O o

Ioxazano wo naii6invw nepcnexmuenu-
Mu mamepianamu 01 3axucmy 6io eexmpo-
Maznimnux nonie € komnozumu. Pospoéneno
mexHon02it0 MazHimHoi 06polKuU mexcmunn-
HO20 Mmamepiany Mmazwimuoio piounoto ma
MexHOoI02i10 Yabmpaseyxoeoi o6podxu cy-
Miwi namexcy ma 3ani30pyoH020 KOHYEH-
mpamy. Ile nideuwuno nacuuenicmo 60.10-
KOH MeKCMmubH020 Mmamepiany HAHOUA-
cmunkamu mazHimnoi piounu, oucnepcricmo
3ani30pYoH020 KOHueHmpamy, a Maxoxic
i3omponnicmo pidkozo memanononimepa. Y
pe3ynvmami 6UKOPUCMANHA MAKOT MeXHO-
1021l eumpamu maznimnoi piounu na oopo-
6n1ennsa mxanunu 3nusunucs 3 45-50 ¢/m? do
35 ¢/m® 3 nidsuwennam expanyiouux 61a-
cmueocmeii. Excnepumenmanvno eécmanog-
JIeHO, W0 00UH Wap MemanomexCmuIbHO20
Mamepiany 3HUINCYE Maznimue none npo-
Mucnoeoi wacmomu y 6 pasie, enexmpuune
nose npomucnosoi wacmomu — y 1,5 pasu;
Memanonoimepnuii Mamepian mMae noxas-
Huku 6i0nosiono 3 i 2. Busnaueno, wo enex-
mpomaznimne nosae uacmomoio 2,45 I'Ty
BHUNCYEMbCA 00HOWAPOBUM Memanomex-
cmunvnum mamepianom y 3,6 pasu, mema-
aononimepnum — y 5,7 pasu. Iloxazano, wo
MemanomexcmuioHull Mamepians 3 maxu-
Mu enacmueocmamu npudamuuii 0 6uz0-
moeenns 3acobie inousioyanvrozo 3axucmy
nepconany 3 excnayamauii eexmpomexmiu-
H020 ma padiomexniunozo nepeoasansHozo
obnaonanns. Memanononimepnuii mamepian
npudamnuii 013 6U20MOBIEHHA 3AC06i8 KO-
JIEKMUGH020 3axucmy. 3anponoHoeano po3-
paxynkoee ouinro8anHus epexmuenocmi 3a-
xucnux mamepianié. Bono 6asyemvcs na
BuU3HaueHHi Koeiyienmie expanyeanus Kon-
cmpyxuii cmandapmuoi ¢opmu. Ile nadae
MOHCIUBICD BUSHAUEHHS eSIeKMPOPIZUMHUX
ma MazHimHux enacmueocmei mamepiany i
BUKOPUCIMANHSA iX Y NPOEKMYBAHHI 3AXUCHUX
Mamepianie 3 HeoOXiOHUMU Koediyiecnmamu
expanyeanns. O6Tpynmosana neob6xionicmo
onmumizauii KoeQiuienmis expanyeanHs
6 YyMmoeax 00HOUACHO20 6NAUGY eJeKmpo-
Maznimnux noaie pisnopionux oxcepe

Knmouosi crosa: komnosuyiiini mamepia-
AU, enexmpomaznimne none, eneKmpomaz-
Himnuil expan, mazmimna piouna, yavmpa-
36yK06a 06podKa, Koediyicnm expanyeanns
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1. Introduction

netic fields. This can be explained by the growth of electro-

Much attention is paid to the development and study of
protective properties of materials for shielding electromag-

magnetic load on the production equipment and personnel
and environment [1]. In particular, there is a tendency to-
wards higher amplitudes and a broader frequency spectrum



of electromagnetic fields. In such circumstances, conven-
tional metal magnetic shields have significant drawbacks:
lack of controllability of protective properties, high factors of
electromagnetic wave reflection, and, in many cases, exces-
siveness of shielding factors [2]. Under modern conditions,
along with the protection of people and electronic equipment
against electromagnetic fields, it is necessary to ensure the
smooth operation of wireless communication means [3]. It is
also unnecessary to shield the natural geomagnetic field [4].
Therefore, composite materials are the most promising
means of protection. Their advantages include the control-
lability of shielding factors by varying concentration of the
shielding substance in the base material (fabric or polymer)
and the thickness of the material. However, the complexity
of the technology used for the manufacture of composites
and the high cost of the latter are their main disadvantages.
Also, there are problems with the practical application of
such materials in lining surfaces of large area and serial pro-
duction of special protective clothing for personnel.

