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The object of research is the process of segmentation of optoelec-
tronic images acquired from space observation systems. The method
of segmentation of optoelectronic images acquired from space obser-
vation systems based on the firefly algorithm, unlike known ones,
involves the following:

—the pre-selection of brightness channels of the Red-Green-
Blue color space in the original image;

— calculation of the level of luminosity for each firefly;

— assigning each firefly with the neighboring firefly, within a
certain radius, whose level of luminosity is higher than the natural

level of luminosity of the firefly;

— determination of the coordinate of the updated position of the

firefly in each brightness channel.

An experimental study into the segmentation of optoelectronic
images acquired from space observation systems based on the fire-
fly algorithm was carried out. It is established that the improved
segmentation method based on the firefly algorithm allows for the
segmentation of optoelectronic images acquired from space observa-
tion systems.

The quality of segmentation of optoelectronic images by the
method based on the firefly algorithm was evaluated in comparison
with methods based on the particle swarm algorithm and the Sine-
Cosine algorithm. It was found that the improved method based on
the firefly algorithm reduces the segmentation error of the first kind by
an average of 11 % and the segmentation error of the second kind by
an average of 9 %. This becomes possible by using the firefly algorithm.

Methods of image segmentation can be implemented in software
and hardware systems for processing optoelectronic images acquired
from space surveillance systems.

Further studies may focus on comparing the quality of segmen-
tation method based on the firefly algorithm with segmentation
methods based on genetic algorithms.

Keywords: image segmentation, space observation system, fire-
fly algorithm, position, firefly luminosity.
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This work reports a study into the possibility of using the
GoogleNet neural network in the optoelectronic channel of the
Data Fusion system. The search for the most accurate algorithms for
detecting and recognizing unmanned aerial vehicles (UAVs) in Data
Fusion systems has been carried out. The data processing scheme
was selected (merging SVF state vectors and merging MF mea-
surements), as well as the sensors and recognition models on each
channel of the system. The Data Fusion model based on the Kalman

Filter was chosen, integrating radar and optoelectronic channels.
Mini-radars LPI-FMCW were used as a radar channel. Evalua-
tion of the effectiveness of the selected Data Fusion channel model
in UAV detection is based on the recognition accuracy. The main
study is aimed at determining the possibility of using the GoogleNet
neural network in the optoelectronic channel for UAV recognition
under conditions of different range classes. The neural network
for the recognition of drones was developed using transfer training
technology. For training, validation, and testing of the GoogleNet
neural network, a database has been built, and a special application
has been developed in the MATLAB environment. The capabilities
of the developed neural network were studied for 5 variants of the
distance to the object. The detection objects were the Inspire 2, DJI
Phantom 4 Pro, DJT F450, DU 1911 UAVs, not included in the train-
ing database. The UAV recognition accuracy by the neural network
was 98.13 % at a distance of up to 5 m, 94.65 % at a distance of up to
20 m, 92.47 % at a distance of up to 20 m, 90.28 % at a distance of up
to 100 m, and 88.76 % at a distance of up to 200 m. The average speed
of UAV recognition by this method was 0.81 s.

Keywords: GoogleNet, YOLO, neural network, Data Fusion,
UAV recognition, optical channel, FMCW-radar.

References

1. Shi, X, Yang, C. Xie, W, Liang, C., Shi, Z., Chen, J. (2018).
Anti-Drone System with Multiple Surveillance Technologies:
Architecture, Implementation, and Challenges. IEEE Communi-
cations Magazine, 56 (4), 68—74. doi: https://doi.org/10.1109/
mcom.2018.1700430

2. Liu, H., Wei, Z., Chen, Y., Pan, J., Lin, L., Ren, Y. (2017). Drone De-
tection Based on an Audio-Assisted Camera Array. 2017 IEEE Third
International Conference on Multimedia Big Data (BigMM). doi:
https://doi.org/10.1109/bigmm.2017.57

3. Abu-Jamous, M., Maghari, A. Y. (2019). UAV Detection Model Us-
ing Histogram of Oriented Gradients and SVM. Gaza. doi: https://
doi.org/10.13140/RG.2.2.26164.99207

4. Valappil, N. K., Memon, Q. A. (2021). Vehicle Detection in UAV Vid-
eos Using CNN-SVM. Proceedings of the 12th International Confer-
ence on Soft Computing and Pattern Recognition (SoCPaR 2020),
221-232. doi: https://doi.org/10.1007 /978-3-030-73689-7_22

5. Dumitrescu, C., Minea, M., Ciotirnae, P. (2019). UAV Detection Em-
ploying Sensor Data Fusion and Artificial Intelligence. Information
Systems Architecture and Technology: Proceedings of 40th Anni-
versary International Conference on Information Systems Architec-
ture and Technology — ISAT 2019, 129-139. doi: https://doi.org/
10.1007,/978-3-030-30440-9 13

6. Diamantidou, E., Lalas, A., Votis, K., Tzovaras, D. (2019). Multimod-
al Deep Learning Framework for Enhanced Accuracy of UAV De-
tection. Computer Vision Systems, 768—777. doi: https://doi.org/
10.1007,/978-3-030-34995-0_70

7. Seidaliyeva, U., Akhmetov, D., Ilipbayeva, L., Matson, E. T. (2020).
Real-Time and Accurate Drone Detection in a Video with a Static
Background. Sensors, 20 (14), 3856. doi: https://doi.org/10.3390/
$20143856

8. Dadboud, F, Patel, V., Mehta, V,, Bolic, M., Mantegh, 1. (2021). Sin-
gle-Stage UAV Detection and Classification with YOLOV5: Mosaic
Data Augmentation and PANet. 2021 17th IEEE International Con-
ference on Advanced Video and Signal Based Surveillance (AVSS).
doi: https://doi.org/10.1109/avss52988.2021.966384 1



20.

21.

22.

