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Physical models of the formation of ballistic and muzzle waves
generated during an artillery shot have been developed and inves-
tigated. A promising method for assessing the degree of wear of
artillery barrels is the acoustic non-contact method. However, its
implementation requires separate records of the ballistic and muzzle
waves. A series of physical models have been developed to assess the
possibility of such a recording. A model for calculating parameters
of a ballistic wave accompanying an artillery shot has been built.
The proposed model features replacement of the problem of spatial
axisymmetric streamlining the shell surface by the problem of plane
streamlining the wedge. The model makes it possible to determine
the value of the angle of inclination of the oblique shock to the direc-
tion of the oncoming flow depending on the Mach number. Calcula-
tion of pressure of the powder gases flowing from the muzzle section
of the barrel behind the shell is based on the application of the law
of energy conservation for compressed powder gases. This avoids
solving the complex modified Lagrange problem. Calculations show
that the muzzle wave pressure changes in the range (30...300) MPa.
A physical model of the muzzle wave propagation at the initial stage
of the outflow of powder gases from the bore was proposed. Dur-
ing propagation of the muzzle wave, a situation is possible at an
initial stage in which this wave reaches the recording point before
the ballistic wave. This situation can occur if the range angles and
the wedge taper are small. This phenomenon can be avoided by ap-
propriate angle selection. The proposed model determines the law
of propagation of the muzzle wave and makes it possible to estimate
the rate of its attenuation. It has been established that measuring
microphones recording the actual ballistic wave can be located at
distances of 50500 m from the barrel. The developed models are
useful in practice. It is possible to estimate the initial speed of the
shell and the degree of barrel wear by separate recording the ballistic
and muzzle waves.
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of acoustic signals, microphone.

References

1. Damarla, T. (2015). Battlefield Acoustics. Springer. doi: https://
doi.org/10.1007 /978-3-319-16036-8

2. Djeddou, M., Touhami, T. (2013). Classification and Modeling of
Acoustic Gunshot Signatures. Arabian Journal for Science and

3.

10.

11.

12.

13.

14.

15.

16.

17.

18.

Engineering, 38 (12), 3399-3406. doi: https://doi.org/10.1007/
$13369-013-0655-5

Maciag, P, Chatko, L. (2019). Use of sound spectral signals analysis
to assess the technical condition of mechanical devices. MATEC
Web of Conferences, 290, 01006. doi: https://doi.org/10.1051/
matecconf/201929001006

. Dobrynin, Y., Maksymov, M., Boltenkov, V. (2020). Develop-

ment of a method for determining the wear of artillery barrels by
acoustic fields of shots. Eastern-European Journal of Enterprise
Technologies, 3 (5 (105)), 6-18. doi: https://doi.org/10.15587/
1729-4061.2020.206114

. Sachdev, P. L. (2016). Shock Waves & Explosions. Chapman and

Hall/CRC, 296. doi: https://doi.org/10.1201,/9781420035193

. Van der Eerden, E, Vedy, E. (2005). Propagation of shock waves from

source to receiver. Noise Control Engineering Journal, 53 (3), 87.
doi: https://doi.org/10.3397/1.2839248

. Banerjee, A, Nayak, N., Giri, D., Bandha, K. (2019). Effect of

Gun Barrel Wear on Muzzle Velocity of a typical Artillery Shell.
2019 International Conference on Range Technology (ICORT).
doi: https://doi.org/10.1109 /icort46471.2019.9069641

. Li, X,, Wang, Y., Zang, Y., Guan, B., Qin, Q. (2019). Analysis of inte-

rior ballistic performance degradation of a worn gun barrel based on
finite element method. Journal of Physics: Conference Series, 1314,
012090. doi: https://doi.org/10.1088,/1742-6596,/1314,/1 /012090

. Zaytsev, A. S. (2007). Procktirovanie artilleriyskih stvolov. Sankt-

Peterburg: Balt. gos. tehn. un-t, 164.

Karyukin, S., Mitrohin, O. (2012). Podhod k obespecheniyu zhi-
vuchesti stvolov artilleriyskih orudiy. Voennaya mysl’, 1, 72-78.
Vershinin, A. A. (2018). The algorithm for evaluating the survivabil-
ity of the artillery guns systems. Izvestiya Tul’'skogo gosudarstven-
nogo universiteta. Tehnicheskie nauki, 11, 291-295.

Pushkaryov, A. M., Vershinin, A. A., Volf, . G. (2018). Estimation the
bore state of an artillery gun. Izvestiya Tul’skogo gosudarstvennogo
universiteta. Tehnicheskie nauki, 2, 428—-432.

Skobeleva, V. V., Shchenyatskiy, A. V., Bryzgalov, Y. B. (2017).
Analysis of errors of long holes and methods for their control. Intel-
ligent Systems in Manufacturing, 15 (3), 41-50. doi: https://doi.org/
10.22213/2410-9304-2017-3-41-50

Peng, F. Q., Chen, Q., Bao, J. W. (2013). Distortion Correction for the
Gun Barrel Bore Panoramic Image. Applied Mechanics and Materials,
427-429, 680-685. doi: https://doi.org/10.4028 /'www.scientific.net/
amm.427-429.680

Ka, M.-H., Vazhenin, N. A, Baskakov, A. 1., Oh, C.-G. (2005).
Analysis of Power Performance of a Muzzle Velocity Radar. 2005 5th
International Conference on Information Communications & Signal
Processing. doi: https://doi.org/10.1109/icics.2005.1689038
Levinson, S., Satapathy, S., Elert, M., Furnish, M. D., Anderson, W.
W., Proud, W. G., Butler, W. T. (2009). High-resolution projectile
velocity and acceleration measurement using photonic doppler
velocimetry. AIP Conference Proceedings. doi: https://doi.org/
10.1063/1.3295206

I'yushonok, A. V., Tereshenkov, V. 1., Mikanovich, A. S. (2007).
Opredelenie parametrov udarnyh voln. Vestnik Komandno-inzhen-
ernogo instituta MChS Respubliki Belarus’, 2 (6), 54—62. Available
at: https://vestnik.ucp.by/arhiv/pdf/ICE/v6/n2/54.pdf

Shi, L., Ju, E, Liu, Y,, Han, Z. Z., Liang, S. Y. (2013). Novel Analy-
sis Method Based on STFT for Muzzle Velocity Measurement
of High Firing Rate Artillery. Applied Mechanics and Materials,
347-350, 383-386. doi: https://doi.org/10.4028 /www.scientific.net/
amm.347-350.383



19. Blokhin, A. M., Biberdorf, E. A. (2015). Numerical resolution of the
problem for a stationary real gas flow over a cone. Vychislitel'nye
tehnologii, 20 (2), 29-43.

20. Houghton, E. L., Carpenter, P. W,, Collicott, S. H., Valentine, D. T.
(2015). Aerodynamics for Engineering Students (Seventh Edition).
Butterworth-Heinemann, 688.

21. Ovsyannikov, L. V. (2003). Lektsii po osnovam gazovoy dinamiki.
Moscow-Izhevsk: Institut komp’yuternyh issledovaniy, 336.

22. Semenov, A. N., Berezkina, M. K., Krasovskaya, I. V. (2009). Classifi-
cation of shock wave reflections from a wedge. Part 2: Experimental
and numerical simulations of different types of Mach reflections.
Technical Physics, 54 (4), 497-503. doi: https://doi.org/10.1134/
$1063784209040094

23. Seiler, F, Igra, O. (Eds.) (2016). Hypervelocity Launchers. Springer.
doi: https://doi.org/10.1007,/978-3-319-26018-1

24. Bykov, N. V. (2019). Comparative analysis of numerical and approxi-
mate analytical solutions to the problem of piston acceleration in a
pipe by compressed gas. Engineering Journal: Science and Innova-
tion, 2 (86), 1-15. doi: https://doi.org/10.18698,/2308-6033-2019-
2-1852

25. Zel'dovich, Ya. B, Rayzer, Yu. P. (2008). Fizika udarnyh voln i
vysokotemperaturnyh gidrodinamicheskih yavleniy. Moscow: FI1Z-
MATLIT, 656.

26. Oppenheim, A. K. (2008). Dynamics of Combustion Systems.
Springer. https://doi.org/10.1007 /978-3-540-77364-1

27. Assovskiy, I. G; Lipanov, A. M. (Ed.) (2005). Fizika goreniya i vnu-
trennyaya ballistika. Moscow: Nauka, 354.

DOI: 10.15587,/1729-4061.2020.210665

EXPERIMENTAL EVALUATION OF ACCURACY

IN DETERMINING THE DIRECTION TO A PULSED
SOURCE OF GAMMA-RADIATION BY A SPHERICAL
ABSORBER WITH CdTe DETECTORS IN A SYSTEM OF
NUCLEAR SITUATION MONITORING (p. 16-24)

Igor Cherniavskiy

Military Institute of Tank Forces of the National Technical
University “Kharkiv Polytechnic Institute”, Kharkiv, Ukraine
ORCID: http://orcid.org/0000-0002-2785-0617

Mykola Chomik

National Defense University of Ukraine named after
Ivan Cherniakhovskyi, Kyiv, Ukraine

ORCID: http://orcid.org/0000-0002-1201-7702

Vadym Tiutiunyk
National University of Civil Defence of Ukraine, Kharkiv, Ukraine
ORCID: http://orcid.org/0000-0001-5394-6367

Thor Rolin

Military Institute of Tank Forces of the National Technical
University “Kharkiv Polytechnic Institute”, Kharkiv, Ukraine
ORCID: http://orcid.org/0000-0002-2312-6381