Therefore, the development of technologies for the man-
ufacture of composite materials while providing a reduc-
tion of their component costs is an urgent problem. Also,
materials must have physical characteristics acceptable
for practical application (weight, thickness, etc.) and be
suitable for rational use under the effect of electromagnetic
fields of various origin.

2. Literature review and problem statement

International specification for electromagnetic safety [5]
includes the provision of the personnel working under condi-
tions of exposure to electric, magnetic, and electromagnetic
fields with means of collective and individual protection.
The mandatory annex to this document substantiates the
need to apply protective measures from a medical point of
view and provides valid maximum permissible field strength
levels in all frequency ranges. The process of improvement
and creation of materials for shielding electromagnetic
fields must take into consideration present-day technogenic
trends of changes in the spectrum and magnitude of the
electromagnetic load on the human body. The growing share
of mobile communication and industrial frequency in pro-
duction is particularly noticeable. The relevance of this issue
primarily determines the frequency range of experimental
studies [6, 7]. Today, composites are the most promising ma-
terials for protection against electromagnetic fields. Most of
them are polymers containing shielding substances such as
metals, ferrites, or carbon. The efficiency of a material with
a polymeric matrix and evenly distributed ferrite particles
was studied in [8]. The disadvantage of this material in-
cludes its poor efficiency in the high-frequency section of the
electromagnetic spectrum. Inefficiency in terms of industrial
frequency of the electromagnetic field is caused by the large
size of the shielding particles. A wide-range shield [9] was
made of cellulose with some moisture content, so such design
was prone to degradation in the course of operation because
of water loss. It is known that shielding efficiency of both
low-frequency and high-frequency electromagnetic fields
increases with an increase in the dispersity of the shielding
filler. Nanocarbon filler was used in the research and devel-
opment work [10]. However, the cost of such a material was
too high to be applied in lining large surfaces and the poly-
mer base was unsuitable for the manufacture of clothing. The

same applies to the study [11] in which polypropylene was
base material for the nanocomposite. Saturation of the mate-
rial fibers with ferromagnetic nanoparticles is promising. It
was theoretically substantiated in [12], however, no experi-
mental data have been provided. It is known that the effect
of the magnetic field on ferromagnetic materials contributes
to the quality of mechanical treatment and structure isotro-
py [13]. In this case, it is possible to control the shape of the
hysteresis loop which is very important for improving the
efficiency of magnetic shields in protection against magnetic
fields of low frequencies, mainly industrial frequency, and
its harmonics. Implantation of nanoparticles into fibers of
a cloth impregnated with magnetic fluid and applying a
constant magnetic field was implemented in [14]. However,
leaching of the surfactant material (oleic acid) has resulted
in a significant loss of shielding nanoparticles. Taking into
consideration the high cost of magnetic fluid, it is expedient
to improve the technology of magnetic material treatment.
Textile-based protective materials without the addition
of polymers are suitable for the manufacture of personal
protective means [14]. However, metal-polymer materials
are the most effective for collective protection (lining the
wall and ceiling surfaces, shielding individual electrical and
electronic devices). It was shown in [15] that the addition of
iron ore powder in the process of latex production makes it
possible to obtain a material with high factors of shielding
magnetic fields of industrial frequency and electromagnetic
fields of ultra-high frequency. However, acceptable shielding
factors are achieved with material thicknesses of 5-10 mm.
As it was shown in structural studies, material quality can
be improved by a more even distribution of the shielding par-
ticles. Mixing the starting mixture in a special Brabender
mill does not prevent the iron ore particles from sticking to-
gether. The known method of ultrasonic material treatment
helps to increase the physical and mechanical properties of
materials. An increase in the strength of metallic materials
by their exposure to ultrasonic radiation was shown in [16].
Results of improving the homogeneity of the melt of metal
alloys by ultrasonic pre-crystallization treatment were pre-
sented in the study [17]. The above indicates the possibility
of improving the quality of metal-polymer materials due to
the ultrasonic treatment of initial mixtures.

