
Abstract
Grain production economic efficiency mostly depends on the

use of energy-efficient, resource-saving technological equipment
that can ensure a high-quality technological process. In this
regard, this paper considers ways to improve the vibrating drives
of vibration-centrifugal grain separators which have a complex
design and involve high operating expenses (the life of vibrator
bushing does not exceed 180±20 hours). A linear induction motor
was used in this study as a vibrating drive, which directly forward-
ed working body movement without using any movement con-
verters. This type of motor together with elastic elements helps to
implement energy-efficient electric vibrating motion with
adjustable vibration parameters. The mathematical model of the
vibro-centrifugal grain separator with a linear motor was devel-
oped. The model was implemented in the environment of MatLab
(Simulink) object-visual modelling, which showed the correla-
tions of the working body vibration parameters with the drive
kinematic parameters. The suitability of the model was proved
experimentally. The difference between the experimental data and
the data obtained by mathematical modelling does not exceed 6%.
The comparative assessment results showed that the maintenance
intervals increased by 37.8% in the project version compared to
the basic version. The proposed technical solution made it possi-
ble to obtain the vibrational motion of the centrifuge working
body using the linear induction electric motor without the need for

a control unit to connect and disconnect it periodically from the
mains. This can reduce the starting currents in the inductor wind-
ings and increase the reliability of the installation. Thanks to the
use of the linear induction electric motor in the vibrating drive of
the vibro-centrifugal separators vibrating drive, it is also possible
to save metal.

Introduction
In a competitive market economy, two key factors for success-

ful production are the reduction of production costs and the
improvement of work quality. These factors are also important for
farms and are directly related to the development and implemen-
tation of new systems, technologies, and machines designed to
perform various technological processes. These requirements are
of particular importance for the intensification of widely used
technological processes, including grain mixture separation which
occurs during grain harvesting, storage, and processing. Every
year, in all countries across the world millions of tons of grain
crops undergo the separation process. Therefore, even a slight
improvement in some technological process parameters, such as
energy intensity and separation efficiency, can have a significant
economic impact (Al Maidi, 2015; Ostrikov et al., 2019).

The annual growing demand for grain production requires the
use of high-capacity machinery that combines low operating
expenses, production cost, and high productivity (Panasiewicz et
al., 2012; Al Maidi, 2015; Khasanov et al., 2019). The industry
offers a large number of different types of grain separators. Flat
sieve separators are most widely used in grain storage and pro-
cessing facilities. One of the main difficulties for further improve-
ment and increase of the efficiency of flat sieve separation is the
use of gravity forces when separating grain mixtures (Iarullin,
2007).

Centrifugal separation is a more efficient and productive
method for grain separation. Centrifugal separators differ in
design, shape, and working body location. Drum-type separators
with a horizontal rotation axis are the most widely used. The dis-
advantages of these grain separators are the low quality of the
grain mixture separation due to the low sieve use coefficient and
the uneven thickness of the grain mixture layer on the sieve.
Moreover, the sieves of the lower part of the working body where
the separation takes place are not cleaned from trapped particles in
these machines (Iarullin, 2007; Liu et al., 2014).

The most promising grain-cleaners are vibro-centrifugal sepa-
rators (VCS), in which intensive grain mixture separation occurs
due to inertial forces of rotational and vibrational working body
movements (Tishchenko et al., 2010). Constant contact with the
separating surface increases the probability of having particles
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enter through the sieve holes, and the high speed of the separated
material ensures high productivity of separators. Compared with
the separation of the grain mixture using gravity forces (in flat-
sieve machines), the propulsion of oscillatory motion to the work-
ing body along the rotation axis has made it possible to increase
separation efficiency. The productivity of these separators com-
pared to flat-sieve machines with the same sieve surface area is 4
times higher, while their energy consumption is 2 times lower. Due
to the vertical sieve arrangement, they occupy less working space,
and require 5 times less metal for their structure (Iarullin, 2007).

The existing design of the oscillatory drive of the VCS work-
ing body based on the motor rotational motion with a crank mech-
anism as a motion transformer has several disadvantages, namely,
the complex kinematic scheme of the working body movement
along the vertical plane and the impossibility of regulating the
working body oscillation amplitude without replacing the func-
tional elements of the oscillatory drive. The above-mentioned dis-
advantages lead to increased wear of the vibrating drive elements
(bushings, vibrator bearings, etc.), which have a service life of
about 180±20 hours. As a result, the VCS efficiency drops
(Linenko et al., 2018, 2019).

