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The object of this study is condenser-type insulation of high-
voltage electrical equipment and elements of its overvoltage pro-
tection circuits, in the case of breaking the cable to the diagnostic
device of technical condition of insulation under operating voltage.

The work reports a study on the overvoltage that can cause
damage to high-voltage equipment with condenser-type insula-
tion (bushings and instrument current transformers), equipped
by hardware for monitoring the technical condition of insulation
under operating voltage. Such overvoltage can occur as a result of
damage of the cable from the test-tap of the device insulation and/
or as a result of lightning and switching overvoltage on the buses of
the switchgear.

The task relates to insufficient attention and lack of require-
ments of regulatory documents to the insulation protection schemes
of devices with an increase in the number of implementations of
devices for monitoring the condition of insulation under operating
voltage in recent years. The relevance of the issue is predetermined
by war in Ukraine, when electric power facilities and the system
as a whole are subject of military attacks, causing both physical
destruction and provoking overvoltage and short circuits that affect
equipment that has not been destroyed.

The paper gives the results of modeling the overvoltage that may
arise on the insulation test-tap of equipment with condenser-type
insulation, when the cable to the monitoring device is damaged.
The results of temperature tests of a complex protective resistor are
presented. The use of a parallel resistor and a capacitor as the main
protection elements has been justified. Such a scheme could limit
the instantaneous overvoltage value for most devices at the level of
no more than 1.6 kV, even without the use of additional protection
elements, such as varistors or arresters, for example.

A methodology and recommendations for selecting protective
elements and checking the compliance have been devised, both
under the nominal operating mode and in the presence of high-
frequency overvoltage.

Keywords: condenser-type insulation, test-tap, monitoring
under operating voltage.
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The object of the study is the methods of radio frequency re-
source management in stratospheric communication systems based
on high altitude platform stations (HAPS). The problem addressed
is the limited radio frequency spectrum, frequency overlap with
fifth- and sixth-generation (5G/6G) networks, and the high prob-
ability of interference, which complicate efficient spectrum utiliza-
tion and coordination. The obtained results indicate that within the
frequency bands recommended by the International Telecommunica-
tion Union (ITU) - 21.4-22.0 GHz, 24.25-27.5 GHz, 47.2-47.5 GHz,
and 47.9-48.2 GHz - the probability of interference reaches up to
70% in the 27.5-28.35 GHz band. By applying cognitive radio (CR)
technology, interference levels decreased by 60%, and spectrum utili-
zation efficiency increased by 35%. Dynamic spectrum access (DSA)
improved spectrum efficiency by 30-45%, while spectrum sharing
methods enhanced it by 40-60%. A brief explanation of the results
shows that the proposed management approaches significantly in-
crease the efficiency of radio frequency resource use and substantially
reduce interference. For example, at a bandwidth of 100 MHz and a

signal-to-noise ratio (SNR) of 10, the channel capacity reached ap-
proximately 332 Mbps. The distinctive features of the results lie in the
comprehensive use of modern technologies that effectively address
spectrum scarcity and interference issues, ensuring compatibility of
HAPS with existing terrestrial and satellite communication systems.
The proposed approaches are suitable for implementation in interna-
tional and national spectrum coordination and licensing frameworks
aimed at expanding broadband connectivity in underserved regions.

Keywords: stratospheric communication, HAPS, spectrum, in-
terference, 5G, 6G, frequency, integration, management, telecom-
munications.
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This study focuses on enhancing photovoltaic (PV) mod-
ule performance through the development of a passive cool-
ing method using perforated aluminum plates, supported by a
real-time monitoring system. The core problem addressed is the
thermal inefficiency of PV modules operating in hot, humid en-
vironments, where heat accumulation lowers energy output. A
real-time data acquisition system was developed using Arduino
to monitor voltage, current, surface temperature, humidity, and
solar irradiance. Four identical polycrystalline PV modules were
tested; three were equipped with aluminum plates of varying per-
foration diameters (10 mm, 12.5 mm, 15 mm), while one remained
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uncooled as a control. The results showed that the module with
15 mm perforations had the best performance, achieving a 61.04
W output under peak irradiance (1404 W/m?) and reducing surface
temperature by nearly 10°C. These outcomes demonstrate that
enhanced natural convection and evaporative effects, enabled by
the larger perforations, significantly improved thermal regulation.
The synchronized monitoring system validated the temperature-
power relationship by capturing environmental dynamics in real
time. Due to its energy independence, low cost, and simplicity, this
integrated solution is particularly applicable in tropical regions or
off-grid installations. The findings establish a practical basis for
scalable deployment of passive cooling in PV systems, especially
where active cooling is unfeasible.

