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Cadmium telluride solar cells are among the most common de-
vices for photovoltaic applications. However, the energy conversion
efficiency of these elements remains insufficiently high. Using the
SCAPS programming environment, research and optimization of a clas-
sical thin-film solar cell based on CdTe were carried out. The structure
of this element consisted of ITO as a transparent conductive contact, a
cadmium sulfide (CdS) layer, and a cadmium telluride (CdTe) absorber
layer with a metal contact. To optimize this structure in terms of power
conversion efficiency, the influence of the thickness and concentra-
tion of acceptor impurities in the CdTe absorbing layer, as well as the
influence of the thickness and concentration of donor impurities in the
CdS bulffer layer, were considered. It was established that the optimal
thicknesses for the CdS buffer layer and absorption CdTe layers are
50 nm and 3000 nm, respectively. An additional CdSeTe layer between
the CdS and CdTe layers has been proposed as one of the optimization
options to improve the device efficiency. The main photovoltaic param-
eters of such a solar cell were analyzed depending on the thickness of the
CdSeTe layer and its selenium content. It has been demonstrated that
adding CdSeTe solid solution to the 1500 nm thick CdTe absorber layer
increases the efficiency of the solar cell by 6.84 %. The main photovolta-
ic characteristics of CdS/CdTe and CdS/CdSeTe/CdTe solar cells were
compared. The results showed that the simulated CdS/CdSeTe/CdTe
structure provides better photoconversion efficiency in the AM1.5G
light spectrum compared to the classical CdS/CdTe structure. Such
elements can be used to form highly efficient solar panels.

Keywords: solar cell, SCAPS, thin films, heterostructures, cad-
mium telluride, cadmium chalcogenide.
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This paper evaluates potential accuracy characteristics of a
small-sized goniometer based on nuclear magnetic resonance with
an extended dynamic range. This required constructing a model
of goniometer errors, estimating its accuracy based on this model,
and formulating practical recommendations for the design of such
a device based on the accuracy assessment.

To evaluate the accuracy of a nuclear goniometer, a theoreti-
cal model was built that makes it possible to determine the op-
timal operating parameters of the cell gas mixture, the ranges of
their permissible changes, the sensitivity of the goniometer, and
the dependence of its characteristics on external and internal fac-
tors. In particular, the dependence of output signal of the device
on the parameters of gas mixture and optical pumping has been
determined. For a goniometer with a cell volume of 8 cm?, the
optimum temperature is 130 °C, and the optimum intensity of the
pumping radiation is 5 mW.

The dependence of output signal on the measured angle of rota-
tion was also established, as well as the noise and error dependence of
the device on the permissible values of its parameters. Based on the
model built, parameters of a goniometer with a cell volume of 8 cm?
were determined; the maximum angular sensitivity of such a goniom-

eter with complete suppression of technical noise is 8¢s.,=1.0 arcsec.
The greatest contribution to the angle measurement error is from
the instability of pumping power I, (AI,/I,=0.05) — 85 %, magnetic
field By (ABy/By=10"%) — 13 %, temperature T (AT/T=0.1) — 2 %.

The goniometer under consideration corresponds to the me-
dium accuracy class, 8¢ >10 arcsec. It could be used in optical
manufacturing for operational control, calibration, and certifica-
tion of optical products. To improve the angular accuracy of the
goniometer, it is necessary to increase the stability of the laser
pumping intensity.

Keywords: goniometer, nuclear magnetic resonance, gas cell,
optical pumping, Helmholtz coil, Larmor frequency.
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This research focuses on optimizing ultra-wideband (UWB)
antennas, which are critical in modern communication systems
due to their wide frequency range (3.1-10.6 GHz) and high data
transmission capabilities. The study addresses the challenge of
optimizing key antenna parameters — such as return loss, peak
gain, and radiation efficiency — while also ensuring energy effi-
ciency and network longevity. Traditional optimization methods,
such as LEACH-C, often fail to balance these factors, leading to
suboptimal performance.

To solve this problem, the researchers developed the Gen-
eralized Position-based Optimization Neural Network (GPON)
for UWB antenna optimization. They also evaluated the Posi-
tion-based Hybrid Neural Network (PAN) method, comparing
its performance with existing algorithms including LEACH-C,
Firefly Algorithm (FA), HFAPSO, FA-ANN, and HWOABCA.
The GPON model reduced return loss to 25.5 dB at 3.5 GHz and
improved peak gain to 4.2 dB i, while maintaining 92 % radiation
efficiency. In contrast, PAN demonstrated a 15-25 % improve-
ment in residual energy and extended network lifetime by 20 %
compared to LEACH-C.

These improvements were due to the integration of advanced
neural network techniques in GPON and the effective use of
positional data in PAN, enabling more precise and adaptive op-
timization. The ability to balance multiple performance metrics
simultaneously — a challenge previous models struggled with — is
a key feature. This balance is crucial for UWB antennas in com-
munication systems where both performance and energy effi-
ciency are vital. The findings are especially relevant for practical
applications in wireless sensor networks, mobile communications,
and radar systems, requiring long-term network reliability and
optimal antenna performance.

Keywords: ultra-wideband, antenna optimization, GPON,
energy efficiency, network longevity, neural networks.
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MIMO (Multiple Input Multiple Output) makes a major con-
tribution to 5G communication systems by increasing network
capacity and spectrum efficiency. In 5G, MIMO enables the use
of multiple antennas at base stations and user devices, allowing
simultaneous sending and receiving of data over multiple paths.
This significantly increases data throughput and connection
reliability, especially in environments with high user density.
In addition, MIMO technology supports the implementation
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of beamforming, which focuses signals on a specific direction,
reduces interference, and improves signal coverage and quality,
making it one of the keys to achieving faster and more respon-
sive 5G performance. Therefore, antennas with wide bandwidth,
high gain and MIMO performance are crucial for supporting 5G
communication systems. This paper proposes a high-performance
MIMO microstrip antenna based on a series planar array with
8x2 elements operating at a resonant frequency of 3.5 GHz for
5G communication systems. A spiral stub and a feed inset are
proposed to control the reflection coefficient and bandwidth of
the antenna while the series planar array is proposed to increase
the gain. To support the MIMO communication system, the
proposed antenna is separated into two different ports with a
certain distance. From the measurement results, the proposed
antenna has high performance indicated by a wide bandwidth of
680 MHz (3-3.68 GHz) and a high gain of 17.8 dB at a resonant
frequency of 3.5 GHz. In addition, the proposed antenna has high
mutual coupling and diversity indicated by ECC and DG of 0.001
and 9.99 dB, respectively. This work provides a solution to design
a high-performance microstrip antenna and can be implemented
as a receiving antenna for 5G communication systems.

Keywords: microstrip antenna, high gain, MIMO system,
planar array, 5G system.
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This research investigates distributed acoustic sensors (DAS)
based on fiber optic technologies, focusing on the impact of pres-
sure on signal-to-noise ratio (SNR), noise levels, and dominant
frequency shifts. DAS systems are widely used for infrastruc-
ture monitoring due to their ability to capture acoustic signals
over long distances, making them ideal for seismic and pipeline
monitoring.

