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[ɽʣʝʢʪʨʦʥʥʠʡ ʨʝʩʫʨʩ]. ʏʝʨʢʘʩʠ : ʏɼʊʋ, 2024. 349 ʩ. 

 
 

ʄʘʪʝʨʽʘʣʠ ʢʦʥʬʝʨʝʥʮʽʾ ʚʠʩʚʽʪʣʶʶʪʴ ʦʩʥʦʚʥʽ ʥʘʧʨʷʤʠ ʨʦʟʚʠʪʢʫ ʽʥʬʦʨʤʘʮʽʡʥʠʭ 
ʪʝʭʥʦʣʦʛʽʡ ʽ ʩʠʩʪʝʤ ʪʘ ʾʭ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ ʦʩʚʽʪʽ, ʥʘʫʮʽ, ʪʝʭʥʽʮʽ, ʝʢʦʥʦʤʽʮʽ, ʫʧʨʘʚʣʽʥʥʽ, 
ʤʝʜʠʮʠʥʽ. 

ʋ ʤʘʪʝʨʽʘʣʘʭ ʨʦʟʛʣʷʜʘʶʪʴʩʷ ʧʠʪʘʥʥʷ, ʧʦʚôʷʟʘʥʽ ʟ ʢʦʤʧôʶʪʝʨʥʠʤ ʤʦʜʝʣʶʚʘʥʥʷʤ 
ʬʽʟʠʯʥʠʭ, ʭʽʤʽʯʥʠʭ ʽ ʝʢʦʥʦʤʽʯʥʠʭ ʧʨʦʮʝʩʽʚ, ʽʥʬʦʨʤʘʮʽʡʥʦʶ ʙʝʟʧʝʢʦʶ ʪʘ ʟʘʩʪʦʩʫʚʘʥʥʷʤ 
ʽʥʬʦʨʤʘʮʽʡʥʦ-ʢʦʤʫʥʽʢʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʫ ʪʝʭʥʽʮʽ, ʥʘʫʢʦʚʠʭ ʜʦʩʣʽʜʞʝʥʥʷʭ ʽ ʫʧʨʘʚʣʽʥʥʽ 
ʩʢʣʘʜʥʠʤʠ ʩʠʩʪʝʤʘʤʠ, ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʽʥʬʦʨʤʘʮʽʡʥʦ-ʢʦʤʫʥʽʢʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʚ ʦʩʚʽʪʽ, 
ʟ̔ ʩʪʚʦʨʝʥʥʷʤ, ʚʧʨʦʚʘʜʞʝʥʥʷʤ ʽ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʥʘʫʢʦʚʦ-ʦʩʚʽʪʥʽʭ ʨʝʩʫʨʩʽʚ ʫ ʟʘʢʣʘʜʘʭ ʚʠʱʦʾ 
ʦʩʚʽʪʠ, ʘ ʪʘʢʦʞ ʟ ʧʨʦʙʣʝʤʘʤʠ ʧʽʜʛʦʪʦʚʢʠ ɯʊ-ʬʘʭʽʚʮʽʚ ʫ ʚʠʱʽʡ ʰʢʦʣʽ.  

ɼʣʷ ʥʘʫʢʦʚʠʭ ʽ ʧʝʜʘʛʦʛʽʯʥʠʭ ʧʨʘʮʽʚʥʠʢʽʚ, ʘʩʧʽʨʘʥʪʽʚ ʽ ʩʪʫʜʝʥʪʽʚ ʟʘʢʣʘʜʽʚ ʚʠʱʦʾ ʦʩʚʽʪʠ. 
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ʊʨʠʫʩ ʖ. ɺ., ʜʦʢʪʦʨ ʧʝʜʘʛʦʛʽʯʥʠʭ ʥʘʫʢ, ʢʘʥʜʠʜʘʪ ʬʽʟʠʢʦ-ʤʘʪʝʤʘʪʠʯʥʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʦʨ 
(ʚʽʜʧʦʚʽʜʘʣʴʥʠʡ ʨʝʜʘʢʪʦʨ) 
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ɿʘʩʧʘ ɻ.ʆ., ʜʦʮʝʥʪ, ʢʘʥʜʠʜʘʪ ʪʝʭʥʽʯʥʠʭ ʥʘʫʢ 

 

 
ʇʫʙʣʽʢʫʻʪʴʩʷ ʟʛʽʜʥʦ ʟ ʨʽʰʝʥʥʷʤ ɺʯʝʥʦʾ ʨʘʜʠ ʏʝʨʢʘʩʴʢʦʛʦ ʜʝʨʞʘʚʥʦʛʦ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ 

ʫʥʽʚʝʨʩʠʪʝʪʫ ʚʽʜ 20.05.2024 ʨ., ʧʨʦʪʦʢʦʣ ˉ 9. 
 

ʄʘʪʝʨʽʘʣʠ ʧʦʜʘʥʽ ʚ ʘʚʪʦʨʩʴʢʽʡ ʨʝʜʘʢʮʽʾ. ɸʚʪʦʨʠ ʦʧʫʙʣʽʢʦʚʘʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʥʝʩʫʪʴ ʧʦʚʥʫ 
ʚʽʜʧʦʚʽʜʘʣʴʥʽʩʪʴ ʟʘ ʧʽʜʙʽʨ, ʪʦʯʥʽʩʪʴ ʥʘʚʝʜʝʥʠʭ ʬʘʢʪʽʚ, ʮʠʪʘʪ, ʜʘʥʠʭ, ʚʣʘʩʥʠʭ ʽʤʝʥ, ʧʦʩʠʣʘʥʴ, 
ʛʨʘʤʦʪʥʽʩʪʴ, ʣʽʪʝʨʘʪʫʨʥʠʡ ʩʪʠʣʴ ʪʘ ʽʥʰʽ ʚʽʜʦʤʦʩʪʽ. ʈʝʜʢʦʣʝʛʽʷ ʟʘʣʠʰʘʻ ʟʘ ʩʦʙʦʶ ʧʨʘʚʦ 
ʩʢʦʨʦʯʫʚʘʪʠ ʪʘ ʨʝʜʘʛʫʚʘʪʠ ʧʦʜʘʥʽ ʤʘʪʝʨʽʘʣʠ. ʈʫʢʦʧʠʩʠ ʥʝ ʧʦʚʝʨʪʘʶʪʴʩʷ. ʆʨʛʘʥʽʟʘʪʦʨʠ 
ʢʦʥʬʝʨʝʥʮʽʾ ʪʘ ʯʣʝʥʠ ʨʝʜʢʦʣʝʛʽʾ ʥʝ ʟʘʚʞʜʠ ʧʦʜʽʣʷʶʪʴ ʜʫʤʢʠ ʘʚʪʦʨʽʚ. 

 

 

 

ɯʥʬʦʨʤʘʮʽʡʥʽ ʧʘʨʪʥʝʨʠ ʢʦʥʬʝʨʝʥʮʽʾ: ʈʘʜʘ ʤʦʣʦʜʠʭ ʚʯʝʥʠʭ ʅɸʅ ʋʢʨʘʾʥʠ, 
ʏʝʨʢʘʩʴʢʠʡ ʥʘʫʢʦʚʦ-ʜʦʩʣʽʜʥʠʡ ʝʢʩʧʝʨʪʥʦ-ʢʨʠʤʽʥʘʣʽʩʪʠʯʥʠʡ ʮʝʥʪʨ ʄɺʉ ʋʢʨʘʾʥʠ. 
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The materials consider issues related to computer modeling of physical, chemical and 
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universites, as well as the issues of teaching IT students at higher education institutions. 

For researchers, teachers, graduate students and university students. 
 

Editorial board:  
 
Prof., Dr. E. Faure (head) 
Prof., Dr. C. Bazilo 
Prof., Dr. M. Bondarenko 
Prof., Dr. O. Danchenko 
Prof., Dr. V. ʅʘlchenko 
Prof., Dr. S. Pervuninsky  
Prof., Dr. S. Semerikov 
Prof., Dr. V. Solovyev 
Prof., Dr. Y. Teslia 
Prof., Dr. Y. Tryus (editor) 
Prof., Dr. Ye. Fedorov  

Docent, PhD. H. Zaspa 
 
 
 

Published according to the Cherkasy State Technological University Board resolution dated 
May 20, 2024, protocol No. 9. 
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A. ʊʝʦʨʝʪʠʯʥʽ ʪʘ ʧʨʘʢʪʠʯʥʽ ʘʩʧʝʢʪʠ ʩʪʚʦʨʝʥʥʷ ʩʫʯʘʩʥʠʭ ʽʥʬʦʨʤʘʮʽʡʥʦ-ʢʦʤʫʥʽʢʘʮʽʡʥʠʭ 
ʩʠʩʪʝʤ / Theoretical and practical aspects for creating modern information and communication 

systems 
 

GEOINFORMATION TECHNOLOGIES FOR IMPROVING MUNICIPAL 

GOVERNANCE AND URBAN DEVELOPMENT: ANALYSIS AND PROSPECTS  

 

Konovalenko S., Krasenko A., Sezonchyk S., Bilous I., Trunova E. 

Chernihiv Polytechnic National University, Chernihiv, Ukraine  

 
Abstract. The article examines the importance of using geoinformation technologies for improving 

municipal management and urban development. The purpose of the study is to develop an interactive, easily 

scalable system that optimizes control over the condition of urban infrastructure facilities. The object is 

interactive municipal geographic information system. The subject are advanced tools and approaches for 

optimizing spatial data in the context of municipal management. The proposed technology emphasizes the 

benefits of a multithreaded approach, potentially involving technologies such as NoSQL and PostGIS for 

efficient data management. Special attention is paid to the need to comply with the established standards of 

spatial database management. The proposal involves the use of a modern serveries architecture to optimize 

the processing and publication of data for web applications. Because of modeling, a prototype of an 

interactive system specially designed for monitoring the urban infrastructure of Chernihiv has been 

developed. 

Keywords: Municipal Administration, GIS Practice, Scalable Web GIS Microservice, RESTful API, 

PostGIS 

 

Introduction.  Information technologies have become an integral part of modern life, 

influencing the world both positively and negatively [1]. One of the examples of the everyday use 

of information technologies is the system of monitoring the execution of planned and emergency 

works in the city and monitoring the general state of the city. Today, they are widely implemented 

by local authorities. These systems greatly simplify the management of city infrastructure and allow 

prompt response to emergencies. 

The introduction of a geoportal for interactive communication between the public and 

municipal authorities regarding the maintenance of city infrastructure is key to improving the 

efficiency of providing relevant services. This not only contributes to the automation of processes 

but also introduces modern electronic services for the registration, storage, and exchange of spatial 

information. In addition, such integration provides wide access to various information resources 

and public data. This increases transparency and improves the efficiency of city management. 

An analysis of recent research and publications shows a significant increase in interest in the 

development of information systems and technologies in the context of local government. 

The purpose of the work. The purpose of the study is to develop an interactive, easily 

scalable system that optimizes control over the condition of urban infrastructure facilities. This 

system is based on the use of modern and sustainable geographic information technologies, 

integrating advanced tools for processing and analyzing spatial data and is designed for long-term 

use. 

Formulation of the problem. The disadvantages of the existing software are the lack of a 

clear strategy for GIS development and implementation, as well as the limited ability to quickly 

scale the system to swiftly accommodate diverse input data. Considering the prior development 

experience, current challenges, and the present needs of the municipal administration of Chernihiv, 

the proposal involves the development of an innovative Municipal Geographic Information System 

(IMGS). The objective of this system is to address key issues arising in the city's development 

process, ensuring the rapid and efficient functioning of municipal authorities, and fostering better 

interaction with the community. Achieving this outcome involves leveraging advanced geographic 

information technologies and integrating modern tools for processing and analyzing spatial data [2]. 
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An interactive system for monitoring the state of urban infrastructure should be simple and 

user-friendly, with an uncluttered interface. Data security, cross-platform compatibility and open-

source code are mandatory requirements. 

Solving the problem. Based on the conducted modeling and business analysis, a clear 

strategy for the operational placement of heterogeneous and different-scale data for the 

implementation of IMGS is proposed. Model diagrams and business process notation (BPMN) are 

used to model the process. 

Based on the modeling, the architecture of an interactive system for monitoring the state of 

urban infrastructure was developed, as shown in Figure 1. 

 
Fig. 1. Architecture of an interactive system for monitoring the state of urban infrastructure 

The system accepts certain data from the user, processes it according to special rules, stores 

it in the database, and displays it on the service's web portal. The system is implemented in two 

prototypes: a chat-bot and a web page. 

Conclusion. In the conditions of a full-scale war, the issue of the interaction of municipal 

authorities with the community is becoming more and more urgent throughout Ukraine, and 

especially in front-line and border settlements. 

Based on the conducted modeling and business analysis, a clear strategy for the operational 

placement of heterogeneous and different-scale data for the implementation of IMGS is proposed, 

which allowed to create the first minimum viable product (MVP) of the municipal geoinformation 

system. Its integration with modern spatial data processing and analysis tools opens up prospects 

for long-term use. MVP is an important step in solving key challenges and opportunities related to 

the development of the city of Chernihiv. 

The test of the prototype shows an increase in the efficiency of the city's housing and 

communal services. 

The system can be modified for other cities, villages or regions both in Ukraine and abroad. 
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EFFECTIVENESS OF MOBILE APPLICATION UI/UX -DESIGN ASSESSMENT USING 

THE M ANN-WHITNEY -WILCOXON METHOD  

 

Khamar I. , Fechan A. 

Lviv Polytechnic National University, Lviv, Ukraine 

 
Abstract. The study is devoted to measuring the effectiveness of Flat and Material variations of the 

UI/UX design of the educational mobile application of the application "Guitatune Tuner". A survey of 

application users was conducted to investigate and compare the quantitative characteristics of the impact on 

the user experience. Survey data were grouped and processed using the Mann-Whitney-Wilcoxon method. 

The results of the analysis are included in the article.  

Keywords: UI/UX, Mann-Whitney, U test, effectiveness, design assessment, mobile application. 

 

Introduction. In recent years, the development of mobile technologies has significantly 

changed the approach to using various applications. The topic of interface and interaction design 

(UI/UX) of mobile applications has become especially relevant, since it is through it that user 

convenience and satisfaction is determined [1]. In this regard, there is a need for objective methods 

of evaluating the effectiveness of design and its impact on user experience. One of the methods that 

is gaining popularity in research on this topic is the use of statistical methods, in particular the 

Mann-Whitney-Wilcoxon Method. 

The purpose of the work. Main purpose of the work is to measure Flat and Material UI/UX-

design effectiveness of  the ñGuitatune Tunerò educational application and to discover the most 

effective using Mann-Whitney-Wilcoxon method. 

Formulation of the problem. UI/UX design of educational mobile application should be 

consistent and allow users to achieve their goals with joy. But there are many different approaches 

to UI/UX and a lot of possible choices for building it. Often they are contradicting towards each 

other. Therefore more effective approach for UI/UX design of specific applications creation should 

be determined.  

Solving the problem. To address the problem outlined in the introduction, the study 

employed a systematic approach to evaluate the effectiveness of the Flat and Material UI/UX 

designs of the "Guitatune Tuner" educational application. The chosen solution involved conducting 

a user survey aimed at gathering quantitative data regarding user experience with both design 

variations. 

The process of solving the problem began with a thorough exploration of the subject area 

related to UI/UX design effectiveness. This involved delving into existing literature, theories, and 

methodologies for evaluating design impact on user experience. 

Following this, the study focused on selecting an appropriate methodology for data analysis. 

Given the need for objective and statistically sound results, the Mann-Whitney-Wilcoxon method 

was chosen for its suitability in comparing two independent samples. 

A carefully designed survey was then administered to users of the ñGuitatune Tunerò 

application, allowing participants to interact with both the Flat and Material design versions. The 

survey questions were formulated to capture users' perceptions and preferences regarding various 

aspects of the interface, thereby providing quantitative insights into design effectiveness. 

Upon completion of data collection, the obtained responses were organized and analyzed 

using the Mann-Whitney-Wilcoxon method. This statistical analysis allowed for the identification 

of any significant differences in user experience between the two design variations [2]. 

The results of the analysis, which are detailed in this article, provide valuable insights into the 

relative effectiveness of the Flat and Material UI/UX designs of the "Guitatune Tuner" application. 

These findings contribute to the broader understanding of UI/UX design principles and offer 

practical guidance for enhancing user experience in educational mobile applications. 
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Fig. 1. Developed Guitatune Tuner GUI in Flat and Material variations 

 

Fig. 2. Wilcoxon-Mann-Whitney core analysis principles  

 

Conclusion. The Mann-Whitney-Wilcoxon confirmed its ability to provide robust 

comparisons between independent samples, offering statistical significance to our findings. This 

scientific inquiry is vital for guiding informed UI/UX design decisions, crucial in today's mobile 

technology landscape. Additionally, this research highlights the potential of leveraging statistical 

methods to optimize UI/UX design in educational mobile applications, offering promising avenues 

for enhancing user experience and learning outcomes.  
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CROSS-DISCIPLINARY COOPERATION FOR DIGITAL RESILIENCE  
 

Prazian M. 

Mykolas Romeris University, Vilnius, Lithuania 
 

Abstract. The study analyzed how cross-disciplinary cooperation can ensure digital resilience. This 

cooperation should deliver toolsets for government, business, and citizens. Under consideration are telecoms, 

information, and communication technology (ICT), internet infrastructure, and data centers. The subject is 

to find standards and best practices to amplify digital resilience. The system approach is the methodology 

using public domain sources, secondary data, and quantitative and qualitative observations. The author 

considers (i) specific key performance indicators (KPI) aligned with the EU Digital Compass and other 

regulations, (ii) environmental, social, and governance (ESG) practice, and (iii) business continuity metrics. 

Pertinent stakeholders can see holistic and in-depth data on their dashboards. The key findings demonstrate 

that cross-disciplinary cooperation is mandatory for a sustainable and resilient existence and has specific 

methods, metrics, and organizational forms. The central and regional government, businesses, and citizens 

can cover the digital resilience gaps based on transversal cross-disciplinary strategies, plans, and executions. 

It may have many organizational forms, particularly as a Platform. Such complex cooperation and toolsets 

allow stakeholders to reach digital resilience during poly-crises and disruptions. 

Keywords: Digital Resilience, Strategy, Platform, Methods, Metrics, KPI, Dashboard, CISA, EU 

Compass, Business Continuity, ICT, ISO/IEC, NIS2, ESG, Education, Academia. 

 

Introduction . Compound inefficiency, disasters like war, and existential climate threats may 

work separately or have cascading effects to disrupt the digital resilience of critical infrastructure. 

The World Economic Forum [1] constitutes conflicts, risks of costly living, and natural disasters as 

the top risks for the upcoming years. 

Purpose. The study analyses why and how cross-disciplinary cooperation between 

stakeholders, scientists, and practitioners can ensure digital resilience. The author considers 

objectives, specific digital and other metrics, and organizational frameworks. The problem 

definition stems from the complexity of the digital resilience task. It poses a broader concern about 

the interaction between engineering, technology, finance, and regulation to maintain digital 

systems. Any toolsets for Ukraine's government, businesses, and citizens should be aligned with the 

EU's regulations and include best international practices and standards. The method aims at 

amplifying physical and cyber resilience. It includes reviewing various resources such as academic 

research papers, industrial reports, case studies, expertise, and international and local regulatory 

guidelines. The complex approach, classifications of objects and tasks, and hierarchy of metrics and 

dashboards derived from the system methodology represent a scientific novelty of the work. The 

approach has been developed and implemented with domestic and international partners, academia 

and universities. 

Main. Under consideration are telecoms, information and communication technology (ICT), 

internet infrastructure, and data centers across the entire value chain. A mismatch between the 

European Union's (EU) technical resilience and sustainability regulation and practice is immense 

today. Bridging these gaps demands engaging knowledge about methods, metrics, cooperative 

frameworks, legislation, technologies, and finance and activating creativity, critical thinking, and 

soft skills. The Institute for Modelling in Energy Engineering (Kyiv, Ukraine) and the Mykolas 

Romeris University (Vilnius, Lithuania) work closely on digital resilience because international 

cooperation accelerates research and development and represents one of the best options. The study 

focuses on the following: 

1. The regulatory international documents and standards across digital infrastructures 

include EU Compass [2], EU Cyber, EU Resilience, The US Cybersecurity and Infrastructure 

Security Agency (CISA) publishes guidance for assessing regional infrastructure resilience for 

countries with regions [3]. The 'up-bottom' principles can direct engineers to prefer to use the ISO's 

family standards: 27000, 31000:2018, 28000:2022, 371123:2019. NIST standards with recently 
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updated NIS2 [4] sets up a range for measurement. Based on this, engineers and practitioners can 

analyze performance, measure the digital resilience KPIs and manage quantitative metrics such as 

recovery objectives, uptime percentages response, fault tolerance ratios, security incident response 

times and many others. For example, the MITRE Catalog presents nearly 500 representative cyber 

resiliency metrics [5].  

2. Sustainability disclosure. For engaging investments and meeting nature disruption, the 

projects and investments must meet the EU sustainability and climate protection regulations, such 

as TCFD [6], GRI, environmental, social, and governance (ESG) labelling, verification, and rating 

obtaining. Here are some examples of ESG KPIs: Greenhouse gas (GHG) emission (Scopes 1,2,3), 

energy efficiency, water consumption, waste and material management, land, and biodiversity; S-

employee health and safety, diversity and inclusion, corporate social responsibility (CSR); G- board 

composition, compliance, risk management and audit.  

3. Business continuity . In times of disruption and war, the ISO 22301:2021 and 22301:2019 

[7] 'The business continuity management' (BCM) can help regarding disruption, reputation, risk 

management, and engagement. Benefits to stakeholders come from BCM KPIs such as reducing the 

frequency and impacts of disruptions, shifting from 'business as usual', supply chain improvement, 

digital robustness enhancement to deduct insurance premiums, and ensuring risk awareness and 

employee engagement.  

4. Dashboards. As the pertinent stakeholders (government, businesses, and citizens) need to 

see holistic and in-depth data on their dashboards to monitor, measure, and manage digital 

sustainability and resilience, the author recommends the work [8] for segmenting the dashboards 

into 1) the Performance Zone is home to the regular operations, with critical metrics being bookings 

and revenues; 2) the Productivity Zone is home to all cost related and critical metrics such as 

efficiency, effectiveness, and regulatory compliance; 3) the Incubation Zone, home and ecosystem 

to research and development, disruptive innovation with metrics similar to start-ups; 4) the 

Transformational Zone to make a change, prioritization, supervising where all three segments above 

can be combined. 

5. Framework. According to EU Taxonomy Article 20[9], the Platform of Sustainability 

incorporates the Task Force and Working Groups; experts could find cohesive solutions to enhance 

sustainability in the multidisciplinary framework and opt for long-term values. Stakeholders from 

private and public sectors adjust charters to meet individual needs. They want to understand 

projects' operational existence and plans via the lens of bankability. Balancing digital resilience and 

operational efficiency must include business continuity and non-financial factors such as ESG 

externalities. The advisory process has many forms [10]; each has something in common: 

decisionmaking, creative solutions, coordination, and information sharing. Because success 

depends on ability and diversity, the US researcher [11] recommends that multi-modelling 

platforms look through many windows. Artificial intelligence (AI), ethics, sociology, education, 

and even philosophy soft skills with creativity and critical thinking have become a norm for the 

Platforms to develop digital resilience solutions. 

Conclusions. Cross-disciplinary cooperation is necessary to ensure digital resilience because 

digital resilience is linked intrinsically with regulations, engineering, and finance. Sustainability 

disclosure, including non-financial externalities across environmental, social, and governance axes, 

became mandatory. To align with EU regulations and best international practices, stakeholders must 

cover gaps across digital infrastructure and supply chains. Literature reviews and other methods 

confirm that digital resilience gaps can be covered based on cross-disciplinary advisory processes, 

which may have many forms. Any platform should embrace physical and cyber regulations 

regarding digital resilience, sustainability, business continuity, dashboards poised for growth, 

disruption, innovation, and operational management. The platforms give a floor and resources for 

experts with different backgrounds to support digital resilience, whatever happens. 
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MESSAGE PASSING SYSTEMS IN MODERN APPLICATIONS AND THEIR ROLE IN  

ADAPTIVE LOGGING METHOD  

 

Suprunenko I.  

Cherkasy State Technological University, Cherkasy, Ukraine 

 
Abstract. The aim of the investigation is to compare several available message passing solutions. The 

objective of this study is to pick the most suitable solution for a variety of applications and platforms that 

might implement adaptive logging method. The object is an adaptive logging method. The subject is a change 

propagation mechanism needed to alter configuration ñon the flyò. The study compared some well-known 

solutions for message passing and as a result picked one of those that should be the most appropriate for 

adaptive logging method. 

Keywords: Adaptive logging, observability, message passing mechanism, debugging.  

 

Introduction . Message passing systems play an essential role in modern applications: from 

managing inter process communication and synchronization to propagation of updates and events 

that happened in a system. This is one of the most efficient communication methods that improves 

the overall responsiveness of a system and allows it to process change at a very high rate. When 

developing an adaptive logging method [1] implementation, it is necessary to set up a proper 

mechanism that would allow a software system to pick up configuration change fast and with 

minimal negative impact. While it is possible to employ some kind of an interval based mechanism, 

a far better solution would include such software, that does the least amount of work with minimal 

overhead. 

The purpose of the work. The study compares several popular message passing solutions 

and picks one in particular that would aid greatly with adaptive logging method. 

Formulation of the problem. In order to be able to adapt to changed logging requirements, 

adaptive logging method needs to be coupled with some sort of propagation mechanism that would 

reinitiate current setup with desired logging severity and log tags. Such a module could be based on 

one of the available message passing solutions. 
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Solving the problem. First letôs discuss what classes of solutions we can leverage. One of 

the most widely used mechanisms for this type of task is a message broker: a piece of software that 

allows applications, services and systems to exchange information by translating messages between 

interested parties in accordance with messaging protocols. RabbitMQ is one such program that 

offers flexible, reliable and interoperable broker implementation [2]. It can work by connecting 

producers (application that sends messages) and consumers (application that will receive those) 

using a queue, a special buffer-like data structure that accumulates and passes messages to 

consumers, in a semi-direct fashion (utilizing nameless exchanges) or by using named exchanges 

and allowing consumers to subscribe in a typical ñpublish/subscribeò architecture. This allows to 

create fairly decoupled software systems that can scale quite well and handle really high loads. In a 

very general sense, this message broker should be able to handle tens of thousands messages per 

second. 

For projects that have PostgreSQL as their database solution, it is possible to use native 

Listen/Notify methods to get basic message passing capabilities [3]. It works by first connecting to 

a database management system and initiating a subscription (trough ñLISTENò keyword) to a 

particular channel. Then other connections, that want to pass a piece of information to some 

subscriber, can simply call ñNOTIFY <channel> [, <payload>]ò and the database itself will pass 

the provided payload (if any) to all subscribers of a given channel.  

In some cases, it might also be possible to set up a simple http or websocket server in parallel 

to the main program and expose a very specific endpoint that would be responsible for processing 

requests related to adaptive logging re-initialization. In case of a http server it should be possible to 

either make that connection only available using a loopback interface or add some application level 

access control to prevent unauthorized clients from altering logging configurations. 

If we look at this issue from a very basic, operation system level, perspective, there are some 

utilities that can help us there (following capabilities will be described in terms of Linux based 

systems). A simple domain socket server is capable of listening for messages on a particular 

endpoint. As it is a very basic feature of an operating system, using this approach for message 

passing in order to propagate required changes would be much more flexible than the webserver or 

entire message broker solution. Another thing that can be used is the mechanism of process signals: 

there are several specific user-defined signals, such as SIGUSR1 or SIGUSR2, but also, starting 

from Linux kernel 2.2, it is possible to provide a special real time signals in a range of SIGRTMIN 

to SIGRTMAX and process those in accordance to our requirements. Again, this is a low level 

construct and it is highly likely that any adaptive logging implementation would have access to 

some form of process signal handling. 

There are also drawbacks to some of these methods. In the case of a message broker, it might 

be too much for our use case. Adaptive logging method provides a very precise and exclusive form 

of control over program execution and its override functionality will not be used by many users, 

rather by one person with appropriate permissions. So it does not seem reasonable to utilize 

technology for only a fraction of its capabilities. The solution with PostgreSQL is less demanding, 

but still makes an assumption that the target software product would use this database management 

system (which might not be the case for a considerable percentage of projects). As for http or 

websocket servers, those seem to be much more flexible in a way that any software solution written 

in a general purpose programming language would have some implementation of at least one of 

those. But the main issue is that it might add unwanted complexity and also increase an attack 

surface for an app and would require extra steps for protection, such as setting up firewall or limiting 

network access based on certain IP addresses (even perhaps listening strictly on loopback interface), 

which might seem as a bit too much effort for a logging solution. As for process signaling or domain 

socket in Linux based systems, it seems that launching socket server might be less flexible and 

would limit the number of applications that could leverage implementing adaptive logging method. 

Another big advantage of utilizing process signals is that we do not introduce any new sources 

for potential errors, such as with message broker, database management system or webserver. As 

long as the current process is running and healthy, we can reasonably expect it to handle special 
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signals correctly. There is no need to think about unclosed connections, hanging listeners or port 

management. We do, however, lose the ability to pass payloads using this method (other options 

allowed to pass arbitrary data in form of messages to a broker, PostgreSQL channel, web server or 

domain socket). But that should not be a major issue as the initialization step of the adaptive logging 

method setup would require passing configuration somehow without using any message passing 

solution. And the main focus here is not on data transfer, but rather on effective and efficient change 

propagation. 

Conclusion. To allow efficient message passing in adaptive logging method implementations 

the most suitable option seems to be to use process signals and leverage either custom user signals 

or real-time variations of those. This solution requires the least amount of effort to set up (as it is 

an inherent feature of process based computations), does not introduce new attack vectors (such as 

network based vulnerabilities) and is tightly coupled to an application being observed. Basically 

any general purpose programming language should allow this type of message passing to be applied, 

making it very flexible and suitable for a variety of software products. 
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Abstract. The purpose of the study is to analyze the impact of information technologies on the process 

of integration of renewable energy sources into the energy system of Ukraine. Various aspects are 

considered, such as forecasting electricity production using RES, optimization of energy distribution taking 
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into account consumption peaks, use of energy storage management systems to ensure efficient use of 

energy, and monitoring of the operation of RES equipment to ensure its efficiency and safety. The integration 

of RES with modern communication networks and its role in maintaining the stability of the energy system 

is also considered. 

Keywords: energy efficiency, stability of the energy system, optimization of energy distribution, 

digital transformation of the energy system. 

 

ɺʩʪʫʧ. ʇʨʠ ʚʧʨʦʚʘʜʞʝʥʥʽ ʚʽʜʥʦʚʣʶʚʘʥʠʭ ʜʞʝʨʝʣ ʝʥʝʨʛʽʾ (ɺɼɽ) ʚ ʝʥʝʨʛʝʪʠʯʥʫ ʩʠʩʪʝʤʫ, 

ʥʘʫʢʦʚʮʽ ʪʘ ʧʨʘʢʪʠʢʠ ʚʩʝ ʙʽʣʴʰʝ ʟʚʝʨʪʘʶʪʴ ʫʚʘʛʫ ʥʘ ʚʠʢʦʨʠʩʪʘʥʥʷ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ 

(ɯʊ) ʜʣʷ ʜʦʩʷʛʥʝʥʥʷ ʦʧʪʠʤʘʣʴʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʮʠʭ ʜʞʝʨʝʣ. ɯʊ ʢʣʶʯʦʚʠʤ ̔ ʥʩʪʨʫʤʝʥʪʦʤ ʜʣʷ 

ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʚʠʨʦʙʥʠʮʪʚʘ ɺɼɽ, ʦʧʪʠʤʽʟʘʮʽʾ ʨʦʟʧʦʜʽʣʫ ʝʥʝʨʛʽʾ [1], ʢʝʨʫʚʘʥʥʷ 

ʝʥʝʨʛʦʩʭʦʚʠʱʘʤʠ, ʤʦʥʽʪʦʨʠʥʛʫ ʪʘ ʜʽʘʛʥʦʩʪʠʢʠ ʦʙʣʘʜʥʘʥʥʷ ɺɼɽ, ʘ ʪʘʢʦʞ ʽʥʪʝʛʨʘʮʽʾ ʟ 

ʩʫʯʘʩʥʠʤʠ ʤʝʨʝʞʘʤʠ ʟʚ'ʷʟʢʫ. 

ʄʝʪʘ ʨʦʙʦʪʠ. ʉʧʨʷʤʦʚʘʥʘ ʥʘ ʘʥʘʣʽʟ ʪʘ ʦʮʽʥʢʫ ʚʧʣʠʚʫ ɯʊ ʥʘ ʽʥʪʝʛʨʘʮʽʶ ɺɼɽ ʫ 

ʝʥʝʨʛʝʪʠʯʥʫ ʩʠʩʪʝʤʫ ʋʢʨʘʾʥʠ. ɻʦʣʦʚʥʦʶ ʤʝʪʦʶ ʻ ʨʦʟʢʨʠʪʪʷ ʨʦʣʽ ɯʊ ʫ ʧʽʜʚʠʱʝʥʥʽ 

ʝʬʝʢʪʠʚʥʦʩʪʽ, ʩʪʘʣʦʩʪʽ ʪʘ ʩʪʘʣʦʛʦ ʨʦʟʚʠʪʢʫ ʝʥʝʨʛʝʪʠʯʥʦʾ ʩʠʩʪʝʤʠ ʢʨʘʾʥʠ ʯʝʨʝʟ ʦʧʪʠʤʽʟʘʮʽʶ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ɺɼɽ ʪʘ ʧʽʜʪʨʠʤʢʫ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʠʭ ʨʽʰʝʥʴ.  

ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʠ. ɯʥʪʝʛʨʘʮʽʷ ɺɼɽ ʫ ʝʥʝʨʛʝʪʠʯʥʫ ʩʠʩʪʝʤʫ ʚʠʟʥʘʯʘʻʪʴʩʷ ʷʢ 

ʚʘʞʣʠʚʠʡ ʝʪʘʧ ʥʘ ʰʣʷʭʫ ʜʦ ʩʪʘʣʦʛʦ ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʨʦʟʚʠʪʢʫ. ʋʢʨʘʾʥʘ, ʷʢʘ ʤʘʻ ʟʥʘʯʥʠʡ 

ʧʦʪʝʥʮʽʘʣ ʫ ʚʠʢʦʨʠʩʪʘʥʥʽ ʩʦʥʷʯʥʦʾ, ʚʽʪʨʦʚʦʾ ʪʘ ʛʽʜʨʦʝʥʝʨʛʝʪʠʢʠ, ʚʩʪʫʧʠʣʘ ʥʘ ʮʝʡ ʰʣʷʭ, ʧʨʦʪʝ 

ʟʫʩʪʨʽʯʘʻʪʴʩʷ ʟ ʯʠʩʣʝʥʥʠʤʠ ʪʝʭʥʽʯʥʠʤʠ, ʝʢʦʥʦʤʽʯʥʠʤʠ ʪʘ ʦʨʛʘʥʽʟʘʮʽʡʥʠʤʠ ʚʠʢʣʠʢʘʤʠ [2].  

ʆʩʥʦʚʥʘ ʯʘʩʪʠʥʘ. ɼʣʷ ʚʠʨʽʰʝʥʥʷ ʚʠʱʝʟʘʟʥʘʯʝʥʠʭ ʧʨʦʙʣʝʤ, ʧʦʚ'ʷʟʘʥʠʭ ʽʟ ʝʬʝʢʪʠʚʥʦʶ 

ʽʥʪʝʛʨʘʮʽʻʶ ɺɼɽ ʫ ʝʥʝʨʛʝʪʠʯʥʫ ʩʠʩʪʝʤʫ ʋʢʨʘʾʥʠ ʪʘ ʜʦʩʷʛʥʝʥʥʷ ʩʪʘʙʽʣʴʥʦʩʪʽ ʪʘ ʩʪʘʣʦʛʦ 

ʨʦʟʚʠʪʢʫ, ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʢʦʤʧʣʝʢʩʥʠʡ ʧʽʜʭʽʜ, ʱʦ ʙʘʟʫʻʪʴʩʷ ʥʘ ʨʷʜʽ ʤʦʜʝʣʝʡ, ʱʦ ʟʦʙʨʘʞʝʥʽ 

ʥʘ (ʨʠʩ. 1). ʈʦʟʛʣʷʥʝʤʦ ʾʭ ʙʽʣʴʰ ʜʝʪʘʣʴʥʦ. 

 
ʈʠʩ. 1. ʄʦʜʝʣʽ ʢʦʤʧʣʝʢʩʥʦʛʦ ʧʽʜʭʦʜʫ ɯʊ ʚ ɺɼɽ 

 

1. ʈʦʟʨʦʙʢʘ ʧʨʦʛʥʦʩʪʠʯʥʠʭ ʤʦʜʝʣʝʡ: ʆʜʥʠʤ ʽʟ ʢʣʶʯʦʚʠʭ ʘʩʧʝʢʪʽʚ ʻ ʨʦʟʨʦʙʢʘ 

ʧʨʦʛʥʦʩʪʠʯʥʠʭ ʤʦʜʝʣʝʡ ʜʣʷ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʚʠʨʦʙʥʠʮʪʚʘ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ɺɼɽ. ʎʽ ʤʦʜʝʣʽ ʚʨʘʭʦʚʫʶʪʴ ʨʽʟʥʦʤʘʥʽʪʥʽ ʬʘʢʪʦʨʠ, ʚʢʣʶʯʘʶʯʠ ʛʝʦʛʨʘʬʽʯʥʝ ʨʦʟʪʘʰʫʚʘʥʥʷ, 

ʤʝʪʝʦʨʦʣʦʛʽʯʥʽ ʫʤʦʚʠ, ʪʝʭʥʽʯʥʽ ʧʘʨʘʤʝʪʨʠ ʦʙʣʘʜʥʘʥʥʷ ʪʦʱʦ. 

2. ʈʦʟʨʦʙʢʘ ʘʣʛʦʨʠʪʤʽʚ ʦʧʪʠʤʽʟʘʮʽʾ: ʈʦʟʨʦʙʢʘ ʪʘ ʟʘʩʪʦʩʫʚʘʥʥʷ ʘʣʛʦʨʠʪʤʽʚ ʦʧʪʠʤʽʟʘʮʽʾ 

ʨʦʟʧʦʜʽʣʫ ʝʥʝʨʛʽʾ ʜʦʟʚʦʣʷʻ ʟʘʙʝʟʧʝʯʠʪʠ ʤʘʢʩʠʤʘʣʴʥʫ ʝʬʝʢʪʠʚʥʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ɺɼɽ ʪʘ 

ʟʤʝʥʰʠʪʠ ʚʪʨʘʪʠ ʝʥʝʨʛʽʾ ʧʽʜ ʯʘʩ ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ ʪʘ ʨʦʟʧʦʜʽʣʫ. 

3. ɺʧʨʦʚʘʜʞʝʥʥʷ ʩʠʩʪʝʤ ʢʝʨʫʚʘʥʥʷ ʝʥʝʨʛʦʩʭʦʚʠʱʘʤʠ: ɺʠʢʦʨʠʩʪʘʥʥʷ ʝʥʝʨʛʦʩʭʦʚʠʱ 

ʜʣʷ ʟʙʝʨʽʛʘʥʥʷ ʥʘʜʣʠʰʢʦʚʦʾ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʪʘ ʾʾ ʧʦʜʘʣʴʰʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʫ ʧʝʨʽʦʜʠ 

˾ͦͪͦ͋͊͘͟ ͎͙ͨͪͦͤͦͫͭ;͙ͤͻ 
͔͔͚ͣͦ͒͡

ˤ͙͙ͦͪͫͭ͊ͤͤ͟Ύ ͙͔ͫͫͭͣ 
͙͎ͣͦͤͭͦͪͤͯ͜ ͭ͊ ͎͙͙͒͊ͤͦͫͭ͜͟ 

ͦ͋͊͒ͤ͊ͤͤ͡Ύ ˤ˨˩

ˤ͍͔ͨͪͦ͊͒͗ͤͤΎ ͙͔ͫͫͭͣ 
͔͍ͪͯ͊ͤͤ͟Ύ 

͔͔͎ͤͪͦͫͻ͍͙ͦ΅͙͊ͣ

˾ͦͪͦ͋͊͘͟ ͎͙͍͊ͦͪͭͣ͜͡ 
͙ͦͨͭͣ͊͘͜ͼ͜͝

˱͔͎ͤͭͪ͊ͼ͜Ύ ͘ ͫͯ;͙͙͊ͫͤͣ 
͔͔͙ͣͪ͗͊ͣ ͍͘ϥΎͯ͘͟
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ʧʽʢʦʚʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʤʦʞʝ ʟʥʘʯʥʦ ʧʽʜʚʠʱʠʪʠ ʩʪʽʡʢʽʩʪʴ ʝʥʝʨʛʝʪʠʯʥʦʾ ʩʠʩʪʝʤʠ ʪʘ ʟʤʝʥʰʠʪʠ 

ʟʘʣʝʞʥʽʩʪʴ ʚʽʜ ʪʨʘʜʠʮʽʡʥʠʭ ʜʞʝʨʝʣ ʝʥʝʨʛʽʾ. 

4. ɺʠʢʦʨʠʩʪʘʥʥʷ ʩʠʩʪʝʤ ʤʦʥʽʪʦʨʠʥʛʫ ʪʘ ʜʽʘʛʥʦʩʪʠʢʠ ʦʙʣʘʜʥʘʥʥʷ ɺɼɽ: ɺʧʨʦʚʘʜʞʝʥʥʷ 

ʩʫʯʘʩʥʠʭ ʩʠʩʪʝʤ ʤʦʥʽʪʦʨʠʥʛʫ ʪʘ ʜʽʘʛʥʦʩʪʠʢʠ ʦʙʣʘʜʥʘʥʥʷ ɺɼɽ ʜʦʟʚʦʣʷʻ ʚʯʘʩʥʦ ʚʠʷʚʣʷʪʠ ʪʘ 

ʫʩʫʚʘʪʠ ʪʝʭʥʽʯʥʽ ʥʝʩʧʨʘʚʥʦʩʪʽ, ʱʦ ʤʦʞʝ ʧʦʟʠʪʠʚʥʦ ʧʦʟʥʘʯʠʪʠʩʷ ʥʘ ʥʘʜʽʡʥʦʩʪʽ ʪʘ 

ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʩʠʩʪʝʤʠ. 

5. ɯʥʪʝʛʨʘʮʽʷ ʟ ʩʫʯʘʩʥʠʤʠ ʤʝʨʝʞʘʤʠ ʟʚ'ʷʟʢʫ: ɺʠʢʦʨʠʩʪʘʥʥʷ ʩʫʯʘʩʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʟʚ'ʷʟʢʫ 

ʪʘ ʽʥʪʝʨʥʝʪʫ ʨʝʯʝʡ (IoT) ʜʦʟʚʦʣʷʻ ʧʦʙʫʜʫʚʘʪʠ "ʨʦʟʫʤʥʫ" ʽʥʬʨʘʩʪʨʫʢʪʫʨʫ ʝʥʝʨʛʝʪʠʯʥʦʾ 

ʩʠʩʪʝʤʠ, ʷʢʘ ʟʘʙʝʟʧʝʯʫʻ ʝʬʝʢʪʠʚʥʠʡ ʦʙʤʽʥ ʜʘʥʠʤʠ ʤʽʞ ʨʽʟʥʠʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ ʩʠʩʪʝʤʠ ʪʘ 

ʟʘʙʝʟʧʝʯʫʻ ʘʚʪʦʤʘʪʠʟʦʚʘʥʝ ʢʝʨʫʚʘʥʥʷ ʜʣʷ ʜʦʩʷʛʥʝʥʥʷ ʦʧʪʠʤʘʣʴʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ. 
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ɸʥʦʪʘʮʽʷ. ʄʝʪʘ ʨʦʙʦʪʠ ʧʦʣʷʛʘʻ ʫ ʚʠʟʥʘʯʝʥʥʽ ʩʧʦʩʦʙʫ ʜʦʩʣʽʜʞʝʥʥʷ ʤʦʜʝʣʝʡ ʧʨʦʛʨʘʤʥʠʭ ʩʠʩʪʝʤ 

ʟ ʧʘʨʘʣʝʣʽʟʤʦʤ ʜʣʷ ʚʠʷʚʣʝʥʥʷ ʧʦʪʝʥʮʽʡʥʠʭ ʪʫʧʠʢʽʚ ʥʘ ʧʨʠʢʣʘʜʘʭ ʪʠʧʦʚʠʭ ʧʨʠʯʠʥ ʚʠʥʠʢʥʝʥʥʷ 

ʪʫʧʠʢʦʚʠʭ ʩʠʪʫʘʮʽʡ. ɿʘʚʜʘʥʥʷ ʨʦʙʦʪʠ ï ʚʠʜʽʣʝʥʥʷ ʙʘʟʦʚʦʛʦ ʥʘʙʦʨʫ ʪʠʧʦʚʠʭ ʤʦʜʝʣʝʡ, ʷʢʽ 

ʚʜ̔ʦʙʨʘʞʘʶʪʴ ʧʦʪʝʥʮʽʡʥʽ ʪʫʧʠʢʦʚʽ ʩʠʪʫʘʮʽʾ, ʦʧʠʩ ʾʭ ʦʟʥʘʢ ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʘʥʘʣʽʟʫ 

ʤʦʜʝʣʝʡ ʧʨʦʛʨʘʤʥʠʭ ʩʠʩʪʝʤ, ʦʧʠʩ ʚʘʨʽʘʥʪʽʚ ʚʠʷʚʣʝʥʥʷ ʥʝʜʦʣʽʢʽʚ ʫ ʧʨʦʘʥʘʣʽʟʦʚʘʥʠʭ ʤʦʜʝʣʷʭ. 

ʆʙôʻʢʪʦʤ ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʤʦʜʝʣʽ ʧʨʦʛʨʘʤʥʠʭ ʩʠʩʪʝʤ ʥʘ ʦʩʥʦʚʽ ʤʝʨʝʞ ʇʝʪʨʽ; ʧʨʝʜʤʝʪʦʤ ʜʦʩʣʽʜʞʝʥʥʷ 

ʻ ʪʫʧʠʢʦʚʽ ʩʠʪʫʘʮʽʡ ʪʘ ʦʟʥʘʢʠ ʾʭ ʚʠʥʠʢʥʝʥʥʷ. ʄʝʪʦʜʠ ʜʦʩʣʽʜʞʝʥʴ: ʢʦʤʧʦʥʝʥʪʥʦ-ʦʨʽʻʥʪʦʚʘʥʝ 

ʤʦʜʝʣʶʚʘʥʥʷ, ʤʝʨʝʞʽ ʇʝʪʨʽ, ʢʦʤʙʽʥʦʚʘʥʠʡ ʧʽʜʭʽʜ ʜʦ ʽʤʽʪʘʮʽʡʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʧʨʦʛʨʘʤʥʠʭ ʟʘʩʦʙʽʚ 

ʟ ʧʘʨʘʣʝʣʽʟʤʦʤ. ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ ʚʠʥʠʢʥʝʥʥʷ ʧʦʪʝʥʮʽʡʥʠʭ ʪʫʧʠʢʽʚ ʫ ʧʨʦʛʨʘʤʥʠʭ ʩʠʩʪʝʤʘʭ 

ʧʦʣʷʛʘʶʪʴ ʫ ʧʨʝʜʩʪʘʚʣʝʥʥʽ ʩʧʦʩʦʙʫ ʚʠʷʚʣʝʥʥʷ ʪʫʧʠʢʽʚ ʧʨʠ ʽʥʚʘʨʽʘʥʪʥʦʤʫ ʘʥʘʣʽʟʽ PN-ʤʦʜʝʣʽ, ʷʢʠʡ 

ʧʽʜʚʠʱʫʻ ʝʬʝʢʪʠʚʥʽʩʪʴ ʘʥʘʣʽʪʠʯʥʦʾ ʩʢʣʘʜʦʚʦʾ ʢʦʤʙʽʥʦʚʘʥʦʛʦ ʧʽʜʭʦʜʫ ʜʦ ʽʤʽʪʘʮʽʡʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ 

ʧʨʦʛʨʘʤʥʠʭ ʟʘʩʦʙʽʚ ʟ ʧʘʨʘʣʝʣʽʟʤʦʤ.  

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʤʝʨʝʞʽ ʇʝʪʨʽ, ʤʦʜʝʣʴ ʧʨʦʛʨʘʤʥʦʾ ʩʠʩʪʝʤʠ, ʧʦʪʝʥʮʽʡʥʽ ʪʫʧʠʢʠ, ʩʧʦʩʽʙ 

ʚʠʷʚʣʝʥʥʷ ʪʫʧʠʢʽʚ, ʽʥʚʘʨʽʘʥʪʥʠʡ ʘʥʘʣʽʟ PN-ʤʦʜʝʣʽ. 
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Abstract. The purpose of the work is to determine the method for investigation of software systems 

models with parallelism for detection of potential deadlocks on examples of typical causes of deadlock 

situations. The focus of the paper is to identify a basic set of typical models that reflects potential deadlocks, 

to describe their features for improving the efficiency of analysis models of software systems, to describe 

the options for identifying deficiencies in the analyzed models. The object of research is software systems 

models based on Petri nets; the subject of research are deadlocks and features for their occurrence. Research 
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methods: component-oriented modelling, Petri nets, a combined approach to software simulation modelling 

with parallelism. The results of research of the potential deadlocks occurrence in software systems present a 

method for detecting deadlocks in the PN-model invariant analysis, which increases the efficiency of the 

analytical component of the combined approach to simulation modelling of software with parallelism. 

Keywords: Petri nets, model of software system, potential deadlocks, method of detecting deadlock, 

invariant analysis of the PN-model. 

 

ɺʩʪʫʧ. ʊʫʧʠʢʠ ʯʠ ʜʝʜʦʣʢʠ ʧʨʠ ʨʦʟʨʦʙʮʽ ʧʨʦʛʨʘʤʥʦʾ ʩʠʩʪʝʤʠ ʥʝ ʟʘʚʞʜʠ ʚʠʥʠʢʘʶʪʴ ʫ 

ʥʘʩʣʽʜʦʢ ʧʦʨʫʰʝʥʥʷ ʣʦʛʽʢʠ ʦʧʠʩʫ ʧʨʦʮʝʩʽʚ, ʱʦ ʤʘʶʪʴ ʬʫʥʢʮʽʦʥʫʚʘʪʠ ʫ ʩʠʩʪʝʤʽ. ɰʭ ʧʨʠʯʠʥʦʶ 

ʤʦʞʝ ʙʫʪʠ ʥʝʟʙʘʣʘʥʩʦʚʘʥʽʩʪʴ ʯʠ ʥʝʜʦʩʪʘʯʘ ʧʝʚʥʠʭ ʨʝʩʫʨʩʽʚ, ʱʦ ʚʠʢʣʠʢʘʥʘ ʥʘʢʦʧʠʯʝʥʠʤʠ ʫ 

ʩʠʩʪʝʤʽ ʧʦʤʠʣʢʘʤʠ ʯʠ ʚʽʜʤʦʚʦʶ ʜʝʷʢʠʭ ʤʦʜʫʣʽʚ ʯʠ ʧʽʜʩʠʩʪʝʤ. ʊʦʤʫ ʧʨʠ ʟʘʙʝʟʧʝʯʝʥʥʽ  

ʥʘʜʽʡʥʦʩʪʽ ʧʨʦʛʨʘʤʥʦʾ ʩʠʩʪʝʤʠ ʚʘʞʣʠʚʦ ʚʠʟʥʘʯʠʪʠ ʤʦʞʣʠʚʽ ʧʨʠʯʠʥʠ ʪʫʧʠʢʦʚʠʭ ʩʠʪʫʘʮʽʡ, 

ʧʝʨʝʜʙʘʯʠʪʠ ʤʦʥʽʪʦʨʠʥʛ ʢʣʶʯʦʚʠʭ ʦʟʥʘʢ ʮʠʭ ʧʨʠʯʠʥ ʧʽʜ ʯʘʩ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʧʨʦʛʨʘʤʥʦʾ 

ʩʠʩʪʝʤʠ. 

ʄʝʪʘ ʨʦʙʦʪʠ ʧʦʣʷʛʘʻ ʫ ʚʜʦʩʢʦʥʘʣʝʥʥʽ ʤʝʪʦʜʽʚ ʜʠʥʘʤʽʯʥʦʛʦ ʘʥʘʣʽʟʫ PN-ʤʦʜʝʣʝʡ 

ʧʨʦʛʨʘʤʥʠʭ ʩʠʩʪʝʤ, ʷʢʽ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʯʠʩʣʝʥʥʠʤʠ ʘʩʠʥʭʨʦʥʥʠʤʠ ʧʘʨʘʣʝʣʴʥʠʤʠ 

ʧʨʦʮʝʩʘʤʠ, ʟʦʢʨʝʤʘ ʫ ʚʠʟʥʘʯʝʥʥʽ ʩʧʦʩʦʙʫ ʚʠʷʚʣʝʥʥʷ ʪʫʧʠʢʽʚ, ʷʢʠʡ ˇʨʫʥʪʫʻʪʴʩʷ ʥʘ ʧʨʘʚʠʣʘʭ, 

ʱʦ ʜʦʟʚʦʣʷʶʪʴ ʫʥʠʢʘʪʠ ʚʠʥʠʢʥʝʥʥʷ ʪʫʧʠʢʦʚʠʭ ʩʠʪʫʘʮʽʡ.  

ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʠ. ʇʨʠʯʠʥʘʤʠ ʪʫʧʠʢʽʚ ʤʦʞʫʪʴ ʙʫʪʠ ʥʝʢʦʨʝʢʪʥʽ ʫʤʦʚʠ ʜʣʷ ʦʙʤʽʥʫ 

ʜʘʥʠʤʠ ʯʠ ʢʦʤʘʥʜʘʤʠ ʤʽʞ ʧʘʨʘʣʝʣʴʥʠʤʠ ʧʨʦʮʝʩʘʤʠ, ʘ ʪʘʢʦʞ ʥʝʢʦʨʝʢʪʥʠʡ ʜʦʩʪʫʧ ʜʦ 

ʢʨʠʪʠʯʥʦʾ ʩʝʢʮʽʾ ʢʽʣʴʢʦʭ ʘʩʠʥʭʨʦʥʥʠʭ ʧʘʨʘʣʝʣʴʥʠʭ ʧʨʦʮʝʩʽʚ, ʥʘʧʨʠʢʣʘʜ, ʩʠʪʫʘʮʽʷ ʟ ʚʟʘʻʤʥʠʤ 

ʙʣʦʢʫʚʘʥʥʷʤ. ɿʦʢʨʝʤʘ ʫ ʨʦʙʦʪʽ [1, c. 121] ʥʘʚʝʜʝʥʽ 4 ʫʤʦʚʠ, ʜʦʪʨʠʤʘʥʥʷ ʷʢʠʭ ʜʦʟʚʦʣʷʻ 

ʫʥʠʢʘʪʠ ʪʫʧʠʢʽʚ: 1) ʫ ʢʨʠʪʠʯʥʽʡ ʦʙʣʘʩʪʽ ʦʜʥʦʯʘʩʥʦ ʥʝ ʤʦʞʝ ʧʝʨʝʙʫʚʘʪʠ ʙʽʣʴʰʝ ʦʜʥʦʛʦ 

ʧʨʦʮʝʩʫ, 2) ʥʝ ʤʦʞʝ ʨʦʙʠʪʠʩʴ ʥʽʷʢʠʭ ʧʨʠʧʫʱʝʥʴ, ʧʦʚôʷʟʘʥʠʭ ʟʽ ʰʚʠʜʢʽʩʪʶ ʯʠ ʢʽʣʴʢʽʩʪʶ 

ʧʘʨʘʣʝʣʴʥʠʭ ʦʙʨʦʙʥʠʢʽʚ, 3) ʞʦʜʝʥ ʧʨʦʮʝʩ ʟʘ ʤʝʞʘʤʠ ʩʚʦʻʾ ʢʨʠʪʠʯʥʦʾ ʦʙʣʘʩʪʽ ʥʝ ʤʦʞʝ 

ʙʣʦʢʫʚʘʪʠ ʙʫʜʴ-ʷʢʠʡ ʽʥʰʠʡ ʧʨʦʮʝʩ, 4) ʞʦʜʝʥ ʧʨʦʮʝʩ ʥʝ ʧʦʚʠʥʝʥ ʚʽʯʥʦ ʯʝʢʘʪʠ, ʱʦʙ ʫʚʽʡʪʠ ʫ 

ʩʚʦʶ ʢʨʠʪʠʯʥʫ ʦʙʣʘʩʪʴ. ʉʧʠʨʘʶʯʠʩʴ ʥʘ ʮʽ ʧʨʘʚʠʣʘ ʫ ʨʦʙʦʪʽ ʪʨʝʙʘ ʧʦʙʫʜʫʚʘʪʠ ʤʦʜʝʣʽ 

ʧʦʪʝʥʮʽʡʥʠʭ ʪʫʧʠʢʽʚ, ʦʧʠʩʘʪʠ ʾʭ ʦʟʥʘʢʠ, ʷʢʽ ʫ ʧʦʜʘʣʴʰʦʤʫ ʟʘʩʪʦʩʫʚʘʪʠ ʧʨʠ ʽʥʚʘʨʽʘʥʪʥʦʤʫ 

ʘʥʘʣʽʟʽ PN-ʤʦʜʝʣʝʡ ʧʨʦʛʨʘʤʥʠʭ ʩʠʩʪʝʤ. 

ʈʦʟʚôʷʟʘʥʥʷ ʧʨʦʙʣʝʤʠ. ʆʜʥʠʤ ʟ ʩʧʦʩʦʙʽʚ ʘʥʘʣʽʟʫ ʚʟʘʻʤʦʜʽʾ ʧʘʨʘʣʝʣʴʥʠʭ ʧʨʦʮʝʩʽʚ ʫ 

ʧʨʦʛʨʘʤʥʠʭ ʩʠʩʪʝʤʘʭ ʻ ʘʧʘʨʘʪ ʤʝʨʝʞ ʇʝʪʨʽ, ʟʘʩʦʙʘʤʠ ʷʢʦʛʦ ʤʦʞʥʘ ʥʝ ʪʽʣʴʢʠ ʧʦʙʫʜʫʚʘʪʠ 

ʤʦʜʝʣʴ ʜʣʷ ʤʦʞʣʠʚʦʩʪʽ ʘʥʘʣʽʟʫ ʚʟʘʻʤʦʜʽʾ ʧʨʦʮʝʩʽʚ, ʧʝʨʝʜʙʘʯʝʥʠʭ ʧʨʦʻʢʪʦʤ ʇɿ, ʘ ʽ ʧʨʦʚʝʩʪʠ 

ʘʥʘʣʽʪʠʯʥʝ ʜʦʩʣʽʜʞʝʥʥʷ ʟ ʚʠʷʚʣʝʥʥʷ ʧʝʨʝʜʫʤʦʚ ʜʣʷ ʚʠʥʠʢʥʝʥʥʷ ʪʫʧʠʢʽʚ [2, c. 27-28]. 

ʄʦʜʝʣʽ ʥʘ ʦʩʥʦʚʽ ʤʝʨʝʞ ʇʝʪʨʽ ʰʠʨʦʢʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʘʥʘʣʽʟʫ ʇɿ. ʊʘʢʦʞ ʾʭ 

ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʘʪʠ ʜʣʷ ʚʠʨʽʰʝʥʥʷ ʜʝʷʢʠʭ ʟʘʜʘʯ ʚʝʨʠʬʽʢʘʮʽʾ [3, c. 445-446], ʟʦʢʨʝʤʘ ʧʦʢʨʠʪʪʷ 

(coverability) ʪʘ ʦʙʤʝʞʝʥʽʩʪʴ (boundedness). ʇʝʨʰʘ ʟ ʮʠʭ ʟʘʜʘʯ ʝʢʚʽʚʘʣʝʥʪʥʘ ʟʘʜʘʯʘʤ 

ʜʦʚʝʜʝʥʥʷ ʞʠʚʦʩʪʽ ʯʠ ʜʦʩʷʞʥʦʩʪʽ, ʱʦ ʚʠʨʽʰʫʶʪʴʩʷ ʫ ʪʝʦʨʽʾ ʤʝʨʝʞ ʇʝʪʨʽ [4, ʩ. 544-546]. ɼʨʫʛʘ 

ʟʘʜʘʯʘ (ʦʙʤʝʞʝʥʽʩʪʴ) ʝʢʚʽʚʘʣʝʥʪʥʘ ʟʘʜʘʯʽ ʜʦʚʝʜʝʥʥʷ ʟʙʝʨʝʞʫʚʘʥʦʩʪʽ, ʟʦʢʨʝʤʘ ʫ ʾʾ ʟʘʛʘʣʴʥʽʡ 

ʧʦʩʪʘʥʦʚʮʽ ï ʟʘʜʘʯʽ ʟʙʝʨʝʞʫʚʘʥʦʩʪʽ ʧʦ ʚʽʜʥʦʰʝʥʥʶ ʜʦ ʚʝʢʪʦʨʘ ʟʚʘʞʫʚʘʥʥʷ [5, c. 79-80]. 

ʊʘʢʦʞ, ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʤʝʪʦʜʠ ʪʨʘʥʩʬʦʨʤʘʮʽʾ PN-ʤʦʜʝʣʝʡ [6, ʩ. 2, 23-24], ʥʘ ʦʩʥʦʚʽ ʷʢʠʭ 

ʙʫʜʫʶʪʴ ʤʝʭʘʥʽʟʤʠ ʦʪʨʠʤʘʥʥʷ ʜʦʜʘʪʢʦʚʦʾ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʤʦʜʝʣʴ. 

ʋ ʨʦʙʦʪʽ ʟʘʧʨʦʧʦʥʦʚʘʥʠʡ ʩʧʦʩʽʙ ʚʠʷʚʣʝʥʥʷ ʪʫʧʠʢʽʚ, ʷʢʠʡ ʜʦʧʦʚʥʶʻ ʛʨʘʬʦ-ʘʥʘʣʽʪʠʯʥʠʡ 

ʽʥʩʪʨʫʤʝʥʪʘʨʽʡ ʢʦʤʙʽʥʦʚʘʥʦʛʦ ʧʽʜʭʦʜʫ, ʟʘʩʪʦʩʦʚʘʥʠʡ ʫ [2]. ɼʣʷ ʧʨʦʚʝʜʝʥʥʷ ʘʥʘʣʽʟʫ PN-

ʤʦʜʝʣʴ ʧʨʦʛʨʘʤʥʦʾ ʩʠʩʪʝʤʠ ʨʦʟʜʽʣʷʻʪʴʩʷ ʥʘ ʧʽʜʤʦʜʝʣʽ, ʧʨʦʚʦʜʠʪʴʩʷ ʾʭ ʘʥʘʣʽʟ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʩʧʦʩʦʙʫ ʚʠʷʚʣʝʥʥʷ ʪʫʧʠʢʽʚ, ʟʦʢʨʝʤʘ ʧʝʨʝʚʽʨʷʻʪʴʩʷ ʥʘʷʚʥʦʩʪʽ ʫ ʤʦʜʝʣʽ ʮʠʢʣʽʚ, 

ʦʩʦʙʣʠʚʦ ʮʠʢʣʫ ʟ ʜʦʚʽʣʴʥʠʤ ʚʠʭʦʜʦʤ [7, c. 25], ʥʘʷʚʥʽʩʪʴ ʪʘ ʚʽʜʧʦʚʽʜʥʽʩʪʴ ʚʣʘʩʪʠʚʦʩʪʽ 

ʟʙʝʨʝʞʫʚʘʥʦʩʪʽ ʢʦʥʩʪʨʫʢʮʽʾ ʪʠʧʫ çʢʨʠʪʠʯʥʘ ʩʝʢʮʽʷè, ʥʘʷʚʥʽʩʪʴ ʥʘʧʨʠʢʽʥʮʽ ʽʤʽʪʘʮʽʡʥʦʛʦ 

ʤʦʜʝʣʶʚʘʥʥʷ PN-ʤʦʜʝʣʽ ʤʽʪʦʢ ʫ ʤʽʩʮʷʭ, ʷʢʽ ʥʝ ʥʘʣʝʞʘʪʴ ʜʦ ʢʽʥʮʝʚʠʭ ʨʦʟʤʽʪʦʢ, ʪʦʙʪʦ ʥʝ ʻ 

ʢʦʥʪʨʦʣʶʶʯʠʤʠ ʪʘ ʢʽʥʮʝʚʠʤʠ ʚʝʨʰʠʥʘʤʠ ʤʽʩʮʴ.  

ɺʠʩʥʦʚʢʠ. ʊʘʢʠʤ ʯʠʥʦʤ, ʧʨʠ ʟʘʩʪʦʩʫʚʘʥʥʷ ʩʧʦʩʦʙʫ ʚʠʷʚʣʝʥʥʷ ʪʫʧʠʢʽʚ ʫ ʘʥʘʣʽʪʠʯʥʦʤʫ 

ʪʘ ʽʤʽʪʘʮʽʡʥʦʤʫ ʜʦʩʣʽʜʞʝʥʥʽ PN-ʤʦʜʝʣʝʡ ʧʨʦʛʨʘʤʥʠʭ ʩʠʩʪʝʤ, ʚʜʘʣʦʩʷ ʣʦʢʘʣʽʟʫʚʘʪʠ ʪʫʧʠʢʦʚʽ 

ʩʠʪʫʘʮʽʾ, ʷʢʽ ʚʠʥʠʢʘʶʪʴ ʥʘ ʧʦʩʣʽʜʦʚʥʠʭ ʝʪʘʧʘʭ ʜʦʩʣʽʜʞʝʥʥʷ ʤʦʜʝʣʽ. ɿʘʧʨʦʧʦʥʦʚʘʥʠʡ ʩʧʦʩʽʙ 

ʜʦʟʚʦʣʷʻ ʧʽʜʚʠʱʠʪʠ ʝʬʝʢʪʠʚʥʽʩʪʴ ʚʠʨʽʰʝʥʥʷ ʟʘʜʘʯʽ ʤʦʜʝʣʶʚʘʥʥʷ ʪʘ ʚʝʨʠʬʽʢʘʮʽʾ ʤʦʜʝʣʽ ʫ 
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ʨʘʤʢʘʭ ʧʨʦʻʢʪʫʚʘʥʥʷ ʧʨʦʛʨʘʤʥʦʾ ʩʠʩʪʝʤʠ, ʘ ʪʘʢʦʞ ʟʤʝʥʰʠʪʠ ʚʠʪʨʘʪʠ ʥʘ ʨʦʟʨʦʙʢʫ ʪʘ 

ʩʫʧʨʦʚʽʜ ʧʨʦʛʨʘʤʥʠʭ ʩʠʩʪʝʤ. 
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ɸʥʦʪʘʮʽʷ. ʄʝʪʦʶ ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʩʪʚʦʨʝʥʥʷ ʩʠʩʪʝʤʠ ʧʽʜʙʦʨʫ ʽʥʚʝʥʪʘʨʷ ʜʣʷ ʥʘʩʪʽʣʴʥʦʛʦ ʪʝʥʽʩʫ, 

ʷʢʘ ʙ ʜʦʧʦʤʘʛʘʣʘ ʛʨʘʚʮʷʤ ʽ ʪʨʝʥʝʨʘʤ ʧʽʜʙʠʨʘʪʠ ʦʧʪʠʤʘʣʴʥʝ ʧʦʻʜʥʘʥʥʷ ʥʘʢʣʘʜʦʢ ʪʘ ʦʩʥʦʚʠ, ʘ ʜʣʷ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʟʙʝʨʝʞʝʥʥʷ ʦʩʦʙʠʩʪʠʭ ʜʘʥʠʭ ʤʽʩʪʠʣʘ ʝʣʝʤʝʥʪʠ ʢʨʠʧʪʦʟʘʭʠʩʪʫ. ɼʣʷ ʦʨʛʘʥʽʟʘʮʽʾ 

ʢʨʠʧʪʦʟʘʭʠʩʪʫ ʥʝʡʨʦʤʝʨʝʞʝʚʦʾ ʩʠʩʪʝʤʠ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʫʜʦʩʢʦʥʘʣʝʥʠʡ ʤʝʪʦʜ ʧʽʜʚʠʱʝʥʥʷ 

ʰʚʠʜʢʦʩʪʽ ʨʝʘʣʽʟʘʮʽʾ ʛʨʫʧʦʚʦʛʦ ʤʘʪʨʠʯʥʦʛʦ ʢʨʠʧʪʦʧʝʨʝʪʚʦʨʝʥʥʷ. ɿʘʩʪʦʩʫʚʘʥʥʷ ʮʴʦʛʦ ʤʝʪʦʜʫ 

ʜʦʟʚʦʣʠʣʦ ʟʤʝʥʰʠʪʠ ʤʘʪʝʤʘʪʠʯʥʫ ʩʢʣʘʜʥʽʩʪʴ ʪʘ ʯʘʩ ʢʨʠʧʪʦʛʨʘʬʽʯʥʦʛʦ ʧʝʨʝʪʚʦʨʝʥʥʷ ʟʘ ʨʘʭʫʥʦʢ 

ʟʤʝʥʰʝʥʥʷ ʩʢʣʘʜʥʦʩʪʽ ʧʦʙʫʜʦʚʠ ʪʘ ʚʠʢʦʨʠʩʪʘʥʥʷ ʦʙʝʨʥʝʥʦʛʦ ʧʝʨʝʪʚʦʨʝʥʥʷ.  

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʥʝʡʨʦʤʝʨʝʞʝʚʘ ʩʠʩʪʝʤʘ, ʢʨʠʧʪʦʟʘʭʠʩʪ, ʥʘʩʪʽʣʴʥʠʡ ʪʝʥʽʩ, ʽʥʚʝʥʪʘʨ. 

 

NEURAL NETWORK SYSTEM FOR SELECTION OF TABLE TENNIS EQUIPMENT 

WITH ELEMENTS OF CRYPTO PRO TECTION  

 

Tazetdinov V., Sysoienko S., Tazetdinov O. 

Cherkasy State Technological University, Cherkasy, Ukraine 
 

Abstract. The purpose of the research is to create a system for selecting table tennis equipment. Such 

a system would help players and coaches to select the optimal combination of rubbers and blade and contain 

elements of crypto-protection to ensure the security of personal data. To organize the cryptoprotection of the 

neural network system, an improved method of increasing the speed of implementation of the group matrix 

cryptotransformation is used. The use of this method made it possible to reduce the mathematical complexity 

and time of the cryptographic transformation due to the reduction of the complexity of construction and the 

use of the inverse transformation. 

Keywords: neural network system, crypto protection, table tennis, inventory. 

 

ɺʩʪʫʧ. ʉʫʯʘʩʥʽ ʪʨʝʥʜʠ ʨʠʥʢʫ ʥʘʩʪʽʣʴʥʦʛʦ ʪʝʥʽʩʫ ʜʠʢʪʫʶʪʴ ʩʚʦʾ ʫʤʦʚʠ. ʅʘʩʪʽʣʴʥʠʡ ʪʝʥʽʩ 

ʮʝ ʧʦʧʫʣʷʨʥʠʡ ʚʠʜ ʩʧʦʨʪʫ, ʚ ʷʢʠʡ ʛʨʘʶʪʴ ʤʽʣʴʡʦʥʠ ʣʶʜʝʡ. ʎʝʡ ʚʠʜ ʩʧʦʨʪʫ ʚʢʣʶʯʝʥʦ ʜʦ 
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ʧʨʦʛʨʘʤʠ ʆʣʽʤʧʽʡʩʴʢʠʭ ɯʛʦʨ. ɹʘʛʘʪʦ ʣʶʜʝʡ ʛʨʘʶʪʴ ʥʘ ʜʦʩʠʪʴ ʚʠʩʦʢʦʤʫ ʨʽʚʥʽ ʽ ʟʘʡʤʘʶʪʴʩʷ 

ʮʠʤ ʚʠʜʦʤ ʩʧʦʨʪʫ ʧʨʦʬʝʩʽʡʥʦ. ʊʘʢ, ʥʘʧʨʠʢʣʘʜ, ʚ ʨʝʡʪʠʥʛʫ ʥʘʩʪʽʣʴʥʦʛʦ ʪʝʥʽʩʫ ʋʢʨʘʾʥʠ 

ʧʨʝʜʩʪʘʚʣʝʥʦ ʙʽʣʴʰ ʥʽʞ 2300 ʛʨʘʚʮʽʚ. ɯʩʥʫʻ ʙʘʛʘʪʦ ʬʽʨʤ-ʚʠʨʦʙʥʠʢʽʚ ʽʥʚʝʥʪʘʨʷ ʜʣʷ 

ʥʘʩʪʽʣʴʥʦʛʦ ʪʝʥʽʩʫ ʽ ʚʽʜʧʦʚʽʜʥʦ ʚʝʣʠʢʘ ʢʽʣʴʢʽʩʪʴ ʨʽʟʥʦʤʘʥʽʪʥʦʛʦ ʽʥʚʝʥʪʘʨʷ ʜʣʷ ʥʘʩʪʽʣʴʥʦʛʦ 

ʪʝʥʽʩʫ. ʇʨʦʬʝʩʽʡʥʽ ʛʨʘʚʮʽ ʽ ʙʘʛʘʪʦ ʜʦʩʚʽʜʯʝʥʠʭ ʣʶʙʠʪʝʣʽʚ ʛʨʠ ʦʙʠʨʘʶʪʴ ʨʘʢʝʪʢʠ, ʷʢʽ 

ʩʢʣʘʜʘʶʪʴʩʷ ʟ ʢʦʤʧʦʥʝʥʪʽʚ (ʦʩʥʦʚʠ ʽ ʧʘʨʠ ʥʘʢʣʘʜʦʢ). ʇʨʠ ʚʠʙʦʨʽ ʢʦʤʧʦʥʝʥʪʽʚ ʜʣʷ ʪʘʢʦʾ 

ʨʘʢʝʪʢʠ ʫ ʛʨʘʚʮʽʚ ʯʘʩʪʦ ʚʠʥʠʢʘʶʪʴ ʪʨʫʜʥʦʱʽ ʽ ʮʝ ʨʦʙʠʪʴ ʧʽʜʙʽʨ ʢʦʤʧʦʥʝʥʪʽʚ ʜʣʷ ʪʘʢʦʾ 

ʨʘʢʝʪʢʠ ʜʣʷ ʧʨʦʬʝʩʽʡʥʦʛʦ ʛʨʘʚʮʷ ʥʝʧʨʦʩʪʦʶ ʟʘʜʘʯʝʶ.  
 

ʄʝʪʘ ʨʦʙʦʪʠ. ʈʦʟʨʦʙʠʪʠ ʩʠʩʪʝʤʫ ʧʽʜʙʦʨʫ ʽʥʚʝʥʪʘʨʷ ʜʣʷ ʥʘʩʪʽʣʴʥʦʛʦ ʪʝʥʽʩʫ ʥʘ ʦʩʥʦʚʽ 

ʥʝʡʨʦʤʝʨʝʞʝʚʠʭ ʪʝʭʥʦʣʦʛʽʡ. ɺʨʘʭʦʚʫʶʯʠ, ʪʝ ʱʦ ʛʨʘʚʮʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʧʨʠ ʨʦʙʦʪʽ ʟ 

ʩʠʩʪʝʤʦʶ ʦʩʦʙʠʩʪʽ ʜʘʥʽ ʽ ʢʦʥʬʽʜʝʥʮʽʡʥʫ ʽʥʬʦʨʤʘʮʽʶ ʪʨʝʙʘ ʟʘʙʝʟʧʝʯʠʪʠ ʟʘʭʠʩʪ ʩʠʩʪʝʤʠ ʚʽʜ 

ʥʝʩʘʥʢʮʽʦʥʦʚʘʥʦʛʦ ʜʦʩʪʫʧʫ ʟʘ ʜʦʧʦʤʦʛʦʶ ʝʣʝʤʝʥʪʽʚ ʢʨʠʧʪʦʟʘʭʠʩʪʫ.  
 

ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʽ. ʆʩʢʽʣʴʢʠ, ʨʦʙʦʪʘ ʩʠʩʪʝʤʠ ʧʽʜʙʦʨʫ ʽʥʚʝʥʪʘʨʷ ʜʣʷ ʥʘʩʪʽʣʴʥʦʛʦ 

ʪʝʥʽʩʫ [1]  ʚʠʤʘʛʘʻ ʰʚʠʜʢʦʾ ʦʙʨʦʙʢʠ ʜʘʥʠʭ, ʪʦ ʜʣʷ ʧʦʙʫʜʦʚʠ ʪʘʢʦʾ ʩʠʩʪʝʤʠ ʩʪʘʚʣʷʪʴʩʷ 

ʜʦʜʘʪʢʦʚʽ ʫʤʦʚʠ ʜʦ ʧʦʙʫʜʦʚʠ ʝʣʝʤʝʥʪʽʚ ʢʨʠʧʪʦʟʘʭʠʩʪʫ. ʆʩʥʦʚʥʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ 

ʝʣʝʤʝʥʪʽʚ ʢʨʠʧʪʦʟʘʭʠʩʪʫ ʨʦʟʨʦʙʣʶʚʘʥʦʾ ʩʠʩʪʝʤʠ ʻ ʩʪʽʡʢʽʩʪʴ, ʰʚʠʜʢʽʩʪʴ ʪʘ ʥʘʜʽʡʥʽʩʪʴ 

ʢʨʠʧʪʦʧʝʨʝʪʚʦʨʝʥʥʷ. ʆʪʞʝ, ʩʪʘʚʠʪʴʩʷ ʟʘʜʘʯʘ ʧʽʜʚʠʱʝʥʥʷ ʰʚʠʜʢʦʩʪʽ ʪʘ ʩʪʽʡʢʦʩʪʽ ʤʘʪʨʠʯʥʦʛʦ 

ʢʨʠʧʪʦʛʨʘʬʽʯʥʦʛʦ ʧʝʨʝʪʚʦʨʝʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʥʘ ʦʩʥʦʚʽ ʟʘʩʪʦʩʫʚʘʥʥʷ ʛʨʫʧʦʚʠʭ ʧʝʨʝʪʚʦʨʝʥʴ ʽ 

ʧʽʜʚʠʱʝʥʥʷ ʩʪʽʡʢʦʩʪʽ ʩʠʩʪʝʤʠ ʥʘ ʦʩʥʦʚʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʣʦʛʽʯʥʠʭ ʦʧʝʨʘʮʽʡ ʢʨʠʧʪʦʛʨʘʬʽʯʥʦʛʦ 

ʧʝʨʝʪʚʦʨʝʥʥʷ. 
 

ʈʦʟʚôʷʟʘʥʥʷ ʟʘʜʘʯʽ. ɼʣʷ ʨʦʟʨʦʙʢʠ ʝʣʝʤʝʥʪʽʚ ʢʨʠʧʪʦʟʘʭʠʩʪʫ ʙʫʜʫʪʴ ʚʠʢʦʨʠʩʪʘʥʽ 

ʫʜʦʩʢʦʥʘʣʝʥʽ ʤʦʜʝʣʽ, ʤʝʪʦʜʠ ʪʘ ʘʣʛʦʨʠʪʤʠ, ʷʢʽ ʟʘʙʝʟʧʝʯʫʶʪʴ ʧʽʜʚʠʱʝʥʥʷ ʩʪʽʡʢʦʩʪʽ ʪʘ 

ʰʚʠʜʢʦʩʪʽ ʢʨʠʧʪʦʧʝʨʝʪʚʦʨʝʥʥʷ. ɿʘʩʪʦʩʫʚʘʥʥʷ ʪʘʢʦʾ ʧʦʙʫʜʦʚʠ ʜʦʟʚʦʣʠʪʴ ʧʽʜʚʠʱʠʪʠ 

ʥʘʜʽʡʥʽʩʪʴ ʪʘ ʩʪʽʡʢʽʩʪʴ ʜʦ ʣʽʥʽʡʥʦʛʦ ʢʨʠʧʪʦʘʥʘʣʽʟʫ ʩʠʩʪʝʤʠ ʧʦʪʦʢʦʚʦʛʦ ʰʠʬʨʫʚʘʥʥʷ.  

ʆʩʢʽʣʴʢʠ ʚʩʽ ʜʚʦʭʦʧʝʨʘʥʜʥʽ ʦʧʝʨʘʮʽʾ ʢʨʠʧʪʦʛʨʘʬʽʯʥʦʛʦ ʧʝʨʝʪʚʦʨʝʥʥʷ ʽʥʬʦʨʤʘʮʽʾ 

ʤʦʞʥʘ ʚʽʜʥʝʩʪʠ ʜʦ ʤʘʪʨʠʯʥʠʭ ʦʧʝʨʘʮʽʡ ʢʨʠʧʪʦʧʝʨʝʪʚʦʨʝʥʥʷ, ʪʦʤʫ ʤʦʞʣʠʚʽʩʪʴ ʦʙʝʨʥʝʥʦʛʦ 

ʧʝʨʝʪʚʦʨʝʥʥʷ ʙʫʜʝʤʦ ʦʮʽʥʶʚʘʪʠ ʥʘ ʦʩʥʦʚʽ ʥʝʚʠʨʦʜʞʝʥʦʛʦ ʨʝʟʫʣʴʪʫʶʯʦʛʦ ʧʝʨʝʪʚʦʨʝʥʥʷ. 

ʄʘʪʨʠʯʥʽ ʦʧʝʨʘʮʽʾ ʢʨʠʧʪʦʛʨʘʬʽʯʥʦʛʦ ʧʝʨʝʪʚʦʨʝʥʥʷ, ʦʧʠʩʫʶʪʴʩʷ ʤʦʜʝʣʣʶ: 
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ʜʝ nij xxa ...];1,0[ 1Í   ï ʦʧʝʨʘʥʜʠ-ʨʦʟʨʷʜʠ ʚʽʜʧʦʚʽʜʥʦ; Ä  ï ʦʧʝʨʘʮʽʷ çʜʦʜʘʚʘʥʥʷ ʟʘ 

mod 2è.  

ʈʦʟʨʦʙʣʝʥʘ ʥʝʡʨʦʤʝʨʝʞʝʚʘ ʩʠʩʪʝʤʘ ʤʦʞʝ ʟʘʩʪʦʩʦʚʫʚʘʪʠʩʷ ʜʣʷ ʦʧʪʠʤʘʣʴʥʦʛʦ 

ʢʝʨʫʚʘʥʥʷ ʨʠʥʢʦʤ ʥʘʩʪʽʣʴʥʦʛʦ ʪʝʥʽʩʫ ʷʢ ʯʘʩʪʠʥʘ ʽʥʬʦʨʤʘʮʽʡʥʦ-ʢʦʥʩʫʣʴʪʘʪʠʚʥʦʾ ʧʽʜʩʠʩʪʝʤʠ 

ʜʣʷ ʩʫʙôʻʢʪʽʚ ʨʠʥʢʫ ʥʘʩʪʽʣʴʥʦʛʦ ʪʝʥʽʩʫ (ʨʠʩʫʥʦʢ 1). 

 

ɺʠʩʥʦʚʦʢ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʥʝʡʨʦʤʝʨʝʞʝʚʦʾ ʩʠʩʪʝʤʠ ʧʽʜʙʦʨʫ ʽʥʚʝʥʪʘʨʷ ʜʣʷ ʥʘʩʪʽʣʴʥʦʛʦ 

ʪʝʥʽʩʫ ʜʦʟʚʦʣʠʪʴ ʛʨʘʚʮʷʤ ʥʝ ʪʽʣʴʢʠ ʦʪʨʠʤʫʚʘʪʠ ʥʝʦʙʭʽʜʥʫ ʽʥʬʦʨʤʘʮʽʡʥʫ ʧʽʜʪʨʠʤʢʫ, ʘʣʝ ʽ 

ʟʜʘʪʥʘ ʟʘʙʝʟʧʝʯʠʪʠ ʧʦʪʨʽʙʥʠʡ ʨʽʚʝʥʴ ʟʘʭʠʩʪʫ ʚʽʜ ʥʝʩʘʥʢʮʽʦʥʦʚʘʥʦʛʦ ʜʦʩʪʫʧʫ ʟʘ ʨʘʭʫʥʦʢ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʝʣʝʤʝʥʪʽʚ ʢʨʠʧʪʦʟʘʭʠʩʪʫ. ʈʦʟʨʦʙʣʝʥʘ ʩʠʩʪʝʤʘ ʽʥʪʝʛʨʫʻ ʟʥʘʥʥʷ ʤʘʪʝʤʘʪʠʢʘ, 

ʧʨʦʛʨʘʤʽʩʪʘ ʽ ʝʢʩʧʝʨʪʘ ʚ ʦʙʣʘʩʪʽ ʽʥʚʝʥʪʘʨʷ ʟ ʥʘʩʪʽʣʴʥʦʛʦ ʪʝʥʽʩʫ ʽ ʦʢʨʽʤ ʮʴʦʛʦ ʟʜʘʪʥʘ 

ʟʘʙʝʟʧʝʯʠʪʠ ʟʙʝʨʝʞʝʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʚʽʜ ʚʪʨʫʯʘʥʥʷ.  
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ʈʠʩ. 1. ʆʧʪʠʤʘʣʴʥʝ ʢʝʨʫʚʘʥʥʷ ʨʠʥʢʦʤ ʥʘʩʪʽʣʴʥʦʛʦ ʪʝʥʽʩʫ 

 

ʉʧʠʩʦʢ ʚʠʢʦʨʠʩʪʘʥʠʭ ʜʞʝʨʝʣ 
1. ʊʘʟʝʪʜʽʥʦʚ, ɺ. ɸ., & ʉʠʩʦʻʥʢʦ, ʉ. ɺ. (2021). ʅʝʡʨʦʤʝʨʝʞʝʚʘ ʩʠʩʪʝʤʘ ʧʽʜʙʦʨʫ ʽʥʚʝʥʪʘʨʷ ʜʣʷ 
ʥʘʩʪʽʣʴʥʦʛʦ ʪʝʥʽʩʫ. ɺʽʩʥʠʢ ʏʝʨʢʘʩʴʢʦʛʦ ʜʝʨʞʘʚʥʦʛʦ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ, (1), 79ï85. 

https://doi.org/10.24025/2306-4412.1.2021.225999 

 

 

ʂʆʄʇʃɽʂʉʅɸ ʆʎɯʅʂɸ ɺɯɼʄʆɺ ʊɸ ʈʀɿʀʂɯɺ ɯʅʌʆʈʄɸʎɯʁʅʆɰ ʉʀʉʊɽʄʀ 

"ɺʆɼɯʁ-ʊʈɸʅʉʇʆʈʊʅʀʁ ɿɸʉɯɹ-ʉɽʈɽɼʆɺʀʑɽ" 

 

ʊʢʘʯ ɺ.1, ʃʠʪʦʚʯʝʥʢʦ ɺ.2, ʇʽʜʛʦʨʥʠʡ ʄ.3, ɹʘʨʚʽʥʦʢ ʈ.2, ʃʘʥʩʴʢʠʭ ɭ.ɺ.3 
1ʋʥʠʚʝʨʩʠʪʝʪ ɼʞʦʨʜʞʘ ʄʝʡʩʦʥʘ, ɺʽʨʜʞʠʥʽʷ, ʉʐɸ 

2ɼʝʨʞʘʚʥʠʡ ʥʘʫʢʦʚʦ-ʜʦʩʣʽʜʥʠʡ ʽʥʩʪʠʪʫʪ ʚʠʧʨʦʙʫʚʘʥʴ ʽ ʩʝʨʪʠʬʽʢʘʮʽʾ 

ʦʟʙʨʦʻʥʥʷ ʪʘ ʚʽʡʩʴʢʦʚʦʾ ʪʝʭʥʽʢʠ (ɼʅɼɯ ɺʉ ʆɺʊ), ʏʝʨʢʘʩʠ, ʋʢʨʘʾʥʘ 
3ʏʝʨʢʘʩʴʢʠʡ ʜʝʨʞʘʚʥʠʡ ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ (ʏɼʊʋ), ʏʝʨʢʘʩʠ, ʋʢʨʘʾʥʘ 

 
ɸʥʦʪʘʮʽʷ. ɺ ʩʪʘʪʪʽ ʥʘʜʘʥʦ ʨʝʟʫʣʴʪʘʪʠ ʢʦʤʧʣʝʢʩʥʦʛʦ ʦʮʽʥʶʚʘʥʥʷ ʦʙôʻʢʪʽʚ ʽʥʬʦʨʤʘʮʽʡʥʦʾ 

ʩʠʩʪʝʤʠ çʃʶʜʠʥʘ-ʪʨʘʥʩʧʦʨʪʥʠʡ ʟʘʩʽʙ-ʩʝʨʝʜʦʚʠʱʝè (ʃ-ʊɿ-ʉ). ʂʦʞʥʘ ʩʢʣʘʜʦʚʘ ʮʽʻʾ ʩʠʩʪʝʤʠ, 

ʬʫʥʢʮʽʦʥʫʻ ʷʢ ʩʧʝʮʠʬʽʯʥʘ ʚʽʜʦʢʨʝʤʣʝʥʘ ʩʠʩʪʝʤʘ, ʧʨʠ ʮʴʦʤʫ ʬʦʨʤʫʶʯʠʩʴ ʥʘ ʽʥʜʠʚʽʜʫʘʣʴʥʠʭ 

ʧʽʜʩʠʩʪʝʤʘʭ, ʟʽ ʩʚʦʾʤʠ ʢʦʥʢʨʝʪʥʠʤʠ ʧʨʠʟʥʘʯʝʥʥʷʤʠ ʪʘ ʬʫʥʢʮʽʷʤʠ. ʋ ʢʦʞʥʦʾ ʩʢʣʘʜʦʚʦʾ ʻ ʚʣʘʩʥʘ ʬʦʨʤʘ 

ʧʨʦʷʚʫ ʚʽʜʤʦʚ ʫ ʬʫʥʢʮʽʦʥʘʣʴʥʦʩʪʽ. ɸʣʝ ʦʙôʻʜʥʫʶʯʠʩʴ ʚ ʦʜʥʫ ʩʠʩʪʝʤʫ, ʚʠʥʠʢʘʶʪʴ ʧʨʠʯʠʥʠ 

ʬʦʨʤʫʚʘʥʥʷ ʥʦʚʦʛʦ ʚʠʜʫ ʚʽʜʤʦʚ ʩʢʣʘʜʦʚʠʭ. ʊʦʤʫ ʥʝʦʙʭʽʜʥʦ ʚʠʷʚʠʪʠ ʧʨʠʯʠʥʠ ʚʠʥʠʢʥʝʥʥʷ ʚʽʜʤʦʚ 

ʥʘʥʦʚʦ ʩʬʦʨʤʦʚʘʥʦʾ ʩʠʩʪʝʤʠ ʪʘ ʦʮʽʥʠʪʠ ʨʽʚʝʥʴ ʚʧʣʠʚʫ ʥʘ ʩʠʩʪʝʤʫ. ʆʮʽʥʶʚʘʥʥʷ ʧʨʦʚʦʜʠʣʦʩʴ ʰʣʷʭʦʤ 

ʩʧʽʚʩʪʘʚʣʝʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʦʧʠʪʫʚʘʥʥʷ ʛʨʫʧʠ ʨʝʩʧʦʥʜʝʥʪʽʚ ʪʘ ʚʠʩʥʦʚʢʽʚ ʝʢʩʧʝʨʪʽʚ ʫ 
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ʘʚʪʦʤʦʙʽʣʝʙʫʜʽʚʥʽʡ ʛʘʣʫʟʽ. ɺ ʧʫʙʣʽʢʘʮʽʾ ʨʦʟʛʣʷʥʫʪʦ ʢʦʤʧʣʝʢʩʥʠʡ ʧʽʜʭʽʜ ʘʥʘʣʽʟʫ ʧʨʠʯʠʥ ʪʘ ʥʘʩʣʽʜʢʫ 

ʚʽʜʤʦʚ (Failure Mode and Effects Analysis (FMEA)) ʃ-ʊɿ-ʉ ʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʜʽʘʛʨʘʤ ɯʰʽʢʘʚʠ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʦʮʽʥʢʘ ʨʠʟʠʢʽʚ, ʚʽʜʤʦʚʠ ʩʠʩʪʝʤ, ʤʝʪʦʜʠ ʘʥʘʣʽʟʫ, ʝʢʩʧʝʨʪʥʘ ʦʮʽʥʢʘ, FMEA, 

ʜʽʘʛʨʘʤʠ ɯʰʽʢʘʚʠ. 

 

COMPLEX ASSESSMENT OF FAILURES AND RI SKS OF THE "DRIVER -VEHICLE -

ENVIRONMENT" INFORMATIVE  SYSTEM 
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Abstract. The article presents the results of a comprehensive evaluation of the objects of the 

informative system "driver-vehicle-environment" (D ï V ï E). Each component of this system functions as 

a specific separate system, while being formed on individual subsystems, with their specific purposes and 

functions. Each component has its own form of failure in functionality. But combining into one system 

causes the formation of a new type of failure of components. Therefore, it is necessary to identify the causes 

of failures of the newly formed system and assess the level of impact on the system. The assessment was 

carried out by comparing the results of a survey of a group of respondents and the conclusions of experts in 

the automotive industry. The publication considers a comprehensive approach to the analysis of the causes 

and effects of failures (Failure Mode and Effects Analysis (FMEA)) of D ï V ï E using Ishikawa diagrams. 

Keywords: risk assessment, system failures, analysis methods, expert assessment, FMEA, Ishikawa 

diagrams. 

ɺʩʪʫʧ. ʂʦʞʥʘ ʩʢʣʘʜʦʚʘ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʩʠʩʪʝʤʠ ʃ-ʊɿ-ʉ ʤʦʞʝ ʽʩʥʫʚʘʪʠ ʪʘ ʜʽʷʪʠ, ʷʢ 

ʦʢʨʝʤʘ ʩʠʩʪʝʤʘ. ʇʨʠ ʾʭ ʧʦʻʜʥʘʥʥʽ ʚ ʻʜʠʥʫ ʩʠʩʪʝʤʫ ʚʠʥʠʢʘʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ʨʦʟʛʣʷʜʘʪʠ ʚʩʽ 

ʘʩʧʝʢʪʠ ʚʟʘʻʤʦʜʽʾ. ɺʠʥʠʢʘʶʪʴ ʥʦʚʽ ʢʨʠʪʝʨʽʾ ʟʘ ʷʢʠʤʠ ʩʠʩʪʝʤʘ ʬʫʥʢʮʽʦʥʫʻ. ɿ ʽʥʰʦʾ ʩʪʦʨʦʥʠ, 

ʥʘ ʥʘʥʦʚʦ ʩʬʦʨʤʦʚʘʥʫ ʩʠʩʪʝʤʫ ʜʽʶʪʴ ʬʘʢʪʦʨʠ, ʷʢʽ ʚʘʨʪʦ ʧʨʦʘʥʘʣʽʟʫʚʘʪʠ ʟ ʪʦʯʢʠ ʟʦʨʫ 

ʚʠʥʠʢʥʝʥʥʷ ʧʨʦʪʠʜʽʾ ʥʘʜʽʡʥʦʩʪʽ ʪʘ ʙʝʟʚʽʜʤʦʚʥʦʩʪʽ. ɼʣʷ ʮʴʦʛʦ ʙʫʣʦ ʧʨʦʚʝʜʝʥʦ ʦʧʠʪʫʚʘʥʥʷ 

ʣʶʜʝʡ, ʷʢʽ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʧʦʚôʷʟʘʥʽ ʟ ʽʥʬʦʨʤʘʮʽʡʥʦʶ ʩʠʩʪʝʤʦʶ ʃ-ʊɿ-ʉ [1]. ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ 

ʦʧʠʪʫʚʘʥʥʷ ʪʘ ʧʦʨʽʚʥʷʥʥʷ ʾʭ ʟ ʦʮʽʥʢʘʤʠ ʝʢʩʧʝʨʪʽʚ, ʙʫʣʦ ʚʠʟʥʘʯʝʥʦ ʬʘʢʪʦʨʠ ʚʧʣʠʚʫ ʥʘ 

ʬʫʥʢʮʽʦʥʘʣʴʥʽʩʪʴ ʩʠʩʪʝʤʠ ʃ-ʊɿ-ʉ. ʇʨʠ ʟʘʩʪʦʩʫʚʘʥʥʽ ʢʦʤʧʣʝʢʩʥʦʛʦ ʧʽʜʭʦʜʫ ʜʦ ʦʮʽʥʢʠ ʚʽʜʤʦʚ 

ʪʘ ʨʠʟʠʢʽʚ ʩʠʩʪʝʤʠ, ʙʫʣʦ ʚʠʚʝʜʝʥʦ ʛʨʘʜʘʮʽʶ ʨʽʚʥʽʚ ʟʥʘʯʠʤʦʩʪʽ ʬʘʢʪʦʨʽʚ. ɿʘʩʪʦʩʫʚʘʚʰʠ 

ʜʽʘʛʨʘʤʠ ɯʰʽʢʘʚʠ, ʘʚʪʦʨʠ ʧʫʙʣʽʢʘʮʽʾ ʚʠʷʚʠʣʠ ʚʟʘʻʤʦʟʚôʷʟʢʠ ʤʽʞ ʬʘʢʪʦʨʘʤʠ. ʊʠʤ ʩʘʤʝ ʥʘʜʘʥʦ 

ʨʝʢʦʤʝʥʜʘʮʽʾ ʜʣʷ ʫʩʫʥʝʥʥʷ ʚʧʣʠʚʫ ʬʘʢʪʦʨʽʚ ʥʘ ʩʠʩʪʝʤʫ ʃ-ʊɿ-ʉ. 

ʄʝʪʘ ʧʫʙʣʽʢʘʮʽʾ ï ʦʮʽʥʠʪʠ ʫʤʦʚʠ ʚʠʥʠʢʥʝʥʥʷ ʚʽʜʤʦʚ ʪʘ ʨʽʚʝʥʴ ʨʠʟʠʢʽʚ ʜʽʷʣʴʥʦʩʪʽ 

ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʩʠʩʪʝʤʠ ʃ-ʊɿ-ʉ ʟʘʩʪʦʩʫʚʘʚʰʠ ʢʦʤʧʣʝʢʩʥʠʡ ʧʽʜʭʽʜ ʘʥʘʣʽʟʫ ʧʨʠʯʠʥ ʪʘ 

ʥʘʩʣʽʜʢʽʚ ʚʽʜʤʦʚ ʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʜʽʘʛʨʘʤ ɯʰʽʢʘʚʠ. 

ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʠ. ɺ ʘʚʪʦʤʦʙʽʣʝʙʫʜʽʚʥʽʡ ʛʘʣʫʟʽ, ʘʢʪʫʘʣʴʥʦʶ ʧʨʦʙʣʝʤʦʶ ʚ ʘʥʘʣʽʟʽ 

ʨʠʟʠʢʽʚ ʪʘ ʦʮʽʥʮʽ ʚʽʜʤʦʚ ʻ ʟʘʙʝʟʧʝʯʝʥʥʷ ʙʝʟʧʝʢʠ ʚʟʘʻʤʦʜʽʾ ʤʽʞ ʣʶʜʠʥʦʶ, ʪʨʘʥʩʧʦʨʪʥʠʤ 

ʟʘʩʦʙʦʤ ʪʘ ʥʘʚʢʦʣʠʰʥʽʤ ʩʝʨʝʜʦʚʠʱʝʤ. ʈʦʟʛʣʷʜʘʶʯʠ ʩʠʩʪʝʤʫ ʃ-ʊɿ-ʉ, ʷʢ ʩʠʩʪʝʤʫ 

ʚʟʘʻʤʦʧʦʚôʷʟʘʥʠʭ ʨʽʟʥʦʥʘʧʨʘʚʣʝʥʠʭ ʩʠʩʪʝʤ, ʧʨʷʤʠʡ ʚʧʣʠʚ ʥʘ ʩʪʘʜʽʾ ʞʠʪʪʻʚʦʛʦ ʮʠʢʣʫ ʮʽʻʾ 

ʩʠʩʪʝʤʠ ʩʪʚʦʨʶʻʪʴʩʷ ʧʨʠ ʝʢʩʧʣʫʘʪʘʮʽʾ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʟʘʩʦʙʫ (ʊɿ). ʈʽʟʥʦʤʘʥʽʪʥʽʩʪʴ ʟʘ 

ʭʘʨʘʢʪʝʨʦʤ ʬʘʢʪʦʨʽʚ ʚʧʣʠʚʫ ʟʙʽʣʴʰʫʻ ʡʤʦʚʽʨʥʽʩʪʴ ʚʠʭʦʜʫ ʟ ʣʘʜʫ ʚʩʽʻʾ ʩʠʩʪʝʤʠ, ʥʘʚʽʪʴ ʤʦʞʝ 

ʧʨʠʟʚʝʩʪʠ ʜʦ ʘʚʘʨʽʡʥʠʭ ʪʘ ʢʘʪʘʩʪʨʦʬʽʯʥʠʭ ʥʘʩʣʽʜʢʽʚ. ʊʦʤʫ ʥʝʦʙʭʽʜʥʦ ʚʨʘʭʦʚʫʚʘʪʠ ʚʩʽ 

ʤʦʞʣʠʚʽ ʫʤʦʚʠ ʚʠʥʠʢʥʝʥʥʷ ʜʽʾ ʬʘʢʪʦʨʽʚ ʥʘ ʩʠʩʪʝʤʫ ʪʘ ʫʥʠʢʘʪʠ ʾʭ ʥʘ ʩʪʘʜʽʾ ʧʨʦʝʢʪʫʚʘʥʥʷ ʪʘ 

ʚʠʛʦʪʦʚʣʝʥʥʷ ʊɿ. ɼʣʷ ʮʴʦʛʦ ʥʝʦʙʭʽʜʥʦ ʨʦʟʨʦʙʠʪʠ ʩʠʩʪʝʤʫ ʦʮʽʥʢʠ ʜʽʡ ʬʘʢʪʦʨʽʚ ʪʘ ʧʨʦʚʝʩʪʠ 

ʾʭ ʛʨʘʜʘʮʽʶ ʟʘ ʨʽʚʥʷʤʠ. 

ʈʦʟʚôʷʟʘʥʥʷ ʧʨʦʙʣʝʤʠ. ʆʩʦʙʣʠʚʽʩʪʴ FMEA-ʘʥʘʣʽʟʫ ʚ ʡʦʛʦ ʫʥʽʚʝʨʩʘʣʴʥʦʩʪʽ ʪʘ 

ʙʘʛʘʪʦʢʨʠʪʝʨʽʘʣʴʥʦʩʪʽ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʘʥʘʣʽʟʫ [3]. FMEA ʨʦʟʛʣʷʜʘʻ ʚʩʽ ʚʠʜʠ 

ʚʽʜʤʦʚ ʧʦ ʢʦʞʥʦʤʫ ʝʣʝʤʝʥʪʫ ʦʙôʻʢʪʫ ʽ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʜʣʷ ʡʦʛʦ ʷʢʽʩʥʦʾ ʦʮʽʥʢʠ ʥʘ ʚʩʽʭ ʩʪʘʜʽʷʭ 

ɾʎ ʜʦʩʣʽʜʞʫʚʘʥʦʛʦ ʦʙôʻʢʪʫ. ʊʘʢʠʡ ʘʥʘʣʽʟ ʜʦʟʚʦʣʷʻ ʚʩʪʘʥʦʚʠʪʠ ʥʝʦʙʭʽʜʥʽʩʪʴ ʚʥʝʩʝʥʥʷ ʟʤʽʥ 
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ʚ ʢʦʥʩʪʨʫʢʮʽʶ (ʧʨʦʜʫʢʪ ʯʠ ʧʨʦʮʝʩ) ʽ ʦʮʽʥʠʪʠ ʾʭ ʚʧʣʠʚ ʥʘ ʥʘʜʽʡʥʽʩʪʴ ʦʙôʻʢʪʫ. ɿʘʚʜʷʢʠ FMEA-

ʘʥʘʣʽʟʫ ʥʘʜʘʶʪʴʩʷ ʢʽʣʴʢʽʩʥʽ ʧʦʢʘʟʥʠʢʠ ʘʥʘʣʽʟʫ ʧʦ ʜʝʩʷʪʠʙʘʣʴʥʽʡ ʰʢʘʣʽ. ɿʥʘʯʝʥʥʷ ʦʮʽʥʢʠ 

ʥʘʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʧʦʙʫʜʦʚʠ ʨʽʚʥʽʚ ʥʝʙʝʟʧʝʢʠ ʘʙʦ ʝʬʝʢʪʠʚʥʦʩʪʽ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʩʢʣʘʜʦʚʠʭ 

ʩʠʩʪʝʤʠ ʃ-ʊɿ-ʉ. ɿʛʽʜʥʦ ʟ ʤʝʪʦʜʠʢʦʶ FMEA, ʢʦʞʥʠʡ ʜʝʬʝʢʪ ʽ ʧʨʠʯʠʥʫ ʜʝʬʝʢʪʫ ʦʮʽʥʶʶʪʴ 

ʝʢʩʧʝʨʪʥʦ ʧʦ ʪʨʴʦʤ ʢʨʠʪʝʨʽʷʤ ʟʘ ʜʝʩʷʪʠʙʘʣʴʥʦʶ ʰʢʘʣʦʶ: ʟʥʘʯʠʤʽʩʪʴ (severity); ʡʤʦʚʽʨʥʽʩʪʴ 

ʚʠʥʠʢʥʝʥʥʷ (occurrence); ʡʤʦʚʽʨʥʽʩʪʴ ʚʠʷʚʣʝʥʥʷ (detection). ɼʽʘʛʨʘʤʠ ɯʰʽʢʘʚʠ ʚʽʟʫʘʣʴʥʦ 

ʨʦʟʧʦʜʽʣʷʻ ʚʣʘʩʪʠʚʦʩʪʽ (ʫʤʦʚʠ, ʬʘʢʪʦʨʠ ʪʘ ʢʨʠʪʝʨʽʾ) ʚʽʜʤʦʚʠ ʥʘ ʤʽʥʽʤʫʤ ʧôʷʪʴ ʩʢʣʘʜʦʚʠʭ, ʱʦ 

ʩʧʨʠʯʠʥʠʣʠ ʾʾ: ʪʝʭʥʦʣʦʛʽʷ, ʦʙʣʘʜʥʘʥʥʷ, ʣʶʜʠʥʘ, ʤʝʪʦʜʦʣʦʛʽʷ ʪʘ ʚʠʤʽʨʶʚʘʥʥʷ. ɺʽʜʪʚʦʨʶʶʯʠ 

ʟʘ ʪʘʢʦʶ ʩʪʨʫʢʪʫʨʦʶ ʚʽʜʤʦʚʠ, ʻ ʤʦʞʣʠʚʽʩʪʴ ʧʦʚôʷʟʘʪʠ ʨʽʟʥʦʥʘʧʨʘʚʣʝʥʽ ʧʨʠʯʠʥʠ ʚʠʥʠʢʥʝʥʥʷ 

ʚʽʜʤʦʚ ʜʦ ʦʜʥʦʾ ʛʨʫʧʠ. ʎʝ ʥʘʜʘʩʪʴ ʟʤʦʛʫ ʚʠʷʚʠʪʠ ʚʟʘʻʤʦʟʚôʷʟʢʠ ʤʽʞ ʚʽʜʤʦʚʘʤʠ, ʪʠʤ ʩʘʤʝ 

ʚʠʨʽʰʫʶʯʠ ʦʜʥʫ ʧʨʦʙʣʝʤʫ, ʧʦʨʫʰʠʪʠ ʣʘʥʮʶʛ ʟ ʥʠʤʠ ʚʟʘʻʤʦʧʦʚôʷʟʘʥʠʭ. 

ɺʠʩʥʦʚʦʢ. ʂʦʤʧʣʝʢʩʥʠʡ ʧʽʜʭʽʜ ʘʥʘʣʽʟʫ ʧʨʠʯʠʥ ʪʘ ʥʘʩʣʽʜʢʽʚ ʚʽʜʤʦʚ ʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ 

ʜʽʘʛʨʘʤ ɯʰʽʢʘʚʠ ʥʘʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʝʢʩʧʝʨʪʫ ʟ ʦʮʽʥʢʠ ʫʤʦʚ ʚʠʥʠʢʥʝʥʥʷ ʚʽʜʤʦʚ ʪʘ ʨʽʚʥʷ 

ʨʠʟʠʢʽʚ ʜʽʷʣʴʥʦʩʪʽ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʩʠʩʪʝʤʠ ʃ-ʊɿ-ʉ ʦʪʨʠʤʘʪʠ ʢʽʣʴʢʽʩʥʫ ʪʘ ʷʢʽʩʥʫ ʦʮʽʥʢʠ ʧʦʜʽʡ 

ʪʘ ʾʭ ʥʘʩʣʽʜʢʽʚ. ɿʘʚʜʷʢʠ ʦʪʨʠʤʘʥʠʤ ʦʮʽʥʢʘʤ, ʝʢʩʧʝʨʪ ʤʘʻ ʟʤʦʛʫ ʩʫʧʨʦʚʦʜʞʫʚʘʪʠ 

ʽʥʬʦʨʤʘʮʽʡʥʫ ʩʠʩʪʝʤʫ ʃ-ʊɿ-ʉ ʥʘ ʚʩʽʭ ʝʪʘʧʘʭ ʞʠʪʪʻʚʦʛʦ ʮʠʢʣʫ, ʟ ʧʦʜʘʣʴʰʠʤ ʫʜʦʩʢʦʥʘʣʝʥʥʷʤ 

ʪʘ ʢʦʨʝʛʫʚʘʥʥʷʤ. ʊʘʢʠʡ ʧʽʜʭʽʜ ʬʦʨʤʫʻ ʦʩʥʦʚʠ ʩʪʚʦʨʝʥʥʷ ʝʬʝʢʪʠʚʥʦʾ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʾ 

ʩʠʩʪʝʤʠ ʢʝʨʫʚʘʥʥʷ ʊɿ. 
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Abstract. According to the Disability Equality Act (BGG), people with disabilities shouldn't face 

disadvantages. An equal and independent participation in the modern information and communication 

society also requires the unrestricted Access to digital content and applications. However, the visual 

alignment of todayôs graphical user interfaces can be ʘ considerable hurdle for blind and visually impaired 

people. To overcome this, the development of suitable tools and interaction techniques for the use of 

computers is essential. 

Keywords: Tactile interaction, Haptics, Flat Braille, Kinesthetic, Exoskeleton. 

 

Introduction.  For the interaction between humans and computers, not only their respective 

properties and requirements are important, but also the context in which the interaction takes place. 

In addition to the application environment, the Association for Computing Machinery (ACM) [1] 

includes an overview of human-computer interaction [1]. Accordingly, the development process of 

interactive systems must consider suitable design approaches and adaptation options based on the 

context as well as suitable evaluation techniques to ensure usable implementations. 

The purpose of the work. The work aims to check the extent to which ʘ flat Braille display 

enables blind people to use graphical user interfaces (GUIs) effectively and efficiently. 

Conventional screen readers allow working with GUIs via speech synthesis, but there are numerous 

applications with ʘ high graphic content that need more than just text-based outputs to function, in 

addition to access to the GUIs itself and reading. 

Formulation of the problem. Blind people have been using so-called screen readers [2] for 

more than 25 years to interact with graphical user interfaces. These are used to prepare interaction 

elements and other screen contents in ʘ textual representation to output them audibly via speech and 

tactile via Braille display. Due to the serial output of text and language, spatial relationships and 

graphic information can only be conveyed to ʘ limited extent. Conventional tactile graphics can be 

ʘ useful addition, but it is usually time-consuming and costly to create. Furthermore, not only a new 

tactile graphic must be made for every modification, but dynamic displays are also difficult to 

communicate. 

Solving the problem. Texts are an important aspect, especially when working with graphics. 

Consistent organization of the contents is helpful to facilitate operation on ʘ tactile area display. For 

this purpose, ʘ new type of tactile window system was implemented, which not only divides the 

output into several disjoint areas, but also supports various tactile display types. 

To systematize the design and evaluation of such tactile user interfaces and the user 

interactions that take place in them, the development of taxonomy can be helpful. The aspects of 

human-computer interaction defined by the ɸCM from Figure 1 can be used as the basis for 

determining ʘ corresponding design space. Because of this, it is necessary to include more than just 

the interaction itself, but also the properties of the user and the device, and to take the application 

context and the development process into account [3]. In this paper, the remainder is primarily 

addressed by closely examining the evolution phase.  

The work is divided into two parts, one of which is devoted to ʘ close look at the target group 

(blind people), the target device (tactile pin board) and the target system (tactile window system). 

The taxonomy of tactile interaction is also being developed to systematize the corresponding design 
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space. In the latter part, the knowledge from the first part is applied, to evaluate various aspects of 

the tactile interaction on the pen plate. 

 

  
Fig. 1. Aspects of human-computer interaction 

Conclusion. Blind people have numerous tools at their disposal for equal and independent 

participation in the modern digitized world. Conventional screen readers and Braille lines allow 

efficient access to the textual content of ʘ graphical user interfaces. If facts are also to be conveyed 

visually, tactile graphics are often used. Due to the analog nature of these materials, their 

distribution and modification are usually very cumbersome. Novel tactile surface displays can be ʘ 

suitable solution for this, since they also enable blind people to have interactive access to graphic 

representations. The novelty of the present work resides, on the one hand, in the development of 

taxonomy for tactile interaction, and, on the other hand, in the concrete recommendations for the 

implementation of user interfaces on flat Braille displays. The taxonomy can support developers in 

the systematic design and evolution of tactile user interfaces. Also, the present work can help to 

develop effective and efficient tactile user interfaces for graphical-tactile displays. 
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Abstract. Examined variables affecting the reliability of informational signals, leading to distortion 

in the quantity of information regarding emergency indicators of technological parameters in power 

equipment. Suggested employing fractal-cluster theory to describe random informational signals deviating 

from standard process parameters in power unit operations. Noted variations in the informational phase space 

volume, characterized by the informational fractal dimension, typically expressed in decimals. This 

observation pertains to random information signals exhibiting accidental traits, correlating with fluctuations 

in information quality within the information space. Derived analytical expressions enable the correlation 

between the enhancement of information quality in random signal indicators and changes in the 

informational dimension of the fractal signal concerning space coordinates and real-time data. 

Keywords: Information processing process, fractal cluster model, emergency signs, reliability criteria. 

 

Introduction . The primary function of power systems lies in their structure as dynamic 

systems governed by deterministic laws, giving rise to discrete or continuous-time systems often 

accompanied by chaotic phenomena. Despite being deterministic, these systems exhibit random 

nonlinear behavior, modeled by nonlinear differential equations. The literature discusses control 

methods for chaotic systems based on models like Chua, Lorenz, and Ressler. However, existing 

methods fail to consider the heterogeneous properties of unstable structures with dynamic chaos in 

space and time, potentially leading to information loss on faults and accidents. The synergistic 

approach with elements of fractal-cluster theory highlights discrepancies in system functions and 

tasks, necessitating a developed mathematical apparatus for accurate data processing. 

The purpose of the work. Was developed methods of fractal detection of emergency 

indications in the process data area on the basis of the study of loss of energy of chaotic random 

signals using elements of fractal ï cluster theory. 

Formulation of the problem. The problem lies in the incapability of existing methods for 

managing dynamic chaos in power systems to consider the heterogeneous properties of unstable 

structures with dynamic chaos in space and time. This may result in loss of information about faults 

and accidents, limiting the system's ability to adequately respond to emergency situations. 

Solving the problem. The development of the cluster and dynamic fractal cluster model 

aimed to enhance the reliability of Information Management Systems (IMS) within power station 

Automated Process Control Systems (APCS) by leveraging fractal-cluster theory. It was observed 

that as random informational signals traverse the information space, the volume's fullness changes, 

influenced by the energy and power of the fractal signal (Fig.1).  

The most relevant fractal dimension, encompassing dimensions like correlation and point-to-

point, characterizes the information space's fullness, with the information fractal dimension 

represented as a decimal indicating how the space is filled by in form or time series. Additionally, 

the changing amount of information in the memory volume of IMS was found to be connected to 

the fluctuation of random information signals through the information space. It was observed that 

an increase in information occurs as random signals pass through the IMS information space, 

forming local information diversity resembling a strange attractor. This suggests that emergency 

signs exist in random information signals traversing the informational space, with the information 

fractal dimension changing accordingly. Considering this, harmonizing the information fractal 

dimension of random signals with known parameters improves the quality of information of known 

parameters. The research also explored new analytical dependencies for dynamic space-time 

models through the cluster model, allowing for a connection between information about emergency 

signs and variations in technological parameters. The practical results obtained allow for the timely 

identification of incorrect information, enabling a prompt response to emergency indicators or a 

reduction in the occurrence of spam and failures, thus increasing the reliability criteria of IMS 
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within power station APCS. It is essential to note that specific assumptions and restrictions were 

introduced during the development of the dynamic fractal cluster model for the structure of the 

information space within the power station's IMS. The technological process, depicted as a dynamic 

system in the information space, is characterized by randomness, chaos, instability, non-linearity, 

and autonomy in a three-dimensional phase space. 

 

 
 

ʘ) b) 

Fig. 1. Graphical representation of the form of cluster-cluster aggregations (a) in process of 

a random information signal encountering obstacles (b): 
VʢʢNQ  ï volume the cluster of 

aggregations with normalized signal values about the parameters of technological process; 

VʢʢrdQ ï volume of cluster-cluster aggregations with emergency signs;  

 

Dynamic variables such as space coordinates and time characterize the time it takes for 

parameters to return to normalized values since the technological cycle. This comprehensive 

approach addresses the complex nature of power station operations, contributing to improved 

system reliability and a timely response to emergencies. 

Conclusion. A technique for identifying emergency indicators during deviations from 

standard process parameters has been suggested. This method involves evaluating the fractal 

characteristics of the phase data space volume as random data signals, exhibiting both quantitative 

and qualitative changes in fractal and information dimensions, traverse through it. Additionally, it 

has been demonstrated that alterations in the volume of data space in random chaotic systems 

correspond to changes in signal energy within that volume. The potential loss of energy is linked to 

variations in dimensions within fractal structures of cluster-cluster aggregations in three-

dimensional phase space.  
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Abstract. The problem of contamination of near-Earth space with "space debris" emerged as a purely 

theoretical one practically after the launch of the first artificial Earth satellites in the late 1950s. The increase 

in the proportion of small and medium-sized space debris leads to a decrease in the transparency of the near-

Earth region, disrupting the balance of Earth's light and heat exchange. Fuel components, including heptyl, 

that reach the surface are potent carcinogens. At present, a number of models have been developed to assess 

the state and forecast the contamination of near-Earth space. It should be noted that all these models predict 

exponential growth of defunct objects in the future.  

Keywords: space debris, active space object, statistical methods, modeling 

 

Introduction. Currently, there are no measurement tools for monitoring small elements of 

space debris. The goal of the work is to improve the probabilistic-statistical approach for assessing 

potential collisions of active spacecraft with small spent objects. In this context, information 

technologies play a crucial role in ensuring the safety of space missions and managing space by 

calculating collision probabilities and developing appropriate risk management strategies. 

The purpose of the work. In this work, we propose a method for calculating the probability 

of potential collisions between space objects as they pass through object-distributed formations of 

space debris. 

Formulation of the problem. Currently, several models have been developed to assess the 

state and forecast the cluttering of near-Earth space. It should be noted that the application of some 

models yields contradictory results due to the probabilistic nature of the collected data. Tracking 

and evaluating small fragments of space debris can only be achieved through the use of statistical 

methods. 

Solving the problem. As of August 10, 2023, according to data from the European Space 

Agency (ESA) [1], there are 32,690 cataloged and regularly tracked objects of space debris with a 

total mass of over 10,900 tons on all near-Earth orbits. The issue of space debris is discussed within 

the framework of the Committee on Space Research (COSPAR), the International Academy of 

Astronautics (IAA), the International Astronautical Federation (IAF), the International Institute of 

Space Law (IISL), as well as the Association of International Law and other international forums. 

For large and noticeable objects of space debris, methods for their removal from orbits around 

the Earth are being developed and improved. Some of these methods have already been successfully 

tested, such as the method using an electrostatic field, laser ablation method [2], as well as the 

method using harpoons and nets for capturing and removing objects. Authors [3] presented 

technical developments of the ground-based radar SSM, which potentially can detect some 

relatively small debris fragments. Technology for space debris removal called ADR is described in 

[4], which allows restraining its exponential growth through collisions and stabilizing its quantity 

at an acceptable level. However, as noted by the authors, this technology requires further 

refinement. 

We consider that during the disk's motion through a cloud of space debris fragments, a certain 

volume V is formed, which changes over time, i.e. ὠ ὠὸ. In this case, the trajectory of the disk's 

motion ὠὸ throught the volume can be e[pressed as Ὓ Ὓὸ. If the trajectory Ὓὸ of the disk is 

such that the disk passed throught point A at time t = tϛ and throught point D at time t = tϜ, than  

ὠὸ π  and  ὠὸ ὠ , 

where ὠ is the total dynamic volume formed by the disk's motion along the trajectory S(t) 

from point A(tϛ) to point B(tϜ). 
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We assume that the fragments of space debris in the cloud have a uniform density, and at any 

given moment, two volumes V(t) are equal to each other, i.e., 

ὠ ὠὸȟ ὠ ὠὸ , 

ὖ  ᶰ ὖ   ɴ ὅὴή ȟ 

where  ὴ
ὠ
ὠȟή ρ ὴ. 

Under the condition that the volume remains constant over time, we have: 

ὖ   ɴ  ὅ ὖ     ȟ . 

The probability of a disk colliding with n fragments of space debris during a time interval ʃ 
is determined as follows: 

ὖ ὸ ὖ        ȟ   ȟ       ȟ   , 

ὖ ὸ π for  Ὧ π  ̔ ὖὸ ρ  for the initial state  Ὁ. 

Assuming that the time interval ЎὸO π, and the process of random collisions with space 

debris objects is a Poisson process. Thus, the probability of a disk colliding with fragments of space 

debris during a short time interval has the following form: 

                                ὖ ὔ
Ўὠὸ

ὠὸ
ὔ
Ўὠὸ

Ўὸ

ρ

ὠὸ
Ўὸȟ     ЎὸO ὸȢ                                 

The process of random collisions of particles with a moving object can be represented as 

follows: 

            ὖ ὸ Ўὸ ὖ ὸὡ ὸЎὸ ὖ ὸρ ὡ ὸЎὸ έЎὸȟ         

wtere ὡ ὸ ὔ
Ў

Ў
. 

The number of collisions within a time interval  

ὠ ὃ ὺὸὨὸȟ  

wtere ὃ  the area of the disk 

Obtain the probability 

ὖ ὸ
Ȧ
ὔ

Ў
Ὡὼὴὔ

Ў
. 

Conclusion. Thus, the distribution laws have been determined and the probability of collision 

between space debris fragments and an active space object has been found. The presented 

calculations will allow minimizing collisions of active objects with small debris elements and 

preventing the occurrence of a cascade effect. 
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Abstract. Detecting anomalies is valuable for preventing system failures and enhancing automated 

system efficiency. Employing various sensors within automated systems makes it possible to gather data 

about specific system parameters, enabling real-time monitoring. However, visualizing system indicators 

and analyzing them visually is not efficient, leading to unnecessary human resource consumption. 

Alternatively, setting sensor threshold values allows the system to alert if any parameter surpasses them. Yet, 

this approach isn't foolproof; abnormal readings within these limits may go unnoticed or changes in sensor 

range might generate numerous false alerts. Anomaly detection in time series data is critical in identifying 

unexpected events, irregular patterns, and deviations from normal behaviour. This research explores various 

methodologies for detecting time series data anomalies, emphasizing classical statistical approaches and 

modern machine-learning techniques.  

Keywords: Anomaly, Recurrent Neural Networks, Anomaly Detection, Time Series. 

 

Introduction  and problem statement. In the digital transformation era, many industries use 

automated control systems, which often experience anomalies in their operation. Detecting 

anomalies is valuable for preventing system failures and enhancing automated system efficiency. 

Employing various sensors within automated systems makes it possible to gather data about specific 

system parameters, enabling real-time monitoring. However, visualizing system indicators and 

analyzing them visually is not efficient, leading to unnecessary human resource consumption. 

Alternatively, setting sensor threshold values allows the system to alert if any parameter surpasses 

them. Yet, this approach isn't foolproof; abnormal readings within these limits may go unnoticed or 

changes in sensor range might generate numerous false alerts. Anomaly detection in time series 

data is critical in identifying unexpected events, irregular patterns, and deviations from normal 

behaviour [1; 2].  

Work goal. This research explores various methodologies for detecting time series data 

anomalies, emphasizing classical statistical approaches and modern machine-learning techniques. 

Results. An anomaly is an observation or data point significantly deviating from a dataset's 

expected or normal behaviour. Anomalies are often unexpected and rare and can indicate unusual 

patterns, errors, or potential issues. Detecting anomalies is crucial in various domains, including 

finance, cybersecurity, healthcare, and industrial processes. Effective anomaly detection helps 

improve decision-making and system reliability. The following types of anomalies can be defined: 

anomalies can be categorized as point anomalies (single data points), contextual anomalies (context-

dependent deviations), and collective anomalies (groups of related data points). 

Point Anomalies: refer to individual data points that significantly deviate from the expected 

behavior. An example of this type can be:  

1. Credit card fraud: a single transaction with an unusually large amount compared to the 

userôs typical spending pattern. 

2. Sensor readings: a sudden spike in temperature readings from a temperature sensor due to 

a malfunction. 

3. Stock market: an extreme stock price movement (e.g., flash crash) that stands out from the 

regular fluctuations. 

Contextual anomalies depend on the context or surrounding conditions. They may not be 

anomalous in all situations. Example of this type: 

1. Web traffic: a sudden increase in website traffic during a significant event (e.g., Black 

Friday) is standard but would be anomalous during off-peak hours. 
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2. Temperature: a temperature of 100ÁF might be typical in summer but anomalous in winter. 

3. Network latency: a delay in data transmission might be acceptable during non-peak hours 

but anomalous during critical real-time. 

Collective anomalies involve groups of related data points that exhibit abnormal behaviour 

together. Example of this type: 

1. Network attacks: a coordinated Distributed Denial of Service (DDoS) attack involving 

multiple IP addresses targeting a server. 

2. Power grid: a sudden drop in voltage across multiple substations due to a system-wide 

fault. 

3. Health monitoring: abnormal heart rate patterns across multiple patients in a hospital ward. 

It can be detected using different methods and algorithms based on anomaly type. First of 

all, it can be detected by statistical methods like: 

1. Z-Score and Modified Z-Score: detect anomalies based on standard deviations from the 

mean. 

2. Percentile-based methods: Identify anomalies using percentiles (e.g., Tukeyôs fences). 

3. Seasonal decomposition: Separate seasonal and trend components for anomaly detection. 

Another variant uses machine learning methods to predict and match value with actual value 

[1; 2]. One of the most popular methods to detect anomalies in time series data is Recurrent Neural 

networks like LSTM or GRU, which can predict a time series based on previous learning data and 

calculate differences between actual and predicted values. In this case, it is necessary to set the 

correct parameters to show whether the difference between the real and the predicted data is an 

anomaly. 

In anomaly detection, it is necessary to pay attention to different challenges in this process 

because data can change, and the method or algorithm should be ready to adapt to changing data 

distributions over time. Another problem is that data can be imbalanced, and it is necessary to pay 

attention to prepare your data correctly by using normalization and standardization. Another 

challenge is anomaly detection in multivariate time series, as there is a need to understand the 

relation between different features. The last challenge is practical insights and limitations; we need 

to understand how far predicted values should be located from the actual point and the definition of 

anomaly for the current task. 

Conclusions. This research contributes to anomaly detection by providing a comprehensive 

overview of techniques, practical guidelines, and insights for researchers, practitioners, and 

decision-makers. 

 

References 
1. Jony, A.I., Arnob, A.K.B.: A long short-term memory based approach for detecting cyber attacks in IoT 

using CIC-IoT2023 dataset. Journal of Edge Computing. 2024. doi: https://doi.org/10.55056/jec.648 

2. Hodlevskyi, Y. O., Vakaliuk, T. A., Chyzhmotria, O. V., Chyzhmotria, O. G., Vlasenko, O. V.: Finding 

Anomalies in the Operation of Automated Control Systems Using Machine Learning. In: CEUR 

Workshop Proceedings 3373, pp. 681ï698 (2023). URL: https://ceur-ws.org/Vol-3373/ paper47.pdf 

 

 

 

 

 

 

 

 

 

 

 



31 

 

AUTOMATED MODE OF IMPROVEMENT OF THE QUALITY CONTROL SYSTEM 

FOR NUCLEAR REACTOR FUEL ELEMENT SHELL TIGHTNESS  
 

Khomiak E.1, Trishch R.1,2, Zabolotnyi O.1, Cherniak O.3, Lutai L. 1, Katrich O. 1 
1National Aerospace University, Kharkiv Aviation Institute, Kharkiv, Ukraine 

2Mykolas Romeris Universiti, Vilnius, Lithuania 
3Ukrainian Engineering Pedagogics Academy, Kharkiv, Ukraine 

 

Abstract. The article deals with the problem of quality control of the tightness of the shell of nuclear 

reactor fuel elements. It is proposed to improve the control system by introducing an information and 

measuring module for detecting defects as a subsystem of the automated process control system of a nuclear 

power unit. The algorithm of the fractal method of quality control is present-ed, which determines the 

sequence of operations to determine the location, type and size of defects on the surface of the shells by 

calculating the fractal dimension indicators. A block diagram of the computing module for implementing 

the algorithm for estimating the fractal dimension of defects in the shell material was developed. The 

structural and functional scheme of the system was improved by integrating a computing module that 

provides data processing on the quality of the seal and the transfer of information to the control system. 

The practical value lies in the information and measuring unit for detecting defects, which allows real-time 

assessment of the quality of the shells' tightness and transmitting data to an automated workstation for 

making decisions on the operation of leaky fuel elements. 

Keywords: Automated Control System, Shell Tightness Quality Control, Fuel Element, Information 

and Measuring Module. 

 

Introduction . Ensuring the reliable and safe operation of nuclear reactors is a critical task 

for the nuclear power industry. One of the key elements that determines the reliability and safety 

of a reactor is the tightness of the fuel element shell (FES) [1, 2].  

The fuel element is a barrier that keeps nuclear fuel fission products inside and prevents 

them from entering the environment. Loss of shell integrity can lead to serious consequences, such 

as contamination of the coolant, impaired heat removal, and the risk of severe accidents. At modern 

nuclear power plants, the containment monitoring system does not provide information on the 

quality of the fuel element containment parameters in an automated manner [3, 4]. 

The purpose of the work. The aim of the work is to develop an information and measuring 

module for the system for monitoring the tightness of the fuel element shell. This module will 

allow automated transmission of information to the workplace of a nuclear power plant operator. 

Information on the quality of the state of the fuel element shell parameters in real time. 

Formulation of the problem. Traditional methods of fuel element shell tightness control 

used at nuclear power plants: hydraulic, penalty, gas, eddy current, magnetic, capillary and 

electrographic, and others, have a number of disadvantages, including limited accuracy, labor 

intensity and inability to detect small defects at early stages of depressurization. All the methods 

used in the shell tightness monitoring system start their work only when the fuel element 

depressurization has already occurred. 

Therefore, timely and efficient quality control of fuel element shell and transfer of this 

information to the operator's workstation in an automated mode is an extremely important task. 

Solving the problem. To control the tightness of fuel element shell, a specialized 

information and measurement module integrated into the automated process control system 

(APCS) of a nuclear power unit is proposed. This module implements the developed algorithm for 

detecting defects in fuel element shell based on fractal data analysis, which allows determining the 

location, type, and size of defects in real time. 

The key advantage of the developed approach is the ability to continuously monitor the state 

of tightness of the shells and promptly transfer data to an automated workstation. This ensures 

timely detection of leaky fuel assemblies and allows making informed decisions on their further 

operation or removal from the reactor. 

To implement the algorithm, specialized software and hardware of the information and 
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measurement module was developed. The module is capable of collecting data on the condition of 

fuel element shells, processing them in real time and determining the presence, location, type and 

size of defects. The obtained data on the state of tightness of fuel element shell is transmitted to 

the automated workstation of the process control system operator to make decisions on further 

operation or removal of leaking fuel elements from the reactor. 

In order to combine the computing module of the fuel rod shell density control system with 

the software and computer complex of the NPP power unit's automated process control system, 

the information and algorithmic scheme of the automated process control system was improved 

during the operation of the module for detecting defects in fuel rod shell in emergency modes of 

NPP power unit operation (Fig. 1). 

 

Fig. 1. Improved structural and functional system of the shell of the fuel element of the nuclear 

reactor tightness control system. 
 

Conclusion. The use of an information and measuring unit for detecting and measuring 

defects in fuel element shell is substantiated, which allows implementing the computational 

(measuring) algorithm of the control method, as well as processing information on the degree of 

tightness of the fuel element shell in real time and transmitting it to the software and computer 

complex of the NPP power unit's ACCP to the operator's automated workstation for making 

decisions on the operation of leaky fuel rods and fuel assemblies of a nuclear reactor. At the same 

time, the measurement error is reduced by at least 1.25 times compared to existing measurement 

methods for the NPP fuel rod shell tightness control system. 
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ɸʥʦʪʘʮʽʷ. ɺ ʨʦʙʦʪʽ ʘʚʪʦʨʠ ʨʦʟʛʣʷʥʫʪʠ ʩʫʯʘʩʥʽ ʽʥʥʦʚʘʮʽʾ ʜʣʷ ʧʦʢʨʘʱʝʥʥʷ ʝʢʦʣʦʛʦ-

ʝʢʦʥʦʤʽʯʥʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʧʽʜʧʨʠʻʤʩʪʚʘ. ʅʘʚʝʜʝʥʽ ʢʽʣʴʢʘ ʧʨʠʢʣʘʜʽʚ ʧʨʦʛʨʘʤʠ 

Smart Mobility ʜʣʷ ʋʢʨʘʾʥʠ. ɺʠʩʚʽʪʣʝʥʦ ʨʦʣʴ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʫ ʚʜʦʩʢʦʥʘʣʝʥʥʽ 

ʫʧʨʘʚʣʽʥʥʷ ʪʨʘʥʩʧʦʨʪʥʠʤʠ ʤʝʨʝʞʘʤʠ, ʱʦ ʩʧʨʠʷʻ ʟʥʠʞʝʥʥʶ ʚʠʪʨʘʪ ʪʘ ʧʦʢʨʘʱʝʥʥʶ 

ʩʝʨʝʜʦʚʠʱʘ. 
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ɺʩʪʫʧ. ɺʧʨʦʚʘʜʞʝʥʥʷ ʩʫʯʘʩʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʪʘ ʽʥʥʦʚʘʮʽʡ ʻ ʥʝʚʽʜ'ʻʤʥʦʶ ʯʘʩʪʠʥʦʶ 

ʩʪʨʘʪʝʛʽʾ ʧʦʢʨʘʱʝʥʥʷ ʝʢʦʣʦʛʦ-ʝʢʦʥʦʤʽʯʥʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʧʽʜʧʨʠʻʤʩʪʚʘ. ʎʝ 

ʜʦʟʚʦʣʷʻ ʥʝ ʣʠʰʝ ʧʽʜʚʠʱʠʪʠ ʢʦʥʢʫʨʝʥʪʦʩʧʨʦʤʦʞʥʽʩʪʴ, ʘ ʡ ʟʤʝʥʰʠʪʠ ʥʝʛʘʪʠʚʥʠʡ ʚʧʣʠʚ ʥʘ 

ʥʘʚʢʦʣʠʰʥʻ ʩʝʨʝʜʦʚʠʱʝ. ʈʦʟʛʣʷʥʝʤʦ ʢʽʣʴʢʘ ʩʚʽʪʦʚʠʭ ʪʝʥʜʝʥʮʽʡ ʜʣʷ ʧʦʢʨʘʱʝʥʥʷ ʝʢʦʣʦʛʦ-

ʝʢʦʥʦʤʽʯʥʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʧʽʜʧʨʠʻʤʩʪʚʘ. 

ʄʝʪʘ ʨʦʙʦʪʠ. ʈʦʟʛʣʷʥʫʪʠ ʩʫʯʘʩʥʽ ʪʝʭʥʦʣʦʛʽʾ ʜʣʷ ʧʦʢʨʘʱʝʥʥʷ ʝʢʦʣʦʛʦ-ʝʢʦʥʦʤʽʯʥʦʾ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʧʽʜʧʨʠʻʤʩʪʚʘ. 

ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʠ. ʅʝʟʘʜʦʚʦʣʝʥʽʩʪʴ ʚʠʩʦʢʠʤʠ ʚʠʪʨʘʪʘʤʠ ʥʘ ʧʘʣʠʚʦ ʪʘ ʚʠʢʠʜʘʤʠ 

ʛʘʟʽʚ ʫ ʪʨʘʥʩʧʦʨʪʥʦʤʫ ʩʝʢʪʦʨʽ ʚʽʜʦʙʨʘʞʘʻ ʟʘʛʘʣʴʥʠʡ ʥʝʛʘʪʠʚʥʠʡ ʚʧʣʠʚ ʥʘ ʜʦʚʢʽʣʣʷ ʪʘ 

ʦʙʤʝʞʫʻ ʤʦʞʣʠʚʦʩʪʽ ʜʣʷ ʧʦʢʨʘʱʝʥʥʷ ʝʢʦʥʦʤʽʯʥʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ ʧʽʜʧʨʠʻʤʩʪʚ. ɺ ʢʦʥʪʝʢʩʪʽ 

ʩʫʯʘʩʥʠʭ ʪʝʭʥʦʣʦʛʽʡ, ʚʽʜʩʫʪʥʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʝʢʦʣʦʛʽʯʥʠʭ ʽʥʥʦʚʘʮʽʡ ʫ ʪʨʘʥʩʧʦʨʪʥʠʭ 

ʧʽʜʧʨʠʻʤʩʪʚʘʭ ʩʪʘʻ ʬʘʢʪʦʨʦʤ, ʱʦ ʫʩʢʣʘʜʥʶʻ ʾʭ ʢʦʥʢʫʨʝʥʪʦʩʧʨʦʤʦʞʥʽʩʪʴ ʪʘ ʩʪʚʦʨʶʻ ʨʠʟʠʢ 

ʚʪʨʘʪʠ ʨʠʥʢʦʚʦʾ ʯʘʩʪʢʠ. ʎʝ ʧʽʜʪʚʝʨʜʞʫʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ʚʧʨʦʚʘʜʞʝʥʥʷ ʩʫʯʘʩʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʜʣʷ 

ʧʦʢʨʘʱʝʥʥʷ ʝʢʦʣʦʛʦ-ʝʢʦʥʦʤʽʯʥʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ ʪʨʘʥʩʧʦʨʪʥʠʭ ʧʽʜʧʨʠʻʤʩʪʚ. 

ʆʩʥʦʚʥʘ ʯʘʩʪʠʥʘ. ʇʨʦʛʨʘʤʘ Smart Mobility ʜʣʷ ʋʢʨʘʾʥʠ ʤʦʞʝ ʚʢʣʶʯʘʪʠ ʨʽʟʥʦʤʘʥʽʪʥʽ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʪʝʭʥʦʣʦʛʽʡ ʜʣʷ ʧʦʢʨʘʱʝʥʥʷ ʪʨʘʥʩʧʦʨʪʥʦʾ ʩʠʩʪʝʤʠ [1]. ʅʘʚʝʜʝʤʦ ʢʽʣʴʢʘ 

ʧʨʠʢʣʘʜʽʚ ʟʘʩʪʦʩʫʚʘʥʥʷ: 

1. ʈʦʟʫʤʥʝ ʫʧʨʘʚʣʽʥʥʷ ʪʨʘʬʽʢʦʤ: 

¶ ɺʠʢʦʨʠʩʪʘʥʥʷ ʘʣʛʦʨʠʪʤʽʚ ʰʪʫʯʥʦʛʦ ʽʥʪʝʣʝʢʪʫ ʜʣʷ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʪʘ 

ʦʧʪʠʤʽʟʘʮʽʾ ʧʦʪʦʢʽʚ ʪʨʘʥʩʧʦʨʪʫ ʜʣʷ ʟʤʝʥʰʝʥʥʷ ʟʘʪʦʨʽʚ ʽ ʧʦʢʨʘʱʝʥʥʷ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʜʦʨʦʞʥʴʦʛʦ ʨʫʭʫ. 

¶ ɺʧʨʦʚʘʜʞʝʥʥʷ ʩʠʩʪʝʤ ʢʦʦʨʜʠʥʘʮʽʾ ʩʚʽʪʣʦʬʦʨʽʚ ʥʘ ʦʩʥʦʚʽ ʜʘʥʠʭ ʧʨʦ ʪʨʘʬʽʢ ʜʣʷ 
ʟʘʙʝʟʧʝʯʝʥʥʷ ʧʣʘʚʥʦʛʦ ʨʫʭʫ ʘʚʪʦʤʦʙʽʣʽʚ. 
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2. ʈʦʟʚʠʪʦʢ ʛʨʦʤʘʜʩʴʢʦʛʦ ʪʨʘʥʩʧʦʨʪʫ: 

¶ ʉʪʚʦʨʝʥʥʷ ʤʦʙʽʣʴʥʠʭ ʜʦʜʘʪʢʽʚ ʜʣʷ ʧʣʘʥʫʚʘʥʥʷ ʤʘʨʰʨʫʪʽʚ ʽ ʢʫʧʽʚʣʷ ʢʚʠʪʢʽʚ 

ʦʥʣʘʡʥ ʜʣʷ ʟʨʫʯʥʦʩʪʽ ʢʦʨʠʩʪʫʚʘʯʽʚ ʛʨʦʤʘʜʩʴʢʦʛʦ ʪʨʘʥʩʧʦʨʪʫ. 

¶ ɺʧʨʦʚʘʜʞʝʥʥʷ ʝʣʝʢʪʨʠʯʥʠʭ ʘʙʦ ʛʽʙʨʠʜʥʠʭ ʘʚʪʦʙʫʩʽʚ ʟ ʤʝʨʝʞʘʤʠ ʟʘʨʷʜʥʠʭ 

ʩʪʘʥʮʽʡ ʜʣʷ ʟʤʝʥʰʝʥʥʷ ʚʠʢʠʜʽʚ ʰʢʽʜʣʠʚʠʭ ʨʝʯʦʚʠʥ. 

3. ʉʧʽʣʴʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʨʘʥʩʧʦʨʪʫ: 

¶ ʈʦʟʚʠʪʦʢ ʧʣʘʪʬʦʨʤ ʜʣʷ ʟʤʝʥʰʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʘʚʪʦʤʦʙʽʣʽʚ ʥʘ ʜʦʨʦʛʘʭ ʽ 
ʧʦʢʨʘʱʝʥʥʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʨʘʥʩʧʦʨʪʥʠʭ ʨʝʩʫʨʩʽʚ. 

¶ ɺʧʨʦʚʘʜʞʝʥʥʷ ʩʠʩʪʝʤ ʨʦʟʰʫʢʫ ʧʘʨʢʫʚʘʣʴʥʠʭ ʤʽʩʮʴ ʪʘ ʾʭ ʙʨʦʥʶʚʘʥʥʷ ʯʝʨʝʟ 

ʤʦʙʽʣʴʥʽ ʜʦʜʘʪʢʠ ʜʣʷ ʟʤʝʥʰʝʥʥʷ ʟʘʪʦʨʽʚ ʽ ʝʬʝʢʪʠʚʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʧʨʦʩʪʦʨʫ. 

4. ɽʢʦʣʦʛʽʯʥʦ ʯʠʩʪʽ ʪʝʭʥʦʣʦʛʽʾ: 

¶ ɿʙʽʣʴʰʝʥʥʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʝʣʝʢʪʨʦʤʦʙʽʣʽʚ ʪʘ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ ʟʘʨʷʜʥʠʭ ʩʪʘʥʮʽʡ 
ʜʣʷ ʟʤʝʥʰʝʥʥʷ ʚʠʢʠʜʽʚ ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʽʚ. 

¶ ɺʧʨʦʚʘʜʞʝʥʥʷ ʩʠʩʪʝʤ ʤʦʥʽʪʦʨʠʥʛʫ ʚʠʢʠʜʽʚ ʜʣʷ ʢʦʥʪʨʦʣʶ ʟʘ ʨʽʚʥʝʤ 

ʟʘʙʨʫʜʥʝʥʥʷ ʧʦʚʽʪʨʷ. 

5. ʎʠʬʨʦʚʘ ʽʥʬʨʘʩʪʨʫʢʪʫʨʘ: 

¶ ʈʦʟʚʠʪʦʢ ʮʠʬʨʦʚʠʭ ʧʣʘʪʬʦʨʤ ʜʣʷ ʦʙʤʽʥʫ ʜʘʥʠʤʠ ʤʽʞ ʪʨʘʥʩʧʦʨʪʥʠʤʠ 

ʩʠʩʪʝʤʘʤʠ ʪʘ ʧʦʩʣʫʛʘʤʠ ʜʣʷ ʧʦʣʝʛʰʝʥʥʷ ʤʦʙʽʣʴʥʦʩʪʽ ʪʘ ʟʤʝʥʰʝʥʥʷ 

ʙʶʨʦʢʨʘʪʠʯʥʠʭ ʧʝʨʝʰʢʦʜ. 

¶ ʉʪʚʦʨʝʥʥʷ ʤʦʙʽʣʴʥʠʭ ʜʦʜʘʪʢʽʚ ʜʣʷ ʧʣʘʥʫʚʘʥʥʷ ʤʘʨʰʨʫʪʽʚ ʽ ʧʦʢʫʧʢʠ ʢʚʠʪʢʽʚ 

ʦʥʣʘʡʥ ʜʣʷ ʟʨʫʯʥʦʩʪʽ ʢʦʨʠʩʪʫʚʘʯʽʚ ʛʨʦʤʘʜʩʴʢʦʛʦ ʪʨʘʥʩʧʦʨʪʫ. 

¶ ɺʧʨʦʚʘʜʞʝʥʥʷ ʝʣʝʢʪʨʠʯʥʠʭ ʘʙʦ ʛʽʙʨʠʜʥʠʭ ʘʚʪʦʙʫʩʽʚ ʟ ʤʝʨʝʞʘʤʠ ʟʘʨʷʜʥʠʭ 
ʩʪʘʥʮʽʡ ʜʣʷ ʟʤʝʥʰʝʥʥʷ ʚʠʢʠʜʽʚ ʰʢʽʜʣʠʚʠʭ ʨʝʯʦʚʠʥ. 

ʆʜʥʘʢ ʽʩʥʫʻ ʱʝ ʙʘʛʘʪʦ ʧʨʦʙʣʝʤ ʽʟ ʚʧʨʦʚʘʜʞʝʥʥʷʤ ʧʨʦʛʨʘʤ Smart Mobility ʪʘʢʠʤ ʯʠʥʦʤ, 

ʱʦʙ ʤʘʢʩʠʤʽʟʫʚʘʪʠ ʧʝʨʝʚʘʛʠ ʜʣʷ ʋʢʨʘʾʥʠ ʪʘ ʚʦʜʥʦʯʘʩ ʤʽʥʽʤʽʟʫʚʘʪʠ ʙʫʜʴ-ʷʢʽ ʥʝʛʘʪʠʚʥʽ 

ʥʘʩʣʽʜʢʠ. ɺʽʜʩʫʪʥʽʩʪʴ ʫʟʛʦʜʞʝʥʦʩʪʽ ʥʘʮʽʦʥʘʣʴʥʦʛʦ ʟʘʢʦʥʦʜʘʚʩʪʚʘ ʪʘ ʚʽʜʩʫʪʥʽʩʪʴ ʩʦʮʽʘʣʴʥʦʛʦ 

ʩʭʚʘʣʝʥʥʷ ʻ ʣʠʰʝ ʜʚʦʤʘ ʧʨʠʢʣʘʜʘʤʠ ʧʨʦʙʣʝʤ, ʷʢʽ ʤʦʞʫʪʴ ʧʝʨʝʰʢʦʜʞʘʪʠ ʾʭ 

ʰʠʨʦʢʦʤʘʩʰʪʘʙʥʦʤʫ ʨʦʟʛʦʨʪʘʥʥʶ [2].  

ɺʠʩʥʦʚʢʠ. ʈʦʟʛʣʷʥʫʪʽ ʧʨʠʢʣʘʜʠ ʧʨʦʛʨʘʤʠ Smart Mobility, ʷʢʽ ʤʦʞʫʪʴ ʧʦʢʨʘʱʠʪʠ 

ʝʢʦʣʦʛʦ-ʝʢʦʥʦʤʽʯʥʫ ʝʬʝʢʪʠʚʥʦʩʪʽ ʪʨʘʥʩʧʦʨʪʥʠʭ ʧʽʜʧʨʠʻʤʩʪʚ. ʇʨʦʛʨʘʤʠ ʻ ʥʝ ʣʠʰʝ ʟʘʩʦʙʦʤ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʟʨʫʯʥʦʩʪʽ ʜʣʷ ʢʦʨʠʩʪʫʚʘʯʽʚ, ʘʣʝ ʡ ʚʘʞʣʠʚʠʤ ʽʥʩʪʨʫʤʝʥʪʦʤ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʝʢʦʣʦʛʽʯʥʦʩʪʽ ʪʘ ʩʪʘʣʦʩʪʽ ʤʽʩʴʢʦʛʦ ʨʦʟʚʠʪʢʫ. ʐʣʷʭ ʜʦ ʫʩʧʽʰʥʦʾ ʨʝʘʣʽʟʘʮʽʾ ʚʠʤʘʛʘʻ ʧʦʩʪʽʡʥʦʛʦ 

ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʪʝʭʥʦʣʦʛʽʡ, ʘ ʪʘʢʦʞ ʫʚʘʛʠ ʜʦ ʧʦʪʨʝʙ ʛʨʦʤʘʜʷʥ ʪʘ ʝʢʦʣʦʛʽʯʥʠʭ ʚʠʤʦʛ. 
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 Abstract. Issues of choosing an effective method of modeling the operation of production systems 

are considered. As such method, it is proposed to use Petri nets. A generalized algorithm for modeling and 

optimizing the loading of production system equipment and the results of the approbation of the proposed 

methodology are given. 
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ɺʩʪʫʧ. ɺ ʩʫʯʘʩʥʠʭ ʫʤʦʚʘʭ ʜʦʩʠʪʴ ʨʘʮʽʦʥʘʣʴʥʠʤ ʪʘ ʧʝʨʩʧʝʢʪʠʚʥʠʤ ʤʝʪʦʜʦʤ 

ʤʦʜʝʣʶʚʘʥʥʷ ʨʦʙʠʪʠ ʚʠʨʦʙʥʠʯʠʭ ʩʠʩʪʝʤ ʻ ʽʤʽʪʘʮʽʡʥʝ ʤʦʜʝʣʶʚʘʥʥʷ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʻ ʘʧʘʨʘʪ 

ʤʝʨʝʞ ʇʝʪʨʽ. ʄʝʪʦʜ ʜʦʟʚʦʣʷʻ ʜʦʩʠʪʴ ʰʚʠʜʢʦ ʬʦʨʤʘʣʽʟʫʚʘʪʠ ʪʘ ʦʙʨʦʙʠʪʠ ʚʝʣʠʢʽ ʧʦʪʦʢʠ 

ʽʥʬʦʨʤʘʮʽʾ, ʷʢʽ ʤʘʶʪʴ ʤʽʩʮʝ ʚ ʩʫʯʘʩʥʠʭ ʚʠʨʦʙʥʠʯʠʭ ʩʠʩʪʝʤʘʭ, ʣʝʛʢʦ ʤʦʜʝʣʶʚʘʪʠ ʩʢʣʘʜʥʽ 

ʟʚ'ʷʟʢʠ ʤʽʞ ʢʦʤʧʦʥʝʥʪʘʤʠ ʩʠʩʪʝʤʠ, ʚʠʢʦʥʫʚʘʪʠ ʦʧʪʠʤʽʟʘʮʽʶ ʨʦʙʦʪʠ ʟʘ ʚʠʙʨʘʥʠʤʠ 

ʢʨʠʪʝʨʽʷʤʠ [1-4]. 

ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʽ ʪʘ ʤʦʜʝʣʶʚʘʥʥʷ ʚʠʨʦʙʥʠʯʦʾ ʩʠʩʪʝʤʠ. ɺ ʷʢʦʩʪʽ ʛʨʘʬʽʯʥʦʛʦ ʟʘʩʦʙʫ 

ʤʝʨʝʞʽ ʇʝʪʨʽ ʜʦʮʽʣʴʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʜʣʷ ʥʘʦʯʥʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʩʠʩʪʝʤ, ʱʦ 

ʤʦʜʝʣʶʶʪʴʩʷ, ʧʦʜʽʙʥʦ ʙʣʦʢ-ʩʭʝʤʠ, ʩʪʨʫʢʪʫʨʥʦʾ ʩʭʝʤʠ ʪʘ ʤʝʨʝʞʝʚʦʛʦ ʛʨʘʬʽʢʘ. ʇʦʥʷʪʪʷ 

ʬʽʰʦʢ, ʱʦ ʚʚʦʜʠʪʴʩʷ ʚ ʤʝʨʝʞʘʭ ʇʝʪʨʽ, ʜʦʟʚʦʣʷʻ ʤʦʜʝʣʶʚʘʪʠ ʜʠʥʘʤʽʢʫ ʩʠʩʪʝʤ ʪʘ ʧʘʨʘʣʝʣʴʥʽ 

ʧʨʦʮʝʩʠ. ɺ ʷʢʦʩʪʽ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʟʘʩʦʙʫ ʘʥʘʣʽʪʠʯʥʝ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʤʝʨʝʞ ʇʝʪʨʽ ʜʦʟʚʦʣʷʻ 

ʩʪʚʦʨʠʪʠ ʨʽʚʥʷʥʥʷ ʩʪʘʥʫ ʩʠʩʪʝʤʠ, ʘʣʛʝʙʨʘʾʯʥʽ ʨʽʚʥʷʥʥʷ ʪʘ ʽʥʰʽ ʤʘʪʝʤʘʪʠʯʥʽ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ, 

ʱʦ ʦʧʠʩʫʶʪʴ ʜʠʥʘʤʽʢʫ ʩʠʩʪʝʤʠ.  

ʇʝʨʰʠʤ ʢʨʦʢʦʤ ʥʘ ʰʣʷʭʫ ʧʦʙʫʜʦʚʠ ʤʦʜʝʣʽ ʚʠʨʦʙʥʠʯʦʾ ʩʠʩʪʝʤʠ ʻ ʘʙʩʪʨʘʛʫʚʘʥʥʷ ʚʽʜ 

ʢʦʥʢʨʝʪʥʠʭ ʬʽʟʠʯʥʠʭ ʽ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʦʩʦʙʣʠʚʦʩʪʝʡ ʾʾ ʢʦʤʧʦʥʝʥʪʽʚ. ʂʦʤʧʦʥʝʥʪʠ ʩʠʩʪʝʤʠ ʽ 

ʾʭʥʽ ʜʽʾ ʧʨʝʜʩʪʘʚʣʷʶʪʴʩʷ ʘʙʩʪʨʘʢʪʥʠʤʠ ʧʦʜʽʷʤʠ. ɼʣʷ ʚʠʨʽʰʝʥʥʷ ʟʘʜʘʯ, ʜʦʩʠʪʴ ʧʨʝʜʩʪʘʚʣʷʪʠ 

ʜʠʩʢʨʝʪʥʽ ʚʠʨʦʙʥʠʯʽ ʩʠʩʪʝʤʠ ʷʢ ʩʪʨʫʢʪʫʨʠ, ʱʦ ʫʪʚʦʨʝʥʽ ʟ ʝʣʝʤʝʥʪʽʚ ʜʚʦʭ ʪʠʧʽʚ ï ʧʦʜʽʡ ʽ 

ʫʤʦʚ[4]. 

ʋ ʤʝʨʝʞʘʭ ʇʝʪʨʽ ʧʦʜʽʾ ʪʘ ʫʤʦʚʠ ʧʨʝʜʩʪʘʚʣʝʥʽ ʘʙʩʪʨʘʢʪʥʠʤʠ ʩʠʤʚʦʣʘʤʠ ʟ ʜʚʦʭ 

ʥʝʧʝʨʝʩʽʯʥʠʭ ʘʣʬʘʚʽʪʽʚ, ʱʦ ʥʘʟʠʚʘʶʪʴʩʷ ʚʽʜʧʦʚʽʜʥʦ ʤʥʦʞʠʥʦʶ ʧʝʨʝʭʦʜʽʚ ʪʘ ʤʥʦʞʠʥʦʶ 

ʤʽʩʮʴ. ʋ ʛʨʘʬʽʯʥʦʤʫ ʧʨʝʜʩʪʘʚʣʝʥʥʽ ʤʝʨʝʞ ʧʝʨʝʭʦʜʠ ʟʦʙʨʘʞʫʶʪʴʩʷ "ʙʘʨ'ʻʨʘʤʠ", ʘ ʤʽʩʮʷ - 

ʢʦʣʘʤʠ. ʋʤʦʚʠ-ʤʽʩʮʷ ʽ ʧʦʜʽʾ-ʧʝʨʝʭʦʜʠ ʟʚ'ʷʟʘʥʽ ʚʽʜʥʦʰʝʥʥʷʤ ʙʝʟʧʦʩʝʨʝʜʥʴʦʾ ʟʘʣʝʞʥʦʩʪʽ 

(ʙʝʟʧʦʩʝʨʝʜʥʴʦʛʦ ʧʨʠʯʠʥʥʦ-ʥʘʩʣʽʜʢʦʚʦʛʦ ʟʚ'ʷʟʢʫ), ʱʦ ʟʦʙʨʘʞʫʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʩʧʨʷʤʦʚʘʥʠʭ ʜʫʛ, ʱʦ ʚʝʜʫʪʴ ʟ ʤʽʩʮʴ ʫ ʧʝʨʝʭʦʜʠ ʽ ʟ ʧʝʨʝʭʦʜʽʚ ʫ ʤʽʩʮʷ. ʄʽʩʮʷ, ʟ ʷʢʠʭ ʚʝʜʫʪʴ 

ʜʫʛʠ ʥʘ ʜʘʥʠʡ ʧʝʨʝʭʽʜ, ʻ ʡʦʛʦ ʚʭʽʜʥʠʤʠ ʤʽʩʮʷʤʠ. ʄʽʩʮʷ, ʥʘ ʷʢʽ ʚʝʜʫʪʴ ʜʫʛʠ ʟ ʜʘʥʦʛʦ ʧʝʨʝʭʦʜʫ, 

ʻ ʡʦʛʦ ʚʠʭʽʜʥʠʤʠ ʤʽʩʮʷʤʠ. 
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ɼʠʥʘʤʽʢʘ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʩʠʩʪʝʤʠ, ʱʦ ʤʦʜʝʣʶʻʪʴʩʷ, ʟʥʘʭʦʜʠʪʴ ʩʚʦʻ ʚʽʜʦʙʨʘʞʝʥʥʷ ʫ 

ʨʦʙʦʪʽ ʤʝʨʝʞʽ ʇʝʪʨʽ. ʅʝʬʦʨʤʘʣʴʥʦ ʨʦʙʦʪʫ ʤʝʨʝʞʽ ʤʦʞʥʘ ʧʨʝʜʩʪʘʚʠʪʠ ʷʢ ʩʫʢʫʧʥʽʩʪʴ 

ʣʦʢʘʣʴʥʠʭ ʜʽʡ, ʱʦ ʻ ʩʧʨʘʮʴʦʚʫʚʘʥʥʷʤʠ ʧʝʨʝʭʦʜʽʚ. ɺʦʥʠ ʚʽʜʧʦʚʽʜʘʶʪʴ ʨʝʘʣʽʟʘʮʽʷʤ ʧʦʜʽʡ ʽ 

ʧʨʠʟʚʦʜʷʪʴ ʜʦ ʟʤʽʥʠ ʨʦʟʤʽʪʢʠ ʤʽʩʮʴ, ʪʦʙʪʦ ʜʦ ʣʦʢʘʣʴʥʦʾ ʟʤʽʥʠ ʫʤʦʚ ʫ ʩʠʩʪʝʤʽ.  

ʇʝʨʝʭʽʜ ʤʦʞʝ ʩʧʨʘʮʶʚʘʪʠ, ʷʢʱʦ ʚʠʢʦʥʘʥʽ ʚʩʽ ʫʤʦʚʠ ʨʝʘʣʽʟʘʮʽʾ ʚʽʜʧʦʚʽʜʥʦʛʦ ʧʦʜʽʾ. 

ʅʘʧʨʠʢʣʘʜ, ʜʣʷ ʪʘʢ ʟʚʘʥʠʭ ʦʨʜʠʥʘʨʥʠʭ ʤʝʨʝʞ ʇʝʪʨʽ (ʦʢʨʝʤʠʡ ʚʠʧʘʜʦʢ ʧʨʠʡʥʷʪʦʾ ʚ ʜʘʥʠʡ ʯʘʩ 

ʚʝʨʩʽʾ ʤʝʨʝʞ ʇʝʪʨʽ) ʚʩʽ ʚʭʽʜʥʽ ʤʽʩʮʷ ʧʝʨʝʭʦʜʫ ʧʦʚʠʥʥʽ ʤʽʩʪʠʪʠ ʭʦʯʘ ʙ ʧʦ ʦʜʥʽʡ ʬʽʰʮʽ. 

ʉʧʨʘʮʴʦʚʫʚʘʥʥʷ ʧʝʨʝʭʦʜʫ ï ʥʝʧʦʜʽʣʴʥʘ ʜʽʷ, ʱʦ ʟʤʽʥʶʻ ʨʦʟʤʽʪʢʫ ʡʦʛʦ ʚʭʽʜʥʠʭ ʽ 

ʚʠʭ̔ʜʥʠʭ ʤʽʩʮʴ ʫ ʪʘʢʠʡ ʩʧʦʩʽʙ: ʟ ʢʦʞʥʦʛʦ ʚʭʽʜʥʦʛʦ ʤʽʩʮʷ ʚʠʣʫʯʘʻʪʴʩʷ ʧʦ ʦʜʥʽʡ ʬʽʰʮʽ, ʘ ʚ 

ʢʦʞʥʝ ʚʠʭʽʜʥʝ ʤʽʩʮʝ ʜʦʜʘʻʪʴʩʷ ʧʦ ʦʜʥʽʡ ʬʽʰʮʽ. ʊʠʤ ʩʘʤʠʤ ʨʝʘʣʽʟʘʮʽʷ ʧʦʜʽʾ, ʱʦ 

ʚʽʜʦʙʨʘʞʘʻʪʴʩʷ ʧʝʨʝʭʦʜʦʤ, ʟʤʽʥʶʻ ʩʪʘʥ (ʻʤʥʽʩʪʴ) ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʟʚ'ʷʟʘʥʠʭ ʟ ʥʠʤ ʫʤʦʚ ʪʘʢ, 

ʱʦ ʻʤʥʽʩʪʴ ʧʝʨʝʜʫʤʦʚ, ʱʦ ʚʠʢʣʠʢʘʣʠ ʨʝʘʣʽʟʘʮʽʶ ʮʽʻʾ ʧʦʜʽʾ, ʟʤʝʥʰʫʻʪʴʩʷ, ʘ ʻʤʥʽʩʪʴ ʧʦʩʪʫʤʦʚ, 

ʥʘ ʷʢʽ ʚʦʥʦ ʚʧʣʠʚʘʻ, ʟʙʽʣʴʰʫʻʪʴʩʷ. ʇʝʨʝʭʽʜ ʤʦʞʝ ʩʧʨʘʮʶʚʘʪʠ, ʪʦʤʫ ʱʦ ʦʙʠʜʚʘ ʡʦʛʦ ʚʭʽʜʥʠʭ 

ʤʽʩʮʷ ʤʽʩʪʷʪʴ ʬʽʰʢʠ, ʘ ʧʽʩʣʷ ʩʧʨʘʮʴʦʚʫʚʘʥʥʷ ʨʦʟʤʽʪʢʘ ʡʦʛʦ ʚʭʽʜʥʠʭ ʽ ʚʠʭʽʜʥʠʭ ʤʽʩʮʴ 

ʟʤʽʥʶʻʪʴʩʷ.  

ʊʘʢʠʤ ʯʠʥʦʤ, ʤʝʨʝʞʽ ʇʝʪʨʽ ʬʦʨʤʘʣʽʟʫʶʪʴ ʧʦʥʷʪʪʷ ʘʙʩʪʨʘʢʪʥʦʾ ʩʠʩʪʝʤʠ ï ʜʠʥʘʤʽʯʥʦʾ 

ʩʪʨʫʢʪʫʨʠ ʟ ʧʦʜʽʡ ʽ ʫʤʦʚ. ʋ ʟʘʛʘʣʴʥʽʡ ʪʝʦʨʽʾ ʤʝʨʝʞ ʘʧʘʨʘʪ ʇʝʪʨʽ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʷʢ ʦʜʠʥ ʟʽ 

ʩʧʦʩʦʙʽʚ ʤʝʨʝʞʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʩʠʩʪʝʤ. ɺʚʦʜʷʪʴʩʷ ʙʽʣʴʰ ʟʘʛʘʣʴʥʽ ʤʝʨʝʞʥʽ ʤʦʜʝʣʽ. ɰʭʥʶ 

ʻʜʠʥʫ ʦʩʥʦʚʫ ʫʪʚʦʨʶʻ ʧʦʥʷʪʪʷ ʥʝ ʽʥʪʝʨʧʨʝʪʦʚʘʥʦʾ ʦʨʽʻʥʪʦʚʘʥʦʾ ʤʝʨʝʞʽ ʟ ʫʤʦʚ ʽ ʧʦʜʽʡ, ʷʢʘ 

ʦʧʠʩʫʻ ʪʽʣʴʢʠ ʩʪʘʪʠʯʥʫ ʙʫʜʦʚʫ ʩʠʩʪʝʤʠ. ʉʘʤʦʶ ʟʘʛʘʣʴʥʦʶ ʚ ʩʧʝʢʪʨʽ ʜʠʥʘʤʽʯʥʠʭ ʤʝʨʝʞʥʠʭ 

ʤʦʜʝʣʝʡ ʻ, ʫʤʦʚʥʦ - ʧʦʜʽʡʥʘ ʩʠʩʪʝʤʘ, ʱʦ ʻ ʤʝʨʝʞʝʶ, ʷʢʘ ʜʦʧʦʚʥʝʥʘ ʧʨʘʚʠʣʘʤʠ ʟʤʽʥ ʫʤʦʚ ʫ 

ʨʝʟʫʣʴʪʘʪʽ ʨʝʘʣʽʟʘʮʽʾ ʧʦʜʽʡ. ʄʝʨʝʞʫ ʇʝʪʨʽ ʤʦʞʥʘ ʚʚʘʞʘʪʠ ʢʦʥʢʨʝʪʠʟʘʮʽʻʶ ʫʤʦʚʥʦ - ʧʦʜʽʡʥʦʾ 

ʩʠʩʪʝʤʠ. 

ʅʘ ʦʩʥʦʚʽ ʟʘʟʥʘʯʝʥʦʛʦ ʫʤʦʚʥʦ - ʧʦʜʽʡʥʦʛʦ ʧʽʜʭʦʜʫ, ʷʢʠʡ ʻ ʙʘʟʠʩʦʤ ʘʧʘʨʘʪʫ ʤʝʨʝʞ 

ʇʝʪʨʽ, ʙʫʣʦ ʨʦʟʨʦʙʣʝʥʦ ʩʠʩʪʝʤʫ ʤʦʜʝʣʶʚʘʥʥʷ ʪʘ ʦʧʪʠʤʽʟʘʮʽʾ ʨʦʙʦʪʠ ʚʠʨʦʙʥʠʯʠʭ ʦʙôʻʢʪʽʚ. 

ʉʠʩʪʝʤʘ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʜʚʦʭ ʤʦʜʫʣʽʚ. ʇʝʨʰʠʡ ʤʦʜʫʣʴ ʮʽʻʾ ʩʠʩʪʝʤʠ ʜʦʟʚʦʣʷʻ ʟʜʽʡʩʥʶʚʘʪʠ 

ʦʧʪʠʤʽʟʘʮʽʶ ʨʦʙʦʪʠ ʮʝʭʫ ʤʝʭʘʥʽʯʥʦʾ ʦʙʨʦʙʢʠ ʰʣʷʭʦʤ ʟʥʘʭʦʜʞʝʥʥʷ ʽʥʜʠʚʽʜʫʘʣʴʥʦʛʦ 

ʤʘʨʰʨʫʪʫ ʧʝʨʝʩʫʚʘʥʥʷ ʢʦʞʥʦʾ ʜʝʪʘʣʽ ʟ ʧʘʨʪʽʾ ʧʦ ʚʝʨʩʪʘʪʘʭ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʤʦʞʣʠʚʦʩʪʽ 

ʚʠʢʦʥʘʥʥʷ ʧʦʪʦʯʥʦʾ ʦʧʝʨʘʮʽʾ ʥʘ ʜʘʥʦʤʫ ʚʝʨʩʪʘʪʽ. ɺ ʨʝʟʫʣʴʪʘʪʽ ʤʽʥʽʤʽʟʫʻʪʴʩʷ ʯʘʩ ʧʨʦʩʪʦʶ 

ʢʦʞʥʦʾ ʦʜʠʥʠʮʽ ʦʙʣʘʜʥʘʥʥʷ, ʟʘʜʽʷʥʦʛʦ ʧʨʠ ʚʠʛʦʪʦʚʣʝʥʥʽ ʜʝʪʘʣʝʡ. ʗʢ ʥʘʩʣʽʜʦʢ, ʚʽʜʙʫʚʘʻʪʴʩʷ 

ʟʥʘʯʥʝ ʩʢʦʨʦʯʝʥʥʷ ʚʠʨʦʙʥʠʯʠʭ ʚʠʪʨʘʪ, ʱʦ ʚʽʜʦʙʨʘʞʘʻʪʴʩʷ ʥʘ ʩʦʙʽʚʘʨʪʦʩʪʽ ʧʨʦʜʫʢʮʽʾ ʪʘ ʾʾ 

ʢʦʥʢʫʨʝʥʪʦʩʧʨʦʤʦʞʥʦʩʪʽ ʥʘ ʨʠʥʢʫ. 

ɼʨʫʛʠʡ ʤʦʜʫʣʴ ʩʠʩʪʝʤʠ ʜʦʟʚʦʣʷʻ ʧʨʦʚʦʜʠʪʠ ʤʦʜʝʣʶʚʘʥʥʷ ʨʦʙʦʪʠ ʩʢʣʘʜʘʣʴʥʦʛʦ ʮʝʭʫ 

ʪʘ ʚʠʟʥʘʯʘʪʠ ʯʘʩ ʧʨʦʩʪʦʶ ʥʘ ʢʦʞʥʦʤʫ ʨʦʙʦʯʦʤʫ ʤʽʩʮʽ. ʎʷ ʽʥʬʦʨʤʘʮʽʷ ʤʦʞʝ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ ʚ ʷʢʦʩʪʽ ʢʝʨʫʶʯʦʾ ʧʨʠ ʦʨʛʘʥʽʟʘʮʽʾ ʟʚôʷʟʢʽʚ ʤʽʞ ʨʦʙʦʯʠʤʠ ʤʽʩʮʷʤʠ ʪʘ 

ʚʥʦʩʠʪʠ ʧʝʚʥʽ ʢʦʨʝʢʪʠʚʠ ʚ ʨʦʟʧʦʜʽʣʝʥʥʷ ʦʧʝʨʘʮʽʡ ʥʘ ʧʝʨʝʭʦʜʠ ʪʘ ʧʨʠʚôʷʟʢʠ ʾʭ ʧʝʚʥʠʭ 

ʨʦʙʦʯʠʭ ʤʽʩʮʴ ʟ ʤʝʪʦʶ ʧʦʰʫʢʫ ʥʘʡʙʽʣʴʰ ʨʘʮʽʦʥʘʣʴʥʦʾ ʩʪʨʫʢʪʫʨʠ ʚʠʨʦʙʥʠʯʦʾ ʩʠʩʪʝʤʠ. 

ʂʽʥʮʝʚʦʶ ʤʝʪʦʶ ʻ ʤʽʥʽʤʽʟʘʮʽʷ ʯʘʩʫ ʧʨʦʩʪʦʶ ʢʦʞʥʦʛʦ ʟ ʨʦʙʦʯʠʭ ʤʽʩʮʴ. 

ɺʠʩʥʦʚʢʠ. ʉʠʩʪʝʤʘ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʪʘ ʦʧʪʠʤʽʟʘʮʽʾ ʨʦʙʦʪʠ ʚʠʨʦʙʥʠʯʠʭ 

ʩʠʩʪʝʤ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʘʧʘʨʘʪʫ ʤʝʨʝʞ ʇʝʪʨʽ ʧʦʢʘʟʘʣʘ ʩʝʙʝ ʥʘʜʽʡʥʠʤ ʪʘ ʫʥʽʚʝʨʩʘʣʴʥʠʤ 

ʟʘʩʦʙʦʤ, ʱʦ ʻ ʜʦʩʠʪʴ ʟʨʫʯʥʠʤ ʫ ʚʠʢʦʨʠʩʪʘʥʥʽ ʪʘ ʥʝ ʧʦʪʨʝʙʫʻ ʦʩʦʙʣʠʚʠʭ ʥʘʚʠʯʦʢ. 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʾʾ ʟʘʙʝʟʧʝʯʫʻ ʟʥʘʯʥʝ ʩʢʦʨʦʯʝʥʥʷ ʯʘʩʫ ʚʠʛʦʪʦʚʣʝʥʥʷ ʜʝʪʘʣʝʡ ʧʨʠʣʘʜʽʚ ʪʘ 

ʚʠʨʦʙʽʚ ʚ ʮʽʣʦʤʫ. ʊʘʢʠʤ ʯʠʥʦʤ ʟ'ʷʚʣʷʻʪʴʩʷ ʤʦʞʣʠʚʽʩʪʴ ʝʢʦʥʦʤʠʪʠ ʤʘʪʝʨʽʘʣʴʥʽ ʪʘ ʬʽʥʘʥʩʦʚʽ 

ʨʝʩʫʨʩʠ, ʱʦ ʚʽʜʦʙʨʘʞʘʻʪʴʩʷ ʥʘ ʢʽʥʮʝʚʽʡ ʚʘʨʪʦʩʪʽ ʚʠʨʦʙʽʚ, ʱʦ ʚʠʛʦʪʦʚʣʷʶʪʴʩʷ. ʈʦʟʨʦʙʣʝʥʫ 

ʩʠʩʪʝʤʫ ʨʝʢʦʤʝʥʜʫʻʪʴʩʷ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ, ʷʢʱʦ ʻ ʥʘʛʘʣʴʥʠʤ ʧʠʪʘʥʥʷ ʥʘʡʙʽʣʴʰ ʝʬʝʢʪʠʚʥʦʾ 

ʧʦʙʫʜʦʚʠ ʚʠʨʦʙʥʠʯʦʾ ʩʠʩʪʝʤʠ ʪʘ ʟʤʝʥʰʝʥʥʷ ʧʨʦʩʪʦʶ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ, ʱʦ ʤʦʞʝ 

ʙʫʪʠ ʦʙʫʤʦʚʣʝʥʝ ʚʝʣʠʢʠʤʠ ʦʙôʻʤʘʤʠ ʚʠʨʦʙʥʠʮʪʚʘ ʪʘ ʩʢʣʘʜʥʽʩʪʶ ʤʽʞʢʦʤʧʦʥʝʥʪʥʠʭ ʟʚôʷʟʢʽʚ 

ʩʠʩʪʝʤʠ. 
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ʄʠʩʥʠʢ ɹ.ɺ., ɺʘʢʫʣʝʥʢʦ ʅ.ʇ. 

ʏʝʨʢʘʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʽʤʝʥʽ ɹʦʛʜʘʥʘ ʍʤʝʣʴʥʠʮʴʢʦʛʦ,  ʏʝʨʢʘʩʠ, ʋʢʨʘʾʥʘ 

 
ɸʥʦʪʘʮʽʷ. ɿʘʙʝʟʧʝʯʝʥʥʷ ʨʽʚʥʷ ʷʢʦʩʪʽ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʚʢʣʶʯʘʻ ʚ ʩʝʙʝ ʰʠʨʦʢʠʡ 

ʩʧʝʢʪʨ ʤʝʪʦʜʽʚ ʽ ʧʽʜʭʦʜʽʚ ʥʘ ʢʦʞʥʦʤʫ ʝʪʘʧʽ ʨʦʟʨʦʙʢʠ ʽ ʩʫʧʨʦʚʦʜʫ. ɿʦʢʨʝʤʘ ʪʝʩʪʫʚʘʥʥʷ, ʘʚʪʦʤʘʪʠʟʦʚʘʥʝ 

ʪʝʩʪʫʚʘʥʥʷ ʪʘ ʩʪʨʫʢʪʫʨʥʠʡ ʘʥʘʣʽʟ ʥʘ ʝʪʘʧʽ ʧʨʦʻʢʪʫʚʘʥʥʷ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ. ʆʙ'ʻʢʪʦʤ 

ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʧʽʜʭʦʜʠ ʧʝʨʝʚʽʨʢʠ ʷʢʦʩʪʽ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʥʘ ʢʦʞʥʦʤʫ ʝʪʘʧʽ ʡʦʛʦ ʨʦʟʨʦʙʢʠ ʽ 

ʩʫʧʨʦʚʦʜʫ. ʇʨʝʜʤʝʪʦʤ ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʤʝʪʦʜʠ ʪʘ ʟʘʩʦʙʠ ʟʘʙʝʟʧʝʯʝʥʥʷ ʨʽʚʥʷ ʷʢʦʩʪʽ ʧʨʦʛʨʘʤʥʠʭ 

ʟʘʩʪʦʩʫʥʢʽʚ ʪʘ ʩʠʩʪʝʤ, ʟʦʢʨʝʤʘ ʩʪʨʫʢʪʫʨʥʠʡ ʪʘ ʜʠʥʘʤʽʯʥʠʡ ʘʥʘʣʽʟ. ʋ ʨʦʙʦʪʽ ʚʠʢʦʥʘʥʦ ʦʛʣʷʜ ʪʘ 

ʧʨʦʘʥʘʣʽʟʦʚʘʥʦ ʤʝʪʦʜʠ ʽ ʧʽʜʭʦʜʠ ʢʦʥʪʨʦʣʶ ʷʢʦʩʪʽ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʝʪʘʧʫ 

ʨʦʟʨʦʙʢʠ. ʈʦʟʛʣʷʥʫʪʦ ʩʧʦʩʦʙʠ ʪʘ ʤʝʪʦʜʠʢʘ ʜʣʷ ʩʠʥʪʝʟʫ ʪʘ ʘʥʘʣʽʟʫ ʤʦʜʝʣʽ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʟ 

ʧʘʨʘʣʝʣʽʟʤʦʤ, ʷʢʽ ʙʘʟʫʶʪʴʩʷ ʥʘ ʢʦʤʙʽʥʦʚʘʥʦʤʫ ʧʽʜʭʦʜʽ ʜʦ ʽʤʽʪʘʮʽʡʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʟ ʤʦʞʣʠʚʽʩʪʶ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʜʘʥʦʾ ʤʝʪʦʜʠʢʠ ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ ʷʢʦʩʪʽ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʪʝʩʪʫʚʘʥʥʷ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ, ʽʤʽʪʘʮʽʡʥʝ ʤʦʜʝʣʶʚʘʥʥʷ, ʷʢʽʩʪʴ 

ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ. 
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Abstract. Ensuring the level of software quality includes a wide range of methods and approaches at 

each stage of development and maintenance. As well, it includes testing, automated testing and structural 
analysis at the software design stage. The object of the research is software quality assurance approaches at 

each stage of its development and maintenance. The subject of the research is methods and means of ensuring 

the level of software quality, in particular, structural and dynamic analysis. The work reviewed and analyzed 

the methods and approaches of software quality control depending on the stage of development. reviewed 

methods and techniques for the synthesis and analysis of a software model with parallelism, which are based 

on a combined approach to simulation modeling with the possibility of applying this technique to improve 

the quality of software. 
Keywords: software testing, simulation modeling, software quality. 

 

ɺʩʪʫʧ. ʇʽʜ ʯʘʩ ʧʨʦʝʢʪʫʚʘʥʥʷ ʧʨʦʛʨʘʤʥʠʭ ʩʠʩʪʝʤ ʢʣʶʯʦʚʠʤ ʻ ʜʦʩʷʛʥʝʥʥʷ ʚʠʩʦʢʦʛʦ 

ʨʽʚʥʷ ʷʢʦʩʪʽ ʚ ʾʭʥʽʡ ʧʨʘʮʝʟʜʘʪʥʦʩʪʽ ʪʘ ʧʝʨʝʜʙʘʯʫʚʘʥʦʩʪʽ ʾʭʥʴʦʾ ʧʦʚʝʜʽʥʢʠ. ʅʘ ʮʴʦʤʫ ʝʪʘʧʽ 

ʥʝʦʙʭʽʜʥʦ ʩʪʚʦʨʶʚʘʪʠ ʪʘ ʘʥʘʣʽʟʫʚʘʪʠ ʨʽʟʥʽ ʤʦʜʝʣʽ, ʧʦʚ'ʷʟʘʥʽ ʟ ʾʭʥʴʦʶ ʩʪʨʫʢʪʫʨʦʶ, 

ʬʫʥʢʮʽʦʥʘʣʴʥʽʩʪʶ ʪʘ ʽʥʬʦʨʤʘʮʽʡʥʦʶ ʩʢʣʘʜʥʽʩʪʶ (1). ʊʘʢʽ ʤʦʜʝʣʽ ʟʘʟʚʠʯʘʡ ʤʘʶʪʴ ʟʥʘʯʥʠʡ 

ʨʽʚʝʥʴ ʧʘʨʘʣʝʣʽʟʤʫ, ʱʦ ʤʦʞʝ ʧʨʠʟʚʦʜʠʪʠ ʜʦ ʥʝʧʝʨʝʜʙʘʯʫʚʘʥʦʛʦ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ 

ʨʦʟʨʦʙʣʶʚʘʥʦʾ ʩʠʩʪʝʤʠ (2).  
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ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʽ. ɺʠʷʚʣʝʥʥʷ ʧʨʦʙʣʝʤʥʠʭ ʜʽʣʷʥʦʢ ʫ ʤʦʜʝʣʽ ʻ ʘʢʪʫʘʣʴʥʠʤ ʟʘʚʜʘʥʥʷʤ, 

ʷʢ ʦʜʠʥ ʟ ʜʦʜʘʪʢʦʚʠʭ ʝʪʘʧʽʚ ʧʽʜʚʠʱʝʥʥʷ ʷʢʦʩʪʽ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ. ɼʣʷ ʧʨʘʢʪʠʯʥʦʛʦ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʘʞʣʠʚʦ ʥʝ ʣʠʰʝ ʽʜʝʥʪʠʬʽʢʫʚʘʪʠ ʮʽ ʧʨʦʙʣʝʤʥʽ ʤʦʤʝʥʪʠ, ʘʣʝ ʡ ʧʨʦʧʦʥʫʚʘʪʠ 

ʨʽʰʝʥʥʷ, ʱʦ ʩʧʨʷʤʦʚʘʥʽ ʥʘ ʾʭ ʚʠʨʽʰʝʥʥʷ ʘʙʦ ʟʥʘʯʥʦʾ ʤʽʥʽʤʽʟʘʮʽʾ. 

ʄʝʪʘ ʨʦʙʦʪʠ. ɼʣʷ ʧʽʜʚʠʱʝʥʥʷ ʨʽʚʥʷ ʷʢʦʩʪʽ ʧʨʦʛʨʘʤʥʠʭ ʟʘʩʪʦʩʫʥʢʽʚ ʪʘ ʩʠʩʪʝʤ 

ʧʨʦʧʦʥʫʻʪʴʩʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʦʜʝʣʶʚʘʥʥʷ ʜʣʷ ʚʠʢʣʶʯʝʥʥʷ ʙʽʣʴʰʦʾ ʢʽʣʴʢʦʩʪʽ ʧʦʤʠʣʦʢ ʨʽʟʥʠʭ 

ʚʠʜʽʚ ʥʘ ʝʪʘʧʘʭ ʧʨʦʝʢʪʫʚʘʥʥʷ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ. 

ʆʩʥʦʚʥʘ ʯʘʩʪʠʥʘ. ʄʦʜʝʣʶʚʘʥʥʷ ʤʦʞʝ ʨʦʟʛʣʷʜʘʪʠʩʷ ʷʢ ʦʜʠʥ ʽʟ ʚʠʜʽʚ ʪʝʩʪʫʚʘʥʥʷ (3), 

ʘʣʝ ʟʘʟʚʠʯʘʡ ʡʦʛʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʜʣʷ ʘʥʘʣʽʟʫ ʪʘ ʦʮʽʥʢʠ ʩʠʩʪʝʤʠ, ʘ ʥʝ ʜʣʷ ʙʝʟʧʦʩʝʨʝʜʥʴʦʛʦ 

ʚʠʷʚʣʝʥʥʷ ʧʦʤʠʣʦʢ. ʎʝ ʙʽʣʴʰʝ ʽʥʩʪʨʫʤʝʥʪ ʘʥʘʣʽʟʫ, ʥʽʞ ʪʝʩʪʫʚʘʥʥʷ ʚ ʟʚʠʯʘʡʥʦʤʫ ʨʦʟʫʤʽʥʥʽ. 

ʋ ʧʨʦʛʨʘʤʫʚʘʥʥʽ ʪʘ ʽʥʞʝʥʝʨʽʾ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʤʦʜʝʣʶʚʘʥʥʷ ʧʦʣʷʛʘʻ ʫ 

ʩʪʚʦʨʝʥʥʽ ʘʙʩʪʨʘʢʪʥʠʭ ʧʨʝʜʩʪʘʚʣʝʥʴ ʨʝʘʣʴʥʠʭ ʩʠʩʪʝʤ ʘʙʦ ʾʭ ʢʦʤʧʦʥʝʥʪʽʚ. ʎʽ ʤʦʜʝʣʽ ʤʦʞʫʪʴ 

ʚʢʣʶʯʘʪʠ ʩʪʨʫʢʪʫʨʥʽ, ʬʫʥʢʮʽʦʥʘʣʴʥʽ, ʪʘ ʽʥʰʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʠʩʪʝʤʠ. 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʤʦʜʝʣʶʚʘʥʥʷ ʚ ʪʝʩʪʫʚʘʥʥʽ ʤʦʞʝ ʧʦʣʷʛʘʪʠ ʫ ʚʽʜʪʚʦʨʝʥʥʽ ʦʢʨʝʤʠʭ ʘʩʧʝʢʪʽʚ 

ʩʠʩʪʝʤʠ ʜʣʷ ʘʥʘʣʽʟʫ ʾʭʥʴʦʾ ʧʦʚʝʜʽʥʢʠ, ʫʤʦʚ ʚʽʜʤʦʚ, ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʪʦʱʦ. ʅʘʧʨʠʢʣʘʜ, ʚ 

ʽʤʽʪʘʮʽʡʥʦʤʫ ʤʦʜʝʣʶʚʘʥʥʽ ʤʦʞʫʪʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ ʤʦʜʝʣʽ ʜʣʷ ʘʥʘʣʽʟʫ ʚʽʜʤʦʚʦʩʪʽʡʢʦʩʪʽ 

ʩʠʩʪʝʤʠ ʧʽʜ ʯʘʩ ʨʽʟʥʠʭ ʫʤʦʚ ʘʙʦ ʥʘʚʘʥʪʘʞʝʥʴ. 

ʅʘʡʚʘʞʣʠʚʽʰʠʤ ʪʘ ʩʢʣʘʜʥʠʤ ʘʩʧʝʢʪʦʤ ʧʨʠ ʤʦʜʝʣʶʚʘʥʥʽ ʻ ʦʧʠʩ ʚʠʟʥʘʯʝʥʥʷ ʩʧʦʩʦʙʽʚ 

ʚʟʘʻʤʦʜʽʾ ʧʘʨʘʣʝʣʴʥʠʭ ʧʨʦʮʝʩʽʚ ʽ ʧʨʦʮʝʩʽʚ, ʱʦ ʢʦʥʢʫʨʫʶʪʴ  [4] ʥʘ ʚʥʫʪʨʽʰʥʴʦʢʦʤʧʦʥʝʥʪʥʦʤʫ 

ʪʘ ʤʽʞʢʦʤʧʦʥʝʥʪʥʦʤʫ ʨʽʚʥʷʭ. ʎʝ ʥʝʦʙʭʽʜʥʦ ʜʣʷ ʦʮʽʥʢʠ ʥʘʜʽʡʥʦʩʪʽ ʩʠʩʪʝʤʠ ʽ ʚʟʘʛʘʣʽ ʾʾ 

ʧʨʘʮʝʟʜʘʪʥʦʩʪʽ. 

ɼʣʷ ʤʦʜʝʣʶʚʘʥʥʷ ʜʠʥʘʤʽʯʥʠʭ ʩʢʣʘʜʥʠʢʽʚ ʩʠʩʪʝʤ ʥʘʡʙʽʣʴʰ ʝʬʝʢʪʠʚʥʠʤʠ ʚʠʷʚʠʣʠʩʴ 

ʪʝʭʥʦʣʦʛʽʾ ʽʤʽʪʘʮʽʡʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ, ʘ ʦʩʦʙʣʠʚʦ ʽʤʽʪʘʮʽʡʥʽ ʤʦʜʝʣʽ ʥʘ ʦʩʥʦʚʽ ʤʝʨʝʞ ʇʝʪʨʽ [5]. 
ɺʢʘʟʘʥʘ ʢʦʥʮʝʧʮʽʷ ʤʘʻ ʯʽʪʢʠʡ ʤʘʪʝʤʘʪʠʯʥʠʡ ʦʧʠʩ, ʱʦ ʜʦʟʚʦʣʷʻ ʘʥʘʣʽʟʫʚʘʪʠ ʩʪʘʪʠʯʥʽ ʪʘ 

ʜʠʥʘʤʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʘʥʘʣʽʪʠʯʥʦ. ʂʨʽʤ ʪʦʛʦ, ʮʷ ʢʦʥʮʝʧʮʽʷ ʙʫʜʫʻʪʴʩʷ ʥʘ ʧʨʠʥʮʠʧʽ 

ʩʪʨʫʢʪʫʨʥʦʾ ʘʥʘʣʦʛʽʾ, ʱʦ ʜʦʟʚʦʣʷʻ ʧʨʦʚʦʜʠʪʠ ʚʽʟʫʘʣʴʥʠʡ ʘʥʘʣʽʟ ʧʽʜ ʯʘʩ ʩʪʚʦʨʝʥʥʷ ʤʦʜʝʣʽ ʪʘ 

ʾʾ ʽʤʽʪʘʮʽʡʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ. ʎʝ ʤʘʻ ʚʝʣʠʢʝ ʟʥʘʯʝʥʥʷ ʷʢ ʧʨʠ ʧʨʦʝʢʪʫʚʘʥʥʽ ʧʨʦʛʨʘʤʥʠʭ 

ʢʦʤʧʦʥʝʥʪʽʚ, ʪʘʢ ʽ ʧʨʠ ʾʭ ʦʙ'ʻʜʥʘʥʥʽ ʚ ʻʜʠʥʠʡ ʧʨʦʛʨʘʤʥʠʡ ʧʨʦʜʫʢʪ, ʘ ʪʘʢʦʞ ʧʨʠ ʘʥʘʣʽʟʽ ʚʞʝ 

ʨʝʘʣʽʟʦʚʘʥʦʛʦ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ [6]. 

ʇʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʢʦʤʙʽʥʦʚʘʥʦʛʦ ʧʽʜʭʦʜʫ, ʱʦ ʚʢʣʶʯʘʻ ʩʪʚʦʨʝʥʥʷ ʤʦʜʝʣʽ ʧʨʦʛʨʘʤʥʦʛʦ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʥʘ ʦʩʥʦʚʽ ʤʝʨʝʞʽ ʇʝʪʨʽ, ʥʝ ʟʘʚʞʜʠ ʤʦʞʥʘ ʪʦʯʥʦ ʚʠʟʥʘʯʠʪʠ ʧʦʪʝʥʮʽʡʥʦ ʢʨʠʪʠʯʥʽ 

ʝʣʝʤʝʥʪʠ ʮʽʻʾ ʤʦʜʝʣʽ. ʊʦʤʫ ʧʨʦʧʦʥʫʻʪʴʩʷ ʤʝʪʦʜʠʢʘ ʩʠʥʪʝʟʫ ʪʘ ʘʥʘʣʽʟʫ ʢʦʤʙʽʥʦʚʘʥʦʾ 

ʽʤʽʪʘʮʽʡʥʦʾ ʤʦʜʝʣʽ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ [7], ʷʢʘ ʧʝʨʝʜʙʘʯʘʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʽʤʽʪʘʮʽʡʥʦʛʦ 

ʤʦʜʝʣʶʚʘʥʥʷ ʜʣʷ ʚʠʷʚʣʝʥʥʷ "ʧʦʚʝʨʭʥʝʚʠʭ" ʧʦʤʠʣʦʢ ʽ ʧʦʙʫʜʦʚʠ ʤʘʪʨʠʯʥʦʛʦ ʦʧʠʩʫ ʤʦʜʝʣʽ. 

