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1. Introduction

2. Literature review and problem statement

Protection from the effect of technogenic electromagnetic
fields is one of the important problems of modern times. A fea-
ture of research and applied work in this direction is to address
two problems. The first one is the protection of people under in-
dustrial and household conditions. The second is the protection
of electronic equipment against electromagnetic impacts (pro-
viding for electromagnetic compatibility of technical means).

The most effective measure to reduce the levels of elec-
tromagnetic fields is their shielding by protective surfaces of
different composition and designs. This necessitates research
and development of materials with satisfactory shielding coef-
ficients of electromagnetic fields with different frequency-am-
plitude characteristics.

Development of electromagnetic screens and study of
their properties is a relevant problem both in Ukraine and
all over the world. In this case, a global trend is the work in
three areas:

— protection of people from electromagnetic influences
under industrial conditions at relatively high levels of electric
fields of a wide frequency spectrum;

— protection of people from electromagnetic fields under
household conditions considering the impact of internal and
external sources of electromagnetic fields and radiation;

— reducing the cost of materials for shielding the electro-
magnetic fields, which is predetermined by the need to fabri-
cate screens with large areas.




In most cases, creation of protective materials is linked
to a single impact, that is, the electromagnetic field of a sin-
gle or a group of sources is shielded [1]. Under contemporary
conditions, this cannot be considered satisfactory because
of the variety of sources of electromagnetic fields. Under
industrial and household conditions, they possess different
amplitudes and a wide frequency spectrum.

Traditional materials for shielding the electromagnetic
fields and radiation (copper and aluminum alloys, electri-
cal steels, permalloys and metal grids) do not meet mod-
ern needs. Article [2] shows that such materials possess a
complex frequency dependence of shielding coefficient. It
is unsatisfactory in some of the frequency bands; however,
recommendations to improve the means of shielding for a
wide frequency range are not given. Study [3] reports that
the electromagnetic background in modern premises is quite
complex. This is predetermined by the widening of frequen-
cy spectrum of electromagnetic fields, dense arrangement
of electrical and electronic equipment in the production
areas and stricter requirements to protect the staff and
electromagnetic compatibility. Nevertheless, this work ap-
plies only to the protection of computing equipment users.
Under actual conditions, shielding should be employed to
electromagnetic fields over a wide frequency range [4]. The
proposed technique to design location of the screens makes it
possible to normalize the levels of such magnetic fields, but it
does not account for the reflection of electromagnetic waves
of ultrahigh frequency.

Electromagnetic screens made of amorphous magnetical-
ly soft metal alloys have been widely used in recent years [5].
The main obstacle to employing the amorphous metallic ma-
terials is their extremely high cost caused by the complexity
of their fabrication technology. That is why they are applied
only for the manufacture of means of individual protection,
or for the purposes of electromagnetic compatibility of tech-
nical equipment — shielding separate electronic units from
external electromagnetic influences.

At large coefficients of absorption that is caused by high
values of magnetic permeability, these materials have sig-
nificant coefficients of reflection and cannot be produced in
accordance with a particular electromagnetic environment.
Study [6] reports that control over protective properties, in
particular coefficient of reflection, is achieved by a change
in the content of granulated metal in a silicate matrix. How-
ever, this material can be considered as a model due to low
manufacturability and small limits of control over protective
properties.

In the silicate metal-containing protective materials,
copper balls of quite large dimensions (up to 15 % by weight)
are used as a filler, which also significantly increases their
cost. In addition, there is a problem of uniform distribution
of metal particles in the body of the matrix.