The published data analysis gives grounds to conclude
that the improvement of the materials intended for shield-
ing electromagnetic fields is advisable to be realized in two
directions. The first of them is the qualitative improvement
of metal textile materials for making personal protective
means. The second direction consists in bettering the pro-
tective properties and reducing weight and dimensional
parameters of metal-polymeric materials for constructing
collective protection structures.

3. The aim and objectives of the study

The study objective is to develop metal-textile and met-
al-polymer materials for shielding electromagnetic fields and
study their protective properties in fields of ultra-low and
ultra-high frequencies.

To achieve this objective, the following tasks were set:

—to develop a technology for the production of a met-
al-textile protective material;

—to develop a technology for the production of a met-
al-polymer protective material;



—to determine shielding factors of metal-textile pro-
tective materials in electromagnetic fields of ultra-low and
ultra-high frequencies;

— to determine shielding factors of metal-polymer pro-
tective materials in electromagnetic fields of ultra-low and
ultra-high frequencies.

4. Technologies of production of protective materials for
shielding electromagnetic fields

4.1. The technology of production of metal-textile
materials for shielding electromagnetic fields

Serial linen fabric recommended in Ukraine for the pro-
duction of special protective clothing was used to make sam-
ples of the metal-textile material. It has adequate strength
and thermodynamic properties in terms of using in the man-
ufacture of a material intended for protection against the
effect of electric, magnetic, and electromagnetic fields. Fiber
porosity is its advantage. This makes it possible to realize
the irreversible implantation of metal and metal-containing
nanoparticles into the fabric structure.

Magnetic fluid as a source of nanoparticles was provided
by Ferohydrodynamic Ltd, Mykolaiv, Ukraine. The magnet-
ic fluid used in the study is a stable colloidal solution of solids
in aliquid carrier (aviation kerosene). The choice of kerosene
is due to its volatility which makes it possible to dry samples
without first washing away the main fluid. The dispersed
phase of the solution consists of ferromagnetic particles
(magnetite, iron ferrites) measuring 3—10 nm. According to
the manufacturer, the content of nanoparticles in solution
was 9 wt. %. Fatty oleic acid was used as a surfactant that
prevents particles from their sticking together.

To enhance the protective properties of the metal-textile
material, maximum saturation of the moist linen fabric with
ferromagnetic nanoparticles is necessary. In addition, tak-
ing into consideration the high cost of the magnetic fluid, it
requires an increase in efficiency of its use, that is, a greater
number of its particles in the fabric and their irreversible
fixation in fibers.

It is known that in a magnetic field, magnetic force F,
acts on magnetic particles contained in the magnetic fluid.
The magnitude of this force depends on both the magnitude
of the field characterized by the value of magnetic induction B
and the spatial derivatives of these field components. There-
fore, the magnitude of the magnetic force F,, is proportional
to the value |B| grad(|B|). The direction of this force action
depends on the direction of the vector grad(|B|). In the case
of the creation of a non-uniform magnetic field with its
gradient directed perpendicular to the surface of the textile
material, an additional mechanism is created that enhances
the penetration of magnetic particles into the material fibers.
This improves its magnetic properties. The schematic view of
such a device is shown in Fig. 1.

In this device, the permanent magnet 4 creates a non-uni-
form magnetic field and the tooth structures on the magnetic
conductor 5 make it possible to create a non-uniform mag-
netic field in the zone of magnetic fluid. The presence of an
additional magnetic conductor 6 makes it possible to in-
crease the strength of this field. This design of the magnetic
system results in the appearance of magnetic force F,, in the
magnetic fluid. This force acts on magnetic particles and is
directed perpendicularly to the material surface which leads
to an intense penetration of particles into fibers.

