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INTRODUCTION
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Crucial determinant of longterm success will be the sustained development of
innovative new and services. Innovation is the process of translating an idea or
invention into a good or service that creates value. An idea must be replicable at an
economical cost and must satisfy a specific need. Innovation involves deliberate
application of information, imagination and initiative in deriving greater or different
values from resources, and includes all processes by which new ideas are generated
and converted into useful products.

Global competition is increasingly shifting to science, technology and
education. It would appear that rapid digital transformation and technologies that
are quickly changing industries, markets and professions, are designed to expand
the horizons for anyone who is willing and open to change. In order to achieve high
growth rates, it is also necessary to solve systemic problems to strengthen the
potential of science, to form unique technological reserves

The I1X All-Russian Science-Practical Conference of Students, Postgraduates
and Young Scientist “Recent Achievements and Prospects of Innovations and
Technologies” will be a part of the efforts to develop new technologies. This
Conference is future spesialists’ platform to grow and network with likeminded
researches all over the world.

The famous Australian scientist, Doctor, Associate Professor, medical scientist
and health journalist Tim Crowe addressed to the participants of the conference:

“Greetings from Australia. Welcome to the on-line conference “Recent
Achievements and Prospects of Innovations and Technologies”. | am working in the
areas of teaching and research in the field science of nutrition. It’s wonderful that
so many students are interested in disciplines of Engineering Innovation Processes,
Information Systems, Marine Technologies, Actual Problems of Economics,
History, Theology, Sociology, Psychology and Pedagogy . | wish you the very best
productive studies”.
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SECTION 1. ENGINEERING INNOVATION PROCESSES
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UDC 621.331
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Scientific advisor
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INTRODUCTION
The relevance of the development of various energy transmission
systems is connected with the fact that human life today in many matters is
associated with electronic devices that have a battery in their configuration.
These devices often have low battery capacity and require frequent
recharging. Thus, every day there is a need to use various kinds of energy
transfer standards to power or recharge multiple devices. There are a
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number of different energy transmission systems in the world that can be
generally divided into two classes, wired and wireless. Wired electrical
energy transmission systems include energy transmission systems, the
conductors of which are wires in insulation (wires). Wireless systems
include power transmission systems in which there are no conductive
connections, which is their main advantage. The main disadvantages of
wireless systems include, firstly, severe heating losses. This drawback
implies that in the process of recharging, there is a need for a complete
docking of the mechanisms of reception and transmission of energy. The
second equally important drawback of wireless power transmission systems
is the constant energy consumption of the system. This disadvantage
implies that in the absence of a charging device near the charging station,
the radiation of energy by the transmitting element, as well as its
consumption will be carried out in the same volume as in the presence of
the device. Energy will be radiated into space in the form of a simple
heating of air. In this matter, there is the safety of organisms that fall into
the scope of the system. This article discusses existing wireless power
transmission systems and their listed disadvantages.

Existing wireless energy transmission methods

Consider magnetic resonance technology. A simplified equivalent
circuit assumes the presence of two magnetically coupled coils. This
technology is not critical to the mutual arrangement of coils. But here the
distance between the receiving and transmitting coils is critical. To achieve
better efficiency, the resonant frequency that best interacts with the load
resistance is selected. With precise matching in magnetic resonance
technology, energy transfer occurs with the highest efficiency. In practice,
there are many companies developing wireless energy transmission systems
of various standards based on this technology. To date, two standards for
wireless power transmission are relevant. These include Qi - the most
common wireless recharging standard developed today by the consortium of
wireless electromagnetic energy.

Coils form an inductive coupled system. Alternating current flowing in
the winding of the primary coil creates a magnetic field that induces voltage
in the receiving coil, which can be used both to charge the battery and to
power the device. As the secondary coil moves away from the primary, a
larger part of the magnetic field is scattered and does not reach the
secondary coil. Even at relatively short distances, inductive coupling
becomes ineffective. Figure 1 shows the values of the coupling coefficient
(k) with a distance between the coils of 0.2; 2.5; 5; 7.5 and 10 mm, and also
presents graphs of the dependence of the coupling coefficient on the
magnitude of the displacement (for coils with a diameter of 30 mm).

14



Inductive coupled resonant circuits used in wireless charging systems
have been used successfully in various radio engineering devices for
decades, and their theory has long been well known. The energy transfer
efficiency of the system depends on the coupling coefficient between the
coils and their quality factor. To increase the efficiency of wireless charging
systems, the phenomenon of resonance should be used, which allows to
increase the efficiency and range of energy transfer. It is possible to
increase the efficiency of inductively coupled systems by increasing the
quality factor of coils or the coupling coefficient.

The second standard is PMA - introduced by Powermat in 2012. Some
devices may support the formats of two of the above standards. The only
difference between these standards is the frequency of operation.

2
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Figure 1 - Graphs of the dependence of the coupling coefficient on the
displacement of the coils

The Qi format operates in the frequency range 100-205 kHz, and the
PMA standard is 277-357 kHz. Operating at relatively low frequencies,
much lower than their resonant frequency, antennas have a small gain and
cannot be used as energy transformers, although they are used. The even
less popular A4WP wireless power transmission standard is Alliance for
wireless power. This standard is the latest development, which has a
distinctive feature. In their standard, participants in the Alliance for
Wireless Power industrial alliance realized the effect of magnetic resonance
when the emerging magnetic field is transferred from one coil to another,
rather than magnetic induction like its competitors. This technology was
called Rezence and is positioned by the creators as the technology of the
“next generation”. The name "Rezence" comes from two words:
"resonance” (resonance) and "essence" (essence), which reflects the
principle of technology. The standard allows wireless transmission from 1
to 50 watts., Which may be enough to charge not only a smartphone, but
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also a light laptop, tablets and other consumer devices. In theory, Qi
provides charging with a power of upto 5 W and a current of 1 or 2 A, at a
voltage of 5 V. These parameters are comparable to wired chargers, but the
power goes much slower. Based on the above, it is clear that this technology
includes emits energy into space in the absence of a rechargeable device,
thereby creating a threat to the occupants of the room.

Proposed decision

In the development, it is proposed to use microstrip technology for
wireless energy transfer [1]. The energy transfer system, patented by the
authors and consists of two symmetrical identical parts, each of which is a
microstrip transmission line of a certain length, shorted or open at one end
and excited from the other end. The line is twisted into a spiral shape to
exclude the dependence of the transmission coefficient on the orientation of
the structures relative to each other. To prevent unproductive energy losses
in structures, a coordinated load of 50 Ohms (or any other resistance) is
used. Microstrip structures do not emit electromagnetic energy into free
space; This is an absolutely proven fact. Accordingly, there are no
unproductive energy losses. The claimed system provides energy transfer at
reasonable distances between microstrip structures. So, at a limit distance of
30 mm between the structures, the transient attenuation does not exceed a
value of 10 dB. At working distances of 5-10 mm, the transition attenuation
during wireless energy transfer does not exceed 1 dB. Strip lines are placed
on dielectric substrates of a dielectric with a permeability € = 4.3 and tand =
0.005. The thickness of the substrates for the system with the specified
parameters is 3 mm. The total length of both strips is about 1 m, the width
was 10 mm, and their thickness was 30 um. The size of both substrates
corresponds to an area of 200 x 200 mm2. The use of spiral microstrip lines
significantly reduces the size of electromagnetic structures and opens up
good opportunities for reducing the requirements for the relative positioning
of elements of a wireless energy transmission system. Also, this system is
fully scalable, which allows it to be used both for recharging household
(low-consumption) devices and for electric vehicles.

CONCLUSION

Thus, the article discusses the most common standards for wireless
energy transfer, identifies their advantages and disadvantages. It is clear that
inductive systems of energy transfer are limited in terms of power
characteristics and carry a danger to humans, which makes it inefficient and
dangerous for humans. A wireless energy transmission system is described
that does not radiate energy into free space and is compact, economical, and
most importantly, safe.
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AnHoTanus. B cratbe mpezacraBieH 0030p CYIIECTBYIOIIUX METOIOB
OecrnpoBOIHOI Iepenayn SHepruy. Tarxke NpeiCTaBIeHb! IPEUMYILECTBA U
HEOO0CTAaTKHU YKa3aHHBbIX BBIIIC CHUCTEM. Hpe,anomeHa CHUCTEMa
OecrnpoBOJIHOI Tepenaud dHEPruM, (QYHKIMOHHPYIOIIAs Ha PAaCCTOSHUU
5.30 mm. Cucrema  sBusietcsi  BBICOKOI((MEKTHBHOH,  MOXET
(YHKIIMOHMPOBATh HA BBHICOKMX MOIIHOCTSX (iecaTku KBT) 1 MOXeT ObITh
UCIIONIb30BaHa ISl CUCTEMBI OECIIPOBOJHOM MOJ3aps/IKA aKKyMYJISTOPHBIX
Garapeit.

KiarueBble cjoBa: cHcTeMa 66CHp0BOZ[HOﬁ nepeaaym HSHEPruu,
moI3apsiIka, 0030p METOIOB.

Annotation. The article provides an overview of existing methods for
wireless energy transfer. The advantages and disadvantages of the above
mentioned systems are also presented. A wireless energy transmission
system is proposed that operates at a distance of 5..30 mm. The system is
highly efficient, can operate at high powers (tens of kW) and can be used
for a wireless battery recharging system

Keywords: wireless power transmission system, charging, methods
overview.
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INTRODUCTION

Widespread in our time have received various energy transfer systems.
In the 20th century, power transmission systems based on wired technology
became very popular. These systems have several advantages, the main of
which is the minimum amount of energy loss due to the use of conductive
materials as a medium for energy transfer. Currently, a new type of energy
transmission system is widely used - wireless. Wireless power transmission
systems are widely used because they have several advantages, the main
one being the absence of wires, which means that a dielectric medium, such
as air, can be used as a medium for transmitting energy. Previously, the
authors of the article presented a review article on existing methods and
standards for wireless power transmission, in which their advantages and
disadvantages were described. A variant of a wireless power transmission
system has also been proposed in which there are no disadvantages of
existing systems. At the first stage, confirming the relevance and
functionality of the proposed system, it is necessary to carry out
computational calculations, as a result of which it will be possible to obtain
theoretical values of the efficiency parameters of the proposed system, as
well as from which it will be possible to formulate requirements for the
physical parameters of the electromagnetic structure.

In a previous article, the authors proposed a wireless power
transmission system for the task of wirelessly recharging the batteries of
unmanned aerial vehicles (UAV). On average, the battery capacity of the
UAV, with a flight duration of 30-50 minutes, can be 1 W / h, which means
that with a power of 1 W, this battery will charge in one hour, respectively,
with a power of 2 W - in half an hour, etc. As the power P1, which is
supplied to the first structure, we take the value of 5 W, based on the fact
that performing tasks in the field, the drone needs to quickly recharge the
battery and continue to carry out its task. As a transceiver system, the
authors proposed to use a microstrip structure, which, when approaching the
second structure, forms a strip structure, shown in Pic 1, based on which a
functioning fragment of a directional coupler is obtained [1].
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Pic. 1 — Strip line view

For convenience, we assume that the substrate material is made of a
material with the same dielectric constant (¢ = 1) and the same loss tangent
(tand = 0) as the energy transfer medium, namely air. As such a material,
foam (foam) was selected. According to the UAV dimensions, the
appropriate dimensions of the electromagnetic structure were chosen for
which the strip width W = 220 mm, the distance from the structures taking
into account the substrate b = 15 mm, the distance between the metalized
layers of the structures S = 5 mm, and the thickness of the metalized layer t
= 0.3 mm. The frequency of the system was chosen based on cost and size
restrictions so that both of these parameters were acceptable. Based on this,
it was decided to choose a system operating frequency of 200 MHz. To
calculate the parameter of the efficiency of energy transfer from one
structure to another, the transmission coefficient (S21) is used, which is
determined by the formula:

P,
Sa, — 10 «log,, ﬁ)’
where P1 is the power of the radiated structure, and P2 is the power of
the received one [2]. To determine the power of P2, this formula was
chosen based on the physical parameters of the structure. This formula is as
follows:
p Pik?sin?8
f 1 —kZeos28°
In this formula: 0 is the electric length of parallel-connected sections
of the line, is determined by the formula: 6 = kd = 2xndf, and k is the
coupling coefficient, defined as:
Ik = @.
Zoe + Zoo ’
where Zoois odd form of wave resistance and Zee is even form of wave
resistance. Based on the physical parameters specified earlier, the formulas
for determining the wave impedance are indicated below:
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where:
C. = 04413 - H;
c, = H.%:
g 05+ () m(G)
;T:(1—::)

For calculations, were used the modern programming language Python
version 3.6 with its built-in library of mathematical operations, as well as an
additional module for the mathematical display of formulas to verify the
correctness of the given formulas

Conclusion

Thus, the article considers the basic mathematical calculations of a
standard strip structure used for a wireless energy transmission system at a
distance between metallic coatings of the order of 5 mm and the thickness
of the dielectric substrates 5 mm. As a result of the calculations, the
following values were obtained: wave impedances: Z0o = 48.1480wm, Z0e =
107.9200m; power in used structure: P2 = 0.55W. gain S21 turned out to be
about —9dB. This value is not acceptable for a wireless power transmission
system. In the future, research will be conducted using a variety of
materials, as well as various types of structures.
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Annotation. The article presents a methodology for calculating the
basic energy parameters of the electromagnetic structure used to build a
wireless energy transmission system. The calculation result is presented
according to the algorithm presented in this article, numerical calculations
are implemented in a software environment in the programming language
Python 3.6.
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1. Relevance of the problem
The progress of modern electronics depends largely on the materials
used. Therefore, new materials with certain characteristics are needed for
further development of the industry. However, the creation of such
materials is not possible without studying their physical properties. As a
result, there is a need for precision methods for measuring the
electrophysical parameters of materials, which is relevant not only for the
electronics industry, but also for product quality control in various
industries. One of the requirements for modern methods of studying the
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electrophysical parameters of materials is the ability to conduct them
contactless, without destroying the material and additional errors associated
with contact phenomena. One of these measurement methods is microwave
methods. Therefore, this article analyzes the existing microwave methods
for studying the properties of materials, and also considers the criteria for
choosing a specific measurement method based on the conditions and
needs.

2. Main part

Microwave methods for studying the characteristics of dielectrics can
be divided into the following groups: feeder, resonator, and measurement of
the parameters of dielectrics in free space.

“Feeder methods for measuring the dielectric parameters of a material
consist in placing the test sample in a coaxial or waveguide transmission
line, along which a microwave signal passes, after which the reflected
signal is used to determine the reflection coefficient, transmission
coefficient, or individual parameters such as phase shift, attenuation, etc.”
[1, p. 69]. “Then the values of the dielectric and magnetic permeability of
the sample are calculated. An example of this method is the use of a coaxial
probe” [4, p. 2], which is a slice of the coaxial transmission line. The
sample parameters are measured by dipping the probe into the liquid or
touching the flat surface of the material with the probe. The structure of the
fields at the end of such a probe is distorted as soon as they come into
contact with the test material.

The main advantage of such measurement methods is the simplicity of
implementation and manufacturing of the measuring cell, as well as the
possibility of using standard equipment and measurement techniques. The
disadvantage is that when the waveguide is filled with the material under
study, there is almost always an air gap formed between the sample and the
wide wall of the waveguide, which leads to a sharp jump in the electric
field intensity during the transition from the sample material to the air and
greatly affects the accuracy of determining parameters.

Resonator methods are more accurate methods for studying the
electrophysical properties of materials. Using these methods, the test
material is placed in a cavity resonator. From the shift of the
eigenfrequency and the change in the quality factor of the resonator, the
dielectric permittivity and the loss factor of the sample are determined by
calculations. Methods using a cavity resonator can be divided into two
subgroups. The first subgroup includes methods based on the excitation of
the resonance directly in the measured sample, and the second-on the
introduction of the sample perturbation in the field of the reference
resonator. An example of a resonator group of methods can be the method
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described in [2, p. 315-316], its essence consists in using proper
polarization-degenerate HE - type oscillations in a resonator formed by the
orthogonal intersection of cylindrical and radial beyond waveguides. The
test sample is placed in a radial waveguide in the intersection area. When
the proper HE,; oscillation is excited in such a resonator, the degeneracy is

removed, and in the case of a homogeneous isotropic dielectric, a resonant
oscillation occurs at a frequency that depends on the geometric dimensions
and permittivity of the material. When studying an anisotropic dielectric in
such a resonator, two proper orthogonal oscillations of the polarization
plane occur, which are oriented in the directions of the highest and lowest
values of the dielectric permittivity.

A feature of the group of resonator methods is a wide range of studied
samples. The methods of the first subgroup are well suited for studying
materials with a high dielectric permittivity value and low losses, and the
methods of the second subgroup are suitable for materials with a low
dielectric permittivity value and high losses. One of the disadvantages is
that the methods are single-frequency, i.e. a set of resonators is needed to
study the frequency dependencies.

Methods for measuring the parameters of dielectrics in free space
assume the use of a measuring cell, the design of which includes two horn
antennas and a holder of the material under study. A sample in free space is
irradiated with an antenna and the reflection coefficient is measured. Using
another antenna located on the opposite side of the sample, the transmission
coefficient is measured. The calculation model of such a system is more
complicated, however, the procedure for measuring and processing
experimental data (transmission coefficient and reflection coefficient) does
not differ significantly from the feeder method. Such measurement methods
are widely used in microwave moisture, in particular in the determination
of water content in petroleum products, one such method is described in [3,
p. 1-4], the principle of operation of the device based on this method are the
following: fluctuations in the microwave generator comes into the
transmitting horn antenna, and then radiated electromagnetic wave passes
through a controlled environment and arrives at the receiving antenna and
detection section to measure the power passing through the medium wave,
and progression phase, which is due to the presence of water in the
environment. According to the assessment, the degree of signal absorption
is roughly determined by the moisture content in the mixture, which makes
it possible to determine the number of phase cycles of the microwave signal
phase shift and thus determine the exact value of the phase shift and,
accordingly, the percentage of water in the mixture. Measurement of the
phase difference is performed at low frequencies obtained after the
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homodyne frequency conversion of microwave signals, which allows for
high measurement accuracy.

Certainly, the advantages of this method can be attributed to the fact
that it is non-contact and can be applied to materials that must be studied at
high temperatures and in aggressive environments. The measurement error
is caused by refraction and diffraction phenomena, as well as the influence
of external influences on the power of the electromagnetic wave when it is
measured.

3. Conclusion

The above review of microwave methods for measuring the
characteristics of dielectrics showed that there are no universal methods due
to the variety of material parameters. Each method has its advantages and
disadvantages, and accordingly takes its place in the study of the properties
of dielectric materials. However, the rapid development of technologies for
creating electronic systems and components requires new, more advanced
and accurate methods for measuring the electrophysical properties of
materials. Certainly, resonator methods that have the highest accuracy in
the study of dielectrics are promising. In addition, they can be adapted to
study the properties of materials with different dielectric permittivity values
and different loss levels.
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By “smart home” it is customary to understand a home automation

system. This is a set of devices that for our convenience make their own
decisions and do household chores [1].
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The work of a smart home is based on the principle of executing
commands, and their central controller can receive them both from a person
and from sensors. In the first case, you ask the system to turn on the air
conditioner or turn off the heating, and the central processor, after
processing the command, sends it to the desired device. Depending on your
preferences, communication with the central controller is carried out
through voice commands, a remote control or a smartphone.

To build a Smart Home system, it is possible to use the MajorDoMo
system [2] on the Orange Pi hardware platform as a server. For peripheral
controllers you can use Arduino boards or boards based on AVR, STM or
PIC microcontrollers of your own design.

The entire smart home system consists of three main elements:

— sensors that perceive information from the outside world;

— a hub or central controller that processes information and makes
decisions;

— devices that perform applied tasks and make our life easier.

The aim of this work is to develop a peripheral controller for the
kitchen of the Smart Home living space management system.

The block diagram, sensors and attached modules of the kitchen
peripheral controller are shown in Fig. 1.

CO;sensor WiFi module Natural gas COsensor
sensor
Ventilation ) Air conditioning
control Arduino
e control
\ T~
\ -~
" A T
- \\ \“"u_

N\ B
Temperature Temperature ‘\‘_ Temperature
and humidity and humidity A and humidity

sensor 1 sensor 2 N\ \ sensor 3
Y \
\
\
Intrusion Human Sink leakage
detector presence sensor sensor

Figure 1 — Block diagram containing sensors and kitchen peripheral
modules

Based on the analysis, the server is based on the Orange Pi Plus2E
board [5]. This choice was made on the basis of its size, low cost,
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versatility, support for various operating systems and its advantages
compared to its predecessor Raspberry Pi.

Peripheral controllers, including the kitchen controller, are
implemented on the Arduino Nano [6]. The platform is programmed using
Arduino software. [3] It is possible not to use the bootloader and program
the microcontroller through the outputs of the ICSP block (in-circuit
programming).

“Arduino” was chosen as the basic element, which is distinguished by
the simplicity of programming and has thanks to a clear interface. And has
the following advantages:

— the ability to create your own programs, since the source code is
open;

— asimple programming language;

— all the necessary programs can be transferred to the system using a
usb cable.

Thus, the system can be most conveniently adjusted to the tasks being
solved. Additional software for Arduino can always be obtained for free via
the Internet. You can control the system as a regular PC, or using a
smartphone after installing a special application.

Using wireless data transmission, sensors transmit commands and
other information to a computer or smartphone. Through the program, the
data is processed and the desired command is executed.

The kitchen peripheral controller controls two devices: a ventilation
system and air conditioning. For control, information obtained from the
following sensors is used:

— human presence sensor;

— natural gas leak sensor;

— carbon dioxide (CO,) sensor;

— carbon monoxide (CO) sensor;

—- combined temperature and humidity sensors;

— sensor leakage washing.

In addition, the controller uses an unauthorized entry sensor.

To detect the opening of windows and doors in the burglar alarm,
magnetic sensors are used. As a human presence sensor, we will use the
module on the HC-SR501 infrared sensor [7]. The sensing element is
500BP pyroelectric sensor.

Natural gas leak sensor is MQ-4, and carbon monoxide sensor is MQ-
7[8].

Both sensors belong to the class of electrochemical sensors. The
electrochemical sensor is based on the principle of changing the resistance
of a certain element when interacting with another element. In other words,
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a chemical reaction occurs between these two elements, as a result of which
the resistance of the substrate changes.

To determine the presence of carbon dioxide, an MH-Z19 sensor is
used [9]. The MH-Z19 uses a non-dispersive infrared (NDIR) measurement
method to detect the presence of CO2 in air.

Combined temperature and humidity sensors AM2320 [4] in the
amount of 3 pieces are located at remote points of the kitchen and are
designed to determine the temperature and humidity in the room. Based on
the data received from the sensors, the controller, using the principles of
majority, controls the “warm floor” system and the ventilation system.

Leakage sensors B22 [10] is used to detect the fact of water leakage
through unpressurized connections. The sensor has a sensitive sensor, from
the area of which moisture has been analyzed. The device is also equipped
with a comparator and has two outputs: analog and digital, for maximum
ease of connection.

Thus, a peripheral kitchen controller has been developed for the Smart
Home system, which allows controlling and controlling the temperature,
controlling the ventilation system, monitoring water leakage, and
determining the presence of a person in the room.
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AHHOTauusA. PaccMOTpeHBl OCOOCHHOCTH TIOCTPOCHHS CHCTEMBI
VMubIi goM. B pabote mpemiaraercs ucmons3oBath 1wiaty Arduino Nano
ISl co3Manus TepuepuitHBIX KOHTpOJIepoB. BeiOpana miatdopma s
cepBepa. Paszpaboran mnepudepuifHBII KOHTpOJJIEp KyXHH, BEIOpPAaHBI
natyukd  nepudepuitHoro  koHTposuiepa.  KoHTpoisep  mo3BosseT
OCYIIECTBJIATh KOHTPOJIb U YIPABJICHUC TeMnepaTypoﬁ, BeHTHH}IHHOHHOﬁ
CI/ICTGMOﬁ, HpOTe‘-IKOﬁ BOJbI, ONPEACIATb MNPUCYTCTBUE YCJIOBCKA B
IIOMCIICHHH, OMpCAC/IATh HCECAHKIUOHUPOBAHHOC TPOHUKHOBCHHUC B
nomenienue. Jlias  CBS3M  MEXAYy CepBEpOM W NepUEepHUHHBIMU
KOHTpoJutepamu ucnonb3yercs Wi-Fi, TaHHbIe OT AaTYUKOB B KOHTPOJLIEP
nepeaaroTcs B NOCJICA0OBATCIbHOM KOJC.

KawueBble ciaoBa. ymubii  gom, Arduino, mnepudepuitnbiii
KOHTPOJUICP, AaTYNKHU, KOHTPOJIb ITOMCIICHU A

Annotation. The features of building a Smart Home system are
considered. It is proposed to use the Arduino Nano board to create
peripheral controllers. Selected platform for the server. A kitchen peripheral
controller has been developed; peripheral controller sensors have been
selected. The controller allows you to control and control the temperature,
ventilation system, water leakage, to determine the presence of a person in
the room, to determine unauthorized entry into the room. Wi-Fi is used for
communication between the server and peripheral controllers, data from
sensors to the controller is transmitted in a serial code.

Keywords. smart home, Arduino, peripheral controller, sensors, room
control
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Introduction

Radio-frequency integrated circuits (RFICs) are widely used in phased
array radar and communication systems. Civil applications of phased arrays
are limited by complexity and high cost of such systems.

Application of beamformer integrated circuits (ICs) based on silicon
(Si) or silicon-germanium (SiGe) technologies can solve the problem of
phased array systems high cost, especially in mass production. They are
gaining popularity among designers due to large-scale integration and cost
effectiveness in comparison with GaAs, GaN, InP semiconductor
technologies.

The challenge of accurate adjustment of the phase and attenuation
states in phased arrays modules is extremely important for a number of civil
applications. Temperature variation and yield greatly affects the
performance of RFIC and system as a whole. Design of the complex
beamformer RFICs for amplitude and phase control with built in
temperature correction system based on Si or SiGe technologies can solve
this problems [1].

Thus, the task of Si-based beamformer RFIC design that is not inferior
in its characteristics to the best foreign analogues was set.

Beamformer IC design

Complex RFICs design begins at the system level in terms of
functional blocks set, their interconnection and chip interface.

Block diagram of the single-channel Tx/Rx beamformer IC is shown
in Figure 1.
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Figure 1 — Block diagram (a) and layout (b) of the designed
beamformer IC
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“Common leg” beamformer modules architecture is used in the
designed RFIC. It consists of common for transmit (Tx) and receive (Rx)
modes channel. As a result of that, it is extremely important to simulate
precisely the isolation between receive and transmit channels in order to
avoid circuits instability and additional gain and phase errors. Flexibility is
an advantage of this architecture. It allows designer to connect external
GaAs or GaN front-end modules in applications where high Tx power and
low Rx noise figure are extremely important.

Main digitally controlled attenuator ATT-1 provides attenuation
control in the range from 0 to —31 dB with 1 dB step (5 bit resolution).

Main digitally controlled phase shifter PS-1 provides relative phase
shifts of the output microwave signal in the range from 0 to 360 degrees
with 5.625 degree step (6 bit resolution).

Switching between receive (Rx) and transmit (Tx) modes is held by
single pole double throw integrated switches SW-1, SW-2, SW-3.

LNA and power amplifier (PA) compensate losses in Rx and Tx paths
and provide additional amplification while processing the microwave
signal. Additionally, three-stage diode limiter is implemented to protect Rx
channel circuitry [2].

Integrated temperature sensor (TS) generates temperature-dependent
voltage and coverts it into digital codes. Based on these codes, digital
control unit (DCU) changes states of additional corrective phase shifter PS-
2 and attenuator ATT-2. DCU provides communication with an external
control device (microcontroller) via a serial peripheral interface.

Layout of the beamformer IC is shown in Figure 1. Linear dimensions
are 2450x3000 pm. Layout area — 7.35 mm?.

Simulation results

The passive area of the chip, including all on-chip inductors,
electrically long interconnections, is modeled using AXIEM planar EM
simulator.

Complete RFIC post-layout simulation includes modeling of the IC
packaging which consist of complex routing, advanced interconnect
technologies and embedded passives.

The results of bond wires simulation are approximately in accordance
to the rule of thumb: 1 nH of inductance for each millimeter of length of the
bond wire. Nevertheless, 3D EM simulation results are more precise and
more reliable. It is necessary to choose carefully the position of each of the
bond wires because of interference from one bond wire to another due to
electromagnetic induction.

The EM simulation results are taken into account by means of n-port
components. They provide direct use of generated .s2p files or use other
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different netlist files obtained from the .s2p files by means of a non-linear

broadband conversion.
Post-layout simulation results of the designed RFIC are shown in

Figures 2—5.
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Figure 5— Rx mode output 1 dB compression point simulation

results

Based on post-layout simulation results calculated root mean square
(rms) values of the attenuation and phase errors in Rx mode do not exceed
0.35dB and 1.8 degrees respectively. Similar parameters for Tx mode do
not exceed 0.5 dB and 2 degrees.

Noise figure of the RFIC in Rx mode is below 7.6 dB. Output 1 dB
compression point in Rx mode is around —22 dBm at a 5 GHz.

Parameters of the designed RFIC are shown in Table 1.

Table 1. Parameters of the designed beamformer I1C

Parameter Value, unit Note
Operating frequency range 4—6 GHz —
Operating temperature range -60—85 °C —
Transfer ratio 22/35.5
Input and output return loss >10dB Rx/Tx mode
Isolation  between  Rx/Tx >50 dB
channels
Attenuation range 31dB

. fin =5GHz
Attenuation step 1dB
Attenuation error <0.5dB rms value
Phase adjustment range 360°

3 fin =5GHz
Phase adjustment step 5.625°
Phase error <2° rms value
Output 1dB  compression Rx mode,
point —22dBm fin =5 GHz
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Parameter Value, unit Note
Noise figure <7.6dB Rx mode
Channel switching time <15ns —
Total power consumption 482/534 mW Rx/Tx mode
Total layout area 7.35 mm? with pads
Conclusion

Beamformer RFIC design features are discussed in the paper. The
design results of the C-band phased arrays Tx/Rx beamforming IC for sub-
6 GHz communication systems design are presented. Precise post-layout
simulation based on two-tool approach is implemented.

According to post-layout simulation rms attenuation and phase errors
do not exceed 0.5 dB and 2 degrees. Noise figure in Rx mode according to
the post-layout simulation results is below 7.6dB. Output 1dB
compression point in Rx mode is —22 dBm. Power consumption in Tx/Rx
modes does not exceed 534 mW and 482 mW. Total RFIC layout area is
7.35 mm% Parameters correction system ensures stability of the RFIC
characteristics in a wide range of operating temperatures.
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YCTaHOBKH aMITIMTYZBI B ¢a3bl He npesbimaeT 0,5 1b u 2 rpagyca. O0mas
miowtaze toronoruu UC He mpessimaer 7,35 Mm.

KuroueBbie ciioBa: buKMOII, C-quana3on, ¢pa3upoBaHHas perieTka,
SiGe, Core Chip, pagnoyacToTHas MHTErpaibHas cXema

Annotation. This paper presents simulation results of the C-band
phased arrays transmit/receive (Tx/Rx) beamforming integrated circuit (IC)
for sub-6 GHz communication systems. It is designed based on 180 nm
SiGe BiCMOS technology. Beamformer IC consists of one Tx/Rx channel
with digitally controlled 6-bit phase shifter and 5-bit active attenuator.
Amplitude and phase correction system based on the integrated temperature
sensor is implemented. According to post-layout simulation rms attenuation
and phase errors do not exceed 0.5 dB and 2 degrees. Total IC layout area
does not exceed 7.35 mmZ.

Keywords: BiCMOS, C-band, phased array, SiGe, Core Chip, RFIC
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Introduction

Microwave spectrum below 6 GHz is increasingly used by a variety of
radio systems and services with channels for transmitting enormous amount
of data. The emergence of new systems and standards for wireless and
satellite communications, navigation systems occurs in parallel with the
improvement of semiconductor technologies and contributes to the rapid
growth in the field of communications.

Orientation to the telecommunication equipment market for civil and
special purposes is one of the key areas of the radio-electronic industry
development. Fifth generation telecommunication networks (5G) are the
next stage in the development of mobile technologies, involving a
fundamentally new level of service and opportunities for customers. High
average data transfer rate of about 1 Gbit/s, ultra-low information transfer
delays of about 1 millisecond are the key features of the developing
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standard. These advantages could solve many new problems that are
connected with high demands on the reliability of the connection in real
time.

Thus, more and more stringent requirements are imposed on modern
electronic equipment of developing communication systems for speed,
reliability, energy consumption while reducing overall dimensions and
maintaining competitive cost.

Designing of a fundamentally new and improving of the existing
electronic component base contributes to the satisfaction of these
requirements.

Sub-6 GHz beamformer integrated circuits

Active electronically scanned arrays (AESA), also known as phased
array antennas, are widely used in the radars, radio navigation, and
electronic warfare and communication systems. Extended detection ranges
are attainable for AESA as compared to mechanically steerable antennas.
Phased array antennas consist of multiple stationary elements, which are
fed coherently. Variable phase or time delay at each element is used to scan
the beam at given angles in space. AESA systems are more reliable than
their mechanical counterparts and provide reduced maintenance efforts.

Currently, beamformer modules, which are built primarily on the basis
of high-cost gallium arsenide (GaAs) microwave monolithic integrated
circuits (MMICs), are widely represented. The world leaders in the
production of these types of integrated circuits are MACOM, OMMIC,
Astra Microwave Products Ltd., UMS, METDA Technology Co.

Russian companies such as JSC “RPC “Istok”, SPC “Micran”,
JSC “NIIPP” produce integrated circuits for designing AESA beamformers
mainly for defense industry.

Selection of the Si-based technologies could solve the integration
problem of beamformer IC analog and digital part and reduce its fabrication
cost. Moreover, SiGe devices provide better dynamic characteristics than
analogues, which are developed on the basis of standard CMQOS processes

[1].

The leader in the production of Si-based mm-wave beamformers for
advanced 5G communication systems, satellite communications systems
and commercial radars is Anokiwave fabless semiconductor company.
Design of separate Si-based ICs functional blocks such as microwave
switches, low noise and power amplifiers, phase shifters and attenuators in
PJSC “Micron”, JSC “Progress MRI”, JSC “NIIPP”. Thus, Si and SiGe
complex multifunctional MMICs for signals amplitude and phase control in
AESA systems are not yet widely represented on the domestic market.
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In this regard, the task of the research of the commercially available
beamformer integrated circuits (ICs) for sub-6 GHz communication
systems was set.

Korean company RFCore produces phase and amplitude control I1Cs
for phased arrays based on 130 nm CMOS technology. Product line
includes S-, C-, X-band beamformers [2].

Figure 1 shows block diagram and chip photograph of the S-band
RMF020040DA beamformer IC.

gy T qco”e b)
T

P Pz

Figure 1 — Block diagram (a) and chip photograph (b) of the RFCore
RMF020040DA

Single channel beamformer IC provides 8 dB transfer ratio in 2—
4 GHz frequency range with 6-bit phase and attenuation control. It includes
bi-directional gain blocks, fully integrated low dropout regulator (LDO)
and bias circuits with bandgap reference. IC digital control block provides
communication with an external control device via a serial peripheral
interface (SPI). A feature of the chip is 3-bit amplitude tuning circuits.

RFCore RMFO040080DA ensures the same parameters as
RMF020040DA but in 4—8 GHz frequency range. IC photograph is
presented in Figure 2. Linear dimensions of the chip are 3x1.3 mm.

' Figure 2 — Chip photograph of the RMF040080DA
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The latest development of the RFCore is the RMF053055PA2CH
2 channels C-band multifunctional chip which works in the frequency range
from 5.3 to 5.5 GHz (see Figure 3).

Each channel includes 6-bit phase shifter, 6-bit attenuator, 4-bit tuning
circuits, gain blocks, LDO, SPI, and external devices bias controller with —
5...—=1 V control voltage range.

It covers phase shifting range 360° with 5.625° step, and attenuation
range 31.5 dB with 0.5 dB step. QFN package size is 6.5%4.5x1 mm with
46 leads. Chip is fabricated in CMOS process.
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Figure 3 — Block diagram of the RMF053055PA2CH beamformer IC

All functions are controlled by internal registers through two separated
serial interfaces. An additional feature of the chip is parameters correction
possibility based on the integrated temperature sensor data.

French company OMMIC is a pioneer and a leader in the IlI-V
domain, in particular in GaN and GaAs semiconductor technologies. With
the release of its new 6-inch production line, OMMIC has positioned itself
as industrial leader in the development of the European
telecommunications.

They are supplying CGY2175AUH/C1 beamformer IC [3]. It is a high
performance 3 port, 6-bit Core Chip operating in C-band. It includes a 6-bit
phase shifter, a 6-bit attenuator and transmit/receive (Tx/Rx) switch. The
serial to parallel converter minimizes the number of bonding pads and
greatly simplifies the use of the chip functions.

38



Port 3

CGY2175AUH

Data in -
Enable
—I—

Data aut

Serial to Parallel
Converter

H

Sw2

Buffer

g Port 2
—> {’

Port |

Figure 4 — Block diagram of the CGY2175AUH/C1 beamformer IC

Tx/Rx switching time is about 10 ns. QFN package linear dimensions
are 7x7 mm with 44 leads.

The chip is manufactured using OMMIC’s 0.18 um gate length
PHEMT Technology. This technology has been evaluated for Space
applications and is on the European Preferred Parts List of the European
Space Agency.

MACOM Company designs and manufactures semiconductor
products for data centers, telecommunication systems, industrial and
defense applications. MACOM XZ1001-BD beamformer IC is shown in
Figure 5.

The XZ1001-BD is a highly integrated transmit/receive 4 ports Core
Chip. It is designed for applications operating within the 2.5 to 4 GHz range

[4]. “Common leg” beamformer modules architecture is used in the MMIC.
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Figure 5 — Block diagram of the XZ1001-BD beamformer IC
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The MMIC consists of integrated transmit/receive switches, low noise
amplifier (LNA), 6-bit phase shifter, 6-bit attenuator and driver amplifier.
The digital control logic allows fast phase shifter and attenuator changes.
The chip has surface passivation to protect and provide a rugged part with
backside via holes and gold metallization to allow either a conductive
epoxy or eutectic solder die attach process.

Parameters of the beamformer MMICs are shown in Table 1.

Table 1. Parameters of the beamformer ICs

RMF02 | CGY2175B | RMF04 RMF05305 | XZ1001
0040DA UH/C1 0080DA 5PA2CH -BD
Frequency 2—4 | 4565 | 4—8 | 53-55 | 254
range, GHz
Number of 1 2 1
channels
Trans:‘jeé’ ratio, 8 12 8 15/5 33
Input/output
Return loss, dB 10 15 10
PS resolution, 6
bit
PS step, °© 5.625
RMS phase . 2 . 1 15
error, °
ATT resolution, 6
bit
ATT step, dB 0.5
RMS
attenuation — 0.5 — 0.3 0.7
error, dB
OP1dB
(Tx mode), 0 20 0 24 20
dBm
Noise figure
(Rx mode), dB — 4.8 2:5
Supply voltage, | | 325 55 — 8
Power
consumption, 75 100 75 — 5400
mwW
Chip area, mm® 3.9 17.94 3.9 — 29.8
130 n
0.18 um
130 nm m GaAs
Technology CMOS GaAs CMO CMOS OHEMT
pHEMT S
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Conclusion

Research of the sub-6 GHz beamformer MMICs current state allows
us to draw the following conclusions:

- AESA beamformer modules integrated circuits are available for
various applications with relatively narrow operating frequency bands
(from 0.5 to 4 GHz) in S- and C-bands;

- GaAs pHEMT ICs offer higher output 1 dB compression point and
lower noise figure;

- Si-based beamformer modules occupy less chip area and provide
large-scale integration;

- Resolution of integrated phase shifters and attenuators for most 1Cs
is equal to 6 bit;

- Phase shifter control range for most ICs is equal 360 degrees;

- Attenuation control range for most ICs is equal 31 dB;

- ICs contains an integrated digital control unit and temperature sensor
for MMIC parameters correction as the additional feature.
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AnHotanusi. B crartee mpezncraBieHsl pe3ylbTaThl 0030pa CepHHO
BBIITyCKAaeMbIX MHTerpanbHbIX MUKpocxeM (MUMC) anarpammoo0Opa3syromumx
MOJyned aKTHBHBIX (a3upoBaHHBIX aHTeHHBIX peméTok (ADAP)
nmuanasona vactor g0 6 ['Tu. OOcyxnmaroTcsi 0COOCHHOCTH ITOCTPOCHUS
CX€M, BOIIPOCHI pa3pabOTKN M IPUMEHEHHUS CHCTEM KOPPEKINH [TapaMeTPOB
HMC. HccnenoBaHsl COBPEMEHHOE COCTOSIHHE TEXHOJIOTHH U TIEPCIICKTHUBEI
pa3BUTHSL  AJNEKTPOHHOH KOMIoOHeHTHOH ©6a3el MMC  ympaBieHus
aMIUTUTYIOH 1 (ha3oii cuTHATA.

41



KuaroueBbie cioBa: MUC, ADAP, nuarpaMmoo0pa3yromui MOayb,
MHOTO(QYHKITMOHATIFHAS CXeMa, yhpaBlIeHUEe aMIUIATYAod u  (a3oH,
(hazoBpamiarenb, aTTCHIOATOP

Baarogapuocru: ViccrnenoBaHue BBIIOJHEHO TIpW  (DMHAHCOBOM
nonaepxxke PODU B pamkax Hayaroro mpoekra Ne 19-37-90128

Annotation. The results of a review of commercially available
beamformer integrated circuits (ICs) for sub-6 GHz active electronically
scanned arrays (AESA) are presented in the paper. Circuits building
features and issues of design and application of IC parameters correction
systems are discussed. The current state of technologies and perspectives
for development of the signals phase and amplitude control ICs electronic
component base are studied.

Keywords: MMIC, AESA, beamformer module, multifunctional
circuit, amplitude and phase control, phase shifter, attenuator

Acknowledgments: The reported study was funded by RFBR, project
number 19-37-90128

UDC 621.396.677.55
RADIATION CHARACTERISTICS OF ARRAY OF
KHARCHENKO ANTENNA ELEMENTS
Anastasia Galajba
6" year student,
Radio Electronics and Telecommunication Department
Sevastopol State University
e-mail: galajba.nastia@yandex.ru
Andrey Schekaturin
Co-author and Scientific advisor, Associate professor,
Radio Electronics and Telecommunication Department
Sevastopol State University,
Professor, Information Technology Department
Black Sea Higher Naval Institute of Nakhimov
e-mail: pulson2011@gmail.com

In the early 60s of the last century Kharchenko K.P. the simple flat
antenna with good performance was proposed. Author's certificate No.
138277 for an invention entitled "Band Directional Antenna" K.P.
Kharchenko issued in 1961. In the same year, materials were published in
the journal Radio [1].

The Kharchenko antenna is a special case of a zigzag antenna; it has
been widely used as a receiving television antenna [2] and is used in data
transmission systems using Wi-Fi [3]. The antenna can also be used in radio
frequency identification systems [4].
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However, theoretically, the Kharchenko antenna is poorly understood.

The aim of the work is to study ways to increase the gain of the
Kharchenko antenna.

A simple square-frame element located in the horizontal plane is
characterized by a gain of 1 dBd. An antenna with two such elements in the
horizontal plane with a common precise excitation has a gain of 4 dBd.
Thus, a bi-directional emitter is obtained, the width of the radiation pattern
of which is smaller in the direction of displacement of the frame elements

[5].

In [6], an electrodynamic analysis of the Kharchenko antenna from
two frames was performed. However, the Kharchenko antenna made of four
frames and the Kharchenko antenna with a reflecting surface and the array
of Kharchenko antennas are of practical interest. All these options make it
possible to reduce the width of the radiation pattern of the antenna system,
and therefore, to obtain an antenna with a large gain, which will improve
the energy characteristics of the data transmission system.

Fig. 1 shows a volumetric radiation pattern of the Kharchenko antenna
with four frames, a) is a volume radiation pattern, b) is a vertical section of
a radiation pattern. The edge length of the square is a quarter of the
wavelength.
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Fig. 1 — Patterns of Kharchenko antenna with four frames

The study was performed using numerical analysis tools. Antenna
analysis was performed in the frequency range 900 - 1200 MHz.

The width of the beam pattern of the Kharchenko antenna with four
frames at half power level is about 30 percent less than the width of the
antenna pattern with two frames.
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Fig. 2 shows a three-dimensional radiation pattern of an antenna array
of two Kharchenko antenna elements with four frames, a) — a three-
dimensional radiation pattern, b) — a vertical section of a radiation pattern.
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Puc. 2 — The pattern of the two-element array with Kharchenko
antenna elements with four frames

The metal screen is located 1/4 of the wavelength from the grating. To
eliminate intersections of wire elements, part of the edges of the frames are
vertically offset by 5 mm.

The antenna forms a linearly polarized radiation field.

Figure 2 shows that the use of the array and two antenna elements of
Kharchenko and the use of a screen to form unidirectional radiation can
significantly reduce the width of the radiation pattern of the antenna system
gain.

Thus, an antenna array based on the Kharchenko antenna with four
frames with a reflective screen has been developed, which has an increased
value of the gain, which can be used in television systems as a receiving
antenna, in data transmission systems using WiFi and radio frequency
identification systems.
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AHHoTanus. PaccMOTpeHBl O0COOEHHOCTH TIIOCTPOEHUS aHTEHHOMH
cUCTeMbl Ha 0a3e aHTEHHBI XapueHKO C YeThIphMs pamkamu. B pabote
npeajiaracTtcsa HUCIOJb30BaTh CI/IH(I)aSHyIO MaJIO3JIEMECHTHYIO AHTCHHYIO
PCHICTKY € OTpAKAKOMIUM 3KPAHOM U AHTCHHBIMHU 3JICMCHTAMH XapquKo
JJIA YBCJIMYCHUA I(OC-)(l)(I)I/II.[I/IeHTa YCUJICHUA aHTEHHOM CHCTEeMEBI. BrITToHeH
AHAJIN3 XapaKTCPUCTUK H3ITYUCHU HpeI[JIO)KeHHOfI AHTEHHOM CHCTEMBI C
NOMOIIBIO IMPOTpaMMbl YUCJICHHOT'O aHaJIM3a. AHTeHHas peHICTKa Ha Oaze
AHTCHHBbI XapquKo ABJACTCA HpOCTOI>'I u T€XHOHOFI/I‘IHOI>'I, MOXET OBITH
HUCIIOJIb30BaHA B CUCTEMAX TCICBHUACHHUSA B KadYCCTBC HpPIeMHOfI AHTCHHBI,
cucremMax, ucnoiedyromux Wi-Fi  u  cucremax — paauodacTOTHON
UAeHTH()UKAIUH.

KiamoueBble cioBa. aHTeHHa XapueHKO, AaHTCHHAs pEIIETKa,
3Ur3aroo0pasHas aHTCHHA, BUOpaTOpHasi peleTKa, BUOpATOPHbIE PSiIbI

Annotation. Features of building an antenna system based on the
Kharchenko antenna with four frames are considered. It is proposed to use a
common-mode low-element antenna array with a reflective screen and
Kharchenko antenna elements to increase the gain of the antenna system.
An analysis is made of the radiation characteristics of the proposed antenna
system using a humerical analysis program. The antenna array based on the
Kharchenko antenna is simple and technologically advanced; it can be used
in television systems as a receiving antenna, systems using Wi-Fi and radio
frequency identification systems.

Keywords. Kharchenko antenna, antenna array, zigzag antenna,
vibrator array, vibrator rows.
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Introduction. Dictionary says “Automation or automatic control” is
the use of various control systems for operating equipment such as
machinery, processes in factories, boilers and heat treating ovens, switching
on telephone networks, steering and stabilization of ships, aircraft and other
applications with minimal or reduced human intervention. Some processes
have been completely automated.

Automation has been achieved by various means including
mechanical, hydraulic, pneumatic, electrical, electronic and computers,
usually in combination. Complicated systems, such as modern factories,
airplanes and ships typically use all these combined techniques. This is
especially true for shipbuilding and its production processes.

The main part. Shipbuilding has always been based on new
technologies. In recent years, the development of ships has been based on
the introduction of new solutions to traditional shipbuilding disciplines -
hydro-mechanics, strength of materials and energy. A little later, the main
priority was given to the application of physical fields (acoustic,
electromagnetic, radar, thermal, radiation, etc.). significant results were
achieved in all of the above sectors [1].

The development of shipbuilding over the past 20 years has been
characterized by the degree of use of electronic systems. In a historically
short period, shipbuilders have gone from automated ship rudders and some
automated weapons on warships to complex systems for automatic control
of power plants, equipment, and ship movement. A fully integrated control
system is currently being developed. Modern automated ship control
systems have a high degree of reliability, high survival rate, large volume
and high speed of signal processing.

The new tasks and principles allow formulating the new general
requirements to the perspective ships. The most important of them are as
follows [2, p. 76].

— multi role nature of a ship in general;

— universal nature of electronic systems;
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— high survival rate;

— maximum compatibility with foreign ships and possibility of
cooperating;

— maximum level of ecological safety;

— improved living conditions;

— highly ergonomic machinery.

The multi role nature of large ships as well as the complicated nature
of their operations excludes the suggestion to make the ships fully
automatic even in the remote future. Therefore the development of ship
automation should be based on further integrating separate functional
systems, extending their intellectual level and the number of the instruments
that can be used. The most perspective direction of automating the ship and
introducing robots is ensuring the viability during various damages, as well
as servicing potentially dangerous units and systems.

Modern shipbuilders have practically completed changing over to the
use of the most modern electronic components and hardware. This enables
to assess prospects and philosophies for configuring complex control
systems for engineering systems (CCS ES) of the XXI century. The new-
generation systems, which should become intellectual, will be designed
based on the following principles.

— integration of CCS ES subsystems based on a common (uniform) set
of components;

— increase of the share of warning or prediction control actions in
addition to the existing damage-response control actions;

— development of computer-aided safety systems;

— increase of the automation level;

— introduction of distributed network architecture based on a common
telecommunication net with enhanced reliability and survivability features;

— transition from the concept of operator and technical control station
to the philosophy of management-and-engineering systems;

— connection to an integrated information space of the ship;

— establishment of CALS (Computer-Aided Acquisition and Logistics
Support) technologies for the development of our products and for
supervising them through all stages of their service lives.

On a ship there are many parameters that needs to be controlled or
monitored including: temperatures, pressure, level, viscosity, flow control,
position of vessel, speed, torque control, voltage, current, machinery status
(on/ off), and equipment status (open/ closed).

“As the market is driving ship owners to become more efficient with
reduced staff on board it called for an automatic control and monitoring
system for the ship that enabled unattended operation of machinery spaces.
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Vessels capable of safe operation at any period of time qualify as UMS
(Unattended Machinery Space) ships” [3 p. 34].

A modern automation and control system is a fully integrated systems
covering many aspects of the ship operation that includes the propulsion
plant operation, power management operation on the auxiliary engines,
auxiliary machinery operation, cargo on-and-off-loading operation,
navigation and administration of maintenance and purchasing of spares.

Propulsion (Main Engine) and Power (AuxiliaryEngines) Monitoring
and Control.

Monitoring and control of the ships propulsion and power is essential
for its efficiency and safety and there are many systems and parameters to
consider like: fuel consumption, combustion temperature, engine
temperature, diesel engine safety and start/stop, generator voltage and
frequency control, generator load in KW and %, load control, torque, heavy
consumers logic, control of diesel electric propulsion, thrusters monitoring
and control etc.

Auxiliary Machinery Monitoring and Control.

Control and monitoring of auxiliary equipment covers several systems,
such as: main sea and fresh water cooling system — pumps, system pressure,
temperature. etc., drinking and fresh water Control, air compressors, hold
and sludge control-tank level, pumps, fuel oil system-tank level,
temperature., viscosity, flow, purifiers, heaters, etc., Other cooling systems,
boiler / steam system-pumps, valves, pressure temperature. etc., air
Conditioning, ballast water treatment, exhaust gas treatment equipment.

Cargo and Ballast Monitoring and Control.

For the safe loading and unloading of cargo, especially on tankers, this
process is carefully monitored and many times includes functions such as
level measurement, cargo pump control, valve control, ballast and ballast
pump control, roll control, remote monitoring of temperature, pressure and
flow.

Condition Based Monitoring.

In order to further improve ship performance, many equipment
manufacturers are considering including ship condition monitoring
capabilities in the main management and monitoring system. This would
further increase the ability to prevent breakdowns on Board.

The inter-repair life of automated equipment should be at least 25
thousand hours, and the annual operating time of the equipment without
adjustments should be at least 5 thousand hours.

Automation elements and devices must work reliably with a long roll
of the vessel up to 22.5° and a long trim up to 10°, as well as with a side roll
up to 45 ° with periods of 5-17 seconds.
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All automation equipment is designed or selected based on the
principle of "failure in safe side".

On modern automated vessels, the total number of so-called
"peripheral automation" devices reaches 500-700 units. Operational practice
shows that this equipment is the least reliable. Numerous sensors and alarms
have resource characteristics 2-2. 5 times lower than the guaranteed
resource of complex automation systems themselves. The reliability
characteristics of complex automation systems delivered to the fleet are
guaranteed by the developers without taking into account the sensors
included in the systems. With a guaranteed technical resource of the
automated complex equal to 25 thousand rubles up to 75 % of the sensors
included in it have a technical resource of 5-10 thousand hours and an
actual operating time of no more than 2-3 thousand hours.

The primary tasks at the current stage of automation development are:
improving the reliability of the element base; organizing maintenance of
automation systems in ship conditions and in the port; training personnel
who are able to technically correctly operate automation systems and
perform the necessary preventive measures [4].

The ship automation system is approved by major classification
societies for marine installations. A modular architecture enables efficient
process handling. The system is capable of handling huge amounts of data
at high speed. Alarm handling is of vital importance, but the system also
monitors and controls various on-board sub-processes. Extension modules
like fully integrated PMS and HMS systems are available.

Conclusion.

Within the environment of a marine plant there are many parameters
which need to be controlled or monitored including: temperatures, pressure,
level, viscosity, flow control, speed, torque control, voltage, current,
machinery status (on/ off), and equipment status (open/ closed). The field
of automation and control system is vast; there are many different ways of
achieving the required effects by the operator of marine systems. It is
impossible to cover all the aspects of the control used in ship. This article
tried to give you an overview of automatic controls used in ships.
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AHHOTaHHﬂ: B cratbe MPOCIICIKUBACTCSA HCTOPUA PA3BUTHA HOBBIX
TEXHOJIOTUH B CYAOCTPOUTECIILCTBE. Buumanue yAeIACTCs MOJIHOCTBIO
MHTETPUPOBAHHOM CUCTEME KOHTPOJI, KOTOpas BKIIOYACT YNpPaBICHHUE U
KOHTpOJIb IPeOHON YCTaHOBKH (TJIaBHBII JBUraTeib) U CHJIOBYIO YCTAHOBKY
(BCHOMOFaTeJ'ILHbIe LlBl/lFaTeJ'H/I), YIipaBJI€CHUE U KOHTPOJIb BCIIOMOTATCIbHBIX
MEXaHU3MOB, I'py3a. B craTtbe MEPECUUCIIAIOTCA 3ala4n U IIPUHIUIIBI, KOTOPBIC
SIBIISTFOTCS. OCHOBOM HOBBIX OCHOBHBIX Tpe6OBaHPII>'I B CYAOCTPOCHUH. B
HACTOsIEE BpeMs HM3BECTEH TakoW HapamuBaeMmbld Monayinb kak ACYD
(cucTema yrpaBieHHS YHEPTOCHCTEMON).