Keywords: passive cooling, perforated aluminum plate, real-
time monitoring, solar energy efficiency, natural convection, ther-
mal regulation.
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The object of this study is an autonomous Raspberry Pi-based de-
vice for real-time pest detection. The task addressed relates to the lack
of affordable, energy-efficient, and autonomous solutions for working
in the field without an Internet connection.

The paper reports the design of an intelligent device for pest
monitoring. The device is focused on automatic recognition of the
striped grain flea beetle (Phyllotreta vittula) in grain crops. As a result
of the study, a system was designed based on the Raspberry Pi 4.0
microcomputer using the OpenCV library and the YOLO model. The
device processes the video stream, identifies pests, and saves data lo-
cally. The system provides high accuracy at low power consumption.
This was made possible by a lightweight neural network architecture
and optimized image processing. A distinctive feature of the solution
is autonomy, mobility, and resistance to variable lighting conditions.
The system also works with limited computing resources.

The results demonstrate that the device could be effectively used
in precision farming systems and at scientific institutions. The device
helps identify pests and make agricultural decisions at early stages of
infection. The technological advancement could be adapted to other
types of pests with minimal changes to the model. In the future, the
system could be integrated into broader agricultural monitoring
platforms with the ability to transfer data to the cloud. The practical
use of the device is possible both in large farms and on private farms.
This technological advancement is especially relevant for regions with
limited technical infrastructure.

Keywords: artificial intelligence, Raspberry Pi, YOLO, OpenCV,
pest monitoring, agriculture, computer vision.
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The object of this study is the electromechanical transient process
in low-power asynchronous generators, suitable for operation in con-
junction with renewable energy sources, when applying and remov-
ing the supply voltage, as well as the influence of the rotor moment
of inertia of a low-power asynchronous generator on the duration of
the specified transient process. The study addresses the task of reduc-
ing the complexity and duration of the pre-operational testing of the
specified equipment.

A new automated method for measuring the rotor moment of
inertia has been proposed, which is based on the excitation of the
generator under the motor mode of operation by the rated frequency
voltage under the conditions of mechanical braking of the rotor. The
specified measurement method is characterized by reasonable ac-
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curacy, high speed, and is suitable for use under both production and
laboratory conditions.

Within the framework of the study, a structural diagram of a
technical means that implements the proposed method in practice
has bene designed; a corresponding mathematical model of the
electromechanical system “induction motor — measuring converter”
was derived.

A detailed metrological analysis revealed that the methodological
error of the proposed method does not exceed 8%, which is acceptable
for most applied tasks. A linear relationship between the parameters
of the transient process and the characteristics of the electromechani-
cal system was also established, which significantly simplifies the
calibration of the device and increases the accuracy and repeatability
of the measurement results.

The research results confirm the high efficiency and practical
feasibility of using the proposed approach in the field of technical
control, maintenance and modernization of electric drive systems.
The method could be adapted for a wide range of models of induction
motors, as well as integrated into automated equipment condition
monitoring systems.

Keywords: rotor moment of inertia, measurement, induction
motor, mathematical model, transient process.
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The object of this study is a procedure for measuring physical
quantities under laboratory conditions at educational institutions.
The issue related to this case is the lack of any comprehensive method
and technical solution suitable for the experimental study of physics
in both offline and online learning formats. To solve this problem,
an approach has been proposed, based on computer vision technol-
ogy and training special neural models to recognize objects in video
frames that perform mechanical movement.

The idea of the proposed approach is based on the hypothesis
that by measuring the position of an object in video frames with suf-
ficient accuracy, it is possible to determine the functional type of the
law of its motion. Further, knowing the function of the law of mo-
tion, it is possible to calculate any physical quantities describing the
process under consideration. The idea is implemented in the form
of a technical solution, which is a set of prototypes of automated
laboratory devices.

The choice of the method for determining the law of motion was
carried out using the analysis of the recognition error, measurement
error, speed and resistance to external conditions of the Hough algo-
rithmic method and the YOLOv8n neural network model. It is shown
that the neural network method YOLOv8n has very high accuracy
but low performance. The Hough method shows high performance
but lower accuracy and resistance to external conditions. It was found
that the accuracy of the YOLOv8n method is 4 times higher, but the
execution speed is 10 times lower than that of the Hough method.
However, in the case of artificial lighting and fixing the distance from
the camera to objects, the Hough method provides 99.9% accuracy in
recognizing an object in video frames.

The obtained prototypes of devices can be used for further re-
search to determine their impact on the quality of physics education.