The study examines how fluctuating pressure affects DAS
performance, particularly signal quality and noise reduction. In
applications like pipeline leak detection and seismic monitor-
ing, pressure changes can degrade signal clarity and complicate
anomaly detection. Understanding this relationship is key to
optimizing DAS performance and improving system efficiency.

The experiment varied pressure from 0.1 atm to 5 atm, show-
ing that increased pressure raised SNR from 10 dB to 48 dB,
reduced noise from 10 dB to 7 dB, and shifted the dominant fre-
quency from 0.5 Hz to 3 Hz. Fourier analysis provided insights in-
to these frequency spectrum changes. Higher pressure compresses
the medium, enhancing signal isolation and improving SNR while
reducing noise. The frequency shift results from changes in acous-
tic wave propagation speed under higher pressure, highlighting its
role in signal processing.

The key finding is that higher pressure significantly im-
proves signal quality and reduces noise, enhancing DAS perfor-
mance. The frequency shift improves environmental detection
capabilities. These results are valuable for DAS applications in
environments with pressure variations, like pipeline monitoring,

where high signal quality is crucial. Improved signal fidelity and
frequency shifts make DAS systems more reliable for long-term
monitoring and contribute to accurate anomaly detection.

Keywords: fiber optic technologies, distributed acoustic sen-
sors, seismic monitoring, infrastructure monitoring.
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The object of the study is the conceptual prototype of a mi-
croprocessor resource-saving relay protection system. Currently,
relay protection ensures electrical networks reliable and efficient
work, however, the traditional architecture is proprietary, not
allowing to fix and replace damaged parts without a company
specialist. Therefore, the open-architecture relay protection is
a very pressing issue, but the problem lies in meeting the relay
protection requirements. The data transmission protocols nRF
and ESP-NOW, Hall sensors evaluation for AC current mea-
surement determination and sensor accuracy improvement was
implemented. Experimental validation demonstrated that nRF
and ESP-NOW protocols meet the delay and reliability require-
ments, however, the nRF protocol is more suitable due to its
flexibility and obstacle penetration. The data demonstrated that
the most effective conditions are without obstacles at 15 meters
from the modem and with obstacles 5 meters from the modem.
The experiment of Hall sensors characteristics determination
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demonstrated the accuracy of current measurement with the set
values of the opening and closing currents. Nevertheless, it is not
accurate (12.45 %) for the relay protection application. Therefore,
the application of the changing values of the opening and closing
currents is more effective and accuracy reaches 6.92 %. As a result,
the service life of the Hall sensor was determined, and even after
10 million openings, the open state time remained unchanged.
Therefore, the approximation function for current amplitude
determination depending on open state time was found. On the
other hand, Hall sensors may suffer from temperature drift and
require further optimization to be fully reliable. The study limita-
tion is the current range from 0 to 800 A.

Keywords: relay protection, reed switch, Hall sensor, mag-
netic field, open architecture.
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This paper considers the heat conduction process for an isotropic
medium containing a foreign half-through inclusion and heated by
a locally concentrated heat flow. Linear and non-linear mathemati-
cal models for determining the temperature field have been built
to establish the temperature regimes for the effective operation
of electronic devices. The coefficient of thermal conductivity of a
non-uniform structure is represented as a whole, using asymmetric
unit functions, which automatically provides the conditions of ideal
thermal contact on the surfaces of materials. This results in solv-
ing one heat conduction equation with discontinuous and singular
coefficients. A linearizing function was introduced to linearize the
nonlinear boundary value problem. Analytical-numerical solutions
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of linear and nonlinear boundary-value problems have been obtained
in a closed form. A linear temperature dependence of the coefficient
of thermal conductivity of structural materials was chosen for a
heat-sensitive medium. As a result, an analytical-numerical solution
was derived, which determines the temperature distribution in this
medium. On this basis, a numerical experiment was performed, the
results of which are graphically displayed and confirm the adequacy
of the constructed mathematical models to a real physical process.

The materials of the plate and inclusion are silicon and silver.
The results for these materials based on the linear and non-linear
model differ by 7 %. Their slight difference is explained by the fact
that the values of the temperature coefficient of thermal conductiv-
ity are small. The models built make it possible to analyze the given
environments in terms of their thermal resistance. As a result, it
becomes possible to improve it, and protect structures from over-
heating, which could lead to the failure of individual nodes and their
elements and the entire electronic device.

Keywords: thermal resistance of the structure, foreign half-
through inclusion, ideal thermal contact, convective heat exchange.
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The object of this study is the theoretical and methodological
approaches to determining the coefficient of moisture conduc-
tivity of subgrade soils. The work focuses on considering the
European approaches and standards when devising a method for
determining the coefficient of moisture conductivity of soils.

In the course of the research, a method was developed for
determining the coefficient of moisture conductivity of soils Kj,
which characterizes the diffusion movement of water, through the
filtration coefficient Ky, calculated in accordance with European
requirements based on laboratory test data.

The proposed method is based on a mathematical model built
on the basis of the differential equation of changes in soil mois-
ture. The model is special in that, unlike existing ones, the move-
ment of water was modeled from the bottom up, which reflects
the process of moisture accumulation in the lower layers of the
subgrade from groundwater or topwater.

A good agreement of the mathematical model with the data
by other authors was obtained (the relative error did not ex-
ceed 12.98 %).

A direct relationship between the moisture conductivity
coefficient of soils Ky and their initial moisture content Wy and
an inverse relationship between K and the total moisture capac-
ity of soils Wy were established in the paper. Dependences were
derived in the range of changes in initial soil moisture Wy from
0.08 to 0.15 and Wy from 0.15 to 0.5. It was found that the val-
ues of the moisture conductivity coefficient of soils K; increase
from 4.64-10°% to 3.81-10 m2/h with an increase in their initial
moisture content and with a decrease in total moisture capacity.

From the point of view of engineering practice of road
construction, the proposed method makes it possible to predict
seasonal changes in soil moisture in the subgrade, to determine
the strength of the road structure. This makes it possible to make
sound design decisions on the installation of drainage systems on
roads in order to extend their service life.