. Mahdavi, F, Rajabi, R. (2020). Drone Detection Using Convolution-

al Neural Networks. 2020 6th Iranian Conference on Signal Process-
ing and Intelligent Systems (ICSPIS). doi: https://doi.org/10.1109/
icspis51611.2020.9349620

. Singha, S., Aydin, B. (2021). Automated Drone Detection Us-

ing YOLOv4. Drones, 5 (3), 95. doi: https://doi.org/10.3390/
drones5030095

. Saqib, M., Daud Khan, S., Sharma, N., Blumenstein, M. (2017). A

study on detecting drones using deep convolutional neural networks.
2017 14th IEEE International Conference on Advanced Video and
Signal Based Surveillance (AVSS). doi: https://doi.org/10.1109/
avss.2017.8078541

. Al-Emadi, S., Al-Ali, A., Mohammad, A., Al-Ali, A. (2019). Audio

Based Drone Detection and Identification using Deep Learn-
ing. 2019 15th International Wireless Communications & Mobile
Computing Conference (IWCMC). doi: https://doi.org/10.1109/
iweme.2019.8766732

. Behera, D. K., Bazil Raj, A. (2020). Drone Detection and Classifica-

tion using Deep Learning. 2020 4th International Conference on
Intelligent Computing and Control Systems (ICICCS). doi: https://
doi.org/10.1109/iciccs48265.2020.9121150

. Lee, D, Gyu La, W,, Kim, H. (2018). Drone Detection and Iden-

tification System using Artificial Intelligence. 2018 International
Conference on Information and Communication Technology Con-
vergence (ICTC). doi: https://doi.org/10.1109/ictc.2018.8539442

. Hu, Y, Wu, X,, Zheng, G., Liu, X. (2019). Object Detection of

UAV for Anti-UAV Based on Improved YOLO v3. 2019 Chi-
nese Control Conference (CCC). doi: https://doi.org/10.23919/
chicc.2019.8865525

. Andrasi, P, Radisi¢, T., Mustra, M., Ivosevi¢, J. (2017). Night-time

Detection of UAVs using Thermal Infrared Camera. Transporta-
tion Research Procedia, 28, 183-190. doi: https://doi.org/10.1016/
j.trpro.2017.12.184

. Hammer, M., Hebel, M., Arens, M., Laurenzis, M. (2018). Li-

dar-based detection and tracking of small UAVs. Emerging Imag-
ing and Sensing Technologies for Security and Defence III; and
Unmanned Sensors, Systems, and Countermeasures. doi: https://
doi.org/10.1117,/12.2325702

. Spinello, L., Luber, M., Arras, K. O. (2011). Tracking people in 3D

using a bottom-up top-down detector. 2011 IEEE International
Conference on Robotics and Automation. doi: https://doi.org/
10.1109/icra.2011.5980085

. Li, B, Zhang, T, Xia, T. (2016). Vehicle detection from 3D LiDAR

using fully convolutional network. Robotics: Science and Systems.
doi: https://doi.org/10.48550 /arXiv.1608.07916

Armbruster, W., Hammer, M. (2012). Segmentation, classification,
and pose estimation of maritime targets in flash-ladar imagery.
Electro-Optical Remote Sensing, Photonic Technologies, and Ap-
plications V1. doi: https://doi.org/10.1117/12.974838

Teo, M. L, Seow, C. K, Wen, K. (2021). 5G Radar and Wi-
Fi Based Machine Learning on Drone Detection and Localiza-
tion. 2021 TEEE 6th International Conference on Computer and
Communication Systems (ICCCS). doi: https://doi.org/10.1109/
icces52626.2021.9449224

Yang, E, Xu, E, Fioranelli, E, Le Kernec, J., Chang, S., Long, T.
(2021). Practical Investigation of a MIMO radar system capabilities
for small drones detection. IET Radar, Sonar & Navigation, 15 (7),
760—-774. doi: https://doi.org/10.1049 /rsn2.12082

23.

24.

25.

26.

217.

28.

29.

30.

31.

32.

33.

34.

Nuss, B, Sit, L., Fennel, M., Mayer, J., Mahler, T., Zwick, T. (2017).
MIMO OFDM radar system for drone detection. 2017 18th Inter-
national Radar Symposium (IRS). doi: https://doi.org/10.23919/
irs.2017.8008141

Beasley, P, Ritchie, M., Griffiths, H., Miceli, W, Inggs, M., Lewis, S.,
Kahn, B. (2020). Multistatic Radar Measurements of UAVs at X-
band and L-band. 2020 IEEE Radar Conference (RadarConf20). doi:
https://doi.org/10.1109 /radarconf2043947.2020.9266444

Quevedo, A. D., Urzaiz, F. I, Menoyo, J. G., Lopez, A. A. (2019).
Drone detection and radar-cross-section measurements by RAD-
DAR. IET Radar, Sonar & Navigation, 13 (9), 1437-1447. doi:
https://doi.org/10.1049 /iet-rsn.2018.5646

Bernard-Cooper, J., Rahman, S., Robertson, D. A. (2022). Multiple
drone type classification using machine learning techniques based on
FMCW radar micro-Doppler data. Radar Sensor Technology XXVI.
doi: https://doi.org/10.1117/12.2618026

Dhulashia, D., Peters, N., Horne, C., Beasley, P, Ritchie, M. (2021).
Multi-Frequency Radar Micro-Doppler Based Classification of
Micro-Drone Payload Weight. Frontiers in Signal Processing, 1. doi:
https://doi.org/10.3389 /frsip.2021.781777

Jajaga, E., Rushiti, V., Ramadani, B., Pavleski, D., Cantelli-Forti, A.,
Stojkovska, B., Petrovska, O. (2022). An Image-Based Classification
Module for Data Fusion Anti-drone System. Image Analysis and
Processing. ICIAP 2022 Workshops, 422-433. doi: https://doi.org/
10.1007,/978-3-031-13324-4_36

Coluccia, A., Fascista, A., Schumann, A., Sommer, L., Dimou, A.,
Zarpalas, D. et al. (2022). Drone-vs-Bird Detection Challenge at
ICIAP 2021. Image Analysis and Processing. ICIAP 2022 Workshops,
410-421. doi: https://doi.org/10.1007 /978-3-031-13324-4_35
Lupidi, A., Cantelli-Forti, A., Jajaga, E., Matta, W. (2022). An Arti-
ficial Intelligence Application for a Network of LPI-FMCW Mini-
radar to Recognize Killer-drones. Proceedings of the 18th Interna-
tional Conference on Web Information Systems and Technologies.
doi: https://doi.org/10.5220,/0011590300003318

Ozcan, T, Basturk, A. (2019). Lip Reading Using Convolutional
Neural Networks with and without Pre-Trained Models. Balkan
Journal of Electrical and Computer Engineering, 7 (2), 195-201. doi:
https://doi.org/10.17694 /bajece.479891

Urbann, O., Stenzel, J. (2019). A Convolutional Neural Network
that Self-Contained Counts. Journal of Image and Graphics, 7 (4),
112-116. doi: https://doi.org/10.18178 /joig.7.4.112-116
Aubakirova, G., Ivel, V., Gerassimova, Y., Moldakhmetov, S., Petrov, P.
(2022). Applicationofartificial neural network forwheatyield forecasting.
Eastern-European Journal of Enterprise Technologies, 3 (4 (117)),31-39.
doi: https://doi.org/10.15587/1729-4061.2022.259653