Keywords: video processing, laboratory setups, YOLOvS8n,
Hough method, computer vision, online learning.
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YAOCKOHAJIEHHA 3AXHNCTY BUCOKOBOJIBTHHX AITAPATIB 3 KOHAEHCATOPHOIO I30JIA0IEI0 ITPHU
KOHTPOJII TEXHIYHOI'O CTAHY IIIJ] POBOYO0IO HAIIPYT'OIO (c. 6-16)

0. A. CaxHo, K. B. Ogxiska, JI. C. Ckpyricbka

OG6’eKT JIOCTi/PKEHHS — KOH/IEHCATOPpHA i30JIs1]is1 BUCOKOBOJIPTHUX €JIEKTPUYHUX allapaTiB Ta eJIEeMEHTH cxeMU 11 3aXHCTy Bij mepe-
HATIPyT, IpU 06pUBi KaGeJsIto [0 MPUCTPOIO KOHTPOJTIO TeXHIYHOTO CTaHy 301511 i po6090t0 HAIIPyTo¥0.

Po6oTa mpuCBsYeHa JJOCIi/KEHHIO MIePeHAIpyT, 10 MOXXYTh CHPUYMHUTHU IOUIKO/PKEHHS BUCOKOBOJIBTHUX aIlapariB 3 KOHJEHCca-
TOPHOIO i30ssi1iieto (BBOAM Ta BUMIipIOBasbHI TpaHcOpMaTOpU CTPyMH), 06JIaHAHUX 3aC00aMU KOHTPOJIIO TEXHIYHOTO CTaHy i30Jsril
i po6o4oto Hampyroto. Taki mepeHarnpyru Mo>KyTh BUHIUKATH BHACJII/[OK ITOIIKO/KEHHS KabeJTio BijJj BUMipIOBaIbHOT'O BUBOJY i30JIs1Iil
arapaTy Ta/a6o B HACJIiJJOK IPO30BHX Ta KOMYTAI[ifHUX IIepPeHANpyr Ha LIMHAX PO3IOJiIbdoro mpucTpor. [IpobiemMa 3yMoBIeHa He-
JIOCTaTHBOIO YBAarox BHPOOHMKIB 06JaHAHHS Ta JOCHIAHUKIB A0 CXeM 3aXMCTy i30J11ii amapaTiB mpu opraHisarlii KOHTposTIo i cTaHy
1117 po60Y0r0 HAapyro. Takoxk Mpo6sieMa IOTipIIyeThCs BiZICYyTHICTIO BUMOT HOPMAaTUBHUX JOKYMEHTIB 10 TAKMX CXeM IIPH 3pOCTaHHI
YyHcJia BIPOBAPKEHb 3ac00iB KOHTPOJIIO CTaHy i3015111i1 anapaTiB mifi po6040i0 HANPYrolo B OCTAaHHI POKU.

B po6oTi HaBe/jeHO pe3y/bTaTH MOJIETIOBAaHHS IepeHaIpyT, 10 MOXXYTh BIIMBATH Ha i30JIAI1i10 amapariB 3 KOHAEHCATOPHOIO i30-
ssniero. HaBeJjleHO pe3y/ibTaTy TeMIIEpAaTYpPHUX BUIIPOOYBaHb KOMILJIEKCHOTO 3aXHCHOTO pe3ucTopy. OOGIpyHTOBAHO IapaJiesibHe BU-
KOPHCTAaHHS PE3UCTOPY Ta KOHAECHCATOPY Y SIKOCTi OCHOBHUX €JIEMEHTIiB 3aXUCTy. Taka cxema /JI03BOJIUTh OOMEXUTH MUTTEBE 3HAUCHHS
TepeHanpyry A1 6inpiiocti anapariB Ha piBHi He Ginbiue 1.6 KB, HaBiTh 6€3 BUKOPUCTAHHS [JOJATKOBUX €JIEMEHTIB 3aXUCTY, TAKHX 5K,
HAIPUKJIaZ, BAPUCTOPHU YU PO3PSAAHUKU. PO3p0o6IeHO METOAMKY Ta peKoMeH/jallil o mizoopy 3aXMCHUX eJIeMEeHTIB Ta IlepeBipKu Bif-
TTOBiZHOCT] IX XapaKTepHUCTUK alapary, sKiii BOHM IOBUHHI 3aXUIIATH, K y HOMiHAJIBHOMY PeXHUMi POOOTH, TaK I 3a HaTBHOCTI BHCO-
KOYaCTOTHMX IIepeHaIpyr.