KarueBble cjoBa: CYAOCTPOCHUC, MOJHOCTBIO HHTCTPHUPOBAHHAA
CHUCTCMa KOHTPOJIA, HOBBIC TCXHOJIOIMH, BBICOKAA CTCIICHb HAACKHOCTH,
COBPEMCHHAA CUCTEMA YIIPABJICHUA U aBTOMATU3ALUH.

Annotation: The article traces the history of the development of new
technologies in shipbuilding. Attention is focused on the development of a
fully integrated control system which includes: Propulsion (Main Engine)
and Power (Auxiliary Engines) Monitoring and Control, Auxiliary
Machinery Monitoring and Control, Cargo and Ballast Monitoring and
Control. The article lists new tasks and principles that form the basis of new
General requirements for shipbuilding. Nowadays extension module like
fully integrated PMS system is available.

Key words: shipbuilding, fully integrated control system, new
technologies, high degree of reliability, modern automation and control
system.
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Introduction

This article will discuss the problem of Tapered Slot Antenna, an
expanding slot antenna for radio monitoring systems. This type of antenna is
currently promising, due to the emergence of electromagnetic CAD (due to
exponentially expanding slot this kind of antenna is rather difficult for
mathematical calculation).

Vivaldi's antennas work in the frequency range from 0.3 to 17 GHz that
carries them to ultrabroadband.

It is necessary to examine this antenna for further use in antenna arrays.
The initial data for antenna modeling and calculation are:

« Stable operation in frequency band 3 - 6 GHz;

* SWR <2;

It is also necessary:

« Select dielectric substrate material;

» Match the transition from strip power line to slot power line.

« Consider mathematical principles of antenna array construction.

Materials and methods

The slotted emitter being developed is considered to be part of an
antenna array, where the overall gain (and directivity pattern) is a summation
of the radiation range of each emitter, so consider for starters the general
principles of antenna array formation.

Single slot radiators will subsequently form a flat antenna array. The flat
design allows for relatively easy creation of antenna arrays from TSA both
linear (simply repeating multiple TSA on one wide board one after the other)
and volumetric (on a cell principle) with two linear or one rotating
polarization.

Antenna arrays allow to increase frequency band, as well as to achieve
suitable radiation form due to variability of number and shape of radiators, as
well as their location on radiating surface.

Typically, Vivaldi radiators in the implemented phased array are
positioned equidistantly in the nodes of a rectangular or triangular grid. A
triangular coordinate grid is more preferred because it provides a larger
allowable distance between elements, which reduces their total number. The
directional pattern for the antenna array, which consists of identical
radiators, is as follows:

Flg. gl =fla.0)£(6.0)

Where f (8,) — is the chart of the isolated radiator, f;(8. @)} — is the

multiplier of an antenna lattice determined by a formula:
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MN
£O.0) = ) Ay exp[i(y, + )]

mn=1

Where A, — is an amlituda of excitement of an antenna lattice,
&hn = k(x g, cos(@) + + ¥y, +sin(@)) + sin(8) — spatial phase shift for
the direction of observation (8,).

Flat antenna arrays in which Vivaldi antennas are arranged in parallel
rows have become most common. Figure 1 shows a fragment of such a grid
consisting of nine elements, the area of which is S, with a view on the side of
the ends of the elements (on the side of radiation (reception)), indicating the
corresponding distances between the "rows" and "columns" of the elements.

As shown in Figure 1, AP elements are located in the nodes of a
rectangular grid. For expansion of bandwidth it is necessary to increase the
maximum wavelength of 4,2, u to reduce the minimum wavelength of 4 s
accepted by an antenna lattice. Therefore, in order to extend the bandwidth, it
is necessary to increase the size W, which cannot be greater than the array
pitch dy (as shown in Figure 1). The desire to increase the grid pitch d results
in diffraction maxima.

= ral
SIS I
P

Fig. 1 — Arrangement of radiators in antenna array in corners of
rectangular grid

Conditions of occurrence of diffraction maxima for antenna array with
arrangement of elements along rectangular grid are recorded as follows:
d

x 1
A 7 (sinlBppg,) + 1)
ay 1

—
A {Sm(eymcx) + 1}
Where: fzmzx and fyma, — maximum beam deflection angles in XOZ

and ZOY planes.

The diffraction maxima of the antenna grating pattern occur when the
wavelength becomes smaller than the antenna grating pitch, as can be seen
from the formula for &)z = ey = 0

= d
If By = Bamar = 807, that T < 0.5,
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Thus, in the top part of range the strip of operating frequencies of an
antenna lattice is limited to its step Amin = d, and in the lower part — width
of the antenna of Vivaldi of Amax =2W.

It follows from the comparison that the maximum pitch of the antenna
array elements in the nodes of the triangular grid is 1.15 times the pitch of the
antenna array elements in the nodes of the rectangular grid.

Since this slot antenna should operate in the frequency band 3 — 6
GHz, we calculate its geometric dimensions of the opening.

Maximum { Wz, and minimum (W}, ) size of antenna opening is

calculated by formulas:
c

— .
2+ fongx " VEr
c

2+ frin "'-"'E_rJ

Where: ¢ — speed of electromagnetic wave propagation in vacuumfp,a;
u foin— maximum and minimum operating frequency, &, — dielectric
constant of antenna substrate.

Set the initial value of the dielectric by assuming the use of an organic-
ceramic laminate having a dielectric constant of £, = 4,7.

Let's substitute numerical expressions in formulas (1) and (2) and we
will receive that maximum having opened W,.. = 3.2 cm antennas, and
minimally W},;,=1.1 cm.

Figure 2 is a schematic representation of a single emitter for further
simulation.

Whax =

Wain =

Fig. 2 — Geometrical sizes of the antenna

Results

Model dielectric substrate is made on Taconic family RF-60A material.
RF-60A is an organic ceramic laminate from the Taconic ORCER family of
products. It is based on reinforcement with woven glass. RF60A shows
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exceptional interlayer bond strength and soldering resistance. The patented
RF-60A composition provides low moisture absorption and uniform
electrical properties. The dielectric constant is RF-60A 6.15 and the dielectric
loss tangent is 0.035.

The model in CST MICROWAVE STUDIO is shown in Figure 3(a) —
top view and Figure 3(b) — bottom view.

(@ (b)

Fig. 3 — Vivaldi emitter (a) — top view, (b) — bottom view

In figure 3(b) is seen that the supply line is a symmetrical microstrip
line. Important is the question of matching of the microbeam and slot part of
the antenna.

Enter all antenna material parameters into the TXline program to
determine the transmitter width. From Figure 4 it can be seen that the strip
line has a wave resistance of 50 ohms at a width of 3.718 mm.

Mmoo | Suiglhes | OPW | CPW Gaound | Rourd Coasial | Slotiew | Coupled MSLins | Cougled Stiglne |

ateriad P snesteny
Dislectoe [Gaa =] Contuctor [Copper .
Dislectic Constart. |45 Conducty [589€+07 [5im =]
Loss Tangent [oooes m‘l
Electncal Chaeacissates Pryc sl Charactente
Impedance [50 |Ohme  + Elwsical Leraith (L) [$0.6685 o =]
Frequency [T [ =] - wan ) 371862 [ =]
Electicallength [ [ =] [ Hegrep) [T [ x]
Prase Constant [Z21301  [deom =) !J Thckness ) 005 [om =]
Efective Diel Const [399628
om o3E  [@m =]

Fig. 4 — Calculation of width of the transformer

The antenna direction can be estimated from the diagrams shown in
Figure 5.
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Fig. 5 — Vivaldi emitter directivity pattern at different frequencies
(@a-3GHz,b-5GHz, c-6 GHz)

SWR values are shown in Figure 6.

SWR
20
1.6 |-
14
12

1,0

2 3 4 5 6 7 8 9 10 f GHz
Fig. 6 — SWR value of the oscillator

As we can see, the antenna is perfectly aligned in the operating
frequency band.

Discussion and Conclusions

The presented results allow to draw the following conclusions: use of
the antennas of Vivaldi located in antenna array with a triangular grid with
dx step = 1.2Amin increases a broadbandness of antenna array to two times
in comparison with their arrangement on a rectangular grid.

The simulated antenna is the single radiator executed on a dielectric
substrate (er = 4.7) from organiko-ceramic laminate.

Overall dimensions of antenna are made in accordance with assigned
frequency band (3 - 6 GHz). This antenna is consistent in this frequency band
(SWR < 2).
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AnHoTanusi. CTpeMHUTEIbHOE Pa3BUTHE COBPEMEHHON paJnOCBI3H U
paauoJIOKalluy MOBCEMECTHO IMOBBLIIIAIOT MHTCPEC K oouee OPTOHOMHWYHBIM
aHTEHHBIM cucTeMaM. K aHTeHHBIM YCTpoﬁCTBaM MPCABABIIACTCA Pl HOBBIX
TpeboBanuii. OHU OJDKHBI OBITH 0OJICC TOHKHMH, JISTKHMU, NCIICBBIMHU, a
moa JTH TpeboBaHMs OOJbIIE BCETO TMOMANAIOT I€YATHBIE AHTEHHBI
(MukpornoisiockoBbie). B nanHol pabore mccienyercss aHTeHHa BuBanbau c
OKCIIOHCHIIUAJIbHO pacmupmomeﬁc;l eIl B ILCIIX ,uaﬂbﬁeﬁmero
MNPUMCHCHUSA B COCTABEC AHTCHHBIX PCIHICTOK, NPUMCHACMBIX B KOMIIJIICKCAX
PaANOMOHHUTOPHUHTA.

KarueBble cioBa: PaAnOMOHUTOPHUHTI, IICJICBbIC AHTCHHBI, aHTCHHA
BI/IBaJ'ILI[I/I, AHTCHHBIC PCHICTKH, MaJ'IOFa6apI/ITHOCTL.

Annotation. The rapid development of modern radio communication
and radar everywhere increases interest in more ergonomic antenna systems.
Antenna devices have a number of new requirements. They should be
thinner, lighter, cheaper, and printed antennas (microstrips) fall most under
these requirements. This paper explores the Vivaldi antenna with
exponentially expanding slot for further use in antenna arrays used in radio
monitoring complexes.

Keywords: radio monitoring, slot antennas, Vivaldi antenna, antenna
arrays, small size.
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1. Introduction

Currently, the measurement of electrical characteristics of dielectrics
in the VHF range is carried out mainly by resonant methods, which involve
the production of samples of a special shape and strictly defined sizes. One
of the problems is the need to measure the parameters of dielectric materials
of strip line substrates in the microwave frequency range.

2. Main part

An asymmetrical strip line is a conductor of rectangular cross section
located above the grounded plate, which is the second conductor of the line.
The line conductors are separated, as a rule, by a layer of solid dielectric —
the base, and the line is called in this case microstrip. The dielectric
between the upper screen and the strip conductor is usually air.

The wave resistance of an asymmetric strip line with a quasi T wave is
the ratio of the voltage between the internal (strip) conductor and the
grounded plate to the current in the strip conductor in the traveling wave
mode in the line. The wave resistance p in ohms of the line with dielectric
filling is determined by the relation [1]:

[
p=——=
& Esrr

Where gz — is the wave resistance of a line with the same dimensions
and arrangement of conductors, but with a remote dielectric; .5 — is the
effective relative permittivity of the medium in the line.

The effective relative permittivity is determined by the geometry of the
strip line and the relative dielectric permittivity of the substrate [2]:

L
=+ 1 e—1 1 10h
e R T R e Y
W+ (St + 1)

where h — is the thickness of the dielectric; W — is the width of the
strip of the conductor;

t — is the thickness of the conductor strip.

3. Conclusion

The wavelength in the strip line is determined through the wavelength
in free space A and the effective dielectric constant:

Whence
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Where is the parameter P determined by the geometric dimensions of
the strip and PCB.

Asymmetric Electronic Modeling of the strip line in the AWR Design
Environment is shown in fig. 1 and fig. 2.
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Fig. 1 — Asymmetric Electronic Modeling of the strip line in the AWR
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Fig. 2 — Asymmetric Electronic Modeling the strip line

Thus, we proposed a technique for measuring the dielectric parameters

of a strip line, which was electronically simulated in the AWR Design
Environment.
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1. Introduction

In today's world, wireless data transmission is used everywhere.
Mobile phones, portable computers, radios, car alarm, unmanned vehicles
all, one way or another, transmits and receives data wirelessly. To ensure
the availability and development of new devices, qualified specialists are
needed. Training such personnel is not an easy task. To facilitate the
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training of valuable personnel, a laboratory mock-up was designed to study
wireless data transfer technologies.

2. Main part

To solve this problem, it was necessary to determine the basis of the
laboratory mock-up and modules for data transfer.

The Arduino platform [1] was chosen as the basis as a convenient and
simple microcontroller. Three data transmission modules, an RF 433MHz
pair transmitter-receiver, a Bluetooth module and a Wi-Fi module [2] were
also chosen.

Wi-Fi module needs separate power supply converter 5 to 3.3 volts.

Arduino platform and modules are shown on figure 1.

Fig. 1 — Arduino, RF 433MHz module, Bluetooth module and Wi-Fi
module.

The basic idea is to combine the modules into a single “shield” for
Arduino platform for ease of use in studying. Structural scheme is shown on
figure 2.

5V power supply
Bluetooth
module
. RF module
Arduino [«—>{ Databus [« 433 Mhz
y
- 5t0 3.3V
Wi-Fi «| pcoc
module
converter

Fig. 2 — Structural scheme.
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All modules connected through common data bus with Arduino
platform. RF and Bluetooth are supplied 5V from Arduino platform, thanks
platform can handle this. For power supply Wi-Fi module is used DC-DC
step down converter to lower 5V to 3.3V for correct work.

In future plans, the implementation of the project for the department of
“Radioelectronics and Telecommunications” in the framework of
WorldSkills Russia

3. Conclusion

Modules for wireless data transmission were considered. The base of
the laboratory mock-up and modules were selected. A structural scheme has
been developed.

This laboratory model allows you to simply and efficiently study the
principles of wireless data transmission using a microcontroller.

References:

1. Arduino Uno Rev3. Arduino. Available at:
https://store.arduino.cc/arduino-uno-rev3, (accessed 27 April 2020).

2. ESP8266EX datasheet / Espressif Systems. Available at:
https://www.espressif.com/sites/default/files/documentation/Oa-
esp8266ex_datasheet_en.pdf, (accessed 9 March 2020)

AHHoTanusl. PaccMOTpeHBl OCHOBHBIE TEXHOJOTHH OECIpOBOIHON
nepeayn AaHHBIX. CIPOEKTHPOBaH JIAOOPAaTOPHBIN MakeT Ui M3Y4eHHUS
6eCpOBOIHBIX TEXHOJIOTHIT TIepeaun JaHHbIX Ha miatdopme Arduino.

KutioueBble ciioBa: 1abopaTopHbIi MakeT, 00yueHue, OeCIIpOBOIHbBIE
TEXHOJIOTHH, MUKPOKOHTpoJuTep, Arduino.

Annotation. The basic technologies of wireless data transmission are
considered. A laboratory prototype was designed to study wireless data
transfer technologies on the Arduino platform.

Keywords: lab  mock-up, studying, wireless technology,
microcontroller, Arduino.

UDC 621.398

AUTOMATIC CONTROL SYSTEM FOR AN UNMANNED
AERIAL VEHICLE TO DETECT THE EPICENTER OF A FIRE

Danil Syzykh, Semyon Yankovskiy,

Maksim Nevmerzhitskiy, Alexander Petrenko

4" year students, Radioelectronics and Telecommunications

Department,

Sevastopol State University,

e-mail: daniego@mail.ru.

Maksim Durmanov

Radioelectronics and Telecommunications Department,

Sevastopol State University

61


https://www.espressif.com/sites/default/files/documentation/0a-esp8266ex_datasheet_en.pdf
https://www.espressif.com/sites/default/files/documentation/0a-esp8266ex_datasheet_en.pdf
mailto:daniego@mail.ru

1. Introduction

When extinguishing a forest fire using aircraft, fire service
employees face the problem of determining the epicenter of the fire due to
high smoke. The smoky layer of the atmosphere prevents the passage of the
visible spectrum of light, but does not prevent the passage of the infrared
spectrum [2]. To increase the effectiveness of fire suppression, you can use
an unmanned aerial vehicle [1] with an automatic control system and an
infrared video camera.

The paper presents a block diagram of the automatic control system
of an unmanned aerial vehicle, and considers the principle of its operation.

2. Main part

The structural diagram of the UAV control system consists of seven
functional nodes (Fig. 1): the ATmega2560 microcontroller (MCU); the
NRF24L01+ transceiver (TR); the NEO-6M GPS module (GPS); the
memory card (MC); the MPU-6050 position sensor (PS), consisting of an
accelerometer and gyroscope; servos (S); the motor (M) and telemetry
sensors (TS), which include the battery voltage sensor, an atmospheric
pressure sensor that acts as an altitude sensor and an ambient temperature
sensor.

TS PS MC
3

GPS > MCU > TR
v
S M

Fig. 1. Block diagram of the UAV control system

Let's consider the principle of operation of the UAV control system.
Before departure, the UAV's flight path is recorded on the memory card as
an array of coordinates. The launch takes place in manual mode and after
reaching the required altitude, the operator switches the UAV to automatic
flight control mode, which follows the specified coordinates. If necessary,
you can make changes to the UAV's route during the flight. After
completing the route, the UAV returns to the take-off point and, while
waiting for the operator to switch the flight mode to manual piloting mode,
flies at a given altitude along the radius. The operator switches the UAV to
manual control mode and makes a landing.
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In automatic control mode, the microcontroller analyzes data coming
from the GPS module, accelerometer, gyroscope and altitude sensor and,
after performing the necessary calculations, sends signals to the servos and
motor to correct the speed and course of flight.

During the flight, the onboard video camera of the infrared spectrum
records the video image on a dedicated storage device and sends it online
via a radio channel to the ground receiver. The image from the UAV's
infrared camera is analyzed by the fire service and compared with its
current coordinates. Then the coordinates of the epicenter of the fire with its
characteristics (area, direction of propagation and terrain conditions) are
transmitted to the pilots of aircraft to take active measures to extinguish the
fire.

3. Conclusion

The automatic control system of the UAV is aimed at rapid detection
of the epicenter of a forest fire. Its use will significantly reduce the search
time for the epicenter of the fire, and will reduce the material costs of fire
elimination.
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Introduction. Due to the fact of the trend of development of modern
technologies, it is possible to create incredibly compact gadgets. The
improvement of SMD technologies has made it possible to produce single-
board mini computers, miniature radio modules of the microwave range,
which are already used everywhere. On the one hand, these are simple
sensors such as Wi-Fi electricity meters, on the other hand, they are wireless
headphones and electronic watches.

Main part. Digital signal processing (DSP) algorithmization
technologies used in digital signal processors (DSP) and field-
programmable gate array (FPGAs) make it possible, to process broadband
signals in any frequency range in real times.

The block diagram of a single-Board RRD / RTD is shown in Fig. 1.

TOMC
L 1w L oo o ATTENL JQUADRAT.L ) pep e

UATOR
T INPUT
PA

Fig. 1 — Block diagram of a single-Board transceiver

The main working module is a quadrature mixer, which is needed to
isolate a useful signal from a mixture of conversion products, and to transfer
the spectrum of a low-frequency signal to a given carrier frequency.

The next step is the bandpass signal is received through anti-aliasing
filters, which remove higher-order products after mixing the signals and
protect against the influence of parasitic signals from higher zones
Kotelnikov (Nyquist). After filtering, the bandpass signal is sent to the DSP,
where the signal is sampled with further digital processing.
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The transmitting part begins with the DSP. This makes it possible to
transmit digital data or analog messages (voice, sound).

The extended block diagram of a single-Board RRD / RTD is shown in
Fig. 2.

e e e A ?:LV"

Q
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Fig. 2— The extended block diagram of a single-Board RRD / RTD

When digital data is transmitted, the UART or 12C interface is used,
via communication between the microcontroller and the PC.

When an analog message is transmitted, for example sound or voice,
the signal enters the ADC DSP through a microphone amplifier, and is
subjected to digital processing such as changing the spectral composition,
equalization, noise elimination, and volume control. Further passes through
the FIR-LPF and goes to the DAC, and then to the quadrature mixer, for
modulation.

The quadrature mixer works like direct conversion receivers. Figure 3
shows the DSB waveform received at the output of the mixer's | channel.

Fig. 3 — DSB waveform.
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The 12C or UART interface provides the possibility of transmitting it
to a PC using a microcontroller for further analysis or processing,
depending on the type of message being transmitted.

For analog types of transmitted messages such as voice or sound, it is
possible to output messages via LPF to the dynamic head, using the built-in
DAC.

This scheme was implemented in a printed circuit Board and tested for
SSB signal reception from the lower side carrier. The received signal
contained voice information. The waveform is shown in figure 4.

Ruwn ing

Fig. 4 — Generated SSB signal from the lower side

The advantages of this transceiver are the ability to work in any type
of modulation, such as: AM, SSB, FM, PM, FSK, BPSK, QPSK, OQPSK,
OFDMA, etc. The user also has the ability to process signals in a digital
domain.

Conclusion. The DSP imposes a limit on the bandwidth of the
received signal, since this DSP family is able to process signals in the band
up to 48 kHz at a sampling rate of 96 kHz. This disadvantage can be
eliminated by using FPGA, which will significantly increase the bandwidth
of the received signal.
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1. Introduction

At large enterprises of various industries, digital computing devices
are used to control complex production processes and work with mechanical
devices (machines). The principle of their operation is based on computer
numerical control (CNC). CNC equipment is represented by a wide variety
of devices designed for various tasks. Due to its wide functionality and high
productivity, in comparison with conventional equipment, CNC machines
have a fairly high cost. The combination of these factors and practical
experience with this type of machine, makes it necessary to develop a
universal control panel.

2. Main part

The developed control panel (CP) consists of a programmable logic
controller (PLC), analog (AM) and digital (DM) modules, an operator panel
(OP) and manual control elements (CE).

Operator panel is a device designed to configure programs for
controlling machine elements (ME): drives, relays, compressors, motors,
etc.; and monitoring of various installation parameters.

The block diagram of the control panel is shown in Fig. 1.
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Fig. 1 — Block diagram of the control panel

In case of failure of the operator panel, a set of manual controls is
provided. Analog and digital modules are designed to transmit signals from
manual controls to the controller and from the controller to the controls of
the machine.

For the implementation of the layout of the control panel was chosen
controller SIMATIC S7-300 of company SIEMENS.

This controller has a relatively low cost and a number of
characteristics necessary for this device:

— support at the level of the operating system of hardware interrupts,
processing of hardware and software errors, functions that ensure real-time
operation;

— free capacity building during system modernization;

— simple inclusion in various types of industrial networks.

The OP-77A operator panel is selected as the main device for the
human-machine interface.

Main features of the selected panel:

— ease of configuration and maintenance;

— wide functionality;

— 23 system keys and 8 freely configurable function keys;

— aset of built-in interfaces (MPI, PROFIBUS DP);

— the presence of a library with a large set of graphical objects.

The next step in the development of the control panel was the creation
of an electrical circuit diagram.

Developed circuit is shown in Fig. 2.
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Fig. 2 — Electrical circuit of control panel

Input/output modules are connected to the PLC using a bus connector.
The operator panel is connected to the PLC using the profibus

interface

The next step in the development of the device was the creation of a
sketch of the control panel. The sketch of the removable part of the control
panel is designed in accordance with the ergonomics and technical
aesthetics requirements described in GOST (State Standard) 20.39.108-85.

The sketch of the removable part of the control panel is shown in Fig.

3.
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Fig. 3 — Sketch of the removable part of the control panel

The front panel is conditionally divided into 3 parts. On the left side is
the Operator Panel — the main device for monitoring and controlling
machine elements. In the central part there are manual controls: switches,
buttons and potentiometers and a pair of connectors for analog outputs. On
the right side are buttons for starting and stopping the operation of the
device and elements for indicating the operation of the device.

Based on the developed electrical circuit and sketch of the control
panel, a device layout is made. The body and removable part are made of
aluminum. Some parts are replaced by domestic counterparts. PLC with
modules is mounted on a DIN rail in the device body and connected via bus
to elements located on the removable part of the device.

Appearance of the layout of the control panel is shown in Fig. 4.

Fig. 4 — Appearance of the layout of the control panel
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3. Conclusion

The developed control panel is a universal device for CNC machines,
which reduces the costs of production, operation, training of specialists,
facilitates and accelerates the repair of plants. The disadvantages of the
control panel are the relatively obsolete OP-77A operator panel and the
need for specialized personnel for reconfiguring the PLC for a specific
installation and task.

The implemented control panel layout passed health tests at the
physical and software levels. The model is provided to the enterprise for
testing under working conditions.
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1. Introduction

A method for determining humidity using a balance bridge is known,
but it has a large measurement error due to insufficient decoupling between
the arms of a double waveguide tee. Even with careful tuning of the double
waveguide tee, it is not possible to achieve a satisfactory agreement in a
wide frequency band, and the decoupling between the shoulders in rare
cases reaches 25 dB.

The method for determining humidity based on measuring the
modulus of the reflection coefficient of the wave from the surface of the test
sample using a reflector meter is more broadband. The degree of isolation
between the channels of incident and reflected waves in the reflector meter
reaches more than 30 dB for conventional couplers. Unfortunately, in the
area of small values of the reflection coefficient module (at low humidity of
the object), the error is unacceptably large, since the level of the parasitic
signal due to the final direction of the reflected wave coupler is
commensurate with the level of the useful component. In addition, the
reflected wave carries information only about the humidity of the surface of
the concrete product.
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An analysis of the literature shows that the most suitable method for
controlling the humidity of concrete products is one of a wave passing
through the object under study, which carries information about humidity
along the entire section of the product [1].

2. The research of passing wave method

While analyzing the method of passing wave, it is reasonable to
assume that the front of the wave falling on the material is flat and the
dielectric is isotropic. The wet material can be considered as a three-
component flat model [2, 3]. In this case, the volume of air in the pores of
the material will be equal to

V, =1-V, -V,

Taking the density of water as a unit, we get v_ -q,
where Q — volume moisture.

According to the accepted model, the wet material is represented as
consisting of three flat layers of water, dry matter and air of infinite extent.
Then the equations for o and p are written as:

a=og=Qk+oaVe +o,(L-Vy —Ve); ()
B=Bs =Qk, +BVck, +B1‘I(1_VB -V )ka’ O]

where o, a.,o, — attenuation coefficients of water, dry matter and
air accordingly; B,, p., p, — wave numbers of the corresponding

components; Q — volume moisture; V. — volume of dry substance; k,
k, k,» k,— empirical constants taking into account the structure of the

material.
Due to the fact that usually o, <<a. <<a, [3] expression (1) for the

conversion function can be simplified
a=a,Qk=aWpk,

where W — comparative humidity; p =P — the reduced density,
P
numerically equal to the density of the wet material.
Since the measured parameter is the attenuation of microwave energy
in a wet material, we write down the equation of the relationship between
attenuation and humidity.
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N =8,686(c ;Wp'kl + " - Te > cos 2,1). @)

where N — measured attenuation, dB;

G —modulus of the reflection coefficient of the interface between two
media (air-material);

| — thickness of the wet material;

B, — Pphase number of the wet material.

Analysis of formula (3) shows that the solution of this equation
concerning W is ambiguous due to the presence of reflections. However,
with sufficiently large thicknesses of the material under study

Q=>01-e?* <<1

the third summand can be ignored in equation (3).
In this regard, we will finally write (3) in the following form

N = 8,686 - o ,Wp'kl + T 4)

Solving equation (4) concerning W we have

_ N-8686-T . (5)
8,686 - gp'kl

Analysis of formula (5) shows that the humidity of the measured
material depends on its density, so the implementation of the method under
consideration requires a measuring converter that controls the density of the
object of study with the current humidity value at the time of determining
the density.

The volume of concrete samples is determined by their geometric
dimensions. If the shape of the castings is correct, then use a ruler or caliper
with an error of less than 1 mm. The measurement method is given in
GOST 10180. When weighing, the permissible error should not exceed
(according to GOST 10180, GOST 12739.1-78) a tenth of a percent. The
density for a sample with a controlled mass is calculated as the ratio of this
mass to volume multiplied by 1000. The mass is expressed in grams, and
the volume in cm®,

Fig. 1 shows a block diagram for measuring humidity and density of a
monolithic concrete product.
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Fig. 1 — Concrete humidity meter with density
control of a monolithic concrete product

Then formula (5) can be rewritten as follows
Un _

a3

Wo = 5,686-a, p'kd

Thus, an expression is obtained that relates the humidity of the
concrete researched sample with voltage at the outputs of microwave
detectors of falling, passing and reflected electromagnetic waves and the
parameters ,_, o', k d.

3. Analysis of errors in measuring humidity of concrete products

The analysis of the dependence §, on errors due to inaccuracy of
measurement: voltages U , U,; density; thickness of concrete and modulus
of the reflection coefficiént from the interface of air-concrete media at low
values of humidity W (about one 1.0 %) is not more than 2.0 %. As

humidity increases, the relative error monotonously decreases to 1.3 %. The
result meets modern requirements for the production of concrete products

[3].
4. Conclusion

The conducted research of the passing wave method allows to make
the following conclusions:

— the comparative measurement error due to the inaccuracy of
determining the voltage at the output of the microwave detector of the
passed wave at low values of humidity W of concrete reaches one percent,
and at values close to 100 % it does not exceed 0,02 %.

75



— comparative deviation of measurement due to the inaccuracy of
determination of density P of the concrete sample in the entire humidity

range from zero to 100% does not exceed * 1 %;
— comparative deviation of measurement due to the inaccuracy of

determining the thickness d of the concrete sample in the entire humidity
range from zero to 100% does not exceed =+ 1 %;

— comparative deviation of humidity measurements due to inaccuracy
of module definition of reflection coefficient from the interface of the
media, the air-concrete of the test sample does not exceed one percent in the
area of its small values, and when G tends to one, it monotonously
approaches one hundredth of a percent.

— result the error of measuring the humidity W of concrete does not
exceed 2.0% in the area of low humidity values and monotonously
decreases to one tenth of a percent at W, close to 100 %, which meets the
requirements for meters operating in the quality control mode of concrete
products at the final stage of their manufacture.
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AHHOTauMsl. AHamu3 JUTEpaTypbl IOKa3aj, YTO MHKPOBOJIHOBBIC
METOABI M3MCPECHUA BJIAXKHOCTHU I/I3I[GJ'II/II71 u3 6eTOHa B HaCTOAIIEC BPEMA
SIBIIAIOTCS HanOoJiee BOCTp€6OBaHHLIMI/I. O‘JGBI/I,Z[HO, 4TO IJId OIITUMH3aLMHU
MCETOAWKH U3MEPCHUA BJIAKHOCTU DTUX PI3I[CJ'IHI71 uenec006pa3H0 BI:I6I/IpaTL
TaKoM METOA M animapaTtypy Ha €ro OCHOBE, KOTOpPbIC OBl IIOBBIIIAIH
MMPpOU3BOAUTCIIBHOCTL TpyJda Ha MNPEANPUATHU 0e3 CHIDKEHHsS KayecTBa
MMpOAYKIIUU. He Menee BaXKHBIM SIBISIFOTCSI TOYHOCTH U3MEpCHUus u
HAaJACKHOCTL almnapaTrypbl B IMPOU3BOACTBCHHBIX YCJIOBUAX, B KOTOPBIX
MHOTO JIeCTaOMIU3UPYIOMUX (PAKTOPOB, OOYCIOBICHHBIX OKPYXKAIOIIeH
cpenoi, HeAOCTaTOYHON KBaTH(pHUKanneil 00CTyKMBaIOIIETo MepCcoHaa.

W3mepurenbHas anmnaparypa Ha OCHOBE MeToJa pedeKToMeTpa, Kak
MU3BCCTHO, OTIMNYACTCSA HIMPOKOMOJIOCHOCTBIO U HpOCTOTOﬁ pcaimnsanuu. C
TOYKH 3pCHUSA TOYHOCTU H I/IH(i)OpMaTI/IBHOCTI/I NpeAnoOYTUTCIbHBIM
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SIBIISIETCS.  M3MEPUTENh, MMOJIYJAOIMUid WHQOPMAITMI0 O BIAXHOCTH B
OCHOBHOM M3 Tipomiennieii BoaHbl. Llenb maHHONW pabOThl — TOBBIIIICHHE
TOYHOCTH U3MEPEHUHN.

B pesynbraTe mpoBENEHHOTO aHaNIM3a OIPENEJICHBl COCTABIISIIOLINE
HOFpeLHHOCTeﬁ, 06yCHOBHeHHBIX HETOYHOCTBIO HM3MEPCHUA HANPSKCHUA
CBUY neTeKTopoB, INIOTHOCTH OETOHA, 1 MOyt KO (HHUITHEHTa OTpaKeHUS
BHCKTpOMaFHHTHOﬁ BOJIHBI OT MOBEPXHOCTU pa3acjia Cped BO3AYyX 0eTOH.
Ilo pacdyeTtaM peE3YJbTUPYIOIAasl IMOTPEIIHOCTh HU3MEPCHUA BJIAXKHOCTU
0eToHa HE MPEBLIMIACT 2,0 % B 00JIaCTH MaJIBIX 3HAYEHHUH BIAXHOCTH U
MOHOTOHHO CHHXKACTCA A0 OJIHOPlI L[eCHTOﬁ MNpoUCHTa MPU BJIAKHOCTH,
6mm3koit k 100 %, 4TO COOTBETCTBYET COBPEMEHHBIM TPEOOBaHUSM IS
n3Mepurenei, paboTaOMUX B PEXKHUME KOHTPONIS KauecTBa M3JENUN U3
0eToHA Ha 3aKIIOYHUTEIHHOM JTale UX U3TOTOBIICHUS.

KuroueBbie cioa: CBY renepatop, 1ByHanpaBieHHbIH OTBETBUTEID,
OTBCTBUTCIIb Hpomeumeﬁ BOJIHBI, M3MCPCHHOC 3aTyXaHHC; TOJIIINHA
BnaxkHoro marepuana; CBY nmerexrop, mepeparomias pyrnopHas aHTEHHBI,
IIpueMHast pynopHas AHTCHHA, MOTPCIIHOCTD HU3MEpCHU, BECHI
nmabopaTopHEIE.

Annotation. Analysis of the literature has shown that microwave
methods for measuring the humidity of concrete products are currently the
most popular. It is obvious that to optimize the method of measuring the
humidity of these products, it is advisable to choose a method and
equipment based on it which would increase labor productivity at the
enterprise without reducing the quality of products. Equally important are
the accuracy of measurement and reliability of equipment in production
conditions, in which there are many destabilizing factors due to the
environment, insufficient skills of service personnel.

Measuring equipment based on the reflector meter method is
characterized by broadband and ease of implementation. From the point of
view of accuracy and informativeness, a meter that receives information
about humidity mainly from the past wave is preferable.

The purpose of this work is to improve the accuracy of measurements.

As a result of the analysis, the components of errors due to
inaccuracies in measuring the voltage of microwave detectors, the density
of concrete, and the modulus of the reflection coefficient of the
electromagnetic wave from the interface between media and concrete were
determined. According to calculations, the resulting error in measuring
concrete humidity does not exceed 2.0% in the area of low humidity values
and monotonously decreases to one tenth of a percent at humidity close to
100%, which meets modern requirements for meters operating in the mode
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of quality control of concrete products at the final stage of their
manufacture.

Keywords: microwave generator, bidirectional coupler, past wave
coupler, measured attenuation; thickness of wet material; microwave
detector, transmitting horn antenna, receiving horn antenna, measurement
error, laboratory scales.
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Introduction. Nowadays, the sphere of analytical video surveillance
is rapidly developing. If previously video surveillance systems were used
only to ensure the safety of some objects, now their information collected
from huge distributed video surveillance systems finds application not only
for security but also for automatic analysis in marketing, transport, urban
economy, allows to structure, filter, highlight the main thing in endless
information flows.

The main advantage of modern systems is the ability to analyze the
image in a frame with a clearly defined goal. For example, today, due to the
spread of new coronavirus infection (COVID-19), the algorithms of
monitoring epidemiological measures have become particularly relevant:

— contactless measurement of body temperature;

— recognition of the presence of masks on the face;

— facial recognition in a mask;

— monitoring the implementation of quarantine measures;

— contactless control of access to any objects;
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— disinfection quality control.

Materials and methods. Based on analytical video surveillance
systems, hardware and software complexes "Safe City" are being created,
which together solve many problems of security in the city: protection of
strategic facilities, fight against crime and terrorism, prevention of
accidents and man-made accidents, fight against transport violations and
epidemiological control. Such hardware and software systems include video
recording, video digitization and information analysis, signaling,
environmental monitoring, information delivery, data distribution, alerts

[4].

Images from all video cameras and sensor data are transmitted to a
single server of the Information Processing Center. Events are placed on
long-term storage in compressed form. To find the required event in the
archive, the system automatically systematizes the data and records not
only video fragments but also meaningful descriptions to them. By filtering
by category, you can find any types of events, group them together, study
them in detail, and draw conclusions. Events are displayed on maps of the
area (including the 3D model). In online analysis, cameras can focus to the
point of the event and be directed towards the triggered sensors. The results
of the analysis and forecasting of the situation are recommendations, the
implementation of which by city services significantly improves the safety
and comfort of residents.

Producers of "Safe City" in Russia:

— SPECLAB;

— VOCORD;

— BEWARD;

— Radiotelekommunicacii Engineering Company (RTK);

— DSSL (TRASSIR technology);

— Bezopasnyj gorod and Krymskie sistemy bezopasnosti.

Results. Let 's consider and compare examples of the implementation
of technologies that are relevant today.

1. Contactless measurement of body temperature. The measurement of
body temperature using infrared sensors has been the most widespread, and
systems combining observation in visible and infrared light with different
cameras (conventional camera and thermal imager) can provide the best
assessment of human condition - they use different analytics: Conventional
chamber selects face, selects optimal distance for temperature
measurement, and thermal imager qualitatively determines temperature in
specified zoneSuch decisions are applied stationary in conditions of the
large flow of people. For point determination of temperature it is possible to
use also qualitative but significantly more budgetary analog: IP-terminal
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BEWARD TFR80-210T1, which appeared on the market in April 2020,
allows contactless measurement of body temperature. It only takes 0.3
seconds. This terminal supports 4 access criteria - by card, face, body
temperature, and presence of a mask. The facial recognition algorithm
works using Bi-Scan technology, which completely eliminates the
possibility of passing through photographs. The terminal measures the body
temperature of the person approaching, checks the presence of the mask,
and generates an alarm signal in case of any violations [1].

2. The presence/absence of a mask can both be a separate purpose of
analytical operations and significantly affect related algorithms: facial
recognition in the conditions of hiding most of it until recently was
considered an extremely difficult task, many algorithms relied on the
mimics and location of special points in the area of the nasolabial triangle.
In normal conditions, the correct operation of algorithms is assisted by
organizational measures - it is mandatory to pass the control in sunglasses
or with a low-pressure visor cap but the presence of a mask is recognized
under the current conditions. In the context of countering the epidemic, the
developers of analytical algorithms focused on facial recognition on the
remaining open areas and achieved significant successes by analyzing more
characteristic points around the eyes of the companies represented on the
Russian market, only NtechLab, involved in the development of Safe City
technologies in Moscow, presented a solution for the recognition of masked
faces but it is noted that it is aimed at the recognition of faces characteristic
of Asia, the Middle East and Latin America, which indirectly confirms
some lag of Russian developers, We hope temporarily. As such algorithms
will be in demand after the reduction of the severity of epidemiological
measures, as the recognition of partially masked faces has always been a
challenge to security. Also, masked facial recognition will be required for
contactless access to objects, as these technologies, like iris recognition, are
most suitable for minimizing contacts.

3. The chemical protection neural network IP- Concierge (SPECLAB)
[2] was also established in April this year to control the quality of
disinfection. The treatment of living quarters with disinfectants has become
a necessary measure in modern times. The problem is the quality control of
this process. The neural network from the SPECLAB can solve this
problem, the intelligent algorithm automatically calculates the rate of filling
and direction of work. Such analytics does not require much investment, as
it uses video surveillance equipment already installed, adding only new
analysis functions.

Such technologies are implemented with the help of neural networks
of the Analytical Center.
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Neural network consists of many interacting neurons and connections
between them, synapses — in biology. In computer analytics, a neural
network is a system of connected and interacting computational units
(simple processors — artificial neurons). Each neuron of such a network
deals only with signals it periodically receives and signals it periodically
sends to other neurons - processors. Connected into a sufficiently large
network with controlled interaction, such individually simple processors
together can perform quite complex tasks. Neural networks are not
programmed in the normal sense of the word, they are trained. Learning is
one of the main advantages of neural networks over traditional algorithms.
Technically, such training consists of finding the coupling coefficients
between neurons. In the course of training, the neural network can detect
complex dependencies between input data and output data, as well as
perform generalization.

The most common applications of neural networks are:

— classification — distribution of data on parameters;

— prediction — possibility to predict changes of analyzed data system;

— recognition — selecting objects with specified characteristics.

One of the most important tasks in security systems is to ensure
reliable network operation, information protection, and correct resource
allocation. Modern video surveillance networks have a decentralized
structure. The network architecture must have an automatic protection
system for network elements. The reservation is provided for three
directions: the transmitting video server, the message path, and the
receiving archive-analyzer. The transmitter performs video detection and,
depending on the activity in the frame, changes the quality of the streams
by regulating traffic. Neural networks, like other devices that implement
analytical functions, are on the receiver side to be able to analyze the
situation as a whole taking into account the data coming from many
sources. The network allows resources to be reallocated between work
elements of the system without human involvement, if some of them are
breaking down for any reason. Each of the network elements has in its
composition an intelligent part controlling such change of functions.

Conclusion. The Safe City system is a set of technical means of
controlling the safety of citizens and public order. At present, this sphere is
rapidly developing. New technologies aimed at improving security are
being created. Based on the analysis of the development of the situation in
the countries of Asia, effectively suppressing the spread of infection, and
comparison with our region, it can be noted that most of the activities
carried out are relevant and effective but there is a direction that is
unrealized and does not require super-cost. Information about places of
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detection of patients, quarantine violators or requirements for safe behavior,
for example, accumulation of people, obtained with the help of cameras and
other sources of information of hardware and software complex "Safe
City," can be marked on maps available to the population (for example, in
the form of a layer on Yandex-maps). Information can be displayed using
timestamps, such as color saturation. As long as the number of cases is
small, it would very effectively allow people to avoid potentially dangerous
places for some time and move more freely in clean zones.
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AHHOTaIII/lH. B cratne AHAJIU3UPYCTCSA HANPABJIICHHUC Pa3sBUTUA
TEXHOJIOTHH CHCTEM aHaJUTUYecKoro BuacoHaOmonenus B AlIK
«be3omacHpIif  ropom» B YCIOBMSIX ~ BO3pacTaHMs — TpeOOBaHMH
SMUAEMHUOJOTUYCCKOTO KOHTPOJIA. PaCCMOTpeHI:I HOBBIC Tp€6OBaHI/I$I,
NpeaABbABIIACMBIC K Ka4Y€CTBY Ha6J’IIOI[CHI/I$I, U pas3IMYHbIC BapUAHTHI
peHICHI/Iﬁ AJIL KOHTPOJIA TEMIICPATypbl, HaJIW4YUA CPEACTB 3alllUThI,
OECKOHTAKTHOTO JOCTyma W JAe3uHpeKuuu. [IpemiokeHo HCTIOoIb30BaTh
nHpOpMaNi0 00 KapaHTUHHBIX 30HAX IS OH-TaH HWHOOPMHUPOBAHUS
HaceJIeHHs, 00eCIeYnBaIONIeT0 MUHUMAILHO HEoO0XoauMoe Oe30macHoe
nepeMeIieHre B ToOpojie.

KiaroueBblie CJI0Ba: CHCTEMA BI/IZ[GOHa6J'I}OZ[eHI/Iﬂ, amnmaparHo-
MIPOrPaMMHBIN KOMIUIEKC «be3omacHbIii Topo1», HEMpOceTh, 0€30MaCHOCTD,
TEXHOJIOT'UU SMUAEMUOJIOTHICCKOTO0 KOHTPOJIA.

Annotation. The article analyzes the direction of the development of
analytical video surveillance systems technologies in the Hardware and
software complex “Safe City” in conditions of increasing requirements of
epidemiological control. New requirements for quality of observation, and
various solutions for temperature control, availability of protective means,
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contactless access and disinfection are considered. It is proposed to use the
information on quarantine zones to inform the population online, ensuring
the minimum necessary safe movement in the city.

Keywords: video surveillance system, hardware and software
complex “Safe City”, neural network, security, epidemiological control
technologies.
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Introduction. The greatest difficulties in constructing broadband
amplifiers are associated with ensuring the constancy of the gain in the
high-frequency region. The main reasons leading to a decrease in the gain
at high frequencies are: deterioration of the amplifying properties of
transistors and the influence of stray capacitances of the circuit. To
compensate for the decrease in the gain, special frequency correction
circuits are introduced into the amplification stages, which ensure the
expansion of the band of equally amplified frequencies and reduce the
distortion of the waveform. The most common is the inductive high-
frequency correction circuit.
In the literature [2, 3] the issues of the influence of correction circuits
in broadband cascades on the amplitude-frequency characteristic of a
cascade are considered, however, the problems of the influence of
correction circuits on the transition characteristic of a cascade in the region
of small times are not considered fully enough. The aim of the work is to
consider the influence of cascade correction circuits with inductive high-
frequency correction on the time of establishment of a pulse input signal.
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Materials and Methods

In a broadband amplifier with inductive high-frequency correction
(Fig. 1), the equivalent collector load resistance increases with increasing
frequency, this leads to an increase in the upper cutoff frequency, an
increase in the gain area of the cascade, and also a decrease in the rise time
of the pulse front.

During the analysis, a complex gain of the circuit with inductive high-
frequency correction was found, then the Laplace transform was used to
find the temporal characteristics.

The calculations were carried out on a personal computer using
MathCAD 14 program.

+

R1 Re
(] c2

c1 VT1 - ——

uin(t)>_”_ CO+ Hou()
o] |
1 L

Fig. 1. The scheme of the cascade with inductive high-frequency
correction

Results and Discussion

Inductive high-frequency correction works effectively if the load
resistance significantly exceeds the resistance of the resistor in the collector
circuit, that is, the ratio Rload >> Rc is fulfilled [1]. With this in mind, in
fig. 2 shows an equivalent circuit of the output circuit of a cascade. The
equivalent circuit also shows the parasitic capacitance of the cascade (Cy),
which affects the amplitude frequency response in the high-frequency
region. It is seen that the load of the cascade is a parallel resonant circuit
formed by the elements LR.Cy .
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Fig. 2. The equivalent circuit of the output circuit

As a result of the analysis, an expression was obtained for the complex
coefficient of gain in the high-frequency region

. 1+ jeomz (1)
K == K ’
o) =Ko T rt (jws)?m
where K — coefficient gain in the mid-frequency region; m = R7C
¢c 0

— the correction factor; © = R.Cy — output circuit time constant; Cy —
cascade output circuit capacity.

Applying the Laplace transform to expression (1), an image of the
coefficient gain was found, and then the characteristic equation was
obtained

p’r’m+pr+1=0. @)

The analysis of the characteristic equation (2) showed that with a
correction coefficient m = 0,25, a critical mode of operation is observed. In
this mode, the duration of the pulse front will be minimal at which there is
no front surge. With an increase in the correction coefficient m > 0,25, the
duration of the front decreases, but a surge of the front appears.

Using expression (1), provided that a single voltage step was applied
to the input of the cascade, an image of the output voltage was found

pmz+1

: 3
® p(p%cZm+ pr+1) B

UBBIX(p)ZU

where Uy — steady-state voltage at the output of the amplifier stage.

Applying the inverse Laplace transform to the found expression (3),
we obtained the transient characteristics of the cascade (Fig. 3). The
calculation was carried out for the following cases: No high-frequency
correction (m = 0), critical mode (m = 0,25), maximum flat frequency
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response mode (m = 0,414), and also the override mode (m = 1,0). When
calculating the transient characteristics, it was assumed that coefficient gain
in the middle frequency region is K = 10.

Uout(t)/UO
1.4
L3 m=1,0 o~
1.2 \
o / m=0414 N\,
|

0.9 ///rmzc,zs
N lr/n‘:O

0.7
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Fig. 3. Transient characteristics of the cascade with inductive
correction in the field of small times

Calculations showed that for m = 0,414 the front surge is 3 %, for m =
1,0 the front surge reaches 30 %. This can be used for mutual compensation
of distortions of the pulse front in multi cascade amplifiers.

Conclusions.

An analysis of the cascade with inductive high-frequency correction in
the region of small times is carried out, as a result of which it is obtained
that when introducing a correction corresponding to the maximum flat
frequency response, the front surge is 3 %. In multistage amplifiers, to
obtain mutual correction of transient distortions in the region of small
times, it is necessary to use a correction coefficient m > 0,25.
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AHHOTAIMA. IIpoBenen aHalu3 CXEMBI WHIYKTUBHOU
BBICOKOYACTOTHOH KOppEeKIMH B 00JacTH Manblx BpemeH. Haiineno
BBIPpAXKCHUC JII KOMIUICKCHOT'O KOZ-)(I)(I)I/I]_II/IeHTa YCUIJIICHUA KacKalda U €ro
n3zobpaxkenue no Jlamracy.

Ananms MOJYYCHHOTO XapaKTCPUCTHYCCKOIO YpPAaBHCHHSA IO3BOJIUII
HaliTH 3HauYeHHWEe KOX(PQUIMICHTAa KOPPEKIHH, MPH KOTOPOM CKOPOCTh
HapaCTaHus BbIXOJAHOI'O HANPSKCHUSI MAKCUMaAJIbHA, HO OTCYTCTBYCT
BEIOpPOC (pOHTA MPSMOYTOIHHOTO MMITYJIECA Ha BHIXOJE.

HOJ’Iy‘IeHBI BBIpAXCHUA I pacyera 3aBUCUMOCTU BBIXOJHOI'O
HaOpsOKEHUSA OT BpPEMCHU IIPpU HoJady€ Ha BXOJ CIAWHUYHOTO CKaydka
HalpsKCHU. HpI/IBe)IeHI:I MEPEXOAHBIC XAPAKTCPUCTUKH YCHIUTECIBHOI'O
Kackazga B 00JacTH MajbIX BPEMCH, a TAKXKE pacCYMTaH BHIOpOC (poHTa
YCUJICHHOTO HAmpsDKEHUS U1 PasiWYHBIX 3HAYCHHH Kod(pHUIHEeHTa
KOPPEKLIHH.

KiaroueBbie cioBa: INHUPOKOIIOJIOCHBIC YCHUJIIUTCIM, WHAYKTUBHAA
KOPPEKIHsL, JUIMTENBLHOCTL (ppoHTa, BEIOpOC (hpoHTa.

Annotation. An analysis of the inductive high-frequency correction
scheme in the field of small times was carried out. An expression is found
for the complex gain of the cascade and its image according to Laplace.

An analysis of the obtained characteristic equation made it possible to
find the value of the correction coefficient at which the duration of the
pulse front of the output voltage is maximum, but there is no ejection of the
front surge of a rectangular pulse at the output.

Expressions are obtained for calculating the dependence of the output
voltage on time when a single voltage jump is applied to the input. The
transient characteristics of the amplification stage in the region of small
times are given, and the ejection of the amplified voltage front for various
values of the correction coefficient is calculated.

Keywords: broadband amplifiers, inductive correction, duration of the
pulse front, front surge.
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Often, the concept of risk is used in the business and economic spheres
of activity, but in the system-technical areas, risk also plays a significant role.
Risk analysis is the process of systematically using information to assess risk
and develop appropriate measures. The information used may include data
from the company's accumulated experience, theoretical calculations, and the
results of analyzing the judgments of specialists, managers, and other
involved persons.

There are several modern and promising approaches to risk assessment:
using stochastic evaluation criteria, Markov-oriented copulas, quantitative
estimates, etc [1-4].

A Markov model visualization product such as heat maps can also be
used to solve this problem. It is also possible to use this tool to assess the
risks of an unpromising condition.

If there is a time factor in the framework of the Markov model of some
complex system, can be used visualization of time distributions to assess
risks.

The following methods of risk assessment were identified:

1. Stochastic risk assessment

2. Quantitative risk assessment

3. Copula-based risk assessment models

4. Risk assessment using visualization heat maps

5. Risk assessment using time distributions for each of the states.

The concepts of prospective and non-prospective states are introduced
for further understanding of risk assessment methods. A prospective state
means a situation in which the onset of a certain state is planned and does not
lead to the formation of any negative factors in the functioning of the system.
Non-prospective state is one where onset is accompanied by a negative
impact on the overall operation of the system, thereby causing cycles,
stagnation, critical errors, in particular, the termination of the system.
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Since risks are most often assessed at the initial stages of the system
operation, it is also possible to assess risk situations using the visualization of
heat maps in the framework of the Markov model. It is important to note that
heat maps for risk assessment can be used if the system is not in stationary
mode. As a demonstration example, see a typical heat map for a three-state

system (Fig.1).
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Figure 1- Initial heat map for a three-state system

The initial thermal plane is divided into 9 squares that characterize the
probability of transition from one state to another. Color spectra characterize
the increase in probability for a particular transition. If, for example, the
probability of an unpromising state is high, the square corresponding to the
transition to this state will turn red on the heat map. In this way, you can
clearly detect the situation in which a risky one occurred. It is natural that
when transitions are implemented, the Markov model will start aiming at a
stationary mode, as a result of which the spectra become smoothed, and this
makes it difficult to assess the risk.

Using semi-Markov distributions for risk assessment is applicable if the
prospects of a particular state can be correlated with the time of the system in
this state. The semi-Markov model is characterized by the presence of a time
distribution, which allows to estimate the average time spent by the system in
each state. Let's assume that data about the states of system was obtained as a
result of a certain time interval. The result is shown in table 1 below.

Table 1 — Data obtained due to some system operation

State number Average time in the Number of state
state transitions
1 43 3
2 67 14
3 25 6
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Evidently, table 1 shows that system has 3 states. It is worth noting that
the operation of this system was not initially divided into promising and non-
prospective states. Obviously, the number one state is the most expensive.
For one pass, the system spends an average of 129 conventional units of time
in it, which automatically at first glance includes this state in the group of
unpromising, however, there is a state 2, which the system goes to much
more often than to state 1, and the total average time spent in this state is the
greatest. It means that the system will spend most of its resources on state 2,
which is also undesirable.

Therefore, visualization of time distributions in the semi-Markov model
allows to see possible unpromising states in terms of time consumption.