Viktor Starenkiy

State Organization «Grigoriev Institute for Medical Radiology
and Oncology of the National Academy

of Medical Sciences of Ukraine», Kharkiv, Ukraine

Kharkiv National Medical University, Kharkiv, Ukraine
ORCID: http://orcid.org/0000-0002-6600-3381

Mykhailo Tverezovskyi
Odessa Military Academy, Odessa, Ukraine
ORCID: http://orcid.org/0000-0001-7351-932X

Oleksandr Sheptur

Kharkiv Petro Vasylenko National Technical University of
Agriculture, Kharkiv, Ukraine

ORCID: http://orcid.org/0000-0002-9808-8041

Tymur Kurtseitov

National Defense University of Ukraine named after
Ivan Cherniakhovskyi, Kyiv, Ukraine

ORCID: http://orcid.org/0000-0001-6478-6469

Oleksandr Salii

National Defense University of Ukraine named after
Ivan Cherniakhovskyi, Kyiv, Ukraine

ORCID: http://orcid.org/0000-0002-6876-2170

Mykola Pidhorodetskyi

National Defense University of Ukraine named after
Ivan Cherniakhovskyi, Kyiv, Ukraine

ORCID: http://orcid.org/0000-0003-4807-8635

The necessity and possibility of creating a dosimetric channel
for determining the direction to the source of penetrating gamma-
radiation in the nuclear situation monitoring system have been
substantiated. The experimental assessment of a reduced error of
the device for determining the direction to pulsed sources of radia-
tion using a spherical absorber and CdTe detectors was carried out.
These detectors can be used effectively only if there is appropriate
electronic equipment, constructed in accordance with their char-
acteristics and spectral-temporal characteristics of highly intense
pulsed radiation. The direction to high-intensity pulsed radiation of
linear accelerator Varian Clinac 600C (USA) by telluride-cadmium
detectors was determined in the pulsed mode. This allowed conduct-
ing an experiment to determine the dependence of the coefficient
of proportionality of recording pulses from each detector on the
angle of direction to the source of pulsed radiation of the linear ac-
celerator. A reduced error was assessed by comparing the received
experimental data with a theoretical dependence based on a physical
and mathematical model. It was recommended to divide the entire
range of angles from 0° to 360° into five sub-ranges, in which three or
two proportionality coefficients are responsible for determining the
angle in space on gamma sources. The maximum reduced error does
not exceed 10 % and the maximum angle error is not more than 8.4°.
The most accurate determining of the angle to a radiation source
can be carried out in the presence of a theoretically calculated and
experimental database of proportionality coefficients for all angles in
space and energy of radiation sources.

Keywords: direction determination, gamma-radiation, semicon-
ductor detectors, nuclear situation monitoring system.
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The physical mechanisms have been investigated that form and
transform the corpuscular-vortex-wave thermal complexes of distur-
bances in contact tribosystems based on the quantum-mechanical
exchange interaction. The presence of a contact gap determines the
generation of pairs of quasi-particles-disturbances stabilized by wave-
length and frequency. Internal instability and collapse processes in such
a system of disturbances lead to the formation of defects in a tribopair’s
material and underlie the emergency friction regimes. This paper gives
specific technical examples of the generation of thermal complexes at
fretting, during the friction of sliding and rolling, and at cutting. It has
been established that the destructive nature of the process of fretting at
low values of reverse sliding speeds is caused by the generation and col-
lapse of the corpuscular-vortex-wave thermal complexes. An example of
acoustic friction emission in the ultrasonic region of the spectrum has
been used to show the quantum nature of the disturbances generated by
friction. The high-frequency spectrum of acoustic emission corresponds
to the unbalanced composition of the disturbances and leads to the
formation of wear particles. The exchange interaction in a tribosys-
tem involving rolling on the plane has been considered. The results of
statistical analysis of such rolling showed the existence of the effect of
negative friction caused by the quantum generation of longwave distur-
bances. It has been demonstrated that the collapsed component of the
generation of disturbances is significantly increased under the modes
of materials destruction, including when cutting the materials. The
corpuscular-vortex-wave mechanism of selective transfer and hydrogen
wear in tribosystems has been described. It is shown that the properties
of a servovite film under the mode of selective transfer are provided by
the collapse processes in the system of disturbances. Similar processes at
the vortex-wave transfer of hydrogen atoms in metals lead to the wear
and destruction of the surface layer of friction.

Keywords: contact tribodynamics, corpuscular-vortex-wave
thermal complex, exchange interaction, collapse, acoustic emission.
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High-speed circuit breakers (HSCB) used in DC circuits are
one of the basic elements of overload, short-circuit and electric
shock protection. Such breakers are used in transport (trams, trol-
leybuses, subways and railways) in electric power supply facilities
and in vehicles. The performance and capability of limiting the
current depend on the HSCB design and solutions applied in it.
The circuit parameters, particularly its inductance also affect the
performance. Additionally, each DC breaking in the RL circuit is
accompanied by overvoltages whose level depends on the circuit
parameters and breaker design. The paper discussed the process of
direct current breaking by magnetic blowout high-speed circuit
breakers and factors that affect the HSCB performance, i. e. open-
ing time and arcing time. The influence of the circuit parameters
and HSCB design on the value of arc voltage is outlined. The
results of laboratory tests of 4 types of high-speed circuit break-
ers produced in Europe are presented. The test results were used
to analyze the effect of current changes in the short circuit on the
time of current breaking and the value of switching overvoltages
— arc voltage. The results of simulation of the short-circuit break-
ing in the RL DC circuit made at the rate-of-rise of current in the



circuit are presented. Based on the tests and simulations, the cur-
rent breaking times, values of arc voltage generated in this process
and arc energy that is acquired and dissipated by the arc chamber
are determined. The objective of the tests and simulations was to
answer the question whether it is possible to turn off direct cur-
rent quickly without generating high arc voltage values — over-
voltages in the circuit and how di/dt changes should be formed by
a high-speed circuit breaker to achieve the shortest possible time
with the lowest possible arc voltage and its lowest energy.

Keywords: high-speed circuit breaker, breaking time, arcing
time, arc voltage.

References

1. Ahmad, M., Wang, Z. (2019). A Hybrid DC Circuit Breaker with
Fault-Current-Limiting Capability for VSC-HVDC Transmission
System. Energies, 12 (12), 2388. doi: https://doi.org/10.3390/
en12122388

2. Alferov, D., Budovsky, A., Evsin, D., Ivanov, V., Sidorov, V., Yagnov,
V. (2008). DC vacuum circuit-breaker. 2008 23rd International
Symposium on Discharges and Electrical Insulation in Vacuum.
doi: https://doi.org/10.1109/deiv.2008.4676747

3. Bingjian, Y., Yang, G., Xiaoguang, W., Zhiyuan, H., Longlong, C.,
Yunhai, S. (2015). A hybrid circuit breaker for DC-application. 2015
IEEE First International Conference on DC Microgrids (ICDCM).
doi: https://doi.org/10.1109/icdem.2015.7152036

4. Borkowski, P, Nowak, L., Szymanski, S. (2018). The new design of
the vacuum circuit breaker mounted on the roof of Electric Traction
Units. PRZEGLAD ELEKTROTECHNICZNY, 1 (8), 136-139.
doi: https://doi.org/10.15199,/48.2018.08.32

5. Kowalak, R. (2007). Influence of short-circuits switched-off by
current-limiting circuit breakers on MV network supplying the trac-
tion substations. Electrical Review, 83 (3), 19-22.

6. Ma, R, Rong, M., Yang, F, Wu, Y., Sun, H., Yuan, D. et. al. (2013).
Investigation on Arc Behavior During Arc Motion in Air DC Circuit
Breaker. IEEE Transactions on Plasma Science, 41 (9), 2551-2560.
doi: https://doi.org/10.1109/tps.2013.2273832

7. Maciofek, T., Mierzejewski, L., Szelag, A. (2001). Breaking the short-
circuits in DC traction by high-speed circuits breakers and power-
switch. Technika Transportu Szynowego, 3, 40—47.

8. Mierzejewski, L., Szelag, A. (1999). Research of short circuits and
overvoltages in DC electric traction circuits with single-stage trans-
formations110/3 kV. IVth International Conference MET’99, 58—64.

9. Pei, X,, Smith, A. C., Cwikowski, O., Barnes, M. (2020). Hybrid DC
circuit breaker with coupled inductor for automatic current commu-
tation. International Journal of Electrical Power & Energy Systems,
120, 106004. doi: https://doi.org/10.1016/j.ijepes.2020.106004

10. Rojek, A, Zbie¢, A. (2012). Co-ordination of Short Circuit Protec-
tion Devices in Motive Power Unit - Sub-station System. Problemy
Kolejnictwa, 154, 27-46.

11. Rojek, A. (2015). Switching-off time of electromagnetic blow-out
high-speed DC circuit breaker. Problemy Kolejnictwa, 169, 53—60.

12. Rojek, A. (2018). Parameters of DC high-speed circuit-breakers.
MATEC Web of Conferences, 180, 06006. doi: https://doi.org/
10.1051/matecconf/201818006006

13. Rojek, A. (2020). Investigation of the impact of the contact arc time
on the breaking time of high-speed circuit breakers. Prace Instytutu
Kolejnictwa, 164, 28—41.

14. Rojek, A., Skrzyniarz, M. (2019). Contact arc time — important
parameter of DC high-speed circuit-breakers. MATEC Web of
Conferences, 294, 05002. doi: https://doi.org/10.1051 /matecconf/
201929405002

15. Sécheron, S. A. (2019). High-speed DC circuit breakers for fixed in-
tallations (EN/IEC) Type UR. Available at: https://www.secheron.

com/wp-content/uploads/docs/SG101001BEN_F15 Brochure
Circuit-breaker-DC_UR26-80S_09.19.pdf

16. Szelag, A., Tulinski, K. (2003). Analysis of technical effectiveness of
application of a thyristor short-circuiting device in parallel with in-
ductance in rectifier traction substations — simulations and measure-
ments. VIth International Conference ,Modern Electric Traction in
Integrated XXI Century Europe” MET 2003.