Article [7] proposed and investigated the properties of
elastic metal-containing materials. They have much better
ranges of control over shielding coefficient, but their ratios of
coefficients of reflection and transmission are not always ac-
ceptable. In addition, a shortcoming of such materials is the
use of metal macro particles as a filler. Flat aluminum petals
possess small thickness at large relative size. That is why
the processes of manufacturing the material yield different
results. The petals of the metal are oriented in the body of
a polymer in unpredictable manner, which leads to a certain
continuity of the metal plane (the petals are parallel to the
plane of material). That is why at low (13-15 % by weight)

content of metal, reflection coefficients amount to 0.3-0.6,
which is unacceptable under production conditions with a
large density of arrangement of technological equipment.
These deficiencies are partially eliminated in the elastic
electromagnetic screen based on ferrite-aluminum [8]. An
analysis revealed that it is very difficult to manufacture
and is very expensive. Its development and implementation
with regard to the particular electromagnetic environment
is not expedient. In this case, reflection coefficients of elec-
tromagnetic waves are high. This renders it inapplicable for
premises with significant levels of external electromagnetic
fields with the presence of internal sources. An analysis of
the above studies proved that the improvement of protec-
tive properties is associated with the dispersion of metal
substance in the body of a non-conducting material (ma-
trix). Detailed research [9] demonstrated that adding met-
al-containing nanostructures to non-conducting materials
enables changing the electrical-physical characteristics of
such composite materials, which are essential for protective
properties, as well as to control them.

Special attention should be paid to the research and
development of composite electromagnetic screens with reg-
ular structures [10]. Nevertheless, production of specialized
fabrics for shielding is linked to technological problems.
Control over protective properties of such materials is very
complicated. The same is true for regular structures with
conducting linear elements [11]. They possess satisfactory
protective properties but are not suitable to cover large areas
because of large weight, width and cost.

The analysis performed reveals that dependences of
shielding coefficients on size of the particles of a metal filler
in the body of a dielectric matrix have been insufficiently
investigated. It is necessary to determine the quantitative
values of shielding coefficients on the weight content of met-
al filler in a protective material. Development of such mate-
rials is desirable with regard to the use of waste from other
industrial processes. A calculation method for the estimation
of required parameters of a screen, given the dimensions and
regularity of arrangement of metal particles, which would be
simple in practical application, is still missing.

3. The aim and objectives of the study

The goal of present study is to develop and examine pro-
tective composite materials in order to create electromag-
netic screens based on the metal-containing nanostructures
with a wide range of control over coefficients of absorption
and reflection.

To accomplish the goal, the following tasks have been set:

—to obtain protective surfaces with a filler of metal
nanostructures and to determine the prospects of their use
for the fabrication of electromagnetic screens;

— to establish dependences of the protective properties of
composite screens on the concentration of a finely dispersed
metallic substance and size of the particles;

—to establish dependences of the protective properties
of composite materials on their electrical-physical properties
and to propose a method for calculating the shielding and re-
flection coefficients of electromagnetic waves, which would
prove convenient for practical application;

— to find promising directions of research into improve-
ment of the protective properties of composite electromag-
netic screens.



4. Materials and methods for examining protective
properties of composite electromagnetic screens

A general trend in the development of the field of wireless
communication for various purposes is a gradual increase in
the operating frequencies of technical means. That is why
we chose the 5 GHz frequency for conducting the tests. The
wavelength of such radiation is not fundamentally different
from the parameters of the most common sources with work-
ing frequencies of 0.9-2.4 GHz. Research at this frequency
will make it possible to clarify the prospects of the chosen
approach to implement the measures of electromagnetic safe-
ty. Determining the protective properties of a shielding ma-
terial was carried out by the methods of direct measurement
of energy flux densities (mW/cm?), which is predetermined
by the acting standards of electromagnetic safety for the
electromagnetic fields at frequencies above 300 MHz.

The measurement was carried out using the calibrated
energy flux density meter PZ-31. A relative error of measure-
ment did not exceed 1 dB. Electromagnetic wavelength at a
frequency of 5 GHz is 0.06 m. Dimensions of the samples for
conducting the tests excluded the effect of diffraction phe-
nomena at the edges of the screen (emergence of “half-shad-
ow” distorts the results of measurements).