Kaliaskarov, N, Ivel, V., Gerasimova, Y., Yugay, V., Moldakhmetov, S.
(2020). Development of a distributed wireless Wi-Fi system for mon-
itoring the technical condition of remote objects. Eastern-European
Journal of Enterprise Technologies, 5 (9 (107)), 36—-48. doi: https://
doi.org/10.15587/1729-4061.2020.212301

DOI: 10.15587/1729-4061.2023.275155

DEVELOPMENT OF OBJECT DETECTION FROM POINT
CLOUDS OF A 3D DATASET BY POINT-PILLARS
NEURAL NETWORK (p. 26-33)

Omar I. Dallal Bashi
Northern Technical University, Mosul, Iraq
ORCID: https://orcid.org/0000-0002-3550-7229



Husamuldeen K. Hameed
Higher Institute of Telecommunications and Postal, Baghdad, Iraq
ORCID: https://orcid.org/0000-0001-5112-1986

Yasir Mahmood Al Kubaiaisi
Dubai Academic Health Corporation, Dubai, United Arab Emirates
ORCID: https://orcid.org/0000-0003-2198-1373

Ahmad H. Sabry
Al-Nahrain University, Baghdad, Iraq
ORCID: https://orcid.org/0000-0002-2736-5582

Deep learning algorithms are able to automatically handle point
clouds over a broad range of 3D imaging implementations. They
have applications in advanced driver assistance systems, percep-
tion and robot navigation, scene classification, surveillance, stereo
vision, and depth estimation. According to prior studies, the detec-
tion of objects from point clouds of a 3D dataset with acceptable
accuracy is still a challenging task. The Point-Pillars technique is
used in this work to detect a 3D object employing 2D convolutional
neural network (CNN) layers. Point-Pillars architecture includes a
learnable encoder to use Point-Nets for learning a demonstration of
point clouds structured with vertical columns (pillars). The Point-
Pillars architecture operates a 2D CNN to decode the predictions,
create network estimations, and create 3D envelop boxes for various
object labels like pedestrians, trucks, and cars. This study aims to
detect objects from point clouds of a 3D dataset by Point-Pillars
neural network architecture that makes it possible to detect a 3D
object by means of 2D convolutional neural network (CNN) layers.
The method includes producing a sparse pseudo-image from a point
cloud using a feature encoder, using a 2D convolution backbone to
process the pseudo-image into high-level, and using detection heads
to regress and detect 3D bounding boxes. This work utilizes an aug-
mentation for ground truth data as well as additional augmentations
of global data methods to include further diversity in the data train-
ing and associating packs. The obtained results demonstrated that
the average orientation similarity (AOS) and average precision (AP)
were 0.60989, 0.61157 for trucks, and 0.74377, 0.75569 for cars.

Keywords: object detection, point clouds, point-pillars, deep
learning convolutional neural network.
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The object of the study is to evaluate the quality of the fre-
quency distribution of aircraft, which characterizes the effectiveness
of radar surveillance of aircraft and determines the effectiveness
of their control using radio signals. The frequency resolution of an
aircraft is usually studied using the frequency ambiguity function
for a coherent packet of radio pulses. However, there is a problem of
estimating phase fluctuations, which is caused by the heterogeneity
of the propagation of radio pulses, which affects the functioning of
radar stations under different atmospheric conditions. A feature of
the study is the development of theoretical provisions for the process
of detection and radio control of single aircraft under the organized
action of swarms. A normalized frequency ambiguity function is
obtained, which takes into account the transformations caused by
the radial motion of the aircraft. The calculations made it possible
to estimate the range of changes in the frequency distribution under
the condition of the additive effect of the internal noise of the radar
receiver and the multiplicative effect of the cartelized phase fluc-
tuations of the control radio signal. The statistical characteristics of
phase fluctuations of radio pulses were obtained, under which their
influence on the operation of radio technical control and radar sys-
tems is the most significant. Such statistical characteristics are im-
portant for the theory of radar location and of practical importance
for the improvement of radio control of objects. Method is proposed
for numerical evaluation of the influence of atmospheric distur-
bances on the frequency distribution function of aircraft during
flight. This method is a convenient tool for analyzing the quality of
the frequency distribution of a radar station in various conditions of
radar surveillance of single aircraft in their organized swarm action.

Keywords: detection and radio control of individual aircraft,
frequency uncertainty function, resolution.
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Maintaining a specific geometric formation during the movement
is crucial for multiagent systems of mobile robots in various applica-
tions. Proper coordination can lead to reduced system costs, increased
reliability and efficiency, and system adaptability and flexibility.

This research proposes a novel movement coordination method
for self-governing multiagent systems of intelligent mobile robots.
The proposed method uses a leader-follower technique with a virtual
leader to maintain a specific geometric structure. Additionally, the
epsilon greedy algorithm is utilized to avoid loops. To reduce power
consumption, it is proposed to turn on only a few robots’ lidars at a
time. They could drive all the robots in the group, allowing them to
reach the goal without colliding with obstacles.

Experiments on a complex map with nine robots were conducted
to test the method’s effectiveness. The success rate of the swarm
reaching the target position and the number of steps needed were
evaluated. Testing varied angular velocities of 1 to 20 degrees and
linear velocities of 0.1 to 5.5 m/s. Results show the method effec-
tively guides the robots without collisions.

This method enables a group of self-governing multiagent sys-
tems of intelligent mobile robots to maintain a desired formation
while avoiding obstacles and reducing power consumption. The
results of the experimental study demonstrate the method’s potential
to be implemented in real-world missions and traffic management
systems to increase efficiency and reduce costs.

The proposed method can be utilized in military missions and
traffic management systems, where maintaining a specific geometric
formation is crucial. The method’s ability to avoid obstacles and
reduce power consumption can also lead to reduced costs and in-
creased efficiency.

Keywords: multiagent system, mobile robots, formation control,
pattern formation.

References

1. Kereyey, A. K., Atanov, S. K., Aman, K. P, Kulmagambetova, Z. K.,
Kulzhagarova, B. T. (2020). Navigation system based on bluetooth

10.

11.

12.

13.

beacons: Implementation and experimental estimation. Journal of Theo-
retical and Applied Information Technology, 98 (8), 1187—1200. Avail-
able at: http://wwwjatit.org/volumes/Vol98No8,/6Vol98No8.pdf

. Toannidi, K., Christakis, Ch., Sautbekov, S., Frangos, P,, Atanov, S. K.

