
Odessa Polytechnic National University, Kiev National 
University, T. Shevchenko, Kharkov National University of 

Radio Electronics, National Aviation University; Odessa 
National University, I.I. Mechnikov, Sumy State University, 
Admiral Makarov National University of Shipbuilding; Lodz 

Technical University, Azerbaijan State Oil Industry University. 
 

 
 

               
MATERIALS 

 OF THE ХI INTERNATIONAL 
SCIENTIFIC-PRACTICAL CONFERENCE 

«Information Control Systems and 
Technologies» 

(ICST- ODESSA – 2023) 
21th – 23th September,  2023 

 
 
 

Odessa 2023



 
ɍДɄ 004:37:001:62 
ББК  74.5(0)ɹ431+74.6(0)ɹ431+32.81(0)ɹ431 

    М34 
 
 

 
М34 

«ІНФОРМАɐІЙНІ УПРАВЛəɘɑІ СИСТЕМИ І  ТЕХНОЛОГІЇ»  
(ІУСТ-ОДЕСА-2023).  Ɇɚɬɟɪɿɚɥɢ  ХI  Мɿɠɧɚɪɨɞɧɨʀ  ɧɚɭɤɨɜɨ-
ɩɪɚɤɬɢɱɧɨʀ ɤɨɧɮɟɪɟɧɰɿɿɿ,  21  -  23  ɜɟɪɟɫɟɧɶ  2023  ɪ.  Оɞɟɫɚ  /  
ɜɢɩ.  ɪɟɞ.  В.В.  Вɢɱɭɠɚɧɿɧ, 2023. - 246 c.   
ISBN 978-617-785 

 
 

  
 
 
Зɛɿɪɧɢɤ  ɦɿɫɬɢɬɶ  Мɚɬɟɪɿɚɥɢ,  ɩɪɢɣɧɹɬɿ  ɨɪɝɤɨɦɿɬɟɬɨɦ  ɞɨ  ɭɱɚɫɬɿ  ɜ 

Мɿɠɧɚɪɨɞɧɿɣ  ɧɚɭɤɨɜɨ  -  ɩɪɚɤɬɢɱɧɿɣ  ɤɨɧɮɟɪɟɧɰɿʀ  «ІНФОРМАɐІЙНІ 
УПРАВЛəɘɑІ СИСТЕМИ І ТЕХНОЛОГІЇ» (ІУСТ-ОДЕСА-2023).  

Нɚɜɟɞɟɧɿ  ɦɚɬɟɪɿɚɥɢ  ɤɨɧɮɟɪɟɧɰɿʀ  ɨɯɨɩɥɸɸɬɶ  ɨɫɧɨɜɧɿ  ɧɚɩɪɹɦɤɢ 
ɪɨɡɜɢɬɤɭ  ɜ  ɨɛɥɚɫɬɿ  ɿɧɮɨɪɦɚɰɣɿɨɧɧɢɯ  ɫɢɫɬɟɦ  ɭɩɪɚɜɥɿɧɧɹ;  
ɿɧɬɟɥɟɤɬɭɚɥɶɧɢɯ ɫɢɫɬɟɦ ɿ ɚɧɚɥɿɡɭ ɞɚɧɧɹɯ; ɦɨɞɟɥɸɜɚɧɧɹ ɬɚ ɪɨɡɪɨɛɤɢ 
ɩɪɨɝɪɚɦ.  
 

ɍДɄ 004:37:001:62 
 

 
 
 
 
 
 
 

     ©  Нɚɰɿɨɧɚɥɶɧɢɣ  ɭɧɿɜɟɪɫɢɬɟɬ    
ISBN 978-617-785                                            «Оɞɟɫɶɤɚ ɩɨɥɿɬɟɯɧɿɤɚ», 2023  



 
 
 

Materials of the ɏI International Scientific Conference  
«Information-Management Systems and Technologies»   

  21th – 23th September, 2023, Odessa 
 

 
  3 

 
 

 
 

The collection contains materials accepted by the organizing committee for 
participation in the International Scientific and Practical Conference 
"INFORMATION CONTROL SYSTEMS AND TECHNOLOGIES" (IСST-
ODESSA-2023). 

 The materials of the conference cover the main directions of development in the 
field of artificial intelligence, development and analysis of big data, blockchain and 
crypto technologies, control systems in robotic systems, data security and 
cryptography, ICT in the network and administration, information systems and 
technologies in Data Mining, intelligent technologies management, mathematical 
modeling, methodology and didactics of teaching and using ICT, application 
development, project management. system analysis, software development. 

 Conference materials are presented in the following sections: 
- Information control systems 
- Intelligent systems and data analysis  
- Modeling and software engineering  
The conference materials were reproduced from the author's originals. The 

organizing committee of the conference expresses gratitude to all the participants of 
the conference and hopes for further fruitful cooperation 
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        1. Information control systems 
 

1. Blockchain and Crypto Technologies 
2. Control Systems in Robotic Systems 

3. Data Security and Cryptography 
4. ICT in Network and Administration 

5. Methodology and Didactics of Teaching and Using ICT 
 

         2. Intelligent systems and data analysis 
  

6. Data Mining Technologies and Big Data 
7. Intelligent control technologies 

8. Artificial neural networks and machine learning 
9. Applied intelligent systems 

10. Intellectual models and knowledge engineering 
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11. Multi-agent systems and distributed computing 
 

        3. Modeling and software engineering  
 

12. Mathematical and simulation modeling 
13. Project management and risk assessment 

14. Design and development of software applications 
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SECTION 1.  INFORMATION CONTROL SYSTEMS  
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Abstract. The article is devoted to the methodology of synthesizing digital 
regulators in precision electric drives for orientation and stabilization target 
tracking  system of mobile robot’s directional sensors. 
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Анотаɰɿɹ. Статтɹ присвɹɱена методологɿʀ синтезɭ ɰиɮровиɯ регɭлɹторɿв 
ɭ преɰизɿйниɯ електроприводаɯ системи орɿɽнтаɰɿʀ та стабɿлɿзаɰɿʀ ɰɿлей 
сɭпроводɭ датɱикɿв орɿɽнтаɰɿʀ мобɿлɶниɯ роботɿв. 

Клɸɱовɿ слова: ɰиɮрове автоматиɱне керɭваннɹ, мобɿлɶнɿ роботи, 
електропривод. 
 

Successfully solving the problem of localizing the robot’s mobile base 
and working body is a necessary condition for its effective use and 
determines the possibility of its application in general [1]. Prospective 
mobile robots for all environments are mostly intended for autonomous use, 
i.e. using their own resources during operation.  

Thus, the speed, accuracy and energy conservativeness, range of 
navigation system sensors and the working body allow to increase the time 
of mobile robot effective active operation for its intended purpose. Special 
requirements for mobile robot sensors arise when robots are used in groups 
to perform a common task in conditions with unpredictably moving mobile 
obstacles.  

Methods for solving such problems assume the presence of sufficiently 
accurate information about the state vector, absolute and relative speeds of 
robot and obstacle movement.  

A possible way to solve the problem of providing primary navigation 
information to mobile robot navigation systems is to use a large number of 
heterogeneous omnidirectional sensors.  

However, using an excessive number of omnidirectional sensors in 
autonomous operation worsens the robot operation technical and economic 
indicators.  

Using directional sensors allows solving the problem of obtaining high-
precision primary information quickly and efficiently only if there is a of 
orientation (reorientation) electric drives special system and target tracking 
stabilization [2].   

Currently, digital control of mechatronic devices electric drives that are 
actually used in practice is carried out, at best, by digital PID regulators. 
These DPID regulators are parametrically tuned to deterministic 
mathematical models that are only suitable for tuning in orientation 
(reorientation) mode [3,4].  

Then, at best, parametric fine-tuning is performed during field tests or 
maintenance work during normal operation. Algorithmic correction of 
electric drive dynamic characteristics is not performed. The electric drive 
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rotor speed and (or) its rotation angle are measured by special mechanical 
sensors (primary information sensors) that do not have sufficient reliability 
and, at the same time, increase the mass and electric drive energy 
consumption [5]. 

Thus, the task of developing an engineering methodology for the 
precision electric drives digital regulators synthesis for the orientation and 
stabilization of mobile robots directional sensors target tracking system is 
relevant. 

The article is devoted to the methodology of synthesizing digital 
regulators in precision electric drives for orientation and stabilization target 
tracking  system of mobile robot’s directional sensors.  

The methodology makes it possible to reduce the transition time in the 
electric drive rotor angle control channel, to synthesize a quasiinvariant 
digital automatic control system in relation to the external perturbing 
influence.  

Use of the methodology will allow: to improve electric drive dynamic 
characteristics with an insignificant increase in energy consumption; to 
increase reliability and reduce electric drive mass-size parameters. 
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Анотаɰɿɹ. В резɭлɶтатɿ дослɿдженɶ бɭло, з доситɶ високоɸ тоɱнɿстɸ, 
визнаɱено невɿдомɿ параметри теɯнɿɱного заɯистɭ ɿнɮормаɰɿʀ, такɿ ɹк: 
коеɮɿɰɿɽнт еɮективностɿ заɯистɭ 

Клɸɱовɿ слова: теɯнɿɱний заɯист ɿнɮормаɰɿʀ, реалɶний проɰес зламɭ 
 
Abstract. As a result of the research, the unknown parameters of technical 

information protection were determined with fairly high accuracy, such as: 
protection effectiveness coefficient 

Keywords: technical protection of information, real hacking process 
 

ɓɨɛ ɨɬɪɢɦɚɬɢ ɜɢɪɚɡɢ ɞɥɹ ɜɢɡɧɚɱɟɧɧɹ ɩɚɪɚɦɟɬɪɿɜ ɬɟɯɧɿɱɧɨɝɨ 
ɡɚɯɢɫɬɭ ɿɧɮɨɪɦɚɰɿʀ (ТЗІ) ɡ ɪɟɚɥɶɧɨɝɨ ɩɪɨɰɟɫɭ ɡɥɚɦɭ, ɧɟɨɛɯɿɞɧɨ ɦɚɬɢ 
ɩɨɜɟɪɯɧɿ ɞɥɹ ɪɟɚɥɶɧɨɝɨ ɧɚɩɪɹɦɭ ɡɥɚɦɭ (ɥɿɧɿɹ 1), ɹɤɿ ɩɪɟɞɫɬɚɜɥɟɧɿ ɧɚ 
ɪɢɫ.1. ɐɿ ɩɨɜɟɪɯɧɿ ɩɨɛɭɞɨɜɚɧɿ ɭ ɜɿɞɩɨɜɿɞɧɿɫɬɶ ɞɨ ɩɚɪɚɦɟɬɪɿɜ 
ɩɪɨɟɤɬɨɜɚɧɨʀ ТЗІ ɬɚ ɡɚ ɮɨɪɦɭɥɚɦɢ ɪɨɛɨɬɢ [1,2]. 
Мɚɬɟɦɚɬɢɱɧɚ ɦɨɞɟɥɶ ɣɦɨɜɿɪɧɨɫɬɿ ɮɿɡɢɱɧɨɝɨ ɩɪɨɰɟɫɭ ɡɥɚɦɭ ТЗІ ɦɚɽ 
ɜɢɝɥɹɞ 
 
                      )()(),(),,( nPtmPtmвзлРntmвзлР �� .                      (1) 

 
ɞɟ ),( tmвзлР  - ɣɦɨɜɿɪɧɿɫɬɶ ɡɥɚɦɭ ТЗІ, ɹɤɚ ɡɚɥɟɠɢɬɶ ɜɿɞ ɩɪɨɟɤɬɨɜɚɧɢɯ 

ɫɩɪɨɛ ɬɚ ʀɯ ɱɚɫɭ ɡɥɚɦɭ ɿ ɧɚɩɪɹɦɭ ɪɟɚɥɶɧɨɝɨ ɩɪɨɰɟɫɭ ɡɥɚɦɭ; ɜɤɥɚɞɟɧɨɝɨ 



 
 
 

Materials of the ɏI International Scientific Conference  
«Information-Management Systems and Technologies»   

  21th – 23th September, 2023, Odessa 
 

 
  23 

ɭ ɡɚɯɢɫɬ ɮɿɧɚɧɫɭɜɚɧɧɹ ɬɚ ɣɨɝɨ ɟɮɟɤɬɢɜɧɨɫɬɿ; )(tmP - ɣɦɨɜɿɪɧɿɫɬɶ, ɳɨ 

ɜɿɞɩɨɜɿɞɚɽ ɪɟɚɥɶɧɨɦɭ ɩɪɨɰɟɫɭ ɡɥɚɦɭ ɿ ɨɩɢɫɭɽɬɶɫɹ ɪɨɡɩɨɞɿɥɨɦ 
Пɭɚɫɫɨɧɚ; )(nP - ɣɦɨɜɿɪɧɿɫɬɶ, ɳɨ ɩɨɜ'ɹɡɚɧɚ ɡɿ ɜɝɚɞɭɜɚɧɧɹɦ, ɧɚɩɪɢɤɥɚɞ, 
ɰɢɮɪɨɜɨɝɨ ɤɨɞɭ. 
 

 
 

Рисунок 1. Поверɯнɿ розподɿлɿв: сɿра – ймовɿрнɿстɶ проɰесɭ зламɭваннɹ 
ТЗІ, ɳо вɿдбɭваɽтɶсɹ; свɿтла – ймовɿрнɿстɶ реалɶного зламɭ заɯистɭ 

 
      

Пɪɢ ɡɥɚɦɿ ТЗІ ɪɟɚɥɶɧɨ ɤɨɧɬɪɨɥɶɨɜɚɧɢɦɢ ɩɚɪɚɦɟɬɪɚɦɢ ɦɨɠɭɬɶ ɛɭɬɢ 
ɫɩɪɨɛɚ, ɩɪɢ ɹɤɿɣ ɫɬɚɜɫɹ ɡɥɚɦ, ɿ ɱɚɫ ɰɿɽʀ ɫɩɪɨɛɢ ɡɥɚɦɭ. Вɜɚɠɚɽɦɨ, ɳɨ 
ɡɥɚɦ ɩɪɨɯɨɞɢɬɶ ɩɨ ɥɿɧɿʀ ɩɟɪɟɬɢɧɭ ɫɿɪɨʀ ɬɚ ɫɜɿɬɥɨʀ ɩɨɜɟɪɯɨɧɶ (ɪɢɫ.1), ɩɪɢ 
ɪɿɜɧɨɫɬɿ ɬɟɨɪɟɬɢɱɧɨ ɦɨɠɥɢɜɨɝɨ (ɫɜɿɬɥɚ ɩɨɜɟɪɯɧɹ) ɿ ɪɟɚɥɶɧɨɝɨ (ɫɿɪɚ 
ɩɨɜɟɪɯɧɹ) ɩɪɨɰɟɫɿɜ ɡɥɚɦɭ.  

З ɚɧɚɥɿɡɚ ɜɢɪɚɡɭ (1) ɜɢɞɧɨ, ɳɨ ɞɥɹ ɜɢɡɧɚɱɟɧɧɹ ɜɫɿɯ ɩɚɪɚɦɟɬɪɿɜ ɭ 
ɜɢɪɚɡɿ (1) ɧɟɨɛɯɿɞɧɨ ɦɚɬɢ, ɹɤ ɦɿɧɿɦɭɦ ɫɢɫɬɟɦɭ ɪɿɜɧɹɧɶ ɡ 4-ɯ ɬɨɱɨɤ, ɚɥɟ 
ɱɟɪɟɡ ɩɨɜ'ɹɡɚɧɿɫɬɶ ɜɢɪɚɡɿɜ ɞɥɹ ɜɤɥɚɞɟɧɨɝɨ ɜ ТЗІ ɮɿɧɚɧɫɭɜɚɧɧɹ ɬɚ ʀʀ 
ɟɮɟɤɬɢɜɧɨɫɬɿ ɞɨɫɬɚɬɧɶɨ ɜɢɛɪɚɬɢ 3 ɬɨɱɤɢ. Вɢɛɢɪɚɽɦɨ 3 ɬɨɱɤɢ ɩɨ ɥɿɧɿʀ, 
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ɨɬɪɢɦɚɽɦɨ ɫɢɫɬɟɦɭ ɡ 3-ɯ ɪɿɜɧɹɧɶ. Вɢɡɧɚɱɚɽɦɨ ɦɨɠɥɢɜɿɫɬɶ ɪɟɚɥɶɧɨɝɨ 
ɩɪɨɰɟɫɭ ɡɥɚɦɭ ɞɥɹ ɤɨɠɧɨʀ ɬɨɱɤɢ ɡɚ ɮɨɪɦɭɥɨɸ 
 
                                            m/1),,(  ntmвзлР .                                  (2) 

 
ɞɟ m – ɫɩɪɨɛɚ, ɤɨɥɢ ɫɬɚɜɫɹ ɪɟɚɥɶɧɢɣ ɡɥɚɦ ТЗІ. 
 

Вɢɤɨɪɢɫɬɨɜɭɸɱɢ ɜɢɪɚɡɢ ɪɨɛɨɬɢ [1] ɞɥɹ ɫɢɫɬɟɦɢ ɪɿɜɧɹɧɶ, ɨɬɪɢɦɚɽɦɨ 
ɮɨɪɦɭɥɢ, ɡɚ ɞɨɩɨɦɨɝɨɸ ɹɤɢɯ ɦɨɠɧɚ ɜɢɡɧɚɱɢɬɢ ɩɚɪɚɦɟɬɪɢ 
ɜɢɤɨɪɢɫɬɨɜɭɜɚɧɨʀ ТЗІ ɞɥɹ ɩɨɪɿɜɧɹɧɧɹ ɡ ɩɪɨɟɤɬɨɜɚɧɨɸ ТЗІ. Нɚ ɩɿɞɫɬɚɜɿ 
ɩɨɪɿɜɧɹɧɧɹ ɩɚɪɚɦɟɬɪɿɜ ɦɨɠɧɚ ɡɪɨɛɢɬɢ ɜɢɫɧɨɜɨɤ ɩɪɨ ɟɮɟɤɬɢɜɧɿɫɬɶ ɬɚ 
ɧɟɨɛɯɿɞɧɿɫɬɶ ɡɚɫɬɨɫɭɜɚɧɧɹ ɬɿɽʀ ɱɢ ɿɧɲɨʀ ТЗІ. 

В ɪɟɡɭɥɶɬɚɬɿ ɞɨɫɥɿɞɠɟɧɶ ɛɭɥɨ, ɡ ɞɨɫɢɬɶ ɜɢɫɨɤɨɸ ɬɨɱɧɿɫɬɸ, 
ɜɢɡɧɚɱɟɧɨ ɧɟɜɿɞɨɦɿ ɩɚɪɚɦɟɬɪɢ ТЗІ, ɬɚɤɿ ɹɤ: ɤɨɟɮɿɰɿɽɧɬ ɟɮɟɤɬɢɜɧɨɫɬɿ 
ɡɚɯɢɫɬɭ γ – 0,054%; ɣɦɨɜɿɪɧɿɫɬɶ ɡɥɚɦɭ ɜɿɞ ɜɤɥɚɞɟɧɨɝɨ ɭ ɡɚɯɢɫɬ 
ɮɿɧɚɧɫɭɜɚɧɧɹ Р(Х) – 0,014%; ɫɩɪɨɛɚ ɦɚɤɫɢɦɚɥɶɧɨɝɨ ɡɧɚɱɟɧɧɹ 
ɣɦɨɜɿɪɧɨɫɬɿ ɡɥɚɦɭ ɭ ɧɚɩɪɹɦɤɭ ɩɪɨɰɟɫɭ ɡɥɚɦɭ, m c – 0,043%; ɱɚɫ 
ɦɚɤɫɢɦɚɥɶɧɨɝɨ ɡɧɚɱɟɧɧɹ ɣɦɨɜɿɪɧɨɫɬɿ ɡɥɚɦɭ ɭ ɧɚɩɪɹɦɤɭ ɩɪɨɰɟɫɭ ɡɥɚɦɭ, 
t c – 0,049%; ɧɚɜɟɞɟɧɟ ɜɤɥɚɞɟɧɟ ɭ ɡɚɯɢɫɬ ɮɿɧɚɧɫɭɜɚɧɧɹ Х – 0,06%.  

Нɟɹɫɧɢɦ ɡɚɥɢɲɚɽɬɶɫɹ ɩɢɬɚɧɧɹ, ɱɨɦɭ ɣɦɨɜɿɪɧɿɫɬɶ ɰɢɮɪɨɜɨɝɨ ɤɨɞɭ, 
ɹɤɚ ɞɨɪɿɜɧɸɜɚɥɚ ɨɞɢɧɢɰɿ (ɬɨɛɬɨ ɤɨɞɭ ɧɟ ɛɭɥɨ) ɞɚɥɚ ɞɨɫɢɬɶ ɜɟɥɢɤɢɣ 
ɜɿɞɫɨɬɨɤ ɩɨɦɢɥɤɢ ɣɦɨɜɿɪɧɨɫɬɿ ɡɥɚɦɭ ɩɨɪɹɞɤɭ Р(n) - 9,12%.  

З ɿɧɲɨɝɨ ɛɨɤɭ, ɰɹ ɬɨɱɧɿɫɬɶ ɛɥɢɠɱɟ ɞɨ ɨɞɢɧɢɰɿ, ɧɿɠ ɞɨ ɣɦɨɜɿɪɧɨɫɬɿ 
0,5 (44,98%), ɩɪɢ ɜɝɚɞɭɜɚɧɧɿ ɧɚɣɩɪɨɫɬɿɲɨɝɨ ɰɢɮɪɨɜɨɝɨ ɤɨɞɭ, ɳɨ 
ɫɤɥɚɞɚɽɬɶɫɹ ɡ ɞɜɨɯ ɨɞɧɨɡɧɚɱɧɢɯ ɰɢɮɪ. Мɨɠɥɢɜɨ, ɜɿɞɫɨɬɨɤ ɩɨɦɢɥɤɢ 
ɛɭɞɟ ɦɟɧɲɢɦ ɩɪɢ ɜɢɤɨɪɢɫɬɚɧɧɿ ɣɦɨɜɿɪɧɨɫɬɿ ɤɨɞɭ ɧɚɛɚɝɚɬɨ ɦɟɧɲɨʀ 
ɨɞɢɧɢɰɿ. 
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Анотаɰɿɹ. В роботɿ пропонɭɽтɶсɹ арɯɿтектɭра агентно-орɿɽнтовноʀ 

навɱалɶноʀ платɮорми, ɹка може сприɹти пɿдвиɳеннɸ ɹкостɿ освɿти завдɹки 
автоматизованɿй аналɿтиɰɿ та аналɿзɭ поведɿнки стɭдентɿв. 

Клɸɱовɿ слова: мɭлɶтиагентни системи, вɿртɭалɶни середовиɳа 
 
Abstract. The work proposes the architecture of an agent-oriented educational 

platform that can contribute to the improvement of the quality of education thanks to 
automated analytics and analysis of student behavior. 

Keywords: multi-agent systems, virtual environments 
 

Вɫɟɛɿɱɧɟ ɪɨɡɩɨɜɫɸɞɠɟɧɧɹ ɪɨɡɩɨɞɿɥɟɧɢɯ ɨɛɱɢɫɥɟɧɶ ɬɚ Іɧɬɟɪɧɟɬ 
ɪɟɱɟɣ (Iot) ɩɪɢɡɜɟɥɨ ɞɨ ɩɨɲɢɪɟɧɧɹ ɦɭɥɶɬɢɚɝɟɧɬɧɢɯ ɫɢɫɬɟɦ (МАС) ɭ 
ɪɿɡɧɢɯ ɫɮɟɪɚɯ ɞɿɹɥɶɧɨɫɬɿ, ɜɤɥɸɱɚɸɱɢ ɨɫɜɿɬɭ. Дɨ ɨɫɧɨɜɧɢɯ ɞɨɫɹɝɧɟɧɶ 
ɦɭɥɶɬɢɚɝɟɧɬɧɢɯ ɫɢɫɬɟɦ [1,2,3] ɜ ɨɫɜɿɬɿ ɦɨɠɧɚ ɜɿɞɧɟɫɬɢ ɬɚɤɟ: 

- ɚɞɚɩɬɚɰɿɹ ɞɨ ɩɨɬɪɟɛ ɤɨɠɧɨɝɨ ɭɱɧɹ, ɧɚɞɚɸɱɢ ɿɧɞɢɜɿɞɭɚɥɶɧɭ 
ɩɿɞɬɪɢɦɤɭ ɬɚ ɪɟɤɨɦɟɧɞɚɰɿʀ. МАС ɦɨɠɭɬɶ ɜɪɚɯɨɜɭɜɚɬɢ ɫɬɢɥɶ ɧɚɜɱɚɧɧɹ, 
ɪɿɜɟɧɶ ɡɧɚɧɶ, ɿɧɬɟɪɟɫɢ ɬɚ ɨɫɨɛɥɢɜɨɫɬɿ ɤɨɠɧɨɝɨ ɭɱɧɹ, ɳɨɛ ɫɬɜɨɪɢɬɢ 
ɨɩɬɢɦɚɥɶɧɿ ɭɦɨɜɢ ɞɥɹ ɧɚɜɱɚɧɧɹ; 

- ɫɬɜɨɪɟɧɧɹ ɜɿɪɬɭɚɥɶɧɢɯ ɫɟɪɟɞɨɜɢɳ, ɜ ɹɤɢɯ ɭɱɧɿ ɦɨɠɭɬɶ 
ɫɩɿɥɤɭɜɚɬɢɫɹ ɬɚ ɫɩɿɜɩɪɚɰɸɜɚɬɢ. МАС ɦɨɠɭɬɶ ɪɨɡɪɨɛɥɹɬɢ ɡɚɜɞɚɧɧɹ, ɹɤɿ 
ɫɬɢɦɭɥɸɸɬɶ ɤɨɥɟɤɬɢɜɧɭ ɪɨɛɨɬɭ, ɪɨɡɜɢɜɚɸɬɶ ɤɨɦɭɧɿɤɚɬɢɜɧɿ ɧɚɜɢɱɤɢ ɬɚ 
ɫɩɪɢɹɸɬɶ ɜɡɚɽɦɨɞɨɩɨɦɨɡɿ ɦɿɠ ɭɱɧɹɦɢ; 

- ɞɨɩɨɦɨɝɚ ɜ ɫɬɜɨɪɟɧɧɿ ɜɿɪɬɭɚɥɶɧɢɯ ɥɚɛɨɪɚɬɨɪɿɣ ɬɚ ɫɟɪɟɞɨɜɢɳ ɞɥɹ 
ɦɨɞɟɥɸɜɚɧɧɹ ɫɤɥɚɞɧɢɯ ɩɪɨɰɟɫɿɜ. МАС ɞɨɡɜɨɥɹɸɬɶ ɭɱɧɹɦ 
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ɟɤɫɩɟɪɢɦɟɧɬɭɜɚɬɢ, ɫɩɨɫɬɟɪɿɝɚɬɢ ɬɚ ɚɧɚɥɿɡɭɜɚɬɢ ɪɿɡɧɿ ɫɰɟɧɚɪɿʀ, ɳɨ 
ɫɩɪɢɹɽ ɤɪɚɳɨɦɭ ɪɨɡɭɦɿɧɧɸ ɦɚɬɟɪɿɚɥɭ ɬɚ ɪɨɡɜɢɬɤɭ ɩɪɚɤɬɢɱɧɢɯ 
ɧɚɜɢɱɨɤ; 

- ɚɜɬɨɦɚɬɢɡɚɰɿɹ ɩɪɨɰɟɫɭ ɨɰɿɧɸɜɚɧɧɹ ɡɧɚɧɶ ɭɱɧɿɜ, ɜɢɤɨɪɢɫɬɨɜɭɸɱɢ 
ɦɟɬɨɞɢ ɲɬɭɱɧɨɝɨ ɿɧɬɟɥɟɤɬɭ. МАС ɦɨɠɭɬɶ ɚɧɚɥɿɡɭɜɚɬɢ ɜɿɞɩɨɜɿɞɿ ɭɱɧɿɜ, 
ɜɢɡɧɚɱɚɬɢ ʀɯ ɪɿɜɟɧɶ ɡɧɚɧɶ, ɿɞɟɧɬɢɮɿɤɭɜɚɬɢ ɩɪɨɝɚɥɢɧɢ ɬɚ ɩɪɨɩɨɧɭɜɚɬɢ 
ɿɧɞɢɜɿɞɭɚɥɶɧɿ ɪɟɤɨɦɟɧɞɚɰɿʀ ɞɥɹ ɩɨɥɿɩɲɟɧɧɹ ɪɟɡɭɥɶɬɚɬɿɜ ɧɚɜɱɚɧɧɹ; 

- ɞɨɩɨɦɨɝɚ ɜɱɢɬɟɥɹɦ ɭ ɛɚɝɚɬɶɨɯ ɚɫɩɟɤɬɚɯ ʀɯ ɪɨɛɨɬɢ. МАС ɦɨɠɭɬɶ 
ɡɚɛɟɡɩɟɱɭɜɚɬɢ ɩɟɞɚɝɨɝɿɱɧɭ ɩɿɞɬɪɢɦɤɭ, ɧɚɞɚɜɚɬɢ ɪɟɤɨɦɟɧɞɚɰɿʀ ɞɥɹ 
ɜɞɨɫɤɨɧɚɥɟɧɧɹ ɧɚɜɱɚɥɶɧɢɯ ɩɪɨɝɪɚɦ, ɫɬɟɠɢɬɢ ɡɚ ɩɪɨɝɪɟɫɨɦ ɭɱɧɿɜ ɬɚ 
ɧɚɞɚɜɚɬɢ ɚɧɚɥɿɬɢɤɭ ɳɨɞɨ ɟɮɟɤɬɢɜɧɨɫɬɿ ɧɚɜɱɚɧɧɹ. 

ɐɿ ɞɨɫɹɝɧɟɧɧɹ ɜɤɚɡɭɸɬɶ ɧɚ ɩɨɬɟɧɰɿɚɥ ɦɭɥɶɬɢɚɝɟɧɬɧɢɯ ɫɢɫɬɟɦ ɭ 
ɩɨɤɪɚɳɟɧɧɿ ɩɪɨɰɟɫɭ ɧɚɜɱɚɧɧɹ ɬɚ ɧɚɞɚɧɧɿ ɿɧɞɢɜɿɞɭɚɥɶɧɨɝɨ ɩɿɞɯɨɞɭ ɞɨ 
ɭɱɧɿɜ. Вɨɧɢ ɦɨɠɭɬɶ ɫɩɪɢɹɬɢ ɩɿɞɜɢɳɟɧɧɸ ɹɤɨɫɬɿ ɨɫɜɿɬɢ ɬɚ ɪɨɡɜɢɬɤɭ 
ɭɱɧɿɜ ɭ ɛɿɥɶɲ ɟɮɟɤɬɢɜɧɢɣ ɫɩɨɫɿɛ. Аɥɟ ɜɢɤɨɪɢɫɬɚɧɧɹ ɦɭɥɶɬɢɚɝɟɧɬɧɢɯ 
ɫɢɫɬɟɦ ɜ ɨɫɜɿɬɿ ɬɚɤɨɠ ɦɨɠɟ ɫɬɢɤɚɬɢɫɹ ɡ ɪɹɞɨɦ ɩɪɨɛɥɟɦ, ɳɨ ɩɨɜ’ɹɡɚɧɿ ɡɿ 
ɫɤɥɚɞɧɿɫɬɸ ɪɟɚɥɿɡɚɰɿʀ, ɿɧɬɟɝɪɚɰɿɽɸ ɡ ɿɫɧɭɸɱɢɦɢ ɫɢɫɬɟɦɚɦɢ, ɜɢɫɨɤɨɸ 
ɜɚɪɬɿɫɬɸ ɪɨɡɪɨɛɤɢ, ɩɪɨɛɥɟɦɚɦɢ ɛɟɡɩɟɤɢ ɬɚ ɤɨɧɮɿɞɟɧɰɿɣɧɨɫɬɿ, ɬɨɳɨ. ɐɿ 
ɩɪɨɛɥɟɦɢ ɧɟ ɽ ɧɟɩɟɪɟɛɨɪɧɢɦɢ, ɚɥɟ ʀɯ ɜɚɪɬɨ ɜɪɚɯɨɜɭɜɚɬɢ ɩɪɢ ɪɨɡɪɨɛɰɿ 
ɬɚ ɜɩɪɨɜɚɞɠɟɧɧɿ ɦɭɥɶɬɢɚɝɟɧɬɧɢɯ ɫɢɫɬɟɦ ɜ ɨɫɜɿɬɧɸ ɫɮɟɪɭ. 

В ɪɨɛɨɬɿ ɩɪɨɩɨɧɭɽɬɶɫɹ ɚɪɯɿɬɟɤɬɭɪɚ ɚɝɟɧɬɧɨ-ɨɪɿɽɧɬɨɜɧɨʀ ɧɚɜɱɚɥɶɧɨʀ 
ɩɥɚɬɮɨɪɦɢ, ɹɤɚ ɦɨɠɟ ɫɩɪɢɹɬɢ ɩɿɞɜɢɳɟɧɧɸ ɹɤɨɫɬɿ ɨɫɜɿɬɢ ɡɚɜɞɹɤɢ 
ɚɜɬɨɦɚɬɢɡɨɜɚɧɿɣ ɚɧɚɥɿɬɢɰɿ ɬɚ ɚɧɚɥɿɡɭ ɩɨɜɟɞɿɧɤɢ ɫɬɭɞɟɧɬɿɜ. 

Аɪɯɿɬɟɤɬɭɪɚ ɡɚɩɪɨɩɨɧɨɜɚɧɨʀ ɚɝɟɧɬɧɨ-ɨɪɿɽɧɬɨɜɧɨʀ ɧɚɜɱɚɥɶɧɨʀ 
ɩɥɚɬɮɨɪɦɢ, ɳɨ ɫɤɥɚɞɚɽɬɶɫɹ ɡ ɬɚɤɢɯ ɤɨɦɩɨɧɟɧɬɿɜ: ɫɢɫɬɟɦɚ ɭɩɪɚɜɥɿɧɧɹ 
ɧɚɜɱɚɧɧɹɦ Moodle, ɛɚɝɚɬɨɚɝɟɧɬɧɚ ɫɢɫɬɟɦɚ (MAС), Вɟɛ ɩɨɪɬɚɥ 
ɭɧɿɜɟɪɫɢɬɟɬɭ, ɯɦɚɪɧɟ ɫɯɨɜɢɳɟ ɞɚɧɢɯ Amazon S3 ɬɚ ɩɿɞɫɢɫɬɟɦɚ 
ɦɨɧɿɬɨɪɢɧɝɭ ɩɨɜɟɞɿɧɤɢ ɫɬɭɞɟɧɬɿɜ [4], ɧɚɜɟɞɟɧɚ ɧɚ ɪɢɫ. 1. Cɢɫɬɟɦɚ 
ɤɟɪɭɜɚɧɧɹ ɨɧɥɚɣɧ-ɧɚɜɱɚɧɧɹɦ Moodle LMS (Learning Management 
System) [5] - ɰɟ ɜɿɞɤɪɢɬɟ, ɛɟɡɤɨɲɬɨɜɧɟ, ɜɟɛ-ɨɪɿɽɧɬɨɜɚɧɟ ɩɪɨɝɪɚɦɧɟ 
ɡɚɛɟɡɩɟɱɟɧɧɹ, ɫɬɜɨɪɟɧɟ ɞɥɹ ɩɿɞɬɪɢɦɤɢ ɧɚɜɱɚɥɶɧɨɝɨ ɩɪɨɰɟɫɭ ɬɚ 
ɟɮɟɤɬɢɜɧɨɝɨ ɭɩɪɚɜɥɿɧɧɹ ɧɚɜɱɚɧɧɹɦ ɨɧɥɚɣɧ.  

ɐɟ ɩɨɬɭɠɧɚ ɿ ɝɧɭɱɤɚ ɧɚɜɱɚɥɶɧɚ ɩɥɚɬɮɨɪɦɚ, ɹɤɚ ɞɨɩɨɦɚɝɚɽ 
ɫɬɜɨɪɸɜɚɬɢ ɿɧɬɟɪɚɤɬɢɜɧɿ, ɟɮɟɤɬɢɜɧɿ ɬɚ ɞɨɫɬɭɩɧɿ ɧɚɜɱɚɥɶɧɿ ɤɭɪɫɢ ɞɥɹ 
ɪɿɡɧɢɯ ɬɢɩɿɜ ɤɨɪɢɫɬɭɜɚɱɿɜ. Moodle ɞɨɡɜɨɥɹɽ ɫɬɜɨɪɸɜɚɬɢ ɨɧɥɚɣɧ-ɤɭɪɫɢ ɡ 
ɪɿɡɧɨɦɚɧɿɬɧɢɦɢ ɦɚɬɟɪɿɚɥɚɦɢ: ɬɟɤɫɬɢ, ɜɿɞɟɨ, ɚɭɞɿɨ, ɡɨɛɪɚɠɟɧɧɹ, ɜɟɛ-
ɩɨɫɢɥɚɧɧɹ, ɿɧɬɟɪɚɤɬɢɜɧɿ ɡɚɜɞɚɧɧɹ ɬɚ ɛɚɝɚɬɨ ɿɧɲɨɝɨ. 
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Рисунок 1. Арɯɿтектɭра агентно-орɿɽнтованоʀ навɱалɶноʀ платɮорми 
 

Мɨɠɧɚ ɫɬɜɨɪɸɜɚɬɢ ɿ ɤɟɪɭɜɚɬɢ ɤɨɪɢɫɬɭɜɚɱɚɦɢ ɡ ɪɿɡɧɢɦɢ ɪɨɥɹɦɢ: 
ɚɞɦɿɧɿɫɬɪɚɬɨɪɢ, ɜɢɤɥɚɞɚɱɿ, ɫɬɭɞɟɧɬɢ ɬɚ ɿɧɲɿ. Кɨɠɟɧ ɤɨɪɢɫɬɭɜɚɱ ɦɚɽ 
ɫɜɿɣ ɨɫɨɛɢɫɬɢɣ ɨɛɥɿɤɨɜɢɣ ɡɚɩɢɫ ɡ ɦɨɠɥɢɜɿɫɬɸ ɩɟɪɫɨɧɚɥɿɡɚɰɿʀ 
ɧɚɥɚɲɬɭɜɚɧɶ. Бɚɝɚɬɨɚɝɟɧɬɧɚ ɫɢɫɬɟɦɚ  (MAС) ɫɤɥɚɞɚɽɬɶɫɹ ɡ ɚɝɟɧɬɿɜ, ɹɤɿ 
ɜɢɤɨɧɭɸɬɶ ɪɿɡɧɿ ɪɨɥɿ: ɚɝɟɧɬ “Lecturer” ɚɧɚɥɿɡɭɽ ɚɤɬɭɚɥɶɧɭ ɿɧɮɨɪɦɚɰɿɸ ɡ 
LMS Moodle, Вɟɛ ɩɨɪɬɚɥɭ ɭɧɿɜɪɫɢɬɟɬɚ, Amazon S3 ɬɚ ɞɨɩɨɦɚɝɚɽ 
ɜɢɤɥɚɞɚɱɭ ɩɪɢɣɦɚɬɢ ɪɿɲɟɧɧɹ ɜ ɨɫɜɿɬɧɶɨɦɭ ɩɪɨɰɟɫɿ; ɚɝɟɧɬ ”Student” 
ɚɧɚɥɿɡɭɽ ɚɤɬɭɚɥɶɧɭ ɿɧɮɨɪɦɚɰɿɸ ɡ Вɟɛ ɩɨɪɬɚɥɭ ɭɧɿɜɟɪɫɢɬɟɬɭ, ɜɿɞ 
ɞɟɤɚɧɚɬɭ ɬɚ ɜɢɤɥɚɞɚɱɿɜ ɬɚ ɞɨɩɨɦɚɝɚɽ ɫɬɭɞɟɧɬɭ ɫɜɨɽɱɚɫɧɨ ɜɢɤɨɧɭɜɚɬɢ 
ɿɧɞɢɜɿɞɭɚɥɶɧɢɣ ɩɥɚɧ ɧɚɜɱɚɥɶɧɨʀ ɩɿɞɝɨɬɨɜɤɢ; ɚɝɟɧɬ “Admin” ɜɢɤɨɧɭɽ 
ɧɟɨɛɯɿɞɧɿ ɞɿʀ ɞɥɹ ɟɮɟɤɬɢɜɧɨʀ ɪɨɛɨɬɢ ɩɥɚɬɮɨɪɦɢ Moodle ɬɚ Вɟɛ ɩɨɪɬɚɥɭ 
ɭɧɿɜɟɪɫɢɬɟɬɭ; ɚɝɟɧɬ “Rectorate” ɞɨɩɨɦɚɝɚɽ ɧɚɞɚɜɚɬɢ ɿɧɮɨɪɦɚɰɿɸ ɞɥɹ 
Вɟɛ ɩɨɪɬɚɥɭ ɭɧɿɜɟɪɫɢɬɟɬɭ. 

Вɟɛ ɩɨɪɬɚɥ ɭɧɿɜɟɪɫɢɬɟɬɭ ɰɟ ɨɮɿɰɿɣɧɢɣ ɫɚɣɬ ɡɚɤɥɚɞɭ ɨɫɜɿɬɢ. 
Пɿɞɫɢɫɬɟɦɚ ɦɨɧɿɬɨɪɢɧɝɭ ɩɨɜɟɞɿɧɤɢ ɤɨɪɢɫɬɭɜɚɱɚ ɡɚ ɞɨɩɨɦɨɝɨɸ ɜɟɛ 
ɤɚɦɟɪɢ ɜɿɞɫɬɟɠɭɽ ɩɪɢɫɭɬɧɿɫɬɶ ɫɬɭɞɟɧɬɿɜ ɧɚ ɡɚɧɹɬɬɹɯ (ɦɨɞɭɥɶ ɤɨɧɬɪɨɥɶ 
ɜɿɞɜɿɞɭɜɚɧɨɫɬɿ), ɚ ɬɚɤɨɠ ɜɢɹɜɥɹɽ ɮɚɥɶɫɢɮɿɤɚɰɿɸ ɩɿɞ ɱɚɫ ɩɪɨɜɟɞɟɧɧɹ 
ɞɢɫɬɚɧɰɿɣɧɨɝɨ ɬɟɫɬɭɜɚɧɧɹ ɚɛɨ ɿɫɩɢɬɭ (ɦɨɞɭɥɶ ɞɟɬɟɤɬɭɜɚɧɧɹ 
ɮɚɥɶɫɢɮɿɤɚɰɿʀ). Amazon S3 (Simple Storage Service) ɰɟ ɫɟɪɜɿɫ-ɫɯɨɜɢɳɟ 



 
 
 

Materials of the ɏI International Scientific Conference  
«Information-Management Systems and Technologies»   

  21th – 23th September, 2023, Odessa 
 

 
  28 

ɞɚɧɢɯ, ɹɤɢɣ ɩɪɢɡɧɚɱɟɧɢɣ ɞɥɹ ɡɛɟɪɿɝɚɧɧɹ, ɨɛɪɨɛɤɢ ɬɚ ɪɨɡɩɨɜɫɸɞɠɟɧɧɹ 
ɜɟɥɢɤɢɯ ɨɛɫɹɝɿɜ ɞɚɧɢɯ ɡ ɜɢɫɨɤɨɸ ɲɜɢɞɤɿɫɬɸ ɬɚ ɧɚɞɿɣɧɿɫɬɸ. 
  

Ʌɿɬɟɪɚɬɭɪɚ 
 

[1] Chen, Fei, et al. On the control of multi-agent systems: A survey. Foundations 
and Trends® in Systems and Control, 2019, 6.4: 339-499. 
[2] Mahela, Om Prakash, et al. Comprehensive overview of multi-agent systems for 
controlling smart grids. CSEE Journal of Power and Energy Systems, 2020, 8.1: 115-
131. 
[3] Herrera, Manuel, et al. Multi-agent systems and complex networks: Review and 
applications in systems engineering. Processes, 2020, 8.3: 312. 
[4] Axak N., Tatarnykov, A.  The Behavior Model of the Computer User, IEEE 17th 
International Conference on Computer Sciences and Information Technologies 
(CSIT), 2022, pp. 458-461. 
[5] Moodle LMS. URL:  https://moodle.com/solutions/lms/ 
 
UDС 621.396.4 (045) 
 

SERIAL CONNECTION OF THE SAME TYPE OF BANDPASS 
FILTERS TO INCREASE THE ORDER OF SIGNAL PROCESSING 

IN THE INFORMATION AND CONTROL SYSTEM 
 

T. Sytnikov [0000-0002-0137-5643],  Dr.Sci.V. Sytnikov [10000-0003-3229-5096],                             
Ph.D. O. Streltsov [0000-0002-4691-5703], Ph.D.  P. Stupen [0000-0003-1952-6144] 

Odessа Polytechnic National University, Ukraine 
EMAIL: tykhon.sytnikov@gmail.com, sitnikov@op.edu.ua, streltsov.o.v@op.edu.ua, 

stupen@op.edu.ua 
 

ɉɈɋɅІДɈВɇЕ ɉІДɄɅɘɑЕɇɇə ɈДɇɈɌИɉɇɈГɈ 
ɋɆɍГɈВɈГɈ ɎІɅɖɌɊɍ ДɅə ɉІДВИɓЕɇɇə ɉɈɊəДɄɈВɈɋɌІ 

ɈБɊɈБɄИ ɋИГɇАɅɍ В ІɇɎɈɊɆАɐІЙɇɈ-ɄЕɊɍɘɑІЙ 
ɋИɋɌЕɆІ 

 
Ɍ. ɋɢɬɧɢɤɨɜ, Dr.Sci. В. ɋɢɬɧɢɤɨɜ,  Ph.D. Ɉ. ɋɬɪɟɥɶɰɨɜ, Ph.D. ɉ. ɋɬɭɩɟɧɶ 

Odessa Polytechnic National University, Украʀна 
 

Abstract. The paper is considered the problem of constructing system 
components with the possibility of rearranging their characteristics depending on 
the operating conditions. A new approach is proposed for calculating the parameters 
of a new connection with a series connection of low-order components of the same 
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type. The resulting ratio allows you to accurately calculate the frequencies of the n-
th connection of the same type components. In addition, such a connection allows 
increasing the rate of rise and falling of the fronts of the amplitude frequency 
characteristic and reducing the bandwidth by 3 times with eight connected filters of 
the same type. Bandpass filters and notch filters are considered. Behavior of the 
AFC for serial connection is described. 

Keywords: industry 4.0-5.0, frequency-dependent components, serial connection, 
amplitude frequency characteristic, bandpass filters. 

 
Анотаɰɿɹ. У роботɿ розглɹнɭто задаɱɭ побɭдови компонентɿв системи з 

можливɿстɸ перебɭдови ʀɯ ɯарактеристик залежно вɿд ɭмов експлɭатаɰɿʀ. 
Запропоновано новий пɿдɯɿд до розраɯɭнкɭ параметрɿв нового з'ɽднаннɹ з 
послɿдовним з'ɽднаннɹм однотипниɯ компонентɿв низɶкого порɹдкɭ. Отримане 
спɿввɿдноɲеннɹ дозволɹɽ тоɱно розраɯɭвати ɱастоти n-го з'ɽднаннɹ 
однотипниɯ компонентɿв. Крɿм того, таке пɿдклɸɱеннɹ дозволɹɽ збɿлɶɲити 
ɲвидкɿстɶ наростаннɹ ɿ спадɭ ɮронтɿв амплɿтɭдно-ɱастотноʀ 
ɯарактеристики ɿ зменɲити смɭгɭ пропɭсканнɹ ɭ 3 рази при восɶми 
пɿдклɸɱениɯ однотипниɯ ɮɿлɶтраɯ. Розглɹдаɸтɶсɹ смɭговɿ ɮɿлɶтри та 
поведɿнка амплɿтɭдно-ɱастотноʀ ɯарактеристики длɹ такого з’ɽднаннɹ. 

Клɸɱовɿ слова: iндɭстрɿɹ 4.0-5.0, ɱастотно-залежнɿ компоненти, 
послɿдовне з'ɽднаннɹ, амплɿтɭдна ɱастотна ɯарактеристика, смɭговɿ ɮɿлɶтри. 
 

To date, the general approach to building such systems is based on the 
concept of Industry 4.0.Computerization and informatization of many 
research processes and industrial production has led to the emergence of the 
Industrial Internet of Things (Industrial Internet of Things, IIoT) [1]. To 
create such systems, it is necessary to have filters in the sensor signal 
processing channel that are capable of restructuring their characteristics by 
software or hardware, depending on the operating conditions, operating 
modes and the presence of interference to improve the efficiency of the 
system as a whole. The digital channel for sensor signals processing in 
mobile autonomous systems includes various filters. Basically, it is created 
on low-order filters, because this is due to the low cost of calculating the 
transfer function coefficients and the number of coefficients, the ease of 
setting or rebuilding the filter, moderate power consumption and processing 
time. To increase the order of signal processing, it is proposed to use a serial 
connection of the same type of digital bandpass filters.  

With a serial connection, the transfer functions are multiplied, and in the 
case of devices of the same type, it is raised to a power. The purpose of the 
work is to improve the order of signal processing in the information and 
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control system due to the serial connection of the same type of digital filters, 
which is reduce the bandwidth and increase the steepness of the amplitude 
frequency characteristic (AFC). In addition, it is necessary to improve the 
approach to calculating the cutoff frequencies(ɝɪɚɧɢɱɧɵɯ ɱɚɫɬɨɬ) of the 
new connection. 

With a series connection of the same type of bandpass filters, the AFC of 
the new connection is compressed, as it were, while the cutoff frequencies 
are shifted to the center frequency and the steepness of the AFC increases. 
The square of the AFC of a first-order bandpass filter is described as 
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As a result, obtain the cutoff frequencies of the AFC with the n-th 

connection of the same type of filters 
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Serial connection of frequency-dependent components of low order of 
the same type leads to exponentiation of the transfer function and AFC. This 
leads to compression of the AFC with an increase in the steepness of the 
AFC. The paper shows, using the example of a band-pass filter, that with 
such a connection, the center frequency does not change. It remains in its 
place, the cutoff frequencies (left and right) are shifted to the center. In 
addition, a new approach is obtained for calculating the exact values of the 
cutoff frequencies and bandwidth. 
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Abstract: The method of constructing a generalized cryptographic hashing 

method for integrity control and data recovery with the introduction of minimal 
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redundancy is discusses. It is suggested to use a hash code system to control data 
integrity. They are built according to rules similar to the rules for building linear 
redundant codes. The method has the potential to be implemented in embedded 
systems, in particular, in IoT systems. 

Keywords: Data integrity control, data recovery, hash function, matrix crypto   
transformations, redundant codes. 

 
Анотаɰɿɹ: Розглɹнɭто метод побɭдови ɭзагалɶненого криптограɮɿɱного 

методɭ ɯеɲɭваннɹ длɹ контролɸ ɰɿлɿсностɿ та вɿдновленнɹ даниɯ ɿз 
впровадженнɹм мɿнɿмалɶноʀ надлиɲковостɿ. Длɹ контролɸ ɰɿлɿсностɿ даниɯ 
пропонɭɽтɶсɹ використовɭвати системɭ ɯеɲ-кодɿв. Вони бɭдɭɸтɶсɹ за 
правилами, подɿбними до правил побɭдови лɿнɿйниɯ надлиɲковиɯ кодɿв. Метод 
маɽ потенɰɿал длɹ реалɿзаɰɿʀ ɭ вбɭдованиɯ системаɯ, зокрема, в системаɯ IoT. 

Клɸɱовɿ слова: контролɶ ɰɿлɿсностɿ даниɯ, вɿдновленнɹ даниɯ, ɯеɲ-ɮɭнкɰɿɹ, 
матриɱнɿ криптоперетвореннɹ, надлиɲковɿ коди. 
 

The rapid development of embedded systems technologies demands 
reliable methods for data integrity assurance that take into account the 
limited resources of embedded systems. Among various methods, hash 
function schemes are of significant interest. They are successfully applied in 
tasks related to localizing faulty blocks; however, they are not without 
drawbacks. The main one among them is the high redundancy when 
verifying the integrity of small-sized message block sequences. 

Considering the mentioned drawback of existing solutions, the search for 
ways to reduce redundancy, introduced for a given level of data protection 
in the presence of random errors and destructive influences from an attacker, 
is relevant. Moreover, despite the widespread use of hash functions, they are 
relatively under-researched. Practical proposals for their application mainly 
focus on finding ways to enhance their cryptographic strength [1]. However, 
proposals for the application of hash functions that would allow reducing the 
introduced redundancy for a given level of data protection are very scarce. 
The results obtained up to the current period allow for the substantiated 
formulation of requirements for information protection means, including its 
authenticity and integrity control. A proven means of managing the 
authenticity of information transmission is error-resistant encoding [2]. 
Today, Hamming codes are considered a fundamental approach to building 
error-resistant systems for encoding and decoding digital data. Existing 
research and publications provide a sufficient foundation for generalizing 
the concepts of error-resistant coding and hashing methods [3]. They 
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confirm the fact that the theory of error-resistant coding, particularly 
Hamming correction codes, has been adapted to address data integrity issues 
in various application domains. The introduction of redundant information 
into transmitted data, which can be altered during network transmission, 
enables the detection and correction of errors at the receiver's end of the 
information message. The mathematical theory of constructing redundant 
(error-resistant) codes has made significant advancements. However, there 
exists a substantial gap between the level of theoretical achievements in 
error-resistant coding theory and the level of practical results derived from 
applying this theory. 

We have proposed a method of cryptographic hashing based on 
Hamming codes for information protection and recovery. Using the 
mathematical framework of vector system theory, we have developed an 
algorithm for constructing linear hash codes to ensure data integrity in 
information systems. The construction rules of hash codes are influenced by 
the specified (or necessary) level of information resource protection. The 
redundancy of the control information depends on the need for error-
correcting properties. The construction rules of linear hash code systems are 
analogous to the rules for constructing Hamming codes. Thus, a well-
developed theory of linear redundant codes can be applied in the new area of 
constructing linear hash code systems.The main advantage of the proposed 
method is the ability to control information integrity and correct defects for 
a given level of protection with minimal redundancy and the capability to 
localize integrity violations and correct a specified number of errors. The 
developed linear hash codes, constructed by analogy to Hamming codes, 
allow for error correction in message blocks. However, the number of errors 
that can be corrected (the code's error-correcting capability) depends on the 
size of the redundant code (control blocks of information).  

Therefore, it's essential to rationally select the necessary redundant code 
to ensure the required information reliability while not burdening 
communication channels with excessive redundant data. In other words, the 
goal is to achieve data integrity with minimal redundant code.  

The proposed solutions can be applied both in traditional information 
systems and in the implementation of intelligent systems with hybrid 
human-machine intelligence.  

An example of this is the contemporary concept of creating production 
systems (such as Industry 4.0, Industry 5.0), which focus on utilizing 
artificial intelligence as a secure, reliable, and responsible component within 
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a unified human-machine functional and communication space. The 
intellectualization of human-machine interaction, the cooperative nature of 
intelligent agent activities, and their interaction in an open functional space 
undoubtedly emphasize the issues of efficiency, security, and predictability 
of such systems. The urgency of these problems, directly related to the state 
of communication, is likely to intensify as these technologies transition from 
being unique and experimental projects to becoming widespread utilitarian 
applications. Since a common solution for creating modules of cooperative 
systems of this kind involves their replication on an embedded systems 
platform, the presence of constrained devices and battery life limitations will 
directly affect the operation of security subsystems.  

Therefore, the security problem in such systems needs to be addressed 
comprehensively. 

 Methods and algorithms that are not only aligned with the main 
functional capabilities but also resource-efficient for the technical platform 
are of high priority. In general, the practical implementation of relevant 
software tools should contribute to enhancing trust among communication 
process participants by enabling the identification and recovery of damaged 
message fragments in the information stream. Considering these aspects, the 
proposed method of ensuring message integrity aligns with the general 
requirements for such means.  

The obtained results provide a scientific and engineering toolkit for 
controlling and ensuring data integrity, with the ability to verify their 
authenticity after recovery in case of integrity violations. They also provide 
the necessary conditions for creating advanced and improving existing data 
storage systems. 
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Анотаɰɿɹ: метоɸ даноʀ роботи ɽ розробка зрɭɱноʀ ɿнɮормаɰɿйноʀ 

теɯнологɿʀ ɿдентиɮɿкаɰɿʀ моделɿ динамɿки багатовимɿрного рɭɯомого об'ɽкта, 
меɯатронного типɭ та збɭренɶ, ɳо дɿɸтɶ на нɶого пɿд ɱас ɮɭнкɰɿонɭваннɹ, за 
даними векторɿв сигналɿв керɭваннɹ та сигналɿв на виɯодɿ об’ɽктɭ, направленоʀ 
на пɿдвиɳеннɹ надɿйностɿ отриманнɹ резɭлɶтатɿв обɱисленнɹ.  

Клɸɱовɿ слова: платɮорми Стɸарта, моделɶ динамɿки багатовимɿрного 
рɭɯомого об'ɽкта 

 
Abstract: the purpose of this work is to develop a convenient information 

technology for identifying the dynamics model of a multidimensional moving object, 
mechatronic type, and the disturbances acting on it during operation, based on the 
data of control signal vectors and object output signals, aimed at increasing the 
reliability of obtaining calculation results. 

Keywords: stewart platforms, model of dynamics of a multidimensional moving 
object 
 

Оɫɨɛɥɢɜɢɣ ɿɧɬɟɪɟɫ, ɜ ɹɤɨɫɬɿ ɨɛ’ɽɤɬɚ ɿɞɟɧɬɢɮɿɤɚɰɿʀ, ɩɪɟɞɫɬɚɜɥɹɽ 
ɩɪɨɫɬɨɪɨɜɿ ɦɟɯɚɧɿɡɦɢ ɩɚɪɚɥɟɥɶɧɨʀ ɤɿɧɟɦɚɬɢɱɧɨʀ ɫɬɪɭɤɬɭɪɢ ɧɚ ɨɫɧɨɜɿ 
ɩɥɚɬɮɨɪɦɢ Сɬɸɚɪɬɚ, ɹɤɚ ɦɚɽ ɲɿɫɬɶ ɨɞɧɨɬɢɩɧɢɯ ɤɿɧɟɦɚɬɢɱɧɢɯ ɥɚɧɰɸɝɿɜ 
(ɲɬɚɧɝ) [1]. Пɪɨɝɪɚɦɧɨ ɪɟɝɭɥɸɸɱɢ ɞɨɜɠɢɧɭ ɲɬɚɧɝ ɩɥɚɬɮɨɪɦɢ 
Сɬɸɚɪɬɚ, ɦɨɠɧɚ ɤɟɪɭɜɚɬɢ ɩɨɥɨɠɟɧɧɹɦ ɜɢɯɿɞɧɨʀ ɥɚɧɤɢ, ɩɟɪɟɦɿɳɚɬɢ ʀʀ ɜ 
ɜɟɪɬɢɤɚɥɶɧɨɦɭ ɿ ɝɨɪɢɡɨɧɬɚɥɶɧɨɦɭ ɧɚɩɪɹɦɤɚɯ, ɩɨɜɟɪɬɚɬɢ ɜ ɬɪɶɨɯ 
ɩɥɨɳɢɧɚɯ. Пɪɨɜɟɞɟɧɢɣ ɚɧɚɥɿɡ ɜɢɞɿɜ ɡɚɜɞɚɧɶ, ɹɤɿ ɜɢɪɿɲɭɸɬɶɫɹ 
ɦɟɯɚɧɿɡɦɚɦɢ ɧɚ ɨɫɧɨɜɿ ɩɥɚɬɮɨɪɦɢ Сɬɸɚɪɬɚ [2] ɞɚɜ ɦɨɠɥɢɜɿɫɬɶ 
ɤɥɚɫɢɮɿɤɭɜɚɬɢ ɣɨɝɨ ɹɤ ɛɚɝɚɬɨɫɬɭɩɟɧɟɜɢɣ, ɛɚɝɚɬɨɤɨɦɩɨɧɟɧɬɧɢɣ ɿ 
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ɛɚɝɚɬɨɡɜ'ɹɡɧɢɯ ɦɟɯɚɬɪɨɧɢɣ ɨɛ'ɽɤɬ, ɳɨ ɞɿɽ ɜ ɪɟɠɢɦɿ ɩɪɨɝɪɚɦɧɨɝɨ 
ɤɟɪɭɜɚɧɧɹ.  

Оɛʉɪɭɧɬɨɜɚɧɢɣ ɜ ɪɨɛɨɬɿ [3] ɚɥɝɨɪɢɬɦ ɞɨɡɜɨɥɹɽ ɡɚɩɪɨɩɨɧɭɜɚɬɢ 
ɿɧɮɨɪɦɚɰɿɣɧɭ ɬɟɯɧɨɥɨɝɿɸ ɿɞɟɧɬɢɮɿɤɚɰɿʀ ɦɨɞɟɥɿ ɞɢɧɚɦɿɤɢ 
ɛɚɝɚɬɨɜɢɦɿɪɧɨɝɨ ɪɭɯɨɦɨɝɨ ɨɛ'ɽɤɬɚ. Дɥɹ ɫɬɜɨɪɟɧɧɹ ɿɧɮɨɪɦɚɰɿɣɧɨʀ 
ɬɟɯɧɨɥɨɝɿʀ ɿɞɟɧɬɢɮɿɤɚɰɿʀ ɜɢɤɨɪɢɫɬɚɧɨ ɩɪɢɤɥɚɞɧɟ ɫɟɪɟɞɨɜɢɳɟ Stateflow 
Matlab, ɹɤɚ ɩɨɤɚɡɚɥɚ ɜɢɫɨɤɭ ɟɮɟɤɬɢɜɧɿɫɬɶ ɩɪɢ ɜɢɪɿɲɟɧɧɿ ɡɚɞɚɱ 
ɩɪɨɟɤɬɭɜɚɧɧɹ ɛɚɝɚɬɨɜɢɦɿɪɧɢɯ ɫɢɫɬɟɦ ɚɜɬɨɦɚɬɢɱɧɨɝɨ ɤɟɪɭɜɚɧɧɹ. 
Stateflow ɽ ɿɧɬɟɪɚɤɬɢɜɧɢɦ ɿɧɫɬɪɭɦɟɧɬɨɦ ɪɨɡɪɨɛɤɢ ɜ ɨɛɥɚɫɬɿ 
ɦɨɞɟɥɸɜɚɧɧɹ ɫɤɥɚɞɧɢɯ, ɤɟɪɨɜɚɧɢɯ ɩɨɞɿɹɦɢ ɫɢɫɬɟɦ, ɳɨ 
ɯɚɪɚɤɬɟɪɢɡɭɸɬɶɫɹ ɫɤɥɚɞɧɨɸ ɩɨɜɟɞɿɧɤɨɸ. Пɪɨɝɪɚɦɧɢɣ ɡɚɫɿɛ Stateflow ɽ 
ɪɨɡɲɢɪɟɧɧɹɦ ɫɢɫɬɟɦɢ Matlab Simulink ɬɚ ɡɚɛɟɡɩɟɱɭɽ ɦɨɠɥɢɜɿɫɬɶ 
ɮɨɪɦɭɜɚɧɧɹ ɤɿɧɰɟɜɢɯ ɚɜɬɨɦɚɬɿɜ ɲɥɹɯɨɦ ɩɨɛɭɞɨɜɢ ɿɽɪɚɪɯɿɱɧɢɯ ɦɨɞɟɥɟɣ 
ɭ ɜɢɝɥɹɞɿ ɩɿɞɫɢɫɬɟɦ.  

В ɫɢɫɬɟɦɿ Stateflow ɫɬɜɨɪɟɧɚ ɜɿɞɩɨɜɿɞɧɚ ɞɿɚɝɪɚɦɚ ɩɨɬɨɤɿɜ, ɳɨ 
ɪɟɚɥɿɡɭɽ ɿɧɬɟɪɚɤɬɢɜɧɢɣ ɩɪɨɰɟɫ ɿɞɟɧɬɢɮɿɤɚɰɿʀ ɦɨɞɟɥɿ ɞɢɧɚɦɿɤɢ 
ɩɥɚɬɮɨɪɦɢ Сɬɸɚɪɬɚ (ɪɢɫ. 1). Бɥɨɤ Rachet ɜ Stateflow ɜɤɥɸɱɟɧɨ ɜ 
ɦɨɞɟɥɶ ɫɢɫɬɟɦɢ Simulink. Вɿɞɦɿɧɧɨɸ ɪɢɫɨɸ ɿɧɮɨɪɦɚɰɿɣɧɨʀ ɬɟɯɧɨɥɨɝɿʀ 
ɜɢɤɨɧɚɧɧɹ ɟɬɚɩɿɜ ɿɞɟɧɬɢɮɿɤɚɰɿʀ ɦɨɞɟɥɿ ɞɢɧɚɦɿɤɢ ɛɚɝɚɬɨɜɢɦɿɪɧɨɝɨ 
ɪɭɯɨɦɨɝɨ ɨɛ'ɽɤɬɚ ɽ ɩɿɞɜɢɳɟɧɚ ɬɨɱɧɿɫɬɶ ɬɚ ɧɚɞɿɣɧɿɫɬɶ ɜɢɤɨɧɚɧɧɹ 
ɨɛɱɢɫɥɟɧɶ, ɹɤɿ ɞɨɫɹɝɧɭɬɿ ɡɚ ɪɚɯɭɧɨɤ ɜɩɪɨɜɚɞɠɟɧɧɹ ɧɨɜɨɝɨ ɩɿɞɯɨɞɭ ɞɨ 
ɩɪɨɰɟɫɿɜ ɮɚɤɬɨɪɢɡɚɰɿʀ ɩɨɥɿɧɨɦɿɚɥɶɧɢɯ ɦɚɬɪɢɰɶ (ɮɭɧɤɰɿɹ FCWN (ɪɢɫ. 
1)) ɬɚ ɨɛɱɢɫɥɸɜɚɥɶɧɨɝɨ ɚɥɝɨɪɢɬɦɭ, ɩɨɛɭɞɨɜɚɧɨɝɨ ɧɚ ɣɨɝɨ ɨɫɧɨɜɿ, 
ɭɞɨɫɤɨɧɚɥɟɧɧɹ ɚɥɝɨɪɢɬɦɿɜ ɦɧɨɠɟɧɧɹ ɩɨɥɿɧɨɦɿɚɥɶɧɢɯ ɦɚɬɪɢɰɶ (ɮɭɧɤɰɿɹ 
Mulmtf (ɪɢɫ. 1)) ɡ ɫɢɫɬɟɦɢ ɪɨɡɪɚɯɭɧɤɿɜ Stateflow Matlab ɞɥɹ ɡɦɟɧɲɟɧɧɹ 
ɜɬɪɚɬɢ ɜɿɪɧɢɯ ɡɧɚɱɭɳɢɯ ɰɢɮɪ ɡɚ ɪɚɯɭɧɨɤ ɜɿɞɩɨɜɿɞɧɨɝɨ ɜɩɨɪɹɞɤɭɜɚɧɧɹ ɿ 
ɪɚɧɠɢɪɭɜɚɧɧɹ ɟɥɟɦɟɧɬɚɪɧɢɯ ɨɩɟɪɚɧɞɿɜ (ɮɭɧɤɰɿɹ Stabsep (ɪɢɫ. 1)), 
ɦɧɨɠɟɧɧɹ ɞɪɨɛɨɜɨ-ɪɚɰɿɨɧɚɥɶɧɢɯ ɦɚɬɪɢɰɶ (ɮɭɧɤɰɿɹ Mulmtf (ɪɢɫ. 1)) ɞɥɹ 
ɡɦɟɧɲɟɧɧɹ ɡɪɨɫɬɚɧɧɹ ɩɨɪɹɞɤɿɜ ɪɟɡɭɥɶɬɚɬɿɜ ɧɚ ɨɫɧɨɜɿ ɜɢɤɨɪɢɫɬɚɧɧɹ 
ɨɩɟɪɚɰɿɣ ɜɢɞɚɥɟɧɧɹ ɜɿɞɩɨɜɿɞɧɢɯ ɩɨɥɸɫɿɜ ɩɪɚɜɨɪɭɱ ɬɚ ɥɿɜɨɪɭɱ (ɮɭɧɤɰɿʀ 
DPRT ɬɚ DPLF (ɪɢɫ. 1)) ɬɚ ɜɜɨɞɭ ɜɿɞɩɨɜɿɞɧɢɯ ɧɭɥɿɜ ɩɪɚɜɨɪɭɱ ɬɚ ɥɿɜɨɪɭɱ 
(ɮɭɧɤɰɿʀ VNZRT ɬɚ VNZLF (ɪɢɫ. 1)).  

Дɥɹ ɩɿɞɬɜɟɪɞɠɟɧɧɹ ɩɪɚɰɟɡɞɚɬɧɨɫɬɿ ɿɧɮɨɪɦɚɰɿɣɧɨʀ ɬɟɯɧɨɥɨɝɿʀ ɬɚ 
ɚɥɝɨɪɢɬɦɿɱɧɨɝɨ ɡɚɛɟɡɩɟɱɟɧɧɹ ɩɪɨɝɪɚɦɧɨɝɨ ɤɨɦɩɥɟɤɫɭ ɛɭɥɨ ɜɢɤɨɧɚɧɟ 
ɦɨɞɟɥɸɜɚɧɧɹ ɞɥɹ ɨɰɿɧɤɢ ɬɨɱɧɨɫɬɿ ɿдентиɮɿкаɰɿʀ ɦɨɞɟɥɿ ɞɢɧɚɦɿɤɢ 
ɩɥɚɬɮɨɪɦɢ Сɬɸɚɪɬɚ, ɹɤɟ ɡɞɿɣɫɧɟɧɨ ɡɚ ɞɨɩɨɦɨɝɨɸ ɿɧɫɬɪɭɦɟɧɬɭ 
ɦɨɞɟɥɸɜɚɧɧɹ SIMULINK ɫɟɪɟɞɨɜɢɳɚ Matlab 2014ɚ. 
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Рисунок 1. Дɿаграма потокɿв проɰесɭ ɿдентиɮɿкаɰɿʀ моделɿ динамɿки 
багатовимɿрного рɭɯомого об'ɽкта в Stateflow 
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Abstract. The article examines the development of underwater space in the 

interests of maritime freight transport as such, which increases the carrying capacity 
of existing sea transport routes, increases energy efficiency and reduces the risks of 
freight transport, provided there is no negative impact on the movement of the 
vehicle by wind, surface waves and drift currents. In the future, hybrid data 
exchange systems will be created under water, based on the physical principles of 
data transmission by radio, laser, hydroacoustic communication.  

Keywords: underwater space, underwater vehicles, hydroacoustics, cargo 
transportation. 

 
Анотаɰɿɹ. У статтɿ розглɹдаɽтɶсɹ освоɽннɹ пɿдводного просторɭ в 

ɿнтересаɯ морсɶкого вантажного транспортɭ ɹк такого, ɳо пɿдвиɳɭɽ 
пропɭскнɭ спроможнɿстɶ ɿснɭɸɱиɯ морсɶкиɯ транспортниɯ ɲлɹɯɿв, пɿдвиɳɭɽ 
енергоеɮективнɿстɶ та знижɭɽ ризики вантажного транспортɭ за ɭмови 
вɿдсɭтностɿ негативного впливɭ на рɭɯ вɿтром, поверɯневими ɯвилɹми та 
дрейɮовими теɱɿɹми. У перспективɿ пɿд водоɸ бɭдɭтɶ створенɿ гɿбриднɿ 
системи обмɿнɭ даними, заснованɿ на ɮɿзиɱниɯ принɰипаɯ передаɱɿ даниɯ за 
допомогоɸ радɿо-, лазерного, гɿдроакɭстиɱного зв'ɹзкɭ. 

Клɸɱовɿ слова:  пɿдводний космос, пɿдводнɿ апарати, гɿдроакɭстика, 
вантажоперевезеннɹ. 
 

The doctrine of transportation by sea transport is to reduce the cost price. 
Conceptually, the specified doctrine is ensured by savings on the 
construction and engineering maintenance of highways and railways. Sea 
routes do not exclude land area from use. An additional resource of sea 
transport is the ability to transport cargoes that are extremely large in 
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volume and weight. The advantage of sea transport is the absence of 
settlements along the shipping routes, which allows for the safe 
transportation of explosive, chemically aggressive and radioactive cargoes 
for the population. The use of the transport resource of the sea underwater 
space logically fits into the concept of the implementation of the world 
maritime transport doctrine. Movement under water does not depend on 
weather conditions, therefore it is safer and has less energy consumption. 
The creation of an extensive network of cargo transportation in the 
underwater space, as an alternative to conventional shipping, will first of all 
be implemented by ensuring traffic in certain directions, that is, along 
underwater shipping lanes. In the open ocean, that is, at depths of more than 
200 meters, traffic can be additionally organized along appropriate 
corridors, that is, in different directions in a certain range of depths. Thus, 
the analogue of the 3D cargo transportation system in the underwater space 
is the aircraft transport system. The world's maritime transport network has 
witnessed a significant rise in ship traffic density, resulting in heightened 
congestion and potential safety hazards. This phenomenon is especially 
pronounced on water surfaces, where a dense network of vessels vies for 
space, posing challenges for efficient and secure cargo transportation. 

The escalation of ship traffic density on global waterways is a well-
documented consequence of increased international trade and maritime 
activities. Studies such as those conducted by the International Maritime 
Organization (IMO) and the World Maritime University have indicated a 
substantial surge in vessel movements, leading to congestion in key shipping 
routes. This congestion not only reduces the maneuverability of ships but 
also raises concerns about collision risks, navigational complexities, and 
delays in cargo delivery.  As ship traffic continues to grow, particularly in 
strategic maritime corridors such as the Suez Canal, Panama Canal, and 
other major straits, it becomes imperative to explore alternative 
transportation routes. One promising avenue is the exploration of 
underwater cargo transportation using unmanned vehicles, which could offer 
a solution to the challenges posed by surface ship congestion. Conventional 
cargo transportation on water surfaces is susceptible to the unpredictable 
forces of meteorological conditions such as cyclones, strong winds, and high 
wave heights. This juxtaposition of adverse weather patterns with dense ship 
traffic increases the vulnerability of cargo shipments, highlighting the need 
for alternative transportation methods. Meteorological conditions play a 
pivotal role in shaping the safety and efficiency of maritime transportation. 
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Studies conducted by the National Oceanic and Atmospheric Administration 
(NOAA) [1] and the Intergovernmental Panel on Climate Change (IPCC) 
[2] have underscored the escalating intensity and frequency of extreme 
weather events, including cyclones, hurricanes, and intense wind patterns, in 
key shipping regions. The interaction of these meteorological phenomena 
with densely populated shipping routes can lead to disruptions, delays, and 
even catastrophic accidents. High wave heights, driven by powerful winds, 
further amplify these challenges, endangering cargo integrity and crew 
safety. The concept of underwater cargo transportation through unmanned 
vehicles offers a promising avenue to mitigate these risks. By operating 
beneath the water's surface, these vehicles can potentially evade the impact 
of surface-level meteorological conditions. This could lead to enhanced 
safety, reduced cargo vulnerability, and improved delivery reliability 
compared to traditional shipping methods. While underwater cargo 
transportation offers significant advantages, it also presents a set of complex 
challenges that must be addressed. These challenges encompass safe 
navigation, effective vehicle control, communication in deep waters, and 
reliable positioning. Drawing on a hybrid of existing naval technologies, a 
comprehensive solution emerges that leverages optical fiber links, 
hydroacoustic communication, laser-based communication, inertial 
positioning methods, satellite-based control, and underwater automatic 
identification systems. Safe underwater navigation remains a paramount 
concern due to the intricate nature of underwater environments. Addressing 
this concern necessitates the integration of advanced technologies. The 
Tactical Underwater Network Architecture (TUNA), developed by the 
Defense Advanced Research Projects Agency (DARPA) [3], proposes an 
optical fiber link that enables reliable underwater communication and 
navigation. Hydroacoustic underwater wireless communication offers 
another avenue for robust communication in deep waters. Research by 
Hughes and Lee [4] explores the potential of hydroacoustic modems for 
reliable and high-capacity data transfer underwater. Short-distance 
underwater communication benefits from laser-based methods. The work by 
Geng et al. [5] introduces the concept of underwater laser communication, 
enabling high-speed data transmission over short ranges. Satellite-based 
control systems have demonstrated feasibility in experiments such as the 
Seaweb 2005 project, allowing for direct and remote control of underwater 
vehicles. Furthermore, underwater automatic identification systems (AIS) 
could enable operators to track, identify, and monitor the positions of 
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vehicles underwater. By combining these diverse technologies, a 
comprehensive framework emerges for overcoming the challenges 
associated with underwater cargo transportation, ensuring safe and efficient 
operations.  
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Abstract. Diabetes is a chronic disease due to a malfunction of the pancreas, 

which leads to high concentration of blood sugar in the blood, and can affect the 
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functioning of the body system. We need to develop a system capable of effectively 
diagnosing diabetic patients using medical details. This work is a continuation of 
our previous contribution for diabetes prediction; we will use a swarm intelligence 
algorithm to extract best features for training the Random Forest model. Results 
showed that the combination of these models provides better accuracy. 

Keywords: RF-PSO model, system architectureKeywords: RF-PSO model, 
system architecture 

 
Анотаɰɿɹ. Цɭкровий дɿабет ɽ ɯронɿɱним заɯворɸваннɹм, сприɱиненим 

порɭɲеннɹм роботи пɿдɲлɭнковоʀ залози, ɳо призводитɶ до високоʀ 
конɰентраɰɿʀ ɰɭкрɭ в кровɿ та може вплинɭти на ɮɭнкɰɿонɭваннɹ системи 
органɿзмɭ. Нам потрɿбно розробити системɭ, здатнɭ еɮективно 
дɿагностɭвати ɯвориɯ на дɿабет за допомогоɸ медиɱниɯ даниɯ. Цɹ робота ɽ 
продовженнɹм наɲого попереднɶого внескɭ ɳодо прогнозɭваннɹ дɿабетɭ; ми 
бɭдемо використовɭвати алгоритм ройового ɿнтелектɭ, ɳоб отримати 
найкраɳɿ ɮɭнкɰɿʀ длɹ навɱаннɹ моделɿ Random Forest. Резɭлɶтати показали, 
ɳо поɽднаннɹ ɰиɯ моделей забезпеɱɭɽ краɳɭ тоɱнɿстɶ. 

Клɸɱовɿ слова: моделɶ RF-PSO, арɯɿтектɭра системи 
 

Diabetes is a widely chronic malady that occurs when the pancreas does 
not produce enough insulin, or when the body cannot effectively use it has 
produced insulin [1].  

Researchers have built various systems to reduce the risk of infection by 
enabling early detection and a better understanding the factors that 
significantly regulate it.  

All these works differ in precision and accuracy. 
The present study, which is a continuation of our previous contribution 

[2], propose a novel approach using the PSO (Particle Swarm Optimization) 
algorithm and RF classifier for diabetes prediction (RF-PSO).RF [3] is an 
ensemble learning method that combines multiple decision trees to make 
predictions.  

PSO [4] is a metaheuristic optimization algorithm inspired by the social 
behavior of bird flocking or fish schooling for feature selection.  

The aim of our research is to predict in the future whether a healthy 
person will become diabetic or not, based on data concerning the person and 
his/her personal information and history.  

The Figure 1 depicted the overall architecture of the proposal, called RF-
PSO, which involves four main steps: 
     The first step concerns the data collection.  
     The second step involves various phases for data processing.  
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     The third step includes the selection of the best features for the RF 
algorithm; this step is performed using PSO.  

 

 
 

Figure 1. System architecture 
 

Finally, the last step concerns the prediction process using the RF algorithm. 
      To evaluate and validate the proposed approach, we implemented a 
software tool in python. Machine learning metrics are used to evaluate the 
performance and effectiveness of RF-PSO model [5]. The combination of 
RF and PSO gives highest accuracy of 90% with a 10% increase regarding 
RF model. We conclude that by using PSO for feature selection, we obtain 
an improved accuracy. In this paper, we have explored and analyzed the 
main related works for diabetes diagnosis and we have proposed a hybrid 
model based on RF and PSO. This model revealed a highest accuracy. In our 
future work, we plan to examine other swarm intelligence optimization 
algorithms such as Elephant Herding Optimization (EHO) and Grey Wolf 
Optimization (GWO) to achieve a better accuracy. 
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Abstract. Тhe  proposed system has the two-level structure (with tactical and 
executive levels of automatic control) and is based on the principles of artificial 
intelligence that provide flexible automatic control of the adhesion force depending 
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on the various modes of movement of the platform and the performance of various 
technological operations, as well as on many other factors. 

Keywords: mobile robotics, automatic control, universal mobile robotic 
platforms 

 
Анотаɰɿɹ. Запропонована система маɽ дворɿвневɭ стрɭктɭрɭ (з 

тактиɱним ɿ виконавɱим рɿвнɹми автоматиɱного керɭваннɹ) ɿ базɭɽтɶсɹ на 
принɰипаɯ ɲтɭɱного ɿнтелектɭ, ɳо забезпеɱɭɽ гнɭɱке автоматиɱне керɭваннɹ 
силоɸ зɱепленнɹ залежно вɿд рɿзниɯ режимɿв рɭɯɭ платɮорми та 
продɭктивностɿ. рɿзноманɿтниɯ теɯнологɿɱниɯ операɰɿй, а також вɿд 
багатɶоɯ ɿнɲиɯ ɮакторɿв. 

Клɸɱовɿ слова: мобɿлɶна робототеɯнɿка, автоматиɱне керɭваннɹ, 
ɭнɿверсалɶнɿ мобɿлɶнɿ роботизованɿ платɮорми 
 

This study is devoted to modern aspects of mobile robotics, namely to 
the universal mobile robotic platforms (UMRP) that can be used in various 
technological environments and conditions to perform different technical 
tasks at industrial facilities and enterprises.  

The given platforms are capable of moving on horizontal surfaces with 
complex terrain as well as climbing vertically on sheer walls and ceilings 
and are the universal autonomous means of carrying out complex operations 
in hard-to-reach and dangerous places for humans [1]. 

One of the biggest challenges in operating these robotic platforms is 
proper adhesion control when moving on inclined planes [2, 3]. In this 
paper, the authors performed the design and study of the intelligent adhesion 
control system that provides efficient and reliable fastening and movement 
of the platform on inclined surfaces of various types. This system is based 
on fuzzy control principles that allows determining the necessary adhesion 
force of the robotic platform for its safe and efficient use at various angles 
of the surface inclination [4, 5]. 

Moreover, the proposed system has the two-level structure (with tactical 
and executive levels of automatic control) and is based on the principles of 
artificial intelligence that provide flexible automatic control of the adhesion 
force depending on the various modes of movement of the platform and the 
performance of various technological operations, as well as on many other 
factors. In particular, the tactical-level subsystem is designed on the basis of 
fuzzy logic and allows determining the necessary adhesion force of the 
UMRP to the working surface taking into account the current values of the 
angle of inclination of the surface, the coefficient of friction and the traction 
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force of the propulsion devices. In turn, the designed fuzzy subsystem is 
implemented on the basis of Mamdani-type inference engine and has 54 
production rules in the rule base compiled on the basis of expert knowledge.  

This gives the opportunity to ensure the most efficient use of the 
adhesion device with energy saving that provides reliable holding and 
movement of the platform on the working surface with different inclinations 
and characteristics in the process of performing various technological 
operations. 

The high efficiency of the developed fuzzy subsystem of the tactical 
level is confirmed by the simulation results obtained in the form of 
characteristic surfaces for various conditions.  

Moreover, the additional advantage of this system is that it can be 
successfully applied to determine the adhesion force for various types of the 
adhesion devices (propeller, vacuum, magnetic, electromagnetic, and 
others).  

Further research should be carried out towards the development of the 
executive-level intelligent subsystem of the UMRP based on the neural 
network controller for providing high accuracy and speed of the adhesion 
force stabilization and automatic control when performing various 
technological operations. 
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Анотаɰɿɹ. В роботɿ запропонований стеганоаналɿтиɱний метод длɹ 
виɹвленнɹ резɭлɶтатɿв вбɭдови додатковоʀ ɿнɮормаɰɿʀ в ɰиɮровомɭ вɿдео 
одним з найпоɲиренɿɲиɯ на сɶогоднɿɲнɿй денɶ стеганограɮɿɱниɯ методɿв – 
LSB-методом 
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Abstract. The work proposes a steganoanalytic method for detecting the results 

of embedding additional information in a digital video using one of the most 
common steganographic methods today - the LSB method 

Keywords: steganography, information protection 
 

Сɬɟɝɚɧɨɝɪɚɮɿɹ ɜ ɞɚɧɢɣ ɦɨɦɟɧɬ ɡɚɥɢɲɚɽɬɶɫɹ ɨɞɧɢɦ ɡ ɨɫɧɨɜɧɢɯ 
ɧɚɩɪɹɦɤɿɜ ɡɚɯɢɫɬɭ ɿɧɮɨɪɦɚɰɿʀ.  

Рɨɡɜɢɬɨɤ ɰɶɨɝɨ ɧɚɩɪɹɦɤɭ ɜɿɞɛɭɜɚɽɬɶɫɹ ɲɜɢɞɤɨ ɣ ɟɮɟɤɬɢɜɧɨ. Аɥɟ 
ɧɟɨɛɯɿɞɧɿɫɬɶ ɭɧɢɤɧɟɧɧɹ ɧɟɝɚɬɢɜɧɢɯ ɧɚɫɥɿɞɤɿɜ ɩɪɢɯɨɜɚɧɨʀ ɤɨɦɭɧɿɤɚɰɿʀ, 
ɦɟɬɨɸ ɹɤɨʀ ɽ ɩɪɨɬɢɩɪɚɜɧɿ ɞɿʀ, ɩɪɢɜɨɞɢɬɶ ɞɨ ɩɿɞɜɢɳɟɧɧɹ ɚɤɬɭɚɥɶɧɨɫɬɿ 
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ɫɬɟɝɚɧɨɚɧɚɥɿɡɭ, ɨɫɧɨɜɧɨɸ ɡɚɞɚɱɟɸ ɹɤɨɝɨ ɽ ɜɢɹɜɥɟɧɧɹ ɧɚɹɜɧɨɫɬɿ 
ɞɨɞɚɬɤɨɜɨʀ ɿɧɮɨɪɦɚɰɿʀ ɜ ɬɨɦɭ ɱɢ ɿɧɲɨɦɭ ɿɧɮɨɪɦɚɰɿɣɧɨɦɭ ɤɨɧɬɟɧɬɿ.  

Пɟɪɟɜɚɝɚ ɩɪɢ ɨɪɝɚɧɿɡɚɰɿʀ ɩɪɢɯɨɜɚɧɨɝɨ ɤɚɧɚɥɭ ɡɜ'ɹɡɤɭ ɫɶɨɝɨɞɧɿ 
ɜɿɞɞɚɽɬɶɫɹ ɰɢɮɪɨɜɨɦɭ ɜɿɞɟɨ (ɐВ): ɩɨ-ɩɟɪɲɟ, ɜɿɞɟɨ-ɬɪɚɮɿɤ ɫɶɨɝɨɞɧɿ 
ɫɬɚɧɨɜɢɬɶ ɨɫɧɨɜɧɭ ɱɚɫɬɢɧɭ ɜɫɶɨɝɨ ɫɩɨɠɢɜɱɨɝɨ ɿɧɬɟɪɧɟɬ-ɬɪɚɮɿɤɚ, ɩɨ-
ɞɪɭɝɟ, ɫɚɦɟ ɜɿɞɟɨ ɞɚɽ ɦɨɠɥɢɜɿɫɬɶ ɡɚɛɟɡɩɟɱɢɬɢ ɜɢɫɨɤɭ ɩɪɨɩɭɫɤɧɭ 
ɫɩɪɨɦɨɠɧɿɫɬɶ ɩɪɢɯɨɜɚɧɨɝɨ ɤɚɧɚɥɭ ɡɜ'ɹɡɤɭ, ɡɨɤɪɟɦɚ, ɭ ɪɟɠɢɦɿ ɪɟɚɥɶɧɨɝɨ 
ɱɚɫɭ [1], ɩɨ-ɬɪɟɬɽ, ɫɭɱɚɫɧɢɣ ɫɬɟɝɚɧɨɚɧɚɥɿɡ ɜɿɞɟɨ ɜɿɞɫɬɚɽ ɜɿɞ ɧɟɨɛɯɿɞɧɨɝɨ 
ɪɿɜɧɹ ɭ ɫɢɥɭ ɫɤɥɚɞɧɨɫɬɿ ɡɚɞɚɱɿ, ɳɨ ɪɨɡɝɥɹɞɚɽɬɶɫɹ, ɡɨɤɪɟɦɚ ɜ ɭɦɨɜɚɯ 
ɦɚɥɨʀ ɩɪɨɩɭɫɤɧɨʀ ɫɩɪɨɦɨɠɧɨɫɬɿ ɩɪɢɯɨɜɚɧɨɝɨ ɤɚɧɚɥɭ (ПСПК) [1].  

В ɪɨɛɨɬɿ ɡɚɩɪɨɩɨɧɨɜɚɧɢɣ ɧɨɜɢɣ ɟɮɟɤɬɢɜɧɢɣ ɫɬɟɝɚɧɨɚɧɚɥɿɬɢɱɧɢɣ 
ɦɟɬɨɞ ɞɥɹ ɜɢɹɜɥɟɧɧɹ ɪɟɡɭɥɶɬɚɬɿɜ ɜɛɭɞɨɜɢ ɞɨɞɚɬɤɨɜɨʀ ɿɧɮɨɪɦɚɰɿʀ ɜ ɐВ 
ɨɞɧɢɦ ɡ ɧɚɣɩɨɲɢɪɟɧɿɲɢɯ ɧɚ ɫɶɨɝɨɞɧɿɲɧɿɣ ɞɟɧɶ ɫɬɟɝɚɧɨɝɪɚɮɿɱɧɢɯ 
ɦɟɬɨɞɿɜ – LSB-ɦɟɬɨɞɨɦ [2]. Оɫɧɨɜɨɸ ɪɨɡɪɨɛɥɟɧɨɝɨ ɦɟɬɨɞɭ ɽ ɱɭɬɥɢɜɿɫɬɶ 
ɞɨ ɡɛɭɪɧɢɯ ɞɿɣ ɜɫɬɚɧɨɜɥɟɧɨʀ ɚɜɬɨɪɚɦɢ ɪɚɧɿɲɟ ɜɥɚɫɬɢɜɨɫɬɿ ɥɿɧɿɣɧɨɫɬɿ 
ɱɚɫɬɨɫɬɿ ɫɢɧɝɭɥɹɪɧɢɯ ɜɟɤɬɨɪɿɜ ɦɚɬɪɢɰɶ ɤɚɞɪɿɜ ɨɪɢɝɿɧɚɥɶɧɨɝɨ ɐВ, ɞɟ 
ɱɚɫɬɿɫɬɶ K  ɫɢɧɝɭɥɹɪɧɨɝɨ ɜɟɤɬɨɪɭ niui ,1,  ,  n×n-ɦɚɬɪɢɰɿ F ɤɚɞɪɭ 
ɜɢɡɧɚɱɚɽɬɶɫɹ ɧɚɫɬɭɩɧɢɦ ɱɢɧɨɦ [3]: 
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ɞɟ K  - ɤɿɥɶɤɿɫɬɶ ɡɦɿɧ ɡɧɚɤɚ ɤɨɨɪɞɢɧɚɬ niui ,1,  .  
 

У ɯɨɞɿ ɪɨɡɪɨɛɤɢ ɦɟɬɨɞɭ ɛɭɥɢ ɜɫɬɚɧɨɜɥɟɧɿ ɤɿɥɶɤɿɫɧɿ ɜɿɞɦɿɧɧɨɫɬɿ 
ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɮɭɧɤɰɿʀ ɡɚɥɟɠɧɨɫɬɿ ɱɚɫɬɨɫɬɿ ɫɢɧɝɭɥɹɪɧɨɝɨ ɜɟɤɬɨɪɭ 
ɦɚɬɪɢɰɿ ɤɚɞɪɭ ɐВ ɜɿɞ ɣɨɝɨ ɧɨɦɟɪɚ � � niifr ,1,  , ɞɥɹ ɨɪɢɝɿɧɚɥɶɧɢɯ 
ɤɨɧɬɟɧɬɿɜ ɿ ɫɬɟɝɚɧɨɩɨɜɿɞɨɦɥɟɧɶ, ɨɬɪɢɦɚɧɢɯ ɡɚ ɞɨɩɨɦɨɝɨɸ LSB-ɦɟɬɨɞɚ 
ɡ ɜɢɤɨɪɢɫɬɚɧɧɹɦ ɪɿɡɧɨʀ ПСПК. У ɹɤɨɫɬɿ ɬɚɤɢɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɭ 
ɪɟɡɭɥɶɬɚɬɿ ɨɛʉɪɭɧɬɨɜɚɧɨɝɨ ɜɢɛɨɪɭ ɜɢɫɬɭɩɢɥɢ: ɫɟɪɟɞɧɽ ɡɧɚɱɟɧɧɹ ɩɨ ɜɫɿɯ 
ɤɚɞɪɚɯ ɐВ ɦɚɤɫɢɦɚɥɶɧɨɝɨ ɜɿɞɯɢɥɟɧɧɹ ɮɭɧɤɰɿʀ � �ifr  ɜɿɞ ʀʀ ɥɿɧɿɣɧɨʀ 

ɚɩɪɨɤɫɢɦɚɰɿʀ, ɚ ɬɚɤɨɠ ɦɨɞɚ ɝɿɫɬɨɝɪɚɦɢ ɦɚɤɫɢɦɚɥɶɧɢɯ ɜɿɞɯɢɥɟɧɶ � �ifr  
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ɜɿɞ ɥɿɧɿɣɧɨʀ ɚɩɪɨɤɫɢɦɚɰɿʀ, ɨɬɪɢɦɚɧɢɯ ɞɥɹ ɤɨɠɧɨɝɨ ɤɚɞɪɭ ɰɢɮɪɨɜɨɝɨ 
ɜɿɞɟɨ.  