17. Wojcik, E (2011). Influence of short-circuit parameters and construc-
tion of commutation circuit of ultra-high-speed vacuum circuit break-
ers on dynamics of its operation. Electrical Review, 87 (11), 201-208.

18. Xingguang, H., Hua, L., Zhiquan, S., Zhigang, R., Shusheng, W., Cunw-
en, T, Peng, E (2020). Concept design of 100 kA hybrid DC breaker on
China fusion engineering test reactor. Fusion Engineering and Design,
158, 111740. doi: https://doi.org/10.1016/j.fusengdes.2020.111740

19. Zukowski, P, Kozak, C. (2010). Testing dc arc energy depending on
the polarity of contacts connection. Mechanizacja i Automatyzacja
Gornictwa, 48 (7), 137-140.

DOI: 10.15587,/1729-4061.2020.210769

INFLUENCE OF A SIGNAL DESCRIPTION MODEL

ON THE CALCULATIONS OF THE EFFICIENCY
INDICATORS OF OPToelectRONIC SYSTEMS (p. 41-50)

Tatiana Strelkova
Kharkiv National University of Radio Electronics, Kharkiv, Ukraine
ORCID: http://orcid.org/0000-0002-3608-4897

Aleksandr Lytuyga
Kharkiv National University of Radio Electronics, Kharkiv, Ukraine
ORCID: http://orcid.org/0000-0002-9799-8270

Aleksandr Kalmykov
Kharkiv National University of Radio Electronics, Kharkiv, Ukraine
ORCID: http://orcid.org/0000-0003-3000-0469

Ganna Khoroshun

Volodymyr Dahl East Ukrainian National University,
Severodonetsk, Ukraine

ORCID: http://orcid.org/0000-0002-1272-1222

Andrii Riazantsev

Volodymyr Dahl East Ukrainian National University,
Severodonetsk, Ukraine

ORCID: http://orcid.org/0000-0002-1431-5682

Oleksandr Ryazantsev

Volodymyr Dahl East Ukrainian National University,
Severodonetsk, Ukraine

ORCID: http://orcid.org/0000-0002-3740-3132

The work is aimed at establishing the boundaries of the use of
models for describing signals in optoelectronic systems in calculat-
ing efficiency.

A description of the signal formation process is proposed, taking
into account the corpuscular and wave properties when registering
signals in a wide range of intensities.

A description of the statistical features of the output signals de-
pending on the energy properties of the signal and noise components
is proposed. It is shown that when describing the output signals of
optoelectronic systems that register signals with different properties,
Poisson and Gaussian distributions are used. The invariance of Pois-
son flows determines the description of an additive mixture of signal
and background flows using Poisson flow.

The efficiency of optoelectronic systems is calculated by the
signal-to-noise ratio criterion based on the corpuscular and wave
description of signals. Efficiency calculations have shown the expe-
dience of using this criterion, provided that the statistical properties



of signal and background flows are stabilized. It is shown that under
the condition of changes in the energy characteristics of signals, from
the point of view of the wave and corpuscular models, the statistical
characteristics of the signals have different descriptions.

The analysis of theoretical methods of signal analysis in op-
toelectronic systems is carried out, which is aimed at an adequate
characteristic of the system operation, depending on the conditions
of its operation. Taking into account the method of describing the
process of receiving and processing signals will take into account ad-
ditional statistical characteristics of signals, for example, an increase
of the variance of the output signal. The use of adaptive methods
for describing signals will make it possible to increase the efficiency
of systems when receiving strong signals in a difficult interference
environment, as well as when receiving weak signals.

Keywords: optoelectronic system, corpuscular theory, wave
theory of light, statistical model, detection.
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This study solves the relevant problem of selecting an optimal
switching and measurement circuit for the problems of reconstruc-
tion of the field of change in the conductivity in a biological object.

Based on an analysis of publications in the area of construction
of the hardware part of the EIT devices, the main types of the sys-
tems were identified: sequential, parallel, and mixed. Because of the
low cost, sequential architecture became most common.

Due to the low level of a useful signal in the study of lung ventila-
tion, the differential measurement circuit, which enables amplifica-
tion of a difference signal, is considered optimal. A difference signal
changes significantly as it moves away from injecting electrodes, so the
optimal use of the analog-to-digital converter scale requires a change
in the amplification coefficient during the collection of measurement
information. A measurement circuit with an adaptive amplification
coefficient was proposed. The optimal amplification coefficient is de-
termined by the results of test measurements. A block diagram for the
implementation of the proposed algorithm was developed.

A circuit for switching the injecting and measuring electrodes,
allowing the injection and measurement between any pair of elec-
trodes, was proposed. Theoretical analysis of the impact of switch
parameters was carried out. The analysis revealed that the main
parameters influencing the metrological characteristics are the resis-
tance of the open channel and its spread.

As a result of mathematical modeling of the circuit of substitu-
tion of injection and measurement channels, it was determined that
channel resistance and its spread for typical switches results in a
relative error in measurements of potentials of no more than 0.2 %

Keywords: electric impedance tomography, image reconstruc-
tion, medical visualization, conductivity distribution, measurement,
switcher.
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When developing and determining the principles of construc-
tion and algorithms for the operation of electrical impedance
tomography devices, it is necessary to verify the adequacy of the
adopted circuitry solutions, their technical level and the possibility
of practical implementation. To assess the technical capabilities and
operating parameters of the device and its components, it is advisable
to develop specialized tools for research and adjustment. Consider-
ing that the devices for electrical impedance tomography being de-
veloped are hardware and software solutions, and their components
are complete electronic units that interact with each other, it seems
possible to develop an experimental bench.

The development of a virtual automated experimental bench for
preliminary tests of the main components of the electrical impedance
tomography channel is proposed. On the basis of the operating prin-
ciples of the hardware bench, the principles of building a virtual bench
are formulated. The correspondence of the main elements of hardware
and virtual benches in terms of their functional purpose is shown.

For each of the software components of the virtual bench, input
actions and output parameters are determined.

A schematic diagram of the analog part of the electrical imped-
ance tomography channel has been developed to test the perfor-
mance of the virtual bench. Studies have shown that the developed
virtual bench is suitable for preliminary testing of all analog compo-
nents of the channel.

The use of the developed virtual bench will allow optimizing
the time and material costs for conducting experimental research in
the process of developing hardware for technical means of electrical
impedance tomography.

Keywords: electrical impedance tomography, test bench, virtual
bench, automated tests, experimental research.
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The use of simple physical reasoning instead of the method of
varying constants has made it possible to elaborate a short scheme
of deriving equations of disturbed motion of a satellite in nearly cir-
cular orbits. The use of a circular Keplerian orbit as a reference orbit
has ensured the nondegeneracy of equations and their simple relation
with time. All this taken together has made it possible to propose a



form of equations convenient for carrying out numerical and analyti-
cal studies with its variables having a simple physical meaning.

A relationship between the introduced variables and the Kep-
lerian elements of the orbits was described for undisturbed motion.
Tt was shown that the variables describing the deviation of the orbit
radius from the radius of the reference orbit are proportional to ec-
centricity and deviation of the focal parameter is proportional to the
square of the eccentricity.

Relationships were constructed that describe the connection
between the introduced variables and the Cartesian coordinates of
position and velocity in the inertial coordinate system as well as argu-
ments for choosing the radius of the reference orbit. From the condi-
tion of equality of energies of motion along circular reference orbit and
in elliptical Keplerian orbit, it is expedient to take the radius of the
reference orbit equal to the semi-major axis of the Keplerian ellipse.

Approaches to the possible development of the proposed equa-
tions were presented. They make it possible to describe changes in
the argument of the orbit perigee. The proposed change of variables
makes it possible to avoid degeneracy of equations at very small ec-
centricities when studying the change in the orbit perigee.

The advantages of using the proposed equations for numerical
and analytical studies of satellite motion in nearly circular orbits
were shown on concrete calculation examples. It was shown that the
results of numerical integration in the proposed variables give almost
five orders of magnitude less error than the results of the integration
of equations in Cartesian coordinates.

Keywords: osculating elements, nearly circular orbits, disturbed
satellite motion, Keplerian elements.

References

1. Yamamoto, T., Arikawa, Y., Ueda, Y., Itoh, H., Nishida, Y., Ukawa,
S. et. al. (2016). Autonomous Precision Orbit Control Considering
Observation Planning: ALOS-2 Flight Results. Journal of Guidance,
Control, and Dynamics, 39 (6), 1244-1264. doi: https://doi.org/
10.2514/1.g001375

2. De Florio, S., D’Amico, S., Radice, G. (2013). Flight Results
of Precise Autonomous Orbit Keeping Experiment on PRISMA
Mission. Journal of Spacecraft and Rockets, 50 (3), 662-674.
doi: https://doi.org/10.2514,/1.a32347

3. Kahle, R, D’Amico, S. (2014). The TerraSAR-X Precise Orbit
Control — Concept and Flight Results. Conference: International
Symposium on Space Flight Dynamics (ISSFD). Available at: https://
www.researchgate.net/publication/263200500 The TerraSAR-X
Precise_Orbit_Control - Concept_and Flight Results

4. Troger, H., Alpatov, A. P, Beletsky, V. V., Dranovskii, V. I,
Khoroshilov, V. S., Pirozhenko, A. V., Zakrzhevskii, A. E. (2010).
Dynamics of Tethered Space Systems. Taylor & Francis Group, 245.