5 W/ 5

Fig. 1. Schematic view of a device for magnetic treatment
of textile material with magnetic fluid: 1 — a vessel made of
non-magnetic material; 2 — textile material;

3 — magnetic fluid; 4, 5 — permanent magnet with a magnetic
conductor; 6 — additional magnetic conductor

Following the magnetic treatment, the textile material is
subjected to drying in an air stream to remove kerosene. To
remove oleic acid and kerosene residues, the dried material is
treated with a fat removing detergent, in this case, HG deter-
gent manufactured by HG International b. v. (Netherlands).

The dried textile material becomes suitable for the man-
ufacture of personal protective means.

4. 2. The technology of manufacturing a metal-poly-
mer material for shielding electromagnetic fields

For the production of a metal-polymer material, stan-
dard NRL food-grade latex produced by Vytex (USA) was
selected as polymer. This material is made in a liquid state
and is widely used due to its low cost. The iron ore concen-
trate obtained by the flotation method at Poltava Mining
and Treatment Plant (Ukraine) was used as the shielding
substance. Composition of the concentrate: 72-73 % Fe,
8-20 % FeO, Fe30,. Average dispersion: 150—200 pm.

A cheaper material (iron ore concentrate) was used as a
shielding substance for the manufacture of collective protec-
tive means, for example, materials for lining large surfaces.
As noted, the main objective of improving the material qual-
ity consists in a uniform distribution of shielding particles in
the volume of medium (liquid latex).

In the first step, dry iron ore concentrate was added to latex
(in this case, 20 wt. %) and mechanically mixed. After that, the
mixture was subjected to ultrasonic treatment (Fig. 2).

Fig. 2. Schematic view of an installation for ultrasonic
treatment of metal-polymer mixture: 1 — ultrasonic
generator; 2 — ultrasonic oscillator; 3 — vessel with

the source fluid; 4 — a mixture that is exposed to ultrasound



The advantage of such treatment consists in the large
amplitudes of sound pressure at low power consumption. The
working volume acts as an oscillating system that operates on
forced oscillations in an elastic wave mode. A standing wave
occurs in the working volume when the distance between
two reflecting surfaces corresponds to the condition n)/2, n
is an integer, and A is the length of the mechanical wave. In
this case, resonant phenomena appear in the fluid volume. As
the amplitude of oscillations of the medium particles increas-
es, oscillatory velocity and amplitude of the sound pressure
grow, that is, the intensity of the oscillatory process in the
working volume increases without self-excitation. An 80 W
generator was used for ultrasonic treatment, and amplitude
of ultrasonic vibrations was 45—50 pm. Treatment was car-
ried out at a frequency of 23 kHz which corresponds to a
wavelength of about 0.014 m. Thus, the above condition of
occurrence of the resonant phenomena is always ensured in
a vertical movement of the ultrasonic emitter.

After the treatment of 0.5 | of mixture for 10 min., it
was applied to the substrate. The presence of the base is not
required but, in this case, it is possible to obtain a material
of small thickness. Linen fabric was also chosen as a base
for the unification of protective materials. The fabric with
a metal-polymer mixture applied to it is rolled with rolls.
Depending on the rolling pressure, a 0.5-1.0 mm thick
material can be obtained. The material is then dried and
gets ready for use.

5. Studying the properties of composite materials as
a protection against electromagnetic fields of ultra-low
and ultra-high frequencies

5. 1. Determining the shielding factors in shielding
electromagnetic fields of ultra-low and ultra-high fre-
quencies with the metal-textile protective material

Measurements of material efficiency (shielding factors)
in protection against low-frequency electromagnetic field
were performed using a calibrated Spectran NF 5035 elec-
tromagnetic spectrum analyzer (Germany) according to
the operating instructions. The maximum primary error in
measurements did not exceed 1 %. To determine shielding
factors in protection against electromagnetic fields of ul-
tra-high frequency, a calibrated P3-31 electric-flux density
meter (Russian Federation) was used according to the op-
erating instructions. The maximum major error did not ex-
ceed 2.7 dB. Shielding factors were measured for geometri-
cally closed shields that completely enveloped the measuring
antennas. During measurements, the background strength
of the electric field of industrial frequency did not exceed
10 V/m and that of the magnetic field 0.1 A/m. The back-
ground power flow density did not exceed 0.265 uyW/cm? in
the frequency range of 0.3-30 GHz.