Уɫɬɚɧɨɜɥɟɧɿ ɤɿɥɶɤɿɫɧɿ ɜɿɞɦɿɧɧɨɫɬɿ ɞɚɥɢ ɦɨɠɥɢɜɿɫɬɶ ɞɥɹ ɪɨɡɪɨɛɤɢ 
ɚɥɝɨɪɢɬɦɿɱɧɨʀ ɪɟɚɥɿɡɚɰɿʀ ɡɚɩɪɨɩɨɧɨɜɚɧɨɝɨ ɦɟɬɨɞɭ, ɟɮɟɤɬɢɜɧɿɫɬɶ ɹɤɨʀ ɭ 
ɜɢɩɚɞɤɭ ɦɚɥɨʀ ПСПК (<0.25 ɛɿɬ/ɩɿɤɫɟɥɶ) ɩɟɪɟɜɢɳɭɽ ɟɮɟɤɬɢɜɧɿɫɬɶ 
ɧɚɣɤɪɚɳɨɝɨ ɫɭɱɚɫɧɨɝɨ ɚɧɚɥɨɝɚ [4], ɜɢɡɧɚɱɟɧɭ ɡɚ ɞɨɩɨɦɨɝɨɸ ɩɚɪɚɦɟɬɪɚ 
АСС – ɬɨɱɧɨɫɬɿ ɜɢɹɜɥɟɧɧɹ ɩɨɪɭɲɟɧɧɹ ɰɿɥɿɫɧɨɫɬɿ [5]: 
 
                             � � � �,FPTNFNTPTNTPACC ����  
 
ɞɟ TP (True Positive) ʊ ɤɿɥɶɤɿɫɬɶ ɜɿɪɧɨ ɜɢɹɜɥɟɧɢɯ ɫɬɟɝɚɧɨɩɨɜɿɞɨɦɥɟɧɶ; 
TN (True Negative) ʊ ɤɿɥɶɤɿɫɬɶ ɜɿɪɧɨ ɜɢɹɜɥɟɧɢɯ ɤɨɧɬɟɣɧɟɪɿɜ; FP (False 
Positive) ʊ ɤɿɥɶɤɿɫɬɶ ɤɨɧɬɟɣɧɟɪɿɜ, ɳɨ ɩɨɦɢɥɤɨɜɨ ɜɢɡɧɚɱɟɧɿ ɹɤ 
ɫɬɟɝɚɧɨɩɨɜɿɞɨɦɥɟɧɧɹ (ɩɨɦɢɥɤɢ ІІ ɪɨɞɭ); FN (False Negative) ʊ 
ɤɿɥɶɤɿɫɬɶ ɧɟɜɢɹɜɥɟɧɢɯ ɫɬɟɝɚɧɨɩɨɜɵɞɨɦɥɟɧɶ (ɩɨɦɢɥɤɢ І ɪɨɞɭ), ɩɪɢ 
ɰɶɨɦɭ ɦɚɤɫɢɦɚɥɶɧɟ ɩɿɞɜɢɳɟɧɧɹ ɜɿɞɩɨɜɿɞɚɽ ПСПК=0.1 ɛɿɬ/ɩɿɤɫɟɥɶ ɜ 
ɭɦɨɜɚɯ, ɤɨɥɢ ɜɛɭɞɨɜɚ ɞɨɞɚɬɤɨɜɨʀ ɿɧɮɨɪɦɚɰɿʀ ɜɿɞɛɭɜɚɽɬɶɫɹ ɜ 40% ɤɚɞɪɿɜ 
ɐВ, ɿ ɫɤɥɚɞɚɽ ɛɿɥɶɲɟ 11%, ɳɨ ɞɚɥɨ ɦɨɠɥɢɜɿɫɬɶ ɩɿɞɜɢɳɢɬɢ 
ɟɮɟɤɬɢɜɧɿɫɬɶ ɫɬɟɝɚɧɨɚɧɚɥɿɡɭ ɐВ ɭ ɰɿɥɨɦɭ. 
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Анотаɰɿɹ. В статтɿ описано етапи розробки та виготовленнɹ макетноʀ 

макетноʀ плати длɹ програмɭваннɹ мɿкроконтролера Atmel AtMega8 ɿ 
перевɿрки роботи програм макетноʀ плати. 

Клɸɱовɿ слова: мɿкроконтролер, системне перериваннɹ, таймер, 
семисегментний ɿндикатор  

 
Abstract. The article describes the stages of development and production of a 

mock-up breadboard for programming the Atmel AtMega8 microcontroller and 
checking the operation of breadboard programs. 

Keywords: microcontroller, system interrupt, timer, seven-segment indicator 
 

Вɫɬɭɩ. Кɨɪɩɨɪɚɰɿɹ Atmel (СɒА) ɞɨɛɪɟ ɜɿɞɨɦɚ ɧɚ ɦɿɠɧɚɪɨɞɧɨɦɭ 
ɪɢɧɤɭ ɟɥɟɤɬɪɨɧɧɢɯ ɤɨɦɩɨɧɟɧɬɿɜ ɿ ɽ ɨɞɧɢɦ ɿɡ ɜɢɡɧɚɧɢɯ ɫɜɿɬɨɜɢɯ ɥɿɞɟɪɿɜ 
ɭ ɪɨɡɪɨɛɰɿ ɬɚ ɜɢɪɨɛɧɢɰɬɜɿ ɫɤɥɚɞɧɢɯ ɜɢɪɨɛɿɜ ɫɭɱɚɫɧɨʀ ɦɿɤɪɨɟɥɟɤɬɪɨɧɿɤɢ 
– ɩɪɢɫɬɪɨʀɜ ɟɧɟɪɝɨɧɟɡɚɥɟɠɧɨʀ ɩɚɦ’ɹɬɿ ɜɢɫɨɤɨʀ ɲɜɢɞɤɨɞɿʀ ɬɚ 
ɦɿɧɿɦɚɥɶɧɨɝɨ ɩɢɬɨɦɨɝɨ ɟɧɟɪɝɨɫɩɨɠɢɜɚɧɧɹ, ɦɿɤɪɨɤɨɧɬɪɨɥɟɪɿɜ 
ɡɚɝɚɥɶɧɨɝɨ ɩɪɢɡɧɚɱɟɧɧɹ ɬɚ ɦɿɤɪɨɫɯɟɦ ɩɪɨɝɪɚɦɨɜɚɧɨʀ ɥɨɝɿɤɢ [1]. 

Мɿɤɪɨɤɨɧɬɪɨɥɟɪɢ AVR – ɨɞɢɧ ɿɡ ɧɚɣɰɿɤɚɜɿɲɢɯ ɧɚɩɪɹɦɿɜ, ɪɨɡɜɢɬɤɭ 
ɹɤɨɝɨ ɩɪɢɞɿɥɹɽ ɜɟɥɢɤɭ ɭɜɚɝɭ ɤɨɪɩɨɪɚɰɿɹ Atmel [1,2]. ɐɿ ɦɿɤɪɨɫɯɟɦɢ ɽ 
ɩɨɬɭɠɧɢɦ ɿɧɫɬɪɭɦɟɧɬɨɦ ɞɥɹ ɫɬɜɨɪɟɧɧɹ ɜɢɫɨɤɨɩɪɨɞɭɤɬɢɜɧɢɯ ɬɚ 
ɟɤɨɧɨɦɿɱɧɢɯ ɤɨɧɬɪɨɥɟɪɿɜ ɛɚɝɚɬɨɰɿɥɶɨɜɨɝɨ ɩɪɢɡɧɚɱɟɧɧɹ, ɭ ɬɨɦɭ ɱɢɫɥɿ ɿ 
ɜɛɭɞɨɜɚɧɢɯ. Нɚ ɞɚɧɢɣ ɦɨɦɟɧɬ ɫɩɿɜɜɿɞɧɨɲɟɧɧɹ “ɰɿɧɚ – ɩɪɨɞɭɤɬɢɜɧɿɫɬɶ 
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– ɟɧɟɪɝɨɫɩɨɠɢɜɚɧɧɹ” ɞɥɹ AVR ɽ ɨɞɧɢɦ ɡ ɧɚɣɤɪɚɳɢɯ ɧɚ ɫɜɿɬɨɜɨɦɭ 
ɪɢɧɤɭ 8-ɦɢ ɪɨɡɪɹɞɧɢɯ ɦɿɤɪɨɤɨɧɬɪɨɥɟɪɿɜ. Мɨɠɧɚ ɜɜɚɠɚɬɢ, ɳɨ AVR ɽ 
ɿɧɞɭɫɬɪɿɚɥɶɧɢɦ ɫɬɚɧɞɚɪɬɨɦ ɫɟɪɟɞ 8-ɪɨɡɪɹɞɧɢɯ ɦɿɤɪɨɤɨɧɬɪɨɥɟɪɿɜ 
ɡɚɝɚɥɶɧɨɝɨ ɩɪɢɡɧɚɱɟɧɧɹ. Нɚ ɰɟɣ ɱɚɫ ɭ ɜɢɪɨɛɧɢɰɬɜɿ Atmel ɧɚɹɜɧɿ ɞɜɚ 
ɫɿɦɟɣɫɬɜɚ AVR – “Tiny” ɬɚ “Mega”, ɹɤɿ ɦɚɸɬɶ ɪɿɡɧɿ ɨɛɥɚɫɬɿ 
ɡɚɫɬɨɫɭɜɚɧɧɹ [2]. Зɨɤɪɟɦɚ, “Tiny” AVR – ɰɟ ɿɧɬɟɥɟɤɬɭɚɥɶɧɿ 
ɚɜɬɨɦɨɛɿɥɶɧɿ ɞɚɬɱɢɤɢ ɪɿɡɧɨɝɨ ɩɪɢɡɧɚɱɟɧɧɹ, ɿɝɪɚɲɤɢ, ɿɝɪɨɜɿ ɩɪɢɫɬɚɜɤɢ, 
ɡɚɪɹɞɧɿ ɩɪɢɫɬɪɨʀ, ɞɟɬɟɤɬɨɪɢ ɞɢɦɭ ɬɚ ɩɨɥɭɦ’ɹ, ɩɨɛɭɬɨɜɚ ɬɟɯɧɿɤɚ, ɪɿɡɧɿ 
ɿɧɮɪɚɱɟɪɜɨɧɿ ɩɭɥɶɬɢ ɞɢɫɬɚɧɰɿɣɧɨɝɨ ɤɟɪɭɜɚɧɧɹ. У ɫɜɨɸ ɱɟɪɝɭ, “Mega” 
AVR – ɰɟ ɚɧɚɥɨɝɨɜɿ (NMT, ETACS, AMPS) ɬɚ ɰɢɮɪɨɜɿ (GSM, CDMA) 
ɦɨɛɿɥɶɧɿ ɬɟɥɟɮɨɧɢ, ɩɪɢɧɬɟɪɢ ɬɚ ɤɨɧɬɪɨɥɟɪɢ ɞɥɹ ɧɢɯ, ɤɨɧɬɪɨɥɟɪɢ 
ɚɩɚɪɚɬɿɜ ɮɚɤɫɢɦɿɥɶɧɨɝɨ ɡɜ’ɹɡɤɭ ɬɚ ɤɫɟɪɨɤɫɿɜ, ɤɨɧɬɪɨɥɟɪɢ ɫɭɱɚɫɧɢɯ 
ɞɢɫɤɨɜɢɯ ɧɚɤɨɩɢɱɭɜɚɱɿɜ ɬɨɳɨ [2,3]. Мɟɬɨɸ ɫɬɜɨɪɟɧɧɹ ɦɚɤɟɬɧɨʀ ɩɥɚɬɢ ɽ 
ɨɪɝɚɧɿɡɚɰɿɹ ɿ ɩɪɨɜɟɞɟɧɧɹ ɥɚɛɨɪɚɬɨɪɧɨɝɨ ɩɪɚɤɬɢɤɭɦɭ ɞɥɹ ɫɬɭɞɟɧɬɿɜ, ɹɤɿ 
ɡɦɨɠɭɬɶ ɫɚɦɨɫɬɿɣɧɨ ɧɚɩɢɫɚɬɢ ɧɨɜɭ ɩɪɨɝɪɚɦɭ ɞɥɹ ɦɿɤɪɨɤɨɧɬɪɨɥɟɪɚ 
ATmega8, ɡɚɩɢɫɚɬɢ ʀʀ ɞɨ ɦɿɤɪɨɤɨɧɬɪɨɥɟɪɚ ɿ ɩɟɪɟɜɿɪɢɬɢ ɩɪɚɜɢɥɶɧɿɫɬɶ 
ɜɢɤɨɧɚɧɧɹ ɩɪɨɝɪɚɦɢ ɡɚ ɞɨɩɨɦɨɝɨɸ ɡɚɫɨɛɿɜ ɜɜɟɞɟɧɧɹ ɬɚ ɜɢɜɟɞɟɧɧɹ 
ɿɧɮɨɪɦɚɰɿʀ ɦɚɤɟɬɧɨʀ ɩɥɚɬɢ [3]. Тɚɤɢɦɢ ɡɚɫɨɛɚɦɢ ɽ ɜɿɞɩɨɜɿɞɧɨ ɤɧɨɩɤɢ ɬɚ 
ɿɧɞɢɤɚɬɨɪ ɡ ɫɟɦɢɫɟɝɦɟɧɬɧɢɦɢ ɿɧɞɢɤɚɬɨɪɚɦɢ. Тɚɤɢɦ ɱɢɧɨɦ, ɫɬɭɞɟɧɬɢ 
ɞɨɛɪɟ ɨɡɧɚɣɨɦɥɸɸɬɶɫɹ ɡ ɩɪɚɤɬɢɱɧɨɸ ɪɟɚɥɿɡɚɰɿɽɸ ɝɚɪɜɚɪɞɫɶɤɨʀ 
ɚɪɯɿɬɟɤɬɭɪɢ ЕОМ ɧɚ ɩɪɢɤɥɚɞɿ 8-ɪɨɡɪɹɞɧɨɝɨ ɦɿɤɪɨɤɨɧɬɪɨɥɟɪɚ ɡ ɹɞɪɨɦ 
AVR (ATmega8), ɚ ɬɚɤɨɠ ɿɡ ɨɫɧɨɜɧɢɦɢ ɡɨɜɧɿɲɧɿɦɢ ɦɨɞɭɥɹɦɢ ɫɭɱɚɫɧɢɯ 
ɦɿɤɪɨɤɨɧɬɪɨɥɟɪɿɜ.  

Ɉɫɨɛɥɢɜɨɫɬɿ ɦɚɤɟɬɧɨʀ ɥɚɛɨɪɚɬɨɪɧɨʀ ɩɥɚɬɢ.  Сɯɟɦɚ (ɪɢɫ. 1) 
ɦɿɫɬɢɬɶ 46 ɤɨɦɩɨɧɟɧɬɿɜ. Кɨɧɬɪɨɥɟɪ ATMEGA 8 ɦɚɽ 28 ɜɢɜɨɞɿɜ ɞɥɹ 
ɩɿɞɤɥɸɱɟɧɧɹ ɞɨ ɤɨɦɩɨɧɟɧɬɿɜ ɫɯɟɦɢ. Кɨɧɬɪɨɥɟɪ ɩɿɞɤɥɸɱɟɧɢɣ ɞɨ ɫɯɟɦɢ 
ɱɟɪɟɡ ɫɩɟɰɿɚɥɶɧɢɣ ɫɨɤɟɬ ɧɚ 28 ɤɨɧɬɚɤɬɿɜ, ɳɨ ɞɨɡɜɨɥɹɽ ɜɢɤɨɪɢɫɬɨɜɭɜɚɬɢ 
ɪɿɡɧɿ ɤɨɧɬɪɨɥɟɪɢ ATMEL ɭ ɦɚɤɟɬɧɿɣ ɩɥɚɬɿ. І ɬɨɦɭ, ɭ ɪɚɡɿ ɧɟɨɛɯɿɞɧɨɫɬɿ 
ɜɢɫɨɤɨʀ ɨɛɱɢɫɥɸɜɚɥɶɧɨʀ ɩɨɬɭɠɧɨɫɬɿ, ɦɨɠɧɚ ɡɪɨɛɢɬɢ ɡɚɦɿɧɭ ɤɨɧɬɪɨɥɟɪɚ 
ɧɚ ɛɿɥɶɲ ɩɨɬɭɠɧɢɣ. І ɧɚɜɩɚɤɢ, ɡɚ ɧɟɨɛɯɿɞɧɨɫɬɿ ɡɞɟɲɟɜɥɟɧɧɹ ɩɪɨɞɭɤɬɭ 
ɚɛɨ ɡɦɟɧɲɟɧɧɹ ɟɥɟɤɬɪɨɫɩɨɠɢɜɚɧɧɹ, ɽ ɦɨɠɥɢɜɿɫɬɶ ɡɦɿɧɢɬɢ ɤɨɧɬɪɨɥɟɪ, 
ɧɚɩɪɢɤɥɚɞ, ɧɚ ATtiny, ɜɚɪɬɿɫɬɶ ɹɤɨɝɨ ɦɟɧɲɟ 2 $ ɡɚ ɨɞɢɧɢɰɸ.        Дɥɹ 
ɩɿɞɤɥɸɱɟɧɧɹ ɩɥɚɬɢ ɞɨ ɤɨɧɬɪɨɥɟɪɚ (ɤɨɦɩ’ɸɬɟɪɚ) ɭ ɫɯɟɦɭ ɿɧɬɟɝɪɨɜɚɧɢɣ 
ɪɨɡ’ɽɦ H10-10, ɹɤɢɣ ɦɚɽ 10 ɜɢɜɨɞɿɜ (3-ɣ ɜɢɜɿɞ ɭ ɞɚɧɨɦɭ ɜɢɩɚɞɤɭ ɧɟ 
ɜɢɤɨɪɢɫɬɨɜɭɽɬɶɫɹ). Зɚ ɞɨɩɨɦɨɝɨɸ ɰɶɨɝɨ ɪɨɡ’ɽɦɭ ɩɪɨɝɪɚɦɚɬɨɪ AVR 
USBasp ɩɿɞɤɥɸɱɚɽɬɶɫɹ ɞɨ ɩɥɚɬɢ ɿ ɱɟɪɟɡ ɧɶɨɝɨ ɜɢɤɨɧɭɽɬɶɫɹ ɡɚɩɢɫ 
ɩɪɨɝɪɚɦɧɨɝɨ ɡɚɛɟɡɩɟɱɟɧɧɹ ɭ ɩɚɦ’ɹɬɶ ɦɿɤɪɨɤɨɧɬɪɨɥɟɪɚ. Дɨ ɿɧɲɢɯ 
ɤɨɦɩɨɧɟɧɬɿɜ ɫɯɟɦɢ ɦɨɠɧɚ ɜɿɞɧɟɫɬɢ: 4 ɤɧɨɩɤɢ ɞɥɹ ɤɟɪɭɜɚɧɧɹ ɫɢɫɬɟɦɨɸ; 
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ɝɭɱɧɨɦɨɜɟɰɶ, ɹɤɢɣ ɩɿɞɤɥɸɱɟɧɢɣ ɱɟɪɟɡ NPN ɬɪɚɧɡɢɫɬɨɪ ɞɨ 
ɦɿɤɪɨɤɨɧɬɪɨɥɟɪɚ; 3 ɫɜɿɬɥɨɞɿɨɞɢ. Кɨɞ ɤɨɦɚɧɞ ɪɟɚɥɿɡɭɽɬɶɫɹ ɦɨɜɨɸ C. 
 

 
 

Рисунок 1. Зовнɿɲнɿй боковий виглɹд макетноʀ плати з 
мɿкроконтролером ATMega8. 

 
Аɥɟ, ɨɫɤɿɥɶɤɢ ɦɿɤɪɨɤɨɧɬɪɨɥɟɪ “ɧɟ ɪɨɡɭɦɿɽ” ɦɨɜɭ ɜɢɫɨɤɨɝɨ ɪɿɜɧɹ, 

ɞɥɹ ɧɶɨɝɨ ɧɟɨɛɯɿɞɧɨ ɫɬɜɨɪɢɬɢ ɤɨɞ ɡ ɤɨɦɚɧɞ, ɳɨ ɡɚɩɢɫɚɧɿ 
ɲɿɫɬɧɚɞɰɹɬɤɨɜɢɦɢ ɱɢɫɥɚɦɢ. ɐɿ ɤɨɦɚɧɞɢ ɩɨɜɢɧɧɿ ɡɛɟɪɿɝɚɬɢɫɹ ɜ ɮɚɣɥɿ ɡ 
ɪɨɡɲɢɪɟɧɧɹɦ .hex. Оɞɧɿɽɸ ɡ ɩɪɨɝɪɚɦ ɞɥɹ ɩɟɪɟɬɜɨɪɟɧɧɹ ɤɨɞɭ C ɜ hex-
ɮɚɣɥ ɦɨɠɟ ɫɥɭɠɢɬɢ AVR Studio 5. З ɿɧɬɟɪɮɟɣɫɨɦ ɞɚɧɨɝɨ ɩɪɨɝɪɚɦɧɨɝɨ 
ɫɟɪɟɞɨɜɢɳɚ ɦɨɠɧɚ ɨɡɧɚɣɨɦɢɬɢɫɶ ɜ [3]. Кɪɿɦ ɤɨɦɩɿɥɹɰɿʀ ɤɨɞɭ, 
ɧɚɩɢɫɚɧɨɝɨ ɦɨɜɨɸ C, ɩɨɬɪɿɛɧɨ ɡɚɩɢɫɚɬɢ ɩɪɨɝɪɚɦɭ ɞɨ ɫɚɦɨɝɨ 
ɤɨɧɬɪɨɥɟɪɚ. Тɚɤɚ ɡɚɞɚɱɚ ɦɨɠɟ ɛɭɬɢ ɜɢɪɿɲɟɧɚ ɡɚ ɞɨɩɨɦɨɝɨɸ 
ɩɪɨɝɪɚɦɚɦɢ-ɩɪɨɝɪɚɦɚɬɨɪɚɦɢ AVR Dude ɚɛɨ eXtreme Burner AVR. 
Уɜɟɫɶ ɤɨɪɩɭɫ ɦɚɤɟɬɧɨʀ ɩɥɚɬɢ ɧɚɞɪɭɤɨɜɚɧɢɣ 3D-ɩɪɢɧɬɟɪɨɦ ɡɚ 
ɞɨɩɨɦɨɝɨɸ ɱɨɪɧɨʀ ɩɥɚɫɬɢɤɨɜɨʀ ɧɢɬɤɢ, ɱɟɪɟɡ ɳɨ ɜ ɥɚɛɨɪɚɬɨɪɿʀ ɽ ɜ 
ɧɚɹɜɧɨɫɬɿ 10 ɬɚɤɢɯ ɩɥɚɬ, ɹɤɿ ɦɚɸɬɶ ɩɪɚɤɬɢɱɧɨ ɨɞɧɚɤɨɜɢɣ ɜɢɝɥɹɞ. Їɯ 
ɜɿɞɪɿɡɧɹɽ ɥɢɲɟ ɬɟ, ɳɨ ɧɚ ɨɞɧɿ ɦɚɤɟɬɧɿ ɩɥɚɬɢ ɭɤɨɦɩɥɟɤɬɨɜɚɧɿ ɱɟɪɜɨɧɢɦɢ 
ɫɟɦɢɫɟɝɦɟɧɬɧɢɦɢ ɿɧɞɢɤɚɬɨɪɚɦɢ, ɚ ɞɪɭɝɿ ɩɥɚɬɢ - ɡɟɥɟɧɢɦɢ 
ɫɟɦɢɫɟɝɦɟɧɬɧɢɦɢ ɿɧɞɢɤɚɬɨɪɚɦɢ. Мɿɤɪɨɤɨɧɬɪɨɥɟɪ ATMega 8 ɦɚɽ ɹɤ 
ɜɨɫɶɦɢɪɨɡɪɹɞɧɿ, ɬɚɤ ɿ ɲɿɫɬɧɚɞɰɹɬɢɪɨɡɪɹɞɧɿ ɬɚɣɦɟɪɢ-ɥɿɱɢɥɶɧɢɤɢ. 
Кɨɠɧɢɣ ɜɨɫɶɦɢɪɨɡɪɹɞɧɢɣ ɬɚɣɦɟɪ ɽ ɨɞɢɧ ɜɨɫɶɦɢɪɨɡɪɹɞɧɢɣ ɪɟɝɿɫɬɪ, 
ɹɤɢɣ ɞɥɹ ɦɿɤɪɨɤɨɧɬɪɨɥɟɪɚ ɽ ɪɟɝɿɫɬɪɨɦ ɜɜɨɞɭ / ɜɢɜɨɞɭ. ɐɟɣ ɪɟɝɿɫɬɪ 
ɡɛɟɪɿɝɚɽ ɩɨɬɨɱɧɟ ɡɧɚɱɟɧɧɹ ɬɚɣɦɟɪɚ ɬɚ ɧɚɡɢɜɚɽɬɶɫɹ ɥɿɱɢɥɶɧɢɦ ɪɟɝɿɫɬɪɨɦ. 
ɒɿɫɬɧɚɞɰɹɬɢɪɨɡɪɹɞɧɿ ɬɚɣɦɟɪɢ ɦɚɸɬɶ ɲɿɫɬɧɚɞɰɹɬɢɪɨɡɪɹɞɧɢɣ 
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ɥɿɱɢɥɶɧɢɣ ɪɟɝɿɫɬɪ. Кɨɠɧɢɣ ɪɟɝɿɫɬɪ ɦɚɽ ɫɜɨɽ ɿɦ’ɹ. Мɿɤɪɨɤɨɧɬɪɨɥɟɪ 
ATMega 8 ɦɚɽ ɧɚɥɚɝɨɞɠɭɜɚɥɶɧɢɣ ɟɥɟɦɟɧɬ – ɩɪɨɝɪɚɦɨɜɚɧɿ ɩɟɪɟɦɢɤɚɱɿ 
ɪɟɠɢɦɿɜ. ɐɿ ɩɟɪɟɦɢɤɚɱɿ ɜɢɤɨɧɚɧɿ ɭ ɜɢɝɥɹɞɿ ɫɩɟɰɿɚɥɶɧɢɯ ɤɨɦɿɪɨɤ, ɹɤɿ ɩɨ 
ɫɭɬɿ, ɽ ɳɟ ɨɞɧɢɦ ɜɢɞɨɦ ɩɟɪɟɩɪɨɝɪɚɦɨɜɚɧɨʀ ɟɧɟɪɝɨɧɟɡɚɥɟɠɧɨʀ ɩɚɦ’ɹɬɿ. 
Кɨɠɧɢɣ ɤɨɧɮɿɝɭɪɚɰɿɣɧɢɣ ɩɟɪɟɦɢɤɚɱ ɩɪɢɡɧɚɱɟɧɢɣ ɞɥɹ ɬɨɝɨ, ɳɨɛ 
ɡɦɿɧɸɜɚɬɢ ɹɤɢɣ-ɧɟɛɭɞɶ ɨɞɢɧ ɩɚɪɚɦɟɬɪ ɚɛɨ ɪɟɠɢɦ ɪɨɛɨɬɢ 
ɦɿɤɪɨɤɨɧɬɪɨɥɟɪɚ. У ɞɨɤɭɦɟɧɬɚɰɿʀ ɤɨɠɧɢɣ ɬɚɤɢɣ ɩɟɪɟɦɢɤɚɱ ɦɚɽ 
ɜɢɡɧɚɱɟɧɟ ɿɦ’ɹ. Дɟɹɤɿ ɛɿɬɢ ɤɨɧɮɿɝɭɪɚɰɿɣɧɢɯ ɤɨɦɿɪɨɤ ɨɛ’ɽɞɧɚɧɿ ɜ ɝɪɭɩɢ. 
Вɿɞɩɨɜɿɞɧɨ ɞɨ ɬɟɪɦɿɧɨɥɨɝɿʀ ɮɿɪɦɢ Atmel, ɤɨɧɮɿɝɭɪɚɰɿɣɧɿ ɤɨɦɿɪɤɢ 
ɧɚɡɢɜɚɸɬɶɫɹ Fuse Bits. Зɚɩɢɫ ɿ ɱɢɬɚɧɧɹ ɤɨɧɮɿɝɭɪɚɰɿɣɧɢɯ ɤɨɦɿɪɨɤ 
ɦɨɠɥɢɜɨ ɥɢɲɟ ɡɚ ɞɨɩɨɦɨɝɨɸ ɩɪɨɝɪɚɦɚɬɨɪɚ ɜ ɪɟɠɢɦɿ ɩɪɨɝɪɚɦɭɜɚɧɧɹ. 
Вɫɿ ɧɟɡɚɩɪɨɝɪɚɦɨɜɚɧɿ Fuse-ɤɨɦɿɪɤɢ ɦɿɫɬɹɬɶ ɨɞɢɧɢɰɸ. Пɪɢ 
ɩɪɨɝɪɚɦɭɜɚɧɧɿ ɜ ɤɨɦɿɪɤɭ ɡɚɩɢɫɭɽɬɶɫɹ ɧɭɥɶ. 

Вɢɫɧɨɜɤɢ. В ɪɟɡɭɥɶɬɚɬɿ ɪɨɛɨɬɢ ɫɬɜɨɪɟɧɨ ɦɚɤɟɬɧɭ ɩɥɚɬɭ ɞɥɹ 
ɩɪɨɜɟɞɟɧɧɹ ɥɚɛɨɪɚɬɨɪɧɨɝɨ ɩɪɚɤɬɢɤɭɦɭ ɞɥɹ ɫɬɭɞɟɧɬɿɜ, ɹɤɿ ɡɦɨɠɭɬɶ 
ɫɚɦɨɫɬɿɣɧɨ ɧɚɩɢɫɚɬɢ ɧɨɜɭ ɩɪɨɝɪɚɦɭ ɞɥɹ ɦɿɤɪɨɤɨɧɬɪɨɥɟɪɚ ATmega8, 
ɡɚɩɢɫɚɬɢ ʀʀ ɞɨ ɦɿɤɪɨɤɨɧɬɪɨɥɟɪɚ ɿ ɩɟɪɟɜɿɪɢɬɢ ɩɪɚɜɢɥɶɧɿɫɬɶ ɜɢɤɨɧɚɧɧɹ 
ɩɪɨɝɪɚɦɢ ɡɚ ɞɨɩɨɦɨɝɨɸ ɡɚɫɨɛɿɜ ɜɜɟɞɟɧɧɹ ɬɚ ɜɢɜɟɞɟɧɧɹ ɿɧɮɨɪɦɚɰɿʀ 
ɦɚɤɟɬɧɨʀ ɩɥɚɬɢ. Тɚɤɢɦ ɱɢɧɨɦ, ɫɥɭɯɚɱɿ ɫɩɟɰɿɚɥɿɡɨɜɚɧɢɯ ɤɭɪɫɿɜ ɿ 
ɫɬɭɞɟɧɬɢ ɡɚɤɥɚɞɿɜ ɜɢɳɨʀ ɨɫɜɿɬɢ ɨɬɪɢɦɭɸɬɶ ɧɨɜɭ ɦɨɠɥɢɜɿɫɬɶ ɞɨɛɪɟ 
ɨɡɧɚɣɨɦɢɬɢɫɶ ɡ ɩɪɚɤɬɢɱɧɢɦ ɜɢɤɨɪɢɫɬɚɧɧɹɦ 8-ɪɨɡɪɹɞɧɨɝɨ 
ɦɿɤɪɨɤɨɧɬɪɨɥɟɪɚ ɡ ɹɞɪɨɦ AVR (ATmega8), ɡ ɫɭɱɚɫɧɢɦɢ ɡɚɦɨɜɚɦɢ 
ɜɜɟɞɟɧɧɹ ɿ ɜɢɜɟɞɟɧɧɹ ɿɧɮɨɪɦɚɰɿʀ, ɚ ɬɚɤɨɠ ɿɡ ɨɫɧɨɜɧɢɦɢ ɡɨɜɧɿɲɧɿɦɢ 
ɦɨɞɭɥɹɦɢ ɫɭɱɚɫɧɢɯ ɦɿɤɪɨɤɨɧɬɪɨɥɟɪɿɜ. 
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Abstract. The rapidly evolving digital landscape has witnessed few technological 

advancements that have had as profound an impact as blockchain and 
cryptotechnologies. These innovations have transcended their initial application in 
cryptocurrencies, reshaping the fundamentals of information management systems 
and technologies. This presentation delves deeper into the potential of blockchain 
and cryptotechnologies, exploring their core principles, diverse applications, 
advantages, limitations, and the perspectives they offer for the future.  

Keywords: blockchain, cryptotechnologies, information management, 
decentralization, transparency, smart contracts, innovation, future perspectives 

 
Анотаɰɿɹ. Циɮровий свɿт, ɳо ɲвидко змɿнɸɽтɶсɹ, ознаменɭвав 

небагатɶма теɯнологɿɱними досɹгненнɹми, ɳо справили настɿлɶки глибокий 
вплив, ɹк блокɱейн ɿ криптотеɯнологɿʀ. Цɿ ɿнноваɰɿʀ вийɲли за рамки свого 
поɱаткового застосɭваннɹ в галɭзɿ криптовалɸт ɿ переɮормɭвали основи 
систем ɭправлɿннɹ ɿнɮормаɰɿɽɸ та теɯнологɿɹми. Цɹ доповɿдɶ заглиблɸɽтɶсɹ 
в потенɰɿал блокɱейна ɿ криптотеɯнологɿй, дослɿджɭɸɱи ʀɯнɿ основнɿ 
принɰипи, рɿзноманɿтнɿ застосɭваннɹ, переваги, обмеженнɹ ɿ перспективи, ɹкɿ 
вони пропонɭɸтɶ длɹ майбɭтнɶого. 

Клɸɱовɿ слова: блокɱейн, криптотеɯнологɿʀ, ɭправлɿннɹ ɿнɮормаɰɿɽɸ, 
деɰентралɿзаɰɿɹ, прозорɿстɶ, смарт-контракти, ɿнноваɰɿʀ, перспективи 
майбɭтнɶого 
 

The purpose of this paper is to analyze the role of blockchain and 
cryptotechnology in the evolution of information systems and technologies, 
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and to identify the key benefits, limitations, and challenges they face. To 
achieve this goal, the following objectives are set: Examining the basic 
principles of blockchain and cryptotechnology.Analyzing the diverse 
applications of blockchain, including finance, supply chain management, 
healthcare, and other industries.Identifying the benefits of blockchain and 
cryptotechnology, such as decentralization, transparency, efficiency, and 
autonomous smart contracts. Examining the limitations and challenges, such 
as scalability and energy costs. 

The object of the study covers blockchain and crypto technologies, their 
impact and applications in different fields. The subject of the study includes 
the advantages, limitations, challenges and prospects of these technologies.  

The main findings of the study emphasize the significance of blockchain 
and cryptotechnologies for revolutionizing information systems and 
technologies. These innovations provide decentralized, reliable and secure 
solutions applicable in different sectors such as finance, supply chain and 
healthcare.  

The benefits of blockchain, including decentralization, transparency and 
autonomous smart contracts, offer new opportunities to innovate and 
optimize business processes. 

However, there are challenges to overcome, including scalability and 
energy costs.  

The development of more efficient algorithms and a focus on 
environmental sustainability will further encourage participants to embrace 
these technologies.Social, legal and economic aspects also play a key role in 
the successful adoption of blockchain and crypto technologies.  

Transparency, data protection and the development of appropriate 
regulations are important to ensure the safety of users and prevent 
undesirable practices. The impact on the economy and business is 
undeniable: lower costs, more efficient transactions and new business 
models drive innovation.  

However, companies also face the challenges of adapting to the new 
demands associated with these technologies. The benefits of blockchain and 
crypto technologies, including decentralization, transparency, and 
autonomous smart contracts, are having a profound impact on different areas 
of business, creating a sustainable and secure environment for collaboration. 

In the future, blockchain and crypto technologies will continue to evolve 
and increase their capabilities. The growth of the technology and ecosystem 
will allow its application to expand into new industries and fields.  
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Figure 1. Enterprises implementing blockchain technology 
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The development of more efficient algorithms, increased scalability, and 
environmental sustainability will make these technologies even more 
attractive to a wider audience.In conclusion, blockchain and 
cryptotechnologies, having earned their reputation as revolutionary tools for 
data management and transactions, will forever be part of our future digital 
reality.  

Presenting the future prospects of blockchain and crypto technologies. 
However, the success of their use depends on understanding and balancing 
their potential and limitations.In doing so, it is important to maintain a 
balance between innovation and security.  

The development of standards, legislation and robust data protection 
mechanisms will play an important role in ensuring the sustainable and 
effective development of blockchain and crypto-technologies.  

This will allow market participants to harness the potential of these 
technologies without risking security and privacy.In conclusion, blockchain 
and cryptotechnologies are not only technical innovations, but also 
fundamental changes in the way we think about information transfer and 
trust.   

With their help, we can create fairer and more transparent economic and 
social relationships, optimize business processes and ensure strong data 
protection. 

Thus, through continuous development, expanding applications and 
incorporating social, economic and legal aspects, blockchain and crypto-
technologies promise to remain key drivers of progress in the digital age.  

Their impact on information systems, economies and businesses will 
continue to expand, making our world more decentralized, efficient and 
secure. 
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Abstract. This paper introduces the adaptive activation function replacement 

method for pre-trained artificial neural network models. The method enables the 
usage of adaptive functions instead of their non-adaptive counterparts without 
spending time training the model from scratch. The effectiveness of activation 
function replacement is evaluated on the image recognition task using a CNN in 
PyTorch and CIFAR-10. 

Keywords: adaptive activation function, pre-trained artificial neural network 
model,   transfer learning, deep neural network 

 
Анотаɰɿɹ. Цɹ статтɹ представлɹɽ метод адаптивноʀ замɿни ɮɭнкɰɿʀ 

активаɰɿʀ длɹ попереднɶо навɱениɯ моделей ɲтɭɱноʀ нейронноʀ мережɿ. Метод 
дозволɹɽ використовɭвати адаптивнɿ ɮɭнкɰɿʀ замɿстɶ ʀɯ неадаптивниɯ 
аналогɿв, не витраɱаɸɱи ɱас на навɱаннɹ моделɿ з нɭлɹ. Еɮективнɿстɶ замɿни 
ɮɭнкɰɿʀ активаɰɿʀ оɰɿнɸɽтɶсɹ на задаɱɿ розпɿзнаваннɹ зображенɶ за 
допомогоɸ CNN ɭ PyTorch та CIFAR-10. 

Клɸɱовɿ слова: ɮɭнкɰɿɹ адаптивноʀ активаɰɿʀ, попереднɶо навɱена моделɶ 
ɲтɭɱноʀ нейронноʀ мережɿ, трансɮерне навɱаннɹ, глибока нейронна мережа 
 

Artificial neural network models have become essential to modern data 
processing systems [1]. To improve the efficiency of artificial neural models 
and process new kinds of data, researchers continue increasing the 
complexity of the models, introducing new architectures, and experimenting 
with activation functions. One such area of research is synthesizing new 
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adaptive activation functions for different target applications, including 
piece-wise and continuous activations [2]. Traditionally, the industry has 
been training new models, including the models with adaptive activation 
functions, from scratch. As the complexity of artificial network models 
increases, their training requires more time and computational resources, 
limiting the innovation space to big companies or inferior model 
architectures. Based on that, the industry is growing interested in techniques 
like transfer learning, using pre-trained neural networks and their 
components (blocks) [3]. Compared to training from scratch, using such pre-
trained models and blocks dramatically reduces the training time and the 
amount of resources required for this process. The paper proposes the 
activation function replacement method for pre-trained neural networks. The 
method allows using commercially available pre-trained models, their saved 
weights, and their state as the base of new models with adaptive activation 
functions. Applying this method does not require re-training of the base 
weights, speeding up the training time and shortening the development 
cycle. We demonstrate and evaluate the method using a convolutional neural 
network trained on the CIFAR-10 dataset. For evaluation, we study eight 
variants of the model: four base variants with non-adaptive activation 
functions and four derived models with the corresponding replacements. We 
select AHAF [4] as the exact replacement for SiLU and a continuous 
approximation for ReLU. We select F-neuron [5] as a piece-wise linear 
approximation for Sigmoid and Tanh. In order to correct possible 
approximation errors, we run fine-tuning of the activation function 
parameters after the replacement.      The evaluation confirms the method's 
viability for the exact replacement and approximation of commonly used 
functions, such as ReLU, SiLU, Tanh, and Sigmoid. The fine-tuned derived 
models perform consistently better than the base models on CIFAR-10. 
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Abstract. Findings enable us to make better decisions in selecting appropriate 

devices for deep learning tasks based on their sophistication. As a result, we were 
able to enhance both productivity and experiment quality. Through our research, we 
were able to improve the efficiency of our deep learning tasks              
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Keywords: devices for deep learning tasks based 
 
Анотаɰɿɹ. Отриманɿ данɿ дозволɹɸтɶ нам приймати краɳɿ рɿɲеннɹ ɳодо 

виборɭ вɿдповɿдниɯ пристроʀв длɹ завданɶ глибокого навɱаннɹ на основɿ ʀɯнɶоʀ 
складностɿ. У резɭлɶтатɿ ми змогли пɿдвиɳити ɹк продɭктивнɿстɶ, так ɿ 
ɹкɿстɶ експериментɭ. Завдɹки наɲим дослɿдженнɹм ми змогли пɿдвиɳити 
еɮективнɿстɶ наɲиɯ завданɶ глибокого навɱаннɹ 

Клɸɱовɿ слова: пристроʀв длɹ завданɶ глибокого навɱаннɹ 
 
Deep learning methods have demonstrated remarkable success across 

various domains. However, the computational demands of sophisticated 
calculations, involving deep neural networks, especially on small data  
machine learning tasks, can result in challenges related to cost, repeatability, 
and experiment consistency. In this paper, we address the issue of hardware 
usage optimization to improve the efficiency of deep learning computations. 
We propose a novel approach to handle small data problems, utilizing 
different neural network architectures, such as RCNNs and DCGANs,  using 
all available computing units - central processing units (CPUs) and graphic 
processing units (GPUs). These architectures are known for their memory-
intensive nature, particularly when applied to specific datasets. Our key 
focus lies in refining the process of data handling, and we compare hardware 
performance using established techniques, benchmarking CPUs and GPUs 
[1]. We conducted experiments with proven and publicly available datasets, 
which allowed us to evaluate performace using Direct ML library. By 
analyzing the behavior of CPUs and GPUs utilization during deep neural 
network training, we identify crucial differences that impact performance.  

 
Figure 1. AMD Adrenalin performance monitor during the experiments 

 
In order to perform most computing intense tasks we used the test 

system, comprising of AMD Ryzen 3600X processor and AMD Radeon 
RX6500XT GPU, 16 GB RAM, using dual-boot setup with Windows 10 
and Ubuntu 18. The experiment showcased here is related to human face 
recognition. Here, we use data available online - FER2013 [2] and a 



 
 
 

Materials of the ɏI International Scientific Conference  
«Information-Management Systems and Technologies»   

  21th – 23th September, 2023, Odessa 
 

 
  62 

convolution network (CNN) that performs facial expression classification. 
To verify the performance, we used the AMD Adrenalin Radeon resource 
monitor [3] (Fig. 1), and used the Anaconda console that writes the 
necessary information (Fig. 2). 

 

 
Figure 2. Python interpreter console and Jupyter environment (Anaconda) 

      
Based on our series of experiments we have found the following:  
1. According to the tests on image recognition and autoncoder training, 

we found that the GPU computation speed is non-linear and dependent on 
number of iterations as well as sophistication of computation task. 

2. As we used the DCGAN and RCNN model, we needed to overcome 
the performance bottleneck in GPU memory size and bus width, utilizing 
the processor, that allowed to increase the performance in 2.74 times. 
       3. Type of the operational system and hardware memory size are less 
important, than new technologies (smart access memory, memory type) used 
in processors and graphic processing units in deep learning tasks. 
Our findings enable us to make better decisions in selecting appropriate 
devices for deep learning tasks based on their sophistication. As a result, we 
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were able to enhance both productivity and experiment quality. Through our 
research, we were able to improve the efficiency of our deep learning tasks. 
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Abstract. The expediency of using patterns of visual data analysis to assess the 

competitiveness of compositions of fine-grained concretes for polyfunctional 
purposes is substantiated. 

Keywords: fine fillers, activation, visual analysis, data warehouse. 
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Анотаɰɿɹ. Обʉрɭнтовано доɰɿлɶнɿстɶ використаннɹ закономɿрностей 
вɿзɭалɶного аналɿзɭ даниɯ длɹ оɰɿнки конкɭрентоспроможностɿ складɿв 
дрɿбнозернистиɯ бетонɿв полɿɮɭнкɰɿоналɶного признаɱеннɹ. 

Клɸɱовɿ слова: тонкɿ наповнɸваɱɿ, активаɰɿɹ, вɿзɭалɶний аналɿз, сɯовиɳе 
даниɯ. 

 
Modern construction requires the use of new effective materials, among 

which an important place is occupied by high-quality fine-grained solutions 
and highly mobile mixtures. Obtaining fine-grained mixtures of high 
uniformity, vitality and strength is impossible without the use of 
multifunctional modifier additives, the most effective of which are 
complexes based on superplasticizers and highly dispersed mineral additives 
based on silica fume.  

Different silica-containing active micro- and macro-fillers with different 
specific surface area, structure and polymineral composition can have 
different effects on the rheology of mixtures, structure formation and 
solution hardening processes.  

The issues of the joint action of these additives and the priority of their 
influence on the properties of mixtures and concretes, the development of 
highly mobile mixtures with various plasticizers determine the subject of a 
wide range of experimental and statistical studies.  

The multiplicity and versatility of the compositions obtained by 
researchers based on the same qualitative and different quantitative 
compositions of organo-mineral modifiers predetermine the feasibility and 
relevance of automating analytical studies using a decision support system 
(DSS) [1] using the ROLAP data warehouse.  

The main objective of the system is to provide information on existing 
compositions and polyfunctional modifiers.   

This allows you to expand the field of choice and evaluate the 
competitiveness of the composition. DSS data visualization is used both for 
data exploration and for explaining the findings to the customer.  

The widespread technology of experimental and statistical studies is 
based on the search for hypotheses for the mathematical description of 
dependencies and on their verification. For data visualization, this 
technology uses a mathematical description that can generate modified and 
even integrated data.  

The storage can contain the primary data layer, i.e. store and display data 
in a form that matches the source as much as possible. This will improve the 
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quality of data visualization. At the same time, the experience gained in the 
visualization of data from experimental and statistical studies of modified 
solutions [2] can be applied in the DSS in the form of a library of templates 
for line graphs, linear, bar, pie, sector and vector diagrams.  

Analysis of the storage ROLAP model shows that the dimension 
required for display can reach 12. When using one-, two- and three-
dimensional representation of information, the following templates have 
been prepared: 

- graphs (for example, "Changes in the physical and mechanical 
properties of arbolite concrete depending on the content of the binder in 
relation to the content of organic aggregate"); 

- flat diagrams (for example, "Analysis of the influence of the fractional 
composition of organic aggregate on the properties of arbolite concrete on a 
composite gypsum binder"); 

- bar charts (for example, "Influence of pozzolanic additives on the 
properties of the composite gypsum binder"); 

- three-dimensional space in the form of a cube (For example, 
"Visualization of the change in strength under the influence of three 
independent indicators (two factors that take into account the influence of 
time on processes and the amount of inorganic additive)") 

If the data set has more than three dimensions, then templates of view 
complexes are applied, using dimension reduction to one-, two- or three-
dimensional view by factor analysis [3]. 
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Анотаɰɿɹ. Штɭɱний Інтелект (ШI) вɿдɿграɽ важливɭ ролɶ ɭ пɿдтримɰɿ 

необɯɿдного рɿвнɹ автономностɿ Безпɿлотниɯ Систем (БС). Створеннɹ ШІ 
нового поколɿннɹ, а саме ШІ ɳо Вɿдɱɭваɽ (ШІВ) длɹ БС ɽ актɭалɶноɸ 
проблемоɸ сɶогоденнɹ. Одним ɿз компонентɿв ШІВ ɽ моделɶ когнɿтивного 
сприйнɹттɹ (КC). В доповɿдɿ розглɹнɭто моделɶ КC ɳо враɯовɭɽ когнɿтивнɿ 
проɰеси вɿдображеннɹ даниɯ вɿд датɱикɿв ɭ ʀɯ сенс. Важливоɸ особливɿстɸ 
когнɿтивного сприйнɹттɹ ɽ старɿннɹ ɿнɮормаɰɿʀ та ʀʀ забɭваннɹ з ɱасом. У 
доповɿдɿ розглɹдаɽтɶсɹ алгоритм, ɹкий реалɿзɭɽ моделɶ КC з меɯанɿзмом 
старɿннɹ даниɯ.  

Клɸɱовɿ слова: автономна ɿнтелектɭалɶна безпɿлотна система, ɲтɭɱний 
ɿнтелект ɳо вɿдɱɭваɽ, когнɿтивне сприйнɹттɹ, данɿ з датɱикɿв, старɿннɹ 
ɿнɮормаɰɿʀ. 

 
Abstract. Artificial Intelligence (AI) plays an important role in maintaining the 

required level of Unmanned System (US) autonomy. Creation of the new generation 
of AI, namely Feeling AI (FAI) for US is actual nowadays problem. One of the 
components of the FAI is a Cognitive Perception (CP) model. The CP model 
considered takes into account such cognitive processes as the mapping of data from 
sensors in their meaning. An important feature of cognitive perception is aging of 
information and its forgetting over time. The article considers an algorithm that 
implements a model of cognitive perception with an aging mechanism.  

Keywords: autonomous intelligent unmanned system, feeling artificial 
intelligence, cognitive perception, data from sensor, aging of information. 
 

У ɧɚɭɤɨɜɨɦɭ ɫɩɿɜɬɨɜɚɪɢɫɬɜɿ ɨɛɝɨɜɨɪɸɽɬɶɫɹ ɦɨɠɥɢɜɿɫɬɶ ɫɬɜɨɪɟɧɧɹ 
ɒІ ɬɪɟɬɶɨɝɨ ɩɨɤɨɥɿɧɧɹ ɞɥɹ БС, ɹɤɢɣ ɜɪɚɯɨɜɭɽ ʀɯ ɨɫɨɛɥɢɜɨɫɬɿ ɬɚ ɦɚɽ 
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ɤɨɝɧɿɬɢɜɧɿ ɡɞɿɛɧɨɫɬɿ, ɳɨ ɩɿɞɬɪɢɦɭɸɬɶ ɚɜɬɨɧɨɦɧɟ ɩɪɢɣɧɹɬɬɹ ɪɿɲɟɧɶ ɜ 
ɭɦɨɜɚɯ ɧɟɜɢɡɧɚɱɟɧɨɫɬɿ ɬɚ ɜ ɧɟɞɪɭɠɧɶɨɦɭ ɫɟɪɟɞɨɜɢɳɿ. Зɚɩɪɨɩɨɧɨɜɚɧɨ 
ɦɨɞɟɥɶ ɬɚ ɟɫɤɿɡ ɚɪɯɿɬɟɤɬɭɪɢ ɒІВ [1-3]. Оɞɧɢɦ ɿɡ ɨɫɧɨɜɧɢɯ ɤɨɦɩɨɧɟɧɬɿɜ 
ɚɪɯɿɬɟɤɬɭɪɢ ɒІВ ɽ ɫɢɫɬɟɦɚ ɫɩɪɢɣɧɹɬɬɹ, ɹɤɚ ɪɟɚɥɿɡɭɽ ɤɨɝɧɿɬɢɜɧɭ 
ɮɭɧɤɰɿɸ ɞɢɫɬɢɥɹɰɿʀ ɫɟɧɫɭ ɞɚɧɢɯ ɜɿɞ ɫɟɧɫɨɪɿɜ [3]. Еɫɤɿɡ ɚɪɯɿɬɟɤɬɭɪɢ 
ɒІВ, ɳɨ ɡɚɩɪɨɩɨɧɨɜɚɧɨ ɜ [2], ɩɨɤɚɡɚɧɨ ɧɚ ɪɢɫ. 1.  

 
Рисунок.1. Проект арɯɿтектɭри ɲтɭɱного ɿнтелектɭ ɳо вɿдɱɭваɽ 

 
ɑɨɬɢɪɢ ɛɚɡɢ ɡɧɚɧɶ ɜɿɞɨɛɪɚɠɟɧɿ ɭ ɜɢɝɥɹɞɿ ɤɨɥ. Фɭɧɤɰɿʀ ɒІВ 

ɪɟɚɥɿɡɨɜɚɧɿ ɞɟɜ'ɹɬɶɦɚ ɦɟɯɚɧɿɡɦɚɦɢ ɧɟɱɿɬɤɨɝɨ ɜɢɜɟɞɟɧɧɹ ɧɚ ɡɧɚɧɧɹɯ. 
Вɨɧɢ ɩɨɤɚɡɚɧɿ ɭ ɜɢɝɥɹɞɿ ɲɟɫɬɢɤɭɬɧɢɤɿɜ. Мɟɯɚɧɿɡɦ ɫɩɪɢɣɧɹɬɬɹ ɦɨɞɟɥɿ 
КC ɜɢɤɨɪɢɫɬɨɜɭɽ ɛɚɡɭ ɡɧɚɧɶ «ɓɨ ɰɟ?». Мɨɞɟɥɶ КC ɜɪɚɯɨɜɭɽ ɨɫɧɨɜɧɿ 
ɨɫɨɛɥɢɜɨɫɬɿ ɫɢɫɬɟɦ ɫɩɪɢɣɧɹɬɬɹ ɠɢɜɨʀ ɩɪɢɪɨɞɢ. Пɨ-ɩɟɪɲɟ, ɜ ɤɨɠɟɧ 
ɦɨɦɟɧɬ ɱɚɫɭ ɨɛɱɢɫɥɸɽɬɶɫɹ ɫɟɧɫ ɧɟ ɰɿɥɿɫɧɨʀ ɫɢɬɭɚɰɿʀ, ɚ ɹɤɨɝɨɫɶ 
ɮɪɚɝɦɟɧɬɚ ɫɟɪɟɞɨɜɢɳɚ БС, ɜɢɞɿɥɟɧɨɝɨ ɦɟɯɚɧɿɡɦɨɦ ɭɜɚɝɢ. Сɟɧɫ ɰɿɥɿɫɧɨʀ 
ɫɢɬɭɚɰɿʀ ɮɨɪɦɭɽɬɶɫɹ ɩɨɫɥɿɞɨɜɧɨ ɲɥɹɯɨɦ ɩɟɪɟɦɿɳɟɧɧɹ ɭɜɚɝɢ ɡ ɨɞɧɨɝɨ 
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ɮɪɚɝɦɟɧɬɚ ɫɟɪɟɞɨɜɢɳɚ ɧɚ ɿɧɲɢɣ. Пɨ-ɞɪɭɝɟ, ɩɨɫɥɿɞɨɜɧɨ ɫɮɨɪɦɨɜɚɧɢɣ 
ɨɩɢɫ ɫɟɧɫɭ ɩɨɜɧɨʀ ɫɢɬɭɚɰɿʀ ɩɿɞɬɪɢɦɭɽɬɶɫɹ ɤɨɝɧɿɬɢɜɧɢɦ ɦɟɯɚɧɿɡɦɨɦ 
ɫɬɚɪɿɧɧɹ ɞɚɧɢɯ ɳɨɛ ɦɿɧɿɦɿɡɭɜɚɬɢ ɪɢɡɢɤɢ ɜɿɞ ɩɪɢɣɧɹɬɢɯ ɪɿɲɟɧɶ. 
 

Ʌɿɬɟɪɚɬɭɪɚ 
 
[1] M. Czerwinski, J. Hernandez, D. Mcduff, "Building an AI That Feels: AI systems 
with emotional intelligence could learn faster and be more helpful", IEEE Spectrum, 
vol.58/5, May 2021, pp.32-38. doi:10.1109/MSPEC.2021.9423818. 
[2] А. Kargin, T. Petrenko, Feeling Artificial Intelligence for AI-Enabled 
Autonomous Systems, in: Conference Proceedings of 2022 IEEE Global Conference 
on Artificial Intelligence and Internet of Things (GCAIoT), Alamein New City, 
Egypt, 18-21 December 2022, pp.88-93. 
[3] A. Kargin, T. Petrenko, Knowledge Distillation for Autonomous Intelligent 
Unmanned System, in: Witold Pedrycz, Shyi-Ming Chen, Advancements in 
Knowledge Distillation: Towards New Horizons of Intelligent Systems, Studies in 
Computational Intelligence, vol. 1100. Springer International Publishing, 2023, pp. 
193-231. 
 
UDC 004.519 

 
MODEL DIAGNOSTICS TECHNICAL CONDITION 

INTELLECTUALIZATION SHIP COMPLEX SYSTEMS FAILURES 
RISK 

 
Dr.Sci. V. Vychuzhanin[0000-0002-6302-1832] 

National University "Odessa Polytechnic", Ukraine 
EMAIL: 126.ist.onpu@gmail.com 

 

ɆɈДЕɅɖ ДІАГɇɈɋɌИɄИ ɌЕɏɇІɑɇɈГɈ ɋɌАɇɍ 
ІɇɌЕɅЕɄɌɍАɅІЗАɐІЇ ɊИЗИɄА ВІДɆɈВ ɋɍДɈВɇИɏ 

ɋɄɅАДɇИɏ ɋИɋɌЕɆ 
 

Dr.Sci. В. Вɢɱɭɠɚɧɿɧ 
Наɰɿоналɶний ɭнɿверситет "Одесɶка полɿтеɯнɿка", Украʀна 

 
Abstract. The article presents the results of developing a model for diagnosing a 

ship complex technical system. In artificial intelligence, knowledge representation 
models are actively developing - Bayesian Belief Networks, used to diagnose the 
technical condition of complex systems The model for diagnosing and predicting the 
risk of failures of subsystems, components, interconnections can be considered as a 
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conceptual model of an intelligent system for diagnosing and predicting the risk of 
failures of complex technical systems on network infrastructures, which has a 
relative insensitivity to incomplete technological data. The use of the developed 
method and model, taking into account the hierarchical levels subsystems, 
components, intersystem and complex technical systems intercomponent 
communications, when searching for the causes of failures in complex technical 
systems, allows us to control failures risk in systems when information about failures 
in their structures is received according to technical condition.  

Keywords: subsystems, components, intersystem, intercomponent 
communications, complex technical system, risk, diagnostics, intelligent system, 
Bayesian belief network, insensitivity to incomplete data.  

 
Анотаɰɿɹ. У статтɿ наведено резɭлɶтати розробки моделɿ 

дɿагностɭваннɹ складноʀ теɯнɿɱноʀ системи сɭдна. У ɲтɭɱномɭ ɿнтелектɿ 
активно розвиваɸтɶсɹ моделɿ представленнɹ знанɶ – Bayesian Belief Networks, 
ɳо використовɭɸтɶсɹ длɹ дɿагностики теɯнɿɱного станɭ складниɯ систем. 
Моделɶ дɿагностики та прогнозɭваннɹ ризикɭ вɿдмов пɿдсистем, компонентɿв, 
взаɽмозв’ɹзкɿв можна розглɹдати ɹк конɰептɭалɶнɭ моделɶ ɿнтелектɭалɶноʀ 
системи дɿагностики та прогнозɭваннɹ ризикɭ вɿдмов складниɯ теɯнɿɱниɯ 
систем на мережевиɯ ɿнɮрастрɭктɭраɯ, ɹка маɽ вɿдноснɭ неɱɭтливɿстɶ до 
незаверɲениɯ теɯнологɿɱниɯ даниɯ. Використаннɹ розробленого методɭ та 
моделɿ з ɭраɯɭваннɹм ɿɽрарɯɿɱниɯ рɿвнɿв пɿдсистем, компонентɿв, 
мɿжсистемниɯ ɿ мɿжкомпонентниɯ зв’ɹзкɿв комплексниɯ теɯнɿɱниɯ систем при 
поɲɭкɭ приɱин вɿдмов ɭ складниɯ теɯнɿɱниɯ системаɯ дозволɹɽ контролɸвати 
ризик вɿдмов ɭ системаɯ, коли ɿнɮормаɰɿɹ про вɿдмови в ʀɯ стрɭктɭраɯ 
надɯодитɶ за теɯнɿɱним станом. 

Клɸɱовɿ слова: пɿдсистеми, компоненти, мɿжсистемнɿ, мɿжкомпонентнɿ 
комɭнɿкаɰɿʀ складна теɯнɿɱна система, ризик, дɿагностика, ɿнтелектɭалɶна 
система, мережа переконанɶ Байɽса, неɱɭтливɿстɶ до неповниɯ даниɯ. 

 
In artificial intelligence, knowledge representation models are actively 

developing - Bayesian Belief Networks (BBN), used to diagnose the 
technical condition (TС) of complex systems [1,2]. One of the BBNs 
advantages for vehicle diagnostics is their ability to work with uncertain and 
incomplete CTS process data. BBN can be applied to assess the risk of 
failures in complex technical systems (CTS), providing data and knowledge 
integration to assess the likelihood of various failure scenarios and their 
consequences. By identifying critical components, evaluating maintenance 
strategies, and supporting regulatory compliance, BBNs can help ensure safe 
and reliable CTS operations. 

Problems associated with ensuring the reliable operation of ship CTS 
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require further improvement and the search for new methods, models and 
algorithms aimed at promptly detecting emergency conditions of equipment, 
at solving the problems of diagnosing and predicting system failures risk 
under conditions of relative insensitivity to incomplete data on FS, FC, FIC 
and FI (subsystems - FS, components - FC, intersystem -FI and CTS 
intercomponent communications - FIC). Since all modern ships must be 
equipped with automation systems for technical means using artificial 
intelligence technologies, the introduction of approaches based on such 
methods, models and algorithms should help ensure ship’s CTS reliable 
operation. A formalized generalized model for the intellectualization of TC 
diagnostics and predicting failures risk of FS, FC, FIC and FI by diagnostic 
features can be described as follows: 

,,,),(),(, )()( !� LRRIICSG
CS IICSCS  

where: )(CS ,set FS (FС); 
   )( CS II , set FIС (FI); 

 )()( ,
CS IICS RR , set of failures risk diagnostic assessments FS (FС), 

FIС (FI) СТS; 
L  - mapping relationships between sets )(),( CS IICS , 

)()( ,
CS IICS RR , based on the fault tree of the CTS diagnostic mode. 

As an BBN example for interconnected power plant units IE, CAS, SPP 
and interconnections IE-CAS, CAS - SPP, sets of failure risk at the initial 
time and taking into account the dynamics of technical conditions over time 
based on a priori data on intensities bounce 
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Symbols of subsystems, components of the SPP in BBN: Input element - 

IE; Fire fighting system - FFS; Compressed air system - CAS; Manual 
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control of the main engine - MCME; Control system - CS; Remote 
automated control system of the main engine - RACSME; Intermediate 
component - P1; Ship power plant - SPP; Main engine - ME; Ballast 
drainage system - BDS; Emergency drive propulsion and steering complex - 
ED PSC; Control system for propulsion and steering complex -CSPSC; 
Boiler plant - BP; Transfer of power from the main engine to the propeller - 
TPMEP; Intermediate component - P2; Propulsion and steering complex - 
PSC; Output component - EXIT.  Sets of risk of failures at the current 
moment of time, taking into account the previous state of subsystems and 
intersystem communications, can be within: 

the level of risk of failure is estimated as minimal, the consequences of 
an accident are minimal at: 

2,01,0))/()_(( 1
3,2,1
8,3,1

3,2,1
8,3,1 � �tt WorkworkNotR ; 

2,01,0))/()_(( 1
3,1

,_
3,2

_,_ � �� tSPPCASCASIEtSPPCASCASIE WorkworkNotR
 

the risk failure level is assessed as acceptable, the consequences of the 
accident are insignificant at: 

37,02,0))/()_(( 1
3,2,1
8,3,1

3,2,1
8,3,1 � �tt WorkworkNotR ; 

37,02,0))/()_(( 1
3,1

,_
3,2

_,_ � �� tSPPCASCASIEtSPPCASCASIE WorkworkNotR
 

the risk failure level is estimated as maximum, the consequences of the 
accident are significant at:                                       

63,037,0))/()_(( 1
3,2,1
8,3,1

3,2,1
8,3,1 � �tt WorkworkNotR ; 

63,037,0))/()_(( 1
3,2

,_
3,2

_,_ � �� tSPPCASCASIEtSPPCASCASIE WorkworkNotR
 

the failure risk level is assessed as critical at: 
163,0))/()_(( 1

3,2,1
8,3,1

3,2,1
8,3,1 � �tt WorkworkNotR       

163,0))/()_(( 1
3,2

,_
3,2

_,_ � �� tSPPCASCASIEtSPPCASCASIE WorkworkNotR  
The operating state and failure, for example, of the CS subsystem for the 

risk of failure at the input element of the SPP 0.26 when simulating the BBN 
of the SPP is shown in Fig. 1. The described method, the developed model 
of an intelligent system for assessing and predicting the risk of CTS failures 
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on network infrastructures, as a research result, confirmed the relative 
insensitivity to incomplete technological data FS, FC, FIC and FI. 

Application of research results allows providing: formation of principles 
for the intelligent system for diagnosing and predicting the CTS failures risk 
construction and operation; intellectualization model of TC estimation and 
forecasting ship CTS failures risk oby diagnostic features, which has a 
relative insensitivity to incomplete technological data FS, FC, FIC and FI 
CTS creation; intellectualization model for ES evaluation based on the use 
of a priori information about failures, linking the types of TC FS, FC, FIC 
and FI of complex systems and their diagnostic features in the failure risk 
form creation;  identifying the most vulnerable FS, FC, FIC and FI CTS and 
solving the problem of determining the failures causes depending on failures 
risk in the TC diagnostics. 

 
Figure 1. Operating state and failure of the CS subsystem for failure risk 

the input component of the SPP 0.26 
 

The results of the development of a diagnostic model for a complex 
technical system with incomplete technological data and its implementation 
in an intelligent system for assessing and predicting FS, FC, FIC and FI ship 
CTS failures risk made it possible to obtain a priori information about the 
technical condition of a complex system. The types of technical condition 
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FS, FC, FIC and FI are determined on the basis of diagnostic features of a 
complex system using ship power plant example. Predicting complex 
technical system technical state type was carried out using a posteriori 
inference in Bayesian belief networks. The conducted studies presented in 
the article evaluated the results of functioning of an intelligent system for 
diagnosing and predicting complex technical system failures risk, which 
makes it possible to identify the most vulnerable FS, FC, FIC and FI CTS 
and predict their TC. The model for diagnosing and predicting the risk of 
failures of subsystems, components, interconnections can be considered as 
an intelligent system conceptual model for diagnosing and predicting 
complex technical systems failures risk on network infrastructures, which 
has a relative insensitivity to incomplete technological data. 
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Анотаɰɿɹ. Бɭло проведено кɿлɶка ɿгровиɯ сеансɿв з рɿзноɸ кɿлɶкɿстɸ ɿгровиɯ 

персонажɿв на рɿзниɯ за розмɿром картаɯ ɿгрового свɿтɭ. При порɿвнɹннɿ 
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продɭктивностɿ моделɿ baiNet в рɿзниɯ ɭмоваɯ використаннɹ вивɱаласɹ 
поведɿнка ɿмɭнниɯ об'ɽктɿв, ɳо ɮормɭɸтɶ попɭлɹɰɿɸ антитɿл, ɿ ʀɯ вɿдноɲеннɹ 
до певноʀ кɿлɶкостɿ класɿв, представлениɯ набором антигенɿв. 

Клɸɱовɿ слова: ɿмɭннɿ об'ɽкти, ɿгровɿ персонажɿ 
 
Abstract. Several game sessions were conducted with different numbers of game 

characters on different size maps of the game world. When comparing the 
performance of the baiNet model in different conditions of use, the behavior of 
immune objects forming the population of antibodies and their relationship to a 
certain number of classes represented by a set of antigens was studied. 

Keywords: immune objects, game characters 
 

Сɬɪɿɦɤɢɣ ɪɨɡɜɢɬɨɤ ɿɧɮɨɪɦɚɰɿɣɧɢɯ ɬɟɯɧɨɥɨɝɿɣ ɩɪɢɡɜɿɜ ɞɨ ɩɨɹɜɢ 
ɧɨɜɢɯ ɦɨɠɥɢɜɨɫɬɟɣ ɞɥɹ ɪɨɡɪɨɛɧɢɤɿɜ ɿ ɜɢɞɚɜɰɿɜ ɿɝɪɨɜɨɝɨ ɩɪɨɝɪɚɦɧɨɝɨ 
ɡɚɛɟɡɩɟɱɟɧɧɹ [1, 2]. Зɚɜɞɹɤɢ ɰɶɨɦɭ ɜ ɨɛɥɚɫɬɿ ɪɨɡɪɨɛɤɢ ɿɝɪɨɜɢɯ ɞɨɞɚɬɤɿɜ 
ɡ’ɹɜɢɥɚɫɹ ɜɟɥɢɤɚ ɤɿɥɶɤɿɫɬɶ ɩɥɚɬɮɨɪɦ, ɲɚɛɥɨɧɿɜ ɪɨɡɪɨɛɤɢ ɚɪɯɿɬɟɤɬɭɪɢ 
ɿɝɪɨɜɢɯ ɞɨɞɚɬɤɿɜ, ɚ ɬɚɤɨɠ ɫɟɪɟɞɨɜɢɳ, ɳɨ ɞɨɡɜɨɥɹɸɬɶ ɫɩɪɨɫɬɢɬɢ ɿ 
ɚɜɬɨɦɚɬɢɡɭɜɚɬɢ ɩɪɨɰɟɫ ɪɨɡɪɨɛɤɢ ɿɝɪɨɜɨɝɨ ɩɪɨɝɪɚɦɧɨɝɨ ɡɚɛɟɡɩɟɱɟɧɧɹ. 

В ɬɟɩɟɪɿɲɧɿɣ ɱɚɫ ɲɬɭɱɧɢɣ ɿɧɬɟɥɟɤɬ (ɒІ) ɲɢɪɨɤɨ ɜɢɤɨɪɢɫɬɨɜɭɽɬɶɫɹ 
ɜ ɿɝɪɨɜɿɣ ɿɧɞɭɫɬɪɿʀ ɿ ɡɚɫɬɨɫɨɜɭɽɬɶɫɹ ɞɥɹ ɫɬɜɨɪɟɧɧɹ ɫɭɩɟɪɧɢɤɿɜ ɝɪɚɜɰɹ, 
ɳɨ ɽ ɨɫɧɨɜɨɸ ɜɫɿɯ ɜɿɞɟɨɿɝɨɪ [3]. Вɚɠɥɢɜɨ ɫɬɜɨɪɢɬɢ ɿɧɬɟɥɟɤɬɭɚɥɶɧɭ 
ɦɨɞɟɥɶ ɤɟɪɭɜɚɧɧɹ ɿɝɪɨɜɢɦɢ ɩɟɪɫɨɧɚɠɚɦɢ, ɳɨɛ ɿɦɿɬɭɜɚɬɢ ɩɨɜɟɞɿɧɤɭ 
ɝɪɚɜɰɿɜ ɛɚɝɚɬɶɨɯ ɤɨɪɢɫɬɭɜɚɰɶɤɢɯ ɤɨɦɩ’ɸɬɟɪɧɢɯ ɿɝɨɪ. 

Іɝɪɨɜɢɣ ɞɨɞɚɬɨɤ, ɜɢɤɨɪɢɫɬɚɧɢɣ ɭ ɪɨɛɨɬɿ, ɦɨɞɟɥɸɽ ɮɭɬɭɪɢɫɬɢɱɧɢɣ 
ɤɨɫɦɿɱɧɢɣ ɫɜɿɬ, ɞɟ ɝɪɚɜɟɰɶ ɜɡɚɽɦɨɞɿɽ ɡ ɿɧɲɢɦɢ ɩɟɪɫɨɧɚɠɚɦɢ ɭ ɜɿɥɶɧɨɦɭ 
ɿɝɪɨɜɨɦɭ ɩɪɨɫɬɨɪɿ [4]. Гɪɚɜɟɰɶ ɤɟɪɭɽ ɜɥɚɫɧɢɦ ɤɨɫɦɿɱɧɢɦ ɤɨɪɚɛɥɟɦ, 
ɹɤɢɣ ɦɨɠɟ ɩɟɪɟɫɭɜɚɬɢɫɹ ɩɨ ɩɪɨɫɬɨɪɚɯ ɿɝɪɨɜɨɝɨ ɫɜɿɬɭ, ɡɧɚɯɨɞɢɬɢ ɿ 
ɞɨɛɭɜɚɬɢ ɿɝɪɨɜɿ ɪɟɫɭɪɫɢ, ɨɛɦɿɧɸɜɚɬɢɫɹ ɧɢɦɢ ɜ ɩɟɜɧɢɯ ɬɨɱɤɚɯ ɧɚ ɤɚɪɬɿ 
ɿɝɪɨɜɨɝɨ ɫɜɿɬɭ ɞɥɹ ɪɨɡɜɢɬɤɭ ɜɥɚɫɧɨɝɨ ɤɨɪɚɛɥɹ. Нɚ ɤɚɪɬɿ ɿɝɪɨɜɨɝɨ ɫɜɿɬɭ ɽ 
ɤɿɥɶɤɚ ɥɨɤɚɰɿɣ, ɞɟ ɝɪɚɜɟɰɶ ɪɚɡɨɦ ɡ ɿɧɲɢɦɢ ɩɟɪɫɨɧɚɠɚɦɢ ɦɨɠɟ 
ɨɛɦɿɧɸɜɚɬɢɫɹ ɡɿɛɪɚɧɢɦɢ ɪɟɫɭɪɫɚɦɢ, ɪɟɦɨɧɬɭɜɚɬɢ ɫɜɿɣ ɤɨɪɚɛɟɥɶ ɿ 
ɩɿɞɜɢɳɭɜɚɬɢ ɣɨɝɨ ɪɿɜɟɧɶ ɿ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ. 

Дɚɧɚ ɪɨɛɨɬɚ ɫɩɪɹɦɨɜɚɧɚ ɧɚ ɜɢɤɨɪɢɫɬɚɧɧɹ ɿɦɭɧɧɢɯ ɦɟɬɨɞɿɜ ɨɛɪɨɛɤɢ 
ɿɧɮɨɪɦɚɰɿʀ ɬɚ ɩɪɢɣɧɹɬɬɹ ɪɿɲɟɧɶ ɜ ɿɝɪɨɜɢɯ ɩɪɨɟɤɬɚɯ. Зɚɞɚɱɭ ɤɟɪɭɜɚɧɧɹ 
ɩɨɜɟɞɿɧɤɨɸ ɩɟɪɫɨɧɚɠɿɜ ɜ ɿɝɪɨɜɨɦɭ ɩɪɨɝɪɚɦɧɨɦɭ ɡɚɛɟɡɩɟɱɟɧɧɿ ɦɨɠɧɚ 
ɜɜɚɠɚɬɢ ɨɤɪɟɦɢɦ ɜɢɩɚɞɤɨɦ ɡɚɞɚɱɿ ɤɥɚɫɢɮɿɤɚɰɿʀ, ɞɥɹ ɜɢɪɿɲɟɧɧɹ ɹɤɨʀ 
ɩɪɨɩɨɧɭɽɬɶɫɹ ɜɢɤɨɪɢɫɬɨɜɭɜɚɬɢ ɲɬɭɱɧɿ ɿɦɭɧɧɿ ɫɢɫɬɟɦɢ (ɒІС). Тɨɞɿ 
ɦɨɠɥɢɜɿ ɜɚɪɿɚɧɬɢ ɞɿɣ ɿɝɪɨɜɨɝɨ ɩɟɪɫɨɧɚɠɚ ɮɨɪɦɭɸɬɶ ɧɚɛɿɪ ɤɥɚɫɿɜ, ɹɤɿ 
ɩɪɟɞɫɬɚɜɥɟɧɿ ɩɨɩɭɥɹɰɿɽɸ ɚɧɬɢɝɟɧɿɜ ɒІС [5]. Оɡɧɚɤɚɦɢ ɤɥɚɫɭ ɽ ɤɿɥɶɤɚ 
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ɩɚɪɚɦɟɬɪɿɜ, ɹɤɿ ɦɚɸɬɶ ɤɨɧɤɪɟɬɧɿ ɮɿɤɫɨɜɚɧɿ ɡɧɚɱɟɧɧɹ. ɒɥɹɯɨɦ ʀɯ 
ɤɥɨɧɭɜɚɧɧɹ, ɦɭɬɚɰɿʀ ɬɚ ɜɡɚɽɦɨɞɿʀ ɡ ɿɧɲɢɦɢ ɩɟɪɫɨɧɚɠɚɦɢ ɒІС ɞɥɹ 
ɤɨɠɧɨɝɨ ɨɤɪɟɦɨɝɨ ɩɟɪɫɨɧɚɠɚ ɜɢɛɢɪɚɽɬɶɫɹ ɬɢɩ ɩɨɜɟɞɿɧɤɢ. 

Зɚ ɨɫɧɨɜɭ ɫɬɜɨɪɟɧɧɹ ɦɨɞɟɥɿ ɤɟɪɭɜɚɧɧɹ ɩɨɜɟɞɿɧɤɨɸ ɩɟɪɫɨɧɚɠɿɜ ɭ 
ɤɨɦɩ’ɸɬɟɪɧɢɯ ɿɝɪɚɯ ɨɛɪɚɧɨ ɦɨɞɟɥɶ ɲɬɭɱɧɨʀ ɿɦɭɧɧɨʀ ɦɟɪɟɠɿ aiNET, ɹɤɚ 
ɡɚɡɜɢɱɚɣ ɜɢɤɨɪɢɫɬɨɜɭɽɬɶɫɹ ɞɥɹ ɜɢɪɿɲɟɧɧɹ ɩɪɨɛɥɟɦ ɤɥɚɫɢɮɿɤɚɰɿʀ, 
ɤɥɚɫɬɟɪɢɡɚɰɿʀ ɬɚ ɪɨɡɩɿɡɧɚɜɚɧɧɹ ɨɛɪɚɡɿɜ. Зɚɩɪɨɩɨɧɨɜɚɧɨ ɦɨɞɢɮɿɤɨɜɚɧɭ 
ɦɨɞɟɥɶ ɿɦɭɧɧɨʀ ɦɟɪɟɠɿ – behavioral aiNET (baiNET), ɹɤɚ ɦɨɠɟ ɛɭɬɢ 
ɜɢɤɨɪɢɫɬɚɧɚ ɞɥɹ ɜɢɪɿɲɟɧɧɹ ɤɨɧɤɪɟɬɧɨʀ ɩɪɚɤɬɢɱɧɨʀ ɡɚɞɚɱɿ. Рɨɛɨɬɭ 
ɦɨɞɟɥɿ baiNET ɦɨɠɧɚ ɭɦɨɜɧɨ ɪɨɡɞɿɥɢɬɢ ɧɚ ɞɜɚ ɨɫɧɨɜɧɢɯ ɟɬɚɩɢ: 

1. Еɬɚɩ ɮɨɪɦɭɜɚɧɧɹ ɫɩɟɰɢɮɿɱɧɨʀ ɿɦɭɧɧɨʀ ɜɿɞɩɨɜɿɞɿ ɲɥɹɯɨɦ 
ɜɿɞɬɜɨɪɟɧɧɹ ɧɚɛɨɪɭ ɚɧɬɢɝɟɧɿɜ, ɳɨ ɜɢɡɧɚɱɚɸɬɶ ɤɥɚɫɢ ɩɨɜɟɞɿɧɤɢ ɿɝɪɨɜɢɯ 
ɩɟɪɫɨɧɚɠɿɜ ɭ ɩɪɨɰɟɫɿ ɬɪɟɧɭɜɚɧɧɹ ɿɦɭɧɿɬɟɬɭ. 

2. Еɬɚɩ ɜɢɡɧɚɱɟɧɧɹ ɨɛ’ɽɤɬɿɜ, ɡ ɹɤɢɦɢ ɰɿ ɚɧɬɢɬɿɥɚ ɛɭɞɭɬɶ ɜɡɚɽɦɨɞɿɹɬɢ 
ɞɥɹ ɪɟɚɥɿɡɚɰɿʀ ɫɩɟɰɢɮɿɱɧɨʀ ɩɨɜɟɞɿɧɤɢ ɨɛɪɚɧɨɝɨ ɤɥɚɫɭ. 

Рɟɚɥɿɡɚɰɿɹ ɰɢɯ ɟɬɚɩɿɜ ɡɞɿɣɫɧɸɽɬɶɫɹ ɲɥɹɯɨɦ ɩɨɫɥɿɞɨɜɧɨɝɨ ɜɢɤɨɧɚɧɧɹ 
ɜɿɞɩɨɜɿɞɧɢɯ ɿɦɭɧɧɢɯ ɨɩɟɪɚɬɨɪɿɜ. 

Пɪɨɝɪɚɦɧɚ ɪɟɚɥɿɡɚɰɿɹ ɿɝɪɨɜɨɝɨ ɩɪɨɝɪɚɦɧɨɝɨ ɡɚɛɟɡɩɟɱɟɧɧɹ ɜɢɤɨɧɚɧɚ 
ɧɚ Unity 2017 ɡ ɜɢɤɨɪɢɫɬɚɧɧɹɦ ɩɥɚɬɮɨɪɦɢ .NET ɬɚ ɦɨɜɢ 
ɩɪɨɝɪɚɦɭɜɚɧɧɹ C#.  

Пɪɨɝɪɚɦɚ ɪɟɚɥɿɡɨɜɚɧɚ ɧɚ ɨɫɧɨɜɿ ɡɚɝɚɥɶɧɨɝɨ ɚɪɯɿɬɟɤɬɭɪɧɨɝɨ ɲɚɛɥɨɧɭ 
ɩɪɨɝɪɚɦɭɜɚɧɧɹ MVI.  

Рɨɡɪɨɛɥɟɧɢɣ ɿɝɪɨɜɢɣ ɞɨɞɚɬɨɤ ɽ ɞɨɫɢɬɶ ɫɤɥɚɞɧɢɦ ɩɪɨɝɪɚɦɧɢɦ 
ɡɚɫɨɛɨɦ ɿ ɭɦɨɜɧɨ ɪɨɡɞɿɥɟɧɢɣ ɧɚ ɤɿɥɶɤɚ ɨɫɧɨɜɧɢɯ ɦɨɞɭɥɿɜ ɡ ɪɿɡɧɢɦ 
ɮɭɧɤɰɿɨɧɚɥɶɧɢɦ ɩɪɢɡɧɚɱɟɧɧɹɦ. Бɭɥɨ ɩɪɨɜɟɞɟɧɨ ɤɿɥɶɤɚ ɿɝɪɨɜɢɯ ɫɟɚɧɫɿɜ 
ɡ ɪɿɡɧɨɸ ɤɿɥɶɤɿɫɬɸ ɿɝɪɨɜɢɯ ɩɟɪɫɨɧɚɠɿɜ ɧɚ ɪɿɡɧɢɯ ɡɚ ɪɨɡɦɿɪɨɦ ɤɚɪɬɚɯ 
ɿɝɪɨɜɨɝɨ ɫɜɿɬɭ. Пɪɢ ɩɨɪɿɜɧɹɧɧɿ ɩɪɨɞɭɤɬɢɜɧɨɫɬɿ ɦɨɞɟɥɿ baiNet ɜ ɪɿɡɧɢɯ 
ɭɦɨɜɚɯ ɜɢɤɨɪɢɫɬɚɧɧɹ ɜɢɜɱɚɥɚɫɹ ɩɨɜɟɞɿɧɤɚ ɿɦɭɧɧɢɯ ɨɛ'ɽɤɬɿɜ, ɳɨ 
ɮɨɪɦɭɸɬɶ ɩɨɩɭɥɹɰɿɸ ɚɧɬɢɬɿɥ, ɿ ʀɯ ɜɿɞɧɨɲɟɧɧɹ ɞɨ ɩɟɜɧɨʀ ɤɿɥɶɤɨɫɬɿ 
ɤɥɚɫɿɜ, ɩɪɟɞɫɬɚɜɥɟɧɢɯ ɧɚɛɨɪɨɦ ɚɧɬɢɝɟɧɿɜ.  

Вɚɠɥɢɜɨ ɜɿɞɡɧɚɱɢɬɢ, ɳɨ ɡɚɩɪɨɩɨɧɨɜɚɧɚ ɦɨɞɟɥɶ baiNet ɩɪɨɫɬɚ ɜ 
ɪɟɚɥɿɡɚɰɿʀ ɬɚ ɦɨɞɢɮɿɤɚɰɿʀ, ɳɨ ɞɚɽ ɦɨɠɥɢɜɿɫɬɶ ɧɚɞɚɥɿ ʀʀ ɜɢɤɨɪɢɫɬɨɜɭɜɚɬɢ 
ɞɥɹ ɤɟɪɭɜɚɧɧɹ ɩɟɪɫɨɧɚɠɚɦɢ ɜ ɿɝɪɚɯ ɿɧɲɢɯ ɠɚɧɪɿɜ. 
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Abstract. The article deals with the issue of reducing the maneuvering area of a 

conventional single-screw vessel due to the use, when determining controls, of the 
refined calculation scheme "gravity center – rotation center – pivot point". 

Keywords: navigation safety, pivot point, rotation center, maneuvering area, 
automated  system. 

 
Анотаɰɿɹ. У статтɿ розглɹдаɽтɶсɹ питаннɹ зменɲеннɹ плоɳɿ 

маневрɭваннɹ звиɱайного одногвинтового сɭдна за раɯɭнок використаннɹ при 
визнаɱеннɿ засобɿв ɭправлɿннɹ ɭтоɱненоʀ розраɯɭнковоʀ сɯеми «ɰентр тɹжɿннɹ 
– ɰентр обертаннɹ – тоɱка поворотɭ». 

Клɸɱовɿ слова: безпека сɭдноплавства, опорна тоɱка, ɰентр поворотɭ, 
район маневрɭваннɹ, автоматизована система 
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Over the past decades, the number and dimensions of vessels have 
grown at a much faster rate than the size of ports.  

To ensure navigational safety, it is important to develop methods of 
vessel’s control in ports, narrows and other restricted waters, which would 
allow reducing the maneuvering area.  

One of the effective directions for solving this problem is the use of the 
pivot point concept – an alternative view of the processes of controlling the 
vessel’s rotation.  

Until recently, it was believed that the pivot point was counted from the 
gravity center of the vessel.  

This is not entirely true, since the vessel does not rotate around the 
gravity center, but around the rotation center.  

When the longitudinal speed appears and increases, the rotation center 
shifts relative to the gravity center [1], which causes deviation of the real 
trajectory of movement from the expected one.  

Since the pivot point position is calculated from the rotation center, 
which also shifts, depending on the vessel speed, it is important to know the 
movement of the pivot point relative to a fixed point on the vessel’s hull, for 
example, the middle frame.  

This distance is equal to 
 
                                               xmid RxR �'                       (1) 
 

Displacement rotation center relative to the gravity center can be 
calculated using the formula [2] 
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rotation center maximum displacement to the vessel length. 
The position xR  of the pivot point relative to the rotation center  is 

determined by a well-known formula 
z

y
x

V
R

Z
� .  

 
For the steady motion of the vessel, this formula can be reduced to the 

form  
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      Equations (3) and (4) determine the dependence )( xmid VfR   shown in 
Fig.1.  
      As can be seen from the obtained results, an increase in speed leads to a 
shift of the rotation center relative to the gravity center/middle frame 
forward and a shift of the pivot point relative to the rotation center 
backward.  

      This leads to the fact that the sum of these movements midR  varies in a 
much smaller range.  
       So, for the entire range of forward speeds, the pivot point position 

relative to the middle frame is within )4,025,0( � midR  and for the entire 
range of reverse speeds, the pivot point position relative to the middle frame 

is within )25,02,0( � midR .  
        Pivot point is always within the vessel's hull, forward of the middle 
frame. 
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Figure 1. Dependence pivot point position  from the longitudinal speed 
 
The results of the mathematical modeling showed that taking into 

account the dependence )( xmid VfR   in the formation of controls allows 
to reduce the deviation of the actual circulation from the expected one by 
23%.  
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Abstract.This paper is devoted to the analysis of the specific focuses, directions, 
and peculiarities of the Strategy of Artificial Intelligence Development in Ukraine. 

Keywords: artificial intelligence, ChatGPT 
 
Анотаɰɿɹ. Дана статтɹ присвɹɱена аналɿзɭ конкретниɯ ɮокɭсɿв, 

напрɹмкɿв та особливостей Стратегɿʀ розвиткɭ ɲтɭɱного ɿнтелектɭ в 
Украʀнɿ. 

Клɸɱовɿ слова: ɲтɭɱний ɿнтелект, ChatGPT 
 

Artificial intelligence (AI) plays a more and more important role in the 
different fields of human activity.  

Scientists and experts are expecting revolutionary results with AI 
development and implementation in medicine and healthcare, transportation, 
science, education, military and defense, manufacturing, agriculture, space 
exploration, and different services [1].  
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This paper is devoted to the analysis of the specific focuses, directions, 
and peculiarities of the Strategy of Artificial Intelligence (AI) Development 
in Ukraine (AIDU Strategy).  

The main paper’s components are: 
- an analysis of the current state of the justification, development, and 

governmental approval of the National Strategy of AI in Ukraine;  
- key elements and main priority areas of AI implementation according 

to the Institute of Artificial Intelligence Problems’s (IAIP) project “Strategy 
for AI Development in Ukraine” [2];  

- proposals for AI development in short- and long-term perspectives and 
features of the AI implementation in Ukraine during the current wartime. 

Special attention is paid to such focuses in AI research and development 
as:  

(a) the design of AI systems based on conscience conceptions;  
(b) new solutions in intelligent robotic systems for ground, underwater 

and aerial applications;  
(c) AI perspectives in the marine industry;  
(d) prospective AI implementation in education;  
(e) linguistic competency of AI systems.  
This paper aims to the analysis of the main focuses of the AIDU 

strategy. It is very important for consolidation and concentration of the 
research efforts for implementing AI in priority areas.   

The main peculiarities of the developed AIDU Strategy, priorities in AI 
implementation, and prospective research directions in the AI field are 
focused on and discussed in detail.  

The result of the “Strategy for AI Development in Ukraine” 
implementation should be dealt with the creation of breakthrough 
technologies in the field of computer science and artificial intelligence as 
well as the creation of conscious AI-powered computers that make decisions 
considering ethical, moral, and legal norms.  

At the next step, future research must be dealt with software and 
hardware development, testing and implementation of proposed new-
generation intelligent systems with AI based on the conscience conception.  

Another important direction is the development of linguistic 
technologies, particularly those providing semantic text analysis that 
manifest the emergence of linguistic competency of an artificial personality.  

Besides, the authors analyzed and underlined the most important fields 
for AI implementation in Ukraine, as well as, developed, formalized and 
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justified priority practical-research directions for future successful AI results 
and achievements, in particular:  

- five main directions in intelligent robotics [3] based on application of 
large language models (LLMs), Augmenated Reality (AR) technology and 
others;  

- two main directions in the marine industry based on increasing 
efficiency of AI-based ship safety monitoring systems which involve AI 
algorithms and advanced digital sensors [4] to detect and analyze potential 
hazards in real-time operations, using Digital Twins technology and others;  

- six main directions in the education sphere based on LLMs ChatGPT 
and GPT-4 application, as well as, the efficiency of training students in the 
AI field at the university level may be significantly increased in the 
framework of specialized integrated education environments [5] such as 
multi-university (academic) consortia and academic-industry consortia. 

Scientific efforts must be concentrated on intensive AI research in the 
abovementioned directions to increase the role of Ukraine in the world as a 
high-technological country, strong marine country and country with high-
caliber standards in education. 
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Анотаɰɿɹ. В дослɿдженнɿ розглɹдаɽтɶсɹ детектɭваннɹ не за допомогоɸ 

спеɰɿалɿзованиɯ систем з камерами високоʀ роздɿлɶноʀ здатностɿ, а на базɿ 
зображенɶ (ɮотограɮɿй). Дане дослɿдженнɹ сконɰентроване на детектɭваннɿ 
поɲкодженɶ дорожнɶого покриттɹ за допомогоɸ зображенɶ та орɿɽнтоване 
на ʀɯ використаннɹ на мобɿлɶниɯ пристроɹɯ. 

Клɸɱовɿ слова:  детектɭваннɿ поɲкодженɶ дорожнɶого покриттɹ 
 
Abstract. In the study, detection is considered not with the help of specialized 

systems with high-resolution cameras, but on the basis of images (photographs). 
This study is focused on the detection of road surface damage using images and is 
oriented towards their use on mobile devices. 

Keywords: detection of road surface damage 
 

Зɝɿɞɧɨ ɡ ɞɨɫɥɿɞɠɟɧɧɹɦɢ ɞɨ 20% ɭɫɿɯ ɞɨɪɨɠɧɶɨ-ɬɪɚɧɫɩɨɪɬɧɢɯ 
ɩɪɢɝɨɞ ɭ ɜɫɶɨɦɭ ɫɜɿɬɿ ɜɿɞɛɭɜɚɸɬɶɫɹ ɱɟɪɟɡ ɩɨɝɚɧɿ ɞɨɪɨɠɧɿ ɭɦɨɜɢ, ɚ ɫɚɦɟ 
ɱɟɪɟɡ ɞɟɮɟɤɬɢ, ɳɨ ɜɢɧɢɤɚɸɬɶ ɧɚ ɚɫɮɚɥɶɬɨɜɨɦɭ ɩɨɤɪɢɬɬɿ [1].  