5. Vallado, D. A. (2013). Fundamentals of astrodynamics and
applications. Microcosm Press Year, 1136.

6. Beutler, G. (2005). Methods of celestial mechanics Vol. I: Physical,
Mathematical, and Numerical Principles. Springer-Verlag Berlin
Heidelberg. doi: https://doi.org/10.1007/b138225

7. Maslova, A. L, Pirozhenko, A. V. (2016). Orbit changes under
the small constant deceleration. Kosmichna nauka i tekhnolohiya,
22 (6), 20—25. doi: https://doi.org/10.15407 /knit2016.06.020

8. Pirozhenko, A. V., Maslova, A. 1., Vasilyev, V. V. (2019). About the
influence of second zonal harmonic on the motion of satellite in
almost circular orbits. Kosmichna nauka i tekhnolohiya, 25 (2),
3-11. doi: https://doi.org/10.15407 /knit2019.02.003

9. Wakker, K. F (2015). Fundamentals of Astrodynamics. Delft
University of Technology, 690.

10. Mazzini, L. (2016). Flexible Spacecraft Dynamics, Control and
Guidance: Technologies by Giovanni Campolo. Springer. doi:
https://doi.org/10.1007/978-3-319-25540-8

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

Duboshin, G. N. (Ed.) (1976). Spravochnoe rukovodstvo po
nebesnoy mehanike i astrodinamike. Moscow: Nauka, 864.

Bau, G., Bombardelli, C., Peléez, J., Lorenzini, E. (2015). Non-
singular orbital elements for special perturbations in the two-body
problem. Monthly Notices of the Royal Astronomical Society,
454 (3), 2890—2908. doi: https://doi.org/10.1093 /mnras/stv2106
Jo, J.-I., Park, L-K. Choe, N-M. Choi, M.-S. (2011). The
Comparison of the Classical Keplerian Orbit Elements, Non-Singular
Orbital Elements (Equinoctial Elements), and the Cartesian State
Variables in Lagrange Planetary Equations with J2Perturbation:
Part I. Journal of Astronomy and Space Sciences, 28 (1), 37-54.
doi: https://doi.org/10.5140/jass.2011.28.1.037

Battin, R. H. (1999). An Introduction to the Mathematics and Methods
of Astrodynamics. AIAA Education Series. doi: https://doi.org/
10.2514,/4.861543

Bond, V. R, Allman, M. C. (1996). Modern Astrodynamics:
Fundamentals and Perturbation Methods. Princeton University
Press, 264.

Bau, G., Bombardelli, C., Peldez, J. (2013). A new set of integrals
of motion to propagate the perturbed two-body problem. Celestial
Mechanics and Dynamical Astronomy, 116 (1), 53-78. doi: https://
doi.org/10.1007 /s10569-013-9475-x

Bau, G., Bombardelli, C. (2014). Time elements for enhanced
performance of the DROMO orbit propagator. The Astronomical
Journal, 148 (3),43. doi: https://doi.org/10.1088/0004-6256 /148 /3 /43
Pirozhenko, A. V. (1999). On constructing new forms of equations of
perturbed keplerian motion. Kosmichnanaukaitekhnolohiya, 5 (2-3),
103-107. doi: https://doi.org/10.15407 /knit1999.02.103
Rosengren, A. J., Scheeres, D. J. (2014). On the Milankovitch orbital
elements for perturbed Keplerian motion. Celestial Mechanics and
Dynamical Astronomy, 118 (3), 197-220. doi: https://doi.org/
10.1007/s10569-013-9530-7

Guglielmo, D., Omar, S., Bevilacqua, R., Fineberg, L., Treptow, J.,
Poffenberger, B., Johnson, Y. (2019). Drag Deorbit Device: A New
Standard Reentry Actuator for CubeSats. Journal of Spacecraft and
Rockets, 56 (1), 129-145. doi: https://doi.org/10.2514,/1.a34218
Hoyt, R. P, Barnes, I. M., Voronka, N. R., Slostad, J. T. (2009).
Terminator Tape: A Cost-Effective De-Orbit Module for End-of-
Life Disposal of LEO Satellites. ATAA SPACE 2009 Conference &
Exposition. doi: https://doi.org/10.2514,/6.2009-6733

Lucking, C., Colombo, C., McInnes, C. (2011). A passive high altitude
deorbiting strategy. 25th Annual IAA/USU Conference on Small
satellites. Available at: https://strathprints.strath.ac.uk/41234/5/
Lucking C_Colombo C Mclnnes CR_Pure A passive high
altitude deorbiting_strategy 08 Aug 2011.pdf

Alpatov, A., Khoroshylov, S., Lapkhanov, E. (2020). Synthesizing an
algorithm to control the angular motion of spacecraft equipped with
an aeromagnetic deorbiting system. Eastern-European Journal of
Enterprise Technologies, 1 (5 (103)), 37-46. doi: https://doi.org/
10.15587/1729-4061.2020.192813

Ismailova, A., Zhilisbayeva, K. (2015). Passive magnetic stabilization
of the rotational motion of the satellite in its inclined orbit. Applied
Mathematical Sciences, 9, 791-802. doi: https://doi.org/10.12988/
ams.2015.4121019

Aslanov, V. S., Ledkov, A. S. (2020). Space Debris Attitude Control
During Contactless Transportationin Planar Case. Journal of Guidance,
Control, and Dynamics, 43 (3), 451-461. doi: https://doi.org/
10.2514,/1.2004686

Garulli, A., Giannitrapani, A., Leomanni, M., Scortecci, F. (2011).
Autonomous Low-Earth-Orbit Station-Keeping with Electric
Propulsion. Journal of Guidance, Control, and Dynamics, 34 (6),
1683—1693. doi: https://doi.org/10.2514/1.52985

. Bonaventure, F, Baudry, V., Sandre, T, Gicquel, A.-H. (2012).

Autonomous Orbit Control for Routine Station-Keeping on a LEO



Mission. Proceedings of the 23rd International Symposium on
Space Flight Dynamics. Available at: http://issfd.org/ISSFD 2012/
ISSFD23_FDOP2_2.pdf

28. Xu, G, Xu, J. (2012). On the singularity problem in orbital
mechanics. Monthly Notices of the Royal Astronomical Society,
429 (2), 1139-1148. doi: https://doi.org/10.1093 /mnras/sts403

DOI: 10.15587/1729-4061.2020.210378
DEVELOPMENT OF THE COMBINED METHOD TO
DE-ORBIT SPACE OBJECTS USING AN ELECTRIC
ROCKET PROPULSION SYSTEM (p. 78-87)

Aleksandr Golubek
Yuzhnoye Design Office, Dnipro, Ukraine
ORCID: http://orcid.org/0000-0002-7764-6278

Mykola Dron’
Oles Honchar Dnipro National University, Dnipro, Ukraine
ORCID: http://orcid.org/0000-0001-9275-4296

Ludmila Dubovik
Oles Honchar Dnipro National University, Dnipro, Ukraine
ORCID: http://orcid.org/0000-0003-1178-9281

Andrii Dreus
Oles Honchar Dnipro National University, Dnipro, Ukraine
ORCID: http://orcid.org/0000-0003-0598-9287

Oleksii Kulyk

The National Aerospace Educational Center of Youth Named After
A. M. Makarov, Dnipro, Ukraine

ORCID: http://orcid.org/0000-0002-2913-4462

Petro Khorolskiy
Yuzhnoye Design Office, Dnipro, Ukraine
ORCID: http://orcid.org/0000-0001-5233-182X

A method has been developed for the combined de-orbiting of
large-size objects of space debris from low-Earth orbits using an
electro-rocket propulsion system as an active de-orbiting means.

A principal de-orbiting technique has been devised, which takes
into consideration the patterns of using an electric rocket propulsion
system in comparison with the sustainer rocket propulsion system.

A procedure for determining the parameters of the de-orbiting
scheme has been worked out, such as the minimum total speed and
the time of the start of the de-orbiting process, which ensures its
achievement. The proposed procedure takes into consideration the
impact exerted on the process of the de-orbiting by the ballistic fac-
tor of the object, the height of the initial orbit, and the phase of solar
activity at the time of the de-orbiting onset. The actual time con-
straints on battery discharge have been accounted for, as well as on
battery charge duration, and active operation of the control system.

The process of de-orbiting a large-size object of space debris has
been simulated by using the combined method involving an electro-
rocket propulsion system. The impact of the initial orbital altitude,
ballistic coefficient, and the phase of solar activity on the energy
costs of the de-orbiting process have been investigated. The depen-
dences have been determined of the optimal values of a solar activity
phase, in terms of energy costs, at the moment of the de-orbiting on-
set, and the total velocity, required to ensure the de-orbiting, on the
altitude of the initial orbit and ballistic factor. These dependences
are of practical interest in the tasks of designing the means of the
combined de-orbiting involving an electric rocket propulsion system.
The dependences of particular derivatives from the increment of a
velocity pulse to the gain in the ballistic factor on the altitude of the
initial orbit have been established. The use of these derivatives is also
of practical interest to assess the effect of unfolding an aerodynamic
sailing unit.