Keywords: soil moisture, coefficient of soil moisture conduc-
tivity, subgrade, road structure.
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DETERMINING WORKING CHARACTERISTICS
OF THE EXCESS AIR PRESSURE SYSTEM IN AN
EMERGENCY HATCH BASED ON JET WATER-GAS
EJECTORS (p. 90-99)

Serhii Hrynchak

Naval Institute of the National University
“Odesa Maritime Academy”, Odesa, Ukraine
ORCID: https://orcid.org/0000-0001-6627-7780

The object of this study is jet water and gas ejectors in the fire
safety system of ships. The problem solved relates to the fact that in
the event of a fire in the area of the exit from the ship’s emergency
room, the heat energy increases dangerously and a large amount of
smoke spreads throughout the ship’s rooms. These factors require
immediate sealing of the emergency room, which limits the immedi-
ate access of emergency teams to the room. Installation of a local
excess air pressure system in the emergency hatch on the basis of
jet water and gas ejectors could make it possible to shield thermal
energy and localize smoke gases in the emergency room without
sealing it to ensure prompt access of emergency teams to it. The fol-
lowing results were achieved — the adequacy of theoretical studies
of the processes of localization of flue gases in the emergency room
without its sealing was confirmed by the experimental method. The
investigated problem was solved by optimizing processes: the rate
of change in the natural indicator of the weakening of environment
during the start-up of the local excess air pressure system in the
emergency hatch based on jet water and gas ejectors; the effective-
ness of reducing the temperature of heated gases in the superstruc-
ture during the operation of the excess air pressure system in the
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emergency hatch based on jet water-gas ejectors. Special feature
of the results was the formation of an air curtain obtained by the
selection of a part of high-temperature flue gases in the housings
of jet water-gas ejectors, their heat-mass exchange processing and
output back into the flow. This created conditions under which
thermal energy is shielded with an efficiency of 85-88 %. The scope
and conditions of practical use of the results are shipbuilding and
ship fire safety design.

Keywords: water-gas jet ejector, emergency hatch, natural

attenuation index, thermal energy.
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OIITUMI3ALIA COHAYHOI'O ENEMEHTA HA OCHOBI TEJIYPUAY KAIMIIO HIJIAXOM BHECEHHA
IIOTJIMHAIOYOTO HIAPY CdSeTe (MOAEINIOBAHHS TETEPOCTPYKTYPH) (c. 6-12)

I. A. Inpuyk, 1. B.CemkiB, M. C. KapkyiboBcbka, B. M. Bamuncekuii, M. B. CozosiioB

CoHsuHi eJIeMeHTH HAa OCHOBI TeJyPUIY KaJMII0 € OJIHUMH 13 HAUTIONIMPEHIIUX TIPUCTPOIB 71T (POTOENTEKTPUIHUX 3acTocyBamb. Of-
Hak eheKTUBHICTD [IePETBOPEHHS eHeprii 11X eJeMeHTIB 3aJIHINAETHCS HeJOCTATHBO BUCOKOI0. BUKOPHCTOBYIOUM ITpOrpaMie cepeoBHiie
SCAPS npoBesieHo A0CHiAKEHHS Ta ONTHMI3AIi0 KIACHYHOIO TOHKOILJIIBKOBOTO COHAYHOTO eemenTa Ha octoBi CdTe. CTpyKTypa 11boTO
esemMenTa ckaaganacs 3 [ITO B gaKocTi IPO30POro MpoBiAHOTO KOHTAKTY, mapy cyabdiny kaamioo (CdS) i mapy norimHadya Teaypuay Kaji-
mito (CdTe) 3 meraseBuM KoHTaKTOM. [[JIsi ONITUMI3AIT TaKOT KOHCTPYKIIT 3 TOUKK 30py e(heKTUBHOCTI MepeTBOPEHHS MOTYKHOCTI, PO3-
[JISHYTO BILIMB TOBIIMHU Ta KOHIEHTPallii Z0MIIIOK akienTopis B noriunaodomy mapi CdTe, a Takok BIJIMB TOBIIMHKU Ta KOHIIEHTPALil
JoMilok gouopis B 6ydepromy CdS mapi. Beranosieno, mo otumaibhi Topmmnu s 6ydeproro mapy CdS rta normmnaovoro CdTe
rapis BignosigHo cranoBssiTh 50 HM Ta 3000 HM. STk o/11H i3 BapiaHTiB onTUMI3alii 17151 TOKparieHHs e(heKTUBHOCTI TPUCTPOIO 3aTPOIIOHO-
Bano Beectu goxaTkoBuii map CdSeTe mix mapamu CdS ta CdTe. [IpoanasiizoBano ocHoBHI (hOTOBOIBTAIYHI TapaMeTPH TAKOTO COHSIYHOTO
esieMeHTy B 3ateskHocTi Bin ToBuman mapy CdSeTe Ta BmicTy B HOMY cesieHy. IIpo/ieMOHCTPOBAHO, MO MOAABAHHS TBEPIOTO PO3UMHY
CdSeTe B map noraunaua CdTe Tosmunoo 1500 um migBuirye eGeKTHBHICTh COHAYHOTO eneMenTa Ha 6,84 %. [IpoBeneHo MOPiBHSHHS
ocHOBHMX (hoToBOsbTaiuHKMX XapakrepucTuk consunux enementis CdS/CdTe ta CdS/CdSeTe/CdTe. Otpumani pesysbraTu MOKasaiu,
mo 3mozenboBata ctpykrypa CdS/CdSeTe/CdTe 3abesneuye kpamty ehekTuBHicTh poToOnepeTBopeHHs y cBitaoBomy crektpi AM1.5G
B nopisustuHi 3 kiaacuunoo CdS/CdTe crpykrypoio. Taki eeMeHTH MOKYTh BUKOPUCTOBYBATHCS st (DOPMYBaHHS BUCOKOE(DEKTHUBHUX
COHSTYHUX MaHesel.

Kmouosi cioBa: corstunuii enement, SCAPS, ToHKi T1iBKH, T€TEPOCTPYKTYPH, TETYPHU/L KAAMIIO, XaTbKOTEHI KaMiT0.
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OIIHKA MOTEHIIIIHOI TOYHOCTI MAJIOTABAPUTHOI'O TOHIOMETPA I3 PO3IIIUNPEHUM
JUHAMIYHUM OIAITASOHOM HA OCHOBI ATEPHOTI'O MATHITHOI'O PEBOHAHCY (c. 13-25)

C. B. IsanoB

Jloc/IiKeH S IPUCBSAYEHO OIIHIN TIOTEHIIIHHIX TOYHICHUX XapaKTePUCTHK MaJoraGapuTHOTO FOHIOMETpa Ha OCHOBI SIIEPHOTO MarHiT-
HOTO PE30HAHCY 3 PO3MIUPEHNM IMHAMIYHIM Jiama3oHoM. Ile moTpeGyBaso OTpuMaHHs MOJENi TIOXUOOK TOHIOMETPA, OI[IHKH HOTO TOYHOCTI
Ha OCHOBI 1i€i MojiesTi Ta (hOPMYJTIOBAHHS TPAKTHYHNUX PEKOMEH/AIIIN 3 PO3POOKH TaKOTO MPUJIaLy Ha OCHOBI BUKOHAHOI OI[IHKHM TOYHOCTI.