Пɟɪɟɜɚɠɧɭ ɱɚɫɬɢɧɭ ɩɨɲɤɨɞɠɟɧɶ ɞɨɪɨɠɧɶɨɝɨ ɩɨɤɪɢɬɬɹ ɦɨɠɥɢɜɨ 
ɜɢɡɧɚɱɢɬɢ ɱɟɪɟɡ ɯɚɪɚɤɬɟɪɧɿ ɜɿɡɭɚɥɶɧɿ ɨɡɧɚɤɢ, ɬɨɦɭ ɰɹ ɡɚɞɚɱɚ ɽ ɨɤɪɟɦɢɦ 
ɜɢɩɚɞɤɨɦ ɡɚɞɚɱɿ ɞɟɬɟɤɬɭɜɚɧɧɹ ɨɛ’ɽɤɬɿɜ ɧɚ ɡɨɛɪɚɠɟɧɧɿ. Тɪɟɧɞɨɦ 
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ɫɶɨɝɨɞɟɧɧɹ ɞɥɹ ɞɚɧɨɝɨ ɤɥɚɫɭ ɡɚɞɚɱ ɽ ɜɢɤɨɪɢɫɬɚɧɧɹ ɦɟɬɨɞɿɜ ɝɥɢɛɨɤɨɝɨ 
ɧɚɜɱɚɧɧɹ [2]. В ɞɨɫɥɿɞɠɟɧɧɿ ɪɨɡɝɥɹɞɚɽɬɶɫɹ ɞɟɬɟɤɬɭɜɚɧɧɹ ɧɟ ɡɚ 
ɞɨɩɨɦɨɝɨɸ ɫɩɟɰɿɚɥɿɡɨɜɚɧɢɯ ɫɢɫɬɟɦ ɡ ɤɚɦɟɪɚɦɢ ɜɢɫɨɤɨʀ ɪɨɡɞɿɥɶɧɨʀ 
ɡɞɚɬɧɨɫɬɿ, ɚ ɧɚ ɛɚɡɿ ɡɨɛɪɚɠɟɧɶ (ɮɨɬɨɝɪɚɮɿɣ). Дɚɧɟ ɞɨɫɥɿɞɠɟɧɧɹ 
ɫɤɨɧɰɟɧɬɪɨɜɚɧɟ ɧɚ ɞɟɬɟɤɬɭɜɚɧɧɿ ɩɨɲɤɨɞɠɟɧɶ ɞɨɪɨɠɧɶɨɝɨ ɩɨɤɪɢɬɬɹ ɡɚ 
ɞɨɩɨɦɨɝɨɸ ɡɨɛɪɚɠɟɧɶ ɬɚ ɨɪɿɽɧɬɨɜɚɧɟ ɧɚ ʀɯ ɜɢɤɨɪɢɫɬɚɧɧɹ ɧɚ ɦɨɛɿɥɶɧɢɯ 
ɩɪɢɫɬɪɨɹɯ.  В ɹɤɨɫɬɿ ɜɯɿɞɧɢɯ ɞɚɧɢɯ ɞɥɹ ɬɪɟɧɭɜɚɧɧɹ ɦɨɞɟɥɿ ɨɛɢɪɚɥɢɫɶ 
ɜɢɤɥɸɱɧɨ ɞɚɧɿ ɡ ɜɿɞɤɪɢɬɢɦ ɞɨɫɬɭɩɨɦ. В ɪɟɡɭɥɶɬɚɬɿ ɩɪɨɜɟɞɟɧɨɝɨ ɚɧɚɥɿɡɭ 
ɛɭɥɨ ɨɛɪɚɧɨ Road Damage Dataset 2020, ɹɤɢɣ ɜɤɥɸɱɚɽ ɡɨɛɪɚɠɟɧɧɹ ɞɨɪɿɝ 
ɜɿɞɪɚɡɭ ɡ  ɞɟɤɿɥɶɤɨɯ ɪɿɡɧɢɯ ɞɟɪɠɚɜ.  

В ɞɚɧɨɦɭ ɞɚɬɚɫɟɬɿ ɞɨ ɤɨɠɧɨɝɨ ɡɨɛɪɚɠɟɧɧɹ ɞɨɞɚɽɬɶɫɹ ɚɧɨɬɚɰɿɹ ɡ 
ɬɢɩɨɦ ɩɨɲɤɨɞɠɟɧɧɹ ɬɚ ɣɨɝɨ ɦɿɫɰɟɦ ɡɧɚɯɨɞɠɟɧɧɹ ɧɚ ɡɨɛɪɚɠɟɧɿ (ɭ 
ɜɢɝɥɹɞɿ ɤɨɨɪɞɢɧɚɬ ɨɛɦɟɠɭɜɚɥɶɧɨʀ ɪɚɦɤɢ).  

В ɪɚɦɤɚɯ ɞɚɧɨɝɨ ɞɨɫɥɿɞɠɟɧɧɹ ɛɭɥɨ ɩɪɨɚɧɚɥɿɡɨɜɚɧɨ ɞɟɤɿɥɶɤɚ 
ɫɭɱɚɫɧɢɯ ɬɚ ɩɨɩɭɥɹɪɧɢɯ ɦɨɞɟɥɟɣ ɧɟɣɪɨɧɧɢɯ ɦɟɪɟɠ, ɹɤɿ ɫɶɨɝɨɞɧɿ 
ɜɢɤɨɪɢɫɬɨɜɭɸɬɶɫɹ ɞɥɹ ɜɢɪɿɲɟɧɧɹ ɡɚɞɚɱ ɡɧɚɯɨɞɠɟɧɧɹ ɞɟɮɟɤɬɿɜ 
ɞɨɪɨɠɧɶɨɝɨ ɩɨɤɪɢɬɬɹ. Зɚ ɪɟɡɭɥɶɬɚɬɚɦɢ ɞɨɫɥɿɞɠɟɧɧɹ ɛɭɥɨ ɩɪɢɣɧɹɬɨ 
ɪɿɲɟɧɧɹ ɜɢɤɨɪɢɫɬɨɜɭɜɚɬɢ ɦɨɞɟɥɶ ɧɟɣɪɨɧɧɢɯ ɦɟɪɟɠ SSD MobileNet [3], 
ɹɤɚ ɞɨɡɜɨɥɹɽ ɡ ɩɨɪɿɜɧɹɧɨ ɧɟɜɟɥɢɤɢɦɢ ɡɚɬɪɢɦɤɚɦɢ ɬɚ ɜɢɦɨɝɚɦɢ ɞɨ 
ɚɩɚɪɚɬɧɨɝɨ ɡɚɛɟɡɩɟɱɟɧɧɹ ɡɧɚɯɨɞɢɬɢ ɬɚ ɤɥɚɫɢɮɿɤɭɜɚɬɢ ɨɛ’ɽɤɬɢ ɧɚ 
ɡɨɛɪɚɠɟɧɧɿ. Нɚɜɱɚɧɧɹ ɦɨɞɟɥɟɣ ɩɪɨɜɨɞɢɥɨɫɹ ɡɚɫɨɛɚɦɢ TensorFlow 
Object Detection API ɡ ɩɿɞɬɪɢɦɤɨɸ ɚɩɚɪɚɬɧɨɝɨ ɩɪɢɫɤɨɪɟɧɧɹ ɡɚ ɪɚɯɭɧɨɤ 
ɝɪɚɮɿɱɧɨɝɨ ɩɪɢɫɤɨɪɸɜɚɱɚ, ɳɨ ɩɿɞɬɪɢɦɭɽ ɬɟɯɧɨɥɨɝɿɸ Nvidia CUDA, ɹɤɚ 
ɡɧɚɱɧɨ ɩɪɢɫɤɨɪɸɽ ɜɢɤɨɧɚɧɧɹ ɦɚɬɪɢɱɧɢɯ ɨɩɟɪɚɰɿɣ, ɬɚɤɢɯ ɹɤ ɨɩɟɪɚɰɿɽ 
ɡɝɨɪɬɤɢ (convolution) ɬɚ ɨɛ’ɽɞɧɚɧɧɹ (pooling).  

Мɨɞɟɥɶ ɧɟɣɪɨɧɧɨʀ ɦɟɪɟɠɿ ɧɚ ɨɫɧɨɜɿ SSD MobileNet ɧɚɜɱɚɥɚɫɹ ɡ 
ɩɨɱɚɬɤɨɜɨɸ ɲɜɢɞɤɿɫɬɸ η = 0.0033, ɤɨɟɮɿɰɿɽɧɬɨɦ ɡɚɬɭɯɚɧɧɹ γ = 0.95 ɬɚ 
ɿɬɟɪɚɰɿɽɸ ɡɚɜɟɪɲɟɧɧɹ ɡɚɬɭɯɚɧɧɹ j = 9000. Гɿɩɟɪɩɚɪɚɦɟɬɪɢ ɦɨɞɟɥɿ 
ɜɢɤɨɪɢɫɬɨɜɭɜɚɥɢɫɶ ɬɿ ɠ ɫɚɦɿ, ɳɨ ɡɚɩɪɨɩɨɧɨɜɚɧɿ ɛɚɡɨɜɨɸ ɦɨɞɟɥɥɸ SDD 
MobileNet ɭ ɡɛɿɪɧɢɤɭ ɦɨɞɟɥɟɣ TensorFlow. В ɞɚɧɨɦɭ ɜɢɩɚɞɤɭ, ɞɥɹ 
ɮɿɧɚɥɶɧɨɝɨ ɧɚɜɱɚɧɧɹ ɬɢɦɱɚɫɨɜɟ ɡɛɿɥɶɲɟɧɧɹ ɲɜɢɞɤɨɫɬɿ ɧɚɜɱɚɧɧɹ ɧɟ 
ɜɢɤɨɪɢɫɬɨɜɭɜɚɥɚɫɹ, ɨɫɤɿɥɶɤɢ ɩɨɩɟɪɟɞɧɿ ɟɤɫɩɟɪɢɦɟɧɬɢ ɩɨɤɚɡɚɥɢ ɝɿɪɲɭ 
ɫɬɭɩɿɧɶ ɩɨɞɚɥɶɲɨɝɨ ɧɚɜɱɚɧɧɹ ɦɨɞɟɥɿ ɬɚ ɱɚɫɬɿ ɪɨɡɛɿɠɧɨɫɬɿ ɮɭɧɤɰɿʀ 
ɜɢɬɪɚɬ ɩɪɢ ɧɚɜɱɚɧɧɿ. Зɚ ɪɟɡɭɥɶɬɚɬɚɦɢ ɧɚɜɱɚɧɧɹ ɛɭɥɨ ɩɪɨɜɟɞɟɧɨ ɨɰɿɧɤɭ 
ɬɨɱɧɨɫɬɿ ɦɨɞɟɥɿ. Вɢɹɜɢɥɨɫɹ, ɳɨ ɩɿɞ ɱɚɫ ɬɪɟɧɭɜɚɧɧɹ F1-ɦɿɪɚ ɿɧɤɨɥɢ 
ɩɟɪɟɜɢɳɭɜɚɥɚ ɡɧɚɱɟɧɧɹ 0.5. У ɫɟɪɟɞɧɶɨɦɭ ɩɨɤɚɡɧɢɤ ɦɿɪɢ ɬɪɢɦɚɜɫɹ ɧɚ 
ɡɧɚɱɟɧɧɿ 0.42. Нɚ ɬɟɫɬɨɜɿɣ ɦɧɨɠɢɧɿ ɫɟɪɟɞɧɿɣ ɩɨɤɚɡɧɢɤ F1-ɦɿɪɢ ɞɨɫɹɝɚɜ 
0.3. 



 
 
 

Materials of the ɏI International Scientific Conference  
«Information-Management Systems and Technologies»   

  21th – 23th September, 2023, Odessa 
 

 
  85 

Ʌɿɬɟɪɚɬɭɪɚ 
[1] M. Rojo, H. Gonzalo-Orden, A. Linares, L. dell’Olio, "Impact of a Lower 
Conservation Budget on Road Safety Indices", Journal of Advanced Transportation, 
vol. 2018, 9 pages, 2018. 
[2] V. Pereira, S. Tamura, S. Hayamizu, and H. Fukai, “A deep learningbased 
approach for road pothole detection in timor leste,” in 2018 IEEE International 
Conference on Service Operations and Logistics, and Informatics (SOLI), pp. 279–
284, July 2018 
[3] Howard AG, Zhu M, Chen B, et al (2017) MobileNets: Eficient convolutional 
neural networks for mobile vision applications. https://arxiv.org/abs/1704.04861 
 
УДК 621.396:519.15 

 
ɈɋɈБɅИВɈɋɌІ ВИɄɈɊИɋɌАɇɇə ІɇɌЕɅЕɄɌɍАɅɖɇɈЇ 

АВɌɈɆАɌИЗАɐІЇ ДɅə WATER JET TECHNOLOGY 
 

Ʉ.ɬ.ɧ. Ɉ. Іɥɸɧɿɧ[0000-0002-7751-4814], ɋ. ɋɟɪɞɸɤ[0009-0008-2330-8004], В. ɉɢɪɨɝɨɜ,               
Ɇ. Ɍɪɢɝɭɛɚ 

Харкɿвсɶкий наɰɿоналɶний ɭнɿверситет радɿоелектрнɿки, Украʀна 
EMAIL: oleh.iliunin@nure.ua, sofiia.serdiuk@nure.ua, vladyslav.pyrohov@nure.ua, 

mykola.tryhuba@nure.ua 
 

FEATURES OF USING INTELLIGENT AUTOMATION FOR 
WATER JET TECHNOLOGY 

 
Ph.D. O. Ilyunin, S. Serdiuk, V. Pyrohov, M. Tryhuba 

Kharkiv National University of Radio Electronics, Ukraine 
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Abstract. It is proposed to apply intelligent control for the elimination of surface 

defects of rolled products using water jet technology based on a radial basic 
network, which estimates the duration of the voltage signal controlling the jet 
pressure. 

Keywords:  water jet technology, fuzzy classification, intelligent control 
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      Тɟɯɧɨɥɨɝɿɹ ɜɨɞɨɫɬɪɭɦɢɧɧɨʀ ɨɛɪɨɛɤɢ (Water Jet Technology, WJT) — 
ɰɟ ɜɢɪɨɛɧɢɱɢɣ ɩɪɨɰɟɫ, ɭ ɹɤɨɦɭ ɜɢɤɨɪɢɫɬɨɜɭɽɬɶɫɹ ɫɬɪɭɦɿɧɶ ɜɨɞɢ ɚɛɨ 
ɪɨɡɱɢɧɭ ɩɿɞ ɜɢɫɨɤɢɦ ɬɢɫɤɨɦ, ɿɧɨɞɿ ɜ ɩɨɽɞɧɚɧɧɿ ɡ ɚɛɪɚɡɢɜɧɢɦ 
ɦɚɬɟɪɿɚɥɨɦ (ɝɿɞɪɨɚɛɪɚɡɢɜɧɚ ɨɛɪɨɛɤɚ), ɞɥɹ ɨɛɪɨɛɤɢ ɩɨɜɟɪɯɨɧɶ ɚɛɨ 
ɪɿɡɚɧɧɹ ɪɿɡɧɨɦɚɧɿɬɧɢɯ ɦɚɬɟɪɿɚɥɿɜ. WJT ɲɢɪɨɤɨ ɜɢɤɨɪɢɫɬɨɜɭɽɬɶɫɹ ɜ 
ɦɟɬɚɥɨɨɛɪɨɛɧɿɣ, ɚɟɪɨɤɨɫɦɿɱɧɿɣ, ɚɜɬɨɦɨɛɿɥɶɧɿɣ ɬɚ ɟɥɟɤɬɪɨɧɧɿɣ 
ɩɪɨɦɢɫɥɨɜɨɫɬɿ.  

Пɟɪɟɜɚɝɚɦɢ WJT ɨɛɪɨɛɤɢ ɽ ʀʀ ɭɧɿɜɟɪɫɚɥɶɧɿɫɬɶ ɬɚ ɬɨɱɧɿɫɬɶ. WJT 
ɦɨɠɟ ɨɛɪɨɛɥɹɬɢ ɲɢɪɨɤɢɣ ɞɿɚɩɚɡɨɧ ɦɚɬɟɪɿɚɥɿɜ, ɜɿɞ ɦɟɬɚɥɿɜ ɞɨ ɩɥɚɫɬɢɤɚ, 
ɩɪɢɱɨɦɭ ɡɚɛɟɡɩɟɱɭɜɚɬɢ ɜɢɫɨɤɭ ɬɨɱɧɿɫɬɶ ɪɿɡɚɧɧɹ ɡ ɦɿɧɿɦɚɥɶɧɢɦɢ ɡɨɧɚɦɢ 
ɜɩɥɢɜɭ ɬɟɩɥɚ, ɳɨ ɜɢɞɿɥɹɽɬɶɫɹ.  

ɐɟ ɽ ɩɟɪɟɜɚɝɨɸ ɞɥɹ ɦɚɬɟɪɿɚɥɿɜ, ɱɭɬɥɢɜɢɯ ɞɨ ɬɟɩɥɚ: ɦɿɧɿɦɿɡɭɸɬɶɫɹ 
ɪɢɡɢɤɢ ɞɟɮɨɪɦɚɰɿʀ ɬɚ ɡɦɿɧɢ ɜɥɚɫɬɢɜɨɫɬɟɣ ɦɚɬɟɪɿɚɥɭ. Тɚɤɨɠ, ɧɚ ɜɿɞɦɿɧɭ 
ɜɿɞ ɬɪɚɞɢɰɿɣɧɢɯ ɦɟɬɨɞɿɜ ɬɟɪɦɿɱɧɨɝɨ ɪɿɡɚɧɧɹ ɬɚ ɦɟɯɚɧɿɱɧɨʀ ɨɛɪɨɛɤɢ 
ɩɨɜɟɪɯɨɧɶ, WJT ɜɢɤɥɸɱɚɽ ɭɬɜɨɪɟɧɧɹ ɧɟɛɟɡɩɟɱɧɢɯ ɜɢɩɚɪɿɜ ɬɚ ɜɿɞɯɨɞɿɜ, 
ɳɨ ɪɨɛɢɬɶ ɣɨɝɨ ɟɤɨɥɨɝɿɱɧɢɦ.  

Зɚɫɬɨɫɭɜɚɧɧɹ ɿɧɬɟɥɟɤɬɭɚɥɶɧɨɝɨ ɭɩɪɚɜɥɿɧɧɹ ɭ WJT ɦɨɠɟ ɫɩɪɢɹɬɢ 
ɩɿɞɜɢɳɟɧɧɸ ɹɤɨɫɬɿ ɩɪɨɞɭɤɰɿʀ, ɩɪɨɞɭɤɬɢɜɧɨɫɬɿ, ɬɨɱɧɨɫɬɿ ɬɚ 
ɟɮɟɤɬɢɜɧɨɫɬɿ ɩɪɨɰɟɫɭ ɨɛɪɨɛɤɢ, ɡɧɢɠɟɧɧɸ ɜɢɬɪɚɬ ɧɚ ɟɧɟɪɝɿɸ, ɦɚɬɟɪɿɚɥɢ 
ɬɚ ɨɛɫɥɭɝɨɜɭɜɚɧɧɹ.  

Іɧɬɟɥɟɤɬɭɚɥɶɧɚ ɫɢɫɬɟɦɚ ɭɩɪɚɜɥɿɧɧɹ WJT ɦɨɠɟ ɛɭɬɢ ɧɚɜɱɟɧɚ 
ɪɨɡɩɿɡɧɚɜɚɬɢ ɪɿɡɧɿ ɬɢɩɢ ɨɛɪɨɛɥɸɜɚɧɢɯ ɦɚɬɟɪɿɚɥɿɜ, ɳɨ ɞɨɡɜɨɥɢɬɶ 
ɚɜɬɨɦɚɬɢɱɧɨ ɧɚɥɚɲɬɨɜɭɜɚɬɢɫɶ ɞɥɹ ɨɩɬɢɦɚɥɶɧɨʀ ɨɛɪɨɛɤɢ ɦɚɬɟɪɿɚɥɿɜ 
ɪɿɡɧɢɯ ɬɢɩɿɜ.  

Сɢɫɬɟɦɚ ɭɩɪɚɜɥɿɧɧɹ ɭɫɭɧɟɧɧɹɦ ɩɨɜɟɪɯɧɟɜɢɯ ɞɟɮɟɤɬɿɜ ɫɬɚɥɟɜɨɝɨ 
ɩɪɨɤɚɬɭ ɡɚ ɞɨɩɨɦɨɝɨɸ WJT ɜɨɞɨɫɬɪɭɦɢɧɧɨʀ ɬɟɯɧɨɥɨɝɿʀ ɽ ɤɨɧɜɟɽɪɨɦ 
ɿɧɬɟɥɟɤɬɭɚɥɶɧɢɯ ɦɨɞɟɥɟɣ [1].  

В ɡɚɥɟɠɧɨɫɬɿ ɜɿɞ ɧɟɱɿɬɤɨʀ ɤɥɚɫɢɮɿɤɚɰɿʀ ɬɨɜɳɢɧɢ ɞɟɮɟɤɬɿɜ ɡɚ ʀɯ 
ɤɨɥɶɨɪɨɦ ɡ ɭɪɚɯɭɜɚɧɧɹɦ ɡɪɨɫɬɚɧɧɹ ɚɛɪɚɡɢɜɧɢɯ ɜɥɚɫɬɢɜɨɫɬɟɣ 
ɨɛɨɪɨɬɧɨɝɨ ɪɨɡɱɢɧɭ ɡ ɩɥɢɧɨɦ ɱɚɫɭ , ɪɚɞɿɚɥɶɧɨ - ɛɚɡɢɫɧɚ ɦɟɪɟɠɚ  
ɜɢɡɧɚɱɚɽ ɡɚɜɞɚɧɧɹ ɧɟɨɛɯɿɞɧɨɝɨ ɬɢɫɤɭ ɪɨɡɱɢɧɭ ɩɪɢ WJT ɨɛɪɨɛɰɿ ɩɨ 
(РБМ) ɜɟɪɯɧɿ ɫɬɚɥɟɜɨɝɨ ɩɪɨɤɚɬɭ.  

Нɚɫɬɭɩɧɚ РБМ ɨɰɿɧɸɽ ɬɪɢɜɚɥɿɫɬɶ ɫɢɝɧɚɥɭ ɤɟɪɭɸɱɨʀ ɧɚɩɪɭɝɢ ɞɥɹ 
ɜɢɤɨɧɚɧɧɹ ɡɚɜɞɚɧɶ ɡɦɿɧɢ ɬɢɫɤɭ ɩɨɞɚɱɿ ɪɨɡɱɢɧɭ ɤɪɿɡɶ ɠɢɤɥɟɪɢ 
ɚɧɚɥɨɝɿɱɧɨ ɪɿɲɟɧɧɸ ɧɚɜɟɞɟɧɨɦɭ ɜ [2].  

Зɚɩɪɨɩɨɧɨɜɚɧɢɣ ɫɩɨɫɿɛ, ɧɚ ɜɿɞɦɿɧɭ ɜɿɞ ɩɨɲɢɪɟɧɢɯ, ɜɪɚɯɨɜɭɽ ɡɦɿɧɢ 
ɚɛɪɚɡɢɜɧɢɯ ɜɥɚɫɬɢɜɨɫɬɟɣ ɪɨɡɱɢɧɭ ɿ ɽ ɩɟɪɫɩɟɤɬɢɜɧɨɸ ɬɟɯɧɨɥɨɝɿɽɸ.  
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Сɩɨɫɿɛ ɦɨɠɟ ɛɭɬɢ ɜɢɤɨɪɢɫɬɚɧɨ ɞɥɹ ɪɿɡɧɢɯ ɜɢɞɿɜ ɿɧɬɟɥɟɤɬɭɚɥɶɧɨʀ 
WJT ɨɛɪɨɛɤɢ ɡ ɜɢɤɨɪɢɫɬɚɧɧɹɦ ɚɛɪɚɡɢɜɭ:  

- ɡɚɤɪɭɝɥɟɧɧɹ ɝɨɫɬɪɢɯ ɤɪɚʀɜ;  
- ɲɥɿɮɭɜɚɧɧɹ ɬɚ ɩɨɥɿɪɭɜɚɧɧɹ ɫɤɥɚɞɧɢɯ ɩɨɜɟɪɯɨɧɶ;  
- ɡɧɹɬɬɹ ɡɚɞɢɪɨɤ ɿ ɨɱɢɳɟɧɧɹ ɡɜɚɪɧɢɯ ɲɜɿɜ;  
- ɩɿɞɝɨɬɨɜɤɚ ɩɨɜɟɪɯɨɧɶ ɦɨɪɫɶɤɢɯ ɫɭɞɟɧ ɞɨ ɧɚɧɟɫɟɧɧɹ ɩɨɤɪɢɬɬɹ; 
- ɜɢɞɚɥɟɧɧɹ ɜɿɞɤɥɚɞɟɧɶ ɡ ɤɨɪɚɛɟɥɶɧɢɯ ɝɜɢɧɬɿɜ, ɛɟɬɨɧɧɢɯ ɩɨɜɟɪɯɨɧɶ;  
- ɜɢɫɨɤɨɬɨɱɧɚ ɜɨɞɹɧɚ ɪɿɡɤɚ ɦɟɬɚɥɿɜ.  
Мɚɥɚ ɝɚɛɚɪɢɬɧɿɫɬɶ ɦɨɞɟɥɟɣ ɞɨɡɜɨɥɹɽ ɪɟɚɥɿɡɨɜɚɬɢ ɪɿɲɟɧɧɹ ɜ ІОТ-

ɫɬɪɭɤɬɭɪɿ ɿɧɬɟɥɟɤɬɭɚɥɶɧɨʀ ɫɢɫɬɟɦɢ ɭɩɪɚɜɥɿɧɧɹ WJT ɩɪɨɰɟɫɚɦɢ ɪɿɡɚɧɧɹ 
ɚɛɨ ɨɛɪɨɛɤɢ ɩɨɜɟɪɯɧɿ ɦɚɬɟɪɿɚɥɿɜ ɭ ɜɢɝɥɹɞɿ ɛɸɞɠɟɬɧɨɝɨ 
ɦɿɤɪɨɤɨɧɬɪɨɥɟɪɚ. 
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ɆɈДЕɅɘВАɇɇə ɅІɇГВІɋɌИɑɇИɏ ЗɆІɇɇИɏ ɌА ɎɍɇɄɐІЇ 
ɉɊИɇАɅЕЖɇɈɋɌІ ɈЗɇАɄ ɄɅАɋИɎІɄАɐІЇ ɄɈɋɆІɑɇИɏ 

АɉАɊАɌІВ 
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Abstract. The proposed approach can be used when solving the problem of 
complex classification of satellites, taking into account the majority of 
heterogeneous features. 

Keywords:  complex classification of satellites 
Анотаɰɿɹ. Запропонований пɿдɯɿд може бɭти використаний при вирɿɲеннɿ 

задаɱɿ комплексноʀ класиɮɿкаɰɿʀ сɭпɭтникɿв з ɭраɯɭваннɹм бɿлɶɲостɿ 
рɿзнорɿдниɯ ознак. 

Клɸɱовɿ слова: комплексна класиɮɿкаɰɿɹ сɭпɭтникɿв 
 

The modern approaches to the classification of satellites were analyzed 
in the article, the relevance of the use of the fuzzy logic apparatus and the 
main stages of solving the given problem using the theory of fuzzy sets was 
determined.  

The first stage of the process of fuzzy derivation – fuzzification of input 
variables – establishing correspondence between the specific (usually 
numerical) value of a separate input variable of the system of fuzzy 
derivation and the value of the membership function of the corresponding 
term of the input linguistic variable was considered.  

After that, specific values of membership functions for each of the 
linguistic terms used in the prerequisites of the fuzzy inference system rule 
base must be determined for all input variables [1,2].  

The features of the classification of satellites, which can be obtained 
both from the analysis of a priori and a posteriori information about 
satellites, and can be numerical, categorical or linguistic, was determined.  

It is possible to classify satellites according to the information that 
precedes their launch and the information that is available for analysis after 
its launch. 

Thus, it is possible to distinguish a priori (before launch) and a posteriori 
(after launch) features of classification, which, in turn, can be direct and 
indirect [3]. 
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The initial information before launch for classification is the satellite 
launch plan. Information from the satellite launch plan can be about the 
stated purpose of the satellite, the launch site (cosmodrome), the type of 
launch vehicle that will be used to launch the satellite, name of satellite, the 
customer of the satellite, the developer of the satellite, configuration of the 
satellite, launch mass of the satellite, estimated (warranty) period of 
operation of the satellite, type of orbit etc.  

The need to define linguistic variables and their linguistic terms for those 
features of the classification of satellites that can be presented in a linguistic 
form was substantiated.  

The choice of the method of constructing the membership function of a 
fuzzy set of defined features of the classification of satellites, which can be 
presented in a linguistic form, was justified.  

Thus, using the theory of fuzzy sets, the linguistic variables of some 
features of the classification of satellites were formalized and an example of 
the calculation of their membership functions was given.  

The following steps in the classification process are: finding the degrees 
of truth of the simplest statements based on the given values of the input 
parameters; calculation of the truth of the prerequisites of the rules; 
determination of membership functions of each of the conclusions for the 
general linguistic variable; unification of membership functions through the 
construction of their maximum; obtaining a specific value of the output 
variable. 

The proposed approach can be used when solving the problem of 
complex classification of satellites, taking into account the majority of 
heterogeneous features. 
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Анотаɰɿɹ. Представленɿ аспекти визнаɱеннɹ меɯанɿɱниɯ властивостей 

геополɿмерɿв та ʀɯ взаɽмозв’ɹзок ɱерез меɯанɿзм стрɭктɭроɭтвореннɹ бɭли 
покладенɿ в основɭ побɭдови матриɰɿ переɯɿдниɯ ймовɿрностей. Встановлено, 
ɳо обробка ɰɿɽʀ матриɰɿ методом розраɯɭнкɭ ланɰɸгɿв Маркова дозволɹɽ 
визнаɱити знаɱеннɹ ваговиɯ коеɮɿɰɿɽнтɿв. 

Клɸɱовɿ слова: матриɰf переɯɿдниɯ ймовɿрностей, ланɰɸгɿ Маркова 
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Abstract. The presented aspects of determining the mechanical properties of 
geopolymers and their relationship through the mechanism of structure formation 
were used as the basis for the construction of the matrix of transition probabilities. It 
was established that the processing of this matrix by the method of calculation of 
Markov chains allows to determine the value of the weighting coefficients. 

Keywords:  matrices of transitional probabilities, Markov chains 
 

Мɨɞɟɥɸɜɚɧɧɹ ɮɿɡɢɤɨ-ɦɟɯɚɧɿɱɧɢɯ ɿ ɬɟɯɧɨɥɨɝɿɱɧɢɯ ɜɥɚɫɬɢɜɨɫɬɟɣ 
ɝɟɨɩɨɥɿɦɟɪɿɜ ɩɪɨɜɨɞɢɥɨɫɶ ɡ ɜɢɤɨɪɢɫɬɚɧɧɹɦ ɝɿɛɪɢɞɧɨʀ ɪɟɚɥɿɡɚɰɿʀ 
ɛɚɝɚɬɨɤɪɢɬɟɪɿɚɥɶɧɨʀ ɨɩɬɢɦɿɡɚɰɿʀ ɬɚ ɥɚɧɰɸɝɿɜ Мɚɪɤɨɜɚ.  

Пɪɟɞɫɬɚɜɥɟɧɨ ɜɢɪɿɲɟɧɧɹ ɚɤɬɭɚɥɶɧɨʀ ɩɪɨɛɥɟɦɢ ɫɭɱɚɫɧɨɝɨ 
ɦɚɬɟɪɿɚɥɨɡɧɚɜɫɬɜɚ ɬɚ ɛɭɞɿɜɟɥɶɧɨʀ ɝɚɥɭɡɿ ɪɨɡɪɨɛɤɢ ɨɩɬɢɦɚɥɶɧɨɝɨ ɫɤɥɚɞɭ 
ɝɟɨɩɨɥɿɦɟɪɿɜ ɧɚ ɨɫɧɨɜɿ ɨɛɪɨɛɤɢ ɟɤɫɩɟɪɢɦɟɧɬɚɥɶɧɢɯ ɞɚɧɢɯ ɡɚ 
ɞɨɩɨɦɨɝɨɸ ɥɚɧɰɸɝɿɜ Мɚɪɤɨɜɚ ɬɚ ɛɚɝɚɬɨɤɪɢɬɟɪɿɚɥɶɧɨɝɨ ɚɧɚɥɿɡɭ.  

Гɟɨɩɨɥɿɦɟɪɢ ɰɟ ɧɨɜɢɣ ɤɥɚɫ ɛɭɞɿɜɟɥɶɧɢɯ ɦɚɬɟɪɿɚɥɿɜ, ɩɪɢɡɧɚɱɟɧɢɯ 
ɞɥɹ ɡɚɦɿɧɢ ɩɨɪɬɥɚɧɞɰɟɦɟɧɬɭ.  

Пɪɚɤɬɢɱɧɟ ɡɚɫɬɨɫɭɜɚɧɧɹ ɪɟɡɭɥɶɬɚɬɿɜ ɞɨɫɥɿɞɠɟɧɶ ɡ ɨɰɿɧɤɢ 
ɝɟɨɩɨɥɿɦɟɪɧɢɯ ɫɭɦɿɲɟɣ ɿɡ ɡɚɞɚɧɢɦɢ ɮɿɡɢɤɨ-ɦɟɯɚɧɿɱɧɢɦɢ 
ɜɥɚɫɬɢɜɨɫɬɹɦɢ ɨɛɦɟɠɭɽɬɶɫɹ ɟɦɩɿɪɢɱɧɢɦ ɩɿɞɛɨɪɨɦ ɫɤɥɚɞɭ 
ɝɟɨɩɨɥɿɦɟɪɧɢɯ ɤɨɦɩɨɧɟɧɬɿɜ ɬɚ ɜɫɬɚɧɨɜɥɟɧɧɹɦ ɞɿɚɩɚɡɨɧɿɜ ʀɯ ɜɚɪɿɸɜɚɧɧɹ 
[1,2].  

Оɫɧɨɜɧɨɸ ɨɫɨɛɥɢɜɿɫɬɸ ɝɥɨɛɚɥɶɧɨʀ ɨɩɬɢɦɿɡɚɰɿʀ ɞɥɹ ɜɫɿɯ ɩɚɪɚɦɟɬɪɿɜ 
ɝɟɨɩɨɥɿɦɟɪɿɜ ɽ ɜɢɫɨɤɚ ɨɛɱɢɫɥɸɜɚɥɶɧɚ ɫɤɥɚɞɧɿɫɬɶ ɰɿɥɶɨɜɢɯ ɮɭɧɤɰɿɣ, 
ɨɫɤɿɥɶɤɢ ɞɥɹ ɛɿɥɶɲɨɫɬɿ ɩɪɚɤɬɢɱɧɢɯ ɡɚɞɚɱ ɨɩɬɢɦɿɡɚɰɿʀ ɚɧɚɥɿɬɢɱɧɿ ɜɢɪɚɡɢ 
ɝɪɚɧɢɱɧɢɯ ɮɭɧɤɰɿɣ ɧɟɜɿɞɨɦɿ.  

Кɨɥɟɤɬɢɜɧɟ ɩɪɢɣɧɹɬɬɹ ɪɿɲɟɧɶ ɧɚ ɨɫɧɨɜɿ ɤɿɥɶɤɿɫɧɢɯ ɿ ɹɤɿɫɧɢɯ 
ɤɪɢɬɟɪɿʀɜ ɽ ɨɫɧɨɜɧɢɦ ɧɚɩɪɹɦɤɨɦ ɞɨɫɥɿɞɠɟɧɶ.  

Гɿɛɪɢɞɧɚ ɦɨɞɟɥɶ ɩɨɱɢɧɚɽɬɶɫɹ ɹɤ ɫɢɫɬɟɦɚ, ɹɤɚ ɜɢɤɨɪɢɫɬɨɜɭɽ ɨɞɢɧ 
ɚɜɬɨɧɨɦɧɢɣ ɦɟɬɨɞ, ɿ ɡɚɤɿɧɱɭɽɬɶɫɹ ɹɤ ɫɢɫɬɟɦɚ, ɹɤɚ ɜɢɤɨɪɢɫɬɨɜɭɽ ɿɧɲɢɣ 
ɦɟɬɨɞ.  

Мɟɬɨɸ ɪɨɛɨɬɢ ɽ ɧɟ ɬɿɥɶɤɢ ɞɨɫɥɿɞɠɟɧɧɹ ɮɿɡɢɱɧɢɯ ɿ ɬɟɯɧɨɥɨɝɿɱɧɢɯ 
ɩɚɪɚɦɟɬɪɿɜ ɪɿɡɧɢɯ ɝɟɨɩɨɥɿɦɟɪɧɢɯ ɤɨɦɩɨɡɢɰɿɣ, ɚɥɟ ɣ ɦɨɞɟɥɸɜɚɧɧɹ ɰɢɯ 
ɜɥɚɫɬɢɜɨɫɬɟɣ ɡɚ ɞɨɩɨɦɨɝɨɸ ɛɚɝɚɬɨɤɪɢɬɟɪɿɚɥɶɧɨʀ ɨɩɬɢɦɿɡɚɰɿʀ ɬɚ 
ɥɚɧɰɸɝɿɜ Мɚɪɤɨɜɚ.  

В ɹɤɨɫɬɿ ɦɚɬɟɪɿɚɥɿɜ ɞɥɹ ɞɨɫɥɿɞɠɟɧɧɹ ɜɢɤɨɪɢɫɬɚɧɨ ɮɿɡɢɤɨ-ɦɟɯɚɧɿɱɧɿ 
ɬɚ ɬɟɯɧɨɥɨɝɿɱɧɿ ɜɥɚɫɬɢɜɨɫɬɿ ɝɟɨɩɨɥɿɦɟɪɿɜ: ʀɯ ɤɿɥɶɤɿɫɧɿ ɡɧɚɱɟɧɧɹ ɬɚ 
ɩɪɿɨɪɢɬɟɬɧɿ ɣɦɨɜɿɪɧɨɫɬɿ ɨɫɧɨɜɧɢɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ, ɹɤɿ ɜ ɤɿɧɰɟɜɨɦɭ 
ɩɿɞɫɭɦɤɭ ɜɢɡɧɚɱɚɸɬɶ ɜɚɝɨɜɢɣ ɫɤɥɚɞ ɤɨɦɩɨɧɟɧɬɿɜ ɫɭɦɿɲɿ. Нɚɜɟɞɟɧɨ 
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ɬɟɯɧɨɥɨɝɿɸ ɜɢɪɨɛɧɢɰɬɜɚ ɝɟɨɩɨɥɿɦɟɪɿɜ, ʀɯ ɪɟɰɟɩɬɭɪɧɿ ɜɥɚɫɬɢɜɨɫɬɿ, 
ɯɿɦɿɱɧɢɣ ɫɤɥɚɞ ɿ ɫɬɪɭɤɬɭɪɭ, ɹɤɿ ɽ ɨɫɧɨɜɨɸ ɜɯɿɞɧɨʀ ɿɧɮɨɪɦɚɰɿʀ ɞɥɹ 
ɞɨɫɥɿɞɠɟɧɧɹ ɮɿɡɢɤɨ-ɦɟɯɚɧɿɱɧɢɯ ɬɚ ɬɟɯɧɨɥɨɝɿɱɧɢɯ ɜɥɚɫɬɢɜɨɫɬɟɣ. 

Пɪɟɞɫɬɚɜɥɟɧɿ ɚɫɩɟɤɬɢ ɜɢɡɧɚɱɟɧɧɹ ɦɟɯɚɧɿɱɧɢɯ ɜɥɚɫɬɢɜɨɫɬɟɣ 
ɝɟɨɩɨɥɿɦɟɪɿɜ ɬɚ ʀɯ ɜɡɚɽɦɨɡɜ’ɹɡɨɤ ɱɟɪɟɡ ɦɟɯɚɧɿɡɦ ɫɬɪɭɤɬɭɪɨɭɬɜɨɪɟɧɧɹ 
ɛɭɥɢ ɩɨɤɥɚɞɟɧɿ ɜ ɨɫɧɨɜɭ ɩɨɛɭɞɨɜɢ ɦɚɬɪɢɰɿ ɩɟɪɟɯɿɞɧɢɯ ɣɦɨɜɿɪɧɨɫɬɟɣ. 

Вɫɬɚɧɨɜɥɟɧɨ, ɳɨ ɨɛɪɨɛɤɚ ɰɿɽʀ ɦɚɬɪɢɰɿ ɦɟɬɨɞɨɦ ɪɨɡɪɚɯɭɧɤɭ 
ɥɚɧɰɸɝɿɜ Мɚɪɤɨɜɚ ɞɨɡɜɨɥɹɽ ɜɢɡɧɚɱɢɬɢ ɡɧɚɱɟɧɧɹ ɜɚɝɨɜɢɯ ɤɨɟɮɿɰɿɽɧɬɿɜ.  

Кɨɠɧɨɦɭ ɫɬɚɧɭ ɩɚɪɚɦɟɬɪɿɜ, ɳɨ ɯɚɪɚɤɬɟɪɢɡɭɸɬɶ ɿɧɮɨɪɦɚɰɿɣɧɭ 
ɫɢɬɭɚɰɿɸ ɜɢɡɧɚɱɟɧɧɹ ɦɟɯɚɧɿɱɧɢɯ ɜɥɚɫɬɢɜɨɫɬɟɣ ɝɟɨɩɨɥɿɦɟɪɿɜ ɞɥɹ 
ɡɚɞɚɧɨʀ ɪɟɰɟɩɬɭɪɢ ʀɯ ɩɪɢɝɨɬɭɜɚɧɧɹ, ɩɪɢɩɢɫɭɽɬɶɫɹ ɩɟɜɧɚ ɣɦɨɜɿɪɧɿɫɬɶ, 
ɹɤɚ ɡɚɩɢɫɭɽɬɶɫɹ ɭ ɜɢɝɥɹɞɿ ɥɿɧɿʀ ɦɚɬɪɢɰɿ ɫɬɚɧɭ.  

Бɥɭɤɚɧɧɹ ɫɢɫɬɟɦɢ ɩɨ ʀʀ ɫɬɚɧɚɯ ɨɩɢɫɭɽɬɶɫɹ ɦɚɬɪɢɰɟɸ ɿɧɬɟɧɫɢɜɧɨɫɬɿ 
ɚɛɨ ɩɟɪɟɯɨɞɿɜ ɫɢɫɬɟɦɢ.  

У ɩɪɨɰɟɫɿ ɚɧɚɥɿɡɭ ɦɚɬɪɢɰɿ ɫɬɚɧɭ ɜɫɿ ɦɨɠɥɢɜɿ ɫɬɚɧɢ ɩɚɪɚɦɟɬɪɿɜ 
ɩɟɪɟɪɚɯɨɜɭɸɬɶɫɹ ɡ ʀɯ ɣɦɨɜɿɪɧɨɫɬɹɦɢ, ɬɨɛɬɨ ɦɢ ɦɚɽɦɨ ɫɩɪɚɜɭ ɡɿ 
ɫɬɨɯɚɫɬɢɱɧɨɸ ɦɚɬɪɢɰɟɸ ɩɟɪɟɯɨɞɿɜ, ɧɚɛɿɪ ɜɟɤɬɨɪɿɜ ɭɫɟɪɟɞɢɧɿ ɹɤɨʀ 
ɜɿɞɨɛɪɚɠɚɽ ɡɧɚɱɟɧɧɹ ɣɦɨɜɿɪɧɨɫɬɟɣ ɦɿɠ ɝɪɚɞɚɰɿɹɦɢ.  

Нɚ ɨɫɧɨɜɿ ɪɟɡɭɥɶɬɚɬɿɜ ɥɚɧɰɸɝɿɜ Мɚɪɤɨɜɚ ɬɚ ɪɟɡɭɥɶɬɚɬɭ ɪɨɡɪɚɯɭɧɤɿɜ 
ɦɟɬɨɞɚɦɢ ɛɚɝɚɬɨɤɪɢɬɟɪɿɚɥɶɧɨʀ ɨɩɬɢɦɿɡɚɰɿʀ ɩɨɛɭɞɨɜɚɧɨ ɤɨɧɰɟɩɬɭɚɥɶɧɭ 
ɦɨɞɟɥɶ ɝɿɛɪɢɞɧɨʀ ɪɟɚɥɿɡɚɰɿʀ ɬɚ ɨɪɝɪɚɮ ɜɡɚɽɦɨɞɿɣ ɨɫɧɨɜɧɢɯ 
ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɝɟɨɩɨɥɿɦɟɪɭ ɜ ɪɟɚɥɶɧɨɦɭ ɱɚɫɿ. 
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Abstract. Applications profiting from optimum vector information technologies 

based on the multi-dimensional combinatorial theory providedata mining 
technologies and big vector data processing, data analysis and system security, 
signal compression and reconstruction, vector computing and telecommunications, 
and other branches of sciences and advanced information technologies. 

Keywords:  Intelligent information technology, IRB, torus coordinate system, big 
data, optimum vector data coding system, category, attribute.  

 
Анотаɰɿɹ. Додатки, ɳо отримɭɸтɶ прибɭток вɿд оптималɶниɯ векторниɯ 

ɿнɮормаɰɿйниɯ теɯнологɿй, заснованиɯ на багатовимɿрнɿй комбɿнаторнɿй 
теорɿʀ, забезпеɱɭɸтɶ теɯнологɿʀ ɿнтелектɭалɶного аналɿзɭ даниɯ ɿ обробкɭ 
великиɯ векторниɯ даниɯ, аналɿз даниɯ ɿ безпекɭ системи, стисненнɹ та 
реконстрɭкɰɿɸ сигналɿв, векторнɿ обɱисленнɹ та телекомɭнɿкаɰɿʀ та ɿнɲɿ 
галɭзɿ наɭки та передовɿ ɿнɮормаɰɿйнɿ теɯнологɿʀ. 

Клɸɱовɿ слова: ɿнтелектɭалɶна ɿнɮормаɰɿйна теɯнологɿɹ, IRB, ториɱна 
система координат, великɿ данɿ, оптималɶна векторна система кодɭваннɹ 
даниɯ, категорɿɹ, атрибɭт. 

 
Big vector data information technology, as known, is able to define as a 

software-utility that is designed to analysis process and extract the data from 
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extremely complex and large data sets, which the traditional data processing 
software could never deal with.  

For example, in global review [1] authors discuss and itemize this topic 
from three aspects according to different information technical levels of big 
spatial vector data management.  

This paper deals with application of multi-dimensional combinatorial 
configurations for improving the quality indices for vector information 
technologies with respect to memory economy, transformation speed and 
security (e.g., big vector data processing), using remarkable properties of the 
configurations, namely, Ideal Ring Bundles (IRBs) encoded from “perfect” 
symmetry and asymmetry geometric ensembles [2].  

Multi-dimensional IRBs make available to configure intelligent 
information or telecommunication systems providing generate the maximum 
number of distinct vector sums of consecutive terms in the combinatorial 
configuration [2]. For instance, in the case of two- dimensional (t=2) 
coordinate system it is a coordinate grid of sizes m1 × m2  covered surface of 
usual torus with (0,0) common reference point. 

 

 
Figure 2. Two- dimensional (t=2) vector data coordinate system of 

sizes m1 × m2  covered surface of usual torus with (0,0) common reference 
point 

 
Regarding a coordinate system based on the two- dimensional (t=2)  

Ideal Ring Bundle {(1,0), (0,1), (0,2)} encoded from the 7-fold (S=7) 
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rotational symmetry, we have a torus surface coordinate grid with sizes m1 × 
m2 =2×3, where m1=n–1=2, m2=n=3 [2]. This system provides 2D vector 
data coding by two (t=2) categories of three (n=3) attributes (Table 1). 

 
Table 1. 2D vector data coding system by two (t=2) categories of three 

(n=3) attributes  

 
 

Table 1 contains a set of six (m1× m2 = 2× 3 = 6) 3-digit (n=3) binary 
code words for 2D data storage, transmission and processing, each of them 
have information about two (t=2) indexed data set. For example, attribute 
with digital index “1” and  category with index “1” respond to code word  
“1 1 0” , because {(1,0) +(0,1)}≡{1,1}(mod m1, mod m2),  where m1 = 2, m2 
= 3; attribute with digital index “0” and  category with index “1” - to code 
word  “0 1 0”.  

Category with digital index “1” and attribute with index “2” respond to 
code word “1 0 1”, where {(1,0) + (0,2)}≡{1,2}(mod m1, mod m2). Category 
with digital index “0” and  attribute with index “2”  respond to code word  
“0 0 1”;  category with digital index “1” and  attribute with index “0”  - to 
code word  “1 0 0”. Finally, category with digital index “0” and attribute 
with index “0” respond to code word “0 1 1”. So, vector code based on the 
IRB {(1,0), (0,1), (0,2)} make it possible to organize intelligent information 
technology for 2D vector data processing over combinatory two-digital sets 
of indexed arbitrary categories and attributes, taking in account two (t=2) 
categories and three (n=3) attributes. Theoretically, there are infinitely many 
intelligent IRB ensembles. Accordingly,  increasing the number bit depth 
and dimension of optimum t-dimensional torus IRB-codes provides lowered 
use computer time and memory due to vector data processing by t categories 
of attributes concomitantly [2].  

Applications profiting from optimum vector information technologies 
based on the multi-dimensional combinatorial theory provide for example 
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data mining technologies and big vector data processing, data analysis and 
system security, signal compression and reconstruction, vector computing 
and telecommunications, and other branches of sciences and advanced 
information technologies. 
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Анотаɰɿɹ. Статтɹ присвɹɱена реалɿзаɰɿʀ ɰɿлей ɿнтелектɭалɶного аналɿзɭ 
даниɯ, пов’ɹзаниɯ з параметрами конɮɿгɭраɰɿʀ астрономɿɱноʀ обробки пɿд ɱас 
зверненнɹ до конвеɽра обробки зображенɶ. Інстрɭмент ThresHolds ɭ рамкаɯ 
програмного забезпеɱеннɹ CoLiTec бɭло ɭспɿɲно встановлено ɹк основний 
конвеɽр обробки астрономɿɱниɯ зображенɶ ɭ рɿзниɯ обсерваторɿɹɯ. 

Клɸɱовɿ слова: ɿнтелектɭалɶний аналɿз даниɯ, конвеɽр обробки, потɿк 
даниɯ, параметри конɮɿгɭраɰɿʀ, XML. 
 

The complex scientific processing pipelines are required to implement 
the different image processing and machine vision tasks.  

In common words, the processing pipeline is a set of data processing 
modules connected in series, where the output of one module is the input of 
the next one.  

The modules in pipeline are often executed consequently one by one and 
rare in parallel or in time-sliced fashion. Also, there are different buffer 
storage can be inserted between the modules to save the intermediate results 
or processing data. 

For our research we have selected the astronomical scientific software 
for detection the moving objects in a series of CCD-frames called 
“CoLiTec” [1], which implements the image processing pipeline.  

Such software performs almost all astronomical image processing tasks, 
like filtering, brightness equalization, background alignment, image 
stacking/segmentation, object detection, motion detection, object 
astrometry, object photometry, object’s image and motion parameters 
estimation, machine (computer) vision of the reference objects to be 
cataloged [2], object recognition and others. 

CoLiTec software realizes the different knowledge discovery in 
databases and data mining approaches, like pre-processing, clustering, 
classification, identification, processing, summarization [3].  

CoLiTec software is a very complex astronomical system for the big 
data sets processing, which includes the different features, user-friendly 
tools for the processing management, results reviewing, integration with 
online astronomical catalogs and a lot of computational components and 
modules that are based on the developed mathematical methods. 

Totally, the CoLiTec software consists of more than 30 mathematical 
and processing modules/components related to the different stages of the 
image processing that included to the common processing pipeline.  
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Each such module/component has a lot of configuration parameters to be 
set for the proper image processing and tuning the processing results.  

All relationships between processing modules and components in the 
CoLiTec software are based on the predefined contracts as a stable form of 
the input description for the module processing.  

Under the research in scope of the CoLiTec project we have developed 
the ThresHolds tool for the following data mining and processing tasks:  

- mining the astronomical processing configuration parameters;  
- classification, managing and validating of the astronomical processing 

configuration parameters;  
- visualization for the end user; preparing the batch of required 

configuration parameters for the appropriate stage in processing pipeline of 
the big astronomical data from the different storages and archives. 

The ThresHolds tool realize the different data mining tasks, like 
receiving, storing, selecting, preprocessing, transforming, useful data 
extraction, classification, and knowledge discovery in databases (KDD) [4]. 

The ThresHolds tool was developed as a part of the CoLiTec software 
[5]. It was tested during several years after successful installation in scope of 
the astronomical image processing pipelines on the different observatories. 
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Abstract. This study addresses two problems in the development of an IoT device 

for temperature control and audio monitoring inside a beehive. A new portable soft-
/hardware complex of the affordable was developed employing automatic 
configuration (autonomous / network) at the system start.A web-based mobile user 
interface was designed to support the  decision-making   

Keywords: IoT for temperature control, software and hardware complex 
 
Анотаɰɿɹ. У ɰɶомɭ дослɿдженнɿ розглɹдаɸтɶсɹ двɿ проблеми в розробɰɿ 

пристроɸ IoT длɹ контролɸ температɭри та монɿторингɭ звɭкɭ всерединɿ 
вɭлика.. Розроблено новий достɭпний портативний програмно-апаратний 
комплекс з використаннɹм автоматиɱного налаɲтɭваннɹ 
(автономного/мережевого) при запɭскɭ системи.Веб-ɿнтерɮейс мобɿлɶного 
користɭваɱа бɭв розроблений длɹ пɿдтримки прийнɹттɹ рɿɲенɶ 

Клɸɱовɿ слова: IoT длɹ контролɸ температɭри, програмно-апаратний 
комплекс 
 

Honeybees are crucial pollinators for natural ecosystems and 
contributors to sustainable development targets such as the quantity and 
quality of food, nutrition, medicine, inclusive communities, forest 
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conservation and regrowth, healthy and diverse ecosystems, innovation and 
inspiration, biofuels, and economic opportunities [1].  

Some apiaries experience high mortality due to factors such as natural 
disasters and internal beehive issues. These can include floods, fires, 
droughts, extremely cold temperatures, honeybee starvation, and honeybee 
queenlessness. For instance, approximately 38 % of beekeepers’ colonies in 
the United States died between October 1, 2018, and April 1, 2019. 
However, very few control systems have been developed to notify 
beekeepers and minimize the impact of negative external and internal 
factors on the beehive. Approximately 35 % of bee colonies support 75 % of 
crops worldwide, and hence even a small success rate in the survival of 
honeybees implies a large global benefit. 

Existing devices employ various sensors (e.g., temperature, humidity, 
sound, piezoelectric transducer, motion, and flame) to monitor parameters 
inside and outside a beehive. Inside the beehive, climate control 
(temperature mainly, but humidity as well) and audio monitoring (mostly 
amplitude and frequency) are emphasized.  

However, some commercial products are quite expensive. For instance, 
the Beewise Beehome costs USD 400 per month for 24 bee colonies as of 
May 2023. In addition, some devices are relatively large (e.g., a Bee Board 
module is approx. 30u20u5 cm) and require special external installation. 

This study presents a prototype of an Internet of Things (IoT) device for 
temperature control and audio monitoring inside a beehive. The main 
hardware components are the ESP8266 NodeMCU board [2] (approx. 
USD 2), temperature sensor DS18B20 (approx. USD 1), BESTEP 3.3 V 
trigger relay (approx. USD 2), Keyestudio microphone sound sensor 
KS0035 (approx. USD 3), two 8 W portable waterproof heaters (approx. 
USD 4 for two pieces), enclosure (approx. USD 1), breadboard and wires 
(approx. USD 1).  

The size of the box is approx. 85u85u44 mm, and it does not require any 
special installation.  

The external power supply, for example, solar panels with batteries or 
power grid lines, depends on the apiary location; hence, its price is not 
initially considered.  

A WiFi router is an optional device that connects ESP8266 NodeMCU 
boards and the beekeeper’s Android smartphone. Thus, the basic price of the 
kit is approx. USD 14, which is an affordable competitive level. 
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Figure 1. System soft-/hardware structure 

 
This study addresses two problems in the development of an IoT device 

for temperature control and audio monitoring inside a beehive. A new 
portable soft-/hardware complex of the affordable price of USD 14 was 
developed employing automatic configuration (autonomous / network) at 
the system start.  

A web-based mobile user interface was designed to support the 
beekeeper’s decision-making using information about the state of heaters 
(ON/OFF), the temperature, the maximum audio signal in a FIFO queue of 
100 elements inside specific beehive (the mobile app activity shows a list of 
beehives at the beginning), and a bee fanning noise if it is detected. 

The soft-/hardware complex is composed of two parts – Java Android 
application (smartphone Doogee S96 Pro with Android 10 OS and IP68 
dust/water resistance is employed in this prototype) and ESP8266 node 
microcontroller unit with temperature sensor DS18B20, BESTEP 3.3 V 
trigger relay (Keyestudio 5 V relay KS0011 also showed the operability in 
experiments), Keyestudio microphone sound sensor KS0035, and two 8 W 
portable waterproof heaters. The smartphone and microcontroller are 
connected via a WiFi router (ZTE ZXHN F663N in this prototype; see 
Figure 1). 
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Abstract. In this paper, five methods  used to build a binary classification model. 
Classification results analysis showed that none of the classification methods could 
predict the correct result in three cases out of 39 controls. Among the machine 
learning methods tested, LDA and GLM showed the highest accuracy. The model 
allows future yields to be predicted in advance and can support optimal investment 
and marketing decisions. 

Keywords: optimal investment and marketing decisions 
 
Анотаɰɿɹ. У ɰɶомɭ докɭментɿ п'ɹтɶ методɿв, використаниɯ длɹ побɭдови 

моделɿ бɿнарноʀ класиɮɿкаɰɿʀ. Аналɿз резɭлɶтатɿв класиɮɿкаɰɿʀ показав, ɳо 
жоден ɿз методɿв класиɮɿкаɰɿʀ не мɿг передбаɱити правилɶний резɭлɶтат ɭ 
трɶоɯ випадкаɯ ɿз 39 контролɶниɯ. Серед протестованиɯ методɿв маɲинного 
навɱаннɹ найвиɳɭ тоɱнɿстɶ показали LDA ɿ GLM. Моделɶ дозволɹɽ заздалегɿдɶ 
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передбаɱити майбɭтнɿ доɯоди та може пɿдтримɭвати оптималɶнɿ 
ɿнвестиɰɿйнɿ та маркетинговɿ рɿɲеннɹ. 

Клɸɱовɿ слова: оптималɶнɿ ɿнвестиɰɿйнɿ та маркетинговɿ рɿɲеннɹ 
 

Grain production in Ukraine is one of the main sectors of the economy 
that ensures national food demand and a stable inflow of money to the state 
budget.  

In 2019-2021, the average annual grain production in Ukraine reached 
75 million tons, while the average annual exports during this period 
amounted to 50 million tons [1].  

At the same time, cereal production has fluctuated significantly due to 
the effects of changing climatic factors.  

Climate change over the last 30 years has led to changes in cultivated 
cereals’ diversity and geography [2-4].  

In Ukraine’s Chernozem and Polissia regions, the production of heat-
loving crops such as corn, soybean and sunflower has increased.  

In this study, statistical climate and wheat yield data for the period 2000-
2021 for the Sumy, Kharkiv, Poltava, Kyiv, Cherkasy, and Vinnytsia 
regions, which are located in the Chernozem zone of the forest-steppe in 
Ukraine were used.  

Wheat growth has a decisive influence on yield [3].  
The average decadal temperature values for April, May, and June and 

monthly amounts of precipitation for this period were used for assessing the 
climate impact on wheat yield.  

Analysis of wheat yield dynamics in various regions of Ukraine over the 
last 22 years shows that yields have been increasing [1]. 

However, the upward trend in grain yields is accompanied by significant 
yield fluctuations, mostly caused by the influence of weather and climatic 
factors.  

For example, consider the wheat yield fluctuations in the Cherkasy 
region: the largest negative deviations from the yield trend were observed in 
2003, 2007, 2017 and 2020 (Figure 1).   

A linear trend model is used to model yield dynamics 
 

                                                       0 1.ttr a ta �                                        (1)   
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       To make an interval forecast of yield, it is necessary to check the 
hypothesis about a normal distribution of detrended yield eps 
 

                                                     .t t teps y tr �                                         (2) 
        

 
 
Figure 1. Wheat yield dynamics in the Cherkasy region. The dashed line is a 

linear trend. Dotted lines are high and low yield boundaries. Author's 
calculations according to [1] 

                     (1) 
  

For making investment decisions and planning agribusiness logistics, it 
is necessary to predict future yields in terms of “high yield” - “low yield”. 
The main task of this study is to estimate low yield values for wheat. 

The “low yield” group includes yield values with probability p < 0.33. 
To bring a classification approach to yield estimation, a binary variable eps1 
is introduced.  

It takes only two values: 1 (“low yield”) and 0 (“high yield”). At the 
same time, the value of the variable eps1 is determined by the rule (3). 
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The following indicators are used for evaluating the performance of the 
classifiers were built: the error matrix, the overall accuracy of the 
classification, the sensitivity of the classification, the specificity of the 
classification and the area under the ROC curve (the criterion for classifier 
evaluating). 

In this paper, five methods were used to build a binary classification 
model. Classification results analysis showed that none of the classification 
methods could predict the correct result in three cases out of 39 controls. 

Among the machine learning methods tested, LDA and GLM showed 
the highest accuracy (Table 1). The model allows future yields to be 
predicted in advance (three months in advance) and can support optimal 
investment and marketing decisions.  
 
                 Table 1. Quality Criteria of machine learning techniques 

 Accuracy Sensitivity Specificity AUC 
LDA 0.872 0.545 1.000 0.684 
SVML 0.821 0.364 1.000 0.727 
SVMR 0.769 0.636 0.821 0.983 
RF 0.769 0.455 0.893 0.973 
GLM 0.872 0.545 1.000 0.688 
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ɆЕɌɈД БЕЗДɊɈɌɈВɈЇ ɉЕɊЕДАɑІ ЗɈБɊАЖЕɇɖ З 
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Abstract. This paper proposes an optimized approach for image transmission 
from Unmanned Aerial Vehicles using split autoencoders and super-resolution 
techniques. The autoencoder, partitioned between the UAV and receiver, compresses 
and reconstructs images, saving energy and bandwidth. Super-resolution methods 
are applied at the receiver to counter quality loss from compression, enhancing the 
reconstructed images. The combined approach improves image transmission 
efficiency and quality, suggesting considerable enhancements for UAV-based remote 
sensing and monitoring applications. 

Keywords: UAV, wireless networks, encoder, decoder, CNN 
 
Анотаɰɿɹ. У ɰɶомɭ докɭментɿ пропонɭɽтɶсɹ оптимɿзований пɿдɯɿд длɹ 

передаɱɿ зображеннɹ з безпɿлотниɯ лɿталɶниɯ апаратɿв з використаннɹм 
роздɿлениɯ автокодерɿв ɿ методɿв надвисокоʀ роздɿлɶноʀ здатностɿ. Автокодер, 
роздɿлений мɿж БПЛА та приймаɱем, стискаɽ та реконстрɭɸɽ зображеннɹ, 
заоɳаджɭɸɱи енергɿɸ та пропɭскнɭ здатнɿстɶ. Методи надвисокоʀ роздɿлɶноʀ 
здатностɿ застосовɭɸтɶсɹ в приймаɱɿ длɹ запобɿганнɹ втратɿ ɹкостɿ вɿд 
стисненнɹ, покраɳɭɸɱи реконстрɭйованɿ зображеннɹ. Комбɿнований пɿдɯɿд 
покраɳɭɽ еɮективнɿстɶ ɿ ɹкɿстɶ передаɱɿ зображеннɹ, пропонɭɸɱи знаɱнɿ 
вдосконаленнɹ програм дистанɰɿйного зондɭваннɹ та монɿторингɭ на основɿ 
БПЛА. 

Клɸɱовɿ слова: БПЛА, бездротовɿ мережɿ, кодер, декодер, CNN 
 

The use of unmanned aerial vehicles (UAVs), commonly known as 
drones, has become increasingly popular in recent years. These versatile and 
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manoeuvrable devices have been used in various applications, from 
commercial uses such as delivery of goods and aerial photography to more 
important tasks such as surveillance, disaster relief and environmental 
monitoring.  

One of the most important uses of UAVs is to collect data, especially 
visual data, which can provide valuable insights into various phenomena. 

Transmitting high-quality images from UAVs over wireless channels can 
be challenging, however. High-dimensional image data generated by UAVs 
can be large and difficult to transmit efficiently, especially over wireless 
networks. To solve this problem, researchers have proposed an optimised 
approach to UAV image transmission using split autoencoders and ultra-
high-resolution techniques. 

The proposed approach primarily uses a split auto-encoder, where the 
encoder is installed on board the UAV and the decoder is located at the 
receiving end (Fig.1).  

The encoder significantly reduces the size of high-dimensional image 
data by converting it into a compact, lower-dimensional representation of 
the hidden space, or "latent space".  

However, compressed images suffer from a certain loss of quality when 
they are restored by the decoder. To solve this problem, ultra-high-
resolution methods were introduced. Using techniques such as SISR and 
GAN. Essentially, it learns to match low-resolution images with their high-
resolution counterparts [1]. 

The proposed approach has several advantages for commercial and 
mission-critical UAV applications. Using split autoencoders and ultra-high-
resolution techniques, high-quality images can be efficiently transmitted 
over wireless channels.  

This can be particularly useful for real-time aerial surveillance, remote 
sensing and other applications that require high-quality images to be 
transmitted from UAVs.  

The approach can also help reduce the power consumption of UAVs, 
which can extend their flight time and increase their operational range. In 
addition, the approach can help reduce the bandwidth requirements for 
image transmission, which can be particularly important in situations where 
network bandwidth is limited or expensive [2].  

In conclusion, the proposed approach for UAV image transmission using 
split autoencoders and ultra-high-resolution techniques is a valuable 
contribution to the field of image transmission. 
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Figure 1. The block diagram of the method for wireless image transmission 

utilizing neural networks 
 

It has the potential to significantly improve the efficiency and quality of 
UAV image transmission, which could have significant implications for 
real-time aerial surveillance, remote sensing and many other applications. 
With more data and training, the system can be continuously improved, 
making it an exciting area of research. 
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Abstract. According to the results of the experimental analysis, a parametric 
model is obtained based on the observed input and output signals. 

Keywords: parametric model, ship's steam boiler 
 
Анотаɰɿɹ. За резɭлɶтатами експерименталɶного аналɿзɭ отримано 

параметриɱнɭ моделɶ на основɿ спостережɭваниɯ вɯɿдниɯ ɿ виɯɿдниɯ сигналɿв. 
Клɸɱовɿ слова: параметриɱна моделɶ, сɭдновий паровий котел 

 
The necessary step in solving problems of controlling nonlinear dynamic 

systems is obtaining their adequate mathematical models.  
This process is based on theoretical or experimental analysis of the 

properties of these systems.  
According to the results of the experimental analysis, a parametric model 

is obtained based on the observed input and output signals. 
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In the system of neural network identification the determination of the 
parameters of the ship's steam boiler (SSB) occurs after the submission of a 
single jump on the task channel (u).  

The identifier in the form of a trained neural network is configured to 
determine the values of the parameters of the control object and found 
during an active experiment on SSB.  

The neural network (NN) makes it possible to identify the noisy signal of 
the acceleration curve with minimal time and without repeated experiments. 

Next, information about the mathematical model of the object is sent to 
the adapter (layer NN), which is trained to determine the optimal settings of 
PI and PID - controller in the parameter control system of the ship's steam 
boiler operating in steady and transient mode of operation. 

The training of NN was carried out according to the methodology [1] 
and tested during simulation experiments in the MatLab package.  

The computer model of the trained NN is given in [2].  
The identification of SSB parameters can be considered as the process of 

applying the vector of input parameters to the input at the time t and 
obtaining the vector of output parameters at the output.  

Parametric identification presupposes finding the type of mathematical 
model of the object with the output, and the parameters of this model that 
satisfy the condition of minimization of the model error [3].  

The NN identified the parameters of an auxiliary ship steam generator of 
the Clayton 4.7 with a steam output range the 260-4700 kg/h at working 
steam pressure 0.4 - 2.8 MPa through the channel "fuel consumption - steam 
pressure".  

The mathematical model in the form of a transfer function over the 
control channel has the form, which was obtained in virtual experiments on 
the ship emulator program “Steam Engine Room Simulator” [3] and the 
determination of the optimal settings for the PI controller were obtained: 
 

                                              
0.50.65( )
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sW s e
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�  
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  Interference or external noise is superimposed on the control channel.  

Approbation of the NN system for identifying the parameters of the Clayton 
4.7 auxiliary steam generator through the channel "fuel consumption - steam 
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pressure" shows that the output signals of the experimentally obtained 
mathematical model and the calculated NN are quite close (Fig.1.). 
 

 
Figure 1. Comparison of the NNN training process for determining SSB 

object parameters on the "fuel consumption - steam pressure" channel: 1- 
NNN acceleration curve; 2- acceleration curve of the object 

 
The NN is well trained in the process of parametric identification. 

However, it is obvious that if the input signal of the dynamic system is 
changed (for example, when step is replaced by a sine wave), the output 
signal will also change, and the formation of a new training sample will be 
required.  

A new training sample for NN can be obtained during the operation of 
SSB in different steam modes with the help of a ship monitoring system 
equipped with a database of saved values of SSB parameters. 
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Анотаɰɿɹ. Розглɹдаɽтɶсɹ ɿнтелектɭалɶне ɭправлɿннɹ безперервними 
проɰесами, його основнɿ компоненти, а також моделɿ ɲтɭɱного ɿнтелектɭ, 
ɹкɿ можɭтɶ прогнозɭвати поведɿнкɭ безперервниɯ проɰесɿв. 

Клɸɱовɿ слова: ɿнтелектɭалɶне ɭправлɿннɹ, безперервнɿ проɰеси 
 
Abstract. Intelligent management of continuous processes, its main components, 

as well as artificial intelligence models that can predict the behavior of continuous 
processes are considered. 

Keywords: intelligent management, continuous processes 
        

Іɧɬɟɥɟɤɬɭɚɥɶɧɟ ɭɩɪɚɜɥɿɧɧɹ ɽ ɩɿɞɯɨɞɨɦ ɞɨ ɭɩɪɚɜɥɿɧɧɹ, ɹɤɟ 
ɜɢɤɨɪɢɫɬɨɜɭɽ ɦɟɬɨɞɢ ɿ ɬɟɯɧɨɥɨɝɿʀ ɲɬɭɱɧɨɝɨ ɿɧɬɟɥɟɤɬɭ ɞɥɹ ɩɪɢɣɧɹɬɬɹ 
ɪɿɲɟɧɶ ɿ ɤɟɪɭɜɚɧɧɹ ɩɪɨɰɟɫɚɦɢ, ɹɤɿ ɬɪɢɜɚɸɬɶ ɛɟɡɩɟɪɟɪɜɧɨ ɚɛɨ 
ɩɪɚɤɬɢɱɧɨ ɛɟɡ ɩɟɪɟɪɜɢ, ɡ ɩɿɞɜɢɳɟɧɧɹɦ ɟɮɟɤɬɢɜɧɨɫɬɿ, ɡɧɢɠɟɧɧɹɦ 
ɜɢɬɪɚɬ ɬɚ ɞɨɫɹɝɧɟɧɧɹɦ ɛɚɠɚɧɢɯ ɪɟɡɭɥɶɬɚɬɿɜ.  
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Оɞɧɢɦ ɿɡ ɨɫɧɨɜɧɢɯ ɤɨɦɩɨɧɟɧɬɿɜ ɩɪɨɰɟɫɭ ɿɧɬɟɥɟɤɬɭɚɥɶɧɨɝɨ 
ɭɩɪɚɜɥɿɧɧɹ ɽ ɡɛɿɪ ɞɚɧɢɯ, ɞɟ ɿɧɬɟɥɟɤɬɭɚɥɶɧɚ ɫɢɫɬɟɦɚ ɡɛɢɪɚɽ ɞɚɧɿ ɡ 
ɞɚɬɱɢɤɿɜ, ɞɠɟɪɟɥ ɞɚɧɢɯ, ɛɚɡɢ ɞɚɧɢɯ, Іɧɬɟɪɧɟɬɭ ɬɨɳɨ.  

Дɚɥɿ ɨɬɪɢɦɚɧɿ ɞɚɧɿ ɩɿɞɞɚɸɬɶɫɹ ɚɧɚɥɿɡɭ ɡɚ ɞɨɩɨɦɨɝɨɸ ɚɥɝɨɪɢɬɦɿɜ 
ɦɚɲɢɧɧɨɝɨ ɧɚɜɱɚɧɧɹ ɬɚ ɿɧɲɢɯ ɦɟɬɨɞɿɜ ɲɬɭɱɧɨɝɨ ɿɧɬɟɥɟɤɬɭ, ɳɨɛ 
ɨɬɪɢɦɚɬɢ ɿɧɮɨɪɦɚɰɿɸ, ɡɪɨɡɭɦɿɬɢ ɩɚɬɟɪɧɢ ɬɚ ɬɟɧɞɟɧɰɿʀ.  

Нɚ ɨɫɧɨɜɿ ɚɧɚɥɿɡɭ ɞɚɧɢɯ ɿɧɬɟɥɟɤɬɭɚɥɶɧɚ ɫɢɫɬɟɦɚ ɩɪɢɣɦɚɽ ɪɿɲɟɧɧɹ.  
Нɚɫɬɭɩɧɢɣ ɨɫɧɨɜɧɢɣ ɤɨɦɩɨɧɟɧɬ - ɰɟ ɭɩɪɚɜɥɿɧɧɹ. Іɧɬɟɥɟɤɬɭɚɥɶɧɚ 

ɫɢɫɬɟɦɚ ɜɢɤɨɧɭɽ ɭɩɪɚɜɥɿɧɫɶɤɿ ɞɿʀ, ɜɢɤɨɧɭɽ ɪɿɲɟɧɧɹ, ɤɨɧɬɪɨɥɸɸɱɢ 
ɩɪɨɰɟɫɢ ɿ ɫɢɫɬɟɦɢ, ɞɥɹ ɞɨɫɹɝɧɟɧɧɹ ɛɚɠɚɧɢɯ ɪɟɡɭɥɶɬɚɬɿɜ.Іɧɬɟɥɟɤɬɭɚɥɶɧɚ 
ɫɢɫɬɟɦɚ ɦɨɠɟ ɫɬɟɠɢɬɢ ɡɚ ɩɚɪɚɦɟɬɪɚɦɢ ɩɪɨɰɟɫɭ, ɞɚɬɱɢɤɚɦɢ ɜɢɧɨɫɭ ɬɚ 
ɫɬɚɧɨɦ ɨɛɥɚɞɧɚɧɧɹ. Вɨɧɚ ɦɨɠɟ ɩɟɪɟɞɛɚɱɢɬɢ ɦɨɠɥɢɜɿɫɬɶ ɩɨɥɚɦɤɢ ɚɛɨ 
ɡɛɨʀ ɬɚ ɩɨɩɟɪɟɞɠɚɬɢ ɩɪɨ ɬɟɯɧɿɱɧɿ ɩɪɨɛɥɟɦɢ, ɳɨ ɞɨɡɜɨɥɹɸɬɶ ɜɱɚɫɧɨ 
ɩɪɨɜɟɫɬɢ ɨɛɫɥɭɝɨɜɭɜɚɧɧɹ ɬɚ ɡɚɩɨɛɿɝɬɢ ɜɢɪɨɛɧɢɱɢɦ ɡɚɬɪɢɦɤɚɦ.  

Дɥɹ ɿɧɬɟɥɟɤɬɭɚɥɶɧɨɝɨ ɭɩɪɚɜɥɿɧɧɹ ɛɟɡɩɟɪɟɪɜɧɢɦɢ ɩɪɨɰɟɫɚɦɢ ɦɨɠɭɬɶ 
ɜɢɤɨɪɢɫɬɨɜɭɜɚɬɢɫɹ ɪɿɡɧɿ ɦɨɞɟɥɿ ɲɬɭɱɧɨɝɨ ɿɧɬɟɥɟɤɬɭ, ɹɤɿ ɡɞɚɬɧɿ 
ɚɧɚɥɿɡɭɜɚɬɢ ɞɚɧɿ, ɡɧɚɯɨɞɢɬɢ ɲɚɛɥɨɧɢ, ɩɪɢɣɦɚɬɢ ɪɿɲɟɧɧɹ ɬɚ 
ɩɪɨɝɧɨɡɭɜɚɬɢ ɩɨɜɟɞɿɧɤɭ ɩɪɨɰɟɫɿɜ. Оɞɧɚ ɡ ɧɚɣɩɨɬɭɠɧɿɲɢɯ ɦɨɞɟɥɟɣ 
ɲɬɭɱɧɨɝɨ ɿɧɬɟɥɟɤɬɭ - ɧɟɣɪɨɧɧɿ ɦɟɪɟɠɿ, ɹɤɿ ɡɞɚɬɧɿ ɜɱɢɬɢɫɹ ɧɚ ɩɪɢɤɥɚɞɚɯ 
ɿ ɡɧɚɯɨɞɢɬɢɫɹ ɜ ɫɤɥɚɞɧɢɯ ɜɿɞɧɨɫɢɧɚɯ ɦɿɠ ɞɚɧɢɦɢ. Рɟɤɭɪɟɧɬɧɿ ɧɟɣɪɨɧɧɿ 
ɦɟɪɟɠɿ ɜɢɤɨɪɢɫɬɨɜɭɸɬɶ ɞɥɹ ɚɧɚɥɿɡɭ ɬɚ ɨɛɪɨɛɤɢ ɞɚɧɢɯ, ɹɤɿ 
ɡɭɫɬɪɿɱɚɸɬɶɫɹ ɜ ɛɟɡɩɟɪɟɪɜɧɢɯ ɩɪɨɰɟɫɚɯ.  

Вɨɧɢ ɦɚɸɬɶ ɡɞɚɬɧɿɫɬɶ ɡɛɟɪɿɝɚɬɢ ɩɨɩɟɪɟɞɧɿ ɫɬɚɧɢ ɬɚ 
ɜɢɤɨɪɢɫɬɨɜɭɜɚɬɢ ʀɯ ɞɥɹ ɨɛɪɨɛɤɢ ɧɨɜɢɯ ɜɯɿɞɧɢɯ ɞɚɧɢɯ, ɳɨ ɪɨɛɢɬɶ ʀɯ 
ɟɮɟɤɬɢɜɧɢɦɢ ɞɥɹ ɪɨɛɨɬɢ ɡ ɱɚɫɨɜɢɦɢ ɪɹɞɚɦɢ.  

Вɢɪɨɛɧɢɱɿ ɩɪɨɰɟɫɢ ɱɚɫɬɨ ɦɚɸɬɶ ɬɟɦɩɨɪɚɥɶɧɢɣ ɡɜ’ɹɡɨɤ, ɹɤɿ ɦɨɠɭɬɶ 
ɛɭɬɢ ɩɪɨɝɧɨɡɨɜɚɧɿ ɡ ɜɢɤɨɪɢɫɬɚɧɧɹɦ ɬɟɦɩɨɪɚɥɶɧɢɯ ɦɨɞɟɥɟɣ, ɹɤɿ ɽ ɞɭɠɟ 
ɩɨɬɭɠɧɢɦ ɿɧɫɬɪɭɦɟɧɬɨɦ ɞɥɹ ɿɧɬɟɥɟɤɬɭɚɥɶɧɨɝɨ ɭɩɪɚɜɥɿɧɧɹ, ɨɫɤɿɥɶɤɢ  
ɡɚɛɟɡɩɟɱɭɸɬɶ ɚɧɚɥɿɡ ɿ ɩɪɨɝɧɨɡɭɜɚɧɧɹ ɡɦɿɧ ɭ ɱɚɫɿ, ɳɨ ɽ ɤɪɢɬɢɱɧɢɦ ɞɥɹ 
ɛɚɝɚɬɶɨɯ ɛɟɡɩɟɪɟɪɜɧɢɯ ɩɪɨɰɟɫɿɜ [1].  

У ɫɭɬɨ ɜɢɪɨɛɧɢɱɢɯ ɩɪɨɰɟɫɚɯ ɧɟɣɪɨɦɟɪɟɠɿ ɦɨɠɭɬɶ ɛɭɬɢ ɡɚɫɬɨɫɨɜɚɧɿ 
ɞɥɹ ɚɜɬɨɦɚɬɢɡɚɰɿʀ, ɤɨɧɬɪɨɥɸ, ɨɩɬɢɦɿɡɚɰɿʀ ɬɚ ɩɿɞɜɢɳɟɧɧɹ ɟɮɟɤɬɢɜɧɨɫɬɿ 
ɞɿʀ ɩɪɨɰɟɫɿɜ.  

Оɤɪɿɦ ɡɚɡɧɚɱɟɧɢɯ ɜɢɳɟ ɧɟɣɪɨɦɟɪɟɠ ɞɥɹ ɜɢɪɨɛɧɢɱɢɯ ɩɪɨɰɟɫɿɜ 
ɜɢɤɨɪɢɫɬɨɜɭɸɬɶɫɹ ɬɚɤɨɠ ɦɟɪɟɠɿ ɡ ɪɚɞɿɚɥɶɧɢɦ ɛɚɡɢɫɨɦ  ɞɥɹ 
ɚɩɪɨɤɫɢɦɚɰɿʀ ɫɤɥɚɞɧɢɯ ɮɭɧɤɰɿɣ, ɚɩɪɨɤɫɢɦɚɰɿʀ ɞɚɧɢɯ ɬɚ ɡɞɿɣɫɧɟɧɧɹ 
ɩɪɨɝɧɨɡɭɜɚɧɧɹ ɭ ɜɢɪɨɛɧɢɱɢɯ ɩɪɨɰɟɫɚɯ [2]. Тɚɤɨɠ ɩɨɲɢɪɟɧɢɦ 
ɫɰɟɧɚɪɿɽɦ ɽ ɜɢɤɨɪɢɫɬɚɧɧɹ ɤɨɧɜɨɥɸɰɿɣɧɢɯ ɧɟɣɪɨɧɧɢɯ ɦɟɪɟɠɿ. Вɨɧɢ 
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ɦɨɠɭɬɶ ɛɭɬɢ ɜɢɤɨɪɢɫɬɚɧɿ ɞɥɹ ɜɿɡɭɚɥɶɧɨɝɨ ɤɨɧɬɪɨɥɸ, ɜɢɹɜɥɟɧɧɹ 
ɞɟɮɟɤɬɿɜ ɧɚ ɜɢɪɨɛɚɯ, ɚɧɚɥɿɡɭ ɡɨɛɪɚɠɟɧɶ ɬɨɳɨ.  

Іɧɬɟɥɟɤɬɭɚɥɶɧɟ ɭɩɪɚɜɥɿɧɧɹ ɽ ɨɞɧɿɽɸ ɡ ɤɥɸɱɨɜɢɯ ɬɟɯɧɨɥɨɝɿɣ, ɹɤɚ 
ɦɨɠɟ ɞɨɩɨɦɨɝɬɢ ɜɢɪɿɲɢɬɢ ɫɤɥɚɞɧɿ ɡɚɜɞɚɧɧɹ ɬɚ ɨɩɬɢɦɿɡɭɜɚɬɢ ɪɟɫɭɪɫɢ 
ɞɥɹ ɞɨɫɹɝɧɟɧɧɹ ɩɨɫɬɚɜɥɟɧɢɯ ɰɿɥɟɣ. Зɚɫɬɨɫɭɜɚɧɧɹ ɤɨɧɤɪɟɬɧɢɯ ɦɨɞɟɥɟɣ 
ɲɬɭɱɧɨɝɨ ɿɧɬɟɥɟɤɬɭ ɜ ɿɧɬɟɥɟɤɬɭɚɥɶɧɨɦɭ ɭɩɪɚɜɥɿɧɧɿ ɛɟɡɩɟɪɟɪɜɧɢɦɢ 
ɩɪɨɰɟɫɚɦɢ ɡɚɥɟɠɢɬɶ ɜɿɞ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɞɚɧɢɯ, ɡɚɜɞɚɧɶ ɭɩɪɚɜɥɿɧɧɹ ɬɚ 
ɤɨɧɬɟɤɫɬɭ ɡɚɫɬɨɫɭɜɚɧɧɹ. 
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Annotation. The article is devoted to the realization of the data mining approach 
related to the metadata of astronomical files from the big archives. Each 
astronomical file has the commonly defined structure, which contains the especial 
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format of the metadata. Such metadata contain the necessary astronomical 
information, which is required for the proper storing, data mining, processing, 
analyzing under research. The Telescope tool was developed during research under 
the CoLiTec project and was tested with the astronomical files from several archives 
on the different observatories. Also, the Telescope software was successfully 
implemented and installed on the astronomical image processing pipelines in such 
observatories. 

Keywords: data mining, big data, metadata, database, processing pipeline. 
 
Анотаɰɿɹ. Статтɹ присвɹɱена реалɿзаɰɿʀ пɿдɯодɭ ɿнтелектɭалɶного 

аналɿзɭ даниɯ ɳодо метаданиɯ астрономɿɱниɯ ɮайлɿв ɿз великиɯ арɯɿвɿв. Кожен 
астрономɿɱний ɮайл маɽ загалɶноприйнɹтɭ стрɭктɭрɭ, ɹка мɿститɶ 
спеɰɿалɶний ɮормат метаданиɯ. Такɿ метаданɿ мɿстɹтɶ необɯɿднɭ 
астрономɿɱнɭ ɿнɮормаɰɿɸ, ɹка необɯɿдна длɹ належного зберɿганнɹ, аналɿзɭ 
даниɯ, обробки, аналɿзɭ пɿд ɱас дослɿдженнɹ. Інстрɭмент Telescope бɭв 
розроблений пɿд ɱас дослɿдженɶ ɭ рамкаɯ проектɭ CoLiTec ɿ протестований з 
астрономɿɱними ɮайлами з кɿлɶкоɯ арɯɿвɿв ɭ рɿзниɯ обсерваторɿɹɯ. Також 
програмне забезпеɱеннɹ Telescope бɭло ɭспɿɲно впроваджено та встановлено 
на конвеɽраɯ обробки астрономɿɱниɯ зображенɶ ɭ такиɯ обсерваторɿɹɯ. 

Клɸɱовɿ слова: ɿнтелектɭалɶний аналɿз даниɯ, великɿ данɿ, метаданɿ, база 
даниɯ, конвеɽр обробки. 
       

Almost all astronomical frames are made by the CCD-camera and can be 
received from the different sources: archives, servers, predefined series of 
frames, Virtual Observatories, clusters, etc.  

Each software for preparing the astronomical frames creates them as the 
digital files in the FITS (Flexible Image Transport System) format [1].  

This format is a digital files format for storing and transferring of their 
image and metadata (spreadsheets). Metadata is a kind of data, which 
provides the information about other data, except the original data content.  

The main purpose of metadata is to provide the information about the 
different aspects of the original data and to summarize the basic information 
about it, which make tracking and processing it easier.  

The examples of metadata are the following: time and date of data 
creation, its meaning and purpose, creator or author, location, file size, used 
standards, sources, quality, etc. 

Almost all astronomical frames have a FITS format with standardized 
file structure and extension. In the common case the astronomical file 
extensions are: *.fits, *.FITS, *.fts, *.FTS, *.fit, *.FIT. Such FITS format is 
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commonly used for the transformation, transferring, and archiving of 
astronomical data.  

The FITS format was developed by National Aeronautics and Space 
Administration (NASA) and is accepted as an international astronomical 
standard and is used by many astronomical and scientific organizations, like 
International Astronomical Union (IAU), and other national and 
international organizations that deal with the astronomy or related scientific 
fields.  

The FITS format is commonly used for the storing the data without the 
image, like spectrums, photons list, data cubes or even structured data, such 
as databases with multiple tables.  

The FITS format includes many provisions to describe the photometric 
and spatial calibration, as well as image metadata. 

Under the research in scope of the CoLiTec project [2] we have 
developed the Telescope tool for mining the big astronomical data from the 
different storages and archives, parsing the metadata from each astronomical 
file, and collecting it with the further insertion into the database. Such 
parsed data were used for the different purposes of the astronomical image 
processing and machine vision. 

The Telescope tool realizes the different data mining tasks [3], like 
receiving, storing, selecting, preprocessing, transforming, useful data 
extraction, classification, and knowledge discovery in databases (KDD) [4].   

The following stack of technologies were used for the software 
development: C# programming language, .NET platform, Windows Forms 
technology and MDB (SQL) database.  

The Windows Forms (WinForms) is an open-source and free graphical 
library, which is in a scope of the Microsoft .NET Framework and play the 
role as a platform for developing the client applications for desktop, laptop, 
and tablet PCs. As a database the developers have selected a MDB database 
as a native format for the Microsoft Access desktop database management 
system with “.mdb” extension.  

There are different fields located in several tables of the MDB database 
in the Telescope software that represent the necessary for research metadata 
of the astronomical file. The Telescope tool was tested with up to 1 million 
astronomical files from several archives on the different observatories. 

Also, the Telescope software was successfully implemented and 
installed on the astronomical image processing pipelines in such 
observatories. 
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Abstract. The paper describes the development of a system for forecasting 

financial time series based on the use of neural networks. 
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Сɭɱɚɫɧɿ ɿɧɮɨɪɦɚɰɿɣɧɿ ɬɟɯɧɨɥɨɝɿʀ ɿ ɡɚɫɨɛɢ ɡɜ'ɹɡɤɭ ɞɨɡɜɨɥɹɸɬɶ 

ɩɪɨɞɚɜɰɹɦ ɿ ɩɨɤɭɩɰɹɦ ɚɤɰɿɣ ɡɭɫɬɪɿɬɢɫɹ ɧɚ ɟɥɟɤɬɪɨɧɧɢɯ ɬɨɪɝɨɜɟɥɶɧɢɯ 
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ɦɚɣɞɚɧɱɢɤɚɯ. ɐɿ ɠ ɬɟɯɧɨɥɨɝɿʀ ɩɪɢɡɜɨɞɹɬɶ ɞɨ ɡɧɚɱɧɨɝɨ ɡɪɨɫɬɚɧɧɹ 
ɤɿɥɶɤɨɫɬɿ ɩɨɞɿɣ, ɳɨ ɜɿɞɛɭɜɚɸɬɶɫɹ ɜ ɞɟɹɤɭ ɨɞɢɧɢɰɸ ɱɚɫɭ ɜ ɝɚɥɭɡɿ 
ɟɥɟɤɬɪɨɧɧɨʀ ɬɨɪɝɿɜɥɿ [1]. Тɚɤɿ ɦɚɫɢɜɢ ɿɧɮɨɪɦɚɰɿʀ, ɚ ɬɚɤɨɠ ɡɚɝɚɥɶɧɚ 
ɫɤɥɚɞɧɿɫɬɶ ɰɿɽʀ ɨɛɥɚɫɬɿ ɡɪɨɛɢɥɢ ɹɜɧɨɸ ɧɟɨɛɯɿɞɧɿɫɬɶ ɫɬɜɨɪɟɧɧɹ ɫɢɫɬɟɦ, 
ɳɨ ɡɚɣɦɚɸɬɶɫɹ ɬɨɪɝɿɜɥɟɸ. Зɚɫɬɨɫɭɜɚɧɧɹ ɲɬɭɱɧɢɯ ɧɟɣɪɨɧɧɢɯ ɦɟɪɟɠ 
(ɒНМ) ɜ ɹɤɨɫɬɿ ɞɨɩɨɜɧɟɧɧɹ ɞɚɽ ɭɧɿɤɚɥɶɧɭ ɦɨɠɥɢɜɿɫɬɶ ɨɛ'ɽɞɧɚɬɢ ɰɿ ɞɜɚ 
ɦɟɬɨɞɢ. Тɚɤɢɣ ɚɧɚɥɿɡ, ɧɚ ɜɿɞɦɿɧɭ ɜɿɞ ɬɟɯɧɿɱɧɨɝɨ, ɧɟ ɦɚɽ ɧɿɹɤɢɯ 
ɨɛɦɟɠɟɧɶ ɩɨ ɯɚɪɚɤɬɟɪɭ ɜɯɿɞɧɨʀ ɿɧɮɨɪɦɚɰɿʀ. Дɥɹ ɩɪɨɝɧɨɡɭɜɚɧɧɹ 
ɮɿɧɚɧɫɨɜɢɯ ɱɚɫɨɜɢɯ ɪɹɞɿɜ ɦɨɠɥɢɜɟ ɜɢɤɨɪɢɫɬɚɧɧɹ ɛɚɝɚɬɨɲɚɪɨɜɢɯ 
ɩɟɪɫɟɩɬɪɨɧɨɜ [2]. Вɢɤɨɪɢɫɬɚɧɧɹ ɦɟɪɟɠ ɿɡ ɡɜɨɪɨɬɧɢɦɢ ɡɜ'ɹɡɤɚɦɢ ɜ 
ɞɚɧɨɦɭ ɜɢɩɚɞɤɭ ɧɟɞɨɰɿɥɶɧɨ ɜ ɡɜ'ɹɡɤɭ ɡ ɬɪɭɞɧɨɳɚɦɢ ɧɚɜɱɚɧɧɹ ɬɚɤɢɯ 
ɦɟɪɟɠ ɿ ɧɟɚɤɬɭɚɥɶɧɿɫɬɸ ɨɫɧɨɜɧɢɣ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɦɟɪɟɠ ɿɡ ɡɜɨɪɨɬɧɢɦɢ 
ɡɜ'ɹɡɤɚɦɢ - ɤɨɪɨɬɤɨɫɬɪɨɤɨɜɨʀ ɩɚɦ'ɹɬɿ. 
У ɪɨɡɪɨɛɥɟɧɿɣ ɫɢɫɬɟɦɿ ɩɪɢ ɨɪɝɚɧɿɡɚɰɿʀ ɩɪɨɰɟɫɭ ɧɚɜɱɚɧɧɹ ɒНМ, 
ɩɪɢɡɧɚɱɟɧɢɯ ɞɥɹ ɩɪɨɝɧɨɡɭɜɚɧɧɹ ɮɿɧɚɧɫɨɜɢɯ ɱɚɫɨɜɢɯ ɪɹɞɿɜ, 
ɜɢɤɨɪɢɫɬɨɜɭɸɬɶ ɧɚɫɬɭɩɧɢɣ ɩɿɞɯɿɞ. Нɚɹɜɧɿ ɩɪɢɤɥɚɞɢ ɪɨɡɛɢɜɚɸɬɶɫɹ ɧɚ 
ɬɪɢ ɜɢɛɿɪɤɢ: ɧɚɜɱɚɥɶɧɭ, ɜɚɥɿɞɚɰɿɣɧɿ ɿ ɬɟɫɬɨɜɭ. Нɚɜɱɚɥɶɧɚ ɜɢɛɿɪɤɚ 
ɩɪɢɡɧɚɱɟɧɚ ɞɥɹ ɩɿɞɫɬɪɨɸɜɚɧɧɹ ɫɢɧɚɩɬɢɱɧɢɯ ɤɨɟɮɿɰɿɽɧɬɿɜ ɧɟɣɪɨɧɧɢɯ 
ɦɟɪɟɠ ɡ ɦɟɬɨɸ ɦɿɧɿɦɿɡɚɰɿʀ ɩɨɦɢɥɤɢ ɧɚ ɜɢɯɨɞɿ ɦɟɪɟɠɿ. Вɚɥɿɞɚɰɿɣɧɚ 
ɜɢɛɿɪɤɚ ɜɢɤɨɪɢɫɬɨɜɭɽɬɶɫɹ ɞɥɹ ɜɢɛɨɪɭ ɧɚɣɤɪɚɳɢɯ ɡ ɞɟɤɿɥɶɤɨɯ ɧɚɜɱɟɧɢɯ 
ɦɟɪɟɠ ɬɚ ɞɥɹ ɜɢɡɧɚɱɟɧɧɹ ɦɨɦɟɧɬɭ ɡɭɩɢɧɤɢ ɧɚɜɱɚɧɧɹ. Тɟɫɬɨɜɚ ɜɢɛɿɪɤɚ, 
ɹɤɚ ɧɟ ɜɢɤɨɪɢɫɬɨɜɭɜɚɥɚɫɹ ɭ ɩɪɨɰɟɫɿ ɧɚɜɱɚɧɧɹ, ɜɢɤɨɪɢɫɬɨɜɭɽɬɶɫɹ ɞɥɹ 
ɤɨɧɬɪɨɥɸ ɹɤɨɫɬɿ ɩɪɨɝɧɨɡɭɜɚɧɧɹ. Дɥɹ ɜɢɛɨɪɭ ɪɢɧɤɨɜɨʀ ɩɨɡɢɰɿʀ ɧɚɞɿɣɧɟ 
ɜɢɡɧɚɱɟɧɧɹ ɡɧɚɤɚ ɤɭɪɫɭ ɛɿɥɶɲ ɜɚɠɥɢɜɨ, ɧɿɠ ɡɧɢɠɟɧɧɹ 
ɫɟɪɟɞɧɶɨɤɜɚɞɪɚɬɢɱɧɨɝɨ ɜɿɞɯɢɥɟɧɧɹ. Пɨɦɢɥɤɚ ɦɟɪɟɠɿ ɩɪɟɞɫɬɚɜɥɹɽɬɶɫɹ ɭ 
ɜɢɝɥɹɞɿ ɮɭɧɤɰɿʀ ɜɿɞ ɫɢɧɚɩɬɢɱɧɢɯ ɤɨɟɮɿɰɿɽɧɬɿɜ ɿ ɦɿɧɿɦɿɡɭɽɬɶɫɹ ɨɞɧɢɦ ɡ 
ɝɪɚɞɿɽɧɬɧɢɯ ɦɟɬɨɞɿɜ. Тɪɚɞɢɰɿɣɧɨ ɜɢɤɨɪɢɫɬɨɜɭɸɬɶ 
ɫɟɪɟɞɧɶɨɤɜɚɞɪɚɬɢɱɧɭ ɩɨɦɢɥɤɭ (ɩɿɞɫɭɦɨɜɭɜɚɧɧɹ ɩɨ ɜɫɿɯ ɜɢɯɨɞɚɯ). 