Keywords: large-sized space debris, combined de-orbiting, elec-
tric rocket propulsion system, low orbits.
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DEVELOPMENT OF PHYSICAL MODELS FOR THE FORMATION OF ACOUSTIC WAVES AT ARTILLERY
SHOTS AND STUDY OF THE POSSIBILITY OF SEPARATE REGISTRATION OF WAVES OF VARIOUS
TYPES (P. 6-15)

Ye. Dobrynin, V. Volkov, M. Maksymov, V. Boltenkov

Pospobuierio Ta pocaigkeno ¢izuuni Mogesi popMyBaHHa GanicTHYHOI i AyJAbHOI XBUII, 110 YTBOPIOIOTHCS MPH apTUIEPiiCbKOMY
noctpii. [IepcrneKTUBHIM METOOM OI[IHKH CTYTICHS 3HOCY apTUIEPIiChbKUX CTBOJIB € aKyCTUuHMi Ge3KOHTaKTHUIT MeTo. OaHaAK 1
iloro 3ailicHenHs HeoOXiAHA Po3/iTbHA peecTpallis OagicTUIHOT XBUII 1 AyabHOT XBUJI. [[J1sT OMIHKY MOKJIMBOCTI TaKoi peecTpaitii pos-
pobaenuii psia disuanux Mozgeseii. [To6yoBaHo MOJENb A PO3PAXyHKY TTapaMeTpiB 6ajiicTUUHOT XBUJI, 10 CYTIPOBOJIKYE apTUIIepiii-
chKUii mocTpia. OcoOMMBICTIO 3aTPOMIOHOBAHOI MOZIEJTI € 3aMiHa 3aj1aui PO MPOCTOPOBE OCECMMETPUYHE OOTIKAHHS MOBEPXHI CHAapsia
3amavero mpo TIocke o6TikaHHI KauHy. Mo/iesh T03BOJISIE BUSHAYNTH 3HAYEHHST KyTa HAXIJTY KOCOTO CTPUOKA 0 HATIPSIMKY MOTOKY, 10
Habirae Ha KJIUH, B 3aJI¢KHOCTI Big uncia Maxa. Po3paxyHOK THCKY IIOPOXOBUX Ia3iB, 0 BUTIKAIOTH 3 JyJbHOTO 3pi3y CTBOJIA 3a CHA-
PSIZIOM, 3aCHOBAHWN Ha 3aCTOCYBAHHI 3aKOHY 30epesKeHHs eHepTil ISl CTHCINX MOPOXOBHUX Ta3iB. 1le 103BOJSE YHIKHYTH PO3B’A3aHH
ckannoi MmoxudikoBanoi 3agaui Jlarpamxa. Po3dpaxyHku mMokasyioTh, o THCK AYJbHOI XBUJI 3MiHi0oeThes B aianazoni (30...300) MIIa.
3anporoHoBaHo (HisMUHYy MOJIeJIb MONIMPEHHS JIyJIbHOI XBUJII HA ITOYaTKOBOMY eTali BUTIKaHHS ITOPOXOBUX ra3iB 3 KaHaly CTBoOJA. Y
mpoTieci MOMUPEHHs TyTbHOI XBUJIi HAa TOYATKOBOMY €Talli MOKJIMBA CUTYAIIis, TIPH SAKill 151 XBUJIS OTPATTUTD B TOYKY PeecTpallii pami-
e Gasictuunol xsuiti. Taka cuTyalliss MoXke MaTh Miclie, SIKIO KyTH HPHUIIIOBAHHS | po3unHy KiauHy Maji. [Ipu Bixnosignomy migbopi
KyTa I[bOTO SABUIIA MOKHA YHUKHYTH. 3alPOTOHOBAHA MO/IeTh BU3HAYAE 3aKOH TTOMINPEHHS AYIbHOI XBU i O3BOJISE OIIHUTH MIBH/-
Kictp ii 3aracanns. Beranosiieno, 1o BUMipIoBaibii MiKPO(hOHH, AKI PEECTPYIOTh BacHe GalicTUUHY XBUJIIO, MOKHA PO3TAIIOBYBATH
Ha Bigcranax 50..500 M Big aysabHOrO 3pidy. Pozpobieni moedti kopucni Ha npaxtuiti. IIpu posainbaoi peectpaii 6axictuanoi xsuai i
JTyJTBHOI XBUJII MOJKHA OIIHUTHU TTOYATKOBY MIBUAKICTDH CHAPS/IA i PiBEHb 3HOCY CTBOJY.

Kmo4oBi cioBa: aptusepiiicbkuii moctpis, GaicTuaHa XBUJIS, LyJIbHA XBIJIS, DEECTPAILis aKyCTHIHUX CUTHAJIB, MiKPODOH.
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EXPERIMENTAL EVALUATION OF ACCURACY IN DETERMINING THE DIRECTION TO A PULSED
SOURCE OF GAMMA-RADIATION BY A SPHERICAL ABSORBER WITH CdTe DETECTORS IN A SYSTEM OF
NUCLEAR SITUATION MONITORING (p. 16-24)

I. Cherniavskiy, M. Khomik, V. Tiutiunyk, I. Rolin, V. Starenkiy, M. Tverezovskyi, O. Sheptur, T. Kurtseitov, O. Salii, M.
Pidhorodetskyi

O6rpynToBana HeOOXiIHICTD Ta MOKINBICTh CTBOPEHHS AO3MMETPUIHOTO KaHATY BI3HAUEHHS HATIPSIMKY Ha [PKEPEJIO TaMMa-BUIIPO-
MiHIOBaHHSA NPOHUKAIOYOI pajialii y cucteMi MOHITOPUHTY sAepHOi 06cTaHOBKK. Y poOOTI IpoBeieHa eKclepuMeHTaNbHa OIliHKa MpH-
Be/IeHOT TOXUOKH 3ac00y /751 BUBHAYCHHS HATIPSIMKY Ha IMITYJIbCHI JPKepesia BUTIPOMIHIOBAHHS 3 BUKOPHCTAHHSAM KYJIbOBOTO MOTJIMHAYA
ta CdTe gerexropis. [lani geTekTOpr MOKYTH OYTH BUKOPUCTaHi e(hEeKTHBHO TIIbKK 32 HASBHOCTI BiIIIOBIZAHOT €JIEKTPOHHOT arapatypH,
30y10BaHOI Yy BIAIIOBIAHOCTI 3 IX XapaKTEPUCTUKAMK Ta CIIEKTPAIbHO-YaCOBUMU XaPAKTEPUCTUKAMU BHCOKOIHTEHCUBHOTO IMITyJIbCHOTO
BUIIPOMIiHIOBaHHsI. BudHaueHHs HAPSIMKY Ha BUCOKOIHTEHCHBHE IMITyIbCHE BUIIPOMIHIOBAaHHS JiHIHHOTO puckopioBada Varian Clinac
600C (CIIIA) renypuakagMieBUMU JAETEKTOPaMU, 3AIHCHIOBATIOCH Y IMITYJIbCHOMY peskuMi poboTu. Lle A03BOJUIO TIPOBECTH eKCIe-
PUMEHT 10 BU3HAYEHHIO 3aJIe;KHOCTI KoedillieHTa MPOMOpIiHHOCTI peecTpaltii iMITyJIbCiB 3 KOKHOTO JE€TEKTOpa BiJl KyTa HAIPSIMKY Ha
JDKEPEJIO IMITYJIbCHOTO BUIIPOMIHIOBAaHHs JIiHIHOTO nprckopioBada. OliHKa IpUBeAeHoT MOXUOKN MPOBOMAACH IIJIIXOM MOPIBHAHHS
OTPUMAHUX €KCIIePUMEHTAJbHUX JIAHNX 3 TEOPETUYHOIO 3aJIeKHICTIO HA IMijicTaBi (isuKo-MateMaTHyHOI Mojiesi. PekoMeH/10BaHO Bech
nmianasoH KyTiB Bix 0° 1o 360° po3aimnT Ha IT'ATH MiALialla30HiB, B IKUX 32 BU3HAYEHHS KyTa B IIPOCTOPI Ha TaMMa-JKepesa BimoBia-
I0Th TPU 4 jiBa KoedilieHTa mponopiiiiiHocti. MakcumanbHa npuBeeHa moxubka He nepesuinye 10 % ta MakcumaabHa moxubKa KyTa
110 8,4°. HaiiGizipun TouHe BUSHAYEHHS KyTa Ha JUKEPesio BUTIPOMIHIOBAHHS MOJKHA TIPOBECTH 32 HASIBHOCTI TEOPETUYHO PO3PAXOBAHOI Ta
eKCIepUMEHTANbHOT 6a3n JaHuX KoedillieHTiB NPOMOPIHHOCTI s BCIX KYTiB B IPOCTOPI Ta eHeprii jsKepes BUIPOMiHIOBAHHSI.

Km040Bi cli0Ba: BUSHAUCHHS HANPSMKY, FaMMa-BUIIPOMIHIOBaHHsI, HAIIBIPOBIAHMKOBI J€TEKTOPH, CHCTEMAa MOHITOPUHTY sIIEPHOI 00-
CTaHOBKL.
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EXCHANGE INTERACTION AND MODELS OF CONTACT GENERATION OF DISTURBANCES IN
TRIBOSYSTEMS (p. 25-34)

Yu. Zaspa, A. Dykha, D. Marchenko, S. Matiukh, Yu. Kukurudzyak
PosruisayTo Gisuuni Mmexanismu yTBopeHHst i TpaHchOpMaIii KOPILyCKyISIPHO-BIXPEXBUIBOBUX TEPMOKOMILIEKCIB 30y/IKEHb B KOH-
TaKTHUX TPUOOCHCTEMAX, 3aCHOBAHI Ha KBAHTOBO-MeXaHiuHill oOMiHHii B3aeMosii. HasBHICTH KOHTAKTHOTO PO3PHUBY IBOX TEPMOCTATIB