References:
1. Beau D., Brian J. (2016) Comparison of Cross-Validation Methods
for Stochastic Block Models 19(1):1-30 URL:

https://arxiv.org/pdf/1605.03000.pdf (date of request: 13.02.2020).

2. Diquigiovanni, J. and Scarpa, B. (2018). Analysis of association
football playing styles: an innovative method to cluster networks. Statistical
Modelling, 19(1):1-27.URL: https://pdfs.semanticscholar.org/305e/dd92
f237f8e0c583a809504dcec7e204d632.pdf (date of request: 11.02.2020).

3. Kunll Park, Fundamentals of Probability and Stochastic Processes
with Applications to Communications. New York: Springer, 2018 273 p.
ISBN 978-3-319-68074-3.

4. Otting M., Langrock R., Maruotti A. (2020) A copula-based
multivariate hidden Markov model for modelling momentum in football
19(1):1-27 URL: http://netecon.seas.harvard.edu/NetEcon14/Papers/Bentov
_ neteconl4.pdf (date of request: 12.02.2020).

AHHOTalIl/Iﬂ. CYIIICCTByeT MHOKECTBO MOAXOAOB K ITOCTPOCHHUIO
Moaeneﬁ aHaJin3a pUcCKa, B 4aCTHOCTHU HOZLO6HLI€ MEXaHU3MbI MOT'YT OBITH
npeacTaBJIicHbl B BHUAC CTOXaCTHYECKOH OIICHKM PHUCKOB, Ha Oaze
“HPOPMAIIUA O COCTOSHHUSIX CHCTEMBl Ha TPOTSHKCHHH €€ JXKU3HEHHOTO
OUKJIA. HonyquHHe MATEMATUYCCKUEC XapaKTCPUCTHUKHU TTO3BOJIAIOT OLUCHUTH
Je(heKTOTeHHOCT, nedexkTabenbHOCTh u Ne(hEKTOCKOTTMIHOCTh
paccmarpuBaeMoro oobekta. KagectBo MC HampsMyro CBSI3aHO ¢ pUCKaMH
BO3HHUKHOBCHHUS I[C(I)GKTOB, MPOSABJIIOIUMHUCS B NPOLECCE IDKCILTyaTalluH.
CpoiictBa MIC, B TOM umcie u Ae(eKTONOTHYECKHE, MOTYT MPOSBISATHCS
JIMIIb BO B3aHMOL[efICTBPIPI C BHEIIHEH cpe,uoﬁ, BKJ'IIO‘IaIOIlIefI TEXHHUYCCKUC
CpeACTBa, IepCOoHAN, HHPOPMAIIHOHHOE M IPOTPaMMHOE OKPY)KEHHE.

HaCToamee HCCIICAOBAHUEC II0O3BOJIACT Ha OCHOBE HO,[[FOTOBHGHHOI;'I
BU3Yyaliu3alluu CJIO)KHOM CHCTEMEI Ha 0asze MOJCIn MapKOBa OILICHUTH PUCKHU
BO3HUKHOBCHUS HCIEPCNCKTUBHBIX COCTOﬂHHﬁ, BEAyHInuXx K 061116171
Jerpajaruu.
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KiroueBble ciioBa: PHUCK, CTOXAaCTHYCCKasd OICHKAa pPHUCKa, TCIIJIOBAA
KapTa, ITOJIyMapKOBCKOE pacCIpeNEIeHNUE.

Annnotation. There are many approaches to building risk analysis
models. In particular, such mechanisms can be presented as a stochastic risk
assessment based on information about the state of the system throughout its
life cycle. Obtained mathematical characteristics allow evaluation of the
defectogenicity, defectability and flaw detection of the considered object. The
quality of the information system is directly related to the risks of defects
occurring during operation. Information system features, including
defectological ones, can only appear (wmu occur) in interaction with the
environment, containing technical devices, staff, information environment
and software.

This study allows to evaluate the risks of non-promising states leading
to general degradation with the prepared visualization of a complex system
based on the Markov model.

Keywords: risk, stochastic risk assessment, heat map, semi-Markov
distribution.
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Against the backdrop of the massive and large growth of the mobile
device market, most people have a mobile device, otherwise called a
smartphone. Unlike desktop computers, where web solutions are more
popular, for example, sites with news, video, communication, and mobile
applications are more popular on smartphones.

The needs of users are quite extensive. Given such a huge number of
applications, it can be quite difficult for the average consumer to choose a
software product that meets their needs and the proper level of quality and
security. To understand this variety of applications, you can use research,
which requires ratings and ratings. In turn, for research, standards and test
procedures are required [1].

There are many standards that are created for evaluating software, but
for mobile applications only conditional and recommended existed. The
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publishers of such standards were most often smartphone makers or software
developers [2].

So, for the Android operating system, Google has created a document
that helps to evaluate the main aspects of the quality of your application,
using a compact set of basic criteria for the quality of applications and related
verification procedures. There are also sections that are designed for specific
solutions, such as adaptation for tablets or smart watches.

First of all, it is recommended to adhere to criteria such as:

1) graphic design and user interaction (standard design of interface
elements, animation, user interaction, navigation in the application and
working with notifications);

2) functionality (permissions to device resources, installation location,
sound interaction, processing of possible cases of using the device, for
example, in the background or screen rotation);

3) performance and stability;

4) compliance with the requirements of the Google Play app store
(policies, application information, user support);

5) setup and testing procedures (a set of tests, techniques and tools that
can help in detecting various types of problems with application quality.

There are official standards that apply to software development. In 2018
[3] RosKachestvo developed the national standard PNST 277-2018
"comparative testing of mobile applications for smartphones". This standard
sets out the requirements and characteristics of the object of comparative
testing-mobile applications for smartphones in order to provide information
to consumers that will help them make an informed choice that meets their
needs. The main quality characteristics of mobile apps are:

1) functionality;

2) ease of use;

3) performance and reliability;

4) security.

You can apply the standards used in software engineering to mobile app
development. The ISO/IEC international standard defines three related
software quality models (1SO 9126-01 Software Engineering):

» internal quality;

» external quality;

» quality during operation, as well as a set of related software quality
assessment activities (15014598-98 Software Product Evaluation).

As you can see above, many standards often define similar qualities.
However, there are specialized quality models that can be applied directly
during development as part of the development methodology. These are the
McCall and FURPS models.
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MccCall tries to bridge the gap between users and developers by
focusing on a number of software quality factors that reflect both user views
and developer priorities. The McCall quality model considers three main
directions for determining and identifying the quality of a software product:

1) product revision (ability to change);

2) product transition (adaptability to new environments);

3) product operations (its performance characteristics).

The product revision includes maintainability, flexibility (ease of
making changes necessary for changes in the operating environment), and
testability. Migrating to a product is portability (the effort required to migrate
a program from one environment to another), reusability (the ease of reusing
software in a different context), and compatibility (the effort required to
connect a system to another system). The quality of product operations
depends on correctness (the degree to which the program fulfills its
specification), reliability, efficiency, integrity (protecting the program from
unauthorized access), and usability.

The main concept behind the FURPS quality model is the
decomposition of software characteristics into two categories of
requirements. The FURPS acronym used in the model designation indicates
the following categories of SOFTWARE quality requirements:

» Functionality — features, features, security;

» Usability — human factor, ergonomics, user documentation;

» Reliability — failure rate, information recovery, and predictability;

» Performance — response time, throughput, accuracy, availability, and
resource usage;

» Supportability - testability, extensibility, adaptability,
maintainability, compatibility, configurability, serviceability, installation
requirements, and localizability.

When developing a mobile application "Mo6unpnbiii CeB['Y" was
applied to the FURPS model. During the two years of operation of the
“Mo6unsnbiii CeBI'Y” application, such features were identified that require
improvement to meet the ergonomics:

1) displaying the campus on the map;

2) interaction with the University's website;

3) review the main sections and information that is more interesting to
the user (for example, primarily news or events, and not always the welcome
screen).

To meet the FURPS model and the standards specified in the current
article, the development was carried out using patterns. The architecture of
the entire mobile app is based on the MVP pattern [4, p. 154], which
contributes to the app's supportability.
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According to the issued technical task, the map display in the mobile
app must use the YandexMaps API. During the development and
implementation of the application, a single approach was available based on
embedding the browser in the Fragment system object. Now you can use the
Yandex MapKit embedded maps programming interface.

To use Mapkit, follow these steps:

1) get the developer key in the developer dashboard;

2) install the MapKit library;

3) configure its display.

The performance and the application response time were also increased.
The comparison of interaction time with the map is shown in table 1.

Table 1. — Comparison of map loading

Connection type Average download time, ms
before after

WiFi 770 100

Mobile network 2690 259

The news interaction section has also been redesigned to increase the
app's performance. The mobile app is not a self-sufficient software solution
because it depends on information received from third-party sources. If you
change the software interfaces of information source servers, you should also
change the mobile app.

Changes were made to the news section of the University's website.
Early in order to get news, the user had to spend time loading the last 100
news items. But now it is possible to load smaller sets with an arbitrary
number of news items. Using the paginated display approach, performance
was increased. A comparison of the feed loading time is shown in table 2.

Table 2. — Comparison of news feed loading time

Connection type Average download time, ms
before after

WiFi 8770 547

Mobile network 12690 1536

Interface ergonomics is optimized in accordance with the Google
recommendations listed above, as well as user reviews in the PlayGoogle app
store. According to the results of reviewing reviews, it was found that users
did not want to view information about the educational institution in the first
place. Because of this, the information screen will only be shown at first
when the app is launched for the first time. The news feed will be shown next
time. To make additional changes to the interface, a survey of students,
applicants, and University employees is planned.
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AnHoranmsi. PazpaboTka mporpamMMmHOTO oOecmeUeHHs TpPYIOEMKHI
npouecc. st Toro 4roObl COXpaHMUTh KayecTBO MPOTrPAMMHOTO IMPOJYKTa
clenyeT TPUACPKUBATHCS PEKOMEHIAIMH W cTaHmaptoB. s obmactu
pa3paboTKU TPOrPaMMHOTO OOECTIeYeHHs CYIIECTBYET COOCTBEHHBIN HaOOp
TaKUX CTAaHAApPTOB, KOTOPBIC MOTYT 6LITI) O(bOpMJ'IeHbI B MOJCJIN Ka4deCTBa.
O}IHI/IM N3 CaMbIX TMOITYJIAPHBIX MOIIeJ'IeI\/’I KadyeCTBa ABJIIOTCA MOICJIb
MaxkKoma u FURPS. [Ins MOOWJIBHBIX NPHIOKEHHH Ha OIEPallMOHHON
cucteme Android cymectByer Habop co3maHHbli koMmmnanued Google. B
CTaTbC YKa3aH pPAN peIHGHI/Iﬁ Ipy NMOAACPIKKE U ONTUMHU3ALIUN MOOHIIBHOTO
TIPUIIOKCHUSA C LEJIbKO COOTBETCTBUA BbI6paHHOI>i MOJCJIN KadyeCTBa.

KiroueBble cioBa: Ka4yeCTBO, CTaHAAPThI, MOOMIIbBHOE IMMPUIIOKCHUEC,
MPOU3BOAUTCIIBHOCTD MPOrpaMM, IMATTEPH.

Annotation. Software development is a time consuming process. In
order to maintain the quality of the software product, one should adhere to
recommendations and standards. For the field of software development, there
is a proprietary set of such standards that can be formalized in a quality
model. Some of the most popular quality models are the McCall model and
FURPS. For mobile applications on the Android operating system, there is a
set created by Google.

The article indicates a number of solutions with the support and
optimization of a mobile application in order to match the selected quality
model.

Key words: quality, standards, mobile application, program
performance, pattern.
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Introduction. The microclimate of residential and working premises
is the most important component of a healthy and productive rhythm of
human life. We do not often think about how various environmental factors
wag our body, while they can greatly affect the state of human health.

The aim of this work is to develop a smart microclimate system that is
capable of measuring and evaluating the quality of the environment, as well
as adjusting its condition to increase human comfort. In our work, we focus
on global trends in digitalization and the creation of smart space.

Materials and Methods. Our device works by the following
algorithm: collecting environmental state data, transferring this data to the
server, processing and presenting it in the application, collecting feedback
from the user, tuning environmental factors indicators based on the
feedback of specific user, and adjusting the microclimate for these
indicators to create conditions for maximum comfort and productivity of
the user.

Data collection is carried out using sensors controlled by Arduino
Mega2560 microcontroller. The prototype device includes followed
sensors: temperature, humidity, CO2 level, dust, light level and pressure [1,
3]. To transfer data over a Wi-Fi network, the ESP-01 board based on the
ESP8266 chip is used. Also for the color indication of environmental state
in the prototype LED strip is used. The schematic diagram is shown in
Figure 1.

Results. To present information on a smartphone, an application was
created (based on Blynk App), which processes the received data and
displays it in the form of graphs and charts, and also informs the user about
the excess of any of the environmental indicator [2]. The application screen
is shown in Figure 2.
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Fig.1 — Schematic diagram of device

Fig. 2 — Application screen

After that the app collects feedback from the user, and adjusts
“comfortable” indicators to the new values according to the feedback. This
step will be implemented based on neural network technology. The network
that we’ll create, each time after receiving feedback, will retrain and
synthesize new weight coefficients of “comfortable” indicators of
environmental factors. The last step will be implemented by introducing our
device into the ecosystem of a smart home, which will allow it to control
devices that regulate the microclimate of the room (air conditioning, forced
ventilation, etc.). At this stage, the prototype of the device looks like this
(Figure 3).
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Fig. 3 — Device prototype

Discussions and Conclusions. Due to the deterioration of the global
climate on the planet, control of the personal microclimate is one of the
priorities of modern human. The device created during the work will help
people to control and maintain a comfortable environment in their homes or
at work.
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AHHoTanusi. B crathe paccmarpmBaeTrcsi pa3paboTKa YCTpOWCTBa,
MTO3BOJISTFOIIETO OTCIEKHUBATh W KOHTPOJUPOBATH Pa3IHYHbIC (HAKTOPHI
OKpY’KalomIel cpelpl, KOTOPHIE BIMAIOT Ha 3A0POBEE M pabOTOCTIOCOOHOCTD
yeJoBeKa. bbul pa3oOpan npuHIMI paboThl YCTPOHCTBA, a TAKXKE W3y4YEHBI
OCHOBHBIC BO3MOYHOCTH YK€ CO3JaHHOI'O0 MPOTOTHUIIA. B 3axmouyeHun
ObLIH PacCMOTPEHBI BO3MOKHOCTH I10 YCOBCPHICHCTBOBAHUIO npn6opa u
€ro IPUMCHCHHNIO B PCAJIbHOM MUPE.

KaroueBble cJioBa: MUKPOKJIUMAT, 3J0POBLE, HNHTCPHCT Bemeﬁ,
YMHBIH J10M, HU(poBU3ays.

Annotation. The article discusses the development of a device that
allows you to track and control various environmental factors that affect
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human health and performance. The principle of the device’s operation was
analyzed, and the main features of the created prototype were studied. In
conclusion, the possibilities for improving the device and its use in the real
world were considered.

Keywords: microclimate, health, internet of things, smart home,
digitalization.
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Introduction. Development of control systems for multi-link robotic
manipulators is one of the most important sections of modern theory of
automatic control. This is due to the high demand for such systems from
industry. Manipulation robots, as a rule, are characterized by a higher cost
in comparison with traditional devices, but due to flexible configurability
they are able to perform a wide range of various tasks in an industrial
manufacture, including those that previously could only be performed by
humans [1].

The aim of this work is to develop a manipulator control system for its
autonomous operation which could resolve various manufacturing problems
(capture, moving, sorting objects).

Materials and Methods. The basis for the development is the
Optima-2 robotic arm of the «Zarnitsa» company. This manipulator is
based on Arduino, which allows you to freely “flash” it with your own
control programs. In order to successfully control the manipulator, the
following steps are required: calculate and build a mathematical model of
capture, transfer it to a computer program for simulation, create a control
channel for the real manipulator, come up with an interface for the
interaction of the simulation and the real manipulator. Having completed all
these steps, we will get a platform ideally suited for testing and developing
an automated robot control system [2].
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In order to create a manipulator model, you first need to build the
Denavit — Hartenberg representation, which describes the rotational and
translational connections between adjacent parts of the device. The Optima
2 manipulator has 5 degrees of freedom (5 links), therefore, the Denavit —
Hartenberg representation will look like this (Figure 1).

0
/'U
X
X0

Fig. 1. — The kinematic diagram of the Optima 2 manipulator

Using the DH method, we have created a kinetic model of our
manipulator. Now we can begin to solve the problems of direct and inverse
kinematics, without which it is impossible to control the manipulator. The
task of direct kinematics is to calculate the position of the working body of
the manipulator according to its kinematic scheme and the given orientation
of its links. The inverse problem is the calculation of angles for a given
position of the working body and scheme of its kinematics.

Thus, the solution of the direct problem tells us - where will the
working grip of the manipulator be located at given angles of its joints, and
the inverse problem, on the contrary, says: how to “turn out” the
manipulator so that its working body is in the given position.

To solve them, it is necessary to compose the transformation matrix of
our model. The homogeneous transformation matrix can be divided into
four submatrices:

P — Ry, Pixz | _ [ Rotation : D:’sp{acemeﬂt]
fieza | 1x1 erspective Scale
Ry.2 — s the rotation matrix of the system x,, ¥, =, with respect to
Lol Zp

Pz - vector of linear displacement of the origin of the coordinate
system x,, w, z,, relative to xp vy 2
fiz - a1x3 sub-matrix defines the perspective transformation;
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The fourth diagonal element is a global scaling factor

Additionally, to solve the IKP, it is necessary to take into account the
working area of the manipulator. A work area is the set of all points in
three-dimensional space that a grip can achieve. Knowing the boundaries of
the robot shell allows you to judge the capabilities of the robot.

Now when we have successfully built a mathematical model of
manipulator, we can proceed to the creation of the simulation. For this, the
URDF model of the manipulator was
assembled, which contains all the
information we  received when
calculating the mat. models. It is
required to build 3D simulations in
programs such as Rviz and Gazebo.
Next we will use Moveit, - program for
generation and execution of motion
paths of manipulator simulation. Now
let’s proceed to the control of a real
robot. The Optima 2 manipulator is
shown in Figure 2.

For the movement of the robot
stepper motors and a servo drive are
responsible. To manage them in the
Arduino environment, AccelStepper

and Servo libraries were used. Having
Fig. 2. — Optima 2 manipulator written the firmware to start the

engines, we proceed to create an
interface for the interaction of the simulation and the real manipulator.

To implement the interaction, we will use ROS (Robot Operation
System). The main idea of the interface was the following: move the
manipulator in the simulation, and the real manipulator should reflect this
movement in real time. To do this, a rosnode was created that converts the
rotation (in degrees) of each joint on the simulated robot into the steps
necessary to move the robot arm to the desired position. Then, to send the
step data to Arduino, we wrote our own ROS message, which structured the
step data. As a result, a rostopic (data transmission channel) was created in
which, on the one hand, the simulation published data, and on the other
hand, the Arduino read them. Thus, whenever a movement was performed
in a simulation, it was reflected in a real robot.

Results. The main result is the development of an algorithm for
creating a multi-link manipulator control system with almost any link
configuration. Also, a platform for testing and developing an automated
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control system for the Optima 2 manipulator was developed. This will
expand the class of tasks that robot can solve, due to the possibility of its
reprogramming.

Discussions and Conclusions. In the future, it is planned to add a
camera for the implementation of finding and recognizing objects and
moving them to a given point.
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AnHoTanus: B crathe paccmaTpuBaeTcss pa3paboOTKa alropuTMa
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Annotation: This article discusses the development of an algorithm
for creating a control system for any multi-link manipulator. Methods for
simulating and controlling a robot were studied on example. In conclusion,
the possibilities of improving the device for use in a wider range of tasks
were considered.
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1. Introduction.

The analysis of methods and tools for measuring the humidity of
petroleum products shows that direct methods for measuring the humidity
of petroleum products are characterized by low productivity and high labor
intensity of measurement, indirect methods of measurement based on
determining the parameters of petroleum products functionally related to
the humidity of these products have significant advantages over direct
methods in terms of ease of implementation and measurement performance.
Microwave methods based on measuring parameters of an electromagnetic
wave passing through the object of study and reflected from it, the review
shows that the scientific and technical literature, apply quite often because
of ease of implementation and possibility of humidity control of oil flow.
Phase and frequency measurement methods are used in the microwave
range much less often due to the difficulties of implementing model phase
shifters and other elements of the microwave path. On the basis of resonant
methods which are highly sensitive to the humidity of petroleum products,
a wide class of microwave measuring equipment has been created, and
additional and detailed analysis of their advantages and disadvantages is
required in order to select a technical solution that best meets modern
requirements for metrological, technical and economic characteristics [1,
2].

2. Research of the open resonator method

Let’s consider a method for measuring the humidity of petroleum
products with an open resonator. It is known that for an open resonator
when electromagnetic vibrations are excited in it, one can write the
expression [3]

o =mac, 1)
P21
where ¢ —the speed of an electromagnetic wave propagation in free
space;
L —the distance from one reflector to another; q is a constant ( J > 3).

In this variant, the reflectors of the open resonator are located
opposite each other on the outer surface of dielectric pipe, therefore, in the
expression (2) instead of L one needs to use the outer diameter of the
tubing, but instead c the speed value of the wave during its propagation
through dielectric tubing to the measured dielectric oil.

Taking it in mind, expression (2) will be:

o= ngc | (2)
2DVK
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where D —outer diameter of the pipeline K —parameter taking into
account the effect of the dielectric properties of the pipeline and the
measured water-emulsion flow on the wave propagation speed
simultaneously.

In our version, the parameter K can be represented approximately as

the sum of the pipeline permittivity €1 and the watered oil product € . It

is obvious that €4 depends on the pipeline material, so it can be
considered constant during the measurement process. At the same time, at

constant values €4 and D the resonant frequency changing ® will be

determined by the value of the permittivity of the water-emulsion flow.
In this case, one can assume that the value of diffraction losses is close
to zero. Then we can write for the deceleration coefficient

K=g;+g,1+3-W), 3)

where g, — relative permittivity of the pipeline material;, ¢, —

relative permittivity of petroleum product in the pipeline; W — oil product
humidity.

On the basis of the above mentioned results and taking into account
the known dependence of the dielectric permeability of the bypass flux
(Wiener formula) of the content we can write a formula defining the
relationship of the resonant frequency of an open resonator with a moisture
content of oil in the flow [3]. We substitute the expression (3) for the
deceleration coefficient for the resonant frequency @ of an open resonator
consisting of two reflectors located on diametrically opposite sides of the
pipeline

o mqgc
2D\Je; +€,(1+3-W)
- (4)
The solution of equation (4 2.4) regarding to W is an expression
(nqc)? —4D?(e; +&, Jo? - 5)

W =
12D%,,0’

Analysis of the last expression shows that at constant values of the

dielectric permeability of oil product€,, and its outer diameter D at the
resonant frequency of an open resonator formed by two reflectors, mounted
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on the outer surface of dielectric pipe opposite each other, it is possible to
estimate the value of moisture content of the oil product in the flow.

However, there is an error because of the inaccuracy of determining
the resonant frequency of the open resonator due to the small slope of the
frequency adjustment at the top of the resonant curve.

To reduce this error, one need to know another parameter related to
the moisture content of the oil product. In accordance with this, it is
advisable to create another equation.

For a wavelength in free space, we can write

On the other hand, it is known that the Q factor of this open resonator,
taking into account the accepted notation, can be described by the
expression

_ DovK

Q ac | (6)

where o — the relative loss of energy when a single wave interacts
with reflectors.

It is known from electrodynamics that the g-factor of a resonator can
be determined by the ratio of the resonant frequency  to the width Aw of
the resonant curve at the level of half power, i.e.

-9
Q_Ao)_

Then, we can write the following expression taking into account
formula (3)

o?c? . (7

Aw? =
@ T DBe; ve,@+3W)]

Hence for the desired humidity we can get

W _a?c?—D?(g; +g,)A? . (8)
3D?%e , A®

105



From expression (8), it can be concluded that the width of the
resonance curve at the half-power level can be used to estimate the
moisture content of petroleum products in the flow. Then, one need to
determine from ¢_the formula (5)

_ ntq>c? . 9)
T 4Aw’D? +1200°DW

En

Substituting formula (9) in expression (8) we can get the following
expression for the humidity of petroleum products in the stream

_ n?q?c’Aw? —4a’c’w? . (10)
12a°c?w? —80)2Ac028T D2 —n?q?Aw?

3. Conclusion

As a result of the research conducted in this section, the following
conclusions can be made:

— analysis of the obtained expressions shows that by means of
measuring the resonant frequency of an open resonator and the width of its
resonant curve at the level of half power, it is possible to measure the
moisture content of petroleum products;

— the measurement error W, depending on the deviation of the
resonant frequency from its nominal value, does not exceed 1.26 %;

— the measurement error W, depending on the inaccuracy of
determining the resonator bandwidth, does not exceed 1.2 %;

— measurement error W because of inaccuracy in determining the
relative permittivity of the pipeline does not exceed 1.0 %;

— the resulting error in measuring the humidity of petroleum products
due to the inaccuracy of determining the resonant frequency, resonator
bandwidth, and pipeline permittivity does not exceed 2 %, which meets the
requirements for equipment for measuring the humidity of petroleum
products in conditions of continuous quality control.
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AHHoTanus. B paboTe naH aHanM3 HAYYHO-TEXHUIECKOH JTNTEPATypHI
0 BOIpocaM pa3pabOTKH W3MEpHTEeNed BIAKHOCTH HEPTEIPOIYKTOB
TPEXCAaHTUMETPOBOro 1uana3oHa. llems pa3pabOTKM — TOBBINICHHUE
TOYHOCTHU HSMGpEHHﬁ. OcyHleCTBJ'IEH aHaJIM3 BO3MOYKHOCTEN I/ISMepHTeHeﬁ
BJI&XXHOCTH HE(TENpPOJyKTOB Ha OCHOBE pE30HATOPHOIO MeEToJa Kak
Haunbosee YyBCTBUTEJIbLHOT'O K  HMHGOPMAIMOHHBIM  Iapamerpam
uccienyemoro Mmarepuana. Ilpeanoyrenue oTiaHO OTKPBITOMY PE3OHATODY,
NO3BOJIIOIIEMY  PEalld30BaTh  HENPEPBIBHBIM  KOHTPOJb  KAauecTBa
HepTenpoayKTOB. TeopeTudeckoll OCHOBOW A pa3pabOTKH H3MEPHUTENI
sBriack ¢Gopmyrna BuHepa, ycTaHaBiIHMBaromas CBSA3b IUAIICKTPUICCKOM
MIPpOHUIIAEMOCTH 06B0,I[HOFO MOTOKA C BJIaroCoOACpIKaHuA He(bTerO,I[YKTa.

HpOBe,Z[eHHBIﬁ aHaJI1M3 OCHOBHBIX COCTAaBJIAIOIIHUX MOIPCHIHOCTHU
HU3MCPCHUA BJIAKHOCTHU HG(I)TerOILYKTOB MOoKa3aJl: 4YTO HMOIpCHIHOCTHL 3a
CUCT OTKJIIOHCHHUA peSOHaHCHOﬁ YacTOTHI OT €€ HOMUHAJIbHOTO 3HAYCHUS HE
npepbimaer  + 1,26 %; 3a Cc4eT HETOYHOCTH OMNPEICIECHHs TIOJOCH
NPOIYCKaHHs pe3oHaTopa He npeBbimiaeT t 1,2 %; 3a CUeT HETOUYHOCTH
ONIpEAEICHUS OTHOCHUTEIBHOMN JIRJIEKTPUYECKON MIPOHULIAEMOCTH
TpyOonpoBoga He mpeBbimaer 1,0 %. Ilpm sTOM pesympTHpyOmas
MOTPEITHOCTE U3MEPEHHS 3a CUET YKA3aHHBIX NPUYHH HE TPeBbIacT =+ 2
%, 4YTO YMOBIETBOPSIET COBPEMEHHBIM TPEOOBAaHMSAM K araparype
KOHTPOJISI Ka4yeCTBa He(l)TerOILy'KTOB B YCJIOBUAX HEIIPCPHLIBHOI'O KOHTPOJIA
HX Ka4€CTBa HA 3aKIFOYUTCIILHOM 3TallC IMPOU3BOJICTBA..

yCTpOﬁCTBO npeaHasHauCHO [Jid MOTOKOBOT'O KOHTPOJIA He(l)TI/I B
rporecce €€ NpOu3BOACTBA, B IEPUO TPAHCIIOPTUPOBKHU M XPAHEHU.

KiiroueBble ¢JI0Ba: OTKPBITBIA PE3OHATOpP, MEPBBIM OTpakarenb,
BTOpPOM  OTpaxkaTreiab, D3JEKTPOMATHUTHAsI BOJHA, JAUAJIEKTPUUYECKUH
TpyOOIIPOBOJ, pe30HAHCHAS YacTOTa, AETEKTOpPHAs CEKIHs, KOA(P(PHUIIMECHT
TpaHc(hopMaIy, HEB3aMMHBIA Y€ THIPEXTOTIOCHHUK.

Annotation. This article analyzes the scientific and technical literature
on the development of moisture meters for petroleum products in the three-
centimeter range. The purpose of the development is to improve the
accuracy of measurements. The analysis of the capabilities of oil products
moisture meters based on the resonator method as the most sensitive to the
information parameters of the material under study is carried out.
Preference is given to an open resonator that allows continuous quality
control of petroleum products. The theoretical basis for the development of
the meter was the Wiener formula, which establishes the relationship
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between the permittivity of the bypass flow and the moisture content of
petroleum products.

The analysis of the main components of the error in measuring the
humidity of petroleum products showed that the error due to the deviation
of the resonant frequency from its nominal value does not exceed 1.26 %;
due to the inaccuracy of determining the bandwidth of the resonator does
not exceed 1.2 %; due to the inaccuracy of determining the relative
permittivity of the pipeline does not exceed 1.0 %. At the same time, the
resulting measurement error due to these reasons does not exceed 2%,
which meets modern requirements for quality control equipment for
petroleum products in conditions of continuous quality control at the final
stage of production.

The device is designed for flow control of oil during its production,
transportation and storage.

Keywords: open resonator, first reflector, second reflector,
electromagnetic wave, dielectric pipeline, resonant frequency, detector
section, transformation coefficient, non-reciprocal four-pole

UDC 004.772
ALGORITHM FOR INCREASING THE CLARITY AND
HIGHLIGHTING THE CONTOURS OF URINARY CONCRETIONS
IN ENDOSCOPIC IMAGES
Andrey Korotkov,
2" year master student, Information System Department,
Sevastopol State University,
e-mail: orion7256@yandex.ru
Scientific advisor, Viktor Chernega,
Ph.D in engineering, Information System Department,
Sevastopol State University
Introduction

The development and widespread introduction of modern endoscopic
research methods into clinical practice has significantly expanded the
diagnostic and therapeutic capabilities in almost all areas of medicine.
However, despite the constant improvement of endoscopes, their
developers are currently facing an unsolved problem associated with a
significant loss of image clarity during transurethral contact laser lithotripsy
in the area of crushing urinary concretions. When the laser pulse is applied
to the urinary stone, the laser radiation is absorbed by the stone, which
leads to the formation of a microcrater on the surface of the stone and the
evaporation of part of the substance, which is dispersed as an aerosol of
solid and liquid particles [2]. Micro-explosion on the surface of the stone
leads to turbulence of the physiological fluid surrounding the stone, which
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makes the stone and the optical probe on the surgeon's monitor invisible. To
avoid this negative effect, various image processing methods based on
noise suppression could be used. Image correction performed during
lithotripsy will increase the clarity of the stone contour and the optical
probe and speed up the surgeon's establishment of contact between the
distal end of the probe and the surface of the fragmented concretion, which
will reduce the overall time of the operation [3]. In this regard, the task of
improving the quality of the endoscopic image through its digital
processing in real time is relevant.
Main part

The purpose of this work is to develop an information system for
processing video data from the endocamera. There is a problem with
choosing the application implementation technology. Today, there are many
different tools that can help solving this task, namely, capturing and
processing a video stream. The most optimal option is the OpenCV computer
vision and machine learning library [1], which has open source code and
interfaces in various languages, including Python, Java, C++ and Matlab,
which provides easy and fast portability to various platforms if necessary.

Reviewed endocam is [2] 1CCD HD ENDOCAM Performance HD.
The analyzed video file obtained from it, which has a resolution of 720 x
576(1.25:1) at a frame rate of 50, is compressed by the AVC1 codec, the
digital format *.mp4 (*.m4v) and is represented in the space YUV 4:2:0
(Y'cber). YCbCr can be easily converted to RGB for simple processing, as
can reverse conversion.

The essence of the technology for increasing the clarity of the
endoscopic image is that the input is fed a real-time video stream or a video
file of a set format, processed in a loop, where the noise component is
isolated when a shock is detected by a special function described below in the
article. Then, in case of a positive reaction of the noise detector, frame-by-
frame processing takes place: the image of the stone is saved to the buffer
before it is exposed to laser radiation, then the original image is subtracted
from the noisy frame (when it is detected) and the noise component is
allocated. After this, the noise component is subtracted from the subsequent
noisy frames, the relevance of which varies. The image is also post-filtered,
which significantly improves its clarity. The algorithm is summarized in
figure 1, peculiarities of the procedure of allocation of the noise are given
below.
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Figure 1-Video stream processing Algorithm for improving endoscopic
images
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In this work, attention is paid to the implementation of a noise detector
for frames that appear when laser pulses are applied to the urinary stone. The
optimal method for solving the problem is given in the article [5]. The
essence of the method is as follows: to detect contour lines or focus images in
many cases, it is advisable to use the Laplace operator (Laplacian), which
calculates the second derivative of the function using the expression:

frley) =aflx ) —{flxy+ 1)+ flx+ L)+ flx— L) + fx.y— 101

To do this, take one image channel (mostly grayscale) and collapse it
with the next 3 x 3 core (the Laplace core):

01 0
Hi=[1 -4 1
1

Then the variance (i.e. the standard deviation squared) of the response is
calculated.

This method is relatively simple and can be implemented with a single
line of Python code:

cv2.Laplacian(image, cv2.CV_64F).var()
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# Blur detection using OpenCV
# image parameter-analyzed image
# pre-conversion to grayscale is required

If the variance falls below a predetermined threshold, the image is
considered blurred; otherwise, the image is not blurred.

The algorithm for implementing the considered method in a generalized
form is shown in figure 2.

begin «blur
detector»

Current
frame,
framebuffer

variance le
than buffer

average?

true false

Frame
transformation

return true return False

I ‘ ‘

Laplacian variance
calculation

Figure 2-Noise detector Algorithm

The reason why this noise detection method works effectively is
determination of the Laplace operator itself, which is used to measure the 2nd
derivative of the image. The Laplacian highlights areas of the image that
contain rapid changes in intensity. Accordingly, the Laplacian is often used
for boundary detection. The assumption here is that if the image contains
high dispersion, then there is a wide spread of results, both boundary and
non-boundary, representative of a normal image in focus. But if we have a
low dispersion, which corresponds to small response values, this indicates
that there are very few borders in the image. As known, the more blurred the
image, the fewer borders it has.

Obviously, another challenge here is to set the correct threshold, which
can be quite dependent on a particular set of images. If the threshold is too
low, the image is mistakenly classified as blurry, while it is not. Too high a
threshold will lead to the fact that the images are actually blurred, not will be
marked as blurred [4].

Thus, the video frame, as well as the buffer of the set of previous
frames, is received at the input of the noise detector module. Then, after
grayscale pre-conversion, the Laplace operator is applied to the current frame
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and its variance is taken. As the image processing algorithm based on this
method works best in environments where it is possible to calculate an
acceptable range of focus measurement and then detect outliers, it was
decided to average the numerical value of the detector for several frames.
Therefore, the Laplacian variance is calculated the same way for frames from
the buffer, and if its value for the current frame is significantly lower than the
average for the buffer, the function considers it as blurred. This mechanism
will help distinguishing the frame at the moment of laser impact on the stone
from a set of frames that have low clarity due to the characteristics of the
environment where endocamera is located.

Then, based on the result obtained from this module, the noise
component is selected and then excluded from the number of frames,
according to the main algorithm, or the transition to the next frame.

In the course of research, a software implementation of the described
algorithm for removing turbidity from the video stream in real time has been
developed. The developed technique, based on digital filtering of the
endoscopic image, will allow the doctor to conduct the procedure not wasting
time by waiting for the appearance of the contours of the stone and the probe
in the image and continue crushing the urinary concretion. This will reduce
the duration of additional manipulations when performing laser lithotripsy
and reduce the duration of the entire operation, which will help reduce
postoperative complications.
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AHHoTauusA: B cratee paccmaTpuBarOTCS BOIPOCHI  YIyUIIEHUS
YETKOCTU JHIOCKOMUIECKUX M300paKeHUH 00IacTH BO3JICHCTBHS JIa3ePHBIX
HUMITYJIbCOB Ha MOYEBBIC KOHKPEMEHTHI 1IpU TPOBEACHUHN OllI€pannu
TPaHCYpPETPAILHOW KOHTAKTHOM JIa3epHOM JIMTOTPUNCHUM C TOMOIIBIO
TOJIbMHUEBOI'O  Jia3epa. HOKa3aHO, YTO NTYTEM  BBIACICHUA HIyMOBOfI
KOMIIOHECHTBI 3HAOCKOIINYECKOI'O 1/1306pa>1<eH1/151 U BBIYHUTAHUA €€ U3
3alllyMJICHHOT'O I/1306pa)KCHI/IH BO3MOXHO CYIIECCTBECHHOC  IMOBLIIICHUE
YETKOCTH 3HJOCKOIIMYECKOI'O I/I306pa)KCHI/Iﬂ U CHMXKCHHUSA BCICACTBHUEC 3TOI'O
BPEMCHHU IMPOBEACHUA OICpalru.

KiroueBble  cjioBa:  jasepHass KOHTaKTHas  TpaHCypeTpalibHas
JIUTOTPHUIICHSA, SHIOCKOITUNIECKNE 1/1306pa>i<eH1/151, TIOBBIIICHHUEC YETKOCTH.

Annotation: In article is examine the issues of improving the clarity of
endoscopic images in the area of laser pulse effect on urinary stones during
transurethral laser litotripsy operation with the help of a holmium laser. It is
shown that by extracting the noise component of the endoscopic image and
subtracting it from the noisy image, it is possible to significantly increase the
clarity of the endoscopic image and thereby reduce the operation time.

Keywords: laser contact transurethral lithotripsy, endoscopic images,
increased clarity.
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Introduction

Comments and evaluations of goods is an important part of
communication between users of trading floors. But there is a problem of the
adequacy of the ratings provided on the trading floor of goods or services,
because of this, difficulties may arise both for sellers who may unfairly
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receive poor ratings for their goods, and for buyers who will encounter
artificially high ratings.

This article discusses one of the options for creating a system for
generating ratings based on the context of the comment, based on solving the
problems of recognizing a natural language and processing user comments.

Main part

To solve this problem, it was decided to create a model based on LSTM
— neural networks with long short-term memory [4]. This decision was made
on the basis that this type of network is able to learn long-term dependencies,
which is necessary when working with text. After all, the text does not imply
a separate set of words, but the construction of chains fastened with a
semantic connection [2].

To accomplish the task of analyzing the sentiment of comments, the
corpus of Russian-language texts by Yu. V. Rubtsova was used [1], based on
reviews left by users of the twetter network.

Next, the structure of a recursive neural network was determined. It was
experimentally revealed that the most optimal option is a network with four
layers, such as:

— the first layer is a Keras-embedding layer.

— the processed data is fed to the second layer of the network - a bi-
direct LSTM with 256 outputs. The output of this layer also adds 2 columns
of previously obtained meta information, presented in the form of previously
defined numerical inputs.

— a fully connected layer, which includes 16 neurons with non-linear
ReLU.

— fully connected output layer with sigmoidal activation function.

Before learning the neural network, stop words were removed from the
corpus of words of Yu. V. Rubtsova, all tokens were reduced to a common
lower case, and a normalization method known as “stemming” was used [1].
At the final stage of pre-processing, each word was assigned a unique serial
number and a frequency response was calculated for each of them. The
results are presented in the form: “unique word” and “amount of use of this
word in a specific text” [3].

It was decided to use six eras for training, since this value allowed us to
achieve the greatest accuracy at the testing stage, provided that we use the
average available characteristics of the GPU. In this study, we used the
Nvidia Geforce GTX 1050 graphics card with 4 gigabytes GDDR5.

In order to evaluate the model without being tied to a specific threshold,
the ROC-AUC metric is used. The accuracy obtained during testing is
0.9980, which means almost complete absence of errors. It should also be
noted that this model allows you to split comments into any desired number
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of classes, provided that a training array of training data with appropriate
markup is found.
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AnHOoTauuMsa. B cratbe paccMmarpuBaeTcs 3ajada  aHaiIM3a U
KJIaCCI/I(bI/IKaL[I/II/I KOMMEHTapUEB IMOCPEACTBOM HMCIIOJIB30BaAHUA HeﬁpOHHOﬁ
ceru LSTM Ha mpumepe aHaigu3a TOHAJIBHOCTH  KOMMCHTapHCB
oJb30BaTelIei TOPTOBBIX IUIOIIAAO0K. OHI/ICZiHbI METOAbI, MTPUMECHAEMBIC ITPU
pa3paboTke MoJieNIn, OMHUCAaH MpPOoIecC ee MPOESKTUPOBAHUS U O0yUCHHS MPU
cpennux xapaktepuctukax [IK. B 3akmoueHuM ykazaHa TOYHOCTD,
MOoJIyd€HHasA Mpu TCCTUPOBAHUU MOJCIINU, a TAKKE BO3MOKXHOCTU U YKa3aHUA
o ee MoAu(pUKauu.

KaroueBble ciioBa: 06pa60TI<a CCTCCTBCHHOTI'O sA3blKa, NCKYCCTBCHHBIC
HEHpPOHHBIE CETH, aHAJIHN3 TOHATHHOCTH KoMMeHTapueB, LSTM, TF — IDF.

Annotation. The article considers the task of analyzing and classifying
comments by using the LSTM neural network using an example of the
analysis of the tonality of comments by users of trading floors. The methods
used in the development of the model are described, the process of its design
and training with average PC characteristics is described. In conclusion, the
accuracy obtained during testing of the model is indicated, as well as the
capabilities and instructions for its modification.

Keywords: natural language processing, artificial neural networks,
analysis of the numerical value of comments, LSTM, TF - IDF.
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Cervicobrachial and carpal pains are a common problem, especially
among the working population. In the European Union, in the 2000s, 23%
of the working population reported working-related neck or shoulders pain,
and in 2015 this figure reached 41%. The percentage of complaints about
work-related muscle pain in the upper extremities ranged from 13% to 20%
and from 58% to 60% in different periods of the 2000s and 2015,
respectively [15] with a working-age population of 65.8% (487 million
people).

In addition to sick leave and chronic disability, neck-shoulder and
carpal pain can also lead to a decrease in work efficiency. Many workers
continue to go to work, despite feeling bad, when they should have taken
sick leave. This phenomenon is known as presentism [3]. Although they are
present at work, their productivity may be reduced due to functional
limitations. The extent of performance loss in this case is uncertain, but it
has been suggested that this accounts for most of the performance loss
associated with chronic pain [14].

In the Russian Federation, despite chronic ailments, more than 75% of
employees do not take sick leave. Among the most common reasons why
Russians do not take "sick leave" are: fear of losing a job, no one to replace
and do work, a big loss in wages [1]. The data of the Social Insurance Fund
suggests that the situation worsens every year. So, if in 2016 40.5 million
sick leaves were issued, then in 2017 there are already about 40 million
sheets issued in paper or electronic form [2].

Due to the lack of official documents provided by employees about the
illness, the employer may not have an idea about the poor health of
employees. As a result, the drop in labor productivity is not associated with
the well-being of employees.
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Both before and after a period of illness, a decrease in productivity
may occur. Brower et al. [4] found that among employees of a trading
company, 25% of respondents experienced a loss of productivity before
iliness, and 20% felt such a loss after it. The decrease in productivity after
sick leave due to disorders of the musculoskeletal system among workers
was also studied by Lotters et al. [12]. They found an average loss of 1.6
hours over an 8-hour work day among workers with reduced productivity.

Decreased productivity increases employer indirect costs. In a study of
about 29,000 employees, health-related losses cost employers $1,685 per
person per year. Of these, 71% can be explained by a decrease in labor
productivity [13]. Researchers found that the cost of lowering productivity
was higher than the medical cost of certain health problems, such as
allergies, arthritis, depression, and hypertension. Collins et al. [6] found that
the costs associated with a decrease in productivity caused by various
diseases, including neck or back diseases, significantly exceeded the total
costs of sick pay and actual treatment. In a Swedish study by Hagberg et al.
[8], the authors estimated that problems with the musculoskeletal system
were associated with a latent loss of productivity costing $504 per person
per year in a company with 50 employees.

A study by office workers in Thailand found that over the course of
the year, the prevalence of pain in the neck, lower back, upper back, wrists /
hands and shoulders was 42.0%, 34.0%, 28.0%, 20.0% and 16.0%,
respectively [9]. In another report, the annual prevalence of shoulder pain
among office staff at HonKaen University was 63.1%, and the annual
incidence of lower back pain in the same group was 83% [5].

With these facts in mind, it makes sense to create a software product
for monitoring and comprehensive assessment of the state of a person who,
by the nature of activity, spends a lot of time in a sitting position, through
pattern recognition and correction of his body position by providing him
with recommendations.

Existing solutions on the market use various kinds of sensors and
patches to recognize body position and stimulate posture changes. However,
this is where the main disadvantages of such systems are manifested - the
complexity of development and implementation, inconvenience in use for
the end user, and the impact on the purity of experiments. The proposed
solution is using a camera, which can be installed both in front of a person
and from other angles, to obtain an image of a person and a neural network
for pattern recognition.

Installing the camera in front of a person is the most affordable
solution for the end user, since most laptops and some monitors already
have a camera built-in, which simplifies and reduces the cost of using the

117



system. Installing cameras from a different angle will allow us to get a more
complete picture and thereby to identify more factors and risks.

The image from the camera is frame-by-frame processed by the neural
network to determine and classify the human posture, which subsequently,
combined with other factors, is used as input to subsequent neural analysis
networks, and statistics are stored for future use. Initial processing to isolate
features occurs directly on the user's device, which allows to limit the
amount of data transferred, as well as to maintain the desired level of
privacy, since the image from the camera does not leave the user's device. A
detailed analysis of the factors takes place on the server, minimizing impact
on the user's computing power thereby, not interfering with everyday tasks.

As the output, the user receives statistics of the poses held by him with
a schedule of their changes and parameters, recommendations for correcting
the position of the body and monitoring progress. Long-term analysis and
collection of statistics will allow us to build a reliable picture of the user's
posture.

A study of university office employees assessed ergonomic risks that
can stimulate the development of musculoskeletal disorders (MSDs)
through observation with an Express Assessment of Office Workloads
(EAOW) [11]. However, to assess the risks associated with the development
of these violations, three main approaches were used:

1. Observation methods (the ways in which an observer can evaluate
and record workplace behavior that is expected to increase the risk of
irregularities);

2. Self-reports of employees (for example, the use of data obtained
from interviews and questionnaires);

3. Direct measurements (for example, the use of monitoring tools that
rely on sensors attached directly to the subject to measure exposure
variables at work or the use of medical measurement tools) [7].

Kee D., Lee I. [10] studied the ergonomic risk associated with the
development of MSDs. They examined the relationship between self-esteem
of discomfort (subjective assessment) and direct measurement of postural
load (objective assessment) and found a positive relationship between the
two approaches.

To adequately assess the effectiveness of the system, an experiment
should be conducted. It consists in introducing the system into the daily
work at the computer of people divided into two groups. In the first group,
the system only “monitors” the position of the human body and collects
statistical data. For the second group, the system offers recommendations
for adjusting the position of the body. As a result, it is assumed that the
second group will be less prone to cervicobrachial and carpal pain, as
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shown by statistical data and the results of the questionnaire survey. Such a
result will prove the feasibility of both using the system for an individual
user and introducing the system in a company.

There is a patent for the invention (US7613324B2), which involves
comparing the reference value of posture with the changes. This and other
similar patents use a preset of the reference value of posture and further
comparison of each frame with it. In the described system, a trained neural
network is used, which detects all positions that are not within the norm and
notifies the user about it, and also adapts to the characteristics of each end
user.

The study is supported by the Innovation Assistance Fund under
contract No. 250I'YLIDC8-D3/56473 of 2019.
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AHHOTAIMSI: pPAacCMOTpeHa TmpobiemMa BO3HUKHOBEHHsI Oonieli B
IIEHHO-IIEYEBOM I0SIce 3aICThAX, UX BJIWSAHUC HA NPOAYKTUBHOCTH U
pr,ZIOCHOCO6HOCTL, II0CTaBJICHA 3ajJa4da pa3pa60TKH IporpaMMHOIO
KOMILJIEKCa MOHHUTOPUHTA u aHaJlku3a IIOJIOKECHUA TCJ1a npu
MAJIOIIOJABUKHOM  XapaKTepe ACATCIbHOCTH, IpeJiaractcsi MNpOBECTU
SKCIICPUMEHT JI1 OHEHKU JOCTOBECPHOCTU r{onyqaeMoﬁ CHCTEMBI

KiroueBble cioBa: MOHHUTOPUHT, OHOpHO-,HBI/IFaTeHLHLIﬁ amnmnapar,
meinple  0onm, TUIeueBble OOJM, 3amsACTHBIE OOJIM, TIPE3CHTEH3M,
I/ICKyCCTBeHHHﬁ HHTCIIJICKT

Summary: the problem of the occurrence of pain in the cervical-
shoulder girdle and wrists, their effect on productivity and ability to work is
addressed, the task of developing a software package for monitoring and
analysis of body position with a sedentary nature of activity is set, the
experiment is proposed to evaluate the reliability of the resulting system

Keywords: monitoring, musculoskeletal system, neck pains, shoulder
pains, carpal pains, presentism, artificial intelligence
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There are various systems that contain platforms for electronic trading.
Each platform can present different scenarios for making a deal. The sites
have a different federal law, according to which they provide functionality
for interaction, there can also be different depth of detail.

Basically, transactions of a purchasing nature occur in accordance with
federal law No. 44 or federal law No. 223. Also, an individual customer may
have own separate platform. Electronic platforms may differ in the type of
transactions conducted. Auctions and purchases can occur on different
platforms. Suppliers can move from one site to another. The supplier can use
only one platform. They research existing order announcements and submit
applications for them. Or they publish purchases from a single supplier.

In such a system, a recommendation subsystem is definitely needed,
which will allow the supplier to receive procurement recommendations
directly in personal account. And thanks to the existing system of joint
display of purchases, he/she will be able to switch to them if necessary. It is
assumed that such interest would arise with a high degree of probability.
Because the recommendation is made taking into account the history of user
actions, which are weighed and analyzed.

As a rule, each announcement is connected with a generally accepted
reference book, for example, “All-Russian Classifier of Products”, “All-
Russian Classifier of Types of Economic Activities” and others. In such a
situation, the supplier is tied to one or more items from the directory. An
automatic cataloging system would be suited to solve this problem well. But,
not at all sites, binding to such directories is provided, and then the analysis
becomes more complicated. A system is created that collects all text data,
consisting of a history of the user's actions and his/her published ads, and
determines what interests the user. By analyzing the resulting text data sets, a
matrix of their similarity is created. Next, a method for determining the
similarity threshold is formed, according to which a recommendation is
formed.
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For this analysis it is possible to use:

1) Methods for preparing text data sets [1]:

» Removal of emoticons;

» Removal of stopwords;

» Stemming;

» Word vectorization.

2) Machine learning methods [2]:

» Nearest neighbor method;

> Naive Bayes;

» Softmax;

» Support vector machines.

To obtain the most effective implementation of the recommender
system, it is required to study data sets from the electronic bidding system,
and to select suitable training methods for linguistic analysis. For example,
the use of stemming or lemmatization is possible [3]. However,
lemmatization will have higher requirements for the equipment to be
performed, and may take longer to calculate. Depending on the amount of
data, this operation may lose relevance due to the impossibility of
implementation. It is possible to use parallelization, but this may not help.
And first of all, the main goal is to get the best result.

After that, it is required to study suitable machine learning methods and
select criteria for comparison on the basis of which a choice will be made.

Obviously, the use of neural networks like multilayer perceptron is
redundant here. It is possible to consider the use of recurrent neural networks,
as they are well suited for word processing. Metric and probabilistic
classifiers should also be considered.

Depending on the combination of linguistic analysis methods, the
learning outcome of each method may be superior to the other.
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AHHOTaIIl/ISl. CyILIeCTByeT 0O0JIBIIOE MHOXKECTBO PEKOMCHAATCIIbHBIX
CHUCTEM. Peanmaunﬂ Ka)KI[Oﬁ N3 HUX MOACTPAanBaACTCA IMMOJA CBOKO KOHKPETHYIO
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CUCTEMY. B Takmx cumcremax HCIIOJIB3YIOTCA PA3JIMYHBIC METOABI pacyeTra
pexomennanuii.  Ilocme  BeiOOpa  Hambojee  MOAXOMSIIECTO  THIA
PEKOMEH/IaTeTFHON CUCTEMBI, PelIaeTcs 3a1ada BEIOOpa JIydIIero alropuTMa
dbopMupOBaHHS pEKOMEHAANNN, KOTOpas 3akKIo4yaeTcss B OIpeICTICHUH
3(1)(1)6KTI/IBHI>IX METOAOB IMOATOTOBKH JAHHBIX U METOIOB 06y‘{CHI/I$[ CHCTCEMBI.
PCSYHLTaTOM CpaBHCHHUS OOJDKHA CTaTh PEKOMEHIAINA IO HCIIOJIB30BaHUIO
OHHOﬁ NN HCECKOJBbKHUX KOM6I/IHaHI/Iﬁ 3THUX METOAOB. B paMKax JOoKjaza
MMPpOUCXOAUT PACCMOTPCHUC MOAXOAANUX [TJId CHCTCMbI peKOMeHZ[aHI/Iﬁ
METOA0OB MAaAIIUHHOI'O 06y‘~leHl/lﬂ, KOTOPBIC MOAXOIAT IJIA JJICKTPOHHBIX
TOProB B 60J’lbLlI€l7[ CTCIICHU. BBOI[I/ITCﬂ IIOHATHE AKTYaJIbHOCTH
peKOMeHﬂaul/Iﬁ 1 UX POJIM Ha IJIOIIAJKaX 3JIEKTPOHHBLIX TOPIroOB. B JOKJIanec
paccMaTpUBAIOTCS METOJBI NPEA0O0pabOTKH OOBSIBICHUN 00 3JIEKTPOHHBIX
TOprax U BO3MOKHBIC CUCTCMbI 06y‘IEHI/I$I JJI1 UX KJ'IaCCI/I(I)I/IKaI.II/II/I.

KiaroueBble cjoBa: PEKOMCHAATC/IbHAA CHUCTEMA, npe/:[06pa60TKa
TEKCTa, MAallIMHHOC 06yquI/Ie, aHaJIn3 aJIrOPUTMOB.