                                                   ¦ � 2)(
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ɞɟ y – ɜɢɯɿɞ ɧɟɣɪɨɧɧɨʀ ɦɟɪɟɠɿ, d - ɛɚɠɚɧɟ ɡɧɚɱɟɧɧɹ ɜɢɯɨɞɭ. 
Мɟɬɨɸ ɜɢɤɨɪɢɫɬɚɧɧɹ ɩɪɨɩɨɧɨɜɚɧɨʀ ɫɢɫɬɟɦɢ ɩɪɨɝɧɨɡɭɜɚɧɧɹ 

ɮɿɧɚɧɫɨɜɢɯ ɪɹɞɿɜ ɽ ɨɬɪɢɦɚɧɧɹ ɿ ɦɚɤɫɢɦɿɡɚɰɿɹ ɩɪɢɛɭɬɤɭ. Пɨɦɢɥɤɭ E 
ɭɫɟɪɟɞɧɸɸɬɶ ɩɨ ɜɫɿɯ ɩɪɢɤɥɚɞɚɯ ɧɚɜɱɚɥɶɧɨʀ ɜɢɛɿɪɤɢ, ɿ ɨɬɪɢɦɚɧɟ 
ɡɧɚɱɟɧɧɹ ɜɢɤɨɪɢɫɬɨɜɭɽɬɶɫɹ ɞɥɹ ɩɿɞɫɬɪɨɸɜɚɧɧɹ ɫɢɧɚɩɬɢɱɧɢɯ 
ɤɨɟɮɿɰɿɽɧɬɿɜ. Сɩɪɹɦɨɜɚɧɿɫɬɶ ɩɪɨɝɧɨɡɭ ɿ ɿɫɬɢɧɧɨɝɨ ɡɧɚɱɟɧɧɹ ɜɢɪɚɠɟɧɚ 
ɧɚɫɬɭɩɧɨɸ ɮɭɧɤɰɿɽɸ 
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                                                > @ydE �� 1ln                                       (2) 
Нɚ ɛɚɡɿ Keras ɪɟɚɥɿɡɭɽɦɨ ɧɚɫɬɭɩɧɭ ɚɪɯɿɬɟɤɬɭɪɭ ɒНМ: ɜɯɿɞɧɢɣ ɲɚɪ ɡ 

30 ɧɟɣɪɨɧɚɦɢ (ɞɨɜɠɢɧɚ ɧɚɲɨɝɨ ɜɿɤɧɚ), ɩɟɪɲɢɣ ɩɪɢɯɨɜɚɧɢɣ ɲɚɪ ɡ 64 
ɧɟɣɪɨɧɚɦɢ, ɩɿɫɥɹ ɧɶɨɝɨ BatchNormalization ɜ ɡɜ'ɹɡɤɭ ɡ ɟɮɮɟɤɬɿɧɜɢ 
ɡɚɫɬɨɫɭɜɚɧɧɹ ɩɪɚɤɬɢɱɧɨ ɞɥɹ ɛɭɞɶ-ɹɤɢɯ ɛɚɝɚɬɨɲɚɪɨɜɢɯ ɦɟɪɟɠ, ɩɨɬɿɦ 
ɚɤɬɢɜɚɰɿɣɧɚ ɮɭɧɤɰɿɹ LeakyReLU. Нɚ ɜɢɯɨɞɿ ɪɨɡɦɿɫɬɢɦɨ ɨɞɢɧ ɧɟɣɪɨɧ 
(ɞɜɚ ɞɥɹ ɤɥɚɫɢɮɿɤɚɰɿʀ), ɹɤɢɣ ɜ ɡɚɥɟɠɧɨɫɬɿ ɜɿɞ ɡɚɜɞɚɧɧɹ (ɤɥɚɫɢɮɿɤɚɰɿɹ 
ɚɛɨ ɪɟɝɪɟɫɿɹ) ɛɭɞɟ ɚɛɨ ɦɚɬɢ softmax ɧɚ ɜɢɯɨɞɿ, ɚɛɨ ɡɚɥɢɲɢɦɨ ɣɨɝɨ ɛɟɡ 
ɧɟɥɿɧɿɣɧɨɫɬɿ, ɳɨɛ ɦɚɬɢ ɦɨɠɥɢɜɿɫɬɶ ɩɪɨɝɧɨɡɭɜɚɬɢ ɛɭɞɶ-ɹɤɟ ɡɧɚɱɟɧɧɹ. 

Вɢɫɧɨɜɤɢ. Нɚɜɟɞɟɧɚ ɫɢɫɬɟɦɚ ɞɨɡɜɨɥɹɽ ɪɟɚɥɿɡɭɜɚɬɢ ɛɚɡɨɜɿ 
ɦɨɠɥɢɜɨɫɬɿ ɡ ɩɨɛɭɞɨɜɢ ɬɚ ɧɚɜɱɚɧɧɹ ɒНМ ɞɥɹ ɩɪɨɝɧɨɡɭɜɚɧɧɹ 
ɮɿɧɚɧɫɨɜɢɯ ɱɚɫɨɜɢɯ ɪɹɞɿɜ ɜ ɚɜɬɨɦɚɬɢɡɨɜɚɧɨɦɭ ɪɟɠɢɦɿ. 
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Анотаɰɿɹ.Розглɹнɭти методи виɹвленнɹ об'ɽктɿв ɭ вɿдеоɮайлаɯ H.264 та  

запропоновано метод виɹвленнɹ облиɱ за допомогоɸ нейронноʀ мережɿ SSD та 
векторɿв рɭɯɭ з неклɸɱовиɯ кадрɿв з використаннɹм переваг стиснɭтиɯ 
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вɿдеопослɿдовностей. Зɿставленнɹ виɹвлениɯ ɿ вже вɿдстежаниɯ рамок 
об'ɽктɿв виконɭɽтɶсɹ за допомогоɸ ɭгорсɶкого алгоритмɭ. При тестɭваннɹ 
алгоритмɭ AP досɹгаɽ 82.5% . 

Клɸɱовɿ слова: методи виɹвленнɹ об'ɽктɿв, методи глибокого навɱаннɹ, 
SSD. 

 
Abstract. Methods for object detection in H.264 video files are considered and a 

method for face detection using SSD neural network and motion vectors from non-
key frames is proposed, taking advantage of compressed video sequences. The 
matching of detected and already tracked object frames is performed using the 
Hungarian algorithm. When testing the algorithm, AP reaches 82.5%. 

Keywords:: methods for object detection, deep learning methods, SSD. 
 

Вɢɹɜɥɟɧɧɹ ɨɛ’ɽɤɬɿɜ ɽ ɮɭɧɞɚɦɟɧɬɚɥɶɧɨɸ ɩɪɨɛɥɟɦɨɸ ɤɨɦɩ’ɸɬɟɪɧɨɝɨ 
ɡɨɪɭ ɿ ɦɚɽ ɲɢɪɨɤɢɣ ɫɩɟɤɬɪ ɡɚɫɬɨɫɭɜɚɧɶ.  

Вɢɹɜɥɟɧɧɹ ɨɛɥɢɱɱɹ ɥɸɞɢɧɢ ɡ ɮɨɬɨɝɪɚɮɿʀ ɞɨɫɹɝɥɨ ɡɧɚɱɧɨɝɨ ɩɪɨɝɪɟɫɭ 
ɧɚ ɨɫɧɨɜɿ ɝɥɢɛɨɤɨɝɨ ɧɚɜɱɚɧɧɹ.  

Оɞɧɚɤ ɭ ɜɢɩɚɞɤɭ ɜɢɹɜɥɟɧɧɹ ɜɿɞɟɨɨɛ’ɽɤɬɿɜ, ɛɟɡɩɨɫɟɪɟɞɧɽ 
ɡɚɫɬɨɫɭɜɚɧɧɹ ɞɟɬɟɤɬɨɪɿɜ ɨɛ’ɽɤɬɿɜ ɧɟɪɭɯɨɦɨɝɨ ɡɨɛɪɚɠɟɧɧɹ ɞɨ ɤɨɠɧɨɝɨ 
ɨɤɪɟɦɨɝɨ ɜɿɞɟɨɤɚɞɪɭ ɫɩɪɢɱɢɧɹɽ ɧɚɞɥɢɲɤɨɜɿ ɨɛɱɢɫɥɸɜɚɥɶɧɿ ɜɢɬɪɚɬɢ ɬɚ 
ɜɢɦɚɝɚɽ ɩɨɫɬɨɛɪɨɛɤɢ ɞɥɹ ɨɬɪɢɦɚɧɧɹ ɬɢɦɱɚɫɨɜɨɝɨ ɤɨɧɬɟɤɫɬɭ ɞɥɹ 
ɛɿɥɶɲɨʀ ɬɨɱɧɨɫɬɿ ɜɢɹɜɥɟɧɧɹ.  

Тɨɦɭ ɞɭɠɟ ɜɚɠɥɢɜɨ ɡɚɛɟɡɩɟɱɢɬɢ ɟɮɟɤɬɢɜɧɿ ɦɟɬɨɞɢ ɜɢɹɜɥɟɧɧɹ 
ɨɛɥɢɱɱɹ ɬɚ ɜɿɞɫɬɟɠɟɧɧɹ ɭ ɪɟɚɥɶɧɢɯ ɜɿɞɟɨɩɨɫɥɿɞɨɜɧɨɫɬɹɯ ɿɡ ɫɤɥɚɞɧɢɦɢ 
ɫɰɟɧɚɦɢ. 

Дɥɹ ɜɢɹɜɥɟɧɧɹ ɜɿɞɟɨɨɛ'ɽɤɬɿɜ ɜɢɤɨɪɢɫɬɨɜɭɸɬɶ ɪɿɡɧɿ ɦɟɬɨɞɢ 
ɡɚɯɨɩɥɟɧɧɹ ɩɪɨɫɬɨɪɨɜɨ-ɱɚɫɨɜɢɯ ɜɿɞɧɨɫɢɧ, ɹɤɿ ɩɨɜɧɨɸ ɦɿɪɨɸ 
ɜɪɚɯɨɜɭɸɬɶ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɜɿɞɟɨ.  

Нɚɣɛɿɥɶɲ ɩɨɩɭɥɹɪɧɢɦɢ ɽ ɦɟɬɨɞɢ ɝɥɢɛɨɤɨɝɨ ɧɚɜɱɚɧɧɹ. Вɢɹɜɥɟɧɧɹ 
ɜɿɞɟɨɨɛ'ɽɤɬɿɜ ɞɚɧɢɦɢ ɦɟɬɨɞɚɦɢ ɞɨɥɚɸɬɶ ɧɟɞɨɥɿɤɢ ɬɪɚɞɢɰɿɣɧɢɯ [1] 
ɦɟɬɨɞɿɜ, ɬɚɤɿ ɹɤ ɧɢɡɶɤɚ ɬɨɱɧɿɫɬɶ ɬɚ ɧɟɞɨɫɬɚɬɧɹ ɫɬɿɣɤɿɫɬɶ ɞɨ ɞɠɟɪɟɥ 
ɲɭɦɭ. Нɚ ɨɫɧɨɜɿ ɜɢɤɨɪɢɫɬɚɧɧɹ ɬɢɦɱɚɫɨɜɨʀ ɿɧɮɨɪɦɚɰɿʀ ɬɚ ɚɝɪɟɝɚɰɿʀ 
ɨɡɧɚɤ, ɜɢɥɭɱɟɧɢɯ ɿɡ ɜɿɞɟɨɮɪɚɝɦɟɧɬɿɜ, ɞɟɬɟɤɬɨɪɢ ɜɿɞɟɨɨɛ'ɽɤɬɿɜ ɦɨɠɧɚ 
ɪɨɡɞɿɥɢɬɢ ɧɚ ɩɨɬɨɤɨɜɿ [2], ɡɚɫɧɨɜɚɧɿ ɧɚ LSTM [3], ɧɚ ɨɫɧɨɜɿ ɭɜɚɝɢ [4] , 
ɧɚ ɨɫɧɨɜɿ ɜɿɞɫɬɟɠɟɧɧɹ [5] ɬɚ ɿɧɲɢɯ ɦɟɬɨɞɿɜ.  

Аɥɟ ɝɨɥɨɜɧɢɦ ɞɨɫɹɝɧɟɧɧɹɦ ɦɟɬɨɞɿɜ ɡɚɫɧɨɜɚɧɢɯ ɧɚ ɜɿɞɫɬɟɠɟɧɧɹ, ɧɚ 
ɜɿɞɦɿɧɭ ɿɧɲɢɯ ɝɪɭɩ ɦɟɬɨɞɿɜ ɜɢɹɜɥɟɧɧɹ ɨɛ'ɽɤɬɿɜ, ɽ ɮɨɤɭɫ ɧɚ ɜɿɞɫɬɟɠɟɧɧɹ 
ɨɛ'ɽɤɬɿɜ ɭ ɜɿɞɟɨ, ɚ ɱɢ ɧɟ ɩɨɥɿɩɲɟɧɧɹ ɩɨɤɚɞɪɨɜɨɝɨ ɜɢɹɜɥɟɧɧɹ, ɳɨ 
ɩɨɬɪɟɛɭɽ ɛɚɝɚɬɨ ɨɛɱɢɫɥɸɜɚɥɶɧɢɯ ɪɟɫɭɪɫɿɜ.  
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В ɪɨɛɨɬɿ ɡɚɩɪɨɩɨɧɨɜɚɧɨ ɜɢɤɨɪɢɫɬɚɧɧɹ ɦɟɬɨɞɭ ɪɨɡɩɿɡɧɚɜɚɧɧɹ ɨɛɥɢɱ 
ɜ ɜɿɞɟɨɩɨɫɥɿɞɨɜɧɨɫɬɿ ɧɚ ɨɫɧɨɜɿ ɤɚɫɤɚɞɧɨʀ  ɫɬɪɭɤɬɭɪɢ ɧɟɣɪɨɧɧɨʀ ɦɟɪɟɠɿ 
SSD ɡ ɩɨɩɟɪɟɞɧɶɨ ɩɿɞɝɨɬɨɜɥɟɧɢɦɢ ɜɚɝɨɜɢɦɢ ɤɨɟɮɿɰɿɽɧɬɚɦɢ ɧɚ  ɧɚɛɨɪɿ 
ɞɚɧɢɯ WIDER FACE.  

Оɛɪɚɧɚ ɧɟɣɪɨɧɧɚ ɦɟɪɟɠɚ ɜɢɹɜɥɹɽ ɨɡɧɚɤɢ ɨɛ’ɽɤɬɚ ɧɚ ɞɟɤɨɞɨɜɚɧɨɦɭ 
ɤɚɞɪɿ. Дɚɥɿ ɜɿɞɫɬɟɠɭɜɚɧɧɿ ɨɛ’ɽɤɬɿ ɡɿɫɬɚɜɥɹɸɬɶɫɹ ɡ ɧɨɜɨɜɢɹɜɥɟɧɢɦɢ. 
Зɿɫɬɚɜɥɟɧɧɹ ɜɢɤɨɧɭɽɬɶɫɹ ɡɚ ɞɨɩɨɦɨɝɨɸ ɭɝɨɪɫɶɤɨɝɨ ɚɥɝɨɪɢɬɦɭ, 
ɡɚɫɬɨɫɨɜɚɧɨɝɨ ɞɨ ɦɚɬɪɢɰɿ IoU ɭɫɿɯ ɦɨɠɥɢɜɢɯ ɩɚɪ ɪɚɦɨɤ.  

əɤɳɨ ɠ ɳɟ ɧɟ ɩɪɨɣɲɨɜ ɡɚɡɧɚɱɟɧɢɣ ɿɧɬɟɪɜɚɥ ɡ ɨɫɬɚɧɧɶɨɝɨ ɜɢɹɜɥɟɧɧɹ 
ɨɛ'ɽɤɬɿɜ, ɜɿɞɛɭɜɚɽɬɶɫɹ ɡɦɿɳɟɧɧɹ ɜɠɟ ɜɿɞɫɬɟɠɭɜɚɧɢɯ ɪɚɦɨɤ ɡɚ 
ɞɨɩɨɦɨɝɨɸ ɿɧɮɨɪɦɚɰɿʀ ɨ ɜɟɤɬɨɪɚɯ ɪɭɯɭ ɡ ɧɟɤɥɸɱɨɜɢɯ ɤɚɞɪɿɜ.  

Тɚɤɢɦ ɱɢɧɨɦ, ɨɬɪɢɦɭɽɬɶɫɹ ɿɧɮɨɪɦɚɰɿɹ ɨ ɡɦɿɳɟɧɿ ɨɛ’ɽɤɬɿɜ, ɚɥɟ ɛɟɡ 
ɜɢɤɨɪɢɫɬɚɧɧɹ ɡɝɨɪɬɤɨɜɢɯ ɦɟɪɟɠ ɧɚ ɤɨɠɧɨɦɭ ɡ ɤɚɞɪɿɜ, ɳɨ ɿɫɬɨɬɧɨ 
ɡɦɟɧɲɭɽ ɤɿɥɶɤɿɫɬɶ ɨɛɱɢɫɥɸɜɚɥɶɧɢɯ ɜɢɬɪɚɬ. 

Зɚɩɪɨɩɨɧɨɜɚɧɢɣ ɦɟɬɨɞ ɜɢɹɜɥɟɧɧɹ ɨɛɥɢɱ ɦɚɽ ɞɜɿ ɨɫɧɨɜɧɿ ɩɟɪɟɜɚɝɢ: 
- ɡɧɚɱɧɨ ɩɪɢɫɤɨɪɸɽ ɩɪɨɰɟɞɭɪɭ ɨɬɪɢɦɚɧɧɹ ɨɡɧɚɤ ɞɥɹ ɫɬɢɫɧɭɬɨʀ 

ɜɿɞɟɨɩɨɫɥɿɞɨɜɧɨɫɬɿ: ɩɨɜɧɚ ɦɟɪɟɠɭ ɪɨɡɩɿɡɧɚɜɚɧɧɹ ɜɢɤɨɪɢɫɬɨɜɭɽɬɶɫɹ ɡ 
ɩɟɜɧɢɦ ɿɧɬɟɪɜɚɥɨɦ ɦɿɠ ɤɚɞɪɚɦɢ, ɚ ɞɥɹ ɜɫɿɯ ɿɧɲɢɯ ɤɚɞɪɿɜ ɡɚɞɿɹɧɢɣ 
ɦɟɯɚɧɿɡɦ ɜɿɞɫɬɟɠɟɧɧɹ ɧɚ ɨɫɧɨɜɿ ɿɧɮɨɪɦɚɰɿʀ ɩɪɨ ɜɟɤɬɨɪɢ ɪɭɯɭ; 

- ɧɚ ɜɿɞɦɿɧɭ ɜɿɞ ɿɫɧɭɸɱɢɯ ɦɟɬɨɞɿɜ, ɳɨ ɫɬɜɨɪɸɸɬɶ ɞɨɞɚɬɤɨɜɭ ɦɟɪɟɠɭ 
ɞɥɹ ɦɨɞɟɥɸɜɚɧɧɹ ɪɭɯɭ ɤɚɞɪɿɜ, ɜɢɤɨɪɢɫɬɚɧɨ ɜɫɿ ɩɟɪɟɜɚɝɢ ɜɟɤɬɨɪɿɜ ɪɭɯɭ 
ɜɿɥɶɧɨ ɞɨɫɬɭɩɧɢɯ ɭ ɫɬɢɫɧɭɬɢɯ ɜɿɞɟɨɩɨɫɥɿɞɨɜɧɨɫɬɹɯ. 

ɒɥɹɯɨɦ ɦɨɞɢɮɿɤɚɰɿɣ ɨɛɪɚɧɨɝɨ ɦɟɬɨɞɭ ɜɢɹɜɥɟɧɧɹ ɨɛɥɢɱ ɜ ɫɬɢɫɧɭɬɿɣ 
ɜɿɞɟɨɩɨɫɥɿɞɨɜɧɨɫɬɿ ɞɨɫɹɝɧɭɬɨ ɧɚɣɛɿɥɶɲɨɝɨ ɡɧɚɱɟɧɧɹ AP – 82.5%. 
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Аннотаɰɿɹ. У роботɿ наведено розробкɭ стрɭктɭри програмного додаткɭ 
длɹ виконаннɹ прогнозɿв зɿ змаганɶ з програмɭваннɹ. 

Клɸɱовɿ слова: прогнозɭваннɹ, спортивне програмɭваннɹ. 
 
Abstract. The paper describes the development of the structure of a software 

application for making predictions from programming competitions. 
Keywords: forecasting, sports programming. 

 
В ɞɚɧɢɣ ɱɚɫ ɜɫɟ ɛɿɥɶɲ ɚɤɬɭɚɥɶɧɢɦɢ ɫɬɚɸɬɶ ɧɚɩɪɹɦɤɢ ɜɢɤɨɪɢɫɬɚɧɧɹ 

ɦɟɬɨɞɿɜ ɬɚ ɬɟɯɧɨɥɨɝɿɣ ɲɬɭɱɧɨɝɨ ɿɧɬɟɥɟɤɬɭ ɞɥɹ ɜɢɪɿɲɟɧɧɹ ɩɪɢɤɥɚɞɧɢɯ 
ɡɚɜɞɚɧɶ ɡ ɦɟɬɨɸ ɚɜɬɨɦɚɬɢɡɚɰɿʀ ɚɧɚɥɿɬɢɱɧɢɯ ɬɚ ɨɛɱɢɫɥɸɜɚɥɶɧɢɯ 
ɩɪɨɰɟɫɿɜ ɡ ɨɛɪɨɛɤɢ ɬɚ ɚɧɚɥɿɡɭ ɞɚɧɢɯ [1].  

Зɚɜɞɹɤɢ ɜɢɫɨɤɨɦɭ ɩɨɬɟɧɰɿɚɥɭ ɧɢɡɤɢ ɫɭɱɚɫɧɢɯ ɿɧɬɟɥɟɤɬɭɚɥɶɧɢɯ 
ɦɟɬɨɞɿɜ ɚɧɚɥɿɡɭ ɞɚɧɢɯ, ɡɨɤɪɟɦɚ ɦɟɬɨɞɿɜ ɦɚɲɢɧɧɨɝɨ ɧɚɜɱɚɧɧɹ, ɫɬɚɜɚɬɢ 
ɦɨɠɥɢɜɢɦ ɜɢɪɿɲɟɧɧɹ ɡɚɜɞɚɧɶ ɩɪɨɝɧɨɡɭɜɚɧɧɹ ɡɚɞɚɧɢɯ ɩɚɪɚɦɟɬɪɿɜ, 
ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɚɛɨ ɩɨɤɚɡɧɢɤɿɜ ɥɸɞɫɶɤɨʀ ɞɿɹɥɶɧɨɫɬɿ. У ɡɜ'ɹɡɤɭ ɡ 
ɧɟɨɛɯɿɞɧɿɫɬɸ ɚɧɚɥɿɡɭ ɞɚɧɢɯ ɡ ɪɿɡɧɢɯ ɤɨɦɚɧɞ, ɳɨ ɭ ɫɩɨɪɬɢɜɧɨɦɭ 
ɩɪɨɝɪɚɦɭɜɚɧɧɿ ɡ ɦɟɬɨɸ ɨɰɿɧɤɢ ɩɨɬɟɧɰɿɚɥɭ ɭɱɚɫɧɢɤɿɜ, ɜɢɧɢɤɚɽ ɩɨɬɪɟɛɚ 
ɭ ɜɢɤɨɪɢɫɬɚɧɧɿ ɦɟɬɨɞɿɜ ɿɧɬɟɥɟɤɬɭɚɥɶɧɨɝɨ ɚɧɚɥɿɡɭ ɿɧɮɨɪɦɚɰɿʀ, ɳɨ ɛɭɞɟ 
ɪɨɡɝɥɹɧɭɬɨ ɭ ɦɟɠɚɯ ɞɚɧɨʀ ɪɨɛɨɬɢ [2,3]. 

Пɪɨɟɤɬ, ɳɨ ɪɨɡɪɨɛɥɹɽɬɶɫɹ, ɽ ɤɥɿɽɧɬɫɶɤɢɦ ɞɟɫɤɬɨɩɧɢɦ ɞɨɞɚɬɤɨɦ, ɳɨ 
ɫɤɥɚɞɚɽɬɶɫɹ ɡ ɪɹɞɭ ɮɭɧɤɰɿɨɧɚɥɶɧɢɯ ɦɨɞɭɥɿɜ, ɭ ɬɨɦɭ ɱɢɫɥɿ: ɦɨɞɭɥɶ 
ɿɦɩɨɪɬɭ ɬɚ ɨɛɪɨɛɤɢ ɞɚɧɢɯ; ɦɨɞɭɥɶ ɜɿɞɨɛɪɚɠɟɧɧɹ ɞɚɧɢɯ; ɦɨɞɭɥɶ 
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ɤɨɧɮɿɝɭɪɚɰɿʀ ɬɚ ɩɨɛɭɞɨɜɢ ɦɨɞɟɥɟɣ; ɦɨɞɭɥɶ ɜɿɡɭɚɥɿɡɚɰɿʀ ɝɪɚɮɿɤɿɜ ɨɰɿɧɤɢ 
ɦɨɞɟɥɟɣ; ɦɨɞɭɥɶ ɩɪɨɝɧɨɡɭɜɚɧɧɹ ɞɚɧɢɯ ɧɚ ɛɚɡɿ ɨɞɟɪɠɚɧɢɯ ɦɨɞɟɥɟɣ. 

Дɥɹ ɫɬɪɭɤɬɭɪɧɨɝɨ ɜɿɞɨɛɪɚɠɟɧɧɹ ɡɚɥɟɠɧɨɫɬɟɣ ɭ ɩɪɨɰɟɫɿ ɡɚɩɭɫɤɭ ɬɚ 
ɜɢɤɨɪɢɫɬɚɧɧɹ ɩɪɨɝɪɚɦɢ ɪɨɡɪɨɛɥɟɧɨ ɞɿɚɝɪɚɦɭ ɪɨɡɝɨɪɬɚɧɧɹ ɩɪɨɝɪɚɦɢ, 
ɧɚɜɟɞɟɧɭ ɧɚ ɪɢɫ.1. 
 

 
Рисунок 1. Дɿаграма розгортаннɹ системи 

  
Кɨɪɢɫɬɭɜɚɱ ɦɚɽ ɦɨɠɥɢɜɨɫɬɿ ɿɦɩɨɪɬɭ ɞɚɧɢɯ, ɩɟɪɟɝɥɹɞɭ ɞɚɧɢɯ ɭ 

ɬɚɛɥɢɱɧɨɦɭ ɜɢɝɥɹɞɿ, ɜɜɟɞɟɧɧɹ ɩɪɨɩɨɪɰɿʀ ɬɟɫɬɨɜɨʀ ɦɧɨɠɢɧɢ, ɜɜɟɞɟɧɧɹ 
ɡɧɚɱɟɧɶ ɝɿɩɟɪɩɚɪɚɦɟɬɪɿɜ ɦɨɞɟɥɟɣ ɪɟɝɪɟɫɿʀ, ɜɢɩɚɞɤɨɜɨɝɨ ɥɿɫɭ ɬɚ 
ɧɟɣɪɨɦɟɪɟɠɿ, ɡɚɩɭɫɤɭ ɩɪɨɰɟɫɭ ɧɚɜɱɚɧɧɹ ɦɨɞɟɥɟɣ, ɩɟɪɟɝɥɹɞ ɪɟɡɭɥɶɬɚɬɿɜ 
ɪɨɛɨɬɢ ɦɨɞɟɥɟɣ, ɩɨɛɭɞɨɜɢ ɬɚ ɩɟɪɟɝɥɹɞɭ ɝɪɚɮɿɤɿɜ ɨɰɿɧɨɤ ɩɪɨɰɟɫɭ 
ɧɚɜɱɚɧɧɹ ɦɨɞɟɥɟɣ ɬɚ ɡɛɟɪɟɠɟɧɧɹ ʀɯ ɭ ɜɢɝɥɹɞɿ ɝɪɚɮɿɱɧɢɯ ɮɚɣɥɿɜ; 
ɡɞɿɣɫɧɟɧɧɹ ɜɜɟɞɟɧɧɹ ɞɚɧɢɯ ɞɥɹ ɩɨɛɭɞɨɜɢ ɩɪɨɝɧɨɡɭ ɡ ɜɢɞɚɱɟɸ ɜɿɞɫɨɬɤɚ 
ɩɟɪɟɦɨɝɢ ɡɚ ɤɨɠɧɨɸ ɿɡ ɫɬɜɨɪɟɧɢɯ ɦɨɞɟɥɟɣ. Вɫɿ ɡɚɥɟɠɧɨɫɬɿ 
ɩɿɞɤɥɸɱɚɸɬɶɫɹ ɞɨ ɩɪɨɟɤɬɭ, ɳɨ ɡɚɩɭɫɤɚɽɬɶɫɹ ɭ ɫɟɪɟɞɨɜɢɳɿ PyCharm ɭ 
ɜɢɝɥɹɞɿ ɛɿɛɥɿɨɬɟɤ, ɞɨɞɚɬɤɨɜɨ ɜɢɤɨɪɢɫɬɨɜɭɽɬɶɫɹ ɡɨɜɧɿ ɩɪɨɝɪɚɦɚ QT 
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Designer ɞɥɹ ɫɬɜɨɪɟɧɧɹ ɪɨɡɦɿɬɤɢ ɿɧɬɟɪɮɟɣɫɭ. Сɤɥɚɞɚɧɧɹ ɡɞɿɣɫɧɸɽɬɶɫɹ 
ɡɚɫɨɛɚɦɢ ɫɟɪɟɞɨɜɢɳɚ ɪɨɡɪɨɛɤɢ ɛɟɡ ɜɢɤɨɪɢɫɬɚɧɧɹ ɞɨɞɚɬɤɨɜɢɯ ɩɥɚɝɿɧɿɜ 
ɬɚ ɤɨɦɩɨɧɭɜɚɥɶɧɢɤɿɜ. Дɥɹ ɞɨɞɚɬɤɨɜɨɝɨ ɭɝɪɭɩɨɜɚɧɧɹ ɟɥɟɦɟɧɬɿɜ 
ɭɩɪɚɜɥɿɧɧɹ ɩɪɨɰɟɫɨɦ ɨɛɪɨɛɤɢ ɞɚɧɢɯ ɜɢɤɨɪɢɫɬɨɜɭɸɬɶɫɹ ɤɨɧɬɟɣɧɟɪɢ 
groupBox, ɳɨ ɞɨɡɜɨɥɹɽ ɫɬɜɨɪɢɬɢ ɡɜ'ɹɡɧɿɫɬɶ ɨɫɧɨɜɧɢɯ ɧɚɥɚɲɬɭɜɚɧɶ 
ɚɬɪɢɛɭɬɿɜ, ɳɨ ɜɿɞɩɨɜɿɞɚɸɬɶ ɜɤɥɚɞɟɧɢɦ ɜɿɞɠɟɬɚɦ. 

Вɢɫɧɨɜɤɢ. Рɨɡɪɨɛɥɟɧɢɣ ɩɪɨɝɪɚɦɧɢɣ ɞɨɞɚɬɨɤ ɦɨɠɟ ɛɭɬɢ 
ɜɢɤɨɪɢɫɬɚɧɨ ɞɥɹ ɨɬɪɢɦɚɧɧɹ ɨɪɿɽɧɬɨɜɧɢɯ ɩɪɨɝɧɨɡɿɜ ɩɟɪɟɦɨɝ ɭɱɧɿɜ ɭ 
ɩɪɨɜɟɞɟɧɢɯ ɨɥɿɦɩɿɚɞɚɯ ɬɚ ɤɨɧɤɭɪɫɚɯ ɡ ɩɪɨɝɪɚɦɭɜɚɧɧɹ.  
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Abstract. The article presents the results of developing a model for diagnosing a 

ship complex technical system with incomplete data and its implementation in an 
intelligent system for assessing the risk of failures of subsystems, components, 
intercomponent links, which allows obtaining a priori information about the 
technical condition of a complex system. Types of technical condition of subsystems, 
components, intercomponent connections are determined on the basis of diagnostic 
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features of a complex system using the example of a ship power plant to assess the 
risk of their failures. Predicting the type of technical state of a complex technical 
system was carried out using a posteriori inference in Bayesian belief networks. The 
model for diagnosing and predicting the risk of failures of subsystems, components, 
interconnections can be considered as a conceptual model of an intelligent system 
for diagnosing and predicting the risk of failures of complex technical systems on 
network infrastructures, which has a relative insensitivity to incomplete 
technological data. 

Keywords: technical condition, complex technical system, risk of failure, 
diagnostics, forecasting, intelligent system, Bayesian belief network, insensitivity to 
incomplete data.  

 
Анотаɰɿɹ. У статтɿ наведено резɭлɶтати розробки моделɿ 

дɿагностɭваннɹ сɭдновоʀ складноʀ теɯнɿɱноʀ системи з неповними даними та ʀʀ 
реалɿзаɰɿʀ в ɿнтелектɭалɶнɿй системɿ оɰɿнки ризикɭ вɿдмов пɿдсистем, 
компонентɿв, мɿжкомпонентниɯ зв’ɹзкɿв, ɳо дозволɹɽ отримати апрɿорнɭ 
ɿнɮормаɰɿɸ про теɯнɿɱний стан складноʀ системи. Визнаɱено види теɯнɿɱного 
станɭ пɿдсистем, компонентɿв, мɿжкомпонентниɯ зв’ɹзкɿв на основɿ 
дɿагностиɱниɯ ознак складноʀ системи на прикладɿ сɭдновоʀ енергетиɱноʀ 
ɭстановки длɹ оɰɿнки ризикɭ ʀɯ вɿдмов. Прогнозɭваннɹ типɭ теɯнɿɱного станɭ 
складноʀ теɯнɿɱноʀ системи бɭло здɿйснено за допомогоɸ апостериорного 
висновкɭ в байɽсɿвсɶкиɯ мережаɯ вɿрɭванɶ. Моделɶ дɿагностики та 
прогнозɭваннɹ ризикɭ вɿдмов пɿдсистем, компонентɿв, взаɽмозв’ɹзкɿв можна 
розглɹдати ɹк конɰептɭалɶнɭ моделɶ ɿнтелектɭалɶноʀ системи дɿагностики 
та прогнозɭваннɹ ризикɭ вɿдмов складниɯ теɯнɿɱниɯ систем на мережевиɯ 
ɿнɮрастрɭктɭраɯ, ɹка маɽ вɿдноснɭ неɱɭтливɿстɶ до неповноʀ теɯнологɿɱнɿ 
данɿ. 

Клɸɱовɿ слова: теɯнɿɱний стан, складна теɯнɿɱна система, ризик вɿдмови, 
дɿагностика, прогнозɭваннɹ, ɿнтелектɭалɶна система, байɽсовсɶка мережа 
переконанɶ, неɱɭтливɿстɶ до неповниɯ даниɯ. 

 
Diagnostics and prediction of technical condition (TС) helps to reduce 

the ɫomplex technical systems (CTS) risk of failures of subsystems, 
components, intersystem and intercomponent connections at their operation 
stage [1,2,3].  

The CTS reliability can be assessed by the results of diagnosing the TС, 
and the prediction of changes in the TС makes it possible to operate the 
systems until signs of a dangerous decrease in reliability appear, while 
excluding premature dismantling of components and assemblies, as well as 
performing other labor-intensive work that is often of dubious usefulness for 
the CTS reliable operation. In artificial intelligence, knowledge 
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representation models are actively developing - Bayesian Belief Networks 
(BBN), used to diagnose the TC of complex systems [4,5]. One of the BBNs 
advantages for vehicle diagnostics is their ability to work with uncertain and 
incomplete CTS process data. BBN can be applied to assess the risk of 
failures in CTS, providing data and knowledge integration to assess the 
likelihood of various failure scenarios and their consequences.  

By identifying critical components, evaluating maintenance strategies, 
and supporting regulatory compliance, BBNs can help ensure safe and 
reliable STS operations. In a formalized form, BBN for diagnosing the TC 
and predicting the risk of ship CTS failures contains an acyclic directed 
graph G, a set of vertex variables and directed links between them. A 
formalized generalized model for the intellectualization of TC diagnostics 
and predicting failures risk of FS, FC, FIC and FI (subsystems - FS, 
components - FC, intersystem - FI and CTS intercomponent 
communications - FIC) by diagnostic features can be described as follows: 
 

,,,),(),(, )()( !� LRRIICSG
CS IICSCS  

where: )(CS , set FS (FС); 
)( CS II , set FIС (FI); 

)()( ,
CS IICS RR , set of failures risk diagnostic assessments FS (FС) ɢ FIС 

(FI) СТС; 
L  - mapping relationships between sets )(),( CS IICS , 

)()( ,
CS IICS RR , based on the fault tree of the CTS diagnostic model. 

The initial data for constructing an intellectualization model for 
assessing the technical condition and predicting the risk of failures of 
complex systems on the example of a ship power plant (SPP) based on 
dynamic are: PPS principle operation scheme; failure probabilities FS, FC, 
FIC and FI CTC.  

The set of TS FS, FС, FIC and FI СТС is determined based on the 
failure tree, presented as a set of their failure risk (Fig. 1). Symbols of 
subsystems, components of the SPP in BBN: Input element - IE; Fire 
fighting system - FFS; Compressed air system - CAS; Manual control of the    
main engine - MCME; Control system - CS; Remote automated control 
system of the main engine - RACSME; Intermediate component - P1; Ship 
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power plant - SPP; Main engine - ME; Ballast drainage system - BDS; 
Emergency drive propulsion and steering complex - ED PSC; Control 
system for propulsion and steering complex -CSPSC; Boiler plant - BP; 
Transfer of power from the main engine to the propeller - TPMEP; 
Intermediate component - P2; Propulsion and steering complex - PSC; 
Output component - EXIT. Tab. 1 reflects the correspondence of symbols on 
the fault tree S and FS, FС BBN. 
 
 

 
 

Figure 1. Fault tree of subsystems (components), intersystem 
(intercomponent) connections of the SPP 
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              Table 1. Correspondence table S and subsystems (components) BBN 
Designation Event characteristics 

S1 Violation of the IE element 
S2 Violation of the FFS, CAS, MCME 

elements 
S3 Violation of the RACSME, P1, SPP 

elements 
S4 Violation of the CS, BDS, BP 

elements 
S5 Violation of the ME, ED_PSC, 

CSPSC elements 
S6 Violation of the TPMEP, P2, PSC 

elements 
 

The structure of the BBN SPP, shown in Fig. 2, is a multi-level 
subsystem location system, consisting of 13 subsystems, 7 levels with the 
addition of specialized intermediate nodes P1 and P2, providing the 
implementation of a multi-level network structure.  

As an BBN example for interconnected power plant units (Fig. 2) IE, 
CAS, SPP and interconnections IE-CAS, CAS - SPP, sets of failure risk at 
the initial time and taking into account the dynamics of technical conditions 
over time based on a priori data on intensities bounce  
 

0)( 0
3,2,1
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8,3,1   tworkNotR ; 

0)( 0
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1,0))/()(( 1
3,2

,_
3,2

_,_  �� tSPPCASCASIEtSPPCASCASIE WorkWorkR  
When modeling the SPP’s BBN (Fig. 2), for various failure risk values 

the input component, the failures risk values of functionally interconnected 
and interacting FS for 20,000 hours SPP operation were determined (Fig. 3).         
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Figure 2. Structure of BBN SPP 

    
      The use of the developed method and model, taking into account the 
hierarchical levels FS, FC, FIC and FI, when searching for the causes of 
failures in complex technical systems, allows us to control failures risk in 
systems when information about failures in their structures is received 
according to TC. The application of the method and model allows predicting 
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trends in the risk of system failures, taking into account changes in 
individual FS failures risk of FC, FIC and FI in order to further choose a 
strategy for their restoration or replacement. 

 
Figure 3. SPP subsystems predictable risk 
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Abstract. The paper discusses the issues of improving the methods of generating 

images by description using deep machine learning to solve applied problems of 
content creation, as well as the development of artificial intelligence as a technology 
industry. 
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Мɟɬɨɞɢ ɝɟɧɟɪɚɰɿʀ ɡɨɛɪɚɠɟɧɶ ɡɚ ɬɟɤɫɬɨɜɢɦ ɨɩɢɫɨɦ ɜɫɟ ɛɿɥɶɲɟ 

ɩɪɨɧɢɤɚɸɬɶ ɜ ɩɨɜɫɹɤɞɟɧɧɟ ɠɢɬɬɹ.  
 Зɚ ɞɨɩɨɦɨɝɨɸ ɰɢɯ ɬɟɯɧɨɥɨɝɿɣ ɫɩɟɰɿɚɥɿɫɬɢ ɬɜɨɪɱɢɯ ɩɪɨɮɟɫɿɣ 

ɦɨɠɭɬɶ ɲɜɢɞɤɨ ɪɨɛɢɬɢ ɩɪɢɤɥɚɞɢ ɫɰɟɧ ɞɥɹ ɤɿɧɨ, ɚɛɨ ɤɨɧɰɟɩɬɭɚɥɶɧɿ 
ɡɪɚɡɤɢ ɨɞɹɝɭ, ɚ ɬɟɯɧɿɱɧɿ ɫɩɟɰɿɚɥɿɫɬɢ ɨɬɪɢɦɚɥɢ ɦɨɠɥɢɜɿɫɬɶ ɝɟɧɟɪɭɜɚɬɢ 
ɬɟɫɬɨɜɿ ɬɚ ɬɪɟɧɭɜɚɥɶɧɿ ɞɚɧɿ ɞɥɹ ɧɚɜɱɚɧɧɹ ɿɧɲɢɯ ɦɟɬɨɞɿɜ ɤɨɦɩތɸɬɟɪɧɨɝɨ 
ɡɨɪɭ. ɐɟ ɥɢɲɟ ɛɚɡɨɜɿ ɩɪɢɤɥɚɞɢ, ɚɥɟ ɜɠɟ ɜɨɧɢ ɩɨɤɚɡɭɸɬɶ ɧɚɫɤɿɥɶɤɢ 
ɛɚɝɚɬɨ ɫɮɟɪ ɧɚɲɨɝɨ ɠɢɬɬɹ ɦɨɠɟ ɪɨɡɜɢɧɭɬɢ ɝɟɧɟɪɚɰɿɹ ɡɨɛɪɚɠɟɧɶ. 

Оɫɧɨɜɧɢɦɢ ɩɪɨɛɥɟɦɚɦɢ ɦɟɬɨɞɿɜ ɝɟɧɟɪɚɰɿʀ ɡɨɛɪɚɠɟɧɶ ɡɚ ɨɩɢɫɨɦ ɽ 
ɹɤɿɫɬɶ ɨɬɪɢɦɚɧɢɯ ɡɨɛɪɚɠɟɧɶ, ɲɜɢɞɤɿɫɬɶ ɝɟɧɟɪɚɰɿʀ ɬɚ ɛɚɥɚɧɫ ɦɿɠ 
ɲɜɢɞɤɿɫɬɸ ɬɚ ɹɤɿɫɬɸ. Сɚɦɟ ɰɿ ɩɪɨɛɥɟɦɢ ɪɨɡɝɥɹɧɭɬɨ ɜ ɪɨɛɨɬɿ. 
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Зɚ ɨɫɧɨɜɭ ɜɡɹɬɿ ɞɜɿ ɫɭɱɚɫɧɿ ɦɨɞɟɥɿ ɝɟɧɟɪɚɰɿʀ ɡɨɛɪɚɠɟɧɶ ɡ ɨɩɢɫɭ 
ɩɪɢɪɨɞɧɨɸ ɦɨɜɨɸ: DALL-E-2, ɹɤɚ ɪɨɡɪɨɛɥɟɧɚ ɤɨɦɩɚɧɿɽɸ OpenAI ɬɚ 
Imagen ɪɨɡɪɨɛɥɟɧɚ Google.  Дɚɧɿ ɫɢɫɬɟɦɢ ɞɥɹ ɫɬɜɨɪɟɧɧɹ ɡɨɛɪɚɠɟɧɶ 
ɜɢɤɨɪɢɫɬɨɜɭɸɬɶ ɦɟɬɨɞ ɞɢɮɭɡɿʀ. Сɟɪɟɞ ɜɿɞɤɪɢɬɬɿɜ DALL-E-2 ɽ ɧɨɜɢɣ 
ɩɿɞɯɿɞ ɞɨ ɜɯɿɞɧɢɯ ɞɚɧɢɯ ɝɟɧɟɪɚɬɨɪɭ ɡɨɛɪɚɠɟɧɶ ɭ ɜɢɝɥɹɞɿ Prior 
ɦɨɞɟɥɿ[1]. Оɫɧɨɜɧɟ ɜɿɞɤɪɢɬɬɹ Imagen – ɜɟɥɢɤɿ ɦɨɜɧɿ ɦɨɞɟɥɿ ɞɨɜɨɥɿ 
ɝɚɪɧɨ ɫɩɪɚɜɥɹɸɬɶɫɹ ɡ ɮɨɪɦɭɜɚɧɧɹɦ ɞɚɧɢɯ ɞɥɹ ɝɟɧɟɪɚɰɿʀ ɡɨɛɪɚɠɟɧɶ 
[2,3]. Вɢɯɨɞɹɱɢ ɿɡ ɰɶɨɝɨ ɡɚɩɪɨɩɨɧɨɜɚɧɚ ɨɧɨɜɥɟɧɚ ɦɨɞɟɥɶ, ɹɤɚ ɜɤɥɸɱɚɽ 
ɧɚɣɤɪɚɳɿ ɹɤɨɫɬɿ ɧɚɜɟɞɟɧɢɯ ɜɢɳɟ ɦɨɞɟɥɟɣ. 

Пɨ-ɩɟɪɲɟ, ɞɥɹ ɬɨɝɨ, ɳɨɛ ɩɨɤɪɚɳɢɬɢ ɪɨɡɭɦɿɧɧɹ ɬɟɤɫɬɭ ɬɚ ɹɤɿɫɬɶ 
ɝɟɧɟɪɚɰɿʀ ɫɤɥɚɞɧɢɯ ɡɨɛɪɚɠɟɧɶ, ɡɚɩɪɨɩɨɧɨɜɚɧɨ ɜɢɤɨɪɢɫɬɚɬɢ ɦɨɞɟɥɶ 
BERT ɜ ɩɟɪɲɨɦɭ ɛɥɨɰɿ ɨɛɪɨɛɤɢ ɬɟɤɫɬɨɜɨɝɨ ɜɜɨɞɭ [4,5]. Пɨ-ɞɪɭɝɟ, 
ɡɚɩɪɨɩɨɧɨɜɚɧɨ ɜɢɤɨɪɢɫɬɚɬɢ Preparation ɦɨɞɭɥɶ, ɳɨ ɜɢɤɨɪɢɫɬɨɜɭɽ ɞɚɧɿ 
ɬɟɤɫɬɨɜɨɝɨ ɤɨɧɬɟɤɫɬɭ ɬɚ ɩɿɞɝɨɬɨɜɥɸɽ ʀɯ ɞɥɹ ɝɟɧɟɪɚɰɿʀ ɡɨɛɪɚɠɟɧɶ. ɐɟɣ 
ɦɨɞɭɥɶ ɧɚɥɚɲɬɨɜɚɧɢɣ ɟɦɩɿɪɢɱɧɨ ɞɥɹ ɨɬɪɢɦɚɧɧɹ ɧɚɣɛɿɥɶɲ ɹɤɿɫɧɨɝɨ 
ɪɟɡɭɥɶɬɚɬɭ. Пɨ-ɬɪɟɬɽ, ɡɚɩɪɨɩɨɧɨɜɚɧɨ ɜɢɤɨɪɢɫɬɚɬɢ wavelet diffusion 
model ɞɥɹ ɝɟɧɟɪɚɰɿʀ ɡɨɛɪɚɠɟɧɶ ɡɚɦɿɫɬɶ ɡɜɢɱɚɣɧɨʀ diffusion model. Зɚ 
ɞɨɫɥɿɞɠɟɧɧɹɦɢ wavelet diffusion ɦɨɞɟɥɿ ɞɨɡɜɨɥɹɸɬɶ ɫɤɨɪɨɬɢɬɢ ɱɚɫ 
ɝɟɧɟɪɚɰɿʀ ɡɨɛɪɚɠɟɧɶ ɿ ɩɪɢ ɰɶɨɦɭ ɧɟ ɩɨɝɿɪɲɢɬɢ ɹɤɿɫɬɶ ɡɝɟɧɟɪɨɜɚɧɢɯ 
ɡɨɛɪɚɠɟɧɶ ɜɿɞɧɨɫɧɨ ɡɜɢɱɚɣɧɨʀ ɞɢɮɭɡɿɣɧɨʀ ɦɨɞɟɥɿ.  Wavelet ɦɨɞɟɥɿ 
ɩɪɚɰɸɸɬɶ ɧɟ ɡ ɩɿɤɫɟɥɹɦɢ ɡɨɛɪɚɠɟɧɧɹ, ɚ ɡ ʀɯɧɿɦɢ wavelet 
ɪɟɩɪɟɡɟɧɬɚɰɿɹɦɢ, ɳɨ ɞɨɡɜɨɥɹɽ ɫɤɨɪɨɬɢɬɢ ɱɚɫ ɨɛɪɨɛɤɢ [6].  

Пɨɜɧɚ ɚɪɯɿɬɟɤɬɭɪɚ ɡɨɛɪɚɠɟɧɚ ɧɚ ɪɢɫ. 1. 
 

 
Рисунок 1. Запропонована арɯɿтектɭра моделɿ генераɰɿʀ 

зображенɹ за описом 
 
Дɥɹ ɬɪɟɧɭɜɚɧɧɹ ɦɨɞɟɥɿ ɜɢɤɨɪɢɫɬɨɜɭɽɬɶɫɹ ɞɚɬɚɫɟɬ Laion Aesthetics 

ɬɚ ɣɨɝɨ ɜɚɪɿɚɰɿʀ, ɨɫɤɿɥɶɤɢ ɰɟɣ ɞɚɬɚɫɟɬ ɦɿɫɬɢɬɶ ɧɚɣɛɿɥɶɲ ɹɤɿɫɧɿ 
ɡɨɛɪɚɠɟɧɧɹ ɿɡ ɬɟɤɫɬɨɜɢɦɢ ɨɩɢɫɚɦɢ [7]. Дɥɹ ɨɰɿɧɤɢ ɹɤɨɫɬɿ 
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ɜɢɤɨɪɢɫɬɨɜɭɽɬɶɫɹ ɹɤ ɟɤɫɩɟɪɬɧɚ ɨɰɿɧɤɚ, ɬɚɤ ɿ FiD score, ɳɨ ɩɨɤɚɡɭɽ 
ɜɿɞɫɬɚɧɶ ɦɿɠ ɜɟɤɬɨɪɚɦɢ ɨɡɧɚɤ ɪɟɚɥɶɧɢɯ ɡɨɛɪɚɠɟɧɶ ɬɚ ɡɝɟɧɟɪɨɜɚɧɢɯ. 
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Клɸɱовɿ слова: розпɿзнаваннɹ текстɭ, ɲтɭɱнɿ нейромережɿ. 
 
Abstract. The paper presents the results of developing the concept of a text 

recognition system based on the use of artificial intelligence elements. 
Keywords: text recognition, artificial neural networks. 

 
Рɨɡɩɿɡɧɚɜɚɧɧɹ ɬɟɤɫɬɭ ɫɶɨɝɨɞɧɿ ɲɢɪɨɤɨ ɜɢɤɨɪɢɫɬɨɜɭɽɬɶɫɹ ɞɥɹ 

ɤɨɧɜɟɪɬɚɰɿʀ ɤɧɢɝ ɿ ɞɨɤɭɦɟɧɬɿɜ ɜ ɟɥɟɤɬɪɨɧɧɢɣ ɜɢɝɥɹɞ, ɞɥɹ ɚɜɬɨɦɚɬɢɡɚɰɿʀ 
ɫɢɫɬɟɦ ɨɛɥɿɤɭ ɜ ɛɿɡɧɟɫɿ ɚɛɨ ɞɥɹ ɩɭɛɥɿɤɚɰɿʀ ɬɟɤɫɬɭ ɧɚ ɜɟɛ-ɫɬɨɪɿɧɰɿ [1]. 
Оɩɬɢɱɧɟ ɪɨɡɩɿɡɧɚɜɚɧɧɹ ɬɟɤɫɬɭ ɞɨɡɜɨɥɹɽ ɪɟɞɚɝɭɜɚɬɢ ɬɟɤɫɬ, ɡɞɿɣɫɧɸɜɚɬɢ 
ɩɨɲɭɤ ɫɥɨɜɚ ɱɢ ɮɪɚɡɢ, ɡɛɟɪɿɝɚɬɢ ɣɨɝɨ ɜ ɛɿɥɶɲ ɤɨɦɩɚɤɬɧɿɣ ɮɨɪɦɿ, 
ɞɟɦɨɧɫɬɪɭɜɚɬɢ ɚɛɨ ɪɨɡɞɪɭɤɨɜɭɜɚɬɢ ɦɚɬɟɪɿɚɥ, ɧɟ ɜɬɪɚɱɚɸɱɢ ɹɤɨɫɬɿ, 
ɚɧɚɥɿɡɭɜɚɬɢ ɿɧɮɨɪɦɚɰɿɸ, ɚ ɬɚɤɨɠ ɡɚɫɬɨɫɨɜɭɜɚɬɢ ɞɨ ɬɟɤɫɬɭ ɟɥɟɤɬɪɨɧɧɢɣ 
ɩɟɪɟɤɥɚɞ, ɮɨɪɦɚɬɭɜɚɧɧɹ ɚɛɨ ɩɟɪɟɬɜɨɪɟɧɧɹ ɜ ɦɨɜɭ [2]. 

В ɪɚɦɤɚɯ ɩɪɨɩɨɧɨɜɚɧɨɝɨ ɤɨɧɰɟɩɬɭ ɩɪɨɟɤɬɭ ɡɚɫɬɨɫɨɜɚɧɨ ɲɬɭɱɧɭ 
ɧɟɣɪɨɦɟɪɟɠɭ ɩɪɹɦɨʀ ɚɪɯɿɬɟɤɬɭɪɢ. Вɯɿɞɧɢɣ ɲɚɪ ɲɬɭɱɧɨʀ ɧɟɣɪɨɧɧɨʀ 
ɦɟɪɟɠɿ ɜɢɡɧɚɱɚɽ ɜɯɿɞɧɿ ɞɚɧɿ. У ɧɚɲɨɦɭ ɜɢɩɚɞɤɭ ɰɟ ɨɡɧɚɱɚɽ, ɳɨ ɦɢ 
ɯɨɱɟɦɨ ɪɨɡɛɢɬɢ ɪɚɫɬɪɨɜɭ ɝɪɚɮɿɤɭ ɧɚ ɨɤɪɟɦɿ ɥɿɬɟɪɢ, ɹɤɿ ɛɭɞɭɬɶ 
ɜɢɫɬɭɩɚɬɢ ɜ ɹɤɨɫɬɿ ɜɯɿɞɧɢɯ ɞɚɧɢɯ ɞɥɹ ɧɚɲɨʀ ɧɟɣɪɨɧɧɨʀ ɦɟɪɟɠɿ. Дɥɹ 
ɰɶɨɝɨ ɫɬɜɨɪɸɽɬɶɫɹ ɫɿɬɤɚ 20 x 20 ɞɥɹ ɤɨɠɧɨʀ ɛɭɤɜɢ ɿ ɜɢɦɿɪɸɽɬɶɫɹ 
ɬɨɧɚɥɶɧɿɫɬɶ ɤɨɠɧɨɝɨ ɡ 400 ɩɪɹɦɨɤɭɬɧɢɤɿɜ. ɐɿ ɡɧɚɱɟɧɧɹ ɬɨɧɚɥɶɧɨɫɬɿ (0 = 
ɛɿɥɿ ɿ ɱɨɪɧɢɣ = 1) ɡɚɩɨɜɧɸɽɦɨ ɞɥɹ ɩɨɞɚɥɶɲɨʀ ɨɛɪɨɛɤɢ ɜ 400-ɜɢɦɿɪɧɨɦɭ 
ɜɟɤɬɨɪɿ. Є ɛɚɝɚɬɨ ɟɦɩɿɪɢɱɧɢɯ ɦɟɬɨɞɿɜ ɞɥɹ ɜɢɡɧɚɱɟɧɧɹ ɩɪɚɜɢɥɶɧɨɝɨ 
ɱɢɫɥɚ ɧɟɣɪɨɧɿɜ, ɞɥɹ ɜɢɤɨɪɢɫɬɚɧɧɹ ɜ ɩɪɢɯɨɜɚɧɢɯ ɲɚɪɚɯ, ɬɚɤɢɯ ɹɤ 
ɧɚɫɬɭɩɧɿ: ɤɿɥɶɤɿɫɬɶ ɩɪɢɯɨɜɚɧɢɯ ɧɟɣɪɨɧɿɜ ɩɨɜɢɧɧɚ ɛɭɬɢ ɜ ɦɟɠɚɯ ɜɿɞ 
ɪɨɡɦɿɪɭ ɜɯɿɞɧɨɝɨ ɲɚɪɭ ɿ ɪɨɡɦɿɪɭ ɜɢɯɿɞɧɨɝɨ ɲɚɪɭ; ɤɿɥɶɤɿɫɬɶ ɩɪɢɯɨɜɚɧɢɯ 
ɧɟɣɪɨɧɿɜ ɦɚɽ ɛɭɬɢ 2/3 ɪɨɡɦɿɪɭ ɜɯɿɞɧɨɝɨ ɲɚɪɭ, ɩɥɸɫ ɪɨɡɦɿɪ ɜɢɯɿɞɧɨɝɨ 
ɲɚɪɭ; ɤɿɥɶɤɿɫɬɶ ɩɪɢɯɨɜɚɧɢɯ ɧɟɣɪɨɧɿɜ ɩɨɜɢɧɧɨ ɛɭɬɢ ɦɟɧɲɟ ɩɨɞɜɨɽɧɨɝɨ 
ɪɨɡɦɿɪɭ ɜɯɿɞɧɨɝɨ ɲɚɪɭ. Нɚɜɱɚɧɧɹ ɧɟɣɪɨɧɧɨʀ ɦɟɪɟɠɿ ɩɨɥɹɝɚɽ ɜ ɬɨɦɭ, ɳɨ 
ɜɚɝɢ ʀʀ ɡɜ'ɹɡɤɿɜ ɤɨɪɢɝɭɸɬɶɫɹ, ɩɪɢ ɩɪɟɞ'ɹɜɥɟɧɧɿ ɧɚɜɱɚɥɶɧɨʀ ɩɚɪɢ 
(ɜɯɿɞɧɨɝɨ ɜɟɤɬɨɪɚ ɬɚ ɜɿɞɩɨɜɿɞɧɨɝɨ ɣɨɦɭ ɜɢɯɿɞɧɨʀ ɜɟɤɬɨɪɚ). У ɞɚɧɿɣ 
ɫɢɫɬɟɦɿ ɧɟɣɪɨɧɧɚ ɦɟɪɟɠɚ ɧɚɜɱɚɽɬɶɫɹ ɡɚ ɦɟɬɨɞɨɦ ɡɜɨɪɨɬɧɨɝɨ 
ɩɨɲɢɪɟɧɧɹ ɩɨɦɢɥɤɢ. Нɚ ɜɯɿɞ ɧɟɣɪɨɧɧɨʀ ɦɟɪɟɠɿ ɧɚɞɯɨɞɢɬɶ ɜɟɤɬɨɪ, ɹɤɢɣ 
ɜɢɞɚɽ ɟɥɟɦɟɧɬ, ɜ ɹɤɨɦɭ ɜɜɨɞɢɬɶɫɹ ɦɚɥɸɧɨɤ ɥɿɬɟɪɢ. ɐɟɣ ɜɟɤɬɨɪ 
ɫɤɥɚɞɚɽɬɶɫɹ ɡ ɱɨɬɢɪɶɨɯɫɨɬ ɟɥɟɦɟɧɬɿɜ. Пɨɪɨɠɧɿɣ ɤɥɿɬɰɿ ɜɿɞɩɨɜɿɞɚɽ 
ɟɥɟɦɟɧɬ 0, ɚ ɡɚɮɚɪɛɨɜɚɧɨʀ ɤɥɿɬɰɿ - ɟɥɟɦɟɧɬ 1. Мɟɪɟɠɚ ɩɪɨɪɚɯɨɜɭɽɬɶɫɹ, ɿ 
ɚɧɚɥɿɡɭɽɬɶɫɹ ɜɢɯɿɞɧɢɣ ɜɟɤɬɨɪ ɧɟɣɪɨɧɧɨʀ ɦɟɪɟɠɿ. Нɨɦɟɪɭ 
ɦɚɤɫɢɦɚɥɶɧɨɝɨ ɟɥɟɦɟɧɬɚ ɜɿɞɩɨɜɿɞɚɽ ɧɨɦɟɪ ɪɨɡɩɿɡɧɚɧɨʀ ɥɿɬɟɪɢ. ɐɟ 
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ɞɨɡɜɨɥɹɽ ɩɪɚɜɢɥɶɧɨ ɪɨɡɩɿɡɧɚɬɢ ɛɭɤɜɭ, ɧɚɜɿɬɶ ɤɨɥɢ ɜɨɧɚ ɧɚɞɯɨɞɢɬɶ ɧɚ 
ɜɯɿɞ ɡ ɩɟɪɟɲɤɨɞɚɦɢ. Пɪɢ ɜɩɿɡɧɚɜɚɧɧɿ ɫɥɨɜɚ ɦɨɞɟɥɶ ɧɟɣɪɨɦɟɪɟɠɿ 
ɩɨɪɿɜɧɸɽ ɡɧɚɣɞɟɧɟ ɫɥɨɜɨ ɡɚ ɫɥɨɜɧɢɤɨɦ ɿ ɪɟɞɚɝɭɽ ɣɨɝɨ ɩɪɢ ɧɟɨɛɯɿɞɧɨɫɬɿ. 
Вɢɤɨɧɭɽɬɶɫɹ ɩɟɪɟɜɿɪɤɚ ɫɥɨɜɚ ɧɚ ɧɚɹɜɧɿɫɬɶ ɣɨɝɨ ɜ ɫɥɨɜɧɢɤɭ. Zɤɳɨ ɽ ɜ 
ɫɥɨɜɧɢɤɭ - ɫɥɨɜɨ ɡɛɟɪɿɝɚɽɬɶɫɹ ɬɚɤ, ɹɤɳɨ ɧɟɦɚɽ - ɩɟɪɟɯɿɞ ɞɨ ɩɭɧɤɬɭ 2. 
əɤɳɨ ɭ ɫɥɨɜɚ, ɦɚɽɬɶɫɹ ɜɿɞɯɢɥɟɧɧɹ ɬɿɥɶɤɢ ɜ ɨɞɧɭ ɥɿɬɟɪɭ, ɬɨ ɫɥɨɜɨ ɡ 
ɧɚɣɛɿɥɶɲɨɸ ɱɚɫɬɨɬɨɸ ɩɨɜɬɨɪɟɧɧɹ ɛɭɞɟ ɩɨɜɟɪɧɭɬɨ. əɤɳɨ ɭ ɫɥɨɜɚ 
ɪɿɡɧɢɰɹ ɛɿɥɶɲɟ ɧɿɠ ɜ 1 ɥɿɬɟɪɭ, ɬɨ ɩɟɪɟɯɨɞɢɦɨ ɞɨ ɩɭɧɤɬɭ 3.əɤɳɨ ɫɥɨɜɨ 
ɦɚɽ ɜɿɞɯɢɥɟɧɧɹ ɜ 2 ɥɿɬɟɪɢ, ɬɨ ɛɭɞɟ ɩɨɜɟɪɧɭɬɨ ɫɥɨɜɨ ɡ ɧɚɣɛɿɥɶɲɨɸ 
ɱɚɫɬɨɬɨɸ ɩɨɜɬɨɪɟɧɧɹ. əɤɳɨ ɫɥɨɜɨ ɧɟ ɡɧɚɣɞɟɧɟ ɭ ɫɥɨɜɧɢɤɭ ɬɨ ɜɨɧɨ 
ɡɚɥɢɲɚɽɬɶɫɹ. Вɢɫɧɨɜɤɢ. Пɪɨɩɨɧɨɜɚɧɢɣ ɤɨɧɰɟɩɬ ɩɪɨɝɪɚɦɧɨɝɨ 
ɡɚɛɟɡɩɟɱɟɧɧɹ ɞɨɡɜɨɥɹɽ ɡɞɿɣɫɧɸɜɚɬɢ ɩɨɞɚɥɶɲɟ ɩɪɨɟɤɬɭɜɚɧɧɹ ɬɚ 
ɪɟɚɥɿɡɚɰɿɸ ɩɨɜɧɨɰɿɧɧɨʀ ɤɪɨɫɫɩɥɚɬɮɨɪɦɟɧɨʀ ɫɢɫɬɟɦɢ ɞɥɹ ɜɢɤɨɪɢɫɬɚɧɧɹ 
ʀʀ ɡ ɦɟɬɨɸ ɜɢɪɿɲɟɧɧɹ ɩɪɚɤɬɢɱɧɢɯ ɡɚɜɞɚɧɶ.  
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Аннотаɰɿɹ. У роботɿ наведено резɭлɶтати розробки ɿнɮормаɰɿйноʀ 
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Клɸɱовɿ слова: ɿнтелектɭалɶний аналɿз даниɯ, моделɸваннɹ. 
 
Abstract. The work presents the results of the development of an information 

system for automating the processes of processing and analyzing meteorological 
data for the purpose of forecasting climate changes. 

Keywords: intelligent data analysis, modeling. 
 

Сɶɨɝɨɞɧɿ ɿɧɮɨɪɦɚɰɿɣɧɿ ɬɟɯɧɨɥɨɝɿʀ ɚɤɬɢɜɧɨ ɜɢɤɨɪɢɫɬɨɜɭɸɬɶɫɹ ɜ 
ɦɟɬɟɨɪɨɥɨɝɿʀ ɿ ɪɨɛɨɬɿ ɫɢɧɨɩɬɢɤɿɜ, ɬɚɤ ɹɤ ɞɨɡɜɨɥɹɸɬɶ ɧɟ ɬɿɥɶɤɢ 
ɚɜɬɨɦɚɬɢɡɭɜɚɬɢ ʀɯ ɪɨɛɨɬɭ, ɚ ɬɚɤɨɠ ɩɿɞɜɢɳɢɬɢ ɡɪɭɱɧɿɫɬɶ ʀʀ ɜɢɤɨɧɚɧɧɹ ɿ 
ɡɧɚɱɧɨ ɩɿɞɜɢɳɢɬɢ ɬɨɱɧɿɫɬɶ ɪɟɡɭɥɶɬɚɬɭ.  

Вɢɤɨɪɢɫɬɚɧɧɹ ɨɛɱɢɫɥɸɜɚɥɶɧɨʀ ɬɟɯɧɿɤɢ ɿ ɜɿɞɩɨɜɿɞɧɢɯ ɩɪɨɝɪɚɦ 
ɞɨɡɜɨɥɹɽ ɜɢɪɿɲɭɜɚɬɢ ɡɚɜɞɚɧɧɹ ɦɟɬɟɨɪɨɥɨɝɿʀ ɡ ɜɟɥɢɤɨɸ ɬɨɱɧɿɫɬɸ, ɞɥɹ 
ɡɧɚɱɧɨ ɛɿɥɶɲɢɯ ɬɟɪɢɬɨɪɿɣ, ɩɪɢ ɰɶɨɦɭ ɡɚ ɛɿɥɶɲ ɤɨɪɨɬɤɢɣ ɬɟɪɦɿɧ ɿ ɡ 
ɡɚɥɭɱɟɧɧɹɦ ɦɟɧɲɢɯ ɥɸɞɫɶɤɢɯ ɪɟɫɭɪɫɿɜ. У ɡɜ'ɹɡɤɭ ɡ ɰɢɦ ɞɚɧɚ ɝɚɥɭɡɶ 
ɜɤɪɚɣ ɫɢɥɶɧɨ ɩɨɬɪɟɛɭɽ ɪɨɡɪɨɛɤɢ ɡɪɭɱɧɢɯ ɿ ɜɢɫɨɤɨɩɪɨɞɭɤɬɢɜɧɢɯ 
ɩɪɨɝɪɚɦɧɢɯ ɡɚɫɨɛɚɯ [1]. 

Уɫɿ ɟɥɟɦɟɧɬɢ ɪɨɡɪɨɛɥɟɧɨʀ ɿɧɮɨɪɦɚɰɿɣɧɨʀ ɫɢɫɬɟɦɢ ɽ 
ɜɡɚɽɦɨɩɨɜ’ɹɡɚɧɢɦɢ ɡ ɪɨɛɨɬɨɸ ɡ ɦɟɬɟɨɪɨɥɨɝɿɱɧɢɦɢ ɞɚɧɢɦɢ. ɐɟ ɞɨɡɜɨɥɹɽ 
ɨɬɪɢɦɚɬɢ ɩɨɜɧɢɣ ɨɝɥɹɞ ɦɟɬɟɨɪɨɥɨɝɿɱɧɨʀ ɫɢɬɭɚɰɿʀ.  Кɨɠɟɧ ɿɡ ɜɚɪɿɚɧɬɿɜ 
ɜɢɤɨɪɢɫɬɚɧɧɹ ɦɚɽ ɫɩɟɰɿɚɥɿɡɨɜɚɧɟ ɩɪɢɡɧɚɱɟɧɧɹ, ɿ ɦɚɽ ɛɭɬɢ ɨɩɢɫɚɧɢɣ 
ɿɧɞɢɜɿɞɭɚɥɶɧɨ, ɧɚɜɟɞɟɦɨ ɨɫɧɨɜɧɿ ɡ ɧɢɯ ɞɚɥɿ. 

Пɟɪɟɝɥɹɞ ɡɚɜɚɧɬɚɠɟɧɢɯ ɧɟɣɪɨɦɟɪɟɠ. Дɥɹ ɩɟɪɟɝɥɹɞɭ ɡɚɜɚɧɬɚɠɟɧɢɯ 
ɧɟɣɪɨɦɟɪɟɠ ɤɨɪɢɫɬɭɜɚɱɭ ɩɨɬɪɿɛɧɨ ɜ ɲɚɩɰɿ ɫɚɣɬɭ ɜɢɛɪɚɬɢ ɩɭɧɤɬ 
«Нɟɣɪɨɦɟɪɟɠɿ».  

Пɿɫɥɹ ɩɟɪɟɯɨɞɭ ɧɚ ɞɚɧɭ ɫɬɨɪɿɧɤɭ ɤɨɪɢɫɬɭɜɚɱ ɛɚɱɢɬɶ ɬɚɛɥɢɰɸ ɡ ɭɫɿɦɚ 
ɡɚɜɚɧɬɚɠɟɧɢɦɢ ɧɟɣɪɨɦɟɪɟɠɚɦɢ ɞɥɹ ɨɛɪɨɛɤɢ ɬɚ ɚɧɚɥɿɡɭ ɦɟɬɟɨɞɚɧɢɯ.  

Нɚ ɰɿɣ ɫɬɨɪɿɧɰɿ ɤɨɪɢɫɬɭɜɚɱ ɦɨɠɟ ɡɚɜɚɧɬɚɠɢɬɢ ɚɪɯɿɜ ɡ ɮɚɣɥɚɦɢ 
ɧɟɣɪɨɦɟɪɟɠɿ, ɞɥɹ ɰɶɨɝɨ ɬɪɟɛɚ ɜɤɚɡɚɬɢ ɹɤɭ ɮɭɧɤɰɿɸ ɜɢɤɨɧɭɽ 
ɧɟɣɪɨɦɟɪɟɠɚ, ɨɛɪɨɛɤɚ ɦɟɬɟɨɞɚɧɢɯ ɱɢ ʀɯ ɚɧɚɥɿɡ, ɬɚ ɞɨɞɚɬɢ ɨɩɢɫ ʀʀ ɜɫɿɯ  
ɲɚɪɿɜ.  

Пɿɫɥɹ ɡɚɜɚɧɬɚɠɟɧɧɹ ɧɟɣɪɨɦɟɪɟɠɿ ɜɨɧɚ ɩɿɞɥɹɝɚɽ ɬɟɫɬɭɜɚɧɧɸ ɜ 
ɫɢɫɬɟɦɿ, ɩɿɫɥɹ ɱɨɝɨ ɪɟɡɭɥɶɬɚɬɢ ɨɰɿɧɤɢ ɟɮɟɤɬɢɜɧɨɫɬɿ ɫɢɫɬɟɦɢ ɛɭɞɭɬɶ 
ɜɿɞɨɛɪɚɠɟɧɿ ɧɚ ɫɬɨɪɿɧɰɿ. 

Пɟɪɟɝɥɹɞ ɡɿɛɪɚɧɢɯ ɦɟɬɟɨɞɚɧɢɯ. Дɥɹ ɩɟɪɟɝɥɹɞɭ ɡɿɛɪɚɧɢɯ ɦɟɬɟɨɞɚɧɢɯ 
ɤɨɪɢɫɬɭɜɚɱɭ ɩɨɬɪɿɛɧɨ ɜ ɲɚɩɰɿ ɫɚɣɬɭ ɜɢɛɪɚɬɢ ɩɭɧɤɬ «ɦɟɬɟɨɞɚɧɿ». Пɿɫɥɹ 
ɩɟɪɟɯɨɞɭ ɧɚ ɞɚɧɭ ɫɬɨɪɿɧɤɭ ɤɨɪɢɫɬɭɜɚɱ ɛɚɱɢɬɶ ɬɚɛɥɢɰɸ ɡ ɭɫɿɦɚ 
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ɡɿɛɪɚɧɢɦɢ ɦɟɬɟɨɞɚɧɢɦɢ, ɞɨɫɬɭɩɧɚ ɮɭɧɤɰɿɹ ɮɿɥɶɬɪɚɰɿʀ, ɫɨɪɬɭɜɚɧɧɹ. 
Пɟɪɟɝɥɹɞ ɪɨɡɪɚɯɨɜɚɧɢɯ ɩɪɨɝɧɨɡɿɜ.  

Дɥɹ ɩɟɪɟɝɥɹɞɭ ɪɨɡɪɚɯɨɜɚɧɢɯ ɩɪɨɝɧɨɡɿɜ ɤɨɪɢɫɬɭɜɚɱɭ ɩɨɬɪɿɛɧɨ ɜ 
ɲɚɩɰɿ ɫɚɣɬɭ ɜɢɛɪɚɬɢ ɩɭɧɤɬ «ɩɟɪɟɝɥɹɞ ɩɪɨɝɧɨɡɿɜ». Пɿɫɥɹ ɩɟɪɟɯɨɞɭ ɧɚ 
ɰɸ ɫɬɨɪɿɧɤɭ ɤɨɪɢɫɬɭɜɚɱ ɛɚɱɢɬɶ ɬɚɛɥɢɰɸ ɡ ɭɫɿɦɚ ɩɪɨɝɧɨɡɚɦɢ 
ɦɟɬɟɨɞɚɧɢɯ ɬɚ ɩɨɝɨɞɧɢɯ ɹɜɢɳ, ɞɨɫɬɭɩɧɚ ɮɭɧɤɰɿɹ ɮɿɥɶɬɪɚɰɿʀ, ɩɨɲɭɤɭ ɬɚ 
ɫɨɪɬɭɜɚɧɧɹ. 

Пɟɪɟɝɥɹɞ ɞɚɧɢɯ ɜ ɬɚɛɥɢɰɹɯ. Кɨɪɢɫɬɭɜɚɱ ɦɨɠɟ ɩɟɪɟɝɥɹɞɚɬɢ ɞɚɧɿ 
ɜɢɜɟɞɟɧɿ ɜ ɬɚɛɥɢɰɿ ɧɚ ɫɬɨɪɿɧɤɚɯ ɫɟɪɜɿɫɭ.  

Пɟɪɲɢɣ ɪɹɞɨɤ ɬɚɛɥɢɰɿ ɰɟ ɪɹɞɨɤ ɡ ɿɦɟɧɚɦɢ ɫɬɨɜɩɱɢɤɿɜ, ɩɪɢ 
ɧɚɬɢɫɤɚɧɧɿ ɧɚ ɿɦ’ɹ ɜɢɤɨɧɭɽɬɶɫɹ ɫɨɪɬɭɜɚɧɧɹ ɬɚɛɥɢɰɿ ɜ ɚɥɮɚɜɿɬɧɨɦɭ 
ɩɨɪɹɞɤɭ ɡɚ ɰɢɦ ɿɦ’ɹɦ.  

Пɪɢ ɩɨɜɬɨɪɧɨɦɭ ɧɚɬɢɫɤɚɧɧɿ ɛɭɞɟ ɜɿɞɨɛɪɚɠɟɧɨ ɜ ɚɥɮɚɜɿɬɧɨɦɭ 
ɩɨɪɹɞɤɭ.  

Пɨɲɭɤ. Є ɪɨɡɲɢɪɟɧɧɹɦ ɿɧɮɨɪɦɚɰɿɣɧɨʀ ɫɢɫɬɟɦɢ ɬɚ ɞɨɡɜɨɥɹɽ 
ɜɿɞɲɭɤɭɜɚɬɢ ɞɚɧɧɿ ɜ ɬɚɛɥɢɰɹɯ ɡɚ ɛɭɞɶ-ɹɤɢɦ ɤɥɸɱɟɦ. Кɥɸɱɟɦ ɦɨɠɟ 
ɛɭɬɢ ɛɭɞɶ-ɹɤɢɣ ɬɟɤɫɬ, ɛɭɞɶ-ɬɨ ɰɢɮɪɢ, ɫɢɦɜɨɥɢ ɱɢ ɛɭɤɜɢ. 

Оɧɨɜɥɟɧɧɹ ɦɟɬɟɨɞɚɧɢɯ. Нɚ ɫɬɨɪɿɧɰɿ ɩɟɪɟɝɥɹɞɭ ɦɟɬɟɨɞɚɧɢɯ 
ɤɨɪɢɫɬɭɜɚɱ ɦɨɠɟ ɧɚɬɢɫɧɭɬɢ ɤɧɨɩɤɭ ɨɧɨɜɥɟɧɧɹ ɦɟɬɟɨɞɚɧɢɯ, ɰɟ 
ɩɪɢɞɚɫɬɶ ɫɢɝɧɚɥ ɧɚ ɫɟɪɜɟɪ ɬɚ ɜɿɧ ɩɨɱɧɟ ɜɢɤɚɱɭɜɚɬɢ ɧɨɜɿ ɦɟɬɟɨɞɚɧɿ ɡ 
ɪɟɫɭɪɫɿɜ.  

Пɿɫɥɹ ɨɧɨɜɥɟɧɧɹ ɫɢɫɬɟɦɚ ɡɚɩɭɫɤɚɽ ɚɥɝɨɪɢɬɦ ɩɨɲɭɤɭ ɚɧɨɦɚɥɿɣ ɜ ɰɢɯ 
ɞɚɧɢɯ, ɞɚɥɿ ɧɚ ɜɢɥɭɱɟɧɢɯ ɬɚ «ɱɢɫɬɢɯ» ɞɚɧɢɯ ɫɢɫɬɟɦɚ ɪɨɛɢɬɶ 
ɩɪɨɝɧɨɡɭɜɚɧɧɹ ɦɟɬɟɨɞɚɧɢɯ ɧɚ ɧɚɫɬɭɩɧɿ 3 ɞɨɛɢ ɿ ɜɠɟ ɩɨ ɰɢɦ ɦɟɬɟɨɞɚɧɢɯ 
ɫɢɫɬɟɦɚ ɩɪɨɝɧɨɡɭɽ ɩɨɝɨɞɧɿ ɹɜɢɳɚ.  

Уɫɿ ɞɚɧɧɿ ɹɤɿ ɨɛɪɨɛɥɸɸɬɶɫɹ ɧɚ ɞɚɧɨɦɭ ɟɬɚɩɿ ɡɚɩɢɫɭɸɬɶɫɹ ɜ ɛɚɡɭ 
ɞɚɧɢɯ. 

Вɢɫɧɨɜɤɢ. Рɨɡɪɨɛɥɟɧɚ ɿɧɮɨɪɦɚɰɿɣɧɚ ɫɢɫɬɟɦɚ ɦɨɠɟ 
ɜɢɤɨɪɢɫɬɨɜɭɜɚɬɢɫɹ ɜ ɹɤɨɫɬɿ ɫɚɦɨɫɬɿɣɧɨɝɨ ɩɪɨɝɪɚɦɧɨɝɨ ɡɚɫɨɛɭ ɚɧɚɥɿɡɭ 
ɬɚ ɫɩɪɨɳɟɧɧɹ ɪɨɛɨɬɢ ɦɟɬɟɨɪɨɥɨɝɿɜ, ɚ ɬɚɤɨɠ ɹɤ ɞɨɞɚɬɤɨɜɢɣ ɩɪɨɝɪɚɦɧɢɣ 
ɦɨɞɭɥɶ, ɹɤɢɣ ɦɨɠɟ ɛɭɬɢ ɜɩɪɨɜɚɞɠɟɧɨ ɞɨ ɿɫɧɭɸɱɨʀ ɿɧɮɨɪɦɚɰɿɣɧɨʀ 
ɫɢɫɬɟɦɢ ɦɟɬɟɨɪɨɥɨɝɿɱɧɢɯ ɰɟɧɬɪɿɜ. 
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Abstract. The paper presents a project of the reinforcement learning approach 

for modeling multi-agent systems for the study of self-organizing interactions. 
Keywords: modeling, modeling, machine learning. 

 
Тɪɭɞɨɦɿɫɬɤɢɦ ɡɚɜɞɚɧɧɹɦ ɞɥɹ ɪɨɡɪɨɛɤɢ ɧɟɣɪɨɦɟɪɟɠ ɛɟɡ ɜɱɢɬɟɥɹ ɽ 

ɪɨɡɪɨɛɤɚ ɲɬɭɱɧɨɝɨ ɿɧɬɟɥɟɤɬɭ, ɹɤɢɣ ɦɚɽ ɩɪɢɣɦɚɬɢ ɪɿɡɧɿ ɪɿɲɟɧɧɹ ɜ 
ɡɚɥɟɠɧɨɫɬɿ ɜɿɞ ɬɨɝɨ, ɳɨ ɜɿɞɛɭɜɚɽɬɶɫɹ ɭ ɡɨɜɧɿɲɧɶɨɦɭ ɫɟɪɟɞɨɜɢɳɿ. Кɪɿɦ 
ɫɚɦɨɝɨ ɩɪɨɰɟɫɭ ɧɚɜɱɚɧɧɹ, ɭ ɧɚɜɱɚɧɧɿ ɡ ɭɱɢɬɟɥɟɦ, ɧɟɨɛɯɿɞɧɨ ɡɿɛɪɚɬɢ 
ɧɚɛɿɪ ɞɚɧɢɯ, ɡɚ ɞɨɩɨɦɨɝɨɸ ɹɤɨɝɨ ɜɿɞɛɭɜɚɬɢɦɟɬɶɫɹ ɧɚɜɱɚɧɧɹ. У ɩɟɜɧɢɯ 
ɜɢɩɚɞɤɚɯ ɧɚɛɪɚɬɢ ɩɨɞɿɛɧɢɣ ɧɚɛɿɪ ɞɚɧɢɯ ɦɨɠɟ ɛɭɬɢ ɩɪɨɛɥɟɦɚɬɢɱɧɢɦ, ɚ 
ɿɧɨɞɿ ɣ ɧɟɦɨɠɥɢɜɢɦ ɡɚɜɞɚɧɧɹɦ.  

В ɪɚɦɤɚɯ ɩɪɨɟɤɬɨɜɚɧɨɝɨ ɩɿɞɯɨɞɭ ɞɥɹ ɦɨɞɟɥɸɜɚɧɧɹ ɩɪɢɤɥɚɞɧɢɯ 
ɫɢɫɬɟɦ ɤɨɪɢɫɬɭɜɚɱ ɡɦɨɠɟ ɡɞɿɣɫɧɸɜɚɬɢ: 

1. Нɚɥɚɲɬɭɜɚɧɧɹ ɬɪɟɧɭɜɚɧɧɹ ɧɟɣɪɨɦɟɪɟɠɿ ɡ ɝɨɥɨɜɧɨɝɨ ɦɟɧɸ: ɡɦɿɧɚ 
ɤɿɥɶɤɨɫɬɿ ɟɩɨɯ ɧɟɨɛɯɿɞɧɿ ɧɚɜɱɚɧɧɹ. Нɚɥɚɲɬɭɜɚɧɧɹ ɜɢɡɧɚɱɚɽ ɫɤɿɥɶɤɢ 
ɧɟɨɛɯɿɞɧɨ ɰɢɤɥɿɜ ɫɯɪɟɳɭɜɚɧɧɹ ɨɫɨɛɢɧ ɞɥɹ ɡɚɜɟɪɲɟɧɧɹ ɬɪɟɧɭɜɚɧɧɹ; 
ɡɦɿɧɚ ɤɿɥɶɤɨɫɬɿ ɨɫɨɛɢɧ, ɹɤɿ ɩɪɨɯɨɞɹɬɶ ɬɪɟɧɭɜɚɧɧɹ. Нɚɥɚɲɬɭɜɚɧɧɹ 
ɜɢɡɧɚɱɚɽ ɫɤɿɥɶɤɢ ɨɫɨɛɢɧ ɝɟɧɟɪɭɜɚɬɢɦɟɬɶɫɹ ɤɨɠɧɭ ɟɩɨɯɭ ɩɿɞ ɱɚɫ 
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ɫɯɪɟɳɭɜɚɧɧɹ; ɡɦɿɧɚ ɲɚɪɿɜ ɧɟɣɪɨɦɟɪɟɠɿ. Нɚɥɚɲɬɭɜɚɧɧɹ ɜɢɡɧɚɱɚɽ 
ɤɿɥɶɤɿɫɬɶ ɲɚɪɿɜ ɭ ɧɟɣɪɨɦɟɪɟɠɿ. Тɚɤ ɫɚɦɨ ɦɨɠɧɚ ɧɚɥɚɲɬɭɜɚɬɢ ɮɭɧɤɰɿɸ 
ɡɚ ɹɤɨɸ ɜɜɚɠɚɬɢɦɭɬɶɫɹ ɜɚɝɢ ɧɚ ɤɨɧɤɪɟɬɧɨɦɭ ɲɚɪɿ ɬɚ ɤɿɥɶɤɿɫɬɶ 
ɧɟɣɪɨɧɿɜ; ɡɦɿɧɚ ɲɚɧɫɭ ɦɭɬɚɰɿʀ. Нɚɣɛɭɞɨɜɚ ɜɢɡɧɚɱɚɽ ɲɚɧɫ, ɡ ɹɤɨɸ ɦɨɠɟ 
ɫɬɚɬɢɫɹ ɦɭɬɚɰɿɹ ɜ ɝɟɧɿ, ɬɨɛɬɨ ɡ ɹɤɢɦ ɲɚɧɫɨɦ ɝɟɧɭ (ɜɚɝɢ ɜ ɧɟɣɪɨɦɟɪɟɠɿ) 
ɛɭɞɟ ɩɪɢɡɧɚɱɟɧɨ ɜɢɩɚɞɤɨɜɟ ɡɧɚɱɟɧɧɹ; ɡɦɿɧɚ ɱɚɫɬɨɬɢ ɫɬɪɭɫɭ. 
Нɚɥɚɲɬɭɜɚɧɧɹ ɜɢɡɧɚɱɚɽ, ɹɤ ɱɚɫɬɨ ɜɿɞɛɭɜɚɬɢɦɟɬɶɫɹ ɫɬɪɭɫ ɩɨɩɭɥɹɰɿʀ 
ɨɫɨɛɢɧ. Сɬɪɭɫ ɪɨɛɢɬɶ ɜɢɞɚɥɟɧɧɹ ɫɚɦɢɯ ɧɟ ɪɟɡɭɥɶɬɚɬɢɜɧɢɯ ɨɫɨɛɢɧ ɿɡ 
ɫɩɢɫɤɭ ɤɪɚɳɢɯ ɿ ɡɚɦɿɧɸɽ ʀɯ ɜɢɩɚɞɤɨɜɢɦɢ ɨɫɨɛɢɧɚɦɢ ɡ ɜɢɩɚɞɤɨɜɢɦ 
ɧɚɛɨɪɨɦ ɝɟɧ. 

2. Зɚɩɭɫɤ ɬɪɟɧɭɜɚɧɧɹ ɧɟɣɪɨɦɟɪɟɠɿ. Пɪɢ ɜɢɛɨɪɿ ɰɿɽʀ ɨɩɰɿʀ 
ɩɨɱɢɧɚɽɬɶɫɹ ɩɪɨɰɟɫ ɧɚɜɱɚɧɧɹ ɧɟɣɪɨɦɟɪɟɠɿ ɜ ɿɝɪɨɜɨɦɭ ɩɪɨɫɬɨɪɿ ɡ 
ɭɪɚɯɭɜɚɧɧɹɦ ɪɚɧɧɶɨ ɜɜɟɞɟɧɢɯ ɧɚɥɚɲɬɭɜɚɧɶ. 

3. Оɛɱɢɫɥɟɧɧɹ ɪɟɡɭɥɶɬɚɬɭ ɤɨɠɧɨʀ ɨɫɨɛɢɧɢ. Вɿɞɛɭɜɚɽɬɶɫɹ ɩɿɫɥɹ 
ɡɚɜɟɪɲɟɧɧɹ ɤɨɠɧɨʀ ɟɩɨɯɢ. Пɿɞɪɚɯɨɜɭɽɬɶɫɹ ɪɟɡɭɥɶɬɚɬ ɞɥɹ ɜɫɿɯ ɨɫɨɛɢɧ, 
ɧɚɫɤɿɥɶɤɢ ɞɨɛɪɟ ɜɨɧɢ ɜɩɨɪɚɥɢɫɹ ɡ ɩɨɫɬɚɜɥɟɧɢɦ ɡɚɜɞɚɧɧɹɦ. 

4. Зɛɟɪɟɠɟɧɧɹ ɨɫɨɛɢɧ ɿɡ ɧɚɣɤɪɚɳɢɦ ɪɟɡɭɥɶɬɚɬɨɦ. Вɿɞɛɭɜɚɽɬɶɫɹ 
ɜɢɛɿɪ ɨɫɨɛɢɧ, ɹɤɿ ɦɨɠɭɬɶ ɩɨɬɪɚɩɢɬɢ ɞɨ ɫɩɢɫɤɭ ɤɪɚɳɢɯ ɨɫɨɛɢɧ, ɡ ɹɤɢɯ 
ɜɿɞɛɭɜɚɬɢɦɟɬɶɫɹ ɩɨɞɚɥɶɲɟ ɫɯɪɟɳɭɜɚɧɧɹ. 

5. Сɬɜɨɪɟɧɧɹ ɧɨɜɨɝɨ ɩɨɤɚɥɟɧɧɹ. Вɿɞɛɭɜɚɽɬɶɫɹ ɫɯɪɟɳɭɜɚɧɧɹ ɨɫɨɛɢɧ 
ɿɡ ɧɚɛɨɪɭ ɨɫɨɛɢɧ, ɹɤɿ ɧɚɣɤɪɚɳɟ ɩɪɨɣɲɥɢ ɬɪɟɧɭɜɚɧɧɹ ɭ ɩɨɩɟɪɟɞɧɿɯ 
ɟɩɨɯɚɯ. 