The source of radiation was at a distance of 1 m from
the screen, which matched two mandatory conditions. The
first one is for the sample to be in the wave field of the elec-
tromagnetic field. The second one implies that dimensions
of the screen are much larger than the length of the electro-
magnetic wave.

The measurements were carried out in three stages. At
the first stage, we measured the density of energy flux with-
out using the screen. At the second stage, we measured this
parameter when the screen was placed between the source
of electromagnetic radiation and the measurement antenna.
This allows us to determine the total shielding coefficient of
the tested sample. At the third stage, the measuring antenna
was located between the source of radiation and the screen.
This enabled us to establish a contribution of the reflection
of electromagnetic waves to the total shielding coefficient.

In all cases, orientation of the receiving antenna of the
measuring device was the same. During measurements,
a background of the external electromagnetic measure-
ment of ultrahigh and higher frequencies did not exceed
0.08—1.00 mW/cm?. The intensity of radiation of the tested
source of electromagnetic field was at least two orders of
magnitude larger, which minimized an error of measurement
due to the external electromagnetic influences.

3. Results of research into composite materials for
shielding the electromagnetic fields

A large size of the screen, even at the stage of experi-
mental determining of its properties, is critical in terms of
the accuracy of measurements (minimizing the diffraction
phenomena at the edges of the product). Uniformity of dis-
tribution of the filler is critical for homogeneous protective
properties and it reduces the volumes of experimental work.
In this case, at the stages of testing, such uniformity should
be guaranteed to prevent obtaining false data.

Receiving a composite material with the required con-
centration of nanoparticles is possible using two methods.
The first is the synthesis of particles directly in a polymeric

material from appropriate additives (in situ). The second im-
plies the addition to the solution or melt of ready metal-con-
taining finely dispersed particles. The first method was
sufficiently developed [12]. However, obtaining the samples
with large areas for testing proved to be quite problematic.
To receive the examined samples, we used finely dispersed
iron oxides Fe,O3 and Fe3Oy of average size 50-300 nm.
This minimizes the effects of reflection, which manifest-
ed themselves at application of aluminum powder (petals
of thickness 0.25-0.50 pm with average minimum size
20-50 pm).

We chose the epoxy resin with subsequent polymeriza-
tion using a polyamide hardener as a matrix (model mate-
rial). The amount of a metal component was determined by
weight.

Measurement of the total shielding coefficient and the
contribution of the shielding due to reflection to it was
conducted on the samples the size 0.75x0.75 m. Penetra-
tion of radiation beyond the screen was excluded. We used
a high-frequency generator and antenna as the radiation
source.

The tests were carried out for samples with the disper-
sion of a metal-containing component of 50—100 nm and
200-300 nm, and a thickness of 5 mm. Measurement results
are shown in Figs 1, 2.
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Fig. 1. Dependence of shielding coefficient of a composite
material on the size of metal-containing particles and
their concentration (by weight):
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Fig. 2. Dependence of reflection coefficient of a composite
material on the size of metal-containing particles and
their concentration (by weight):

4 —50—100 nm; M — 200—300 nm

Earlier studies [6, 9] indicate that the protective prop-
erties of materials depend on their electrical-physical prop-
erties. We measured electrical conductivity of the received
materials. It was conducted using the compensation method
by bridge circuit. Results are shown in Fig. 3.



The results show that the growth of protective properties
occurs at the border of the electric current flow (concentra-
tion of 11-13 % in Fig. 3). In this case, reflection coefficient
rises as well; however, the presence of such data allows us to
optimize the ratio of coefficients of absorption and reflec-
tion, depending on the required levels of protection under
actual conditions.
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Fig. 3. Dependence of electrical conductivity of a composite
material on the concentration of a metal-containing material

The required coefficients can be determined in advance
based on the electrical-physical properties of materials.

