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Intelligent polymeric composites are materials that can 
remotely transmit data on the properties of material, including 
the stress-strained state. It is necessary for the implementation 
of online monitoring of critically important parts and nodes. 
Obtaining data is achieved by the introduction of intelligent sen-
sors into a polymer composite. Intelligent sensor is a miniature 
measuring device consisting of one or more transducers of mea-
sured magnitudes. They form an output signal, which is used for 
the remote transmission, storage and use in the control systems.

A problem of obtaining data about the depth of the introduc-
tion of intelligent sensors into polymer composites is a multifaceted 
one. On one hand, the question is about technology and equipment 
for the introduction of sensors into polymer composites, the inter-
pretation of data on deformations and other properties received 
from the sensors, and is connected to polymer engineering. On the 
other hand, the question of receiving signals about the depth of 
placement of intelligent sensors and their further processing is as-
sociated with nondestructive control.

The present article investigated the possibility of receiving 
a signal about the depth of placement of intelligent sensors that 
are introduced at a certain depth into a polymer composite mate-
rial, using the electrostatic method of nondestructive testing. We 
performed a simulation of the distribution of electric potential in 
the material. Through modeling, we determined maximum pos-
sible depth of the introduction of intelligent sensor into polymer 
material, which can be measured with a given accuracy, which is 
40H, where H is the relative magnitude of the size of electrodes.

The technique applied might be used to any dielectric ma-
terial after adjusting the properties of material. The obtained 
results allow the determination by numerical simulation of 
maximum depth of the introduction of intelligent sensors into a 
polymer material. 

Keywords: intelligent polymeric composites, intelligent sen-
sors, electrostatic method of nondestructive control.
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in hexagonal and spinel blocks is shown. It is found that the main 
Al–Fe and Ga–Fe substitutions occur in the 12k sublattice. The 
substitutions break the Fe–O–Fe exchange couples of the 12k 
sublattice with other sublattices, which leads to the emergence 
of non-equivalent positions of Fe3+ ions, on the basis of which 
in the Mössbauer spectra with isomorphic aluminum, 7 sextets 
are identified and with isomorphic gallium – 6. This leads to a 
decrease in the magnetic parameters of ferrites, such as specific 
and residual magnetization, Curie temperature. It is shown that 
aluminum (x=2.1) entry increases the coercive force, magnetic 
hardness of the hexagonal ferrite, and gallium (x=0.6) entry 
lowers the coercive force and magnetic hardness. The angles θ 
between the magnetic moment and the γ-radiation direction in 
isotropic substituted hexagonal ferrite polycrystals and foil are 
determined.

Keywords: substituted barium hexaferrites, Mössbauer 
spectroscopy, magnetization, coercive force, Curie temperature.
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The mechanism of formation of polycrystalline hexagonal 
barium ferrite with diamagnetic substitution with Al and Ga 
ions is considered. The localization of the dopants (Al and Ga) 
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In order to protect REM from the impact of powerful 
pulse EMR, we proposed a radioisotopic-plasma technology 
for creating absorbing screens. For this purpose, it is proposed 
to use semiconducting materials with radioisotopic elements. 
This will provide for a significant absorption of EMR over a 
wide frequency range due to the creation of non-equilibrium 
state of electronic subsystems of different layers of material. 
We designed a generalized structure of absorbing material and 
carried out an analysis of the physical mechanisms that occur 
through the use of radioisotopic elements. It is demonstrated 
that the physical mechanisms that occur in the material define 
its dielectric permittivity and its comprehensive nature. We 
obtained an analytical expression for the reflection coefficient of 
the proposed absorbing material. A peculiarity of the analytical 
expression consists in the consideration of the impact of both 
its structure and changes in dielectric permittivity components 
that occur under the influence, first of all, of radioisotopic ele-
ments on the reflective characteristics of material. A procedure 
for determining the dielectric permittivity of the material was 
devised. The procedure consists in determining the kinetic 
equation to describe the state of electronic subsystem of layers 
in the material depending on the intensity of radioisotopic ele-
ments and the type of environment, finding a non-equilibrium 
distribution function, determining the components of dielectric 
permittivity, which makes it possible to assess the contribution 
of non-equilibrium state of electronic subsystem of separate lay-
ers in the material into the provision of required reflective and 
absorbing properties. 

We conducted assessment of absorbing and scattering prop-
erties of material. The estimates obtained demonstrate the 
feasibility of applying radioisotopic-plasma technology to cre-
ate materials in order to protect REM from powerful EMR, 
especially under conditions of constraints on weight and size 
characteristics of absorbing screens.
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The paper describes using techniques of structural engi-
neering in a comprehensive study of the effects of the negative 
displacement potential, nitrogen and argon pressures, as well 
as the distance from a sample to the cathode on the processes 
of sputtering and depositing. In practice, it is highly impor-
tant to obtain steel surfaces with high mechanical properties 
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We examined linear and non-linear mathematical models for 
the thermal conductivity process in the elements of electronic 
systems, which are described by a layer and a piecewise uniform 
layer with a through foreign cylindrical inclusion, with a con-
centrated heat flow at one of their boundary surfaces. Classical 
methods cannot resolve boundary problems of mathematical 
physics, which correspond to these models, in a closed form. 
In this connection, thermophysical parameters for piecewise 
uniform media are described by using generalized functions as a 
single entity for the entire system. As a result of this approach, 
we obtain one equation of thermal conductivity with general-
ized derivatives for the entire system with boundary conditions 
at the boundary surfaces of inhomogeneous media. In the classic 
case, the process of thermal conductivity would be described 
by a system of equations on thermal conductivity for each of 
the elements of heterogeneous medium under conditions of 
perfect thermal contact at the conjugating surfaces of dissimilar 
elements and boundary conditions at the boundary surfaces of 
non-uniform media. For a case of nonlinear models, which are 
more accurate than the linear ones, one of the conditions of a 
perfect thermal contact, namely equality of temperatures at the 
conjugating surfaces of dissimilar elements of the structure, can-
not be used in the process of linearization of nonlinear boundary 
problems that correspond to these models. In this regard, in the 
present study we propose approaches that make it possible to 
solve such type of boundary problems in mathematical physics.