Annotation. There is a great variety of Recommender systems. The
implementation of each of them is adjusted to its specific system. These
systems use different methods for calculating recommendations. After
selecting the most appropriate type of recommendation system, the problem
of choosing the best algorithm for generating recommendations is solved,
which consists in determining effective methods of data preparation and
methods of training the system. The result of the comparison should be a
recommendation for using one or more combinations of these methods.
Machine learning methods suitable for e-Commerce to a greater extent are
considered as available ones for the recommendation system. The concept of
relevance of recommendations and their role on electronic trading platforms
is introduced. The report discusses methods for pre-processing e-auction ads
and possible training systems for classifying them.

Keywords: recommendation system, text preprocessing, machine
learning, algorithm analysis.
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It is difficult to imagine a modern person without the information
technologies that fill his life, they permeate all areas of activity, and
education is no exception. Today you will not surprise anyone with such
words as “distance learning”, “unified educational information environment”
and “open educational resources”. The educational system is faced with the
task of helping the teaching staff not only to effectively move from the age of
“blackboard and chalk” to the age of “electronic education”, but also to show
the teacher how to be closer to students, making maximum use of all the
opportunities provided to us by the Internet in the educational process. Over
the past few years, the world pedagogical community has been discussing the
possibility of using social networks in education. Social networks contribute
to the development of e-learning and education in general, offering new
technical and methodological solutions [3]. The modern period of
development of school education is characterized by the active and
comprehensive implementation of information and communication
technologies in it, which can significantly change the content, methods and
forms of education. The main goal of their implementation is the
development of students' intellectual abilities in the modern information
society, as well as improving the quality of training and education. Socio-
political, economic and socio-cultural changes taking place in Russia in the
last decade have led to the need to update the education system, its focus on
entering the global educational space. In accordance with this, Russian
education should have a focus on preparing students not only to adapt to
modern society, but also be competitive in the labor market, ready for further
life in the global society, a single information educational space. The new
educational standards set the main task in creating a new style of thinking,
thanks to which the student will be able to study independently, set
educational goals and find ways to solve them, using all the tools of
information technology.

Annual studies demonstrate a significant differentiation in the
popularity of social networks depending on age, gender, life interests of users
and many other factors. This is quite reasonable, given the initial purpose of
various social networks: for the general public, for students to communicate,
for specialists in various fields of activity. In addition, the difference in the
social networks used is also geographical. On the Russian market of the
Internet industry of social networks with long-term constancy, «BxouTakTte»
and «OmHokmaccuuku» retain leadership. According to an audience survey,
39% and 32%, respectively, of those surveyed said they have accounts on
these social networks and use them. The global social giant Facebook today
in our country is the third most popular [8]. While all over the world (with
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the exception of certain countries where the Internet space is limited by
national resources), it has been a confident leader almost from the very
beginning. Followed by social networks such as "Google+", "Instagram" and
"Twitter". Moreover, between the last two there is serious competition for the
audience, which provokes them to move away from the original ideas and
principles. The remaining well-known social networks hold about the same
percentage of the audience, but not comparable to the above. In addition, do
not lose sight of thematic and professional social networks.

In connection with the emergence of a large number of new social
services and networks, wide opportunities open up for teachers and students
to use them in the educational process. These web services and networks are
gradually becoming the socio-informational environment within which many
pedagogical tasks of new education standards can be solved, requiring the use
of radically new teaching methods and forms [1, p. 1056]. The space of social
networks today is very actively explored by students of different ages.
However, their main purpose is entertaining. Therefore, in order to turn the
familiar space into an environment for self-education, you need a teacher
who is assigned the role of coordinator or tutor [4, 7].

At present, our life is hard to imagine without the Internet, without
information, it has covered the whole world and all spheres of our life.
Almost every person on Earth now has the opportunity to access the
resources of the global network. The strong development of web technologies
and their impact on modern society has led to a change in the traditional areas
of communication, a change in the ways and forms of communication on the
Internet. The Internet has become a platform for barrier-free transmission and
exchange of information, knowledge and communication between people of
different cities and countries.

“A social network is a platform, online service or website designed to
build, reflect and organize social relationships, the visualization of which are
social graphs” [6].

In the usual sense, a social network is a community of people connected
by common interests, a common cause or having other reasons for
communicating with each other.

On the Internet, a social network is a software service, a platform for
interaction between people in a group or in groups. In relation to the Internet,
this is a virtual network, which is a means of providing services related to the
establishment of connections between its users, as well as different users and
their respective information resources installed on the sites of the global
network.

Rapid progress and constant updating in the field of information
technology makes it possible to use the capabilities of Internet technology as
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an effective means of learning. When using the global Internet network, the
formation of an information-educational environment takes place, which
allows to fully implement modern training technologies. In these conditions,
the topic of using social networks as a pedagogical tool becomes extremely
relevant.

Social networks differ from each other in their common focus, different
capabilities for users, different requirements and interface. However, there
are common features inherent in many social networks and distinguishing
them from other means of network communication, such as blogs, forums,
chats and guest books. In some social networks, for example, blogs and
forums are built into MySpace, however in this case we will only consider
the features of the social network. Understanding these specific features is
important in identifying opportunities for using social networks as an
educational tool.

Today, in the modern theory of distance learning, there are various
models of distance learning, such as the integration of full-time and distance
learning; network training (stand-alone network courses; information and
subject medium); network training and case technologies, distance learning
based on interactive television or computer video conferencing.

In recent years, the issues of using social networks in education have
been heatedly discussed in the world pedagogical community. Many
methodologists are skeptical about the possibility of using networks as a
pedagogical means of learning, since traditionally social networks are
considered as an environment for spending free time and entertainment.
Definitely, social networks may not be the only means of network learning,
but their educational opportunities are clearly underestimated by them.
Interest in social networks is associated with the need for educational
institutions to establish direct effective communication with participants in
the educational process and consumers of educational services. The network
community will serve as an additional “informal bridge” between the teacher,
student, future student (schoolchild) and the employer. In our opinion, with a
serious and competent approach to the organization of educational activities
through social networks, the initial negative of critics will be removed, and
efforts will be rewarded.

The choice of social networks as a platform for organizing distance-
interactive learning has a number of arguments. The principles of building
many social networks, such as identification, communication, presence on the
site, relationships, groups, reputation, exchange, search, integration with
other offers are very suitable for creating a study group, class in the online
space, in a social network. The placement of an educational resource on the
basis of social networks automatically establishes direct effective

126



communication between the teacher and student, between student and
student.

The analysis of the literature [5, 7-11] made it possible to highlight the
main possibilities of using social networks in the process of training and
education.

1. Organization of individual, collective and group work of students.
The combination of group and individual forms of work contributes to a
better assimilation and understand the educational material. The advantage of
using social networks is that there is the possibility of a collective assessment
of the results and work processes. An indisputable fact is that using social
networks you can build an individual educational route for a student and use
it as a space for organizing distance learning.

2. Organization of educational and extracurricular activities. The
possibility of holding various contests, presentations, videos using social
services and networks can help the class teacher in his work, if you use them
as an information environment in which information about various events
will be posted.

3. Exchange of resources and information. Social networks allow you to
save, publish and share information to all participants in the educational
process. When creating content for students it is worth remembering one
simple rule - all additional useful material should be sought and added
primarily by the student himself. Independent search activity will contribute
to the intensification of cognitive activity. In addition, self-acquired
knowledge is the most durable knowledge [2, p. 17].

4. The possibility of continuing education and self-education. The
continuity of the educational process is understood as a continuous
interaction between participants at any suitable time. In addition, it is
possible to advise on homework or provide information support to those
students who missed classes [12].

5. Organization of interaction between participants. Social networks are
becoming an effective communication tool for participants in the educational
process, both inside and outside educational institutions. With their help, it is
possible to always stay in touch with students and their parents. An
alternative to holding a parent's meeting or classroom may be conducting a
thematic “dialogue”, creating a group or public page on social networks or
using social services.

6. The ability to create a portfolio of personal achievements of students.
Portfolio is a way of recording, accumulating and evaluating individual
achievements of students. Using social networks to create an electronic
portfolio allows you to present many results and achievements of a student in
a bright, interactive, accessible and understandable form.
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7. Creation of school, city and regional communities to improve the
quality and effectiveness of training. Social networks provide ample
opportunity to maintain relations between participants in various seminars,
competitions, conferences, exchange of ideas and opinions [5, p. 405-407].

The following advantages of using a social network over other types of
network technologies can be distinguished.

1. A familiar environment for students.

The interface, methods of communication and publication of content in
this environment by users are thoroughly studied. This is facilitated by high-
quality convenience and understandability of the system, as well as an active
and long-term experience in use.

2. A variety of forms of communication.

Wikipages, forums, polls, polls, comments, subscriptions, sending
personal messages and more provide ample opportunities for collaboration.

3. Unambiguous user identification.

Most often, in a social network, a person acts under his first name and
surname, less often under a pseudonym. In other Internet services, the
opposite is true.

4. The activity of participants is tracked through the news feed.

This tool allows the user not to get confused in the variety of
information flows and to effectively monitor updates of various content.
Students have the opportunity to keep abreast of all changes occurring in the
learning process, to monitor the educational activity of classmates and the
teacher, who, in turn, oversees and coordinates the work of students.

As problematic issues when using social networks in the educational
process, it should be noted:

1. A high degree of labor costs for the organization and support of the
educational process in the conditions of lifelong learning for the teacher;

2. The frequent lack of open access to social networks from the
classrooms of schools and universities;

3. The presence in the space of a social network of factors distracting
from educational activities (active communication, rapid information flow
and an abundance of entertainment content);

4. Lack of convenient tools for organizing and managing the
educational process;

5. openness of the educational process to the entire Internet community,
which for many teachers is unacceptable or uncomfortable;

6. The impossibility of assessing the work of teachers on the existing
universal criteria for paying for his work.

The solution of the identified problems is possible through a deeper
study of the educational opportunities of social networks, the development
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and testing of effective methods for their application in the educational space,
the development of specialized applications for social networks. Naturally, in
order for social networks to become a full-fledged educational environment,
it is necessary to overcome many difficulties and problems of various kinds,
the common efforts of information technology specialists and teachers are
needed.

As for Kazakhstan and the CIS countries, here this tool is just beginning
to be mastered. He did not receive widespread recognition; this is still far
enough away. So far, good examples are few. Particular attention is paid to
the aspect of using social networks for educational purposes.

Today, universities must use various education management systems.
With their help, universities will be competitive and will provide students
with an interactive, mobile and engaging environment that is relevant to
global market trends in training and communication.

All these trends in the development of social networks create a situation
where the inclusiveness of the audience and the simultaneous use of the
maximum number of opportunities provided by modern Internet technologies
transfer educational activity to a completely different, significantly higher
level. Social networks are not just an opportunity to communicate, it is an
important educational tool for schools and universities.

Summarizing all of the above, we can conclude that the use of social
networks in the educational process can stimulate the development of
creative abilities, cognitive interest of students, as well as increase motivation
for learning activities. We believe that the introduction of social networks in
the educational process will expand the unified information space of the
school, create open and accessible educational resources for students, and
create a new information culture of thinking of participants in the educational
process.
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AHHOTAUMA. AKTyaJIbHOCTh MPOOIEMBI HCCIEIOBaHUS OOYyCIOBJICHA
aKTHBHBIMHU TIpolleccaMd WH(pOpMaTu3aluu obmecTBa W 00pa3oBaHUS,
KOTOpBIE W3MEHWJIM MapaJurMy COBpPeMEHHOTro oOpa3oBanus. IIpobiema
HUCCJICOAOBAHUA 3aKIHOYACTCI B TOM, UTO B CBS3H C IIOSABJICHHEM 0OJIBIIIOTO
KOJIMYECTBAa HOBBLIX COIIMAJIBHBIX CCPBHCOB H ceTen YUUTCId U ydalluecs
HUMEIOT OOJBIINE BO3MOXHOCTH HCIIOJIB30BATh UX B y‘le6HOM rnpouecce, HO
YUYHUTECIId U HIKOJbHUKH HE BCETJa YMCIOT MNPAaBUJIBHO MMH IMOJIB30BATHCA. B
CTaThe MpeaACTaBJICH aHaJIu3 HanpaBneHuﬁ HUCIIOJIb30BAaHUA B
00pa30BaTeIbHOW U BHEYYCOHOW [EATCIBPHOCTH COIHMAIbHBIX CIYXO0 U
HWHTEpHET-ceTel. bbulM UCNOab30BaHbl CAEAYIOIINE TEOPETUUECKUE METObI:
TeOpeTI/IKO-MeTOI[OJIOFI/I‘IeCKI/Iﬁ u Hay‘lHO-TeOpeTH‘IECKI/Iﬁ aHaJIu3
JTUTEPATypHI [0 UCCIeayeMoit mpobieMe. B pesynbsrare BEISIBICHB OCHOBHEIC
BO3MOKHOCTH HCIIOJIB30BaHHsA COLHMAJIBHBIX ceTer B mnmponecce 06yqu1/I$[ u
BOCIIMTAHWA, [JdaHbl KOHKPCTHBIC PCKOMCHIAAIMW OPCHoAaBaTC/IAM U
CTYACHTAM IO HMX HCIOJIb30BAHUIO. B pe3yiabTaTe OBLIT CAcIaH CJ'IeJ.Iy}OH.[Hﬁ
BbIBOJI O TOM, YTO HCIIOJIb30BAHHUEC COLMAJIBHBIX ceTeH B y‘le6HOM mnmponecce
MOJXET CTUMYJIHPOBATh PA3BUTHE TBOPUECKUX CIIOCOOHOCTEH ydaluxcs, UX
[IO3HABATENBHBIA HMHTEPEC, a TaKKe IIOBBICUTh MOTHBAIMIO K y4eOHOMH
JACATCIIbBHOCTH.

KnwoueBble cioBa: COIMAJIBHBIC CCTH, IICAATrOru4cCKoOC COO6H1€CTBO,
nH(POPMAIIMOHHOE OOIIECTBO, 0Opa30BATEIbHBI pPECypc, METOAUYCCKHE
peuicHusA, KOMMYHUKAIUOHHBIC TCXHOJIOTUU, AUCTAHIIUOHHOC 06y‘iCHI/IC.

Annotation. The relevance of the research problem is due to the active
processes of informatization of society and education, which have changed
the paradigm of modern education. The research problem is that due to the
emergence of a large number of new social services and networks, teachers
and students have great opportunities to use them in the educational process,
but teachers and schoolchildren are not always able to use them correctly.
The article presents an analysis of the areas of use in educational and
extracurricular activities of social services and Internet networks. The
following theoretical methods were used: theoretical-methodological and
scientific-theoretical analysis of the literature on the problem under study. As
a result, the main possibilities of using social networks in the process of
training and education are revealed, specific recommendations for teachers
and students on their use are given. As a result, the following conclusion was
made that the use of social networks in the educational process can stimulate
the development of students' creative abilities, their cognitive interest, as well
as increase motivation for learning activities.
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The development of electronic trading platforms and the tendency to
transfer business to the online served as an impetus for the development of
recommendation systems. The profit of such companies mainly began to
depend on the number of sales made through their Internet platform, so to
maximize it, many companies began to look for ways to make using their
product more convenient to attract more customers. Recommender systems
allow you to choose the products that would be most interesting to the user,
based, for example, on his preferences and purchase history. Their use
facilitates the user’s work with the Internet resource and at the same time is
the very tool that helps the company achieve its economic goals.

In this case, we consider a recommendation system for the electronic
government trading platform, built on product descriptions. Its essence lies in
the search for products which have similar description to those that the user
has already bought. The central part of such system is the calculation of the
similarity of the two descriptions. Thus, this article discusses the main
measures used to determine the similarity of texts.

The description of the goods presents a text with certain terms that
clearly characterize the category of trading item. Therefore, to search for
similar products, it is logical to use methods based on processing of terms.

Similarity of terms is a concept used to check the similarity of two
documents by measuring the similarity of their terms. Other measures may
include the length of the document, the number of general terms, ordinary or
unusual terms, the number of occurrences of the term [1].

Before applying machine learning methods to the text and calculating
measures of similarity of terms, descriptions and the words contained in them
must be converted to a numerical representation. The first step is to create a
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dictionary of wunique words. The dictionary is used to build a
multidimensional space in which each document is converted into a term
frequency vector (TF) by counting the occurrence of terms (words) in the
text. In addition to the frequency of terms, it is also necessary to quantify the
information content that a particular term carries. The inverse document
frequency (IDF) is used for this. The combination of both measures gives a
well-established measure (TF-IDF) which weigh terms highly that have a
high information content due to their rarity. This measure is most often used
in tasks related to processing of documents, including the search for similar
texts [6].

The next step after vectorizing the text is to calculate the similarity of
terms. In general, words can be similar in two senses: lexically and
semantically. Words are similar lexically if they have the same sequence of
characters. If words have the same theme, then they are semantically similar.

The similarity measure determines how close or distant the request
document vector is from the document in the corpus; and choosing the
appropriate measure of similarity is central to designing an effective and
efficient recommender system.

The similarity between the texts can be divided into three categories:
string-based, corpus-based, and knowledge-based. String algorithms are used
to measure lexical similarity; algorithms based on corpus or knowledge are
used to determine semantic similarity [5].

In this case, only terms-based similarity measures are considered.
Among them, we can highlight some commonly used measures:

1. Manhattan distance. It is used to calculate the distance that will be
traveled from one data point to another along a grid path. In an n-dimensional
real vector space with a fixed Cartesian coordinate system, the distance
between the vectors p, g is the sum of the lengths of the projections of the
line segment between points on the coordinate axis.

2. Dice’s coefficient is defined as twice the number of terms that are
common in the compared texts, and divided by the total number of terms
present in both texts.

3. Euclidean distance is measured by calculating the square root of the
sum of the squared differences between the elements of two vectors.

4. The Jaccard coefficient is calculated so that the number of general
terms is divided by the number of all unique terms present in both texts.

5. Cosine similarity. When documents are presented in the form of
vectors, the degree of similarity can be measured as their correlation, and this
is usually quantified by using cosine angles between two vectorized
documents [4].
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The top N most similar texts for the query can be ranked by calculating
one of the measures given and returning N texts with the smallest measure
value.

Based on the results of many studies presented in [1], [2], [3], we can
conclude that the cosine distance shows the best results compared to other
similarity measures.
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AnHoTanusi. B ycnoBusx paboThl B OHJal{H-cepe MHOTHE KOMIAaHUH
HCHOJIB3YIOT Ha CBOUX I/IHTepHeT-HHaT(l)OpMaX PEKOMCHAATCIbHBIC CUCTEMBI,
TTIOKa3bIBAIOIIHEC ITOJIB30BATCIIIO TOBAPEI HA OCHOBE €TI0 HHTEPECOB U HCTOPUU
TIOKYTIOK. I[Hﬂ TaKUX CUCTEM, KOTOPBIC CTPOAT PEKOMCHAAIINN HAa OCHOBAHUHN
OIIMCAaHUA TOBAPOB, KIIFOYCBBIM MOMCHTOM ABJIACTCA BBIYHUCIICHUE ITOXOKCCTU
OIHUCAHUM.

B craTthe paccmaTpuBaroTCS OCHOBHBIE MEPHI CXOJCTBA, UCIOJIb3yeMbIe
JUIA TIOMCKa TIOXO0XKHX TOBApoOB 10 nux OITMCAaHUIO B paMKax
peKOMeHL[aTeJ'ILHOﬁ CUCTEMBI TUIOIAAKU 3JICKTPOHHBIX TOPT'OB.

KiroueBble cioBa: PEKOMCHAATCIbHBIC CUCTEMbI, CXOACTBO TCEKCTOB,
TF-IDF, mepsl cxoncTBa, 00paboTKa €CTECTBEHHOTO SI3bIKA.

Annotation. Working online many companies use recommender
systems in their Internet platforms to show products to its user based on his
interests and purchase history. The key feature of systems that generate
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recommendations built on product descriptions is a calculation of
descriptions similarity.

The article discusses main similarity measures used to find similar
products by their description within the recommender system of the
electronic trading platform.

Key words: recommender systems, text similarity, TF-IDF, similarity
measure, natural language processing.
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Introduction. The main task of the ship navigator when approaching
the mooring site in the port is to maintain the approaching course and
maneuvering parameters within required accuracy. Specific requirements for
these parameters are determined by the characteristics of the port and
maneuvering properties of the ship. Different mooring operation information
support systems including radio-based ones are applied to ensure safe
maneuvering in both manual and automatic steering modes. Radio-based
systems have several advantages over, for example, laser-based systems
such as wider coverage area, not needing high radiation power as well as
complex and expensive signal processing devices. The aim of this research
is to estimate possibility of improving quality of the mooring support
systems by using antennas with a differential radiation pattern.

Materials and methods. Unlike steering ships in open waters which
includes keeping the ship on a set course, “maintaining the ship at the
predetermined path, maintaining required speed and dynamic positioning” [1,
p. 59-83], more stringent requirements are imposed on mooring operation
information support systems with regards to their accuracy, responsiveness
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and reliability because maneuvering takes place at a short distances from the
piers and other vessels within limited time frame. Typically, due to these
reasons several mooring support systems are employed simultaneously
which are based on different operational principles thus reducing the
probability of “blinding” of the systems due to insurmountable physical
conditions (for example, optical system failure due to a dense fog).

“Radio assisted mooring support systems belong to beacon navigational
systems of angle-measuring or angle/distance-measuring type” [4, p. 45-47]
and once coupled with the ship steering systems [3] “they aid in dynamic
steering of the ship” [4, p. 71]. We are particularly interested in angle-
measuring systems of two-positional type consisting of a stationary radio
beacon (RB) and shipborne direction finder which detects direction towards
RB (course angle 0p) by detecting its radio radiation.

The main methods for direction finding are: amplitude with signal
maximum (AMAX), amplitude with signal minimum (AMIN) and phase
(PH). To implement AMAX method, in addition to the receiver the shipborne
equipment shall include an antenna with a narrow radiation pattern at half
power 20,5, because when finding angle 6y it is 2645 that contributes to the
error in finding this angle (Fig. 1 a). Implementation of AMIN method is
based on finding the direction towards RB at the moment when it “looses” the
signal (Fig. 1 b) which is possible when the antenna has a radiation pattern of
a special shape, such as differential radiation pattern (DRP) featuring two
lobes with “zero” at a given direction. With PH method, the shipborne
antenna can be omnidirectional, however the shipborne equipment shall be
capable of finding direction 0, based on intersection between radiation phase
front of RB — PFrg and spherical phase front PFspe (Fig. 1 c).

Y4,

Fig. 1. For the clarification of methods for finding direction towards the
radiation source: AMAX (a), AMIN (b), PH (c)

One of the advantages of the AMAX method is that the angle 6, can be

measured directly, while disadvantages are due to the need for using a
narrow-beam antenna — such antennas have large overall dimensions and
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need to be pointed at RB by using high-precision and therefore expensive and
bulky rotary mechanisms. On the contrary, omnidirectional antenna for PH
method is easy to realize and does not require pointing however precision
phase metering is quite complicated which results in phase direction finders
to be typically relatively expensive.

AMIN method based direction finder can become an acceptable
compromise. Firstly, it follows from the antenna general theory that “in order
to create DRP it is sufficient to have two antenna components of any kind
with antiphased excitation” [5, p. 349-351]. Secondly, the range of angles
within which the distance finder needs to be capable of working during the
mooring operations is limited by the nature of operations themselves (e.g.
when mooring alongside the angle between the pier wall and approaching
course is between 35° to 50°) which means that should the DRP lobes have
sufficient width there would be no specific need to turn the antenna.

We will determine if a non-rotary antenna with DRP can be used or not.
One of the two approaches is available to find the direction towards RB:
rotate radiation “zero” by altering phasing ratios in the antenna exciter or
compare amplitudes of signals received from the two channels. The first
approach requires considerable complication of the signal processing circuit
in the receiver, while the second one would require application of two
antennas spaced apart on the ship while offering relatively simple amplitude
processing of the channel signals. Provided that the ship dimensions are such
that antennas can be placed at sufficient distance from each other and
antennas themselves are compact and inexpensive, this approach would allow
us to create an angle-measuring system with acceptable weight/dimensions
and precision.

Results. Let us assume that while selecting an approaching course
towards the mooring point the ship is at the distance D to it and antennas are
placed in transverse direction at the base distance B. If axes of antenna DRPs
are parallel to the centerline of the ship, positional parallaxes of RB relative
to the right-channel antenna 6y and left-channel antenna 6, will be equal in
value but opposite in sign to each other (Fig. 2 a). Therefore signal voltages
measured at the outputs of the right channel Uy and left channel U, will be
equal (Fig. 2 b).

Should there occur an angular deviation from the course §, relation
between Ug and U, will change by the value of AU and provided sufficient
sensitivity of the comparison circuits an error signal will be generated and
either displayed on the course indicator if the ship is in manual steering mode
or used by the control system to adjust the course if the ship is in automatic
steering mode.
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Fig. 2. Schematic showing approaching to the mooring point (a) and
relative levels of the channel signals (b)

Paper [2] analyses DRP of the above type for even number of
omnidirectional radiating elements of “Hertz’s elementary dipole” type [4,
pp. 7, 422] placed at the distance d from each other and at the height h above
the flat screen. Normalized DRP U(0) for both radiating elements can be
presented as follows:

U (6)=sin (ﬂsin ejsin (Z—ﬂhcosej
A A ,

where A — wavelength.
Difference between signal levels of the right and left channels can be
found using the formula:
AU (8)=U (8, +8)-U (6, +8)=U (65 +8)—U (=64 +3)

where it is taken into account that the angular deviation is towards one
side.

Typically “value d is selected close to the half-wavelength, while h - to
the quarter-wavelength” [4, pp. 243-245]. We will perform some quantities
assessments for these values, while “assuming the acceptable angular
deviation error § of about 1°” [1, p. 100].

When parallax 6y is also equal to 1° the minimum signal level in each
channel will be about 0.03 or near —30 dB compared to the maximum value.
When deviation error § equals to 1°, the signal in one of the channels will
increase by 0.07 or 6 dB relative to the minimum signal. Modern electronic
devices are capable of working with such signal levels so we still need to find
out if the proposed system can be of a practical interest to the ship navigators.

Let us assume the base distance B between the antennas is 10 m which
is a quite realistic value for medium-capacity ships. Distance D where the
above geometrical conditions are met will be as follows:
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Discussion and conclusions. It was shown that safe approaching of the
ship to the mooring site can be achieved by using an angle-measuring radio
system of the beacon type that consists of a radio beacon with
omnidirectional antenna installed at the mooring point and a shipborne two-
channel receiver which receives and compares signal levels from two
antennas with radiation patterns of a special type. The two-element antennas
with two-lobe radiation patterns with “zero” in the main direction and
distance between them of 10 m make it possible to ensure at least 300 m
range of the system which can be of a practical interest to the ship navigators.
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AnHoTtanus. s oGecnieyenusi 6€30MaCHOCTH OIEpaIiii MBApTOBKH
MOPCKHUX CYIOB MpeIjaracrcsi HCIIOJb30BaTh MassYHYH pPaIuOCUCTEMY
yriiomepHoro tuma. CHcTeMa COAEPXKUT paguoMask C HEHAIpPaBJICHHON
aHTEHHOM, YCTAaHOBJICHHON B MECTe IIBAPTOBKH, M CYJJOBOE€ 000pyIOBaHUE B
BUJAC ABYXKAHAJIbHOT'O IMCJICHTAallTUOHHOTO HpI/IéMHI/IKa U JIBYX QAHTCHH C
ILPIanaMMOfI HaIllpaBJICHHOCTU PA3HOCTHOI'O THUIIA: ABA JICIECTKA C «HyJ‘IéM»
B HalpaBJICHUM KypcCa IMoJAXoda CyJaHa. HpI/I OTKJIOHEHUU OT KypcCa
NpUEMHHK BBIPAOATHIBAET CUTHAJ OIIMOKM, KOTODPBIH IO3BOJIIET BEPHYTh
CyAHO Ha TOYHBINA Kypc. HOKa3aH0, 4TO mpUu AOMYCTUMOM OTKJIIOHCHUU 1°
IaJbHOCTh JEHCTBHS CUCTEMBI cOCTaBUT He MeHee 300 M.

~ 300 M
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KnwuyeBble cjoBa:  mBapTOBKa, YIVIOMEpHas  paJguoCHCTEMA,
neJeHranusa, MeETroa MHUHHMYyMa, aHTEHHa C paSHOCTHOﬁ HHanaMMOﬁ
HaMIpaBJICHHOCTH.

Abstract. To ensure safety of the marine ships during mooring
operations it is proposed to use a beacon-based radio system of the angle-
measuring type. This system includes a radio beacon with omnidirectional
antenna installed at the mooring site and shipborne equipment such as two-
channel direction finding receiver and two antennas with differential
radiation patterns featuring two lobes with “zero” along the ship
approaching course. In case of deviation from the course the receiver
generates an error signal which allows the ship to be steered back to the
correct course. It was shown that the range of the system will be no less than
300 m for deviations not exceeding 1°.

Keywords: mooring, angle-measuring radio system, direction finding,
minimum method, antenna with differential radiation pattern.
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1. Introduction

A method and a device for measuring the moisture content of various
dry and liquid materials is known from the technical literature. It is based on
the use of RF and microwave resonators containing controlled material [1].

Despite all the advantages of the method, it also has a disadvantage,
which consists in its limited scope of application, due to a small change in the
informative parameters (resonant frequency, g-factor of the resonator, etc.)

The purpose of this work is to improve the accuracy and performance of
measurements.

To eliminate this disadvantage, two-channel measuring circuits with
independent measuring and reference channels are used. In the reference
channel, the sensor element contains material with known physical properties
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[2]. The disadvantage of this technical solution is the need to apply different
reference elements in each case.

2. The substantiation of proposed method and meter on its basics

One of the most promising methods for measuring the humidity of
materials in the ultrahigh frequency range is a method that involves indirect
measurements of the parameters of the electromagnetic wave at two
frequencies. Sources of electromagnetic waves are switched on alternately.
The results of measurements and processing of measurement information
allow to get the desired percentage of water content in the controlled bulk
material.

Figure 1 shows a block diagram of the meter. The meter works as
follows. The microwave generator 1 produces electromagnetic waves that
alternately pass through the microwave switch and enter the input of the
transmitting horn antenna. Receiving horn antenna, obtains re-emitted
electromagnetic waves. At the output of the microwave detector, there are
voltages that carry information about the humidity of the material in the first
and second cycles.

Microwave Vv

generator 1 Switch

Microwave Control and
processing unit

Microwave

A
generator 2 X A |
C———/

Fig. 1 — Block diagram of the moisture meter for dry materials

The amplitude of the electric field strength E w is an informative
parameter. In the first and second cycles, the amplitudes of the electric field
strength are measured £, E,

E,(e)=E e 1)
E,(e)= Ezoe""2I ’ )

where
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The value of the permittivity of a moisture-containing dielectric having
a permittivitysw and moisture content W is described for small W by the

formulas [2, 3, 4]:

3W ; 3
Ecmecn g,vmadl(l‘*'mj ( )
D(f)= M ' 4)

830;11,1 ( f )_ Sﬂ}‘l')ﬂ

where ewaer(f) — the permittivity of water, which is a function of
frequency f.
When considering (3) and (4) as a system of equations and solving it due to
the desired moisture content W, we get

W = 1. Eicmecn — Eacmecu
3 1 1
—— Eiempen — — " EreMmEC
1CMECH 2CMECH
D, D,

()

Taking into account formulas (1) and (2), expression (5) takes the
following form:
11 1) 1 [(InEe/EY (INEu/EY
:1 szu)[flz fzzj (2“|)2 |:[ f, ] ( f, J:|

3 1 1 1 : 1 1 1 :
— | =—[=InE,/E, | ————| 5| =—InE,/E
D(f,)f? [fw (Zﬂl "/ lJ D(f,)f} | 2% (an "/ 2)

Formula (6) can be written in a more compact form
K, — ks |n2—EE10 —kyIn? E2o )

1 2

(6)

k4—k5In2i—k6In2i

1 2

where k1, K, K3, K4, ks, kg — constant values:

ZL{L,LJ, NS SR S
' 7‘210) f12 f22 ’ (znfl)z ’ (27":f2)2
_ 1 _ 1 ;
- D(fl)flz}\‘zKP D( fz)fzzkzkp

4

142



1 .
k,” kg = Ky*
D(f,)* ° D(f,)”

Thus, by performing a joint conversion of the measured values of the
amplitudes E; and E, according to the ratio (7), we obtain the value of the
moisture content W.

The resulting error in measuring the humidity of bulk materials is
calculated using the formula

8y =B, +6,.F+(.,,F- 8)

The analysis of the dependence on errors caused by the inaccuracy of
setting the frequency f of microwave generators 1 and 2, the inaccuracy of
determining the permittivity of water 5, shows that the maximum error in

BObI
measuring W of dry materials is no more than 2.25 %.
Ha puc.2 mokaszaHa cTpyKTypHas cXeMa JBYXYaCTOTHOTO H3MEPUTEIIS
BIIQYKHOCTH CHITyunx Marepuanos. Picture 2 shows the block diagram of a
two-frequency moisture meter for dry materials.

ks =

Microwave Ferrite Microwave Preamplifier
generator 1 P> valve detector [
\4 A A4
Double tee with pin diodes Ferrite The processing unit
valve of measuring

- - information
Microwave > Ferrite
generator 2 valve X

=t =)

Fig. 2 — Block diagram of the moisture meter for dry materials

Conclusion
The research of the two-frequency method of measuring the humidity of
dry materials allows to make the following conclusions:
— the study of the capabilities of the meter based on the two-frequency
method was carried out;
— the main advantages of this method are simplicity of implementation
and high accuracy of measurement;
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— humidity measurement error due to inaccuracy of setting the
frequency of the microwave generator 1 does not exceed 1 % ;

— humidity measurement error due to inaccuracy of setting the
frequency of the microwave generator 2 does not exceed 0.75 % ;

— humidity measurement error due to inaccuracy of definition does not
exceed 1.15 % ;

— the resulting error in measuring the humidity of dry materials does not
exceed 2.25 %, which meets modern requirements.

— the possibility of controlling the humidity of dry materials during their
continuous production is proved.

References:

1. Bpanar A.A. HUccnenoBaHue IUIJIEKTPUKOB Ha CBEPXBBICOKHX
gacrorax / A.A. bparar. — M.: ®usmarrus, 1963. — 403 c.

2. BukropoB B.A. PanuoBonHOBbIE HM3MEpPEHMsS MapaMETPOB
TEXHOJIOTHYECKHX  mporeccoB / B.A.  Bukropos, b.B. JlyHkus,
A.C. CopnykoB. — M.: Hayka, 1989. — 208 c.

3. Jlebener N.B. Texnuka u mpubopsr CBU / U.B. JlebeneB. — M.:
Bricmas mkoma, 1970. -T. 1. - 440 c.

4. Kpuuesckuit E.C. Teopus m mpaxkTHka 3SKCHPECCHOTO KOHTPOJIS
BJIXKHOCTH TBepAbIX M kunkux MarepuanoB / E.C. Kpuuesckuii, B.K.
Benzaps, M.B. Benenukro. — M.: Oueprus, 1980. — 240 c.

A]—[]—lOTa[IPIﬂ. COBepHIeHCTBOBaHI/Ie MCTOAOB KOHTPOJIA KadeCTBa
CBIIYYUX MATCpHAJIOB B TIOTOKOBOM IIPOU3BOJICTBE CHOCO6CTByeT CHHXKCHHIO
cebecTOMMOCTH HpOHSBO,Z[HMOﬁ MNpoAYKIMU W  YBCINMYCHUIO 00BEMOB
npojgax. KoOHTposibHO-U3MepUTENbHASL amnmaparypa, B CBOIO OYepe.b,
HEMNPEPBIBHO AOJI’KHA IMOBLIIIATH CBOU METPOJOTUYCCKUE XAPAKTECPUCTUKU U
YPOBEHb aBTOMATU3allUU IIPOLIECCa UBMCPECHUS.

Amnanus TmoKas3aJl, YTO MHUKPOBOJIHOBBIC MECTOIBI B HACTOAIICC BPEMs
SIBJISIOTCS HauOoJIee MCPCICKTUBHBIMU. O,I[HaKO JJIA OITUMHU3AalUHA TIPoIecca
KOHTPOJISI BBIITYCKAaEMOMH MPOAYKIMH 11e71ecO00pa3HO BHIOUPATh TAKOW METOX
n anmnaparypy Ha €ro OCHOBC, KOTOpLIﬁ Obl CIIOCOOCTBOBA IOBBIIIEHUIO
TEXHUKO-DKOHOMHUUYECKUX II0Ka3aTeIeH BCEro MPpOU3BOACTBCHHOI'O HHKJIA
NPpENIPUATHSL.

HCHL pa3pa60TKM — INOBBIIICHUEC TOYHOCTHU H3M€peHPII7[.

I[ByX‘IaCTOTHLIﬁ METOA U3MCEPCHUA BJIAXKHOCTH OPHUCHTUPOBAH Ha
IIOTOYHOC MPOU3BOACTBO CBIITYYHUX MATCpHUAIOB U obecrieynBaeT CO31aHHC
U3MEPUTCIIBHOTO KOMIIJICKCa C BBICOKMMMH METPOJIOTHICCKUMHU
nokaszareiasamu. McrouHmkamu QJICKTPOMArHuTHBIX KOJIEOAHUI  SIBJISIIOTCS
MOJIYIPOBOIHUKOBEIE TeHepaTopsl. KoMMyTaTop Ha pin-anoaax moodyeperHo
MOJKITIOYAET 3TH TEHEPaToOphl K mepenaronieii antenne. [IpuemHas anteHHa
MPUHUMAET MPOIIESANIYIO Yepe3 UCCIeqyeMblii MaTepuall BoiaHy. Ha Beixoae
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CBY gerekTopa TMOSBISCTCS HaMpsDKeHHE, Hecylnee HWHGOPMALUI0 O
BIIQXKHOCTH CBIITy4ero Marepuaia. YCTPOHCTBO 00pabOTKH paboTaeT 1o
ONPEACIICHHOMY  QITOPUTMY, OCYLIECTBIAS  KOPPEKLUUIO  PEe3yabTaTOB
U3MEPCHUS C TEJIBIO IMMOBBIIICHUA TOYHOCTH.

Karwuesbie ciaoBa: CBY rereparop, ABOMHON TPORHKK ¢ PiN-IH0aaMHU,
CBY xoMMyTaTOp, TPYOOTIPOBOJ, NIepeAaronas aHTeHHa, IPUEMHAsI aHTeHHa,
CBY JACTCKTOD, MOTPEIIHOCTD HU3MEpECHU, JUIJICKTpUYCCKas
MNpOHUIIAEMOCTb, AaAMIUIUTYAa HAOPsS)KEHHOCTU E QJICKTPHUUICCKOIO I10JI,
ChIIIYYHC MaTCpHraJibl.

Annotation. Improving the quality control methods for dry materials in
flow production provides the cost reduction of production and sales
increasing. The control and measuring equipmen must continuously improve
its metrological characteristics and the level of automation of the
measurement process.

The analysis showed that microwave methods are currently the most
promising. However, to optimize the process of product control, it is
advisable to choose such a method and equipment based on it, which would
contribute to improving the technical and economic indicators of the entire
production cycle of the enterprise.

The purpose of the development is to improve the accuracy of
measurements.

The two-frequency method of humidity measurement is focused on the
in-line production of dry materials and provides the creation of a measuring
complex with high metrological indicators. Sources of electromagnetic waves
are solid-state generators. The pin-diodes switch connects these generators to
the transmitting antenna. The receiving antenna obtains a wave which has
passed through the test material. At the output of the microwave detector, a
voltage appears that carries information about the humidity of the dry
material. The processing device operates according to a specific algorithm,
performing correction of measurement results in order to improve accuracy.

Keywords: microwave generator, double tee with pin diodes,
microwave switchboard, pipeline, transmitting antenna, receiving antenna,
microwave detector, measurement error, permittivity, electric field strength E
amplitude, dry materials.

145



UDC 528.7
USE OF REMOTE SENSING TOOLS IN ENVIRONMENTAL
PROTECTION
Vladislav Pasechnik
2" year master student, Department of Information systems,
Sevastopol State University,
e-mail: postaldude33@yandex.ru
joint authors,
Yurii Verbitsky
2"year master student, Department of Information systems,
Sevastopol State University,
e-mail: volter13@yandex.ru
Maksim Sobchenko
2" year master student, Department of Information systems,
Sevastopol State University,
e-mail: stork97865@yandex.ru
Introduction

The relevance of this work is due to the constant growth of the world's
population in combination with an increase in the material well-being of
people and, as a result, an increase in the load on the environment, which, in
turn, causes various negative consequences. The reduction of natural areas
and the increase in pollution have become the main consequences of human
activity. For the above reasons, it is not possible to completely stop the
harmful impact on nature from the human side, but it is possible to reduce it
by finding and reducing the most dangerous foci of anthropogenic emissions
using remote sensing methods.

Human anthropogenic impact on the environment. Environmental
monitoring tools.

After the industrial revolution and the Second World War in the first
half of the XX century, humanity was faced with the problem of controlling
the state of the environment. There was a need for tools for monitoring and
estimating the current state of a particular area of nature, the dynamics of
changes and an approximate forecast of further changes.

The first developments in this area were presented in the second half of
the XX century. In the future, such groups of methods were identified as
ground and remote, Ground includes physical and chemical, statistical and
mathematical, biological, and others. methods of obtaining data, remote uses
aviation, aerospace and marine [2].

The most effective way to monitor the anthropogenic impact on the
environment is undoubtedly remote sensing — measuring the characteristics
of natural and reflected radiation of the Earth's surface and atmosphere in
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different ranges of electromagnetic waves. This includes measurements from
artificial earth satellites and aircraft (planes and helicopters). Remote
methods have a very important advantage over contact methods — they
provide integral characteristics over large territories over the same, and
sometimes shorter period of time. Space tools are the leaders in such
methods.

The use of artificial earth satellites allows to obtain information about
the state of forests, agricultural land, vegetation on land, phytoplankton in the
sea, the state of soil cover, violations of the earth's surface, erosion processes,
urbanized areas, the state of surface reservoirs, air pollution, seas and land
with high accuracy of measurement.

Modern aerospace systems for obtaining earth remote sensing data

There are a large number of modern spacecraft that can provide remote
sensing Data. Each satellite has a purpose. Some of them, which can perform
tasks, related to environmental monitoring are discussed below.

The Canopus-V space complex currently consists of six spacecraft, the
first of which was launched on July 22, 2012. It is intended to provide
operational information to divisions of Roscosmos, EMERCOM of Russia,
Ministry of natural resources of Russia, Roshydromet, RAS and other
interested departments. Among the tasks facing the satellite are: detection of
forest fires, large emissions of pollutants into the natural environment;
monitoring of man-made and natural emergencies, including natural
hydrometeorological phenomena; monitoring of agricultural activities and
natural (including water and coastal) resources; land use; operational
observation of specified areas of the earth's surface. Among the features of
this complex, it is worth noting its high efficiency, as well as data support
with coefficients of rational polynomials, which, in turn, speeds up the
processing of the received information and increases accuracy [1].

Resurs-P is a series of spacecraft. The first was launched on June 25,
2013. It is worth noting that due to the deep integration of technologies
implemented during the creation of the space complex, the system's
capabilities are significantly higher than those of three Autonomous vehicles.
The use of a circular sun-synchronous orbit with a height of 475 km can
significantly improve the observation conditions. The frequency of
observation was improved from six to three days. Shooting is performed in
both panchromatic and 5-channel multispectral modes. In addition to high-
resolution optical and electronic equipment, the satellite has a hyperspectral
spectrometer (HSA) and a wide-range multispectral high-resolution (SMSA-
VR) and medium-resolution (SMSA-SR) survey system. The Resurs-P space
complex can be used to control pollution and environmental degradation,
detect and study environmental pollution, control water protection and
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protected areas, assess the state of the ice situation, and inventory natural
resources to ensure rational activities in various sectors of the economy;
monitoring of emergency situations; determining the type and condition of
vegetation, the composition of the pollution film on the water surface,
identification of minerals, soils, etc. The advantages of this satellite are ultra-
high spatial resolution better than 1 meter and stereoscopic shooting, which
allows you to create three-dimensional models.

Obzor-O is a new Russian grouping of remote sensing satellites with
optical and electronic equipment that are designed to perform operational
surveys of the territory of Russia, adjacent territories of neighboring States
and certain areas of the Earth. The launch will be carried out in two stages,
each of them will launch 2 satellites, in total, there will be four of them in the
grouping. The launch of the first devices is planned for 2021. It is planned
that this grouping will solve the following tasks: monitoring the state of
forest vegetation, forest inventory; operational control of man-made and
natural emergencies for the purpose of effective planning and timely
implementation of measures to eliminate their consequences; monitoring of
natural and man-induced disasters and others.

On August 29, 2008, five RapidEye satellites were launched. RapidEye
spacecraft are equipped with the Reis multispectral imaging system
(Rapideye Earth Imaging System), which is a three-mirror anastigmatic
system that provides a survey of the Earth's surface in 5 spectral zones, a 78
km wide band with a spatial resolution of 6.5 m in the Nadir. These satellites
are used for the following tasks: monitoring the state of forest vegetation,
forest inventory; monitoring the transportation and production of oil and gas;
monitoring of the ecological state of territories in the areas of oil and gas
production, processing, transportation, and other mineral resources;
monitoring the use of natural resources; monitoring natural disasters, etc.

Landsat-8 is an American remote sensing satellite, the eighth in the
Landsat program. It was launched into orbit on February 11, 2013. To
optimize the accuracy of determining the satellite's orientation, three high-
precision astrodetectors (ar-3, two of which operate in active mode), a
scalable inertial guidance system SIRU (Scalable Inertial Reference Unit),
GPS receivers and two three-axis magnetometers are used. Improving the
technical characteristics of the target instruments helps to reduce the level of
radiometric distortion compared to the devices on previous Landsat satellites,
and the use of more advanced CCD devices allows you to improve the signal-
to-noise ratio and the quality of shooting. The devices measure 4096 different
levels of reflected light. This satellite is able to solve the following
environmental problems: monitoring and forecasting of waterlogging and
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desertification, salinization, fires, floods, etc.; prevention and liquidation of
emergency situations; environmental monitoring.

Thus, remote monitoring tools are more effective than ground-based
methods because they are simpler and they can cover areas that are difficult
to reach by land. There are a number of spacecraft, both Russian and foreign,
concerning the most of the tasks assigned to this type of means.
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AnHoTtauusi. B mamHOIT pabore paccmaTrpuBaeTcs —mpobiema
AHTPOIIOT€HHOI'0 BJIMSIHUS Ha OKPY)KAIOWIYyI0 Cpedy, pa3sBUTHE CPEICTB
MOHUTOPHWHIA HOCHG,HCTBHP'I TaKoOIr0 BJIMAHUA, 4 TaK K€ IPOAHATIU3UPOBAHBI
COBPEMCHHLIC A3POKOCMUYECCKHUC CUCTEMBI NOJTyuYCHUA JaHHbIX
JUCTAaHIIUMOHHOI'O 30HAUPOBAHUs, HauOoJiee IIOJIHO OTBEYAKOIIHUC
TpebOBaHUAM KpYIMHOMACIITaOHOTO naHad THO-3KOJIOTHIECKOTO
KapTorpaupoBaHusi C II€JbI0 WX JaJbHEWIIEr0 HCIOJIb30BaHUS B
npoUIaKTUKE U B O0Oph0OE ¢ MOCHCICTBUSMH AHTPOIIOICHHOI'O BIUSHHS Ha
OKpY2KaroIlyIo cpeny.

KiarueBble cioBa: AHTPONIOICHHOC  BJIMSAHUC, MIPUPOAOOXPAHHAAL
ACATCIBbHOCTD, JUCTAHIIMOHHOC 30HAUPOBAHUC 3€MJ'H/I, MOHHUTOPUHT
OKpYXKaloUIel cpesibl, COBPEMEHHBIE CITYTHUKHU.

Annotation. This paper examines the problem of anthropogenic
influence on the environment, the development of tools for monitoring the
consequences of such influence, as well as analyzes modern aerospace
systems for obtaining remote sensing data that most fully meet the
requirements of large-scale landscape and environmental mapping in order to
further use them in the prevention and control of the consequences of
anthropogenic influence on the environment.

Keywords: anthropogenic influence, environmental protection, remote
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149


http://geomatica.ru/clauses/130/

UDC 004.921:37.091.39
USE OF AUGMENTED REALITY IN EDUCATIONAL
APPLICATIONS
Vasiliy Petrakov
2" year master student, Information Systems Department
Sevastopol State University
e-mail: Petrakovvasya@yandex.ru
Irina Shumeyko
Scientific advisor, head of department,
Information Systems Department
Sevastopol State University
e-mail: shumeyko-irina-74@yandex.ru

Information Technology in Education

According to the comprehensive program “National Technological
Initiative”, Russia sets a long-term goal — to create all the necessary
conditions to establish Russia's technological leadership in the world market
by 2035 [2]. The country's technological leadership is highly dependent on
the level of professional competencies of the generation that this leadership
will achieve. The use of innovative information technologies in the learning
process contributes to the achievement of the greatest learning efficiency.
The national project "Education”, which determines newest educational
methods in the Russian Federation for 2019-2024, is aimed at achieving
global competitiveness of Russian education, as well as Russia's entry into
the top 10 leading countries in the world in terms of the quality of education
[3].

According to the national project “Education” information technologies
are being included everywhere in the educational environment at all
educational levels. The use of innovational information technologies will
provide the possibility of implementing distance learning, also that will
increase the motivation of the young generation due to modern multimedia
devices. Information technologies could provide new educational content,
which includes, in particular, 3D visualization, audio guides, 2D content.
Thanks to the IT education can become truly continuous and open.

Among the most popular modern information technologies in the field
of education, we can highlight Augmented and Virtual Reality (AR / VR)
technologies. These technologies are included to a list of supporting end-to-
end technologies of the Digital Economy of the Russian Federation program
[1, 4].

It seems appropriate to consider the experience of implementing modern
information technologies, in particular, such as augmented reality, as tools
that contribute to the development of educational motivation of students.
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Using augmented reality in education

Using computer graphics, computer vision and other technologies,
virtual objects are superimposed on the real world thanks to augmented
reality (AR). This enables users to see a new environment, which consists of
a mixture of the real world and augmented reality content using interactive
features (pic. 1) [7].

Augmented reality in education, according to experts, can increase the
motivation of the younger generation to study due to the “wow” effect, it is
also worth noting that augmented reality, due to its specificity, allows you to
implement new learning mechanisms that are based on the use of
visualization tools, which allows you to display more details about the object
being studied, which helps to increase the level of perception of educational
content and motivation for further learning [6].

Augmented reality can be implemented in many ways. There are
different tracking technologies — marker and markerless tracking. Marker
tracking is based on the detection of a special object — a marker, and then
placing digital content on this marker (see pic. 2). Markerless technology is
based on the use of computer vision algorithms to find suitable surfaces on
which digital content can be placed [8].

Camera

o’

- | A=

Symbol

Software

Virtual Object

Screen

Pic. 1 — Augmented reality principle

AUGMENTEDREALITY

Pic.2 — Recognition types in augmented reality
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There are some educational applications that use augmented reality. For
example, the application “Brainapse by Designmate” in augmented reality
explains the structure of the human skull, and also describes each stage of
brain development. The developers added the ability to learn how the brain
interacts with all the senses [5].

The advantage of this application is the realism of the developed 3D
animation, as well as the simplicity of the educational material. The
disadvantage is the presence of only the English version of the application,
moreover that app has the narrow focus of educational content.

The Insight Heart application with the help of augmented reality
displays how the human heart works, it has a detailed 3D model of the heart.
With the help of animation, it visualizes different stages of heart development
is implemented [5] (see pic. 4).

This app only supports English. Educational content is quite informative
and entertaining, thanks to the use of 3D animation, as well as a beautiful Ul
interface.

[~

. -
‘ 1. . -
H Normal 'FM Rate | | Myocardial (ffarction l Artarial Hygertension Atrial Fibrillation

3¢

Pic. 4 —Insight Heart app

Existing educational applications using augmented reality can perfectly
cope with the task of providing educational material in a beautiful,
understandable form, but not every application supports several languages.
To analyze the motivational effect of students using augmented reality, an
application was developed.

Developed educational application that used augmented reality

To test the effectiveness of using augmented reality technology in
educational applications, a mobile game was developed that helps children
(6-14 years) study the basics of physics (see pic. 5). It should be noted that
this application supports any number of languages. A localization system was
developed, it based on the generation of language dictionaries in JSON
format and further processing of dictionary data to localize the user interface,
educational content, and app audio.
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Pic.5 — An example of a developed application with AR

This application uses marker and markerless tracking technologies to
display educational content on the surface or on a special marker. To develop
this application, the cross-platform Unity3d engine, the C # programming
language, and the AR Foundation AR development kit were used.

The development algorithm depends on the selected tracking
technology; a schematic description of the development process is presented
in pic. 6

Marker tracking Plane tracking
ARFoundabon
ARFoundation
re!erir;:r{rnaoe - g ase Find suitable plane |« ARFlanetanagers
Generate image Visualize suitable
targets plane
t ARFoundation
Flace content Flace content ARRaycastManager
Application build Application build

Pic.7 — Development process

The use of this application for the purpose of teaching children physics
(on a test group) has shown good results for student’s motivation. The
following topics of the curriculum in physics were included in the
application: the basics of polarization, sound waves, gravity. At the end of
each lesson, a survey was conducted in order to obtain feedback on the
interest of students, the survey results were summarized in a final histogram
(see pic. 7).

153



How Interesting was the lesson to you? Rate the master class

Pic.7 — Test group survey histograms

The use of animated 3D content, as well as interactivity elements
increased the interest of students.

Conclusions

To increase the effectiveness of the educational process, it is necessary
to use advanced information technology. The use of augmented reality, as
one of the supporting end-to-end technologies, in educational applications
makes it possible to increase the motivation of the younger generation to
study educational material in connection with the multimedia presentation: it
is possible to use 3D animation, 2D animation, an audio and video guide.
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AHHOTaIIHH: B CTaTheC OTO6pa)KeHLI BO3MO>KHOCTHU HCIIOJIb30BaHUA
)IOHOHHCHHOﬁ PCaJIbHOCTU B o6yqa}oumx MPUIIOKCHUAX. OmnucaH OIBIT
pa3paboTKy NOA0OHOTO NPHIIOKEHHSI, & TAKIKE ITOJyYEHHbIE PE3YNIbTaThl IPU
aHanmu3e 3(PQeKTa MCHOIb30BaHUS Pa3pabOTaHHOTO MPUIOKEHUS B IEJISIX
oOyueHus jaerteil. Pa3paboTaHHOE NPHUIIOKEHHE IOMOraeT JCTSIM H3y4aTh
OCHOBBI (M3MKM B WIPOBOW HMHTEPAKTUBHOH (OpMe, C HCIOJIb30BAHUEM
Z[OHOHHEHHOﬁ PCaIbHOCTH, 3[[ aHUMalliu U ayauoruaa. B kauecTtBe CpCACTB
Jusi pa3paboTku  ObL1  BeIOpan gBmkok  Unity3d, a Takke s3bIK
nporpammupoBanus C#.
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Annotation: the article displays the possibilities of using augmented
reality in educational applications. The experience of developing such an
application is described, as well as the results obtained when analyzing the
effect of using the developed application for teaching children. The
developed application helps children learn the basics of physics in an
interactive game form, using augmented reality, 3D animation and an audio
guide. The Unity3d engine, as well as the C # programming language, was
chosen as a development tool.