Thus, the attenuation coefficient of electromagnetic
wave K (by power) is determined as [6]:

Xp(zxz)x). )

The coefficient of reflection K, in the case of a normally
incident wave is determined as:

K, =w )
(n+1) +x*

B (n+1)+x .
s 4n

where n is the refractive coefficient of a material; x is the
thickness of the sample; o is the cyclical radiation frequencys;
y is the extinction coefficient of a material, which defines the
speed of a wave attenuation.

In this case, we can assume that

Z==4, A3)

where o4 and o, are the conductivities of a dielectric (ma-
trix) and a metal.

Coefficients n and y are easily determined from the ratio
of the real and imaginary parts of the complex dielectric
conductivity of a material:
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where g and €, are the real and imaginary parts of the com-
plex dielectric conductivity €:

g€=¢g+i—. (6)
®

Results of the calculation of reflection coefficient by the
above ratios are presented in Table 1.
Table 1

Dependence of reflection coefficient of the electromagnetic
screen on the concentration of a metal-containing component

p, % 5 10 11 12 13 14
K, ]0.18-0.22] 0.2-0.33 |0.27-0.35{0.38-0.42|0.48-0.52|0.68—0.76

In the course of calculation, we employed the parame-
ters of starting materials from reference sources. Electrical
conductivity of epoxy resin is ~108-107 S/m, e~14. Elec-
trical conductivity of the mixture of iron and iron oxides
is ~10°-10% S/m.

6. Discussion of results of research into composite
materials for shielding the electromagnetic fields

An analysis of the results obtained indicates that the
differences between experiments and calculations are sat-
isfactory, at least in terms of the requirements for electro-
magnetic safety. Given the errors of field measurements and
a number of assumptions when determining mathematical
interrelations (1)—(6), these results can be considered ac-
ceptable.

As noted above, a necessary condition of stability of the
protective properties of a material is the uniformity of distri-
bution of the particles, which influence this parameter, in the
body of the matrix. This was verified using a raster electron
microscope (Fig. 4).

Fig. 4. Distribution of metal particles in the body of the
matrix: @ — magnification x800, b — magnification x1100

The images above show that the arrangement of particles
in the body of a polymer is dense and uniform (Fig. 4, a); in
this case, distances between separate particles differ with
acceptable spread (Fig. 4, b). The result received testifies
to the possibility of fabricating a material with the required
protective properties without the use of complicated tech-
nology for the synthesis of nanostructures in the body of the
matrix, which limits the size of the screen.

Theoretical considerations indicate that it is thus possi-
ble to obtain a material with the concentration of particles in
the body of the material variable by depth. This will make it
possible to manufacture a gradient type screen without the
use of multiple layers of material, which is always associated
with the problems of adhesion between layers and the degra-
dation of materials.

Results of the tests confirm the prospects of the chosen
path in the development of electromagnetic screens. However,
the examined material can be considered as a model only.
Because of the fragility of the matrix, it possesses large thick-



ness, which is not convenient for practical application while
specialized obtaining of finely dispersed metal-containing
particles is complex and expensive in large quantities.

At the same time, effectiveness of using local means for
the protection of people from the radiation of communica-
tion means is questionable. A special feature in the formation
of electromagnetic background of radiation of ultra-high
and higher frequencies inside and outside the premises is
its practical isotropy. One should not consider the sources
of such radiation as pointed [13]. Under such conditions,
electromagnetic screens must meet the following criteria to
implement efficient protection:

— the possibility of fabricating a protective surface with
alarge area;

— manufacturability of material for lining the surfaces
with complex configuration;

— acceptable cost of components and manufacturing
technology.

That is, it is necessary to have sufficient amount of met-
al-containing finely dispersed powder and flexible polymer
matrices with low cost.