JList IPOBE/IEHHST OIIHKY TOYHOCTI SIIEPHOTO TOHIOMETPa PO3POOJIEHO TEOPETHYHY MOJIENb, SIKA I03BOJISIE BUSHAYNTH ONTHMAIbHI PO6OUi
MapaMeTpu ra3oBoi CyMillli KOMipKH, [ialla30HU X JOMYCTUMUX 3MiH, Uy TJIUBICTh TOHIOMETPA, 3aJIE3KHICTh HIOr0 XapaKTePUCTUK BiJl B0BHIIIHIX
i BHyTpilmHiX (akTopiB. 30KkpeMa, BU3HAYEHO 3AJIEKHICTh BUXITHOTO CUTHAJTY TIPUJIALY Bijl TTApaMeTpPiB Ta30BOi CYMIllli, ONITUYHOT HAKAYKH.
Jl71s1 roniomeTpa 3 KOMipKoio 06’eMoM 8 cM? onTuMamibHa Temmepatypa ckaazac 130 °C, onTHMaibHA iHTEHCHBHICTH BUIPOMIHIOBAHHS Ha-
Kauku 5 MBT.

Takosk BU3HAYEHO 3JEKHICTh BUXIJHOTO CUTHAY BiJl BUMIPIOBAHOIO KyTa MOBOPOTY, MIPOAHAII30BAHO IITyMH Ta 3aJI€KHICTb TTOXUOKIM
NPy 3a TOMYCTUMUMU 3HAYEHHSAMHU Horo mapamerpiB. Ha ocHOBI po3po6iieHoi Moziesi BUSHAYEHO TapaMeTpH TOHIOMETpa 3 KOMIPKO0
06’emoM 8 cM3; rpaHUYHA KyTOBA YyTJIUBICTH TAKOrO FOHIOMETPA TIPU MOBHOMY TPU/YIIEHH] TEXHIYHUX IIYMIiB CKIAIAE 3Qy,=1.0 KyT.ceK.
HaiiGinbuimii Bkiaz B HOXUOKY BUMIpIOBaHHS KyTa BHOCUTH HecTabiibHiCTh moTyskHOCTi Hakauku I, (AL,/I,=0,05) — 85 %; MaruiTHOro mosst
By (ABy/By=10"8) — 13 %, remueparypu T (AT/T=0,1) — 2 %.

Posrisinytuii ToHioMeTp BiZIIOBIiIA€ CePEAHBOMY KJIACy TOUHOCTI, 3@ >10 KyT.cek. Bin Moske 3HaiiTH 3aCTOCYBAaHHS B ONTHYHOMY BU-
POGHMIITBI /i1 ONEPATHBHOTO KOHTPOJIIO, aTecTallii Ta macrnopTusanii ontudHux BUpoOiB. [/ MOJiNIeH s KyToBOI TOYHOCTI roHioMeTpa
HOTPiOHO TiABUIYBATH CTAGLILHICTh IHTEHCUBHOCTI JJa3ePHOTO HaKauyBaHHI.

KmoyoBi cioBa: roniomerp, s/ilepHIil MarHiTHUI pe30HaHC, ra30Ba KOMipKa, OIITHYHe HaKauyBaHHs, KoTyiika [exsmroubia, Jlapmoposa
4acToTa.
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PO3POBKA METO/IIB MOHITOPHHTY TA OITUMIBAI MIIBEMHUX JPEHAKHUX CUCTEM 3
BUKOPUCTAHHSM BE3/IPOTOBUX CEHCOPHUX MEPEJK TA YJIbTPAIINPOKOCMYTOBUX AHTEH
(c. 26-36)

Kabi Yelikbay, Pramod Kumar, Ruslan Kassym, Tansaule Serikov, Maxsat Orunbekov, Ainur Turdy, Marzhan Temirbekova,
Arai Tolegenova, Akmaral Tlenshieva, Makbal Kassymova

e mocmimkenns 3ocepeizkeHo Ha onrTuMisaitii yusrpammporocmyrosux (YIIC) anTeH, siki € KpUTHUHO BAXKJIUBUMU B CYYaCHUX CUCTE-
Max 3B’sI13Ky 3aB/ISIKH iX MUPOKoMY jianazony yactot (3,1-10,6 I'Tir) i BucoknM MOXKIMBOCTSIM Tiepeiavi JaHuX. Y TOCiPKEHH] PO3TIISIIAETh-



cs1 pobJieMa ONTUMI3aIl] KJIIOYOBUX MapaMeTpiB aHTeHU, TaKUX sIK 3BOPOTHI BTPATH, IIIKOBE TIOCHJIEHHS Ta e)eKTUBHICTh BUIIPOMIHIOBaHHS,
a Takosk 3abesreders eneproeeKTHBHOCTI Ta I0BroBidHoCTI Mepexki. Tpaauiiini metoau onrumisartii, Taki sk LEACH-C, yacto He B 3M03i
36aancyBaTu 11 (hakTOpH, MO TPU3BOIAUTE [0 HEOTITUMATBHOI TPOLYKTUBHOCTI.

{06 BupimuTy 1o npobiemy, 6yio pospobieno neiipomepexy Generalized Position-based Optimization Neural Network (GPON)
st ontumizarii YIIC anrenn. 3aificHeHo ouminKy MeToiy TibpuaHoi HeiipoHHOI Mepeski Ha octosi nozuiii (ITHM), nopisusBimm foro
MPOAYKTUBHICTD 3 icHyiounMu asropurMmamu, Brodaioun LEACH-C, anropurm Firefly, HFAPSO, FA-ANN i HWOABCA. Mogeas GPON
3MeHIIuIIa 3B0poTHI BrpaTu A0 25,5 b Ha 3,5 I'T i nokpainuia rnikose nocusierns 1o 4,2 1b i, 36epiraioun eeKTUBHICTH BUIIPOMIHIOBaHHS
Ha 92 %. Hamaku, PAN mpoieMOHCTPYBaB TIOKPAIIEHHS 3aJIHITKOBOI eHeprii Ha 15—25 % i momoBKuB TepMin cay:k6u Mepesxi Ha 20 % mo-
piBusio 3 LEACH-C.

I1i BrockoHaIEHH ST BiOyIUCs 3aBAAKHI iHTerpaiii nepegoux MeTois Heiipornoi Mepexi B GPON i ehekTHBHOMY BUKOPUCTAHHIO O3H-
wiitnnx ganux y ITHM, mo 3a6esnedye GijibIin TOUHY Ta aialiTUBHY ONTUMI3allio. 3AaTHiCTh 30aJancyBaTH JAeKiIbKa IIOKa3HUKIB IPOLYKTHB-
HOCTi OTHOYACHO — TI€ TPo6IeMa, 3 SIKOI0 6OPOITUCS TIOMEPEIH] MOIeN — € KI040Boto ocobmusictio. Lleit Gananc Mae BUpilIaabHe 3HAYEHHS
st YIIC anTeH y cucreMax 3B's13KY, /i€ TIPOAYKTHBHICTD Ta eHeproeheKTUBHICTD € JKUTTEBO BaKIMBUMU. BUCHOBKH 0COOJIMBO aKTyasIbHi /st
MPaKTHYHIX 3aCTOCYBaHb Y 6€3[[POTOBUX CEHCOPHUX Mepekax, MOOLIbHOMY 3B'SI3Ky Ta pajlapHUX CHCTEMAX, 1[0 BUMAraioTh JOBrOCTPOKOBOI
HAJIIITHOCTI MepesKi Ta ONTUMAILHOI TPOYKTUBHOCTI aHTEHN.