Keywords: thermal conductivity, isotropic piecewise uni-
form layer, a through foreign inclusion, thermal sensitivity, 
heat flow.
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and low roughness. The highest microhardness is manifested 
at the highest degree of sputtering on the samples at Ub= 
=–1,300 V. It has been determined that the presence of nitrogen 
in the vacuum chamber shifts the equilibrium point of sputtering 
and depositing towards a higher Ub. It has been established that 
the presence of argon in the ion bombardment process increases 
the sputtering rate, whereas the presence of active nitrogen gas 
reduces the deposition rate due to nitride formations on the sur-
face. The point “sputtering-depositing” shifts: in the case of Ar 
(from Ub=–350 V to Ub=–200...–300 V) when the RN increases 
from 0.002 Pa to 0.66 Pa, respectively. In the case of nitrogen, 
when PN increase from 0.02 Pa to 0.08 Pa, the point shifts from 
Ub=–400 V to Ub=–600 V (at a distance of 300 mm from the 
cathode to the sample).

Keywords: plasma, vacuum arc evaporation, displacement 
potential, microhardness, deposition, mixing, sputtering, sub-
strate.
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In a fundamentally new way we obtained a composite met-
al-ceramic coating of the SiC–Al2O3 system, which contains 
metallic component based on iron. The metallic component 
was not introduced into the original charge in the powder 
form but was obtained as a result of grinding the charge com-
ponents in steel drums with steel grinding bodies. We studied 
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The influence of triboelectric phenomena on the wear-
friction properties of microasperities contacts of friction couples 
of drum – shoe brakes was explored. As a result of the conducted 
research into the wear-friction properties of metal-polymeric 
frictional couples of braking devices under laboratory and opera-
tional conditions at the nano-, micro- and millilevel during tribo-
electric interaction, the regularities of changes were established:

– of magnitudes of the contact difference of potentials of 
frictional couples “grey cast iron – polymers” of the drum-shoe 
brake on the surface temperature of linings and specific loads;

– of circulating thermal and tribocurrents on the time of fric-
tion interaction of frictional couples “cast iron – polymers” and 
“steel – polymers” at different sliding velocities;

– of generated tribocurrents in the contact of two-lay-
ered structures “steel – polymer” and circulating tribocurrents 
through the three-layered structure “steel – polymer – steel” on 
the surface temperatures.

Keywords: metal-polymeric frictional couples, drum-shoe 
brake, disc brake, tribosystem, triboelectric processes.
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Superalloys based on W/WC are widely used as elements of 
drilling equipment, high-speed steel-cutting tools, penetrators of 
armor-piercing munitions. The spent or broken superalloy goods 
are a valuable waste for recycling with extracting of valuable 
components. The most economically and technologically attrac-
tive methods of superalloy scrap recycling is selective treatment 
with dissolution of metal binder and obtaining of non-oxidized 
tungsten/tungsten carbide powder. The aim of the present work 
was to develop a method of selective anodic reprocessing of su-
peralloys. By using voltamperometry method the anodic behavior 
of VK20KS (20% Со, 80 WC), VN8 (8 % Ni, 92 % WC), VNG 
(5 % Ni, 5 % Fe, 90 % W) and VNDS (W, Ni, Cu.) superalloys in 
a proposed solution has been studied. The possibility of selective 
anodic dissolution of metal binder without oxidation of solid com-
ponent (tungsten/tungsten carbide) has been demonstrated. The 
potential and current density values for this process have been 
determined. Low reactivity of tungsten-based superalloys in com-
parison to tungsten carbide-based alloy has been demonstrated. 
Galvanostatic selective anodic treatment of VK20KS superalloy 
scrap at 15 A/dm2, which is a dissolution peak current density on 
the anodic curve, has been conducted. A phenomenon of gradual 
surface passivation due to dissolution of metal binder and increas-
ing the content of passive tungsten carbide has been found. In 
order to prevent passivation, the use of rotating titanium basket 
has been proposed. The composition of tungsten-containing prod-
ucts has been determined to be: 23 % WO3 or H2WO4, 73 % WC.

Keywords: superalloys, passivation, selective anodic treat-
ment, tungsten, tungsten carbide.
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the possibility of obtaining plasma coatings applied from this 
composition to steel parts with the intermediate sublayer 
from intermetallic compound Ni3Al for restoring and rein-
forcing their surfaces. The optimum modes of the application 
of coating from this material by the plasma method were es-
tablished. Using the method of scanning electron microscopy 
and X-ray phase analysis, the structure of coating applied 
from this material on medium-carbon steel was investigated. 
Obtaining coatings from these inexpensive components with 
high performance properties presents economic and techno-
logical interest.

As a result, tribotechnical properties of coatings under fric-
tion conditions with heating of friction contact to 500 оС with 
the steel counterbody were explored. The regularities of their 
wear were established. Using the methods of scanning electron 
microscopy and X-ray phase analysis, the friction surfaces of 
the obtained coatings were studied and special features and 
laws governing the mechanisms of their wear under conditions 
of elevated temperatures were determined. The possibility of 
applying these coatings for protecting and reinforcing parts of 
aviation ground-based equipment, working at elevated tempera-
tures, was shown.
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wear resistance at elevated temperatures, reinforcement, elec-
tron microscopy.
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