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The paper presents the results of investigation of electrical and electrodynamic properties of polymer
composites based on polychlorotrifluoroethylene with different nanocarbon fillers under heat load. As
nanocarbon fillers thermoexfoliated graphite, thermoexfoliated graphite modified by silicon oxide and mul-
tiwalled carbon nanotubes have been used. Modification of TEG with silica was carried out from a colloidal
20 % solution of hydrosol (silicic acid). For investigations the bulk polymer composites based on polychloro-
trifluoroethylene with different content of nanocarbon filler have been obtained by thermal pressing. The
dielectric permittivity have been studied at room temperature using an ultra-high-frequency interferometer
at a frequence v = 10 GHz. Temperature dependence of electrical conductivity o(7) have been measured by
two- and four-probe methods on direct and alternating current in temperature interval (293-425) K. Tem-
perature dependence of the electrodynamic parameters has been studied with use panoramic meters of
standing wave ratio and electromagnetic radiation attenuation in the temperature interval (293-373) K.

It is shown that use of thermoexfoliated graphite, thermoexfoliated graphite modified with SiOz Carbon
nanotubes as fillers allows to obtain electrically conductive polymer composites with low percolation thresh-
old ~ 0.955 % mass. At filler concentrations lower than the percolation threshold, the main contribution to
the electrical conductivity of the polymer composite is made by the relaxation component of the conductivity,
which is determined by the processes of interphase polarization at the polymer-filler interface. At filler con-
centration in the polymer composite is slightly higher than the percolation limit, the increase of the contri-
bution of direct electrical conductivity due to direct contacts and contacts through thin polymer layers be-
tween fillers particles occurs.

It is revealed that heat of polymer composites up to 373 K leads to slight improvement in shielding
characteristics mainly due to an increase in the electromagnetic radiation absorption coefficient. Changes in
the effective dielectric permittivity of polymer composites in the temperature range of (293-373) K do not
dramatically affect the shielding characteristics of investigated polymer composites.
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1. INTRODUCTION

In the development of new polymer composite mate-
rials (PCM) with the required level of specified proper-
ties, one of the tasks is to ensure the stability of the char-
acteristics of the CM under the influence of various ex-
ternal factors, in particular, mechanical, thermal, radi-
ation load [1-4]. The use of nano-sized conductive carbon
fillers makes it possible to create polymer composites
with high electrical and electrodynamic characteristics
at a sufficiently low filler content and, accordingly, to
preserve the functional characteristics of the polymer
matrix [5, 6]. Since polymer materials are characterized
by a fairly high coefficient of thermal expansion, micro-
structural transformations of polymer composites based
on such matrices are possible upon heating, and in some
cases these changes may be irreversible [5, 7-9]. In this
regard, it is important to establish temperature inter-
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vals for the reproducibility of polymer composite’s char-
acteristics. This is especially important in the case of
electrical and electrodynamic characteristics of polymer
composites, which are very sensitive to the microstruc-
ture of composite, especially at filler concentrations near
the percolation threshold [10-13].

The purpose of the presented work was to study the
electrical and electrodynamic properties of polymer com-
posites based on polychlorotrifluoroethylene with vari-
ous types of nanocarbon filler and to establish the level
of their stability under thermal load up to 373 K.