(2014). The Radiation Problem from a Vertical Hertzian Dipole
Antenna above Flat and Lossy Ground: Novel Formulation in the
Spectral Domain with Closed-Form Analytical Solution in the High
Frequency Regime. International Journal of Antennas and Propaga-
tion, 2014, 1-9. doi: https://doi.org/10.1155/2014,/989348

. Ouiazzane, S., Barramou, F, Addou, M. (2020). Towards a Multi-

Agent based Network Intrusion Detection System for a Fleet
of Drones. International Journal of Advanced Computer Sci-
ence and Applications, 11 (10). doi: https://doi.org/10.14569/
ijacsa.2020.0111044

. Sakurama, K., Azuma, S.-I, Sugie, T. (2019). Multiagent Coordina-

tion Via Distributed Pattern Matching. IEEE Transactions on Au-
tomatic Control, 64 (8), 3210-3225. doi: https://doi.org/10.1109/
tac.2018.2885491

. Babazadeh, R., Selmic, R. (2020). Distance-Based Multiagent For-

mation Control With Energy Constraints Using SDRE. IEEE
Transactions on Aerospace and Electronic Systems, 56 (1), 41-56.
doi: https://doi.org/10.1109/taes.2019.2910361

. Ermekbayuly Kyzyrkanov, A., Kubeisinovich Atanov, S., Abdel Rah-

man Aljawarneh, S. (2021). Formation control and coordination of
swarm robotic systems. The 7th International Conference on Engi-
neering & MIS 2021. doi: https://doi.org/10.1145/3492547.3492704

. Li, Y, Zhang, J., Tong, S. (2022). Fuzzy Adaptive Optimized Leader-

Following Formation Control for Second-Order Stochastic Multia-
gent Systems. IEEE Transactions on Industrial Informatics, 18 (9),
6026—6037. doi: https://doi.org/10.1109/tii.2021.3133927

. He, S., Wang, M., Dai, S.-L., Luo, F. (2019). Leader—Follower Forma-

tion Control of USVs With Prescribed Performance and Collision
Avoidance. IEEE Transactions on Industrial Informatics, 15 (1),
572-581. doi: https://doi.org/10.1109/tii.2018.2839739

. Yan, J., Guan, X, Luo, X., Chen, C. (2017). Formation Control

and Obstacle Avoidance for Multi-Agent Systems Based on Vir-
tual Leader-Follower Strategy. International Journal of Information
Technology & Decision Making, 16 (03), 865-880. doi: https://
doi.org/10.1142/50219622014500151

Darintsev, O. V., Migranov, A. B. (2019). The Use of Genetic Algo-
rithms for Distribution of Tasks in Groups of Mobile Robots with
Minimization of Energy Consumption. 2019 International Multi-
Conference on Industrial Engineering and Modern Technologies
(FarEastCon). doi: https://doi.org/10.1109 /fareastcon.2019.8934927
Simon, D., Kapellos, K., Espiau, B. (1998). Control laws, tasks
and procedures with ORCCAD: application to the control of an
underwater arm. International Journal of Systems Science, 29 (10),
1081-1098. doi: https://doi.org/10.1080,/00207729808929599
Nagy, I, Bencsik, A. L. (2007). A Simulation System for Behaviour
based Potential Field Building in Multi-Agent Mobile Robot Sys-
tem. CI ‘07: Proceedings of the Third IASTED International Con-
ference on Computational Intelligence, 7-12. Available at: https://
dl.acm.org/doi/abs/10.5555/1672041.1672044

Chang, Y., Yamamoto, Y. (2008). On-line path planning strat-
egy integrated with collision and dead-lock avoidance schemes for
wheeled mobile robot in indoor environments. Industrial Robot:
An International Journal, 35 (5), 421-434. doi: https://doi.org/
10.1108,/01439910810893590



14. Bulut, V. (2022). Optimal path planning method based on epsi-

lon-greedy Q-learning algorithm. Journal of the Brazilian Society
of Mechanical Sciences and Engineering, 44 (3). doi: https://
doi.org/10.1007 /s40430-022-03399-w

15. Liu, X., Zhang, P, Fang, H., Zhou, Y. (2021). Multi-Objective
Reactive Power Optimization Based on Improved Particle Swarm
Optimization With e-Greedy Strategy and Pareto Archive Algo-
rithm. IEEE Access, 9, 65650—65659. doi: https://doi.org/10.1109/
access.2021.3075777

DOI: 10.15587/1729-4061.2023.277835

DESIGN OF AN INTELLIGENT SYSTEM TO CONTROL
EDUCATIONAL LABORATORY EQUIPMENT BASED
ON A HYBRID MINI-POWER PLANT (p. 59-71)

Bogdan Orobchuk

Ternopil Ivan Puluj National Technical University,
Ternopil, Ukraine

ORCID: https://orcid.org/0000-0002-6375-2440

Oleh Buniak

Ternopil Ivan Puluj National Technical University,
Ternopil, Ukraine

ORCID: https://orcid.org/0000-0001-9304-8254

Ivan Sysak

Ternopil Ivan Puluj National Technical University,
Ternopil, Ukraine

ORCID: https://orcid.org/0000-0002-2315-7911

Serhii Babiuk

Ternopil Ivan Puluj National Technical University,
Ternopil, Ukraine

ORCID: https://orcid.org/0000-0001-5318-8586

The object of research is the processes of energy conversion
based on the use of alternative energy sources with an intelligent
control system of actuators. This technological advancement is part
of the equipment at the laboratory of dispatch control over power
supply of Ternopil Ivan Puluj National Technical University. The
research and the designed system could increase the level of training
of future specialists for production activities during the educational
process. Another task addressed was to provide technological pro-
duction with practically trained specialists who could successfully
work under conditions of its high automation and informatization.
As aresult of the research, an operating model of a hybrid solar mini-
power plant and a controller with a Wi-Fi module were constructed.
On the basis of the designed controller, an intelligent control system
of actuators was built, which is powered by this power plant. Owing
to the flexible configuration system, the controller is easily adjusted
for various production tasks while the controller software provides
the possibility of updating and expanding its functionality in the
future. The controller has a web interface that allows monitoring and
debugging from browsers without using specialized applications. A
feature of the designed intelligent control system is that it can oper-
ate continuously owing to power from a hybrid solar power plant.
The power plant built operates both from solar energy and from a
centralized network and rechargeable batteries under an automatic
mode. The results of research and technological advancements could
be useful in forming practical skills of would-be specialists in the
design and implementation of energy-efficient technologies, as well
as intelligent control systems in the electric power industry.