Korro4oBi croBa: KOH/[eHCAaTOPHA 1301511151, BUMipIOBaJIbHUI BUBiZ, KOHTPOJIb ITiJj pO60Y0I0 HATIPYTOIO.
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PO3POBKA TA OIITHKA IIJXO/IB /IO VIIPABJIIHHS PAJIOYACTOTAMMU JIJISI CTPATOCO®EPHHUX CUCTEM
3B’A3KY (c. 17-29)

Askar Abdykadyrov, Mukhit Abdullayev, Ainur Kuttybayeva, Kalmukhamed Tazhen, Nurlan Kystaubayev, Muratbek Yermekbayev,
Tatyana Mechsheryakova, Altynkul Turebekova, Nurlan Sarsenbayev

OO6>eKTOM JOCTi/PKEHHSI € METOAM YIPaBJIiHHS PaJiiouacTOTHHMH pecypcamMy B CTpaToC(epHHX CHCTeMax 3B>s3Ky Ha 6a3i Buco-
THUX IUIaTGOpMHUX craHniil (BIIC). Po3risiHyTa mpo6semMa IoJisira€e B 0OMEXeHOMY pajiiodacTOTHOMY CIIEKTpi, IEepeKpPUTTi 4acToT 3
MepexaMHM IDSITOTO Ta MIOCTOro MoKosiHb (5G/6G) Ta BUCOKii IMOBIpHOCTI Iepenkoy, 10 yCK/Ia[HIOITh e)eKTUBHE BUKOPUCTAHHS Ta
KOOpAWHALiI0 crieKTpy. OTpUMaHi pe3y/abTaTH CBifYaTh PO Te, 0 B MeXaxX YaCTOTHUX Jialla30HiB, peKOMEH0BAaHUX MiXKHapOJHUM
COr030M eJieKTpo3B>s13Ky (MCE) - 21,4-22,0 I'Tny, 24,25-27,5 [Ty, 47,2-47,5 I'Ty, ta 47,9-48,2 I'T1y — IMOBipHicTh nepenrkop csirae 70% y
niamasoni 27,5-28,35 I'T'i. 3aB/siKU 3aCTOCYBaHHIO TeXHOJIOTIT KorHiTUBHOTO pazio (KP) piBHi nepemikos 3HU3MIMCS Ha 60%, a eheKTUB-
HiCTh BUKOPHUCTAHHS CIIEKTPY 3pocsia Ha 35%. JuHamivHuil goctyn go crexrpy (IC) nmokpamus e)eKTHBHICTb BUKOPUCTAHHS CIIEKTPY
Ha 30-45%, TOAI SIK METOJU CHiJIbBHOTO BUKOPUCTAHHS CIEKTpy HizBuuuau il Ha 40-60%. KopoTkuii onuc pe3ysabTaTiB IOKa3ye, 110
3aIPONIOHOBAHI MiZIXOAX [0 YIPABIiHHS 3HAYHO ITi/[BUIIYIOTh €(eKTUBHICTh BUKOPUCTAHHS PaZli04acTOTHOTO pecypcy Ta CyTTEBO 3MEH-
HIyl0Th Hepelrkoay. Hanpukiaj, npu cMysi nporyckanHst 100 MI'n Ta criBBifiHOIEeHH] cUrHasI/uryM 10 NMPOIyCcKHA 34aTHICTh KaHaLy
nocsirya mpu6ansHo 332 M6it/c. BigaMiHHUME pucaMu pe3yJ/IbTaTiB € KOMILJIEKCHE BUKOPUCTAHHS CyJYaCHUX TEXHOJIOTIH, sKi e(peKTHUBHO
BUPILIYyIOTHh Ipo6IeMu AediluTy CIeKTpy Ta Iepeukoa, 3abesneuyoun cymicHicTs BIIC 3 icHyroUMMM Ha3eMHUMH Ta CYIyTHUKOBUMU
CUCTEMaMU 3B>513KY. 3aIIpOIIOHOBAHI MiJX0AU NMPUJATHI AJ1 BIPOBaJPKEHHs B Mi>XKHAPOJAHUX Ta HalliOHAJIbHUX PaMKax KOOpAWHAIlil Ta
JIiIeH3yBaHHS CIEKTPY, CIIPIMOBAHHUX Ha PO3MIMPEHHS IUPOKOCMYTOBOTO 3B>5I3Ky B HEZIOCTATHBO 0OCTyTOBYBaHUX peTiOHAX.