Kmouogi cioBa: yibrpammpokuii giamazon, onrtuMizaiis antern, GPON, eneproedeKkTHBHICTD, IOBrOBIYHICTb MEPEXKi, HEIPOHHI MEPEKi.
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MO/IEJIb PO3POBKU BUCOKOE®EKTUBHOI MIKPOCMYKKOBOI AHTEHU MIMO HA OCHOBI
MJIOCKOI MOCJIIOBHOI PENIITKY 3 842 EJIEMEHTAMM JIJI1 CUCTEM 3B’SI3KY 5G (c. 37-49)

Syah Alam, Indra Surjati, Lydia Sari, Yuli Kurnia Ningsih, Suryadi, Teguh Firmansyah, Zahriladha Zakaria

Texuounoris MIMO (Multiple Input Multiple Output) sailicHioe 3HauHWiT BHECOK Yy PO3BUTOK crcTeM 3B's13Ky 5G 31 36ibIIEHHAM
MPOIYCKHOI 3[aTHOCTI Mepeski Ta e(heKTUBHOCTI BUKOPUCTAHHS ciiekTpy. Y cuctemax 5G rexuosioris MIMO no03BoJisie BAKOPUCTOBYBa-
TH KiJIbKa aHTeH Ha 6a30BUX CTAHIAX 1 IPUCTPOSIX KOPUCTYBaUiB, 3a0€3Medyour OHOYACHY BiITIPABKY Ta IPUIIOM JaHUX MO TEKLIBKOX
kanasiax. Ile 103BOJIsIE 3HAUHO THABUIUTH TIPONYCKHY 3[aTHICTD i HaiiiHicTh 3’€/IHaHHsI, 0COOJNUBO Y CEePENOBUINAX 3 BUCOKOIO IIiJIb-
HicTIo KopucTyBauiB. Kpim Toro, texuosoris MIMO migrpumye peasizaiito TeXHOJOTiiT (GOpMyBaHHS AiarpamMy CHPSIMOBAHOCTI, sTKa
(oxycye curHa B IEBHOMY HAIPSMKY, 3HIDKYE MEPENIKOAM i TOKPAILYE TIOKPUTTS Ta SIKICTh CUTHAIY, IO POOUTD 11 OMHIM 3 KIF0Y0-
BUX (hakTOpPiB /IS MiBUIIEHHS MBUIKO/II Ta BiAryKy cucteM 5G. TakuM 4MHOM, aHTEHU 3 TMHUPOKOIO CMYTOIO TIPOTTYCKAHHS, BUCOKUM
koedirientom nocunents Ta epexrusHictio MIMO MaoTh BUpiliaibHe 3HaUEHHs ISt T ATPUMKHN cucteM 3B’a3Ky 5G. Y maniii pobori
MPOTIOHYETHCS BUCOKOeheKTUBHA MiKpocMy»kkoBa antena MIMO Ha ocHOBI MOCJTiIOBHOT TIIIOCKOI PEITiTKN 3 8§X2 eJleMeHTaMHU, 10 TTpa-
o€ Ha pesoHaHcHiil yacrori 3,5 I'Tix suis cucrem 38’s13ky 5G. [l pery/noBanis KoedimienTa BigAGUTTS Ta CMYTH MPOITYCKaHHs aHTEHU
MPOTIOHYETHCS BUKOPUCTOBYBATH CIipaJbHUil nuteid i digepry BcTaBKy, a as 36iablieHHss koedillieHTa MOCHAEHHS — MOCTIT0BHY
mrocky perritky. s migrpumkn cuctemu 3B’s13ky MIMO 3ampornonoBana anTeHa po3/ijieHa Ha [Ba Pi3HUX MOPTH Ha TEBHiil BijicTaHi.
Buxozstun 3 pe3yJibraTiB BUMipIOBaHb, 3alIPOTIOHOBAHA aHTEHA MAE BUCOKY eeKTHBHICTD, PO IO CBI[YNTH MINPOKA CMYTa MTPOILYCKAHHS
680 MI (3—-3, 68 I'Tir) Ta Bucokuii koedirient nocusnennst 17,8 1b 3a pesonancuoi yacroru 3,5 I'T. Kpim Toro, 3arpornonoBana anteHa
Ma€ BUCOKUI B3a€MHMUIT 3B’I30K i po3HeceHHs1, Tpo 110 cBiguath 3Hauenus ECC i DG, saxki cranosasats 0,001 1 9,99 nb Bignosigmo. /lana
poboTa TPeICTaBIISIE PIlllEHHsT JIJIsl TPOEKTYBAHHS BUCOKOE(hEKTUBHOI MiKPOCMYKKOBOT aHTEHH, 10 MOKe OyTH peanizoBaHa B SIKOCTI
MpUIMaIbHOT aHTEHU JIUIst cucTeM 3B’s13Ky 5G.

KnouoBi cioBa: MiKpOCMY’KKOBa aHTEHA, BUCOKMIT KoedillieHT mocuaerus:, cucteMa MIMO, miocka anTeHHa pernritka, cucrema 5G.
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OIITUMIBAIIIA PO3NOJALIEHUX AKYCTUYHUX JATUYHMKIB HA OCHOBI BOJIOKOHHO-OIITUYHUX
TEXHOJIOTIIA (c. 50-59)

Askar Abdykadyrov, Nurzhigit Smailov, Akezhan Sabibolda, Gulzhaina Tolen*, Zhandos Dosbayev, Zhomart Ualiyev, Rashida Kadyrova

Ile mocaimkenns nocaijukye posnopineni akyctuyni garanku (PA/L), 3acHoBaHi Ha BOJIOKOHHO-ONTHYHIX TEXHOJIOTISAX, 30CEPE/KYI0UYNCh
Ha BIUIUBI TUCKY Ha Binomenus curHasn/mrym (BCII), piBui mymy Ta nominyioui 3pymenss yactotu. Cuctemu PA/l mmpoko BUKOpHCTO-
BYIOThCS JIJIsi MOHITOPUHTY 1H(DPACTPYKTYpPH 3aBIsIKK CBOII 34aTHOCTI (hiKCyBaTH aKyCTUYHI CUTHAIU Ha BEJMKHUX BIZCTAHIX, 110 POOUTD iX
ieaIbHUMU IS CeiCMIYHOTO MOHITOPUHTY Ta MOHITOPUHTY TPYOOIPOBOIB.