6. Сɩɨɫɬɟɪɟɠɟɧɧɹ. Кɨɪɢɫɬɭɜɚɱ, ɩɨɤɢ ɱɟɤɚɽ ɡɚɜɟɪɲɟɧɧɹ ɬɪɟɧɭɜɚɧɧɹ, 
ɦɨɠɟ ɡɞɿɣɫɧɸɜɚɬɢ ɧɚɫɬɭɩɧɿ ɞɿʀ: ɫɩɨɫɬɟɪɟɠɟɧɧɹ ɞɿɹɦɢ ɩɨɬɨɱɧɨɝɨ 
ɩɨɤɚɥɟɧɧɹ. Кɨɪɢɫɬɭɜɚɱ ɦɨɠɟ ɩɟɪɟɦɿɳɚɬɢɫɹ ɿɝɪɨɜɢɦ ɩɪɨɫɬɨɪɨɦ ɿ 
ɫɩɨɫɬɟɪɿɝɚɬɢ ɡɚ ɞɿɹɦɢ ɨɫɨɛɢɧ, ɹɤɿ ɧɚ ɞɚɧɢɣ ɦɨɦɟɧɬ ɩɪɨɯɨɞɹɬɶ 
ɬɪɟɧɭɜɚɧɧɹ; ɩɟɪɟɝɥɹɞ ɤɪɚɳɢɯ ɨɫɨɛɢɧ. Кɨɪɢɫɬɭɜɚɱ ɦɨɠɟ ɞɢɜɢɬɢɫɹ ɧɚ 
ɪɟɡɭɥɶɬɚɬ ɧɚɣɤɪɚɳɢɯ ɨɫɨɛɢɧ, ɹɤɿ ɩɪɨɯɨɞɢɥɢ ɬɪɟɧɭɜɚɧɧɹ; ɜɢɤɥɢɤ 
ɫɬɪɭɫɭ. Кɨɪɢɫɬɭɜɚɱ ɦɨɠɟ ɜɢɤɥɢɤɚɬɢ ɩɨɡɚ ɩɥɚɧɨɜɢɦ ɫɬɪɭɫɨɦ ɩɨɩɭɥɹɰɿʀ, 
ɹɤɳɨ ɜɜɚɠɚɽ ɰɟ ɡɚ ɧɟɨɛɯɿɞɧɟ; ɩɨɜɟɪɧɟɧɧɹ ɞɨ ɝɨɥɨɜɧɨɝɨ ɦɟɧɸ. 
Кɨɪɢɫɬɭɜɚɱ ɦɨɠɟ ɩɨɜɟɪɧɭɬɢɫɶ ɭ ɝɨɥɨɜɧɟ ɦɟɧɸ ɞɥɹ ɡɦɿɧɢ ɧɚɥɚɲɬɭɜɚɧɶ 
ɬɚ ɡɚɩɭɫɤɭ ɧɨɜɨɝɨ ɜɚɪɿɚɧɬɚ ɬɪɟɧɭɜɚɧɧɹ; ɡɛɟɪɟɠɟɧɧɹ ɧɟɣɪɨɦɟɪɟɠɿ. 
Кɨɪɢɫɬɭɜɚɱ ɜɢɪɿɲɭɽ ɡɛɟɪɟɝɬɢ ɤɪɚɳɢɯ ɨɫɨɛɢɧ, ɹɤɿ ɩɪɨɣɲɥɢ ɬɪɟɧɭɜɚɧɧɹ. 

7. Зɚɜɚɧɬɚɠɟɧɧɹ ɧɟɣɪɨɦɟɪɟɠɿ. Кɨɪɢɫɬɭɜɚɱ ɦɨɠɟ ɡɚɜɚɧɬɚɠɢɬɢ 
ɪɚɧɿɲɟ ɡɛɟɪɟɠɟɧɭ ɦɟɪɟɠɭ. 

Вɢɫɧɨɜɤɢ. Пɪɨɩɨɧɨɜɚɧɢɣ ɩɿɞɯɿɞ ɞɨɡɜɨɥɹɽ ɩɪɨɜɨɞɢɬɢ ɞɨɫɥɿɞɠɟɧɧɹ  
ɩɨɜɟɞɿɧɤɢ ɛɚɝɚɬɨɚɝɟɧɬɧɢɯ ɫɢɫɬɟɦ ɧɚ ɛɚɡɿ ɜɢɤɨɪɢɫɬɚɧɧɹ ɲɬɭɱɧɨɝɨ ɬɚ 
ɨɛɱɢɫɥɸɜɚɥɶɧɨɝɨ ɿɧɬɟɥɟɤɬɭ. 
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Анотаɰɿɹ. Однɿɽɸ з клɸɱовиɯ складовиɯ безпеки та еɮективностɿ 
вɿтрилɶного ɹɯтингɭ та сɭдноплавства загалом ɽ навɿгаɰɿйна система. У 
роботɿ бɭли проаналɿзованɿ ɿснɭɸɱи системи та запропонована методика 
створеннɹ ɭнɿверсалɶноʀ навɿгаɰɿйноʀ системи. 

Клɸɱовɿ слова: автоматиɱна навɿгаɰɿйна система, засоби навɿгаɰɿʀ, 
Raspberry PI, протокол CAN. 

 
Abstract. One of the key components of the safety and efficiency of sailing 

yachting and shipping in general is the navigation system. The work analysed the 
existing systems and proposed a method of creating a universal navigation system. 

Keywords: automatic navigation system, navigation features, Raspberry PI, CAN 
protocol. 
 

Пɪɨɛɥɟɦɚ ɬɨɱɧɨɫɬɿ, ɜɿɞɦɨɜɨɫɬɿɣɤɨɫɬɿ  ɬɚ ɚɜɬɨɦɚɬɢɡɚɰɿʀ ɧɚɜɿɝɚɰɿɣɧɢɯ 
ɫɢɫɬɟɦ ɭ ɫɭɞɧɨɩɥɚɜɫɬɜɿ ɽ ɚɤɬɭɚɥɶɧɨɸ ɬɚ ɫɤɥɚɞɧɨɸ.  

Сɭɱɚɫɧɿ ɱɨɜɧɢ (ɜɿɬɪɢɥɶɧɿ ɚɛɨ ɦɨɬɨɪɧɿ) ɬɚ ɪɿɱɧɿ ɫɭɞɚ (ɬɨɪɝɿɜɟɥɶɧɿ, 
ɜɚɧɬɚɠɧɿ ɬɨɳɨ) ɜɢɤɨɪɢɫɬɨɜɭɸɬɶ ɫɭɱɚɫɧɿ ɫɢɫɬɟɦɢ ɧɚɜɿɝɚɰɿʀ, ɳɨ 
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ɩɨɬɪɟɛɭɸɬɶ ɩɨɫɬɿɣɧɨɝɨ ɧɚɝɥɹɞɭ ɡ ɛɨɤɭ ɟɤɿɩɚɠɭ (ɜɚɯɬɨɜɿ ɡɦɿɧɢ) ɬɚ ɧɟ ɽ 
ɩɨɜɧɿɫɬɸ ɚɜɬɨɦɚɬɢɡɨɜɚɧɢɦɢ.  

Дɨ ɤɥɚɫɢɱɧɢɯ ɡɚɫɨɛɿɜ ɧɚɜɿɝɚɰɿʀ, ɳɨ ɽ ɛɚɡɨɜɢɦ ɧɚɛɨɪɨɦ ɞɥɹ 
ɭɫɩɿɲɧɨɝɨ ɩɪɨɯɨɞɠɟɧɧɹ ɦɚɪɲɪɭɬɭ ɜɿɞɧɨɫɹɬɶ: ɪɿɡɧɨɦɚɧɿɬɧɿ GPS-
ɫɢɫɬɟɦɢ, ɝɿɪɨɫɤɨɩɢ, ɝɿɪɨɤɨɦɩɚɫɢ [1], ɚɜɬɨɦɚɬɢɡɨɜɚɧɿ ɫɢɫɬɟɦɢ ɨɛɪɨɛɤɢ 
ɿɧɮɨɪɦɚɰɿʀ ɩɪɨ ɩɨɝɨɞɭ ɬɚ ɫɬɚɧ ɚɬɦɨɫɮɟɪɢ, ɚɜɬɨɩɿɥɨɬɢ, ɞɨɩɨɦɿɠɧɿ 
ɩɪɢɥɚɞɢ ɞɥɹ ɫɩɪɨɳɟɧɧɹ ɲɜɚɪɬɭɜɚɧɧɹ ɫɭɞɧɚ. 

Сɩɿɥɶɧɨɸ ɪɢɫɨɸ ɜɫɿɯ ɫɭɱɚɫɧɢɯ ɚɜɬɨɦɚɬɢɱɧɢɯ ɧɚɜɿɝɚɰɿɣɧɢɯ ɫɢɫɬɟɦ ɽ 
ɜɢɤɨɪɢɫɬɚɧɧɹ ɦɿɠɧɚɪɨɞɧɨɝɨ ɫɬɚɧɞɚɪɬɭ ɦɟɪɟɠɿ CAN (ɚɧɝɥ. Controller 
Area Network – ɦɟɪɟɠɚ ɤɨɧɬɪɨɥɟɪɿɜ) [2].  

Пɪɨɬɨɤɨɥ CAN ɜɢɤɨɪɢɫɬɨɜɭɽɬɶɫɹ ɜ ɫɭɱɚɫɧɢɯ ɚɜɬɨɦɨɛɿɥɹɯ ɡ 
ɚɜɬɨɩɿɥɨɬɨɦ (Tesla) ɬɚ ɜɿɬɪɢɥɶɧɢɯ ɚɛɨ ɦɨɬɨɪɧɢɯ ɱɨɜɧɚɯ.  

Пɪɨɬɨɤɨɥ CAN ɜ ɤɨɧɬɟɤɫɬɿ ɤɟɪɭɜɚɧɧɹ ɧɚɜɿɝɚɰɿɣɧɨɸ ɫɢɫɬɟɦɨɸ ɽ 
ɨɞɧɢɦ ɡ ɧɚɩɪɹɦɤɿɜ IoT. 

Сɟɪɟɞ ɞɿɣɫɧɢɯ ɩɪɨɞɭɤɬɿɜ, ɳɨ ɫɶɨɝɨɞɧɿ ɧɚɹɜɧɿ ɧɚ ɪɢɧɤɭ, ɿɫɧɭɽ ɪɹɞ 
ɩɪɢɥɚɞɿɜ, ɳɨ ɜɢɤɨɪɢɫɬɨɜɭɸɬɶ ɩɪɨɬɨɤɨɥ CAN ɬɚ ɜɢɤɨɧɭɸɬɶ (ɱɚɫɬɤɨɜɨ) 
ɡɚɞɚɱɿ ɩɪɨ ɫɩɪɨɳɟɧɧɸ ɧɚɜɿɝɚɰɿʀ. Сɟɪɟɞ ɧɢɯ ɽ YachtSense (ɜɢɪɨɛɧɢɤ 
Raymarine), EmpirBus (ɜɢɪɨɛɧɢɤ Garmin) ɬɚ ɫɢɫɬɟɦɚ SAILSENSE 
(ɜɢɪɨɛɧɢɤ SAILSENSE).  

Вɫɿ ɬɪɢ ɫɢɫɬɟɦɢ ɨɛ’ɽɞɧɭɽ ɦɚɣɠɟ ɨɞɧɚɤɨɜɚ ɫɬɪɭɤɬɭɪɚ.  
Дɥɹ ɩɨɜɧɨɰɿɧɧɨɝɨ ɤɟɪɭɜɚɧɧɹ ɱɨɜɧɨɦ ɚɛɨ ɫɭɞɧɨ ɩɿɞ ɤɟɪɭɜɚɧɧɹɦ 

ɬɚɤɢɯ ɫɢɫɬɟɦ ɧɟɨɛɯɿɞɧɢɣ ɝɨɥɨɜɧɢɣ ɦɨɞɭɥɶ ɬɚ ɧɚɛɿɪ ɞɚɬɱɢɤɿɜ [3].   
Рɨɡɪɨɛɤɚ SAILSENSE ɜɿɞɪɿɡɧɹɽɬɶɫɹ ɜɿɞ ɿɧɲɢɯ ɩɨɞɿɛɧɢɯ ɫɢɫɬɟɦ 

ɧɚɹɜɧɿɫɬɸ ɿɧɞɢɜɿɞɭɚɥɶɧɨɝɨ ɿɧɬɟɪɧɟɬ-ɤɚɛɿɧɟɬɭ ɞɥɹ ɤɨɠɧɨɝɨ ɤɨɪɢɫɬɭɜɚɱɚ, 
ɳɨ ɞɨɡɜɨɥɹɽ ɫɩɨɫɬɟɪɿɝɚɬɢ ɡɚ ɱɨɜɧɨɦ ɜ ɪɟɚɥɶɧɨɦɭ ɱɚɫɿ.  

ɐɟ ɚɤɬɭɚɥɶɧɨ, ɤɨɥɢ ɹɯɬɚ ɡɧɚɯɨɞɢɬɶɫɹ ɜ ɩɨɪɬɭ. SAILSENSE ɧɚɞɚɽ 
ɡɦɨɝɭ ɤɨɪɢɫɬɭɜɚɱɭ ɜɿɞɞɚɥɟɧɨ ɤɟɪɭɜɚɬɢ ɚɤɭɦɭɥɹɬɨɪɚɦɢ ɧɚ ɛɨɪɬɭ ɬɚ 
ɿɧɲɢɦɢ ɫɢɫɬɟɦɚɦɢ, ɳɨ ɩɨɬɪɟɛɭɸɬɶ ɩɨɫɬɿɣɧɨɝɨ ɤɨɧɬɪɨɥɹ ɬɚ ɧɚɝɥɹɞɭ [4].  

Гɨɥɨɜɧɢɦ ɫɩɿɥɶɧɢɦ ɧɟɞɨɥɿɤɨɦ ɭɫɿɯ ɜɢɳɟ ɡɚɡɧɚɱɟɧɢɯ ɫɢɫɬɟɦ ɽ ʀɯɧɹ 
ɧɟɫɭɦɿɫɧɿɫɬɶ ɡ ɿɧɲɢɦɢ ɩɪɨɞɭɤɬɚɦɢ ɧɚ ɪɢɧɤɭ ɬɚ ɫɤɥɚɞɧɿɫɬɶ ɿɧɫɬɚɥɹɰɿʀ ɧɚ 
ɱɨɜɟɧ.  

ɐɟ ɡɭɦɨɜɥɟɧɨ ɬɢɦ, ɳɨ ɩɪɢ ɧɟɨɛɯɿɞɧɨɫɬɿ ɡɚɦɿɧɢɬɢ ɬɭ ɱɢ ɿɧɲɭ 
ɫɤɥɚɞɨɜɭ ɫɢɫɬɟɦɢ, ɱɨɜɟɧ ɱɢ ɫɭɞɧɨ ɩɨɬɪɟɛɭɜɚɬɢɦɟ ɫɟɪɣɨɡɧɢɯ ɜɬɪɭɱɚɧɶ ɡ 
ɛɨɤɭ ɫɩɟɰɿɚɥɿɫɬɿɜ, ɳɨ ɬɚɤɨɠ ɩɿɞɿɣɦɚɽ ɪɿɜɟɧɶ ɮɿɧɚɧɫɨɜɢɯ ɜɤɥɚɞɟɧɶ ɜ 
ɱɨɜɟɧ ɿ ɫɢɫɬɟɦɭ. 

Вɢɳɟ ɡɚɡɧɚɱɟɧɿ ɩɪɨɛɥɟɦɢ ɦɨɠɥɢɜɨ ɜɢɪɿɲɢɬɢ ɡɚ ɞɨɩɨɦɨɝɨɸ 
ɜɢɤɨɪɢɫɬɚɧɧɹ ɿɧɲɨʀ ɦɟɬɨɞɢɤɢ ɪɨɡɪɨɛɤɢ ɩɨɞɿɛɧɨʀ ɫɢɫɬɟɦɢ.  
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Пɟɪɲɚ ɩɪɨɛɥɟɦɚ – ɧɟɫɭɦɿɫɧɿɫɬɶ – ɜɢɪɿɲɭɽɬɶɫɹ ɜɢɛɨɪɨɦ 
ɭɧɿɜɟɪɫɚɥɶɧɨʀ ɩɥɚɬɮɨɪɦɢ ɞɥɹ ɝɨɥɨɜɧɨɝɨ ɦɨɞɭɥɹ.  

Пɪɨɩɨɧɭɽɬɶɫɹ ɜɢɤɨɪɢɫɬɨɜɭɜɚɬɢ ɬɚɤɿ ɪɿɲɟɧɧɹ, ɹɤ ɪɨɡɪɨɛɤɚ 
ɿɧɬɟɥɟɤɬɭɚɥɶɧɨʀ ɫɢɫɬɟɦɢ ɧɚɜɿɝɚɰɿʀ  ɧɚ ɨɫɧɨɜɿ ɦɿɤɪɨɤɨɦɩ’ɸɬɟɪɚ 
Raspberry PI 4.  

Пɪɨɛɥɟɦɭ ɫɤɥɚɞɧɨʀ ɿɧɫɬɚɥɹɰɿʀ ɞɚɬɱɢɤɿɜ ɦɨɠɥɢɜɨ ɨɛɿɣɬɢ ɡɚ 
ɞɨɩɨɦɨɝɨɸ ɜɢɤɨɪɢɫɬɚɧɧɹ ɩɪɨɬɨɤɨɥɿɜ Wi-Fi (ɫɬɜɨɪɟɧɧɹ ɥɨɤɚɥɶɧɨʀ 
ɡɚɯɢɳɟɧɨʀ ɦɟɪɟɠɿ ɜɢɤɥɸɱɧɨ ɞɥɹ ɩɪɢɥɚɞɿɜ ɫɢɫɬɟɦɢ) ɚɛɨ ɜɢɳɟɨɩɢɫɚɧɨɝɨ 
CAN.  

Тɚɤɢɦ ɱɢɧɨɦ ɪɨɡɪɨɛɤɚ ɫɢɫɬɟɦɢ ɬɚ ʀʀ ɿɧɫɬɚɥɹɰɿɹ ɫɩɪɨɳɭɽɬɶɫɹ, 
ɜɿɞɦɨɜɨɫɬɿɣɤɿɫɬɶ ɫɬɚɽ ɜɢɳɨɸ, ɚ ɭɧɿɜɟɪɫɚɥɶɧɿɫɬɶ ɞɚɽ ɡɦɨɝɭ ɫɬɜɨɪɟɧɧɹ 
ɞɿɣɫɧɨ ɚɜɬɨɧɨɦɧɨʀ ɿɧɬɟɥɟɤɬɭɚɥɶɧɨʀ ɫɢɫɬɟɦɢ ɧɚɜɿɝɚɰɿʀ. 
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Abstract. The results obtained indicate that linear regression models with a 

small number of factors have approximately the same value. As a result of 
performing this study, an important conclusion was obtained that the value   slowly 
decreases with an increase in the number of model regressors. 

Keywords: linear regression models 
 
Анотаɰɿɹ. Отриманɿ резɭлɶтати свɿдɱатɶ про те, ɳо моделɿ лɿнɿйноʀ 

регресɿʀ з невеликоɸ кɿлɶкɿстɸ ɮакторɿв маɸтɶ приблизно однаковɿ знаɱеннɹ. 
У резɭлɶтатɿ виконаннɹ ɰɶого дослɿдженнɹ бɭло отримано важливий 
висновок, ɳо знаɱеннɹ повɿлɶно зменɲɭɽтɶсɹ зɿ збɿлɶɲеннɹм кɿлɶкостɿ 
регресорɿв моделɿ. 

  Клɸɱовɿ слова: моделɿ лɿнɿйноʀ регресɿʀ 
 

The choice of the optimal number of factors for predicting the severity of 
asthma in children in linear regression models is an important step in the 
study. Currently, due to the rapid increase of asthma incidence, this 
pathology can be considered as a global medical problem [1]. Studying not 
only the factors, but also determining their relationship with each other, is 
an important step in understanding the course of the disease in each 
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individual case. Regression models are used for preliminary assessment of 
the severity of bronchial asthma. To demonstrate the methodology for 
constructing approximate models regression, we will use the results of a 
clinical study of the severity of bronchial asthma in children of the Kharkov 
region in 2017. The asthma severity analysis group included 90 children 
aged 6 to 18 years. The structure of the group was as follows: the main 
subgroup included 70 children with bronchial asthma, the control group - 20 
healthy children. Аnalyzed the data of a survey of parents about the 
symptoms in patients, characteristic of bronchial asthma, as well as the 
history of the disease of the patients. This information served as the basis for 
the values of the qualitative factors used to build the regression model. The 
clinical features of the course of the disease have been studied. Based on the 
results of laboratory studies, the values of the quantitative factors of the 
model were formed. During the analysis, 142 factors were considered [2]. 

The numerical characteristics of the factors selected for building models 
that determine the severity of the course of the disease with bronchial 
asthma are analyzed, which are shown in Table 1. 

 
Table 1. The characteristics of the factors 

 
The first step of the study after choosing the factors is to build a set of 

linear regression models for predicting the severity of the course of 
bronchial asthma and comparing the quality of the prediction of the 
observed value for a different number of model regressors. We will use the 
MSE value as a criterion for comparing models. The 1, 2, 3, 5, 7 and 10 
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factor models of linear regression are considered. The 11 factors were used 
to build regression models. As a result of selection from a variety of models 
with the number of regressors equal to 10, 7, 5, 3, 2, and 1, the model with 
the highest and lowest MSE values was selected. When building linear 
regression models, outliers were removed from the original dataset. 
The MSE dependencies presented on the graphs for models  Fig.1 with the 
best and worst forecast quality allow us to estimate the influence of the 
number of regressors on the approximation accuracy. The dotted line in the 
graph shows the average MSE for a given number of model regressors. The 
range of valid values with for a set of models is limited by the upper and 
lower curves. The graph clearly demonstrates the general trend of a decrease 
in MSE with an increase in the number of model regressors.  
 

 
Figure 1.  Criterion for the quality of predicting the severity of the course of 

bronchial asthma 
 

Сonclusions. The comparative analysis of values   for multivariate linear 
regression models using the example of the considered dataset shows that 
the use of models with less than six factors is inappropriate.The results 
obtained indicate that linear regression models with a small number of 
factors have approximately the same value. As a result of performing this 
study, an important conclusion was obtained that the value   slowly 
decreases with an increase in the number of model regressors. 



 
 
 

Materials of the ɏI International Scientific Conference  
«Information-Management Systems and Technologies»   

  21th – 23th September, 2023, Odessa 
 

 
  146 

This raises the relevance of the search for new methods for predicting 
the severity of bronchial asthma disease, including the use of Machine 
learning. A prospect for further research is to analyze the quality of fit of the 
observed value depending on the number of regressors for different types of 
nonlinear regression models 
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Анотаɰɿɹ. В роботɿ наведено новɭ математиɱнɭ моделɶ розв’ɹзаннɹ 
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Abstract. The paper presents a new mathematical model for the solution of a 
static symmetric boundary value problem for a layer weakened by a through hole 
with ends covered with a diaphragm.  

Keywords: three-dimensional boundary value problems, singular integral 
equations 
 

Рɨɡɝɥɹɧɟɦɨ ɩɪɭɠɧɢɣ ɲɚɪ hxh dd� 3 , f��f� 21, xx , 
ɩɨɫɥɚɛɥɟɧɢɣ ɧɚɫɤɪɿɡɧɢɦ ɨɬɜɨɪɨɦ. Нɟɯɚɣ ɧɚ ɩɨɜɟɪɯɧɿ ɩɨɪɨɠɧɢɧɢ 
ɡɚɞɚɧɢɣ ɜɟɤɬɨɪ ɧɚɩɪɭɠɟɧɶ � �ZTN ,, . Пɪɢɩɭɫɤɚɽɦɨ, ɳɨ ɤɨɦɩɨɧɟɧɬɢ 
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ɦɟɬɨɞɨɦ ɦɟɯɚɧɿɱɧɢɯ ɤɜɚɞɪɚɬɭɪ >1@ ɡɜɨɞɢɬɶɫɹ ɞɨ ɫɢɫɬɟɦɢ ɥɿɧɿɣɧɢɯ 
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ɚɧɚɥɨɝɿɱɧɨ [2]. Дɥɹ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɧɚɩɪɭɠɟɧɨɝɨ ɫɬɚɧɭ ɩɨɜɟɪɯɧɿ 
ɨɬɜɨɪɭ ɜɢɡɧɚɱɚɥɢɫɹ ɤɨɦɩɨɧɟɧɬɢ ɬɟɧɡɨɪɚ ɧɚɩɪɭɠɟɧɶ:  

,sincos2cossin 12
2

22
2

11 TTVTVTVVTT �� 33VV  zz ,  

S\T � , TVTVVT cossin 2313 �� z . ɑɢɫɟɥɶɧɿ ɪɟɡɭɥɶɬɚɬɢ 

ɨɞɟɪɠɚɧɨ ɩɪɢ ɡɧɚɱɟɧɧɿ ɤɨɟɮɿɰɿɽɧɬɚ  Пɭɚɫɫɨɧɚ 31 Q . 
 

 
   

Рисунок 1. Епɸри розподɿлɭ вɿдносниɯ окрɭжниɯ напрɭженɶ 
 
 

Нɚ ɪɢɫ. 1ɚ ɧɚɜɟɞɟɧɨ ɟɩɸɪɢ ɪɨɡɩɨɞɿɥɭ ɜɿɞɧɨɫɧɨɝɨ ɨɤɪɭɠɧɨɝɨ 
ɧɚɩɪɭɠɟɧɧɹ PTTV  ɞɥɹ ɟɥɿɩɬɢɱɧɨɝɨ ɨɬɜɨɪɭ ( ,cos11 M[ R  

M[ sin22 R , SM 20 dd ) ɜɩɪɨɞɨɜɠ ɤɨɨɪɞɢɧɚɬɢ ɡɚ ɬɨɜɳɢɧɨɸ ɜ ɬɨɱɰɿ 

0 M  ɭ ɜɢɩɚɞɤɭ 41  Rh � �11  R . Кɪɢɜɿ 1;2;3;4 ɧɚɜɟɞɟɧɨ ɞɥɹ    

2R = 0.7;0.5;0.3;0.1 ɜɿɞɩɨɜɿɞɧɨ,  
Нɚ ɪɢɫ. 1ɛ ɧɚɜɟɞɟɧɨ ɟɩɸɪɢ ɪɨɡɩɨɞɿɥɭ ɜɿɞɧɨɫɧɨɝɨ ɨɤɪɭɠɧɨɝɨ 

ɧɚɩɪɭɠɟɧɧɹ PzzV ɜɩɪɨɞɨɜɠ ɤɨɧɬɭɪɭ ɟɥɿɩɬɢɱɧɨɝɨ ɨɬɜɨɪɭ 

SM 20 dd  ɜ ɩɥɨɳɢɧɿ 0/3  hx  ɭ ɜɢɩɚɞɤɭ � �11  R  ɩɪɢ 41  Rh  
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ɜɿɞɩɨɜɿɞɧɨ. Кɪɢɜɿ 1;2;3 ɬɚɤɨɠ ɧɚɜɟɞɟɧɨ ɩɪɢ 2R = 0.3; 0.5; 0.7 
ɜɿɞɩɨɜɿɞɧɨ. Зɚ ɪɟɡɭɥɶɬɚɬɚɦɢ ɱɢɫɟɥɶɧɨɝɨ ɞɨɫɥɿɞɠɟɧɧɹ ɦɨɠɧɚ 
ɫɬɜɟɪɞɠɭɜɚɬɢ, ɳɨ ɩɪɢ ɡɛɿɥɶɲɟɧɧɿ ɬɨɜɳɢɧɢ ɲɚɪɭ, ɚ ɬɚɤɨɠ  ɡɿ 
ɡɦɟɧɲɟɧɧɹɦ 2R  ɫɩɨɫɬɟɪɿɝɚɽɬɶɫɹ ɡɪɨɫɬɚɧɧɹ ɜɿɞɧɨɫɧɨɝɨ ɨɤɪɭɠɧɨɝɨ 
ɧɚɩɪɭɠɟɧɧɹ.  
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Abstract. The result of the developed method is presented in the form of 
examples of the operation of exponentiating numbers represented in the modular 
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number system. An analysis of the solution of examples showed the practical value of 
the developed method. 

Keywords: modular number system 
 
Анотаɰɿɹ. Резɭлɶтат розробленого методɭ представлено ɭ виглɹдɿ 

прикладɿв операɰɿʀ з пɿднесеннɹм до степенɹ ɱисел, представлениɯ ɭ модɭлɶнɿй 
системɿ ɱисленнɹ. Аналɿз розв’ɹзкɭ прикладɿв показав практиɱнɭ ɰɿннɿстɶ 
розробленого методɭ. 

Клɸɱовɿ слова: модɭлɶна система ɱисленнɹ 
 

Research in the field of the application of the non-positional number 
system (NPNS), to which the modular number system (MNS) belongs, 
shows that its practical use in the CS allows to significantly increase the 
productivity of the realization of arithmetic operations.  

It should be noted that there is a class of problems and algorithms where 
in addition to performing an integer arithmetic operations (addition, 
subtraction, multiplication), there is a need to implement the operation of 
exponentiating numbers in all numeric domain.  

Thus, the operation of exponentiating integers modulo is one of the key 
elements of many cryptographic algorithms and has many practical 
applications in computer science and other fields.  

At the moment, many modern programming languages do not have tools 
(operators) that can implement the operation of exponentiating numbers, it is 
especially difficult to implement this operation for negative numbers [1].  

So, research is aimed at developing a method for exponentiating 
numbers modulo MNS are relevant and important.  

However, practical methods cannot be used to perform the 
exponentiating operation in the negative numeric domain [2], this is mainly 
due to the fact that there is no simple mathematical model for the process of 
exponentiating integers of a natural number in the MNS, both in positive 
and negative numeric domains.  

Therefore, the main purpose of the research to develop an effective 
system of mathematical ratios (SMR) of the process of exponentiating 
numbers in the MNS in all numeric domain.  

To implement the process of performing the operation of exponentiating 
numbers by an arbitrary modulo MNS in all numeric domain, it is supposed 
to represent the original number  
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As a mathematical model of the process the process of exponentiating 
numbers to an arbitrary degree r of a natural number in the MNS, it is 
advisable to consider the mathematical ratio: 
 

                                       ( ) ( )r r
MNS MNSC Co o                                  (3) 

 
 

Mathematical ratio (3) is a generalized SMR process of exponentiating 
numbers modulo MNS.  

Based on the developed SMR (3) and using the tabular realization of the 
modular multiplication operation, the research improves the method of 
exponentiating numbers modulo MNS in all numeric domain.  

The development of the method was carried out by applying a special 
coding of numbers in the MS using the tabular principle of data processing.  

The result of the developed method is presented in the form of examples 
of the operation of exponentiating numbers represented in the MNS.  

An analysis of the solution of examples showed the practical value of the 
developed method. 
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Анотаɰɿɹ. Запропоновано вирɿɲеннɹ актɭалɶноʀ проблеми ɭправлɿннɹ 
ɮɿнансовими потоками ɭ галɭзɿ внɭтрɿɲнɶого тɭризмɭ в ɭмоваɯ дɿʀ множинниɯ 
ɱинникɿв невизнаɱеностɿ отоɱɭɸɱого середовиɳа пɿд ɱас воɽнного станɭ з 
застосɭваннɹм теорɿʀ симетрɿʀ. 

Клɸɱовɿ слова: теорɿɹ симетрɿʀ, алгоритмɿ Форда-Фалкерсона, ɮактори 
зовнɿɲнɶого середовиɳа 

 

Abstract. A solution to the current problem of managing financial flows in the 
field of domestic tourism under the influence of multiple factors of uncertainty of the 
surrounding environment during martial law using the theory of symmetry is 
proposed.  

Keywords: theory of symmetry, Ford-Falkerson algorithms, environmental 
factors. 
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В ɭɦɨɜɚɯ ɫɤɥɚɞɧɨʀ ɫɢɬɭɚɰɿʀ, ɜɢɤɥɢɤɚɧɨʀ ɧɟɫɬɚɛɿɥɶɧɢɦɢ ɮɚɤɬɨɪɚɦɢ 
ɜɧɭɬɪɿɲɧɶɨɝɨ ɫɟɪɟɞɨɜɢɳɚ, ɩɨɜ’ɹɡɚɧɨɝɨ ɡ ɜɿɣɧɨɸ Рɨɫɿʀ ɡ Уɤɪɚʀɧɨɸ, 
ɜɜɟɞɟɧɧɹɦ ɜɨɽɧɧɨɝɨ ɫɬɚɧɭ, ɳɨ ɩɟɪɟɞɛɚɱɚɽ ɩɟɜɧɿ ɡɚɛɨɪɨɧɢ ɿ ɨɛɦɟɠɟɧɧɹ, 
ɬɭɪɢɫɬɢɱɧɚ ɝɚɥɭɡɶ ɨɩɢɧɢɥɚɫɹ ɭ ɧɚɞɫɤɪɭɬɧɨɦɭ ɫɬɚɧɨɜɢɳɿ. 
Пɪɨɝɧɨɡɭɜɚɧɧɹ ɫɢɬɭɚɰɿʀ ɧɚɜɿɬɶ ɭ ɤɨɪɨɬɤɨɫɬɪɨɤɨɜɿɣ ɩɟɪɫɩɟɤɬɢɜɿ ɫɬɚɽ 
ɧɟɦɨɠɥɢɜɢɦ. Пɪɨɬɟ ɬɭɪɢɫɬɢɱɧɚ ɝɚɥɭɡɶ ɩɪɨɞɨɜɠɭɽ ɪɨɡɜɢɜɚɬɢɫɹ. Оɰɿɧɤɚ 
ɩɪɹɦɢɯ ɿ ɧɟɩɪɹɦɢɯ ɜɬɪɚɬ ɿ ɩɨɬɪɟɛɢ ɜɿɞɧɨɜɥɟɧɧɹ ɭɤɪɚʀɧɫɶɤɨʀ ɟɤɨɧɨɦɿɤɢ 
(ɜ ɫɮɟɪɿ ɤɭɥɶɬɭɪɢ, ɬɭɪɢɡɦɭ ɬɚ ɫɩɨɪɬɭ), ɭ ɝɪɨɲɨɜɨɦɭ ɟɤɜɿɜɚɥɟɧɬɿ 
ɫɬɚɧɨɜɢɬɶ 0.7 ɦɥɪɞ ɞɨɥɚɪɿɜ СɒА ɩɪɹɦɢɯ ɜɬɪɚɬ, 4.3 ɦɿɥɪɞ – ɡɚɝɚɥɶɧɿ 
ɜɬɪɚɬɢ, ɬɚ 1.6 ɦɥɪɞ ɤɨɲɬɿɜ ɫɬɚɧɨɦ ɧɚ ɦɨɦɟɧɬ 13 ɱɟɪɜɧɹ 2022 ɪɨɤɭ [1]. 

Вɧɭɬɪɿɲɧɿ ɡɜ'ɹɡɤɢ ɦɿɠ ɬɭɪɢɫɬɢɱɧɢɦɢ ɩɨɫɥɭɝɚɦɢ ɭ ɫɬɪɭɤɬɭɪɿ 
ɬɭɪɢɫɬɢɱɧɨɝɨ ɩɪɨɞɭɤɬɭ ɩɪɨɹɜɥɹɸɬɶɫɹ ɜ ʀɯ ɫɢɦɟɬɪɿʀ ɩɿɞ ɱɚɫ ɪɟɚɥɿɡɚɰɿʀ 
ɬɭɪɢɫɬɢɱɧɢɯ ɩɨɫɥɭɝ. Пɨɜɟɞɿɧɤɚ ɜɢɯɿɞɧɢɣ ɡɦɿɧɧɨʀ, ɳɨ ɜɿɞɨɛɪɚɠɚɽ 
ɮɿɧɚɧɫɨɜɿ ɩɨɬɨɤɢ ɜɧɭɬɪɿɲɧɶɨɝɨ ɬɭɪɢɡɦɭ, ɞɟɬɟɪɦɿɧɨɜɚɧɚ ɤɨɦɩɥɟɤɫɨɦ 
ɩɪɢɱɢɧɧɨ-ɧɚɫɥɿɞɤɨɜɢɯ ɜɡɚɽɦɨɡɜ'ɹɡɤɿɜ ɦɿɠ ɧɟɡɚɥɟɠɧɢɦɢ ɮɚɤɬɨɪɚɦɢ ɬɚ 
ɡɚɥɟɠɧɨɸ ɡɦɿɧɧɨɸ. Вɨɧɚ ɩɨɤɥɢɤɚɧɚ ɜɢɞɿɥɢɬɢ ɧɚɣɛɿɥɶɲ ɚɥɶɬɟɪɧɚɬɢɜɧɿ 
ɲɥɹɯɢ ɪɨɡɜɢɬɤɭ ɡ ɪɿɡɧɢɯ ɫɬɚɧɿɜ. ɐɹ ɨɫɨɛɥɢɜɿɫɬɶ ɩɪɨɝɧɨɡɭɜɚɧɧɹ 
ɜɢɤɨɪɢɫɬɚɧɚ ɩɪɢ ɪɨɡɪɨɛɰɿ ɦɟɬɨɞɨɥɨɝɿʀ ɭɩɪɚɜɥɿɧɧɹ ɡɛɟɪɟɠɟɧɧɹɦ 
ɮɿɧɚɧɫɨɜɢɯ ɩɨɬɨɤɿɜ ɬɭɪɢɡɦɭ ɡɚ ɭɦɨɜ ɨɛɦɟɠɟɧɶ ɧɚ ɪɟɚɥɿɡɚɰɿɸ ɩɨɫɥɭɝ. 

Мɟɬɨɸ ɪɨɛɨɬɢ ɽ ɩɨɜ'ɹɡɚɧɧɹ ɱɨɬɢɪɶɨɯ ɧɚɭɤɨɜɢɯ ɪɟɡɭɥɶɬɚɬɿɜ: ɫɢɦɟɬɪɿʀ 
ɫɩɨɠɢɜɚɧɧɹ ɩɨɫɥɭɝ, ɤɚɭɡɚɥɶɧɨɝɨ ɩɪɨɝɧɨɡɭɜɚɧɧɹ, ɡɚɫɧɨɜɚɧɨɝɨ ɧɚ 
ɜɫɬɚɧɨɜɥɟɧɧɿ ɩɪɢɱɢɧɧɨ-ɧɚɫɥɿɞɤɨɜɢɯ ɡɜ'ɹɡɤɿɜ, ɦɚɤɫɢɦɿɡɚɰɿʀ ɮɿɧɚɧɫɨɜɢɯ 
ɩɨɬɨɤɿɜ ɜɧɭɬɪɿɲɧɶɨɝɨ ɬɭɪɢɡɦɭ, ɡɚɫɧɨɜɚɧɨʀ ɧɚ ɬɟɨɪɿʀ ɝɪɚɮɿɜ ɬɚ ɚɥɝɨɪɢɬɦɿ 
Фɨɪɞɚ-Фɚɥɤɟɪɫɨɧɚ, ɚ ɬɚɤɨɠ ɟɤɨɧɨɦɿɱɧɢɯ ɚɫɩɟɤɬɿɜ ɮɨɪɦɭɜɚɧɧɹ ɩɨɫɥɭɝ. 

Рɨɡɝɥɹɧɭɬɨ ɧɢɡɤɭ ɧɨɜɢɯ ɦɚɬɟɦɚɬɢɱɧɢɯ ɦɨɞɟɥɟɣ, ɦɟɬɨɞɢɱɧɢɯ 
ɩɿɞɯɨɞɿɜ, ɩɪɨɩɨɡɢɰɿɣ ɬɚ ɪɟɤɨɦɟɧɞɚɰɿɣ, ɩɪɢɫɜɹɱɟɧɢɯ ɪɨɡɜɢɬɤɭ ɬɚ 
ɭɩɪɚɜɥɿɧɧɸ ɬɭɪɢɡɦɨɦ ɭ ɤɨɪɨɬɤɨɫɬɪɨɤɨɜɿɣ ɩɟɪɫɩɟɤɬɢɜɿ [2], ɤɚɭɡɚɥɶɧɨɝɨ 
ɩɪɨɝɧɨɡɭɜɚɧɧɹ [3]. В ɨɫɧɨɜɭ ɜɢɤɨɪɢɫɬɚɧɧɹ ɫɢɦɟɬɪɿʀ ɞɥɹ ɜɢɪɿɲɟɧɧɹ 
ɡɚɜɞɚɧɶ ɦɚɤɫɢɦɿɡɚɰɿʀ ɮɿɧɚɧɫɨɜɢɯ ɩɨɬɨɤɿɜ ɩɪɢ ɪɟɚɥɿɡɚɰɿʀ ɬɭɪɢɫɬɢɱɧɢɯ 
ɩɨɫɥɭɝ ɩɨɤɥɚɞɟɧɚ ɨɫɧɨɜɧɚ ɜɥɚɫɬɢɜɿɫɬɶ ɬɟɨɪɿʀ ɫɢɦɟɬɪɿʀ, ɚ ɫɚɦɟ ɬɟ, ɳɨ 
ɞɟɹɤɿ ɩɪɨɫɬɨɪɨɜɿ ɮɿɝɭɪɢ ɦɨɠɭɬɶ ɛɭɬɢ ɨɬɪɢɦɚɧɿ ɲɥɹɯɨɦ ɜɟɥɢɤɨʀ 
ɤɿɥɶɤɨɫɬɿ ɩɨɜɨɪɨɬɿɜ ɧɚɜɤɨɥɨ ɨɫɿ. Дɥɹ ɜɢɡɧɚɱɟɧɧɹ ɫɢɦɟɬɪɢɱɧɢɯ ɡɦɿɧ 
ɟɥɟɦɟɧɬɿɜ ɿɧɜɚɪɿɚɧɬɧɢɯ ɜɡɚɽɦɨɞɿɣ ɩɨɬɪɿɛɧɨ ɜɢɞɿɥɢɬɢ ɧɟɪɭɯɨɦɢɣ 
ɟɥɟɦɟɧɬ – ɨɫɧɨɜɧɭ ɬɭɪɢɫɬɢɱɧɭ ɩɨɫɥɭɝɭ. В ɚɥɝɨɪɢɬɦɿ Фɨɪɞɚ-
Фɚɥɤɟɪɫɨɧɚ ɦɟɪɟɠɚ ɪɨɡɝɥɹɞɚɽɬɶɫɹ ɹɤ ɩɨɜ’ɹɡɚɧɢɣ ɨɪɝɪɚɮ, ɨɪɿɽɧɬɨɜɚɧɢɣ 
ɜ ɨɞɧɨɦɭ ɧɚɩɪɹɦɤɭ ɜɿɞ ɜɢɬɨɤɭ ɞɨ ɫɬɨɤɭ. Вɢɯɿɞɧɢɦ ɫɬɚɧɨɦ ɦɚɤɫɢɦɿɡɚɰɿʀ 
ɮɿɧɚɧɫɨɜɢɯ ɩɨɬɨɤɿɜ ɬɭɪɢɡɦɭ ɽ ɝɪɚɮ G(V,E) ɡ ɩɪɨɩɭɫɤɧɨɸ ɡɞɚɬɧɿɫɬɸ 
G(u,ν) ɬɚ ɩɨɬɨɤɨɦ f(u,ν) = 0 ɞɥɹ ɪɟɛɟɪ ɡ u ɢ ν. Рɨɛɨɬɚ ɞɨɡɜɨɥɢɥɚ 
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ɡɚɩɪɨɩɨɧɭɜɚɬɢ ɩɪɚɤɬɢɱɧɿ ɪɟɤɨɦɟɧɞɚɰɿʀ ɡɿ ɡɛɟɪɟɠɟɧɧɹ ɮɿɧɚɧɫɨɜɢɯ 
ɩɨɬɨɤɿɜ, ɡɦɨɞɟɥɸɜɚɬɢ ɫɬɪɭɤɬɭɪɭ ɿ ɭɦɨɜɢ ɪɟɚɥɿɡɚɰɿʀ ɬɭɪɢɫɬɢɱɧɨɝɨ 
ɩɪɨɞɭɤɬɭ, ɚ ɬɚɤɨɠ ɪɨɡɪɨɛɢɬɢ ɚɥɝɨɪɢɬɦ ɦɨɠɥɢɜɨɝɨ ɩɟɪɟɯɨɞɭ ɡ ɨɞɧɿɽʀ 
ɬɭɪɢɫɬɢɱɧɨʀ ɩɨɫɥɭɝɢ ɧɚ ɿɧɲɭ ɩɿɞ ɱɚɫ ɡɦɿɧ ɫɟɪɟɞɨɜɢɳɚ. 
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Abstract. The calculations carried out in the work for real flight data confirmed 
the hypothesis about the possibility of combining arrays with a small volume into a 
single one for different flights of the same pilot. 

Keywords: array with a small volume 
 

Зɚɛɟɡɩɟɱɟɧɧɹ ɛɟɡɩɟɤɢ ɩɨɥɶɨɬɿɜ ɩɨɜɿɬɪɹɧɢɯ ɫɭɞɟɧ (ПС) ɽ ɤɥɸɱɨɜɢɦ 
ɡɚɜɞɚɧɧɹ ɭ ɰɢɜɿɥɶɧɿɣ ɚɜɿɚɰɿʀ. Бɟɡɩɟɤɚ ɩɨɥɶɨɬɿɜ ɡɚɥɟɠɢɬɶ ɛɚɝɚɬɶɨɯ 
ɱɢɧɧɢɤɿɜ, ɡɨɤɪɟɦɚ: ɜɿɞ ɬɟɯɧɿɱɧɨɝɨ ɫɬɚɧɭ ПС; ɩɨɝɨɞɧɢɯ ɬɚ ɿɧɲɢɯ 
ɡɨɜɧɿɲɧɿɯ ɭɦɨɜ; ɩɨɦɢɥɨɤ ɩɿɥɨɬɚ ɩɿɞ ɱɚɫ ɩɿɥɨɬɭɜɚɧɧɹ; ɩɨɦɢɥɨɤ 
ɿɧɠɟɧɟɪɧɨʀ ɚɜɿɚɰɿɣɧɨʀ ɫɥɭɠɛɢ ɩɿɞ ɱɚɫ ɡɞɿɣɫɧɟɧɧɹ ɬɟɯɧɿɱɧɨɝɨ 
ɨɛɫɥɭɝɨɜɭɜɚɧɧɹ ɬɚ ɪɟɦɨɧɬɭ ПС ɬɨɳɨ. Кɨɠɟɧ ɡ ɧɚɜɟɞɟɧɢɯ ɮɚɤɬɨɪɿɜ 
ɧɨɫɢɬɶ ɫɬɨɯɚɫɬɢɱɧɢɣ ɯɚɪɚɤɬɟɪ ɿ ɦɨɠɟ ɜɢɧɢɤɧɭɬɢ ɜ ɞɨɜɿɥɶɧɢɣ ɦɨɦɟɧɬ 
ɱɚɫɭ ɩɿɞ ɱɚɫ ɩɨɥɶɨɬɭ. З ɦɟɬɨɸ ɡɦɟɧɲɟɧɧɹ ɧɟɝɚɬɢɜɧɨɝɨ ɜɩɥɢɜɭ ɰɢɯ 
ɮɚɤɬɨɪɿɜ ɧɟɨɛɯɿɞɧɨ ɡɞɿɣɫɧɸɜɚɬɢ ɤɨɦɩɥɟɤɫ ɫɩɟɰɿɚɥɶɧɢɯ ɡɚɯɨɞɿɜ. 

 Сɶɨɝɨɞɧɿ ɨɫɨɛɥɢɜɚ ɭɜɚɝɚ ɩɪɢɞɿɥɹɽɬɶɫɹ ɩɢɬɚɧɧɹɦ, ɩɨɜ’ɹɡɚɧɢɦ ɿɡ 
ɜɩɥɢɜɨɦ ɥɸɞɫɶɤɨɝɨ ɱɢɧɧɢɤɚ ɧɚ ɛɟɡɩɟɤɭ ɩɨɥɶɨɬɿɜ ПС [1]. Зɝɿɞɧɨ ɡɿ 
ɫɬɚɬɢɫɬɢɱɧɢɦɢ ɞɚɧɢɦɢ, ɰɟ ɡɭɦɨɜɥɟɧɨ ɬɢɦ, ɳɨ ɛɿɥɶɲɿɫɬɶ ɩɨɞɿɣ, ɹɤɿ ɽ 
ɩɟɪɟɞɭɦɨɜɚɦɢ ɞɨ ɚɜɿɚɤɚɬɚɫɬɪɨɮ, ɜɿɞɛɭɜɚɸɬɶɫɹ ɡ ɜɢɧɢ ɥɸɞɢɧɢ. Вɿɞɨɦɨ, 
ɳɨ ɩɨɥɶɨɬɧɢɣ ɩɨɱɟɪɤ ɩɿɥɨɬɚ ɽ ɬɟɯɧɿɤɨɸ ɩɿɥɨɬɭɜɚɧɧɹ ПС, ɞɥɹ ɹɤɨʀ 
ɯɚɪɚɤɬɟɪɧɿ ɿɧɞɢɜɿɞɭɚɥɶɧɿ ɨɫɨɛɥɢɜɨɫɬɿ ɥɸɞɢɧɢ. Зɚɡɜɢɱɚɣ ɩɨɥɶɨɬɧɢɣ 
ɩɨɱɟɪɤ ɩɿɥɨɬɚ ɮɨɪɦɭɽɬɶɫɹ ɩɪɢ ɡɞɨɛɭɬɬɿ ɧɢɦ ɩɟɜɧɨɝɨ ɞɨɫɜɿɞɭ 
ɩɿɥɨɬɭɜɚɧɧɹ ɬɚ ɽ ɭɧɿɤɚɥɶɧɢɦ ɿ ɯɚɪɚɤɬɟɪɧɢɣ ɬɿɥɶɤɢ ɞɥɹ ɤɨɧɤɪɟɬɧɨɝɨ 
ɩɿɥɨɬɚ. Оɫɧɨɜɧɨɸ ɩɪɨɛɥɟɦɨɸ ɩɿɞ ɱɚɫ ɩɨɛɭɞɨɜɢ ɦɚɬɟɦɚɬɢɱɧɨʀ ɦɨɞɟɥɿ 
ɥɶɨɬɧɨɝɨ ɩɨɱɟɪɤɭ ɩɿɥɨɬɚ ɽ ɦɚɥɿ ɨɛɫɹɝɢ ɜɢɦɿɪɹɧɢɯ ɞɚɧɢɯ ɭ ɩɪɨɰɟɫɿ 
ɜɢɤɨɧɚɧɧɹ ɤɨɧɤɪɟɬɧɨɝɨ ɩɨɥɶɨɬɭ. Тɨɦɭ ɜ ɰɶɨɦɭ ɞɨɫɥɿɞɠɟɧɧɿ ɨɫɧɨɜɧɚ 
ɭɜɚɝɚ ɩɪɢɞɿɥɹɽɬɶɫɹ ɩɟɪɟɜɿɪɰɿ ɦɨɠɥɢɜɨɫɬɿ ɨɛ’ɽɞɧɚɧɧɹ ɜɢɛɿɪɨɤ ɡɚ 
ɞɟɤɿɥɶɤɨɦɚ ɩɨɥɶɨɬɚɦɢ ɞɥɹ ɜɢɩɚɞɤɭ ɫɬɚɥɢɯ ɫɬɪɟɫɨɜɢɯ ɫɢɬɭɚɰɿɣ. 
Рɨɡɲɢɮɪɨɜɚɧɿ ɞɚɧɿ ɩɨɥɶɨɬɧɨʀ ɿɧɮɨɪɦɚɰɿʀ ПС Бɨʀɧɝ-737-500 ɛɭɥɢ 
ɨɬɪɢɦɚɧɿ ɜ ɚɜɿɚɤɨɦɩɚɧɿʀ. Пɪɢ ɰɶɨɦɭ ɛɭɥɢ ɜɢɤɨɪɢɫɬɚɧɿ ɞɿɥɹɧɤɢ ɪɟɚɥɶɧɢɯ 
ɩɨɥɶɨɬɿɜ ɩɿɫɥɹ ɜɯɨɞɭ ɜ ɝɥɿɫɚɞɭ ɞɨ ɩɪɢɡɟɦɥɟɧɧɹ. Зɚɯɿɞ ɧɚ ɩɨɫɚɞɤɭ 
ɜɿɞɛɭɜɚɜɫɹ ɭ ɪɿɡɧɢɯ ɚɟɪɨɩɨɪɬɚɯ, ɬɨɦɭ ɞɨɜɠɢɧɚ ɝɥɿɫɚɞɢ ɿ ɜɿɞɩɨɜɿɞɧɨ 
ɤɿɥɶɤɿɫɬɶ ɞɚɧɢɯ ɪɿɡɧɹɬɶɫɹ. Дɥɹ ɚɧɚɥɿɡɭ ɞɚɧɢɯ ɩɨɥɶɨɬɧɨʀ ɿɧɮɨɪɦɚɰɿʀ ɛɭɥɨ 
ɨɛɪɚɧɨ ɚɦɩɥɿɬɭɞɢ ɬɚɧɝɚɠɭ. Оɫɤɿɥɶɤɢ ɭɤɨɪɨɱɟɧɚ ɝɥɿɫɚɞɚ ɧɟɝɚɬɢɜɧɨ 
ɜɩɥɢɜɚɽ ɧɚ ɩɫɢɯɨɮɿɡɿɨɥɨɝɿɱɧɭ ɧɚɩɪɭɠɟɧɿɫɬɶ ɩɿɥɨɬɿɜ [2], ɞɨɰɿɥɶɧɨ 
ɜɢɡɧɚɱɢɬɢ ɡɛɟɪɿɝɚɽɬɶɫɹ ɱɢ ɧɿ ɩɨɥɶɨɬɧɢɣ ɩɨɱɟɪɤ ɩɿɥɨɬɚ ɜ ɪɿɡɧɢɯ ɭɦɨɜɚɯ 
ɩɨɥɶɨɬɭ. Дɥɹ ɜɢɪɿɲɟɧɧɹ ɰɿɽʀ ɩɪɨɛɥɟɦɢ ɡɚɫɬɨɫɨɜɚɧɨ ɦɟɬɨɞ ɧɚ ɨɫɧɨɜɿ 
ɤɪɢɬɟɪɿɸ Кɪɚɫɤɟɥɚ-Уɨɥɥɿɫɚ, ɹɤɢɣ ɽ ɧɟɩɚɪɚɦɟɬɪɢɱɧɢɦ ɚɧɚɥɨɝɨɦ 
ɨɞɧɨɮɚɤɬɨɪɧɨɝɨ ɞɢɫɩɟɪɫɿɣɧɨɝɨ ɚɧɚɥɿɡɭ. Кɪɢɬɟɪɿɣ Кɪɚɫɤɟɥɚ-Уɨɥɥɿɫɚ 
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ɛɭɜ ɡɚɫɬɨɫɨɜɚɧɢɣ ɞɥɹ ɪɟɚɥɶɧɢɯ ɞɚɧɢɯ, ɨɬɪɢɦɚɧɢɯ ɩɪɨɬɹɝɨɦ ɱɨɬɢɪɶɨɯ 
ɩɨɥɶɨɬɿɜ ПС ɡ ɨɞɧɢɦ ɿ ɬɢɦ ɠɟ ɩɿɥɨɬɨɦ ɭ ɬɚɤɿɣ ɩɨɫɥɿɞɨɜɧɨɫɬɿ: 

1. Оɛ’ɽɞɧɚɧɧɹ ɧɚɹɜɧɢɯ ɧɚɛɨɪɿɜ ɞɚɧɢɯ ɜ ɽɞɢɧɭ ɜɢɛɿɪɤɭ. Дɥɹ ɰɿɽʀ 
ɜɢɛɿɪɤɢ ɜɢɤɨɧɭɸɬɶ ɩɟɪɟɬɜɨɪɟɧɧɹ ɱɢɫɥɨɜɢɯ ɞɚɧɢɯ ɭ ʀɯɧɿɣ ɧɨɦɟɪ ɭ 
ɜɿɞɩɨɜɿɞɧɿɣ ɩɨɪɹɞɤɨɜɿɣ ɫɬɚɬɢɫɬɢɰɿ. Тɨɛɬɨ ɞɥɹ ɤɨɠɧɨɝɨ ɡɧɚɱɟɧɧɹ 
ɞɚɬɚɫɟɬɭ ɧɟɨɛɯɿɞɧɨ ɡɧɚɣɬɢ ɣɨɝɨ ɪɚɧɝ, ɹɤɢɣ ɩɨɡɧɚɱɢɦɨ ɮɭɧɤɰɿɽɸ )(iR , 

ɞɟ ];1[ Ni�  – ɧɨɦɟɪ ɜɿɞɥɿɤɭ ɭ ɜɢɛɿɪɰɿ ɨɛɫɹɝɨɦ N . Пɪɢ ɰɶɨɦɭ ɜɢɛɿɪɤɢ 
ɦɨɠɭɬɶ ɦɿɫɬɢɬɢ ɨɞɧɚɤɨɜɿ ɡɧɚɱɟɧɧɹ, ɬɨɞɿ ɪɚɧɝɢ ɦɨɠɭɬɶ ɧɟ ɞɨɪɿɜɧɸɜɚɬɢ 
ɰɿɥɢɦ ɱɢɫɥɚɦ. У ɜɢɩɚɞɤɭ ɤɪɚɬɧɨɫɬɿ ɩɨɜɬɨɪɟɧɧɹ ɜɢɛɿɪɤɨɜɨɝɨ ɡɧɚɱɟɧɧɹ 
ɧɟɨɛɯɿɞɧɨ ɡɚɦɿɧɢɬɢ ɜɿɞɩɨɜɿɞɧɿ ɪɚɧɝɢ ɫɤɨɪɟɝɨɜɚɧɢɦɢ ɫɟɪɟɞɧɿɦɢ 
ɡɧɚɱɟɧɧɹɦɢ ɰɢɯ ɪɚɧɝɿɜ. 

2. Вɢɡɧɚɱɟɧɧɹ ɫɭɦɚɪɧɢɯ ɪɚɧɝɿɜ ɡɚ ɤɨɠɧɨɸ ɜɢɛɿɪɤɨɸ ɨɤɪɟɦɨ, ɚ ɫɚɦɟ 
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ɞɟ p  – ɤɿɥɶɤɿɫɬɶ ɩɨɜɬɨɪɸɜɚɧɢɯ ɡɧɚɱɟɧɶ ɭ ɜɢɛɿɪɰɿ, ut  – ɤɿɥɶɤɿɫɬɶ 
ɨɞɧɚɤɨɜɢɯ ɪɚɧɝɿɜ ɭ u -ɿɣ ɝɪɭɩɿ ɩɨɜɬɨɪɟɧɧɹ. 

4. Вɢɡɧɚɱɟɧɧɹ ɩɨɪɨɝɭ ɩɪɢɣɧɹɬɬɹ ɪɿɲɟɧɧɹ ɬɚ ɩɨɪɿɜɧɹɧɧɹ ɡ ɧɢɦ 
ɪɨɡɪɚɯɨɜɚɧɨɝɨ ɡɧɚɱɟɧɧɹ h  ɫɬɚɬɢɫɬɢɤɢ. əɤɳɨ ɡɧɚɱɟɧɧɹ h  ɫɬɚɬɢɫɬɢɤɢ 
ɦɟɧɲɟ ɩɨɪɨɝɨɜɨɝɨ, ɩɪɢɣɦɚɽɬɶɫɹ ɪɿɲɟɧɧɹ ɩɪɨ ɨɞɧɨɪɿɞɧɿɫɬɶ ɞɚɧɢɯ ɬɚ 
ɨɛ’ɽɞɧɚɧɧɹ ɡɚɡɧɚɱɟɧɢɯ ɜɢɛɿɪɨɤ ɭ ɨɞɧɭ ɽ ɨɛʉɪɭɧɬɨɜɚɧɢɦ. 

Пɪɨɜɟɞɟɧɿ ɭ ɪɨɛɨɬɿ ɪɨɡɪɚɯɭɧɤɢ ɞɥɹ ɪɟɚɥɶɧɢɯ ɞɚɧɢɯ ɩɨɥɶɨɬɿɜ 
ɩɿɞɬɜɟɪɞɢɥɢ ɝɿɩɨɬɟɡɭ ɩɪɨ ɦɨɠɥɢɜɿɫɬɶ ɨɛ’ɽɞɧɚɧɧɹ ɦɚɫɢɜɿɜ ɡ ɦɚɥɢɦ 
ɨɛɫɹɝɨɦ ɭ ɽɞɢɧɢɣ ɞɥɹ ɪɿɡɧɢɯ ɩɨɥɶɨɬɿɜ ɨɞɧɨɝɨ ɿ ɬɨɝɨ ɫɚɦɨɝɨ ɩɿɥɨɬɚ. 
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ДɊɈБɈВɈ-ДИɎЕɊЕɇɐІАɅɖɇЕ ɆɈДЕɅɘВАɇɇə 
ɇЕІЗɈɌЕɊɆІɑɇɈГɈ ВɈɅɈГɈɉЕɊЕɇЕɋЕɇɇə З 

ВИɄɈɊИɋɌАɇɇəɆ БАГАɌɈɉɈɌɈɑɇɈЇ ɆɈДИɎІɄАɐІЇ 
АɅГɈɊИɌɆɍ TFQMR ɌА ɆЕɌɈДИɄИ ДИɇАɆІɑɇɈЇ ЗɆІɇИ 
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Ph.D. В. Бɨɝɚɽɧɤɨ 

Інститɭт кɿбернетики ɿм. В.М. Глɭɲкова НАН Украʀни, Украʀна,  
 

Abstract. We study the efficiency of using a multi-threaded implementation of 
the transpose-free quasi minimal residual iterative algorithm for solving linear 
systems that arise after the discretization of the initial-boundary value problems for 
the non-isothermal fractional-differential model of moisture transport in combination 
with the dynamic change of time step length based on the convergence 
characteristics of the transpose-free quasi minimal residual algorithm. 

Keywords: multithreaded implementation of the non-transposed quasi-minimal 
residual iterative algorithm 

 
Анотаɰɿɹ. Дослɿджено еɮективнɿстɶ використаннɹ багатопотоɱноʀ 

реалɿзаɰɿʀ безтранспонованого квазɿмɿнɿмалɶного залиɲкового ɿтераɰɿйного 
алгоритмɭ длɹ розв’ɹзɭваннɹ лɿнɿйниɯ систем, ɳо виникаɸтɶ пɿслɹ 
дискретизаɰɿʀ поɱатково-крайовиɯ задаɱ длɹ неɿзотермɿɱноʀ дробово-
диɮеренɰɿалɶноʀ моделɿ переносɭ вологи в поɽднаннɹ з динамɿɱноɸ змɿноɸ 
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довжини крокɭ в ɱасɿ на основɿ ɯарактеристик збɿжностɿ квазɿмɿнɿмалɶного 
залиɲкового алгоритмɭ без транспонɭваннɹ. 

Клɸɱовɿ слова: багатопотоɱнa реалɿзаɰɿɹ безтранспонованого 
квазɿмɿнɿмалɶного залиɲкового ɿтераɰɿйного алгоритмɭ 
 

Mathematical models of migration processes that take into account non-
local effects caused by media’s fractal properties often have an integro-
differential nature. Numerical methods for solving problems for such 
models have a higher order of computational complexity compared to the 
corresponding classical methods. Therefore, for their effective practical 
application, the usage of high-performance computational techniques, 
particularly for shared memory systems, is critical. In this regard, we study 
the efficiency of using a multi-threaded implementation of the TFQMR 
(transpose-free quasi minimal residual) [1] iterative algorithm for solving 
linear systems that arise after the discretization of the initial-boundary value 
problems for the non-isothermal fractional-differential model of moisture 
transport in combination with the dynamic change of time step length based 
on the convergence characteristics of the TFQMR algorithm. The 
considered model is as follows: 
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where xDD
 is the Caputo fractional derivative [2] with respect to the 

variable x  (derivative with respect to the variable z  is denoted and 

defined similarly), 

( , , )( , , ) = P x z th x z t
gU is the water head, 
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( , , ) = ( , , )H x z t h x z t z�  is the full moisture potential, ( , , )P x z t  is 
the suction pressure, U  is the water density, g  is the acceleration of 

gravity, 
( ) =C h

h
Tw
w  is the differential soil moisture content, ( , , )x z tT  is 

the volumetric soil moisture content , ( )xk H  , ( )zk H  are hydraulic 
conductivities in fractal dimension (we assume 

1( , ) = ( , )x xk H T k H TDV �
, 

1( , ) = ( , )z zk H T k H TDV �
, = = 2x zV V ), 

( , , )S x z t  is the source function, TC  is the volumetric heat capacity of 

soil, O  is the thermal conductivity coefficient, vc  is the volumetric heat 
capacity of pore fluid. The model is the non-isothermal modification of the 
model described in [3]. 

The considered computation procedure, similar to the used in [3], is 
aimed at increasing the simulation speed without explicit consideration of 
the features of problem being solved. The conducted studies showed that the 
consideration of the temperature field, which is described by an integer-
order differential model, leads to a decrease in the maximum acceleration of 
numerical scheme’s multi-threaded implementation. It also leads to 8-10-
times increase in simulation time due to the need to reduce time step length 
in accordance with different speeds of heat and mass transport processes. 

At the same time, the procedure for dynamical change of time step 
length allows performing adaptive solution of the problem without user 
intervention. Its application does not affect the order of accuracy of the 
numerical method used for the discretization of the initial-boundary 
problems, and together with the obtained estimates of multi-threaded 
algorithm’s performance, makes possible further development of a 
computationally efficient decision support system for modeling moisture 
transport under abnormal conditions. 
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Анотаɰɿɹ. У роботɿ проаналɿзовано основнɿ системи автоматизованого 
проектɭваннɹ одɹгɭ. Розглɹнɭто понɹттɹ систем автоматизованого 
проектɭваннɹ. Описано ɮɭнкɰɿоналɶнɿ можливостɿ ɿноземниɯ ɿ ɭкраʀнсɶкиɯ 
систем дизайнɭ одɹгɭ. 

Клɸɱовɿ слова: системи автоматизованого проектɭваннɹ, аналɿз тканин, 
тривимɿрне моделɸваннɹ, дизайн лекал, розробка матерɿалɿв. 

 
Abstract. In the paper the main computer-aided design systems for clothes are 

analyzed. The concept of computer-aided design systems is discussed. The functional 
features of foreign and Ukrainian clothes design systems are described. 

Keywords: computer-aided design systems, fabrics analysis, three-dimensional 
modelling, French curves design, materials creation. 
 

Вɫɬɭɩ. Сɢɫɬɟɦɢ ɚɜɬɨɦɚɬɢɡɨɜɚɧɨɝɨ ɩɪɨɟɤɬɭɜɚɧɧɹ (САПР) [1,2] 
ɜɢɤɨɪɢɫɬɨɜɭɸɬɶɫɹ ɞɥɹ ɚɜɬɨɦɚɬɢɡɚɰɿʀ ɩɪɨɰɟɫɿɜ ɩɪɨɟɤɬɭɜɚɧɧɹ 
ɩɪɨɦɢɫɥɨɜɢɯ ɜɢɪɨɛɿɜ.  

Дɨ ɝɚɥɭɡɟɣ ɡɚɫɬɨɫɭɜɚɧɧɹ САПР ɧɚɥɟɠɚɬɶ ɲɜɟɣɧɚ ɬɚ ɦɨɞɧɚ 
ɿɧɞɭɫɬɪɿʀ, ɭ ɹɤɢɯ ɡ ɪɨɡɜɢɬɤɨɦ ɬɟɯɧɨɥɨɝɿɣ ɜɢɧɢɤɥɢ ɩɨɬɪɟɛɢ 
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ɚɜɬɨɦɚɬɢɡɚɰɿʀ ɤɨɧɫɬɪɭɸɜɚɧɧɹ ɨɞɹɝɭ ɬɚ ɬɪɢɜɢɦɿɪɧɨʀ ɜɿɡɭɚɥɿɡɚɰɿʀ 
ɪɟɡɭɥɶɬɚɬɿɜ ɤɨɧɫɬɪɭɸɜɚɧɧɹ. 

Ɇɟɬɚ. Пɪɨɚɧɚɥɿɡɭɜɚɬɢ ɨɫɨɛɥɢɜɨɫɬɿ ɨɫɧɨɜɧɢɯ ɫɢɫɬɟɦ 
ɚɜɬɨɦɚɬɢɡɨɜɚɧɨɝɨ ɩɪɨɟɤɬɭɜɚɧɧɹ ɞɥɹ ɞɢɡɚɣɧɭ ɨɞɹɝɭ. 

Дɨ ɜɿɞɨɦɢɯ ɫɢɫɬɟɦ ɚɜɬɨɦɚɬɢɡɨɜɚɧɨɝɨ ɩɪɨɟɤɬɭɜɚɧɧɹ ɨɞɹɝɭ ɧɚɥɟɠɚɬɶ 
«Гɪɚɰɿɹ» ɬɚ ɤɨɦɩɥɟɤɫɢ ɩɪɨɝɪɚɦ ɤɨɦɩɚɧɿɣ Browzwear ɿ Tukatech.  

Дɨ ɡɚɫɨɛɿɜ ɩɪɨɟɤɬɭɜɚɧɧɹ ɨɞɹɝɭ, ɪɨɡɪɨɛɥɟɧɢɯ ɦɿɠɧɚɪɨɞɧɨɸ 
ɤɨɦɩɚɧɿɽɸ Browzwear [3], ɧɚɥɟɠɚɬɶ VStitcher, Lotta, Stylezone, Fabric 
Analyzer. VStitcher ɽ ɡɚɫɨɛɨɦ ɬɪɢɜɢɦɿɪɧɨɝɨ ɞɢɡɚɣɧɭ ɨɞɹɝɭ.  

У ɩɪɨɰɟɫɿ ɞɢɡɚɣɧɭ ɜɢɤɨɪɢɫɬɨɜɭɽɬɶɫɹ ɬɪɢɜɢɦɿɪɧɢɣ ɦɚɧɟɤɟɧ, 
ɩɚɪɚɦɟɬɪɢ ɹɤɨɝɨ ɧɚɥɚɲɬɨɜɭɸɬɶɫɹ.  

Пɿɞɬɪɢɦɭɸɬɶɫɹ ɩɿɞɛɿɪ ɮɨɬɨɪɟɚɥɿɫɬɢɱɧɢɯ ɦɚɬɟɪɿɚɥɿɜ ɿ ɬɟɤɫɬɭɪ ɨɞɹɝɭ, 
ɫɬɜɨɪɟɧɧɹ ɛɚɝɚɬɨɲɚɪɨɜɢɯ ɬɟɤɫɬɭɪ ɬɤɚɧɢɧ, ɧɚɥɚɲɬɭɜɚɧɧɹ ɤɨɥɶɨɪɨɜɢɯ 
ɝɚɦ, ɜɢɤɨɪɢɫɬɚɧɧɹ ɡɨɜɧɿɲɧɿɯ ɩɥɚɝɿɧɿɜ, ɛɿɛɥɿɨɬɟɤɢ ɪɟɫɭɪɫɿɜ ɿ “ɪɨɡɭɦɧɢɯ” 
ɲɚɛɥɨɧɿɜ (ɿɧɫɬɪɭɦɟɧɬ SmartDesign), ɮɨɪɦɭɜɚɧɧɹ ɤɚɪɬ ɧɚɩɪɭɠɟɧɨɫɬɿ 
ɬɤɚɧɢɧɢ, ɿɧɫɬɪɭɦɟɧɬɢ ɞɟɦɨɧɫɬɪɚɰɿɣɧɨɝɨ ɫɤɥɚɞɚɧɧɹ ɬɚ ɩɿɞɜɿɲɭɜɚɧɧɹ 
ɨɞɹɝɭ, ɫɢɧɯɪɨɧɿɡɚɰɿɹ ɡ ɪɢɫɭɧɤɚɦɢ Adobe Illustrator, ɚɜɬɨɪɫɶɤɢɣ ɡɚɯɢɫɬ 
ɪɨɡɪɨɛɤɢ. 

Пɪɨɝɪɚɦɧɢɣ ɡɚɫɿɛ Lotta ɜɢɤɨɪɢɫɬɨɜɭɽɬɶɫɹ ɞɥɹ ɫɬɢɥɿɡɚɰɿʀ ɛɥɨɤɿɜ 
(ɲɚɛɥɨɧɿɜ) ɨɞɹɝɭ ɡɚ ɞɨɩɨɦɨɝɨɸ ɩɿɞɛɨɪɭ ɤɨɥɶɨɪɿɜ, ɦɚɬɟɪɿɚɥɿɜ ɬɤɚɧɢɧ, 
ɬɟɤɫɬɭɪ.  

Зɨɛɪɚɠɟɧɧɹ ɞɟɬɚɥɟɣ ɨɞɹɝɭ ɮɨɪɦɭɸɬɶɫɹ ɧɚ ɨɫɧɨɜɿ ɬɪɚɫɭɜɚɧɧɹ 
ɩɪɨɦɟɧɿɜ. Stylezone ɽ ɯɦɚɪɧɨɸ ɩɥɚɬɮɨɪɦɨɸ ɞɥɹ ɞɟɦɨɧɫɬɪɚɰɿʀ ɬɚ 
ɩɪɨɞɚɠɭ ɦɨɞɟɥɟɣ ɨɞɹɝɭ.  

Fabric Analyzer ɽ ɡɚɫɨɛɨɦ ɚɧɚɥɿɡɭ ɮɿɡɢɱɧɢɯ ɜɥɚɫɬɢɜɨɫɬɟɣ ɬɤɚɧɢɧɢ 
(ɬɨɜɳɢɧɚ, ɟɥɚɫɬɢɱɧɿɫɬɶ).  

Іɧɮɨɪɦɚɰɿɹ ɡɱɢɬɭɽɬɶɫɹ ɡ ɬɤɚɧɢɧɢ ɫɩɟɰɿɚɥɶɧɢɦ ɩɪɢɫɬɪɨɽɦ. 
Пɪɨɚɧɚɥɿɡɨɜɚɧɿ ɜɥɚɫɬɢɜɨɫɬɿ ɬɤɚɧɢɧɢ ɜɢɤɨɪɢɫɬɨɜɭɸɬɶɫɹ ɞɥɹ ɩɨɛɭɞɨɜɢ ʀʀ 
ɬɪɢɜɢɦɿɪɧɨʀ ɦɨɞɟɥɿ.  

Вɿɡɭɚɥɿɡɨɜɚɧɿ ɬɤɚɧɢɧɢ ɡɚɫɬɨɫɨɜɭɸɬɶɫɹ ɩɪɢ ɦɨɞɟɥɸɜɚɧɧɿ ɨɞɹɝɭ ɬɚ 
ɦɨɠɭɬɶ ɛɭɬɢ ɧɚɤɥɚɞɟɧɿ ɧɚ ɜɿɪɬɭɚɥɶɧɢɣ ɦɚɧɟɤɟɧ.  

У ɩɪɨɞɭɤɰɿʀ Browzwear ɜɢɤɨɪɢɫɬɨɜɭɽɬɶɫɹ ɪɨɡɪɨɛɥɟɧɢɣ ɮɨɪɦɚɬ 
U3M, ɳɨ ɜɤɥɸɱɚɽ ɿɧɮɨɪɦɚɰɿɸ ɩɪɨ ɬɟɤɫɬɭɪɢ ɬɚ ɮɿɡɢɱɧɿ ɜɥɚɫɬɢɜɨɫɬɿ 
ɦɚɬɟɪɿɚɥɭ. 

Дɨ ɡɚɫɨɛɿɜ ɬɪɢɜɢɦɿɪɧɨɝɨ ɦɨɞɟɥɸɜɚɧɧɹ ɨɞɹɝɭ, ɪɨɡɪɨɛɥɟɧɢɯ 
ɚɦɟɪɢɤɚɧɫɶɤɨɸ ɤɨɦɩɚɧɿɽɸ Tukatech [4], ɧɚɥɟɠɚɬɶ TUKA3D, 
TUKAcloud, TUKA3D DE Visualizer, TUKAstudio.  



 
 
 

Materials of the ɏI International Scientific Conference  
«Information-Management Systems and Technologies»   

  21th – 23th September, 2023, Odessa 
 

 
  164 

Вɢɤɨɪɢɫɬɚɧɧɹ TUKA3D ɩɨɥɹɝɚɽ ɭ ɜɡɚɽɦɨɞɿʀ ɤɨɪɢɫɬɭɜɚɱɚ ɡ 
ɬɪɢɜɢɦɿɪɧɢɦ ɦɚɧɟɤɟɧɨɦ.  

Мɚɧɟɤɟɧɢ ɫɮɨɪɦɨɜɚɧɿ ɧɚ ɨɫɧɨɜɿ ɬɪɢɜɢɦɿɪɧɨɝɨ ɫɤɚɧɭɜɚɧɧɹ ɚɤɬɨɪɿɜ.  
Вɿɪɬɭɚɥɶɧɿ ɦɚɧɟɤɟɧɢ ɫɭɩɪɨɜɨɞɠɭɸɬɶɫɹ ɚɧɿɦɚɰɿɽɸ, ɳɨ ɜɿɞɨɛɪɚɠɚɽ 

ɜɡɚɽɦɨɞɿɸ ɥɸɞɢɧɢ ɡ ɨɞɹɝɨɦ.  
Зɚɫɿɛ ɿɧɬɟɝɪɨɜɚɧɢɣ ɿɡ TUKAdesign, ɳɨ ɡɚɛɟɡɩɟɱɭɽ ɤɨɧɫɬɪɭɸɜɚɧɧɹ 

ɲɚɛɥɨɧɿɜ ɿ ɝɪɚɞɭɸɜɚɧɧɹ ɪɨɡɦɿɪɭ ɨɞɹɝɭ.  
Нɚɹɜɧɚ ɛɿɛɥɿɨɬɟɤɚ ɬɤɚɧɢɧ ɿ ɨɡɞɨɛɥɟɧɶ.  
Пɿɞɬɪɢɦɭɸɬɶɫɹ ɿɧɬɟɝɪɚɰɿɹ ɿɡ ɡɚɫɨɛɚɦɢ Adobe Photoshop ɬɚ Illustrator, 

ɬɟɤɫɬɭɪɭɜɚɧɧɹ ɬɤɚɧɢɧ, ɧɚɤɥɚɞɚɧɧɹ ɥɨɝɨɬɢɩɿɜ.  
Тɚɤɨɠ ɩɿɞɬɪɢɦɭɸɬɶɫɹ ɧɚɥɚɲɬɭɜɚɧɧɹ ɤɚɦɟɪɢ, ɨɫɜɿɬɥɟɧɧɹ, ɜɛɭɞɨɜɚɧɿ 

ɡɚɫɨɛɢ ɪɟɧɞɟɪɢɧɝɭ ɞɥɹ ɮɨɪɦɭɜɚɧɧɹ ɜɿɪɬɭɚɥɶɧɢɯ ɮɨɬɨɡɧɿɦɤɿɜ ɨɞɹɝɭ. 
TUKA3D DE ɽ ɜɟɪɫɿɽɸ TUKA3D ɞɥɹ ɞɢɡɚɣɧɟɪɿɜ.  

Кɨɪɢɫɬɭɜɚɱɭ ɧɚɞɚɸɬɶɫɹ ɜɿɫɿɦ ɜɛɭɞɨɜɚɧɢɯ ɫɢɥɭɟɬɿɜ ɨɞɹɝɭ. 
TUKAcloud ɽ ɱɚɫɬɢɧɨɸ TUKA3D ɿ ɡɚɛɟɡɩɟɱɭɽ ɜɡɚɽɦɨɞɿɸ ɪɨɡɪɨɛɧɢɤɿɜ 
ɦɨɞɟɥɟɣ ɨɞɹɝɭ ɨɧɥɚɣɧ.  

ɑɢɫɥɨ ɤɨɪɢɫɬɭɜɚɱɿɜ TUKAcloud ɭ ɤɨɦɚɧɞɿ ɽ ɧɟɨɛɦɟɠɟɧɨɸ. 
Нɚɹɜɧɚ ɛɚɡɚ ɞɚɧɢɯ ɞɥɹ ɰɟɧɬɪɚɥɿɡɨɜɚɧɨɝɨ ɡɛɟɪɿɝɚɧɧɹ ɮɚɣɥɿɜ ɫɬɢɥɸ 

ɨɞɹɝɭ. Зɚɛɟɡɩɟɱɭɸɬɶɫɹ ɡɚɫɨɛɢ ɱɚɬɭ, ɩɟɪɟɝɥɹɞɭ ɫɩɪɨɟɤɬɨɜɚɧɨɝɨ ɨɞɹɝɭ. 
TUKAstudio ɜɢɤɨɪɢɫɬɨɜɭɽɬɶɫɹ ɞɥɹ ɞɢɡɚɣɧɭ ɬɤɚɧɢɧ.  

Пɿɞɬɪɢɦɭɸɬɶɫɹ ɤɨɧɬɪɨɥɶ ɤɿɥɶɤɨɫɬɿ ɤɨɥɶɨɪɿɜ ɬɤɚɧɢɧɢ, ɩɨɜɬɨɪɟɧɧɹ 
ɜɿɡɟɪɭɧɤɿɜ, ɫɬɜɨɪɟɧɧɹ ɩɚɥɿɬɪ ɤɨɥɶɨɪɿɜ, ɡɚɫɨɛɢ ɩɨɞɚɧɧɹ ɜ’ɹɡɚɧɢɯ ɿ 
ɩɟɪɟɩɥɟɬɟɧɢɯ ɬɤɚɧɢɧ.  

«Гɪɚɰɿɹ» [5] – САПР, ɨɪɿɽɧɬɨɜɚɧɚ ɧɚ ɞɢɡɚɣɧ ɥɟɤɚɥ ɨɞɹɝɭ, ɜɿɞ 
ɤɨɦɩɚɧɿʀ Grazia CAD.  

Сɢɫɬɟɦɚ ɫɬɜɨɪɟɧɚ ɧɚ ɨɫɧɨɜɿ ɦɚɬɟɦɚɬɢɱɧɢɯ ɦɟɬɨɞɿɜ, ɪɨɡɪɨɛɥɟɧɢɯ ɭ 
Іɧɫɬɢɬɭɬɿ ɩɪɨɛɥɟɦ ɦɚɲɢɧɨɛɭɞɭɜɚɧɧɹ АН Уɤɪɚʀɧɢ (ɦ. Хɚɪɤɿɜ) ɭ 1970-ɯ 
ɪɨɤɚɯ.  

Зɚɛɟɡɩɟɱɭɸɬɶɫɹ ɩɟɪɟɛɭɞɨɜɚ ɪɨɡɪɨɛɥɟɧɨɝɨ ɥɟɤɚɥɚ ɜɿɞɩɨɜɿɞɧɨ ɞɨ 
ɡɚɞɚɧɨɝɨ ɪɨɡɦɿɪɭ, ɧɚɧɟɫɟɧɧɹ ɧɚ ɥɟɤɚɥɚ ɧɚɩɢɫɿɜ ɿ ɥɨɝɨɬɢɩɿɜ, ɞɪɭɤ ɥɟɤɚɥɚ. 
У 2000-ɯ ɪɨɤɚɯ ɞɨ ɡɚɫɨɛɿɜ ɚɜɬɨɦɚɬɢɡɚɰɿʀ ɪɨɡɤɥɚɞɤɢ ɬɚ ɤɨɧɫɬɪɭɸɜɚɧɧɹ 
ɞɨɞɚɧɨ ɡɚɫɨɛɢ ɚɜɬɨɦɚɬɢɡɚɰɿʀ ɿɧɲɢɯ ɟɬɚɩɿɜ ɩɨɲɢɬɬɹ ɨɞɹɝɭ, ɡɨɤɪɟɦɚ 
ɨɛɥɿɤɭ ɜɢɪɨɛɧɢɰɬɜɚ.  

«Гɪɚɰɿɹ» ɜɤɥɸɱɚɽ ɩɿɞɫɢɫɬɟɦɢ ɞɢɡɚɣɧɭ (ɪɨɡɪɨɛɤɚ ɟɫɤɿɡɿɜ), 
ɤɨɧɫɬɪɭɸɜɚɧɧɹ ɬɚ ɦɨɞɟɥɸɜɚɧɧɹ (ɪɨɡɪɨɛɤɚ ɥɟɤɚɥ), ɿɧɞɢɜɿɞɭɚɥɶɧɢɯ ɿ 
ɤɨɪɩɨɪɚɬɢɜɧɢɯ ɡɚɦɨɜɥɟɧɶ (ɩɿɞɬɪɢɦɤɚ ɛɚɡɢ ɜɢɦɿɪɿɜ ɤɥɿɽɧɬɿɜ), ɬɟɯɧɨɥɨɝɿʀ 
ɜɢɝɨɬɨɜɥɟɧɧɹ (ɩɿɞɬɪɢɦɤɚ ɛɚɡɢ ɜɢɪɨɛɧɢɱɢɯ ɪɟɫɭɪɫɿɜ), ɪɨɡɤɥɚɞɤɢ ɥɟɤɚɥ 
(ɩɪɨɟɤɬɭɜɚɧɧɹ ɪɨɡɤɥɚɞɨɤ), ɦɟɧɟɞɠɟɪɚ ɪɨɡɤɥɚɞɨɤ (ɩɿɞɬɪɢɦɤɚ ɛɚɡɢ 
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ɪɨɡɪɨɛɥɟɧɢɯ ɪɨɡɤɥɚɞɨɤ), ɩɥɚɧɭɜɚɧɧɹ ɤɨɥɟɤɰɿɣ (ɤɟɪɭɜɚɧɧɹ ɩɥɚɧɨɦ 
ɪɨɡɪɨɛɤɢ ɦɨɞɟɥɟɣ), ɩɥɚɧɭɜɚɧɧɹ ɜɢɪɨɛɧɢɰɬɜɚ (ɭɩɪɚɜɥɿɧɧɹ ɜɢɩɭɫɤɨɦ 
ɜɢɪɨɛɿɜ ɧɚ ɨɫɧɨɜɿ ɪɨɡɪɨɛɥɟɧɢɯ ɦɨɞɟɥɟɣ), ɨɛɥɿɤɭ ɦɚɬɟɪɿɚɥɿɜ (ɚɧɚɥɿɡ 
ɫɩɢɫɤɭ ɦɚɬɟɪɿɚɥɿɜ ɞɥɹ ɜɢɪɨɛɧɢɰɬɜɚ ɨɞɹɝɭ), ɨɛɥɿɤɭ ɝɨɬɨɜɨʀ ɩɪɨɞɭɤɰɿʀ 
(ɚɧɚɥɿɡ ɩɨɲɢɪɟɧɧɹ ɩɪɨɞɭɤɰɿʀ), ɭɩɪɚɜɥɿɧɧɹ ɩɿɞɩɪɢɽɦɫɬɜɨɦ (ɚɧɚɥɿɡ 
ɜɢɪɨɛɧɢɱɢɯ ɩɨɤɚɡɧɢɤɿɜ).  

Нɚɹɜɧɿ ɜɟɪɫɿʀ «Сɬɭɞɟɧɬ», «Фɪɿɥɚɧɫɟɪ», «Аɬɟɥɶɽ», «Пɿɞɩɪɢɽɦɫɬɜɨ». 
Вɢɫɧɨɜɨɤ. Сɢɫɬɟɦɢ ɚɜɬɨɦɚɬɢɡɨɜɚɧɨɝɨ ɩɪɨɟɤɬɭɜɚɧɧɹ ɞɨɡɜɨɥɹɸɬɶ 

ɩɿɞɜɢɳɢɬɢ ɩɪɨɞɭɤɬɢɜɧɿɫɬɶ ɜɢɪɨɛɧɢɰɬɜɚ ɨɞɹɝɭ ɡɚ ɪɚɯɭɧɨɤ ɡɱɢɬɭɜɚɧɧɹ 
ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɬɤɚɧɢɧ, ɮɨɪɦɭɜɚɧɧɹ ɲɚɛɥɨɧɿɜ ɩɨɲɢɬɬɹ ɨɞɹɝɭ, 
ɬɪɢɜɢɦɿɪɧɨʀ ɜɿɡɭɚɥɿɡɚɰɿʀ ɨɞɹɝɭ, ɜɿɪɬɭɚɥɶɧɨɝɨ ɩɪɢɦɿɪɸɜɚɧɧɹ ɨɞɹɝɭ ɧɚ 
ɦɚɧɟɤɟɧɚɯ.  
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Abstract. The results obtained from the calculations help determine resonance 
frequencies for the vibration modes. The ANSYS software is used to create a three-
dimensional virtual model of the bridge structure, which enables a detailed analysis 
of its dynamic behavior. The study specifically calculates the first three vibration 
modes of the riverbed metal bridge structure, with numerical results obtained for six 
modes. The practical significance of this research is that it can facilitate informed 
decision-making for the construction, maintenance and modernization of bridge 
structures. 

Keywords: ANSYS software package, computer modeling, bridge structures, 
dynamics, virtual model 

 
Анотаɰɿɹ. Отриманɿ резɭлɶтати розраɯɭнкɿв допомагаɸтɶ визнаɱити 

резонанснɿ ɱастоти длɹ режимɿв коливанɶ. Програмне забезпеɱеннɹ ANSYS 
використовɭɽтɶсɹ длɹ створеннɹ тривимɿрноʀ вɿртɭалɶноʀ моделɿ мостовоʀ 
констрɭкɰɿʀ, ɳо дозволɹɽ деталɶно проаналɿзɭвати ʀʀ динамɿɱнɭ поведɿнкɭ. 
Дослɿдженнɹ спеɰɿалɶно розраɯовɭɽ перɲɿ три режими вɿбраɰɿʀ металевоʀ 
мостовоʀ констрɭкɰɿʀ рɭсла рɿɱки з ɱиселɶними резɭлɶтатами, отриманими 
длɹ ɲести режимɿв. Практиɱне знаɱеннɹ ɰɶого дослɿдженнɹ полɹгаɽ в томɭ, 
ɳо воно може сприɹти прийнɹттɸ обʉрɭнтованиɯ рɿɲенɶ ɳодо бɭдɿвниɰтва, 
обслɭговɭваннɹ та модернɿзаɰɿʀ мостовиɯ констрɭкɰɿй. 

Клɸɱовɿ слова: програмний комплекс ANSYS, комп’ɸтерне моделɸваннɹ, 
мостовɿ констрɭкɰɿʀ, динамɿка, вɿртɭалɶна моделɶ 
 

The investigation of the dynamics of bridge structures is a multi-step 
process that involves analyzing the forces and loads that the bridge must 



 
 
 

Materials of the ɏI International Scientific Conference  
«Information-Management Systems and Technologies»   

  21th – 23th September, 2023, Odessa 
 

 
  167 

withstand, modeling and calculating the predicted behavior of the structure, 
and assessing its vibrational characteristics [1,2].  

Important factors that are taken into account during the initial analysis 
stage include the effects of road traffic, wind, train vibrations, and other 
dynamic factors that may impact the bridge [1]. 

Numerical modeling and calculations are then carried out to determine 
the resonance frequencies, as well as to predict and optimize the dynamic 
behavior of the bridge under different conditions [2].  

Finally, assessments of vibrational characteristics such as amplitude of 
oscillations, natural frequencies, and damping are carried out [3]. Various 
tools and techniques can be utilized during the process of researching the 
dynamics of bridge structures.  

These include sensors, accelerometers, deformation sensors, and other 
instruments used for data collection and vibration monitoring [4]. 
Additionally, modern computer programs offer novel numerical modeling 
and analysis capabilities, enabling more accurate predictions of a bridge's 
behavior under different conditions [2].  

The importance of this kind of research cannot be overstated; it provides 
critical data for informed decision-making for designing and maintaining 
bridge structures that are efficient, reliable, and safe for transportation [1].  

Additionally, the techniques and software utilized during this research 
reduce the risks of unforeseen circumstances by allowing engineers and 
researchers to accurately predict and consider different dynamic factors that 
may impact the structure [2].  

Dynamic testing of bridge structures involves various categories of 
dynamic actions, including moving dynamic loads, impact dynamic loads, 
and continuous vibration loads.  

These actions lead to both vertical and horizontal displacements, with 
the effect on load-carrying capacity depending on the structure's purpose. 
For road bridges, vertical oscillations are typically the focus, while railway 
bridges require attention to horizontal vibrations. To study the dynamics of 
bridge structures and extract information about their characteristics, modern 
software packages like ANSYS are often used.  

Given the complexity of bridge models and the need for accuracy and 
realism when considering multiple factors such as dynamic loads, 
environmental changes, and interactions with surrounding objects, such 
software is essential. The finite element method is one technique employed 
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in ANSYS and similar software packages to analyze complex bridge models 
and obtain accurate results.  

Overall, the use of software packages like ANSYS enables researchers 
and engineers to address the complexities of modern bridge design and 
construction.  

By accurately analyzing the dynamic loads, vibrations, and other factors 
that impact these structures, this research can help ensure their safety and 
reliability in providing efficient transportation networks.  

Using modern software tools, including ANSYS, is an effective method 
for studying the dynamics of bridge structures, providing valuable insights 
into their behavior and supporting informed engineering decisions.  

For the purposes of analysis in the ANSYS software package, a bridge 
structure was selected. It consists of eight spans: seven approach spans and 
one main span (see Figure 1).  

The bridge employs a deck-truss configuration for the approach spans 
and a truss system for the main span (3x16.76 + 53.30 + 4x16.76).  
 
 

 
 

Figure 1. Calculated forms of vibrations of a metal truss bridge structure 
 

The overall length of the bridge is 171.64 meters. A three-dimensional 
virtual model of the bridge structure was created taking into account its 
geometry, materials, and connections.  
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Dimensions, shape, and material properties were specified for each 
structural element, such as stringers, piers, and connectors.  

Analysis of modes and frequencies of natural vibrations in the ANSYS 
software package involves carrying out a specific sequence of tasks.  

Calculations were performed for the first three modes of vibration of the 
metal superstructure over the river using ANSYS (see Figure 1).  

Table 1 presents the numerical results of calculations for the first six 
modes of vibration of the metal superstructure over the river. 
 
Table 1. Calculations of vibrations for a metal deck truss bridge structure 
ʋ Oscillation form 1 2 3 4 5 
Resonance frequency, fp, Hz 2,51 3,24 3,57 3,96 4,74 
    

Thus, with the use of modern technologies and research methods, the 
study of the dynamics of bridge structures becomes more precise, detailed, 
and efficient.  