ʊʘʢʠʡ ʦʧʠʩ ʜʦʟʚʦʣʷʻ ʧʨʦʚʝʩʪʠ ʙʽʣʴʰ ʛʣʠʙʦʢʠʡ ʘʥʘʣʽʟ ʥʘ ʦʩʥʦʚʽ ʧʝʨʝʚʽʨʢʠ ʜʠʥʘʤʽʯʥʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ. 

ɺʠʩʥʦʚʢʠ. ɺ ʨʝʟʫʣʴʪʘʪʽ ʜʦʩʣʽʜʞʝʥʥʷ, ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ ʷʢʦʩʪʽ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʪʘ, ʷʢ ʨʝʟʫʣʴʪʘʪ, ʟʤʝʥʰʝʥʥʷ ʚʠʪʨʘʪ ʥʘ ʡʦʛʦ ʩʫʧʨʦʚʽʜ, ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʢʨʽʤ ʢʣʘʩʠʯʥʦʛʦ 

ʪʝʩʪʫʚʘʥʥʷ ʥʘ ʨʽʟʥʠʭ ʝʪʘʧʘʭ ʨʦʟʨʦʙʢʠ ʽ ʚʧʨʦʚʘʜʞʝʥʥʷ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʧʽʜʭʽʜ ʽʤʽʪʘʮʽʡʥʦʛʦ 

ʤʦʜʝʣʶʚʘʥʥʷ ʩʠʩʪʝʤʠ. ɿʘʧʨʦʧʦʥʦʚʘʥʘ ʤʝʪʦʜʠʢʘ ʧʝʨʝʜʙʘʯʘʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʢʦʤʙʽʥʦʚʘʥʦʛʦ 

ʧʽʜʭʦʜʫ ʥʘ ʦʩʥʦʚʽ ʽʻʨʘʨʭʽʯʥʠʭ ʤʝʨʝʞ ʇʝʪʨʽ. ʎʝ ʩʧʨʠʷʻ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʚʠʤʦʛʘʤ ʱʦʜʦ ʩʪʽʡʢʦʩʪʽ 

ʜʦ ʟʤʽʥ ʪʘ ʤʦʞʣʠʚʦʩʪʽ ʤʘʩʰʪʘʙʫʚʘʥʥʷ ʧʨʦʛʨʘʤʥʠʭ ʩʠʩʪʝʤ. 
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2ɼʝʨʞʘʚʥʠʡ ʥʘʫʢʦʚʦ-ʜʦʩʣʽʜʥʠʡ ʽʥʩʪʠʪʫʪ ʚʠʧʨʦʙʫʚʘʥʴ ʽ ʩʝʨʪʠʬʽʢʘʮʽʾ 

ʦʟʙʨʦʻʥʥʷ ʪʘ ʚʽʡʩʴʢʦʚʦʾ ʪʝʭʥʽʢʠ, ʏʝʨʢʘʩʠ, ʋʢʨʘʾʥʘ 
3J. Rettenmaier & SĘhne GMBH Co. KG, Rosenbeg, Germany 

 

ɸʥʦʪʘʮʽʷ. ɺ ʩʪʘʪʪʽ ʥʘʜʘʥʦ ʨʝʟʫʣʴʪʘʪʠ ʦʮʽʥʢʠ ʢʦʤʧʣʝʢʩʥʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ ʽʥʬʦʨʤʘʮʽʡʥʦ-

ʢʝʨʫʶʯʠʭ ʩʠʩʪʝʤ. ʋʧʨʘʚʣʽʥʥʷ ʣʦʛʽʩʪʠʯʥʠʤʠ ʩʠʩʪʝʤʘʤʠ ʥʘ ʧʨʠʢʣʘʜʽ ʘʥʘʣʽʟʫ ʧʘʩʘʞʠʨʩʴʢʠʭ 

ʧʝʨʝʚʝʟʝʥʴ, ʧʦʪʨʝʙʫʻ ʚʠʩʦʢʦʾ ʷʢʦʩʪʽ ʪʘ ʝʬʝʢʪʠʚʥʦʩʪʽ ʧʨʦʮʝʩʫ ʨʦʟʨʦʙʢʠ ʪʘ ʧʨʘʢʪʠʯʥʦʾ ʨʝʘʣʽʟʘʮʽʾ 

ʦʨʛʘʥʽʟʘʮʽʡʥʦ-ʪʝʭʥʽʯʥʠʭ ʪʘ ʣʦʛʽʩʪʠʯʥʦ-ʤʝʪʦʜʠʯʥʠʭ ʟʘʭʦʜʽʚ. ɽʬʝʢʪʠʚʥʽʩʪʴ ʣʦʛʽʩʪʠʯʥʠʭ 

ʽʥʬʦʨʤʘʮʽʡʥʦ-ʢʝʨʫʶʯʠʭ ʩʠʩʪʝʤ ʚʠʟʥʘʯʘʻʪʴʩʷ ʤʦʞʣʠʚʽʩʪʶ ʾʭ ʽʥʪʝʛʨʘʮʽʾ ʚ ʧʦʪʦʯʥʽ ʪʨʘʥʩʧʦʨʪʥʽ 

ʧʨʦʮʝʩʠ. ɿʘʩʪʦʩʫʚʘʥʥʷ ʣʦʛʽʩʪʠʯʥʠʭ ʽʥʬʦʨʤʘʮʽʡʥʦ-ʢʝʨʫʶʯʠʭ ʩʠʩʪʝʤ (ʃɯʂʉ) ʥʘ ʦʩʥʦʚʽ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʩʫʯʘʩʥʠʭ ʽʥʬʦʨʤʘʮʽʡʥʦ-ʢʦʤʧ'ʶʪʝʨʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʚʩʪʘʥʦʚʣʶʻ ʢʦʤʧʣʝʢʩʥʠʡ ʟʚ'ʷʟʦʢ ʤʽʞ ʫʩʽʤʘ 

ʫʯʘʩʥʠʢʘʤʠ ʣʦʛʽʩʪʠʯʥʦʾ ʤʝʨʝʞʽ. ɸʚʪʦʨʘʤʠ ʚʠʢʦʥʘʥʦ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʧʘʩʘʞʠʨʦʧʦʪʦʢʫ ʛʨʦʤʘʜʩʴʢʠʤ 

ʪʨʘʥʩʧʦʨʪʦʤ ʤʝʪʦʜʦʤ ʜʦʚʛʦʾ ʢʦʨʦʪʢʦʩʪʨʦʢʦʚʦʾ ʧʘʤ'ʷʪʽ (LSTM).  

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʪʨʘʥʩʧʦʨʪʥʘ ʩʠʩʪʝʤʘ, ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʧʘʩʘʞʠʨʦʧʦʪʦʢʫ, LSTM. 

 

COMPREHENSIVE ASSESSMENT OF THE EFFECTIVENESS OF LOGISTICS 

INFORMATION AND CONTROL SYSTEMS  

 

 Pidhornyy M.1, Zasyadko A.2, Boyko V.1, Lytovchenko V. 2, Denchyk ʆ.3 
1Cherkasy State Technological University, Cherkasy, Ukraine 

2State Scientific Research Institute of Armament and Military Equipment Testing and 

Certification, Cherkasy, Ukraine 
3J. Rettenmaier & SĘhne GMBH Co. KG, Rosenbeg, Germany 

 

Abstract. The article presents the results of assessment of the complex efficiency of information and 

control systems. Management of logistics systems on the example of the analysis of passenger transportation 

requires high quality and efficiency of the process of development and practical implementation of 

organizational, technical, logistical-methodical measures. The efficiency of logistic information and control 

systems is determined by the possibility of their integration into current transport processes. Application of 

Logistic Information and Control Systems (LICS) on Based on the use of modern information and computer 

technologies, it establishes a comprehensive connection between all participants in the logistics network. 

The authors predicted passenger traffic by public transport using the long short-term memory (LSTM) 

method. 

Keywords: transport system, passenger traffic forecasting, LSTM. 
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ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʩʠʩʪʝʤʠ ʫʧʨʘʚʣʽʥʥʷ. ʋ ʭʦʜʽ ʝʚʦʣʶʮʽʾ ʨʦʟʫʤʽʥʥʷ ʮʽʣʝʡ ʪʘ ʟʘʚʜʘʥʴ ʣʦʛʽʩʪʠʯʥʠʭ 

ʽʥʬʦʨʤʘʮʽʡʥʦ-ʢʝʨʫʶʯʠʭ ʩʠʩʪʝʤ (ʃɯʂʉ) ʫʧʨʘʚʣʽʥʥʷ ʧʘʩʘʞʠʨʩʴʢʠʤʠ ʧʝʨʝʚʝʟʝʥʥʷʤʠ, ʷʢ 

ʽʥʩʪʨʫʤʝʥʪʘʨʽʶ ʚ ʣʘʥʮʶʟʽ ʧʝʨʝʚʝʟʝʥʥʷ ʧʘʩʘʞʠʨʽʚ, ʧʦʪʨʝʙʫʻ ʚʠʩʦʢʦʾ ʷʢʦʩʪʽ ʪʘ ʝʬʝʢʪʠʚʥʦʩʪʽ 

ʮʴʦʛʦ ʧʨʦʮʝʩʫ ʰʣʷʭʦʤ ʨʦʟʨʦʙʢʠ ʪʘ ʧʨʘʢʪʠʯʥʦʾ ʨʝʘʣʽʟʘʮʽʾ ʚʽʜʧʦʚʽʜʥʠʭ ʦʨʛʘʥʽʟʘʮʽʡʥʦ-

ʪʝʭʥʽʯʥʠʭ ʪʘ ʣʦʛʽʩʪʠʯʥʦ-ʤʝʪʦʜʠʯʥʠʭ ʟʘʭʦʜʽʚ.  

ʄʝʪʘ ʧʫʙʣʽʢʘʮʽʾ. ʅʝʦʙʭʽʜʥʽʩʪʴ ʢʦʤʧʣʝʢʩʥʦʾ ʦʮʽʥʢʠ ʝʬʝʢʪʠʚʥʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʽʥʬʦʨʤʘʮʽʡʥʦ-ʢʝʨʫʶʯʠʭ ʩʠʩʪʝʤ ʜʣʷ ʚʠʨʽʰʝʥʥʷ ʟʘʜʘʯ ʫʧʨʘʚʣʽʥʥʷ ʧʨʦʮʝʩʘʤʠ 

ʧʘʩʘʞʠʨʦʧʝʨʝʚʝʟʝʥʥʷ ʽʟ ʟʘʙʝʟʧʝʯʝʥʥʷ ʷʢʦʩʪʽ ʪʘ ʝʬʝʢʪʠʚʥʦʩʪʽ ʢʦʤʧʣʝʢʩʥʦʛʦ ʪʨʘʥʩʧʦʨʪʥʦʛʦ 

ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ. 

ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʠ. ɿʽ ʟʙʽʣʴʰʝʥʥʷʤ ʯʠʩʣʘ ʽʥʬʦʨʤʘʮʽʡʥʦ-ʢʝʨʫʶʯʠʭ ʩʠʩʪʝʤ, ʪʘʢʠʭ 

ʷʢ ʃɯʂʉ, ʱʦ ʚʧʨʦʚʘʜʞʫʶʪʴʩʷ ʫ ʨʽʟʥʽ ʩʬʝʨʠ ʜʽʷʣʴʥʦʩʪʽ ʣʶʜʠʥʠ, ʩʢʣʘʣʘʩʷ ʜʫʤʢʘ, ʱʦ ʚʦʥʠ 

ʥʝʜʦʩʪʘʪʥʴʦ ʚʧʣʠʚʘʶʪʴ ʥʘ ʢʽʥʮʝʚʠʡ ʨʝʟʫʣʴʪʘʪ ʜʽʷʣʴʥʦʩʪʽ ʦʙôʻʢʪʽʚ ʪʨʘʥʩʧʦʨʪʥʦʾ ʛʘʣʫʟʽ. 

ʇʨʠʯʠʥ ʪʘʢʦʾ ʜʫʤʢʠ ʜʚʽ: 1. ʃɯʂʉ ʙʫʣʠ ʚʧʨʦʚʘʜʞʝʥʽ ʚ ʥʝʧʽʜʛʦʪʦʚʣʝʥʠʭ ʚʠʨʦʙʥʠʯʠʭ ʫʤʦʚʘʭ; 

2. ʊʨʠʚʘʣʠʡ ʯʘʩ ʚʠʟʥʘʯʝʥʥʷ ʝʬʝʢʪʫ ʚʽʜ ʚʧʨʦʚʘʜʞʝʥʥʷ ʃɯʂʉ ˇʨʫʥʪʫʚʘʣʦʩʷ ʣʠʰʝ ʥʘ 

ʨʦʟʨʘʭʫʥʢʫ ʝʢʦʥʦʤʽʯʥʦʛʦ ʝʬʝʢʪʫ. ɿ ʮʠʭ ʧʨʠʯʠʥ ʨʝʟʫʣʴʪʘʪ ʚʧʨʦʚʘʜʞʝʥʥʷ ʃɯʂʉ ʚʠʷʚʠʚʩʷ 

ʥʠʞʯʠʤ, ʥʽʞ ʦʯʽʢʫʚʘʣʦʩʷ. 

ʈʦʟʚ'ʷʟʘʥʥʷ ʟʘʜʘʯʽ. ʈʦʟʛʣʷʥʝʤʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʣʦʛʽʩʪʠʯʥʠʭ ʽʥʬʦʨʤʘʮʽʡʥʦ-ʢʝʨʫʶʯʠʭ 

ʩʠʩʪʝʤ ʥʘ ʧʨʠʢʣʘʜʽ ʫʧʨʘʚʣʽʥʥʷ ʧʘʩʘʞʠʨʩʴʢʠʤʠ ʧʝʨʝʚʝʟʝʥʥʷʤʠ. ɿʙʽʣʴʰʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʧʦʾʟʜʦʢ 

ʛʨʦʤʘʜʩʴʢʠʤ ʧʘʩʘʞʠʨʩʴʢʠʤ ʪʨʘʥʩʧʦʨʪʦʤ ʧʦʪʨʝʙʫʻ ʚʠʩʦʢʦʾ ʷʢʦʩʪʽ ʪʘ ʝʬʝʢʪʠʚʥʦʩʪʽ 

ʧʘʩʘʞʠʨʦʧʝʨʝʚʝʟʝʥʴ ʰʣʷʭʦʤ ʨʦʟʨʦʙʢʠ ʪʘ ʧʨʘʢʪʠʯʥʦʾ ʨʝʘʣʽʟʘʮʽʾ ʚʽʜʧʦʚʽʜʥʠʭ ʣʦʛʽʩʪʠʯʥʦ-

ʤʝʪʦʜʠʯʥʠʭ ʪʘ ʦʨʛʘʥʽʟʘʮʽʡʥʦ-ʪʝʭʥʽʯʥʠʭ ʟʘʭʦʜʽʚ. 

ʉʫʯʘʩʥʠʡ ʥʘʫʢʦʚʠʡ ʧʽʜʭʽʜ ʜʦ ʤʦʜʝʣʶʚʘʥʥʷ ʪʨʘʥʩʧʦʨʪʥʦʾ ʪʝʭʥʦʣʦʛʽʾ ʧʝʨʝʚʝʟʝʥʥʷ 

ʧʘʩʘʞʠʨʽʚ ʚʢʘʟʫʻ ʥʘ ʪʝ, ʱʦ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʨʦʙʦʪʠ ʨʫʭʦʤʦʛʦ ʩʢʣʘʜʫ 

ʥʝʦʙʭʽʜʥʦ ʚʠʨʽʰʫʚʘʪʠ ʪʘʢʽ ʦʩʥʦʚʥʽ ʟʘʜʘʯʽ:  ʨʦʟʨʦʙʢʘ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ ʣʦʛʽʩʪʠʯʥʦʛʦ 

ʫʧʨʘʚʣʽʥʥʷ ʧʝʨʝʚʝʟʝʥʥʷʤʠ ʧʘʩʘʞʠʨʽʚ; ʨʦʟʨʦʙʢʘ ʢʨʠʪʝʨʽʾʚ ʩʠʩʪʝʤʥʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ 

ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʣʦʛʽʩʪʠʯʥʦʾ ʩʠʩʪʝʤʠ ʫʧʨʘʚʣʽʥʥʷ ʧʨʦʮʝʩʘʤʠ ʧʝʨʝʚʝʟʝʥʥʷ ʧʘʩʘʞʠʨʽʚ;  

ʦʮʽʥʶʚʘʥʥʷ ʪʘ ʚʠʙʽʨ ʤʝʪʦʜʫ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʧʘʩʘʞʠʨʦʧʦʪʦʢʫ ʛʨʦʤʘʜʩʴʢʠʤ ʪʨʘʥʩʧʦʨʪʦʤ ʪʘ 

ʙʘʛʘʪʦ ʽʥ.  

ɸʚʪʦʨʘʤʠ ʧʨʦʧʦʥʫʻʪʴʩʷ ʤʝʪʦʜ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʧʘʩʘʞʠʨʦʧʦʪʦʢʫ ʛʨʦʤʘʜʩʴʢʠʤ 

ʪʨʘʥʩʧʦʨʪʦʤ ʤʝʪʦʜʦʤ ʜʦʚʛʦʾ ʢʦʨʦʪʢʦʩʪʨʦʢʦʚʦʾ ʧʘʤ'ʷʪʽ (LSTM). LSTM [1]) ï ʨʽʟʥʦʚʠʜ 

ʘʨʭʽʪʝʢʪʫʨʠ ʨʝʢʫʨʝʥʪʥʠʭ ʥʝʡʨʦʥʥʠʭ ʤʝʨʝʞ, ʷʢʘ, ʟʘ ʜʦʩʪʘʪʥʴʦʾ ʢʽʣʴʢʦʩʪʽ ʚʫʟʣʽʚ ʤʝʨʝʞʽ, ʤʦʞʝ 

ʦʙʯʠʩʣʶʚʘʪʠ ʙʫʜʴ-ʷʢʫ ʟʘʜʘʯʫ, ʟʘ ʫʤʦʚʠ, ʱʦ ʚʦʥʘ ʤʘʻ ʥʘʣʝʞʥʫ ʤʘʪʨʠʮʶ ʚʘʛʦʚʠʭ ʢʦʝʬʽʮʽʻʥʪʽʚ, 

ʱʦ ʤʦʞʝ ʨʦʟʛʣʷʜʘʪʠʩʷ ʷʢ ʾʾ ʧʨʦʛʨʘʤʘ. LSTM ʤʘʻ ʬʦʨʤʫ ʣʘʥʮʶʛʘ ʧʦʚʪʦʨʶʚʘʥʠʭ ʤʦʜʫʣʽʚ 

ʥʝʡʨʦʥʥʦʾ ʤʝʨʝʞʽ.  

ʅʘ ʨʠʩ.1 ʟʦʙʨʘʞʝʥʘ ʩʪʨʫʢʪʫʨʘ ʤʝʨʝʞʽ LSTM ʟʘʧʨʦʧʦʥʦʚʘʥʘ ʜʣʷ ʧʨʦʛʥʦʟʫʚʘʥʥʷ 

ʧʝʨʝʚʝʟʝʥʥʷ ʧʘʩʘʞʠʨʽʚ, ʚʦʥʘ ʤʘʻ ʯʦʪʠʨʠ ʧʨʠʭʦʚʘʥʽ ʰʘʨʠ ʪʘ ʚʠʢʦʨʠʩʪʦʚʫʻ ʩʠʛʤʦʾʜʘʣʴʥʫ 

ʬʫʥʢʮʽʶ ʪʘ ʛʽʧʝʨʙʦʣʽʯʥʠʡ ʪʘʥʛʝʥʩ ʚ ʷʢʦʩʪʽ ʬʫʥʢʮʽʾ ʘʢʪʠʚʘʮʽʾ. 

 

ʈʠʩ. 1. ʉʪʨʫʢʪʫʨʘ ʤʝʨʝʞʽ LSTM, ʨʦʟʨʦʙʣʝʥʦʾ ʜʣʷ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʧʝʨʝʚʝʟʝʥʴ ʧʘʩʘʞʠʨʽʚ. 
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ɸʚʪʦʨʘʤʠ ʚʠʢʦʥʘʥʠʡ ʧʦʨʽʚʥʷʣʴʥʠʡ ʘʥʘʣʽʟ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʦʪʨʠʤʘʥʠʭ ʩʪʘʪʠʩʪʠʯʥʠʭ 

ʜʘʥʠʭ ʪʘ ʨʝʟʫʣʴʪʘʪʽʚ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʧʝʨʝʚʝʟʝʥʴ ʧʘʩʘʞʠʨʽʚ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʝʨʝʞʽ LSTM  

ʜʣʷ ʘʚʪʦʙʫʩʥʠʭ ʤʘʨʰʨʫʪʽʚ ˉ12, 20, 25, 31, 115 (ʤ. ʏʝʨʢʘʩʠ) ʟʘ 2023 ʨʽʢ. ʅʘʚʝʜʝʥʽ ʨʝʟʫʣʴʪʘʪʠ 

ʧʨʦʛʥʦʟʫʚʘʥʥʷ, ʜʦʮʽʣʴʥʦ ʟʘʩʪʦʩʫʚʘʪʠ ʜʣʷ ʚʠʨʽʰʝʥʥʷ ʩʬʦʨʤʫʣʴʦʚʘʥʦʾ ʚʠʱʝ ʟʘʜʘʯ.  

ɺʠʩʥʦʚʦʢ. ɿʘʩʪʦʩʫʚʘʥʥʷ ʃɯʂʉ ʥʘ ʦʩʥʦʚʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʫʯʘʩʥʠʭ ʽʥʬʦʨʤʘʮʽʡʥʦ-

ʢʦʤʧ'ʶʪʝʨʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʚʩʪʘʥʦʚʣʶʻ ʟʚ'ʷʟʦʢ ʤʽʞ ʫʩʽʤʘ ʫʯʘʩʥʠʢʘʤʠ ʧʨʦʮʝʩʫ ʧʝʨʝʚʝʟʝʥʥʷ 

ʧʘʩʘʞʠʨʽʚ. ʆʙˇʨʫʥʪʦʚʘʥʦ ʚʠʙʽʨ, ʨʦʟʨʦʙʣʝʥʦ ʩʪʨʫʢʪʫʨʥʫ ʩʭʝʤʫ ʪʘ ʦʧʠʩʘʥʦ ʨʝʢʫʨʝʥʪʥʫ 

ʥʝʡʨʦʥʥʫ ʤʝʨʝʞʫ LSTM ʜʣʷ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʧʘʩʘʞʠʨʦʧʦʪʦʢʫ, ʷʢʠʡ ʽ ʧʨʦʧʦʥʫʻʪʴʩʷ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʚ ʧʦʜʘʣʴʰʦʤʫ ʧʨʠ ʧʨʦʛʥʦʟʫʚʘʥʥʽ ʥʘʡʙʽʣʴʰ ʨʘʮʽʦʥʘʣʴʥʠʭ ʤʘʨʰʨʫʪʽʚ ʜʣʷ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʾʭ ʤʘʢʩʠʤʘʣʴʥʦʾ ʟʘʚʘʥʪʘʞʝʥʦʩʪʽ ʧʘʩʘʞʠʨʘʤʠ. 

 

ʉʧʠʩʦʢ ʚʠʢʦʨʠʩʪʘʥʠʭ ʜʞʝʨʝʣ 
1. Lingxiang Wei,Dongjun Guo,Zhilong Chen,Jincheng Yang & Tianliu Feng (2023). Forecasting Short-

Term Passenger Flow of Subway Stations Based on the Temporal Pattern Attention Mechanism and the 

Long Short-Term Memory Network. ISPRS Int. J. Geo-Inf., 12(1), 25; 

https://doi.org/10.3390/ijgi12010025. 

 

 

ʂʆʄʇôʖʊɽʈʅɽ ʄʆɼɽʃʖɺɸʅʅʗ ʉʀʉʊɽʄ  

ʎɽʅʊʈɸʃɯɿʆɺɸʅʆɻʆ ʊɽʇʃʆʇʆʉʊɸʏɸʅʅʗ ʅɸ ʆʉʅʆɺɯ ɻɯʉ 

 

ʇʽʜʛʦʨʥʠʡ ʄ.ɺ., ʉʤʦʣʷʨ ʈ.ɸ.  

ʏʝʨʢʘʩʴʢʠʡ ʜʝʨʞʘʚʥʠʡ ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ,  ʏʝʨʢʘʩʠ, ʋʢʨʘʾʥʘ 
 

ɸʥʦʪʘʮʽʷ. ɭʚʨʦʧʝʡʩʴʢʠʡ ʩʦʶʟ, ʉʐɸ ʪʘ ʽʥʰʽ ʮʠʚʽʣʽʟʦʚʘʥʽ ʢʨʘʾʥʠ ʩʪʘʚʣʷʪʴ ʟʘ ʤʝʪʫ ʝʢʦʥʦʤʽʶ 

ʝʣʝʢʪʨʠʯʥʦʾ ʪʘ ʪʝʧʣʦʚʦʾ ʝʥʝʨʛʽʾ, ʜʝʢʘʨʙʦʥʽʟʘʮʽʶ ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʩʝʢʪʦʨʫ. ʅʘʡʙʽʣʴʰʫ ʧʝʨʩʧʝʢʪʠʚʫ ʫ ʮʽʡ 

ʧʦʣʽʪʠʮʽ ʤʘʻ ʩʝʢʪʦʨ ʮʝʥʪʨʘʣʽʟʦʚʘʥʦʛʦ ʪʝʧʣʦʧʦʩʪʘʯʘʥʥʷ. ʆʜʥʠʤ ʽʟ ʥʘʧʨʷʤʢʽʚ ʨʝʬʦʨʤʫʚʘʥʥʷ 

ʮʝʥʪʨʘʣʽʟʦʚʘʥʦʛʦ ʪʝʧʣʦʧʦʩʪʘʯʘʥʥʷ ʻ ʦʧʪʠʤʽʟʘʮʽʷ ʚʠʨʦʙʣʝʥʥʷ ʪʝʧʣʦʚʦʾ ʝʥʝʨʛʽʾ ʪʘ ʨʦʟʧʦʜʽʣʝʥʥʷ 

ʢʦʨʠʩʪʫʚʘʯʘʤ. ʆʙôʻʢʪʦʤ ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʩʪʘʥ ʩʠʩʪʝʤ ʮʝʥʪʨʘʣʽʟʦʚʘʥʦʛʦ ʪʝʧʣʦʧʦʩʪʘʯʘʥʥʷ ʚ ʋʢʨʘʾʥʽ. 

ʇʨʝʜʤʝʪʦʤ ʜʦʩʣʽʜʞʝʥʥʷ ʻ  ʩʪʚʦʨʝʥʥʷ ʢʦʤʧôʶʪʝʨʥʦʾ ʤʦʜʝʣʽ ʝʬʝʢʪʠʚʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ ʟʘʙʝʟʧʝʯʝʥʥʷʤ 

ʪʝʧʣʦʚʦʶ ʝʥʝʨʛʽʻʶ ʩʧʦʞʠʚʘʯʽʚ ʥʘ ʦʩʥʦʚʽ ɻɯʉ. ʋ ʨʦʙʦʪʽ ʚʠʢʦʥʘʥʠʡ ʘʥʘʣʽʟ ʩʪʘʥʫ ʧʨʦʙʣʝʤʠ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʪʝʧʣʦʤ ʪʘ ʜʝʢʘʨʙʦʥʽʟʘʮʽʾ ʫ ʨʦʟʚʠʥʝʥʠʭ ʢʨʘʾʥʘʭ. ʆʪʨʠʤʘʥʽ ʚʠʩʥʦʚʢʠ ʧʨʦ ʤʦʞʣʠʚʽʩʪʴ 

ʫʧʨʘʚʣʽʥʥʷ ʩʠʩʪʝʤʦʶ ʮʝʥʪʨʘʣʽʟʦʚʘʥʦʛʦ ʪʝʧʣʦʧʦʩʪʘʯʘʥʥʷ ʥʘ ʦʩʥʦʚʽ ʛʝʦʛʨʘʬʽʯʥʦʾ ʽʥʬʦʨʤʘʮʽʡʥʦʾ 

ʩʠʩʪʝʤʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʰʪʫʯʥʦʛʦ ʽʥʪʝʣʝʢʪʫ ʚ ʋʢʨʘʾʥʽ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʢʦʤʧôʶʪʝʨʥʝ ʤʦʜʝʣʶʚʘʥʥʷ, ʮʝʥʪʨʘʣʽʟʦʚʘʥʝ ʪʝʧʣʦʧʦʩʪʘʯʘʥʥʷ, ʜʝʢʘʨʙʦʥʽʟʘʮʽʷ, 

ʛʝʦʛʨʘʬʽʯʥʘ ʽʥʬʦʨʤʘʮʽʡʥʘ ʩʠʩʪʝʤʘ, ʰʪʫʯʥʠʡ ʽʥʪʝʣʝʢʪ. 
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Abstract. The European Union, the US and other civilized countries aim to save electricity thermal 

energy, and decarbonize the energy sector. The district heating sector has the greatest perspective in this 

policy. One of the directions of reforming the centralized heat supply is the optimization of thermal energy 

production and distribution to users. The object of the study is the state of centralized heat supply systems 

in Ukraine. The subject of the research is the creation of a computer model of effective management of 

providing thermal energy to consumers based on GIS. The paper analyzes the state of the problem of 

providing heat and decarbonization in developed countries. The conclusions about the possibility of 

managing the system of centralized heat supply based on the geographical information system with the help 

of artificial intelligence in Ukraine were obtained. 
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ɺʩʪʫʧ. çɼʦʨʦʞʥʷ ʢʘʨʪʘ ʝʥʝʨʛʝʪʠʢʠ ʜʦ 2050 ʨʦʢʫè ɭʚʨʦʧʝʡʩʴʢʦʾ ʢʦʤʽʩʽʾ ɭʉ ʧʝʨʝʜʙʘʯʘʻ 

ʰʠʨʦʢʦʤʘʩʰʪʘʙʥʫ ʝʢʦʥʦʤʽʶ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʪʘ ʪʝʧʣʘ, ʝʣʝʢʪʨʠʬʽʢʘʮʽʶ ʩʝʢʪʦʨʫ 

ʪʝʧʣʦʧʦʩʪʘʯʘʥʥʷ ʟʘ ʨʘʭʫʥʦʢ ʚʧʨʦʚʘʜʞʝʥʥʷ  ʪʝʧʣʦʚʠʭ ʥʘʩʦʩʽʚ, ʨʦʟʰʠʨʝʥʥʷ ʧʦʪʝʥʮʽʘʣʫ 

ʮʝʥʪʨʘʣʽʟʦʚʘʥʦʛʦ ʪʝʧʣʦʧʦʩʪʘʯʘʥʥʷ (ʎʊ) ʥʘ ʦʩʥʦʚʽ ʜʝʪʘʣʴʥʦʛʦ ʢʘʨʪʦʛʨʘʬʫʚʘʥʥʷ ʧʦʧʠʪʫ ʥʘ 

ʪʝʧʣʦ ʪʘ ʨʽʟʥʠʭ ʚʘʨʽʘʥʪʽʚ ʧʦʩʪʘʯʘʥʥʷ ʪʝʧʣʘ. ʋ ʟʚʽʪʽ ʄʽʞʥʘʨʦʜʥʦʛʦ ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʘʛʝʥʪʩʪʚʘ 

(ʄɽɸ) çʇʝʨʩʧʝʢʪʠʚʠ ʝʥʝʨʛʝʪʠʯʥʠʭ ʪʝʭʥʦʣʦʛʽʡ 2012è ʮʝʥʪʨʘʣʽʟʦʚʘʥʝ ʪʝʧʣʦʧʦʩʪʘʯʘʥʥʷ 

ʚʠʟʥʘʻʪʴʩʷ ʬʫʥʜʘʤʝʥʪʘʣʴʥʠʤ ʜʣʷ ʜʝʢʘʨʙʦʥʽʟʘʮʽʾ ʩʝʢʪʦʨʫ ʦʧʘʣʝʥʥʷ ʪʘ ʦʭʦʣʦʜʞʝʥʥʷ ʽ ʻ 

çʬʫʥʜʘʤʝʥʪʘʣʴʥʠʤ ʝʣʝʤʝʥʪʦʤ ʝʢʦʥʦʤʽʢʠ ʟ ʥʠʟʴʢʠʤ ʚʤʽʩʪʦʤ ʚʫʛʣʝʮʶè[1]. 

ʎʝʥʪʨʘʣʽʟʦʚʘʥʝ ʪʝʧʣʦʧʦʩʪʘʯʘʥʥʷ ʚ ʋʢʨʘʾʥʽ ʟʘʙʝʟʧʝʯʫʻ ʟʥʘʯʥʫ ʢʽʣʴʢʽʩʪʴ ʧʦʩʣʫʛ 

ʦʧʘʣʝʥʥʷ. ʅʘ 2021 ʨʽʢ ʯʘʩʪʢʘ ʮʝʥʪʨʘʣʽʟʦʚʘʥʦʛʦ ʪʝʧʣʦʧʦʩʪʘʯʘʥʥʷ ʩʢʣʘʜʘʣʘ ʧʦʥʘʜ 60%. 

ʉʪʨʘʪʝʛʽʷ ʨʦʟʚʠʪʢʫ ʝʥʝʨʛʝʪʠʯʥʦʾ ʩʠʩʪʝʤʠ ʋʢʨʘʾʥʠ ʙʘʟʫʻʪʴʩʷ ʥʘ ʚʧʨʦʚʘʜʞʝʥʥʽ ʩʫʯʘʩʥʠʭ 

ʪʝʭʥʦʣʦʛʽʡ ʚ ʩʠʩʪʝʤʠ ʮʝʥʪʨʘʣʽʟʦʚʘʥʦʛʦ ʪʝʧʣʦʧʦʩʪʘʯʘʥʥʷ.  

ʄʝʪʘ ʧʫʙʣʽʢʘʮʽʾ.  ʈʦʟʚʠʪʦʢ ʩʠʩʪʝʤ ʮʝʥʪʨʘʣʽʟʦʚʘʥʦʛʦ ʪʝʧʣʦʧʦʩʪʘʯʘʥʥʷ ʚ ʋʢʨʘʾʥʽ 

ʰʣʷʭʦʤ ʚʧʨʦʚʘʜʞʝʥʥʷ ʪʝʭʥʦʣʦʛʽʡ ʧʽʜʚʠʱʝʥʥʷ ʝʢʦʥʦʤʽʯʥʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ ʪʘ ʟʙʽʣʴʰʝʥʥʷ 

ʨʽʚʥʷ ʜʝʢʘʨʙʦʥʽʟʘʮʽʾ ʟʘ ʨʘʭʫʥʦʢ ʟʘʩʪʦʩʫʚʘʥʥʷ ʽʥʪʝʣʝʢʪʫʘʣʴʥʠʭ ʩʠʩʪʝʤ ʫʧʨʘʚʣʽʥʥʷ ʜʞʝʨʝʣʘʤʠ 

ʚʠʨʦʙʣʝʥʥʷ ʪʝʧʣʦʚʦʾ ʝʥʝʨʛʽʾ ʪʘ ʦʧʪʠʤʽʟʘʮʽʾ ʩʠʩʪʝʤ ʧʦʜʘʯʽ ʪʝʧʣʘ ʜʦ ʢʦʨʠʩʪʫʚʘʯʽʚ.  

ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʠ. ɺʠʨʽʰʝʥʥʷ ʧʦʩʪʘʚʣʝʥʦʾ ʧʨʦʙʣʝʤʠ ʤʦʞʝ ʙʫʪʠ ʨʝʘʣʽʟʦʚʘʥʝ ʯʝʨʝʟ 

ʩʪʚʦʨʝʥʥʷ ʢʦʤʧôʶʪʝʨʥʦʾ ʤʦʜʝʣʽ ʮʝʥʪʨʘʣʽʟʦʚʘʥʦʛʦ ʪʝʧʣʦʧʦʩʪʘʯʘʥʥʷ ʥʘ ʦʩʥʦʚʽ ʛʝʦʛʨʘʬʽʯʥʦʾ 

ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʩʠʩʪʝʤʠ (ɻɯʉ), ʱʦ ʫʧʨʘʚʣʷʻʪʴʩʷ ʰʪʫʯʥʠʤ ʽʥʪʝʣʝʢʪʦʤ ï ʐɯ [2]. 

ʈʦʟʚ'ʷʟʘʥʥʷ ʟʘʜʘʯʽ. ʉʪʨʫʢʪʫʨʘ ʩʫʯʘʩʥʦʾ ɻɯʉ, ʪʘ ʾʾ ʝʚʦʣʶʮʽʷ ʦʧʠʩʫʶʪʴʩʷ ʪʝʦʨʝʪʠʢʦ 

ʤʥʦʞʠʥʥʦʶ ʤʦʜʝʣʣʶ (ʊʘʙʣʠʮʷ 1), ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʷʢʦʾ ɻɯʉ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʤʥʦʞʠʥʠ ʽʻʨʘʨʭʽʯʥʦ 

ʚʟʘʻʤʦʟʘʣʝʞʥʠʭ ʨʽʚʥʽʚ ὒὩὺὩὰὒὩὺὩὰρȟȣȟὒὩὺὩὰυ. ʅʘ ʢʦʞʥʦʤʫ Ὥ-ʤʫ ʨʽʚʥʽ ʬʦʨʤʫʻʪʴʩʷ 
ʤʥʦʞʠʥʘ ʢʦʤʧʦʥʝʥʪʽʚ ὑ  ὑ ȟȣȟὑ , ʱʦ ʨʝʘʣʽʟʫʻ ʤʥʦʞʠʥʫ ʬʫʥʢʮʽʡ Ὂ ὊȟȣȟὊ . 

ʂʨʽʤ ʪʦʛʦ ʜʣʷ ʢʦʞʥʦʾ ʽʟ ʤʥʦʞʠʥ ὑ ̔  Ὂ ʚ ʧʨʦʮʝʩʽ ʝʚʦʣʶʮʽʾ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʜʽʣʠʪʠ ʜʚʽ ʥʘʩʪʫʧʥʽ 

ʧʽʜʤʥʦʞʠʥʠ: ʧʽʜʤʥʦʞʠʥʘ ʢʦʤʧʦʥʝʥʪʽʚ, ʱʦ ʟʤʽʥʶʻʪʴʩʷ Ўὑ ὑ ȟȣȟὑ ȟ ʽ ʬʫʥʢʮʽʡ, ʱʦ 
ʟʤʽʥʶʻʪʴʩʷ ЎὊ ὊȟȣȟὊ ; ʧʽʜʤʥʦʞʠʥʘ ʢʦʤʧʦʥʝʥʪʽʚ, ʱʦ ʥʝ ʟʤʽʥʶʻʪʴʩʷ ‏ὑ
ὑ ȟȣȟὑ , ʽ ʬʫʥʢʮʽʡ, ʱʦ ʥʝ ʟʤʽʥʶʻʪʴʩʷ ‏Ὂ ὊȟȣȟὊ . ʇʨʠ ʮʴʦʤʫ Ўὑ᷾‏ὑ ὑ; 

Ўὑ᷊‏ὑ ;ɲ ЎὊ᷾‏Ὂ Ὂ; ЎὊ᷊‏Ὂ .ɲ 

ʊʘʙʣʠʮʷ 1 

ɯʻʨʘʨʭʽʯʥʘ ʩʪʨʫʢʪʫʨʘ ʤʦʜʝʣʽ ʙʘʛʘʪʦʢʦʤʧʦʥʝʥʪʥʦʾ ɸʉʂʆʇ 

ʈʽʚʝʥʴ 

ɻɯʉ 

ʂʦʤʧʦʥʝʥʪʠ 

ɻɯʉ 

ɿʤʽʥʥʘ ʯʘʩʪʠʥʘ 

ʢʦʤʧʦʥʝʥʪʽʚ ɻɯʉ 

ɯʥʬʦʨʤʘʮʽʷ, ʱʦ ʦʙʨʦʙʣʷʻʪʴʩʷ 

ʧʨʠ ʩʪʚʦʨʝʥʥʽ ʩʠʩʪʝʤ ʠ ʤʦʞʝ ʙʫʪʠ 

ʢʦʥʬʽʛʫʨʘʮʽʡʥʦ ʢʝʨʦʚʘʥʘ 

ὒὩὺὩὰρ   ʩʢʣʘʜ ʧʽʜʩʠʩʪʝʤ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ;  

ʧʝʨʝʣʽʢ ʩʪʘʥʽʚ ɻɯʉ. 

ὒὩὺὩὰς ʄʥʦʞʠʥʘ ʬʫʥʢʮʽʦʥʘ-

ʣʴʥʠʭ ʧʽʜʩʠʩʪʝʤ 

˗ˡ ȟ̃ȣȟ̠ ˡ  ̃

 

ʄʥʦʞʠʥʘ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ 

ʧʽʜʩʠʩʪʝʤ, ʱʦ ʟʤʽʥʶʻʪʴʩʷ 

Ў̠ ˡ .̃ 

ʢʽʣʴʢʽʩʪʴ ʧʽʜʩʠʩʪʝʤ ɻɯʉ; 

ʤʦʜʝʣʴ ʥʘʜʽʡʥʦʩʪʽ ɻɯʉ; 

ʧʝʨʝʣʽʢ ʩʪʘʥʽʚ, ʚ ʷʢʠʭ ʤʦʞʝ ʟʥʘʭʦʜʠʪʠʩʷ ʬʫʥʢʮʽʦ-

ʥʘʣʴʥʘ ʧʽʜʩʠʩʪʝʤʘ; 

ʨʦʟʨʘʭʫʥʦʢ ʧʦʢʘʟʥʠʢʽʚ ʥʘʜʽʡʥʦʩʪʽ, ʦʧʝʨʘʪʠʚʥʦʾ 

ʛʦʪʦʚʥʦʩʪʽ. 

ὒὩὺὩὰσ ʄʥʦʞʠʥʘ ʙʣʦʢʽʚ 

˗ ȟˎȣȟ̠ ˎ  

ʄʥʦʞʠʥʘ ʙʣʦʢʽʚ, ʱʦ ʤʦʞʝ 

ʟʤʽʥʶʚʘʪʠʩʷ ʜʣʷ ʬʫʥʢʮʽʦ-

ʥʘʣʴʥʠʭ ʧʽʜʩʠʩʪʝʤ 

Ў̠ ˎˡ˜  

ʢʽʣʴʢʽʩʪʴ ʙʣʦʢʽʚ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ, ʽ 

ʢʨʘʪʥʽʩʪʴ ʨʝʟʝʨʚʫʚʘʥʥʷ ʜʣʷ ʢʦʞʥʦʛʦ ʟ ʥʠʭ; 

ʨʦʟʨʘʭʫʥʦʢ ʧʦʢʘʟʥʠʢʽʚ ʥʘʜʽʡʥʦʩʪʽ, ʦʧʝʨʘʪʠʚʥʦʾ 

ʛʦʪʦʚʥʦʩʪʽ. 

ὒὩὺὩὰτ ʄʥʦʞʠʥʘ ʬʫʥʢʮʽʦʥʘ-

ʣʴʥʠʭ ʚʫʟʣʽʚ ʙʣʦʢʽʚ  

˗ˡ ȟˏȣȟ̠ ˡˏ 

ʄʥʦʞʠʥʘ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ 

ʚʫʟʣʽʚ, ʱʦ ʤʦʞʝ ʟʤʽʥʶʚʘ-

ʪʠʩʷ ʜʣʷ ʢʦʞʥʦʛʦ ʟ ʙʣʦʢʽʚ 

Ў̠ ˡˏˡˎ  

ʢʽʣʴʢʽʩʪʴ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʚʫʟʣʽʚ, ʱʦ ʚʠʢʦ-

ʨʠʩʪʦʚʫʶʪʴʩʷ, ʽ ʢʨʘʪʥʽʩʪʴ ʨʝʟʝʨʚʫʚʘʥʥʷ ʜʣʷ 

ʢʦʞʥʦʛʦ ʟ ʥʠʭ; 

ʨʦʟʨʘʭʫʥʦʢ ʧʦʢʘʟʥʠʢʽʚ ʥʘʜʽʡʥʦʩʪʽ, ʦʧʝʨʘʪʠʚʥʦʾ 

ʛʦʪʦʚʥʦʩʪʽ. 

ὒὩὺὩὰυ ʄʥʦʞʠʥʘ ʝʣʝʤʝʥʪʽʚ 

˗ ȟ˒ȣȟ̠ ˒  

ʄʥʦʞʠʥʘ ʝʣʝʤʝʥʪʽʚ, ʱʦ 

ʤʦʞʝ ʟʤʽʥʶʚʘʪʠʩʷ ʜʣʷ ʢʦ-

ʞʥʦʛʦ ʟ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ 

ʚʫʟʣʽʚ Ў̠ ˒ˡˠ  

ʢʽʣʴʢʽʩʪʴ ʝʣʝʤʝʥʪʽʚ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ, ʽ ʢʨʘʪ-

ʥʽʩʪʴ ʨʝʟʝʨʚʫʚʘʥʥʷ ʜʣʷ ʢʦʞʥʦʛʦ ʟ ʥʠʭ; 

ʨʦʟʨʘʭʫʥʦʢ ʧʦʢʘʟʥʠʢʽʚ ʥʘʜʽʡʥʦʩʪʽ, ʦʧʝʨʘʪʠʚʥʦʾ 

ʛʦʪʦʚʥʦʩʪʽ. 
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ɺʠʩʥʦʚʢʠ. ɯʥʪʝʣʝʢʪʫʘʣʴʥʘ ʩʠʩʪʝʤʘ ʫʧʨʘʚʣʽʥʥʷ ʮʝʥʪʨʘʣʽʟʦʚʘʥʠʤ ʪʝʧʣʦʧʦʩʪʘʯʘʥʥʷʤ 

ʧʦʪʨʝʙʫʻ ʦʧʝʨʘʪʠʚʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʧʦʪʝʥʮʽʘʣ ʜʞʝʨʝʣ ʪʝʧʣʦʚʦʾ ʝʥʝʨʛʽʾ ʪʘ ʩʪʘʥ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʪʝʧʣʦʤ ʢʦʨʠʩʪʫʚʘʯʽʚ. ɯʥʬʦʨʤʘʮʽʷ ʧʨʦ ʩʪʘʥ ʩʠʩʪʝʤʠ ʎʊ ʥʘʢʣʘʜʘʻʪʴʩʷ ʥʘ ɻɯʉ ʨʘʡʦʥʫ, ʱʦ 

ʦʙʩʣʫʛʦʚʫʻʪʴʩʷ ʎʊ. ʊʘʢʠʤ ʯʠʥʦʤ ʩʪʚʦʨʶʻʪʴʩʷ ʩʚʦʻʨʽʜʥʠʡ ʘʪʣʘʩ ʟʘʙʝʟʧʝʯʝʥʥʷ ʪʝʧʣʦʚʦʶ 

ʝʥʝʨʛʽʻʶ ʢʦʨʠʩʪʫʚʘʯʽʚ ʎʊ. ʋʧʨʘʚʣʽʥʥʷ ʢʦʤʧôʶʪʝʨʥʦʶ ʤʦʜʝʣʣʶ ʪʝʧʣʦʧʦʩʪʘʯʘʥʥʷ 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʥʘʚʯʝʥʦʶ ʟʘʟʜʘʣʝʛʽʜʴ ʩʠʩʪʝʤʦʶ ʰʪʫʯʥʦʛʦ ʽʥʪʝʣʝʢʪʫ.  

ɺʩʪʫʧ ʋʢʨʘʾʥʠ ʜʦ ɭʚʨʦʧʝʡʩʴʢʦʛʦ ʩʦʶʟʫ (ɭʉ) ʧʝʨʝʜʙʘʯʘʻ ʧʨʠʚʝʜʝʥʥʷ ʩʠʩʪʝʤ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʪʝʧʣʦʚʦʶ ʝʥʝʨʛʽʻʶ ʜʦ ʥʦʨʤ ɭʉ. ʎʝ ʩʪʦʩʫʻʪʴʩʷ ʽ ʟʥʘʯʥʦʾ ʧʝʨʝʙʫʜʦʚʠ ʪʘ 

ʤʦʜʝʨʥʽʟʘʮʽʾ ʩʠʩʪʝʤ ʎʊ ʋʢʨʘʾʥʠ, ʘ ʪʘʢʦʞ ʧʽʜʚʠʱʝʥʥʷ ʽʥʪʝʣʝʢʪʫʘʣʴʥʦʛʦ ʨʽʚʥʷ ʫʧʨʘʚʣʽʥʥʷ ʎʊ 

ʜʣʷ ʥʘʡʙʽʣʴʰ ʧʦʚʥʦʛʦ ʟʘʜʦʚʦʣʝʥʥʷ ʪʝʧʣʦʤ ʧʦʪʨʝʙ ʦʢʨʝʤʠʭ ʩʧʦʞʠʚʘʯʽʚ. 

 

ʉʧʠʩʦʢ ʚʠʢʦʨʠʩʪʘʥʠʭ ʜʞʝʨʝʣ 
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ɸʥʦʪʘʮʽʷ. ʆʙôʻʢʪʦʤ ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʽʥʬʦʨʤʘʮʽʡʥʘ ʩʠʩʪʝʤʘ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʦʙôʻʢʪʽʚ ʷʢ 

ʚʽʡʩʴʢʦʚʦʛʦ, ʪʘʢ ʽ ʮʠʚʽʣʴʥʦʛʦ ʭʘʨʘʢʪʝʨʫ, ʷʢʘ ʻ ʢʦʤʧʣʝʢʩʦʤ ʧʨʦʛʨʘʤʥʠʭ ʟʘʩʦʙʽʚ, ʱʦ ʚʢʣʶʯʘʻ ʥʘʙʽʨ 

ʨʽʟʥʠʭ ʘʣʛʦʨʠʪʤʽʚ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʢʽʣʴʢʦʩʪʽ ʦʪʨʠʤʘʥʠʭ ʚʭʽʜʥʠʭ ʧʘʨʘʤʝʪʨʽʚ, ʙʘʟʫ 

ʜʘʥʠʭ, ʷʢʘ ʤʘʻ ʟʤʦʛʫ ʧʦʩʪʽʡʥʦ ʧʦʥʦʚʣʶʚʘʪʠʩʴ, ʘ ʪʘʢʦʞ ʢʝʨʦʚʘʥʫ ʧʨʦʛʨʘʤʫ. ʆʩʪʘʥʥʷ ʟʘʙʝʟʧʝʯʫʻ 

ʧʨʦʮʝʩ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʩʧʝʮʠʬʽʢʠ ʧʨʦʙʣʝʤʠ. ʈʦʙʦʪʘ ʩʠʩʪʝʤʠ ʥʘʛʘʜʫʻ 

ʙʘʛʘʪʦʢʨʠʪʝʨʽʡʥʠʡ ʬʽʣʴʪʨ, ʱʦ ʧʦʩʣʽʜʦʚʥʦ ʚʠʜʽʣʷʻ ʽʟ ʧʨʠʡʥʷʪʦʛʦ ʩʠʛʥʘʣʫ ʥʝʦʙʭʽʜʥʫ ʽʥʬʦʨʤʘʮʽʶ. ɼʣʷ 

ʟʚʫʞʝʥʥʷ ʢʦʣʘ ʚʠʟʥʘʯʝʥʥʷ ʜʞʝʨʝʣ ʚ ʽʥʬʦʨʤʘʮʽʡʥʫ ʩʠʩʪʝʤʫ ʜʦʜʘʪʢʦʚʦ ʚʚʦʜʷʪʴʩʷ ʨʽʟʥʽ ʢʨʠʪʝʨʽʾ 

ʽʥʬʦʨʤʘʮʽʾ. ɿʘʩʪʦʩʫʚʘʥʥʷ ʟʘʧʨʦʧʦʥʦʚʘʥʦʾ ʩʠʩʪʝʤʠ ʜʦʟʚʦʣʠʪʴ ʟʤʝʥʰʠʪʠ ʯʘʩ ʜʣʷ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ 

ʢʝʨʽʚʥʠʤ ʩʢʣʘʜʦʤ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʽʥʬʦʨʤʘʮʽʡʥʘ ʩʠʩʪʝʤʘ, ʘʚʪʦʤʘʪʠʟʦʚʘʥʝ ʨʦʙʦʯʝ ʤʽʩʮʝ, ʙʘʟʘ ʜʘʥʠʭ, 

ʙʘʛʘʪʦʢʨʠʪʝʨʽʡʥʠʡ ʬʽʣʴʪʨ, ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʥʷ, ʦʧʝʨʘʪʠʚʥʘ ʦʙʩʪʘʥʦʚʢʘ. 
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Abstract. The objects of the study are the information system for recognizing objects of both a 

military and civilian nature, which is a complex of software tools that includes a set of different decision-

making algorithms depending on the number of received input parameters, a database that can be constantly 

updated, and also a managed program. The latter provides a decision-making process taking into account the 

specifics of the problem. The operation of the system resembles a multi-criteria filter, which consistently 

selects the necessary information from the received signal. In order to narrow down the range of sources, 

various information criteria are additionally introduced into the information system. Application of the 

proposed system will reduce the time for decision-making by the management team. 

Keywords: information system, automated workplace, database, multi-criteria filter, decision-

making, operational situation. 
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ɺʩʪʫʧ. ʉʢʦʨʦʯʝʥʥʷ ʯʘʩʫ ʦʙʨʦʙʢʠ ʽʥʬʦʨʤʘʮʽʾ, ʘʚʪʦʤʘʪʠʟʘʮʽʷ ʧʨʦʮʝʩʫ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ 

ʚ ʦʧʝʨʘʪʠʚʥʽʡ ʦʙʩʪʘʥʦʚʮʽ, ʱʦ ʩʢʣʘʜʘʻʪʴʩʷ ʧʽʜ ʯʘʩ ʚʝʜʝʥʥʷ ʙʦʡʦʚʠʭ ʜʽʡ ʥʘ ʪʝʨʠʪʦʨʽʾ ʋʢʨʘʾʥʠ, 

ʥʘ ʩʴʦʛʦʜʥʽ ʻ ʦʜʥʠʤ ʽʟ ʥʘʡʘʢʪʫʘʣʴʥʽʰʠʭ ʟʘʚʜʘʥʴ, ʱʦ ʚʠʨʽʰʫʶʪʴʩʷ ʚ ʦʨʛʘʥʘʭ ʫʧʨʘʚʣʽʥʥʷ ɿʉʋ. 

ʇʦʪʨʽʙʥʦ ʩʪʚʦʨʶʚʘʪʠ ʩʧʝʮʽʘʣʽʟʦʚʘʥʽ ʩʠʩʪʝʤʠ, ʟʜʘʪʥʽ ʟʙʠʨʘʪʠ, ʫʧʦʨʷʜʢʦʚʫʚʘʪʠ, ʬʽʣʴʪʨʫʚʘʪʠ, 

ʟʙʝʨʽʛʘʪʠ ʪʘ ʧʝʨʝʜʘʚʘʪʠ ʽʥʬʦʨʤʘʮʽʶ ʜʣʷ ʘʥʘʣʽʟʫ ʪʘ ʟʤʝʥʰʝʥʥʷ ʯʘʩʫ ʥʘ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʥʷ 

ʢʦʤʘʥʜʥʦʤʫ ʩʢʣʘʜʫ, ʟʦʢʨʝʤʘ ʪʘʢʽ, ʫ ʷʢʠʭ ʜʣʷ ʨʦʙʦʪʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʽʥʬʦʨʤʘʮʽʡʥʽ 

ʪʝʭʥʦʣʦʛʽʾ. ɸʣʝ ʮʽ ʩʠʩʪʝʤʠ ʻ ʜʫʞʝ ʜʦʨʦʛʦʚʘʨʪʽʩʥʠʤʠ ʪʘ ʩʢʣʘʜʥʠʤʠ, ʧʦʪʨʝʙʫʶʪʴ 

ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʪʘ ʚʥʝʩʝʥʥʷ ʜʦʜʘʪʢʦʚʠʭ ʟʤʽʥ ʩʧʝʮʽʘʣʽʩʪʘʤʠ, ʱʦ ʾʭ ʨʦʟʨʦʙʣʷʶʪʴ, ʽ ʪʦʤʫ ʥʝ 

ʤʦʞʫʪʴ ʙʫʪʠ ʰʚʠʜʢʦ ʟʤʽʥʝʥʽ ʚ ʨʘʟʽ ʧʦʪʨʝʙʠ ʚ ʦʧʝʨʘʪʠʚʥʽʡ ʦʙʩʪʘʥʦʚʮʽ. 

ʄʝʪʦʶ ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʨʦʟʨʦʙʢʘ ʜʦʩʪʫʧʥʦʾ ʚ ʢʦʨʠʩʪʫʚʘʥʥʽ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʩʠʩʪʝʤʠ (ɯʉ) 

ʤʦʞʣʠʚʦʛʦ ʩʧʦʩʦʙʫ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʾ ʦʙʨʦʙʢʠ ʚʽʜʦʤʦʩʪʝʡ, ʱʦ ʥʘʜʭʦʜʠʪʴ. ʉʠʩʪʝʤʘ ʤʦʞʝ 

ʟʘʩʪʦʩʦʚʫʚʘʪʠʩʷ ʜʣʷ ʙʘʛʘʪʴʦʭ ʟʘʚʜʘʥʴ ʷʢ ʚʽʡʩʴʢʦʚʦʛʦ ʭʘʨʘʢʪʝʨʫ, ʪʘʢ ʽ ʚ ʟʚʠʯʘʡʥʦʤʫ ʞʠʪʪʽ. 

ʇʦʩʪʘʥʦʚʢʘ ʟʘʚʜʘʥʥʷ. ʈʦʟʨʦʙʠʪʠ ʩʪʨʫʢʪʫʨʥʫ ʤʦʜʝʣʴ ɯʉ, ʷʢʘ ʜʦʟʚʦʣʠʪʴ 

ʘʚʪʦʤʘʪʠʟʫʚʘʪʠ ʦʙʨʦʙʢʫ ʽʥʬʦʨʤʘʮʽʾ, ʱʦ ʥʘʜʭʦʜʠʪʴ. ɼʣʷ ʧʝʨʝʚʽʨʢʠ ʧʨʘʮʝʟʜʘʪʥʦʩʪʽ 

ʟʘʧʨʦʧʦʥʦʚʘʥʦʾ ʩʠʩʪʝʤʠ ʩʬʦʨʤʫʣʶʚʘʪʠ ʝʣʝʢʪʨʦʥʥʫ ʙʘʟʫ ʜʘʥʠʭ, ʷʢʘ ʧʦʩʣʽʜʦʚʥʦ 

ʚʽʜʬʽʣʴʪʨʦʚʫʚʘʪʠʤʝ ʟ ʧʨʠʡʥʷʪʦʛʦ ʩʠʛʥʘʣʫ ʥʝʦʙʭʽʜʥʫ ʽʥʬʦʨʤʘʮʽʶ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʢʽʣʴʢʦʩʪʽ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ. 

ʆʩʥʦʚʥʘ ʯʘʩʪʠʥʘ. ɯʉ ʧʦʚʠʥʥʘ ʟʘʙʝʟʧʝʯʫʚʘʪʠ: 

¶ ʨʦʙʦʪʫ ʟ ʚʭʽʜʥʠʤʠ ʜʘʥʠʤʠ (ʧʘʨʘʤʝʪʨʘʤʠ ʩʠʛʥʘʣʽʚ, ʷʢʽ ʧʨʠʡʤʘʶʪʴʩʷ); 

¶ ʦʪʨʠʤʘʥʥʷ ʚʠʭʽʜʥʠʭ ʜʘʥʠʭ (ʩʪʨʫʢʪʫʨʦʚʘʥʘ ʽʥʬʦʨʤʘʮʽʷ ʤʽʩʪʠʪʴ ʥʝʦʙʭʽʜʥʽ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠʟ ʚʠʟʥʘʯʝʥʠʭ ʜʞʝʨʝʣ); 

¶ ʬʦʨʤʫʚʘʥʥʷ ʟʚʽʪʫ (ʦʪʨʠʤʘʥʥʷ ʜʘʥʠʭ ʧʨʦ ʜʞʝʨʝʣʘ ʽʥʬʦʨʤʘʮʽʾ ʪʘ ʚʠʜʘʯʽ ʾʾ ʢʝʨʽʚʥʦʤʫ 

ʩʢʣʘʜʫ ʜʣʷ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʥʷ ʧʨʦ ʾʭ ʚʠʢʦʨʠʩʪʘʥʥʷ). 

ʋʩʷ ʽʥʬʦʨʤʘʮʽʷ ʤʘʻ ʟʙʝʨʽʛʘʪʠʩʷ ʚ ʝʣʝʢʪʨʦʥʥʽʡ ʙʘʟʽ ʜʘʥʠʭ, ʱʦ ʜʦʟʚʦʣʠʪʴ ʩʪʨʫʢʪʫʨʫʚʘʪʠ 

ʾʾ. ʊʦʤʫ ʟôʷʚʠʪʴʩʷ ʤʦʞʣʠʚʽʩʪʴ ʬʽʣʴʪʨʫʚʘʥʥʷ ʪʘ ʰʚʠʜʢʦʛʦ ʧʦʰʫʢʫ ʥʝʦʙʭʽʜʥʠʭ ʜʘʥʠʭ ʜʣʷ 

ʚʯʘʩʥʦʛʦ ʧʨʠʡʥʷʪʪʷ ʥʝʦʙʭʽʜʥʦʛʦ ʨʽʰʝʥʥʷ [1]. 

ɺ ʽʥʬʦʨʤʘʮʽʡʥʽʡ ʩʠʩʪʝʤʽ ʚʽʜʙʫʚʘʶʪʴʩʷ ʪʘʢʽ ʧʨʦʮʝʩʠ: 

¶ ʚʚʝʜʝʥʥʷ ʽʥʬʦʨʤʘʮʽʾ, ʦʪʨʠʤʘʥʦʾ ʟ ʜʞʝʨʝʣ; 

¶ ʦʧʨʘʮʶʚʘʥʥʷ (ʬʽʣʴʪʨʫʚʘʥʥʷ) ʽʥʬʦʨʤʘʮʽʾ; 

¶ ʟʙʝʨʽʛʘʥʥʷ ʚʭʽʜʥʦʾ ʪʘ ʦʧʨʘʮʴʦʚʘʥʦʾ ʽʥʬʦʨʤʘʮʽʾ; 

¶ ʚʠʚʝʜʝʥʥʷ ʽʥʬʦʨʤʘʮʽʾ, ʧʨʠʟʥʘʯʝʥʦʾ ʜʣʷ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʥʷ; 

¶ ʚʽʜʧʨʘʚʢʘ/ʦʪʨʠʤʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʤʝʨʝʞʝʶ. 

ʅʘ ʨʠʩʫʥʢʫ 1 ʧʨʝʜʩʪʘʚʣʝʥʘ ʩʪʨʫʢʪʫʨʥʘ ʤʦʜʝʣʴ ɯʉ. 

 

ʈʠʩ. 1. ʉʪʨʫʢʪʫʨʥʘ ʤʦʜʝʣʴ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʧʦʪʦʢʽʚ ʩʠʩʪʝʤʠ 

ɼʘʥʘ ʩʭʝʤʘ ʚʽʜʦʙʨʘʞʘʻ ʧʨʦʮʝʩʠ, ʷʢʽ ʚʽʜʙʫʚʘʶʪʴʩʷ ʚ ɯʉ. ʑʦʙ ʨʦʟʽʙʨʘʪʠʩʷ ʚ ʨʦʙʦʪʽ ɯʉ, 

ʥʝʦʙʭʽʜʥʦ ʟʨʦʟʫʤʽʪʠ ʩʫʪʴ ʧʨʦʙʣʝʤ, ʷʢʽ ʚʦʥʘ ʨʦʟʚôʷʟʫʻ, ʘ ʪʘʢʦʞ ʦʨʛʘʥʽʟʘʮʽʡʥʽ ʧʨʦʮʝʩʠ, ʫ ʷʢʽ 

ʚʦʥʘ ʚʢʣʶʯʝʥʘ. ʋʧʨʘʚʣʽʥʥʷ ɯʉ ʟʜʽʡʩʥʶʻʪʴʩʷ ʥʘ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʤʫ ʨʦʙʦʯʦʤʫ ʤʽʩʮʽ. 

ʋ ʨʘʟʽ ʥʘʜʭʦʜʞʝʥʥʷ ʩʠʛʥʘʣʫ ʚʽʜ ʜʞʝʨʝʣʘ ʽʥʬʦʨʤʘʮʽʾ ʩʠʩʪʝʤʘ ʧʦʩʣʽʜʦʚʥʦ ʚʠʜʽʣʷʻ ʚ 

ʥʴʦʤʫ ʜʝʢʽʣʴʢʘ ʩʢʣʘʜʦʚʠʭ ʪʘ ʟʘ ʪʘʢʦʶ ʧʦʩʣʽʜʦʚʥʽʩʪʶ ʽ ʚʠʢʦʥʫʻ ʬʽʣʴʪʨʘʮʽʶ ʥʝʦʙʭʽʜʥʦʾ 

ʽʥʬʦʨʤʘʮʽʾ (ʨʠʩ. 2) [2]. 
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ʈʠʩ. 2. ʈʝʟʫʣʴʪʘʪʠ ʬʽʣʴʪʨʘʮʽʾ ʚʭʽʜʥʦʛʦ ʩʠʛʥʘʣʫ ʟʘ ʚʽʜʧʦʚʽʜʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ 

ɼʣʷ ʟʚʫʞʝʥʥʷ ʢʦʣʘ ʚʠʟʥʘʯʝʥʥʷ ʜʞʝʨʝʣ ʜʦʜʘʪʢʦʚʦ ʚʚʦʜʠʤʦ ʽʥʰʽ ʢʨʠʪʝʨʽʾ ʽʥʬʦʨʤʘʮʽʾ. 

ɹʘʟʘ ʜʘʥʠʭ ɯʉ ʧʦʩʪʽʡʥʦ ʧʦʧʦʚʥʶʻʪʴʩʷ ʥʦʚʠʤʠ ʨʦʟʨʦʙʢʘʤʠ, ʪʦʤʫ ʱʦʨʘʟʫ ʩʠʩʪʝʤʘ ʙʫʜʝ 

ʚʠʷʚʣʷʪʠʩʷ ʙʽʣʴʰ ʝʬʝʢʪʠʚʥʦʶ. ɿʛʽʜʥʦ ʟ ʧʨʠʥʮʠʧʦʤ ʤʦʜʫʣʴʥʦʩʪʽ ʤʦʞʣʠʚʦ ʚʚʝʜʝʥʥʷ 

ʜʦʜʘʪʢʦʚʠʭ ʤʦʜʫʣʽʚ ʟ ʬʽʣʴʪʨʫʚʘʥʥʷ (ʚʽʜʧʨʘʮʶʚʘʥʥʷ) ʦʙôʻʢʪʽʚ. 

ɺʠʩʥʦʚʦʢ. ɿʘʧʨʦʧʦʥʦʚʘʥʘ ɯʉ ʜʦʟʚʦʣʷʻ ʨʦʟʧʽʟʥʘʚʘʪʠ ʦʙôʻʢʪʠ ʚ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʤʫ 

ʨʝʞʠʤʽ. ʉʫʪʴ ʾʾ ʨʦʙʦʪʠ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ʚʦʥʘ ʧʦʩʣʽʜʦʚʥʦ ʚʽʜʬʽʣʴʪʨʦʚʫʻ ʽʟ ʧʨʠʡʥʷʪʦʛʦ 

ʩʠʛʥʘʣʫ ʥʝʦʙʭʽʜʥʫ ʽʥʬʦʨʤʘʮʽʶ ʟʛʽʜʥʦ ʟʘʜʘʥʠʭ ʢʨʠʪʝʨʽʾʚ. ʆʩʥʦʚʥʠʤ ʝʣʝʤʝʥʪʦʤ ʪʘʢʦʾ ʩʠʩʪʝʤʠ 

ʻ ʝʣʝʢʪʨʦʥʥʘ ʙʘʟʘ ʜʘʥʠʭ, ʷʢʘ ʧʦʩʪʽʡʥʦ ʦʥʦʚʣʶʻʪʴʩʷ ʜʦʜʘʪʢʦʚʦʶ ʽʥʬʦʨʤʘʮʽʻʶ (ʚʚʝʜʝʥʥʷʤ 

ʥʦʚʠʭ ʦʙôʻʢʪʽʚ ʟ ʚʠʟʥʘʯʝʥʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ). ɺʠʢʦʨʠʩʪʘʥʥʷ ʟʘʧʨʦʧʦʥʦʚʘʥʦʾ 

ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʩʠʩʪʝʤʠ ʜʦʟʚʦʣʠʪʴ ʩʢʦʨʦʪʠʪʠ ʯʘʩ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ. 
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ʂʆʄʇôʖʊɽʈʅɸ ʊɽʍʅʆʃʆɻɯʗ ʉʊɺʆʈɽʅʅʗ ʇʈʆʊʀɸɺɸʈɯʁʅʆɻʆ ʊʈɽʅɸɾɽʈɸ  

ʅɸ ʆʉʅʆɺɯ ɯʅʌʆʈʄɸʎɯʁʅʆɰ ʄʆɼɽʃɯ ɼɯʗʃʔʅʆʉʊɯ ɼʀʉʇɽʊʏɽʈɸ ʆʉʈ 

 

ʉʘʤʦʡʣʦʚ ɺ.ɼ., ʉʤʝʪʘʥʘ ɭ.ʉ. 

ɯʥʩʪʠʪʫʪ ʧʨʦʙʣʝʤ ʤʦʜʝʣʶʚʘʥʥʷ ʚ ʝʥʝʨʛʝʪʠʮʽ ɸʅ ʋʢʨʘʾʥʠ,  ʂʠʾʚ, ʋʢʨʘʾʥʘ 

 
ɸʥʦʪʘʮʽʷ. ʈʦʟʛʣʷʥʫʪʦ ʧʽʜʭʽʜ ʜʦ ʨʦʟʨʦʙʢʠ ʢʦʤʧôʶʪʝʨʥʦʾ ʪʝʭʥʦʣʦʛʽʾ ʽ ʧʨʦʛʨʘʤʥʠʭ ʟʘʩʦʙʽʚ 

ʩʪʚʦʨʝʥʥʷ ʩʮʝʥʘʨʥʦ-ʽʤʽʪʘʮʽʡʥʠʭ ʤʦʜʝʣʝʡ ʟʘʙʝʟʧʝʯʝʥʥʷ ʪʨʝʥʫʚʘʣʴʥʠʭ ʧʨʦʮʝʩʽʚ ʜʠʩʧʝʪʯʝʨʩʴʢʦʛʦ 

ʧʝʨʩʦʥʘʣʫ ʦʧʝʨʘʪʦʨʽʚ ʩʠʩʪʝʤ ʨʦʟʧʦʜʽʣʫ (ʆʉʈ) ʝʥʝʨʛʦʩʠʩʪʝʤʠ ʋʢʨʘʾʥʠ. ʈʦʟʨʦʙʣʝʥʘ ʤʝʪʦʜʠʢʘ 

ʢʦʥʩʪʨʫʶʚʘʥʥʷ ʪʨʝʥʘʞʝʨʽʚ ʥʘ ʦʩʥʦʚʽ ʤʦʜʝʣʝʡ ʜʽʷʣʴʥʦʩʪʽ (ʄɼ) ʧʝʨʩʦʥʘʣʫ ʪʘ ʽʤʽʪʘʮʽʡʥʠʭ ʤʦʜʝʣʝʡ 

ʩʢʣʘʜʥʠʭ ʝʣʝʢʪʨʦʝʥʝʨʛʝʪʠʯʥʠʭ ʦʙôʻʢʪʽʚ. ɿʘʧʨʦʧʦʥʦʚʘʥʠʡ ʩʧʦʩʽʙ ʬʦʨʤʘʣʴʥʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʥʷ 

ʜʽʷʣʴʥʦʩʪʽ ʦʧʝʨʘʪʠʚʥʦʛʦ ʧʝʨʩʦʥʘʣʫ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʥʦʪʘʮʽʾ BPMN. ʈʦʟʨʦʙʣʝʥʘ ʘʨʭʽʪʝʢʪʫʨʘ ʽ 

ʘʣʛʦʨʠʪʤʠ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʧʨʦʪʠʘʚʘʨʽʡʥʦʛʦ ʪʨʝʥʘʞʝʨʘ ʜʠʩʧʝʪʯʝʨʘ ʆʉʈ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʧʨʦʪʠʘʚʘʨʽʡʥʠʡ ʪʨʝʥʘʞʝʨ, ʤʦʜʝʣʴ ʜʽʷʣʴʥʦʩʪʽ, ʽʤʽʪʘʮʽʡʥʘ ʤʦʜʝʣʴ, ʩʠʩʪʝʤʘ 

ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʧʦʙʫʜʦʚʠ ʪʨʝʥʘʞʝʨʽʚ, ʧʨʦʪʠʘʚʘʨʽʡʥʝ ʪʨʝʥʫʚʘʥʥʷ. 
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Abstract. The paper considers an approach to the development of computer technology and software 

tools for creating scenario-simulation models for training processes of dispatcher personnel of distribution 

system operators (DSOs) of the Ukrainian power system. A methodology for designing simulators based on 

activity models (AM) of personnel and simulation models of complex electric power facilities has been 

developed. A method of formal representation of the activities of operational personnel using the BPMN 

notation is proposed. The architecture and algorithms for the functioning of the emergency simulator of the 

DSO are developed. 

Keywords: emergency simulator, activity model, simulation model, simulator construction 

automation system, emergency training. 

 

ɺʩʪʫʧ. ʇʨʦʪʠʘʚʘʨʽʡʥʽ ʪʨʝʥʫʚʘʥʥʷ ʻ ʦʩʥʦʚʥʦʶ ʬʦʨʤʦʶ ʨʦʙʦʪʠ ʟ ʧʝʨʩʦʥʘʣʦʤ 
ʧʽʜʧʨʠʻʤʩʪʚ ʝʣʝʢʪʨʠʯʥʠʭ ʤʝʨʝʞ, ʧʦʢʣʠʢʘʥʦʶ ʬʦʨʤʫʚʘʪʠ ʦʩʥʦʚʥʽ ʢʦʤʧʝʪʝʥʮʽʾ 
ʜʠʩʧʝʪʯʝʨʩʴʢʦʛʦ ʧʝʨʩʦʥʘʣʫ ʧʨʠ ʫʧʨʘʚʣʽʥʥʽ ʝʣʝʢʪʨʦʝʥʝʨʛʝʪʠʯʥʠʤʠ ʤʝʨʝʞʘʤʠ. ʅʘʡʙʽʣʴʰ 
ʝʬʝʢʪʠʚʥʠʤʠ ʪʝʭʥʽʯʥʠʤʠ ʟʘʩʦʙʘʤʠ ʧʨʦʚʝʜʝʥʥʷ ʪʨʝʥʫʚʘʥʴ, ʱʦ ʜʘʶʪʴ ʟʤʦʛʫ ʤʘʢʩʠʤʘʣʴʥʦ 
ʥʘʙʣʠʟʠʪʠ ʜʽʷʣʴʥʽʩʪʴ ʧʝʨʩʦʥʘʣʫ ʜʦ ʨʝʘʣʴʥʦʾ ʙʝʟ ʚʧʣʠʚʫ ʥʘ ʜʽʶʯʝ ʦʙʣʘʜʥʘʥʥʷ, ʻ ʢʦʤʧôʶʪʝʨʥʽ 
ʪʨʝʥʘʞʝʨʠ, ʱʦ ʽʤʽʪʫʶʪʴ ʨʝʘʣʴʥʝ ʨʦʙʦʯʝ ʤʽʩʮʝ [1, 19]. 

ʄʝʪʘ ʨʦʙʦʪʠ. ʈʦʟʨʦʙʢʘ ʽʤʽʪʘʮʽʡʥʠʭ ʤʦʜʝʣʝʡ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʦʙôʻʢʪʘ ʫʧʨʘʚʣʽʥʥʷ ʽ 
ʬʦʨʤʘʣʴʥʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʘʣʛʦʨʠʪʤʽʚ ʜʽʷʣʴʥʦʩʪʽ ʜʠʩʧʝʪʯʝʨʘ ʆʉʈ. ʈʦʟʨʦʙʢʘ ʧʨʦʛʨʘʤʥʠʭ 
ʧʨʦʜʫʢʪʽʚ, ʦʨʽʻʥʪʦʚʘʥʠʭ ʥʘ ʛʘʣʫʟʝʚʠʭ ʩʧʝʮʽʘʣʽʩʪʽʚ, ʱʦ ʥʝ ʤʘʶʪʴ ʜʦʩʚʽʜʫ ʧʨʦʛʨʘʤʫʚʘʥʥʷ. 

ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʽ. ʊʨʝʥʘʞʝʨʠ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʦʨʛʘʥʽʟʘʮʽʾ ʧʽʜʛʦʪʦʚʢʠ 
ʧʝʨʩʦʥʘʣʫ ʥʘ ʧʽʜʧʨʠʻʤʩʪʚʽ, ʧʦʚʠʥʥʽ ʚʽʜʦʙʨʘʞʘʪʠ ʤʽʩʮʝʚʫ ʩʧʝʮʠʬʽʢʫ ʨʦʙʦʪʠ ʦʙʣʘʜʥʘʥʥʷ ʽ 
ʦʨʛʘʥʽʟʘʮʽʾ ʫʧʨʘʚʣʽʥʥʷ. ʉʪʚʦʨʠʪʠ  ʪʘʢʫ ʢʽʣʴʢʽʩʪʴ ʬʘʢʪʠʯʥʦ ʫʥʽʢʘʣʴʥʠʭ  ʪʨʝʥʘʞʝʨʽʚ ʥʘ ʦʩʥʦʚʽ 
ʪʨʘʜʠʮʽʡʥʦʾ ʪʝʭʥʦʣʦʛʽʾ ʧʨʦʛʨʘʤʫʚʘʥʥʷ ʻ ʟʘʜʘʯʝʶ ʪʨʫʜʦʤʽʩʪʢʦʶ ʽ ʥʘʜʪʦ ʚʘʨʪʽʩʥʦʶ. ʊʦʤʫ 
[1, 23] ʚ ʷʢʦʩʪʽ ʦʜʥʽʻʾ ʟ ʦʩʥʦʚʥʠʭ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʤʦʞʣʠʚʦʩʪʝʡ ʪʨʝʥʘʞʝʨʘ ʚʠʤʘʛʘʻ ʥʘʷʚʥʽʩʪʴ 
ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʾ ʩʠʩʪʝʤʠ ʩʪʚʦʨʝʥʥʷ ʪʨʝʥʫʚʘʣʴʥʠʭ ʚʧʨʘʚ.  

ʆʩʥʦʚʥʘ ʯʘʩʪʠʥʘ. ɺ ʩʪʨʫʢʪʫʨʽ ʜʽʷʣʴʥʦʩʪʽ ʜʠʩʧʝʪʯʝʨʘ (ʨʠʩ. 1) ʚ ʷʢʦʩʪʽ ʩʢʣʘʜʦʚʠʭ ʤʦʞʥʘ 
ʚʠʜʽʣʠʪʠ: 

- ʤʥʝʤʦʩʭʝʤʫ (ʄʉ) ʦʙôʻʢʪʘ, ʱʦ ʚʽʜʦʙʨʘʞʘʻ ʪʦʧʦʣʦʛʽʶ ʽ ʧʦʪʦʯʥʠʡ ʦʧʝʨʘʪʠʚʥʠʡ ʩʪʘʥ 
ʢʦʤʫʪʘʮʽʡʥʠʭ ʘʧʘʨʘʪʽʚ, ʦʙʣʘʜʥʘʥʥʷ, ʧʨʠʩʪʨʦʾʚ ʈɿʽɸ ʽ ʪ.ʽ.;  

- ʤʦʜʝʣʴ ʝʣʝʢʪʨʠʯʥʦʛʦ ʨʝʞʠʤʫ, ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʨʝʞʠʤʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ 

ʝʣʝʢʪʨʦʦʙʣʘʜʥʘʥʥʷ: ʛʝʥʝʨʘʮʽʻʶ {ʈɻ̔, Qɻ̔}; ʩʧʦʞʠʚʘʥʥʷʤ {ʈʉ̔, Qʉ̔}, ʧʝʨʝʪʦʢʘʤʠ ʚ ʣʽʥʽʷʭ{ʈʃ̔, 
Qʃ̔}, ʥʘʧʨʫʛʦʶ ʫ ʚʫʟʣʘʭ {U }̔;  

- ʤʦʜʝʣʴ ʜʽʷʣʴʥʦʩʪʽ (ʄɼ) ï ʜʽʾ ʜʠʩʧʝʪʯʝʨʘ ʧʦ ʫʧʨʘʚʣʽʥʥʶ ʦʙôʻʢʪʦʤ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ 
ʧʦʪʦʯʥʦʾ ʩʠʪʫʘʮʽʾ ʽ ʫ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʟ ʚʠʤʦʛʘʤʠ ʥʦʨʤʘʪʠʚʥʦ-ʪʝʭʥʽʯʥʦʾ ʽ ʩʣʫʞʙʦʚʦʾ 
ʜʦʢʫʤʝʥʪʘʮʽʾ. 

 
ʈʠʩ. 1. ʈʦʙʦʯʝ ʤʽʩʮʝ ʽ ʩʪʨʫʢʪʫʨʘ ʜʽʷʣʴʥʦʩʪʽ ʧʝʨʩʦʥʘʣʫ ʆʉʈ. 
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ʆʩʥʦʚʥʠʤ ʥʘʚʠʢʦʤ, ʱʦ ʬʦʨʤʫʻʪʴʩʷ ʥʘ ʪʨʝʥʘʞʝʨʽ ʻ ʥʘʚʠʢ ʦʧʝʨʘʪʠʚʥʦʛʦ ʤʠʩʣʝʥʥʷ: 

ʦʪʨʠʤʘʥʥʷ ʽ ʦʙʨʦʙʢʘ ʽʥʬʦʨʤʘʮʽʾ, ʧʨʠʡʥʷʪʪʷ ʽ ʨʝʘʣʽʟʘʮʽʷ ʦʧʝʨʘʪʠʚʥʠʭ ʨʽʰʝʥʴ. ʅʘ ʪʨʝʥʘʞʝʨʽ 

ʧʦʚʠʥʥʽ ʙʫʪʠ ʟʙʝʨʝʞʝʥʽ ʤʦʜʝʣʽ ʬʦʨʤʠ ʧʦʜʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ, ʩʧʦʩʦʙʽʚ ʽ ʜʞʝʨʝʣ ʾʭ ʦʪʨʠʤʘʥʥʷ. 

 ɹʘʟʦʚʘ ʤʦʜʝʣʴ ʄʉ ʦʙôʻʢʪʘ  ʩʪʚʦʨʶʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʚʽʟʫʘʣʴʥʦʛʦ ʨʝʜʘʢʪʦʨʘ. ʈʝʜʘʢʪʦʨ 

ʤʽʩʪʠʪʴ çʙʽʙʣʽʦʪʝʢʫè ʫʤʦʚʥʠʭ ʧʦʟʥʘʯʝʥʴ ʝʣʝʤʝʥʪʽʚ ʩʭʝʤʠ. ʇʦʙʫʜʦʚʘ ʄʉ ʧʦʣʷʛʘʻ ʚ 

çʧʝʨʝʪʘʩʢʫʚʘʥʥʽè ʝʣʝʤʝʥʪʘ ʄʉ ʚ ʧʦʣʝ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʤʦʜʝʣʽ (ɯʄ) ʽ ʟôʻʜʥʘʥʥʽ ʝʣʝʤʝʥʪʽʚ ʫ 

ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʟ ʽʩʥʫʶʯʦʶ ʪʦʧʦʣʦʛʽʻʶ. ɽʣʝʤʝʥʪ ʚʧʠʩʘʥʠʡ ʚ çʧʨʷʤʦʢʫʪʥʠʢè ʟ ʢʦʦʨʜʠʥʘʪʘʤʠ 

(a1,b1; a1,b2; a2,b1; a2,b2). ʇʨʷʤʦʢʫʪʥʠʢ ʬʽʢʩʫʻʪʴʩʷ ʚ ʧʦʣʽ ɯʄ. ɺ ʧʦʜʘʣʴʰʦʤʫ ʧʨʠ ʚʠʙʦʨʽ ʝʣʝʤʝʥʪʘ 

ʜʽʾ, ʷʢʱʦ Ą́ȟĄ̂ ᶰ ẖ̌ˏ   Oʚʠʟʥʘʯʘʻʪʴʩʷ ʝʣʝʤʝʥʪ ʩʭʝʤʠ. 

ɿʤʽʥʘ ʦʧʝʨʘʪʠʚʥʦʛʦ ʩʪʘʥʫ ʢʦʤʫʪʘʮʽʡʥʦʛʦ ʘʧʘʨʘʪʫ ʩʭʝʤʠ ʟʘʚʞʜʠ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʤʽʥʠ 

ʧʘʨʘʤʝʪʨʽʚ ʨʝʞʠʤʫ. ɼʠʩʧʝʪʯʝʨ ʩʧʦʩʪʝʨʽʛʘʻ ʮʝʡ ʧʨʦʮʝʩ ʷʢ ʤʠʪʪʻʚʫ ʟʤʽʥʫ ʧʘʨʘʤʝʪʨʽʚ (çʟʨʽʟè) 

ʨʝʞʠʤʫ, ʱʦ  ʚʠʚʦʜʷʪʴʩʷ ʥʘ çʢʘʨʪʠʥʢʫè ʄʉ. ɺ ʧʨʦʮʝʩʽ ʪʨʝʥʫʚʘʥʥʷ ʨʝʘʢʮʽʷ ʪʨʝʥʘʞʝʨʘ ʥʘ ʟʤʽʥʫ 

ʪʦʧʦʣʦʛʽʾ ʧʦʚʠʥʥʘ ʙʫʪʠ ʤʘʢʩʠʤʘʣʴʥʦ ʩʭʦʞʘ ʥʘ ʧʦʚʝʜʽʥʢʫ ʨʝʘʣʴʥʦʾ ʤʝʨʝʞʽ ʽ ʚʽʜʙʫʚʘʪʠʩʷ ʚ 

ʨʝʘʣʴʥʦʤʫ ʯʘʩʽ (ʢʦʤʬʦʨʪʥʠʡ ʯʘʩ ~ 1ʉ). çɿʨʽʟʠè ʨʝʞʠʤʽʚ, ʱʦ ʚʽʜʦʙʨʘʞʘʶʪʴʩʷ ʥʘ ʄʉ ʽ 

ʚʽʜʧʦʚʽʜʘʶʪʴ ʧʦʪʦʯʥʦʤʫ ʰʘʛʫ ʩʮʝʥʘʨʽʶ ʪʨʝʥʫʚʘʥʥʷ ʧʨʦʨʘʭʦʚʫʶʪʴʩʷ ʟʘʚʯʘʩʥʦ ʽ ʚʥʦʩʷʪʴʩʷ ʫ 

ʚʠʛʣʷʜʽ ʟʤʽʥ ʜʦ çʢʘʨʪʠʥʢʠè ʄʉ ʟʘ ʜʦʧʦʤʦʛʦʶ ʨʝʜʘʢʪʦʨʘ. 

ʇʨʦʛʨʘʤʘ ʪʨʝʥʫʚʘʥʥʷ ʬʦʨʤʫʻʪʴʩʷ ʫ ʚʠʛʣʷʜʽ ʩʮʝʥʘʨʽʶ ʧʦʚʝʜʽʥʢʠ ʜʠʩʧʝʪʯʝʨʘ ï ʤʦʜʝʣʽ 

ʜ̔ ʷʣʴʥʦʩʪʽ (ʄɼ). ɼʣʷ ʬʦʨʤʘʣʴʥʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʄɼ ʧʨʠʡʥʷʪʠʡ ʦʧʠʩ ʚ ʥʦʪʘʮʽʾ BPMN 

ʩʪʘʥʜʘʨʪʫ ISO/IEC 19510. ʎʝʡ ʦʧʠʩ ʪʘʢʦʞ ʻ ʟʨʦʟʫʤʽʣʠʤ ʜʣʷ ʧʨʦʛʨʘʤʥʦʛʦ ʧʨʦʜʫʢʪʫ, ʱʦ 

ʨʝʘʣʽʟʫʻ ʄɼ ʚ ʧʨʦʮʝʩʽ ʪʨʝʥʫʚʘʥʥʷ. 

ɼʣʷ ʨʝʘʣʽʟʘʮʽʷ ʙʣʦʢ-ʦʨʽʻʥʪʦʚʥʠʭ ʧʽʜʩʠʩʪʝʤ ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʩʪʚʦʨʝʥʥʷ ʽ ʨʝʘʣʽʟʘʮʽʾ 

ʪʨʝʥʘʞʝʨʽʚ/ʩʮʝʥʘʨʽʾʚ ʪʨʝʥʫʚʘʥʴ ʚʠʙʨʘʥʠʡ  ʢʨʦʩ-ʧʣʘʪʬʦʨʤʥʠʡ ʨʫʰʽʡ UNITY. 

ɺʠʩʥʦʚʢʠ. ɼʘʥʠʡ ʧʽʜʭʽʜ ʜʦʟʚʦʣʷʻ ʟʘʜʽʷʪʠ ʚ ʨʝʘʣʽʟʘʮʽʾ ʪʨʝʥʘʞʝʨʽʚ ʛʘʣʫʟʝʚʠʭ 

ʩʧʝʮʽʘʣʽʩʪʽʚ, ʱʦ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʟʘʡʥʷʪʽ ʚ ʦʨʛʘʥʽʟʘʮʽʾ ʪʨʝʥʫʚʘʥʴ çʥʘ ʤʽʩʮʷʭè. ʇʨʠ ʨʝʘʣʽʟʘʮʽʾ 

ʪʨʝʥʘʞʝʨʽʚ ʤʘʢʩʠʤʘʣʴʥʦ ʚʨʘʭʦʚʫʚʘʪʠ ʩʧʝʮʠʬʽʢʫ ʢʦʥʢʨʝʪʥʠʭ ʆʉʈ. ɿʘʙʝʟʧʝʯʠʪʠ ʛʘʣʫʟʴ 

ʥʝʦʙʭʽʜʥʦʶ ʢʽʣʴʢʽʩʪʶ ʪʝʭʥʽʯʥʠʭ ʟʘʩʦʙʽʚ ʧʨʠ ʦʨʛʘʥʽʟʘʮʽʾ ʪʨʝʥʫʚʘʥʴ ʟʛʽʜʥʦ ʟ ʚʠʤʦʛʘʤʠ 

ʛʘʣʫʟʝʚʠʭ ʥʦʨʤʘʪʠʚʽʚ. 

ʉʧʠʩʦʢ ʚʠʢʦʨʠʩʪʘʥʠʭ ʜʞʝʨʝʣ 
1. ʇʈɸɺʀʃɸ ʧʨʦʚʝʜʝʥʥʷ ʧʨʦʪʠʘʚʘʨʽʡʥʠʭ ʪʨʝʥʫʚʘʥʴ ʧʝʨʩʦʥʘʣʫ ʝʣʝʢʪʨʠʯʥʠʭ ʩʪʘʥʮʽʡ ʪʘ ʤʝʨʝʞ. 
ʅʘʢʘʟ ʄʽʥʝʥʝʨʛʦ ʋʢʨʘʾʥʠ, ˉ991, ʚʽʜ 24.12.2013ʨ. 
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ʌʝʜʦʨʦʚʠʯ ʆ. ɭ., ʃʫʪʘʡ ʃ. ʄ., ʊʨʽʱ ʈ. ʄ., ɿʘʙʦʣʦʪʥʠʡ ʆ. ɺ., ʍʦʤôʷʢ ɽ. ɸ., ʅʽʢʽʪʽʥ ɸ. ʆ.  
ʅʘʮʽʦʥʘʣʴʥʠʡ ʘʝʨʦʢʦʩʤʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʽʤ. ʄ.ɭ. ɾʫʢʦʚʩʴʢʦʛʦ çʍɸɯè, ʍʘʨʢʽʚ, ʋʢʨʘʾʥʘ 

 

ɸʥʦʪʘʮʽʷ. ʆʙʩʣʫʛʦʚʫʚʘʥʥʷ ʚʠʩʦʢʦʪʝʭʥʦʣʦʛʽʯʥʦʾ ʧʨʦʜʫʢʮʽʾ ʟʜʽʡʩʥʶʻʪʴʩʷ ʧʽʜ ʯʘʩ ʚʠʢʦʥʘʥʥʷ 
ʝʪʘʧʫ ʝʢʩʧʣʫʘʪʘʮʽʾ. ɼʣʷ ʟʣʘʛʦʜʞʝʥʦʛʦ ʚʠʢʦʥʘʥʥʷ ʧʨʦʮʝʩʽʚ ʝʢʩʧʣʫʘʪʘʮʽʾ ʜʦʮʽʣʴʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ 
ʽʤʽʪʘʮʽʡʥʝ ʤʦʜʝʣʶʚʘʥʥʷ. ʋ ʜʦʩʣʽʜʞʝʥʥʽ ʩʪʘʚʠʪʴʩʷ ʪʘ ʚʠʨʽʰʫʻʪʴʩʷ ʟʘʜʘʯʘ ʩʪʚʦʨʝʥʥʷ ʽʤʽʪʘʮʽʡʥʦʾ 
ʤʦʜʝʣʽ ʜʣʷ ʘʥʘʣʽʟʫ ʧʨʦʮʝʩʽʚ ʪʝʭʥʽʯʥʦʾ ʝʢʩʧʣʫʘʪʘʮʽʾ ʘʚʽʘʮʽʡʥʦʾ ʪʝʭʥʽʢʠ (ɸʊ). ʉʪʚʦʨʝʥʘ ʽʤʽʪʘʮʽʡʥʘ 
ʤʦʜʝʣʴ ʚʢʣʶʯʘʻ ʤʦʜʫʣʽ ʜʽʘʛʥʦʩʪʫʚʘʥʥʷ, ʧʦʰʫʢʫ ʥʝʩʧʨʘʚʥʦʩʪʽ, ʨʝʤʦʥʪʫ, ʥʘʢʦʧʠʯʝʥʥʷ ʜʽʘʛʥʦʩʪʠʯʥʦʾ 
ʽʥʬʦʨʤʘʮʽʾ ʜʣʷ ʧʦʜʘʣʴʰʦʛʦ ʾʾ ʦʙʨʦʙʣʝʥʥʷ ʪʘ ʽʥ. ʄʝʪʦʶ ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʨʦʟʨʦʙʣʝʥʥʷ ʤʦʜʝʣʽ 
ʙʘʛʘʪʦʨʽʚʥʝʚʦʛʦ ʢʦʤʧʦʥʝʥʪʥʦʛʦ ʧʦʰʫʢʫ ʥʝʩʧʨʘʚʥʦʩʪʝʡ ʣʽʪʘʣʴʥʦʛʦ ʘʧʘʨʘʪʫ (ʃɸ) ʧʽʜ ʯʘʩ 
ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ. ʇʨʝʜʤʝʪʦʤ ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʧʣʘʥʫʚʘʥʥʷ ʪʘ ʫʧʨʘʚʣʽʥʥʷ ʝʢʩʧʣʫʘʪʘʮʽʻʶ ʷʢ ʝʪʘʧʫ 
ʞʠʪʪʻʚʦʛʦ ʮʠʢʣʫ ʩʢʣʘʜʥʦʾ ʪʝʭʥʽʢʠ. ɺʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʥʘʩʪʫʧʥʽ ʤʘʪʝʤʘʪʠʯʥʽ ʤʦʜʝʣʽ ʪʘ ʤʝʪʦʜʠ: 
ʩʠʩʪʝʤʥʠʡ ʘʥʘʣʽʟ, ʪʝʦʨʽʷ ʽʥʬʦʨʤʘʮʽʾ, ʽʤʽʪʘʮʽʡʥʝ ʤʦʜʝʣʶʚʘʥʥʷ. ɿʘʧʨʦʧʦʥʦʚʘʥʦ ʤʦʜʝʣʴ 
ʙʘʛʘʪʦʨʽʚʥʝʚʦʛʦ ʢʦʤʧʦʥʝʥʪʥʦʛʦ ʧʦʰʫʢʫ ʥʝʩʧʨʘʚʥʦʩʪʝʡ ʧʨʠ ʜʽʘʛʥʦʩʪʫʚʘʥʥʽ ɸʊ, ʱʦ ʜʦʟʚʦʣʠʪʴ 
ʩʢʦʨʦʪʠʪʠ ʪʨʠʚʘʣʽʩʪʴ ʽ ʚʘʨʪʽʩʪʴ ʪʝʭʥʽʯʥʦʛʦ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʝʢʩʧʣʫʘʪʘʮʽʡʥʦʾ ʪʝʭʥʽʢʠ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʩʢʦʨʦʯʝʥʥʷ ʞʠʪʪʻʚʦʛʦ ʮʠʢʣʫ, ʝʢʩʧʣʫʘʪʘʮʽʷ ʘʚʽʘʮʽʡʥʦʾ ʪʝʭʥʽʢʠ, ʜʽʘʛʥʦʩʪʫʚʘʥʥʷ 
ʘʚʽʘʮʽʡʥʦʾ ʪʝʭʥʽʢʠ, ʪʝʭʥʽʯʥʝ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ, ʽʤʽʪʘʮʽʡʥʽ ʤʦʜʝʣʽ. 
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SIMULATION OF THE OPTIMAL AVIATION EQUIPMENT MAINTENANCE 
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OF A COMPLEX PRODUCT  
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Abstract. Maintenance of high-tech products is carried out during the operation stage. For the 
coordinated execution of operation processes, it is advisable to use simulation modeling. The research sets 
and solves the task of creating a simulation model for the analysis of the processes of technical operation of 
aviation equipment. The created simulation model includes modules for diagnosis, fault finding, repair, 
accumulation of diagnostic information for further processing, etc. The purpose of the study is to develop a 
model of multi-level component fault finding of aircraft during maintenance. The subject of the research is 
the planning and management of operation as a stage of the life cycle of complex equipment. The following 
mathematical models and methods are used: system analysis, information theory, simulation modeling. A 
model of multi-level component fault finding in the diagnosis of aviation equipment is proposed, which will 
reduce the duration and cost of maintenance of operational equipment. 

Keywords: reduction of the life cycle, operation of aviation equipment, diagnostics of aviation 
equipment, maintenance; simulation models. 

 
ɺʠʢʣʘʜ ʦʩʥʦʚʥʦʛʦ ʤʘʪʝʨʽʘʣʫ. ʆʜʥʠʤ ʟ ʚʠʟʥʘʯʥʠʭ ʬʘʢʪʦʨʽʚ ʢʦʥʢʫʨʝʥʪʦʩʧʨʦʤʦʞʥʦʩʪʽ 

ʩʢʣʘʜʥʦʛʦ ʚʠʨʦʙʫ ʻ ʩʪʚʦʨʝʥʥʷ ʥʦʚʠʭ ʥʘʫʢʦʚʠʭ ʧʽʜʭʦʜʽʚ ʱʦʜʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʷʢʦʩʪʽ ʚʠʨʦʙʫ ʪʘ 
ʝʬʝʢʪʠʚʥʦʛʦ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʚʧʨʦʜʦʚʞ ʚʩʽʭ ʝʪʘʧʽʚ ʡʦʛʦ ʞʠʪʪʻʚʦʛʦ ʮʠʢʣʫ. ʇʦʛʘʥʘ ʷʢʽʩʪʴ 
ʪʝʭʥʽʯʥʦʛʦ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ (ʊʆ) ʥʝ ʪʽʣʴʢʠ ʩʪʚʦʨʶʻ ʟʘʛʨʦʟʫ ʙʝʟʧʝʮʽ ʧʦʣʴʦʪʽʚ, ʘʣʝ ʪʘʢʦʞ ʤʦʞʝ 
ʧʨʠʟʚʝʩʪʠ ʜʦ ʟʥʘʯʥʠʭ ʬʽʥʘʥʩʦʚʠʭ ʚʠʪʨʘʪ ʯʝʨʝʟ ʟʘʪʨʠʤʢʠ, ʩʢʘʩʫʚʘʥʥʷ, ʚʽʜʭʠʣʝʥʥʷ ʪʘ ʽʥʰʽ ʟʙʦʾ 
[1]. ɺʨʘʭʦʚʫʶʯʠ ʝʢʦʥʦʤʽʯʥʫ ʥʝʩʪʘʙʽʣʴʥʽʩʪʴ, ʚʦʻʥʥʠʡ ʩʪʘʥ, ʛʣʦʙʘʣʽʟʘʮʽʶ ʝʢʦʥʦʤʽʢʠ 
ʥʝʦʙʭʽʜʥʦ ʰʫʢʘʪʠ ʥʦʚʽ ʧʽʜʭʦʜʠ ʱʦʜʦ ʦʨʛʘʥʽʟʘʮʽʾ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʧʨʦʮʝʩʽʚ ɸʊ, ʱʦ 
ʙʘʟʫʶʪʴʩʷ ʥʘ ʘʢʪʠʚʥʦʤʫ ʚʠʢʦʨʠʩʪʘʥʥʽ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ, ʷʢʽ ʜʦʟʚʦʣʷʶʪʴ 
ʥʘʢʦʧʠʯʫʚʘʪʠ ʪʘ ʦʙʨʦʙʣʶʚʘʪʠ ʽʥʬʦʨʤʘʮʽʶ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʟʜʽʡʩʥʝʥʦʛʦ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ 
[2, 3].  

ʄʝʪʘ ʨʦʙʦʪʠ ï ʨʦʟʨʦʙʣʝʥʥʷ ʤʦʜʝʣʽ ʧʦʰʫʢʫ ʥʝʩʧʨʘʚʥʦʩʪʝʡ ʧʨʠ ʜʽʘʛʥʦʩʪʫʚʘʥʥʽ ɸʊ, ʱʦ 
ʣʝʞʠʪʴ ʚ ʦʩʥʦʚʽ ʩʠʩʪʝʤʠ ʊʆ ʽ ʨʝʤʦʥʪʫ, ʟʘʚʜʷʢʠ ʷʢʽʡ ʟʜʽʡʩʥʶʻʪʴʩʷ ʩʢʦʨʦʯʝʥʥʷ ʪʨʠʚʘʣʦʩʪʽ 
ʜʽʘʛʥʦʩʪʫʚʘʥʥʷ ʝʢʩʧʣʫʘʪʘʮʽʡʥʦʾ ʩʠʩʪʝʤʠ, ʰʣʷʭʦʤ ʚʧʨʦʚʘʜʞʝʥʥʷ ʩʪʚʦʨʝʥʦʾ ʽʤʽʪʘʮʽʡʥʦʾ 
ʤʦʜʝʣʽ ʜʣʷ ʨʝʘʣʽʟʘʮʽʾ ʧʨʦʮʝʩʽʚ ʪʝʭʥʽʯʥʦʾ ʝʢʩʧʣʫʘʪʘʮʽʾ ɸʊ. 

ʉʧʝʮʠʬʽʯʥʽʩʪʴ ʽ ʩʢʣʘʜʥʽʩʪʴ ʃɸ ʚʧʣʠʚʘʻ ʥʘ ʪʝ, ʱʦ ʜʣʷ ʚʠʷʚʣʝʥʥʷ ʜʝʬʝʢʪʫ ʯʘʩʪʦ ʚʠʥʠʢʘʻ 
ʥʝʦʙʭʽʜʥʽʩʪʴ ʧʨʦʚʦʜʠʪʠ ʧʝʨʝʚʽʨʢʫ ʟʥʘʯʥʦʾ ʢʽʣʴʢʦʩʪʽ ʩʪʨʫʢʪʫʨʥʠʭ ʝʣʝʤʝʥʪʽʚ ʦʙôʻʢʪʫ. 
ɿʙʽʣʴʰʝʥʥʷ ʯʠʩʣʘ ʧʝʨʝʚʽʨʦʢ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʧʽʜʚʠʱʝʥʥʷ ʪʨʫʜʦʤʽʩʪʢʦʩʪʽ ʪʘ ʚʘʨʪʦʩʪʽ ʨʦʙʽʪ, ʘ 
ʪʘʢʦʞ ʜʦ ʟʙʽʣʴʰʝʥʥʷ ʧʨʦʩʪʦʾʚ ʃɸ. 

ʇʨʠ ʤʦʜʝʣʶʚʘʥʥʽ ʧʨʦʮʝʩʽʚ ʝʢʩʧʣʫʘʪʘʮʽʾ ʃɸ ʨʦʟʢʨʠʪʪʷ ʧʨʠʯʠʥ ʪʘ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʧʦʪʨʝʙ 
ʚ ʦʙʩʣʫʛʦʚʫʚʘʥʥʽ ʻ ʦʜʥʠʤ ʽʟ ʚʘʞʣʠʚʠʭ ʽ ʩʢʣʘʜʥʠʭ ʟʘʚʜʘʥʴ. ɼʣʷ ʡʦʛʦ ʚʠʨʽʰʝʥʥʷ ʚ ʨʦʙʦʪʽ 
ʟʘʧʨʦʧʦʥʦʚʘʥʘ ʽʤʽʪʘʮʽʡʥʘ ʤʦʜʝʣʴ ʧʨʦʮʝʩʽʚ ʊʆ ʽ ʨʝʤʦʥʪʫ ɸʊ, ʱʦ ʚʨʘʭʦʚʫʻ ʩʫʢʫʧʥʽʩʪʴ ʪʘ 
ʚʟʘʻʤʦʜʽʶ ʤʽʞ ʫʩʽʤʘ ʟʘʧʨʦʧʦʥʦʚʘʥʠʤʠ ʫ ʜʦʩʣʽʜʞʝʥʥʽ ʧʨʦʮʝʩʘʤʠ ʝʢʩʧʣʫʘʪʘʮʽʡʥʦʾ ɸʊ. 
ʆʜʥʽʻʶ ʽʟ ʩʢʣʘʜʦʚʠʭ ʽʤʽʪʘʮʽʡʥʦʾ ʤʦʜʝʣʽ ʷʚʣʷʻʪʴʩʷ ʤʦʜʫʣʴ ʜʽʘʛʥʦʩʪʫʚʘʥʥʷ. ʈʝʟʫʣʴʪʘʪʦʤ 
ʨʦʙʦʪʠ ʜʘʥʦʛʦ ʤʦʜʫʣʷ ʻ ʚʠʟʥʘʯʝʥʥʷ ʤʽʩʮʷ, ʚʠʜʫ, ʘ ʧʨʠ ʥʝʦʙʭʽʜʥʦʩʪʽ ʡ ʧʨʠʯʠʥʠ ʧʦʷʚʠ 
ʥʝʩʧʨʘʚʥʦʩʪʽ ʦʙôʻʢʪʫ ʜʽʘʛʥʦʩʪʫʚʘʥʥʷ.  

ʇʦʰʫʢ ʥʝʩʧʨʘʚʥʦʩʪʽ Xj ʟʚʦʜʠʪʴʩʷ ʜʦ ʧʦʩʣʽʜʦʚʥʦʾ ʜʝʢʦʤʧʦʟʠʮʽʾ ʩʠʩʪʝʤʠ ʥʘ ʜʚʽ ʜʽʣʷʥʢʠ, 
ʦʜʥʘ ʟ ʷʢʠʭ ʧʽʜʣʷʛʘʻ ʧʝʨʝʚʽʨʮʽ Vi. ɺʠʙʨʘʥʘ ʧʝʨʝʚʽʨʢʘ Vi ʥʝʩʝ ʤʘʢʩʠʤʫʤ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʩʪʘʥ 
ʩʠʩʪʝʤʠ ʽ ʨʦʟʙʠʚʘʻ ʝʣʝʤʝʥʪʠ ʩʠʩʪʝʤʠ ʥʘ ʜʚʽ ʛʨʫʧʠ: ʥʘ ʟʤʽʥʫ ʩʪʘʥʫ ʢʦʪʨʠʭ Vi ʨʝʘʛʫʻ ï ç1è ʽ ʥʝ 
ʨʝʘʛʫʻ ï ç0è. ɺ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʨʝʟʫʣʴʪʘʪʫ ʧʝʨʝʚʽʨʢʠ ʚʠʟʥʘʯʘʻʪʴʩʷ ʧʽʜʩʠʩʪʝʤʘ, ʫ ʩʢʣʘʜʽ ʷʢʦʾ 
ʟʥʘʭʦʜʠʪʴʩʷ ʥʝʧʨʘʮʶʶʯʠʡ ʝʣʝʤʝʥʪ (ʜʝʬʝʢʪ). ʗʢʱʦ ʥʝʩʧʨʘʚʥʠʡ ʢʦʤʧʦʥʝʥʪ ʥʝ ʚʠʷʚʣʝʥʦ ʥʘ 
ʜʘʥʦʤʫ ʨʽʚʥʽ ʜʝʢʦʤʧʦʟʠʮʽʾ, ʜʝʬʝʢʪʥʘ ʧʽʜʩʠʩʪʝʤʘ ʟʥʦʚʫ ʨʦʟʙʠʚʘʻʪʴʩʷ ʥʘ ʜʚʽ ʯʘʩʪʠʥʠ, ʦʜʥʘ ʟ 
ʢ̫ʠʭ ʟʥʦʚʫ ʧʽʜʣʷʛʘʻ ʧʝʨʝʚʽʨʮʽ. ɼʨʫʛʘ ʧʝʨʝʚʽʨʢʘ ʚʠʙʠʨʘʻʪʴʩʷ ʚʠʭʦʜʷʯʠ ʟ ʤʘʢʩʠʤʫʤʫ 
ʽʥʬʦʨʤʘʮʽʾ ʜʣʷ ʩʪʚʦʨʝʥʠʭ ʛʨʫʧ ʝʣʝʤʝʥʪʽʚ. ɼʝʢʦʤʧʦʟʠʮʽʷ ʪʘ ʬʦʨʤʫʚʘʥʥʷ ʛʨʫʧ ʩʠʩʪʝʤʠ ʥʘ 
ʧʦʪʦʯʥʦʤʫ ʨʽʥʽ ʜʝʢʦʤʧʦʟʠʮʽʾ ʧʨʦʜʦʚʞʫʻʪʴʩʷ ʜʦ ʤʦʤʝʥʪʫ ʚʠʷʚʣʝʥʥʷ ʚʽʜʤʦʚʣʝʥʦʛʦ 
(ʥʝʩʧʨʘʚʥʦʛʦ) ʢʦʤʧʦʥʝʥʪʫ ʩʠʩʪʝʤʠ ʧʨʠ ʯʝʨʛʦʚʽʡ ʧʝʨʝʚʽʨʮʽ. ʂʦʤʧʦʥʝʥʪʦʤ, ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ 
ʚʠʤʦʛ ʜʦ ʛʣʠʙʠʥʠ ʧʦʰʫʢʫ, ʤʦʞʝ ʙʫʪʠ ʩʠʩʪʝʤʘ, ʧʽʜʩʠʩʪʝʤʘ, ʚʫʟʦʣ ʘʙʦ ʘʛʨʝʛʘʪ. ʏʝʨʛʦʚʽʩʪʴ 
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ʧʝʨʝʚʽʨʦʢ ʪʘ ʾʭ ʽʥʬʦʨʤʘʪʠʚʥʽʩʪʴ ʚʠʟʥʘʯʘʻʪʴʩʷ ʥʘ ʦʩʥʦʚʽ ʢʦʤʧʦʥʝʥʪʥʦʾ ʘʨʭʽʪʝʢʪʫʨʠ ʚʠʨʦʙʫ 
[4], ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʜʽʶʯʠʭ ʚ ʩʠʩʪʝʤʽ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʟʚôʷʟʢʽʚ ʤʽʞ ʩʪʨʫʢʪʫʨʥʠʤʠ ʝʣʝʤʝʥʪʘʤʠ 
ʩʠʩʪʝʤʠ. ɺʟʘʻʤʦʟʚôʷʟʦʢ ʤʽʞ ʨʝʟʫʣʴʪʘʪʘʤʠ ʧʝʨʝʚʽʨʦʢ ʽ ʩʪʘʥʦʤ ʩʠʩʪʝʤʠ ʧʨʝʜʩʪʘʚʣʷʻʪʴʩʷ ʫ 
ʚʠʛʣʷʜʽ ʜʽʘʛʥʦʩʪʠʯʥʦʾ ʤʘʪʨʠʮʽ. ʊʘʢʠʤ ʯʠʥʦʤ, ʚʠʷʚʣʷʻʤʦ ʥʝʩʧʨʘʚʥʠʡ ʢʦʤʧʦʥʝʥʪ ʩʠʩʪʝʤʠ. 

ʈʝʘʣʽʟʘʮʽʷ ʜʘʥʦʛʦ ʧʨʠʥʮʠʧʫ ʜʦʟʚʦʣʷʻ ʟʤʝʥʰʠʪʠ ʢʽʣʴʢʽʩʪʴ ʧʝʨʝʚʽʨʦʢ, ʥʝʦʙʭʽʜʥʠʭ ʜʣʷ 
ʚʠʷʚʣʝʥʥʷ ʜʝʬʝʢʪʫ, ʦʩʦʙʣʠʚʦ ʧʨʠ ʥʘʷʚʥʦʩʪʽ ʜʦʩʪʘʪʥʴʦ ʚʝʣʠʢʦʾ ʨʽʟʥʠʮʽ ʚ ʟʥʘʯʝʥʥʷʭ 
ʡʤʦʚʽʨʥʦʩʪʝʡ ʚʽʜʤʦʚʣʝʥʥʷ ʪʦʛʦ ʯʠ ʽʥʰʦʛʦ ʢʦʤʧʦʥʝʥʪʘ 0   ̔ ʧʨʠʙʣʠʟʥʦ ʦʜʥʘʢʦʚʠʭ ʟʥʘʯʝʥʥʷʭ 
ʪʨʫʜʦʤʽʩʪʢʦʩʪʽ Ô .  

ɺʠʩʥʦʚʢʠ. ɼʣʷ ʚʠʨʽʰʝʥʥʷ ʟʘʜʘʯʽ ʧʦʰʫʢʫ ʤʽʩʮʷ ʽ ʚʠʟʥʘʯʝʥʥʷ ʧʨʠʯʠʥ ʚʽʜʤʦʚ 
ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʤʦʜʝʣʴ ʙʘʛʘʪʦʨʽʚʥʝʚʦʛʦ ʢʦʤʧʦʥʝʥʪʥʦʛʦ ʧʦʰʫʢʫ ʥʝʩʧʨʘʚʥʦʩʪʝʡ ʃɸ ʟ 
ʬʦʨʤʘʣʽʟʦʚʘʥʠʤ ʦʧʠʩʦʤ ʦʙôʻʢʪʫ ʜʽʘʛʥʦʩʪʫʚʘʥʥʷ. ɺʧʨʦʚʘʜʞʝʥʥʷ ʨʦʟʨʦʙʣʝʥʦʾ ʤʦʜʝʣʽ 
ʜʦʟʚʦʣʠʪʴ ʩʢʦʨʦʪʠʪʠ ʯʘʩ ʪʘ ʬʽʥʘʥʩʦʚʽ ʚʠʪʨʘʪʠ ʧʨʦʮʝʩʫ ʜʽʘʛʥʦʩʪʫʚʘʥʥʷ ʽ ʩʢʦʨʝʛʫʚʘʪʠ ʧʨʦʝʢʪʥʽ 
ʜʽʾ ʧʦ ʚʽʜʥʦʚʣʝʥʥʶ ʥʘʜʽʡʥʦʾ ʧʨʘʮʝʟʜʘʪʥʦʩʪʽ ɸʊ. 

 
ʉʧʠʩʦʢ ʚʠʢʦʨʠʩʪʘʥʠʭ ʜʞʝʨʝʣ 

1.  Hobbs A.: Aircraft Maintenance and Inspection. International Encyclopedia of Transportation, 25ï33 
(2021). https://doi.org/10.1016/B978-0-08-102671-7.10103-4 

2.  KÜla M., LaliĤ A., Vojtñch T.: Analyzing Aircraft Maintenance Findings with Natural Language 
Processing. Transportation Research Procedia, vol. 65, 238ï245 (2022). 
https://doi.org/10.1016/j.trpro.2022.11.028 

3.  De Pater I., Mitici M.: Predictive maintenance for multi-component systems of repairables with 
Remaining-Useful-Life prognostics and a limited stock of spare components. Reliability Engineering & 
System Safety, vol. 214 (2021). https://doi.org/10.1016/j.ress.2021.107761 

4.  Fedorovich, O., Kosenko, V., Lutai, L., Zamirets, I.: Methods and models of research of investment 
attractiveness and competitiveness of project-oriented enterprise in the process of creating innovative 
high-tech. Innovative Technologies and Scientific Solutions for Industries 3 (21), 51ï59 (2022). 
https://doi.org/10.30837/ITSSI.2022.21.051 

https://www.sciencedirect.com/science/referenceworks/9780081026724
https://doi.org/10.1016/B978-0-08-102671-7.10103-4
https://www.sciencedirect.com/journal/transportation-research-procedia
file:///D:/Luda/2024/Черкаси/65
https://doi.org/10.1016/j.trpro.2022.11.028
https://www.sciencedirect.com/journal/reliability-engineering-and-system-safety
https://www.sciencedirect.com/journal/reliability-engineering-and-system-safety
file:///D:/Luda/2024/Черкаси/vol.%20214
https://doi.org/10.1016/j.ress.2021.107761
https://doi.org/10.30837/ITSSI.2022.21.051


50 

 

C. ɯʥʬʦʨʤʘʮʽʡʥʽ ʪʝʭʥʦʣʦʛʽʾ ʚ ʪʝʭʥʽʮʽ ʪʘ ʨʦʙʦʪʦʪʝʭʥʽʮʽ / Information technology in engineering 

and robotics 
 

ADAPTIVE ALGORITHMS FOR QUANTIZATION ERROR NORMALIZATION OF 

DIGITAL ENCODER -BASED TACHOMETERS  

 

Kukharchuk  V.1, Holodiuk V.1, Koval A.1, Vasilevskyi O.2, Trishch R.3,4 
1Vinnytsia National Technical University, Vinnytsia, Ukraine 
2The University of Texas at Austin, Austin TX 78712, USA 

3National Aerospace University ñKharkiv Aviation Instituteò, Kharkiv, Ukraine.  
4Mykolas Romeris Universiti, Vilnius, Lithuania 

 
Abstract. The authors' analysis of the instantaneous and average values digital tachometer 

quantization error assessment in the dynamic measurements of angular velocity with an encoder allowed for 

the first time to obtain a mathematical model for calculating the critical speed numerical value for an 

exponential mathematical model that adequately describes the transient process of the electric machineôs 

operation. It was found that the value of the critical speed depends on the resolution  of the encoder, the 

quantization frequency, the duration of the sample time interval, which variation allows to measure the 

angular velocity with a predetermined normalized value of the quantization error during the transient process 

of the electric machine from the lower to the upper measurement limit. 

Keywords: Electric Machine, Transient Characteristic, Encoder, Transfer Function, Quantization 

Error Equation, Critical Speed, Adaptive Algorithm, Microcontroller Tachometer, Normalized Value of 

Quantization Error. 

 

Introduction . Currently, to intensify the testing of electric machines (EM), most of the 

research is focused on the acceleration of the tests carried out in the "no load" experiment. The main 

one here is the transient characteristic (variable angular velocity over time n(t)), which is obtained 

in the dynamic mode of measuring object operation (electric machine) with practically zero moment 

of resistance on its shaft (MCḙ0) [1-5]. A feature of the experimental studies of this characteristic 

is the determination with high accuracy in real time of the available dips, sudden emissions, 

synchronous dips, which significantly affect the vibroacoustic characteristics of electric machines. 

This scientific and applied problem is solved by providing the maximum number of measurement 

results during the electric machine transient process, the quantization error of which during the 

measurement experiment should not exceed the normalized value.  

The purpose of the work is to develop a criteria and embedded tools for implementing an 

adaptive algorithm for real time measuring angular velocity, which quantization error will not 

exceed a predetermined normalized value. 

Formulation of the problem. Analysis of the dynamic measurements allows us to state the 

following: during the EM transient process, when the angular velocity increases from zero to the 

maximum value, the quantization error is a variable value. 

Solving the problem. Based on the comparative characteristics of quantization errors of 

instantaneous and average values, a tachometer adaptive to changes in angular velocity is proposed, 

which provides its dynamic measurements in a wide range with a quantization error that does not 

exceed the normalized value.  

To implement such an approach, it is first necessary to synthesize an algorithm for software 

support of hardware for the microcontroller (MCU). 

If we equate the quantization errors of the instantaneous and average values of the tachometers 

considered above 
φπ

ὲϽẗὸ
 ρππϷ

ὲϽ

φπϽὪ
 ρππϷȟ ρ 

then we will get a dependence for estimating the value of the critical speed ὲ 
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ὲ Ȣ ς 

For ὸ υϽρπ ί, Ὢ υϽρπ Ὄᾀ and ρυππ, the intersection point of the quantization 

errors ‏  and ‏  dependencies are shown in Fig. 1. 

 

Fig. 1. To the question of determining the critical speed. 

Based on (2) and Fig. 1, the following algorithm adaptive to changes in angular velocity is 

proposed: 

If the measured current value of the angular speed is less than the value of the critical speed 

(ὲ ὲ), then two microcontroller timers implement the algorithm of instantaneous values 

tachometer in "adjacent" intervals. 

Under the condition ὲ ὲ, the third timer of the microcontroller is programmed to the 

tachometer algorithm of average values. 

Analysis (7) shows that Ὢ and ḡ for a specific schematic implementation are constant values. 

It is possible to vary only ὸᴼὺὥὶ, which allows you to set the required value of the critical speed 

ὲ. 

 

Fig. 2. Characteristics of the change in the normalized values of quantization errors 

Conclusion. The analysis of the main metrological characteristics of instantaneous and 

average values digital tachometers made it possible to propose criterion, the hardware and software 

implementation of which provided the synthesis of an adaptive (for the changes in angular velocity 

inherent the EM transients) algorithm of quantization error normalization.  
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Formulated requirements for hardware and software implementation of a microcontroller 

tachometer, adaptive to the change in angular velocity during the EM transient, which are shown in 

its structural diagram. 

The essential differences of the synthesized adaptive algorithm are as follows: the first stage 

ï the measurement of the angular velocity is carried out in real time during the transient EM process; 

the second stage is the processing of the obtained results after the end of the measurement process 

(transient process). 

The usage of the advantages of instantaneous and average values tachometers in one tool 

ensures the implementation of dynamic measurements with a predetermined normalized value of 

the quantization error (see Fig. 2). Such adaptive microcontroller tachometers are advisable to use 

in cases where at the beginning of the transient characteristic of EM, the angular velocity changes 

significantly over time.  
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Abstract. The objective of the study is to describe a two-station FMS using Petri nets to construct 

cyclic diagrams of robot and machine loading. The flexible manufacturing system is described using priority 

and time delay nets. The simulation result in the developed program is in good agreement with the one built 

in MS Project. 

Keywords: flexible manufacturing system, Petri nets, working cycle, automation software. 

 

Introduction . Flexible manufacturing system (FMS) is a set of various combinations of 

numerically controlled equipment, robotic complexes, flexible manufacturing modules, individual 

units of technological equipment and systems that ensure their operation in automatic mode, 

possessing automatic readjustment. 

The cycle diagrams displays the sequence of actions of the robot and the machine tools of the 

FMS on the time axis and allows to determine the working cycle - the time interval in which the 

actions of the multistep system are repeated. It allows to make recommendations whether the robot 

can keep up with another machine or, on the contrary, the machines are waiting for the robot. To 

automate the process of creating a cycle diagrams, the mathematical apparatus of Petri nets can be 

used. 

The purpose of the work. It consists in automating the construction of cycle diagrams and 

optimizing the actions of a robot working in a FMS.  

Formulation of the problem. One of the most time-consuming tasks in the design of 

technological processes is the determination of the working cycle of a technological cell. The cycle 

is necessary to coordinate the work of individual technological cells in an automatic line. The main 

disadvantages of manual construction of cycle diagrams are non-optimal scheme of robot 

movements, long time spent on cycle diagrams construction, presence of human errors. Automation 

of cycle diagrams construction with the help of Petri nets allows to increase the efficiency of flexible 

production system. 

Solving the problem. Consider a production system consisting of two machine tools (Fig. 1, 

pos. 1 and 2) located at the sides of the robot (Fig. 1, pos. 5). In this system there is also a loading 

and unloading cycle table (Fig. 1, pos. 3 and 4). 

 
Fig. 1. FMS Component Layout 

The system with a service robot described by a Petri net is shown in Fig. 2. The mathematical 

model describing the two-station system by a Petri net is as follows. The robot, the machines and 

the workpieces to be processed are represented by the dynamic elements of the model, the tokens. 

The components of the FMS are replaced by different notations, let us consider them. 

The first machine is represented by the following circles: P4, P5, P6, where P4 is the end of 

the robot loading the first machine, P5 is the machine unloaded and waiting for the next work cycle, 

and P6 is the end of the machining cycle of the first machine. The presence of a part in the loading 

hopper is indicated by the presence of a token in the P3 circle. P7 indicates the presence of the part 
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in the hopper after the first machine. The bar t1 represents the loading process of the first machine, 

the bar t2 represents the working process (machining cycle) and the bar t3 represents the unloading 

process. The circle P1 simulates the presence of the robot near the machine. If it contains a token, 

the robot is near the machine and ready to work. The tokens in the corresponding circles model the 

availability of resources. 

 
Fig. 2. A two-station system with an attendant robot described by a Petri net 

The arrows define the dependencies. The event t1 - machine loading can occur if the tokens 

are present in the circles P3 (workpiece in the loading hopper), P5 (machine unloaded) and P1 (robot 

in the loading position of the first machine). For this reason, bar t1 has three incoming arrows from 

the corresponding circles. It has two outgoing arrows to circles P4 and P1. This indicates that at the 

end of the loading cycle, the machine is ready for the machining cycle (arrow to P4) and the robot 

is released for the next operation (arrow to P1).  

The machining cycle of the first machine t2 can take place when the machine is loaded, 

indicated by the arrow from circle P4. At the end of the machining cycle, the machine is ready to 

be unloaded, so the arrow from t2 goes to circle P6. In order to unload the first machine, it is 

necessary that the robot is in the load/unload position (arrow from P1 to t3) and that the machining 

cycle of the machine is finished (arrow from P6). After unloading, the first machine is unloaded 

(arrow from t3 to P5), the robot is unloaded (arrow from t3 to P1) and the part, ready for further 

machining, is placed in the hopper after the machine (arrow to P7).  

The designations of the second machine are similar to those of the first. The constructed cycle 

diagram of the flexible production system for the long machine operation time is shown in Fig. 3. 

 
Fig. 3. Cycle diagram of operation of the robot of the two-station system 

Conclusion. Using the mathematical apparatus of Petri net, a model of the process of machine 

tool maintenance by a robot for FMS is developed to typify the robot actions. Mathematical models 

reflecting the robot actions for loading a two-machine system are compiled to obtain algorithms of 

robot actions in FMS. FMS robot algorithms are obtained to represent the sequence of robot actions 

during machine tool maintenance. 
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Abstract. Road sign recognition systems have become an essential safety feature in modern vehicles, 

aiding drivers in identifying and complying with traffic rules. This paper compares several prominent road 

sign recognition systems employed by major automotive manufacturers, including Opel Eye, Mercedes-Benz 

Speed Limit Assist, Volvo Road Sign Information, and Volkswagen Sign Assist. The analysis evaluates the 

declared and actual recognition accuracies, illumination requirements, and the ability to recognise different 

types of road signs. The findings reveal that while these systems claim high recognition rates, their 

performance can be compromised by sign condition, illumination, and occlusion factors. 

Keywords: road sign recognition, advanced driver assistance systems, computer vision 

 

Introduction and problem statement. Road sign recognition systems have become a crucial 

component of advanced driver assistance systems in modern vehicles. These systems aim to 

improve road safety by assisting drivers in identifying and adhering to traffic rules and regulations. 

By automatically recognising and displaying relevant road signs, such as speed limits, prohibitions, 

and warnings, these systems can enhance driver awareness and help prevent unintended violations. 

Results. The road sign identification information system consists of the following hardware 

and software components: optical camera for image capture; hardware capture module; detection 

module; classification module; database. 

First, the camera image is sent to the system. A specific algorithm is then used to determine 

the location of the road sign. After that, the recognition software performs the sign recognition. The 

structure of the database can vary depending on the tasks assigned to the system. 

The Opel Eye system is an innovative technology used in Opel cars (Vauxhall in the UK) to 

improve safety and help drivers while driving [1]. It includes a variety of functions and sensors to 

monitor the road environment and provide important information to drivers. 

 
Fig. 1. Example of Opel Eye operation  

The main functions of the Opel Eye system include: 

1. Road sign recognition ï the system can automatically recognise road signs such as speed 

limits, overtaking bans, etc. The system can display the relevant information in the instrument 

cluster. 

2. Adaptive cruise control ï this function allows the car to automatically maintain a safe 

distance from other vehicles by adjusting the speed. 

3. Lane departure warning ï the system can detect when the car is moving out of its lane 

without the turn signal and warn the driver. 

4. Blind spot monitoring system ï the Opel Eye system sensors can detect vehicles in blind 

spots and warn the driver to avoid danger when changing lanes. 

5. Automatic emergency braking system ï in some models, the system can automatically 

activate the brakes to avoid a collision when a collision is detected. 
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Speed Limit Assist (SLA) is a system available in specific Mercedes-Benz models designed 

to help you comply with the speed limits on the road [2]. The system helps drivers to be aware of 

road signs and speed limit indications, helping to avoid unintended speeding. The main functions 

of SLA include: 

1. Road sign recognition ï the system can use built-in cameras and sensors to detect speed 

limit signs. It can determine the valid speed limits and display them on the instrument cluster or the 

trip computer. 

2. Driver warning ï if a road sign with a change in speed limit is detected, the system can 

provide an appropriate warning to the driver, helping to avoid unexpected speeding. 

3. Adaptive cruise control ï in some models, SLA can be integrated with adaptive cruise 

control, which allows the car to automatically maintain a safe distance from other vehicles on the 

road, taking into account speed limits. 

 
Fig. 2. Speed Limit Assist 

Volvo offers road sign information (RSI) safety features in many of its vehicles. It uses 

cameras and sensors to recognise road signs and provides drivers with real-time information about 

the road signs they encounter [3]. This system helps to increase driver awareness and compliance 

with traffic rules. 

 
Fig. 3. An example of RSI operation 

The main features of road sign information in Volvo vehicles include: 

1. Sign recognition ï the system can recognise various road signs, such as speed limits, no-

entry, and stop signs. It identifies these signs with visual cues from the onboard cameras. 

2. Display for the driver ï when a road sign is detected, the relevant information is often 

displayed on the dashboard or the vehicle's head-up display, providing the driver with easy access 

to information without taking their eyes off the road. 

3. Speed limit warning ï the system can compare the detected speed limit with the current 

vehicle speed and warn the driver if the speed limit is exceeded, helping the driver maintain a safe 

and legal speed. 

4. Dynamic updates ï some Volvo models with RSI can update real-time road sign 

information to reflect changing conditions, such as variable speed limits in construction or school 

zones. 

5. Road sign memory ï Some Volvo models equipped with RSI can store and display the 

most recent road sign information in the driver's display, helping the driver to stay informed even 

if the sign is no longer visible. 
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Volkswagen Sign Assist is a technology system used in Volkswagen vehicles to recognise 

road signs and display information about them on the dashboard [4]. This system helps drivers to 

be more aware of the road environment and to comply with traffic regulations. 

 
Fig. 4. An example of Volkswagen Sign Assist 

The main functions of Volkswagen Sign Assist include: 

1. Traffic sign recognition ï the system uses a camera, usually located near the interior rear-

view mirror, to detect various road signs such as speed limits, prohibitions and others. 

2. Information display ï information about the detected road signs is displayed on the 

dashboard or the vehicle's onboard screen. Drivers can see up-to-date information about speed limits 

and other signs without paying attention to road signs on the side of the road. 

3. Additional warnings ï in some cases, when speeding is detected, the system can provide 

the driver with a warning, such as a visual or audible alert. 

4. Relevance of information ï information is displayed in real-time, allowing drivers to react 

in time to changes in road restrictions. 

A comparative description of existing recognition systems is shown in Table 1. 

Table 1 

Comparative characteristics of road sign recognition systems 
Parameter Opel 

Eye 

Speed Limit 

Assist 

Road sign 

information 

Volkswagen 

Sign Assist 

Declared recognition accuracy 90% 95% 96% 95% 

Sign illumination not less than 50 50 50 50 

Recognition of speed limit signs Yes Yes Yes Yes 

Recognition of other prohibitive signs Yes No Yes Yes 

Actual recognition accuracy 75% 70% 75% 95% 

Table 1 shows that separately implemented information systems for road sign recognition are 

rare, and most systems are not a separate feature but are mostly part of the vehicle's factory 

equipment. This means that their commercial cost needs to be lowered. All installed systems show 

a small percentage of road sign recognition, and the recognition percentage drops if the road sign is 

not in ideal conditions (tilt, partial overlap, dirt on the sign), as the images are subject to structural 

distortion. During testing, only clean signs are reliably and accurately recognised. Only clean signs 

with a contrasting outline are reliably and accurately recognised. Finding out what algorithms 

underlie these systems is impossible, as this information is not freely available. 

Conclusions. The analysis highlights the need for continued research and development efforts 

in road sign recognition systems. Improving recognition accuracy, robustness to various sign 

conditions, and expanding the range of recognisable signs are essential to enhancing road safety 

and driver assistance capabilities. 

References 
1. Opel Eye. Retrieved. URL: https://preview.thenewsmarket.com/Previews/NCAP/DocumentAssets/ 

188042.pdf. 

2. The driver assistance systems in the EQC point the way to autonomous driving. Retrieved. URL: 

https://www.la.mercedes-benz.com/en/passengercars/mercedes-benz-cars/models/eqc/safety/assistance-

systems.module.html. 

3. Road sign information. Retrieved. URL: https://www.bosch-mobility.com/en/solutions/assistance-

systems/road-sign-information/. 

4. Traffic Sign Recognition. Retrieved. URL: https://www.volkswagen.co.uk/en/technology/driver-

assist/sign-assist.html. 



58 

 

NEURAL NETWORK MODELS FOR APPROXIMATION OF ONE -DIMENSIONAL 

SIGNALS 

 

Fedorov E., Babenko V., Honcharov A., Chepynoha A., Utkina T. 

Cherkasy State Technological University, Cherkasy, Ukraine 

 
Abstract. In this paper, the problem of analyzing one-dimensional digital signals was solved by using 

a neural network approach. The proposed neural network approach allows to improve the quality of 

approximation by simplifying structural identification through the use of only one hidden layer of neural 

network models; reducing the computational complexity of parametric identification and ensuring good 

scalability through the use of batch training mode of neural network models; describing nonlinear 

dependencies through the use of neural network models; high accuracy through the use of local 

approximation. The proposed approach makes it possible to expand the scope of application of methods of 

approximation of one-dimensional digital signals based on artificial neural networks, which contributes to 

the efficiency of intelligent computer systems for general and special purposes. 

Keywords: analysis of one-dimensional digital signals, parametric identification of neural network 

approximation models, radial basis function, spline, wavelet. 

 

Introduction . Digital signal processing is currently widespread. For example, the analysis of 

one-dimensional signals is used in economics, medical diagnostics based on electrograms, technical 

diagnostics (for example, vibrodiagnostics), speech recognition and biometric speaker 

identification by voice, computer networks for the transmission of compressed information, 

cryptography for encoding and decoding secret information. The main feature of modern methods 

of one-dimensional signal analysis today is the use of artificial neural networks [1, 2]. 

The purpose of the work is to increase the efficiency of one-dimensional signal analysis by 

creating models of approximation based on a neural network approach. To achieve this goal, it is 

necessary to solve the following tasks: create a neural network model of approximation based on 

radial basis functions; develop neural network models of approximation based on piecewise 

polynomial regression; create a neural network model of approximation based on wavelet functions; 

conduct a numerical study of the proposed neural network approach. 

Formulation of the problem. For complex diagnostic systems (for example, mine 

diagnostics) there are a large number of indicators. For dangerous processes with high dynamics, 

fast and accurate signal analysis is necessary. Thus, the problem of insufficient efficiency of digital 

signal analysis arises. One of the important areas of digital signal analysis is its approximation. 

Solving the problem. The most commonly used neural networks for one-dimensional signal 

approximation are: two-layer perceptron; Elman neural network (ENN) or simple recurrent 

network (SRN); Bidirectional Recurrent Neural Network (BRNN); long-term short-term 

memory (LSTM); Bidirectional Recurrent Neural Network (BLSTM); Gateway Recurrent 

Unit (GRU); the echo state network (ESN); Liquid State Machine (LSM). 

So, none of these networks satisfy all the criteria. Therefore, in this paper nonrecurrent 

artificial neural networks that perform local approximation are considered. The advantages of each 

of these networks are: 

1. It provides local approximation of nonlinear mapping of input signal to output signal 

(solves the problem of curve approximation by points in multidimensional space, i.e., training is 

equivalent to finding such surface in multidimensional space, which corresponds most exactly to 

training data, i.e., interpolates them). 

2. It provides good quality of generalization. 

3. Automatically determines the number of hidden layers (equal to one). 

4. Provides approximation better than networks with global approximation. 

5. The number of neurons in the hidden layer is less than that of single-step learning networks, 

so it functions faster than single-step learning networks. 

6. Learning occurs in batch mode, which allows parallel implementation to accelerate 

learning. 
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Experiments and results. Numerical investigation of the proposed approach was conducted 

through the Keras submodule of the TensorFlow module. The Pandas module was used to 

compensate for missing values through linear interpolation, as well as for input-output operations 

of tabular data. 

The database of economic indicators of the World Bank 

(https://databank.worldbank.org/home.aspx) was used in the work. Economic indicators of 

145 countries for 10 years were used. The volume of the initial sample was equal to 1450. The 

initial dataset was divided into a train dataset (P = 928), a validation dataset (232) and a test 

dataset (290). The number of neurons in the hidden layer M was equal to 10. The parameter 
h

 

determining the learning rate was equal to 0.001. The maximum number of iterations N was equal 

to 100. To estimate the quality of approximation the coefficient of determination is calculated as 
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The results of comparison of quantitative characteristics of the proposed methods for 

parametric identification of neural network models are presented in Table 1, where computational 

complexity forward/backward is ~NPM, M = 10. 

For the wavelet neural network with training based on error correction, the number of neurons 

in the hidden layer (Nh) was selected based on its dependence on the coefficient of determination 

(R2), shown in Fig. 1. 
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Fig. 1. Dependence of the number of neurons on R2 

Table 1 

Comparison of qualitative characteristics of the proposed methods 

No. 

n/a 
Neural Networks 

Determination 

coefficient 

1 
Neural Network based on radial basis functions with error correction 

learning 
0.703 

2 Radial Baseline Neural Network with Clustering-Based Learning 0.703 

3 Spline Neural Network with learning based on error correction 0.752 

4 B-spline Neural Network with learning based on error correction 0.785 

5 Wavelet Neural Network with Error Correction Based Learning 0.835 

According to Table 1, the wavelet neural network with training based on error correction has 

the highest coefficient of determination, i.e., the highest approximation accuracy. 
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Conclusion. The actual problem of using new approaches for the analysis of one-dimensional 

digital signals has been solved by a neural network approach. The proposed neural network 

approach allows to improve the approximation quality by: simplification of structural identification 

by using only one hidden layer of neural network models; decrease of computational complexity of 

parametric identification and provision of good scalability due to neural network models training in 

batch mode; description of non-linear dependencies by neural network models; high accuracy 

through the use of local approximation. 
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ʇʈʆɻʅʆɿʋɺɸʅʅʗ ɿɸɹʈʋɼʅɽʅʅʗ ʇʆɺɯʊʈʗ ʊɺɽʈɼʀʄʀ ʏɸʉʊʀʅʂɸʄʀ ʇʀʃʋ 

ʈʄ2,5 ʊɸ ʈʄ10 ɯɿ ɿɸʃʋʏɽʅʅʗʄ ʄɽʊʆɼʋ ʅɸ ʆʉʅʆɺɯ ʐʊʋʏʅʆɻʆ 

ɯʅʊɽʃɽʂʊʋ 

 

ɸʥʪʦʥʝʥʢʦ ʉ.ɺ., ɹʦʥʜʘʨʝʥʢʦ ʄ.ʆ. 

ʏʝʨʢʘʩʴʢʠʡ ʜʝʨʞʘʚʥʠʡ ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ, ʏʝʨʢʘʩʠ, ʋʢʨʘʾʥʘ 

 
ɸʥʥʦʪʘʮʽʷ. ʋ ʩʪʘʪʪʽ ʥʘʚʝʜʝʥʦ ʨʝʟʫʣʴʪʘʪʠ ʨʦʟʨʦʙʣʝʥʥʷ ʩʧʝʮʽʘʣʽʟʦʚʘʥʦʛʦ ʧʨʦʛʨʘʤʥʦʛʦ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʧʨʠʟʥʘʯʝʥʦʛʦ ʜʣʷ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʟʘʙʨʫʜʥʝʥʥʷ ʧʦʚʽʪʨʷ ʪʚʝʨʜʠʤʠ ʯʘʩʪʠʥʢʘʤʠ ʧʠʣʫ 

ʈʄ2,5 ʪʘ ʈʄ10 ʽʟ ʟʘʣʫʯʝʥʥʷʤ ʤʝʪʦʜʫ ʥʘ ʦʩʥʦʚʽ ʰʪʫʯʥʦʛʦ ʽʥʪʝʣʝʢʪʫ. ʆʩʥʦʚʥʦʶ ʤʝʪʦʶ ʨʦʙʦʪʠ ʻ 

ʨʦʟʨʦʙʣʝʥʥʷ ʘʣʛʦʨʠʪʤʫ ʪʘ ʩʪʚʦʨʝʥʥʷ ʥʘ ʡʦʛʦ ʦʩʥʦʚʽ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ, ʷʢʝ ʙʘʟʫʻʪʴʩʷ ʥʘ 

ʥʝʡʨʦʤʝʨʝʞʘʭ ʽ ʜʦʟʚʦʣʷʻ ʟ ʚʠʩʦʢʦʶ ʪʦʯʥʽʩʪʶ ʪʘ ʰʚʠʜʢʦʜʽʻʶ ʧʨʦʛʥʦʟʫʚʘʪʠ ʩʪʘʥ ʟʘʙʨʫʜʥʝʥʦʩʪʽ 

ʧʦʚʽʪʨʷ ʪʚʝʨʜʠʤʠ ʯʘʩʪʠʥʢʘʤʠ ʜʠʩʧʝʨʩʥʽʩʪʶ 2,5 ʤʢʤ ʪʘ 10 ʤʢʤ ʥʘ ʚʠʟʥʘʯʝʥʽʡ ʪʝʨʠʪʦʨʽʾ ʤʽʩʪʘ ʘʙʦ 

ʽʥʜʫʩʪʨʽʘʣʴʥʦʾ ʟʦʥʠ, ʱʦ, ʚ ʩʚʦʶ ʯʝʨʛʫ, ʜʦʟʚʦʣʷʻ ʧʨʠʡʤʘʪʠ ʨʽʰʝʥʥʷ ʱʦʜʦ ʦʙʨʘʥʥʷ ʩʧʦʩʦʙʽʚ ʫʩʫʥʝʥʥʷ 

ʘʙʦ, ʧʨʠʥʘʡʤʥʽ, ʟʤʝʥʰʝʥʥʷ ʨʽʚʥʷ ʪʘʢʦʛʦ ʟʘʙʨʫʜʥʝʥʥʷ ʜʦ ʤʽʥʽʤʘʣʴʥʦ ʤʦʞʣʠʚʦʛʦ. ʆʙ'ʻʢʪʦʤ 

ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʧʨʦʮʝʩ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʩʪʘʥʫ ʟʘʙʨʫʜʥʝʥʦʩʪʽ ʧʦʚʽʪʨʷ ʪʚʝʨʜʠʤʠ ʯʘʩʪʠʥʢʘʤʠ; ʧʨʝʜʤʝʪʦʤ 

ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʧʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ, ʷʢʝ ʙʘʟʫʻʪʴʩʷ ʥʘ ʥʝʡʨʦʤʝʨʝʞʘʭ ʽ ʜʦʟʚʦʣʷʻ ʧʨʦʛʥʦʟʫʚʘʪʠ ʩʪʘʥ 

ʟʘʙʨʫʜʥʝʥʦʩʪʽ ʧʦʚʽʪʨʷ ʪʚʝʨʜʠʤʠ ʯʘʩʪʠʥʢʘʤʠ ʜʠʩʧʝʨʩʥʽʩʪʶ 2,5 ʤʢʤ ʪʘ 10 ʤʢʤ. ɺ ʨʦʙʦʪʽ ʦʙʨʘʥʽ 

ʥʝʡʨʦʤʝʨʝʞʽ (XGBoost-linear-regression ʪʘ XGBoost-mlp), ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʧʨʦʛʥʦʟʫʚʘʥʥʷ 

ʟʘʙʨʫʜʥʝʥʥʷ ʧʦʚʽʪʨʷ ʪʚʝʨʜʠʤʠ ʯʘʩʪʠʥʢʘʤʠ ʧʠʣʫ, ʧʨʦʷʚʣʷʶʪʴ ʚʝʣʠʢʫ ʪʦʯʥʽʩʪʴ (ʩʝʨʝʜʥʷ ʘʙʩʦʣʶʪʥʘ 

ʧʦʭʠʙʢʘ ʥʝ ʧʝʨʝʚʠʱʫʻ 1,47%) ʪʘ ʝʬʝʢʪʠʚʥʽʩʪʴ. ʎʝ ʜʦʟʚʦʣʷʻ ʧʨʠʡʤʘʪʠ ʦʙˇʨʫʥʪʦʚʘʥʽ ʨʽʰʝʥʥʷ ʩʪʦʩʦʚʥʦ 

ʟʤʝʥʰʝʥʥʷ ʚʧʣʠʚʫ ʪʘʢʦʛʦ ʟʘʙʨʫʜʥʝʥʥʷ ʥʘ ʥʘʚʢʦʣʠʰʥʻ ʩʝʨʝʜʦʚʠʱʝ ʪʘ ʟʜʦʨʦʚ'ʷ ʥʘʩʝʣʝʥʥʷ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʟʘʙʨʫʜʥʝʥʥʷ ʧʦʚʽʪʨʷ, ʪʚʝʨʜʽ ʟʘʙʨʫʜʥʶʶʯʽ ʯʘʩʪʠʥʢʠ, ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʷʢʦʩʪʽ 

ʧʦʚʽʪʨʷ, ʥʝʡʨʦʥʥʘ ʤʝʨʝʞʘ.  

 

PREDICTION OF AIR POLLUTION BY PARTICULATE DUST PARTICLES  

OF PM2.5 AND PM10 USING AN ARTIFICIAL INTELLIGENCE -BASED METHOD  

 

Antonenko S., Bondarenko M. 

Cherkasy State Technological University, Cherkasy, Ukraine 

 
Abstract. The article presents the results of the development of specialised software designed to 

predict air pollution by PM2.5 and PM10 dust particles using an artificial intelligence-based method. The 

main purpose of the work is to develop an algorithm and create software based on it, which is based on neural 

networks and allows predicting the state of air pollution with particulate matter with a dispersion of 2.5 

microns and 10 microns in a certain territory of a city or industrial zone with high accuracy and speed, which 

in turn allows making decisions on the choice of ways to eliminate or at least reduce the level of such 
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pollution to the lowest possible level. The object of the study is the process of predicting the state of air 

pollution with particulate matter; the subject of the study is software based on neural networks that allows 

predicting the state of air pollution with particulate matter with a dispersion of 2.5 ʈm and 10 ʈm. In this 

paper, the selected neural networks (XGBoost-linear-regression and XGBoost-mlp), which are used to 

predict air pollution by particulate matter, show great accuracy (the average absolute error does not exceed 

1.47%) and efficiency. This allows for informed decisions to be made to reduce the impact of such pollution 

on the environment and public health. 

Keywords: air pollution, particulate matter (ʈʄ), air quality forecasting, neural network.  

 

ɺʩʪʫʧ. ɺʽʜʦʤʦ [1], ʱʦ ʟʘʙʨʫʜʥʝʥʥʷ ʧʦʚʽʪʨʷ ʜʨʽʙʥʦʜʠʩʧʝʨʩʥʠʤʠ ʪʚʝʨʜʠʤʠ ʯʘʩʪʠʥʢʘʤʠ 

ʥʝʛʘʪʠʚʥʦ ʚʧʣʠʚʘʻ, ʷʢ ʥʘ ʟʜʦʨʦʚóʷ, ʪʘʢ ʽ ʥʘ ʞʠʪʪʷ ʣʶʜʩʴʢʦʛʦ ʩʫʩʧʽʣʴʩʪʚʘ ʚ ʮʽʣʦʤʫ. ʊʘʢ, ʧʽʜ 

ʯʘʩ ɺʝʣʠʢʦʛʦ ʣʦʥʜʦʥʩʴʢʦʛʦ ʩʤʦʛʫ 1952 ʨʦʢʫ ʩʠʣʴʥʝ ʟʘʙʨʫʜʥʝʥʥʷ ʧʨʦʪʷʛʦʤ ʧóʷʪʠ ʜʥʽʚ 

ʩʧʨʠʯʠʥʠʣʦ ʩʤʝʨʪʝʣʴʥʽ ʚʠʧʘʜʢʠ ʱʦʥʘʡʤʝʥʰʝ ʜʣʷ ʯʦʪʠʨʴʦʭ ʪʠʩʷʯ ʣʶʜʝʡ [2]. ʎʝʡ ʝʧʽʟʦʜ 

ʧʽʜʢʨʝʩʣʠʚ ʚʟʘʻʤʦʟʚôʷʟʦʢ ʤʽʞ ʟʘʙʨʫʜʥʝʥʥʷʤ ʧʦʚʽʪʨʷ ʪʚʝʨʜʠʤʠ ʯʘʩʪʠʥʢʘʤʠ ʪʘ ʟʜʦʨʦʚôʷʤ 

ʣʶʜʠʥʠ. ʇʨʦʪʝ, ʥʝ ʜʠʚʣʷʯʠʩʴ ʥʘ ʩʫʯʘʩʥʽ ʤʝʪʦʜʠ ʪʘ ʟʘʩʦʙʠ, ʷʢ ʚʠʟʥʘʯʝʥʥʷ ʩʪʘʥʫ ʧʦʚʽʪʨʷ 

(ʦʩʦʙʣʠʚʦ ʫ ʚʝʣʠʢʠʭ  ʤʽʩʪʘʭ ʪʘ ʥʘ ʽʥʜʫʩʪʨʽʘʣʴʥʠʭ ʪʝʨʠʪʦʨʽʷʭ), ʪʘʢ ʽ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʡʦʛʦ 

ʟʘʙʨʫʜʥʝʥʥʷ ʟ ʤʝʪʦʶ ʩʚʦʻʯʘʩʥʦʛʦ ʧʦʧʝʨʝʜʞʝʥʥʷ ʥʘʩʝʣʝʥʥʷ ʪʘ ʨʦʟʚʘʥʪʘʞʝʥʥʷ ʦʩʝʨʝʜʢʽʚ 

ʟʘʙʨʫʜʥʝʥʥʷ, ʧʨʦʙʣʝʤʘ ʚʠʟʥʘʯʝʥʥʷ ʪʘ ʧʦʧʝʨʝʜʞʝʥʥʷ ʟʘʙʨʫʜʥʝʥʦʩʪʽ ʧʦʚʽʪʨʷ ʟʘʣʠʰʘʻʪʴʩʷ 

ʘʢʪʫʘʣʴʥʦʶ ʪʘ ʢʨʘʡ ʥʝʦʙʭʽʜʥʦʶ, ʷʢ ʜʣʷ ʟʙʝʨʝʞʝʥʥʷ ʟʜʦʨʦʚóʷ ʥʘʩʝʣʝʥʥʷ (ʦʩʦʙʣʠʚʦ ʤʽʩʴʢʦʛʦ), 

ʪʘʢ ʽ ʜʣʷ ʧʦʢʨʘʱʝʥʥʷ ʝʢʦʣʦʛʽʯʥʦʛʦ ʪʘ ʝʢʦʥʦʤʽʯʥʦʛʦ ʩʪʘʥʫ ʜʝʨʞʘʚʠ ʪʘ ʩʚʽʪʫ ʚ ʮʽʣʦʤʫ. 

ʄʝʪʘ ʨʦʙʦʪʠ. ʄʝʪʦʶ ʨʦʙʦʪʠ ʻ ʨʦʟʨʦʙʣʝʥʥʷ ʘʣʛʦʨʠʪʤʫ ʪʘ ʩʪʚʦʨʝʥʥʷ ʥʘ ʡʦʛʦ ʦʩʥʦʚʽ 

ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ, ʷʢʝ ʙʘʟʫʻʪʴʩʷ ʥʘ ʥʝʡʨʦʤʝʨʝʞʘʭ ʽ ʜʦʟʚʦʣʷʻ ʟ ʚʠʩʦʢʦʶ ʪʦʯʥʽʩʪʶ ʪʘ 

ʰʚʠʜʢʦʜʽʻʶ ʧʨʦʛʥʦʟʫʚʘʪʠ ʩʪʘʥ ʟʘʙʨʫʜʥʝʥʦʩʪʽ ʧʦʚʽʪʨʷ ʪʚʝʨʜʠʤʠ ʯʘʩʪʠʥʢʘʤʠ ʜʠʩʧʝʨʩʥʽʩʪʶ 

2,5 ʤʢʤ ʪʘ 10 ʤʢʤ ʥʘ ʚʠʟʥʘʯʝʥʽʡ ʪʝʨʠʪʦʨʽʾ ʤʽʩʪʘ ʘʙʦ ʽʥʜʫʩʪʨʽʘʣʴʥʦʾ ʟʦʥʠ, ʱʦ, ʚ ʩʚʦʶ ʯʝʨʛʫ, 

ʜʦʟʚʦʣʷʻ ʧʨʠʡʤʘʪʠ ʨʽʰʝʥʥʷ ʱʦʜʦ ʦʙʨʘʥʥʷ ʩʧʦʩʦʙʽʚ ʫʩʫʥʝʥʥʷ ʘʙʦ, ʧʨʠʥʘʡʤʥʽ, ʟʤʝʥʰʝʥʥʷ 

ʨʽʚʥʷ ʪʘʢʦʛʦ ʟʘʙʨʫʜʥʝʥʥʷ ʜʦ ʤʽʥʽʤʘʣʴʥʦ ʤʦʞʣʠʚʦʛʦ. 

ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʽ. ɿʘʜʘʯʘ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʟʘʙʨʫʜʥʝʥʥʷ ʧʦʚʽʪʨʷ ʪʚʝʨʜʠʤʠ ʯʘʩʪʠʥʢʘʤʠ 

ʜʠʩʧʝʨʩʥʽʩʪʶ 2,5 ʤʢʤ ʪʘ 10 ʤʢʤ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʤʝʪʦʜʽʚ ʰʪʫʯʥʦʛʦ ʽʥʪʝʣʝʢʪʫ ʧʝʨʝʜʙʘʯʘʻ 

ʘʥʘʣʽʟ ʚʝʣʠʢʦʛʦ ʦʙʩʷʛʫ ʜʘʥʠʭ, ʱʦ ʚʢʣʶʯʘʶʪʴ ʚ ʩʝʙʝ ʤʝʪʝʦʨʦʣʦʛʽʯʥʽ ʜʘʥʽ ʪʘ ʩʪʫʧʽʥʴ 

ʟʘʙʨʫʜʥʝʥʦʩʪʽ ʧʦʚʽʪʨʷ ʟʘ ʧʝʚʥʠʡ ʧʝʨʽʦʜ ʯʘʩʫ. ɼʣʷ ʨʦʟʚôʷʟʘʥʥʷ ʧʦʩʪʘʚʣʝʥʦʾ ʟʘʜʘʯʽ ʤʦʞʫʪʴ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ ʨʽʟʥʦʤʘʥʽʪʥʽ ʤʝʪʦʜʠ ʰʪʫʯʥʦʛʦ ʽʥʪʝʣʝʢʪʫ, ʥʘʧʨʠʢʣʘʜ: ʥʝʡʨʦʥʥʽ ʤʝʨʝʞʽ, 

ʛʝʥʝʪʠʯʥʽ ʘʣʛʦʨʠʪʤʠ, ʤʝʪʦʜʠ ʢʣʘʩʪʝʨʥʦʛʦ ʘʥʘʣʽʟʫ ʪʘ ʽʥʰʽ. ʇʨʠ ʮʴʦʤʫ, ʦʩʥʦʚʥʘ ʫʚʘʛʘ 

ʟʦʩʝʨʝʜʞʫʻʪʴʩʷ ʥʘ ʨʦʟʨʦʙʮʽ ʝʬʝʢʪʠʚʥʠʭ ʤʦʜʝʣʝʡ, ʷʢʽ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʽ ʜʣʷ 

ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʨʽʚʥʽʚ ʟʘʙʨʫʜʥʝʥʥʷ ʧʦʚʽʪʨʷ ʫ ʤʘʡʙʫʪʥʴʦʤʫ ʟ ʚʠʩʦʢʦʶ ʪʦʯʥʽʩʪʶ. ʊʘʢʽ ʤʦʜʝʣʽ 

ʤʘʶʪʴ ʚʠʟʥʘʯʘʪʠ ʟʘʙʨʫʜʥʝʥʽʩʪʴ ʧʦʚʽʪʨʷ, ʷʢ ʚ ʢʦʨʦʪʢʦʩʪʨʦʢʦʚʽʡ, ʪʘʢ ʽ ʚ ʜʦʚʛʦʩʪʨʦʢʦʚʽʡ 

ʧʝʨʩʧʝʢʪʠʚʽ, ʘ ʪʘʢʦʞ ʤʘʪʠ ʟʘʩʪʦʩʫʚʘʥʥʷ ʜʣʷ ʫʧʨʘʚʣʽʥʥʷ ʷʢʽʩʪʶ ʧʦʚʽʪʨʷ ʪʘ ʧʨʠʡʥʷʪʪʽ 

ʚʽʜʧʦʚʽʜʥʠʭ ʨʽʰʝʥʴ ʱʦʜʦ ʦʭʦʨʦʥʠ ʟʜʦʨʦʚ'ʷ ʪʘ ʙʝʟʧʝʢʠ ʞʠʪʪʻʜʽʷʣʴʥʦʩʪʽ ʣʶʜʩʴʢʦʛʦ 

ʩʫʩʧʽʣʴʩʪʚʘ. 

ɺʠʨʽʰʝʥʥʷ ʧʨʦʙʣʝʤʠ. ɼʣʷ ʨʦʟʚóʷʟʘʥʥʷ ʧʦʩʪʘʚʣʝʥʦʾ ʟʘʜʘʯʽ ʚ ʥʘʫʢʦʚʽʡ ʨʦʙʦʪʽ ʘʚʪʦʨʘʤʠ 

ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʤʝʪʦʜ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʟʘʙʨʫʜʥʝʥʥʷ ʘʪʤʦʩʬʝʨʥʦʛʦ ʧʦʚʽʪʨʷ ʪʚʝʨʜʠʤʠ ʯʘʩʪʢʘʤʠ 

ʜʠʩʧʝʨʩʥʽʩʪʶ 2,5 ʤʢʤ ʪʘ 10 ʤʢʤ ʟʘ ʜʦʧʦʤʦʛʦʶ ʥʝʡʨʦʥʥʠʭ ʤʝʨʝʞ ʥʘ ʦʩʥʦʚʽ ʥʘʢʦʧʠʯʝʥʦʾ ʙʘʟʠ 

ʜʘʥʠʭ. ʊʘʢʦʞ ʧʨʦʚʝʜʝʥʝ ʧʦʨʽʚʥʷʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʨʦʙʦʪʠ ʮʠʭ ʤʝʨʝʞ ʪʘ ʚʽʜʙʦʨʫ 

ʥʘʡʝʬʝʢʪʠʚʥʽʰʦʾ ʟ ʥʠʭ. 

ʇʦʨʷʜʦʢ ʩʪʚʦʨʝʥʥʷ ʪʘ ʥʘʚʯʘʥʥʷ ʥʝʡʨʦʤʝʨʝʞʽ ʧʦʣʷʛʘʚ ʫ ʪʘʢʦʤʫ:  

- ʧʨʦʚʦʜʠʪʴʩʷ ʘʥʘʣʽʟ ʙʘʟʠ ʜʘʥʠʭ, ʷʢʘ ʤʽʩʪʠʪʴ ʤʝʪʝʦʨʦʣʦʛʽʯʥʽ ʜʘʥʽ ʪʘ ʩʪʫʧʽʥʴ 
ʟʘʙʨʫʜʥʝʥʦʩʪʽ ʧʦʚʽʪʨʷ ʟʘ ʧʝʚʥʠʡ ʧʝʨʽʦʜ ʯʘʩʫ. ʆʙʨʘʥʠʡ ʥʘʙʽʨ ʜʘʥʠʭ ʙʫʣʦ ʦʪʨʠʤʘʥʦ 

ɼʝʧʘʨʪʘʤʝʥʪʦʤ ʧʦʛʦʜʠ ʉʧʦʣʫʯʝʥʠʭ ʐʪʘʪʽʚ [3], ʷʢʠʡ ʚʢʣʶʯʘʚ ʜʘʥʽ ʟʘ 2006ï2010 ʨʦʢʠ ʟ 

ʨʽʟʥʠʭ ʦʢʨʫʛʽʚ ʉʐɸ. ʂʦʞʝʥ ʟʘʧʠʩ ʜʘʥʠʭ ʩʢʣʘʜʘʚʩʷ ʟ ʪʨʴʦʭ ʚʠʤʽʨʷʥʠʭ ʟʥʘʯʝʥʴ ʪʝʤʧʝʨʘʪʫʨʠ, 

ʪʠʩʢʫ, ʰʚʠʜʢʦʩʪʽ ʚʽʪʨʫ, ʢʽʣʴʢʦʩʪʽ ʪʚʝʨʜʠʭ ʯʘʩʪʦʢ ʬʨʘʢʮʽʻʶ 2,5 ʤʢʤ ʪʘ 10 ʤʢʤ; 

- ʧʨʦʚʦʜʠʪʴʩʷ ʧʦʧʝʨʝʜʥʻ ʦʙʨʦʙʣʝʥʥʷ ʪʘ ʥʦʨʤʘʣʽʟʘʮʽʷ ʜʘʥʠʭ. ʇʨʠ ʮʴʦʤʫ, ʧʦʢʘʟʥʠʢʠ 
ʪʝʤʧʝʨʘʪʫʨʠ ʧʝʨʝʚʦʜʷʪʴʩʷ ʟ ʛʨʘʜʫʩʽʚ ʧʦ ʌʘʨʝʥʛʝʡʪʫ ʚ ʛʨʘʜʫʩʠ ʧʦ ʎʝʣʴʩʽʶ; 

- ʚʠʟʥʘʯʘʻʪʴʩʷ ʩʪʨʫʢʪʫʨʘ ʪʘ ʮʽʣʽ ʥʝʡʨʦʥʥʦʾ ʤʝʨʝʞʽ; 
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- ʥʘʙʽʨ ʜʘʥʠʭ ʨʦʟʜʽʣʷʻʪʴʩʷ ʥʘ ʥʘʚʯʘʣʴʥʫ ʪʘ ʪʝʩʪʦʚʽ ʯʘʩʪʠʥʠ ʫ ʩʧʽʚʚʽʜʥʦʰʝʥʥʽ 75:25; 

- ʦʙʠʨʘʶʪʴʩʷ ʚʭʽʜʥʽ ʪʘ ʚʠʭʽʜʥʽ ʧʘʨʘʤʝʪʨʠ, ʜʝ ʚ ʷʢʦʩʪʽ ʚʭʽʜʥʠʭ ʦʟʥʘʢ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ 
ʜʘʥʽ ʪʝʤʧʝʨʘʪʫʨʠ, ʪʠʩʢʫ, ʰʚʠʜʢʦʩʪʽ ʚʽʪʨʫ ʪʘ ʧʦʢʘʟʥʠʢʠ ʪʚʝʨʜʠʭ ʯʘʩʪʦʢ, ʘ ʚ ʷʢʦʩʪʽ ʚʠʭʽʜʥʦʾ ï 

ʢʽʣʴʢʽʩʪʴ ʚ ʧʦʚʽʪʨʽ ʪʚʝʨʜʠʭ ʯʘʩʪʦʢ ʬʨʘʢʮʽʻʶ 2,5 ʤʢʤ ʪʘ 10 ʤʢʤ; 

- ʚ ʩʝʨʝʜʦʚʠʱʽ Jupyter Notebook ʩʪʚʦʨʶʻʪʴʩʷ ʜʝʢʽʣʴʢʘ ʤʦʜʝʣʝʡ ʥʝʡʨʦʥʥʦʾ ʤʝʨʝʞʽ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʙʽʙʣʽʦʪʝʢ Keras, XGBoost ʪʘ LightGBM; 

- ʧʨʦʚʦʜʠʪʴʩʷ ʥʘʚʯʘʥʥʷ ʥʝʡʨʦʥʥʦʾ ʤʝʨʝʞʽ ʟ ʦʪʨʠʤʘʥʠʤʠ 75% ʜʘʥʠʭ; 

- ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʚʽʜʧʦʚʽʜʴ ʥʝʡʨʦʥʥʦʾ ʤʝʨʝʞʽ ʪʘ ʧʦʭʠʙʢʠ; 

- ʧʝʨʝʚʽʨʷʻʪʴʩʷ, ʷʢʱʦ ʚʽʜʧʦʚʽʜʴ ʥʝʡʨʦʥʥʦʾ ʤʝʨʝʞʽ ʣʝʞʠʪʴ ʫ ʤʝʞʘʭ ʢʨʠʪʝʨʽʾʚ 

ʧʨʠʡʥʷʪʥʦʩʪʽ, ʚʚʘʞʘʻʪʴʩʷ, ʱʦ ʥʝʡʨʦʥʥʘ ʤʝʨʝʞʘ ʥʘʚʯʠʣʘʩʷ; ʽʥʘʢʰʝ ʚʽʜʙʫʚʘʻʪʴʩʷ 

ʧʝʨʝʥʘʣʘʰʪʫʚʘʥʥʷ ʥʝʡʨʦʥʥʠʭ ʚʘʛʽʚ; 

- ʧʨʦʚʦʜʠʪʴʩʷ ʪʝʩʪʫʚʘʥʥʷ ʨʝʰʪʠ 25% ʜʘʥʠʭ. 

ɺ ʨʝʟʫʣʴʪʘʪʽ ʧʨʦʚʝʜʝʥʦʛʦ ʨʦʟʨʘʭʫʥʢʦʚʦʛʦ ʝʢʩʧʝʨʠʤʝʥʪʫ, ʦʪʨʠʤʘʥʽ ʜʘʥʽ ʪʘ ʧʦʨʽʚʥʷʥʘ 

ʝʬʝʢʪʠʚʥʽʩʪʴ ʥʝʡʨʦʤʝʨʝʞ, ʷʢʽ ʤʦʞʫʪʴ ʣʷʛʪʠ ʚ ʦʩʥʦʚʫ ʤʝʪʦʜʫ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʟʘʙʨʫʜʥʝʥʥʷ 

ʘʪʤʦʩʬʝʨʥʦʛʦ ʧʦʚʽʪʨʷ ʪʚʝʨʜʠʤʠ ʯʘʩʪʢʘʤʠ ʜʠʩʧʝʨʩʥʽʩʪʶ 2,5 ʤʢʤ ʪʘ 10 ʤʢʤ. ʋʩʽ ʦʪʨʠʤʘʥʽ 

ʤʦʜʝʣʽ ʙʫʣʠ ʦʮʽʥʝʥʽ ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʝʨʝʜʥʴʦʾ ʘʙʩʦʣʶʪʥʦʾ ʧʦʭʠʙʢʠ, ʩʝʨʝʜʥʴʦʢʚʘʜʨʘʪʠʯʥʦʾ 

ʧʦʭʠʙʢʠ ʪʘ ʢʦʝʬʽʮʽʻʥʪʘ ʜʝʪʝʨʤʽʥʘʮʽʾ (ʤʝʪʨʠʢʠ MAE, RMSE ʪʘ R2) (ʪʘʙʣ.1). 

ʊʘʙʣʠʮʷ 1  

ʇʦʨʽʚʥʷʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʥʝʡʨʦʥʥʠʭ ʤʦʜʝʣʝʡ 
ʄʝʪʨʠʢʠ 

ʅʝʡʨʦʥʥʘ ʤʦʜʝʣʴ 

ʉʝʨʝʜʥʷ ʘʙʩʦʣʶʪʥʘ 

ʧʦʭʠʙʢʘ (MAE) 

ʉʝʨʝʜʥʴʦʢʚʘʜʨʘʪʠʯʥʘ 

ʧʦʭʠʙʢʘ (RMSE) 

ʂʦʝʬʽʮʽʻʥʪ 

ʜʝʪʝʨʤʽʥʘʮʽʾ (R2) 

Keras-two-layer 2,543% 22,685% 0,646 

Keras-recurrent 1,550% 7,598% 0,881 

Keras-deep 3,365% 18,602% 0,710 

Keras-linear-regression 3,295% 22,235% 0,653 

XGBoost-linear-regression 1,342% 6,552% 0,897 

XGBoost-mlp 1,470% 7,144% 0,888 

LightGBM 1,501% 8,251% 0,871 

ɿʘ ʜʘʥʠʤʠ, ʧʨʝʜʩʪʘʚʣʝʥʠʤʠ ʚ ʪʘʙʣ.1, ʤʦʞʥʘ ʧʦʙʘʯʠʪʠ, ʱʦ ʥʘʡʝʬʝʢʪʠʚʥʽʰʦʶ 

ʥʝʡʨʦʥʥʦʶ ʤʦʜʝʣʣʶ ʜʣʷ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʟʘʙʨʫʜʥʝʥʥʷ ʘʪʤʦʩʬʝʨʥʦʛʦ ʧʦʚʽʪʨʷ ʪʚʝʨʜʠʤʠ 

ʯʘʩʪʢʘʤʠ ʜʠʩʧʝʨʩʥʽʩʪʶ 2,5 ʤʢʤ ʪʘ 10 ʤʢʤ ʻ ʤʦʜʝʣʽ ʨʝʛʨʝʩʽʾ, ʚ ʷʢʠʭ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ 

ʘʣʛʦʨʠʪʤ ʛʨʘʜʽʻʥʪʥʦʛʦ ʙʫʩʪʠʥʛʫ, ʘ ʩʘʤʝ: XGBoost-linear-regression ʪʘ XGBoost-mlp. ʉʘʤʝ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʪʘʢʠʭ ʤʦʜʝʣʝʡ ʜʦʟʚʦʣʷʻ ʟ ʚʠʩʦʢʦʶ ʪʦʯʥʽʩʪʶ (ʩʝʨʝʜʥʷ ʘʙʩʦʣʶʪʥʘ ʧʦʭʠʙʢʘ ʥʝ 

ʧʝʨʝʚʠʱʫʻ 1,47%) ʪʘ ʰʚʠʜʢʦʜʽʻʶ (ʩʝʨʝʜʥʽʡ ʯʘʩ ʨʦʟʨʘʭʫʥʢʫ ʤʦʜʝʣʽ ʥʝ ʧʝʨʝʚʠʱʫʻ 3 ʩʝʢ) 

ʩʧʨʦʛʥʦʟʫʚʘʪʠ ʩʪʘʥ ʟʘʙʨʫʜʥʝʥʦʩʪʽ ʧʦʚʽʪʨʷ ʪʚʝʨʜʠʤʠ ʯʘʩʪʠʥʢʘʤʠ ʜʠʩʧʝʨʩʥʽʩʪʶ 2,5 ʤʢʤ ʪʘ 10 

ʤʢʤ ʥʘ ʚʠʟʥʘʯʝʥʽʡ ʪʝʨʠʪʦʨʽʾ. 

ɺʠʩʥʦʚʦʢ. ʋ ʭʦʜʽ ʜʦʩʣʽʜʞʝʥʥʷ ʙʫʣʦ ʦʪʨʠʤʘʥʦ ʜʘʥʽ ʪʘ ʧʦʨʽʚʥʷʥʦ ʝʬʝʢʪʠʚʥʽʩʪʴ ʨʽʟʥʠʭ 

ʪʠʧʽʚ ʥʝʡʨʦʥʥʠʭ ʤʝʨʝʞ, ʧʨʠʜʘʪʥʠʭ ʜʣʷ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʨʽʚʥʷ ʟʘʙʨʫʜʥʝʥʥʷ ʧʦʚʽʪʨʷ ʪʚʝʨʜʠʤʠ 

ʯʘʩʪʠʥʢʘʤʠ PM2,5 ʪʘ PM10 ʥʘ ʚʠʟʥʘʯʝʥʠʭ ʪʝʨʠʪʦʨʽʷʭ. ʆʙʨʘʥʽ ʜʣʷ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚ ʤʝʪʦʜʽ 

ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʥʝʡʨʦʤʝʨʝʞʽ (XGBoost-linear-regression ʪʘ XGBoost-mlp) ʜʝʤʦʥʩʪʨʫʶʪʴ 

ʚʠʩʦʢʫ ʪʦʯʥʽʩʪʴ (ʩʝʨʝʜʥʷ ʘʙʩʦʣʶʪʥʘ ʧʦʭʠʙʢʘ ʥʝ ʧʝʨʝʚʠʱʫʻ 1,47%) ʪʘ ʰʚʠʜʢʦʜʽʶ (ʩʝʨʝʜʥʽʡ 

ʯʘʩ ʨʦʟʨʘʭʫʥʢʫ ʤʦʜʝʣʽ ʥʝ ʧʝʨʝʚʠʱʫʻ 3 ʩʝʢ) ʫ ʧʨʦʛʥʦʟʫʚʘʥʥʽ ʨʽʚʥʷ ʟʘʙʨʫʜʥʝʥʥʷ ʧʦʚʽʪʨʷ, ʱʦ 

ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʧʨʠʡʤʘʪʠ ʦʙˇʨʫʥʪʦʚʘʥʽ ʨʽʰʝʥʥʷ ʱʦʜʦ ʟʤʝʥʰʝʥʥʷ ʚʧʣʠʚʫ ʪʘʢʦʛʦ ʟʘʙʨʫʜʥʝʥʥʷ 

ʥʘ ʜʦʚʢʽʣʣʷ ʪʘ ʟʜʦʨʦʚ'ʷ ʛʨʦʤʘʜʷʥ. 

 

ʉʧʠʩʦʢ ʚʠʢʦʨʠʩʪʘʥʠʭ ʜʞʝʨʝʣ 
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2. Bell M.L., Davis D.L., et al. (2004). A retrospective assessment of mortality from the London smog 

episode of 1952: the role of influenza and pollution. Environmental Health Perspectives. Vol. 112, Iss. 

1. P. 6 ï 8. https://doi.org/10.1289/ehp.6539 

3. Pre-Generated Data Files (2023). EPA Organization Chart. URL: 

https://aqs.epa.gov/aqsweb/airdata/download_files.html 
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ʆʉʆɹʃʀɺʆʉʊɯ ʄɸʊɽʄɸʊʀʏʅʆɻʆ ʄʆɼɽʃʖɺɸʅʅʗ ʇóɭɿʆɽʃɽʂʊʈʀʏʅʀʍ 

ʂʆʄʇʆʅɽʅʊɯɺ ʇʈʀʉʊʈʆɰɺ ɯʅʌʆʈʄɸʎɯʁʅʆ-ʂʆʄʋʅɯʂɸʎɯʁʅʀʍ ʊɸ 

ʈʆɹʆʊʆʊɽʍʅɯʏʅʀʍ ʉʀʉʊɽʄ 

 

ɹʘʟʽʣʦ ʂ.ɺ.1, ɹʦʥʜʘʨʝʥʢʦ ʄ.ʆ.1, ʌʘʫʨʝ ɽ.ɺ.1, ʋʩʠʢ ʃ.ʄ.1, ɸʥʪʦʥʶʢ ɺ.ʉ.2, ɺʝʨʮʘʥʦʚʘ 

ʆ.ɺ.2, ɹʦʥʜʘʨʝʥʢʦ ʖ.ʖ.3 
1ʏʝʨʢʘʩʴʢʠʡ ʜʝʨʞʘʚʥʠʡ ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ, ʏʝʨʢʘʩʠ, ʋʢʨʘʾʥʘ 

2ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʋʢʨʘʾʥʠ "ʂʠʾʚʩʴʢʠʡ ʧʦʣʽʪʝʭʥʽʯʥʠʡ ʽʥʩʪʠʪʫʪ  

ʽʤʝʥʽ ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦ", ʂʠʾʚ, ʋʢʨʘʾʥʘ 
3ɼʝʨʞʘʚʥʠʡ ʥʘʫʢʦʚʦ-ʜʦʩʣʽʜʥʠʡ ʽʥʩʪʠʪʫʪ ʚʠʧʨʦʙʫʚʘʥʴ ʽ ʩʝʨʪʠʬʽʢʘʮʽʾ  

ʦʟʙʨʦʻʥʥʷ ʪʘ ʚʽʡʩʴʢʦʚʦʾ ʪʝʭʥʽʢʠ, ʏʝʨʢʘʩʠ, ʋʢʨʘʾʥʘ 
 

ɸʥʦʪʘʮʽʷ. ɺ ʤʘʪʝʨʽʘʣʘʭ ʨʦʙʦʪʠ ʥʘʚʦʜʷʪʴʩʷ ʨʝʟʫʣʴʪʘʪʠ ʤʦʜʝʣʶʚʘʥʥʷ ʧóʻʟʦʝʣʝʢʪʨʠʯʥʠʭ 

ʝʣʝʤʝʥʪʽʚ ʨʽʟʥʦʾ ʬʦʨʤʠ ʪʘ ʟ ʨʽʟʥʠʤ ʥʘʙʦʨʦʤ ʤʘʪʝʨʽʘʣʴʥʠʭ ʢʦʥʩʪʘʥʪ, ʱʦ ʜʦʟʚʦʣʠʣʦ ʚʠʟʥʘʯʘʪʠ 

ʝʣʝʢʪʨʠʯʥʠʡ ʽʤʧʝʜʘʥʩ ʧóʻʟʦʢʝʨʘʤʽʯʥʦʛʦ ʟʨʘʟʢʘ, ʷʢʠʡ ʟʜʽʡʩʥʶʻ ʛʘʨʤʦʥʽʡʥʽ ʢʦʣʠʚʘʥʥʷ. ʄʝʪʦʶ 

ʥʘʫʢʦʚʦʾ ʨʦʙʦʪʠ ʻ ʜʦʩʣʽʜʞʝʥʥʷ ʦʩʦʙʣʠʚʦʩʪʝʡ ʧʨʦʚʝʜʝʥʥʷ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ 

ʧóʻʟʦʝʣʝʢʪʨʠʯʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ ʨʽʟʥʦʤʘʥʽʪʥʦʾ ʢʦʥʬʽʛʫʨʘʮʽʾ ʜʣʷ ʧʨʠʩʪʨʦʾʚ ʽʥʬʦʨʤʘʮʽʡʥʦ-

ʢʦʤʫʥʽʢʘʮʽʡʥʠʭ ʪʘ ʨʦʙʦʪʦʪʝʭʥʽʯʥʠʭ ʩʠʩʪʝʤ ʪʘ ʚʠʟʥʘʯʝʥʥʷ ʦʩʥʦʚʥʠʭ ʝʣʝʢʪʨʦʤʝʭʘʥʽʯʥʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʪʘʢʠʭ ʢʦʤʧʦʥʝʥʪʽʚ. ʆʩʥʦʚʥʠʤ ʟʘʚʜʘʥʥʷʤ ʨʦʙʦʪʠ ʻ ʦʪʨʠʤʘʥʥʷ ʘʜʝʢʚʘʪʥʦʾ 

ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ, ʚʠʢʦʨʠʩʪʘʥʥʷ ʷʢʦʾ ʜʦʟʚʦʣʷʻ ʧʨʦʚʦʜʠʪʠ ʚʠʩʦʢʦʪʦʯʥʠʡ (ʫ ʪʦʤʫ ʯʠʩʣʽ ʡ 

ʘʚʪʦʤʘʪʠʟʦʚʘʥʠʤʠ ʟʘʩʦʙʘʤʠ) ʨʦʟʨʘʭʫʥʦʢ ʝʣʝʢʪʨʦʤʝʭʘʥʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧóʻʟʦʝʣʝʢʪʨʠʯʥʠʭ 

ʝʣʝʤʝʥʪʽʚ. ʆʙóʻʢʪʦʤ ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʧʨʦʮʝʩ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʧóʻʟʦʝʣʝʢʪʨʠʯʥʠʭ ʝʣʝʤʝʥʪʽʚ 

ʨʽʟʥʦʾ ʢʦʥʬʽʛʫʨʘʮʽʾ; ʧʨʝʜʤʝʪ ʜʦʩʣʽʜʞʝʥʥʷ ï ʤʘʪʝʤʘʪʠʯʥʽ ʤʦʜʝʣʽ ʪʘʢʠʭ ʝʣʝʤʝʥʪʽʚ. ʇʨʦʚʝʜʝʥʦ 

ʚʠʟʥʘʯʝʥʥʷ ʪʘ ʧʦʨʽʚʥʷʥʥʷ ʨʦʟʨʘʭʫʥʢʦʚʠʭ ʬʦʨʤʫʣ ʪʘʢʦʾ ʦʩʥʦʚʥʦʾ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧóʻʟʦʝʣʝʢʪʨʠʯʥʠʭ 

ʝʣʝʤʝʥʪʽʚ, ʷʢ ʝʣʝʢʪʨʠʯʥʠʡ ʽʤʧʝʜʘʥʩ ʪʘ ʧʦʢʘʟʘʥʘ ʯʘʩʪʦʪʥʦ ʟʘʣʝʞʥʘ ʟʤʽʥʘ ʘʤʧʣʽʪʫʜʠ ʝʣʝʢʪʨʠʯʥʦʛʦ 

ʩʪʨʫʤʫ ʚ ʧʨʦʚʽʜʥʠʢʘʭ ʩʭʝʤʠ ʜʣʷ ʚʠʤʽʨʶʚʘʥʥʷ ʝʣʝʢʪʨʠʯʥʦʛʦ ʽʤʧʝʜʘʥʩʫ ʧ'ʻʟʦʢʝʨʘʤʽʯʥʦʛʦ ʝʣʝʤʝʥʪʘ ʟʘ 

ʨʽʟʥʠʭ ʟʥʘʢʽʚ ʚʽʜʥʦʰʝʥʥʷ ʟʘʨʷʜʽʚ ʥʘ ʧʦʣʷʨʠʟʦʚʘʥʠʭ ʧʦʚʝʨʭʥʷʭ ʪʘʢʦʛʦ ʝʣʝʤʝʥʪʫ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʧóʻʟʦʢʝʨʘʤʽʯʥʠʡ ʝʣʝʤʝʥʪ, ʤʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ, ʝʣʝʢʪʨʠʯʥʠʡ ʽʤʧʝʜʘʥʩ, 

ʝʣʝʢʪʨʦʤʝʭʘʥʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ.  
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Abstract. The paper presents the results of modelling piezoelectric elements of different shapes and 

with different sets of material constants, which made it possible to determine the electrical impedance of a 

piezoceramic sample that performs harmonic oscillations. This research aims to study the peculiarities of 

mathematical modelling of piezoelectric components of various configurations for information and 

communication as well as robotic systems and to determine the main electromechanical characteristics of 

such components. The main objective of the work is to obtain an adequate mathematical model, the use of 

which allows for a highly accurate (including automated) calculation of the electromechanical characteristics 

of piezoelectric elements. The object of the study is the process of mathematical modelling of piezoelectric 

elements of various configurations; the subject of the study is mathematical models of such elements. The 

paper defines and compares the calculation formulas of such a basic characteristic of piezoelectric elements 

as electrical impedance and shows the frequency-dependent change in the amplitude of the electric current 

in the conductors of the circuit for measuring the electrical impedance of a piezoceramic element with 

different signs of the charge ratio on the polarised surfaces of such an element. 
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ɺʩʪʫʧ. ʄʘʪʝʤʘʪʠʯʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʧ'ʻʟʦʝʣʝʢʪʨʠʯʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ ʜʣʷ ʧʨʠʩʪʨʦʾʚ 

ʽʥʬʦʨʤʘʮʽʡʥʦ-ʢʦʤʫʥʽʢʘʮʽʡʥʠʭ ʪʘ ʨʦʙʦʪʦʪʝʭʥʽʯʥʠʭ ʩʠʩʪʝʤ ʟ ʧʦʜʘʣʴʰʠʤ ʚʠʟʥʘʯʝʥʥʷʤ 

ʝʣʝʢʪʨʠʯʥʦʛʦ ʽʤʧʝʜʘʥʩʫ ʮʠʭ ʢʦʤʧʦʥʝʥʪʽʚ ʻ ʧʠʪʘʥʥʷʤ ʘʢʪʫʘʣʴʥʠʤ ʫ ʟʚóʷʟʢʫ ʟ ʘʢʪʠʚʥʠʤ 

ʧʦʰʠʨʝʥʥʷ ʪʘʢʠʭ ʢʦʤʧʦʥʝʥʪʽʚ ʫ ʩʫʯʘʩʥʠʭ ʪʝʭʥʦʣʦʛʽʷʭ [1]. ʈʦʟʫʤʽʥʥʷ ʦʩʦʙʣʠʚʦʩʪʝʡ 

ʧʦʚʝʜʽʥʢʠ ʪʘ ʚʣʘʩʪʠʚʦʩʪʝʡ ʧóʻʟʦʢʝʨʘʤʽʯʥʠʭ ʝʣʝʤʝʥʪʽʚ ʚ ʨʝʟʫʣʴʪʘʪʽ ʧʨʦʚʝʜʝʥʦʛʦ 

ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʜʦʟʚʦʣʷʻ ʝʬʝʢʪʠʚʥʦ ʨʦʟʨʦʙʣʶʚʘʪʠ, ʫʜʦʩʢʦʥʘʣʶʚʘʪʠ ʪʘ 

ʦʧʪʠʤʽʟʫʚʘʪʠ ʥʦʚʽʪʥʽ ʧʨʠʩʪʨʦʾ ʪʘ ʩʠʩʪʝʤʠ ʚ ʩʫʯʘʩʥʽʡ ʝʣʝʢʪʨʦʥʽʮʽ, ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʾ, 

ʤʝʪʨʦʣʦʛʽʾ, ʤʝʜʠʮʠʥʽ ʪʘ ʽʥʰʠʭ ʩʬʝʨʘʭ, ʱʦ ʚʠʤʘʛʘʶʪʴ ʧʨʝʮʠʟʽʡʥʠʭ ʪʘ ʥʘʜʽʡʥʠʭ ʧʨʠʩʪʨʦʾʚ ʟ 

ʚʠʩʦʢʦʶ ʯʫʪʣʠʚʽʩʪʶ [2]. 

ʄʝʪʘ ʨʦʙʦʪʠ. ʄʝʪʦʶ ʨʦʙʦʪʠ ʻ ʜʦʩʣʽʜʞʝʥʥʷ ʦʩʦʙʣʠʚʦʩʪʝʡ ʧʨʦʚʝʜʝʥʥʷ ʤʘʪʝʤʘʪʠʯʥʦʛʦ 

ʤʦʜʝʣʶʚʘʥʥʷ ʧóʻʟʦʝʣʝʢʪʨʠʯʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ ʨʽʟʥʦʤʘʥʽʪʥʦʾ ʢʦʥʬʽʛʫʨʘʮʽʾ ʜʣʷ ʧʨʠʩʪʨʦʾʚ 

ʽʥʬʦʨʤʘʮʽʡʥʦ-ʢʦʤʫʥʽʢʘʮʽʡʥʠʭ ʩʠʩʪʝʤ ʪʘ ʚʠʟʥʘʯʝʥʥʷ ʦʩʥʦʚʥʠʭ ʝʣʝʢʪʨʦʤʝʭʘʥʽʯʥʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʪʘʢʠʭ ʢʦʤʧʦʥʝʥʪʽʚ. 

ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʽ. ɺʽʜʦʤʦ [3], ʱʦ ʧʽʜ ʯʘʩ ʦʧʠʩʫ ʨʽʟʥʠʭ ʬʦʨʤ ʢʦʣʠʚʘʥʴ (ʪʦʚʱʠʥʥʠʭ ʪʘ 

ʨʘʜʽʘʣʴʥʠʭ) ʧʦʣʷʨʠʟʦʚʘʥʦʛʦ ʟʘ ʪʦʚʱʠʥʦʶ ʧ'ʻʟʦʢʝʨʘʤʽʯʥʦʛʦ ʝʣʝʤʝʥʪʫ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʨʽʟʥʽ 

ʥʘʙʦʨʠ ʤʘʪʝʨʽʘʣʴʥʠʭ ʢʦʥʩʪʘʥʪ. ʇʦʨʽʚʥʶʶʯʠ ʤʽʞ ʩʦʙʦʶ ʨʝʟʫʣʴʪʘʪʠ ʚʠʤʽʨʶʚʘʥʥʷ ʤʦʜʫʣʽʚ 

ʧʨʫʞʥʦʩʪʽ ʦʪʨʠʤʘʻʤʦ, ʱʦ ʚʦʥʠ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʥʘ ʚʝʣʠʯʠʥʫ, ʷʢʘ ʨʽʜʢʦ ʧʝʨʝʚʝʨʰʫʻ ʨʽʚʝʥʴ 0,3-

0,5% ʚʽʜ ʥʦʤʽʥʘʣʴʥʦʛʦ ʟʥʘʯʝʥʥʷ. ʎʝ ʜʦʟʚʦʣʷʻ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ, ʱʦ ʦʮʽʥʶʚʘʥʥʷ ʯʠʩʣʦʚʠʭ 

ʟʥʘʯʝʥʴ ʤʦʜʫʣʽʚ ʧʨʫʞʥʦʩʪʽ ʤʦʞʝ ʽ ʧʦʚʠʥʥʘ ʟʜʽʡʩʥʶʚʘʪʠʩʷ ʚ ʧʨʠʧʫʱʝʥʥʽ ʨʽʚʥʦʩʪʽ ʟʥʘʯʝʥʴ  

ʩE12 = ʩE13. ʂʨʽʤ ʪʦʛʦ, ʣʠʰʝ ʚ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʥʘʧʨʫʞʝʥʦ-ʜʝʬʦʨʤʦʚʘʥʠʡ ʩʪʘʥ ʧóʻʟʦʝʣʝʤʝʥʪʫ ʚ 

ʨʝʞʠʤʽ ʪʦʚʱʠʥʥʠʭ ʢʦʣʠʚʘʥʴ ʤʦʞʝ ʙʫʪʠ ʦʧʠʩʘʥʠʡ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʦʜʫʣʷ ʧʨʫʞʥʦʩʪʽ ʩE33. 

ɺʠʨʽʰʝʥʥʷ ʧʨʦʙʣʝʤʠ. ʇʦʙʫʜʦʚʘ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ ʧôʻʟʦʢʝʨʘʤʽʯʥʦʛʦ ʝʣʝʤʝʥʪʫ 

ʧʝʚʥʦʾ ʬʦʨʤʠ ʧʨʦʚʦʜʠʪʴʩʷ ʚʠʭʦʜʷʯʠ ʟ ʪʦʛʦ, ʱʦ ʩʪʨʠʞʝʥʴ ʧʦʣʷʨʠʟʦʚʘʥʠʡ ʟʘ ʪʦʚʱʠʥʦʶ, ʘ ʡʦʛʦ 

ʧʨʫʞʥʽ ʚʣʘʩʪʠʚʦʩʪʽ, ʷʢ ʽ ʧ'ʻʟʦʝʣʝʢʪʨʠʯʥʽ ʢʦʥʩʪʘʥʪʠ ʟʘʜʘʶʪʴʩʷ ʤʘʪʨʠʮʝʶ. ɺʚʘʞʘʻʤʦ, ʱʦ 

ʧʦʚʝʨʭʥʽ ʧóʻʟʦʝʣʝʤʝʥʪʫ ʝʣʝʢʪʨʦʜʦʚʘʥʽ ʽ ʜʦ ʥʠʭ ʧʨʠʢʣʘʜʘʻʪʴʩʷ ʨʽʟʥʠʮʷ ʝʣʝʢʪʨʠʯʥʠʭ 

ʧʦʪʝʥʮʽʘʣʽʚ. ʊʦʜʽ, ʫ ʚʽʣʴʥʦ ʧʽʜʚʽʰʝʥʦʤʫ ʚ ʧʦʚʽʪʨʽ ʝʣʝʤʝʥʪʽ ʩʧʦʩʪʝʨʽʛʘʪʠʤʫʪʴʩʷ ʚʠʥʷʪʢʦʚʦ 

ʜʝʬʦʨʤʘʮʽʾ ʩʪʠʩʥʝʥʥʷ ï ʨʦʟʪʷʛʫʚʘʥʥʷ, ʘ ʢʨʫʪʠʣʴʥʽ ʢʦʣʠʚʘʥʥʷ ʽ ʢʦʣʠʚʘʥʥʷ ʧʦʧʝʨʝʯʥʦʛʦ 

ʚʠʛʠʥʫ ʙʫʜʫʪʴ ʚʽʜʩʫʪʥʽ. ʇʨʠ ʮʴʦʤʫ ʢʦʤʧʦʥʝʥʪʠ ʪʝʥʟʦʨʘ ʜʝʬʦʨʤʘʮʽʾ ʥʝ ʜʦʨʽʚʥʶʚʘʪʠʤʫʪʴ 

ʥʫʣʶ ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ ʟʩʫʚʥʠʭ ʜʝʬʦʨʤʘʮʽʡ, ʷʢʽ ʜʦʨʽʚʥʶʚʘʪʠʤʫʪʴ ʥʫʣʶ. 

ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʨʦʟʨʘʭʫʥʦʢ ʙʫʜʴ-ʷʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʽ ʧʘʨʘʤʝʪʨʽʚ ʧ'ʻʟʦʢʝʨʘʤʽʯʥʠʭ 

ʝʣʝʤʝʥʪʽʚ, ʱʦ ʢʦʣʠʚʘʶʪʴʩʷ, ʩʣʽʜ ʧʦʯʠʥʘʪʠ ʟ ʚʠʢʦʥʘʥʥʷ ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʾ ʫʤʦʚʠ div D = 0, ɦ ʦ 

ʻ ʦʜʥʠʤ ʽʟ ʧʨʠʥʮʠʧʽʚ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʽ ʧʘʨʘʤʝʪʨʽʚ ʪʘʢʠʭ 

ʝʣʝʤʝʥʪʽʚ. ʇʦʢʘʟʘʥʦ, ʱʦ ʮʷ ʫʤʦʚʘ ʧʦʚʥʽʩʪʶ ʚʠʟʥʘʯʘʻ ʝʣʝʢʪʨʠʯʥʠʡ ʩʪʘʥ ʜʦʩʣʽʜʞʫʚʘʥʠʭ 

ʦʙ'ʻʢʪʽʚ, ʘ ʪʘʢʦʞ  ʧʦʙʽʯʥʦ ʚʠʟʥʘʯʘʻ ʧʨʫʞʥʽ ʥʘʧʨʫʞʝʥʥʷ, ʷʢʽ ʚʠʥʠʢʘʶʪʴ ʚ ʦʙ'ʻʤʽ ʪʘ ʥʘ ʧʦʚʝʨʭʥʽ 

ʧ'ʻʟʦʢʝʨʘʤʽʯʥʠʭ ʝʣʝʤʝʥʪʽʚ, ʱʦ ʢʦʣʠʚʘʶʪʴʩʷ.  

ɼʘʣʽ, ʧʽʜʩʪʘʚʣʷʶʯʠ ʚʠʨʘʟ ʜʣʷ ʝʣʝʢʪʨʠʯʥʦʛʦ ʟʘʨʷʜʫ ʚ ʧ'ʻʟʦʝʣʝʢʪʨʠʢʫ, ʱʦ ʜʝʬʦʨʤʫʻʪʴʩʷ 

ʫ ʬʦʨʤʫʣʫ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʘʤʧʣʽʪʫʜʥʦʛʦ ʟʥʘʯʝʥʥʷ ʝʣʝʢʪʨʠʯʥʦʛʦ ʩʪʨʫʤʫ I = ïiwQ, ʘ 

ʦʪʨʠʤʘʥʠʡ ʨʝʟʫʣʴʪʘʪ ï ʫ ʚʠʟʥʘʯʝʥʥʷ ʝʣʝʢʪʨʠʯʥʦʛʦ ʽʤʧʝʜʘʥʩʫ ʫ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʽʟ ʟʘʢʦʥʦʤ ʆʤʘ 

Z(w) = U0/I, ʦʪʨʠʤʫʻʤʦ ʨʝʟʫʣʴʪʘʪ, ʪʘʙʣ.1. 

ɺ ʪʦʡ ʞʝ ʯʘʩ, ʷʢʱʦ ʜʽʝʣʝʢʪʨʠʢ, ʱʦ ʨʦʟʜʽʣʷʻ ʝʣʝʢʪʨʦʜʦʚʘʥʽ ʧʦʚʝʨʭʥʽ, ʥʝ ʤʘʻ 

ʧ'ʻʟʦʝʣʝʢʪʨʠʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ (ʧ'ʻʟʦʤʦʜʫʣʴ ʝ33 = 0), ʪʦʜʽ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʜʣʷ ʝʣʝʢʪʨʠʯʥʦʛʦ 

ʽʤʧʝʜʘʥʩʫ ʥʘʙʫʚʘʻ ʟʘʛʘʣʴʥʦʚʽʜʦʤʦʛʦ ʚʠʛʣʷʜʫ ʬʦʨʤʫʣʠ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ ʨʝʘʢʪʠʚʥʦʛʦ ʦʧʦʨʫ 

ʢʦʥʜʝʥʩʘʪʦʨʘ ʟ ʝʣʝʢʪʨʠʯʥʦʶ ʻʤʥʽʩʪʶ ʉʀ. 

ɺ ʨʝʟʫʣʴʪʘʪʽ ʧʨʦʚʝʜʝʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ, ʟʘʣʝʞʥʦ ʚʽʜ ʪʠʧʫ ʥʘʧʨʫʞʝʥʦ ʜʝʬʦʨʤʦʚʘʥʦʛʦ 

ʩʪʘʥʫ ʧ'ʻʟʦʢʝʨʘʤʽʯʥʦʛʦ ʝʣʝʤʝʥʪʫ, ʚʠʷʚʣʝʥʦ, ʱʦ ʯʘʩʪʦʪʘ, ʥʘ ʷʢʽʡ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ 

ʝʣʝʢʪʨʦʤʝʭʘʥʽʯʥʠʡ ʘʥʪʠʨʝʟʦʥʘʥʩ, ʤʦʞʝ ʘʙʦ ʧʝʨʝʜʫʚʘʪʠ, ʘʙʦ ʩʣʽʜʫʚʘʪʠ ʟʘ ʯʘʩʪʦʪʦʶ, ʥʘ ʷʢʽʡ 

ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʝʣʝʢʪʨʦʤʝʭʘʥʽʯʥʠʡ ʨʝʟʦʥʘʥʩ, ʨʠʩ.1. 
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ʊʘʙʣʠʮʷ 1 

ɺʠʟʥʘʯʝʥʥʷ ʝʣʝʢʪʨʠʯʥʦʛʦ ʽʤʧʝʜʘʥʩʫ ʜʣʷ ʧóʻʟʦʢʝʨʘʤʽʯʥʠʭ ʝʣʝʤʝʥʪʽʚ (ʇɽ) ʨʽʟʥʦʾ ʬʦʨʤʠ 
ʌʦʨʤʘ ʇɽ ʌʦʨʤʫʣʘ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ 

ʝʣʝʢʪʨʠʯʥʦʛʦ ʽʤʧʝʜʘʥʩʫ 
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ʈʠʩ. 1. ʏʘʩʪʦʪʥʦ ʟʘʣʝʞʥʘ ʟʤʽʥʘ ʘʤʧʣʽʪʫʜʠ ʝʣʝʢʪʨʠʯʥʦʛʦ ʩʪʨʫʤʫ ʚ ʧʨʦʚʽʜʥʠʢʘʭ ʩʭʝʤʠ ʜʣʷ 

ʚʠʤʽʨʶʚʘʥʥʷ ʝʣʝʢʪʨʠʯʥʦʛʦ ʽʤʧʝʜʘʥʩʫ ʧ'ʻʟʦʢʝʨʘʤʽʯʥʦʛʦ ʝʣʝʤʝʥʪʫ ʟʘ ʨʽʟʥʠʭ ʟʥʘʢʽʚ 

ʚʽʜʥʦʰʝʥʥʷ ʟʘʨʷʜʽʚ ʥʘ ʧʦʣʷʨʠʟʦʚʘʥʠʭ ʧʦʚʝʨʭʥʷʭ ʪʘʢʦʛʦ ʝʣʝʤʝʥʪʫ Q / Q*. 

ʊʘʢʽ, ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʚʠʤʽʨʷʥʽ ʯʘʩʪʦʪʠ ʟʘʣʝʞʘʪʴ ʚʽʜ ʨʽʟʥʠʭ ʧʘʨʘʤʝʪʨʽʚ 

ʧ'ʻʟʦʢʝʨʘʤʽʯʥʦʛʦ ʟʨʘʟʢʘ, ʷʢʽ ʚʢʣʶʯʘʶʪʴ ʛʝʦʤʝʪʨʠʯʥʽ ʪʘ ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʱʦ 

ʜʦʟʚʦʣʷʻ ʨʦʟʚóʷʟʘʪʠ ʟʘʜʘʯʫ ʚʠʟʥʘʯʝʥʥʷ ʦʩʥʦʚʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʧ'ʻʟʦʢʝʨʘʤʽʢʠ, ʪʘʢʠʭ ʷʢ 

ʤʦʜʫʣʽ ʧʨʫʞʥʦʩʪʽ, ʧ'ʻʟʦʤʦʜʫʣʽ ʪʘ ʜʽʝʣʝʢʪʨʠʯʥʘ ʧʨʦʥʠʢʥʽʩʪʴ, ʟʘ ʚʽʜʦʤʠʤʠ ʯʘʩʪʦʪʘʤʠ 

ʨʝʟʦʥʘʥʩʽʚ ʪʘ ʘʥʪʠʨʝʟʦʥʘʥʩʽʚ. ɺ ʪʦʡ ʞʝ ʯʘʩ, ʬʫʥʜʘʤʝʥʪʘʣʴʥʘ ʫʤʦʚʘ div D = 0 ʧʦʚʥʽʩʪʶ 

ʚʠʟʥʘʯʘʻ ʝʣʝʢʪʨʠʯʥʠʡ ʩʪʘʥ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʦʙ'ʻʢʪʽʚ. 

ɺʠʩʥʦʚʦʢ. ʋ ʭʦʜʽ ʧʨʦʚʝʜʝʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʦʘʥʘʣʽʟʦʚʘʥʦ ʤʘʪʝʤʘʪʠʯʥʽ ʤʦʜʝʣʽ ʪʘ 

ʧʦʨʽʚʥʷʥʦ ʦʪʨʠʤʘʥʽ ʨʦʟʨʘʭʫʥʢʦʚʽ ʬʦʨʤʫʣʠ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʝʣʝʢʪʨʠʯʥʦʛʦ ʽʤʧʝʜʘʥʩʫ 

ʧ'ʻʟʦʝʣʝʢʪʨʠʯʥʠʭ ʝʣʝʤʝʥʪʽʚ, ʘ ʪʘʢʦʞ ʚʠʚʯʝʥʦ ʟʘʣʝʞʥʽʩʪʴ ʘʤʧʣʽʪʫʜʠ ʝʣʝʢʪʨʠʯʥʦʛʦ ʩʪʨʫʤʫ ʚ 

ʧʨʦʚʽʜʥʠʢʘʭ ʩʭʝʤʠ ʜʣʷ ʚʠʤʽʨʶʚʘʥʥʷ ʝʣʝʢʪʨʠʯʥʦʛʦ ʽʤʧʝʜʘʥʩʫ ʧ'ʻʟʦʢʝʨʘʤʽʯʥʦʛʦ ʝʣʝʤʝʥʪʘ ʚʽʜ 

ʯʘʩʪʦʪʠ ʪʘ ʟʥʘʢʽʚ ʚʽʜʥʦʰʝʥʥʷ ʟʘʨʷʜʽʚ ʥʘ ʡʦʛʦ ʧʦʣʷʨʠʟʦʚʘʥʠʭ ʧʦʚʝʨʭʥʷʭ. ʇʦʢʘʟʘʥʦ ʦʜʠʥ ʟ 

ʢʣʶʯʦʚʠʭ ʧʨʠʥʮʠʧʽʚ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʢʦʣʠʚʥʠʭ ʧ'ʻʟʦʢʝʨʘʤʽʯʥʠʭ 

ʝʣʝʤʝʥʪʽʚ, ʷʢʠʡ ʧʦʣʷʛʘʻ ʫ ʚʨʘʭʫʚʘʥʥʽ ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʾ ʫʤʦʚʠ div D = 0. 

 

ʉʧʠʩʦʢ ʚʠʢʦʨʠʩʪʘʥʠʭ ʜʞʝʨʝʣ 
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2. Han X., Huang M., Wu Z. et al. (2023). Advances in high-performance MEMS pressure sensors: design, 

fabrication, and packaging. Microsyst Nanoeng. 9, 156. https://doi.org/10.1038/s41378-023-00620-1 

3. Bazilo, C. V., Anriienko , V. O., Tuz, V. V., Usyk, L. M. and Bondarenko, Y. Y. (2023) Mathematical 

Modeling of Piezoelectric Ceramic Ring Transducers for Functional Instrumentation. Visnyk NTUU KPI 

Seriia - Radiotekhnika Radioaparatobuduvannia, (93), pp. 78-84. doi: 10.20535/RADAP.2023.93.78-84. 
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ɿɸʉʊʆʉʋɺɸʅʅʗ ɸɼɸʇʊʀɺʅʀʍ ɸʃɻʆʈʀʊʄɯɺ ɺ ʉʀʉʊɽʄɸʍ ʂʆʅʊʈʆʃʖ 

ʇɸʈɸʄɽʊʈɯɺ ʄɯɾɹʃʆʂʆɺʀʍ ɽʃɽʂʊʈʀʏʅʀʍ ɿôɭɼʅɸʅʔ 
 

ɹʫʢʦʚʩʴʢʠʡ ʆ.ʄ., ɺʠʩʣʦʫʭ ʉ.ʇ.  

ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʋʢʨʘʾʥʠ çʂʠʾʚʩʴʢʠʡ ʧʦʣʽʪʝʭʥʽʯʥʠʡ ʽʥʩʪʠʪʫʪ ʽʤʝʥʽ 
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ɸʥʦʪʘʮʽʷ. ʈʦʙʦʪʘ ʧʨʠʩʚʷʯʝʥʘ ʚʠʢʦʨʠʩʪʘʥʥʶ ʘʜʘʧʪʠʚʥʠʭ ʘʣʛʦʨʠʪʤʽʚ ʫ ʩʠʩʪʝʤʘʭ ʢʦʥʪʨʦʣʶ 
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ʈʦʟʛʣʷʜʘʶʪʴʩʷ ʧʠʪʘʥʥʷ  ʘʜʘʧʪʠʚʥʦʾ ʬʽʣʴʪʨʘʮʽʾ ʜʣʷ ʝʬʝʢʪʠʚʥʦʛʦ ʚʠʜʽʣʝʥʥʷ ʢʦʨʠʩʥʦʛʦ ʩʠʛʥʘʣʫ ʚʽʜ 

ʰʫʤʫ ʪʘ ʧʝʨʝʰʢʦʜ ʚ ʧʨʦʮʝʩʽ ʢʦʥʪʨʦʣʶ. ʇʦʢʘʟʘʥʦ, ʱʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʘʜʘʧʪʠʚʥʠʭ ʘʣʛʦʨʠʪʤʽʚ, ʪʘʢʠʭ ʷʢ 

ʘʣʛʦʨʠʪʤ ʥʘʡʤʝʥʰʠʭ ʢʚʘʜʨʘʪʽʚ (LMS) ʪʘ ʨʝʢʫʨʩʠʚʥʠʡ ʤʝʪʦʜ ʥʘʡʤʝʥʰʠʭ ʢʚʘʜʨʘʪʽʚ (RLS), ʜʦʟʚʦʣʷʻ 

ʩʠʩʪʝʤʽ ʢʦʥʪʨʦʣʶ ʧʘʨʘʤʝʪʨʽʚ ʝʬʝʢʪʠʚʥʦ ʘʜʘʧʪʫʚʘʪʠʩʷ ʜʦ ʟʤʽʥʥʠʭ ʫʤʦʚ ʪʘ ʟʘʙʝʟʧʝʯʫʚʘʪʠ ʩʪʘʙʽʣʴʥʫ ʾʾ 

ʨʦʙʦʪʫ. ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ ʩʚʽʜʯʘʪʴ ʧʨʦ ʚʘʞʣʠʚʽʩʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ ʘʜʘʧʪʠʚʥʠʭ ʘʣʛʦʨʠʪʤʽʚ ʜʣʷ 
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Abstract. The paper is devoted to the use of adaptive algorithms in systems for monitoring the 

parameters of interconnection electrical connections in the production of cable and wire products. The issues 

of adaptive filtering for efficient separation of the useful signal from noise and interference in the control 

process are considered. It is shown that the use of adaptive algorithms, such as the least squares algorithm 

(LMS) and the recursive least squares method (RLS), allows the parameter control system to effectively 

adapt to changing conditions and ensure its stable operation. The research results show the importance of 

using adaptive algorithms to increase production productivity and reliability of cable and wire products. 
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ɺʠʢʣʘʜ ʦʩʥʦʚʥʦʛʦ ʤʘʪʝʨʽʘʣʫ. ʋ ʩʫʯʘʩʥʦʤʫ ʚʠʨʦʙʥʠʮʪʚʽ ʢʘʙʝʣʴʥʦ-ʧʨʦʚʽʜʥʠʢʦʚʦʾ 

ʧʨʦʜʫʢʮʽʾ ʚʘʞʣʠʚʠʤ ʝʪʘʧʦʤ ʻ ʧʨʦʮʝʩ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʛʦ ʢʦʥʪʨʦʣʶ ʾʾ ʧʘʨʘʤʝʪʨʽʚ. ɿʘʛʘʣʴʥʽ 

ʧʠʪʘʥʥʷ ʢʦʥʪʨʦʣʶ ʧʘʨʘʤʝʪʨʽʚ ʤʽʞʙʣʦʢʦʚʠʭ ʝʣʝʢʪʨʠʯʥʠʭ ʟôʻʜʥʘʥʴ ʨʦʟʛʣʷʜʘʶʪʴʩʷ ʚ ʨʦʙʦʪʘʭ 

[1] ʪʘ [2]. ʆʜʥʠʤ ʽʟ ʩʫʯʘʩʥʠʭ ʥʘʧʨʷʤʽʚ ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʧʨʦʮʝʩʫ ʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʘʜʘʧʪʠʚʥʠʭ 

ʘʣʛʦʨʠʪʤʽʚ ʫ ʩʠʩʪʝʤʘʭ ʢʦʥʪʨʦʣʶ. ʊʘʢʠʡ ʧʽʜʭʽʜ ʜʦʟʚʦʣʷʻ ʧʽʜʚʠʱʠʪʠ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ 

ʚʠʨʦʙʥʠʮʪʚʘ ʪʘ ʥʘʜʽʡʥʽʩʪʴ ʢʦʥʪʨʦʣʴʦʚʘʥʠʭ ʚʠʨʦʙʽʚ. 

ʄʝʪʦʶ ʜʘʥʦʾ ʨʦʙʦʪʠ ʻ ʜʦʩʣʽʜʞʝʥʥʷ ʤʦʞʣʠʚʦʩʪʝʡ ʪʘ ʧʝʨʝʚʘʛ ʟʘʩʪʦʩʫʚʘʥʥʷ ʘʜʘʧʪʠʚʥʠʭ 

ʘʣʛʦʨʠʪʤʽʚ ʫ ʩʠʩʪʝʤʘʭ ʢʦʥʪʨʦʣʶ ʧʘʨʘʤʝʪʨʽʚ ʤʽʞʙʣʦʢʦʚʠʭ ʝʣʝʢʪʨʠʯʥʠʭ ʟ'ʻʜʥʘʥʴ ʚ ʩʫʯʘʩʥʦʤʫ 

ʚʠʨʦʙʥʠʮʪʚʽ ʢʘʙʝʣʴʥʦ-ʧʨʦʚʽʜʥʠʢʦʚʦʾ ʧʨʦʜʫʢʮʽʾ. 

ɸʥʘʣʽʟ ʦʩʦʙʣʠʚʦʩʪʝʡ ʢʦʥʪʨʦʣʶ ʧʘʨʘʤʝʪʨʽʚ ʰʣʷʭʦʤ ʘʜʘʧʪʠʚʥʦʛʦ ʧʽʜʭʦʜʫʜʦ ʡʦʛʦ 

ʨʝʘʣʽʟʘʮʽʾ ʧʦʢʘʟʘʚ, ʱʦ ʮʠʬʨʦʚʠʡ ʚʠʙʽʨ ʢʦʝʬʽʮʽʻʥʪʽʚ ʥʦʨʤʘʣʽʟʘʮʽʾ ʢʦʥʪʨʦʣʴʦʚʘʥʠʭ ʩʪʨʫʤʽʚ ʽ 

ʥʘʧʨʫʛ ʧʝʨʝʜʙʘʯʘʻ ʚʚʝʜʝʥʥʷ ʜʦ ʩʭʝʤʠ ʩʠʩʪʝʤʠ ʢʦʥʪʨʦʣʶ ʧʘʨʘʤʝʪʨʽʚ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʜʣʷ 

ʧʦʧʝʨʝʜʥʴʦʛʦ ʦʮʽʥʶʚʘʥʥʷ ʨʽʚʥʷ ʚʭʽʜʥʠʭ ʩʠʛʥʘʣʽʚ ʜʦʜʘʪʢʦʚʦʛʦ ʰʚʠʜʢʦʜʽʶʯʦʛʦ ʮʠʬʨʦ 

ʘʥʘʣʦʛʦʚʦʛʦ ʧʝʨʝʪʚʦʨʶʚʘʯʘ ʽ ʜʦʟʚʦʣʷʻ ʟʙʽʣʴʰʠʪʠ ʢʽʣʴʢʽʩʪʴ ʜʽʘʧʘʟʦʥʽʚ ʚʠʤʽʨʶʚʘʥʥʷ ʣʠʰʝ 

ʧʨʦʛʨʘʤʥʠʤʠ ʟʘʩʦʙʘʤʠ.  

ɺʠʨʦʙʥʠʯʽ ʫʤʦʚʠ ʤʦʞʫʪʴ ʙʫʪʠ ʟʤʽʥʥʠʤʠ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʢʦʣʠʚʘʥʴ ʫ ʧʘʨʘʤʝʪʨʘʭ 

ʝʣʝʢʪʨʠʯʥʠʭ ʟ'ʻʜʥʘʥʴ. ʊʦʤʫ ʚʠʥʠʢʘʻ ʧʦʪʨʝʙʘ ʫ ʩʠʩʪʝʤʘʭ ʢʦʥʪʨʦʣʶ, ʷʢʽ ʤʦʞʫʪʴ ʘʜʘʧʪʫʚʘʪʠʩʷ 

ʜʦ ʟʤʽʥʥʠʭ ʫʤʦʚ ʽ ʟʘʙʝʟʧʝʯʫʚʘʪʠ ʩʪʘʙʽʣʴʥʽʩʪʴ ʪʘ ʥʘʜʽʡʥʽʩʪʴ ʨʦʙʦʪʠ. ɸʜʘʧʪʠʚʥʘ ʬʽʣʴʪʨʘʮʽʷ ʻ 

ʚʘʞʣʠʚʠʤ ʽʥʩʪʨʫʤʝʥʪʦʤ ʫ ʮʴʦʤʫ ʧʨʦʮʝʩʽ [3]. ɺʦʥʘ ʜʦʟʚʦʣʷʻ ʚʠʦʢʨʝʤʣʶʚʘʪʠ ʢʦʨʠʩʥʠʡ ʩʠʛʥʘʣ 
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ʚʽʜ ʰʫʤʫ ʪʘ ʧʝʨʝʰʢʦʜ. ʎʝ ʤʦʞʝ ʙʫʪʠ ʟʘʩʪʦʩʦʚʘʥʦ ʜʣʷ ʧʦʜʽʣʫ ʰʫʤʦʚʦʛʦ ʩʠʛʥʘʣʫ ʘʙʦ ʜʣʷ 

ʟʙʽʣʴʰʝʥʥʷ ʚʽʜʥʦʰʝʥʥʷ ʩʠʛʥʘʣ-ʰʫʤ (SNR). ʆʜʠʥ ʟ ʤʦʞʣʠʚʠʭ ʧʽʜʭʦʜʽʚ - ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʘʜʘʧʪʠʚʥʦʛʦ ʬʽʣʴʪʨʫ, ʱʦ ʨʝʘʣʽʟʫʻʪʴʩʷ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʘʣʛʦʨʠʪʤʫ LMS (ʥʘʡʤʝʥʰʠʭ ʢʚʘʜʨʘʪʽʚ) 

ʘʙʦ RLS (ʨʝʢʫʨʩʠʚʥʠʭ ʥʘʡʤʝʥʰʠʭ ʢʚʘʜʨʘʪʽʚ), ʱʦ ʜʦʟʚʦʣʷʻ ʬʽʣʴʪʨʫ ʥʘʚʯʘʪʠʩʷ ʥʘ ʦʩʥʦʚʽ 

ʦʪʨʠʤʘʥʠʭ ʜʘʥʠʭ. ʊʫʪ ʚʭʽʜʥʠʡ ʜʠʩʢʨʝʪʥʠʡ ʩʠʛʥʘʣ ʦʙʨʦʙʣʷʻʪʴʩʷ ʮʠʬʨʦʚʠʤ ʬʽʣʴʪʨʦʤ, 

ʚʠʭʽʜʥʠʡ ʩʠʛʥʘʣ ʧʦʨʽʚʥʶʻʪʴʩʷ ʽʟ ʦʧʦʨʥʠʤ ʩʠʛʥʘʣʦʤ, ʦʪʨʠʤʫʶʯʠ ʩʠʛʥʘʣ ʧʦʤʠʣʢʠ, ʷʢʠʡ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʨʝʛʫʣʶʚʘʥʥʷ ʢʦʝʬʽʮʽʻʥʪʽʚ ʬʽʣʴʪʨʘ [3]. 

ɸʜʘʧʪʠʚʥʠʡ ʘʣʛʦʨʠʪʤ ʨʝʘʣʽʟʫʻ ʧʦʰʫʢ ʤʽʥʽʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʥʷ ʮʽʣʴʦʚʦʾ ʬʫʥʢʮʽʾ ʽ 

ʭʘʨʘʢʪʝʨ ʩʠʛʥʘʣʫ ʧʦʤʠʣʢʠ. ʂʨʽʤ ʪʦʛʦ, ʚʽʥ ʜʦʟʚʦʣʷʻ ʚʠʟʥʘʯʘʪʠ ʜʝʢʽʣʴʢʘ ʚʘʞʣʠʚʠʭ ʘʩʧʝʢʪʽʚ 

ʟʘʛʘʣʴʥʦʛʦ ʘʜʘʧʪʘʮʽʡʥʦʛʦ ʧʨʦʮʝʩʫ, ʘ ʩʘʤʝ: ʽʩʥʫʚʘʥʥʷ ʩʫʙʦʧʪʠʤʘʣʴʥʠʭ ʨʽʰʝʥʴ, ʟʩʫʚ 

ʦʧʪʠʤʘʣʴʥʦʛʦ ʨʽʰʝʥʥʷ ʽ ʩʢʣʘʜʥʽʩʪʴ ʦʙʯʠʩʣʝʥʴ. ɿʥʘʯʝʥʥʷʤ ʧʦʤʠʣʢʠ ʥʘ ʚʩʽʭ ʯʘʩʦʚʠʭ ʪʘʢʪʘʭ 

ʥʘʜʘʶʪʴʩʷ ʦʜʥʘʢʦʚʽ ʚʘʛʠ. ɼʣʷ ʪʦʛʦ, ʱʦʙʠ ʬʽʣʴʪʨ ʚʽʜʩʪʝʞʫʚʘʚ ʥʝʩʪʘʮʽʦʥʘʨʥʠʡ ʚʭʽʜʥʠʡ ʩʠʛʥʘʣ, 

ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʝʢʩʧʦʥʝʥʮʽʘʣʴʥʝ ʟʘʙʫʚʘʥʥʷ, ʧʨʠ ʷʢʦʤʫ ʚʘʛʘ ʤʠʥʫʣʠʭ ʟʥʘʯʝʥʴ ʩʠʛʥʘʣʫ 

ʧʦʤʠʣʢʠ ʝʢʩʧʦʥʝʥʮʽʘʣʴʥʦ ʟʤʝʥʰʫʻʪʴʩʷ. 

ɺ ʧʨʦʮʝʩʽ ʦʙʨʦʙʣʝʥʥʷ ʩʠʛʥʘʣʫ ʥʘ ʢʦʞʥʦʤʫ ʯʝʨʛʦʚʦʤʫ ʢʨʦʮʽ ʧʝʨʝʨʘʭʦʚʫʶʪʴʩʷ 

ʢʦʝʬʽʮʽʻʥʪʠ ʬʽʣʴʪʨʘ, ʘʣʝ ʮʝ ʧʦʚ'ʷʟʘʥʦ ʟ ʥʝʚʠʧʨʘʚʜʘʥʦ ʚʝʣʠʢʠʤʠ ʦʙʯʠʩʣʶʚʘʣʴʥʠʤʠ 

ʚʠʪʨʘʪʘʤʠ. ʉʢʦʨʦʪʠʪʠ ʦʙʯʠʩʣʶʚʘʣʴʥʽ ʚʠʪʨʘʪʠ ʤʦʞʥʘ ʰʣʷʭʦʤ ʟʘʩʪʦʩʫʚʘʥʥʷ ʨʝʢʫʨʩʠʚʥʦʛʦ 

ʘʜʘʧʪʠʚʥʦʛʦ ʘʣʛʦʨʠʪʤʫ ʥʘ ʦʩʥʦʚʽ ʤʝʪʦʜʫ ʥʘʡʤʝʥʰʠʭ ʢʚʘʜʨʘʪʽʚ (RLS).  

ɻʦʣʦʚʥʦʶ ʦʩʦʙʣʠʚʽʩʪʶ ʘʣʛʦʨʠʪʤʫ RLS ʻ ʰʚʠʜʢʘ ʟʙʽʞʥʽʩʪʴ ʧʨʦʮʝʩʫ ʘʜʘʧʪʘʮʽʾ [3]. ʎʝ 

ʜʦʟʚʦʣʷʻ ʝʬʝʢʪʠʚʥʦ ʨʝʘʛʫʚʘʪʠ ʥʘ ʟʤʽʥʠ ʧʘʨʘʤʝʪʨʽʚ ʫ ʨʝʞʠʤʽ ʨʝʘʣʴʥʦʛʦ ʯʘʩʫ. ʄʽʞʙʣʦʢʦʚʽ 

ʝʣʝʢʪʨʠʯʥʽ ʟ'ʻʜʥʘʥʥʷ ʤʦʞʫʪʴ ʧʽʜʜʘʚʘʪʠʩʷ ʨʽʟʥʠʤ ʬʽʟʠʯʥʠʤ ʪʘ ʪʝʭʥʽʯʥʠʤ ʚʧʣʠʚʘʤ, ʪʘʢʠʤ ʷʢ 

ʢʦʣʠʚʘʥʥʷ ʥʘʧʨʫʛʠ, ʪʝʤʧʝʨʘʪʫʨʥʽ ʟʤʽʥʠ ʘʙʦ ʤʝʭʘʥʽʯʥʽ ʜʝʬʦʨʤʘʮʽʾ. ʐʚʠʜʢʘ ʟʙʽʞʥʽʩʪʴ 

ʜʦʟʚʦʣʷʻ ʚʠʷʚʣʷʪʠ ʟʤʽʥʠ ʫ ʧʘʨʘʤʝʪʨʘʭ ʟʚ'ʷʟʢʫ ʪʘ ʥʝʛʘʡʥʦ ʾʭ ʢʦʨʠʛʫʚʘʪʠ, ʱʦ ʜʦʧʦʤʘʛʘʻ 

ʟʘʙʝʟʧʝʯʠʪʠ ʩʪʘʙʽʣʴʥʫ ʪʘ ʥʘʜʽʡʥʫ ʨʦʙʦʪʫ ʩʠʩʪʝʤʠ ʝʣʝʢʪʨʦʞʠʚʣʝʥʥʷ. ʑʝ ʦʜʥʦʶ ʧʝʨʝʚʘʛʦʶ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʘʜʘʧʪʠʚʥʦʛʦ ʘʣʛʦʨʠʪʤʫ ʻ ʟʤʝʥʰʝʥʥʷ ʯʘʩʫ ʨʝʘʢʮʽʾ ʥʘ ʚʠʷʚʣʝʥʥʷ ʧʨʦʙʣʝʤ ʘʙʦ 

ʚʽʜʭʠʣʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ. ɺ ʨʘʟʽ ʚʠʥʠʢʥʝʥʥʷ ʥʝʧʦʣʘʜʦʢ ʘʙʦ ʥʝʧʝʨʝʜʙʘʯʫʚʘʥʠʭ ʩʠʪʫʘʮʽʡ 

ʟʜʘʪʥʽʩʪʴ ʘʣʛʦʨʠʪʤʫ ʰʚʠʜʢʦʛʦ ʨʝʘʛʫʚʘʥʥʷ ʜʦʟʚʦʣʷʻ ʤʽʥʽʤʽʟʫʚʘʪʠ ʯʘʩ ʥʘ ʚʠʷʚʣʝʥʥʷ ʧʨʦʙʣʝʤʠ 

ʪʘ ʾʾ ʚʠʨʽʰʝʥʥʷ, ʱʦ ʚ ʩʚʦʶ ʯʝʨʛʫ ʧʽʜʚʠʱʫʻ ʥʘʜʽʡʥʽʩʪʴ ʪʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ʨʦʙʦʪʠ ʩʠʩʪʝʤʠ 

ʢʦʥʪʨʦʣʶ. 

ʆʪʞʝ, ʰʚʠʜʢʘ ʟʙʽʞʥʽʩʪʴ ʘʜʘʧʪʠʚʥʠʭ ʘʣʛʦʨʠʪʤʽʚ ʫ ʢʦʥʪʝʢʩʪʽ ʢʦʥʪʨʦʣʶ ʧʘʨʘʤʝʪʨʽʚ 

ʤʽʞʙʣʦʢʦʚʠʭ ʝʣʝʢʪʨʠʯʥʠʭ ʟ'ʻʜʥʘʥʴ ʜʦʟʚʦʣʷʻ ʟʘʙʝʟʧʝʯʠʪʠ ʩʪʘʙʽʣʴʥʫ ʪʘ ʥʘʜʽʡʥʫ ʨʦʙʦʪʫ 

ʝʣʝʢʪʨʦʞʠʚʣʝʥʥʷ, ʟʤʝʥʰʠʪʠ ʚʧʣʠʚ ʥʝʧʝʨʝʜʙʘʯʝʥʠʭ ʬʘʢʪʦʨʽʚ ʥʘ ʩʠʩʪʝʤʫ ʪʘ ʧʽʜʚʠʱʠʪʠ 

ʰʚʠʜʢʽʩʪʴ ʨʝʘʛʫʚʘʥʥʷ ʥʘ ʤʦʞʣʠʚʽ ʧʨʦʙʣʝʤʠ.   

ɺʠʩʥʦʚʢʠ. ʋ ʨʝʟʫʣʴʪʘʪʽ ʧʨʦʚʝʜʝʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʘʜʘʧʪʠʚʥʽ 

ʘʣʛʦʨʠʪʤʠ ʬʽʣʴʪʨʘʮʽʾ, ʪʘʢʽ ʷʢ LMS ʽ RLS, ʻ ʝʬʝʢʪʠʚʥʠʤʠ ʽʥʩʪʨʫʤʝʥʪʘʤʠ ʜʣʷ ʢʦʥʪʨʦʣʶ 

ʧʘʨʘʤʝʪʨʽʚ ʤʽʞʙʣʦʢʦʚʠʭ ʝʣʝʢʪʨʠʯʥʠʭ ʟ'ʻʜʥʘʥʴ ʫ ʚʠʨʦʙʥʠʮʪʚʽ ʢʘʙʝʣʴʥʦ-ʧʨʦʚʽʜʥʠʢʦʚʦʾ 

ʧʨʦʜʫʢʮʽʾ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʘʣʛʦʨʠʪʤʽʚ ʬʽʣʴʪʨʘʮʽʾ ʚ ʘʚʪʦʤʘʪʠʟʦʚʘʥʠʭ ʩʠʩʪʝʤʘʭ ʢʦʥʪʨʦʣʶ ʷʢ 

ʩʧʝʮʽʘʣʽʟʦʚʘʥʝ ʧʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ ʜʦʟʚʦʣʷʻ ʚʜʦʩʢʦʥʘʣʠʪʠ ʮʝʡ ʧʨʦʮʝʩ ʧʽʜʚʠʱʫʶʯʠ ʡʦʛʦ 

ʦʙôʻʢʪʠʚʥʽʩʪʴ, ʥʘʜʽʡʥʽʩʪʴ ʽ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ. 
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ɸʅɸʃɯɿ ʅɸʗɺʅʀʍ ʄɽʊʆɼɯɺ ʊɸ ʇɽʈʉʇɽʂʊʀɺ ʋɼʆʉʂʆʅɸʃɽʅʅʗ 

ɸɺʊʆʄɸʊʀɿʆɺɸʅʀʍ ʉʀʉʊɽʄ ɺʀɻʆʊʆɺʃɽʅʅʗ ɺʆɼʅʆ-ʇɸʃʀɺʅʀʍ 

ɽʄʋʃʔʉɯʁ 

 

ɿʘʙʦʣʦʪʥʠʡ ʆ.ɺ., ʍʦʜʻʻʚ ɸ.ɸ. 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʘʝʨʦʢʦʩʤʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʽʤ. ʄ. ɭ. ɾʫʢʦʚʩʴʢʦʛʦ  

"ʍʘʨʢʽʚʩʴʢʠʡ ʘʚʽʘʮʽʡʥʠʡ ʽʥʩʪʠʪʫʪ",  ʍʘʨʢʽʚ, ʋʢʨʘʾʥʘ 

 
ɸʥʦʪʘʮʽʷ. ɺʦʜʥʦ-ʧʘʣʠʚʥʘ ʝʤʫʣʴʩʽʷ ʻ ʦʜʥʠʤ ʽʟ ʧʝʨʩʧʝʢʪʠʚʥʠʭ ʚʠʜʽʚ ʝʥʝʨʛʦʥʦʩʽʾʚ, ʷʢʘ ʤʦʞʝ 

ʙʫʪʠ ʘʣʴʪʝʨʥʘʪʠʚʦʶ ʫ ʚʠʢʦʨʠʩʪʘʥʥʽ ʪʨʘʜʠʮʽʡʥʠʭ ʚʠʜʽʚ ʧʘʣʠʚʘ ʟʽ ʟʥʠʞʝʥʠʤʠ ʧʦʢʘʟʥʠʢʘʤʠ ʚʠʢʠʜʽʚ ʫ 

ʥʘʚʢʦʣʠʰʥʻ ʩʝʨʝʜʦʚʠʱʝ. ʆʩʥʦʚʥʘ ʫʚʘʛʘ ʟʦʩʝʨʝʜʞʝʥʘ ʥʘ ʨʦʟʤʽʨʽ ʯʘʩʪʠʥʦʢ ʽ ʢʽʣʴʢʦʩʪʽ ʜʠʩʧʝʨʩʥʦʾ 

ʬʘʟʠ ʫ ʝʤʫʣʴʩʽʾ, ʱʦ ʥʘʧʨʷʤʫ ʚʧʣʠʚʘʻ ʥʘ ʾʾ ʩʪʘʙʽʣʴʥʽʩʪʴ ʫ ʯʘʩʽ ʪʘ ʥʘ ʟʥʠʞʝʥʥʷ ʚʠʢʠʜʽʚ ʦʢʠʩʽʚ ʘʟʦʪʫ ʽ 

ʪʚʝʨʜʠʭ ʯʘʩʪʠʥʦʢ ʫ ʥʘʚʢʦʣʠʰʥʻ ʩʝʨʝʜʦʚʠʱʝ. ʆʙôʻʢʪʦʤ ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʘʥʘʣʽʟ ʩʫʯʘʩʥʠʭ ʤʝʪʦʜʽʚ 

ʩʪʚʦʨʝʥʥʷ ʚʦʜʥʦ-ʧʘʣʠʚʥʠʭ ʝʤʫʣʴʩʽʡ ʪʘ ʧʝʨʩʧʝʢʪʠʚʠ ʾʭ ʫʜʦʩʢʦʥʘʣʝʥʥʷ. ʇʨʝʜʤʝʪʦʤ ʜʦʩʣʽʜʞʝʥʥʷ ʻ 

ʤʝʪʦʜ ʤʽʢʨʦʢʘʥʘʣʴʥʦʾ ʝʤʫʣʴʩʽʬʽʢʘʮʽʾ ʟ ʤʦʞʣʠʚʽʩʪʶ ʤʦʜʝʣʶʚʘʥʥʷ ʧʨʦʮʝʩʽʚ ʫ ʧʨʦʛʨʘʤʥʦʤʫ 

ʟʘʙʝʟʧʝʯʝʥʥʽ. ɺʠʢʦʥʘʥʠʡ ʦʧʠʩ ʽʩʥʫʶʯʠʭ ʤʝʪʦʜʽʚ ʚʠʛʦʪʦʚʣʝʥʥʷ ʝʤʫʣʴʩʽʾ ʪʘ ʧʝʨʩʧʝʢʪʠʚʠ 

ʚʧʨʦʚʘʜʞʝʥʥʷ ʤʽʢʨʦʢʘʥʘʣʴʥʦʾ ʝʤʫʣʴʩʽʬʽʢʘʮʽʾ. ʅʘʚʝʜʝʥʽ ʬʫʥʢʮʽʦʥʘʣʴʥʽ ʤʦʞʣʠʚʦʩʪʽ ʽ ʧʝʨʝʚʘʛʠ 

ʟʘʧʨʦʧʦʥʦʚʘʥʦʛʦ ʤʝʪʦʜʘ, ʷʢʽ ʥʘʜʘʶʪʴ ʟʤʦʛʫ ʦʧʪʠʤʽʟʫʚʘʪʠ ʧʨʦʮʝʩʠ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʛʦ ʚʠʛʦʪʦʚʣʝʥʥʷ 

ʝʤʫʣʴʩʽʾ ʽ ʩʧʨʦʱʫʶʪʴ ʧʦʜʘʣʴʰʽ ʜʦʩʣʽʜʞʝʥʥʷ ʫ ʧʦʰʫʢʫ ʦʧʪʠʤʘʣʴʥʦʛʦ ʨʦʟʤʽʨʫ ʽ ʢʽʣʴʢʦʩʪʽ ʜʠʩʧʝʨʩʥʦʾ 

ʬʘʟʠ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ɺʦʜʥʦ-ʧʘʣʠʚʥʘ ʝʤʫʣʴʩʽʷ, ʫʣʴʪʨʘʟʚʫʢ, ʤʝʭʘʥʽʯʥʝ ʧʝʨʝʤʽʰʫʚʘʥʥʷ, 

ʤʽʢʨʦʢʘʥʘʣʴʥʝ ʝʤʫʣʴʛʫʚʘʥʥʷ, ʟʤʝʥʰʝʥʥʷ ʚʠʢʠʜʽʚ. 

 

ANALYSIS OF EXISTING METHODS AND PERSPECTIVES FOR IMPROVING 

AUTOMATED SYSTEMS FOR THE PRODUCTION OF WATER -FUEL EMULSIONS  

 

Zabolotnyi O., Khodieiev A. 

National Aerospace University "Kharkiv Aviation Institute", Kharkiv, Ukraine 

 
Abstract. The water-fuel emulsion is one of the promising types of energy carriers that can be an 

alternative to the use of traditional fuels with reduced environmental emissions. The main focus is on the 

particle size and the amount of dispersed phase in the emulsion, which directly affects its stability over time 

and the reduction of nitrogen oxides and particulate matter emissions into the environment. The object of 

research is to analyze modern methods of water-fuel emulsions creating and prospects for their improvement. 

The subject of the study is the method of microchannel emulsification with the ability to model processes in 

software. The existing methods of emulsion production and prospects for the introduction of microchannel 

emulsification are described. The functional capabilities and advantages of the proposed method are 

presented, which make it possible to optimize the processes of automated emulsion production and simplify 

further research in finding the optimal size and amount of the dispersed phase. 

Keywords: Water-fuel emulsion, ultrasound, mechanical mixing, microchannel emulsification, 

reduced emissions. 

 

ɺʩʪʫʧ. ʋ ʥʘʰ ʯʘʩ ʤʘʻ ʤʽʩʮʝ ʪʝʥʜʝʥʮʽʷ ʧʦʰʫʢʫ ʥʦʚʠʭ ʘʣʴʪʝʨʥʘʪʠʚʥʠʭ ʽ ʤʦʜʝʨʥʽʟʘʮʽʷ 

ʥʘʷʚʥʠʭ ʜʞʝʨʝʣ ʛʝʥʝʨʫʚʘʥʥʷ ʝʥʝʨʛʽʾ ʟ ʤʝʪʦʶ ʧʦʢʨʘʰʝʥʥʷ ʝʢʦʣʦʛʽʯʥʦʾ ʩʢʣʘʜʦʚʦʾ. ʅʘʨʘʟʽ 

ʥʘʡʧʦʰʠʨʝʥʽʰʠʤʠ ʝʥʝʨʛʦʥʦʩʽʷʤʠ ʫ ʧʨʦʤʠʩʣʦʚʽʡ, ʪʨʘʥʩʧʦʨʪʥʽʡ ʪʘ ʝʥʝʨʛʦʛʝʥʝʨʫʶʯʽʡ 

ʛʘʣʫʟʷʭ ʻ ʢʣʘʩʠʯʥʽ ʨʽʜʠʥʥʽ ʧʘʣʠʚʘ. ʆʜʥʠʤ ʽʟ ʧʝʨʩʧʝʢʪʠʚʥʠʭ ʤʝʪʦʜʽʚ ʚʠʨʽʰʝʥʥʷ ʧʨʦʙʣʝʤʠ 

ʟʤʝʥʰʝʥʥʷ ʰʢʽʜʣʠʚʠʭ ʚʠʢʠʜʽʚ ʚʽʜ ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʽʜʠʥʥʠʭ ʧʘʣʽʚ ʻ ʚʦʜʥʦ-ʧʘʣʠʚʥʽ ʝʤʫʣʴʩʽʾ 

(ɺʇɽ). ɿʘʩʪʦʩʫʚʘʥʥʷ ʪʘʢʠʭ ʝʤʫʣʴʩʽʡ ʧʦʢʨʘʱʫʻ ʬʽʟʠʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʪʘ ʝʬʝʢʪʠʚʥʽʩʪʴ 

ʟʛʦʨʘʥʥʷ ʧʘʣʠʚʘ, ʟʤʝʥʰʫʻ ʚʠʢʠʜʠ ʰʢʽʜʣʠʚʠʭ ʚʠʭʣʦʧʥʠʭ ʛʘʟʽʚ ʪʘ ʜʦʟʚʦʣʷʻ ʩʢʦʨʦʪʠʪʠ 

ʚʠʪʨʘʪʠ ʧʘʣʠʚʘ ʟʘ ʨʘʭʫʥʦʢ ʜʦʜʘʚʘʥʥʷ ʚʦʜʠ ʫ ʧʝʚʥʽʡ ʧʨʦʧʦʨʮʽʾ. ʊʘʢ ʩʘʤʦ ʮʽʢʘʚʠʤʠ ʜʣʷ 

ʚʧʨʦʚʘʜʞʝʥʥʷ ʻ ʚʦʜʥʦ-ʜʠʟʝʣʴʥʽ ʝʤʫʣʴʩʽʾ [1], ʷʢʽ ʟʙʝʨʽʛʘʶʪʴ ʫʩʽ ʧʝʨʝʚʘʛʠ ʜʠʟʝʣʴʥʦʛʦ ʧʘʣʠʚʘ 

ʽ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʽ ʚ ʥʘʷʚʥʠʭ ʤʦʜʝʣʷʭ ʜʚʠʛʫʥʽʚ ʙʝʟ ʜʦʜʘʪʢʦʚʠʭ ʤʦʜʠʬʽʢʘʮʽʡ ʪʘ 

ʚʪʨʘʪʠ ʧʦʪʫʞʥʦʩʪʝʡ. 
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ɻʦʣʦʚʥʠʤ ʬʘʢʪʦʨʦʤ ʧʽʜ ʯʘʩ ʚʠʢʦʨʠʩʪʘʥʥʷ ɺʇɽ ʻ ʾʾ ʩʪʘʙʽʣʴʥʽʩʪʴ  ʫ ʯʘʩʽ [2], ʷʢʘ 

ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʟʘʣʝʞʠʪʴ ʚʽʜ ʨʦʟʤʽʨʫ ʯʘʩʪʠʥʦʢ ʜʠʩʧʝʨʩʥʦʾ ʬʘʟʠ (ʚʦʜʠ), ʱʦ ʨʽʚʥʦʤʽʨʥʦ 

ʨʦʟʧʦʜʽʣʝʥʽ ʫ ʙʝʟʧʝʨʝʨʚʥʽʡ ʬʘʟʽ (ʧʘʣʠʚʽ). ɼʣʷ ʜʦʩʷʛʥʝʥʥʷ ʥʝʦʙʭʽʜʥʦʛʦ ʨʦʟʤʽʨʫ ʯʘʩʪʠʥʦʢ 

ʜʠʩʧʝʨʩʥʦʾ ʬʘʟʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʨʽʟʥʦʤʘʥʽʪʥʽ ʤʝʪʦʜʠ ʟʤʽʰʫʚʘʥʥʷ: ʤʝʭʘʥʽʯʥʽ, ʤʝʤʙʨʘʥʥʽ, 

ʨʦʪʦʨʥʦ-ʧʫʣʴʩʘʮʽʡʥʽ ʪʘ ʫʣʴʪʨʘʟʚʫʢʦʚʽ ʫʩʪʘʥʦʚʢʠ [1, 3]. 

ʄʝʪʘ. ʄʝʪʦʶ ʨʦʙʦʪʠ ʻ ʧʨʦʚʝʜʝʥʥʷ ʧʦʨʽʚʥʷʣʴʥʦʛʦ ʘʥʘʣʽʟʫ ʩʫʯʘʩʥʠʭ ʤʝʪʦʜʽʚ 

ʚʠʛʦʪʦʚʣʝʥʥʷ ɺʇɽ, ʦʮʽʥʢʘ ʤʦʞʣʠʚʦʩʪʝʡ ʧʦʜʘʣʴʰʦʾ ʤʦʜʝʨʥʽʟʘʮʽʾ ʥʘʷʚʥʠʭ ʤʝʪʦʜʽʚ, ʟʦʢʨʝʤʘ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʝʪʦʜʫ ʤʽʢʨʦʢʘʥʘʣʴʥʦʾ ʝʤʫʣʴʩʽʬʽʢʘʮʽʾ [4]. ʎʝʡ ʧʝʨʩʧʝʢʪʠʚʥʠʡ ʤʝʪʦʜ ʤʦʞʝ 

ʙʫʪʠ ʚʽʜʧʨʘʚʥʦʶ ʪʦʯʢʦʶ ʫ ʧʦʰʫʢʘʭ ʦʧʪʠʤʘʣʴʥʦʾ ʯʘʩʪʢʠ ʜʦʜʘʥʦʾ ʫ ʧʘʣʠʚʦ ʚʦʜʠ ʜʣʷ ʪʘ 

ʧʦʰʫʢʫ ʦʧʪʠʤʘʣʴʥʦʛʦ ʨʦʟʤʽʨʫ ʜʠʩʧʝʨʩʥʦʾ ʬʘʟʠ, ʟ ʤʝʪʦʶ ʦʪʨʠʤʘʥʥʷ ʤʘʢʩʠʤʘʣʴʥʦ ʩʪʘʙʽʣʴʥʦʾ 

ʝʤʫʣʴʩʽʾ.  

ʆʩʥʦʚʥʘ ʯʘʩʪʠʥʘ. ʅʘʡʙʽʣʴʰ ʧʦʰʠʨʝʥʠʤʠ ʪʘ ʜʦʩʣʽʜʞʝʥʠʤʠ ʤʝʪʦʜʘʤʠ ʚʠʛʦʪʦʚʣʝʥʥʷ 

ɺʇɽ ʻ ʤʝʭʘʥʽʯʥʠʡ [5] ʪʘ ʫʣʴʪʨʘʟʚʫʢʦʚʠʡ, ʘ ʪʘʢʦʞ ʾʭ ʢʦʤʙʽʥʘʮʽʾ [6]. ʊʘʢʦʞ ʧʝʚʥʦʾ ʫʚʘʛʠ 

ʟʘʩʣʫʛʦʚʫʻ ʘʣʴʪʝʨʥʘʪʠʚʥʠʡ ʤʝʪʦʜ ʚʠʛʦʪʦʚʣʝʥʥʷ ɺʇɽ [7], ʷʢʠʡ ʨʝʘʣʽʟʦʚʘʥʦ ʰʣʷʭʦʤ 

ʫʚʝʜʝʥʥʷ ʜʦ ʜʠʟʝʣʴʥʦʛʦ ʧʘʣʠʚʘ ʥʘʩʠʯʝʥʦʾ ʚʦʜʷʥʦʾ ʧʘʨʠ. ʋ ʥʘʫʢʦʚʠʭ ʜʞʝʨʝʣʘʭ [5-7] ʦʧʠʩʘʥʦ 

ʧʨʠʥʮʠʧʠ ʚʠʛʦʪʦʚʣʝʥʥʷ ɺʇɽ ʟ ʨʽʟʥʠʤ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤ ʚʦʜʥʦʾ ʩʢʣʘʜʦʚʦʾ ʪʘ ʨʽʟʥʠʤʠ 

ʨʦʟʤʽʨʘʤʠ ʟʚʘʞʝʥʠʭ ʯʘʩʪʦʢ ʚʦʜʠ (ʪʘʙʣʠʮʷ 1), ʷʢʽ ʧʨʦʡʰʣʠ ʪʝʩʪʫʚʘʥʥʷ ʥʘ ʩʪʝʥʜʘʭ, ʱʦ 

ʽʤʽʪʫʶʪʴ ʨʦʙʦʪʫ ʜʠʟʝʣʴʥʠʭ ʜʚʠʛʫʥʽʚ ʽ ʧʨʦʜʝʤʦʥʩʪʨʫʚʘʣʠ ʟʥʠʞʝʥʥʷ ʦʜʥʦʯʘʩʥʦ ʷʢ ʚʠʢʠʜʽʚ 

ʦʢʠʩʽʚ ʘʟʦʪʫ (NOx), ʪʘʢ ʽ ʪʚʝʨʜʠʭ ʯʘʩʪʠʥʦʢ (PM).  

 ʊʘʙʣʠʮʷ 1 

ʈʝʟʫʣʴʪʘʪʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʦʪʨʠʤʘʥʥʽ ʧʨʠ ʚʠʛʦʪʦʚʣʝʥʥʽ ɺʇɽ 
 ̄ ʄʝʪʦʜ 

ʚʠʛʦʪʦʚʣʝʥʥʷ 

ɺʠʜ 

ʧʘʣʠʚʘ 

ʂʽʣʴʢʽʩʪʴ 

ʚʦʜʥʦʾ 

ʩʢʣʘʜʦʚʦʾ 

ʏʘʩ 

ʚʠʛʦʪʦʚʣʝʥʥʷ 

ʈʦʟʤʽʨ 

ʟʚʘʞʝʥʠʭ 

ʯʘʩʪʦʢ ʚʦʜʠ 

1 ʄʝʭʘʥʽʯʥʠʡ ɼʠʟʝʣʴ 10% 15 min 0.9 ʈm 

2 ʋʣʴʪʨʘʟʚʫʢʦʚʠʡ ɼʠʟʝʣʴ 10% 15 min 0.5 ʈm 

3 ʂʦʤʙʽʥʦʚʘʥʠʡ 

RTES 

ɼʠʟʝʣʴ 5% ɺʠʛʦʪʦʚʣʝʥʥʷ  

ʫ ʨʝʘʣʴʥʦʤʫ 

ʯʘʩʽ ʧʝʨʝʜ 

ʧʦʜʘʥʥʷʤ ʜʦ 

ʜʚʠʛʫʥʘ 

0.409 ʈm 

4 ɽʤʫʣʴʛʫʚʘʥʥʷ 

ʥʘʩʠʯʝʥʦʶ ʧʘʨʦʶ 

ɹʽʦʜʠʟʝʣʴ 3.2% 6.1% ʅʝ ʚʢʘʟʘʥʦ 2.1-4.5 ʈm 

ɸʣʝ ʛʦʣʦʚʥʠʤ ʥʝʜʦʣʽʢʦʤ ʥʘʚʝʜʝʥʠʭ ʚʠʱʝ ʧʨʠʥʮʠʧʽʚ ʚʠʛʦʪʦʚʣʝʥʥʷ ɺʇɽ ʻ 

ʥʝʤʦʞʣʠʚʽʩʪʴ ʢʦʥʪʨʦʣʶ ʨʦʟʤʽʨʫ ʟʚʘʞʝʥʠʭ ʯʘʩʪʠʥʦʢ ʚʦʜʥʦʾ ʬʘʟʠ. ɸʣʴʪʝʨʥʘʪʠʚʥʠʤ ʤʝʪʦʜʦʤ 

ʤʦʞʝ ʙʫʪʠ ʤʽʢʨʦʢʘʥʘʣʴʥʘ ʝʤʫʣʴʩʠʬʽʢʘʮʽʷ [4, 8]. 

ʇʨʦʮʝʩ ʤʽʢʨʦʢʘʥʘʣʴʥʦʾ ʝʤʫʣʴʩʠʬʽʢʘʮʽʾ ʧʝʨʝʜʙʘʯʘʻ ʧʨʦʭʦʜʞʝʥʥʷ ʜʚʦʭ ʨʽʜʠʥ, ʱʦ ʥʝ 

ʟʤʽʰʫʶʪʴʩʷ, ʯʝʨʝʟ ʤʽʢʨʦʩʢʦʧʽʯʥʽ ʢʘʥʘʣʠ ʧʽʜ ʪʠʩʢʦʤ. ʎʝ ʫʪʚʦʨʶʻ ʪʫʨʙʫʣʝʥʪʥʠʡ ʧʦʪʽʢ ʽ 

ʜʝʬʦʨʤʘʮʽʶ ʦʙʦʣʦʥʦʢ ʤʽʞ ʜʚʦʤʘ ʬʘʟʘʤʠ. ɼʝʬʦʨʤʘʮʽʷ ʦʙʦʣʦʥʦʢ ʜʚʦʭ ʬʘʟ ʚʠʢʣʠʢʘʻ ʧʦʷʚʫ 

ʤʽʢʨʦʩʢʦʧʽʯʥʠʭ ʢʨʘʧʝʣʴ ʦʜʥʽʻʾ ʜʠʩʧʝʨʩʥʦʾ ʬʘʟʠ ʚ ʽʥʰʽʡ. ʇʨʠ ʧʨʦʝʢʪʫʚʘʥʥʽ ʤʽʢʨʦʢʘʥʘʣʴʥʦʾ 

ʩʠʩʪʝʤʠ ʤʦʞʥʘ ʟʤʽʥʶʚʘʪʠ ʬʽʟʠʯʥʽ ʧʦʢʘʟʥʠʢʠ: ʪʠʩʢ, ʰʚʠʜʢʽʩʪʴ ʨʫʭʫ ʨʽʜʠʥ ʽ ʛʝʦʤʝʪʨʽʶ 

ʢʘʥʘʣʽʚ, ʱʦ ʚ ʧʦʜʘʣʴʰʦʤʫ ʜʦʟʚʦʣʷʻ ʢʦʥʪʨʦʣʶʚʘʪʠ ʨʦʟʤʽʨ ʦʢʨʝʤʠʭ ʯʘʩʪʠʥʦʢ ʪʘ ʟʘʛʘʣʴʥʫ 

ʢʽʣʴʢʽʩʪʴ ʜʠʩʧʝʨʩʥʦʾ ʬʘʟʠ ʫ ʛʦʪʦʚʽʡ ʝʤʫʣʴʩʽʾ. ɼʣʷ ʦʙʯʠʩʣʝʥʴ ʽ ʤʦʜʝʣʶʚʘʥʥʷ ʨʦʙʦʪʠ ʪʘʢʠʭ 

ʩʠʩʪʝʤ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʧʨʦʛʨʘʤʥʽ ʧʨʦʜʫʢʪʠ ʪʠʧʫ Comsol ʪʘ OpenFoam. ʂʦʥʪʨʦʣʴ 

ʨʦʟʤʽʨʫ ʽ ʢʽʣʴʢʦʩʪʽ ʜʠʩʧʝʨʩʥʦʾ ʩʢʣʘʜʦʚʦʾ ʜʦʟʚʦʣʷʻ ʜʝʪʘʣʴʥʦ ʚʠʚʯʠʪʠ ʚʧʣʠʚ ʮʠʭ ʧʘʨʘʤʝʪʨʽʚ 

ʥʘ ʩʪʘʙʽʣʴʥʽʩʪʴ ʽ ʝʬʝʢʪʠʚʥʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ɺʇɽ.  

ɺʠʩʥʦʚʢʠ. ʇʨʠʥʮʠʧ ʤʽʢʨʦʢʘʥʘʣʴʥʦʾ ʝʤʫʣʴʩʠʬʽʢʘʮʽʾ ʤʦʞʝ ʙʫʪʠ ʝʬʝʢʪʠʚʥʠʤ ʜʣʷ 

ʫʪʚʦʨʝʥʥʷ  ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʾ ʩʠʩʪʝʤʠ ʚʠʛʦʪʦʚʣʝʥʥʷ ʚʦʜʥʦ-ʜʠʟʝʣʴʥʠʭ ʝʤʫʣʴʩʽʡ ʟ 

ʢʦʥʪʨʦʣʴʦʚʘʥʠʤ ʨʦʟʤʽʨʦʤ ʜʠʩʧʝʨʩʥʠʭ ʯʘʩʪʠʥʦʢ, ʱʦ ʫ ʩʚʦʶ ʯʝʨʛʫ ʟʥʘʯʥʦ ʧʦʢʨʘʱʠʪʴ 

ʪʝʭʥʽʯʥʽ ʧʦʢʘʟʥʠʢʠ ʪʘʢʠʭ ʝʤʫʣʴʩʽʡ. ɸʜʞʝ ʟôʷʚʠʪʴʩʷ ʤʦʞʣʠʚʽʩʪʴ ʧʨʦʚʦʜʠʪʠ ʪʝʩʪʫʚʘʥʥʷ 

ʨʝʞʠʤʽʚ ʨʦʙʦʪʠ ʜʚʠʛʫʥʘ ʪʘ ʜʦʩʣʽʜʠʪʠ ʚʧʣʠʚ ʨʦʟʤʽʨʫ ʜʠʩʧʝʨʩʥʠʭ ʯʘʩʪʠʥʦʢ ʽ ʟʘʛʘʣʴʥʦʾ 

ʦʙôʻʤʥʦʾ ʢʦʥʮʝʥʪʨʘʮʽʾ ʜʠʩʧʝʨʩʥʦʾ ʬʘʟʠ ʥʘ ʟʤʝʥʰʝʥʥʷ ʰʢʽʜʣʠʚʠʭ ʚʠʢʠʜʽʚ. ʇʽʩʣʷ ʦʪʨʠʤʘʥʥʷ 

ʦʧʪʠʤʘʣʴʥʠʭ ʟʥʘʯʝʥʴ ʨʦʟʤʽʨʫ ʦʢʨʝʤʠʭ ʯʘʩʪʠʥʦʢ ʽ ʢʽʣʴʢʦʩʪʽ ʚʦʜʥʦʾ ʩʢʣʘʜʦʚʦʾ ʫ ʧʘʣʠʚʽ ʤʦʞʥʘ 
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ʙʫʜʝ ʧʨʦʚʦʜʠʪʠ ʦʧʪʠʤʽʟʘʮʽʶ ʘʚʪʦʤʘʪʠʟʦʚʘʥʠʭ ʩʠʩʪʝʤ ʜʣʷ ʧʨʦʤʠʩʣʦʚʦʛʦ ʚʠʛʦʪʦʚʣʝʥʥʷ 

ɺʇɽ. ʇʦʜʘʣʴʰʠʤ ʨʦʟʚʠʪʢʦʤ ʤʦʞʝ ʙʫʪʠ ʧʽʜʚʠʱʝʥʥʷ ʩʪʘʙʽʣʴʥʦʩʪʽ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʦʚʝʨʭʥʝʚʦ 

ʘʢʪʠʚʥʠʭ ʨʝʯʦʚʠʥ, ʱʦ ʜʦʟʚʦʣʠʪʴ ʟʘʟʜʘʣʝʛʽʜʴ ʚʠʛʦʪʦʚʣʷʪʠ ɺʇɽ ʟ ʤʦʞʣʠʚʽʩʪʶ ʪʨʠʚʘʣʦʛʦ 

ʟʙʝʨʽʛʘʥʥʷ. 

ʉʧʠʩʦʢ ʚʠʢʦʨʠʩʪʘʥʠʭ ʜʞʝʨʝʣ 
1. Sartomo, A., Santoso, B., & Muraza, O. (2020). Recent progress on mixing technology for water-

emulsion fuel: A review. Energy Conversion and Management, Vol. 213, URL: 

https://doi.org/10.1016/j.enconman.2020.112817 

2. Zabolotnyi O. V., Khodieiev A. A. (2023). Water-fuel emulsion homogeneity control system. Scientific 

notes of Taurida National V.I. Vernadsky University. Series: Technical Sciences. 2023. No. 6. P. 91ï97. 

URL: https://doi.org/10.32782/2663-5941/2023.6/14 

3. ɿʘʙʦʣʦʪʥʠʡ ʆ. ɺ., ʍʦʜʻʻʚ ɸ. ɸ. (2023). ɼʦʩʣʽʜʞʝʥʥʷ ʩʫʯʘʩʥʠʭ ʤʝʪʦʜʽʚ ʩʪʚʦʨʝʥʥʷ ʚʦʜʥʦ-ʧʘʣʠʚʥʦʾ 

ʝʤʫʣʴʩʽʾ //The 5 th International scientific and practical conference ñScience and technology: problems, 

prospects and innovationsò. (February 16-18, 2023). Osaka, Japan. 

4. L. Marchitto et al.(2018) Optical investigations in a CI engine fueled with water in diesel emulsion 

produced through microchannels , Experimental Thermal and Fluid Science. 2018. Vol. 95. P. 96ï103. 

URL: https://doi.org/10.1016/j.expthermflusci.2018.02.008 

5. Mondal, Pijush Kanti & Mandal, Bijan. (2019). A comparative study on the performance and emissions 

from a CI engine fuelled with water emulsified diesel prepared by mechanical homogenization and 

ultrasonic dispersion method. Energy Reports. 5. P 639-648. URL: 

https://doi.org/10.1016/j.egyr.2019.05.006 

6. Ithnin, Ahmad Muhsin, et al. (2018). Emulsifier-free Water-in-Diesel emulsion fuel: Its stability 

behaviour, engine performance and exhaust emission. Fuel. 2018. Vol. 215. P. 454ï462. URL: 

https://doi.org/10.1016/j.fuel.2017.11.061 

7. Sugeng D.A., Ithnin A.M., Yahya W.J., Kadir H.A., (2020), Emulsifier-Free Water-in-Biodiesel 

Emulsion Fuel via Steam Emulsification: Its Physical Properties, Combustion Performance, and Exhaust 

Emission, Energies, Vol.13, P.5406. URL: https://doi.org/10.3390/en13205406 

8. Malekzadeh S., Roohi E.(2015). Investigation of Different Droplet Formation Regimes in a T-junction 

Microchannel Using the VOF Technique in OpenFOAM. Microgravity Science and Technology. 2015. 

Vol. 27, no. 3. P. 231ï243. URL: https://doi.org/10.1007/s12217-015-9440-2 

 
 

ɯʅʌʆʈʄɸʎɯʁʅɸ ʊɽʍʅʆʃʆɻɯʗ ʉʇʆʉʊɽʈɽɾɽʅʅʗ ɿɸ ʈʋʍʆʄʀʄʀ 

ʇʆʊɽʅʎɯʁʅʆ ʅɽɹɽɿʇɽʏʅʀʄʀ ʆɹôɭʂʊɸʄʀ ɿ ɿɸʉʊʆʉʋɺɸʅʅʗʄ 

ɹɽɿʇɯʃʆʊʅʀʍ ʃɯʊɸʃʔʅʀʍ ɸʇɸʈɸʊɯɺ 
 

ɯʚʘʥʯʝʥʢʦ ʆ.ɺ.1, ʂʘʟʥʘʜʻʡ ʉ.ʆ.2 
1ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ çɼʥʽʧʨʦʚʩʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘè,  ɼʥʽʧʨʦ, ʋʢʨʘʾʥʘ 
2ɯʥʩʪʠʪʫʪ ɺʽʡʩʴʢʦʚʦ-ʄʦʨʩʴʢʠʭ ʉʠʣ ʅʘʮʽʦʥʘʣʴʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ çʆʜʝʩʴʢʘ ʤʦʨʩʴʢʘ 

ʘʢʘʜʝʤʽʷè,  ʆʜʝʩʘ, ʋʢʨʘʾʥʘ 
 

ɸʥʦʪʘʮʽʷ. ʉʝʨʡʦʟʥʦʶ ʟʘʛʨʦʟʦʶ ʜʣʷ ʩʫʯʘʩʥʦʛʦ ʩʚʽʪʫ ʻ ʧʦʰʠʨʝʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʫʭʦʤʠʭ 

ʧʦʪʝʥʮʽʡʥʦ ʥʝʙʝʟʧʝʯʥʠʭ ʦʙôʻʢʪʽʚ, ʾʭʥʻ ʪʝʨʠʪʦʨʽʘʣʴʥʝ ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ, ʱʦ ʥʝʛʘʪʠʚʥʦ ʚʧʣʠʚʘʻ ʥʘ 

ʨʽʟʥʦʤʘʥʽʪʥʽ ʩʬʝʨʠ ʜʽʷʣʴʥʦʩʪʽ ʩʫʩʧʽʣʴʩʪʚʘ ʪʘ ʜʦʩʠʪʴ ʯʘʩʪʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʬʘʪʘʣʴʥʠʭ ʥʘʩʣʽʜʢʽʚ. ɼʣʷ 

ʫʩʫʥʝʥʥʷ ʮʽʻʾ ʟʘʛʨʦʟʠ ʧʨʦʧʦʥʫʻʪʴʩʷ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʙʝʟʧʽʣʦʪʥʽ ʣʽʪʘʣʴʥʽ ʘʧʘʨʘʪʠ. ʆʙôʻʢʪʦʤ 

ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʧʨʦʮʝʩʠ ʚʠʷʚʣʝʥʥʷ ʨʫʭʦʤʠʭ ʧʦʪʝʥʮʽʡʥʦ ʥʝʙʝʟʧʝʯʥʠʭ ʦʙôʻʢʪʽʚ ʪʘ ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʟʘ 

ʥʠʤʠ ʫ ʨʝʞʠʤʽ ʨʝʘʣʴʥʦʛʦ ʯʘʩʫ. ʇʨʝʜʤʝʪʦʤ ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʤʝʪʦʜʠ ʪʘ ʟʘʩʦʙʠ ʨʦʟʨʦʙʢʠ ʽʥʬʦʨʤʘʮʽʡʥʦʾ 

ʪʝʭʥʦʣʦʛʽʾ ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʟʘ ʨʫʭʦʤʠʤʠ ʧʦʪʝʥʮʽʡʥʦ ʥʝʙʝʟʧʝʯʥʠʤʠ ʦʙôʻʢʪʘʤʠ ʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ 

ʙʝʟʧʽʣʦʪʥʠʭ ʣʽʪʘʣʴʥʠʭ ʘʧʘʨʘʪʽʚ. ʋ ʨʦʙʦʪʽ ʥʘʚʝʜʝʥʦ ʧʨʠʥʮʠʧʠ ʧʦʙʫʜʦʚʠ ʙʝʟʧʽʣʦʪʥʠʭ ʣʽʪʘʣʴʥʠʭ 

ʘʧʘʨʘʪʽʚ ʜʣʷ ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʟʘ ʨʫʭʦʤʠʤʠ ʧʦʪʝʥʮʽʡʥʦ ʥʝʙʝʟʧʝʯʥʠʤʠ ʦʙôʻʢʪʘʤʠ ʥʘ ʦʩʥʦʚʽ ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʪʝʭʥʦʣʦʛʽʾ, ʦʩʥʦʚʥʠʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ ʷʢʦʾ ʻ ʥʝʡʨʦʤʝʨʝʞʽ ʪʘ ʚʽʜʧʦʚʽʜʥʘ ʙʘʟʘ ʜʘʥʠʭ.      

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʙʝʟʧʽʣʦʪʥʠʡ ʣʽʪʘʣʴʥʠʡ ʘʧʘʨʘʪ, ʥʝʡʨʦʤʝʨʝʞʽ, ʨʫʭʦʤʽ ʧʦʪʝʥʮʽʡʥʦ ʥʝʙʝʟʧʝʯʥʽ 

ʦʙôʻʢʪʠ. 
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INFORMATION TECHNOLOGY FOR OBSERVING MOVABLE POTENTIALLY 

DANGEROUS OBJECTS USING UNMANNED AERIAL VEHICLES  
 

Ivanchenko O.1, Kaznadiei S.2 
1Dnipro University of Technology, Dnipro, Ukraine 

2Navy Institute National University çOdessa Maritime Academyè, Odessa, Ukraine 
 

Abstract. The widespread use of movable potentially dangerous objects and their territorial spread 

have a negative impact on various spheres of society and often lead to fatal consequences. To eliminate this 

threat, the use of unmanned aerial vehicles is proposed. The object of the study is the processes of detecting 

movable potentially dangerous objects and observing them in real-time. The subject of the study is the 

methods and means of developing an information technology for observing movable potentially dangerous 

objects using unmanned aerial vehicles. The principles of building unmanned aerial vehicles for observing 

movable potentially dangerous objects based on the use of information technology with neural networks and 

corresponding databases as the main components are presented in the work. 

Keywords: unmanned aerial vehicles, neural networks, movable potentially dangerous objects. 

 

ɺʠʢʣʘʜ ʦʩʥʦʚʥʦʛʦ ʤʘʪʝʨʽʘʣʫ. ʅʘ ʩʴʦʛʦʜʥʽʰʥʽʡ ʜʝʥʴ ʧʦʚʩʶʜʥʦʶ ʧʨʦʙʣʝʤʦʶ 

ʫʢʨʘʾʥʩʴʢʠʭ ʪʝʨʠʪʦʨʽʘʣʴʥʠʭ ʛʨʦʤʘʜ, ʷʢʽ ʟʥʘʭʦʜʷʪʴʩʷ ʫ ʟʦʥʽ ʘʢʪʠʚʥʠʭ ʙʦʡʦʚʠʭ ʜʽʡ, ʻ ʨʫʭʦʤʽ 

ʧʦʪʝʥʮʽʡʥʦ ʥʝʙʝʟʧʝʯʥʽ ʦʙôʻʢʪʠ (ʈʇʅʆ) ʢʨʘʾʥʠ-ʘʛʨʝʩʦʨʢʠ. ʈʝʟʫʣʴʪʘʪʠ ʘʥʘʣʽʟʫ ʚʽʜʦʤʦʛʦ 

ʧʨʘʢʪʠʯʥʦʛʦ ʜʦʩʚʽʜʫ ʩʚʽʜʯʘʪʴ, ʱʦ ʩʘʤʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʙʝʟʧʽʣʦʪʥʠʭ ʣʽʪʘʣʴʥʠʭ ʘʧʘʨʘʪʽʚ 

(ɹʇʃɸ) ʜʦʟʚʦʣʷʻ ʩʫʪʪʻʚʦ ʟʥʠʟʠʪʠ ʟʘʛʨʦʟʫ ʚʽʜ ʟʘʩʪʦʩʫʚʘʥʥʷ ʈʇʅʆ. ʊʦʤʫ ʨʦʟʨʦʙʢʘ 

ʚʽʜʧʦʚʽʜʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʪʘ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʪʝʭʥʦʣʦʛʽʾ, ʱʦ ʟʘʙʝʟʧʝʯʫʶʪʴ ʩʚʦʻʯʘʩʥʝ ʚʠʷʚʣʝʥʥʷ 

ʪʘ ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʟʘ ʜʽʷʤʠ ʈʇʅʆ ʘʛʨʝʩʦʨʘ ʟʘ ʜʦʧʦʤʦʛʦʶ ɹʇʃɸ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʷʢ ʘʢʪʫʘʣʴʥʘ 

ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʘ ʟʘʜʘʯʘ.      

ʄʝʪʘ ʨʦʙʦʪʠ ʧʦʣʷʛʘʻ ʚ ʦʙˇʨʫʥʪʫʚʘʥʥʽ ʧʨʠʥʮʠʧʽʚ ʧʦʙʫʜʦʚʠ ʙʝʟʧʽʣʦʪʥʠʭ ʣʽʪʘʣʴʥʠʭ 

ʘʧʘʨʘʪʽʚ ʜʣʷ ʚʠʷʚʣʝʥʥʷ ʪʘ ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʟʘ ʨʫʭʦʤʠʤʠ ʧʦʪʝʥʮʽʡʥʦ ʥʝʙʝʟʧʝʯʥʠʤʠ ʦʙôʻʢʪʘʤʠ 

ʟ ʙʦʨʪʦʚʦʶ ʨʝʘʣʽʟʘʮʽʻʶ ʚʽʜʧʦʚʽʜʥʦʾ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʪʝʭʥʦʣʦʛʽʾ (ɯʊ) ʡ ʦʮʽʥʮʽ ʝʬʝʢʪʠʚʥʦʩʪʽ ʜʽʡ 

ɹʇʃɸ ʟʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ.  

ʉʧʨʦʱʝʥʘ ʩʪʨʫʢʪʫʨʥʘ ʩʭʝʤʘ ɹʇʃɸ, ʥʘ ʙʦʨʪʫ ʷʢʦʛʦ ʨʝʘʣʽʟʦʚʘʥʘ ɯʊ ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʟʘ 

ʈʇʅʆ ʟʦʙʨʘʞʝʥʘ ʥʘ ʨʠʩ. 1. ʇʨʠʥʮʠʧʠ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʦʩʥʦʚʥʠʭ ʙʣʦʢʽʚ ɹʇʃɸ ʟʛʽʜʥʦ 

ʥʘʚʝʜʝʥʦʾ ʩʪʨʫʢʪʫʨʥʦʾ ʩʭʝʤʠ (ʨʠʩ. 1) ʨʦʟʛʣʷʥʫʪʦ ʚ ʨʦʙʦʪʽ [1].  

 
ʈʠʩ. 1. ʉʧʨʦʱʝʥʘ ʩʪʨʫʢʪʫʨʥʘ ʩʭʝʤʘ ɹʇʃɸ ʟ ʨʝʘʣʽʟʘʮʽʻʶ ɯʊ ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʟʘ ʈʇʅʆ  
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ʆʮʽʥʢʘ ʝʬʝʢʪʠʚʥʦʩʪʽ ʜʽʡ ɹʇʃɸ ʙʫʣʘ ʦʪʨʠʤʘʥʘ ʟʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʤʘʪʝʤʘʪʠʯʥʦʛʦ 

ʤʦʜʝʣʶʚʘʥʥʷ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʘʧʘʨʘʪʫ ʙʘʡʻʩʦʚʩʴʢʠʭ ʤʝʨʝʞ. ʋ ʷʢʦʩʪʽ ʧʦʢʘʟʥʠʢʘ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʨʦʟʛʣʷʜʘʣʘʩʷ ʡʤʦʚʽʨʥʽʩʪʴ ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʈʇʅʆ, ʤʘʢʩʠʤʘʣʴʥʝ ʟʥʘʯʝʥʥʷ ʷʢʦʾ ʟʘ 

ʨʝʟʫʣʴʪʘʪʘʤʠ ʤʦʜʝʣʶʚʘʥʥʷ (ʨʠʩ. 2) ʩʢʣʘʜʘʻ 0,8.  

 

 

ʈʠʩ. 2.  

ɺʠʩʥʦʚʢʠ. ʊʘʢʠʤ ʯʠʥʦʤ, ʟʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʚʠʢʦʥʘʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʨʦʟʨʦʙʣʝʥʘ 

ʽʥʬʦʨʤʘʮʽʡʥʘ ʪʝʭʥʦʣʦʛʽʷ, ʚʠʢʦʨʠʩʪʘʥʥʷ ʷʢʦʾ ʥʘ ʙʦʨʪʫ ɹʇʃɸ ʜʦʟʚʦʣʷʻ ʜʦʩʠʪʴ ʝʬʝʢʪʠʚʥʦ 

ʚʠʨʽʰʫʚʘʪʠ ʟʘʚʜʘʥʥʷ ʱʦʜʦ ʚʠʷʚʣʝʥʥʷ ʈʇʅʆ ʪʘ ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʟʘ ʥʠʤʠ. 

 

ʉʧʠʩʦʢ ʚʠʢʦʨʠʩʪʘʥʠʭ ʜʞʝʨʝʣ 
1. Wei P. Data-Driven Modeling and High- Performance Control of Multirotor Unmanned Aerial Vehicles 

in Challenging Environments. URL: https://escholarship.org/uc/item/7qf3r2f3.  31.03.2024. 

 

 

ʌʆʈʄʋɺɸʅʅʗ ɯʅʌʆʈʄɸʎɯʁʅʆɰ ɹɸɿʀ ɽʌɽʂʊʀɺʅʀʍ ʂʆʄʇʆʅɽʅʊɯɺ ɺ 

ʋʄʆɺɸʍ ɼʈɯɹʅʆʉɽʈɯʁʅʆɻʆ ɺʀʈʆɹʅʀʎʊɺɸ 

 

ʃʫʢʘʰʝʥʢʦ ɺ.ʄ.1, ɻʨʠʛʦʨ ʆ.ʆ.1, ɿʫʙʢʦ ɯ.ɸ.1, ʃʫʢʘʰʝʥʢʦ ɸ.ɻ.2, ɻʘʨʜʝʨ ɼ.ɸ.2,  

ʃʫʢʘʰʝʥʢʦ ɺ.ɸ.2, Shchukin B.3 
1ʏʝʨʢʘʩʴʢʠʡ ʜʝʨʞʘʚʥʠʡ ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ, ʋʢʨʘʾʥʘ 

2ɯʥʩʪʠʪʫʪ ʝʣʝʢʪʨʦʟʚʘʨʶʚʘʥʥʷ ʽʤ. ɭ.ʆ. ʇʘʪʦʥʘ ʅɸʅ ʋʢʨʘʾʥʠ, ʋʢʨʘʾʥʘ 
3SARL BBA, Watch, Le Mans, France 

 
ɸʥʦʪʘʮʽʷ. ɺ ʨʦʙʦʪʽ ʚʠʨʽʰʝʥʘ ʘʢʪʫʘʣʴʥʘ ʧʨʦʙʣʝʤʥʘ ʟʘʜʘʯʘ ʱʦʜʦ ʬʦʨʤʫʚʘʥʥʷ ʽʥʬʦʨʤʘʮʽʡʥʦʾ 

ʙʘʟʠ ʝʬʝʢʪʠʚʥʠʭ ʙʘʛʘʪʦʧʘʨʘʤʝʪʨʠʯʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ ʜʣʷ ʝʪʘʧʽʚ ʧʨʦʻʢʪʫʚʘʥʥʷ ʚʽʜʧʦʚʽʜʥʦʛʦ 

ʦʙʣʘʜʥʘʥʥʷ ʥʘ ʧʽʜʧʨʠʻʤʩʪʚʘʭ ʜʨʽʙʥʦʩʝʨʽʡʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ ʰʣʷʭʦʤ ʦʙôʻʢʪʠʚʥʦʛʦ ʢʽʣʴʢʽʩʥʦʛʦ 

ʦʮʽʥʶʚʘʥʥʷ ʾʭ ʧʦʢʘʟʥʠʢʽʚ. ʄʝʪʦʶ ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʬʦʨʤʫʚʘʥʥʷ ʝʬʝʢʪʠʚʥʦʾ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʙʘʟʠ 

ʢʦʤʧʦʥʝʥʪʽʚ ʟʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʦʙ'ʻʢʪʠʚʥʦʛʦ ʦʮʽʥʶʚʘʥʥʷ ʙʘʛʘʪʦʧʘʨʘʤʝʪʨʠʯʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ ʯʝʨʝʟ 

ʩʪʚʦʨʝʥʥʷ ʢʨʠʪʝʨʽʾʚ ʚʠʜʘʯʽ ʨʝʣʝʚʘʥʪʥʦʾ ʽʥʬʦʨʤʘʮʽʾ. ʆʙôʻʢʪʦʤ ʻ ʧʨʦʮʝʩʠ ʬʦʨʤʫʚʘʥʥʷ ʽʥʬʦʨʤʘʮʽʡʥʠʭ 

ʙʘʟ ʝʬʝʢʪʠʚʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ. ʇʨʝʜʤʝʪʦʤ ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʬʦʨʤʫʚʘʥʥʷ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʙʘʟʠ ʝʬʝʢʪʠʚʥʠʭ 

ʢʦʤʧʦʥʝʥʪʽʚ ʫʤʦʚʘʭ ʜʨʽʙʥʦʩʝʨʽʡʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ. ʄʝʪʦʜʠ ʜʦʩʣʽʜʞʝʥʥʷ ʟʘʩʥʦʚʘʥʽ ʥʘ ʚʠʢʦʨʠʩʪʘʥʥʽ 

ʚʣʘʩʪʠʚʦʩʪʝʡ ʪʝʦʨʽʡ: ʫʤʦʚʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ; ʩʪʚʦʨʝʥʥʷ ʘʣʛʦʨʠʪʤʽʚ; ʥʫʣʴʦʚʠʭ ʩʪʝʧʝʥʝʚʠʭ 

ʢʦʤʧʣʝʢʩʽʚ; ʢʨʠʪʝʨʽʾʚ ʚʠʜʘʯʽ ʨʝʣʝʚʘʥʪʥʦʾ ʽʥʬʦʨʤʘʮʽʾ; ʫʟʘʛʘʣʴʥʝʥʠʭ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʤʦʜʝʣʝʡ.  

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʢʦʤʧʦʥʝʥʪʠ, ʢʨʠʪʝʨʽʾ, ʨʝʣʝʚʘʥʪʥʽʩʪʴ, ʽʥʬʦʨʤʘʮʽʷ, ʚʽʟʫʘʣʽʟʘʮʽʷ, ʘʣʛʦʨʠʪʤ. 
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FORMATION OF THE INFORMATION BASE OF EFFECTIVE COMPONENTS IN 
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Abstract. The paper solves an urgent problematic task of forming an information base of effective 

multi-parameter components for the design stages of relevant equipment at small-scale production 

enterprises by objectively quantifying their performance. The purpose of the study is to form effective an 

information base of components based on the results of an objective assessment of multi-parameter 

components by creating criteria for the provision of relevant information. The object is the processes of 

forming information bases of effective components. The subject of the study is the formation of an 

information base of efficient components in small-scale production. The research methods are based on the 

use of the properties of the following theories: conditional modelling; creation of algorithms; zero degree 

complexes; criteria for the issuance of relevant information; generalised information models. 

Keywords: components, criteria, relevance, information, visualization, algorithm. 
 

ɺʩʪʫʧ. ʐʣʷʭʦʤ ʘʥʘʣʽʟʫ ʦʙôʻʢʪʘ ʜʦʩʣʽʜʞʝʥʴ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʧʽʜʚʠʱʝʥʥʷ ʪʝʭʥʽʢʦ-

ʝʢʦʥʦʤʽʯʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʢʦʤʧʦʥʝʥʪʽʚ ʩʧʝʮʽʘʣʽʟʦʚʘʥʠʭ ʧʽʜʩʠʩʪʝʤ ʢʝʨʫʚʘʥʥʷ ʧʨʠʚʦʜʠʪʴ ʜʦ 

ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʬʫʥʢʮʽʦʥʫʶʯʠʭ ʚ ʨʝʘʣʴʥʦʤʫ ʯʘʩʽ ʧʨʦʙʣʝʤʥʦ-ʦʨʽʻʥʪʦʚʘʥʠʭ ʩʠʩʪʝʤ.  

ɺʽʜʦʤʦ [1-3], ʱʦ ʧʨʦʮʝʩ ʚʠʷʚʣʝʥʥʷ ʝʬʝʢʪʠʚʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ ʟʘ ʙʘʛʘʪʴʤʘ ʧʘʨʘʤʝʪʨʘʤʠ 

ʽʟ ʤʥʦʞʠʥʠ ʽʩʥʫʶʯʠʭ, ʪʘʢʠʭ, ʱʦ ʩʝʨʽʡʥʦ ʚʠʧʫʩʢʘʶʪʴʩʷ ʜʫʞʝ ʩʢʣʘʜʥʠʡ, ʟʘʡʤʘʻ ʙʘʛʘʪʦ ʯʘʩʫ ʪʘ 

ʧʦʪʨʝʙʫʻ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʚʠʩʦʢʦʢʚʘʣʽʬʽʢʦʚʘʥʦʛʦ ʨʦʟʨʦʙʥʠʢʘ, ʱʦ ʧʽʜʚʠʱʫʻ ʚʘʨʪʽʩʪʴ 

ʚʠʨʦʙʫ. ʋ ʨʦʙʦʪʽ [2] ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʘʣʛʦʨʠʪʤ ʦʙôʻʢʪʠʚʥʦʛʦ ʦʮʽʥʶʚʘʥʥʷ ʢʦʤʧʦʥʝʥʪʽʚ ʩʠʩʪʝʤʠ 

ʟʙʦʨʫ ʜʘʥʠʭ ʽ ʫʧʨʘʚʣʽʥʥʷ ʰʣʷʭʦʤ ʚʽʟʫʘʣʽʟʘʮʽʾ ʢʨʠʪʝʨʽʾʚ ʢʽʣʴʢʽʩʥʦʛʦ ʦʙôʻʢʪʠʚʥʦʛʦ ʦʮʽʥʶʚʘʥʥʷ 

ʤʦʜʝʣʝʡ ʚʦʣʦʢʦʥʥʠʭ ʣʘʟʝʨʥʠʭ ʤʦʜʫʣʽʚ ʟʘ ʙʘʛʘʪʴʤʘ ʧʘʨʘʤʝʪʨʘʤʠ. ʅʝʜʦʣʽʢʦʤ ʮʽʻʾ ʨʦʙʦʪʠ ʻ 

ʥʠʟʴʢʘ ʰʚʠʜʢʽʩʪʴ ʧʨʠʡʦʤʫ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦʝʢʪʫʚʘʣʴʥʠʢʦʤ ʯʝʨʝʟ ʩʢʣʘʜʥʽʩʪʴ ʘʥʘʣʽʟʫ 

ʚʽʟʫʘʣʽʟʘʮʽʾ ʥʘ ʛʽʩʪʦʛʨʘʤʘʭ ʢʦʞʥʦʛʦ ʽʟ ʙʘʛʘʪʴʦʭ ʧʘʨʘʤʝʪʨʽʚ ʚʝʣʠʢʦʾ ʤʥʦʞʠʥʠ ʤʦʜʫʣʽʚ, ʱʦ 

ʩʝʨʽʡʥʦ ʚʠʧʫʩʢʘʶʪʴʩʷ.  

ʄʝʪʘ ʨʦʙʦʪʠ. ʄʝʪʦʶ ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʬʦʨʤʫʚʘʥʥʷ ʝʬʝʢʪʠʚʥʦʾ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʙʘʟʠ ʢʦʤʧʦʥʝʥʪʽʚ 

ʟʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʦʙ'ʻʢʪʠʚʥʦʛʦ ʦʮʽʥʶʚʘʥʥʷ ʙʘʛʘʪʦʧʘʨʘʤʝʪʨʠʯʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ ʯʝʨʝʟ ʩʪʚʦʨʝʥʥʷ 

ʢʨʠʪʝʨʽʾʚ ʚʠʜʘʯʽ ʨʝʣʝʚʘʥʪʥʦʾ ʽʥʬʦʨʤʘʮʽʾ. 
ʆʩʥʦʚʥʘ ʯʘʩʪʠʥʘ. ʊʦʤʫ, ʚʨʘʭʦʚʫʶʯʠ ʙʝʟʨʦʟʤʽʨʥʽʩʪʴ ʢʦʞʥʦʛʦ ʢʨʠʪʝʨʽʶ ʪʘ ʙʘʟʫʶʯʠʩʴ 

ʥʘ ʧʨʘʚʠʣʘʭ ʌʫʨôʻ, ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʩʪʚʦʨʠʪʠ ʢʨʠʪʝʨʽʾ ʚʠʜʘʯʽ ʨʝʣʝʚʘʥʪʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ʷʢ 

ʩʠʥʪʝʟ ʚʠʟʥʘʯʝʥʠʭ k ʙʘʛʘʪʦʧʘʨʘʤʝʪʨʠʯʥʠʭ ʢʨʠʪʝʨʽʾʚ ʜʣʷ ʢʦʞʥʦʛʦ ʽʟ N ʪʠʧʽʚ ʚʦʣʦʢʦʥʥʠʭ 

ʣʘʟʝʨʥʠʭ ʤʦʜʫʣʽʚ. ʋʟʘʛʘʣʴʥʝʥʘ ʽʥʬʦʨʤʘʮʽʡʥʘ ʤʦʜʝʣʴ ʤʘʻ ʚʠʛʣʷʜ 

ɰ0̆Ƞ 0̍Ƞ 4 Ƞ 4 Ƞ $ ȟ$ ,                                                    (1) 

ʜʝ ʈʣ ï ʚʠʭʽʜʥʘ ʧʦʪʫʞʥʽʩʪʴ  ʣʘʟʝʨʘ, ʅʨ, max ï ʥʝʩʪʘʙʽʣʴʥʽʩʪʴ ʚʠʭʽʜʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʣʘʟʝʨʘ,  

ʈʤʦʜ ï ʧʦʪʫʞʥʽʩʪʴ ʩʧʦʞʠʚʘʥʥʷ ʣʘʟʝʨʥʦʛʦ ʤʦʜʫʣʷ, ʊmin,ʊmax ï ʤʽʥʽʤʘʣʴʥʘ, ʤʘʢʩʠʤʘʣʴʥʘ 

ʪʝʤʧʝʨʘʪʫʨʠ, D ï ʜʘʣʴʥʽʩʪʴ ʧʝʨʝʜʘʯʽ ʧʦ ʦʧʪʦʚʦʣʦʢʦʥʥʦʤʫ ʢʘʙʝʣʶ. ɿʥʘʯʝʥʥʷ ʚʽʜʧʦʚʽʜʥʠʭ 

ʧʘʨʘʤʝʪʨʽʚ ʥʘʚʝʜʝʥʦ ʚ ʪʘʙʣ.1.  

ʂʨʠʪʝʨʽʾ ʷʢʦʩʪʽ ʟʘ ʚʽʜʧʦʚʽʜʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ [3] ʚʠʟʥʘʯʘʶʪʴʩʷ ʪʘʢʠʤ ʯʠʥʦʤ:  

+̑ ˘

˙
 Ÿ max; +˞Ÿmin; +  Ÿ max, $ = 30 ʤ; +˟  Ÿ max.    (2) 

ʄʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ ʙʝʟʨʦʟʤʽʨʥʦʛʦ ʢʨʠʪʝʨʽʶ ʚʠʜʘʯʽ ʨʝʣʝʚʘʥʪʥʦʾ ʽʥʬʦʨʤʘʮʽʾ  ʜʣʷ 

ʢʦʞʥʦʛʦ ὔ ʤʦʜʫʣʷ ʤʘʻ ʪʘʢʠʡ ʚʠʛʣʷʜ   

   ̠ S̍ ̏̅ В ˗ В
˗

h
,                                                  (3) 

ʜʝ ὑ 1O; ὑ   O0 ʘʣʝ 0; ˉ=h+m. 
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ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʨʦʟʨʘʭʫʥʢʽʚ (2) ʽ (3) ʙʫʜʫʶʪʴʩʷ  ʛʽʩʪʦʛʨʘʤʠ, ʷʢʽ ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩ.1. 
ʊʘʙʣʠʮʷ 1 

ʈʝʣʷʮʽʡʥʘ ʤʦʜʝʣʴ ʜʘʥʠʭ ʚʦʣʦʢʦʥʥʠʭ ʣʘʟʝʨʥʠʭ ʤʦʜʫʣʽʚ  ʟʽ 

ʩʪʨʫʢʪʫʨʠʟʘʮʽʶ ʟʘ ʦʩʥʦʚʥʠʤʠ ʧʦʢʘʟʥʠʢʘʤʠ 

 

  ̄  

 

 

ʊʠʧ ʣʘʟʝʨʥʦʛʦ ʤʦʜʫʣʷ 

ʇʘʨʘʤʝʪʨʠ 

ʈʣ, 
ʢɺʪ 

ʅʨ ʤʘʭ,  

% 

ʈʤʦʜ
ʢɺʪ 

ʊmin

ÁC 

ʊmax, 

ÁC 

D,  

ʤ 

1 YLR-700-MM-WC-Y14 0,7 3 2 10 50 5 

2 ʃʉ-04 0,4 3 2 10 40 10 

3 YLR-700-WC-Y14 0,7 3 2,1 10 50 5 

4 YLR-1000-MM-WC-Y14 1 3 3 10 50 5 

5 2-1000-WC-Y14 1 0,5 3,2 10 50 5 

6 JK400FL 0,4 3 1,6 5 45 10 

7 JK50FL     0,05 3 0,25 5 45 10 

8   YLR-150/1500-QCW-AC-14 0.25 1 1,5 10 40 3 

9 YLR-300/3000-QCW-MM-

AC-Y14 

   

0,3 

 

1 

 

3 

 

10 

 

35 

 

5 

10   YLS-00/6000-QCW-AC-Y15 0.6 2 6 10 35 5 

11 YLS-2000-U-Y18 0.6 2 6 10 35 5 

12 YLR-2000-MM-WC-Y18 2 3 5,2 10 50 5 

 

 

ɸʥʘʣʽʟ  ʛʽʩʪʦʛʨʘʤ (ʨʠʩ.1) ʧʽʜʪʚʝʨʜʞʫʻ, ʱʦ ʾʭ ʢʽʣʴʢʽʩʪʴ ʟʤʝʥʰʫʻʪʴʩʷ ʚ k ʨʘʟ ʫ 

ʧʦʨʽʚʥʷʥʥʽ ʟ ʧʨʠʢʣʘʜʦʤ [1]. 
ɺʠʩʥʦʚʢʠ. ʆʪʞʝ, ʝʬʝʢʪʠʚʥʽʩʪʴ ʩʬʦʨʤʦʚʘʥʦʾ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʙʘʟʽ ʜʘʥʠʭ ʧʦʣʷʛʘʻ ʚ 

ʟʤʝʥʰʝʥʽ ʦʙʩʷʛʫ ʧʘʤôʷʪʽ ʜʣʷ ʟʙʝʨʽʛʘʥʥʷ ʤʘʡʞʝ ʚ (NĀk) ʨʘʟʽʚ; ʩʧʨʦʱʝʥʥʽ ʘʥʘʣʽʟʫ ʛʽʩʪʦʛʨʘʤ; 
ʟʙʽʣʴʰʝʥʥʽ ʰʚʠʜʢʦʩʪʽ ʚʠʟʥʘʯʝʥʥʷ ʝʬʝʢʪʠʚʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ ʟʘʚʜʷʢʠ ʚʽʟʫʘʣʽʟʘʮʽʾ. 

 

ʉʧʠʩʦʢ ʚʠʢʦʨʠʩʪʘʥʠʭ ʜʞʝʨʝʣ 
1. Cesare, Sergio de; Lycett, Mark; Macredie, Bobert. D. (2006). Development of Component-Based 

Information Systems. Vol. 2 (1st ed.). New York: M. E. Sharp. p. 52. ISBN 0765612488. ISSN 1554-
6152.  

2. ʈʫʜʥʠʮʴʢʠʡ ɺ.ʄ., ɻʘʨʜʝʨ ɼ.ɸ., ɿʫʙʢʦ ɯ.ɸ., ʃʫʢʘʰʝʥʢʦ ɸ.ɻ., ʃʫʢʘʰʝʥʢʦ ɺ. ʄ. (2021) 

ɯʥʬʦʨʤʘʮʽʡʥʘ ʪʝʭʥʦʣʦʛʽʷ ʙʘʛʘʪʦʢʨʠʪʝʨʽʘʣʴʥʦʛʦ ʢʽʣʴʢʽʩʥʦʛʦ ʦʙôʻʢʪʠʚʥʦʛʦ ʦʮʽʥʶʚʘʥʥʷ  ʤʦʜʝʣʝʡ  

ʚʦʣʦʢʦʥʥʠʭ  ʣʘʟʝʨʥʠʭ ʤʦʜʫʣʽʚ, Nauka i studia,  Przemysl, ˉ 5, pp. 39ï45, 

3. ʃʫʢʘʰʝʥʢʦ ɸ. ɻ. (2014) ʄʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ ʫʟʘʛʘʣʴʥʝʥʦʛʦ ʧʦʢʘʟʥʠʢʘ ʷʢʦʩʪʽ ʢʦʤʧʦʥʝʥʪʽʚ 

ʣʘʟʝʨʥʦʛʦ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ɺʽʩʥʠʢ ʍʤʝʣʴʥʠʮʴʢʦʛʦ ʥʘʮʽʦʥʘʣʴʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ. 

 ̄4 (215). ʉ. 31ï36, ISSN 2307-5732 

 

 

ɸɼɸʇʊʀɺʅɽ ɺʀʗɺʃɽʅʅʗ ɯʄʇʋʃʔʉʅʀʍ ʉʀɻʅɸʃɯɺ ɺ ʋʄʆɺɸʍ ʅɽʇʆɺʅʆɰ 

ɺʀɿʅɸʏɽʅʆʉʊɯ ʅɽɻɸʋʉʉɯɺʉʔʂʀʍ ɿɸɺɸɼ 

 

ʄʘʨʪʠʥʝʥʢʦ ʉ.ʉ.1, ʂʦʥʜʨʘʤʘʰʠʥ ɭ.ʄ. 1, ʂʫʪʠʨʴ ɺ.ɺ. 1, ʊʝʣʝʞʠʥʩʴʢʠʡ ɺ.ɼ. 1, ʂʨʫʣʴ ʂ.2 
1ʏʝʨʢʘʩʴʢʠʡ ʜʝʨʞʘʚʥʠʡ ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ, ʏʝʨʢʘʩʠ, ʋʢʨʘʾʥʘ 

2ʉFF GmbH & Co. KG, Ilmenau, Germany 
 

ɸʥʦʪʘʮʽʷ. ɼʦʧʦʚʽʜʴ ʧʨʠʩʚʷʯʝʥʘ ʜʦʩʣʽʜʞʝʥʥʶ ʘʜʘʧʪʠʚʥʦʛʦ ʤʝʪʦʜʫ ʚʠʷʚʣʝʥʥʷ ʽʤʧʫʣʴʩʥʠʭ 

ʩʠʛʥʘʣʽʚ, ʱʦ ʧʨʠʡʤʘʶʪʴʩʷ ʚ ʘʜʠʪʠʚʥʽʡ ʩʫʤʽʰʽ ʟ ʥʝʛʘʫʩʩʽʚʩʴʢʠʤʠ ʟʘʚʘʜʘʤʠ. ʋ ʨʦʙʦʪʽ ʨʦʟʛʣʷʜʘʻʪʴʩʷ 

ʧʨʦʙʣʝʤʘ ʚʠʷʚʣʝʥʥʷ ʩʠʛʥʘʣʽʚ ʚ ʫʤʦʚʘʭ ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ ʧʘʨʘʤʝʪʨʽʚ ʟʘʚʘʜʠ ʪʘʢ ʽ ʾʾ ʟʤʽʥʠ ʚ ʧʨʦʮʝʩʽ 

ʩʧʦʩʪʝʨʝʞʝʥʥʷ. ɿʘʧʨʦʧʦʥʦʚʘʥʦ ʤʝʪʦʜ ʘʜʘʧʪʘʮʽʾ, ʷʢʠʡ ʙʘʟʫʻʪʴʩʷ ʥʘ ʚʚʝʜʝʥʽ ʙʣʦʢʫ ʨʦʟʨʘʭʫʥʢʫ 

ʧʘʨʘʤʝʪʨʽʚ ʟʘʚʘʜʠ, ʱʦ ʚ ʩʚʦʶ ʯʝʨʛʫ ʜʦʟʚʦʣʷʻ ʦʧʪʠʤʘʣʴʥʦ ʧʨʦʚʝʩʪʠ ʧʨʦʮʝʩ ʚʠʷʚʣʝʥʥʷ ʢʦʨʠʩʥʦʛʦ 

ʩʠʛʥʘʣʫ. ɼʦʩʣʽʜʞʝʥʦ ʚʧʣʠʚ ʨʽʟʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʟʘʚʘʜʠ ʥʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ʨʦʙʦʪʠ ʧʦʣʽʥʦʤʽʘʣʴʥʦʛʦ 

ʘʣʛʦʨʠʪʤʫ ʚʠʷʚʣʝʥʥʷ ʢʦʨʠʩʥʦʛʦ ʽʤʧʫʣʴʩʥʦʛʦ ʩʠʛʥʘʣʫ. ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʥʷ ʚʢʘʟʫʶʪʴ ʥʘ 

ʧʦʪʝʥʮʽʡʥʫ ʝʬʝʢʪʠʚʥʽʩʪʴ ʟʘʧʨʦʧʦʥʦʚʘʥʦʛʦ ʧʽʜʭʦʜʫ ʚ ʫʤʦʚʘʭ ʥʝʧʦʚʥʦʾ ʚʠʟʥʘʯʝʥʦʩʪʽ ʥʝʛʘʫʩʩʽʚʩʴʢʠʭ 

ʟʘʚʘʜ. 

ʈʠʩ. 1. ɻʽʩʪʦʛʨʘʤʠ ɹʂɺʈɯ 

ʣʘʟʝʨʥʠʭ ʤʦʜʫʣʽʚ  
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ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʘʜʘʧʪʠʚʥʠʡ ʘʣʛʦʨʠʪʤ ʚʠʷʚʣʝʥʥʷ, ʚʠʤʽʨʶʚʘʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʥʝʛʘʫʩʩʽʚʩʴʢʦʾ 

ʟʘʚʘʜʠ, ʢʽʣʴʢʽʩʪʴ ʚʠʣʫʯʝʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʨʦʟʨʽʟʥʝʥʥʷ ʛʽʧʦʪʝʟ, ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʥʷ.  
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Abstract. The report is devoted to the study of an adaptive method of detection of impulse signals 

received in an additive mixture with non-Gaussian interference. The paper considers the problem of signal 

detection in the conditions of uncertainty of interference parameters and its changes during the observation 

process. An adaptation method is proposed, which is based on the input of the interference parameter 

calculation block, which in turn allows to optimally carry out the process of detecting a useful signal. The 

impact of various interference parameters on the efficiency of the polynomial algorithm for detecting a useful 

pulse signal is studied. The results of the study indicate the potential effectiveness of the proposed approach 

in conditions of incomplete certainty of non-Gaussian disturbances. 

Keywords: adaptive detection algorithm, measurement of parameters of non-Gaussian interference, 

amount of extracted information on distinguishing hypotheses, decision-making. 

 

ɺʩʪʫʧ. ʋ ʩʫʯʘʩʥʦʤʫ ʩʚʽʪʽ ʨʦʟʚʠʪʦʢ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʧʝʨʝʜʙʘʯʘʻ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʘʜʽʦʝʣʝʢʪʨʦʥʥʠʭ ʩʠʩʪʝʤ ʫ ʥʘʡʨʽʟʥʦʤʘʥʽʪʥʽʰʠʭ ʩʬʝʨʘʭ, ʚʢʣʶʯʘʶʯʠ 

ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʾ, ʤʝʜʠʮʠʥʫ, ʦʙʦʨʦʥʫ ʪʘ ʥʘʫʢʦʚʽ ʜʦʩʣʽʜʞʝʥʥʷ. ʇʨʦʪʝ, ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʘʢʠʭ 

ʩʠʩʪʝʤ ʫ ʨʝʘʣʴʥʠʭ ʫʤʦʚʘʭ ʯʘʩʪʦ ʩʪʠʢʘʻʪʴʩʷ ʟ ʧʨʦʙʣʝʤʘʤʠ, ʧʦʚ'ʷʟʘʥʠʤʠ ʟ ʚʠʷʚʣʝʥʥʷʤ 

ʽʤʧʫʣʴʩʥʠʭ ʩʠʛʥʘʣʽʚ ʚ ʫʤʦʚʘʭ  ʥʘʷʚʥʦʩʪʽ ʘʜʠʪʠʚʥʠʭ ʥʝʛʘʫʩʩʽʚʩʴʢʠʭ ʟʘʚʘʜ. ʇʨʠʨʦʜʘ 

ʥʝʛʘʫʩʩʽʚʩʴʢʠʭ ʟʘʚʘʜ ʤʦʞʝ ʙʫʪʠ ʨʽʟʥʦʤʘʥʽʪʥʘ [1]. ɰʭ ʧʨʠʩʫʪʥʽʩʪʴ ʫʩʢʣʘʜʥʶʻ ʟʘʜʘʯʫ ʚʠʷʚʣʝʥʥʷ 

ʩʠʛʥʘʣʽʚ ʪʘ ʧʦʪʨʝʙʫʻ ʨʦʟʨʦʙʢʠ ʘʜʘʧʪʠʚʥʠʭ ʤʝʪʦʜʽʚ ʦʙʨʦʙʢʠ ʩʠʛʥʘʣʽʚ, ʷʢʽ ʙʫʣʠ ʙ ʝʬʝʢʪʠʚʥʠʤʠ 

ʚ ʫʤʦʚʘʭ ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ ʧʘʨʘʤʝʪʨʚ̔ ʟʘʚʘʜʠ.  

ʋ ʜʘʥʽʡ ʨʦʙʦʪʽ ʜʦʩʣʽʜʞʫʻʪʴʩʷ ʧʨʦʙʣʝʤʘ ʘʜʘʧʪʠʚʥʦʛʦ ʚʠʷʚʣʝʥʥʷ ʽʤʧʫʣʴʩʥʠʭ ʩʠʛʥʘʣʽʚ ʚ 

ʫʤʦʚʘʭ ʥʝʛʘʫʩʩʽʚʩʴʢʠʭ ʟʘʚʘʜ. ʇʨʝʜʩʪʘʚʣʝʥʽ ʤʝʪʦʜʠ ʘʜʘʧʪʘʮʽʾ, ʷʢʽ ʜʦʟʚʦʣʷʶʪʴ ʝʬʝʢʪʠʚʥʦ 

ʚʠʷʚʣʷʪʠ ʽʤʧʫʣʴʩʥʽ ʟʘʚʘʜʠ ʩʠʛʥʘʣʠ  ʽʟ ʚʨʘʭʫʚʘʥʥʷʤ ʧʘʨʘʤʝʪʨʽʚ  ʟʘʚʘʜʠ.  ɺ ʨʦʙʦʪʽ ʧʨʦʚʦʜʠʪʴʩʷ 

ʘʥʘʣʽʟ ʚʧʣʠʚʫ ʨʽʟʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʟʘʚʘʜʠ ʥʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ʚʠʷʚʣʝʥʥʷ.  

ʄʝʪʘ ʨʦʙʦʪʠ ï ʨʦʟʨʦʙʢʘ ʪʘ ʜʦʩʣʽʜʞʝʥʥʷ ʘʜʘʧʪʠʚʥʦʛʦ ʧʦʣʽʥʦʤʽʘʣʴʥʦʛʦ ʚʠʷʚʣʷʯʘ 

ʽʤʧʫʣʴʩʥʠʭ ʩʠʛʥʘʣʽʚ ʚ ʫʤʦʚʘʭ ʥʝʧʦʚʥʦʾ ʚʠʟʥʘʯʝʥʦʩʪʽ ʥʝʛʘʫʩʩʽʚʩʴʢʠʭ ʟʘʚʘʜ.   

ɺ ʧʨʦʮʝʩʽ ʨʦʙʦʪʠ  ʥʝʦʙʭʽʜʥʦ ʧʨʦʚʝʩʪʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʝ ʚʠʚʯʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ 

ʟʘʧʨʦʧʦʥʦʚʘʥʦʛʦ ʤʝʪʦʜʫ ʚ ʨʽʟʥʠʭ ʫʤʦʚʘʭ ʽʟ ʟʤʽʥʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʟʘʚʘʜʠ ʪʘ ʦʮʽʥʠʪʠ 

ʤʦʞʣʠʚʽʩʪʴ ʧʦʪʝʥʮʽʡʥʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʜʦʩʣʽʜʞʝʥʥʷ ʚ ʨʘʜʽʦʝʣʝʢʪʨʦʥʥʠʭ 

ʩʠʩʪʝʤʘʭ ʜʣʷ ʧʨʘʢʪʠʯʥʠʭ ʮʽʣʝʡ. 

 ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʠ. ɿʘʜʘʯʘ ʚʠʷʚʣʝʥʥʷ ʩʠʛʥʘʣʽʚ ʥʦʩʠʪʴ ʩʪʘʪʠʩʪʠʯʥʠʡ ʭʘʨʘʢʪʝʨ. 

ɺʠʨʽʰʝʥʥʷ ʧʨʦʙʣʝʤʠ ʚʠʷʚʣʝʥʥʷ ʩʠʛʥʘʣʽʚ ʥʘ ʬʦʥʽ ʥʝʛʘʫʩʩʽʚʩʴʢʠʭ ʟʘʚʘʜ ʙʘʟʫʻʪʴʩʷ ʥʘ ʦʧʠʩʫ 

ʥʝʛʘʫʩʩʽʚʩʴʢʠʭ ʧʦʩʣʽʜʦʚʥʦʩʪʝʡ ʽ ʧʨʦʮʝʩʽʚ ʟʘ ʜʦʧʦʤʦʛʦʶ ʚʠʢʦʨʠʩʪʘʥʥʷ ʫʩʝʨʝʜʥʝʥʠʭ ʯʠʩʣʦʚʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ. ʎʝʡ ʧʽʜʭʽʜ ʜʦʩʠʪʴ ʰʠʨʦʢʦ ʧʦʰʠʨʶʻʪʴʩʷ, ʪʘʢ ʷʢ ʤʘʻ ʚʽʜʥʦʩʥʫ ʧʨʦʩʪʦʪʫ ʚ 

ʟʘʩʪʦʩʫʚʘʥʥʽ ʡ ʧʨʠ ʮʴʦʤʫ ʤʘʻ ʚʠʩʦʢʫ ʝʬʝʢʪʠʚʥʽʩʪʴ ʨʝʟʫʣʴʪʘʪʽʚ 

ʆʩʥʦʚʥʘ ʯʘʩʪʠʥʘ.  ʇʨʦʚʝʜʝʥʠʡ ʘʥʘʣʽʟ ʣʽʪʝʨʘʪʫʨʠ ʚʢʘʟʫʻ ʥʘ ʽʩʥʫʶʯʽ ʤʝʪʦʜʠ ʚʠʷʚʣʝʥʥʷ 

ʩʠʛʥʘʣʽʚ, ʾʭʥʽ ʧʝʨʝʚʘʛʠ ʪʘ ʦʙʤʝʞʝʥʥʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʟʘ ʫʤʦʚʠ ʥʝʛʘʫʩʩʦʚʦʩʪʽ ʟʘʚʘʜʠ, ʢʦʣʠ 

ʥʝʤʦʞʣʠʚʦ ʚʠʢʦʨʠʩʪʘʪʠ ʱʽʣʴʥʽʩʪʴ ʨʦʟʧʦʜʽʣʫ ʽʤʦʚʽʨʥʦʩʪʝʡ. ʊʦʤʫ ʚ ʷʢʦʩʪʽ ʦʧʠʩʫ ʩʠʛʥʘʣʫ ʪʘ 

ʟʘʚʘʜʠ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʤʦʤʝʥʪʥʠʡ ʯʠ ʢʫʤʫʣʷʥʪʥʠʡ ʦʧʠʩ ʧʨʠ ʛʽʧʦʪʝʟʽ ʽ ʘʣʴʪʝʨʥʘʪʠʚʽ, ʥʘ 

ʚʽʜʤʽʥʫ ʚʽʜ [2], ʜʝ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʱʽʣʴʥʦʩʪʽ ʨʦʟʧʦʜʽʣʫ ʽʤʦʚʽʨʥʦʩʪʝʡ.  

ʆʧʪʠʤʘʣʴʥʝ ʚʠʨʽh ʫʚʘʣʴʥʝ ʧʨʘʚʠʣʦ ʙʫʜʝ ʧʨʝʜʩʪʘʚʣʝʥʦ ʚ ʚʠʛʣʷʜʽ ʧʦʣʽʥʦʤʽʘʣʴʥʦʛʦ 

ʚʠʨʽʰʫʚʘʣʴʥʦʛʦ ʧʨʘʚʠʣʘ ʩʪʫʧʝʥʶ s=1,2,3, ʷʢʝ ʙʫʜʝ ʦʧʪʠʤʘʣʴʥʝ ʟʘ ʤʦʤʝʥʪʥʠʤ ʢʨʠʪʝʨʽʻʤ 

ʷʢʦʩʪʽ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʥʷ. ʅʘ ʚʽʜʤʽʥʫ ʚʽʜ ʧʦʧʝʨʝʜʥʽʭ ʨʦʟʨʦʙʦʢ, ʜʝ ʧʘʨʘʤʝʪʨʠ ʟʘʚʘʜʠ 

ʚʚʘʞʘʣʠʩʷ ʚʽʜʦʤʠʤʠ, ʚ ʩʪʨʫʢʪʫʨʥʫ  ʩʭʝʤʫ ʚʠʷʚʣʷʯʘ ʩʠʛʥʘʣʽʚ ʥʝʦʙʭʽʜʥʦ ʜʦʙʘʚʠʪʠ ʚʠʤʽʨʶʚʘʯ 
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ʧʘʨʘʤʝʪʨʽʚ  ʟʘʚʘʜʠ ʪʘ ʬʦʨʤʫʚʘʯ ʢʦʝʬʽʮʽʻʥʪʽʚ ʦʧʪʠʤʘʣʴʥʦʛʦ ʚʠʨʽʰʫʚʘʣʴʥʦʛʦ ʧʨʘʚʠʣʘ. ɼʘʥʠʡ 

ʚʠʤʽʨʶʚʘʯ ʜʦʟʚʦʣʷʻ ʚʠʟʥʘʯʘʪʠ ʧʘʨʘʤʝʪʨʠ ʟʘʚʘʜʠ ʤʝʪʦʜʦʤ ʤʦʤʝʥʪʽʚ(ʩʝʨʝʜʥʻ ʟʥʘʯʝʥʥʷ, 

ʜʠʩʧʝʨʩʽʶ, ʢʦʝʬʽʮʽʻʥʪʠ ʘʩʠʤʝʪʨʽʾ ʪʘ  ʝʢʩʮʝʩʫ). ʋʟʘʛʘʣʴʥʝʥʘ ʩʪʨʫʢʪʫʨʥʘ ʩʭʝʤʘ ʘʜʘʧʪʠʚʥʦʛʦ 

ʚʠʷʚʣʷʯʘ ʧʨʝʜʩʪʘʚʣʝʥʘ  ʥʘ ʨʠʩ.1. ɼʣʷ ʧʝʨʝʚʽʨʢʠ ʨʦʙʦʪʠ ʟʘʧʨʦʥʦʚʘʥʦʾ ʩʪʨʫʢʪʫʨʠ ʚʠʷʚʣʷʯʘ 

ʙʫʣʦ ʧʨʦʚʝʜʝʥʦ ʜʦʩʣʽʜʞʝʥʥʷ ʪʘ ʽʤʽʪʘʮʽʡʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʧʨʠ ʨʽʟʥʠʭ ʟʥʘʯʝʥʥʷʭ ʚʽʜʥʦʰʝʥʥʷ 

ʩʠʛʥʘʣ/ʟʘʚʘʜʘ (q) ʟʘ ʧʦʪʫʞʥʽʩʪʶ. 

 
ʈʠʩ. 1. ʉʪʨʫʢʪʫʨʥʘ ʩʭʝʤʘ ʘʜʘʧʪʠʚʥʦʛʦ ʧʦʣʽʥʦʤʽʘʣʴʥʦʛʦ ʚʠʷʚʣʷʯʘ ʧʨʠ S=2 

ɺʠʩʥʦʚʢʠ. ʈʝʟʫʣʴʪʘʪʠ ʧʨʦʚʝʜʝʥʠʭ ʪʝʦʨʝʪʠʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʪʘ ʽʤʽʪʘʮʽʡʥʦʛʦ 

ʤʦʜʝʣʶʚʘʥʥʷ ʧʽʜʪʚʝʨʜʞʫʶʪʴ ʚʠʩʦʢʫ ʝʬʝʢʪʠʚʥʽʩʪʴ ʟʘʧʨʦʧʦʥʦʚʘʥʦʛʦ ʤʝʪʦʜʫ ʚʠʷʚʣʝʥʥʷ 

ʽʤʧʫʣʴʩʥʠʭ ʩʠʛʥʘʣʽʚ ʟʘ ʫʤʦʚʠ ʥʝʥʝʚʠʟʥʘʯʝʥʦʩʪʽ ʧʘʨʘʤʝʪʨʽʚ ʥʝʛʘʫʩʩʽʚʩʴʢʠʭ ʟʘʚʘʜ. ʆʪʨʠʤʘʥʽ 

ʨʝʟʫʣʴʪʘʪʠ ʤʦʞʫʪʴ ʤʘʪʠ ʧʨʘʢʪʠʯʥʝ ʟʥʘʯʝʥʥʷ ʜʣʷ ʨʦʟʨʦʙʢʠ ʪʘ ʚʜʦʩʢʦʥʘʣʝʥʥʷ 

ʨʘʜʽʦʝʣʝʢʪʨʦʥʥʠʭ ʪʘ ʨʦʙʦʪʦʪʝʭʥʽʯʥʠʭ ʩʠʩʪʝʤ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʫ ʨʽʟʥʠʭ ʩʬʝʨʘʭ 

ʜʽʷʣʴʥʦʩʪʽ ʣʶʜʠʥʠ. 
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ʆʉʆɹʃʀɺʆʉʊɯ ɿɸʉʊʆʉʋɺɸʅʅʗ ɯʅʌʆʈʄɸʎɯʁʅʀʍ ʊɽʍʅʆʃʆɻɯʁ 

ɼʃʗ ʄɽʈɽɾɽɺʆɻʆ ʋʇʈɸɺʃɯʅʅʗ ʃɸɿɽʈʅʀʄ ʂʆʄʇʃɽʂʉʆʄ  

 

ʇʠʣʠʧʝʥʢʦ ʊ.ʄ., ʊʫʟ ɺ.ɺ. 
ʏʝʨʢʘʩʴʢʠʡ ʜʝʨʞʘʚʥʠʡ ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ, ʏʝʨʢʘʩʠ, ʋʢʨʘʾʥʘ 

 
ɸʥʦʪʘʮʽʷ. ʋ ʩʪʘʪʪʽ ʨʦʟʛʣʷʥʫʪʦ ʦʩʦʙʣʠʚʦʩʪʽ ʪʘ ʧʝʨʝʚʘʛʠ ʟʘʩʪʦʩʫʚʘʥʥʷ ʽʥʬʦʨʤʘʮʽʡʥʠʭ 

ʪʝʭʥʦʣʦʛʽʡ ʜʣʷ ʤʝʨʝʞʝʚʦʛʦ ʫʧʨʘʚʣʽʥʥʷ ʧʦʨʪʘʪʠʚʥʠʤʠ ʣʘʟʝʨʥʠʤʠ ʢʦʤʧʣʝʢʩʘʤʠ. ʄʝʪʦʶ ʨʦʙʦʪʠ ʻ 

ʜʦʩʣʽʜʞʝʥʥʷ ʤʦʞʣʠʚʦʩʪʝʡ ʚʧʨʦʚʘʜʞʝʥʥʷ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʫ ʧʨʦʮʝʩ ʫʧʨʘʚʣʽʥʥʷ 

ʧʦʨʪʘʪʠʚʥʠʤʠ ʣʘʟʝʨʥʠʤʠ ʢʦʤʧʣʝʢʩʘʤʠ ʟ ʤʝʪʦʶ ʦʧʪʠʤʽʟʘʮʽʾ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ ʥʘ ʤʘʣʠʭ ʪʘ 

ʩʝʨʝʜʥʽʭ ʧʽʜʧʨʠʻʤʩʪʚʘʭ, ʱʦ ʩʧʝʮʽʘʣʽʟʫʶʪʴʩʷ ʥʘ ʣʘʟʝʨʥʽʡ ʦʙʨʦʙʮʽ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʤʘʪʝʨʽʘʣʽʚ. 

ʆʩʥʦʚʥʠʤ ʟʘʚʜʘʥʥʷʤ ʻ ʜʦʩʣʽʜʞʝʥʥʷ ʤʦʞʣʠʚʦʩʪʝʡ ʟʘʙʝʟʧʝʯʝʥʥʷ ʝʬʝʢʪʠʚʥʦʛʦ ʪʘ ʪʦʯʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ 

ʧʦʨʪʘʪʠʚʥʠʤʠ ʣʘʟʝʨʥʠʤʠ ʢʦʤʧʣʝʢʩʘʤʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʪʘ ʚʠʷʚʣʝʥʥʷ ʥʦʚʠʭ 

ʰʣʷʭʽʚ ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʪʘ ʷʢʦʩʪʽ ʚʠʨʦʙʥʠʮʪʚʘ. ʆʙ'ʻʢʪʦʤ ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʧʨʦʮʝʩ 

ʫʧʨʘʚʣʽʥʥʷ ʣʘʟʝʨʥʠʤ ʢʦʤʧʣʝʢʩʦʤ; ʧʨʝʜʤʝʪʦʤ ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʤʝʪʦʜʠ ʪʘ ʟʘʩʦʙʠ ʤʝʨʝʞʝʚʦʛʦ 

ʫʧʨʘʚʣʽʥʥʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ. ʇʦʢʘʟʘʥʦ, ʱʦ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʝʨʝʞʝʚʠʭ 
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ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʤʦʞʥʘ ʧʦʢʨʘʱʠʪʠ ʫʧʨʘʚʣʽʥʥʷ ʧʦʨʪʘʪʠʚʥʠʤʠ ʣʘʟʝʨʥʠʤʠ ʢʦʤʧʣʝʢʩʘʤʠ, 

ʱʦʙ ʟʘʙʝʟʧʝʯʠʪʠ ʙʽʣʴʰ ʝʬʝʢʪʠʚʥʝ (ʰʚʠʜʢʽʩʪʴ ʦʙʨʦʙʣʝʥʥʷ ʟʙʽʣʴʰʫʻʪʴʩʷ ʚ 2,2-2,5 ʨʘʟʠ) ʪʘ ʪʦʯʥʝ 

(ʤʘʢʩʠʤʘʣʴʥʝ ʚʽʜʭʠʣʝʥʥʷ ʣʘʟʝʨʥʦʛʦ ʧʨʦʤʝʥʶ ʚʽʜ ʟʘʜʘʥʦʾ ʪʨʘʻʢʪʦʨʽʾ ʩʢʣʘʜʘʪʠʤʝ ʥʝ ʙʽʣʴʰʝ 25% ʚʽʜ 

ʜʽʘʤʝʪʨʫ ʣʘʟʝʨʥʦʛʦ ʧʨʦʤʝʥʶ ʚ ʟʦʥʽ ʦʙʨʦʙʣʝʥʥʷ) ʦʙʨʦʙʣʝʥʥʷ ʤʘʪʝʨʽʘʣʽʚ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʽʥʬʦʨʤʘʮʽʡʥʽ ʪʝʭʥʦʣʦʛʽʾ, ʤʝʨʝʞʝʚʝ ʫʧʨʘʚʣʽʥʥʷ, ʣʘʟʝʨʥʠʡ ʚʝʨʩʪʘʪ, 

ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʢʦʤʧʣʝʢʩ.  

 

FEATURES OF APPLICATION OF INFORMATION TECHNOLOGIES  

FOR NETWORK CONTROL OF THE LASER COMPLEX  

Pylypenko T., Tuz V. 

Cherkasy State Technological University, Cherkasy, Ukraine 

 
Abstract. The article considers the features and advantages of using information technologies for 

network management of portable laser systems. The aim of the work is to study the possibilities of 

introducing information technologies into the process of managing portable laser systems in order to optimise 

technological processes at small and medium-sized enterprises specialising in laser processing of various 

materials. The main objective is to study the possibilities of ensuring efficient and accurate management of 

portable laser systems using information technology and to identify new ways to improve productivity and 

quality of production. The object of the study is the process of managing a laser complex; the subject of the 

study is the methods and means of network management using information technology. It is shown that 

network information technologies can be used to improve the management of portable laser systems to ensure 

more efficient (processing speed increases by 2.2-2.5 times) and accurate (the maximum deviation of the 

laser beam from the specified trajectory will be no more than 25% of the diameter of the laser beam in the 

processing area) processing of materials. 

Keywords: information technology, network management, laser machine, technological complex.  

 

ɺʩʪʫʧ. ɺʧʨʦʚʘʜʞʝʥʥʷ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʚ ʧʨʦʮʝʩ ʫʧʨʘʚʣʽʥʥʷ ʧʦʨʪʘʪʠʚʥʠʤʠ  

ʣʘʟʝʨʥʠʤʠ ʢʦʤʧʣʝʢʩʘʤʠ, ʟʥʘʭʦʜʷʪʴ ʦʩʪʘʥʥʽʤ ʯʘʩʦʤ ʰʠʨʦʢʝ ʟʘʩʪʦʩʫʚʘʥʥʷ ʫ ʧʨʦʤʠʩʣʦʚʦʩʪʽ 

ʯʝʨʝʟ ʨʦʟʚʠʪʦʢ ʤʘʣʠʭ ʪʘ ʩʝʨʝʜʥʽʭ ʧʽʜʧʨʠʻʤʩʪʚ, ʜʽʷʣʴʥʽʩʪʴ ʷʢʠʭ ʩʧʝʮʽʘʣʽʟʫʻʪʴʩʷ ʥʘ ʣʘʟʝʨʥʽʡ 

ʦʙʨʦʙʮʽ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʤʘʪʝʨʽʘʣʽʚ [1]. ɿʘʩʪʦʩʫʚʘʥʥʷ ʪʘʢʠʭ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʻ 

ʘʢʪʫʘʣʴʥʠʤ ʟʘʚʜʷʢʠ ʰʚʠʜʢʦʤʫ ʨʦʟʚʠʪʢʫ ʮʽʻʾ ʛʘʣʫʟʽ ʪʘ ʟʨʦʩʪʘʥʥʶ ʧʦʪʨʝʙ ʫ ʟʘʙʝʟʧʝʯʝʥʥʽ 

ʝʬʝʢʪʠʚʥʦʛʦ ʪʘ ʪʦʯʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ [2]. ʇʦʜʘʣʴʰʘ ʽʥʪʝʛʨʘʮʽʷ ʮʠʭ ʪʝʭʥʦʣʦʛʽʡ ʚ ʤʝʨʝʞʝʚʝ 

ʢʝʨʫʚʘʥʥʷ ʚʽʜʢʨʠʚʘʻ ʥʦʚʽ ʤʦʞʣʠʚʦʩʪʽ ʜʣʷ ʦʧʪʠʤʽʟʘʮʽʾ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ 

ʚʠʩʦʢʫ ʰʚʠʜʢʽʩʪʴ ʪʘ ʪʦʯʥʽʩʪʴ ʚʠʢʦʥʘʥʥʷ ʟʘʚʜʘʥʴ.  

ʄʝʪʘ ʨʦʙʦʪʠ. ʄʝʪʦʶ ʨʦʙʦʪʠ ʻ ʜʦʩʣʽʜʞʝʥʥʷ ʤʦʞʣʠʚʦʩʪʝʡ ʚʧʨʦʚʘʜʞʝʥʥʷ 

ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʫ ʧʨʦʮʝʩ ʫʧʨʘʚʣʽʥʥʷ ʧʦʨʪʘʪʠʚʥʠʤʠ ʣʘʟʝʨʥʠʤʠ ʢʦʤʧʣʝʢʩʘʤʠ ʟ 

ʤʝʪʦʶ ʦʧʪʠʤʽʟʘʮʽʾ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ ʥʘ ʤʘʣʠʭ ʪʘ ʩʝʨʝʜʥʽʭ ʧʽʜʧʨʠʻʤʩʪʚʘʭ, ʱʦ 

ʩʧʝʮʽʘʣʽʟʫʶʪʴʩʷ ʥʘ ʣʘʟʝʨʥʽʡ ʦʙʨʦʙʮʽ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʤʘʪʝʨʽʘʣʽʚ. 

ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʽ. ɿʘʧʨʦʚʘʜʞʝʥʥʷ ʥʦʚʠʭ ʧʽʜʭʦʜʽʚ ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʪʘ 

ʷʢʦʩʪʽ ʚʠʨʦʙʥʠʮʪʚʘ ʟʫʤʦʚʣʝʥʝ ʤʦʞʣʠʚʽʩʪʶ ʟʘʩʪʦʩʫʚʘʥʥʷ ʩʫʯʘʩʥʠʭ ʤʝʨʝʞʝʚʠʭ 

ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʜʣʷ ʫʧʨʘʚʣʽʥʥʷ ʧʦʨʪʘʪʠʚʥʠʤʠ ʣʘʟʝʨʥʠʤʠ ʢʦʤʧʣʝʢʩʘʤʠ. ʎʝ 

ʜʦʟʚʦʣʠʪʴ ʩʪʚʦʨʠʪʠ ʧʝʨʩʧʝʢʪʠʚʥʽ ʪʝʭʥʦʣʦʛʽʯʥʽ ʣʽʥʽʾ, ʱʦ ʣʝʞʘʪʴ ʚ ʦʩʥʦʚʽ ʥʦʚʽʪʥʽʭ ʚʠʨʦʙʥʠʮʪʚ 

ʪʘ ʧʽʜʚʠʱʠʪʠ ʝʬʝʢʪʠʚʥʽʩʪʴ ʽ ʪʦʯʥʽʩʪʴ ʚʠʨʦʙʥʠʯʠʭ ʧʨʦʮʝʩʽʚ. ɯʥʪʝʛʨʘʮʽʷ ʞ ʩʫʯʘʩʥʠʭ 

ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʫ ʧʨʦʮʝʩʠ ʚʠʨʦʙʥʠʮʪʚʘ ʩʧʨʠʷʪʠʤʝ ʟʤʝʥʰʝʥʥʶ ʚʠʪʨʘʪ ʯʘʩʫ ʽ 

ʨʝʩʫʨʩʽʚ, ʘ ʪʘʢʦʞ ʧʽʜʚʠʱʠʪʴ ʩʪʫʧʽʥʴ ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʪʘ ʢʦʥʪʨʦʣʶ ʥʘʜ ʮʠʤʠ ʧʨʦʮʝʩʘʤʠ. 

ɺʠʨʽʰʝʥʥʷ ʧʨʦʙʣʝʤʠ. ʗʢ ʚʽʜʦʤʦ [3], ʤʝʨʝʞʝʚʽ ʽʥʬʦʨʤʘʮʽʡʥʽ ʪʝʭʥʦʣʦʛʽʾ ʟʘʙʝʟʧʝʯʫʶʪʴ 

ʰʚʠʜʢʠʡ ʪʘ ʥʘʜʽʡʥʠʡ ʦʙʤʽʥ ʜʘʥʠʤʠ ʤʽʞ ʨʽʟʥʠʤʠ ʧʨʠʩʪʨʦʷʤʠ ʪʘ ʩʠʩʪʝʤʘʤʠ, ʱʦ ʻ ʚʘʞʣʠʚʠʤ 

ʜʣʷ ʚʠʨʽʰʝʥʥʷ ʩʢʣʘʜʥʠʭ ʫʧʨʘʚʣʽʥʩʴʢʠʭ ʟʘʚʜʘʥʴ. ɺ ʪʦʡ ʞʝ ʯʘʩ, ʮʽ ʪʝʭʥʦʣʦʛʽʾ ʜʦʟʚʦʣʷʶʪʴ 

ʮʝʥʪʨʘʣʽʟʦʚʘʥʦ ʟʙʠʨʘʪʠ, ʘʥʘʣʽʟʫʚʘʪʠ ʪʘ ʟʙʝʨʽʛʘʪʠ ʚʝʣʠʢʽ ʦʙʩʷʛʠ ʜʘʥʠʭ, ʱʦ ʤʦʞʝ ʝʬʝʢʪʠʚʥʦ 

ʢʝʨʫʚʘʪʠ ʚʠʨʦʙʥʠʯʠʤʠ ʧʨʦʮʝʩʘʤʠ, ʨʝʩʫʨʩʘʤʠ ʪʘ ʧʝʨʩʦʥʘʣʦʤ. ʄʝʨʝʞʝʚʽ ʪʝʭʥʦʣʦʛʽʾ ʪʘʢʦʞ 

ʜʦʟʚʦʣʷʶʪʴ ʟʜʽʡʩʥʶʚʘʪʠ ʜʠʩʪʘʥʮʽʡʥʠʡ ʤʦʥʽʪʦʨʠʥʛ, ʷʢ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ, ʪʘʢ ʽ 

ʚʠʨʦʙʥʠʯʦʛʦ ʦʙʣʘʜʥʘʥʥʷ, ʱʦ ʨʦʙʠʪʴ ʤʦʞʣʠʚʠʤ ʡʦʛʦ ʚʽʜʜʘʣʝʥʝ ʢʝʨʫʚʘʥʥʷ. 
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ʄʝʨʝʞʝʚʘ ʽʥʬʦʨʤʘʮʽʡʥʘ ʩʠʩʪʝʤʘ ʫʧʨʘʚʣʽʥʥʷ ʣʘʟʝʨʥʠʤ ʢʦʤʧʣʝʢʩʦʤ ʩʢʣʘʜʘʻʪʴʩʷ ʟ 

ʮʝʥʪʨʘʣʴʥʦʛʦ ʢʦʥʪʨʦʣʝʨʘ ʪʘ ʥʠʟʢʠ ʧʽʜʩʠʩʪʝʤ, ʢʦʞʥʘ ʟ ʷʢʠʭ ʚʽʜʧʦʚʽʜʘʻ ʟʘ ʢʝʨʫʚʘʥʥʷ 

ʢʦʥʢʨʝʪʥʠʤʠ ʘʩʧʝʢʪʘʤʠ ʨʦʙʦʪʠ ʢʦʤʧʣʝʢʩʫ, ʨʠʩ. 1.  

    
(ʘ)       (ʙ) 

ʈʠʩ. 1. ɿʦʚʥʽʰʥʽʡ ʚʠʛʣʷʜ ʧʦʨʪʘʪʠʚʥʦʛʦ ʣʘʟʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʫ (ʘ) ʪʘ ʩʪʨʫʢʪʫʨʥʘ ʩʭʝʤʘ 

ʤʝʨʝʞʝʚʦʾ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʩʠʩʪʝʤʠ (ʙ) 

ʎʝʥʪʨʘʣʴʥʠʡ ʢʦʥʪʨʦʣʝʨ (CC) ʻ ʛʦʣʦʚʥʠʤ ʚʫʟʣʦʤ ʤʝʨʝʞʝʚʦʾ ʩʠʩʪʝʤʠ ʫʧʨʘʚʣʽʥʥʷ, ʚʽʥ 

ʦʪʨʠʤʫʻ ʜʘʥʽ ʚʽʜ ʩʝʥʩʦʨʽʚ ʪʘ ʤʦʜʫʣʽʚ ʙʣʦʢʫ ʣʘʟʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʫ, ʷʢʽ ʤʦʞʫʪʴ ʧʝʨʝʜʘʚʘʪʠʩʷ, 

ʷʢ ʟʘ ʜʦʧʦʤʦʛʦʶ ʙʝʟʜʨʦʪʦʚʠʭ, ʪʘʢ ʽ ʟʘ ʜʦʧʦʤʦʛʦʶ ʜʨʦʪʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʤʝʨʝʞʝʚʠʭ ʘʜʘʧʪʝʨʽʚ ʩʠʩʪʝʤʠ ʫʧʨʘʚʣʽʥʥʷ ʪʘ ʚʠʢʦʥʘʚʯʦʛʦ ʧʨʠʩʪʨʦʶ, ʘʥʘʣʽʟʫʻ ʾʭ ʪʘ ʧʨʠʡʤʘʻ 

ʨʽʰʝʥʥʷ ʱʦʜʦ ʦʧʪʠʤʘʣʴʥʦʛʦ ʢʝʨʫʚʘʥʥʷ ʢʦʤʧʣʝʢʩʦʤ. ɿ ʽʥʰʦʛʦ ʙʦʢʫ, ʮʝʥʪʨʘʣʴʥʠʡ ʢʦʥʪʨʦʣʝʨ 

ʤʘʻ ʙʝʟʜʨʦʪʦʚʝ ʧʽʜʢʣʶʯʝʥʥʷ ʜʦ ʽʥʪʝʨʬʝʡʩʫ ʫʧʨʘʚʣʽʥʥʷ (ʷʢʝ ʤʦʞʝ ʙʫʪʠ ʨʝʘʣʽʟʦʚʘʥʦ ʥʘ ʟʥʘʯʥʫ 

ʚʽʜʜʘʣʴ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʝʨʝʞʝʚʠʭ ʤʦʜʝʤʽʚ ʘʙʦ ʨʦʫʪʝʨʽʚ, ʪʘʢ ʽ ʜʣʷ ʧʨʠʩʪʨʦʾʚ, ʱʦ 

ʟʥʘʭʦʜʷʪʴʩʷ ʚ ʨʘʜʽʫʩʽ ʜʽʾ ʮʠʭ ʤʝʨʝʞ) ʚ ʷʢʦʩʪʽ ʷʢʦʛʦ ʤʦʞʫʪʴ ʚʠʩʪʫʧʘʪʠ ʷʢ ʩʪʘʮʽʦʥʘʨʥʽ ʧʨʠʩʪʨʦʾ 

(ʥʘʧʨʠʢʣʘʜ, ʇʂ), ʪʘʢ ʽ ʤʦʙʽʣʴʥʽ ʧʨʠʩʪʨʦʾ (ʧʣʘʥʰʝʪʠ, ʩʤʘʨʪʬʦʥʠ). ɺ ʪʦʡ ʞʝ ʯʘʩ, ʮʝʥʪʨʘʣʴʥʠʡ 

ʢʦʥʪʨʦʣʝʨ ʤʘʻ ʧʽʜóʻʜʥʘʥʥʷ ʜʦ ʙʣʦʢʽʚ ʦʧʝʨʘʪʠʚʥʦʾ ʧʘʤóʷʪʽ (RAM) ʪʘ ʟʦʚʥʽʰʥʴʦʛʦ 

ʥʘʢʦʧʠʯʫʚʘʯʘ (ESD), ʱʦ ʜʦʟʚʦʣʷʻ ʟʙʝʨʽʛʘʪʠ, ʦʙʨʦʙʣʷʪʠ ʪʘ ʧʝʨʝʜʘʚʘʪʠ ʜʘʥʽ ʜʣʷ ʧʦʜʘʣʴʰʦʛʦ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʘʙʦ ʘʨʭʽʚʫʚʘʥʥʷ. ʅʘ ʩʭʝʤʽ (ʨʠʩ.1.ʙ) ʯʽʪʢʦ ʚʠʜʽʣʝʥʽ ʦʩʥʦʚʥʽ ʝʪʘʧʠ ʦʙʨʦʙʢʠ 

ʽʥʬʦʨʤʘʮʽʾ ʪʘ ʧʝʨʝʜʘʯʽ ʢʦʤʘʥʜ ʫ ʩʠʩʪʝʤʽ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʾʾ ʦʧʪʠʤʘʣʴʥʫ ʨʦʙʦʪʫ. 

ʇʨʠʥʮʠʧ ʨʦʙʦʪʠ ʩʠʩʪʝʤʠ. ʇʽʜʩʠʩʪʝʤʠ ʣʘʟʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʫ, ʪʘʢʽ ʷʢ ʙʣʦʢʠ ʢʝʨʫʚʘʥʥʷ 

ʣʘʟʝʨʦʤ, ʩʠʩʪʝʤʠ ʦʭʦʣʦʜʞʝʥʥʷ ʪʘ ʟʘʭʠʩʪʫ, ʦʪʨʠʤʫʶʪʴ ʢʦʤʘʥʜʠ ʚʽʜ ʮʝʥʪʨʘʣʴʥʦʛʦ ʢʦʥʪʨʦʣʝʨʘ 

ʪʘ ʚʠʢʦʥʫʶʪʴ ʾʭ ʟʘ ʜʦʧʦʤʦʛʦʶ ʜʘʥʠʭ, ʷʢʽ ʧʝʨʝʜʘʶʪʴʩʷ ʤʝʨʝʞʝʚʠʤʠ ʪʝʭʥʦʣʦʛʽʷʤʠ ʫ ʚʠʛʣʷʜʽ 

G-ʢʦʜʫ ʟʘ ʧʨʦʪʦʢʦʣʦʤ RS-232 ʘʙʦ Ethernet. ʎʝ ʟʘʙʝʟʧʝʯʫʻ ʩʢʦʦʨʜʠʥʦʚʘʥʫ ʨʦʙʦʪʫ ʚʩʽʭ 

ʢʦʤʧʦʥʝʥʪʽʚ ʩʠʩʪʝʤʠ ʪʘ ʟʘʙʝʟʧʝʯʫʻ ʚʠʩʦʢʫ ʝʬʝʢʪʠʚʥʽʩʪʴ ʪʘ ʪʦʯʥʽʩʪʴ ʚʠʢʦʥʘʥʥʷ ʟʘʚʜʘʥʴ. 

ʋ ʨʝʟʫʣʴʪʘʪʽ ʧʨʦʚʝʜʝʥʠʭ ʧʨʘʢʪʠʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ, ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʤʝʨʝʞʝʚʘ 

ʽʥʬʦʨʤʘʮʽʡʥʘ ʩʠʩʪʝʤʘ ʫʧʨʘʚʣʽʥʥʷ ʣʘʟʝʨʥʠʤ ʢʦʤʧʣʝʢʩʦʤ ʻ ʢʣʶʯʦʚʠʤ ʝʣʝʤʝʥʪʦʤ ʜʣʷ 

ʜʦʩʷʛʥʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʪʘ ʪʦʯʥʦʩʪʽ ʚʠʨʦʙʥʠʯʠʭ ʧʨʦʮʝʩʽʚ. 

ʅʘ ʟʘʚʝʨʰʝʥʥʷ, ʩʣʽʜ ʧʽʜʢʨʝʩʣʠʪʠ, ʱʦ ʤʝʨʝʞʝʚʽ ʽʥʬʦʨʤʘʮʽʡʥʽ ʪʝʭʥʦʣʦʛʽʾ ʻ ʥʝ ʣʠʰʝ 

ʝʬʝʢʪʠʚʥʠʤ ʽʥʩʪʨʫʤʝʥʪʦʤ ʜʣʷ ʦʧʪʠʤʽʟʘʮʽʾ ʫʧʨʘʚʣʽʥʥʷ, ʘʣʝ ʡ ʚʘʞʣʠʚʦʶ ʩʢʣʘʜʦʚʦʶ ʚ ʨʦʟʚʠʪʢʫ 

ʧʽʜʧʨʠʻʤʩʪʚʘ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʡʦʤʫ ʢʦʥʢʫʨʝʥʪʥʽ ʧʝʨʝʚʘʛʠ ʪʘ ʩʪʘʙʽʣʴʥʠʡ ʨʽʩʪ. 

ɺʠʩʥʦʚʦʢ. ɺ ʭʦʜʽ ʧʨʦʚʝʜʝʥʠʭ ʜʦʩʣʽʜʞʝʥʴ, ʙʫʣʠ ʚʩʪʘʥʦʚʣʝʥʽ ʤʦʞʣʠʚʦʩʪʽ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʙʽʣʴʰ ʝʬʝʢʪʠʚʥʦʛʦ (ʰʚʠʜʢʽʩʪʴ ʦʙʨʦʙʣʝʥʥʷ ʤʘʪʝʨʽʘʣʽʚ ʟʙʽʣʴʰʝʥʦ ʫ 2,2 ï 2,5 ʨʘʟʠ) ʪʘ ʪʦʯʥʦʛʦ 

(ʤʘʢʩʠʤʘʣʴʥʝ ʚʽʜʭʠʣʝʥʥʷ ʣʘʟʝʨʥʦʛʦ ʧʨʦʤʝʥʶ ʚʽʜ ʟʘʜʘʥʦʾ ʪʨʘʻʢʪʦʨʽʾ ï ʥʝ ʙʽʣʴʰʝ 25% ʚʽʜ 

ʜʽʘʤʝʪʨʫ ʣʘʟʝʨʥʦʛʦ ʧʨʦʤʝʥʶ ʚ ʟʦʥʽ ʦʙʨʦʙʣʝʥʥʷ, ʱʦ ʩʪʘʥʦʚʠʪʴ 27,5 ʤʢʤ) ʫʧʨʘʚʣʽʥʥʷ 

ʧʦʨʪʘʪʠʚʥʠʤʠ ʣʘʟʝʨʥʠʤʠ ʢʦʤʧʣʝʢʩʘʤʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʟʘʩʪʦʩʫʚʘʥʥʷ ʤʝʨʝʞʝʚʠʭ 

ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʪʘ ʷʢʦʩʪʽ ʚʠʨʦʙʥʠʮʪʚʘ ʩʝʨʝʜ ʷʢʠʭ 

ʩʣʽʜ ʚʽʜʤʽʪʠʪʠ ʪʝʭʥʦʣʦʛʽʶ ʚʽʜʩʪʝʞʝʥʥʷ ʪʘ ʢʦʥʪʨʦʣʶ ʷʢʦʩʪʽ ʪʘ ʩʠʩʪʝʤʫ ʛʣʠʙʦʢʦʛʦ ʥʘʚʯʘʥʥʷ 

ʜʣʷ ʦʧʪʠʤʽʟʘʮʽʾ ʧʘʨʘʤʝʪʨʽʚ ʦʙʨʦʙʣʝʥʥʷ. 
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ɯʅʌʆʈʄɸʎɯʁʅɯ ʊɽʍʅʆʃʆɻɯɰ ɼʃʗ ɼʆʉʃɯɼɾɽʅʅʗ ɽʃɽʂʊʈʀʏʅʀʍ ʇʆʃɯɺ 

ʅɸɼʄɸʃʆɰ ʇʆʊʋɾʅʆʉʊɯ 

 

ʊʠʯʢʦʚ ɼ.ɺ.1, ʊʠʪʘʨʝʥʢʦ ɺ.ʉ.2, ɹʦʥʜʘʨʝʥʢʦ ʄ.ʆ.3 
1ɼʝʨʞʘʚʥʠʡ ʥʘʫʢʦʚʦ-ʜʦʩʣʽʜʥʠʡ ʽʥʩʪʠʪʫʪ ʚʠʧʨʦʙʫʚʘʥʴ ʽ ʩʝʨʪʠʬʽʢʘʮʽʾ  

ʦʟʙʨʦʻʥʥʷ ʪʘ ʚʽʡʩʴʢʦʚʦʾ ʪʝʭʥʽʢʠ, ʏʝʨʢʘʩʠ, ʋʢʨʘʾʥʘ 
2ʏʝʨʢʘʩʴʢʠʡ ʦʙʣʘʩʥʠʡ ʦʥʢʦʣʦʛʽʯʥʠʡ ʜʠʩʧʘʥʩʝʨ, ʏʝʨʢʘʩʠ, ʋʢʨʘʾʥʘ 

3ʏʝʨʢʘʩʴʢʠʡ ʜʝʨʞʘʚʥʠʡ ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ, ʏʝʨʢʘʩʠ, ʋʢʨʘʾʥʘ 

 
ɸʥʦʪʘʮʽʷ. ʋ ʩʪʘʪʪʽ ʧʨʝʜʩʪʘʚʣʝʥʽ ʨʝʟʫʣʴʪʘʪʠ ʨʦʟʨʦʙʣʝʥʥʷ ʥʦʚʦʾ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʪʝʭʥʦʣʦʛʽʾ ʜʣʷ 

ʘʥʘʣʽʟʫ ʽ ʦʙʨʦʙʣʝʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʦʪʨʠʤʘʥʠʭ ʜʘʥʠʭ ʧʨʦ ʝʣʝʢʪʨʠʯʥʽ ʧʦʣʷ, ʘ ʪʘʢʦʞ ʚʠʧʨʦʙʫʚʘʥʥʷ 

ʩʪʚʦʨʝʥʦʾ ʥʘ ʾʾ ʦʩʥʦʚʽ ʽʥʬʦʨʤʘʮʽʡʥʦ-ʚʠʤʽʨʶʚʘʣʴʥʦʾ ʩʠʩʪʝʤʠ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʽ ʜʦʩʣʽʜʞʝʥʥʷ ʩʠʣʦʚʠʭ 

ʪʘ ʝʥʝʨʛʝʪʠʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʝʣʝʢʪʨʠʯʥʠʭ ʧʦʣʽʚ ʥʠʟʴʢʦʾ ʧʦʪʫʞʥʦʩʪʽ, ʷʢʽ ʚʠʥʠʢʘʶʪʴ ʫ 

ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʤʽʢʨʦʝʣʝʢʪʨʦʥʥʠʭ ʧʨʠʩʪʨʦʷʭ. ʄʝʪʦʶ ʨʦʙʦʪʠ ʻ ʨʦʟʨʦʙʣʝʥʥʷ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʪʝʭʥʦʣʦʛʽʾ, 

ʦʩʥʦʚʫ ʷʢʦʾ ʩʪʘʥʦʚʠʪʴ ʽʥʬʦʨʤʘʮʽʡʥʦ-ʚʠʤʽʨʶʚʘʣʴʥʘ ʩʠʩʪʝʤʘ, ʽ ʷʢʘ ʜʦʟʚʦʣʷʻ ʧʨʦʚʦʜʠʪʠ ʚʠʩʦʢʦʪʦʯʥʽ 

ʜʦʩʣʽʜʞʝʥʥʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʪʘ ʚʽʟʫʘʣʽʟʘʮʽʶ ʨʦʟʧʦʜʽʣʫ ʝʣʝʢʪʨʠʯʥʠʭ ʧʦʣʽʚ ʥʘʜʤʘʣʦʾ ʧʦʪʫʞʥʦʩʪʽ ʚ 

ʨʝʞʠʤʽ ʨʝʘʣʴʥʦʛʦ ʯʘʩʫ. ʆʙ'ʻʢʪʦʤ ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʧʨʦʮʝʩ ʚʠʩʦʢʦʪʦʯʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʝʣʝʢʪʨʠʯʥʠʭ ʧʦʣʽʚ ʥʘʜʤʘʣʦʾ ʧʦʪʫʞʥʦʩʪʽ; ʧʨʝʜʤʝʪʦʤ ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʽʥʬʦʨʤʘʮʽʡʥʘ ʪʝʭʥʦʣʦʛʽʷ ʜʣʷ 

ʦʙʨʦʙʣʝʥʥʷ ʜʘʥʠʭ ʧʨʦ ʝʣʝʢʪʨʠʯʥʽ ʧʦʣʽ, ʨʦʟʨʘʭʫʥʢʫ ʩʠʣʦʚʠʭ ʽ ʝʥʝʨʛʝʪʠʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʮʠʭ ʧʦʣʽʚ 

ʪʘ ʚʽʟʫʘʣʽʟʘʮʽʾ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ. ɺ ʨʦʙʦʪʽ ʨʦʟʨʦʙʣʝʥʦ ʥʦʚʫ ʽʥʬʦʨʤʘʮʽʡʥʫ ʪʝʭʥʦʣʦʛʽʶ ʜʣʷ 

ʘʥʘʣʽʟʫ ʽ ʦʙʨʦʙʣʝʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʦʪʨʠʤʘʥʠʭ ʜʘʥʠʭ ʧʨʦ ʝʣʝʢʪʨʠʯʥʽ ʧʦʣʷ ʥʘʜʤʘʣʦʾ ʧʦʪʫʞʥʦʩʪʽ, 

ʱʦ ʚʠʥʠʢʘʶʪʴ ʚ ʤʽʢʨʦʝʣʝʢʪʨʦʥʥʠʭ ʧʨʠʩʪʨʦʷʭ. ʈʦʟʨʦʙʣʝʥʘ ʽʥʬʦʨʤʘʮʽʡʥʘ ʪʝʭʥʦʣʦʛʽʷ ʟʥʘʡʰʣʘ 

ʧʨʘʢʪʠʯʥʝ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚ ʽʥʬʦʨʤʘʮʽʡʥʦ-ʚʠʤʽʨʶʚʘʣʴʥʽʡ ʩʠʩʪʝʤʽ, ʱʦ ʜʦʟʚʦʣʠʣʦ ʧʽʜʚʠʱʠʪʠ ʪʦʯʥʽʩʪʴ 

(ʥʘ 4,5 ï 7,5%) ʪʘ ʘʜʝʢʚʘʪʥʽʩʪʴ ʚʠʟʥʘʯʝʥʥʷ ʽ ʜʦʩʣʽʜʞʝʥʥʷ ʩʠʣʦʚʠʭ ʪʘ ʝʥʝʨʛʝʪʠʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʝʣʝʢʪʨʠʯʥʠʭ ʧʦʣʽʚ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʽʥʬʦʨʤʘʮʽʡʥʘ ʪʝʭʥʦʣʦʛʽʷ, ʽʥʬʦʨʤʘʮʽʡʥʦ-ʚʠʤʽʨʶʚʘʣʴʥʘ ʩʠʩʪʝʤʘ, ʝʣʝʢʪʨʠʯʥʝ 

ʧʦʣʝ, ʩʠʣʦʚʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʝʥʝʨʛʝʪʠʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ.  
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Abstract. The article presents the results of the development of a new information technology for 

analysing and processing experimentally obtained data on electric fields, as well as testing the information 

and measuring system created on its basis to determine and study the power and energy characteristics of 

low-power electric fields arising in various microelectronic devices. The aim of the work is to develop of 

information technology, based on an information and measurement system, which allows for high-precision 

research of characteristics and visualisation of the distribution of ultra-low power electric fields in real time. 
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The object of research is the process of high-precision study of the characteristics of ultra-low power electric 

fields; the subject of research is information technology for processing data on electric fields, calculating the 

power and energy characteristics of these fields and visualising the results. In this work, a new information 

technology has been developed for analysing and processing experimentally obtained data on ultra-low power 

electric fields arising in microelectronic devices. The developed information technology has found practical 

application in the information-measuring system, which made it possible to increase the accuracy (up to 4.5-7.5%) 

and adequacy of determining and studying the power and energy characteristics of electric fields. 

Keywords: information technology, information and measuring system, electric field, power 

characteristics, energy characteristics.  

 

ɺʩʪʫʧ. ɸʢʪʫʘʣʴʥʠʤ ʟʘʚʜʘʥʥʷʤ ʚ ʩʫʯʘʩʥʠʭ ʤʽʢʨʦʝʣʝʢʪʨʦʥʽʮʽ, ʤʽʢʨʦʩʭʝʤʦʪʝʭʥʽʮʽ, 

ʥʘʥʦʪʝʭʥʦʣʦʛʽʷʭ, ʪʦʱʦ, ʻ ʚʠʢʦʥʘʥʥʷ ʚʠʩʦʢʦʪʦʯʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʩʠʣʦʚʠʭ ʪʘ ʝʥʝʨʛʝʪʠʯʥʠʭ 

ʧʘʨʘʤʝʪʨʽʚ ʝʣʝʢʪʨʠʯʥʠʭ ʧʦʣʽʚ ʥʠʟʴʢʦʾ ʧʦʪʫʞʥʦʩʪʽ, ʷʢʽ ʚʠʥʠʢʘʶʪʴ ʫ ʨʽʟʥʦʤʘʥʽʪʥʠʭ 

ʤʽʢʨʦʝʣʝʢʪʨʦʥʥʠʭ ʧʨʠʩʪʨʦʷʭ, ʘ ʪʘʢʦʞ ʤʦʞʣʠʚʽʩʪʴ ʦʪʨʠʤʘʥʥʷ ʪʘ ʚʽʟʫʘʣʽʟʘʮʽʾ ʾʭ ʧʨʦʩʪʦʨʦʚʦ-

ʯʘʩʦʚʦʛʦ ʨʦʟʧʦʜʽʣʫ [1]. 

ʄʝʪʘ ʨʦʙʦʪʠ. ʄʝʪʦʶ ʨʦʙʦʪʠ ʻ ʨʦʟʨʦʙʣʝʥʥʷ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʪʝʭʥʦʣʦʛʽʾ, ʦʩʥʦʚʫ ʷʢʦʾ 

ʩʪʘʥʦʚʠʪʴ ʽʥʬʦʨʤʘʮʽʡʥʦ-ʚʠʤʽʨʶʚʘʣʴʥʘ ʩʠʩʪʝʤʘ, ʽ ʷʢʘ ʜʦʟʚʦʣʷʻ ʧʨʦʚʦʜʠʪʠ ʚʠʩʦʢʦʪʦʯʥʽ 

ʜʦʩʣʽʜʞʝʥʥʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʪʘ ʚʽʟʫʘʣʽʟʘʮʽʶ ʨʦʟʧʦʜʽʣʫ ʝʣʝʢʪʨʠʯʥʠʭ ʧʦʣʽʚ ʥʘʜʤʘʣʦʾ 

ʧʦʪʫʞʥʦʩʪʽ ʚ ʨʝʞʠʤʽ ʨʝʘʣʴʥʦʛʦ ʯʘʩʫ. 

ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʽ. ɺʩʪʘʥʦʚʣʝʥʥʷ ʤʦʞʣʠʚʦʩʪʝʡ ʟʘʩʪʦʩʫʚʘʥʥʷ ʽʥʬʦʨʤʘʮʽʡʥʠʭ 

ʪʝʭʥʦʣʦʛʽʡ ʧʨʠ ʜʦʩʣʽʜʞʝʥʥʽ ʩʠʣʦʚʠʭ ʪʘ ʝʥʝʨʛʝʪʠʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʝʣʝʢʪʨʠʯʥʠʭ ʧʦʣʽʚ 

ʥʘʜʤʘʣʦʾ ʧʦʪʫʞʥʦʩʪʽ ʧʦʣʷʛʘʻ ʫ ʤʦʞʣʠʚʦʩʪʽ ʽʥʪʝʛʨʘʮʽʾ ʩʫʯʘʩʥʠʭ ʽʥʬʦʨʤʘʮʽʡʥʦ-

ʚʠʤʽʨʶʚʘʣʴʥʠʭ ʩʠʩʪʝʤ ʫ ʢʦʤʧóʶʪʝʨʠʟʦʚʘʥʽ ʢʦʤʧʣʝʢʩʠ ʟʘ-ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʚʠʩʦʢʦʝʬʝʢʪʠʚʥʦʾ 

ʚʠʤʽʨʶʚʘʣʴʥʦʾ ʤʝʨʝʞʽ, ʱʦ ʩʢʣʘʜʘʻ ʦʩʥʦʚʫ ʥʦʚʽʪʥʽʭ ʚʠʤʽʨʶʚʘʣʴʥʠʭ ʣʘʙʦʨʘʪʦʨʥʠʭ ʢʦʤʧʣʝʢʩʽʚ 

[2] ʽ ʜʦʟʚʦʣʷʻ ʟ ʚʠʩʦʢʦʶ ʪʦʯʥʽʩʪʶ ʪʘ ʦʧʝʨʘʪʠʚʥʽʩʪʶ ʚʽʟʫʘʣʽʟʫʚʘʪʠ ʧʨʦʩʪʦʨʦʚʦ-ʯʘʩʦʚʠʡ 

ʨʦʟʧʦʜʽʣ ʝʣʝʢʪʨʠʯʥʠʭ ʧʦʣʽʚ. ʅʘʫʢʦʚʘ ʨʦʙʦʪʘ ʩʧʨʷʤʦʚʘʥʘ ʥʘ ʨʦʟʨʦʙʣʝʥʥʷ ʽ ʜʦʩʣʽʜʞʝʥʥʷ 

ʽʥʬʦʨʤʘʮʽʡʥʦ-ʚʠʤʽʨʶʚʘʣʴʥʦʾ ʩʠʩʪʝʤʠ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʝʣʝʢʪʨʠʯʥʠʭ ʧʦʣʽʚ 

ʥʘʜʤʘʣʦʾ ʧʦʪʫʞʥʦʩʪʽ ʽʟ ʟʘʣʫʯʝʥʥʷʤ ʩʫʯʘʩʥʠʭ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ, ʥʘʧʨʠʢʣʘʜ, 

ʦʙʨʦʙʣʝʥʥʷ ʜʘʥʠʭ ʧʨʦ ʝʣʝʢʪʨʠʯʥʽ ʧʦʣʽ, ʨʦʟʨʘʭʫʥʢʫ ʩʠʣʦʚʠʭ ʽ ʝʥʝʨʛʝʪʠʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʮʠʭ ʧʦʣʽʚ ʪʘ ʚʽʟʫʘʣʽʟʘʮʽʾ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ. 

ɺʠʨʽʰʝʥʥʷ ʧʨʦʙʣʝʤʠ. ɸʚʪʦʨʘʤʠ ʨʦʙʦʪʠ ʨʦʟʨʦʙʣʝʥʘ ʽʥʬʦʨʤʘʮʽʡʥʘ ʪʝʭʥʦʣʦʛʽʷ, ʷʢʘ 

ʚʠʢʦʨʠʩʪʦʚʫʻ ʧʝʨʝʜʦʚʽ ʤʝʪʦʜʠ ʦʙʨʦʙʢʠ ʜʘʥʠʭ ʪʘ ʘʥʘʣʽʟʫ ʚʝʣʠʢʠʭ ʦʙóʻʤʽʚ ʽʥʬʦʨʤʘʮʽʾ ʜʣʷ 

ʚʠʟʥʘʯʝʥʥʷ ʩʠʣʦʚʠʭ ʽ ʝʥʝʨʛʝʪʠʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʪʘ ʚʽʟʫʘʣʽʟʘʮʽʾ ʨʦʟʧʦʜʽʣʫ ʝʣʝʢʪʨʠʯʥʠʭ 

ʧʦʣʽʚ ʥʠʟʴʢʦʾ ʧʦʪʫʞʥʦʩʪʽ. ʊʘʢʘ ʪʝʭʥʦʣʦʛʽʷ ʜʦʟʚʦʣʷʻ ʚʠʩʦʢʦʪʦʯʥʦ ʚʠʟʥʘʯʘʪʠ ʨʦʟʧʦʜʽʣ 

ʝʣʝʢʪʨʠʯʥʠʭ ʧʦʣʽʚ ʚ ʨʝʞʠʤʽ ʨʝʘʣʴʥʦʛʦ ʯʘʩʫ ʪʘ ʦʧʝʨʘʪʠʚʥʦ ʨʝʘʛʫʚʘʪʠ ʥʘ ʟʤʽʥʠ ʮʠʭ ʧʦʣʽʚ ʫ 

ʩʝʨʝʜʦʚʠʱʽ. 

ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʩʠʣʦʚʠʭ ʪʘ ʝʥʝʨʛʝʪʠʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʝʣʝʢʪʨʠʯʥʦʛʦ ʟʘʨʷʜʫ 

ʢʦʣʝʢʪʠʚʦʤ ʬʘʭʽʚʮʽʚ ʏʝʨʢʘʩʴʢʦʛʦ ʜʝʨʞʘʚʥʦʛʦ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ ʙʫʣʘ ʧʨʦʚʝʜʝʥʘ 

ʧʨʘʢʪʠʯʥʘ ʨʝʘʣʽʟʘʮʽʷ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʪʝʭʥʦʣʦʛʽʾ ʜʦʩʣʽʜʞʝʥʥʷ ʝʣʝʢʪʨʠʯʥʠʭ ʧʦʣʽʚ ʥʘʜʤʘʣʦʾ 

ʧʦʪʫʞʥʦʩʪʽ ʰʣʷʭʦʤ ʨʦʟʨʦʙʣʝʥʥʷ ʽʥʬʦʨʤʘʮʽʡʥʦ-ʚʠʤʽʨʶʚʘʣʴʥʦʾ ʩʠʩʪʝʤʠ, ʟʦʚʥʽʰʥʽʡ ʚʠʛʣʷʜ ʪʘ 

ʩʪʨʫʢʪʫʨʥʘ ʩʭʝʤʘ ʷʢʦʾ ʥʘʚʝʜʝʥʘ ʥʘ ʨʠʩ.1, ʘ ʾʾ ʚʠʤʽʨʶʚʘʣʴʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ï ʚ ʪʘʙʣ.1.  

   
ʈʠʩ. 1. ɿʦʚʥʽʰʥʽʡ ʚʠʛʣʷʜ ʪʘ ʩʪʨʫʢʪʫʨʥʘ ʩʭʝʤʘ ʽʥʬʦʨʤʘʮʽʡʥʦ-ʚʠʤʽʨʶʚʘʣʴʥʦʾ ʩʠʩʪʝʤʠ 
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ʊʘʙʣʠʮʷ 1 

ɺʠʤʽʨʶʚʘʣʴʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʽʥʬʦʨʤʘʮʽʡʥʦ-ʚʠʤʽʨʶʚʘʣʴʥʦʾ ʩʠʩʪʝʤʠ 

ɺʠʤʽʨʶʚʘʣʴʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 
ɼʽʘʧʘʟʦʥ 

ʟʥʘʯʝʥʴ 

ɺʽʜʥʦʩʥʘ ʧʦʭʠʙʢʘ 

ʚʠʤʽʨʶʚʘʥʥʷ, % 

ɼʽʘʧʘʟʦʥ ʟʥʘʯʝʥʴ ʚʠʷʚʣʝʥʦʛʦ ʟʘʣʠʰʢʦʚʦʛʦ ʟʘʨʷʜʫ, ϼ10-9, 

ʂʣ 

1 ï 3500 Ñ (2,7 ï 5) 

ɺʠʟʥʘʯʝʥʘ ʝʣʝʢʪʨʦʻʤʥʽʩʪʴ, ϼ10-12, ʌ 0,2 ï 6500 Ñ (5 ï 7,5) 

ɽʣʝʢʪʨʠʯʥʘ ʥʘʧʨʫʞʝʥʽʩʪʴ, ϼ10-9, ʌ/ʤ 0,5 ï 1050 Ñ (3 ï 4,5) 

ʆʩʥʦʚʥʠʤʠ ʝʣʝʤʝʥʪʘʤʠ ʨʦʟʨʦʙʣʶʚʘʥʦʾ ʽʥʬʦʨʤʘʮʽʡʥʦ-ʚʠʤʽʨʶʚʘʣʴʥʦʾ ʩʠʩʪʝʤʠ ʻ 

ʩʠʩʪʝʤʘ ʫʧʨʘʚʣʽʥʥʷ ʪʘ ʢʦʥʪʨʦʣʶ, ʱʦ ʚʢʣʶʯʘʻ ʯʦʪʠʨʠ ʚʠʤʽʨʶʚʘʣʴʥʽ ʙʣʦʢʠ: ʙʣʦʢ ʥʘʢʦʧʠʯʝʥʥʷ 

ʽ ʚʠʟʥʘʯʝʥʥʷ ʤʘʣʦʛʦ ʝʣʝʢʪʨʠʯʥʦʛʦ ʟʘʨʷʜʫ, ʧʨʠʟʥʘʯʝʥʠʡ ʜʣʷ ʟʙʠʨʘʥʥʷ ʪʘ ʟʙʝʨʽʛʘʥʥʷ ʜʘʥʠʭ ʧʨʦ 

ʝʣʝʢʪʨʠʯʥʽ ʟʘʨʷʜʠ ʥʘʜʤʘʣʦʾ ʧʦʪʫʞʥʦʩʪʽ, ʱʦ ʚʠʥʠʢʘʶʪʴ ʫ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʩʠʩʪʝʤʘʭ, ʟʘ-ʜʣʷ 

ʧʦʜʘʣʴʰʦʛʦ ʚʠʟʥʘʯʝʥʥʷ ʾʭ ʟʘ ʜʦʧʦʤʦʛʦʶ ʚʽʜʧʦʚʽʜʥʠʭ ʘʣʛʦʨʠʪʤʽʚ ʪʘ ʤʝʪʦʜʽʚ ʘʥʘʣʽʟʫ ʜʘʥʠʭ, 

ʱʦ ʟʜʽʡʩʥʶʻʪʴʩʷ ʫ ʚʠʤʽʨʶʚʘʣʴʥʦʤʫ ʙʣʦʮʽ. ʋʧʨʘʚʣʽʥʥʷ ʦʩʪʘʥʥʽʤ ʟʜʽʡʩʥʶʻʪʴʩʷ ʙʣʦʢʦʤ 

ʢʝʨʫʚʘʥʥʷ, ʷʢʠʤ ʩʣʫʞʠʪʴ ʦʩʥʦʚʥʠʤ ʢʝʨʫʶʶʯʠʤ ʪʘ ʢʦʤʫʪʫʶʯʠʤ ʧʨʠʩʪʨʦʻʤ, ʦʜʥʽʻʶ ʟ 

ʛʦʣʦʚʥʠʭ ʟʘʜʘʯ ʷʢʦʛʦ (ʦʢʨʽʤ ʢʝʨʫʚʘʥʥʷ ʧʨʦʮʝʩʦʤ ʚʠʤʽʨʶʚʘʥʥʷ ʪʘ ʤʦʥʽʪʦʨʠʥʛʫ ʝʣʝʢʪʨʠʯʥʠʭ 

ʧʦʣʽʚ ʪʘ ʾʭ ʝʥʝʨʛʝʪʠʯʥʠʭ ʽ ʩʠʣʦʚʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ) ʻ ʟʘʜʘʯʘ ʧʝʨʝʜʘʯʽ ʦʪʨʠʤʘʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ʥʘ 

ʫʧʨʘʚʣʷʶʯʠʡ ʇʂ ʜʣʷ ʦʙʨʦʙʣʝʥʥʷ ʪʘ ʚʽʟʫʘʣʽʟʘʮʽʾ ʮʠʭ ʜʘʥʠʭ. ʋʟʛʦʜʞʝʥʥʷ ʚʠʤʽʨʶʚʘʣʴʥʦʛʦ 

ʙʣʦʢʫ ʟ ʙʣʦʢʦʤ ʥʘʢʦʧʠʯʝʥʥʷ ʽ ʚʠʟʥʘʯʝʥʥʷ ʤʘʣʦʛʦ ʝʣʝʢʪʨʠʯʥʦʛʦ ʟʘʨʷʜʫ  ʟʜʽʡʩʥʶʻʪʴʩʷ ʯʝʨʝʟ 

ʙʣʦʢ ʫʧʨʘʚʣʽʥʥʷ ʽ ʢʦʥʪʨʦʣʶ ʽʥʬʦʨʤʘʮʽʡʥʦ-ʚʠʤʽʨʶʚʘʣʴʥʦʾ ʩʠʩʪʝʤʠ, ʦʩʥʦʚʥʝ ʧʨʠʟʥʘʯʝʥʥʷ 

ʷʢʦʛʦ ʻ ʟʘʙʝʟʧʝʯʝʥʥʷ ʢʦʦʨʜʠʥʘʮʽʾ ʪʘ ʢʦʥʪʨʦʣʶ ʨʦʙʦʪʠ ʚʩʽʭ ʢʦʤʧʦʥʝʥʪʽʚ ʩʠʩʪʝʤʠ, ʘ ʪʘʢʦʞ 

ʟʜʽʡʩʥʝʥʥʷ ʥʝʦʙʭʽʜʥʠʭ ʢʝʨʫʶʯʠʭ ʬʫʥʢʮʽʡ ʽ ʧʽʜʪʨʠʤʢʘ ʩʪʘʙʽʣʴʥʦʩʪʽ ʪʘ ʝʬʝʢʪʠʚʥʦʩʪʽ ʨʦʙʦʪʠ 

ʩʠʩʪʝʤʠ. ʇʘʨʘʣʝʣʴʥʦ ʟ ʚʠʱʝʟʘʟʥʘʯʝʥʠʤʠ ʬʫʥʢʮʽʷʤʠ, ʟʘʧʨʦʧʦʥʦʚʘʥʘ ʽʥʬʦʨʤʘʮʽʡʥʘ 

ʪʝʭʥʦʣʦʛʽʷ ʜʦʟʚʦʣʷʻ ʧʨʦʚʦʜʠʪʠ ʦʙʤʽʥ ʽʥʬʦʨʤʘʮʽʻʶ ʽʟ ʟʦʚʥʽʰʥʽʤʠ ʇʂ ʪʘ ʦʙʯʠʩʣʶʚʘʣʴʥʠʤʠ 

ʩʠʩʪʝʤʘʤʠ, ʱʦ ʜʦʟʚʦʣʷʻ ʥʝ ʣʠʰʝ ʧʦʢʨʘʱʠʪʠ ʧʨʦʮʝʩ ʘʢʫʤʫʣʶʚʘʥʥʷ, ʦʙʨʦʙʣʝʥʥʷ ʪʘ 

ʚʽʟʫʘʣʽʟʘʮʽʾ ʽʥʬʦʨʤʘʮʽʾ, ʘʣʝ ʡ ʟʜʽʡʩʥʶʚʘʪʠ ʽʥʪʝʛʨʘʮʽʶ ʨʦʟʨʦʙʣʝʥʦʾ ʽʥʬʦʨʤʘʮʽʡʥʦ-

ʚʠʤʽʨʶʚʘʣʴʥʦʾ ʩʠʩʪʝʤʠ ʟ ʽʥʰʠʤʠ ʢʦʤʧóʁ ʪʝʨʠʟʦʚʘʥʠʤʠ ʧʨʠʩʪʨʦʷʤʠ, ʩʠʩʪʝʤʘʤʠ ʪʘ 

ʢʦʤʧʣʝʢʩʘʤʠ, ʫ ʪʦʤʫ ʯʠʩʣʽ ʡ ʘʥʘʣʦʛʽʯʥʠʤʠ ʽʥʬʦʨʤʘʮʽʡʥʦ-ʚʠʤʽʨʶʚʘʣʴʥʠʤʠ ʩʠʩʪʝʤʘʤʠ, 

ʩʪʚʦʨʶʶʯʠ ʥʘ ʾʭ ʦʩʥʦʚʽ ʚʠʤʽʨʶʚʘʣʴʥʫ ʤʝʨʝʞʫ, ʷʢʘ ʤʦʞʝ ʣʷʛʪʠ ʚ ʦʩʥʦʚʫ ʥʦʚʠʭ ʧʝʨʩʧʝʢʪʠʚʥʠʭ 

ʨʽʰʝʥʴ ʦʨʛʘʥʽʟʘʮʽʾ ʩʫʯʘʩʥʠʭ ʚʠʤʽʨʶʚʘʣʴʥʠʭ ʣʘʙʦʨʘʪʦʨʥʠʭ ʢʦʤʧʣʝʢʩʽʚ. 

ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʧʽʜʪʚʝʨʜʞʫʶʪʴ ʝʬʝʢʪʠʚʥʽʩʪʴ ʪʘ ʪʦʯʥʽʩʪʴ ʨʦʟʨʦʙʣʝʥʦʾ 

ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʪʝʭʥʦʣʦʛʽʾ. ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʜʝʤʦʥʩʪʨʫʶʪʴ ʤʦʞʣʠʚʦʩʪʽ ʷʢ ʨʦʟʨʦʙʣʝʥʦʾ 

ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʪʝʭʥʦʣʦʛʽʾ, ʪʘʢ ʽ ʩʪʚʦʨʝʥʦʾ ʥʘ ʾʾ ʦʩʥʦʚʽ ʽʥʬʦʨʤʘʮʽʡʥʦ-ʚʠʤʽʨʶʚʘʣʴʥʦʾ ʩʠʩʪʝʤʠ 

ʟ ʚʠʩʦʢʦʶ ʪʦʯʥʽʩʪʶ ʚʠʟʥʘʯʝʥʥʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʝʣʝʢʪʨʠʯʥʠʭ ʧʦʣʽʚ ʪʘ ʚʽʟʫʘʣʽʟʘʮʽʾ, ʱʦ ʨʦʙʠʪʴ 

ʾʾ ʽʜʝʘʣʴʥʠʤ ʽʥʩʪʨʫʤʝʥʪʦʤ ʜʣʷ ʧʨʦʚʝʜʝʥʥʷ ʜʦʩʣʽʜʞʝʥʴ ʫ ʩʬʝʨʽ ʤʽʢʨʦʝʣʝʢʪʨʦʥʽʢʠ ʪʘ ʽʥʰʠʭ 

ʚʘʞʣʠʚʠʭ ʛʘʣʫʟʷʭ. 

ɺʠʩʥʦʚʦʢ. ɺ ʭʦʜʽ ʧʨʦʚʝʜʝʥʠʭ ʜʦʩʣʽʜʞʝʥʴ, ʙʫʣʠ ʧʦʢʘʟʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʨʦʙʦʪʠ 

ʨʦʟʨʦʙʣʝʥʦʾ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʪʝʭʥʦʣʦʛʽʾ ʜʣʷ ʘʥʘʣʽʟʫ ʪʘ ʦʙʨʦʙʣʝʥʥʷ ʜʘʥʠʭ ʱʦʜʦ ʝʣʝʢʪʨʠʯʥʠʭ 

ʧʦʣʽʚ ʥʠʟʴʢʦʾ ʧʦʪʫʞʥʦʩʪʽ, ʷʢʽ ʚʠʥʠʢʘʶʪʴ ʥʘ ʟʘʨʷʜʞʝʥʠʭ ʧʦʚʝʨʭʥʷʭ ʪʘ ʚ ʤʽʢʨʦʝʣʝʢʪʨʦʥʥʠʭ 

ʧʨʠʩʪʨʦʷʭ. ʇʦʢʘʟʘʥʝ, ʱʦ ʧʨʘʢʪʠʯʥʝ ʟʘʩʪʦʩʫʚʘʥʥʷ ʪʘʢʦʾ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʪʝʭʥʦʣʦʛʽʾ ʤʦʞʝ ʙʫʪʠ 

ʨʝʘʣʽʟʦʚʘʥʝ ʫ ʚʠʛʣʷʜʽ ʽʥʬʦʨʤʘʮʽʡʥʦ-ʚʠʤʽʨʶʚʘʣʴʥʦʾ ʩʠʩʪʝʤʠ, ʱʦ ʜʦʟʚʦʣʷʻ ʧʽʜʚʠʱʠʪʠ 

ʪʦʯʥʽʩʪʴ (ʚʽʜ 4,5% ʜʦ 7,5%) ʽ ʘʜʝʢʚʘʪʥʽʩʪʴ ʚʠʟʥʘʯʝʥʥʷ ʪʘ ʘʥʘʣʽʟʫ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʝʣʝʢʪʨʠʯʥʠʭ 

ʧʦʣʽʚ. ɿʥʘʯʝʥʥʷ ʮʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʜʦʟʚʦʣʷʻ ʚʩʪʘʥʦʚʠʪʠ ʨʦʟʧʦʜʽʣ ʪʘʢʠʭ ʝʣʝʢʪʨʠʯʥʠʭ ʧʦʣʽʚ ʚ 

ʧʨʦʩʪʦʨʽ ʪʘ ʯʘʩʽ. ʊʘʢʦʞ, ʨʦʟʨʦʙʣʶʚʘʥʘ ʽʥʬʦʨʤʘʮʽʡʥʦ-ʚʠʤʽʨʶʚʘʣʴʥʘ ʩʠʩʪʝʤʘ ʤʦʞʝ ʙʫʪʠ 

ʚʠʢʦʨʠʩʪʘʥʘ ʜʣʷ ʤʦʥʽʪʦʨʠʥʛʫ ʝʣʝʢʪʨʠʯʥʠʭ ʧʦʣʽʚ ʥʘʜʤʘʣʦʾ ʧʦʪʫʞʥʦʩʪʽ. 

 

ʉʧʠʩʦʢ ʚʠʢʦʨʠʩʪʘʥʠʭ ʜʞʝʨʝʣ 
1. Li C., Zhu Sh., Wang J. et al. (2023). High Precision Measurement of Electric Field at the Nanoscale in 

Optomechanical Systems. IEEE Sensors. October 2023. P. 1-4. 

https://doi.org/10.1109/SENSORS56945.2023.10325145  

2. Elben A., Flammia S. T. et al. (2023). The randomized measurement toolbox. Nature Reviews Physics, 

Vol. 5 (1). P. 9 ï 24. https://doi.org/10.1038/s42254-022-00535-2  

https://doi.org/10.1109/SENSORS56945.2023.10325145
https://doi.org/10.1038/s42254-022-00535-2


82 

 

ʆʉʆɹʃʀɺʆʉʊɯ ɿɸʉʊʆʉʋɺɸʅʅʗ ɯʅʌʆʈʄɸʎɯʁʅʀʍ ʊɽʍʅʆʃʆɻɯʁ ɺ 

ʉʀʉʊɽʄɸʍ ʋʇʈɸɺʃɯʅʅʗ ʂʆʄʇʃɽʂʉɸʄʀ ɸʃʔʊɽʈʅɸʊʀɺʅʆɰ ɽʅɽʈɻɽʊʀʂʀ 
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ʏʝʨʢʘʩʴʢʠʡ ʜʝʨʞʘʚʥʠʡ ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ, ʏʝʨʢʘʩʠ, ʋʢʨʘʾʥʘ 

 
ɸʥʦʪʘʮʽʷ. ʋ ʩʪʘʪʪʽ ʧʨʦʚʦʜʠʪʴʩʷ ʦʟʥʘʡʦʤʣʝʥʥʷ ʟ ʦʩʦʙʣʠʚʦʩʪʷʤʠ ʟʘʩʪʦʩʫʚʘʥʥʷ ʽʥʬʦʨʤʘʮʽʡʥʠʭ 

ʪʝʭʥʦʣʦʛʽʡ ʚ ʩʠʩʪʝʤʘʭ ʫʧʨʘʚʣʽʥʥʷ ʢʦʤʧʣʝʢʩʘʤʠ ʘʣʴʪʝʨʥʘʪʠʚʥʦʾ ʝʥʝʨʛʝʪʠʢʠ. ʆʩʥʦʚʥʦʶ ʤʝʪʦʶ ʨʦʙʦʪʠ 

ʻ ʜʦʩʣʽʜʞʝʥʥʷ ʦʩʦʙʣʠʚʦʩʪʝʡ ʚʠʢʦʨʠʩʪʘʥʥʷ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʚ ʩʠʩʪʝʤʘʭ ʫʧʨʘʚʣʽʥʥʷ 

ʢʦʤʧʣʝʢʩʘʤʠ ʘʣʴʪʝʨʥʘʪʠʚʥʦʾ ʝʥʝʨʛʝʪʠʢʠ, ʱʦ ʜʦʟʚʦʣʷʻ ʨʦʟʢʨʠʪʠ ʧʦʪʝʥʮʽʘʣ ʪʘʢʠʭ ʪʝʭʥʦʣʦʛʽʡ ʧʨʠ 

ʦʧʪʠʤʽʟʘʮʽʾ ʨʦʙʦʪʠ ʘʣʴʪʝʨʥʘʪʠʚʥʠʭ ʝʥʝʨʛʝʪʠʯʥʠʭ ʩʠʩʪʝʤ, ʘ ʪʘʢʦʞ ʧʽʜʚʠʱʠʪʠ ʾʭʥʶ ʝʬʝʢʪʠʚʥʽʩʪʴ ʪʘ 

ʥʘʜʽʡʥʽʩʪʴ. ʆʙ'ʻʢʪʦʤ ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʧʨʦʮʝʩ ʫʧʨʘʚʣʽʥʥʷ ʢʦʤʧʣʝʢʩʘʤʠ ʘʣʴʪʝʨʥʘʪʠʚʥʦʾ ʝʥʝʨʛʝʪʠʢʠ; 

ʧʨʝʜʤʝʪʦʤ ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʤʝʪʦʜʠ ʪʘ ʟʘʩʦʙʠ ʟʘʩʪʦʩʫʚʘʥʥʷ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʚ ʩʠʩʪʝʤʘʭ 

ʫʧʨʘʚʣʽʥʥʷ ʝʥʝʨʛʝʪʠʯʥʠʤʠ ʢʦʤʧʣʝʢʩʘʤʠ. ɺ ʨʦʙʦʪʽ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʽʥʬʦʨʤʘʮʽʡʥʠʭ 

ʪʝʭʥʦʣʦʛʽʡ ʚ ʩʠʩʪʝʤʘʭ ʫʧʨʘʚʣʽʥʥʷ ʢʦʤʧʣʝʢʩʘʤʠ ʘʣʴʪʝʨʥʘʪʠʚʥʦʾ ʝʥʝʨʛʝʪʠʢʠ ʻ ʧʝʨʩʧʝʢʪʠʚʥʠʤ 

ʥʘʧʨʷʤʢʦʤ ʨʦʟʚʠʪʢʫ. ɸʥʘʣʽʟ ʚʧʣʠʚʫ ʮʠʭ ʪʝʭʥʦʣʦʛʽʡ ʥʘ ʨʽʟʥʽ ʘʩʧʝʢʪʠ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʘʣʴʪʝʨʥʘʪʠʚʥʠʭ 

ʝʥʝʨʛʝʪʠʯʥʠʭ ʩʠʩʪʝʤ ʧʽʜʪʚʝʨʜʞʫʻ ʾʭʥʶ ʟʥʘʯʠʤʽʩʪʴ ʜʣʷ ʦʧʪʠʤʽʟʘʮʽʾ ʚʠʨʦʙʥʠʮʪʚʘ, ʟʙʝʨʽʛʘʥʥʷ ʪʘ 

ʨʦʟʧʦʜʽʣʫ ʝʥʝʨʛʽʾ. ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʩʚʽʜʯʘʪʴ ʧʨʦ ʧʝʨʩʧʝʢʪʠʚʠ ʚʠʢʦʨʠʩʪʘʥʥʷ ʽʥʬʦʨʤʘʮʽʡʥʠʭ 

ʪʝʭʥʦʣʦʛʽʡ ʫ ʧʽʜʚʠʱʝʥʥʽ ʝʬʝʢʪʠʚʥʦʩʪʽ ʪʘ ʥʘʜʽʡʥʦʩʪʽ ʘʣʴʪʝʨʥʘʪʠʚʥʠʭ ʝʥʝʨʛʝʪʠʯʥʠʭ ʩʠʩʪʝʤ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʩʠʩʪʝʤʘ ʫʧʨʘʚʣʽʥʥʷ, ʘʣʴʪʝʨʥʘʪʠʚʥʘ ʝʥʝʨʛʝʪʠʢʘ, ʽʥʬʦʨʤʘʮʽʡʥʽ ʪʝʭʥʦʣʦʛʽʾ, 

ʝʥʝʨʛʝʪʠʯʥʘ ʤʝʨʝʞʘ.  
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Abstract. The article provides an overview of the peculiarities of application of information 

technologies in the management systems of alternative energy complexes. The main purpose of the study is 

to investigate the peculiarities of using information technologies in the management systems of alternative 

energy complexes, which allows unlocking the potential of such technologies in optimising the operation of 

alternative energy systems, as well as increasing their efficiency and reliability. The object of the study is 

the process of managing alternative energy complexes; the subject of the study is the methods and means of 

applying information technologies in the management systems of energy complexes. The paper establishes 

that the use of information technologies in the management systems of alternative energy complexes is a 

promising area of development. The analysis of the impact of these technologies on various aspects of the 

functioning of alternative energy systems confirms their importance for optimising the production, storage 

and distribution of energy. The results obtained indicate the prospects of using information technologies to 

improve the efficiency and reliability of alternative energy systems. 

Keywords: management system, alternative energy, information technology, power grid.  

 

ɺʩʪʫʧ. ʋ ʩʫʯʘʩʥʦʤʫ ʩʚʽʪʽ ʧʠʪʘʥʥʷ ʝʬʝʢʪʠʚʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʝʥʝʨʛʝʪʠʯʥʠʭ ʨʝʩʫʨʩʽʚ ʪʘ 

ʨʦʟʚʠʪʢʫ ʘʣʴʪʝʨʥʘʪʠʚʥʠʭ ʜʞʝʨʝʣ ʝʥʝʨʛʽʾ ʩʪʘʻ ʚʩʝ ʙʽʣʴʰ ʘʢʪʫʘʣʴʥʠʤ ʽ ʩʪʨʘʪʝʛʽʯʥʦ ʚʘʞʣʠʚʠʤ 

[1]. ɿʘ-ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʩʪʘʣʦʛʦ ʨʦʟʚʠʪʢʫ ʪʘ ʟʤʝʥʰʝʥʥʷ ʥʝʛʘʪʠʚʥʦʛʦ ʚʧʣʠʚʫ ʥʘ ʜʦʚʢʽʣʣʷ, 

ʚʝʣʠʢʘ ʫʚʘʛʘ ʧʨʠʜʽʣʷʻʪʴʩʷ ʨʦʟʨʦʙʣʝʥʥʶ ʪʘ ʚʧʨʦʚʘʜʞʝʥʥʶ ʽʥʥʦʚʘʮʽʡʥʠʭ ʩʠʩʪʝʤ ʫʧʨʘʚʣʽʥʥʷ 

ʢʦʤʧʣʝʢʩʘʤʠ ʘʣʴʪʝʨʥʘʪʠʚʥʦʾ ʝʥʝʨʛʝʪʠʢʠ [2]. ɯʥʬʦʨʤʘʮʽʡʥʽ ʪʝʭʥʦʣʦʛʽʾ ʚ ʮʴʦʤʫ ʢʦʥʪʝʢʩʪʽ 

ʚʜ̔ʽʛʨʘʶʪʴ ʢʣʶʯʦʚʫ ʨʦʣʴ, ʥʘʜʘʶʯʠ ʤʦʞʣʠʚʽʩʪʴ ʟʙʠʨʘʥʥʶ, ʦʙʨʦʙʣʝʥʥʶ ʪʘ ʘʥʘʣʽʟʫ ʚʝʣʠʢʠʭ 

ʦʙʩʷʛʽʚ ʜʘʥʠʭ, ʱʦ ʜʦʟʚʦʣʷʻ ʦʧʪʠʤʽʟʫʚʘʪʠ ʨʦʙʦʪʫ ʝʥʝʨʛʝʪʠʯʥʠʭ ʩʠʩʪʝʤ, ʧʽʜʚʠʱʫʚʘʪʠ ʾʭʥʶ 

ʥʘʜʽʡʥʽʩʪʴ ʪʘ ʝʬʝʢʪʠʚʥʽʩʪʴ. ɸʢʪʫʘʣʴʥʽʩʪʴ ʨʦʙʦʪʠ ʧʦʣʷʛʘʻ ʚ ʦʟʥʘʡʦʤʣʝʥʥʽ ʟ ʦʩʦʙʣʠʚʦʩʪʷʤʠ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʚ ʩʠʩʪʝʤʘʭ ʫʧʨʘʚʣʽʥʥʷ ʢʦʤʧʣʝʢʩʘʤʠ ʘʣʴʪʝʨʥʘʪʠʚʥʦʾ 

ʝʥʝʨʛʝʪʠʢʠ. 