Data shown in Figs 1-3 indicate a significant reserve of
protective properties, based on the actual conditions even in
energy-saturated industrial environment. The calculations
that are based on the above ratios indicate that increasing the
size of metal-containing particles to 2—10 pm will improve
reflection coefficient by 1820 % only, which is not critical for
most industrial conditions. Such particles in large quantities
are a byproduct of the iron-ore enrichment plants [14].

This dust is deposited on the filtration curtains of as-
piration systems. An analysis revealed that the content of
Fe in the dust and gas flows, depending on the industrial
area, is 43—-58 %, that of FeO — 8-15 %. In this case, the
last curtain accepts the dust of iron ore particles the size of
2.5-10.0 pm (up to 90 %). The use of such dust includes an
environmental component as well because of the constant
need for its disposal.

To obtain a protective surface, the iron-ore dust in the
required amount was dissolved in an aqueous suspension of
polyvinyl acetate with subsequent polymerization at a tem-
perature of 60—70 °C. As a result, we obtained a metal poly-
mer material of thickness from 0.8 mm. Control tests have
proved that the dependences of the coefficient of reflection
and the coefficient of shielding on the concentration of metal
and metal-containing substances differ from those shown in
Fig. 1, 2 within the measurement error.

In this case, given the thickness of the material is
1.0—-1.2 mm, as a result of different dimensions of metal-con-
taining particles, it is possible to receive their different con-
centration in the body of the matrix by thickness (Fig. 5).
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Fig. 5. Gradient of a metal-containing component in the
polymer matrix: @ — magnification x800;
b — magnification x1100

Such design allows for a more effective shielding of
electromagnetic radiation of a specific frequency band or a
broadband radiation. This is caused by the fact that there
occurs the alignment of absorbing structure by depth and
the medium of propagation of electromagnetic waves. Thus,
for a facial layer, to minimize the reflection, wave resistance
of the material:

z=(%);, 7

where y, ¢ are the relative magnetic and dielectric conductiv-
ities of the material.

Wave resistance must be maximally close to the resis-
tance of air (377 Ohms). This ratio varies by depth, contrib-
uting to the the maximum absorption of electromagnetic
energy.

Studies have proven that by employing such a procedure,
it is possible to pre-calculate the required parameters and
to fabricate an electromagnetic screen with required perfor-
mance efficiency for any frequency composition of radiation
of ultra-high and higher ranges.

As noted above, the protective properties of electromag-
netic screen can be determined based on the electrical-phys-
ical properties of material (1)—(7). However, the process is
labor-consuming and it is more suitable for use at the search
stages of research into electromagnetic safety. To ensure safe
working conditions, of practical importance is the through
attenuation (total shielding coefficient) and contribution to
it of the lowering intensity of radiation through the reflec-
tion of electromagnetic waves.

An analysis of Fig. 1-3 reveals that at concentration
of the metal component exceeding 12—13 %, the developed
material can be considered a solid screen with sufficiently
pronounced conducting properties, that is, with values of
relative magnetic permeability that approach the indicators
of ferromagnets.

In a general case, shielding coefficient depends on the
orientation of the wave relative to the surface of the screen.

Thus, for a normal incident wave, for the screens with
high concentrations of a ferromagnetic component, a shield-
ing coefficient can be determined from ratio (8):

Z
K_=20lgdch kg| 14 4] 2o Zo |ih ks |1, ®)
2|z, 7,

where k=,/jopo, is the coefficient of eddy currents; 8 is
the thickness of the screen; Z, and Z,, are the wave resistanc-
es of the dielectric (air) and metal of the screen, respectively.

If we have a gradient screen, made of layers with different
concentrations of a metal component, then Z is taken as the
resistance of the preceding layer.

In this case, total shielding coefficient K will consist of
the coefficient of reflection K, and absorption coefficient K,:

Z
K,=20lg 1+1 —“+Z—m thka |, €
2\z, z,

K, =201g ch k3. (10)

These relations demonstrate that the absorption of elec-
tromagnetic energy increases with an increase in the field



frequency, thickness, magnetic permeability and conductivity
of the material of the screen, while reflection coefficient is de-
termined by a mismatch in the wave characteristics of layers.