These methods allow for considering complex physical interactions and 
operational conditions, conducting virtual tests, and optimizing the design to 
ensure its safety and durability.  

Such research holds significant importance for engineers and designers, 
assisting them in making informed decisions during the construction, 
maintenance, and upgrade of bridge structures, thereby ensuring the 
reliability and stability of these vital infrastructure assets. 
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Аннотаɰɿɹ. У роботɿ наведенɿ резɭлɶтати розробки проектɭ 
ɿнɮормаɰɿйно-керɭɸɱоʀ системи пɿдтримки дɿɹлɶностɿ пɿдприɽмств роздрɿбноʀ 
торгɿвлɿ. 

Клɸɱовɿ слова: ɿнɮормаɰɿйно-керɭɸɱа система, вбɭдована система, 
дрɭкована плата. 

 
Abstract. The work presents the results of the development of the project of the 

information management system for supporting the activities of retail trade 
enterprises. 

Keywords: information and control system, embedded system, printed circuit 
board. 
 

В ɨɫɧɨɜɭ ɪɨɡɪɨɛɥɟɧɨʀ ІС ɞɥɹ ɚɜɬɨɦɚɬɢɡɚɰɿʀ ɞɿɹɥɶɧɨɫɬɿ ɩɿɞɩɪɢɽɦɫɬɜ 
ɪɨɡɞɪɿɛɧɨʀ ɬɨɪɝɿɜɥɿ ɩɨɤɥɚɞɟɧɚ ɫɬɜɨɪɟɧɚ ɩɥɚɬɚ FOR ɡ ɪɨɡɪɨɛɥɟɧɢɦ 
ɩɪɨɝɪɚɦɧɢɦ ɡɚɛɟɡɩɟɱɟɧɧɹɦ, ɳɨ ɡɚɛɟɡɩɟɱɭɽ ɛɟɡɩɟɪɟɛɿɣɧɭ ɪɨɛɨɬɭ 
ɤɚɫɨɜɢɯ ɚɩɚɪɚɬɿɜ (ɪɢɫ.1).  

Нɢɠɧɿɣ ɪɿɜɟɧɶ ɫɢɫɬɟɦɢ ɩɪɢɡɧɚɱɟɧɢɣ ɞɥɹ ɨɛɪɨɛɤɢ ɫɬɚɬɭɫɿɜ ɿ ɞɡɜɿɧɤɿɜ 
ɡ ɤɚɫ. ICS ɩɪɚɰɸɽ ɜ ɪɟɠɢɦɿ ɛɟɡɩɟɪɟɪɜɧɨʀ ɨɛɪɨɛɤɢ ɩɨɞɿɣ.  

Нɚɩɪɢɤɥɚɞ, ɹɤɳɨ ɡɚɩɢɬ ɧɚ ɜɿɞɤɪɢɬɬɹ ɤɚɫɨɜɨɝɨ ɚɩɚɪɚɬɭ ɧɚɞɯɨɞɢɬɶ ɜɿɞ 
ɩɭɥɶɬɚ ɤɚɫɢ, ɫɢɫɬɟɦɚ ɝɟɧɟɪɭɽ ɡɜɭɤɨɜɢɣ ɫɢɝɧɚɥ, ɹɤɢɣ ɩɨɜɿɞɨɦɥɹɽ 
ɩɟɪɫɨɧɚɥ ɩɪɨ ɜɿɞɤɪɢɬɬɹ ɤɚɫɨɜɨɝɨ ɚɩɚɪɚɬɭ, ɳɨ ɬɚɤɨɠ ɫɭɩɪɨɜɨɞɠɭɽɬɶɫɹ 
ɫɜɿɬɿɧɧɹɦ ɧɚ ɬɚɛɥɨ ɜɿɞɩɨɜɿɞɧɨɝɨ ɫɜɿɬɥɨɞɿɨɞɚ ɬɚ ɡɟɥɟɧɨɝɨ ɤɨɥɶɨɪɭ ɧɚ 
ɫɜɿɬɥɨɞɿɨɞɧɿɣ ɫɬɪɿɱɰɿ. 
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Рисунок 1. Сɯема ɮɭнкɰɿонɭваннɹ системи FOR 
 

Пɿɞ ɱɚɫ ɪɨɛɨɬɢ ɫɢɫɬɟɦɢ ɬɚɤɨɠ ɩɟɪɟɞɛɚɱɟɧɚ ɪɨɡɛɥɨɤɭɜɚɧɧɹ ɬɚɤɢɯ 
ɮɭɧɤɰɿɣ, ɹɤ: ɜɢɤɥɢɤ ɦɟɧɟɞɠɟɪɚ; ɡɚɦɿɧɚ ɤɚɫɢɪɿɜ; ɩɨɜɿɞɨɦɥɟɧɧɹ ɩɪɨ 
ɡɚɤɪɢɬɬɹ ɦɚɝɚɡɢɧɭ; ɩɨɜɿɞɨɦɥɟɧɧɹ ɫɩɿɜɪɨɛɿɬɧɢɤɿɜ, ɳɨ ɣɞɭɬɶ ɧɚ ɩɟɪɟɪɜɭ; 
ɜɤɥɸɱɟɧɧɹ ɫɢɝɧɚɥɿɡɚɰɿʀ ɿ ɬ. ɞ..  

Сɢɫɬɟɦɚ ɬɚɤɨɠ ɨɛɪɨɛɥɹɽ ɿɧɮɨɪɦɚɰɿɸ ɡ ɩɥɚɬ ɪɨɡɲɢɪɟɧɧɹ, ɚ ɫɚɦɟ ɩɪɨ 
ɞɨɜɝɭ ɱɟɪɝɭ ɩɨɤɭɩɰɿɜ ɡ ɞɚɬɱɢɤɿɜ ɪɭɯɭ, ɫɢɝɧɚɥɢ ɜɿɞ ɫɥɭɠɛɢ ɛɟɡɩɟɤɢ, 
ɫɢɝɧɚɥɢ ɜɿɞ ɜɿɪɬɭɚɥɶɧɢɯ ɤɚɫɨɜɢɯ ɚɩɚɪɚɬɿɜ ɬɚ ɿɧɲɿ.  

В ICS ɜɛɭɞɨɜɚɧɿ ɦɿɤɪɨɩɪɨɰɟɫɨɪɢ, ɩɪɨɝɪɚɦɧɢɣ ɤɨɞ ɞɥɹ ɹɤɢɯ 
ɧɚɩɢɫɚɧɢɣ ɦɨɜɨɸ ɩɪɨɝɪɚɦɭɜɚɧɧɹ C ɜ ɫɟɪɟɞɨɜɢɳɿ ɪɨɡɪɨɛɤɢ IAR 
Embedded Workbench IDE.  

Аɩɚɪɚɬɧɨɸ ɨɫɧɨɜɨɸ ɫɢɫɬɟɦɢ ɽ ɩɥɚɬɚ FOR-board. Сɬɪɭɤɬɭɪɚ 
ɚɩɚɪɚɬɧɨɝɨ ɡɚɛɟɡɩɟɱɟɧɧɹ ɩɥɚɬɢ ɜɿɞɩɨɜɿɞɚɽ ɝɪɚɮɿɱɧɿɣ ɦɨɞɟɥɿ (ɪɢɫ. 2).  
Пɥɚɬɚ FOR (ɪɢɫ.2) ɪɟɽɫɬɪɭɽ, ɨɛɪɨɛɥɹɽ ɡɦɿɧɢ ɫɬɚɬɭɫɭ ɿ ɝɟɧɟɪɭɽ ɜɢɤɥɢɤɢ 
ɤɚɫɨɜɨɝɨ ɚɩɚɪɚɬɭ.  
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ɐɿ ɞɚɧɿ ɜɿɞɨɛɪɚɠɚɸɬɶɫɹ ɧɚ ɦɨɧɿɬɨɪɿ ɫɬɚɧɭ, ɚ ɬɚɤɨɠ ɜ ɪɿɡɧɢɯ 
ɤɨɥɶɨɪɚɯ ɫɜɿɬɥɨɞɿɨɞɿɜ ɧɚ ɩɭɥɶɬɿ ɞɢɫɬɚɧɰɿɣɧɨɝɨ ɤɟɪɭɜɚɧɧɹ, ɩɪɢ 
ɜɿɞɬɜɨɪɟɧɧɿ ɚɭɞɿɨ-ɮɚɣɥɿɜ ɿ ɬ. ɞ.  

Нɚɥɚɲɬɭɜɚɧɧɹ ɩɥɚɬɢ ɪɨɛɢɬɶɫɹ ɡɚ ɞɨɩɨɦɨɝɨɸ ɩɪɨɝɪɚɦɢ FOR-
manager. Пɥɚɬɚ FOR ɡɚɡɜɢɱɚɣ ɪɨɡɦɿɳɭɽɬɶɫɹ ɜ ɫɟɪɜɟɪɧɿɣ ɤɿɦɧɚɬɿ 
ɩɿɞɩɪɢɽɦɫɬɜɚ. 
 

 
 

Рисунок 2. Моделɶ апаратного забезпеɱеннɹ FOR-плати 
 

Сɯɟɦɭ ɩɥɚɬɢ FOR-board ɧɚɜɟɞɟɧɨ ɧɚ (ɪɢɫ.3). Нɚ ɩɥɚɬɿ FOR ɩɪɢɫɭɬɧɿ 
ɧɚɫɬɭɩɧɿ ɩɨɪɬɢ: 8 ɩɨɪɬɿɜ till ɞɥɹ ɤɚɫ (tabby) - ɜɨɧɢ ɜɢɤɨɪɢɫɬɨɜɭɸɬɶɫɹ 
ɫɩɿɜɪɨɛɿɬɧɢɤɚɦɢ ɤɚɫɨɜɢɯ ɚɩɚɪɚɬɿɜ; ɩɨɪɬ CAN ɞɥɹ ɩɿɞɤɥɸɱɟɧɧɹ 
ɞɨɞɚɬɤɨɜɢɯ ɩɥɚɬ, ɬɚɤɢɯ ɹɤ ɩɥɚɬɚ ɪɨɡɲɢɪɟɧɧɹ, ɧɚɩɪɢɤɥɚɞ, ɞɥɹ 16 
ɤɚɫɨɜɢɯ ɚɩɚɪɚɬɿɜ; ɩɥɚɬɚ ɞɥɹ ɪɨɛɨɬɢ ɡ ɞɚɬɱɢɤɚɦɢ ɱɟɪɝɢ, ɩɥɚɬɚ ɞɥɹ 
ɪɨɛɨɬɢ ɡ ɪɚɰɿɹɦɢ ɩɟɪɫɨɧɚɥɭ ɿ ɬ. ɞ.; ɩɨɪɬ RS 232 ɞɥɹ ɧɚɥɚɝɨɞɠɟɧɧɹ 
ɮɭɧɤɰɿɣ; Пɨɪɬ Ethernet ɞɥɹ ɩɿɞɤɥɸɱɟɧɧɹ ɩɥɚɬɢ ɞɨ ɦɟɪɟɠɿ Ethernet; ɞɜɚ 
ɚɭɞɿɨ-ɩɨɪɬɢ ɞɥɹ ɜɢɜɟɞɟɧɧɹ ɚɭɞɿɨ-ɮɚɣɥɿɜ; USB-ɩɨɪɬ ɞɥɹ ɩɿɞɤɥɸɱɟɧɧɹ ɞɨ 
ɤɨɦɩ'ɸɬɟɪɚ (ɚɛɨ ɞɨ ɩɥɚɬɢ Raspberry Pi); ɩɨɪɬ ɞɥɹ SD-ɤɚɪɬɢ - ɧɚ ɧɿɣ 
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ɡɛɟɪɿɝɚɸɬɶɫɹ ɚɭɞɿɨ-ɮɚɣɥɢ ɿ ɜɢɤɨɧɭɸɬɶɫɹ ɞɟɹɤɿ ɩɪɨɝɪɚɦɧɿ ɩɪɨɰɟɞɭɪɢ; 
ɜɿɫɿɦ ɩɨɪɬɿɜ ɞɥɹ ɫɜɿɬɥɨɞɿɨɞɧɢɯ ɫɦɭɝ (ɫɜɿɬɥɨɞɿɨɞɿɜ), ɳɨ ɜɿɞɨɛɪɚɠɚɸɬɶ 
ɫɬɚɧ ɤɚɫɨɜɢɯ ɚɩɚɪɚɬɿɜ ɞɥɹ ɩɨɤɭɩɰɿɜ; ɞɜɚ ɩɨɪɬɢ ɜɜɟɞɟɧɧɹ/ɜɢɜɟɞɟɧɧɹ 
(ɜɯɿɞ/ɜɢɯɿɞ) ɞɥɹ ɩɿɞɤɥɸɱɟɧɧɹ ɜɢɤɥɢɤɭ ɧɚ ɡɚɞɧɶɨɦɭ ɜɯɨɞɿ (Backdoor 
Bell) ɚɛɨ ɩɥɚɬɢ ɪɨɡɲɢɪɟɧɧɹ U I/O; ɞɜɚ ɜɢɯɿɞɧɢɯ ɩɨɪɬɢ ɞɥɹ ɜɢɜɟɞɟɧɧɹ 
ɞɨɞɚɬɤɨɜɢɯ ɫɢɝɧɚɥɿɜ; ɩɨɪɬ ɞɥɹ ɠɢɜɥɟɧɧɹ ɩɥɚɬɢ 24 В ɩɨɫɬɿɣɧɨɝɨ ɫɬɪɭɦɭ. 
Тɚɤɨɠ ɞɨ ɦɿɤɪɨɩɪɨɰɟɫɨɪɚ AMD ɧɚ ɩɥɚɬɿ ɪɨɡɦɿɳɟɧɿ: ɟɧɟɪɝɨɧɟɡɚɥɟɠɧɚ 
ɩɚɦ'ɹɬɶ; ɞɠɚɦɩɟɪɢ; ɿɧɲɿ ɟɥɟɦɟɧɬɢ ɫɯɟɦɢ. 
 

 
Рисунок 3. Сɯема FOR-плати 

  
Бɿɬɨɜɢɣ ɮɚɣɥ ɜɛɭɞɨɜɚɧɨɝɨ ɩɪɨɝɪɚɦɧɨɝɨ ɡɚɛɟɡɩɟɱɟɧɧɹ ɩɪɨɝɪɚɦɧɨ 

ɜɲɢɬɢɣ ɜ ɦɿɤɪɨɩɪɨɰɟɫɨɪ, ɡɚɛɟɡɩɟɱɭɸɱɢ ɮɭɧɤɰɿʀ: ɡɛɟɪɿɝɚɧɧɹ 
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ɤɨɪɢɫɬɭɜɚɰɶɤɢɯ ɡɧɚɱɟɧɶ; ɜɢɤɨɧɚɧɧɹ ɨɛɱɢɫɥɟɧɶ; ɨɛɪɨɛɤɚ ɿ ɝɟɧɟɪɚɰɿɹ 
ɩɨɞɿɣ; ɡɜ'ɹɡɨɤ ɡ ɞɨɞɚɬɤɨɜɢɦɢ ɩɪɢɫɬɪɨɹɦɢ ɿ ɬ. ɞ.  

Жɢɜɥɟɧɧɹ ɦɿɤɪɨɩɪɨɰɟɫɨɪɚ ɡɞɿɣɫɧɸɽɬɶɫɹ ɱɟɪɟɡ ɫɬɚɛɿɥɿɡɚɬɨɪ 
lm2576hvs-adj ɿ deep-ɞɠɚɦɩɟɪɢ.  

Deep-ɞɠɚɦɩɟɪɢ ɩɪɢɡɧɚɱɟɧɿ ɞɥɹ ɩɟɪɟɧɚɥɚɲɬɭɜɚɧɧɹ ɪɟɠɢɦɿɜ ɪɨɛɨɬɢ 
ɩɥɚɬɢ ɧɚ ɧɢɡɶɤɨɦɭ (ɝɥɢɛɨɤɨɦɭ) ɩɪɨɝɪɚɦɧɨɦɭ ɪɿɜɧɿ.  

Нɟɡɚɥɟɠɧɚ ɩɚɦ'ɹɬɶ ɞɨɡɜɨɥɹɽ ɡɛɟɪɿɝɚɬɢ ɜɧɭɬɪɿɲɧɿɣ ɡɜɨɪɨɬɧɢɣ ɜɿɞɥɿɤ 
ɱɚɫɭ ɪɨɛɨɬɢ ɩɥɚɬɢ ɧɚɜɿɬɶ ɭ ɜɢɦɤɧɟɧɨɦɭ ɫɬɚɧɿ, ɚ ɬɚɤɨɠ ɡɛɟɪɿɝɚɬɢ 
ɫɢɫɬɟɦɧɿ ɫɬɚɬɭɫɢ ɧɚ ɞɟɹɤɢɣ ɱɚɫ ɭ ɪɚɡɿ ɡɛɨʀɜ ɠɢɜɥɟɧɧɹ ɩɥɚɬɢ. Іɧɬɟɪɮɟɣɫ 
JTAG ɜɢɤɨɪɢɫɬɨɜɭɽɬɶɫɹ ɩɪɢ ɨɧɨɜɥɟɧɧɿ ɩɪɨɲɢɜɤɢ ɩɪɨɰɟɫɨɪɚ ɡɚ 
ɞɨɩɨɦɨɝɨɸ ɩɪɨɝɪɚɦɚɬɨɪɚ STM32 ST-LINK.  

З ɜɟɪɯɧɶɨʀ ɫɬɨɪɨɧɢ ɦɨɞɟɥɿ ɞɨ ɫɜɿɬɥɨɞɿɨɞɧɢɯ ɩɨɪɬɿɜ ɩɿɞɤɥɸɱɟɧɿ 
ɫɜɿɬɥɨɞɿɨɞɧɿ ɫɦɭɝɢ, ɳɨ ɫɢɝɧɚɥɿɡɭɸɬɶ ɤɥɿɽɧɬɚɦ ɿ ɩɟɪɫɨɧɚɥɭ ɩɪɨ ɫɬɚɧ 
ɤɚɫɨɜɢɯ ɚɩɚɪɚɬɿɜ ɿ ɱɟɪɝ.  

Пɨɪɬɢ ɩɿɞɤɥɸɱɟɧɿ ɞɨ ɦɿɤɪɨɩɪɨɰɟɫɨɪɚ ɱɟɪɟɡ ɪɟɝɿɫɬɪɢ 74hc595. Нɚ 
SD-ɤɚɪɬɿ ɡɛɟɪɿɝɚɸɬɶɫɹ ɚɭɞɿɨ-ɮɚɣɥɢ ɫɢɫɬɟɦɢ, ɮɚɣɥ ɩɨɬɨɱɧɢɯ 
ɧɚɥɚɲɬɭɜɚɧɶ, ɚ ɬɚɤɨɠ ɜɢɤɨɧɭɸɬɶɫɹ ɞɟɹɤɿ ɩɪɨɰɟɫɢ (ɧɚɩɪɢɤɥɚɞ, ɨɧɥɚɣɧ-
ɡɚɜɚɧɬɚɠɟɧɧɹ ɧɚɥɚɲɬɭɜɚɧɶ ɡ ɫɟɪɜɟɪɚ). SD-ɤɚɪɬɚ ɩɪɚɰɸɽ ɜ ɩɨɽɞɧɚɧɧɿ ɡ 
ɩɚɦ'ɹɬɬɸ FTDI 2048-C.  

Тɚɤɢɦ ɱɢɧɨɦ, ɬɨɪɝɨɜɚ ɨɪɝɚɧɿɡɚɰɿɹ ɡɚ ɞɨɩɨɦɨɝɨɸ ɞɨɞɚɬɤɨɜɨɝɨ 
ɩɪɨɝɪɚɦɧɨɝɨ ɡɚɛɟɡɩɟɱɟɧɧɹ ɦɨɠɟ ɧɚɥɚɲɬɨɜɭɜɚɬɢ ɩɚɪɚɦɟɬɪɢ ɿ ɩɨɜɟɞɿɧɤɭ 
ɫɢɫɬɟɦɢ, ɤɨɧɬɪɨɥɸɜɚɬɢ ɫɬɚɧ ІС ɱɟɪɟɡ ɜɿɞɞɚɥɟɧɢɣ ɤɨɦɩ'ɸɬɟɪɧɢɣ 
ɩɪɢɫɬɪɿɣ.  

Зɜɭɤ ɜɿɞ ɩɨɞɿɣ, ɳɨ ɜɿɞɛɭɥɢɫɹ ɜɢɜɨɞɢɬɶɫɹ ɧɚ ɞɜɚ ɚɭɞɿɨ-ɩɨɪɬɢ. Аɭɞɿɨ-
ɮɚɣɥɢ ɪɨɡɩɨɞɿɥɹɸɬɶɫɹ ɩɨ ɞɜɨɯ ɤɚɧɚɥɚɯ, ɡɚɜɞɹɤɢ ɱɨɦɭ ɨɞɧɚ ɱɚɫɬɢɧɚ 
ɚɭɞɿɨ ɦɨɠɟ ɜɿɞɬɜɨɪɸɜɚɬɢɫɹ ɞɥɹ ɤɥɿɽɧɬɿɜ, ɚ ɿɧɲɚ ɱɚɫɬɢɧɚ - ɞɥɹ 
ɩɟɪɫɨɧɚɥɭ. SD-ɤɚɪɬɚ, USB-ɩɨɪɬ ɿ ɚɭɞɿɨ-ɩɨɪɬɢ ɩɿɞɤɥɸɱɟɧɿ ɞɨ 
ɦɿɤɪɨɫɯɟɦɢ VLSI VS10538, ɹɤɚ ɩɨɩɟɪɟɞɧɶɨ ɨɛɪɨɛɥɹɽ ɫɢɝɧɚɥɢ ɩɟɪɟɞ ʀɯ 
ɩɨɞɚɱɟɸ ɜ ɦɿɤɪɨɩɪɨɰɟɫɨɪ.  

Рɨɡ'ɽɦɢ ɞɥɹ esp wroom 32 - ɰɟ ɩɨɬɟɧɰɿɣɧɚ ɮɭɧɤɰɿɨɧɚɥɶɧɿɫɬɶ API ɞɥɹ 
ɩɿɞɤɥɸɱɟɧɧɹ ɩɥɚɬ ESP.   

Зɚ ɞɨɩɨɦɨɝɨɸ ɤɚɛɟɥɸ Ethernet ɩɥɚɬɚ ɦɨɠɟ ɛɭɬɢ ɩɿɞɤɥɸɱɟɧɚ ɞɨ 
Іɧɬɟɪɧɟɬɭ ɚɛɨ ɥɨɤɚɥɶɧɨʀ ɦɟɪɟɠɿ. Till-ɩɨɪɬɢ ɜɢɤɨɪɢɫɬɨɜɭɸɬɶɫɹ ɞɥɹ 
ɩɿɞɤɥɸɱɟɧɧɹ ɩɚɧɟɥɟɣ ɭɩɪɚɜɥɿɧɧɹ ɧɚ ɤɚɫɚɯ.  

ɐɿ ɩɨɪɬɢ ɩɿɞɤɥɸɱɟɧɿ ɞɨ ɦɿɤɪɨɩɪɨɰɟɫɨɪɚ ɱɟɪɟɡ ɟɥɟɤɬɪɨɧɧɿ 
ɤɨɦɩɨɧɟɧɬɢ ɩɪɟɩɪɨɰɟɫɨɪɚ ADM208E. 
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Abstract.  The activity of the human brain is close to the holographic principles 
of information processing, which, in turn, is consistent with the methods and 
algorithms for information processing in the SRC. 

Keywords: algorithms for information processing in the SRC 
 
Аннотаɰɿɹ. Дɿɹлɶнɿстɶ лɸдсɶкого мозкɭ наближена до голограɮɿɱниɯ 

принɰипɿв обробки ɿнɮормаɰɿʀ, ɳо, ɭ своɸ ɱергɭ, ɭзгоджɭɽтɶсɹ з методами та 
алгоритмами обробки ɿнɮормаɰɿʀ в SRC. 

Клɸɱовɿ слова: алгоритми обробки ɿнɮормаɰɿʀ в SRC 
 

A explore of the process of functioning of the CS in the SRC was carried 
out based on the use of the principle of fault tolerance.  

In the SRC, the fault tolerance of the CS is ensured by taking into 
account the main properties of this non-positional number system, namely: 
independence, equality and low-bitness of the residues, the totality of which 
forms a non-positional code structure [1].  

For the purpose of convenience and clarity of the research of the process 
of functioning of the CS in the SRC, the article introduces an (n+1)-bit 



 
 
 

Materials of the ɏI International Scientific Conference  
«Information-Management Systems and Technologies»   

  21th – 23th September, 2023, Odessa 
 

 
  176 

binary code that displays a set of signs of a operable state of the computing 
tract of the CS.  

By means of this code, an analysis of various modes of fault-tolerant 
operation of the CS in the SRC was made: the mode of multilevel 
replacement and the mode of gradual degradation of the computing tracts. 
And, finally, an analysis of the complex mode of fault-tolerant operation of 
the replacement mode with subsequent gradual degradation of the CS was 
made.  

A simplified structure of a fault-tolerant CS in the SRC (a device for the 
simultaneous implementation of structural, informational and functional 
reservation in the SRC) is presented.  

The peculiarity of the functioning of this device is to expand the 
functionality by replacing with one operable CCT not one, but 
simultaneously several inoperative computing tracts.  

This allows you to significantly increase the fault tolerance of computing 
structures due to the possibility of simultaneous use of three types of 
reservation: structural (due to the introduction of a control computing tract, 
functioning in parallel with the main computing tracts), informational (due 
to the use of additional output information of the CCT, which provides the 
possibility of correcting distorted information) and functional.  

The above example shows that in the SRC, unlike in the position number 
system (PNS), the introduced additional redundancy is used to the maximum 
extent possible to improve the characteristics of the CS [2].  

Indeed, the use of any type of reservation ultimately leads to structural 
(hardware) redundancy, which in the SRC (unlike PNS) is used to organize 
several different types of reservation at the same time, which increases the 
utilization factor of the introduced redundant and common total equipment 
of the CS [3].  

Examples of fault-tolerant functioning of the CS for a specific set of the 
SRC bases are given.  

Comparative analysis of the results of research conducted in the article 
showed the following.  

With fault-tolerant operation in replacement or replacement modes with 
subsequent gradual degradation, the CS in the SRC is more efficient than the 
similar CS in the PNS.  

For the process of gradual degradation (graphical model) got that the CS 
in the SRC (l=1, k=1) is more than twice as efficient as the analogous 
computing system in the PNS. 
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The use of the SRC as a number system makes it possible to create a CS 
structure similar to the structure of a reserved computing system in the PNS.  

This circumstance, along with other positive aspects of the use of non-
positional coding, due to the influence of the main properties of the SRC on 
the structure and principles of functioning of the CS, allows us to consider 
the non-positional number system in the residual classes as a powerful tool 
for increasing the fault tolerance of the CS.  

This organization of various types of reservation at the same time due to 
the introduction of structural redundancy is characteristic of the structural 
and functional organization of the activity of the human brain and can 
provide high fault tolerance, reliability and survivability of computing 
structures, as well as a high speed of processing huge amounts of 
information [4].  

In this aspect, the activity of the human brain is close to the holographic 
principles of information processing, which, in turn, is consistent with the 
methods and algorithms for information processing in the SRC. 
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Abstract. A transport system model based on  neural network can be used in the 
synthesis of algorithms for optimal control of a conveyor section flow parameters, in 
order to reduce the specific energy consumption of material transportation. 

Keywords: neural network, conveyor section 
 
Аннотаɰɿɹ. Моделɶ транспортноʀ системи на основɿ нейронноʀ мережɿ 

може бɭти використана при синтезɿ алгоритмɿв оптималɶного керɭваннɹ 
параметрами потокɭ секɰɿʀ конвеɽра з метоɸ зниженнɹ питомиɯ 
енерговитрат на транспортɭваннɹ матерɿалɭ. 

Клɸɱовɿ слова: нейроннa мережa, поток секɰɿʀ конвеɽра 
 

Belt conveyors are one of the main types of permanent transport in the 
mining industry [1]. Current trends in the mining industry require an 
increase in rated power of transport system and its length. The total length 
of the modern Conveyor-type transport system exceeds 100 km, and the 
length of a separate section is up to 20 km. The cost of energy for 
transportation is a significant part of the cost of the transported material and 
of the mining costs. Synthesis of algorithms for optimal control of the flow 
parameters of a conveyor-type transport system is a way to reduce the 
specific energy consumption for material transportation [2]. When designing 
a control system for the flow parameters of the conveyor-type transport 
system, the analytical models were proposed as a model of a conveyor 
section. However, the efficiency of any analytical model decreases with an 
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increase in the number of sections in the transport system. In this regard, the 
problem of building models of the transport system containing many 
sections becomes an urgent problem [3]. This circumstance explains the 
recent appearance of a sufficient number of works devoted to the use of a 
neural network for modeling a transport pipeline. The main problem that 
hinders the widespread use of neural networks for building these models of 
multi-section transport systems is the lack of appropriate data sets for 
training a neural network. So, it is necessary to form a countable number of 
data sets, which are characterized by a certain correlation function and the 
distribution law, and which can be used to train a neural network. To 
construct a generator of a random process, it is required to know the law of 
distribution of the value of the input flow entering the transport system and 
the form of the correlation function. As a zero approximation, theoretical 
assumptions about the form of the correlation function and the distribution 
law of a random variable can be used. The theoretical assumptions must be 
substantiated by experimental results. In this paper this is made based on the 
assessment of functioning systems experimental data. The statistical data of 
the input material flow is taken for the bucket-wheel excavator SRs 2000 
[4], which are shown in Fig.1. 

 
Figure 1. 1. Input material flow for the SRs 2000 bucket-wheel excavator 

[4] 
 

The random variable O  is introduced as dimensionless variable J . 

Fig.2, Fig.3 show the correlation function )(-JK  of a random process 



 
 
 

Materials of the ɏI International Scientific Conference  
«Information-Management Systems and Technologies»   

  21th – 23th September, 2023, Odessa 
 

 
  180 

)(WJ , as well as the distribution density )(Jsf   and )(JJnf  of random 
variable J .  

The expression for the function )(-JK , as a first approximation, to 

confirm the assumption that the input flow )(tO , coming from the mining 
equipment to the conveyor section can be modeled as a stationary process 
with an ergodic property in terms of the average value [5].  
 

 

 
Figure 2.  Correlation function )(-JK  

 
A comparative analysis of the discrepancy between the statistical 

distribution )(Jsf  and the theoretical distribution )(JJnf  according to the 

Pearson goodness-of-fit test 2F  does not allow to confirm the theoretical 
assumption that the random variable J  has a normal distribution law, Fig.3. 
On the other hand, the existing recommendations that the correlation 
functions can be approximately represented in exponential form are 
confirmed.  

The analysis and generalization of the obtained results will make it 
possible to form a countable number of data sets characterized by a certain 
correlation function and the distribution law of a random variable that can 
be used to train a neural network. A transport system model based on such 
neural network can be used in the synthesis of algorithms for optimal 
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control of a conveyor section flow parameters, in order to reduce the 
specific energy consumption of material transportation. 

 

 
Figure 3.  Distribution density )(Jsf and )(JJnf  
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Abstract. Using a parallel and distributed architecture results in improvement 
on runtime performance depending on the number of processors, runtime. 
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Аннотаɰɿɹ. Використаннɹ паралелɶноʀ та розподɿленоʀ арɯɿтектɭри 

покраɳɭɽ продɭктивнɿстɶ пɿд ɱас виконаннɹ залежно вɿд кɿлɶкостɿ проɰесорɿв 
ɿ ɱасɭ виконаннɹ. 

Клɸɱовɿ слова: паралелɶна та розподɿлена арɯɿтектɭра 
 

In computer science, graphs are well used as a data type for researches 
and applications also used as a mathematical model for computation based 
systems and researches.  

Graphs based hypercube, and their variants, are commonly used in 
computer architecture [1] and studied [2,3,4,5]. In networks, if the message 
is transmitted to one node, a unicast routing technique is used. In this study, 
the routing algorithms for the hypercube is given.  

The number of 1 bit in S⊕D (direction) is used to determine the 
minimum distance between destination D and source S.  

Starting with the direction's least significant 1 bit, each node in the route 
can be determined by XOR operation on the current node and a next 1 bit of 
direction. 
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The Algorithm 1 determines the unicast routing for H(n) (see [5]). The 
running time of the Algorithm 1 is O(n-1) while there is one loop runs n-1 
times that is one less than the degree of the hypercube. 

 
The Algorithm 2 uses the divide and conquer strategy for H(n). The 

Algorithm 2 has a recurrence relation as  
                                   (1) 
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The Algorithm 3 uses the divide and conquer strategy to determine 

unicast routing for H(n). The recurrence relation of the Algorithm 3 will be 
T(n)=2T(n/2)+(1). According to the Master method Case 1 running time is  

                     
     (2) 

Because there exists cycles in message sending graph is not a simple 
graph. There are three distinct scenarios of the execution time of Algorithm 
3 in a parallel architecture. For H(n) in this case, the address length is n. 
Case 1.  processors, where n € N, the address length ≤ . running 
time is 
                                               (3) 

Case 2.  processors, where n € N,   ≥ address length > , 
running time is  
                                        (4)  

Case 3.  processors, where n € N, address length > , running time is  
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       Using a parallel and distributed architecture results in improvement on 
runtime performance depending on the number of processors, runtime. 
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Анотаɰɿɹ. Длɹ вирɿɲеннɹ задаɱɿ ɮормɭваннɹ ɿнвестиɰɿйного портɮелɹ 

розроблено системɭ, ɹка дозволɹɽ виконɭвати попереднɸ обробкɭ даниɯ ɿ 
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розробкɭ рɿзниɯ моделей, такиɯ ɹк: моделɶ прийнɹттɹ рɿɲенɶ, мережɿ Байɽса, 
моделɿ Марковɿɰа ɿз оптимɿзаɰɿɽɸ за коеɮɿɰɿɽнтом Шарпа та мɿнɿмɿзаɰɿɽɸ 
ризикɿв, а також моделɶ ɲтɭɱного ɿнтелектɭ. Бɭло виконано моделɸваннɹ ɿ 
порɿвнɹннɹ еɮективностɿ ɰиɯ моделей на реалɶниɯ ɿсториɱниɯ даниɯ. 

Клɸɱовɿ слова: ɲтɭɱний ɿнтелект, моделɶ Марковɿɰа, мережа Байɽса, 
градɿɽнтний бɭстинг, ɿнвестиɰɿйний портɮелɶ. 

 
Abstract. The system for investment portfolio forming has been developed, which 

gives the possibility for preliminary data processing and its converting into required 
format, different models construction. It was developed such models as decision-
making model, Bayesian network, Markowitz models with the Sharp ratio 
optimization and risk minimisation as well as artificial intelligence-based model. It 
was made the modelling and comparison of the models’ efficiency on the real 
historical data.  

Keywords: artificial intelligence, Markowitz model, Bayesian network, gradient 
boosting, investment portfolio. 

 
Дɥɹ ɲɜɢɞɤɨɝɨ ɡɛɿɥɶɲɟɧɧɹ ɤɚɩɿɬɚɥɭ, ɥɸɞɢɧɚ ɜɤɥɚɞɚɽ ɝɪɨɲɿ ɭ 

ɧɟɪɭɯɨɦɿɫɬɶ, ɤɭɩɭɽ ɪɿɡɧɿ ɜɚɥɸɬɢ ɿ ɚɤɰɿʀ ɤɨɦɩɚɧɿɣ, ɬɨɛɬɨ ɮɨɪɦɭɽ 
ɿɧɜɟɫɬɢɰɿɣɧɿɣ ɩɨɪɬɮɟɥɶ. Дɥɹ ɫɬɜɨɪɟɧɧɹ ɹɤɿɫɧɨɝɨ ɿɧɜɟɫɬɢɰɿɣɧɨɝɨ 
ɩɨɪɬɮɟɥɸ ɩɨɬɪɿɛɧɨ ɩɪɨɚɧɚɥɿɡɭɜɚɬɢ ɡɧɚɱɧɭ ɤɿɥɶɤɿɫɬɶ ɮɿɧɚɧɫɨɜɢɯ 
ɩɨɤɚɡɧɢɤɿɜ. У ɧɚɲɿɣ ɪɨɛɨɬɿ ɜɢɤɨɧɚɧɨ ɞɨɫɥɿɞɠɟɧɧɹ ɪɿɡɧɢɯ ɦɟɬɨɞɿɜ ɧɚ 
ɪɟɚɥɶɧɢɯ ɞɚɧɢɯ, ɫɟɪɟɞ ɹɤɢɯ: ɩɨɤɜɚɪɬɚɥɶɧɿ ɡɜɿɬɢ ɤɨɦɩɚɧɿɣ, ɳɨɞɟɧɧɿ 
ɡɜɿɬɢ ɤɭɪɫɭ ɚɤɰɿɣ, ɬɚ ɭɫɬɚɧɨɜɱɿ ɞɚɧɿ ɤɨɦɩɚɧɿɣ. Пɪɨɚɧɚɥɿɡɨɜɚɧɨ ɛɿɥɶɲɟ 
500 ɤɨɦɩɚɧɿɣ ɜ ɩɟɪɿɨɞ ɡ 01.09.2017 ɩɨ 28.09.2022. 

Оɫɧɨɜɧɢɦɢ ɦɨɞɟɥɹɦɢ ɮɨɪɦɭɜɚɧɧɹ ɿɧɜɟɫɬɢɰɿɣɧɢɯ ɩɨɪɬɮɟɥɿɜ ɨɛɪɚɧɨ: 
ɦɨɞɟɥɶ ɩɪɢɣɧɹɬɬɹ ɪɿɲɟɧɶ [1], ɦɨɞɟɥɶ Мɚɪɤɨɜɿɰɚ, ɨɩɬɢɦɿɡɨɜɚɧɚ ɲɥɹɯɨɦ 
ɦɚɤɫɢɦɿɡɚɰɿʀ ɤɪɢɬɟɪɿɹ ɒɚɪɩɚ ɬɚ ɦɿɧɿɦɿɡɚɰɿʀ ɪɢɡɢɤɨɜɚɧɨɫɬɿ ɩɨɪɬɮɟɥɸ 
[2], ɦɟɪɟɠɚ Бɚɣɽɫɚ [3], ɚ ɬɚɤɨɠ ɪɨɡɪɨɛɥɟɧɨ ɜɥɚɫɧɭ ɦɨɞɟɥɶ ɧɚ ɨɫɧɨɜɿ 
ɦɟɬɨɞɭ ɝɪɚɞɿɽɧɬɧɨɝɨ ɛɭɫɬɢɧɝɭ [4] ɡ ɟɥɟɦɟɧɬɚɦɢ ɲɬɭɱɧɨɝɨ ɿɧɬɟɥɟɤɬɭ ɞɥɹ 
ɩɪɢɣɧɹɬɬɹ ɪɿɲɟɧɶ ɳɨɞɨ ɮɨɪɦɭɜɚɧɧɹ ɩɨɪɬɮɟɥɸ. Уɫɿ ɦɨɞɟɥɿ ɭ ɧɚɲɿɣ 
ɫɢɫɬɟɦɿ ɩɪɚɰɸɸɬɶ ɨɤɪɟɦɨ, ɳɨ ɞɨɡɜɨɥɹɽ ɩɨɪɿɜɧɸɜɚɬɢ ʀɯ ɟɮɟɤɬɢɜɧɿɫɬɶ ɬɚ 
ɨɛɢɪɚɬɢ ɨɩɬɢɦɚɥɶɧɢɣ ɦɟɬɨɞ ɞɥɹ ɩɨɛɭɞɨɜɢ ɩɪɢɛɭɬɤɨɜɨɝɨ 
ɿɧɜɟɫɬɢɰɿɣɧɨɝɨ ɩɨɪɬɮɟɥɸ. Аɧɚɥɿɡɭɜɚɥɢɫɶ ɬɚɤɿ ɩɨɤɚɡɧɢɤɢ ɹɤ: Netinc 
(ɱɢɫɬɢɣ ɩɪɢɛɭɬɨɤ), EBITDA (ɩɨɤɚɡɧɢɤ ɩɪɢɛɭɬɤɭ ɞɨ ɜɿɞɪɚɯɭɜɚɧɧɹ 
ɜɢɬɪɚɬ ɩɨ ɜɢɩɥɚɬɿ ɜɿɞɫɨɬɤɿɜ, ɩɨɞɚɬɤɿɜ, ɚɦɨɪɬɢɡɚɰɿʀ), FCF (ɜɿɥɶɧɢɣ 
ɝɪɨɲɨɜɢɣ ɩɨɬɿɤ), Current ratio (ɤɨɟɮɿɰɿɽɧɬ ɥɿɤɜɿɞɧɨɫɬɿ). ɐɿ ɩɨɤɚɡɧɢɤɢ 
ɜɚɠɥɢɜɿ ɞɥɹ ɭɫɿɯ ɦɨɞɟɥɟɣ, ɨɤɪɿɦ ɦɨɞɟɥɿ Мɚɪɤɨɜɿɰɚ, ɹɤɚ ɜɢɤɨɪɢɫɬɨɜɭɽ 
ɥɢɲɟ ɰɿɧɭ ɚɤɰɿɣ ɞɥɹ ɮɨɪɦɭɜɚɧɧɹ ɩɨɪɬɮɟɥɸ. Вɚɠɥɢɜɢɦɢ ɳɨɞɟɧɧɢɦɢ 
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ɩɨɤɚɡɧɢɤɚɦɢ ɽ: Close (ɰɿɧɚ ɡɚɤɪɢɬɬɹ ɤɭɪɫɭ ɚɤɰɿɣ) ɿ Marketcap 
(ɤɚɩɿɬɚɥɿɡɚɰɿɹ). Нɚɣɤɪɚɳɿ ɪɟɡɭɥɶɬɚɬɢ ɩɨɤɚɡɚɥɚ ɦɨɞɟɥɶ ɲɬɭɱɧɨɝɨ 
ɿɧɬɟɥɟɤɬɭ ɿɡ ɧɚɣɛɿɥɶɲ ɩɪɢɛɭɬɤɨɜɢɦ ɿɧɜɟɫɬɢɰɿɣɧɢɦ ɩɨɪɬɮɟɥɟɦ (Тɚɛɥ. 1). 
Вɢɫɨɤɿ ɩɨɤɚɡɧɢɤɢ ɟɮɟɤɬɢɜɧɨɫɬɿ ɩɨɤɚɡɚɥɚ ɦɨɞɟɥɶ Мɚɪɤɨɜɿɰɚ ɡ 
ɨɩɬɢɦɿɡɚɰɿɽɸ ɲɥɹɯɨɦ ɦɚɤɫɢɦɿɡɚɰɿʀ ɤɨɟɮɿɰɿɽɧɬɚ ɒɚɪɩɚ. Уɫɿ ɿɧɲɿ ɦɨɞɟɥɿ 
ɫɮɨɪɦɭɜɚɥɢ ɧɟɩɪɢɛɭɬɤɨɜɿ ɩɨɪɬɮɟɥɿ. Оɬɪɢɦɚɧɿ ɪɟɡɭɥɶɬɚɬɢ ɩɿɞɬɜɟɪɞɢɥɢ, 
ɳɨ ɪɨɡɪɨɛɥɟɧɢɣ ɦɟɬɨɞ ɧɚ ɨɫɧɨɜɢ ɒІ ɦɚɽ ɜɢɳɭ ɟɮɟɤɬɢɜɧɿɫɬɶ, ɧɿɠ 
ɤɥɚɫɢɱɧɿ ɦɟɬɨɞɢ, ɚ ɿɧɜɟɫɬɢɰɿɣɧɢɣ ɩɨɪɬɮɟɥɶ ɩɪɢɧɿɫ ɧɚɣɜɢɳɭ 
ɩɪɢɛɭɬɤɨɜɿɫɬɶ ɫɟɪɟɞ ɿɧɲɢɯ ɩɨɪɬɮɟɥɿɜ. Сɚɦ ɩɨɪɬɮɟɥɶ ɽ ɡɛɚɥɚɧɫɨɜɚɧɢɦ, 
ɳɨ ɫɜɿɞɱɢɬɶ ɩɪɨ ɣɨɝɨ ɧɚɞɿɣɧɿɫɬɶ. Пɟɪɟɜɚɝɚ ɪɨɡɪɨɛɥɟɧɨɝɨ ɦɟɬɨɞɭ ɧɚ 
ɨɫɧɨɜɿ ɒІ ɩɨɥɹɝɚɽ ɜ ɬɨɦɭ, ɳɨ ɜɿɧ ɚɧɚɥɿɡɭɽ ɪɢɧɨɤ ɜ ɰɿɥɨɦɭ ɿ ɦɨɠɟ 
ɩɨɪɿɜɧɸɜɚɬɢ ɤɨɦɩɚɧɿʀ ɦɿɠ ɫɨɛɨɸ. 
 

Тɚɛɥɢɰɹ 1. Пɨɪɿɜɧɹɧɧɹ ɨɬɪɢɦɚɧɢɯ ɿɧɜɟɫɬɢɰɿɣɧɢɯ ɩɨɪɬɮɟɥɿɜ ɧɚ 
ɨɫɧɨɜɿ ɪɿɡɧɢɯ ɦɨɞɟɥɟɣ (ɜɤɚɡɚɧɿ ɥɢɲɟ ɤɥɸɱɨɜɿ ɨɛ’ɽɤɬɢ) 
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Анотаɰɿɹ. Дослɿджено методикɭ застосɭваннɹ класиɮɿкаɰɿʀ з вейвлет-
перетвореннɹм при автоматизованомɭ передбаɱеннɿ параметрɿв електронниɯ 
компонентɿв на базɿ ланɰɸгɿв Маркова. Такий пɿдɯɿд дозволитɶ скоротити ɱас 
виробниɱиɯ ɿспитɿв длɹ електронниɯ компонентɿв, ɳо обираɸтɶ длɹ 
використаннɹ в довго праɰɸɸɱɿй апаратɭрɿ вɿдповɿдалɶного признаɱеннɹ. 

Клɸɱовɿ слова: класиɮɿкаɰɿɹ, вейвлет-перетвореннɹ (ВП), ɲɭм, 
електронна апаратɭра. 

 
Abstract.The technique of applying classification with wavelet transformation 

for automated prediction of parameters of electronic components based on Markov 
chains was studied. This approach will allow to reduce the time of production tests 
for electronic components selected for use in long-term equipment of responsible 
purpose. 

Keywords: classification, wavelet transform (WT), noise, electronic equipment. 
        

Дɥɹ ɬɨɝɨ, ɳɨɛ ɫɤɨɪɨɬɢɬɢ ɜɢɬɪɚɬɢ ɱɚɫɭ ɿ ɡɞɟɲɟɜɢɬɢ ɜɢɪɨɛɧɢɱɿ 
ɿɫɩɢɬɢ ɩɪɢ ɨɰɿɧɰɿ ɜɢɯɨɞɭ ɩɚɪɚɦɟɬɪɿɜ ɟɥɟɤɬɪɨɧɧɢɯ ɤɨɦɩɨɧɟɧɬɿɜ ɡɚ ɦɟɠɿ 
ɩɨɥɹ ɞɨɩɭɫɤɭ ɜɢɤɨɪɢɫɬɨɜɭɸɬɶ ɚɜɬɨɦɚɬɢɡɨɜɚɧɟ ɩɪɨɝɧɨɡɭɜɚɧɧɹ 
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ɩɚɪɚɦɟɬɪɿɜ ɜɢɪɨɛɿɜ [1,2], ɧɚɩɪɢɤɥɚɞ, ɩɪɢ ɜɿɞɛɨɪɿ ɤɨɦɩɨɧɟɧɬɿɜ ɞɥɹ 
ɚɩɚɪɚɬɭɪɢ ɜɿɞɩɨɜɿɞɚɥɶɧɨɝɨ ɩɪɢɡɧɚɱɟɧɧɹ. ɑɟɪɟɡ ɫɤɥɚɞɧɭ,  ɡ ɛɚɝɚɬɶɦɚ 
ɟɤɫɬɪɟɦɭɦɚɦɢ (ɜɿɞɧɨɲɟɧɧɹ ɫɢɝɧɚɥ/ɡɚɜɚɞɚ ɞɨ 10 ɩɨ ɚɦɩɥɿɬɭɞɿ) 
ɩɨɜɟɪɯɧɸ ɮɭɧɤɰɿɨɧɚɥɿɜ ɹɤɨɫɬɿ ɜ ɪɨɛɨɬɿ ɩɪɨɩɨɧɭɽɬɶɫɹ ɜɢɤɨɪɢɫɬɚɬɢ ɧɚ 
ɨɞɧɨɦɭ ɡ ɟɬɚɩɿɜ ɪɨɡɪɨɛɥɟɧɢɣ ɞɥɹ ɬɚɤɢɯ ɭɦɨɜ ɦɟɬɨɞ ɤɥɚɫɢɮɿɤɚɰɿʀ ɧɚ ɛɚɡɿ 
ɜɟɣɜɥɟɬ ɩɟɪɟɬɜɨɪɟɧɧɹ (ВП) [3]. Оɫɨɛɥɢɜɨɫɬɿ ɤɥɚɫɢɮɿɤɚɰɿʀ ɡ ВП ɛɭɥɢ 
ɩɟɪɟɜɿɪɟɧɿ ɟɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨ. əɤ ɡɧɚɱɟɧɧɹ ɪɟɚɥɿɡɚɰɿɣ ɮɭɧɤɰɿɨɧɚɥɭ 
Q(x,c) ɩɪɢ ɨɰɿɧɰɿ ɡɚɜɚɞɨɫɬɿɣɤɨɫɬɿ ɦɟɬɨɞɭ ɜ ɪɨɛɨɬɿ ɩɪɢɣɧɹɬɨ ɤɿɥɶɤɿɫɬɶ 
ɨɛ'ɽɤɬɿɜ, ɳɨ ɩɨɦɢɥɤɨɜɨ ɤɥɚɫɢɮɿɤɭɸɬɶɫɹ ɡɚ ɞɨɩɨɦɨɝɨɸ С. Пɪɨɰɟɞɭɪɚ 
ɤɥɚɫɢɮɿɤɚɰɿʀ ɛɭɥɚ ɩɨɞɿɥɟɧɚ ɧɚ ɞɜɚ ɟɬɚɩɢ: ɪɟɠɢɦ ɧɚɜɱɚɧɧɹ ɬɚ ɪɨɛɨɱɢɣ 
ɪɟɠɢɦ. Оɛɪɚɧɢɣ ɦɟɬɨɞ ɤɥɚɫɢɮɿɤɚɰɿʀ ɞɨɡɜɨɥɢɜ ɩɪɨɜɟɫɬɢ ɩɨɞɿɥ ɤɥɚɫɿɜ ɭ 
ɩɪɨɫɬɨɪɿ ɨɡɧɚɤ ɡ ɜɢɫɨɤɨɸ ɫɬɿɣɤɿɫɬɸ ɞɨ ɩɟɪɟɲɤɨɞ. Дɥɹ ɞɨɫɥɿɞɠɟɧɧɹ 
ɡɚɜɚɞɨɫɬɿɣɤɨɫɬɿ ɦɟɬɨɞɭ ɛɭɥɚ ɩɪɨɜɟɞɟɧɚ ɤɥɚɫɢɮɿɤɚɰɿɹ ɞɥɹ ɞɜɨɯ ɤɥɚɫɿɜ ɭ 
ɩɪɨɫɬɨɪɿ ɨɡɧɚɤ ɜ ɭɦɨɜɚɯ ɩɟɪɟɲɤɨɞ (ɪɨɛɨɱɢɣ ɪɟɠɢɦ) ɬɚ ɨɰɿɧɟɧɚ 
ɡɚɥɟɠɧɿɫɬɶ ɡɦɿɧɢ ɫɭɦɚɪɧɨʀ ɣɦɨɜɿɪɧɨɫɬɿ ɩɨɦɢɥɨɤ ɩɟɪɲɨɝɨ ɬɚ ɞɪɭɝɨɝɨ 
ɪɨɞɭ P ɡɿ ɡɛɿɥɶɲɟɧɧɹɦ ɨɰɿɧɤɢ ɜɿɞɧɨɫɧɨʀ ɜɟɥɢɱɢɧɢ 
ɫɟɪɟɞɧɶɨɤɜɚɞɪɚɬɢɱɧɨɝɨ ɜɿɞɯɢɥɟɧɧɹ ɩɚɪɚɦɟɬɪɿɜ ɤɥɚɫɭ. В ɪɟɡɭɥɶɬɚɬɿ 
ɡɚɫɬɨɫɭɜɚɧɧɹ ɤɥɚɫɢɮɿɤɚɰɿʀ ɡ ВП ɫɟɪɟɞɧɿɣ ɪɢɡɢɤ ɡɦɟɧɲɢɜɫɹ ɜɿɞ 3 ɞɨ 30 
ɪɚɡɿɜ ɡɚ ɡɦɿɧɢ ɨɰɿɧɤɢ ɜɿɞɧɨɫɧɨʀ ɜɟɥɢɱɢɧɢ ɫɟɪɟɞɧɶɨɤɜɚɞɪɚɬɢɱɧɨɝɨ 
ɜɿɞɯɢɥɟɧɧɹ ɜ ɩɪɨɫɬɨɪɿ ɨɡɧɚɤ ɜɿɞ 0,04 ɞɨ 0,23 (ɞɥɹ ɞɨɜɠɢɧɢ ɧɨɫɿɹ 
ɜɟɣɜɥɟɬ ɮɭɧɤɰɿʀ ). Дɨɫɥɿɞɠɟɧɧɹ ɩɨɤɚɡɚɥɢ, ɳɨ ɜɢɛɿɪ ɞɨɜɠɢɧɢ 
ɧɨɫɿɹ ɞɨɡɜɨɥɹɽ ɡɚɛɟɡɩɟɱɢɬɢ ɫɬɿɣɤɿɫɬɶ ɞɨ ɩɟɪɟɲɤɨɞ ɿ ɩɨɯɢɛɤɭ, ɧɟɨɛɯɿɞɧɿ 
ɞɥɹ ɜɢɪɿɲɟɧɧɹ ɜɤɚɡɚɧɨʀ ɩɪɢɤɥɚɞɧɨʀ ɡɚɞɚɱɿ. 

Пɿɞɯɿɞ ɜɢɩɪɨɛɭɜɚɧɨ ɩɪɢ ɨɰɿɧɰɿ ɿɦɨɜɿɪɧɨɫɬɿ ɜɢɯɨɞɭ ɩɚɪɚɦɟɬɪɿɜ 
ɪɟɡɢɫɬɨɪɿɜ  ɡɚ ɦɟɠɿ ɩɨɥɹ ɞɨɩɭɫɤɭ ɞɥɹ ɫɢɧɬɟɡɨɜɚɧɨʀ ɜɢɛɿɪɤɢ.  Пɪɢ ɰɶɨɦɭ 
ɛɭɥɚ ɩɪɨɜɟɞɟɧɚ ɨɰɿɧɤɚ ɩɪɢɧɚɥɟɠɧɨɫɬɿ ɪɟɡɢɫɬɨɪɿɜ ɤɥɚɫɬɟɪɚɦ ɞɥɹ 
ɦɨɦɟɧɬɭ ɱɚɫɭ t5 (10000 ɝɨɞɢɧ),  ɩɨɪɿɜɧɹɧɧɹ ɡ ɝɪɚɧɢɰɹɦɢ ɞɨɩɭɫɤɭ ɿ 

ɨɰɿɧɟɧɚ ɣɦɨɜɿɪɧɿɫɬɶ  ,
N
nP   ɞɟ n  – ɤɿɥɶɤɿɫɬɶ ɨɛ’ɽɤɬɿɜ ɡ ɜɿɪɧɨ 

ɜɢɡɧɚɱɟɧɢɦ ɧɨɦɟɪɨɦ ɤɥɚɫɭ; N  – ɡɚɝɚɥɶɧɚ ɤɿɥɶɤɿɫɬɶ  ɨɛ’ɽɤɬɿɜ. Дɥɹ 
ɞɨɫɥɿɞɠɟɧɧɹ ɰɹ ɣɦɨɜɿɪɧɿɫɬɶ 7,0 P , ɳɨ ɜɿɞɩɨɜɿɞɚɽ ɜɢɦɨɝɚɦ 
ɩɪɚɤɬɢɤɢ. У ɜɢɩɚɞɤɭ, ɤɨɥɢ ɞɥɹ ɜɢɪɿɲɟɧɧɹ ɡɚɞɚɱɿ ɛɭɥɢ ɜɢɤɨɪɢɫɬɚɧɿ  
ɤɥɚɫɬɟɪɢɡɚɰɿɹ ɿ ɤɥɚɫɢɮɿɤɚɰɿɹ ɧɚ ɛɚɡɿ ɨɰɿɧɤɢ ɝɪɚɞɿɽɧɬɭ, P  ɧɢɠɱɟ ɜ 1,3 
ɪɚɡɢ, ɳɨ ɩɿɞɬɜɟɪɞɠɭɽ ɡɛɿɥɶɲɟɧɧɹ ɫɟɪɟɞɧɶɨɝɨ ɪɢɡɢɤɭ ɜɿɞɧɨɫɧɨ 
ɞɨɫɥɿɞɠɭɜɚɧɨɝɨ ɩɿɞɯɨɞɭ. ɐɟɣ ɪɟɡɭɥɶɬɚɬ ɞɨɡɜɨɥɹɽ ɪɟɤɨɦɟɧɞɭɜɚɬɢ ɰɟɣ 
ɦɟɬɨɞ ɤɥɚɫɢɮɿɤɚɰɿʀ ɞɥɹ ɜɿɞɛɢɪɚɧɧɹ ɜɢɪɨɛɿɜ ɟɥɟɤɬɪɨɧɿɤɢ, ɩɪɢɡɧɚɱɟɧɢɯ 
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ɞɥɹ ɜɢɤɨɪɢɫɬɚɧɧɹ ɜ ɞɨɜɝɨ ɩɪɚɰɸɸɱɿɣ ɚɩɚɪɚɬɭɪɿ ɜɿɞɩɨɜɿɞɚɥɶɧɨɝɨ 
ɩɪɢɡɧɚɱɟɧɧɹ. 
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Abstract. Analysis of the models of the block-cyclic structures of the core of the 
DCT-II allows us, in the process of synthesis of algorithms, to provide efficient 
software or hardware organization of transforms based on cyclic convolutions for 
each specific size. 

Keywords: algorithms, cyclic convolutions 
 



 
 
 

Materials of the ɏI International Scientific Conference  
«Information-Management Systems and Technologies»   

  21th – 23th September, 2023, Odessa 
 

 
  191 

Анотаɰɿɹ. Аналɿз моделей блоɱно-ɰиклɿɱниɯ стрɭктɭр ɹдра DCT-II 
дозволɹɽ в проɰесɿ синтезɭ алгоритмɿв забезпеɱити еɮективнɭ програмнɭ або 
апаратнɭ органɿзаɰɿɸ перетворенɶ на основɿ ɰиклɿɱниɯ згорток длɹ кожного 
конкретного розмɿрɭ. 

Клɸɱовɿ слова: алгоритми,  ɰиклɿɱни згортки 
 

In many scientific fields and several problems, not only fast algorithms, 
block circulant matrices have been used. One of the approaches to the 
development of efficient algorithms is the ability to compute harmonic 
transforms through cyclic convolutions. The cyclic decomposition of the 
substitution is used to bring the harmonic basis of DCT to a set of cyclic 
submatrices [1,2]. Execution of the synthesis of fast DCT algorithms 
requires an analysis and research of the obtained block-cyclic structure of 
the core of the transform in order to reduce the computational complexity 
and efficient organization of its execution. Among the existing eight types 
of DCT I-VIII, the first was DCT-II. Direct and reverse DCT-II is described 
by expressions:  
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where x(n), Xc2(k) are input and output sequences of transform of size N.  

The model of the block-cyclic structure of the basis matrix of the DCT-II 
can be described using a cyclic decomposition determined by the 
substitution of the corresponding columns in the matrix with integer values 
of the arguments of the basis function:  
 

,),...,)...(,...,(),...,()(...)()()( 212222211112112211 kLkkLkLLLkk hhhhhhhhhLHLHLHLH   (2) 
 

 
where hij are integer elements of cycles Hi(Li) with size Li elements (i = 
1,2,…, k; j = 1,2,…, Li), k is the number of cycles. 

For automatic synthesis of the fast algorithm DCT-II it is necessary to 
perform the analysis of the structure of the obtained block-cyclic matrix in 
order to determine identical blocks that are placed horizontally and 
vertically relative to each other. The presence of identical blocks reduces the 
computational complexity and provides an opportunity to organize the 
efficient computation of DCT. To do this, we apply the basic parameters of 
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the model H(L) of the block-cyclic structure of the basic matrix DCT-II. The 
model H(L) of the block-cyclic structure of the base matrix DCT-II 
complements its representation in the form of a simplified cyclic 
decomposition H'(L) and additional cyclic decomposition of signs Zc(L). We 
define identical cyclic submatrices by selecting the coordinates (i+Li), (j+Li) 
of the first elements zi,jсi,j of identical submatrices horizontally (i+Li) = const 
in the block-cyclic structure of the basis matrix.The software 
implementation of analysis in C++ search of identical matrices includes two 
main functions: search and selection of cyclic matrices in the block-cyclic 
structure of the core of DCT-II based on the model (2) and a function of 
determination of identical blocks for the definition of the minimum number 
of cyclic convolutions required for computation of DCT-II. As a result of 
execution of the first function, a set of cyclic subarrays is determined in the 
form of an array of data containing the values of ci,j of the first elements of 
the blocks and their corresponding coordinates (i,j), which accordingly are 
the indices of the two-dimensional array. The algorithm for determining the 
minimum number of convolutions uses the result of the first search and 
selection of cyclic submatrices. In the next stage, the values of the first 
simplified elements of cyclic submatrices are selected and are compared in 
the structure of the basis matrix according to the formed coordinates. As a 
result of definition of identical blocks horizontally and vertically by means 
of the software decision, the sequence of cyclic convolutions between a set 
of the simplified arguments and a set of the corresponding input data is 
formed. Depending on the specific value of the transform of the size N 
according to the corresponding value, the choice of columns to form a 
substitution for the model (2) of the block-cyclic structure of the core of the 
DCT-II yields different variants of block-cyclic structures with the 
corresponding number and sizes of cyclic matrices. This creates the 
possibility of choosing the structural diagrams of computers of DCT-II at 
the system (algorithmic) stage of design. There are sizes of DCT-II, which 
have only one variant of the block-cyclic structure for any values of column 
indices. For example, one variant of the block-cyclic structure has simple 
values of sizes N = 11, 23, 47, 59, 83. Thus, the analysis of the models of the 
block-cyclic structures of the core of the DCT-II allows us, in the process of 
synthesis of algorithms, to provide efficient software [3] or hardware 
organization of transforms based on cyclic convolutions for each specific 
size N. 
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Abstract. A combined approach to searching for scientific articles on the 

Internet can greatly facilitate the task of finding relevant information and improving 
its quality. 
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Анотаɰɿɹ Комбɿнований пɿдɯɿд до поɲɭкɭ наɭковиɯ статей в Інтернетɿ 

може знаɱно полегɲити завданнɹ поɲɭкɭ актɭалɶноʀ ɿнɮормаɰɿʀ та 
пɿдвиɳеннɹ ʀʀ ɹкостɿ. 
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With the growing number of online scientific publications, finding 
relevant articles has become more complex. To solve search problems, there 
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are many methods for assessing relevance [1,2,3].  The disadvantages of 
individual methods are reduced with using combined approaches that are 
based on various methods, including TF-IDF, BM 25 analysis, Latent 
Semantic Analysis (LSA), LexRank graph model, and machine learning 
techniques such as Bayesian classification and neural networks has been 
proposed to solve this problem [1,2,3,4]. These techniques have proven to 
be effective in improving the relevance of searches for scientific articles on 
the Internet, as evidenced by studies based on LSA, TF-IDF, BM25 [1,2,5] 
and based on a combination of LexRank with centroid-based summarization 
for NLP [3]. TF-IDF analysis helps identify the most frequently occurring 
terms in texts, which can then be used to calculate the relevance of a 
document to a query. LSA allows you to identify semantic relationships 
between words and documents, taking into account synonyms and words 
with similar meanings [6]. The LexRank graph model takes into account the 
interaction between documents and their words, which allows you to select 
the most interesting documents based on graph analysis. The use of machine 
learning techniques, such as Bayesian classification and neural networks, 
can further improve the relevance of searches for articles on the Internet.  

Combined methods using TF-IDF, BM25 analysis, LSA, LexRank graph 
model, and machine learning methods show better results compared to 
individual methods, which allows for a more accurate and fast search of 
relevant scientific articles on the Internet. In addition, the combined 
approach makes it possible to reduce the number of unnecessary documents 
in the output of the search engine and increase the accuracy of the results. 
The use of these methods allows you to find not only documents that contain 
keywords, but also those that are related in terms of content, and find 
additional information for them. Thus, a combined approach to searching for 
scientific articles on the Internet can greatly facilitate the task of finding 
relevant information and improving its quality. 
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Аннотаɰɿɹ. У роботɿ наведенɿ резɭлɶтати розробки проектɭ системи 
автоматизаɰɿʀ розпɿзнаваннɹ медиɱниɯ лɿкɿв засобами маɲинного навɱаннɹ, 
зокрема ɲтɭɱниɯ нейромереж. 

Клɸɱовɿ слова: розпɿзнаваннɹ образɿв, маɲинне навɱаннɹ. 
Abstract. The paper presents the results of the development project of the system 

for automating the recognition of medical drugs by means of machine learning, in 
particular artificial neural networks. 

Keywords: pattern recognition, machine learning. 
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Рɨɡɩɿɡɧɚɜɚɧɧɹ ɨɛɪɚɡɿɜ ɬɚ ɬɟɤɫɬɨɜɨɝɨ ɤɨɧɬɟɧɬɭ ɽ ɚɤɬɭɚɥɶɧɨɸ 
ɞɨɫɥɿɞɠɭɜɚɧɨɸ ɝɚɥɭɡɡɸ ɜ ɦɚɲɢɧɧɨɦɭ ɧɚɜɱɚɧɧɿ [1]. Вɫɟ ɛɿɥɶɲɟ ɫɢɫɬɟɦ 
ɜɢɤɨɪɢɫɬɨɜɭɸɬɶ ɚɥɝɨɪɢɬɦɢ ɤɥɚɫɢɮɿɤɚɰɿʀ ɞɥɹ ɚɜɬɨɦɚɬɢɡɚɰɿʀ ɩɪɨɰɟɫɿɜ. 
Оɞɧɢɦ ɡ ɧɚɣɝɨɥɨɜɧɿɲɢɯ ɧɚɩɪɹɦɤɿɜ ɦɚɲɢɧɧɨɝɨ ɧɚɜɱɚɧɧɹ ɽ ɲɬɭɱɧɿ 
ɧɟɣɪɨɧɧɿ ɦɟɪɟɠɿ [2]. Дɥɹ ɦɟɞɢɱɧɨʀ cɮɟɪɢ ɡɚɫɬɨɫɭɜɚɧɧɹ ɪɨɡɩɿɡɧɚɜɚɧɧɹ 
ɦɨɠɟ ɩɨɥɹɝɚɬɢ ɭ ɜɿɞɧɟɫɟɧɧɿ ɜɢɯɿɞɧɢɯ ɞɚɧɢɯ ɞɨ ɩɟɜɧɨɝɨ ɤɥɚɫɭ ɡɚ 
ɞɨɩɨɦɨɝɨɸ ɜɢɞɿɥɟɧɧɹ ɫɭɬɬɽɜɢɯ ɨɡɧɚɤ, ɳɨ ɯɚɪɚɤɬɟɪɢɡɭɸɬɶ ɰɿ ɞɚɧɿ ɿɡ 
ɡɚɝɚɥɶɧɨʀ ɦɚɫɢ ɧɟɫɭɬɬɽɜɢɯ ɞɚɧɢɯ, ɡɨɤɪɟɦɚ ɡɨɛɪɚɠɟɧɶ ɥɿɤɿɜ. 
 

 
Рисунок 1.  Дɿаграма дɿɹлɶностɿ длɹ розпɿзнаваннɹ лɿкɿв ɭ системɿ 

 
Пɪɨɩɨɧɨɜɚɧɚ ɫɢɫɬɟɦɚ ɹɜɥɹɽ ɫɨɛɨɸ ɜɟɛ-ɡɚɫɬɨɫɭɧɨɤ, ɹɤɢɣ ɫɥɭɠɢɬɶ 

ɞɥɹ ɪɨɡɩɿɡɧɚɜɚɧɧɹ ɥɿɤɿɜ ɡɚ ɡɨɛɪɚɠɟɧɧɹɦ ɡɚ ɦɿɧɿɦɚɥɶɧɢɣ ɱɚɫ.  
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Нɚ ɜɯɿɞ ɞɚɧɨʀ ɫɢɫɬɟɦɢ ɧɚɞɯɨɞɢɬɶ ɡɨɛɪɚɠɟɧɧɹ, ɹɤɟ ɤɨɪɢɫɬɭɜɚɱ 
ɡɚɜɚɧɬɚɠɭɽ ɜ ɞɨɞɚɬɨɤ, ɚ ɧɚ ɜɢɯɨɞɿ ɛɭɞɟ ɨɬɪɢɦɚɧɨ ɪɟɡɭɥɶɬɚɬ 
ɪɨɡɩɿɡɧɚɜɚɧɧɹ ɭ ɜɢɝɥɹɞɿ ɡɨɛɪɚɠɟɧɧɹ ɡ ɜɿɞɫɨɬɤɨɦ ɤɚɬɟɝɨɪɿʀ, ɞɨ ɹɤɨʀ ɜɨɧɨ 
ɛɭɥɨ ɜɿɞɧɟɫɟɧɨ.  

Кɨɪɢɫɬɭɜɚɱɟɜɿ ɞɨɫɬɭɩɧɿ ɧɚɫɬɭɩɧɿ ɮɭɧɤɰɿʀ: ɡɚɜɚɧɬɚɠɟɧɧɹ ɡɨɛɪɚɠɟɧɧɹ 
ɥɿɤɿɜ ɞɥɹ ɪɨɡɩɿɡɧɚɜɚɧɧɹ; ɜɢɛɿɪ ɬɢɩɭ ɧɟɣɪɨɧɧɨʀ ɦɟɪɟɠɿ ɞɥɹ 
ɪɨɡɩɿɡɧɚɜɚɧɧɹ; ɜɢɛɿɪ ɮɭɧɤɰɿʀ ɚɤɬɢɜɚɰɿʀ; ɩɟɪɟɝɥɹɞ ɡɜɿɬɭ ɧɚɜɱɚɧɧɹ 
ɧɟɣɪɨɧɧɢɯ ɦɟɪɟɠ; ɩɟɪɟɝɥɹɞ ɪɟɡɭɥɶɬɚɬɭ ɪɨɡɩɿɡɧɚɜɚɧɧɹ; ɡɚɜɚɧɬɚɠɟɧɧɹ 
ɪɨɡɩɿɡɧɚɧɨɝɨ ɡɨɛɪɚɠɟɧɧɹ; ɡɚɜɚɧɬɚɠɟɧɧɹ ɡɜɿɬɭ ɜ .pdf. 

Рɨɡɝɥɹɧɟɦɨ ɫɰɟɧɚɪɿɣ ɪɨɡɩɿɡɧɚɜɚɧɧɹ ɡɨɛɪɚɠɟɧɧɹ ɜ ɫɢɫɬɟɦ, ɡɚɞɥɹ 
ɹɤɨɝɨ ɛɭɥɚ ɪɨɡɪɨɛɥɟɧɚ ɞɿɚɝɪɚɦɚ ɞɿɹɥɶɧɨɫɬɿ (ɪɢɫ. 1).  

Кɨɪɢɫɬɭɜɚɱ ɜɿɞɤɪɢɜɚɽ ɫɢɫɬɟɦɭ ɬɚ ɩɨɬɪɚɩɥɹɽ ɧɚ ɝɨɥɨɜɧɭ ɫɬɨɪɿɧɤɭ. 
Вɿɧ ɧɚɬɢɫɤɚɽ ɤɧɨɩɤɭ “Browser files” ɞɥɹ ɡɚɜɚɧɬɚɠɟɧɧɹ ɡɨɛɪɚɠɟɧɧɹ. 
Пɿɫɥɹ ɬɨɝɨ, ɹɤ ɜɫɿ ɜɯɿɞɧɿ ɞɚɧɿ ɩɪɢɫɭɬɧɿ, ɫɢɫɬɟɦɚ ɨɛɪɨɛɥɹɽ ɞɚɧɿ ɞɨ 
ɩɟɜɧɨɝɨ ɮɨɪɦɚɬɭ ɿ ɡɚɩɭɫɤɚɽ ɨɛɪɚɧɭ ɧɚɜɱɟɧɭ ɧɟɣɪɨɧɧɭ ɦɟɪɟɠɭ ɡ 
ɨɛɪɚɧɨɸ ɮɭɧɤɰɿɽɸ ɚɤɬɢɜɚɰɿʀ ɧɚ Web Service.  

Пɿɫɥɹ ɬɨɝɨ, ɹɤ ɨɛɪɚɧɚ ɦɨɞɟɥɶ ɜɿɞɩɪɚɰɸɜɚɥɚ, Web Service ɩɨɜɟɪɬɚɽ 
ɪɟɡɭɥɶɬɚɬ ɪɨɡɩɿɡɧɚɜɚɧɧɹ, ɤɨɪɢɫɬɭɜɚɱɟɜɿ ɜɿɞɨɛɪɚɡɢɬɶɫɹ ɩɨɬɨɱɧɟ 
ɡɨɛɪɚɠɟɧɧɹ ɡ ɧɚɡɜɨɸ ɤɥɚɫɭ, ɞɨ ɹɤɨɝɨ ɛɭɥɨ ɤɥɚɫɢɮɿɤɨɜɚɧɨ ɨɛɪɚɧɟ 
ɡɨɛɪɚɠɟɧɧɹ ɥɿɤɿɜ ɬɚ ɜɿɞɫɨɬɨɤ ɪɨɡɩɿɡɧɚɜɚɧɧɹ.  

Вɢɫɧɨɜɤɢ. Сɬɜɨɪɟɧɚ ɫɢɫɬɟɦɚ ɫɬɜɨɪɸɽ ɦɨɠɥɢɜɿɫɬɶ ɨɬɪɢɦɚɧɧɹ 
ɤɥɚɫɢɮɿɤɚɰɿʀ ɡɨɛɪɚɠɟɧɧɹ ɥɿɤɿɜ ɜ ɚɜɬɨɦɚɬɢɱɧɨɦɭ ɪɟɠɢɦɿ, 
ɜɢɤɨɪɢɫɬɨɜɭɸɱɢ ɞɥɹ ɪɟɚɥɿɡɚɰɿʀ ɧɟɣɪɨɧɧɭ ɦɟɪɟɠɭ, ɹɤɚ ɨɬɪɢɦɚɥɚ 
ɧɚɣɛɿɥɶɲɭ ɬɨɱɧɿɫɬɶ ɬɚ ɦɿɧɿɦɚɥɶɧɿ ɜɬɪɚɬɢ ɩɪɢ ɧɚɜɱɚɧɧɿ ɬɚ ɬɟɫɬɭɜɚɧɧɿ. 
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Анотаɰɿɹ. Розглɹдаɽтɶсɹ проблема визнаɱеннɹ критерɿʀв ɭразливостɿ АЗС 
ɳодо наслɿдкɿв можливого аварɿйного ɿнɰидентɭ, ɳо вклɸɱаɸтɶ втраɱенɿ 
життɹ, економɿɱнɿ, соɰɿалɶнɿ та екологɿɱнɿ наслɿдки аварɿйного ɿнɰидентɭ. 
Длɹ визнаɱеннɹ ваг критерɿʀв застосовɭɸтɶсɹ метод аналɿзɭ ɿɽрарɯɿй та 
експертнɿ оɰɿнки (ранжɭваннɹ). 

Клɸɱовɿ слова: багатокритерɿалɶний метод прийнɹттɹ рɿɲенɶ, метод   
аналɿзɭ ɿɽрарɯɿй, автозаправнɿ станɰɿʀ, метод ранжɭваннɹ, аварɿйнɿ 
ɿнɰиденти. 

 
Abstract. The problem of determining the criteria of petrol stations vulnerability 

is considered in terms of the consequences of a possible incident, including lost lives, 
economic, social and environmental consequences of a possible accident. The 
analytic hierarchy process and a experts assessments (ranking) are used to 
determine the weight of the criteria. 

Keywords: Multi-criteria decision analysis, analytic hierarchy process, petrol 
stations, ranking method, accidents. 
 

Вɫɬɭɩ. У ɪɚɦɤɚɯ ɜɢɤɨɧɚɧɧɹ ɫɩɿɥɶɧɨɝɨ ɭɤɪɚʀɧɨ-ɛɪɢɬɚɧɫɶɤɨɝɨ 
ɧɚɭɤɨɜɨɝɨ ɩɪɨɟɤɬɭ ɫɩɿɜɩɪɚɰɿ ɦɿɠ Нɚɰɿɨɧɚɥɶɧɢɦ ɭɧɿɜɟɪɫɢɬɟɬɨɦ 
«Оɞɟɫɶɤɚ ɩɨɥɿɬɟɯɧɿɤɚ» ɬɚ ɭɧɿɜɟɪɫɢɬɟɬɨɦ ɦɿɫɬɚ Пɨɪɬɫɦɭɬ (Вɟɥɢɤɚ 
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Бɪɢɬɚɧɿɹ) ɞɨɫɥɿɞɠɭɽɬɶɫɹ ɩɢɬɚɧɧɹ ɜɢɤɨɪɢɫɬɚɧɧɹ ɛɚɝɚɬɨɤɪɢɬɟɪɿɚɥɶɧɨʀ 
ɦɟɬɨɞɢɤɢ ɧɚ ɨɫɧɨɜɿ ɧɟɱɿɬɤɨʀ ɥɨɝɿɤɢ ɞɥɹ ɤɚɪɬɨɝɪɚɮɭɜɚɧɧɹ ɪɢɡɢɤɿɜ 
ɚɜɬɨɡɚɩɪɚɜɧɢɯ ɫɬɚɧɰɿɣ ɿ ɜɿɞɩɨɜɿɞɧɨʀ ɨɩɬɢɦɿɡɚɰɿʀ ɪɿɲɟɧɶ. У ɪɨɛɨɬɿ [1], 
ɳɨ ɩɨɫɥɭɝɭɜɚɥɚ ɨɫɧɨɜɨɸ ɩɪɨɟɤɬɭ, ɩɪɨɜɟɞɟɧɨ ɦɨɞɟɥɸɜɚɧɧɹ ɝɟɨɞɚɧɢɯ 
ɡɨɧ ɪɢɡɢɤɭ АЗС ɞɥɹ 3 ɿɧɰɢɞɟɧɬɿɜ. 

Ɇɟɬɚ ɞɨɫɥɿɞɠɟɧɧɹ ɩɨɥɹɝɚɽ ɜ ɬɨɦɭ, ɳɨɛ ɪɨɡɪɨɛɢɬɢ ɤɪɢɬɟɪɿʀ 
ɭɪɚɡɥɢɜɨɫɬɿ АЗС ɳɨɞɨ ɣɦɨɜɿɪɧɢɯ ɿɧɰɢɞɟɧɬɿɜ ɡ ɬɨɱɤɭ ɡɨɪɭ ɦɨɠɥɢɜɢɯ 
ɧɚɫɥɿɞɤɿɜ ɚɜɚɪɿʀ, ɚ ɬɚɤɨɠ ɜɢɤɨɪɢɫɬɚɬɢ ɦɟɬɨɞ ɚɧɚɥɿɡɭ ɿɽɪɚɪɯɿɣ ɬɚ 
ɟɤɫɩɟɪɬɧɢɯ ɨɰɿɧɨɤ (ɪɚɧɠɭɜɚɧɧɹ) ɞɥɹ ɨɰɿɧɤɢ ɜɤɥɚɞɭ ɤɨɠɧɨʀ ɡ ɝɪɭɩɢ 
ɤɪɢɬɟɪɿʀɜ. 

Ɉɫɧɨɜɧɚ ɱɚɫɬɢɧɚ. Аɜɬɨɪɚɦɢ ɛɭɥɨ ɪɨɡɪɨɛɥɟɧɨ 40 ɤɪɢɬɟɪɿʀɜ 
ɭɪɚɡɥɢɜɨɫɬɿ АЗС, ɳɨ ɜɤɥɸɱɚɸɬɶ ɜɬɪɚɱɟɧɿ ɠɢɬɬɹ, ɚ ɬɚɤɨɠ ɟɤɨɧɨɦɿɱɧɿ, 
ɫɨɰɿɚɥɶɧɿ ɣ ɟɤɨɥɨɝɿɱɧɿ ɧɚɫɥɿɞɤɢ (ɩɟɪɟɥɿɤ ɞɨɫɬɭɩɧɢɣ ɡɚ ɩɨɫɢɥɚɧɧɹɦ [2]). 
Мɟɬɨɞɨɥɨɝɿɹ ɜɢɤɨɧɚɧɧɹ МАІ ɞɥɹ ɧɚɲɨɝɨ ɞɨɫɥɿɞɠɟɧɧɹ ʉɪɭɧɬɭɽɬɶɫɹ ɧɚ 
ɤɥɚɫɢɱɧɢɯ ɪɨɛɨɬɚɯ Т. Сɚɚɬɿ [3]. У ɬɚɛɥɢɰɿ 1 ɧɚɜɨɞɢɦɨ ɪɟɡɭɥɶɬɚɬɢ 
ɜɢɤɨɧɚɧɧɹ МАІ ɞɥɹ 1 ɿɧɰɢɞɟɧɬɭ, ɩɨɜɧɿ ɽ ɡɚ ɩɨɫɢɥɚɧɧɹɦ [2]. 
 

Тɚɛɥɢɰɹ 1 – Рɟɡɭɥɶɬɚɬɢ ɨɛɱɢɫɥɟɧɧɹ ɩɪɿɨɪɢɬɟɬɿɜ ɮɚɤɬɨɪɿɜ ɞɥɹ 
ɿɧɰɢɞɟɧɬɭ ɜɢɛɭɯ ɩɚɪɨɩɨɜɿɬɪɹɧɨʀ ɫɭɦɿɲɿ ɡɚ ɞɨɩɨɦɨɝɨɸ МАІ 

Еɤɨɧɨɦ. 
ɮɚɤɬɨɪɢ 

Пɪɿɨɪɢɬɟɬ, 
% 

Сɨɰɿɚɥ. 
ɮɚɤɬɨɪɢ 

Пɪɿɨɪɢɬɟɬ, 
% 

Еɤɨɥɨɝ. 
ɮɚɤɬɨɪɢ 

Пɪɿɨɪɢɬɟɬ, 
% 

Вибɭɯ пароповɿтрɹноʀ сɭмɿɲɿ наɮтопродɭктɿв з ɭтвореннɹм ɭдарноʀ ɯвилɿ 
Е1 3,55 С1 20,00 Еɤ1 22,99 
Е2 24,42 С2 14,75 Еɤ2 1,42 
Е3 16,87 С3 22,97 Еɤ3 1,42 
Е4 10,94 С4 3,31 Еɤ4 4,51 
Е5 10,94 С5 2,60 Еɤ5 1,92 
Е6 10,94 С6 9,21 Еɤ6 1,92 
Е7 16,11 С7 9,21 Еɤ7 6,71 
Е8 2,44 С8 1,33 Еɤ8 6,71 
Е9 1,90 С9 1,63 Еɤ9 6,71 
Е10 1,90 С10 15,00 Еɤ10 25,34 
– – – – Еɤ11 20,34 

      
Нɚɣɛɿɥɶɲ ɡɧɚɱɭɳɿ ɮɚɤɬɨɪɢ ɜɢɞɿɥɟɧɨ ɧɚɩɿɜɠɢɪɧɢɦ. Дɥɹ ɨɩɢɬɭɜɚɧɧɹ 

ɟɤɫɩɟɪɬɿɜ ɧɚɦɢ ɫɬɜɨɪɟɧɨ ɜɟɛ-ɮɨɪɦɭ (ɜɟɪɫɿɹ ɭɤɪɚʀɧɫɶɤɨɸ ɦɨɜɨɸ [4]).  
Пɿɫɥɹ ɨɡɧɚɣɨɦɥɟɧɧɹ ɟɤɫɩɟɪɬɚ ɿɡ ɡɦɿɫɬɨɦ ɩɪɨɟɤɬɭ ɿ ɧɚɞɚɧɧɹ ɡɝɨɞɢ ɧɚ 
ɨɛɪɨɛɤɭ, ɧɢɦ ɡɚɩɨɜɧɸɸɬɶɫɹ ɫɬɚɬɢɫɬɢɱɧɿ ɞɚɧɿ ɩɪɨ ɫɟɛɟ. Дɚɥɿ ɜɿɧ 
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ɩɟɪɟɯɨɞɢɬɶ ɞɨ ɪɚɧɠɭɜɚɧɧɹ ɤɪɢɬɟɪɿʀɜ ɧɚ ɜɢɛɿɪ, ɨɰɿɧɸɸɱɢ ʀɯ ɜɚɝɨɦɿɫɬɶ 
ɜɿɞ 1 (ɧɚɣɦɟɧɲ ɜɚɝɨɦɢɣ) ɞɨ 10 (ɧɚɣɛɿɥɶɲ ɜɚɝɨɦɢɣ).  

Нɚ ɞɚɧɢɣ ɱɚɫ ɛɭɥɨ ɨɩɢɬɚɧɨ 16 ɟɤɫɩɟɪɬɿɜ ɡɚ ɞɨɩɨɦɨɝɨɸ ɜɟɛ-ɮɨɪɦɢ. 
Нɚɣɛɿɥɶɲ ɜɚɝɨɦɿ ɮɚɤɬɨɪɢ ɜɢɞɿɥɟɧɨ ɧɚɩɿɜɠɢɪɧɢɦ (ɬɚɛɥ.2). 

Вɢɫɧɨɜɤɢ. Оɬɪɢɦɚɧɿ ɪɟɡɭɥɶɬɚɬɢ ɞɚɸɬɶ ɡɦɨɝɭ ɧɚɞɚɥɿ ɩɪɨɜɟɫɬɢ 
ɜɿɞɛɿɪ ɬɚ ɨɰɿɧɤɭ ɜɚɝ ɨɛɪɚɧɢɯ ɤɪɢɬɟɪɿʀɜ ɭ ʀɯ ɜɤɥɚɞɿ ɜ ɭɪɚɡɥɢɜɿɫɬɶ АЗС. А 
ɰɟ, ɭ ɫɜɨɸ ɱɟɪɝɭ, ɞɨɡɜɨɥɹɽ ɩɟɪɟɣɬɢ ɞɨ ɜɢɪɿɲɟɧɧɹ ɛɚɝɚɬɨɤɪɢɬɟɪɿɚɥɶɧɨʀ 
ɩɪɨɛɥɟɦɢ ɧɚ ɨɫɧɨɜɿ ɧɟɱɿɬɤɨʀ ɥɨɝɿɤɢ ɞɥɹ ɜɢɛɨɪɭ ɭɪɚɡɥɢɜɢɯ АЗС. 
 

Тɚɛɥɢɰɹ 2 – Рɟɡɭɥɶɬɚɬɢ ɟɤɫɩɟɪɬɧɢɯ ɨɰɿɧɨɤ ɮɚɤɬɨɪɿɜ ɭɪɚɡɥɢɜɨɫɬɿ 
АЗС ɩɿɫɥɹ ɡɚɩɨɜɧɟɧɧɹ ɜɟɛ-ɮɨɪɦɢ (ɩɨɜɧɿɫɬɸ [2])  

Еɤɨɧɨɦ. 
ɮɚɤɬɨɪɢ 

Рɚɧɝ Сɨɰɿɚɥ. 
ɮɚɤɬɨɪɢ 

Рɚɧɝ Еɤɨɥɨɝ. 
ɮɚɤɬɨɪɢ 

Рɚɧɝ 

Вибɭɯ пароповɿтрɹноʀ сɭмɿɲɿ наɮтопродɭктɿв з ɭтвореннɹм ɭдарноʀ ɯвилɿ 
Е1 6,83 С1 8,18 Еɤ1 6,0 
Е2 7,75 С2 6,36 Еɤ2 4,42 
Е3 6,75 С3 7,82 Еɤ3 3,5 
Е4 6,75 С4 3,55 Еɤ4 4,58 
Е5 7,67 С5 3,36 Еɤ5 3,5 
Е6 5,75 С6 4,73 Еɤ6 3,5 
Е7 7,5 С7 6,73 Еɤ7 4,83 
Е8 5,33 С8 6,55 Еɤ8 5,92 
Е9 5,5 С9 5,73 Еɤ9 4,92 
Е10 3,83 С10 5,64 Еɤ10 6,25 
– – – – Еɤ11 6,33 
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Abstract.  The reliability indicators of pump groups (mean time to failure, 

estimated by the lower limit) are compared for the current period with the 
corresponding indicator obtained for the previous period. In accordance with the 
results of the performed analysis and estimated estimates of operational reliability, 
recommendations were formulated on the possibility of extending the life of the 
equipment. 

Keywords: Probabilistic analysis, reliability, safety, nuclear power 
 
Анотаɰɿɹ. Здɿйснено порɿвнɹннɹ показникɿв надɿйностɿ грɭп насосɿв 

(велиɱини середнɶого напраɰɸваннɹ до вɿдмови, оɰɿненоʀ по нижнɶомɭ кордонɿ) 
длɹ потоɱного перɿодɭ з вɿдповɿдним показником, отриманим длɹ попереднɶого 
перɿодɭ. Вɿдповɿдно до резɭлɶтатɿв виконаного аналɿзɭ та розраɯɭнковиɯ 
оɰɿнок експлɭатаɰɿйноʀ надɿйностɿ сɮормɭлɶовано рекомендаɰɿʀ ɳодо 
можливостɿ продовженнɹ термɿнɭ експлɭатаɰɿʀ обладнаннɹ. 

Клɸɱовɿ слова: ймовɿрнɿсний  аналɿз, надɿйнɿстɶ, безпека, ɹдернɿ 
енергоɭстановки 
 

The most of pump failures is associated with the leakage of the medium 
(water, oil) through various seal faces.  

Current repair with a replacement of sealing elements and/or lapping of 
seal faces was the consequence of such failures. Reliability measures (the 
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average operating time to failure estimated at the bottom limit) for the 
current period were compared with the corresponding measure obtained for 
the previous period.  

The results of the analysis are: 
For the radioactive drain pumps, the criterion for a comparative 

assessment of the average operating time to failure was not fulfilled. 
Reducing the average operating time to failure may indicate a decrease in 
reliability of these pumps recently, 

For the other pump groups, the average operating time to failure for the 
current period is not lower than this measure for the previous period.  

This indicates sufficient reliability of pumps. 
According to the results of the analysis and calculated estimates of 

operational reliability, the following recommendations are formulated: 
- to analyze the normative document “Reliability of NPP systems and 

equipment. NPP pumps. Methods for assessing operational reliability 
indicators” for the possibility of more complete use and improvement of the 
methods given in them for assessing the reliability indicators of NPP 
pumping equipment; 

- develop and approve the method for a probabilistic assessment of 
operating time of pumps to a limit state based on the analysis of the change 
in the quantitative parameters of the technical condition that are defining to 
substantiate the resource.  

Such measures can be: the thickness of the wall of the elements of the 
pump case (according to the results of the thickness measurement) and 
Brinell hardness (according to the results of the measurement of hardness). 
Estimates are possible both by the current values of the determining 
parameters and by their forecast values; 

- extend the operation life of the radioactive drain pumps for which the 
criteria for comparative assessment of the average operating time to failure 
are not fulfilled, subject to an intermediate reliability analysis after 2 to 2.5 
years to control the lack of a negative trend of the change in the respective 
measures.  

If negative trends are detected, further extending operation life can be 
justified by positive overhaul results according to "Regulations on the 
procedure for extending the operation life of equipment of safety related 
systems". 
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Аннотаɰɿɹ. У роботɿ наведенɿ резɭлɶтати розробки проектɭ системи 

ɿдентиɮɿкаɰɿʀ аномалɿй ɭ ɿнтерактивномɭ вɿртɭалɶномɭ середовиɳɿ на базɿ 
застосɭваннɹ маɲинного навɱаннɹ. 

Клɸɱовɿ слова: поɲɭк аномалɿй, ɿнтелектɭалɶний аналɿз даниɯ. 
 
Abstract. The paper presents the results of the development of the anomaly 

identification system project in an interactive virtual environment based on the 
application of machine learning. 

Keywords: anomaly detection, intelligent data analysis. 
 