ʄʝʪʘ ʨʦʙʦʪʠ. ʄʝʪʦʶ ʨʦʙʦʪʠ ʻ ʜʦʩʣʽʜʞʝʥʥʷ ʦʩʦʙʣʠʚʦʩʪʝʡ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʚ ʩʠʩʪʝʤʘʭ ʫʧʨʘʚʣʽʥʥʷ ʢʦʤʧʣʝʢʩʘʤʠ ʘʣʴʪʝʨʥʘʪʠʚʥʦʾ ʝʥʝʨʛʝʪʠʢʠ, 
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ʱʦ ʜʦʟʚʦʣʷʻ ʨʦʟʢʨʠʪʠ ʧʦʪʝʥʮʽʘʣ ʪʘʢʠʭ ʪʝʭʥʦʣʦʛʽʡ ʧʨʠ ʦʧʪʠʤʽʟʘʮʽʾ ʨʦʙʦʪʠ ʘʣʴʪʝʨʥʘʪʠʚʥʠʭ 

ʝʥʝʨʛʝʪʠʯʥʠʭ ʩʠʩʪʝʤ, ʘ ʪʘʢʦʞ ʧʽʜʚʠʱʠʪʠ ʾʭʥʶ ʝʬʝʢʪʠʚʥʽʩʪʴ ʪʘ ʥʘʜʽʡʥʽʩʪʴ. 

ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʽ. ɼʦʩʣʽʜʞʝʥʥʷ ʤʦʞʣʠʚʦʩʪʝʡ ʟʘʩʪʦʩʫʚʘʥʥʷ ʽʥʬʦʨʤʘʮʽʡʥʠʭ 

ʪʝʭʥʦʣʦʛʽʡ ʚ ʩʠʩʪʝʤʘʭ ʫʧʨʘʚʣʽʥʥʷ ʢʦʤʧʣʝʢʩʘʤʠ ʘʣʴʪʝʨʥʘʪʠʚʥʦʾ ʝʥʝʨʛʝʪʠʢʠ ʧʦʣʷʛʘʻ ʫ 

ʚʠʚʯʝʥʥʽ ʢʣʶʯʦʚʠʭ ʘʩʧʝʢʪʽʚ ʥʘʫʢʦʚʦʾ ʟʘʜʘʯʽ, ʤʦʞʣʠʚʦʩʪʽ ʽʥʪʝʛʨʘʮʽʶ ʩʫʯʘʩʥʠʭ 

ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʚ ʩʠʩʪʝʤʠ ʫʧʨʘʚʣʽʥʥʷ ʝʥʝʨʛʝʪʠʯʥʠʤʠ ʢʦʤʧʣʝʢʩʘʤʠ, ʘ ʪʘʢʦʞ ʫ 

ʜʦʩʣʽʜʞʝʥʥʽ ʚʧʣʠʚʫ ʮʠʭ ʪʝʭʥʦʣʦʛʽʡ ʥʘ ʨʽʟʥʽ ʘʩʧʝʢʪʠ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʘʣʴʪʝʨʥʘʪʠʚʥʠʭ 

ʝʥʝʨʛʝʪʠʯʥʠʭ ʩʠʩʪʝʤ, ʚʢʣʶʯʘʶʯʠ ʦʧʪʠʤʽʟʘʮʽʶ ʚʠʨʦʙʥʠʮʪʚʘ, ʟʙʝʨʽʛʘʥʥʷ ʪʘ ʨʦʟʧʦʜʽʣʫ ʝʥʝʨʛʽʾ. 

ʅʘʫʢʦʚʝ ʜʦʩʣʽʜʞʝʥʥʷ ʩʧʨʷʤʦʚʘʥʝ ʥʘ ʚʠʟʥʘʯʝʥʥʷ ʧʝʨʝʚʘʛ ʪʘ ʤʦʞʣʠʚʦʩʪʝʡ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʪʘ ʥʘʜʽʡʥʦʩʪʽ ʘʣʴʪʝʨʥʘʪʠʚʥʠʭ 

ʝʥʝʨʛʝʪʠʯʥʠʭ ʩʠʩʪʝʤ. 

ɺʠʨʽʰʝʥʥʷ ʧʨʦʙʣʝʤʠ. ʋʧʨʘʚʣʽʥʥʷ ʝʥʝʨʛʝʪʠʯʥʠʤʠ ʢʦʤʧʣʝʢʩʘʤʠ ʩʪʘʻ ʚʩʝ ʩʢʣʘʜʥʽʰʠʤ 

ʟʘʚʜʘʥʥʷʤ ʫ ʟʚ'ʷʟʢʫ ʟʽ ʟʨʦʩʪʘʥʥʷʤ ʦʙʩʷʛʽʚ ʚʠʨʦʙʥʠʮʪʚʘ ʝʥʝʨʛʽʾ, ʨʦʟʚʠʪʢʦʤ ʨʽʟʥʠʭ ʜʞʝʨʝʣ 

ʝʥʝʨʛʽʾ ʪʘ ʥʝʦʙʭʽʜʥʽʩʪʶ ʝʬʝʢʪʠʚʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʝʩʫʨʩʽʚ. ʆʩʥʦʚʥʽ ʟʘʚʜʘʥʥʷ 

ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʚ ʩʠʩʪʝʤʘʭ ʫʧʨʘʚʣʽʥʥʷ ʢʦʤʧʣʝʢʩʘʤʠ ʘʣʴʪʝʨʥʘʪʠʚʥʦʾ ʝʥʝʨʛʝʪʠʢʠ 

ʧʦʣʷʛʘʶʪʴ ʫ ʪʘʢʦʤʫ: 

- ʽʥʪʝʛʨʘʮʽʷ ʜʘʥʠʭ ʪʘ ʘʥʘʣʽʪʠʢʘ: ʚʧʨʦʚʘʜʞʝʥʥʷ ʩʫʯʘʩʥʠʭ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ 
ʜʦʟʚʦʣʷʻ ʟʙʠʨʘʪʠ ʪʘ ʘʥʘʣʽʟʫʚʘʪʠ ʚʝʣʠʢʽ ʦʙʩʷʛʠ ʜʘʥʠʭ ʟ ʨʽʟʥʠʭ ʜʞʝʨʝʣ, ʱʦ ʜʦʧʦʤʘʛʘʻ 

ʫʧʨʘʚʣʷʪʠ ʝʥʝʨʛʝʪʠʯʥʠʤʠ ʢʦʤʧʣʝʢʩʘʤʠ ʙʽʣʴʰ ʝʬʝʢʪʠʚʥʦ; 

- ʽʥʪʝʣʝʢʪʫʘʣʴʥʽ ʩʠʩʪʝʤʠ ʫʧʨʘʚʣʽʥʥʷ: ʚʠʢʦʨʠʩʪʘʥʥʷ ʰʪʫʯʥʦʛʦ ʽʥʪʝʣʝʢʪʫ ʪʘ 

ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ ʜʦʟʚʦʣʷʻ ʨʦʟʨʦʙʣʷʪʠ ʧʨʦʛʥʦʩʪʠʯʥʽ ʤʦʜʝʣʽ, ʦʧʪʠʤʽʟʫʚʘʪʠ ʧʨʦʮʝʩʠ ʪʘ 

ʧʨʦʛʥʦʟʫʚʘʪʠ ʥʘʚʘʥʪʘʞʝʥʥʷ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʩʪʘʙʽʣʴʥʦʩʪʽ ʩʠʩʪʝʤʠ ʘʣʴʪʝʨʥʘʪʠʚʥʦʛʦ 

ʝʥʝʨʛʦʟʘʙʝʟʧʝʯʝʥʥʷ; 

- ʜʠʩʪʘʥʮʽʡʥʝ ʢʝʨʫʚʘʥʥʷ ʪʘ ʤʦʥʽʪʦʨʠʥʛ: ʚʧʨʦʚʘʜʞʝʥʥʷ ʩʠʩʪʝʤ ʜʠʩʪʘʥʮʽʡʥʦʛʦ 

ʢʝʨʫʚʘʥʥʷ ʜʦʟʚʦʣʷʻ ʟʜʽʡʩʥʶʚʘʪʠ ʤʦʥʽʪʦʨʠʥʛ ʩʪʘʥʫ ʦʙʣʘʜʥʘʥʥʷ ʪʘ ʦʧʪʠʤʽʟʫʚʘʪʠ ʡʦʛʦ ʨʦʙʦʪʫ 

ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʜʘʥʠʭ ʚ ʨʝʘʣʴʥʦʤʫ ʯʘʩʽ. 

ʇʨʠ ʮʴʦʤʫ, ʨʦʟʚóʷʟʘʥʥʷ ʮʠʭ ʟʘʚʜʘʥʴ ʚ ʩʠʩʪʝʤʘʭ ʫʧʨʘʚʣʽʥʥʷ ʝʥʝʨʛʝʪʠʯʥʠʤʠ 

ʢʦʤʧʣʝʢʩʘʤʠ ʘʣʴʪʝʨʥʘʪʠʚʥʦʾ ʝʥʝʨʛʝʪʠʢʠ ʨʦʟʢʨʠʚʘʻ ʰʠʨʦʢʽ ʤʦʞʣʠʚʦʩʪʽ ʜʣʷ ʦʧʪʠʤʽʟʘʮʽʾ 

ʨʦʙʦʪʠ, ʧʽʜʚʠʱʝʥʥʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʪʘ ʟʘʙʝʟʧʝʯʝʥʥʷ ʩʪʽʡʢʦʩʪʽ ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʩʝʢʪʦʨʫ. 

ɼʦʩʣʽʜʞʝʥʥʷ ʪʘ ʚʧʨʦʚʘʜʞʝʥʥʷ ʪʘʢʠʭ ʪʝʭʥʦʣʦʛʽʡ ʻ ʚʘʞʣʠʚʠʤ ʢʨʦʢʦʤ ʫ ʨʦʟʚʠʪʢʫ ʩʫʯʘʩʥʠʭ ʪʘ 

ʥʘʜʽʡʥʠʭ ʩʠʩʪʝʤ ʝʥʝʨʛʦʧʦʩʪʘʯʘʥʥʷ, ʨʠʩ. 1. 

 
ʈʠʩ.1. ʌʫʥʢʮʽʦʥʘʣʴʥʘ ʩʭʝʤʘ ʩʠʩʪʝʤʠ ʫʧʨʘʚʣʽʥʥʷ ʢʦʤʧʣʝʢʩʘʤʠ ʘʣʴʪʝʨʥʘʪʠʚʥʦʾ ʝʥʝʨʛʝʪʠʢʠ: 

ɸ1, ɸ2 ï ʘʢʫʤʫʣʷʪʦʨʥʽ ʙʘʪʘʨʝʾ; ɹɼʇɯ ï ʙʝʟʜʨʦʪʦʚʠʡ ʧʝʨʝʜʘʚʘʯ ʽʥʬʦʨʤʘʮʽʾ; ɽʑ1,  

ɽʑ2 ï ʝʣʝʢʪʨʦʩʠʣʦʚʽ ʱʠʪʠ; ɯ1, ɯ2 ï ʽʥʚʝʥʪʦʨʠ ʥʘʧʨʫʛʠ; ɯʂ1, ɯʂ2 ï ʽʥʬʦʨʤʘʮʽʡʥʽ ʢʘʥʘʣʠ;  

ʇʅɯ ï ʧʨʠʩʪʨʽʡ ʥʘʢʦʧʠʯʝʥʥʷ ʽʥʬʦʨʤʘʮʽʾ; ʉʂ1, ʉʂ2 ï ʩʠʣʦʚʽ ʢʘʥʘʣʠ. 

ɿʦʚʥʽʰʥʽ ʝʣʝʢʪʨʦʩʪʘʥʮʽʾ ʘʣʴʪʝʨʥʘʪʠʚʥʦʾ ʝʥʝʨʛʝʪʠʢʠ ʻ ʛʦʣʦʚʥʠʤʠ ʜʞʝʨʝʣʘʤʠ ʝʥʝʨʛʽʾ 

ʥʘʚʘʥʪʘʞʝʥʥʷ, ʷʢʽ ʞʠʚʣʷʪʴ ʮʝʥʪʨʘʣʴʥʫ ʝʣʝʢʪʨʦʤʝʨʝʞʫ. ʉʦʥʷʯʥʘ ʝʣʝʢʪʨʦʩʪʘʥʮʽʷ ʩʢʣʘʜʘʻʪʴʩʷ 

ʟ ʢʦʤʧʣʝʢʩʫ ʩʦʥʷʯʥʠʭ ʙʘʪʘʨʝʡ, ʷʢʽ ʚʠʜʘʶʪʴ ʝʣʝʢʪʨʦʥʘʚʘʥʪʘʞʝʥʥʷ ʤʘʢʩʠʤʘʣʴʥʦʾ ʥʘʧʨʫʛʠ ʜʦ 

24 ɺ, ʷʢʘ ʯʝʨʝʟ ʢʦʤʫʪʘʪʦʨ ʧʦʜʘʶʪʴ ʝʣʝʢʪʨʠʢʫ ʥʘ ʽʥʚʝʥʪʦʨ ɯ1, ʜʝ ʦʩʪʘʥʥʷ ʧʝʨʝʪʚʦʨʶʻʪʴʩʷ ʚ 

ʥʘʧʨʫʛʫ 220 ɺ ʟʤʽʥʥʦʛʦ ʩʪʨʫʤʫ ʩʪʘʙʽʣʴʥʦʶ ʯʘʩʪʦʪʦʶ 50 ɻʮ. ʇʘʨʘʣʝʣʴʥʦ ʟ ʮʠʤ, ʧʦʜʘʯʘ 
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ʝʣʝʢʪʨʠʢʠ ʯʝʨʝʟ ʢʦʤʫʪʘʪʦʨ ʨʝʛʫʣʶʻʪʴʩʷ ʯʝʨʝʟ ʢʦʥʪʨʦʣʝʨ ʟʘʨʷʜʫ ʪʘ ʘʢʫʤʫʣʷʪʦʨʥʠʭ ʙʘʪʘʨʝʡ 

ɸ1 (ʜʝ ʚʽʜʙʫʚʘʻʪʴʩʷ ʥʘʢʦʧʠʯʝʥʥʷ çʟʘʡʚʦʾè ʝʣʝʢʪʨʠʢʠ ʧʨʠ ʤʘʢʩʠʤʘʣʴʥʦʤʫ ʦʩʚʽʪʣʝʥʥʽ 

ʩʦʥʷʯʥʠʭ ʙʘʪʘʨʝʡ ʪʘ ʚʽʜʜʘʯʘ ʝʣʝʢʪʨʠʢʠ ʚ ʤʝʨʝʞʫ (ʟʥʦʚʫ, ʯʝʨʝʟ ʢʦʤʫʪʘʪʦʨ) ʧʨʠ ʥʝʜʦʩʪʘʯʘʭ 

ʚʠʨʦʙʣʝʥʥʷ ʝʣʝʢʪʨʠʢʠ ʩʦʥʷʯʥʠʤʠ ʙʘʪʘʨʝʷʤʠ ï ʥʘʧʨʠʢʣʘʜ, ʫ ʧʦʭʤʫʨʫ ʧʦʛʦʜʫ ʘʙʦ ʫ ʚʝʯʽʨʥʴʦ-

ʥʽʯʥʠʡ ʧʝʨʽʦʜ). ɽʣʝʢʪʨʠʢʘ, ʽʥʚʝʨʪʦʚʘʥʘ ʫ 220 ɺ ʟʤʽʥʥʦʛʦ ʩʪʨʫʤʫ ʧʦʜʘʻʪʴʩʷ ʥʘ 

ʝʣʝʢʪʨʦʩʠʣʦʚʠʡ ʱʠʪ ɽʑ1, ʷʢʠʡ ʚʠʜʘʻ ʩʠʣʦʚʝ ʥʘʚʘʥʪʘʞʝʥʥʷ ʫ ʟʦʚʥʽʰʥʶ ʢʦʤʝʨʮʽʡʥʫ 

ʝʣʝʢʪʨʦʤʝʨʝʞʫ, ʧʨʠ ʮʴʦʤʫ ʢʝʨʫʚʘʥʥʷ ʦʩʪʘʥʥʽʤ ʚʽʜʙʫʚʘʻʪʴʩʷ ʯʝʨʝʟ ʽʥʬʦʨʤʘʮʽʡʥʠʡ ʢʘʥʘʣ ɯʂ1 

ʩʠʩʪʝʤʦʶ ʫʧʨʘʚʣʽʥʥʷ. ɿ ʽʥʰʦʛʦ ʙʦʢʫ, ʧʘʨʘʣʝʣʴʥʦ ʧʽʜʢʣʶʯʝʥʥʶ ʜʦ ʩʦʥʷʯʥʠʭ ʝʣʝʢʪʨʦʩʪʘʥʮʽʡ, 

ʧʨʦʧʦʥʫʻʪʴʩʷ ʟʜʽʡʩʥʶʚʘʪʠ ʜʠʚʝʨʩʠʬʽʢʘʮʽʶ ʚʠʜʦʙʫʪʢʫ ʘʣʴʪʝʨʥʘʪʠʚʥʦʾ ʝʥʝʨʛʽʾ ʟʘʩʪʦʩʫʚʘʚʰʠ, 

ʥʘʧʨʠʢʣʘʜ, ʧʽʜʢʣʶʯʝʥʥʷ ʜʦ ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʢʦʤʧʣʝʢʩʫ ʘʣʴʪʝʨʥʘʪʠʚʥʦʾ ʝʥʝʨʛʝʪʠʢʠ, ʚʽʪʨʦʚʦʾ 

ʝʣʝʢʪʨʦʩʪʘʥʮʽʾ, ʦʩʥʦʚʥʠʤ ʝʣʝʤʝʥʪʦʤ ʷʢʦʾ ʻ ʤʝʨʝʞʘ ʚʽʪʨʦʛʝʥʝʨʘʪʦʨʽʚ, ʱʦ ʧʽʜʢʣʶʯʝʥʽ 

ʧʘʨʘʣʝʣʴʥʦ ʯʝʨʝʟ ʢʦʥʪʨʦʣʝʨ 24 ɺ ʜʦ ʥʘʢʦʧʠʯʫʚʘʣʴʥʦʾ ʘʢʫʤʫʣʷʪʦʨʥʦʾ ʙʘʪʘʨʝʾ ɸ2, 

ʧʨʠʟʥʘʯʝʥʥʷ ʷʢʦʾ ï ʘʥʘʣʦʛʽʯʥʝ ʜʦ ʧʨʠʟʥʘʯʝʥʥʷ ʘʢʫʤʫʣʷʪʦʨʥʦʾ ʙʘʪʘʨʝʾ ɸ1. ɽʣʝʢʪʨʠʢʘ ʟ 

ʘʢʫʤʫʣʷʪʦʨʥʦʾ ʙʘʪʘʨʝʾ ɸ2 ʯʝʨʝʟ ʽʥʚʝʥʪʦʨ ɯ2 (ʜʝ ʚʦʥʘ ʧʝʨʝʪʚʦʨʶʻʪʴʩʷ ʚ ʥʘʧʨʫʛʫ 220 ɺ 

ʟʤʽʥʥʦʛʦ ʩʪʨʫʤʫ ʩʪʘʙʽʣʴʥʦʶ ʯʘʩʪʦʪʦʶ 50 ɻʮ) ʧʦʪʨʘʧʣʷʻ ʯʝʨʝʟ ʝʣʝʢʪʨʦʩʠʣʦʚʠʡ ʱʠʪ ɽʑ2 ʚ 

ʷʢʦʩʪʽ ʩʠʣʦʚʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʫ ʟʦʚʥʽʰʥʶ ʢʦʤʝʨʮʽʡʥʫ ʝʣʝʢʪʨʦʤʝʨʝʞʫ. ʇʨʠ ʮʴʦʤʫ ʢʝʨʫʚʘʥʥʷ 

ʦʩʪʘʥʥʽʤ ʚʽʜʙʫʚʘʻʪʴʩʷ ʯʝʨʝʟ ʽʥʬʦʨʤʘʮʽʡʥʠʡ ʢʘʥʘʣ ɯʂ2 ʩʠʩʪʝʤʠ ʫʧʨʘʚʣʽʥʥʷ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʚ ʨʝʟʫʣʴʪʘʪʽ ʜʦʩʣʽʜʞʝʥʥʷ ʦʩʦʙʣʠʚʦʩʪʝʡ ʚʠʢʦʨʠʩʪʘʥʥʷ ʽʥʬʦʨʤʘʮʽʡʥʠʭ 

ʪʝʭʥʦʣʦʛʽʡ ʚ ʩʠʩʪʝʤʘʭ ʫʧʨʘʚʣʽʥʥʷ ʢʦʤʧʣʝʢʩʘʤʠ ʘʣʴʪʝʨʥʘʪʠʚʥʦʾ ʝʥʝʨʛʝʪʠʢʠ, ʧʦʢʘʟʘʥʝ  

ʧʽʜʚʠʱʝʥʥʷ ʾʾ ʝʬʝʢʪʠʚʥʦʩʪʽ (ʟʥʠʞʝʥʥʷ ʯʘʩʫ ʟʚʦʨʦʪʥʦʛʦ ʟʚôʷʟʢʫ ʥʘ 15-18%) ʪʘ ʥʘʜʽʡʥʦʩʪʽ 

(ʧʽʜʚʠʱʝʥʥʷ ʪʝʨʤʽʥʫ ʙʝʟʟʙʽʡʥʦʾ ʨʦʙʦʪʠ ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʢʦʤʧʣʝʢʩʫ ʘʣʴʪʝʨʥʘʪʠʚʥʦʾ 

ʝʣʝʢʪʨʦʝʥʝʨʛʝʪʠʢʠ ʥʘ 23-25%). 

ɺʠʩʥʦʚʦʢ. ʋ ʥʘʫʢʦʚʽʡ ʨʦʙʦʪʽ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʤʦʞʣʠʚʦʩʪʽ ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʚ ʩʠʩʪʝʤʘʭ ʫʧʨʘʚʣʽʥʥʷ ʢʦʤʧʣʝʢʩʘʤʠ ʘʣʴʪʝʨʥʘʪʠʚʥʦʾ ʝʥʝʨʛʝʪʠʢʠ ʻ 

ʚʘʞʣʠʚʠʤ ʥʘʧʨʷʤʢʦʤ ʨʦʟʚʠʪʢʫ. ɼʦʩʣʽʜʞʝʥʘ ʤʦʞʣʠʚʽʩʪʴ ʽʥʪʝʛʨʘʮʽʾ ʩʫʯʘʩʥʠʭ ʽʥʬʦʨʤʘʮʽʡʥʠʭ 

ʪʝʭʥʦʣʦʛʽʡ ʚ ʩʠʩʪʝʤʠ ʫʧʨʘʚʣʽʥʥʷ ʝʥʝʨʛʝʪʠʯʥʠʤʠ ʢʦʤʧʣʝʢʩʘʤʠ, ʘ ʪʘʢʦʞ ʧʨʦʚʝʜʝʥʦ ʘʥʘʣʽʟ 

ʚʧʣʠʚʫ ʮʠʭ ʪʝʭʥʦʣʦʛʽʡ ʥʘ ʨʽʟʥʽ ʘʩʧʝʢʪʠ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʘʣʴʪʝʨʥʘʪʠʚʥʠʭ ʝʥʝʨʛʝʪʠʯʥʠʭ 

ʩʠʩʪʝʤ, ʯʠʤ ʧʽʜʪʚʝʨʜʞʫʻʪʴʩʷ ʾʭʥʷ ʟʥʘʯʠʤʽʩʪʴ ʜʣʷ ʦʧʪʠʤʽʟʘʮʽʾ ʚʠʨʦʙʥʠʮʪʚʘ, ʟʙʝʨʽʛʘʥʥʷ ʪʘ 

ʨʦʟʧʦʜʽʣʫ ʝʥʝʨʛʽʾ. ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʜʦʚʦʜʷʪʴ ʧʝʨʩʧʝʢʪʠʚʥʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʪʘ ʥʘʜʽʡʥʦʩʪʽ ʘʣʴʪʝʨʥʘʪʠʚʥʠʭ 

ʝʥʝʨʛʝʪʠʯʥʠʭ ʩʠʩʪʝʤ. 
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ɸʥʦʪʘʮʽʷ. ʄʝʪʦʶ ʜʘʥʦʾ ʨʦʙʦʪʠ ʻ ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʢʦʥʩʪʨʫʢʮʽʾ ʘʢʪʫʘʪʦʨʘ ʣʽʪʘʶʯʦʛʦ ʤʽʥʽʨʦʙʦʪʘ 

ʨʦʟʤʽʨʦʤ ʟ ʢʦʤʘʭʫ ʰʣʷʭʦʤ ʩʪʚʦʨʝʥʥʷ ʥʦʚʦʛʦ ʤʝʪʦʜʫ ʢʝʨʫʚʘʥʥʷ ʢʨʠʣʘʤʠ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʧôʻʟʦʝʣʝʢʪʨʠʯʥʦʛʦ ʧʦʚʽʪʨʷʚʠʧʨʦʤʽʥʶʚʘʯʘ. ɸʢʪʫʘʣʴʥʽʩʪʴ ʨʦʙʦʪʠ ʧʦʚôʷʟʘʥʘ ʟ ʨʦʟʨʦʙʢʦʶ ʥʦʚʦʛʦ 

ʤʝʪʦʜʫ ʢʝʨʫʚʘʥʥʷ ʢʨʠʣʘʤʠ ʣʽʪʘʶʯʦʛʦ ʤʽʥʽʨʦʙʦʪʘ ʨʦʟʤʽʨʦʤ ʟ ʢʦʤʘʭʫ ʪʘ ʥʘ ʦʩʥʦʚʽ ʮʴʦʛʦ ʩʪʚʦʨʝʥʥʷ 

ʥʦʚʦʛʦ ʪʠʧʫ ʚʫʟʣʘ ʘʢʪʫʘʪʦʨʘ. ʈʦʟʨʦʙʢʘ ʪʘʢʠʭ ʨʦʙʦʪʽʚ ʦʙʫʤʦʚʣʝʥʘ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʜʣʷ ʯʠʩʣʝʥʥʠʭ 
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ʟʘʩʪʦʩʫʚʘʥʴ ʚʽʜ ʧʦʰʫʢʦʚʦ-ʨʷʪʫʚʘʣʴʥʠʭ ʦʧʝʨʘʮʽʡ ʜʦ ʤʦʥʽʪʦʨʠʥʛʫ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʽ 

ʙʽʦʣʦʛʽʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ. ʆʢʨʽʤ ʮʴʦʛʦ, ʚʦʥʠ ʤʦʞʫʪʴ ʙʫʜʠ ʽʜʝʘʣʴʥʠʤ ʧʨʠʩʪʨʦʻʤ ʜʣʷ ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʪʘ 

ʚʠʚʯʝʥʥʷ ʚʘʞʢʦʜʦʩʪʫʧʥʠʭ ʤʽʩʮʴ ʟ ʧʝʨʝʜʘʯʝʶ ʜʘʥʠʭ ʚ ʙʘʟʫ. ɺ ʨʝʟʫʣʴʪʘʪʽ ʨʦʙʦʪʠ ʚʧʝʨʰʝ 

ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʪʘ ʩʪʚʦʨʝʥʦ ʤʦʜʝʣʴ ʘʢʪʫʘʪʦʨʘ ʜʣʷ ʣʽʪʘʶʯʠʭ ʤʽʥʽʨʦʙʦʪʽʚ ʥʘ ʦʩʥʦʚʽ ʧôʻʟʦʝʣʝʢʪʨʠʯʥʦʛʦ 

ʧʦʚʽʪʨʷʚʠʧʨʦʤʽʥʶʚʘʯʘ. ɿʘ ʜʦʧʦʤʦʛʦʶ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʚʠʟʥʘʯʝʥʽ ʨʘʮʽʦʥʘʣʴʥʽ ʨʦʟʤʽʨʠ 

ʚʫʟʣʘ ʘʢʪʫʘʪʦʨʘ ʥʦʚʦʛʦ ʪʠʧʫ ʥʘ ʦʩʥʦʚʽ ʧôʻʟʦʝʣʝʢʪʨʠʯʥʦʛʦ ʧʦʚʽʪʨʷʚʠʧʨʦʤʽʥʶʚʘʯ. ʆʢʨʽʤ ʮʴʦʛʦ, 

ʩʪʚʦʨʝʥʽ ʜʦʩʣʽʜʥʽ ʟʨʘʟʢʠ ʪʘ ʧʨʦʚʝʜʝʥʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʥʦʚʦʛʦ ʚʫʟʣʘ ʘʢʪʫʘʪʦʨʘ ʥʘ 

ʦʩʥʦʚʽ ʧôʻʟʦʝʣʝʢʪʨʠʯʥʦʛʦ ʧʦʚʽʪʨʷʚʠʧʨʦʤʽʥʶʚʘʯ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʧʦʚʽʪʨʷʥʠʡ ʤʽʥʽʨʦʙʦʪ, ʘʢʪʫʘʪʦʨ, ʧôʻʟʦʝʣʝʢʪʨʠʯʥʠʡ ʧʦʚʽʪʨʷʚʠʧʨʦʤʽʥʶʚʘʯ, 

ʤʦʥʦʢʨʠʣʦ, ʜʦʩʣʽʜʥʠʡ ʟʨʘʟʦʢ, ʥʦʚʠʡ ʤʝʪʦʜ.  
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Filimonov S., Bazilo C., Filimonova O., Filimonova N. 

Cherkasy State Technological University, Cherkasy, Ukraine 

 
Abstract. The purpose of this work is to improve the design of the actuator of a flying insect-sized 

mini-robot by creating a new method of controlling the wings using a piezoelectric air emitter. 

The relevance of the work is related to the development of a new method of controlling the wings of 

a flying mini-robot the size of an insect and, based on this, the creation of a new type of actuator assembly. 

The development of such robots is due to use for numerous applications from search and rescue operations 

to environmental monitoring and biological research. In addition, they can be an ideal device for observing 

and studying hard-to-reach places with data transmission to the base. As a result of the work, a model of an 

actuator for flying minirobots based on a piezoelectric air emitter was proposed and created for the first time. 

With the help of experimental studies, the rational dimensions of the actuator assembly of a new type based 

on a piezoelectric air emitter were determined. In addition, prototypes were created and experimental studies 

of a new actuator assembly based on a piezoelectric air emitter were carried out. 

Keywords: air minirobot, actuator, piezoelectric air emitter, monowing, prototype, new method.  

 

ɺʩʪʫʧ. ʉʴʦʛʦʜʥʽ ʣʽʪʘʶʯʽ ʤʽʥʽʨʦʙʦʪʠ ʤʘʶʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚ ʪʘʢʠʭ ʟʘʚʜʘʥʥʷʭ, ʷʢ 

ʤʦʥʽʪʦʨʠʥʛ ʽ ʙʦʨʦʪʴʙʘ ʟʽ ʰʢʽʜʥʠʢʘʤʠ ʚ ʩʽʣʴʩʴʢʦʤʫ ʛʦʩʧʦʜʘʨʩʪʚʽ, ʦʪʨʠʤʘʥʥʷ ʟʦʙʨʘʞʝʥʴ ʜʣʷ 

ʛʝʦʣʦʛʽʯʥʦʾ ʟʡʦʤʢʠ, ʚʠʜʦʙʫʪʢʫ ʢʦʨʠʩʥʠʭ ʢʦʧʘʣʠʥ, ʪʘ ʬʦʪʦʛʨʘʤʤʝʪʨʽʷ, ʤʦʥʽʪʦʨʠʥʛ ʩʪʠʭʽʡʥʠʭ 

ʣʠʭ, ʧʦʰʫʢ ʪʘ ʧʦʨʷʪʫʥʦʢ, ʦʙʩʪʝʞʝʥʥʷ ʥʘʟʝʤʥʦʾ ʪʘ ʚʦʜʥʦʾ ʜʠʢʦʾ ʧʨʠʨʦʜʠ, ʧʝʨʝʚʽʨʢʘ ʣʽʥʽʡ ʪʘ 

ʩʧʦʨʫʜ ʫ ʨʦʟʫʤʥʠʭ ʤʽʩʪʘʭ, ʝʢʦʣʦʛʽʷ ʤʦʥʽʪʦʨʠʥʛʫ ʪʘ ʤʦʨʩʴʢʦʛʦ ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʪʘ  ʽʥʰʠʭ [1]. 

ʄʝʪʦʶ ʨʦʙʦʪʠ ʻ ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʘʢʪʫʘʪʦʨʘ ʣʽʪʘʶʯʦʛʦ ʤʽʥʽʨʦʙʦʪʘ ʨʦʟʤʽʨʦʤ ʟ ʢʦʤʘʭʫ 

ʰʣʷʭʦʤ ʩʪʚʦʨʝʥʥʷ ʥʦʚʦʛʦ ʤʝʪʦʜʫ ʢʝʨʫʚʘʥʥʷ ʢʨʠʣʘʤʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧôʻʟʦʝʣʝʢʪʨʠʯʥʦʛʦ 

ʧʦʚʽʪʨʷʚʠʧʨʦʤʽʥʶʚʘʯʘ. 

ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʽ. ɼʣʷ ʜʦʩʷʛʥʝʥʥʷ ʧʦʩʪʘʚʣʝʥʦʾ ʤʝʪʠ ʥʝʦʙʭʽʜʥʦ ʚʠʨʽʰʠʪʠ ʥʘʩʪʫʧʥʽ 

ʟʘʚʜʘʥʥʷ:  

- ʧʨʦʘʥʘʣʽʟʫʚʘʪʠ ʦʩʦʙʣʠʚʦʩʪʽ ʩʫʯʘʩʥʠʭ ʣʽʪʘʶʯʠʭ ʤʽʥʽʨʦʙʦʪʽʚ ʨʦʟʤʽʨʦʤ ʟ ʢʦʤʘʭʫ ʪʘ 
ʦʩʥʦʚʥʽ ʨʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ ʨʦʙʦʯʠʭ ʧʨʦʮʝʩʽʚ ʚ ʥʠʭ;  

- ʟʘ ʜʦʧʦʤʦʛʦʶ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʚʠʟʥʘʯʠʪʠ ʨʘʮʽʦʥʘʣʴʥʽ ʛʝʦʤʝʪʨʠʯʥʽ 

ʨʦʟʤʽʨʠ ʚʫʟʣʘ ʘʢʪʫʘʪʦʨʘ ʥʦʚʦʛʦ ʪʠʧʫ ʥʘ ʦʩʥʦʚʽ ʧôʻʟʦʝʣʝʢʪʨʠʯʥʦʛʦ ʧʦʚʽʪʨʷʚʠʧʨʦʤʽʥʶʚʘʯʘ; 

- ʩʪʚʦʨʠʪʠ ʤʦʜʝʣʴ ʘʢʪʫʘʪʦʨʘ ʥʦʚʦʛʦ ʪʠʧʫ ʥʘ ʦʩʥʦʚʽ ʧôʻʟʦʝʣʝʢʪʨʠʯʥʦʛʦ 

ʧʦʚʽʪʨʷʚʠʧʨʦʤʽʥʶʚʘʯʘ ʜʣʷ ʣʽʪʘʶʯʠʭ ʤʽʥʽʨʦʙʦʪʽʚ ʪʘ ʧʨʦʚʝʩʪʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ 

ʜʦʩʣʽʜʞʝʥʥʷ. 

ɺʠʨʽʰʝʥʥʷ ʧʨʦʙʣʝʤʠ. ʇʨʦʘʥʘʣʽʟʫʚʘʚʰʠ ʢʦʥʩʪʨʫʢʮʽʾ ʘʢʪʫʘʪʦʨʽʚ ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ 

ʫ ʤʽʥʽʨʦʙʦʪʘʭ ʨʦʟʤʽʨʦʤ ʟ ʢʦʤʘʭʫ ʘʚʪʦʨʘʤʠ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʥʦʚʠʡ ʤʝʪʦʜ ʢʝʨʫʚʘʥʥʷ ʢʨʠʣʘʤʠ 

ʣʽʪʘʶʯʦʛʦ ʤʽʥʽʨʦʙʦʪʘ [2]. ʉʫʪʴ ʨʦʙʦʪʠ ʥʦʚʦʛʦ ʪʠʧʫ ʚʫʟʣʘ ʘʢʪʫʘʪʦʨʘ ʧʦʣʷʛʘʻ ʚ ʢʝʨʫʚʘʥʥʽ 

ʢʨʠʣʘʤʠ ʟʘ ʨʘʭʫʥʦʢ ʚʧʣʠʚʫ ʧʦʚʽʪʨʷ ʧʽʜ ʧʝʚʥʠʤ ʪʠʩʢʦʤ ʪʘ ʟ ʧʝʚʥʦʶ ʯʘʩʪʦʪʦʶ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʧʦʚʽʪʨʷʚʠʧʨʦʤʽʥʶʚʘʯʘ ʥʘ ʤʦʥʦʢʨʠʣʦ. ʌʫʥʢʮʽʦʥʘʣʴʥʘ ʩʭʝʤʘ ʤʦʜʝʣʽ ʥʦʚʦʛʦ ʪʠʧʫ ʚʫʟʣʘ 

ʘʢʪʫʘʪʦʨʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 1. 
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ʈʠʩ. 1. ʌʫʥʢʮʽʦʥʘʣʴʥʘ ʩʭʝʤʘ ʤʦʜʝʣʽ ʣʽʪʘʶʯʦʛʦ ʤʽʥʽʨʦʙʦʪʘ ʨʦʟʤʽʨʦʤ ʟ ʢʦʤʘʭʫ ʟ ʥʦʚʠʤ ʪʠʧʦʤ 

ʘʢʪʫʘʪʦʨʘ ʥʘ ʦʩʥʦʚʽ ʧôʻʟʦʝʣʝʢʪʨʠʯʥʦʛʦ ʧʦʚʽʪʨʷʚʠʧʨʦʤʽʥʶʚʘʯʘ 

ʇʨʠʥʮʠʧ ʨʦʙʦʪʠ ʟʘʧʨʦʧʦʥʦʚʘʥʦʛʦ ʘʢʪʫʘʪʦʨʫ ʧʦʣʷʛʘʻ ʚ ʥʘʩʪʫʧʥʦʤʫ. ʉʭʝʤʘ ʢʝʨʫʚʘʥʥʷ 

ʥʘ ʦʩʥʦʚʽ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʘ ʛʝʥʝʨʫʻ ʽʤʧʫʣʴʩʠ ʟ ʧʝʚʥʦʶ ʯʘʩʪʦʪʦʶ ʪʘ ʘʣʛʦʨʠʪʤʦʤ, ʷʢʽ 

ʧʦʩʪʫʧʘʶʪʴ ʥʘ ʧʦʚʽʪʨʝʚʠʧʨʦʤʽʥʶʚʘʯ. ɺ ʩʚʦʶ ʯʝʨʛʫ ʧʦʚʽʪʨʝʚʠʧʨʦʤʽʥʶʚʘʯ ʧʦʯʠʥʘʻ 

ʛʝʥʝʨʫʚʘʪʠ ʧʦʚʽʪʨʷ ʧʽʜ ʪʠʩʢʦʤ. ʅʘ ʜʝʷʢʽʡ ʚʽʜʩʪʘʥʽ ʚʽʜ ʚʠʭʦʜʫ ʧʦʚʽʪʨʷ ʟʥʘʭʦʜʠʪʴʩʷ 

ʤʦʥʦʢʨʠʣʦ, ʷʢʝ ʷʚʣʷʻ ʩʦʙʦʶ ʢʦʣʠʚʘʣʴʥʫ ʩʠʩʪʝʤʫ (ʙʘʣʢʫ ʥʘ ʜʚʦʭ ʰʘʨʥʽʨʥʠʭ ʦʧʦʨʘʭ) 

ʬʽʢʩʦʚʘʥʫ ʥʘ ʝʣʝʤʝʥʪʘʭ ʢʨʽʧʣʝʥʥʷ. ʏʘʩʪʠʥʘ ʤʦʥʦʢʨʠʣʘ ʧʽʩʣʷ ʩʠʩʪʝʤʠ ʢʨʽʧʣʝʥʥʷ ʷʚʣʷʻ ʩʦʙʦʶ 

ʢʨʠʣʘ. ʊʘʢʠʤ ʯʠʥʦʤ, ʩʧʨʷʤʦʚʘʥʘ ʜʽʷ ʧʦʚʽʪʨʷ ʫ ʮʝʥʪʨ ʤʦʥʦʢʨʠʣʘ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʡʦʛʦ 

ʥʝʚʝʣʠʢʦʛʦ ʚʠʛʠʥʫ ʚ ʮʝʥʪʨʽ ʪʘ ʟʥʘʯʥʦʤʫ ʚʽʜʭʠʣʝʥʥʶ ʥʘ ʢʽʥʮʷʭ. ʊʦʙʪʦ, ʢʨʠʣʘ ʧʦʯʠʥʘʶʪʴ 

ʚʠʢʦʥʫʚʘʪʠ ʧʦʤʘʭʠ. 

ɺ ʷʢʦʩʪʽ ʧʦʚʽʪʨʷʚʠʧʨʦʤʽʥʶʚʘʯʘ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʫʣʴʪʨʘʟʚʫʢʦʚʠʡ ʧôʻʟʦʝʣʝʢʪʨʠʯʥʠʡ 

ʧʦʚʽʪʨʷʚʠʧʨʦʤʽʥʶʚʘʯ ʬʽʨʤʠ Murata [3].   

ɺʠʩʥʦʚʢʠ. ɺ ʨʦʙʦʪʽ ʧʨʦʘʥʘʣʽʟʦʚʘʥʦ ʦʩʦʙʣʠʚʦʩʪʽ ʩʫʯʘʩʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʣʽʪʘʶʯʠʭ 

ʤʽʥʽʨʦʙʦʪʽʚ, ʚʩʪʘʥʦʚʣʝʥʦ ʦʩʥʦʚʥʽ ʥʝʜʦʣʽʢʠ ʘʢʪʫʘʪʦʨʽʚ, ʷʢʽ ʷʚʣʷʶʪʴʩʷ ʦʩʥʦʚʥʠʤʠ ʝʣʝʤʝʥʪʘʤʠ 

ʜʣʷ ʧʽʜʥʽʤʘʥʥʷ ʫ ʧʦʚʽʪʨʷ. ɺʧʝʨʰʝ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʪʘ ʧʝʨʝʚʽʨʝʥʦ ʥʦʚʠʡ ʤʝʪʦʜ ʧʝʨʝʜʘʯʽ 

ʟʫʩʠʣʣʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʧʨʷʤʦʚʘʥʦʛʦ ʨʫʭʫ ʧʦʚʽʪʨʷ ʚʽʜ ʧôʻʟʦʘʢʪʫʘʪʦʨʘ ʜʦ ʢʨʠʣʘ ʤʽʥʽʨʦʙʦʪʘ 

ʜʣʷ ʧʽʜʥʷʪʪʷ ʡʦʛʦ ʫ ʧʦʚʽʪʨʷ. ɺʠʟʥʘʯʝʥʦ ʨʘʮʽʦʥʘʣʴʥʽ ʛʝʦʤʝʪʨʠʯʥʽ ʨʦʟʤʽʨʠ ʚʫʟʣʘ ʘʢʪʫʘʪʦʨʘ 

ʥʦʚʦʛʦ ʪʠʧʫ ʥʘ ʦʩʥʦʚʽ ʧôʻʟʦʝʣʝʢʪʨʠʯʥʦʛʦ ʧʦʚʽʪʨʷʚʠʧʨʦʤʽʥʶʚʘʯʘ. ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ 

ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʽ ʥʝ ʣʠʰʝ ʧʨʠ ʧʨʦʝʢʪʫʚʘʥʥʽ ʣʽʪʘʶʯʠʭ ʤʽʥʽʨʦʙʦʪʽʚ ʨʦʟʤʽʨʦʤ ʟ ʢʦʤʘʭʫ, 

ʘ ʪʘʢʦʞ ʧʣʘʟʫʶʯʠʭ ʪʘ ʧʣʘʚʘʶʯʠʭ ʤʽʥʽʨʦʙʦʪʽʚ. 

 

ʉʧʠʩʦʢ ʚʠʢʦʨʠʩʪʘʥʠʭ ʜʞʝʨʝʣ 
1. Alysson Nascimento de Lucena, Bruno Marques Ferreira da Silva, Luiz Marcos Garcia Gonëalves, 

ñMicro aerial vehicle with basic risk of operationò, Scientific Reports, (2022) 12:12772. 

https://doi.org/10.1038/s41598-022-17014-4. 

2. Chen, Y., Zhao, H., Mao, J. et al. Controlled flight of a microrobot powered by soft artificial muscles. 

Nature 575, 324ï329 (2019). https://doi.org/10.1038/s41586-019-1737-7 

3. ʉʘʡʪ Murata URL: https://www.murata.com/en-

sg/products/mechatronics/fluid/overview/lineup/microblower_mzb1001t02.  
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ɯʅʌʆʈʄɸʎɯʁʅɯ ʊɽʍʅʆʃʆɻɯɰ ɺ ɸɼɸʇʊʀɺʅʆʄʋ ʋʇʈɸɺʃɯʅʅɯ ʇʈʆʎɽʉʆʄ 

ɺʀʉʆʂʆɯʅʊɽʅʉʀɺʅʆɻʆ ʇʆɺɽʈʍʅɽɺʆɻʆ ʄɯʂʈʆʆɹʈʆɹʃɽʅʅʗ  

 

ʏʫʙʦʢ ɸ.ʆ., ʊʫʟ ɺ.ɺ., ʇʠʣʠʧʝʥʢʦ ʊ., ʂʦʚʘʣʝʥʢʦ ʖ.ɯ., ʄʘʮʝʧʘ ʉ.ʄ. 

ʏʝʨʢʘʩʴʢʠʡ ʜʝʨʞʘʚʥʠʡ ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ, ʏʝʨʢʘʩʠ, ʋʢʨʘʾʥʘ 

 
ɸʥʦʪʘʮʽʷ. ɺ ʩʪʘʪʪʽ ʨʦʟʛʣʷʥʫʪʦ ʦʩʦʙʣʠʚʦʩʪʽ ʟʘʩʪʦʩʫʚʘʥʥʷ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʚ 

ʘʜʘʧʪʠʚʥʦʤʫ ʫʧʨʘʚʣʽʥʥʽ ʧʨʦʮʝʩʦʤ ʚʠʩʦʢʦʽʥʪʝʥʩʠʚʥʦʛʦ ʧʦʚʝʨʭʥʝʚʦʛʦ ʤʽʢʨʦʦʙʨʦʙʣʝʥʥʷ (ʽʟ 

ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʣʘʟʝʨʥʦʛʦ, ʝʣʝʢʪʨʦʥʥʦ-ʧʨʦʤʝʥʝʚʦʛʦ ʚʠʧʨʦʤʽʥʝʥʥʷ ʪʦʱʦ) ʪʘ ʾʭ ʚʧʣʠʚ ʥʘ ʝʬʝʢʪʠʚʥʽʩʪʴ 

ʪʘ ʨʝʟʫʣʴʪʘʪʠʚʥʽʩʪʴ ʚʠʨʦʙʥʠʯʠʭ ʧʨʦʮʝʩʽʚ. ʄʝʪʦʶ ʩʪʘʪʪʽ ʻ ʜʦʩʣʽʜʞʝʥʥʷ ʤʦʞʣʠʚʦʩʪʝʡ ʪʘ ʧʝʨʝʚʘʛ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʚ ʘʜʘʧʪʠʚʥʦʤʫ ʫʧʨʘʚʣʽʥʥʽ ʧʨʦʮʝʩʦʤ ʚʠʩʦʢʦʽʥʪʝʥʩʠʚʥʦʛʦ 

ʧʦʚʝʨʭʥʝʚʦʛʦ ʤʽʢʨʦʦʙʨʦʙʣʝʥʥʷ, ʱʦ ʜʦʟʚʦʣʠʪʴ ʧʽʜʚʠʱʠʪʠ ʝʬʝʢʪʠʚʥʽʩʪʴ ʪʘ ʧʦʢʨʘʱʠʪʠ ʷʢʽʩʪʴ 

ʦʙʨʦʙʣʝʥʥʷ ʧʦʚʝʨʭʥʽ ʤʘʪʝʨʽʘʣʽʚ ʥʘ ʤʽʢʨʦʨʽʚʥʽ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʚʠʩʦʢʦʽʥʪʝʥʩʠʚʥʠʭ ʜʞʝʨʝʣ ʪʝʧʣʦʚʦʾ 

ʝʥʝʨʛʽʾ. ʆʩʥʦʚʥʠʤʠ ʟʘʚʜʘʥʥʷʤʠ ʻ ʜʦʩʣʽʜʞʝʥʥʷ ʤʦʞʣʠʚʦʩʪʝʡ ʛʥʫʯʢʦʛʦ ʫʧʨʘʚʣʽʥʥʷ ʪʝʭʥʦʣʦʛʽʯʥʠʤ 

ʦʙʣʘʜʥʘʥʥʷʤ ʜʣʷ ʚʠʩʦʢʦʽʥʪʝʥʩʠʚʥʦʛʦ ʤʽʢʨʦʦʙʨʦʙʣʝʥʥʷ ʤʘʪʝʨʽʘʣʽʚ ʟʘ ʜʦʧʦʤʦʛʦʶ ʽʥʬʦʨʤʘʮʽʡʥʠʭ 

ʪʝʭʥʦʣʦʛʽʡ, ʘ ʪʘʢʦʞ ʚʠʟʥʘʯʝʥʥʷ ʥʦʚʠʭ ʰʣʷʭʽʚ ʧʽʜʚʠʱʝʥʥʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʪʘ ʪʦʯʥʦʩʪʽ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ 

ʧʨʦʮʝʩʫ. ʆʙ'ʻʢʪʦʤ ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʧʨʦʮʝʩ ʚʠʩʦʢʦʽʥʪʝʥʩʠʚʥʦʛʦ ʤʽʢʨʦʦʙʨʦʙʣʝʥʥʷ ʤʘʪʝʨʽʘʣʽʚ; 

ʧʨʝʜʤʝʪʦʤ ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʽʥʬʦʨʤʘʮʽʡʥʽ ʪʝʭʥʦʣʦʛʽʾ ʚ ʘʜʘʧʪʠʚʥʦʤʫ ʫʧʨʘʚʣʽʥʥʽ ʧʨʦʮʝʩʦʤ 

ʚʠʩʦʢʦʽʥʪʝʥʩʠʚʥʦʛʦ ʤʽʢʨʦʦʙʨʦʙʣʝʥʥʷ ʪʝʧʣʦʚʠʤʠ ʜʞʝʨʝʣʘʤʠ ʝʥʝʨʛʽʾ. ʇʦʢʘʟʘʥʘ ʤʦʞʣʠʚʽʩʪʴ 

ʘʜʘʧʪʠʚʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ, ʱʦ ʜʦʟʚʦʣʷʻ ʛʥʫʯʢʦ ʟʤʽʥʶʚʘʪʠ ʨʦʙʦʯʽ 

ʧʘʨʘʤʝʪʨʠ (ʰʚʠʜʢʽʩʪʴ ʨʫʭʫ ʽʥʩʪʨʫʤʝʥʪʫ ʚ ʨʦʙʦʯʽʡ ʟʦʥʽ, ʰʚʠʜʢʽʩʪʴ ʟʤʽʥʠ ʧʦʪʫʞʥʦʩʪʽ ʝʥʝʨʛʝʪʠʯʥʦʛʦ 

ʚʠʧʨʦʤʽʥʝʥʥʷ, ʟʤʽʥʘ ʧʨʠʰʚʠʜʰʝʥʥʷ ʨʫʭʫ ʽʥʩʪʨʫʤʝʥʪʫ ʚ ʨʦʙʦʯʽʡ ʟʦʥʽ) ʟʘ ʜʦʧʦʤʦʛʦʶ ʽʥʬʦʨʤʘʮʽʡʥʠʭ 

ʪʝʭʥʦʣʦʛʽʡ ʪʘ ʜʠʩʪʘʥʮʽʡʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ, ʱʦ ʙʘʟʫʻʪʴʩʷ ʥʘ ʭʤʘʨʥʦʤʫ ʩʝʨʚʝʨʽ, ʽ ʜʦʟʚʦʣʠʣʦ ʧʽʜʚʠʱʠʪʠ 

ʩʪʽʡʢʽʩʪʴ ʩʠʩʪʝʤʠ ʥʘ 10-13% ʪʘ ʪʨʠʚʘʣʽʩʪʴ ʾʾ ʨʦʙʦʪʠ ʥʘ 34-36%, ʥʝ ʧʦʪʨʝʙʫʶʯʠ ʨʝʤʦʥʪʽʚ, ʘ ʪʘʢʦʞ 

ʧʦʢʨʘʱʠʪʠ ʷʢʽʩʪʴ ʨʝʟʫʣʴʪʘʪʽʚ ʤʽʢʨʦʦʙʨʦʙʣʝʥʥʷ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʽʥʬʦʨʤʘʮʽʡʥʽ ʪʝʭʥʦʣʦʛʽʾ, ʧʦʚʝʨʭʥʝʚʝ ʤʽʢʨʦʦʙʨʦʙʣʝʥʥʷ, ʫʧʨʘʚʣʽʥʥʷ, 

ʘʜʘʧʪʠʚʥʽʩʪʴ.  
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Abstract. The article considers the peculiarities of the use of information technologies in the adaptive 

management of the process of high-intensity surface micromachining (using laser, electron beam radiation, 

etc.) and their impact on the efficiency and effectiveness of production processes. The purpose of the article 

is to study the possibilities and advantages of using information technology in the adaptive control of the 

process of high-intensity surface micromachining, which will increase the efficiency and improve the quality 

of surface treatment of materials at the micro level using high-intensity heat sources. The main tasks are to 

study the possibilities of flexible control of technological equipment for high-intensity micromachining of 

materials using information technology, as well as to identify new ways to improve the productivity and 

accuracy of the technological process. The object of the study is the process of high-intensity 

micromachining of materials; the subject of the study is information technologies in the adaptive control of 

the process of high-intensity micromachining by thermal energy sources. The paper shows the possibility of 

adaptive control of technological equipment, which allows flexible change of operating parameters (tool 

movement speed in the working area, rate of change of energy radiation power, change of tool acceleration 

in the working area) using information technology and remote control based on a cloud server, and allowed 

to increase the system stability by 10-13% and its operation time by 34-36% without the need for repairs, as 

well as to improve the quality of micromachining results.. 

Keywords: information technology, surface micromachining, management, adaptability.  

 

ɺʩʪʫʧ. ɯʥʬʦʨʤʘʮʽʡʥʽ ʪʝʭʥʦʣʦʛʽʾ ʥʘ ʩʴʦʛʦʜʥʽ ʚʽʜʽʛʨʘʶʪʴ ʩʫʪʪʻʚʠʡ ʚʧʣʠʚ ʫ ʨʦʟʚʠʪʢʫ 

ʧʨʦʤʠʩʣʦʚʠʭ ʧʨʦʮʝʩʽʚ, ʟʦʢʨʝʤʘ, ʫ ʪʘʢʦʤʫ ʽʥʥʦʚʘʮʽʡʥʦʤʫ ʥʘʧʨʷʤʢʫ, ʷʢ ʚʠʩʦʢʦʽʥʪʝʥʩʠʚʥʝ 

ʧʦʚʝʨʭʥʝʚʝ ʤʽʢʨʦʦʙʨʦʙʣʝʥʥʷ. ɸʜʘʧʪʠʚʥʝ ʫʧʨʘʚʣʽʥʥʷ ʮʠʤʠ ʧʨʦʮʝʩʘʤʠ ʜʦʟʚʦʣʷʻ ʟʥʘʯʥʦ 
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ʧʽʜʚʠʱʠʪʠ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʪʘ ʧʦʢʨʘʱʠʪʠ ʷʢʽʩʪʴ ʚʠʨʦʙʥʠʮʪʚʘ [1]. ʋ ʟʚ'ʷʟʢʫ ʟ ʧʦʩʪʽʡʥʠʤʠ 

ʟʤʽʥʘʤʠ ʚʠʤʦʛ ʨʠʥʢʫ ʪʘ ʪʝʭʥʦʣʦʛʽʯʥʠʤʠ ʥʦʚʘʮʽʷʤʠ [2], ʘʢʪʫʘʣʴʥʽʩʪʴ ʜʦʩʣʽʜʞʝʥʴ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʚ ʘʜʘʧʪʠʚʥʦʤʫ ʫʧʨʘʚʣʽʥʥʽ ʧʨʦʮʝʩʘʤʠ 

ʚʠʩʦʢʦʽʥʪʝʥʩʠʚʥʦʛʦ ʧʦʚʝʨʭʥʝʚʦʛʦ ʤʽʢʨʦʦʙʨʦʙʣʝʥʥʷ ʤʘʪʝʨʽʘʣʽʚ, ʪʘʢʠʭ, ʷʢ: ʣʘʟʝʨʥʝ, 

ʝʣʝʢʪʨʦʥʥʦ-ʧʨʦʤʝʥʝʚʝ ʪʘ ʽʥʰʽ,  ʥʘʙʫʚʘʻ ʦʩʪʘʥʥʽʤ ʯʘʩʦʤ ʚʩʝ ʙʽʣʴʰʦʾ ʚʘʞʣʠʚʦʩʪʽ [3]. 

ʄʝʪʘ ʨʦʙʦʪʠ. ʄʝʪʦʶ ʨʦʙʦʪʠ ʻ ʜʦʩʣʽʜʞʝʥʥʷ ʤʦʞʣʠʚʦʩʪʝʡ ʪʘ ʧʝʨʝʚʘʛ ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʚ ʘʜʘʧʪʠʚʥʦʤʫ ʫʧʨʘʚʣʽʥʥʽ ʧʨʦʮʝʩʦʤ ʚʠʩʦʢʦʽʥʪʝʥʩʠʚʥʦʛʦ 

ʧʦʚʝʨʭʥʝʚʦʛʦ ʤʽʢʨʦʦʙʨʦʙʣʝʥʥʷ, ʱʦ ʜʦʟʚʦʣʠʪʴ ʧʽʜʚʠʱʠʪʠ ʝʬʝʢʪʠʚʥʽʩʪʴ ʪʘ ʧʦʢʨʘʱʠʪʠ ʷʢʽʩʪʴ 

ʦʙʨʦʙʣʝʥʥʷ ʧʦʚʝʨʭʥʽ ʤʘʪʝʨʽʘʣʽʚ ʥʘ ʤʽʢʨʦʨʽʚʥʽ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʚʠʩʦʢʦʽʥʪʝʥʩʠʚʥʠʭ ʜʞʝʨʝʣ 

ʪʝʧʣʦʚʦʾ ʝʥʝʨʛʽʾ. 

ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʽ. ɿʘʩʪʦʩʫʚʘʥʥʷ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʫ ʧʨʦʮʝʩʽ ʢʝʨʫʚʘʥʥʷ 

ʚʠʩʦʢʦʽʥʪʝʥʩʠʚʥʠʤ ʧʦʚʝʨʭʥʝʚʠʤ ʤʽʢʨʦʦʙʨʦʙʣʝʥʥʷʤ ʤʘʪʝʨʽʘʣʽʚ ʜʦʟʚʦʣʠʪʴ ʛʥʫʯʢʦ 

ʨʝʛʫʣʶʚʘʪʠ ʧʘʨʘʤʝʪʨʠ ʨʦʙʦʪʠ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʪʘ ʧʦʢʨʘʱʫʻ ʷʢʽʩʪʴ ʪʘ 

ʝʬʝʢʪʠʚʥʽʩʪʴ ʡʦʛʦ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ. ʐʣʷʭʦʤ ʚʧʨʦʚʘʜʞʝʥʥʷ ʥʦʚʠʭ ʽʜʝʡ, ʤʝʪʦʜʽʚ ʪʘ ʧʨʠʩʪʨʦʾʚ 

ʫʧʨʘʚʣʽʥʥʷ, ʘ ʪʘʢʦʞ ʦʨʛʘʥʽʟʘʮʽʾ ʜʠʩʪʘʥʮʽʡʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ ʪʘ ʦʙʨʦʙʣʝʥʥʷ ʜʘʥʠʭ ʥʘ ʭʤʘʨʥʦʤʫ 

ʩʝʨʚʝʨʽ, ʟʘ-ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʥʦʚʠʭ ʰʣʷʭʽʚ ʧʽʜʚʠʱʝʥʥʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʪʘ ʪʦʯʥʦʩʪʽ ʧʨʦʮʝʩʫ 

ʚʠʩʦʢʦʽʥʪʝʥʩʠʚʥʦʛʦ  ʤʽʢʨʦʦʙʨʦʙʣʝʥʥʷ ʚʠʥʠʢʘʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ʫ ʨʦʟʨʦʙʣʝʥʥʽ ʘʜʘʧʪʠʚʥʦʾ 

ʩʠʩʪʝʤʠ ʫʧʨʘʚʣʽʥʥʷ ʪʝʭʥʦʣʦʛʽʯʥʠʤ ʧʨʦʮʝʩʦʤ ʟ ʤʝʪʦʶ ʧʽʜʚʠʱʝʥʥʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʪʘ ʷʢʦʩʪʽ 

ʧʨʦʮʝʩʫ ʧʦʚʝʨʭʥʝʚʦʛʦ ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʦʙʨʦʙʣʝʥʥʷ ʤʘʪʝʨʽʘʣʽʚ ʥʘ ʤʽʢʨʦʤʝʪʨʠʯʥʦʤʫ ʨʽʚʥʽ. 

ɺʠʨʽʰʝʥʥʷ ʧʨʦʙʣʝʤʠ. ɼʣʷ ʛʥʫʯʢʦʛʦ ʨʝʛʫʣʶʚʘʥʥʷ ʨʦʙʦʯʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ 

ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʪʘ ʧʦʢʨʘʱʝʥʥʷ ʷʢʦʩʪʽ ʽ ʝʬʝʢʪʠʚʥʦʩʪʽ ʡʦʛʦ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ 

ʢʦʣʝʢʪʠʚʦʤ ʬʘʭʽʚʮʽʚ ʏʝʨʢʘʩʴʢʦʛʦ ʜʝʨʞʘʚʥʦʛʦ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ ʙʫʣʘ ʨʦʟʨʦʙʣʝʥʘ 

ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʩʠʩʪʝʤʠ ʘʜʘʧʪʠʚʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ, ʩʪʨʫʢʪʫʨʥʘ ʩʭʝʤʘ ʷʢʦʾ ʥʘʚʝʜʝʥʘ ʥʘ ʨʠʩ.1.  

 
ʈʠʩ. 1. ʉʪʨʫʢʪʫʨʥʘ ʩʭʝʤʘ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʩʠʩʪʝʤʠ ʘʜʘʧʪʠʚʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ ʧʨʦʮʝʩʦʤ 

ʚʠʩʦʢʦʽʥʪʝʥʩʠʚʥʦʛʦ ʧʦʚʝʨʭʥʝʚʦʛʦ ʤʽʢʨʦʦʙʨʦʙʣʝʥʥʷ 

 

ʆʩʥʦʚʥʠʤʠ ʝʣʝʤʝʥʪʘʤʠ ʨʦʟʨʦʙʣʶʚʘʥʦʾ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʩʠʩʪʝʤʠ ʘʜʘʧʪʠʚʥʦʛʦ 

ʫʧʨʘʚʣʽʥʥʷ ʻ ʚʽʜʜʘʣʝʥʠʡ ʧʨʠʩʪʨʽʡ ʫʧʨʘʚʣʽʥʥʷ, ʱʦ ʚʢʣʶʯʘʻ SCADA ʩʠʩʪʝʤʫ (Supervisory 

Control and Data Acquisition ï ʪʠʧ ʢʦʤʧóʁ ʪʝʨʥʦʛʦ ʪʘ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ, ʱʦ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʟʙʠʨʘʥʥʷ, ʥʘʢʦʧʠʯʝʥʥʷ ʪʘ ʟʙʝʨʽʛʘʥʥʷ ʜʘʥʠʭ, ʱʦ ʜʦʟʚʦʣʷʻ ʢʝʨʫʚʘʪʠ 

ʧʨʦʮʝʩʘʤʠ ʚ ʨʝʘʣʴʥʦʤʫ ʯʘʩʽ) ʽ ʦʩʥʦʚʥʝ ʧʨʠʟʥʘʯʝʥʥʷ ʷʢʦʛʦ ʧʦʣʷʛʘʻ ʚ ʤʦʞʣʠʚʦʩʪʽ ʫʧʨʘʚʣʽʥʥʷ 
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ʪʘ ʢʦʥʪʨʦʣʶ ʪʝʭʥʦʣʦʛʽʯʥʠʤ ʧʨʦʮʝʩʦʤ ʦʙʨʦʙʣʶʚʘʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʣʦʢʘʣʴʥʦʾ 

ʤʝʨʝʞʽ Ethernet ʪʘ ʩʧʝʮʽʘʣʽʟʦʚʘʥʦʛʦ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ. ʎʝ ʜʦʟʚʦʣʷʻ ʦʧʝʨʘʪʦʨʫ 

ʟʜʽʡʩʥʶʚʘʪʠ ʚʽʜʜʘʣʝʥʝ ʫʧʨʘʚʣʽʥʥʷ ʪʘ ʤʦʥʽʪʦʨʠʥʛ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ. ɸʜʘʧʪʠʚʥʘ 

ʩʠʩʪʝʤʘ ʫʧʨʘʚʣʽʥʥʷ ʚʢʣʶʯʘʻ ʽʥʪʝʨʬʝʡʩ ʜʣʷ ʨʫʯʥʦʛʦ ʢʝʨʫʚʘʥʥʷ ʪʘ/ʘʙʦ ʢʦʨʠʛʫʚʘʥʥʷ 

ʪʝʭʥʦʣʦʛʽʯʥʠʤ ʧʨʦʮʝʩʦʤ ʦʙʨʦʙʣʝʥʥʷ; ʧʨʦʛʨʘʤʦʚʘʥʠʡ ʣʦʛʽʯʥʠʡ ʢʦʥʪʨʦʣʝʨ ʟ ʙʣʦʢʦʤ ʤʦʜʫʣʽʚ 

ʢʦʥʪʨʦʣʶ ʪʘ ʟʘʜʘʥʥʷ ʥʘ ʚʠʢʦʥʘʥʥʷ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ (ʷʢ ʤʝʭʘʥʽʯʥʠʭ, ʪʘʢʽ ʩʠʣʦʚʠʭ, 

ʪʘʢ ʽ ʝʥʝʨʛʝʪʠʯʥʠʭ) ʽ ʷʢʠʡ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʟʚó̫ ʟʘʥʠʡ ʟ ʙʣʦʢʦʤ ʥʘʣʘʰʪʫʚʘʥʥʷ ʧʦʪʦʯʥʠʭ ʟʥʘʯʝʥʴ 

(ʷʢʽ ʨʦʟʨʘʭʦʚʫʶʪʴʩʷ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʚ ʧʨʦʮʝʩʽ ʚʠʢʦʥʘʥʥʷ ʨʦʙʦʯʦʛʦ ʧʨʦʮʝʩʫ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ 

ʜʘʥʠʭ, ʦʪʨʠʤʘʥʠʭ ʚʽʜ ʚʠʤʽʨʶʚʘʣʴʥʠʭ ʩʝʥʩʦʨʽʚ, ʟʜʽʡʩʥʶʶʯʠ, ʪʘʢʠʤ ʯʠʥʦʤ, ʟʚʦʨʦʪʥʠʡ ʟʚó̫ ʟʦʢ 

ʤʽʞ ʪʝʭʥʦʣʦʛʽʯʥʠʤ ʦʙʣʘʜʥʘʥʥʷʤ ʪʘ ʩʠʩʪʝʤʦʶ ʫʧʨʘʚʣʽʥʥʷ). ʆʩʥʦʚʥʝ ʧʨʠʟʥʘʯʝʥʥʷ ʪʘʢʦʾ, 

ʫʥʽʚʝʨʩʘʣʴʥʦʾ ʘʜʘʧʪʠʚʥʦʾ ʩʠʩʪʝʤʠ ʫʧʨʘʚʣʽʥʥʷ ï ʘʚʪʦʤʘʪʠʯʥʝ ʢʦʨʠʛʫʚʘʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʪʘ 

ʩʪʨʘʪʝʛʽʡ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʟʤʽʥ ʚ ʨʦʙʦʯʦʤʫ ʩʝʨʝʜʦʚʠʱʽ (ʟʤʽʥʘ ʪʝʤʧʝʨʘʪʫʨʠ, ʟʘʛʘʟʦʚʘʥʦʩʪʽ ʚ ʟʦʥʽ 

ʦʙʨʦʙʣʝʥʥʷ ʤʘʪʝʨʽʘʣʫ, ʪʝʨʤʽʯʥʽ ʟʤʽʥʠ ʚ ʣʽʥʽʡʥʠʭ ʨʦʟʤʽʨʘʭ ʦʙʨʦʙʣʶʚʘʥʦʛʦ ʚʠʨʦʙʫ ʪʘ ʽʥʰʝ) 

ʘʙʦ ʟʤʽʥ ʪʝʭʥʽʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʦʙ'ʻʢʪʘ ʫʧʨʘʚʣʽʥʥʷ ï ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ (ʩʪʨʫʤʫ, 

ʥʘʧʨʫʛʠ, ʪʝʤʧʝʨʘʪʫʨʠ ʨʦʙʦʯʦʛʦ ʽʥʩʪʨʫʤʝʥʪʫ), ʱʦ ʨʦʙʠʪʴ ʪʘʢʫ ʩʠʩʪʝʤʫ ʦʩʦʙʣʠʚʦ ʢʦʨʠʩʥʦʶ ʚ 

ʫʤʦʚʘʭ ʟʤʽʥʥʦʩʪʽ ʪʘ ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ. ɿʚʦʨʦʪʥʽʡ ʟʚó̫ ʟʦʢ ʜʣʷ ʨʝʘʣʽʟʘʮʽʾ 

ʪʘʢʦʛʦ ʘʜʘʧʪʠʚʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ ʟʜʽʡʩʥʶʻʪʴʩʷ ʟ ʚʫʟʣʘ ʩʝʥʩʦʨʽʚ ʚʠʤʽʨʶʚʘʥʥʷ ʪʝʭʥʦʣʦʛʽʯʥʠʭ 

ʧʘʨʘʤʝʪʨʽʚ ʦʙʨʦʙʣʝʥʥʷ.  ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʝ ʜʦʩʣʽʜʞʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʪʘ ʷʢʦʩʪʽ ʧʨʦʚʝʜʝʥʥʷ 

ʚʠʩʦʢʦʽʥʪʝʥʩʠʚʥʦʛʦ ʤʽʢʨʦʦʙʨʦʙʣʝʥʥʷ ʤʘʪʝʨʽʘʣʽʚ ʰʣʷʭʦʤ ʚʧʨʦʚʘʜʞʝʥʥʽ ʽʥʬʦʨʤʘʮʽʡʥʦʾ 

ʩʠʩʪʝʤʠ ʘʜʘʧʪʠʚʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ ʪʝʭʥʦʣʦʛʽʯʥʠʤ ʧʨʦʮʝʩʦʤ (ʥʘ ʧʨʠʢʣʘʜʽ ʚʧʨʦʚʘʜʞʝʥʥʷ ʪʘʢʦʾ 

ʩʠʩʪʝʤʠ ʚ ʣʘʟʝʨʥʠʡ ʛʨʘʚʽʨʫʚʘʣʴʥʠʡ ʢʦʤʧʣʝʢʩ ʪʘ ʪʝʨʤʦʚʘʢʫʫʤʥʫ ʝʣʝʢʪʨʦʥʥʦ-ʧʨʦʤʝʥʝʚʫ 

ʫʩʪʘʥʦʚʢʫ) ʧʦʢʘʟʫʻ ʛʥʫʯʢʽ ʟʤʽʥʠ ʨʦʙʦʯʠʭ ʧʘʨʘʤʝʪʨʽʚ ʦʙʣʘʜʥʘʥʥʷ (ʰʚʠʜʢʦʩʪʽ ʨʫʭʫ ʚ ʜʽʘʧʘʟʦʥʽ 

0,5-1200 ʤʤ/ʩ, ʤʘʢʩʠʤʘʣʴʥʦʾ ʰʚʠʜʢʦʩʪʽ ʟʤʽʥʠ ʧʦʪʫʞʥʦʩʪʽ ʜʦ 10 ɺʪ/ʤʩ ʪʘ ʧʨʠʰʚʠʜʰʝʥʥʷ ʨʫʭʫ 

ʥʘ Ñ15 ʤʤ/ʩ2) ʪʘ ʟʘʙʝʟʧʝʯʫʻ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʪʘ ʷʢʦʩʪʽ ʦʙʨʦʙʣʝʥʥʷ ʤʘʪʝʨʽʘʣʽʚ ʙʝʟ 

ʧʦʪʨʝʙʠ ʫ ʨʝʤʦʥʪʽ. 
ɺʠʩʥʦʚʦʢ. ɺ ʭʦʜʽ ʧʨʦʚʝʜʝʥʠʭ ʜʦʩʣʽʜʞʝʥʴ, ʜʦʚʝʜʝʥʘ ʤʦʞʣʠʚʽʩʪʴ ʘʜʘʧʪʠʚʥʦʛʦ 

ʫʧʨʘʚʣʽʥʥʷ, ʟʘʩʪʦʩʫʚʘʥʥʷ ʷʢʦʛʦ ʜʦʟʚʦʣʠʣʦ ʛʥʫʯʢʦ ʟʤʽʥʶʚʘʪʠ ʨʦʙʦʯʽ ʧʘʨʘʤʝʪʨʠ 
ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ (ʰʚʠʜʢʽʩʪʴ ʨʫʭʫ ʨʦʙʦʯʦʛʦ ʽʥʩʪʨʫʤʝʥʪʫ 0,5-1200 ʤʤ/ʩ, 
ʤʘʢʩʠʤʘʣʴʥʘ ʰʚʠʜʢʽʩʪʴ ʟʤʽʥʠ ʧʦʪʫʞʥʦʩʪʽ ʚʠʩʦʢʦʽʥʪʝʥʩʠʚʥʠʭ ʜʞʝʨʝʣ ʪʝʧʣʦʚʦʾ ʝʥʝʨʛʽʾ 10 
ɺʪ/ʤʩ, ʟʤʽʥʘ ʧʨʠʰʚʠʜʰʝʥʥʷ ʨʫʭʫ ʨʦʙʦʯʦʛʦ ʽʥʩʪʨʫʤʝʥʪʫ Ñ15 ʤʤ/ʩ2) ʰʣʷʭʦʤ ʟʘʩʪʦʩʫʚʘʥʥʷ 
ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʧʨʠ ʦʨʛʘʥʽʟʘʮʽʾ ʜʠʩʪʘʥʮʽʡʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ ʪʘ ʟʙʝʨʝʞʝʥʥʷ ʽ 
ʦʙʨʦʙʣʝʥʥʷ ʧʦʪʦʢʫ ʜʘʥʠʭ ʥʘ ʭʤʘʨʥʦʤʫ ʩʝʨʚʝʨʽ. ʊʘʢʦʞ ʚʠʟʥʘʯʝʥʽ ʥʦʚʽ ʰʣʷʭʠ ʧʽʜʚʠʱʝʥʥʷ 
ʝʬʝʢʪʠʚʥʦʩʪʽ (ʧʽʜʚʠʱʝʥʥʷ ʥʘ 10% ʩʪʽʡʢʦʩʪʽ ʪʘ ʥʘ 34% ʪʨʠʚʘʣʦʩʪʽ ʨʦʙʦʪʠ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ 
ʦʙʣʘʜʥʘʥʥʷ ʙʝʟ ʧʦʪʨʝʙʠ ʫ ʨʝʤʦʥʪʽ) ʪʘ ʧʦʢʨʘʱʝʥʥʷ ʷʢʦʩʪʽ ʨʝʟʫʣʴʪʘʪʽʚ ʚʠʩʦʢʦʽʥʪʝʥʩʠʚʥʦʛʦ 
ʤʽʢʨʦʦʙʨʦʙʣʝʥʥʷ ʤʘʪʝʨʽʘʣʽʚ. 
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Abstract. The study focuses on the development of an organisational mechanism for monitoring and 

controlling the transport of dangerous goods aimed at improving safety and compliance with environmental 

requirements. The objectives of the study include assessing the instability of the external environment in a 

hybrid war scenario and proposing effective management strategies. The methodology includes a multi-level 

assessment system that analyses specific environmental factors and assesses instability. Using entropy as a 

measure of management effectiveness, the study evaluates the parameters of the management system through 

hierarchical structures. The results demonstrate the effectiveness of the proposed organisational mechanism 

designed to meet specific system and stakeholder needs, emphasising self-organised governance information 

networks. 

Keywords: organisational mechanism, entropy, control, dangerous transport 

 
Introduction . In the context of globalisation and integration, governments and international 

organisations are constantly setting stricter requirements for the safety and environmental 
friendliness of transport, which requires constant updating of management systems for these 
processes. In today's environment, the development of new technologies in the field of transport, 
monitoring and environmental control creates new opportunities to improve the safety and 
environmental performance of dangerous goods transport. 

The purpose of the work. The purpose of the study is to build an effective mechanism of 
organisation and management of the system of monitoring and environmental control during the 
transportation of dangerous goods. 

Formulation of the problem. In each specific situation, the methodology of performance 
assessment may vary depending on the characteristics of the organisation and its goals. However, 
it is important to have a systematic, continuous and objective approach to the assessment, as well 
as to identify specific actions to improve results. Below is a general overview of the methodology 
for assessing the effectiveness of an organisation and its management. Therefore, a key tool for 
analysing the work of organisational structures, processes and results is a comprehensive approach 
to performance assessment based on a multi-level assessment system based on the principle of 
"from the partial to the general". At the first stage, the instability of specific factors of each 
component of the environment is assessed; at the second stage, the overall level of instability of 
each component is assessed; and at the third stage, an integrated assessment of the level of instability 
of the external environment is carried out [1]. 

Solving the problem. Thus, when building an effective system for monitoring and 
environmental control of dangerous goods transport, it is necessary to take into account the tasks of 
ensuring safety and compliance with the criteria of environmental friendliness of transport [2; 3; 4]: 

The process of functioning of the control system can be represented as a description of the 
dynamics of information flows circulating in this system. The process of obtaining information is 
understood as the process of reducing a priori uncertainty. The entropy value is used as an indicator 
of the effectiveness of management teams 

 Ὄ ὓ ὰέὫ .                 (1) 

The entropy is used to determine the amount of control information required to ensure the 

fulfilment of control tasks. The main result of the control tasks is that the degree of deviation of the 

parameters of the controlled objects from the norm should not exceed the permissible values. 
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The set of control objectives ὤᶻ to be realised by the control system is determined by both 

external and internal factors. 

The set of management objectives to be achieved by the management system is determined 

by both external and internal factors. 

The goal  ὤᶻ ᾀᶻȟȣȟᾀᶻ is a set of requirements and is uniquely defined by the 

numbers  ὥ Ὥ ρȟȣȟὯ  and ὦὮ ρȟȣȟὯ . In this case, the set of goals ὤᶻ  is determined by 

specifying the zones of parameter change: 

ὤᶻȡ
ὥὭ ὥὭ ὥὭὭ ρȟȣȟὯς

ὦὮ ὦὮ ὦὮ Ὦ ρȟȣȟὯς
 .    (2) 

 To determine the parameters of the control system, we can apply the method of hierarchical 

structures, which ensures the ability of the control information transmission network to self-

organise. 

We use the property of hierarchical structures to reveal uncertainty in different ways. By 

selecting various features of the target structure and changing their sequence, we obtain variants of 

the structures. After an appropriate evaluation of the options, the best one is selected and 

recommendations are given on the choice of goal structuring features for the management system. 

A control system can be represented by a vector ╜, whose components are elementary 

material properties. In this case, if ╜ is a single whole, then the integrity of the system is manifested 

in the interconnection of the components. As a result, when representing ╜ we have the vector 

relation ╙ ╡╜, or, in more detail 
*
*
ể
*

Ὑ
Ὑ

Ὑ ȣ Ὑ
Ὑ ȣ Ὑ

ȣ
Ὑ

ȣ ȣ ȣ
Ὑ ȣ Ὑ

Ͻ

ὓ
ὓ
ể
ὓ

,     (3)  

where  ὐ ʽ ὓ   ï the components of the information vector  ╙ (perception) and the material 

property ╜ of the system, and Ὑ , Ὑ  , - the intrinsic and mutual permeabilities of the medium, 

where Ὑ  characterise and reflect the individual material properties that make up the whole, and 

Ὑ   are inherent only in the perception of the ╜ vector, as a whole. 

Conclusion. In general, the proposed organisational mechanism of the monitoring system is 

determined by the goals, needs and characteristics of a particular system, and also takes into account 

the specifics of the monitored object and the customer's requirements. The proposed management 

system fundamentally differs from management according to the Telecommunications 

Management Network (TMN) standard in that the management information transmission network 

is self-organising. The implementation of this mechanism will increase the efficiency of interaction 

between all participants of the system of monitoring and environmental control of the transportation 

of dangerous goods, taking into account environmental, safety, economic and social aspects. 
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INFLUENCE OF THE CHARACTERISTIC FACTORS NUMBER TAKEN INTO 

ACCOUNT ON THE COMPLEX QUALITY INDICATOR IN THE ROLLED STEEL 

PLATES MANUFACTURE  
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Abstract. For the first time, the problem of the number of selected significant single quality indicators 

impact assessing of an arbitrary object on its model in the form of a comprehensive quality indicator was 

posed and solved. An appropriate analysis algorithm has been developed to investigate the parameters of the 

rolling process to form the properties of a thin steel sheet. The results are consistent with the theory and 

practice of rolling production. It was shown that reducing the number of single quality indicators considered 

increases the sensitivity of the model to changes in the levels of direct management tools (degree of 

deformation and carbon equivalent), but at the same time increases the uncertainty, up to an unacceptable 

level, of such actions. The obtained results can be used to determine a rational list of single quality indicators 

for a wide range of technical, technological and/or organizational objects. 

Keywords: qualimetry, comprehensive and single quality indicators, quality management tools, 

sensitivity of the quality model 

 

Introduction.  One important of more than 15 typical qualimetric problems refers to the 

determination, which reflects the properties of any object model. Such a model should be as 

sensitive as possible to the impact in material factors changes, which ensures the object rational 

management during its operation. In general, the comprehensive object quality indicator is 

represented by an analytical formula of the sort [1]: 

   ὗ Ὢὢȟȣȟὢȟȣὢ Ƞ ὑȟȣȟὑȟȣȟὑȠὲȠόȟ   (1) 

where ρ Ὥ ὲ functions of single quality indicators ὣ —ὢȟȣȟὢȟȣȟὼȟά , ὑ ï 

weighting coefficients of ὣ; ὢ ρ Ὦ ά  technical, technological and/or organizational tools 

for direct influence on the object; and the indicator ό of the object incompleteness description that 

is expertly defined. In many cases, when the definition of the object quality model simulation is 

impossible, one of the known convolutions a weighted average representing is used: arithmetic, 

geometric, harmonic, etc. usually a comprehensive quality indicator Q  is represented by weighted 

arithmetic average [1]: 

ὗ В ὑϽὣ ,      (2)
 

where  
В ὑ ρ.                   (3) 

In the process of quality management, considering the results of the processes of creation, 

manufacturing [2], and quality control during the object consumption [2], two vectors can be 

considered: ensuring the properties of the object while the level ὗ  maximizing; the intention to 

avoid a situation characterized by a ὗ   minimum. This may be formally solved by the ὗ  

extremum determining using the system [1]: 

πȠȣȠ πȠȣȠ πȟ              (4) 

followed by the level management tools ὢȢ  definition.       

In cases where the extremum ὗ  cannot be determined, the rational values of  ὢȢ  should 

be determined by direct calculation. Each of the single quality indicators ὣ and quality management 

tools ὢ may have a different nature and dimension. Therefore, they are rationed using special 

methods.   

Theoretically, there can be an unlimited number of single quality indicators ὣ of the object 

with their ὑ corresponding values [2]. At the same time, on the one hand, the increase in the number 

of  ὣ considered more fully describe 1. On the other hand, the presence and (or) too high level of 
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some unimportant factor ὣ may unreasonably mark on 1 and reduce the adequacy of the object 

quality image by its model (2). Therefore, the task arises of rationally reducing ὣ the number of 

those considered with assessing the influence of their number on the sensitivity of the model to 

changes in levels ὢ. Such actions require reconfiguration ὑ according to (3) considering ό 

indicator. 

Formulation of the problem. Until now, an algorithm of actions regarding a specific object 

has not been developed, considering a rational number of individual quality indicators, with an 

assessment of the sensitivity of such an information model to changes in influencing factors. 

The purpose of the work  was to justify and investigate the impact of the appropriate number 

of considered single quality indicators on the quality and sensitivity of the object model to the 

controlling influences of its management tools. 

Solving the problem. On the basis of data [3,4], the quality management tools ὢ which effect 

on ὣ, became: the total deformation degree ὢ ‐ φφȣωςϷ (0.66é0.92), and the chemical 
steel composition. According to the data [3,4] ὢ ὅὉ ὅ  ὓὲφϳ πȢρσȣπȢρχυ Ϸ. As 

single indicators of the quality of an object, depending on ὢ based on the documentation [3,4], the 

following initial lists of ὲ single quality indicators ὣ  with their ranges, weighting factors ὑ , the 

object incomplete description ό (the first index corresponds to the number of the indicator, the 

second to the stage of analysis) was expertly determined: 

- the indicator 1 ï the modulus of the sheet thickness relative deviation ὣ ЎὬ
Ὤ πȢρρχ  

on its nominal Ὤ with the weighting factor ὑ πȢπσ. The growth of  ὣ reduces the complex 

quality indicator ὗ; 

- the indicator 2 ï the ultimate strength ὣ „ ςυπȣψππ MPa with the ὑ πȢςχ (the 

growth of ὣ increases ὗ);  

- the indicator 3 ï the yield strength ὣ „ ρωυȣχφυ MPa with the ὑ πȢρπ (the 

growth of ὣ increases ὗ);  

- the indicator 4 ï the Brinell hardness ὣ Ὄὄ φππȣρψωπ with the ὑ πȢπχ (the 

growth of ὣ increases ὗ ;  

- the indicator 5 ï the relative extension ὣ ‏ ρυȣςυ % with the ὑ πȢρψ (the growth 

of ὣ increases ὗ); 

- the indicator 6 ï ὣ ὶ Ȣ

Ȣ
πȢυȣπȢωυ ï the degree of height roughness approach 

of the deforming metal ὙȢ  to the roughness ὙȢ  of the roll surface with the ὑ πȢπυ; 

- the indicator 7 ï ὣ ὖ
Ὤ ρπȣσπ - the ratio of sheet non-planarity ὖ to its nominal 

thickness Ὤ with the ὑ πȢπφ (the growth of ὣ decreases ὗ); 

- the indicator 8 ï specific energy costs ὣ ὃ φπȣρςπ KW*h/t during production with 

the ὑ πȢςρ (the growth of ὣ  decreases ὗ); 

- the incomplete object description ό πȢπσ. Checksum is 1.00.  

The algorithm has been developed to investigate the parameters of the rolling process to form 

the properties of a thin steel sheet according to (2). The analysis was performed for options taking 

into account a complete list of 8 parameters, 3 parameters: single quality indicators: ὣ „, ὣ
„ and ὣ ὃ; ʘnd 4 parameters: single quality indicators: ὣ „, ὣ „, ὣ and ὣ ‏ ὃ. 

 Conclusion. The results are consistent with the theory and practice of rolling production. It 

was shown that reducing the number of single quality indicators considered increases the sensitivity 

of the model to changes in the levels of direct management tools (degree of deformation and carbon 

equivalent), but at the same time increases the uncertainty, up to an unacceptable level, of such 

actions. The obtained results can be used to determine a rational list of single quality indicators for 

a wide range of technical, technological and/or organizational objects. 
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Abstract. The article discusses a modification of Edward de Bono's "Six Hats" method for assessing 

the effectiveness of project managers' team and individual work at the project initiation stage. Combining 

various techniques increases the efficiency of generating ideas and forming a project plan. The proposed 

approach makes it possible to improve individual and teamwork efficiency when initiating a project. 

Keywords: project management, idea generation, project team, ñSix Thinking Hatsò method, E. de 

Bono. 

 

Introduction . In the modern practice of professional project management, the techniques of 

"mind mapping" (the method of drawing up "mental" or "intellectual" maps), "brainstorming" (the 

"brainstorming" method), working methods using the Crawford map method, etc. have recently 

become very popular. However, as a rule, all of them are only one of the elements of the so-called 

"methods and tools" for developing an existing project idea. However, not all methods are universal 

enough; they can be used both for working in a group and alone. 

Experiments were conducted to discover an effective way to develop innovative ideas 

individually and as part of a team. Over 100 groups of approximately 1000 participants were tested 

using various techniques. The results showed that the "Six Thinking Hats" method, proposed by 

Edward de Bono, an expert in thinking problems, was the most effective. Individuals or teams can 

use this method to enhance their thinking process. [1].This approach's main advantage is that it 

forms a single direction for further work that is understandable to all project participants [2]. 

The purpose of the work. The purpose of the study is to modify E. de Bonoôs method to 

make it possible to evaluate the effectiveness of team and individual work of project managers at 

the stage of project initiation. 

Solving the problem. The essence of the "Six Thinking Hats" method is a comprehensive 

analysis of the project concept (idea) from different points of view, each of which is assigned a 

specific analysis task or "thinking hat". Each of the six hats have its own color: white, red, black, 

yellow, green, and blue. The color of the hat determines its name. De Bono offers the some 

characterization of each "hat" [1].  

E. de Bono suggests assigning different roles (ñhatsò) to project team members in the process 

of discussing ideas and assessing the effectiveness of different structures and sequences of ñmentalò 

processes in generating and shaping the main ideas of the project. 

According to the law of project initiation [3]: "The project team, its turbulent environment, 

and the project itself constitute a system in which existing relationships determine the outcome of 

the project." The synergistic effect of teamwork arises based on voluntariness and the informal 

distribution of various role functions related to the level of specialization and competence necessary 

for the project's implementation. At the same time, teamwork is always associated with competition 

among participants for resources, influence, and image, which can lead to conflicts. Modern project 

management has two main approaches to team formation [4]. The first is based on strengthening 

and developing teams that have formed naturally. The second is focused on a competency-based 
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approach when ensuring project work and distributing roles in the team by the project manager. 

These approaches aim to increase the team's professionalism by combining the roles of all 

participants and creating conditions for conflict-free team interaction. 

Each team member has undeniable strengths, which can be weaknesses under certain adverse 

conditions. For example, idea generators may come up with many ideas that cannot be implemented. 

Managers want to complete the project so much that they often present stakeholders with an 

unfinished version. To ensure effective teamwork, it is necessary in such a weakly structured and 

unformalized system to select precise roles for each team member [4]. In practice, when selecting 

team members, the principle of competence encounters contradictions in role preferences. This 

means that two or more team members strive for the same role in the team. 

To manage the process of generating innovative project ideas, it is proposed to modify the 

approach proposed by Edward de Bono [1]. He assigned the roles of the participants according to 

their thinking types ("hats") and, in the conditions of such a static team structure, searched for ideas. 

In contrast to Edward de Bono's method, it is proposed to approach the development of an idea in 

stages, and at each of the corresponding stages, all team members "put on" the same "hats." 

In real-world applications, mainly when working with student groups, the combined use of 

several techniques, as outlined in our proposed method, has proven to be highly effective (Table 1). 

The "Order of work" column indicates a rational sequence of work steps in student groups 

when the input of the first of the "Red Hat" subprocesses is not specific information about the 

project. Still, there is a need to generate ideas to attract students to work on the project further. At 

this step, as a result of analyzing the contradictions between the project's desired goals and the 

project's existing capabilities, the ideas and objectives of the project related to its mission are 

verbally formed. The content of this step is quite fully defined by the following expression [3]: 

"Project planning begins with the result." Yellow and green "hats" complete the formation of the 

project's main ideas. 

The state of the white and black "hat" allows you to identify threats to the project. The blue 

"hat" completes the process of generating innovative ideas with their transformation into specific 

project work plans. 

Table 1 

Correspondence of robot methods and tools when forming a project idea for further 

work in a student group ( 

Work 

order 

Type of hat 

according to  

E. de Bono 

Tools for working with a 

group 
The result of working with the group 

1 Red  Mind map  Map of group interests, project ideas 

2 Yellow  Stakeholder Analysis  Map of interests of potential stakeholders 

3 Green  Brainstorming Decomposition of project results 

4 White  SWOT analysis  Description of the strengths and weaknesses of 

the project team 

5 Black SWOT analysis Description of opportunities and threats for the 

project 

6 Blue LFA matrix, Project 

planning based on 

PMBoK PMI knowledge 

areas, ISO 21500 standard 

List of works, results and their metrics. A project 

plan that includes a project deliverables 

framework, a project breakdown into phases, a 

work breakdown structure, a project network 

schedule, a budget, a responsibility matrix, a 

project communications plan, a risk management 

plan, and a procurement plan. 

 

Conclusion. The paper proposes a modified approach to using the ñSix Hatsò method, which 

allows you to evaluate the effectiveness of team and individual work of project managers at the 
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stage of project initiation. It has been established that when forming a project team, it is necessary 

to take into account not only the competencies, but also the role preferences of the participants in 

order to avoid contradictions in the distribution of roles. 
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ʱʦ ʦʨʽʻʥʪʦʚʘʥʽ ʥʘ ʩʚʽʪʦʚʽ ʩʪʘʥʜʘʨʪʠ ʚ ʛʘʣʫʟʽ ʟʘʛʘʣʴʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ ʷʢʽʩʪʶ, ʷʢ ʩʢʣʘʜʥʦʛʦ 

ʙʘʛʘʪʦʬʫʥʢʮʽʦʥʘʣʴʥʦʛʦ ʝʣʝʤʝʥʪʘ ʪʘ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ ʡʦʛʦ ʜʽʷʣʴʥʦʩʪʽ ʩʫʯʘʩʥʠʭ, ʥʘʫʢʦʚʦ-
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ʧʨʦʪʠʨʠʟʠʢʦʚʦʛʦ ʫʧʨʘʚʣʽʥʥʷ ʧʨʦʻʢʪʘʤʠ ʨʦʟʚʠʪʢʫ ʧʨʦʚʘʡʜʝʨʽʚ ʞʠʪʣʦʚʦ-ʢʦʤʫʥʘʣʴʥʠʭ ʧʦʩʣʫʛ, ʷʢʘ ʻ 
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Abstract. In market conditions, there is a need to ensure the competitiveness of organizations focused 

on global standards in the field of general quality management, as a complex multifunctional element and 

the use of modern, scientifically based organizational management systems in its activities. The development 

of information technology for anti-risk management of development projects of housing and utility service 

providers is proposed, which is an effective tool that allowed to reduce the impact of risks and threats on the 

project, and the developed measures of their management made it possible to reduce the impact of high and 

moderate risks. 
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ɺʩʪʫʧ. ɺ ʫʤʦʚʘʭ ʨʠʥʢʫ ʽʩʥʫʻ ʧʦʪʨʝʙʘ ʫ ʟʘʙʝʟʧʝʯʝʥʥʽ ʢʦʥʢʫʨʝʥʪʦʩʧʨʦʤʦʞʥʦʩʪʽ 

ʦʨʛʘʥʽʟʘʮʽʡ, ʱʦ ʦʨʽʻʥʪʦʚʘʥʽ ʥʘ ʩʚʽʪʦʚʽ ʩʪʘʥʜʘʨʪʠ ʚ ʛʘʣʫʟʽ ʟʘʛʘʣʴʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ ʷʢʽʩʪʶ, ʷʢ 

ʩʢʣʘʜʥʦʛʦ ʙʘʛʘʪʦʬʫʥʢʮʽʦʥʘʣʴʥʦʛʦ ʝʣʝʤʝʥʪʘ ʪʘ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ ʡʦʛʦ ʜʽʷʣʴʥʦʩʪʽ ʩʫʯʘʩʥʠʭ, 

ʥʘʫʢʦʚʦ-ʦʙˇʨʫʥʪʦʚʘʥʠʭ ʩʠʩʪʝʤ ʦʨʛʘʥʽʟʘʮʽʡʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ. ɼʣʷ ʙʘʛʘʪʦʬʫʥʢʮʽʦʥʘʣʴʥʠʭ 

ʦʙ'ʻʢʪʽʚ ʫʧʨʘʚʣʽʥʥʷ, ʜʦ ʷʢʠʭ ʚʽʜʥʦʩʷʪʴʩʷ ʡ ʧʨʦʚʘʡʜʝʨʠ ʞʠʪʣʦʚʦ-ʢʦʤʫʥʘʣʴʥʠʭ ʧʦʩʣʫʛ, 

ʚʧʨʦʚʘʜʞʝʥʥʷ ʩʫʯʘʩʥʠʭ ʤʝʪʦʜʠʯʥʠʭ ʧʽʜʭʦʜʽʚ ʜʦ ʫʧʨʘʚʣʽʥʥʷ ʦʟʥʘʯʘʻ ʨʦʟʚʠʪʦʢ ʩʢʣʘʜʥʠʭ, 

ʧʝʨʩʧʝʢʪʠʚʥʠʭ ʧʨʦʻʢʪʽʚ ʪʘ ʧʨʦʛʨʘʤ, ʚ ʷʢʠʭ ʙʫʜʫʪʴ ʚʠʢʦʨʠʩʪʫʚʘʪʠʩʷ ʥʘʡʥʦʚʽʰʽ ʜʦʩʷʛʥʝʥʥʷ ʚ 

ʦʙʣʘʩʪʽ ʦʧʪʠʤʘʣʴʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʩʫʯʘʩʥʠʭ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ [1]. 

ʄʝʪʘ ʨʦʙʦʪʠ. ʈʦʟʨʦʙʠʪʠ ʽʥʬʦʨʤʘʮʽʡʥʫ ʪʝʭʥʦʣʦʛʽʶ ʧʨʦʪʠʨʠʟʠʢʦʚʦʛʦ ʫʧʨʘʚʣʽʥʥʷ 

ʧʨʦʻʢʪʘʤʠ ʨʦʟʚʠʪʢʫ ʧʨʦʚʘʡʜʝʨʽʚ ʞʠʪʣʦʚʦ-ʢʦʤʫʥʘʣʴʥʠʭ ʧʦʩʣʫʛ. 

ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʠ. ɼʣʷ ʦʪʨʠʤʘʥʥʷ ʢʦʥʢʫʨʝʥʪʥʦʾ ʧʝʨʝʚʘʛʠ ʧʨʠ ʨʦʟʨʦʙʮʽ ʧʨʦʻʢʪʽʚ 

ʡ ʧʨʦʛʨʘʤ ʟ ʤʝʪʦʶ ʥʘʨʦʱʫʚʘʥʥʷ ʩʪʨʘʪʝʛʽʯʥʦʛʦ ʧʦʪʝʥʮʽʘʣʫ ʱʦʜʦ ʤʦʞʣʠʚʦʩʪʽ ʨʝʘʣʽʟʘʮʽʾ 

ʙʽʣʴʰʦʾ ʢʽʣʴʢʦʩʪʽ ʧʨʦʻʢʪʽʚ, ʷʢʽ ʚʠʢʦʥʫʶʪʴʩʷ ʦʜʥʦʯʘʩʥʦ, ʧʨʦʚʘʡʜʝʨʘʤ ʞʠʪʣʦʚʦ-ʢʦʤʫʥʘʣʴʥʠʭ 

ʧʦʩʣʫʛ (ʇɾʂʇ) ʥʝʦʙʭʽʜʥʦ ʧʝʨʝʙʫʚʘʪʠ ʚ ʩʪʘʥʽ ʧʦʩʪʽʡʥʦʛʦ ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʩʚʦʻʾ ʤʦʜʝʣʽ 

ʦʨʛʘʥʽʟʘʮʽʡʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ, ʱʦ ʦʨʽʻʥʪʦʚʘʥʘ ʥʘ ʨʦʟʨʦʙʢʫ ʥʦʚʠʭ ʦʨʛʘʥʽʟʘʮʽʡʥʠʭ ʧʨʦʻʢʪʽʚ ʚ 

ʫʤʦʚʘʭ ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ, ʽ ʨʦʟʨʦʙʮʽ ʥʦʚʠʭ ʤʝʪʦʜʽʚ ʫʧʨʘʚʣʽʥʥʷ. ʅʘʡʯʘʩʪʽʰʝ ʤʦʞʣʠʚʝ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʪʨʘʥʩʬʝʨʫ ʥʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ ʚ ʩʠʩʪʝʤʽ ʦʨʛʘʥʽʟʘʮʽʡʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ [1, 2]. 

ʆʩʥʦʚʥʘ ʯʘʩʪʠʥʘ. ɯʥʬʦʨʤʘʮʽʡʥʘ ʪʝʭʥʦʣʦʛʽʷ ʧʨʦʪʠʨʠʟʠʢʦʚʦʛʦ ʫʧʨʘʚʣʽʥʥʷ ʧʨʦʻʢʪʘʤʠ 

ʨʦʟʚʠʪʢʫ ʇɾʂʇ, ʷʢʘ ʜʦʟʚʦʣʷʻ ʥʝʦʙʭʽʜʥʦ ʧʨʦʚʝʩʪʠ ʧʦʨʽʚʥʷʥʥʷ ʤʽʞ ʩʦʙʦʶ ʜʚʦʭ ʜʦʩʠʪʴ 

ʦʜʥʦʪʠʧʥʠʭ ʧʨʦʻʢʪʽʚ ʨʦʟʚʠʪʢʫ ʇɾʂʇ. ɼʦʩʣʽʜʞʝʥʥʷ ʧʨʦʚʦʜʠʪʴʩʷ ʥʘ ʙʘʟʽ ʊʆɺ 

çʄɸʉʊɽʈɻɸɿè (mastergaz.com.ua) ʥʘ ʧʨʠʢʣʘʜʽ ʧʨʦʻʢʪʽʚ, ʦʜʠʥ ʟ ʷʢʠʭ ʙʫʣʦ ʨʝʘʣʽʟʦʚʘʥʦ ʫ 2021 

ʨʦʮʽ, ʽʥʰʠʡ ï ʫ 2022 ʨʦʮʽ ʧʽʩʣʷ ʥʠʟʢʠ ʤʦʜʝʨʥʽʟʘʮʽʡ ʫʧʨʘʚʣʽʥʥʷ ʧʽʜʧʨʠʻʤʩʪʚʦʤ, ʟʦʢʨʝʤʘ: 

ʚʧʨʦʚʘʜʞʝʥʥʷ ʥʘ ʧʽʜʧʨʠʻʤʩʪʚʽ ʤʝʪʦʜʫ ʨʦʟʚʠʪʢʫ ʢʦʤʧʝʪʝʥʮʽʡ ʢʦʤʘʥʜʠ; ʚʧʨʦʚʘʜʞʝʥʥʷ 

ʧʽʜʭʦʜʫ ʫʧʨʘʚʣʽʥʥʷ ʨʠʟʠʢʘʤʠ ʟʛʽʜʥʦ ISO 31000:2018; ʚʧʨʦʚʘʜʞʝʥʥʷ ʧʽʜʭʦʜʫ ʨʦʟʨʦʙʢʠ ʪʘ 

ʧʨʽʦʨʠʪʝʟʘʮʽʾ ʧʨʦʻʢʪʽʚ ʨʦʟʚʠʪʢʫ ʟʛʽʜʥʦ ʤʦʜʝʣʝʡ ʪʘ ʤʝʪʦʜʽʚ ʮʴʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ (ʜʠʥʘʤʽʯʥʘ 

ʦʨʛʩʪʨʫʢʪʫʨʘ, ʙʝʥʯʤʘʨʢʽʥʛ, ʘʣʛʦʨʠʪʤʽʟʘʮʽʾ ʧʨʠʡʤʘʥʥʷ ʨʽʰʝʥʴ) (ʨʠʩ. 1). 

 
ʈʠʩ. 1. ʉʭʝʤʘ ʧʦʨʽʚʥʷʣʴʥʦʛʦ ʘʥʘʣʽʟʫ ʤʦʜʝʣʝʡ ʪʘ ʤʝʪʦʜʽʚ ʧʨʦʪʠʨʠʟʠʢʦʚʦʛʦ ʫʧʨʘʚʣʽʥʥʷ 

ʧʨʦʻʢʪʘʤʠ ʨʦʟʚʠʪʢʫ ʇɾʂʇ 

ʇʨʦʪʠʨʠʟʠʢʦʚʝ ʫʧʨʘʚʣʽʥʥʷ ʧʨʦʻʢʪʘʤʠ ʨʦʟʚʠʪʢʫ ʇɾʂʇ, ˇʨʫʥʪʫʻʪʴʩʷ ʥʘ ʨʦʟʨʦʙʣʝʥʦʤʫ 

ʘʚʪʦʨʦʤ ʚʽʜʧʦʚʽʜʥʦʤʫ ʤʝʪʦʜʽ, ʷʢʠʡ ʧʦʣʷʛʘʻ ʚ ʽʥʪʝʛʨʘʮʽʾ ʥʘʩʪʫʧʥʠʭ ʧʽʜʭʦʜʽʚ ʚ ʻʜʠʥʠʡ ʧʨʦʮʝʩ: 

ʚʧʨʦʚʘʜʞʝʥʥʷ ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʫʧʨʘʚʣʽʥʥʷ ʪʘ ʘʣʛʦʨʠʪʤʽʟʘʮʽʾ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ; ʟʘʧʨʦʚʘʜʞʝʥʥʷ 

ʧʨʦʮʝʩʥʦʛʦ ʧʽʜʭʦʜʫ ʚ ʫʧʨʘʚʣʽʥʥʷ ʨʠʟʠʢʘʤʠ ʪʘ ʧʨʠʡʥʷʪʪʽ ʨʽʰʝʥʴ; ʧʦʙʫʜʦʚʠ ʜʠʥʘʤʽʯʥʦʾ 

ʦʨʛʩʪʨʫʢʪʫʨʠ ʫʧʨʘʚʣʽʥʥʷ ʧʨʦʻʢʪʘʤʠ ʨʦʟʚʠʪʢʫ; ʚʧʨʦʚʘʜʞʝʥʥʷ ʙʝʥʯʤʘʨʢʽʥʛʫ. ɯʥʪʝʛʨʘʮʽʷ ʫʩʽʭ 

ʥʘʚʝʜʝʥʠʭ ʚʠʱʝ ʙʣʦʢʽʚ ʚ ʧʨʦʪʠʨʠʟʠʢʦʚʝ ʫʧʨʘʚʣʽʥʥʷ ʧʨʦʻʢʪʘʤʠ ʨʦʟʚʠʪʢʫ ʇɾʂʇ ʜʦʟʚʦʣʷʻ 

ʧʽʜʚʠʱʠʪʠ ʝʬʝʢʪʠʚʥʽʩʪʴ ʫʧʨʘʚʣʽʥʥʷ ʚʢʘʟʘʥʠʤʠ ʧʨʦʻʢʪʘʤʠ ʟʘ ʨʘʭʫʥʦʢ ʥʘʧʨʘʚʣʝʥʥʷ ʥʘ ʥʠʭ 

ʦʩʥʦʚʥʠʭ ʨʝʩʫʨʩʽʚ ʟ ʤʽʥʽʤʘʣʴʥʠʤʠ ʨʠʟʠʢʘʤʠ ʪʘ ʥʘʡʩʫʪʪʻʚʽʰʠʤ ʝʢʦʥʦʤʽʯʥʠʤ ʨʝʟʫʣʴʪʘʪʦʤ. 

ʑʦ, ʫ ʩʚʦʶ ʯʝʨʛʫ, ʜʦʟʚʦʣʠʪʴ ʧʦʢʨʘʱʠʪʠ ʨʝʟʫʣʴʪʘʪʠ ʜʽʷʣʴʥʦʩʪʽ ʧʨʦʚʘʡʜʝʨʽʚ ʞʠʪʣʦʚʦ-
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ʢʦʤʫʥʘʣʴʥʠʭ ʧʦʩʣʫʛ ʫ ʨʦʟʨʽʟʽ ʟʙʽʣʴʰʝʥʥʷ ʜʦʭʦʜʽʚ ʪʘ ʟʤʝʥʰʝʥʥʷ ʚʠʪʨʘʪ. ɼʣʷ ʧʨʦʚʝʜʝʥʥʷ 

ʧʦʨʽʚʥʷʥʥʷ ʪʘ ʘʥʘʣʽʟʫ ʙʫʣʦ ʧʨʦʚʝʜʝʥʦ: ʦʧʠʪʫʚʘʥʥʷ ʧʨʘʮʽʚʥʠʢʽʚ ʊʆɺ çʄɸʉʊɽʈɻɸɿè; 

ʦʧʠʪʫʚʘʥʥʷ ʢʣʽʻʥʪʽʚ, ʱʦ ʢʦʨʠʩʪʘʣʠʩʷ ʧʦʩʣʫʛʘʤʠ ʚ ʧʨʦʮʝʩʽ ʧʝʨʰʦʛʦ ʪʘ ʜʨʫʛʦʛʦ ʧʨʦʝʢʪʽʚ; 

ʧʦʨʽʚʥʷʥʦ ʨʝʟʫʣʴʪʘʪʠ ʢʦʥʪʨʦʣʴʥʠʭ ʟʘʢʫʧʽʚʝʣʴ ʧʦʩʣʫʛ ʧʽʜʧʨʠʻʤʩʪʚʘ, ʱʦ ʧʨʦʚʦʜʠʣʠʩʴ ʧʽʜ ʯʘʩ 

ʧʝʨʰʦʛʦ ʪʘ ʜʨʫʛʦʛʦ ʧʨʦʝʢʪʽʚ. 

ɺʠʩʥʦʚʢʠ. ɿʘʩʪʦʩʫʚʘʥʥʷ ʧʨʦʪʠʨʠʟʠʢʦʚʦʛʦ ʫʧʨʘʚʣʽʥʥʷ ʧʨʦʻʢʪʘʤʠ ʨʦʟʚʠʪʢʫ 

ʧʨʦʚʘʡʜʝʨʽʚ ʞʠʪʣʦʚʦ-ʢʦʤʫʥʘʣʴʥʠʭ ʧʦʩʣʫʛ ʻ ʜʽʻʚʠʤ ʽʥʩʪʨʫʤʝʥʪʦʤ, ʷʢʠʡ ʜʦʟʚʦʣʠʚ ʟʥʠʟʠʪʠ 

ʚʧʣʠʚ ʨʠʟʠʢʽʚ ʪʘ ʟʘʛʨʦʟ ʥʘ ʧʨʦʻʢʪ, ʘ ʨʦʟʨʦʙʣʝʥʽ ʟʘʭʦʜʠ ʫʧʨʘʚʣʽʥʥʷ ʥʠʤʠ ʜʦʟʚʦʣʠʣʠ ʟʥʠʟʠʪʠ 

ʚʧʣʠʚ ʚʠʩʦʢʠʭ ʪʘ ʧʦʤʽʨʥʠʭ ʨʠʟʠʢʽʚ. 
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ɸʥʦʪʘʮʽʷ. ɺ ʨʦʙʦʪʽ ʘʚʪʦʨʠ ʧʨʦʧʦʥʫʶʪʴ ʽʥʬʦʨʤʘʮʽʡʥʫ ʪʝʭʥʦʣʦʛʽʶ ʢʨʝʘʪʠʚʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ ɯʊ-

ʧʨʦʻʢʪʘʤʠ ʪʘ ʚʽʜʧʦʚʽʜʥʫ ʩʪʨʫʢʪʫʨʫ ʙʘʟʠ ʜʘʥʠʭ, ʱʦ ˇʨʫʥʪʫʻʪʴʩʷ ʥʘ ʟʘʩʪʦʩʫʚʘʥʥʽ ʛʝʥʝʪʠʯʥʦʛʦ 

ʘʣʛʦʨʠʪʤʫ, ʷʢʠʡ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʚʠʨʽʰʝʥʥʷ ʦʧʪʠʤʽʟʘʮʽʡʥʦʾ ʟʘʜʘʯʽ ʜʣʷ ʜʦʩʷʛʥʝʥʥʷ ʾʭʥʴʦʾ 

ʤʘʢʩʠʤʘʣʴʥʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ. ɼʦ ʢʨʠʪʝʨʽʾʚ ʚʠʙʦʨʫ ʥʘʡʢʨʘʱʠʭ ʯʣʝʥʽʚ ʢʦʤʘʥʜʠ ʚʽʜʥʦʩʷʪʴʩʷ ʜʦʩʚʽʜ, 

ʥʘʚʠʯʢʠ, ʚʘʨʪʽʩʪʴ, ʩʫʤʽʩʥʽʩʪʴ ʪʘ ʝʤʧʘʪʽʷ. ɿʘʧʨʦʧʦʥʦʚʘʥʘ ʽʥʬʦʨʤʘʮʽʡʥʘ ʪʝʭʥʦʣʦʛʽʷ ʢʨʝʘʪʠʚʥʦʛʦ 

ʫʧʨʘʚʣʽʥʥʷ ɯʊ-ʧʨʦʻʢʪʘʤʠ ʤʘʻ ʧʦʪʫʞʥʽ ʤʦʞʣʠʚʦʩʪʽ ʤʘʩʰʪʘʙʫʚʘʥʥʷ, ʱʦ ʜʦʟʚʦʣʷʶʪʴ ʾʡ ʝʬʝʢʪʠʚʥʦ 

ʩʧʨʘʚʣʷʪʠʩʷ ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ʢʽʣʴʢʦʩʪʽ ʜʘʥʠʭ ʪʘ ʢʦʨʠʩʪʫʚʘʯʽʚ, ʥʝ ʚʪʨʘʯʘʶʯʠ ʧʨʠ ʮʴʦʤʫ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ 

ʪʘ ʰʚʠʜʢʦʜʽʾ. 
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Abstract. In the work, the authors propose information technology for creative management of IT 

projects and the corresponding structure of the database based on the application of a genetic algorithm, 

which is used to solve the optimization problem to achieve their maximum efficiency. Criteria for selecting 

the best team members include experience, skills, cost, compatibility, and empathy. The proposed 

information technology for creative management of IT projects has powerful scaling capabilities that allow 

it to effectively cope with the increase in the number of data and users without losing performance and speed. 
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ɺʩʪʫʧ. ʇʨʦʮʝʩʠ ʬʦʨʤʫʚʘʥʥʷ ʢʦʤʘʥʜʠ ɯʊ-ʧʨʦʻʢʪʫ ʡ ʫʧʨʘʚʣʽʥʥʷ ʥʝʶ ʻ ʩʣʘʙʢʦ 

ʩʪʨʫʢʪʫʨʦʚʘʥʠʤʠ ʪʘ ʟʜʽʡʩʥʶʶʪʴʩʷ ʚ ʫʤʦʚʘʭ ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ. ɿʥʘʯʥʘ ʢʽʣʴʢʽʩʪʴ ʬʘʢʪʦʨʽʚ 

ʚʧʣʠʚʘʻ ʥʘ ʦʙʨʘʥʥʷ ʢʨʠʪʝʨʽʾʚ ʪʘ ʩʪʨʘʪʝʛʽʾ ʬʦʨʤʫʚʘʥʥʷ ʢʦʤʘʥʜʠ, ʩʝʨʝʜ ʷʢʠʤ ʤʦʞʥʘ ʚʠʜʽʣʠʪʠ: 

ʮʽʣʽ ʪʘ ʟʘʜʘʯʽ ɯʊ-ʧʨʦʻʢʪʫ, ʙʘʯʝʥʥʷ ʡʦʛʦ ʫʯʘʩʥʠʢʽʚ, ʚʟʘʻʤʦʜʽʷ ʩʪʝʡʢʭʦʣʜʝʨʽʚ, ʛʘʣʫʟʴ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʤʘʡʙʫʪʥʴʦʛʦ ʧʨʦʜʫʢʪʫ, ʦʩʦʙʠʩʪʽʩʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʟʘʤʦʚʥʠʢʘ, ʢʝʨʽʚʥʠʢʘ 

ʢʦʤʘʥʜʠ ɯʊ-ʧʨʦʻʢʪʫ ʪʘ ʽʥʰʠʭ ʢʣʶʯʦʚʠʭ ʫʯʘʩʥʠʢʽʚ [1]. 

ʄʝʪʘ ʨʦʙʦʪʠ. ʈʦʟʨʦʙʠʪʠ ʽʥʬʦʨʤʘʮʽʡʥʫ ʪʝʭʥʦʣʦʛʽʶ ʢʨʝʘʪʠʚʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ ɯʊ-

ʧʨʦʻʢʪʘʤʠ ʪʘ ʚʽʜʧʦʚʽʜʥʫ ʾʡ ʩʪʨʫʢʪʫʨʫ ʙʘʟʠ ʜʘʥʠʭ. 

ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʠ. ɿ ʤʝʪʦʶ ʫʩʧʽʰʥʦʛʦ ʟʘʚʝʨʰʝʥʥʷ ɯʊ-ʧʨʦʻʢʪʽʚ, ʟʦʢʨʝʤʘ ʟ 

ʚʠʩʦʢʦʶ ʯʘʩʪʢʦʶ ʽʥʥʦʚʘʮʽʡ, ʥʝʦʙʭʽʜʥʘ ʩʘʤʦʦʨʛʘʥʽʟʦʚʘʥʘ ʪʘ ʩʘʤʦʢʝʨʦʚʘʥʘ ʢʦʤʘʥʜʘ, ʷʢʘ ʤʘʻ 

ʟʤʦʛʫ ʩʘʤʦʩʪʽʡʥʦ ʧʨʠʡʤʘʪʠ ʨʽʰʝʥʥʷ ʱʦʜʦ ʩʪʨʫʢʪʫʨʠ, ʤʝʪʦʜʦʣʦʛʽʾ ʪʘ ʬʦʨʤʠ ʨʝʘʣʽʟʘʮʽʾ ɯʊ-

ʧʨʦʻʢʪʫ [1, 2]. ʇʽʜ ʯʘʩ ʬʦʨʤʫʚʘʥʥʷ ʪʨʘʜʠʮʽʡʥʠʭ ʢʦʤʘʥʜ ʚ ɯʊ-ʢʦʤʧʘʥʽʷʭ ʬʘʟʽ ʨʝʘʣʽʟʘʮʽʾ ɯʊ-

ʧʨʦʻʢʪʫ ʧʝʨʝʜʫʻ ʧʨʦʮʝʩ ʡʦʛʦ ʧʣʘʥʫʚʘʥʥʷ, ʟʦʢʨʝʤʘ ʡ ʧʨʠ ʟʘʩʪʦʩʫʚʘʥʥʽ ʛʥʫʯʢʠʭ ʪʝʭʥʦʣʦʛʽʡ 

ʨʦʟʨʦʙʢʠ. ʊʦʤʫ ʫ ʚʠʧʘʜʢʫ, ʷʢʱʦ ʙʽʣʴʰʝ ʨʽʰʝʥʴ ʧʨʠʡʤʘʻʪʴʩʷ ʱʦʜʦ ʩʘʤʦʾ ʢʦʤʘʥʜʠ, ʢʦʥʮʝʧʪʫ 

ʤʘʡʙʫʪʥʴʦʾ ʨʦʟʨʦʙʢʠ ï ʮʝ ʦʙʤʝʞʫʻ ʤʦʞʣʠʚʽʩʪʴ ʩʘʤʦʦʨʛʘʥʽʟʘʮʽʾ ʪʘʢʦʾ ʢʦʤʘʥʜʠ ʪʘ 

ʧʝʨʝʰʢʦʜʞʘʻ ʫʧʨʘʚʣʽʥʥʶ ɯʊ-ʧʨʦʻʢʪʘʤʠ ʟ ʚʠʩʦʢʦʶ ʯʘʩʪʢʦʶ ʽʥʥʦʚʘʮʽʡ. 

ʆʩʥʦʚʥʘ ʯʘʩʪʠʥʘ. ʉʪʚʦʨʝʥʥʷ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʪʝʭʥʦʣʦʛʽʾ (ɯʊ) ʩʧʨʷʤʦʚʘʥʝ ʥʘ ʜʦʧʦʤʦʛʫ 

ʤʝʥʝʜʞʝʨʘʤ ɯʊ-ʧʨʦʻʢʪʽʚ ʚ ʝʬʝʢʪʠʚʥʦʤʫ ʚʠʟʥʘʯʝʥʥʽ ʯʣʝʥʽʚ ʢʦʤʘʥʜʠ, ʷʢʽ ʙʫʜʫʪʴ ʥʘʡʢʨʘʱʝ 

ʧʽʜʭʦʜʠʪʠ ʜʣʷ ʢʦʥʢʨʝʪʥʠʭ ɯʊ-ʧʨʦʻʢʪʽʚ ʪʘ ʬʦʨʤʫʚʘʥʥʽ ʚʽʜʧʦʚʽʜʥʦʾ ʢʦʤʘʥʜʠ. ɯʥʬʦʨʤʘʮʽʡʥʘ 

ʪʝʭʥʦʣʦʛʽʷ ˇʨʫʥʪʫʻʪʴʩʷ ʥʘ ʟʘʩʪʦʩʫʚʘʥʥʽ ʛʝʥʝʪʠʯʥʦʛʦ ʘʣʛʦʨʠʪʤʫ, ʷʢʠʡ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ 

ʚʠʨʽʰʝʥʥʷ ʦʧʪʠʤʽʟʘʮʽʡʥʦʾ ʟʘʜʘʯʽ, ʟʦʢʨʝʤʘ ʚʠʙʦʨʫ ʥʘʡʢʨʘʱʠʭ (ʟʘ ʚʠʟʥʘʯʝʥʠʤʠ ʢʨʠʪʝʨʽʷʤʠ) 

ʯʣʝʥʽʚ ʢʦʤʘʥʜʠ ʜʣʷ ʜʦʩʷʛʥʝʥʥʷ ʾʭʥʴʦʾ ʤʘʢʩʠʤʘʣʴʥʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ, ʱʦ ʧʨʦʷʚʣʷʻʪʴʩʷ ʣʠʰʝ ʚ 

ʫʩʧʽʰʥʦʤʫ ʟʘʚʝʨʰʝʥʥʽ ɯʊ-ʧʨʦʻʢʪʫ. ɯʪʝʨʘʪʠʚʥʠʡ ʧʦʰʫʢ ʦʧʪʠʤʘʣʴʥʠʭ ʢʦʤʙʽʥʘʮʽʡ 

ʩʧʽʚʨʦʙʽʪʥʠʢʽʚ ʟʜʽʡʩʥʶʻʪʴʩʷ ʥʘ ʦʩʥʦʚʽ ʨʷʜʫ ʢʨʠʪʝʨʽʾʚ, ʪʘʢʠʭ ʷʢ ʜʦʩʚʽʜ, ʥʘʚʠʯʢʠ, ʚʘʨʪʽʩʪʴ, 

ʩʫʤʽʩʥʽʩʪʴ ʪʘ ʝʤʧʘʪʽʷ. ʂʨʽʤ ʪʦʛʦ, ɯʊ ʘʚʪʦʤʘʪʠʯʥʦ ʚʨʘʭʦʚʫʻ ʱʝ ʡ ʩʢʣʘʜʥʽʩʪʴ ɯʊ-ʧʨʦʻʢʪʫ, ʷʢʘ 

ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʥʘ ʦʩʥʦʚʽ ʬʘʢʪʦʨʽʚ, ʪʘʢʠʭ ʷʢ ʪʝʨʤʽʥʠ, ʧʦʪʨʝʙʠ ʫ ʥʘʚʠʯʢʘʭ ʪʘ ʦʙʤʝʞʝʥʥʷ 

ʙʶʜʞʝʪʫ. ɺʠʟʥʘʯʝʥʥʷ ʩʢʣʘʜʥʦʩʪʽ ɯʊ-ʧʨʦʻʢʪʫ ʻ ʮʽʥʥʠʤ ʝʣʝʤʝʥʪʦʤ, ʷʢʠʡ ʜʦʟʚʦʣʷʻ 

ʛʝʥʝʪʠʯʥʦʤʫ ʘʣʛʦʨʠʪʤʫ ʪʦʯʥʽʰʝ ʚʠʟʥʘʯʘʪʠ ʦʧʪʠʤʘʣʴʥʽ ʢʦʥʬʽʛʫʨʘʮʽʾ ʢʦʤʘʥʜ. ɼʽʘʛʨʘʤʘ 

ʫʯʘʩʥʠʢʽʚ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʪʝʭʥʦʣʦʛʽʾ ʢʨʝʘʪʠʚʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ ɯʊ-ʧʨʦʻʢʪʘʤʠ ʥʘʚʝʜʝʥʘ ʥʘ 

ʨʠʩ. 1. 

 
ʈʠʩ. 1. ɼʽʘʛʨʘʤʘ ʫʯʘʩʥʠʢʽʚ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʪʝʭʥʦʣʦʛʽʾ ʢʨʝʘʪʠʚʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ ɯʊ-ʧʨʦʻʢʪʘʤʠ 

ɺ ʷʢʦʩʪʽ ʉʋɹɼ ʜʣʷ ʮʽʻʾ ʩʠʩʪʝʤʠ ʙʫʣʦ ʦʙʨʘʥʦ MongoDB, ʷʢʘ ʻ ʥʝʩʪʨʫʢʪʫʨʦʚʘʥʦʶ ʙʘʟʦʶ 

ʜʘʥʠʭ, ʷʢʘ ʜʦʙʨʝ ʧʽʜʭʦʜʠʪʴ ʜʣʷ ʨʦʙʦʪʠ ʟ ʚʝʣʠʢʠʤʠ ʦʙʩʷʛʘʤʠ ʜʘʥʠʭ ʽ ʟʘʙʝʟʧʝʯʫʻ ʚʠʩʦʢʫ 

ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ, ʛʥʫʯʢʽʩʪʴ ʪʘ ʤʘʩʰʪʘʙʦʚʘʥʽʩʪʴ (ʨʠʩ. 2). 
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ʈʠʩ. 2. ʉʪʨʫʢʪʫʨʘ ʙʘʟʠ ʜʘʥʠʭ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʪʝʭʥʦʣʦʛʽʾ ʢʨʝʘʪʠʚʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ ɯʊ-

ʧʨʦʻʢʪʘʤʠ 

ɺ ʢʦʥʪʝʢʩʪʽ ʜʘʥʦʾ ɯʊ, MongoDB ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʟʙʝʨʽʛʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ 

ʩʧʽʚʨʦʙʽʪʥʠʢʽʚ, ɯʊ-ʧʨʦʻʢʪʠ ʪʘ ʽʩʪʦʨʠʯʥʽ ʜʘʥʽ ʦʧʪʠʤʽʟʘʮʽʾ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʰʚʠʜʢʠʡ ʜʦʩʪʫʧ ʜʦ 

ʜʘʥʠʭ ʪʘ ʝʬʝʢʪʠʚʥʝ ʫʧʨʘʚʣʽʥʥʷ ʨʝʩʫʨʩʘʤʠ. 

ɺʠʩʥʦʚʢʠ. ɿʘʧʨʦʧʦʥʦʚʘʥʘ ɯʊ ʢʨʝʘʪʠʚʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ ɯʊ-ʧʨʦʻʢʪʘʤʠ ʤʘʻ ʧʦʪʫʞʥʽ 

ʤʦʞʣʠʚʦʩʪʽ ʤʘʩʰʪʘʙʫʚʘʥʥʷ, ʱʦ ʜʦʟʚʦʣʷʶʪʴ ʾʡ ʝʬʝʢʪʠʚʥʦ ʩʧʨʘʚʣʷʪʠʩʷ ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ 

ʢʽʣʴʢʦʩʪʽ ʜʘʥʠʭ ʪʘ ʢʦʨʠʩʪʫʚʘʯʽʚ, ʥʝ ʚʪʨʘʯʘʶʯʠ ʧʨʠ ʮʴʦʤʫ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʪʘ ʰʚʠʜʢʦʜʽʾ. 

 

ʉʧʠʩʦʢ ʚʠʢʦʨʠʩʪʘʥʠʭ ʜʞʝʨʝʣ 
1. ɹʣʠʟʥʶʢʦʚʘ ɯ.ʆ. ʄʝʪʦʜ ʬʦʨʤʫʚʘʥʥʷ ʢʨʝʘʪʠʚʥʦʾ ʢʦʤʘʥʜʠ ɯʊ-ʧʨʦʻʢʪʫ. ɺʽʩʥʠʢ ʥʘʮʽʦʥʘʣʴʥʦʛʦ 

ʪʝʭʥʽʯʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ çʍʇɯè : ɿʙ.ʥʘʫʢ.ʧʨ. ʉʝʨʽʷ : ʉʪʨʘʪʝʛʽʯʥʝ ʫʧʨʘʚʣʽʥʥʷ, ʫʧʨʘʚʣʽʥʥʷ 

ʧʦʨʪʬʝʣʷʤʠ ʧʨʦʛʨʘʤʘʤʠ ʪʘ ʧʨʦʻʢʪʘʤʠ. ʍʘʨʢʽʚ: ʅʊʋ çʍʇɯè, 2023. ˉ 1(7). ʉ. 12-18. DOI: 

https://doi.org/10.20998/2413-3000.2023.7.2. URL: http://pm.khpi.edu.ua/article/view/286393. 

2. ʂʫʟʴʤʽʥʩʴʢʘ ʖ.ʄ., ɼʘʥʯʝʥʢʦ ʆ.ɹ., ɹʝʜʨʽʡ ɼ.ɯ. ʄʝʪʦʜ ʬʦʨʤʫʚʘʥʥʷ ʝʬʝʢʪʠʚʥʠʭ ʢʦʤʘʥʜ ʦʩʚʽʪʥʽʭ 
ʧʨʦʻʢʪʽʚ. ɺʽʩʥʠʢ ʅʘʮʽʦʥʘʣʴʥʦʛʦ ʪʝʭʥʽʯʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ çʍʇɯè. ʉʝʨʽʷ: ʉʪʨʘʪʝʛʽʯʥʝ ʫʧʨʘʚʣʽʥʥʷ, 

ʫʧʨʘʚʣʽʥʥʷ ʧʦʨʪʬʝʣʷʤʠ, ʧʨʦʛʨʘʤʘʤʠ ʪʘ ʧʨʦʻʢʪʘʤʠ: ʟʙ. ʥʘʫʢ. ʧʨ. ʍʘʨʢʽʚ: ʅʊʋ çʍʇɯè, 2021. ˉ 2(4). 

ʉ. 46-53. DOI: https://doi.org/10.20998/2413-3000.2021.4.6. URL: 

http://pm.khpi.edu.ua/article/view/229473. 

 

 

ʂʆʅʎɽʇʊʋɸʃʔʅɸ ʄʆɼɽʃʔ ʎʀʌʈʆɺʆɰ ʊʈɸʅʉʌʆʈʄɸʎɯɰ ʇʈʆʎɽʉɯɺ 

ʋʇʈɸɺʃɯʅʅʗ ʇɯɼʇʈʀɭʄʉʊɺʆʄ 

 

Bieliatynskyi A.1, ɹʘʢʫʣʽʯ ʆ.ʆ.2, ɹʦʢʠʡ ɸ.2, ʂʽʩ ɯ.2, ʇʽʚʝʥʴ ʆ.3 
1North Minzu University,  Yinchuan,  NingXia,  P.R. China  
2ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʨʘʥʩʧʦʨʪʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ, ʂʠʾʚ, ʋʢʨʘʾʥʘ 

3ʏʝʨʢʘʩʴʢʠʡ ʜʝʨʞʘʚʥʠʡ ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ, ʏʝʨʢʘʩʠ, ʋʢʨʘʾʥʘ 
 

ɸʥʦʪʘʮʽʷ. ɺ ʨʦʙʦʪʽ ʘʚʪʦʨʠ ʧʨʦʧʦʥʫʶʪʴ ʢʦʥʮʝʧʪʫʘʣʴʥʫ ʤʦʜʝʣʴ ʮʠʬʨʦʚʦʾ ʪʨʘʥʩʬʦʨʤʘʮʽʾ 
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Abstract. In the work, the authors propose a conceptual model of digital transformation of enterprise 

management processes, which includes six stages and presents an integrated approach to digital 

transformation. It is proposed to use omnichannel marketing in the presented model as a modern business 

approach to increasing the efficiency of digital transformation processes and increasing customer experience. 

Keywords: omnichannel marketing, digital transformation, management processes, conceptual 

model. 

 

ɺʩʪʫʧ. ʎʠʬʨʦʚʘ ʪʨʘʥʩʬʦʨʤʘʮʽʷ ʧʨʦʮʝʩʽʚ ʫʧʨʘʚʣʽʥʥʷ ʧʽʜʧʨʠʻʤʩʪʚʦʤ ʥʝ ʪʽʣʴʢʠ ʚʠʤʘʛʘʻ 

ʚʧʨʦʚʘʜʞʝʥʥʷ ʥʦʚʽʪʥʽʭ ʪʝʭʥʦʣʦʛʽʡ, ʘʣʝ ʡ ʧʝʨʝʜʙʘʯʘʻ ʛʣʠʙʦʢʽ ʟʤʽʥʠ ʚ ʢʫʣʴʪʫʨʽ, ʦʧʝʨʘʮʽʡʥʠʭ 

ʧʨʦʮʝʩʘʭ ʪʘ ʙʽʟʥʝʩ-ʤʦʜʝʣʷʭ  ʧʽʜʧʨʠʻʤʩʪʚʘ. ʈʦʟʫʤʽʥʥʷ ʪʘ ʝʬʝʢʪʠʚʥʝ ʫʧʨʘʚʣʽʥʥʷ ʮʠʤʠ ʟʤʽʥʘʤʠ 

ʻ ʢʣʶʯʦʚʠʤʠ ʜʽʷʤʠ ʜʣʷ ʜʦʩʷʛʥʝʥʥʷ ʫʩʧʽʭʫ ʚ ʮʠʬʨʦʚʫ ʝʧʦʭʫ. ɿʛʽʜʥʦ ʚʽʜʢʨʠʪʦʾ ʽʥʬʦʨʤʘʮʽʾ 

ɯʥʩʪʠʪʫʪʫ ʮʠʬʨʦʚʦʾ ʪʨʘʥʩʬʦʨʤʘʮʽʾ ʪʘ ʥʘ ʦʩʥʦʚʽ ʜʦʜʘʪʢʦʚʠʭ ʜʦʩʣʽʜʞʝʥʴ ʤʦʞʥʘ ʜʦʧʦʚʥʠʪʠ ʪʘ 

ʩʬʦʨʤʫʚʘʪʠ ʦʩʥʦʚʥʽ ʝʪʘʧʠ ʪʨʘʥʩʬʦʨʤʘʮʽʾ ʜʣʷ ʧʽʜʧʨʠʻʤʩʪʚ, ʢʦʞʝʥ ʟ ʷʢʠʭ ʚʽʜʽʛʨʘʻ ʚʘʞʣʠʚʫ 

ʨʦʣʴ ʫ ʢʽʥʮʝʚʦʤʫ ʨʝʟʫʣʴʪʘʪʽ ʙʽʟʥʝʩʫ [1].   

ʄʝʪʘ ʨʦʙʦʪʠ. ʈʦʟʨʦʙʠʪʠ ʢʦʥʮʝʧʪʫʘʣʴʥʫ ʤʦʜʝʣʴ ʮʠʬʨʦʚʦʾ ʪʨʘʥʩʬʦʨʤʘʮʽʾ ʧʨʦʮʝʩʽʚ 

ʫʧʨʘʚʣʽʥʥʷ ʧʽʜʧʨʠʻʤʩʪʚʦʤ. 

ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʠ. ʈʦʟʛʣʷʥʝʤʦ ʰʽʩʪʴ ʢʣʶʯʦʚʠʭ ʩʬʦʨʤʦʚʘʥʠʭ ʝʪʘʧʽʚ  ʜʣʷ ʮʠʬʨʦʚʦʾ 

ʪʨʘʥʩʬʦʨʤʘʮʽʾ ʧʽʜʧʨʠʻʤʩʪʚʘ: 1. ɸʥʘʣʽʟ ʢʣʽʻʥʪʩʴʢʦʛʦ ʜʦʩʚʽʜʫ ʪʘ ʧʦʚʝʜʽʥʢʠ. 2. ʈʦʟʚʠʪʦʢ 

ʽʥʥʦʚʘʮʽʡʥʦʾ ʢʦʨʧʦʨʘʪʠʚʥʦʾ ʢʫʣʴʪʫʨʠ. 3. ʆʧʪʠʤʽʟʘʮʽʷ ʦʧʝʨʘʮʽʡʥʠʭ ʧʨʦʮʝʩʽʚ. 4. ɯʥʪʝʛʨʘʮʽʷ 

ʮʠʬʨʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ. 5. ʇʦʙʫʜʦʚʘ ʪʘ ʦʥʦʚʣʝʥʥʷ ʙʽʟʥʝʩ-ʤʦʜʝʣʝʡ. 6. ʉʪʘʣʽʩʪʴ ʪʘ ʽʥʥʦʚʘʮʽʡʥʠʡ 

ʨʦʟʚʠʪʦʢ. ʇʨʦʙʣʝʤʦʶ ʻ ʚʝʣʠʢʘ ʢʽʣʴʢʽʩʪʴ ʚʟʘʻʤʦʟʚôʷʟʢʽʚ ʪʘ ʢʦʤʫʥʽʢʘʮʽʡ ʚ ʜʘʥʽʡ ʤʦʜʝʣʽ, ʪʦʤʫ 

ʥʝʦʙʭʽʜʥʦ ʧʽʜʽʙʨʘʪʠ ʩʫʯʘʩʥʠʭ ʽʥʥʦʚʘʮʽʡʥʠʡ ʙʽʟʥʝʩ-ʧʽʜʭʽʜ ʜʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʢʘʥʘʣʽʚ 

ʢʦʤʫʥʽʢʘʮʽʡ, ʷʢʠʡ ʜʦʟʚʦʣʠʪʴ ʧʽʜʚʠʱʠʪʠ ʝʬʝʢʪʠʚʥʽʩʪʴ ʧʨʦʮʝʩʽʚ ʮʠʬʨʦʚʦʾ ʪʨʘʥʩʬʦʨʤʘʮʽʾ 

ʧʽʜʧʨʠʻʤʩʪʚʘ. 

ʆʩʥʦʚʥʘ ʯʘʩʪʠʥʘ. ʅʘ ʨʠʩʫʥʢʫ 1 ʧʨʝʜʩʪʘʚʣʝʥʘ ʢʦʥʮʝʧʪʫʘʣʴʥʘ ʤʦʜʝʣʴ ʮʠʬʨʦʚʦʾ 

ʪʨʘʥʩʬʦʨʤʘʮʽʾ ʧʨʦʮʝʩʽʚ ʫʧʨʘʚʣʽʥʥʷ ʜʣʷ ʧʽʜʧʨʠʻʤʩʪʚʘ, ʱʦ ʚʽʜʦʙʨʘʞʘʻ ʢʣʶʯʦʚʽ ʝʪʘʧʠ ʪʘ 

ʢʦʤʧʦʥʝʥʪʠ ʧʨʦʮʝʩʫ ʪʨʘʥʩʬʦʨʤʘʮʽʾ, ʷʢʽ ʙʫʣʠ ʩʬʦʨʤʦʚʘʥʽ. ɺʘʞʣʠʚʦ ʧʽʜʢʨʝʩʣʠʪʠ, ʱʦ 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʤʦʜʝʣʴ ʥʝ ʻ ʫʥʽʚʝʨʩʘʣʴʥʦʶ ʘʙʦ ʚʠʯʝʨʧʥʦʶ ʜʣʷ ʢʦʞʥʦʛʦ ʢʦʥʢʨʝʪʥʦʛʦ ʚʠʧʘʜʢʫ. 

ʇʽʜʧʨʠʻʤʩʪʚʘ ʧʦʚʠʥʥʽ ʙʨʘʪʠ ʜʦ ʫʚʘʛʠ ʩʚʦʻ ʫʥʽʢʘʣʴʥʝ ʙʽʟʥʝʩ-ʩʝʨʝʜʦʚʠʱʝ, ʩʧʝʮʠʬʽʢʫ ʛʘʣʫʟʽ, 

ʢʦʨʧʦʨʘʪʠʚʥʫ ʢʫʣʴʪʫʨʫ, ʪʘ ʦʩʦʙʣʠʚʦʩʪʽ ʩʚʦʾʭ ʢʣʽʻʥʪʽʚ. ʊʦʤʫ ʮʷ ʤʦʜʝʣʴ ʤʦʞʝ ʩʣʫʛʫʚʘʪʠ ʷʢ 

ʟʘʛʘʣʴʥʠʡ ʢʘʨʢʘʩ, ʘʣʝ ʢʦʞʝʥ ʙʽʟʥʝʩ ʧʦʚʠʥʝʥ ʘʜʘʧʪʫʚʘʪʠ ʾʾ ʝʣʝʤʝʥʪʠ ʪʘ ʬʦʢʫʩ, ʚʠʭʦʜʷʯʠ ʟ 

ʚʣʘʩʥʠʭ ʧʦʪʨʝʙ ʪʘ ʮʽʣʝʡ. ʂʦʥʮʝʧʪʫʘʣʴʥʘ ʤʦʜʝʣʴ ʜʝʤʦʥʩʪʨʫʻ, ʷʢ ʨʽʟʥʽ ʝʪʘʧʠ ʚʟʘʻʤʦʧʦʚ'ʷʟʘʥʽ 

ʪʘ ʷʢ ʚʦʥʠ ʩʧʨʠʷʶʪʴ ʟʘʛʘʣʴʥʽʡ ʤʝʪʽ ʧʝʨʝʪʚʦʨʝʥʥʷ ʙʽʟʥʝʩʫ ʚ ʝʨʫ ʮʠʬʨʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ. ɺʩʝ ʮʝ 

ʤʦʞʣʠʚʦ ʟʘʚʜʷʢʠ ʚʧʨʦʚʘʜʞʝʥʥʶ ʦʤʥʽʢʘʥʘʣʴʥʦʛʦ ʧʽʜʭʦʜʫ ʪʘ ʦʤʥʽʢʘʥʘʣʴʥʦʛʦ ʤʘʨʢʝʪʠʥʛʫ, 

ʦʩʢʽʣʴʢʠ ʮʝ ʥʝ ʧʨʦʩʪʦ ʜʦʧʦʚʥʶʻ ʢʦʞʝʥ ʟ ʮʠʭ ʝʪʘʧʽʚ, ʘʣʝ ʽ ʟʘʙʝʟʧʝʯʫʻ ʮʽʣʽʩʥʽʩʪʴ ʪʘ 

ʝʬʝʢʪʠʚʥʽʩʪʴ ʫʩʽʻʾ ʮʠʬʨʦʚʦʾ ʩʪʨʘʪʝʛʽʾ ʧʽʜʧʨʠʻʤʩʪʚʘ [2]:  

- ʜʦʟʚʦʣʷʻ ʟʙʠʨʘʪʠ ʜʝʪʘʣʴʥʽʰʽ ʜʘʥʽ ʧʨʦ ʢʣʽʻʥʪʽʚ ʯʝʨʝʟ ʨʽʟʥʽ ʪʦʯʢʠ ʜʦʪʠʢʫ, ʥʘʜʘʶʯʠ 

ʛʣʠʙʰʠʡ ʘʥʘʣʽʟ ʾʭ ʧʦʚʝʜʽʥʢʠ ʪʘ ʚʧʦʜʦʙʘʥʥʷ; 

- ʩʧʨʠʷʻ ʥʝʧʝʨʝʨʚʥʦʤʫ ʨʦʟʚʠʪʢʫ ʪʘ ʽʥʥʦʚʘʮʽʷʤ, ʜʦʟʚʦʣʷʶʯʠ ʧʽʜʧʨʠʻʤʩʪʚʘʤ ʝʬʝʢʪʠʚʥʦ 
ʘʜʘʧʪʫʚʘʪʠʩʷ ʜʦ ʥʦʚʠʭ ʚʠʢʣʠʢʽʚ ʪʘ ʤʦʞʣʠʚʦʩʪʝʡ, ʷʢʽ ʥʘʜʘʻ ʮʠʬʨʦʚʠʡ ʩʚʽʪ; 

- ʬʦʨʤʫʚʘʥʥʷ ʦʤʥʽʢʘʥʘʣʴʥʦʾ ʢʫʣʴʪʫʨʠ ʫ ʢʦʤʧʘʥʽʾ ʩʧʨʠʷʻ ʙʽʣʴʰʽʡ ʟʘʣʫʯʝʥʦʩʪʽ 

ʩʧʽʚʨʦʙʽʪʥʠʢʽʚ ʪʘ ʧʽʜʚʠʱʝʥʥʶ ʾʭʥʴʦʾ ʢʦʤʧʝʪʝʥʪʥʦʩʪʽ ʚ ʦʙʣʘʩʪʽ ʮʠʬʨʦʚʠʭ ʽʥʩʪʨʫʤʝʥʪʽʚ; 

- ʦʤʥʽʢʘʥʘʣʴʥʽ ʧʣʘʪʬʦʨʤʠ ʜʦʧʦʤʘʛʘʶʪʴ ʘʚʪʦʤʘʪʠʟʫʚʘʪʠ ʪʘ ʩʠʥʭʨʦʥʽʟʫʚʘʪʠ ʙʽʟʥʝʩ-

ʧʨʦʮʝʩʠ, ʟʘʙʝʟʧʝʯʫʶʯʠ ʙʽʣʴʰ ʝʬʝʢʪʠʚʥʫ ʚʟʘʻʤʦʜʽʶ ʟ ʢʣʽʻʥʪʘʤʠ ʥʘ ʨʽʟʥʠʭ ʢʘʥʘʣʘʭ; 
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- ʚʠʢʦʨʠʩʪʘʥʥʷ ʦʤʥʽʢʘʥʘʣʴʥʠʭ ʨʽʰʝʥʴ ʜʦʟʚʦʣʷʻ ʝʬʝʢʪʠʚʥʦ ʽʥʪʝʛʨʫʚʘʪʠ ʨʽʟʥʦʤʘʥʽʪʥʽ 
ʮʠʬʨʦʚʽ ʽʥʩʪʨʫʤʝʥʪʠ ʽ ʧʣʘʪʬʦʨʤʠ, ʟʘʙʝʟʧʝʯʫʶʯʠ ʻʜʠʥʠʡ ʜʦʩʚʽʜ ʚʟʘʻʤʦʜʽʾ ʟ ʢʣʽʻʥʪʘʤʠ.

 
ʈʠʩ. 1. ʂʦʥʮʝʧʪʫʘʣʴʥʘ ʤʦʜʝʣʴ ʮʠʬʨʦʚʦʾ ʪʨʘʥʩʬʦʨʤʘʮʽʾ ʜʣʷ ʫʧʨʘʚʣʽʥʥʷ ʧʽʜʧʨʠʻʤʩʪʚʦʤ 

ɺʠʩʥʦʚʢʠ. ʆʪʞʝ, ʰʝʩʪʠʝʪʘʧʥʘ ʢʦʥʮʝʧʪʫʘʣʴʥʘ ʤʦʜʝʣʴ ʮʠʬʨʦʚʦʾ ʪʨʘʥʩʬʦʨʤʘʮʽʾ, ʷʢʘ 

ʦʭʦʧʣʶʻ ʝʪʘʧʠ ʚʽʜ ʘʥʘʣʽʟʫ ʢʣʽʻʥʪʩʴʢʦʛʦ ʜʦʩʚʽʜʫ ʜʦ ʩʪʘʣʦʩʪʽ ʪʘ ʽʥʥʦʚʘʮʽʡʥʦʛʦ ʨʦʟʚʠʪʢʫ,  

ʚʽʜʽʛʨʘʻ ʚʘʞʣʠʚʫ ʨʦʣʴ ʫ ʧʨʦʮʝʩʽ ʧʝʨʝʪʚʦʨʝʥʥʷ ʧʽʜʧʨʠʻʤʩʪʚʘ, ʜʦʟʚʦʣʷʶʯʠ ʘʜʘʧʪʫʚʘʪʠʩʷ ʜʦ 

ʰʚʠʜʢʦʟʤʽʥʥʠʭ ʫʤʦʚ ʮʠʬʨʦʚʦʛʦ ʩʚʽʪʫ. ʗʢ ʢʣʶʯʦʚʠʡ ʝʣʝʤʝʥʪ ʮʠʬʨʦʚʦʾ ʪʨʘʥʩʬʦʨʤʘʮʽʾ, 

ʦʤʥʽʢʘʥʘʣʴʥʠʡ ʤʘʨʢʝʪʠʥʛ ʩʧʨʠʷʻ ʩʪʚʦʨʝʥʥʶ ʻʜʠʥʦʛʦ ʪʘ ʥʝʧʝʨʝʨʚʥʦʛʦ ʜʦʩʚʽʜʫ ʜʣʷ ʢʣʽʻʥʪʽʚ, 

ʥʝʟʘʣʝʞʥʦ ʚʽʜ ʢʘʥʘʣʫ ʚʟʘʻʤʦʜʽʾ. ʇʨʝʜʩʪʘʚʣʝʥʘ ʤʦʜʝʣʴ ʚʠʤʘʛʘʻ ʥʝ ʣʠʰʝ ʚʧʨʦʚʘʜʞʝʥʥʷ ʥʦʚʠʭ 

ʪʝʭʥʦʣʦʛʽʡ, ʘʣʝ ʡ ʛʣʠʙʦʢʦʛʦ ʧʝʨʝʦʩʤʠʩʣʝʥʥʷ ʢʦʨʧʦʨʘʪʠʚʥʦʾ ʢʫʣʴʪʫʨʠ, ʧʨʦʮʝʩʽʚ ʫʧʨʘʚʣʽʥʥʷ 

ʪʘ ʙʽʟʥʝʩ-ʤʦʜʝʣʝʡ. ʆʤʥʽʢʘʥʘʣʴʥʠʡ ʤʘʨʢʝʪʠʥʛ, ʷʢ ʚʘʞʣʠʚʘ ʩʢʣʘʜʦʚʘ ʮʴʦʛʦ ʧʨʦʮʝʩʫ, ʧʽʜʩʠʣʶʻ 

ʟʜʘʪʥʽʩʪʴ ʧʽʜʧʨʠʻʤʩʪʚ ʝʬʝʢʪʠʚʥʦ ʘʜʘʧʪʫʚʘʪʠʩʷ ʜʦ ʮʠʬʨʦʚʠʭ ʚʠʢʣʠʢʽʚ ʪʘ ʩʢʦʨʠʩʪʘʪʠʩʷ 

ʥʦʚʠʤʠ ʤʦʞʣʠʚʦʩʪʷʤʠ, ʷʢʽ ʚʦʥʠ ʧʨʦʧʦʥʫʶʪʴ. 
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ɸʥʦʪʘʮʽʷ. ɺ ʨʦʙʦʪʽ ʟʘʧʨʦʧʦʥʦʚʘʥʘ ʦʮʽʥʢʘ ʨʽʚʥʷ ʟʘʙʨʫʜʥʝʥʥʷ ʘʪʤʦʩʬʝʨʥʦʛʦ ʧʦʚʽʪʨʷ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʛʝʦʽʥʬʦʨʤʘʮʽʡʥʠʭ ʩʠʩʪʝʤ ʚ ʧʨʦʝʢʪʘʭ ʫʧʨʘʚʣʽʥʥʷ ʝʢʦʣʦʛʽʯʥʠʤ ʩʪʘʥʦʤ ʤʽʩʪʘ.  ɿʘ 

ʜʦʧʦʤʦʛʦʶ ʛʝʦʽʥʬʦʨʤʘʮʽʡʥʠʭ ʩʠʩʪʝʤ ʟʜʽʡʩʥʝʥʦ ʤʦʜʝʣʶʚʘʥʥʷ, ʚʽʟʫʘʣʽʟʘʮʽʶ ʨʽʚʥʷ ʟʘʙʨʫʜʥʝʥʥʷ 

ʧʦʚʽʪʨʷ ʚ ʤʝʞʘʭ ʤʝʛʘʧʦʣʽʩʫ. ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʥʷ ʜʦʟʚʦʣʷʪʴ ʚ ʨʝʘʣʴʥʦʤʫ ʨʝʞʠʤʽ ʯʘʩʫ 

ʚʽʜʩʣʽʜʢʦʚʫʚʘʪʠ ʷʢʽʩʪʴ ʘʪʤʦʩʬʝʨʥʦʛʦ ʧʦʚʽʪʨʷ ʪʘ ʟʘʧʨʦʚʘʜʞʫʚʘʪʠ ʧʨʠʨʦʜʦʦʭʦʨʦʥʥʽ ʟʘʭʦʜʠ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʧʨʦʝʢʪ, ʛʝʦʽʥʬʦʨʤʘʮʽʡʥʘ ʩʠʩʪʝʤʘ, ʨʽʚʝʥʴ ʟʘʙʨʫʜʥʝʥʥʷ, ʝʢʦʣʦʛʽʯʥʠʡ ʩʪʘʥ. 

https://cutt.ly/jNEkhBQ
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APPLICATION OF GEOINFORMATION SYSTEMS IN CITY ENVIRONMENTAL 

MANAGEMENT PROJECTS  
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Abstract. The paper presents an assessment of the level of air pollution using geographic information 

systems in projects for managing the environmental condition of the city. Using geographic information 

systems, modeling and visualization of the level of air pollution within the metropolis were carried out. The 

results of the study will make it possible to monitor air quality in real time and introduce environmental 

protection measures. 

Keywords: project, geographic information system, pollution level, environmental condition. 

 

ɺʩʪʫʧ. ʅʘ ʩʴʦʛʦʜʥʽʰʥʽʡ ʜʝʥʴ ʟʘʙʨʫʜʥʝʥʥʷ ʘʪʤʦʩʬʝʨʥʦʛʦ ʧʦʚʽʪʨʷ ʻ ʦʩʥʦʚʥʠʤ 

ʯʠʥʥʠʢʦʤ, ʱʦ ʚʠʟʥʘʯʘʻ ʝʢʦʣʦʛʽʯʥʫ ʙʝʟʧʝʢʫ ʤʽʩʪʘ. ʆʜʥʠʤ ʽʟ ʽʥʩʪʨʫʤʝʥʪʽʚ, ʱʦ ʜʦʟʚʦʣʷʻ 

ʝʬʝʢʪʠʚʥʦ ʤʦʜʝʣʶʚʘʪʠ ʨʽʚʝʥʴ ʟʘʙʨʫʜʥʝʥʥʷ ʘʪʤʦʩʬʝʨʥʦʛʦ ʧʦʚʽʪʨʷ ʪʘ ʚʽʜʦʙʨʘʞʘʪʠ ʡʦʛʦ 

ʧʨʦʩʪʦʨʦʚʦ-ʯʘʩʦʚʫ ʜʠʥʘʤʽʢʫ ʻ ʛʝʦʽʥʬʦʨʤʘʮʽʡʥʽ ʩʠʩʪʝʤʠ (ɻɯʉ). ʇʨʦʩʪʦʨʦʚʠʡ ʘʥʘʣʽʟ ʚ ɻɯʉ 

ʜʦʟʚʦʣʷʻ ʚʠʨʽʰʫʚʘʪʠ ʢʦʤʧʣʝʢʩʥʽ ʟʘʜʘʯʽ, ʘ ʩʘʤʝ ʨʦʟʫʤʽʥʥʷ ʤʽʩʮʷ ʨʦʟʪʘʰʫʚʘʥʥʷ (ʘʪʨʠʙʫʪʠʚʥʽ, 

ʧʨʦʩʪʦʨʦʚʽ ʟʘʧʠʪʠ, ʘʥʘʣʽʟ ʙʣʠʟʴʢʦʩʪʽ), ʚʠʷʚʣʝʥʥʷ ʧʝʚʥʠʭ ʟʘʢʦʥʦʤʽʨʥʦʩʪʝʡ (ʢʣʘʩʪʝʨʥʠʡ 

ʘʥʘʣʽʟ, ʘʥʘʣʽʟ ʱʽʣʴʥʦʩʪʽ), ʧʦʨʽʚʥʷʥʥʷ ʦʙôʻʢʪʽʚ (ʚʠʟʥʘʯʝʥʥʷ ʚʽʜʥʦʰʝʥʴ, ʘʥʘʣʽʟ ʥʘʢʣʘʜʘʥʥʷ), 

ʤʦʜʝʣʶʚʘʥʥʷ ʪʘ ʧʨʦʛʥʦʟʫʚʘʥʥʷ (ʽʥʪʝʨʧʦʣʷʮʽʷ ʜʘʥʠʭ, ʨʝʛʨʝʩʽʡʥʠʡ ʘʥʘʣʽʟ, ʧʦʙʫʜʦʚʘ ʪʘ ʘʥʘʣʽʟ 

ʽʟʦʣʽʥʽʡ ʪʘ ʧʦʚʝʨʭʦʥʴ), ʟʥʘʭʦʜʞʝʥʥʷ ʦʧʪʠʤʘʣʴʥʦʛʦ ʤʽʩʮʝʧʦʣʦʞʝʥʥʷ (ʘʥʘʣʽʟ ʰʣʷʭʫ 

ʥʘʡʤʝʥʰʠʭ ʚʠʪʨʘʪ, ʘʥʘʣʽʟ ʨʦʟʤʽʱʝʥʥʷ, ʨʦʟʧʦʜʽʣʝʥʥʷ) ʪʦʱʦ. ʊʦʤʫ ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʛʝʦʽʥʬʦʨʤʘʮʽʡʥʠʭ ʩʠʩʪʝʤ ʚ ʧʨʠʨʦʜʦʦʭʦʨʦʥʥʠʭ ʧʨʦʝʢʪʘʭ ʩʧʨʷʤʦʚʘʥʠʭ ʥʘ ʝʬʝʢʪʠʚʥʝ 

ʫʧʨʘʚʣʽʥʥʷ ʝʢʦʣʦʛʽʯʥʠʤ ʩʪʘʥʦʤ ʤʽʩʪʘ ʻ ʜʦʩʠʪʴ ʘʢʪʫʘʣʴʥʦʶ ʟʘʜʘʯʝʶ [1]. 

ʄʝʪʘ ʨʦʙʦʪʠ. ɿʘʩʪʦʩʫʚʘʥʥʷ ʩʫʯʘʩʥʠʭ ɻɯʉ ʧʨʠ ʤʦʜʝʣʶʚʘʥʥʽ, ʧʨʦʛʥʦʟʫʚʘʥʥʽ ʪʘ 

ʚʽʟʫʘʣʽʟʘʮʽʾ ʨʽʚʥʷ ʟʘʙʨʫʜʥʝʥʥʷ ʘʪʤʦʩʬʝʨʥʦʛʦ ʧʦʚʽʪʨʷ ʤʽʩʪ. 

ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʠ. ɼʦʩʣʽʜʞʝʥʥʷ ʪʘ ʤʦʜʝʣʶʚʘʥʥʷ ʧʦʣʽʚ ʟʘʙʨʫʜʥʝʥʥʷ 

ʘʪʤʦʩʬʝʨʥʦʛʦ ʧʦʚʽʪʨʷ ʤʽʩʪ ʻ ʜʦʩʠʪʴ ʩʢʣʘʜʥʦʶ ʟʘʜʘʯʝʶ, ʦʩʢʽʣʴʢʠ ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʜʦʩʪʦʚʽʨʥʠʭ 

ʜʘʥʠʭ ʥʝʦʙʭʽʜʥʦ ʧʨʦʚʦʜʠʪʠ ʙʘʛʘʪʦʯʠʩʣʝʥʥʽ ʪʘ ʰʠʨʦʢʦʤʘʩʰʪʘʙʥʽ ʝʢʩʧʝʨʠʤʝʥʪʠ ʧʦ 

ʚʩʪʘʥʦʚʣʝʥʥʶ ʢʦʥʮʝʥʪʨʘʮʽʾ ʨʽʚʥʷ ʟʘʙʨʫʜʥʝʥʥʷ ʚ ʧʨʠʤʘʛʽʩʪʨʘʣʴʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ.  

ʆʩʥʦʚʥʘ ʯʘʩʪʠʥʘ. ɺ ʙʽʣʴʰʦʩʪʽ ʢʨʘʾʥ ʩʚʽʪʫ ʜʣʷ ʢʦʥʪʨʦʣʶ ʨʽʚʥʷ ʟʘʙʨʫʜʥʝʥʥʷ 

ʘʪʤʦʩʬʝʨʥʦʛʦ ʧʦʚʽʪʨʷ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʽʥʜʝʢʩ ʷʢʦʩʪʽ ʘʪʤʦʩʬʝʨʥʦʛʦ ʧʦʚʽʪʨʷ (AQI). ʇʨʠ 

ʨʦʟʨʘʭʫʥʢʫ AQI ʢʦʥʮʝʥʪʨʘʮʽʷ ʟʘʙʨʫʜʥʶʶʯʠʭ ʨʝʯʦʚʠʥ ʚʠʟʥʘʯʘʻʪʴʩʷ ʰʣʷʭʦʤ ʥʘʪʫʨʥʠʭ 

ʜʦʩʣʽʜʞʝʥʴ (ʤʦʥʽʪʦʨʠʥʛʫ) ʘʙʦ ʤʘʪʝʤʘʪʠʯʥʠʤ ʤʦʜʝʣʶʚʘʥʥʷʤ. ʉʫʯʘʩʥʘ ʩʠʩʪʝʤʘ ʤʦʥʽʪʦʨʠʥʛʫ 

ʷʢʦʩʪʽ ʘʪʤʦʩʬʝʨʥʦʛʦ ʧʦʚʽʪʨʷ ʩʢʣʘʜʘʻʪʴʩʷ ʟʽ ʩʪʘʮʽʦʥʘʨʥʠʭ ʪʘ ʤʘʨʰʨʫʪʥʠʭ ʧʦʩʪʽʚ. ʅʘ ʨʠʩ. 1 

ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʜʘʥʽ ʟ ʧʦʩʪʽʚ ʤʦʥʽʪʦʨʠʥʛʫ ʦʩʥʦʚʥʠʭ ʟʘʙʨʫʜʥʶʶʯʠʭ ʨʝʯʦʚʠʥ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ɻɯʉ ʧʦʙʫʜʦʚʘʥʦ ʢʘʨʪʠ ʨʽʚʥʷ ʟʘʙʨʫʜʥʝʥʥʷ ʤʽʩʪʘ ʂʠʻʚʘ. ɿʘ ʜʦʧʦʤʦʛʦʶ ʽʟʦʣʽʥʽʡ ʚʠʜʽʣʷʶʪʴʩʷ 

ʨʘʡʦʥʠ ʤʽʩʪʘ ʟ ʨʽʟʥʠʤ ʨʽʚʥʝʤ ʟʘʙʨʫʜʥʝʥʥ ̫[2]. 

 
ʈʠʩ. 1. ʂʘʨʪʘ ʨʽʚʥʷ ʟʘʙʨʫʜʥʝʥʥʷ ʘʪʤʦʩʬʝʨʠ ʤ. ʂʠʻʚʘ (AQI) 
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ʅʘ ʨʠʩ. 2 ʚʠʟʥʘʯʝʥʦ ʨʽʚʝʥʴ ʟʘʙʨʫʜʥʝʥʥʷ ʘʪʤʦʩʬʝʨʥʦʛʦ ʧʦʚʽʪʨʷ ʚʫʣʠʯʥʠʭ ʢʘʥʴʡʦʥʽʚ ʤʽʩʪ 

ʚʽʜ ʪʨʘʥʩʧʦʨʪʥʠʭ ʧʦʪʦʢʽʚ ʧʨʠ ʰʚʠʜʢʦʩʪʽ ʚʽʪʨʫ 2 ʤ/ʩ. ʈʽʟʥʠʤ ʢʦʣʴʦʨʦʤ ʚʽʜʦʙʨʘʞʝʥʘ 

ʩʝʨʝʜʥʴʦʜʦʙʦʚʘ ʢʦʥʮʝʥʪʨʘʮʽʷ ʦʢʩʠʜʽʚ ʘʟʦʪʫ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʨʽʚʥʷ ʟʘʙʨʫʜʥʝʥʥʷ ʢʦʞʥʦʛʦ ʟ 

ʚʫʣʠʯʥʠʭ ʢʘʥʴʡʦʥʽʚ. 

 
ʈʠʩ. 2. ʈʽʚʝʥʴ ʟʘʙʨʫʜʥʝʥʥʷ ʚʫʣʠʯʥʠʭ ʢʘʥʴʡʦʥʽʚ NOx ʪʨʘʥʩʧʦʨʪʥʠʤʠ ʧʦʪʦʢʘʤʠ  

ɺʠʩʥʦʚʢʠ. ʅʘ ʦʩʥʦʚʽ ɻɯʉ ʟʜʽʡʩʥʝʥʦ ʤʦʜʝʣʶʚʘʥʥʷ ʪʘ ʚʽʟʫʘʣʽʟʘʮʽʶ ʧʨʦʮʝʩʽʚ ʧʨʦʩʪʦʨʦʚʦ-

ʯʘʩʦʚʦʛʦ ʨʦʟʧʦʜʽʣʫ ʟʘʙʨʫʜʥʝʥʥʷ ʘʪʤʦʩʬʝʨʥʦʛʦ ʧʦʚʽʪʨʷ ʪʨʘʥʩʧʦʨʪʥʠʤʠ ʧʦʪʦʢʘʤʠ ʚ ʤʝʞʘʭ 

ʤʝʛʘʧʦʣʽʩʫ. ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʥʷ ʜʦʟʚʦʣʷʪʴ ʚʽʜʩʣʽʜʢʦʚʫʚʘʪʠ ʷʢʽʩʪʴ ʘʪʤʦʩʬʝʨʥʦʛʦ ʧʦʚʽʪʨʷ 

ʪʘ ʧʦʧʝʨʝʜʞʘʪʠ ʢʨʠʪʠʯʥʽ ʩʠʪʫʘʮʽʾ, ʟʘ ʷʢʠʭ ʢʦʥʮʝʥʪʨʘʮʽʷ ʟʘʙʨʫʜʥʶʶʯʠʭ ʨʝʯʦʚʠʥ ʧʝʨʝʚʠʱʫʻ 

ʛʨʘʥʠʯʥʦ-ʜʦʧʫʩʪʠʤʽ ʟʥʘʯʝʥʥʷ. 

 

ʉʧʠʩʦʢ ʚʠʢʦʨʠʩʪʘʥʠʭ ʜʞʝʨʝʣ 
1. ʏʘʩʢʦʚʩʴʢʠʡ ʆ., ɸʥʜʨʝʡʯʫʢ ʖ., ʗʤʝʣʠʥʝʮʴ ʊ. ɿʘʩʪʦʩʫʚʘʥʥʷ ɻɯʉ ʫ ʧʨʠʨʦʜʦʦʭʦʨʦʥʥʽʡ ʩʧʨʘʚʽ ʥʘ 
ʧʨʠʢʣʘʜʽ ʚʽʜʢʨʠʪʦʾ ʧʨʦʛʨʘʤʠ QGISð ʃʴʚʽʚ: ʃʅʋ ʽʤ. ɯʚʘʥʘ ʌʨʘʥʢʘ, ɺʠʜ-ʚʦ ʇʨʦʩʪʽʨ-ʄ, 2021. ð 

228 ʩ. 

2. ʉʘʤʦʡʣʝʥʢʦ ɭ. ʉ. ʋʧʨʘʚʣʽʥʥʷ ʨʽʚʥʝʤ ʟʘʙʨʫʜʥʝʥʥʷ ʘʪʤʦʩʬʝʨʠ ʤʽʩʪ ʰʣʷʭʦʤ ʤʦʜʝʣʶʚʘʥʥʷ ʟ 
ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʛʝʦʽʥʬʦʨʤʘʮʽʡʥʠʭ ʩʠʩʪʝʤ. ʄʽʞʥʘʨʦʜʥʘ ʥʘʫʢʦʚʘ ʢʦʥʬʝʨʝʥʮʽʷ çɯʥʪʝʣʝʢʪʫʘʣʴʥʽ 
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ɹʦʨʠʩʦʚ ʆ.ɺ.1, ɹʦʨʠʩʦʚʘ ʅ.ɯ.2 
1ʏʝʨʢʘʩʴʢʠʡ ʜʝʨʞʘʚʥʠʡ ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʫʥʽʚʝʩʪʠʪʝʪ, ʤ. ʏʝʨʢʘʩʠ, ʋʢʨʘʾʥʘ 

2ʊʆɺ ñɼʝʚʣʘʙ ʋʢʨʘʾʥʘò, ʂʠʾʚ, ʋʢʨʘʾʥʘ 

 
ɸʥʦʪʘʮʽʷ. ʋ ʩʫʯʘʩʥʦʤʫ ʽʥʬʦʨʤʘʮʽʡʥʦʤʫ ʩʚʽʪʽ, ʜʝ ʯʘʩ ʩʪʘʻ ʚʩʝ ʙʽʣʴʰ ʮʽʥʥʠʤ ʨʝʩʫʨʩʦʤ, 

ʝʬʝʢʪʠʚʥʝ ʫʧʨʘʚʣʽʥʥʷ ʯʘʩʦʤ ʩʪʘʻ ʢʣʶʯʦʚʠʤ ʯʠʥʥʠʢʦʤ ʜʣʷ ʜʦʩʷʛʥʝʥʥʷ ʫʩʧʽʭʫ ʪʘ ʧʽʜʚʠʱʝʥʥʷ 

ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ. ɿʘʩʪʦʩʫʚʘʥʥʷ ʨʽʟʥʠʭ ʤʝʪʦʜʽʚ ʫʧʨʘʚʣʽʥʥʷ ʯʘʩʦʤ ʜʦʟʚʦʣʷʻ ɯʊ-ʬʘʭʽʚʮʷʤ 

ʩʪʨʫʢʪʫʨʫʚʘʪʠ ʩʚʦʶ ʨʦʙʦʪʫ, ʚʩʪʘʥʦʚʣʶʚʘʪʠ ʧʨʽʦʨʠʪʝʪʠ, ʫʥʠʢʘʶʯʠ ʧʝʨʝʚʘʥʪʘʞʝʥʥʷ ʽ 

ʟʦʩʝʨʝʜʞʫʶʯʠʩʴ ʥʘ ʥʘʡʚʘʞʣʠʚʽʰʠʭ ʟʘʚʜʘʥʥʷʭ. ɺʦʥʠ ʜʦʧʦʤʘʛʘʶʪʴ ʢʨʘʱʝ ʦʨʛʘʥʽʟʫʚʘʪʠ ʯʘʩ, 

ʜʦʟʚʦʣʷʶʯʠ ʙʽʣʴʰ ʝʬʝʢʪʠʚʥʦ ʡʦʛʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʪʘ ʜʦʩʷʛʘʪʠ ʧʦʩʪʘʚʣʝʥʠʭ ʮʽʣʝʡ.  

ɽʢʩʧʝʨʠʤʝʥʪʫʚʘʥʥʷ ʪʘ ʧʦʩʪʽʡʥʠʡ ʨʦʟʚʠʪʦʢ ʥʘʚʠʯʦʢ ʫʧʨʘʚʣʽʥʥʷ ʯʘʩʦʤ ʜʦʧʦʤʦʛʘʶʪʴ ʧʦʢʨʘʱʠʪʠ 

ʝʬʝʢʪʠʚʥʽʩʪʴ ʨʦʙʦʪʠ ʪʘ ʜʦʩʷʛʥʝʥʥʷ ʧʦʩʪʘʚʣʝʥʠʭ ʟʘʚʜʘʥʴ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ɯʊ-ʧʨʦʻʢʪ, ʣʶʜʩʴʢʽ ʨʝʩʫʨʩʠ, ʫʧʨʘʚʣʽʥʥʷ ʯʘʩʦʤ, ʚʽʨʪʫʘʣʴʥʽ ʢʦʤʘʥʜʠ. 
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Abstract. In today's information-driven world, where time is becoming an increasingly valuable 

resource, effective time management is becoming a key factor in achieving success and increasing 

productivity. Using various time management techniques allows IT professionals to structure their work, 

set priorities, avoid overload and focus on the most important tasks. They help to better organise time, 

allowing them to use it more efficiently and achieve their goals.  Experimenting and continually developing 

time management skills can help you improve your performance and achieve your goals. 

Keywords: IT-project, human resources, time management, virtual teams. 

 

ɺʩʪʫʧ. ʉʫʯʘʩʥʠʡ ʩʚʽʪ ʜʠʥʘʤʽʯʥʦ ʨʦʟʚʠʚʘʻʪʴʩʷ, ʪʨʘʥʩʬʦʨʤʫʶʯʠ ʧʨʠʨʦʜʫ ʨʦʙʦʪʠ. 

ɻʣʦʙʘʣʽʟʘʮʽʷ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʢʦʤʧʘʥʽʷʤ ʥʘʡʤʘʪʠ ʥʘʡʢʨʘʱʠʭ ʬʘʭʽʚʮʽʚ ʟ ʙʫʜʴ-ʷʢʦʾ ʪʦʯʢʠ 

ʩʚʽʪʫ. ɻʥʫʯʢʽʩʪʴ ʚʽʨʪʫʘʣʴʥʠʭ ʢʦʤʘʥʜ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʧʨʘʮʽʚʥʠʢʘʤ ʛʥʫʯʢʦ ʦʨʛʘʥʽʟʫʚʘʪʠ ʩʚʽʡ 

ʨʦʙʦʯʠʡ ʜʝʥʴ ʪʘ ʙʘʣʘʥʩʫʚʘʪʠ ʨʦʙʦʪʫ ʪʘ ʦʩʦʙʠʩʪʝ ʞʠʪʪʷ [1]. ʆʜʥʘʢ, ʚʽʨʪʫʘʣʴʥʽ ʢʦʤʘʥʜʠ ʥʝ 

ʤʘʶʪʴ ʯʽʪʢʦʾ ʩʪʨʫʢʪʫʨʠ ʪʘ ʽʻʨʘʨʭʽʾ, ʱʦ ʤʦʞʝ ʧʨʠʟʚʝʩʪʠ ʜʦ ʧʨʦʙʣʝʤ ʟ ʢʦʦʨʜʠʥʘʮʽʻʶ ʨʦʙʦʪʠ 

ʪʘ ʨʦʟʧʦʜʽʣʦʤ ʟʘʚʜʘʥʴ. 

ʄʝʪʘ ʨʦʙʦʪʠ. ʆʧʠʩ ʪʘ ʘʧʨʦʙʘʮʽʷ ʤʝʪʦʜʠʢʠ ʝʬʝʢʪʠʚʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ ʯʘʩʦʤ ʜʣʷ 

ʚʽʨʪʫʘʣʴʥʠʭ ɯʊ-ʢʦʤʘʥʜ, ʱʦ ˇʨʫʥʪʫʻʪʴʩʷ ʥʘ ʨʝʛʫʣʷʨʥʽʡ ʢʦʤʫʥʽʢʘʮʽʾ, ʦʥʣʘʡʥ-ʽʥʩʪʨʫʤʝʥʪʘʭ ʪʘ 

ʟʘʦʭʦʯʝʥʥʽ ʩʘʤʦʦʨʛʘʥʽʟʘʮʽʾ. 

ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʽ. ɽʬʝʢʪʠʚʥʝ ʢʝʨʫʚʘʥʥʷ ʯʘʩʦʤ ʻ ʦʜʥʠʤ ʟ ʢʣʶʯʦʚʠʭ ʥʘʚʠʯʦʢ, 

ʥʝʦʙʭʽʜʥʠʭ ʩʧʝʮʽʘʣʽʩʪʘʤ IT-ʧʨʦʻʢʪʫ ʜʣʷ ʫʩʧʽʰʥʦʾ ʨʦʙʦʪʠ ʚ ʰʚʠʜʢʦʤʫ ʪʘ ʜʠʥʘʤʽʯʥʦʤʫ ʩʚʽʪʽ 

ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ. ʈʝʛʫʣʷʨʥʘ ʢʦʤʫʥʽʢʘʮʽʷ ʜʣʷ ʧʦʢʨʘʱʝʥʥʷ ʩʧʽʚʧʨʘʮʽ ʪʘ ʟʘʧʦʙʽʛʘʥʥʷ 

ʥʝʧʦʨʦʟʫʤʽʥʥʷʤ, ʚʠʢʦʨʠʩʪʘʥʥʷ ʦʥʣʘʡʥ-ʽʥʩʪʨʫʤʝʥʪʽʚ ʜʣʷ ʩʠʥʭʨʦʥʽʟʘʮʽʾ ʨʦʙʦʪʠ ʪʘ ʩʧʽʣʴʥʦʛʦ 

ʜʦʩʪʫʧʫ ʜʦ ʽʥʬʦʨʤʘʮʽʾ, ʘ ʪʘʢʦʞ ʟʘʦʭʦʯʝʥʥʷ ʯʣʝʥʽʚ ʢʦʤʘʥʜʠ ʜʦ ʩʘʤʦʦʨʛʘʥʽʟʘʮʽʾ ʪʘ 

ʚʽʜʧʦʚʽʜʘʣʴʥʦʩʪʽ ï ʚʩʝ ʮʝ ʨʦʙʠʪʴ ʫʧʨʘʚʣʽʥʥʷ ʯʘʩʦʤ ʢʣʶʯʝʤ ʜʦ ʫʩʧʽʭʫ ʚʽʨʪʫʘʣʴʥʠʭ ʢʦʤʘʥʜ.  

ʆʩʥʦʚʥʘ ʯʘʩʪʠʥʘ. ʋ ɯʊ-ʛʘʣʫʟʽ, ʜʝ ʪʝʨʤʽʥʠ ʞʦʨʩʪʢʽ, ʧʨʦʝʢʪʠ ʙʘʛʘʪʦʟʘʜʘʯʥʽ, ʚʤʽʥʥʷ 

ʝʬʝʢʪʠʚʥʦ ʧʣʘʥʫʚʘʪʠ, ʦʨʛʘʥʽʟʦʚʫʚʘʪʠ ʪʘ ʢʦʥʪʨʦʣʶʚʘʪʠ ʩʚʽʡ ʯʘʩ ʩʪʘʻ ʥʝʚʽʜ'ʻʤʥʦʶ ʯʘʩʪʠʥʦʶ 

ʫʩʧʽʭʫ. ɽʬʝʢʪʠʚʥʝ ʫʧʨʘʚʣʽʥʥʷ ʯʘʩʦʤ ʮʝ - ʫʤʽʥʥʷ ʧʣʘʥʫʚʘʪʠ, ʚʩʪʘʥʦʚʣʶʚʘʪʠ ʧʨʽʦʨʠʪʝʪʠ, 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʤʦʞʣʠʚʦʩʪʽ, ʘ ʪʘʢʦʞ ʚʽʜʤʦʚʣʷʪʠʩʷ ʚʽʜ ʟʘʡʚʦʛʦ [2].  

ʆʩʪʘʥʥʽʤʠ ʨʦʢʘʤʠ ʟ'ʷʚʠʣʦʩʷ ʙʘʛʘʪʦ ʥʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ, ʷʢʽ ʚʦʣʦʜʽʶʪʴ ʟʥʘʯʥʠʤ 

ʧʦʪʝʥʮʽʘʣʦʤ ʜʣʷ ʧʦʢʨʘʱʝʥʥʷ ʮʽʻʾ ʩʬʝʨʠ: ʮʠʬʨʦʚʽ ʽʥʩʪʨʫʤʝʥʪʠ ʜʣʷ ʧʣʘʥʫʚʘʥʥʷ ʪʘ 

ʚʽʜʩʪʝʞʝʥʥʷ ʟʘʚʜʘʥʴ - ʧʣʘʪʬʦʨʤʠ ʜʣʷ ʚʝʜʝʥʥʷ ʧʨʦʝʢʪʽʚ (Jira, Trello, Asana, Monday.com), 

ʩʠʩʪʝʤʠ ʫʧʨʘʚʣʽʥʥʷ ʟʘʚʜʘʥʥʷʤʠ (Todoist, TickTick, Habitica) ʪʘ ʯʘʩ-ʪʨʝʢʝʨʠ (Toggl, Harvest, 

RescueTime). ɺʽʨʪʫʘʣʴʥʽ ʽʥʩʪʨʫʤʝʥʪʠ ʜʣʷ ʢʦʤʫʥʽʢʘʮʽʾ ʪʘ ʩʧʽʚʧʨʘʮʽ - ʚʽʜʝʦʢʦʥʬʝʨʝʥʮʽʾ 

(Zoom, Google Meet, Microsoft Teams), ʤʝʩʝʥʜʞʝʨʠ (Slack, Microsoft Teams, Discord) ʪʘ 

ʚʽʨʪʫʘʣʴʥʽ ʜʦʰʢʠ (Miro, Mural, Limnu). ʊʝʭʥʦʣʦʛʽʾ ʜʣʷ ʩʠʥʭʨʦʥʽʟʘʮʽʾ ʨʦʙʦʪʠ - ʩʠʩʪʝʤʠ 

ʩʧʽʣʴʥʦʛʦ ʜʦʩʪʫʧʫ ʜʦ ʬʘʡʣʽʚ (Google Drive, Dropbox, OneDrive), ʭʤʘʨʥʽ ʢʘʣʝʥʜʘʨʽ (Google 

Calendar, Outlook Calendar, iCloud Calendar) ʪʘ ʽʥʩʪʨʫʤʝʥʪʠ ʜʣʷ ʩʧʽʣʴʥʦʛʦ ʨʝʜʘʛʫʚʘʥʥʷ 

ʜʦʢʫʤʝʥʪʽʚ (Google Docs, Microsoft Word Online, Zoho Docs). 

ɼʣʷ ʜʦʩʷʛʥʝʥʥʷ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʨʝʟʫʣʴʪʘʪʫ ʚ ʫʧʨʘʚʣʽʥʥʽ ʯʘʩʦʤ, ʦʧʪʠʤʘʣʴʥʠʤ ʻ ʤʝʪʦʜ 

4 ʢʚʘʜʨʘʥʪʽʚ ʚʽʜ ʉʪʽʚʝʥʘ ʂʦʚʽ. ʂʦʚʽ ʧʽʜʢʨʝʩʣʶʻ, ʱʦ ʫʧʨʘʚʣʽʥʥʷ ʯʘʩʦʤ ʥʝ ʦʙʤʝʞʫʻʪʴʩʷ 

ʧʨʦʩʪʦʶ ʦʨʛʘʥʽʟʘʮʽʻʶ ʟʘʚʜʘʥʴ. ɺʽʥ ʩʪʚʝʨʜʞʫʻ, ʱʦ ʮʝ ʩʧʨʘʚʞʥʷ ʬʽʣʦʩʦʬʽʷ ʞʠʪʪʷ. 

ʆʜʥʽʻʶ ʟ ʦʩʥʦʚʥʠʭ ʧʨʠʯʠʥ ʥʝʚʜʘʯ ʚ ɯʊ-ʧʨʦ̒ʢʪʘʭ ʻ ʥʝʜʦʩʪʘʪʥʽʡ ʦʙʩʷʛ ʯʘʩʫ ʘʙʦ 

ʥʝʧʨʘʚʠʣʴʥʠʡ ʡʦʛʦ ʨʦʟʧʦʜʽʣ. ʈʦʟʛʣʷʥʝʤʦ ʜʝʪʘʣʴʥʽʰʝ, ʷʢ ʚʠʨʽʰʠʪʠ ʧʨʦʙʣʝʤʫ ʨʦʟʧʦʜʽʣʫ 

ʚʠʜʽʣʝʥʦʛʦ ʯʘʩʫ, ʱʦʙ ʚʩʪʠʛʥʫʪʠ ʟʘʚʝʨʰʠʪʠ ʨʦʙʦʪʫ ʫ ʚʩʪʘʥʦʚʣʝʥʠʡ ʪʝʨʤʽʥ. ɼʣʷ ʮʴʦʛʦ 

ʟʘʩʪʦʩʫʻʤʦ ʘʣʛʦʨʠʪʤ ʧʨʘʢʪʠʢʠ ʫʧʨʘʚʣʽʥʥʷ ʯʘʩʦʤ, ʤʝʪʦʜ - 4 ʢʚʘʜʨʘʥʪʠ ʚʽʜ ʉʪʽʚʝʥʘ ʂʦʚʽ, ʷʢʠʡ 

ʻ ʦʜʥʠʤ ʟ ʝʬʝʢʪʠʚʥʠʭ ʪʘ ʥʘʡʙʽʣʴʰ ʧʽʜʭʦʜʷʱʠʭ ʜʣʷ ʨʦʙʦʪʠ ʟ ɯʊ-ʧʨʦʻʢʪʘʤʠ. ʂʚʘʜʨʘʥʪʠ 

ʉʪʽʚʝʥʘ ʂʦʚʽ - ʮʝ ʤʘʪʨʠʮʷ, ʱʦ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʯʦʪʠʨʴʦʭ ʩʝʢʮʽʡ. ʂʦʞʥʘ ʟ ʥʠʭ ʚʽʜʦʙʨʘʞʘʻ 
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ʢʦʥʢʨʝʪʥʫ ʧʨʽʦʨʠʪʝʪʥʫ ʢʘʪʝʛʦʨʽʶ ʚ ʟʘʚʜʘʥʥʷʭ (ʨʠʩʫʥʦʢ 1). ɺ ʪʦʡ ʞʝ ʯʘʩ ʢʦʞʥʘ ʯʝʪʚʝʨʪʴ 

ʤʽʩʪʠʪʴ ʥʘʙʽʨ ʜʽʡ, ʷʢʠʤʠ ʧʦʪʨʽʙʥʦ ʢʝʨʫʚʘʪʠ ʧʦ-ʨʽʟʥʦʤʫ, ʨʦʟʛʣʷʥʝʤʦ ʮʝ ʜʦʢʣʘʜʥʽʰʝ [3]. 

 

ʈʠʩ. 1.  ʂʚʘʜʨʘʥʪʠ ʉʪʽʚʝʥʘ ʂʦʚʽ 

ʂʚʘʜʨʘʥʪ I: ɺʘʞʣʠʚʝ ʽ ʉʪʨʦʢʦʚʝ (ʟʘʚʜʘʥʥʷ ʧʦʪʨʝʙʫʶʪʴ ʥʝʛʘʡʥʦʾ ʫʚʘʛʠ ʚʩʽʻʾ ʢʦʤʘʥʜʠ.). 

ʂʚʘʜʨʘʥʪ II: ɺʘʞʣʠʚʝ, ʘʣʝ ʅʝ ʉʪʨʦʢʦʚʝ (ʟʘʚʜʘʥʥʷ ʤʦʞʥʘ ʜʝʣʝʛʫʚʘʪʠ ʯʣʝʥʘʤ ʢʦʤʘʥʜʠ 

ʟ ʚʽʜʧʦʚʽʜʥʠʤʠ ʥʘʚʠʯʢʘʤʠ). 

ʂʚʘʜʨʘʥʪ III: ʅʝ ɺʘʞʣʠʚʝ, ʘʣʝ ʉʪʨʦʢʦʚʝ (ʟʘʚʜʘʥʥʷ ʤʦʞʥʘ ʚʽʜʢʣʘʩʪʠ ʘʙʦ ʽʛʥʦʨʫʚʘʪʠ). 

ʂʚʘʜʨʘʥʪ IV: ʅʝ ɺʘʞʣʠʚʝ ʽ ʅʝ ʉʪʨʦʢʦʚʝ (ʟʘʚʜʘʥʥʷ ʩʣʽʜ ʚʠʢʨʝʩʣʠʪʠ ʟʽ ʩʧʠʩʢʫ). 

ɺʠʩʥʦʚʢʠ. ɺʧʨʦʚʘʜʞʝʥʥʷ ʤʘʪʨʠʮʽ ʂʦʚʽ ʚ ɯʊ-ʧʨʦʻʢʪʘʭ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ: ʟʦʩʝʨʝʜʞʝʥʥʷ 

ʥʘ ʚʘʞʣʠʚʠʭ, ʘ ʥʝ ʪʝʨʤʽʥʦʚʠʭ ʟʘʜʘʯʘʭ, ʚʝʜʝ ʜʦ ʢʨʘʱʠʭ ʨʝʟʫʣʴʪʘʪʽʚ; ʯʽʪʢʦʛʦ ʧʣʘʥʫʚʘʥʥʷ ʪʘ 

ʜʝʣʝʛʫʚʘʥʥʷ ʟʘʚʜʘʥʴ, ʱʦ ʜʦʧʦʤʘʛʘʻ ʟʤʝʥʰʠʪʠ ʚʽʜʯʫʪʪʷ ʟʘʚʘʥʪʘʞʝʥʦʩʪʽ; ʩʧʨʠʷʻ ʨʦʟʚʠʪʢʫ 

ʥʘʚʠʯʦʢ ʪʘʡʤ-ʤʝʥʝʜʞʤʝʥʪʫ. ɿʘʩʪʦʩʫʚʘʥʥʷ ʤʘʪʨʠʮʽ ʂʦʚʽ - ʮʝ ʰʣʷʭ ʜʦ ʧʦʢʨʘʱʝʥʥʷ ʦʩʦʙʠʩʪʦʾ 

ʪʘ ʢʦʤʘʥʜʥʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ ʚ ʜʠʥʘʤʽʯʥʦʤʫ ʪʘ ʩʪʨʝʩʦʚʦʤʫ ʩʝʨʝʜʦʚʠʱʽ ɯʊ-ʧʨʦʻʢʪʫ. 

 

ʉʧʠʩʦʢ ʚʠʢʦʨʠʩʪʘʥʠʭ ʜʞʝʨʝʣ 
1. ɹʦʨʠʩʦʚ ʆ.ɺ., ɼʘʥʯʝʥʢʦ ʆ.ɹ., ɻʨʘʙʽʥʘ ʂ. ɺ., ʆʩʦʙʣʠʚʦʩʪʽ   ʫʧʨʘʚʣʽʥʥʷ  ʚʽʨʪʫʘʣʴʥʠʤʠ  ʢʦʤʘʥʜʘʤʠ 
ɯʊ-ʧʨʦʝʢʪʽʚ. Vɯ ʤʽʞʥʘʨʦʜʥʘ ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʘ ʢʦʥʬʝʨʝʥʮʽʷ ʈ3ʄ-2021 - ʆʜʝʩʩʘ, 

ʅɸʎɯʆʅɸʃʔʅʀʁ ʋʅɯɺɽʈʉʀʊɽʊ çʆɼɽʉʔʂɸ ʇʆʃɯʊɽʍʅɯʂɸè 2021 

2. ʈʘʪʫʰʥʷʢ, ʆ. ɻ. ʉʘʤʦʤʝʥʝʜʞʤʝʥʪ: ʥʘʚʯ. ʧʦʩ. / ʆ. ɻ. ʈʘʪʫʰʥʷʢ, ʆ. ɻ. ʃʷʣʶʢ. ï ɺʽʥʥʠʮʷ : ɺʅʊʋ, 

2021. ï 170 ʩ. 

3. ʂʦʚʽ ʉ. 7 ʟʚʠʯʦʢ ʥʘʜʟʚʠʯʘʡʥʦ ʝʬʝʢʪʠʚʥʠʭ ʣʶʜʝʡ. ʂʥʠʞʢʦʚʠʡ ʢʣʫʙ çʂʣʫʙ ʩʽʤʝʡʥʦʛʦ ʜʦʟʚʽʣʣʷè. 

2012. 384 ʩ. 

 

 

ʄʆɼɽʃʔ ʌʆʈʄʋɺɸʅʅʗ ʇʆʈʊʌɽʃɯɺ ʇʈʆɭʂʊɯɺ ɺ ɻɸʃʋɿɯ ɼʆʈʆɾʅʔʆɻʆ 

ɹʋɼɯɺʅʀʎʊɺɸ 

 

ɼʘʥʯʝʥʢʦ ʆ.ɹ., ʂʫʣʽʢʦʚ ʆ.ʄ. 

ʏʝʨʢʘʩʴʢʠʡ ʜʝʨʞʘʚʥʠʡ ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ, ʏʝʨʢʘʩʠ, ʋʢʨʘʾʥʘ 
 

ɸʥʦʪʘʮʽʷ. ɺʧʨʦʚʘʜʞʝʥʥʷ ʧʦʨʪʬʝʣʴʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ ʧʨʦʻʢʪʘʤʠ ʚ ʛʘʣʫʟʽ ʜʦʨʦʞʥʴʦʛʦ 
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Abstract. The introduction of portfolio management of projects in the field of road construction 

creates the potential to improve the efficiency of management of various projects, and the FEFO, FIFO, 

LIFO and HIFO strategies proposed by the author are recommended to be used in the process of including 

projects in the relevant portfolio, depending on their time and value relevance in a certain period of time. 