Thus, thickness of the screen, which provides for the re-
quired shielding coefficient at the border “air — solid screen”
can be easily calculated by ratio:
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where o is the circular frequency of feeding electromagnetic
field, p is the relative magnetic conductivity, oy, is the con-
ductivity of screen’s material.

Fig. 4 shows that the location of metal particles is suffi-
ciently regular, which is why at low concentrations of a me-
tallic filler (less than 12 %), this material can be considered
as a metal grid with the defined size of the particles and the
gaps between them.

When the electromagnetic wave is incident at a right an-
gle to the surface of the screen, given its linear polarization,
vectors of electric and magnetic components of the electro-
magnetic field are parallel to the plane of the screen. In this
case, the shielding coefficient is determined from relation:

2
4 gln d
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K =10lg————
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where r( is the radius of a metal particle, d is the average dis-
tance between the particles (a particle step in the orthogonal
projection), A is the length of the incident electromagnetic wave.

The most interesting in terms of practice is the case when
the electromagnetic wave is incident at a certain angle to the
screen. In this case:

(12)

where ¢ is the angle between the direction of propagation
of electromagnetic waves and a normal to the surface of the
screen.

The given relations are derived from the fundamental
physical laws regarding the scattering of electromagnetic
waves by regular metal structures.

For the effective absorption of electromagnetic waves by
the regular structures, there should be maintained certain
relations between their parameters and wavelengths. The
most important of them are d<0.1X, ry<0.1d.

7. Conclusions

1. The most promising materials for the protection of
people against exposure to electromagnetic fields and en-
suring the electromagnetic compatibility of technical means
are metal polymer composites with a filler made of nanoscale
particles. They provide shielding coefficients to 10 dB at the
content of metal substance of 11-12 % and reflection coeffi-
cients of 0.27—0.30, which is unattainable for the materials
based on macro particles.

2. Protective properties of nanocomposite electromagnet-
ic screens depend not only on the concentration of metal-con-
taining particles, but on their dimensions. Increasing the dis-
persion of particles by 2—4 times reduces reflection coefficient
by 0.15-0.20 at a satisfactory shielding coefficient of 7-8 dB.
This provides control over protective properties of materials
depending on the frequency-amplitude characteristics of the
shielded field and on particular industrial needs.

3. The resulting dependence of conductivity of a metal
polymer material on the concentration of a metal compo-
nent allowed us to calculate the value of the total shielding
coefficient and a contribution of reflection coefficient to it,
which simplifies the process of designing and fabricating the
screens and has an economic component.

4. We examined the uniformity of distribution of finely

2 dispersed particles in the body of a polymer matrix. High
4(dc03(plnd] regularity of metal-containing structures makes it possible
K =10lg A 2nr, 7 (13) at their low concentrations (up to 10 %) to calculate coef-
' deose, d 2 ficients of absorption and reflection using the relations of

1+4 7» In py— physical optics.
0 5. We developed a protective material and confirmed by
2 d d the micro structural research the possibility of obtaining
(1_COS‘P) +4[kln(2nr J] the concentration of metal-containing particles variable by
K,=10lg 07 (14)  depth (by thickness of the screen). This enables designing
1+ 4[d1n[ d D electrlorrllagnetéc screens of the gradient type without the use

A\ 2rr, of multilayered structures.
References

1. Kasar, V. A Novel Approach to Electromagnetic Interference Shielding for Cell Phones [Text] / V. Kasar, A. Pawar // International
Journal of Science and Research. — 2014. — Vol. 3, Tssue 11. — P. 1869—1872.
2. Panova, O. V. Otsinka efektyvnosti elektromagnitnyh ekraniv na osnovi riznyh magnitomyakyh materialiv [Text] / O. V. Panova //

Tehnika bydivnytstva. — 2010. — Issue 24. — P. 56—58.