Keywords: augmented reality, education tools, assistant, unity3d, c #,
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Relevance

Crimea is a region of the Russian Federation that has a lot of cultural
heritage sites. This is why there is an enormous flow of visitors. Statistics
show that Sevastopol has the largest number of tourists. This is since the
territory has unique historical and cultural monuments, including remains of
the times of the Crimean War, World War Il and other events. It has also
preserved material evidence dating from the beginning of the VI century BC,
which are now located on the territory of the State Historical and
Archaeological Museum-Reserve of Tauric Chersonesos.

The Smart City project, launched in Sevastopol, involves the
transformation of the urban environment through the use of information
technology [1]. This transformation is expected to happen in several ways,
which are determined by the Strategy of socio-economic development of the
city of Sevastopol for 2030. One of the priority areas for development is
tourism.

The fastest growing technologies in recent years are augmented and
virtual reality technologies [4]. It was decided to use these technologies in
order to increase the interest of the younger generation in history.

The augmented reality involves filling the real world with additional
elements from digital reality. For example, displaying a 3D model, photo
material, text information, video material on top of real world objects.

Mobile application SHAR

The developed SHAR mobile application acts as a platform that allows
you to aggregate any number of museum complexes and their historical
objects. The application uses augmented reality technologies to display
additional information about historical heritage objects.

The first museum complex, which was connected to SHAR, was the
ensemble of the memorial complex of monuments of the defense of the city
in 1854-1855, 1941-1944 "Malakhov Kurgan." The application contains
historical information, photo materials, as well as 3D visualized content on
several objects of the external exhibition of the Malakhov Kurgan memorial
complex. Due to the large amount of content uploaded to the application, a
method of its delivery to the user's device is required in order to reduce the
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final weight of the entire application. In the absence of a mechanism for
delivering the desired content in real time, the weight of the application will
increase each time with the addition of new locations, but the Appstore and
Google Play app stores limit the starting weight of the application. In this
regard, AssetBundles technology was selected for loading content in real
time. The main task is to allow the user to download the data set for the
selected museum complex, as well as the ability to delete the previously
downloaded collection to clear memory on your device [2].
Asset Bundles technology
Asset Bundles is a technology that allows to create files which can be
exported from the Unity editor and packaged into a file using its own
compression format. This allows the developer to set the loading logic of
various components, such as audio files, textures, 3D models. The main work
with AssetBundles is to create a set of files for packaging and installing this
assembly on the server. Also, the developer must consider the logic of
choosing one or another assembly from the server using AssetBundles.
Further operation of the technology consists of adding / removing assemblies
and editing the logic of their loading. The process of storing asset bundles
with necessary content takes place on the Unity3d development platform
using AssetBundleBrowser. Bundles for the target platform are being
assembled in the same window. After that, the generated files are uploaded to
the server by FTP access.To download stored AssetBundles, a special class
AssetBundlesLoader.cs was created. A part of the request code for the
required set of bundles is presented below. The AssetBundlesLoader.cs class
itself contains a larger number of lines of code, some of which are
responsible for manipulating the assets downloaded from the server, and the
other part is responsible for processing errors from the server, as well as
functions that describe how to access previously loaded assets. The
functionality of the cache system for downloadable assets is also described in
this class.
IEnumerator DownloadAndCache (){
while (!Caching.ready)
yield return null;
usingWWWw — www = WWW.LoadFromCacheOrDownload
(BundleURL, version){
yield return www;
if (www.error != null)
throw new Exception("WWW download had an error:" +
WWW.error);
AssetBundle bundle = www.assetBundle;
if (AssetName ==""")
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Instantiate(bundle.mainAsset);
else
Instantiate(bundle.LoadAsset(AssetName));
bundle.Unload(false);

}

Picture 1 shows an example of content uploaded to a mobile application
using Asset Bundles technology.
App development process

L far he [EE AR &0
PIC 1- Example of loaded information from bundles

Using the Unity3d game engine, C # programming language, Vuforia
augmented reality development kit, a mobile application was developed, the

structural diagram of which is shown in pic. 2. It depicts the relationship
between the main application modules and their corresponding technologies.
This structure is typical for AR applications [3] developed using Unity and
Vuforia.

The block that containing the application logic is central and provides
control of the marker recognition subsystem through Vuforia tools, selection
and loading of content, and control of the display of the interface using
Unity. After activating the

augmented reality mode, an image is formed in the mobile device,
which is transmitted for processing and matching based on the marker base.
In the case of a successful match, content is generated corresponding to the
object to which the AR marker is mapped. The content is formed as follows:
information about the detected marker is transmitted to the application for
processing and rendering. Rendering also interacts with a repository that
provides content data to the application. After rendering is complete,
everything is transferred to the phone display.
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Pic. 2 — App architecture [4, p. 16]

For the developed application, the marker database on the Vuforia
platform was configured. Each marker was specially selected to reach a high
mark according to the Augmentable criterion (see pic. 3). The higher the

score, the more points on the marker for which you can hook digital content
in augmented reality.
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Type: Single Image

Status: Active

Target ID: c3aa7a64671b4015a1794b3ca8eb0635
Augmentabile:

Added: Nov 5, 2018 19:23

Modified: Nov 5, 2018 19:23

Pic. 3 - AR mode

Conclusions

As a result, a SHAR application was developed that uses augmented
reality. Also, subsystem for downloading data from a web server through the
use of AssetBundles technology was developed, which made it possible to
reduce the weight of the application downloaded to the Google Play or
Appstore application stores. The presence of this subsystem ensured the
flexibility of this application and the ability to connect any number of
memorial complexes and objects of cultural heritage. At the moment, the
application allows you to view 3D models in augmented reality. Also, in the
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form of a standard mode, you can view text, photo, 3D visualized
information and listen to the audio guide.
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AHHOTauMs. B cTaThe OMMCHIBAETCS OMBIT Pa3paOOTKH MOJCHUCTEMBI
MOJArPY3KH KOHTEHTAa C BeO-cepBepa i MoOuWabHOTO mpuioxenus SHAR,
KOTOPOE€ MO3BOJIACT O3HAKOMUTD IMOJIB30BaTEIA ¢ NAaMIATHUKAMH KYJIbTYPbl U
uctopun topoja CeBacToOmosisi, HCIONB3YyS TEXHOJOTHH BHUPTYaIbHOM
peanmsHOCTH, IpocMoTp 3D Moxmenelt u MOAPOOHYIO KOHTCKCTHYIO CIPAaBKY.
Taxxe B TEKCTE CTaTbH HOle06HO OInMcaH MCEXaHU3M pa60TLI BLI6paHHOfI
TEXHOJIOTMHU KaK [0, TaK U IOCJIC BHCAPCHUA eé B paBpa6aTLIBaGMBII71 IIPOCKT.
IMomumo omucanust pabotel AssetBundles, B ctathe mpUCyTCTBYET OMUCAHHE
TIPWIIOKEHUST U TeMBbl pa3paboTku. [yt pa3paboTKH OBIIM HCIIONIB30BaHbI:
miarpopma paspadotku Unity3D, si3bik mporpammupoBanus C#, KOMIUICKT
paspaborunka AR — Vuforia, a Taxke texuomorus AssetBundles ms
MOATPY3KU KOHTEHTA.

KiroueBble ciioBa: ucTopusa, NMaMATHUK, IOIIOJIHCHHAsA pE€ajlbHOCTD,
uudpossle TexHojoruu, assetbundles, augmented reality, Unity3d, C#.

Annotation. The article describes the experience of developing a
subsystem for loading content from a web server for the SHAR mobile
application that allows to familiarize the user with the cultural and historical
potential of Sevastopol city. Also in the text of the article, the mechanism of
operation of the selected technology is described in detail both before and
after its introduction into the developed project. In addition to the description
of AssetBundles, the article contains a description of the application and
development topics. Development stack were: Unity3D engine, the C #
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programming language, the AR-Vuforia development kit, and AssetBundles
technology for loading content were used.

Keywords: history, monument, augmented reality, digital technologies,
assetbundles, Unity3d, C #.
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Introduction

In September 2019, the Russian Federation hosted the final of the
Digital Breakthrough competition for IT professionals, which was the largest
hackathon in the world and entered the Guinness Book of Records. As part of
the competition, development teams were asked to develop solutions to
problems from real sectors of the economy and public life.

One of the teams of Sevastopol State University took on a task from the
Ministry of Industry and Trade of the Russian Federation - to develop an
AR/VR solution for quality control of the implementation of special
technological processes at industrial enterprises.

The developed prototype was included in the top 10 solutions of the
nomination, which made it possible in December 2019 to receive grant
support from the Innovation Assistance Fund under the program “UMNIK —
Digital Breakthrough 2.0”.

Augmented Reality in Industry

The list of the most significant and basic cross-cutting digital
technologies for the Russian Federation is defined in the National Digital
Economy Program [1]. Among these technologies is augmented reality,
which, according to the company's analytical research (PwC), is among the
eight key technologies that will have a significant impact on the business in
the near future [2].
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Augmented reality (AR) implies the possibility of adding elements of
the digital world to the real world. That is, it becomes possible to supplement
a real physical object with a visual series of additional information:
photographs, 3D-models, audio information, video information.

AR technology can be implemented using marker, markerless and
spatial tracking.

Marker tracking is based on the recognition of a specially placed object
in the outside world - a marker. As a marker, as a rule, images with high
definition and contrast appear; when it is detected, elements of augmented
reality are recreated. Markerless technology is implemented using computer
vision algorithms that recognize real-world objects for which (or on which)
you want to place digital content [4]. Spatial tracking is based on the
geolocation and parameters of device sensors, information is generated and
visualized depending on the spatial position of the observer, taking into
account the orientation, angle of inclination and other parameters that are
recorded by the sensors of the mobile device.

Existing industry solutions on the market, as a rule, are aimed at
providing materials — instructions for carrying out technological operations,
in order to facilitate familiarization with equipment, its operation and
maintenance. Some solutions allow you to get the parameters of operations.

The Munich Institute of Technology has created a platform for
industrial AR-solutions, which allows using portable devices to project
augmented graphics on real products. Boeing with the help of AR solved the
problem of installing components of on-board systems of aircraft,
interconnected by a complex system of wires with control of installation
parameters. Employees accelerated the assembly of harnesses and reduced
the risk of making a mistake through the use of technology. Drillmec
introduced augmented reality in the daily work of employees performing
maintenance, monitoring and repair tasks in areas remote from the enterprise.
Each of these solutions allowed either to increase the volume of work
performed, or to reduce the number of errors made during technological
operations.

Special technological processes

Special technological processes are processes whose results cannot be
fully verified by subsequent control and testing of products and whose
shortcomings can only be identified during the use of products.

That is, components and assemblies assembled with errors made in
special technological processes are identified already at the operational stage,
which for a number of industries (automotive, aircraft manufacturing, etc.) is
often critical for human safety and / or entail large financial losses.
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An example of such operations can be: hardening of holes by turning
and sealing, which are carried out during the installation of critical parts in
the manufacturing processes of products Tu-214, Tu-160, Tu-22M3.

At the moment, the problem is solved by the presence of a person
during a special technological operation, whose responsibility is to monitor
the compliance of the process with the flow chart. As a rule, this is a
specialist of higher qualification, and this, in turn, is an additional financial
cost.

3D Content Modeling Approaches

Various techniques are used in particular to create 3D content and 3D
models. There are three most common [3]:

1. Laser scanning;

2. Photogrammetry;

3. Modeling from scratch.

Laser scanning technology is based on the use of a laser. Laser scanner
(see fig. 1) is a device for collecting point clouds from real-world objects.
The principle of its operation is based on the emission of a stream of infected
particles (laser) in different directions at a high speed (millions of operations
per second). The beam reflected from objects is absorbed by the scanner,
which allows you to determine the exact coordinates of the point from which
the laser was reflected in space. Thus, a cloud of points is formed, from
which you can subsequently create a 3D model.

Figure 1 - Laser Scanner Example

Photogrammetry technology allows you to create 3D models using
photographs. A certain object is shot in various angles. Further, in a special
program, photographs are processed in several stages:

1. Creation of engagement points (primary cloud);

2. Creating a dense cloud;

3. Creating a mesh model;

4. Creation of development and textures;
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5. Model optimization;

After these steps, the object model is ready for use. Photogrammetry
technology allows you to create high-range models of high quality and ultra-
high detail in a relatively short time. Also, photos, in addition to creating the
model itself, allow you to create textures for this model.

The modeling technology from scratch is based on building a model
using special programs, Figure 2, directly on the computer. This technology
is simple and reliable, since the modeler fully controls the process of creating
the model and can predict the simulation result in advance. The resources
required to create a model directly depend on the complexity of this model.
The quality of the model depends on one of the programmer’s knowledge of
the program.

Figure 2 — Modeling window

3D modeling approach chosen for the application

Laser scanning allows to scan many objects at a time, which is ideal for
modeling the environment. However, in order to create a complete model, it
is necessary to perform scanning several times from different angles, and
then combine point clouds in special programs. Moreover, to work with a
huge number of points, large computing power is required, and the resulting
clouds with the help of additional programs must be converted into 3D
models.

Photogrammetry allows to create high-quality models, but in the same
way as laser scanning requires large computing power. In addition, the
complexity of creating a model is directly proportional to the size of the
recreated object — the larger the object, the more resources will be required to
model it. However, this technology is ineffective in creating models of small
sizes and low detail.

Modeling from scratch is well suited for modeling objects of simple
shape. Due to the ability to fully control the process, the modeler can create
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simple models in a relatively short time. Therefore, to create 3D content of
this application, it was precisely the modeling technology from scratch that
was chosen.

Proposed solution

The proposed solution connected to the main enterprise data
management systems, interacts with PLM, PDM, ERP systems. This is
necessary to obtain process maps for special processes performed, as well as
to implement a reporting system on the parameters of operations performed.

The developed solution is a client-server application with the ability to
run on augmented reality glasses. The client is implemented using the
Unity3D real-time 3D application development platform. The server part is
implemented using php, MySQL, Mongo. Such an approach provides a
competitive advantage in the form of the ability to collect, store and analyze
the sequence of actions when performing special technological processes to
generate a recommendation system to increase the efficiency of tracking the
quality of special technological processes. It is also expected to generate
reports on the work performed in the form of statistical time data, as well as
the attached video, audio and photo materials on the work performed.

Using augmented reality in this solution allows you to:

1. Fix the correct execution of each technological operation (including
special);

2. Report errors and provide instructions in the form of 3D images,
audio guide, photo materials.

3. Generate a report on the completed technological process with
execution parameters.
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OMUCAaHO TMpeJjaraéMoe MPOrpaMMHOE  peIIeHWe C  TEeXHOJIOTHeH
JIOTIOTHEHHO# peanbHOocTH (AR), ommcaH mporecc BBIOOpa TMOIXOSAIIETO
crocoba monenrpoBanns 3D KOHTEHTa ISl JAHHOTO TPUIIOKEHUS.

KaoueBble cioBa: CrHenualbHBI  TEXHOJOTHYECKUH  Mmporecc,
AOMNOJIHEHHAsA PEAJIbHOCTh, KOHTPOJIb BBINIOJIHEHUSA, CPEACTBA O6y‘{CHI/I}I,
accUCTEHT, MOMOIIHKMK augment reality, Unity3D, C#.

Annotation. The article considers the problem of quality control of
performing special technological operations in production and describes the
proposed software solution with augmented reality (AR) technology,
describes the process of choosing the appropriate 3D content modeling
method for this application

Keywords: special technological process, augmented reality, execution
control, training tools, assistant, assistant augment reality, Unity3D, C #.
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Introduction. In the modern world Near field technology (NFC) is
widely used communication. This technology is used in various areas of life:
electronic payment methods, access control systems, the relationship between
devices, and others. NFC technology is based on the principles of radio
frequency identification, that is, technology transmitting information over a
radio channel that supports both active and passive channels devices. This
principle of operation greatly facilitates everyday operation and increases the
reliability of many systems [1].

The use of devices based on NFC technology in access control systems
allows you to create effective security systems at the workplace and in the
office, including mobile checkpoints or to control access to specific locations.

Materials and methods. Communication in NFC is carried out in the
same way as in RFID technology. By inducing a magnetic field between two
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frame antennas located within the near field of each other, a transformer with
an air core is formed. This standard operates in the publicly available and
unlicensed radio frequency range, the ISM band is an industrial, scientific
and medical frequency of about 13.56 MHz and a bandwidth of almost 2
MHz. According to the type of operation and method of transmitting
information, access control installations are Autonomous, network, and
wireless.

Autonomous systems are systems that provide control over a separate
(office, store, etc.) or several premises United by a common purpose, when
the work is controlled by a separate (Autonomous) controller. In such
installations, the control controller is not connected to other electronic control
devices, but operates independently. The access point to the controlled
territory is usually the entrance door. An electronic lock or latch is used as an
Executive mechanism in Autonomous control systems, and the identifier is
an access control card with various types of readers (bar, magnetic,
proximity). An Autonomous controller usually works only "at the entrance”
of the controlled territory, and "at the exit" control buttons or sensors are
used.

Network systems are equipped with a more powerful and functional
controller (or group) that ensures the operation of ACS in large areas where a
large number of people can simultaneously be located. In such systems,
access points are passageways or other structures, and turnstiles or gateways
are used as the Executive mechanism. IDs can be of various types, and the
actuators themselves are equipped with remote readers [2].

Results. The device being developed will solve the problem of
accounting for students ' attendance at classroom classes. The device will
consist of an antenna, a high-frequency NFC transceiver, a controller, and a
Wi-Fi adapter. To configure the microcontroller, you can connect via USB.

Each student entering the classroom will have to attach an individual
card to a high-frequency transceiver that uses NFC technology, where the ID
from the card will be transmitted. The NFC transceiver is connected to the
microcontroller via the SPI bus. From the microcontroller, data is transmitted
via a Wi-Fi adapter to a remote host, which forms a database of students.

To solve this problem, the block diagram of a high-frequency NFC
transmitter must include the following elements: a receiving antenna for
directly reading or writing data to the card; a scheme for combining reception
and transmission channels; a receiving channel for receiving and transporting
information from the card; a transmission channel for writing information to
the cards; a node for processing transmitted or received information; the
UART interface manages the requirements for communication protocols
together with the controller; a register Bank; FIFO buffer for fast and
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convenient data transfer from the controller and UART and Vice versa; SPI
interface for communication between the transceiver and the controller [3].

The controller is used for receiving information from a high-frequency
transceiver and transmitting it to a Wi-Fi adapter for subsequent transmission
to a remote attendance tracking server.

The study determined that the structural scheme of the controller should
include: a CPU for controlling all processes; the SPI interface for
communication of controller with high frequency NFC transceiver; interface
GPIO for connection of the controller with the Wi-Fi module; UART
interface for communication of controller with PC for firmware.

The Wi-Fi transceiver will transmit data about passing students to a
remote server with a database. To solve this problem, the structure diagram
of a Wi-Fi transceiver must include: the GPIO interface for communicating
the transceiver with the controller; a microprocessor for connecting the
device to the Wi-Fi network; an antenna for receiving and transmitting
information in the Wi-Fi network. Figure 1 shows the developed flowchart.

Reception
channel
Scheme for p h . "
combining reception The processing Interface
Antennal €| and ransmissi node [>! UART
channels - |
Transmission
channel ¢ ¢
FIFO buffer Register bank
Wi-Fi Node .
h Central controller SPlinterface
ANENaZ €% o ceiver €] 1 approvals [
Configuration
memory USB interface | USB-interface
Wi-Fi | controller [€

Fig. 1 — Block diagram of the device

Discussion and Conclusions. Thus, in the course of the work, a block
diagram of the NFC reader was developed. The reader consists of the
following elements: 1) a high-frequency NFC transceiver that will directly
read data from cards at a frequency of 13.56 MHz and transmit card IDs to
the controller; 2) a controller that will receive information from a high-
frequency transceiver and transmit it to a Wi-Fi adapter for subsequent
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transmission to a remote server; 3) the Wi-Fi transceiver will transmit data
about passing persons to a remote server for saving in the database.
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AnHoTanusi. B [okmame paccMaTpuBAaROTCA ATambl  pa3pabOTKU
cunThiBaTeNs, pabotatomiero 1o Ttexuosoruu Near field technology
communication, Ui KOHTPOJII MOCEIaeMOCTH CTyJeHTOB. O003Ha4YeHBbI
OCHOBHBIE y3JIbI YCTpPOWCTBa, TakuWe Kak: BbICOKOYAcTOTHBIH NFC
CUMTBIBATENb; IICHTPAJbHBIN KOHTpOUIep A 00pabOTKM  JaHHBIX,
MONMYYCHHBIX CO CUYHUTHIBATENs; NpUEMOIEpeNaTyiK, paboTaromuil Mo
texuonoruu Wi-Fi aist mocnenyromieii nepeiaun JanHbix; Koutposuiep USB
uHTEepdeiica Il MepBOHAYAIFHOW HACTOWKH ICHTPAThbHOTO KOHTPOJUIEpA.
PazpaboTana Oyo0k-cxema yCTpOHCTBA.

Kawuesbie caoBa: Wi-Fi, NFC, cuuThiBatesib, MUKPOKOHTPOJLIED,
KOHTPOJIb JOCTYIIa

Annotation. The report discusses the stages of developing a reader that
uses Near Field Communication technology to monitor student attendance.
The main nodes of the device are indicated, such as a high-frequency NFC
reader; a Central controller for processing data received from the reader; a
transceiver operating on Wi-Fi technology for subsequent data transfer; a
USB interface controller for initial configuration of the Central controller. A
block diagram of the device has been developed.

Keywords: Wi-Fi, NFC, reader, microcontroller, access control
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Introduction. In the ultra high frequency and microwave frequency
ranges, the interaction between the reader and the RFID tag of RFID systems
is carried out only through electromagnetic coupling. In RFID systems, there
is usually no fixed mutual orientation between the mobile transponder
antenna and the reader antenna. This can lead to random read range changes
that are random in nature. This problem can be solved by using a circular
polarization reader in the antenna [2, 3, 4].

Materials and methods. Circular polarization antenna provides
uniform reading of tags with an random orientation. RFID systems operating
in the far field often use resonant antennas. The ratio of the antenna size and
the length of the emitted wave strongly influences the nature of the input
impedance. The best relationship between antenna size and wavelength is the
approximate equality of the length or perimeter of the antenna and the
radiated wavelength.

If this equality is observed, the reactive part of the radiation resistance is
minimal, and the active part tends to its maximum value. Consequently, the
antenna begins to work as a resonator, thereby radiating more efficiently.

Currently, in all countries, the most commonly used RFID frequencies
in UHF range (866-920 MHz). For further research, we selected 900-930
MHz frequency range.

Results. The objective is solved by using a patch antenna in the form of
a disk [1]. It is an air-filled antenna without dielectric substrate. The antenna
is linearly polarized as standard. To obtain circular polarization, it is
necessary to cut off the edge of the disk and place the power point
asymmetrically. The shape of antenna is shown in Fig. 1. The length of the
antenna perimeter should be comparable with the central operating frequency
of the antenna.
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The diameter of the emitter is 140 mm, the shield is made in the form of
a square with a side of 22 mm, the distance between ground plane and the
radiator is 2 mm. Power is supplied via the SMA connector.

The antenna allows to provide the possibility of obtaining axial
radiation with circular polarization for a microstrip structure with overall
dimensions much smaller than the resonant wavelength, which allows you to
create an antenna for identifying radio frequency tags of the range of 900-930
MHz.

The structure was modeled using the FEKO electrodynamic modeling
package. Fig. 2 shows a three-dimensional radiation pattern of a circular
patch antenna of circular polarization without a dielectric substrate. Fig. 3
shows a graph of the dependence of the VSWR on the frequency in the
working frequency band.

Ground plane

Radiator

Feed point |

Fig. 2 — Three-dimensional radiation pattern of antenna
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Discussion and Conclusions. By modeling, a circular polarization
antenna was created. The analysis of radiation patterns confirms the presence
of axial radiation with a circular polarization orthogonal to the plane of the
substrate. Gain in the operating frequency range is 8.8 dBi, VSWR not more
than 2. The beam width of the directional diagram is 65 degrees in the
vertical and horizontal planes. The ellipticity coefficient is 0.88. Using of
patch antenna technology made it possible to obtain miniature antenna sizes
without loss of performance. Selected technology simplifies the
manufacturing of the device and provides high repeatability of the
characteristics of the antenna. SMA connector allows to use an antenna with
a 50 Ohms coaxial line.
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AnHoTamusi. B mokmame  paccmaTtpuBaeTcss  MajorabapuUTHBIN
MHKpOHOHOCKOBBIﬁ N3JIy4JaTelib HAa OCHOBE YCE€UYECHHOI'O Kpyra I CUCTEMBIL
pagrovacToTHOH wuAeHTH(HUKamuu auamnazoHa dactor 900-930 M.
B516paHHa}1 KOHCTPYKOHUSA AHTCHHBI ITO3BOJISICT obecreunTs N3JIYUYCHUE C
KpyroBoi mojsipu3aleil B 3alaHHOM YacCTOTHOM [uanasoHe. B pesynbTaTte
MOJICIMPOBAHMS TIOJTydeHa IaT4-aHTeHHa ¢ KOA(QQHUIMEHTOM YCWICHHS B
paboueii nonoce yactot 8,8 1bu u KCB He 6onee 2. [Tonspusanns kpyrosas
ImpaBasd. IHI/IpI/IHa Jiyda OguarpaMMbl HalpaBJICHHOCTU B IIJIOCKOCTHU
M3JIyYeHHs] COCTaBiIsAeT 65 rpanycos, a koddduuuent ammuntuanocta 0,88.
DKBHUBAJIEHTHOE BOIHOBOE COIIPOTUBJICHUC BXOJia aHTCHHBI COCTaBJISACT
50 Om.

KiroueBble coBa: TEXHOJIOTHSI PaJMOYacCTOTHOW  WAECHTH(UKALNY,
paano49acTOTHbIC METKH, AHTCHHA, CBLI, KOHTPOJIb JOCTYyIIa

Annotation. The report considers a small-sized microstrip radiator
based on a truncated circle for a system of radio frequency identification of
the frequency range 900-930 MHz. The selected antenna design allows for
radiation with circular polarization in a given frequency range. As a result of
the simulation, a patch antenna with a gain in the working frequency band of
8.8 dBi and VSWR of no more than 2 was obtained. The polarization is
circular right. The beam width of the radiation pattern in the radiation plane
is 65 degrees, and the ellipticity coefficient is 0.88. The equivalent
impedance of the antenna input is 50 Ohms.

Keywords: radio frequency identification technology, RFID tags,
antenna, UHF, access control.

UDC 621.391
DISTANCE LEARNING ORGANIZATIONS FOR IP
TELEPHONY BASICS
Alexandr Savochkin
candidate of technical sciences, associate professor
Department «Radio Electronics and Telecommunications»
Sevastopol State University
Pavel Koptsev
1% year master student,
Department «Radio Electronics and Telecommunications»
Sevastopol State University
e-mail: pashakoptsev@gmail.com
Osman Abdulgaziev
1* year master student,
Department «Radio Electronics and Telecommunications»
Sevastopol State University
e-mail: osmandinho@mail.ru

173



Introduction. It is known that today IP telephony is increasingly
replacing traditional telephony communication, mainly for the following
reasons: ease of deployment, low cost of use, easy configuration, good
communication quality and the ability to provide a secure connection. When
training specialists in the field of telecommunications, special attention is
paid to the study of configuring the Session Initiation Protocol (SIP) — one
of the IP telephony protocols [3].

Materials and methods. The paper considers the possibility of
implementing a laboratory work "IP telephony system Research" on the
academic discipline "Fundamentals of building infocommunication systems
and networks" for students of the training direction 11.03.02
"Infocommunication technologies and communication systems”. The method
of performing laboratory work is based on a sequential study of: the
theoretical principles of packet telephony, the principles of building
converting equipment and methods for configuring equipment on the
example of the SIP Protocol.

In the case of IP telephony, voice signals are converted into data
packets, which are then encoded. These data packets are then sent over the
Internet to the receiving party. When data packets reach the destination, they
are decoded into an analog voice signal. In this case, the voice signal is
transmitted digitally over the communication channel and, as a rule, is
converted before transmission in order to remove the redundancy of
information that is present in the PCM signal, and as a result reduce the load
on the data transmission network [2].

To connect an IP telephony system to a public switched telephone
network (PSTN) when using voice gateways, the choice of a specific gateway
option depends on the type and number of interfaces used to connect to the
PSTN. Gateways are used when connecting an IP telephony system to a
previously installed PBX.

Most of the gateway functions within the TCP/IP architecture are
implemented in application-level processes. The rational solution of all the
functions of signal processing and maintaining the telephone interface is
usually performed on a digital signal processing processor. An example of a
signal processing scheme in a gateway when connecting an analog two-wire
PSTN telephone channel is shown in fig. 1.

The telephone signal from the two-wire subscriber line is transmitted to
the differential system. then the signal goes to Analog to Digital Converter
(ADC) and turns into an 8-bit signal encoded by A - or p- law. In the echo
canceller, the remnants of the received signal are removed from the
transmission signal. Detectors of the corresponding types are used to detect
and determine signals of in-band multi-frequency telephone signaling (Multi
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Frequency, MF), Dual Tone Multi Frequency (DTMF) or pulse signal sets
[1].

The device Voice activity output
ADC i subtraction detector L) v
A A
to phone line
> Differential Filter -  Speech coder
system
b T input
Detector
DAC - Speech decoder {4 DTME
. Multi-frequency
Noise generator [« signal detector

Fig. 1 — Telephone signal processing Diagram in a VVoIP gateway

Further processing of the input signal occurs in the Speech Coder. In the
encoder analyzer, the signal is divided into separate fragments of a certain
duration (depending on the encoding method) and an information frame of
the appropriate length is mapped to each input block.

Part of the parameters calculated in the encoder analyzer is used in the
voice activity detector (VAD) block, which determines whether a speech
signal or pause is received in the channel. If there is a pause, the information
frame is not transmitted further. On the receiving side, the logical channel
receives either an information frame or a sign that there is a pause.

On frames of pauses, instead of a speech synthesizer, the Noise
Generator is turned on, which restores the spectral composition of the pause
signal. The presence of an information frame includes a speech decoder,
which generates a speech signal at the output. Depending on the type of
digital to analog converter (DAC), the signal is encoded by A - or p-law. The
task of implementing VAD is closely related to building codecs. The main
difficulty is detecting speech pauses correctly against the background of
intense acoustic noise, such as street noise or other sources.

Laboratory work is performed simultaneously by two students, each
student installs software on their personal computer to perform laboratory
work. You can perform laboratory work on portable devices, tablets, and
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smartphones. To do this, you must provide Internet access on the devices you
are using. A simplified block diagram of the equipment used for laboratory
work is shown in fig. 2.

Results. To perform this work, we suggest using the MicroSIP software
SIP phone, designed to work under the Windows operating system. After
starting the MicroSIP program, go to the account settings mode and select the
menu item "Edit Account”, then fill in the form fields.

A sign of correct parameter input is the appearance of the Online label
in the lower-left part of the program window. When performing the first part
of the laboratory work, variants of IP telephony virtual PBX are used. A
cloud or virtual PBX is hosted on the operator's servers (in the cloud), and the
client does not need to install and maintain it on their own. Cloud PBX
allows you to distribute incoming and outgoing calls from your office, home,
or business.

| SIP server 1 | | SIP server 2 |
Internet service Internet service
provider 5 > provider
equipment 1 equipment 2
Personal Personal
computer 1 computer 2

Fig. 2 — Block diagram of the laboratory installation.

The second part of the research requires you to prepare for the study of
SIP connections using the Internet resource call2sip, to do this, open the main
page of the site on the student's PC call2sip.ru. When you start the page, you
may receive a request for permission to access the microphone, which you
must answer in the affirmative.

Students after logging in to the site call2sip.ru, must exchange the sip
addresses assigned by the service (using social networks or email, example of
an address 05741778@call2sip.ru) and perform an alternate connection from
the 1st student to the 2nd student and Vice versa, controlling the quality of
communication by transmitting multiple sentences. The results of the
connection should be evaluated on a 10-point scale and entered in the table.

Discussion and Conclusions. You can perform laboratory work on a
tablet or smartphone. To do this, you can use programs for the Android
operating system. For example, SIPDroid or Linphone. The report should
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include the results of evaluating the quality of the connection in the echo test
mode during a call and the amount of time delay.

It is important that the proposed research methodology for SIP
technology ensures its implementation in remote mode, which is especially
important in the conditions of the spread of coronavirus infection.
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AnHoranusi. B pabore paccMoTpeHa METOAMKA TPAKTHYECKOTO
HCCIICAOBAaHUS W TONYYCHHS HaBBIKOB HacTpoiiku SIP oGopynoBanus
CTYACHTAMU TCJIICKOMMYHUKAITMOHHBIX HaHpaBﬂeHHﬁ, Ha nmpuMepe
opraHuzaiuu J1labopatopHoil paboThl B JUCTAHUUOHHOM  QopmarTe.
[IpeumymiectBa pa3pabOTaHHOW METOAMKH 3aKIIOYAeTCd B BO3MOXKHOCTHU
peaiunsanu HCCJ’IC}IOBaHI/Iﬁ Ha JIMYHBIX TI€PCOHAJIBHBIX KOMIIBIOTEPAX
MoJIb30BaTeIe IPH  HCIOJIB30BAaHMM  CBOOOJHO  pacIpOCTPaHAEMOro
MPOTPAaMMHOTO OOCCIIEYCHUsI U CETeBBIX pecypcoB [P-temeonun B
Unrepner. IlpennoxeHHbIH BapuaHT METOAMKH MPOBEPEH MPaKTUYECKH
BecHOU 2020 1. Ha Kadenpe «PamuolNeKTpOHMKA W TEICKOMMYHHKAIIIN
CeBacTOI0IbECKOTO TOCyAapCTBCHHOTO YHUBCPCUTCTA.

Krouessie cioBa: naboparopnas padora, ADC, DAC, SIP, IP.

Annotation. In this paper, the method of practical research and
obtaining skills for configuring SIP equipment by students of
telecommunications areas, on the example of organizing laboratory work in a
remote format, is considered. The advantages of the developed method is the
possibility of implementing research on personal computers of users using
freely distributed software and network resources of IP telephony on the
Internet. The proposed version of the method was tested almost in the spring
of 2020 at the department of Radioelectronics and telecommunications of
Sevastopol state university.

Keywords: laboratory work, ADC, DAC, SIP, IP.
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Introduction. The initial tasks of organizing IP-telephony in the office
is to create five jobs with the following functions: internal SIP numbers, SIP
trunks (for making external calls using the SIP protocol), inbound and
outbound routes, call forwarding capabilities, the ability to record telephone
conversations, the possibility of forming a greeting, Interactive Voice
Response (IVR). To solve the above problems, you can use the software
implementation of the PBX — Asterisk [1].

Materials and methods. SIP is an application layer protocol of the OSI
model that describes the methods and rules for establishing Internet sessions
for exchanging multimedia information, such as sound, voice, video,
graphics, etc. As transport protocols, SIP supports: UDP, TCP, SCTP, TLS.
SIP protocol has a client-server model.

Private Business eXchange (PBX) is a telephone exchange that serves a
private organization, permits sharing of central office connecting lines
between telephones, and provides communication between internal
telephones within an organization without using external lines.

Each device (telephone, fax, computer modem) connected to PBX is
called an extension number and has a specific internal phone number, which
can be automatically matched with the central office’s numbering plan and
the block of telephone numbers, designated PBX.

Using a private telephone exchange allows you not only to reduce the
cost of internal phone calls, but also to implement services that are not
available on a public network.

Asterisk PBX is a universal system for organizing IP telephony, which
fully provides the functions of a regular telephone exchange. Asterisk is a
virtual telephone exchange. To access it, you must connect to the corporate
network of the enterprise.

Results. At the first stage, one IP-phone will be used to organize
telephony. The remaining four analog phones will be connected to the
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network via a DVG-5004S type VOIP gateway, which is intended for
converting an analog telephone signal into a digital signal. Such a solution
will reduce the cost of implementing the project. The selected gateway has
four FXS ports, therefore, four analog phones can be connected to it. The
block diagram of the equipment connection is shown in Fig. 1.

At the first stage, internal SIP-measures are created. In order to assign
the created internal number to the IP phone, it is necessary to specify the
address of the SIP server in the phone settings, as well as the username and
password that were specified when creating the SIP number [2]. In the VOIP
gateway, the login and password of the SIP number are separately assigned to
each FXS port.

Next, SIP trunks are configured. The SIP trunk defines the set of
properties required to make external calls using the SIP protocol. Such as
authentication, callerid, number of channels, the presence of network
broadcasts (NAT) and other properties for generating the correct SIP
requests, the codecs used, the context for processing incoming calls, etc.

Settings are divided into three main sections:

1. Basic settings. The main parameters of the SIP trunk are determined;

2. Outgoing settings;

3. Settings for incoming connections.

Next, incoming connections are configured. This module handles
incoming calls received from the standard FreePBX contexts - [from-trunk]
and [from-pstn]. Calls can be distributed by DID (Direct Inward Dialing),
Direct Incoming Dialing, or CALLERID of the caller [3].
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Fig 1 — System block diagram
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Based on the dialed number, the direction (trunk) for the outgoing call is
selected. The dialed number is divided into prefix and pattern and can be
modified after dialing. Routes are checked in the order of listing.
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PBX allows you to set up call forwarding between phones. The function
is implemented as follows. When you press “##” on the telephone, a call
diverting message appears. Then the extension number is dialed and “#” is
pressed.

Greeting can be added using the interactive menu. IVR also allows the
subscriber to choose the direction of his call (internal number or group of a
call). The transition can be made not only by pressing a button, but also by
timeout.

To record voice messages, you can use the corresponding module. If
you want to record a greeting, you can use two methods:

— record a new system message using the web interface and phone;

— download the file from the computer.

The second option will be used, since the record downloaded from the
computer can be pre-processed. Before you add an entry, you must reformat
it to wav format. And encode as PCM, 16 bit and 8000 MHz.

Discussion and Conclusions. Thus, the report examined the
possibilities of using the Asterisk virtual telephone exchange. Thanks to the
software implementation, it was possible to create 5 working internal
numbers with the ability to make incoming and outgoing calls. Also included
was the ability to record and redirect calls and added a greeting at the
beginning of a call.
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AHHOTal.[l/lﬂ. B JOKJIaa€ pacCMOTpE€Ha BO3MOXXHOCTH HCIIOJB30BaHUA
KOMMYHHUKAIIMOHHON TUIAaTQOPMBI C OTKPBITBIM HCXOIHBIM KogoM Asterisk
Juisi opranmsaiuu IP-tenedponnn B oducHoM mnomemeHun. Paspaborana
CTPYKTypHass CXEéMa CHUCTEMBbI. O0o03HayeHbl OCHOBHEIE HalpaBJICHUA
HacTpoiikn Asterisk s co3nmaHust npaBWIbHO (yHKIMOHHMpYroweil IP-
TeneoHnn B oduce: co3zgaHue BHYTpEHHHUX HOMepoB, SIP TpaHKOB,
BXOJAIIUX U UCXOOAIINX MaplIpyTOB, BO3MOXKXHOCTU N€peaapecalliv BbI30Ba
MEXOY CO3JaHHBIMHU HOMEpaMH, HOGaBHeHI/Ie TNIPUBETCTBUA U BO3MOXHOCTH
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3amucH pasroBopa. Takke paccMOTpeH mpumep HacTpoiiku SIP tenmedona u
VOIP nuto3a.

KawueBbie caoBa: SIP, Asterisk, Temedonuns, BHyTpeHHHII HOMep,
I3

Annotation. The report examined the possibility of using the open
source Asterisk communication platform for organizing IP-telephony in an
office building. A system block diagram has been developed. The main
directions for setting up Asterisk for creating a properly functioning IP-
telephony in the office are outlined: creating internal numbers, SIP trunks,
incoming and outgoing routes, the possibility of forwarding a call between
the created numbers, adding a greeting and recording capabilities of a
conversation. An example of setting up a SIP phone and a VOIP gateway is
also considered.

Keywords: SIP, Asterisk, telephony, extension, gateway
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Introduction. Modern technologies make it possible to use a radio
frequency identification system to ensure tracking of objects in a warehouse.
The problem arises of constructing miniature antennas with circular
polarization to save space and simplify the implementation of the system. For
this, it is proposed to use antennas of various shapes and configurations on
dielectric substrates. One variation of such antennas is a patch antenna in the

form of a circular meander line.
Main part. RFID systems often use resonant antennas. This means that
the dimensions of the radiating antenna are proportional to the wavelength.
The size of the antenna can be reduced by incorporating a dielectric substrate.
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Then the antenna size decreases in Ve, where ¢ — the dielectric constant. If
this equality is observed, the reactive part of the radiation resistance is
minimal, and the active part tends to its maximum value. Consequently, the
antenna begins to work as a resonator, thereby radiating more efficiently.

The task is implemented on the basis of the microstrip antenna type
meander-line. In fig. 1 shows the variants of the antenna topology on the
basis of a circular meander-line with different periodicity of the structure. An
antenna for an RFID system is made on the basis of a dielectric with a
relative dielectric constant of 5.6 with a conductor located on it, made in the
form of a microstrip line of an annular shape, the external diameter of which
is A / m, where A is the working wavelength.

The emitter has an outer diameter of 110 mm, internal 83 mm, with a
microstrip conductor width of 4.5 mm. The width of the conductor was
chosen based on the calculations carried out in the TXLine program in the
AWR Design Environment software package.

The antenna allows to provide the possibility of obtaining axial
radiation with circular polarization for a microstrip structure with overall
dimensions much smaller than the resonant wavelength, which allows you to
create an antenna for identifying radio frequency tags of the range of 866-915
MHz [1, 2, 3].

Fig. 1 — Antenna topology

The structure was modeled using the FEKO electrodynamic modeling
package. Fig. 2 shows a three-dimensional radiation pattern with a four-
segment meander line without a dielectric substrate. The report presents the
results of modeling the input characteristics of the antenna.
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Fig. 2 — A three-dimensional radiation pattern

Discussion and Conclusions. As a result of the simulation, an
embodiment of a circular polarized patch antenna based on a circular
meander line was considered. The antenna has axial radiation with circular
polarization. The influence of the periodicity of the meander, the width of the
emitter, the size of the dielectric substrate and the position of the power point
on the characteristics of the antenna is considered. The simulation results
showed that this antenna configuration is not suitable for solving the
problem. Since it was not possible to obtain a high gain and a standing wave
coefficient of no more than 2 in the required frequency band of 866-915
MHz.
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AHHOTaUMSA. B JIOKIazne paccMarpuBaercs peanusanus
MaJIOI‘aﬁapHTHOﬁ NnaT4-aHTCHHbI JJI1 CUCTEMbI y4€Ta TOBAPOB B CKJIAJICKOM
momemieHnn. IlpeamaraeTcst mcmonb30BaTh — W3MydaTrenb B (opme
MEaHAPOBOr0 KOJIbLA C pa3HOM NEPUOAMYHOCTBIO. B oKknane paccMOTpeHbI
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pasnudHbie KOH(QUTYpaIK BeIOpaHHOW Moaenu. [IpoBeneH aHamu3 BITVSTHHS
MEPUOJAUYHOCTU MeEaHJpa Ha [MUPUHY JOUarpaMMbl HalpaBJICHHOCTH,
BJIMAHUS IIUPUHBI U3JIy4aTeIId U pasMEpOB ,I[I/I3JICKTpI/I‘-IeCKOI\/'I IIOJJIOKKH Ha
KO3(1)(1)I/ILII/ICHT YCWICHHS U INHUPUHY ITOJIOCHI MPOITYCKAHUA, a4 TaAKKE BINAHUI
PacIioJIOKEHNUA TOYKH ITMUTAaHUSA Ha COTJIaCOBaHUE C JIMHAEH TIATaHHUSA C
SKBHUBAJICHTHBIM compoTuBieHrneM 50 OM IS CHCTEMBI PagrovacTOTHON
UACHTU(UKAIMY B TUATIA30HE YacToT 866-915 MIw.

KaroueBple cJIOBA: TEXHOJIOTHS pa)II/IO‘IaCTOTHOﬁ I/II[EHTI/I(I)I/IK&HI/II/I,
paauovacToTHbe METKH, anTeHHa, CBY, cknaackoil yuer.

Annotation. The report discusses the implementation of a small-sized
patch antenna for a goods accounting system in a warehouse. It is proposed to
use a radiator in the form of a meander ring with different periodicities. The
report examined various configurations of the selected model. The influence
of the meander frequency on the radiation pattern width, the influence of the
emitter width and the dielectric substrate size on the gain and bandwidth, as
well as the influence of the location of the power point on matching with the
power line with an equivalent resistance of 50 Ohms for a radio frequency
identification system in the frequency range 866-915 MHz.

Keywords: radio frequency identification technology, RFID tags,
antenna, UHF, inventory control.

UDC 621.391
REMOTE MODE FOR PERFORMING LABORATORY WORK
ON THE STUDY OF NETWORK CONTROL TOOLS
Alexandr Savochkin
candidate of technical sciences, associate professor,
Department «Radio Electronics and Telecommunications»,
Sevastopol State University
Osman Abdulgaziev
1*year student,
Department «Radio Electronics and Telecommunications»,
Sevastopol State University
e-mail: osmandinho@mail.ru
Pavel Koptsev
1% year student,
Department «Radio Electronics and Telecommunications»,
Sevastopol State University
e-mail: pashakoptsev@gmail.com
Introduction. In connection with the spread of coronavirus infection,
the Ministry of education and science of Russia switched the educational
process of educational institutions to a remote format, which required the
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adoption of emergency measures to adapt the educational process to the new
conditions of implementation. Significant difficulties arise for engineering
and technical specialties when organizing a laboratory workshop in a remote
format [1]. For example, as when using professional laboratory installations
[2]. However, for the educational disciplines of the telecommunications cycle
of the enlarged group of directions and specialties 11.00.00 "Electronics,
radio engineering and communication systems" for full-fledged laboratory
work, it is possible to use home network equipment and Internet network
resources, which is practically confirmed during training sessions in April -
May 2020.

Materials and methods. The paper considers the possibility of
implementing the laboratory work "Diagnostics of network operability and
control of availability to packet switching nodes” in the discipline
"Telecommunications systems" for students of the training areas 11.03.01
"Radio engineering”, 11.03.02 “Infocommunication technologies and
communication systems” and specialty 11.05.01 "Radio electronic systems
and complexes”. When performing the work, students get practical skills in
monitoring and diagnostics of telecommunications networks. The result is
achieved by experimenting with the health of network equipment and
evaluating the availability of packet switching nodes.

One of the basic commands of the diagnostic tools is the ping command
(Packet INternet Grouper-a tool for searching for network packets). Despite
its apparent simplicity, this command is enough to solve many problems. The
ping command exists on all network-enabled operating systems. The ping
command tests the network connection by transmitting diagnostic packets to
a specific node in the network. In turn, the node receiving such a packet must
respond and confirm acceptance. If the response is received, the system is
functional.

By sending echo messages over the Internet Control Message Protocol
(ICMP), a connection at the IP network layer Protocol level is verified with
another computer that supports the TCP/IP Protocol stack (Transmission
Control Protocol / Internet Protocol). The ping utility works if the TCP / IP
Protocol stack is functioning [3].

The ping utility is launched in the command console of the operating
system (OS). For example, to start the command console in a OS Windows
environment, click "start" — "Run", and type CMD in the command input
field, completing the input by clicking OK.

The tracert utility command defines the path to the destination point by
sending ICMP echo messages to the destination point with a constant
increase in TTL lifetime values. The output path is a list of the closest router
interfaces that are on the path between the source node and the destination
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point. The near interface is the router interface that is closest to the sender
node on the path.

This utility is a diagnostic tool designed to determine the route to the
destination. Each router through which the path passes must reduce the value
of its TTL field by at least 1 before further forwarding the packet. in Fact, the
TTL is the node counter. It is assumed that when the TTL parameter becomes
0, the router sends an ICMP message to the source system about the time
elapsed.

The tracert command defines the route by sending the first echo request
with a TTL field equal to 1, and increasing the value of this field by one for
each subsequent echo packet sent until the destination node responds or until
the maximum value of the TTL field is reached. The maximum number of
clicks is 30 by default and can be changed using the -h parameter [4].

The path is determined from the analysis of ICMP time-out messages
received from intermediate routers, and these are the destination responses.
However, some routers do not send time-out messages for packets with zero
TTL values and are not visible for the tracert command. In this case, a series
of asterisks (*) is displayed for the transition.

Results. The network configuration and equipment for performing
laboratory work is shown in Fig. 1. the Study is performed using a personal
computer connected to the Internet.

Internet provider

Desktop computer (g—p{ Hardware router |g—»
p comp network

Fig. 1 — Block diagram of laboratory equipment

The laboratory work is performed according to the options. The option
number is selected based on the last digit of the student’s credit card. The
initial data for performing the work is shown in table 1.
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Table 1 — Initial data for performing laboratory work

Number of the Internet resource
- Internet Resource
research option (alternate address)
1 list.ru sevstopol.ru
2 Sevsu.ru newsru.com
3 rt-sevastopol.ru mts.ru
4 rambler.ru volnamobile.ru
5 yandex.ru sevmobile.ru
6 gooogle.com amazon.com
7 test.com gap.com
8 radio.ru sport.ru
9 chat.ru libking.ru
0 sevstar.net mybook.ru

Next, you should investigate the response time for the specified network
resource using the ping command. If there are problems with the main
address shown in table 1, use the alternate address. When performing
research, you should change the size of the transmitted packet in the
following ranges of values:

— for the Internet resource:

32, 64, 128, 256, 512, 1024, 2048, 3072, 4096, 5120, 6144, 7168, 8192,
9216, 10240;

— for a local network resource (Run for the address of the nearest
network device. This is usually the main gateway, defined using the ipconfig
command):

1000, 2000,..., 10000, (in increments of 1000);
20000, 30000,..., 60000 (in increments of 10000).

If it is impossible to perform research for any combination of
parameters due to the remote server's failure to execute the command, make a
note of this fact in the results table. Based on the results of laboratory work, it
is necessary to draw reasonable conclusions that reflect the features of the
results obtained for all stages of the study. Next, trace the resources specified
by the task using the tracert command.

Discussion and Conclusions. The proposed version of laboratory work
shows the possibility of organizing remote research for educational
disciplines of the telecommunications cycle, which is shown by the example
of the laboratory work "network health Diagnostics and monitoring of
availability to packet switching nodes”. In addition, the method provides an
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opportunity to observe the regime of self-isolation, minimize social contacts
and implement all recommendations to prevent the spread of coronavirus
infection.
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AnHoTanusi. B pabore paccMOTpeHa BO3MOKHOCTh OpTraHU3AINH
J1a00paTOPHOTO MPAKTHKYyMa B JTUCTAHIIMOHHOM (hopMaTe Ijisi HHXKCHEPHBIX
HaHpaBHeHI/Iﬁ IIOArOTOBKH, qTO OCO6GHHO AKTyaJIbHO B YCIOBUAX
pacmpocTpaHeHHsT HOBOH KOpOHOBHUpYCHOW wHGpekuuu. I[IpoOnemaTrka
BOIpOCa CBsA3aHa C HCBO3MOKHOCTBIO p€ain3aliys MoAroTOBKU CTYJCHTOB 1O
HEKOTOPHIM ~ HampaBlieHHWsIM ©0e3 peanbHOH paboTBl  CTYJIEHTOB C
HpO(l)eCCI/IOHaJ'ILHI)IM 060py£[0BaHI/IeM. HGJ'H)IO pa60TI)I ABJIACTCA
OIPCACIICHUE BO3MOXHOCTU pcalin3alluiu naﬁopaTopHoro IpakKTUKymMa IJisd
YKpPYIHEHHOW TIpynmbl HampaBleHud u  coenuansHocTedr  11.00.00
«DNEeKTPOHUKA, PATMOTEXHUKA U CHCTEMBI CBS3M». [IpesioKeHHBIN BapHaHT
Opra’u3anuu HCCIIEIOBAHUHN IJIs. y4eOHBIX OUCUMIIINH
TEJICKOMMYHHKAIIMOHHOTO ITKJIa yCTemHo anpooupoBaH BecHoit 2020 . B
CeBacToMnoJILCKOM TOCYITAPCTBEHHOM YHUBEPCHUTETE.

KiloueBble cjioBa: J1a0OpaTOpPHBIA TMPAKTUKYM, JUCTAHIIMOHHBIN
pexuM, ceTeBoe 00opymoBaHue, ping, tracert

Annotation. The paper considers the possibility of organizing a
laboratory workshop in a remote format for engineering training areas, which
is especially relevant in the context of the spread of a new coronovirus
infection. The issue is related to the inability to implement training of
students in some areas without the actual work of students with professional
equipment. The purpose of the work is to determine the possibility of
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implementing a laboratory workshop for an enlarged group of directions and
specialties 11.00.00 «Electronics, radio engineering and communication
systems». The proposed variant of organizing research for educational
disciplines of the telecommunications cycle was successfully tested in the
spring of 2020 at Sevastopol state university.

Keywords: laboratory practice, remote mode, network equipment, ping,
tracert
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Introduction

Pattern recognition can be defined as the assignment of observed data
to a specific class based on the identification of the essential features
characterizing this data [1].

One of the common approaches to pattern recognition is the use of
trained models of artificial neural networks (ANNSs). ANNS training consists
in modifying the neuron link weights.

In this paper, the authors consider the task of visual recognition of
records in the examination sheets used in universities.

The scanned image of the sheet is fed to the input of the recognition
system. The main part of the statement is a table containing columns that
can be divided into 6 categories:

— printed text containing only numbers;

— printed text containing characters of the Russian alphabet;

— handwritten text containing only numbers;

— handwritten text containing only one character of the Latin
alphabet;

— handwritten text containing characters of the Russian alphabet;

— handwritten signature of the teacher.

Therefore, the data contained in the examination sheet are
heterogeneous and it was more expedient to decompose the task into
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specific subtasks. That is, for each category of records in the table creates
particular classifier. It should be noted, that in the current work the task of
recognizing the signature of the teacher is not considered.

Main part

The paramount task is to localize the location of the main table of the
statements and extract data. To solve this problem, it can apply the known
methods of data preprocessing, for example, morphological operations. In
paper [2], morphological operations are first applied to a previously
transformed binary image in order to find vertical and horizontal lines, and
then the contours of the desired objects are detected.

The extracted data from the main table will represent the input for a
specific classifier.

Visual recognition of both handwritten and printed characters can be
reduced to the following steps [3]:

— image preprocessing;

— segmentation characters;

— feature extraction;

— classification.

As noted above, one of the most effective recognition tools is ANN.
Today, there are a large number of different models of neural networks for
character recognition.

To solve the problem of recognition of printed text, LSTM networks
are well used [4]. In that article, the author compares the effectiveness of
the proposed method with then existing computer vision systems, for
example, Tesseract. LSTM networks are a kind of recurrent neural networks
with long-term short-term memory, which allow solving problems of
context-oriented processing [5].