3 pisHuMM 3HaKaMu aGCOJIIOTHOI TeMIlepaTypy BU3HAYa€ reHepaliio 1nap KBa3iuacTuHOK-30ypeHb, cTabinizoBaHuX M0 JOBKUHI XBUJI i
vacToTi. BuyTpimms HectifikicTs i KosancHi mpouecn B Takiii cuctemi 30ypeHb BeAyTh 110 AeeKTOyTBOPEHHS B MaTtepiasi Tpubomapu




i € IPUYMHOIO aBapilHUX pexkuMiB TepTs. HaBeneHo KOHKPeTHI TeXHIUHI NPUKJIAAKN TeHepalil TePMOKOMILJIEKCIB 11pu (ppeTTHHTY, TepTi
KOB3aHHS 1 KOUeHHs, pisanHi MaTepianiB. Bctanosieno, mo pyiiHiBHIIT XapakTep npoiecy GpeTTHHTY IPU HU3bKUX 3HAYEHHSX IBHU/IKO-
cTeii PeBepCUBHOTO KOB3aHHA 00YMOBJIEHHIH TeHepaIlielo 1 KoaancoM KOpnyCcKyJIsapHO-BIXOPXBUAbOBUX TePMOKOMILTEKCiB. Ha npuknai
aKyCTHYHOI eMicii TepTs B yJIbTPa3ByKOBOI 00JIACTI CIIEKTPY MOKA3aHUI KBAHTOBHH XapakTep 30ypeHb, 10 TEHEPYIOThCs TepTsaM. Buco-
KOYaCTOTHUH CHEKTP aKyCTHYHOI eMicil BifnoBigae HepiBHOBA)KHOMY CKJiasy 30ypeHb i MPU3BOAUTD 10 (POPMYBaHHS YaCTUHOK 3HOCY.
PosrstryTa 0OMiHHA B3aeMOiis B TpuboCUCTEMi 3 KOUEHHAM TiJla [0 MJIONKMHI. Pe3yabrati CTaTUCTUYHOTO aHAJi3y TAaKOr0 KOYEHHS
MOKa3ajdn HasBHICTh eEKTY BiJ EMHOTO TepTsI BHACTIZOK KBAaHTOBOI TeHeparlii MOBTOXBHUIbOBHX 30ypenb. [lokasaro, mo KoJjarcHa
CKJIa0Ba reHepariii 30yperb 3HAYHO TOCUIIOETHCA B PesKMMaxX pyHHyBaHHA MaTepia/iis, B TOMY YKCJIi IIpU pisanni marepiauis. Omnuca-
HO KOPITYCKYJISIPHO-BIXOPXBUJIbOBHIT MeXaHi3M BUOIPKOBOTO MEPEHECEHHST 1 BOAHEBOTO 3HONTYBaHHs B Tprubocucremax. [lokaszaHo, 1o
BJIACTHBOCTI CEPBOBITHOI IUIIBKU B PeKMMi BIOIPKOBOTO MepeHECEHHsT 3a6€3MeUy0ThCsT KOJMANCHUMIE MPOoIlecaMi B cHcTeMi 30ypeHb.
AHaJIoTiuHI IpoIecH PN BiXPEXBUJIbOBOMY IIepEHECEHHI aTOMIB BOJIHIO B MeTaJaX MPU3BOIATH /10 3HOIIYBAHHS i PyHHYBaHHS HOBEPX-
HEBOTO HIapy TepTs.

KiouoBi ciioBa: koHTakTHa TPUOOAIHAMIKA, KOPITYCKYJISIPHO- BIXPEXBUIBOBHI TEPMOKOMILIEKC, 0OMIHHA B3AEMO/IA, KOJIAIC, aKyCTHYHA
emicis.
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AN EXPERIMENTAL ANALYSIS OF DC MAGNETIC BLOWOUT HIGH-SPEED CIRCUIT BREAKERS’
PARAMETERS (p. 35-40)

Artur Rojek

[IBuakoxioui Bumukaui (HSCB), 1110 BUKOPUCTOBYIOTHCS B JIAHITIOTAX MOCTIITHOTO CTPYMY, € OJIHUM 3 OCHOBHUX €JIEMEHTIB 3aXUCTY
Bi/l TIepeBaHTa)KEHHS, KOPOTKOTO 3aMUKAHHS Ta YPaKeHHs €JIeKTPHUHUM CTPYMOM. Taki BUMHKadyi BUKOPUCTOBYIOTHCS Ha TPAHCIIOPTI
(TpamBai, Tposieiibycu, MeTpo Ta 3aJi3HWIN) B CHCTEMaX eJeKTPONOCTadYaHHs Ta B TPaHCIOPTHUX 3acobax. IIBuakicTs poboTH i MOXK-
JIMBICTh OOMEKEHHST CTPYMY 3aJI€KaTh Bil KOHCTPYKIIIT MIBUAKOAIOYUX BUMUKAUIB | BUKOPUCTOBYBAHUX B HUX pimieHb. Ha wac poboTu
TaKOX BIUIMBAIOTH NMapaMeTPU CUCTEMH, 30KpeMa iHAYKTUBHICTD, SIKY BOHA MiCTUTh. KpiM TOro, KOJKHE BiIKITIOUEHHS MTOCTIITHOTO CTPYMY
B cucreMmi RL cynpoBo/pkyeThest nepenanpyramu, piBeHb SIKMX 3aJI€KUTh Bijl apaMeTpiB CHCTEeMM Ta KOHCTPYKIi BUMukaya. Y crarti
OIIMCAHO TMPOIeC BUMKHEHHS TIOCTIHHOTO CTPYMY 3a JOMOMOTOI0 NIBUAKOAIIOYNX BUMHMKAYIB 3 MATHITHUM JIYTTSIM, a TaK0X (haKTOpH, 110
BIUTMBAIOTH HA TBUAKICTH POGOTH BUMUKAUIB — Yac BIACHWUN Ta yac raciuus myru. Omicano BIUIMB MapaMeTpiB JAHIoTa Ta KOHCTPYKILi
BUMUKAUa Ha HApyry Ayru. IIpeacraBieHi pesysbratu 1abopaTOpHUX BUMPOOYBAHb 4-X THUIIB aBTOMATUYHIX BUMUKAYiB, IKi 3apa3 BUPO-
6ustioThest B €Bpori. PesysbraTn BUIpoOyBanb Oy BUKOPUCTAHI [JIST aHATI3Y BIUIMBY 3MiHI CTPYMY B JIAHINO3i KOPOTKOTO 3aMUKAHHSI Ha
Yac BiJIKJIIOYEHHS CTPYMY Ta 3HAYE€HHS KOMYTAlliilHUX IepeHanpyr — Hanpyry ayru. IIpeacraBieHo pesyssratit MOJIe/IOBAHHS KOPOTKOTO
3aMMKaHHS B JIaHIi031 RL MOCTIHOTO CTPyMy, BUKOHAHOTO TIPU NMPUIHATII KPYTU3HI CTPyMiB B JMaHIorax. Ha oCHOBI BUIpoOyBaHb Ta
MOJIeTIOBaHH GyJIi BI3HAYEH] TOTOYHI Yach BiIKJIIOUEHHS, 3HAUEHHS HAIIPYTHU YTH, 10 YTBOPIOIOTHCS B IIbOMY TIPOIIEC, Ta €Heprist IyTH,
sIKa MOTJIMHAETHCS T4 PO3CIIOETHCS IYTOBOIO KaMepoo. JlocIi/pkKeHHsT Ta MOJIe/IIOBAHHS MaJIi BiJINOBICTH HA MUTAHHS, YN MOJKHA IIBU/IKO
BIZIKJIIOYNTH MOCTIITHMUIT cTPyM 6€3 TeHepyBaHHsI BICOKNX 3HAYEHb HANIPYTH AYTH — MEPEHANIPYTU B JIAHI[IO31, Ta SIK TTOBUHHI (hOpMyBaTHCh
aminu di/d¢ mBUAKOAIIOYMM BUMHMKAYEM JIJIsI TOCATHEHHSI HAKOPOTIIOTO MOKJIMBOTO Yacy TP HAWMEHIIOMY 3HAUY€HHI HANPYTH JAyTU Ta
HaliMeHIIO] i1 eHeprii.

KmouoBi cioBa: ITBUAKOMITOYII BUMUKAY, Yac BiIKJIIOUEHHS, 9ac TyTH, HAIPyTa IyTH.
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INFLUENCE OF THE SIGNAL DESCRIPTION MODEL ON THE CALCULATIONS OF THE EFFICIENCY
INDICATORS OF OPTOELECTRONIC SYSTEM (p. 41-50)

T. Strelkova, A. Lytyuga, A. Kalmykov, G. Khoroshun, A. Riazantsev, O. Ryazantsev

Po6oTa cipsiMoBaHa Ha BCTAHOBJIEHHS MEK 3aCTOCYBAHHS MOJIENIEN OMICY CUTHATIB B ONITHKO-EJIEKTPOHHUX CUCTEMAX MTPH PO3PAXYHKAX
eexTIBHOCTI.

3aIpoIoHOBAHO OIKC 11pollecy (GOPMYBaHHS CUTHAJIB 3 YPaxyBaHHSIM KOPIIYCKYJISIPHUX i XBHJIbOBUX BJIACTUBOCTEH 11PU peecTpartii cur-
HaJIB y IUPOKOMY [[ialla30Hi iHTEHCUBHOCTET.

3amporoHOBAHO OIMUC CTATUCTHYHUX OCOOJMBOCTEN BUXIJIHWX CHTHAJIIB B 3aJI€KHOCTI Bill €HEPreTHYHUX BJIACTUBOCTEH CUTHAIBHUX
Ta IIYMOBHUX KoMIoHEeHT. Ilokasano, 1o mpu onmci BUXiHIX CUTHAJIIB ONTHKO-€JEKTPOHHUX CHCTEM, SIKI PEECTPYIOTh CUTHAJIN 3 PI3HUMHU
BJIACTUBOCTSIMU, BUKOPUCTOBYIOTH ITyacCOHIBCBKII i raycciB po3moiiji. IHBapianTHiCTh MyacCcOHiBCHKIX TTOTOKIB 3yMOBJTIOE OTUC aIUTUBHOI
CyMillli CHTHAJILHOTO i ()OHOBOTO HOTOKIB 32 JI0IIOMOTOI0 11yaCCOHIBCHKOTO MOTOKY.