One way to overcome these disadvantages is to design a vibrat-
ing grain separator drive based on a flat linear induction electric
motor (LIM), which converts electrical energy into the translation-
al motion of the secondary element without using any motion con-
verters. The LIM consists of an inductor (stator) and a secondary
element (rotor). In such engines, the secondary element can also be
the working body of the technological machine itself (Ganesh
Sampath et al., 2016; Pathan et al., 2017; Vinod, 2017). Therefore,
electrical energy is immediately converted into the translational
motion of the working body (Alanis et al., 2015; Jiao et al., 2017;
Lim et al., 2017). The electric motor efficiency factor in such
drives is equal to the efficiency factor of an electric drive. In rota-
tion motor drives, the drive efficiency factor can fall several times
compared to the rotation engine efficiency factor (Ahmadinia,
2014; Sannomiya et al., 2017; Linenko et al., 2018, 2019).

The use of elastic mechanical energy storage units (helical
springs) in drives with a LIM can significantly increase their effi-
ciency, since, during the working body straight movement, the
accumulated kinetic energy is not extinguished by the plugging
mode, as it is converted into the potential energy of the elastic ele-
ment. This energy is then returned to the working body. Depending
on the number of elastic elements and their connection with the
working body, various kinematic schemes of oscillatory electric
drives based on a linear induction motor make it possible to imple-
ment an energy-efficient oscillatory motion electric drive (Aipov
and Linenko, 2013).

There are known cases in which the LIMs were used with elas-
tic energy storage units for such technological machines as flat-
sieve separators, shelter machines, inertial conveyors of wet sugar,
burr mills, feed bins, subsurface pumps, etc. (Aipov and Linenko,
2013).

A promising direction for the development of an electric oscil-
latory motion drive is leading to mechatronic systems based on the
LIM, in which an electric machine is joined to the working body
by an intelligent control system. The use of an expensive LIM con-
trol system leads to an increase in the cost of the working body
oscillatory movement drive and reduces its reliability. Therefore, it
is urgent to develop new effective technical solutions to ensure the
rotational-oscillatory movement of the working body without hav-
ing to use a specific system to control the working body vibrations
(Linenko et al., 2018, Ostrikov et al., 2020).

The application of LIMs for VCSs, which were not previously

used for rotating mechanisms, will eliminate the above-mentioned
disadvantages, since the design of the bearing unit will be signifi-
cantly simplified, and their working conditions will become easier,
and improve the efficiency of the vibration-centric grain separator.

Objectives
Research objectives were to: i) consider possible ways of

improving the design of the VCS vibrating drive based on a linear
induction electric motor with adjustable working body vibration
parameters; ii) develop a mathematical model of the proposed VCS
vibrating drive with a LIM; iii) make an experimental assessment
of the drive frequency characteristics and confirm the suitability of
the developed mathematical model.

Materials and methods
A vibration motion of the rotating working body along the ver-

tical plane achieved using the LIM will significantly increase the
VCS efficiency. Figure 1 shows a kinematic scheme of the VCS
design with a LIM. Figure 2A and B show a general view of the
experimental setup and a general view of the working body with
sieves.

A working body 3 is placed inside housing 1. The working
body consists of three levels of cylindrical sieves, which receive
rotational and vertical oscillatory movements from the electric
drives (Linenko et al., 2018).

The electric drive of the working body vibration movement is
a flat LIM consisting of several inductors 2, and a ring 7, which is
spring-loaded relative to the base using rollers 8 and elastic ele-
ments 9. The working body 3 receives the rotation from the electric
motor 12 with the help of V-belts. When the inductors are connect-
ed to the mains, the ring begins to move forward along the vertical
plane. During the rotational movement, the elastic elements are
compressed. When the inductors are disconnected from the mains,
the ring returns to its original state due to the energy accumulated
in the elastic elements. Depending on the type, grade, and humidity
of the grain mixture, the control unit can regulate the vibration
parameters of the working body in the vertical plane according to
the frequency and amplitude by changing the duration and fre-
quency of the flat LIM inductors when connected to the mains
(Linenko et al., 2018).