JlocnijukeHHsT BUBYAE, K KOJMBAHHSA THCKY BIUIMBA€ Ha NPOAYKTUBHICTH PAJl, 30kpema Ha SKiCTh CHUTHAJIy Ta 3MEHIIECHHS HIymy. Y
TaKKX TPOTpaMax, SIK BUSABJIEHHS BUTOKIB y TPYOOIPOBO/I Ta ceiicMiuHmii MOHITOPUHT, 3MIHM TUCKY MOKYTH TIOTIPHINTH YiTKICTh CHTHALY
Ta YCKJIAMHUTH BUSBJIEHHST aHOMaTiil. PO3yMiHHS 1IbOTO 3B’13KY € KJIIOYOBUM [ OTTUMi3aitii mpoaykruBaocti PA/] i migBuinienns edbekTus-
HOCTi CUCTEMMU.

Excriepument 3minioBas tuck Big 0,1 at™ 10 5 at™, nokasywouu, 1o mijsuiierss tucky miasummao BCII 3 10 1b xo 48 nb, amenmuio
urym 3 10 16 1o 7 b i spymumno gominyrouy yacrory 3 0,5 I't 1o 3 T, Anasniz Dyp’e aB 3po3yMiTH i 3MiHU YaCTOTHOTO CrieKTpy. Biibii
BHMCOKMII THCK CTUCKA€E Cepe/IoBUIIle, ITIOKPAILYIouN {3010 curnamty ta nokpaugyioun BCIII, oxHouacHo 3MeHIIyI04H IIyM. 3CyB YacTOTH €
PE3yJILTaTOM 3MiHU IIBUKOCTI MOIUPEHH aKyCTUYHOT XBUJI Mi/{ BUCOKUM THCKOM, TIAKPECTIOI0UN HOro posib B 06po0ili curHay.

Kito4oBMil BUCHOBOK II0JISATA€ B TOMY, 1110 BUIINIT TUCK 3HAYHO MOKPAIILYE SKICTb CUTHALY Ta 3MEHIIYE IIIyM, IIOKPAILYIOYH ITPO/yKTUB-
nicth PA/I. 3cyB yacToTu MoKpaniye MOKJINBOCTI BUSBJIEHHS HABKOJUINIHLOTO cepenopuiia. Li pesynasratu € ninaumu 11 gonatkis PA/L y



CepeoBUIIAX i3 KOTUBAHHSIMU THCKY, SIK-OT MOHITOPHHT TPYOOIPOBOJIIB, [ie BUCOKA SIKICTh CUTHAITY Ma€ BUpilIaibHe 3HaueHHs. [lokpariena
TOYHICTH CHIHAY Ta 3PYIIEHHs 4acToTH poOJsTh cuctemu PAJL Gl HaiHHIMK [UIs1 TPUBAJIOTO MOHITOPUHTY Ta CIPUAIOTH TOYHOMY BHU-
ABJIEHHIO aHOMaJIiil.

KiiouyoBi cioBa: BOJIOKOHHO-ONTUYHI TEXHOJOTi1, PO3IMO/ieHi aKyCTHYHI JAaTYNKH, CEHCMIYHIIT MOHITOPUHT, MOHITOPUHT iH(}pa-

CTPYKTYPH.
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BU3HAYEHHS XAPAKTEPUCTUK KOHIENITY AJTbHOTO ITIPOTOTUNY MIKPOITPOIITECOPHOI
PECYPCO3BEPITAIOUOi CUCTEMHU PEJIEMHOTO 3AXHUCTY (c. 60-69)

Alexandr Neftissov, Ilyas Kazambayev, Lalita Kirichenko, Dnislam Urazayev, Andrii Biloshchytskyi, Omirzak Abdirashev

OG’e€KTOM JIOCTIIKEHHS € KOHIIENTYaJbHUI TPOTOTUII MIKPOIPOIIECOPHOI pecypcosdbepiraiouoi cucreMu pejseitnoro saxucty. B panunii
yac peJieHuil 3axucT 3abe3redye HauiiiHy it eeKTHBHY POOOTY eJeKTPOMEPEXK, MpoTe TpaauiliiiHa apXiTeKTypa € 3anaTeHTOBaHOIO, 10
He JI03BOJISIE TIPOBOAUTH PEMOHT Ta 3aMiHy IONIKODKEHNX jetaineil 6e3 yuacti daxisis komnanii. Tomy peseiinuii 3aXucT i3 BiAKPUTOIO
apXiTEKTYPOIO € JOCUTh aKTYaJIbHUM MUTAHHSIM, TPOTE TPOOJIEMA TIOJISITAE B IOTPHMAHHI BIUMOT JI0 PeleHOro 3axucty. [IpoBeneHo omiHKy
nporokoyiB nepemavi ganux nRF ta ESP-NOW, natunkiB XoJna it BUMipIOBaHHST BEJIMYUHU 3MiHHOTO CTPYMY I MiZIBUIIEHHS TOYHOCTI
natyukiB. ExcriepuMenTasibHa mepeBipka mokasana, mo nporokoan nRF ra ESP-NOW BizmnoBizaioTs BUMoram 1o/io 3aTpUMKH Ta HaliltHOC-
i, ipote mpotokoa NRF € GiibIin miAXOASIMM 3aB/ISKI CBOI THYYKOCTI Ta 31aTHOCTI MO0 aH s neperikox. OTpuMani aaHi MoKasasiu, 1o
Haii6iIbIn eheKTMBHIMU yMOBaMU € BIJICYTHICTD TepPeniKko/l Ha Bigcrani 15 MeTpiB BiJi MOJeMy Ta HasiBHICTb MEPEIIKojl Ha BicTaHi 5 MeTpiB
Bizt MozieMy. ExcriepuMenT 3 BU3HAUEHHSI XapaKTePUCTUK AATYUKIB X0J11a MOKAa3aB TOUHICTh BUMIPIOBAHHS CTPYMY 1IPU 3aaHUX 3HAYEHHSIX
CTPYMiB po3aMuKanHs it 3amukanust. Oanax Bin He € Tounnm (12,45 %) st sacrocyBannst B pesieiinomy 3axucti. Toxk 3actocyBanHs 3MiHHIX
3HAYEHb CTPYMiB PO3MUKAHHS i 3AMUKAHHSI € GiIbIl eeKTHBHIM, a TOYHICTD Hocsirae 6,92 %. B pesysbrari 6yJ10 BIU3HAYEHO TEPMIH CITYKOU
natyrka XoJia, i HaBiTh micsst 10 MiIbHOHIB po3aMuKaHb Yac nepeOyBaHHsl B PO3IMKHYTOMY CTaHi 3aUIIaBcsa HeaMiHHIM. TakuM YnHoM, Oysia
3HaiiieHa anpokcuMyioda HYHKILS AU BU3HAUYEHHS aMIUITY /I CTPYMY B 3aJIe5KHOCTI Bifl yacy 1epedyBaHHs B PO3IMKHYTOMY CTaHi. 3 iHIIOro
60Ky, raT4nKu X0JIa MOKYTh CTPasKAATH Bijl TEMIIEpaTypHOro Apeiidy it BUMaraioTh moAajbiiol onTuMisaiii /s 3abe3nedernst MOBHOI Ha-
miiiHocTi. OOMesKeHHIM JOCIIKeH S € [Hiarma3on ctpymy Bia 0 1o 800 A.

