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SUMMARY

Abstract. In the work according to the proposed scenario, the concentrations of secondary
formaldehyde pollution from road transport near the main overpasses were calculated at the
maximum monthly concentrations and the environmental risks to public health for the
conditions of Kyiv were calculated. The results of calculations for the most polluted
interchanges in Kyiv are visually presented.

An online system (web portal) of environmental analysis, created on the basis and using
ArcGIS solutions (Environmental Analysis) for assessing and understanding the potential
ecological risk impact on the environment and public health, taking into account the predicted
indicators of formaldehyde concentrations from vehicles at the time of designing the
development of city infrastructure (automobile highway), allows you to optimize the
environmental impact assessment and reduce the time that needed for required to review the
project by government agencies and environmental organizations.

The model creates a real-time forecast (synchronization of data on the calculation of
formaldehyde concentrations) for each point (highways) of the earth, which allows you to
predict future risk trends, allowing you to move from response strategy to warning strategy
and make more informed decisions.
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Introduction

Satellite communication systems are designed for a variety of communication and satellite Internet
access needs anywhere in the world. Satellite communication systems allow users to access
communication services primarily where the use of terrestrial channels is not economically
impractical or impossible.

Satellite communication systems have some advantages, the main of which is high-quality telephony
outside the coverage area of cellular stations. Long battery life, long standby time (due to low power
consumption), light weight and antenna - give the user high guarantees of performance. Also, satellite
communication systems are used where reliability and stability are required for high-speed data
transmission.

The main users of satellite services are corporations with a large number of branches, state-owned
industrial enterprises in the gas and oil sectors, aviation and railway logistics, the military, police,
medical industry, and private clients.

Materials and Methods

One of the main elements of the automatic guidance system is the antenna. To ensure optimal design
characteristics and cost, a mirror antenna with a horn illuminator is selected, which forms an
axisymmetric pattern. Also no less important characteristic is the gain, the calculation of which makes
it possible to determine the sensitivity of the system itself. Thus, to develop an antenna system, it is
necessary to perform calculations of the loudspeaker and the mirror itself, to determine the directional
action factor and the gain factor research (Zasidko and Polutrenko 2019).

To calculate the parameters of the antenna, you must first calculate the horn illuminator. The horn
illuminator is an extension of the waveguide in one or two planes to match the resistance of the
medium and narrow the pattern (Arkhypova and Vinnychenko2022). The best option for a mirror
antenna is a pyramidal horn, because it forms a pattern of spherical shape. Since the operating
frequency is 2-5 GHz, the calculation of the APS should be based on the central frequency of this
band, namely 3.5 GHz.

Based on the specified operating frequency, a standard rectangular waveguide with internal
dimensions a = 47.55 mm and b = 22.149 mm is selected to power the antenna.

Calculate the wavelength in free space based on a given frequency by the formula:

1= E, (1)
fo
where C — speed of light in vacuum;
fo— set frequency;
A —wavelength.
4 =21 _ 0,086 [m] %)
3107 ! '

For greater clarity, we will depict the antenna mirror and its basic geometric dimensions in Figure 2.
An important parameter of the mirror that needs to be calculated is its profile, because it depends on
the phase and amplitude distribution of the field in the antenna opening (Trysnyuk and Trysnyuk
2021). The profile of the mirror is calculated based on the focal length and angle of opening. The
opening angle should be in the range of 50 ° - 120 °, to ensure optimal mirror depth and focal length,
thus ensuring a minimum antenna size.
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Figure 1 Geometric dimensions of the mirror antenna

The pattern of the horn in the plane E within the main petal is described by the expression:

w-b (3)
P )
0F - 2 HT%-SI'H(GJ .
Thus we obtain the equality:
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Having made a replacement x = “—lp— -sin(B,), we receive:
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Assume that p = 10 decibel, and express it in a dimensionless quantity p = 0,316. Solve the

equation graphically relative x using the software package MathCAD, we obtain the results shown in
Figure 3.

2-/0.316

=———=10.75. 6
1+cos(60%) ( )
1
0.8 1 X-¥ Trace X
0.72|
0580 X-Value 1.28 Copy X
044
ol Y-Value | 0.74845 Copy Y
0.16[
o.02f ¥2-Value Copy Y2
=012
Bl Track data points Close

—10, X Ao,

Figure 2 Amplitude distribution of the loudspeaker in the E plane
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The graph shows that the root of the equation is x = 1,28. From here we find the required size by,:

b, = —— 7

P Ek-sm{ﬂo}'

21
where k = — —Wwave number.

1.28
P %-62.8-5:’11{60"} = 0,047 [m]. (8)

The pattern of the loudspeaker in the H plane is determined by the expression:
1+cos(d) ] COS[?‘S‘!‘H(Q]] (9)
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Solving the equation graphically with respect to y, we obtain the results shown in Figure 3.
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Figure 3 Amplitude distribution of the loudspeaker in the H plane

The graphs of the horn illuminator in the E- and H-planes calculated with the help of a PC are shown
in Figure 4. As can be seen from the graphs, the directional diagrams are the same in two planes and
have a spherical shape. The sphericity of the wave front allows to reduce the phase difference and
thus narrow the pattern (Myrontsov and Dovgyi, 2022). After reflection from the mirror, the spherical
wave is transformed into a plane wave in an aperture with a diameter of d. The horn irradiator has a
small size, so the shadow effect from it is minimal. To be able to receive radio waves with different
types of polarization, it is recommended to rotate the horn irradiator by 45° relative to the central axis.
In order to reduce the phase errors of the resulting pattern, it is necessary to ensure the exact
coincidence of the focus with the phase center of the speaker.
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The program on the computer after the calculations sends a control signal through the COM port via
cable to the control device in accordance with the received signal. The control unit sends a control
signal to the servos (Mandryk and Moskalchuk, 2020).

The antenna rotates according to the servo control signal. In servos there is an electric motor with a
reducer, which provides location data to the control device, and the control device feeds data to a
computer.

Conclusions

Thus, the system performs accurate navigation of the antenna mirror on the geostationary satellite.
The requirements for antenna equipment and automated control devices are studied. When developing
the block diagram of the antenna control device, a microcontroller-based circuit is used, which allows
for flexible antenna control and greatly simplifies circuit-technical calculations. Selected as the
control device ArduinoUno, ATMega328 microcontroller is used and bluetooth module is selected as
remote control element HC 05. At the final stage of the research the software control of the antenna
system rotation device was developed. This software control allows you to configure all the necessary
parameters, even with a smartphone, which simplifies and optimizes the setup process.

Approbation testing of the developed device showed high efficiency of its use. Simulation of the
antenna software control system has shown that the accepted theoretical statements and assumptions
are correct. The system works and performs all the functions assigned to it.
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