Creating a vibrating electric drive of the vibro-centrifugal
grain separator with the LIM made it possible to go back from the
mechanical motion transformer, reduce power consumption and
weight-size parameters.

This technique is useful, but its efficiency can be increased by
modifying or removing the expensive and complicated control
unit, which periodically connects and disconnects the LIM induc-
tors from the mains during operation. This is accompanied by large
starting currents in the windings and consequently reduces the
vibrating drive reliability.

The increase in the technical and economic indicators of the
VCS with a LIM is associated with the use of new techniques that
simplify the electric drive of oscillatory motion by self-vibrating
sieves (i.e., without a control unit for periodic LIM switching on
and off) (Linenko et al., 2019).

For this purpose, symmetrical through-holes should be made in
the flat LIM rotor (ring) (Figure 3A and B). Symmetrical through-
holes on ring 7, which is also a LIM rotor, make it possible not to
disconnect the LIM inductors from the mains during the VCS oper-
ation. Therefore, the LIM inductors are always connected to the
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mains. The rotating ring with holes enters and leaves the magnetic
field of the LIM inductors, thus generating vibration. Through the
spline joint 10 (Figure 1), the rotational motion is imparted from
the rotation engine 12 to ring 7. During rotation, when a part of the
ring without holes is located opposite the LIM inductors (Figure

3B), an electromagnetic force occurs and makes the ring perform a
translational motion, for example, down in a vertical plane. In this
case, the elastic elements 9 located under the ring are compressed.
As ring 7 rotates, at a certain point the symmetrical holes 13 of the
ring are opposite the LIM inductors (Figure 3B). Simultaneously,

                             Article

Figure 1. Kinematic scheme of the vibro-centrifugal separators with a linear induction electric motor (LIM) 1-housing, 2-LIM induc-
tors, 3-cylindrical sieves, 4-blades, 5-cylindrical disk cleaners, 6-spreader, 7-ring, 8-rollers, 9-elastic elements, 10-spline connection, 11-
pulleys, 12-electric motor.

Figure 2. General view of: A) experimental vibro-centrifugal separators installations; B) of the working body with working sieves.
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the electromagnetic field disappears, and, due to the energy accu-
mulated in the elastic elements, the ring returns to its original state
and continues to rotate. Then, when parts of the ring without holes
pass in front of the inductors, the ring will perform again a trans-
lational motion, and the described process will repeat. The oscilla-
tion frequency of the working body is determined by the number
of holes on the ring and its rotation frequency (Linenko et al.,
2019).

Consequently, the proposed technique allows the vibration
movement from the LIM of the VCS working body without using
a control unit for LIM periodic connection and disconnection from
the mains. This significantly reduces the cost and material con-
sumption of the entire construction and increases its reliability.

Another technique makes it possible to change the working

body oscillation frequency without changing either the rotation
frequency or the rotor design (i.e., the number of symmetrical
holes), since the control of the working body oscillation frequency
by changing the amount of symmetrical through holes on the rotor
(ring) leads to the replacement of the drive functional elements and
restricts its use.

If the technology requires to change the vibration parameters
of the working body at a constant speed, the following design of
the VCS vibrating drive without the block for the LIM inductors
switching on and off can be used.

Symmetrical through holes can be made at several levels of the
LIM rotor, provided that they are offset from one another. The
number of levels of inductors corresponds to the number of levels
of through symmetrical holes (Figure 4).

                             Article

Figure 3. A) General view of the vibrating drive; B) secondary element positions during operation of the vibro-centrifugal separators:
2-linear induction electric motor inductors, 7-ring, 8-rollers, 9-elastic elements, 13-through holes.

Figure 4. A) General view of the vibrating drive; B and C) secondary element position during the vibro-centrifugal separators operation
2-linear induction electric motor inductors, 7-ring, 8-rollers, 9-elastic elements, 13-through holes.
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During rotation, when a part of the ring without holes is locat-
ed opposite the LIM inductors of the appropriate level, an electro-
magnetic force occurs, which makes the ring execute a translation-
al motion, for example, downward along a vertical plane. In this
case, the elastic elements located under the ring are compressed.
As the ring rotates, there comes the point when the symmetrically
located holes of the appropriate ring are opposite the LIM induc-
tors (Figure 3B). Simultaneously, the electromagnetic field disap-
pears, and due to the energy accumulated in the elastic elements,
the ring returns to its original state, continuing to make a rotational
movement. Then, a part of the next level ring without holes passes
by the appropriate level inductors. At the same time, the ring exe-
cutes a translational motion again, and the described process
repeats. The holes on the levels are located at a specific interval.
When passing this interval, the ring returns to its original state. The
value of the intervals is determined by the required vibration fre-
quency of the working body necessary for the technological pro-
cess. The working body oscillation frequency is determined by the
number of levels of holes on the ring and the number of levels of
inductors used for operation, while the rotation frequency of the
working body remains constant.