The "Compass" model, in turn, provides an opportunity to determine the priority of the project for its 

inclusion in the portfolio of projects, taking into account the available resources (material, financial, human, 

etc.). 

Keywords: project portfolio, road construction, conceptual approach, management. 

 

ɺʩʪʫʧ. ʋ ʛʘʣʫʟʽ ʜʦʨʦʞʥʴʦʛʦ ʙʫʜʽʚʥʠʮʪʚʘ, ʷʢ ʽ ʚ ʙʫʜʴ-ʷʢʽʡ ʽʥʰʽʡ ʩʬʝʨʽ, ʝʬʝʢʪʠʚʥʝ 

ʫʧʨʘʚʣʽʥʥʷ ʧʨʦʻʢʪʘʤʠ ʻ ʢʣʶʯʦʚʠʤ ʬʘʢʪʦʨʦʤ ʫʩʧʽʭʫ. ɿ ʚʨʘʭʫʚʘʥʥʷʤ ʩʢʣʘʜʥʦʩʪʽ ʪʘ ʦʙʩʷʛʫ 

ʽʥʬʨʘʩʪʨʫʢʪʫʨʥʠʭ ʧʨʦʻʢʪʽʚ, ʟʘʩʪʦʩʦʚʫʚʘʥʥʷ ʧʦʨʪʬʝʣʴʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ ʧʨʦʻʢʪʘʤʠ ʜʦʟʚʦʣʠʪʴ 

ʧʽʜʚʠʱʠʪʠ ʝʬʝʢʪʠʚʥʽʩʪʴ ʫʧʨʘʚʣʽʥʥʷ ʦʟʥʘʯʝʥʦʶ ʛʘʣʫʟʟʶ.  

ʄʝʪʘ ʨʦʙʦʪʠ. ʇʨʦʜʝʤʦʥʩʪʨʫʚʘʪʠ ʧʝʨʝʚʘʛʠ ʢʦʥʮʝʧʪʫʘʣʴʥʦʛʦ ʧʽʜʭʦʜʫ ʱʦʜʦ 

ʬʦʨʤʫʚʘʥʥʷ ʧʦʨʪʬʝʣʷ ʧʨʦʻʢʪʽʚ ʚ ʛʘʣʫʟʽ ʜʦʨʦʞʥʴʦʛʦ ʙʫʜʽʚʥʠʮʪʚʘ. 

ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʠ. ʋ ʩʚʽʪʣʽ ʰʚʠʜʢʦʛʦ ʨʦʟʚʠʪʢʫ ʪʝʭʥʦʣʦʛʽʡ ʪʘ ʟʨʦʩʪʘʥʥʷ 

ʛʣʦʙʘʣʴʥʠʭ ʽʥʬʨʘʩʪʨʫʢʪʫʨʥʠʭ ʧʦʪʨʝʙ, ʥʝʦʙʭʽʜʥʦ ʧʽʜʚʠʱʫʚʘʪʠ ʝʬʝʢʪʠʚʥʽʩʪʴ ʧʨʦʮʝʩʽʚ 

ʫʧʨʘʚʣʽʥʥʷ ʷʢʝ ʜʦʩʷʛʘʻʪʴʩʷ ʟʘ ʨʘʭʫʥʦʢ ʨʦʟʨʦʙʣʝʥʥʷ ʪʘ ʚʧʨʦʚʘʜʞʝʥʥʷ ʥʦʚʠʭ ʧʽʜʭʦʜʽʚ ʜʦ 

ʧʦʨʪʬʝʣʴʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ ʧʨʦʻʢʪʘʤʠ ʛʘʣʫʟʽ ʜʦʨʦʞʥʴʦʛʦ ʙʫʜʽʚʥʠʮʪʚʘ, ʱʦ ʻ ʥʘ ʩʴʦʛʦʜʥʽ 

ʘʢʪʫʘʣʴʥʦʶ ʧʨʦʙʣʝʤʦʶ. 

ʆʩʥʦʚʥʘ ʯʘʩʪʠʥʘ. ʄʝʪʦʶ ʫʧʨʘʚʣʽʥʥʷ ʧʦʨʪʬʝʣʝʤ ʻ ʟʘʙʝʟʧʝʯʝʥʥʷ ʧʦʩʣʽʜʦʚʥʦʛʦ ʧʽʜʭʦʜʫ 

ʜʦ ʫʧʨʘʚʣʽʥʥʷ ʢʦʤʧʦʥʝʥʪʘʤʠ ʧʦʨʪʬʝʣʷ ʥʘ ʦʩʥʦʚʽ ʟʙʘʣʘʥʩʦʚʘʥʦʛʦ ʚʠʙʦʨʫ ʧʨʦʻʢʪʽʚ ʪʘ 

ʫʟʛʦʜʞʝʥʥʷ ʟʽ ʩʪʨʘʪʝʛʽʯʥʠʤʠ ʮʽʣʷʤʠ ʦʨʛʘʥʽʟʘʮʽʾ, ʧʨʽʦʨʠʪʝʪʘʤʠ ʩʪʝʡʢʭʦʣʜʝʨʽʚ ʪʘ ʮʽʥʥʦʩʪʷʤʠ, 

ʷʢ-ʦʪ ʩʪʘʣʠʤʠ ʧʨʘʢʪʠʢʘʤʠ ʪʘ ʝʪʠʯʥʠʤʠ ʧʨʠʥʮʠʧʘʤʠ. ʂʦʤʧʦʥʝʥʪʠ ʧʦʨʪʬʝʣʷ ʤʦʞʫʪʴ ʙʫʪʠ 

ʟʤʽʥʝʥʽ, ʧʨʠʩʢʦʨʝʥʽ, ʚʽʜʢʣʘʜʝʥʽ ʘʙʦ ʧʨʠʧʠʥʝʥʽ [1, 2]. 

ʋ ʜʦʩʣʽʜʞʝʥʥʽ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʟʜʽʡʩʥʶʚʘʪʠ ʫʟʛʦʜʞʝʥʥʷ ʩʪʨʘʪʝʛʽʯʥʠʭ ʮʽʣʝʡ ʪʘ ʧʨʦʻʢʪʽʚ, 

ʷʢʽ ʚʢʣʶʯʘʶʪʴʩʷ ʜʦ ʧʦʨʪʬʝʣʶ ʧʨʦʻʢʪʽʚ, ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʪʨʘʪʝʛʽʡ FEFO, FIFO, LIFO ʪʘ HIFO 

(ʨʠʩ. 1). ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʨʠʩ. 1 ʚʠʜʥʦ, ʱʦ ʚʠʙʽʨ ʧʨʦʻʢʪʫ, ʽʟ ʟʘʧʨʦʧʦʥʦʚʘʥʦʛʦ ʥʘʙʦʨʫ, ʜʣʷ 

ʚʢʣʶʯʝʥʥʷ ʡʦʛʦ ʜʦ ʧʦʨʪʬʝʣʶ ʚʽʜʙʫʚʘʻʪʴʩʷ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʘʢʪʫʘʣʴʥʦʩʪʽ ʧʨʦʻʢʪʫ, ʷʢʘ ʽʩʥʫʻ 

ʚ ʧʝʚʥʠʡ ʧʨʦʤʽʞʦʢ ʯʘʩʫ. ʊʦʙʪʦ, ʚʠʭʦʜʷʯʠ ʽʟ ʩʪʨʘʪʝʛʽʯʥʠʭ ʮʽʣʝʡ ʢʦʤʧʘʥʽʾ ʦʩʦʙʘ, ʱʦ ʧʨʠʡʤʘʻ 

ʨʽʰʝʥʥʷ, ʚʠʟʥʘʯʘʻ ʘʢʪʫʘʣʴʥʽʩʪʴ ʪʦʛʦ ʯʠ ʽʥʰʦʛʦ ʧʨʦʻʢʪʫ ʟ ʤʝʪʦʶ ʡʦʛʦ ʧʝʨʰʦʯʝʨʛʦʚʦʛʦ 

ʚʢʣʶʯʝʥʥʷ ʜʦ ʚʽʜʧʦʚʽʜʥʦʛʦ ʧʦʨʪʬʝʣʶ, ʟʦʢʨʝʤʘ ʰʣʷʭʦʤ ʚʠʟʥʘʯʝʥʥʷ ʤʦʞʣʠʚʦʩʪʝʡ ʢʦʤʧʘʥʽʾ 

ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʨʝʩʫʨʩʠ ʜʣʷ ʜʦʩʷʛʥʝʥʥʷ ʩʪʨʘʪʝʛʽʯʥʠʭ ʮʽʣʝʡ [3]. 

ɺ ʩʚʦʶ ʯʝʨʛʫ, ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʤʦʜʝʣʴ çʂʦʤʧʘʩè, ʷʢʘ, ʥʘ ʚʽʜʤʽʥʫ ʽʩʥʫʶʯʠʭ, ʥʘʜʘʻ 

ʤʦʞʣʠʚʽʩʪʴ ʚʠʟʥʘʯʝʥʥʷ ʧʨʽʦʨʠʪʝʪʥʦʛʦ ʧʨʦʻʢʪʫ ʜʣʷ ʚʢʣʶʯʝʥʥʷ ʡʦʛʦ ʜʦ ʧʦʨʪʬʝʣʶ ʧʨʦʻʢʪʽʚ ʟ 

ʫʨʘʭʫʚʘʥʥʷʤ ʥʘʷʚʥʠʭ ʨʝʩʫʨʩʽʚ (ʤʘʪʝʨʽʘʣʴʥʠʭ, ʬʽʥʘʥʩʦʚʠʭ, ʣʶʜʩʴʢʠʭ ʪʦʱʦ), ʡʦʛʦ 

ʘʢʪʫʘʣʴʥʦʩʪʽ ʟʘ ʯʘʩʦʤ ʪʘ ʮʽʥʥʽʩʪʶ ʜʣʷ ʡʦʛʦ ʩʪʝʡʢʭʦʣʜʝʨʽʚ (ʨʠʩ. 2). 

ɺ ʧʨʦʮʝʩʽ ʚʠʙʦʨʫ ʧʨʦʻʢʪʽʚ ʪʘ ʧʨʦʛʨʘʤ, ʷʢʽ ʙʫʜʫʪʴ ʚʢʣʶʯʝʥʽ ʜʦ ʧʦʨʪʬʝʣʷ ʧʨʦʻʢʪʽʚ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʤʦʜʝʣʽ çʂʦʤʧʘʩè, ʚʨʘʭʦʚʫʶʪʴʩʷ ʪʘʢʽ ʬʘʢʪʦʨʠ, ʷʢ: ʚʠʪʨʘʪʠ ʧʨʦʪʠ ʚʠʛʽʜ; ʪʠʧʠ 

ʚʠʛʽʜ; ʧʨʠʡʥʷʪʥʠʡ ʨʽʚʝʥʴ ʨʠʟʠʢʫ ʪʘ ʚʧʣʠʚ ʨʠʟʠʢʫ; ʫʚ'ʷʟʢʘ ʟʽ ʩʪʨʘʪʝʛʽʯʥʠʤʠ ʮʽʣʷʤʠ; 

ʜʦʩʪʫʧʥʽʩʪʴ ʨʝʩʫʨʩʽʚ; ʪʝʨʤʽʥʠ ʨʝʘʣʽʟʘʮʽʾ ʚʠʪʨʘʪ ʪʘ ʚʠʛʽʜ [3]. 
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ʈʠʩ. 2. ʈʝʘʣʽʟʘʮʽʷ ʩʪʨʘʪʝʛʽʾ ʨʦʟʚʠʪʢʫ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʦʜʝʣʽ çʂʦʤʧʘʩè 

ɺʠʩʥʦʚʢʠ. ɽʬʝʢʪʠʚʥʠʤ ʽʥʩʪʨʫʤʝʥʪʦʤ ʫʩʧʽʰʥʦʩʪʽ ʧʨʦʻʢʪʽʚ ʻ ʟʘʩʪʦʩʫʚʘʥʥʷ ʤʝʪʦʜʦʣʦʛʽʾ 

ʫʧʨʘʚʣʽʥʥʷ ʧʦʨʪʬʝʣʷʤʠ ʧʨʦʻʢʪʽʚ, ʘ ʟʘʧʨʦʧʦʥʦʚʘʥʘ ʤʦʜʝʣʴ çʂʦʤʧʘʩè, ʜʦʟʚʦʣʷʻ ʚʠʟʥʘʯʘʪʠ 

ʩʘʤʝ ʪʽ ʧʨʦʻʢʪʠ, ʷʢʽ ʥʝʦʙʭʽʜʥʦ ʚʢʣʶʯʠʪʠ ʜʦ ʚʽʜʧʦʚʽʜʥʦʛʦ ʧʦʨʪʬʝʣʷ, ʚʨʘʭʦʚʫʶʯʠ ʯʘʩʦʚʽ ʪʘ 

ʮʽʥʥʽʩʥʽ ʘʢʪʫʘʣʴʥʦʩʪʽ ʟʘ ʩʢʦʨʠʩʪʘʚʰʠʩʴ ʩʪʨʘʪʝʛʽʷʤʠ FEFO, FIFO, LIFO ʪʘ HIFO. 
 

ʉʧʠʩʦʢ ʚʠʢʦʨʠʩʪʘʥʠʭ ʜʞʝʨʝʣ 
1. ISO 21504:2022: Project, programme and portfolio management. Guidance on portfolio management. 

URL: https://www.iso.org/standard/82867.html. 

2. 22. A Guide to the Project Management Body of Knowledge (PMBOKÈ Guide). Seventh Edition. USA: 
PMI, 2021. 250 ʩ. 

3. ʄʦʨʦʟʦʚʘ ɻ.ɸ., ʂʫʣʽʢʦʚ ʆ.ʄ. ʂʦʥʮʝʧʪʫʘʣʴʥʘ ʤʦʜʝʣʴ ʬʦʨʤʫʚʘʥʥʷ ʧʦʨʪʬʝʣʽʚ ʧʨʦʻʢʪʽʚ ʚ ʛʘʣʫʟʽ 
ʜʦʨʦʞʥʴʦʛʦ ʙʫʜʽʚʥʠʮʪʚʘ. ʋʧʨʘʚʣʽʥʥʷ ʨʦʟʚʠʪʢʦʤ ʩʢʣʘʜʥʠʭ ʩʠʩʪʝʤ. ʂʠʾʚ, 2024. ˉ 57.  
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ʇɽʈɽɺɽɿɽʅʔ ɺ ʋʄʆɺɸʍ ɼɯɼɾʀʊɸʃɯɿɸʎɯɰ 

 

ɯʱʝʥʢʦ ɺ.ɸ., ʂʨʘʚʯʫʢ ɯ.ɺ. 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʨʘʥʩʧʦʨʪʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ, ʂʠʾʚ, ʋʢʨʘʾʥʘ 
 

ɸʥʦʪʘʮʽʷ. ɺ ʨʦʙʦʪʽ ʘʚʪʦʨ ʨʦʟʢʨʠʚʘʻ ʝʬʝʢʪʠʚʥʽʩʪʴ ʚʧʨʦʚʘʜʞʝʥʥʷ ʚ ʮʽʥʥʽʩʥʦ-ʦʨʽʻʥʪʦʚʘʥʝ 

ʫʧʨʘʚʣʽʥʥʷ ʧʨʦʻʢʪʘʤʠ ʜʦʩʷʛʥʝʥʴ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʚ ʢʦʥʪʝʢʩʪʽ ʜʽʜʞʠʪʘʣʽʟʘʮʽʾ ʧʨʦʮʝʩʽʚ ʪʘ 

ʧʦʩʣʫʛ. ʆʙˇʨʫʥʪʦʚʘʥʦ, ʱʦ ʩʫʯʘʩʥʠʡ ʽʥʩʪʨʫʤʝʥʪʘʨʽʡ ʫʧʨʘʚʣʽʥʥʷ ʧʨʦʻʢʪʘʤʠ ʜʦʧʦʚʥʝʥʠʡ 

ʽʥʩʪʨʫʤʝʥʪʘʨʽʻʤ ʮʠʬʨʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ, ʧʦʢʨʘʱʫʻ ʨʦʙʦʪʫ ʪʨʘʥʩʧʦʨʪʥʦʾ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ ʪʘ ʨʦʙʠʪʴ 

ʥʘʜʘʥʥʷ ʧʦʩʣʫʛ ʩʧʦʞʠʚʘʯʘʤ ʧʘʩʘʞʠʨʩʴʢʠʭ ʧʝʨʝʚʝʟʝʥʴ ʷʢʽʩʥʠʤʠ ʪʘ ʝʬʝʢʪʠʚʥʠʤʠ. ɺʽʜʤʽʯʘʻʪʴʩʷ, ʱʦ 

ʧʨʠ ʪʘʢʦʤʫ ʧʦʻʜʥʘʥʥʽ ʧʨʦʛʨʝʩʠʚʥʠʭ ʤʝʪʦʜʽʚ ʪʘ ʟʘʭʦʜʽʚ, ʚʠʨʽʰʫʻʪʴʩʷ ʛʦʣʦʚʥʘ ʟʘʜʘʯʘ ʮʽʥʥʦʩʪʽ ʧʨʦʻʢʪʫ 

ï ʟʘʙʝʟʧʝʯʝʥʥʷ ʧʘʩʘʞʠʨʽʚ ʧʦʩʣʫʛʘʤʠ ʚʠʩʦʢʦʛʦ ʨʽʚʥʷ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʧʨʦʻʢʪ, ʧʘʩʘʞʠʨʩʴʢʽ ʧʝʨʝʚʝʟʝʥʥʷ, ʜʽʜʞʠʪʘʣʽʟʘʮʽʷ, ʮʽʥʥʽʩʥʦ-ʦʨʽʻʥʪʦʚʘʥʝ, 

ʫʧʨʘʚʣʽʥʥʷ. 
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Abstract. In the work, the author reveals the effectiveness of the implementation of information 

technology achievements in value-oriented project management in the context of digitalization of processes 

and services. It is substantiated that the modern toolkit of project management, complemented by the toolkit 

of digital technologies, improves the operation of the transport infrastructure and makes the provision of 

services to consumers of passenger transport qualitative and effective. It is noted that with such a 

combination of progressive methods and measures, the main task of the value of the project is solved - 

providing passengers with high-level services. 
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ɺʩʪʫʧ. ʇʨʦʮʝʩʠ ʜʽʜʞʠʪʘʣʽʟʘʮʽʾ, ʷʢʽ ʚʽʜʙʫʚʘʶʪʴʩʷ ʩʴʦʛʦʜʥʽ ʫ ʩʫʩʧʽʣʴʩʪʚʽ ʪʘ ʜʝʨʞʘʚʽ, ʥʝ 

ʟʘʣʠʰʘʶʪʴ ʦʩʪʦʨʦʥʴ ʽ ʛʘʣʫʟʴ ʧʘʩʘʞʠʨʩʴʢʠʭ ʧʝʨʝʚʝʟʝʥʴ. ʎʠʬʨʦʚʠʡ ʧʨʦʩʪʽʨ ʩʪʘʻ ʦʜʥʽʻʶ ʟ 

ʤʦʞʣʠʚʦʩʪʝʡ ʝʬʝʢʪʠʚʥʦʛʦ ʨʦʟʚʠʪʢʫ ʛʘʣʫʟʽ.  

ɻʦʣʦʚʥʦʶ ʤʝʪʦʶ ʫʧʨʘʚʣʽʥʥʷ ʧʨʦʻʢʪʘʤʠ ʻ, ʥʘʩʘʤʧʝʨʝʜ, ʩʪʚʦʨʝʥʥʷ ʥʦʚʠʭ ʣʶʜʩʴʢʠʭ 

ʮʽʥʥʦʩʪʝʡ [1]. ʊʘʢʠʡ ʮʽʥʥʽʩʥʦ-ʦʨʽʻʥʪʦʚʘʥʠʡ ʧʽʜʭʽʜ ʚ ʫʧʨʘʚʣʽʥʥʽ ʧʨʦʻʢʪʘʤʠ ʧʨʝʜʩʪʘʚʣʷʻ 

ʩʦʙʦʶ ʩʫʯʘʩʥʠʡ ʽʥʩʪʨʫʤʝʥʪʘʨʽʡ ʟʘʩʪʦʩʫʚʘʥʥʷ ʥʘ ʧʨʘʢʪʠʮʽ ʽʜʝʾ ʩʪʚʦʨʝʥʥʷ ʮʽʥʥʦʩʪʽ ʧʨʦʻʢʪʫ.  

ʄʝʪʘ ʨʦʙʦʪʠ. ʇʨʦʜʝʤʦʥʩʪʨʫʚʘʪʠ ʧʝʨʝʚʘʛʠ ʚʧʨʦʚʘʜʞʝʥʥʷ ʮʠʬʨʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ ʚ 

ʮʽʥʥʽʩʥʦ-ʦʨʽʻʥʪʦʚʘʥʝ ʫʧʨʘʚʣʽʥʥʷ ʧʨʦʻʢʪʘʤʠ ʧʘʩʘʞʠʨʩʴʢʠʭ ʧʝʨʝʚʝʟʝʥʴ. 

ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʠ. ʉʬʝʨʘ ʧʘʩʘʞʠʨʩʴʢʠʭ ʧʝʨʝʚʝʟʝʥʴ, ʜʝ ʤʦʙʽʣʴʥʽʩʪʴ ʪʘ 

ʜʦʩʪʫʧʥʽʩʪʴ ʛʨʘʶʪʴ ʚʘʞʣʠʚʫ ʨʦʣʴ ʫ ʧʦʚʩʷʢʜʝʥʥʦʤʫ ʞʠʪʪʽ, ʻ ʥʝʚʽʜôʻʤʥʦʶ ʩʢʣʘʜʦʚʦʶ 

ʩʴʦʛʦʜʝʥʥʷ, ʘ ʟʘʜʦʚʦʣʝʥʥʷ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʧʦʪʨʝʙ ʧʘʩʘʞʠʨʽʚ ʚʠʤʘʛʘʻ ʚʠʩʦʢʦʛʦ ʨʽʚʥʷ 

ʦʨʛʘʥʽʟʘʮʽʾ, ʝʬʝʢʪʠʚʥʦʩʪʽ ʪʘ ʚʨʘʭʫʚʘʥʥʷ ʩʫʯʘʩʥʠʭ ʪʝʥʜʝʥʮʽʡ [2], ʘ ʤʦʞʣʠʚʦʩʪʽ ʜʽʜʞʠʪʘʣʽʟʘʮʽʷ 

ʜʦʟʚʦʣʷʶʪʴ ʟʨʦʙʠʪʠ ʪʨʘʥʩʧʦʨʪ ʙʽʣʴʰ ʜʦʩʪʫʧʥʠʤ, ʙʝʟʧʝʯʥʠʤ, ʟʨʫʯʥʠʤ ʪʘ ʝʬʝʢʪʠʚʥʠʤ ʜʣʷ 

ʩʧʦʞʠʚʘʯʽʚ ʮʠʭ ʧʦʩʣʫʛ. 

ʆʩʥʦʚʥʘ ʯʘʩʪʠʥʘ. ɺʧʨʦʚʘʜʞʝʥʥʷ ʦʩʪʘʥʥʽʭ ʨʦʟʨʦʙʦʢ ʜʣʷ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʩʠʩʪʝʤ 

ʜʦʟʚʦʣʷʻ ʟʘʙʝʟʧʝʯʠʪʠ ʝʬʝʢʪʠʚʥʝ ʟʜʽʡʩʥʝʥʥʷ ʨʽʟʥʦʧʣʘʥʦʚʦʾ ʜʽʷʣʴʥʦʩʪʽ ʟ ʜʽʜʞʠʪʘʣʽʟʘʮʽʾ, ʱʦ 

ʚʽʜʦʙʨʘʞʘʻʪʴʩʷ ʯʝʨʝʟ ʧʨʠʟʤʫ ʤʽʥʽʤʽʟʘʮʽʾ ʚʠʪʨʘʪ ʥʘ ʧʨʦʻʢʪʠ ʪʘ ʦʜʥʦʯʘʩʥʦʾ ʤʘʢʩʠʤʽʟʘʮʽʾ 

ʮʽʥʥʦʩʪʽ ʧʨʦʻʢʪʫ. 

ʉʫʯʘʩʥʽ ʽʥʬʦʨʤʘʮʽʡʥʽ ʟʘʩʦʙʠ ʚʩʝ ʙʽʣʴʰʝ ʦʭʦʧʣʶʶʪʴ ʫʧʨʘʚʣʽʥʥʷ ʧʨʦʻʢʪʘʤʠ, ʥʘʧʨʠʢʣʘʜ, 

ʚ ʣʘʥʮʶʛʘʭ ʧʦʩʪʘʯʘʥʥʷ ʩʪʘʣʠ ʙʽʣʴʰ ʜʦʩʪʫʧʥʽ ʬʫʥʢʮʽʾ ʟ ʫʧʨʘʚʣʽʥʥʷ ʧʝʨʩʦʥʘʣʦʤ, ʧʦʩʪʘʚʢʘʤʠ, 

ʙʶʜʞʝʪʫʚʘʥʥʷ, ʧʦʙʫʜʦʚʠ ʣʦʛʽʩʪʠʯʥʠʭ ʰʣʷʭʽʚ.  
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ɺʠʭʦʜʷʯʠ ʟ ʮʴʦʛʦ, ʚʠʥʠʢʘʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ʘʢʪʠʚʥʦʛʦ ʚʧʨʦʚʘʜʞʝʥʥʷ ʥʦʚʽʪʥʽʭ ʪʝʭʥʦʣʦʛʽʡ 

ʚ ʩʬʝʨʫ ʧʘʩʘʞʠʨʦʧʝʨʝʚʝʟʝʥʴ ʟʘʜʣʷ ʧʦʢʨʘʱʝʥʥʷ ʫʧʨʘʚʣʽʥʥʷ ʪʘ ʦʧʪʠʤʽʟʘʮʽʾ ʥʘʜʘʥʥʷ 

ʪʨʘʥʩʧʦʨʪʥʠʭ ʧʦʩʣʫʛ. 

ʊʝʥʜʝʥʮʽʾ ʩʴʦʛʦʜʝʥʥʷ ʜʝʤʦʥʩʪʨʫʶʪʴ, ʱʦ ʙʽʣʴʰʽʩʪʴ ʧʦʩʣʫʛ ʩʧʦʞʠʚʘʯʽ ʦʪʨʠʤʫʶʪʴ ʯʝʨʝʟ 

ʩʫʯʘʩʥʽ ʮʠʬʨʦʚʽ ʪʝʭʥʦʣʦʛʽʾ ʟ ʤʝʪʦʶ ʟʘʙʝʟʧʝʯʝʥʥʷ ʟʨʫʯʥʦʩʪʽ ʪʘ ʜʦʩʪʫʧʥʦʩʪʽ ʪʨʘʥʩʧʦʨʪʥʠʭ 

ʧʦʩʣʫʛ (ʨʠʩ. 1), ʪʦ ʙ ʪʦ ʜʽʜʞʠʪʘʣʽʟʘʮʽʷ ʚ ʧʨʦʻʢʪʘʭ ʧʘʩʘʞʠʨʩʴʢʠʭ ʧʝʨʝʚʝʟʝʥʴ ʚʽʜʢʨʠʚʘʻ ʰʠʨʦʢʽ 

ʤʦʞʣʠʚʦʩʪʽ ʜʣʷ ʧʦʢʨʘʱʝʥʥʷ ʷʢʦʩʪʽ ʥʘʜʘʥʥʷ ʧʦʩʣʫʛ ʧʘʩʘʞʠʨʘʤ. 

 

ʈʠʩ. 1. ʎʠʬʨʦʚʽ ʪʝʭʥʦʣʦʛʽʾ ʚ ʩʬʝʨʽ ʥʘʜʘʥʥʷ ʧʦʩʣʫʛ ʧʘʩʘʞʠʨʩʴʢʠʭ ʧʝʨʝʚʝʟʝʥʴ 

ʄʦʙʽʣʴʥʽ ʜʦʜʘʪʢʠ ʜʦʟʚʦʣʷʶʪʴ ʟʜʽʡʩʥʶʚʘʪʠ ʟʘʤʦʚʣʝʥʥʷ ʪʘ ʦʧʣʘʪʫ ʝʣʝʢʪʨʦʥʥʠʭ ʢʚʠʪʢʽʚ 

ʦʥʣʘʡʥ, ʚʽʜʩʪʝʞʫʚʘʪʠ ʤʘʨʰʨʫʪʠ ʘʚʪʦʪʨʘʥʩʧʦʨʪʫ, ʦʪʨʠʤʫʚʘʪʠ ʥʝʦʙʭʽʜʥʫ ʽʥʬʦʨʤʘʮʽʾ ʱʦʜʦ 

ʨʦʟʢʣʘʜʫ ʨʫʭʫ, ʟʘʙʝʟʧʝʯʫʶʯʠ ʟʨʫʯʥʫ ʚʟʘʻʤʦʜʽʶ ʟ ʪʨʘʥʩʧʦʨʪʥʦʶ ʩʠʩʪʝʤʦʶ. 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʙʘʟʠ ʜʘʥʠʭ ʪʘ ʘʥʘʣʽʪʠʯʥʽ ʨʦʟʨʘʭʫʥʢʠ ʚ ʩʠʩʪʝʤʽ ʫʧʨʘʚʣʽʥʥʷ ʜʦʟʚʦʣʷʶʪʴ 

ʦʧʪʠʤʽʟʫʚʘʪʠ ʩʢʣʘʜʥʽ ʤʘʨʰʨʫʪʠ, ʩʧʨʦʛʥʦʟʫʚʘʪʠ ʧʦʧʠʪ ʪʘ ʧʦʪʨʝʙʠ ʩʧʦʞʠʚʘʯʽʚ ʜʘʥʦʾ ʧʦʩʣʫʛʠ. 

ɸ ʻʜʠʥʘ ʧʣʘʪʬʦʨʤʘ, ʷʢʘ ʦʙôʻʜʥʫʻ ʨʽʟʥʽ ʚʠʜʠ ʪʨʘʥʩʧʦʨʪʫ, ʟʘʙʝʟʧʝʯʫʻ ʟʨʫʯʥʝ ʧʝʨʝʤʽʱʝʥʥʷ 

ʧʘʩʘʞʠʨʽʚ. 

ɺʩʝ ʚʠʱʝ ʧʝʨʝʣʽʯʝʥʝ, ʛʦʚʦʨʠʪʴ ʧʨʦ ʪʝ, ʱʦ ʚ ʷʢʦʩʪʽ ʮʽʥʥʦʩʪʽ ʧʨʦʻʢʪʽʚ ʧʘʩʘʞʠʨʩʴʢʠʭ 

ʧʝʨʝʚʝʟʝʥʴ ʥʝʦʙʭʽʜʥʦ ʨʦʟʫʤʽʪʠ ʤʥʦʞʠʥʫ ʢʨʠʪʝʨʽʾʚ, ʷʢʽ ʟʘʜʦʚʽʣʴʥʷʪʴ ʧʦʪʨʝʙʠ ʢʣʶʯʦʚʠʭ 

ʫʯʘʩʥʠʢʽʚ ʧʨʦʻʢʪʫ [2], ʘ ʟʘʩʦʙʘʤʠ ʟʘʜʣʷ ʜʦʩʷʛʥʝʥʥʷ ʮʽʻʾ ʤʝʪʠ ʻ ʩʘʤʝ ʮʠʬʨʦʚʽ ʪʝʭʥʦʣʦʛʽʾ 

ʥʦʚʦʛʦ ʧʦʢʦʣʽʥʥʷ. 

ɺʠʩʥʦʚʢʠ. ɺʧʨʦʚʘʜʞʝʥʥʷ ʜʽʜʞʠʪʘʣʽʟʘʮʽʾ ʚ ʧʨʦʻʢʪʠ ʧʘʩʘʞʠʨʩʴʢʠʭ ʧʝʨʝʚʝʟʝʥʴ ʚʠʭʦʜʠʪʴ 

ʟʘ ʤʝʞʽ ʧʦʥʷʪʪʷ çʚʜʦʩʢʦʥʘʣʝʥʥʷè ʪʨʘʥʩʧʦʨʪʥʦʾ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ, ʥʘʙʫʚʘʶʯʠ ʟʥʘʯʫʱʦʩʪʽ ʜʣʷ 

ʧʽʜʚʠʱʝʥʥʷ ʢʦʥʢʫʨʝʥʪʦʩʧʨʦʤʦʞʥʦʩʪʽ ʪʘ ʟʘʙʝʟʧʝʯʝʥʥʷ ʚʠʩʦʢʦʛʦ ʨʽʚʥʷ ʙʝʟʧʝʢʠ ʪʘ 

ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʧʘʩʘʞʠʨʽʚ, ʷʢ ʮʽʥʥʦʩʪʽ ʧʨʦʜʫʢʪʫ ʧʨʦʻʢʪʫ. ɼʣʷ ʩʪʚʦʨʝʥʥʷ ʮʽʥʥʦʩʪʽ ʥʝʦʙʭʽʜʥʦ 

ʫʟʛʦʜʞʫʚʘʪʠ ʧʦʪʨʝʙʠ, ʷʢ ʢʦʨʠʩʪʫʚʘʯʽʚ, ʪʘʢ ʽ ʩʪʨʘʪʝʛʽʡ ʚʣʘʩʥʠʢʽʚ ʚ ʧʦʻʜʥʘʥʥʽ ʟ ʽʥʥʦʚʘʮʽʡʥʠʤ 

ʤʠʩʣʝʥʥʷʤ [1]. 

 

ʉʧʠʩʦʢ ʚʠʢʦʨʠʩʪʘʥʠʭ ʜʞʝʨʝʣ 
1. ɼʘʥʯʝʥʢʦ ʆ.ɹ., ʅʘʭʽʤʽ ʄ.ʄ., ʉʘʚʽʥʘ ʆ.ʖ. ʎʽʥʥʽʩʥʦ-ʦʨʽʻʥʪʦʚʘʥʝ ʫʧʨʘʚʣʽʥʥʷ ʟʤʽʩʪʦʤ ʙʫʜʽʚʝʣʴʥʦʛʦ 

ʧʨʦʝʢʪʫ. ɺʽʩʥʠʢ ʅʘʮʽʦʥʘʣʴʥʦʛʦ ʪʝʭʥʽʯʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ çʍʇɯè. ʉʝʨʽʷ: ʉʪʨʘʪʝʛʽʯʥʝ ʫʧʨʘʚʣʽʥʥʷ, 

ʫʧʨʘʚʣʽʥʥʷ ʧʦʨʪʬʝʣʷʤʠ, ʧʨʦʛʨʘʤʘʤʠ ʪʘ ʧʨʦʝʢʪʘʤʠ. ʍʘʨʢʽʚ, 2020. ˉ 2. ʉ.23-31. DOI: 

10.20998/2413-3000.2020.2.4. URL: 

https://library.krok.edu.ua/media/library/category/statti/danchenco_0024.pdf 

2. ɯʱʝʥʢʦ ɺ.ɸ. ɸʥʘʣʽʟ ʦʩʦʙʣʠʚʦʩʪʝʡ ʧʨʦʻʢʪʽʚ ʧʘʩʘʞʠʨʩʴʢʠʭ ʧʝʨʝʚʝʟʝʥʴ. ʋʧʨʘʚʣʽʥʥʷ ʨʦʟʚʠʪʢʦʤ 

ʩʢʣʘʜʥʠʭ ʩʠʩʪʝʤ. ʂʠʾʚ, 2024. ˉ 57.  
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ɯʅʌʆʈʄɸʎɯʁʅɸ ʊɽʍʅʆʃʆɻɯʗ ɺʀɿʅɸʏɽʅʅʗ ʈɯɺʅɯɺ ʈʀɿʀʂɯɺ ʊɸ ɰʍ 

ʇʈɯʆʈʀʊɽʊɯɺ ɺ ʋʇʈɸɺʃɯʅʅɯ ʇʈʆɭʂʊɸʄʀ 

 

ʄʘʢʩʠʤʦʚ ɸ.ɭ., ʊʨʠʫʩ ʖ.ɺ. 

ʏʝʨʢʘʩʴʢʠʡ ʜʝʨʞʘʚʥʠʡ ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ, ʏʝʨʢʘʩʠ, ʋʢʨʘʾʥʘ 

 
ɸʥʦʪʘʮʽʷ. ɺʘʞʣʠʚʦʶ ʪʘ ʘʢʪʫʘʣʴʥʦʶ ʧʨʦʙʣʝʤʦʶ ʚ ʫʧʨʘʚʣʽʥʥʷ ʧʨʦʻʢʪʘʤʠ ʻ ʧʨʦʙʣʝʤʘ 

ʫʧʨʘʚʣʽʥʥʷ ʨʠʟʠʢʘʤʠ. ʆʜʥʠʤ ʟ ʧʦʧʫʣʷʨʥʠʭ ʽʥʩʪʨʫʤʝʥʪʽʚ ʫʧʨʘʚʣʽʥʥʷ ʨʠʟʠʢʘʤʠ ʧʨʦʻʢʪʽʚ, ʱʦ ʰʠʨʦʢʦ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʥʘ ʧʨʘʢʪʠʮʽ, ʻ ʤʝʪʦʜ ʤʘʪʨʠʮʽ ʨʠʟʠʢʽʚ, ʷʢʠʡ ʧʝʨʝʜʙʘʯʘʻ ʨʦʟʧʦʜʽʣ ʨʠʟʠʢʽʚ ʥʘ ʪʨʠ 

ʨ̔ ʚʥʽ: ʚʠʩʦʢʠʡ, ʩʝʨʝʜʥʽʡ ʽ ʥʠʟʴʢʠʡ ʟʘ ʜʚʦʤʘ ʢʨʠʪʝʨʽʷʤʠ: ʾʭ ʚʧʣʠʚʦʤ ʥʘ ʧʨʦʻʢʪ ʪʘ ʡʤʦʚʽʨʥʽʩʪʶ ʾʭ 

ʚʠʥʠʢʥʝʥʥʷ ʚ ʧʨʦʻʢʪʽ. ʇʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʮʴʦʛʦ ʤʝʪʦʜʫ ʽʥʦʜʽ ʚʘʞʢʦ ʪʦʯʥʦ ʚʠʟʥʘʯʠʪʠ, ʜʦ ʷʢʦʾ ʩʘʤʝ 

ʢʘʪʝʛʦʨʽʾ ʨʠʟʠʢʽʚ ʚʽʜʥʦʩʠʪʴʩʷ ʧʝʚʥʠʡ ʨʠʟʠʢ. ʋ ʪʘʢʠʭ ʫʤʦʚʘʭ ʧʦʩʪʘʻ ʧʨʦʙʣʝʤʘ ʨʦʟʨʦʙʢʠ ʤʝʪʦʜʫ, ʷʢʠʡ 

ʙʠ ʥʘʜʘʚʘʚ ʤʦʞʣʠʚʽʩʪʴ ʤʝʥʝʜʞʝʨʫ ʧʨʦʻʢʪʽʚ ʜʦʩʠʪʴ ʪʦʯʥʦ ʢʣʘʩʠʬʽʢʫʚʘʪʠ ʨʠʟʠʢʠ ʟʘ ʨʽʟʥʠʤʠ ʩʪʫʧʝʥʷʤʠ 

ʚʘʞʣʠʚʦʩʪʽ, ʥʝ ʦʙʤʝʞʫʶʯʠʩʴ ʣʠʰʝ ʜʚʦʤʘ ʢʨʠʪʝʨʽʷʤʠ. ʋ ʜʦʩʣʽʜʞʝʥʥʽ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʽ ʦʙˇʨʫʥʪʦʚʘʥʦ 

ʥʦʚʠʡ ʤʝʪʦʜ ʜʣʷ ʘʥʘʣʽʟʫ ʨʠʟʠʢʽʚ ʧʨʦʻʢʪʫ, ʷʢʠʡ ʻ ʢʦʤʙʽʥʘʮʽʻʶ ʤʦʜʠʬʽʢʦʚʘʥʦʛʦ ʤʝʪʦʜʫ ʤʘʪʨʠʮʽ 

ʨʠʟʠʢʽʚ, ʱʦ ʥʘʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʟ ʚʠʩʦʢʦʶ ʪʦʯʥʽʩʪʶ ʦʮʽʥʶʚʘʪʠ ʨʠʟʠʢʠ ʟʘ ʙʽʣʴʰ ʰʠʨʦʢʦʶ ʰʢʘʣʦʶ ʽ 

ʙʽʣʴʰʦʶ ʢʽʣʴʢʽʩʪʶ ʢʨʠʪʝʨʽʾʚ, ʥʽʞ ʪʨʘʜʠʮʽʡʥʠʡ ʤʝʪʦʜ ʤʘʪʨʠʮʽ ʨʠʟʠʢʽʚ, ʪʘ ʤʝʪʦʜʫ ʘʥʘʣʽʟʫ ʽʻʨʘʨʭʽʡ, ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʷʢʦʛʦ ʚʠʟʥʘʯʘʶʪʴʩʷ ʧʨʽʦʨʠʪʝʪʠ ʨʠʟʠʢʽʚ ʪʘ ʾʭ ʨʘʥʛʠ ʟ ʤʝʪʦʶ ʟʘʧʦʙʽʛʘʥʥʷ ʽ ʫʩʫʥʝʥʥʷ, ʚ 

ʧʝʨʰʫ ʯʝʨʛʫ, ʪʠʭ ʟ ʥʠʭ, ʱʦ ʤʘʶʪʴ ʥʘʡʚʠʱʽ ʧʨʽʦʨʠʪʝʪʠ. ɼʣʷ ʨʝʘʣʽʟʘʮʽʾ ʤʝʪʦʜʫ ʙʫʣʘ ʧʦʙʫʜʦʚʘʥʘ ʤʦʜʝʣʴ 

ʫʧʨʘʚʣʽʥʥʷ ʨʠʟʠʢʘʤʠ ʧʨʦʻʢʪʫ (Project Risk Management Model (PRMM)),  ʧʦʙʫʜʦʚʘʥʦ ʘʣʛʦʨʠʪʤ, ʱʦ 

ʨʝʘʣʽʟʫʻ ʮʝʡ ʤʝʪʦʜ, ʽ ʥʘ ʡʦʛʦ ʦʩʥʦʚʽ ʩʪʚʦʨʝʥʦ ʚʝʙ-ʨʝʩʫʨʩ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʘʚʪʦʤʘʪʠʟʘʮʽʶ ʧʨʦʮʝʩʫ 

ʢʣʘʩʠʬʽʢʘʮʽʾ ʨʠʟʠʢʽʚ ʫ ʨʝʞʠʤʽ ʦʥʣʘʡʥ, ʚʠʟʥʘʯʘʻ ʧʨʽʦʨʠʪʝʪʠ ʨʠʟʠʢʽʚ ʪʘ ʾʭ ʨʘʥʛʠ, ʘ ʪʘʢʦʞ ʥʘʜʘʻ 

ʨʝʢʦʤʝʥʜʘʮʽʾ ʢʦʨʠʩʪʫʚʘʯʫ ʱʦʜʦ ʟʘʭʦʜʽʚ ʜʣʷ ʟʘʧʦʙʽʛʘʥʥʷ ʪʘ ʫʩʫʥʝʥʥʷ ʨʠʟʠʢʽʚ ʟ ʥʘʡʙʽʣʴʰʠʤʠ 

ʧʨʽʦʨʠʪʝʪʘʤʠ ʫ ʚʠʛʣʷʜʽ ʨʝʻʩʪʨʫ ʨʠʟʠʢʽʚ.  

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ̔ ʥʬʦʨʤʘʮʽʡʥʘ ʪʝʭʥʦʣʦʛʽʷ, ʧʨʦʻʢʪ, ʫʧʨʘʚʣʽʥʥʷ ʨʠʟʠʢʘʤʠ, ʢʣʘʩʠʬʽʢʘʮʽʷ ʨʠʟʠʢʽʚ, 

ʤʝʪʦʜ ʤʘʪʨʠʮʽ ʨʠʟʠʢʽʚ, ʤʝʪʦʜ ʘʥʘʣʽʟʫ ʽʻʨʘʨʭʽʡ, ʤʝʪʦʜʠ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ. 

 

INFORMATION TECHN OLOGY FOR DETERMINING RISK LEVELS AND THEIR 

PRIORITIES IN PROJECT MANAGEMENT  

 

Maksymov A., Tryus Y. 

Cherkasy State Technological University, Cherkasy, Ukraine 

 
Abstract. An important and relevant issue in project management is the problem of risk management. 

One of the most prevalent project risk management tools in practice is the Risk Matrix method, which 

categorizes risks into three levels: high, medium, and low. This categorization is based on two criteria: the 

consequence of the risk on the project and the likelihood of its occurrence in the project. The application of 

this methodology occasionally presents challenges in accurately categorizing specific risks. In such 

conditions, the problem is to develop a method that would allow the project manager to fairly accurately 

classify risks according to different levels of importance, without being limited to only two criteria. The 

research proposes and justifies a new method for project risk analysis, which is a combination of a modified 

Risk Matrix method, which provides the ability to assess risks with high accuracy on a broader scale and a 

greater number of criteria than the traditional Risk Matrix method, and the Analytic Hierarchy Process (AHP) 

method, which determines the priorities and ranks of risks to prevent and mitigate those with the highest 

priorities first. In order to implement the method, a Project Risk Management Model (PRMM) was created, 

an algorithm implementing the method was developed, and on its basis a web resource was created that 

enables the automation of the online risk classification process, determines the priority of risks and their 

ranks, and also provides the user with recommendations for actions to prevent and eliminate the highest 

priority risks in the form of a risk register.  

Keywords: information technology, project, risk management, risk classification, Risk Matrix 

method, Analytic Hierarchy Process, decision-making methods. 

 

ɺcʪʫʧ. ʇʨʦʙʣʝʤʘ ʫʧʨʘʚʣʽʥʥʷ ʨʠʟʠʢʘʤʠ ʟʘʣʠʰʘʻʪʴʩʷ ʘʢʪʫʘʣʴʥʦʶ ʟʘʚʞʜʠ, ʦʩʢʽʣʴʢʠ 

ʨʠʟʠʢʠ ʧʨʠʩʫʪʥʽ ʚ ʢʦʞʥʦʤʫ ʧʨʦʻʢʪʽ. ʇʦʥʷʪʪʷ ʨʠʟʠʢʫ ʧʨʦʻʢʪʫ ʤʘʻ ʨʽʟʥʽ ʚʠʟʥʘʯʝʥʥʷ, ʟʦʢʨʝʤʘ 

ʚ ʩʪʘʥʜʘʨʪʽ ISO 31000: 2018 [1] ʟʘʟʥʘʯʝʥʦ, ʱʦ çʨʠʟʠʢ ï ʮʝ ʚʧʣʠʚ ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ ʥʘ 



112 

 

ʜʦʩʷʛʥʝʥʥʷ ʮʽʣʝʡè. ʆʜʥʠʤ ʟ ʧʦʧʫʣʷʨʥʠʭ ʽʥʩʪʨʫʤʝʥʪʽʚ ʫʧʨʘʚʣʽʥʥʷ ʨʠʟʠʢʘʤʠ ʫ ʧʨʦʻʢʪʘʭ ʻ 

ʤʝʪʦʜ ʤʘʪʨʠʮʽ ʨʠʟʠʢʽʚ, ʷʢʠʡ ʧʝʨʝʜʙʘʯʘʻ ʩʪʚʦʨʝʥʥʷ ʪʘʙʣʠʮʽ, ʜʝ ʟʘʟʥʘʯʘʶʪʴʩʷ ʥʘʡʚʘʞʣʠʚʽʰʽ 

ʛʨʘʥʠʯʥʽ ʟʥʘʯʝʥʥʷ ʡʤʦʚʽʨʥʦʩʪʝʡ ʚʠʥʠʢʥʝʥʥʷ ʨʠʟʠʢʽʚ ʪʘ ʛʨʘʥʠʯʥʽ ʟʥʘʯʝʥʥʷ ʾʭ ʚʧʣʠʚʫ ʥʘ 

ʧʨʦʻʢʪ. ʋ ʤʝʪʦʜʽ ʤʘʪʨʠʮʽ ʨʠʟʠʢʽʚ ʦʮʽʥʶʻʪʴʩʷ ʨʽʚʝʥʴ ʨʠʟʠʢʫ ʥʘ ʧʝʨʝʪʠʥʽ ʨʷʜʢʽʚ (ʡʤʦʚʽʨʥʦʩʪʽ 

ʚʠʥʠʢʥʝʥʥʷ ʨʠʟʠʢʽʚ ʫ ʧʨʦʝʢʪʽ) ʪʘ ʩʪʦʚʧʮʽʚ (ʚʧʣʠʚ ʨʠʟʠʢʽʚ ʥʘ ʧʨʦʻʢʪ) [2]. ʎʝ ʧʨʦʩʪʠʡ, ʘʣʝ 

ʝʬʝʢʪʠʚʥʠʡ ʤʝʭʘʥʽʟʤ, ʷʢʠʡ ʜʦʧʦʤʘʛʘʻ ʟʙʽʣʴʰʠʪʠ ʚʠʜʠʤʽʩʪʴ ʨʠʟʠʢʽʚ ʽ ʩʧʨʠʷʻ ʫʧʨʘʚʣʽʥʥʶ 

ʧʨʠʡʥʷʪʪʷʤ ʨʽʰʝʥʴ. ʈʘʟʦʤ ʟ ʮʠʤ, ʚʽʥ ʤʘʻ ʧʝʚʥʽ ʥʝʜʦʣʽʢʠ [3], ʩʝʨʝʜ ʷʢʠʭ ʦʩʥʦʚʥʠʤ ʻ ʧʨʦʙʣʝʤʘ 

ʥʝʢʦʨʝʢʪʥʦʾ ʢʣʘʩʠʬʽʢʘʮʽʾ ʨʠʟʠʢʽʚ ʧʨʦʻʢʪʫ, ʱʦ ʤʦʞʝ ʥʝʛʘʪʠʚʥʦ ʚʧʣʠʥʫʪʠ ʥʘ ʧʨʠʡʥʷʪʪʷ 

ʨʽʰʝʥʥʷ ʱʦʜʦ ʟʘʭʦʜʽʚ ʾʭ ʫʩʫʥʝʥʥʷ ʪʘ ʟʘʧʦʙʽʛʘʥʥʷ. ʊʦʤʫ ʧʦʜʘʣʴʰʝ ʜʦʩʣʽʜʞʝʥʥʷ ʽ ʨʦʟʨʦʙʢʘ 

ʝʬʝʢʪʠʚʥʠʭ ʤʝʪʦʜʽʚ ʫʧʨʘʚʣʽʥʥʷ ʨʠʟʠʢʘʤʠ ʧʨʦʻʢʪʽʚ ʪʘ ʩʪʚʦʨʝʥʥʷ ʩʫʯʘʩʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʾʭ 

ʨʝʘʣʽʟʘʮʽʾ ʻ ʘʢʪʫʘʣʴʥʦʶ ʥʘʫʢʦʚʦʶ ʽ ʧʨʘʢʪʠʯʥʦʶ ʧʨʦʙʣʝʤʦʶ. 

ʄʝʪʘ ʨʦʙʦʪʠ ï ʩʪʚʦʨʝʥʥʷ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʪʝʭʥʦʣʦʛʽʾ, ʱʦ ʟʘʙʝʟʧʝʯʠʪʴ ʢʦʨʠʩʪʫʚʘʯʫ 

ʤʦʞʣʠʚʽʩʪʴ ʫ ʨʝʞʠʤʽ ʦʥʣʘʡʥ ʜʦʩʠʪʴ ʪʦʯʥʦ ʚʠʟʥʘʯʘʪʠ ʨʽʚʥʽ ʨʠʟʠʢʽʚ ʧʨʦʻʢʪʫ ʟʘ ʧʝʚʥʠʤʠ 

ʢʨʠʪʝʨʽʷʤʠ, ʦʙʯʠʩʣʶʚʘʪʠ ʾʭ ʧʨʽʦʨʠʪʝʪʠ ʪʘ ʨʘʥʛʠ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʦʜʠʬʽʢʦʚʘʥʦʛʦ ʤʝʪʦʜʫ 

ʤʘʪʨʠʮʽ ʨʠʟʠʢʽʚ ʪʘ ʤʝʪʦʜʫ ʘʥʘʣʽʟʫ ʽʻʨʘʨʭʽʡ. 

ʆʩʥʦʚʥʘ ʯʘʩʪʠʥʘ. ʈʦʟʛʣʷʥʝʤʦ  ʤʝʪʦʜ ʜʣʷ ʘʥʘʣʽʟʫ ʨʠʟʠʢʽʚ ʧʨʦʻʢʪʫ, ʷʢʠʡ ʻ ʢʦʤʙʽʥʘʮʽʻʶ 

ʤʦʜʠʬʽʢʦʚʘʥʦʛʦ ʤʝʪʦʜʫ ʤʘʪʨʠʮʽ ʨʠʟʠʢʽʚ, ʱʦ ʥʘʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʟ ʚʠʩʦʢʦʶ ʪʦʯʥʽʩʪʶ 

ʦʮʽʥʶʚʘʪʠ ʨʠʟʠʢʠ ʟʘ ʙʽʣʴʰ ʰʠʨʦʢʦʶ ʰʢʘʣʦʶ ʽ ʙʽʣʴʰʦʶ ʢʽʣʴʢʽʩʪʶ ʢʨʠʪʝʨʽʾʚ, ʥʽʞ 

ʪʨʘʜʠʮʽʡʥʠʡ ʤʝʪʦʜ ʤʘʪʨʠʮʽ ʨʠʟʠʢʽʚ, ʪʘ ʤʝʪʦʜʫ ʘʥʘʣʽʟʫ ʽʻʨʘʨʭʽʡ (ʄɸɯ) [3], ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʷʢʦʛʦ ʚʠʟʥʘʯʘʶʪʴʩʷ ʧʨʽʦʨʠʪʝʪʠ ʨʠʟʠʢʽʚ ʪʘ ʾʭ ʨʘʥʛʠ.  

ɼʣʷ ʚʠʨʽʰʝʥʥʷ ʧʦʩʪʘʚʣʝʥʦʾ ʟʘʜʘʯʽ ʟʘʧʨʦʧʦʥʦʚʘʥʘ ʤʦʜʝʣʴ ʫʧʨʘʚʣʽʥʥʷ ʨʠʟʠʢʘʤʠ ʧʨʦʻʢʪʫ 

(Project Risk Management Model (PRMM)), ʱʦ ʤʘʻ ʪʘʢʠʡ ʚʠʛʣʷʜ: 

ὖὙὓὓộὃȟὅȟὑȟὙȟὊȟὡȟὙὖὉỚ ,    (1) 

ʜʝ: ὃ ὃȟὃȟȣȟὃ  ï ʤʥʦʞʠʥʘ ʨʠʟʠʢʽʚ ʧʨʦʻʢʪʫ; ὅ ὅȟὅȟȣȟὅ  ï ʤʥʦʞʠʥʘ ʨʽʚʥʽʚ 

ʨʠʟʠʢʫ;  ὑ ὑȟὑȟȣȟὑ  ï ʤʥʦʞʠʥʘ ʢʨʠʪʝʨʽʾʚ ʦʮʽʥʶʚʘʥʥʷ ʨʠʟʠʢʽʚ; Ὑ ὙȟὙȟȣȟὙ  ï 

ʤʥʦʞʠʥʘ ʦʮʽʥʦʢ ʨʽʚʥʽʚ ʨʠʟʠʢʫ ʧʨʦʻʢʪʽʚ, ʱʦ ʦʙʨʘʭʦʚʫʶʪʴʩʷ ʫ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʜʦ ʥʘʷʚʥʠʭ 

ʢʨʠʪʝʨʽʾʚ ʽ ʝʢʩʧʝʨʪʥʠʭ ʦʮʽʥʦʢ ʜʣʷ ʢʦʞʥʦʛʦ ʨʠʟʠʢʫ, ʟʘ ʬʦʨʤʫʣʦʶ: Ὑ Ὧ ẗὯ ẗȣẗὯ ȟ ʜʝ 
Ὧ צ πȠρȟὭ ρȟȣȟὲȟὮ ρȟȣȟά, Ὂ ï ʬʫʥʢʮʽʦʥʘʣʴʥʘ ʟʘʣʝʞʥʽʩʪʴ, ʫ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʜʦ ʷʢʦʾ 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʥʘʣʝʞʥʽʩʪʴ ʨʠʟʠʢʽʚ ὃ ʜʦ ʧʝʚʥʦʛʦ ʨʽʚʥʷ ʨʠʟʠʢʽʚ ὅ; ὡ  ὡȟὡȟȣȟὡ  ï ʚʝʢʪʦʨ 

ʧʨʽʦʨʠʪʝʪʽʚ ʨʠʟʠʢʽʚ ʧʨʦʻʢʪʫ, ʱʦ ʦʜʝʨʞʫʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʝʪʦʜʫ ʘʥʘʣʽʟʫ ʽʻʨʘʨʭʽʡ; ὙὖὉộὙὖȟὙὉỚ 
ï ʤʥʦʞʠʥʘ ʟʘʭʦʜʽʚ ʱʦʜʦ ʟʘʧʦʙʽʛʘʥʥʷ ʪʘ ʫʩʫʥʝʥʥʷ ʨʠʟʠʢʽʚ ʧʨʦʻʢʪʫ, Ὑὖ (risk prevention) ï ʤʥʦʞʠʥʘ 

ʟʘʭʦʜʽʚ ʱʦʜʦ ʟʘʧʦʙʽʛʘʥʥʷ ʨʠʟʠʢʽʚ; ὙὉ (risk elimination) ï ʤʥʦʞʠʥʘ ʟʘʭʦʜʽʚ ʱʦʜʦ ʫʩʫʥʝʥʥʷ ʨʠʟʠʢʽʚ. 

ʇʨʝʜʩʪʘʚʣʝʥʘ ʤʦʜʝʣʴ ʫʧʨʘʚʣʽʥʥʷ ʨʠʟʠʢʘʤʠ ʧʨʦʻʢʪʽʚ (1) ʻ ʫʟʘʛʘʣʴʥʝʥʥʷʤ ʤʦʜʝʣʽ, ʱʦ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʫ ʤʝʪʦʜʽ ʤʘʪʨʠʮʽ ʨʠʟʠʢʽʚ. ʅʘ ʨʠʩ. 1 ʟʦʙʨʘʞʝʥʦ ʩʭʝʤʫ ʘʣʛʦʨʠʪʤʫ ʨʝʘʣʽʟʘʮʽʾ 

ʢʦʤʙʽʥʦʚʘʥʦʛʦ ʤʝʪʦʜʫ ʚʠʟʥʘʯʝʥʥʷ ʨʽʚʥʽʚ ʨʠʟʠʢʫ ʧʨʦʻʢʪʫ, ʧʨʽʦʨʠʪʝʪʽʚ ʪʘ ʨʘʥʛʽʚ ʮʠʭ ʨʠʟʠʢʽʚ. 

 
ʈʠʩ. 1. ʉʭʝʤʘ ʘʣʛʦʨʠʪʤʫ ʨʝʘʣʽʟʘʮʽʾ ʢʦʤʙʽʥʦʚʘʥʦʛʦ ʤʝʪʦʜʫ. 

ʈʦʟʛʣʷʥʝʤʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʟʘʧʨʦʧʦʥʦʚʘʥʦʾ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʪʝʭʥʦʣʦʛʽʾ ʥʘ ʧʨʠʢʣʘʜʽ 

ʫʧʨʘʚʣʽʥʥʷ ʨʠʟʠʢʘʤʠ ɯʊ-ʧʨʦʻʢʪʫ, ʢʦʣʠ ʢʨʠʪʝʨʽʾ k1 ï çʡʤʦʚʽʨʥʽʩʪʴ ʚʠʥʠʢʥʝʥʥʷ ʨʠʟʠʢʫ ʚ 

ʧʨʦʻʢʪʽè (Likelihood) ʪʘ k2 ï çʚʧʣʠʚ ʨʠʟʠʢʫ ʥʘ ʧʝʨʝʙʽʛ ʧʨʦʻʢʪʫè (Consequence) ʥʝ ʻ 
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ʨʽʚʥʦʟʥʘʯʥʠʤʠ. ʅʘ ʨʠʩ. 2 ʧʨʦʜʝʤʦʥʩʪʨʦʚʘʥʦ ʩʪʦʨʽʥʢʫ ʤʦʜʫʣʷ ʉʇʇʈ çDecisionerè ʜʣʷ 

ʫʧʨʘʚʣʽʥʥʷ ʨʠʟʠʢʘʤʠ ʜʣʷ ʚʠʧʘʜʢʫ, ʢʦʣʠ 5 ʚʠʜʽʚ ʨʠʟʠʢʫ, 2 ʢʨʠʪʝʨʽʾ ʽ 5 ʨʽʚʥʽʚ ʨʠʟʠʢʫ. 

ʈʦʟʨʦʙʣʝʥʠʡ ʤʦʜʫʣʴ ʫʧʨʘʚʣʽʥʥʷ ʨʠʟʠʢʘʤʠ ʥʘʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʢʦʨʠʩʪʫʚʘʯʫ, ʷʢ ʝʢʩʧʝʨʪʫ, 

ʦʮʽʥʠʪʠ ʡʤʦʚʽʨʥʽʩʪʴ ʪʘ ʚʧʣʠʚ ʨʠʟʠʢʫ ʚʽʜ 0 ʜʦ 1. ʂʦʨʠʩʪʫʚʘʯ ʤʦʞʝ ʜʦʜʘʚʘʪʠ ʚʭʽʜʥʽ ʜʘʥʽ, 

ʟʤʽʥʶʚʘʪʠ ʚʞʝ ʽʩʥʫʶʯʽ, ʘʙʦ ʚʠʜʘʣʷʪʠ ʾʭ. ʇʨʠ ʮʴʦʤʫ ʜʣʷ ʦʮʽʥʶʚʘʥʥʷ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʰʢʘʣʘ 

ʉʘʘʪʽ ʚʽʜ 1 ʜʦ 9.  

 

      

ʈʠʩ. 2. ʇʨʠʢʣʘʜ ʚʭʽʜʥʠʭ ʜʘʥʠʭ ʢʝʨʫʚʘʥʥʷ ʨʠʟʠʢʘʤʠ ɯʊ-ʧʨʦʻʢʪʫ  

ʅʘ ʥʘʩʪʫʧʥʦʤʫ ʢʨʦʮʽ ʢʦʨʠʩʪʫʚʘʯ ʦʙʠʨʘʻ ʚʝʨʭʥʶ ʤʝʞʫ ὶ ʢʦʞʥʦʛʦ ʨʽʚʥʷ ʨʠʟʠʢʫ ὅ (Ὦ

ρȟί. (ʨʠʩ. 3). ʇʨʠ ʮʴʦʤʫ ʟʥʘʯʝʥʥʷ ὶ ʧʽʜʙʠʨʘʶʪʴʩʷ ʘʚʪʦʤʘʪʠʯʥʦ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʧʨʠʙʣʠʟʥʦ 

ʦʜʥʘʢʦʚʝ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʤʽʞ ʧʣʦʱʘʤʠ ʦʙʣʘʩʪʝʡ, ʱʦ ʚʽʜʧʦʚʽʜʘʶʪʴ ʨʽʚʥʷʤ ʨʠʟʠʢʽʚ. 

ɿʤʽʥʶʶʯʠ ʧʘʨʘʤʝʪʨ ὶ ʤʦʞʥʘ ʥʘʣʘʰʪʫʚʘʪʠ ʦʙʣʘʩʪʽ ʚʠʟʥʘʯʝʥʥʷ ʨʽʚʥʽʚ ʨʠʟʠʢʽʚ. ɺʽʜ ʮʴʦʛʦ 

ʟʘʣʝʞʠʪʴ ʜʦ ʷʢʦʛʦ ʢʣʘʩʫ ʨʠʟʠʢʫ ʧʦʪʨʘʧʠʪʴ ʧʦʜʽʷ. ʇʽʩʣʷ ʥʘʪʠʩʢʘʥʥʷ ʥʘ ʢʥʦʧʢʫ çProcess Dataè 

ʥʘ ʦʙʣʘʩʪʽ ʤʘʪʨʠʮʽ ʨʠʟʠʢʽʚ ʙʫʜʝ ʟʦʙʨʘʞʝʥʦ ʥʘʷʚʥʽ ʨʠʟʠʢʠ ʷʢ ʪʦʯʢʠ ὃ ʟ ʢʦʦʨʜʠʥʘʪʘʤʠ 

ὯȟὯ  (Ὥ ρȟυ) ʽ ʢʦʣʴʦʨʦʤ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʢʦʣʴʦʨʫ ʨʽʚʥʷ ʨʠʟʠʢʫ (ʨʠʩ. 3).  

 

ʈʠʩ. 3. ʈʝʟʫʣʴʪʘʪ ʚʠʢʦʥʘʥʥʷ ʢʣʘʩʠʬʽʢʘʮʽʾ ʨʠʟʠʢʽʚ ɯʊ-ʧʨʦʻʢʪʫ ʟʘ ʨʽʚʥʷʤʠ 

ɼʘʣʽ ʘʚʪʦʤʘʪʠʯʥʦ ʚʠʢʦʥʫʶʪʴʩʷ ʦʙʨʘʭʫʥʢʠ ʟʘ ʄɸɯ (ʨʠʩ. 4). ʆʙʯʠʩʣʝʥʥʷ ʛʦʣʦʚʥʦʛʦ 

ʚʣʘʩʥʦʛʦ ʚʝʢʪʦʨʫ W ʤʘʪʨʠʮʽ ʧʘʨʥʠʭ ʧʦʨʽʚʥʷʥʴ ʚʽʜʙʫʚʘʻʪʴʩʷ ʥʘ ʦʩʥʦʚʽ ʦʙʨʘʭʫʥʢʫ ʚʣʘʩʥʠʭ 

ʚʝʢʪʦʨʽʚ, ʟʘ ʢʣʘʩʠʯʥʠʤ ʄɸɯ [3]. ʋ ʨʝʟʫʣʴʪʘʪʽ ʧʘʨʥʦʛʦ ʧʦʨʽʚʥʷʥʥʷ ʢʨʠʪʝʨʽʾʚ ʟʘ ʤʝʪʦʶ ʪʘ 

ʨʠʟʠʢʽʚ ʟʘ ʢʨʠʪʝʨʽʷʤʠ ʦʪʨʠʤʫʻʤʦ ʚʝʢʪʦʨ ʧʨʽʦʨʠʪʝʪʽʚ ʨʠʟʠʢʽʚ ɯʊ-ʧʨʦʻʢʪʫ W. ʇʽʩʣʷ ʮʴʦʛʦ 

ʚʠʚʦʜʷʪʴʩʷ ʨʝʟʫʣʴʪʘʪʠ ʦʙʯʠʩʣʝʥʴ ʫ ʚʠʛʣʷʜʽ ʪʘʙʣʠʮʽ ʟ ʨʽʚʥʷʤʠ ʨʠʟʠʢʽʚ, ʟʥʘʯʝʥʥʷʤʠ 
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ʧʨʽʦʨʠʪʝʪʽʚ ʪʘ ʨʘʥʛʽʚ ʨʠʟʠʢʽʚ ɯʊ-ʧʨʦʻʢʪʫ (ʨʠʩ. 5) ʽ ʪʘʙʣʠʮʽ ʟ ʨʝʻʩʪʨʦʤ ʨʠʟʠʢʽʚ ɯʊ-ʧʨʦʻʢʪʫ ʟ 

ʧʝʨʝʣʽʢʦʤ ʟʘʭʦʜʽʚ ʱʦʜʦ ʾʭ ʟʘʧʦʙʽʛʘʥʥʷ ʪʘ ʫʩʫʥʝʥʥʷ, ʷʢʫ ʤʦʞʥʘ ʝʢʩʧʦʨʪʫʚʘʪʠ ʚ Excel-ʬʘʡʣ.  

 

ʈʠʩ. 4. ʈʝʟʫʣʴʪʘʪ ʧʘʨʥʦʛʦ ʧʦʨʽʚʥʷʥʥʷ ʨʠʟʠʢʽʚ ʟʘ ʢʨʠʪʝʨʽʻʤ çʁʤʦʚʽʨʥʽʩʪʴ 

 
ʈʠʩ. 5. ʇʽʜʩʫʤʢʦʚʽ ʨʝʟʫʣʴʪʘʪʠ ʟ ʨʽʚʥʷʤʠ ʨʠʟʠʢʽʚ, ʟʥʘʯʝʥʥʷʤʠ ʧʨʽʦʨʠʪʝʪʽʚ ʪʘ ʨʘʥʛʽʚ ʨʠʟʠʢʽʚ  

ɼʣʷ ʚʠʧʘʜʢʫ ʨʦʟʨʘʭʫʥʢʽʚ, ʟʦʙʨʘʞʝʥʠʭ ʥʘ ʨʠʩ. 5, ʟ ʚʨʘʭʫʚʘʥʥʷʤ ʢʦʤʧʨʦʤʽʩʥʦʛʦ ʨʽʰʝʥʥʷ 

ʤʽʞ ʦʜʥʘʢʦʚʦʶ (1) ʪʘ ʩʣʘʙʢʦʶ (3) ʧʝʨʝʚʘʛʦʶ ʡʤʦʚʽʨʥʦʩʪʽ ʥʘʜ ʚʧʣʠʚʦʤ ʨʠʟʠʢʽʚ (ʨʠʩ. 2), ʜʦ 

ʦʙʣʘʩʪʽ ʜʫʞʝ ʚʠʩʦʢʦʛʦ ʨʽʚʥʷ ʨʠʟʠʢʽʚ C5 ʧʦʪʨʘʧʣʷʶʪʴ ʨʠʟʠʢʠ: ɸ3 ï ʨʠʟʠʢ ʟʤʽʥʠ ʚʠʤʦʛ ʜʦ ɯʊ-

ʧʨʦʻʢʪʫ, ɸ4 ï ʟʘʛʨʦʟʠ ʚ ʢʽʙʝʨʙʝʟʧʝʮʽ, ɸ5 ï ʨʠʟʠʢʠ ʟ ʷʢʽʩʪʶ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ. ɼʦ 

ʦʙʣʘʩʪʽ ʩʝʨʝʜʥʴʦʛʦ ʨʽʚʥʷ ʨʠʟʠʢʽʚ C3 ʧʦʪʨʘʧʣʷʻ ɸ1 ï ʝʢʦʥʦʤʽʯʥʽ ʨʠʟʠʢʠ, ʘ ʜʦ ʦʙʣʘʩʪʽ ʥʠʟʴʢʦʛʦ 

ʨʽʚʥʷ ʨʠʟʠʢʽʚ C2 ʧʦʪʨʘʧʣʷʻ ɸ2 ï ʨʠʥʢʦʚʽ ʨʠʟʠʢʠ.  

ɺʠʩʥʦʚʢʠ. ʅʘʫʢʦʚʘ ʥʦʚʠʟʥʘ ʜʦʩʣʽʜʞʝʥʥʷ ʧʦʣʷʛʘʻ ʫ ʧʦʙʫʜʦʚʽ ʤʦʜʝʣʽ ʫʧʨʘʚʣʽʥʥʷ 

ʨʠʟʠʢʘʤʠ ʧʨʦʻʢʪʫ (Project Risk Management Model), ʥʘ ʙʘʟʽ ʷʢʦʾ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʽ 

ʦʙˇʨʫʥʪʦʚʘʥʦ ʤʝʪʦʜ ʜʣʷ ʘʥʘʣʽʟʫ ʨʠʟʠʢʽʚ ʧʨʦʻʢʪʫ, ʷʢʠʡ ʻ ʢʦʤʙʽʥʘʮʽʻʶ ʤʦʜʠʬʽʢʦʚʘʥʦʛʦ ʤʝʪʦʜʫ 

ʤʘʪʨʠʮʽ ʨʠʟʠʢʽʚ, ʱʦ ʥʘʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʟ ʚʠʩʦʢʦʶ ʪʦʯʥʽʩʪʶ ʚʠʟʥʘʯʠʪʠ ʨʽʚʝʥʴ ʨʠʟʠʢʽʚ ʟʘ ʙʽʣʴʰ 

ʰʠʨʦʢʦʶ ʰʢʘʣʦʶ ʽ ʙʽʣʴʰʦʶ ʢʽʣʴʢʽʩʪʶ ʢʨʠʪʝʨʽʾʚ, ʥʽʞ ʪʨʘʜʠʮʽʡʥʠʡ ʤʝʪʦʜ, ʪʘ ʤʝʪʦʜʫ ʘʥʘʣʽʟʫ 

ʽʻʨʘʨʭʽʡ, ʟʘ ʜʦʧʦʤʦʛʦʶ ʷʢʦʛʦ ʚʠʟʥʘʯʘʶʪʴʩʷ ʧʨʽʦʨʠʪʝʪʠ ʨʠʟʠʢʽʚ ʪʘ ʾʭ ʨʘʥʛʠ. ʉʪʚʦʨʝʥʠʡ ʚʝʙ-

ʨʝʩʫʨʩ ʤʘʻ ʟʨʫʯʥʠʡ ʪʘ ʽʥʪʫʾʪʠʚʥʦ ʟʨʦʟʫʤʽʣʠʡ ʽʥʪʝʨʬʝʡʩ ʢʦʨʠʩʪʫʚʘʯʘ; ʥʘʜʘʻ ʤʦʞʣʠʚʽʩʪʴ 

ʘʚʪʦʤʘʪʠʟʫʚʘʪʠ ʧʨʦʮʝʩ ʨʦʟʧʦʜʽʣʫ ʨʠʟʠʢʽʚ ʟʘ ʢʨʠʪʝʨʽʷʤʠ ʚʘʞʣʠʚʦʩʪʽ, ʦʪʨʠʤʘʪʠ ʟʥʘʯʝʥʥʷ 

ʧʨʽʦʨʠʪʝʪʽʚ ʨʠʟʠʢʽʚ ʪʘ ʾʭ ʨʘʥʛʽʚ, ʚʽʟʫʘʣʽʟʫʚʘʪʠ ʨʝʟʫʣʴʪʘʪʠ ʨʦʙʦʪʠ ʟ ʘʥʘʣʽʟʫ ʨʠʟʠʢʽʚ ʪʘ 

ʟʛʝʥʝʨʫʚʘʪʠ ʨʝʻʩʪʨ ʨʠʟʠʢʽʚ ʟ ʨʝʢʦʤʝʥʜʘʮʽʷʤʠ ʱʦʜʦ ʾʭ ʟʘʧʦʙʽʛʘʥʥʷ ʪʘ ʫʩʫʥʝʥʥʷ. ʆʪʨʠʤʘʥʽ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʨʝʟʫʣʴʪʘʪʠ ʧʽʜʪʚʝʨʜʞʫʶʪʴ ʜʦʮʽʣʴʥʽʩʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ ʨʦʟʨʦʙʣʝʥʦʾ 

ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʪʝʭʥʦʣʦʛʽʾ ʜʣʷ ʨʦʟʚôʷʟʫʚʘʥʥʷ ʟʘʜʘʯ ʫʧʨʘʚʣʽʥʥʷ ʨʠʟʠʢʘʤʠ ʚ ʧʨʦʻʢʪʘʭ.  
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ɸʥʦʪʘʮʽʷ. ʋ ʩʫʯʘʩʥʦʤʫ ʙʽʟʥʝʩ-ʩʝʨʝʜʦʚʠʱʽ, ʜʝ ʮʠʬʨʦʚʘ ʪʨʘʥʩʬʦʨʤʘʮʽʷ ʩʪʚʦʨʶʻ ʧʝʚʥʽ ʫʤʦʚʠ 

ʚʠʥʠʢʥʝʥʥʷ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʨʠʟʠʢʽʚ, ʨʦʟʨʦʙʢʘ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʪʝʭʥʦʣʦʛʽʾ ʫʧʨʘʚʣʽʥʥʷ ʽʥʬʦʨʤʘʮʽʡʥʠʤʠ 

ʨʠʟʠʢʘʤʠ ʚ ʧʨʦʻʢʪʘʭ ʚ ʫʤʦʚʘʭ ʮʠʬʨʦʚʦʾ ʪʨʘʥʩʬʦʨʤʘʮʽʾ ʙʽʟʥʝʩʫ ʻ ʥʘʜʚʘʞʣʠʚʦʶ ʟʘʜʘʯʝʶ ʦʨʛʘʥʽʟʘʮʽʾ. 

ɸʚʪʦʨʠ ʨʦʙʦʪʠ ʜʦʚʦʜʷʪʴ, ʱʦ ʽʥʬʦʨʤʘʮʽʡʥʘ ʪʝʭʥʦʣʦʛʽʷ ʜʦʟʚʦʣʷʻ ʧʽʜʚʠʱʠʪʠ ʝʬʝʢʪʠʚʥʽʩʪʴ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʨʝʩʫʨʩʽʚ (ʚʠʷʚʣʝʥʥʷ, ʘʥʘʣʽʟ, ʦʮʽʥʢʘ ʨʠʟʠʢʽʚ), ʱʦ ʩʧʨʠʷʪʠʤʝ ʧʨʠʡʥʷʪʪʶ 

ʫʧʨʘʚʣʽʥʩʴʢʠʭ ʨʽʰʝʥʴ ʪʘ ʫʩʧʽʰʥʦʩʪʽ ʨʝʘʣʽʟʘʮʽʾ ʧʨʦʻʢʪʫ ʦʨʛʘʥʽʟʘʮʽʾ.  
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Abstract. In the modern business environment, where digital transformation creates certain conditions 

for the emergence of information risks, the development of information technology for managing 

information risks in projects under the conditions of digital transformation of business is an important task 

of the organization. The authors of the work prove that information technology allows to increase the 

efficiency of the use of information resources (detection, analysis, assessment of risks), which will contribute 

to the adoption of management decisions and the success of the implementation of the organization's project. 
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ɺʩʪʫʧ. ʉʫʯʘʩʥʝ ʙʽʟʥʝʩ-ʩʝʨʝʜʦʚʠʱʝ ʧʦʚʩʷʢʯʘʩʥʦ ʩʪʠʢʘʻʪʴʩʷ ʟ ʚʠʢʣʠʢʘʤʠ ʮʠʬʨʦʚʽʟʘʮʽʾ, 

ʷʢʽ ʚʠʤʘʛʘʶʪʴ ʝʬʝʢʪʠʚʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ ʽʥʬʦʨʤʘʮʽʡʥʠʤʠ ʨʠʟʠʢʘʤʠ, ʱʦ ʧʦʚôʷʟʘʥʽ ʽʟ ʟʘʛʨʦʟʘʤʠ 

ʚʪʨʘʪʠ ʽʥʬʦʨʤʘʮʽʾ. ʉʘʤʝ, ʽʥʬʦʨʤʘʮʽʡʥʽ ʪʝʭʥʦʣʦʛʽʾ ʜʦʟʚʦʣʷʶʪʴ ʩʪʚʦʨʶʚʘʪʠ ʤʦʜʝʣʽ ʜʣʷ 

ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʽʤʦʚʽʨʥʦʩʪʽ ʥʘʩʪʘʥʥʷ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʨʠʟʠʢʽʚ ʪʘ ʚʘʛʫ ʾʭ ʚʧʣʠʚʽʚ, ʱʦ ʨʦʙʠʪʴ 

ʤʦʞʣʠʚʠʤ ʦʙʠʨʘʪʠ ʩʮʝʥʘʨʽʾ ʟʘ ʧʦʢʘʟʥʠʢʘʤʠ, ʷʢʽ ʩʧʽʚʚʽʜʥʦʩʷʪʴʩʷ ʟ ʤʝʪʦʶ ʧʨʦʻʢʪʫ ʪʘ 

ʧʦʜʘʣʴʰʠʤ ʧʨʠʡʥʷʪʪʷʤ ʩʪʨʘʪʝʛʽʯʥʠʭ ʨʽʰʝʥʴ ʱʦʜʦ ʫʧʨʘʚʣʽʥʥʷ ʨʠʟʠʢʘʤʠ [1]. 

ʄʝʪʘ ʨʦʙʦʪʠ. ʄʝʪʘ ʨʦʙʦʪʠ ʧʦʣʷʛʘʻ ʫ ʨʦʟʨʦʙʮʽ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʪʝʭʥʦʣʦʛʽʾ ʟʘʜʣʷ 

ʫʧʨʘʚʣʽʥʥʷ ʽʥʬʦʨʤʘʮʽʡʥʠʤʠ ʨʠʟʠʢʘʤʠ ʚ ʧʨʦʻʢʪʘʭ ʚ ʫʤʦʚʘʭ ʮʠʬʨʦʚʦʾ ʪʨʘʥʩʬʦʨʤʘʮʽʾ. 

ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʠ. ʇʠʪʘʥʥʷ ʨʦʟʨʦʙʢʠ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʪʝʭʥʦʣʦʛʽʾ ʪʘ ʧʨʦʛʨʘʤʥʦʛʦ 

ʧʨʦʜʫʢʪʫ ʜʣʷ ʦʨʛʘʥʽʟʘʮʽʡ, ʱʦ ʚʧʨʦʚʘʜʞʫʶʪʴ ʧʨʦʻʢʪʠ ʮʠʬʨʦʚʦʾ ʪʨʘʥʩʬʦʨʤʘʮʽʾ ʻ ʥʘ 

ʩʴʦʛʦʜʥʽʰʥʽʡ ʜʝʥʴ ʜʦʩʠʪʴ ʘʢʪʫʘʣʴʥʠʤ ʽ ʚʘʞʣʠʚʠʤ, ʦʩʢʽʣʴʢʠ ʜʦʟʚʦʣʷʻ ʢʨʘʱʝ ʨʦʟʫʤʽʪʠ, 

ʢʦʥʪʨʦʣʶʚʘʪʠ ʪʘ ʫʧʨʘʚʣʷʪʠ ʨʠʟʠʢʘʤʠ ʫ ʩʢʣʘʜʥʦʤʫ ʪʘ ʟʤʽʥʥʦʤʫ ʙʽʟʥʝʩ-ʩʝʨʝʜʦʚʠʱʽ.  

ʆʩʥʦʚʥʘ ʯʘʩʪʠʥʘ. ɺ ʨʘʤʢʘʭ ʪʝʤʘʪʠʢʠ ʜʦʩʣʽʜʞʝʥʥʷ ʟʘʧʨʦʧʦʥʦʚʘʥʽ ʩʪʨʫʢʪʫʨʘ 
ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʪʝʭʥʦʣʦʛʽʾ ʫʧʨʘʚʣʽʥʥʷ ʽʥʬʦʨʤʘʮʽʡʥʠʤʠ ʨʠʟʠʢʘʤʠ ʚ ʧʨʦʻʢʪʘʭ ʮʠʬʨʦʚʦʾ 
ʪʨʘʥʩʬʦʨʤʘʮʽʾ ʙʽʟʥʝʩʫ (ʋɯʈʇʎʊɹ) (ʨʠʩ.1) ʪʘ ʧʨʦʛʨʘʤʥʠʡ ʧʨʦʜʫʢʪ ʜʣʷ ʦʧʝʨʘʮʽʡʥʦʾ ʩʠʩʪʝʤʠ 
Windows, ʦʩʥʦʚʦʶ ʷʢʦʛʦ ʻ ʪʘʢʽ ʽʥʬʦʨʤʘʮʽʡʥʽ ʪʝʭʥʦʣʦʛʽʾ, ʷʢ C#, .NET Core, ʘ ʪʘʢʦʞ WinForms 
ʜʣʷ ʨʝʘʣʽʟʘʮʽʾ ʛʨʘʬʽʯʥʦʛʦ ʽʥʪʝʨʬʝʡʩʫ ʢʦʨʠʩʪʫʚʘʯʘ. ʇʨʦʛʨʘʤʥʠʡ ʟʘʩʽʙ ʦʧʝʨʫʻ ʥʘ ʦʩʥʦʚʽ Json-
database, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʧʨʦʩʪʝ ʪʘ ʟʨʫʯʥʝ ʟʙʝʨʽʛʘʥʥʷ, ʧʝʨʝʜʘʚʘʥʥʷ, ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʘ ʘʥʘʣʽʟ 
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ʜʘʥʠʭ. ɺʽʥ ʤʘʻ ʪʨʠ ʦʩʥʦʚʥʽ ʨʝʞʠʤʠ ʨʦʙʦʪʠ: ʨʝʞʠʤ ʤʝʥʝʜʞʝʨʘ ʢʦʤʧʘʥʽʾ, ʨʝʞʠʤ ʧʨʦʻʢʪʥʦʛʦ 
ʤʝʥʝʜʞʝʨʘ, ʪʘ ʨʝʞʠʤ ʝʢʩʧʝʨʪʘ. ʈʝʞʠʤ ʤʝʥʝʜʞʝʨʘ ʢʦʤʧʘʥʽʾ ʧʝʨʝʜʙʘʯʝʥʦ ʜʣʷ ʢʦʦʨʜʠʥʘʮʽʾ 
ʚʩʴʦʛʦ ʧʨʦʮʝʩʫ ʫʧʨʘʚʣʽʥʥʷ ʽʥʬʦʨʤʘʮʽʡʥʠʤʠ ʨʠʟʠʢʘʤʠ (ʨʝʜʘʛʫʚʘʥʥʷ ʩʧʠʩʢʫ ʝʢʩʧʝʨʪʽʚ, 
ʬʦʨʤʫʚʘʥʥʷ ʧʨʦʻʢʪʽʚ, ʦʧʠʪʫʚʘʥʥʷ, ʧʝʨʝʛʣʷʜ ʨʝʟʫʣʴʪʘʪʠ ʦʧʠʪʫʚʘʥʴ, ʽʥʰʝ).  

 

 

ʈʠʩ. 1. ʉʪʨʫʢʪʫʨʘ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʪʝʭʥʦʣʦʛʽʾ ʋɯʈʇʎʊɹ 

ʈʝʞʠʤ ʧʨʦʻʢʪʥʦʛʦ ʤʝʥʝʜʞʝʨʘ ʧʨʠʟʥʘʯʝʥʠʡ ʜʣʷ ʜʽʡ, ʧʦʚôʷʟʘʥʠʭ ʟ ʢʦʥʢʨʝʪʥʠʤ ʧʨʦʻʢʪʦʤ 

(ʬʦʨʤʫʚʘʥʥʷ ʦʧʠʪʫʚʘʥʥʷ, ʩʪʚʦʨʝʥʥʷ ʛʨʫʧʠ ʝʢʩʧʝʨʪʽʚ, ʧʝʨʝʛʣʷʜ ʨʝʟʫʣʴʪʘʪʽʚ ʦʧʠʪʫʚʘʥʴ ʪʘ 

ʩʧʠʩʢʫ ʟʘʛʘʣʴʥʠʭ ʪʘ ʩʧʝʮʠʬʽʯʥʠʭ ʧʨʦʻʢʪʥʠʭ ʨʠʟʠʢʽʚ ʩʚʦʛʦ ʧʨʦʻʢʪʫ). ʋ ʨʝʞʠʤʽ ʝʢʩʧʝʨʪʘ 

ʧʝʨʝʜʙʘʯʝʥʦ ʤʦʞʣʠʚʽʩʪʴ ʧʨʦʡʪʠ ʦʧʠʪʫʚʘʥʥʷ, ʧʨʠʟʥʘʯʝʥʝ ʢʦʥʢʨʝʪʥʦʤʫ ʝʢʩʧʝʨʪʫ ʤʝʥʝʜʞʝʨʦʤ 

ʢʦʤʧʘʥʽʾ ʯʠ ʧʨʦʻʢʪʫ. ʇʨʠʢʣʘʜ ʨʝʞʠʤʽʚ ʨʦʙʦʪʠ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʨʝʞʠʤʦʤ ʨʦʙʦʪʠ ʤʝʥʝʜʞʝʨʫ 

ʢʦʤʧʘʥʽʾ ʥʘ ʨʠʩ. 2. 

 

ʈʠʩ. 2. ɺʽʢʥʦ ʨʝʞʠʤʫ ʤʝʥʝʜʞʝʨʘ ʢʦʤʧʘʥʽʾ 

ɺʠʩʥʦʚʢʠ. ɿʘʧʨʦʧʦʥʦʚʘʥʘ ʽʥʬʦʨʤʘʮʽʡʥʘ ʪʝʭʥʦʣʦʛʽʷ ʜʦʟʚʦʣʷʻ ʧʽʜʚʠʱʠʪʠ ʝʬʝʢʪʠʚʥʽʩʪʴ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʨʝʩʫʨʩʽʚ (ʚʠʷʚʣʝʥʥʷ, ʘʥʘʣʽʟ, ʦʮʽʥʢʘ ʨʠʟʠʢʽʚ) ʚ ʧʨʦʮʝʩʽ 

ʫʧʨʘʚʣʽʥʥʷ ʽʥʬʦʨʤʘʮʽʡʥʠʤʠ ʨʠʟʠʢʘʤʠ ʚ ʧʨʦʻʢʪʘʭ ʮʠʬʨʦʚʦʾ ʪʨʘʥʩʬʦʨʤʘʮʽʾ ʙʽʟʥʝʩʫ, ʱʦ ʚ 

ʩʚʦʶ ʯʝʨʛʫ, ʩʧʨʠʷʪʠʤʝ ʧʨʠʡʥʷʪʪʶ ʦʙˇʨʫʥʪʦʚʘʥʠʭ ʫʧʨʘʚʣʽʥʩʴʢʠʭ ʨʽʰʝʥʴ ʪʘ ʫʩʧʽʰʥʦʩʪʽ 

ʧʨʦʻʢʪʫ ʫ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʜʦ ʤʝʪʠ ʦʨʛʘʥʽʟʘʮʽʾ.  
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ɸʥʦʪʘʮʽʷ. ʈʦʟʛʣʷʜʘʶʪʴʩʷ ʧʠʪʘʥʥʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʽʜʭʦʜʫ, ʟʘʩʥʦʚʘʥʦʛʦ ʥʘ ʧʦʙʫʜʦʚʽ ʮʠʬʨʦʚʠʭ 

ʜʚʽʡʥʠʢʽʚ ʧʨʦʻʢʪʥʦ-ʦʨʽʻʥʪʦʚʘʥʠʭ ʚʠʨʦʙʥʠʮʪʚ ʚ ʮʠʬʨʦʚʦʤʫ ʧʨʦʻʢʪʥʦʤʫ ʤʝʥʝʜʞʤʝʥʪʽ. ʇʦʢʘʟʘʥʦ, ʱʦ 

ʮʠʬʨʦʚʠʡ ʧʨʦʻʢʪʥʠʡ ʤʝʥʝʜʞʤʝʥʪ ʥʘʧʨʘʚʣʝʥʠʡ ʥʘ ʤʽʥʽʤʽʟʘʮʽʶ ʫʯʘʩʪʽ ʣʶʜʠʥʠ ʚ ʫʧʨʘʚʣʽʥʥʽ 

ʧʨʦʻʢʪʘʤʠ. ɺʠʭʦʜʷʯʠ ʟ ʮʴʦʛʦ ʦʙˇʨʫʥʪʦʚʘʥʘ ʥʝʦʙʭʽʜʥʽʩʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ ʮʠʬʨʦʚʠʭ ʜʚʽʡʥʠʢʽʚ ʜʣʷ 

ʽʥʪʝʛʨʘʮʽʾ ʧʨʦʻʢʪʥʦʾ ʽ ʚʠʨʦʙʥʠʯʦʾ ʜʽʷʣʴʥʦʩʪʽ ʧʨʦʻʢʪʥʦ-ʦʨʽʻʥʪʦʚʘʥʠʭ ʧʽʜʧʨʠʻʤʩʪʚ ʤʘʰʠʥʦʙʫʜʽʚʥʦʛʦ, 

ʣʽʪʘʢʦʙʫʜʽʚʥʦʛʦ, ʧʨʠʣʘʜʦʙʫʜʽʚʥʦʛʦ ʽ ʤʝʪʘʣʫʨʛʽʡʥʦʛʦ ʧʨʦʬʽʣʶ. 

ʂʣʁ ʯʦʚʽ ʩʣʦʚʘ: ʫʧʨʘʚʣʽʥʥʷ ʧʨʦʻʢʪʘʤʠ, ʮʠʬʨʦʚʠʡ ʜʚʽʡʥʠʢ, ʮʠʬʨʦʚʠʡ ʧʨʦʻʢʪʥʠʡ ʤʝʥʝʜʞʤʝʥʪ. 

 

THE USE OF DIGITAL TWINS IN DIGITAL PROJECT MANAGEMENT  

 

Teslia I.1, Yehorchenkova N.2, Khlevna I.3, Yehorchenkov O.2, Kataieva Y.2, Latysheva T.3 
1 Cherkasy State Technological University, Cherkasy, Ukraine /  

Baosteel Engineering Technology Group Co., Ltd., Chine 
2 Slovak University of Technology, Bratislava, Slovakia 

3 Taras Shevchenko National University of Kyiv, Kyiv, Ukraine 

 
Abstract. The article considers the issues of using an approach based on the construction of digital 

twins of project-oriented productions in digital project management. It is shown that digital project 

management is aimed at minimizing human involvement in project management. Based on this, the necessity 

of using digital twins to integrate the project and production activities of project-oriented enterprises in the 

machine-building, aircraft, engineering, and metallurgical industries is substantiated. 

Keywords: project management, digital twin, digital project management. 

 

ɺʩʪʫʧ. ʋ ʨʽʟʥʠʭ ʛʘʣʫʟʷʭ, ʚ ʷʢʠʭ ʧʨʦʻʢʪʥʽ ʧʨʦʮʝʩʠ ʧʝʨʝʪʠʥʘʶʪʴʩʷ ʟ ʦʧʝʨʘʮʽʡʥʠʤʠ ʚ 

ʯʘʩʪʠʥʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ ʧʨʦʻʢʪʘʭ ʤʘʪʝʨʽʘʣʴʥʦ-ʪʝʭʥʽʯʥʠʭ ʨʝʩʫʨʩʽʚ, ʷʢʽ ʩʪʚʦʨʶʶʪʴʩʷ 

ʚʠʨʦʙʥʠʯʠʤʠ ʧʦʪʫʞʥʦʩʪʷʤʠ ʮʠʭ ʞʝ ʧʽʜʧʨʠʻʤʩʪʚ, ʚʠʥʠʢʘʻ ʟʘʜʘʯʘ ʦʧʪʠʤʘʣʴʥʦʛʦ ʫʟʛʦʜʞʝʥʥʷ 

ʦʧʝʨʘʮʽʡʥʠʭ ʽ ʧʨʦʻʢʪʥʠʭ ʧʨʦʮʝʩʽʚ ʥʘ ʨʽʚʥʽ ʫʧʨʘʚʣʽʥʥʷ ʧʽʜʧʨʠʻʤʩʪʚʦʤ. ɿ ʫʨʘʭʫʚʘʥʥʷʤ 

ʩʢʣʘʜʥʦʩʪʽ, ʟʦʢʨʝʤʘ ʤʘʰʠʥʦʙʫʜʽʚʥʠʭ, ʣʽʪʘʢʦʙʫʜʽʚʥʠʭ, ʧʨʠʣʘʜʦʙʫʜʽʚʥʠʭ, ʤʝʪʘʣʫʨʛʽʡʥʠʭ 

ʧʽʜʧʨʠʻʤʩʪʚ ʽ ʢʦʨʧʦʨʘʮʽʡ ʟʘʩʪʦʩʦʚʫʚʘʥʥʷ ʮʠʬʨʦʚʠʭ ʜʚʽʡʥʠʢʽʚ ʜʣʷ ʪʘʢʦʛʦ ʫʟʛʦʜʞʝʥʥʷ 

ʜʦʟʚʦʣʠʪʴ ʧʽʜʚʠʱʠʪʠ ʝʬʝʢʪʠʚʥʽʩʪʴ ʫʧʨʘʚʣʽʥʥʷ ʮʠʤʠ ʧʽʜʧʨʠʻʤʩʪʚʘʤʠ.  

ʄʝʪʘ ʨʦʙʦʪʠ. ʇʨʦʜʝʤʦʥʩʪʨʫʚʘʪʠ ʥʝʦʙʭʽʜʥʽʩʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ ʮʠʬʨʦʚʠʭ ʜʚʽʡʥʠʢʽʚ 

ʧʨʦʻʢʪʥʦ-ʦʨʽʻʥʪʦʚʘʥʠʭ ʚʠʨʦʙʥʠʮʪʚ ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʫʧʨʘʚʣʽʥʥʷ 

ʧʽʜʧʨʠʻʤʩʪʚʘʤʠ ʚ ʤʘʰʠʥʦʙʫʜʽʚʥʽʡ, ʣʽʪʘʢʦʙʫʜʽʚʥʽʡ, ʧʨʠʣʘʜʦʙʫʜʽʚʥʽʡ ʽ ʤʝʪʘʣʫʨʛʽʡʥʽʡ ʛʘʣʫʟʷʭ. 

ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʠ. ɼʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʨʦʟʚʠʪʢʫ ʧʽʜʧʨʠʻʤʩʪʚ ʤʘʰʠʥʦʙʫʜʽʚʥʦʛʦ, 

ʣʽʪʘʢʦʙʫʜʽʚʥʦʛʦ, ʧʨʠʣʘʜʦʙʫʜʽʚʥʦʛʦ ʽ ʤʝʪʘʣʫʨʛʽʡʥʦʛʦ ʧʨʦʬʽʣʶ, ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʷʢʠʭ 

ʚʢʣʶʯʘʻ ʽ ʧʨʦʻʢʪʥʫ, ʽ ʦʧʝʨʘʮʽʡʥʫ ʜʽʷʣʴʥʽʩʪʴ ʥʝʦʙʭʽʜʥʦ ʨʦʟʚʠʚʘʪʠ ʤʝʪʦʜʠ ʦʧʪʠʤʘʣʴʥʦʛʦ 

ʫʟʛʦʜʞʝʥʥʷ ʧʨʦʮʝʩʽʚ ʚʠʨʦʙʥʠʮʪʚʘ ʤʘʪʝʨʽʘʣʴʥʦ-ʪʝʭʥʽʯʥʠʭ ʨʝʩʫʨʩʽʚ ʜʣʷ ʧʨʦʻʢʪʽʚ, ʟ 
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ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʮʠʭ ʨʝʩʫʨʩʽʚ ʫ ʩʘʤʠʭ ʧʨʦʻʢʪʘʭ. ɸ ʜʣʷ ʮʴʦʛʦ ʥʝʦʙʭʽʜʥʦ ʧʝʨʝʥʦʩʠʪʠ ʪʘʢʝ 

ʚʠʨʦʙʥʠʮʪʚʦ ʚ ʮʠʬʨʦʚʝ ʩʝʨʝʜʦʚʠʱʝ ʟ ʧʦʜʘʣʴʰʠʤ ʤʦʜʝʣʶʚʘʥʥʷʤ ʧʨʦʻʢʪʥʠʭ ʽ ʦʧʝʨʘʮʽʡʥʠʭ 

ʧʨʦʮʝʩʽʚ ʟ ʧʦʰʫʢʦʤ ʦʧʪʠʤʘʣʴʥʠʭ ʚʘʨʽʘʥʪʽʚ ʜʽʷʣʴʥʦʩʪʽ ʧʽʜʧʨʠʻʤʩʪʚ, ʱʦ ʻ ʥʘ ʩʴʦʛʦʜʥʽ 

ʘʢʪʫʘʣʴʥʦʶ ʧʨʦʙʣʝʤʦʶ. 

ʆʩʥʦʚʥʘ ʯʘʩʪʠʥʘ. ɼʣʷ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʫʧʨʘʚʣʽʥʥʷ ʧʨʦʻʢʪʘʤʠ ʥʘ 

ʧʽʜʧʨʠʻʤʩʪʚʘʭ, ʚ ʷʢʠʭ ʯʘʩʪʠʥʘ ʨʝʩʫʨʩʽʚ ʜʣʷ ʧʨʦʻʢʪʽʚ ʻ ʚʣʘʩʥʦʶ ʧʨʦʜʫʢʮʽʻʶ, ʥʝʦʙʭʽʜʥʦ 

ʩʬʦʨʤʫʚʘʪʠ ʪʘʢʠʡ ʧʣʘʥ ʚʠʨʦʙʥʠʮʪʚʘ, ʷʢʠʡ ʟʘʙʝʟʧʝʯʠʪʴ ʚʠʛʦʪʦʚʣʝʥʥʷ ʨʝʩʫʨʩʽʚ ʜʣʷ ʧʨʦʻʢʪʽʚ 

ʫ ʪʽʡ ʢʽʣʴʢʦʩʪʽ ʽ ʚ ʪʦʡ ʯʘʩ, ʷʢʠʡ ʻ ʦʧʪʠʤʘʣʴʥʠʤ ʜʣʷ ʩʘʤʠʭ ʧʨʦʻʢʪʽʚ. ɸ ʷʢʱʦ ʙʫʪʠ ʪʦʯʥʠʤ ï ʥʘ 

ʤʦʤʝʥʪ ʚʠʢʦʨʠʩʪʘʥʥʷ ʮʠʭ ʨʝʩʫʨʩʽʚ ʫ ʧʨʦʻʢʪʘʭ. ʉʬʦʨʤʫʚʘʪʠ ʪʘʢʠʡ ʧʣʘʥ ʚ ʫʤʦʚʘʭ, ʢʦʣʠ ʚ 

ʧʨʦʻʢʪʘʭ ʧʦʩʪʽʡʥʦ ʚʠʥʠʢʘʶʪʴ ʨʽʟʥʦʤʘʥʽʪʥʽ ʟʤʽʥʠ ʪʨʘʜʠʮʽʡʥʠʤʠ ʤʝʪʦʜʘʤʠ ʥʝʤʦʞʣʠʚʦ. ɸʜʞʝ 

ʧʦʪʨʽʙʥʦ ʨʦʟʛʣʷʜʘʪʠ ʨʽʟʥʽ ʚʘʨʽʘʥʪʠ ʟʤʽʥ, ʨʽʟʥʽ ʢʦʤʙʽʥʘʮʽʾ ʧʨʦʻʢʪʽʚ, ʙʘʛʘʪʦ ʟ ʷʢʠʭ ʚʠʥʠʢʘʻ ʚʞʝ 

ʧʽʩʣʷ ʟʘʪʚʝʨʜʞʝʥʥʷ ʧʣʘʥʫ ʚʠʨʦʙʥʠʯʦʾ ʜʽʷʣʴʥʦʩʪʽ. ʉʪʚʦʨʶʚʘʪʠ ʟʘʧʘʩʠ ʥʝʦʙʭʽʜʥʦʾ ʜʣʷ 

ʧʨʦʻʢʪʽʚ ʧʨʦʜʫʢʮʽʾ ï ʥʝ ʚʠʭʽʜ. ʇʦ-ʧʝʨʰʝ, ʙʫʜʫʪʴ ʚʠʪʨʘʯʘʪʠʩʷ ʟʥʘʯʥʽ ʨʝʩʫʨʩʠ. ʇʦ-ʜʨʫʛʝ, 

ʟʙʝʨʽʛʘʥʥʷ ʥʘ ʩʢʣʘʜʘʭ ʧʨʦʜʫʢʮʽʾ, ʷʢʘ ʧʦʢʠ ʱʦ ʥʝ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʚ ʧʨʦʻʢʪʘʭ ʪʝʞ ʚʠʤʘʛʘʻ 

ʚʠʪʨʘʪ. ɿ ʽʥʰʦʛʦ ʙʦʢʫ, ʷʢʱʦ ʪʘʢʦʾ ʧʨʦʜʫʢʮʽʾ ʙʫʜʝ ʥʝʜʦʩʪʘʪʥʴʦ, ʧʨʦʻʢʪʠ ʙʫʜʫʪʴ 

ʧʨʠʟʫʧʠʥʷʪʠʩʷ, ʱʦ ʪʝʞ ʧʨʠʟʚʝʜʝ ʜʦ ʟʥʘʯʥʠʭ ʚʪʨʘʪ. ʊʦʤʫ ʜʣʷ ʦʧʪʠʤʘʣʴʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ 

ʚʠʨʦʙʥʠʮʪʚʦʤ ʧʨʦʜʫʢʮʽʾ ʜʣʷ ʧʨʦʻʢʪʽʚ ʮʠʭ ʞʝ ʧʽʜʧʨʠʻʤʩʪʚ ʥʝʦʙʭʽʜʥʦ ʟʤʦʜʝʣʶʚʘʪʠ 

ʨʽʟʥʦʤʘʥʽʪʥʽ ʢʦʤʙʽʥʘʮʽʾ ʧʨʦʻʢʪʽʚ, ʟ ʨʽʟʥʠʤʠ ʪʝʨʤʽʥʘʤʠ ʚʠʢʦʨʠʩʪʘʥʥʷ ʮʠʭ ʧʨʦʜʫʢʪʽʚ ʽ 

ʩʬʦʨʤʫʚʘʪʠ ʪʘʢʠʡ ʧʣʘʥ, ʷʢʠʡ ʟ ʥʘʡʙʽʣʴʰʦʶ ʡʤʦʚʽʨʥʽʩʪʶ ʙʫʜʝ ʝʢʦʥʦʤʽʯʥʦ ʚʠʛʽʜʥʠʤ 

ʧʽʜʧʨʠʻʤʩʪʚʫ (ʤʽʥʽʤʫʤ ʧʨʦʩʪʦʾʚ ʽ ʤʽʥʽʤʫʤ ʟʘʧʘʩʫ ʧʨʦʜʫʢʮʽʾ ʜʣʷ ʧʨʦʻʢʪʽʚ). ʇʦʪʨʽʙʥʦ 

ʤʦʜʝʣʶʚʘʪʠ ʚʠʨʦʙʥʠʯʽ ʽ ʧʨʦʻʢʪʥʽ ʧʨʦʮʝʩʠ ʥʘ ʦʩʥʦʚʽ ʟʙʘʣʘʥʩʦʚʘʥʦʛʦ ʚʠʙʦʨʫ ʧʨʦʜʫʢʮʽʾ, 

ʦʙʩʷʛʽʚ ʽ ʪʝʨʤʽʥʽʚ ʾʾ ʚʠʧʫʩʢʫ, ʦʙʩʷʛʽʚ ʽ ʪʝʨʤʽʥʽʚ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ ʧʨʦʻʢʪʘʭ. ʋʟʛʦʜʞʫʚʘʪʠ 

ʦʪʨʠʤʘʥʠʡ ʽʟ ʤʦʜʝʣʶʚʘʥʥʷ ʧʣʘʥ ʟʽ ʩʪʨʘʪʝʛʽʯʥʠʤʠ ʮʽʣʷʤʠ ʦʨʛʘʥʽʟʘʮʽʾ, ʧʨʽʦʨʠʪʝʪʘʤʠ 

ʟʘʤʦʚʥʠʢʽʚ ʧʨʦʻʢʪʽʚ ʪʘ ʮʽʥʥʦʩʪʷʤʠ ʧʽʜʧʨʠʻʤʩʪʚʘ. 

ʇʝʨʰʠʡ ʢʨʦʢ ʜʦ ʚʠʨʽʰʝʥʥʷ ʮʽʻʾ ʟʘʜʘʯʽ ʙʫʣʦ ʟʨʦʙʣʝʥʦ ʚ ʨʦʙʦʪʘʭ [1-2]. ɸʣʝ ʜʣʷ ʧʦʚʥʦʛʦ 

ʚʽʜʦʙʨʘʞʝʥʥʷ ʧʨʦʮʝʩʽʚ ʧʽʜʧʨʠʻʤʩʪʚʘ ʟ ʤʝʪʦʶ ʦʪʨʠʤʘʥʥʷ ʨʘʮʽʦʥʘʣʴʥʦʛʦ ʧʣʘʥʫ ʯʝʨʝʟ 

ʤʦʜʝʣʶʚʘʥʥʷ ʨʽʟʥʠʭ ʚʘʨʽʘʥʪʽʚ ʜʽʷʣʴʥʦʩʪʽ ʥʝʦʙʭʽʜʥʦ ʩʪʚʦʨʠʪʠ ʮʠʬʨʦʚʠʡ ʜʚʽʡʥʠʢ 

ʧʽʜʧʨʠʻʤʩʪʚʘ. ʗʢʠʡ ʜʘʩʪʴ ʟʤʦʛʫ ʩʧʨʦʛʥʦʟʫʚʘʪʠ ʥʘʩʣʽʜʢʠ ʪʠʭ ʯʠ ʽʥʰʠʭ ʨʽʰʝʥʴ ʧʦ 

ʚʠʨʦʙʥʠʮʪʚʫ ʧʨʦʜʫʢʮʽʾ ʜʣʷ ʧʨʦʻʢʪʽʚ. ɯ ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʤʝʪʦʜʠ ʮʠʬʨʦʚʦʛʦ ʧʨʦʻʢʪʥʦʛʦ 

ʤʝʥʝʜʞʤʝʥʪʫ ʚ ʯʘʩʪʠʥʽ ʫʧʨʘʚʣʽʥʥʷ ʧʣʘʥʫʚʘʥʥʷʤ ʩʬʦʨʤʫʚʘʪʠ ʦʧʪʠʤʘʣʴʥʠʡ ʧʣʘʥ ʽ ʚʠʨʦʙʥʠʯʦʾ 

ʜʽʷʣʴʥʦʩʪʽ ʧʽʜʧʨʠʻʤʩʪʚʘ çʧʽʜ ʧʨʦʻʢʪʠè, ʽ ʩʘʤʠʭ ʧʨʦʻʢʪʽʚ. 
ʋ ʜʦʩʣʽʜʞʝʥʥʽ ʟʘʧʨʦʧʦʥʦʚʘʥʦ: 
1. ʉʪʚʦʨʠʪʠ ʩʪʨʫʢʪʫʨʫ ʮʠʬʨʦʚʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ï ʨʦʟʤʽʱʝʥʥʷ ʮʠʬʨʦʚʦʛʦ ʜʚʽʡʥʠʢʘ 

ʧʽʜʧʨʠʻʤʩʪʚʘ. 
2. ʊʝʭʥʦʣʦʛʽʶ ʚʽʜʦʙʨʘʞʝʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʧʽʜʧʨʠʻʤʩʪʚʦ ʚ ʮʠʬʨʦʚʦʤʫ ʩʝʨʝʜʦʚʠʱʽ ï 

ʪʝʭʥʦʣʦʛʽʷ ʧʦʙʫʜʦʚʠ ʮʠʬʨʦʚʦʛʦ ʜʚʽʡʥʠʢʘ. 
3. ʇʽʜʭʽʜ ʜʦ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʥʘʩʣʽʜʢʽʚ ʨʽʰʝʥʴ ʱʦʜ ʚʠʧʫʩʢʫ ʧʨʦʜʫʢʮʽʾ ʥʘ 

ʨʝʟʫʣʴʪʘʪʠʚʥʽʩʪʴ ʧʨʦʻʢʪʽʚ ï ʚʠʢʦʨʠʩʪʘʥʥʷ ʮʠʬʨʦʚʦʛʦ ʜʚʽʡʥʠʢʘ. 
ɯʥʩʪʨʫʤʝʥʪʘʤʠ ʚʠʨʽʰʝʥʥʷ ʟʘʧʨʦʧʦʥʦʚʘʥʠʭ ʟʘʜʘʯ ʙʫʜʫʪʴ: 
1. ʉʪʚʦʨʝʥʥʷ ʩʪʨʫʢʪʫʨʠ ʮʠʬʨʦʚʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ï ʝʢʩʧʝʨʪʥʽ ʤʝʪʦʜʠ ʪʘ ʤʝʪʦʜ ʘʥʘʣʦʛʽʡ 

ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʽʩʥʫʶʯʠʭ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʩʠʩʪʝʤ ʧʽʜʧʨʠʻʤʩʪʚʘ. 
2. ʉʪʚʦʨʝʥʥʷ ʪʝʭʥʦʣʦʛʽʾ ʧʦʙʫʜʦʚʠ ʮʠʬʨʦʚʦʛʦ ʜʚʽʡʥʠʢʘ ï ʩʠʩʪʝʤʥʠʡ ʘʥʘʣʽʟ, ʤʝʪʦʜʠ 

ʰʪʫʯʥʦʛʦ ʽʥʪʝʣʝʢʪʫ, ʤʝʪʦʜʠ ʪʘ ʟʘʩʦʙʠ ʩʫʯʘʩʥʠʭ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ. 
3. ɺʠʢʦʨʠʩʪʘʥʥʷ ʮʠʬʨʦʚʦʛʦ ʜʚʽʡʥʠʢʘ ï ʤʝʪʦʜʠ ʰʪʫʯʥʦʛʦ ʽʥʪʝʣʝʢʪʫ, ʤʝʪʦʜʠ 

ʽʤʽʪʘʮʽʡʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ, ʤʝʪʦʜʠ ʫʧʨʘʚʣʽʥʥʷ ʧʨʦʻʢʪʘʤʠ. 
ɺʠʩʥʦʚʢʠ. ɿʘʩʪʦʩʫʚʘʥʥʷ ʮʠʬʨʦʚʠʭ ʜʚʽʡʥʠʢʽʚ ʚ ʫʧʨʘʚʣʽʥʥʽ ʧʨʦʻʢʪʥʦ-ʦʨʽʻʥʪʦʚʘʥʠʤ 

ʧʽʜʧʨʠʻʤʩʪʚʦʤ ʤʦʞʝ ʩʪʘʪʠ ʧʨʠʢʣʘʜʦʤ ʝʬʝʢʪʠʚʥʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʮʠʬʨʦʚʦʛʦ ʧʨʦʻʢʪʥʦʛʦ 
ʤʝʥʝʜʞʤʝʥʪʫ ʜʣʷ ʚʠʨʽʰʝʥʥʷ ʟʘʜʘʯ, ʷʢʽ ʣʶʜʠʥʦʶ, ʚ ʫʧʨʘʚʣʽʥʥʽ ʧʨʦʻʢʪʘʤʠ, ʚʠʨʽʰʫʶʪʴʩʷ 
ʥʝʜʦʩʪʘʪʥʴʦ ʝʬʝʢʪʠʚʥʦ: ʽʟ-ʟʘ ʽʥʚʘʨʽʘʥʪʥʦʩʪʽ ʩʝʨʝʜʦʚʠʱʘ ʤʝʥʝʜʞʤʝʥʪʫ, ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ 
ʙʘʛʘʪʴʦʭ ʧʘʨʘʤʝʪʨʽʚ ʧʨʦʻʢʪʽʚ, ʟʥʘʯʥʽʡ ʢʽʣʴʢʦʩʪʽ ʽʥʬʦʨʤʘʮʽʾ ʽ ʥʝʜʦʩʪʘʪʥʽʡ ʰʚʠʜʢʦʩʪʽ ʾʾ 
ʦʙʨʦʙʢʠ ʽ ʦʮʽʥʢʠ ʜʣʷ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ. ɺʩʽ ʮʽ ʥʝʜʦʣʽʢʠ ʧʽʜ ʩʠʣʫ ʫʩʫʥʫʪʠ ʮʠʬʨʦʚʦʤʫ 
ʧʨʦʻʢʪʥʦʤʫ ʤʝʥʝʜʞʤʝʥʪʫ, ʦʨʽʻʥʪʦʚʘʥʦʤʫ ʥʘ ʫʧʨʘʚʣʽʥʥʷ ʧʨʦʻʢʪʘʤʠ ʟ ʤʽʥʽʤʘʣʴʥʦʶ ʫʯʘʩʪʶ 
ʣʶʜʠʥʠ. 
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ɸʥʦʪʘʮʽʷ. ʋ ʨʦʙʦʪʽ ʨʦʟʛʣʷʜʘʶʪʴʩʷ ʦʩʦʙʣʠʚʦʩʪʽ ʫʧʨʘʚʣʽʥʥʷ ʢʦʤʘʥʜʘʤʠ ʚ ʫʤʦʚʘʭ ʚʽʜʜʘʣʝʥʦʾ 

ʨʦʙʦʪʠ. ʈʦʟʛʣʷʥʫʪʽ ʦʩʥʦʚʥʽ ʘʩʧʝʢʪʠ ʫʧʨʘʚʣʽʥʥʷ ʚʽʜʜʘʣʝʥʠʤʠ ʢʦʤʘʥʜʘʤʠ, ʪʘʢʽ ʷʢ ʧʣʘʥʫʚʘʥʥʷ ʪʘ 

ʢʦʦʨʜʠʥʘʮʽʷ, ʢʦʤʫʥʽʢʘʮʽʷ ʪʘ ʽʥʰʽ. ʆʩʦʙʣʠʚʘ ʫʚʘʛʘ ʧʨʠʜʽʣʷʻʪʴʩʷ ʚʠʢʦʨʠʩʪʘʥʥʶ ʩʧʝʮʽʘʣʽʟʦʚʘʥʦʛʦ 

ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʜʣʷ ʚʽʜʜʘʣʝʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ. ɿʘʧʨʦʧʦʥʦʚʘʥʘ ʤʦʜʝʣʴ ʫʧʨʘʚʣʽʥʥʷ ʢʦʤʘʥʜʦʶ 

ʚ ʫʤʦʚʘʭ ʚʽʜʜʘʣʝʥʦʾ ʨʦʙʦʪʠ ʥʘ ʦʩʥʦʚʽ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ. ʆʙˇʨʫʥʪʦʚʫʻʪʴʩʷ ʪʚʝʨʜʞʝʥʥʷ ʧʨʦ 

ʪʝ, ʱʦ ʥʘʣʝʞʥʦ ʦʨʛʘʥʽʟʦʚʘʥʘ ʨʦʙʦʪʘ ʟ ʫʧʨʘʚʣʽʥʥʷ ʚʽʜʜʘʣʝʥʦʶ ʢʦʤʘʥʜʦʶ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʤʦʞʝ ʥʝ ʣʠʰʝ ʟʘʙʝʟʧʝʯʠʪʠ ʝʬʝʢʪʠʚʥʽʩʪʴ ʨʦʙʦʪʠ ʢʦʤʘʥʜʠ ʥʘ ʨʽʚʥʽ ʨʦʙʦʪʠ 

ʚ ʦʬʽʩʽ, ʘ ʡ ʟʘ ʧʝʚʥʠʭ ʫʤʦʚ ʧʝʨʝʚʠʱʠʪʠ ʾʾ.  

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʽʥʬʦʨʤʘʮʽʡʥʽ ʪʝʭʥʦʣʦʛʽʾ, ʧʨʦʻʢʪ, ʫʧʨʘʚʣʽʥʥʷ, ʢʦʤʘʥʜʘ, ʚʽʜʜʘʣʝʥʘ ʨʦʙʦʪʘ. 
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Abstract. The work considers the features of team management in the conditions of remote work. 

Basic aspects of remote team management such as planning and coordination, communication, and others, 

are covered. Special attention is paid to the use of specialized software for remote management. The model 

of team management in conditions of remote work was prosed based on information technologies. It is argued 

that properly organized remote team management work can not only ensure the effectiveness of the team at 

the levels of work in the office, but also, under certain conditions, exceed it. 

Keywords: information technology, project, management, team, remote work. 

 

ɺʩʪʫʧ. ʋʧʨʦʜʦʚʞ ʦʩʪʘʥʥʽʭ ʨʦʢʽʚ, ʯʝʨʝʟ ʦʙʤʝʞʝʥʥʷ, ʱʦ ʙʫʣʠ ʚʠʢʣʠʢʘʥʽ ʧʘʥʜʝʤʽʻʶ 

COVID-19, ʫ ʩʚʽʪʽ ʟʨʦʩʪʘʣʘ ʪʝʥʜʝʥʮʽʷ ʚʽʜʜʘʣʝʥʦʾ ʨʦʙʦʪʠ. ɹʘʛʘʪʦ ʢʦʤʧʘʥʽʡ ʫʩʧʽʰʥʦ 

ʘʜʘʧʪʫʚʘʣʠʩʷ ʽ ʧʨʦʜʦʚʞʠʣʠ ʧʨʘʮʶʚʘʪʠ ʚʽʜʜʘʣʝʥʦ. ʉʴʦʛʦʜʥʽ ʩʚʽʪ ʩʪʠʢʘʻʪʴʩʷ ʟ ʥʦʚʠʤʠ 

ʝʢʦʥʦʤʽʯʥʠʤʠ ʧʨʦʙʣʝʤʘʤʠ ʽ ʧʝʨʝʜ ʙʽʟʥʝʩʦʤ ʟʥʦʚʫ ʩʪʦʾʪʴ ʧʠʪʘʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʚʽʜʜʘʣʝʥʦʾ 

ʨʦʙʦʪʠ ʢʦʤʘʥʜ.  

ʄʝʪʘ ʨʦʙʦʪʠ. ʇʨʦʚʝʩʪʠ ʘʥʘʣʽʟ ʦʩʦʙʣʠʚʦʩʪʝʡ ʫʧʨʘʚʣʽʥʥʷ ʚʽʜʜʘʣʝʥʠʤʠ ʢʦʤʘʥʜʘʤʠ, 

ʚʠʟʥʘʯʠʪʠ ʧʝʨʝʚʘʛʠ, ʥʝʜʦʣʽʢʠ ʪʘ ʧʨʦʙʣʝʤʠ, ʟ ʷʢʠʤʠ ʩʪʠʢʘʶʪʴʩʷ ʪʘʢʽ ʢʦʤʘʥʜʠ, ʟʘʧʨʦʧʦʥʫʚʘʪʠ 

ʤʦʜʝʣʴ ʫʧʨʘʚʣʽʥʥʷ ʢʦʤʘʥʜʦʶ ʚ ʫʤʦʚʘʭ ʚʽʜʜʘʣʝʥʦʾ ʨʦʙʦʪʠ ʥʘ ʦʩʥʦʚʽ ʽʥʬʦʨʤʘʮʽʡʥʠʭ 

ʪʝʭʥʦʣʦʛʽʡ. 

ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʠ. ɯʩʥʫʻ ʧʦʧʫʣʷʨʥʘ ʜʫʤʢʘ, ʱʦ ʚʽʜʜʘʣʝʥʘ ʨʦʙʦʪʘ ʤʝʥʰ ʝʬʝʢʪʠʚʥʘ 

ʧʦʨʽʚʥʷʥʦ ʟ ʨʦʙʦʪʦʶ ʚ ʦʬʽʩʽ, ʯʝʨʝʟ ʱʦ, ʜʝʷʢʽ ʙʽʟʥʝʩʠ, ʟʽ ʟʤʝʥʰʝʥʥʷʤ ʦʙʤʝʞʝʥʴ, ʟʥʦʚ 

ʧʦʚʝʨʪʘʶʪʴʩʷ ʜʦ ʩʪʘʨʦʛʦ ʨʝʞʠʤʫ ʨʦʙʦʪʠ. ʅʘ ʥʘʰʫ ʜʫʤʢʫ, ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʧʝʮʽʘʣʽʟʦʚʘʥʦʛʦ 

ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʦʩʦʙʣʠʚʦʩʪʝʡ ʫʧʨʘʚʣʽʥʥʷ ʢʦʤʘʥʜʦʶ ʚ ʫʤʦʚʘʭ 

ʚʽʜʜʘʣʝʥʦʾ ʨʦʙʦʪʠ ʜʘʩʪʴ ʤʦʞʣʠʚʽʩʪʴ ʝʬʝʢʪʠʚʥʦ ʟʜʽʡʩʥʠʪʠ ʧʝʨʝʭʽʜ ʜʦ ʛʽʙʨʠʜʥʦʛʦ ʘʙʦ 
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ʧʦʚʥʽʩʪʶ ʦʩʦʙʠʩʪʦʛʦ ʨʦʙʦʯʦʛʦ ʩʝʨʝʜʦʚʠʱʘ, ʦʧʪʠʤʽʟʫʶʯʠ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʨʦʙʦʪʠ ʚʩʽʭ ʯʣʝʥʽʚ 

ʢʦʤʘʥʜʠ. 

ʆʩʥʦʚʥʘ ʯʘʩʪʠʥʘ. ɿʛʽʜʥʦ PMBOOK [1], ʫʧʨʘʚʣʽʥʥʷ ʧʨʦʻʢʪʘʤʠ ʧʝʨʝʜʙʘʯʘʻ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʥʘʚʠʯʦʢ, ʤʝʪʦʜʽʚ ʪʘ ʽʥʩʪʨʫʤʝʥʪʽʚ ʷʢ ʜʣʷ ʟʘʭʦʜʽʚ ʟ ʫʧʨʘʚʣʽʥʥʷ, ʪʘʢ ʽ ʜʣʷ 

ʣʽʜʝʨʩʴʢʦʾ ʜʽʷʣʴʥʦʩʪʽ. ʆʧʝʨʘʮʽʾ ʟ ʫʧʨʘʚʣʽʥʥʷ ʟʦʩʝʨʝʜʞʝʥʽ ʥʘ ʟʘʩʦʙʘʭ ʜʦʩʷʛʥʝʥʥʷ ʮʽʣʝʡ 

ʧʨʦʻʢʪʫ, ʪʘʢʠʭ ʷʢ: ʥʘʷʚʥʽʩʪʴ ʝʬʝʢʪʠʚʥʠʭ ʧʨʦʮʝʩʽʚ, ʧʣʘʥʫʚʘʥʥʷ, ʢʦʦʨʜʠʥʘʮʽʷ, ʤʦʥʽʪʦʨʠʥʛ 

ʪʦʱʦ. ʃʽʜʝʨʩʴʢʘ ʜʽʷʣʴʥʽʩʪʴ, ʫ ʨʦʙʦʪʽ ʟ ʢʦʤʘʥʜʦʶ ʧʨʦʻʢʪʫ, ʩʧʨʷʤʦʚʘʥʘ ʥʘ ʣʶʜʝʡ ʽ ʚʢʣʶʯʘʻ 

ʪʘʢʽ ʟʘʭʦʜʠ ʷʢ: ʚʧʣʠʚ, ʤʦʪʠʚʘʮʽʷ ʪʘ ʧʽʜʪʨʠʤʢʘ. ʆʙʠʜʚʘ ʥʘʧʨʷʤʢʠ ʚʘʞʣʠʚʽ ʜʣʷ ʜʦʩʷʛʥʝʥʥʷ 

ʦʯʽʢʫʚʘʥʠʭ ʢʽʥʮʝʚʠʭ ʨʝʟʫʣʴʪʘʪʽʚ.   

ɻʣʦʙʘʣʽʟʘʮʽʷ ʝʢʦʥʦʤʽʢʠ ʪʘ ʨʦʟʚʠʪʦʢ ʤʽʞʥʘʨʦʜʥʦʛʦ ʙʽʟʥʝʩʫ ʧʨʠʟʚʝʣʠ ʜʦ ʥʝʦʙʭʽʜʥʦʩʪʽ 

ʩʧʽʚʧʨʘʮʽ ʤʽʞ ʣʶʜʴʤʠ ʟ ʨʽʟʥʠʭ ʢʫʪʦʯʢʽʚ ʩʚʽʪʫ. ʈʦʟʚʠʪʦʢ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʪʘ 

ʽʥʪʝʨʥʝʪʫ ʜʘʚ ʤʦʞʣʠʚʽʩʪʴ ʰʚʠʜʢʦ ʪʘ ʟʨʫʯʥʦ ʩʧʽʣʢʫʚʘʪʠʩʷ ʽ ʥʘʣʘʰʪʦʚʫʚʘʪʠ ʝʬʝʢʪʠʚʥʽ ʢʘʥʘʣʠ 

ʟʚôʷʟʢʫ ʥʘ ʚʽʜʩʪʘʥʽ, ʱʦ, ʚ ʩʚʦʶ ʯʝʨʛʫ, ʟʥʷʣʦ ʦʙʤʝʞʝʥʥʷ ʚ ʧʦʰʫʢʫ ʥʦʚʠʭ ʪʘʣʘʥʦʚʠʪʠʭ ʬʘʭʽʚʮʽʚ 

ʧʦ ʚʩʴʦʤʫ ʩʚʽʪʫ. ʅʝʟʚʘʞʘʶʯʠ ʥʘ ʮʝ, ʙʽʣʴʰʽʩʪʴ ʙʽʟʥʝʩ-ʧʨʦʮʝʩʽʚ ʚʩʝ ʱʝ ʙʫʣʠ ʦʨʽʻʥʪʦʚʘʥʽ ʥʘ 

ʢʦʤʘʥʜʠ, ʱʦ ʬʽʟʠʯʥʦ ʟʥʘʭʦʜʠʣʠʩʷ ʚ ʦʜʥʦʤʫ ʦʬʽʩʽ, ʽ ʪʽʣʴʢʠ ʜʝʷʢʽ ʩʧʝʮʽʘʣʽʩʪʠ ʤʦʛʣʠ 

ʚʠʢʦʥʫʚʘʪʠ ʦʙʦʚôʷʟʢʠ ʚʽʜʜʘʣʝʥʦ ʙʝʟ ʟʥʘʯʥʠʭ ʨʠʟʠʢʽʚ ʜʣʷ ʧʨʦʻʢʪʫ. 

ʇʽʩʣʷ ʧʦʯʘʪʢʫ ʧʘʥʜʝʤʽʾ ʽ ʚʚʝʜʝʥʥʷ ʚʽʜʧʦʚʽʜʥʠʭ ʦʙʤʝʞʝʥʴ, ʢʦʤʘʥʜʠ ʙʫʣʠ ʚʠʤʫʰʝʥʽ 

ʧʝʨʝʡʪʠ ʥʘ ʚʽʜʜʘʣʝʥʫ ʨʦʙʦʪʫ ʽ ʘʜʘʧʪʫʚʘʪʠ ʙʽʟʥʝʩ-ʧʨʦʮʝʩʠ ʧʽʜ ʥʦʚʠʡ ʬʦʨʤʘʪ. ɺʽʜʩʫʪʥʽʩʪʴ 

ʬʽʟʠʯʥʦʛʦ ʩʧʽʣʢʫʚʘʥʥʷ ʚʠʤʘʛʘʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʦʜʘʪʢʦʚʠʭ ʽʥʩʪʨʫʤʝʥʪʽʚ ʪʘ ʽʥʰʠʭ ʩʪʨʘʪʝʛʽʡ ʽ 

ʧʽʜʭʦʜʽʚ ʜʦ ʦʨʛʘʥʽʟʘʮʽʾ ʪʘ ʢʝʨʽʚʥʠʮʪʚʘ ʢʦʤʘʥʜʘʤʠ. ʇʨʦʪʝ, ʮʝ ʪʘʢʦʞ ʜʘʻ ʜʦʩʪʫʧ ʜʦ ʟʘʣʫʯʝʥʥʷ 

ʙʽʣʴʰʦʾ ʢʽʣʴʢʦʩʪʽ ʢʚʘʣʽʬʽʢʦʚʘʥʠʭ ʩʧʝʮʽʘʣʽʩʪʽʚ ʧʦ ʚʩʴʦʤʫ ʩʚʽʪʫ ʽ ʟʘʛʘʣʴʥʝ ʟʤʝʥʰʝʥʥʷ ʚʠʪʨʘʪ 

ʥʘ ʾʭ ʥʘʚʯʘʥʥʷ ʽ ʦʧʣʘʪʫ ʧʨʘʮʽ.  

ʋʧʨʘʚʣʽʥʥʷ ʚʽʜʜʘʣʝʥʦʶ ʢʦʤʘʥʜʦʶ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʪʠʭ ʩʘʤʠʭ ʘʩʧʝʢʪʽʚ, ʱʦ ʡ ʫʧʨʘʚʣʽʥʥʷ 

ʟʚʠʯʘʡʥʦʶ ʢʦʤʘʥʜʦʶ, ʧʨʦʪʝ ʚʠʤʘʛʘʻ ʽʥʰʠʭ ʽʥʩʪʨʫʤʝʥʪʽʚ ʘʙʦ ʧʽʜʭʦʜʽʚ ʫ ʮʽʣʦʤʫ. ʎʝ 

ʩʧʨʠʯʠʥʠʣʦ ʰʚʠʜʢʠʡ ʨʦʟʚʠʪʦʢ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʧʨʦʛʨʘʤʥʠʭ ʟʘʩʦʙʽʚ, ʥʘʧʨʠʢʣʘʜ, ʪʘʢʠʭ ʷʢ: 

Slack, Microsoft Teams ʜʣʷ ʢʦʤʫʥʽʢʘʮʽʾ; Jira, Trello, Asana ʜʣʷ ʫʧʨʘʚʣʽʥʥʷ ʟʘʜʘʯʘʤʠ, Google 

Docs, Confluence, Notion ʜʣʷ ʩʧʽʣʴʥʦʾ ʨʦʙʦʪʠ ʟ ʜʦʢʫʤʝʥʪʘʤʠ ʪʘ ʙʘʛʘʪʦ ʽʥʰʠʭ.  

ɺ ʦʩʥʦʚʽ ʫʧʨʘʚʣʽʥʥʷ ʚ ʫʤʦʚʘʭ ʚʽʜʜʘʣʝʥʦʾ ʨʦʙʦʪʠ ʣʝʞʘʪʴ ʪʝʭʥʦʣʦʛʽʾ, ʱʦ ʟʘʙʝʟʧʝʯʫʶʪʴ 

ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʧʨʦʮʝʩʽʚ ʚʩʝʨʝʜʠʥʽ ʢʦʤʘʥʜʠ. ɺʠʭʦʜʷʯʠ ʟ ʧʨʠʟʥʘʯʝʥʥʷ, ʨʽʚʥʷ ʽʥʪʝʛʨʘʮʽʾ ʟ 

ʽʥʰʠʤʠ ʧʨʦʮʝʩʘʤʠ ʪʘ ʚʧʣʠʚʫ ʥʘ ʢʦʤʘʥʜʫ, ʾʭ ʤʦʞʥʘ ʨʦʟʜʽʣʠʪʠ ʥʘ ʦʧʝʨʘʮʽʡʥʽ, ʩʪʨʘʪʝʛʽʯʥʽ ʪʘ 

ʧʨʦʮʝʩʠ ʧʽʜʪʨʠʤʢʠ. ʅʘ ʨʠʩ. 1 ʥʘʚʝʜʝʥʦ ʤʦʜʝʣʴ ʫʧʨʘʚʣʽʥʥʷ ʢʦʤʘʥʜʦʶ ʚ ʫʤʦʚʘʭ ʚʽʜʜʘʣʝʥʦʾ 

ʨʦʙʦʪʠ, ʜʝ, ʷʢ ʧʨʠʢʣʘʜ, ʚʢʘʟʘʥʦ ʜʝʷʢʽ ʧʨʦʛʨʘʤʥʽ ʟʘʩʦʙʠ, ʱʦ ʟʘʙʝʟʧʝʯʫʶʪʴ ʚʽʜʧʦʚʽʜʥʽ ʧʨʦʮʝʩʠ.  

 

ʈʠʩ. 1. ʄʦʜʝʣʴ ʫʧʨʘʚʣʽʥʥʷ ʢʦʤʘʥʜʦʶ ʚ ʫʤʦʚʘʭ ʚʽʜʜʘʣʝʥʦʾ ʨʦʙʦʪʠ 

ʈʘʟʦʤ ʟ ʪʠʤ, ʟʘʫʚʘʞʠʤʦ, ʱʦ ʧʨʦʮʝʩʠ ʧʦʚôʷʟʘʥʽ ʟ ʣʽʜʝʨʩʪʚʦʤ, ʧʨʠʡʥʷʪʪʷʤ ʨʽʰʝʥʴ ʘʙʦ 

ʨʦʟʚôʷʟʘʥʥʷʤ ʢʦʥʬʣʽʢʪʽʚ ʯʘʩʪʦ ʢʝʨʫʶʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʽʞʦʩʦʙʠʩʪʽʩʥʦʛʦ ʩʧʽʣʢʫʚʘʥʥʷ ʙʝʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʧʝʮʽʘʣʴʥʦʛʦ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ. 
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ɺʠʩʥʦʚʢʠ. ʆʨʛʘʥʽʟʘʮʽʷ ʙʽʟʥʝʩ-ʧʨʦʮʝʩʽʚ ʢʦʤʘʥʜʠ ʚ ʫʤʦʚʘʭ ʚʽʜʜʘʣʝʥʦʾ ʨʦʙʦʪʠ 

ʧʨʝʜʩʪʘʚʣʷʻ ʫʥʽʢʘʣʴʥʽ ʚʠʢʣʠʢʠ ʡ ʤʦʞʣʠʚʦʩʪʽ, ʱʦ ʧʦʪʨʝʙʫʶʪʴ ʨʝʪʝʣʴʥʦʛʦ ʨʦʟʛʣʷʜʫ ʪʘ 

ʘʜʘʧʪʘʮʽʾ ʤʝʥʝʜʞʝʨʘʤʠ ʢʦʤʘʥʜʠ. ʇʦʜʘʣʴʰʠʡ ʨʦʟʚʠʪʦʢ ʟʘʧʨʦʧʦʥʦʚʘʥʦʾ ʤʦʜʝʣʽ ʫʧʨʘʚʣʽʥʥʷ 

ʢʦʤʘʥʜʦʶ ʚ ʫʤʦʚʘʭ ʚʽʜʜʘʣʝʥʦʾ ʨʦʙʦʪʠ ʧʝʨʝʜʙʘʯʘʻ ʜʝʪʘʣʴʥʽʰʠʡ ʘʥʘʣʽʟ ʦʢʨʝʤʠʭ ʧʨʦʮʝʩʽʚ 

ʚʩʝʨʝʜʠʥʽ ʢʦʤʘʥʜʠ ʪʘ ʧʦʰʫʢʫ ʨʽʰʝʥʴ ʟ ʽʥʪʝʛʨʘʮʽʾ ʨʽʟʥʦʤʘʥʽʪʥʦʛʦ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʤʽʞ ʩʦʙʦʶ, ʱʦ ʜʦʧʦʤʦʞʝ ʟʘʙʝʟʧʝʯʠʪʠ ʝʬʝʢʪʠʚʥʝ ʫʧʨʘʚʣʽʥʥʷ ʢʦʤʘʥʜʦʶ ʪʘ ʫʩʧʽʭʫ ʚ 

ʩʫʯʘʩʥʦʤʫ ʨʦʙʦʯʦʤʫ ʩʝʨʝʜʦʚʠʱʽ, ʱʦ ʨʦʟʚʠʚʘʻʪʴʩʷ. 

 

ʉʧʠʩʦʢ ʚʠʢʦʨʠʩʪʘʥʠʭ ʜʞʝʨʝʣ 
1. ʂʝʩʪʝʣ  ɼ.,  ɼʘʚʝ  ɺ.  ʅʘʩʪʘʥʦʚʘ ʜʦ ʟʚʦʜʫ ʟʥʘʥʴ ʟ ʫʧʨʘʚʣʽʥʥʷ ʧʨʦʻʢʪʘʤʠ  (ʅʘʩʪʘʥʦʚʘ  PMBOOK). 

7-ʻ ʚʠʜ., 2014. 586 ʩ. 

 

ʆʉʆɹʃʀɺʆʉʊɯ ʋʇʈɸɺʃɯʅʅʗ ɹɯɿʅɽʉ-ʇʈʆʎɽʉɸʄʀ ɺ ɯʅɾʀʅɯʈʀʅɻʆɺʀʍ 

ʂʆʄʇɸʅɯʗʍ  

 

ʊʢʘʯʝʥʢʦ ʌ.ɺ., ɼʘʥʯʝʥʢʦ ʆ.ɹ.  

ʏʝʨʢʘʩʴʢʠʡ ʜʝʨʞʘʚʥʠʡ ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ,  ʏʝʨʢʘʩʠ, ʋʢʨʘʾʥʘ 
 

ɸʥʦʪʘʮʽʷ. ɺ ʨʦʙʦʪʽ ʘʚʪʦʨʠ ʨʦʟʛʣʷʜʘʶʪʴ ʧʨʦʮʝʩʠ ʫʧʨʘʚʣʽʥʥʷ ʚ ʽʥʞʠʥʽʨʠʥʛʦʚʠʭ ʢʦʤʧʘʥʽʷʭ, 

ʚʨʘʭʦʚʫʶʯʠ ʾʭʥʶ ʩʧʝʮʠʬʽʢʫ. ɺʠʜʽʣʷʶʪʴʩʷ ʦʩʥʦʚʥʽ ʧʨʦʙʣʝʤʠ ʨʦʟʚʠʪʢʫ ʨʠʥʢʫ ʽʥʞʠʥʽʨʠʥʛʦʚʠʭ ʧʦʩʣʫʛ 

ʚ ʋʢʨʘʾʥʽ, ʪʘʢʽ ʷʢ ʜʝʬʽʮʠʪ ʢʚʘʣʽʬʽʢʦʚʘʥʠʭ ʢʘʜʨʽʚ, ʥʝʜʦʩʢʦʥʘʣʘ ʩʠʩʪʝʤʘ ʚʠʟʥʘʯʝʥʥʷ ʚʘʨʪʦʩʪʽ 

ʧʨʦʝʢʪʥʠʭ ʨʦʙʽʪ ʪʘ ʽʥʰʽ. ʆʩʦʙʣʠʚʫ ʫʚʘʛʫ ʧʨʠʜʽʣʷʻʪʴʩʷ ʦʩʦʙʣʠʚʦʩʪʷʤ ʫʧʨʘʚʣʽʥʥʷ ʙʽʟʥʝʩ-ʧʨʦʮʝʩʘʤʠ ʚ 

ʽʥʞʠʥʽʨʠʥʛʦʚʠʭ ʢʦʤʧʘʥʽʷʭ, ʟʦʢʨʝʤʘ, ʚʽʜʟʥʘʯʘʻʪʴʩʷ ʥʝʦʙʭʽʜʥʽʩʪʴ ʢʦʥʪʨʦʣʶ ʷʢʦʩʪʽ ʪʘ ʧʨʦʝʢʪʥʦ-

ʦʨʽʻʥʪʦʚʘʥʘ ʜʽʷʣʴʥʽʩʪʴ. ɺʽʜʤʽʯʘʻʪʴʩʷ, ʱʦ ʫʩʧʽʰʥʝ ʫʧʨʘʚʣʽʥʥʷ ʙʽʟʥʝʩ-ʧʨʦʮʝʩʘʤʠ ʚ ʽʥʞʠʥʽʨʠʥʛʦʚʠʭ 

ʢʦʤʧʘʥʽʷʭ ʚʠʤʘʛʘʻ ʛʣʠʙʦʢʦʛʦ ʨʦʟʫʤʽʥʥʷ ʾʭʥʴʦʾ ʩʧʝʮʠʬʽʢʠ ʪʘ ʟʘʩʪʦʩʫʚʘʥʥʷ ʩʫʯʘʩʥʠʭ ʤʝʪʦʜʽʚ 

ʫʧʨʘʚʣʽʥʥʷ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʙʽʟʥʝʩ-ʧʨʦʮʝʩʠ, ʫʧʨʘʚʣʽʥʥʷ, ʽʥʞʠʥʽʨʠʥʛ, ʽʥʞʠʥʽʨʠʥʛʦʚʽ ʢʦʤʧʘʥʽʾ. 
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Abstract. In the work, the authors reveals management processes in engineering companies, 

considering their specificity. The main problems of development of the engineering services market in 

Ukraine are highlighted, such as a shortage of qualified personnel, an imperfect system for determining the 

cost of project works, and others. Special attention is paid to the peculiarities of managing business processes 

in engineering companies, in particular the necessity of quality control and project-oriented activity. It is 

noted that successful management of business processes in engineering companies requires a deep 

understanding of their specificity and the application of modern management methods. 
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ɺʩʪʫʧ. ʋ ʩʫʯʘʩʥʦʤʫ ʩʚʽʪʽ ʽʥʞʠʥʽʨʠʥʛʦʚʽ ʢʦʤʧʘʥʽʾ ʚʽʜʽʛʨʘʶʪʴ ʚʘʞʣʠʚʫ ʨʦʣʴ ʫ ʨʦʟʚʠʪʢʫ 

ʪʝʭʥʦʣʦʛʽʡ, ʚʠʨʦʙʥʠʮʪʚʘ ʪʘ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ. ʎʽ ʢʦʤʧʘʥʽʾ ʥʘʜʘʶʪʴ ʢʦʤʧʣʝʢʩ ʧʦʩʣʫʛ, 

ʧʦʚ'ʷʟʘʥʠʭ ʟ ʧʨʦʝʢʪʫʚʘʥʥʷʤ, ʙʫʜʽʚʥʠʮʪʚʦʤ, ʤʦʥʪʘʞʝʤ ʦʙʣʘʜʥʘʥʥʷ ʪʘ ʽʥʰʠʤʠ ʽʥʞʝʥʝʨʥʠʤʠ 

ʨʽʰʝʥʥʷʤʠ. ɿʜʽʡʩʥʶʶʯʠ ʧʨʦʝʢʪʠ ʚ ʨʽʟʥʠʭ ʩʬʝʨʘʭ - ʚʽʜ ʙʫʜʽʚʥʠʮʪʚʘ ʜʦ ʚʠʨʦʙʥʠʮʪʚʘ, ʚʦʥʠ 

ʩʪʠʢʘʶʪʴʩʷ ʟ ʫʥʽʢʘʣʴʥʠʤʠ ʚʠʢʣʠʢʘʤʠ. ʋʧʨʘʚʣʽʥʥʷ ʙʽʟʥʝʩ-ʧʨʦʮʝʩʘʤʠ ʚ ʽʥʞʠʥʽʨʠʥʛʦʚʠʭ 

ʢʦʤʧʘʥʽʷʭ ʚʠʤʘʛʘʻ ʛʣʠʙʦʢʦʛʦ ʨʦʟʫʤʽʥʥʷ ʪʝʭʥʽʯʥʠʭ ʘʩʧʝʢʪʽʚ ʧʨʦʝʢʪʽʚ ʪʘ ʚʠʙʦʨʫ ʝʬʝʢʪʠʚʥʠʭ 

ʤʝʪʦʜʽʚ.  

ʄʝʪʘ ʨʦʙʦʪʠ. ʇʨʦʘʥʘʣʽʟʫʚʘʪʠ ʩʧʝʮʠʬʽʢʫ ʜʽʷʣʴʥʦʩʪʽ ʪʘʢʠʭ ʢʦʤʧʘʥʽʡ, ʚʠʷʚʠʪʠ ʦʩʥʦʚʥʽ 

ʧʨʦʙʣʝʤʠ ʪʘ ʩʢʣʘʜʥʦʱʽ, ʟ ʷʢʠʤʠ ʚʦʥʠ ʟʽʰʪʦʚʭʫʶʪʴʩʷ ʫ ʧʨʦʮʝʩʽ ʫʧʨʘʚʣʽʥʥʷ ʙʽʟʥʝʩ-ʧʨʦʮʝʩʘʤʠ.  

ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʠ. ʋʧʨʘʚʣʽʥʥʷ ʙʽʟʥʝʩ-ʧʨʦʮʝʩʘʤʠ ʚ ʽʥʞʠʥʽʨʠʥʛʦʚʠʭ ʢʦʤʧʘʥʽʷʭ ʤʘʻ 

ʩʚʦʾ ʚʣʘʩʥʽ ʦʩʦʙʣʠʚʦʩʪʽ ʪʘ ʚʠʤʦʛʠ, ʱʦ ʚʽʜʦʙʨʘʞʘʶʪʴ ʩʧʝʮʠʬʽʢʫ ʾʭʥʴʦʾ ʜʽʷʣʴʥʦʩʪʽ ʪʘ ʧʦʪʨʝʙʠ. 
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ɸʥʘʣʽʟ ʮʠʭ ʦʩʦʙʣʠʚʦʩʪʝʡ ʪʘ ʾʭ ʫʨʘʭʫʚʘʥʥʷ ʻ ʚʘʞʣʠʚʠʤ ʜʣʷ ʜʦʩʷʛʥʝʥʥʷ ʫʩʧʽʰʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ 

ʫ ʚʠʢʦʥʘʥʥʽ ʧʨʦʝʢʪʽʚ ʪʘ ʟʘʙʝʟʧʝʯʝʥʥʷ ʢʦʥʢʫʨʝʥʪʦʩʧʨʦʤʦʞʥʦʩʪʽ ʢʦʤʧʘʥʽʡ ʥʘ ʨʠʥʢʫ. 

ʆʩʥʦʚʥʘ ʯʘʩʪʠʥʘ. ʇʦʥʷʪʪʷ çʽʥʞʠʥʽʨʠʥʛʦʚʘ ʢʦʤʧʘʥʽʷè ʩʴʦʛʦʜʥʽ ʤʘʻ ʜʫʞʝ ʰʠʨʦʢʝ 

ʟʥʘʯʝʥʥʷ. ʋ [1] ɯʥʞʠʥʽʨʠʥʛ (ʘʥʛʣ. ingineering, ʚʽʜ ʣʘʪ. ʽngenium ð ʚʠʥʘʭʽʜʣʠʚʽʩʪʴ) ð ʮʝ 

ʢʦʤʧʣʝʢʩ ʽʥʞʝʥʝʨʥʦ-ʢʦʥʩʫʣʴʪʘʮʽʡʥʠʭ ʧʦʩʣʫʛ, ʷʢʽ ʧʦʚôʷʟʘʥʽ ʟʽ ʩʪʚʦʨʝʥʥʷʤ ʦʙôʻʢʪʽʚ 

ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʪʘ ʩʽʣʴʩʴʢʦʛʦ ʛʦʩʧʦʜʘʨʩʪʚʘ, ʘ ʪʘʢʦʞ ʟʘʙʝʟʧʝʯʝʥʥʷʤ ʜʽʷʣʴʥʦʩʪʽ ʧʽʜʧʨʠʻʤʩʪʚ ʟʘ 

ʰʠʨʦʢʠʤ ʩʧʝʢʪʨʦʤ ʮʽʣʝʡ ʾʭ ʤʘʨʢʝʪʠʥʛʦʚʦʾ ʜʽʷʣʴʥʦʩʪʽ (ʚʽʜ ʚʠʨʦʙʥʠʮʪʚʘ ʜʦ ʟʙʫʪʫ).  ɺʽʜʧʦʚʽʜʥʦ 

ʜʦ [2] ɯʥʞʠʥʽʨʠʥʛ ð ʥʘʙʽʨ ʧʨʠʡʦʤʽʚ ʪʘ ʤʝʪʦʜʽʚ, ʷʢʽ ʢʦʤʧʘʥʽʷ, ʧʽʜʧʨʠʻʤʩʪʚʦ, ʬʽʨʤʘ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʜʣʷ ʧʨʦʝʢʪʫʚʘʥʥʷ ʩʚʦʻʾ ʜʽʷʣʴʥʦʩʪʽ. ɯʥʞʠʥʽʨʽʥʛʦʚʽ ʧʦʩʣʫʛʠ ʯʘʩʪʽʰʝ ʟʘ ʚʩʝ 

ʥʘʜʘʶʪʴ ʩʧʝʮʽʘʣʽʟʦʚʘʥʽ ʽʥʞʝʥʝʨʥʦ-ʢʦʥʩʫʣʴʪʘʮʽʡʥʽ (ʽʥʞʠʥʽʨʽʥʛʦʚʽ) ʬʽʨʤʠ. ɸʤʝʨʠʢʘʥʩʴʢʘ 

ʈʘʜʘ ʽʥʞʝʥʝʨʽʚ ʟ ʧʨʦʬʝʩʽʡʥʦʛʦ ʨʦʟʚʠʪʢʫ (ECPD) ʚʠʟʥʘʯʘʻ ʽʥʞʠʥʽʨʠʥʛ  ʷʢ: "ʪʚʦʨʯʝ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʥʘʫʢʦʚʠʭ ʧʨʠʥʮʠ ʧʽʚ ʜʦ ʧʨʦʝʢʪʫʚʘʥʥʷ ʽ ʨʦʟʨʦʙʢʠ ʙʫʜʽʚʝʣʴ ʽ ʩʧʦʨʫʜ, ʤʘʰʠʥ, 

ʘʧʘʨʘʪʽʚ, ʚʠʨʦʙʥʠʯʠʭ ʧʨʦʮʝʩʽʚ ʪʘ ʤʝʪʦʜʽʚ ʾʭ ʚʠʢʦʨʠʩʪʘʥʥʷ ʦʢʨʝʤʦ ʘʙʦ ʚ ʢʦʤʙʽʥʘʮʽʾ; ʜʦ 

ʙʫʜʽʚʥʠʮʪʚʘ ʪʘ ʝʢʩʧʣʫʘʪʘʮʽʾ, ʧʨʦʛʥʦʟʽʚ ʧʦʚʝʜʽʥʢʠ ʚʩʴʦʛʦ ʮʴʦʛʦ ʚ ʩʧʝʮʠʬʽʯʥʠʭ ʫʤʦʚʘʭ 

ʝʢʩʧʣʫʘʪʘʮʽʾ  ʚʩʝ ʮʝ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʬʫʥʢʮʽʦʥʘʣʴʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ, ʝʢʦʥʦʤʽʯʥʽʩʪʶ ʦʧʝʨʘʮʽʡ ʽ 

ʙʝʟʧʝʢʠ ʜʣʷ ʞʠʪʪʷ ʪʘ ʤʘʡʥʘ" [3]. 

ɿ ʚʠʢʣʘʜʝʥʠʭ ʚʠʟʥʘʯʝʥʴ ʙʘʯʠʤʦ ʱʦ ʽʥʞʠʥʽʨʠʥʛʦʚʘ ʢʦʤʧʘʥʽʷ ʮʝ ʩʧʝʮʽʘʣʽʟʦʚʘʥʘ 

ʦʨʛʘʥʽʟʘʮʽʷ ʷʢʘ ʥʘʜʘʻ ʧʦʩʣʫʛʠ ʟ ʧʨʦʝʢʪʫʚʘʥʥʷ, ʙʫʜʽʚʥʠʮʪʚʘ, ʤʦʥʪʘʞʫ ʦʙʣʘʜʥʘʥʥʷ ʪʘ 

ʧʦʜʘʣʴʰʦʾ ʝʢʩʧʣʫʘʪʘʮʽʷ ʪʘ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ. ʊʘʢʽ ʢʦʤʧʘʥʽʾ, ʧʦʻʜʥʫʶʪʴ ʚ ʩʦʙʽ ʽʥʞʝʥʝʨʥʦ-

ʪʝʭʥʽʯʥʫ ʝʢʩʧʝʨʪʠʟʫ ʟ ʚʠʩʦʢʠʤ ʨʽʚʥʝʤ ʦʨʛʘʥʽʟʘʮʽʡʥʠʭ ʥʘʚʠʯʦʢ. ʋʧʨʘʚʣʽʥʥʷ ʙʽʟʥʝʩ-ʧʨʦʮʝʩʘʤʠ 

ʚ ʪʘʢʠʭ ʢʦʤʧʘʥʽʷʭ ʚʠʤʘʛʘʻ ʥʝ ʣʠʰʝ ʟʜʘʪʥʦʩʪʽ ʜʦ ʨʦʟʨʦʙʢʠ ʝʬʝʢʪʠʚʥʠʭ ʩʪʨʘʪʝʛʽʡ ʪʘ 

ʪʝʭʥʦʣʦʛʽʡ, ʘʣʝ ʡ ʛʣʠʙʦʢʦʛʦ ʨʦʟʫʤʽʥʥʷ ʪʝʭʥʽʯʥʠʭ ʪʘ ʽʥʞʝʥʝʨʥʠʭ ʘʩʧʝʢʪʽʚ ʧʨʦʝʢʪʽʚ. 

ʋʧʨʘʚʣʽʥʥʷ ʙʽʟʥʝʩ-ʧʨʦʮʝʩʘʤʠ ʚ ʽʥʞʠʥʽʨʠʥʛʦʚʠʭ ʢʦʤʧʘʥʽʷʭ ʤʘʻ ʩʚʦʾ ʦʩʦʙʣʠʚʦʩʪʽ ʯʝʨʝʟ 

ʩʧʝʮʠʬʽʢʫ ʾʭ ʜʽʷʣʴʥʦʩʪʽ. ʆʜʥʘ ʟ ʦʩʦʙʣʠʚʦʩʪʝʡ ʽʥʞʠʥʽʨʠʥʛʦʚʠʭ ʢʦʤʧʘʥʽʡ ʧʦʣʷʛʘʻ ʚ 

ʥʝʤʦʞʣʠʚʦʩʪʽ ʙʫʪʠ ʚʫʟʴʢʦʩʧʝʮʽʘʣʽʟʦʚʘʥʦʶ ʪʘ ʟʘʡʤʘʪʠʩʷ ʣʠʰʝ ʦʜʥʠʤ ʥʘʧʨʘʚʣʝʥʥʷʤ [4]. ʎʝ 

ʧʦʚôʷʟʘʥʝ ʟ ʪʠʤ, ʱʦ ʜʣʷ ʫʩʧʽʰʥʦʛʦ ʚʠʢʦʥʘʥʥʷ ʧʨʦʝʢʪʽʚ ʥʝʦʙʭʽʜʥʘ ʩʧʽʚʧʨʘʮʷ ʪʘ ʫʟʛʦʜʞʝʥʥʷ 

ʚʩʽʭ ʝʪʘʧʽʚ ʧʨʦʝʢʪʫ, ʚʽʜ ʨʦʟʨʦʙʢʠ ʟʘʚʜʘʥʥʷ ʥʘ ʧʨʦʝʢʪʫʚʘʥʥʷ ʜʦ ʚʚʝʜʝʥʥʷ ʚ ʝʢʩʧʣʫʘʪʘʮʽʶ. 

ʋʧʨʘʚʣʽʥʥʷ ʮʠʤʠ ʚʽʜʥʦʩʠʥʘʤʠ ʪʘ ʢʦʦʨʜʠʥʘʮʽʷ ʜʽʡ ʚʘʞʣʠʚʘ ʜʣʷ ʫʩʧʽʰʥʦʛʦ ʚʠʢʦʥʘʥʥʷ 

ʧʨʦʝʢʪʽʚ. 

ʋ ʨʦʙʦʪʽ [5] ʘʚʪʦʨ ʚʠʟʥʘʯʘʻ ʨʷʜ ʧʨʦʙʣʝʤ ʷʢʽ ʟʘʚʘʞʘʶʪʴ ʨʦʟʚʠʪʢʫ ʨʠʥʢʫ ʽʥʞʠʥʽʨʠʥʛʦʚʠʭ 

ʧʦʩʣʫʛ ʚ ʋʢʨʘʾʥʽ, ʟʦʢʨʝʤʘ: ʜʝʬʽʮʠʪ ʢʚʘʣʽʬʽʢʦʚʘʥʠʭ ʢʘʜʨʽʚ, ʥʝʷʢʽʩʥʝ ʚʠʢʦʥʘʥʥʷ ʨʦʙʽʪ, 

ʟʘʩʪʘʨʽʣʘ ʥʦʨʤʘʪʠʚʥʘ ʙʘʟʘ, ʥʝʜʦʩʢʦʥʘʣʘ ʩʠʩʪʝʤʘ ʚʠʟʥʘʯʝʥʥʷ ʚʘʨʪʦʩʪʽ ʧʨʦʝʢʪʥʠʭ ʨʦʙʽʪ, 

ʚʽʜʩʫʪʥʽʩʪʴ ʩʪʠʤʫʣʶʚʘʥʥʷ ʧʨʦʚʘʜʞʝʥʥʷ ʽʥʥʦʚʘʮʽʡʥʦʾ ʜʽʷʣʴʥʦʩʪʽ, ʟʘʩʪʘʨʽʣʘ ʩʠʩʪʝʤʘ 

ʣʽʮʝʥʟʫʚʘʥʥʷ. ɺʘʞʣʠʚʦʶ ʦʩʦʙʣʠʚʽʩʪʶ ʞ ʥʝʦʙʭʽʜʥʽʩʪʴ ʥʘʷʚʥʦʩʪʽ ʩʠʩʪʝʤʠ ʢʦʥʪʨʦʣʶ ʷʢʦʩʪʽ. 

ʗʢʽʩʪʴ ʧʨʦʜʫʢʪʫ ʘʙʦ ʨʽʰʝʥʥʷ ʻ ʢʨʠʪʠʯʥʠʤ ʬʘʢʪʦʨʦʤ ʫ ʽʥʞʠʥʽʨʠʥʛʦʚʽʡ ʜʽʷʣʴʥʦʩʪʽ. 

ʋʧʨʘʚʣʽʥʥʷ ʙʽʟʥʝʩ-ʧʨʦʮʝʩʘʤʠ ʚʢʣʶʯʘʻ ʚ ʩʝʙʝ ʩʠʩʪʝʤʫ ʢʦʥʪʨʦʣʶ ʷʢʦʩʪʽ, ʷʢʘ ʟʘʙʝʟʧʝʯʫʻ 

ʚʽʜʧʦʚʽʜʥʽʩʪʴ ʚʠʤʦʛʘʤ ʪʘ ʩʪʘʥʜʘʨʪʘʤ ʷʢʦʩʪʽ [6]. 

ʊʘʢʦʞ, ʚʚʘʞʘʻʤʦ ʱʦ ʥʝʦʙʭʽʜʥʦ ʚʽʜʤʽʪʠʪʠ ʪʘʢʫ ʦʩʦʙʣʠʚʽʩʪʴ ʷʢ ʧʨʦʝʢʪʥʦ-ʦʨʽʻʥʪʦʚʘʥʘ 

ʜʽʷʣʴʥʽʩʪʴ: ʙʽʣʴʰʽʩʪʴ ʽʥʞʠʥʽʨʠʥʛʦʚʠʭ ʢʦʤʧʘʥʽʡ ʧʨʘʮʶʶʪʴ ʥʘʜ ʧʨʦʝʢʪʘʤʠ, ʱʦ ʦʟʥʘʯʘʻ, ʱʦ 

ʢʦʞʝʥ ʧʨʦʝʢʪ ʤʦʞʝ ʤʘʪʠ ʚʣʘʩʥʽ ʫʥʽʢʘʣʴʥʽ ʙʽʟʥʝʩ-ʧʨʦʮʝʩʠ. ʂʦʞʝʥ ʧʨʦʝʢʪ ʫ ʪʘʢʠʭ ʢʦʤʧʘʥʽʷʭ 

ʚʠʤʘʛʘʻ ʽʥʜʠʚʽʜʫʘʣʴʥʦʛʦ ʧʽʜʭʦʜʫ, ʦʩʢʽʣʴʢʠ ʚʽʥ ʤʦʞʝ ʤʘʪʠ ʚʣʘʩʥʽ ʚʠʤʦʛʠ, ʦʙʤʝʞʝʥʥʷ ʪʘ 

ʨʠʟʠʢʠ. ʋʧʨʘʚʣʽʥʥʷ ʧʨʦʝʢʪʥʠʤʠ ʙʽʟʥʝʩ-ʧʨʦʮʝʩʘʤʠ ʚʠʤʘʛʘʻ ʛʥʫʯʢʦʩʪʽ, ʘʜʘʧʪʠʚʥʦʩʪʽ ʪʘ 

ʟʜʘʪʥʦʩʪʽ ʰʚʠʜʢʦ ʨʝʘʛʫʚʘʪʠ ʥʘ ʟʤʽʥʠ ʫ ʧʨʦʮʝʩʽ ʨʝʘʣʽʟʘʮʽʾ ʧʨʦʝʢʪʫ. 

ɺʠʩʥʦʚʦʢ. ʋʧʨʘʚʣʽʥʥʷ ʙʽʟʥʝʩ-ʧʨʦʮʝʩʘʤʠ ʚ ʽʥʞʠʥʽʨʠʥʛʦʚʠʭ ʢʦʤʧʘʥʽʷʭ ʤʘʻ ʩʚʦʾ ʚʣʘʩʥʽ 

ʦʩʦʙʣʠʚʦʩʪʽ, ʚʨʘʭʫʚʘʥʥʷ ʷʢʠʭ ʻ ʚʘʞʣʠʚʠʤ ʜʣʷ ʜʦʩʷʛʥʝʥʥʷ ʫʩʧʽʰʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʫ ʚʠʢʦʥʘʥʥʽ 

ʧʨʦʝʢʪʽʚ ʪʘ ʟʘʙʝʟʧʝʯʝʥʥʷ ʢʦʥʢʫʨʝʥʪʦʩʧʨʦʤʦʞʥʦʩʪʽ ʢʦʤʧʘʥʽʡ ʥʘ ʨʠʥʢʫ. ʋʩʧʽʰʥʝ ʫʧʨʘʚʣʽʥʥʷ 

ʙʽʟʥʝʩ-ʧʨʦʮʝʩʘʤʠ ʚ ʽʥʞʠʥʽʨʠʥʛʦʚʠʭ ʢʦʤʧʘʥʽʷʭ ʚʠʤʘʛʘʻ ʨʝʪʝʣʴʥʦʛʦ ʘʥʘʣʽʟʫ, ʛʣʠʙʦʢʦʛʦ 

ʨʦʟʫʤʽʥʥʷ ʩʧʝʮʠʬʽʢʠ ʾʭʥʴʦʾ ʜʽʷʣʴʥʦʩʪʽ ʪʘ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʫʯʘʩʥʠʭ ʤʝʪʦʜʽʚ ʪʘ ʽʥʩʪʨʫʤʝʥʪʽʚ 

ʫʧʨʘʚʣʽʥʥʷ.  
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ɯʅʌʆʈʄɸʎɯʁʅʆ-ʂʆʄʋʅɯʂɸʎɯʁʅɯ ʊɽʍʅʆʃʆɻɯɰ ʋʇʈɸɺʃɯʅʅʗ 

ʂʆʅʌʃɯʂʊɸʄʀ ɺ ʈʆɿʇʆɼɯʃɽʅʀʍ ɯʊ-ʇʈʆɽʂʊɸʍ 

 

ʊʦʨʙʘ ʊ.ɺ.1, ʌʝʜʦʪʦʚʘ ʅ.ʆ.2 

1ʏʝʨʢʘʩʴʢʠʡ ʜʝʨʞʘʚʥʠʡ ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ, ʏʝʨʢʘʩʠ, ʋʢʨʘʾʥʘ 

2ɿɺʆ çʋʥʽʚʝʨʩʠʪʝʪ ʝʢʦʥʦʤʽʢʠ ʪʘ ʧʨʘʚʘ çʂʈʆʂè2, ʂʠʾʚ, ʋʢʨʘʾʥʘ 

 
ɸʥʦʪʘʮʽʷ. ʋ ʨʦʙʦʪʽ ʘʚʪʦʨʠ ʨʦʟʢʨʠʚʘʶʪʴ ʩʽʤ ʪʠʧʽʚ ʪʦʢʩʠʯʥʠʭ ʩʧʽʚʨʦʙʽʪʥʠʢʽʚ, ʱʦ ʤʦʞʫʪʴ 

ʽʩʥʫʚʘʪʠ ʚ ʢʦʣʝʢʪʠʚʽ ʧʽʜ ʯʘʩ ʚʠʢʦʥʘʥʥʷ ʨʦʟʧʦʜʽʣʝʥʠʭ ɯʊ-ʧʨʦʝʢʪʽʚ, ʘ ʪʘʢʦʞ ʧʨʦʧʦʥʫʶʪʴ ʩʧʦʩʦʙʠ ʽ  

ʤʝʪʦʜʠ ʧʨʦʬʽʣʘʢʪʠʢʠ ʨʦʙʦʯʠʭ ʚʽʜʥʦʩʠʥ. ɺʽʜʤʽʯʘʻʪʴʩʷ, ʱʦ ʪʦʢʩʠʯʥʘ ʧʦʚʝʜʽʥʢʘ ʫ ʩʧʽʚʨʦʙʽʪʥʠʢʽʚ ʤʦʞʝ 

ʚʠʷʚʠʪʠʩʷ ʷʢ ʧʝʨʝʰʢʦʜʘ ʫ ʜʦʩʷʛʥʝʥʥʽ ʫʩʧʽʭʫ ʧʨʦʝʢʪʫ, ʦʩʢʽʣʴʢʠ ʚʦʥʘ ʧʦʨʦʜʞʫʻ ʢʦʥʬʣʽʢʪʠ ʪʘ ʟʥʠʞʫʻ 

ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʢʦʤʘʥʜʠ.  ʆʙˇʨʫʥʪʦʚʘʥʦ, ʱʦ ʢʝʨʽʚʥʠʢʫ ʧʨʦʝʢʪʫ ʥʝʦʙʭʽʜʥʦ ʙʫʪʠ ʦʩʦʙʣʠʚʦ ʫʚʘʞʥʠʤ 

ʜʦ ʮʴʦʛʦ ʷʚʠʱʘ, ʦʩʢʽʣʴʢʠ ʚʦʥʦ ʤʦʞʝ ʩʫʪʪʻʚʦ ʚʧʣʠʥʫʪʠ ʥʘ ʨʝʟʫʣʴʪʘʪʠ ʪʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ʢʦʤʘʥʜʠ. 

ʂʦʥʪʨʦʣʴ ʪʘ ʧʽʜʪʨʠʤʢʘ ʟʜʽʡʩʥʶʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʽʥʬʦʨʤʘʮʽʡʥʦ-ʢʦʤʫʥʽʢʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ, ʷʢʽ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʢʝʨʫʚʘʥʥʷ ʪʘʢʠʤʠ ʩʠʪʫʘʮʽʷʤʠ.  

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʢʨʝʘʪʠʚʥʝ ʫʧʨʘʚʣʽʥʥʷ ʢʦʥʬʣʽʢʪʘʤʠ, ʨʦʟʧʦʜʽʣʝʥʽ ɯʊ-ʧʨʦʝʢʪʠ,  ʪʦʢʩʠʯʥʽ 

ʩʧʽʚʨʦʙʽʪʥʠʢʠ, ʧʨʦʝʢʪʠ, ʢʝʨʽʚʥʠʢ ʧʨʦʝʢʪʫ, ʽʥʬʦʨʤʘʮʽʡʥʦ-ʢʦʤʫʥʽʢʘʮʽʡʥʽ ʪʝʭʥʦʣʦʛʽʾ. 
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Abstract. The author's work reveals seven types of toxic employees that can exist in a team during 

the implementation of distributed IT projects, and also offers ways and methods of preventing working 

relationships. It is noted that the toxic behavior of employees can appear as an obstacle to the success of the 

project, after which it creates conflicts and reduces the productivity of the team. It is justified that the project 

manager needs to be especially important to this phenomenon, after which it can significantly affect the 

result and efficiency of the team. Control and support of creation with the help of information and 

communication technologies used to manage such situations. 

Keywords: creative conflict management, distributed IT-projects, toxic employees, projects, project 

manager, information and communication technologies.  

 

ɺʩʪʫʧ. ɺʽʡʥʘ ʻ ʥʘʜʟʚʠʯʘʡʥʦ ʥʘʧʨʫʞʝʥʠʤ ʧʝʨʽʦʜʦʤ, ʷʢʠʡ ʤʦʞʝ ʩʧʦʥʫʢʘʪʠ ʣʶʜʝʡ ʜʦ 
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ʨʝʘʛʫʚʘʥʥʷ ʥʘ ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ ʪʦʢʩʠʯʥʦʾ ʧʦʚʝʜʽʥʢʠ ʪʘ ʚʠʥʠʢʥʝʥʥʷ ʢʦʥʬʣʽʢʪʫ. ʋ ʢʦʥʪʝʢʩʪʽ 

ʨʦʟʧʦʜʽʣʝʥʠʭ ɯʊ-ʧʨʦʝʢʪʽʚ, ʜʝ ʢʦʤʫʥʽʢʘʮʽʷ ʚʽʜʙʫʚʘʻʪʴʩʷ ʯʝʨʝʟ ʝʣʝʢʪʨʦʥʥʽ ʢʘʥʘʣʠ, ʚʽʜʩʫʪʥʽʩʪʴ 

ʙʝʟʧʦʩʝʨʝʜʥʴʦʛʦ ʢʦʥʪʘʢʪʫ ʤʦʞʝ ʢʦʤʧʝʥʩʫʚʘʪʠʩʷ ʩʫʯʘʩʥʠʤʠ ʽʥʬʦʨʤʘʮʽʡʥʦ-ʢʦʤʫʥʽʢʘʮʽʡʥʠʤʠ 

ʪʝʭʥʦʣʦʛʽʷʤʠ (ɯʂʊ). 

ʄʝʪʘ ʨʦʙʦʪʠ. ʆʧʠʩʘʪʠ ʦʩʥʦʚʥʽ ʪʠʧʠ ʪʦʢʩʠʯʥʦʾ ʧʦʚʝʜʽʥʢʠ ʪʘ ʾʭ ʨʽʟʥʦʚʠʜʠ; ʚʠʟʥʘʯʠʪʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ çʪʦʢʩʠʯʥʠʭè ʣʶʜʝʡ. ɿʘʟʥʘʯʠʪʠ ɯʂʊ, ʟʘ ʜʦʧʦʤʦʛʦʶ ʷʢʠʭ ʙʫʜʝ ʚʠʟʥʘʯʝʥʦ 

ʢʦʥʬʣʽʢʪʠ ʪʘ ʚʠʥʘʡʜʝʥʦ ʩʧʦʩʦʙʠ ʫʧʨʘʚʣʽʥʥʷ ʥʠʤʠ. 

ʆʩʥʦʚʥʘ ʯʘʩʪʠʥʘ.  ʇʝʨʰ ʟʘ ʚʩʝ, ʚʘʞʣʠʚʦ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʪʦʢʩʠʯʥʘ ʧʦʚʝʜʽʥʢʘ ʤʦʞʝ 

ʧʨʠʡʤʘʪʠ ʨʽʟʥʽ ʬʦʨʤʠ, ʪʘʢʽ ʷʢ ʘʛʨʝʩʽʷ, ʤʘʥʽʧʫʣʷʮʽʷ, ʢʦʥʬʣʽʢʪʥʽʩʪʴ, ʥʝʛʘʪʠʚʥʽʩʪʴ ʪʦʱʦ. 

ʊʦʢʩʠʯʥʽ  ʩʪʦʩʫʥʢʠ ʻ ʨʽʟʥʦʚʠʜʦʤ ʣʶʜʩʴʢʠʭ ʚʟʘʻʤʠʥ [1] ʽ ʻ ʜʦʩʪʘʪʥʴʦ ʚʘʛʦʤʦʶ ʩʢʣʘʜʦʚʦʶ 

ʥʘʰʦʛʦ ʩʴʦʛʦʜʝʥʥʷ [2]. 

ʃʶʜʠʥʫ, ʷʢʘ ʧʦʩʪʽʡʥʦ ʩʢʘʨʞʠʪʴʩʷ, ʜʫʞʝ ʣʝʛʢʦ ʟʥʘʡʪʠ, ʪʦʤʫ ʱʦ ʚʦʥʘ ʧʦʩʪʽʡʥʦ ʽ ʟʘʚʞʜʠ 

ʥʝʟʘʜʦʚʦʣʝʥʘ. ɿʘ ʜʦʧʦʤʦʛʦʶ ʩʧʝʮʽʘʣʽʟʦʚʘʥʠʭ ʧʨʦʛʨʘʤ ʘʥʘʣʽʟʫ ʢʦʤʫʥʽʢʘʮʽʡ - ʘʥʘʣʽʟ 

ʝʣʝʢʪʨʦʥʥʦʾ ʧʦʰʪʠ, ʯʘʪ-ʧʦʚʽʜʦʤʣʝʥʴ ʪʘ ʽʥʰʠʭ ʬʦʨʤ ʩʧʽʣʢʫʚʘʥʥʷ - ʤʦʞʣʠʚʦ ʚʠʷʚʠʪʠ ʟʦʥʠ 

ʥʘʧʨʫʛʠ ʪʘ ʟʛʝʥʝʨʫʚʘʪʠ ʦʩʥʦʚʥʽ ʤʝʪʦʜʠ ʚʠʨʽʰʝʥʥʷ ʩʠʪʫʘʮʽʾ,  ʷʢ, ʥʘʧʨʠʢʣʘʜ, ʧʨʠ ʩʧʽʣʢʫʚʘʥʥʽ 

ʟʤʽʥʶʚʘʪʠ ʪʝʤʫ ʨʦʟʤʦʚʠ. ʊʘʢʦʞ ʧʨʦʛʨʘʤʥʠʡ ʜʦʜʘʪʦʢ ʤʦʞʝ ʛʝʥʝʨʫʚʘʪʠ ʛʽʧʦʪʝʟʠ  ʥʝʜʦʣʽʢʽʚ, 

ʷʢʽ ʥʝʦʙʭʽʜʥʦ ʚʠʧʨʘʚʠʪʠ ʤʝʥʝʜʞʝʨʫ ʧʨʦʝʢʪʫ, ʙʘʟʫʶʯʠʩʴ ʥʘ ʧʨʦʚʝʜʝʥʦʤʫ ʘʥʘʣʽʟʽ [3].  

ʑʝ ʦʜʠʥ ʪʠʧ ʪʦʢʩʠʯʥʦʾ ʧʦʚʝʜʽʥʢʠ - ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ ʧʣʽʪʦʢ. ʃʶʜʠʥʘ ʤʦʞʝ 

ʧʦʰʠʨʶʚʘʪʠ ʥʝʧʨʘʚʜʠʚʽ ʬʘʢʪʠ ʧʨʦ ʩʚʦʾʭ ʢʦʣʝʛ, ʯʘʩʪʦ ʧʨʠʢʨʘʰʘʶʯʠ ʜʝʪʘʣʽ.  ʆʩʥʦʚʥʠʤ 

ʧʽʜʭʦʜʦʤ ʚ ʨʦʙʦʪʽ ʟ ʪʘʢʠʤ ʪʠʧʦʤ ʚʽʜʥʦʩʠʥ ʻ ʚʠʩʚʽʪʣʝʥʥʷ ʧʨʘʚʜʠ ʚ ʛʦʣʦʩ ʯʠ ʚʠʩʣʦʚʣʶʚʘʥʥʷ 

ʩʫʤʥʽʚʫ ʟ ʧʨʠʚʦʜʫ ʧʦʯʫʪʦʾ ʥʦʚʠʥʠ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʽʥʩʪʨʫʤʝʥʪʽʚ ʘʥʘʣʽʟʫ ʝʤʦʮʽʡʥʦʛʦ ʩʪʘʥʫ ʚ 

ʪʝʢʩʪʽ (ʩʝʥʪʠʤʝʥʪ-ʘʥʘʣʽʟ) ʤʦʞʝ ʜʦʧʦʤʦʛʪʠ ʚʠʷʚʠʪʠ ʪʘ ʨʝʘʛʫʚʘʪʠ ʥʘ ʚʠʱʝʟʘʟʥʘʯʝʥʽ ʧʨʦʷʚʠ, 

ʱʦ ʤʦʞʫʪʴ ʧʨʠʟʚʝʩʪʠ ʜʦ ʢʦʥʬʣʽʢʪʽʚ. 

ʑʦʜʦ ʩʢʝʧʪʠʯʥʦʛʦ ʧʽʜʭʦʜʫ ʚ ʪʦʢʩʠʯʥʠʭ ʚʽʜʥʦʩʠʥʘʭ, ʪʦ ʡʦʛʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʚ ʜʚʦʭ 

ʥʘʧʨʷʤʢʘʭ. ʇʝʨʰʠʡ ʧʽʜʭʽʜ ʩʧʠʨʘʻʪʴʩʷ ʥʘ ʟʘʛʘʣʴʥʫ ʥʝʟʛʦʜʫ ʽʟ ʟʘʧʨʦʧʦʥʦʚʘʥʠʤʠ ʽʜʝʷʤʠ ʚ 

ʢʦʤʘʥʜʽ, ʧʨʠ ʮʴʦʤʫ, ʥʝ ʤʘʶʯʠ ʜʦʢʘʟʽʚ, ʪʽʣʴʢʠ ʝʤʦʮʽʾ ʪʘ ʚʣʘʩʥʠʡ ʜʦʩʚʽʜ. ɯʥʰʠʡ ʥʘʧʨʷʤʦʢ - ʮʝ  

ʚʠʩʣʦʚʣʶʚʘʥʥʷ ʩʫʤʥʽʚʽʚ, ʷʢʽ, ʥʽʙʠʪʦ, ʧʦʚʠʥʥʽ ʟʘʭʠʩʪʠʪʠ ʢʦʤʘʥʜʫ ʚʽʜ ʥʝʛʘʪʠʚʥʦʾ ʩʠʪʫʘʮʽʾ, ʱʦ 

ʤʦʞʝ ʚʽʜʙʫʪʠʩʷ ʚ ʤʘʡʙʫʪʥʴʦʤʫ, ʥʘʚʽʪʴ ʷʢʱʦ ʮʷ ʩʠʪʫʘʮʽʷ ʻ ʛʘʨʥʦʶ ʤʦʞʣʠʚʽʩʪʶ ʜʣʷ ʢʦʤʘʥʜʠ. 

ɼʣʷ ʩʧʨʦʱʝʥʥʷ ʚʟʘʻʤʦʜʽʾ ʚ ʪʘʢʠʭ ʚʠʧʘʜʢʘʭ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʝʣʝʢʪʨʦʥʥʽ ʟʘʩʦʙʠ ʤʝʜʽʘʮʽʾ ʪʘ 

ʢʦʥʬʣʽʢʪ-ʨʝʟʦʣʶʮʽʾ, ʷʢʽ ʜʦʧʦʤʦʞʫʪʴ ʟʥʠʟʠʪʠ ʥʝʛʘʪʠʚʥʠʡ ʧʨʦʷʚ ʦʩʦʙʠʩʪʦʩʪʽ ʥʘ ʨʽʟʥʠʭ ʝʪʘʧʘʭ.  

ɻʘʟʣʘʡʪʠʥʛ ï ʮʝ ʬʦʨʤʘ ʧʩʠʭʦʣʦʛʽʯʥʦʛʦ ʥʘʩʠʣʣʷ, ʢʦʣʠ ʘʙôʁ ʟʝʨ ʥʘʤʘʛʘʻʪʴʩʷ ʧʝʨʝʢʦʥʘʪʠ 

ʞʝʨʪʚʫ ʚ ʪʦʤʫ, ʱʦ ʚʦʥʘ ʧʦʚʦʜʠʪʴ ʩʝʙʝ ʥʝʧʨʘʚʠʣʴʥʦ, ʟʤʫʰʫʻ ʩʫʤʥʽʚʘʪʠʩʷ ʫ ʩʚʦʾʭ ʜʽʷʭ [4]. 

ʂʝʨʽʚʥʠʢʫ ʧʨʦʝʢʪʫ ʥʝʦʙʭʽʜʥʦ ʩʧʨʠʷʪʠ ʟʤʽʮʥʝʥʥʶ ʩʦʮʽʘʣʴʥʠʭ ʟʚôʷʟʢʽʚ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʚʥʫʪʨʽʰʥʽʭ ʙʣʦʛʽʚ ʪʘ ʬʦʨʫʤʽʚ, ʩʧʽʣʴʥʠʭ ʦʥʣʘʡʥ-ʽʛʦʨ ʪʘ ʚʥʫʪʨʽʰʥʽʭ ʩʦʮʽʘʣʴʥʠʭ ʤʝʨʝʞ. 

  ɺʠʢʨʘʜʘʯ ʤʦʞʝ ʟʨʦʙʠʪʠ ʪʘʢ, ʱʦʙ ʢʦʤʘʥʜʥʽ ʚʠʛʨʘʰʽ ʯʠ ʟʜʦʙʫʪʢʠ ʽʥʰʠʭ ʯʣʝʥʽʚ ʢʦʤʘʥʜʠ 

ʟʜʘʚʘʣʠʩʷ ʡʦʛʦ ʚʣʘʩʥʠʤʠ ʧʽʜ ʯʘʩ ʨʦʟʤʦʚʠ ʟ ʚʠʩʦʢʦʧʦʩʪʘʚʣʝʥʠʤʠ ʣʶʜʴʤʠ, ʚʽʜʢʨʠʪʦ ʯʠ ʟʘ 

ʟʘʢʨʠʪʠʤʠ ʜʚʝʨʠʤʘ. ʆʥʣʘʡʥ-ʧʣʘʪʬʦʨʤʠ ʜʣʷ ʚʟʘʻʤʦʜʽʾ ʪʘ ʩʧʽʚʧʨʘʮʽ ʧʽʜʚʠʱʘʪʴ ʚʠʜʠʤʽʩʪʴ 

ʢʦʞʥʦʛʦ ʯʣʝʥʘ ʢʦʤʘʥʜʠ ʪʘ ʚʽʟʫʘʣʽʟʫʶʪʴ ʚʥʝʩʦʢ ʢʦʞʥʦʛʦ ʚ ʟʘʛʘʣʴʥʫ ʩʧʨʘʚʫ.  

ʇʝʨʝʤʦʚʥʠʢ ï ʮʝ ʯʣʝʥ ʢʦʤʘʥʜʠ, ʷʢʠʡ ʥʽʙʠ ʚʠʩʤʦʢʪʫʻ ʚʝʩʴ ʢʠʩʝʥʴ ʽʟ ʢʽʤʥʘʪʠ, ʚʝʩʴ ʯʘʩ 

ʨʦʟʤʦʚʣʷʶʯʠ, ʟʘʣʠʰʘʶʯʠ ʤʘʣʦ ʤʽʩʮʷ ʜʣʷ ʽʥʰʠʭ, ʱʦ ʧʝʨʝʰʢʦʜʞʘʻ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʪʘ 

ʟʛʫʨʪʦʚʘʥʦʩʪʽ ʢʦʤʘʥʜʠ, ʦʩʦʙʣʠʚʦ ʪʽʻʾ, ʷʢʘ ʧʨʘʮʶʻ ʚʽʜʜʘʣʝʥʦ. ɿʘ ʜʦʧʦʤʦʛʦʶ ʛʨʘʬʽʢʽʚ ʪʘ 

ʦʙʤʝʞʝʥʥʷ ʯʘʩʫ ʥʘ ʟʫʩʪʨʽʯʽ ʟʤʝʥʰʠʪʴʩʷ ʤʦʞʣʠʚʽʩʪʴ ʜʦʤʽʥʫʚʘʥʥʷ ʦʜʥʦʛʦ ʯʣʝʥʘ ʢʦʤʘʥʜʘ ʥʘʜ 

ʽʥʰʠʤʠ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʦʥʣʘʡʥ-ʦʧʠʪʫʚʘʥʴ ʘʙʦ ʘʥʦʥʽʤʥʠʭ ʬʦʨʤ ʟʙʦʨʫ ʬʽʜʙʝʢʫ ʤʦʞʝ 

ʜʦʧʦʤʦʛʪʠ ʚʠʷʚʠʪʠ ʧʨʦʙʣʝʤʥʠʭ ʫʯʘʩʥʠʢʽʚ ʪʘ ʥʝʜʦʣʽʢʠ ʢʦʤʫʥʽʢʘʮʽʾ ʙʝʟ ʧʨʷʤʦʛʦ 

ʢʦʥʬʨʦʥʪʘʮʽʡʥʦʛʦ ʩʧʽʣʢʫʚʘʥʥʷ. 

ʇʘʨʘʥʦʾʜʘʣʴʥʠʡ ʚʠʢʦʥʘʚʝʮʴ - ʮʝ ʣʶʜʠʥʘ, ʷʢʘ ʟʘʚʞʜʠ ʚʽʜʯʫʚʘʻ ʩʝʙʝ ʚ ʥʝʙʝʟʧʝʮʽ ʪʘ 

ʚʚʘʞʘʻ, ʱʦ ʡʦʛʦ ʟʚʽʣʴʥʠʣʠ ʘʙʦ ʟ ʥʠʤ ʩʪʘʥʝʪʴʩʷ ʱʦʩʴ ʧʨʠʢʨʝ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʩʠʩʪʝʤ 

ʫʧʨʘʚʣʽʥʥʷ ʧʨʦʝʢʪʘʤʠ ʟ ʤʦʞʣʠʚʽʩʪʶ ʚʽʜʩʪʝʞʝʥʥʷ ʟʘʚʜʘʥʴ ʪʘ ʧʨʦʛʨʝʩʫ ʩʧʨʠʷʻ ʫʥʠʢʥʝʥʥʶ 

ʢʦʥʬʣʽʢʪʽʚ, ʧʦʚ'ʷʟʘʥʠʭ ʟ ʥʝʜʦʫʩʧʽʰʥʠʤ ʚʠʢʦʥʘʥʥʷʤ ʟʘʚʜʘʥʴ ʘʙʦ ʥʝʜʦʧʫʱʝʥʥʷʤ ʜʦ 

ʚʽʜʧʦʚʽʜʘʣʴʥʦʩʪʽ. 

ɺʠʩʥʦʚʢʠ. ʊʦʢʩʠʯʥʽ ʩʧʽʚʨʦʙʽʪʥʠʢʠ ʤʦʞʫʪʴ ʩʪʘʪʠ ʩʝʨʡʦʟʥʦʶ ʧʝʨʝʰʢʦʜʦʶ ʜʣʷ 

ʫʩʧʽʰʥʦʛʦ ʚʠʢʦʥʘʥʥʷ ʨʦʟʧʦʜʽʣʝʥʠʭ ɯʊ-ʧʨʦʝʢʪʽʚ. ɰʭʥʷ ʥʝʛʘʪʠʚʥʘ ʧʦʚʝʜʽʥʢʘ ʤʦʞʝ 
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ʧʦʨʦʜʞʫʚʘʪʠ ʢʦʥʬʣʽʢʪʠ, ʟʥʠʞʫʚʘʪʠ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʪʘ ʟʘʛʨʦʞʫʚʘʪʠ ʫʩʧʽʰʥʦʤʫ ʟʘʚʝʨʰʝʥʥʶ 

ʧʨʦʝʢʪʫ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʩʫʯʘʩʥʠʭ ɯʂʊ ʫ ʢʝʨʫʚʘʥʥʽ ʢʦʥʬʣʽʢʪʘʤʠ ʚ ʨʦʟʧʦʜʽʣʝʥʠʭ 

ɯʊ-ʧʨʦʝʢʪʘʭ ʛʨʘʻ ʢʣʶʯʦʚʫ ʨʦʣʴ ʚ ʟʘʧʦʙʽʛʘʥʥʽ ʪʘ ʚʠʨʽʰʝʥʥʽ ʢʦʥʬʣʽʢʪʽʚ, ʫʩʫʚʘʶʯʠ ʣʶʜʩʴʢʠʡ 

ʬʘʢʪʦʨ ʟ ʛʨʫʧʠ ʨʠʟʠʢʫ. 
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Abstract. The aim of investigation is to analyze the possibility of artificial intelligence (AI) to help 

overcome the number of obstacles and improve the quality of teaching and the achievement of the final result 

by measuring the content of the lecture material on the one hand and by measuring its digestibility on the 

other hand. Simultaneously, metrology is involved in collection and processing of information being the 

foundation stone of cyber-physical systems as the base of Industry 4.0. Here, Metrology 4.0 is continuously 

developed mainly in multifactorial measurements with quality and risk assessments of products and services. 

So, the role of measurement technologies is permanently growing and AI implementation becomes necessary 

which is studies in current issue. 

Keywords: Soft metrology, expert assessment, artificial intelligence, content measurement. 

 

Introduction . Artificial intelligence is revolutionizing content measurement by automating 

and simplifying the process of data analysis and interpretation, which is especially important for the 

operation of objects of critical infrastructure. One way to revolutionize content measurement is 

through the use of machine learning algorithms. These algorithms can analyze vast amounts of data 

to discover patterns and trends that would be impossible for humans to identify on their own. That 

is, in contrast to the traditional use of AI in purely linguistic (texts description) or economic (to 

promote the companyôs products) categories, here we are entering the field of education ï first of 

all, training teachers with material for teaching and later training students with material for 

perception, assessment of the level of their assimilation of the material and finally to the analysis 

of the results of assimilation and changing the emphasis and concepts of teaching. Here you can 

rely on ChartGPt or Jasper AI [1-5]. 

The purpose of the work. The current issue studies peculiarities of the artificial intelligence 

implementation for quality assessment of production and services. 

Formulation of the problem. Application of artificial intelligence substantial depends of 

pre-accepted as working algorithms of research, i.e. from the preliminary expert assessment of the 

state and methodology of the approach to the task and its solution. Dissimilar studies try to consider 

particular approaches basing on specific algorithms as well as different kinds of AI. Letôs consider 

them based on various tasks of scientific-applied and educational-methodical plans. 

Solving the problem. There are several different types of AI used to measure content, each 

with its own strengths and advantages. One type of AI used to measure content is machine learning. 

It is AI-subset that involves training algorithms to examine data and make predictions based on that 

data. In content measurement, machine learning algorithms can be used to analyze vast amounts of 

data to identify patterns and trends. Here, follows the next IT problem - it is the problem of obtaining 

reliable data from sensors, that is, the problem of the lower levels of the Cyber-Physical Systems, 

which provide input reliable information to the higher layers, which already process it.  

A) For example, the course "Fundamentals of thermometry" involves the study of non-contact 

means such as an IR thermometer. This is a quality-type device, the readings of which depend on a 

significant number of factors, often not controlled and not measured. Among them are such factors 

as the blackness coefficient of the measured surface, which is unknown a priori, the temperature 

distribution over the area of the controlled surface, and the physical parameters of the surface itself. 

The involvement of AI for the analysis of data sets can have a tangible and visible effect [6]. 

B) The subject "Qualimetry" seems to be the most promising, which is based on the study of 

special approaches to the assessment of quality parameters [7, 8], with the aim of characterizing 
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objects (goods, services, etc.). It is precisely by this founding provision we become closer to 

involving AI in measuring the content of information. 

The research subject of soft metrology [9] belongs to the field of interdisciplinary science 

aimed at supporting the development of new methods and research methods for measuring complex 

phenomena that depend on human perception and/or interpretation. This includes, for example, 

measurements relating to the perception of attributes of products and services, such as quality or 

desirability, or the quantification of social parameters, such as safety and well-being, etc. 

C) Neural networks can be considered another slightly different field of involvement of AI. 

Students and teachers need to update knowledge and skills to stay abreast of the technological 

trends. Game methods have gained popularity in the field of education due to their high efficiency 

and ability to encourage active participation. Use of visualized simulations of light interference 

phenomena can significantly facilitate the process of assimilation of complex concepts and laws. 