The recognition of printed numbers can be solved using LSTM
networks, which are supplemented by segmentation methods based on
morphological operations and contour finding algorithms with the
subsequent use of convolutional neural networks (CNN). To recognize
handwritten numbers can be used the approach described by Y. Lekun [6].

Recognition of handwritten characters of the Latin alphabet and
recognition of handwritten text containing characters of the Russian
alphabet can be implemented using the same approach proposed in [6]. The
small number of recognized classes explains this: in the case of the Latin
alphabet - seven classes, in the case of the Russian alphabet - seven classes.

To solve the problem of recognizing handwritten characters
representing numbers, the approach described in [7] can be applied. Since
the input data is an image of handwritten numbers that can have connecting
elements between each other, the problem of segmentation into individual
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numbers and their subsequent recognition is complex and today does not
have a single approach to solving. In this regard, in [7] applies the
classification of characters free segmentation. The main feature of the
approach is the use of several classifiers: the classifier to recognize the
length of a sequence of characters (1, 2 or 3 digits) and the classifiers to
recognize a number of a specific length (for example, a classifier for a two-
digit or three-digit number). The accuracy of this approach is about 99% for
the length classifier, and for classifiers of numbers of a specific length -
about 98% on synthetic test data.

In conclusion, it should be noted that for the considered recognition
methods, it is important to have data for training and testing classifier
models. For handwritten characters of the Latin alphabet, it is possible to
use the NIST Special Database 19 [8], for handwritten numbers - Touching
Digits Synthetic Data [9, 10]. For handwritten text of the Russian alphabet,
it would be more expedient to form our own database because of the
specifics of the task at hand - a small number of classes for recognition. For
printed characters, there is no problem with the formation of the training set.
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AHHOTa[IHﬂ. B crarbe paccMaTpuBacTCAd 3aJada BHU3YaJIbHOI'O
pacno3HaBaHUs 3allMCEd B DJK3aMEHALMOHHOW BenoMmocTd. IIpoBoxurcs
JEKOMIIO3MIMSI HMCXOJHOW 3aJaud Ha cocTaBisitomue. PaccmaTtpuBaeTcs
001 MoaX0/ IS PelIeHHs KaXKI0H moa3anadn. AHaIHM3UPYIOTCS METO bl
HUCKYCCTBCHHOI'O MHTCIIJICKTA JJI1 KOHKPCTHBIX MOA3a4ad. B 3akmroucHme
OTMECYACTCA BaXXHOCTb Ha60pa TPCHUPOBOYHbBIX JaHHBIX JUIA
PACCMOTPCHHBIX MCTOJA0B.

KaroueBbie CJIoOBa: BHU3YyaJIbHOC pacro3HaBaHuC 06p330B,
HUCKYCCTBCHHBIC HeﬁpOHHBIe CCTH, dK3aMCHAallMOHHaA BEAOMOCTb, IICYATHBIC
CUMBOJIBI, pykomucHble cuMBOJBl, LSTM, CNN, oOyuaroree MHOXeCTBO.

Annotation. The article addresses the problem of visual recognition of
records in the examination sheet. The initial problem is decomposed into its
components. Considers a general approach to solving each subtasks.
Analyzes the methods of artificial intelligence of visual recognition for
specific sub-tasks. In conclusion, notes the importance of a set of training
data for the considered methods.

Keywords: visual pattern recognition, artificial neural networks,
examination sheet, printed characters, handwritten characters, LSTM, CNN,
training set.
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The relevance of the study of landslides is due to the fact that the
consequences of landslide processes can cause a significant threat to both
humans and infrastructure. Therefore, there is a need to develop timely plans
for engineering protection of objects, as well as to carry out the necessary
preliminary measures, including monitoring, for optimal prediction of the
development of negative landslide processes and their prevention or timely
reduction of the consequences, which will reduce possible risks and reduce
material damage.

Various methods are used to monitor landslide processes abroad. For
example, creating a digital terrain model. The author Mustafa Ridha of
Masaala considers «An improved algorithm for identifying shallow and deep-
seated landslides in dense tropical forest from airborne laser scanning data»
in his article. He notes that Cameron Highlands in Malaysia has been
frequently affected due to geo-hazards such as landslides and floods.
Landslide as one of the geo-hazards is considered as a geological
phenomenon under the influence of gravity, which can occur in both onshore,
offshore, and coastal environment [1]. Cameron Highlands have a steep
hillside landscape with heavy vegetation cover that obscures and subdues
morphologic features which are indicative of landslides. Such landscapes
cause a great challenge to landslides identification using synthetic aperture
radar (SAR) images, optical and aerial photographs, high spatial resolution
multispectral images, very high resolution (VHR) satellite images and
moderate resolution digital terrain models (DTMs).

Compared with the traditional techniques, elevation data are acquired
rapidly and accurately using active laser transmitters and receivers light-
detection and ranging (LiDAR) data. Generally, LIDAR can penetrate dense
vegetation making it a better alterative compared with other remote sensing
data. Ground surface and useful information about topographic features are
provided using High-resolution LiDAR-derived DEM even in landslides
covered under dense vegetation. Furthermore, LIDAR imagery is capable
revealing present and historic landslides and its effectiveness/ vulnerability in
mapping naked slopes that are formed primarily by landslides. Based on the
depth of the surface rupture and movement features, landslides can be
classified as deep-seated or shallow.

The LiDAR point cloud data was taken on January 15, 2015, over the
proposed area (26.7km2) of the Ringlet around Cameron Highlands an
altitude of 1510m. The point density and the pulse rate frequency for the
LiDAR data is 8 points per square meter and 25,000Hz, respectively. The
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absolute accuracy of the LIDAR data was restricted to the root-mean-square
errors of 0.3 and 0.15m as standardized by Department of Survey and
Mapping Malaysia (JUPEM) for the horizontal and vertical axes,
respectively. A similar approach for the acquisition of LiDAR point cloud
data was adopted to collect the orthophotos. A DEM with 0.5m spatial
resolution was interpolated from the LIDAR point clouds after the non-
ground points were removed using inverse distance weighting, with
GDM2000/Peninsula RSO as the spatial reference. Subsequently, the
identification of the characteristics and location of the landslides was
facilitated with theaid derived layers which were generated using LiDAR-
based DEM. One of the significant factors that affect land stability is the
slope and this is due to its direct impact on landslide phenomenology. The
slope is also considered as a principal factor that affects landslide
occurrences. Landslide mapping can be facilitated by hill shade map which
indicates relative slope and provides a good image showing terrain
movement. It is important to note that texture features and geometric feature
are significant in improving the classification accuracy of landslide mapping.
Recently it was shown that, the intensity feature derived from LiDAR point
cloud is highly effective toward differentiating between the landslide and
other classes of land cover. The accuracy of DEM and its capability to
represent the surface are affected by interpolation algorithm in addition to
sampling density and terrain morphology. shows the features identified from
LiDAR data. They include hillshade, intensity, height (nDSM), slope, and
aspect. Others are orthophotos, and texture based features.

In the paper «The Use of Gigapixel Photogrammetry for the
Understanding of Landslide Processes in Alpine Terrain», author Saverio
Romeo notes that the research was carried out by coupling two different
photogrammetric techniques and a semi-automatic method for rock mass
characterization: Gigapixel photogrammetry [2]. Moreover, data from
photogrammetric techniques were compared and integrated with those from a
GBInSAR monitoring campaign developed during 2013-2014. Ground-based
synthetic aperture radar interferometry (GBInSAR) is a radar-based
technique successfully employed to detect the evolution of natural processes
such as landslides, volcanic activity, and dynamics of glaciers and snow-
covered slopes. This technology allows two-dimensional (2D) displacement
maps of a wide scenario (i.e., few square kilometers) with metric or
submetric resolution, submillimeter accuracy and sampling frequency of few
minutes to be produced [3]. GBINSAR was placed at the base of the slope,
about 1.2 km away from the Head Area: it is an active microwave acquisition
sensor that provides its own illumination and measures the reflected signal
(temporal resolution of 5 min). GBINSAR provides a remotely sensed

194



measurement of ground displacements, with sub-millimeter accuracy, and is
able to supply a deformation map of the slope, without the need for
positioning targets on the ground and without any physical contact with the
slope.

Product Gigapan was created in 2008 by a research collaboration
between NASA and Carnegie Mellon University, to develop a very high-
resolution imaging technique for use in the Mars Exploration Rover mission.
Essentially, the GigaPan system acquires in sequence — by using a robotic
head — hundreds of images partially overlapping, avoiding parallax errors.
Thanks to a proper stitching of images, the reconstruction of an exceptionally
detailed 2D Gigapixel image is possible.

GigaPan's products can be used in geological mapping as an extremely
useful tool for documenting, detecting, and evaluating geological features
such as landslides.

Although this method has many advantages (short installation time, low
cost instrument, and fast acquisition), compared with other images sources —
such us Unmanned Aerial Vehicle (UAV) — it shows some disadvantages as
the presence of shaded areas in the acquired images, due to its ground-based
nature.

With the aim of creating a 3D representation, high-resolution digital
photos were collected from different positions. The 3D model was
georeferenced using GPS coordinates associated with camera locations and
Ground Control Points (GCPs) along the slope. In the case of Ingelsberg, the
GigaPan survey was carried out on May 2016 using four observation points
located at about 1000 m distance from the landslide slope. A Nikon D800
with a 400 mm lens camera were used. The images were acquired in raw
format at the maximum available resolution of 36.3 Megapixel: every single
image was composed of 7360x4912 pixels on a FF (Full Frame) sensor of
35.9x24 mm size. Therefore, the pixel size on the sensor was 0.00488 mm.
The camera’s sensitivity was set up at 400 ISO (International Organization of
Standard); with the available light (a sunny day at the end of May 2016, at
about noon) the shutter speed was set at 1/800 s and the aperture at f/5.6. The
images were then converted and saved in TIFF format with no compression,
to preserve the original resolution and quality. The image-overlapping ratio in
horizontal and vertical direction varied from 60% to 80% of the image side.

Having considered the various approaches used to study landslide sites.
It can be noted that they have their pros and cons. The best option is to
combine several methods to get more detailed information. For example, if
the area under study is a mountainous or strongly curved coastline, then
aerial laser scanning should be used, as it will be difficult to use
photogrammetry. Also, if the terrain does not allow you to use the laser
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scanning method due to the banal placement of equipment, it is advisable to
use photogrammetry, thereby supplementing the missing data.
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The article analyzes the features of these methods. Options for implementing
methods for solving landslide monitoring problems abroad are considered.
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level of automation in different spheres of our activity are 0T networks and
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technologies, which are “being successfully implemented not only in service
business, but also in real sector of economy, e.g. mining and oil & gas
industry” [1, www]. Today this theme is relevant in connection with the
transition of many institutions to the remote method of work during the
period of counteraction to the coronavirus.

Modern technologies for receiving, transmitting, storing and processing
data are based on the principles of increasing the speed and volume of
transmitted information, and its processing, at a relatively low cost of
equipment and services for its implementation.

To ensure high-speed data reception and transmission, various
communication channels are used, which can be considered as a system —
network.

This transmission occurs at a certain speed, which depends on the
operating conditions and the type of channel through which the message is
transmitted and received. The main criteria that characterize the transmission
channel are:

— operating frequency range;

— maximum transfer speed,;

- signal attenuation;

— price.

Main part of the research.

These parameters largely depend on the technology used for
transmitting, receiving, processing and storing information, the development
of which is based on the principles of increasing the speed of data
transmission, improving processing methods and reducing the cost of
equipment and services for their implementation.

“Apart from information transmission, 0T networks are able, in
particular, to simplify problem solution for indoor localization and navigation
of autonomous mobile objects (users, robotics platforms, etc.)” [1, www].

The set of communication channels used is usually considered as a
system which structure has the form of a network. Networks can be
represented as sets of levels that are arranged in a hierarchical system from
bottom to top. Their number is determined by the specific model used to
create the network. Each lower level provides a specific set of services to the
higher level by adding its own header to the message structure. The
interaction of systems at the same level occurs over a single protocol that
describes the rules and conditions for their operation. Currently existing
protocols can be divided into the following groups according to the levels of
interaction:

— physical layer — modem protocols V.21... V.92, RS-232, RS-422, RS-
423, RS-449, RS-485, ITU-T, xDSL, ISDN, T-carrier (T1, E1), modifications
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of the standard Ethernet: 10BASE-T, 10BASE2, 10BASE5, 100BASE-T
(LOOBASE-TX, 100BASE-T4, 100BASE-FX are included), 1000BASE-T,
1000BASE-TX, 1000BASE-SX;

— canal level — SLIP, PPP, Ethernet, LLC, X.25, ARCnet, ATM, DTM,
SLIP, SMDS, FDDI, Frame Relay, LocalTalk, Token ring, StarLan, WiFi,
L2F, L2TP, PPTP, PPPoE, PROFIBUS,STP;

— net level — gateway protocols IP, RIP, IPX; auxiliary ICMP,IGMP,
NWLink, NetBEUI, DDP, IPSec, ARP, RARP, DHCP, BootP, SKIP;

— transport level — TCP, UDP, NetBEUI, AEP, ATP, IL, NBP, RTMP,
SMB, SPX, SCTP, DCCP, RTP, TFTP, MKKTT X.224;

— sensor level — ASP, ADSP, DLC, Named Pipes, NBT, NetBIOS,
NWLink, Printer Access Protocol, Zone Information Protocol, SSL, TLS,
SOCKS;

— level of representation — HTTP, ASN.1, XML-RPC, TDI, XDR,
SNMP, FTP, Telnet, SMTP, NCP, AFP;

— applied level — HTTP, gopher, Telnet, DNS, SMTP, SNMP, CMIP,
FTP, TFTP, SSH, IRC, AIM, NFS, NNTP, NTP, SNTP, XMPP, FTAM,
APPC, X.400, X.500, AFP, LDAP, SIP, ITMS, ModbusTCP, BACnetIP,
IMAP, POP3, SMB, MFTP, BitTorrent, eD2k, PROFIBUS.

Control signal transmission protocols are byte-oriented-BSC, for global
networks, and bit-oriented-HDLC, for local networks, for example —
NetBIOS, IPX, SPX.

Currently, wireless data transfer technologies have become widely
popular, due to their economic feasibility and high transfer speed. The
network equipment is used for this purpose:

— repeater —it is used for amplifying, restoring and matching electrical
parameters of signals when connecting signal networks;

— hub - this is a repeater with multiple Ethernet ports is designed for
concentration, processing and further transmission of signals received from
various equipment of a separate network with star-shaped technology;

— switch — device with multiple processors (multiprocessor) for high-
speed independent processing of data signals coming from various ports;

— router —a device with multiple processors (multiprocessor) for high-
speed independent processing and transmission of data signals between
different network segments of various technologies based on rules and
routing tables, including heterogeneous networks of different architectures
with IP addressing;

— access point (router) — a wireless network device that can form a
wireless local net that combines multiple devices, such as a switch, modem,
DHCP server, and so on.
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“Devices of loT system should provide necessary communication
channel capacity for transfer of diverse types of data. Codecs are used for
more efficient and fast audio/video data transfer; it’s possible to reduce
amount of transmitted data, using codecs” [1, www].

According to the standards of Institute of Electrical and Electronics
Engineers (IEEE), wireless data transmitting can be divided:

personal, IEEE 802.15 standard: Bluetooth, IRDA, designed for
peripherals at a speed of no more than 2 Mbit / s;

— local, IEEE 802.15 standard: Wi-Fi (IEEE 802.11), HiperLAN, that is
applied for mobile wired network extensions at speeds up to 54 Mbit/ s

— regional, IEEE 802.16 at 100 kbit/s, WIMAX at 40-100 Mbit / s,
used for data transfer between buildings;

— global, CDPD standard, Mobile communication systems 2G, 2.5 G,
3G, LTE, for mobile Internet access at various data transfer speeds

Materials and methods. For more demanding ultra-long-distance
communication, it is necessary to provide that data is received and
transmitted with the least external noise input into the communication
channel. For this purpose, linear transceivers operating on the LoRa
technology at a frequency of 2.4 GHz can be used with the use of adjustable
digital PFAT.

Phase frequency auto-tuning (PFAT) is a control system that generates
an output signal with a phase associated with the phase of the input signal.
The principle of its operation is that during the generation of its own periodic
signal, the phase detector compares the phase of this signal with the phase of
the input periodic signal, adjusting the generator, thereby matching the
phases.

This type of transceiver consumes little power, so their size and power
consumption cause a corresponding low cost of batteries for them. It should
take into consideration that these modem devices operate at a high data
transfer rate, which increases its power consumption and reduces the
operating frequency range. In this case, they provide a built-in voltage
regulator In such devices, information is received and transmitted in batch
mode in half-duplex mode, that is, while receiving and transmitting at the
same time, and can work both in offline mode, regardless of the device where
they are installed, and in compatibility mode with the microcontroller. Packet
processing depends on the type of transceiver.

In the receiving mode, the bit data stream is collected, restored,
decoded, and stored in the buffer and the required packet is formed and sent
to the modulator for subsequent transmission in the transfer mode. Several
types of packages can be placed in one such device, for example:

— GFSK system;
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— Bluetooth Low Energy;

— Fast Long Range Communication;

— LoRa.

GFSK system operates with FSK modulation, in low-power
communication lines, with encoding based on the principle of No-Return-to-
Zero (NRZ). Data packets can be transmitted in two ways, with Fixed-length
Packet, and Variable-length Packet. Since data packets with a fixed length
cannot be transmitted over a wireless communication channel, the packet
length is formed by the packetLenght command with a length from 0 to 255
bytes.

Bluetooth Low Energy uses FHSS — Frequency Hopping Spread
Spectrum method in 2.4-2.4835 GHz band. This method differs in that it
rapidly changes the carrier frequency in a large frequency band of the
spectrum. In this case, the carrier frequency is divided into 79 working bands
with a width of 1 MHz, and changes at a speed of 1600 times per second in a
pseudo-random manner. This switching is controlled by a code known only
to the sender and recipient, which is reset every 625 microseconds. “The
Bluetooth 4.0 technology is able to provide transmission of text data
packages with low energy consumption, but its bitrate and bandwidth are not
enough for audio/video data transfer” [1, www].

This method of transmission is very convenient for communication
channels with multiple access and code division (CDMA), and because it has
a good interference and hacking protection of the transmission channel.

Transmitting velocity depends on specifications:

-1.0,1.1,1.2-64 kbit/ s, 1 Mbit /s;

-2.0,2.1-2...3 Mbit/s;

—3.0;4.0-24 Mbit / s;.

FLRC package consists of the following elements:

— AGC preamble of variable length, which can reach up to 1 byte, at a
data transfer rate of 1.3 Mbit / s, at other speeds, the increment step must be
at least 2 bytes;

— Sync recovery consisting of a 21-bit preamble that can contain an
AGC preamble up to 4 bytes long;

— The synchronization word is 32 bits, of which 31 bits can be
configured;

— Payload from 6 to 127 bytes; a CRC Field consisting of 2, 3, or 4
bytes;

— A 6-bit sequence of zeros.

The variable-length packet format is similar to the fixed-length format,
but with a fixed-structure header with a 2-bit ad executed in CRC and
convolutional encoding followed by a payload.
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ZigBee - low-cost, low-power technology of the IEEE 802.15.4
standard, designed to use high-level communication protocols used in
creating networks with low-power battery-powered digital transceivers in
wireless management and monitoring applications. ZigBee chips are usually
integrated into transceivers and provide low-latency communication.

Bandwidth

— 868.0-868.6 MHz (Europe, one channel is permitted);

— 902.0-928.0 MHz (North America — 10 channels — 10 channels
(2003), 30 cannels (2006);

—2400-2483.5 MHz (Russia);

The transfer rate depends on the specification:

— 250 kbit/ s, 100 kbit/ s, 40 kbit/ s, and 20 kbit/ s.

Piconet — a peer-to-peer network for a high-speed, short-range wireless
environment (picaset) that uses a Bluetooth connection can connect up to
seven devices to the main device, and up to 255 additional subordinate
inactive devices.

Transmitting velocity:

11...55 Mbit (5 allowable speeds).

LoRa (Long Range) — this is an extended spectrum modulation method
based on the Chirp spread spectrum (CSS) technology. LoRa is a low-power
wireless radio frequency technology used for Internet of things (loT)
networks. Devices based on LoRa technology and the open LoRaWAN
protocol allow to use intelligent 10T applications of energy management,
natural resource reduction, pollution control. The use of this technology can
increase the efficiency of infrastructure in creating smart cities, homes and
buildings, intelligent agriculture, intelligent inventory accounting in
enterprises, intelligent supply chain and logistics.

LoRaWAN - this is a low-power wide area network (LPWAN) protocol
based on LoRa technology, designed to wirelessly connect devices powered
by autonomous power sources to the Internet in regional, national, or global
networks. This protocol uses unlicensed radio frequency spectrum that is
used in the industrial, scientific, and medical fields (ISM).

Results. These data transfer technologies can be used when producing:

— Artificial intelligence (Al), which is the most promising technical
achievement of our time, used in various fields of human activity to improve
the quality of life and optimize the operation of enterprises.

— 5G mobile data networks at ultra-fast speeds, which allows to
implement programs to create the Internet of things (loT) and Artificial
intelligence;
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— autonomous vehicle (AV) that can analyzes the environment and use
the information of GPS, GLONASS system etc., and as a result, they can
transfer safely without human activity;

- personalized and predictive medicine systems that can collect
and process data from human-wearable sensors and use them to accurately
diagnose and predict the course of disease.

Conclusion. In this research the main method of data transmission were
analyzed. The parameters of network devices, necessary to provide this
process, are found. It was stated that Frequency Hopping Spread Spectrum
method of transmission is very convenient one for communication channels
with multiple access and code division (CDMA). High-speed data transfer
from mobile networks is convenient devices application both at home and
businesses. The data transfer technologies can be used when producing
Acrtificial intelligence, in personalized and predictive medicine, as 5G data
networks and self-driving car with autonomous control.
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AnHoTauusa. Ha oCHOBE OCHOBHBIX KpPHUTEpPHEB, XapaKTEPHUIYIOIIUX
KaHaJl nmepeaavu, ObUIM OIIMCAHBl TEXHOJIOTHU 6eCHp0BOL[HOI71 nepegaun
JnaHHbIX. [IpoaHanmm3upoBaHo cereBoe oOopynoBaHue. PaccMmoTpeHs
HEKOTOPLIC CI10COOBI nepeaayn JaHHbIX, UX MPECUMYIICCTBA U HCJOCTATKH.
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Annotation. Based on the main criteria that characterize the
transmission channel the wireless data transfer technologies have been stated.
The network equipment was analyzed. Some methods of data transmission,
their advantages and disadvantages were considered.
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repeater, hub, switch, router, mobile networks.

202



UDC 528.7
APPLICATIONS OF SWARM INTELLIGENCE FOR SOLVING
PROBLEMS OF REMOTE SENSING OF THE EARTH
Yuriy Verbitsky
2" year master student, Department of Information systems,
Sevastopol State University,
e-mail: volterl3@yandex.ru
joint authors,
Maxim Sobchenko
2" year master student, Department of Information systems,
Sevastopol State University,
e-mail: stork97865@yandex.ru
Vladislav Pasechnik
2" year master student, Department of Information systems,
Sevastopol State University,
e-mail: postaldude33@yandex.ru

Introduction. Suppose that "intelligence is the ability of a system to
create, in the course of self-learning, programs for solving problems of any
complexity and to solve these problems”. In the theory of artificial
intelligence for a particular problem, several intelligent systems will be
created using the necessary resources to solve the problem.

Systems of swarm intelligence (SI) consist of many agents which are
connected locally and interact with each other [2]. Such SI behavior comes
from nature. There are many reasons based on the Swarm intelligence, which
are the most important. These are flexibility and versatility [3]. Swarm
intelligence is used in solving non-linear problems of design, data mining,
technology and industry, monitoring and control of objects, as well as
possible applications of remote sensing of the Earth: environmental
monitoring of the sea, detection of oil pollution, study of vegetation and soil.

The main part. Some scientists [1] describe the study of a special
protected natural area using UAVs. They considered the main problems in a
specially protected natural area, namely a lesion of the forest and dead wood.

To cover the entire territory of the reserve, it took three flights in 2 days,
while there were extreme weather conditions. It is advisable to use several
UAVs to study the forest. The performance of the complex of unmanned
aerial vehicles will reduce the duration of the flight and the number of take-
offs, especially taking into account weather conditions.

The aim of this work is to analyze swarm intelligence algorithms for the
application of remote sensing tasks. In the process, the variant analysis of the
identified alternatives that were used for comparison, represent different
algorithms of swarm intelligence, such as: based on a flock of "bees",
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"fireflies”, "wolves" and "lions". It was revealed that the swarm algorithm of
application in expert systems oriented to agriculture, plant, soil territories is
pursued. The result is a tabular comparison of satellite images and aerial
photographs. The criteria importance is estimated. It was revealed that swarm
algorithm of application in expert systems oriented to agriculture, plant, soil
territories. The simulation of the intelligent Swarm system is implemented. In
accordance with the data analyzed, it is most suitable to use several drones,
since solving specific problems of remote sensing data using swarm
intelligence and a model confirms their high efficiency and minimize errors.

The results of studies using swarm intelligence, made a variant
analysis, assess the importance of the criteria and compare satellite images
and aerial photographs. The study showed that it is significant to use several
unmanned aerial vehicles and the reference point method, because the UAV
provides more data than one unmanned aerial vehicle, while the accuracy of
the images is higher.
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AnHotanusi. B nanHOil pabore mpoBomurcsi 0030p, ITOPUTMOB U
METOJIOB POEBOTO HMHTEIUIeKTa. [IpoaHaau3upoOBaHbl ajIrOPUTMBI POEBOTO
HWHTEJUIEKTa, YTOOBI peluTh KOHKpeTHBIE 3anaun /[33. PaccMarpuBaroTcst ux
IPUMEHCHHUA B PA3JIMYHBIX OTPACIAX: CEJIIBCKOM XOBHﬁCTBC, JICCOBOJCTBC,
OXpaHE OKpPYXKaIoIIeH cpeiapbl, MIAHUPOBKE TEPPUTOPUHN, THAPOIOTHUYECKUX
HCCICAOBAHUAX U APYTUX HEJIAX.

KaroueBbie cioBa: JAaHHBIC NUCTAHIIHOHHOI'O 30HIWPOBAHUA 36MJ’II/I,
I/ICKyCCTBeHHHﬁ HUHTCJLICKT, peOBLIﬁ HUHTCJIJICKT, OECIMIIOTHBIN JeTaTeIbHBIN
armapar, JJIECHbIC MaCCHUBBI.

Annotation. In this paper, we review the algorithms and methods of
swarm intelligence. Swarm intelligence algorithms to solve specific remote
sensing tasks are analyzed in detail. Their applications in following sectors
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are considered: agriculture, forestry, environmental protection, territory
planning, hydrological research and other purposes.

Keywords: Earth remote sensing data, artificial intelligence, re-
intelligence, unmanned aerial vehicle, swarm intelligence.
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Introduction

Decentralized systems[1] are becoming the ground for a large number
of systems due to their innovation and efficiency.

It provides a high level of security for data transition and storage as the
information about the entire transaction history is stored by each party,
therefore the system cannot be deceived or destroyed. Each transaction is
automatically confirmed by several independent nodes (hodes), which makes
it impossible to substitute data or commit forgery.

However, nowadays more users own a smartphone instead of a PC and
there are numerous attempts to apply this technology for Android [2] and iOS
smartphones. Android OS can use several blockchain-based APIs, to form a
decentralized system depending on 3rd party service, that can be shut down at
any moment. Thus the best decision is to communicate between devices by
some P2P[3] approach using only hardware modules or internet connection.

There are different kinds of P2P connections, these are:

1. Bluetooth (BLE) [3];

2. Wi-Fi (Wi-Fi Ad-hoc) [4];

3. NanoHttpd [5];

4. Nearby Connections [6];

5. OpenDHT [7].

They differ by many features such as operation range, exchange speed
and connection durability.

It’s always necessary to consider the main usability features in order to
provide decent experience to every user.
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Main part

The main goal of the following paragraphs is to give definition to the
P2P connection type mentioned above and determine most suitable practical
appliances for each one of them.

Bluetooth technology functions by means of radio waves transmission
in the ISM (Industry, Science and Medicine) frequency band.

Modern smartphones are equipped with a Bluetooth-transmitter of a
certain generation. This allows to set a simple P2P connection between 2
devices i.e. another smartphone, PC and a variety of devices like wireless
headset and smart home appliance within limited range (15-20 meters).
Consequently, Bluetooth P2P system will allow to set single-channel energy
efficient connection within a limited area. However, this kind of connection
lacks reliability as the connection can be disrupted by operational frequency
overload or increased distance between devices. Another issue is sufficiently
low security as there is a number of solutions that can track and decode all
active Bluetooth channels.

Given the above, Bluetooth P2P connection is best applied to connect
two devices with minimal charge consumption but is not suitable to transfer
sensitive data.

Wi-Fi (Wireless Fidelity) is a network structure that contains at least
one access point and at least one client. It is possible to connect two clients in
point-to-point (Ad-hoc) mode, when the access point is not used, and the
clients are connected via network adapters.

Wi-Fi networks have become an ordinary technology that provides
wireless internet connection two decades ago and has gained multiple
appliances since. Nowadays Wi-Fi is widely used in Manufacture,
Healthcare, Finance, Corporate, Security and other fields providing
continuous data access.

Wi-Fi can assure decent safety for sensitive date by means of various
firewalls and encryption as well as provide fast exchange. Operational range
of Wi-Fi network can be from a few dozen meters up to 1-2 kilometers. This
creates opportunities to crate P2P networks of various purposes starting from
decentralized data exchange up to 10T networks (smart home, automated
manufacture, etc.)

However, there are a few disadvantages of Wi-Fi appliance. Specialized
equipment is required to increase operational radius and enhance signal.
Firewall protection can be breached and sensitive data can be damaged or
stolen. And Wi-Fi mostly uses the same ISM band (2.4 GHz) as Bluetooth
devices and even some home appliances like microwave oven.

To improve Bluetooth and Wi-Fi technologies and to ease developers
building reliable systems was created Nearby Connections(NC) by Google. It
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is a peer-to-peer networking API that allows apps to easily discover, connect
to, and exchange data with nearby devices in real-time, regardless of network
connectivity. NC enables advertising, discovery, and connections between
nearby devices in a fully-offline peer-to-peer manner. Connections between
devices are high-bandwidth, low-latency, and fully encrypted to enable fast,
secure data transfers. Under the hood, the APl uses a combination of
Bluetooth, BLE, and Wifi hotspots, leveraging the strengths of each while
circumventing their respective weaknesses.

NanoHttpd is an open-source, small-footprint web server that is suitable
for embedding in applications, written in the Java programming language.

This technology allows to implement own client-server architecture[8],
when any device in system at the same time should be a client and a server
with some REST API.

The main advantage of this approach is ability to take actual client-
server solution and transfer it to mobile.

On the other hand, there are a few disadvantages such as: the server
should continuously run in the background and it has to belong to any local
network or VPN. Also it won’t be able to handle internet connection, because
it doesn't have a static IP-address and it’s complicated to refresh the system
on every update. A primary goal of this API is to assure simple and reliable
performance for the platform.

OpenDHT - most distinctive and innovative characteristic is the fact that
it doesn’t require a server to relay data between users. There are many
advantages associated with that, including increased privacy, light
infrastructure, high scalability, no bandwidth restriction (other than that of
your Internet connection), no size limit for file transfers, and more. But while
servers are not required, they are still used in five specific cases: push
notifications, the OpenDHT proxy, bootstrap, name server, and TURN.

In conclusion it should be noted that it's possible to build decentralized
systems for various purposes using P2P.
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AHHOTaIII/IH. B cratbe paccMaTpuBaCTCAd 3ajiavya JCUCHTPATIU30BAHHOI'O
xpaHneHus naHueix Ha 0aze OC Android. TlpoBomurtcs cpaBHUTENBHBIH
aHaJIM3 CoCO00B pean3aluy JaHHON TeXHOJIOTHH, paccMaTpuBaeTcst cepsl
IPUMEHEHHUs W OIPaHUYEHUs IIPU UCHONb30BaHMM. B  3aximoucHue
OTMEYaeTCsl BAXHOCTh HAOOpa HEOOXOAMMOW TEXHOJIOTHH HCXOIS U3
moTpeOHOCTEH pa3pabaTeiBaeMOM CHCTEMBI W OTpaHMYCHHA Ha ee
pa3paboTky.

KuaroueBble ciioBa: jaenentpanu3oBannas cucrema, P2P, Android OC,
Bluetooth, Wi-Fi, NanoHttpd, Nearby Connections, OpenDHT.

Annotation. The article covers the problem of decentralized data
storage based on the Android OS. A comparative analysis of ways to
implement this technology is conducted, the scope of application and
limitations of its use are considered. In conclusion it is important to set the
necessary technology based on the needs of the system being developed and
the limitations on its development.

Keywords: decentralized system, P2P, Android OS, Bluetooth, Wi-Fi,
NanoHttpd, Nearby Connections, OpenDHT.
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Introduction

Machine Learning (ML) — is a technology whose main objective is
self-learning by solving a large number of similar tasks. This is achieved by
providing the machine with input information, which it uses to predict further
results.

The article considers an example of solving one of the main tasks ML
— finding the dependence of a variable on several regressors based on the
use of an interpreted object-oriented programming language Python [3].

Main part

Machine learning suggests many statistical, computational and
mathematical methods to develop algorithms that can solve the problem
based on the search for patterns. The solution is calculated not according to a
clear formula, but according to the established dependence of the results on a
specific set of characteristics and their values [2].

In machine learning, the following main tasks are highlighted:

e regression — search for dependencies of output values on input;

e classification — prediction to which of the known classes the object
belongs;

e clustering — separation of a large number of objects into clusters —
classes within which objects are similar to each other;

e dimension reduction — reducing a large number of features to a
smaller one (usually 2-3) for the convenience of visualizing them (for
example, data compression);

e identification of anomalies — the search for rare and unusual objects
that differ significantly from the mass.

Consider the machine learning option in the regression problem.
Necessary using known input and output data find patterns and apply them to
the next incoming data. Information for the primary processing is presented
in table 1. Examples 1-4 are used to train the machine, and X in the test
example is the desired value that the machine should determine after training.
Having carefully studied the examples, the following patterns can be
observed: the result is a value (0 or 1), which is more likely.

Table 1 — The source data for training

Examples Input data Result
1 0 0 1 0
2 1 1 1 1
3 1 0 1 1
4 0 1 1 1
Checking 0 0 1 X
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To implement this task, was chosen an interpreted object-oriented
Python programming language because of its ease of development, efficient
high-level data structure and a large number of libraries. The result of the
program is displayed on (Fig. 1). Knowing the pattern, can check the
correctness of the training. Since X must be equal to or tend to zero, the
result of the check example is determined correctly.

Randomly Initialized Weights: Randomly Initialized Weights:
[[—E] 16595599] [[-8.16595599]
3 [ 0.44064899]
[ 8.44064899] e
[‘@-999??125]] The result after training:
The result after training: [[0.011410818]
[[8.01141018] EE::;Z;:;;%
[8.99999999] [8.99288132]]
[8.99280132] Sought value:
[0.99280132]] [0.01146989]
a) b)

Figure 1 — Data obtained after calculation: data indicated for training
(a), and data taking into account the verified example (b)

The example used a library to construct multidimensional arrays and
matrices NumPy.

Please note that ML conducts testing in accordance with the black box
strategy. The "black box" refers to the system, about the internal organization
of behavior of which there is no information, but there is the possibility of
influencing its inputs and perceive the responses at its outputs. That is, the
studied system is considered not as a set of interacting elements, but as a
single whole interacting with the environment at its inputs and outputs [1].

Conclusion

An example of machine learning using the Python language is
considered. Its main advantages over other programming languages are
minimalism and compactness. For example, this program would fit in 17
logical lines, while JavaScript would take 25 lines. This advantage is
especially noticeable when need to work with large amounts of data. In
addition, it should be noted such advantages of the Python language as a
large selection of libraries and porting.
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AHHOTauMsA. B cTatbe mpoaeMOHCTPUPOBAH NPUMEP HCIOJIB30BAHUSA
s3pika Python B MammaHOM 00GyUYEeHHH U €T0 PEUMYIIECTBA B 9TOM 06IacTH
IO CPaBHCHUIO C JPYTUMHU A3bIKAMU MPOTrpaMMHUPOBAHU.

OTMe‘{aETCﬂ, qTO B MalllMHHOM 06y‘{6HI/II/I TCCTUPOBAHUC
OCYIIECTBJIACTCA B COOTBCTCTBHUU CO CTpaTemei/i «HYCPHOTO AlIHNKa», KOTOpas
MoJpa3yMeBaeT, 4YTO H3ydaeMas CHCTeMa IpeJACTaBisseT coOoi enuHOe
1L1eJ10€, B3aUMO/JICUCTBYIOIIEE CO CPEAOM HA CBOMX BXOJIaX M BbIXOJAX.

KuaroueBsble ciioBa: MamiaHOe 00yuenue, Python, perpeccusi, uepHslii
SIIUK.

Annotation. The article shows an example of the use of the Python
language in machine learning and its advantages in this area compared to
other programming languages.

It is noted that in machine learning, testing is carried out in accordance
with the “black box” strategy, which implies that the system under study is a
single whole that interacts with the environment at its inputs and outputs.
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In the modern world, one of the problems is the authenticity of data in
the information systems and technologies. Over time, distributed data storage
technologies have appeared where all data is stored in a decentralized manner
and have full replication on nodes and data encryption. Implementing such a
registry, the question arises to which distributed registry strategy to choose
and use.

Distributed registries differ in the way decisions are agreed, such
algorithms are called consensus algorithms. These are methods of solving the
problem of the Byzantine Generals. The problem of the Byzantine Generals
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is a possible one with communication which is allowed while making a
decision. If some of the generals sends inaccurate information, then a
decision must be made to trust this information, so all generals must agree
with a single decision. This task is also applicable to distributed registries, as
there are many nodes in the blockchain network that must confirm or deny
the authenticity of the created blocks. For this, consensus algorithms are
implemented [1-5].

In our study, consensus algorithms are considered, also a comparative
analysis between them has been carried out. The study revealed that the
Proof-of-Work algorithm is more energy-consuming than the other
algorithms examined, but it eliminates network attacks. Proof-of-Work
assumes that miners compute a one-time value in unlimited space.

The next covered algorithm considered was the Proof-of-Stake
algorithm, which is an energy-efficient alternative to the Proof-of-Work
strategy. Its difference is that the strategy does not require users to search
value in unlimited space, but it requires people to prove their possession of
the amount of currency, since it is believed that a richer miner will less likely
attack the network.

The result of optimizing the two Proof-of-Stake and Proof-of-Work
strategies is the new Proof-of-Activity strategy. Proof-of-Activity is a
strategy based on solving a problem similar to the Proof-of-Work strategy,
but with significantly reduced computational complexity, so it takes a
fraction from a second to several minutes to solve a problem. It is worth
noting here that the Proof-of-Work strategy calculates one block in about ten
minutes.

The algorithm requires a small amount of computing resources
compared to Proof-of-Work. Checking the correctness of the created blocks
is performed by limiting the minimum possible time to create a block. This
allows people limit the maximum speed of adding blocks to the blockchain.

An alternative algorithm is Proof-of-Capacity. The Proof-of-Capacity
strategy emerged as one of the possible solutions to the problem of high
energy consumption using the Proof-of-Work algorithm and a situation in
which it is more profitable for miners to save cryptocurrency rather than
spend it, as in the case with the Proof-of-State strategy. While using the PoW
algorithm, miners at maximum speed change the numerical parameter in the
block header, in an attempt to find the desired block hash. The first miner to
find is the desired hash value, or nonce, distributes information over the
network. The remaining miners confirm the transaction and proceed to work
on the next block.

Proof-of-Capacity allows nodes on the blockchain network to use the
free space on the hard disk to mine available cryptocurrencies. Instead of
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constantly finding through the numerical parameters in the block header and
re-hashing, the Proof-of-Capacity strategy creates a list of possible solutions
on the miner's hard disk even before mining. The more memory the hard
drive has, the more possible solutions can be stored on it. This process
increases the chances of the miner to find the desired hash value in its list and
get a reward for the calculated block.

A more robust consensus algorithm is Practical-byzantine-fault-
tolerance. Practical-byzantine-fault-tolerance (PBFT) is a consensus
algorithm of practical Byzantine error tolerance that is responsible for
efficient operation in asynchronous networks. The algorithm was created by
Barbara Liskov and Miguel Castro in 1999. The aim of the developers was to
create a mechanism that solved the problems of fault tolerance of existing
solutions based on the Byzantine stability algorithm. Thus, the basis for the
algorithm was the already existing BFT mechanism, which allowed
consensus to be reached. Even if some nodes in the network do not respond
or give incorrect information. The scope of the algorithm includes distributed
computing in blockchain networks.

The algorithm is as follows - a new block is determined in a round, after
which a primary block is selected in accordance with some rules. The whole
process can be divided into three stages:

— pre-prepared;

— prepared,;

— required.

The study also examined the Delegated-proof-of-stake strategy.
Delegated-proof-of-stake (DPOS) — is a strategy in which, as in the case of
Proof-of-Stake, miners get priority when creating blocks in accordance with
their rate. The main difference between Proof-of-Stake and Delegated-proof-
of-stake is that Proof-of-Stake is a direct democracy and DPOS is a
representative democracy.

Stakeholders select their delegates to create and validate the block. It
was possible to quickly confirm the block with a significantly smaller
number of nodes for checking blocks, which made it possible to quickly
confirm transactions.

In addition to the Proof-of-Work modification algorithms, the Ripple
strategy was also studied. Moreover, it uses collectively trusted subnets in a
larger network.

After analyzing the consensus strategies, a comparison was made
according to the given criteria.

To sum up, a study of distributed registries was conducted and a brief
comparison was made of them according to some specific criteria. Based on
the research, we can conclude that there are a sufficient number of
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modifications of the Proof-of-Work algorithms and alternatives at the
moment. As a rule, The Proof-of-work algorithm, is used mainly only in
bitcoin, the rest of the cryptosystems use less consuming consensus strategies
for electricity.
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AnHoTanus. CyIIecTByeT MHOXKECTBO aJTOPUTMOB pPacHpeeSICHHBIX
peectpoB. 3amadya BbIOOpa JIy4IIero ainropuTMa  3aKJII0YaeTcs B
PAaCCMOTPCHUU AJITOPUTMOB M ONPCACICHUU KPUTCPUCB CPAaBHCHUA. TTocme
9TOro MnNpeArnojaracTcda IMpOU3BECTH CPABHCHUC Ha60pa AJITOPUTMOB 110
OIPEACIICHHBIM  KPUTCPUAM. Pe3ynBTaTOM CpaBHCHUA JOJDKHA CTaTh
peKoOMEeHAAMA 1O HMCHOJIb30BAHUIO AJITOPUTMOB PACIIPCACIICHHOTO peecTpa.
B paMKax JOKJIaga MMpoucxoauT pacCMOTpEHUEC O6IIII/IX OCHOB
pacnpeacICHHBIX PECCTPOB. BBOI[I/ITCSI IIOHATHEC TCXHOJIOI'MHU 6J'[0K‘IeﬁH, pomn
pacmpenieNieHHbIX peecTpoB B obOsactu |IT. B gokmage paccmaTpuBaercs
AITOPATM KOHCEHCYCA U CIEAYIOIIHNE €T0 BAPUAHTHI:

. Proof of Work

. Proof of Stake

. Delegated Proof-of Stake (DPoS)

. Pol (Proof-ofimportance)

. Hybrid PoS/PoW / T'ubpuusiii PoS/PoW

. Byzantine fault tolerance (BFT), Byzantine generals problem
. PBFT

KiroueBble ciioBa: BHOK‘{CI;‘IH, AJIrOpUTMbl  KOHCCHCYCA, np06neMa
BuzanTuiickux reHCPaJioB, aHAJIU3 aJITOPUTMOB.
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Annotation. There are many distributed ledger algorithms. The task of
choosing the best algorithm is to consider the algorithms and determine the
comparison criteria. After that, it is supposed to compare the set of
algorithms according to certain criteria. The result of the comparison should
be a recommendation in the use of distributed registry algorithms. As part of
the report, a review of the general framework of distributed registries is
underway. The concept of blockchain technology and the role of distributed
registries in the field of IT are introduced. The report considers the consensus
algorithm and the following options:

. Proof of Work

. Proof of Stake

. Delegated Proof-of Stake (DP0S)

. Pol (Proof-oflmportance)

. Hybrid PoS/PoW / T'ubpuansiit POS/PoW

. Byzantine fault tolerance (BFT), Byzantine generals problem
. PBFT

Keywords: Blockchain, consensus algorithms, the Byzantine generals
problem, analyze algorithms.
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SECTION 3: WAR AND VICTORY: PROBLEMS OF
PRESERVATION, INTERPRETATION AND TRANSMISSION OF
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"Death is powerless in the face of human heroic deed "
V.P. Vasiliev

My name is Olga Nikolaevna Barashova. | am a first category
methodologist of the Department of Radio Electronics and
Telecommunications. | had already left my student age for a long time but
when | saw information about the Heroes of My Family project in honor of
the 75th anniversary of Victory in the Great Patriotic War with the
university’s website, | could not resist and was eager to tell you about my
valiant ancestors. My both grandfathers took part in the Great Patriotic War,
they forged Victory together with all the people of our country. | am very
proud of them!

At some point, we think about our roots. We begin to ask relatives about
the past of our family. We learn a lot of interesting, unusual, and understand
that the history of the family is closely connected with the history of the
country.

I would like to begin my story with the words of Nikolai Ostrovsky:
“The most precious thing for man is life. It is given to him once, and it is
necessary to live so that there is no excruciating pain for the years spent
aimlessly, so that shame does not burn for the petty past, and the man, dying,
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can say: “All life and all powers were given to the most beautiful thing in the
world, to the struggle for the liberation of mankind”. It was these life
principles that my grandfather guided. His name is Fedor Timofeevich
Dolgushev. His fate had not been easy trials.

He was born in a poor peasant large family. He achieved everything in
life with hard work and was distinguished by decisiveness, confidence,
determination, endurance, ability to bear responsibility, and had a persistent
character. These leadership qualities helped him subsequently to become
chairman of the collective farm and village council, despite his young age.

The Great Patriotic War began. My grandfather was drafted into the Red
Army in March 1943 (87th Guards Red Banner Regiment, 29th Guards Rifle
Yelninskaya Red Banner Order of the Suvorov Division, Western Front). He
was the commander of the 1st rifle company of the Guards Junior Sergeant’s
squad. He had performed a heroic deed in August 1943 in the battles for the
village of Nadezhda Gnezdilovo-Vskhodsky district of the Smolensk region.
My grandfather was the first who stormed into the German trench in front of
the village and in a hand-to-hand fight destroyed two German soldiers. He
always went ahead and inspired his subordinates by his personal example.

My grandfather had to see a lot of grief and terrible pictures. War,
hunger left an indelible mark on his soul. He experienced a lot, but did not
lose faith in life and became an example of patience and perseverance. Only
to a person who has been close to death, life is revealed by all sides and
properties.

When he returned his hair is touched with gray, although at that time he
was only 29 years old. He was wounded, he carried the splinter from the
bullet in himself until the last days and did not really like to talk about the
war, and even more so about his exploit of arms. He was awarded the Order
of the Patriotic War of the 1st degree and the medal "For Courage".

Mikhail Ivanovich Elkin was my other father's side grandfather. He was
drafted into the Red Army in August 1941 by the Ascension district military
Commissariat of the Leningrad Region. My grandfather fought for home and
country from the Nazi invaders not for long. His entire team of inexperienced
soldiers was ambushed in village and were shot in February 1942.

It was possible to find a mass grave of our dead soldiers only 40 years
after the end of the war, thanks to the work of the Obninsky search
detachment. Grandfather was buried in the Kaluga region, lznoskovsky
district, the village of Ivanovo. My grandfather Mikhail’s personal badge was
discovered here. The first letter of the surname was erased from time and
poor preservation, but the search guys managed to restore the token, and then
they found my father. They told him where the reburial takes place.

Mikhail died without knowing that he had a son — my father, which
was the sixth child in the family. My dad had never seen his father and
carefully kept the only memory of his father — a crumpled, time-worn photo
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card and stories of his mother. My grandmother did not know that her
husband was dead, because she received a notification that he was missing at
the end of the war.

After so many years, my dad managed to visit the grave of his father. It
is probably hard to imagine what feelings were embracing him at that
moment. Maybe this desire to protect, protect their family, their land, their
Fatherland, their homeland was transferred at the genetic level and that is
why my father became a professional military man and carried this title with
honor, so to speak, without shaming the memory of his father. Now he is a
major reserve.

We want to save from our ancestors not ashes but fire!

Dolgushev Fedor Timofeevich
Date of birth: 06/14/1916. Elkin Mikhail Ivanovich
In the Red Army since March 1943 Year of birth 1904
Date of achievement: 08/10/1943-12/08/1943 Arrived at part 09/08/1941
Awards: Order of the Patriotic War | degree Date of disposal 02/12/1942
and Medal "For Courage™
Award document number: 57.
Date of award document: 01/01/1986.
Record number: 1514705815.

Fig.1 — Grandfathers, which took part in the Great Patriotic War
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AHHOTanus. DTO paccka3 O JeAyIIKax aBTOpa, KOTOPHIE NMPHUHUMAIN
yaactre B Benmnkoit OteuecTBeHHOH BoitHe, koBanu [ToGexy BmecTe co BceM
HapoaoM. MBI XOTHM COXpPaHHUTH OT HAIIHX IPEIKOB HE MeTell, a OTOHB!

KnroueBble cioBa: Bemukas OrteuecTtBennas BoiiHa, I1oOema, moasur
JETYLIKH.

Annotation. This is story about grandfathers of author, which took part
in the Great Patriotic War, they forged Victory together with all the people of
our country. We want to save from our ancestors not ashes but fire!

Keywords: Great Patriotic War , Victory, grandfather’s heroic deed.
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Introduction.

The victory in the Great Patriotic War was a consequence of many
factors, one of which was the arming of Soviet soldiers. Along with rifles and
other weapons, the fighter's kit also included a protective helmet. The helmet
was SH-40 used by most Soviet soldiers and became an integral part of the
appearance of the Soviet soldier in adaptations of historical events of that
period of history, when Soviet soldiers fought the Nazi invaders.

Materials and methods.

Internet resources were used to collect information for writing the
article, providing information about the SH-40 helmet, its characteristics and
comparison with analogues.

To begin, the search for information was carried out on encyclopedia
sites. They presented information on previous models, the desire to improve
which led to the creation of the SH-40 model, the time of its creation.
However, no detailed information was provided on the model itself and its
comparison with its counterparts.

The next stage was to study forums devoted to military or field-based
topics for information on field tests of World War 11 helmets. On forums and
websites aimed at people interested in detailed information on these issues,
information was found about the field tests carried out by the Soviet
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command of helmets of Soviet soldiers and surviving trophy helmets of
German soldiers.

The final stage of the study was the design of all information for
addition to the article.

Results.

World War 11 was very different in the nature of the actions at the front.
New types of troops, increasing the manhood of infantry, in view of the
rejection of the "trench war" and other conditions required new solutions
from military engineers. Including decisions on infantry equipment. The
issue of the possibility of using uniforms in various conditions remained
important.

An integral part of infantry armament is the protective helmet. Since
World War 1, the helmets of all warring countries have undergone change,
testing and combat use. We will consider one of the variations of the helmets
of the soviet soldier, namely the helmet SH-40 (Lysevskaya helmet).

The SH-40 was closely related to the story of using of SH-36, which
was developed and adopted in 1936 to replace Adrian 's helmets used still by
the Russian imperial army. SH-36 became the first helmet developed and put
into mass production in the USSR. SH-36 received baptism of fire during the
war in Spain, where it was supplied to Republicans and international brigades

[4].

However, in 1938 it was decided to develop a new helmet, later called
the SH-39, which had better characteristics [3].

Nevertheless, the SH-39 did not become the final version of the helmet
of the Soviet fighter, after all later the legendary SH-40 was adopted. The fact
is that the war with Finland showed that SH-39 could not be worn with warm
headgear, which increased the risk of frostbite many times.

The design of the SH-40 differs from the previous model used by the
sub-device is simpler and stronger. Hence the main external difference: six
rivets were used in the SH-40 for attachment of the sub-cluster device, three
in the SH-39. The sub-muzzle device consists of three parts - "petals” made
of leatherette, imitation leather or fabric which in the top part of a helmet
connect the lace intended for adjustment (adjustment) of SH for convenience
of carrying. Inside of each lobe there is a cushioning pad made of wool. The
tarpaulin chin belt consists of two half parts attached to rings on the sides of
the helmet. One of the parts on the free end has a sliding buckle; end of the
other half is crimped with a semicircular metal mandrel.

The question, whose equipment is better, concerns not only the soldiers
at the front, but also the high command. In 1943, the answer to this question
was given by the command of the Soviet Army at the tests of Soviet helmets
and trophy helmets of German soldiers.

In December 1942, by order of A. I. Mikoyan, a member of the USSR
State Defense Committee, a commission was formed under the leadership of
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the Deputy Chief Quartermaster of the Red Army, Major General J. S.
Kolesov. Her task was a comparative test of steel helmets of domestic and
German production. The commission included representatives of the main
quartermaster’s department (SIU KA), the People’s Commissariat for Ferrous
Metallurgy (NKChM) and plant No. 700 of the NKChM, as well as the
armored laboratory of the Research Institute No. 13 of the People’s
Commissariat of Arms (NKV).

The tests took place in two stages: the first took place on January 10-16,
1943 at the dash of the factory No. 700 in Lysva, the second on February 7—
12 at the Small Arms Research Center of the Main Artillery Directorate
(NIPSVO GAU KA) in Shchurovo, Moscow Region. The SH-40, made of
steel grades I-1 and -2, as well as captured German helmets, were tested.

Unfortunately, the captured German helmets were not sorted by type
and all were tested equally, although there was a significant difference
between the six different models (M16, M17, M18, M35, M40 and M42).
This assumption is made possible by the table-register of the German helmet
casings, from which it can be seen that helmets of different sizes were tested,
and in the table with the chemical composition of steel determined at Plant
No. 700 and NIPSVO and hardness it can be seen that these are helmets of
different types. In some places in the table along with the dimensions of the
helmets the factory marking is indicated, from which it follows that these
were helmets of different factories.

The tests did not imply only the determination of the chemical
composition and hardness of the material of the helmets. The most interesting
part of them - the shelling and close explosions of ammunition - gave an idea
of whose helmet is better.

To shoot at the first stage of testing was supposed from a 7.62 mm
Mosin rifle arr. 1891/1930, a cartridge with a reduced charge (designed for a
range of 800, 900 and 1000 m) with a bullet mod. 1908, due to the small
length of the shooting gallery of plant No. 700 and from the 7.62-mm
revolver Nagan arr. 1895 "Nagan" from a distance of 10 m.