KmouoBi cioBa: peseiinuii 3aXucT, FePKOH, aTYNK XO0JJIa, MATHITHE TI0JIe, BiIKPUTA apXiTeKTypa.
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PO3POBJEHHS MATEMATUYHUX MOJIEJIEN TEILJIOITPOBIJIHOCTI JIJIsI EJJEMEHTIB IIPUCTPOIB 3
BKJIIOUEHHSIMU (c. 70-79)

B. L. T'aBpum, E. A. /I:xymens, O. /1. I'pumaii, C. I. Kavan, B. 0. Maiixep

Po3riisinyTo Hpoliec TeIIoNpoBiIHOCTI AJIsT i30TPOITHOTO CEPeIOBHUIIA, 110 MICTUTh 4y’KOpi/iHe HAIlIBHACKPI3HE BKJIIOYEHHS], Ta HAPIBAETHCS
JIOKATBHO 30CEPEKEHUM TETTIOBUM MOTOKOM. JIJIsl BCTAHOBJIEHHSI TEMIIEPATYPHUX PEKUMIB eDEKTHBHOI POOOTH €JIEKTPOHHKX TIPUCTPOIB PO3PO-
6J1eHo JiHiiiHy 1 HesiHiiHY MaTeMaTi4Hi MoJe)Ti BUBHAYEHHST TeMIlepaTypHoro 11oJist. KoedilieHT TennonpoBigHocTi HeoAHOPIAHOT KOHCTPYKILT
MOJIAHO SIK 1[iJIe, 3 BAKOPUCTAHHIM ACUMETPIYHIX OMMHIUYHIUX (DYHKIIIH, 1[0 aBTOMATHYHO 3a6e31euy€e YMOBH i/[eaIbHOTO TEIMIOBOTO KOHTAK-
TY HA [OBEPXHSX CTUKY MaTepiauis. Ile mpuBoauTh 10 pO3B’sA3yBaHHs OJAHOTO PiBHSIHHS TEILIONPOBIAHOCTI 3 PO3PUBHUMHU TA CHHTYJISIPHUMU
koedimientamu. [[s mineapusaitii HemiHiiiHOI KpailoBOi 3a/1a4i 3aPOBAJIKEHO JiHeapu3yiouy (GYHKIMHI. Y 3aMKHYTOMY BUIJISII OTPUMAHO
AHAITUYHO-YMC/IOBI PO3B’A3KM JIiHIHOT 1 HestiHiliHOT KpaiioBux 3axad. [[Jist TEPMOUYTIMBOIO cepeloBUIla BUOPAHO JIHIHHY TeMIepaTypHy
3JIEXKHICTD KoedillieHTa TEIIONPOBITHOCTI KOHCTPYKUIIHIX MaTepiasiB. ¥ pe3yJbraTi OTPUMAHO aHAJI THYHO-YUCIOBUII PO3B'SI30K, SIKUIT BU3HA-
Yae PO3IIOILJI TeMIIepaTypHu y IIboMy cepeoBulii. Ha 11iii ocHOBI BUKOHAHO YMCJIOBUIT €KCIIEPUMEHT, Pe3yJIbTaTh AKOTo rpadiuHo BigoOpakeHi Ta
MATBEP/IKYIOTH AIEKBATHICTD PO3POOIEHNX MATEMATIYHUX MOJIETIEN pearbHOMY (hi3UYHOMY HPOIIECY.

MarepiaioM MJIaCTUHU Ta BKJIIOYEHHS BUCTYNAIOTh KpeMHiil Ta cpibao. OTpuMani pesysbraTi s UX MarepiajiB 3a JiHiiiHOIO 1 He-
JIHITHOIO MO/IEJUIIO BiPi3Hs0ThCst HAa 7 %. HesHauHa ixX BiIMIHHICTD TIOSICHIOETHCSI TUM, 1[0 3HAYEHHST TEMIIEPATYPHOTO KoehillieHTa TeIo-
MPOBiZHOCTI € HeBeanKIUMU. Po3pobiieni Mo/esi 1aloTh 3MOT'y aHaJi3yBaTH HaBeAeHl cepesoBUINa MO0 iX TEPMOCTIKOCTI. YHACHINO0K, cTae
MOJKJIMBUM ii MiZIBUIIUTH, 2 KOHCTPYKIIi1 3aXUCTUTH BiJ| IePerpiBaHHs, SIKe MOKe IPUBECTH JI0 BUXO/LY 3 JIaJly OKPEMUX BY3JIiB Ta IX €JIeMEHTiB
i 1JI0TO €JIeKTPOHHOTO TIPUCTPOIO.

KmouoBi cioBa: TepMOCTiliKicTh KOHCTPYKIIii, Uy’KOPi/iHe HAIiBHACKPi3HE BKJIIOYEHHS, 1/1eaJIbHUIl TENJIOBUN KOHTAKT, KOHBEKTUBHUI
TEIIO0OMIH.
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PO3POBJIEHHSI METOZY BUBHAYEHHS KOEDIIIEHTA BOJIOTONPOBIIHOCTI IPYHTIB 3EMJISIHOTO
MMOJIOTHA 3 YPAXYBAHHSAM €BPOIENCBKUX ITIJIXO/IB I CTAHJIAPTIB (c. 80-89)

A. B. By6eua, JI. II. Bonaapenko, €. I. Kparaaze, B. B. Ctboskka, A. B. IBko
OG6’'eKTOM JIOCTIIZKEHD € TEOPETUKO-METOANYHI TAX0AM 0 BUSHAUYEHHA KOoe(illieHTa BOJIOTOIPOBIIHOCTI IPYHTIB 3eMJISTHOTO TOJIOTHA.

Ocnoauil Gokyc poboTH CIPSMOBaHUIT Ha BpaXyBaHHs €BPONEHCHKUX IAXO/IB i cTaHAApPTIB TP PO3POOICHHI METOY BUSHAUYEHHSA Koedi-
1[iEHTA BOJIOTOIIPOBI/THOCTI I'PYHTIB.




VY xoni mociazkeHb po3pobJeHo MeTojl BU3HauyeHHs KoedilienTa BoJOTOnpoBiHocTi IpyHTiB Ky, 1m0 xapakrepusye audysiiinuii pyx
BOJIM, Yepes (isbrpaniiinuii koedinient Ky, pospaxoBaHuil BiIMOBIAHO 10 €BPONEHCHKIX BUMOT 3a IaHUMU JTaGOPATOPHUX BUITPOOYBaHb.