Instead of reading texts, students can observe actions in real time, conduct experiments, and gain 

first-hand experience that contributes to a deeper understanding of the interferometry [10]. On the 

basis of a program Duolingo for learning English [8], an program for interferometric metrology has 

been developed. 

D) Biometrics. The last is a technology for access control in different fields, from smartphones 

and automotive, to healthcare, e-commerce, security and military. The idea of the study is to check 

whether ECG signal is sustainable as a biometrics marker. Trick commonly used in machine 

learning help to improve classification performance [11]. 

Conclusion. To reach progress in the most complicated areas of research and education as 

well as production, an artificial intelligence seems to be indispensable. AI implementation is 

necessary for quality assessment of production and services since measuring the content needs the 

development of soft metrology with its permanently improved algorithm which is based on 

preliminary expert assessment of the problem and methodology of the approach to solving the task.  
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Abstract. The aim of investigation is to analyze a method of improving the efficiency of image 

classification systems by combining convolutional neural networks with different architectures in an 

ensemble of neural networks. For testing, the Cifar100 dataset was used, and to speed up the development 

process, the models were not trained from scratch but used as feature vector extractors, i.e., one of the so-

called Transfer Learning types was applied, namely, Feature extraction. 

Keywords: Artificial Intelligence, Deep Learning, Machine Learning, Convolutional Neural Network, 

Transfer Learning, Feature extraction. 

 

Introduction . The object recognition task is quite relevant, and in fact, one of the most 

common in machine learning. In practice, the problem looks like this: there is a certain set of images 

that are distributed into known classes according to some features, for example, the class of cats, 

the class of dogs, etc.; there is also another set of images whose belonging to a certain class is 

unknown to us, so we need an algorithm that will determine which class a particular image belongs 

to. Problems of this kind are called discrete analysis problems in mathematical statistics. Quite 

often, image classification tasks are called pattern recognition tasks. 

When machine learning is used to solve this type of problem, artificial neural network 

methods are usually applied. In classification tasks, the supervised learning approach is most often 

used. 

When using the supervised learning approach to train a neural network for image 

classification, it is assumed that for each object that is passed to the neural network for training, 

there is a correct output that this network should produce. That is, the training data is a set of object-

correct answer pairs, or, in other words, the input and corresponding output vectors (image and class 

number to which it belongs). 

However, for many image classification tasks, simply using artificial neural networks is not 

enough, and researchers are looking for ways to improve the quality of classification. One of these 

ways is to combine several neural networks into an ensemble and then use it for classification. 

This work investigates the possibility of improving classification results by using ensembles 

of neural networks. 

The purpose of the work. The study aims to analyze the impact of using ensemble methods 

on the quality of image recognition and classification using artificial neural networks. 

Formulation of the problem. To conduct the study, it is necessary to choose 3 architectures 

of artificial neural networks and ways to combine them into an ensemble of neural networks. For 

each of the options, it is necessary to implement test programs and analyze the quality of image 

recognition and classification from the selected image set. Compare the results and draw 

conclusions. 

Solving the problem. In total, the work resulted in 6 algorithms for assessing whether an 

image belongs to one of 100 classes, according to the Cifar100 dataset. The following algorithms 

were used in the development process: 

https://science.lpnu.ua/jeecs/all-volumes-and-issues/volume-9-number-2-2023
https://doi.org/10.23939/jeecs2023.02.131
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1. Classifier based on the MobileNetV3Large neural network. 

2. Classifier based on the InceptionV3 neural network. 

3. Classifier based on the ResNet50V2 neural network. 

4. ʉlassifier based on an ensemble of neural networks created by the bagging method using 

ResNet50V2 feature vectors. 

5. ʉlassifier based on an ensemble of neural networks created by stacking, using the outputs 
from the first three classifiers as inputs, using simple averaging instead of a meta-

algorithm. 

6. ʉlassifier based on an ensemble of neural networks created by stacking, using the outputs 

from the first three classifiers as inputs to a meta-algorithm based on a fully connected 

neural network. 

The first version of the classifier is the one obtained by saving the weighting coefficients at 

the time of the last epoch of neural network training. Among simple individual classifiers, the first 

variant of the weights, for the considered image classification task, the best results are demonstrated 

by the classifier trained on the feature vectors obtained from the extractor based on ResNet50V2. 

The second version of the weights was obtained by saving the state of the classifier that 

showed the lowest Loss value on the validation part (5000 samples). Among the other options for 

weights of simple individual classifiers, the classifier trained on the feature vectors obtained from 

the MobileNetV3Large-based extractor performs best in this task. 

The third version of the scales was obtained by saving the state of the classifier that showed 

the highest accuracy value on the validation part (5000 samples). Among the simple individual 

classifiers, the classifier trained on the feature vectors obtained from the ResNet50V2-based 

extractor is again the best performer in this task. Based on these results, we can draw a general 

conclusion that under our conditions, when it is necessary to use a certain model as a feature vector 

extractor for classifying images of very small size, 32x32px, which are scaled to the corresponding 

input for each model, the best performing feature vector extractor is ResNet50V2 with an input 

dimension of 224x224, and the worst performing is InceptionV3 with a dimension of 299x299. 

Using different methods based on bagging [1] and stacking [2], 3 variants of neural network 

ensembles [3] were obtained: 

1. An ensemble built on the basis of the bagging method, which used extractors based on 

ResNet50V2 feature vectors. 

2. An ensemble built by the stacking method, in which the meta-algorithm is a simple 

averaging of responses from classifiers of individual models based on MobileNetV3Large, 

InceptionV3, and ResNet50V2. 

3. An ensemble built by the stacking method, in which a simple fully connected neural 

network acts as a meta-algorithm, which also accepts the responses of classifiers of 

individual models based on MobileNetV3Large, InceptionV3, and ResNet50V2 as input. 

Analyzing the final results, a number of conclusions were drawn. 

Conclusion. The main results of this investigation are as follows. 

We trained and developed 6 systems for image classification using various methods from the 

Cifar100 dataset, which can make it possible to draw a truly reliable conclusion about the image's 

belonging to a particular class of this dataset. 

The efficiency of the obtained ensembles was evaluated in comparison with individual neural 

networks. As a result, it was found that the stacking method for creating ensembles of neural 

networks proved to be the best in the chosen task. Its result was 93.14% and 93.34%, respectively, 

for the averaging and neural network taken as meta-algorithms on the full dataset (60,000 samples). 

For comparison, the worst result was demonstrated by a separate InceptionV3 model - 85.81%, 

followed by: 1) the bagging method for creating ensembles of neural networks - 88.11%; 2) a 

separate model MobileNetV3Large - 89.28%; 3) a separate model ResNet50V2 - 90.74%, on the 

same full dataset of 60,000 samples. It is highly likely that in most similar classification tasks, and 

not only stacking, the stacking method will demonstrate similarly high results. 
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Based on these systems, a software product was developed that allows for a fairly efficient 

classification of images according to the cifar100 dataset. 
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Abstract. Screening research papers for inclusion in a literature review is a time-consuming manual 

process. We explore automating this process using OpenAIôs GPT-3.5 Turbo large language model (LLM). 

Given text prompts specifying the inclusion/exclusion criteria, the LLM evaluated the abstract of each paper. 

It is classified into one of four categories: meeting both criteria, violating the first criteria, violating the 

second criteria, or violating both criteria. Our Python code interfaced with the OpenAI API to pass paper 

abstracts as prompts to the LLM. For 347 papers, the LLM flagged 173 as meeting the criteria, with 3 

additional papers included after accounting for missing abstracts, yielding 176 papers selected for full-text 

retrieval. A manual review of a sample suggested reasonable accuracy. While further validation is needed, 

this demonstrates LLMsô potential for accelerating systematic literature reviews. 

Keywords: large language models, GPT-3, literature review, automation, screening, inclusion criteria. 

 

Introduction . Conducting a systematic literature review involves screening many research 

papers to identify those meeting specified inclusion criteria. This manual process is extremely time-

consuming and labour-intensive [1]. Recent advances in large language models (LLMs) have 

demonstrated their capability to understand and reason about natural language [2]. We explore 

leveraging OpenAIôs GPT-3.5 Turbo LLM to automate literature screening based on predefined 

inclusion/exclusion criteria. 

The goal of the work  is to explore methods for automating key stages of the systematic 

literature review process using advanced natural language processing capabilities. Conducting a 

comprehensive systematic review involves many laborious and time-intensive steps, including: 

1. Defining the review scope and inclusion/exclusion criteria. 

2. Searching academic databases to identify potentially relevant studies. 

3. Screening the titles, abstracts, and full texts to determine which studies meet the criteria. 

4. Extracting data from the included studies. 

5. Synthesising and analysing the extracted information. 

Each of these steps is currently performed primarily through manual human effort. Our work 

uses recent advances in LLMs and other AI/NLP techniques to automatically or semi-automatically 

perform as many steps as possible. This can drastically reduce the researcher's time and effort for 

systematic reviews. 

Formulation of the problem. The specific problem we tackle in this paper is automating the 

screening stage (step 3 above) by using an LLM to evaluate study abstracts against predefined 
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inclusion/exclusion criteria. This screening stage is a critical bottleneck, requiring reviewing 

thousands of abstracts individually. 

Formally, given: 

ï A database of N research papers/studies represented by their abstracts {A1, A2, ..., AN}  

ï Inclusion criteria C1, C2, ..., Cm 

ï Exclusion criteria E1, E2, ..., En 

We want a model M that can take each abstract Ai and criteria {C1...Cm, E1...En} as input and 

output a label Li indicating if the study meets the criteria or not: 

M(Ai, {C1...Cm, E1...En}) = Li, 

where Li can take on one of k values: 

ï Meets all inclusion criteria and no exclusion criteria 

ï Violates inclusion criteria Cj 

ï Violates exclusion criteria Ek 

ï Violates some inclusion and exclusion criteria 

We hypothesise that large language models pre-trained on vast text corpora can effectively 

perform this classification by understanding the semantic meaning of the abstracts and criteria. 

Solving the problem. We implemented a Python script using the OpenAI API to interface 

with the GPT-3.5 Turbo LLM. The script reads a set of 347 papers with their abstracts, paper IDs, 

and the two inclusion criteria: 

C1: Publication focuses on teacher training or professional development in AI-powered 

personalized learning 

C2: Population is students in teacher training programs or teachers 

For each paper, the abstract text was provided as a prompt to the LLM along with instructions 

to analyze whether the criteria were met, violated, or if there was not enough information. The LLM 

response classified each paper into one of four categories: meeting both criteria (ñ1 1ò), violating 

criteria C1 (ñ0 1ò), violating criteria C2 (ñ1 0ò), or violating both criteria (ñ0 0ò). 

The LLM classified 173 out of 347 papers as meeting both inclusion criteria. Additionally, 3 

papers were incorrectly identified as excluded due to the absence of abstracts in the data source, for 

a total of 176 papers selected for full-text retrieval after accounting for this error (table 1). 

Table 1 

Results of screening using LLM 
Screening results Number of papers 

Excluded by violation of criteria C1 44 

Excluded by violation of criteria C2 109 

Excluded by violation of both criteria 21 

Included 176 

We manually reviewed a random sample of 50 papers across all four categories to evaluate 

the accuracy. For papers meeting the criteria, the accuracy was 84%. More false negatives (16%) 

were observed than false positives (4%). 

Conclusions. Several limitations of this study should be noted. First, the criteria statements 

were relatively simple semantic criteria about the research focus and population. More complex 

criteria involving research design, intervention details, statistical analyses, etc., may challenge the 

current LLM capabilities. However, performance could be improved through prompt engineering 

or finetuning the model on systematic review data. Additionally, we did not extensively evaluate 

the LLMôs performance across different research domains. The model was given the 

inclusion/exclusion criteria as prompts without domain-specific training. Customising or finetuning 

the LLM for each research field may boost effectiveness. Despite these limitations, this proof-of-

concept study highlights the immense potential of leveraging advanced AI language models to 

accelerate evidence synthesis work. As language models advance rapidly, they will likely play an 

increasingly prominent role in streamlining systematic reviews and other critical research activities. 

Promising directions include using LLMs for other systematic review stages like full-text 

screening, data extraction from studies, analysing the risk of bias and even intelligently synthesising 
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findings across studies. Exploring how LLMs can semi-automate the systematic review process in 

a robust, validated pipeline is an exciting area for future research with profound implications for 

accelerating scientific discovery and evidence-based decision-making. 
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Abstract. The aim of investigation is to analyze modern autonomous open source LLMs and design 

application that would automate by paragraph text highlights generation for scientific articles. The objective 

of the study is to design and implement console application that will help its potential users to speed up 

references analysis. The object is open source LLMs suitable for the task mentioned above. The subject is 

the design of the application. The study used specific requirements for highlights generation based on 

Whitesideôs method [1] and autonomous AI systems design methods. The research is a qualitative research 

method to determine the best way and LLM to generate highlights for scientific articles individual 

paragraphs. 

Keywords: LLM, AI, automation, meta-analysis 

 

Introduction . Some research topics are getting too popular for classic scientific overview 

creation, good example is broad topic of artificial intelligence [2]. The scientist has to analyze each 

source individually which takes a lot of time regardless used techniques [1]. Modern large-scale 

language models, such as GPT-4, according to recent publications, show impressive results in the 

context of generating text and materials for publications [3]. But publicly available systems such as 

GPT-4 brings multiple limitations to its usage so getting similar result using autonomous open 

source LLM without need of access to global network is a relevant problem to solve. 

The purpose of the work. Implement the console application that will generate highlights 

for individual paragraphs of parsed article to easy its initial analysis by scientist who can potentially 

use it as reference.  

Formulation of the problem. Writing a high-quality scientific article involves analyzing the 

key ideas of publications that are relevant to the research topic. But some topics, due to a 

combination of economic and social factors, are of particular interest to scholars, leading to a large 

number of publications that are difficult to analyze using standard methods.  

The stage of work that takes the most time is the actual analysis of individual paragraphs of 

the article, the way of summarizing each individual paragraph in such a way as to describe the 

essence, omitting details that are not important in the context of the study. 

Solving the problem. Build an autonomous system in the format of a console application that 

would use only a researcher's low-powered personal computer to parse articles for generation of 

text highlights of each individual paragraph of the article to analyze. 

According to recent studies, autonomous language models of the LLAMA architecture show 

some of the best results in the field of text analysis. [4]. Different latest publicly available version 

of such models, can be used to solve the problem and find optimal compromise between accuracy 

and the required CPU, RAM, and storage device resources on end user side.  
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The prototype of such application was developed, which allows us to perform the described 

analysis. It is worth noting that an outdated HP EliteBook 840 G3[5] was used for the launch, at the 

limit of its technical limitations in the context of available CPU, RAM, and SSD storage. Even this 

was enough for successful run that generated highlights for 2 pages of selected paragraphs in 3 

minutes. 

 
Fig. 1. Simplified architecture of the developed prototype 

Conclusion. The automation of generating summaries of selected articles paragraphs is 

relevant problem in the preparation of scientific publications on popular topics, as it can speed up 

the process of filtering relevant articles by a reviewer.  

The developed prototype clearly demonstrated the prospects of using autonomous LLM 

models to develop appropriate systems that can significantly help researchers in filtering materials. 

Further investigation and development can be helpful in mentioned problem resolution. 
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ʇʃɸʊʌʆʈʄʀ ANDROID  
 

ɹʫʨʜʘʻʚ ɺ.ʇ. 

ɯʥʩʪʠʪʫʪ ʢʦʤʧ'ʶʪʝʨʥʠʭ ʥʘʫʢ ʪʘ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʅʘʮʽʦʥʘʣʴʥʦʛʦ ʪʝʭʥʽʯʥʦʛʦ 

ʫʥʽʚʝʨʩʠʪʝʪʫ çʍʘʨʢʽʚʩʴʢʠʡ ʧʦʣʽʪʝʭʥʽʯʥʠʡ ʽʥʩʪʠʪʫʪè,  ʍʘʨʢʽʚ, ʋʢʨʘʾʥʘ 
 

ɸʥʦʪʘʮʽʷ. ʋ ʨʦʙʦʪʽ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʢʽʣʴʢʘ ʦʩʦʙʣʠʚʦʩʪʝʡ ʨʦʟʨʦʙʢʠ ʽʥʪʝʣʝʢʪʫʘʣʴʥʠʭ ʩʠʩʪʝʤ ʜʣʷ 

ʧʣʘʪʬʦʨʤʠ Android. ɸʥʘʣʽʟʫʻʪʴʩʷ ʨʽʟʥʠʮʷ ʤʽʞ ʨʦʟʨʦʙʢʦʶ ʽʥʪʝʣʝʢʪʫʘʣʴʥʠʭ ʩʠʩʪʝʤ ʜʣʷ ʧʣʘʪʬʦʨʤʠ 

Android ʪʘ ʜʣʷ ʯʘʪ-ʙʦʪʽʚ ʊʝʣʝʛʨʘʤ. ɼʣʷ ʧʣʘʪʬʦʨʤʠ Android ʨʦʟʨʦʙʣʝʥʽ ʜʦʜʘʪʢʠ, ʷʢʽ ʜʦʩʪʫʧʥʽ ʚ Google 

Play: ʜʣʷ ʤʝʜʠʯʥʦʾ ʧʨʝʜʤʝʪʥʦʾ ʦʙʣʘʩʪʽ ES_RFCHD, ES_MI, ES_DBT, ES_HEPATITIS, ʘ ʪʘʢʦʞ ʜʣʷ 

ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ES_IT. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʽʥʪʝʣʝʢʪʫʘʣʴʥʽ ʩʠʩʪʝʤʠ, ʣʦʛʽʯʥʠʡ ʚʠʩʥʦʚʦʢ, ʯʘʪ-ʙʦʪʠ ʊʝʣʝʛʨʘʤ, ʤʦʙʽʣʴʥʠʡ 

ʜʦʜʘʪʦʢ, ʧʣʘʪʬʦʨʤʘ Android. 
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ɺʩʪʫʧ. ɯʥʪʝʣʝʢʪʫʘʣʴʥʽ ʘʙʦ ʝʢʩʧʝʨʪʥʽ ʩʠʩʪʝʤʠ ʻ ʦʜʥʠʤʠ ʟ ʧʝʨʰʠʭ ʫʩʧʽʭʽʚ ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʰʪʫʯʥʦʛʦ ʽʥʪʝʣʝʢʪʫ [1]. ʇʨʠ ʤʦʜʝʣʶʚʘʥʥʽ ʩʢʣʘʜʥʠʭ ʩʠʩʪʝʤ ʽʟ ʚʝʣʠʢʦʶ ʢʽʣʴʢʽʩʪʶ ʘʪʨʠʙʫʪʽʚ 

ʙʘʟʠ ʟʥʘʥʴ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʪʘʢ ʟʚʘʥʽ ʽʥʪʝʣʝʢʪʫʘʣʴʥʽ ʩʠʩʪʝʤʠ ʙʘʟ ʧʨʘʚʠʣ ʧʝʨʝʢʦʥʘʥʴ. ɺʦʥʠ 

ʧʨʠʟʥʘʯʝʥʽ ʜʣʷ ʪʦʛʦ, ʱʦʙ ʜʦʧʦʤʦʛʪʠ ʢʦʨʠʩʪʫʚʘʯʝʚʽ ʧʨʠʡʤʘʪʠ ʨʽʰʝʥʥʷ ʫ ʥʝʬʦʨʤʘʣʴʥʠʭ 

ʜʦʤʝʥʘʭ. ʆʩʥʦʚʥʠʤʠ ʤʦʜʫʣʷʤʠ ʪʘʢʠʭ ʩʠʩʪʝʤ ʻ ʙʘʟʘ ʟʥʘʥʴ ʪʘ ʤʝʭʘʥʽʟʤ ʚʠʩʥʦʚʢʫ, ʱʦ ʜʘʻ 

ʧʝʨʝʚʘʛʠ ʧʝʨʝʜ ʥʝʡʨʦʥʥʠʤʠ ʤʝʨʝʞʘʤʠ, ʦʩʢʽʣʴʢʠ ʜʦʟʚʦʣʷʻ ʦʪʨʠʤʘʪʠ ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʪʘ 

ʘʨʛʫʤʝʥʪʘʮʽʶ ʧʨʠʡʥʷʪʦʛʦ ʨʽʰʝʥʥʷ ʤʝʭʘʥʽʟʤʦʤ ʚʠʩʥʦʚʢʫ. ʊʨʘʜʠʮʽʡʥʠʤʠ ʟʘʩʦʙʘʤʠ ʨʝʘʣʽʟʘʮʽʾ 

ʤʝʭʘʥʽʟʤʫ ʚʠʩʥʦʚʢʫ ʻ ʟʚʦʨʦʪʥʽ, ʧʨʷʤʽ, ʟʤʽʰʘʥʽ, ʙʘʡʻʩʦʚʩʴʢʽ ʣʘʥʮʶʞʢʠ ʤʽʨʢʫʚʘʥʴ ʪʘ 

ʩʪʨʫʢʪʫʨʠ ʧʝʨʝʢʦʥʘʥʴ. ʏʝʨʝʟ ʘʩʠʥʭʨʦʥʥʠʡ ʭʘʨʘʢʪʝʨ ʦʧʝʨʘʮʽʡʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ Android 

ʘʣʛʦʨʠʪʤ ʤʝʭʘʥʽʟʤʫ ʚʠʩʥʦʚʢʫ ʽʥʪʝʣʝʢʪʫʘʣʴʥʦʛʦ ʤʦʙʽʣʴʥʦʛʦ ʜʦʜʘʪʢʫ ʚ ʦʩʥʦʚʥʦʤʫ 

ʚʠʢʦʨʠʩʪʦʚʫʻ ʧʨʷʤʽ ʪʘ ʙʘʡʻʩʦʚʩʴʢʽ ʣʘʥʮʶʞʢʠ ʤʽʨʢʫʚʘʥʴ. 

ʄʝʪʘ ʨʦʙʦʪʠ ï ʘʥʘʣʽʟ ʨʦʟʨʦʙʢʠ ʽʥʪʝʣʝʢʪʫʘʣʴʥʠʭ ʩʠʩʪʝʤ ʜʣʷ ʧʣʘʪʬʦʨʤʠ Android ʪʘ ʜʣʷ 

ʯʘʪ ʙʦʪʽʚ ʥʘ ʙʘʟʽ API Telegram. 

ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʠ. ʏʘʪ-ʙʦʪ ʤʦʞʥʘ ʨʦʟʛʣʷʜʘʪʠ ʷʢ QA-ʩʠʩʪʝʤʫ ʟ ʝʣʝʤʝʥʪʘʤʠ 

ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ, ʘ ʩʘʤʝ ʟ ʬʫʥʢʮʽʷʤʠ ʨʦʟʙʦʨʫ ʧʨʠʨʦʜʥʦʾ ʤʦʚʠ, ʤʘʰʠʥʥʦʛʦ ʣʦʛʽʯʥʦʛʦ 

ʚʠʩʥʦʚʢʫ ʪʘ ʟ ʤʦʜʫʣʝʤ ʟʚ'ʷʟʢʫ ʽʟ ʟʦʚʥʽʰʥʽʤʠ ʜʦʜʘʪʢʘʤʠ. ɸʢʪʫʘʣʴʥʦʶ ʧʨʦʙʣʝʤʦʶ ʜʣʷ ʯʘʪ-

ʙʦʪʽʚ QA-ʩʠʩʪʝʤ ʻ ʩʪʚʦʨʝʥʥʷ ʤʘʰʠʥʠ ʣʦʛʽʯʥʦʛʦ ʚʠʩʥʦʚʢʫ, ʱʦ ʚʠʟʥʘʯʘʻ ʨʝʣʝʚʘʥʪʥʽʩʪʴ ʟʥʘʥʴ 

ʜʦ ʟʘʜʘʥʦʛʦ ʧʠʪʘʥʥʷ. 

ɺʨʘʭʦʚʫʶʯʠ ʩʫʯʘʩʥʽ ʪʝʥʜʝʥʮʽʾ, ʨʦʟʨʦʙʢʘ ʤʦʙʽʣʴʥʠʭ ʜʦʜʘʪʢʽʚ, ʱʦ ʚʠʢʦʥʫʶʪʴ ʬʫʥʢʮʽʾ 

ʽʥʪʝʣʝʢʪʫʘʣʴʥʠʭ ʩʠʩʪʝʤ, ʻ ʘʢʪʫʘʣʴʥʦʶ ʧʨʦʙʣʝʤʦʶ. ɯʩʥʫʻ ʧʦʩʪʽʡʥʘ ʥʝʦʙʭʽʜʥʽʩʪʴ ʘʜʘʧʪʫʚʘʪʠ 

ʜʦʜʘʪʢʠ ʜʣʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʥʘ ʤʦʙʽʣʴʥʠʭ ʧʨʠʩʪʨʦʷʭ. 

ɺʠʢʣʘʜ ʦʩʥʦʚʥʦʛʦ ʤʘʪʝʨʽʘʣʫ. ʆʜʥʠʤ ʽʟ ʤʦʞʣʠʚʠʭ ʨʽʰʝʥʴ ʧʨʦʙʣʝʤʠ ʣʦʛʽʯʥʦʛʦ 

ʚʠʩʥʦʚʢʫ ʯʘʪ-ʙʦʪʽʚ ʻ ʽʥʪʝʛʨʫʚʘʥʥʷ ʮʠʭ ʯʘʪ-ʙʦʪʽʚ ʟ ʤʝʭʘʥʽʟʤʦʤ ʚʠʩʥʦʚʢʫ ʩʠʩʪʝʤʠ Karkas [2]. 

ɯʥʪʝʛʨʫʚʘʥʥʷ ʧʦʣʷʛʘʻ ʚ ʦʙʤʽʥʽ ʽʥʬʦʨʤʘʮʽʻʶ ʤʽʞ ʥʠʤʠ ʙʝʟ ʫʯʘʩʪʽ ʢʦʨʠʩʪʫʚʘʯʘ, ʘ ʪʘʢʦʞ 
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ʧʝʨʝʜʘʯʝʶ ʪʘ ʧʨʠʡʦʤʦʤ ʟʘʧʠʪʽʚ ʜʣʷ ʨʦʙʦʪʠ ʟ ʩʝʨʚʝʨʘʤʠ Telegram ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ Telegram 

API ʪʘ JSON ʽʟ ʙʝʟʧʝʯʥʦʛʦ ʧʨʦʪʦʢʦʣʫ HTTPS. ʏʘʪ-ʙʦʪ ʚʠʢʦʨʠʩʪʦʚʫʻ ʢʦʥʮʝʧʮʽʶ 

ʨʦʟʰʘʨʫʚʘʥʥʷ ʙʘʟʠ ʟʥʘʥʴ ʪʘ ʬʽʣʴʪʨʘʮʽʶ ʙʘʟʠ ʟʥʘʥʴ ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʨʝʟʫʣʴʪʘʪʫ ʢʦʥʩʫʣʴʪʘʮʽʾ ʟ 

ʢʦʨʠʩʪʫʚʘʯʝʤ.  

ɿʘ ʜʦʧʦʤʦʛʦʶ ʩʠʩʪʝʤʠ Karkas ʙʫʣʠ ʨʦʟʨʦʙʣʝʥʽ ʙʘʟʠ ʟʥʘʥʴ ʜʣʷ ʯʘʪ-ʙʦʪʽʚ: 

@ribs_karkas_bot, @es_test_karkas_bot, @es_economy_karkas_bot, @es_info_tech_karkas_bot. 

ɼʣʷ ʩʪʚʦʨʝʥʥʷ ʤʦʙʽʣʴʥʠʭ ʝʢʩʧʝʨʪʥʠʭ ʩʠʩʪʝʤ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʨʽʟʥʽ ʬʨʝʡʤʚʦʨʢʠ 

(ʦʙʦʣʦʥʢʠ): Flutter, Ionic, React Native, Android Native, Xamarin ʪʘ ʽʥʰʽ. 

ʆʙʦʣʦʥʢʘ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʙʘʟ ʟʥʘʥʴ Karkas ʩʪʚʦʨʝʥʘ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʢʨʦʩʧʣʘʪʬʦʨʤʦʚʦʛʦ ʬʨʝʡʤʚʦʨʢʫ FireMonkey (FMX) ʚʽʜ ʢʦʤʧʘʥʽʾ Embarcadero. ʌʨʝʡʤʚʦʨʢ ʻ 

ʯʘʩʪʠʥʦʶ ʩʝʨʝʜʦʚʠʱʘ ʨʦʟʨʦʙʢʠ RAD Studio ʽ ʧʨʠʟʥʘʯʝʥʠʡ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʽʥʪʝʨʬʝʡʩʽʚ 

ʢʦʨʠʩʪʫʚʘʯʘ. ʌʨʝʡʤʚʦʨʢ ʜʦʟʚʦʣʷʻ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʥʝ ʣʠʰʝ ʚʝʢʪʦʨʥʫ ʛʨʘʬʽʢʫ, ʘ ʡ ʥʘʪʠʚʥʽ 

ʤʦʞʣʠʚʦʩʪʽ ʤʦʙʽʣʴʥʠʭ ʧʨʠʩʪʨʦʾʚ. ʂʨʽʤ ʪʦʛʦ, ʻ ʱʝ ʦʜʥʘ ʯʫʜʦʚʘ ʦʩʦʙʣʠʚʽʩʪʴ ʬʨʝʡʤʚʦʨʢʫ, ʷʢʘ 

ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ʢʦʜ ʜʦʜʘʪʢʫ ʤʦʞʝ ʙʫʪʠ ʩʢʦʤʧʽʣʴʦʚʘʥʠʡ ʫ ʥʘʪʠʚʥʠʡ ʢʦʜ ʜʣʷ ʟʘʧʫʩʢʫ ʥʘ 

ʨʽʟʥʠʭ ʧʣʘʪʬʦʨʤʘʭ: Windows, Android ʪʘ iOS. ʊʘʢʠʤ ʯʠʥʦʤ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʬʨʝʡʤʚʦʨʢ 

FMX, ʤʦʞʥʘ ʰʚʠʜʢʦ ʩʪʚʦʨʶʚʘʪʠ ʧʨʦʪʦʪʠʧʠ ʤʦʙʽʣʴʥʠʭ ʜʦʜʘʪʢʽʚ ʜʣʷ ʨʽʟʥʠʭ ʤʦʙʽʣʴʥʠʭ 

ʧʨʠʩʪʨʦʾʚ. 

ɼʣʷ ʧʣʘʪʬʦʨʤʠ Android ʨʦʟʨʦʙʣʝʥʽ ʜʦʜʘʪʢʠ, ʷʢʽ ʜʦʩʪʫʧʥʽ ʚ Google Play: ʜʣʷ ʤʝʜʠʯʥʦʾ 

ʧʨʝʜʤʝʪʥʦʾ ʦʙʣʘʩʪʽ ES_RFCHD, ES_MI, ES_DBT, ES_HEPATITIS, ʘ ʪʘʢʦʞ ʜʣʷ 

ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ES_IT [3]. 

ʆʜʥʽʻʶ ʟ ʛʦʣʦʚʥʠʭ ʧʝʨʝʚʘʛ ʤʦʙʽʣʴʥʠʭ ʜʦʜʘʪʢʽʚ ʫ ʨʦʙʦʪʽ ʟ ʢʣʽʻʥʪʘʤʠ ʻ ʪʝ, ʱʦ 

ʩʧʽʚʨʦʟʤʦʚʥʠʢʠ ʤʦʞʫʪʴ ʚʽʣʴʥʦ ʩʪʘʚʠʪʠ ʧʠʪʘʥʥʷ, ʷʢʽ ʚʦʥʠ ʥʝ ʩʪʘʣʠ ʙ ʩʪʘʚʠʪʠ ʧʨʝʜʩʪʘʚʥʠʢʫ 

ʩʣʫʞʙʠ ʧʽʜʪʨʠʤʢʠ ʢʣʽʻʥʪʽʚ ʘʙʦ ʤʝʥʝʜʞʝʨʫ ʢʦʤʧʘʥʽʾ. 

ʇʝʨʰʘ ʦʩʦʙʣʠʚʽʩʪʴ ʨʦʟʨʦʙʢʠ ʽʥʪʝʣʝʢʪʫʘʣʴʥʠʭ ʩʠʩʪʝʤ ʜʣʷ ʧʣʘʪʬʦʨʤʠ Android ʧʦʣʷʛʘʻ 

ʚ ʪʦʤʫ, ʱʦ ʘʩʠʥʭʨʦʥʥʽʩʪʴ ʦʧʝʨʘʮʽʡʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ Android ʚʠʟʥʘʯʘʻ ʨʦʟʙʠʪʪʷ ʙʘʟʠ ʟʥʘʥʴ ʥʘ 

ʰʘʨʠ (ʬʘʢʪʦʨʠ). ɼʣʷ ʜʦʩʷʛʥʝʥʥʷ ʟʘʜʘʥʦʛʦ ʢʦʨʠʩʥʦʛʦ ʨʝʟʫʣʴʪʘʪʫ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʮʽʣʴʦʚʘ 

ʬʫʥʢʮʽʷ, ʷʢʘ ʜʦʟʚʦʣʷʻ ʚʠʟʥʘʯʠʪʠ ʤʝʪʫ ʢʦʥʩʫʣʴʪʘʮʽʾ ʜʣʷ ʽʥʪʝʣʝʢʪʫʘʣʴʥʦʾ ʩʠʩʪʝʤʠ. ʅʘ ʚʽʜʤʽʥʫ 

ʚʽʜ ʨʦʟʨʦʙʢʠ ʯʘʪ-ʙʦʪʽʚ ʜʣʷ ʤʦʙʽʣʴʥʠʭ ʧʨʦʛʨʘʤ ʥʝ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʦʙʦʣʦʥʢʘ ʂʘʨʢʘʩ ʽ ʾʾ 

ʤʝʭʘʥʽʟʤ ʚʠʩʥʦʚʢʫ. ʄʝʭʘʥʽʟʤ ʚʠʩʥʦʚʢʫ ʽʥʪʝʣʝʢʪʫʘʣʴʥʦʾ ʩʠʩʪʝʤʠ ˇʨʫʥʪʫʻʪʴʩʷ ʥʘ 

ʚʠʢʦʨʠʩʪʘʥʥʽ ʮʽʣʴʦʚʦʾ ʬʫʥʢʮʽʾ. 

ɼʨʫʛʘ ʦʩʦʙʣʠʚʽʩʪʴ ʧʦʣʷʛʘʻ ʫ ʟʘʪʨʠʤʮʽ ʯʘʩʫ ʧʨʝʜ'ʷʚʣʝʥʥʷ ʧʠʪʘʥʴ ʧʽʜ ʯʘʩ ʜʽʘʣʦʛʽʚ ʟ 

ʢʦʨʠʩʪʫʚʘʯʝʤ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʬʨʝʡʤʚʦʨʢʫ FireMonkey.  

ʊʨʝʪʷ ʦʩʦʙʣʠʚʽʩʪʴ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ʬʦʨʤʫʚʘʥʥʷ ʙʘʟʠ ʟʥʘʥʴ ʜʣʷ ʧʣʘʪʬʦʨʤʠ Android 

ʧʦʪʨʽʙʥʦ ʧʨʦʚʦʜʠʪʠ ʦʢʨʝʤʦ ʚʽʜ ʩʘʤʦʾ ʧʣʘʪʬʦʨʤʠ Android. ʎʝ ʪʨʝʙʘ ʨʦʙʦʪʠ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʬʨʝʡʤʚʦʨʢʽʚ, ʦʙʦʣʦʥʦʢ. ʅʘʧʨʠʢʣʘʜ, ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʦʙʦʣʦʥʢʫ ʂʘʨʢʘʩ ʜʣʷ ʩʪʚʦʨʝʥʥʷ 

ʙʘʟ ʟʥʘʥʴ. 

ɺʠʩʥʦʚʢʠ. ɿʘ ʜʦʧʦʤʦʛʦʶ ʩʠʩʪʝʤʠ Karkas ʙʫʣʠ ʨʦʟʨʦʙʣʝʥʽ ʙʘʟʠ ʟʥʘʥʴ ʜʣʷ ʯʘʪ-ʙʦʪʽʚ: 

@ribs_karkas_bot, @es_test_karkas_bot, @es_economy_karkas_bot, @es_info_tech_karkas_bot. 

ɼʣʷ ʧʣʘʪʬʦʨʤʠ Android ʨʦʟʨʦʙʣʝʥʽ ʜʦʜʘʪʢʠ ʜʦʩʪʫʧʥʽ ʚ Google Play. ɼʣʷ ʤʝʜʠʯʥʦʾ ʧʨʝʜʤʝʪʥʦʾ 

ʦʙʣʘʩʪʽ ʨʦʟʨʦʙʣʝʥʽ ʜʦʜʘʪʢʠ: ES_RFCHD, ES_MI, ES_DBT, ES_HEPATITIS. ɼʣʷ 

ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʨʦʟʨʦʙʣʝʥʘ ʽʥʪʝʣʝʢʪʫʘʣʴʥʘ ʩʠʩʪʝʤʘ ES_IT (ʜʣʷ ʤʝʥʝʜʞʝʨʽʚ 

ʧʨʦʝʢʪʽʚ, ʨʦʟʨʦʙʥʠʢʽʚ ʘʙʦ ʦʩʽʙ, ʷʢʽ ʧʨʠʡʤʘʶʪʴ ʨʽʰʝʥʥʷ ʚ ʛʘʣʫʟʽ ʢʦʨʧʦʨʘʪʠʚʥʠʭ ʪʝʭʥʦʣʦʛʽʡ).  
 

ʉʧʠʩʦʢ ʚʠʢʦʨʠʩʪʘʥʠʭ ʜʞʝʨʝʣ 
1. Giarratano J.C., Riley G.D. Expert Systems: principles and programming, 2007. 4nd. ed. 

2. Burdaev V. ɺʠʢʦʨʠʩʪʘʥʥʷ ʯʘʪ-ʙʦʪʘ @ribs_karkas_bot ʜʣʷ ʦʥʣʘʡʥ ʢʦʥʩʫʣʴʪʘʮʽʾ ʟ ʝʢʩʧʝʨʪʥʦʶ 

ʩʠʩʪʝʤʦʶ / V.P.Burdaev // ʄʘʪʝʨʽʘʣʠ V ʄʽʞʥʘʨʦʜʥʦʾ ʥʘʫʢʦʚʦʾ ʢʦʥʬʝʨʝʥʮʽʾ çʆʙʯʠʩʣʶʚʘʣʴʥʠʡ 

ʽʥʪʝʣʝʢʪè. 2019. ʉ. 177-178. 

3. Burdaev V. About one implementation of an expert system on the android platform/ V.P.Burdaev // 

International Scientific World journal. 2023. ˉ19. P. 3ï15. 
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ɼɺʀɻʋʅɯɺ ɺɽʈʊʆʃʔʆʊɯɺ 

 

ɺʣʘʜʦʚ ʉ.ɯ. 

ʂʨʝʤʝʥʯʫʮʴʢʠʡ ʣʴʦʪʥʠʡ ʢʦʣʝʜʞ ʍʘʨʢʽʚʩʴʢʦʛʦ ʥʘʮʽʦʥʘʣʴʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ ʚʥʫʪʨʽʰʥʽʭ 

ʩʧʨʘʚ, ʂʨʝʤʝʥʯʫʢ, ʋʢʨʘʾʥʘ 

 
ɸʥʦʪʘʮʽʷ. ʈʦʙʦʪʘ ʧʨʠʩʚʷʯʝʥʘ ʩʪʚʦʨʝʥʥʶ ʤʝʪʦʜʫ ʘʧʨʦʢʩʠʤʘʮʽʾ ʧʘʨʘʤʝʪʨʽʚ ʛʘʟʦʪʫʨʙʽʥʥʠʭ 

ʜʚʠʛʫʥʽʚ ʚʝʨʪʦʣʴʦʪʽʚ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʥʝʡʨʦʥʥʠʭ ʤʝʨʝʞ ʟ ʦʜʥʠʤ ʧʨʠʭʦʚʘʥʠʤ ʪʘ ʦʜʥʠʤ ʚʠʭʽʜʥʠʤ 

ʰʘʨʦʤ. ʂʣʶʯʦʚʦʶ ʦʩʦʙʣʠʚʽʩʪʶ ʩʪʚʦʨʝʥʦʛʦ ʤʝʪʦʜʫ ʻ ʤʦʜʠʬʽʢʘʮʽʷ ʘʣʛʦʨʠʪʤʫ ʤʘʩʰʪʘʙʦʚʘʥʠʭ 

ʩʧʨʷʞʝʥʠʭ ʛʨʘʜʽʻʥʪʽʚ ʜʣʷ ʥʘʚʯʘʥʥʷ ʥʝʡʨʦʥʥʠʭ ʤʝʨʝʞ ʰʣʷʭʦʤ ʚʚʝʜʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʘ ʤʦʤʝʥʪʫ, ʱʦ 

ʜʦʟʚʦʣʷʻ ʫʥʠʢʥʫʪʠ ʧʦʪʨʘʧʣʷʥʥʷ ʥʝʡʨʦʥʥʦʾ ʤʝʨʝʞʽ ʜʦ ʣʦʢʘʣʴʥʦʛʦ ʤʽʥʽʤʫʤʫ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʛʘʟʦʪʫʨʙʽʥʥʠʡ ʜʚʠʛʫʥ ʚʝʨʪʦʣʴʦʪʫ, ʥʝʡʨʦʥʥʘ ʤʝʨʝʞʘ, ʤʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ. 

 

NEURAL NETWORK APPROXIMATION OF HELICOPTER GAS TURBINE  

ENGINE PARAMETERS  

 

Vladov S. 

Kremenchuk Flight College of Kharkiv National University of Internal Affairs,  

Kremenchuk, Ukraine 

 
Abstract. The work is devoted to the creation of a method of approximation of the parameters of gas 

turbine engines of helicopters using neural networks with one hidden and one output layer. The key feature 

of the created method is the modification of the algorithm of scaled conjugate gradients for learning neural 

networks by introducing a moment coefficient, which avoids the neural network from falling to a local 

minimum. 

Keywords: helicopter gas turbine engine, neural network, mathematical model. 

 

ɺʩʪʫʧ. ɺ ʘʚʽʘʮʽʡʥʽʡ ʛʘʣʫʟʽ, ʜʝ ʧʦʩʪʽʡʥʦ ʟʨʦʩʪʘʻ ʚʠʤʦʛʘ ʜʦ ʚʠʩʦʢʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ, 

ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ ʪʘ ʥʘʜʽʡʥʦʩʪʽ, ʥʝʡʨʦʤʝʨʝʞʝʚʘ ʘʧʨʦʢʩʠʤʘʮʽʷ ʧʘʨʘʤʝʪʨʽʚ ʛʘʟʦʪʫʨʙʽʥʥʠʭ 

ʜʚʠʛʫʥʽʚ (ɻʊɼ) ʚʝʨʪʦʣʴʦʪʽʚ ʩʪʘʻ ʚʘʞʣʠʚʦʶ ʪʘ ʘʢʪʫʘʣʴʥʦʶ ʪʝʤʦʶ ʜʦʩʣʽʜʞʝʥʴ. ɺʠʢʦʨʠʩʪʘʥʥʷ 

ʰʪʫʯʥʠʭ ʥʝʡʨʦʥʥʠʭ ʤʝʨʝʞ ʜʣʷ ʪʦʯʥʦʾ ʘʧʨʦʢʩʠʤʘʮʽʾ ʧʘʨʘʤʝʪʨʽʚ ɻʊɼ ʚʝʨʪʦʣʴʦʪʽʚ ʜʦʟʚʦʣʷʻ 

ʧʽʜʚʠʱʠʪʠ ʪʦʯʥʽʩʪʴ ʤʦʜʝʣʶʚʘʥʥʷ, ʦʧʪʠʤʽʟʫʚʘʪʠ ʨʦʙʦʪʫ ʜʚʠʛʫʥʘ ʪʘ ʤʽʥʽʤʽʟʫʚʘʪʠ ʩʧʦʞʠʚʘʥʥʷ 

ʧʘʣʠʚʘ [1]. ʎʝ ʟʘʙʝʟʧʝʯʫʻ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʧʦʣʴʦʪʽʚ ʚʝʨʪʦʣʴʦʪʽʚ, ʟʥʠʞʝʥʥʷ ʚʠʢʠʜʽʚ 

ʪʘ ʟʘʙʝʟʧʝʯʝʥʥʷ ʜʦʚʰʦʛʦ ʪʝʨʤʽʥʫ ʾʭ ʩʣʫʞʙʠ. ʊʘʢʠʡ ʧʽʜʭʽʜ ʻ ʢʨʠʪʠʯʥʠʤ ʜʣʷ ʩʫʯʘʩʥʠʭ 

ʪʝʭʥʦʣʦʛʽʡ ʘʚʽʘʮʽʾ, ʩʧʨʠʷʶʯʠ ʜʦʩʷʛʥʝʥʥʶ ʚʠʩʦʢʠʭ ʩʪʘʥʜʘʨʪʽʚ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʪʘ ʩʪʽʡʢʦʩʪʽ ʚ 

ʛʘʣʫʟʽ ʚʝʨʪʦʣʴʦʪʦʙʫʜʫʚʘʥʥʷ. 

ʄʝʪʘ ʨʦʙʦʪʠ. ʈʦʟʨʦʙʢʘ ʥʝʡʨʦʤʝʨʝʞʝʚʦʾ ʤʦʜʝʣʽ ɻʊɼ ʚʝʨʪʦʣʴʦʪʽʚ, ʱʦ ʟʜʘʪʥʘ 

ʘʧʨʦʢʩʠʤʫʚʘʪʠ ʾʭ ʧʘʨʘʤʝʪʨʠ, ʱʦ ʨʝʻʩʪʨʫʶʪʴʩʷ ʥʘ ʙʦʨʪʫ ʚʝʨʪʦʣʴʦʪʫ, ʟʘʜʣʷ ʚʩʪʘʥʦʚʣʝʥʥʷ 

ʩʪʫʧʝʥʶ ʚʽʜʭʠʣʝʥʥʷ ʾʭ ʟʥʘʯʝʥʴ ʚʽʜ ʛʨʘʥʠʯʥʦ ʜʦʧʫʩʪʠʤʠʭ. 

ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʽ. ʆʩʥʦʚʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ, ʱʦ ʨʝʻʩʪʨʫʶʪʴʩʷ ʥʘ ʙʦʨʪʫ ʩʫʯʘʩʥʠʭ 

ʚʝʨʪʦʣʴʦʪʽʚ, ʻ ʯʘʩʪʦʪʘ ʦʙʝʨʪʘʥʥʷ ʨʦʪʦʨʘ ʪʫʨʙʦʢʦʤʧʨʝʩʦʨʘ (nTK), ʪʝʤʧʝʨʘʪʫʨʠ ʛʘʟʽʚ ʧʝʨʝʜ 

ʪʫʨʙʽʥʦʶ ʢʦʤʧʨʝʩʦʨʘ (˟ːᶻ), ʯʘʩʪʦʪʘ ʦʙʝʨʪʘʥʥʷ ʨʦʪʦʨʘ ʚʽʣʴʥʦʾ ʪʫʨʙʽʥʠ (nʉɺ). ʏʠʩʝʣʴʥʽ 

ʟʥʘʯʝʥʥʷ ʮʠʭ ʧʘʨʘʤʝʪʨʽʚ, ʱʦ ʧʦʜʘʶʪʴʩʷ ʥʘ ʧʘʥʝʣʴ ʧʨʠʣʘʜʽʚ, ʥʝ ʟʘʚʞʜʠ ʻ ʽʥʬʦʨʤʘʪʠʚʥʠʤ. 

ʊʦʤʫ ʥʝʡʨʦʤʝʨʝʞʝʚʘ ʤʦʜʝʣʴ ɻʊɼ ʚʝʨʪʦʣʴʦʪʽʚ, ʱʦ ʟʜʘʪʥʘ ʘʧʨʦʢʩʠʤʫʚʘʪʠ ʾʭ ʟʥʘʯʝʥʥʷ, 

ʜʦʟʚʦʣʠʪʴ ʢʦʤʘʥʜʠʨʫ ʝʢʽʧʘʞʫ ʚʝʨʪʦʣʴʦʪʫ ʧʨʦʚʦʜʠʪʠ ʙʝʟʧʝʨʝʨʚʥʠʡ ʤʦʥʽʪʦʨʠʥʛ ʪʝʭʥʽʯʥʦʛʦ 

ʩʪʘʥʫ ɻʊɼ ʚʝʨʪʦʣʴʦʪʽʚ ʚ ʨʝʞʠʤʽ ʧʦʣʴʦʪʫ ʚʝʨʪʦʣʴʦʪʫ.  

ʈʦʟʚôʷʟʘʥʥʷ ʟʘʜʘʯʽ. ʋ ʟʘʛʘʣʴʥʦʤʫ ʚʠʧʘʜʢʫ ʤʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ ɻʊɼ ʚʝʨʪʦʣʴʦʪʽʚ ʻ 

ʜʝʷʢʠʡ ʤʘʪʝʤʘʪʠʯʥʠʡ ʦʧʝʨʘʪʦʨ ὊȡὟᴼὣ, ʚʽʜʧʦʚʽʜʥʦ ʷʢʦʤʫ ʢʦʞʥʦʤʫ ʚʝʢʪʦʨʫ ʨʝʻʩʪʨʦʚʘʥʠʭ 
ʥʘ ʙʦʨʪʫ ʚʝʨʪʦʣʴʦʪʫ ʧʘʨʘʤʝʪʨʽʚ  

Ἵ
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Ὕːᶻ

ὲ˞ ˏ

, ἽᶰὟᶰᴙ, ᶅ ὸ, Ὗ

ὲ ὲ ὲ

Ὕːᶻ Ὕːᶻ Ὕːᶻ

ὲ˞ ˏ ὲ˞ ˏ ὲ˞ ˏ

, ώ Ὃȟ“ᶻȟὝᶻȟὖᶻȟὔȟ– ,  
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ʜʝ y ï ʧʘʨʘʤʝʪʨʠ ʢʦʤʧʨʝʩʦʨʘ (ʟʘʟʥʘʯʘʻʪʴʩʷ, ʱʦ ʘʥʘʣʦʛʽʯʥʠʤ ʯʠʥʦʤ ʤʦʞʫʪʴ ʙʫʪʠ ʧʦʜʘʥʽ ʡ 

ʧʘʨʘʤʝʪʨʠ ʽʥʰʠʭ ʚʫʟʣʽʚ ɻʊɼ ʚʝʨʪʦʣʴʦʪʽʚ, ʥʘʧʨʠʢʣʘʜ, ʢʘʤʝʨʠ ʟʛʦʨʷʥʥʷ, ʪʫʨʙʽʥʠ ʢʦʤʧʨʝʩʦʨʘ, 

ʚʽʣʴʥʦʾ ʪʫʨʙʽʥʠ ʪʦʱʦ), GB ï ʚʠʪʨʘʪʘ ʧʦʚʽʪʨʷ ʯʝʨʝʟ ʢʦʤʧʨʝʩʦʨ, NK ï ʧʦʪʫʞʥʽʩʪʴ, ʱʦ ʧʦʪʨʽʙʥʘ 

ʜʣʷ ʦʙʝʨʪʘʥʥʷ ʢʦʤʧʨʝʩʦʨʘ, “ᶻ ï ʩʪʫʧʽʥʴ ʧʽʜʚʠʱʝʥʥʷ ʧʦʚʥʦʛʦ ʪʠʩʢʫ ʚ ʢʦʤʧʨʝʩʦʨʽ, ὖᶻ ï 
ʧʦʚʥʠʡ ʪʠʩʢ ʧʦʚʽʪʨʷ ʟʘ ʢʦʤʧʨʝʩʦʨʦʤ, Ὕᶻ ï ʪʝʤʧʝʨʘʪʫʨʘ ʧʦʚʽʪʨʷ ʟʘ ʢʦʤʧʨʝʩʦʨʦʤ, –  ï 

ʢʦʝʬʽʮʽʻʥʪ ʢʦʨʠʩʥʦʾ ʜʽʾ ʢʦʤʧʨʝʩʦʨʘ. 

ɺʽʜʦʤʦ [2], ʱʦ ʥʝʡʨʦʥʥʽ ʤʝʨʝʞʽ ʟ ʦʜʥʠʤ ʧʨʠʭʦʚʘʥʠʤ ʪʘ ʦʜʥʠʤ ʚʠʭʽʜʥʠʤ ʰʘʨʦʤ ʤʦʞʫʪʴ 

ʘʧʨʦʢʩʠʤʫʚʘʪʠ ʙʫʜʴ-ʷʢʫ ʥʝʧʝʨʝʨʚʥʫ ʬʫʥʢʮʽʶ ʥʘ ʦʙʤʝʞʝʥʽʡ ʤʥʦʞʠʥʽ ʟ ʙʫʜʴ-ʷʢʦʶ 

ʧʝʨʝʜʙʘʯʫʚʘʥʦʶ ʪʦʯʥʽʩʪʶ. 

ʋ ʨʦʙʦʪʽ ʧʨʦʧʦʥʫʻʪʴʩʷ ʘʧʨʦʢʩʠʤʫʚʘʪʠ ʩʪʘʪʠʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ɻʊɼ ʚʝʨʪʦʣʴʦʪʽʚ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʽʻʨʘʨʭʽʯʥʦʾ ʩʪʨʫʢʪʫʨʠ ʥʝʡʨʦʥʥʦʾ ʤʝʨʝʞʽ, ʱʦ ʨʝʘʣʽʟʫ ̒ʚʽʜʦʙʨʘʞʝʥʥʷ: 

Ὃȟ“ᶻȟὝᶻ Ὂ ὲ ȟὝːᶻȟὲ ȟ (1) 

ὖᶻȟὔȟ– Ὂ Ὃȟ“ᶻȟὝᶻ  . (2) 

ʇʘʨʘʤʝʪʨʠʟʘʮʽʷ ʟʘʜʘʯ ̔ʩʪʨʫʢʪʫʨʥʦʾ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʤʦʜʝʣʽ ɻʊɼ ʚʝʨʪʦʣʴʦʪʽʚ ʧʦʣʷʛʘʻ ʫ 

ʤʦʞʣʠʚʦʩʪʽ ʟʘʢʦʜʫʚʘʥʥʷ ʚʝʢʪʦʨʦʤ ʩʪʨʫʢʪʫʨʥʠʭ ʧʘʨʘʤʝʪʨʽʚ D ʨʽʟʥʠʭ ʩʪʨʫʢʪʫʨ: 

Ὂ ộἎȟἜỚȢ (3) 

ʋ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʩʢʣʘʜʦʚʠʤʠ ʚʝʢʪʦʨʫ D ʻ ʢʽʣʴʢʽʩʪʴ ʥʝʡʨʦʥʽʚ ʫ ʧʨʠʭʦʚʘʥʠʭ ʰʘʨʘʭ 

ʥʝʡʨʦʥʥʦʾ ʤʝʨʝʞʽ F1 ̔  F2, ʱʦ ʚʠʟʥʘʯʘʻ ʨʦʟʤʽʨʠ ʚʽʜʧʦʚʽʜʥʠʭ ʤʘʪʨʠʮʴ ʚʘʛ ʪʘ ʟʤʽʱʝʥʴ ʥʝʡʨʦʥʽʚ. 

ʋ ʪʦʡ ʞʝ ʯʘʩ, ʩʢʣʘʜʦʚʠʤʠ ʚʝʢʪʦʨʫ P, ʷʢʠʡ ʚʢʣʶʯʘʻ ʥʝʚʽʜʦʤʽ ʧʘʨʘʤʝʪʨʠ ʤʦʜʝʣʽ, ʻ ʝʣʝʤʝʥʪʠ 

ʟʘʟʥʘʯʝʥʠʭ ʤʘʪʨʠʮʴ ʚʘʛ ʽ ʟʤʽʱʝʥʴ ʜʣʷ ʥʝʡʨʦʥʥʦʾ ʤʝʨʝʞʽ F1 ̔  F2, ʘ ʪʘʢʦʞ ʧʘʨʘʤʝʪʨʠ ʟʘʣʝʞʥʦʩʪʽ 

(1) kp0, kp1 ʽ kp2. 

ʗʢʱʦ ʧʘʨʘʤʝʪʨʠ P = [kp0, kp1, kp2] ʟʘʣʝʞʥʦʩʪʽ (1) ʟʘʜʘʥʽ, ʽʜʝʥʪʠʬʽʢʘʮʽʷ ʤʘʪʝʤʘʪʠʯʥʦʾ 

ʤʦʜʝʣʽ ɻʊɼ ʚʝʨʪʦʣʴʦʪʽʚ ʟʚʦʜʠʪʴʩʷ ʜʦ ʚʠʟʥʘʯʝʥʥʷ ʩʪʨʫʢʪʫʨʠ ʪʘ ʧʘʨʘʤʝʪʨʽʚ ʥʝʡʨʦʥʥʦ ʾʤʝʨʝʞ ̔

F1  ̔F2: 

ộἎȟἜỚ ộἎȟἎȟἎ ȟἜȟἜȟἜ Ớ

ừ
Ử
Ừ

Ử
ứÁÒÇ ÍÉÎἎȟ Ἔ

ἔἎȟἜ ȟ

ÁÒÇ ÍÉÎ
Ἆȟ Ἔ

ἔἎȟἜ ȟ

ÁÒÇ ÍÉÎ
Ἆȟ Ἔ

ἔἎȟἜ ȟ

 (4) 

ʜʝ ʮʽʣʴʦʚʽ ʬʫʥʢʮʽʦʥʘʣʠ ʤʘʶʪʴ ʚʠʛʣʷʜ: 

ἔἎȟἜ
ρ

ὔ
Ͻ ‪ ὭȟἎȟἜ ȟ 

ἔἎȟἜ
ρ

ὔ
Ͻ ‪ ὭȟἎȟἜ ȟ 

ἔἎȟἜ
ρ

ὔ
Ͻ ‪ ὭȟἎȟἜ Ȣ 

(5) 

ɼʣʷ ʨʦʟʚôʷʟʘʥʥʷ ʧʦʩʪʘʚʣʝʥʦʾ ʟʘʜʘʯʽ ʧʨʦʧʦʥʫʻʪʴʩʷ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʘʣʛʦʨʠʪʤ 

ʤʘʩʰʪʘʙʦʚʘʥʠʭ ʩʧʨʷʞʝʥʠʭ ʛʨʘʜʽʻʥʪʽʚ ʜʣʷ ʥʘʚʯʘʥʥʷ ʥʝʡʨʦʥʥʠʭ ʤʝʨʝʞ ʟ ʦʜʥʠʤ ʧʨʠʭʦʚʘʥʠʤ 

ʪʘ ʦʜʥʠʤ ʚʠʭʽʜʥʠʤ ʰʘʨʦʤ SCG (Scaled Conjugate Gradient Algorithm), ʷʢʠʡ ʧʨʦʜʝʤʦʥʩʪʨʫʚʘʚ 

ʚʠʩʦʢʫ ʨʝʟʫʣʴʪʘʪʠʚʥʽʩʪʴ ʫ ʨʦʟʚôʷʟʘʥʥʽ ʧʦʜʽʙʥʦʾ ʟʘʜʘʯʽ, ʽ ʦʙôʻʜʥʫʻ ʢʦʥʮʝʧʮʽʾ ʤʝʪʦʜʫ ʟʚʝʜʝʥʠʭ 

ʛʨʘʜʽʻʥʪʽʚ ʽ ʢʚʘʟʽʥʴʶʪʦʥʦʚʠʭ ʤʝʪʦʜʽʚ. ɿ ʤʝʪʦʶ ʫʥʠʢʥʝʥʥʷ ʣʦʢʘʣʴʥʠʭ ʤʽʥʽʤʫʤʽʚ, ʷʢʽ ʻ ʦʜʥʽʻʶ 

ʟ ʧʨʦʙʣʝʤ, ʷʢʽ ʤʦʞʫʪʴ ʚʠʥʠʢʥʫʪʠ ʧʨʠ ʦʧʪʠʤʽʟʘʮʽʾ ʥʝʡʨʦʥʥʠʭ ʤʝʨʝʞ, ʧʨʦʧʦʥʫʻʪʴʩʷ 

ʤʦʜʠʬʽʢʘʮʽʷ ʘʣʛʦʨʠʪʤʫ ʤʘʩʰʪʘʙʦʚʘʥʠʭ ʩʧʨʷʞʝʥʠʭ ʛʨʘʜʽʻʥʪʽʚ ʧʨʠ ʦʮʽʥʶʚʘʥʥʽ ʥʦʚʠʭ 

ʧʘʨʘʤʝʪʨʽʚ ʥʝʡʨʦʥʥʦʾ ʤʝʨʝʞʽ ʰʣʷʭʦʤ ʚʚʝʜʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʫ ʤʦʤʝʥʪʫ: 

— — ‌ ϽɳὉ— ‍Ͻ— — ȟ (6) 

ʜʝ ɓ ï ʢʦʝʬʽʮʽʻʥʪ ʤʦʤʝʥʪʫ, ɗ ï ʧʘʨʘʤʝʪʨ ʥʝʡʨʦʥʥʦʾ ʤʝʨʝʞʽ, Ὁɳ—  ï ʤʘʩʰʪʘʙʦʚʘʥʠʡ ʛʨʘʜʽʻʥʪ 

ʬʫʥʢʮʽʾ ʚʠʪʨʘʪ ʚ ʪʦʯʮʽ ɗk. 

ʅʘ ʧʽʜʩʪʘʚʽ ʚʠʱʝʚʠʢʣʘʜʝʥʦʛʦ ʩʬʦʨʤʫʣʴʦʚʘʥʦ ʪʝʦʨʝʤʫ ʧʨʦ ʫʤʦʚʠ ʚʠʭʦʜʫ ʟ ʣʦʢʘʣʴʥʠʭ 

ʤʽʥʽʤʫʤʽʚ: çʇʨʠ ʚʠʢʦʥʘʥʥʽ ʫʤʦʚ ʤʦʜʠʬʽʢʦʚʘʥʦʛʦ ʘʣʛʦʨʠʪʤʫ ʦʧʪʠʤʽʟʘʮʽʾ, ʡʤʦʚʽʨʥʽʩʪʴ ʚʠʭʦʜʫ 



138 

 

ʟ ʣʦʢʘʣʴʥʠʭ ʤʽʥʽʤʫʤʽʚ ʟʙʽʣʴʰʫʻʪʴʩʷ, ʱʦ ʩʧʨʠʷʻ ʟʥʘʭʦʜʞʝʥʥʶ ʙʽʣʴʰ ʦʧʪʠʤʘʣʴʥʠʭ ʨʦʟʚôʷʟʢʽʚ 

ʜʣʷ ʥʝʡʨʦʥʥʠʭ ʤʝʨʝʞè. 

ɺʠʩʥʦʚʢʠ. ɿʘʧʨʦʧʦʥʦʚʘʥʦ ʤʝʪʦʜ ʥʝʡʨʦʤʝʨʝʞʝʚʦʾ ʘʧʨʦʢʩʠʤʘʮʽʾ ʧʘʨʘʤʝʪʨʽʚ 

ʛʘʟʦʪʫʨʙʽʥʥʠʭ ʜʚʠʛʫʥʽʚ ʚʝʨʪʦʣʴʦʪʽʚ, ʱʦ ˇʨʫʥʪʫʻʪʴʩʷ ʥʘ ʟʘʩʪʦʩʫʚʘʥʥʽ ʥʝʡʨʦʥʥʠʭ ʤʝʨʝʞ ʟ 

ʦʜʥʠʤ ʧʨʠʭʦʚʘʥʠʤ ʪʘ ʦʜʥʠʤ ʚʠʭʽʜʥʠʤ ʰʘʨʦʤ, ʷʢʠʡ ʟʘ ʨʘʭʫʥʦʢ ʤʦʜʠʬʽʢʦʚʘʥʦʛʦ ʘʣʛʦʨʠʪʤʫ 

ʤʘʩʰʪʘʙʦʚʘʥʠʭ ʩʧʨʷʞʝʥʠʭ ʛʨʘʜʽʻʥʪʽʚ ʽʟ ʚʚʝʜʝʥʠʤ ʢʦʝʬʽʮʽʻʥʪʦʤ ʤʦʤʝʥʪʫ ʜʦʟʚʦʣʷʻ ʫʥʠʢʥʫʪʠ 

ʣʦʢʘʣʴʥʽ ʤʽʥʽʤʫʤʠ ʧʽʜ ʯʘʩ ʥʘʚʯʘʥʥʷ ʥʝʡʨʦʥʥʦʾ ʤʝʨʝʞʽ ʽ, ʷʢ ʥʘʩʣʽʜʦʢ, ʫʥʠʢʥʫʪʠ ʥʝʛʘʪʠʚʥʠʭ 

ʥʘʩʣʽʜʢʽʚ ʧʦʪʨʘʧʣʷʥʥʷ ʥʝʡʨʦʥʥʦʾ ʤʝʨʝʞʽ ʜʦ ʣʦʢʘʣʴʥʦʛʦ ʤʽʥʽʤʫʤʫ. 
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ʏʝʨʢʘʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʽʤʝʥʽ ɹʦʛʜʘʥʘ ʍʤʝʣʴʥʠʮʴʢʦʛʦ,  ʏʝʨʢʘʩʠ, ʋʢʨʘʾʥʘ 
 

ɸʥʦʪʘʮʽʷ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʩʠʩʪʝʤ ʤʦʥʽʪʦʨʠʥʛʫ ʽʥʬʦʨʤʘʮʽʾ ʧʽʜ ʯʘʩ ʚʦʻʥʥʦʛʦ ʯʘʩʫ ʪʘ ʧʽʩʣʷʚʦʻʥʥʦʾ 

ʨʝʢʦʥʩʪʨʫʢʮʽʾ ʻ ʘʢʪʫʘʣʴʥʠʤ ʟʘʚʜʘʥʥʷʤ ʩʴʦʛʦʜʝʥʥʷ. ʆʩʦʙʣʠʚʦʾ ʫʚʘʛʠ ʧʦʪʨʝʙʫʶʪʴ ʟʥʘʯʫʱʽ ʦʙʣʘʩʪʽ 

ʤʦʥʽʪʦʨʠʥʛʫ, ʨʦʟʨʦʙʣʝʥʽ ʨʦʙʦʯʠʤʠ ʛʨʫʧʘʤʠ ʅʘʮʽʦʥʘʣʴʥʦʾ ʨʘʜʠ ʟ ʚʽʜʥʦʚʣʝʥʥʷ ʋʢʨʘʾʥʠ ʚʽʜ ʥʘʩʣʽʜʢʽʚ 

ʚʽʡʥʠ ʥʘ ʦʩʥʦʚʽ ʚʽʜʢʨʠʪʠʭ ʜʘʥʠʭ. ɻʝʦʧʨʦʩʪʦʨʦʚʠʡ ʘʥʘʣʽʟ ʪʘ ʦʮʽʥʢʘ ʨʫʡʥʫʚʘʥʴ ʧʽʩʣʷ ʚʽʡʥʠ ʻ 

ʚʘʞʣʠʚʠʤʠ ʜʣʷ ʨʦʟʫʤʽʥʥʷ ʤʘʩʰʪʘʙʫ ʟʙʠʪʢʽʚ, ʦʨʛʘʥʽʟʘʮʽʾ ʩʪʨʘʪʝʛʽʡ ʨʝʢʦʥʩʪʨʫʢʮʽʾ ʪʘ ʥʘʜʘʥʥʷ ʜʦʧʦʤʦʛʠ 

ʧʦʩʪʨʘʞʜʘʣʠʤ ʥʘʩʝʣʝʥʠʤ ʧʫʥʢʪʘʤ ʚ ʙʫʜʴ-ʷʢʽʡ ʢʨʘʾʥʽ. ʆʪʞʝ, ʛʦʣʦʚʥʦʶ ʤʝʪʦʶ ʜʘʥʦʾ ʨʦʙʦʪʠ ʻ 

ʩʪʚʦʨʝʥʥʷ ʪʘ ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʽʥʩʪʨʫʤʝʥʪʽʚ ʛʝʦʧʨʦʩʪʦʨʦʚʦʛʦ ʘʥʘʣʽʟʫ, ʩʧʨʷʤʦʚʘʥʠʭ ʥʘ ʧʣʘʥʫʚʘʥʥʷ 

ʨʝʢʦʥʩʪʨʫʢʮʽʾ ʪʝʨʠʪʦʨʽʡ, ʟʨʫʡʥʦʚʘʥʠʭ ʚʽʡʥʦʶ. ɿʘʧʨʦʧʦʥʦʚʘʥʽ ʤʝʪʦʜʠ ʽʥʪʝʛʨʘʮʽʾ ʧʝʨʝʚʽʨʷʶʪʴʩʷ ʟʘ 

ʜʦʧʦʤʦʛʦʶ AWS Lake Formation, ʨʘʟʦʤ ʽʟ ʛʝʦʧʨʦʩʪʦʨʦʚʠʤʠ ʥʘʙʦʨʘʤʠ ʜʘʥʠʭ, ʜʦ ʷʢʠʭ ʤʦʞʥʘ ʦʪʨʠʤʘʪʠ 

ʜʦʩʪʫʧ ʯʝʨʝʟ ʨʝʩʫʨʩʠ AWS S3. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʮʠʬʨʦʚʘ ʨʝʢʦʥʩʪʨʫʢʮʽʷ, ʽʥʩʪʨʫʤʝʥʪʠ ʛʝʦʧʨʦʩʪʦʨʦʚʦʾ ʘʥʘʣʽʪʠʢʠ, ʦʟʝʨʦ ʜʘʥʠʭ. 
 

GEOSPATIAL ANALYSIS AND ASSESSMENT OF THE DESTROYED AREAS  
 

Zhyriakova I., Osaulenko I. 

The Bohdan Khmelnytsky National University of Cherkasy, Cherkasy, Ukraine 
 

Abstract. The importance of utilizing monitoring information systems during wartime and post-war 

reconstruction is justified. The significant monitoring areas developed by the working groups of the National 

Council for Ukraine's Recovery from War Consequences are highlighted. The emphasis on open data in 

relational management is underscored. Geospatial analysis and assessment of post-war destruction are 

pivotal in comprehending the scale of damage, orchestrating reconstruction strategies, and extending 

assistance to affected populations in any nation. This thesis delves into the creation and refinement of 

geospatial analytics tools tailored for planning the reconstruction of areas devastated by the Ukrainian war. 

The suggested integration methods are being tested using AWS Lake Formation alongside geospatial 

datasets accessible through AWS S3 resources. 

Keywords: digital reconstruction, geospatial analytics tools, data lake. 

 

ɺʠʢʣʘʜ ʦʩʥʦʚʥʦʛʦ ʤʘʪʝʨʽʘʣʫ. ʅʝʟʚʘʞʘʶʯʠ ʥʘ ʚʦʻʥʥʠʡ ʯʘʩ, ʋʢʨʘʾʥʘ ʨʦʟʚʠʚʘʻ ʚʽʜʢʨʠʪʽ 

ʜʘʥʽ [1] ʚ ʯʦʤʫ ʾʡ ʘʢʪʠʚʥʦ ʜʦʧʦʤʘʛʘʻ ʤʽʞʥʘʨʦʜʥʝ ʩʧʽʚʪʦʚʘʨʠʩʪʚʦ ʰʣʷʭʦʤ ʤʦʥʽʪʦʨʠʥʛʫ, ʟʙʦʨʫ 

ʪʘ ʦʙʨʦʙʢʠ ʢʘʨʪʦʛʨʘʬʽʯʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ʥʘ ʦʩʥʦʚʽ ʜʘʥʠʭ ʟ ʩʫʧʫʪʥʠʢʽʚ, ʬʽʢʩʫʶʯʠ ʟʥʘʯʥʫ 

ʨʫʡʥʘʮʽʶ ʪʝʨʠʪʦʨʽʡ. ɺ ʪʦʡ ʞʝ ʯʘʩ ʆʨʛʘʥʽʟʘʮʽʷ ʆʙôʻʜʥʘʥʠʭ ʅʘʮʽʡ ʟʜʽʡʩʥʶʻ ʽʥʽʮʽʘʪʠʚʫ ʟʽ 
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ʩʢʣʘʜʘʥʥʷ ʤʽʞʥʘʨʦʜʥʠʭ ʜʦʤʦʚʣʝʥʦʩʪʝʡ, ʷʢʽ ʛʘʨʘʥʪʫʶʪʴ ʙʝʟʢʦʰʪʦʚʥʝ ʥʘʜʘʥʥʷ ʦʨʙʽʪʘʣʴʥʠʭ 

ʟʦʙʨʘʞʝʥʴ ʜʠʩʪʘʥʮʽʡʥʦʛʦ ʟʦʥʜʫʚʘʥʥʷ ʧʦʩʪʨʘʞʜʘʣʠʭ ʨʝʛʽʦʥʽʚ. ʏʠʩʣʝʥʥʽ ʜʦʩʣʽʜʞʝʥʥʷ, ʷʢʽ 

ʧʦʰʠʨʶʶʪʴʩʷ ʯʝʨʝʟ ʟʘʩʦʙʠ ʤʘʩʦʚʦʾ ʽʥʬʦʨʤʘʮʽʾ, ʧʽʜʪʚʝʨʜʞʫʶʪʴ ʝʬʝʢʪʠʚʥʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʟʦʙʨʘʞʝʥʴ ʟ ʨʘʜʽʦʣʦʢʘʮʽʡʥʠʭ ʩʫʧʫʪʥʠʢʽʚ ʜʣʷ ʚʠʢʦʥʘʥʥʷ ʜʦʩʠʪʴ ʪʦʯʥʦʾ ʦʮʽʥʢʠ ʟʤʽʥ, ʷʢʽ 

ʚʽʜʙʫʚʘʶʪʴʩʷ ʥʘ ʟʝʤʥʽʡ ʧʦʚʝʨʭʥʽ [2]. ʆʪʞʝ, ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʘʢʪʫʘʣʴʥʦʩʪʽ ʧʠʪʘʥʴ ʨʦʟʨʦʙʣʝʥʥʷ 

ʧʣʘʥʫ ʟʘʭʦʜʽʚ ʟ ʧʽʩʣʷʚʦʻʥʥʦʛʦ ʚʽʜʥʦʚʣʝʥʥʷ ʪʘ ʨʦʟʚʠʪʢʫ ʋʢʨʘʾʥʠ, ʷʢʽ ʚʠʨʽʰʫʻ ʩʪʚʦʨʝʥʘ 

ʇʨʝʟʠʜʝʥʪʦʤ ʋʢʨʘʾʥʠ ʅʘʮʽʦʥʘʣʴʥʘ ʨʘʜʘ ʟ ʚʽʜʥʦʚʣʝʥʥʷ [3], ʜʦʮʽʣʴʥʠʤ ʻ ʘʚʪʦʤʘʪʠʟʘʮʽʷ 

ʘʨʭʽʪʝʢʪʫʨʥʦʾ ʨʝʢʦʥʩʪʨʫʢʮʽʾ ʧʦʰʢʦʜʞʝʥʠʭ ʪʝʨʠʪʦʨʽʡ. ʊʦʤʫ ʤʝʪʦʶ ʜʘʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʻ 

ʨʦʟʨʦʙʢʘ ʢʦʥʮʝʧʮʽʾ ʭʤʘʨʥʦʛʦ ʩʝʨʚʽʩʫ ʛʝʦʧʨʦʩʪʦʨʦʚʦʛʦ ʘʥʘʣʽʟʫ ʫʰʢʦʜʞʝʥʠʭ ʪʝʨʠʪʦʨʽʡ. 

ɻʝʦʧʨʦʩʪʦʨʦʚʠʡ ʘʥʘʣʽʟ ʙʘʟʫʚʘʪʠʤʝʪʴʩʷ ʥʘ ʟʘʩʪʦʩʫʚʘʥʥʽ SAR ʪʘ Sentinel-1 InSAR 

ʽʥʪʝʨʬʝʨʦʤʝʪʨʽʾ. ɼʣʷ ʘʨʭʽʪʝʢʪʫʨʥʦʾ ʨʝʢʦʥʩʪʨʫʢʮʽʾ ʧʦʰʢʦʜʞʝʥʠʭ ʪʝʨʠʪʦʨʽʡ ʙʫʜʝʤʦ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʤʝʪʦʜʠ ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʙʫʜʽʚʝʣʴ, ʷʢʽ ʨʝʛʫʣʶʶʪʴʩʷ 

ʤʽʞʥʘʨʦʜʥʠʤʠ ʩʪʘʥʜʘʨʪʘʤʠ ISO 23247:2021, ISO 16739-1:2024, ISO 19650-1:2018 [4]. ɼʣʷ 

ʟʙʝʨʝʞʝʥʥʷ ʜʘʥʠʭ ʩʢʦʨʠʩʪʘʻʤʦʩʴ AWS S3 (Simple Storage Service) [5], ʷʢʝ ʜʦʟʚʦʣʷʻ ʥʝ ʣʠʰʝ 

ʟʘʭʠʩʪʠʪʠ ʟʙʝʨʝʞʝʥʽ ʜʘʥʽ, ʘ ʡ ʦʪʨʠʤʘʪʠ ʥʘʙʦʨʠ ʜʘʥʠʭ SAR ʯʝʨʝʟ ʨʝʻʩʪʨ ʚʽʜʢʨʠʪʠʭ ʜʘʥʠʭ [6]. 

ɼʣʷ ʧʦʜʘʣʴʰʦʛʦ ʮʝʥʪʨʘʣʽʟʦʚʘʥʦ ʢʝʨʫʚʘʥʥʷ, ʟʘʭʠʩʪʫ ʪʘ ʦʙʤʽʥʫ ʜʘʥʠʤʠ ʜʣʷ ʘʥʘʣʽʪʠʢʠ ʪʘ 

ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ ʤʠ ʩʢʦʨʠʩʪʘʻʤʦʩʴ ʩʝʨʚʽʩʦʤ AWS Lake Formation ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʦʟʝʨʘ 

ʜʘʥʠʭ. 

ʅʘʙʽʨ ʛʝʦʧʨʦʩʪʦʨʦʚʠʭ ʜʘʥʠʭ ʷʚʣʷʻ ʩʦʙʦʶ ʥʘʙʽʨ ʩʫʧʫʪʥʠʢʦʚʠʭ ʟʥʽʤʢʽʚ ʫ ʬʦʨʤʘʪʽ 

ʦʧʪʠʤʽʟʦʚʘʥʦʤʫ ʜʣʷ ʭʤʘʨʠ. ʅʘʙʽʨ ʜʘʥʠʭ ʜʣʷ ʘʨʭʽʪʝʢʪʫʨʥʦʾ ʨʝʢʦʥʩʪʨʫʢʮʽʾ ï ʮʝ 2D ʪʘ 3D 

ʛʝʦʤʝʪʨʽʷ ʪʘ ʧʘʨʘʤʝʪʨʠʯʥʽ ʤʦʜʝʣʽ. ʊʦʤʫ ʢʦʥʮʝʧʮʽʶ ʾʭ ʽʥʪʝʛʨʘʮʽʾ ʤʦʞʥʘ ʧʨʝʜʩʪʘʚʠʪʠ ʫ 

ʚʠʛʣʷʜʽ UML ʜʽʘʛʨʘʤʠ ʚʘʨʽʘʥʪʽʚ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʨʝʜʩʪʘʚʣʝʥʠʭ ʥʘ ʨʠʩ. 1. 

 

ʈʠʩ. 1. ʂʦʥʮʝʧʮʽʷ ʽʥʪʝʛʨʘʮʽʾ ʜʘʥʠʭ 

ʆʩʥʦʚʥʽ ʝʪʘʧʠ ʦʙʨʦʙʢʠ ʜʘʥʠʭ ʧʨʝʜʩʪʘʚʣʝʥʽ ʥʘ ʨʠʩ. 2. 

 
ʈʠʩ. 2. ɽʪʘʧʠ ʦʙʨʦʙʢʠ ʜʘʥʠʭ 

ɺʠʩʥʦʚʢʠ. ɺ ʨʝʟʫʣʴʪʘʪʽ ʜʦʩʣʽʜʞʝʥʥʷ ʩʪʚʦʨʝʥʦ ʦʟʝʨʦ ʜʘʥʠʭ ʥʘ ʙʘʟʽ AWS Lake 

Formation. ʇʦʜʘʣʴʰʝ ʜʦʩʣʽʜʞʝʥʥʷ ʽʥʪʝʨʬʝʨʦʛʨʘʤ ʜʘʩʪʴ ʟʤʦʛʫ ʫʪʦʯʥʠʪʠ ʥʝʦʙʭʽʜʥʽ ʤʝʪʘʜʘʥʽ 

ʜʣʷ ʢʘʪʘʣʦʛʽʟʘʮʽʾ ʪʘ ʚʠʟʥʘʯʠʪʠʩʴ ʯʠ ʧʦʪʨʝʙʫʻ ʤʦʜʠʬʽʢʘʮʽʾ ʘʙʦ ʜʦʧʦʚʥʝʥʥʷ ʩʪʚʦʨʝʥʘ ʙʘʟʘ 

ʜʘʥʠʭ ʜʣʷ ʛʝʦʧʨʦʩʪʦʨʦʚʦʛʦ ʘʥʘʣʽʟʫ. 
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ʄɽʊʆɼ ʈʆɿʇɯɿʅɸɺɸʅʅʗ ɺɯʂʋ ʃʖɼʀʅʀ ɿɸ ɿʆɹʈɸɾɽʅʅʗʄ ʆɹʃʀʏʏʗ ʅɸ 

ʆʉʅʆɺɯ ɸʅʉɸʄɹʃʖ ʅɽʁʈʆʄɽʈɽɾɽɺʀʍ ʂʃɸʉʀʌɯʂɸʊʆʈɯɺ 

 

ʂʘʨʘʧʝʪʷʥ ɸ.ʈ., ʌʝʜʦʨʦʚ ɭ.ɭ., ʄʽʨʦʰʢʽʥʘ ɯ.ɺ., ʇʘʣʘʛʽʥʘ ʆ.ɸ., ʅʝʩʪʝʨʝʥʢʦ ɸ.ʄ. 

ʏʝʨʢʘʩʴʢʠʡ ʜʝʨʞʘʚʥʠʡ ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ, ʏʝʨʢʘʩʠ, ʋʢʨʘʾʥʘ 

 
ɸʥʦʪʘʮʽʷ. ʋ ʨʦʙʦʪʽ ʧʨʦʧʦʥʫʻʪʴʩʷ ʤʝʪʦʜ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʚʽʢʫ ʣʶʜʠʥʠ ʟʘ ʟʦʙʨʘʞʝʥʥʷʤ ʦʙʣʠʯʯʷ 

ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʘʥʩʘʤʙʣʴ ʥʝʡʨʦʤʝʨʝʞʝʚʠʭ ʢʣʘʩʠʬʽʢʘʪʦʨʽʚ. ʉʪʚʦʨʝʥʠʡ ʤʝʪʦʜ ʤʘʻ ʪʘʢʽ ʧʝʨʝʚʘʛʠ ï 

ʚʭʽʜʥʝ ʟʦʙʨʘʞʝʥʥʷ ʥʝ ʻ ʢʚʘʜʨʘʪʥʠʤ, ʱʦ ʨʦʟʰʠʨʶʻ ʩʬʝʨʫ ʟʘʩʪʦʩʫʚʘʥʥʷ; ʢʽʣʴʢʽʩʪʴ ʧʘʨ "ʰʘʨ ʱʦ 

ʟʛʦʨʪʘʻʪʴʩʷ ï ʰʘʨ ʱʦ ʟʥʠʞʫʻ ʜʠʩʢʨʝʪʠʟʘʮʽʶ" ʚʠʟʥʘʯʘʻʪʴʩʷ ʝʤʧʽʨʠʯʥʠʤ ʰʣʷʭʦʤ, ʱʦ ʧʽʜʚʠʱʫʻ 

ʪʦʯʥʽʩʪʴ ʥʝʡʨʦʤʝʨʝʞʝʚʦʛʦ ʢʣʘʩʠʬʽʢʘʪʦʨʘ; ʢʽʣʴʢʽʩʪʴ ʧʣʦʱʠʥ ʰʘʨʽʚ ʚʠʟʥʘʯʘʻʪʴʩʷ ʘʚʪʦʤʘʪʠʯʥʦ, ʱʦ 

ʧʨʠʩʢʦʨʶʻ ʚʠʟʥʘʯʝʥʥʷ ʩʪʨʫʢʪʫʨʠ ʥʝʡʨʦʤʝʨʝʞʝʚʦʛʦ ʢʣʘʩʠʬʽʢʘʪʦʨʘ; ʚʠʢʦʨʠʩʪʘʥʥʷ ʘʥʩʘʤʙʣʶ 

ʥʝʡʨʦʤʝʨʝʞʝʚʠʭ ʢʣʘʩʠʬʽʢʘʪʦʨʽʚ ʜʦʟʚʦʣʷʻ ʚʽʜʥʝʩʪʠ ʣʶʜʠʥʫ ʜʦ ʧʝʚʥʦʛʦ ʚʽʢʦʚʦʛʦ ʜʽʘʧʘʟʦʥʫ ʟ ʚʠʩʦʢʦʶ 

ʡʤʦʚʽʨʥʽʩʪʶ. ɿʘʧʨʦʧʦʥʦʚʘʥʠʡ ʤʝʪʦʜ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʚʽʢʫ ʣʶʜʠʥʠ ʤʦʞʝ ʟʘʩʪʦʩʦʚʫʚʘʪʠʩʴ ʫ ʨʽʟʥʠʭ 

ʽʥʪʝʣʝʢʪʫʘʣʴʥʠʭ ʩʠʩʪʝʤʘʭ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʟʦʨʦʚʠʭ ʦʙʨʘʟʽʚ 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: Akamai serv ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʚʽʢʫ ʣʶʜʠʥʠ, ʛʣʠʙʦʢʽ ʥʝʡʨʦʥʥʽ ʤʝʨʝʞʽ, ʘʥʩʘʤʙʣʽ 

ʢʣʘʩʠʬʽʢʘʪʦʨʽʚ, ʥʝʡʨʦʥʥʘ ʤʝʨʝʞʘ LeNet, ʥʝʡʨʦʥʥʘ ʤʝʨʝʞʘ AlexNet, ʥʝʡʨʦʥʥʘ ʤʝʨʝʞʘ VGG, ʥʝʡʨʦʥʥʘ 

ʤʝʨʝʞʘ ResNet. 

 

ɺʩʪʫʧ. ɺ ʜʘʥʠʡ ʤʦʤʝʥʪ ʚʠʟʥʘʯʝʥʥʷ ʚʽʢʫ ʣʶʜʠʥʠ ʟʘ ʟʦʙʨʘʞʝʥʥʷʤ ʦʙʣʠʯʯʷ ʩʪʘʣʦ ʦʜʥʽʻʶ 

ʟ ʧʦʧʫʣʷʨʥʠʭ ʟʘʜʘʯ ʩʪʘʪʠʩʪʠʯʥʦʛʦ ʪʘ ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ. ɺʠʟʥʘʯʝʥʥʷ ʚʽʢʫ ʻ ʢʦʨʠʩʥʠʤ ʜʣʷ 

ʰʚʠʜʢʦʛʦ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʥʷ ʧʨʦ ʜʦʧʫʩʢ ʣʶʜʠʥʠ ʥʘ ʟʘʭʽʜ, ʷʢʠʡ ʤʘʻ ʚʽʢʦʚʠʡ ʮʝʥʟ, ʘʙʦ ʥʘ 

ʧʨʦʜʘʞ ʡʦʤʫ ʜʝʷʢʠʭ ʪʦʚʘʨʽʚ. ʋ ʛʘʣʫʟʽ ʤʘʨʢʝʪʠʥʛʫ ʢʣʘʩʪʝʨʠʟʘʮʽʷ ʚʽʜʚʽʜʫʚʘʥʴ ʟʘ ʩʦʮʽʘʣʴʥʦ-

ʜʝʤʦʛʨʘʬʽʯʥʠʤʠ ʦʟʥʘʢʘʤʠ ʜʦʟʚʦʣʷʻ ʢʨʘʱʝ ʟʨʦʟʫʤʽʪʠ ʩʪʘʥ ʨʠʥʢʫ ʪʘ ʚʧʦʜʦʙʘʥʥʷ 

ʢʦʨʠʩʪʫʚʘʯʽʚ. ʆʩʪʘʥʥʽʤ ʯʘʩʦʤ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʚʽʢʫ ʣʶʜʠʥʠ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʛʣʠʙʦʢʝ 

ʥʘʚʯʘʥʥʷ. ɺʝʩʴ ʧʨʦʮʝʩ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʪʨʴʦʭ ʝʪʘʧʽʚ: ʚʠʷʚʣʝʥʥʷ ʦʙʣʠʯʯʷ ʥʘ ʟʦʙʨʘʞʝʥʥʽ, 

ʚʠʨʽʚʥʶʚʘʥʥʷ ʦʙʣʠʯʯʷ ʜʣʷ ʧʦʜʘʣʴʰʦʾ ʦʙʨʦʙʢʠ, ʪʘ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʚʽʢʫ ʧʦ ʦʙʣʠʯʯʶ. ɿʘʜʘʯʘ 

ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʚʽʢʫ ʚ ʦʩʥʦʚʥʦʤʫ ʧʦʚ'ʷʟʘʥʘ ʟ ʨʝʘʣʽʟʘʮʽʻʶ ʪʨʝʪʴʦʛʦ ʝʪʘʧʫ. ɼʣʷ ʧʽʜʚʠʱʝʥʥʷ 

ʪʦʯʥʦʩʪʽ ʪʘ ʡʤʦʚʽʨʥʦʩʪʽ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʚʽʢʫ ʣʶʜʠʥʠ ʚ ʥʘʰ ʯʘʩ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʥʝ ʦʜʥʫ 

ʥʝʡʨʦʥʥʫ ʤʝʨʝʞʫ, ʘ ʘʥʩʘʤʙʣʴ ʥʝʡʨʦʤʝʨʝʞʝʚʠʭ ʢʣʘʩʠʬʽʢʘʪʦʨʽʚ. 

ʄʝʪʦʶ ʨʦʙʦʪʠ ʻ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʛʦ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʚʽʢʫ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʘʥʩʘʤʙʣʶ ʥʝʡʨʦʤʝʨʝʞʝʚʠʭ ʢʣʘʩʠʬʽʢʘʪʦʨʽʚ. 

ɼʣʷ ʜʦʩʷʛʥʝʥʥʷ ʧʦʩʪʘʚʣʝʥʦʾ ʤʝʪʠ ʥʝʦʙʭʽʜʥʦ ʚʠʨʽʰʠʪʠ ʪʘʢʽ ʟʘʚʜʘʥʥʷ: 

1. ɺʠʟʥʘʯʠʪʠ ʘʥʩʘʤʙʣʝʚʫ ʤʦʜʝʣʴ ʥʝʡʨʦʤʝʨʝʞʝʚʠʭ ʢʣʘʩʠʬʽʢʘʪʦʨʽʚ. 

2. ʆʙʨʘʪʠ ʢʨʠʪʝʨʽʡ ʷʢʦʩʪʽ ʜʣʷ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʧʘʨʘʤʝʪʨʽʚ ʘʥʩʘʤʙʣʝʚʦʾ ʤʦʜʝʣʽ. 

3. ɺʠʟʥʘʯʠʪʠ ʤʝʪʦʜ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʧʘʨʘʤʝʪʨʽʚ ʘʥʩʘʤʙʣʝʚʦʾ ʤʦʜʝʣʽ. 

4. ʆʙʨʘʪʠ ʥʝʡʨʦʤʝʨʝʞʝʚʽ ʢʣʘʩʠʬʽʢʘʪʦʨʠ ʜʣʷ ʘʥʩʘʤʙʣʝʚʦʾ ʤʦʜʝʣʽ. 

5. ɺʠʟʥʘʯʠʪʠ ʤʦʜʝʣʽ ʰʘʨʽʚ ʥʝʡʨʦʤʝʨʝʞʝʚʠʭ ʢʣʘʩʠʬʽʢʘʪʦʨʽʚ 

6. ʆʙʨʘʪʠ ʢʨʠʪʝʨʽʾ ʷʢʦʩʪʽ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʧʘʨʘʤʝʪʨʽʚ ʥʝʡʨʦʤʝʨʝʞʝʚʠʭ ʢʣʘʩʠʬʽʢʘʪʦʨʽʚ. 

7. ʇʨʦʚʝʩʪʠ ʯʠʩʝʣʴʥʝ ʜʦʩʣʽʜʞʝʥʥʷ ʟʘʧʨʦʧʦʥʦʚʘʥʦʛʦ ʤʝʪʦʜʫ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʚʽʢʫ. 

ʌʦʨʤʫʣʶʚʘʥʥʷ ʧʨʦʙʣʝʤʠ. ɺ ʷʢʦʩʪʽ ʥʝʡʨʦʤʝʨʝʞʝʚʠʭ ʢʣʘʩʠʬʽʢʘʪʦʨʽʚ ʧʽʜʚʠʱʝʥʥʷ 

ʪʦʯʥʦʩʪʽ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʥʠʥʽ ʟʘʟʚʠʯʘʡ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʛʣʠʙʦʢʽ ʥʝʡʨʦʥʥʽ ʤʝʨʝʞʽ. ɻʣʠʙʦʢʽ 

https://www.kmu.gov.ua/news/mintsyfry-prezentuvala-viziiu-rozvytku-vidkrytykh-danykh-v-ukraini
https://www.groundstation.space/tech/sar-in-support-of-the-war-in-ukraine/
https://www.groundstation.space/tech/sar-in-support-of-the-war-in-ukraine/
https://zakon.rada.gov.ua/laws/show/266/2022/print
https://docs.aws.amazon.com/
https://t1p.de/y5axh
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ʥʝʡʨʦʥʥʽ ʤʝʨʝʞʽ ʤʘʶʪʴ ʦʜʠʥ ʘʙʦ ʙʽʣʴʰʝ ʟ ʥʘʩʪʫʧʥʠʭ ʥʝʜʦʣʽʢʽʚ: ʥʝʜʦʩʪʘʪʥʴʦ ʚʠʩʦʢʘ ʪʦʯʥʽʩʪʴ 

ʨʦʟʧʽʟʥʘʚʘʥʥʷ; ʥʝʜʦʩʪʘʪʥʴʦ ʚʠʩʦʢʘ ʰʚʠʜʢʽʩʪʴ ʚʠʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ; ʩʢʣʘʜʥʽʩʪʴ ʚʠʟʥʘʯʝʥʥʷ 

ʩʪʨʫʢʪʫʨʠ ʥʝʡʨʦʥʥʦʾ ʤʝʨʝʞʽ (ʢʽʣʴʢʽʩʪʴ ʪʘ ʨʦʟʤʽʨ ʰʘʨʽʚ ʢʦʞʥʦʛʦ ʪʠʧʫ). ɼʣʷ ʧʽʜʚʠʱʝʥʥʷ 

ʪʦʯʥʦʩʪʽ ʪʘ ʡʤʦʚʽʨʥʦʩʪʽ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʚʽʢʫ ʣʶʜʠʥʠ ʟʘʨʘʟ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʥʝ ʦʜʥʫ ʛʣʠʙʦʢʫ 

ʥʝʡʨʦʥʥʫ ʤʝʨʝʞʫ, ʘ ʘʥʩʘʤʙʣʴ ʥʝʡʨʦʤʝʨʝʞʝʚʠʭ ʢʣʘʩʠʬʽʢʘʪʦʨʽʚ (ʙʘʟʦʚʠʭ ʤʦʜʝʣʝʡ). ɼʣʷ 

ʘʥʩʘʤʙʣʶ ʥʝʡʨʦʤʝʨʝʞʝʚʠʭ ʢʣʘʩʠʬʽʢʘʪʦʨʽʚ ʥʘʡʯʘʩʪʽʰʝ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʤʝʪʦʜʠ ʙʫʩʪʠʥʛʫ 

ʪʘ ʙʝʛʽʥʛʫ. ɸʥʩʘʤʙʣʴ ʥʝʡʨʦʤʝʨʝʞʝʚʠʭ ʢʣʘʩʠʬʽʢʘʪʦʨʽʚ ʤʘʻ ʦʜʠʥ ʘʙʦ ʙʽʣʴʰʝ ʟ ʥʘʩʪʫʧʥʠʭ 

ʥʝʜʦʣʽʢʽʚ: ʥʝ ʜʦʧʫʩʢʘʻ ʨʦʟʧʘʨʘʣʝʣʶʚʘʥʥʷ ʥʘʚʯʘʥʥʷ ʙʘʟʦʚʠʭ ʤʦʜʝʣʝʡ; ʤʦʞʝ ʧʨʠʟʚʦʜʠʪʠ ʜʦ 

ʧʝʨʝʥʘʚʯʘʥʥʷ ʧʨʠ ʚʝʣʠʢʽʡ ʢʽʣʴʢʦʩʪʽ ʙʘʟʦʚʠʭ ʤʦʜʝʣʝʡ (ʤʦʞʝ ʧʦʛʘʥʦ ʧʨʘʮʶʚʘʪʠ ʥʘ ʪʝʩʪʦʚʠʭ 

ʜʘʥʠʭ ʯʝʨʝʟ ʩʣʘʙʢʫ ʫʟʘʛʘʣʴʥʶʶʯʫ ʟʜʘʪʥʽʩʪʴ); ʤʦʞʝ ʧʨʠʟʚʦʜʠʪʠ ʜʦ ʥʝʜʦʥʘʚʯʘʥʥʷ ʧʨʠ ʤʘʣʽʡ 

ʢʽʣʴʢʦʩʪʽ ʙʘʟʦʚʠʭ ʤʦʜʝʣʝʡ (ʤʦʞʝ ʩʣʘʙʦ ʚʨʘʭʦʚʫʚʘʪʠ ʚʟʘʻʤʦʟʚ'ʷʟʢʠ ʤʽʞ ʚʭʽʜʥʠʤʠ ʪʘ 

ʚʠʭʽʜʥʠʤʠ ʥʘʚʯʘʣʴʥʠʤʠ ʜʘʥʠʤʠ). ʋ ʟʚ'ʷʟʢʫ ʟ ʮʠʤ ʘʢʪʫʘʣʴʥʦʶ ʻ ʧʨʦʙʣʝʤʘ ʩʪʚʦʨʝʥʥʷ 

ʝʬʝʢʪʠʚʥʦʛʦ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʚʽʢʫ ʣʶʜʠʥʠ. 

ʈʽʰʝʥʥʷ ʧʨʦʙʣʝʤʠ. ɸʥʩʘʤʙʣʝʚʫ ʤʦʜʝʣʴ ʙʫʩʪʠʥʛʫ ʟ ʙʘʟʦʚʠʤʠ ʤʦʜʝʣʷʤʠ ʥʘ ʦʩʥʦʚʽ 

ʥʝʡʨʦʤʝʨʝʞʝʚʠʭ ʢʣʘʩʠʬʽʢʘʪʦʨʽʚ ʪʘ ʟʚʘʞʝʥʠʤ ʛʦʣʦʩʫʚʘʥʥʷʤ ʚʠʟʥʘʯʝʥʦ ʫ ʚʠʛʣʷʜʽ 

ώ arg maxВ ‌ Ὢὼȟύ Ὧ ,Ὧᶰρȟὑ,Ὢὼȟύ ᶰρȟ...ȟὑ , 

ʜʝ ‌- ʚʘʛʘ c-ʾ ʙʘʟʦʚʦʾ ʤʦʜʝʣʽ, ύ- ʩʫʢʫʧʥʽʩʪʴ ʚʘʛ c-ʾ ʙʘʟʦʚʦʾ ʤʦʜʝʣʽ, A - ʢʽʣʴʢʽʩʪʴ ʙʘʟʦʚʠʭ 

ʤʦʜʝʣʝʡ, K - ʢʽʣʴʢʽʩʪʴ ʢʣʘʩʽʚ. 

ɺ ʷʢʦʩʪʽ ʬʫʥʢʮʽʾ ʚʪʨʘʪ ʚʠʩʪʫʧʘʻ ʩʫʤʘ ʝʢʩʧʦʥʝʥʮʽʡʥʠʭ ʩʫʤ ʚʘʛ ʙʘʟʦʚʠʭ ʤʦʜʝʣʝʡ, ʷʢʽ 

ʧʦʤʠʣʢʦʚʦ ʢʣʘʩʠʬʽʢʫʚʘʣʠ ʦʙ'ʻʢʪ, ʧʦ ʚʩʽʡ ʤʥʦʞʠʥʽ ʦʙ'ʻʢʪʽʚ. 

ɯʜʝʥʪʠʬʽʢʘʮʽʷ ʧʘʨʘʤʝʪʨʽʚ ʘʥʩʘʤʙʣʝʚʦʾ ʤʦʜʝʣʽ ʚʠʢʦʥʫʻʪʴʩʷ ʥʘ ʦʩʥʦʚʽ ʘʜʘʧʪʠʚʥʦʛʦ 

ʙʫʩʪʠʥʛʫ AdaBoost.M1. 

ɺ ʷʢʦʩʪʽ ʥʝʡʨʦʤʝʨʝʞʝʚʠʭ ʢʣʘʩʠʬʽʢʘʪʦʨʽʚ (ʙʘʟʦʚʠʭ ʤʦʜʝʣʝʡ) ʦʙʨʘʥʽ ʥʝʡʨʦʥʥʽ ʤʝʨʝʞʽ 

LeNet,AlexNet, VGG (Visual Geometry Group) (ʧʨʝʜʩʪʘʚʣʝʥʘ VGG-19), ResNet (Residual 

Network) (ʧʨʝʜʩʪʘʚʣʝʥʘ ResNet-18), ʷʢʽ ʙʘʟʫʶʪʴʩʷ ʥʘ ʟʛʦʨʪʢʦʚʠʭ, ʱʦ ʟʥʠʞʫʶʪʴ 

ʜʠʩʢʨʝʪʠʟʘʮʽʶ ʪʘ ʧʦʚʥʦʟʚ'ʷʟʢʦʚʠʭ ʰʘʨʘʭ. ʋ ʨʦʙʦʪʽ ʜʣʷ ʦʮʽʥʢʠ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʧʘʨʘʤʝʪʨʽʚ 

ʥʝʡʨʦʤʝʨʝʞʝʚʠʭ ʢʣʘʩʠʬʽʢʘʪʦʨʽʚ ʦʙʨʘʥʦ ʢʨʠʪʝʨʽʡ ʪʦʯʥʦʩʪʽ, ʢʨʠʪʝʨʽʡ ʢʘʪʝʛʦʨʽʘʣʴʥʦʾ ʢʨʦʩ-

ʝʥʪʨʦʧʽʾ ʪʘ ʢʨʠʪʝʨʽʡ ʰʚʠʜʢʦʜʽʾ. 

ɽʢʩʧʝʨʠʤʝʥʪʠ ʪʘ ʨʝʟʫʣʴʪʘʪʠ. ʏʠʩʝʣʴʥʝ ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʦʚʦʜʠʣʦʩʷ ʟ ʫʨʘʭʫʚʘʥʥʷʤ 

ʥʘʙʦʨʫ ʜʘʥʠʭ IMDB-Wiki [1]. ʆʧʠʩ ʮʴʦʛʦ ʜʘʪʘʩʝʪʫ ʥʘʚʝʜʝʥʦ ʚ ʨʦʙʦʪʽ [2]. ʈʦʟʤʽʨ ʥʘʙʦʨʫ 

ʜʘʥʠʭ ʩʪʘʥʦʚʠʚ 523 051 ʝʣʝʤʝʥʪ. ʂʽʣʴʢʽʩʪʴ ʢʣʘʩʽʚ K=101. ʇʦʧʝʨʝʜʥʴʦ ʢʦʞʥʝ ʟʦʙʨʘʞʝʥʥʷ 

ʙʫʣʦ ʧʝʨʝʪʚʦʨʝʥʦ ʜʦ ʨʦʟʤʽʨʫ 128ʭ128. ɿ ʥʘʙʦʨʽʚ ʜʘʥʠʭ ʚʠʧʘʜʢʦʚʠʤ ʯʠʥʦʤ ʚʠʙʠʨʘʣʦʩʷ 80% 

ʟʦʙʨʘʞʝʥʴ ʜʣʷ ʥʘʚʯʘʣʴʥʦʾ ʚʠʙʽʨʢʠ ʪʘ 20% ʟʦʙʨʘʞʝʥʴ ʜʣʷ ʧʝʨʝʚʽʨʦʯʥʦʾ ʪʘ ʪʝʩʪʦʚʦʾ ʚʠʙʽʨʢʠ. ɿ 

ʦʛʣʷʜʫ ʥʘ ʪʝ, ʱʦ ʦʙʨʘʥʽ ʥʝʡʨʦʤʝʨʝʞʝʚʽ ʢʣʘʩʠʬʽʢʘʪʦʨʠ ʤʽʩʪʷʪʴ ʨʝʢʫʨʝʥʪʥʠʭ ʟʚ'ʷʟʢʽʚ, ʥʘʚʯʘʥʥʷ 

ʧʨʦʚʦʜʠʣʦʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ GPU. ɼʣʷ ʨʝʘʣʽʟʘʮʽʾ ʟʘʧʨʦʧʦʥʦʚʘʥʠʭ ʥʝʡʨʦʤʝʨʝʞʝʚʠʭ 

ʢʣʘʩʠʬʽʢʘʪʦʨʽʚ ʚʠʢʦʨʠʩʪʦʚʫʚʘʚʩʷ ʧʘʢʝʪ tensorflow, ʷʢ ʧʨʦʛʨʘʤʥʝ ʩʝʨʝʜʦʚʠʱʝ ʙʫʣʦ ʦʙʨʘʥʦ 

Google Collaboratory. ʋ ʪʘʙʣ.1 ʥʘʚʝʜʝʥʽ ʡʤʦʚʽʨʥʦʩʪʽ ʨʦʟʧʽʟʥʘʚʘʥʥʷ, ʦʪʨʠʤʘʥʽ ʟʘ ʦʢʨʝʤʠʤʠ 

ʥʝʡʨʦʥʥʠʤʠ ʤʝʨʝʞʘʤʠ ʪʘ ʟʘ ʘʥʩʘʤʙʣʝʚʦʶ ʤʦʜʝʣʣʶ, ʷʢʘ ʚʢʣʶʯʘʻ ʤʦʜʝʣʽ ʮʠʭ ʥʝʡʨʦʥʥʠʭ 

ʤʝʨʝʞ ʷʢ ʙʘʟʦʚʽ ʤʦʜʝʣʽ. 

ʊʘʙʣʠʮʷ 1 

ɯʤʦʚʽʨʥʽʩʪʴ ʨʦʟʧʽʟʥʘʚʘʥʥʷ 

ʊʠʧ ʨʦʟʧʽʟʥʘʚʘʯʘ ʁʤʦʚʽʨʥʽʩʪʴ ʨʦʟʧʽʟʥʘʚʘʥʥʷ 

ʥʝʡʨʦʥʥʘ ʤʝʨʝʞʘ LeNet 0.85 

ʥʝʡʨʦʥʥʘ ʤʝʨʝʞʘAlexNet 0.87 

ʥʝʡʨʦʥʥʘ ʤʝʨʝʞʘVGG 0.88 

ʥʝʡʨʦʥʥʘ ʤʝʨʝʞʘResNet 0.9 

ʘʥʩʘʤʙʣʝʚʘ ʤʦʜʝʣʴ 0.98 

ɺ ʨʝʟʫʣʴʪʘʪʽ ʯʠʩʝʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʙʫʣʦ ʚʩʪʘʥʦʚʣʝʥʦ ʥʘʩʪʫʧʥʝ: ʤʽʥʽʤʘʣʴʥʦʶ ʢʽʣʴʢʽʩʪʶ 

ʽʪʝʨʘʮʽʡ ʜʣʷ ʥʝʡʨʦʤʝʨʝʞʝʚʦʛʦ ʢʣʘʩʠʬʽʢʘʪʦʨʘ ʟ ʪʦʯʢʠ ʟʦʨʫ ʚʪʨʘʪ (ʥʘ ʦʩʥʦʚʽ ʢʘʪʝʛʦʨʽʘʣʴʥʦʾ 

ʝʥʪʨʦʧʽʾ) ʽ ʪʦʯʥʦʩʪʽ ʻ 11; ʦʧʪʠʤʘʣʴʥʦʶ ʢʽʣʴʢʽʩʪʶ ʧʘʨ "ʰʘʨ ʱʦ ʟʛʦʨʪʘʻʪʴʩʷ ï ʰʘʨ ʱʦ ʟʥʠʞʫʻ 
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ʜʠʩʢʨʝʪʠʟʘʮʽʶ" ʜʣʷ ʥʝʡʨʦʤʝʨʝʞʝʚʦʛʦ ʢʣʘʩʠʬʽʢʘʪʦʨʘ ʟ ʪʦʯʢʠ ʟʦʨʫ ʚʪʨʘʪ (ʥʘ ʦʩʥʦʚʽ 

ʢʘʪʝʛʦʨʽʘʣʴʥʦʾ ʝʥʪʨʦʧʽʾ) ʻ 2; ʥʘʡʢʨʘʱʠʡ ʨʝʟʫʣʴʪʘʪ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʜʝʤʦʥʩʪʨʫʻ ʘʥʩʘʤʙʣʝʚʘ 

ʤʦʜʝʣʴ. ɼʣʷ ʟʘʧʦʙʽʛʘʥʥʷ ʧʝʨʝʥʘʚʯʘʥʥʶ ʚʠʢʦʨʠʩʪʦʚʫʚʘʚʩʷ ʤʝʪʦʜ ʧʝʨʝʭʨʝʩʥʦʾ ʝʥʪʨʦʧʽʾ KFold 

ʟ ʢʽʣʴʢʽʩʪʶ ʬʦʣʜʽʚ 5. 

ɺʠʩʥʦʚʢʠ. ɼʣʷ ʚʠʨʽʰʝʥʥʷ ʧʨʦʙʣʝʤʠ ʥʝʜʦʩʪʘʪʥʴʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʚʽʢʫ 

ʣʶʜʠʥʠ ʟʘ ʟʦʙʨʘʞʝʥʥʷʤ ʦʩʦʙʠ ʙʫʣʠ ʜʦʩʣʽʜʞʝʥʽ ʘʥʩʘʤʙʣʝʚʽ ʤʝʪʦʜʠ ʩʪʘʪʠʩʪʠʯʥʦʛʦ ʪʘ 

ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ. ʈʝʟʫʣʴʪʘʪʠ ʮʠʭ ʜʦʩʣʽʜʞʝʥʴ ʧʦʢʘʟʘʣʠ, ʱʦ ʥʘ ʩʴʦʛʦʜʥʽʰʥʽʡ ʜʝʥʴ 

ʥʘʡʙʽʣʴʰ ʝʬʝʢʪʠʚʥʠʤ ʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʘʥʩʘʤʙʣʶ ʥʝʡʨʦʤʝʨʝʞʝʚʠʭ ʢʣʘʩʠʬʽʢʘʪʦʨʽʚ. 

ʅʝʡʨʦʤʝʨʝʞʝʚʽ ʢʣʘʩʠʬʽʢʘʪʦʨʠ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ ʘʥʩʘʤʙʣʝʚʠʭ ʤʝʪʦʜʘʭ, ʤʘʶʪʴ ʪʘʢʽ 

ʧʝʨʝʚʘʛʠ: ʚʭʽʜʥʝ ʟʦʙʨʘʞʝʥʥʷ ʥʝ ʦʙʦʚôʷʟʢʦʚʦ ʢʚʘʜʨʘʪʥʝ, ʱʦ ʨʦʟʰʠʨʶʻ ʩʬʝʨʫ ʟʘʩʪʦʩʫʚʘʥʥʷ; 

ʢʽʣʴʢʽʩʪʴ ʧʘʨ "ʰʘʨ ʱʦ ʟʛʦʨʪʘʻʪʴʩʷ ï ʰʘʨ ʱʦ ʟʥʠʞʫʻ ʜʠʩʢʨʝʪʠʟʘʮʽʶ" ʚʠʟʥʘʯʘʻʪʴʩʷ 

ʝʤʧʽʨʠʯʥʠʤ ʰʣʷʭʦʤ, ʱʦ ʧʽʜʚʠʱʫʻ ʪʦʯʥʽʩʪʴ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʚʽʢʫ ʣʶʜʠʥʠ; ʢʽʣʴʢʽʩʪʴ ʧʣʦʱʠʥ 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʷʢ ʯʘʩʪʢʘ ʚʽʜ ʜʽʣʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʢʣʽʪʠʥ ʚʭʽʜʥʦʛʦ ʰʘʨʫ ʥʘ ʜʚʽʡʢʫ ʚ ʩʪʫʧʝʥʽ 

(ʩʪʫʧʽʥʴ ʜʦʨʽʚʥʶʻ ʧʦʜʚʦʻʥʦʤʫ ʥʦʤʝʨʫ ʧʘʨʠ "ʰʘʨ ʱʦ ʟʛʦʨʪʘʻʪʴʩʷ ï ʰʘʨ ʱʦ ʟʥʠʞʫʻ 

ʜʠʩʢʨʝʪʠʟʘʮʽʶ") ʜʣʷ ʟʙʝʨʝʞʝʥʥʷ ʟʘʛʘʣʴʥʦʾ ʢʽʣʴʢʦʩʪʽ ʢʣʽʪʠʥ ʫ ʰʘʨʽ ʧʽʩʣʷ ʟʥʠʞʝʥʥʷ 

ʜʠʩʢʨʝʪʠʟʘʮʽʾ, ʱʦ ʟʤʝʥʰʫʻ ʨʦʟʤʽʨ ʧʣʦʱʠʥ ʰʘʨʫ ʫ ʜʚʘ ʨʘʟʠ ʧʦ ʚʠʩʦʪʽ ʪʘ ʰʠʨʠʥʽ, 

ʘʚʪʦʤʘʪʠʟʫʶʯʠ ʚʠʟʥʘʯʝʥʥʷ ʩʪʨʫʢʪʫʨʠ ʰʘʨʽʚ ʥʝʡʨʦʤʝʨʝʞʝʚʦʛʦ ʢʣʘʩʠʬʽʢʘʪʦʨʘ. ɺʠʢʦʨʠʩʪʘʥʥʷ 

ʘʥʩʘʤʙʣʶ ʥʝʡʨʦʤʝʨʝʞʝʚʠʭ ʢʣʘʩʠʬʽʢʘʪʦʨʽʚ ʜʦʟʚʦʣʷʻ ʚʽʜʥʝʩʪʠ ʣʶʜʠʥʫ ʜʦ ʧʝʚʥʦʛʦ ʚʽʢʦʚʦʛʦ 

ʜʽʘʧʘʟʦʥʫ ʟ ʚʠʩʦʢʦʶ ʡʤʦʚʽʨʥʽʩʪʶ. ʇʦʜʘʣʴʰʠʤʠ ʧʝʨʩʧʝʢʪʠʚʘʤʠ ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʟʘʧʨʦʧʦʥʦʚʘʥʦʛʦ ʤʝʪʦʜʫ ʘʥʩʘʤʙʣʝʚʦʛʦ ʥʝʡʨʦʤʝʨʝʞʝʚʦʛʦ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʟʦʙʨʘʞʝʥʴ ʨʽʟʥʠʭ 

ʽʥʪʝʣʝʢʪʫʘʣʴʥʠʭ ʩʠʩʪʝʤ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʣʶʜʠʥʠ (ʥʘʧʨʠʢʣʘʜ, ʩʪʘʪʽ, ʝʤʦʮʽʡ ʪʘ 

ʽʥ.). 
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ʇɯɼʍʆɼʀ ɼʆ ɺʀɿʅɸʏɽʅʅʗ ʊɽʂʉʊɯɺ ɿɻɽʅɽʈʆɺɸʅʀʍ ʐʊʋʏʅʀʄ 

ɯʅʊɽʃɽʂʊʆʄ 
 

ʅʠʢʦʥʝʥʢʦ ɸ.ʆ. 

ʏʝʨʢʘʩʴʢʠʡ ʜʝʨʞʘʚʥʠʡ ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ,  ʏʝʨʢʘʩʠ, ʋʢʨʘʾʥʘ 
 

ɸʥʦʪʘʮʽʷ. ʋ ʩʪʘʪʪʽ ʧʨʝʜʩʪʘʚʣʝʥʦ ʜʦʩʣʽʜʞʝʥʥʷ ʩʫʯʘʩʥʠʭ ʤʝʪʦʜʽʚ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʪʝʢʩʪʽʚ, 

ʩʛʝʥʝʨʦʚʘʥʠʭ ʟʘ ʜʦʧʦʤʦʛʦʶ ʰʪʫʯʥʦʛʦ ʽʥʪʝʣʝʢʪʫ, ʚ ʢʦʥʪʝʢʩʪʽ ʩʪʨʽʤʢʦʛʦ ʨʦʟʚʠʪʢʫ ʚʝʣʠʢʠʭ ʤʦʚʥʠʭ 

ʤʦʜʝʣʝʡ, ʪʘʢʠʭ ʷʢ ChatGPT ʚʽʜ OpenAI. ʎʽʣʴʶ ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʦʮʽʥʢʘ ʪʘ ʧʦʨʽʚʥʷʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ 

ʨʽʟʥʠʭ ʩʪʨʘʪʝʛʽʡ ʨʦʟʧʽʟʥʘʚʘʥʥʷ: ʚʽʜ ʘʥʘʣʽʟʫ ʣʽʥʛʚʽʩʪʠʯʥʠʭ ʦʟʥʘʢ ʜʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʥʝʡʨʦʥʥʠʭ ʤʝʨʝʞ, 

ʪʝʭʥʦʣʦʛʽʡ ʚʦʜʷʥʠʭ ʟʥʘʢʽʚ ʪʘ ʧʽʜʭʦʜʽʚ, ʱʦ ʧʝʨʝʜʙʘʯʘʶʪʴ ʫʯʘʩʪʴ ʣʶʜʠʥʠ. ʆʙ'ʻʢʪʦʤ  ʜʦʩʣʽʜʞʝʥʥʷ 

ʚʠʩʪʫʧʘʶʪʴ ʪʝʢʩʪʦʚʽ ʤʘʪʝʨʽʘʣʠ, ʩʛʝʥʝʨʦʚʘʥʽ ʰʪʫʯʥʠʤ ʽʥʪʝʣʝʢʪʦʤ, ʪʦʜʽ ʷʢ ʧʨʝʜʤʝʪʦʤ ʻ ʤʝʭʘʥʽʟʤʠ ʪʘ 

ʽʥʩʪʨʫʤʝʥʪʠ ʾʭ ʽʜʝʥʪʠʬʽʢʘʮʽʾ. ɼʣʷ ʘʥʘʣʽʟʫ ʚʠʢʦʨʠʩʪʘʥʦ ʤʝʪʦʜʠ ʧʦʨʽʚʥʷʥʥʷ, ʝʢʩʧʝʨʠʤʝʥʪʫ ʪʘ 

ʩʪʘʪʠʩʪʠʯʥʦʛʦ ʘʥʘʣʽʟʫ.  

ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʥʷ ʚʠʷʚʠʣʠ, ʱʦ ʧʝʚʥʽ ʢʦʤʙʽʥʘʮʽʾ ʪʝʭʥʽʢ ʤʦʞʫʪʴ ʟʥʘʯʥʦ ʧʽʜʚʠʱʠʪʠ 

ʝʬʝʢʪʠʚʥʽʩʪʴ ʨʦʟʧʽʟʥʘʚʘʥʥʷ AI-ʛʝʥʝʨʦʚʘʥʠʭ ʪʝʢʩʪʽʚ, ʧʨʦʪʝ ʚʦʥʠ ʤʦʞʫʪʴ ʤʘʪʠ ʦʙʤʝʞʝʥʥʷ ʟ ʪʦʯʢʠ ʟʦʨʫ 

ʝʪʠʯʥʠʭ ʥʘʩʣʽʜʢʽʚ ʪʘ ʧʦʪʝʥʮʽʘʣʫ ʥʝʧʨʘʚʠʣʴʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ. ɼʦʩʣʽʜʞʝʥʥʷ ʘʢʮʝʥʪʫʻ ʫʚʘʛʫ ʥʘ 

ʢʨʠʪʠʯʥʽʡ ʥʝʦʙʭʽʜʥʦʩʪʽ ʮʠʭ ʪʝʭʥʦʣʦʛʽʡ ʜʣʷ ʤʽʥʽʤʽʟʘʮʽʾ ʨʠʟʠʢʽʚ, ʧʦʚôʷʟʘʥʠʭ ʟ ʘʢʘʜʝʤʽʯʥʦʶ 

ʥʝʜʦʙʨʦʯʝʩʥʽʩʪʶ ʪʘ ʜʝʟʽʥʬʦʨʤʘʮʽʻʶ, ʘ ʪʘʢʦʞ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʚʽʜʧʦʚʽʜʘʣʴʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʰʪʫʯʥʦʛʦ ʽʥʪʝʣʝʢʪʫ ʽ ʟʙʝʨʝʞʝʥʥʷ ʜʦʚʽʨʠ ʚ ʮʠʬʨʦʚʦʤʫ ʩʚʽʪʽ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʚʠʟʥʘʯʝʥʥʷ ʪʝʢʩʪʽʚ ʟʛʝʥʝʨʦʚʘʥʠʭ ʐɯ, ɺʝʣʠʢʽ ʄʦʚʥʽ ʄʦʜʝʣʽ, ChatGPT, 

ʘʢʘʜʝʤʽʯʥʘ ʜʦʙʨʦʯʝʩʥʽʩʪʴ. 
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Abstract. Research paper presents an in-depth exploration of the methods for detecting AI-generated 

texts amidst the swift advancements of Large Language Models (LLMs) such as OpenAI's ChatGPT. The 

study aims to evaluate and compare the efficacy of various detection strategies, including linguistic feature-

based techniques, neural networks, digital watermarking, information retrieval methods, and human-

assistance approaches. The research focuses on texts produced by artificial intelligence as its object, with the 

identification mechanisms and tools as its subject. Methods of comparative analysis, experimentation, and 

critical review were employed in this examination. 

The findings demonstrate that certain combinations of techniques significantly enhance the detection 

effectiveness of AI-generated texts. However, these techniques may have limitations in terms of ethical 

considerations and the potential for misuse. The study underscores the critical need for these technologies to 

reduce risks associated with academic dishonesty and the spread of misinformation. Furthermore, it 

highlights the importance of fostering the responsible use of artificial intelligence and preserving trust in the 

digital realm. 

Keywords: AI-generated text detection, Large Language Models, ChatGPT, academic integrity. 

 

ɺʠʢʣʘʜ ʦʩʥʦʚʥʦʛʦ ʤʘʪʝʨʽʘʣʫ. ʐʪʫʯʥʠʡ ʽʥʪʝʣʝʢʪ (ʐɯ), ʟʦʢʨʝʤʘ ʟʘ ʜʦʧʦʤʦʛʦʶ ʚʝʣʠʢʠʭ 

ʤʦʚʥʠʭ ʤʦʜʝʣʝʡ (LMM), ʷʢ-ʦʪ ChatGPT ʚʽʜ OpenAI, ʟʥʘʯʥʦ ʧʨʦʩʫʥʫʚʩʷ ʫ ʩʪʚʦʨʝʥʥʽ ʪʝʢʩʪʽʚ, 

ʱʦ ʜʫʞʝ ʥʘʛʘʜʫʶʪʴ ʣʶʜʩʴʢʝ ʧʠʩʴʤʦ, ʧʨʦʧʦʥʫʶʯʠ ʚʘʛʦʤʽ ʧʝʨʝʚʘʛʠ ʽ ʚʦʜʥʦʯʘʩ ʥʝʩʫʯʠ ʨʠʟʠʢʠ, 

ʪʘʢʽ ʷʢ ʘʢʘʜʝʤʽʯʥʘ ʥʝʯʝʩʥʽʩʪʴ ʽ ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ ʥʝʧʨʘʚʜʠʚʦʾ ʽʥʬʦʨʤʘʮʽʾ. ʄʝʪʦʶ ʨʦʙʦʪʠ ʻ 

ʘʥʘʣʽʟ ʪʘ ʧʦʜʘʣʴʰʘ ʨʦʟʨʦʙʢʘ ʥʘʜʽʡʥʠʭ ʤʝʪʦʜʽʚ ʜʝʪʝʢʪʫʚʘʥʥʷ ʪʝʢʩʪʽʚ, ʟʛʝʥʝʨʦʚʘʥʠʭ ʐɯ, ʜʣʷ 

ʟʤʝʥʰʝʥʥʷ ʨʠʟʠʢʽʚ, ʷʢʽ ʧʦʩʷʛʘʶʪʴ ʷʢ ʥʘ ʘʢʘʜʝʤʽʯʥʫ ʜʦʙʨʦʯʝʩʥʽʩʪʴ, ʪʘʢ ʽ ʥʘ ʜʦʩʪʦʚʽʨʥʽʩʪʴ 

ʩʫʩʧʽʣʴʥʦʾ ʽʥʬʦʨʤʘʮʽʾ.  

ʄʝʪʦʜʠ ʚʠʷʚʣʝʥʥʷ ʐɯ. ɯʥʬʦʨʤʘʮʽʷ ʚ ʮʴʦʤʫ ʨʦʟʜʽʣʽ ʙʘʟʫʻʪʴʩʷ ʥʘ ʨʝʟʫʣʴʪʘʪʘʭ 

ʜʦʩʣʽʜʞʝʥʴ, ʦʧʫʙʣʽʢʦʚʘʥʠʭ ʚ [1, 3], [2, 7] ʪʘ [3, 4]. 

1. ʇʽʜʭʦʜʠ ʥʘ ʦʩʥʦʚʽ ʣʽʥʛʚʽʩʪʠʯʥʠʭ ʦʟʥʘʢ. ʄʝʪʦʜʠ ʚʠʷʚʣʝʥʥʷ ʦʟʥʘʢ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ 

ʦʙʨʦʙʢʫ ʧʨʠʨʦʜʥʦʾ ʤʦʚʠ (NLP) ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʚʝʢʪʦʨʽʚ ʦʟʥʘʢ ʟ ʪʝʢʩʪʽʚ ʪʘ ʧʦʜʘʣʴʰʦʾ ʾʭ 

ʢʣʘʩʠʬʽʢʘʮʽʾ ʟʘ ʜʦʧʦʤʦʛʦʶ ʢʣʘʩʠʯʥʠʭ ʤʝʪʦʜʽʚ ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ. ɽʬʝʢʪʠʚʥʽʩʪʴ ʮʠʭ 

ʤʝʪʦʜʽʚ ʤʦʞʝ ʚʘʨʽʶʚʘʪʠʩʷ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʤʝʪʦʜʽʚ ʩʝʤʧʣʶʚʘʥʥʷ ʛʝʥʝʨʫʶʯʦʾ 

ʤʦʜʝʣʽ.ɼʝʪʝʢʪʦʨʠ, ʥʘʚʯʝʥʽ ʥʘ ʪʝʢʩʪʘʭ, ʩʪʚʦʨʝʥʠʭ ʟʘ ʜʦʧʦʤʦʛʦʶ ʦʜʥʦʛʦ ʤʝʪʦʜʫ ʩʝʤʧʣʶʚʘʥʥʷ, 

ʤʦʞʫʪʴ ʛʽʨʰʝ ʧʨʘʮʶʚʘʪʠ ʥʘ ʪʝʢʩʪʘʭ, ʩʪʚʦʨʝʥʠʭ ʟʘ ʜʦʧʦʤʦʛʦʶ ʽʥʰʦʛʦ ʤʝʪʦʜʫ.  

2. ʇʽʜʭʦʜʠ ʥʘ ʦʩʥʦʚʽ ʛʝʥʝʨʘʪʠʚʥʠʭ ʥʝʡʨʦʥʥʠʭ ʤʝʨʝʞ. ʇʽʜʭʦʜʠ ʜʦ ʚʠʷʚʣʝʥʥʷ ʥʘ ʦʩʥʦʚʽ 

LLM  ʧʨʦʜʝʤʦʥʩʪʨʫʚʘʣʠ ʚʠʩʦʢʫ ʝʬʝʢʪʠʚʥʽʩʪʴ ʚ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʤʘʰʠʥʥʦʛʦ ʪʝʢʩʪʫ. ʎʽ ʧʽʜʭʦʜʠ 

ʤʦʞʥʘ ʫʤʦʚʥʦ ʨʦʟʜʽʣʠʪʠ ʥʘ ʢʣʘʩʠʬʽʢʘʮʽʶ ʙʝʟ ʥʘʚʯʘʥʥʷ (zero-shot), ʷʢʘ ʚʠʢʦʨʠʩʪʦʚʫʻ ʽʩʥʫʶʯʽ 

ʤʦʜʝʣʽ (GPT), ʽ ʧʽʜʭʦʜʠ ʟ ʪʦʥʢʠʤ ʥʘʣʘʰʪʫʚʘʥʥʷʤ (fine-tuning), ʷʢʽ ʘʜʘʧʪʫʶʪʴ ʧʦʧʝʨʝʜʥʴʦ 

ʥʘʚʯʝʥʽ ʤʦʜʝʣʽ ʜʣʷ ʨʦʟʨʽʟʥʝʥʥʷ ʤʘʰʠʥʥʦʛʦ ʽ ʥʘʧʠʩʘʥʦʛʦ ʣʶʜʠʥʦʶ ʪʝʢʩʪʫ.  

3. ʅʘ ʦʩʥʦʚʽ ʦʟʥʘʢ + ʛʝʥʝʨʘʪʠʚʥʘ ʥʝʡʨʦʥʥʘ ʤʝʨʝʞʘ. ʎʝ ʩʽʤʝʡʩʪʚʦ ʜʝʪʝʢʪʦʨʽʚ ʟʘʡʤʘʻ 

ʧʨʦʤʽʞʥʝ ʤʽʩʮʝ ʤʽʞ ʧʝʨʰʠʤʠ ʜʚʦʤʘ ʛʨʫʧʘʤʠ, ʦʩʢʽʣʴʢʠ ʚʠʢʦʨʠʩʪʦʚʫʻ ʚʝʣʠʢʽ ʤʦʚʥʽ ʤʦʜʝʣʽ 

ʜʣʷ ʦʙʯʠʩʣʝʥʥʷ ʽʥʬʦʨʤʘʪʠʚʥʠʭ ʦʟʥʘʢ. ʅʘʧʨʠʢʣʘʜ, ʧʝʨʧʣʝʢʩʽʶ ʘʙʦ ʡʤʦʚʽʨʥʽʩʪʴ ʛʝʥʝʨʘʮʽʾ 

ʧʝʚʥʦʾ ʧʦʩʣʽʜʦʚʥʦʩʪʽ ʪʦʢʝʥʽʚ, ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʷʢ ʦʟʥʘʢʫ ʧʨʠ ʚʠʷʚʣʝʥʥʽ ʟʛʝʥʝʨʦʚʘʥʠʭ 

ʪʝʢʩʪʽʚ. 

4. ɺʦʜʷʥʽ ʟʥʘʢʠ. ʅʝʱʦʜʘʚʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʨʦʟʛʣʷʜʘʶʪʴ ʚʦʜʷʥʽ ʟʥʘʢʠ ʷʢ ʤʝʪʦʜ ʜʣʷ 

ʚʠʷʚʣʝʥʥʷ ʪʝʢʩʪʽʚ, ʩʪʚʦʨʝʥʠʭ ʰʪʫʯʥʠʤ ʽʥʪʝʣʝʢʪʦʤ, ʰʣʷʭʦʤ ʚʚʝʜʝʥʥʷ ʩʧʝʮʠʬʽʯʥʠʭ, ʯʘʩʪʦ 

ʥʝʧʦʤʽʪʥʠʭ ʰʘʙʣʦʥʽʚ ʫ ʪʝʢʩʪ. ʎʷ ʤʝʪʦʜʠʢʘ ʧʝʨʝʜʙʘʯʘʻ ʨʦʟʙʠʪʪʷ ʪʦʢʝʥʽʚ ʥʘ "ʟʝʣʝʥʠʡ" ʽ 

"ʯʝʨʚʦʥʠʡ" ʩʧʠʩʢʠ, ʜʝ ʚʝʣʠʢʘ ʤʦʚʥʘ ʤʦʜʝʣʴ (LLM) ʟ ʚʦʜʷʥʠʤʠ ʟʥʘʢʘʤʠ ʧʨʠ ʛʝʥʝʨʘʮʽʾ 

ʚʠʙʠʨʘʻ ʧʝʨʝʚʘʞʥʦ ʪʦʢʝʥʠ ʽʟ ʟʝʣʝʥʦʛʦ ʩʧʠʩʢʫ.ʎʝ ʜʦʟʚʦʣʷʻ ʜʝʪʝʢʪʦʨʘʤ ʽʜʝʥʪʠʬʽʢʫʚʘʪʠ ʪʝʢʩʪ 

ʟ ʚʠʩʦʢʦʶ ʢʦʥʮʝʥʪʨʘʮʽʻʶ ʪʦʢʝʥʽʚ ʽʟ ʟʝʣʝʥʦʛʦ ʩʧʠʩʢʫ ʷʢ ʤʘʰʠʥʥʦ ʟʛʝʥʝʨʦʚʘʥʠʡ. 

5. ʅʘ ʦʩʥʦʚʽ ʧʦʰʫʢʫ ʽʥʬʦʨʤʘʮʽʾ. Krishna ʪʘ ʽʥ. [4, 5] ʧʨʦʧʦʥʫʶʪʴ ʜʝʪʝʢʪʦʨ ʥʘ ʦʩʥʦʚʽ 

ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ ʧʦʰʫʢʫ, ʟʙʝʨʽʛʘʶʯʠ ʨʝʟʫʣʴʪʘʪʠ LLM  ʫ ʙʘʟʽ ʜʘʥʠʭ. ɼʣʷ ʚʠʷʚʣʝʥʥʷ ʫʨʠʚʢʫ-
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ʢʘʥʜʠʜʘʪʘ ʾʭʥʽʡ ʘʣʛʦʨʠʪʤ ʰʫʢʘʻ ʚ ʮʽʡ ʙʘʟʽ ʜʘʥʠʭ ʩʝʤʘʥʪʠʯʥʦ ʩʭʦʞʽ ʟʙʽʛʠ. ʆʜʥʘʢ ʟʙʝʨʽʛʘʥʥʷ 

ʨʦʟʤʦʚ ʢʦʨʠʩʪʫʚʘʯʘ ʟ LLM  ʚʠʢʣʠʢʘʻ ʩʝʨʡʦʟʥʽ ʧʠʪʘʥʥʷ ʟ ʢʦʥʬʽʜʝʥʮʽʡʥʽʩʪʶ. 

6. ɿʘ ʫʯʘʩʪʶ ʣʶʜʠʥʠ. ʎʽʢʘʚʠʤ ʚʠʛʣʷʜʘʻ ʤʝʪʦʜ ʧʦʻʜʥʘʥʥʷ ʜʝʪʝʢʮʽʾ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʽʥʩʪʨʫʤʝʥʪʫ (ʥʘʧʨʠʢʣʘʜ GLTR) ʟ ʧʦʜʘʣʴʰʠʤ ʘʥʘʣʽʟʦʤ ʣʶʜʠʥʦʶ ʜʣʷ 

ʧʽʜʚʠʱʝʥʥʷ ʪʦʯʥʦʩʪʽ ʪʘ ʟʘʙʝʟʧʝʯʝʥʥʷ ʢʦʥʪʨʦʣʶ. ɺʘʨʪʦ ʚʨʘʭʦʚʫʚʘʪʠ, ʱʦ ʜʦʩʣʽʜʞʝʥʥʷ 

ʧʦʢʘʟʫʶʪʴ, ʱʦ ʥʝʥʘʚʯʝʥʽ ʣʶʜʠ ʟʘʟʚʠʯʘʡ ʨʦʟʨʽʟʥʷʶʪʴ ʣʶʜʩʴʢʠʡ ʽ ʤʘʰʠʥʥʠʡ ʪʝʢʩʪ ʥʝ ʢʨʘʱʝ, 

ʥʽʞ ʚʠʧʘʜʢʦʚʦ. ʅʘʚʯʘʥʥʷ ʧʽʜʚʠʱʫʻ ʪʦʯʥʽʩʪʴ, ʘʣʝ ʽ ʚʦʥʦ ʥʝ ʛʘʨʘʥʪʫʻ ʨʝʟʫʣʴʪʘʪʽʚ 

ʨʦʟʧʽʟʥʘʚʘʥʥʷ.  

ɺʠʩʥʦʚʢʠ. ʐʚʠʜʢʠʡ ʧʨʦʛʨʝʩ ʫ ʩʬʝʨʽ ʐɯ ʪʘ ʚʝʣʠʢʠʭ ʤʦʚʥʠʭ ʤʦʜʝʣʝʡ ʧʦʩʠʣʶʻ ʧʦʪʨʝʙʫ 

ʫ ʚʜʦʩʢʦʥʘʣʝʥʥʽ ʤʝʪʦʜʽʚ ʜʝʪʝʢʮʽʾ ʪʝʢʩʪʽʚ. ʇʨʦʚʝʜʝʥʝ ʜʦʩʣʽʜʞʝʥʥʷ ʩʪʨʘʪʝʛʽʡ ʜʝʪʝʢʮʽʾ ʜʦʟʚʦʣʷʻ 

ʩʪʚʝʨʜʞʫʚʘʪʠ, ʱʦ ʥʘʡʙʽʣʴʰ ʘʢʪʫʘʣʴʥʦʶ ʥʘ ʩʴʦʛʦʜʥʽ ʟʘʣʠʰʘʻʪʴʩʷ ʜʝʪʝʢʮʽʷ ʐɯ ʟʘ ʜʦʧʦʤʦʛʦʶ 

LLM. ʉʬʝʨʘ ʤʘʻ ʙʘʛʘʪʦ ʘʢʪʫʘʣʴʥʠʭ ʚʠʢʣʠʢʽʚ, ʪʘʢʠʭ ʷʢ ʪʦʯʥʽʩʪʴ ʜʝʪʝʢʮʽʾ, ʤʘʩʰʪʘʙʫʚʘʥʥʷ ʪʘ 

ʧʠʪʘʥʥʷ ʢʦʥʬʽʜʝʥʮʽʡʥʦʩʪʽ. ɹʝʟʧʝʨʝʨʚʥʝ ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʤʝʪʦʜʽʚ ʜʝʪʝʢʮʽʾ ʻ ʢʨʠʪʠʯʥʦ 

ʚʘʞʣʠʚʠʤ ʜʣʷ ʚʽʜʧʦʚʽʜʘʣʴʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʐɯ, ʟʘʙʝʟʧʝʯʝʥʥʷ ʘʢʘʜʝʤʽʯʥʦʾ ʯʝʩʥʦʩʪʽ ʪʘ 

ʧʽʜʪʨʠʤʘʥʥʷ ʜʦʚʽʨʠ ʚ ʦʙʣʘʩʪʽ ʮʠʬʨʦʚʦʾ ʢʦʤʫʥʽʢʘʮʽʾ. 
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ɸʥʦʪʘʮʽʷ. ʇʨʦʧʦʥʫʻʪʴʩʷ ʤʝʪʦʜ ʩʪʚʦʨʝʥʥʷ ʢʦʤʙʽʥʦʚʘʥʠʭ ʩʫʨʦʛʘʪʥʠʭ ʤʦʜʝʣʝʡ ʩʢʦʨʦʯʝʥʦʾ 

ʨʦʟʤʽʨʥʦʩʪʽ ʜʣʷ ʨʦʟʚôʷʟʘʥʥʷ ʙʘʛʘʪʦʧʘʨʘʤʝʪʨʠʯʥʠʭ ʦʙʝʨʥʝʥʠʭ ʟʘʜʘʯ ʦʧʪʠʤʽʟʘʮʽʡʥʠʤ ʤʝʪʦʜʦʤ. 

ʆʩʦʙʣʠʚʽʩʪʶ ʤʝʪʦʜʫ ʻ ʧʦʻʜʥʘʥʥʷ ʚʽʜʦʤʠʭ ʧʝʨʝʚʘʛ ʚʢʘʟʘʥʠʭ ʤʦʜʝʣʝʡ ʽʟ ʚʚʝʜʝʥʥʷʤ ʚ ʥʠʭ ʜʦʜʘʪʢʦʚʦʾ 

ʘʧʨʽʦʨʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ʩʪʦʩʦʚʥʦ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʦʙôʻʢʪʽʚ. ʄʝʪʦʜ ʧʝʨʝʜʙʘʯʘʻ ʦʙʦʚôʷʟʢʦʚʝ ʩʪʚʦʨʝʥʥʷ 

ʩʫʨʦʛʘʪʥʠʭ ʤʦʜʝʣʝʡ ʥʘ ʦʩʥʦʚʽ ʛʣʠʙʦʢʠʭ ʧʦʚʥʦʟʚôʷʟʥʠʭ ʥʝʡʨʦʥʥʠʭ ʤʝʨʝʞ. ʎʝ ʧʦʚôʷʟʘʥʦ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʫʥʽʢʘʣʴʥʠʭ ʫʟʘʛʘʣʴʥʶʶʯʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʰʪʫʯʥʠʭ ʥʝʡʨʦʥʥʠʭ ʤʝʨʝʞ, ʱʦ ʜʦʟʚʦʣʷʻ 

ʥʝʷʚʥʦ ʚʠʟʥʘʯʠʪʠ ʧʨʠʭʦʚʘʥʽ ʫ ʜʘʥʠʭ ʟʘʢʦʥʦʤʽʨʥʦʩʪʽ ʨʝʘʢʮʽʾ ʦʙôʻʢʪʘ ʥʘ ʟʙʫʜʞʫʶʯʽ ʬʽʟʠʯʥʽ ʚʧʣʠʚʠ. 

ʂʨʽʤ ʪʦʛʦ, ʚʠʢʦʨʠʩʪʘʥʥʷ ʛʣʠʙʦʢʠʭ ʥʝʡʨʦʤʝʨʝʞ ʟʙʽʣʴʰʫʻ ʪʦʯʥʽʩʪʴ ʘʧʨʦʢʩʠʤʘʮʽʾ ʛʽʧʝʨʧʦʚʝʨʭʦʥʴ 

ʚʽʜʛʫʢʫ ʧʨʠ ʧʦʙʫʜʦʚʽ ʩʫʨʦʛʘʪʥʠʭ ʤʦʜʝʣʝʡ. ʉʢʦʨʦʯʝʥʥʷ ʨʦʟʤʽʨʥʦʩʪʽ ʧʨʦʩʪʦʨʫ ʧʦʰʫʢʫ ʚʠʢʦʥʫʻʪʴʩʷ 

ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʥʝʣʽʥʽʡʥʠʭ ʧʝʨʝʪʚʦʨʝʥʴ ʫ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʜʦ ʤʝʪʦʜʫ Kernel PCA, ʱʦ ʜʦʟʚʦʣʷʻ ʧʨʦʚʝʩʪʠ 

ʡʦʛʦ ʚʘʛʦʤʝ ʩʢʦʨʦʯʝʥʥʷ, ʟʘʙʝʟʧʝʯʫʶʯʠ ʟʥʘʯʥʦ ʩʧʨʦʱʝʥʫ ʩʪʨʫʢʪʫʨʫ ʥʝʡʨʦʤʝʨʝʞʝʚʦʾ ʩʫʨʦʛʘʪʥʦʾ 

ʤʦʜʝʣʽ ʪʘ ʧʦʣʝʛʰʝʥʽ ʫʤʦʚʠ ʚʠʢʦʥʘʥʥʷ ʦʧʪʠʤʽʟʘʮʽʡʥʠʭ ʘʣʛʦʨʠʪʤʽʚ ʰʫʢʘʥʥʷ ʝʢʩʪʨʝʤʫʤʽʚ. ʆʩʢʽʣʴʢʠ 

ʦʙʝʨʥʝʥʽ ʟʘʜʘʯʽ ʚʥʘʩʣʽʜʦʢ ʥʝʢʦʨʝʢʪʥʦʩʪʽ ʾʭ ʧʦʩʪʘʥʦʚʢʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʧʨʠ ʨʦʟʚôʷʟʘʥʥʽ 

ʦʧʪʠʤʽʟʘʮʽʡʥʠʤ ʤʝʪʦʜʦʤ ʩʢʣʘʜʥʠʤʠ ʪʦʧʦʛʨʘʬʽʷʤʠ ʛʽʧʝʨʧʦʚʝʨʭʦʥʴ ʚʽʜʛʫʢʫ ʤʝʪʦʜʦʤ ʧʝʨʝʜʙʘʯʝʥʦ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʘʣʛʦʨʠʪʤʽʚ ʧʦʰʫʢʫ ʛʣʦʙʘʣʴʥʠʭ ʝʢʩʪʨʝʤʫʤʽʚ. ʅʘ ʤʦʜʝʣʴʥʠʭ ʧʨʠʢʣʘʜʘʭ 

ʧʨʦʜʝʤʦʥʩʪʨʦʚʘʥʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ʤʝʪʦʜʫ, ʷʢʠʡ ʧʦʢʘʟʘʚ ʜʦʩʪʘʪʥʴʦ ʚʠʩʦʢʫ ʪʦʯʥʽʩʪʴ ʥʘ ʪʝʩʪʦʚʠʭ ʟʘʜʘʯʘʭ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʦʙʝʨʥʝʥʽ ʟʘʜʘʯʽ, ʦʧʪʠʤʽʟʘʮʽʡʥʠʡ ʤʝʪʦʜ, ʩʫʨʦʛʘʪʥʽ ʤʦʜʝʣʽ ʩʢʦʨʦʯʝʥʦʾ 

ʨʦʟʤʽʨʥʦʩʪʽ, ʘʧʨʽʦʨʥʘ ʽʥʬʦʨʤʘʮʽʷ, ʷʜʝʨʥʘ ʬʫʥʢʮʽʷ, ʛʣʠʙʦʢʽ ʥʝʡʨʦʤʝʨʝʞʽ, ʛʣʦʙʘʣʴʥʠʡ ʝʢʩʪʨʝʤʫʤ. 
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USE OF REDUCED ORDER SURROGATE MODELS TO SOLVE INVERSE 

PROBLEMS BY OPTIMIZATION METHOD WITH A PRIORI ACCUMULATION OF 

INFORMATION  
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Abstract. The paper proposes a method for creating combined surrogate models of reduced 

dimensionality for solving multi-parameter inverse problems by the optimization method. The peculiarity of 

the method is the combination of the known advantages of these models with the introduction of additional 

a priori information about the objects under study. The method requires the mandatory creation of surrogate 

models based on deep, fully connected neural networks. This is due to the use of the unique generalizing 

properties of artificial neural networks, which allows to implicitly determine the patterns of the object's 

response to physical disturbances hidden in the data. In addition, the use of deep neural networks increases 

the accuracy of approximating response hypersurfaces when building surrogate models. The dimensionality 

of the search space is reduced by applying nonlinear transformations in accordance with the Kernel PCA 

method, which allows for its significant reduction, providing a significantly simplified structure of the neural 

network surrogate model and facilitated conditions for the implementation of optimization algorithms for 

finding extremes. Since inverse problems, due to their incorrect formulation, are characterized by complex 

topographies of response hypersurfaces when solved by the optimization method, the method provides for 

the use of algorithms for finding global extremes. The effectiveness of the method is demonstrated on model 

examples, which showed a sufficiently high accuracy on test problems. 

Keywords: inverse problems, optimization method, surrogate models of reduced dimensionality, a 

priori information, kernel function, deep neural networks, global extremum. 

 

ʉʫʯʘʩʥʽ ʧʫʙʣʽʢʘʮʽʾ ʱʦʜʦ ʨʝʘʣʽʟʘʮʽʾ ʦʧʪʠʤʽʟʘʮʽʡʥʠʭ ʘʣʛʦʨʠʪʤʽʚ ʚ ʩʢʦʨʦʯʝʥʦʤʫ ʟʘ 

ʨʦʟʤʽʨʥʽʩʪʶ ʧʨʦʩʪʦʨʽ ʤʽʩʪʷʪʴ ʟʥʘʯʥʫ ʢʽʣʴʢʽʩʪʴ ʜʦʩʣʽʜʞʝʥʴ, ʱʦ ʩʚʽʜʯʠʪʴ ʧʨʦ ʟʥʘʯʥʠʡ ʽʥʪʝʨʝʩ 

ʜʦ ʮʴʦʛʦ ʧʠʪʘʥʥʷ, ʷʢʝ ʧʨʝʜʩʪʘʚʣʷʻ ʩʫʪʪʻʚʫ ʧʨʘʢʪʠʯʥʫ ʮʽʥʥʽʩʪʴ. ʄʝʪʘ ʨʦʙʦʪʠ ï ʩʪʚʦʨʝʥʥʷ 

ʤʝʪʦʜʫ, ʢʦʪʨʠʡ ʧʨʠʟʥʘʯʝʥʠʡ ʜʣʷ ʨʝʘʣʽʟʘʮʽʾ ʢʦʤʙʽʥʦʚʘʥʠʭ ʥʝʡʨʦʤʝʨʝʞʝʚʠʭ ʩʫʨʦʛʘʪʥʠʭ 

ʤʦʜʝʣʝʡ ʩʢʦʨʦʯʝʥʦʾ ʨʦʟʤʽʨʥʦʩʪʽ, ʱʦ ʽʥʪʝʛʨʫʶʪʴ ʾʭ ʚʽʜʦʤʽ ʦʙʯʠʩʣʶʚʘʣʴʥʽ ʧʝʨʝʚʘʛʠ ʟ 

ʬʫʥʢʮʽʻʶ ʥʦʩʽʷ ʜʦʜʘʪʢʦʚʦʾ ʘʧʨʽʦʨʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ʱʦʜʦ ʦʙôʻʢʪʽʚ, ʷʢʫ ʥʘʢʦʧʠʯʝʥʦ ʧʦʧʝʨʝʜʥʽʤ 

ʤʦʜʝʣʶʚʘʥʥʷʤ ʫ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʜʦ ʩʧʝʮʽʘʣʽʟʦʚʘʥʦʛʦ ʇɽ ʪʘ ʥʘʷʚʥʽʩʪʴ ʢʦʪʨʦʾ ʟʘʙʝʟʧʝʯʫʻ 

ʧʽʜʚʠʱʝʥʥʷ ʪʦʯʥʦʩʪʽ ʨʦʟʚôʷʟʢʫ ʦʙʝʨʥʝʥʠʭ ʟʘʜʘʯ ʦʧʪʠʤʽʟʘʮʽʡʥʠʤ ʤʝʪʦʜʦʤ. 

ʈʦʟʚôʷʟʘʥʥʷ ʦʙʝʨʥʝʥʦʾ ʟʘʜʘʯʽ ʦʧʪʠʤʽʟʘʮʽʡʥʠʤ ʤʝʪʦʜʦʤ ʧʝʨʝʜʙʘʯʘʻ ʧʦʰʫʢ ʝʢʩʪʨʝʤʫʤʫ 

ʮʽʣʴʦʚʦʾ ʬʫʥʢʮʽʾ. ɺʦʥʘ ʤʦʞʝ ʙʫʪʠ ʟʘʜʘʥʘ ʚ ʨʽʟʥʦʤʫ ʚʠʛʣʷʜʽ, ʥʘʡʙʽʣʴʰ ʚʞʠʚʘʥʠʤ ʟ ʷʢʠʭ ʻ 

ʩʬʦʨʤʫʣʴʦʚʘʥʠʡ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʤʝʪʦʜʫ ʥʘʡʤʝʥʰʠʭ ʢʚʘʜʨʘʪʽʚ. ʆʜʥʘ ʽʟ ʩʢʣʘʜʦʚʠʭ ʮʠʭ 

ʜʦʩʣʽʜʞʝʥʴ ʧʦʣʷʛʘʻ ʫ ʜʝʤʦʥʩʪʨʘʮʽʾ ʧʨʘʢʪʠʯʥʠʭ ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ ʤʦʞʣʠʚʦʩʪʝʡ 

ʟʘʧʨʦʧʦʥʦʚʘʥʦʛʦ ʤʝʪʦʜʫ ʩʪʚʦʨʝʥʥʷ ʢʦʤʙʽʥʦʚʘʥʠʭ ʩʫʨʦʛʘʪʥʠʭ ʤʦʜʝʣʝʡ ʩʢʦʨʦʯʝʥʦʾ 

ʨʦʟʤʽʨʥʦʩʪʽ ʽʟ ʘʧʨʽʦʨʥʠʤ ʥʘʢʦʧʠʯʝʥʥʷʤ ʽʥʬʦʨʤʘʮʽʾ (ʂʉʄʉʈ). ɺʠʭʦʜʷʯʠ ʟ ʮʴʦʛʦ ʦʙʤʝʞʠʤʦʩʷ 

ʬʦʨʤʫʣʶʚʘʥʥʷʤ ʦʧʪʠʤʽʟʘʮʽʡʥʦʾ ʟʘʜʘʯʽ ʫ ʟʘʛʘʣʴʥʦʤʫ ʚʠʛʣʷʜʽ: 

άὭὲɴ Ὢὼ,  

ʜʝ Ὢȡ Ὑ ᴼὙ ʻ ʥʝʧʝʨʝʨʚʥʦʶ ʜʝʪʝʨʤʽʥʦʚʘʥʦʶ ʜʽʡʩʥʦʟʥʘʯʥʦʶ ʬʫʥʢʮʽʻʶ, ʷʢʘ ʜʦʧʫʩʢʘʻ 

ʫʤʦʚʫ ʥʝʚʠʧʫʢʣʦʩʪʽ ʪʘ ʚʠʟʥʘʯʝʥʘ ʥʘ ʚʩʴʦʤʫὙ. ɺʚʘʞʘʪʠʤʝʤʦ, ʱʦ άὭὲɴ Ὢὼ Ὢὼᶻ . 

ʇʝʨʝʜʙʘʯʘʻʪʴʩʷ ʧʦʰʫʢ ʝʢʩʪʨʝʤʫʤʫ ʬʫʥʢʮʽʾ ʦʜʥʠʤ ʽʟ ʝʚʦʣʶʮʽʡʥʠʭ ʝʚʨʠʩʪʠʯʥʠʭ ʘʣʛʦʨʠʪʤʽʚ, 

ʷʢʽ ʚʠʟʥʘʯʘʶʪʴ ʛʣʦʙʘʣʴʥʠʡ ʦʧʪʠʤʫʤ ʥʘʚʽʪʴ ʫ ʙʘʛʘʪʦʚʠʤʽʨʥʠʭ ʙʘʛʘʪʦʝʢʩʪʨʝʤʘʣʴʥʠʭ, ʫ ʪʦʤʫ 

ʯʠʩʣʽ ʷʨʦʚʠʭ ʩʠʪʫʘʮʽʷʭ ʧʦʚʝʨʭʥʽ ʚʽʜʛʫʢʫ. ʈʦʟʤʽʨʥʽʩʪʴ D ʧʨʦʩʪʦʨʫ ʧʦʰʫʢʫ ʤʦʞʝ ʙʫʪʠ 

ʚʠʩʦʢʦʶ ʽ ʩʢʣʘʜʘʪʠ ʩʦʪʥʽ. ʌʫʥʢʮʽʶ f(x) ʚʚʘʞʘʪʠʤʝʤʦ ʩʢʣʘʜʥʦʶ ʪʘ ʦʙʯʠʩʣʶʚʘʣʴʥʦ ʟʘʪʨʘʪʥʦʶ, 

ʷʢʘ ʚʠʤʘʛʘʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʝʣʴʤʠ ʚʝʣʠʢʠʭ ʨʝʩʫʨʩʽʚ ʧʨʠ ʙʘʛʘʪʦʢʨʘʪʥʠʭ ʦʙʨʘʭʫʚʘʥʥʷʭ, ʱʦ ʥʝ 

ʻ ʧʨʠʡʥʷʪʥʠʤ. ʊʦʙʪʦ ʚʠʧʨʘʚʜʘʥʠʤ ʻ ʟʘʩʪʦʩʫʚʘʥʥʷ ʩʫʨʦʛʘʪʥʦʾ ʦʧʪʠʤʽʟʘʮʽʾ. ʅʘʜʘʣʽ ʟʫʧʠʥʠʤʦʩʷ 

ʥʘ ʦʩʥʦʚʥʠʭ ʢʨʦʢʘʭ ʩʪʚʦʨʝʥʥʷ ʟʘʧʨʦʧʦʥʦʚʘʥʦʾ ʂʉʄʉʈ. 

ɽʪʘʧ 1. ʇʦʙʫʜʦʚʘ ʂʉʄʉʈ ʧʦʣʷʛʘʻ ʫ ʛʝʥʝʨʫʚʘʥʥʽ ʢʦʤʧôʶʪʝʨʥʦʛʦ ʇɽ. ɺʽʜ ʷʢʦʩʪʽ ʇɽ 

ʟʘʣʝʞʠʪʴ ʪʦʯʥʽʩʪʴ ʘʧʨʦʢʩʠʤʘʮʽʾ ʩʫʨʦʛʘʪʥʦʶ ʤʦʜʝʣʣʶ ʛʽʧʝʨʧʦʚʝʨʭʥʽ ʚʽʜʛʫʢʫ, ʷʢʘ ʚʣʘʩʪʠʚʘ 

ʮʽʣʴʦʚʽʡ ʬʫʥʢʮʽʾ. ɼʣʷ ʚʩʝʙʽʯʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʛʽʧʝʨʧʦʚʝʨʭʥʽ ʚʽʜʛʫʢʫ ʜʦʮʽʣʴʥʦ 
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ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʢʦʤʧôʶʪʝʨʥʠʡ ʦʜʥʦʨʽʜʥʠʡ ʇɽ ʥʘ ʤʦʜʠʬʽʢʦʚʘʥʠʭ ʃʇʐ-ʢʚʘʟʽ-

ʧʦʩʣʽʜʦʚʥʦʩʪʷʭ ʉʦʙʦʣʷ, ʧʝʨʝʚʘʛʠ ʪʘ ʦʩʦʙʣʠʚʦʩʪʽ ʩʪʚʦʨʝʥʥʷ ʷʢʦʛʦ ʜʝʪʘʣʴʥʦ ʦʧʠʩʘʥʦ ʚ 

ʧʫʙʣʽʢʘʮʽʷʭ [1, 2] ʪʘ ʷʢʠʡ ʟʘʙʝʟʧʝʯʫʻ ʚʠʩʦʢʫ ʛʦʤʦʛʝʥʥʽʩʪʴ ʫ ʚʩʽʭ ʜʚʦʚʠʤʽʨʥʠʭ ʧʨʦʻʢʮʽʷʭ 

ʧʣʘʥʫ. ʇɽ ʧʨʝʜʩʪʘʚʣʷʻ ʩʦʙʦʶ ʪʘʙʣʠʮʶ ʨʦʟʤʽʨʘʤʠ D ϼ N, ʜʝ D ï ʢʽʣʴʢʽʩʪʴ ʨʷʜʢʽʚ ʫ ʪʘʙʣʠʮʽ, 

ʷʢʘ ʜʦʨʽʚʥʶʻ ʩʫʤʽ ʢʽʣʴʢʦʩʪʽ ʦʩʥʦʚʥʠʭ ʪʘ ʜʦʜʘʪʢʦʚʠʭ ʬʘʢʪʦʨʽʚ; N ï ʢʽʣʴʢʽʩʪʴ ʩʝʤʧʣʽʚ ʫ 

ʥʘʚʯʘʣʴʥʽʡ ʚʠʙʦʨʮʽ. ɺʘʞʣʠʚʦ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʢʽʣʴʢʽʩʪʴ ʩʝʤʧʣʽʚ ʜʣʷ ʫʩʧʽʰʥʦʛʦ ʥʘʚʯʘʥʥʷ 

ɻʇʅʄ ʷʢ ʘʧʨʦʢʩʠʤʘʪʦʨʫ ʧʦʚʠʥʥʘ ʙʫʪʠ ʜʦʚʦʣʽ ʚʝʣʠʢʦʶ. ʉʧʦʯʘʪʢʫ ʧʣʘʥ ʛʝʥʝʨʫʻʪʴʩʷ ʚ 

ʦʜʠʥʠʯʥʦʤʫ ʛʽʧʝʨʧʨʦʩʪʦʨʽ, ʘ ʧʦʪʽʤ ʤʘʩʰʪʘʙʫʻʪʴʩʷ ʚ ʛʨʘʥʠʮʷʭ, ʚʠʟʥʘʯʝʥʠʭ ʧʨʦʩʪʦʨʦʤ 

ʧʦʰʫʢʫ. 

ɽʪʘʧ 2. ʉʢʦʨʦʯʝʥʥʷ ʨʦʟʤʽʨʥʦʩʪʽ ʧʨʦʩʪʦʨʫ D ʤʝʪʦʜʦʤ Kernel PCA [3], ʧʝʨʝʜʙʘʯʘʻ 

ʩʧʦʯʘʪʢʫ ʧʝʨʝʭʽʜ ʽʟ ʦʨʠʛʽʥʘʣʴʥʦʛʦ ʧʝʨʚʠʥʥʦʛʦ ʧʨʦʩʪʦʨʫ ʦʟʥʘʢ ʫ ʜʦʧʦʤʽʞʥʠʡ ʧʨʦʤʽʞʥʠʡ 

ʚʠʩʦʢʦʨʦʟʤʽʨʥʠʡ. ɺ ʮʠʭ ʜʦʩʣʽʜʞʝʥʥʷʭ ʟʘʩʪʦʩʦʚʫʚʘʣʦʩʷ ʧʨʦʻʮʽʶʶʚʘʥʥʷ ʜʘʥʠʭ ʫ ʚʢʘʟʘʥʠʡ 

ʧʨʦʩʪʽʨ ʽʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʷʜʝʨʥʦʾ ʬʫʥʢʮʽʾ ɻʘʫʩʩʘ. ɺ ʨʝʟʫʣʴʪʘʪʽ ʦʪʨʠʤʫʻʤʦ ʷʜʝʨʥʫ ʤʘʪʨʠʮʶ 

K ʨʦʟʤʽʨʥʽʩʪʶ N ϼ N, ʪʦʙʪʦ ʤʘʪʨʠʮʶ ʩʭʦʞʦʩʪʽ, ʜʝ ʢʦʞʥʠʡ ʾʾ ʝʣʝʤʝʥʪ ʜʦʨʽʚʥʶʻ ʟʥʘʯʝʥʥʶ ʷʜʨʘ 
ʤʽʞ i-ʤ ʪʘ j-ʤ ʩʧʦʩʪʝʨʝʞʝʥʥʷʤ ʫ ʚʠʭʽʜʥʠʭ ʜʘʥʠʭ. ʇʽʩʣʷ ʮʝʥʪʨʫʚʘʥʥʷ ʷʜʝʨʥʦʾ ʤʘʪʨʠʮʽ ʟʘ 

ʚʢʘʟʘʥʠʤ ʥʠʞʯʝ ʚʠʨʘʟʦʤ ʦʪʨʠʤʘʻʤʦ ʤʘʪʨʠʮʶ ɻʨʘʤʘ, ʜʣʷ ʷʢʦʾ ʚʣʘʩʪʠʚʦʶ ʻ ʩʠʤʝʪʨʠʯʥʽʩʪʴ. 

ɼʘʣʽ ʜʣʷ ʮʝʥʪʨʦʚʘʥʦʾ ʤʘʪʨʠʮʽ ʚʠʢʦʥʫʻʪʴʩʷ ʩʪʘʥʜʘʨʪʥʠʡ ʣʽʥʽʡʥʠʡ ʈʉɸ, ʷʢʠʡ ʧʝʨʝʜʙʘʯʘʻ 

ʩʠʥʛʫʣʷʨʥʠʡ ʨʦʟʢʣʘʜ SVD [4]. ɺʚʘʞʘʻʪʴʩʷ, ʱʦ ʧʝʨʰʽ ʄ ʚʣʘʩʥʠʭ ʚʝʢʪʦʨʽʚ, ʚʽʜʽʙʨʘʥʠʭ ʥʘ 

ʦʩʥʦʚʽ ʨʘʥʞʫʚʘʥʥʷ ʚ ʥʘʧʨʷʤʢʫ ʟʤʝʥʰʝʥʥʷ ʚʣʘʩʥʠʭ ʟʥʘʯʝʥʴ, ʟʙʠʨʘʶʪʴ ʟʥʘʯʥʫ ʯʘʩʪʠʥʫ ʧʦʚʥʦʾ 

ʜʠʩʧʝʨʩʽʾ ʜʘʥʠʭ, ʜʦʩʷʛʘʶʯʠ ʚ ʮʴʦʤʫ ʥʝʟʥʘʯʥʦʾ ʧʦʭʠʙʢʠ. ʆʪʞʝ, ʚʥʘʩʣʽʜʦʢ ʪʘʢʠʭ ʦʙʯʠʩʣʝʥʴ 

ʚʠʟʥʘʯʘʶʪʴʩʷ ʛʦʣʦʚʥʽ ʢʦʤʧʦʥʝʥʪʠ, ʷʢʽ ʘʩʦʮʽʶʶʪʴʩʷ ʽʟ ʚʽʜʧʦʚʽʜʥʠʤʠ ʄ ʚʣʘʩʥʠʤʠ ʚʝʢʪʦʨʘʤʠ. 

ɿʘʟʚʠʯʘʡ ʄ ʦʙʠʨʘʻʪʴʩʷ ʟʥʘʯʥʦ ʤʝʥʰʝ ʨʦʟʤʽʨʥʦʩʪʽ ʧʝʨʚʠʥʥʦʛʦ ʧʨʦʩʪʦʨʫ D. ɺʠʭʽʜʥʽ ʜʘʥʽ 

ʧʨʦʻʮʽʶʶʪʴʩʷ ʥʘ ʦʙʨʘʥʽ ʛʦʣʦʚʥʽ ʢʦʤʧʦʥʝʥʪʠ, ʧʨʠʟʚʦʜʷʯʠ ʜʦ ʩʢʦʨʦʯʝʥʥʷ ʨʦʟʤʽʨʥʦʩʪʽ. 

ɽʪʘʧ 3. ʇʦʙʫʜʦʚʘ ʂʉʄʉʈ ʚ ʟʘʛʘʣʴʥʦʤʫ ʚʠʧʘʜʢʫ ʥʘ ʦʩʥʦʚʽ ɻʇʅʄ ʷʢ ʫʥʽʚʝʨʩʘʣʴʥʠʭ 

ʘʧʨʦʢʩʠʤʘʪʦʨʽʚ. ɼʝʷʢʽ ʝʬʝʢʪʠʚʥʽ ʪʝʭʥʽʢʠ ʩʪʚʦʨʝʥʥʷ ʥʝʡʨʦʤʝʨʝʞʝʚʠʭ ʩʫʨʦʛʘʪʥʠʭ ʤʦʜʝʣʝʡ   

ʥʘʚʝʜʝʥʦ ʚ [5]. ʉʣʽʜ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʜʣʷ ʘʧʨʦʢʩʠʤʘʮʽʾ ʛʽʧʝʨʧʦʚʝʨʭʦʥʴ ʩʢʣʘʜʥʦʾ ʪʦʧʦʛʨʘʬʽʾ 

ʤʦʞʫʪʴ ʟʘʩʪʦʩʦʚʫʚʘʪʠʩʷ ʘʥʩʘʤʙʣʽ ʥʝʡʨʦʥʥʠʭ ʤʝʨʝʞ ʘʙʦ ʾʭ ʘʜʠʪʠʚʥʽ ʚʘʨʽʘʥʪʠ, ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʷʢʠʭ ʟʘʙʝʟʧʝʯʫʻ ʟʥʘʯʥʝ ʧʽʜʚʠʱʝʥʥʷ ʪʦʯʥʦʩʪʽ [6-8]. ʅʘ ʮʴʦʤʫ ʝʪʘʧʽ ʝʣʝʤʝʥʪʠ ʤʘʪʨʠʮʽ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʥʘʚʯʘʥʥʷ ʂʉʄʉʈ, ʪʦʙʪʦ ʻ ʥʘʚʯʘʣʴʥʦʶ ʚʠʙʽʨʢʦʶ. ʅʝʡʨʦʤʝʨʝʞʝʚʘ 

ʩʫʨʦʛʘʪʥʘ ʤʦʜʝʣʴ ʚ ʨʝʟʫʣʴʪʘʪʽ ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʩʫʪʪʻʚʦ ʧʨʦʩʪʽʰʦʶ ʩʪʨʫʢʪʫʨʦʶ ʫ ʧʦʨʽʚʥʷʥʥʽ ʽʟ 

ʾʾ ʘʥʘʣʦʛʦʤ, ʩʪʚʦʨʝʥʠʤ ʫ ʦʨʠʛʽʥʘʣʴʥʦʤʫ ʧʨʦʩʪʦʨʽ, ʘ ʚʽʜʧʦʚʽʜʥʦ ʢʨʘʱʦʶ ʦʙʯʠʩʣʶʚʘʣʴʥʦʶ 

ʧʨʦʜʫʢʪʠʚʥʽʩʪʶ.  

ɽʪʘʧ 4. ʈʦʟʚôʷʟʘʥʥʷ ʦʧʪʠʤʽʟʘʮʽʡʥʦʾ ʟʘʜʘʯʽ, ʨʝʟʫʣʴʪʘʪ ʷʢʦʾ ʚʽʜʰʫʢʘʥʥʷ ʝʢʩʪʨʝʤʫʤʫ 

ʮʽʣʴʦʚʦʾ ʬʫʥʢʮʽʾ ʫ ʩʢʦʨʦʯʝʥʦʤʫ ʧʨʦʩʪʦʨʽ. ɺʘʞʣʠʚʠʤ ʻ ʟʘʩʪʦʩʫʚʘʥʥʷ ʧʨʠ ʮʴʦʤʫ ʘʣʛʦʨʠʪʤʽʚ 

ʛʣʦʙʘʣʴʥʦʛʦ ʧʦʰʫʢʫ [6-9]. ʇʨʦʪʝ, ʟʥʘʡʜʝʥʠʡ ʫ ʩʢʦʨʦʯʝʥʦʤʫ ʧʨʦʩʪʦʨʽ ʨʦʟʚôʷʟʦʢ ʟʘʜʘʯʽ ʥʝ 

ʤʦʞʥʘ ʚʚʘʞʘʪʠ ʦʩʪʘʪʦʯʥʠʤ, ʧʦʢʠ ʥʝ ʚʽʜʙʫʣʦʩʷ ʧʨʦʻʮʽʶʚʘʥʥʷ ʡʦʛʦ ʚ ʦʨʠʛʽʥʘʣʴʥʠʡ ʧʨʦʩʪʽʨ 

ʧʦʰʫʢʫ, ʪʦʙʪʦ ʟʚʦʨʦʪʥʝ ʧʝʨʝʪʚʦʨʝʥʥʷ. ʁʦʛʦ ʥʝʤʦʞʣʠʚʦ ʚʠʢʦʥʘʪʠ ʘʥʘʣʽʪʠʯʥʦ, ʟʘʟʚʠʯʘʡ 

ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʯʠʩʣʦʚʽ ʤʝʪʦʜʠ.  

ɽʪʘʧ 5. ɺʠʢʦʥʘʥʥʷ ʧʨʦʻʮʽʶʚʘʥʥʷ ʫ ʧʝʨʚʠʥʥʠʡ ʧʨʦʩʪʽʨ. ɼʣʷ ʦʙʨʘʥʦʾ ʚ ʮʴʦʤʫ 

ʜʦʩʣʽʜʞʝʥʥʽ ʷʜʝʨʥʦʾ ʬʫʥʢʮʽʾ ɻʘʫʩʩʘ ʟʚʦʨʦʪʥʝ ʧʝʨʝʪʚʦʨʝʥʥʷ ʟʜʽʡʩʥʶʻʪʴʩʷ ʨʝʘʣʽʟʘʮʽʻʶ 

ʽʪʝʨʘʮʽʡʥʦʛʦ ʧʨʦʮʝʩʫ [10], ʷʢʠʡ ʚʠʢʦʥʫʻ ʚʽʜʧʦʚʽʜʥʝ ʚʽʜʪʚʦʨʝʥʥʷ ʨʦʟʚôʷʟʢʫ Kernel PCA 

ʚʜʘʣʦʛʦ ʚʠʙʦʨʫ ʚʝʢʪʦʨʫ, ʷʢʠʡ ʧʦʪʨʝʙʫʻ ʨʝʪʝʣʴʥʦʛʦ ʚʽʜʙʠʨʘʥʥʷ.  

ɺʝʨʠʬʽʢʘʮʽʶ ʪʘ ʧʨʘʢʪʠʯʥʝ ʜʦʩʣʽʜʞʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʟʘʧʨʦʧʦʥʦʚʘʥʦʛʦ ʤʝʪʦʜʫ 

ʩʪʚʦʨʝʥʥʷ ʂʉʄʉʈ ʧʝʨʝʚʽʨʷʪʠʤʝʤʦ ʥʘ ʪʝʩʪʦʚʠʭ ʯʠʩʣʦʚʠʭ ʝʢʩʧʝʨʠʤʝʥʪʘʭ, ʽʤʽʪʫʶʯʠ ʟʘʚʜʘʥʥʷ 

ʮʽʣʴʦʚʦʾ ʬʫʥʢʮʽʾ ʩʪʘʥʜʘʨʪʥʠʤʠ ʦʧʪʠʤʽʟʘʮʽʡʥʠʤʠ ʙʝʥʯʤʘʨʢʘʤʠ. ɼʣʷ ʪʝʩʪʫʚʘʥʥʷ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʤʦ ʜʚʘ ʚʘʨʽʘʥʪʠ ʬʫʥʢʮʽʡ [11], ʩʝʨʝʜ ʷʢʠʭ ʦʜʥʘ ʫʥʽʤʦʜʘʣʴʥʘ ʪʘ ʩʝʧʘʨʘʙʝʣʴʥʘ 

- ʩʬʝʨʠʯʥʘ ʪʘ ʜʨʫʛʘ ʙʽʣʴʰ ʩʢʣʘʜʥʘ ʥʝʚʠʧʫʢʣʘ  ʷʨʦʚʘ ʚʘʥʥʽ ʨʦʟʤʽʨʥʽʩʪʴ ʦʙʦʭ ʪʝʩʪʦʚʠʭ ʬʫʥʢʮʽʡ 

ʜʦʨʽʚʥʶʚʘʣʘ D = 51. 

ɺʠʩʥʦʚʢʠ. ʇʨʠ ʘʥʘʣʽʟʽ ʨʝʟʫʣʴʪʘʪʽʚ ʯʠʩʣʦʚʠʭ ʝʢʩʧʝʨʠʤʝʥʪʽʚ ʥʘʡʙʽʣʴʰ ʮʽʢʘʚʠʤʠ ʻ 

ʜʦʩ̫ʛʥʫʪʽ ʨʝʟʫʣʴʪʘʪʠ ʱʦʜʦ ʩʢʦʨʦʯʝʥʥʷ ʧʨʦʩʪʦʨʽʚ. ɺʽʜʟʥʘʯʠʤʦ, ʱʦ ʽ ʜʣʷ ʧʝʨʰʦʾ, ʽ ʜʣʷ ʜʨʫʛʦʾ 

ʪʝʩʪʦʚʦʾ ʟʘʜʘʯ ʧʨʦʩʪʦʨʠ ʧʦʰʫʢʫ ʙʫʣʠ ʩʢʦʨʦʯʝʥʽ ʥʘ 20%. ʊʦʙʪʦ ʚʽʜ ʨʦʟʤʽʨʥʦʩʪʽ ʧʝʨʚʠʥʥʠʭ 

ʧʨʦʩʪʦʨʽʚ 51 ʚʜʘʣʦʩʷ ʧʝʨʝʡʪʠ ʜʦ ʩʢʦʨʦʯʝʥʠʭ, ʷʢʽ ʙʫʣʦ ʟʤʽʥʝʥʽ ʚʞʝ ʜʦ 40. ʎʝ ʚʽʜʙʫʣʦʩʷ 
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ʟʘʚʜʷʢʠ ʥʝʣʽʥʽʡʥʠʤ ʧʝʨʝʪʚʦʨʝʥʥʷʤ ʽʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʷʜʝʨʥʦʾ ʬʫʥʢʮʽʾ ɻʘʫʩʩʘ ʪʘ ʘʥʘʣʽʟʫ 

ʚʣʘʩʥʠʭ ʟʥʘʯʝʥʴ ʦʪʨʠʤʘʥʠʭ ʷʜʝʨʥʠʭ ʤʘʪʨʠʮʴ: ʜʣʷ ʧʝʨʰʦʛʦ ʪʝʩʪʫ ʦʙʤʝʞʝʥʥʷ ʥʘ ʢʽʣʴʢʽʩʪʴ 

ʛʦʣʦʚʥʠʭ ʢʦʤʧʦʥʝʥʪ ʙʫʣʘ ʚʚʝʜʝʥʘ ʧʨʠ ʜʦʩʷʛʥʝʥʥʽ ʟʥʘʯʝʥʥʷ 19, ʘ ʜʣʷ ʜʨʫʛʦʛʦ ï 20. ʇʦʜʘʣʴʰʽ 

ʨʝʟʫʣʴʪʘʪʠ ʧʦʢʘʟʘʣʠ ʦʙˇʨʫʥʪʦʚʘʥʽʩʪʴ ʟʨʦʙʣʝʥʦʛʦ ʚʠʙʦʨʫ. ɼʨʫʛʠʤ ʧʦʢʘʟʥʠʢʦʤ, ʢʦʪʨʠʡ 

ʜʝʤʦʥʩʪʨʫʻ ʝʬʝʢʪʠʚʥʽʩʪʴ ʟʘʧʨʦʧʦʥʦʚʘʥʦʛʦ ʤʝʪʦʜʫ, ʻ ʪʦʯʥʽʩʪʴ ʩʪʚʦʨʝʥʦʾ ʂʉʄʉʈ. ɺʦʥʘ 

ʟʘʣʝʞʠʪʴ ʚʽʜ ʪʦʛʦ, ʥʘʩʢʽʣʴʢʠ ʚʜʘʣʦ ʙʫʣʦ ʟʛʝʥʝʨʦʚʘʥʽ ʇɽ. ɼʣʷ ʦʙʦʭ ʙʝʥʯʤʘʨʢʽʚ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʚʩʷ ʦʜʠʥ ʇɽ, ʩʪʚʦʨʝʥʠʡ ʫ ʦʜʠʥʠʯʥʦʤʫ ʛʽʧʝʨʧʨʦʩʪʦʨʽ. ʇʦʢʘʞʯʠʢʦʤ ʦʮʽʥʢʠ 

ʷʢʦʩʪʽ ʦʜʥʦʨʽʜʥʦʛʦ ʢʦʤʧôʶʪʝʨʥʦʛʦ ʇɽ ʩʣʫʛʫʶʪʴ ʧʦʢʘʟʥʠʢʠ ʨʦʟʙʽʞʥʦʩʪʽ, ʜʦʩʢʦʥʘʣʽʰʠʤ ʽʟ 

ʷʢʠʭ ʻ WSCD (Weighted Symmetrized Centered Discrepancy). ʁʦʛʦ ʟʥʘʯʝʥʥʷ ʜʣʷ ʦʙʦʭ ʪʝʩʪʦʚʠʭ 

ʟʘʜʘʯ ʜʦʨʽʚʥʶʚʘʣʦ 24.36. ɺʽʜʧʦʚʽʜʥʽ ʧʦʢʘʟʥʠʢʠ ʜʣʷ 2D-ʧʨʦʻʢʮʽʡ ʜʣʷ ʜʝʷʢʠʭ ʚʠʙʽʨʢʦʚʠʭ 

ʧʨʠʢʣʘʜʽʚ ʩʢʣʘʣʠ7.13Ā10-6, 3.7Ā10-7, 1.15Ā10-7. ʎʝ ʩʚʽʜʯʠʪʴ ʧʨʦ ʚʠʩʦʢʫ ʛʦʤʦʛʝʥʥʽʩʪʴ ʇɽ. ʇʨʠ 

ʧʦʙʫʜʦʚʽ ʥʝʡʨʦʤʝʨʝʞ-ʘʧʨʦʢʩʠʤʘʪʦʨʽʚ ʥʝ ʚʜʘʣʦʩʷ ʜʦʩʷʛʪʠ ʧʨʠʡʥʷʪʥʦʾ ʪʦʯʥʦʩʪʽ ʾʭ 

ʦʜʠʥʦʯʥʠʤʠ ʧʨʝʜʩʪʘʚʥʠʢʘʤʠ, ʥʘʚʽʪʴ ʜʣʷ ʙʘʛʘʪʦʚʠʤʽʨʥʦʾ ʩʬʝʨʠʯʥʦʾ ʬʫʥʢʮʽʾ. ʆʪʞʝ, ʜʦʚʝʣʦʩʷ 

ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʘʥʩʘʤʙʣʽ ʽʟ ʪʨʴʦʭ ʥʝʡʨʦʥʥʠʭ ʤʝʨʝʞ ʟ ʦʩʝʨʝʜʥʝʥʥʷʤ ʾʭ ʨʝʟʫʣʴʪʘʪʽʚ, ʱʦ 

ʟʘʙʝʟʧʝʯʠʣʦ ʚʠʢʦʥʘʥʥʷ ʮʠʭ ʟʘʚʜʘʥʴ. ɹʫʣʦ ʩʪʚʦʨʝʥʦ ʂʉʄʉʈ, ʚʘʣʽʜʥʽʩʪʴ ʢʦʪʨʠʭ ʦʮʽʥʶʚʘʣʘʩʷ 

ʧʦʭʠʙʢʘʤʠ MAPE (Mean Absolute Percentage Error), % ʦʢʨʝʤʦ ʜʣʷ ʥʘʚʯʘʣʴʥʦʾ, ʢʨʦʩ-

ʚʘʣʽʜʘʮʽʡʥʦʾ ʪʘ ʪʝʩʪʦʚʦʾ ʚʠʙʽʨʦʢ. ɼʣʷ ʧʝʨʰʦʾ ʪʝʩʪʦʚʦʾ ʟʘʜʘʯʽ ʚʦʥʠ ʩʢʣʘʣʠ ʚʽʜʧʦʚʽʜʥʦ 0.285%, 

0.657%, 0.653%, ʘ ʜʣʷ ʜʨʫʛʦʾ ï 0.883%, 1.574%, 1.603 %. ʇʝʨʝʚʽʨʢʘʤʠ ʩʪʘʪʠʩʪʠʯʥʠʭ ʢʨʠʪʝʨʽʾʚ 

ʜʦʚʝʜʝʥʽ ʘʜʝʢʚʘʪʥʽʩʪʴ ʪʘ ʽʥʬʦʨʤʘʪʠʚʥʽʩʪʴ ʧʦʙʫʜʦʚʘʥʠʭ ʩʫʨʦʛʘʪʥʠʭ ʤʦʜʝʣʝʡ. 

ʂʽʥʮʝʚʠʤ ʨʝʟʫʣʴʪʘʪʦʤ ʜʦʩʣʽʜʞʝʥʴ ʙʫʣʦ ʚʩʪʘʥʦʚʣʝʥʥʷ ʦʩʪʘʪʦʯʥʠʭ ʧʦʭʠʙʦʢ ʚʽʜʰʫʢʘʥʥʷ 

ʝʢʩʪʨʝʤʫʤʽʚ ʪʝʩʪʦʚʠʭ ʟʘʜʘʯ ʚʥʘʩʣʽʜʦʢ ʧʦʨʽʚʥʷʥʥʷ ʟʥʘʡʜʝʥʠʭ ʨʦʟʚôʷʟʢʽʚ ʽʟ ʪʝʦʨʝʪʠʯʥʦ 

ʚʽʜʦʤʠʤʠ. ɿʥʘʯʝʥʥʷ ʮʠʭ ʧʦʭʠʙʦʢ ʚʢʣʶʯʘʶʪʴ ʚ ʩʝʙʝ ʧʦʭʠʙʢʫ ʩʢʦʨʦʯʝʥʥʷ ʧʝʨʚʠʥʥʦʛʦ 

ʧʨʦʩʪʦʨʫ, ʧʦʭʠʙʢʫ ʘʧʨʦʢʩʠʤʘʮʽʾ ʧʦʚʥʦʨʦʟʤʽʨʥʦʾ ʛʽʧʝʨʧʦʚʝʨʭʥʽ ʚʽʜʛʫʢʫ ʥʝʡʨʦʤʝʨʝʞʝʚʦʶ 

ʂʉʄʉʈ, ʧʦʭʠʙʢʫ ʚʠʟʥʘʯʝʥʥʷ ʝʢʩʪʨʝʤʫʤʫ ʫ ʩʢʦʨʦʯʝʥʦʤʫ ʧʨʦʩʪʦʨʽ ʦʟʥʘʢ ʪʘ, ʥʘʨʝʰʪʽ, 

ʧʦʭʠʙʢʫ ʟʚʦʨʦʪʥʦʛʦ ʧʨʦʻʮʽʶʚʘʥʥʷ ʽʟ Kernel PCA-ʧʨʦʩʪʦʨʫ ʚ ʦʨʠʛʽʥʘʣʴʥʠʡ. ʆʪʞʝ, ʟʘʟʥʘʯʝʥʽ 

ʤʘʢʩʠʤʘʣʴʥʽ ʘʙʩʦʣʶʪʥʽ ʧʦʭʠʙʢʠ ʢʦʤʧʦʥʝʥʪʽʚ ʚʝʢʪʦʨʽʚ ʝʢʩʪʨʝʤʫʤʽʚ ʩʢʣʘʣʠ  ʜʣʷ ʩʬʝʨʠʯʥʦʾ ʪʘ 

ʬʫʥʢʮʽʾ ʈʦʟʝʥʙʨʦʢʘ ʚʽʜʧʦʚʽʜʥʦ 2.656Ā10-5 ʪʘ 5.3Ā10-4.  

ʇʽʜʩʫʤʦʚʫʶʯʠ, ʟʘʟʥʘʯʠʤʦ, ʱʦ ʟʘʧʨʦʧʦʥʦʚʘʥʠʡ ʤʝʪʦʜ ʩʪʚʦʨʝʥʥʷ ʂʉʄʉʈ 

ʧʨʦʜʝʤʦʥʩʪʨʫʚʘʚ ʩʚʦʶ ʝʬʝʢʪʠʚʥʽʩʪʴ ʽ ʟʜʘʪʥʽʩʪʴ ʜʦ ʜʦʚʦʣʽ ʪʦʯʥʦʛʦ ʨʦʟʚôʷʟʢʫ ʦʙʝʨʥʝʥʠʭ ʟʘʜʘʯ 

ʚʠʩʦʢʦʾ ʨʦʟʤʽʨʥʦʩʪʽ ʪʘ ʤʦʞʝ ʙʫʪʠ ʟʘʩʪʦʩʦʚʘʥʠʡ ʥʘ ʧʨʘʢʪʠʮʽ. 
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ɯʅʊɽʃɽʂʊʋɸʃɯɿɸʎɯʗ ʇʈʀɿʅɸʏɽʅʅʗ ʆʇʊʀʄɸʃʔʅʀʍ ɼʆʇʋʉʂɯɺ 

ʈʆɿʄɯʈʅʀʍ ɿɺôʗɿʂɯɺ ʊɽʍʅʆʃʆɻɯʁ ɯ ʂʆʅʉʊʈʋɯʎɯʁ 
 

ʏʝʨʝʜʥʽʢʦʚ ʆ.ʄ. 

ɼʝʨʞʘʚʥʠʡ ʥʘʫʢʦʚʦ-ʜʦʩʣʽʜʥʠʡ ʽʥʩʪʠʪʫʪ ʚʠʧʨʦʙʫʚʘʥʴ ʽ ʩʝʨʪʠʬʽʢʘʮʽʾ ʦʟʙʨʦʻʥʥʷ ʪʘ ʚʽʡʩʴʢʦʚʦʾ 

ʪʝʭʥʽʢʠ,  ʏʝʨʢʘʩʠ, ʋʢʨʘʾʥʘ 
 

ɸʥʦʪʘʮʽʷ. ʈʦʟʤʽʨʥʠʡ ʘʥʘʣʽʟ ʦʭʦʧʣʶʻ ʰʠʨʦʢʠʡ ʢʣʘʩ ʟʘʜʘʯ, ʧʦʯʠʥʘʶʯʠ ʟ ʚʠʷʚʣʝʥʥʷ ʽ ʧʦʙʫʜʦʚʠ 

ʨʦʟʤʽʨʥʠʭ ʣʘʥʮʶʛʽʚ ʢʦʥʩʪʨʫʢʮʽʡ, ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ ʽ ʟʘʢʽʥʯʫʶʯʠ ʨʦʟʤʽʨʥʠʤ ʤʦʜʝʣʶʚʘʥʥʷʤ 

ʪʨʘʻʢʪʦʨʽʡ ʨʫʭʽʚ. ɹʘʛʘʪʦ ʟ ʥʠʭ ʧʦʪʨʝʙʫʶʪʴ ʝʪʘʧʽʚ ʽʥʪʝʣʝʢʪʫʘʣʴʥʦʾ ʜʽʷʣʴʥʦʩʪʽ. 

ɺ ʪʦʡ ʞʝ ʯʘʩ ʤʘʪʝʤʘʪʠʯʥʽ ʪʘ ʧʨʦʛʨʘʤʥʽ ʩʢʣʘʜʦʚʽ ʢʦʤʧʦʥʝʥʪʠ ʚʽʜʦʤʠʭ ʩʠʩʪʝʤ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʛʦ 

ʧʨʦʝʢʪʫʚʘʥʥʷ ʪʘ ʢʝʨʫʚʘʥʥʷ ʧʨʦʮʝʩʘʤʠ ʥʘ ʽʥʪʝʨʘʢʪʠʚʥʠʭ ʧʨʠʥʮʠʧʘʭ, ʟʘʣʠʰʘʶʯʠ ʽʥʪʝʣʝʢʪʫʘʣʴʥʫ 

ʩʢʣʘʜʦʚʫ ʚʠʙʦʨʫ ʤʝʪʦʜʘ ʽ ʧʨʦʮʝʩʫ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʥʷ ʟʘ ʢʦʨʠʩʪʫʚʘʯʝʤ, ʩʪʫʧʽʥʴ ʢʚʘʣʽʬʽʢʘʮʽʾ ʷʢʦʛʦ 

ʨʽʟʥʘ ʽ ʥʘʢʣʘʜʘʻ ʩʫʪʪʻʚʠʡ ʚʧʣʠʚ ʥʘ ʦʧʪʠʤʘʣʴʥʽʩʪʴ ʪʘ ʷʢʽʩʪʴ ʨʽʰʝʥʴ. ɺ ʨʦʟʤʽʨʥʦʤʫ ʘʥʘʣʽʟʽ, ʷʢ ʤʝʪʦʜʽ 

ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʢʦʥʩʪʨʫʢʮʽʡ ʪʘ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ, ʚʝʢʪʦʨ ʜʽʡ ʬʘʭʽʚʮʷ ʤʦʞʝ ʢʦʣʠʚʘʪʠʩʴ ʚ 

ʰʠʨʦʢʠʭ ʤʝʞʘʭ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʨʦʟʤʽʨʥ ̔ʟʚôʷʟʢʠ, ʜʦʧʫʩʢʠ, ʪʦʯʥʽʩʪʴ, h ʪʫʯʥʠʡ ʽʥʪʝʣʝʢʪ. 

 

INTELLECTUALIZATION OF THE APPOINTMENT OF OPTIMUM TOLERANCES  

DIMENSIONAL COMMUNICATIONS OF TECHNOLOGIES AND CONSTRUCTIONS  
 

Cherednikov O. 
State Research Institute of Testing and Certification of Weapons and Military Equipment, Cherkasy, Ukraine 
 

Abstract. Dimensional analysis covers a wide class of tasks, starting with the identification and 

construction of dimensional chains of structures, technological processes, and ending with dimensional 

modeling of movement trajectories. Many of them require intellectual activity. 

At the same time, the mathematical and software components of well-known automated design and 

process control systems are based on interactive principles, leaving the intellectual component of method 

selection and the decision-making process to the user, whose degree of qualification is different and has a 

significant impact on the optimality and quality of decisions. In dimensional analysis, as a method of 

improving designs and technological processes, the specialist's vector of actions can vary widely. 

Keywords: dimensional relationships, tolerances, accuracy, artificial intelligence. 