Keywords: hybrid power plant, intelligent system, solar panel,
controller, educational process.
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YIAOCKOHAJIEHHA METOJY CETMEHTYBAHHSA OIITUKO-EJIEKTPOHHIX 3OBPAYKEHD 3 KOCMIYHUX
CHCTEM CIIOCTEPE;KEHHSI HA OCHOBI AJITOPUTMY CBITJISTUYKIB (c. 6-15)

I. B. Xynos, O. M. Makogeiiuyk, B. I'. Xyznos, I. A. Xuxusk, F0. M. [lo6pumkin, O. M. Kouzaparos, B. B. Auapouos, 1. B. Bamuk,
T. B. ¥YBaposa, M. M. Kanenux

OG6’€KTOM JIOCIIIIZKEHHS € TPOIEC CETrMEHTYBAHHS ONTHKO-EJIEKTPOHHUX 300paskeHb 3 KOCMIYHUX CUCTEM CHOCTepeskeHHs. MeTon
CErMEHTYBAHHSI ONTUKO-€JEKTPOHHUX 300pakeHb 3 KOCMIYHUX CHCTEM CIIOCTEPEKEHHS HA OCHOBI AlTOPUTMY CBITJISTYKIB, Ha BIAMIHY
Bi/l BiTOMUX, lepeabavac:

— THonepeaHe BUMLIECHHS KaHaJIiB ACKpaBoCcTi KoubopoBoro 1poctopy Red-Green-Blue na suxiznomy so6paskeni;

— obunceH st PiBHS CBITIOCTI KOKHOMY CBITJISIYKY;

— BU3HAUYEHHS KOKHOMY CBITJISIUKY TOTO CBITJISIUKY-CYCi/la BCepeJUHI BU3HAUEHOIO pajiycy, y sIKOro piBeHb CBITIOCTI BUIIUH, Hix
BJIACHWI PiBEHDb CBITIOCTI CBITIAUKY;

— BU3HAUYCHHS KOOPANHATH OHOBJICHOI IMO3UILI CBITJISYKY B KOSKHOMY KaHaJIl SICKPABOCTI.

[IpoBeneHo eKcriepuMeHTaIbHE TOCTIIPKEHHSI CETMEHTYBAHHSI ONMTUKO-EJIEKTPOHHOTO 300PaKEHHsT 3 KOCMIYHIX CHCTEM CIIOCTEpe-
JKeHHSI Ha OCHOBI aJITOPUTMY CBIT/IAYKIB. BeTamoBiieHo, 1O yOCKOHATEHNH METO/ CeTMEHTYBAaHHS Ha OCHOBI aJTOPUTMY CBITJISUKIB
JI03BOJISIE TPOBOJITU CETMEHTYBAHHSI ONTHKO-EJIEKTPOHHUX 300PakeHb 3 KOCMIYHUX CHCTEM CIIOCTEPEKEHHS.

[IpoBeneno OIiHIOBAHHS SKOCTI CETMEHTYBAHHSI ONTHKO-eJeKTPOHHIX 306pakeHb METOZOM Ha OCHOBI aITOPUTMY CBITJISIUKIB 3 Me-
TOJIAMU Ha OCHOBI aJropuTMy poio yactnHok ta Sine-Cosine anropurmy. BeTanoBieHo, 10 y10CKOHAIEHIH METO/L HA OCHOBI aJITOPUTMY
CBITJISIYKIB 3HIKY€E ITOMUJIKY CErMEHTYBAHHS IIEPIIOro pojy B cepenbomy Ha 11 % Ta MOMMJIKY cerMeHTyBaHHs IPYTOro pojy B cepe-
npomy Ha 9 %. Ile crac MOKIMBUM 32 PaXyHOK BUKOPHCTAHHS QJTOPUTMY CBIiTJISUKIB.

MeToau cerMeHTyBaHHs 300paskeHb MOKYTh Oy TH Peasi30BaHi y MPOrPaAMHO-TEXHIYHUX KOMILIEKCAaX 00POOKH ONTHKO-EJIEKTPOHHUX
300pakeHb 3 KOCMIYHUX CHCTEM CITOCTEPEKEHHS.

ITogasbir 1ocTiKeHHS MOKYTh Oy TH Ha IOPIBHIHHS KOCTI CETMEHTYBAHHS METO/[OM Ha OCHOBI QJITOPUTMY CBITJISIYKIB 3 METOAMU
CEerMeHTYBAaHHS HAa OCHOBI T€HETHYHUX aJTOPUTMIB.

Kio4oBi cioBa: cerMeHTyBaHHsT 300pakeHHsI, KOCMIYHA CUCTEMa CIIOCTEPEKEHH, aJITOPUTM CBITJISIYKIB, TO3UIis, CBITJIICTh CBIiT-
JISTUKY.
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PO3POBKA HEIIPOMEPEKI GOOGLENET JIJIsI BUSABJIEHHS TA PO3II3HABAHHS BE3IIIJIOTHUX
AITAPATIB B CUICTEMI DATA FUSION (c. 16-25)

Vladislav Semenyuk, Ildar Kurmashev, Alberto Lupidi, Alessandro Cantelli-Forti

VY wiit po6oTi MOBIAOMISIETHCS PO AOCIIKEHHA MOKIMBOCTI BUKOPUCTaHHA HelporHoi Mepexi GoogleNet B ONITHKO-€JIEKTPOHHO-
My Kanasi cucremu Data Fusion. IIpoBesieHo monryk HaiiGibir TOYHUX aJITOPUTMIB BUSBJICHHS Ta PO3Ii3HABAHHS OE3MITOTHUX JITalb-
nux anapatis (BIIJIA) B cucremax Data Fusion. Bysio o6pano cxemy 06pobku nanux (o6’ennants sektopis ctany SVF ta 06’eqHanus
BuMipoBanb MF), a Takox HaTyvKy Ta MOAENI po3MizHaBaHHsA Ha KOXKHOMY KaHaui cuctemu. Byma o6pana mozenn Data Fusion na
ocHoBi ¢insrpa Kammana, sika 00’ eiHy€e pagiookaiiiiii Ta ONMTHKO-eJIeKTPOHHI KaHaau. B sKocTi pagiosokaniiHoro KaHairy BUKOPUCTO-
ByBasucst Minipagapu LPI-FMCW. Ouinka ebexkrusrocti o6panoi mozeni kanany Data Fusion y Busisienni BIIJIA 6asyeTbes Ha TOU-
HocTi posnizHaBanist. OCHOBHE JOCII/DKEHHS CIIPSIMOBaHe Ha BUBHAYCHHS MOKJIMBOCTI BUKOPUCTaHHs HellporHol Mepexki GoogleNet B
ONTHKO-€JeKTPOHHOMY KaHasi posnizHaBanHst BITJIA B ymoBax pisuux kiacis sanpHocTi. HelipoHHa Mepeska /iuist po3iisHaBaHHs IPOHIB
OyJsia po3pobJieHa 3 BUKOPUCTAHHAM TeXHOJIOTT TpaHcdepHoro Hapyanus. /[t HaBYaHHs, MEePeBipKU Ta TeCTyBaHHs HEHPOHHOT MepesKi
GoogleNet cTBopeno 6a3y aanux i pozpobseno cneniaabanii 1ogatok y cepeposunti MATLAB. MoxauBocTi po3po6ieHol HeHpOHHOT
Mepeski JoCaiKyBaIu s 5 BapianTis Bizcrani 10 06’ekra. O6’exramu Busisienns Oy BILJIA Inspire 2, DJT Phantom 4 Pro, DJI
F450, DU 1911, ne Brioueni 1o HaByaabhoi 6a3u. Tounicts posmisnaBanus BIIJIA wmeiipontoio mepexeio ckrara 98,13 % ma Bincrami
10 5 M, 94,65 % na Bigcrani 10 20 M, 92,47 % na sigcrani 70 20 m, 90,28 % na sigcrani go 100 M, a Ha gucrannii 1o 200 m — 88,76 %.
Cepemnst mBukicTs posnizuaBanusg BIIJIA num metonom ckiana 0,81 c.