Protective properties of the obtained materials (determi-
nation of the shielding factors) were studied for electromag-
netic fields of ultra-low frequencies (industrial frequency, its
harmonics, and interharmonics) and electromagnetic fields
of the ultra-high frequency of 2.45 GHz. This is a non-li-
censed working frequency used in microwave ovens. It
is intermediate between the working frequency of wire-
less Wi-Fi networks (2.4 GHz) and 4G mobile communi-
cation (2.6 GHz). That is, the degrees of protection are al-
most indistinguishable because of the proximity of frequen-
cies used in these sources.

Taking into account the quasi-stationarity of ultra
low-frequency electromagnetic fields, their levels were de-
termined separately in terms of magnetic and electrical
components of the field.

The results obtained in testing the metal-textile material
for shielding magnetic field of ultralow frequency are shown
in Fig. 3.
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Fig. 3. Shielding of the ultra low-frequency magnetic field
with protective materials: @ — starting spectrum of
the magnetic field; b — spectrum of the magnetic field
shielded by a metal-textile material

As can be seen from the above data, at a frequency of
50 Hz, the magnetic field was reduced 6 times by the metal-
textile material and 3 times by the metal-polymer materi-
al. Practically similar results were obtained for industrial-
frequency harmonic and interharmonic fields. Taking into ac-
count that the maximum permissible levels of magnetic fields
in production conditions are almost never exceeded more than
2-3 times [14], this result can be considered satisfactory.

The results of measuring the variations taking place in
the electrical component of the electromagnetic field of ul-
tralow frequency are shown in Fig. 4.

The above results show that the electric field of ultra
low-frequency is guaranteed to be reduced 1.5 times by
metal-textile material. This result was expected because



the shielding substance had low conductivity which re-
duced the electric field shielding factors. However, the
magnetic field is considered to be more critical in influenc-
ing biological objects. In addition, shielding the electric
field in production conditions, unlike shielding the magnet-
ic field is not difficult because of the possibility of using any
solid metal material.
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Fig. 4. Shielding of an electric field of ultralow frequency
with protective materials: initial spectrum of the electric
field (a); spectrum of the electric field shielded with
metal-textile material (b)

Shielding factors of the obtained material in protection
against ultrahigh-frequency electromagnetic fields were de-
termined (Table 1).

Table 1

Shielding of the ultrahigh-frequency electromagnetic field by
metal-textile material*

n S uW/em? | S, uW/cm? K,
200-210 56-60 3.6
2 200-210 26—-36 7.4

Note: n is the number of layers of the protective material; Sy is
energy [lux density (Poynting vector) of the electromagnetic field
source; S is energy flux density in the shielded area; K is shielding
Jactor (Ks=S;/S,)

The obtained factors of shielding the electromagnetic
field of ultrahigh-frequency can be considered satisfactory
taking into consideration the thickness of the fabric which
can be used for the manufacture of protective clothing.

5.2. Determining the shielding factors in shielding
electromagnetic fields of ultralow and ultrahigh frequen-
cies with the metal-polymer protective material

Protective properties of the metal-polymer material were
studied using the same equipment as for the metal-textile
material and for the same frequencies.

The initial spectrum of the magnetic field of industrial
frequency is shown in Fig. 3, a and that of the electric field
of industrial frequency in Fig. 4, a.

The results obtained in the tests of shielding the mag-
netic field of the ultralow frequency with metal-polymer
material are shown in Fig. 5.
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Fig. 5. Shielding the magnetic field of the ultralow frequency
with a metal-polymer material

As can be seen from the above data, the 50 Hz magnetic
field was reduced by 3 times by means of a metal-polymer
material (Fig. 3, a).

The results obtained in measuring the variation of the
electric component of the electromagnetic field of ultralow
frequency are shown in Fig. 6. The initial spectrum is shown
in Fig. 4, a.
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Fig. 6. Shielding of the electric field of ultralow frequency by
means of a metal-polymer material



The above spectrum shows that the electric field of
ultralow frequency is guaranteed to be reduced twice by a
metal-polymer material (Fig. 4, a).