KirouoBi cioBa: crpaTtocepHuii 385130k, BIIC, cekrp, nepeukoau, 5G, 6G, yactora, iHTerpallis, ynpas/liHHs, TeJeKOMyHikaii.
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PO3POBKA ITACUBHOT'O OXOJIO/IPKEHHS 3 IEPOOPOBAHUMMU IJIACTUHAMH TA
MOHITOPUHIOM ¥V PEAJILHOMY YACI JIJIS NIJBUIEHHA EGEKTUBHOCTI ®OTOEJTEKTPUYHUX
CHUCTEM (c. 30-38)

Armin Sofijan, Riman Sipahutar, Wirawan Adi Pradana, Baginda Oloan Siregar, Irwin Bizzy, Siti Sailah, Feby Ardianto, Surya Darma,
Ananda Putri Kamila, Vina Alya Dhafia

Lle mociifpkeHHs 30cepe/pKeHe Ha MiABUILEHHI MpogyKTUBHOCTI (hoToesekTpuyHux (OE) MOAY/IIB HIISXOM PO3POOKH MMACHBHOTO
METOZy OXOJIO/PKEHHsI 3 BHKOPHUCTaHHSM Iep(hOpOBAaHUX ATIOMiHIEBUX IJIACTUH, IO MiJTPUMYETHCS CHUCTEMOIO MOHITOPHHIY B pe-
JKUMi peasibHOTO yacy. OCHOBHOIO ITP0OGJIEMOIO € TeIIoBa Hee(eKTUBHICTh (hOTOEIEKTPUYHUX MOJYIIB, 1[0 MPAIIOIOTh Y CIIEKOTHOMY,
BOJIOTOMY Cepe/lOBHIIi, e HAaKOIIMYEHHs TeIIa 3HIKye BUXij eHeprii. CucreMa 360py AaHUX B peaJbHOMY daci 6ysna po3poGieHa 3




BUKOpUCTAaHHSIM Arduino 11 MOHITOPUHIY HalpyTry, CTPyMy, TeMIlepaTypu IOBepxHi, BOJOTOCTi Ta COHSIYHOTO BUIIPOMiHIOBAaHHS.
Bys10 MpoTecTOBaHO YOTHUPHU 1AeHTHUYHI MOTiKprcTaIidyHi GOTOMOYMI; TPpY 3 HUX OY/IM OCHAI[eH] aTIOMiHiEBUMU IJIACTUHAMH 3 Pi3HUM
niamerpom nepdoparii (10 MM, 12,5 MM, 15 MM), a OJUH 3aJTUIIMBCS HEOXOJIO/PKYBAHNUM B SIKOCTi KOHTPOJIO. Pe3ysbTaTy IoKa3asu, 1[0
MozyIib 3 nepdoparniero 15 MM MaB HaflKpally IPOAYKTUBHICTE, ZOCSITHYBIIU 61,04 BT npu nikoBomy onpominenHi (1404 Br/m?) i 3HU-
3UBIIN TeMIIepaTypy MoBepxHi Maibxe Ha 10°C. I1i pe3yapTaTé 1EMOHCTPYIOTH, 1[0 TOCUJIEHHS IPUPOAHOI KOHBEKIii Ta BUTIaPOBYBAaHHS
3aBZAKM OinbIIiil mepdopariii 3HaYHO MOKpamKUIo TepMoperysio. CUHXpOHi30BaHa CMCTeMa MOHITOPMHTY MiZTBep/UJIa 3a1eXKHiCTh
MiX TeMIIepaTypoIo Ta MOTYXKHICTIO, 3a(iKCyBaBIIN AUHAMIKY HaBKOJIMIIHBOTO CEPeZOBHUIIA B PEXXUMIi peasbHOTO Yacy. 3aBAsIKU CBOIH
€HeProHe3aJIeXHOCTI, HU3bKill BAPTOCTi Ta MPOCTOTI, 1le iHTETpOBaHe PillleHHS 0COOJIUBO MiAXOAUTH JIJIsI TPOIIIYHUX PETiOHIB 260 aBTO-
HOMHUX YCTaHOBOK. OTpI/IMaHi pe3ysnbTaTu CTBOPIOIOTH NPAKTUYHY OCHOBY JJ1d MaciTaboBaHOTO PO3TOpPTaHHS ITACUBHOI'O OXOJIOPKEHH S
B (POTOGTIEKTPUYHUX CHCTEMAX, OCOOIMBO TaM, /ie aKTUBHE OXOJIO[PKEHHS € HEMOXXTUBHM.