Нɚɣɛɿɥɶɲɨɸ ɩɪɨɛɥɟɦɨɸ ɭ ɜɢɪɿɲɟɧɧɿ ɰɶɨɝɨ ɡɚɜɞɚɧɧɹ ɽ ɫɤɥɚɞɧɿɫɬɶ 
ɫɭɱɚɫɧɢɯ ɿɧɬɟɪɚɤɬɢɜɧɢɯ ɫɢɫɬɟɦ. Бɿɥɶɲɿɫɬɶ ɿɫɧɭɸɱɢɯ ɚɥɝɨɪɢɬɦɿɜ ɿ 
ɝɨɬɨɜɢɯ ɪɿɲɟɧɶ ɛɭɥɢ ɪɨɡɪɨɛɥɟɧɿ ɡ ɦɟɬɨɸ ɨɛɪɨɛɤɢ ɫɬɪɭɤɬɭɪɨɜɚɧɢɯ ɿ 
ɨɞɧɨɬɢɩɧɢɯ ɞɚɧɢɯ [1], ɬɨɞɿ ɹɤ ɿɧɬɟɪɚɤɬɢɜɧɿ ɫɢɫɬɟɦɢ ɦɨɠɭɬɶ ɹɜɥɹɬɢ 
ɫɨɛɨɸ ɜɟɥɢɱɟɡɧɢɣ ɧɚɛɿɪ ɫɤɥɚɞɧɢɯ ɿ ɪɿɡɧɢɯ ɬɢɩɿɜ ɞɚɧɢɯ. Зɿ ɡɪɨɫɬɚɧɧɹɦ 
ɩɨɩɭɥɹɪɧɨɫɬɿ ɿɧɬɟɪɚɤɬɢɜɧɢɯ ɫɢɫɬɟɦ, ɡɨɤɪɟɦɚ ɿɝɪɨɜɢɯ ɩɪɨɝɪɚɦ, ɬɚɤɿ 
ɫɢɫɬɟɦɢ ɫɬɚɸɬɶ ɜɫɟ ɫɤɥɚɞɧɿɲɢɦɢ ɿ ɜɫɟ ɛɿɥɶɲɢɦɢ.  Аɤɬɭɚɥɶɧɿɫɬɶ ɪɨɛɨɬɢ 
ɩɨɥɹɝɚɽ ɭ ɡɚɛɟɡɩɟɱɟɧɧɿ ɩɨɲɭɤɭ ɬɚ ɞɨɫɥɿɞɠɟɧɧɿ ɿɫɧɭɸɱɢɯ ɚɥɝɨɪɢɬɦɿɜ 
ɦɚɲɢɧɧɨɝɨ ɧɚɜɱɚɧɧɹ ɞɥɹ ɡɚɞɚɱ ɿɞɟɧɬɢɮɿɤɚɰɿʀ ɚɧɨɦɚɥɿɣ ɜ ɿɧɬɟɪɚɤɬɢɜɧɢɯ 
ɫɢɫɬɟɦɚɯ ɞɥɹ ɚɜɬɨɦɚɬɢɡɚɰɿʀ ɩɪɨɰɟɫɭ ɬɟɫɬɭɜɚɧɧɹ [2]. В ɪɚɦɤɚɯ 
ɩɨɫɬɚɜɥɟɧɨɝɨ ɡɚɜɞɚɧɧɹ ɪɨɛɨɬɢ ɧɚɣɤɪɚɳɨɸ ɤɚɬɟɝɨɪɿɽɸ ɞɚɧɢɯ ɞɥɹ 
ɧɚɜɱɚɧɧɹ ɚɥɝɨɪɢɬɦɭ ɩɨɲɭɤɭ ɚɧɨɦɚɥɿɣ ɽ ɜɿɡɭɚɥɶɧɿ ɞɚɧɿ, ɨɫɤɿɥɶɤɢ ɦɨɠɧɚ 
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ɡɿɛɪɚɬɢ ɜɟɥɢɤɭ ɤɿɥɶɤɿɫɬɶ "ɧɨɪɦɚɥɶɧɢɯ" ɞɚɧɢɯ ɞɥɹ ɧɚɜɱɚɧɧɹ [3]. 
Оɫɧɨɜɧɢɦ ɮɨɤɭɫɨɦ ɞɨɫɥɿɞɠɟɧɧɹ ɫɬɚɧɟ ɜɢɹɜɥɟɧɧɹ ɧɟɤɨɪɟɤɬɧɢɯ ɬɟɤɫɬɭɪ, 
ɹɤɿ ɽ ɚɧɨɦɚɥɶɧɢɦɢ ɞɥɹ ɧɚɛɨɪɭ ɨɛɪɚɧɨɝɨ ɿɝɪɨɜɨɝɨ ɨɬɨɱɟɧɧɹ. Рɨɡɪɨɛɥɟɧɚ 
ɞɿɚɝɪɚɦɚ ɜɚɪɿɚɧɬɿɜ ɜɢɤɨɪɢɫɬɚɧɧɹ ɦɨɞɭɥɸ ɿɞɟɧɬɢɮɿɤɚɰɿʀ ɚɧɨɦɚɥɿɣ 
ɧɚɜɟɞɟɧɚ ɧɚ ɪɢɫ. 1. 

  В ɪɚɦɤɚɯ ɩɪɨɟɤɬɨɜɚɧɨʀ ɫɢɫɬɟɦɢ ɤɨɪɢɫɬɭɜɚɱ ɡɦɨɠɟ ɡɞɿɣɫɧɸɜɚɬɢ: 
ɡɚɜɚɧɬɚɠɟɧɧɹ ɧɚɜɱɚɥɶɧɢɯ ɞɚɧɢɯ ɭ ɜɢɝɥɹɞɿ ɡɨɛɪɚɠɟɧɶ ɛɭɞɶ-ɹɤɢɯ 
ɮɨɪɦɚɬɿɜ ɬɚ ɪɨɡɦɿɪɿɜ; ɧɚɜɱɚɧɧɹ ɦɨɞɭɥɹ ɩɨɲɭɤɭ ɚɧɨɦɚɥɿɣ ɡɚ ɞɨɩɨɦɨɝɨɸ 
ɜɢɛɪɚɧɨɝɨ ɚɥɝɨɪɢɬɦɭ; ɨɬɪɢɦɭɜɚɬɢ ɡɜɿɬ ɩɪɨ ɡɧɚɣɞɟɧɿ ɚɧɨɦɚɥɿʀ 
ɜɿɡɭɚɥɶɧɨɝɨ ɯɚɪɚɤɬɟɪɭ ɭ ɜɢɛɪɚɧɨɦɭ ɧɚɛɨɪɿ ɞɚɧɢɯ; ɡɛɟɪɟɠɟɧɧɹ 
ɨɞɟɪɠɚɧɢɯ ɪɟɡɭɥɶɬɚɬɿɜ ɭ ɜɢɝɥɹɞɿ ɡɜɿɬɭ; ɨɬɪɢɦɭɜɚɬɢ ɜɿɡɭɚɥɿɡɨɜɚɧɭ 
ɩɨɫɥɿɞɨɜɧɭ ɫɯɟɦɭ ɪɨɛɨɬɢ ɚɥɝɨɪɢɬɦɭ. 

Вɢɫɧɨɜɤɢ. Сɬɜɨɪɟɧɚ ɫɢɫɬɟɦɚ ɦɨɠɟ ɛɭɬɢ ɡɚɫɬɨɫɨɜɚɧɚ ɞɥɹ 
ɚɜɬɨɦɚɬɢɡɚɰɿʀ ɩɪɨɰɟɫɭ ɩɨɲɭɤɭ ɚɧɨɦɚɥɶɧɢɯ ɞɚɧɢɯ ɜ ɿɧɬɟɪɚɤɬɢɜɧɨɦɭ 
ɫɟɪɟɞɨɜɢɳɿ, ɡɨɤɪɟɦɚ ɭ ɜɿɪɬɭɚɥɶɧɨɦɭ ɨɬɨɱɟɧɧɿ ɪɨɡɪɨɛɧɢɤɚ ɱɢ 
ɬɟɫɬɭɜɚɧɧɹ ɤɨɦɩ’ɸɬɟɪɧɢɯ ɿɝɨɪ.  
 

 
 

Рисунок 1. Дɿаграма варɿантɿв використаннɹ системи 
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Анотаɰɿɹ. Серед зростаɸɱого попитɭ до розробки автоматизованиɯ 

засобɿв з аналɿзɭ ризикɿв та ɮакторɿв ʀɯ ɭтвореннɹ, актɭалɶним та сɭɱасним 
пɿдɯодом ɽ запровадженнɹ комбɿнованиɯ або гɿбридниɯ алгоритмɿв ɲтɭɱноʀ 
мережɿ в поɽднаннɿ з Баɽсовсɶкими мережами довɿри. Кожне з рɿɲенɶ 
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дозволɹɽ адаптɭвати вɯɿднɿ ɮɭнкɰɿоналɶнɿ вимоги та визнаɱити слабкɿ 
сторони розроблɹɽмого програмного рɿɲеннɹ.  

Клɸɱовɿ слова: Байɽсовсɶки мережɿ довɿри, ризики розробки програмного 
забезпеɱеннɹ. 

Abstract. In the midst of growing progress until the development of automated 
processes for the analysis of risks and factors of their development, the current and 
current approach is the promotion of combined or hybrid algorithms of piece 
measures in conjunction with Bayesian measures trust. This solution allows you to 
adapt the input functional strengths and identify the weaknesses of the software 
solution being developed. 

Keywords: Bayesian measures of trust, risks of software security development. 
 

Рɨɡɪɨɛɤɚ ɿ ɩɿɞɬɪɢɦɤɚ ɩɪɨɝɪɚɦɧɨɝɨ ɡɚɛɟɡɩɟɱɟɧɧɹ (ПЗ) – ɰɟ ɫɤɥɚɞɧɢɣ 
ɜɢɫɨɤɨɬɟɯɧɨɥɨɝɿɱɧɢɣ ɩɪɨɰɟɫ, ɹɤɢɣ ɜɢɦɚɝɚɽ ɜɢɤɨɪɢɫɬɚɧɧɹ ɧɨɜɿɬɧɿɯ 
ɬɟɯɧɨɥɨɝɿɣ, ɫɭɱɚɫɧɨɝɨ ɨɛɥɚɞɧɚɧɧɹ, ɜɢɫɨɤɨɤɜɚɥɿɮɿɤɨɜɚɧɢɯ ɪɨɡɪɨɛɧɢɤɿɜ 
ɬɚ ɿɧ.  

Вɢɤɨɪɢɫɬɚɧɧɹ ɬɚɤɢɯ ɫɤɥɚɞɨɜɢɯ ɧɚɞɚɽ ɤɨɧɤɭɪɟɧɬɨɫɩɪɨɦɨɠɧɨɫɬɿ 
ɫɬɜɨɪɸɜɚɧɨɦɭ ПЗ [1].  

Пɨɧɹɬɬɹ ɪɢɡɢɤ ɩɪɨɟɤɬɭ ɩɨɜ’ɹɡɭɽɬɶɫɹ ɡ ɦɨɠɥɢɜɿɫɬɸ ɩɨɧɟɫɬɢ ɜɬɪɚɬɢ ɜ 
ɯɨɞɿ ɜɢɤɨɧɚɧɧɹ ɩɪɨɟɤɬɭ.  

ɐɿ ɜɬɪɚɬɢ ɦɨɠɭɬɶ ɩɪɨɹɜɥɹɬɢɫɹ ɜ ɡɧɢɠɟɧɧɿ ɹɤɨɫɬɿ ɤɿɧɰɟɜɨɝɨ 
ɩɪɨɞɭɤɬɭ, ɩɟɪɟɜɢɳɟɧɧɿ ɜɚɪɬɨɫɬɿ ɣɨɝɨ ɪɨɡɪɨɛɤɢ, ɡɚɬɪɢɦɰɿ ɡɚɤɿɧɱɟɧɧɹ 
ɪɨɡɪɨɛɤɢ ɚɛɨ ɜ ɡɪɢɜɿ ɩɪɨɟɤɬɭ (ɬɨɛɬɨ, ɜɿɞɦɨɜɿ ɡɚɦɨɜɧɢɤɚ ɜɿɞ ɩɪɨɟɤɬɭ). 

 Вɟɥɢɱɢɧɚ ɪɢɡɢɤɭ ɜɢɡɧɚɱɚɽɬɶɫɹ ɞɨɛɭɬɤɨɦ ɫɟɪɣɨɡɧɨɫɬɿ ɧɚɫɥɿɞɤɿɜ 
ɧɟɛɚɠɚɧɨʀ ɩɨɞɿʀ ɜ ɩɪɨɟɤɬɿ (ɪɿɜɧɟɦ ɜɬɪɚɬ) ɬɚ ɣɦɨɜɿɪɧɨɫɬɿ ɧɚɫɬɚɧɧɹ ɰɿɽʀ 
ɩɨɞɿʀ.  

Дɨ ɚɤɬɭɚɥɶɧɢɯ ɩɪɢɱɢɧ ɡɚɫɬɨɫɭɜɚɧɧɹ ɫɭɱɚɫɧɢɯ ɡɚɫɨɛɿɜ ɡ ɨɰɿɧɤɢ 
ɪɢɡɢɤɿɜ ɩɪɢ ɪɨɡɪɨɛɰɿ ПЗ ɫɥɿɞ ɜɿɞɧɟɫɬɢ [2]: ɫɤɥɚɞɧɿɫɬɶ ɩɪɨɟɤɬɿɜ; 
ɫɤɨɪɨɱɟɧɧɹ ɬɟɪɦɿɧɿɜ; ɮɿɧɚɧɫɨɜɿ ɜɬɪɚɬɢ; ɹɤɿɫɬɶ ɬɚ ɛɟɡɩɟɤɚ; 
ɫСɬɟɣɤɯɨɥɞɟɪɢ ɬɚ ɨɱɿɤɭɜɚɧɧɹ.  

З ɨɞɧɨɝɨ ɛɨɤɭ, ɫɟɪɟɞ ɚɤɬɭɚɥɶɧɢɯ ɬɚ ɮɭɧɤɰɿɨɧɚɥɶɧɢɯ ɪɿɲɟɧɶ – ɽ 
ɡɚɫɬɨɫɭɜɚɧɧɹ ɲɬɭɱɧɢɯ ɧɟɣɪɨɧɧɢɯ ɦɟɪɟɠ, ɹɤɿ ɞɨɡɜɨɥɹɸɬɶ 
ɚɜɬɨɦɚɬɢɡɭɜɚɬɢ ɜɟɥɢɤɭ ɤɿɥɶɤɿɫɬɶ ɩɪɨɰɟɫɿɜ, ɫɩɪɨɫɬɢɬɢ ɪɨɛɨɬɭ ɥɸɞɢɧɢ, ɚ 
ɬɚɤɨɠ ɩɨɤɪɚɳɢɬɢ ɩɪɨɰɟɫ ɡɛɨɪɭ ɬɚ ɡɛɟɪɟɠɟɧɧɹ ɜɯɿɞɧɢɯ ɞɚɧɢɯ.  

З ɿɧɲɨɝɨ ɛɨɤɭ ɦɨɠɥɢɜɟ ɡɚɫɬɨɫɭɜɚɧɧɹ Бɚɣɽɫɨɜɫɶɤɨʀ ɦɟɪɟɠɢ ɞɨɜɿɪɢ. 
ɐɟ ɿɧɫɬɪɭɦɟɧɬ, ɹɤɢɣ ɞɨɩɨɦɚɝɚɽ ɨɰɿɧɸɜɚɬɢ ɪɢɡɢɤɢ ɜ ɪɿɡɧɢɯ ɝɚɥɭɡɹɯ, 
ɜɤɥɸɱɚɸɱɢ ɪɨɡɪɨɛɤɭ ɩɪɨɝɪɚɦɧɨɝɨ ɡɚɛɟɡɩɟɱɟɧɧɹ. 
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Пɨɽɞɧɚɧɧɹ Бɚɣɽɫɨɜɫɶɤɨʀ ɦɟɪɟɠɿ ɞɨɜɿɪɢ ɬɚ ɚɥɝɨɪɢɬɦɿɜ ɧɟɣɪɨɧɧɨʀ 
ɦɟɪɟɠɿ ɫɬɜɨɪɸɽ ɩɨɬɭɠɧɢɣ ɩɿɞɯɿɞ ɞɥɹ ɜɢɡɧɚɱɟɧɧɹ ɪɢɡɢɤɿɜ ɩɪɢ ɪɨɡɪɨɛɰɿ 
ɩɪɨɝɪɚɦɧɨɝɨ ɡɚɛɟɡɩɟɱɟɧɧɹ.  

Бɚɣɽɫɨɜɫɶɤɚ ɦɟɪɟɠɚ ɞɨɜɿɪɢ ɞɨɡɜɨɥɹɽ ɩɪɟɞɫɬɚɜɢɬɢ ɡɜ'ɹɡɤɢ ɦɿɠ 
ɪɿɡɧɢɦɢ ɮɚɤɬɨɪɚɦɢ ɬɚ ʀɯ ɜɩɥɢɜ ɧɚ ɪɢɡɢɤɢ ɭ ɜɢɝɥɹɞɿ ɝɪɚɮɭ, ɞɟ ɜɭɡɥɢ 
ɩɪɟɞɫɬɚɜɥɹɸɬɶ ɮɚɤɬɨɪɢ, ɚ ɪɟɛɪɚ — ɡɚɥɟɠɧɨɫɬɿ ɦɿɠ ɧɢɦɢ.  

Нɟɣɪɨɧɧɚ ɦɟɪɟɠɚ, ɡɨɤɪɟɦɚ ɝɥɢɛɨɤɿ ɧɟɣɪɨɧɧɿ ɦɟɪɟɠɿ, ɦɨɠɟ ɛɭɬɢ 
ɡɚɫɬɨɫɨɜɚɧɚ ɞɥɹ ɚɧɚɥɿɡɭ ɜɟɥɢɤɢɯ ɨɛɫɹɝɿɜ ɞɚɧɢɯ ɬɚ ɜɢɹɜɥɟɧɧɹ ɫɤɥɚɞɧɢɯ 
ɡɜ'ɹɡɤɿɜ.  

Фɭɧɤɰɿɨɧɚɥɶɧɚ ɥɨɝɿɤɚ ɪɨɛɨɬɢ ɬɚɤɨɝɨ ɝɿɛɪɢɞɧɨɝɨ ɩɿɞɯɨɞɭ ɜɤɥɸɱɚɽ 
ɧɚɫɬɭɩɧɢɣ ɚɥɝɨɪɢɬɦ ɞɿɣ:  

- Пɨɛɭɞɨɜɚ ɫɬɪɭɤɬɭɪɢ Бɚɣɽɫɨɜɫɶɤɨʀ ɦɟɪɟɠɿ ɞɨɜɿɪɢ: ɫɩɨɱɚɬɤɭ 
ɪɨɡɪɨɛɥɹɽɬɶɫɹ Бɚɣɽɫɨɜɫɶɤɚ ɦɟɪɟɠɚ, ɞɟ ɜɭɡɥɢ ɜɿɞɨɛɪɚɠɚɸɬɶ ɪɿɡɧɿ 
ɮɚɤɬɨɪɢ, ɹɤɿ ɜɩɥɢɜɚɸɬɶ ɧɚ ɪɢɡɢɤɢ.  

- Вɢɤɨɪɢɫɬɚɧɧɹ ɧɟɣɪɨɧɧɨʀ ɦɟɪɟɠɿ ɞɥɹ ɚɧɚɥɿɡɭ ɞɚɧɢɯ: ɡɛɢɪɚɸɬɶɫɹ 
ɿɫɬɨɪɢɱɧɿ ɞɚɧɿ ɩɪɨ ɪɿɡɧɿ ɪɢɡɢɤɢ, ɳɨ ɫɬɨɫɭɸɬɶɫɹ ɪɨɡɪɨɛɤɢ ɩɪɨɝɪɚɦɧɨɝɨ 
ɡɚɛɟɡɩɟɱɟɧɧɹ. Нɚ ɨɫɧɨɜɿ ɰɢɯ ɞɚɧɢɯ ɫɬɜɨɪɸɽɬɶɫɹ ɬɚ ɧɚɜɱɚɽɬɶɫɹ ɝɥɢɛɨɤɚ 
ɧɟɣɪɨɧɧɚ ɦɟɪɟɠɚ.  

- Пɨɽɞɧɚɧɧɹ ɪɟɡɭɥɶɬɚɬɿɜ: ɜɢɯɿɞɧɿ ɞɚɧɿ ɡ Бɚɣɽɫɨɜɫɶɤɨʀ ɦɟɪɟɠɿ ɬɚ 
ɩɪɨɝɧɨɡɢ, ɡɪɨɛɥɟɧɿ ɧɟɣɪɨɧɧɨɸ ɦɟɪɟɠɟɸ, ɦɨɠɧɚ ɩɨɽɞɧɚɬɢ, ɧɚɩɪɢɤɥɚɞ, 
ɜɢɤɨɪɢɫɬɨɜɭɸɱɢ ɚɧɫɚɦɛɥɸɜɚɧɧɹ.  

ɐɟɣ ɩɿɞɯɿɞ ɞɨɡɜɨɥɹɽ ɩɨɽɞɧɚɬɢ ɫɬɪɭɤɬɭɪɨɜɚɧɢɣ ɚɧɚɥɿɡ Бɚɣɽɫɨɜɫɶɤɨʀ 
ɦɟɪɟɠɿ ɡ ɦɨɠɥɢɜɨɫɬɹɦɢ ɧɟɣɪɨɧɧɨʀ ɦɟɪɟɠɿ ɞɥɹ ɜɢɹɜɥɟɧɧɹ ɫɤɥɚɞɧɢɯ 
ɡɚɥɟɠɧɨɫɬɟɣ ɜ ɞɚɧɢɯ.  

Рɟɡɭɥɶɬɚɬɨɦ ɛɭɞɟ ɛɿɥɶɲ ɬɨɱɧɚ ɬɚ ɤɨɦɩɥɟɤɫɧɚ ɨɰɿɧɤɚ ɪɢɡɢɤɿɜ, 
ɩɨɜ'ɹɡɚɧɢɯ ɡ ɪɨɡɪɨɛɤɨɸ ɩɪɨɝɪɚɦɧɨɝɨ ɡɚɛɟɡɩɟɱɟɧɧɹ. 
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Анотаɰɿɹ. У роботɿ виконано порɿвнɹлɶний аналɿз найбɿлɶɲ попɭлɹрниɯ 

алгоритмɿв сортɭваннɹ (бɭлɶбаɲкоɸ, вставкоɸ, вибором, Шелла, злиттɹм, 
ɲвидке, пɿдраɯɭнком, за розрɹдами, кɭпоɸ) при ɿмплементаɰɿʀ ʀɯ засобами 
найбɿлɶɲ затребɭваниɯ на ринкɭ ІТ-праɰɿ мов програмɭваннɹ (Python, C++, 
Java, JavaScript, PHP та С#). 

Клɸɱовɿ слова: алгоритми сортɭваннɹ, мови програмɭваннɹ 
 
Abstract. The robot has an up-to-date analysis of the most popular sorting 

algorithms (bulb, insert, select, shell, zlitty, shvidka, poddrakhunk, by ranks, buy) 
when implementing them in ways that meet the greatest demands on the market IT 
practical programming (Python, C++, Java, JavaScript , PHP and C#). 

Keywords: sorting algorithms, programming languages 
 

У ɛɚɝɚɬɶɨɯ ɩɪɨɝɪɚɦɚɯ ɫɨɪɬɭɜɚɧɧɹ ɽ ɱɚɫɬɢɧɨɸ ɩɪɨɰɟɫɭ ɨɛɪɨɛɥɟɧɧɹ 
ɞɚɧɢɯ.  

Кɨɠɟɧ ɿɡ ɱɢɫɥɟɧɧɢɯ ɚɥɝɨɪɢɬɦɿɜ ɫɨɪɬɭɜɚɧɧɹ ɦɚɽ ɫɜɨɸ ɫɩɟɰɢɮɿɤɭ 
ɪɨɛɨɬɢ ɬɚ ɡɭɦɨɜɥɟɧɿ ɧɟɸ ɩɟɪɟɜɚɝɢ ɿ ɧɟɞɨɥɿɤɢ.  

Вɢɛɿɪ ɧɚɣɛɿɥɶɲ ɨɩɬɢɦɚɥɶɧɨɝɨ ɚɥɝɨɪɢɬɦɭ ɡɚ ɩɟɜɧɢɯ ɞɚɧɢɯ ɬɚ ɭɦɨɜ 
ɪɨɡɪɨɛɤɢ ɦɨɠɟ ɫɬɚɬɢ ɧɟɬɪɢɜɿɚɥɶɧɨɸ ɡɚɞɚɱɟɸ, ɚ ɧɟɜɞɚɥɢɣ ɜɢɛɿɪ 
ɚɥɝɨɪɢɬɦɭ ɜɩɨɪɹɞɤɭɜɚɧɧɹ ɦɨɠɟ ɫɩɪɢɱɢɧɢɬɢ ɩɪɨɛɥɟɦɢ ɡɿ ɲɜɢɞɤɨɞɿɽɸ 
ɩɪɨɝɪɚɦɧɨɝɨ ɨɛɪɨɛɥɟɧɧɹ ɞɚɧɢɯ.  
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Вɢɤɨɪɢɫɬɚɧɧɹ О-ɧɨɬɚɰɿɣ (Big O) ɽ ɩɨɲɢɪɟɧɨɸ ɩɪɚɤɬɢɤɨɸ ɫɟɪɟɞ 
ɩɪɨɝɪɚɦɿɫɬɿɜ ɞɥɹ ɜɢɛɨɪɭ ɟɮɟɤɬɢɜɧɢɯ ɚɥɝɨɪɢɬɦɿɜ ɭ ɲɢɪɨɤɨɦɭ ɤɨɥɿ ɫɮɟɪ 
ɪɨɡɪɨɛɤɢ: ɜɿɞ ɿɧɬɟɪɧɟɬɭ ɪɟɱɟɣ, ɧɚɭɤɢ ɩɪɨ ɞɚɧɿ ɬɚ ɚɧɚɥɿɬɢɤɢ ɞɚɧɢɯ ɞɨ 
ɦɚɲɢɧɧɨɝɨ ɧɚɜɱɚɧɧɹ ɬɚ ɤɿɛɟɪɛɟɡɩɟɤɢ.  

Пɨɧɹɬɬɹ Big O ɜɠɢɜɚɽɬɶɫɹ ɧɚ ɩɨɡɧɚɱɟɧɧɹ ɱɚɫɨɜɨʀ ɫɤɥɚɞɧɨɫɬɿ ɹɤ 
ɡɚɥɟɠɧɨɫɬɿ ɦɿɠ ɱɚɫɨɦ ɪɨɛɨɬɢ ɚɥɝɨɪɢɬɦɭ ɬɚ ɨɛɫɹɝɨɦ ɜɯɿɞɧɢɯ ɞɚɧɢɯ ɚɛɨ 
ɧɟɨɛɯɿɞɧɢɦ ɨɛɫɹɝɨɦ ɩɚɦ’ɹɬɿ ɜ ɧɚɣɝɿɪɲɨɦɭ ɜɢɩɚɞɤɭ [1].  

Тɚɤɿ ɡɚɥɟɠɧɨɫɬɿ ɨɛʉɪɭɧɬɨɜɚɧɨ ɜɢɡɧɚɱɟɧɿ ɞɥɹ ɜɫɿɯ ɜɿɞɨɦɢɯ 
ɚɥɝɨɪɢɬɦɿɜ ɫɨɪɬɭɜɚɧɧɹ, ɿ ɜɨɧɢ ɧɟ ɡɚɥɟɠɚɬɶ ɜɿɞ ɦɨɜɢ ɩɪɨɝɪɚɦɭɜɚɧɧɹ [2]. 
Вɨɞɧɨɱɚɫ ɧɚ ɩɪɚɤɬɢɰɿ ɽ ɩɟɜɧɿ ɧɟɨɞɧɨɡɧɚɱɧɨɫɬɿ ɬɚ ɫɤɥɚɞɧɨɳɿ ɩɪɢ ɜɢɛɨɪɿ 
ɬɨɝɨ ɱɢ ɿɧɲɨɝɨ ɚɥɝɨɪɢɬɦɭ ɫɨɪɬɭɜɚɧɧɹ ɡɚ ɩɟɜɧɢɯ ɨɛɫɬɚɜɢɧ.  

Аɞɠɟ ɧɚ ɜɢɛɿɪ ɟɮɟɤɬɢɜɧɨɝɨ ɚɥɝɨɪɢɬɦɭ ɫɨɪɬɭɜɚɧɧɹ ɜɩɥɢɜɚɸɬɶ ɪɿɡɧɿ 
ɱɢɧɧɢɤɢ: ɨɛɫɹɝɢ ɧɟɨɛɯɿɞɧɨʀ ɞɥɹ ɪɨɛɨɬɢ ɚɥɝɨɪɢɬɦɭ ɬɚ ɨɛɫɹɝɢ ɧɚɹɜɧɨʀ 
ɚɩɚɪɚɬɧɨʀ ɩɚɦ’ɹɬɿ, ɤɿɥɶɤɿɫɬɶ ɬɚ ɪɨɡɦɿɪ ɜɯɿɞɧɢɯ ɞɚɧɢɯ, ɫɬɭɩɿɧɶ ʀɯ 
ɜɩɨɪɹɞɤɨɜɚɧɨɫɬɿ, ɜɚɪɬɿɫɬɶ ɨɩɟɪɚɰɿʀ ɩɟɪɟɫɬɚɧɨɜɤɢ ɿ ɧɚɜɿɬɶ ɦɨɜɚ ɬɚ 
ɫɟɪɟɞɨɜɢɳɟ ɩɪɨɝɪɚɦɭɜɚɧɧɹ.  

ɑɢɫɥɟɧɧɿ ɩɭɛɥɿɤɚɰɿʀ ɫɜɿɞɱɚɬɶ, ɳɨ ɭ ɧɚɭɤɨɜɰɿɜ ɽ ɩɨɬɪɟɛɚ ɞɨɫɥɿɞɠɟɧɧɹ 
ɱɚɫɨɜɨʀ ɫɤɥɚɞɧɨɫɬɿ ɚɥɝɨɪɢɬɦɿɜ ɫɨɪɬɭɜɚɧɧɹ ɡɚɞɥɹ ɟɮɟɤɬɢɜɧɨɝɨ ɜɢɛɨɪɭ 
ɬɨɝɨ ɱɢ ɿɧɲɨɝɨ ɚɥɝɨɪɢɬɦɭ ɡɚ ɩɟɜɧɢɯ ɭɦɨɜ ɬɚ ɞɚɧɢɯ.  

Пɪɨɬɟ ɩɟɪɟɜɚɠɧɨ ɞɨɫɥɿɞɠɟɧɧɹ ɨɛɦɟɠɭɸɬɶɫɹ ɤɿɥɶɤɿɫɬɸ ɪɨɡɝɥɹɧɭɬɢɯ 
ɚɥɝɨɪɢɬɦɿɜ ɫɨɪɬɭɜɚɧɧɹ ɜɿɞ ɬɪɶɨɯ ɞɨ ɩ’ɹɬɢ.  

Тɚɤɨɠ ɞɨɫɥɿɞɧɢɤɢ ɨɛɦɟɠɭɸɬɶɫɹ ɚɛɨ ɜɡɚɝɚɥɿ ɧɟ ɜɪɚɯɨɜɭɸɬɶ ɿ ɧɟ 
ɩɨɪɿɜɧɸɸɬɶ ɨɫɨɛɥɢɜɨɫɬɿ ɩɪɨɝɪɚɦɧɨʀ ɪɟɚɥɿɡɚɰɿʀ ɬɚ ɲɜɢɞɤɨɞɿʀ ɪɿɡɧɢɦɢ 
ɦɨɜɚɦɢ ɩɪɨɝɪɚɦɭɜɚɧɧɹ [3,4,5]. 

У ɪɨɛɨɬɿ ɜɢɤɨɧɚɧɨ ɩɨɪɿɜɧɹɥɶɧɢɣ ɚɧɚɥɿɡ ɧɚɣɛɿɥɶɲ ɩɨɩɭɥɹɪɧɢɯ 
ɚɥɝɨɪɢɬɦɿɜ ɫɨɪɬɭɜɚɧɧɹ (ɛɭɥɶɛɚɲɤɨɸ, ɜɫɬɚɜɤɨɸ, ɜɢɛɨɪɨɦ, ɒɟɥɥɚ, 
ɡɥɢɬɬɹɦ, ɲɜɢɞɤɟ, ɩɿɞɪɚɯɭɧɤɨɦ, ɡɚ ɪɨɡɪɹɞɚɦɢ, ɤɭɩɨɸ) ɩɪɢ ɿɦɩɥɟɦɟɧɬɚɰɿʀ 
ʀɯ ɡɚɫɨɛɚɦɢ ɧɚɣɛɿɥɶɲ ɡɚɬɪɟɛɭɜɚɧɢɯ ɧɚ ɪɢɧɤɭ ІТ-ɩɪɚɰɿ ɦɨɜ 
ɩɪɨɝɪɚɦɭɜɚɧɧɹ (Python, C++, Java, JavaScript, PHP ɬɚ С#).  

Пɪɢɤɥɚɞɧɢɣ ɚɫɩɟɤɬ ɞɨɫɥɿɞɠɟɧɧɹ ɩɨɥɹɝɚɽ ɭ ɜɢɹɜɥɟɧɧɿ ɬɨɝɨ, ɹɤ 
ɪɟɚɥɿɡɚɰɿɹ ɤɨɧɤɪɟɬɧɨɸ ɦɨɜɨɸ ɩɪɨɝɪɚɦɭɜɚɧɧɹ ɜɩɥɢɜɚɽ ɧɚ ɮɚɤɬɢɱɧɢɣ 
ɱɚɫ ɜɢɤɨɧɚɧɧɹ ɚɥɝɨɪɢɬɦɭ ɞɥɹ ɦɚɫɢɜɿɜ ɩɫɟɜɞɨɜɢɩɚɞɤɨɜɢɯ ɱɢɫɟɥ ɪɿɡɧɢɯ 
ɪɨɡɦɿɪɿɜ.  

З’ɹɫɨɜɚɧɟ ɞɨɡɜɨɥɹɽ ɫɬɜɟɪɞɠɭɜɚɬɢ, ɳɨ ɲɜɢɞɤɨɞɿɹ ɚɥɝɨɪɢɬɦɿɜ ɡɧɚɱɧɨ 
ɡɚɥɟɠɢɬɶ ɜɿɞ ɦɨɜɢ ɪɟɚɥɿɡɚɰɿʀ.  

Тɨɦɭ ɧɟɞɨɫɬɚɬɧɶɨ ɛɭɜɚɽ ɩɪɢ ɜɢɛɨɪɿ ɚɥɝɨɪɢɬɦɭ ɤɟɪɭɜɚɬɢɫɹ ɥɢɲɟ Big 
O ɧɨɬɚɰɿɽɸ.  
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Вɚɠɥɢɜɨ ɜɪɚɯɨɜɭɜɚɬɢ ɫɩɟɰɢɮɿɤɭ ɩɟɜɧɢɯ ɤɨɦɛɿɧɚɰɿɣ ɚɥɝɨɪɢɬɦɿɜ, 
ɩɪɨɝɪɚɦɧɢɯ ɡɚɫɨɛɿɜ ɬɚ ɨɫɨɛɥɢɜɨɫɬɟɣ ɧɚɛɨɪɭ ɞɚɧɢɯ, ɚɞɠɟ, ɹɤ ɩɨɤɚɡɚɥɨ 
ɞɨɫɥɿɞɠɟɧɧɹ, ɪɿɡɧɿ ɦɨɜɢ ɩɪɨɝɪɚɦɭɜɚɧɧɹ ɡ ɪɿɡɧɨɸ ɲɜɢɞɤɨɞɿɽɸ 
ɪɟɚɥɿɡɭɸɬɶ ɚɥɝɨɪɢɬɦɢ ɧɚ ɪɿɡɧɢɯ ɧɚɛɨɪɚɯ ɞɚɧɢɯ.  

Пɨɞɟɤɭɞɢ ɪɿɡɧɢɰɹ ɱɚɫɭ ɫɤɥɚɞɚɽ ɞɟɫɹɬɤɢ ɿ ɫɨɬɧɿ ɪɚɡɿɜ ɭ ɦɟɠɚɯ ɨɞɧɨɝɨ 
ɚɥɝɨɪɢɬɦɭ ɚɛɨ ɜ ɦɟɠɚɯ ɨɞɧɿɽʀ ɦɨɜɢ.  

Вɪɚɯɭɜɚɬɢ ɰɟ ɜɚɠɥɢɜɨ, ɤɨɥɢ ɜɢɧɢɤɚɽ ɩɨɬɪɟɛɚ ɩɟɪɟɝɪɭɩɭɜɚɧɧɹ 
ɜɟɥɢɤɢɯ ɨɛɫɹɝɿɜ ɞɚɧɢɯ, ɳɨɛ ʀɯ ɦɨɠɧɚ ɛɭɥɨ ɥɟɝɲɟ ɲɭɤɚɬɢ ɬɚ 
ɦɚɧɿɩɭɥɸɜɚɬɢ ɧɢɦɢ, ɧɚɩɪɢɤɥɚɞ, ɭ ɛɚɡɚɯ ɞɚɧɢɯ, ɭ ɩɨɲɭɤɨɜɢɯ ɫɢɫɬɟɦɚɯ, 
ɭ ɛɚɝɚɬɶɨɯ ɧɚɭɤɨɜɢɯ ɬɚ ɿɧɠɟɧɟɪɧɢɯ ɡɚɫɬɨɫɭɜɚɧɧɹɯ.  

Аɞɠɟ ɟɮɟɤɬɢɜɧɿɫɬɶ ɚɥɝɨɪɢɬɦɭ ɫɨɪɬɭɜɚɧɧɹ ɫɭɬɬɽɜɨ ɜɩɥɢɜɚɽ ɧɚ 
ɡɚɝɚɥɶɧɭ ɩɪɨɞɭɤɬɢɜɧɿɫɬɶ ɫɢɫɬɟɦɢ. 
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Анотаɰɿɹ. Одним з важливиɯ завданɶ, ɹкɿ постаɸтɶ перед волонтерами 

пɿд ɱас надзвиɱайниɯ ситɭаɰɿй (природнɿ стиɯɿйнɿ лиɯа, вɿйсɶковɿ дɿʀ) ɽ завданнɹ 
транспортноʀ логɿстики. За стабɿлɶниɯ ɭмов транспортɭваннɹ, завданнɹ 
транспортноʀ логɿстики складаɽтɶсɹ в поɲɭкɭ оптималɶного марɲрɭтɭ длɹ 
перевезеннɹ логɿстиɱного об’ɽктɭ. В ɭмоваɯ надзвиɱайниɯ ситɭаɰɿй 
вɿдбɭваɽтɶсɹ динамɿɱна змɿна ɭмов транспортɭваннɹ, ɳо ɭскладнɸɽ 
розв’ɹзаннɹ завданнɹ транспортноʀ логɿстики ɿ потребɭɽ побɭдови новиɯ 
моделей та методɿв.  

Клɸɱовɿ слова: транспортна логɿстика, пɿдтримка прийнɹттɹ рɿɲенɶ, 
метод mSmart.  

 
Abstract. One of the important tasks faced by volunteers during emergency 

situations (natural disasters, military operations) is the task of transport logistics. 
Under stable transportation conditions, the task of transport logistics consists in 
finding the optimal route for the transportation of a logistics object. In emergency 
situations, there is a dynamic change in transportation conditions, which 
complicates the solution of the task of transport logistics and requires the 
construction of new models and methods. 

Keywords: transport logistics, decision support, mSmart method. 
 

У ɪɚɡɿ ɞɢɧɚɦɿɱɧɢɯ ɡɦɿɧ ɭɦɨɜ ɬɪɚɧɫɩɨɪɬɭɜɚɧɧɹ ɥɨɝɿɫɬɢɱɧɢɯ ɨɛ’ɽɤɬɿɜ 
(ЛО) ɧɟɨɛɯɿɞɧɨ ɨɩɟɪɚɬɢɜɧɨ ɜɪɚɯɨɜɭɜɚɬɢ ɲɜɢɞɤɿ ɡɦɿɧɢ ɫɬɚɧɭ 
ɡɨɜɧɿɲɧɶɨɝɨ ɫɟɪɟɞɨɜɢɳɚ (ЗС). Тɚɤɢɦ ɱɢɧɨɦ, ɦɚɽɦɨ ɡɚɞɚɱɭ 
ɬɪɚɧɫɩɨɪɬɧɨʀ ɥɨɝɿɫɬɢɤɢ (ТЛ) ɜ ɨɩɟɪɚɬɢɜɧɢɯ ɭɦɨɜɚɯ (ОУ), ɹɤɚ ɩɨɥɹɝɚɽ ɜ 
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ɡɧɚɯɨɞɠɟɧɧɿ ɧɚɣɤɪɚɳɨɝɨ ɦɚɪɲɪɭɬɭ ɡ ɦɨɠɥɢɜɢɯ ( }{ iAA  , mi ,1  - 

ɦɧɨɠɢɧɚ ɦɚɪɲɪɭɬɿɜ (ɚɥɶɬɟɪɧɚɬɢɜ) ɞɨɫɬɚɜɤɢ ЛО ɞɨɜɠɢɧɨɸ iL ) ɡ 

ɭɪɚɯɭɜɚɧɧɹɦ ɨɰɿɧɨɤ ɚɥɶɬɟɪɧɚɬɢɜ ɡɚ ɤɪɢɬɟɪɿɹɦɢ ( }{ jKK  , nj ,1   - 
ɦɧɨɠɢɧɚ ɤɪɢɬɟɪɿʀɜ ɞɥɹ ɨɰɿɧɤɢ ɦɨɠɥɢɜɢɯ ɦɚɪɲɪɭɬɿɜ). Дɚɧɚ ɡɚɞɚɱɚ 
ɜɿɞɧɨɫɢɬɶɫɹ ɞɨ ɡɚɞɚɱ ɛɚɝɚɬɨɤɪɢɬɟɪɿɚɥɶɧɨɝɨ ɜɢɛɨɪɭ, ɞɥɹ ɪɿɲɟɧɧɹ ɹɤɢɯ 
ɜɢɤɨɪɢɫɬɨɜɭɸɬɶ ɛɚɝɚɬɨɤɪɢɬɟɪɿɚɥɶɧɿ ɦɟɬɨɞɢ ɩɪɢɣɧɹɬɬɹ ɪɿɲɟɧɶ [1], ɹɤɿ 
ɞɨɡɜɨɥɹɸɬɶ ɜɪɚɯɨɜɭɜɚɬɢ ɪɿɡɧɿ ɮɚɤɬɨɪɢ ɬɚ ɜɢɡɧɚɱɢɬɢ ɧɚɣɤɪɚɳɢɣ 
ɦɚɪɲɪɭɬ (НМ) ɡ ɦɨɠɥɢɜɢɯ.  

В [2] ɡɚɩɪɨɩɨɧɨɜɚɧɚ ɤɨɧɰɟɩɬɭɚɥɶɧɚ ɦɨɞɟɥɶ (КМ) ɩɪɢɣɧɹɬɬɹ ɪɿɲɟɧɶ 
ɤɨɦɚɧɞɢ ɜɨɥɨɧɬɟɪɿɜ (КВ) ɜ ɭɦɨɜɚɯ ɞɢɧɚɦɿɱɧɢɯ ɡɦɿɧ ЗС, ɜ ɹɤɿɣ КВ 
ɩɪɟɞɫɬɚɜɥɹɽɬɶɫɹ ɤɨɪɬɟɠɟɦ < MAINVTM , 0VTM , ЕVTM , 

jiLVTM
_

, mi ,1 , inj ,1 >, ɞɟ MAINVTM - ɤɨɨɪɞɢɧɚɬɨɪ КВ, 

0VTM , ЕVTM - ɱɥɟɧ/ɱɥɟɧɢ КВ, ɹɤɿ ɡɧɚɯɨɞɹɬɶɫɹ ɭ ɩɭɧɤɬɿ 

ɜɿɞɩɪɚɜɥɟɧɧɹ ɬɚ ɫɩɨɠɢɜɚɧɧɹ ЛО ɜɿɞɩɨɜɿɞɧɨ, 
jiLVTM

_
 - ɟɤɫɩɟɪɬɢ-

ɜɨɥɨɧɬɟɪɢ, ɹɤɿ ɫɩɨɫɬɟɪɿɝɚɸɬɶ ɡɚ ɜɿɞɩɨɜɿɞɧɢɦɢ ɞɿɥɹɧɤɚɦɢ ɦɚɪɲɪɭɬɭ 
ɞɨɜɠɢɧɨɸ ijL  ɧɚ ɹɤɿ ɪɨɡɛɢɬɿ ɦɨɠɥɢɜɿ ɦɚɪɲɪɭɬɢ iA . Вɿɞɩɨɜɿɞɧɨ ɞɨ 

КМ ɨɰɿɧɤɭ 1n  - ɢɯ ɤɪɢɬɟɪɿʀɜ ( }{ 11 jKK  , 11 ,1 nj  ) ɧɚɞɚɽ 

MAINVTM , ɨɰɿɧɤɭ 2n  - ɢɯ ɤɪɢɬɟɪɿʀɜ ( }{ 22 jKK  , 22 ,1 nj  ) 
ɧɚɞɚɸɬɶ ɟɤɫɩɟɪɬɢ-ɜɨɥɨɧɬɟɪɢ, ɬɨɞɿ ɡɚɝɚɥɶɧɚ ɦɧɨɠɢɧɚ ɤɪɢɬɟɪɿʀɜ ɽ ɫɭɦɨɸ 
ɞɜɨɯ ɦɧɨɠɢɧ ɤɪɢɬɟɪɿʀɜ: 21 KKK � .  

В ɪɨɛɨɬɿ ɡɚɩɪɨɩɨɧɨɜɚɧɨ ɦɟɬɨɞ ɜɢɛɨɪɭ ɧɚɣɤɪɚɳɨɝɨ ɦɚɪɲɪɭɬɭ КВ 
ɩɿɞ ɱɚɫ ɪɿɲɟɧɧɹ ɡɚɜɞɚɧɧɹ ТЛ ɜ ОУ, ɹɤɢɣ ɜɤɥɸɱɚɽ ɜ ɫɟɛɟ ɧɚɫɬɭɩɧɿ 
ɟɬɚɩɢ: ɜɢɡɧɚɱɟɧɧɹ ɦɧɨɠɢɧɢ ɚɥɶɬɟɪɧɚɬɢɜ ɬɚ ɤɪɢɬɟɪɿʀɜ; ɜɢɛɿɪ ɝɪɭɩɢ 
ɟɤɫɩɟɪɬɿɜ – ɜɨɥɨɧɬɟɪɿɜ ɞɥɹ ɨɰɿɧɤɢ ɚɥɶɬɟɪɧɚɬɢɜ ɡɚ ɤɪɢɬɟɪɿɹɦɢ; ɨɰɿɧɤɚ 
ɟɤɫɩɟɪɬɚɦɢ-ɜɨɥɨɧɬɟɪɚɦɢ ɤɪɢɬɟɪɿʀɜ }{ 22 jKK  , 22 ,1 nj   - 

)( 2_ 2 jnA K
ii

M ; ɪɨɡɪɚɯɭɧɨɤ ɚɝɪɟɝɨɜɚɧɨʀ ɨɰɿɧɤɢ ɤɪɢɬɟɪɿʀɜ ɧɚ ɨɫɧɨɜɿ 

ɨɰɿɧɨɤ )( 2_ 2 jnA K
ii

M  ɬɚ ɱɚɫɬɨɬɢ 
2jKс  ɡ ɹɤɨɸ ɡ’ɹɜɥɹɽɬɶɫɹ ɜɿɞɩɨɜɿɞɧɚ 
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ɨɰɿɧɤɚ ɡɚ ɤɪɢɬɟɪɿɽɦ 2jK : )( 2jA K
i

M =
i

n

j
KjA

n

cK
i

ji

2

12
2

2

2
)(¦

 

M
, mi ,1 ; 

ɜɢɛɿɪ НМ ɡɚ ɞɨɩɨɦɨɝɨɸ ɦɟɬɨɞɭ mSmart [1]. 
Рɨɡɪɨɛɥɟɧɢɣ ɜ ɪɨɛɨɬɿ ɦɟɬɨɞ ɞɨɡɜɨɥɹɽ ɜɪɚɯɨɜɭɜɚɬɢ ɨɰɿɧɤɢ 

ɚɥɶɬɟɪɧɚɬɢɜ ɡɚ ɜɟɥɢɤɨɸ ɤɿɥɶɤɿɫɬɸ ɤɪɢɬɟɪɿʀɜ ɜ ОУ ɩɿɞ ɱɚɫ ɪɿɲɟɧɧɹ 
ɡɚɜɞɚɧɶ ТЛ ɿ ɦɨɠɟ ɛɭɬɢ ɜɢɤɨɪɢɫɬɚɧɨ ɩɪɢ ɪɨɡɪɨɛɰɿ ɦɨɛɿɥɶɧɨʀ СППР ɞɥɹ 
ɩɿɞɬɪɢɦɤɢ ɩɪɢɣɧɹɬɬɹ ɪɿɲɟɧɶ ɤɨɦɚɧɞɨɸ ɜɨɥɨɧɬɟɪɿɜ.  
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Анотаɰɿɹ. Управлɿннɹ ІТ-проɽктами стикаɽтɶсɹ з ɱисленними 

складноɳами. За даними статистиɱниɯ дослɿдженɶ ɱастка проɽктɿв, зданиɯ 
вɱасно органɿзаɰɿɹми проɮесɿйного обслɭговɭваннɹ в компанɿɹɯ-виробникаɯ 
програмного забезпеɱеннɹ в середнɶомɭ становитɶ 74,1%. Що свɿдɱитɶ про 
те, ɳо кожен ɱетвертий проɽкт здаɽтɶсɹ з порɭɲеннɹм термɿнɿв здаɱɿ. 

Клɸɱовɿ слова: ɭправлɿннɹ ІТ-проɽктами, компанɿɿ-виробникиɯ 
програмного забезпеɱеннɹ 



 
 
 

Materials of the ɏI International Scientific Conference  
«Information-Management Systems and Technologies»   

  21th – 23th September, 2023, Odessa 
 

 
  214 

Abstract. IT project management comes with a number of complexities. 
According to statistical studies of the proportion of projects carried out by 
professional service organizations in software companies, the average percentage is 
74.1%. It is important to note that the fourth project is being created in violation of 
the terms of the project. 

Keywords: IT project management, software development companies 
 

Нɢɧɿ ɭɩɪɚɜɥɿɧɧɹ ІТ-ɩɪɨɽɤɬɚɦɢ ɫɬɢɤɚɽɬɶɫɹ ɡ ɱɢɫɥɟɧɧɢɦɢ 
ɫɤɥɚɞɧɨɳɚɦɢ. Зɚ ɞɚɧɢɦɢ ɫɬɚɬɢɫɬɢɱɧɢɯ ɞɨɫɥɿɞɠɟɧɶ [1] ɱɚɫɬɤɚ ɩɪɨɽɤɬɿɜ, 
ɡɞɚɧɢɯ ɜɱɚɫɧɨ ɨɪɝɚɧɿɡɚɰɿɹɦɢ ɩɪɨɮɟɫɿɣɧɨɝɨ ɨɛɫɥɭɝɨɜɭɜɚɧɧɹ ɜ 
ɤɨɦɩɚɧɿɹɯ-ɜɢɪɨɛɧɢɤɚɯ ɩɪɨɝɪɚɦɧɨɝɨ ɡɚɛɟɡɩɟɱɟɧɧɹ (ПЗ) ɜ ɫɟɪɟɞɧɶɨɦɭ 
ɫɬɚɧɨɜɢɬɶ 74,1%. ɓɨ ɫɜɿɞɱɢɬɶ ɩɪɨ ɬɟ, ɳɨ ɤɨɠɟɧ ɱɟɬɜɟɪɬɢɣ ɩɪɨɽɤɬ 
ɡɞɚɽɬɶɫɹ ɡ ɩɨɪɭɲɟɧɧɹɦ ɬɟɪɦɿɧɿɜ ɡɞɚɱɿ. Пɪɢ ɰɶɨɦɭ ɳɨɪɨɤɭ ɜ ІТ-ɩɪɨɽɤɬɢ 
ɿɧɜɟɫɬɭɸɬɶɫɹ ɫɨɬɧɿ ɦɿɥɶɹɪɞɿɜ ɞɨɥɚɪɿɜ. Тɚɤ, ɞɨɯɿɞ ɫɜɿɬɨɜɨɝɨ ɪɢɧɤɭ ПЗ 
2022 ɪɨɤɭ ɩɟɪɟɜɢɳɢɜ 600 ɦɥɪɞ ɞɨɥɚɪɿɜ СɒА, ɚ ɡɚ ɩɪɨɝɧɨɡɚɦɢ ɭ 2027 
ɪɨɰɿ ɣɨɝɨ ɡɧɚɱɟɧɧɹ ɫɹɝɧɟ ɩɨɡɧɚɱɤɢ ɭ 800 ɦɥɪɞ ɞɨɥɚɪɿɜ СɒА [2]. 
Зɧɢɠɟɧɧɹ ɪɢɡɢɤɿɜ ɧɟɜɱɚɫɧɨʀ ɡɞɚɱɿ ІТ-ɩɪɨɽɤɬɿɜ ɬɢɦ ɫɚɦɢɦ ɞɨɡɜɨɥɢɬɶ 
ɡɚɨɳɚɞɢɬɢ ɜɟɥɢɱɟɡɧɿ ɤɨɲɬɢ. Пɪɨɬɟ ɰɹ ɡɚɞɚɱɚ ɧɟ ɽ ɬɪɢɜɿɚɥɶɧɨɸ, ɚɞɠɟ ɧɚ 
ɧɟʀ ɜɩɥɢɜɚɸɬɶ ɱɢɫɥɟɧɧɿ ɿ ɩɪɢ ɰɶɨɦɭ ɞɨɜɨɥɿ ɪɿɡɧɿ ɡɚ ɩɪɢɪɨɞɨɸ ɚɫɩɟɤɬɢ 
ɭɩɪɚɜɥɿɧɧɹ ІТ-ɩɪɨɽɤɬɚɦɢ. 

Частɿ змɿни. Оɞɧɚ ɡ ɧɚɣɛɿɥɶɲɢɯ ɩɪɨɛɥɟɦ ɜ ɭɩɪɚɜɥɿɧɧɿ ІТ-ɩɪɨɽɤɬɚɦɢ 
ɩɨɜ’ɹɡɚɧɚ ɡ ɱɚɫɬɢɦɢ ɡɦɿɧɚɦɢ. Тɚɤ, ɡɚ ɞɚɧɢɦɢ ɞɨɫɥɿɞɠɟɧɶ [3] 48% 
ɪɨɡɪɨɛɧɢɤɿɜ ɹɤ ɨɞɧɭ ɡ ɨɫɧɨɜɧɢɯ ɩɪɢɱɢɧ ɩɪɨɜɚɥɿɜ ɩɪɨɽɤɬɿɜ ɡ ɪɨɡɪɨɛɤɢ 
ПЗ ɜɤɚɡɚɥɢ ɧɚ ɱɚɫɬɿ ɡɦɿɧɢ ɚɛɨ ɩɨɝɚɧɨ ɡɚɞɨɤɭɦɟɧɬɨɜɚɧɿ ɜɢɦɨɝɢ. Рɿɱ ɭ 
ɬɿɦ, ɳɨ ɭɩɪɨɞɨɜɠ ɠɢɬɬɹ ɩɪɨɽɤɬɭ ɧɟ ɪɿɞɤɨ ɡɦɿɧɸɸɬɶɫɹ ɣɨɝɨ ɤɨɧɰɟɩɰɿʀ, 
ɨɛɫɹɝɢ, ɜɢɦɨɝɢ ɿ ɧɚɜɿɬɶ ɤɿɥɶɤɿɫɬɶ ɡɚɜɞɚɧɶ, ɹɤɿ ɩɨɬɪɿɛɧɨ ɜɢɤɨɧɚɬɢ ɡɚ 
ɨɞɢɧ ɫɩɪɢɧɬ. ɐɟ ɦɨɠɟ ɩɪɢɡɜɟɫɬɢ ɞɨ: ɩɟɪɟɜɚɧɬɚɠɟɧɢɯ ɫɩɪɢɧɬɿɜ, 
ɡɚɥɢɲɟɧɢɯ ɩɪɨɽɤɬɧɢɯ ɡɚɜɞɚɧɶ, ɦɢɦɨɜɿɥɶɧɨɝɨ ɩɨɞɨɜɠɟɧɧɹ ɫɩɪɢɧɬɿɜ, ɿ, 
ɹɤ ɧɚɫɥɿɞɨɤ, ɞɟɹɤɿ ɠɢɬɬɽɜɨ ɜɚɠɥɢɜɿ ɡɚɜɞɚɧɧɹ ɡɚɥɢɲɚɸɬɶɫɹ 
ɧɟɡɚɜɟɪɲɟɧɢɦɢ. Тɨɦɭ ɤɟɪɿɜɧɢɤɨɜɿ ɩɪɨɽɤɬɭ ɜɚɠɥɢɜɨ ɩɨɫɬɿɣɧɨ 
ɩɟɪɟɝɥɹɞɚɬɢ ɦɚɫɲɬɚɛɢ ɦɨɠɥɢɜɢɯ ɡɦɿɧ, ɨɛɝɨɜɨɪɸɜɚɬɢ ɰɟ ɡ ɤɥɸɱɨɜɢɦɢ 
ɡɚɰɿɤɚɜɥɟɧɢɦɢ ɫɬɨɪɨɧɚɦɢ, ɜɢɡɧɚɱɚɬɢ ɧɨɜɿ ɦɨɠɥɢɜɿ ɩɪɿɨɪɢɬɟɬɢ 
ɩɨɞɚɥɶɲɨɝɨ ɪɨɡɜɢɬɤɭ ɩɪɨɽɤɬɭ, ɟɮɟɤɬɢɜɧɨ ɪɨɡɩɨɞɿɥɹɬɢ ɡɚɜɞɚɧɧɹ ɿ 
ɜɱɚɫɧɨ ɧɚɞɚɜɚɬɢ ɬɨɱɧɭ ɿɧɮɨɪɦɚɰɿɸ ɤɥɿɽɧɬɭ ɩɪɨ ɫɬɚɧ ɩɪɨɽɤɬɭ. 

Проблема комɭнɿкаɰɿʀ мɿж ɱисленними стейкɯолдерами проɽктɭ. 
Іɧɲɨɸ ɩɨɲɢɪɟɧɨɸ ɩɪɨɛɥɟɦɨɸ, ɡ ɹɤɨɸ ɫɬɢɤɚɽɬɶɫɹ ІТ-ɩɪɨɽɤɬ, ɽ 
ɜɟɥɢɱɟɡɧɚ ɤɿɥɶɤɿɫɬɶ ɡɚɥɭɱɟɧɢɯ ɩɚɪɬɧɟɪɿɜ, ɡɚɦɨɜɧɢɤɿɜ ɿ ɩɨɫɬɚɱɚɥɶɧɢɤɿɜ. 
Пɪɢɛɥɢɡɧɨ 29% ɩɪɨɽɤɬɿɜ ɡɚɜɟɪɲɭɸɬɶɫɹ ɧɟɜɞɚɱɟɸ [4] ɱɟɪɟɡ ɩɨɝɚɧɭ 
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ɤɨɦɭɧɿɤɚɰɿɸ ɱɢɫɥɟɧɧɢɯ ɫɬɟɣɤɯɨɥɞɟɪɿɜ. Кɟɪɿɜɧɢɤɢ ІТ-ɩɪɨɽɤɬɿɜ ɦɚɸɬɶ 
ɞɨɛɪɟ ɤɟɪɭɜɚɬɢ ɤɨɦɭɧɿɤɚɰɿɽɸ, ɳɨɛ ɭɧɢɤɧɭɬɢ ɤɨɧɮɥɿɤɬɿɜ ɭ ɤɨɦɚɧɞɿ, 
ɡɚɛɟɡɩɟɱɢɬɢ ɫɜɨɽɱɚɫɧɟ ɜɢɤɨɧɚɧɧɹ ɬɚ ɞɨɫɹɝɬɢ ɰɿɥɟɣ ɩɪɨɽɤɬɭ. 

Вплив ІТ-ɿнɮрастрɭктɭри на безпекɭ та ɭправлɿннɹ даними ɽ 
ɭɧɿɤɚɥɶɧɨɸ ɬɚ ɜɨɞɧɨɱɚɫ ɫɩɟɰɢɮɿɱɧɨɸ ɩɪɨɛɥɟɦɨɸ ІТ-ɩɪɨɽɤɬɿɜ, 
ɩɨɪɿɜɧɹɧɨ ɡ ɿɧɲɢɦɢ ɫɮɟɪɚɦɢ. Оɫɤɿɥɶɤɢ ІТ-ɿɧɮɪɚɫɬɪɭɤɬɭɪɚ ɫɤɥɚɞɚɽɬɶɫɹ 
ɡ ɚɩɚɪɚɬɧɨɝɨ ɬɚ ɩɪɨɝɪɚɦɧɨɝɨ ɡɚɛɟɡɩɟɱɟɧɧɹ, ɬɨ ɜɧɟɫɟɧɧɹ ɛɭɞɶ-ɹɤɢɯ ɡɦɿɧ 
ɦɚɽ ɛɭɬɢ ɜɢɜɚɠɟɧɢɦ, ɳɨɛ ɜɨɧɢ ɧɟ ɫɩɪɢɱɢɧɢɥɢ ɪɢɡɢɤɢ ɞɥɹ ɨɪɝɚɧɿɡɚɰɿʀ 
ɱɢ ɞɚɧɢɯ ʀʀ ɤɥɿɽɧɬɿɜ. 

Проблеми ɭзгодженоʀ роботи ɱисленниɯ ІТ-компонентɿв. ɓɟ 
ɨɞɧɿɽɸ ɫɩɟɰɢɮɿɱɧɨɸ ɩɪɨɛɥɟɦɨɸ, ɡ ɹɤɨɸ ɫɬɢɤɚɸɬɶɫɹ ɤɨɦɚɧɞɢ ɪɨɡɪɨɛɤɢ 
ІТ-ɩɪɨɽɤɬɿɜ, ɽ ɫɤɥɚɞɧɿ ɡɚɥɟɠɧɨɫɬɿ ɦɿɠ ІТ-ɤɨɦɩɨɧɟɧɬɚɦɢ: ɨɛɥɚɞɧɚɧɧɹɦ, 
ɩɪɨɝɪɚɦɧɢɦ ɡɚɛɟɡɩɟɱɟɧɧɹɦ, ɦɟɪɟɠɚɦɢ, ɞɚɧɢɦɢ. Нɚ ɩɪɚɤɬɢɰɿ ІТ-
ɩɪɨɽɤɬɢ ɧɟɦɢɧɭɱɟ ɫɬɢɤɚɸɬɶɫɹ ɡ ɩɨɦɢɥɤɚɦɢ ɬɚ ɩɪɨɛɥɟɦɚɦɢ ʀɯ ɜɡɚɽɦɨɞɿʀ, 
ɧɟ ɤɚɠɭɱɢ ɜɠɟ ɩɪɨ ɱɢɫɥɟɧɧɿ ɨɧɨɜɥɟɧɧɹ, ɜɟɪɫɿʀ ɬɚ ɜɢɩɭɫɤɢ ПЗ. əɤ 
ɩɪɢɤɥɚɞ, ɧɟɨɛɯɿɞɧɿɫɬɶ ɭɡɝɨɞɠɟɧɨʀ ɜɡɚɽɦɨɞɿʀ ɪɿɡɧɢɯ ɤɨɦɩ’ɸɬɟɪɿɜ, 
ɩɪɢɧɬɟɪɿɜ, ɩɥɚɧɲɟɬɿɜ, ɫɦɚɪɬɮɨɧɿɜ ɿɡ ɪɿɡɧɢɦɢ ɜɟɪɫɿɹɦɢ ɨɩɟɪɚɰɿɣɧɢɯ 
ɫɢɫɬɟɦ, ɞɪɚɣɜɟɪɿɜ ɬɚ ɭɬɢɥɿɬ ɭ ɪɚɦɤɚɯ ɜɟɥɢɤɨʀ ɨɪɝɚɧɿɡɚɰɿʀ, ɞɟ ɩɪɚɰɸɸɬɶ 
ɬɢɫɹɱɿ ɪɿɡɧɢɯ ɩɪɢɫɬɪɨʀɜ ɩɨɞɿɛɧɨɝɨ ɪɨɞɭ. 

Соɰɿалɶне дистанɰɿɸваннɹ. Нɟ ɜ ɨɫɬɚɧɧɸ ɱɟɪɝɭ ɩɪɢɱɢɧɨɸ 
ɡɪɨɫɬɚɧɧɹ ɤɿɥɶɤɨɫɬɿ ɩɪɨɛɥɟɦ ɭɩɪɚɜɥɿɧɧɹ ІТ-ɩɪɨɽɤɬɚɦɢ ɡɚ ɨɫɬɚɧɧɿ ɪɨɤɢ ɽ 
ɫɨɰɿɚɥɶɧɟ ɞɢɫɬɚɧɰɿɸɜɚɧɧɹ, ɫɩɪɢɱɢɧɟɧɟ ɩɚɧɞɟɦɿɽɸ ɤɨɪɨɧɚɜɿɪɭɫɭ 
COVID-19, ɿ ɩɟɪɟɯɨɞɨɦ ɞɨ ɜɿɞɞɚɥɟɧɨʀ ɪɨɛɨɬɢ. Дɨɫɥɿɞɠɟɧɧɹ KPMG [5] 
ɩɨɤɚɡɭɸɬɶ, ɳɨ COVID-19 ɫɭɬɬɽɜɨ ɜɩɥɢɧɭɜ ɧɚ ɩɨɧɚɞ 58% ɤɨɦɩɚɧɿɣ 
ɫɜɿɬɭ, ɳɨ ɩɪɢɡɜɟɥɨ ɞɨ ɡɚɬɪɢɦɨɤ ɚɛɨ ɫɤɚɫɭɜɚɧɧɹ ɱɢɫɥɟɧɧɢɯ ɩɪɨɽɤɬɿɜ. 
 

Ʌɿɬɟɪɚɬɭɪɚ 
[1] Share of projects delivered on time by professional service organizations within 
software companies worldwide from 2015 to 2021. URL: 
https://www.statista.com/statistics/936785/software-professional-services-
worldwide-projects-delivered-on-time/ 
[2] Revenue of the software market worldwide from 2016 to 2027, by segment. 
URL: https://www.statista.com/forecasts/954176/global-software-revenue-by-
segment 
[3] Leading reasons for software project failure according to developers worldwide. 
URL: https://www.statista.com/statistics/627648/worldwide-software-developer-
survey-project-failure/ 
[4] Success in Disruptive Times. Expanding the Value Delivery Landscape to 
Address the High Cost of Low Performance. URL: https://www.pmi.org/-



 
 
 

Materials of the ɏI International Scientific Conference  
«Information-Management Systems and Technologies»   

  21th – 23th September, 2023, Odessa 
 

 
  216 

/media/pmi/documents/public/pdf/learning/thought-leadership/pulse/pulse-of-the-
profession-2018.pdf 
[5] 101 Essential Project Management Software Statistics: 2023 Market Share & 
Data Analysis. URL: https://financesonline.com/project-management-software-
statistics/ 
 
UDС 004.8 
 

ɆɈДЕɅɘВАɇɇə ІɇɌЕɅЕɄɌɍАɅɖɇɈГɈ ЗАБЕЗɉЕɑЕɇɇə 
ДІАГɇɈɋɌИɄИ ɌА ɆɈɇІɌɈɊИɇГɍ ЕɅЕɆЕɇɌІВ ɋɍДɇɈВИɏ 

ɍɋɌАɌɄɍВАɇɖ ЗА ДɈɉɈɆɈГɈɘ ɅАɇɐɘГІВ ɆАɊɄɈВА 
 

Dr.Sci. Ɉ. ɒɚɪɤɨ [0000-0001-9025-7990], А. əɧɟɧɤɨ[0009-0004-7992-8369] 

Херсонсɶка державна морсɶка академɿɹ, Украʀна 
EMAIL: mvsharko@gmail.com,  yanenko9494@gmail.com 

 
MODELING OF INTELLIGENT SECURITY DIAGNOSTICS AND 

MONITORING OF ELEMENTS IN SHIP INSTALLATIONS BY 
LANTSYUGIV MARKOV 

 
Dr.Sci. O. Sharko, A. Yanenko 

Kherson State Maritime Academy, Ukraine 
 

Анотаɰɿɹ.  Представлена система ɿнтелектɭалɶного забезпеɱеннɹ 
дɿагностики та монɿторингɭ елементɿв тɭрбонагнɿтаɱɿв сɭдновиɯ 
енергетиɱниɯ ɭстаткɭванɶ (СЕУ) за допомогоɸ ланɰɸгɿв Маркова. Новизноɸ 
розробленоʀ методологɿʀ ɹвлɹɽтɶсɹ замɿна дискретниɯ ɱасовиɯ ɿнтервалɿв 
проɰесɭ дɿагностики послɿдовнɿстɸ теɯнɿɱниɯ об’ɽктɿв. В такɿй постановɰɿ 
ланɰɸги Маркова представлɹɸтɶ собоɸ синтетиɱнɭ властивɿстɶ ɹка 
акɭмɭлɸɽ рɿзнорɿднɿ ɮактори. Рандомɿзаɰɿɹ стоɯастиɱниɯ проɰесɿв 
дɿагностɭваннɹ та монɿторингɭ елементɿв сɭдновиɯ енергетиɱниɯ 
ɭстаткɭванɶ дозволɹɽ пɿдвиɳити надɿйнɿстɶ. 

Клɸɱовɿ слова: система ɿнтелектɭалɶного забезпеɱеннɹ дɿагностики та 
монɿторингɭ елементɿв тɭрбонагнɿтаɱɿв сɭдновиɯ енергетиɱниɯ ɭстаткɭванɶ 

  
Abstract. A system of intelligent diagnostics and monitoring of elements of 

turbochargers of ship power systems (SEU) with the help of Markov's Lancs is 
presented. The novelty of the developed methodology is the replacement of discrete 
hourly intervals in the diagnostic process with a sequence of technical objects. In 
such a setting, Markov’s Lantzug represents a synthetic power that accumulates 
various factors. Randomization of stochastic processes for diagnosing and 
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monitoring elements of ship energy installations makes it possible to increase 
reliability 

Keywords: а system of intelligent diagnostics and monitoring of elements of 
turbochargers of ship power systems 
 

Ɇɟɬɨɸ ɞɨɫɥɿɞɠɟɧɧɹ ɽ ɦɚɬɟɦɚɬɢɱɧɟ ɦɨɞɟɥɸɜɚɧɧɹ ɩɪɨɰɟɫɿɜ 
ɞɿɚɝɧɨɫɬɭɜɚɧɧɹ ɦɨɧɿɬɨɪɢɧɝɭ ɬɟɯɧɿɱɧɨɝɨ ɫɬɚɧɭ ɟɥɟɦɟɧɬɿɜ 
ɬɭɪɛɨɧɚɝɧɿɬɚɱɿɜ СЕУ ɜɢɤɨɪɢɫɬɨɜɭɸɱɢ ɥɚɧɰɸɝɢ Мɚɪɤɨɜɚ. Лɚɧɰɸɝɢ 
Мɚɪɤɨɜɚ ɯɚɪɚɤɬɟɪɢɡɭɸɬɶ ɫɬɨɯɚɫɬɢɱɧɢɣ ɩɪɨɰɟɫ ɜ ɹɤɨɦɭ ɭɦɨɜɧɢɣ 
ɪɨɡɩɨɞɿɥ ɣɦɨɜɿɪɧɨɝɨ ɦɚɣɛɭɬɧɶɨɝɨ ɫɬɚɧɭ ɰɢɯ ɩɪɨɰɟɫɿɜ ɡɚɥɟɠɢɬɶ ɬɿɥɶɤɢ 
ɜɿɞ ɬɟɩɟɪɿɲɧɶɨɝɨ ɫɬɚɧɭ ɰɢɯ ɩɪɨɰɟɫɿɜ.   

В [1-3] ɪɨɡɝɥɹɧɭɬɿ ɦɟɬɨɞɨɥɨɝɿɱɧɿ ɚɫɩɟɤɬɢ ɜɢɤɨɪɢɫɬɚɧɧɹ ɞɢɫɤɪɟɬɧɢɯ 
ɥɚɧɰɸɝɿɜ Мɚɪɤɨɜɚ ɩɪɢ ɪɨɡɪɨɛɰɿ ɭɩɪɚɜɥɿɧɫɶɤɢɯ ɫɬɪɚɬɟɝɿɱɧɢɯ ɪɿɲɟɧɶ ɜ 
ɪɿɡɧɨɦɚɧɿɬɧɢɯ ɝɚɥɭɡɹɯ ɟɤɨɧɨɦɿɤɢ. В [4-5] ɦɨɞɟɥɶ Мɚɪɤɿɜɫɶɤɨɝɨ ɩɪɨɰɟɫɭ 
ɜɢɤɨɪɢɫɬɨɜɭɽɬɶɫɹ ɡɚ ɞɥɹ ɜɢɹɜɥɟɧɧɹ ɜɟɤɬɨɪɿɜ ɫɬɚɧɭ ɩɨɩɢɬɭ ɬɚ 
ɩɪɨɩɨɡɢɰɿɣ. 

В ɹɤɨɫɬɿ ɦɚɬɟɪɿɚɥɿɜ ɞɨɫɥɿɞɠɟɧɧɹ ɜɢɤɨɪɢɫɬɨɜɭɜɚɥɢɫɶ ɩɚɪɚɦɟɬɪɢ 
ɞɿɚɝɧɨɫɬɭɜɚɧɧɹ ɟɥɟɦɟɧɬɿɜ ɬɭɪɛɨɧɚɝɧɿɬɚɱɿɜ ɬɚ ɣɦɨɜɿɪɧɿɫɧɿ ɨɰɿɧɤɢ 
ɜɿɞɦɨɜ, ɨɬɪɢɦɚɧɢɯ ɧɚ ɨɫɧɨɜɿ ɜɟɥɢɤɨɝɨ ɫɬɚɬɢɫɬɢɱɧɨɝɨ ɦɚɬɟɪɿɚɥɭ 
ɟɤɫɩɥɭɚɬɚɰɿʀ ɬɪɚɧɫɩɨɪɬɧɢɯ ɫɭɞɟɧ ɜ ɭɦɨɜɚɯ ɧɟɜɢɡɧɚɱɟɧɨɫɬɿ ɜɩɥɢɜɭ 
ɡɨɜɧɿɲɧɶɨɝɨ ɫɟɪɟɞɨɜɢɳɚ.  

В ɹɤɨɫɬɿ ɦɟɬɨɞɿɜ ɞɨɫɥɿɞɠɟɧɧɹ ɜɢɤɨɪɢɫɬɨɜɭɜɚɥɢɫɶ ɥɚɧɰɸɝɢ 
Мɚɪɤɨɜɚ. Лɚɧɰɸɝɢ Мɚɪɤɨɜɚ ɞɨɡɜɨɥɹɸɬɶ ɡɝɟɧɟɪɭɜɚɬɢ ɩɨɞɿʀ. Тɟɯɧɿɱɧɟ 
ɪɿɲɟɧɧɹ ɞɥɹ ɨɰɿɧɤɢ ɩɨɫɥɿɞɨɜɧɨɫɬɿ ɜɢɤɨɪɢɫɬɚɧɧɹ ɩɪɨɰɟɞɭɪ 
ɞɿɚɝɧɨɫɬɭɜɚɧɧɹ ɤɨɧɤɪɟɬɧɢɯ ɟɥɟɦɟɧɬɿɜ ɬɭɪɛɨɧɚɝɧɿɬɚɱɿɜ СЕУ ɜ ɪɚɦɤɚɯ 
ɬɟɨɪɿʀ Мɚɪɤɨɜɚ ɩɨɫɬɭɥɸɸɬɶ ɜɢɛɿɪ ɧɚɣɤɪɚɳɨʀ ɚɥɶɬɟɪɧɚɬɢɜɢ 
ɜɢɤɨɪɢɫɬɚɧɧɹ ɚɩɚɪɚɬɭ ɬɟɨɪɿʀ ɣɦɨɜɿɪɧɨɫɬɿ. 

Бɭɞɶ ɹɤɢɣ ɫɬɚɧ  ɦɨɠɟ ɛɭɬɢ ɞɨɫɹɝɧɭɬɢɣ ɿɡ ɛɭɞɶ ɹɤɨɝɨ ɫɬɚɧɭ  ɡɚ 
ɤɿɧɰɟɜɟ ɱɢɫɥɨ ɩɟɪɟɯɨɞɿɜ. 

Пɪɢ ɦɨɞɟɥɸɜɚɧɧɿ ɜɚɠɤɢɯ ɬɟɯɧɿɱɧɢɯ ɨɛ’ɽɤɬɿɜ ɨɪɝɚɧɿɡɚɰɿɣɧɨ-
ɬɟɯɧɿɱɧɢɯ ɫɢɫɬɟɦ ɤɥɸɱɨɜɢɦ ɦɨɦɟɧɬɨɦ ɽ ɜɿɞɨɛɪɚɠɟɧɧɹ ɫɬɪɭɤɬɭɪɢ 
ɜɡɚɽɦɨɡɜ’ɹɡɤɿɜ ɬɚ ɩɟɪɟɯɨɞɿɜ. Нɟɡɚɥɟɠɧɿ ɜɢɩɪɨɛɭɜɚɧɧɹ ɹɜɥɹɸɬɶɫɹ 
ɨɤɪɟɦɢɦ ɜɢɩɚɞɤɨɦ ɥɚɧɰɸɝɚ Мɚɪɤɨɜɚ. Пɨɞɿʀ ɜɜɚɠɚɸɬɶɫɹ ɫɬɚɧɨɦ 
ɫɢɫɬɟɦɢ, ɚ ɫɚɦɿ ɜɢɩɪɨɛɭɜɚɧɧɹ – ɡɦɿɧɨɸ ɫɬɚɧɭ ɫɢɫɬɟɦɢ.  

Пɟɪɟɯɿɞɧɿ ɣɦɨɜɿɪɧɨɫɬɿ  ɧɟ ɡɚɥɟɠɚɬɶ ɜɿɞ ɦɨɦɟɧɬɭ ɱɚɫɭ, ɚ ɡɚɥɟɠɚɬɶ 
ɬɿɥɶɤɢ ɜɿɞ  ɬɚ   
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ɞɟ      ,                                 

Лɚɧɰɸɝ Мɚɪɤɨɜɚ ɛɭɞɟ ɨɞɧɨɪɿɞɧɢɣ, ɤɨɥɢ ɭɦɨɜɢ ɣɦɨɜɿɪɧɨɫɬɿ  
ɩɟɪɟɯɨɞɭ ɫɢɫɬɟɦɢ ɿɡ ɫɬɚɧɭ  ɜ ɫɬɚɧ  ɧɟ ɛɭɞɟ ɡɚɥɟɠɢɬɶ ɜɿɞ ɧɨɦɟɪɭ 
ɜɢɩɪɨɛɭɜɚɧɧɹ. Йɦɨɜɿɪɧɿɫɬɶ  ɛɭɞɟ ɩɟɪɟɯɿɞɧɨɸ ɣɦɨɜɿɪɧɿɫɬɸ.   

Йɦɨɜɿɪɧɿɫɬɶ  ɦɨɠɟ ɛɭɬɢ ɡɧɚɣɞɟɧɚ ɡɚ ɮɨɪɦɭɥɨɸ, ɤɨɬɪɭ 
ɧɚɡɢɜɚɸɬɶ ɪɿɜɧɿɫɬɸ Мɚɪɤɨɜɚ 
 
 
                                                                                                                                     
 
ɞɟ   – ɤɿɥɶɤɿɫɬɶ ɤɪɨɤɿɜ ɧɟɨɛɯɿɞɧɢɯ ɫɢɫɬɟɦɿ ɞɥɹ ɩɟɪɟɯɨɞɭ ɿɡ ɫɬɚɧɭ   ɜ 

ɫɬɚɧ ,  – ɱɢɫɥɨ ɩɚɪɚɦɟɬɪɿɜ ɤɨɧɬɪɨɥɸ 

Бɭɞɶ ɹɤɢɣ ɫɬɚɧ  ɦɨɠɟ ɛɭɬɢ ɞɨɫɹɝɧɭɬɢɣ ɿɡ ɛɭɞɶ ɹɤɨɝɨ ɫɬɚɧɭ ɡɚ 
ɤɿɧɰɟɜɭ ɤɿɥɶɤɿɫɬɶ ɩɟɪɟɯɨɞɿɜ. 

Йɦɨɜɿɪɧɿɫɬɶ ɩɟɪɟɯɨɞɭ ɿɡ ɨɞɧɨɝɨ ɫɬɚɧɭ ɜ ɿɧɲɢɣ ɨɞɧɚɤɨɜɚ ɜ 
ɧɟɡɚɥɟɠɧɨɫɬɿ ɜɿɞ ɬɨɝɨ ɫɤɿɥɶɤɢ ɩɪɨɦɿɠɧɢɯ ɫɬɚɧɿɜ ɦɨɠɟ ɛɭɬɢ ɩɪɨɣɞɟɧɨ 
ɞɥɹ ɞɨɫɹɝɧɟɧɧɹ ɤɿɧɰɟɜɨʀ ɦɟɬɢ. 

Хɚɪɚɤɬɟɪɧɨɸ ɨɫɨɛɥɢɜɿɫɬɸ ɦɨɞɟɥɸɜɚɧɧɹ ɿɧɬɟɥɟɤɬɭɚɥɶɧɨɝɨ 
ɡɚɛɟɡɩɟɱɟɧɧɹ ɞɿɚɝɧɨɫɬɢɤɢ ɿ ɦɨɧɿɬɨɪɢɧɝɭ ɟɥɟɦɟɧɬɿɜ ɫɭɞɧɨɜɢɯ 
ɟɧɟɪɝɟɬɢɱɧɢɯ ɭɫɬɚɬɤɭɜɚɧɶ  ɹɜɥɹɽɬɶɫɹ ɬɟ, ɳɨ ɭɦɨɜɧɚ ɣɦɨɜɿɪɧɿɫɬɶ  
ɧɟ ɡɚɥɟɠɢɬɶ ɜɿɞ ɫɬɚɧɭ, ɬɨɛɬɨ . Тɭɬ  – ɧɨɦɟɪ ɩɨɩɟɪɟɞɧɶɨɝɨ 
ɫɬɚɧɭ,  – ɧɨɦɟɪ ɧɚɫɬɭɩɧɨɝɨ ɫɬɚɧɭ. 

Йɦɨɜɿɪɧɿɫɬɶ ɩɟɪɟɯɨɞɿɜ ɦɨɠɟ ɛɭɬɢ ɩɪɟɞɫɬɚɜɥɟɧɚ ɜ ɜɢɝɥɹɞɿ ɪɿɜɧɨɫɬɿ 
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ɞɟ  - ɤɜɚɧɬɨɪ ɜɫɟɛɿɱɧɨɫɬɿ,   – ɞɢɫɤɪɟɬɧɢɣ ɫɬɚɧ, - ɣɦɨɜɿɪɧɿɫɬɶ 
ɡɧɚɯɨɞɠɟɧɧɹ ɫɢɫɬɟɦɢ ɜ ɦɨɦɟɧɬ ɱɚɫɭ ,  – ɬɨɱɤɚ ɜɿɞɥɿɤɭ. 

Вɟɥɢɱɢɧɚ  ɹɜɥɹɽ ɫɨɛɨɸ ɤɿɧɰɟɜɟ ɱɢɫɥɨ ɫɬɚɧɿɜ 
 
                                                            
                                                                                               

Йɦɨɜɿɪɧɿɫɬɶ ɩɟɪɟɯɨɞɭ ɫɢɫɬɟɦɢ ɜɢɪɚɠɚɽɬɶɫɹ ɱɟɪɟɡ ɫɬɚɞɿɸ 
ɞɿɚɝɧɨɫɬɭɜɚɧɧɹ ɟɥɟɦɟɧɬɿɜ ɬɭɪɛɨɧɚɝɧɿɬɚɱɿɜ СЕУ 

 
 
                   
 
 

Вɢɤɨɪɢɫɬɚɧɧɹ ɥɚɧɰɸɝɿɜ Мɚɪɤɨɜɚ ɞɥɹ ɜɢɹɜɥɟɧɧɹ ɩɪɨɰɟɫɿɜ 
ɿɧɬɟɥɟɤɬɭɚɥɶɧɨɝɨ ɡɚɛɟɡɩɟɱɟɧɧɹ ɞɿɚɝɧɨɫɬɢɤɢ ɿ ɦɨɧɿɬɨɪɢɧɝɭ ɟɥɟɦɟɧɬɿɜ 
ɬɭɪɛɨɧɚɝɧɿɬɚɱɿɜ СЕУ ɡɭɦɨɜɥɟɧɚ ɜɢɤɨɪɢɫɬɚɧɧɹɦ ɧɚɫɬɭɩɧɢɯ ɩɨɥɨɠɟɧɶ. 

Сɢɫɬɟɦɚ ɞɿɚɝɧɨɫɬɭɜɚɧɧɹ ɡɧɚɯɨɞɢɬɶɫɹ ɜ ɫɬɚɧɚɯ . 
Пɟɪɟɯɨɞɢ ɦɨɠɥɢɜɿ ɬɿɥɶɤɢ ɜ ɦɨɦɟɧɬɢ ɱɚɫɭ, ɤɨɬɪɿ ɯɚɪɚɤɬɟɪɢɡɭɸɬɶ ɟɬɚɩɢ 
ɦɨɧɿɬɨɪɢɧɝɭ, ɬɨɛɬɨ ɜɜɚɠɚɸɬɶɫɹ ɤɪɨɤɚɦɢ. Аɪɝɭɦɟɧɬɨɦ ɥɚɧɰɸɝɭ 
Мɚɪɤɨɜɚ ɽ ɧɨɦɟɪ ɤɪɨɤɭ.  

Лɚɧɰɸɝ Мɚɪɤɨɜɚ ɜ ɥɸɛɢɣ ɦɨɦɟɧɬ ɱɚɫɭ ɦɨɠɟ ɛɭɬɢ ɨɯɚɪɚɤɬɟɪɢɡɨɜɚɧɚ 
ɜɟɤɬɨɪɚɦɢ ɩɨ ɫɬɪɨɱɰɿ ɦɚɬɪɢɰɿ ɩɟɪɟɯɿɞɧɢɯ ɣɦɨɜɿɪɧɨɫɬɟɣ (1).  

əɤɳɨ ɩɨɦɧɨɠɢɬɢ ɜɟɤɬɨɪ-ɫɬɪɨɤɭ, ɹɤɚ ɯɚɪɚɤɬɟɪɢɡɭɽ ɪɨɡɩɨɞɿɥ 
ɣɦɨɜɿɪɧɨɫɬɟɣ ɧɚ ɩɟɜɧɨɦɭ ɟɬɚɩɿ ɞɿɚɝɧɨɫɬɭɜɚɧɧɹ ɧɚ ɦɚɬɪɢɰɸ ɩɟɪɟɯɿɞɧɢɯ 
ɣɦɨɜɿɪɧɨɫɬɟɣ ɨɬɪɢɦɚɽɦɨ ɪɨɡɩɨɞɿɥ ɣɦɨɜɿɪɧɨɫɬɟɣ ɧɚ ɧɚɫɬɭɩɧɨɦɭ ɟɬɚɩɿ ʀɯ 
ɪɟɚɥɿɡɚɰɿʀ ɜ ɧɚɝɥɹɞɧɿɣ ɮɨɪɦɿ  ɬɚ ɧɚ ɪɿɡɧɢɯ ɟɬɚɩɚɯ ɦɨɧɿɬɨɪɢɧɝɭ. 

Вɢɫɧɨɜɨɤ. Рɨɡɪɨɛɥɟɧɚ ɤɨɧɰɟɩɬɭɚɥɶɧɚ ɦɨɞɟɥɶ ɿɧɬɟɥɟɤɬɭɚɥɶɧɨɝɨ 
ɡɚɛɟɡɩɟɱɟɧɧɹ ɦɨɧɿɬɨɪɢɧɝɭ ɟɥɟɦɟɧɬɿɜ ɬɭɪɛɨɧɚɝɧɿɬɚɱɿɜ ɟɥɟɦɟɧɬɿɜ СЕУ, 
ɧɚɩɪɚɜɥɟɧɚ ɧɚ ɜɞɨɫɤɨɧɚɥɟɧɧɹ ɦɟɯɚɧɿɡɦɿɜ ɞɿɚɝɧɨɫɬɭɜɚɧɧɹ ɬɚ ɩɪɢɣɧɹɬɬɹ 
ɪɿɲɟɧɶ ɧɚ ɨɫɧɨɜɿ ɥɚɧɰɸɝɿɜ Мɚɪɤɨɜɚ.  

Сɬɜɨɪɟɧɚ ɿɦɿɬɚɰɿɹ ɦɨɞɟɥɿ ɜ ɜɢɝɥɹɞɿ ɨɪɝɪɚɮɚ, ɜ ɤɨɬɪɨɦɭ 
ɩɪɟɞɫɬɚɜɥɹɸɬɶ ɫɬɚɧ ɩɪɨɰɟɫɭ, ɚ ɪɟɛɪɚ – ɩɟɪɟɯɿɞ ɦɿɠ ɧɢɦɢ.  

Нɨɜɢɡɧɨɸ ɞɚɧɧɨʀ ɦɨɞɟɥɿ ɽ ɬɟ ɳɨ ɜ ɹɤɨɫɬɿ ɚɪɝɭɦɟɧɬɿɜ ɞɿɚɝɧɨɫɬɭɜɚɧɧɹ 
ɜɢɤɨɪɢɫɬɨɜɭɽɬɶɫɹ ɧɟ ɱɚɫ, ɚ ɩɨɫɥɿɞɨɜɧɿɫɬɶ ɫɬɚɧɭ ɞɿɚɝɧɨɫɬɭɜɚɧɧɹ ɿ ɧɨɦɟɪ 
ɲɚɝɭ ɹɤɢɣ ɜɿɞɨɛɪɚɠɚɽ ɿɧɬɟɪɜɚɥɢ ɞɢɫɤɪɟɞɢɬɚɰɿʀ ɦɨɧɿɬɨɪɢɧɝɭ ɟɥɟɦɟɧɬɿɜ 
ɬɭɪɛɨɧɚɝɧɿɬɚɱɚ СЕУ ɜ ɫɤɥɚɞɧɢɯ ɭɦɨɜɚɯ ɟɤɫɩɥɭɚɬɚɰɿʀ.  
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Abstract. An attempt ahs been made to reconsider the oficially recommended 

architectural patterns for Android applications, in particular the implementation of 
MVVM pattern, in order to provide the developers with more control over the 
components lifecycle.  The work adopts some of the ideas from other modern 
architectures for interactive systems while staying as close to the officially 
recommended solutions as possible.  

Keywords: android, architecture, patterns, components. 
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Анотаɰɿɹ. Бɭло здɿйснено спробɭ переглɹнɭти оɮɿɰɿйно рекомендованɿ 
арɯɿтектɭрнɿ ɲаблони длɹ Андроʀд застосɭнкɿв, зокрема, меɯанɿзмɿв длɹ 
реалɿзаɰɿʀ ɲаблонɭ MVVM, з метоɸ наданнɹ розробникам бɿлɶɲе контролɸ 
над життɽвим ɰиклом компонент. Робота використовɭɽ ɿдеʀ з ɿнɲиɯ сɭɱасниɯ 
арɯɿтектɭрниɯ рɿɲенɶ длɹ ɿнтерактивниɯ систем, залиɲаɸɱисɶ при ɰɶомɭ 
ɹкнайближɱе до оɮɿɰɿйно рекомендованиɯ рɿɲенɶ.  

Клɸɱовɿ слова: андроʀд, арɯɿтектɭра, ɲаблони, компоненти. 
 

Since its first release Android has come a long way to become the most 
popular mobile operating system. The applications developed for Android 
OS are expecetd to run flawlessly on the incredibly wide spectrum of 
devices produced by the various manufacturers, each, perhaps, running its 
own modification of the original version of Android OS.  

Today the developers of Android application are provided with the great 
tools and  libraries, and, what is important, they have the official 
arthitectural guidelines and development best practices.  

However, for a long time the official recommendations regarding the 
application architecture remained unspoken. At the same time, it has the 
crutial impact on the quality, reliability and maintainability of the 
application, and is especially important in the mentioned operation 
conditions.  

Finally, after the years of silence, Google announced the Android 
architecture components with the Model-View-ViewModel (MVVM) as the 
oficially recommended architectural pattern for the development of Android 
applications, and provided the corresponding libraries, documentations and 
examples. It was an important step in the evolution of Android, yet the 
proposed solutions are not suitable for the every system. In my opinion, the 
MVVM, as it proposed, is more likely an ad hoc mechanism for the 
application to survive upon the configuration changes rather than a well-
designed architectural pattern.  

Moreover, the internal implementation of this mechanism is biased 
towards the applications with the deep navigation graphs. As the result, it 
frequently requires the use of ugly workaraounds to solve a seemingly 
simple problem. In order to meet the needs of Android developers, the 
plenty of other decent architectural approaches has been created, e.g. RIBs 
[1], VIPER, Redux.  

However, the complexity and verbosity of the mentioned approaches 
may overweight the benefits when applied to the development of small-
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sized or medium-sized applications.  I tried to reconsider the proposed 
MVVM mechanism, adopting some of the ideas from other architectures 
while staying as close to the officially recommended solutions as possible 
[2]. 

As usually, we decompose the application into independent components, 
each providing some feature of the total application.  

The dependencies of a component are explicitly declared in the 
corresponding Dependency interface which is unique for each component 
and is used for a dynamic dependency resolution during a runtime.  

The components itself use the compile time dependency injection 
mechanisms (Dagger, manual DI, etc) to construct their internals. Next, the 
natural questions arise: who does initiate the build of a component, how it 
finds the dependencies and where is the component stored after it has been 
created? The components are stored in the corresponding containers, making 
up a tree.  

The root of the tree contains the application component which is created 
first and tied to the application process lifecycle.  

The component of a parent container includes the corresponding 
dependencies of the future children components. Finally, the entry points 
(e.g. Activity, Fragment, Service etc.) implement the ComponentOwner 
interface in order to get the access to the containers tree.  

Then it finds the already initialized component in the containers tree or 
looks for the dependency of the component, create it, wrap it into a new 
container and attach it to the tree. All this is done automatically, and it only 
requires for the component builder (factory) to be provided to the 
corresponding Kotlin extention function from inside the entry point.  

The developer can control whether a container should overlive the 
instance who created it, providing the means to  store the created 
ViewModels and  safely store the configuration-dependend stuff (e.g. cache 
the Views) if needed. To summarize, such approach explicitly decouple the 
lifecycle of the components from the lifecycle of their ephemeral entry 
points. 
 

References 
 
[1] https://github.com/uber/RIBs 
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Аннотаɰɿɹ. У роботɿ наведена ɿдеɹ та дизайн ɮреймворкɭ длɹ 

вɿдстеженнɹ, оɰɿнɸваннɹ та порɿвнɹннɹ великиɯ ɹзиковиɯ моделей (ВЯМ). 
Пɭблɿкаɰɿɹ наводитɶ визнаɱеннɹ проблеми, пропозиɰɿɸ з рɿɲеннɹм, оглɹд 
проектɭваннɹ рɿɲеннɹ, та можливɿ майбɭтнɿ нароботки та використаннɹ. 

Клɸɱовɿ слова: обробка натɭралɶного ɹзика, великɿ ɹзиковɿ моделɿ. 
 
Abstract. The paper proposes the idea and design for a framework aimed at 

tracking, evaluating and comparing large language models (LLMs). The paper 
presents the problem statement, proposed idea, design considerations, and possible 
future improvements and uses. 