Kimouosi ciosa: GoogleNet, YOLO, neiiponna mepeska, Data Fusion, posnisnasannst BILJTA, ontuannii karnan, FMCW-pazap.
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PO3POBKA BUSIBJIEHHSI OB’€KTIB 3 XMAP TOYOK TPUBUMIPHOI'O HABOPY JJAHHX 3A JIOIIOMOIOIO
HEITPOHHOI MEPESKI POINT-PILLARS (c. 26-33)

Omar I. DallalBashi, Husamuldeen K. Hameed, YasirMahmood Abdullah Al Kubaiaisi, Ahmad H. Sabry

Asroputmul rIGOKOr0 HABYAHHSI O3BOJISIIOTH aBTOMATHYHO 0GPOGJIATI XMapu TOYOK y MIMPOKOMY Jiana3oHi peasisaiiiii TpHBUMIPHO]
Bigyaurizailii. BoHM 3aCTOCOBYIOTBCS B Cy4aCHHUX CHCTEMaX JOTIOMOTH BOAIEBI, B 06J1aCTi CIIPUHHATTS Ta Hagirailii po6oTiB, kaacudikaiii ciien,
CIIOCTEPEKEHHS, CTePe0baYeHHS Ta OIIHKY IIMOUHI, 3TITHO 3 MOTIEPEAHIMU JAOC/IIKEHHAMU, BUSIBJECHHS 00 €KTIB 3 XMap TOYOK TPUBUMIPHO-
ro Habopy MaHKX 3 MPUIHHATHOIO TOYHICTIO BCE e € CKIaHUM 3aBAaHHAM. Y poOoTi BUKOpHCTOBY€EThest MeTozt Point-Pillars ais Busiienms
TPUBUMIPHOTO 00’€KTa 3 BUKOPUCTAHHSM MIapiB ABOBUMIPHOI 3ropTkoBOi Heltponuoi Mepeski (CNN). Apxitexkrypa Point-Pillars srimouae
HaBYAJIbHUI KOJIyBaJIbHUK JUIst BUKOpUCTaHH: Point-Nets /1711 HaBuaHHS IeMOHCTpallii XMap TOYOK, CTPYKTYPOBAaHMX BEPTUKAIbHUMU CTOBII-
wamu (pillars). Apxitekrypa Point-Pillars Bukopucrosye asosumipiy CNN uist 1eKotyBaHHsI IIPOTHO31B, CTBOPEHHSI OI[IHOK MepesKi Ta Tpu-
BUMIPHUX 0GOJIOHOK JIJIs TO3HAUEHHST PI3HUX 00’ €KTIiB, TAKUX K MIIIOXO/H, BAHTAKIBKU Ta JIETKOBI aBTOMOG1. METOI0 JaHOTO I0CITIIKEHHS
€ BUSBJIEHHsT 00'€KTIB i3 XMap TOUOK TPUBUMIPHOTO HaOOPY JAHNX 3a I0MOMOTOI0 apXiTeKTypu HeiiporHoi Mepexi Point-Pillars, o nossossie
BUSBJISITA TPUBMMIPHUN 00’€KT 3a IOMOMOTOIO TIapiB ABOBMMIPHOI 3rOpTKOBOI Hetiponnoi mMepesxi (CNN). lanuii MeTos BKIOYAE B cebe
OTPUMAaHHSI PO3PIKEHOTO TICEBA0300PasKEHHS 3 XMapH TOYOK 32 J0IIOMOTOI0 KOIyBaJIbHIUKA O3HAK, BUKOPUCTAHHS MaricTpasi ABOBUMIPHOI
3TOPTKH /ISt 0OPOOKI TICEBI0300PaKEHHST Y BUCOKOPIBHEBE Ta BUKOPUCTAHHST IETEKTOPHIX TOJOBOK /TSI perpecii i BUSIBIEHHS TPHBUMIPHIX
00OMEIKYIOUNX PaMOK. Y poOOTI BUKOPUCTOBYETLCSI IOMOBHEHHST JI0 JIAHUX THACYITY THUKOBUX CIIOCTEPEKEHb, & TAKOK JIOATKOBI OTIOBHEHHST
10 TI06ATbHIX METOAIB 300pY JaHUX IS BKJIIOUEHHSI TTOAAJIbIIOI PIBHOMAHITHOCT] B IAKETH JaHUX HaBYaHHA Ta ixeHtudikaiii. Orpumani
Pe3yJIBTaTH MOKA3aJIH, Mo cepears mopibHicTs opienrarii (AOS) Ta cepennst Tounicts (AP) cximamm 0,60989, 0,61157 it BaHTaKHUX aBTO-
Mo6inis ta 0,74377, 0,75569 114 J1erkoBUX aBTOMOOLIIB.