Shielding factors in protection against ultrahigh-fre-
quency electromagnetic field by means of a metal-polymer
material were similarly determined (Table 2).

Table 2

Shielding of the ultrahigh-frequency electromagnetic field by
a metal-polymer material

n S uW/em? | S, uW/cm? K,
200-210 35-39 5.7
2 200-210 15-19 11.2

The above results can also be considered satisfactory.
The maximum permissible level of the electromagnetic
field in mobile communication never reaches 10 uW/cm?.
However, the obtained materials may be used to protect
personnel serving radio engineering facilities such as civil
aviation airfields and shielding individual radio equipment
items. The effectiveness of two layers was studied because
the equivalent depth of field penetration is critical for
high-frequency electromagnetic fields. The practical dou-
bling of the shielding factor in a two-layer material indi-
cates that no shielding jump occurs for this material at the
selected frequency.

6. Discussion of the results obtained in the study
of protective properties of composite materials and
determining ways of their improvement

Analysis of the study results shows that the developed pro-
cedure makes it possible to consume magnetic fluid no more
than 35g/m? (the previous result was 45-50 g/m?) [14].
In this case, the shielding factors with respect to the mag-
netic field of industrial frequency increased 2.5 times for
a single-layer material in comparison with the previous
results [14], Table 3. The same applies to the electric field.
The shielding factors of the electromagnetic field of ultra-
high-frequency were 5.7-11.2 (one and two layers). The
above results required an adequate interpretation. This
was realized by determining the weight content of the
shielding substance in the material. The same linen fabric
served as a base both for this protective material and that
described in [14]. Besides, the same substance was used to
remove the process fluid from materials. The number of
ferromagnetic particles in both materials in the final form
was determined by weighing. A sample was made using
the technology described in [14] and the weight difference
between the sample used in [14] and the sample described
in the present paper was determined by weighing. It was
found that the actual residue of ferromagnetic particles
was 1.5-1.6 g¢/m? in the material described in [14] and
2.9-3.0 g/m? in the obtained material, that is, almost
twice as much. Quantity of ferromagnetic nanoparticles
irreversibly implanted into the fabric fibers increases un-
der the effect of applied magnetic treatment. This explains
the increase in shielding factors.

It should be noted that the shielding factors obtained
for the metal-polymer material treated with ultrasound and
applied on a textile base (0.5-1.0 mm thick) by rolling corre-
sponded to the shielding factors for at least a 5 mm thick met-

al-textile material having the same content (20 %) of iron ore
powder [15]. However, the latter material has poor processabil-
ity in practical applications (high thickness and low flexibility).
The higher shielding factor of the metal-polymer material can
be explained by increased dispersity of the shielding substance
and isotropy of the initial metal-polymer mixture. Dry iron
ore concentrate does not contain surfactants, so its individual
particles stick together and ordinary mechanical mixing does
not ensure their even distribution in the latex base. Under
the impact of powerful ultrasonic radiation suitable even for
hardening of metal products, dispersity of the shielding sub-
stance grows ensuring its even distribution in the polymer. The
use of iron ore concentrate as a shielding substance instead
of iron ore powder [15] is an additional factor in raising the
shielding factors as it contains 15-20 % more ferromagnetic
components in the metal-polymer material.

In general, as the study results show, the metal-textile
and metal-polymer materials developed for shielding elec-
tromagnetic fields can be considered wide-range materials.

However, the study results have left a series of non-solved
issues. Frequency shifts of industrial frequency harmonics of
the magnetic field and smoothing of fixed frequency peaks
are not clear. A change in nature of the shielded electric field,
that is, a change in the prevailing maximum amplitudes, needs
to be explained. These issues should advisably be considered
based on ratios of the continuous media electrodynamics.

The limitation of the performed study consists in that it
was based entirely on experimental data. To design magnetic
and electromagnetic shields, practitioners need to be able to
pre-evaluate the shield performance. To obtain the shield
wall thickness, it is necessary to consider the equivalent
depth of field penetration into the shield thickness, 3. It is
known from electrodynamics of continuous media that

1
&= f ,
nfuc

where [ is the field frequency, u is the absolute magnetic
permeability of the material, o is the specific electrical con-
ductivity of the material.