 

ɺʠʢʣʘʜ ʦʩʥʦʚʥʦʛʦ ʤʘʪʝʨʽʘʣʫ. ʉʠʩʪʝʤʘ ʧʨʦʝʢʪʫʚʘʥʥʷ ʽ ʚʠʛʦʪʦʚʣʝʥʥʷ ʚʠʨʦʙʽʚ 

ʨʝʘʣʽʟʫʻʪʴʩʷ ʥʘ ʽʥʪʝʛʨʦʚʘʥʦʤʫ ʧʨʦʛʨʘʤʥʦʤʫ, ʷʢʠʡ ʷʚʣʷʻ ʩʦʙʦʶ ʽʥʬʦʨʤʘʮʽʡʥʦ ʽ ʧʨʦʛʨʘʤʥʦ 

ʚʟʘʻʤʦʟʚôʷʟʘʥʽ ʩʠʩʪʝʤʠ. ɿʘʩʪʦʩʫʚʘʥʥʷ ʪʝʭʥʦʣʦʛʽʾ ʥʘʩʢʨʽʟʥʦʛʦ ʧʨʦʝʢʪʫʚʘʥʥʷ ʩʪʚʦʨʶʻ 

ʪʝʥʜʝʥʮʽʶ ʟʣʠʪʪʷ ʪʨʘʜʠʮʽʡʥʦ ʽʩʥʫʶʯʠʭ ʚʽʜʜʽʣʽʚ ʛʦʣʦʚʥʦʛʦ ʢʦʥʩʪʨʫʢʪʦʨʘ ʽ ʛʦʣʦʚʥʦʛʦ 

ʪʝʭʥʦʣʦʛʘ ʚ ʦʜʠʥ ʚʽʜʜʽʣ ʪʝʭʥʽʯʥʦʛʦ ʧʽʜʛʦʪʦʚʣʝʥʥʷ ʚʠʨʦʙʥʠʮʪʚʘ. ʇʨʠ ʮʴʦʤʫ ʯʽʪʢʘ ʛʨʘʜʘʮʽʷ 

ʬʘʭʽʚʮʽʚ ʥʘ ʢʦʥʩʪʨʫʢʪʦʨʽʚ ʪʘ ʪʝʭʥʦʣʦʛʽʚ ʧʦʩʪʫʧʦʚʦ ʟʥʠʢʘʻ, ʘ ʨʦʟʚôʷʟʘʥʥʷ ʟʘʜʘʯ 

ʫʩʢʣʘʜʥʶʻʪʴʩʷ. 
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ʆʙôʻʜʥʘʥʥʷ ʤʦʜʫʣʽʚ ʢʦʥʩʪʨʫʢʪʦʨʩʴʢʠʭ ʽ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʨʦʟʨʦʙʦʢ ʚ ʻʜʠʥʫ ʩʠʩʪʝʤʫ 

ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʛʦ ʧʨʦʻʢʪʫʚʘʥʥʷ ʟʤʝʥʰʫʻ ʚʘʨʪʽʩʪʴ ʽ ʯʘʩ ʚʠʭʦʜʫ ʥʦʚʦʾ ʧʨʦʜʫʢʮʽʾ ʥʘ ʨʠʥʦʢ, 

ʜʦʟʚʦʣʷʻ ʢʦʥʩʪʨʫʶʚʘʪʠ ʜʝʪʘʣʽ ʚʠʩʦʢʦʾ ʪʝʭʥʦʣʦʛʽʯʥʦʩʪʽ, ʦʜʥʘʢ ʧʽʜʚʠʱʫʻ ʨʽʚʝʥʴ 

ʽʥʪʝʣʝʢʪʫʘʣʴʥʦʩʪʽ ʟʘʜʘʯ, ʟʦʢʨʝʤʘ ʽ ʟʘʜʘʯ ʨʦʟʤʽʨʥʦʛʦ ʘʥʘʣʽʟʫ. 

ʄʘʰʠʥʠ, ʾʭ ʩʢʣʘʜʘʣʴʥʽ ʦʜʠʥʠʮʽ ʪʘ ʜʝʪʘʣʽ ʻ ʧʨʦʩʪʦʨʦʚʠʤʠ ʢʦʥʩʪʨʫʢʮʽʷʤʠ, ʦʙʤʝʞʝʥʽ 

ʩʫʢʫʧʥʽʩʪʶ ʟʚôʷʟʘʥʠʭ ʤʽʞ ʩʦʙʦʶ ʧʦʚʝʨʭʦʥʴ. ʊʦʤʫ ʟʚʠʯʘʡʥʦʶ ʧʨʘʢʪʠʢʦʶ ʩʫʯʘʩʥʦʛʦ 

ʢʦʥʩʪʨʫʢʪʦʨʩʴʢʦ-ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʽʜʛʦʪʦʚʣʝʥʥʷ ʚʠʨʦʙʥʠʮʪʚʘ ʩʪʘʻ ʟʦʙʨʘʞʝʥʥʷ ʚʠʨʦʙʽʚ ʥʝ ʫ 

ʚʠʛʣʷʜʽ ʜʚʦʚʠʤʽʨʥʠʭ ʢʨʝʩʣʝʥʠʢʽʚ, ʘ ʫ ʚʠʛʣʷʜʽ ʪʨʠʚʠʤʽʨʥʠʭ ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʦʜʝʣʝʡ. ɺʠʭʦʜʷʯʠ 

ʟ ʮʴʦʛʦ, ʨʦʟʤʽʨʥʽ ʟʚôʷʟʢʠ ʚ ʤʘʰʠʥʽ ʧʦʚʠʥʥʽ ʦʧʠʩʫʚʘʪʠʩʴ ʧʨʦʩʪʦʨʦʚʠʤʠ ʨʦʟʤʽʨʥʠʤʠ 

ʣʘʥʮʶʛʘʤʠ, ʧʦʙʫʜʦʚʘʥʽ ʷʢ ʢʦʦʨʜʠʥʘʪʥʽ ʩʠʩʪʝʤʠ ʟ ʧʨʫʞʥʠʤʠ ʟʚôʷʟʢʘʤʠ. 

ʇʨʠʥʮʠʧʦʚʘ ʚʽʜʤʽʥʥʽʩʪʴ ʨʦʟʨʘʭʫʥʢʫ ʪʘʢʠʭ ʣʘʥʮʶʛʽʚ ʧʦʣʷʛʘʻ ʫ ʚʠʟʥʘʯʝʥʥʽ ʥʦʤʽʥʘʣʴʥʠʭ 

ʟʥʘʯʝʥʴ ʽ ʜʦʧʫʩʢʽʚ ʣʽʥʽʡʥʠʭ ʽ ʢʫʪʦʚʠʭ ʧʘʨʘʤʝʪʨʽʚ, ̫ ʢ ʟʚôʷʟʘʥʠʭ ʚʝʣʠʯʠʥ [ʆʰʠʙʢʘ! ʀʩʪʦʯʥʠʢ 

ʩʩʳʣʢʠ ʥʝ ʥʘʡʜʝʥ., ʆʰʠʙʢʘ! ʀʩʪʦʯʥʠʢ ʩʩʳʣʢʠ ʥʝ ʥʘʡʜʝʥ.].  

ʐʪʫʯʥʠʡ ʽʥʪʝʣʝʢʪ ʩʠʩʪʝʤʠ ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʨʦʟʤʽʨʥʦʛʦ ʘʥʘʣʽʟʫ (ʈɸ) ʧʦʣʷʛʘʻ ʚ 

ʤʦʞʣʠʚʦʩʪʽ ʚʠʷʚʣʝʥʥʷ ʨʦʟʤʽʨʥʠʭ ʟʚôʷʟʢʽʚ ʜʝʪʘʣʝʡ ʪʘ ʾʭ ʧʦʚʝʨʭʦʥʴ ʟ ʧʦʟʠʮʽʡ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʾʭ 

ʟʘʜʘʥʠʤ ʪʝʭʥʽʯʥʠʤ ʚʠʤʦʛʘʤ, ʢʝʨʫʚʘʪʠ ʨʦʟʤʽʨʥʠʤʠ ʟʚôʷʟʢʘʤʠ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ ʽ 

ʧʨʠʡʤʘʪʠ ʨʽʰʝʥʥʷ ʧʦ ʾʭ ʢʦʨʝʢʪʫʚʘʥʥʶ. ʉʪʚʦʨʝʥʥʷ ñʨʦʟʫʤʥʠʭò ʩʠʩʪʝʤ ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʈɸ 

ʟʚôʷʟʘʥʦ, ʷʢ ʧʨʘʚʠʣʦ, ʟ ʥʘʜʘʥʥʷʤ ʾʤ ʣʶʜʩʴʢʠʭ ʷʢʦʩʪʝʡ. 

ʊʘʢ, ʧʨʠ ʨʦʟʚôʷʟʘʥʥʽ ʟʘʜʘʯ ʩʠʥʪʝʟʫ ʈɸ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʤʝʪʦʜʠ ʝʤʧʽʨʠʯʥʦʛʦ ʧʽʜʙʦʨʫ 

ʜʦʧʫʩʢʽʚ ʩʢʣʘʜʦʚʠʭ ʣʘʥʦʢ: ʤʝʪʦʜ ʩʧʨʦʙ, ʨʽʚʥʦʛʦ ʢʚʘʣʽʪʝʪʫ, ʧʨʦʧʦʨʮʽʡʥʦʛʦ ʚʧʣʠʚʫ, 

ʝʢʦʥʦʤʽʯʥʠʭ ʜʦʧʫʩʢʽʚ. ʂʦʞʝʥ ʽʟ ʟʘʟʥʘʯʝʥʠʭ ʤʝʪʦʜʽʚ ʧʦʪʨʝʙʫʻ ʩʫʙôʻʢʪʠʚʥʦʾ ʦʮʽʥʢʠ ʧʨʠ ʚʠʙʦʨʽ 

ʟʥʘʯʝʥʴ ʜʦʧʫʩʢʽʚ ʽ ʟʘʣʝʞʠʪʴ ʚʽʜ ʢʚʘʣʽʬʽʢʘʮʽʾ ʚʠʢʦʥʘʚʮʷ. 

ɯʥʪʝʣʝʢʪʫʘʣʴʥʘ ʩʠʩʪʝʤʘ ʻ ʟʘʛʘʣʴʥʦʶ ʜʣʷ ʧʨʦʝʢʪʫʚʘʥʥʷ ʪʘ ʘʥʘʣʽʟʫ ʨʦʟʤʽʨʥʠʭ ʟʚôʷʟʢʽʚ 

ʪʝʭʥʽʯʥʠʭ ʩʠʩʪʝʤ ʰʠʨʦʢʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ, ʧʦʣʝʛʰʫʶʯʠ ʧʨʦʮʝʜʫʨʠ ʈɸ ʽ ʨʦʟʰʠʨʶʶʯʠ 

ʽʥʪʝʣʝʢʪʫʘʣʴʥʽ ʤʦʞʣʠʚʦʩʪʽ ʬʘʭʽʚʮʽʚ, ʱʦ ʧʨʠʡʤʘʶʪʴ ʚʽʜʧʦʚʽʜʘʣʴʥʽ ʽʥʞʝʥʝʨʥʽ ʨʽʰʝʥʥʷ. 

ʆʩʪʘʥʥʽʤ ʯʘʩʦʤ ʩʧʦʩʽʙ ʥʘʙʫʚʘʻ ʚʩʝ ʙʽʣʴʰʦʛʦ ʨʦʟʚʠʪʢʫ ʽ ʧʦʰʠʨʝʥʥʷ. ʉʫʪʥʽʩʪʴ ʩʧʦʩʦʙʫ 

ʧʦʣʷʛʘʻ ʫ ʚʠʢʦʨʠʩʪʘʥʥʽ ʦʧʪʠʤʽʟʘʮʽʡʥʦʾ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ ʥʘ ʦʩʥʦʚʽ ʰʪʫʯʥʠʭ ʥʝʡʨʦʥʥʠʭ 

ʤʝʨʝʞ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ ʜʦʧʫʩʢʽʚ ʣʘʥʦʢ, ʚʨʘʭʦʚʫʶʯʠ ʤʦʞʣʠʚʦʩʪʽ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʤʝʪʦʜʽʚ. 

ʄʝʪʘ ʨʦʙʦʪʠ: ʚʠʟʥʘʯʝʥʥʷ ʥʘʧʨʷʤʽʚ ʟʘʩʪʦʩʫʚʘʥʥʷ ʰʪʫʯʥʦʛʦ ʽʥʪʝʣʝʢʪʫ (ʐɯ) ʜʣʷ 

ʧʨʠʟʥʘʯʝʥʥʷ ʜʦʧʫʩʢʽʚ ʥʘ ʨʦʟʤʽʨʠ ʢʦʥʩʪʨʫʢʮʽʡ ʪʘ ʪʝʭʥʦʣʦʛʽʡ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʥʝʜʦʣʽʢʽʚ ʪʘ 

ʧʝʨʝʚʘʛ ʤʦʜʝʣʶʚʘʥʥʷ ʪʝʭʥʽʯʥʠʭ ʩʠʩʪʝʤ ʻ ʟʘʩʪʦʩʫʚʘʥʥʷ ʥʝʡʨʦʥʥʠʭ ʤʝʨʝʞ. 

ʅʝʡʨʦʥʥʽ ʤʝʨʝʞʽ ʧʦʙʫʜʦʚʘʥʽ ʥʘ ʙʽʦʣʦʛʽʯʥʽʡ ʤʦʜʝʣʽ ʥʝʨʚʦʚʦʾ ʩʠʩʪʝʤʠ ʽ ʻ ʤʝʪʦʜʦʤ 

ʽʤʽʪʘʮʽʾ ʧʨʦʮʝʩʽʚ ʽ ʷʚʠʱ, ʟʦʢʨʝʤʘ ʽ ʟʘʣʝʞʥʦʩʪʝʡ ʨʦʟʤʽʨʥʠʭ ʟʚôʷʟʢʽʚ. ʆʩʦʙʣʠʚʽʩʪʶ ʥʝʡʨʦʥʥʠʭ 

ʤʝʨʝʞ ʻ ʤʝʭʘʥʽʟʤ ʾʭ ʥʘʚʯʘʥʥʷ ʨʦʟʚôʷʟʘʥʥʶ ʢʦʥʢʨʝʪʥʠʭ ʟʘʜʘʯ ʷʢʽ ʟʘ ʧʝʚʥʠʤ ʘʣʛʦʨʠʪʤʦʤ 

ʘʚʪʦʤʘʪʠʯʥʦ ʥʘʣʘʛʦʜʞʫʻ ʧʘʨʘʤʝʪʨʠ ʤʝʨʝʞʽ, ˇʨʫʥʪʫʶʯʠʩʴ ʥʘ ʧʦʨʽʚʥʷʥʥʽ ʩʠʛʥʘʣʽʚ ʚʭʦʜʫ ʽ 

ʚʠʭʦʜʫ ʜʦ ʪʠʭ ʧʽʨ, ʧʦʢʠ ʚʠʭʽʜ ʤʝʨʝʞʽ ʥʝ ʙʫʜʝ ʚʽʜʧʦʚʽʜʘʪʠ ʧʦʪʨʽʙʥʠʤ ʟʥʘʯʝʥʥʷʤ. ɺ ʨʝʟʫʣʴʪʘʪʽ 

ʥʝʡʨʦʤʝʨʝʞʦʚʦʾ ʘʧʨʦʢʩʠʤʘʮʽʾ ʜʘʥʠʭ ʦʜʝʨʞʫʶʪʴ ʤʘʪʝʤʘʪʠʯʥʫ ʤʦʜʝʣʴ ʨʦʟʤʽʨʥʠʭ ʟʚôʷʟʢʽʚ. 

ʄʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ ʬʦʨʤʘʣʴʥʦʛʦ ʥʝʡʨʦʥʘ ʤʘʻ ʚʠʛʣʷʜ [2]: 

ώ ὪὫ Ὢ ὡὼ ȟ 

ʜʝ    ώ ï ʚʠʭʽʜʥʠʡ ʩʠʛʥʘʣ ʥʝʡʨʦʥʘ ï ʜʦʧʫʩʢ ʊD ʟʘʤʠʢʘʶʯʦʾ ʣʘʥʢʠ; 

ὪὫ ï ʬʫʥʢʮʽʷ ʘʢʪʠʚʽʟʘʮʽʾ; 

ὡ  ï ʩʠʥʘʧʪʠʯʥʽ ʢʦʝʬʽʮʽʻʥʪʠ (ʩʠʥʘʧʩʠ) ï ʜʦʧʫʩʢʠ ʊʽ  ʩʢʣʘʜʦʚʠʭ ʣʘʥʦʢ; 

ὼ ï ʚʭʽʜʥʠʡ ʩʠʛʥʘʣ (ʨʝʮʝʧʪʦʨ) ï ʧʝʨʝʜʘʪʥʠʡ ʢʦʝʬʽʮʽʻʥʪ ʩʢʣʘʜʦʚʦʾ ʣʘʥʢʠ ʉ;̔ 

ὲ ï ʢʽʣʴʢʽʩʪʴ ʨʝʮʝʧʪʦʨʽʚ (m-1).  ʐʪʫʯʥʠʡ (ʬʦʨʤʘʣʴʥʠʡ) ʥʝʡʨʦʥ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʩʫʢʫʧʥʦʩʪʽ 

ʨʝʮʝʧʪʦʨʽʚ 1, ʾʭ ʟôʻʜʥʘʥʴ (ʩʠʥʘʧʩʽʚ) 2, ʩʫʤʘʪʦʨʘ 3 ʽ ʬʫʥʢʮʽʾ ʘʢʪʠʚʽʟʘʮʽʾ 4 (ʨʠʩ. 1) [2]. 
ɸʣʛʦʨʠʪʤ ʨʦʟʨʘʭʫʥʢʫ ʦʧʪʠʤʘʣʴʥʠʭ ʜʦʧʫʩʢʽʚ ʨʦʟʤʽʨʥʠʭ ʟʚôʷʟʢʽʚ ʪʝʭʥʦʣʦʛʽʡ ʽ 

ʢʦʥʩʪʨʫʢʮʽʡ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʐɯ ʚʢʣʶʯʘʻ ʦʩʥʦʚʥʽ ʢʨʦʢʠ: 
1. ʅʘ ʦʩʥʦʚʽ ʬʦʨʤʘʣʴʥʦʛʦ ʥʝʡʨʦʥʘ ʚʠʟʥʘʯʘʶʪʴ ʥʦʤʽʥʘʣʴʥʽ ʨʦʟʤʽʨʠ ʩʢʣʘʜʦʚʠʭ ʣʘʥʦʢ; 
2. ɺʠʟʥʘʯʘʶʪʴ ʜʽʘʧʘʟʦʥ ʟʤʽʥʠ ʪʝʭʥʦʣʦʛʽʯʥʦ ʧʨʠʡʥʷʪʥʠʭ ʜʦʧʫʩʢʽʚ ʩʢʣʘʜʦʚʠʭ ʣʘʥʦʢ; 
3. ɿʘ ʜʦʧʦʤʦʛʦʶ ʬʦʨʤʘʣʴʥʦʛʦ ʥʝʡʨʦʥʘ ʚʠʟʥʘʯʘʶʪʴ ʜʦʧʫʩʢʠ ʚʩʽʭ ʩʢʣʘʜʦʚʠʭ ʣʘʥʦʢ; 
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4. ʂʦʨʝʢʪʫʶʪʴ ʨʦʟʨʘʭʫʥʢʦʚʽ ʟʥʘʯʝʥʥʷ ʜʦ ʧʨʠʡʥʷʪʥʠʭ ʩʪʘʥʜʘʨʪʥʠʭ ʟʥʘʯʝʥʴ. 

 
ʈʠʩ. 1. ʉʪʨʫʢʪʫʨʥʘ ʩʭʝʤʘ ʬʦʨʤʘʣʴʥʦʛʦ ʥʝʡʨʦʥʘ 

 ɿʘʜʘʯʘ ʚʠʟʥʘʯʝʥʥʷ ʜʦʧʫʩʢʽʚ ʩʢʣʘʜʦʚʠʭ ʣʘʥʦʢ ʟʚʦʜʠʪʴʩʷ ʜʦ ʟʘʜʘʯʽ ʥʘʚʯʘʥʥʷ ʥʝʡʨʦʥʘ, 
ʪʦʙʪʦ ʧʽʜʙʦʨʫ ʩʠʥʘʧʪʠʯʥʠʭ ʢʦʝʬʽʮʽʻʥʪʽʚ ὡ  ʧʨʠ ʤʽʥʽʤʘʣʴʥʽʡ ʧʦʭʠʙʮʽ ʤʝʨʝʞʽ ɽ (ʧʦʭʠʙʢʘ 

ʨʦʙʦʪʠ ʥʝʡʨʦʥʘ), ʷʢʫ ʚʠʟʥʘʯʘʶʪʴ ʷʢ ʢʚʘʜʨʘʪ ʨʽʟʥʠʮʽ ʝʪʘʣʦʥʥʦʛʦ ʩʠʛʥʘʣʫ ώ ʽ ʨʝʘʢʮʽʾ ʤʝʨʝʞʽ 
Ὢὡὼ : 

 Ὁ ώ Ὢὡὼ ᴼάὭὲ. 
ʄʝʨʝʞʘ ʧʽʜʙʠʨʘʻ ʜʦʧʫʩʢʠ ʽʟ ʫʤʦʚʠ ʤʽʥʽʤʽʟʘʮʽʾ ʧʦʭʠʙʢʠ, ʪʝʭʥʦʣʦʛʽʯʥʦ ʧʨʠʡʥʷʪʥʽ ʚ 

ʤʝʞʘʭ Wmin ¢ W ¢ Wmax. 
ɺʠʢʦʨʠʩʪʘʥʥʷ ʐɯ ʜʣʷ ʧʨʠʟʥʘʯʝʥʥʷ ʜʦʧʫʩʢʽʚ ʥʘ ʨʦʟʤʽʨʠ ʢʦʥʩʪʨʫʢʮʽʡ ʪʘ ʪʝʭʥʦʣʦʛʽʡ ʤʘʻ 

ʩʚʦʾ ʧʝʨʝʚʘʛʠ ʽ ʥʝʜʦʣʽʢʠ: 
ʇʝʨʝʚʘʛʠ ʅʝʜʦʣʽʢʠ 

¶ ʩʧʨʦʱʝʥʥʷ ʨʦʟʨʘʭʫʥʢʽʚ, ʰʚʠʜʢʽʩʪʴ ʽ 
ʝʬʝʢʪʠʚʥʽʩʪʴ 

¶ ʚʽʜʩʫʪʥʽʩʪʴ ʩʫʙôʻʢʪʠʚʽʟʤʫ ʧʨʠ ʚʠʙʦʨʽ 
ʜʦʧʫʩʢʽʚ, ʪʦʯʥʽʩʪʴ 

¶ ʪʝʭʥʦʣʦʛʽʯʥʦ ʦʧʪʠʤʘʣʴʥʽ ʜʦʩʪʠʞʠʤʽ ʜʦʧʫʩʢʠ; 

¶ ʤʦʞʣʠʚʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʫ ʚʩʽʭ ʪʠʧʘʭ 
ʚʠʨʦʙʥʠʮʪʚʘ (ʚʽʜ ʦʜʠʥʠʯʥʦʛʦ 
ʽʥʜʠʚʽʜʫʘʣʴʥʦʛʦ ʜʦ ʙʘʛʘʪʦʩʝʨʽʡʥʦʛʦ) 

¶ ʚʽʜʥʦʩʥʘ ʩʢʣʘʜʥʽʩʪʴ ʽ ʥʝʜʦʩʪʫʧʥʽʩʪʴ 
ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ; 

¶ ʜʝʷʢʘ ʧʨʘʢʪʠʯʥʘ ʩʢʣʘʜʥʽʩʪʴ ʪʝʦʨʝʪʠʯʥʠʭ ʦʩʥʦʚ 
ʩʧʦʩʦʙʫ; 

¶ ʧʦʢʠ ʱʦ ʥʝ ʟʘʚʞʜʠ ʜʦʩʪʘʪʥʴʦ ʚʽʜʧʨʘʮʴʦʚʘʥʘ 
ʧʨʘʢʪʠʯʥʘ ʨʝʘʣʽʟʘʮʽʷ. 

¶ ʚʽʜʩʫʪʥʽʩʪʴ ʨʦʟʫʤʽʥʥʷ ʢʦʥʪʝʢʩʪʫ 

¶ ʧʦʪʨʝʙʘ ʚ ʧʦʩʪʽʡʥʦʤʫ ʧʦʥʦʚʣʝʥʥʽ ʪʘ 
ʚʜʦʩʢʦʥʘʣʝʥʥʽ 

ɿ ʚʨʘʭʫʚʘʥʥʷʤ ʧʝʨʝʚʘʛ ʽ ʥʝʜʦʣʽʢʽʚ ʚʠʢʦʨʠʩʪʘʥʥʷ ʰʪʫʯʥʦʛʦ ʽʥʪʝʣʝʢʪʫ ʚ ʚʠʢʦʨʠʩʪʘʥʥʽ 
ʘʚʪʦʤʘʪʠʟʦʚʘʥʠʭ ʩʠʩʪʝʤ ʧʨʦʝʢʪʫʚʘʥʥʷ ʪʘ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ [3,4] ʧʨʠʟʥʘʯʝʥʥʷ 
ʜʦʧʫʩʢʽʚ ʥʘ ʨʦʟʤʽʨʠ ʢʦʥʩʪʨʫʢʮʽʡ ʪʘ ʪʝʭʥʦʣʦʛʽʡ ʚʢʘʟʫʶʪʴ ʥʘ ʧʝʨʩʧʝʢʪʠʚʥʽʩʪʴ ʥʘʧʨʷʤʢʫ 
ʤʦʜʝʣʶʚʘʥʥʷ ʩʢʣʘʜʥʠʭ ʪʝʭʥʽʯʥʠʭ ʩʠʩʪʝʤ ʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʥʝʡʨʦʥʥʠʭ ʤʝʨʝʞ. 

ɺʠʩʥʦʚʢʠ. ʐʪʫʯʥʠʡ ʽʥʪʝʣʝʢʪ ʚʽʜʢʨʠʚʘʻ ʰʠʨʦʢʽ ʤʦʞʣʠʚʦʩʪʽ ʜʣʷ ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʪʘ 
ʦʧʪʠʤʽʟʘʮʽʾ ʧʨʦʮʝʩʽʚ ʧʨʠʟʥʘʯʝʥʥʷ ʜʦʧʫʩʢʽʚ, ʟʘʙʝʟʧʝʯʫʶʯʠ ʰʚʠʜʢʽʩʪʴ, ʝʬʝʢʪʠʚʥʽʩʪʴ ʪʘ 
ʪʦʯʥʽʩʪʴ ʘʥʘʣʽʟʫ ʜʘʥʠʭ. ɺʽʥ ʜʦʟʚʦʣʷʻ ʚʠʢʦʥʫʚʘʪʠ ʩʢʣʘʜʥʽ ʘʥʘʣʽʟʠ ʪʘ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʥʘ ʦʩʥʦʚʽ 
ʚʝʣʠʢʦʛʦ ʦʙʩʷʛʫ ʽʥʬʦʨʤʘʮʽʾ. ʆʜʥʘʢ ʚʘʞʣʠʚʦ ʚʨʘʭʦʚʫʚʘʪʠ ʥʝʜʦʣʽʢʠ, ʪʘʢʽ ʷʢ ʧʦʪʨʝʙʘ ʚ ʷʢʽʩʥʠʭ 
ʜʘʥʠʭ, ʨʠʟʠʢ ʥʝʧʨʘʚʠʣʴʥʦʛʦ ʨʦʟʫʤʽʥʥʷ ʢʦʥʪʝʢʩʪʫ ʪʘ ʧʦʪʨʝʙʘ ʚ ʧʦʩʪʽʡʥʦʤʫ ʧʦʥʦʚʣʝʥʥʽ ʪʘ 
ʚʜʦʩʢʦʥʘʣʝʥʥʽ. ʇʦʩʪʽʡʥʝ ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʪʘ ʤʦʥʽʪʦʨʠʥʛ ʩʠʩʪʝʤʠ ʐɯ ʥʝʦʙʭʽʜʥʝ ʜʣʷ 
ʟʘʙʝʟʧʝʯʝʥʥʷ ʡʦʛʦ ʝʬʝʢʪʠʚʥʦʩʪʽ ʪʘ ʘʢʪʫʘʣʴʥʦʩʪʽ ʫ ʟʤʽʥʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ. ʊʘʢʠʤ ʯʠʥʦʤ, 
ʚʠʢʦʨʠʩʪʘʥʥʷ ʐɯ ʜʣʷ ʧʨʠʟʥʘʯʝʥʥʷ ʜʦʧʫʩʢʽʚ ʥʘ ʨʦʟʤʽʨʠ ʪʝʭʥʽʯʥʠʭ ʩʠʩʪʝʤ (ʢʦʥʩʪʨʫʢʮʽʡ ʪʘ 
ʪʝʭʥʦʣʦʛʽʡ) ʤʘʻ ʧʦʪʝʥʮʽʘʣ ʜʣʷ ʧʦʣʽʧʰʝʥʥʷ ʧʨʦʮʝʩʽʚ, ʘʣʝ ʚʠʤʘʛʘʻ ʫʚʘʞʥʦʛʦ ʚʨʘʭʫʚʘʥʥʷ ʡʦʛʦ 
ʦʙʤʝʞʝʥʴ ʪʘ ʚʠʤʦʛ. 
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ɸɼɸʇʊʀɺʅɯ ʇʈʆʎɽɼʋʈʀ ʄɽʊʆɼʋ PSO ʊɸ ɰʍ ʇʈʆɻʈɸʄʅɸ ʈɽɸʃɯɿɸʎɯʗ 

 

ʌʝʜʦʨʝʥʢʦ ɺ.ʉ., ɿʘʻʮʴ ɺ.ʄ., ʊʨʠʫʩ ʖ.ɺ. 

ʏʝʨʢʘʩʴʢʠʡ ʜʝʨʞʘʚʥʠʡ ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ,  ʏʝʨʢʘʩʠ, ʋʢʨʘʾʥʘ 

 
ɸʥʦʪʘʮʽʷ. ʆʜʥʽʻʶ ʟ ʦʩʥʦʚʥʠʭ ʧʨʦʙʣʝʤ ʢʦʥʩʪʨʫʶʚʘʥʥʷ ʤʝʪʦʜʽʚ ʢʦʣʝʢʪʠʚʥʦʛʦ ʽʥʪʝʣʝʢʪʫ ʻ 

ʧʨʦʙʣʝʤʘ ʟʘʙʝʟʧʝʯʝʥʥʷ ʙʘʣʘʥʩʫ ʤʽʞ ʽʥʪʝʥʩʠʚʥʽʩʪʶ ʧʦʰʫʢʫ (ʰʚʠʜʢʽʩʪʶ ʟʙʽʞʥʦʩʪʽ ʘʣʛʦʨʠʪʤʫ) ʽ 

ʰʠʨʦʪʦʶ ʧʦʰʫʢʫ (ʜʠʚʝʨʩʠʬʽʢʘʮʽʻʶ ʧʦʰʫʢʫ). ʅʘʡʙʽʣʴʰ ʝʬʝʢʪʠʚʥʠʤ ʥʘʧʨʷʤʦʤ ʚʠʨʽʰʝʥʥʷ ʟʘʟʥʘʯʝʥʦʾ 

ʧʨʦʙʣʝʤʠ ʻ ʟʘʩʪʦʩʫʚʘʥʥʷ ʤʝʭʘʥʽʟʤʽʚ ʘʜʘʧʪʘʮʽʾ (adapting) ʽ ʩʘʤʦʘʜʘʧʪʘʮʽʾ (self-adapting) ʧʦʚʝʜʽʥʢʦʚʠʭ 

ʘʣʛʦʨʠʪʤʽʚ. 

ʄʝʪʘ ʜʦʩʣʽʜʞʝʥʥʷ ʧʦʣʷʛʘʻ ʚ ʘʥʘʣʽʟʽ ʽʩʥʫʶʯʠʭ ʘʜʘʧʪʠʚʥʠʭ ʧʨʘʚʠʣ ʫʧʨʘʚʣʽʥʥʷ ʧʘʨʘʤʝʪʨʘʤʠ 

ʤʝʪʦʜʫ  ʦʧʪʠʤʽʟʘʮʽʾ ʨʦʶ ʯʘʩʪʠʥʦʢ (PSO), ʷʢ ʦʜʥʦʛʦ ʟ ʥʘʡʧʦʧʫʣʷʨʥʽʰʠʭ ʧʦʚʝʜʽʥʢʦʚʠʭ ʤʝʪʦʜʽʚ, ʪʘ ʾʭ 

ʧʨʦʛʨʘʤʥʘ ʨʝʘʣʽʟʘʮʽʷ. ɿʘʚʜʘʥʥʷ ʜʦʩʣʽʜʞʝʥʥʷ ï ʩʪʚʦʨʝʥʥʷ ʚʝʙ-ʦʨʽʻʥʪʦʚʘʥʦʛʦ ʩʝʨʚʽʩʫ ʜʣʷ ʨʦʟʚôʷʟʘʥʥʷ 

ʟʘʜʘʯ ʦʧʪʠʤʽʟʘʮʽʾ, ʱʦ ʥʘʜʘʩʪʴ ʤʦʞʣʠʚʽʩʪʴ ʜʦʩʣʽʜʥʠʢʘʤ ʽ ʬʘʭʽʚʮʷʤ ʫ ʨʽʟʥʠʭ ʩʬʝʨʘʭ ʜʽʷʣʴʥʦʩʪʽ ʣʶʜʠʥʠ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʩʫʯʘʩʥʽ ʽʥʬʦʨʤʘʮʽʡʥʽ ʪʝʭʥʦʣʦʛʽʾ ʷʢ ʜʣʷ ʧʨʦʚʝʜʝʥʥʷ ʥʘʫʢʦʚʠʭ ʨʦʟʚʽʜʦʢ, ʪʘʢ ʽ ʜʣʷ 

ʨʦʟôʷʟʘʥʥʷ ʧʨʘʢʪʠʯʥʠʭ ʦʧʪʠʤʽʟʘʮʽʡʥʠʭ ʟʘʜʘʯ. ʆʙôʻʢʪʦʤ ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʤʝʪʦʜ ʦʧʪʠʤʽʟʘʮʽʾ ʨʦʶ 

ʯʘʩʪʠʥʦʢ. ʇʨʝʜʤʝʪʦʤ ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʘʜʘʧʪʠʚʥʽ ʧʨʘʚʠʣʘ ʫʧʨʘʚʣʽʥʥʷ ʧʘʨʘʤʝʪʨʘʤʠ ʜʘʥʦʛʦ ʤʝʪʦʜʫ.  

 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʟʘʜʘʯʽ ʦʧʪʠʤʽʟʘʮʽʾ, ʤʝʪʦʜʠ ʢʦʣʝʢʪʠʚʥʦʛʦ ʽʥʪʝʣʝʢʪʫ, ʧʦʚʝʜʽʥʢʦʚʽ ʤʝʪʦʜʠ, ʤʝʪʦʜ  

ʦʧʪʠʤʽʟʘʮʽʾ ʨʦʶ ʯʘʩʪʠʥʦʢ, PSO, ʘʜʘʧʪʠʚʥʽ ʧʨʦʮʝʜʫʨʠ. 

 

ADAPTIVE PROCEDURES OF THE PSO METHOD AND THEIR SOFTWARE 

IMPLEMENTATION  

 

Fedorenko V., Zaiets V., Tr yus Y. 

Cherkasy State Technological University, Cherkasy, Ukraine 
 

Abstract. One of the main problems in the design of collective intelligence methods is the problem 

of ensuring a balance between the intensity of the search (the speed of convergence of the algorithm) and the 

breadth of the search (diversification of the search). The most effective way to solve this problem is to use 

the mechanisms of adaptation and self-adaptation of behavioral algorithms. 

The purpose of the study is to analyze the existing adaptive rules for controlling the parameters of 

the particle swarm optimization (PSO) method, as one of the most popular behavioral methods, and their 

software implementation. The task of the research is to create a web-based service for solving optimization 

problems, which will enable researchers and specialists in various fields of human activity to use modern 

information technologies both for scientific research and for solving practical optimization problems. The 

object of research is the method of particle swarm optimization. The subject of the study is adaptive rules 

for controlling the parameters of this method. 

 

Keywords: optimization problems, collective intelligence methods, behavioral methods, particle 

swarm optimization method, PSO, adaptive procedures. 

 

ɺʩʪʫʧ. ʄʝʪʘʝʚʨʠʩʪʠʯʥʽ ʤʝʪʦʜʠ ʦʧʪʠʤʽʟʘʮʽʾ ʧʨʝʜʩʪʘʚʣʷʶʪʴ ʩʦʙʦʶ ʢʣʘʩ ʤʝʪʦʜʽʚ 

ʚʠʧʘʜʢʦʚʦʛʦ ʧʦʰʫʢʫ, ʱʦ ʤʦʜʝʣʶʶʪʴ ʧʨʦʮʝʩʠ ʞʠʚʦʾ ʪʘ ʥʝʞʠʚʦʾ ʧʨʠʨʦʜʠ, ʘ ʪʘʢʦʞ ʩʦʮʽʘʣʴʥʽ 

ʷʚʠʱʘ ʫ ʣʶʜʩʴʢʠʭ ʩʧʽʣʴʥʦʪʘʭ ʜʣʷ ʨʦʟʚ'ʷʟʘʥʥʷ ʦʧʪʠʤʽʟʘʮʽʡʥʠʭ ʟʘʜʘʯ. ʎʽ ʤʝʪʦʜʠ ʚʢʣʶʯʘʶʪʴ ʚ 

ʩʝʙʝ ʛʝʥʝʪʠʯʥʽ ʘʣʛʦʨʠʪʤʠ, ʝʚʦʣʶʮʽʡʥʽ ʩʪʨʘʪʝʛʽʾ,  ʤʝʪʦʜʠ ʢʦʣʝʢʪʠʚʥʦʛʦ ʽʥʪʝʣʝʢʪʫ (ʧʦʚʝʜʽʥʢʦʚʽ 

ʤʝʪʦʜʠ) ʪʘ ʽʥʰʽ. ɺʦʥʠ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʟʜʘʪʥʽʩʪʶ ʜʦʩʣʽʜʞʫʚʘʪʠ ʚʝʩʴ ʧʨʦʩʪʽʨ ʨʽʰʝʥʴ ʪʘ 

ʟʥʘʭʦʜʠʪʠ ʦʧʪʠʤʘʣʴʥʽ ʨʽʰʝʥʥʷ ʜʣʷ ʩʢʣʘʜʥʠʭ ʟʘʜʘʯʘʭ. ʇʨʠʢʣʘʜʠ ʜʦʩʣʽʜʞʝʥʴ ʟ ʮʴʦʛʦ 

ʥʘʧʨʷʤʢʫ ʦʧʪʠʤʽʟʘʮʽʾ ʥʘʚʝʜʝʥʦ ʚ ʨʦʙʦʪʘʭ [1-4]. ʈʘʟʦʤ ʟ ʪʠʤ, ʧʦʨʷʜ ʟ ʧʝʚʥʠʤʠ ʧʝʨʝʚʘʛʘʤʠ 

ʤʝʪʦʜʽʚ ʢʦʣʝʢʪʠʚʥʦʛʦ ʽʥʪʝʣʝʢʪʫ ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ ʢʣʘʩʠʯʥʠʤʠ ʤʝʪʦʜʘʤʠ ʣʦʢʘʣʴʥʦʾ ʦʧʪʠʤʽʟʘʮʽʾ 

(ʧʨʦʩʪʦʪʘ ʨʝʘʣʽʟʘʮʽʾ, ʥʝʚʠʤʦʛʣʠʚʽʩʪʴ ʜʦ ʚʣʘʩʪʠʚʦʩʪʝʡ ʮʽʣʴʦʚʠʭ ʬʫʥʢʮʽʡ), ʮʽ ʤʝʪʦʜʠ ʤʘʶʪʴ ʽ 

ʜʝʷʢʽ ʥʝʜʦʣʽʢʠ, ʟʦʢʨʝʤʘ ʫ ʾʭ ʢʘʥʦʥʽʯʥʦʤʫ ʚʠʛʣʷʜʽ. ʉʝʨʝʜ ʮʠʭ ʥʝʜʦʣʽʢʽʚ ʦʩʥʦʚʥʠʤʠ ʻ ʧʦʚʽʣʴʥʘ 

ʟʙʽʞʥʽʩʪʴ ʽ ʧʦʪʨʘʧʣʷʥʥʷ ʫ ʣʦʢʘʣʴʥʽ ʝʢʩʪʨʝʤʫʤʠ, ʱʦ ʨʦʙʠʪʴ ʮʽ ʤʝʪʦʜʠ ʥʝʜʦʩʪʘʪʥʴʦ 

ʝʬʝʢʪʠʚʥʠʤʠ ʧʨʠ ʨʦʟʚôʷʟʫʚʘʥʥʷ ʨʝʘʣʴʥʠʭ ʟʘʜʘʯ ʦʧʪʠʤʽʟʘʮʽʾ. ʂʝʨʫʶʯʠ ʧʘʨʘʤʝʪʨʘʤʠ 
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ʧʦʚʝʜʽʥʢʦʚʠʭ ʤʝʪʦʜʽʚ, ʤʦʞʥʘ ʢʦʥʪʨʦʣʶʚʘʪʠ ʙʘʣʘʥʩ ʤʽʞ ʟʙʽʣʴʰʝʥʥʷʤ ʰʚʠʜʢʦʩʪʽ ʾʭ ʟʙʽʞʥʦʩʪʽ 

ʪʘ ʟʘʙʝʟʧʝʯʝʥʥʷʤ ʧʦʰʫʢʫ ʛʣʦʙʘʣʴʥʦʛʦ ʦʧʪʠʤʘʣʴʥʦʛʦ ʨʽʰʝʥʥʷ, ʱʦʙ ʦʪʨʠʤʘʪʠ ʢʨʘʱʽ 

ʨʝʟʫʣʴʪʘʪʠ ʟʘ ʤʝʥʫh ʢʽʣʴʢʽʩʪʴ ʽʪʝʨʘʮʽʡ.  

ʗʢ ʧʦʢʘʟʫʶʪʴ ʧʨʦʚʝʜʝʥʽ ʥʘʫʢʦʚʮʷʤʠ ʜʦʩʣʽʜʞʝʥʥʷ (Y. T. Juang, S. L. Tung, H. C. Chiu, 

Hafiz Tayyab Rauf, Sumbal Malik, Umar Shoaib, Muhammad Naeem Irfan, M. Ikramullah Lali, 

Luis Rodr²guez, Oscar Castillo, Jos® Soria, Patricia Melin, Fevrier Valdez, Claudia I. Gonzalez, 

Gabriela E. Martinez, Jesus Soto, Fatemeh-Sadat Saeidi-Khabisi, Esmat Rashedi), ʜʣʷ ʟʙʽʣʴʰʝʥʥʷ 

ʰʚʠʜʢʦʩʪʽ ʢʦʥʚʝʨʛʝʥʮʽʾ ʪʘ ʟʘʙʝʟʧʝʯʝʥʥʷ ʧʦʰʫʢʫ ʦʧʪʠʤʘʣʴʥʦʛʦ ʨʽʰʝʥʥʷ ʝʬʝʢʪʠʚʥʠʤ ʻ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʘʜʘʧʪʠʚʥʠʭ ʧʨʦʮʝʜʫʨ.  

ʆʩʥʦʚʥʘ ʯʘʩʪʠʥʘ. ʉʝʨʝʜ ʧʦʚʝʜʽʥʢʦʚʠʭ ʤʝʪʦʜʽʚ ʦʩʦʙʣʠʚʝ ʤʽʩʮʝ ʥʘʣʝʞʠʪʴ ʤʝʪʦʜʫ PSO 

(Particle Swarm Optimization) [5], ʱʦ ʻ ʦʜʥʠʤ ʟ ʥʘʡʧʦʧʫʣʷʨʥʽʰʠʭ ʤʝʪʦʜʽʚ ʢʦʣʝʢʪʠʚʥʦʛʦ 

ʽʥʪʝʣʝʢʪʫ ʨʦʟʚôʷʟʘʥʥʷ ʟʘʜʘʯ ʦʧʪʠʤʽʟʘʮʽʾ  ̔ ʷʢʠʡ ʟʥʘʡʰʦʚ ʰʠʨʦʢʝ ʟʘʩʪʦʩʫʚʘʥʥʷ ʫ ʨʽʟʥʠʭ 

ʛʘʣʫʟʷʭ, ʚʽʜ ʽʥʞʝʥʝʨʽʾ ʜʦ ʰʪʫʯʥʦʛʦ ʽʥʪʝʣʝʢʪʫ [6]. ʂʣʶʯʦʚʠʤ ʘʩʧʝʢʪʦʤ ʧʽʜʚʠʱʝʥʥʷ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʤʝʪʦʜʫ PSO ʻ ʧʨʘʚʠʣʘ ʢʝʨʫʚʘʥʥʷ  ʡʦʛʦ ʦʩʥʦʚʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ: ʽʥʝʨʮʽʡʥʠʤ, 

ʢʦʛʥʽʪʠʚʥʠʤ ʽ ʩʦʮʽʘʣʴʥʠʤ ʢʦʝʬʽʮʽʻʥʪʘʤʠ ʚ ʨʝʢʫʨʝʥʪʥʽʡ ʬʦʨʤʫʣʽ ʤʝʪʦʜʫ. ʈʦʟʛʣʷʥʝʤʦ ʜʝʷʢʽ ʟ 

ʧʽʜʭʦʜʽʚ, ʱʦʜʦ ʧʦʙʫʜʦʚʠ ʘʜʘʧʪʘʮʽʡʥʠʭ ʧʨʦʮʝʜʫʨ ʜʣʷ ʤʝʪʦʜʫ PSO. 

ɸʜʘʧʪʠʚʥʽ ʧʨʦʮʝʜʫʨʠ ʤʝʪʦʜʫ PSO. ʉʪʘʥʜʘʨʪʥʠʡ ʘʣʛʦʨʠʪʤ PSO (SPSO) [7] 

ʚʠʢʦʨʠʩʪʦʚʫʻ ʥʘʙʽʨ ʬʽʢʩʦʚʘʥʠʭ ʧʨʘʚʠʣ ʜʣʷ ʦʥʦʚʣʝʥʥʷ ʧʦʣʦʞʝʥʥʷ ʪʘ ʰʚʠʜʢʦʩʪʽ ʢʦʞʥʦʾ 

ʯʘʩʪʠʥʢʠ ʨʦ.ʁ ʆʜʥʘʢ ʮʽ ʧʨʘʚʠʣʘ ʤʦʞʫʪʴ ʙʫʪʠ ʥʝ ʝʬʝʢʪʠʚʥʠʤʠ ʜʣʷ ʧʝʚʥʠʭ ʪʠʧʽʚ ʟʘʜʘʯ 

ʦʧʪʠʤʽʟʘʮʽʾ ʘʙʦ ʥʘ ʨʽʟʥʠʭ ʝʪʘʧʘʭ ʧʨʦʮʝʩʫ ʦʧʪʠʤʽʟʘʮʽʾ. ʊʦʤʫ ʙʫʣʠ ʟʘʧʨʦʧʦʥʦʚʘʥʽ ʘʜʘʧʪʠʚʥʽ 

ʧʨʘʚʠʣʘ, ʷʢʽ ʜʠʥʘʤʽʯʥʦ ʧʽʜʣʘʰʪʦʚʫʶʪʴ ʧʦʚʝʜʽʥʢʫ ʯʘʩʪʠʥʦʢ ʫ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʧʦʪʦʯʥʦʛʦ ʩʪʘʥʫ 

ʧʦʰʫʢʫ. ʆʜʥʠʤ ʟ ʧʦʰʠʨʝʥʠʭ ʘʜʘʧʪʠʚʥʠʭ ʧʨʘʚʠʣ ʻ ʩʪʨʘʪʝʛʽʷ ʟʤʽʥʠ ʧʘʨʘʤʝʪʨʘ ʽʥʝʨʮʽʡʥʦʾ ʚʘʛʠ 

ʷʢʠʡ ʢʦʨʠʛʫʻ ʚʧʣʠʚ ʧʦʧʝʨʝʜʥʴʦʾ ʰʚʠʜʢʦʩʪʽ ʥʘ ʧʦʪʦʯʥʫ. ɺʠʩʦʢʘ ʽʥʝʨʮʽʡʥʘ ʚʘʛʘ ʟʘʦʭʦʯʫʻ ,‫ 

ʛʣʦʙʘʣʴʥʠʡ ʧʦʰʫʢ, ʘ ʥʠʟʴʢʘ ï ʣʦʢʘʣʴʥʠʡ ʧʦʰʫʢ. ɯʥʝʨʮʽʡʥʘ ʚʘʛʘ ʤʦʞʝ ʙʫʪʠ ʘʜʘʧʪʦʚʘʥʘ 

ʣʽʥʽʡʥʦ, ʥʝʣʽʥʽʡʥʦ ʘʙʦ ʚʠʧʘʜʢʦʚʠʤ ʯʠʥʦʤ, ʱʦʙ ʟʙʘʣʘʥʩʫʚʘʪʠ ʰʚʠʜʢʽʩʪʴ ʟʙʽʞʥʦʩʪʽ ʪʘ 

ʟʘʙʝʟʧʝʯʠʪʠ ʜʠʚʝʨʩʠʬʽʢʘʮʽʶ ʧʦʰʫʢʫ. ɸʜʘʧʪʠʚʥʽ ʧʨʦʮʝʜʫʨʠ ʪʘʢʦʞ ʤʦʞʫʪʴ ʙʫʪʠ ʟʘʩʪʦʩʦʚʘʥʽ 

ʜʦ ʽʥʰʠʭ ʧʘʨʘʤʝʨʪʽʚ ʤʝʪʦʜʫ PSO ʜʣʷ ʧʦʢʨʘʱʝʥʥʷ ʡʦʛʦ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ. ɼʦ ʮʠʭ ʧʘʨʘʤʝʪʨʽʚ 

ʚʽʜʥʦʩʷʪʴʩʷ: ʢʦʛʥʽʪʠʚʥʠʡ ʢʦʝʬʽʮʽʻʥʪ ὧ  ʪʘ ʩʦʮʽʘʣʴʥʠʡ ʢʦʝʬʽʮʽʻʥʪ ὧ, ʷʢʽ ʢʦʥʪʨʦʣʶʶʪʴ 
ʚʧʣʠʚ ʥʘʡʢʨʘʱʦʾ ʧʦʟʠʮʽʾ ʢʦʞʥʦʾ ʯʘʩʪʠʥʢʠ ʨʦʶ ʪʘ ʛʣʦʙʘʣʴʥʦʾ ʥʘʡʢʨʘʱʦʾ ʧʦʟʠʮʽʡ ʚʩʴʦʛʦ ʨʦʶ 

ʥʘ ʨʫʭ ʯʘʩʪʠʥʢʠ ʚʽʜʧʦʚʽʜʥʦ. ɯʥʰʠʤ ʘʜʘʧʪʠʚʥʠʤ ʧʘʨʘʤʝʪʨʦʤ ʤʝʪʦʜʫ PSO ʻ ʨʦʟʤʽʨ ʧʦʧʫʣʷʮʽʾ, 

ʷʢʠʡ ʤʦʞʥʘ ʜʠʥʘʤʽʯʥʦ ʨʝʛʫʣʶʚʘʪʠ, ʱʦʙ ʟʙʘʣʘʥʩʫʚʘʪʠ ʦʙʯʠʩʣʶʚʘʣʴʥʽ ʚʠʪʨʘʪʠ ʽ ʤʦʞʣʠʚʦʩʪʽ 

ʧʦʰʫʢʫ. ɹʽʣʴʰʠʡ ʨʦʟʤʽʨ ʧʦʧʫʣʷʮʽʾ ʟʙʽʣʴʰʫʻ ʨʽʟʥʦʤʘʥʽʪʥʽʩʪʴ ʨʽʰʝʥʴ, ʘʣʝ ʪʘʢʦʞ ʟʙʽʣʴʰʫʻ 

ʦʙʯʠʩʣʶʚʘʣʴʥʽ ʚʠʪʨʘʪʠ, ʪʦʜʽ ʷʢ ʤʝʥʰʠʡ ʨʦʟʤʽʨ ʧʦʧʫʣʷʮʽʾ ʟʤʝʥʰʫʻ ʦʙʯʠʩʣʶʚʘʣʴʥʽ ʚʠʪʨʘʪʠ, 

ʘʣʝ ʤʦʞʝ ʧʨʠʟʚʝʩʪʠ ʜʦ ʧʝʨʝʜʯʘʩʥʦʾ ʟʙʽʞʥʦʩʪʽ. ɸʜʘʧʪʠʚʥʽ ʧʨʘʚʠʣʘ ʫʧʨʘʚʣʽʥʥʷ ʧʘʨʘʤʝʪʨʘʤʠ 

ʜʦʟʚʦʣʷʶʪʴ ʘʣʛʦʨʠʪʤʫ ʢʨʘʱʝ ʧʨʠʩʪʦʩʦʚʫʚʘʪʠʩʷ ʜʦ ʦʩʦʙʣʠʚʦʩʪʝʡ ʟʘʜʘʯʽ ʪʘ ʫʥʠʢʘʪʠ ʟʙʽʞʥʦʩʪʽ 

ʜʦ ʣʦʢʘʣʴʥʠʭ ʝʢʩʪʨʝʤʫʤʽʚ. 

ɸʜʘʧʪʠʚʥ ̔ʤʝʪʦʜʠ PSO ʫʩʧʽʰʥʦ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʜʦ ʰʠʨʦʢʦʛʦ ʢʦʣʘ ʟʘʜʘʯ, ʚʢʣʶʯʘʶʯʠ 

ʟʘʜʘʯʽ ʛʣʦʙʘʣʴʥʦʾ ʦʧʪʠʤʽʟʘʮʽʾ ʤʫʣʴʪʠʤʦʜʘʣʴʥʠʭ ʬʫʥʢʮʽʡ, ʥʘʚʯʘʥʥʷ ʥʝʡʨʦʥʥʠʭ ʤʝʨʝʞ, 

ʽʥʞʝʥʝʨʥʝ ʧʨʦʝʢʪʫʚʘʥʥʷ ʪʦʱʦ.  

ʆʛʣʷʜ ʜʝʷʢʠʭ ʧʽʜʭʦʜʽʚ ʜʦ ʫʧʨʘʚʣʽʥʥʷ ʧʘʨʘʤʝʪʨʘʤʠ PSO. ɺ ʜʘʥʦʤʫ ʜʦʩʣʽʜʞʝʥʥʽ ʙʫʣʦ 

ʧʨʦʘʥʘʣʽʟʦʚʘʥʦ ʢʽʣʴʢʘ ʨʽʟʥʠʭ ʘʜʘʧʪʘʮʽʡ ʤʝʪʦʜʫ PSO. ʅʠʞʯʝ ʧʨʝʜʩʪʘʚʣʝʥʦ ʢʦʨʦʪʢʠʡ ʦʛʣʷʜ ʪʘ 

ʘʥʘʣʽʟ ʮʠʭ ʤʝʪʦʜʽʚ. ʋ ʨʦʙʦʪʽ [8] ʧʨʝʜʩʪʘʚʣʝʥʘ ʘʜʘʧʪʠʚʥʘ ʦʧʪʠʤʽʟʘʮʽʷ ʨʦʻʤ ʯʘʩʪʠʥʦʢ (Adaptive 

Particle Swarm Optimization, APSO) ʷʢ ʚʜʦʩʢʦʥʘʣʝʥʘ ʚʝʨʩʽʷ ʢʣʘʩʠʯʥʦʛʦ PSO. ʄʝʪʦʜ APSO 

ʧʝʨʝʜʙʘʯʘʻ ʜʚʘ ʦʩʥʦʚʥ ̔ʝʪʘʧʽʚ:  

1. ʆʮʽʥʢʘ ʩʪʘʥʫ ʝʚʦʣʶʮʽʾ (ʜʦʩʣʽʜʞʝʥʥʷ, ʝʢʩʧʣʫʘʪʘʮʽʷ, ʟʙʽʞʥʽʩʪʴ, ʚʠʭʽʜ) ʥʘ ʢʦʞʥʽʡ 

ʽʪʝʨʘʮʽʾ ʪʘ ʘʜʘʧʪʠʚʥʝ ʥʘʣʘʰʪʫʚʘʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʘʣʛʦʨʠʪʤʫ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʚʠʟʥʘʯʝʥʦʛʦ ʩʪʘʥʫ 

ʜʣʷ ʧʦʢʨʘʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʧʦʰʫʢʫ;  

2. ʇʨʠ ʚʠʟʥʘʯʝʥʥʽ ʩʪʘʥʫ ʟʙʽʞʥʦʩʪʽ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʩʪʨʘʪʝʛʽʷ ʚʯʠʪʝʣʽʚ ʜʣʷ ʚʠʭʦʜʫ ʟ 

ʧʦʪʝʥʮʽʡʥʠʭ ʣʦʢʘʣʴʥʠʭ ʦʧʪʠʤʫʤʽʚ. 

ɽʬʝʢʪʠʚʥʽʩʪʴ ʤʝʪʦʜʫ APSO ʧʝʨʝʚʽʨʷʣʘʩʴ ʥʘ ʪʝʩʪʦʚʠʭ ʬʫʥʢʮʽʷʭ, ʧʨʠ ʮʴʦʤʫ ʚʽʥ  

ʧʨʦʜʝʤʦʥʩʪʨʫʚʘʚ ʩʫʪʪʻʚʝ ʧʦʢʨʘʱʝʥʥʷ ʰʚʠʜʢʦʩʪʽ ʟʙʽʞʥʦʩʪʽ ʜʦ ʛʣʦʙʘʣʴʥʦʛʦ ʝʢʩʪʨʝʤʫʤʫ, 

ʪʦʯʥʦʩʪʽ ʪʘ ʥʘʜʽʡʥʦʩʪʽ ʧʦʨʽʚʥʷʥʦ ʟ ʢʣʘʩʠʯʥʠʤ PSO. 
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ʋ ʨʦʙʦʪʽ [9] ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʘʜʘʧʪʠʚʥʠʡ ʥʝʯʽʪʢʠʡ ʘʣʛʦʨʠʪʤ ʦʧʪʠʤʽʟʘʮʽʾ ʨʦʻʤ ʯʘʩʪʠʥʦʢ 

(Adaptive Fuzzy Particle Swarm Optimization, AFPSO), ʷʢʠʡ ʻ ʚʜʦʩʢʦʥʘʣʝʥʥʷʤ ʩʪʘʥʜʘʨʪʥʦʛʦ PSO 

(SPSO). AFPSO ʚʠʢʦʨʠʩʪʦʚʫʻ ʪʝʦʨʽʶ ʥʝʯʽʪʢʠʭ ʤʥʦʞʠʥ ʜʣʷ ʘʜʘʧʪʠʚʥʦʛʦ ʥʘʣʘʰʪʫʚʘʥʥʷ 

ʢʦʝʬʽʮʽʻʥʪʽʚ ʧʨʠʩʢʦʨʝʥʥʷ ʚ PSO, ʱʦʙ ʧʽʜʚʠʱʠʪʠ ʪʦʯʥʽʩʪʴ ʪʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ʧʦʰʫʢʫ. 

ʇʦʻʜʥʘʥʥʷ AFPSO ʟ ʢʚʘʜʨʘʪʠʯʥʦʶ ʽʥʪʝʨʧʦʣʷʮʽʻʶ ʪʘ ʦʧʝʨʘʪʦʨʦʤ ʢʨʦʩʦʚʝʨʘ ʫʪʚʦʨʶʻ ʥʦʚʠʡ 

ʚʘʨʽʘʥʪ, ʥʘʟʚʘʥʠʡ ʘʚʪʦʨʘʤʠ AFPSO-QI, ʜʣʷ ʨʦʟʰʠʨʝʥʥʷ ʤʦʞʣʠʚʦʩʪʝʡ ʛʣʦʙʘʣʴʥʦʛʦ ʧʦʰʫʢʫ. 

AFPSO ʪʘ AFPSO-QI ʙʫʣʠ ʧʦʨʽʚʥʷʥʽ ʟ ʽʥʰʠʤʠ ʚʽʜʦʤʠʤʠ ʚʘʨʽʘʥʪʘʤʠ PSO, ʪʘʢʠʤʠ ʷʢ SPSO, 

QIPSO, UPSO, FIPS, DMSPSO ʪʘ CLPSO ʥʘ 16 ʝʪʘʣʦʥʥʠʭ ʬʫʥʢʮʽʷʭ. ɿʘʧʨʦʧʦʥʦʚʘʥʽ 

ʘʣʛʦʨʠʪʤʠ AFPSO ʪʘ AFPSO-QI ʧʨʦʜʝʤʦʥʩʪʨʫʚʘʣʠ ʭʦʨʦʰʽ ʨʝʟʫʣʴʪʘʪʠ ʤʽʥʽʤʽʟʘʮʽʾ ʜʣʷ 

ʙʽʣʴʰʦʩʪʽ ʨʦʟʛʣʷʥʫʪʠʭ ʤʫʣʴʪʠʤʦʜʘʣʴʥʠʭ ʬʫʥʢʮʽʡ. 

ʋ ʨʦʙʦʪʽ [10] ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʥʦʚʠʡ ʤʝʪʦʜ FAIPSO (Fuzzy Adaptive Informed Particle Swarm 

Optimization), ʷʢʠʡ ʧʦʢʨʘʱʫʻ ʟʚʠʯʘʡʥʠʡ ʘʣʛʦʨʠʪʤ ʦʧʪʠʤʽʟʘʮʽʾ ʨʦʻʤ ʯʘʩʪʠʥʦʢ (PSO), ʫʩʫʚʘʶʯʠ 

ʡʦʛʦ ʥʝʜʦʣʽʢʠ, ʪʘʢʽ ʷʢ ʟʘʭʦʧʣʝʥʥʷ ʚ ʣʦʢʘʣʴʥʠʭ ʤʽʥʽʤʫʤʘʭ ʪʘ ʧʝʨʝʜʯʘʩʥʘ ʟʙʽʞʥʽʩʪʴ. ʋ FAIPSO 

ʢʦʝʬʽʮʽʻʥʪʠ ʧʨʠʩʢʦʨʝʥʥʷ ὧ ̔  ὧ ʘʜʘʧʪʠʚʥʦ ʧʽʜʣʘʰʪʦʚʫʶʪʴʩʷ ʜʣʷ ʢʦʞʥʦʾ ʯʘʩʪʠʥʢʠ ʥʘ ʢʦʞʥʽʡ 

ʽʪʝʨʘʮʽʾ ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʠʩʪʝʤʠ ʥʝʯʽʪʢʦʛʦ ʚʠʚʝʜʝʥʥʷ ʟ 6 ʚʭʦʜʘʤʠ, 2 ʚʠʭʦʜʘʤʠ ʪʘ 10 ʧʨʘʚʠʣʘʤʠ.  

ɺʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʧʘʨʘʙʦʣʽʯʥʘ ʤʦʜʝʣʴ ʜʣʷ ʘʜʘʧʪʠʚʥʦʛʦ ʟʤʝʥʰʝʥʥʷ ʽʥʝʨʮʽʡʥʦʾ ʚʘʛʠ. 

ɼʣʷ ʢʦʞʥʦʾ ʯʘʩʪʠʥʢʠ ʚʠʟʥʘʯʘʻʪʴʩʷ ʜʽʘʧʘʟʦʥ ʚʠʜʠʤʦʩʪʽ (ὓό), ʚ ʷʢʦʤʫ ʚʦʥʘ ʰʫʢʘʻ ʨʽʰʝʥʥʷ. 

ʎʝʡ ʜʽʘʧʘʟʦʥ ʘʜʘʧʪʠʚʥʦ ʟʤʽʥʶʻʪʴʩʷ ʟʘʚʜʷʢʠ ʽʥʰʽʡ ʩʠʩʪʝʤʽ ʥʝʯʽʪʢʦʛʦ ʚʠʚʝʜʝʥʥʷ ʟ 2 ʚʭʦʜʘʤʠ, 

1 ʚʠʭʦʜʦʤ ʪʘ 14 ʧʨʘʚʠʣʘʤʠ. FAIPSO ʧʦʨʽʚʥʶʚʘʚʩʷ ʟ 10 ʽʥʰʠʤʠ ʘʚʪʦʨʠʪʝʪʥʠʤʠ ʚʘʨʽʘʥʪʘʤʠ 

PSO ʥʘ 16 ʪʝʩʪʦʚʠʭ ʬʫʥʢʮʽʷʭ ʟ ʨʽʟʥʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ. ʈʝʟʫʣʴʪʘʪʠ ʧʦʢʘʟʘʣʠ, ʱʦ 

ʟʘʧʨʦʧʦʥʦʚʘʥʠʡ ʤʝʪʦʜ FAIPSO ʜʝʤʦʥʩʪʨʫʻ ʭʦʨʦʰʫ ʝʬʝʢʪʠʚʥʽʩʪʴ ʽ ʙʽʣʴʰʫ ʧʨʠʜʘʪʥʽʩʪʴ 

ʧʦʨʽʚʥʷʥʦ ʟ ʽʥʰʠʤʠ ʤʝʪʦʜʘʤʠ. 

ʋ ʨʦʙʦʪʽ [11] ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʦʚʫ ʤʦʜʠʬʽʢʘʮʽʶ ʤʝʪʦʜʫ PSO, ʥʘʟʚʘʥʫ HPSO (Human 

Behavior-Based Particle Swarm Optimization). HPSO ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʚʽʜ ʩʪʘʥʜʘʨʪʥʦʛʦ PSO ʜʚʦʤʘ 

ʦʩʥʦʚʥʠʤʠ ʘʩʧʝʢʪʘʤʠ:  

- ʫ ʨʽʚʥʷʥʥʷ ʰʚʠʜʢʦʩʪʽ ʯʘʩʪʠʥʦʢ ʜʦʜʘʥʦ ʢʦʤʧʦʥʝʥʪʫ, ʧʦʚ'ʷʟʘʥʫ ʟ ʥʘʡʛʽʨʰʦʶ ʟʘ 
ʛʣʦʙʘʣʴʥʠʤ ʢʨʠʪʝʨʽʻʤ ʯʘʩʪʠʥʢʦʶ ʨʦ,ʁ ʟ ʚʠʧʘʜʢʦʚʦʶ ʚʘʛʦʶ ʟʛʽʜʥʦ ʥʦʨʤʘʣʴʥʦʛʦ ʨʦʟʧʦʜʽʣʫ 

ʜʣʷ ʙʘʣʘʥʩʫʚʘʥʥʷ ʤʽʞ ʽʥʪʝʥʩʠʬʽʢʘʮʽʻʶ ʽ ʜʠʚʝʨʩʠʬʽʢʘʮʽʻʶ ʧʦʰʫʢʫ;  

- ʚʠʜʘʣʝʥʦ ʢʦʝʬʽʮʽʻʥʪʠ ʧʨʠʩʢʦʨʝʥʥʷ ὧ ʽ ὧ, ʱʦʙ ʟʤʝʥʰʠʪʠ ʯʫʪʣʠʚʽʩʪʴ ʘʣʛʦʨʠʪʤʫ ʜʦ 
ʟʥʘʯʝʥʴ ʧʘʨʘʤʝʪʨʽʚ.  

ʄʝʪʦʶ HPSO ʻ ʧʽʜʚʠʱʝʥʥʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ PSO ʪʘ ʟʤʝʥʰʝʥʥʷ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ 

ʥʘʣʘʰʪʦʚʘʥʠʭ ʧʘʨʘʤʝʪʨʽʚ. ɽʢʩʧʝʨʠʤʝʥʪʠ ʥʘ 28 ʪʝʩʪʦʚʠʭ ʬʫʥʢʮʽʷʭ ʨʽʟʥʠʭ ʪʠʧʽʚ (ʫʥʽʤʦʜʘʣʴʥʽ, 

ʤʫʣʴʪʠʤʦʜʘʣʴʥʽ, ʧʦʚʝʨʥʫʪʽ, ʟʩʫʥʫʪʽ, ʚʠʩʦʢʦʚʠʤʽʨʥʽ) ʧʦʢʘʟʘʣʠ ʚʠʩʦʢʫ ʝʬʝʢʪʠʚʥʽʩʪʴ 

ʟʘʧʨʦʧʦʥʦʚʘʥʦʛʦ HPSO ʱʦʜʦ ʪʦʯʥʦʩʪʽ ʟʙʽʞʥʦʩʪʽ, ʰʚʠʜʢʦʩʪʽ ʪʘ ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ ʚʠʪʨʘʪ. 

ʗʢ ʙʘʯʠʤʦ, ʢʦʞʥʝ ʟ ʮʠʭ ʜʦʩʣʽʜʞʝʥʴ ʧʨʦʧʦʥʫʻ ʨʽʟʥʽ ʚʘʨʽʘʥʪʠ ʘʜʘʧʪʘʮʽʡ PSO, ʷʢʽ ʧʦ-

ʨʽʟʥʦʤʫ ʧʦʢʨʘʱʫʶʪʴ ʡʦʛʦ ʪʘ ʩʧʨʦʱʫʶʪʴ. ʆʜʥʽ ʤʝʪʦʜʠ ʢʨʘʱʝ ʧʨʘʮʶʶʪʴ ʥʘ ʦʜʥʠʭ ʬʫʥʢʮʽʷʭ, 

ʘ ʽʥʰʽ ʤʝʪʦʜʠ  ʥʘ ʽʥʰʠʭ ʬʫʥʢʮʽʷʭ.  

ʊʦʞ ʮʽʣʢʦʤ ʜʦʮʽʣʴʥʦ ʨʦʟʨʦʙʠʪʠ ʧʨʦʛʨʘʤʥʠʡ ʧʨʦʜʫʢʪ, ʷʢʠʡ ʙʫʜʝ ʥʘʜʘʚʘʪʠ ʤʦʞʣʠʚʽʩʪʴ 

ʢʦʨʠʩʪʫʚʘʯʫ ʦʙʠʨʘʪʠ ʚʽʜʧʦʚʽʜʥʽ ʘʜʘʧʪʠʚʥʽ ʧʨʦʮʝʜʫʨʠ ʜʣʷ ʚʠʨʽʰʝʥʥʷ ʚʽʜʧʦʚʽʜʥʠʭ ʟʘʚʜʘʥʴ. 

ɼʣʷ ʮʴʦʛʦ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ [6], ʱʦ ʻ ʢʦʤʧʣʝʢʩʥʠʤ ʦʛʣʷʜʦʚʠʤ ʜʦʩʣʽʜʞʝʥʥʷʤ ʽ 

ʦʭʦʧʣʶʻ ʥʦʚʽʪʥʽ ʤʝʪʦʜʦʣʦʛʽʯʥʽ ʨʦʟʨʦʙʢʠ, ʧʨʘʢʪʠʯʥʽ ʟʘʩʪʦʩʫʚʘʥʥʷ ʪʘ ʚʠʢʣʠʢʠ ʚ ʦʙʣʘʩʪʽ 

ʦʧʪʠʤʽʟʘʮʽʾ ʨʦʻʤ ʯʘʩʪʠʥʦʢ, ʥʘʜʘʶʯʠ ʮʽʥʥʫ ʽʥʬʦʨʤʘʮʽʶ ʜʣʷ ʜʦʩʣʽʜʥʠʢʽʚ ʽ ʧʨʘʢʪʠʢʽʚ ʜʘʥʦʾ 

ʛʘʣʫʟʽ. 

ʇʨʦʛʨʘʤʥʘ ʨʝʘʣʽʟʘʮʽʷ PSO ʪʘ ʡʦʛʦ ʤʦʜʠʬʽʢʘʮʽʡ. ɺ ʭʦʜʽ ʜʘʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ 

ʩʪʚʦʨʶʻʪʴʩʷ ʧʨʦʛʨʘʤʥʠʡ ʧʨʦʜʫʢʪ, ʱʦ ʙʫʜʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʨʽʟʥʽ ʤʝʪʦʜʠ ʦʧʪʠʤʽʟʘʮʽʾ ʜʣʷ 

ʨʦʟʚôʷʟʘʥʥʷ ʦʧʪʠʤʽʟʘʮʽʡʥʠʭ ʟʘʜʘʯ. ʉʝʨʝʜ ʥʠʭ ʙʫʜʝ ʤʝʪʦʜ PSO ʽ ʡʦʛʦ ʨʽʟʥʦʤʘʥʽʪʥʽ 

ʤʦʜʠʬʽʢʘʮʽʾ. ɺʘʞʣʠʚʦʶ ʯʘʩʪʠʥʦʶ ʜʘʥʦʛʦ ʧʨʦʜʫʢʪʫ ʙʫʜʝ ʟʘʩʪʦʩʫʚʘʥʥʷ ʨʽʟʥʠʭ ʘʜʘʧʪʠʚʥʠʭ 

ʧʨʦʮʝʜʫʨ ʜʦ ʨʽʟʥʠʭ ʤʝʪʦʜʽʚ ʦʧʪʠʤʽʟʘʮʽʾ. ɿʦʢʨʝʤʘ, ʧʣʘʥʫʻʪʴʩʷ ʽʥʪʝʛʨʫʚʘʪʠ ʧʨʦʮʝʜʫʨʠ, 

ʨʦʟʛʣʷʥʫʪʽ ʚ ʜʘʥʦʤʫ ʜʦʩʣʽʜʞʝʥʥʽ, ʜʦ ʽʥʰʠʭ ʤʝʪʦʜʽʚ ʢʦʣʝʢʪʠʚʥʦʛʦ ʽʥʪʝʣʝʢʪʫ. ɼʘʥʠʡ ʨʝʩʫʨʩ 

ʜʦʟʚʦʣʠʪʴ ʢʦʨʠʩʪʫʚʘʯʘʤ ʨʦʟʚôʷʟʫʚʘʪʠ ʟʘʜʘʯʽ ʦʧʪʠʤʽʟʘʮʽʾ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʨʽʟʥʦʤʘʥʽʪʥʽ 

ʤʝʪʦʜʠ ʦʧʪʠʤʽʟʘʮʽʾ, ʨʝʘʣʽʟʦʚʘʥʽ ʫ ʚʠʛʣʷʜʽ ʙʽʙʣʽʦʪʝʢʠ ʜʣʷ ʤʦʚʠ ʧʨʦʛʨʘʤʫʚʘʥʥʷ Python. ɼʣʷ 

ʟʨʫʯʥʦʾ ʚʟʘʻʤʦʜʽʾ ʢʦʨʠʩʪʫʚʘʯʘ ʟ ʮʽʻʶ ʙʽʙʣʽʦʪʝʢʦʶ ʨʦʟʨʦʙʣʷʻʪʴʩʷ ʚʝʙ-ʦʨʽʻʥʪʦʚʘʥʠʡ ʩʝʨʚʽʩ ʟ 
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ʽʥʪʫʾʪʠʚʥʦ ʟʨʦʟʫʤʽʣʠʤ ʽʥʪʝʨʬʝʡʩʦʤ, ʷʢʠʡ ʜʦʟʚʦʣʠʪʴ ʚʚʦʜʠʪʠ ʚʭʽʜʥʽ ʜʘʥʽ ʪʘ ʧʘʨʘʤʝʪʨʠ 

ʫʧʨʘʚʣʽʥʥʷ ʤʝʪʦʜʘʤʠ ʦʧʪʠʤʽʟʘʮʽʾ, ʧʽʩʣʷ ʯʦʛʦ ʰʚʠʜʢʦ ʦʪʨʠʤʫʚʘʪʠ ʨʝʟʫʣʴʪʘʪ ʟʽ ʟʚʽʪʦʤ ʧʨʦ 

ʚʠʢʦʥʘʥʥ ̔ʦʙʨʘʭʫʥʢʠ. 

ʄʝʪʦʜʠ ʦʧʪʠʤʽʟʘʮʽʾ ʨʝʘʣʽʟʦʚʘʥʦ ʥʘ ʤʦʚʽ Python ʽ ʚʠʢʦʥʫʶʪʴʩʷ ʫ ʚʽʜʧʦʚʽʜʥʦʤʫ 

ʩʝʨʝʜʦʚʠʱʽ, ʘʣʝ ʾʭ ʚʠʢʣʠʢ ʥʘ ʚʠʢʦʥʘʥʥʷ, ʚʽʜʧʨʘʚʢʘ ʨʝʟʫʣʴʪʘʪʽʚ ʥʘ ʬʨʦʥʪ-ʝʥʜ, ʩʝʨʚʝʨʥʘ 

ʩʠʩʪʝʤʘ ʙʝʟʧʝʢʠ, ʟʚôʷʟʦʢ ʟ ʙʘʟʦʶ ʜʘʥʠʭ ʪʘ ʚʩʝ ʽʥʰʝ, ʱʦ ʧʦʚ'ʷʟʘʥʦ ʟ ʩʝʨʚʝʨʥʦʶ ʚʝʙ-ʯʘʩʪʠʥʦʶ, 

ʨʝʘʣʽʟʦʚʘʥʦ ʥʘ ʤʦʚʽ Java. ɼʣʷ ʟʙʝʨʝʞʝʥʥʷ ʜʘʥʠʭ ʦʙʯʠʩʣʝʥʴ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʦʙ'ʻʢʪʥʦ-

ʨʝʣʷʮʽʡʥʘ ʉʂɹɼ PostgreSQL. ɼʣʷ ʩʪʚʦʨʝʥʥʷ ʽʥʪʝʨʬʝʡʩʫ ʢʦʨʠʩʪʫʚʘʯʘ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ 

ʬʨʝʡʤʚʦʨʢ Angular, ʥʘʧʠʩʘʥʠʡ ʥʘ TypeScript, ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʛʨʫʧʠ ʙʽʙʣʽʦʪʝʢ NgRx ʜʣʷ 

ʟʨʫʯʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ ʩʪʘʥʘʤʠ ʽ ʧʝʨʝʤʠʢʘʥʥʷʤ ʤʽʞ ʥʘʧʦʚʥʝʥʥʷʤ ʚʝʙ-ʩʪʦʨʽʥʢʠ, ʱʦ 

ʚʽʜʦʙʨʘʞʘʻʪʴʩʷ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʦʙʨʘʥʦʛʦ ʤʝʪʦʜʫ. 

ɺʠʩʥʦʚʢʠ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʘʜʘʧʪʠʚʥʠʭ ʧʨʦʮʝʜʫʨ ʫ ʤʝʪʦʜ ̔PSO ʤʦʞʝ ʟʥʘʯʥʦ ʧʦʢʨʘʱʠʪʠ 

ʡʦʛʦ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʽ ʰʚʠʜʢʽʩʪʴ ʟʙʽʞʥʦʩʪʽ. ʎʽ ʧʨʦʮʝʜʫʨʠ ʜʦʟʚʦʣʷʶʪʴ ʘʣʛʦʨʠʪʤʫ ʢʨʘʱʝ 

ʟʙʘʣʘʥʩʫʚʘʪʠ ʽʥʪʝʥʩʠʚʥʽʩʪʶ ʧʦʰʫʢʫ ʪʘ ʜʠʚʝʨʩʠʬʽʢʘʮʽʻʶ ʧʦʰʫʢʫ, ʘʜʘʧʪʫʚʘʪʠʩʷ ʜʦ 

ʦʩʦʙʣʠʚʦʩʪʝʡ ʟʘʜʘʯʽ ʪʘ ʫʥʠʢʘʪʠ ʧʝʨʝʜʯʘʩʥʦʾ ʟʙʽʞʥʦʩʪʽ. ʐʠʨʦʢʝ ʟʘʩʪʦʩʫʚʘʥʥʷ ʘʜʘʧʪʠʚʥʦʛʦ 

PSO ʫ ʨʽʟʥʠʭ ʩʬʝʨʘʭ ʜʝʤʦʥʩʪʨʫʻ ʡʦʛʦ ʧʦʪʝʥʮʽʘʣ ʷʢ ʧʦʪʫʞʥʦʛʦ ʽʥʩʪʨʫʤʝʥʪʫ ʨʦʟʚ'ʷʟʘʥʥʷ 

ʩʢʣʘʜʥʠʭ ʟʘʜʘʯ ʦʧʪʠʤʽʟʘʮʽʾ.  

ʉʪʚʦʨʝʥʥʷ ʚʝʙ-ʦʨʽʻʥʪʦʚʘʥʦʛʦ ʩʝʨʚʽʩʫ ʜʣʷ ʨʦʟʚôʷʟʘʥʥʷ ʟʘʜʘʯ ʦʧʪʠʤʽʟʘʮʽʾ ʜʘʩʪʴ 

ʤʦʞʣʠʚʽʩʪʴ ʜʦʩʣʽʜʥʠʢʘʤ ʽ ʬʘʭʽʚʮʷʤ ʫ ʨʽʟʥʠʭ ʩʬʝʨʘʭ ʜʽʷʣʴʥʦʩʪʽ ʣʶʜʠʥʠ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ 

ʩʫʯʘʩʥʽ ʽʥʬʦʨʤʘʮʽʡʥʽ ʪʝʭʥʦʣʦʛʽʾ ʷʢ ʜʣʷ ʧʨʦʚʝʜʝʥʥʷ ʥʘʫʢʦʚʠʭ ʨʦʟʚʽʜʦʢ, ʪʘʢ ʽ ʜʣʷ ʚʠʨʽʰʝʥʥʷ 

ʧʨʘʢʪʠʯʥʠʭ ʦʧʪʠʤʽʟʘʮʽʡʥʠʭ ʟʘʜʘʯ. 

ʄʘʡʙʫʪʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʙʫʜʫʪʴ ʟʦʩʝʨʝʜʞʝʥʽ ʥʘ ʨʦʟʨʦʙʮʽ ʥʦʚʠʭ ʘʜʘʧʪʠʚʥʠʭ ʩʪʨʘʪʝʛʽʡ ʷʢ 

ʜʣʷ ʤʝʪʦʜʫ PSO, ʪʘʢ ʡ ʽʥʰʠʭ ʧʦʧʫʣʷʨʥʠʭ ʤʝʪʦʜʽʚ ʪʘ ʾʭ ʧʨʦʛʨʘʤʥʽʡ ʨʝʘʣʽʟʘʮʽʾ. 
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ɹɸɻɸʊʆʂʈʀʊɽʈɯɸʃʔʅɸ ʆʇʊʀʄɯɿɸʎɯʗ ʈɯʐɽʅʔ ɿɸɼɸʏ ɺʀɹʆʈʋ 
 

ʐʝʚʯʝʥʢʦ ʉ. ɺ. 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ çʍʘʨʢʽʚʩʴʢʠʡ ʧʦʣʽʪʝʭʥʽʯʥʠʡ ʽʥʩʪʠʪʫʪè 
 

ɸʥʦʪʘʮʽʷ. ʈʦʟʛʣʷʜʘʶʪʴʩʷ ʟʘʜʘʯʽ ʙʘʛʘʪʦʢʨʠʪʝʨʽʘʣʴʥʦʛʦ ʚʠʙʦʨʫ. ɰʭ ʚʠʨʽʰʝʥʥʷ ʻ ʚʘʛʦʤʠʤ ʝʪʘʧʦʤ 

ʧʨʦʮʝʩʽʚ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ. ʄʝʪʦʶ ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʙʘʛʘʪʦʢʨʠʪʝʨʽʘʣʴʥʘ ʦʧʪʠʤʽʟʘʮʽʾ ʨʽʰʝʥʴ ʟʘʜʘʯ 

ʚʠʙʦʨʫ. ɺʠʙʽʨ ʢʨʘʱʠʭ ʚʘʨʽʘʥʪʽʚ ʨʽʰʝʥʴ ʤʘʻ ʚʽʜʙʫʚʘʪʠʩʷ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʧʦʨʽʚʥʷʥʴ ʧʨʝʪʝʥʜʝʥʪʽʚ 

ʨʽʰʝʥʥʷ ʟʘ ʦʙʨʘʥʦʶ ʩʫʢʫʧʥʽʩʪʶ ʢʨʠʪʝʨʽʾʚ, ʷʢʽ ʤʦʞʫʪʴ ʙʫʪʠ ʩʫʧʝʨʝʯʣʠʚʠʤʠ ʪʘ ʥʝʧʦʛʦʜʞʝʥʠʤʠ. ɼʣʷ  

ʚʠʨʽʰʝʥʥʷ ʪʘʢʠʭ ʟʘʜʘʯ ʤʦʞʫʪʴ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʤʝʪʦʜʠ ʙʘʛʘʪʦʢʨʠʪʝʨʽʘʣʴʥʦʾ ʦʧʪʠʤʽʟʘʮʽʾ ʟ 

ʬʦʨʤʫʚʘʥʥʷʤ ʧʽʜʤʥʦʞʠʥ ʇʘʨʝʪʦ-ʦʧʪʠʤʘʣʴʥʠʭ ʨʽʰʝʥʴ, ʧʨʘʢʪʠʯʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʷʢʠʭ ʧʦʪʨʝʙʫʻ 

ʨʝʪʝʣʴʥʠʭ ʪʘ ʪʨʫʜʦʤʽʩʪʢʠʭ ʜʦʩʣʽʜʞʝʥʴ ʜʣʷ ʢʦʞʥʦʛʦ ʧʨʠʢʣʘʜʫ ʨʦʟʨʘʭʫʥʢʽʚ. ʎʽ ʦʙʩʪʘʚʠʥʠ ʪʘ ʥʘʷʚʥʽʩʪʴ 

ʙʘʛʘʪʴʦʭ ʧʫʙʣʽʢʘʮʽʡ ʩʚʽʜʯʘʪʴ ʧʨʦ ʘʢʪʫʘʣʴʥʽʩʪʴ ʜʦʩʣʽʜʞʝʥʴ ʧʦ ʬʦʨʤʫʚʘʥʥʶ ʝʬʝʢʪʠʚʥʠʭ ʧʨʦʮʝʜʫʨ 

ʙʘʛʘʪʦʢʨʠʪʝʨʽʘʣʴʥʦʾ ʦʧʪʠʤʽʟʘʮʽʾ ʨʽʰʝʥʴ ʟʘʜʘʯ ʚʠʙʦʨʫ. ʇʨʦʧʦʥʫʻʪʴʩʷ ʧʽʜʭʽʜ ʜʦ ʚʠʟʥʘʯʝʥʥʷ ʢʨʘʱʠʭ 

ʚʘʨʽʘʥʪʽʚ ʚʠʨʽʰʝʥʥʷ ʟʘʜʘʯʽ ʙʘʛʘʪʦʢʨʠʪʝʨʽʘʣʴʥʦʛʦ ʚʠʙʦʨʫ ʥʘ ʧʨʠʢʣʘʜʽ ʬʦʨʤʫʚʘʥʥʷ ʘʨʭʽʪʝʢʪʫʨʠ 

ʚʽʨʪʫʘʣʴʥʦʾ ʩʠʩʪʝʤʠ ʦʙʨʦʙʢʠ ʜʘʥʠʭ ʥʘ ʦʩʥʦʚʽ ʨʝʩʫʨʩʽʚ ʚʽʜ ʧʨʦʚʘʡʜʝʨʽʚ ʭʤʘʨʥʠʭ ʦʙʯʠʩʣʝʥʴ.  

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʟʘʜʘʯʽ ʚʠʙʦʨʫ, ʢʨʠʪʝʨʽʾ, ʦʧʪʠʤʽʟʘʮʽʷ, ʭʤʘʨʥʽ ʦʙʯʠʩʣʝʥʥʷ, ʚʽʨʪʫʘʣʴʥʽ ʩʠʩʪʝʤʠ 

ʦʙʨʦʙʢʠ ʜʘʥʠʭ, ʙʘʛʘʪʦʢʨʠʪʝʨʽʘʣʴʥʝ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ. 
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Abstract. The problems of multi-criteria selection are considered. Their solution is an important stage 

of decision-making processes. The purpose of the study is multi-criteria optimization of solutions to selection 

problems. The selection of the best solution options should take into account the comparisons of the 

candidates for the solution according to the selected set of criteria, which may be contradictory and 

disagreeable. To solve such problems, multi-criteria optimization methods can be with the formation of 

subsets of Pareto-optimal solutions used, the practical use of which requires careful and time-consuming 

research for each calculation example. These circumstances and the presence of many publications testify to 

the relevance of research on the formation of effective procedures for multi-criteria optimization of solutions 

to selection problems. An approach to determining the best options for solving the problem of multi-criteria 

selection is using the example of forming the architecture of a virtual data processing system based on 

resources from cloud computing providers proposed. 

Keywords: selection problems, criteria, optimization, cloud computing, virtual data processing 
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ɺʩʪʫʧ. ɿʘʜʘʯʽ ʙʘʛʘʪʦʢʨʠʪʝʨʽʘʣʴʥʦʛʦ ʚʠʙʦʨʫ ʩʢʣʘʜʘʶʪʴ ʧʦʰʠʨʝʥʠʡ ʢʣʘʩ ʟʘʜʘʯ ʥʘʧʨʷʤʢʫ 

ʜʦʩʣʽʜʞʝʥʥʷ ʦʧʝʨʘʮʽʡ ʪʘ ʚʭʦʜʷʪʴ ʜʦ ʩʢʣʘʜʫ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʘʚʪʦʤʘʪʠʟʦʚʘʥʠʭ 

ʧʽʜʩʠʩʪʝʤ ʧʽʜʪʨʠʤʢʠ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʫ ʨʽʟʥʠʭ ʩʬʝʨʘʭ ʜʽʷʣʴʥʦʩʪʽ [1,2]. ʂʽʣʴʢʽʩʪʴ ʧʫʙʣʽʢʘʮʽʡ 

ʟʘ ʜʘʥʦʶ ʪʝʤʦʶ ʩʚʽʜʯʠʪʴ ʧʨʦ ʾ ʭ ʘʢʪʫʘʣʴʥʽʩʪʴ ʪʘ ʧʨʦ ʥʘʷʚʥʽʩʪʴ ʥʝ ʧʦʚʥʽʩʪʶ ʚʠʨʽʰʝʥʠʭ ʧʠʪʘʥʴ, 

ʷʢʽ ʚʠʟʥʘʯʘʶʪʴ ʥʦʚʽ ʥʘʧʨʷʤʢʠ ʜʦʩʣʽʜʞʝʥʴ. ʇʽʜʪʚʝʨʜʞʝʥʥʷʤ ʮʴʦʛʦ ʻ ʩʪʚʦʨʝʥʥʷ 

ʄʽʞʥʘʨʦʜʥʦʛʦ ʪʦʚʘʨʠʩʪʚʘ ʟ ʧʠʪʘʥʴ ʙʘʛʘʪʦʢʨʠʪʝʨʽʘʣʴʥʦʛʦ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ (MCDM) [1]. 

ɺʽʜʦʤʽ ʧʽʜʭʦʜʠ ʜʦ ʚʠʨʽʰʝʥʥʷ ʮʠʭ ʟʘʜʘʯ ʙʘʟʫʶʪʴʩʷ ʥʘ ʚʠʢʦʨʠʩʪʘʥʥʽ ʝʢʩʧʝʨʪʥʠʭ ʦʮʽʥʦʢ 

ʧʝʨʝʚʘʛ ʧʨʝʪʝʥʜʝʥʪʽʚ ʟʘ ʦʙʨʘʥʠʤʠ ʢʨʠʪʝʨʽʷʤʠ, ʟʘʩʪʦʩʫʚʘʥʥʷ ʷʢʠʭ ʤʦʞʥʘ ʚʚʘʞʘʪʠ ʜʦʮʽʣʴʥʠʤ 

ʣʠʰʝ ʧʨʠ ʚʽʜʩʫʪʥʦʩʪʽ ʜʦʩʪʦʚʽʨʥʠʭ ʜʘʥʠʭ ʧʨʦ ʬʘʢʪʠʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʘʨʽʘʥʪʽʚ ʨʽʰʝʥʴ. ʅʘ 

ʧʨʘʢʪʠʮʽ ʚʠʥʠʢʘʻ ʙʘʛʘʪʦ ʟʘʜʘʯ ʚʠʙʦʨʫ, ʜʣʷ ʷʢʠʭ ʧʘʨʘʤʝʪʨʠ ʪʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʽʜʦʤʽ ʘʙʦ ʷʢʽ 

ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʟʥʘʯʝʥʽ. ʊʦʤʫ ʪʨʘʜʠʮʽʡʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʽʜʦʤʠʭ ʤʝʪʦʜʽʚ 

ʙʘʛʘʪʦʢʨʠʪʝʨʽʘʣʴʥʦʛʦ ʘʥʘʣʽʟʫ ʪʘʢʠʭ ʷʢ ʤʝʪʦʜ ʘʥʘʣʽʟʫ ʽʻʨʘʨʭʽʡ (AHP), ʡʦʛʦ ʫʟʘʛʘʣʴʥʝʥʥʷ ʽ 

ʤʦʜʠʬʽʢʘʮʽʾ, ʤʝʪʦʜʽʚ ELECTRE, PROMETHEE, TOPSIS ʙʝʟ ʚʨʘʭʫʚʘʥʥʷ ʾʭ ʦʩʦʙʣʠʚʦʩʪʝʡ ʪʘ 

ʦʙʤʝʞʝʥʴ, ʤʦʞʝ ʧʨʠʚʝʩʪʠ ʜʦ ʦʪʨʠʤʘʥʥʷ ʥʝʧʨʠʡʥʷʪʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ. ɺʽʜʦʤʽ ʩʧʨʦʙʠ ʧʦʟʙʫʪʠʩʷ 

ʨʠʟʠʢʽʚ ʥʝʘʜʝʢʚʘʪʥʦʩʪʽ ʨʝʟʫʣʴʪʘʪʽʚ ʘʥʘʣʽʟʫ ʟʘ ʨʘʭʫʥʦʢ ʢʦʤʧʝʥʩʘʮʽʡ, ʘʣʝ ʚʦʥʠ ʥʝ ʤʘʶʪʴ 

ʩʠʩʪʝʤʥʠʡ ʭʘʨʘʢʪʝʨ [2]. 
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ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʽ. ɼʣʷ ʦʧʪʠʤʽʟʘʮʽʾ ʨʽʰʝʥʴ ʟʘʜʘʯ ʚʠʙʦʨʫ, ʚʨʘʭʦʚʫʶʯʽ ʦʩʦʙʣʠʚʦʩʪʽ 

ʧʦʨʽʚʥʷʥʥʷ ʩʫʢʫʧʥʦʩʪʽ ʪʝʭʥʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʨʝʪʝʥʜʝʥʪʽʚ ʧʨʠ ʚʠʟʥʘʯʝʥʥʽ ʚʘʨʽʘʥʪʽʚ ʟ 

ʧʨʠʡʥʷʪʥʠʤ ʙʘʣʘʥʩʦʤ ʩʫʧʝʨʝʯʣʠʚʠʭ ʢʨʠʪʝʨʽʾʚ ʪʘ ʦʙʤʝʞʝʥʴ ʽʩʥʫʶʯʠʭ ʧʽʜʭʦʜʽʚ, ʚʠʥʠʢʘʻ 

ʥʝʦʙʭʽʜʥʽʩʪʴ ʨʦʟʨʦʙʢʠ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʪʝʭʥʦʣʦʛʽʾ, ʱʦ ʜʦʟʚʦʣʷʻ ʙʫʜʫʚʘʪʠ ʇʘʨʝʪʦ-ʦʧʪʠʤʘʣʴʥʫ 

ʤʥʦʞʠʥʫ ʨʽʰʝʥʴ ʟ ʚʠʟʥʘʯʝʥʥʷʤ ʧʨʝʪʝʥʜʝʥʪʽʚ ʙʘʛʘʪʦʢʨʠʪʝʨʽʘʣʴʥʦʛʦ ʚʠʙʦʨʫ, ʷʢʽ ʥʘʡʙʽʣʴʰʝ 

ʚʽʜʧʦʚʽʜʘʶʪʴ ʩʫʢʫʧʥʦʩʪʽ ʦʙʨʘʥʠʭ ʢʨʠʪʝʨʽʾʚ. 

ʄʝʪʦʶ ʨʦʙʦʪʠ ʻ ʨʦʟʨʦʙʢʘ ʝʬʝʢʪʠʚʥʠʭ ʧʨʦʮʝʜʫʨ ʚʠʟʥʘʯʝʥʥʷ ʨʽʰʝʥʴ ʟʘʜʘʯʽ 

ʙʘʛʘʪʦʢʨʠʪʝʨʽʘʣʴʥʦʛʦ ʚʠʙʦʨʫ ʟ ʬʦʨʤʫʚʘʥʥʷʤ ʇʘʨʝʪʦ-ʦʧʪʠʤʘʣʴʥʠʭ ʧʽʜʤʥʦʞʠʥ ʚʘʨʽʘʥʪʽʚ, ʷʢʽ 

ʤʦʞʫʪʴ ʙʫʪʠ ʫʧʦʨʷʜʢʦʚʘʥʽ ʟʘ ʨʽʚʥʝʤ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʦʙʨʘʥʠʤ ʢʨʠʪʝʨʽʷʤ. 

ɺ ʨʦʙʦʪʽ ʧʨʦʧʦʥʫʻʪʴʩʷ ʧʨʦʚʦʜʠʪʠ ʚʠʟʥʘʯʝʥʥʷ ʢʨʘʱʠʭ ʨʽʰʝʥʴ ʙʘʛʘʪʦʢʨʠʪʝʨʽʘʣʴʥʠʭ 

ʟʘʜʘʯ ʚʠʙʦʨʫ ʫ ʧʨʦʩʪʦʨʽ ʥʦʨʤʘʣʽʟʦʚʘʥʠʭ ʢʨʠʪʝʨʽʾʚ ʩʝʨʝʜ ʘʣʴʪʝʨʥʘʪʠʚ ʧʦʙʫʜʦʚʘʥʦʾ ʇʘʨʝʪʦ-

ʦʧʪʠʤʘʣʴʥʦʾ ʧʽʜʤʥʦʞʠʥʠ ʨʽʰʝʥʴ ʥʘ ʦʩʥʦʚʽ ʩʪʫʧʝʥʶ ʥʘʙʣʠʞʝʥʥʷ ʚʝʢʪʦʨʫ, ʫʪʚʦʨʝʥʦʛʦ 

ʦʮʽʥʢʘʤʠ ʢʨʠʪʝʨʽʾʚ ʧʨʝʪʝʥʜʝʥʪʘ, ʜʦ ʚʝʢʪʦʨʫ ʟʥʘʯʝʥʴ ʢʨʠʪʝʨʽʾʚ ʧʦʙʫʜʦʚʘʥʦʛʦ ʚʽʨʪʫʘʣʴʥʦʛʦ 

ʟʨʘʟʢʫ. ʊʘʢʠʡ ʧʽʜʭʽʜ ʜʦʟʚʦʣʷʻ ʧʦʟʙʫʪʠʩʷ ʧʦʷʚʠ ʨʠʟʠʢʽʚ ʩʧʦʪʚʦʨʝʥʴ ʨʝʟʫʣʴʪʘʪʽʚ ʘʥʘʣʽʟʫ, 

ʧʨʠʪʘʤʘʥʥʠʭ ʽʩʥʫʶʯʠʤ ʤʝʪʦʜʘʤ ʙʘʛʘʪʦʢʨʠʪʝʨʽʘʣʴʥʦʛʦ ʦʮʽʥʶʚʘʥʥʷ.  

ɺʠʨʽʰʝʥʥʷ ʟʘʜʘʯʽ ʙʘʛʘʪʦʢʨʠʪʝʨʽʘʣʴʥʦʛʦ ʚʠʙʦʨʫ ʨʦʟʛʣʷʥʫʪʦ ʥʘ ʫʤʦʚʥʦʤʫ ʧʨʠʢʣʘʜʽ 

ʬʦʨʤʫʚʘʥʥʷ ʘʨʭʽʪʝʢʪʫʨʠ ʚʽʨʪʫʘʣʴʥʦʾ ʩʠʩʪʝʤʠ ʦʙʯʠʩʣʝʥʴ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʜʘʥʠʭ ʟʘʜʘʯ, ʱʦ 

ʧʦʪʨʝʙʫʶʪʴ  ʦʙʨʦʙʢʠ, ʚʠʤʦʛ ʧʨʦʚʝʜʝʥʥʷ ʦʙʨʦʙʢʠ ʪʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ  

ʨʝʩʫʨʩʽʚ ʚʽʜ ʧʨʦʚʘʡʜʝʨʽʚ ʭʤʘʨʥʠʭ ʩʝʨʚʽʩʽʚ. 

ʅʘ ʨʠʩ. 1 ʥʘʚʝʜʝʥʦ ʨʝʟʫʣʴʪʘʪʠ ʚʠʨʽʰʝʥʥʷ ʧʨʠʢʣʘʜʫ ʟʘʜʘʯʽ ʙʘʛʘʪʦʢʨʠʪʝʨʽʘʣʴʥʦʛʦ ʚʠʙʦʨʫ 

ʢʨʘʱʦʛʦ ʚʘʨʽʘʥʪʫ ʘʨʭʽʪʝʢʪʫʨʠ ʚʽʨʪʫʘʣʴʥʦʾ ʩʠʩʪʝʤʠ ʦʙʨʦʙʢʠ ʜʘʥʠʭ.  

 

ʈʠʩ. 1. ʉʧʽʚʚʽʜʥʦʰʝʥʥʷ ʢʨʠʪʝʨʽʾʚ ʚʘʨʽʘʥʪʽʚ ʨʽʰʝʥʴ ʟʘʜʘʯʽ ʚʠʙʦʨʫ 

ɺʠʩʥʦʚʢʠ. ʆʧʝʨʘʪʠʚʥʝ ʪʘ ʦʙˇʨʫʥʪʦʚʘʥʝ ʚʠʨʽʰʝʥʥʷ ʟʘʜʘʯ ʙʘʛʘʪʦʢʨʠʪʝʨʽʘʣʴʥʦʛʦ ʚʠʙʦʨʫ 

ʟ ʚʠʟʥʘʯʝʥʥʷʤ ʜʦʮʽʣʴʥʠʭ ʚʘʨʽʘʥʪʽʚ ʧʨʝʪʝʥʜʝʥʪʽʚ ʤʘʻ ʚʘʞʣʠʚʝ ʟʥʘʯʝʥʥʷ ʜʣʷ ʧʽʜʪʨʠʤʢʠ 

ʫʧʨʘʚʣʽʥʥʷ ʚ ʨʽʟʥʠʭ ʩʬʝʨʘʭ ʜʽʷʣʴʥʦʩʪʽ. ʈʦʟʨʦʙʢʘ ʚʽʜʧʦʚʽʜʥʠʭ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ 

ʩʧʨʠʷʻ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʨʽʰʝʥʴ, ʱʦ ʧʨʠʡʤʘʶʪʴʩʷ, ʪʘ ʜʦʟʚʦʣʷʶʪʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ 

ʾʭ ʫ ʩʢʣʘʜʽ ʧʽʜʩʠʩʪʝʤ ʰʪʫʯʥʦʛʦ ʽʥʪʝʣʝʢʪʫ. ʈʦʟʚʠʪʦʢ ʜʘʥʦʛʦ ʥʘʧʨʷʤʫ ʜʦʩʣʽʜʞʝʥʴ ʧʦʚôʷʟʘʥʠʡ 

ʟ ʨʦʟʰʠʨʝʥʥʷʤ ʢʣʘʩʽʚ ʟʘʜʘʯ ʙʘʛʘʪʦʢʨʠʪʝʨʽʘʣʴʥʦʛʦ ʚʠʙʦʨʫ, ʱʦ ʤʘʶʪʴ ʧʨʘʢʪʠʯʥʝ ʟʥʘʯʝʥʥʷ, ʪʘ  

ʽʥʪʝʛʨʘʮʽʻʶ ʟ ʽʥʰʠʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ ʩʠʩʪʝʤ ʧʽʜʪʨʠʤʢʠ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ. 
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Abstract. The article focuses on comparing two visual attention analysis approaches based on a 

human focus group study and an artificial model of pre-attentive processing attention prediction. We 

substantiate eye-tracking as the suitable modality for visual attention studies through a literature review and 

bibliometric analysis. The study design is based on eye-tracking as the modality to test the hypothesis aimed 

to answer the research question. The focus group formation and visual stimuli selection are explained, and a 

comparative analysis of the results yielded by both approaches is discussed. We suggest new perspective 

directions for pre-attentive processing phase studies regarding text recognition and mobile platformsô 

peculiarities. We demonstrate that acquiring eye-tracking data from a focus group formed according to the 

target audience of visual representation tends to demonstrate similar or more effective results as the 

predictive model. The current study can be used as the starting point for visual representation creators, 

promoters, and users to form an understanding of visual attention analysis tools. 

Keywords: experiment, visual attention approaches, comparative analysis, eye tracking. 

 

Introduction . Current research has its background considering the Sustainable Development 

Goals, particularly those pertaining to sustainable cities and communities, and industry, innovation, 

and infrastructure. The capacity to evaluate and adapt visual strategies within business and industry 

is instrumental for sustainable progression, since this influences consumer behavior and thus, the 

market acceptance of sustainable products and solutions. The media, especially at the local level, 

functions as an essential tool in this process, being the primary vehicle for information 

dissemination and consumer education. They bear the potential to facilitate sustainable behaviors, 

highlight innovative practices, and shape public opinion towards sustainability measures. 

Furthermore, the integration of advanced technologies, such as AI in visual attention analysis tools, 

mirrors the ethos of SDG 9, reflecting the pivot towards innovative and resilient infrastructure. By 

enhancing the quality and effectiveness of visual communication, these technological advancements 

can contribute to the overall objective of creating more sustainable societies. However, the role of 

technology must be comprehensively explored, and its implications clearly understood, to ensure 

its alignment with the principles of inclusive and sustainable industrialization. This paper serves as 

an academic contribution to that discourse.  

The purpose of the work. The current paper represents an attempt to compare two 

approaches to visual attention analysis on the example of iMotions software package and 3M Visual 

Attention Software (3M VAS). The research question that we hereby formulate is ñDoes modern 

AI tech allow visual attention analysis with the same effectiveness as behavioral studies involving 

human respondentsò. Our hypothesis aiming to provide an answer to the said question is that 

acquiring gaze analysis data from actual human respondents grouped accordingly to target audience 

of visual representation tend to demonstrate similar or more effective results as the predictive 

model. However, for the cases of preliminary composition of visual representation or for timely 

(re)assessments of discussed designs, AI-based tools like 3M VAS provide an effective alternative 

to abovementioned human-based studies. 

Formulation of the problem. Current paper is built upon the study design presented in Fig. 1. 

Main deliverables that are used in comparative analysis are the heatmaps provided by iMotions 
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software and the heatmaps by 3M VAS software. By comparing the areas of highest interest 

highlighted by the abovementioned instruments, we are answering research questions in the 

framework of stated hypothesis. 

 

 

Fig. 1. Study design 

As the study design states, we selected eye tracking as the modality to test the hypothesis. 

According to various studies, heatmaps and other eye tracking outputs are based on processing 

fixations and saccades [1; 2; 3]. The former are the periods of immobility of the pupil timed less 

than a tenth of a second, while the latter are the rapid pupil movements between the fixation areas. 

According to 3M VAS website [4], this product simulates pre-attentive processing phase of human 

vision. In this phase, gaze fixations are likely to occur around the most salient elements of exposed 

stimulus. 

Solving the problem. The human face is considered as the important area of interest, along 

with salient heading on the left side of the page (90% respondent visit ratio in both AOIs, 22.9% 

dwell time of overall stimuli exposure on the face AOI, 16.8% dwell time on the heading AOI. 

However, predictive model yields that social media icons in the top right of the page will be detected 

by a significant number of users, while none of the respondents gazed towards said part of the page 

header. A clear recommendation that can be given to current media stakeholders is that ñDonateò 

button that ought to stand out in the page header receives inadequate attention (10% respondent 

visit ratio, 5.7% of overall dwell time).  

The comparison of results yielded by focus group and predictive model clearly demonstrates 

the attention distribution among salient elements of the page: areas of high contrast, framed 

elements (ñ50 UAHò button received the attention of 100% respondents with 13.2% of overall dwell 

time), common depiction of interactive interface elements. Pre-attentive processing plays the 

decisive role here since the graphical design on the page is aimed to capture the attention of user as 

soon as he/she opens the page (e.g. the region of supporterôs number on the left was fixated on by 

100% percent of respondents with 25.1% of overall dwell time). There are minor differences in 

header attention distribution, but we can confidently state that salient element ñChangesò receives 

the attention (20% of respondents fixated on this AOI, with 12.3% of overall page dwell time).  

Heading at the top of the page receives a major part of attention, however, predictive model 

tends to focus on human face while the focus group members seem to start processing the heading 

text (indicated by the red area of interest to the left of the woman face behind the text; 100% 

respondent ratio, 16.3% of overall dwell time). The header with social media icons receives 

negligibly small attention (20% of respondents visited this AOI, with 2.7% of overall dwell time).  

While the main attention of human respondents seems to be focused on the heading at the top 

of the page (90% respondent ratio, 36.8% of overall dwell time), the predictive model indicates that 

the black donate button at the bottom of the page as the most salient element on this page is likely 
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to receive most of attention (in experiment, 70% of respondents fixated at the button with 8% of 

overall dwell time).  

Conclusion. The results yielded by focus group members attention heatmap of mobile layout 

show the tendency to channel the gaze in the top-down fashion. This might be explained by the 

narrow rectangular shape of the screen in portrait orientation that forces user to process the visual 

representation from top to bottom of the page. More information on this matter can be gained by 

plotting fixation order overlay, which is the prospect for studies to follow.  

Current research may be of interest to small businesses, educational institutions, and designers 

willing to improve their visual representations and seeking the ability to qualitatively evaluate the 

attention distribution. One must keep in mind that focus group-based research provides more 

accurate results due to the ability to select respondents in accordance with statistical data on product 

users.  
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Abstract. The construction of wireless cyber-physical networks using the Arduino platform and their 

potential applications in the development of neural networks and for the optimization of railway systems are 

investigated. The work considers the process of creating a network using wireless communication, as well 

as the development of software for data collection, processing and transmission. The use of Arduino 

simplifies the deployment of the network and allows the integration of various functions that can be useful 

for optimizing the operation of railways and creating neural network systems for event prediction and data 

analysis. Research results can find application in modern management and monitoring technologies in the 

field of transport. 

Keywords: actuators, wireless communication, distance sensors, programming, computer hardware, 

microelectronics, control systems, system design. 

 

Introducti on. Railways play an important role in modern transport and economic life. 

Effective management and monitoring of railway infrastructure is critical to ensure uninterrupted 

and safe train movement, efficient use of resources and prevention of accidents. In this context, 

there is a need to use modern technologies, such as wireless cyber-physical networks and neural 

network systems, to optimize the management and monitoring of railway infrastructure [1]. The use 

of such technologies can help solve a number of problems related to the efficiency, safety and 

reliability of railway systems. 

The purpose of the work. The purpose of this work is to investigate the possibilities of 

building wireless cyber-physical networks using the Arduino platform [2] and their potential 

applications in the development of neural networks and for the optimization of railway systems. 

Formulation of the problem. The management and monitoring of railway systems requires 

the efficient collection, processing and transmission of large amounts of data to ensure the smooth 

and safe operation of the network. However, existing data collection and processing methods can 



160 

 

be resource-intensive and difficult to deploy [3]. Additionally, there is a need to develop systems 

that can predict events and analyze data to improve the efficiency and safety of rail systems. The 

main tasks to be performed: 

1. Creation of software for collecting, processing and transmitting data in this network. 

2. Studying the possibilities of integrating various functions into the network provided by the 

Arduino platform and their potential application to optimize the operation of railways. 

3. Researching the possibilities of creating neural network systems for predicting events and 

analyzing data in the context of railway systems. 

4. Determination of possible applications of research results in modern control and monitoring 

technologies in the field of transport. 

Solving the problem. The tasks can be considered separately, and for each of them you can 

give general instructions and code examples in the C++ programming language for the Arduino 

platform. 
include <WirelessLibrary.h> // Connecting the library for wireless communication 

#include <SensorLibrary.h> // Connecting the library for sensors 

 

void setup() { 

  // Initialization of the wireless module 

  Wireless.init(); 

   

  // Sensor initialization 

  Sensors.init(); 

}  

 

void loop() { 

  // Reading data from sensors 

  float temperature = Sensors.readTemperature(); 

  float humidity = Sensors.readHumidity(); 

   

  // Sending data via wireless communication 

  Wireless.sendData(temperature, humidity); 

   

  delay(1000); // 1 second delay between data transmissions 

}  

 

Possible applications include automatic fault detection, prediction of maintenance needs, 

optimization of train routes and schedules, and improved traffic safety and accident prevention. For 

example, you can use Arduino to control the movement of trains, measure the temperature on 

different sections of the railway track, detect deviations in the operation of the rails, and more. 

Researching the possibilities of creating neural network systems for event prediction and data 

analysis in the context of railway systems: 
#include <NeuralNetworkLibrary.h> // Connection library for neural networks 

 

void setup() { 

  // Initialization of the neural network 

  NeuralNetwork.init(); 

   

  // Neural network training based on historical data 

  NeuralNetwork.trainModel(); 

}  

 

void loop() { 

  // Reading data from sensors 

  float[] data = Sensors.readData(); 
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  // Prediction of events using a neural network 

  int prediction = NeuralNetwork.predict(data); 

   

  // Execution of actions according to the forecast 

  performAction(prediction); 

   

  delay(1000); // 1 second delay between predictions 

}  

 

Selection of sensors for the monitoring and management system of railway infrastructure: 

temperature and humidity sensors (can measure environmental parameters, which can be important 

for determining the operating conditions of various elements of the railway infrastructure); 

accelerometers and gyroscopes (can be used to detect deviations, tremors or movement of trains, 

which can be important for traffic safety and fault detection; distance sensors (can be used to 

measure the distance between a train and other objects [1] or to detect obstacles in the path of 

movement) ; pressure sensors (can be used to measure pressure in railway infrastructure); flow 

sensors (can be used to measure liquid or gas flow in pipelines or cooling systems); fire or smoke 

sensors (can be used to detect fires or other emergency situations); GPS module (location of moving 

objects such as trains or wagons); vibration sensors (can be used to detect vibrations or shocks that 

may indicate potential problems with infrastructure elements). 

 
Fig. 1. Directional diagram 

 

Fig. 2. Connection diagram of the sensor HR-SR04 on the Arduino microcircuit board 

Conclusion. This study investigated the possibilities of building wireless cyber-physical 

networks using the Arduino platform and their potential applications [4] in the control and 

monitoring of railway systems. By developing a network using wireless communication and 

software for data acquisition, processing and transmission, Arduino has been shown to simplify 
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network deployment and allow the integration of various functions that can be useful for optimizing 

the operation of railways. 

The research also revealed the possibilities of creating neural network systems for event 

prediction and data analysis in the context of railway systems, which can help in improving 

management and monitoring. The results of this research can find practical application in modern 

control and monitoring technologies in the field of transport, contributing to improving the 

efficiency, safety and reliability of railway systems. 
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ɺʀɹɯʈ ʇʃɸʊʌʆʈʄʀ ɼʃʗ ʈʆɿʈʆɹʂʀ ʂʆʈʇʆʈɸʊʀɺʅʆɻʆ ɿɸʉʊʆʉʋɺɸʅʅʗ 

ʄʆɺʆʖ JAVA  
 

ɹʝʨʢʫʥʩʴʢʠʡ ʆ.ɭ., ɹʝʨʢʫʥʩʴʢʠʡ ɭ.ʖ. 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʢʦʨʘʙʣʝʙʫʜʫʚʘʥʥʷ ʽʤʝʥʽ ʘʜʤʽʨʘʣʘ ʄʘʢʘʨʦʚʘ,  ʄʠʢʦʣʘʾʚ, ʋʢʨʘʾʥʘ 
 

ɸʥʦʪʘʮʽʷ. ʄʦʚʘ ʧʨʦʛʨʘʤʫʚʘʥʥʷ Java, ʜʝ-ʬʘʢʪʦ ʻ ʥʘʡʧʦʰʠʨʝʥʽʰʠʤ ʚʠʙʦʨʦʤ ʜʣʷ ʩʪʚʦʨʝʥʥʷ 

ʢʦʨʧʦʨʘʪʠʚʥʠʭ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʩʠʩʪʝʤ. ɿʦʢʨʝʤʘ, ʩʣʽʜ ʚʽʜʟʥʘʯʠʪʠ ʙʘʛʘʪʫ ʽʩʪʦʨʽʶ ʽʩʥʫʚʘʥʥʷ ʮʽʻʾ ʤʦʚʠ, 

ʚʝʣʠʢʫ ʢʽʣʴʢʽʩʪʴ ʽʩʥʫʶʯʠʭ ʙʽʙʣʽʦʪʝʢ ʪʘ ʬʨʝʡʤʚʦʨʢʽʚ, ʚʝʣʠʢʫ ʩʧʽʣʴʥʦʪʫ. ɸʣʝ ʟʚʦʨʦʪʥʠʤ ʙʦʢʦʤ ʪʘʢʦʾ 

ʧʦʧʫʣʷʨʥʦʩʪʽ ʻ ʪʝ, ʱʦ ʫ ʝʢʦʩʠʩʪʝʤʽ ʤʦʚʠ Java ʙʫʣʦ ʩʪʚʦʨʝʥʦ ʜʝʢʽʣʴʢʘ ʨʽʟʥʠʭ ʧʽʜʭʦʜʽʚ ʜʦ ʩʪʚʦʨʝʥʥʷ 

ʩʘʤʝ ʢʦʨʧʦʨʘʪʠʚʥʠʭ (ʚʝʣʠʢʠʭ, ʢʦʤʧʣʝʢʩʥʠʭ) ʟʘʩʪʦʩʫʚʘʥʴ. ʆʙôʻʢʪʦʤ ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʢʦʨʧʦʨʘʪʠʚʥʽ 

ʽʥʬʦʨʤʘʮʽʡʥʽ ʩʠʩʪʝʤʠ, ʘ ʧʨʝʜʤʝʪʦʤ ʜʦʩʣʽʜʞʝʥʥʷ ʦʙʨʘʥʦ Java-ʬʨʝʡʤʚʦʨʢʠ ʜʣʷ ʨʦʟʨʦʙʢʠ 

ʢʦʨʧʦʨʘʪʠʚʥʠʭ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʩʠʩʪʝʤ. ʋ ʨʦʙʦʪʽ ʧʨʦʚʝʜʝʥʦ ʧʦʨʽʚʥʷʥʥʷ ʜʚʦʭ ʥʘʡʧʦʰʠʨʝʥʽʰʠʭ Java-

ʬʨʝʡʤʚʦʨʢʽʚ ʪʘ ʟʘʧʨʦʧʦʥʦʚʘʥʽ ʢʨʠʪʝʨʽʾ ʚʠʙʦʨʫ ʦʜʥʽʻʾ ʟ ʥʠʭ ʫ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʚʠʤʦʛ ʜʦ ʩʪʚʦʨʶʚʘʥʦʾ 

ʩʠʩʪʝʤʠ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: Jakarta EE, JPA, EJB, Spring, Inversion of Control, Dependency Injection  
 

CHOOSING A PLATFORM FOR DEVELOPING A ENTERPRISE APPLICATION  

IN JAVA  
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Abstract. The Java programming language is de facto the most common choice for creating enterprise 

information systems. We should note the rich history of this language, many existing libraries and 

frameworks, and the large community. But the downside of this popularity is that the Java ecosystem has 

created several different approaches to creating enterprise (large, complex) applications. The object of the 

study is corporate information systems, and the subject of the study is Java frameworks for the development 

of enterprise information systems. The paper compares the two most common Java frameworks and proposes 

criteria for choosing one of them depending on the requirements for the system being created. 

Keywords: Jakarta EE, JPA, EJB, Spring, Inversion of Control, Dependency Injection. 

ʋ ʩʚʽʪʽ ʨʦʟʨʦʙʢʠ ʢʦʨʧʦʨʘʪʠʚʥʠʭ ʟʘʩʪʦʩʫʚʘʥʴ ʥʘ ʧʣʘʪʬʦʨʤʽ Java ʜʝ-ʬʘʢʪʦ ʽʩʥʫʶʪʴ ʜʚʘ 

ʩʪʘʥʜʘʨʪʠ: Jakarta EE ʪʘ Spring. 

Jakarta EE ï ʩʪʘʥʜʘʨʪ ʧʣʘʪʬʦʨʤʠ ʜʣʷ ʧʦʙʫʜʦʚʠ ʢʦʨʧʦʨʘʪʠʚʥʠʭ ʟʘʩʪʦʩʫʚʘʥʴ, ʷʢʠʡ 

ʚʢʣʶʯʘʻ ʫ ʩʝʙʝ ʥʘʙʽʨ ʩʧʝʮʠʬʽʢʘʮʽʡ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ, ʪʘʢʠʭ ʷʢ 



163 

 

Servlets, JSP, EJB (Enterprise JavaBeans), JPA (Jakarta Persistence API), JMS (Jakarta Message 

Service) ʪʘ ʽʥʰʠʭ. Jakarta EE ʟʘʙʝʟʧʝʯʫʻ ʢʦʤʧʣʝʢʩʥʠʡ ʧʽʜʭʽʜ ʜʦ ʨʦʟʨʦʙʢʠ, ʘʣʝ ʽʤʧʣʝʤʝʥʪʘʮʽʷ 

ʤʦʞʝ ʙʫʪʠ ʤʝʥʰ ʛʥʫʯʢʦʶ. ɿʘʚʜʷʢʠ ʪʘʢʠʤ ʦʩʦʙʣʠʚʦʩʪʷʤ, Jakarta EE ʣʝʞʠʪʴ ʚ ʦʩʥʦʚʽ ʪʘʢʠʭ 

ʚʽʜʦʤʠʭ ʨʽʰʝʥʴ, ʷʢ Privat24, UniCredit, Deutsche Bank, ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʩʠʩʪʝʤ ʢʦʤʧʘʥʽʡ 

Lufthansa, AIRBUS, ICPC ʪʘ ʽʥʰʠʭ. 

ʉʪʨʫʢʪʫʨʘ ʥʘʡʧʨʦʩʪʽʰʦʛʦ Jakarta EE ʟʘʩʪʦʩʫʚʘʥʥʷ ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩʫʥʢʫ 1. 

 
ʈʠʩ. 1. ʉʪʨʫʢʪʫʨʘ ʟʘʩʪʦʩʫʚʘʥʥʷ ʥʘ ʧʣʘʪʬʦʨʤʽ Jakarta EE 

ʇʦʢʘʟʘʥʘ ʩʪʨʫʢʪʫʨʘ ʜʦʩʪʘʪʥʴʦ ʟʨʦʟʫʤʽʣʘ. ɿʘʧʠʪ ʦʙʨʦʙʣʷʻʪʴʩʷ JSF ʩʪʦʨʽʥʢʦʶ 

(ʪʝʭʥʦʣʦʛʽʷ Jakarta Server Faces), ʘ ʧʦʪʽʤ ʙʽʥʦʤ ï ʩʧʝʮʽʘʣʴʥʠʤ ʦʙôʻʢʪʦʤ, ʱʦ ʧʨʠʟʥʘʯʝʥʠʡ ʜʣʷ 

ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʩʘʤʝ ʮʽʻʾ ʩʪʦʨʽʥʢʠ. ʋʧʨʘʚʣʽʥʥʷ ʜʘʣʽ ʡʜʝ ʥʘ ʙʽʟʥʝʩ-ʣʦʛʽʢʫ ʚ EJB (Enterpise Java 

Beans), ʷʢʘ ʧʨʘʮʶʻ ʟ ʙʘʟʦʶ ʜʘʥʠʭ ʯʝʨʝʟ JPA (ʩʧʝʮʠʬʽʢʘʮʽʷ ʨʦʙʦʪʠ ʟ ʰʘʨʦʤ ʧʦʩʪʽʡʥʦʩʪʽ ï 

Jakarta Persistence API). ʂʨʽʤ ʪʦʛʦ, ʪʝʭʥʦʣʦʛʽʷ Jakarta ʛʘʨʘʥʪʫʻ, ʱʦ ʷʢʱʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʮʝ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʟʙʽʣʴʰʠʪʴʩʷ ʥʘ ʢʽʣʴʢʘ ʧʦʨʷʜʢʽʚ, ʡʦʛʦ ʩʭʝʤʘ ʚʟʘʛʘʣʽ ʥʝ ʟʤʽʥʠʪʴʩʷ. ʇʨʦʩʪʦ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʪʨʝʙʘ ʙʫʜʝ ʚʩʪʘʥʦʚʠʪʠ ʥʘ ʚʝʣʠʢʠʡ ʢʣʘʩʪʝʨ ʟ ʢʽʣʴʢʦʭ ʧʦʪʫʞʥʠʭ ʩʝʨʚʝʨʽʚ ï ʚʫʟʣʽʚ 

(Nodes), ʽ ʚʦʥʦ ʧʨʘʮʶʚʘʪʠʤʝ ʚ ʢʣʘʩʪʝʨʥʦʤʫ ʦʪʦʯʝʥʥʽ ʙʝʟ ʞʦʜʥʠʭ ʧʨʘʚʦʢ. ɿʘ ʧʦʪʨʝʙʠ ʤʦʞʥʘ 

ʙʫʜʝ ʜʦʜʘʚʘʪʠ ʜʦʜʘʪʢʦʚʽ ʩʝʨʚʝʨʠ ʚ ʫ ʢʣʘʩʪʝʨ. 

ʉʘʤʝ ʯʝʨʝʟ ʮʝ, ʨʽʰʝʥʥʷ ʥʘ ʩʪʝʢʫ Jakarta EE ʤʦʞʥʘ ʨʝʢʦʤʝʥʜʫʚʘʪʠ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʚ 

ʪʠʭ ʚʠʧʘʜʢʘʭ, ʢʦʣʠ ʧʠʪʘʥʥʷ ʤʘʩʰʪʘʙʫʚʘʥʥʷ ʜʣʷ ʟʘʩʪʦʩʫʚʘʥʥʷ ʥʘʡʢʨʠʪʠʯʥʽʰʝ. 

ɿ ʪʦʯʢʠ ʟʦʨʫ ʜʦʢʫʤʝʥʪʘʮʽʾ Jakarta EE ʻ ʬʨʝʡʤʚʦʨʢʦʤ, ʷʢʠʤ ʤʦʞʥʘ ʦʧʝʨʫʚʘʪʠ ʙʝʟ 

ʧʦʪʨʝʙʠ ʚʠʚʯʘʪʠ ʚʝʣʠʢʫ ʢʽʣʴʢʽʩʪʴ ʜʞʝʨʝʣ ʽʥʬʦʨʤʘʮʽʾ. ʈʘʟʦʤ ʟ ʪʠʤ ʚʝʩʴ ʥʝʦʙʭʽʜʥʠʡ 

ʬʫʥʢʮʽʦʥʘʣ ʜʦʩʪʫʧʥʠʡ ʽ ʚʞʝ ʚʙʫʜʦʚʘʥʠʡ ʚ ʙʫʜʴ-ʷʢʦʤʫ ʩʝʨʚʝʨʽ ʟʘʩʪʦʩʫʚʘʥʴ (Enterprise 

Application Server). ʊʘʢʠʭ ʩʝʨʚʝʨʽʚ ʽʩʥʫʻ ʚʝʣʠʢʘ ʢʽʣʴʢʽʩʪʴ: GlassFish, Payara, JBoss, WildFly, 

TomEE. ɺʘʞʣʠʚʦ, ʱʦ ʚʩʷ ʮʷ ʬʫʥʢʮʽʦʥʘʣʴʥʽʩʪʴ ʙʝʟ ʧʨʦʙʣʝʤ ʧʨʘʮʶʻ ʨʘʟʦʤ ʪʘ ʚ ʨʦʟʧʦʜʽʣʝʥʦʤʫ 

(ʢʣʘʩʪʝʨʥʦʤʫ) ʩʝʨʝʜʦʚʠʱʽ.  

Spring ï ʬʨʝʡʤʚʦʨʢ, ʷʢʠʡ ʧʨʦʧʦʥʫʻ ʛʥʫʯʢʠʡ ʧʽʜʭʽʜ ʜʦ ʨʦʟʨʦʙʢʠ, ʟʘʩʥʦʚʘʥʠʡ ʥʘ 

ʧʨʠʥʮʠʧʘʭ ʽʥʚʝʨʩʽʾ ʫʧʨʘʚʣʽʥʥʷ (IoC) ʪʘ ʚʚʝʜʝʥʥʷ ʟʘʣʝʞʥʦʩʪʝʡ (DI). Spring ʥʘʜʘʻ ʤʦʜʫʣʴʥʫ 

ʩʪʨʫʢʪʫʨʫ, ʱʦ ʜʦʟʚʦʣʷʻ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʢʦʤʧʦʥʝʥʪʠ, ʷʢʽ ʧʦʪʨʽʙʥʽ ʜʣʷ ʢʦʥʢʨʝʪʥʦʛʦ ʧʨʦʻʢʪʫ. 

Spring ʻ ʧʦʪʫʞʥʠʤ ʽ ʧʦʧʫʣʷʨʥʠʤ ʬʨʝʡʤʚʦʨʢʦʤ ʜʣʷ ʨʦʟʨʦʙʢʠ ʤʦʚʦʶ Java, ʚʽʜ ʧʨʦʩʪʠʭ 

ʢʦʥʩʦʣʴʥʠʭ ʧʨʦʛʨʘʤ ʜʦ ʩʢʣʘʜʥʠʭ ʢʦʨʧʦʨʘʪʠʚʥʠʭ ʟʘʩʪʦʩʫʚʘʥʴ. Spring ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ 

ʢʦʤʧʘʥʽʷʤʠ ʨʽʟʥʦʛʦ ʨʽʚʥʷ, ʟʦʢʨʝʤʘ Netflix, Spotify, Amazon ʪʘ ʽʥʰʠʤʠ. 

ɿʘʩʪʦʩʫʚʘʥʥʷ ʥʘ ʧʣʘʪʬʦʨʤʽ Spring ʥʝ ʩʠʣʴʥʦ ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʚʽʜ Jakarta EE ʟʘ 

ʘʨʭʽʪʝʢʪʫʨʦʶ. 

 

ʈʠʩ. 2. ɸʨʭʽʪʝʢʪʫʨʘ ʧʨʦʩʪʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ Spring 
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ʇʨʠ ʜʝʪʘʣʴʥʦʤʫ ʩʧʽʚʩʪʘʚʣʝʥʥʽ ʤʦʞʥʘ ʟʨʦʟʫʤʽʪʠ, ʱʦ ʮʝʡ ʨʠʩʫʥʦʢ ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʚʽʜ 

ʘʨʭʽʪʝʢʪʫʨʠ ʟ ʨʠʩʫʥʢʫ 1 ʣʠʰʝ ʙʽʣʴʰʦʶ ʜʝʪʘʣʽʟʘʮʽʻʶ. ʊʘʢʠʤ ʯʠʥʦʤ, ʟʘʩʪʦʩʫʚʘʥʥʷ ʥʘ 

ʧʣʘʪʬʦʨʤʽ Spring ʧʨʘʢʪʠʯʥʦ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʪʘʢʠʭ ʩʘʤʝ ʤʦʜʫʣʽʚ, ʷʢʽ ʟʚôʷʟʘʥʽ ʧʦʜʽʙʥʠʤ ʯʠʥʦʤ, 

ʷʢ ʽ ʫ ʚʠʧʘʜʢʫ ʧʣʘʪʬʦʨʤʠ Jakarta EE. 

ʅʘʡʙʽʣʴʰ ʩʫʪʪʻʚʘ ʚʽʜʤʽʥʥʽʩʪʴ, ʷʢʫ ʪʨʝʙʘ ʙʨʘʪʠ ʜʦ ʫʚʘʛʠ ʧʨʠ ʚʠʙʦʨʽ ʧʣʘʪʬʦʨʤʠ, ʮʝ ʪʝ, 

ʱʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʥʘ ʧʣʘʪʬʦʨʤʽ Jakarta EE ʧʨʘʮʶʻ ʪʽʣʴʢʠ ʚ ʨʘʤʢʘʭ ʢʦʨʧʦʨʘʪʠʚʥʦʛʦ ʩʝʨʚʝʨʘ 

ʟʘʩʪʦʩʫʚʘʥʴ (Enterprise Application Server), ʧʨʦʪʝ ʥʘʡʧʦʰʠʨʝʥʽʰʠʡ ʩʝʨʚʝʨ ʜʣʷ Java 

ʟʘʩʪʦʩʫʚʘʥʴ ï Apache Tomcat ʥʠʤ ʥʝ ʻ, ʘ ʟʘʩʪʦʩʫʚʘʥʥʷ ʥʘ ʧʣʘʪʬʦʨʤʽ Spring ʤʦʞʝ ʧʨʘʮʶʚʘʪʠ 

ʥʘ ʙʫʜʴ-ʯʦʤʫ. ʅʘʧʨʠʢʣʘʜ, ʥʘ ʪʦʤʫ ʞ Tomcat, ʘʙʦ ʥʘ GlassFish/Payara ʽ ʥʘʚʽʪʴ ʚʟʘʛʘʣʽ ʙʝʟ 

ʩʝʨʚʝʨʘ (ʦʩʢʽʣʴʢʠ ʟʘʧʫʩʪʠʪʴ ʡʦʛʦ ʚ ʩʦʙʽ ʩʘʤʦʩʪʽʡʥʦ). ʊʘʢʘ ʦʩʦʙʣʠʚʽʩʪʴ ʨʦʙʠʪʴ ʧʣʘʪʬʦʨʤʫ 

Spring ʽʜʝʘʣʴʥʦʶ ʜʣʷ ʨʝʘʣʽʟʘʮʽʾ ʝʣʝʤʝʥʪʽʚ ʤʽʢʨʦʩʝʨʚʽʩʥʦʾ ʘʨʭʽʪʝʢʪʫʨʠ. ʇʨʦʪʝ ʢʣʘʩʪʝʨʥʘ 

ʧʨʦʛʨʘʤʘ ï ʮʝ ʧʨʦʻʢʪ, ʷʢʠʡ ʭʦʯ ʽ ʤʦʞʣʠʚʦ, ʘʣʝ ʩʢʣʘʜʥʦ ʟʙʫʜʫʚʘʪʠ ʽʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ Spring. 

ʊʦʤʫ ʧʠʪʘʥʥʷ ʤʘʩʰʪʘʙʫʚʘʥʥʷ ʜʣʷ Spring ʟʘʩʪʦʩʫʚʘʥʴ ʧʦʚʠʥʥʽ ʚʠʨʽʰʫʚʘʪʠʩʷ ʦʢʨʝʤʦ. 

ʅʘʡʯʘʩʪʽʰʝ ï ʽʟ ʟʥʘʯʥʦ ʙʽʣʴʰʠʤʠ ʚʠʪʨʘʪʘʤʠ. 

ɺʠʩʥʦʚʢʠ. ɺ ʨʝʟʫʣʴʪʘʪʽ ʧʨʦʚʝʜʝʥʦʛʦ ʘʥʘʣʽʟʫ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʢʨʠʪʝʨʽʾ ʚʠʙʦʨʫ ʤʽʞ 

Jakarta EE ʪʘ Spring ʧʨʠ ʩʪʚʦʨʝʥʥʽ ʢʦʨʧʦʨʘʪʠʚʥʠʭ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʩʠʩʪʝʤ. ʋ ʧʦʜʘʣʴʰʠʭ 

ʜʦʩʣʽʜʞʝʥʥʷʭ ʧʣʘʥʫʻʪʴʩʷ ʚʩʪʘʥʦʚʠʪʠ ʙʽʣʴʰ ʯʽʪʢʽ ʢʨʠʪʝʨʽʾ ʜʣʷ ʦʙʨʘʥʥʷ ʧʣʘʪʬʦʨʤʠ 

ʢʦʨʧʦʨʘʪʠʚʥʠʭ ʟʘʩʪʦʩʫʚʘʥʴ. 
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DISTRIBUTED SYSTEMS LOG PROTECTION FROM CYBERATTACKS BY VERK LE 

TREES 

 

Boyko V., Vasilenko M., Slatvinska V.  

National University "Odessa Law Academy", Odesa, Ukraine 

 
Abstract. This paper proposes a modification of the scheme for protecting system logs for distributed 

systems (orchestrated container clusters) from intrusions by moving from the method of simple linked lists 

(blockchain) to hash trees (Verkle Tree). Using this scheme of work will allow, on the one hand, to preserve 

all the advantages of the original system (undemanding on resources, no need to build and maintain a 

complex infrastructure), on the other hand, by slightly increasing redundancy, it will allow to obtain such 

advantages as reducing verification time and the ability to work with distributed resources, which will 

improve the overall security of the system. 

Keywords: rootkits, malware detection, malware, cyberattack, blockchain, log, SIEM, verification, 

hash, verkle tree. 

 

Introduction . The works of [1] and [2] showed the need for a system log integrity monitoring 

system based on linked list technology (blockchain) to ensure the detection of system intrusions. 

Compared to alternative solutions (for example, full copying of system logs to a backup server), on 

the scale of mid-level web servers, the proposed system is simple, unpretentious to use and 

undemanding of resources. Currently, containerized applications have become widespread, and 

with the increase in their use and cheaper cloud technologies, applications for orchestrating 

container clusters have become widespread. At the same time, the orchestration solutions 

themselves (for example, Kubernetes) do not provide control over system logging, search for 

intrusion facts, and so on. However, when scaling such a system to the level of large clusters, some 

difficulties arise due to the distributed nature of data storage in such systems. In addition, an increase 

in the volume of data stored and processed in system logs can proportionally increase the time it 

takes to verify system logs, which can negatively affect the time it takes to detect an intrusion into 

the system. More efficient data structures are required to verify system logs. 

The purpose of the work. Analysis of the use of alternative system logs integrity verification 

schemes based on hash trees - Merkle Tree / Patricia Tree / Verkle Tree. 

Formulation of the problem. Systems schema, proposed in [1] and [2] is optimal for use in 

mid-level web servers, however, for more developed and distributed systems, in particular those 

using the orchestration of containerized applications, the use of such a system can cause a number 

of difficulties associated with distribution and dynamic the nature of the systemsô functioning. As 

containerized applications and orchestrators become more widespread, the proposed control system 

needs to be improved to take these features into account. 

Solving the problem. To detect an intrusion, three main categories of technologies are 

traditionally used: heuristic and/or signature analysis of the file system, analysis of system behavior 

and user software, and analysis of system logs. At the same time, system logs are both the fastest 

way to obtain data on intrusions, and the most useful source of information when investigating a 

post-mortem case. The practice of operating systems in adverse conditions (blackouts, failures in 

critical infrastructure caused by military operations) shows that the storage and analysis of system 

logs should also have an additional ñmargin of safetyò that ensures control of the integrity of the 

logs in conditions of sudden power outages. 

As was shown in [1] and [2], the problem of detecting intrusions during cyber attacks remains 

relevant and the further, the more important the importance of speed and efficiency in detecting the 

fact of an intrusion. This fact is of particular importance given the trend described above the 

replacement of stand alone mid-level web servers with a ñswarmò of containers united in a cluster 

and managed by an orchestrator, an example of which is Kubernetes. 
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The system for monitoring the integrity of system logs proposed in [2] is based on linked list 

technology (blockchain) and, with all its advantages, can require time proportional to the size of the 

system log to check the integrity of the logs. In addition, such a system is quite difficult to operate 

when using a container cluster, where system logs can be maintained inside each of the containers 

and the start or stop time of each of the cluster containers can be determined by the external load 

on the system, and therefore is poorly predictable, if predictable at all. 

At various times, the use of a hash tree to verify logs has been proposed as a solution, the 

most typical and well-known example of which is the Merkle Tree. However, the use of Merkle 

tree in its original version is also associated with the problem of computing resources based on the 

hashes of the source records, a hash tree is built, which grows in proportion to O(log N) as the 

database grows. At the same time, costs increase both for the general organization of the tree and 

for calculating the ñproofò of the immutability of records in the database. In addition, Merkle Tree 

requires transmission (and storage) of the entire hash tree for verification, which can be quite 

problematic for distributed systems with large volumes of records. 

There have been various attempts to improve the use of Merkle Trees by improving the 

algorithm (for example, Patricia Trees), but the most successful use scheme, in our opinion, is 

Verkle Trees [3], in which the hash tree is flattened to several levels, which seriously affects the 

speed and simplicity of the verification infrastructure logs The advantages of using Verkle Tree also 

include the possibility of using algorithms of different efficiency and operation within its framework 

from simple hashing to the KZG polynomial commitment scheme[4]. The proposed solution uses 

the SHA-256 cryptographic hash function, which makes it possible to implement this mechanism 

in most existing systems using well -proven libraries. 

Conclusion. Using the proposed work scheme will allow, on the one hand, to retain all the 

advantages of the original system (undemanding on resources, no need to build and maintain a 

complex infrastructure), on the other hand, by slightly increasing redundancy, it will allow to obtain 

such advantages as reducing verification time and the ability to work with distributed resources, 

which will improve the overall security of the system. 
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Abstract. The aim of this study is to analyze existing approaches to speech masking. The paper 

demonstrates an overview of the state of research on the topic. Several proposed techniques of speech 

masking were reviewed: white noise, pink noise, brown noise, speech-shaped noise, reverberation, combined 

masking signals, time-reversed signal and babble noise. Aforementioned masking methods are briefly 

analyzed and compared. Advantages and disadvantages are briefly evaluated. The paper highlights absent 

points and possible prospects of further research. The topics that are still to be researched are acoustical 

pollution and annoyance factor. The babble noise is a good prospect for further research.  

Keywords: Speech masking, masking noise, speech privacy, babble noise. 
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Introduction. In the contemporary era speech privacy plays a more important role than mere 

inconvenience: conversation leakage can range from reputational damages to national security 

threats. Mitigation of such risk is a necessity, but requires deployment of specialized measures, 

including special buildings designs, sound insulation, and devices leveraging acoustic masking 

algorithms. Central topic of this paper is an overview of existing speech masking algorithms. The 

paper reviews existing techniques and casts a gaze towards prospects of further research on the 

topic.  

The purpose of work. The study is an overview of existing methods of masking of acoustic 

speech signals and perspectives of further research on the topic. 

Formulation of the problem. There are plenty of methods which are used to mask acoustic 

speech signals, which have different masking capabilities, listeners perception and speakers 

annoyance factor. Some of these methods can be researched further and improved.  

Solving the problem. Acoustic speech signals can be masked by applying white noise, brown 

noise or pink noise. However, it was demonstrated experimentally that white noise is less efficient 

in terms of masking capabilities, than brown and pink noises [1]. Besides white, brown and pink 

masking noises, [1] also approaches speech-alike non-stationary masking noises: speech signal 

spectral inversion combined with speech signal reverberation and speech-shaped amplitude 

modulated white noise. The evaluation showed that speech-alike noises had better masking qualities 

than white noise on a wider SNR range. Moreover, speech-alike masking noises had less acoustic 

pollution due to the absence during speech pauses.  

Although [1] proposed an approach to the masked speech legibility assessment, there was an 

insufficiency of information on the annoyance factor, impact of the masking noise on the 

conversation speakers, which is directly related to the acoustic pollution. Further experiments on 

annoyance factor evaluation can help to evaluate applicability of each speech masking method. 

Stimuli of such experiments, different masking noises, should include variation of the SNR and 

masking noise, where applicable. Annoyance factor can be graded from 1 to 5, where 1 - doesnôt 

annoy, 5 - annoyance level is very high, further conversation cannot be conducted.  

The [2] proposes masking speech with its time-reversed signal. The proposed algorithm is the 

following: the original speech signal is divided into short frames, the frames are reversed, delayed 

by one and finally concatenated. Proposed in [2] algorithm was evaluated with different target-to-

masker signal ratio (TMR) values, which is very similar to the aforementioned SNR. The 

comparison to the babble noise from the NOISEX database was performed. The evaluation results 

demonstrated that most effective masking was achieved with frame lengths from 120 ms to 240 ms. 

It was discovered that the proposed approach to speech masking is more effective than bubble noise.  

However, the [2] doesnôt cover the topic of the acoustic pollution and annoyance factor of the 

proposed masking signal. Besides that, itôs unclear what parameters had the babble noise which was 

used for comparison. Experimentation with different babble noise parameters, such as number of 

speakers, can open new insights on effectiveness of the proposed in [2] speech masking method.  

Although Krishnamurthy et al. didnôt propose any particular masking methods in [3], the vast 

work on babble noise modeling and analysis was done. The paper describes how babble noise 

parameters change depending on the speaker number. It was demonstrated that an increase of 

speaker count leads to an infinite number of phonemes overlapping. In that case, the resulting 

spectra of the babble noise approximates speech shaped noise.  

This phenomenon opens prospects for further research on the topic of using the babble noise 

as a speech masking noise. Research on the babble noise speech masking abilities and evaluation 

of the annoyance factor can give more understanding on how babble noise can be useful. 

Aforementioned experiments in [1] and [2] can be applied to the babble noise. 

Unfortunately, any of the mentioned sources doesnôt cover the topic of required 

computational power needed for the speech signal masking methods. This is a subject of significant 

scope and breadth, which requires separate research. Insufficiency of this knowledge makes it 

impossible to evaluate the real-word applicability of the aforementioned methods. Thorough 

analysis of the aforementioned methods could give a theoretical image of computational resources 
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necessary for the masking methods operation. It is worth taking into account that required 

computational power and resources can be different on different hardware, which may differ in 

architecture, presence of auxiliary computational modules etc.  

Conclusion. A vast amount of research on the topic was done. There are a number of 

relatively effective approaches to speech masking signal synthesis. However, such topics as 

annoyance factor and acoustic pollution are still to be researched. The babble noise is a good option  

for further research on the topic. Another topic for the research is the required computational 

resources needed for practical operation of speech signal masking methods.  
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Abstract. The paper proposes a new microcontroller-based data protection approach that employs 

perfect binary arrays, including a special class of binary arrays, which comprise properties that make them 

appropriate for application in cryptography. The recommended method employs a synchronized random 

sequence to produce perfect binary arrays and undertake encryption using two distinctive methods to create 

the reference classes. The security problem is rooted in spotting the location of the reference perfect binary 

array and the substantial number of current perfect binary arrays. The paper evaluates the security of the 

method concluding it offers increased level of security against numerous types of attacks, for instance brute-

force attacks and those based upon algebraic and computational complexity. Compared to actual 

cryptographic and data protection methods, the suggested technique has a number of benefits including a 

greater degree of randomness, as well as fast and straightforward encryption and decryption speeds which 

permit to use it in low-power systems, for example embedded and microcontrollers which facilitate the 

connection with different types of devices including IoT providing secure data exchange. In addition, the 

paper considers several potential applications of the proposed approach in fields such as authentication, 

secure communication as well as data storage. 

Keywords: Perfect binary arrays, microcontrollers, data protection, security, IoT. 

 

Introduction.  Due to their perfect algebraic constructions, perfect binary arrays (PBA) have 

found various applications in communication, computer science as well as in several radio-

engineering problems [1, 2]. Considerable consideration has recently focused on the application of 

perfect binary arrays in cryptography and coding theory [3]. 

The purpose of the work. The purpose of this work is to create a system that can use the 

PBA as a data encryption method and apply it using microcontroller. This method can be helpful 

for different applications. 

Formulation of the problem. Microcontrollers have limited memory therefore we need to 

develop a method to embed or generate the PBA. as well as find a way to minimize the number of 

transmitted/received data to enhance the data exchange. 
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Solving the problem. The Perfect Binary Arrays (PBA) is an array is an array comprising 

the following entries are +1 or -1 and have two-dimensional arrays of ὔ ὔ . Each PBA of order 

ὔ (size ὔ ὔ) generates a class of equivalent PBAs -Ὁὔ  class, by cyclic rotation (ὒ ) of the 

reference PBA by Ὧρ rows down and the operation of cyclic shift of columns (ὗ ) of the reference 

PBA by Ὧς columns to the right 

Ὄ ὔ ὒ Ὄ ὔὗ Ȣ                                         (1) 

Two-dimensional periodic cross-correlation function (TPCCF) Between two PBA 

equivalent class Ὁὔ  -class Ὄ ὔ Ὤȟ  andὌ ὔ Ὤȟ   dimension of ὔ, 

elements of TPCCF are calculated as: 

ὦȟ В В ὬȟὬ ȟ
В В ὬȟὬ ȟ ὶ ȟ  .  (2) 

The total number of generated matrices is: 

  χȢςτȢ Ȣ Ȣ Ȣ  .                                                 (3) 

For N = 48, using (3), the number of generated matrices will be 1155790798848, this will 

give a very high level of protection. PBA are easy to save into microcontroller memory or it is easy 

to generate them which allow to use the microcontroller as a device for encryption and decryption. 

Another way, is to save the PBA in the microcontrollerôs ROM, as the size of the ROM in 

microcontrollers is limited, we can merge the 1s and 0s to form bytes, thus, the reference PBA will 

take less bytes. Figure 1 shows the way to transfer a 6x6 PBA into only 6 bytes of memory.  

 
Fig. 1. Presentation the PBA in Bytes 

This method of compression of the reference PBA into bytes allows to save a big number of 

arrays into the ROM which provide a higher level of security. Table 1 shows different sizes of PBA 

and the reduces size in Bytes. 

Table 1 

Byte presentation of the reference PBA 

PBA 

size 

Number of equivalent 

PBAs 

Max number of characters Size in 

Byte 

6x6 36 
English alphabet only capital or small 

(24) 
5 

8x8 64 
English alphabet capital and small 

(52) and additional 12 symbols 
8 

12x12 144 Alphabet of two different languages 18 

16x16 256 Alphabet of four different languages 32 

    

Conclusion. This research proposes a cryptography method employing a microcontroller 

based on the correlation characteristics of the perfect binary arrays. The study determined that the 

encryption technique based upon perfect binary arrays can be implemented easily in small as in 

large microcontrollers. The investigation also confirmed that employing microcontrollers to decrypt 

and encrypt data can be effective because it is cost-efficiency has compact size and low power 

consumption, can be integrated with other components and devices. 
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Abstract. The research is devoted to the comparative analysis through statistical modeling using the 

Monte Carlo Method of different approaches to finding estimates of shift parameters for bimodal symmetric 

distributions. The root mean square deviation of the estimates from the true value of the informative 

parameter is used as a criterion for efficiency. Nonparametric (mean, median, mid-range) estimates, 

parametric maximum likelihood estimates, and a suboptimal approach based on Polynomial Maximization 

Method using higher-order statistics are studied. Bimodal Power Distributions and mixtures of Gaussian and 

Laplace distributions are used as models of statistical data. 

Keywords: bimodal distributions, parameter estimates, variance of estimates, moments, cumulants, 

stochastic polynomial. 
 

Introduction . Statistical parameter estimation is the basis for technical analysis in data 

processing and mathematical modeling, providing tools for determining the characteristics of 

distributions based on collected data. In the practical aspect of working with symmetric bimodal 

distributions, accurate estimation of the shift parameter is critical for correctly identifying the 

positions of the two maximums of the distribution, which has a direct impact on the efficiency of 

further analytical applications, including variability analysis, forecasting, and process optimization 

based on statistical data. 

The set of existing approaches to solving this problem can be divided into two groups. The 

first is nonparametric estimates based on methods that use relatively simple (moments, quantiles, 

and ordinal) statistics. The second approach is based on descriptions in the form of probability 

density functions (the most common here are maximum likelihood estimates). The choice of method 

is determined by the availability and amount of a priori information about the probabilistic nature 

of statistical data and the complexity of practical implementation. This paper deals with a new 

approach to statistical estimation based on the mathematical apparatus of stochastic Kunchenko 

polynomials and description in the form of a finite set of moments or cumulants [1]. 

The purpose of the work. The purpose of this research is to analyze the efficiency (relative 

accuracy) of the polynomial maximization method in comparison with classical estimates on the 

example of finding estimates of the parameter (shift center) of experimental data with a symmetric 

bi-modal distribution. 

Formulation of the problem. Suppose there is a parameter of the center of the distribution 

q that needs to be estimated based on the processing of a vector of random values { }1 2, ,... nx x x x= . 

This vector has dimension n  and contains independent and equally distributed sample values 

obtained from multiple experiments. The Bimodal Power Laplace distribution [2] and two types of 

mixtures ï Bi-gaussian and Bi-laplace - are used as a statistical data model [3]. 

Solving the problem. In [1], it is shown that finding estimates of the parameter q by 

maximizing a stochastic polynomial is carried out as a solution to a power equation. This equation 
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includes sets of higher-order sample statistics (raw moments, cumulants, cumulant coefficients), 

and weighting factors that ensure the minimum variance of the parameter q estimates for a 

polynomial of power r . 

It is known from previous studies, that to construct a stochastic polynomial for estimating the 

parameters of symmetric random variables, the minimum power to be used is 3r = . Thus, the study 

obtained the coefficients of a power stochastic polynomial in the form of their dependence on the 

estimated parameter of the distribution center q, and constructed polynomials of power 3r =  in 

the form of a cubic equation. Various iterative procedures can be used to solve it, including those 

based on the Newton-Raphson numerical method. 

It is especially important to note the adaptability of the approach based on the PMM. If the 

values of the parameters (odd central moments up to 6th order) required to construct the polynomial 

maximization equation are unknown in practice, their posteriori estimates are used. This makes it 

possible, on the one hand, to get rid of the need to solve the problem of identifying the type of 

distribution and jointly estimating the uninformative parameters of the statistical data model, and, 

on the other hand, to take into account its probabilistic nature, based on a partial description, which 

is simply calculated by the method of moments. 

To research the effectiveness of various estimation methods, a software package for statistical 

modeling by the Monte Carlo method was developed using the R language. The comparative 

analysis of the accuracy of the estimates was based on the efficiency criterion based on the ratio of 

the standard deviation of the estimates to the true value of the informative parameter. Such estimates 

were obtained by various methods as a result of repeated experiments under fixed initial conditions 

(sample sizes and parameters of statistical data distribution models). 

Conclusion. Analyzing the results obtained, we can conclude that the resulting efficiency of 

the polynomial maximization method significantly depends on both the amount of statistical data 

and the nature (depth of anti-modality) of the bimodal distributions. Obviously, the first factor 

significantly affects the accuracy of a posteriori estimates of the higher-order moments of the 

random component included in the polynomial maximization equation. The second factor 

determines the level of non-Gaussianity in the value of the cumulative coefficients of the 4th and 

6th orders, on the value of which the variance of the MMPL estimates depends. 

In general, it can be concluded that the approach based on Kunchenko's stochastic 

polynomials and the polynomial maximization method can be interpreted as a compromise and 

suboptimal. This is explained by the fact that the estimates obtained on its basis in most cases 

significantly outperform simple nonparametric estimates and are only slightly inferior to maximum 

likelihood estimates, which require much more a priori information about the statistical data model. 
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2ʏʝʨʢʘʩʴʢʠʡ ʜʝʨʞʘʚʥʠʡ ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ,  ʏʝʨʢʘʩʠ, ʋʢʨʘʾʥʘ 
 

ɸʥʦʪʘʮʽʷ. ʈʦʟʚʠʪʦʢ ʽʥʬʦʨʤʘʮʽʡʥʦ-ʫʧʨʘʚʣʷʶʯʠʭ ʩʠʩʪʝʤ ʘʚʽʦʥʽʢʠ ʟʫʤʦʚʣʶʻ ʧʦʩʪʽʡʥʝ ʟʨʦʩʪʘʥʥʷ 

ʚʠʤʦʛ ʱʦ ʜʦ ʬʫʥʢʮʽʦʥʘʣʴʥʦʩʪʽ ʪʘ ʜʦʩʪʦʚʽʨʥʦʩʪʽ ʪʘʢʠʭ ʩʠʩʪʝʤ. ɿʦʢʨʝʤʘ, ʧʨʠ ʮʴʦʤʫ ʟʨʦʩʪʘʶʪʴ ʚʠʤʦʛʠ 

ʜʦ ʪʘʢʠʭ ʾʭ ʨʦʙʦʯʠʭ ʧʘʨʘʤʝʪʨʽʚ, ʷʢ ʜʦʩʪʦʚʽʨʥʽʩʪʴ ʦʪʨʠʤʘʥʦʾ ʽʥʬʦʨʤʘʮʽʾ, ʩʚʦʻʯʘʩʥʽʩʪʴ ʚʠʷʚʣʝʥʥʷ 

ʥʝʙʝʟʧʝʯʥʦʾ ʩʠʪʫʘʮʽʾ, ʪʦʱʦ. ʋʜʦʩʢʦʥʘʣʝʥʥʷ ʪʘ ʦʧʪʠʤʽʟʘʮʽʷ ʥʠʟʢʠ ʧʘʨʘʤʝʪʨʽʚ ʽʥʬʦʨʤʘʮʽʡʥʦ-

ʫʧʨʘʚʣʷʶʯʠʭ ʩʠʩʪʝʤ ʘʚʽʦʥʽʢʠ, ʥʘʩʴʦʛʦʜʥʽ ʻ ʘʢʪʫʘʣʴʥʦʶ ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʦʶ ʟʘʜʘʯʝʶ. ɿ ʮʽʻʶ ʤʝʪʦʶ 

ʧʨʦʧʦʥʫʻʪʴʩʷ ʩʧʦʩʽʙ ʚʠʙʦʨʫ ʽ ʦʧʪʠʤʽʟʘʮʽʾ ʥʘʜʽʡʥʠʭ ʩʪʨʫʢʪʫʨ ʽʥʬʦʨʤʘʮʽʡʥʦ-ʫʧʨʘʚʣʷʶʯʠʭ ʩʠʩʪʝʤ. 

ʈʦʟʛʣʷʜʘʻʪʴʩʷ ʟʘʜʘʯʘ ʧʽʜʚʠʱʝʥʥʷ ʜʦʩʪʦʚʽʨʥʦʩʪʽ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʧʦʜʽʡ ʽʥʬʦʨʤʘʮʽʡʥʦ-ʨʝʟʝʨʚʦʚʘʥʦʶ 

ʩʪʨʫʢʪʫʨʦʶ ʩʠʩʪʝʤʠ, ʪʘ ʩʘʤʘ ʟʘʜʘʯʘ ʟʘʙʝʟʧʝʯʝʥʥʷ ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ ʨʝʟʝʨʚʫʚʘʥʥʷ. ʇʦʙʫʜʦʚʘʥʦ 

ʥʦʤʦʛʨʘʤʠ ʟʘʣʝʞʥʦʩʪʽ ʧʘʨʘʤʝʪʨʽʚ ʩʠʩʪʝʤʠ ʚʽʜ ʢʽʣʴʢʦʩʪʽ ʜʘʪʯʠʢʽʚ, ʪʘ ʩʬʦʨʤʫʣʴʦʚʘʥʦ ʘʣʛʦʨʠʪʤ ʚʠʙʦʨʫ 

ʦʧʪʠʤʘʣʴʥʠʭ ʩʪʨʫʢʪʫʨ ʩʠʩʪʝʤʠ, ʥʘ ʦʩʥʦʚʽ ʩʪʚʦʨʝʥʠʭ ʥʦʤʦʛʨʘʤ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʽʥʬʦʨʤʘʮʽʡʥʝ ʨʝʟʝʨʚʫʚʘʥʥʷ, ʜʦʩʪʦʚʽʨʥʽʩʪʴ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʧʦʜʽʡ, 

ʽʥʬʦʨʤʘʮʽʡʥʦ-ʫʧʨʘʚʣʷʶʯʘ ʩʠʩʪʝʤʘ. 
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Abstract. The development of information and control systems of avionics leads to a constant increase 

in requirements for the functionality and reliability of such systems. In particular, the requirements for their 

operating parameters, such as the reliability of the information received, the timeliness of detection of a 

dangerous situation, etc. are growing. Improving and optimizing a number of parameters of information and 

control systems of avionics, today is an urgent scientific and practical task. To this end, a method of selecting 

and optimizing reliable structures of information and control systems is proposed. The problem of increasing 

the reliability of event recognition by the information-reserved structure of the system is considered, as well 

as the problem of ensuring information redundancy. Nomograms of dependence of system parameters on 

number of sensors are constructed, and the algorithm of a choice of optimum structures of system, on the 

basis of the created nomograms is formulated. 

Keywords: information redundancy, reliability of event recognition, information and management 

system. 

 

ɺʩʪʫʧ. ʉʠʩʪʝʤʠ ʩʠʛʥʘʣʽʟʘʮʽʾ ʪʘ ʧʦʞʝʞʦʛʘʩʽʥʥʷ ʥʘʣʝʞʘʪʴ ʜʦ ʯʠʩʣʘ ʽʥʬʦʨʤʘʮʽʡʥʦ-

ʢʝʨʫʶʯʠʭ ʩʠʩʪʝʤ ʘʚʽʦʥʽʢʠ, ʱʦ ʽʩʪʦʪʥʠʤ ʯʠʥʦʤ ʚʧʣʠʚʘʶʪʴ ʥʘ ʙʝʟʧʝʢʫ ʧʦʣʴʦʪʫ ʽ ʡʦʛʦ 

ʝʬʝʢʪʠʚʥʽʩʪʴ. ʆʩʥʦʚʥʝ ʧʨʠʟʥʘʯʝʥʥʷ ʪʘʢʠʭ ʩʠʩʪʝʤ ï ʩʚʦʻʯʘʩʥʝ ʚʠʷʚʣʝʥʥʷ ʚʽʜʤʦʚ, ʧʦʞʝʞʽ ʽ 

ʚʠʜʘʯʽ ʝʢʽʧʘʞʫ ʜʦʩʪʦʚʽʨʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʾʭ ʥʘʷʚʥʽʩʪʴ [1]. ʆʜʥʠʤ ʟ ʦʩʥʦʚʥʠʭ ʤʝʪʦʜʽʚ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʥʝʦʙʭʽʜʥʠʭ ʥʘʜʽʡʥʽʩʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʠʩʪʝʤ ʩʠʛʥʘʣʽʟʘʮʽʾ ʧʨʦ ʧʦʞʝʞʫ, ʟ 

ʪʦʯʢʠ ʟʦʨʫ ʧʽʜʚʠʱʝʥʥʷ ʜʦʩʪʦʚʽʨʥʦʩʪʽ ʧʝʨʝʜʘʥʠʭ ʧʦʚʽʜʦʤʣʝʥʴ, ʻ ʚʚʝʜʝʥʥʷ ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ 

ʨʝʟʝʨʚʫʚʘʥʥʷ. ʆʩʢʽʣʴʢʠ ʽʩʥʫʶʪʴ ʨʽʟʥʽ ʩʧʦʩʦʙʠ ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ ʨʝʟʝʨʚʫʚʘʥʥʷ, ʪʦ ʜʣʷ 

ʧʦʨʽʚʥʷʥʥʷ ʨʝʟʝʨʚʦʚʘʥʠʭ ʩʠʩʪʝʤ ʩʠʛʥʘʣʽʟʘʮʽʾ ʧʨʦ ʧʦʞʝʞʫ, ʚ ʷʢʦʩʪʽ ʦʩʥʦʚʥʦʛʦ ʢʨʠʪʝʨʽʶ 

ʟʘʟʚʠʯʘʡ ʧʨʠʡʤʘʻʪʴʩʷ ʡʤʦʚʽʨʥʽʩʪʴ ʚʠʷʚʣʝʥʥʷ ʧʦʜʽʡ, ʱʦ ʷʚʣʷʻ ʩʦʙʦʶ ʩʫʤʫ ʡʤʦʚʽʨʥʦʩʪʽ 

ʚʠʷʚʣʝʥʥʷ ʩʠʩʪʝʤʦʶ ʧʦʞʝʞʽ, ʢʦʣʠ ʧʦʞʝʞʘ ʤʘʻ ʤʽʩʮʝ ʚ ʜʽʡʩʥʦʩʪʽ, ʽ ʡʤʦʚʽʨʥʦʩʪʽ ʥʝʚʠʷʚʣʝʥʥʷ 

ʩʠʩʪʝʤʦʶ ʧʦʞʝʞʽ, ʢʦʣʠ ʧʦʞʝʞʽ ʥʝʤʘʻ [2, 3]. 

ʄʝʪʘ ʨʦʙʦʪʠ: ɺʠʩʚʽʪʣʝʥʥʷ ʘʢʪʫʘʣʴʥʦʾ ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʦʾ ʟʘʜʘʯʽ ï ʚʠʙʦʨʫ ʽ 

ʦʧʪʠʤʽʟʘʮʽʾ ʥʘʜʽʡʥʠʭ ʩʪʨʫʢʪʫʨ ʽʥʬʦʨʤʘʮʽʡʥʦ-ʢʝʨʫʶʯʠʭ ʩʠʩʪʝʤ, ʟ ʤʝʪʦʶ ʧʽʜʚʠʱʝʥʥʷ 

ʜʦʩʪʦʚʽʨʥʦʩʪʽ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʧʦʜʽʡ, ʫ ʧʦʨʽʚʥʷʥʥʽ ʟʽ ʩʪʨʫʢʪʫʨʘʤʠ ʟ ʤʽʥʽʤʘʣʴʥʦ-ʜʦʧʫʩʪʠʤʦʶ 

ʜʦʩʪʦʚʽʨʥʽʩʪʶ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʧʨʘʚʠʣʴʥʝ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʩʠʩʪʝʤʠ. 
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ʆʩʥʦʚʥʘ ʯʘʩʪʠʥʘ. ɺʠʙʽʨ ʽ ʦʧʪʠʤʽʟʘʮʽʷ ʥʘʜʽʡʥʠʭ ʩʪʨʫʢʪʫʨ ʽʥʬʦʨʤʘʮʽʡʥʦ-ʢʝʨʫʶʯʠʭ 

ʩʠʩʪʝʤ ʻ ʦʜʥʦʶ ʟʽ ʩʢʣʘʜʥʠʭ ʟʘʜʘʯ, ʷʢʘ ʚʠʤʘʛʘʻ ʟʘʩʪʦʩʫʚʘʥʥʷ ʩʧʝʮʽʘʣʴʥʠʭ ʧʽʜʭʦʜʽʚ ʽ ʧʨʦʛʨʘʤ 

ʚʠʙʦʨʫ ʮʠʭ ʩʪʨʫʢʪʫʨ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʫʤʦʚʠ, ʱʦʙ ʡʤʦʚʽʨʥʦʩʪʽ ʧʦʤʠʣʢʦʚʦʾ ʪʨʠʚʦʛʠ ʽ 

ʥʝʚʠʷʚʣʝʥʥʷ, ʧʨʷʤʫʚʘʣʠ ʜʦ ʥʫʣʷ, ʘ ʡʤʦʚʽʨʥʽʩʪʴ ʧʨʘʚʠʣʴʥʦʛʦ ʚʠʷʚʣʝʥʥʷ ʧʨʷʤʫʚʘʣʘ ʜʦ 1. ʋ 

ʟʘʩʪʦʩʫʚʘʥʥʽ ʜʦ ʩʠʩʪʝʤ ʧʦʞʝʞʥʦʾ ʩʠʛʥʘʣʽʟʘʮʽʾ, ʟʘʙʝʟʧʝʯʝʥʥʷ ʽʥʬʦʨʤʘʮʽʡʥʠʤ ʨʝʟʝʨʚʫʚʘʥʥʷʤ 

ʧʝʨʝʜʙʘʯʘʻ ʟʙʽʣʴʰʝʥʥʷ ʜʦʩʪʦʚʽʨʥʦʩʪʽ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʧʦʜʽʡ ʽʥʬʦʨʤʘʮʽʡʥʦ-ʨʝʟʝʨʚʦʚʘʥʦʶ 

ʩʪʨʫʢʪʫʨʦʶ ʩʠʩʪʝʤʠ ʫ ʧʦʨʽʚʥʷʥʥʽ ʟʽ ʩʪʨʫʢʪʫʨʦʶ, ʷʢʘ ʤʘʻ ʤʽʥʽʤʘʣʴʥʦ-ʜʦʧʫʩʪʠʤʫ (ʄɼ) 

ʜʦʩʪʦʚʽʨʥʽʩʪʴ ʜʣʷ ʧʨʘʚʠʣʴʥʦʛʦ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʩʠʩʪʝʤʠ. ʊʘʢʠʤ ʯʠʥʦʤ, ʟʘʚʜʘʥʥʷ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ ʨʝʟʝʨʚʫʚʘʥʥʷ ʩʠʩʪʝʤʠ ʧʝʨʚʠʥʥʠʭ ʜʘʪʯʠʢʽʚ ʧʦʞʝʞʥʦʾ 

ʩʠʛʥʘʣʽʟʘʮʽʾ ʧʝʨʝʜʙʘʯʘʻ ʚʠʢʦʥʘʥʥʷ ʜʚʦʭ ʦʩʥʦʚʥʠʭ ʝʪʘʧʽʚ: 

1. ɺʠʟʥʘʯʝʥʥʷ ʩʪʨʫʢʪʫʨʠ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʩʠʩʪʝʤʠ ʩʠʛʥʘʣʽʟʘʮʽʾ, ʱʦ ʤʘʻ ʤʽʥʽʤʘʣʴʥʦ 

ʜʦʧʫʩʪʠʤʫ ʜʣʷ ʧʨʘʚʠʣʴʥʦʛʦ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʩʠʩʪʝʤʠ ʜʦʩʪʦʚʽʨʥʽʩʪʴ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʧʦʜʽʡ. 

2. ɿʘʙʝʟʧʝʯʝʥʥʷ ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ ʨʝʟʝʨʚʫʚʘʥʥʷ ʩʠʩʪʝʤʠ, ʪʦʙʪʦ ʚʠʙʽʨ ʩʪʨʫʢʪʫʨʠ ʩʠʩʪʝʤʠ 

ʧʝʨʚʠʥʥʠʭ ʜʘʪʯʠʢʽʚ ʟ ʢʨʘʱʦʶ, ʧʦʨʽʚʥʷʥʦ ʟ ʤʽʥʽʤʘʣʴʥʦ-ʜʦʧʫʩʪʠʤʦʶ ʩʪʨʫʢʪʫʨʦʶ ʩʠʩʪʝʤʠ 

ʜʦʩʪʦʚʽʨʥʽʩʪʶ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʧʦʜʽʡ. 

ʗʢ ʧʦʢʘʟʫʶʪʴ ʜʦʩʣʽʜʞʝʥʥʷ, ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ ʧʨʦ ʪʝ, ʱʦ ʚʠʜ ʩʪʨʫʢʪʫʨʠ ʩʠʩʪʝʤʠ 

ʩʠʛʥʘʣʽʟʘʮʽʾ ʦʜʥʦʟʥʘʯʥʦ ʚʠʟʥʘʯʘʻʪʴʩʷ ʧʘʨʦʶ (n, Q) ʩʪʨʫʢʪʫʨʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʪʘʢʦʾ ʩʠʩʪʝʤʠ, ʜʝ 

n ï ʢʽʣʴʢʽʩʪʴ ʨiʚʥʦʡʤʦʚʽʨʥʦʩʥʠʭ (ʪʦʙʪʦ, ʟ ʦʜʥʘʢʦʚʠʤʠ ʟʥʘʯʝʥʥʷʤʠ ʘ, b ʽ d ʜʘʪʯʠʢʽʚ, 

ʩʢʣʘʜʘʶʯʠʭ ʩʠʩʪʝʤʫ, Q ï ʟʥʘʯʝʥʥʷ ʽʥʜʝʢʩʫ ʤʘʞʦʨʠʪʘʨʥʦʾ ʩʠʩʪʝʤʠ). ʋ ʟʚ'ʷʟʢʫ ʟ ʮʠʤ, ʟʘʜʘʯʘ 

ʚʠʟʥʘʯʝʥʥʷ ʚʠʜʫ ʩʪʨʫʢʪʫʨʠ ʩʠʩʪʝʤʠ ʩʠʛʥʘʣʽʟʘʮʽʾ ʧʨʦ ʧʦʞʝʞʫ, ʱʦ ʚʦʣʦʜʽʻ ʤʽʥʽʤʘʣʴʥʦ-

ʜʦʧʫʩʪʠʤʦʶ ʜʣʷ ʧʨʘʚʠʣʴʥʦʛʦ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʩʠʩʪʝʤʠ ʜʦʩʪʦʚʽʨʥʽʩʪʶ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʧʦʜʽʡ, 

ʤʦʞʝ ʙʫʪʠ ʽʥʪʝʨʧʨʝʪʦʚʘʥʘ ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ: ʻ ʜʘʪʯʠʢʠ ʟ ʨʽʚʥʦʡʤʦʚʽʨʥʠʤʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʘ, b ̔  d, ʘ ʪʘʢʦʞ ʚʘʨʪʽʩʪʶ ʦʜʥʦʛʦ ʜʘʪʯʠʢʘ ʉ, ʜʝ ʘ ï ʡʤʦʚʽʨʥʽʩʪʴ ʧʨʘʚʠʣʴʥʦʛʦ 

ʚʠʷʚʣʝʥʥʷ ʢʦʥʪʨʦʣʴʦʚʘʥʦʾ ʧʦʜʽʾ; b ï ʡʤʦʚʽʨʥʽʩʪʴ ʭʠʙʥʦʾ ʪʨʠʚʦʛʠ; d ï ʡʤʦʚʽʨʥʽʩʪʴ 

ʥʝʚʠʷʚʣʝʥʥʷ. ʇʦʪʨʽʙʥʦ ʚʠʟʥʘʯʠʪʠ ʚʠʜ ʦʧʪʠʤʘʣʴʥʦʾ, ʚ ʩʝʥʩʽ ʤʽʥʽʤʫʤʫ n ʢʽʣʴʢʦʩʪʽ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʠʭ ʜʘʪʯʠʢʽʚ, ʩʪʨʫʢʪʫʨʠ ʩʠʛʥʘʣʴʥʦʾ ʩʠʩʪʝʤʠ ʧʦʞʝʞʦʛʘʩʽʥʥʷ, (ʪʦʙʪʦ ʧʘʨʫ 

(n, Q)), ʜʣʷ ʷʢʦʾ ʡʤʦʚʽʨʥʽʩʪʴ ʧʨʘʚʠʣʴʥʦʛʦ ʚʠʷʚʣʝʥʥʷ (ppv) ʙʫʣʘ ʙ ʥʝ ʥʠʞʯʝ ʟʘʜʘʥʦʾ (ppv)ʛʨ, 

ʪʦʙʪʦ, (ppv)> (ppv)ʛʨ ʘ ʡʤʦʚʽʨʥʽʩʪʴ ñʭʠʙʥʦʾò ʪʨʠʚʦʛʠ ï ʥʝ ʧʝʨʝʚʠʱʫʚʘʣʘ ʙ ʟʘʜʘʥʦʛʦ ʟʥʘʯʝʥʥʷ 

(phv)ʛʨ, ʪʦʙʪʦ (phv)< (phv)ʛʨ. 

ɺʠʙʽʨ ʦʧʪʠʤʘʣʴʥʦʾ ʩʪʨʫʢʪʫʨʠ S(n, Q) ʽʥʬʦʨʤʘʮʽʡʥʦ-ʨʝʟʝʨʚʦʚʘʥʦʾ ʩʠʛʥʘʣʴʥʦʾ ʩʠʩʪʝʤʠ 

ʧʦʞʝʞʦʛʘʩʽʥʥʷ (ʉʉʇ) ʟʜʽʡʩʥʶʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʪʚʦʨʝʥʠʭ ʥʦʤʦʛʨʘʤ. ʅʦʤʦʛʨʘʤʠ, 

ʧʦʙʫʜʦʚʘʥʽ ʚ ʢʦʦʨʜʠʥʘʪʘʭ ʧʣʦʱʠʥʠ, ʜʝ ʚʽʩʴ ʘʙʩʮʠʩ ʚʽʜʧʦʚʽʜʘʻ ʢʽʣʴʢʦʩʪʽ ʜʘʪʯʠʢʽʚ n, ʉʉʇ, ʘ 

ʚʽʩʴ ʦʨʜʠʥʘʪ ï ʟʥʘʯʝʥʥʷʤ ʡʤʦʚʽʨʥʽʩʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʉʉʇ ï pʣʪ, ʜʣʷ ʨʽʟʥʠʭ ʟʥʘʯʝʥʴ a, b, d. 

ɸʣʛʦʨʠʪʤ ʚʠʙʦʨʫ ʩʪʨʫʢʪʫʨʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʥʦʤʦʛʨʘʤʠ ʤʘʻ ʥʘʩʪʫʧʥʠʡ ʚʠʛʣʷʜ: 

1. ɺʠʙʽʨ ʜʘʪʯʠʢʽʚ ʽʥʬʦʨʤʘʮʽʾ ʟ ʧʝʚʥʠʤʠ ʡʤʦʚʽʨʥʽʩʥʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ a, b, d. ɼʣʷ 

ʧʨʠʢʣʘʜʫ ʚʟʷʪʦ ʜʘʪʯʠʢʠ ʟ a = 0.9, b = d = 0.05. 

2. ɿʘ ʚʠʤʦʛʘʤʠ ʥʦʨʤʘʪʠʚʥʦ-ʪʝʭʥʽʯʥʦʾ ʜʦʢʫʤʝʥʪʘʮʽʾ ʚʠʟʥʘʯʘʻʪʴʩʷ ʡʤʦʚʽʨʥʽʩʪʴ 

ʧʨʘʚʠʣʴʥʦʛʦ ʚʠʷʚʣʝʥʥʷ ʩʠʩʪʝʤʠ ʨcd. 

3. ɿʘ ʥʦʤʦʛʨʘʤʦʶ ʦʙʠʨʘʻʪʴʩʷ ʩʪʨʫʢʪʫʨʘ [ʨcd, n, q] ʜʣʷ ʷʢʦʾ ʨcd Ó ʨcd
ʥʪʜ. 

4. ɺʠʟʥʘʯʘʻʪʴʩʷ ʢʦʝʬʽʮʽʻʥʪ ʤʘʞʦʨʠʪʘʨʥʦʩʪʽ ʜʣʷ ʦʙʨʘʥʦʾ ʩʪʨʫʢʪʫʨʠ ʚ ʪʘʢʠʡ ʩʧʦʩʽʙ: n ï 

ʢʦʦʨʜʠʥʘʪʘ ʧʦ ʦʩʽ ʘʙʩʮʠʩ, q ï ʢʦʦʨʜʠʥʘʪʘ ʧʦ ʦʩʽ ʦʨʜʠʥʘʪ ʜʣʷ ʦʙʨʘʥʦʾ ʥʘ ʛʨʘʬʽʢʫ ʪʦʯʢʠ ʨcd. 

5. ɿʘ ʥʦʤʦʛʨʘʤʘʤʠ ʜʣʷ ʧʘʨʘʤʝʪʨʽʚ ʨnd ʽ ʨfa ʚʠʟʥʘʯʘʻʪʴʩʷ ʡʤʦʚʽʨʥʽʩʪʴ ʥʝʚʠʷʚʣʝʥʥʷ ʨnd ʽ 

ʧʦʤʠʣʢʦʚʦʾ ʪʨʠʚʦʛʠ ʨfa ʜʣʷ ʦʙʨʘʥʦʾ ʩʪʨʫʢʪʫʨʠ. 

ɺʠʩʥʦʚʢʠ. ɺʚʝʜʝʥʝ ʧʦʥʷʪʪʷ ʨʽʚʥʷ ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ ʨʝʟʝʨʚʫʚʘʥʥʷ, ʷʚʣʷʻ ʩʦʙʦʶ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ ʷʢʦʩʪʽ ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ ʨʝʟʝʨʚʫʚʘʥʥʷ ʩʪʨʫʢʪʫʨ ʩʠʩʪʝʤ ʩʠʛʥʘʣʽʟʘʮʽʾ, ʱʦ 

ʜʦʟʚʦʣʷʻ ʧʨʦʚʦʜʠʪʠ ʧʦʨʽʚʥʷʥʥʷ ʩʠʩʪʝʤ ʩʠʛʥʘʣʽʟʘʮʽʾ ʨʽʟʥʠʭ ʟʘ ʩʪʨʫʢʪʫʨʦʶ ʽ ʷʢʽʩʪʶ 

ʚʠʢʦʨʠʩʪʘʥʠʭ ʜʘʪʯʠʢʽʚ. ɿʽ ʟʙʽʣʴʰʝʥʥʷʤ ʨʽʚʥʷ ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ ʨʝʟʝʨʚʫʚʘʥʥʷ ʟʨʦʩʪʘʻ ʢʽʣʴʢʽʩʪʴ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʠʭ ʫ ʩʠʩʪʝʤʘʭ ʩʠʛʥʘʣʽʟʘʮʽʾ ʜʘʪʯʠʢʽʚ, ʱʦ ʥʘʢʣʘʜʘʻ ʥʘ ʧʨʦʮʝʜʫʨʫ ʨʝʟʝʨʚʫʚʘʥʥʷ 

ʜʦʜʘʪʢʦʚʽ ʦʙʤʝʞʝʥʥʷ ʢʦʥʩʪʨʫʢʪʠʚʥʦʛʦ ʽ ʝʢʦʥʦʤʽʯʥʦʛʦ ʭʘʨʘʢʪʝʨʫ. 

ʅʘʚʝʜʝʥʠʡ ʘʥʘʣʽʟ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʩʪʨʫʢʪʫʨ ʩʠʩʪʝʤ ʩʠʛʥʘʣʽʟʘʮʽʾ ʧʨʦ ʧʦʞʝʞʫ ʜʦʟʚʦʣʷʻ 

ʦʙˇʨʫʥʪʦʚʘʥʦ ʧʽʜʽʡʪʠ ʜʦ ʬʦʨʤʫʚʘʥʥʷ ʟʘʛʘʣʴʥʦʾ ʩʪʨʫʢʪʫʨʠ ʩʠʩʪʝʤʠ, ʱʦ ʟʘʜʦʚʽʣʴʥʷʻ ʚʠʤʦʛʘʤ 
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ʥʦʨʤʘʪʠʚʥʦʾ ʜʦʢʫʤʝʥʪʘʮʽʾ ʟ ʝʢʩʧʣʫʘʪʘʮʽʾ ʩʠʩʪʝʤ ʧʦʞʝʞʦʛʘʩʽʥʥʷ, ʽ ʚʠʟʥʘʯʠʪʠ ʨʘʮʽʦʥʘʣʴʥʽ 

ʧʨʠʥʮʠʧʠ ʨʦʟʧʦʜʽʣʫ ʧʦʪʦʢʽʚ ʽʥʬʦʨʤʘʮʽʾ ʤʽʞ ʘʚʪʦʤʘʪʠʢʦʶ ʽ ʝʢʽʧʘʞʝʤ. 
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Aʥʦʪʘʮʽʷ. ʄʝʪʦʶ ʜʦʧʦʚʽʜʽ ʻ ʚʠʷʚʣʝʥʥʷ ʪʘ ʥʝʡʪʨʘʣʽʟʘʮʽʷ ʜʝʩʪʘʙʽʣʽʟʫʶʯʠʭ ʬʘʢʪʦʨʽʚ, ʱʦ 

ʚʧʣʠʚʘʶʪʴ ʥʘ ʧʦʣʽʪʠʯʥʫ ʪʘ ʽʥʬʦʨʤʘʮʽʡʥʫ ʙʝʟʧʝʢʫ ʥʘ ʥʘʮʽʦʥʘʣʴʥʦʤʫ ʪʘ ʤʽʞʥʘʨʦʜʥʦʤʫ ʨʽʚʥʷʭ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʝʪʦʜʽʚ ʩʠʩʪʝʤʥʦʛʦ ʘʥʘʣʽʟʫ, ʩʮʝʥʘʨʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ, SWOT-ʘʥʘʣʽʟʫ, ʤʦʜʝʣʶʚʘʥʥʷ 

ʟʘʛʨʦʟ, ʩʪʘʪʠʩʪʠʯʥʦʛʦ ʘʥʘʣʽʟʫ, ʘʥʘʣʽʟʫ ʚʽʜʢʨʠʪʠʭ ʜʞʝʨʝʣ. ɼʦ ʧʨʦʙʣʝʤ ʧʦʣʽʪʠʯʥʦʾ ʙʝʟʧʝʢʠ ʚʽʜʥʦʩʷʪʴ 

ʟʦʚʥʽʰʥʽ ʟʘʛʨʦʟʠ: ʚʽʡʩʴʢʦʚʫ ʘʛʨʝʩʽʷ, ʪʝʨʦʨʠʟʤ, ʧʨʦʧʘʛʘʥʜʫ; ʚʥʫʪʨʽʰʥʽ ʟʘʛʨʦʟʠ ï ʝʢʩʪʨʝʤʽʟʤ, 

ʢʦʨʫʧʮʽʶ, ʧʦʣʽʪʠʯʥʫ ʥʝʩʪʘʙʽʣʴʥʽʩʪʴ. ʈʦʟʛʣʷʜʘʶʪʴʩʷ ʪʘʢʽ ʧʨʦʙʣʝʤʠ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʙʝʟʧʝʢʠ ʷʢ ï 

ʢʽʙʝʨʟʣʦʯʠʥʥʽʩʪʴ, ʜʝʟʽʥʬʦʨʤʘʮʽʷ (ʧʨʦʧʘʛʘʥʜʘ, ʬʝʡʢʦʚʽ ʥʦʚʠʥʠ, ʤʘʥʽʧʫʣʶʚʘʥʥʷ ʩʫʩʧʽʣʴʥʦʶ ʜʫʤʢʦʶ). 

ɺʠʟʥʘʯʝʥʦ ʥʘʩʣʽʜʢʠ ʥʝʭʪʫʚʘʥʥʷ ʧʦʣʽʪʠʯʥʦʶ ʪʘ ʽʥʬʦʨʤʘʮʽʡʥʦʶ ʙʝʟʧʝʢʦʶ, ʷʢʠʤʠ ʻ, ʟʦʢʨʝʤʘ, 

ʜʝʩʪʘʙʽʣʽʟʘʮʽʷ ʩʫʩʧʽʣʴʩʪʚʘ, ʧʦʨʫʰʝʥʥʷ ʧʨʘʚ ʣʶʜʠʥʠ, ʝʢʦʥʦʤʽʯʥʽ ʟʙʠʪʢʠ. ʇʨʦʧʦʥʫʶʪʴʩʷ ʟʘʭʦʜʠ ʟ 

ʥʝʡʪʨʘʣʽʟʘʮʽʾ ʟʘʛʨʦʟ: ʟʤʽʮʥʝʥʥʷ ʦʙʦʨʦʥʦʟʜʘʪʥʦʩʪʽ, ʧʽʜʚʠʱʝʥʥʷ ʦʙʽʟʥʘʥʦʩʪʽ ʥʘʩʝʣʝʥʥʷ, ʤʽʞʥʘʨʦʜʥʝ 

ʩʧʽʚʨʦʙʽʪʥʠʮʪʚʦ. ɺʠʨʽʰʝʥʥʷ ʧʨʦʙʣʝʤ ʫ ʮʽʡ ʩʬʝʨʽ ʧʦʪʨʝʙʫʻ ʢʦʤʧʣʝʢʩʥʦʛʦ ʧʽʜʭʦʜʫ ʪʘ ʩʧʽʣʴʥʠʭ ʟʫʩʠʣʴ 

ʫʨʷʜʫ, ʛʨʦʤʘʜʷʥʩʴʢʦʛʦ ʩʫʩʧʽʣʴʩʪʚʘ ʪʘ ʤʽʞʥʘʨʦʜʥʦʾ ʩʧʽʣʴʥʦʪʠ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʧʦʣʽʪʠʯʥʘ ʙʝʟʧʝʢʘ, ʽʥʬʦʨʤʘʮʽʡʥʘ ʙʝʟʧʝʢʘ, ʦʩʚʽʪʘ, ʜʝʟʽʥʬʦʨʤʘʮʽʷ, ʢʦʨʫʧʮʽʷ. 
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Abstract. The purpose of the report is to identify and neutralize destabilizing factors affecting political 

and information security at national and international levels using methods of system analysis, scenario 

modeling, SWOT analysis, threat modeling, statistical analysis, and open source analysis. Political security 

issues include external threats, such as military aggression, terrorism, propaganda, and  Internal threats, 

namely, extremism, corruption, political instability. The following information security issues are 

considered: cybercrime (cyberattacks, data theft, cyber blackmail) and disinformation (propaganda, fake 

news, manipulation of public opinion). The consequences of neglecting political and information security 

are identified: destabilization of society, human rights violations, economic losses. Measures to neutralize 

threats are proposed: strengthening defense capability, raising public awareness, international cooperation. 

Solving problems in this area requires a comprehensive approach and joint efforts of the government, civil  

society, and the international community. 

Keywords: political security, information security, security, education, disinformation, corruption. 

 

ɺʩʪʫʧ. ʇʦʣʽʪʠʯʥʘ ʪʘ ʽʥʬʦʨʤʘʮʽʡʥʘ ʙʝʟʧʝʢʘ ʻ ʘʢʪʫʘʣʴʥʠʤʠ ʧʨʦʙʣʝʤʘʤʠ ʬʦʨʤʫʚʘʥʥʷ 

ʥʦʚʦʛʦ ʛʝʦʧʦʣʽʪʠʯʥʦʛʦ ʧʨʦʩʪʦʨʫ ʯʝʨʝʟ ʨʽʟʥʦʤʘʥʽʪʥʽ ʚʠʢʣʠʢʠ ʪʘ ʟʘʛʨʦʟʠ, ʱʦ ʚʠʥʠʢʘʶʪʴ ʚ 

ʢʦʥʪʝʢʩʪʽ ʛʣʦʙʘʣʴʥʠʭ ʧʦʣʽʪʠʯʥʠʭ ʪʘ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʪʨʘʥʩʬʦʨʤʘʮʽʡ. ʌʘʢʪʦʨʠ ʧʦʣʽʪʠʯʥʦʾ ʪʘ 

ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʙʝʟʧʝʢʠ, ʚ ʨʘʟʽ ʥʘʷʚʥʦʩʪʽ ʢʨʠʪʠʯʥʠʭ ʬʦʨʤ, ʟʜʘʪʥʽ ʬʦʨʤʫʚʘʪʠ ʛʣʦʙʘʣʴʥʫ 

ʧʦʣʽʪʠʯʥʫ ʥʝʩʪʘʙʽʣʴʥʽʩʪʴ, ʱʦ ʩʪʘʚʠʪʴ ʧʽʜ ʟʘʛʨʦʟʫ ʩʪʘʙʽʣʴʥʽʩʪʴ ʪʘ ʙʝʟʧʝʢʫ ʩʚʽʪʦʚʦʛʦ 

ʩʧʽʚʪʦʚʘʨʠʩʪʚʘ. ɿʘʭʦʜʠ ʟ ʧʦʣʽʪʠʯʥʦʾ ʙʝʟʧʝʢʠ ʩʪʘʶʪʴ ʩʪʨʘʪʝʛʽʯʥʦ ʚʘʞʣʠʚʠʤʠ ʜʣʷ ʟʘʧʦʙʽʛʘʥʥʷ 

ʢʨʠʟʦʚʠʤ ʩʠʪʫʘʮʽʷʤ ʪʘ ʚʽʜʥʦʚʣʝʥʥʷ ʤʽʞʥʘʨʦʜʥʦʛʦ ʧʦʨʷʜʢʫ. ʇʦʣʽʪʠʯʥʘ ʪʘ ʽʥʬʦʨʤʘʮʽʡʥʘ 
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ʙʝʟʧʝʢʘ ʻ ʢʣʶʯʦʚʠʤʠ ʘʩʧʝʢʪʘʤʠ ʟʘʙʝʟʧʝʯʝʥʥʷ ʩʪʘʙʽʣʴʥʦʩʪʽ ʪʘ ʙʝʟʧʝʢʠ ʥʘʮʽʦʥʘʣʴʥʦʛʦ ʪʘ 

ʤʽʞʥʘʨʦʜʥʦʛʦ ʨʽʚʥʽʚ ʚ ʫʤʦʚʘʭ ʩʫʯʘʩʥʦʛʦ ʛʝʦʧʦʣʽʪʠʯʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʪʘ ʮʠʬʨʦʚʦʾ ʝʨʠ. 

ʇʦʩʪʘʥʦʚʢʘ ʟʘʚʜʘʥʥʷ. ɿʜʽʡʩʥʠʪʠ ʨʦʟʛʣʷʜ ʦʩʥʦʚʥʠʭ ʧʨʦʙʣʝʤ ʧʦʣʽʪʠʯʥʦʾ ʪʘ 

ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʙʝʟʧʝʢʠ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʩʪʘʙʽʣʴʥʦʛʦ ʨʦʟʚʠʪʢʫ ʩʫʩʧʽʣʴʩʪʚʘ ʯʝʨʝʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʝʪʦʜʫ ʩʠʩʪʝʤʥʦʛʦ ʘʥʘʣʽʟʫ ʜʣʷ ʚʠʚʯʝʥʥʷ ʚʟʘʻʤʦʜʽʾ ʨʽʟʥʠʭ ʝʣʝʤʝʥʪʽʚ 

ʧʦʣʽʪʠʯʥʦʾ ʪʘ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʩʠʩʪʝʤʠ ʪʘ ʾʭ ʚʧʣʠʚʫ ʥʘ ʙʝʟʧʝʢʫ, ʚʠʟʥʘʯʠʪʠ ʚʨʘʟʣʠʚʽʩʪʴ ʪʘ 

ʧʦʪʝʥʮʽʡʥʽ ʨʠʟʠʢʠ ʚ ʧʦʣʽʪʠʯʥʠʭ ʪʘ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʩʪʨʫʢʪʫʨʘʭ. ʄʝʪʦʜ ʩʮʝʥʘʨʥʦʛʦ 

ʤʦʜʝʣʶʚʘʥʥʷ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʨʦʟʛʣʷʜʫ ʨʽʟʥʠʭ ʤʦʞʣʠʚʠʭ ʩʮʝʥʘʨʽʾʚ ʨʦʟʚʠʪʢʫ ʧʦʜʽʡ ʪʘ 

ʘʥʘʣʽʟ ʾʭ ʚʧʣʠʚʫ ʥʘ ʧʦʣʽʪʠʯʥʫ ʪʘ ʽʥʬʦʨʤʘʮʽʡʥʫ ʙʝʟʧʝʢʫ, ʱʦ ʜʦʟʚʦʣʷʻ ʛʦʪʫʚʘʪʠʩʷ ʜʦ 

ʥʝʧʝʨʝʜʙʘʯʝʥʠʭ ʩʠʪʫʘʮʽʡ ʪʘ ʨʦʟʨʦʙʣʷʪʠ ʩʪʨʘʪʝʛʽʾ ʚʽʜʧʦʚʽʜʽ. ɼʦʮʽʣʴʥʠʤ ʻ ʧʨʦʚʝʜʝʥʥʷ SWOT-

ʘʥʘʣʽʟʫ, ʤʦʜʝʣʶʚʘʥʥʷ ʟʘʛʨʦʟ, ʩʪʘʪʠʩʪʠʯʥʠʡ ʘʥʘʣʽʟ, ʱʦ ʥʘʜʘʻ ʢʽʣʴʢʽʩʥʽ ʦʮʽʥʢʠ ʨʽʟʥʠʭ ʘʩʧʝʢʪʽʚ 

ʙʝʟʧʝʢʠ. ɺʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʘʥʘʣʽʟ ʚʽʜʢʨʠʪʠʭ ʜʞʝʨʝʣ. 