The LIM inductors on the levels are connected in series, but
they are energized in parallel. Therefore, during the vibrating drive
operation, the number of levels with the inductors connected to the
mains can be controlled independently. Moreover, the more levels
of inductors connected to the mains, the higher the working body
vibration frequency. Consequently, this technique makes it possi-
ble to control the separator working body vibration frequency from
the LIM, regardless of the working body rotation speed, increasing
the installation technological effectiveness.

The proposed approach was studied thoroughly to determine
the vibrating drive rational parameters, and an appropriate mathe-
matical model was developed.

The mathematical model was implemented in accordance with
the equations of the VCS dynamics, which have the following
form:

i) for the translational working body motion:

ma = FLIM – Ffr – Fres – Fel                                                                            (1)

ii) for the working body rotational motion:

                                                 
(2)

where m is the mass of the vibrating system (the working body and
the LIM secondary element), kg; a is the acceleration of the vibrat-
ing system, m/s2; FLIM is the force developed by the LIM, N; Ffr is
the force of friction in the spline connection (taking into account
the mass of the oscillating system, and friction coefficient), N; Fel
is the elastic force arising from the deformation of the elastic ele-
ment (Hooke’s law), N; Fres is the resistance force of the grain mix-
ture to the sieve movement, N;  is the dynamic moment, N·m;
MAEM is the moment developed by the asynchronous electric motor
of rotational motion, N·m; Mres is the resistance torque of the grain
flow in the working gap, N·m; Mfr is the friction torque in the bear-
ings N·m.

In the mathematical model, the LIM is represented by the Park-
Gorev equations which are composed on the basis of the substitu-
tion scheme (Aipov and Linenko, 2013; Nasar and Boldea, 1981):

                                                                                                 

(3)

where UX1, UY1 is the voltage inductor along the OX, OY, V axes;
τ - LIM is the winding pole division; Xs=X1+Xm, Xr=X2+Xm are the
values of resistance, the inductor and the secondary element used
in the model, Ohm; R1, X1, R2, X2 are the active and reactive resis-
tance of inductor and the secondary element in the winding of
inductor respectively, Ohm; Xm is the resistance of the mutual
induction between the inductor and the secondary element, Ohm,
Vo LIM is synchronous speed, m/s; φX1, φY1, φX2, φY2 is the flux
linkage along the axes OX, OY of the inductor and secondary ele-
ment, respectively, Wb; V is the speed of the LIM secondary ele-
ment, m/s. 

In grain separation, the quality of grain mixture separation is
very important. Therefore, it is necessary to justify the electric
drive parameters and determine the installation capacity (Boac et
al., 2014; Kharchenko, 2015). Figure 5 shows the grain mixture
distribution on the sieve.

The grain mixture is fed by the spreader to the inner surface of

                             Article

Figure 5. Grain mixture distribution over the cylindric sieve sur-
face 1-sieve, 2-, 3-layers of coarse and fine grain mixture, respec-
tively.
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the receiving section of the upper part of the sieve, forming a
cyclic layer. As a result of gravity and vibrations, the mixture
moves down. The free surface of the mixture layer forms a cylin-
drical surface with radius r0. A layer of larger grain particles locat-
ed closer to the sieve surface forms a cylindrical surface with
radius r1 (Tishchenko et al., 2010).

A simplified model version, in which the cyclic layer of vari-
able viscosity is divided into two homogeneous cyclic sublayers
(Figure 5) with different dynamic viscosity coefficients μ (Linenko
et al., 2018; Tishchenko et al., 2010), was used to determine the
productivity Q of the VCS (4) for food grains.

A viscosity coefficient µ1 of the sublayer closer to the sieve
surface is higher than the viscosity coefficient µ2 of the sublayer
that borders on the grain-free surface.