Equivalent penetration depth is the depth distance from
the shield surface at which the field is 2.7 times smaller. The
actual depth of penetration depends on the required degree
of field reduction. For example, when the field is reduced by
10 times, the actual depth of field penetration is 2.3 8. Taking
into consideration that the innovative materials have mag-
netic and electrophysical data that are not tabular, initial
data should be obtained experimentally. The specific con-
ductivity of materials is easily determined by measuring its
reciprocal, that is, resistivity. This is done using the standard
double bridge method. Magnetic permeability can be deter-
mined from a series of experiments with measuring shielding
factors of materials having different concentrations of the
shielding substance.

The following ratio in terms of the shielding factor when
protecting against a magnetic field of an industrial frequen-
cy by means of a cylindrical shield was obtained in [15]:

_ Meff(bQ_“z)
KS —Ty

where K is the shielding factor; a is the inner radius of the
cylindrical magnetic shield; 4 is its outer radius and pr is
the effective magnetic conductivity of the material.



Based on the data obtained, one can evaluate parameters
of the shields of required efficiency.

The study of the dependence of the quality of the metal-
polymer mixture ontime and frequency of ultrasonic
treatment is a promising task. This will make it possi-
ble to get mixtures of maximum dispersity and homo-
geneity.

Another promising task consists in the optimization
of the shielding factors of materials relative to electric,
magnetic, and electromagnetic fields of different sources.
For example, when organizing shielding of the most com-
mon magnetic fields of industrial frequency, it is necessary
to ensure the stable operation of mobile communication
means. It is known that when the level of the base station
signal is below 0.15—0.20 pW/cm?, the radiation intensity
of mobile phones dramatically grows which is harmful to
users. Therefore, radiation of ultra-high frequency has a
lower limit in mobile communication. The natural geomag-
netic field also has a lower limit reduction of which more
than twice is prohibited in production conditions [18].
Considering that the horizontal component of the geomag-
netic field is the predominant component, optimization
of protective properties of shielding materials primarily
concerns the protective materials for lining walls of rooms
and buildings.

7. Conclusions

1. The technology of fabrication of a metal-textile mate-
rial for shielding electromagnetic fields was developed. It is
based on the influence of a constant magnetic field of high
heterogeneity from two magnetic conductors on a textile

material impregnated with a magnetic fluid containing
ferromagnetic nanoparticles. This has made it possible to
reduce magnetic fluid consumption from 45-50 g/m? to
35 g/m? compared to its counterparts and increase the num-
ber of shielding particles implanted into fabric fibers from
1.5-1.6 g/m? to 2.9-3.0 g/m?.

2. The technology of manufacturing metal-polymeric
material has been developed. It differs from its counterparts
in pre-treatment of a mixture of iron ore concentrate and lig-
uid polymer by ultrasonic radiation at a frequency of 23 kHz
and amplitude of 45-50 pm. This has enabled an increase in
the dispersity of the iron ore substance by mechanical action
and ensured uniform distribution of particles in the polymer
by intensive ultrasonic mixing.

3. The study of protective properties of a single-layer
textile material has shown that the guaranteed shielding
factor in protection against the magnetic component of the
electromagnetic field of industrial frequency and its har-
monics amounted to 6. The shielding factor of the electri-
cal component was 1.5. The shielding factor in protection
against an electromagnetic field of ultrahigh-frequency
(2.45 GHz) was 3.6. Such values indicate the suitability
of the studied materials for the manufacture of personal
protective means.

4. Studies of protective properties of the metal-polymer
material have shown that the guaranteed shielding factor for
the magnetic component of the electromagnetic field of in-
dustrial frequency and its harmonics is 3. The shielding fac-
tor for the electrical component is 2. The shielding factor for
the electromagnetic field of ultra-high frequency (2.45 GHz)
is 5.7. Such protective properties indicate the possibility of
using the material as a means of collective protection, for
example in facing surfaces of large areas.
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