Kirouosi ciioBa: BusiBiens 06’€KTiB, XMapu TOYOK, point-pillars, sroprkosa Hefipornta Mepeska 3 TTHOOKIM HABYAHHSIM.
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METO/I OIITHIOBAHHS PO3/IIJIbHOI YACTOTH JIJISI JIITAKIB (c. 34-45)

C. II. €Bcees, C. B. I'epacumos O. JI. Kysuenos, 1. P. Onipcekuii, A. @. Boakos, €. B. llexemok, 1. I1. Cininun, C. B. MineBcokwuii,
T. B. MarbsoBka, B. M. Pizak

OG’€eKT MOCTIKEHHST — OIIHIOBAHHS SIKOCTI YaCTOTHOTO PO3TIOIIJIEHHSI JITAKIB, sIKa XapaKTepu3ye eeKTHBHICTD PALioIOKaIiiiHOTO CIIO-
CTEePEKEHHS 3a JITAJTbHUMM allapaTaMu Ta BU3HAYa€ e(heKTUBHICTD YIPABIIHHSA HUMHU 3a JIOIIOMOTOI0 PajliocurHaiiB. YacToTHY pO3/ijibHY
3/IATHICTD JiTAaKa 3a3BUYAll BUBYAIOTH 32 JOMTOMOTOIO (DYHKITIT YaCTOTHOI HEOAHO3HAYHOCTI /IJIsT KOTEPEHTHOTO TTaKeTa PaaioiMIryabeiB. Omnak
BUHMKAE 1pobieMa oliHoBaHHs (hazoBux (IyKTyalliii, 1o 06yMOBICHO HEOIHOPIAHICTIO PO3IOBCIOKEHHST PA/IIOIMITYJIbCIB, SIKa BIUIMBAE HA
(yHKIIOHYBaHHA pagioJoKaIiiiHUX cTaHiil npu pisHux arMocdepHux ymosax. OcobIMBICTIO JOCHIKEHHSA € PO3POOKa TEOPETUYHUX O~
JIOKEHb JIJTsT TIPOTIECY BUSIBIEHHS Ta PaioyNpaBJIiHHs OJUHOYHUMH JITATbHIMA allapaTaMy 3a iX opranidoBaHoi fii pois. OTpnmana nopma-
JlizoBaHa (PYHKI[iS HEOJHO3HAYHOCTI YaCTOTH, sIKa BPAXOBYE 11€PETBOPEHHS, CIIPUYMHEH] pajiialbHuM pyxoM Jitaka. [IpoBeseHi pospaxyHkn
JIO3BOJIJTH OIIHUTH [[ialla30H 3MiHM YaCTOTHOTO PO3TOJIJIEHHS 32 YMOBU QIMTUBHOTO BILIMBY BHYTPINTHIX ITYMIiB PajlioJOKAI[iITHOTO MPH-
iIMava Ta MyJIBTUIUIIKATUBHOTO BIIMBY KapTeJboBaHUX (a3oBuX (IryKTyalliii KOHTpoabHOTO pajgiocurHaxy. OTPUMaHO CTATUCTHYHI Xapak-
TepucTUKU (hazoBUX (JIyKTYyalliil paaioiMITyIbCiB, 3a AKX iX BIUIUB Ha pOOOTY CHCTEM PafioTEXHIYHOrO KOHTPOJIIO Ta paioNoKallii HalGib
cyTTeBuil. Taki cTaTHCTHYHI XapaKTePUCTUKHI MAIOTDh BasKJIMBE 3HAUCHHS /1711 TeOPii paiosioKaitii Ta MpakTHYHe 3HAYeHHS /TS BAOCKOHATCHHS
pazioynpaBiHHs 06’ eKTaMi. 3apPOIIOHOBAHUIT METO/ JIJIsT YUCEBHOT OIIHKY BILIMBY aTMOC(hEPHUX 30ypeHb Ha (GYHKITII0 4aCTOTHOTO PO3ITO-
JUJTEHHS JTITaKiB i/ 9ac moyboty. Jlanuii MeToJ1 € 3pyYHIM iHCTPYMEHTOM JIJIsI aHAJTI3Y STKOCTI YaCTOTHOTO PO3IIO/IIJIEH ST CTAHIi1 Pa/IioIoKaIlii
B PI3HUX yMOBaX Pa/lioOKAIifHOTO CTIOCTepesKeHHs 3a OJMHOYHIMH JIITATBHIMHE allapaTaMi 3a iX OpraHi3oBaHoi il posMHu.

Komo4oBi ciioBa: BUABIIEHHS Ta Pa/ioyIIPaBIiHHA OKPEMUMH JliTakaMmu, (PyHKILiS YaCTOTHOI HEBU3HAYEHOCTI, PO3/1iJIbHA 3/1aTHICTb.

DOI: 10.15587/1729-4061.2023.277840
PO3POBKA ITIPOTPAMHOTO 3ABE3NEYEHHSI KEPYBAHHS J1JISI CAMOOPTAHI3AII PO3YMHUX
MOBLIbHUX POBOTIB (c. 46-58)

Daulet Toibazarov, Gani Baiseitov, Kyzyrkanov Abzal, Shadi Aljawarneh, Sabyrzhan Atanov

36epeskeHHsI EBHOI reOMeTPUYHOI HOPMHU TTijl Yac PyXy Ma€e BUPIIIAIbHE 3HAYEHHS /s MyJIBTHATEHTHIX CUCTEM MOOLIbHUX POGOTIB ¥
pi3Hux 3acTocyBanHsAx. Hamexma KoopamHailis Moske TIPU3BECTH 10 3HIKEHHS BUTPAT HA CUCTEMY, MTiABUIIEHHS HAAIHHOCTI Ta e(heKTUBHOCTI,
a TAaKO’K JIATUBHOCTI Ta THYYKOCTI CUCTEMU.

Ile mocmiKeHHsT TIPOTIOHYE HOBUI METO KOOPAMHAILT PYXY [UIST CAMOKEPOBAHUX MYJIBTHATEHTHIX CHCTEM IHTETEKTYaTbHITX MOOITBHIX
Po0OTIB. 3AMPOTIOHOBAHUET METO/I BAKOPUCTOBYE TEXHIKY <«JIi/Iep-CJIilyBad» 3 BIPTyaJabHUM JIIEPOM JJIst THATPUMKHU MEBHOI F€OMETPHYHOT
crpykrypu. KpiM Toro, 17151 yHUKHEHHS [[UKJIB BUKOPUCTOBYEThCS KaAiOHMit anroputm epsilon. [1[o6 3MeHIIMTI €HEeProCIOKUBAHHS, TTPOIIO-




HYETbCS BMUKATH JIMIIE KiJTbKa JifapiB poOoTiB ogHOYacHO. BoHM MOTJIM KepyBaTh BCiMa poGOTaMU B TPYIIi, TO3BOJISIOUH IM JOCATTH METH,
HE CTHKAIOYNCh 3 TIePEIKO[aMU.

{06 nepeBipuTit eheKTUBHICTD METOLY, OyJIM POBEIEH] eKCIIEPUMEHTH Ha CKJIAAHIN KapTi 3 geB’siTbMa poboTamu. ByIio orineHno piBernb
YCIIXY JIOCSATHEHHS POIO IiIb0BOI MO3UIIT Ta KiJIbKiCTh He0OXiZAHNX KPOKiB. TecTyBaHHs 3MIHIOBAaHNX KYTOBUX LiBHKocTeil Bix 1 10 20 rpa-
ayciB i piniinux meuakocrei Bix 0,1 10 5,5 M/c. Pesysbratit IOKasyoTh, 110 MeTo/ eheKTUBHO Kepye poboTamu 6e3 3iTKHEHb.