2. OBJECTS AND METHODS

In the work, polymer composites based on polychloro-
trifluoroethylene (PCTFE, trade mark fluoroplast-3) with
nanocarbon filler have been studied. PCTFE is a typical
representative of the class of crystalline amorphous poly-
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mers. Macromolecules of PCTFE are built from linear flex-
ible chains capable of crystallization. The PCTFE monomer
link is asymmetric and has a constant dipole moment. That
is why its dielectric properties in a wide range of tempera-
tures and frequencies are highlighted in the literature bet-
ter than other polymers [14]. Thermally exfoliated graphite
(TEG) and multiwalled carbon nanotubes (MWCNTS), as
well as TEG and MWCNTs modified with silicon oxide
Si02, have been used as nanocarbon fillers. TEG has been
produced by thermal shock of natural dispersed graphite
(GAK 1) of the Zavalivskiy deposit intercalated with sulfu-
ric acid. MWCNTs with a diameter of up to 40 nm and a
length of up to 10 mem have been obtained by the decom-
position of hydrocarbon in the presence of a nickel catalyst
and then purified by treatment with acid solutions. Modifi-
cation of TEG with silica was carried out from a colloidal
20 % solution of hydrosol (silicic acid). Mixture of TEG par-
ticles, alcohol and hydrosol was sonicated (frequency
22 kHz) for 1.5 min. Next, the mixture was heated to 90 °C
and, with periodic stirring, dried until the alcohol was com-
pletely removed. As a result, a powdered composite con-
taining 7 mass parts of 7 nanocarbon and 3 mass parts g of
Si02 was obtained.

The polymer composites with PCTFE have been ob-
tained in two stages. On the first stage nanocarbon parti-
cles sonicated in an alcoholic medium (ethyl alcohol). On
the second stage mixture of powdered PCTFE (spherical
aggregates with a diameter of d ~ 200 nm) with the dis-
persed in the ethyl alcohol nanocarbon particles heating
with constant stirring up to 640 K. The bulk polymer com-
posites based on PCTFE with different content of nanocar-
bon filler were obtained by method of thermal pressing.

The real (¢') and imaginary (¢”) components of the
complex dielectric permittivity have been studied at
room temperature using an ultra-high-frequency inter-
ferometer at a frequence v =10 GHz. Temperature de-
pendence of electrical conductivity o(7T) have been meas-
ured by two- and four-probe methods on direct and al-
ternating current in temperature interval (293-425) K.
Temperature dependence of electromagnetic radiation
(EMR) reflection and absorption spectra and dielectric
constant have been studied with use panoramic meters
of standing wave ratio and EMR attenuation (P2-65).
Measurements were performed at a frequency (26-
37.5) GHz in the temperature interval 7' = (293-373) K.

3. EXPERIMENT AND DISCUSSION

3.1 Concentration Dependences of Electrical Con-
ductivity of Polymer Composites

The concentration dependences of the logarithm of
the electrical conductivity of PCTFE-based polymer
composites with TEG, MWCNTS, and silicon oxide-mod-
ified TEG at a frequency of 0.1 Hz and at a constant cur-
rent are presented in the Figure 1.

As can be seen from the Figure 1, a sharp increase in
conductivity on both alternating and direct current for pol-
ymer composites with TEG filler occurs in the concentra-
tion range of (1-1.3) %. At the same time, the increase in
conductivity for composites with modified by silicon oxide
TEG as a filler is somewhat greater than for composites
with pure TEG. For composites with MWCNTs as a filler,
the increase in conductivity is not of a percolation nature.
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Fig. 1 — Dependences of the logarithm of the electrical
conductivity 1g(o) of PCTFE-based polymer composites on the
filler concentration at a frequence 0.1 Hz and at constant
current (inset), T' = 295 K, fillers are TEG (1), TEG modified
with SiO2 (2), MWCNTSs (3)

As is known [15], the electrical conductivity of poly-
mer composites with a dispersed filler opc in alternating
electromagnetic fields is described by the following ex-
pression:

Opc =04 + 07, (1)

where oy is the through electrical conductivity, which co-
incides with electrical conductivity at direct current and
o is the relaxation component of electrical conductivity:

O, = EgMpE™ , (2

where wo is the cyclic frequency of the electromagnetic
field, &v is the absolute dielectric permittivity of vacuum,
£"1is the imaginary component of the complex dielectric
permittivity. The magnitude of the conductivity oz de-
pends on the electrical conductivity of the separate
filler’s particles and the contact electrical resistance be-
tween them. The relaxation component oz is determined
by the sum of relaxation processes in the polymer, filler,
and interfacial layer [1]. Among them, as a rule, the
dominant process that determines the conductivity o for
composites with an electrically conductive dispersed
filler is the process of interfacial polarization [2]. This is
especially evident under the condition of a developed in-
terfacial surface, that is, under the small size of dis-
persed inclusions. The electrical conductivity of the pol-
ymer composite with a low filler content is mainly deter-
mined by the relaxation component o (o >> oa). A slight
increase in the electrical conductivity of polymer compo-
sites with a small content of filler (up to 0.95 % mass) in
comparison with the electrical conductivity of pure poly-
mer is due to the occurrence of polarization in the inter-
phase layer of polymer-dispersed TEG [16]. A more in-
tense increase in electrical conductivity due to an in-
crease in filler content both before and after the percola-
tion threshold in PCTFE-TEG/SiOz composites com-
pared to PCTFE-TEG composites occurs due to addi-
tional interfacial polarization in the TEG/SiO2 interfa-
cial layer. A similar effect of increasing the electrical
conductivity of composites with oxide fillers in compari-
son with the electrical conductivity of a conductive filler
was found in systems Al2Os/Agl, Al20s/Si0O2, Agl/SiOs,
pentaplust/Agl, Cul/SiOz [17].
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As the filler content increases, the electrical conduc-
tivity of both systems increases due to the formation of
direct electrical contacts between dispersed filler parti-
cles.The Figure 2 presents the temperature dependences
of conductivity at constant current of polymer compo-
sites based on PCTFE with different contain of TEG and
TEG modified with SiOz.
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Fig. 2 — Temperature dependences of conductivity oT) at
constant current of polymer composites based on PCTFE with
0.95 % mass and 1.5 % mass (inset) of TEG (1) and TEG/SiO: (2)

As it follows from Figure 2, for composite PCTFE-TEG
(0.95 % mass) in the temperature range up to 355 K, the
conductivity decreases slightly. For composite PCTFE-
TEG/SiOz2 (0.95 % mass), the decrease in conductivity in a
analogous temperature range is significantly pronounced
and amounts to ~ 6 times. Such a drop in conductivity
occurs due to a decrease in the relaxation conductiviy
component or and is associated with additional ordering of
the supramolecular structure of the polymer during
heating in the interphase layers of PCTFE-TEG and
PCTFE-TEG/SiO2. With a further increase in temperature,
the electrical conductivity of both polymer composites
increases, which is explained by the defrosting of the
segmental mobility of the amorphous component of the
polymer above the glass transition temperature. For
polymer composites with a filler concentration of 1.5 %
mass a monotonic change in conductivity is observed in the
temperature range of (293-450) K. For composite PCTFE-
TEG, there is a decrease in electrical conductivity by ~ 1.5
times, while for composite PCTFE-TEG/SiOz, conductivity
increases by ~ 1.3 times. Such differences in the
temperature dependence of the electrical conductivity of
polymer composites are due to the fact that in composite
with TEG as filler the role of contact electrical resistance
between the filler particles is quite large, which increases
with increasing temperature due to the linear expansion of
the polymer and the deterioration of the contact between
the filler particles. In the case of a polymer composite with
TEG/SiO2 as a filler, the increase in the electrical
conductivity of the filler particles themselves as the
temperature increases prevails over the increase in contact
resistance between the TEG particles, which leads to an
increase in the electrical conductivity of the composite
PCTFE-TEG/SiOz as a whole.

3.2 Concentration Dependences of Dielectric
Permittivity of Polymer Composites

Polymer composites PCTFE-TEG and PCTFE-

TRG/S102 which are on concentration dependences up to
the percolation threshold, behave as dielectrics, since a
continuous conductive cluster of filler particles has not
yet formed, individual particles or agglomerated for-
mations of filler particles are isolated and there are
quite thick polymer layers between it. Under the influ-
ence of an electric field, charge carriers of the filler are
localized at the polymer-filler interphase boundaries
and the process of interphase polarization occurs. When
the filler content in CM increases, the area of interphase
boundaries grows and, accordingly, the manifestation of
interphase polarization intensifies, the dielectric con-
stant increases. At the moment when percolation occurs,
in the CM there is already through-flow electrical con-
ductivity along continuous chains from the filler, but the
dielectric constant still remains high, since a large num-
ber of isolated particles of the filler are still grounded.