3anponoHoBaHuii MeToji Ga3yeThesl Ha MaTeMaTUYHIH MOjIesi, OTPUMaHIi Ha OCHOBI AMdEPEHIiaIbHOTO PIBHIAHHA 3MiHK BOJOTOCTI B
rpyHTi. Mojiesb 0cobBa THM, 110 HA BiIMIHY BiJl iCHYIOUHX, PYX BOIU MOJIETIOBABCST 3HIU3Y BBEPX, 10 Bifl06paskae MpoIiec BOJOTOHAKOI-
YeHHSI B HIKHIX IapaX 3eMJISTHOTO MOJIOTHA Bijl IPYHTOBUX BOJ 200 BEPXOBOJKH.

OTpuMaHO rapHe y3ro/ZKEHHS MaTeEMATHYHOI MOJIEJ 3 IAHIMI {HITMX aBTOPiB (BifHOCHA MOXMOKa He mepesuimiia 12.98 %).

B po6Gori oTpuMano npsamy 3ajiesKHIiCTh Mixk KoedillieHTOM BOJIOronpoBiaHocTi IpyHTiB Ki i iX nmoyaTkoBoio BoJsoricTio Wy ta obepHeny
3aJIeKHICTD Mixk K{ 1 TIOBHOIO BOJIOTOEMHICTIO IPYHTIB Wiip. 3aJIe3KHOCTI OTPUMAHO B [ialma3oHi 3MiHU 1TOYaTKOBOI BoJiorocti rpyuty W Bin
0.08 10 0.15 Ta Wyp Biz 0.15 10 0.5. Beranosiieno, 1o 3Hadents KoedilienTa BoJOTonpoBiaHocTi rpyHTiB Ky 361abl1yioThes Bin 4,64 1106 10
3,81 -10 M2 /rox mpu 36iabIIEHH] IX TOYATKOBOI BOJIOTOCT Ta MPH 3MeHIIeHHi TOBHOI BOJIOTOEMHOCTI.

3 TOYKH 30Dy iHKEHEPHOI TPAKTHKK TOPOKHBOTO OYIyBaHHSI, 3alIPOTIOHOBAHUIT METO/I IA€ MOKJIMBICTH TIPOTHO3YBATH CE30HH] 3MIHI BO-
JIOTOCTI TPYHTIB 3eMJISTHOTO MOJIOTHA, BUBHAYATH MIIHICTD JOPOKHBOT KOHCTPYKILi. Ile 103B0Jse npuiiMaTi 06rpyHTOBAHI IPOEKTHI PillleHHs
IO/I0 BJIAIITYBAHHS JIPEHAKHIX CHCTEM Ha aBTOILISIXAX 331711 MO/IOBKEHHS CTPOKY IX €KCILTyaTyBaHHs.

KmouoBi cioBa: BOJIOTiCTh IPYHTY, KOeIIliEHT BOJIOTOIPOBIHOCTI TPYHTY, 3€MJISTHE TIOJIOTHO, TOPOKHS KOHCTPYKITis.
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BU3HAYEHHS POBOYNX XAPAKTEPUCTUK CUCTEMM ITIJITIOPY MOBITPS B ABAPIMHOMY JIIOKY
HA BA3I CTPYMUNHHUX BOJIOTA30BUX EKEKTOPIB (c. 90-99)

C. O. I'punuax

OG’e€KTOM IOCITIIKEHb € CTPYMUHHI BOAOTa30Bi €5KEKTOPU B cHcTeMi 3abe3IieueH s POTUIIOKEKHOI Oesnekn Kopabuis. [Tpobiema, 1o
BUPpIIIyBasacs, — IIPU TOXKEXKI B paifoHi BUXOY 3 aBapiiiHOro MpuUMilleHHs cy/iHa HeGe3IIeuHo MiABUIILYETHCS TEII0Ba €HEPrist 1 BeJrKa Kijlb-
KICTh JINMY MOMUPIOETHCS 110 MPUMIIIeHHAX cyaHa. [[i YMHHMKY BUMaraioTh HeraifHol repMeTusaii aBapiiiHoro npuMilieHus, o ooMexKye
onepaTUBHUIL JOCTYI aBapiliHUX KOMaH B IIPUMIlIeHHs. BeTaHoBIEHHS CCTEMH MICIIEBOTO MANOPY MOBITPS B aBapiiHOMY JIIOKY Ha (asi
CTPYMUHHUX BOAOTa30BUX €KEKTOPIB J03BOJKUTH €KPaHyBaTH TEIJIOBY €HEprilo i JoKalisyBaT ANMOBI rasu B aBapiiinoMy npuminienti 6e3
iforo repmeTusaltii s 3a6e3MeYeH st OlMepaTUBHOIO AOCTYIY aBapillHuX KOMamH/ A0 Hboro. JlocsriyTi HacTyIHI OCHOBHI pe3yJIkTaTi — Iij-
TBEP/UKEHO eKCIIEPUMEHTAILHUM METOZIOM a/IeKBATHICTh TEOPETUYHUX JOCHTI/PKEHD TIPOIIECiB JIOKai3allii IUMOBHX Ta3iB B aBapiliHOMY MpH-
Mintenni 6e3 fioro repmerunsarii. locaikysana npobaema GyJia BUpilieHa IIIsIXoOM ONTHUMI3allii MPOIeciB: MBUAKOCTI 3MiHM HATYPaIbHOTO
MoKazHKKa MocaabjaeH s cepeloBUINa TIijl Yac 3allycKy MiCIleBOI CUCTeMU MiAOPY MOBITPst B aBapiiiHoMy JIIOKY Ha (6asi cTpPyMUHHUX BOJO-
ra3oBUX €KEKTOPiB; e(heKTUBHOCTI 3HUKEHHS TeMIIepaTypy HarpiThX rasis B HazOy0Bi pu poOOTI cUCTEMU MATIOPY HOBITPs B aBapiiiHoMy
JIOKY Ha 6aszi cTPyMUHHKX BOJOTA30BUX €KeKTOPiB. OCOOMUBICTIO OTPUMAHUX PE3YJIbTaTiB CTao (hopMyBaHHs MOBITPAHOI 3aBiCH, OTPUMAHOT
MIJISIXOM BiZtGOPY YaCTUHM BUCOKOTEMITEPATYPHUX IMMOBHX Ta3iB y KOPITYCH CTPYMHUHHUX BOJOTa30BUX €KEKTOPIB, IX TEIIOMACOOOMIHHOT 06-
POOKHM Ta BUBOLY Ha3a/ y TOTIK. [le cTBOPUIIO yMOBH, IPH SIKMX eKPAHyBaHHS TETIIOBOI eHepril BinbyBaeThest 3 edekrusHicTio 85-88 %. Cdhe-
pa Ta YMOBH TIPAKTUYHOTO BUKOPUCTAHHST OTPUMAaH| Pe3yJIbTaTiB — CyIHOOYIYBAHHS Ta IIPOEKTYBAHHS IPOTUIIOKEKHOI CYTHOBOT GE3MeKH.

KiiouoBi cioBa: BajorazoBuii CTpyMUHHUNA €KEKTOP, aBapiiiHuii JIOK, HaTypaJbHUNl MOKa3HUK TOCIabIeHHs] CepeloBUINa, TEIIoBa
eHepris.