At the second stage, at the firing range, they shot a rifle with a full
charge of the same bullet at distances of 800, 900 and 1000 m, fired from the
PPSh with live ammunition from a distance of 115 m, from a TT from a
distance of 65 m. At the end of the tests, 82-mm mortar shells were blown up
mines at a distance of two meters [1, 2].

Shelling at the shooting range and at the firing range was carried out on
loose helmet casings without a sub-body device from three sides: the frontal,
lateral and occipital parts. Why in the dash only hits in a certain area of the
helmet were subject, tangent hits, hits closer than 20 mm from the previous
one or from a rivet / hole for ventilation were not counted. At the training
ground, the requirements for credited hits were softer due to more
approximate reality conditions.
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According to the results of the study, it was found that the Soviet SSH-
40 helmets prevent splinter and bullets from getting better than German
helmets.

After conducting a small analysis of sources telling about the uniforms
of German soldiers, | concluded that there were several reasons for this.
Firstly, Soviet helmets were made of the most durable alloys, the research of
which was carried out both in the rear and on the battlefield; the command
sought to find a reasonable balance between the price of the helmet and its
quality. Secondly, over the course of the war, the new German helmets were
made from materials that were cheaper than quality. This is due to the fact
that the resources possessed by Hitler Germany were depleted, but Hitler still
believed that the end was not as close as everyone suspects, so it was decided
to reduce the price of helmets, and accordingly their quality, and channel
resources to other industries.

The Wehrmacht soldiers themselves knew the fact that the Soviet
helmet is better than the German one. It was common for German soldiers to
use the helmets of Soviet soldiers instead of their helmets.

Discussion and Conclusions.

In conclusion, | would like to say that, judging by the tests carried out,
the leadership and engineers of the Soviet Union managed to find a balance
between the strength of the helmet and its price. The result of the engineers'
research was the Soviet steel helmet of 1940, convenient, durable and
memorable.
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AHHOTauus. B cratbe mpuBosaTCs cBeaeHus o copeTckoM nuieme CIII-
40 m ero mpennIecTBEHHUKax. Takke MPEICTaBICHBI PE3yJbTAThl IOJEBBIX
HCIIBITAHUM COBETCKHX IIJICMOB M 3aXBauyCHHBIX HCMCUKUX IIJIICMOB.
I[aHHBIe, HCIIOJIB30BAHHBIC JIJId HAITMCAHUA CTAaTbH, IMO3BOJIAIOT OIPCIACIINTD,
nouemy CII-40 mydmie, 4eM ero HEMEIKHe aHAJOTH, M IMOYeMy HEeMEIKHe
COJIAaThl MPEANOYUTATIMN HCHOJIB30BATh 3aXBAUCHHBIC COBCTCKHUEC IIJIEMbL
BMECTO CBOMX COOCTBEHHBIX. B crarbe aBrop 0oOmsicHsier, nouemy CIII-40
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ObUT JIydIIUM IIJIEMOM, HCIOJB3YeMBIM Ha BOCTOYHOM (poHTe BTopoit
MHPOBOM BOWHBI.

KioueBble cjgoBa: kackd, BOB, mnpemMymiecTtBa, TeCThI,
o0opyZI0BaHHE.

Annotation. The article provides information about the Soviet helmet
SH-40 and its predecessors. Also presented are the results of field tests of
Soviet helmets and captured German helmets. The data used to write the
article makes it possible to determine why the SH-40 is better than its
German counterparts are, and why German soldiers preferred to use captured
Soviet helmets instead of their own. In the article, the author explains why
the SG-40 was the best helmet used on the eastern front of World War I1.

Key words: helmets, World War 11, advantages, tests, equipment.
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Introduction. Even 75 years after the victory in the great Patriotic war
of 1941-1945 vy., the memory of it has not faded, the details of military
clashes are still being clarified, and the technical means that served as the
tools of this war - combat vehicles, aircraft, fleet, and weapons-are being
compared. Much of this was later used as a basis for creating new technical
devices that work for the benefit of society. The most interesting aircraft to
consider are bombers, fighters, and attack aircraft. A striking example of
attack aircraft is the world-famous 11-2, which later served as the base for
many modern aircraft, such as the 11-62. That’s why the aim of this research
is to consider the main ways and means of technology of aircraft
manufacturing [1, 2].

Materials and methods. During this research, some technical
documents, articles, reviews and historical aspects were studied, which
allowed the author to draw his own conclusions about the development,
application and significance of the above-mentioned 11-2 aircraft. A step-by-
step history of the development of the 11-2 attack aircraft was given. Thus,
general theoretical methods of research of the chosen topic were applied. The
conditions and circumstances of production, design features, functional
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characteristics, such as weapons, protective qualities, and basic flight
characteristics were considered. The statistics of successful combat missions
are considered. To form a complete picture, a brief biography of the designer
Sergey Vladimiravich Ilyushin was given [5]. The tactical features of the use
of this attack aircraft are considered - the attack of ground targets at a low
altitudem 50 m in the first phase of the fight, as well as the destruction of
enemy aircraft at a speed of 300 km/h exceeding its analogues. Some combat
maneuvers are considered, for example, the air maneuver "Circle" is
considered. Such characteristic features of the 11-2 as similarity with German
bombers were noted, which allowed the attack aircraft to be closer to the
enemy's positions [4].

Results. As a result of the work done, a convenient and open form of
information was obtained, containing the main historical, technical and
practical information about the 11-2 attack aircraft, aimed at educating and
encouraging the listener to independently study the history of the great
Patriotic war and military topics. After learning the above things, the listener
will be able to compare the 1I-2 attack aircraft with other independently
studied combat aircraft [3, 6].

Discussion and Conclusions. The following statistics were mentioned
in the study: during the sorties of casualties among the gunmen were higher
than the losses among the pilots of attack aircrafts in 8 times. This
information makes it possible to doubt the constructive effectiveness of the
I1-2 attack aircraft. The research also mentions that the design of the aircraft
was repeatedly corrected, and previously a series of models was released that
did not have a compartment for the on-bord shooter in the armored cabin.
This decision was dictated by the desire to perform the technical task as
economically as possible. Despite the presence of armor, without the shooter,
this model was vulnerable to enemy attacks. After that, it was decided to
place the compartment for the shooter in the cabin. However, this technical
solution was also not fully implemented. In order to save money, the
shooter's cabin was not armored, which led to the sad statistics: 8 dead
shooters per 1 dead attack pilot. Thus, it was concluded that the design of the
attack aircraft was far from perfect, which was dictated by the desire to
produce a combat model as quickly as possible with minimal costs. Despite
this, the 11-2 attack aircraft proved to be an effective combat machine in the
theaters of military operations of the great Patriotic war.
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AnHoTanusi. MHoOrme ciuplmand o TakoMm opynun IlobGenmbr, kak
mTypMoBUK Mn-2, ogHako 4enoBeK, JaJleKHMd OT BOEHHOW TEMBI, BPAI JH
6yz[eT HUHTCPCCOBATHCA HCTOpI/ICﬁ CO31aHuA u TCEXHUYCCKHUMH
XapaKTCpUCTUKaAaMU JaHHOI'0 MITYPpMOBHKA. I[aHHaSI pa60Ta HanecJeHa Ha
(dbopMHUpOBaHHE 3aWHTEPECOBAHHOCTH M IOHHMAHUS HCTOPHYCCKHX U
TeXHUYECKUX acmekToB opyauit [lobexasl. B pabore noctymHO W
AKICHTUPOBAHHO PACCMOTPEHBI KIHOYEBLIC TEXHUYCCKHUC XAPAKTCPHUCTUKU
mTypMoBHKa Mi-2, mpuBeneHa HCTOPHUS €r0 CO3JaHMs U KpaTKas Ouorpadus
koHcTpykTOopa Cepres Bnagmmmuporuua Wnbprommua. Taxke paccMOTPEHBI
HaunboJiee HWHTCPCCHBIC TAKTUYCCKUC U 0OeBBIE  Ka4eCTBa JaHHOI'O
TYpMOBHKA. I[J'IH YCJIOBCKaA, HE CBA3aHHOI'O C ,ZIaHHOI71 TeMOﬁ,
BBINIECH3JIOKEHHOH I/IH(l)OpMaIlI/II/I BIIOJTHE JOCTAaTO4YHO, 4TOOBI UIMETH 0a30BOE
MpeACTaBJIICHUE O HITYPMOBHUKE WNn-2 xak 0 TEXHUYECKOM U HUCTOPUICCKOM
HacJIcauu Cosetckoro Coro3a.

KiroueBble cioBa: TYPpMOBHK, CaMOJICT, BOfIHa, OpYyXue, apuanus.

Annotation. Many have heard of such a weapon of Victory as the 11-2
attack aircraft, but a person far from the military topic is unlikely to be
interested in the history of the creation and technical characteristics of this
attack aircraft. This work is aimed at generating interest and understanding of
the historical and technical aspects of Victory tools. In this paper, the key
technical characteristics of the II-2 attack aircraft are considered in an
accessible and focused manner, the history of its creation and a brief
biography of the designer Sergey Vladimirovich Ilyushin are given. The most
interesting tactical and combat qualities of this attack aircraft are also
considered. For a person who is not connected with this topic, the above
information is quite enough to have a basic idea of the 11-2 attack aircraft as a
technical and historical legacy of the Soviet Union.

Keywords: attack aircraft, plane, war, weapon, aviation.
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Introduction. For the first time, the feat of Sevastopol underground
schools during the Second World war was described in the book “Light of
underground schools” by Ekaterina Kozitskaya-Naydenova.

E.D. Kozitskaya-Naydenova was Sevastopol poetess and she worhed at
Foreign languages tdepartment in Sevastopol State university.

In 1996, she was admitted to the Russian writers' union. Ekaterina
Dmitrievna is the winner of the International literary festival of children's
writers “Cimmerian muses” in Feodosia, the winner of the incentive award
and the author of beautiful prose works (photo 1).

MOASERF[GIRS
~ Photo 1 — International Literary Festival.

She is the author of 18 collections of poems, short stories. The first
volume of "Roots" includes the story “Light of underground schools”. This
is an artistic and documentary narration about an actual events during the
Second defense of Sevastopol in 1941-1942 — the underground schools’
activity during 250 days of siege [4].

Main part. Before the Great Patriotic War, more than 30 schools
worked in Sevastopol. On the 1-st of September, 1941, only 15 schools
started working. Two months later, due to increased bombing and shelling,
eight schools moved underground. School N. 32, which was located in the
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Inkerman tunnels, operated until June 24, 1942 (photo 2). Every day, going
to work, the teachers of these schools committed a real feat [2].

They were so selfless and courageous. After all, they fought without
weapons! Despite a hunger and hardship, everyone considered as a duty to
help the front. When the bombing began, the children were engaged in oral
counting. By this way the teachers tried to distract children from terrible
bombing.

Photo 2 — Schoolrchildren and teachers of undergroundschools o

Let's give an example of the courage and heroism of teachers and
children from this book : “One can say when the guns shoot, the muses are
silent. This statement had absolutely nothing to do with the staff of school
Ne 3. They shared the idea that the desire for beauty is an innate feeling of
every normal person, which could not be silenced even by nearby exploding
bombs... The whole world was notified by Goebels' liars that life was frozen
in the besieged Sevastopol, that people are in despondency and melancholy...
The youth of the hero city live not with a dull longing, but with a deep
confidence in the future free life, with a thirst for knowledge, with love for
the Motherland. Nothing will frighten them — neither brutal bombing, no the
falling shells” [2, p. 201].

“1942. The lessons stopped in underground schools. Life loves those
people who love it. That’s why we are alive. And we gave knowledge our
children. There are 2442 students! And they will learn the lessons of courage
that no textbooks can teach... We are not only teaching history, but also
writing it. You are living witnesses of history, and do not forget: you are
Sevastopol residents, ones of a city that never surrenders to the enemy” [2, p.
213].

E.D. Kozitskaya-Naydenova died on February 12, 2014.

“In our computerised, mechanised era, when there is still less and less
time for kindness, generosity, charity, even more there is a growing desire to
preserve them, to bless them, and to declare them first, the most important
lesson in schools, where the processing of the human soul and acquisition of
knowledge” [3, p. 15].
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Conclusion. The processing of the human soul and a formation of
spiritual and moral values of youth reach a meaningful fullness when they are
connected with life, real social problems that need to be addressed on the
based on a moral choice: for example, to remember the events of a war,
respect and honor the memory of the heroes of the Great Patriotic War [3].

“Now, more than ever, you realize that a person remains alive while
alive our memory. And the memory of those years is not erased” [1, p. 1].
Remember the words from "Requiem” By R. Rozhdestvensky: “With every
second, with every breath, be worthy! People! As long as your heart is
pounding, remember!” [1, p. 21].
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Introduction

The Great Patriotic War was a difficult test for every person. All
people living in the vast territory of the USSR were involved in the fight
against a bloody war. Thanks to the joint effort of the rallied people, a
victory was won in the war.

The purposeof this work is to describe the life of my great-
grandfather Makarov Nikita Mikhailovich who participated in the Great
Patriotic War of 1941-1945.

Defender of Motherland

Red Army soldiers fought for their Motherland on the fronts of
World War Il. One of the fighters of the Red Army was my great-
grandfather Makarov Nikita Mikhailovich, who made his heroic
contribution to the Great Victory over the Nazis.

Makarov Nikita Mikhailovich was born in 1901 in the
Mordovian Autonomous Soviet Socialist Republic, Purdoshkinsky district,
the village of Purdroshki.

He was called to the Red Army at the beginning of the war, in
1941. Nikita Mikhailovich began his military service in the newly formed
326 rifle division. He served in the service and equipment division before
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go to the front. On November 7, 1941, the division left Penza and became
part of the 10th Army of the Western Front.

The 326 th Infantry Division, continuing its irrepressible attack,
liberated the Baryatinsky station (now the village of Baryatino, Baryatinsky
district, Kaluga region), thereby ensuring the liberation of the city of
Sukhinichi by units of the 10th army.

After that, 326 th Infantry Division was heavy fighting for the
aerodrome Shaykovka, but did not succeed. In these battles, only the 1099-
th Infantry Regiment of the 326th Infantry Division lost 46 officers and 466
sergeants and privates.

In such heavy battles, my great-grandfather was killed on January
19, 1942 in the Smolensk region, the Baryatinsky district, the village of
Novo-Shopotovo.

The loss of Nikita Mikhailovich dealt a serious blow to his family,
which experienced great difficulties in the postwar period. My grandfather
Makarov Vasily Nikitich, the son of Nikita Mikhvylovich, had to work and
support his family from an early age.

I, Andrei Makarov, have not forgotten my great-grandfather-hero
and will always remember him.
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Introduction. The periodical military-historical press has
accumulated quite a few publications related to one of the most tragic pages
at the Black Sea during the Great Patriotic War of 1941-1945 — the death of
the sanitary vessel “Armenia”. In its scale, this marine disaster, which
claimed the lives of more than 7,000 people, is not comparable even with
the most famous tragedies that occurred with the Titanic and Louisiana,
where there were several times fewer victims (combined) [1].

Main part. The Soviet hospital ship Armenia was a transport ship
operated by the Soviet Union during World War Il to carry both wounded
soldiers and military cargo. It had originally been built as a passenger ship
for operations on the Black Sea.
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Armenia, built in 1928 at Baltic Shipyards in Leningrad (now St.
Petersburg), was one of four Adzharia-class passenger liners specifically
designed for use on the Black Sea. They were the first passenger ships to be
built in the newly formed Soviet Union [2].

The aim of scientific research is to tell the story of the vessel
"Armenia" and analyze the variants of the tragedy.

The tragedy happened on November 7, 1941. The day before, on
November 6, the "Armenia" motor ship, taking on board the wounded and
sick, as well as the personnel of the naval hospitals and representatives of
the management of the Black Sea Fleet medical service, left Sevastopol
with a call to the external raid of Balaklava in order to take out the
employees of the People’s Commissariat Internal Affairs (PCIA) and local
hospitals. When vessel left Balaklava, the command of the sanitary
transport vessel received an order to turn to Yalta and evacuate the
hospitals located in Yalta, workers of Simferopol partially, and then
directed to the Caucasus, the port of Tuapse. Both in Sevastopol and in
Yalta, the loading of servicemen, wounded and sick, as well as evacuated
citizens, was in a great hurry due to the difficult operational and tactical
situation. Lists accepted for the ship were not compiled, and their exact
number was not known. People begged to take them on a ship and filled all
the office space up to the engine room. Departing from Yalta on the
morning of November 7, the ship at 11 hours 45 minutes was torpedoed by
the Heinkel 111 German torpedo bomber from the air and sunk within four
minutes [1]. But many people don’t believe in that version. At least one
another version also exists. She was told by one of the survived people.

The RGS emphasizes that the hulk is unfragmented, sitting on an even
keel heading 220. The hull is covered in ooze but has no obvious holes,
which excludes the possibility of sinking by torpedoes, as the official
version claimed. “At the same time, the superstructures and decks bear
clear, ghastly traces of destruction: guard railings and other vertical
elements are twisted outward. Most likely, these are the consequences of
the explosions caused by aerial bombs. The main damage occurred in the
middle and bow sections of the superstructure closer to the portside, which
may indicate an aerial bomb attack along the course of the vessel, meaning
German aircraft had attacked from the stern” —stated Executive Director of
the Undersea Research Center at RGS Sergey Fokin, a member of the
expedition [4].

According to another version, eight Nazi Junkers Ju 87 bombed
“Armenia” at once. Of all those on board (recall, this is about 5-8 thousand
people) only eight managed to survive. Anastasia Popova was among them.
Despite of the terrible cold, she independently sailed to the shore. Anastasia
recalled the terrible minutes of the tragedy like this:
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«On November 6, 1941, on the advice of my friends, | decided to
evacuate from Yalta. They took me aboard with great difficulty, as
"Armenia" was already overwhelmed with wounded and refugees. When
we have gone to the sea, the ship was attacked by enemy aircraft. Real hell
has begun. Explosions of bombs, panic, screams of people — all mixed up in
an indescribable nightmare. People rushed about the deck, not knowing
where to hide from the fire. | jumped into the sea and sailed to the shore,
losing consciousness. | didn’t remember how | ended up on the shore» [3].

The shipwreck had been particularly actively sought over the last 20
years. Over that period, more than 300 sg. km of the sea bottom had been
explored. The search was conducted by the Ministry of Defense of the
Russian Federation. Specialists of the Undersea Research Center of the
RGS took part in the survey and identification of the vessel [4].

Picture 1 — Motor vessel “Armenia”.

According to the report, the ship was discovered by the deep-sea
apparatus of the Ministry of Defense off the coast of Crimea, about 18
kilometers from Yalta at a depth of 1500 meters. The preliminary location
of the vessel was determined in 2016.

“Now doubts have been dispelled, and our point, announced back in
2016, was confirmed. Now we know exactly where the biggest disaster on
the Black Sea lies. The ship was on a large slope, sliding into a crevice.
Depth, as previously stated, 1500 meters” — said the representative of the
expedition [5, www].

Conclusion. At the end of my report | would like to say due to the
science, it became possible to find the vessel and thereby commemorate the
victims, who were on it at the day of tragedy.
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Annotation. The history of the flooding of the ship "Armenia"” is
considered as one of the terrible tragedies of the Second World War, which
took the lives of 6000-10000 people. Due to science, 79 years later, the ship
was found by a deep-sea complex in the coordinates that were determined
by scientists in 2016. "Armenia" is located at a depth of 1.5 thousand
meters, on a large slope, about 18 miles from the coast.
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Introduction. Ptrd-41. Weapons that made a huge contribution in the
early stages of the war. With an impossibly simple design, this anti-tank
rifle was deadly to enemy armored vehicles. Which became a cult, this gun
is still mentioned in various literary and film productions.

Materials and methods. | would like to start by saying about history
of creation. When the Germans invaded, turns out they invaded with a lot
number of light and medium tanks that were actually quite susceptible to an
anti-tank rifle. Then the Soviet Artillery Directorate put out a request on
anti-tank rifles. They were afraid that the infantry in combat would get
separated from their anti-tank artillery support, and large crew that served
37, 45mm and larger anti-tank guns, would not be able to keep up with the
infantry during combat. And they didn’t want the infantry to be stranded,
assaulted by tanks, and unable to defend themselves.

So, that was the idea behind having anti-tank rifles, and that’s what set
the parameters for the gun — has to be portable and operable by two men.
These guns are actually remarkably effective on armor, more than pretty
much any of the other anti-tank rifles that were being used at this time,
including larger ones like the 20mm Lahtis and Solothurns. Very well
designed armor-piercing projectile with a very high velocity cartridge made
this gun as effective as it was. These rifles fired a 64 grams bullet at 1020
meters per second. And with that velocity and that bullet design this thing
was able to perforate about 35 millimeters of vertical armor out in a
distance to 275 meters — this is a lot more than you get with a British boys
anti-tank rifle, or a Swiss Solothurn, or any of the German guns.

The Germans used an 8mm, a much smaller bullet, didn’t have an
armor piercing performance that these did. So up until about the middle of
1943, these guns were actually capable of defeating most of the German
armored vehicles that were being encountered.

But, the most impressive element about this gun is just how quickly it
went from concept, to production, to field use. In August of 1941, Stalin
personally ordered the development of anti-tank rifles. Two different
designers were both put to work on this, Degtyarev and Simonov.
Degtyarev came up with this very simple a single-shot rifle. It was lighter,
but has less firepower. Simonov came up with a gun that had more
firepower, it could be disassembled, take the barrel off, so it was easier to
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transport in the field, but it was also much more complicated to
manufacture. Kovrov weapons factory was able to produce PTRD really
quickly — almost everything on this gun can be made on a lathe, or is a very
simple pressing, or milling operation. Later production had been also
organized by the Izhevsk machine-building plant. And, by the end of
August, they actually have these things in trials. Best source | found says
the development timeframe on this gun was 22 days which is almost
inconceivable.

Results. By November of 1941 these rifles were actually in the field
and in substantial numbers being used. By the end of 1941 they had
produced more than 17000 of these guns. By the end of 1942 that humber
had gone up to almost 185000. And by the end of 1943 the Soviet Army
was fulfilled.

Discussion and Conclusions. Concluding what has been said above, |
want to stress that these guns were a multi-purpose weapon. It stayed in
service to the end of the war, so even after the Germans were used tanks
that weren’t really all that vulnerable to these guns — Panthers and Tigers —
they were still deployed and used extensively for shooting at other things —
light armored vehicles, trucks, emplacements, that sort of thing. Thus, we
see that PTRD is rightfully considered as a weapon of victory.
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Annotation. Different kinds of weapons were used during the World
War Il. The most effective weapons are described in this paper. Degtyarev
and Simonov were both put to work on the realization of the best weapon.
Finally, the PTRD is rightfully considered as a weapon of victory
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In memory of my great-grandfathers I.A. Mikhaylov and A.T. Shapovalov

Steba Vika in the garrison cap of great-grandfather lvan

History has been created for many centuries. Every moment of this
life is possible only because there were centuries before it. We must
remember this, be clearly aware of it, in order to continue to live, to remain
a full-fledged person — a link in the flow of future time [4]. The memory of
our ancestors is one of the main wealth of our soul. After all, in order to
live now many generations of people made life as we saw it.

The memory of departed relatives is sacred. "Under every tombstone —
there is a world's history" — said G. Heine. And indeed, each person is
unigue in their individuality, each leaves his/her own mark in life, the
memory of their deeds, thoughts, and life aspirations. We don't remember
our great-grandparents, but the remaining photos take us back to the past.
My great-great-grandfather Mikhaylov Anisiy
Pavlovich was a soldier of the Russian army in
1914-1918.

On the back of the photo the text is written:

“For all relatives, sons, grandchildren and

great-grandchildren for eternal memory.
Remember and do not forget your honest family™.
How can you forget that?!!

Photo 1 — Mikhaylov Anisiy PalovicH
In the fate of each person, the main events of life are predetermined,
such as the creation of a family, the birth of children, severe diseases,
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income level, time of death, and others. Fate is the fulfillment of our desires
and their consequences. It doesn't always happen that we want. Two of our
great-grandfathers were in the camps against their will. Dachau and
Buchenwald were the worst of the camps, worse than death. People were
experimented on, but they hoped to win and survived.

In the fate of each person, the main events of life are predetermined,
such as the creation of a family, the birth of children, severe diseases,
income level, time of death, and others. Fate is the fulfillment of our desires
and their consequences. It just doesn't always happen the way we want it

[5].

Photo 2 — Alexey and Claudia Shapovalovs Photo 3 — Ivana nd Matrena Mikhailovs

Graduates of the 10th class of 1941 also dreamed about a beautiful
fate, family, happy future...

The power of our thoughts and desires is wide. In other words, every
action of a person leaves one or another imprint on his/her fate. What
young people dreamed about on the morning of June 22, 1941, when they
met the morning dawn; they did not think about the war — a terrible,
destructive, destructive force that interrupted not only the thoughts of a
happy life, but also crippled human lives. Already on the next day after
graduation, they thought about the Victory over the enemy and the fascist,
who treacherously destroyed all good thoughts, destinies...

My great-grandfather lvan Anisimovich Mikhaylov was born in
Novgorodka, Kirovograd region, on September 8, 1923. When the Great
Patriotic War began, Ivan Anisimovich was 17 years old. On June 22, 1941,
he had a graduation party. All plans for the future, all hopes and dreams
remained there, in June of forty-first year... Great-grandfather Alexey
Timofeyevich Shapovalov was born in Ingulo-Kamyanka village,
Novgorodkovsky district on February 6, 1914. During the German
occupation of 1941-1944, lvan Anisimovich and Alexey Timofeyevich
were in their villages. In the first days of the occupation, the Nazis shot
more than 10,000 civilians in Kirovograd and 52,000 from the Kirovograd
region. The Nazis carried out mass arrests of Communists, Komsomol
members, Soviet activists and their family members, subjected them to
severe torture, and then shot them without trial.
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"Sometimes people were caught on the streets, in markets, in other
public places. But more often, special quotas for the export of people to
Germany were issued to cities and villages, on the basis of which local
collaborationist authorities compiled lists and sent out summonses. And
here, of course, whole tragedies unfolded, human destinies were broken.
For example, it was in villages and small towns where everyone knew each
other" [7, www]. Sometimes they were taken out by whole families with
newborn children. In most cases, Komsomol members, older children from
large families, and poor people who could not pay off were taken first.

My great-grandfathers I.A. Mikhaylov and A.T. Shapovalov were
among those prisoners taken to Germany. Grandfather Alexey was driven
to Germany at the end of 1943 to camp Ne 5, Munich, and grandfather Ivan
in January 1944 to Poland, Przemysl, then Germany-Gros-Rosen (stone
quarry camp, Ne 46942), then Aschersleben (broken Anglo-American
aircraft factory), then Dachau camp.

The Dachau specialized camp, the first concentration camp in Nazi
Germany, began operating on March 22, 1933. This was the first
experimental training ground where the system of punishments and other
forms of physical and psychological abuse of prisoners was practiced.
Before the Second World war, political opponents of the Nazi regime —
primarily Communists, socialists, and clergymen-were held in Dachau
(photo 4). In Dachau, my grandfather could meet each other. Fate brought
them together after the war. Alexey Shapovalov in the future gave his
daughter in marriage to the son of Ivan Mikhaylov — Grigoriy.

After Dahao, they were chased to Buchenwald. Nazis chased them
like animals, but they didn't count them as people. There was also Gros-
Rosen (stone quarry camp, No. 46942), then Aschersleben (broken up by
the Anglo-Americans aircraft factory).

Photo 4 — Documents confirming your presence in the camp

The allies liberated them in Wittenberge and were transferred to the
Red Army. After liberation in April 1945, they were in the Western part of
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Germany, where the main industry of the Third Reich was concentrated, so
they were released by the British and Americans.

After the release, Ivan Anisimovich took the oath and fought in the
anti-aircraft company of the 1031st rifle regiment as a machine gunner,
whose commander was V. Grishin. Mikhaylov lvan was dispatched to the
6th front-line brigade as a gunner in June, 1945. He was demobilized to
pursuant Decree of the Presidium of the Supreme Soviet dated 4.02.1947.

-

-

Photo 5 — LA. Mikhailov (left) with soldiers (Liviti'e, Kurilov) of anti-aircraft company
of the 1031st rifle regiment

Great-grandfathers were awarded by many medals, the order, the
medal "Veteran of labor". Both grandfathers were prisoners of Dachau and
both worked as signalmen, laying cables for hundreds of kilometers.

A lot of work has been done to find evidence of the grandfathers'
captivity. Search results in the state archives of the region, then in the
national Committee of the Red Cross Association did not give anything.
Grandfathers talked in detail about their confinement in the camps, so the
search became more extensive.

In our memory, great-grandfathers and grandfathers will forever
remain heroes of war, heroes of labor, the best grandfathers in the world.

Summary.

The fate of a person is in his/her hands, if another person does not
destroy it, does not change it. We hope for a happy future without war. We
will do everything to build a beautiful future in memory of the war heroes
who gave their lives for ours.

Every year there are fewer and fewer witnesses of those terrible war
years, so today it is so important to collect and preserve every memory.
Grandfathers told their war history to their grandchildren so that we, great-
grandchildren, would know, remember, and be proud of the dead and the
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living who won this war. We, in turn, will pass the archive data to the next
generation.

It was past generations that created us today, and raised our thoughts
and feelings to the heights of human wisdom. After all, man exists in the
world not only as a thinking and feeling being, but also as one of the links
in a strong eternal chain connecting the past and the future. The more a
person values the memory of their fathers, grandfathers, and great-
grandfathers, the more aware they are of their place in this world, and the
more deeply they feel their responsibility for the future.

In our memory, great-grandfathers and grandfathers will forever
remain heroes of war, heroes of labor, the best grandfathers in the world

We remember! We are proud!
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Older men declare war. But it is the youth that must fight and die.
Herbert Hoover

Introduction

It is well known, that any war are inhuman. Millions of people were
killed during the war. In 1941, Germany, having powerful weapons,
attacked our country and unleashed a war. The Great Patriotic War of 1941-
1945 brought countless suffering, grief and tears to all the peoples of the
Soviet Union. War brought sorrow to every home. Fathers, children,
husbands, brothers and sisters from each family went to the front.
Thousands of citizens of the Soviet Union experienced terrible difficulties.
However, they survived and won thanks to incredible efforts, dedication
and sacrifice.

The purposeof this work is to describe the life of my fellow villager
Nikolai Mikhailovich Sosedovwho participated in the Great Patriotic War
of 1941-1945.

Defender of the Motherland

Nikolai Mikhailovich Sosedov was born on December 19, 1923 in
the village of Manzy near Krasnoyarsk.
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In May 1942, Nikolai Mikhailovich Sosedov was called up for
military service into the Red Army. He was trained in the infantry troops
and was sent to defense Stalingrad.

The battle of Stalingrad was the most bloody in modern history. In
total, more than 1,530,000 people were killed, wounded or captured.In
Stalingrad Nikolai Mikhailovich was wounded in the leg. After treatment
he returned to his military unit and went into battle again. In Stalingrad
Nikolai Mikhailovich saw how Paulus was captured.

The 62-nd Army in which Nikolai Mikhailovich fought was awarded
the title of the 8th Guard for the heroism of soldiers and officers in the
battles for Stalingrad.

After participating in the battle of Stalingrad, Nikolai Mikhailovich
was a soldier of The 3rd Belorussian Front.

The battle of the Dnieper was one of the largest Second World War
operations, involving almost 4,000,000 troops on both sides and stretching
on a 1400 kilometers long front. During this four-month operation, the
eastern bank of the Dnieper was recovered from German forces by five of
the Red Army's Fronts, which conducted several river assault crossings to
establish several bridgeheads on the western bank. Subsequently, Kiev was
liberated in a separate offensive [1].

Participation in the battle of the Dnepr is the most severe memory
Nikolai Mikhailovich.The Dnieper battle involved 4,000,000 personnel of
Red Army. According to the memoirs of Nikolai Mikhailovich, the losses
were so great that the bodies of the dead soldiers were used as barricades.

Than in Belarus, he was seriously wounded and freeze on the marsh.
Nikolai Mikhailovich lost a lot of blood but was found and saved by a
comrade.
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After the liberation of Poland,Nikolai Mikhailovich fought in
Germany. In the German city of Branderburghe learned that the war was
over. This happened after May 5, 1945.When the war ended he served in
Brandenburg with the Allies until 1947.

Nikolai Mikhailovich Sosedov is a participant in the Victory Parade
of 1945 in Moscow. He marched in the sixth row.

For military merits, the front-line soldierNikolai Mikhailovich
Sosedov was awarded the Order of Lenin, the Order of Glory of the Il
degree, the Order of Glory of the Il degree, the Order of the Patriotic War
11 degree, the Order of the Red Starand medals.
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The memory about Nikolai Mikhailovich Sosedov we will keep and
pass from generation to generation. Nikolai Sosedov’s life will be the
perfect example for all of us.
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We are proud of our great countryman!
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The Great Patriotic War is the most terrible war in the history of our

country. Thousands of brave soldiers died in the battles for the homeland,

leaving their children orphans and their wives widows. It is difficult to find

a family in our country that did not lose anyone in this terrible war. This
war was not spared my family.

My great-grandparents Tsol Karl and Dorothea were Russian

Germans and lived in a settlement in the Volga region. Their life flowed

calmly and orderly in a settlement among orchards and flowers.

-

In summer of 1941, life changed. On June 22, 1941, Russian
Germans, like the entire population of the Soviet Union, learned about the
German attack on the USSR and the beginning of the Great Patriotic War.

In late August, 1941, Germans from the Volga, Saratov and
Stalingrad regions were deported by Stalin's Soviet government to Siberia,
Kazakhstan, and other remote regions because of their German heritage.
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The formal decree came on 28 August 1941 which abolished the
Autonomous Socialistic Soviet Republic of the Volga Germans. The Volga
Germans were now treated as prisoners and were transported by rail to the
camps.

The deportees were transported, usually in railroad cattle cars and
only given water when the train stopped every three or four days. The food,
as a rule, was salted herring, which only increased the thirst of prisoners.

Thousands died during journeys which lasted up to two months. In
some cases, bodies were left in the overcrowded cattle wagons for weeks. In
others, they were thrown out beside the tracks. Upon arrival in Siberia,
many of the deportees were forced to work in the Trudarmy (labor army) in
the camps. The Volga Germans were then stripped of their citizenship and
did not regain their civil rights until after Stalin’s death.

At the end of September 1941, my great-grandmother and great-
grandfather with three children were sent to Siberia. They were not told
where they would be deported. On gathering the necessary things they did
not have time. Hence, they set off scantily dressed and with just little
luggage.

My great-grandfather and great-grandmother with other Russian
Germans traveled to the place of their future residence for 7 weeks, first by
barge and then by train. They traveled in the most difficult conditions:
cramped conditions, cold, lack of hot food.

Before being deported to Siberia, Karl and Dorothea had 8 children.
On the way, in unbearable conditions, 6 children died. Only baby Maria and
4-year-old Karl were able to stay alive. Karl and Dorothea arrived in a taiga
village in the Krasnoyarsk Territory, Idrinsky District. They found
themselves with inadequate clothing, no shelter, and no means to support
themselves in temperatures as low as -40°C in Siberia.

During the war, my great-grandfather was sent to a special labor
camp, where he stayed for more than 4 years. He worked 12-14 hours a day.
The conditions were very severe, food was simply not enough at all.
Everyone who worked there lived in barracks.

Great-grandmother Dorothea remained in the settlement because she
had a baby. She worked on the collective farm from morning until evening.
In addition, she had to have her own household in order to have food.

After the Victory of the Soviet Union over fascist Germany, the
Trudarmy (labor army) continued to exist. In 1946, like many other
workers, great-grandfather was able to return to his family. Those who
worked in the Trudarmy were sent home by train. Great-grandfather was so
exhausted that he was sent in a carriage where there were dead people.
When he returned alive, great-grandmother nursed him for a year.
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However, they could not return home to the Volga region; they did
not have documents until 1956. And it so happened that my great-
grandfather, Tsol Karl and Dorothea, remained in Siberia forever.

After Karl returned from the Trudarmarmy, the Tsol family moved
to live in the village of Nikolaevka. Karl and Dorothea did not live together
for long. Karl died in 1954 at the age of 42. When Karl died, his family
experienced great financial difficulties. Instead of studying, 17-year-old
Karl and 13-year-old Mary had to work on a collective farm with their
mother in order to feed their family. Dorothea did not get married. She died
in 1998 at the age of 85.

Karl and Dorothea gave birth to 3 more children in Siberia. In 1948,
Raisa was born, my grandmother. Then in 1951 Lydia was born, in 1953
Emilia was born. Karl and Maria received only a 4-year education. Raisa,
Lydia and Emilia had more opportunities to get an education. They received
secondary education and continued their education in colleges. Raisa
became a teacher and worked as a teacher of German in school. In 2003, she
and her husband went to live in Germany.

Lydia worked for many years at a poultry farm in Krasnoyarsk. In
the early 2000s, she also left for Germany with her family. Emilia worked at
a gas station for most of her life. She is now retired, lives in the village of
Krasnoturansk. Maria worked on a collective farm. She is currently retired,
lives in Nikolaevka. Karl, like Maria, worked on a collective farm. He
retired and moved to live with his children in Omsk. Unfortunately, he died
two years ago.

I, Werner Natalia, a descendant of Tsol Karl and Dorothea, will
always remember everything that they experienced during the Great
Patriotic War. That war destroyed the happy life of my ancestors, that war
brought misery and difficulties in my family. Nevertheless, my great-
grandfather and great-grandmother made their labor contribution in the
name of the Great Victory.
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Introduction. 75 years have passed since the end of World War II.
World War 1l was the worst disaster in the history of mankind. Its results
gave a vector of development of society for decades. The history of the
Second World War and the Great Patriotic War may never lose its relevance.
“Even children showed courage and heroism. Despite the bombing they
continued to study” [5, p.287]. The discovery of new documents, facts,
changes of values in modern society is changing people's attitudes to the
history of the war, from which we should learn - this is an important feature
of the thinking man. Moreover, it gave a lot of negative examples, including
the development of the world in the 20th century. The past century was a
period of global clashes and confrontations, world wars, in which a
significant number of countries from several continents were involved. But
the experience of the last century taught mankind little. The desire for
dominance is still inherent in some countries. The world continues to arm
itself, showing its inability to abandon war as a tool for resolving
contradictions. Therefore, the problem of studying and updating knowledge

on the history of wars and armed conflicts is of greatest importance today.
The main part. Famed military leader and a gifted strategist Erich
von Ludendorff after the Battle of Amiens noted that "August 8, 1918
represents the black day of the German army in the history of World War I1."
It is obvious that the German General foresight is clearly lacking, he could
not conceive that the day is much more black, come to the German Army a
little more than a quarter of a century later. Allied landing in Normandy and
opening a second front in Western Europe have deprived the German army

247



last embers of hope, a more or less acceptable end of the war left after 1943
[1-4].

The most significant political event of the beginning of 1945 a meeting
of the leaders of the three great powers of the anti-Hitler coalition - the
USSR, the USA and the UK, which took place from 4 to 11 February in
Yalta, in the Lydian palace, in the newly liberated post-war Crimea. Until
now, the results of the Yalta Conference are known as the Yalta World. |
would like to note that despite the fact that the United States, Great Britain
and the Soviet Union opposed Germany on the sidelines of World War I,
they found it very difficult to find any common ground, but still the *“Yalta
World” got its foundation in Crimea.

Yalta Conference was the second meeting of the leaders of the three
great powers of the anti-Hitler coalition - the USSR, the United States and
England, and she, like Tehran, was marked by the prevalence of the trend
towards the development of agreed decisions in the organization of the final
victory, and in the postwar. In February 1945, there was no doubt that the
collapse of Hitler's Nazism inevitable. The victory was only a matter of time
over Germany. Therefore, the heads of the three great powers were well
aware that there was an opportunity to change the entire political map of
Europe, especially in its central-eastern part. The fate of Europe was
depended on the leaders of all three countries [9-11].

At the International Conference in Yalta, the fate of Germany was
discussed. The allies agreed that Germany would be occupied and that special
authorities would be created on its territory, which would then be led by the
military of the three countries. Indeed, this body was created, but after the
advent of nuclear weapons, almost all the agreements reached regarding
Germany were violated. It was also agreed that all countries will have allies’
occupation zone of Germany, therefore, Germany was divided into East and
West. And we know that in Berlin was allocated these two zones. Germany
had to be disarmed, abolished the military and economic potential, as in Yalta
and raised the question of reparations, because the territory of the Soviet
Union was destroyed, but the exact solution about the payments were not
made in cash.

One of the most difficult and most controversial was the question of
Poland. Allies define the boundaries of the Polish state, which were installed
on the "Curzon Line" with minor changes in favor of Poland itself. It
received the territorial gains in the west and north.

It should be mentioned that the implementation of the idea of creating a
new League of Nations in Yalta, the future United Nations, was launched. It
was decided to establish in the near future together with Allies of a general
international organization to maintain peace and security. It was essential,
both to prevent aggression and to remove the political, economic and social
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causes of war through the close and continuing collaboration of all peace-
loving nations.

Since the leaders of the three great powers of the anti-Hitler coalition
was required inter-governmental organization, which would be able to
prevent the attempts to change the decisions of the Yalta Conference and
established spheres of influence. It was in Yalta that the ideology of the
United Nations was formed.

It should be noted that most of the articles of the UN Charter was
adopted at the conference at Dumbarton Oaks, a suburb of Washington in
1944, which was convened at the initiative of the Soviet Union [7, 8].

The UN Charter is the main document of contemporary international
law. It could not be of any importance without the key provisions of the roles
and relationships of the great powers in the Security Council. This issue was
resolved at the Yalta Conference. At the meeting, the leaders of the three
great powers of the anti-Hitler coalition in Yalta were taken the most
important general declarations. Such is the “Declaration on Liberated
Europe”, which provided for the harmonization of the policies of the three
powers and their joint actions in resolving the economic problems of Europe
in accordance with democratic principles. These principles affected the very
essence of political systems; therefore, they could be interpreted in different
ways. However, they expressed precisely those general political features and
social ideals, under the banner of which various forces fought against fascism
in Europe and around the world [6].

The communiqué of the conference of the leaders of the three allied
powers - the USSR, the USA and the UK there is, in my opinion, one of the
most important chapters. The unity in the organization of the world, as well
as in the conduct of war, it is said that only with continued cooperation and
understanding between all three countries and all peace-loving peoples can be
implemented in a durable and lasting peace.

Conclusion. It can be concluded that it is the Yalta Conference which
determined the further order of the world order. That geopolitical era, set in
Yalta in February 1945, had a number of historically important meanings.
Firstly, it was eliminated multi-polar system of international relations, has
come to be replaced by a bipolar, in which the leading role was played by the
two countries. Consequently, the post-war world has ceased to be
Eurocentric, and has become a global one. Secondly, at the Yalta Conference,
the possibility of cooperation between the three great powers of the anti-
Hitler coalition, which in turn had a different social system, was shown.
"Yalta world" was destroyed at the turn of 1980-1990s, and subsequently
definitively ceased to exist. Some of the mechanisms of the Yalta-Potsdam
system function this day. However, the destruction of the Yalta World, the
desire to establish a unipolar world order led to a new geopolitical crisis, a
strong increase in terrorist threats and the danger of a clash of civilizations.

249



References:

1. Bodda, Ix. Uctopus CoBecTckoro coto3a [DIEKTPOHHBIA pecypc]
URL.: https://scepsis.net/library/id_3175.html

2. Bync, P. bperron-Bynckas kongepentus OovennaeHHbIXx Hannmii B
1944 1. [Texct] P. Bync // HoBas m Hogetimas nctopusa. — 1992. Ne2. — C.
31-50.

3. JloHeceHue mpezacenaTesst COBETCKOM nenerauuu A. A. I'poMbIko B
Haponueiii xomuccapuar unHoctpanueix nen CCCP ot 28.08.1944 //
Coserckuii Coro3 Ha MexyHapoHbIX KoHpepenuusx. T. 3: Kondepenuus
B Jlymb6apron-Oxkce. — C. 132-138.

4. Kammpuna T. B. Kondepennus B lymbapron - Okce B 1944 r. u
ee  BIMSHME Ha  pa3BUTHE  MEXAYHApOIHBIX  OTHOUIEHWH B
anTHTATICpOoBCcKON Koamumuu.N. 4 /2015 — CraBpomomns, 2015. — C. 30-81

5. MuxaitnoBa A.I'. Ceacromonb-CTamuHrpaa: ogHa UCTOPHUS, OJHA
nobenalloreMkuHCKHH popyM: cOOpHHUK MaTepuaioB [V MexIyHapogHOTO
HaygHOro popyma (CeBacromonb, 25-26 ampens 2019 r.) / MuH-BO HayKu
u BeICcIIero oOpaszoBaHums Poccuiickoit ®enmepanuu, CeBacTOMOIBCKUI
TOCYyJapCTBCHHBIH yHuBepcuter, oOTB. pen. A.Il. Kabadenko. -—
Cesacromnoinb: CesI'Y, 2019. — 361 c. — C. 286-289.

6. Hoeuk JI.I. [wuckyccus o mnpuHOmIax (GOpMHUPOBaHUS
ocHoBoronaraomux cTpykryp OOH B mporiecce co3gaHus OpraHU3aniuy.
// Yupasnendyeckoe Koncynpruposanwue, 2015. — C. 177-186.

7. TleuatnoB B.O., Maragees N.D. Ilepenucka N.B. Ctaimna ¢ O.
Pyssenstom 1 V. Uepummiem B rogsl Bemmkoil OTeuecTBEHHOW BOIHEIL
Joxymenranpaoe uccienoBanue / B.O. Ilewarnos, M.O. Maranees. T.2. —
M.: Onma Meauma I'pymm, 2015. — C. 135-167.

8. Cunopos, A.A. bperron-Byckas KOHQEpPEHIUSI U CTPOUTEIILCTBO
mocjaeBoeHHOTO MupoBoro mopsinka [Tekcr]| / A.A. Cumopor // BectH.
Mock. yH-Ta. — 2014. Ne4. — C. 140-184.

9. Coserckuii Cor03 Ha MEKAYHAPOIHBIX KOH(DEPCHIMAX MEPHOIA
Bemukoi#i OteduectBenHol BOHHBI, 1941-1945 1T.: COOpHUK JOKYMEHTOB /
M-Bo wmHocTp. aen CCCP. — M.: Ilomurusmar, 1978/84. — T. 3.
Kongepenmus mpencraBureneit CCCP, CIIA wu BenmukoOputanuu B
Hym6apTon-Oxce (21 aBr.-28 cenr 1944 r.). — M.: [lomutisgart, 1984. — C.
30-45, 220-230.

10. CoBerckuii Coro3 Ha MEXAYHApOIHBIX KOH(QEPEHLUSIX Iepuoja
Benukoii OteuectBeHHOM BOWHBI, 1941-1945 rr.: COOpHHUK JOKYMEHTOB /
M-Bo unoctp. gen CCCP. — M.: [lonutuznat, 1978/84. — T. 2. Terepanckas
KOH(epeHIMsS PYKOBOJUTENCH TpeX coro3Hbix nepxkas — CCCP, CILA u
Benukoopuranuu (28 HostOpst — 1 ngek. 1943 r.). — M.: [Tonutuszgar, 1978.
- C. 38-40.

250



11. Terepan — Snta — ITorcmam COoopHUK AokyMeHTOB COCTaBHTEIH:
ILIT. CanakoeB, B.JI. LlpiOymeBckuii. 2-¢ m3ganme M.: M3nmatenbcTBo
«MexayHapoaHsle oTHomeHus », 1970. — C. 180-198.

AnHoTtanus. ['eononurryeckas smoxa, 3agaHHas B Slnte B (eBpaie
1945 roma, mMena psI MCTOPUYECKH Ba)KHBIX 3HaueHHH. OOCYyKIamich
BOIIPOCHI O IMPOAOJDKAIOIIEM COTPYAHUYECTBE U B3AMMOIIOHUMAaHUN MEXIY
BCEMHU TpEMA CTpaHaMU U BCEMU MI/Ip0J'I}O6I/IBI)IMI/I HapoJaMu, O IPOYHOM U
JJIATCJIBHOM MHUPC. C,uenaH BBIBOJ, O TOM, 4YTO HMCHHO SAJITUHCKas
KOH(epeHIMsl MpeJonpeiesinia JalbHEHIINI NOPAI0K MHPOYCTPOHCTBA,
KOTOPBII cMOT IpocymecTBoBaTh 0 pactnana CCCP.

KiaroueBble ciaoBa: Bropas  MupoBas  Boitna, Benukas
OteuecTBeHHas BOWHA, JIUAEPHI TPEX BENHMKHUX JIep’KaB aHTUTHTIEPOBCKOI
koammuu-CCCP, CIIA u BenmkoOpurtanuu, «Sntuackuii mupy», OOH,
Sntunckas [lorcnamckas cucrema.

Annotation. The geopolitical epoch in Yalta in February 1945 had a
number of historically important meanings. The issues of continued
cooperation and mutual understanding between all three countries and all
peace-loving peoples, as well as a lasting and lasting peace were discussed
there. It was concluded that it was the Yalta conference that predetermined
the future order of the world order, which was able to exist until the
collapse of the USSR.

Key words: Second World War and the Great Patriotic War, leaders
of the three great powers of the anti-Hitler coalition - the USSR, the USA
and Great Britain, «Yalta world», United Nations, Yalta-Potsdam system.
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Introduction. The most important area of research activity of the
theologian is the study and description of the role of theology in the history
of state-confessional relations — from the initial period of the formation of
the Russian state to the present. The process of Christianization of Russia

for research in this context is of particular importance.
The distribution of Christianity in Russia had its own specifics: it
came to our state as a spiritual revolution, and the process of
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Christianization of Russian society took place not from the bottom up,
according to the Roman model, but from the top down - from the Prince,
from the social top of society to the people. This specificity has caused the
existence of a rich pre-Christian tradition in Russian society.

Main part. Russia was surrounded by states and peoples who had
different faiths and through mutual contacts exerted influence on it related
to trade, farming, culture, interested in expanding their influence on Russia
through faith: Byzantium, Rome, Khazaria, Volga Bulgaria.

The news of the desire of the Kievan Prince Vladimir to introduce a
new religion instead of paganism was accompanied by the sending of
spiritual missions to Kiev from Mohammedans, Jews and Latins.

In the "Tale of temporary years" a significant place is given to the
critical attitude to various faiths, including the mission of 986 to Kiev from
Volga Bulgaria, whose representatives convinced the Prince of the
expediency of accepting Islam as the state religion of Russia.

An influential reference point for the election of faith was
Christianity, which for almost a Millennium penetrated the East Slavic
lands from the South and West. The deterioration of relations between
Rome and Byzantium in the 1X-X centuries without objective reasons led to
the distancing of the Western and Eastern Christian churches, who tried to
attract Russia. Princess Olga, having accepted Christianity in
Constantinople in order to achieve compliance from Byzantium for Russia,
resorted to pressure on Constantinople, inviting German bishops to Kiev,
and her grandson Prince Yaropolk-Vladimir's predecessor in possession of
the Kievan throne was secretly baptized in the Roman rite and established
close ties with the countries of Western Europe.

However, according to the chronicle, the Church service that was
crucial in choosing Christianity of the Byzantine rite was the one that the
Russian ambassadors got acquainted with when they specially came to the
capital of the Empire: the Byzantine Tsar, together with Patriarch Nicholas,
gave great honor to the ambassadors [1].

Having an effective means of influencing Byzantium-military force —
after long comparisons in choosing the ways of further development of the
state, the Prince chose the Eastern vector of the baptism of Russia, which
was due not so much to cultural as to geopolitical factors. Kiev-an
important point on the way from the "Varangians to the Greeks" became the
center of Russia and fell into the orbit of Byzantine political and economic
interests. Byzantium took the first place among the partners of Russia.

The phenomenon of the Orthodox faith in the power of its impact on a
person, first of all, revealed a true miracle in the transformation of the
ruler's personality, who chose the Orthodox faith as the basis of statehood.

However, we know from the Holy Scriptures that Christ values the
internal feat of people above all who managed to completely change their
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minds and lives, to rise spiritually from a deep abyss. The Prince, in fact,
changed in Christ, accepted Christ, rejected all his pagan sinfulness and
began to live in a new way and teach other people, became a Grand Prince,
and his state was one of the largest in Europe. The God was preparing a
great bright road for him. "Where sin has multiplied, there," according to
the Apostle, "grace has begun to flourish" (Rom. 5: 20). And "a merciful
eye of the Seelie God looked at him looked at him, and came upon him the
grace of the most high, and conceived the idea of heart when he realized all
the vanity of the idols of temptation, and started to search for the one God,
creating all things visible and invisible™ (from Saint Vladimir the Great).
Vladimir decided to accept the new faith, not only to join the culture of the
advanced States of that time, but also to unite them into one nation - the
Russian one.

The chronicle tells about the events of 988, that after a six-month
siege of Chersonesus and the capture of the city, Vladimir sent messengers
to Tsar Basil and Constantine, who did not fulfill the agreement on military
assistance against Varda Phokas, and ordered to convey: "l took your
glorious city, but when you do not give me my sister Anna, then | will do
the same with your city of Tsargrad as with Chersonesus." The tsars in
response promised to persuade Anna, and Vladimir translated: "baptize,
then we will send my sister to you."

Vladimir answered: "Yes | will call those (priests) who will arrive
along with your sister”. The tsars agreed and sent sister Anna to Vladimir,
and Metropolitan Michael to the Russian see with his retinue, clergy, many
Holy relics and other shrines.

This chronicle ends with an interesting remark about the baptism of
Prince Vladimir: "Without knowing about it, (some) falsely say that
Vladimir was baptized in Kiev, others say that in Vasily (Vasilkov), and
other people tell another story” [3, p. 387]. In ancient Chersonesos, where
every stone remembered St. Andrew, the wedding of St. Vladimir and
blessed Anna took place.

So, the Prince returned from the campaign to Korsun a glorious
winner at the head of a loyal team, with his wife, a Greek Princess, the
brother-in-law of the then powerful Greek Emperor in the world. Vladimir's
authority has increased significantly. That is why he dared to destroy the
old faith and violate the people's sanctity [3].

After becoming a Christian, Vladimir the Great completely changed
his life: Vladimir treated the sick and poor mercifully, organized a secular
and a number of spiritual schools, and began to build a magnificent Church
in honor of the Dormition Of the mother of God, which was called the tithe
Church, since the Prince assigned a tenth of his income to its construction,
and imirians followed his example. Built on the site of the pagan statue of
Perun, it became a symbol of the victory of Christianity over paganism. The
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Prince successfully chose one of the creeds about the one God, each of
which had a significant part of its supporters in the lands of Russia — Greek
or Latin Christianity, Islam or Judaism as the state ideology and creed, and
remained in historical memory as a Grand Prince-statesman.

Conclusion. The Christianization of Russia was prepared by the entire
course of history and the objective needs of the time. The adoption of
Christianity as the state religion in 988 was an inevitable natural step for the
development of society at that time, which determined the further that for
centuries, and the Tauride Chersonesus was destined to become the source
of the Christianization of Russia. The significance of the great ruler of the
Russian state's choice of faith, which became a powerful unifying force and
led to the creation of a stable state, can hardly be overestimated.
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Introduction

On May 9 Russia celebrated Victory Day in the Great Patriotic War of
1941-1945. The Soviet people fought for freedom and independence of
their country against Nazi Germany and its allies.