The Figure 3 shows the concentration dependences
of the components of the complex dielectric permittivity
¢’ and ¢” for polymer composites PCTFE-TEG and
PCTFE-TEG/SiOsz.
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Fig 3 — Concentration dependences of real ¢’ and imaginary &”
(inset) components of dielectric permittivity, fillers: TEG (1),
TEG modified with SiO2 (2)

As can be seen from Figure 3, a significant increase in
the values of &’ and " is observed for the polymer PCTFE-
TRG when the filler content is increased up to 3.5 % mass.
Modification of the developed surface of the TEG particles
with SiOz leads to significant quantitative changes in the
dielectric properties. In particular, the character of the con-
centration dependences of ¢’ and &” for both polymers is
qualitatively repeated, however, the values of the compo-
nents of the complex dielectric constant ¢’ and &” for com-
posite containing silicon dioxide exceed the values of these
constants for polymer PCTFE-TEG after the percolation
threshold by ~ 1.5 and 3 times, respectively. This effect can
be related to the strengthening of the relaxation component
of the composite o due to the manifestation of interphase
interaction at the interface between the filler TEG/SiO2
and polymer PCTFE/SiOs.

3.3 Temperature Dependences of the Spectra of
Reflection and Absorption of Electromagnetic
Radiation and Dielectric Permittivity

Figure 4 presents the frequency dependences of EMR
attenuation (a) and standing wave ratio (SWR) (b) for a
PCTFE-based polymer composite containing 2.5% mass
of dispersed TEG at different temperatures.
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Fig. 4 — The frequency dependences of EMR attenuation (a) and
standing wave ratio SWR (b) at different temperatures for a
PCTFE-based polymer with 2.5 % mass of dispersed TEG. The
temperature is indicated on the graphs

As can be seen from the Figures, heating the polymer
composite to 373 K leads to a slight weakening of
microwave radiation (up to ~ 0.5 dB) in almost the entire
frequency range except for the (34-38) GHz range. At the
same time, the SWR also slightly decreases in the
investigated frequency range. Therefore, at the heating
of this polymer composite up to 373 K, there is a slight
increase in electromagnetic wave attenuation. For the
polymer composite based on PCTFE with carbon
nanotubes as filler, the value of the attenuation
coefficient in the frequency range (34-38) GHz (Fig. 5a)
practically does not depend on the temperature at the
heating to 373 K, that is, the EMR absorption and
reflection characteristics for this polymer composite are
not affected by temperature. At the same time, the SWR
(Fig. 5b) decreases with increasing frequency, and
heating only slightly changes the value of the reflection
coefficient.

Figure 6 shows the frequency dependences of EMR
attenuation (a) and SWR (b) for a PCTFE-based polymer
composite containing 2.5 % mass of TEG modified with
Si0s.

As can be seen from the Figures, the frequency de-
pendence of the attenuation coefficient is weakly ex-
pressed for this polymer composite. However, the use of
TEG modified with silicon oxide as a filler in the polymer
composite leads to a significant ~ 2.5 times increase in
the attenuation coefficient compared to the polymer
composite with pure TEG as a filler (see Fig. 4). In addi-
tion, for this polymer composite, the influence of heating

J. NANO- ELECTRON. PHYS. 16, 06023 (2024)

on the magnitude of the damping coefficient is pro-
nounced. Thus, heating to 373 K leads to an increase in
the attenuation coefficient by 1.3 times compared to the
value of the attenuation coefficient at room tempera-
ture. The SWR for this composite increases by ~ two
times in the entire frequency range compared to the pol-
ymer composite with TEG as filler. At the same time, as
follows from Figure 6b, heating does not significantly af-
fect the value of the SWR. Thus, the use of TEG modified
with silicon oxide as a filler in polymer composite based
on PCTFE results in to an increase in the absorption of
radiation energy. Similar results of improving EMR ab-
sorption characteristics have been obtained for compo-
sites with FeSiAICr and Ni-Co-P microcapsules covered
with a layer of SiOz [18, 19].