K1ro4oBi ciioBa: macuBHe OXOJIO/PKEHHH, lep(opoBaHa aJloMiHieBa NJIaCTHHA, MOHITOPUHT B peaJbHOMY 4aci, eeKTUBHiCTb BU-
KOPUCTAaHHS COHSYHOI eHeprii, IpuposHa KOHBEKILisl, TEpPMOPETYIsALis.
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PO3POBKA THTEJIEKTYAJIbHOI CUCTEMU KEPYBAHHA ITPUCTPOEM PO3ITI3SHABAHHA XJIIBHOT
CMYTACTOT BJIIIIKU (PHYLLOTRETA VITTULA) (c. 39-48)

Akerke Akanova, Galiya Anarbekova, Mira Kaldarova, Nazira Ospanova, Saltanat Sharipova

OG6’eKTOM JIOCJIi/[PKEHHSI € aBTOHOMHMUII IpUCTpill Ha Raspberry Pi 151 po3nizHaBaHHS MIKIAHUKIB y peasbHOMY 4aci. BupimryBaHa
po6JieMa IOJISATAE Y BiICYTHOCTI OCTYITHUX, eHeproeeKTUBHUX Ta aBTOHOMHUX pillleHb /I po60TH B II0JILOBUX YMOBax 6e3 ITiJ[KJII0-
YeHHs JI0 iIHTEepHETY.

IIpencraByieHO PO3pOOKY iHTEIEKTyaIbHOTO ITPUCTPOIO /ISt MOHITOPUHTY IIKifHMKA. [IpucTpiii opieHTOBaHMIT HA aBTOMAaTUYHE PO3-
mi3HaBaHHs xJ1i6HOI cMyracToi 6aimku (Phyllotreta vittula) y mociBax 3epHOBUX KyJbTYp. B pe3ysibrati 0CiZKEHHSI CTBOPEHO CHCTEMY
Ha 6a3i MikpokoMInpioTepa Raspberry Pi 4.0 3 BukopucranHsam 6i6siorekn OpenCV ta mozesti YOLO. ITpucrpiit BUkoHye 06poOKy Bizieo-
TIOTOKY, ileHTUdikye MKiAHUKIB Ta 36epirae gaHi JokaabHO. CucTeMa 3a6e3Teuye BUCOKY TOYHICTh IPU HU3bKOMY €HEProCIIOKUBaHHi.
Ile cTas0 MOXXJIMBUM 3aBJSKH JIETKilT HeifipomepexeBiit apxiTekTypi Ta onTumizoBaHiil 06po6Iii 306paXkeHb. BiAMiHHOIO 0CO6IMBiCTIO
pillleHHs! € aBTOHOMHIiCTb, MOGIJIBHICT Ta CTIHKICTB 10 YMOB 3MiHHOTO OCBiT/IeHHsI. CHUCTeMa TaKOXX IIPAIIOe IIPU 0OMEeKEeHUX 06unC-
JIFOBAJIBHUX pecypcax. OTpUMaHi pe3y/lbTaTH JeMOHCTPYIOTb, 10 MPUCTPiil Moxe 6yTH edeKTHUBHO BUKOPHUCTAHUN y CHUCTEMaX TOYHOTO
3eMJIepo6CTBa Ta HAyKOBUX yCTaHOBaX. IIpUCTpiil momomarae BHUSIBJISATH IIKiIHMKA Ta IPUHAMATH arpoTeXHiuHi pilleHHS Ha paHHIX
cTafisix 3apaykeHHs. Po3pobka Moxke OyTH aJjaliToBaHa Mif iHuI BUAM WKiAHUKIB 3 MiHIMaIbHUMU 3MiHaMU B MofeJi. Y NepcreKTUBi
crcTeMa Mo)ke OyTH iHTerpoBaHa B IIMPIIi IJIaT(OPMH arpOMOHITOPUHTY 3 MOXJIMBICTIO TIepe/iadi JaHUX y xMapy. [IpakTrdHe 3acTocy-
BaHHS IIPUCTPOIO MOXKJIMBE SIK Y BEJIMKHX TOCIIOJJapCTBaX, TaK i Ha MpUBaTHUX (epMax. OcobIMBO aKTyasbHa PO3pO0Ka /i PerioHiB 3
00Me)KeHOI0 TeXHIYHOI0 iHPPACTPYKTYpPOIO.

KnarouoBi cioBa: mryuynuil iHresekt, Raspberry Pi, YOLO, OpenCV, MOHITOpHMHT IIKifIHUKIB, CiJbCbKe TOCIOJApPCTBO,
KOMIT IOTepHUI 3ip.
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PO3POBKA ABTOMATH30BAHOI'O METOAY EKCIIEPUMEHTAJIBHOT'O BUMIPIOBAHHSA MOMEHTY
IHEPIIIi POTOPA MAJIOIIOTYKHHUX ACHHXPOHHUX 'EHEPATOPIB BIZTHOBJIFOBAJIbHUX JI)KEPEJI
EHEPTII (c. 49-58)