ʄʝʪʘ. ɼʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʩʪʘʙʽʣʴʥʦʩʪʽ ʪʘ ʜʠʥʘʤʽʯʥʦʛʦ ʨʦʟʚʠʪʢʫ ʩʫʩʧʽʣʴʩʪʚʦ ʧʦʪʨʽʙʥʦ 

ʩʬʦʨʤʫʚʘʪʠ ʫʤʦʚʠ ʙʝʟʧʝʢʠ, ʜʣʷ ʯʦʛʦ ʚʠʟʥʘʯʠʪʠ ʪʘ ʥʝʡʪʨʘʣʽʟʫʚʘʪʠ ʤʘʢʩʠʤʘʣʴʥʦ ʤʦʞʣʠʚʽ 

ʜʝʩʪʘʙʽʣʽʟʫʶʯʽ ʬʘʢʪʦʨʠ ʧʦʣʽʪʠʯʥʦʾ ʪʘ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʙʝʟʧʝʢʠ.  

ɺʠʢʣʘʜ ʤʘʪʝʨʽʘʣʫ. ʊʝʨʤʽʥ ʧʦʣʽʪʠʯʥʘ ʙʝʟʧʝʢʘ ʦʟʥʘʯʘʻ ʟʘʭʠʱʝʥʽʩʪʴ ʧʦʣʽʪʠʯʥʦʾ ʩʠʩʪʝʤʠ 

ʩʫʩʧʽʣʴʩʪʚʘ ʚʽʜ ʟʦʚʥʽʰʥʽʭ ʪʘ ʚʥʫʪʨʽʰʥʽʭ ʟʘʛʨʦʟ. ʋ ʪʘʢʦʤʫ ʨʦʟʫʤʽʥʥʽ ʧʦʣʽʪʠʯʥʘ ʙʝʟʧʝʢʘ  ̒

ʩʫʪʪʶ ʩʫʚʝʨʝʥʥʦʩʪʽ ʜʝʨʞʘʚʠ.  ɺ ʩʚʦʶ ʯʝʨʛʫ, ʽʥʬʦʨʤʘʮʽʡʥʘ ʙʝʟʧʝʢʘ ʦʟʥʘʯʘʻ ʷʢ ʟʘʭʠʱʝʥʽʩʪʴ 

ʽʥʬʦʨʤʘʮʽʾ ʚʽʜ ʥʝʩʘʥʢʮʽʦʥʦʚʘʥʦʛʦ ʜʦʩʪʫʧʫ ʚʠʢʦʨʠʩʪʘʥʥʷ, ʧʦʨʫʰʝʥʥʷ ʮʽʣʽʩʥʦʩʪʽ, 

ʢʦʥʬʽʜʝʥʮʽʡʥʦʩʪʽ, ʪʘʢ  ̔ʬʦʨʤʫʚʘʥʥʷ ʩʝʥʩʽʚ ʪʘ ʣʝʛʽʪʠʤʘʮʽʾ, ʱʦ ʤʽʩʪʷʪʴʩʷ ʚ ʧʝʚʥʽʡ ʽʥʬʦʨʤʘʮʽʾ.   

ɼʦ ʧʨʦʙʣʝʤ ʧʦʣʽʪʠʯʥʦʾ ʙʝʟʧʝʢʠ ʚʘʨʪʦ ʚʽʜʥʝʩʪʠ ʥʘʩʪʫʧʥʽ ʬʘʢʪʦʨʠ. ʇʦ-ʧʝʨʰʝ, ʮʝ 

ʟʦʚʥʽʰʥʽ ʟʘʛʨʦʟʠ. ɿ ʧʦʯʘʪʢʫ ʨʦʩʽʡʩʴʢʦ-ʫʢʨʘʾʥʩʴʢʦʾ ʚʽʡʥʠ ʘʢʪʫʘʣʽʟʫʚʘʣʦʩʴ ʧʠʪʘʥʥʷ ʚ̔ ʡʩʴʢʦʚʦʾ 

ʘʛʨʝʩʽʾ, ʱʦ ʩʪʘʚʠʪʴ ʧʽʜ ʟʘʛʨʦʟʫ ʙʝʟʧʝʢʫ ʙʫʜʴ-ʷʢʦʾ ʢʨʘʾʥʠ. ɿʚʦʨʦʪʥʽʡ ʙʦʢʦʤ ʚʽʡʩʴʢʦʚʦʾ ʘʛʨʝʩʽʾ 

ʚʘʨʪʦ ʚʠʜʽʣʠʪʠ ʪʝʨʦʨʠʟʤ, ʱʦ ʪʘʢʦʞ ʧʝʨʝʜʙʘʯʘʻ ʟʘʩʪʦʩʫʚʘʥʥʷ ʩʠʣʠ ʧʝʚʥʦʛʦ ʬʦʨʤʘʪʫ ʪʘ 

ʩʧʨʷʤʫʚʘʥʥʷ. ʇʨʠʢʣʘʜʘʤʠ ʛʫʯʥʠʭ ʪʝʨʦʨʠʩʪʠʯʥʠʭ ʘʢʪʽʚ ʤʦʞʫʪʴ ʙʫʪʠ ʪʝʨʘʢʪʠ ʚ ʉʐɸ (11 

ʚʝʨʝʩʥʷ 2001), ʪʝʨʘʢʪʠ ʚ ʄʘʜʨʠʜʽ (2004), ʪʝʨʘʢʪʠ ʚ ʇʘʨʠʞʽ (2015). ʗʢʱʦ ʚʽʡʩʴʢʦʚʘ ʘʛʨʝʩʽʷ 

ʧʝʨʝʜʙʘʯʘʻ ʟʥʠʱʝʥʥʷ ʘʙʦ ʥʝʡʪʨʘʣʽʟʘʮʽʶ ʚʽʡʩʴʢʦʚʦʛʦ ʩʪʘʥʫ ʩʫʧʨʦʪʠʚʥʠʢʘ, ʪʦ ʪʝʨʦʨʠʟʤ 

ʟʘʩʪʦʩʦʚʫʻ ʩʠʣʫ ʧʝʨʝʚʘʞʥʦ ʜʦ ʮʠʚʽʣʴʥʦʛʦ ʪʘ ʤʠʨʥʦʛʦ ʥʘʩʝʣʝʥʥʷ, ʢʝʨʫʶʯʠʩʴ ʧʨʠʥʮʠʧʦʤ 

ʧʦʤʩʪʠ. ɼʣʷ ʨʦʟʛʣʷʜʫ ʧʦʣʽʪʠʯʥʦʾ ʙʝʟʧʝʢʠ ʦʢʨʝʤʦʾ ʫʚʘʛʠ ʪʘ ʘʥʘʣʽʟʫ ʧʦʪʨʝʙʫʻ ʬʝʥʦʤʝʥ 

ʧʨʦʧʘʛʘʥʜʠ, ʷʢʘ ʻ çʜʚʦʙʽʯʥʠʤ ʣʝʟʦʤè ʽ ʤʦʞʝ ʥʝʩʪʠ ʥʝʙʝʟʧʝʢʫ ʷʢ ʜʣʷ ʪʠʭ, ʭʪʦ ʬʦʨʤʫʻ 

ʧʨʦʧʘʛʘʥʜʫ (ʚʪʨʘʪʘ ʜʦʚʽʨʠ, ʚʪʨʘʪʘ ʚʽʜʯʫʪʪʷ ʦʧʦʟʠʮʽʾ), ʪʘʢ ʽ ʜʣʷ ʪʠʭ, ʭʪʦ ʩʧʦʞʠʚʘʻ, ʥʘ ʢʦʛʦ 

ʚʦʥʘ ʩʧʨʷʤʦʚʘʥʘ (ʚʪʨʘʪʘ ʢʨʠʪʠʯʥʦʛʦ ʤʠʩʣʝʥʥʷ). ɺʽʜʦʤʠʤʠ ʧʨʠʢʣʘʜʘʤʠ ʧʨʦʧʘʛʘʥʜʠ ʻ 

ʧʨʦʧʘʛʘʥʜʘ ʥʘʮʠʩʪʩʴʢʦʾ ʅʽʤʝʯʯʠʥʠ, ʧʨʦʧʘʛʘʥʜʘ ʈʘʜʷʥʩʴʢʦʛʦ ʉʦʶʟʫ, ʧʨʦʧʘʛʘʥʜʘ ɯɼɯʃ, 

ʩʫʯʘʩʥʘ ʨʦʩʽʡʩʴʢʘ ʧʨʦʧʘʛʘʥʜʘ, ʪʦʱʦ. ʉʝʨʝʜ ʚʥʫʪʨʽʰʥʽʭ ʟʘʛʨʦʟ, ʟ ʥʘʰʦʛʦ ʧʦʛʣʷʜʫ, ʜʦʮʽʣʴʥʦ 

ʚʠʜʽʣʠʪʠ ʪʘʢʽ, ʷʢ ʝʢʩʪʨʝʤʽʟʤ, ʢʦʨʫʧʮʽʷ, ʧʦʣʽʪʠʯʥʘ ʥʝʩʪʘʙʽʣʴʥʽʩʪʴ. ɼʣʷ ʧʦʣʽʪʠʯʥʦʾ ʙʝʟʧʝʢʠ 

ʚʘʨʪʦ ʚʠʨʽʰʫʚʘʪʠ ʧʨʦʙʣʝʤʠ ʢʦʨʫʧʮʽʾ, ʷʢʘ ʧʽʜʨʠʚʘʻ ʦʩʥʦʚʠ ʧʦʣʽʪʠʯʥʦʾ ʩʠʩʪʝʤʠ ʪʘ ʨʦʙʠʪʴ ʾʾ  

ʚʨʘʟʣʠʚʦʶ ʜʦ ʟʦʚʥʽʰʥʽʭ ʪʘ ʚʥʫʪʨʽʰʥʽʭ ʟʘʛʨʦʟ. ʇʦʣʽʪʠʯʥʘ ʥʝʩʪʘʙʽʣʴʥʽʩʪʴ ʪʘʢʦʞ ʻ ʚʘʞʣʠʚʠʤ 

ʬʘʢʪʦʨʦʤ ʜʣʷ ʙʝʟʧʝʯʥʦʾ ʩʬʝʨʠ ʧʦʣʽʪʠʢʠ, ʘʜʞʝ ʤʦʞʝ ʧʨʠʟʚʝʩʪʠ ʜʦ ʜʝʩʪʘʙʽʣʽʟʘʮʽʾ ʩʫʩʧʽʣʴʩʪʚʘ 

ʪʘ ʧʦʩʣʘʙʣʝʥʥʷ ʜʝʨʞʘʚʠ.  

ɿʨʦʩʪʘʥʥʷ ʢʽʣʴʢʦʩʪʽ ʢʽʙʝʨʘʪʘʢ ʪʘ ʜʝʟʽʥʬʦʨʤʘʮʽʾ ʧʽʜʢʨʝʩʣʶʻ ʚʘʞʣʠʚʽʩʪʴ ʽʥʬʦʨʤʘʮʽʡʥʦʾ 

ʙʝʟʧʝʢʠ. ɺʘʨʪʦ ʟʛʘʜʘʪʠ ʢʽʙʝʨʘʪʘʢʠ ʥʘ Solar Winds (2020), ʥʘ Microsoft Exchange (2021), ʥʘ 

Colonial Pipeline (2021), ʪʦʱʦ. ɿʣʦʚʞʠʚʘʥʥʷ ʪʝʭʥʦʣʦʛʽʷʤʠ ʤʦʞʝ ʚʧʣʠʥʫʪʠ ʥʘ ʨʝʟʫʣʴʪʘʪʠ 

ʚʠʙʦʨʽʚ, ʝʢʦʥʦʤʽʯʥʫ ʩʪʘʙʽʣʴʥʽʩʪʴ ʪʘ ʜʦʚʽʨʫ ʛʨʦʤʘʜʩʴʢʦʩʪʽ. ɼʣʷ ʘʥʘʣʽʟʫ ʧʨʦʙʣʝʤ 

ʽʥʬʦʨʤʘʮʽʡʥʦʾ   ʙʝʟʧʝʢʠ ʚʘʞʣʠʚʦ ʘʢʮʝʥʪʫʚʘʪʠ ʧʨʦʙʣʝʤʠ ʢʽʙʝʨʟʣʦʯʠʥʥʦʩʪʽ, ʩʝʨʝʜ ʷʢʠʭ 

ʢ̔ ʙʝʨʘʪʘʢʠ, ʢʨʘʜʽʞʢʠ ʜʘʥʠʭ, ʢʽʙʝʨʰʘʥʪʘʞ, ʟʘʭʠʩʪ ʦʩʦʙʠʩʪʦʾ ʽʥʬʦʨʤʘʮʽʾ. ʊʘʢʽ ʧʨʦʙʣʝʤʠ ʻ 

ʧʨʝʜʤʝʪʦʤ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ. ʇʨʦʪʝ, ʚ ʽʥʬʦʨʤʘʮʽʡʥʽʡ ʙʝʟʧʝʮʽ ʻ ʘʩʧʝʢʪʠ, ʷʢʽ ʤʘʶʪʴ 

ʩʦʮʽʘʣʴʥʦ-ʧʦʣʽʪʠʯʥʠʡ ʚʠʤʽʨ. ʎʽ ʘʩʧʝʢʪʠ ʩʪʦʩʫʶʪʴʩʷ ʜʝʟʽʥʬʦʨʤʘʮʽʾ (ʧʨʦʧʘʛʘʥʜʫ ʤʦʞʥʘ 

ʨʦʟʛʣʷʜʘʪʠ ʡ ʮʴʦʤʫ ʢʦʥʪʝʢʩʪʽ), ʬʝʡʢʦʚʽ ʥʦʚʠʥʠ, ʤʘʥʽʧʫʣʶʚʘʥʥʷ ʩʫʩʧʽʣʴʥʦʶ ʜʫʤʢʦʶ. 

ʇʦʻʜʥʘʥʥʷ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʪʘ ʩʦʮʽʘʣʴʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʤʦʞʫʪʴ ʤʘʪʠ ʤʽʩʮʝ ʚ ʦʢʨʝʤʠʭ ʚʠʧʘʜʢʘʭ, 

ʜʦ ʧʨʠʢʣʘʜʫ, ʮʝ ʤʦʞʣʠʚʽʩʪʴ ʚʪʨʫʯʘʥʥʷ ʫ ʚʠʙʦʨʠ, ʱʦ ʤʦʞʝ ʩʫʧʨʦʚʦʜʞʫʚʘʪʠʩʷ ʢ̔ ʙʝʨʘʪʘʢʘʤʠ, 

ʜʝʟʽʥʬʦʨʤʘʮʽʻʶ, ʚʠʢʦʨʠʩʪʘʥʥʷ ʙʦʪʽʚ ʪʦʱʦ. ɼʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʙʝʟʧʝʢʠ 

ʚʘʞʣʠʚʠʤ ʻ ʦʧʪʠʤʘʣʴʥʝ ʧʦʻʜʥʘʥʥʷ ʧʨʠʥʮʠʧʽʚ ʧʨʦʟʦʨʦʩʪʽ ʪʘ ʢʦʥʬʽʜʝʥʮʽʡʥʦʩʪʽ. ʅʘʜʤʽʨʥʘ 



176 

 

ʧʨʦʟʦʨʽʩʪʴ ʤʦʞʝ ʚʠʢʣʠʢʘʪʠ ʧʨʦʙʣʝʤʠ ʢʦʥʬʽʜʝʥʮʽʡʥʦʩʪʽ, ʘ ʚʽʜʩʫʪʥʽʩʪʴ ʜʦʩʪʘʪʥʴʦʾ ʧʨʦʟʦʨʦʩʪʽ 

ʤʦʞʝ ʧʦʨʦʜʞʫʚʘʪʠ ʥʝʜʦʚʽʨʫ. ɿʙʘʣʘʥʩʦʚʘʥʝ ʫʧʨʘʚʣʽʥʥʷ ʽʥʬʦʨʤʘʮʽʻʶ ʻ ʢʣʶʯʦʚʠʤ ʝʣʝʤʝʥʪʦʤ 

ʝʬʝʢʪʠʚʥʦʾ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʙʝʟʧʝʢʠ.  
ʋ ʨʘʟʽ ʥʝ ʚʠʷʚʣʝʥʥʷ ʘʙʦ ʥʝʥʘʣʝʞʥʦʾ ʦʮʽʥʢʠ ʜʝʩʪʘʙʽʣʽʟʫʶʯʠʭ ʬʘʢʪʦʨʽʚ ʧʦʣʽʪʠʯʥʦʾ ʪʘ 

ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʙʝʟʧʝʢʠ, ʤʦʞʫʪʴ ʤʘʪʠ ʤʽʩʮʝ ʜʝʩʪʘʙʽʣʽʟʘʮʽʷ ʩʫʩʧʽʣʴʩʪʚʘ (ʚʥʫʪʨʽʰʥʽ ʢʦʥʬʣʽʢʪʠ, 
ʝʢʦʥʦʤʽʯʥʽ ʢʨʠʟʠ, ʚʪʨʘʪʘ ʜʦʚʽʨʠ ʜʦ ʚʣʘʜʠ), ʧʦʨʫʰʝʥʥʷ ʧʨʘʚ ʣʶʜʠʥʠ (ʧʦʣʽʪʠʯʥʽ ʨʝʧʨʝʩʽʾ, 
ʮʝʥʟʫʨʘ, ʦʙʤʝʞʝʥʥʷ ʩʚʦʙʦʜʠ ʩʣʦʚʘ), ʝʢʦʥʦʤʽʯʥʽ ʟʙʠʪʢʠ (ʢʨʘʜʽʞʢʘ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʜʘʥʠʭ, 
ʧʝʨʝʙʦʾ ʚ ʨʦʙʦʪʽ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ, ʟʥʠʞʝʥʥʷ ʽʥʚʝʩʪʠʮʽʡ). ʌʦʨʤʫʚʘʥʥʷ ʧʦʣʽʪʠʯʥʦʾ ʪʘ 
ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʙʝʟʧʝʢʘ ʻ ʚʘʞʣʠʚʠʤ ʯʝʨʝʟ ʚʠʢʣʠʢʠ ʛʽʙʨʠʜʥʠʭ ʚʽʡʥ. ʉʧʦʣʫʯʝʥʥʷ ʚʽʡʩʴʢʦʚʠʭ, 
ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʪʘ ʝʢʦʥʦʤʽʯʥʠʭ ʟʘʩʦʙʽʚ ʜʣʷ ʜʦʩʷʛʥʝʥʥʷ ʧʦʣʽʪʠʯʥʠʭ ʮʽʣʝʡ ʩʪʘʻ ʜʝʜʘʣʽ ʙʽʣʴʰ 
ʨʦʟʧʦʚʩʶʜʞʝʥʠʤ ʷʚʠʱʝʤ. ɸʢʪʦʨʠ, ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʛʽʙʨʠʜʥʽ ʩʪʨʘʪʝʛʽʾ, ʤʦʞʫʪʴ ʚʧʣʠʚʘʪʠ 
ʥʘ ʧʦʣʽʪʠʯʥʠʡ ʧʨʦʮʝʩ, ʬʦʨʤʫʚʘʥʥʷ ʛʨʦʤʘʜʩʴʢʦʾ ʜʫʤʢʠ ʪʘ ʜʝʩʪʘʙʽʣʽʟʘʮʽʶ ʢʨʘʾʥʠ. 

 ɼʣʷ ʥʝʡʪʨʘʣʽʟʘʮʽʾ ʟʘʛʨʦʟ ʚʘʞʣʠʚʠʤ ʻ ʟʤʽʮʥʝʥʥʷ ʦʙʦʨʦʥʦʟʜʘʪʥʦʩʪʽ, ʱʦ ʧʝʨʝʜʙʘʯʘʻ 
ʨʦʟʚʠʪʦʢ ʟʙʨʦʡʥʠʭ ʩʠʣ, ʢʽʙʝʨʟʘʭʠʩʪ ʪʘ ʧʨʦʪʠʜʽʶ ʧʨʦʧʘʛʘʥʜʽ. ɸʢʪʫʘʣʽʟʫʻʪʴʩʷ ʡ ʪʘʢʠʡ ʘʩʧʝʢʪ 
ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʙʝʟʧʝʢʠ ʷʢ ʧʽʜʚʠʱʝʥʥʷ ʦʙʽʟʥʘʥʦʩʪʽ ʥʘʩʝʣʝʥʥʷ ʟ ʦʩʥʦʚʥʠʭ ʧʠʪʘʥʴ, ɦ ʦ ʦʭʦʧʣʶʻ 
ʦʩʚʽʪʫ ʥʘʩʝʣʝʥʥʷ, ʨʦʟʚʠʪʦʢ ʢʨʠʪʠʯʥʦʛʦ ʤʠʩʣʝʥʥʷ ʪʘ ʧʦʰʠʨʝʥʥʷ ʤʝʜʽʘʛʨʘʤʦʪʥʦʩʪʽ. ʇʨʦʙʣʝʤʠ 
ʧʦʣʽʪʠʯʥʦʾ ʪʘ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʙʝʟʧʝʢʠ ʥʝ ʦʙʤʝʞʫʶʪʴʩʷ ʣʦʢʘʣʴʥʠʤ ʚʠʤʽʨʦʤ. ʊʦʤʫ ʜʣʷ 
ʟʘʙʝʟʧʝʯʝʥʥʷ ʙʝʟʧʝʢʠ ʚʘʞʣʠʚʠʤ ʻ ʤʽʞʥʘʨʦʜʥʝ ʩʧʽʚʨʦʙʽʪʥʠʮʪʚʦ, ʱʦ ʧʝʨʝʜʙʘʯʘʻ ʦʙʤʽʥ 
ʽʥʬʦʨʤʘʮʽʻʶ, ʧʨʦʚʝʜʝʥʥʷ ʩʧʽʣʴʥʠʭ ʦʧʝʨʘʮʽʡ, ʢʦʦʨʜʠʥʘʮʽʷ ʟʫʩʠʣʴ ʧʦ ʟʘʙʝʟʧʝʯʝʥʥʶ ʙʝʟʧʝʢʠ. 

ɺʠʩʥʦʚʢʠ.  ʇʦʣʽʪʠʯʥʘ ʪʘ ʽʥʬʦʨʤʘʮʽʡʥʘ ʙʝʟʧʝʢʘ ʻ ʚʟʘʻʤʦʧʦʚ'ʷʟʘʥʠʤʠ ʧʨʦʙʣʝʤʘʤʠ, ʷʢʽ 
ʟʘʙʝʟʧʝʯʫʶʪʴ ʩʫʚʝʨʝʥʥʽʩʪʴ ʜʝʨʞʘʚʠ. ʇʦʣʽʪʠʯʥʘ ʪʘ ʽʥʬʦʨʤʘʮʽʡʥʘ ʙʝʟʧʝʢʘ ʻ ʧʨʽʦʨʠʪʝʪʥʠʤ 
ʥʘʧʨʷʤʦʤ ʜʝʨʞʘʚʦʪʚʦʨʝʥʥʷ. ɺʠʨʽʰʝʥʥʷ ʧʨʦʙʣʝʤ ʫ ʮʽʡ ʩʬʝʨʽ ʧʦʪʨʝʙʫʻ ʢʦʤʧʣʝʢʩʥʦʛʦ ʧʽʜʭʦʜʫ 
ʪʘ ʩʧʽʣʴʥʠʭ ʟʫʩʠʣ ɹʫʨʷʜʫ, ʛʨʦʤʘʜʷʥʩʴʢʦʛʦ ʩʫʩʧʽʣʴʩʪʚʘ, ʤʽʞʥʘʨʦʜʥʦʾ ʩʧʽʣʴʥʦʪʠ. 
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Abstract:  The methods and formulas of cognitive modelling in the field of cybersecurity in the world 

and Ukraine are considered in the thesis. Attention is drawn to the scientific understanding of the terms 

"cognitive modelling", "cyberspace and cybersecurity" by both domestic and foreign researchers. The main 

threats and practical solutions to the challenges we face in working with corporate and government networks 

in the field of cyber defence of Ukraine are considered. The focus is on scientific terms, opportunities and 

ways to protect the latest technologies, taking into account various risks and opportunities to circumvent 

protection in cyberspace of network systems. Taking into account the dynamic events and challenges 

associated with the Russian Federation's attack, it is necessary to look for new methods of protection in 

cyberspace and "Digital Systems of Ukraine" to ensure stable operation of the systems of state bodies and 

companies of Ukraine to the events of the new reality. The article analyses the main international regulations 

that have been adopted since 2014 and regulate the cybersecurity sector in our country.  
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ɺʩʪʫʧ. ʋ ʨʦʙʦʪʘʭ [2, 3] ʚʠʢʦʥʘʥʦ ʘʥʘʣʽʟ ʢʦʛʥʽʪʠʚʥʠʭ ʤʦʜʝʣʝʡ ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ 

ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʧʦʚʝʜʽʥʢʠ ʢʦʨʠʩʪʫʚʘʯʽʚ ʪʘ ʚʠʷʚʣʝʥʥʷ ʧʦʪʝʥʮʽʡʥʠʭ ʟʘʛʨʦʟ ʙʝʟʧʝʮʽ, ʱʦ 

ʜʦʟʚʦʣʷʻ ʝʬʝʢʪʠʚʥʽʰʝ ʧʨʦʪʠʩʪʦʷʪʠ ʢʽʙʝʨʘʪʘʢʘʤ ʭʘʢʝʨʽʚ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʪʘ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʦʜʝʣʝʡ ɹʘʡʻʩʘ ʪʘ ʄʘʨʢʦʚʘ, ʬʦʨʤʫʣʠ ʷʢʠʭ ʥʘʚʝʜʝʥʽ ʚ ʨʦʙʦʪʽ. ɼʦʩʣʽʜʞʝʥʥʷ 

ʧʦʢʘʟʘʣʠ, ʱʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʜʘʥʦʾ ʤʝʪʦʜʠʢʠ ʜʦʟʚʦʣʷʻ ʩʫʪʪʻʚʦ ʟʙʽʣʴʰʠʪʠ ʝʬʝʢʪʠʚʥʽʩʪʴ 

ʧʦʙʫʜʦʚʠ ʢʦʛʥʽʪʠʚʥʠʭ ʤʦʜʝʣʝʡ ʚ ʦʪʨʠʤʘʥʥʽ ʘʥʘʣʽʪʠʯʥʦʛʦ ʨʦʟʨʘʭʫʥʢʫ ʷʢʠʡ ʤʦʞʝ ʩʧʨʠʷʪʠ 

ʧʦʢʨʘʱʝʥʥʶ ʙʝʟʧʝʢʠ ʢʦʨʧʦʨʘʪʠʚʥʠʭ ʤʝʨʝʞ.  

ʄʝʪʘ ʨʦʙʦʪʠ ï ʥʘʫʢʦʚʝ ʜʦʩʣʽʜʞʝʥʥʷ ʢʦʤʧ'ʶʪʝʨʥʠʭ ʤʝʨʝʞ ʥʘ ʦʩʥʦʚʽ ʢʦʛʥʽʪʠʚʥʦʛʦ 

ʤʦʜʝʣʶʚʘʥʥʷ ʜʣʷ ʧʦʢʨʘʱʝʥʥʷ ʙʝʟʧʝʢʠ ʤʝʨʝʞ ʪʘ ʾʭ ʤʦʜʠʬʽʢʘʮʽʾ, ʱʦ ʤʦʞʝ ʜʦʟʚʦʣʠʪʠ 

ʚʠʷʚʣʷʪʠ ʥʦʚʽ ʟʘʛʨʦʟʠ ʪʘ ʧʦʢʨʘʱʫʚʘʪʠ ʟʘʭʠʩʪ ʤʝʨʝʞʽ ʚ ʨʝʞʠʤʽ ʨʝʘʣʴʥʦʛʦ ʯʘʩʫ ʜʣʷ 

ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʧʦʚʝʜʽʥʢʠ ʥʘ ʦʩʥʦʚʽ ʜʽʾ ʟʣʦʚʤʠʩʥʠʢʽʚ.  

ʆʩʥʦʚʥʘ ʯʘʩʪʠʥʘ. ʆʜʥʽʻʶ ʟ ʚʽʜʤʽʥʥʠʭ ʨʠʩ ʩʫʯʘʩʥʦʛʦ ʝʪʘʧʫ ʨʦʟʚʠʪʢʫ ʩʫʩʧʽʣʴʩʪʚʘ ʻ 

ʜʫʞʝ ʰʚʠʜʢʽ ʟʤʽʥʠ ʚ ʞʠʪʪʽ ʣʶʜʝʡ ʽ ʩʧʦʩʦʙʘʭ ʚʠʨʦʙʥʠʮʪʚʘ. ʉʫʯʘʩʥʽ ʢʦʤʧʘʥʽʾ ʪʘ ʦʨʛʘʥʽʟʘʮʽʾ 

ʘʜʘʧʪʫʶʪʴ ʩʚʦʶ ʩʪʨʘʪʝʛʽʶ, ʙʽʟʥʝʩ-ʤʦʜʝʣʽ, ʧʨʦʜʫʢʪʠ ʪʘ ʧʦʩʣʫʛʠ, ʘ ʪʘʢʦʞ ʙʽʟʥʝʩ-ʧʨʦʮʝʩʠ ʪʘ 

ʽʥʬʦʨʤʘʮʽʡʥʽ ʩʠʩʪʝʤʠ, ʱʦʙ ʧʽʜʚʠʱʠʪʠ ʨʽʚʝʥʴ ʾʭ ʮʠʬʨʦʚʽʟʘʮʽʾ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʽʥʪʝʣʝʢʪʫʘʣʴʥʠʭ ʩʝʨʚʽʩʽʚ ʪʘ ʧʨʦʜʫʢʪʽʚ ʟ ʮʠʬʨʦʚʠʤ ʚʜʦʩʢʦʥʘʣʝʥʥʷʤ. 

ɿʘʧʦʯʘʪʢʫʚʘʥʥʷ ʨʦʟʚʠʪʢʫ ʢʽʙʝʨʙʝʟʧʝʢʠ ʤʦʞʥʘ ʚʽʜʥʝʩʪʠ ʜʦ ʩʝʨʝʜʠʥʠ 20-ʛʦ ʩʪʦʣʽʪʪʷ, 

ʢʦʣʠ ʢʦʤʧ'ʶʪʝʨʥʽ ʩʠʩʪʝʤʠ ʧʦʯʘʣʠ ʰʠʨʦʢʦ ʟʘʩʪʦʩʦʚʫʚʘʪʠʩʷ ʫ ʨʽʟʥʠʭ ʛʘʣʫʟʷʭ, ʚʢʣʶʯʘʶʯʠ 

ʥʘʫʢʦʚʽ ʜʦʩʣʽʜʞʝʥʥʷ, ʙʘʥʢʽʚʩʴʢʫ ʩʧʨʘʚʫ, ʫʨʷʜʦʚʽ ʫʩʪʘʥʦʚʠ ʪʘ ʚʽʡʩʴʢʦʚʫ ʛʘʣʫʟʴ. ʇʝʨʰʽ 

ʚʠʧʘʜʢʠ ʢʦʤʧ'ʶʪʝʨʥʠʭ ʘʪʘʢ ʥʘ ʩʪʚʦʨʝʥʽ ʢʦʤʧ'ʶʪʝʨʥʽ ʩʠʩʪʝʤʠ ʩʪʘʣʠʩʷ ʱʝ ʚ 1970-ʭ ʨʦʢʘʭ, 

ʢʦʣʠ ʭʘʢʝʨʠ ʟʜʽʡʩʥʶʚʘʣʠ ʚʪʦʨʛʥʝʥʥʷ ʚ ʩʠʩʪʝʤʠ ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʥʝʟʘʢʦʥʥʦʛʦ ʜʦʩʪʫʧʫ ʜʦ 

ʽʥʬʦʨʤʘʮʽʾ. ʋ 1980-ʭ ʪʘ 1990-ʭ ʨʦʢʘʭ ʟʨʦʩʪʘʥʥʷ ʧʦʧʫʣʷʨʥʦʩʪʽ ʽʥʪʝʨʥʝʪʫ ʧʨʠʟʚʝʣʦ ʜʦ ʪʦʛʦ, 

ʱʦ ʢʽʙʝʨʟʣʦʯʠʥʥʽʩʪʴ ʩʪʘʣʘ ʙʽʣʴʰ ʧʦʰʠʨʝʥʦʶ ʪʘ ʩʢʣʘʜʥʽʰʦʶ. ʋ 2000-ʭ ʨʦʢʘʭ 

ʢʽʙʝʨʟʣʦʯʠʥʥʽʩʪʴ ʩʪʘʣʘ ʦʜʥʽʻʶ ʟ ʢʣʶʯʦʚʠʭ ʧʨʦʙʣʝʤ ʫ ʛʘʣʫʟʽ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʙʝʟʧʝʢʠ, ʱʦ 

ʧʨʠʟʚʝʣʦ ʜʦ ʟ'ʷʚʣʝʥʥʷ ʙʘʛʘʪʴʦʭ ʦʨʛʘʥʽʟʘʮʽʡ ʪʘ ʽʥʽʮʽʘʪʠʚ, ʩʧʨʷʤʦʚʘʥʠʭ ʥʘ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʙʝʟʧʝʢʠ ʢʦʤʧ'ʶʪʝʨʥʠʭ ʩʠʩʪʝʤ ʪʘ ʤʝʨʝʞ. ʆʜʥʽʻʶ ʟ ʪʘʢʠʭ ʦʨʛʘʥʽʟʘʮʽʡ ʻ ñʄʽʞʥʘʨʦʜʥʘ 

ʦʨʛʘʥʽʟʘʮʽʷ ʟ ʢʽʙʝʨʙʝʟʧʝʢʠò(International Cyber Security Protection Alliance), ʷʢʘ ʙʫʣʘ 

ʩʪʚʦʨʝʥʘ ʚ 2008 ʨʦʮʽ ʧʽʜ ʯʘʩ ʩʚʽʪʦʚʦʾ ʢʨʠʟʠ ʽ ʢʨʘʭʫ ʬʽʥʘʥʩʦʚʦʾ ʩʠʩʪʝʤʠ ʙʘʛʘʪʴʦʭ ʢʨʘʾʥ ʟ 

ʤʝʪʦʶ ʟʘʙʝʟʧʝʯʝʥʥʷ ʤʽʞʥʘʨʦʜʥʦʾ ʩʧʽʚʧʨʘʮʽ ʫ ʩʬʝʨʽ ʢʽʙʝʨʙʝʟʧʝʢʠ. ʉʴʦʛʦʜʥʽ ʨʦʟʚʠʪʦʢ 

ʢʽʙʝʨʙʝʟʧʝʢʠ ʻ ʦʜʥʽʻʶ ʟ ʥʘʡʙʽʣʴʰ ʘʢʪʫʘʣʴʥʠʭ ʪʘ ʩʢʣʘʜʥʠʭ ʧʨʦʙʣʝʤ ʚ ʽʥʬʦʨʤʘʮʽʡʥʽʡ ʙʝʟʧʝʮʽ, 

ʦʩʢʽʣʴʢʠ ʢʽʙʝʨʟʣʦʯʠʥʥʽʩʪʴ ʧʦʩʪʽʡʥʦ ʟʨʦʩʪʘʻ ʪʘ ʝʚʦʣʶʮʽʦʥʫʻ, ʪʦʤʫ ʥʝʦʙʭʽʜʥʦ ʧʦʩʪʽʡʥʦ 

ʚʜʦʩʢʦʥʘʣʶʚʘʪʠ ʤʝʪʦʜʠ ʟʘʭʠʩʪʫ ʚʽʜ ʢʽʙʝʨʘʪʘʢ. 
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ʅʘʧʨʠʢʣʘʜ, ʟʘ ʜʦʧʦʤʦʛʦʶ ʢʦʛʥʽʪʠʚʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ, ʷʢ ʢʦʨʠʩʪʫʚʘʯʽ 

ʚʟʘʻʤʦʜʽʶʪʴ ʟ ʩʠʩʪʝʤʦʶ ʪʘ ʷʢʽ ʜʽʾ ʻ ʥʝʟʚʠʯʥʠʤʠ. ʎʝ ʜʦʧʦʤʘʛʘʻ ʟʘʙʝʟʧʝʯʠʪʠ ʙʽʣʴʰ ʝʬʝʢʪʠʚʥʠʡ 

ʟʘʭʠʩʪ ʚʽʜ ʢʽʙʝʨʘʪʘʢ ʪʘ ʽʥʰʠʭ ʟʘʛʨʦʟ. ʂʦʛʥʽʪʠʚʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʚ ʩʠʩʪʝʤʘʭ ʢʽʙʝʨʙʝʟʧʝʢʠ 

ʚʠʢʦʨʠʩʪʦʚʫʻ ʨʽʟʥʦʤʘʥʽʪʥʽ ʤʘʪʝʤʘʪʠʯʥʽ ʤʦʜʝʣʽ ʪʘ ʤʝʪʦʜʠ. ʆʜʥʽʻʶ ʟ ʪʘʢʠʭ ʤʦʜʝʣʝʡ ʻ ʤʦʜʝʣʴ 

ɹʘʡʻʩʘ, ʷʢʘ ʜʦʟʚʦʣʷʻ ʚʨʘʭʦʚʫʚʘʪʠ ʽʤʦʚʽʨʥʽʩʪʴ ʚʠʥʠʢʥʝʥʥʷ ʧʝʚʥʠʭ ʧʦʜʽʡ.  

ʈʽʚʥʷʥʥʷ ɹʘʡʻʩʘ ʤʘʻ ʥʘʩʪʫʧʥʠʡ ʚʠʛʣʷʜ:  

P(A|B) = P(B|A) * P(A) / P(B), 

ʜʝ P(A|B) ï ʽʤʦʚʽʨʥʽʩʪʴ ʥʘʩʪʘʥʥʷ ʧʦʜʽʾ A ʧʨʠ ʚʽʜʦʤʦʩʪʽ ʧʨʦ ʧʦʜʽʶ B; 

P(B|A) ï ʫʤʦʚʥʘ ʽʤʦʚʽʨʥʽʩʪʴ ʥʘʩʪʘʥʥʷ ʧʦʜʽʾ B ʧʨʠ ʚʽʜʦʤʦʩʪʽ ʧʨʦ ʧʦʜʽʶ ɸ; 

P(A) ï ʘʧʨʽʦʨʥʘ ʽʤʦʚʽʨʥʽʩʪʴ ʥʘʩʪʘʥʥʷ ʧʦʜʽʾ ɸ; 

P(B) ï ʽʤʦʚʽʨʥʽʩʪʴ ʥʘʩʪʘʥʥʷ ʧʦʜʽʾ B. 

ʎʝ ʨʽʚʥʷʥʥʷ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʜʣʷ ʘʥʘʣʽʟʫ ʧʦʚʝʜʽʥʢʠ ʢʦʨʠʩʪʫʚʘʯʽʚ ʪʘ ʚʠʷʚʣʝʥʥʷ 

ʥʝʟʚʠʯʘʡʥʠʭ ʜʽʡ. ʅʘʧʨʠʢʣʘʜ, ʷʢʱʦ ʢʦʨʠʩʪʫʚʘʯ ʟʘʟʚʠʯʘʡ ʧʨʘʮʶʻ ʟ ʧʝʚʥʠʤʠ ʜʦʢʫʤʝʥʪʘʤʠ, ʪʦ 

ʤʦʞʥʘ ʚʚʘʞʘʪʠ, ʱʦ ʡʤʦʚʽʨʥʽʩʪʴ ʪʦʛʦ, ʱʦ ʚʽʥ ʚʽʜʢʨʠʻ ʜʦʢʫʤʝʥʪ, ʷʢʠʡ ʚʽʥ ʥʽʢʦʣʠ ʥʝ ʚʽʜʢʨʠʚʘʚ 

ʜʫʞʝ ʥʠʟʴʢʘ.  

ʗʢʱʦ ʞ ʪʘʢʘ ʜʽʷ ʚʽʜʙʫʣʘʩʷ ʪʦ ʮʝ ʤʦʞʝ ʙʫʪʠ ʦʟʥʘʢʦʶ ʥʝʟʚʠʯʥʦʾ ʧʦʚʝʜʽʥʢʠ ʢʦʨʠʩʪʫʚʘʯʘ 

ʽʥʰʦʶ ʤʦʜʝʣʣʶ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʚ ʢʦʛʥʽʪʠʚʥʦʤʫ ʤʦʜʝʣʶʚʘʥʥʽ, ʮʝ ʥʘʟʠʚʘʻʪʴʩʷ ï 

ʤʦʜʝʣʣʶ ʄʘʨʢʦʚʘ. ɺʦʥʘ ʙʘʟʫʻʪʴʩʷ ʥʘ ʢʦʥʮʝʧʮʽʾ ʤʘʨʢʦʚʩʴʢʠʭ ʧʨʦʮʝʩʽʚ, ʷʢʽ ʦʧʠʩʫʶʪʴ 

ʝʚʦʣʶʮʽʶ ʩʪʘʥʫ ʩʠʩʪʝʤʠ ʫ ʯʘʩʽ.  

ʄʦʜʝʣʴ ʄʘʨʢʦʚʘ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʘʥʘʣʽʟʫ ʧʦʩʣʽʜʦʚʥʦʩʪʽ ʧʦʜʽʡ ʪʘ ʧʨʦʛʥʦʟʫʚʘʥʥʷ 

ʤʘʡʙʫʪʥʽʭ ʧʦʜʽʡ. ʄʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ ʄʘʨʢʦʚʘ ʦʧʠʩʫʻʪʴʩʷ ʩʠʩʪʝʤʦʶ ʨʽʚʥʷʥʴ, ʷʢʘ ʚʢʣʶʯʘʻ 

ʤʘʪʨʠʮʶ ʧʝʨʝʭʦʜʽʚ ʤʽʞ ʩʪʘʥʘʤʠ ʪʘ ʚʝʢʪʦʨ ʧʦʯʘʪʢʦʚʠʭ ʽʤʦʚʽʨʥʦʩʪʝʡ. ʈʽʚʥʷʥʥʷ ʜʣʷ ʦʥʦʚʣʝʥʥʷ 

ʚʝʢʪʦʨʘ ʽʤʦʚʽʨʥʦʩʪʝʡ ʤʘʻ ʥʘʩʪʫʧʥʠʡ ʚʠʛʣʷʜ: 

ὴὸ ρ  ὃϽὴὸ, 

ʜʝ p(t) ï ʚʝʢʪʦʨ ʽʤʦʚʽʨʥʦʩʪʝʡ ʚ ʯʘʩʽ t; 

A ï ʤʘʪʨʠʮʷ ʧʝʨʝʭʦʜʽʚ ʤʽʞ ʩʪʘʥʘʤʠ.  

ʎʷ ʤʦʜʝʣʴ ʤʦʞʝ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʘ ʜʣʷ ʚʠʷʚʣʝʥʥʷ ʥʝʟʚʠʯʘʡʥʠʭ ʧʦʚʝʜʽʥʦʢ ʢʦʨʠʩʪʫʚʘʯʽʚ 

ʚ ʩʠʩʪʝʤʘʭ ʢʽʙʝʨʙʝʟʧʝʢʠ. ʅʘʧʨʠʢʣʘʜ, ʷʢʱʦ ʢʦʨʠʩʪʫʚʘʯ ʟʘʟʚʠʯʘʡ ʚʠʢʦʥʫʻ ʧʝʚʥʫ ʧʦʩʣʽʜʦʚʥʽʩʪʴ 

ʜʽʡ, ʪʦ ʤʦʜʝʣʴ ʄʘʨʢʦʚʘ ʤʦʞʝ ʧʨʦʛʥʦʟʫʚʘʪʠ ʥʘʩʪʫʧʥʫ ʜʽʶ ʢʦʨʠʩʪʫʚʘʯʘ ʥʘ ʦʩʥʦʚʽ ʧʦʧʝʨʝʜʥʽʭ 

ʜʽʡ. 

ʆʜʠʥ ʟ ʦʩʥʦʚʥʠʭ ʝʪʘʧʽʚ ʤʝʪʦʜʫ ï ʩʪʚʦʨʝʥʥʷ ʢʦʛʥʽʪʠʚʥʦʾ ʤʦʜʝʣʽ ʢʦʨʠʩʪʫʚʘʯʽʚ (ʟʦʙʨʘʞʝʥ ̔

ʥʘ ʨʠʩʫʥʢʫ 1). ʎʝ ʚʢʣʶʯʘʻ ʘʥʘʣʽʟ ʧʦʚʝʜʽʥʢʠ ʢʦʨʠʩʪʫʚʘʯʽʚ ʚ ʤʝʨʝʞʽ, ʾʭ ʟʚʠʯʦʢ ʪʘ ʪʠʧʦʚʠʭ 

ʨʝʘʢʮʽʡ ʥʘ ʧʝʚʥʽ ʩʠʪʫʘʮʽʾ. ʅʘ ʦʩʥʦʚʽ ʮʠʭ ʜʘʥʠʭ ʩʪʚʦʨʶʻʪʴʩʷ ʢʦʛʥʽʪʠʚʥʘ ʤʦʜʝʣʴ, ʷʢʘ ʜʦʟʚʦʣʷʻ 

ʧʝʨʝʜʙʘʯʘʪʠ ʧʦʚʝʜʽʥʢʫ ʢʦʨʠʩʪʫʚʘʯʽʚ ʚ ʨʽʟʥʠʭ ʩʮʝʥʘʨʽʷʭ. 

ʅʘʩʪʫʧʥʠʡ ʝʪʘʧ ï ʘʥʘʣʽʟ ʧʦʚʝʜʽʥʢʠ ʢʦʨʠʩʪʫʚʘʯʽʚ ʚ ʤʝʨʝʞʽ ʪʘ ʚʠʷʚʣʝʥʥʷ ʧʦʪʝʥʮʽʡʥʠʭ 

ʟʘʛʨʦʟ ʙʝʟʧʝʮʽ. ʂʦʛʥʽʪʠʚʥʽ ʤʦʜʝʣʽ ʜʦʟʚʦʣʷʶʪʴ ʚʠʷʚʣʷʪʠ ʧʽʜʦʟʨʽʣʫ ʘʢʪʠʚʥʽʩʪʴ ʪʘ ʥʝʟʚʠʯʥʽ 

ʟʚʠʯʢʠ ʢʦʨʠʩʪʫʚʘʯʽʚ, ʱʦ ʤʦʞʫʪʴ ʚʢʘʟʫʚʘʪʠ ʥʘ ʟʘʛʨʦʟʫ ʙʝʟʧʝʮʽ ʤʝʨʝʞʽ. ʅʘʧʨʠʢʣʘʜ, ʷʢʱʦ 

ʢʦʨʠʩʪʫʚʘʯ ʟʘʟʚʠʯʘʡ ʥʝ ʚʭʦʜʠʪʴ ʚ ʤʝʨʝʞʫ ʚ ʧʝʚʥʠʡ ʯʘʩ, ʘʣʝ ʟ'ʷʚʣʷʻʪʴʩʷ ʥʘ ʤʝʨʝʞʽ ʚ ʮʝʡ ʯʘʩ, 

ʮʝ ʤʦʞʝ ʙʫʪʠ ʧʽʜʦʟʨʽʣʦʶ ʘʢʪʠʚʥʽʩʪʶ. 

ɼʘʣʽ ʚʠʢʦʥʫʻʪʴʩʷ ʘʥʘʣʽʟ ʨʠʟʠʢʽʚ ʪʘ ʟʘʛʨʦʟ ʙʝʟʧʝʮʽ, ʱʦ ʜʦʟʚʦʣʷʻ ʚʠʟʥʘʯʠʪʠ, ʥʘʩʢʽʣʴʢʠ 

ʩʝʨʡʦʟʥʠʤʠ ʻ ʚʠʷʚʣʝʥʽ ʧʽʜʦʟʨʠ ʪʘ ʷʢʽ ʟʘʭʦʜʠ ʧʦʪʨʽʙʥʦ ʚʞʠʪʠ ʜʣʷ ʟʘʭʠʩʪʫ ʤʝʨʝʞʽ. ʅʘ ʦʩʥʦʚʽ 

ʮʠʭ ʜʘʥʠʭ ʤʦʞʫʪʴ ʙʫʪʠ ʟʘʧʨʦʧʦʥʦʚʘʥʽ ʨʽʟʥʽ ʨʽʰʝʥʥʷ, ʷʢʽ ʜʦʧʦʤʦʞʫʪʴ ʟʘʧʦʙʽʛʪʠ ʢʽʙʝʨʘʪʘʢʘʤ 

ʪʘ ʟʘʙʝʟʧʝʯʠʪʠ ʙʝʟʧʝʢʫ ʤʝʨʝʞʽ. ʆʜʥʘʢ, ʚʘʞʣʠʚʦ ʚʚʘʞʘʪʠ, ʱʦ ʤʝʪʦʜ ʦʮʽʥʢʠ ʟʘʭʠʱʝʥʦʩʪʽ 

ʢʦʤʧ'ʶʪʝʨʥʠʭ ʤʝʨʝʞ ʥʘ ʦʩʥʦʚʽ ʢʦʛʥʽʪʠʚʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʥʝ ʻ ʫʥʽʚʝʨʩʘʣʴʥʠʤ ʽʥʩʪʨʫʤʝʥʪʦʤ 

ʽ ʥʝ ʤʦʞʝ ʛʘʨʘʥʪʫʚʘʪʠ ʧʦʚʥʫ ʙʝʟʧʝʢʫ ʤʝʨʝʞʽ. ɺʽʥ ʤʦʞʝ ʚʠʷʚʣʷʪʠ ʣʠʰʝ ʪʽ ʟʘʛʨʦʟʠ, ʷʢʽ 

ʧʝʨʝʜʙʘʯʝʥʽ ʢʦʛʥʽʪʠʚʥʦʶ ʤʦʜʝʣʣʶ ʪʘ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʟʥʘʯʝʥʽ ʥʘ ʦʩʥʦʚʽ ʘʥʘʣʽʟʫ ʧʦʚʝʜʽʥʢʠ 

ʢʦʨʠʩʪʫʚʘʯʽʚ. ʂʨʽʤ ʪʦʛʦ ʤʝʪʦʜ ʤʦʞʝ ʚʠʷʚʣʷʪʠ ʪʽʣʴʢʠ ʪʽ ʟʘʛʨʦʟʠ, ʷʢʽ ʧʦʚ'ʷʟʘʥʽ ʟ ʧʦʚʝʜʽʥʢʦʶ 

ʢʦʨʠʩʪʫʚʘʯʽʚ, ʘʣʝ ʥʝ ʤʦʞʝ ʚʠʷʚʣʷʪʠ ʟʘʛʨʦʟʠ ʷʢʽ ʧʦʭʦʜʷʪʴ ʚʽʜ ʟʦʚʥʽʰʥʽʭ ʜʞʝʨʝʣ. 
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ʈʠʩ. 1. ʉʪʨʫʢʪʫʨʥʘ ʩʭʝʤʘ ʩʠʩʪʝʤʠ ʟʘʭʦʜʽʚ ʢʽʙʝʨʟʘʭʠʩʪʫ 

ɺʠʩʥʦʚʢʠ. ʆʪʞʝ ʚ ʨʝʟʫʣʴʪʘʪʽ ʥʘʚʝʜʝʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ, ʱʦ 

ʢʦʛʥʽʪʠʚʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʻ ʦʜʥʽʻʶ ʟ ʢʣʶʯʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ ʚ ʩʬʝʨʽ ʢʽʙʝʨʙʝʟʧʝʢʠ. ʈʦʟʨʦʙʢʘ 

ʥʦʚʠʭ ʤʦʜʝʣʝʡ ʥʘ ʦʩʥʦʚʽ ʢʦʛʥʽʪʠʚʥʦʾ ʧʩʠʭʦʣʦʛʽʾ ʪʘ ʥʝʡʨʦʥʘʫʢʠ ʤʦʞʝ ʜʦʧʦʤʦʛʪʠ ʟʘʙʝʟʧʝʯʠʪʠ 

ʙʽʣʴʰ ʝʬʝʢʪʠʚʥʠʡ ʟʘʭʠʩʪ ʚʽʜ ʢʽʙʝʨʘʪʘʢ ʪʘ ʟʤʝʥʰʠʪʠ ʚʧʣʠʚ ʨʠʟʠʢʽʚ ʥʘ ʙʽʟʥʝʩ-ʧʨʦʮʝʩʠ. ʄʦʞʥʘ 

ʟʘʟʥʘʯʠʪʠ, ʱʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʢʦʛʥʽʪʠʚʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʚ ʩʠʩʪʝʤʘʭ ʢʽʙʝʨʙʝʟʧʝʢʠ ʪʘʢʦʞ ʤʦʞʝ 

ʩʧʨʠʷʪʠ ʧʽʜʚʠʱʝʥʥʶ ʢʽʙʝʨʙʝʟʧʝʢʠ ʚ ʦʙʣʘʩʪʽ ʽʥʪʝʨʥʝʪ ʨʝʯʝʡ (Internet of Things).  
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ʏʝʨʢʘʩʴʢʠʡ ʜʝʨʞʘʚʥʠʡ ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ,  ʏʝʨʢʘʩʠ, ʋʢʨʘʾʥʘ 

 
ɸʥʦʪʘʮʽʷ. ʋ ʩʫʯʘʩʥʦʤʫ ʩʚʽʪʽ, ʜʝ ʽʥʬʦʨʤʘʮʽʷ ʩʪʘʻ ʚʩʝ ʙʽʣʴʰ ʮʽʥʥʠʤ ʨʝʩʫʨʩʦʤ, ʟʘʭʠʩʪ ʜʘʥʠʭ ʩʪʘʻ 

ʥʘʜʟʚʠʯʘʡʥʦ ʚʘʞʣʠʚʠʤ ʟʘʚʜʘʥʥʷʤ. ʆʜʠʥ ʟ ʩʧʦʩʦʙʽʚ ʟʘʭʠʩʪʫ ʽʥʬʦʨʤʘʮʽʾ - ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʢʨʠʧʪʦʛʨʘʬʽʯʥʠʭ ʧʨʦʪʦʢʦʣʽʚ. ʆʜʥʠʤ ʟ ʪʘʢʠʭ ʧʨʦʪʦʢʦʣʽʚ ʻ ʪʨʴʦʭʝʪʘʧʥʠʡ ʧʨʦʪʦʢʦʣ ʥʘ ʦʩʥʦʚʽ 

ʧʝʨʝʩʪʘʥʦʚʦʢ, ʷʢʠʡ ʜʦʟʚʦʣʷʻ ʧʝʨʝʜʘʚʘʪʠ ʜʘʥʽ ʤʽʞ ʩʪʦʨʦʥʘʤʠ ʙʝʟ ʦʙʤʽʥʫ ʢʣʶʯʘʤʠ ʧʝʨʝʜ ʧʦʯʘʪʢʦʤ 

ʩʝʘʥʩʫ ʟʚôʷʟʢʫ.  

ʋ ʨʦʙʦʪʽ ʚʠʢʦʥʘʥʦ ʜʦʩʣʽʜʞʝʥʥʷ ʙʝʟʧʝʢʠ ʪʨʴʦʭʝʪʘʧʥʦʛʦ ʧʨʦʪʦʢʦʣʫ ʥʘ ʦʩʥʦʚʽ ʧʝʨʝʩʪʘʥʦʚʦʢ ʪʘ 

ʧʦʨʽʚʥʷʥʦ ʡʦʛʦ ʟ ʽʥʰʠʤʠ ʢʨʠʧʪʦʛʨʘʬʽʯʥʠʤʠ ʧʨʦʪʦʢʦʣʘʤʠ. ɺʠʟʥʘʯʝʥʦ ʥʝʦʙʭʽʜʥʽ ʚʠʤʦʛʠ ʜʣʷ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʥʘʣʝʞʥʦʾ ʙʝʟʧʝʢʠ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʧʨʦʪʦʢʦʣʫ. ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʜʣʷ ʜʦʩʷʛʥʝʥʥʷ 

ʝʢʚʽʚʘʣʝʥʪʥʦʾ ʜʦʚʞʠʥʠ ʢʣʶʯʘ 1024 ʙʽʪ ʽʥʰʠʭ ʧʨʦʪʦʢʦʣʽʚ ʰʠʬʨʫʚʘʥʥʷ, ʜʦʚʞʠʥʘ ʢʣʶʯʦʚʦʾ 

ʧʝʨʝʩʪʘʥʦʚʢʠ ʧʦʚʠʥʥʘ ʩʢʣʘʜʘʪʠ ʥʝ ʤʝʥʰʝ ʥʽʞ ʟ 1941 ʝʣʝʤʝʥʪʽʚ, ʘ ʜʣʷ ʜʦʚʞʠʥʠ ʢʣʶʯʘ 2048 ʙʽʪ ï ʥʝ 

ʤʝʥʰʝ ʥʽʞ ʟ 3879 ʝʣʝʤʝʥʪʽʚ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʧʝʨʝʩʪʘʥʦʚʢʘ, ʢʣʶʯ, ʪʨʴʦʭʝʪʘʧʥʠʡ ʧʨʦʪʦʢʦʣ ʥʘ ʦʩʥʦʚʽ ʧʝʨʝʩʪʘʥʦʚʦʢ, ʟʘʭʠʩʪ 

ʽʥʬʦʨʤʘʮʽʾ, ʘʪʘʢʘ ʧʦʚʥʦʛʦ ʧʝʨʝʙʦʨʫ. 
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SECURITY OF A THREE -PASS PROTOCOL BASED ON PERMUTATIONS 

 

Lavdanskyi A., Faure E. 

Cherkasy State Technological University, Cherkasy, Ukraine 

 
Abstract. In today's world, where information is becoming an increasingly valuable resource, data 

protection becomes an extremely important task. One of the ways to protect information is the use of 

cryptographic protocols. One such protocol is a three-pass protocol based on permutations that allows data 

to be transferred between parties without exchanging keys before communication begins. In the work, a 

security study of the three-pass protocol based on permutations was performed and compared with other 

cryptographic protocols. The necessary requirements for ensuring proper security when using the protocol 

are defined. It is established that to achieve the equivalent key length of 1024 bits of other encryption 

protocols, the length of the key permutation should be minimum 1941 elements, and for a key length of 2048 

bits ï minimum 3879 elements. 

Keywords: permutation, key, three-pass protocol based on permutations, information protection, 

brute-force attack. 

 

ɺʩʪʫʧ. ɿʘʭʠʩʪ ʽʥʬʦʨʤʘʮʽʾ ʻ ʥʘʜʟʚʠʯʘʡʥʦ ʚʘʞʣʠʚʦʶ ʩʬʝʨʦʶ ʚ ʩʫʯʘʩʥʦʤʫ ʩʚʽʪʽ, ʜʝ 

ʪʝʭʥʦʣʦʛʽʾ ʟʘʡʤʘʶʪʴ ʚʩʝ ʙʽʣʴʰʫ ʯʘʩʪʠʥʫ ʥʘʰʦʛʦ ʧʦʚʩʷʢʜʝʥʥʦʛʦ ʞʠʪʪʷ. ɯʥʬʦʨʤʘʮʽʷ ʻ ʦʜʥʠʤ 

ʟ ʥʘʡʮʽʥʥʽʰʠʭ ʨʝʩʫʨʩʽʚ, ʽ ʚʦʥʘ ʧʦʪʨʝʙʫʻ ʘʜʝʢʚʘʪʥʦʛʦ ʟʘʭʠʩʪʫ ʚʽʜ ʥʝʙʘʞʘʥʦʛʦ ʜʦʩʪʫʧʫ ʪʘ 

ʟʣʦʚʤʠʩʥʠʭ ʜʽʡ. 

ɿʘʛʘʣʴʥʦʶ ʤʝʪʦʶ ʟʘʭʠʩʪʫ ʧʨʠ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ ʻ ʟʘʙʝʟʧʝʯʝʥʥʷ ʢʦʥʬʽʜʝʥʮʽʡʥʦʩʪʽ, 

ʮʽʣʽʩʥʦʩʪʽ ʪʘ ʜʦʩʪʫʧʥʦʩʪʽ ʜʘʥʠʭ ʧʽʜ ʯʘʩ ʾʭ ʧʝʨʝʤʽʱʝʥʥʷ ʢʘʥʘʣʘʤʠ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ. 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʥʘʜʽʡʥʠʭ ʤʝʪʦʜʽʚ ʟʘʭʠʩʪʫ ʤʦʞʝ ʜʦʧʦʤʦʛʪʠ ʫʥʠʢʥʫʪʠ ʥʝʙʘʞʘʥʠʭ ʽʥʮʠʜʝʥʪʽʚ ʟ 

ʜʘʥʠʤʠ ʪʘ ʟʙʝʨʝʛʪʠ ʾʭ ʚ ʮʽʣʽʩʥʦʤʫ ʪʘ ʢʦʥʬʽʜʝʥʮʽʡʥʦʤʫ ʩʪʘʥʽ. 

ʄʝʪʦʶ ʨʦʙʦʪʠ ʻ ʚʠʟʥʘʯʝʥʥʷ ʫʤʦʚ ʬʦʨʤʫʚʘʥʥʷ ʢʣʶʯʦʚʦʾ ʧʝʨʝʩʪʘʥʦʚʢʠ, ʱʦ ʟʘʙʝʟʧʝʯʠʪʴ 

ʜʦʩʪʘʪʥʽʡ ʨʽʚʝʥʴ ʟʘʭʠʱʝʥʦʩʪʽ ʪʨʴʦʭʝʪʘʧʥʦʛʦ ʧʨʦʪʦʢʦʣʫ ʥʘ ʦʩʥʦʚʽ ʧʝʨʝʩʪʘʥʦʚʦʢ ʜʦ ʘʪʘʢ 

ʧʦʚʥʦʛʦ ʧʝʨʝʙʦʨʫ. 

ʊʨʴʦʭʝʪʘʧʥʠʡ ʧʨʦʪʦʢʦʣ ʥʘ ʦʩʥʦʚʽ ʧʝʨʝʩʪʘʥʦʚʦʢ [1] ʜʦʟʚʦʣʷʻ ʚʠʢʦʥʘʪʠ ʧʝʨʝʜʘʯʫ 

ʽʥʬʦʨʤʘʮʽʾ ʤʽʞ ʟʘʮʽʢʘʚʣʝʥʠʤʠ ʩʪʦʨʦʥʘʤʠ ʙʝʟ ʥʝʦʙʭʽʜʥʦʩʪʽ ʦʙʤʽʥʫ ʢʣʶʯʦʚʠʤʠ 

ʧʦʩʣʽʜʦʚʥʦʩʪʷʤʠ ʧʝʨʝʜ ʧʦʯʘʪʢʦʤ ʩʝʘʥʩʫ ʟʚôʷʟʢʫ. 

ɼʣʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʙʫʜʴ ʷʢʦʛʦ ʢʨʠʧʪʦʛʨʘʬʽʯʥʦʛʦ ʧʨʦʪʦʢʦʣʫ ʥʝʦʙʭʽʜʥʦ ʧʨʦʚʝʩʪʠ 

ʚʩʝʙʽʯʥʝ ʡʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʥʘ ʚʨʘʟʣʠʚʦʩʪʽ ʪʘ ʩʣʘʙʢʽ ʩʪʦʨʦʥʠ. ɼʝʷʢʽ ʟ ʪʘʢʠʭ ʜʦʩʣʽʜʞʝʥʴ 

ʥʘʚʝʜʝʥʽ ʫ [2]. ʎʷ ʨʦʙʦʪʘ ʻ ʧʨʦʜʦʚʞʝʥʥʷʤ ʜʦʩʣʽʜʞʝʥʥʷ ʙʝʟʧʝʢʠ ʪʨʴʦʭʝʪʘʧʥʦʛʦ ʧʨʦʪʦʢʦʣʫ ʥʘ 

ʦʩʥʦʚʽ ʧʝʨʝʩʪʘʥʦʚʦʢ. 

ɺʘʞʣʠʚʦʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʶ ʧʨʦʪʦʢʦʣʫ ʰʠʬʨʫʚʘʥʥʷ ʻ ʜʦʚʞʠʥʘ ʡʦʛʦ ʢʣʶʯʘ. ʉʘʤʝ ʚʽʜ 

ʜʦʚʞʠʥʠ ʢʣʶʯʘ ʥʘʡʯʘʩʪʽʰʝ ʟʘʣʝʞʠʪʴ ʯʘʩ, ʷʢʠʡ ʥʝʦʙʭʽʜʥʦ ʟʘʪʨʘʪʠʪʠ ʜʣʷ ʟʣʦʤʫ ʧʨʦʪʦʢʦʣʫ 

ʰʠʬʨʫʚʘʥʥʷ ʤʝʪʦʜʦʤ ʛʨʫʙʦʾ ʩʠʣʠ (ʧʦʚʥʠʡ ʧʝʨʝʙʽʨ) [3]. ɼʣʷ ʪʨʴʦʭʝʪʘʧʥʦʛʦ ʧʨʦʪʦʢʦʣʫ ʥʘ 

ʦʩʥʦʚʽ ʧʝʨʝʩʪʘʥʦʚʦʢ ʢʣʶʯʝʤ ʻ ʚʣʘʩʥʝ ʧʝʨʝʩʪʘʥʦʚʢʘ. ʇʨʦʪʝ, ʾʾ ʜʦʚʞʠʥʫ ʥʝ ʤʦʞʥʘ ʥʘʧʨʷʤʫ 

ʧʦʨʽʚʥʶʚʘʪʠ ʟ ʘʥʘʣʦʛʽʯʥʦʶ ʜʦʚʞʠʥʦʶ ʚ ʙʽʪʘʭ ʽʥʰʠʭ ʧʨʦʪʦʢʦʣʽʚ ʰʠʬʨʫʚʘʥʥʷ, ʥʝʦʙʭʽʜʥʦ 

ʧʦʨʽʚʥʶʚʘʪʠ ʢʽʣʴʢʽʩʪʴ ʤʦʞʣʠʚʠʭ ʢʦʤʙʽʥʘʮʽʡ ʢʣʶʯʘ. ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʨʦʟʛʣʷʥʫʪʠʭ ʫ [2] ʘʪʘʢ, 

ʥʝʤʘʻ ʤʦʞʣʠʚʦʩʪʽ ʟʤʝʥʰʠʪʠ ʦʙʩʷʛ ʤʦʞʣʠʚʠʭ ʚʘʨʽʘʥʪʽʚ ʧʝʨʝʙʦʨʫ ʢʣʶʯʘ ʥʠʞʯʝ ʟʘ ʧʦʪʫʞʥʦʩʪʽ 

ʢʣʶʯʦʚʠʭ ʧʨʦʩʪʦʨʽʚ ʚʽʜʧʨʘʚʥʠʢ ʪʘ ʦʪʨʠʤʫʚʘʯʘ. ʇʦʪʫʞʥʽʩʪʴ ʢʣʶʯʦʚʦʛʦ ʧʨʦʩʪʦʨʫ 

ʚʽʜʧʨʘʚʥʠʢʘ ʜʦʨʽʚʥʶʻ ( )
()
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Ô , ʜʝ l  ï ʜʦʚʞʠʥʘ ʥʝʟʘʣʝʞʥʦʛʦ ʮʠʢʣʫ ia. 

ʇʦʪʫʞʥʽʩʪʴ ʢʣʶʯʦʚʦʛʦ ʧʨʦʩʪʦʨʫ ʦʪʨʠʤʫʚʘʯʘ ʜʦʨʽʚʥʶʻ ( )
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ʢʽʣʴʢʽʩʪʴ ʤʦʞʣʠʚʠʭ ʧʝʨʝʩʪʘʥʦʚʦʢ Bc . ʊʘʢʠʤ ʯʠʥʦʤ, ʧʦʪʫʞʥʽʩʪʴ ʢʣʶʯʦʚʦʛʦ ʧʨʦʩʪʦʨʫ ʜʣʷ 

ʪʨʴʦʭʝʪʘʧʥʦʛʦ ʧʨʦʪʦʢʦʣʫ ʜʦʨʽʚʥʶʻ  ( )
()

( )2

1

n

i B

i

l N

a

a c
=

ÖÔ . 



181 

 

ɼʣʷ ʟʜʽʡʩʥʝʥʥʷ ʘʪʘʢʠ ʧʦʚʥʦʛʦ ʧʝʨʝʙʦʨʫ (ʛʨʫʙʦʾ ʩʠʣʠ), ʢʨʠʧʪʦʘʥʘʣʽʪʠʢʫ ʥʝʦʙʭʽʜʥʦ 

ʧʝʨʝʙʨʘʪʠ ʚʩʽ ʤʦʞʣʠʚʽ ʢʣʶʯʽ, ʢʽʣʴʢʽʩʪʴ ʷʢʠʭ ʜʣʷ ʧʨʦʪʦʢʦʣʽʚ ʰʠʬʨʫʚʘʥʥʷ, ʷʢʽ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʜʚʽʡʢʦʚʝ ʟʥʘʯʝʥʥʷ ʚ ʷʢʦʩʪʽ ʢʣʶʯʘ, ʨʽʚʥʘ 2k
, ʜʝ k  ʻ ʜʦʚʞʠʥʦʶ ʢʣʶʯʘ. 

ɺʽʜʧʦʚʽʜʥʦ ʜʣʷ ʪʨʴʦʭʝʪʘʧʥʦʛʦ ʧʨʦʪʦʢʦʣʫ ʥʘ ʦʩʥʦʚʽ ʧʝʨʝʩʪʘʥʦʚʦʢ ʥʝʦʙʭʽʜʥʦ ʧʝʨʝʙʨʘʪʠ ʚʩʽ 

ʤʦʞʣʠʚʽ ʧʝʨʝʩʪʘʥʦʚʢʠ ʚʽʜʧʨʘʚʥʠʢʘ ʧʦʚʽʜʦʤʣʝʥʥʷ. 

ʋ ʨʦʙʦʪʽ ʚʠʟʥʘʯʝʥʦ ʝʢʚʽʚʘʣʝʥʪʥʫ ʜʦ ʽʥʰʠʭ ʪʨʴʦʭʝʪʘʧʥʠʭ ʧʨʦʪʦʢʦʣʽʚ ʰʠʬʨʫʚʘʥʥʷ 

ʧʦʪʫʞʥʽʩʪʴ ʢʣʶʯʦʚʦʛʦ ʧʨʦʩʪʦʨʫ ʚʽʜʧʨʘʚʥʠʢʘ ʜʣʷ ʪʨʴʦʭʝʪʘʧʥʦʛʦ ʧʨʦʪʦʢʦʣʫ ʥʘ ʦʩʥʦʚʽ 

ʧʝʨʝʩʪʘʥʦʚʦʢ. ɼʣʷ ʮʴʦʛʦ ʚʠʢʦʨʠʩʪʘʥʦ ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʽʥʰʽ ʪʨʴʦʭʝʪʘʧʥʽ ʧʨʦʪʦʢʦʣʠ 

(ʪʨʴʦʭʝʪʘʧʥʠʡ ʧʨʦʪʦʢʦʣ ʐʘʤʽʨʘ, ʢʨʠʧʪʦʩʠʩʪʝʤʘ ʄʝʩʩʽ-ʆʤʫʨʠ, ʇʨʦʪʦʢʦʣ ɼʽʬʬʽ ï ɻʝʣʣʤʘʥʘ), 

ʜʦʚʞʠʥʘ ʢʣʶʯʽʚ ʜʣʷ ʷʢʠʭ ʩʢʣʘʜʘʻ ʚʽʜ 1024 ʜʦ 2048 ʙʽʪ. 

ɼʦʩʣʽʜʞʝʥʥʷ ʧʦʢʘʟʫʶʪʴ, ʱʦ ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʝʢʚʽʚʘʣʝʥʪʥʦʾ ʜʦʚʞʠʥʠ ʢʣʶʯʘ 1024k=  ʙʽʪ 

ʜʦʚʞʠʥʘ ʢʣʶʯʦʚʦʾ ʧʝʨʝʩʪʘʥʦʚʢʠ ʧʦʚʠʥʥʘ ʩʢʣʘʜʘʪʠ ʤʽʥʽʤʫʤ 1941 ʝʣʝʤʝʥʪʽʚ ʜʣʷ ( ) 3l a = , ʘ 

ʜʣʷ ʜʦʚʞʠʥʠ ʢʣʶʯʘ 2048k=  ʙʽʪ ï ʤʽʥʽʤʫʤ 3879 ʝʣʝʤʝʥʪʽʚ. ʗʢʱʦ ʞ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ 

ʜʦʚʞʠʥʫ ʥʝʟʘʣʝʞʥʠʭ ʮʠʢʣʽʚ ʨʽʚʥʫ 4 (( ) 4l a = ), ʪʦ ʝʢʚʽʚʘʣʝʥʪʥʘ ʜʦʚʞʠʥʘ ʢʣʶʯʦʚʦʾ 

ʧʝʨʝʩʪʘʥʦʚʢʠ ʩʪʘʥʦʚʠʪʠʤʝ 2048 ʝʣʝʤʝʥʪʽʚ ʜʣʷ 1024k= , 4096 ʝʣʝʤʝʥʪʠ ʜʣʷ 2048k= . 

ɺʠʩʥʦʚʢʠ. ʋ ʨʦʙʦʪʽ ʚʠʟʥʘʯʝʥʦ ʚʠʤʦʛʠ, ʥʝʦʙʭʽʜʥʽ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʥʘʣʝʞʥʦʛʦ ʟʘʭʠʩʪʫ 

ʪʨʴʦʭʝʪʘʧʥʦʛʦ ʧʨʦʪʦʢʦʣʫ ʥʘ ʦʩʥʦʚʽ ʧʝʨʝʩʪʘʥʦʚʦʢ ʚʽʜ ʘʪʘʢ ʧʦʚʥʦʛʦ ʧʝʨʝʙʦʨʫ. ɼʣʷ ʜʦʩʷʛʥʝʥʥʷ 

ʦʜʥʘʢʦʚʦʾ ʧʦʪʫʞʥʦʩʪʽ ʢʣʶʯʦʚʦʛʦ ʧʨʦʩʪʦʨʫ ʟ ʽʥʰʠʤʠ ʧʨʦʪʦʢʦʣʘʤʠ ʰʠʬʨʫʚʘʥʥʷ, ʟʦʢʨʝʤʘ ʜʣʷ 

ʜʦʚʞʠʥʠ ʢʣʶʯʘ ʫ 1024 ʙʽʪ, ʜʦʚʞʠʥʘ ʢʣʶʯʦʚʦʾ ʧʝʨʝʩʪʘʥʦʚʢʠ ʧʦʚʠʥʥʘ ʚʽʜʧʦʚʽʜʘʪʠ 

ʚʩʪʘʥʦʚʣʝʥʽʡ ʩʪʨʫʢʪʫʨʽ ʪʘ ʙʫʪʠ ʥʝ ʤʝʥʰʦʶ ʟʘ 1941 ʝʣʝʤʝʥʪʽʚ. 
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ʏʝʨʢʘʩʴʢʠʡ ʜʝʨʞʘʚʥʠʡ ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ,  ʏʝʨʢʘʩʠ, ʋʢʨʘʾʥʘ 
 

ɸʥʦʪʘʮʽʷ. ɼʦʩʣʽʜʞʝʥʥʷ ʧʨʠʩʚʷʯʝʥʝ ʘʥʘʣʽʟʫ ʤʝʪʦʜʫ ʮʠʬʨʦʚʠʭ ʤʽʪʦʢ ʚ ʩʠʩʪʝʤʘʭ ʟʘʧʦʙʽʛʘʥʥʷ 

ʚʠʪʦʢʫ ʜʘʥʠʭ (DLP). ʆʩʥʦʚʥʦʶ ʤʝʪʦʶ ʨʦʙʦʪʠ ʻ ʚʠʚʯʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʪʘ ʤʦʞʣʠʚʦʩʪʝʡ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʮʴʦʛʦ ʤʝʪʦʜʫ ʫ ʢʦʥʪʝʢʩʪʽ ʟʘʭʠʩʪʫ ʢʦʥʬʽʜʝʥʮʽʡʥʦʾ ʽʥʬʦʨʤʘʮʽʾ. ʆʙôʻʢʪʦʤ ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʩʘʤ ʤʝʪʦʜ 

ʮʠʬʨʦʚʠʭ ʤʽʪʦʢ, ʘ ʧʨʝʜʤʝʪʦʤ - ʡʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚ ʩʠʩʪʝʤʘʭ DLP. ʋ ʧʨʦʮʝʩʽ ʜʦʩʣʽʜʞʝʥʥʷ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʷ ʷʢ ʪʝʦʨʝʪʠʯʥʽ, ʪʘʢ ʽ ʧʨʘʢʪʠʯʥʽ ʤʝʪʦʜʠ ʘʥʘʣʽʟʫ. ɹʫʣʠ ʧʨʦʘʥʘʣʽʟʦʚʘʥʽ ʥʘʫʢʦʚʽ 

ʧʫʙʣʽʢʘʮʽʾ, ʜʦʩʣʽʜʞʝʥʥʷ ʪʘ ʧʨʘʢʪʠʯʥʠʡ ʜʦʩʚʽʜ ʫ ʮʽʡ ʦʙʣʘʩʪʽ, ʱʦʙ ʚʠʟʥʘʯʠʪʠ ʧʝʨʝʚʘʛʠ ʪʘ ʦʙʤʝʞʝʥʥʷ 

ʤʝʪʦʜʫ ʮʠʬʨʦʚʠʭ ʤʽʪʦʢ ʫ ʩʠʩʪʝʤʘʭ DLP. ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʥʷ ʧʦʢʘʟʘʣʠ, ʱʦ ʤʝʪʦʜ ʮʠʬʨʦʚʠʭ ʤʽʪʦʢ 

ʚʠʷʚʣʷʻʪʴʩʷ ʝʬʝʢʪʠʚʥʠʤ ʽʥʩʪʨʫʤʝʥʪʦʤ ʜʣʷ ʚʠʷʚʣʝʥʥʷ, ʤʦʥʽʪʦʨʠʥʛʫ ʪʘ ʢʦʥʪʨʦʣʶ ʧʦʪʦʢʽʚ ʜʘʥʠʭ ʚ 

ʦʨʛʘʥʽʟʘʮʽʷʭ. ʆʜʥʘʢ, ʚʠʷʚʣʝʥʽ ʧʝʚʥʽ ʦʙʤʝʞʝʥʥʷ, ʪʘʢʽ ʷʢ ʩʢʣʘʜʥʽʩʪʴ ʚʧʨʦʚʘʜʞʝʥʥʷ ʪʘ ʽʩʥʫʚʘʥʥʷ 

ʦʙʭʽʜʥʠʭ ʰʣʷʭʽʚ ʟʘʭʠʩʪʫ. ʅʘ ʦʩʥʦʚʽ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʥʘʜʘʶʪʴʩʷ ʨʝʢʦʤʝʥʜʘʮʽʾ ʱʦʜʦ 

ʦʧʪʠʤʘʣʴʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʮʴʦʛʦ ʤʝʪʦʜʫ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʤʘʢʩʠʤʘʣʴʥʦʾ ʙʝʟʧʝʢʠ ʜʘʥʠʭ ʫ ʩʠʩʪʝʤʘʭ 

DLP. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: DLP, ʮʠʬʨʦʚʽ ʤʽʪʢʠ, ʙʝʟʧʝʢʘ ʜʘʥʠʭ, ʢʦʥʬʽʜʝʥʮʽʡʥʽʩʪʴ. 
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Abstract. The study is devoted to the analysis of the digital tagging method in Data Loss Prevention 

(DLP) systems. The main aim of the research is to examine the effectiveness and potential applications of 

this method in the context of protecting confidential information. The object of the study is the digital tagging 

method itself, while its application in DLP systems is the subject of investigation. The research utilized both 

theoretical and practical methods of analysis. Scientific publications, studies, and practical experience in this 

field were analyzed to determine the advantages and limitations of the digital tagging method in DLP 

systems. The findings of the study revealed that the digital tagging method proves to be an effective tool for 

detecting, monitoring, and controlling data flows within organizations. However, certain limitations were 

identified, such as implementation complexity and the possibility of bypassing protection measures. Based 

on the obtained results, recommendations are provided for the optimal use of this method to ensure maximum 

data security in DLP systems. 

Keywords: DLP, digital tags, data security, confidentiality. 

 

ɺʠʢʣʘʜ ʦʩʥʦʚʥʦʛʦ ʤʘʪʝʨʽʘʣʫ. ʋ ʩʫʯʘʩʥʦʤʫ ʮʠʬʨʦʚʦʤʫ ʩʚʽʪʽ ʙʝʟʧʝʢʘ ʜʘʥʠʭ ʻ ʦʜʥʽʻʶ ʟ 

ʥʘʡʙʽʣʴʰ ʘʢʪʫʘʣʴʥʠʭ ʧʨʦʙʣʝʤ. ɼʦʩʷʛʥʝʥʥʷ ʝʬʝʢʪʠʚʥʦʛʦ ʟʘʭʠʩʪʫ ʢʦʥʬʽʜʝʥʮʽʡʥʦʾ ʽʥʬʦʨʤʘʮʽʾ 

ʻ ʚʘʞʣʠʚʠʤ ʟʘʚʜʘʥʥʷʤ ʜʣʷ ʙʘʛʘʪʴʦʭ ʦʨʛʘʥʽʟʘʮʽʡ. ʆʜʥʠʤ ʟ ʤʝʪʦʜʽʚ ʟʘʭʠʩʪʫ ʜʘʥʠʭ ʻ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʮʠʬʨʦʚʠʭ ʤʽʪʦʢ ʚ DLP ʩʠʩʪʝʤʘʭ. ʋ ʜʘʥʽʡ ʨʦʙʦʪʽ ʧʨʦʚʦʜʠʪʴʩʷ ʘʥʘʣʽʟ ʤʝʪʦʜʫ 

ʮʠʬʨʦʚʠʭ ʤʽʪʦʢ ʚ ʢʦʥʪʝʢʩʪʽ ʾʭ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ DLP ʩʠʩʪʝʤʘʭ. ʅʘʰʦʶ ʟʘʜʘʯʝʶ ʻ ʘʥʘʣʽʟ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʤʝʪʦʜʫ ʮʠʬʨʦʚʠʭ ʤʽʪʦʢ, ʚʠʟʥʘʯʝʥʥʷ ʡʦʛʦ ʧʝʨʝʚʘʛ ʽ ʦʙʤʝʞʝʥʴ. 

ʄʝʪʘ ʨʦʙʦʪʠ ï ʚʠʷʚʣʝʥʥʷ ʧʦʪʝʥʮʽʡʥʠʭ ʧʝʨʝʚʘʛ ʪʘ ʦʙʤʝʞʝʥʴ ʤʝʪʦʜʫ ʮʠʬʨʦʚʠʭ ʤʽʪʦʢ ʫ 

DLP ʩʠʩʪʝʤʘʭ, ʘ ʪʘʢʦʞ ʥʘʜʘʥʥʷ ʨʝʢʦʤʝʥʜʘʮʽʡ ʟ ʾʭ ʚʧʨʦʚʘʜʞʝʥʥʷ. 

ɺ ʢʦʥʪʝʢʩʪʽ ʟʘʩʪʦʩʫʚʘʥʥʷ ʤʝʪʦʜʫ ʮʠʬʨʦʚʠʭ ʤʽʪʦʢ ʚ ʩʠʩʪʝʤʘʭ ʟʘʧʦʙʽʛʘʥʥʷ ʚʠʪʦʢʫ ʜʘʥʠʭ 

ʩʣʽʜ ʧʦʯʘʪʠ ʟ ʦʛʣʷʜʫ ʡʦʛʦ ʦʩʥʦʚʥʠʭ ʧʨʠʥʮʠʧʽʚ, ʜʦ ʷʢʠʭ ʚʽʜʥʦʩʷʪʴʩʷ: ʤʽʪʢʫʚʘʥʥʷ ʜʘʥʠʭ, 

ʢʣʘʩʠʬʽʢʘʮʽʷ ʜʘʥʠʭ, ʤʦʥʽʪʦʨʠʥʛ ʪʘ ʘʥʘʣʽʟ, ʢʝʨʫʚʘʥʥʷ ʜʦʩʪʫʧʦʤ, ʟʘʭʠʩʪ ʚʽʜ ʚʪʨʘʪʠ ʜʘʥʠʭ. ʎʽ 

ʧʨʠʥʮʠʧʠ ʬʦʨʤʫʶʪʴ ʦʩʥʦʚʫ ʜʣʷ ʝʬʝʢʪʠʚʥʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʮʴʦʛʦ ʤʝʪʦʜʫ ʫ DLP ʩʠʩʪʝʤʘʭ, 

ʟʘʙʝʟʧʝʯʫʶʯʠ ʟʘʭʠʩʪ ʢʦʥʬʽʜʝʥʮʽʡʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ʪʘ ʚʠʷʚʣʝʥʥʷ ʧʦʪʝʥʮʽʡʥʠʭ ʟʘʛʨʦʟ ʙʝʟʧʝʮʽ 

ʜʘʥʠʭ [1]. 

ʗʢ ʽ ʙʫʜʴ-ʷʢʽ ʽʥʰʽ ʤʝʪʦʜʠ ʚʠʷʚʣʝʥʥʷ ʢʦʥʬʽʜʝʥʮʽʡʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ʚ DLP ʩʠʩʪʝʤʘʭ, ʤʝʪʦʜ 

ʮʠʬʨʦʚʠʭ ʤʽʪʦʢ ʤʘʻ ʩʚʦʾ ʧʝʨʝʚʘʛʠ ʪʘ ʥʝʜʦʣʽʢʠ, ʚʨʘʭʦʚʫʶʯʠ ʷʢʽ ʤʦʞʥʘ ʟʘʙʝʟʧʝʯʠʪʠ 

ʝʬʝʢʪʠʚʥʠʡ ʪʘ ʛʥʫʯʢʠʡ ʟʘʭʠʩʪ ʯʫʪʣʠʚʦʾ ʽʥʬʦʨʤʘʮʽʾ. ɼʦ ʦʩʥʦʚʥʠʭ ʧʝʨʝʚʘʛ ʚʠʢʦʨʠʩʪʘʥʥʷ ʮʴʦʛʦ 

ʤʝʪʦʜʫ, ʷʢʽ ʩʧʨʠʷʶʪʴ ʧʽʜʚʠʱʝʥʥʶ ʙʝʟʧʝʢʠ ʜʘʥʠʭ ʩʣʽʜ ʚʽʜʥʝʩʪʠ ʝʬʝʢʪʠʚʥʝ ʚʠʷʚʣʝʥʥʷ 

ʯʫʪʣʠʚʦʾ ʽʥʬʦʨʤʘʮʽʾ, ʛʥʫʯʢʽʩʪʴ ʥʘʣʘʰʪʫʚʘʥʥʷ ʧʦʣʽʪʠʢ ʙʝʟʧʝʢʠ, ʘʚʪʦʤʘʪʠʟʘʮʽʷ ʧʨʦʮʝʩʽʚ 

ʟʘʭʠʩʪʫ ʜʘʥʠʭ ʪʘ ʟʤʝʥʰʝʥʥʷ ʨʠʟʠʢʫ ʚʠʪʦʢʫ ʽʥʬʦʨʤʘʮʽʾ [2]. ʆʜʥʘʢ ʽʩʥʫʶʪʴ ʧʝʚʥʽ ʦʙʤʝʞʝʥʥʷ 

ʪʘ ʩʢʣʘʜʥʦʩʪʽ ʫ ʚʧʨʦʚʘʜʞʝʥʥʽ ʤʝʪʦʜʫ ʮʠʬʨʦʚʠʭ ʤʽʪʦʢ, ʟʦʢʨʝʤʘ, ʩʢʣʘʜʥʽʩʪʴ ʪʦʯʥʦʾ 

ʢʣʘʩʠʬʽʢʘʮʽʾ ʜʘʥʠʭ, ʥʘʷʚʥʽʩʪʴ ʦʙʭʽʜʥʠʭ ʰʣʷʭʽʚ ʟʘʭʠʩʪʫ ʪʘ ʧʝʚʥʽ ʚʠʤʦʛʠ ʜʦ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ. 

ʋʨʘʭʫʚʘʥʥʷ ʮʠʭ ʦʙʤʝʞʝʥʴ ʜʦʟʚʦʣʠʪʴ ʦʨʛʘʥʽʟʘʮʽʷʤ ʝʬʝʢʪʠʚʥʦ ʧʣʘʥʫʚʘʪʠ ʪʘ ʨʝʘʣʽʟʦʚʫʚʘʪʠ 

ʩʪʨʘʪʝʛʽʾ ʟʘʭʠʩʪʫ ʜʘʥʠʭ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʝʪʦʜʫ ʮʠʬʨʦʚʠʭ ʤʽʪʦʢ, ʟʘʙʝʟʧʝʯʫʶʯʠ 

ʤʘʢʩʠʤʘʣʴʥʠʡ ʨʽʚʝʥʴ ʙʝʟʧʝʢʠ ʪʘ ʟʘʭʠʩʪʫ ʽʥʬʦʨʤʘʮʽʾ. 

ʑʦʜʦ ʧʨʘʢʪʠʯʥʠʭ ʘʩʧʝʢʪʽʚ ʚʧʨʦʚʘʜʞʝʥʥʷ ʤʝʪʦʜʫ ʮʠʬʨʦʚʠʭ ʤʽʪʦʢ, ʟʘʧʦʨʫʢʦʶ ʫʩʧʽʭʫ ʻ 

ʚʠʙʽʨ ʦʧʪʠʤʘʣʴʥʦʾ ʩʪʨʘʪʝʛʽʾ ʤʽʪʢʘʮʽʾ ʜʘʥʠʭ, ʚʠʙʽʨ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ DLP, ʧʨʦʮʝʩ 

ʥʘʚʯʘʥʥʷ ʪʘ ʧʽʜʛʦʪʦʚʢʠ ʧʝʨʩʦʥʘʣʫ. ʉʝʨʝʜ ʦʩʥʦʚʥʠʭ ʩʪʨʘʪʝʛʽʡ ʚʠʜʽʣʷʶʪʴ ʢʣʘʩʠʬʽʢʘʮʽʶ ʟʘ 

ʪʠʧʦʤ ʜʘʥʠʭ, ʢʣʘʩʠʬʽʢʘʮʽʶ ʟʘ ʨʽʚʥʝʤ ʢʦʥʬʽʜʝʥʮʽʡʥʦʩʪʽ, ʤʽʪʢʫʚʘʥʥʷ ʥʘ ʦʩʥʦʚʽ ʟʤʽʩʪʫ. ʑʦʜʦ 

ʚʠʙʦʨʫ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ DLP ʽʩʥʫʻ ʙʘʛʘʪʦ ʚʘʨʽʘʥʪʽʚ, ʥʘʡʚʽʜʦʤʽʰʽ ʟ ʷʢʠʭ Symantec 

Data Loss Prevention ʪʘ McAfee Total Protection for DLP. ʑʝ ʦʜʥʠʤ ʚʘʞʣʠʚʠʤ ʘʩʧʝʢʪʦʤ 

ʚʧʨʦʚʘʜʞʝʥʥʷ DLP ʩʠʩʪʝʤ ʻ ʧʨʦʮʝʩ ʥʘʚʯʘʥʥʷ ʪʘ ʧʽʜʛʦʪʦʚʢʘ ʧʝʨʩʦʥʘʣʫ, ʮʝ ʽ ʪʝʦʨʝʪʠʯʥʘ 

ʦʩʚʽʪʘ, ʧʨʘʢʪʠʯʥʽ ʥʘʚʠʯʢʠ, ʧʨʦʬʽʣʴʥʽ ʢʫʨʩʠ ʪʘ ʪʨʝʥʽʥʛʠ. ɺʠʙʽʨ ʦʧʪʠʤʘʣʴʥʦʾ ʩʪʨʘʪʝʛʽʾ, 

ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʪʘ ʜʦʪʨʠʤʘʥʥʷ ʧʝʚʥʠʭ ʧʨʘʚʠʣ ʜʣʷ ʧʽʜʛʦʪʦʚʢʠ ʧʝʨʩʦʥʘʣʫ 
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ʜʦʟʚʦʣʷʶʪʴ ʦʨʛʘʥʽʟʘʮʽʷʤ ʫʩʧʽʰʥʦ ʚʧʨʦʚʘʜʞʫʚʘʪʠ ʤʝʪʦʜ ʮʠʬʨʦʚʠʭ ʤʽʪʦʢ, ʟʘʙʝʟʧʝʯʫʶʯʠ 

ʝʬʝʢʪʠʚʥʠʡ ʟʘʭʠʩʪ ʢʦʥʬʽʜʝʥʮʽʡʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ʪʘ ʚʽʜʧʦʚʽʜʘʶʯʠ ʚʠʤʦʛʘʤ ʩʫʯʘʩʥʠʭ ʩʪʘʥʜʘʨʪʽʚ 

ʙʝʟʧʝʢʠ ʜʘʥʠʭ. ʅʘʨʘʟʽ ʚʽʜʦʤʦ ʧʨʦ ʫʩʧʽʰʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʝʪʦʜʫ ʮʠʬʨʦʚʠʭ ʤʽʪʦʢ ʫ ʨʽʟʥʠʭ 

ʩʝʢʪʦʨʘʭ, ʪʘʢʠʭ ʷʢ ʬʽʥʘʥʩʦʚʠʡ, ʤʝʜʠʯʥʠʡ ʪʘ ʪʝʭʥʦʣʦʛʽʯʥʠʡ. ʋ ʬʽʥʘʥʩʦʚʦʤʫ ʩʝʢʪʦʨʽ ʮʝʡ 

ʤʝʪʦʜ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʟʘʭʠʩʪʫ ʢʦʥʬʽʜʝʥʮʽʡʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ʢʣʽʻʥʪʽʚ, ʪʘʢʦʾ ʷʢ ʙʘʥʢʽʚʩʴʢʽ 

ʨʝʢʚʽʟʠʪʠ, ʬʽʥʘʥʩʦʚʽ ʟʚʽʪʠ ʪʘ ʦʩʦʙʠʩʪʽ ʜʘʥʽ. ʋ ʤʝʜʠʯʥʦʤʫ ʩʝʢʪʦʨʽ ʤʝʪʦʜ ʮʠʬʨʦʚʠʭ ʤʽʪʦʢ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʟʘʭʠʩʪʫ ʤʝʜʠʯʥʠʭ ʟʘʧʠʩʽʚ ʧʘʮʽʻʥʪʽʚ, ʷʢʽ ʤʽʩʪʷʪʴ ʢʦʥʬʽʜʝʥʮʽʡʥʫ 

ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʾʭʥʻ ʟʜʦʨʦʚ'ʷ ʪʘ ʦʩʦʙʠʩʪʽ ʜʘʥʽ. ʋ ʪʝʭʥʦʣʦʛʽʯʥʦʤʫ ʩʝʢʪʦʨʽ ʮʠʬʨʦʚʽ ʤʽʪʢʠ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʟʘʭʠʩʪʫ ʢʦʥʬʽʜʝʥʮʽʡʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʧʨʦʜʫʢʪʠ, ʧʘʪʝʥʪʠ, 

ʽʥʪʝʣʝʢʪʫʘʣʴʥʫ ʚʣʘʩʥʽʩʪʴ ʪʘ ʽʥʰʽ ʚʘʞʣʠʚʽ ʜʘʥʽ [3]. ʎʽ ʧʨʠʢʣʘʜʠ ʜʝʤʦʥʩʪʨʫʶʪʴ, ʷʢ ʤʝʪʦʜ 

ʮʠʬʨʦʚʠʭ ʤʽʪʦʢ ʫʩʧʽʰʥʦ ʚʧʨʦʚʘʜʞʫʻʪʴʩʷ ʚ ʨʽʟʥʠʭ ʩʝʢʪʦʨʘʭ ʜʣʷ ʟʘʭʠʩʪʫ ʢʦʥʬʽʜʝʥʮʽʡʥʦʾ 

ʽʥʬʦʨʤʘʮʽʾ ʪʘ ʟʘʙʝʟʧʝʯʝʥʥʷ ʜʦʪʨʠʤʘʥʥʷ ʨʝʛʫʣʷʪʦʨʥʠʭ ʚʠʤʦʛ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʮʴʦʛʦ ʤʝʪʦʜʫ 

ʜʦʧʦʤʘʛʘʻ ʟʤʝʥʰʠʪʠ ʨʠʟʠʢʠ ʚʠʪʦʢʫ ʜʘʥʠʭ ʪʘ ʧʦʢʨʘʱʠʪʠ ʟʘʛʘʣʴʥʠʡ ʨʽʚʝʥʴ ʙʝʟʧʝʢʠ ʚ 

ʦʨʛʘʥʽʟʘʮʽʷʭ. 

ɺʠʩʥʦʚʢʠ. ʅʘ ʦʩʥʦʚʽ ʧʨʦʚʝʜʝʥʦʛʦ ʘʥʘʣʽʟʫ ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ, ʱʦ ʤʝʪʦʜ 

ʮʠʬʨʦʚʠʭ ʤʽʪʦʢ ʻ ʝʬʝʢʪʠʚʥʠʤ ʟʘʩʦʙʦʤ ʢʦʥʪʨʦʣʶ ʪʘ ʟʘʭʠʩʪʫ ʢʦʥʬʽʜʝʥʮʽʡʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ʚ 

DLP ʩʠʩʪʝʤʘʭ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʮʴʦʛʦ ʤʝʪʦʜʫ ʜʦʟʚʦʣʷʻ ʦʨʛʘʥʽʟʘʮʽʷʤ ʢʣʘʩʠʬʽʢʫʚʘʪʠ ʜʘʥʽ, 

ʚʩʪʘʥʦʚʣʶʚʘʪʠ ʨʽʚʥʽ ʢʦʥʬʽʜʝʥʮʽʡʥʦʩʪʽ ʪʘ ʢʦʥʪʨʦʣʶʚʘʪʠ ʜʦʩʪʫʧ ʜʦ ʥʠʭ, ʱʦ ʩʧʨʠʷʻ 

ʟʤʝʥʰʝʥʥʶ ʨʠʟʠʢʽʚ ʚʠʪʦʢʫ ʜʘʥʠʭ ʪʘ ʟʘʙʝʟʧʝʯʫʻ ʚʽʜʧʦʚʽʜʥʽʩʪʴ ʨʝʛʫʣʷʪʦʨʥʠʤ ʚʠʤʦʛʘʤ ʱʦʜʦ 

ʟʘʭʠʩʪʫ ʽʥʬʦʨʤʘʮʽʾ. ʇʨʦʪʝ, ʜʣʷ ʧʦʜʘʣʴʰʦʛʦ ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʤʝʪʦʜʫ ʮʠʬʨʦʚʠʭ ʤʽʪʦʢ, ʤʦʞʥʘ 

ʨʦʟʛʣʷʥʫʪʠ ʥʘʩʪʫʧʥʽ ʰʣʷʭʠ: ʧʦʢʨʘʱʝʥʥʷ ʪʦʯʥʦʩʪʽ ʢʣʘʩʠʬʽʢʘʮʽʾ ʜʘʥʠʭ, ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʰʪʫʯʥʦʛʦ ʽʥʪʝʣʝʢʪʫ ʪʘ ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ, ʨʦʟʚʠʪʦʢ ʽʥʪʝʛʨʘʮʽʾ ʟ ʽʥʰʠʤʠ ʩʠʩʪʝʤʘʤʠ 

ʙʝʟʧʝʢʠ, ʨʦʟʨʦʙʢʘ ʽʥʪʝʨʘʢʪʠʚʥʠʭ ʽʥʪʝʨʬʝʡʩʽʚ ʢʦʨʠʩʪʫʚʘʯʘ. ʎʽ ʰʣʷʭʠ ʧʦʜʘʣʴʰʦʛʦ 

ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʤʦʞʫʪʴ ʧʦʢʨʘʱʠʪʠ ʝʬʝʢʪʠʚʥʽʩʪʴ ʪʘ ʫʥʽʚʝʨʩʘʣʴʥʽʩʪʴ, ʱʦ ʜʦʟʚʦʣʠʪʴ 

ʟʘʙʝʟʧʝʯʠʪʠ ʱʝ ʥʘʜʽʡʥʽʰʠʡ ʟʘʭʠʩʪ ʢʦʥʬʽʜʝʥʮʽʡʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ʚ ʦʨʛʘʥʽʟʘʮʽʷʭ. 
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ɸʥʦʪʘʮʽʷ. ʄʝʪʦʶ ʮʽʻʾ ʨʦʙʦʪʠ ʻ ʨʦʟʨʦʙʢʘ ʪʘ ʟʘʩʪʦʩʫʚʘʥʥʷ ʧʽʜʭʦʜʫ ʜʦ ʚʠʟʥʘʯʝʥʥʷ ʧʨʠʤʽʪʠʚʥʠʭ 

ʝʣʝʤʝʥʪʽʚ ʩʢʽʥʯʝʥʥʦʛʦ ʧʦʣʷ ʢʚʘʜʨʘʪʥʠʭ ʤʘʪʨʠʮʴ ʧʦʨʷʜʢʫ 2. ʆʙôʻʢʪʦʤ ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʧʨʦʮʝʩʠ 

ʬʦʨʤʫʚʘʥʥʷ ʩʢʽʥʯʝʥʥʠʭ ʧʦʣʽʚ ʢʚʘʜʨʘʪʥʠʭ ʤʘʪʨʠʮʴ ʽ ʾʭ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚ ʢʨʠʧʪʦʛʨʘʬʽʾ, ʟʦʢʨʝʤʘ 

ʘʩʠʤʝʪʨʠʯʥʽʡ. ʇʨʝʜʤʝʪʦʤ ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʩʢʽʥʯʝʥʥʽ ʧʦʣʷ ʢʚʘʜʨʘʪʥʠʭ ʤʘʪʨʠʮʴ ʧʦʨʷʜʢʫ 2 ʪʘ ʾʭ 

ʧʨʠʤʽʪʠʚʥʽ ʝʣʝʤʝʥʪʠ. ʇʨʘʮʷ ʜʘʻ ʚʽʜʧʦʚʽʜʴ ʥʘ ʧʠʪʘʥʥʷ ʧʨʦ ʤʝʪʦʜʠʢʫ ʟʥʘʭʦʜʞʝʥʥʷ ʽ ʢʽʣʴʢʽʩʪʴ 

ʧʨʠʤʽʪʠʚʥʠʭ ʝʣʝʤʝʥʪʽʚ ʧʦʣʷ ʤʘʪʨʠʮʴ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʤʘʪʨʠʮʷ, ʢʨʠʧʪʦʛʨʘʬʽʷ, ʧʦʣʝ ɻʘʣʫʘ, ʩʢʽʥʯʝʥʥʝ ʧʦʣʝ, ʧʨʠʤʽʪʠʚʥʠʡ ʝʣʝʤʝʥʪ. 
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PRIMITIVE ELEMENTS OF THE FINITE FIELD OF SQUARE MATRICES OF 

ORDER 2 FOR CRYPTOGRAPHIC APPLICATIONS  
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Abstract. The purpose of this paper is to develop and apply an approach to determining primitive 

elements of the finite field of square matrices of order 2. The object of research is the processes for generating 

finite fields of square matrices and their application in cryptography, in particular asymmetric. The subject 

of research is finite fields of square matrices of order 2 and their primitive elements. The paper gives an 

answer to the question about the method for finding primitive elements of the matrix field, as well as their 

number. 

Key words: matrix, cryptography, Galois field, finite field, primitive element. 

 

ɺʩʪʫʧ. ʂʦʤʫʪʘʪʠʚʥʽ ʦʧʝʨʘʮʽʾ ʚ ʩʢʽʥʯʝʥʥʠʭ ʧʦʣʷʭ ʚʽʜʽʛʨʘʶʪʴ ʙʘʟʦʚʫ ʨʦʣʴ ʫ ʘʣʛʦʨʠʪʤʘʭ 

ʢʨʠʧʪʦʛʨʘʬʽʯʥʦʛʦ ʧʝʨʝʪʚʦʨʝʥʥʷ ʽʥʬʦʨʤʘʮʽʾ, ʰʠʨʦʢʦ ʟʘʩʪʦʩʦʚʫʚʘʥʠʭ ʫ ʩʫʯʘʩʥʠʭ 

ʽʥʬʦʨʤʘʮʽʡʥʦ-ʢʦʤʫʥʽʢʘʮʽʡʥʠʭ ʩʠʩʪʝʤʘʭ, smart ʪʝʭʥʦʣʦʛʽʷʭ, ʽʥʪʝʨʥʝʪʽ ʨʝʯʝʡ. ɿʦʢʨʝʤʘ, 

ʢʦʤʫʪʘʪʠʚʥʽ ʢʨʠʧʪʦʛʨʘʬʽʯʥʽ ʧʝʨʝʪʚʦʨʝʥʥʷ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʧʨʦʮʝʜʫʨʠ ʫʟʛʦʜʞʝʥʥʷ ʢʣʶʯʽʚ, 

ʘʩʠʤʝʪʨʠʯʥʝ ʰʠʬʨʫʚʘʥʥʷ, ʪʨʴʦʭʝʪʘʧʥʽ ʢʨʠʧʪʦʛʨʘʬʽʯʥʽ ʧʨʦʪʦʢʦʣʠ. 

ʆʜʥʠʤʠ ʟ ʢʣʘʩʠʯʥʠʭ ʢʨʠʧʪʦʛʨʘʬʽʯʥʠʭ ʩʭʝʤ, ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʢʦʤʫʪʘʪʠʚʥʝ 

ʧʝʨʝʪʚʦʨʝʥʥʷ ʧʽʜʥʝʩʝʥʥʷ ʜʦ ʩʪʝʧʝʥʷ ʚ ʤʦʜʫʣʴʥʽʡ ʘʨʠʬʤʝʪʠʮʽ (ʩʢʽʥʯʝʥʥʦʤʫ ʧʦʣʽ ʣʠʰʢʽʚ ʟʘ 

ʤʦʜʫʣʝʤ p), ʻ ʧʨʦʪʦʢʦʣ ʫʟʛʦʜʞʝʥʥʷ ʢʣʶʯʘ ɼʽʬʬʽ-ʍʝʣʣʤʘʥʘ [1], RSA [2], ʢʨʠʧʪʦʩʠʩʪʝʤʘ 

ʄʝʩʩʽ-ʆʤʫʨʠ [3]. 

ɸʢʪʫʘʣʴʥʽʩʪʴ ʜʦʩʣʽʜʞʝʥʴ ʟ ʧʦʰʫʢʫ ʢʦʤʫʪʘʪʠʚʥʠʭ ʢʨʠʧʪʦʛʨʘʬʽʯʥʠʭ ʧʝʨʝʪʚʦʨʝʥʴ 

ʟʙʝʨʽʛʘʻʪʴʩʷ ʡ ʩʴʦʛʦʜʥʽ. ɸʣʛʦʨʠʪʤʠ, ʩʪʽʡʢʽʩʪʴ ʷʢʠʭ ʙʘʟʫʻʪʴʩʷ ʥʘ ʦʙʯʠʩʣʶʚʘʣʴʥʽʡ ʩʢʣʘʜʥʦʩʪʽ 

ʧʨʦʮʝʜʫʨ ʬʘʢʪʦʨʠʟʘʮʽʾ ʪʘ ʜʠʩʢʨʝʪʥʦʛʦ ʣʦʛʘʨʠʬʤʫʚʘʥʥʷ, ʥʝ ʟʘʭʠʱʝʥʽ ʚʽʜ ʘʪʘʢ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʢʚʘʥʪʦʚʠʭ ʢʦʤʧôʶʪʝʨʽʚ ʽ ʤʦʞʫʪʴ ʙʫʪʠ ʟʣʘʤʘʥʽ ʟʘ ʧʦʣʽʥʦʤʽʘʣʴʥʠʡ ʯʘʩ [4]. 

ʇʨʘʮʶ [5] ʩʧʨʷʤʦʚʘʥʦ ʥʘ ʚʠʷʚʣʝʥʥʷ ʪʘ ʜʦʩʣʽʜʞʝʥʥʷ ʩʽʤʝʡʩʪʚ ʢʚʘʜʨʘʪʥʠʭ ʤʘʪʨʠʮʴ ʟ 

ʢʦʤʫʪʘʪʠʚʥʦʶ ʦʧʝʨʘʮʽʻʶ ʤʥʦʞʝʥʥʷ. ʄʘʪʨʠʮʽ ʦʙʤʝʞʝʥʦ ʨʦʟʤʽʨʥʽʩʪʶ 2 2³ , ʘ ʾʭ ʝʣʝʤʝʥʪʠ 

ʥʘʣʝʞʘʪʴ ʧʨʦʩʪʦʤʫ ʧʦʣʶ ʣʠʰʢʽʚ. 

ʇʦʢʘʟʘʥʦ, ʱʦ ʢʦʤʫʪʘʪʠʚʥʦʶ (ʘʙʝʣʝʚʦʶ) ʛʨʫʧʦʶ ʟʘ ʤʥʦʞʝʥʥʷʤ ʻ ʩʽʤʝʡʩʪʚʦ ʤʘʪʨʠʮʴ 

( ) ( ),

1 1 0
2, , , , , , , , , 0, 0

0 1
b k p p

a
CGL t s t s a b k t s a a k b

b a k

ë ûå õ å õ
Z = Ö Ö ÍZ ¸ + - ¸ì üæ ö æ ö

+ç ÷ ç ÷í ý

, 

ʜʝ ,b k  ï ʬʽʢʩʦʚʘʥʽ ʧʘʨʘʤʝʪʨʠ ʛʨʫʧʠ; 

pZ  ï ʧʨʦʩʪʝ ʧʦʣʝ ʣʠʰʢʽʚ ʟʘ ʤʦʜʫʣʝʤ p . 

ʂʨʽʤ ʪʦʛʦ, ʧʦʨʷʜʦʢ ʛʨʫʧʠ ( ), 2,b k pCGL Z  ʜʣʷ 
2 24 pD k b u= + ¸ ÍZ ʜʦʦʨʽʚʥʶʻ 2 1p - . 

ʇʨʘʮʷ [6] ʧʦʢʘʟʫʻ, ʱʦ ʧʨʦʩʪʝ ʘʣʛʝʙʨʘʾʯʥʝ ʨʦʟʰʠʨʝʥʥʷ ʩʪʝʧʝʥʷ 2 ʧʦʣʷ pZ  

2 pp
F Dè ø=Z

ê ú
 ʻ ʧʦʣʝʤ ʨʦʟʢʣʘʜʘʥʥʷ ʜʣʷ ʭʘʨʘʢʪʝʨʠʩʪʠʯʥʠʭ ʧʦʣʽʥʦʤʽʚ ʤʘʪʨʠʮʴ ʽʟ ʛʨʫʧʠ 

( ), 2,b k pCGL Z . ɺʣʘʩʥʽ ʟʥʘʯʝʥʥʷ ʤʘʪʨʠʮʽ 
1a

tA t
b a k

å õ
= Öæ ö

+ç ÷
 ʥʘʜ ʧʦʣʝʤ 

2 pp
F Dè ø=Z

ê ú
 

ʜʦʨʽʚʥʶʶʪʴ ( ) ( )1,2 , 2
2

t
a t a k Dl = + ° , 0t¸ . 

ʂʦʤʫʪʘʪʠʚʥʝ ʞ ʩʽʤʝʡʩʪʚʦ ʤʘʪʨʠʮʴ ( ), 2,b k pCGL Z  ʥʘʜ ʧʦʣʝʤ 
2 pp

F Dè ø=Z
ê ú

 ʦʜʥʦʯʘʩʥʦ 

ʜʽʘʛʦʥʘʣʽʟʦʚʘʥʝ, ʪʦʙʪʦ ʽʩʥʫʻ ʤʘʪʨʠʮʷ 
1 1

2 2

C k D k D

å õ
æ ö= + -æ ö
æ ö
ç ÷

 ʟ ʝʣʝʤʝʥʪʘʤʠ ʟ 2p
F , ʪʘʢʘ, ʱʦ ʜʣʷ 



185 

 

ʢʦʞʥʦʾ ʤʘʪʨʠʮʽ ( ), 2,b k pA CGLÍ Z  ʜʦʙʫʪʦʢ 1C A C-Ö Ö ʻ ʜʽʘʛʦʥʘʣʴʥʦʶ ʤʘʪʨʠʮʝʶ: 

( )

( )
11

2

, 0

0 ,

a t
C A C

a t

l

l
-

å õ
Ö Ö =æ ö

ç ÷

 [6]. 

ʉʽʤʝʡʩʪʚʦ ʤʘʪʨʠʮʴ 
2 2,

, , , , ,1 1 0
, ,

40 1

p

b k

p

t s a b ka
F t s

D k b ub a k

ÍZë ûå õ å õ
= Ö Öì üæ ö æ ö= + ¸ ÍZ+ç ÷ ç ÷í ý

, ʜʝ p  ï 

ʧʨʦʩʪʝ, b , k  ï ʬʽʢʩʦʚʘʥʽ ʚ pZ, ʫʪʚʦʨʶʻ ʧʦʣʝ ɻʘʣʫʘ ʧʦʨʷʜʢʫ 
2p  ʟʽ ʟʚʠʯʘʡʥʠʤʠ ʦʧʝʨʘʮʽʷʤʠ 

ʤʥʦʞʝʥʥʷ ʪʘ ʜʦʜʘʚʘʥʥʷ ʤʘʪʨʠʮʴ. 

ʄʝʪʦʶ ʮʽʻʾ ʨʦʙʦʪʠ ʻ ʨʦʟʨʦʙʢʘ ʪʘ ʟʘʩʪʦʩʫʚʘʥʥʷ ʧʽʜʭʦʜʫ ʜʦ ʚʠʟʥʘʯʝʥʥʷ ʧʨʠʤʽʪʠʚʥʠʭ 

ʤʘʪʨʠʮʴ 
1a

t A t
b a k

å õ
Ö = Öæ ö

+ç ÷
 ʩʢʽʥʯʝʥʥʦʛʦ ʧʦʣʷ ,b kF . 

ʌʦʨʤʫʣʶʚʘʥʥʷ ʟʘʜʘʯʽ. ɿʥʘʭʦʜʞʝʥʥʷ ʧʨʠʤʽʪʠʚʥʠʭ ʤʘʪʨʠʮʴ ʧʦʣʷ ɻʘʣʫʘ ,b kF  ʻ 

ʥʝʚʽʜôʻʤʥʠʤ ʢʦʤʧʦʥʝʥʪʦʤ ʜʣʷ ʡʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ ʟʘʜʘʯʘʭ ʢʨʠʧʪʦʛʨʘʬʽʯʥʠʭ ʧʝʨʝʪʚʦʨʝʥʴ, 

ʟʦʢʨʝʤʘ ʧʨʦʪʦʢʦʣʽ ʫʟʛʦʜʞʝʥʥʷ ʢʣʶʯʘ ɼʽʬʬʽ-ʍʝʣʣʤʘʥʘ.  

ɺʠʨʽʰʝʥʥʷ ʟʘʜʘʯʽ.  

ɼʣʷ ʚʠʨʽʰʝʥʥʷ ʧʦʩʪʘʚʣʝʥʦʾ ʟʘʜʘʯʽ ʩʬʦʨʤʫʣʴʦʚʘʥʦ ʡ ʜʦʚʝʜʝʥʦ ʥʘʩʪʫʧʥʽ ʪʚʝʨʜʞʝʥʥʷ. 

ʊʚʝʨʜʞʝʥʥʷ 1. ʄʘʪʨʠʮʷ ,

1
b k

a
t A t F

b a k

å õ
Ö = Ö Íæ ö

+ç ÷
 ʻ ʧʨʠʤʽʪʠʚʥʦʶ ʡ ʤʘʻ ʧʦʨʷʜʦʢ 2 1p -  

ʪʦʜʽ ʽ ʪʽʣʴʢʠ ʪʦʜʽ, ʢʦʣʠ: 

1) ʜʦʚʞʠʥʘ l  ʧʦʩʣʽʜʦʚʥʦʩʪʽ 2, , , lA A A Ed= Ö ʩʪʝʧʝʥʽʚ ʤʘʪʨʠʮʽ ,b kA FÍ  ʜʦʨʽʚʥʶʻ 

1l p= +. ɿʘʫʚʘʞʠʤʦ, ʱʦ ʜʣʷ n l< : nA s E¸ Ö, ʜʝ , psd ÍZ, E  ï ʦʜʠʥʠʯʥʘ 

ʤʘʪʨʠʮʷ; 

2) ʚʠʟʥʘʯʥʠʢ ʤʘʪʨʠʮʽ ()det A  ʪʘʢʠʡ, ʱʦ ()2 dett AÖ  ʻ ʧʨʠʤʽʪʠʚʥʠʤ ʝʣʝʤʝʥʪʦʤ 

ʤʫʣʴʪʠʧʣʽʢʘʪʠʚʥʦʾ ʛʨʫʧʠ ʧʦʣʷ ɻʘʣʫʘ pZ . 

ʊʚʝʨʜʞʝʥʥʷ 2. ɯʩʥʫʻ ʨʽʚʥʦ ( )1pj +  ʨʽʟʥʠʭ ʤʘʪʨʠʮʴ 
,

1j

j b k

j

a
A F

b a k

å õ
= Íæ ö

+ç ÷

 ʫ pZ , 3p²

, ʟ 1l p= + ʽ ( ) 2det j pA u̧ ÍZ, ʱʦ ʚʠʟʥʘʯʘʶʪʴ ʫʩʽ ( )2 1pj -  ʧʨʠʤʽʪʠʚʥʽ ʤʘʪʨʠʮʽ ,b kF  ʫ pZ . 

ɺʠʩʥʦʚʦʢ. ɺʠʢʦʥʘʥʝ ʜʦʩʣʽʜʞʝʥʥʷ ʜʦʟʚʦʣʠʣʦ ʫʟʘʛʘʣʴʥʠʪʠ ʧʦʧʝʨʝʜʥʽ ʨʝʟʫʣʴʪʘʪʠ ʧʨʘʮʴ 

ʟʽ ʩʪʚʦʨʝʥʥʷ ʩʢʽʥʯʝʥʥʠʭ ʧʦʣʽʚ ʢʚʘʜʨʘʪʥʠʭ ʤʘʪʨʠʮʴ ʧʦʨʷʜʢʫ 2. ɺʠʟʥʘʯʝʥʽ ʚʣʘʩʪʠʚʦʩʪʽ 

ʧʨʠʤʽʪʠʚʥʠʭ ʝʣʝʤʝʥʪʽʚ ʮʠʭ ʩʢʽʥʯʝʥʥʠʭ ʧʦʣʽʚ ʽ ʧʽʜʭʽʜ ʜʦ ʾʭ ʟʥʘʭʦʜʞʝʥʥʷ ʜʦʟʚʦʣʠʚ 

ʟʘʙʝʟʧʝʯʠʪʠ ʤʦʞʣʠʚʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʦʣʽʚ ʢʚʘʜʨʘʪʥʠʭ ʤʘʪʨʠʮʴ ʧʦʨʷʜʢʫ 2 ʚ 

ʢʨʠʧʪʦʛʨʘʬʽʯʥʠʭ ʟʘʩʪʦʩʫʚʘʥʥʷʭ. 
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ɿɸʍʀʉʊ ɯʅʌʆʈʄɸʎɯɰ ʊɸ ɻɸʈɸʅʊʆɿɼɸʊʅɯʉʊʔ ʂʆʄʋʅɯʂɸʎɯʁʅʆɻʆ 

ʂʃɸʉʊɽʈʋ ɺ ʇʈʆʄʀʉʃʆɺʆʄʋ ɯʅʊɽʈʅɽʊɯ ʈɽʏɽʁ 

 

ʗʨʤʽʣʢʦ ɸ.ɺ., ʈʦʟʣʦʤʽʡ ɯ.ʆ., ʅʘʫʤʝʥʢʦ ʉ.ɺ. 

ʏʝʨʢʘʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʽʤʝʥʽ ɹʦʛʜʘʥʘ ʍʤʝʣʴʥʠʮʴʢʦʛʦ,  ʏʝʨʢʘʩʠ, ʋʢʨʘʾʥʘ 

 
ɸʥʦʪʘʮʽʷ. ʈʦʟʛʣʷʥʫʪʦ ʧʨʦʙʣʝʤʫ ʟʘʙʝʟʧʝʯʝʥʥʷ ʙʝʟʧʝʢʠ ʪʘ ʢʦʥʬʽʜʝʥʮʽʡʥʦʩʪʽ ʦʙʤʽʥʫ 

ʽʥʬʦʨʤʘʮʽʻʶ ʚ ʢʦʤʫʥʽʢʘʮʽʡʥʠʭ ʢʣʘʩʪʝʨʘʭ ʩʠʩʪʝʤʠ ɯɯʦʊ. ɿʘʟʥʘʯʘʻʪʴʩʷ, ʱʦ ʽʩʥʫʶʯʽ ʤʝʪʦʜʠ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʙʝʟʧʝʢʠ, ʪʘʢʽ ʷʢ ʰʠʬʨʫʚʘʥʥʷ, ʧʽʜʧʠʩʠ ʪʘ ʘʫʪʝʥʪʠʬʽʢʘʮʽʷ, ʤʦʞʫʪʴ ʙʫʪʠ ʥʝʜʦʩʪʘʪʥʽʤʠ ʜʣʷ 

ʝʬʝʢʪʠʚʥʦʛʦ ʟʘʭʠʩʪʫ ʚʽʜ ʩʪʦʨʦʥʥʽʭ ʚʢʣʶʯʝʥʴ ʪʘ ʟʣʦʚʤʠʩʥʦʛʦ ʜʦʩʪʫʧʫ ʜʦ ʜʘʥʠʭ, ʷʢʽ ʮʠʨʢʫʣʶʶʪʴ ʫ 

ʪʘʢʽʡ ʩʠʩʪʝʤʽ. ɿʘʧʨʦʧʦʥʦʚʘʥʦ ʥʦʚʠʡ ʧʽʜʭʽʜ ʜʦ ʩʪʚʦʨʝʥʥʷ ʩʪʽʡʢʠʭ ʢʦʤʫʥʽʢʘʮʽʡʥʠʭ ʢʣʘʩʪʝʨʽʚ, ʷʢʠʡ 

ʙʘʟʫʻʪʴʩʷ ʥʘ ʢʦʤʙʽʥʘʮʽʾ ʙʝʟʧʝʢʠ ʦʙʤʽʥʫ ʽʥʬʦʨʤʘʮʽʻʶ ʪʘ ʥʘʜʣʠʰʢʦʚʦʛʦ ʭʝʰʫʚʘʥʥʷ ʜʣʷ ʣʦʢʘʣʽʟʘʮʽʾ 

ʩʪʦʨʦʥʥʽʭ ʚʢʣʶʯʝʥʴ ʚ ʧʨʦʤʠʩʣʦʚʦʤʫ IoT. ʈʦʟʛʣʷʜʘʶʪʴʩʷ ʨʽʟʥʽ ʪʝʭʥʽʢʠ ʭʝʰʫʚʘʥʥʷ, ʾʭ ʚʧʣʠʚ ʥʘ 

ʰʚʠʜʢʦʜʽʶ ʪʘ ʙʝʟʧʝʢʫ ʩʠʩʪʝʤʠ, ʽ ʧʨʦʧʦʥʫʻʪʴʩʷ ʦʧʪʠʤʘʣʴʥʠʡ ʘʣʛʦʨʠʪʤ ʜʣʷ ʜʦʩʷʛʥʝʥʥʷ 

ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʨʽʚʥʷ ʟʘʭʠʩʪʫ. ʊʘʢʦʞ ʜʦʩʣʽʜʞʫʶʪʴʩʷ ʤʦʞʣʠʚʽ ʟʘʛʨʦʟʠ ʙʝʟʧʝʮʽ ʚ ʢʦʤʫʥʽʢʘʮʽʡʥʠʭ 

ʢʣʘʩʪʝʨʘʭ ʪʘ ʧʨʦʧʦʥʫʶʪʴʩʷ ʧʨʘʢʪʠʯʥʽ ʨʝʢʦʤʝʥʜʘʮʽʾ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʩʪʽʡʢʦʩʪʽ ʪʘ ʙʝʟʧʝʢʠ ʦʙʤʽʥʫ 

ʽʥʬʦʨʤʘʮʽʻʶ. ɺʠʩʚʽʪʣʶʶʪʴʩʷ ʧʝʨʝʚʘʛʠ ʟʘʧʨʦʧʦʥʦʚʘʥʦʛʦ ʧʽʜʭʦʜʫ ʪʘ ʥʘʜʘʶʪʴ ʚʘʞʣʠʚʽ ʨʝʢʦʤʝʥʜʘʮʽʾ 

ʜʣʷ ʡʦʛʦ ʨʝʘʣʽʟʘʮʽʾ. ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʥʷ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʽ ʜʣʷ ʧʦʣʽʧʰʝʥʥʷ ʙʝʟʧʝʢʠ ʚ 

ʰʠʨʦʢʦʤʫ ʩʧʝʢʪʨʽ ʜʦʜʘʪʢʽʚ, ʜʝ ʙʝʟʧʝʢʘ ʪʘ ʥʘʜʽʡʥʽʩʪʴ ʻ ʢʨʠʪʠʯʥʠʤʠ ʘʩʧʝʢʪʘʤʠ, ʚʢʣʶʯʘʶʯʠ ʭʤʘʨʥʽ 

ʩʠʩʪʝʤʠ, ʤʦʙʽʣʴʥʽ ʜʦʜʘʪʢʠ ʪʘ ʽʥʰʽ ʩʫʯʘʩʥʽ ʪʝʭʥʦʣʦʛʽʾ ʟ ʦʙʤʽʥʫ ʜʘʥʠʤʠ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʽʥʬʦʨʤʘʮʽʡʥʘ ʙʝʟʧʝʢʘ, ʢʦʤʫʥʽʢʘʮʽʡʥʽ ʢʣʘʩʪʝʨʠ, ʧʨʦʤʠʩʣʦʚʠʡ ʽʥʪʝʨʥʝʪ ʨʝʯʝʡ, 

ʛʘʨʘʥʪʦʟʜʘʪʥʽʩʪʴ, ʥʘʜʣʠʰʢʦʚʝ ʭʝʰʫʚʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ. 
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Abstract. The issue of ensuring security and confidentiality of information exchange in 

communication clusters of IIoT systems was investigates. Itôs noted that existing security methods such as 

encryption, signatures, and authentication may be insufficient for effectively protecting against external 

intrusions and malicious access to data circulating within such a system. A new approach to creating resilient 

communication clusters is proposed, based on a combination of information exchange security and redundant 

hashing to localize external intrusions in industrial IoT. The various hashing techniques, their impact on 

system performance and security was explored, and an optimal algorithm to achieve the highest level of 

protection was proposed. Also, the potential security threats in communication clusters and provides 

practical recommendations for ensuring stability and security of information exchange was examined. The 

advantages of the proposed approach and offer essential recommendations for its implementation was 

highlight. The research findings can be utilized to enhance security across a wide range of applications where 

security and reliability are critical aspects, including cloud systems, mobile applications, and other 

contemporary data exchange technologies. 

Keywords: information security, communication cluster, industrial internet of things, dependability, 

redundant information hashing. 

 
ɺʠʢʣʘʜ ʦʩʥʦʚʥʦʛʦ ʤʘʪʝʨʽʘʣʫ. ʈʦʟʚʠʪʦʢ ʽʥʪʝʨʥʝʪʫ ʨʝʯʝʡ (IoT) ʪʘ ʡʦʛʦ ʩʧʝʮʽʘʣʽʟʦʚʘʥʠʭ 

ʨʽʟʥʦʚʠʜʽʚ, ʪʘʢʠʭ ʷʢ ʧʨʦʤʠʩʣʦʚʠʡ ʽʥʪʝʨʥʝʪ ʨʝʯʝʡ (IIoT), ʘʢʪʫʘʣʽʟʫʻ ʧʠʪʘʥʥʥʷ ʜʠʥʘʤʽʯʥʦʛʦ 
ʩʝʢʮʽʦʥʫʚʘʥʥʷ ʧʨʠʩʪʨʦʾʚ ʪʘ ʢʦʤʫʥʽʢʘʮʽʡʥʠʭ ʢʘʥʘʣʽʚ ʟʘʛʘʣʴʥʦʾ ʩʠʩʪʝʤʠ ʧʽʜ ʚʠʢʦʥʘʥʥʷ ʾʾ 
ʧʦʪʦʯʥʠʭ ʟʘʚʜʘʥʴ. ʊʘʢʠʤ ʯʠʥʦʤ, ʫ ʩʢʣʘʜʽ IIoT-ʩʠʩʪʝʤʠ ʤʘʶʪʴ ʫʪʚʦʨʶʚʘʪʠʩʷ ʩʠʪʫʘʪʠʚʥʽ 
ʢʦʤʫʥʽʢʘʮʽʡʥʽ ʢʣʘʩʪʝʨʠ ʟ ʜʦʩʪʘʪʥʽʤ ʜʣʷ ʚʠʢʦʥʘʥʥʷ ʪʘʢʠʭ ʟʘʚʜʘʥʴ ʥʘʙʦʨʦʤ ʨʝʩʫʨʩʽʚ. ɺ 
ʢʦʥʪʝʢʩʪʽ ʛʘʨʘʥʪʦʟʜʘʪʥʦʩʪʽ IIoT-ʩʠʩʪʝʤ ʪʘʢʽ ʢʣʘʩʪʝʨʠ ʤʘʶʪʴ ʟʘʙʝʟʧʝʯʫʚʘʪʠ ʥʘʣʝʞʥʫ 
ʩʪʽʡʢʽʩʪʴ. ʆʯʝʚʠʜʥʦ, ʱʦ ʾʾ ʟʘʙʝʟʧʝʯʝʥʥʷ ʤʘʻ ʨʦʟʛʣʷʜʘʪʠʩʷ ʚ ʢʦʥʪʝʢʩʪʽ ʛʘʨʘʥʪʦʟʜʘʪʥʦʩʪʽ 
ʟʘʛʘʣʴʥʦʾ ʩʠʩʪʝʤʠ, ʜʦ ʷʢʦʾ ʚʦʥʠ ʚʭʦʜʷʪʴ, ʪʘ ʧʽʜʪʨʠʤʫʚʘʪʠʩʷ ʥʘʣʝʞʥʠʤ ʨʽʚʥʝʤ ʧʘʨʘʤʝʪʨʽʚ 
ʦʢʨʝʤʠʭ ʾʾ ʧʦʢʘʟʥʠʢʽʚ, ʬʫʥʢʮʽʦʥʘʣʴʥʦʾ ʪʘ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʙʝʟʧʝʢʠ [1]. ʂʦʤʧʣʝʢʩʥʦ ʚʦʥʠ 
ʤʘʶʪʴ ʟʘʙʝʟʧʝʯʠʪʠ ʧʨʘʚʠʣʴʥʽ ʪʘ ʫʙʝʟʧʝʯʝʥʽ ʚʽʜ ʢʘʪʘʩʪʨʦʬʽʯʥʠʭ ʩʮʝʥʘʨʽʾʚ ʨʝʞʠʤʠ 
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ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ IIoT-ʩʠʩʪʝʤʠ, ʥʘʣʝʞʥʠʡ ʨʽʚʝʥʴ ʛʦʪʦʚʥʦʩʪʽ ʜʦ ʚʠʢʦʥʘʥʥʷ ʜʠʥʘʤʽʯʥʦ 
ʬʦʨʤʦʚʘʥʦʛʦ ʧʝʨʝʣʽʢʫ ʟʘʚʜʘʥʴ, ʟʜʘʪʥʽʩʪʴ ʚʠʢʦʥʘʪʠ ʧʦʢʣʘʜʝʥʽ ʟʘʚʜʘʥʥʷ ʥʘʚʽʪʴ ʟʘ ʫʤʦʚʠ 
ʩʠʩʪʝʤʥʦʛʦ ʟʙʦʶ, ʘ ʪʘʢʦʞ ʾʾ ʟʜʘʪʥʦʩʪʽ ʜʦ ʩʧʨʦʪʠʚʫ ʜʝʩʪʘʙʽʣʽʟʫʶʯʠʤ ʬʘʢʪʦʨʘʤ ʟ ʦʛʣʷʜʫ ʥʘ 
ʤʦʞʣʠʚʽ ʟʤʽʥʠ ʫʤʦʚ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʘʢʠʭ ʩʠʩʪʝʤ ʪʘ ʽʥʬʨʘʩʪʨʫʢʪʫʨ ʚʧʨʦʜʦʚʞ ʾʭ ʞʠʪʪʻʚʦʛʦ 
ʮʠʢʣʫ [2]. 

ʄʝʪʘ ʨʦʙʦʪʠ ï ʜʦʩʣʽʜʞʝʥʥʷ ʪʘ ʨʦʟʨʦʙʢʘ ʧʽʜʭʦʜʫ ʜʦ ʩʪʚʦʨʝʥʥʷ ʩʪʽʡʢʠʭ ʢʦʤʫʥʽʢʘʮʽʡʥʠʭ 
ʢʣʘʩʪʝʨʽʚ ɯIoT, ʷʢʠʡ ʟʘʙʝʟʧʝʯʠʪʴ ʙʝʟʧʝʯʥʠʡ ʦʙʤʽʥ ʽʥʬʦʨʤʘʮʽʻʶ ʪʘ ʚʠʩʦʢʠʡ ʨʽʚʝʥʴ ʟʘʭʠʩʪʫ ʚʽʜ 
ʩʪʦʨʦʥʥʽʭ ʚʢʣʶʯʝʥʴ. 

ɺ ʦʜʥʽʡ ʩʠʩʪʝʤʽ ɯIoT ʤʦʞʫʪʴ ʽʩʥʫʚʘʪʠ ʢʽʣʴʢʘ ʥʝʟʘʣʝʞʥʠʭ ʢʣʘʩʪʝʨʽʚ, ʷʢʽ ʤʦʞʫʪʴ 
ʧʝʨʝʪʠʥʘʪʠʩʷ ʟʘ ʩʚʦʾʤ ʩʢʣʘʜʦʤ. ʋʧʨʘʚʣʽʥʥʷ ʙʘʛʘʪʦʢʣʘʩʪʝʨʥʠʤʠ ʩʠʩʪʝʤʘʤʠ ʧʝʨʝʜʙʘʯʘʻ 
ʨʦʟʨʦʙʢʫ ʤʝʪʦʜʽʚ ʪʘ ʤʝʭʘʥʽʟʤʽʚ ʜʣʷ ʝʬʝʢʪʠʚʥʦʛʦ ʢʝʨʫʚʘʥʥʷ ʮʠʤʠ ʢʣʘʩʪʝʨʘʤʠ ʪʘ ʟʘʙʝʟʧʝʯʝʥʥʷ 
ʙʝʟʧʝʨʝʰʢʦʜʥʦʾ ʢʦʤʫʥʽʢʘʮʽʾ ʤʽʞ ʥʠʤʠ. ɼʣʷ ʜʦʩʷʛʥʝʥʥʷ ʮʠʭ ʮʽʣʝʡ ʨʝʢʦʤʝʥʜʫʻʪʴʩʷ 
ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʥʘʩʪʫʧʥʽ ʧʽʜʭʦʜʠ: 1) ʤʝʭʘʥʽʟʤʠ ʨʦʫʪʠʥʛʫ; 2) ʘʫʪʝʥʪʠʬʽʢʘʮʽʶ ʪʘ 
ʘʚʪʦʨʠʟʘʮʽʶ; 3) ʰʠʬʨʫʚʘʥʥʷ ʪʘ ʟʘʭʠʩʪ ʜʘʥʠʭ; 4) ʤʦʥʽʪʦʨʠʥʛ ʪʘ ʢʝʨʫʚʘʥʥʷ. 

ʋ ʤʝʞʘʭ ʮʴʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʨʦʟʛʣʷʜʘʣʘʩʷ ʧʝʨʝʚʘʞʥʦ ʧʨʦʙʣʝʤʘʪʠʢʘ, ʧʦʚôʷʟʘʥʘ ʟ 
ʧʫʥʢʪʘʤʠ 2 ʽ 3 ʥʘʚʝʜʝʥʦʛʦ ʧʝʨʝʣʽʢʫ. ɿʘ ʧʨʦʧʦʥʦʚʘʥʦʶ ʤʝʪʦʜʠʢʦʶ ʢʦʤʫʥʽʢʘʮʽʡʥʠʡ ʢʣʘʩʪʝʨ 
ɯɯʦʊ-ʩʠʩʪʝʤʠ ʢʦʤʧʣʝʢʪʫʻʪʴʩʷ ʨʽʟʥʠʤʠ ʤʝʭʘʥʽʟʤʘʤʠ ʟʘʙʝʟʧʝʯʝʥʥʷ ʙʝʟʧʝʢʠ ʪʘ ʥʘʜʽʡʥʦʩʪʽ. 
ɿʘʭʠʩʪ ʜʘʥʠʭ ʚʢʣʶʯʘʻ ʘʚʪʝʥʪʠʬʽʢʘʮʽʶ ʪʘ ʢʦʥʪʨʦʣʴ ʜʦʩʪʫʧʫ, ʱʦʙ ʧʝʨʝʚʽʨʠʪʠ ʽʜʝʥʪʠʯʥʽʩʪʴ ʪʘ 
ʜʦʟʚʦʣʠ ʧʨʠʩʪʨʦʾʚ-ʢʦʨʠʩʪʫʚʘʯʽʚ. ʍʝʰʫʚʘʥʥʷ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʫʥʽʢʘʣʴʥʠʭ 
ʭʝʰ-ʢʦʜʽʚ, ʷʢʽ ʜʦʟʚʦʣʷʶʪʴ ʧʝʨʝʚʽʨʠʪʠ ʮʽʣʽʩʥʽʩʪʴ ʜʘʥʠʭ. ʐʠʬʨʫʚʘʥʥʷ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ 
ʟʘʭʠʩʪʫ ʢʦʥʬʽʜʝʥʮʽʡʥʦʩʪʽ ʜʘʥʠʭ ʰʣʷʭʦʤ ʧʝʨʝʪʚʦʨʝʥʥʷ ʾʭ ʫ ʢʨʠʧʪʦʛʨʘʬʽʯʥʦ ʩʪʽʡʢʫ ʬʦʨʤʫ. 
ʂʦʞʝʥ ʢʦʤʧʦʥʝʥʪ ʤʘʻ ʩʚʦʾ ʚʥʫʪʨʽʰʥʽ ʧʨʦʮʝʩʠ ʪʘ ʚʠʢʦʨʠʩʪʦʚʫʻ ʚʽʜʧʦʚʽʜʥʽ ʢʣʶʯʽ ʘʙʦ 
ʘʣʛʦʨʠʪʤʠ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʙʝʟʧʝʢʠ ʪʘ ʥʘʜʽʡʥʦʩʪʽ ʢʦʤʫʥʽʢʘʮʽʡʥʠʭ ʢʣʘʩʪʝʨʽʚ. 

ɺ ʭʦʜʽ ʧʨʘʢʪʠʯʥʦʾ ʨʝʘʣʽʟʘʮʽʾ ʟʘʧʨʦʧʦʥʦʚʘʥʦʾ ʤʝʪʦʜʦʣʦʛʽʾ ʙʫʣʦ ʨʦʟʨʦʙʣʝʥʦ ʜʚʽ ʨʝʘʣʽʟʘʮʽʾ 
ʽʥʩʪʨʫʤʝʥʪʫ ʟʘʭʠʩʥʦʛʦ ʢʦʜʫʚʘʥʥʷ: ʤʦʚʘʤʠ C# ʪʘ Python. ʊʝʩʪʠ ʟ ʦʙʨʦʙʢʠ ʧʦʚʽʜʦʤʣʝʥʴ, ʱʦ 
ʧʝʨʝʩʠʣʘʶʪʴʩʷ ʧʦʤʽʞ ʧʨʠʩʪʨʦʷʤʠ ʩʠʩʪʝʤʠ, ʧʽʜʪʚʝʨʜʠʣʠ ʝʬʝʢʪʠʚʥʽʩʪʴ ʘʣʛʦʨʠʪʤʫ ʧʨʠ 
ʚʠʷʚʣʝʥʥʽ, ʣʦʢʘʣʽʟʘʮʽʾ ʪʘ ʚʽʜʥʦʚʣʝʥʥʽ ʧʦʰʢʦʜʞʝʥʠʭ ʙʣʦʢʽʚ ʽʥʬʦʨʤʘʮʽʾ ʟʘ ʫʤʦʚʠ ʷʢ 
ʦʜʠʥʦʯʥʠʭ, ʪʘʢ ʽ ʢʨʘʪʥʠʭ ʧʦʤʠʣʦʢ. 

ʌʦʨʤʫʚʘʥʥʷ ʜʠʥʘʤʽʯʥʠʭ ʢʣʘʩʪʝʨʽʚ ʚʠʤʘʛʘʻ ʨʦʟʨʦʙʢʠ ʩʧʝʮʽʘʣʴʥʠʭ ʤʝʭʘʥʽʟʤʽʚ ʜʣʷ 
ʝʬʝʢʪʠʚʥʦʛʦ ʢʝʨʫʚʘʥʥʷ, ʚʠʷʚʣʝʥʥʷ ʪʘ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʚʫʟʣʽʚ, ʟʘʙʝʟʧʝʯʝʥʥʷ ʙʝʟʧʝʢʠ ʪʘ 
ʢʦʥʪʨʦʣʶ ʧʽʜ ʯʘʩ ʟʤʽʥʠ ʩʪʨʫʢʪʫʨʠ ʢʣʘʩʪʝʨʫ ʟʘʜʣʷ ʩʪʘʙʽʣʴʥʦʛʦ ʪʘ ʥʘʜʽʡʥʦʛʦ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ 
ʚ ʩʠʩʪʝʤʘʭ IIoT, ʟʥʠʞʝʥʥʷ ʤʦʞʣʠʚʠʭ ʨʠʟʠʢʽʚ ʪʘ ʧʽʜʚʠʱʝʥʥʷ ʛʘʨʘʥʪʦʟʜʘʪʥʦʩʪʽ ʩʠʩʪʝʤʠ. 
ɿʘʙʝʟʧʝʯʝʥʥʷ ʛʨʘʥʠʮʴ ʜʦʚʽʨʝʥʦʩʪʽ ʪʘʢʦʞ ʻ ʚʘʞʣʠʚʦʶ ʩʢʣʘʜʦʚʦʶ ʤʝʪʦʜʦʣʦʛʽʾ ʜʣʷ ʬʦʨʤʫʚʘʥʥʷ 
ʦʢʨʝʤʠʭ ʜʠʥʘʤʽʯʥʠʭ ʢʣʘʩʪʝʨʽʚ. ʆʜʥʠʤ ʟ ʢʣʶʯʦʚʠʭ ʘʩʧʝʢʪʽʚ ʮʽʻʾ ʟʘʜʘʯʽ ʻ ʚʠʟʥʘʯʝʥʥʷ ʽʝʨʘʨʭʽʾ 
ʘʙʦ ʨʽʚʥʽʚ ʜʦʚʽʨʝʥʦʩʪʽ ʚʫʟʣʽʚ ʫ ʢʣʘʩʪʝʨʽ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʾʭʥʽʡ ʨʦʣʽ ʡ ʬʫʥʢʮʽʦʥʘʣʴʥʦʩʪʽ ʪʘ 
ʚʠʟʥʘʯʘʻ ʧʨʠʚʽʣʝʾ ʪʘ ʜʦʩʪʫʧ ʜʦ ʨʝʩʫʨʩʽʚ IIoT-ʩʠʩʪʝʤʠ. 

ɺʠʩʥʦʚʢʠ. ʇʨʘʢʪʠʯʥʝ ʟʥʘʯʝʥʥʷ ʧʨʦʧʦʥʦʚʘʥʠʭ ʨʽʰʝʥʴ ʚʘʨʪʦ ʨʦʟʛʣʷʜʘʪʠ ʚ ʢʦʥʪʝʢʩʪʽ 
ʙʽʣʴʰ ʢʦʤʧʣʝʢʩʥʠʭ ʟʘʜʘʯ, ʦʩʢʽʣʴʢʠ ʧʽʜʚʠʱʝʥʠʡ ʨʽʚʝʥʴ ʚʠʤʦʛ ʜʦ ʙʝʟʧʝʢʠ ʽʥʬʦʨʤʘʮʽʾ 
ʧʨʠʪʘʤʘʥʥʠʡ ʙʘʛʘʪʴʦʤ ʧʨʠʢʣʘʜʥʠʤ ʛʘʣʫʟʷʤ. ʇʽʜʚʠʱʝʥʥʷ ʛʘʨʘʥʪʦʟʜʘʪʥʦʩʪʽ ʚʥʘʩʣʽʜʦʢ 
ʚʧʨʦʚʘʜʞʝʥʥʷ ʟʘʭʠʩʪʫ ʽʥʬʦʨʤʘʮʽʾ ʫ ʩʠʩʪʝʤʽ ɯɯʦʊ ʦʯʽʢʫʻʪʴʩʷ ʟʘ ʨʘʭʫʥʦʢ ʟʨʦʩʪʘʥʥʷ ʧʘʨʘʤʝʪʨʽʚ 
ʾʾ ʙʝʟʚʽʜʤʦʚʥʦʩʪʽ, ʜʦʩʪʦʚʽʨʥʦʩʪʽ, ʛʦʪʦʚʥʦʩʪʽ, ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʪʘ ʬʫʥʢʮʽʦʥʘʣʴʥʦʾ ʙʝʟʧʝʢʠ, 
ʇʦʪʝʥʮʽʘʣ ʧʨʦʧʦʥʦʚʘʥʦʾ ʤʝʪʦʜʦʣʦʛʽʾ ʜʦʟʚʦʣʷʻ ʢʦʥʪʨʦʣʶʚʘʪʠ ʘʜʨʝʩʥʽʩʪʴ ʽʥʬʦʨʤʘʮʽʡʥʦʾ 
ʚʟʘʻʤʦʜʽʾ ʫ ʩʠʩʪʝʤʽ ʪʘ ʧʽʜʪʨʠʤʫʚʘʪʠ ʟʘʜʘʥʠʡ ʨʽʚʝʥʴ ʘʢʪʫʘʣʴʥʦʩʪʽ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʧʦʚʽʜʦʤʣʝʥʴ 
ʥʘ ʪʣʽ ʟʙʦʾʚ ʢʦʤʫʥʽʢʘʮʽʡʥʠʭ ʧʨʦʮʝʩʽʚ ʪʘ ʟʣʦʚʤʠʩʥʠʭ ʘʪʘʢ. ɺ ʮʽʣʦʤʫ, ʮʝ ʟʘʙʝʟʧʝʯʠʪʴ ʢʨʘʱʽ 
ʧʘʨʘʤʝʪʨʠ ʨʝʟʠʩʪʠʚʥʦʩʪʽ (resilientity) ʩʠʩʪʝʤʠ ɯɯʦʊ. 
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OPTIMISING WASTEWATER TREATMENT THROUGH LABORATORY -GUIDED 

PROCESS AUTOMATION  
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Abstract. Wastewater treatment is a critical process that safeguards the environment, prevents 

pollution, and protects public health. The success of such a process is highly dependent on multiple factors, 

including wastewater characteristics, treatment process design and construction, operation parameters, 

maintenance practices, etc. Treated wastewater (effluent) quality shall have properties that satisfy the 

requirements for safe disposal according to the regulatory authorities.   

One of the options for efficient wastewater treatment could be a combination of biological treatment 

and membrane, which combines an innovative approach and high treatment performance. However, such a 

system requires strict control to deliver the best result.  To optimise the process, a vast amount of data should 

be collected using a Programmable Logic Controller (PLC), Supervisory Control and Data Acquisition 

(SCADA), and laboratory analyses. 

Keywords: Wastewater treatment, biological treatment, membrane separation, wastewater process 

automation, PLC, SCADA 

 

Introduction.  Depending on its origin and composition, wastewater requires multiple 

treatment steps to meet very specific discharge requirements. At the same time, while meeting 

regulatory requirements is an obligation, it is important to aim for higher standards or future 

requirements (considering the EU zero-pollution action plan) (Council of the EU, 2024; Pinasseau 

et al., 2010).  

In the modern wastewater industry, biological treatment and membrane separation are the 

core processes, that are commonly used to upgrade or replace the existing conventional treatment 

systems. At the same time, while the combination of both technologies meets the requirements of 

efficient wastewater treatment, it also introduces significant challenges. The primary concern is 

membrane fouling, which can be caused by biological matter, particles, and inorganic salts, leading 

to a decrease in treatment efficiency or even a short membrane lifespan. These issues are closely 

related to an increase in operational costs, making the technology less viable despite its benefits.  

The automation of the treatment process can be complicated since it requires accurate control 

over numerous variables and, therefore, requires more advanced control algorithms to ensure 

optimal operation. Additionally, data processing and analysis, facilitated by computer tools, allows 

us to understand process dependencies and identify main operational trends while reducing potential 

operational risk at larger scales.  

The purpose of work. This publication aims to provide an automation solution for the 

wastewater treatment pilot plant, which combines biological oxidation and membrane solids 

separation steps. The treatment process was optimized by identifying key operational parameters 

and laboratory test. Plant automation is an essential step to reduce the required labour and achieve 

optimal conditions for efficient performance [1].  

Treatment techniques and operation logic.  The pilot plant treatment process consists of 3 

main steps (Fig.1): biological treatment, membrane separation, and effluent (permeate tank) [2][2]. 

A mix of black and grey wastewater (already filtered from big coarse particles and debris) first 

enters the biological step, where it is treated from organic pollutants by being suspended on the 

HDPE carrierôs biofilm in 2 subsequent aerated MBBR reactors. Afterward, wastewater from the 

overflow is transferred into the membrane bioreactor equipped with flat-sheet SiC MF membranes. 

Water is drawn from the MBR tank into the permeated tank through the membrane with an active 

surface of 0.15 m2 (average flow ~3.0 m3/h). The volume of each reactor was 0.1 m3.  
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Fig. 1. Wastewater treatment installation [3] 

The pilot plant was operated in filtration cycles, which included filtration, relaxation, and 

backwashing. To optimise system performance, multiple sensors have been installed and used 

during the pilot operation. 

Monitoring and process parameters. All the main operational parameters were identified 

during the initial piloting stage, which included system adaption, process condition optimisation 

and laboratory tests. Based on all the obtained information, a new, improved automation system has 

been suggested, which includes dissolved oxygen (DO) control, pH regulation, filtration/fouling 

control, cycle management, sludge recycling/wastage, and chemical cleaning (Fig. 2). 

 

Fig. 2. Combined biomembrane wastewater treatment pilot process and instrument diagram: 

HV- hand valve, MV ï motorized valve, CV ï control valve, QT (DO) ï DO probe, QT (pH + 

temperature) ï combined probe, FT ï Flow transmitter, PT ï Pressure transmitter; PDT ï pressure 

difference transmitter, LT ï level transmitter, LS (HH) ï high-high level switch, LS (LL) ï low-

low level stitch, BX01-04 ï operation tank/reactor, BX05-07 ï chemical tank, PU ï pump, BM ï 

blower, SP ï sampling point 

The main focus of automatic control is to optimise the wastewater treatment process while 

prolonging membrane lifetime through irreversible fouling reduction [4], [5].  
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Hydraulic retention time control. An increase in flow influences hydraulic retention time 

in the reactors, hence reducing the treatment efficiency. The desired HRT was maintained by feed 

pump PU01 and permeate pump PU03.  

Sludge retention time control. Biomass age and concentration have been controlled by 

operating sludge recycling (RAS)/wastage (WAS) pump PU02. The pump is running intermittently 

according to the preset frequency. The RAS/WAS ratio can be adjusted according to the 

complementary laboratory test results (MLSS and SVI).  

Aeration control. The actuator automatically adjusts the airflow based on the DO level 

(setpoint 2-3 mg/L for efficient biomass degradation) in the MBBRs BX01 and BX02 measured by 

DO probes QT01-02. Control valves on the aeration tanks and pressure in the distribution pipe 

change the airflow. The flow rate into each reactor is measured by air flowmeters FT01-02.  Airflow 

to the membrane tank is adjusted manually according to the desired scoring intensity based on the 

fouling rate.  

Permeate /backwash flow control. Permeate flow/flux is to be regulated by the peristaltic 

pump PU03 controlled by the PID controller. The controller adjusts the motor frequency of the 

pump PU03 to obtain the desired flow rate. Typically, operations consist of filtration cycles, which 

in order include filtration, relaxation I, backwash and relaxation II: 

¶ Sequence 1-filtration: peristaltic pump PU03 start the suction phase by creating negative 

pressure and forcing the wastewater from MBR tank BX03 through the membrane surface into the 

permeate tank BX04. During this process, all solid contaminants bigger than membrane pore size 

are retained on the membrane surface in the form of a thin sludge layer. The pump switches to the 

next sequence when the filtration sequence countdown is finished.  

¶ Sequence 2 ï relaxation: During this sequence, the pump stops its rotation, allowing the 

pressure to stabilize and reduce the wear of the pump.  

¶ Sequence 3 ï backwashing: After relaxation, the backwash is initiated by reversing the pump 

direction. The permeate water is then drawn from the clean side of the membrane, running in the 

opposite direction to the filtration sequence, pushing contaminants out of the membrane pores into 

MBR BX03.  

¶ Sequence 4 ï relaxation: Similarly to sequence 2, the pump is stopped to prevent mechanical 

stress.  

The length of each filtration cycle and its sequences can be adjusted by the operator. 

Sequences then change each other according to preset timers.  

Backwash liquid quality control. Backwashing can be done by using tap water or permeate. 

This is also can be controlled by the reading obtained from the turbidity probe installed in the 

permeated tank PU04.  

Chemical cleaning. The automation system should alert the operator when the TMP value 

reaches critical values. Chemical cleaning should be performed soon after under operator 

supervision since inappropriate or insufficient chemical cleaning may lead to increased fouling. 

Conclusions. Integrating pilot-scale wastewater treatment installation with automation and 

laboratory analysis provides numerous benefits, enhancing the treatment performance and ensuring 

the final effluent quality. The application of the SCADA system in the piloting process gives precise 

control of the main process parameter, which can be further fine-tuned based on the laboratory test 

result. Combining both approaches would save energy on aeration, reduce chemical use, prolong 

membrane lifetime, and therefore reduce operation costs [6].  

Additionally, constant monitoring would facilitate faster response time to changes in 

wastewater properties or operation condition variation, making the system more adaptable. At the 

same time, the remote control allows users to take monitoring and control actions to mitigate or 

prevent critical events.  
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Abstract. The aim of investigation is to analyze several calculation procedures of safety assessment 

method. The objective of the study is to implement an information technology solution whereby itôs possible 

to be extensively modified and freely extended with the necessary parameters and variables, depending on 

the needs. The object is a safety index assessment of critical infrastructure facility. The subject is the 

modeling utilizing specific safety indices that exhibit linear dependencies. Conversely, indices featuring non-

linear relationships necessitate processing through IT software. However, the model's adaptability and 

versatility stemming from its classification calculation procedures allow for extensive modification and 

augmentation with requisite parameters and variables to address varying requirements. Each of the three 

vectorsðhazard, risk, and protectionðcan be adjusted to align with current research objectives and can be 

expanded with additional operational parameters, if needed. The degree of modification required directly 

impacts the depth of the modeling study during the model balancing phase. 

Keywords: safety assessment, ʩritical infrastructure, qualimetric index, calculation procedure. 

 

Introduction . Critical infrastructure safety can be defined as a state of the hazards risk and 

their harmful consequences is at the acceptable level due to the fact that some of the known hazards 

to the safety object are absent, and adequate protection used against the existing hazards. Therefore, 

safety assurance should be considered as activities aimed at eliminating hazards to life and creating 

protection against other. Qualimetric assessment is the assignment of numerical values to objects 

or events, which is carried out according to certain defined rules. [1]. 

Single quality indexes characterise one of the properties of products (goods) and are classified 

into groups, one of which includes safety indexes [2, 3, 4, 5].  

The purpose of the work. . An important and primary stage of this activity is assessment, 

which to be carried out by qualimetric methods is proposed.  

Formulation of the problem. The efficiency criterion is an expression of rationality in 

decision-making. Therefore, when evaluating efficiency, you need to know what values are being 

optimized. Having identified them, it is necessary to establish how to measure the degree of 

achievement of these values. The next task is to combine the degree of achievement of values with 

specific practical activities. Finally, it is necessary to compare these results with the costs of 

implementing the chosen option. 

Solving the problem. The term "efficiency" is one of the most commonly used and is applied 

in cases where a specific assessment is involved.  
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The selection of system efficiency criteria is one of the most important aspects of the systemic 

approach, which is carried out in several stages [6]: 

- determination of the relationship of the system in question with the metasystem (in this 

case, metrological support with the manufacturing process); 

- determination of the purpose of the system; 

- formulation of requirements that the selected criterion must meet; 

- -development and analysis of the list of indicators that the selected criterion contains with 

the determination of the possibility of their quantitative assessment.  

In accordance with the principles of system analysis, the process of modelling a safety 

management system initiates the conceptual modelling stage, which allows systematic identification 

of the research problem and its formalized description in a conditional manner, for example, in 

logical and mathematical terms. In this case, the subject of conceptual modelling is a certain safety 

system, and the main goal is to manage effectively this safety through the accepted criterion of 

quality (efficiency) of the system. 

Individual independent variables have different effects on the state of safety. Hazards and risk 

are destructive variables, as their impact is inversely proportional to the state of safety, while 

protective capabilities as a stimulant have a directly proportional impact on the state of safety of the 

subject [6]. These dependencies are illustrated in Fig. 1. 

 
Fig. 1. Graphical results of modelling the relations of the i-th safety element 

In the example above, the modelling was performed with selected safety indexes with linear 

dependencies. Other indexes with non-linear relationships can only be processed by IT software. 

However, the considerable flexibility and versatility of the model concept as a result of its 

classification calculation procedures can be extensively modified and freely extended with the 

necessary parameters and variables, depending on the needs. Each of the three vectors - hazard, risk 

and protection - can be modified to suit the current research needs and, for example, extended with 

new operational parameters. The more radical the changes that need to be made, the more in-depth 

the modelling study requires in the model balancing stage. 

Conclusion. The procedure for obtaining an integral safety indicator of quality from the 

construction of safety function matrices is systematized. Hence, an unbiased and objective safety 

assessment in the technical regulation system based on feedback in the quality infrastructure is 

obtained. A method for assessing the safety of qualimetry objects with direct user participation 

based on geographic information tools is proposed. This ensures the effective functioning of the 

GIS safety monitoring information system. 
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Abstract. ORCID provides a unique identifier for researchers to connect their research outputs. 

Integrating digital repositories with ORCID offers benefits like enhanced visibility, facilitated collaboration, 

and accelerated scientific discovery. This integration can be achieved through third-party services or in-

house solutions. While a complex process, the advantages are significant. The ORCID consortium and 

resources support organizations undertaking integration, leveraging standardized practices to build a robust 

research ecosystem. 

Keywords: ORCID, Digital Repository, Integration, Affiliation Manager, ORCID consortium. 

 

Introduction.  The visibility of the scientific papers is vital to ensure impact of scientific 

studies.  Quantitative indicators are crucial in assessing research impact in the academic world [1]. 

It was proven that deposit of the paper on Academia.edu [2] and Reseachgate [3]  improves those 

such indicators as citations and papersô views. Therefore, digital repositories are commonly used 

by institutions. A digital repository enables staff and other subscribers to easily access scholarly 

and research material generated by members of your institution [4]. Commonly, digital repositories 

are using name and surname to identify scientists, but it could lead to problems with author 

identification (that is even more crucial for countries where both, Cyrillic and Latin alphabet are 

used) that in turn could led to decreasing of quantitative indicators 

 ORCID makes research more discoverable [5], improves impact [1] and should solve 

problems with author identification.  However, previously, ORCID implementing of approaches 

that automates integration of ORCID using in digital repositories was not proposed. While both 

digital repositories, and ORCID offer valuable tools for researchers, the integration of local digital 

repositories with the ORCID system is an area that requires exploration and attention.  This paper 

aims to develop and implement the approach that uses affiliation manager of ORCID to improve 

visibility of paper located on digital repositories and decrease problems with authors identification. 

To reach this aim, we proposed and tested such approach in Ukraine. The developed approach will 

be useful not only for Ukraine, but worldwide as this problem is relevant worldwide.  

Improving the impact of papers by integration of local digital libraries with ORCID. 

The ORCID consortium plays a significant role in accelerating ORCID adoption within research 

communities. Consortium lead organizations provide administrative support, manage member 

onboarding, develop resources, and maintain documentation. Participating organizations gain 

access to exclusive benefits like the Affiliation Manager tool, which simplifies affiliation data 

management [6]. 
Joining an existing consortium is often the easiest option, but ORCID assists in forming new 

consortia where needed. Consortium members collaborate to achieve common goals in research 
infrastructure and scholarly communications. The Affiliation Manager allows easy population of 
user records with affiliation data via CSV file uploads, streamlining the integration process. Overall, 
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consortium participation fosters ORCID adoption, efficient data exchange, and enhanced visibility 
of scholarly activities. Model of using Affiliation Manager to provide integration with ORCID is 
shown in Fig. 1. 

 
Fig. 1. Model of using Affiliation Manager 

A national ORCID consortium is a group of organizations utilizing ORCID services and 
resources in a regional/national context, following global implementation standards. Consortium 
members receive benefits like Premium Member status, API keys, and access to ORCID's 
Affiliation Manager tool. Forming a consortium facilitates automated data exchange, improves 
metadata quality, ensures efficient data collection and reporting, enhances a country's research 
visibility, and promotes widely accepted research data management practices. 

Each consortium has a leading organization responsible for administrative support, 
consultation for new members, employing dedicated staff, developing resources and 
documentation, engaging with the ORCID community, and policy development. Overall, consortia 
enable collaborative efforts, standardized practices, and improved research data management, 
contributing to a robust research ecosystem. Integrating digital repositories with ORCID in Ukraine 
faces technical challenges due to the complexity of the systems involved, as well as resource 
constraints in terms of time and finances required. There are also cultural challenges in getting 
researchers to adopt new working methods. 

Conclusion. Integrating local digital libraries with ORCID through participation in the 
ORCID consortium offers advantages like exclusive tool access (e.g. Affiliation Manager) and 
streamlined adoption within research communities. Joining an existing consortium is 
recommended, but ORCID assists in forming new consortia where needed. 

National ORCID consortia, composed of organizations utilizing ORCID services 
regionally/nationally, facilitate automated data exchange, improve metadata quality, ensure 
efficient data management, enhance national research visibility, and promote best practices. Each 
consortium has a lead organization providing administrative support, resource development, and 
policy governance. 

While integrating digital repositories with ORCID has challenges, the benefits are significant 
- improved visibility, collaboration, scientific discovery acceleration. Leveraging consortium 
support and available resources enables overcoming complexities and contributing to a robust 
research ecosystem aligned with global standards. The State Scientific-Technical Library of 
Ukraine actively works as the national Consortium Leader towards this integration.  
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Abstract. The authors of this paper deal with the synthesis of the new models and methods for signals 

detection and distinction in non-Gaussian noise. The new moment quality criterion for statistical hypothesis 

testing is proposed on the basis of the momentôs description of random process and the formation of 

polynomial decision rules. It is shown that the nonlinear processing of samples (taking into account the 

parameters of non-Gaussian distribution of random variables such as the moments of the third and higher 

orders) can increase the signal processing efficiency. The generalized structure of polynomial decision rules 

for multiple statistical hypothesis testing is suggested. Synthesis of the effective methods and algorithms of 

processing the data in non-Gaussian noise are also considered in this paper. 

Keywords: signal detection, moment quality criterion, higher order statistics, non-Gaussian noise. 

 

 The advanced diagnostics, observation, monitoring and control systems are 

characterized by the high requirements of data quality processing, increased complexity and 

functionality. Based on the above mentioned factors, it is necessary to develop effective signal 

detection and distinction systems. In general, these systems have to deal with stochastic processes. 

Traditionally, the design of such systems is based on the classical methods of statistical hypothesis 

testing theory. As a rule, these methods do not have constraints on the use of any type of probability 

density function (PDF) of stochastic processes [1]. Gaussian PDF of stochastic processes is widely 

applied, but in many cases it does not describe the real processes with the desired accuracy and 

turns out to be a convenient mathematical idealization of real stochastic process [2]. The classical 

methods of statistical hypothesis testing theory are characterized by significant limitation of non-

Gaussian signal processing and are associated with the complexity of the algorithmic 

implementation and increasing of computational resources[2, 3].  

Another approach to describe the statistical properties of non-Gaussian processes is presented. 

One of the approaches is to use higher-order statistics (HOS). The partial description of random 

processes is used as moment and cumulant (semivariants) functions. Such functions allow us to 

describe the statistical properties of the non-Gaussian processes with a reasonable accuracy [2]. 

The purpose of the work. The main objective of the paper is the synthesis and analysis of 

the methods and algorithms of signal detection and distinction in non-Gaussian noise on the basis 

of moment and cumulant description of random variables, polynomial decision rules which are 

optimal by the moment quality criterion statistical hypothesis testing. 

Formulation of the problem. New approach enables us to improve the accuracy of non-

Gaussian signals processing as compared with the traditional methods, as well as to reduce the 

complexity of signals detection and distinction algorithms, to perform signal processing in additive-

multiplicative and correlated non-Gaussian noise. Such approach gives us the possibility to create 

the effective computer toolkit for the functioning of data receiving and processing systems 

Solving the problem. Let the random signals ‚ὸ, Ὥ ρȟὔ be observed in the time interval 

πȟὝ. We need to define the signal processing algorithms and their characteristics of the input 

stochastic process ‚ὸ on the basis of decision making: a ñYesò signal ίὸ (implementation of 

the hypothesis Ὄ) or a ñNoò signal (implementation of the hypothesis Ὄ ) in the input stochastic 

process ‚ὸ, where ‚ὸ ίὸ hὸ, hὸ ï non-Gaussian stochastic process that describes 

the sequence of moments and cumulants. 

Let us use the moment-cumulant description of ‚ὸ which is represented as a finite sequence 

of the moments ά ‌ȟ‌ȟȢȢȢȟ‌ ȟπȟ…ȟ‎ȟ‎ȟȢȢȢȟ‎ , where ‌ȟ‌ȟȢȢȢȟ‌  ï initial 

moments that describe the signals characteristics, ίὸ, ‎ȟ‎ȟ‎ȟȢȢȢȟ‎ ï the cumulant coefficients 

Introduction.  
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that describe the characteristics of non-Gausian stationary noise hὸ with zero mean and … 

variance. 

According to the classical approach, the optimal Bayesian algorithm of signal detection is 

determined as the minimum average risk. The minimal sufficient statistic for simple hypothesis 

testing is defined as the likelihood ratio and can be found from Ώ╧ ὖ╧ȿὌ Ⱦὖ╧ȿὌ . 

The solution of such problems is mainly done in the assumption of the Gaussian PDF of the 

random variables. In other cases, it is difficult to define the PDF and to find the solutions in the 

form likelihood ratio That is why it is possible to use another approach when the likelihood ratio is 

represented as power polynomial function [3] and the unknown coefficients are from another 

momen quality criterion of statistical hypothesis testing. 

Consider the problem of distinguishing signals using a new approach assuming a simple loss 

matrix and the appearance of equally likely hypotheses. Then likelihood ratio of statistical 

hypothesis testing Ὄ  and Ὄ  for independent random samples ὼ will be represented as a power 

stochastic polynomial  
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where the unknown optimal coefficients Ὧ  are defined from the minimum of moment quality 

criterion of statistical hypothesis testing  

ὑόὉȟὋ , (2) 

where Ὁ , Ὁ  ÁÎÄ Ὃ ȟ  Ὃ  

ÍÅÁÎ ÁÎÄ ÖÁÒÉÁÎÃÅ ÏÆ $2 ρ ÆÏÒ ÈÙÐÏÔÈÅÓÉÓ ÔÅÓÔÉÎÇ ὌȟὌȟÁnd Ὧ  is chosen as average 

value of Ὁ , Ὁ  . 

Then the general structure the DR (1) for choosing the hypotheses gH  and 
rH  is proposed. 

The polynomial methods and algorithms of signals distinction in non-Gaussian noise are 

synthesized on the basis of the moment quality criterion for multiple statistical hypothesis testing 

(2). 

On the basis of the new methods the computer tools are created and they include the programs 

for any type of signals processing.  

Conclusion. Methods for signal detection and distinction in non-Gaussian noise are 

presented. The foundation of these methods is the moment-cumulant description of random 

variables, the development of a moment quality criterion for statistical hypothesis testing, and 

power polynomial decision rules. By taking into account the moments and cumulants of the third 

order and higher, this approach enables the description of the characteristics of non-Gaussian 

stochastic processes more adequately. The accurate description of such processes and non-linear 

polynomial processing of sample values allow for an increase in the efficiency of signal detection 

and distinction compared to the well-known results for Gaussian stochastic processes. 
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APPLICATION OF INFORMATION AND COMMUNICATION TECHNOLOGIES IN 

ENVIRONMENTAL SCIENTIFIC RESEARCH (ON THE EXAMPLE OF SULFUR 

DIOXIDE EMISSIONS RESEARCH INTO THE ATMOSPHERIC AIR  OF UKRAINE)  

 

Yelistratova L., Apostolov A., Khodorovskyi A., Tymchyshyn ʄ. 

State Institution "Scientific Centre for Aerospace Research of the Earth of the Institute of 

Geological Sciences of the National Academy of Sciences of Ukraine" 

 
Abstract. The research developed a geoinformation satellite monitoring technology for quantitative 

assessment of atmospheric air pollution over the territory of Ukraine. The technology is universal and allows 

for prompt monitoring of all greenhouse gases. This article is devoted to the complex geoinformation 

monitoring of sulfur dioxide. The research used data on the concentration of sulfur dioxide for 5 years: from 

2019 to 2023 from the Sentinel-5P satellite product OFFL SO2 processing level L3. The Google Earth 

Engine (GEE) geospatial processing service was used to calculate and obtain remote sensing data. With the 

help of the ArcGIS geoinformation program, maps of SO2 distribution on the territory of Ukraine and 

adjacent territories were constructed. Regional areas with anomalous SO2 content values and transboundary 

SO2 transports were identified. Using the comparison of satellite and ground measurements, a comparison 

graph was made between these observations, and 4 aggregates were selected. The integrated use of satellite 

and ground data allows for a significant increase in the informativeness of the proposed technology. 

Keywords: geoinformation satellite monitoring technology, sulfur dioxide, ground measurements, 

Ukraine 

 

Introduction.  Nowadays, humanity is developing at a tremendous pace in various fields, be 

it science or technology, but at the same time it forgets about ecology. Every year, people, increasing 

their industrial potential, pay less and less attention to the state of the environment. This cannot be 

done, because man is a part of the planet, just like other organisms. Environmental problems are the 

degradation of the environment and most often they are caused by human activity. On the one side, 

humans create comfort for themselves, and others - they destroy nature. Therefore, it makes sense 

to pay sufficient attention to information technologies in solving environmental problems. In this 

regard, information support for solving tasks in the field of environmental problems is extremely 

necessary. The basics of geoinformation technologies and their use in the field of ecology and 

environmental protection are given in numerous works by foreign and domestic researchers [1]-[3].  

Setting the problem. Environmental problems first of all require continuous monitoring and 

require immediate and adequate actions, the effectiveness of which is based on the processing and 

provision of information. Geoinformation monitoring, which is based on the implementation of 

monitoring technologies through geoinformation technologies and systems, as well as problem-

oriented information systems, copes well with this task.  

The purpose of this work is to develop the scientific foundations of geoinformation space 

monitoring technology for the quantitative assessment of atmospheric air pollution over the territory 

of Ukraine, on the example of sulfur dioxide. 

Materials and methods. In the research, the geospatial processing service Google Earth 

Engine (GEE) was used for processing satellite data. Data taken for 5 years: from 2019 to 2023 

from the Sentinel-5P satellite, product Sentinel-5P OFFL SO2 processing level L3, units of 

measurement (mol/m2). For the quantitative calculation of sulfur dioxide concentration, the channel 

ñSO2_column_number_densityò was selected, which shows the density of sulfur dioxide in a 

vertical column at ground level. For the direct quantitative assessment of the concentration of sulfur 

dioxide in the atmosphere of Ukraine by year, a program code was written in the GEE environment. 

Main part.  The developed technology of geo-informational satellite monitoring for the 

quantitative assessment of atmospheric air pollution over the territory of Ukraine is based on the 

results of remote sensing (RS) data and ground-based data on changes in the average level of 

atmospheric air pollution. It consists of the following scientific bases (blocks): the data archive; 

data processing; implementation into production practice. These blocks are shown in Figure 1. 
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Fig. 1. Block diagram of geoinformation satellite monitoring technology for quantitative 

assessment of atmospheric air pollution 

Based on the figure shown in Fig. 1 of the general structure of the technology in Fig. 2 shows 

an example of practical use for assessing the regularities of the distribution of sulfur dioxide in the 

atmosphere of Ukraine, namely calculations of the average concentration of SO2 for the period 

from 2019 to 2021, with the selection of regional areas of abnormal values of SO2 content, and 

transboundary transfer is shown. 

 
Fig. 2. Calculation of average SO2 concentration for the period from 2019 to 2021 

Conclusion. The use of GIS programs is necessary for carrying out environmental studies 

taking into account the remote data and ground surveys at all stages of work - information search, 

processing, and analysis. Without the use of appropriate GIS programs, conducting such studies is 

impossible. The analysis of the obtained results, which are difficult to interpret, is necessary and 

expedient to complement the involvement of data presented in a qualitative form. 
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ɹɸɻɸʊʆʂɸʅɸʃʔʅʀʁ ʎʀʌʈʆɺʀʁ ʄʆɼɽʄ ɿ ʐʋʄʆɺʀʄʀ ɻɸʋʉʉʆɺʆʄʀ 

ʉʀɻʅɸʃɸʄʀ 

 

ʇʝʨʚʫʥʽʥʩʴʢʠʡ ʉ.ʄ., ʆʣʝʢʩʶʢ ɺ.ɺ. 

ʏʝʨʢʘʩʴʢʠʡ ʜʝʨʞʘʚʥʠʡ ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ,  ʏʝʨʢʘʩʠ, ʋʢʨʘʾʥʘ 

 
ɸʥʦʪʘʮʽʷ. ʋ ʨʦʙʦʪʽ ʧʨʦʚʝʜʝʥʠʡ ʘʥʘʣʽʟ ʧʦʪʝʥʮʽʡʥʦʾ ʟʘʚʘʜʦʩʪʽʡʢʦʩʪʽ ʙʘʛʘʪʦʢʘʥʘʣʴʥʦʛʦ 

ʘʚʪʦʢʦʨʝʣʷʮʽʡʥʦʛʦ ʮʠʬʨʦʚʦʛʦ ʤʦʜʝʤʫ ʟ ʰʫʤʦʚʠʤʠ ʩʠʛʥʘʣʘʤʠ ʪʠʧʫ ʙʽʣʦʛʦ ʛʘʫʩʩʦʚʦʛʦ ʰʫʤʫ. 

ʊʝʣʝʢʦʤʫʥʽʢʘʮʽʡʥʽ ʩʠʩʪʝʤʠ ʟ ʪʘʢʠʤʠ ʩʠʛʥʘʣʘʤʠ ʚʽʜʥʦʩʷʪʴʩʷ ʜʦ ʢʣʘʩʫ ʰʠʨʦʢʦʩʤʫʛʦʚʠʭ ʽ ʤʘʶʪʴ 

ʧʽʜʚʠʱʝʥʫ ʟʘʭʠʱʝʥʽʩʪʴ ʚʽʜ ʚʠʷʚʣʝʥʥʷ ʪʘ ʨʘʜʽʦʝʣʝʢʪʨʦʥʥʦʾ ʧʨʦʪʠʜʽʾ ʟʘʚʜʷʢʠ ʨʽʚʥʦʤʽʨʥʦʛʦ 

ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ ʩʧʝʢʪʨʫ ʧʦ ʚʠʜʽʣʝʥʽʡ ʩʤʫʟʽ ʯʘʩʪʦʪ. ɹʘʛʘʪʦʢʘʥʘʣʴʥʘ ʩʠʩʪʝʤʘ ʩʠʛʥʘʣʽʚ ʧʦʙʫʜʦʚʘ ʥʘ 

ʙʘʟʽ ʙʽʥʘʨʥʦʾ ʩʪʨʫʢʪʫʨʠ ʜʝʤʦʜʫʣʷʪʦʨʘ ʟ ʰʫʤʦʚʦʶ ʥʝʩʫʯʦʶ CDSK (Correlation delay shift keying). 

ɸʥʘʣʽʟ ʟʘʚʘʜʦʩʪʽʡʢʦʩʪʽ ʩʠʩʪʝʤʠ ʩʠʛʥʘʣʽʚ ʚʠʢʦʥʘʥʠʡ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʝʪʦʜʫ ʬʫʥʢʮʽʦʥʘʣʴʥʦʛʦ 

ʧʝʨʝʪʚʦʨʝʥʥʷ ʚʠʧʘʜʢʦʚʠʭ ʩʢʣʘʜʦʚʠʭ ʫ ʜʝʤʦʜʫʣʷʪʦʨʽ ʧʨʠ ʟʘʩʪʦʩʫʚʘʥʥʽ ʘʧʘʨʘʪʫ ʭʘʨʘʢʪʝʨʠʩʪʠʯʥʠʭ 

ʬʫʥʢʮʽʡ. ʇʨʦʚʝʜʝʥʠʡ ʘʥʘʣʽʟ ʟʘʚʘʜʦʩʪʽʡʢʦʩʪʽ ʮʠʬʨʦʚʦʛʦ ʤʝʪʦʜʫ ʦʙʨʦʙʢʠ ʙʘʛʘʪʦʢʘʥʘʣʴʥʦʛʦ ʤʦʜʝʤʫ 

ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʧʨʦʚʦʜʠʪʠ ʪʝʦʨʝʪʠʯʥʫ ʦʮʽʥʢʫ ʧʦʪʝʥʮʽʡʥʦʾ ʟʘʚʘʜʦʩʪʽʡʢʦʩʪʽ ʩʠʩʪʝʤʠ, ʱʦ ʥʝʦʙʭʽʜʥʦ ʜʣʷ 

ʧʦʨʽʚʥʷʣʴʥʦʛʦ ʘʥʘʣʽʟʫ ʩʠʩʪʝʤ ʟ ʰʠʨʦʢʦʩʤʫʛʦʚʠʤʠ ʩʠʛʥʘʣʘʤʠ ʟ ʧʨʦʩʪʦʶ ʘʧʘʨʘʪʥʦʶ ʨʝʘʣʽʟʘʮʽʻʶ ʥʘ 

ʝʣʝʤʝʥʪʘʭ ʽʥʪʝʛʨʘʣʴʥʦʾ ʪʝʭʥʽʢʠ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʰʠʨʦʢʦʩʤʫʛʦʚʘ ʩʠʩʪʝʤʘ ʩʠʛʥʘʣʽʚ, ʟʘʚʘʜʦʩʪʽʡʢʽʩʪʴ ʮʠʬʨʦʚʦʛʦ ʤʦʜʝʤʫ, 

ʚʠʧʘʜʢʦʚʽ ʧʨʦʮʝʩʠ, ʭʘʨʘʢʪʝʨʠʩʪʠʯʥʘ ʬʫʥʢʮʽʷ. 
 

MULTIC HANNEL DIGITAL MODEM  WITH NOISY GAUSSIAN SIGNALS  

 

Pervuninsky S., ʆleksiuk V. 

Cherkasy State Technological University, Cherkasy, Ukraine 

 
Abstract. The paper analyzes the potential bit error rates of a multi-channel autocorrelation digital 

modem with noise signals of the white Gaussian type. Telecommunication systems with such signals belong 

to the broadband class and have increased protection against detection and radio-electronic countermeasures 

due to the uniform spread of the spectrum over the allocated frequency band. The multi-channel signal 

system is built on the basis of the binary structure of a demodulator with a noise carrier CDSK (Correlation 

delay shift keying). The analysis of the bit error rates of the signal system is performed using the method of 

functional transformation of random components in the demodulator using the characteristic functions 

apparatus. The conducted analysis of the interference immunity of the digital method of multi-channel 

modem processing makes it possible to conduct a theoretical assessment of the potential immunity of the 

system, which is necessary for the comparative analysis of systems with broadband signals with simple 

hardware implementation on elements of integrated technology. 

Keywords: ɸbroadband signal system, bit error rates of digital modem, random processes, 

characteristic function. 
 

ɺʩʪʫʧ. ɺ ʦʩʪʘʥʥʽ ʨʦʢʠ ʚ ʪʝʦʨʽʾ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡ ʧʦʯʘʚ ʨʦʟʚʠʚʘʪʠʩʴ ʥʦʚʠʡ ʥʘʧʨʷʤʦʢ 
ʜʦʩʣʽʜʞʝʥʴ, ʧʨʠʩʚʷʯʝʥʠʡ ʧʠʪʘʥʥʷʤ ʟʘʩʪʦʩʫʚʘʥʥʷ ʩʢʣʘʜʥʠʭ ʩʠʛʥʘʣʽʚ ʟ ʚʝʣʠʢʦʶ ʙʘʟʦʶ ʜʣʷ 
ʧʦʙʫʜʦʚʠ ʙʘʛʘʪʦʢʘʥʘʣʴʥʠʭ ʩʠʩʪʝʤ ʤʥʦʞʠʥʥʦʛʦ ʜʦʩʪʫʧʫ. ɿʥʘʯʥʘ ʯʘʩʪʠʥʘ ʪʘʢʠʭ ʜʦʩʣʽʜʞʝʥʴ 
ʩʪʦʩʫʻʪʴʩʷ ʧʠʪʘʥʥʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʙʘʛʘʪʦʧʦʟʠʮʽʡʥʠʭ ʰʫʤʦʚʠʭ, ʧʩʝʚʜʦ ʰʫʤʦʚʠʭ ʪʘ ʭʘʦʪʠʯʥʠʭ 
ʩʠʛʥʘʣʽʚ ʟ ʰʠʨʦʢʦʶ ʩʤʫʛʦʶ ʯʘʩʪʦʪ [1, 2]. ʎʝ ʧʦʷʩʥʶʻʪʴʩʷ ʤʦʞʣʠʚʽʩʪʶ ʧʝʨʝʜʘʯʽ ʽʥʬʦʨʤʘʮʽʾ 
ʚ ʪʘʢʠʭ ʩʠʩʪʝʤʘʭ ʟ ʙʽʣʴʰʦʶ ʰʚʠʜʢʽʩʪʶ ʪʘ ʩʪʚʦʨʝʥʥʷʤ ʤʝʨʝʞ ʟʚôʷʟʢʫ ʟ ʚʝʣʠʢʦʶ ʧʨʦʩʪʦʨʦʚʦʶ 
ʱʽʣʴʥʽʩʪʶ ʪʨʘʬʽʢʫ. ɿʨʦʩʪʘʥʥʷ ʚʠʤʦʛ ʜʦ ʟʘʭʠʱʝʥʦʩʪʽ ʽʥʬʦʨʤʘʮʽʾ, ʦʙʤʝʞʝʥʦʩʪʽ ʯʘʩʪʦʪʥʦʛʦ 
ʨʝʩʫʨʩʫ, ʨʦʟʚʠʪʦʢ ʝʣʝʤʝʥʪʥʦʾ ʙʘʟʠ ʨʘʜʽʦʩʠʩʪʝʤ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʜʦʩʷʛʥʝʥʴ ʤʽʢʨʦʝʣʝʢʪʨʦʥʽʢʠ 
ʪʘ ʪʝʭʥʦʣʦʛʽʡ ʮʠʬʨʦʚʦʾ ʦʙʨʦʙʢʠ ʩʠʛʥʘʣʽʚ, ʜʘʶʪʴ ʟʤʦʛʫ ʧʦ ʥʦʚʦʤʫ ʧʽʜʽʡʪʠ ʜʦ ʧʨʦʙʣʝʤ 
ʨʦʟʨʦʙʢʠ ʝʬʝʢʪʠʚʥʠʭ ʤʦʜʝʤʽʚ ʟ ʰʫʤʦʚʦʶ ʥʝʩʫʯʦʶ. 

ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʽ. ɺ [3] ʟʘʧʨʦʧʦʥʦʚʘʥʘ ʩʪʨʫʢʪʫʨʘ ʮʝʥʪʨʘʣʽʟʦʚʘʥʦʾ ʩʠʩʪʝʤʠ 
ʤʥʦʞʠʥʥʦʛʦ ʜʦʩʪʫʧʫ, ʚ ʷʢʽʡ ʩʠʛʥʘʣ ʥʘ ʚʭʦʜʽ ʙʘʛʘʪʦʢʘʥʘʣʴʥʦʛʦ ʘʚʪʦʢʦʨʝʣʷʮʽʡʥʦʛʦ 
ʜʝʤʦʜʫʣʷʪʦʨʘ ʤʘʻ ʚʠʛʣʷʜ: 
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ʜʝ { }1;1+-Íia ï ʧʝʨʝʜʘʥʠʡ ʽʥʬʦʨʤʘʮʽʡʥʠʡ ʩʠʤʚʦʣ ʽ-ʛʦ ʢʦʨʠʩʪʫʚʘʯʘ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʣʦʛʽʯʥʠʤ 

ʩʠʛʥʘʣʘʤ ç0è ʪʘ ç1è ʚʽʜʧʦʚʽʜʥʦ; T ï ʜʦʚʞʠʥʘ ʩʠʤʚʦʣʴʥʦʛʦ (ʪʘʢʪʦʚʦʛʦ) ʽʥʪʝʨʚʘʣʫ; )(tx  ï 

ʦʧʦʨʥʠʡ ʰʫʤʦʚʠʡ ʩʠʛʥʘʣ, ʟʛʝʥʝʨʦʚʘʥʠʡ ʛʝʥʝʨʘʪʦʨʦʤ ʪʠʧʫ çʙʽʣʦʛʦè ʛʘʫʩʩʦʚʦʛʦ ʰʫʤʫ; ʂ ï 

ʢʽʣʴʢʽʩʪʴ ʢʘʥʘʣʽʚ ʚ ʤʦʜʝʤʽ; )(tn ï ʟʘʚʘʜʘ ʪʠʧʫ ʙʽʣʦʛʦ ʛʘʫʩʩʦʚʦʛʦ ʰʫʤʫ, ʱʦ ʜʦʜʘʻʪʴʩʷ ʚ ʢʘʥʘʣʽ 

ʟʚôʷʟʢʫ. ʅʘ ʚʠʭʦʜʽ -̔ʛʦ ʽʥʪʝʛʨʘʪʦʨʘ ʘʚʪʦʢʦʨʝʣʷʮʽʡʥʦʛʦ ʜʝʤʦʜʫʣʷʪʦʨʘ ʦʪʨʠʤʫʻʪʴʩʷ ʟʥʘʯʝʥʥʷ 

ʩʠʛʥʘʣʫ 

 ñ t-Ö=J

T

ii dttyty
0

)()( . (2) 

ʇʨʠʩʪʨʽʡ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʥʷ ʧʦ ʟʥʘʯʝʥʥʶ iJ ʚʠʟʥʘʯʘʻ ʦʮʽʥʢʫ ʩʠʛʥʘʣʫ -̔ʛʦ ʢʦʨʠʩʪʫʚʘʯʘ 

1=ia
%

, ʷʢʱʦ ʩʠʛʥʘʣ ʥʘ ʚʠʭʦʜʽ ʢʦʨʝʣʷʪʦʨʘ ʤʘʻ ʜʦʜʘʪʥʝ ʟʥʘʯʝʥʥʷ (0²iJ ), ʽʥʘʢʰʝ 1-=ia
%

. 

ʄʝʪʘ ʨʦʙʦʪʠ. ɸʥʘʣʽʟ ʧʦʪʝʥʮʽʡʥʦʾ ʟʘʚʘʜʦʩʪʽʡʢʦʩʪʽ ʙʘʛʘʪʦʢʘʥʘʣʴʥʦʛʦ ʮʠʬʨʦʚʦʛʦ ʤʦʜʝʤʫ 
ʤʥʦʞʠʥʥʦʛʦ ʜʦʩʪʫʧʫ ʟ ʰʫʤʦʚʠʤʠ ʩʠʛʥʘʣʘʤʠ ʪʠʧʫ ʙʽʣʦʛʦ ʛʘʫʩʩʦʚʦʛʦ ʰʫʤʫ ʧʨʠ ʨʦʙʦʪʽ ʧʦ 
ʢʘʥʘʣʫ ʟ ʧʦʩʪʽʡʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ, ʚ ʷʢʦʤʫ ʜʽʻ ʘʜʠʪʠʚʥʘ ʛʘʫʩʩʦʚʘ ʟʘʚʘʜʘ. 

ʆʩʥʦʚʥʘ ʯʘʩʪʠʥʘ. ʈʦʟʛʣʷʥʝʤʦ ʨʝʘʣʽʟʘʮʽʶ ʜʝʤʦʜʫʣʷʪʦʨʘ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʮʠʬʨʦʚʠʭ 

ʘʣʛʦʨʠʪʤʽʚ ʦʙʨʦʙʢʠ ʩʠʛʥʘʣʽʚ. ʉʠʛʥʘʣ iJ ʥʘ ʚʭʦʜʽ ʧʦʨʦʛʦʚʦʛʦ ʧʨʠʩʪʨʦʶ (ʥʘ ʚʠʭʦʜʽ 

ʢʦʨʝʣʷʪʦʨʘ) -̔ʛʦ ʢʦʨʠʩʪʫʚʘʯʘ ʧʨʠ ʮʠʬʨʦʚʦʤʫ ʤʝʪʦʜʽ ʦʙʨʦʙʢʠ, ʚʽʜʧʦʚʽʜʥʦ ʜʦ (2) ʟʘʧʠʰʝʪʴʩʷ 
ʫ ʚʠʛʣʷʜʽ: 
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,,,  ï ʩʢʘʣʷʨʥʠʡ ʜʦʙʫʪʦʢ ʚʝʢʪʦʨʽʚ jv ʪʘ ijs + ; };{, ns xn Í , ijs +  ï 

ʚʝʢʪʦʨ, ʱʦ ʧʨʝʜʩʪʘʚʣʷʻ ʩʢʣʘʜʦʚʫ )( ijmts tt-- . 
ɿʘʚʘʜʦʩʪʽʡʢʽʩʪʴ ʜʝʤʦʜʫʣʷʪʦʨʘ -̔ʛʦ ʢʘʥʘʣʫ ʚʠʟʥʘʯʘʻʪʴʩʷ ʯʝʨʝʟ ʱʽʣʴʥʽʩʪʴ ʨʦʟʧʦʜʽʣʫ 

)( iJw  ʚʠʧʘʜʢʦʚʦʾ ʚʝʣʠʯʠʥʠ (ɺɺ) iJ. ʑʽʣʴʥʽʩʪʴ ʨʦʟʧʦʜʽʣʫ )( iJw  ʤʦʞʥʘ ʟʥʘʡʪʠ, 

ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʤʝʪʦʜ ʭʘʨʘʢʪʝʨʠʩʪʠʯʥʠʭ ʬʫʥʢʮʽʡ, ʱʦ ʨʦʟʛʣʷʥʫʪʦ ʚ [4].  
ʇʨʦʚʝʜʝʥʠʡ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʝʪʦʜʫ ʭʘʨʘʢʪʝʨʠʩʪʠʯʥʠʭ ʬʫʥʢʮʽʡ ʘʥʘʣʽʟ ʟʘʚʘʜʦʩʪʽʡʢʦʩʪʽ 

ʜʦʟʚʦʣʠʚ ʦʪʨʠʤʘʪʠ ʚʠʨʘʟ ʜʣʷ ʦʙʨʘʭʫʥʢʫ ʧʦʤʠʣʢʠ ʜʝʤʦʜʫʣʷʮʽʾ ʫ ʚʠʛʣʷʜʽ: 
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ʜʝ 2h  ï ʧʝʨʝʚʠʱʝʥʥʷ ʝʥʝʨʛʽʾ ʩʠʛʥʘʣʫ ʥʘʜ ʩʧʝʢʪʨʘʣʴʥʦʶ ʱʽʣʴʥʽʩʪʶ ʟʘʚʘʜʠ. 
ɺʠʩʥʦʚʦʢ. ʆʪʨʠʤʘʥʘ ʬʦʨʤʫʣʘ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ ʧʦʪʝʥʮʽʡʥʦʾ ʟʘʚʘʜʦʩʪʽʡʢʦʩʪʽ 

ʙʘʛʘʪʦʢʘʥʘʣʴʥʦʛʦ ʮʠʬʨʦʚʦʛʦ ʤʦʜʝʤʫ ʟ ʰʫʤʦʚʠʤʠ ʛʘʫʩʩʦʚʦʤʠ ʩʠʛʥʘʣʘʤʠ.  ʈʦʟʨʘʭʫʥʢʠ, ʱʦ 
ʚʠʢʦʥʘʥʽ ʧʦ ʟʘʣʝʞʥʦʩʪʽ (4), ʚʢʘʟʫʶʪʴ, ʱʦ ʟʘʚʘʜʦʩʪʽʡʢʽʩʪʴ ʨʦʟʛʣʷʥʫʪʦʾ ʩʠʩʪʝʤʠ ʧʨʠ 
ʟʙʽʣʴʰʝʥʥʽ ʢʽʣʴʢʦʩʪʽ ʢʘʥʘʣʽʚ ʩʫʪʪʻʚʦ ʟʤʝʥʰʫʻʪʴʩʷ. ʇʦʢʨʘʱʝʥʥʷ ʟʘʚʘʜʦʩʪʽʡʢʦʩʪʽ ʤʦʞʥʘ 
ʜʦʩʷʛʪʠ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʤʝʪʦʜʫ ʦʨʪʦʛʦʥʘʣʽʟʘʮʽʷ ʩʠʛʥʘʣʽʚ ʢʦʨʠʩʪʫʚʘʯʽʚ. 
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