26 28 30 32 34 36 38
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SWR

Fig. 5 — The frequency dependences of EMR attenuation (a) and
SWR (b) at different temperatures for a PCTFE-based polymer
with 3.5 % mass of MWCNT's
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Fig. 6 — The frequency dependences of EMR attenuation (a) and
SWR (b) at different temperatures for a PCTFE-based polymer
with 2.5 % mass of TEG modified with SiOs.

For a series of specimens of polymer composites
based on PCTFE with various nanocarbon fillers,
studies of the temperature dependence of the dielectric
permittivity at a frequency of 31 GHz were carried out.
In Figure 7 the results of the conducted research are
presented.
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Fig. 7 — Temperature dependence of the dielectric permittivity
at a frequency of 31 GHz for polymer composites based on
PCTFE with fillers: TEG (1), TEG/Si02(2), MWCNTs (3)

As it is follows from Figure 7, the dielectric permit-
tivity for all investigated polymer composites varies
slightly in the studied temperature range. So, when
specimens of polymer composites are heated from 293 K
to 353 K, changes in dielectric permittivity (decrease or
increase) amount to no more than (10-15) %. An excep-
tion is the polymer composite with a filler of 2.5 % mass
TEG/SiOg, for which, at heat from 353 K to 373 K, a de-
crease 1n dielectric constant by ~ 20 % is observed.

The main factors that determine the change in die-
lectric constant of polymer composite upon heating are
the mobility of polymer chains, their kinetic energy, and
thermal expansion of the polymer matrix. As the tem-
perature increases, the mobility of polymer chains and,
accordingly, dipoles becomes higher and, thus, a larger
number of dipoles can be formed and oriented in re-
sponse to the action of an electric field. On the other
hand, due to the high kinetic energy of the dipoles at
high temperature, the alignment and orientation of the

dipoles along the electric field becomes increasingly dif-
ficult. Depending on which of the processes is predomi-
nant, either an increase or a decrease in dielectric con-
stant is observed [20-22]. In addition, the thermal ex-
pansion of the polymer matrix can partially change the
position of the isolated particles of the conductive filler
polarized by electric field due to the interphase polariza-
tion. This process will also affect the value of the effec-
tive dielectric constant of the polymer composite. Note
that changes in the electrodynamic characteristics of the
studied polymer composites in the investigated temper-
ature range are not critical.

CONCLUSIONS

Thus, the carried-out research made it possible to re-
veal the peculiarities of changes in the electrical and
electrodynamic properties of polymer composites based
on PCTFE with various types of nanocarbon filler under
thermal load. The use of TEG, modified with SiO2 TEG
and MWCNTs as fillers allows to obtain electrically con-
ductive polymer composites with high indicators of elec-
trical properties and a low percolation threshold (Cp ~
0.955 % mass), that preserves the unique properties of
the polymer (chemical, thermal and radiation re-
sistance, physical and mechanical - shock strength, plas-
ticity, lightness, manufacturability, etc.). At filler con-
centrations lower than the percolation threshold, the
main contribution to the electrical conductivity of the
polymer composite is made by the relaxation component
of the conductivity oi, which is determined by the pro-
cesses of interphase polarization at the polymer-filler in-
terface. The role of the relaxation component of conduc-
tivity is enhanced in polymer composites, in which TEG
modified with silicon oxide is used as a filler due to the
additional manifestation of interphase interaction at the
interface between dispersed TEG/SiO2 and PCTFE/SiOa.
At filler concentration in the polymer composite is
slightly higher than the percolation limit, continuous
chain structures of filler particles are formed in the com-
posite, and electrical transport occurs both due to direct
contacts and when the filler particles are in contact
through thin polymer layers. This results in an increase
in the contribution of through electrical conductivity oa.
The temperature dependence of the electrical conductiv-
ity in this case will be determined both by the change
with temperature of the intrinsic electrical conductivity
of the filler particles and by the temperature dependence
of the contact electrical resistance between the filler par-
ticles. Thermal expansion of the PCTFE matrix at heat
can affect both the number of continuous conductive
chains from the filler and the amount of contact electri-
cal resistance between the filler particles due to a de-
crease in the contact area or an increase in the polymer
layer between the filler particles.