1. B. Tonuapyk, B. ®. I'pansk, O. A. Tokapuyk, /1. M. Tokapuyk

OG6’eKTOM AOCII/KEHHs € eJeKTPOMeXaHIUHMI MepexigHUil Mpolec MaJIOMOTY)KHUX aCMHXPOHHHUX TeHepaTopiB, MPUJATHUX JJIs
Po6OTH CyMiCHO 3 Bi/[HOBIIOBATPHUMH JPKEpeJTaMH eHeprii, Ipy 1mojadi Ta 3HATTI HAIIPyTH )KUBJIEHHS, a TAKOXK BIIJTUB MOMEHTY iHepIiil
poTOpa MaJIONOTY>KHOTO ACUHXPOHHOIO IeHepaTopa Ha TPUBAJICTh 3a3HAUYeHOro IepexiJHoro mnpoiecy. B gociimpxeHH] BUpilIyeThCs
mpo6JieMa 3MeHIIeHHsI TPYAOMiCTKOCTI Ta TPUBAJIOCTI Iepes eKCIUTyaTaliiiHoro BUIIPOOYBaHHS 3a3HAY€HOT0 00J1aZHaHHS.

3amponoHOBAaHO HOBUI aBTOMAaTHM30BaHHUII METOJ, BUMipIOBaHHS MOMEHTY iHepIiil poTopa, 1[0 I'PyHTYeThCS Ha 30y/)KeHHI reHepa-
TOpa y ABUTYHHOMY pPeXKUMi po6OTH HAIpyror HOMiHaJbHOI YAaCTOTH 32 YMOB MEXaHIYHOIO TaJbMyBaHHsS POTOpa. 3a3HAaYeHUI METOZ
BUMIiPIOBaHHS XapaKTePHU3YETHCS JOCTATHHOIO TOYHICTIO, BUCOKOIO MIBHUAKOAIE0 Ta € IPUAATHUM /IJIS BUKOPUCTAHHS SIK Y BUPOOHUYUX,
TaK i 1a60paTOPHUX YMOBaX.

V¥ Mexax JOCJIiPKEeHHSI po3po0IeHO CTPYKTYpHY CXeMy TeXHiYHOro 3acoly, 1[0 peaji3ye 3aIpOIIOHOBAHUII MeTOZ Ha MpaKTHUlli, a
TaKO0XX OTPUMAHO BiJIIOBiJHy MaTeMaTU4YHYy MOJeJIb €JIEKTPOMEXaHiqHOI CUCTeMH «aCMHXPOHHA MallliHA — BUMipIOBaJbHUN I1epeTBO-
proBau».

IIpoBeseHMi eTaIbHIUIT METPOJIOTIYHIIT aHAII3 IT0Ka3aB, [0 METOAMYHA ITOXMOKA 3aIIPOIIOHOBAHOTO METO/y He MepeBHIye 8%, 1[0
€ IPUITHATHUM /15 G1JIbIIOCTI MPUKJIaHUX 33/1a4. TaK0>K BCTAHOBJICHO JIiHIIHY 3aJI€)KHICTh MiX [TapaMeTpaMHU IePexXiZHOTo IIpoIiecy Ta
XapaKTepPUCTUKAMU eJIeKTPOMEXaHiYHOI CUCTEMH, III0 CYTTEBO CIIPOLIYE KaaiOpyBaHHS IIPUCTPOIO Ta ITiBUILYE TOYHICTD i TOBTOPIOBA-
HICTBh pe3y/IbTaTiB BUMipoBaHHs. OTpUMaHi pe3y/IbTaTH JOCIiPKeHHS MiATBeP/KYIOTh BUCOKY e(DeKTHUBHICTD i IPaKTUYHY JIOLiIbHICTD
3aCTOCYBaHHS 3aIIPOIIOHOBAHOTrO MiAXOAY y cdepi TeXHIYHOro KOHTPOJIIO, 00CIyroBYBaHHSI M MoJepHi3alii cucTeM eleKTPOIIPUBOAY.
MeToz Moxxe 6yTH a/JallTOBAaHUIN /IS IMUPOKOT0 CIIEKTPa MOZiesiell aCHHXPOHHUX MAIIMH, a TAKOXX iHTErPOBAHUI y CCTEMHU aBTOMATH-
30BaHOTI'0 MOHITOPUHTY CTaHy 00JIa/{HAHHS.