PoszpaxoBano egeKTUBHICTb ONTUKO-ETEKTPOHHUX CUCTEM 38 KPUTEPIEM BiHOIIEHHS CUTHAJ/IIyM Ha OCHOBI KOPITYCKYJISIPHOTO Ta XBHU-
JILOBOTO OTUCY CUIHaIiB. Po3paxyHku eheKTHBHOCTI TTOKa3aiu JOIIIbHICTH BUKOPUCTAHHS 1IbOI0 KPUTEPIIO IPU yMOBI crabiizaiii craTuc-
TUYHHX BJIACTUBOCTEH CUTHAIBHUX Ta oHOBUX MOTOKIB. [TokasaHo, 1o mpu yMOBi 3MiHN €HEPreTHUHUX XapaKTePUCTUK CUTHAJIB, 3 TOUKU
30pY XBUJIbOBOI Ta KOPIYCKYJISIPHOI MOJIeJTi, CTATUCTUYHI XapaKTePUCTUKH CUTHAIB MAIOTh Pi3Hi OTHCH.

[TpoBezieHO anasIi3 TEOPETUUHUX METO/IB aHAJII3Y CUTHAJIIB B ONTUKO-CJIEKTPOHHUX CUCTEMAX, SIKUI CIIPSIMOBAHO Ha aJleKBaTHY XapaKTe-
PHCTUKY POOOTH CHCTEMHU Y 3aIe)KHOCTI Bizt yMOB 11 eKcruyaTaliii. YpaxyBaHHsi METOLY OTUCY HPOIecy NpUitManHs Ta 00poOJIeHHs CUTHATIB
JI03BOJISIE BPAXyBaTH [OMATKOBI CTATUCTHYHI XapAKTEPUCTUKI CUTHAIIB, HATIPUKIIA 301IbIIeHHs uctiepcii BuxigHoro curnairy. Bukopuc-
TaHHs aJQITHBHUAX METOIB OTUCY CUTHAJIB A€ MOJKJIMUBICTD 301bIINTH ¢(DEKTUBHICTH CUCTEM TIPH TIPUHMAHHI CUJIbHUX CUTHAJIB B YMOBaX
CKJIaJIHOT 3aBa/I0BOI 0OCTAHOBKH, & TAKOJK MPU MPUIMaHHi CTaOKUX CUIHAJIB.

Km04o0Bi ci10Ba: OITHKO-€JIEKTPOHHI CHCTEeMH, KOPILYCKYJIsIPHA TEOPist, XBUJIbOBA TEOPisl CBIT/IA, CTATUCTHYHA MOJIC/Ib, BUSBJICHHS.
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DEVELOPMENT OF SWITCHING AND MEASUREMENT CIRCUITS FOR PROBLEMS OF ELECTRIC
IMPEDANCE TOMOGRAPHY (p. 51-59)

A. Kucher, N. Narakidze, P. Tjaglicova, M. Filonova

VY paniit poboTi BUPIIIYETHCSA aKTyalbHe 3aBAaHHs BUOOPY ONTUMAIBHOI CXeMH KOMYTaIlil Ta BUMIPIOBaHHS JIJIs 3a/1a4 PEKOHCTPYKILT
MOJIst 3MiHM TIPOBiAHOCTI GiosoriuHOTo 00’€KTA.

Ha nigcrasi ananisy ny6uikaniii B o6smacti noGyaosu anapatioi yactuin EIT-npuceTpois BUSBIEHO OCHOBHI THIIM CHCTEM: TIOCTIIOBHA,
napasesbHa Ta 3MilaHa. 3 OrJisily Ha HU3bKY BapTiCTh HAUGLIBIIOro monperHs HaGyJia MOoCIiI0BHA apXiTeKTypa.

Uepes masuii piBeHb KOPUCHOTO CUTHAJY NPH JIOCJI/PKEHHI BEHTHIISAI JIETEHIB ONTHMAIbHOI BU3HAHA AudepeHIiiaibHa cXeMa BHU-
MipIOBaHHS, fKa /[03BOJISIE TIPOBECTH MOCHJIEHHS Pi3HUIIEBOTO CUTHATY. PisHUIeBHil cUrHam 3HaYHO 3MIHIOETHCS B MIpy Bi/aleHHS Bij
€JIEKTPOJIIB, 10 iHKEKTYIOTHCSI, YePe3 1[0 /I ONTUMAIBLHOTO BUKOPUCTAHHST IIKAJIN aHAJIOTOBO-1[(POBOTO TepeTBOpioBava MoTpibHa 3Mina
KoedillieHTa TOCUIIEHHS B X0/ 300py BUMIpIOBa/IbHOI iH(pOpPMAILi. 3anponoHOBaHO CXeMy BUMIPIOBAHHS 3 aallTHBHUM KOe(illieHTOM 10~
cusents. OnruManbHuil KoedillieHT NoCHIeH s BUBHAYAETHCS 32 PE3yJIkTaTaMK TeCTOBUX BUMIpIOBaib. Po3pobiieno 610K-cxemy peasisaitii
3aIPOIIOHOBAHOTO AJITOPUTMY.

Po3pobiieHo cxeMy KOMyTaIlil BUMIPIOBATbHIX €JIEKTPOIB, 1O IHKEKTYIOThes. Lle /103B0JIsIE IPOBOANTH IHKEKTYBAHHS Ta BUMIP MikK
Oy /1b-5IKOIO 1APOIO eJIeKTPO/IB. [IPOBEICHO TeOpEeTUUHMIT aHAII3 BIIMBY IAPAMETPIiB KOMYTaTopiB. B pe3ysbrari aHami3y BUSBJIEHO, 110 OCHO-
BHUMH ITapaMeTpaMmu, 1[0 BIUINBAIOTH Ha METPOJIOTIYHI XapaKTePICTHKH, € OIIP BiIKPUTOTO KaHaly Ta HOro PO3KUI.

B pesyubrati MaTeMaTUYHOTO MOJIEJIIOBAHHS CXEMH 3aMillleHHS KaHAJIiB iH)KeKTYBaHHS Ta BUMIPIOBaHHS BU3HAUEHO, 1110 OIIp KaHATY Ta
HOTO PO3KUJL /ISt TUTIOBUX KOMYTATOPIB MIPU3BONTD 0 BIIHOCHOI TIOXMOKY BUMIPIOBaHHS MOTeHIianiB He Ginbure 0,2 %.

KiiouoBi cioBa: esexrTpoimienarcia ToMorpadis, PeKOHCTPYKILS 300pajkeHHs, MeudHa Bidyasisailis, po3noiiJ MpoBiAHOCTI, BUMIp,
KOMYTaTop.
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DEVELOPMENT AND RESEARCH OF A VIRTUAL TEST BENCH FOR ELECTRIC IMPEDANCE
TOMOGRAPHY CHANNEL MAIN COMPONENTS SIMULATION (p. 60—-69)

I. Shcherbakov, N. Gorbatenko, R. Polyakov, K. Shirokov

ITpu po3pobili Ta BUBHAYEHH] TIPUHIMAIIB MOOYZ0BU Ta aJIrTOPUTMIB (DYHKI[IOHYBAHHS IPUCTPOIB eJIeKTPoiMIIeaHcHOT ToMorpadii Heob-
Xi/iHa Bepuikallist a/leKBaTHOCTI IPUITHATUX CXeMOTEXHIYHUX PillleHb, IX TeXHIYHUIT PiBeHb I MOKJINBICTD IpakTUYHOI peastizarii. /[y oninku
TEXHIYHUX MOKJINBOCTEI Ta mapamMeTpiB poOOTH MPUCTPOIO Ta HOro CKIA0BUX YaCTHH J0I[/IbHA PO3po0Ka CIIEeIiali30BaHOTO IHCTPYMEHTapiio
JUISL TIPOBEIEHHST IOCII/IKEHb Ta HaCTPOMKU. BpaxoBylouu, 1o IPUCTPOi eleKTpoiMIeiancHoi ToMmorpadii, 1o po3pobIIsioThes, € ariapaTHO-
nporpamHi pilieHHs, a iX CKJIa0BI YaCTHHY — 1€ 3aKiHYCHI eJICKTPOHHI OJIOKH, AKi B3AEMOZIIIOTH MisK CO0O0I0, TO TIPEACTABIAETHCA MOKIUBUM
PO3pPOOKA EKCIIEPUMEHTATBHOTO CTEHILY.

3anporoHOBaHo PO3POOKY BIPTYalIbHOIO aBTOMATU30BAHOTO EKCIEPUMEHTAIBHOTO CTEH/LY JIJIsi IPOBEICHHS TIOMEPEIHIX BUIPOOYBaHb
OCHOBHUX CKJIAJIOBIX YAaCTHH KaHATY eJeKTpoiMieqancHoi Tomorpadii. Ha ocHoBi mpuHIMIB poOOTH amapaTtHoro cTeHay chopMyIboBami
MPUHIUIN T00YI0BH BipTyaabHOTo cTeHTy. [lokasaHo BiAMOBIAHICTH OCHOBHUX €JIEMEHTIB allapaTHOTO Ta BIPTYalIbHOTO CTEH/IIB B YACTHHI 1X
(hyHKIlIOHAIBHOTO IPU3HAYCHHS.

J17151 KO’KHOTO 3 TPOTPAaMHUX KOMITOHEHTIB BipTyaJbHOTO CTEH/Ia BU3HAYEH] BXi/[Hi BIVIUBY Ta BUXIIHI TapaMeTpH.