When all investigated polymer composites were
heated to a temperature of 373 K, a slight improvement
in shielding characteristics was found, mainly due to an
increase in the EMR absorption coefficient. The largest
changes in the EMR attenuation coefficient at heating
up to 373 K have been observed for the polymer compo-
site with modified by silicon oxide TEG. Changes in the
effective dielectric permittivity of polymer composites in
the temperature range of (293-373) K are no more than
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(10-20) %, which does not dramatically affect the shield-
ing characteristics of investigated polymer composites.
Therefore, the investigated polymer composites based on

9.

10.

11.

REFERENCES

Y. Ishigure, S. Iijima, H. Ito, T. Ota, H. Unuma,
M. Takahashi, Y. Hikichi, H. Suzuki, J. Mater. Sci. 34, 2979
(1999).

N.I. Kuskova, A.P. Malyushevskaya, S.V. Petrichenko,
A.N. Yushchishchina, Surface Eng. Appl. Electrochem. 47
No 5, 446 (2011).

A. Mdarhri, F. Carmona, C. Brosseau, P. Delhaes, J. Appl.
Phys. 103, 054303 (2008).

T.A. Len, LY. Matzui, I.V. Ovsiienko, Y.I. Prylutskyy,
LI. Andrievskii, I.B. Berkutov, G.E. Grechnev, Yu.A. Kole-
snichenko, Fizika Nizkikh Temperatur 37 No 9-10, 1027
(2011).

Z.M. Elimat, J. Compos. Mater. 49, 1 (2013).

V. Tkachuk, I. Ovsienko, L. Matzui, T. Len, Y. Prylutskyy,
0. Brusylovets, I. Berkutov, I. Mirzoiev, O. Prokopov, Molec.
Cryst. Liquid Cryst. 639 No 1, 137 (2016).

A.P. Malyushevskaya, P.P. Malyushevskii, Surface Eng.
Appl. Electrochem. 52 No 3, 263 (2016).

D. Spylka, I. Ovsienko, T. Len, L. Matzui, S. Trukhanov,
A. Trukhanov, O. Yakovenko, Ceram. Int. 48 No 14, 19789
(2022).

D. Manop, C. Tanghengjaroen, C. Putson, P. Khae-
namkaew, AIMS Mater. Sci. 11 No 2, 323 (2024).

A.V. Yaremenko, I.A. Moroz, A.D. Stadnick, J. Nano- Elec-
tron. Phys. 9 No 5, 05040 (2017).

0.I. Aksimentyeva, I.Ye. Opaynych, V.P. Dyakonov,
S. Piechota, V.P. Zakordonskyi, P.Yu. Demchenko,

JJ. NANO- ELECTRON. PHYS. 16, 06023 (2024)

PCTFE with various types of carbon fillers have stable
electrical and electrodynamic properties under thermal
load conditions up to 373 K.

12.

13.

14.

15.

16.

17.

18.

19.

20.
21.

22.

H. Szymczak, Phys. Chem. Solid State. 13 No 2, 438 (2012).
G.N. Smith, J.E. Hallett, P. Joseph, S. Tretsiakova-
McNally, T. Zhang, F.D. Blum, J. Eastoe, Polymer J.
49, 711 (2017).