Ileit MeTOM M03BOJIAE TPy CAMOKEPOBAHMX MYJIBTHATEHTHUX CUCTEM IHTENEKTYaJbHUX MOOGITBHUX POOOTIB MiATPUMYBaTH OaKaHy
GopMy, YHUKAIOUN TIEPEIIKO]] i 3MEHIITYIOYH €HeProCIIOKUBaHHs. Pe3ybrati eKCrepuMeHTaIbHOTO JIOCI/IKeHHS IeMOHCTPYIOTh MOTEeHIall
METOJTY 7T peasti3allii B peaTbHUX MICisIX i crcTeMax yIpaBIiHHas TpadikoM IS MiABUIIEHHS e(eKTUBHOCTI Ta 3HMKEHHS BUTPAT.

3anpornoHoBaHuil MeTO/L MOKe Oy TH BUKOPUCTAHMIA Y BifICbKOBUX MiCisIX i CHCTEMax yIpaBJIiHHs JOPOKHIM PYXOM, JIe MiATPUMKA eBHOT
reoMeTPUYHOiI (hOPMU € BUPIMIATBHOIO. 3AATHICTH METOLY YHUKATH MEPEIIKOJT i BMEHIITYBATU CIIOKIBAHHS €JIeKTPOEHEePrii TAKOK MOXKe MpH-
3BECTH /IO 3HIDKEHHST BUTPAT 1 MiABUIIECHHS e(eKTHBHOCTI.

Ki040Bi c10Ba: MyJibTHareHTHa cructeMa, MoOLIbHI poboTH, yIpasiHHs GopMyBaHHsM, HOPMYBaHHS a0I0HY.
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PO3POBKA IHTEJIEKTYAJIbHOI CHCTEMU KEPYBAHHS OBJIAJTHAHHSIM HABUAJIbHOI JIABOPATOPIi HA
BA3I TTBPU/IHOI MIHI-EJIEKTPOCTAHIII (c. 59-71)

B. 4. OpoGuyk, O. A. Byusik, I. M. Cucak, C. M. Ba6ok

OG6’ e€KTOM JIOCIIIKEHHS € TPOIeCH TIEPETBOPEHHST eHepTil Ha OCHOBI 3aCTOCYBAHHST a/ITEPHATUBHUX JPKEPeJI eHepril 3 IHTeIeKTyaIbHOIO
CHICTEMOTO KePYBaHHsI BUKOHABYNMHI MeXaHi3MaMi. Po3pobka € 9acTuHoio 06 afHaHHsI JabopaTopil ANCIIETIEPCHKOTO YITPABIIIHHS €JIEKTPO-
nocradyanHsiM TepHOTIILCHKOTO HAIlIOHATLHOTO TEXHIYHOTO yHiBepcutery imeHi IBana Ilysmosi. [IpoBeneHi HOCTiuKeHHsT Ta po3podiieHa
cucTeMa JI03BOJISATh MABUIMTH PIBEHb MATOTOBKK MalOyTHIX (haxiBI[iB /0 BUPOOHUYOI AISUILHOCTI IHe 1T/l Yac MpOBeAeHHs HaBYaTbHOTO
nportecy. Takox BupinryeTbest mpobiema 3abe3neveHHst TEXHOMOTIYHNX BUPOGHUIITE TPAKTUYHO MiATOTOBJIEHUMHU (HaxiBIAMHE, SIKi 3MOKYTh
YCHINIHO MpaIioBaTH B yMOBaX X BUCOKOI aBToMaTu3allii i indopmarusaiiii. B pesysabrati nposeaeHnx A0c/ipKenb 6yI0 po3pobaeHo aiioauit
MakeT ribpu/HOI COHAYHOT MiHi-eJIeKTpoCcTaHIlil Ta KonTposiep kepyBamtst 3 Wi-Fi-moaysem. Ha 6asi po3pobeHoro KoHTpoJsiepa KepyBaHHs
00Y/I0BAaHO iHTEJIEKTYalbHY CUCTEMY KepyBaHHS BUKOHABUMMI MEXaHI3MaMM, SIKa XKUBHUTHCS Bifl Liel esexrpocTaHiii. 3aBasKky rHydKii
CHCTeMI HATIATIITYBAHHST KOHTPOJIED JIETKO HAAIITOBYETHCS TTi/l Pi3Hi BUPOOHMYI 3a/1a4i, a mporpaMue 3abe3medeHHsT KOHTPoJepa mepenbadae
MOJKJIMBICTh OHOBJIEHHS Ta PO3IIMPEHHS HOro GyHKIIOHATBHOCTI B MaiibyTHhoMy. KoHTposep Bosozic BeGinTepdeiicom, mo 103B0s€ 37ili-
CHIOBATH KOHTPOJIb Ta HAJTATO/KEHHsT 3 Opay3epiB 6e3 BUKOPUCTAHHS clielianizoBanux 1oAatkiB. OcobiIuBicTIO po3pobIeHOT iIHTeIEKTYaTbHOT
CHICTEMI KEPYBAHHSI € Te, M0 BOHA MOKe Ge3MePePBHO MPAIIOBATH 3aB/ISIKI JKIBJIEHHIO Bi/l TiGPMIHOI COHSTHOI esekTpocTaniii. Po3pobiera
€JIEKTPOCTAHIIIS TIPAIIOE SIK B/l COHSAYHOT eHepril, Tak i Bi/l EHTPATI30BAHOI MEPEK] Ta aKyMYyJIATOPHUX GaTapeil B aBTOMATUYHOMY PEKUMI.
PesyubraTu I0CIIKEHb Ta po3poOOK OyAyTh KOPUCHUMHU NpU (GOPMYyBaHHI MPAKTHYHUX HABUKIB MaiilbyTHIX (haxiBIliB B NPOEKTYBaHHI Ta
BIIPOBA/KEHHI eHeproeeKTHBHUX TEXHOJIOTIH, a TAKOK IHTEJIEKTYATbHUX CUCTEM KEPYBAHHS B €JIEKTPOEHEPTETHUIIL].

Kiouogi ciosa: I‘i6pI/IZ[Ha e]IeKTpOCTaHL[iH, iHTe]IeKTya]IbHa CHCTeMa, COHAYHA [TaHeJIb, KOHTPOJIEP KEPYBaHHA, HaBYATTbHUI mnporiec.