                                                                                           (4)

The dynamic viscosity coefficient μ of the grain mixture (5) is
determined by the working body amplitude and vibration frequen-
cy, which are set by the rigidity of the vibrating drive elastic ele-
ments:

                                                                                                 

(5)

where p is the pressure of the grain mixture, Pa; f is the coefficient
of the grain mixture friction on the sieve surface; ρ is the grain
mixture layer density kg/m3; c is the elastic element rigidity, N/m;
m is the oscillatory system mass, kg; a is the working body accel-
eration, m/s2, υ is the oscillation frequency of the working body,
Hz; rс is the radius of a single grain particle, m; fc is the coefficient
of dry friction between grain particles.

The mathematical model of the developed VCS vibrating drive
is implemented using the MatLab (Simulink) object-visual mod-
elling environment (Figure 6).

Since the contribution of small and medium-sized farms to the
national food security is increasing every year, the development of low-
productivity technological machines is relevant. In this regard, the
parameters of the LIM replacement scheme for an installation with a
capacity of up to 6 tons of grain chaffer were determined to study the
mathematical model: R1=4.08 Ohms, X1=0.145 Ohms, X2=0.9 Ohms,
X/m=4.7 Ohms, R2=5.0 Ohms, and pole division =0.036 m.

The following values were taken as basic values for the study:
the grain mixture density is 730 kg/m3 (parameters of wheat grain
with a humidity of 16%); the nominal working body angular speed

                             Article

Figure 6. Visualization of the main window of the mathematical model of the vibro-centrifugal separators (VCS) with a linear induction
electric motor (LIM) in Matlab (Simulink).
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is ω = 11.5 rad/s (110 rpm); the working body mass m1 is 15 kg;
the grain mixture mass m2 is 1.5 ... 8.0 kg. Based on productive
capacity, the rigidity of the elastic elements c is 5000 N/m, which
provides the required vibration parameters of the working body.

Results and discussion
The optimal seed separation kinematic mode for a particular

grain crop has its own specific combination of values of the work-
ing body vibration frequency and amplitude that agree quite well
with each other (Zorawski et al., 2014; Ma et al., 2016).
Determining the amplitude-frequency characteristics depending on
the drive design parameters is an important research task, since the
obtained dependencies can be used to design specific structures.

For high-quality seed separation when changing the type of
agricultural crop, it is necessary to adjust the oscillation amplitude
Aosc, and the VCS working body oscillation frequency υ. An effec-
tive way to regulate these parameters in the proposed technical
solutions is to change the rigidity of the elastic element (the most
labour-intensive), the working body rotation speed ω, and the num-
ber of holes in the ring.

The working body oscillation frequency υ and the oscillation
amplitude Aosc are determined by the working body rotation fre-
quency ω and the number of symmetrical holes in the ring, taking

into account the rigidity of the elastic elements c and the oscillating
system mass M= m1+ m2.

Figure 7 shows the dependence of the working body vibration
amplitude and frequency on its rotation frequency which in turn
depends on a different number of through symmetrical holes in the
secondary element.

As can be seen from this graph, the working body vibration
frequency has a linear dependence on its rotation frequency.
Simultaneously, the higher the number of symmetrical holes in the
secondary element, the higher the working body vibration ampli-
tude. A secondary element with 4 through holes is the most pre-
ferred option. This solution ensures the working body vibration
frequency to be 10-12 Hz, when the nominal angular speed of the
working body ω is 11.5-12 rad/s (110-120 rpm).

The working body oscillation parameters, in turn, depend on
the oscillating system mass. Figure 8 shows the graphs of the VCS
amplitude-frequency characteristics, when the grain mixture mass
on sieves changes. The working body mass is m1 = 15 kg, the grain
mixture mass m2 ranges from 4 to 6 kg.

As Figure 8 shows, a 10% increase or decrease in the oscillat-
ing system mass does not significantly affect the VCS amplitude-
frequency parameter. Therefore, a change in the load during the
drive operation does not violate the law of the working body vibra-
tions and ensures the quality of the technological process.