M. Delkowski, C.G. Smith, J. Anguita, S. Silva, Sci. Adv.
9, 11 (2023).

A. Fionov, I. Kraev, G. Yurkov, V. Solodilov, A. Zhukov,
Polymers 14 No 15, 3026 (2022).

V. Zhuravlev, V. Suslyaev, E. Korovin, K. Dorozhkin, Ma-
ter. Sci. Appl. 5, 803 (2014).

N.M. Radzuan, A.B. Sulong, J. Sahari, Int. J. Hydrogen En-
ergy 42, 14, 9262 (2017).

IM. Mudrak, O.V. Kotyanok, M.O. Rokytskyi,
V.V. Levandovskyi, V.M. Mishchenko, S.M. Makhno,
P.P. Gorbyk, Phys. Chem. Surface Solid Body 11 No 1, 166
(2010).

Weirong Huang, Penghua Zhang, Wenjing Yan, Liang Zhou
Hui Xu, J. Phys. D: Appl. Phys. 45 No 40, 405001 (2012).
Z. Ma, J.B. Wang, Q.F. Liu, J. Yuan, Appl. Surf. Sci. 255
No 13-14, 6629 (2009).

C. Min, D. Yu, Polym. Eng. Sci. 50 No 9, 1734 (2010).

S.C. Wong, E.M. Wouterson, oJ. Vinyl Addit. Technol. 12 No 3,
127 (2006).

T. Len, L. Vovchenko, O. Turkov, O. Lozitsky, L. Matzui,
Molec. Cryst. Liquid Cryst. 717 No 1, 109 (2021).

Enexrpuusni Ta ejleKTpOoguHAMIYHI BJIACTUBOCTI IIOJIMEPHUX KOMIIO3UTIB
3 HAHOBYIJIEIIEBUM HAIIOBHIOBAYEM

1.B. Oscienxo!?, JI.JI. Bosuenko?, JI.IO. Mauyiil, T.A. Jleun?, M.I. HlyT2?, T.I'. Ciukap2, M.M. IlyT2

1 Kuiscvruil HayionanvHull yrnisepcumem imeni Tapaca Ilesuenra, Dizuunuli gpaxynomem, 01601 Kuis, YVipaina
2 Vrpaincvkutl Oepocasruil yrigepcumem imeni Jlpazomanosa,
Kagheopa mamemamuru, ingpopmamuru ma izuxu, 01601 Kuis, Yrpairna