Jlist iepeBipKU MPares3fiaTHOCTI BIPTyalbHOTO CTEHIY PO3POOIIeHA IPUHITMIIOBA CXEMA AHAJIOTOBOI YACTHHU KAHAITY €JIEKTPOIMITIEIAaHCHOT
tomorpadii. ITpoBeneni 1oCTiKEHHS TOKA3AIN, IO PO3POOTEHII BIpTYIBHII CTEH/] TPUATHII /TSI TPOBEEHHS MOTEPEHIX BUTPOOYBaHb
BCIX aHAJIOTOBUX KOMIIOHEHTIB KaHAJLY.

Bukopucranust po3po6JIeHOr0 BipTyaIbHOTO CTEH/Y J03BOJIUTH ONITUMI3yBaTH TUMYACOBI Ta MaTEpiaJbHi BUTPATH HA POBEICHHS €KC-
neprMeHTATTbHIX JOCIKEHD B TIPOIleci po3poOKH anapaTHOTO 3abe3edeH s TeXHIYHIX 3ac00iB eJIeKTpoiMIe[aHcHOT ToMorpadii.

Kmo4oBi caoBa: esekrpoimiieancHa tomorpadist, BUTPOOYBAJbHUN CTEH/, BIPTYaJIbHUI CTEH/I, aBTOMATU30BaHI BUMIPOOYBAHHS, €KC-
TIePUMEHTAIbHI IOCTIZKeHHA.
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A. Pirozhenko, A. Maslova, D. Khramov, O. Volosheniuk, A. Mischenko

Bukopucranusg npocTux (GisuyHNX MipKyBaHb 3aMiCTh METOY Bapiallii MOCTIITHUX J03BOJIJIO TPOBECTH KOPOTKY CXEMY BUBEICHHS
PiBHsIHB 30yPEHOr0 PyXy CYIyTHUKA HA Maiizke KpyroBux opbitax. Bukopucrauus B sK0oCTi 0pOiTH TIOPIBHAHHS KPYTOBOI KeIIepoBoi opoiTn
3a6e3MevnIo0 HeBIPOKEHICTh PIBHSIHD 1 MPOCTHH 3B’5130K iX 3 yacoM. CIJIBHO 1€ 03BOJIMIIO 3aIPOTIOHYBATH 3PYUHY /ISl TPOBEAEHHS YH-
CEeJIbHUX 1 aHAIITUYHUX AOCIiIKEeHb (POPMY PiBHSIHD, 3MiHHI SIKOi MAIOTD MPOCTHH (hi3UIHMIT 3MiCT.

Jlnst He30yPEHOTO PyXY OMUCAHWHN 3B’SI30K BBEICHNX 3MIHHUX 3 KEIJIEPOBUMHE eieMeHTamMu opOitu. [lokazaHo, 110 3MiHHI, 110 OMUCYIOTh
BIZIXMUJIEHHST pajiiyca opOiTH Bij paziyca opOiTH MOPIBHAHHS TPOTIOPIHIITHI €KCIEHTPUCUTETY, a BiAXUIEHHS (OKAIBHOTO TMapaMeTpa — eKc-
LEHTPUCUTETY B KBAJIPaTi.

[TobyoBaHi CHiBBIAHOMIEHHS, 110 OMKUCYIOTH 3B’SI30K BBEACHNUX 3MIHHUX 3 IEKAPTOBUME KOOPAMHATAMH MOJIOKEHHS 1 IBUAKOCTI B iHep-
miabHill cucrteMi KOOpAKMHAT, a TAKOK HaBeIEHI apryMeHTH 1100 BHOOPY pajiyca opbiTH NOPIBHIHHA. 3 YMOBM PIBHOCTI eHepriii pyxy Ha




KPYTOBIii OpOiTi MOPiBHSAHHS 1 HA eIINTHYHIN Kerieposiil opoiTi JOMiNbHO PUIHATH pajiyc OpoOiTH MOPIBHAHHS PIBHUM BeJUKiil HAamiBBici
KeTJIepoBOTO eJIiIcy.

[IpescTaBieHi maXoaAN 10 MOKIMBOTO PO3BUTKY 3alIPOIIOHOBAHNX PiBHSIHB, 1110 JI03BOJISIOTH OMUCYBATH 3MiHU apryMEHTY IIEPUTEI0 Op-
6iTi. 3anpornoHOBaHa 3aMiHa 3MIHHUX JI03BOJISIE YHUKHYTH BUPO/UKEHHICTD PIBHSIHB TIPU JIysKe MAJIUX eKCIEHTPUCUTETAX TIPH TOCTiIPKEHHI
3MiHM TTepureio opoiTH.

Ha xoHKpeTHIX PO3PaxXyHKOBUX IIPUKJIAIAX [TOKA3aHI TlepeBary BUKOPUCTAHHS 3alIPOIIOHOBAHUX PIBHAHD JIJIS YNCEJIbHUX 1 aHATI THYHUX
JOCT/KEHb PYXy CYIYTHUKA TT0 Maiizke KpyroBux opbitax. [lokasamo, 110 pe3y IbraTi YiCceTbHOTO iIHTErPyBaHHS B 3aIPOIOHOBAHIX 3MiHHIX
Maiike Ha I'SITh TOPSIIKIB IAI0Th MEHIITY MOXUOKY, Hi’K Pe3yJIbTaTy iHTErpyBaHHs PIBHSAHD B IEKAPTOBUX KOOPANHATAX.

KiouoBi ci10Ba: 0cKy/10104i el1eMeHTH, Maiike Kpyrosi op6iTH, 30ypernii pyx CyIyTHUKA, KEIIEPOBI €1eMEHTH.
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Pospobiienuii MeTo1 KOMOIHOBAHOTO BiIBOLY BEJMKOTAOAPUTHUX 00'E€KTIB KOCMIYHOTO CMITTS 3 HU3bKUX HABKOJO3EMHUX OPOIT 3 BUKO-
PHCTAHHSIM eJIeKTPOPAKETHOI PYIITHOI YCTAHOBKH B SIKOCTI aKTUBHOTO 3aC00Y Bi/IBOLY.

Po3pobiieria MPUHIMIIOBA CXEMA BiIBOILY, SIKa BPAXOBYE 0COOIIBOCTI BUKOPHCTAHHSI €JIEKTPOPAKETHOI PYITIHHOI yCTAHOBKH.

Pospobiiena MeToKa BUSHAYCHHST TAPAMETPIB CXeMU BiZIBO/LY, TAKUX K MiHIMa/bHa CyMapHa MIBUAKICTb i MOMEHT Yacy MOYaTKy Mpo-
Tecy BifiBoy, mo 3abe3neuye il qocsrHeHHs. MeToauKa, o MPOTIOHYEThCS, BPAXOBY€E BILIMB Ha MPOIIEC BiABOLY GamicTHUHOTO KoedillienTa
00’ekTa, BUCOTH MOYATKOBOI 0pOiTH i hasu COHAYHOT aKTUBHOCTI B MOMEHT MOYATKY BiABOAY. TAKOK PO3IJIAHYTI AiI0Yi 4acOoBi OOMEKEHHS 110
PO3PsLY aKyMyJIATOPHOI GaTapei, IIPOCTOI0 Ha Yac 3apsAIKN aKyMyJISTOPHOI Garapel it akTBHIN poOOTi cucTeMu KepyBaHHSL.

[Tposesiene imiTaiiiine MOIETIOBAHHS TIPOIECY BiZIBOY BEJIMKOraGapuTHOTO 00’€KTY KOCMIYHOTO CMITTsI KOMOIHOBAHUM METOJOM 3 BH-
KOPUCTAHHSM €JIEKTPOPAKETHOI PYIIIHHOI ycTaHOBKH. J[OC/iIsKEHNIT BIUIUB BUCOTU MOYATKOBOI 0pbiTh, GasictimaHoro Koedirienra i dbasu
COHSTYHOI aKTUBHOCTI HA eHEePreTHYHI BUTPATH TIPOIECY BiBoy. BrsHavyeHi 3a1eKHOCTI ONTUMAIBHIX 3 TOYKHM 30PY €HEPreTHYHUX BUTPAT
3HaueHb a3y COHAYHOI aKTUBHOCTI B MOMEHT MOYATKY BiZIBOJY 1 CyMapHOi MIBUAKOCTI, HEOOXIAHOI /11 3a0e3IIeueHHs BiBO/LY, Bijl BUCOTH
o4YaTKOBOI 0p6iTH 1 GamicTaHoTo KoedinienTa. [1i 3a1€5KHOCTI MAIOTh MPAKTUYHUIA IHTEPEC IS 3314 IPOEKTYBaHHSA 3aC00iB KOMOIHOBAHOTO
Bi/IBO/TY 3 BUKOPUCTAHHSIM €JIEKTPOPAKETHOI PYITiiTHOI ycTaHOBKH. OTpUMaHi 3a/1e;KHOCTI YACTKOBUX MOXiIHUX TIPUPOCTY MIBUIKOCTI TI0 TIPH-
pocry GasticTHUHOTO KoedillieHTa BiZl BUCOTH II04aTKOBOI op6iTH. BUKOpUCTAHHS [IUX TOXIHUX TAaKOK MA€ MPAKTUYHKUN IHTEpeC AJIs OLIHKN
eeKTy Bi/l pO3TOPTaHHST AePOIMHAMIYHOTO BITPHIIBHOTO TIPUCTPOIO.

KiiouoBi ciioBa: BeskorabapuTHe KOCMivHe CMITTS, KOMOIHOBaHUIT BIABI/L, eJleKTpopakeTHa pyliiiiHa ycTaHOBKA, HU3bKi OPOITH.



