUXigHOT  MacoBOI
KOHUeHTpauii anomiHito (Big 0 4o 100%, 3 KpoKoMm
10%) lMpwn iHWKX piBHMX ymoBax (Tuck nogitTps 0,6
MMa, TemnepaTtypa Harpisy noitpsi 300 °C).

BumipsiHi - koedilieHT HanuneHHa cymiwi i

3aNUWLKOBMA  BMICT  KOMMOHEHTIB B OTPMMaHMX
KOMMO3WUTHMX MOKpUTTAX. [aHi 3a 3anuvLKoBUM
3MICTOM KOMMOHEHTIB B MOKPUTTI  J03BONSOTb

BMOpaTK cknag BMUXiZHOro NOPOLLKY, HeoBXigHU Ans
OTPVYMAaHHS 3a4aHOr0 BMICTY KOMMOHEHTIB B MOKPUTTI.

3HarigeHo 3aneXHOCTi koediLjieHTiB
HanNUNeHHa Migi i antoMmiHito Big MacoBOro BMICTY
antoMiHito B CyMiLli, WO HanunaeTbea. [Mpu BUXIOHIN
KOHLIEHTpaLii antoMmiHito MeHwe 66 %. koedilieHT
HaMUNEeHHa Migi BUSIBNSIETLCS BULWE  KoedbiljieHTa
HanunNeHHs arntomMiHito. Obwuaga MOHOTOHHO
30iNblWYOTECA  3i  3pOCTaHHAM KOHLeHTpauii
arntoMiHito, MOKM BOHa He gocsrHe BenuuuHn 61 %.
Mpy BUCOKMX KOHLEHTPALisSX antoMmiHito (binblue 66%)
KoediLiEHTU HaNWNEHHSA Migj, antoMiHito i X CymiLli
36iratotbes. OTpuMaHi AaHi 3a 3anvLKOBUM 3MICTOM
KOMMOHEHTIB B NOKPUTTI AO3BONAOTL BUBpaTh cknag
BMXIiOHOTO MOPOLLKY, HeobXigHW AOnsi OTPUMaHHS
3a0aHOr0  BMICTY  KOMMOHEHTIB B MOKPWTTI.
Hanpuknag, makcumarnbHe 3anuKkoBuin BMICT Migi (~
95 %) moxe OyTM OTpUMaHO NpW [O4aBaHHI B
BMXigHWU nopotuok 30-40 % antoMmiHito.

OTpumaHi  pesynbTaT  MiOTBEPOXKYOTb
HasIBHICTb B3AaEMOBMIIMBY KOMIMOHEHTIB OOWH Ha
OOHOrO i OOrpyHTOBYHOTb  METO4  BBEOEHHS
[00OaTKOBOro KOMIMOHEHTa ansd OTPUMAaHHS
KOMMO3MLINHOIrO MOKPUTTS, LLO MICTUTb KOMMOHEHT,
KNI BAXKKO HaNUIMOETLCS.

Knroyoei cJosa: 2a3o0uHamiyHe
MoKpUMMS, €/1eKmporposioHe MOKpUMMS,
KoegbilieHm HaruneHHsl.
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