VY crarTi HaBeIeHO Pe3yJIBTATHU JIOC/IIKeHHS eJIEKTPUYHUX Ta eJIEKTPOJIUHAMIYHAX BJIACTHBOCTEM II0JIi-
MepPHHUX KOMITO3UTIB HA OCHOBI IOJIIXJIOPTPH(PTOPETHIIEHY 3 PISHIMI HAHOBYIJIEIIEBUMH HAIIOBHIOBAYAMU 34
TEIIOBOTO HABAHTAKEHHS. B SIKOCTI HAHOBYIJIEIIEBUX HATIOBHIOBAYIB BUKOPHCTAHO T€PMOPOSIIUPEHHH Ipa-
dit, MogupikOBAHTI OKCHIOM KPEMHIl0, 1 6araTormaposi Byrieresl Hanorpyoru. Momudikarrio TPI kpemue-
3eMOM IIPOBOIUIH 3 KoJI0imHOr0 20 % po3umHy Tiapo3osio (KpeMHieBol KucyaoTn). J[yist mocmipxeHs MeToaom
TEPMIYHOTO IIPEeCYBAHHS OTPIMAHO MACHBHI ITOJIIMEPHI KOMITO3UTH HA OCHOBI IIOJIIXJIOPTPUQPTOPETUIIEHY 3 Pi-
3HUM BMICTOM HAHOBYIJIEIIEBOTO HAIIOBHIOBaYA. J[0CIi/PKeHO AleIeKTprYHy IPOHUKHICT IPU KIMHATHIHN Te-
MIIepaTypl 3a JOIIOMOIO yJIBTPABHUCOKOYACTOTHOrO iHTepdepomerpa Ha yactoti v= 10 I'Tm. Temmeparypuy
3aJIeKHICTE esieKTporrpoBiaHocTi o(7T) BUMIPIOBAIM IBO- TA YOTHPU3OHIOBAM METOJAMU HA IIOCTIMHOMY Ta
3MIHHOMY CTPyMi B iHTepBaJti Temmepatyp (293-425) K. TemmepaTypHy 3aJI€/KHICTD €JIeKTPOJUHAMIYHUX T1a-
paMeTpiB JOCIKYBaJIN 38 JOIOMOTO0 IIAHOPAMHUX BUMIPIOBAYIB CTOSHHS. KOeiIlieHT XBUJIb 1 0c1abIeHHs
€JIEKTPOMATHITHOTO BUIIPOMIHIOBAaHHS B iHTepBaJi temieparyp (293-373) K. [Tokasamo, 1110 BUKOpHCTAHHS B
SIKOCT1 HAIIOBHIOBAYIB TEPMOPOSIINpPEHOro rpadiry, MoandikoBaHoro ByrierieBumu Hanorpyoramu SiOq, mo-
3BOJISIE OTPUMATH €JIEKTPOIIPOBIIHI IIOJIIMEPHI KOMIIO3UTH 3 HU3BKUM ItoporoM mepkoJsiii ~ 0,955 % mac.
IIpu KoHIIEHTpAIlISX HAIOBHIOBAYA, MEHIINX 34 HOPIr IePKOJIAL], OCHOBHUI BHECOK B €JICKTPOIIPOBIIHICTE
OJIIMEPHOT0 KOMIIO3UTY BHOCUTD PeJIaKCAIllifHA CKJIAI0BA IIPOBIIHOCTI, SKA BU3HAYAETHCA IIPOIECAMI MijK-
dasHol moapuaallii Ha Meskl Po3mijIy moJiMep-HamoBHIOBAY. [Ipu KoHIeHTpAallili HAIOBHIOBAYA B IIOJIIMeEp-
HOMY KOMIIO3UTI TPOXHY BHIIE MEsKI IIEPKOJIALIL BiI0OyBaeThCA 30LIBIIIEHHA BHECKY IIPAMOI €JIeKTPOIIPOBIAHOCTI
3a paxyHOK IIPSAMMX KOHTAKTIB 1 KOHTAKTIB Yepes TOHKI IIapH IoJIMepy MisK JaCTHHKAMN HAIOBHIOBa4Ya. Bu-
SIBJICHO, 110 HAIPIBAHHSA IIOJIMEPHHUX KOMIIO3UTIB 10 373 K mpusBoauTh 10 HE3HAYHOIO IIOJIIIIIIeHHS XapaK-
TEePUCTUK eKPAHYBAHHS B OCHOBHOMY 34 PAXyHOK 30L/IbIIEHHA KOeillieHTa IOrINHAHHS eJICKTPOMATHITHOIO
BUIIPOMIHIOBAHHS. 3MIHU e(eKTHUBHOI JleJIeKTPUYHOI IIPOHMUKHOCTI IOJIMEPHUX KOMIIO3UTIB B 1HTEpBAaJIl Te-
mmepatyp (293-373) K He BIUIMBAIOTH CYyTTEBO Ha €KPAHYIOUl XapPaKTEPUCTUKH JOCIKYBAHUX IT0JIIMEPHIX

KOMIIO3UTIB.

Kunrouoeri cnora: [lonixnoprpudroperuien, Tepmoposmupennuit rpadirt, BaraTomaposi Byrieresi HaHOT-
py6ru, EnexTponpoBigHicTs, JlieekTpuyHa IPOHUKHICTD.
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