Hero City is the highest degree of distinction awarded to the twelve
cities of the Soviet Union. These cities were famous for their heroic defense
during the Great Patriotic War of 1941-1945.

Materials

On August 17, 1942, the Novorossiysk defensive area was created in
Novorossiysk. It included the 47th Army of the Soviet Union's Red Army
and the Black Sea Fleet. A militia began to form in the city. Before the
offensive of the fascist army, 200 defensive structures were built in the city.
30-kilometer anti-tank barriers were erected in front of the city.

The fascist army planned to capture Novorossiysk. Having captured
the city, the Nazis gained access to the Black Sea coast and continued the
attack on the Stavropol Territory.

In early September 1942, the destroyer squadron "Soobrazitelnyy" and
the main destroyer "Kharkiv" launched powerful artillery strikes on clusters
of fascist army. On September 7, 1942, the enemy managed to enter the city
and capture several administrative objects in it. But four days later the
fascists were stopped.

The victory in this battle was brought by the Black Sea Fleet. On the
night of February 4, 1943, naval forces landed from ships and liberated
Novorossiysk.

Results

The memory of the events of the Great Patriotic War that occurred in
Novorossiysk will live forever. After all, the feat of our grandfathers must
always be in our hearts.

AnHoranus. [lenp manHONW pabOTHI: PaccMOTPETh MOIBHUT TOpPOAA-
repost HoBopoccwuiicka B roasl Benukoit OteuectBeHHOM BoiHbI 1941-1945
Tog0B.

KiawueBble ciaoBa: ropoa-repoi, UYepHoe Mmope, Benukas
OrteuectBenHas Boiina, CoBetckas Apmus.Ilobena.

Annotation. The purpose of this work: to consider the feat of the hero
city of Novorossiysk during the Great Patriotic War of 1941-1945.

Keywords: Hero City, the Black Sea, Great Patriotic War, Soviet
Army.Victory.

255


mailto:nadiatom@mail.ru

UDC [37.017-053.4/.6:17]:82-3(470-14)
REVIVAL OF RUSSIAN ORTHODOX FAMILY VALUES AS A
WAY TO OVERCOME SPIRITUAL CRISIS IN
CONTEMPORARY RUSSIA
Nadezhda Trofimova
master student in Theology
Sevastopol State University,
nadtrof7 @mail.ru
Tatyana Smirnova
candidate of arts, associate Professor,
Head of the Department of Theology and Religious Studies
Sevastopol State University

Introduction. The problem of spiritual and moral education of the
younger generation during two decades has maintained priority positions
both in the rating of scientific discussions and public discussions at
different levels. Crisis phenomena overcoming, searching for alternatives to
lack of spirituality, the destructive influence of mass media on the younger
generation, and ways to acquire stable moral principles are the main
imperative in the struggle for the spiritual and moral well-being of young
people.

Main part. The aim of our article is to highlight the possibilities of
solving problems in the spiritual education of children by reviving the
traditions of Orthodox family pedagogy, Orthodox traditions of educating
spiritual and moral qualities based on the highest standards of the Orthodox
faith, which forms the needs for spiritual interaction and enrichment of
spiritual experience. “In order to stop the ongoing decline in cultural and
intellectual level of the nation, the revival of traditional spiritual and moral
values is required” [3, p. 21]

Spiritual values as ideals established by society are intended to
determine the successful socialization of a young person, his/her
aspirations, formation of worldview, individual one on the surrounding
reality [5].

Problems of spiritual and moral education are enshrined in the Laws
of the Russian Federation “About education” and “About the basic
guarantees of child rights in the Russian Federation”, in the Concept of
education modernization.

It is important to note that our country lives in a situation not only
diversity of values, but also their collision, in the conditions of re-
evaluation values, when the domination of material values becomes more
obvious.

It should be noted that the value has a spiritual nature and can be
presented as an essential characteristic of society's consciousness.
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Value is always objectively subjective, diverse, and historically
determined. Spiritual culture of different times contributes to the change of
values: some dominate, others become less important.

Having lost universal stability, culture today not only loses its value
sense, it turns into a profitable entertainment, a spectacle devoid of spiritual
meaning. “All this is evidence of the crisis tendencies of culture” [2, p. 18].

“Misunderstanding or misinterpretation of spiritual values and ideals
creates favorable conditions for social egoism increase, moral chaos,
universal bitterness, leads to an increase in crime, spiritual
impoverishment” [5, p.60].

Many scientists, outstanding figures of culture, science, and art speak
about this today. R.G. Abdulatipov, I. Kant, G. Hegel, A. Schopenhauer,
F. Nietzsche, J.-P.Sartra, G. Spencer, P. Ya. Chaadaev, V.S. Solovyov,
F.M. Dostoevsky and many others, analyzied the state of spiritual culture
and information promoted by the media.

They noted that today “humanity has crossed the threshold beyond
which the degradation of the individual begins” [1, p. 3]. Modern reality
presents lessons of total deception and fraud in the sphere of spiritual
culture, which in their unity represent a purposeful work to destroy the
national identity of the Russian people, deprive them of their historical
memory, blurring the boundaries between the spiritual and the spiritless,
between good and evil.

Internet complements the picture of spiritual destruction of the erasing
international borders, creating only the appearance of entering the world
culture, it attracts with original ads, colorful images, crazy games that
narcotic attract and decompose the person not only spiritually, but also
physically.

At the same time, the crisis situation in Russia is supplemented by the
consequences global disasters, wars, fires, natural disasters, religious
differences, national hatred, international terrorism, aggression, distorted
ideas of basic decency. All this has a powerful negative impact on the true
universal values and ideals, transforming their content, thus causes
irreparable harm to the individual and society as a whole.

There is a misrepresentation in emphasis in the development of
children towards early intellectualization, which does not contribute to
spiritual development.

Properly organized education and the process of learning the child's
experience of social life, formed a condition for active preschool child's
knowledge of the surrounding social reality is crucial in the formation of
personality [5].

“From the first years of a child's life, familiarizing with culture and
universal values helps to form the foundation of morality, patriotism, the
basis of self-consciousness and individuality” [4, p. 8]
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The main areas of a child's life, in which there is a continuous process
of spiritual and moral development of personality, are family, Church, and
school. The family forms the foundations of a spiritual and moral
upbringing of the child, but one must be a member of the Church for his/her
spiritual formation and growth and the difficult task of churching the family
provides great assistance to the parish Sunday school.

Sunday school helps the child to understand such important
ontological concepts as God, the universe, life; it introduces the science of
oneself, giving him/her a true idea of the meaning and purpose of life, and
prepares to the mysterious life of prayer and to understanding of his/her
own spiritual experience — the experience of communion with God. Various
forms of lessons, common temple prayer, active participation in worship
and any common work for the benefit of the Church, joint tea parties,
pilgrimage trips, participation in various events, competitions and events
organized by the Sunday school department, unite children and promote the
communication. Bishop Theophan writes: “The spirit of faith and piety of
parents should be considered the most powerful means to preserve, educate
and strengthen the life of grace in children”.First of all, he reminds about a
goal of upbringing [5].

The need of revival of spirituality of the Russian people indicated in
the “Concept “About spiritually-moral development and education of the
person citizen of Russia”, the state program “Patriotic education of citizens
of the Russian Federation for 2016 — 2020”, in the speeches of the President
of the Russian Federation V.V. Putin (speech at a meeting with
representatives of Russian youth on Patriotic education of the younger
generation), the Minister of education O. Vasilieva (in an interview with
Novaya Gazeta. Patriarch Kirill noted that the only direct path to the revival
of our people is the creation of a strong family.
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Introduction. We are going to celebrate one the most important dates
in the history of our country the 75th anniversary of the Victory in the
Great Patriotic War. It is hard to find a family in our country which did not
loose somebody in that war. The Great Patriotic war began in 1941 and
lasted for 4 years. Soviet engineers had to develop many weapons to defend
the country. For example, it was necessary to produce tanks for the army.
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The T-34 tank has become the symbol of the Great Patriotic war. We know
about it because we are interested of History.

The purpose of this work is to describe the tank T-34.

From the history. The history of the tank began in 1937. The
designer of the T-34 is Mikhail Koshkin. The first tests of the tank were in
1940. The main production of the T-34 was organize in the Urals and
Siberia. 61000 tanks were released during the war. Many countries are still
armed with T34s even today. Our Russian T-34 tanks were able to win the
war over Germany thanks to their superior numbers.

The tank crew consists of four members — a driver-mechanic, a
wireless operator, and a loader with a commander-gunner, who were in a
double tower.

Technical specifications:

Armored housing: steel

The combat weight: 32 tons

Length: 5.92 m

Length with gun: 8.1 m

Width: 3 m

Height: 2.72 m

Maximum speed: 54 km/h

Engine power: 500 HP

Track width: 550 mm

The largest tank battle of the Great Patriotic War was near
Prokhorovka. About 800 the soviet tanks took part in it. The T-34 Was a
War-Winning Tank. Thus, the T-34 tank was designed in1937, than
modernized and adopted. T-34 tank was used as a powerful military
weapon during the Great Patriotic War.

Tankers Heroes. Tank troops played a decisive role in the victory of
our country in the Great Patriotic War. There are many stories about the
feat of Soviet tankmen. However, among them there are several
outstanding. | want to talk about them.

Senior Lieutenant Kolobanov Zinovy Grigoryevich is the commander
of a company of tanks, he destroyed 22 German tanks in one battle.

Guard Senior Lieutenant Lavrienko Dmitry Fedorovich knocked out
52 enemy tanks in 28 battles, was posthumously enlisted in the lists of
personnel of units and divisions of the 1st Guards Tank Brigade.

Lieutenant Konovalov Semyon set fire to 16 tanks, 2 armored
vehicles, 8 enemy vehicles on a tank in one battle.

We low bow to the Heroes who did everything possible for this
Victory! Happy Victory Day!

The heroism of Soviet tankmen can only be expressed in Russian.
Australian choir Dustyesky sings a song of war years dedicated to Soviet
tankmen.
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AnHoTtauus. Ilenpro gaHHON pabOTHI SABISIETCS ONHMCAHWE WCTOPHU
tanka T-34. OxapakTepu3oBaHbl  TEXHHYECKHE  XapaKTEPHCTUKH.
Paccka3aHo 0 HOBUrax TaHKHCTOB-TEPOEB.

KnoueBbie cioBa: Bemnukas OrtedecTBeHHas BoWHa, TaHk T1-34,
repon, CoBerckast ApMusL.

Annotation. The purpose of this work is to describe the tank T-34.
Technical specifications are presented. Tankers Heroes are listed.

Keywords: the Great Patriotic War, tank T-34, heroes, Soviet Army.
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Introduction. War brings massive destructions and many deaths to
our world. Nonetheless, every war and every human’s possibility to kill his
own kind brings great technological progress to every sphere of people’s
life.

In this work | want to show a little piece of that great technological
breakthrough that great people have done not so long ago.

The aim of this work is to mention the role of marines in Victory.

Materials and methods. The main method was an analysis of
available literature [1, 2].

Results. The “Gangut” is the Russian and Soviet battleship and is the
last of the “Sevastopol” dreadnought series. The battleship dreadnought
"Gangut" became the fourth ship of the Russian fleet, named after the
victory in the Gangut battle. It was founded in 1909 and the construction
was over in 1911. The main constructor was Lev Lvovich Koromaldi.

Lev Lvovich Koromaldi is the Russian ship builder, designer and
constructor. He was born in 1870 and graduated Nikolaev Marine Academy
in 1896. In 1909 at the Admiralty plant Koromaldi laid the battleship
Gangut which was launched on September 24, 1911. His main achievement
is that he was the first one to analyze the effect of armoring to buoyancy [6,
5,7].

Let us turn to the opposite side of the conflict just to overview the
whole picture of war.
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The Bismarck is the German battleship and it is one of the most
famous ships of World War 2. It was built in 1939 in Hamburg by Blohm &
Voss.

The Bismarck was built later than the Gangut and, obviously, it was
more advanced: it was bigger, faster and can carry aircraft on board. At the
same time, the Gangut was more armed and had mine artillery and torpedo
weapons on board [4].

Discussion and conclusions. Truly, the Gangut was very
technological according to the time when it was built, which can be
approved by the fact that it was used even in World War 2 [3, 8]. At the
same time, opposite side had the Bismark, which was as an ordinary ship
but very useful.
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Annotation. The Gangut is the Russian ship, which was built before
World War 2 by Lev Lvovich Koromaldi, who was the Russian shipbuilder
and designer. Gangut was also used actively in World War 2. In
comparison to it the German ship Bismarck was built in that period of time.

Keywords. Ship, comparison, Gangut, Bismarck, Koromaldi.
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Introduction. Trade by sea must continue to flow to maintain the
provision goods despite the situation global situation arising from the
COVID-19 pandemic. “Customs administrations and port state authorities
must continue to facilitate the cross-border movement of vital medical
supplies and equipment, critical agricultural products, and other goods, to
help minimize the overall impact of the COVID-19 pandemic on economies
and societies” [5, www]. Container delivery is one of the most profitable
and convenient, which provides the transportation of oversized cargo at an
affordable price [2].

Main part. The container revolution was a turning point in the
development of infrastructure and technology of sea and river ports,
construction of dry ports, and modernization of transshipment equipment
and vessels [4]. Working with containers made it possible to significantly
speed up loading and unloading operations in ports and increase labor
productivity. The downtime of a ship in port during loading and unloading
operations has also been reduced, from an average of 2-3 weeks to 18
hours. 1ISO containers are commonly used in shipping as special cargo ships
for the transport of goods in containers (TEU). The history of the container
fleet dates back to the middle of the last century. It was in the 1950s that
part of the bulk carriers and tankers was converted for shipping containers
by sea. The ship, rebuilt from an oil tanker laid down during the Second
World War, proved to be an ideal means for transporting containers. Such
ships became the first container ships, in those days they could carry up to
1000 TEU. However, cellular container ships began to appear only in the
70s, when containers gained popularity in cargo transportation.
PANAMAX type vessels have been manufactured since 1980 and could
intervene in 5000 containers.

PANAMAX ships were replaced by POST-PANAMAX ships. The
first such vessel was the Regina Maersk, launched in 1996. POST-
PANAMAX type container ships have a capacity of about 9000 TEU.
However, the most capacious are SUEZ-MAX ULTRA LARGE
CONTAINER SHIPS vessels, with a capacity of more than 12,000 TEU.
Container carriers of this type have been produced since the 2000s. And
what are the main development prospects of standard container ship?
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To define the main prospect of container ship development one should
consider the classification of container ships and architectural and design
features.

The standard container ship is a large vessel with a length of 70 to 400
meters. Thanks to full automation, container ships do not require a large
number of crew. Usually the team is 10-20 people. The cargo holds of
container ships are equipped with vertical guides, which allows you to load
containers strictly on top of each other, do not let them move during
transportation. The upper deck of the container ship is also the container
loading point. For fixation, containers on the upper deck are fastened with
special fasteners or cables. When loading, the proportion between
containers in the hold and on the upper deck is respected and is one in
three. The staff rooms are on a high superstructure so that the containers do
not obscure the view. Container ships have a large deck opening ratio of
80-85%. This is achieved by installing paired or triple manhole covers in
width. From a safety point of view, a complex problem for a container ship
is ensuring stability under different loading options. Therefore, not only
tanks of the second bottom, but also onboard tanks are used to place fuel
and water. The location of the fuel and ballast tanks in the area of the
second bottom is made in a checkerboard pattern, which allows for
differentiation of the vessel in any operating conditions of the vessel [1].

4. Classification of container ships:

 Handysize Class: 260-1000 TEU,;

» Handymax Class: 1000-1700 TEU;

* Feeder Class: 1700-2500 TEU;

* Sub-Panamax Class: 2500-4000 TEU;

» Panamax Class container ships: 4000-7000 TEU,;

* Post-Panamax Class container ships: 7000-3000 TEU,;

 container ships Super-Post-Panamax Class / E-class: more than
13000 TEU;

* Triple E-class container ships: 18,000 TEU [1].

5. To facilitate the loading of bulky goods, the dimensions of the
hatches are made close to the dimensions of the holds. Almost the entire
width of the deck, with the exception of deck stringers, is occupied by
cargo hatches. Along the length of the vessel in the area of cargo holds,
hatches have jumpers between themselves, often just one spacing. The
presence of the second bottom of the container ship provides increased
longitudinal strength. Cargo cranes are often not installed on a container
ship, since loading and unloading are carried out in special ports. Figure 1
shows the midsection frame of the container ship “Alexander Fadeev”.
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Figure 1 - Midship-changer of a container ship “Alexander Fadeev”.

512

~f
-3

&8

1—
=2

6. Container carriers are one of the most popular means of cargo
transportation, therefore, there is an active modernization and introduction
of new types of vessels with an increased capacity of containers [3].

So the 2020s, the capacity of vessels of the ULCS type can reach
28,000 TEU, but due to their large size they will not be able to pass the
Suez Canal. An increase in the number of containers will serve to reduce
transportation costs, as well as accelerate cargo turnover.

Conclusion. Container ships are a promising option for transporting
many types of cargo due to the large capacity and cheap loading/unloading
system. This article discusses the main provisions related to the history,
characteristics, architectural and structural features and classification of the
ship.
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AHHOTAMAA. AKTyalnbHOCTh JaHHOM CTaThbU 3aKIIOuaeTcsd B
MPOTHBOPEYNH MEXIy HEOOXOJUMOCTHIO B TPY30IEPEBO3KAX, B paMKax
pa3dBUTHA MHPOBOI'O0 pPbIHKA W OTCYTCTBHUEM HOOCTATOYHO KOMIIAaKTHOM H
JIeIIeBOM CHUCTEMBI BBITPY3KH/3arpy3ku. Ha nannsiii MomeHnT 80% MupoBO
TOPTOBIM O0ECleunBacT MMEHHO MOpPCKOH TpaHcmopT. KoHTeitHepoBO3EI
SABJIAKOTCSA NCEPCIICKTUBHBIM BAPUAHTOM IIEPEBO3KWM MHOTI'MX BHUIOB TI'py3a.
Bnaronapﬂ 00JIBIIION BMCCTHMOCTHU u LICLHCBOﬁ CUCTEMC
BEITPY3KH/3arpy3KH, KOHTEHHEPOBO3Hl aKTyalbHEI JJIS TPY30IMepeBo30K. B
I[aHHOﬁ CTaTb€ paCcCMOTPEHBI OCHOBHBLIC TIOJIOKEHUSA, CBIA3aHHBIE C
HUCTOpUEH, XapaKTePUCTUKOM, APXUTEKTYPHO-KOHCTPYKTHUBHBIMU
0COOEHHOCTSIMH U KJIacCU(HUKAIMEN CyIHa.

KiroueBble cioBa: rpy3, KOHTCHHEPHBIHA (IIOT, BBI'pYy3Ka/3arpyska,
KOHTEHHEPOBO3, BMECTHMOCTh, YCKOPEHHE TPy30000p0Ta.

Annotation. The relevance of this article lies in the contradiction
between the need for cargo transportation, within the framework of the
development of the world market, and the lack of a sufficiently compact
and cheap unloading/loading system. At the moment, 80% of world trade is
provided by sea transport. Container ships are a promising option for
transporting many types of cargo. Due to the large capacity and cheap
loading/unloading system, container ships are relevant for cargo
transportation. This article discusses the main provisions related to the
history, characteristics, architectural and structural features and
classification of the ship.

Keywords: cargo, container fleet, unloading/loading, container ship,
capacity, acceleration of cargo turnover.
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Introduction. A significant role concerning safety of life at sea
plays life saving equipment carried on board a ship. It is important to
increase the reliability of ships and structures due to improvement of
navigational equipment and means of fire protection.

As we know, there are collective and individual life-saving
appliances. Individual means are life-jackets, lifebuoys. Collective means
of protection are lifeboats and life rafts which are commonly widespread.

Modern lifeboats provide the best living conditions for sailor when
the vessel is in distress. These boats must be fully enclosed for protecting
people in case of low temperatures, strong winds and waves. In case of
capsizing such lifeboat should be uprighted immediately.

Thus, lifeboats look like a shelter for sailors in distress. But we
mustn’t forget that very often rescue operations are carried out during heavy
weather conditions. The vessel suffers from pitching and rolling and it is
difficult to launch a lifeboat with people inside.

The main part. The first Free Fall Lifeboats appeared in 1976. They
were designed for 40 people. Further development of using Free Fall
Lifeboats was approved by the Norwegian Parliament in 1977 [3].

According to the new design such lifeboat must be attached to the
deck of the platform at angle of 56 °. The boat is launched vertically with
running engine. After the contact with water the lifeboat has horizontal
speed, which allows to abandon vessel very quickly and to save seaman’s
life. The embarkment is carried out through large hatches located from both
sides. The boat is equipped with compressed air cylinders, which are used to
maintain the pressure inside the life-saving equipment to prevent leakage of
gases and smoke when passing through a zone of burning oil.

The first eight boats of this type were designed for launching from
the height of 20m, were installed on one of the world's largest offshore
drilling platforms "Dive Delta". Nowadays, the Harding company has
developed and successfully tested a new project of lifeboat, suitable for
launching from a height of 30 m. The capacity of the boat is 70 people,
weight 25 t [1].

A lot of people have a question if it is possible to be alive after
launching from such height. We must draw you attention to the fact that
period of launching is some seconds and the sailors are sitting in soft high
chairs. According to the doctors’ investigations the position of human
bodies is the most favorable. The pressure of the chair is evenly distributed
over all parts of the body.
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Modern ships must have at least one lifeboat with the capacity of 2
times more than the number of crew. It is located in the aft. It was proven
that the launching of Free Fall Lifeboats is safer than by using traditional
way. The release mechanism is simple and reliable. Even in case of engine
breakdown the lifeboat will be at a safe distance from the vessel in distress
due to kinetic energy [2]. It is interesting to know that a lot of captains,
navigators, ship engineers, and sailors wanted to have such kind of
lifesaving equipment on board.

Speaking about the next type of lifesaving equipment we mustn’t
forget that people can make mistakes. At sea such mistakes can cause
serious consequences such as capsizing and falling a person overboard. You
know that wet clothes reduce our movements, we become so weak due to
cold water and it is difficult not to sink without individual lifesaving
equipment.

According to statistics, more than 90% of fatal cases at sea occur due
to neglecting of lifesaving equipment. Therefore, according to the Maritime
Register, any vessel must have sufficient number of individual means which
equals to the number of crew members and passengers. There is no
exception for small vessels such as yachts and boats of all classes. Today
there is a large number of various individual life-saving appliances of
various designs: lifebuoys, lifejackets, lines.

We know that in ancient times people used inflated goatskin bags for
crossing the river. Also they used lifelines for recovering person from the
water.

In 1914, the sailor Vasilii Aleksandrov saved people who were
overboard with a help of lifeline. In honor of this Russian sailor, the life
line received the name " Aleksandrov’s line." It consists of a floating
synthetic cable, which has a loop with a diameter of about half a meter at
the end; two or three orange or red corks. Also it has a small tarpaulin bag
with sand for a greater distance of throwing. Nowadays there are different
hand-held guns [1].

The third type of lifesaving equipment is a lifebuoy. Many scientists
say that it was Leonardo da Vinci who invented a lifebuoy. The Italian
could not ignore such a problem as safety equipment for sailors. The
lifebuoy was officially approved and used on board in 1915, after the
beginning of the First World War. It was due to a terrible catastrophe off the
coast of Ireland. In May 1915, a German submarine destroyed the Lusitania
British passenger liner. Almost 1,200 people became victims of this
tragedy. The main cause of the disaster was that the ship’s list was too
heavy that it was impossible to launch lifeboats. Thus, lifebuoys should
comply with SOLAS requirements:
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1. They should be placed on both sides of the ship, weather decks
extending to the side of the ship; and at least one should be placed near the
stern;

2. Lifebuoys should be fixed in such way to provide quick releasing.

At least one lifebuoy on each side of the vessel must be equipped
with a floating lifeline according to the prescribed Code.

At least half of the total number of lifebuoys should be equipped
with light-and-smoke buoys; at least two of these lights must also be
equipped with self-activating smoke signals. Each lifebuoy should have
capital letters of the Latin alphabet with the name of the vessel on which it
is transported and the port of registry of a vessel.

Now let’s consider the number of lifebuoys according to the SOLAS
Convention.

Length of a vessel (m) Minimal number of lifebuoys
Less than 100 8

100 and less than 150 10

150 and less than 200 12

200 and more 14

Each life buoy must:

— have an outer diameter not more than 800 mm and an inner
diameter at least 400 mm;

—-be made of unsinkable material such as polystyrene, foam or other
synthetic foam which does not absorb water.

-— be able to maintain at least 14.5 kg of iron in fresh water for 24
hours;

—be at least 2.5 kg;

— not maintain combustion or melting after being in fire for 2
seconds.

Speaking about life- jackets we’d like to draw your attention that
they were patented in the 40s of the XIX century, and by the beginning of
the XX they had already become widely used by n American ships. All
ships should be obliged to have life jackets for every person on board. In
the mid 20th century uniform standards were adopted. The basic
requirements for lifejackets are the following:

— they must give an opportunity for unconsciousness person to be
face up;

— they must keep person’s face at a height of at least 12 cm from the
water level;

— they must not constrict one’s movements.

— they must have search light, marine battery, whistle, reflective
stripes, test seal and marking [1].
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There are many types of life-jackets and some of them are dangerous
for use due to obsolete construction. To avoid problems at sea we must
follow the instructions for using a life-jacket. The most famous tragedy
which occurred at sea and had a lot of casualties due to lack and improper
putting on life-jackets happened with the ocean liner “Titanic”.

Immersion suits and thermal protective equipment are very popular
nowadays. The main disadvantage of lifejackets is the complete lack of
thermal protection, so people’s life in distress depend on the temperature of
sea water and is counted in minutes in winter. In accordance with
international requirements only persons working on board rescue vessel are
provided with immersion suits.

Immersion suits should comply with the main requirements:

— they should be put on not more than 2 minutes;

— they should protect all the body except the face;

— they must have reflective stripes, lifeline, signal light, signal
whistle and life belt with a carbine;

—they should provide being at low temperatures for a long period.

Conclusion. Thus, we make a conclusion that lifesaving equipment
was used and changed from ancient times. It is necessary to provide the
safety of life at sea. We suppose that our scientists will do their best for
improvement of such equipment and decreasing deaths at sea.
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AHHOTanusa. B cratbe paccmaTpuBaroTCs paszUYHBIE  BHJIBI
cracaTeNnpHOTO  00OpyZOBaHHMS  HEOOXOAWMBIE  JJIsI  OOecIedeHus
0€30I1aCHOCTH JKM3HH B MOp€; UCTOPHUA HX BOSHUKHOBCHHUA U 3BOJIONHA C
APCBHUX BPEMCEH; MECPCUUCIAOTCSA OCHOBHBIC Tpe60BaHI/I$I K cI1acaTcJIbHbIM
CpeacTBaM, HX KOJIMYECTBO Ha 60pTy CyaoB U I[aJ'II:HefIHIPIe MEPCICKTHUBLL B
HUCIIOJIb30BaAHUHU.
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Annotation. The paper studies different types of lifesaving
equipment which are necessary for providing safety of life at sea; the
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history of their origin and evolution from ancient times; also the number of
lifesaving equipment on board a vessel, the main requirements and further
development are listed.

Keywords: Lifesaving equipment; lifeboat; life-jacket; immersion
suit; vessel in distress.
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Introduction. Nowadays the intermodal transports occupy an
important place in the development of new transport technologies.
Intermodal transportation may be defined as the transportation of a person
or a load from its origin to its destination by a sequence of at least two
transportation modes, the transfer from one mode to the next being
performed at an intermodal terminal” [1, p. 2].

Reviews on these issues may be found in T.G. Crainic [1], B.Gendron,
J.-Y. Potvin, P.Soriano [2], A. Imai, E. Nishimura, S. Papadimitriou [3],
M. JonVerma, V. Verter [4], K.H. Kim, H.B. Kim [5], D.C. Mattfeld, and
H. Kopfer [6], M.B. Pedersen, T.G. Crainic, O.B.G.Madsen [7], W.B.
Powell [8], D. Steenken, S. Vob, R. Stahlbock [9].

Materials and methods. Methods of theoretical level as axiomatic,
formalization, abstraction, general logical methods (analysis, synthesis,
induction, deduction, analogy) are used in the study. Some facts from
history have been studied within the framework of this problem. The
comparative method was used; this is a method of comparing historical
facts, contributions of historical figures, which is aimed at detecting
analogies or their absence in the historical process. In this case, additions or
corrections to existing knowledge may acquire true scientific value.
Systematization of historical knowledge on the basis of a comparative
method that allows to find similarities or identify differences in historical
processes and phenomena, bring together and group historical facts in a new
way, makes it possible to obtain new research results and make "non-
traditional” scientific conclusions about the development of technologies.

272



The results of the study. In the first half of the 20th century, a
transportation around the world was a problem, goods were loaded into
bags, boxes and barrels; all things were manually rolled, shifted and lifted
onto a cargo ship. Thus it was slow, expensive and dangerous for the cargo,
because workers could break or steal the cargo. But the bigger problem was
that the ships were at sea only half the time, and the rest of one they were in
port on loading with absence of revenue. These are the reasons why
everything produced in other countries and continents cost much more.

We’ll presents some fact from the history of transportation. All this
was changed by one man, Malcolm McLean, in 1956; now have phones,
fresh vegetables and fruits, food and drinks from all over the world. It took
one simple invention that changed the whole world: simple iron containers.

Malcolm McLean was a truck driver in the 30s, waiting for his turn at
the port for a day, watching the work of the movers. He thought about cargo
truck disconnecting and lifting onto the ship hundreds of such trailers. It
took him 20 years to save up money and buy the World War Il tanker "ldeal
X", where he have tested his idea.

In 1956, an event occurred that defined the world's globalization. A
vessel with 51 containers has dispatched. Upon arrival, the containers were
loaded onto trucks and delivered to the recipients. If previously loading one
ton of cargo cost 6 dollars, now it has become 16 cents, saving 37 times. No
other mode of transport could deliver cargo so cheaply. It became clear that
containers were the future solution of the problem. At last one standard for
all containers was choose: a twenty-pound container with 2 cars, 168 tires,
200 mattresses, 10,000 bottles of wine or half a million eggs.

Every port in the world is equipped with such containers; there are also
special ones for bulk cargo with a lock at the bottom, for liquids and gases
in tanks, as well as refrigerator ones.

But the metal boxes could not change the economy; it was
intermodality that changed it. This is the idea on which the entire logistics
of transportation is based, as soon as the cargo arrives at the port, it is
removed by a crane and immediately put on a train or truck, without
unloading the container. All over the world, the standard form of
attachment, the delivery process from the port to the recipient: delivering, ,
mounting, dispatching. Containers are brought to the port, stacked on top of
each other as a constructor, the hold is closed with a lid and the deck is
loaded with containers (Picture 1).
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A container yard consists of blocks of containers, which are separated
by aisles for transporters as shown in Figure 2. A block consists of 25 to 35
yard bays, and a yard bay has 6 to 10 stacks of containers. Container
handling and storage operations include the management and handling of
containers while they are in storage in the yard and thus occur between the
receiving and delivery operations and the ship operations. Container-
handling equipment performs the placement of containers into storage and
their retrieval when needed

Delivery in our time has come to represent the following algorithm:

Factory— Train— Vessel — Trailer — Shop.

“The relations and trade-offs between volume and frequency of
shipping, on the one hand, and the cost, frequency, and delivery time of
transportation, on the other hand, often dictates the use of consolidation
transportation services” [1, p. 8] (Picture 2).
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Picture 2 — Network with Consolidation Terminals / Hubs
Source: [1].

Discussion and conclusion.

Globalization has begun, and the size of ships has started to grow at a
huge rate, and their capacity has increased 200 times during 60 years. And
such large vessels require a team of several dozen people, the technology
has led to the fact that manual labor has not become so demanded in the
cargo transportation branch.

In the context of globalization the availability of goods has greatly
affected culture, because the accessibility and price of mass-produced goods
are the same all over the planet.

Thus, the idea of one person revolutionized international trade.
Transportation technology is still improving. Container ships are becoming
larger; the average size of these vessels is impressive in its dimensions, the
length alone can reach up to 300 meters. Technologies are developing every
day to make it more comfortable.
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TNEPEBO3KU T'PY30B, 3aPOKIACHUC HHTCpMO}IaHLHOﬁ NEPEBO3KU, AJITOPUTM
NEPEeBO3KKU TI'py3a B HalE BpEeMs, HU3MCHCHUC CYIOB W AaKTYaJbHOCTb
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Annotation. The article deals with the first problems of cargo
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During the design, fabrication and modification of ships there are
innumerable joining tasks to assemble the structure and to install
equipment. The vast of the joints are done using welding, bolting or
riveting. There are situations where these joining processes are not
necessary and cannot be done. This is for lightweight structures based on
thin materials. As a reminder, we can’t weld steel or composite. However,
to be successful, adhesively bonded connections should have sufficient
mechanical strength and should be cheap.

What does word “Adhesive” mean? According to Adams et al.
(1997), ‘an adhesive can be defined as a polymeric material which, when
applied to surfaces, can join them together and resist separation’. Adams
and co-workers describe structural adhesives ‘as one used when the load
required to cause separation is substantial such that the adhesive provides
for the major strength and stiffness of the structure’. The structural members
of the joint, which are joined together by the adhesive, are the adherends.
Adhesion as such is used widely on marine structures. One example is
corrosion prevention coatings. Adhesive bonding could mean that the plates
are too thin to weld, a particular material combination that cannot be
welded, requirement for smooth surfaces for aesthetic reasons, avoiding
fires and high temperature works near fuel lines.

Main idea of usage adhesives is to bring new lightweight materials and
lightweight materials into marine engineering. All marine vessels gain
sufficient effect of using adherends as jointings.
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. The low energy ship. It is anticipated that in order to save weight
and hence reduce fuel costs, the use of lightweight and hybrid materials will
become more widespread.

. The green-fuelled ship. Significant reductions in emissions such as
SOX and particles can be achieved by switching to natural gas. The liquid
natural gas (LNG) tanks used today require considerably more space than a
diesel tank. New LNG tank concepts are under development using new
material combinations to improve the current situation.

. The Arctic ship. Increased operations in the Arctic will require
novel evacuation vessels that can also travel over ice, not just water. A
number of material and joining issues are anticipated.

. The virtual ship. The use of integrated ship design tools will
become more commonplace. This implies that joining processes including
adhesive bonding also need to be modelled in the design tools.

. Subsea production. Deployment of much larger subsea processing
equipment is predicted, and with it comes the need for larger housing that is
both water- and pressure-proof.

. Arctic offshore development. Significant research and development
is underway to qualify and characterise materials for the use in Arctic
operations. An increase in use of lightweight materials such as composites
and aluminium is predicted. This puts tough new requirements on the
materials and joining methods such as adhesives, i.e. toughness at low
temperatures. However, there is some experience of using adhesives for
LNG containment systems at much lower temperatures (at about—-163°C).

The list above is a discussion of the technology developments identified in
DNV’s Technology Outlook. It serves as an illustration on how new designs
and material choices open up new possibilities for adhesives joining,

There are a lot of actual and potential applications for adhesive bonding in
the maritime industry.Most of the are related to the superstructure of a ship.
There are two main goals: to repair cracks in aluminium superstructures and
to join lightweight structures made of composite or aluminium to the steel
hull.

The paper by Reichard (1997) reports on a research project to develop
composite superstructures for commercial ship application. He presents an
innovative bonding process where adhesive tape and paste adhesive are
combined to form the bonded connection between the composite and steel
interfaces.
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Adhesive bonding is used in outfitting of ships. Bonding of windows, or
direct glazing, has become standard practice on passenger ships. The
operating experience seems to indicate that there are no issues with
adhesive joining (Weitzenbock, 2009).

The useful of adhesive bondings can be more efficient if we IL use it on the
blades of large wind turbines.As discussed by Hayman et al. (2008), wind
turbine blades are usually assembled from two half-shells and a central web
or a main spar (also known as load-carrying box) by adhesive bonding.
There is also a repair technique that uses pre-prigs and a UV emitting light
diode to accelerate the curing process that was presented by Marsh(2011).

Wind turbine blades are quite different to ship or oil and gas applications
when it comes to approval or certification. Adhesive bonding is an integral
part of the blade design. It would simply not work without adhesives. There
are a number of design guidelines and rulers for wind turbine blades; see for
example Det Norske Veritas (2010a). The approval regime for the blades is
closer to aircraft design than shipbuilding as full scale testing is required to
verify static and fatigue performance over a 20 year lifetime.

The identification of hazards and risks is usually done according to the IMO
guidelines for formal safety assessment (FSA) (IMO, 2002). It consists of
five steps:

. Step 1: Identification of hazards

. Step 2: Risk analysis

. Step 3: Risk control options

. Step 4: Cost benefit assessment

. Step 5: Recommendations for decision making.

In conclusion, adhesive bonding can get a huge success and marine
engineering. Standards and rules should be established by marine societies
on different levels and be included in shipbuilding process. This decade
adhesive can make a huge revolution in ship constructions and increase
useful period of joints.
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Introduction. The current state of social support for families with
children in Russia is characterized by “the existence of a large list of state
benefits fixed at the legislative level” [3, p. 60].

State guarantees (benefits) to families are provided for the
implementation of the task of state support for families with children.
Thanks for this people are motivated to achieve high birth rates,
demographic decline is being overcome in the country and birth rate is
increasing. In our country, the questions of protecting motherhood and
childhood are put in first place. This is confirmed by the presence and
implementation at the state level of various activities that are aimed at
supporting families with children.

The modern history of Russia has shown that the questions of
providing social assistance and supporting for families with children have
always been put at the forefront of all tasks. Therefore, the state of social
policy in our country is directly dependent on the demographic situation.

The state increases its authority over citizens by realizing the state
function in the sphere of social security and providing state social
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assistance, including for families with children. Consequently, the
population increasingly trusts the authorities. But the presence of problems
in the social security of motherhood and childhood sets the task of
improving and modernizing the mechanism for providing state social
assistance [1, 2].

Materials and methods. The normative legal regulation of social
support for motherhood and childhood includes the following main
legislative acts:

1. Federal Law of 19.05.1995 Ne81-FL «About state benefits for
citizens with children»

2. Federal Law of 29.12.2006 Ne255-FL «About compulsory social
insurance for temporary disability and in connection with maternity»

3. Federal Law of 29.12.2006 Ne256-FL «About additional measures
of state support to families with children»

4. Federal Law of December 28, 2017 Ne418-FL «About monthly
payments to families with children».

5. Federal Law of 17.07.1999 Ne178- FL «On State Social Assistance»

In our country, the program of the state social assistance is gradually
being improved and modernized: new normative legal acts are adopted, the
quantitative data of the provided benefits and guarantees are changed, the
«freezing» of funds from maternal (family) capital is canceled from the first
of January 2020, the payment of benefits for caring for a child from 1.5-3
years is changed; new monthly payments are introduced, etc.

Maternal (family) capital in Russia — a special type of assistance and
state support to families with children, involving an additional measure of
social assistance [6]. “In the initial maternal (family) capital was 250
thousand rubles, but at the same time it was indexed to the inflation rate
until 2015” [3, p. 61]. From 2015 to 2019 the amount on the maternal
(family) capital was not indexed, but amount was a fixed - 453,026 rubles.
After a 5 year «freeze» the amount on the maternal (family) capital (from
2015 to 2019), the state decided to conduct indexation the amount on the
maternal (family) capital. The amount on the maternal (family) capital at
nowadays (from the first of January 2020) is the 466 617 rubles (the
indexation is 3%).

The President of the Russian Federation devoted a special place in the
annual Messages to the Federal Assembly of the Russian Federation the
questions of social policy and support for motherhood and childhood (table
1)

Table 1 — The main areas of social policy mentioned in the President's

Messages in 2019-2020.

Message from the President in 2019 | Message from the President in 2020

OFFERS

introduction of an additional measure | extension the program of the maternal
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of support for families where a third
and subsequent child is born

(family) capital until December 31, 2026

the payment of benefits for caring for a
child from 1.5-3 years is changed

issuance of a certificate for maternal
(family) capital from the birth (adoption)

of the first child

an increasing in maternal (family) capital
by another 150 thousand rubles

introduction of monthly payments for
children aged 3-7 years

Source: Compiled by the author.

Results. The introduction of an additional support measure at the birth
of the third and subsequent child involves the payment of 450 thousand
rubles directly from the federal budget, which is used to repay the mortgage
loan. Also, from the first of January 2020, the payment of benefits for
caring for a child from 1.5-3 years is changed: the size began to equal the
cost of living per child in the region. It is worth mentioning that since 1994,
the childcare allowance has been 50 rubles, the funds of which came not
from the budget of public law education, but at the expense of the employer.

Introduction of monthly payments for children aged 3-7 years involves
the submitting of financial assistance to families whose incomes do not
exceed one living wage per person. At the first stage, this amount will be
half the cost of living — 5.5 thousand rubles.

Modification in the amount of the maternal (family) capital in the
Russian Federation for 2007-2020 presented in figure 1.

Until December 31, 2019 the state certificate for the maternal (family)
capital was granted only after the birth or adoption of the second or
subsequent children, but from the first of January 2020 the President of
Russia proposed to issue a certificate for the maternal (family) capital
already from the birth (adoption) of the first child [5]. At the same time, it
was proposed to increase the capital by another 150 thousand rubles, the
right to which the family will receive when the second child is born.

Consequently, the total amount of funds in the maternal (family)
capital is 616 617 rubles. And this is not yet final, since every year the
amount on the maternal (family) capital is most likely to be indexed
annually at the inflation rate. It is assumed that the size of the capital in
2021 will be more than 500 thousand rubles.
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Fig. 4 — The amount of the maternal (family) capital in the Russian
Federation for 2007-2020. (in rubles)
Source: Compiled by the author.

All these and other types of state assistance in support of motherhood
and childhood are important because they are aimed at the citizens of their
country - consumers of social policy services of the state.

Discussion and Conclusions. However, according to the publication
of the «Rossiyskaya Gazeta», the number of the families that do not use the
maternal (family) capital is 14%, that is, potential recipients simply do not
come to the Pension Fund of the Russian Federation to receive this state
social assistance [4].

In this regard, financial education of the population is proposed to
increase by advertising in television and radio broadcasting, on the Internet,
as well as by issuing booklets (brochures) upon receipt of any state
(municipal) service.

It is also necessary that the Pension Fund of the Russian Federation
exercise proper control when deciding on the issuance of a state certificate
for the maternal (family) capital to recipients, as well as in the process of
spending funds. This is due to the fact that there are cases of illegal use
(cashing out) of funds on the maternal (family) capital. It is advisable to
save documents confirming the use of budget funds according to the state
certificate for the maternal (family) capital by users of the maternal (family)
capital (improvement of living conditions, education of children, etc.).
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In Russia, the program for issuing a certificate for the maternal
(family) capital is being implemented both at the federal and regional levels.
However, not all 85 regions of the Russian Federation have own the
regional program: somewhere it was launched and subsequently suspended;
in some regions there was no need for implementation. This is due to the
fact that one or another regions, within the framework of its regional social
policy and the availability of its own financial resources, independently
decides on the realizing or stopping of the program for the maternal (family)
capital.

In this regard, it is proposed to create the program for the maternal
(family) capital in all regions of the Russian Federation in addition to the
federal maternal (family) capital, as well as to restore this regional program
in those territories of the Russian Federation in which it ceased to operate
for any reason.

Thus, the position of social support for families with children in
Russia is at a high level, but gaps and a number of measures are required to
improve the efficiency of budget expenditures. It seems that the set of
measures proposed by the author will improve the demographic situation in
the Russian Federation.
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The purpose of the study is to develop recommendations for
equalizing social inequality in the Russian regions, and the possibility of
achieving social justice in modern Russia.

Materials and methods. The study was conducted on the basis of
published research materials that allow us to determine the diversity of
concepts of social justice, to create a socially just society, and also to
identify the main features of social protection of the population in Russia.
When conducting research, the following methods were used: empirical
(collection and analysis of scientific publications, literature on the problem),
general scientific, comparative, statistical.

When asked whether the existence of equality of rights is a sufficient
condition for the creation of a socially just society, Socrates, Plato, Aristotle
tried to answer. According to the author, the problem of social justice
cannot be solved in principle, since in any society, there is a distribution of
material goods, which undoubtedly leads to the stratification of society.
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Thanks to the USSR and a number of developing countries, the term
"social justice", as a synonym for the concept of "protecting human rights",
was included by the UN in the Declaration on Social Progress and
Development, adopted in 1969. Since 2006, the UN has viewed social
justice as "a fair and compassionate distribution of the fruits of economic
growth ..."

The concept of social justice depends not only on the political system
and economic model of the state. In any country, different social strata of
the population have their own concept and vision of social justice, which
means that the level of income of citizens and the level of social inequality
between them are of no small importance.

The practical implementation by the state of social policy in the
context of social justice, in modern society, is carried out mainly through
taxation, social insurance and through government spending on social
policy in the field of health, education, protection of rights and labor law.

An analysis of the consequences of the global financial crisis of 2008
revealed the weaknesses of state regulation of social protection of citizens,
regardless of the social policy model, which led to the need to review the
fundamental foundations, and to determine the balance of interests between
state financial provision of social guarantees and private business.

An analysis of the situation with ensuring social justice in Russia
showed an insufficient level of effectiveness of the actions of the executive
authorities to achieve the standard of living of citizens and ensure equal
opportunities for the development of the individual. T. Moskalkova in her
report notes the existence of a gap “between constitutional norms on human
rights and freedoms and the practice of their implementation»®.

According to the author, at different income levels of citizens, which is
a natural process in a modern economic society, the attitude to
understanding social justice will be the same for all citizens, provided that
the distribution system in society is supported by most citizens, and this will
be considered an undeniable norm.

According to the results of a VCIOM survey on November 23, 2018,
Russians' opinions on how to achieve social justice in Russia, only 16% of
citizens said that society has become more socially fair, 54% of Russians
said that no changes are taking place, and 28% of respondents stated that the
changes are not happening for the better. For 5 years, the share of Russians
supporting the social policy of the state increased slightly from 20% in 2013
to 29% in 2018, while 32% of those polled believe that the authorities
impede the establishment of social justice in society. As measures to ensure

1 T. Moskalkova. Report [Electronic resource].- Access mode:
http://kremlin.ru/events/president/news/60720 (accessed 12.05.2020)
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social justice, the predominant share of Russians noted the fight against
corruption as “the law is one for all” (14%), and only 4% of respondents
noted the need for economic development and strengthening social policy. ?

Social inequality is especially noticeable in the regions of Russia,
which are characterized by uneven differentiation of socio-economic
development, and is directly dependent on the state of the regional
economy. Inefficiency in the use of labor resources affects the
unemployment rate, helps to increase the territorial imbalance of labor
supply and demand, helps to increase regional differentiation in terms of
living standards, widening the gap between the population’s income.

So, in 2005, the gap between the most and least well-off regions of
Russia in terms of GRP per capita, the gap was 54,79% (Khanty-Mansi
Autonomous Okrug — 955182,9, Republic of Ingushetia — 17435,1), starting
in 2010 until 2014, the gap gradually decreased by almost 2 times, but since
2015, it has grown backwards, and already in 2019 the value is 39,89%
(Yamalo-Nenets Autonomous Okrug — 4581150,1, Republic of Ingushetia —
114844,1).

Despite the measures taken by the Government, the problem of
equalizing the economic level of the regions remains acute.

The social policy of the state is expressed in a system of social
protection measures, the purpose of which is to provide state guarantees of
constitutional human rights to achieve a standard of living that meets the
minimum social needs of a person and guarantees his rights, regardless of
place of residence, religion, nationality, gender and age.

Social protection policy is a system of legislative acts, measures and
norms applied by the government to create favorable living conditions for
citizens, guarantees of state support in case of increased social risks [3].

The system of measures of social protection is a tool for implementing
the main directions of social policy of the state, and is designed to provide
material protection of human rights, support for the poor and those in need
of help categories of the population, the implementation of which is carried
out on the basis of regulatory legal acts, with the help of monetary and
material resources.

In his study, Demchenko S.G., Vereshchagina A.V., Samygin S.I.,
note that Russian society, being in a situation of universal survival, "in the
absence of incentives and motivation to mobilize efforts, as happens, for
example, during a war or other tragic social events that threaten life of the
whole society ”, it is not able to* resist the destructive influences of the

2 Social justice in Russia. [Electronic resource].- Access mode
https://wciom.ru/index.php?id=236&uid=9443 (accessed 12.05.2020)
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external and internal environment ”, as it focuses on providing daily needs
that do not go beyond the framework of individual life [4].

O.N. Yanitsky calls Russian society as one of general distrust, and
mass distrust causes a high level of uncertainty of social relations and
interactions, which is unsafe for society in its consequences [10].

According to the author, the share of needy Russians is not declining,
while representatives of big business, top management of state corporations,
and ordinary government officials lead a luxurious lifestyle. The gap takes
on such a significant shape that the state's social assistance to needy citizens
does not allow it to be leveled.

The author believes that the effectiveness of social payments and
benefits should be determined by the level of financing of the recipient's
current needs at the expense of social payments, characterizing the indicator
of the quality of life of the recipient of payments, and not by the level of
replacement of lost income, in the event of an insurance event.

Comparing revenues and expenditures of state (consolidated) budgets
of world countries for 2016, we note that the share of government spending
in Russia's GDP (37.8%) is 3-4 times higher than the share of government
spending in developed countries, which is a characteristic indicator for most
developing countries [9].

The exception is Argentina, where the share of government spending
in the structure of the consolidated budget exceeds Russian indicators
(44,6%). At the same time, the share of social protection spending in Russia
is 32,8%, in Germany 43,2%, in Austria and Italy 42,6%, 42,8%,
respectively [9].

The share of expenditures in Russia on education (2,2%) and
healthcare (3,4%) is negligible compared to the share of expenditures in the
consolidated budgets of developed countries exceeding the figure of 15%

[9].

According to one of the theoretical areas of research, the basis for a
high share of expenditures on public administration is the assumption that
with the growth of well-being of the population, the value of consumption
of public goods grows.

But there is another opinion, according to which, excessive
bureaucracy and the presence of one's own interests lead to an increase in
the volume of public goods provided.

According to the author, in Russia, corruption plays an important role,
as well as the absence of strict measures to suppress it.

To effectively combat social inequality, there is no universal way to
solve this problem, due to differences in socio-economic development of
countries.

Fiscal policy plays a major role in the implementation of state policy
on the redistribution of wealth between people, regions and generations, and
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depends on it the implementation of social security programs, the amount of
social spending, which in 18 OECD countries increased from 18 percent of
GDP in 1980 up to 26% of GDP in 2014 [11].

The problematic issues of public administration include certain
difficulties in assessing their effectiveness, due to the lack of a methodology
for evaluating the effectiveness and determining the success of state
educational, systems or activities in the field of health [12].

Problems of the effectiveness of social protection of the population are
actively studied in the scientific community.

Some researchers believe that it is necessary to simplify the system of
providing social support to the poor as much as possible. So, V. Bobkov,
believes that one of the possible directions of reforming the system of
providing social assistance to the needy is to simplify it as much as possible,
as well as transferring the social assistance system not belonging to the
category of needy on an insurance basis.

V.A. Sidorova notes that often, “recipients of social transfers are not
classified as poor. At the same time, a part of the population in need of help
does not receive it” [7, p. 86].

Others suggest the introduction of new measures, such as: assessing
the applicants' need for social assistance. To this end, it is proposed to
develop universal rules, uniform criteria for testing poverty; reliability and
completeness of information on income and property of applicants. So, for
example, Nazarov V.S. believes that “measures are needed to reduce
dependency, to introduce conditions and programs for supporting labor
incomes of recipients of social assistance” [5, p.140].

As a primary measure Kh. M. Khadzhalova proposes to reduce the
unjustified differentiation in remuneration between commercial and
budgetary spheres, between various areas of activity financed from
budgetary funds, which would remove social tension in society [8].

The issue of introducing a progressive taxation scale is most relevant,
especially as a measure to reduce social tension in society.

For example, Balynin 1.V., in order to achieve social justice, using the
example of international experience of the countries of Austria, Germany,
Luxembourg, it was proposed to establish a progressive taxation scale. For
individuals with a salary of up to 10 600 rubles. - exempt from tax, up to 25
000,0 rubles. introduce preferential rates of 5 and 10%, over 25 000,0
rubles. - leave the rate of 13%; for high incomes, set a differential rate of
15-19% [1] [2].

Adapting the world's best practices to fit the national state of the
economy would have positive prospects for Russia.

Positive results in this matter were achieved by France, which
established a minimum wage rate for all employers, taking into account its
indexation, which allows satisfying the daily needs of citizens [6].
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Results.

Based on the results of the study, the author proposed the following

measures to equalize the social inequality of regions:
— for representatives of state corporations, government officials, and
companies with an organization's income level exceeding a certain cut-off
threshold, establish an allowable fixed wage difference between lower-level
personnel and senior management (no more than three, four times), settle it
by labor legislation.

— develop a methodology for assessing the effectiveness of the
provision of benefits and social guarantees to needy citizens.

— to level social inequality, to ensure the involvement of business in
the social sphere, on the terms of public-private partnership.

Discussion and conclusions.

The implementation of the measures proposed by the author will
increase confidence in the government and its course towards the
implementation of social policy.

The establishment of threshold values, and a fixed raising coefficient
of labor remuneration, depending on the level of staff qualification and the
vertical hierarchy, will be a tool to reduce social tension and smooth out the
difference in incomes of citizens.

Unified rules for the provision of social benefits are able to provide a
fair distribution system, and the construction of a socially just society.
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Annotation. The article considers the situation of ensuring social
justice, and identifies the possibilities of achieving it in modern Russia, for
creating a socially just society. Particular attention is paid to the high
differentiation of incomes of the population and the effectiveness of the
existing system of social protection of the population, which confirms the
need to improve the distribution system, thereby determining the relevance
of the study.

To solve the identified problems and achieve social justice, the author
proposed a set of measures.
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AHHOTa].ll/Iﬂ. B cratee paccMOTpCHa CUTyalusa 10 obecrneyeHnro
CO].[PIaJILHOﬁ CIIPaBCJINBOCTH, u OIIPCACIICHBI BO3MO>XHOCTH €c
JOCTHXKCHHA B COBpeMeHHOﬁ POCCI/II/I, 1 CO3JaHusd COLHAJIbHO-
CIIPaBCAJINBOI'O O6H.[€CTBa. Ocob0e BHHMaHHE B pa60Te yaeasAaeTesa
BbICOKOW muddepeHnnanm TOX0M0B HaceleHUus, U IPPEKTHBHOCTH
CYLIECTBYIOLIEH CHUCTEMbl COLMAJIBHOM  3alllUThl  HACEJIEHUS, YTO
TMOATBEPKAACT H€O6XOI[I/IMOCTI) COBEPUHICHCTBOBAHUSA pacnpez[enHTenLHoﬁ
CHCTCMBI, TEM CaMbIM, OIpCaACiiAa AKTYyaJIbHOCTb IMPOBEACHHOT'O
HUCCJIICAOBAHU