3. Singh, J. Computer Generated Energy Effects on Users and Shielding Interference [Text] / J. Singh // International Journal of

Innovative Research in Computer and Communication Engineering. — 2015. — Vol. 3, Issue 10. — P. 10022-10027.
4. Demskyi, D. V. Raschet efektinosti ekranirovaniia neodnorodnyh ekranov [Text] / D. V. Demskyi, M. A. Larishev // Tehnologii
elektromagnitnoi sovmestimosti. — 2011. — Issue 2. — P. 55-56.

5. Levchenko, O. G. Ekraniruiushchie materially i sredstva inlividualnoi zashchity svarshchika ot magnitnyh polei [Text] /
0. G. Levchenko, V. K. Levchuk, O. N. Timoshenko // Avtomaticheskaia svarka. — 2011. — Issue 3. — P. 49-55.

6. Klapchenko, V. I. Upravleniie zashchitnymi svoistvami elektromagnitnykh ekranov na osnove metalosilikatnykh materialov [Text] /
V. L. Klapchenko, G. E. Krasnianskyi, V. A. Glyva, I. A. Aznaurian // Gigiiena naselenykh mists. — 2009. — Issue 53. — P. 200—207.



7. Glyva, V. A. Rozroblennia i doslidzhennia kompozytnykh elektrpmagnitnykh ekraniv z kerovanymy zakhysnymy vlastyvosniamy
[Text] / V. A. Glyva, I. M. Podobied, O. L. Matvieieva // Visnyk NTUU «KPI». Seriia «Girnytstvo». — 2011. — Issue 21. — P. 176-181.
8. Patil, N. Electric, magnetic and high frequency properties of screen printed ferrite-ferroelectric composite thick films on alumina
substrate [Text] / N. Patil, N. B. Velhal, R. Pawar, V. Puri // Microelectronics International. — 2015. — Vol. 32, Issue 1. — P. 25-31.
doi: 10.1108,/mi-12-2013-0080
9. Fionov, A. S. Polymer nanocomposites: synthesis and physical properties [Text] / A. S. Fionov, G. Y. Yurkov, O. V. Popkov,
I. D. Kosobudskii, N. A. Taratanov, O. V. Potemkina // Advances in Composite Materials or Medicine and Nanotechnology. —
2011. — P. 343-364. doi: 10.5772/14881
10. Ceken, F. Electromagnetic Shielding Properties of Plain Knitted Fabrics Containing Conductive Yarns [Text] / F. Ceken, G. Pamuk,
A. Ozkurt, S. Ugurlu // Journal of Engineered Fibers and Fabrics. — 2012. — Vol. 7, Issue 4. — P. 81-87.
11.  Bychkov, I. V. Isledovanie prohozhdeniia I otrazheniia SVCH izlucheniia v mnogosloinyh kompozitnyh materialah CaS042H,0 —
grafit [Text] / I. V. Bychkov, I. S. Zotov, A. A. Fedii // Pisma v zhurnal teoreticheskoi fiziki. — 2011. — Vol. 37, Issue 14. — P. 90—94.
12.  Taranov, N. A. Sintez reniisoderzhashchih nanochastits na poverhnosti mikrogranul politetraftoretilena [Text] / N. A. Taranov,
G. Yu. Yurkov, I. D. Kosobudskyi // Vestnik Saratovskogo gosudarstvennogo tehncheskogo universiteta. — 2010. — Issue 44. — P.95-101.
13. Bhattacharjee, S. Protective Measures to Minimize the Electromagnetic Radiation [Text] / S. Bhattacharjee // Electronic and
Electric Engineering. — 2014. — Vol. 4, Issue 4. — P. 375-380.
14. Dengub, V. I. Determination of fiber filter dust collecting efficiency depending on particles distribution of industrial dust [Text] /
V. I. Dengub, V. A. Shapovalov, N. V. Hudyk // Metallurgical and Mining Industry. — 2015. — Issue 5. — P. 67-71. — Available at:
http://www.metaljournal.com.ua/assets/MMI_ 2014 6/MMI 2015 5/010Hudyk.pdf

o o
Haegedeno pesyavmamu 0ocnioxceno mexamizmy m
npAMO020 i 360pPOMHO20 MAPMEHCUMHO20 NEPemeo- DOLI.: 10.15587/1729-4061.2017.103149