Keywords: natural language processing, large language models. 
 

Currently, the use of LLMs is actively growing in popularity, new 
models are in active development, and old models are undergoing updates. 
However, due to the inability to reliably interpret large amounts of 
parameters in trained LLMs, the stochastic nature of LLMs, as well as 
closed-source nature of some models, it is not clear how model’s 
performance in different tasks changes over time and how it compares to 
other models. For example, several of the most popular LLMs (chatgpt-3.5-
turbo and chatgpt-4) have undergone significant changes in response quality 
over time [1]. The combination of said factors introduces a problem where it 
becomes difficult to reliably measure the relative quality of new models, 
model updates, and special techniques for improving their quality. 
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To address the issues of obfuscated changes in quality over time and 
difficulty in LLM comparison, this paper proposes a system that would 
perform the following tasks: automatically find, track and log popular 
available LLMs and their version.  

This includes tracking the model’s price per token (if applicable), 
context size, and other parameters.  

Firstly, this creates a list of models for future evaluation and comparison. 
Secondly, this allows for correlating model’s performance with its cost, 
assisting in the selection of the best fitting model for a given task.  

Finally, this allows for tracking improvements in cost and context size of 
specific models over time; ɚutomatically extensively evaluate available 
LLMs on a variety of predefined tasks with a variety of configurations, and 
save the results. Using a standardized set of tasks (such as reading 
comprehension and spam classification) would allow for a way of rating 
models that is reliable over time, and saving the results would allow for 
measuring how the performance of a model changes with time; provide 
reports, comparing performance.  

The system will provide an interactive user interface, that will allow 
users to see how an LLMs performance has changed over time, how it 
compares to other models, different hyperparameters, etc.; ɚllow for creation 
of custom user-defined model-evaluation tasks, as well as adding custom 
models. To facilitate the development of new models, the system must 
provide a way for users evaluate their custom models on both predefined 
and new tasks; incorporate the functionality to evaluate models using special 
methodologies intended to improve their quality, such as ChromaDB. This 
can serve as a starting point for testing new methodologies, allowing for 
their comparison. 

A similar benchmarking system was developed in [2]. In comparison to 
it, the proposed system incorporates automatic tracking of popular LLMs, as 
well as focusing on keeping track of model’s performance over time, and 
will focus on NLP tasks as opposed to agent tasks. 

We encountered several design considerations in the process of 
designing the proposed system. Regarding the model tracking functionality, 
it is important to use several different resources as sources for available 
models.  

For example, while the online service OpenRouter allows for using a 
model-agnostic API to access popular LLMs from different providers, it 
does not provide a way of accessing many open-source models. To work 
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with popular open-source models, acquiring their list from Huggingface 
service would be an adequate option. Consequently, when running the 
model, the system should account for different viable ways to run it, such as 
making an OpenRouter API call, running a local Huggingface model, or 
using Huggingface inference API. 

In addition, it is important to account for the price of running evaluations 
of the models. Before running each evaluation, the system should compute 
the approximate cost (based on the token count and price per token), and 
cancel the evaluation if the price exceeds allowed limits. This is especially 
important with LLMs accessed through APIs, as excessive calls can quickly 
use up available tokens. 

Another important design consideration is that LLMs can perform 
differently on the same task based on the prompt.  

 
This necessitates a comparison of different types of prompts on the same 

model, as well as a way of selecting the best prompt formatting technique 
based on combination of task and model when evaluating the model as a 
whole. 

Considering possible future improvements on the proposed system, the 
list of tasks could be expanded to match and surpass those in [2].  

The system can also be expanded to evaluate and compare different 
techniques for improving LLM performance (such as functions and vector 
databases). We should also look into the possibility of using the proposed 
architecture to evaluate AI in other areas besides text generation. 

In conclusion, we have described a viable system that can help alleviate 
the problems of tracking changes in popular LLMs and difficulties in 
comparing LLMs.  

The described system can serve as a base for experimentations on new 
techniques for increasing the LLM output quality, owing to the model 
comparison functionality. 
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Cɭɱɚɫɧɿ ɩɿɞɯɨɞɢ ɞɨ ɫɬɜɨɪɟɧɧɹ ɿɦɿɬɚɰɿɣɧɢɯ ɦɨɞɟɥɟɣ ɹɜɥɹɸɬɶ ɫɨɛɨɸ 

ɡɚɫɨɛɢ ɩɨɛɭɞɨɜɢ ɫɩɪɨɳɟɧɨɝɨ ɛɚɱɟɧɧɹ ɱɢ ɫɩɪɢɣɧɹɬɬɹ ɪɟɚɥɶɧɨʀ ɫɢɫɬɟɦɢ 
ɡ ɦɚɫɨɸ ɨɛɦɟɠɟɧɶ [1].  

Вɜɨɞɢɬɢ ɬɚɤɿ ɨɛɦɟɠɟɧɧɹ ɧɟɨɛɯɿɞɧɨ, ɬɚɤ ɹɤ ɪɟɚɥɶɧɿ ɩɪɨɰɟɫɢ, ɳɨ 
ɩɪɨɬɿɤɚɸɬɶ ɜ ɩɪɢɪɨɞɿ ɫɭɫɩɿɥɶɫɬɜɿ, ɧɚɫɬɿɥɶɤɢ ɫɤɥɚɞɧɿ ɿ ɩɨɜ'ɹɡɚɧɿ ɡ ɬɚɤɨɸ 
ɜɟɥɢɤɨɸ ɤɿɥɶɤɿɫɬɸ ɨɬɨɱɭɸɱɢɯ ɮɚɤɬɨɪɿɜ, ɳɨ ɩɨɛɭɞɨɜɚ ɜɫɟɨɫɹɠɧɨʀ 
ɦɨɞɟɥɿ - ɰɟ ɫɤɥɚɞɧɚ ɡɚɞɚɱɚ [2].  

Аɤɬɭɚɥɶɧɢɦ ɽ ɡɚɫɬɨɫɭɜɚɧɧɹ ɡɚɫɨɛɿɜ ɦɨɞɟɥɸɜɚɧɧɹ ɞɢɫɤɪɟɬɧɨ-
ɩɨɞɿɽɜɢɯ ɫɢɫɬɟɦ ɞɥɹ ɩɪɟɜɟɧɬɢɜɧɨɝɨ ɚɧɚɥɿɡɭ ʀɯ ɪɟɚɥɶɧɨɝɨ ɫɬɚɧɭ [3]. 
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Рɨɡɪɨɛɥɟɧɚ ɦɨɞɟɥɶ ɩɪɢɡɧɚɱɟɧɚ ɞɥɹ ɞɨɫɥɿɞɠɟɧɧɹ ɫɩɟɰɢɮɿɤɢ ɪɨɛɨɬɢ 
ɫɤɥɚɞɭ ɫɨɪɬɭɜɚɥɶɧɨʀ ɫɬɚɧɰɿʀ. Оɫɧɨɜɧɿ ɨɩɟɪɚɰɿʀ: ɪɨɡɜɚɧɬɚɠɟɧɧɹ, 
ɡɚɜɚɧɬɚɠɟɧɧɹ ɬɚ ɡɛɢɪɚɧɧɹ ɡɚɦɨɜɥɟɧɶ.  

Рɨɡɪɨɛɥɟɧɚ ɦɨɞɟɥɶ ɦɿɫɬɢɬɶ 10 ɨɤɪɟɦɨ ɫɬɜɨɪɟɧɢɯ ɚɝɟɧɬɿɜ ɬɚ 
ɫɬɢɦɭɥɹɰɿɣɧɢɣ ɦɨɞɭɥɶ ɞɨɫɥɿɞɠɟɧɧɹ: 

1. Dock (ɜɚɧɬɚɠɧɢɣ ɦɚɣɞɚɧɱɢɤ) – ɰɟ ɨɤɪɟɦɚ ɫɭɬɧɿɫɬɶ, ɹɤɚ ɦɿɫɬɢɬɶ 
ɮɭɧɤɰɿʀ ɬɚ ɡɦɿɧɧɿ ɞɥɹ ɨɛɪɨɛɤɢ ɞɚɧɢɯ ɦɨɞɟɥɿ ɩɨ ɜɚɧɬɚɠɧɢɯ 
ɦɚɣɞɚɧɱɢɤɚɯ. 

2. Forklift (ɜɢɥɤɨɜɢɣ ɩɟɪɟɜɚɧɬɚɠɭɜɚɱ) – ɰɟ ɽ ɚɝɟɧɬ, ɹɤɢɣ ɿɦɿɬɭɽ 
ɪɨɛɨɬɭ ɜɢɥɤɨɜɨɝɨ ɩɟɪɟɜɚɧɬɚɠɭɜɚɱɚ ɡɚɦɨɜɥɟɧɶ ɞɥɹ ɞɨɫɬɚɜɤɢ ɜɚɧɬɚɠɿɜ ɡ 
ɦɿɫɰɹ ɪɨɡɜɚɧɬɚɠɟɧɧɹ ɞɨ ɦɿɫɰɹ ɡɚɜɚɧɬɚɠɟɧɧɹ. 

3. LoadingTruck (ɡɚɜɚɧɬɚɠɭɜɚɥɶɧɚ ɜɚɧɬɚɠɿɜɤɚ) – ɚɝɟɧɬ, ɧɟɨɛɯɿɞɧɢɣ 
ɞɥɹ ɦɨɞɟɥɸɜɚɧɧɹ ɜɚɧɬɚɠɿɜɨɤ, ɳɨ ɩɪɢɛɭɜɚɸɬɶ ɞɨ ɫɬɚɧɰɿʀ ɡ ɦɟɬɨɸ 
ɨɬɪɢɦɚɧɧɹ ɡɚɦɨɜɥɟɧɶ. 

4. Order (ɡɚɦɨɜɥɟɧɧɹ) – ɫɭɬɧɿɬɶ, ɹɤɚ ɦɨɞɟɥɸɽ ɞɟɹɤɢɣ ɫɤɥɚɞ ɬɨɜɚɪɿɜ 
ɬɚ ɦɚɽ ɫɜɨʀ ɜɥɚɫɬɢɜɨɫɬɿ, ɮɭɧɤɰɿʀ ɬɚ ɡɦɿɧɧɿ. 

5. Pallet (ɩɚɥɟɬɚ) – ɫɭɬɧɿɫɬɶ, ɹɤɚ ɫɥɭɝɭɽ ɦɿɫɰɟɦ ɩɟɪɟɛɭɜɚɧɧɹ 
ɨɤɪɟɦɨɝɨ ɡɚɦɨɜɥɟɧɧɹ ɧɚ ɫɨɪɬɭɜɚɥɶɧɿɣ ɫɬɚɧɰɿʀ. 

6. ResourceHandler (ɨɛɪɨɛɧɢɤ ɪɟɫɭɪɫɿɜ) – ɚɝɟɧɬ, ɹɤɢɣ ɜɢɧɭɽ 
ɨɛɨɜ’ɹɡɤɢ ɩɨɫɟɪɟɞɧɢɤɚ ɩɿɞ ɱɚɫ ɡɞɿɣɫɧɟɧɧɹ ɨɩɟɪɚɰɿɣ ɬɪɚɧɫɩɨɪɬɭɜɚɧɧɹ 
ɡɚɦɨɜɥɟɧɧɹ ɞɨ, ɩɨ ɬɚ ɡ ɫɨɪɬɭɜɚɥɶɧɿɣ ɫɬɚɧɰɿʀ.  

7. Truck (ɜɚɧɬɚɠɿɜɤɚ) – ɚɝɟɧɬ, ɳɨ ɡɞɿɣɫɧɸɽ ɦɨɞɟɥɸɜɚɧɧɹ ɜɚɧɬɚɠɿɜɤɢ 
ɡɚ ɜɤɚɡɚɧɨɸ ɬɪɚɽɤɬɨɪɿɽɸ.  

8. Тype (ɬɢɩ) – ɫɭɬɧɿɫɬɶ, ɳɨ ɯɚɪɚɤɬɟɪɢɡɭɽ ɤɿɥɶɤɿɫɧɿ ɬɚ ɹɤɿɫɧɿ 
ɩɚɪɚɦɟɬɪɢ ɞɨɫɥɿɞɠɭɜɚɧɨʀ ɦɨɞɟɥɿ. 

9. Unloading Truck (ɪɨɡɜɚɧɬɚɠɭɜɚɥɶɧɚ ɜɚɧɬɚɠɿɜɤɚ) – ɚɝɟɧɬ, 
ɧɟɨɛɯɿɞɧɢɣ ɞɥɹ ɦɨɞɟɥɸɜɚɧɧɹ ɜɚɧɬɚɠɿɜɨɤ, ɳɨ ɜɿɞɛɭɜɚɸɬɶ ɡ ɫɬɚɧɰɿʀ ɡ 
ɦɟɬɨɸ ɩɟɪɟɜɟɡɟɧɧɹ ɨɬɪɢɦɚɧɢɯ ɡɚɦɨɜɥɟɧɶ. 

10. Main (ɝɨɥɨɜɧɢɣ) – ɚɝɟɧɬ ɝɨɥɨɜɧɨɝɨ ɤɥɚɫɭ ɩɪɨɝɪɚɦɧɨʀ ɫɢɦɭɥɹɰɿʀ 
ɪɨɛɨɬɢ ɦɨɞɟɥɿ, ɳɨ ɦɿɫɬɢɬɶ ɪɟɫɭɪɫɧɭ ɫɬɪɭɤɬɭɪɭ ɨɛ’ɽɤɬɿɜ ɦɨɞɟɥɿ ɬɚ 
ɝɟɧɟɪɭɽ ɝɨɥɨɜɧɢɣ ɩɪɨɝɪɚɦɧɢɣ ɤɨɞ. 

11. Simulation:Main (ɦɨɞɭɥɶ ɫɢɦɭɥɹɰɿʀ) – ɫɬɢɦɭɥɹɰɿɣɧɢɣ ɦɨɞɭɥɶ 
ɜɢɤɨɧɚɧɧɹ ɩɪɨɰɟɫɭ ɞɨɫɥɿɞɠɟɧɧɹ ɫɬɜɨɪɟɧɨʀ ɦɨɞɟɥɿ, ɹɤɢɣ ɡɚɛɟɡɩɟɱɭɽ 
ɿɧɬɟɪɮɟɣɫ ɮɨɪɦɢ ɫɬɚɪɬɭ ɪɨɛɨɬɢ ɦɨɞɟɥɿ. 

Вɢɫɧɨɜɤɢ. Дɚɧɚ ɦɨɞɟɥɶ ɞɨɡɜɨɥɹɽ ɞɨɫɥɿɞɠɭɜɚɬɢ ɪɿɜɟɧɶ ɡɚɜɚɧɬɚɠɟɧɧɹ 
ɫɨɪɬɭɜɚɥɶɧɨʀ ɫɬɚɧɰɿʀ ɡɚɜɞɹɤɢ ɩɪɨɜɟɞɟɧɧɸ ɨɛɱɢɫɥɸɜɚɥɶɧɨɝɨ 
ɟɤɫɩɟɪɢɦɟɧɬɭ, ɳɨ ɦɨɠɟ ɛɭɬɢ ɜɢɤɨɪɢɫɬɚɧɨ ɞɥɹ ɜɢɹɜɥɟɧɧɹ ɫɥɚɛɤɢɯ ɦɿɫɰɶ 
ɭ ɪɨɛɨɬɿ ɪɨɡɝɥɹɧɭɬɨɝɨ ɡɚɤɥɚɞɭ.  
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Дɨɫɥɿɞɠɟɧɧɹ ɪɨɡɪɨɛɥɟɧɨʀ ɦɨɞɟɥɿ ɞɨɡɜɨɥɹɽ ɡɧɢɡɢɬɢ ɤɿɥɶɤɿɫɬɶ 
ɩɨɦɢɥɨɤ ɜ ɨɪɝɚɧɿɡɚɰɿʀ ɪɨɛɨɬɢ ɫɨɪɬɭɜɚɥɶɧɨʀ ɱɢ ɫɤɥɚɞɫɶɤɨʀ ɫɬɚɧɰɿʀ, 
ɡɚɜɞɹɤɢ ɦɨɠɥɢɜɨɫɬɹɦ ɩɪɨɜɟɞɟɧɧɹ ɩɪɟɜɟɧɬɢɜɧɨɝɨ ɚɧɚɥɿɡɭ  ɫɥɚɛɤɢɯ 
ɦɿɫɰɶ ɫɢɫɬɟɦɢ.  
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Abstract. The work is focused on the main aspects of assessing the level of 
competence of software testing specialists based on the application of the fuzzy logic 
apparatus. 

Keywords: fuzzy logic, software testing. 
 

Рɟɬɟɥɶɧɟ ɨɩɪɚɰɸɜɚɧɧɹ ɩɢɬɚɧɶ ɤɜɚɥɿɮɿɤɚɰɿʀ ɤɚɞɪɿɜ ɫɬɚɥɚ ɧɟɜɿɞ'ɽɦɧɨɸ 
ɱɚɫɬɢɧɨɸ ɿ ɜɚɠɥɢɜɨɸ ɫɤɥɚɞɨɜɨɸ ɭɫɩɿɯɭ ɞɿɹɥɶɧɨɫɬɿ ɤɨɠɧɨʀ ɤɨɦɩɚɧɿʀ.  

Пɪɨɬɟ ɜɫɟ ɱɚɫɬɿɲɟ ɫɭɱɚɫɧɢɦɢ ɤɨɦɩɚɧɿɹɦɢ ɡ ɪɨɡɪɨɛɤɢ ɩɪɨɝɪɚɦɧɨɝɨ 
ɡɚɛɟɡɩɟɱɟɧɧɹ (ПЗ) ɞɨɜɨɞɢɬɶɫɹ ɩɪɢɣɦɚɬɢ ɪɿɲɟɧɧɹ ɜ ɭɦɨɜɚɯ 
ɧɟɜɢɡɧɚɱɟɧɨɫɬɿ, ɹɤɿ ɦɨɠɭɬɶ ɩɪɢɜɟɫɬɢ ɞɨ ɧɟɩɟɪɟɞɛɚɱɟɧɢɯ ɧɚɫɥɿɞɤɿɜ ɿ, 
ɜɿɞɩɨɜɿɞɧɨ, ɧɟɛɚɠɚɧɢɦ ɪɟɡɭɥɶɬɚɬɚɦ ɿ ɡɛɢɬɤɚɦ [1].  

Сɜɨɽɱɚɫɧɟ ɜɢɹɜɥɟɧɧɹ, ɚ ɬɚɤɨɠ ɚɞɟɤɜɚɬɧɚ ɿ ɧɚɣɛɿɥɶɲ ɬɨɱɧɚ ɨɰɿɧɤɚ 
ɤɨɦɩɟɬɟɧɬɧɨɫɬɿ ɪɿɡɧɢɯ ɩɪɚɰɿɜɧɢɤɿɜ ɬɚɤɢɯ ɤɨɦɩɚɧɿɣ ɽ ɨɞɧɿɽɸ ɡ 
ɧɚɝɚɥɶɧɢɯ ɩɪɨɛɥɟɦ ɫɭɱɚɫɧɨɝɨ ɚɧɚɥɿɡɭ.  

Дɥɹ ɰɶɨɝɨ ɞɨɰɿɥɶɧɢɦ ɽ ɡɚɫɬɨɫɭɜɚɧɧɹ ɧɟɱɿɬɤɨʀ ɥɨɝɿɤɢ.  
Вɢɤɨɪɢɫɬɚɧɧɹ, ɡɨɤɪɟɦɚ, ɬɟɨɪɿʀ ɧɟɱɿɬɤɢɯ ɦɧɨɠɢɧ ɞɨɡɜɨɥɹɽ ɨɩɢɫɭɜɚɬɢ 

ɧɟɱɿɬɤɿ ɩɨɧɹɬɬɹ ɿ ɡɧɚɧɧɹ, ɨɩɟɪɭɜɚɬɢ ɰɢɦɢ ɡɧɚɧɧɹɦɢ ɿ ɪɨɛɢɬɢ ɧɟɱɿɬɤɿ 
ɜɢɫɧɨɜɤɢ.  

Оɫɧɨɜɨɸ ɞɥɹ ɩɪɨɜɟɞɟɧɧɹ ɨɩɟɪɚɰɿʀ ɧɟɱɿɬɤɨɝɨ ɥɨɝɿɱɧɨɝɨ ɜɢɫɧɨɜɤɭ ɽ 
ɛɚɡɚ ɩɪɚɜɢɥ, ɳɨ ɦɿɫɬɢɬɶ ɧɟɱɿɬɤɿ ɜɢɫɥɨɜɥɸɜɚɧɧɹ ɭ ɮɨɪɦɿ "əɤɳɨ ɳɨɫɶ" ɿ 
ɮɭɧɤɰɿʀ ɩɪɢɧɚɥɟɠɧɨɫɬɿ ɞɥɹ ɜɿɞɩɨɜɿɞɧɢɯ ɥɿɧɝɜɿɫɬɢɱɧɢɯ ɬɟɪɦɿɜ [2].  

Аɧɚɥɿɡ ɥɿɬɟɪɚɬɭɪɧɢɯ ɞɠɟɪɟɥ ɩɨɤɚɡɚɜ, ɳɨ ɪɿɜɟɧɶ ɤɨɦɩɟɬɟɧɬɧɨɫɬɿ 
ɬɟɫɬɭɜɚɥɶɧɢɤɚ ПЗ ɮɨɪɦɭɽɬɶɫɹ ɜɢɯɨɞɹɱɢ ɡ ɫɨɰɿɚɥɶɧɨ-ɨɪɝɚɧɿɡɚɰɿɣɧɢɯ, 
ɩɪɨɮɟɫɿɣɧɢɯ ɿ ɩɫɢɯɨɥɨɝɿɱɧɢɯ ɚɫɩɟɤɬɿɜ.  

У ɫɜɨɸ, ɱɟɪɝɭ ɤɨɠɟɧ ɚɫɩɟɤɬ ɜɤɥɸɱɚɽ ɜ ɫɟɛɟ ɪɿɡɧɿ ɹɤɨɫɬɿ, ɧɚɣɛɿɥɶɲ 
ɚɤɬɭɚɥɶɧɢɦɢ ɡ ɹɤɢɯ ɽ: 

1. Сɨɰɿɚɥɶɧɨ-ɨɪɝɚɧɿɡɚɰɿɣɧɿ ɹɤɨɫɬɿ (ɫɨɰɿɚɥɶɧɢɣ ɪɿɜɟɧɶ). Лɿɞɟɪɫɬɜɨ. 
Кɨɦɭɧɿɤɚɛɟɥɶɧɿɫɬɶ. Сɬɪɟɫɨɫɬɿɣɤɿɫɬɶ. Вɿɞɩɨɜɿɞɚɥɶɧɿɫɬɶ. 

2. Пɪɨɮɟɫɿɣɧɿ ɹɤɨɫɬɿ (ɩɪɨɮɟɫɿɣɧɢɣ ɪɿɜɟɧɶ). Лɨɝɿɤɨ-ɚɧɚɥɿɬɢɱɧɢɣ 
ɫɤɥɚɞ ɪɨɡɭɦɭ. Тɟɯɧɿɱɧɚ ɰɿɤɚɜɿɫɬɶ. Кɪɟɚɬɢɜɧɿɫɬɶ ɿ ɨɛɪɚɡɧɿɫɬɶ ɦɢɫɥɟɧɧɹ.. 
Сɚɦɨɨɫɜɿɬɚ. 

3. Пɫɢɯɨɥɨɝɿɱɧɿ ɹɤɨɫɬɿ (ɩɫɢɯɨɥɨɝɿɱɧɢɣ ɪɿɜɟɧɶ). Еɦɨɰɿɣɧɿɫɬɶ. Вɨɥɹ. 
Мɨɪɚɥɶɧɿɫɬɶ. Мɨɬɢɜɚɰɿɹ. 

Нɚ ɛɚɡɿ ɜɢɹɜɥɟɧɢɯ ɮɚɤɬɨɪɿɜ ɽ ɦɨɠɥɢɜɢɦ ɩɨɛɭɞɨɜɚ ɧɟɱɿɬɤɨʀ ɦɨɞɟɥɿ. 
Лɿɧɝɜɿɫɬɢɱɧɿ ɡɦɿɧɧɿ ɮɚɤɬɨɪɿɜ ɧɟɱɿɬɤɨʀ ɦɨɞɟɥɿ ɚɧɚɥɿɡɭ ɬɚ ɨɰɿɧɤɢ 
ɫɨɰɿɚɥɶɧɨ-ɨɪɝɚɧɿɡɚɰɿɣɧɨɝɨ ɪɿɜɧɹ ɤɨɦɩɟɬɟɧɬɧɨɫɬɿ (СОРК) 
ɬɟɫɬɭɜɚɥɶɧɢɤɿɜ ПЗ ɧɚɜɟɞɟɧɨ ɭ ɬɚɛɥ. 1.  
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З ɦɟɬɨɸ ɩɨɛɭɞɨɜɢ ɧɟɱɿɬɤɨʀ ɦɨɞɟɥɿ ɞɥɹ  ɥɿɧɝɜɿɫɬɢɱɧɢɯ ɡɦɿɧɧɢɯ 
ɜɢɤɨɪɢɫɬɨɜɭɸɬɶɫɹ ɬɟɪɦɢ «Нɢɡɶɤɚ», «Сɟɪɟɞɧɹ» ɬɚ «Вɢɫɨɤɚ». 
       Вɢɫɧɨɜɤɢ. Рɨɡɪɨɛɥɟɧɭ ɧɟɱɿɬɤɭ ɦɨɞɟɥɶ ɨɰɿɧɤɢ ɤɨɦɩɟɬɟɧɬɧɨɫɬɿ 
ɬɟɫɬɭɜɚɥɶɧɢɤɿɜ ПЗ ɦɨɠɧɚ ɜɢɤɨɪɢɫɬɨɜɭɜɚɬɢ ɞɥɹ ɜɪɚɯɭɜɚɧɧɹ ɜɡɚɽɦɨɞɿʀ ɿ 
ɜɡɚɽɦɨɡɚɥɟɠɧɨɫɬɿ ɜɫɿɯ ɮɚɤɬɨɪɿɜ, ɳɨ ɜɩɥɢɜɚɸɬɶ ɧɚ ɪɿɜɟɧɶ ɹɤɨɫɬɿ 
ɜɢɤɨɧɚɧɧɹ ɜɢɪɨɛɧɢɱɢɯ ɪɨɛɿɬ ɡ ɩɟɪɟɜɿɪɤɢ ɹɤɨɫɬɿ ɩɪɨɝɪɚɦɧɨɝɨ 
ɡɚɛɟɡɩɟɱɟɧɧɹ ɿ ɡɧɢɡɢɬɢ ɱɚɫɨɜɿ ɜɢɬɪɚɬɢ ɧɚ ɮɨɪɦɚɥɿɡɚɰɿɸ ɥɿɧɝɜɿɫɬɢɱɧɢɯ 
ɡɦɿɧɧɢɯ. 

Тɚɛɥɢɰɹ 1 – Лɿɧɝɜɿɫɬɢɱɧɿ ɡɦɿɧɧɿ ɮɚɤɬɨɪɿɜ СОРК ɿ ʀɯ ɮɭɧɤɰɿʀ 
ɩɪɢɧɚɥɟɠɧɨɫɬɿ 

Нɚɡɜɚ 
ɥɧɝɜɿɫɬɢɱɧɨʀ 

ɡɦɿɧɧɨʀ 

Тɟɪɦɢ ɡɦɿɧɧɨʀ 
(ɫɢɦɜɨɥɶɧɚ ɮɨɪɦɚ) 

Оɛɥɚɫɬɶ ɜɢɡɧɚɱɟɧɧɹ  
ɮɭɧɤɰɿʀ  

ɩɪɢɧɚɥɟɠɧɨɫɬɿ 

Лɿɞɟɪɫɬɜɨ 
Нɢɡɶɤɟ Y, 0, 0.25 
Сɟɪɟɞɧɽ Y, 0.25, 0.65 
Вɢɫɨɤɟ Y, 0.55, 1 

Кɨɦɭɧɿɤɚɛɟɥɶɧɿɫɬɶ 
Нɢɡɶɤɚ Y, 0, 0.3 
Сɟɪɟɞɧɹ Y, 0.2, 0.65 
Вɢɫɨɤɚ Y, 0.5, 1 

Сɬɪɟɫɨɫɬɿɣɤɿɫɬɶ 
Нɢɡɶɤɚ Y, 0, 0.25 
Сɟɪɟɞɧɹ Y, 0.2, 0.65 
Вɢɫɨɤɚ Y, 0.6, 1 

Вɿɞɩɨɜɿɞɚɥɶɧɿɫɬɶ 
Нɢɡɶɤɚ Y, 0, 0.28 
Сɟɪɟɞɧɹ Y, 0.25, 0.6 
Вɢɫɨɤɚ Y, 0.5, 1 

Сɨɰɿɚɥɶɧɨ-
ɨɪɝɚɧɿɡɚɰɿɣɧɢɣ 

ɪɿɜɟɧɶ 

Нɢɡɶɤɢɣ Y, 0, 0.21 
Сɟɪɟɞɧɿɣ Y, 0.18, 0.59 
Вɢɫɨɤɢɣ Y, 0.55, 1 
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DEVELOPMENT AND SOFTWARE IMPLEMENTATION OF THE 
ALGORITHM FOR TRANSFERRING FACIAL EXPRESSIONS TO 
A MASK IN IN REAL TIME USING ARTIFICIAL INTELLIGENCE 

 
O. Pavlov, B. Prodanov 

Odessa Polytechnic National University, Ukraine 
 

Анотаɰɿɹ. В ɰɿй роботɿ проведена розробка методɭ перенесеннɹ мɿмɿки на 
маскɭ облиɱɱɹ в реалɶномɭ ɱасɿ. Длɹ ɰɶого бɭли описанɿ та поɹсненɿ ɿснɭɸɱɿ 
моделɿ та нейроннɿ мережɿ, ɳо використовɭɸтɶсɹ длɹ обробки та генераɰɿʀ 
зображенɶ, ɹкɿ допомагаɸтɶ в вирɿɲеннɿ поставленоʀ задаɱɿ. Бɭли дослɿдженɿ 
основнɿ складовɿ ɰɶого методɭ, такɿ ɹк визнаɱеннɹ клɸɱовиɯ тоɱок, 
апроксимаɰɿɹ рɭɯɿв, генераɰɿɹ промɿжниɯ кадрɿв, деталɿ та математиɱна 
складова ɰиɯ етапɿв. 

Клɸɱовɿ слова: анɿмаɰɿɹ зображенɶ, згортковɿ нейроннɿ мережɿ, клɸɱовɿ 
тоɱки. 

 
Abstract. In this work, the method of transferring facial expressions to a face 

mask in real time has been developed. For this, the existing models and neural 
networks used for image processing and generation, which help in solving the task, 
were described and explained. The main components of this method were 
investigated, such as the determination of key points, the approximation of 
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movements, the generation of intermediate frames, the details and the mathematical 
component of these stages. 

Keywords: image animation, convolutional neural networks, key points. 
 

 
 
ɐɹ ɪɨɛɨɬɚ ɩɪɢɫɜɹɱɟɧɚ ɜɢɜɱɟɧɧɸ, ɪɨɡɪɨɛɰɿ ɦɨɞɟɥɿ ɩɟɪɟɧɨɫɭ ɦɿɦɿɤɢ 

ɧɚ ɨɛɥɢɱɱɹ ɬɚ ɜɢɤɨɪɢɫɬɚɧɧɹ ʀʀ ɞɥɹ ɪɨɛɨɬɢ ɜ ɪɟɚɥɶɧɨɦɭ ɱɚɫɿ ɛɟɡ 
ɡɚɝɨɬɨɜɥɟɧɢɯ ɞɠɟɪɟɥ.  

Аɧɿɦɚɰɿɹ ɡɨɛɪɚɠɟɧɶ ɽ ɜɚɠɥɢɜɨɸ ɫɤɥɚɞɨɜɨɸ ɛɚɝɚɬɶɨɯ ɝɚɥɭɡɟɣ, ɬɚɤɢɯ 
ɹɤ ɤɨɦɩ’ɸɬɟɪɧɚ ɝɪɚɮɿɤɚ, ɜɿɞɟɨ ɦɨɧɬɚɠ, ɫɩɟɰɿɚɥɶɧɿ ɟɮɟɤɬɢ ɬɚ ɜɿɪɬɭɚɥɶɧɚ 
ɪɟɚɥɶɧɿɫɬɶ.  

Мɟɬɨɸ ɰɿɽʀ ɪɨɛɨɬɢ ɽ ɪɨɡɪɨɛɤɚ ɟɮɟɤɬɢɜɧɨɝɨ ɬɚ ɝɧɭɱɤɨɝɨ ɦɟɬɨɞɭ, 
ɹɤɢɣ ɞɨɡɜɨɥɹɽ ɩɟɪɟɞɚɜɚɬɢ ɪɟɚɥɿɫɬɢɱɧɿ ɪɭɯɢ ɡ ɞɠɟɪɟɥɚ ɧɚ ɰɿɥɶɨɜɟ 
ɡɨɛɪɚɠɟɧɧɹ ɜ ɪɟɚɥɶɧɨɦɭ ɱɚɫɿ.  

Оɞɧɿɽɸ ɡ ɨɫɧɨɜɧɢɯ ɩɪɨɛɥɟɦ ɜ ɚɧɿɦɚɰɿʀ ɡɨɛɪɚɠɟɧɶ ɽ ɩɟɪɟɞɚɱɚ ɪɭɯɭ, 
ɡɛɟɪɿɝɚɸɱɢ ɩɪɢ ɰɶɨɦɭ ɜɢɝɥɹɞ ɰɿɥɶɨɜɨɝɨ ɡɨɛɪɚɠɟɧɧɹ.  

Тɪɚɞɢɰɿɣɧɿ ɦɟɬɨɞɢ ɦɨɝɥɢ ɜɢɤɨɪɢɫɬɨɜɭɜɚɬɢ ɩɪɨɫɬɟ ɤɨɩɿɸɜɚɧɧɹ ɪɭɯɭ 
ɡ ɞɠɟɪɟɥɚ ɧɚ ɰɿɥɶ, ɚɥɟ ɰɟ ɩɪɢɡɜɨɞɢɬɶ ɞɨ ɜɬɪɚɬɢ ɚɩɚɪɚɬɧɢɯ ɞɟɬɚɥɟɣ ɬɚ 
ɪɟɚɥɿɫɬɢɱɧɨɫɬɿ [1].  

Мɨɞɟɥɶ, ɳɨ ɛɭɞɟ ɪɨɡɝɥɹɞɚɬɢɫɹ ɩɪɢɡɧɚɱɟɧɚ ɞɥɹ ɜɢɪɿɲɟɧɧɹ ɰɿɽʀ 
ɩɪɨɛɥɟɦɢ, ɞɨɡɜɨɥɹɸɱɢ ɩɟɪɟɞɚɜɚɬɢ ɪɟɚɥɿɫɬɢɱɧɢɣ ɪɭɯ ɡ ɞɠɟɪɟɥɚ ɧɚ 
ɰɿɥɶɨɜɟ ɡɨɛɪɚɠɟɧɧɹ, ɡɛɟɪɿɝɚɸɱɢ ɩɪɢ ɰɶɨɦɭ ɣɨɝɨ ɜɢɝɥɹɞ.  

Вɨɧɚ ɛɚɡɭɽɬɶɫɹ ɧɚ ɪɨɡɞɿɥɟɧɧɿ ɿɧɮɨɪɦɚɰɿʀ ɩɪɨ ɪɭɯ ɜɿɞ ɿɧɮɨɪɦɚɰɿʀ ɩɪɨ 
ɜɢɝɥɹɞ [2].  

Кɪɿɦ ɰɿɽʀ ɩɪɨɛɥɟɦɢ ɜɢɪɿɲɭɽɬɶɫɹ ɩɪɨɛɥɟɦɚ ɩɨɫɬɿɣɧɨɝɨ ɧɚɜɱɚɧɧɹ 
ɦɟɪɟɠɿ ɞɥɹ ɚɧɿɦɚɰɿɣ ɡɨɛɪɚɠɟɧɧɹ, ɬɚɤ ɹɤ ɦɨɞɟɥɶ, ɪɨɡɝɥɹɧɭɬɚ ɜ ɰɿɣ ɪɨɛɨɬɿ 
ɧɚɜɱɚɽɬɶɫɹ ɨɞɢɧ ɪɚɡ ɬɚ ɦɨɠɟ ɜɢɪɿɲɭɜɚɬɢ ɫɜɨɸ ɨɫɧɨɜɧɭ ɡɚɞɚɱɭ ɩɟɪɟɧɨɫɭ 
ɦɿɦɿɤɢ ɞɥɹ ɛɭɞɶ-ɹɤɨɝɨ ɨɛɥɢɱɱɹ  [3].  

Вɢɫɧɨɜɤɢ. ɛɭɜ ɪɨɡɪɨɛɥɟɧɢɣ ɚɥɝɨɪɢɬɦ ɞɥɹ ɩɟɪɟɧɟɫɟɧɧɹ ɦɿɦɿɤɢ ɧɚ 
ɦɚɫɤɭ ɜ ɪɟɚɥɶɧɨɦɭ ɱɚɫɿ.  

Пɪɨɝɪɚɦɚ ɽ ɤɪɨɫ-ɩɥɚɬɮɨɪɦɧɨɸ ɬɚ ɦɨɠɟ ɛɭɬɢ ɡɚɩɭɳɟɧɚ ɬɚ ɤɨɪɟɤɬɧɟ 
ɩɪɚɰɸɜɚɬɢ ɧɚ ɛɭɞɶ-ɹɤɿɣ ɨɩɟɪɚɰɿɣɧɿɣ ɫɢɫɬɟɦɿ.  

Мɨɞɟɥɶ ɽ ɝɧɭɱɤɢɦ ɚɩɚɪɚɬɨɦ, ɳɨ ɡɚɛɟɡɩɟɱɭɽ ɡɛɟɪɟɠɟɧɧɹ ɞɟɬɚɥɟɣ ɬɚ 
ɤɨɧɬɟɤɫɬɭ ɰɿɥɶɨɜɨɝɨ ɨɪɢɝɿɧɚɥɶɧɨɝɨ ɡɨɛɪɚɠɟɧɧɹ ɩɿɞ ɱɚɫ ɚɧɿɦɚɰɿʀ ɜ 
ɪɟɚɥɶɧɨɦɭ ɱɚɫɿ.ɐɟ ɞɨɡɜɨɥɹɽ ɡɛɟɪɟɝɬɢ ɪɟɚɥɿɫɬɢɱɧɿɫɬɶ ɩɟɪɟɞɚɱɿ ɪɭɯɿɜ.  
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Аɥɝɨɪɢɬɦ ɦɨɠɟ ɛɭɬɢ ɜɢɤɨɪɢɫɬɚɧɢɣ ɧɟ ɬɿɥɶɤɢ ɞɥɹ ɩɟɪɟɞɚɱɿ ɦɿɦɿɤɢ ɧɚ 
ɨɛɥɢɱɱɹ, ɚ ɣ ɩɪɢ ɩɟɜɧɨɦɭ ɧɚɜɱɚɧɧɿ, ɦɨɠɟ ɜɢɤɨɪɢɫɬɨɜɭɜɚɬɢɫɹ ɞɥɹ 
ɩɟɪɟɞɚɱɿ ɪɭɯɿɜ ɜɫɶɨɝɨ ɬɿɥɚ ɜ ɪɟɚɥɶɧɨɦɭ ɱɚɫɿ.  

Бɭɜ ɪɨɡɪɨɛɥɟɧɢɣ ɩɪɨɫɬɢɣ ɬɚ ɡɪɨɡɭɦɿɥɢɣ ɿɧɬɟɪɮɟɣɫ, ɳɨ ɞɨɡɜɨɥɢɬɶ 
ɥɟɝɤɨ ɜɢɤɨɪɢɫɬɨɜɭɜɚɬɢ ɣɨɝɨ ɥɸɞɹɦ ɩɨɩɟɪɟɞɧɶɨɝɨ ɞɨɫɜɿɞɭ ɜ ɝɚɥɭɡɿ 
ɝɥɢɛɢɧɧɨɝɨ ɧɚɜɱɚɧɧɹ ɬɚ ɤɨɦɩ’ɸɬɟɪɧɨɝɨ ɡɨɪɭ 
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Аннотаɰɿɹ. У роботɿ наведенɿ алгоритми розраɯɭнкɭ ризикɿв длɹ проектɿв, 

в залежностɿ вɿд кɿлɶкостɿ завданɶ та ʀɯ прɿорɿтетɭ. 
Клɸɱовɿ слова: ризики, ваги ризикɿв, оɰɿнка важливостɿ, оɰɿнка впливɭ. 
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Abstract. Algorithms for calculating risks for projects are given in the work, 

depending on the number of tasks and their priority. 
Keywords: risks, risk weights, importance assessment, impact assessment. 

 
Weighted Risk Assessment ɬɚ Influence Points Analysis ɚɥɝɨɪɢɬɦɢ ɽ 

ɿɧɫɬɪɭɦɟɧɬɚɦɢ ɞɥɹ ɨɰɿɧɤɢ ɪɢɡɢɤɿɜ ɭ ɩɪɨɟɤɬɚɯ ɚɛɨ ɩɪɢɣɧɹɬɬɿ ɪɿɲɟɧɶ [1]. 
Weighted Risk Assessment (Вɚɝɨɜɚ Оɰɿɧɤɚ Рɢɡɢɤɿɜ).  

ɐɟɣ ɦɟɬɨɞ ɡɚɤɥɸɱɚɽɬɶɫɹ ɜ ɩɪɢɡɧɚɱɟɧɧɿ ɜɚɝɢ ɞɥɹ ɤɨɠɧɨɝɨ ɪɢɡɢɤɭ ɭ 
ɡɜ’ɹɡɤɭ ɡ ɜɢɧɢɤɧɟɧɧɹɦ ɣɨɝɨ ɜɚɠɥɢɜɨɫɬɿ ɬɚ ɣɦɨɜɿɪɧɨɫɬɿ [2].  

Кɪɨɤɢ: Вɢɡɧɚɱɟɧɧɹ ɪɢɡɢɤɿɜ: ɿɞɟɧɬɢɮɿɤɚɰɿɹ ɪɢɡɢɤɿɜ, ɩɨɜ'ɹɡɚɧɢɯ ɡ 
ɪɨɡɪɨɛɤɨɸ ɩɪɨɟɤɬɭ.  

Оɰɿɧɤɚ ɜɚɠɥɢɜɨɫɬɿ ɬɚ ɜɢɡɧɚɱɟɧɧɹ ɜɚɝɢ: ɞɥɹ ɤɨɠɧɨɝɨ ɪɢɡɢɤɭ 
ɜɢɡɧɚɱɚɽɬɶɫɹ ɣɨɝɨ ɜɚɝɨɜɟ ɡɧɚɱɟɧɧɹ ɭ ɜɿɞɧɟɫɟɧɧɿ ɞɨ ɜɩɥɢɜɭ ɧɚ ɩɪɨɟɤɬ. 
Нɚɩɪɢɤɥɚɞ, ɲɤɚɥɚ ɜɿɞ 1 ɞɨ 5, ɞɟ 1 - ɧɢɡɶɤɚ, 5 - ɞɭɠɟ ɜɚɠɥɢɜɨ. 
Сɨɪɬɭɜɚɧɧɹ ɪɢɡɢɤɿɜ: ɪɢɡɢɤɢ ɫɨɪɬɭɸɬɶɫɹ ɡɚ ɜɚɝɨɸ ɜɿɞ ɛɿɥɶɲ ɜɚɠɥɢɜɢɯ 
ɞɨ ɦɟɧɲ ɜɚɠɥɢɜɢɯ.  

Пɥɚɧɭɜɚɧɧɹ ɡɚɯɨɞɿɜ: ɩɥɚɧɭɜɚɧɧɹ ɡɚɯɨɞɿɜ ɞɥɹ ɡɦɟɧɲɟɧɧɹ ɪɢɡɢɤɿɜ [3]. 
Influence Points Analysis (Аɧɚɥɿɡ Вɩɥɢɜɨɜɢɯ Тɨɱɨɤ). 

 ɐɟɣ ɦɟɬɨɞ ɩɨɥɹɝɚɽ ɜ ɿɞɟɧɬɢɮɿɤɚɰɿʀ "ɜɩɥɢɜɨɜɢɯ ɬɨɱɨɤ" ɜ ɫɢɫɬɟɦɿ, ɳɨ 
ɦɚɽ ɧɚɣɛɿɥɶɲɢɣ ɜɩɥɢɜ ɧɚ ɪɟɡɭɥɶɬɚɬ.  

Оɫɧɨɜɧɚ ɿɞɟɹ - ɡɨɫɟɪɟɞɢɬɢɫɹ ɧɚ ɨɛɦɟɠɟɧɿɣ ɤɿɥɶɤɨɫɬɿ ɤɥɸɱɨɜɢɯ 
ɬɨɱɨɤ ɡɚɦɿɫɬɶ ɨɰɿɧɤɢ ɜɫɿɯ ɪɢɡɢɤɿɜ. Кɪɨɤɢ: 

1. Вɢɡɧɚɱɟɧɧɹ ɜɩɥɢɜɨɜɢɯ ɬɨɱɨɤ: ɨɛɢɪɚɽɬɶɫɹ ɨɛɦɟɠɟɧɚ ɤɿɥɶɤɿɫɬɶ 
ɡɚɜɞɚɧɶ ɚɛɨ ɚɫɩɟɤɬɿɜ ɩɪɨɟɤɬɭ, ɹɤɿ ɦɚɸɬɶ ɧɚɣɛɿɥɶɲɢɣ ɜɩɥɢɜ ɧɚ 
ɭɫɩɿɲɧɿɫɬɶ. 

2. Оɰɿɧɤɚ ɜɚɠɥɢɜɨɫɬɿ: ɨɰɿɧɸɽɬɶɫɹ ɜɚɠɥɢɜɿɫɬɶ ɤɨɠɧɨʀ ɬɨɱɤɢ ɜɩɥɢɜɭ 
ɧɚ ɩɪɨɟɤɬ. 

3. Оɰɿɧɤɚ ɪɢɡɢɤɿɜ: ɞɥɹ ɤɨɠɧɨʀ ɬɨɱɤɢ ɜɩɥɢɜɭ ɜɢɡɧɚɱɚɽɬɶɫɹ 
ɣɦɨɜɿɪɧɿɫɬɶ ɜɢɧɢɤɧɟɧɧɹ ɪɢɡɢɤɭ ɿ ɣɨɝɨ ɜɚɝɨɜɢɣ ɤɨɟɮɿɰɿɽɧɬ. 

4. Пɥɚɧɭɜɚɧɧɹ ɡɚɯɨɞɿɜ: ɩɥɚɧɭɜɚɧɧɹ ɡɚɯɨɞɿɜ ɞɥɹ ɡɦɟɧɲɟɧɧɹ ɪɢɡɢɤɿɜ. 
Оɛɢɞɜɚ ɦɟɬɨɞɢ ɦɚɸɬɶ ɫɜɨʀ ɩɟɪɟɜɚɝɢ ɿ ɧɟɞɨɥɿɤɢ.  
Вɢɛɿɪ ɦɿɠ ɧɢɦɢ ɡɚɥɟɠɢɬɶ ɜɿɞ ɤɨɧɤɪɟɬɧɢɯ ɩɨɬɪɟɛ ɩɪɨɟɤɬɭ, 

ɞɨɫɬɭɩɧɢɯ ɪɟɫɭɪɫɿɜ ɬɚ ɤɨɧɬɟɤɫɬɭ. 
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Аннотаɰɿɹ. У роботɿ описано пропонованɭ конɰепɰɿɸ виɹвленнɹ 

сɯилɶностей ɭɱнɿв на основɿ аналɿзɭ ʀɯ поведɿнковиɯ патернɿв. 
Клɸɱовɿ слова: аналɿз патернɿв, виɹвленнɹ знанɶ. 
 
Abstract. The paper describes the proposed concept of identifying students' 

tendencies based on the analysis of their behavioral patterns. 
Keywords: analysis of patterns, discovery of knowledge. 

 
Нɢɧɿ ɭ ɫɜɿɬɿ ɩɨɜɫɸɞɧɨ ɫɩɨɫɬɟɪɿɝɚɽɬɶɫɹ ɚɤɬɢɜɧɚ ɿɧɮɨɪɦɚɬɢɡɚɰɿɹ ɹɤ 

ɜɢɪɨɛɧɢɱɢɯ, ɿ ɧɚɜɱɚɥɶɧɢɯ ɩɪɨɰɟɫɿɜ [1]. ɐɟ ɡɭɦɨɜɥɟɧɨ ɧɟɨɛɯɿɞɧɿɫɬɸ 
ɡɚɛɟɡɩɟɱɟɧɧɹ ɜɿɞɞɚɥɟɧɨɝɨ ɪɟɠɢɦɭ ɪɨɛɨɬɢ ɮɚɯɿɜɰɿɜ ɬɚ ɭɱɧɿɜ, ɚ ɬɚɤɨɠ 
ɩɨɫɬɿɣɧɢɦ ɪɨɡɜɢɬɤɨɦ ɬɚ ɜɞɨɫɤɨɧɚɥɟɧɧɹɦ ɪɢɧɤɭ ɿɧɮɨɪɦɚɰɿɣɧɢɯ 
ɬɟɯɧɨɥɨɝɿɣ (ІТ) ɬɚ ɫɢɫɬɟɦ, ɱɿɥɶɧɟ ɦɿɫɰɟ ɜ ɹɤɨɦɭ ɡɚɣɦɚɸɬɶ ɜɟɛ-ɞɨɞɚɬɤɢ.  

З ɦɟɬɨɸ ɡɚɛɟɡɩɟɱɟɧɧɹ ɦɚɤɫɢɦɚɥɶɧɨɝɨ ɫɬɭɩɟɧɹ ɝɧɭɱɤɨɫɬɿ ɭ ɜɢɛɨɪɿ 
ɧɟɨɛɯɿɞɧɨɝɨ ɤɨɪɢɫɬɭɜɚɱɚɦ ɮɭɧɤɰɿɨɧɚɥɭ ɡ'ɹɜɢɥɚɫɹ ɬɚ ɨɬɪɢɦɚɥɚ 
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ɚɤɬɢɜɧɢɣ ɪɨɡɜɢɬɨɤ ɦɨɞɟɥɶ ɜɢɤɨɪɢɫɬɚɧɧɹ ɦɟɬɨɞɿɜ ɬɚ ɡɚɫɨɛɿɜ 
ɿɧɬɟɥɟɤɬɭɚɥɶɧɨɝɨ ɚɧɚɥɿɡɭ ɞɚɧɢɯ (ІАД) ɞɥɹ ɨɰɿɧɤɢ ɡɞɿɛɧɨɫɬɟɣ ɬɚ 
ɫɯɢɥɶɧɨɫɬɟɣ ɭɱɧɿɜ ɞɨ ɦɚɬɟɪɿɚɥɿɜ ɬɚ ɬɟɦɚɬɢɤ ɧɚɜɱɚɧɧɹ [2]. 
Пɪɨɩɨɧɨɜɚɧɢɣ ɤɨɧɰɟɩɬ ʉɪɭɧɬɭɽɬɶɫɹ ɧɚ ɦɟɬɨɞɢɰɿ ɡɚɫɬɨɫɭɜɚɧɧɹ ɦɨɞɟɥɟɣ 
ɦɚɲɢɧɨɝɨ ɧɚɜɱɚɧɧɹ (МН) ɞɥɹ ɨɰɿɧɤɢ ɬɢɩɭ ɿɧɮɨɪɦɚɰɿɣɧɨɝɨ ɦɟɬɚɛɨɥɿɡɦɭ 
(ТІМɭ), ɹɤɢɣ ɧɚɜɱɚɽɬɶɫɹ ɲɥɹɯɨɦ ɩɪɨɜɟɞɟɧɧɹ ɩɪɨɰɟɫɿɜ ɡɛɨɪɭ ɬɚ ɚɧɚɥɿɡɭ 
ɬɟɤɫɬɨɜɢɯ ɩɨɫɬɿɜ ɤɨɪɢɫɬɭɜɚɱɿɜ ɫɨɰɿɚɥɶɧɨʀ ɦɟɪɟɠɿ ɡ ɩɨɞɚɥɶɲɢɦ 
ɜɢɡɧɚɱɟɧɧɹɦ ʀɯ ɫɨɰɿɨɧɿɱɧɨɝɨ ɬɢɩɭ. Сɨɰɿɨɧɿɱɧɢɣ ɩɿɞɯɿɞ [3] ɩɨɥɹɝɚɽ ɭ 
ɜɢɡɧɚɱɟɧɧɿ ɬɢɩɨɥɨɝɿʀ ɨɫɨɛɢɫɬɨɫɬɿ ɜ ɰɿɥɿɫɧɿɣ ɫɢɫɬɟɦɿ, ɳɨ ɨɩɢɫɭɽ 
ɿɧɞɢɜɿɞɭɚɥɶɧɿ ɹɤɨɫɬɿ ɬɚ ɨɫɨɛɥɢɜɨɫɬɿ ɥɸɞɢɧɢ, ɡ ɹɤɢɯ ɫɤɥɚɞɚɸɬɶɫɹ 16 
ɬɢɩɿɜ ɨɫɨɛɢɫɬɨɫɬɿ. Кɥɸɱɨɜɢɦɢ ɟɬɚɩɚɦɢ ɩɪɨɩɨɧɨɜɚɧɨɝɨ ɩɿɞɯɨɞɭ ɡ 
ɮɨɪɦɭɜɚɧɧɹ ɤɨɧɰɟɩɰɿʀ ɽ: 

1. Оɰɿɧɤɚ ТІМɭ ɭɱɧɹ ɡɚ ɣɨɝɨ ɬɟɤɫɬɨɜɢɦɢ ɩɨɫɬɚɦɢ. 
2. Оɰɿɧɤɚ ɫɯɢɥɶɧɨɫɬɿ ɭɱɧɹ ɞɨ ɤɚɬɟɝɨɪɿʀ ɦɚɣɛɭɬɧɶɨʀ ɩɪɨɮɟɫɿɣɧɨʀ 

ɞɿɹɥɶɧɨɫɬɿ. 
Пɟɪɲɢɣ ɟɬɚɩ ɜɤɥɸɱɚɽ ɧɚɫɬɭɩɧɿ ɡɚɜɞɚɧɧɹ: 
1. Зɛɿɪ ɬɚ ɮɨɪɦɭɜɚɧɧɹ ɫɬɪɭɤɬɭɪɢ ɞɚɧɢɯ ɤɨɪɢɫɬɭɜɚɥɶɧɢɰɶɤɢɯ ɩɨɫɬɿɜ. 
2. Пɟɪɟɞɨɛɪɨɛɤɚ ɫɮɨɪɦɨɜɚɧɨɝɨ ɧɚɛɨɪɭ ɞɚɧɢɯ. 
3. Нɨɪɦɚɥɿɡɚɰɿɹ ɞɚɧɢɯ ɩɨɞɚɱɿ ɧɚ ɜɯɿɞ ɦɨɞɟɥɹɦ МО. 
4. Оɰɿɧɤɚ ɬɨɱɧɨɫɬɿ ɤɥɚɫɢɮɿɤɚɰɿʀ. 
Нɚ ɨɫɧɨɜɿ ɨɩɭɛɥɿɤɨɜɚɧɢɯ ɬɟɤɫɬɨɜɢɯ ɩɨɫɬɿɜ ɭɱɧɿɜ ɩɪɨɜɨɞɢɬɶɫɹ ʀɯɧɿɣ 

ɩɚɪɫɢɧɝ ɿ ɩɟɪɟɞɨɛɪɨɛɤɚ ɡ ɦɟɬɨɸ ɮɨɪɦɭɜɚɧɧɹ ɫɬɪɭɤɬɭɪɨɜɚɧɨɝɨ ɧɚɛɨɪɭ 
ɞɚɧɢɯ. Пɿɫɥɹ ɰɶɨɝɨ ɩɪɨɜɨɞɢɬɶɫɹ ɨɱɢɳɟɧɧɹ ɞɚɧɢɯ, ɜɢɞɚɥɟɧɧɹ ɬɚ 
ɮɿɥɶɬɪɚɰɿɹ ɧɟ ɡɧɚɱɭɳɢɯ ɫɢɦɜɨɥɿɜ ɬɚ ɿɧɲɿ ɞɨɩɨɦɿɠɧɿ ɨɩɟɪɚɰɿɣɧɿ ɞɿʀ ɞɥɹ 
ɫɬɜɨɪɟɧɧɹ ɨɱɢɳɟɧɨɝɨ ɦɚɫɢɜɭ ɞɚɧɢɯ ɩɨɫɬɿɜ ɬɚ ɦɿɬɨɤ. Нɚ ɛɚɡɿ ɨɬɪɢɦɚɧɢɯ 
ɪɟɡɭɥɶɬɚɬɿɜ ɜɢɤɨɧɭɽɬɶɫɹ ɧɨɪɦɚɥɿɡɚɰɿɹ ɞɚɧɢɯ ɲɥɹɯɨɦ ɩɪɨɜɟɞɟɧɧɹ 
ɩɪɨɰɟɞɭɪ ɜɟɤɬɨɪɢɡɚɰɿʀ, ɨɰɿɧɤɢ ɜɚɠɥɢɜɨɫɬɿ ɫɥɿɜ ɭ ɤɨɧɬɟɤɫɬɿ ɬɟɤɫɬɨɜɢɯ 
ɩɨɫɬɿɜ, ɧɨɪɦɚɥɿɡɨɜɚɧɿ ɞɚɧɿ ɩɨɞɚɸɬɶɫɹ ɧɚ ɜɯɿɞ ɞɨ ɦɨɞɟɥɟɣ МО ɡ 
ɩɨɞɚɥɶɲɢɦ ɩɪɨɜɟɞɟɧɧɹɦ ɨɰɿɧɤɢ ʀɯ ɬɨɱɧɨɫɬɿ 

Вɢɫɧɨɜɤɢ. Пɪɨɩɨɧɨɜɚɧɢɣ ɩɿɞɯɿɞ ɽ ɞɨɰɿɥɶɧɢɦ ɞɥɹ ɮɨɪɦɭɜɚɧɧɹ 
ɩɪɨɰɟɫɿɜ ɨɛɪɨɛɤɢ ɬɚ ɚɧɚɥɿɡɭ ɞɚɧɢɯ ɡ ɜɢɹɜɥɟɧɧɹ ɫɯɢɥɶɧɨɫɬɟɣ ɦɚɣɛɭɬɧɿɯ 
ɮɚɯɿɜɰɿɜ ɜ ɨɛɥɚɫɬɿ ɩɪɨɮɟɫɿɣɧɨʀ ɞɿɣɫɧɨɫɬɿ ɡɝɿɞɧɨ ɞɨ ʀɯ ɮɭɧɤɰɿɨɧɚɥɶɧɢɯ 
ɦɨɠɥɢɜɨɫɬɟɣ ɬɚ ɬɢɩɭ ɿɧɮɨɪɦɚɰɿɣɧɨɝɨ ɦɟɬɚɛɨɥɿɡɦɭ.  
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Аɧɚɥɿɡ ɡɨɛɪɚɠɟɧɶ ɡɚ ɞɨɩɨɦɨɝɨɸ ɧɟɣɪɨɧɧɢɯ ɦɟɪɟɠ ɽ ɨɞɧɿɽɸ ɡ 
ɧɚɣɩɨɲɢɪɟɧɿɲɢɯ ɬɚ ɩɨɬɭɠɧɢɯ ɡɚɫɬɨɫɨɜɭɜɚɧɢɯ ɨɛɥɚɫɬɟɣ ɦɚɲɢɧɧɨɝɨ 
ɧɚɜɱɚɧɧɹ.  

Пɟɪɟɜɚɝɚ ɰɶɨɝɨ ɩɿɞɯɨɞɭ ɩɨɥɹɝɚɽ ɜ ɬɨɦɭ, ɳɨ ɧɟɣɪɨɧɧɿ ɦɟɪɟɠɿ ɜɦɿɸɬɶ 
ɚɜɬɨɦɚɬɢɱɧɨ ɜɢɹɜɥɹɬɢ ɜɥɚɫɬɢɜɨɫɬɿ ɬɚ ɨɡɧɚɤɢ ɧɚ ɡɨɛɪɚɠɟɧɧɹɯ, ɳɨ ʀɯ 
ɪɨɛɢɬɶ ɟɮɟɤɬɢɜɧɢɦɢ ɭ ɪɨɡɩɿɡɧɚɜɚɧɧɿ ɨɛ'ɽɤɬɿɜ, ɤɥɚɫɢɮɿɤɚɰɿʀ ɡɨɛɪɚɠɟɧɶ, 
ɫɟɝɦɟɧɬɚɰɿʀ, ɝɟɧɟɪɚɰɿʀ ɤɨɧɬɟɧɬɭ ɬɚ ɛɚɝɚɬɶɨɯ ɿɧɲɢɯ ɡɚɜɞɚɧɶ[1].  

Рɨɡɪɨɛɤɚ ɬɚɤɨʀ ɦɟɪɟɠɿ ɩɨɬɪɟɛɭɽ ɞɟɹɤɢɯ ɡɧɚɧɶ ɦɚɬɟɦɚɬɢɤɢ, ɬɚɤ ɹɤ 
ɜɨɧɚ ɽ ɜɚɠɥɢɜɢɦ ɚɫɩɟɤɬɨɦ ɦɚɲɢɧɧɨɝɨ ɧɚɜɱɚɧɧɹ. Рɨɡɭɦɿɸɱɢ ɨɫɧɨɜɧɿ 
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ɦɚɬɟɦɚɬɢɱɧɿ ɤɨɧɰɟɩɰɿʀ, ɳɨ ɥɟɠɚɬɶ ɜ ɨɫɧɨɜɿ ɪɨɛɨɬɢ ɧɟɣɪɨɧɧɢɯ ɦɟɪɟɠ, ɚ 
ɬɚɤɨɠ ɜɡɚɽɦɨɞɿʀ ɦɟɪɟɠ ɡɿ ɡɨɛɪɚɠɟɧɧɹɦɢ ɦɨɠɧɚ ɩɨɱɢɧɚɬɢ ɜɢɹɜɥɟɧɧɹ 
ɨɫɨɛɥɢɜɨɫɬɟɣ ɪɨɡɪɨɛɤɢ.  

Нɢɠɱɟ ɧɚɜɟɞɟɧɨ ɞɟɹɤɿ ɫɩɟɰɢɮɿɱɧɿ ɨɫɨɛɥɢɜɨɫɬɿ ɚɧɚɥɿɡɭ ɡɨɛɪɚɠɟɧɶ ɡɚ 
ɞɨɩɨɦɨɝɨɸ ɧɟɣɪɨɧɧɢɯ ɦɟɪɟɠ, ɹɤɿ ɛɭɥɨ ɜɢɹɜɥɟɧɨ ɜ ɪɟɡɭɥɶɬɚɬɿ ɚɧɚɥɿɡɭ 
ɰɿɽʀ ɨɛɥɚɫɬɿ:  

- Зɝɨɪɬɨɱɧɿ ɲɚɪɢ ɞɥɹ ɜɢɹɜɥɟɧɧɹ ɨɡɧɚɤ: ɡɝɨɪɬɨɱɧɿ ɧɟɣɪɨɧɧɿ ɦɟɪɟɠɿ 
(CNN) ɽ ɨɫɧɨɜɧɨɸ ɚɪɯɿɬɟɤɬɭɪɨɸ ɞɥɹ ɨɛɪɨɛɤɢ ɡɨɛɪɚɠɟɧɶ. Вɨɧɢ 
ɜɢɤɨɪɢɫɬɨɜɭɸɬɶ ɫɩɟɰɿɚɥɶɧɿ ɲɚɪɢ, ɹɤɿ ɩɪɨɩɭɫɤɚɸɬɶ ɡɨɛɪɚɠɟɧɧɹ ɱɟɪɟɡ 
ɮɿɥɶɬɪɢ (ɹɞɪɚ), ɳɨ ɞɨɩɨɦɚɝɚɸɬɶ ɜɢɹɜɢɬɢ ɪɿɡɧɿ ɝɟɨɦɟɬɪɢɱɧɿ ɨɡɧɚɤɢ, ɬɚɤɿ 
ɹɤ ɪɟɛɪɚ, ɤɭɬɢ, ɬɟɤɫɬɭɪɢ ɬɨɳɨ. 

- Іɽɪɚɪɯɿɱɧɿɫɬɶ ɜɢɹɜɥɟɧɧɹ ɨɡɧɚɤ: У CNN ɤɨɠɟɧ ɧɚɫɬɭɩɧɢɣ ɲɚɪ ɦɨɠɟ 
ɚɧɚɥɿɡɭɜɚɬɢ ɛɿɥɶɲ ɚɛɫɬɪɚɤɬɧɿ ɬɚ ɫɤɥɚɞɧɿ ɨɡɧɚɤɢ ɧɚ ɩɿɞɫɬɚɜɿ ɜɢɹɜɥɟɧɢɯ 
ɩɨɩɟɪɟɞɧɿɦɢ ɲɚɪɚɦɢ[2].  

Нɚɩɪɢɤɥɚɞ, ɩɟɪɲɿ ɲɚɪɢ ɦɨɠɭɬɶ ɜɢɹɜɥɹɬɢ ɤɪɚʀ ɬɚ ɤɨɥɶɨɪɢ, ɚ 
ɧɚɫɬɭɩɧɿ - ɮɨɪɦɢ ɨɛ'ɽɤɬɿɜ. 

- Аɭɝɦɟɧɬɚɰɿɹ ɞɚɧɢɯ: Дɥɹ ɩɿɞɜɢɳɟɧɧɹ ɪɨɛɨɬɨɫɩɪɨɦɨɠɧɨɫɬɿ ɦɨɞɟɥɿ 
ɦɨɠɧɚ ɡɚɫɬɨɫɨɜɭɜɚɬɢ ɚɭɝɦɟɧɬɚɰɿɸ ɞɚɧɢɯ.  

ɐɟ ɨɡɧɚɱɚɽ ɡɚɫɬɨɫɭɜɚɧɧɹ ɧɟɜɟɥɢɤɢɯ ɡɦɿɧ ɞɨ ɡɨɛɪɚɠɟɧɶ ɭ ɩɪɨɰɟɫɿ 
ɧɚɜɱɚɧɧɹ, ɬɚɤɢɯ ɹɤ ɡɫɭɜɢ, ɨɛɟɪɬɚɧɧɹ, ɡɦɿɧɚ ɤɨɧɬɪɚɫɬɧɨɫɬɿ ɬɨɳɨ. ɐɟ 
ɞɨɩɨɦɚɝɚɽ ɦɨɞɟɥɿ ɜɱɢɬɢɫɹ ɪɨɡɩɿɡɧɚɜɚɬɢ ɨɛ'ɽɤɬɢ ɜ ɪɿɡɧɢɯ ɭɦɨɜɚɯ. 

- Пɟɪɟɧɨɫ ɜɢɜɱɟɧɢɯ ɨɡɧɚɤ: Мɨɞɟɥɿ, ɧɚɜɱɟɧɿ ɧɚ ɜɟɥɢɤɢɯ ɧɚɛɨɪɚɯ 
ɞɚɧɢɯ (ɧɚɩɪɢɤɥɚɞ, ImageNet), ɦɨɠɭɬɶ ɜɢɹɜɥɹɬɢ ɡɚɝɚɥɶɧɿ ɨɡɧɚɤɢ, ɹɤɿ 
ɤɨɪɢɫɧɿ ɞɥɹ ɿɧɲɢɯ ɡɚɞɚɱ[3]. Тɚɤɢɦ ɱɢɧɨɦ, ɜɢɜɱɟɧɿ ɨɡɧɚɤɢ ɦɨɠɭɬɶ ɛɭɬɢ 
ɩɟɪɟɧɟɫɟɧɿ ɧɚ ɧɨɜɿ ɡɚɞɚɱɿ, ɧɚɜɿɬɶ ɹɤɳɨ ɞɨɫɬɭɩɧɿ ɨɛɦɟɠɟɧɿ ɞɚɧɿ. 

- Сɟɦɚɧɬɢɱɧɚ ɫɟɝɦɟɧɬɚɰɿɹ: Дɟɹɤɿ ɦɟɪɟɠɿ ɦɨɠɭɬɶ ɜɢɤɨɧɭɜɚɬɢ 
ɫɟɦɚɧɬɢɱɧɭ ɫɟɝɦɟɧɬɚɰɿɸ, ɞɟ ɤɨɠɟɧ ɩɿɤɫɟɥɶ ɧɚ ɡɨɛɪɚɠɟɧɧɿ 
ɩɪɢɡɧɚɱɚɽɬɶɫɹ ɩɟɜɧɨɦɭ ɤɥɚɫɭ ɨɛ'ɽɤɬɭ.  

ɐɟ ɤɨɪɢɫɧɨ ɞɥɹ ɚɧɚɥɿɡɭ ɡɨɛɪɚɠɟɧɶ ɡ ɬɨɱɧɿɲɨɸ ɥɨɤɚɥɿɡɚɰɿɽɸ 
ɨɛ'ɽɤɬɿɜ. 

Нɚ ɛɚɡɿ ɧɚɜɟɞɟɧɨʀ ɜɢɳɟ ɿɧɮɨɪɦɚɰɿʀ ɛɭɥɨ ɫɮɨɪɦɨɜɚɧɨ ɛɚɡɨɜɢɣ 
ɚɪɯɿɬɟɤɬɭɪɭ ɫɢɫɬɟɦɢ ɞɥɹ ɪɨɡɩɿɡɧɚɧɧɹ ɩɟɜɧɢɯ ɨɛ’ɽɤɬɿɜ ɧɚ ɡɨɛɪɚɠɟɧɧɿ. 
Рɨɡɝɥɹɞɚɽɬɶɫɹ ɫɚɦɟ ɜɢɹɜɥɟɧɧɹ ɬɟɤɫɬɭ ɧɚ ɡɨɛɪɚɠɟɧɧɿ ɬɚɤ ɹɤ ɰɟ ɪɨɛɢɬɶ 
ɩɪɨɞɭɤɬ img2txt ɞɥɹ ɩɪɢɤɥɚɞɭ. Сɢɫɬɟɦɚ ɧɟ ɽ ɫɤɥɚɞɧɨɸ ɬɚ ɝɧɭɱɤɨɸ, ɯɨɱɚ 
ɚɥɝɨɪɢɬɦ (ɪɢɫ. 1) ɦɨɠɟ ɩɿɞɿɣɬɢ ɿ ɩɿɞ ɬɚɤɿ ɪɿɲɟɧɧɹ, ɜ ɡɚɥɟɠɧɨɫɬɿ ɜɿɞ 
ɩɨɬɪɟɛ ɬɚ ɡɚɩɢɬɿɜ. 

Вɢɫɧɨɜɤɢ. Нɚɜɟɞɟɧɚ ɫɢɫɬɟɦɚ ɦɨɠɟ ɛɭɬɢ ɡɚɫɬɨɫɨɜɚɧɚ ɞɥɹ 
ɚɜɬɨɦɚɬɢɡɚɰɿʀ ɜɢɡɧɚɱɟɧɧɹ ɩɟɜɧɢɯ ɨɛ’ɽɤɬɿɜ ɧɚ ɡɨɛɪɚɠɟɧɧɹɯ ɞɥɹ 
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ɩɨɞɚɥɶɲɨɝɨ ʀɯ ɚɧɚɥɿɡɭ ɬɚ ɜɢɤɨɪɢɫɬɚɧɧɹ ɭ ɪɿɡɧɨɝɨ ɪɨɞɭ ɞɨɞɚɬɤɚɯ. 
Нɚɩɪɢɤɚɞ, ɜɢɤɨɪɢɫɬɚɧɧɹ ɞɚɧɨʀ ɫɢɫɬɟɦɢ ɦɨɠɟ ɡɧɚɱɧɨ ɪɨɡɲɢɪɢɬɢ 
ɮɭɧɤɰɿɨɧɚɥ ɞɨɞɚɬɤɿɜ ɡ ɜɟɞɟɧɧɹ ɮɿɧɚɧɫɨɜɨʀ ɿɫɬɨɪɿʀ ɤɨɪɢɫɬɭɜɚɱɚ, ɞɨɞɚɜɲɢ 
ɦɨɠɥɢɜɿɫɬɶ ɫɤɚɧɭɜɚɧɧɹ ɮɿɡɢɱɧɢɯ ɱɟɤɿɜ, ɚɞɠɟ ɪɿɞɤɨ ɛɚɧɤɢ ɚɛɨ ɿɧɲɿ 
ɫɬɪɭɤɬɭɪɢ ɞɚɸɬɶ ɞɨɫɬɭɩ ɞɨ ɿɫɬɨɪɿʀ ɬɪɚɧɡɚɤɰɿɣ ɤɨɪɢɫɬɭɜɚɱɿɜ 
 

 
 

Рисунок 1.  Арɯɿтектɭра системи поɲɭкɭ певниɯ об’ɽктɿв на 
зображеннɿ. ШНМ – ɲтɭɱна нейронна мережа 
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Аннотаɰɿɹ. У роботɿ наведено базовɿ принɰипи органɿзаɰɿʀ голосового 
ɿнтерɮейсɭ ɭ ɿнɮормаɰɿйнɿй системɿ, описано алгоритм побɭдови такого 
ɿнтерɮейсɭ та деɹкɿ клɸɱовɿ особливостɿ проɰесɭ. 

Клɸɱовɿ слова: голосовий ɿнтерɮейс, алгоритм побɭдови. 
 
Abstract. The paper presents the basic principles of organizing a voice interface 

in an information system, describes the algorithm for building such interface and 
describes some key features of the process. 

Keywords: voice interface, building algorithm. 
 

Пɪɨɛɥɟɦɚ ɞɨɞɚɜɚɧɧɹ ɝɨɥɨɫɨɜɨɝɨ ɿɧɬɟɪɮɟɣɫɭ ɞɥɹ ɭɩɪɚɜɥɿɧɧɹ 
ɩɪɨɝɪɚɦɚɦɢ ɜɢɦɚɝɚɽ ɤɨɦɩɥɟɤɫɧɨɝɨ ɩɿɞɯɨɞɭ ɬɚ ɝɥɢɛɨɤɨɝɨ ɪɨɡɭɦɿɧɧɹ 
ɩɪɢɧɰɢɩɿɜ ɩɨɛɭɞɨɜɢ ɬɚ ɪɨɛɨɬɢ ɲɬɭɱɧɨɝɨ ɿɧɬɟɥɟɤɬɭ ɜɡɚɝɚɥɿ ɬɚ ɬɚɤɢɯ 
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ɣɨɝɨ ɟɥɟɦɟɧɬɿɜ, ɹɤ ɦɨɞɟɥɿ ɞɥɹ ɩɟɪɟɬɜɨɪɟɧɧɹ ɝɨɥɨɫɭ ɥɸɞɢɧɢ ɭ ɬɟɤɫɬ 
ɜɥɚɫɧɟ.  

Тɚɤɨɠ ɞɥɹ ɬɨɱɧɨɫɬɿ ɪɨɛɨɬɢ ɫɤɥɚɞɧɢɯ ɫɢɫɬɟɦ ɡ ɩɨɞɿɛɧɢɦ 
ɿɧɬɟɪɮɟɣɫɨɦ ɧɟɨɛɯɿɞɧɨ ɜɢɤɨɪɢɫɬɚɬɢ ɞɨɞɚɬɤɨɜɿ ɦɨɞɟɥɿ ɬɚ ɦɟɬɨɞɢ ɞɥɹ 
ɫɩɿɜɫɬɚɜɥɟɧɧɹ ɞɿɣ, ɳɨ ɜɢɦɚɝɚɽ ɪɟɚɥɿɡɭɜɚɬɢ ɤɨɪɢɫɬɭɜɚɱ ɡ ɮɭɧɤɰɿɨɧɚɥɨɦ 
ɩɪɨɝɪɚɦɢ.  

Аɥɝɨɪɢɬɦ ɪɨɛɨɬɢ AI ɦɨɞɟɥɿ ɞɥɹ ɪɨɡɩɿɡɧɚɜɚɧɧɹ ɬɚ ɬɪɚɧɫɮɨɪɦɚɰɿʀ 
ɥɸɞɫɶɤɨʀ  ɦɨɜɢ ɭ ɬɟɤɫɬ ɽ ɫɤɥɚɞɧɢɦ ɛɚɝɚɬɨɪɿɜɧɟɜɢɦ ɩɪɨɰɟɫɨɦ, ɹɤɢɣ 
ɦɨɠɧɚ ɭɦɨɜɧɨ ɨɩɢɫɚɬɢ ɬɪɶɨɦɚ ɤɪɨɤɚɦɢ.  

Сɩɟɪɲɭ ɜɢɤɨɧɭɽɬɶɫɹ ɚɭɞɿɨɨɛɪɨɛɤɚ. Нɚ ɰɶɨɦɭ ɟɬɚɩɿ ɚɭɞɿɨɡɚɩɢɫ ɦɨɜɢ 
ɨɛɪɨɛɥɹɽɬɶɫɹ ɡɚ ɞɨɩɨɦɨɝɨɸ ɧɚɛɨɪɭ ɿɧɫɬɪɭɦɟɧɬɿɜ, ɹɤ-ɬɨ ɡɚɝɥɭɲɟɧɧɹ 
ɲɭɦɭ ɬɚ ɭɫɭɧɟɧɧɹ ɜɿɞɥɭɧɧɹ.  

Тɚɤɢɦ ɱɢɧɨɦ ɩɨɤɪɚɳɭɽɬɶɫɹ ɹɤɿɫɬɶ ɚɭɞɿɨɡɚɩɢɫɭ, ɳɨ ɩɿɞɜɢɳɭɽ ɪɿɜɟɧɶ 
ɡɪɨɡɭɦɿɥɨɫɬɿ ɬɟɤɫɬɭ ɞɥɹ ɦɨɞɟɥɿ.  

Нɚɫɬɭɩɧɢɦ ɤɪɨɤɨɦ ɜɢɤɨɧɭɽɬɶɫɹ ɪɨɡɩɿɡɧɚɜɚɧɧɹ ɦɨɜɢ.  
Нɚ ɰɶɨɦɭ ɟɬɚɩɿ ɦɨɞɟɥɶ ɜɢɤɨɪɢɫɬɨɜɭɽ ɡɚɞɚɧɿ ɚɥɝɨɪɢɬɦɢ ɞɥɹ 

ɜɢɞɿɥɟɧɧɹ ɡ ɩɨɩɟɪɟɞɧɶɨ ɧɚɞɚɧɨɝɨ ɚɭɞɿɨɡɚɩɢɫɭ ɨɤɪɟɦɢɯ ɫɥɿɜ. Нɚ 
ɨɫɬɚɧɧɶɨɦɭ ɟɬɚɩɿ ɩɪɨɜɨɞɢɬɶɫɹ ɫɢɧɬɟɡ ɬɟɤɫɬɭ.  

Тɚɤɢɦ ɱɢɧɨɦ, ɧɚ ɨɫɧɨɜɿ ɡɧɚɧɶ ɩɪɨ ɥɟɤɫɢɤɭ ɬɚ ɝɪɚɦɚɬɢɤɭ ɦɨɞɟɥɶ 
ɫɢɧɬɟɡɭ ɬɟɤɫɬɭ ɮɨɪɦɭɽ ɡ ɜɢɡɧɚɱɟɧɢɯ ɫɥɿɜ ɩɨɜɧɨɰɿɧɧɟ ɡɦɿɫɬɨɜɧɟ 
ɩɨɜɿɞɨɦɥɟɧɧɹ [1].  

Тɚɤɿ ɦɨɞɟɥɿ ɪɨɡɩɿɡɧɚɜɚɧɧɹ ɬɟɤɫɬɭ ɽ ɲɜɢɞɤɢɦɢ, ɬɨɱɧɢɦɢ ɬɚ ɥɟɝɤɢɦɢ 
ɭ ɜɢɤɨɪɢɫɬɚɧɧɿ ɞɥɹ ɲɢɪɨɤɨɝɨ ɤɨɥɚ ɫɩɨɠɢɜɚɱɿɜ.  

ɐɿ ɦɨɞɟɥɿ ɦɨɠɭɬɶ ɛɭɬɢ ɡɚɞɿɹɧɿ ɭ ɫɢɫɬɟɦɚɯ ɪɨɡɩɿɡɧɚɜɚɧɧɹ ɝɨɥɨɫɭ, ɞɥɹ 
ɩɟɪɟɤɥɚɞɭ ɬɚ ɫɬɜɨɪɟɧɧɹ ɫɭɛɬɢɬɪɿɜ, ɭ ɝɨɥɨɫɨɜɢɯ ɩɨɦɿɱɧɢɤɚɯ ɬɨɳɨ. 
Аɥɝɨɪɢɬɦ ɪɨɡɪɨɛɤɢ ɮɭɧɤɰɿɨɧɚɥɭ ɝɨɥɨɫɨɜɨɝɨ ɿɧɬɟɪɮɟɣɫɭ ɦɨɠɧɚ ɭɦɨɜɧɨ 
ɪɨɡɞɿɥɢɬɢ ɧɚ ɩ’ɹɬɶ ɟɬɚɩɿɜ.  

Нɚ ɩɟɪɲɨɦɭ ɟɬɚɩɿ ɫɤɥɚɞɚɽɬɶɫɹ ɩɨɜɧɢɣ ɫɩɢɫɨɤ ɮɭɧɤɰɿɣ, ɳɨ ɛɭɞɭɬɶ 
ɜɢɤɨɧɭɜɚɬɢɫɶ, ɬɚ ɜɢɡɧɚɱɚɽɬɶɫɹ ɨɞɧɚ ɚɛɨ ɞɟɤɿɥɶɤɚ ɤɨɦɚɧɞ, ɹɤɢɦ ɛɭɞɟ 
ɜɿɞɩɨɜɿɞɚɬɢ ɡɚɞɚɧɢɣ ɮɭɧɤɰɿɨɧɚɥ.  

Нɚ ɞɪɭɝɨɦɭ ɟɬɚɩɿ ɩɿɞɤɥɸɱɚɽɬɶɫɹ ɜɢɳɟ ɨɩɢɫɚɧɚ ɦɨɞɟɥɶ 
ɪɨɡɩɿɡɧɚɜɚɧɧɹ ɦɨɜɢ. Дɟɹɤɿ ɞɠɟɪɟɥɚ ɪɟɤɨɦɟɧɞɭɸɬɶ ɜɢɤɨɪɢɫɬɨɜɭɜɚɬɢ 
ɜɠɟ ɿɫɧɭɸɱɿ ɛɿɛɥɿɨɬɟɤɢ, ɬɚɤɿ ɹɤ  Google AI Speech-to-Text, Amazon 
Transcribe, iFlytek Speech API, Sensory Cloud Speech-to-Text, VoiceBase 
Speech-to-Text ɬɨɳɨ.  

Тɚɤɨɠ ɭ ɰɶɨɦɭ ɜɢɩɚɞɤɭ ɧɟɨɛɯɿɞɧɨ ɩɪɢɞɿɥɢɬɢ ɭɜɚɝɭ ɨɫɨɛɥɢɜɨɫɬɹɦ 
ɛɿɛɥɿɨɬɟɤ, ɳɨɛ ɜɨɧɢ ɦɚɥɢ ɞɨɫɬɚɬɧɿɣ ɪɿɜɟɧɶ ɬɨɱɧɨɫɬɿ ɭ ɪɨɛɨɬɿ ɡ ɬɢɦɢ 
ɦɨɜɚɦɢ, ɹɤɿ ɰɿɤɚɜɥɹɬɶ ɪɨɡɪɨɛɧɢɤɚ [2].  
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Тɚɤ, ɧɚɩɪɢɤɥɚɞ, ɚɧɝɥɿɣɫɶɤɚ ɦɨɜɚ ɡɚɜɠɞɢ ɦɚɽ ɜɢɫɨɤɿ ɩɨɤɚɡɧɢɤɢ, 
ɨɫɤɿɥɶɤɢ ɽ ɨɞɧɿɽɸ ɡ ɦɨɜ ɦɿɠɧɚɪɨɞɧɨɝɨ ɫɩɿɥɤɭɜɚɧɧɹ ɬɚ 
ɧɚɣɜɢɤɨɪɢɫɬɨɜɭɜɚɧɿɲɨɸ ɫɟɪɟɞ ɪɨɡɪɨɛɧɢɤɿɜ.  

А ɨɬ ɫɥɨɜ’ɹɧɫɶɤɿ ɦɨɜɢ, ɹɤ-ɬɨ ɭɤɪɚʀɧɫɶɤɚ ɱɢ ɩɨɥɶɫɶɤɚ, ɦɨɠɭɬɶ ɦɚɬɢ 
ɡɧɚɱɧɿ ɩɪɨɝɚɥɢɧɢ, ɨɫɨɛɥɢɜɨ ɭ ɝɪɚɦɚɬɢɱɧɨɦɭ ɬɚ ɩɭɧɤɬɭɚɰɿɣɧɨɦɭ 
ɩɢɬɚɧɧɹɯ. Нɚɩɪɢɤɥɚɞ, ɦɨɞɟɥɶ ɜɿɞ Google ɧɟ ɤɨɪɟɤɬɧɨ ɜɢɡɧɚɱɚɽ ɧɚɜɿɬɶ 
ɤɿɧɟɰɶ ɨɞɧɨɝɨ ɪɟɱɟɧɧɹ ɿ ɩɟɪɟɯɿɞ ɞɨ ɿɧɲɨɝɨ ɞɥɹ ɭɤɪɚʀɧɫɶɤɨʀ ɦɨɜɢ ɬɚ ɧɟ 
ɦɚɽ ɬɚɤɨʀ ɩɪɨɛɥɟɦɢ ɩɪɢ ɬɟɫɬɭɜɚɧɧɿ ɚɧɝɥɿɣɫɶɤɨʀ.  

Тɪɟɬɿɣ ɟɬɚɩ ɜɢɦɚɝɚɽ ɞɨɞɚɜɚɧɧɹ ɚɥɝɨɪɢɬɦɿɜ ɦɚɲɢɧɧɨɝɨ ɧɚɜɱɚɧɧɹ ɞɥɹ 
ɫɩɿɜɫɬɚɜɥɟɧɧɹ ɮɭɧɤɰɿɨɧɚɥɭ ɡ ɤɨɦɚɧɞɚɦɢ ɤɨɪɢɫɬɭɜɚɱɚ. Нɚ ɰɶɨɦɭ ɟɬɚɩɿ 
ɜɢɤɨɪɢɫɬɨɜɭɸɬɶɫɹ ɦɨɞɟɥɿ ɤɥɚɫɢɮɿɤɚɰɿʀ ɬɚ ɧɟɣɪɨɦɟɪɟɠɿ.  

Нɚɩɪɢɤɥɚɞ, ɧɚʀɜɧɢɣ ɛɚɣɽɫɿɜɫɶɤɢɣ ɤɥɚɫɢɮɿɤɚɬɨɪ ɩɪɨɫɬɢɣ ɭ ɪɟɚɥɿɡɚɰɿʀ 
ɬɚ ɟɮɟɤɬɢɜɧɢɣ, ɚɥɟ ɱɭɬɥɢɜɢɣ ɞɨ ɲɭɦɭ; ɦɟɬɨɞ ɨɩɨɪɧɢɯ ɜɟɤɬɨɪɿɜ 
ɟɮɟɤɬɢɜɧɢɣ ɞɥɹ ɪɨɡɩɨɞɿɥɟɧɧɹ, ɚɥɟ ɱɭɬɥɢɜɢɣ ɞɨ ɜɢɛɨɪɭ 
ɝɿɩɟɪɩɚɪɚɦɟɬɪɿɜ; ɧɟɣɪɨɦɟɪɟɠɿ ɩɨɤɚɡɚɥɢ ɫɟɛɟ ɹɤɿɫɧɢɦɢ ɩɪɢ ɪɨɛɨɬɿ ɡ 
ɦɨɜɨɸ, ɚɥɟ ɦɨɠɭɬɶ ɛɭɬɢ ɪɟɫɭɪɫɧɨ ɡɚɬɹɠɤɢɦɢ  ɞɥɹ ɞɟɹɤɢɯ ɩɪɢɫɬɪɨʀɜ [3]. 

ɑɟɬɜɟɪɬɢɣ ɬɚ ɩ’ɹɬɢɣ ɟɬɚɩɢ ɫɤɥɚɞɚɸɬɶɫɹ ɡ ɪɟɚɥɿɡɚɰɿʀ ɜɢɤɨɧɚɧɧɹ ɞɿʀ ɡɚ 
ɤɨɦɚɧɞɨɸ ɬɚ ɬɟɫɬɭɜɚɧɧɹ ɣ ɩɨɤɪɚɳɟɧɧɹ ɨɬɪɢɦɚɧɨɝɨ ɤɨɞɭ ɜɿɞɩɨɜɿɞɧɨ.  

Дɥɹ ɨɬɪɢɦɚɧɧɹ ɤɪɚɳɨɝɨ ɪɟɡɭɥɶɬɚɬɭ ɪɟɤɨɦɟɧɞɨɜɚɧɨ ɡɪɨɛɢɬɢ 
ɤɨɦɚɧɞɢ ɦɚɤɫɢɦɚɥɶɧɨ ɥɚɤɨɧɿɱɧɢɦɢ, ɭɧɢɤɚɬɢ ɞɿɚɥɟɤɬɢɡɦɿɜ ɬɚ 
ɠɚɪɝɨɧɿɡɦɿɜ, ɩɪɨɜɨɞɢɬɢ ɧɚɜɱɚɧɧɹ ɬɚ ɬɟɫɬɭɜɚɧɧɹ ɡ ɜɢɤɨɪɢɫɬɚɧɧɹɦ 
ɪɿɡɧɢɯ ɝɨɥɨɫɿɜ ɬɚ ɚɤɰɟɧɬɿɜ. 

Вɢɫɧɨɜɤɢ. Пɪɨɰɟɫ ɨɪɝɚɧɿɡɚɰɿʀ ɝɨɥɨɫɨɜɨɝɨ ɿɧɬɟɪɮɟɣɫɭ ɭ 
ɿɧɮɨɪɦɚɰɿɣɧɿɣ ɫɢɫɬɟɦɿ ɽ ɫɤɥɚɞɧɨɸ ɬɚ ɛɚɝɚɬɨɲɚɪɨɜɨɸ ɪɨɛɨɬɨɸ, ɳɨ 
ɩɨɬɪɟɛɭɽ ɜɪɚɯɭɜɚɧɧɹ ɡɧɚɱɧɨʀ ɤɿɥɶɤɨɫɬɿ ɞɟɬɚɥɟɣ.  

В ɩɟɪɲɭ ɱɟɪɝɭ ɜɢɦɚɝɚɽɬɶɫɹ ɱɿɬɤɚ ɩɨɫɬɚɧɨɜɤɚ ɡɚɞɚɱɿ ɬɚ ɩɿɞɛɿɪ 
ɨɩɬɢɦɚɥɶɧɢɯ ɿɧɫɬɪɭɦɟɧɬɿɜ ɞɥɹ ɜɢɤɨɧɚɧɧɹ ɡɚɜɞɚɧɧɹ. Сɯɟɦɚ, ɨɩɢɫɚɧɚ 
ɜɢɳɟ, ɽ ɮɭɧɞɚɦɟɧɬɨɦ ɞɥɹ ɩɨɛɭɞɨɜɢ ɬɚɤɨɝɨ ɿɧɬɟɪɮɟɣɫɭ ɭ ɛɭɞɶ-ɹɤɿɣ 
ɿɧɮɨɪɦɚɰɿɣɧɿɣ ɫɢɫɬɟɦɿ. 
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Abstract. Currently, elastomer-based and composite materials are widely used in 

mechanical engineering and construction. Numerical modelling of their stress-strain 
state is associated with certain computational problems, e.g., the "false shear effect", 
which occurs due to false shear deformations. Due to the complexity of elastomer 
mechanics problems, it becomes necessary to choose the optimal calculation scheme 
based on specific methods of computational mathematics. Unfortunately, in the 
present stage of the research, it is not always possible to speak about the optimality 
of the computation scheme, which forces researchers to build different calculation 
algorithms and compare their advantages and disadvantages. The purpose of this 
article is to show a mathematical model that solves the problems listed above. 
During the development, a modification of the finite element method, the so-called 
finite element moment scheme, was applied for weakly compressible materials. The 
developed models and algorithms were implemented as a software module, and their 
effectiveness was proved in the case study with the VR-201 vibration isolator. 

Keywords. Stress-strain state, moment diagram of finite elements, finite element 
method. 
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based on specific methods of computational mathematics. Unfortunately, in the 
present stage of the research, it is not always possible to speak about the optimality 
of the computation scheme, which forces researchers to build different calculation 
algorithms and compare their advantages and disadvantages. The purpose of this 
article is to show a mathematical model that solves the problems listed above. 
During the development, a modification of the finite element method, the so-called 
finite element moment scheme, was applied for weakly compressible materials. The 
developed models and algorithms were implemented as a software module, and their 
effectiveness was proved in the case study with the VR-201 vibration isolator. 

Keywords. Stress-strain state, moment diagram of finite elements, finite element 
method. 
 

Rubber and rubber-like materials, called elastomers, are widely used in 
various industries and engineering. In connection with their widespread use 
in the economy, there is a need for the design of structures based on their 
basis. Numerous examples of the use of thin-layer rubber-metal elements in 
technology are presented in the article [1], as well as in [2,3]. Mostly, a 
structure of a modern material consists of various components. At the same 
time, elastomeric parts are subject to significant loads. Therefore, there is a 
need to study their stiffness, strength, and heat generation at different types 
of deformation. 

The implementation of common numerical methods to take into account 
the above features of elastomers requires improvements to existing 
calculation schemes and the development of new effective numerical 
methods and algorithms. In the mechanics of elastomers, there are certain 
classes of problems in which significant complexities arise in the vicinity of 
the value of Poisson's ratio, which leads to the degeneracy of the matrix of 
the system of equations [4,5]. 

This work is devoted to the derivation of ratios for the calculation of the 
stiffness matrix of the tetrahedral FE using the Lagrange variation principle 
in the neighbourhood of Poisson's ratio, which goes up to 0.5. The accuracy 
and expediency of this model were verified in the example of the study of 
the VR-201 deflection of the rubber vibration isolator. 
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