KJiro4uoBi ciioBa: MOMEHT iHepIiil poTopa, BUMipIOBaHHs, aCHHXPOHHA MaIllHA, MaTeMaTUYHa MOJieJIb, IIepexiHu mpoIlec.
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PO3POBKA IIIAXOAY 40 MPOBEAEHHA HATYPHUX EKCIIEPUMEHTIB 3 ®I13MKH, IIIO 3ABE3ITEYYE
HIABUIEHHS EPEKTHBHOCTI BUMIPIOBAHHS ®I3MTYHHUX BEJITNYHUH (c. 59-69)

Bekbolat Medetov, Ainur Zhetpisbayeva, Tansaule Serikov, Botagoz Khamzina, Ainur Akhmediyarova, Asset Yskak, Dauren Zhexebay,
Nurtay Albanbay

OG6’€KTOM /IAHOT'O IOCTiZPKEHHS € ITPOIieZlypa BUMIipIOBaHHS (Pi3sMYHUX BEJIMYUH Y JJA00PaTOPHUX YMOBaX HaBUAIbHUX 3aKIaziB. [Ipobe-
Ma, 1[0 BUHUKAE IIPU LIbOMY, ITOB’sI3aHa 3 BiJICYTHICTIO 6y/b-sIKOT0 KOMILIEKCHOT'O METOZY i TeXHIYHOrO pillleHHs, TPUAATHOTO JJIsl eKCIIepH-
MEHTAJIbHOTO BUBYEHHs (Di3WKM sIK B 0dIaiiH-, Tak i B OHJIAiiH-(hopMaTax HaBYaHHS. [IJIsl BUpIIIEHHS I[UX 3a/[a4 3aIIPOITOHOBAHO MiAXIf, 3a-
CHOBAHUI Ha TEXHOJIOTI] KOMIT FOTEPHOTO 30py Ta HaBYaHHI ClleljjaIbHUX HEMPOHHUX MO/ieJiell Il po3ITi3HaBaHHs 00 €KTIB Ha BifleoKazpax,
SIKi 3A{HICHIOIOTh MEXaHIYHHH PyX.

I7es1 3aIpOIIOHOBAHOTO MiAXOAY I'PYHTYETHCS Ha TiloTe3i, 1110, BUMipIOI0YM MOJIOXKeHHS 06°€KTa Ha Bi/leOKa/ipax i3 J0CTaTHBOIO TOYHICTIO,
MOYXHAa BU3HAUUTH (DYHKIIOHAIbHUI BUIVIAJ, 3aKOHY Horo pyxy. Jlasi, 3Hatoun (yHKIIil0 3aKOHY pyXy, MOXKHA 0OUMCINUTH Oy/b-siKi iznuni
BEJIMUMHUY, IO OIHCYIOTh BiJIIOBiHNI IIpoIiec. IZiefo peasi3oBaHO y BUMVISA/{ TEXHIYHOTO PillleHHS, IO sIBJIsiE COO00 HAbip AOCTIAHIX 3pa3KiB
aBTOMATHU30BaHUX J1A60PATOPHUX ITPUCTPOIB.

Bubip MeTomy BHU3HAUEHHS 3aKOHYy PyXy 37iHCHIOBABCS 3a JJOIIOMOTOI0 aHAJi3y MOXMOKH pO3Mi3HAaBaHHS, BUMIipIOBAJIBHOI ITOXUOKU,
LIBU/IKOAIT Ta CTIMKOCTI 0 30BHINIHIX YMOB I aropuTMivyHOro Metony Xada ta HeiipomeperkeBoi Mozesni YOLOv8n. ITokasaHo, 110 Helpo-
MepexxeBuii Metoz; YOLOV8n Mae Jiy>ke BUCOKY TOUHICTb, ajle HU3bKY HIBU/IKOZAif0. MeToz Xada /leMOHCTpye BUCOKY HIBU/IKOZIO, ajle MEHIILY
TOYHICTB i CTIHIKiCTB 10 30BHIIIHIX yMOB. BCTaHOBJIEHO, 1110 TOUHiCTh MeToLy YOLOVSn y 4 pasy BUILA, IPOTe IIBUAKICTE BUKOHAHHSA — y 10 pa-
3iB HIDKYA, HDK y MeTosy Xada. IIpoTe B yMOBax IITyYHOro OCBiT/IeHHs Ta (ikcarii BificTaHi Big kamepu /10 06’exTiB Metoy Xada 3a6e3neuye
99,9% TOYHOCTI po3Mmi3HaBaHHS 06 €KTa Ha BiJjeoKaapax.

OTrpuMaHi JOCJIiHI 3pa3Ky IPUCTPOIB MOXKYTh OYTH 3aCTOCOBAHI /ISl MOAAIBIINX JIOCI{/KEHb 1I0/[0 BU3HAYEHHS IX BIUIMBY Ha SIKIiCTh
HaBYaHHA Di3UKH.

Kurrouogi coBa: o6po6ka Bifieo, 1abopaTopHi ycraHoBKH, YOLOV8n, MeToz, Xada, KOMIT FOTepHUIA 3ip, OHIaiTH-HAaBYaHHS.