A pre-set VCS productive capacity is provided by the corre-

                             Article

Figure 7. Dependences of the working body vibration amplitude and frequency on the frequency of its rotation which in turn depends
on a different number of through symmetrical holes in the secondary element.
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sponding force developed by the LIM. Figure 9 shows the depen-
dence of the force developed by the LIM on the VCS productive
capacity with different grain layer thicknesses on the sieves.
Simplified grain mixture movement models were used for mathe-
matical modelling. So, for example, a single-layer model was con-
sidered for seed grains, a two-layer model for food grains, and a
three-layer model for grain chaffer. These types of grains differ in
their composition in terms of degree of contamination and linear
size of the particles that make up the mixture. The freshly harvest-
ed grain mass, called grain heap, is has a diverse composition and
a large number of weed impurities that differ from the grains of the
main crop in terms of linear dimensions several times, in larger or
smaller directions. Food grains, which are characterized by high

quality and the absence of weed impurities, can include a certain
quantity of broken particles, unlike seed grains. These parameters
determine the thickness of the grain layer on the sieve and the
amount of energy spent for processing the grain mixture. This
dependence makes it possible to choose the most rational LIM
parameters at the installation design stage, which can ensure the
efficiency of the technological process of the grain mixture separa-
tion with minimal energy costs.

Consequently, the analysis of the resulting mathematical
model (3) makes it possible to choose the most rational parameters
for the rigidity of the elastic elements, the LIM power, and the
operation mode, when designing the VCS.

According to the kinematic scheme shown in Figure 1, and

                             Article

Figure 8. Vibro-centrifugal separators (VCS) amplitude-frequen-
cy characteristics depending on the oscillating system mass, when
the number of holes in the secondary element is equal to 4: 1-
M=19 kg, 2-M=20 kg, 3-M=21 kg.

Figure 9. Dependence of the vibro-centrifugal separators (VCS)
productive capacity on the developed linear induction electric
motor (LIM) power: 1-seed grain, 2-food grain, 3-coarse separa-
tion (grain chaffer).

Figure 10. General view of: A) is the flat linear induction electric motor inductors, the secondary element with 2 (B) (C) through holes.
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based on a flat LIM, a working VCS experimental installation with
a vibrating drive was designed, in which case, the secondary ele-
ment has 2 or 4 through symmetrical holes (10). Experimental
studies were conducted to verify the adequacy of the developed
mathematical mode according to the vibrating drive amplitude-fre-
quency parameter.

The difference between the obtained experimental and calcu-
lated dependencies did not exceed 6% (Figure 11).

Therefore, the developed mathematical model proved to be
adequate and can be used in practice.

Conclusions
New original designs of the VCS vibrating drives were pro-

posed. They can provide adjustable working body vibrations with-
in the required range without using the control assembly of period-
ic LIM switching on and off from the mains. A mathematical LIM
model was developed and studied to determine the rational param-
eters of the VCS operation. The LIM secondary element with 4
through holes provided the required oscillation frequency of 10-12
Hz at a working body rotation speed of 11 rad/s. A formula for
determining the VCS productive capacity was proposed consider-
ing the presence of elastic elements in the vibrating drive. The LIM
was implemented using the Park-Gorev differential equations. The
driving characteristics of a VCS with a linear electric drive were
analyzed using a mathematical model in the Matlab object-visual
modelling environment (Simulink).

It was calculated that a 10% increase or decrease in the oscil-
lating system mass did not significantly affect the VCS amplitude-
frequency parameter. Therefore, a change in the load during the
drive operation in a force-oscillation regime did not violate the law
of the working body vibrations and ensured the quality of the tech-
nological process.

A comparison of theoretical and experimental dependencies
showed that their maximum discrepancy did not exceed 6%, which
proved that the resulting mathematical model adequately reflected
the physical processes, and could be used in practical calculations.
The results of the study do not contradict the provisions presented
in the publications on the development of grain separators
(Tishchenko et al., 2010; Ospanov et al., 2019).

The proposed technical solution creates a vibrational motion of
the centrifuge working body from the LIM without using a control
unit for its periodic connection and disconnection from the mains.
This can reduce the starting currents in the inductor windings and
increase the reliability of the installation. Thanks to the use of the
LIM in the VCS vibrating drive, it is possible to save metal. The
LIM’s power for a production capacity of 6000 kg/h is 2.8 kW,
which is 28% less compared to the existing VCS installation with
the same production capacity. The service intervals of the vibrating
drive are increased from 180 to 250 hours, which accounts for
37.8%. As a result, the goal of the research was achieved.
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