PeHHs 8 noeepxHesoMmy wapi waiposanuil demai i3

3azapmosanoi cmani. Iloxasano, wo npu wanipyean- M A RT E N s IT E

Hi 8 OCHOBHOMY MAE Micue 360pOMHE MAPMEHCUN -

He nepemeoperHsa 3a Cxemoro mapmencum — nepm’m TRA N s FO R M ATIO N s I N

—aycmenim. Ioxazana Mmoxcausicmv weuoKicHozo

eionycmrxu mapmencumy 0o nepaimy, nio 0icro KoH- TH E s U R FAC E LAY E R

maxmnoi memnepamypu wnipyeanns, AKuil npu

nooanvuwiomMy nioGUUEHHI memnepamypu nepemeo- AT G RI N DI N G 0 F PA RTS

ProeEmvCs 8 aycmenim, ymeoprowuu nPunix zapmy

Kniouoei caosa: MaApmMEeHCUMHUX nepemeopenns, 0 F H A R D E N E D ST E E L s

KOHmaxmna memnepamypa, weuoxicmo Ha zpisy,

gionycmxa mapmencumy, weuoxicmo oudy3sii, mem- V. Lebedev
nepamypa aycmenimu3sauii Doctor of Technical Sciences, Professor*

o o E-mail: wiebedev29@rambler.ru

IIpusedenovt pesyavmamor uccaedoeanuil mexa- N. Klimenko
HU3MA NPAMO20 U o6pamuoeo MapmencumHoz20 npe- PhD, Associate Professor*
épawenuss 8 NOBEPXHOCMHOM CcJaoe waudyemou I. Uryadnikova
demanu uz 3axanennou cmanu. Illoxazano, umo npu PhD, Associate Professor
waugoeanuu 6 0CHOGHOM umeenm mecmo odpamiuoe The State Emergency Service of Ukraine
Mapmencumnoe npespauwjeHue no cxeme Mapmeu- Rybalska str., 18, Kyiv, Ukraine, 01011
cum — nepaum —aycmenum. Iloxazana 603modxc- E-mail: ingavictory@gmail.com
HOCMb CKOPOCMH020 OMNycka mapmencuma 00 nep- T. Chumachenko
auma, noo oeticmeuem KOHMAKMHOU memMnepamypol PhD, Associate Professor*

waugoeanus, Komopvli npu danvHeluem nosvluie- A. Ovcharenko
HUU memnepamypovl Npespaujaemcs 6 aycmeHum,
00pa3ys npuxncée 3axanxu

Kanrouegvie crosa: mapmencumnoe npespaujenue.
KOHmaxmuas memnepamypa, CKOpocmv Hazpeea,

Technology and Materials
omnycx mapmerncuma, ckopocms dugdysuu, mem- Odessa National Polytechnic University
nepamypa aycmeHumu3auuu

|

o Shevchenko ave., 1, Odessa, Ukraine, 65044

Postgraduate student*®
E-mail: ovcharenko-a.v@ro.ru
*Department of Structural Materials

1. Introduction steels with a martensite or tempered martensite structure
[1-3]. When the surface of the part of the hardened steel is

Most often, thermal grinding defects are formed in  rapidly heated by the grinding temperature above the Acy
cemented, improved high-carbon, low and medium-alloyed  line, the martensitic structure of the surface layer transforms




