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1 Introduction 

The development of the digital society is accelerating at a very rapid pace. We 

already live in the era of digital technologies and ubiquitous Internet connectivity. 

Cellular communication networks play a crucial role in this. They have gone a long 

way of evolution ï from simple analog systems to advanced digital communication 

technologies. 

 

 
Fig. 1. ï Cellular networks evolution [1] 

 

As we can see from Figure 1, cellular communication networks are now on the 

way to sixth-generation networks, which will provide a huge number of advantages, 

even compared to fifth-generation networks. However, along with technological 

perfection, security systems are also changing, since the cyber threat landscape is 

constantly changing. New types of attacks and, accordingly, new attack vectors are 
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emerging. Attackers can use a variety of tools, including those based on the use of 

artificial intelligence algorithms (Figure 2). 

The following can be stated. 5G uses a large number of connected devices (IoT, 

sensors, autonomous systems), which increases the number of entry points for 

attackers. Virtualization, network slicing, and ñedge computingò ð all of these 

technologies by their nature add complexity and potential vulnerabilities. In addition, 

equipment or software suppliers may be under the influence of states or have security 

weaknesses. This in turn creates risks for the entire network. 

Compatibility issues, lack of transparency of components, the possibility of 

implanting ñbackdoorsò or malicious code at the manufacturer level also carry a large 

number of potential risks. 

 

 
Fig. 2. ï  5G threats landscape [2] 

 

Also, many types of attacks are possible that target protocol vulnerabilities, for 

example, MITM attacks (Man-in-the-Middle), where an attacker ñinterceptsò 

communication between a device and a base station. 

Denial-of-service attacks can be particularly devastating due to the high 

bandwidth and reliance on connectivity in critical systems. 

Insider threats also play a significant role. Employees or partners with access to 

the administrative part of the network can inadvertently or intentionally create risks. 

Insufficient control over administrative access, weak passwords, non-compliance with 

security policies. 
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Attackers can also use 5G networks to coordinate attacks, propaganda, data 

collection, etc. 

This threat landscape helps to understand what measures need to be implemented 

ï modeling in the laboratory, simulations, auditing, training, redundancy, network 

segmentation, supply chain protection, etc. But this study focuses on penetration testing 

as one of the effective tools for assessing security system problems. 

Traditional pentesting techniques (OSSTMM, PTES, NIST SP800-115, etc.), 

although effective for classic IT systems, do not take into account the specifics of 5G, 

namely dynamic resource allocation, IoT integration, MEC, ultra-low latency. 

Therefore, there is a need for a fully automated penetration testing system that 

will be able to: 

- dynamically detect vulnerabilities in real time; 

- provide simulation of complex attack scenarios in a virtualized environment; 

- scale to large infrastructures of mobile operators; 

- reduce dependence on manual work and reduce the time to detect critical 

problems. 

 

2 Principles of developing an automated penetration testing system 

This study proposes the development of an automated pentest system that should 

be based on the following key principles: 

1. Automation of the entire testing cycle ï from data collection and scanning to 

attack generation and execution. 

2. Integration with vulnerability databases (CVE, NVD) for prompt update of 

threat data. 

3. Use of intelligent algorithms ï application of genetic algorithms (GA) to 

optimize attack strategies and select the most effective penetration paths. 

4. Modeling attacks through attack trees/attack graphs to visualize possible paths 

of compromise. 

5. Flexible integration with existing pentest tools (Metasploit, Nmap, Burp Suite, 

Wireshark, Nessus, etc.). 

6. Security and controllability ï use of test benches, virtual environments and 

digital twins to prevent risks in real networks. 

 

3 System architecture 

The architecture (Fig. 3) of the automated system consists of three main modules: 

1. Data collection module. It provides data collection on network topology and 

devices using API and scanners (e.g. Shodan); integration with CVE/NVD to obtain 

information on known vulnerabilities; construction of a graph of possible attacks. 

2. Genetic algorithm (GA) module. It provides data processing and construction 

of attack trees; optimization of attack scenarios according to criteria (probability of 

success, impact, cost, resource intensity); generation of the most effective penetration 

paths. 
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3. Integration module with pentest tools. It provides execution of generated 

strategies using Metasploit, Nessus, Wireshark, etc.; collection of results and formation 

of feedback for GA; creation of reports for analysts and management. 

In general, the system is deployed in a virtualized environment (VM, container), 

connected to a 5G test network (e.g., OpenAirInterface) and automatically performs a 

security assessment of various network slices. 

 
Fig. 3. ï  System design [3] 

 

4 Conclusions 

The development of an automated penetration testing system for 5G networks 

continues to be critically important for ensuring the cyber resilience of the 

infrastructure of cellular operators and, accordingly, their subscribers. 

This work has proven the effectiveness of using genetic algorithms to optimize 

attack strategies; an architectural solution has been created that can quickly detect 

critical vulnerabilities. 

Further scientific research involves integration with machine learning to adapt to 

new types of attacks; optimization of computing resources; expansion of the range of 

tested threats (APT, insider threats); minimization of false positives/false negatives. 

Thus, the proposed system is the basis for creating an intelligent automated 

pentest that meets the requirements of modern and future mobile networks. 
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In todayôs digital world, protecting critical infrastructure (CI) is one of the most 

important tasks for organizations and states. The increasing number of threats 

associated with the development of information technology makes reliable security 

measures necessary. CI encompasses the systems and networks that are essential for 

society to function, including those in the energy, transportation, finance, 

communications, and healthcare sectors. The failure or compromise of these 

components can have serious consequences for national security, the economy, and 

public welfare. Effective CI protection requires the proper identification, assessment, 

and management of cyber threats, especially when defensive resources are limited. 

Despite the importance of cybersecurity for critical infrastructure, there is still a 

lack of scientific research on methods for managing cyber threats, both internationally 

and domestically (Fig. 1). However, analyses in [1ï2] have examined threat 

management approaches in various CI domains. 

 
Figure 1. - Cyber-Threat Management Process 

 

In the first study [3], the authors developed an algorithm to assess cybersecurity 

threats in learning management systems (LMS). They evaluated LMS platforms such 

as Moodle, Atutor, and Ilias by combining the STRIDE model with the multi-criteria 

decision-making method TODIM and adding fuzzy sets. Three cybersecurity experts 

evaluated the security of these platforms using linguistic variables, which demonstrated 

the effectiveness of the algorithm in identifying and ranking cybersecurity threats in 

LMS environments. 
Another article explores applying the STRIDE model to assess cybersecurity threats 

in the CI transport sector. The article highlights how integrating STRIDE with Hazard 
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Analysis and Risk Assessment (HARA) forms the SAHARA approach, which provides a 

comprehensive foundation for early-stage risk evaluation. This combined method 

identifies and classifies security threats and ensures the implementation of appropriate 

countermeasures to protect automotive systems from potential cyberattacks. It supports 

consistent and secure product development throughout the life cycle [1ï2]. 

Study [4] examines the enhancement of security, privacy, and vulnerability 

management in 5G networks with a focus on CI protection. Despite improvements over 

previous generations, 5G networks still have technical security gaps that can be 

exploited. Using the STRIDE threat-classification model, the paper identifies and 

analyzes eleven threat scenarios in the 5G ecosystem, underscoring the importance of 

robust security measures to mitigate these risks. 

Another paper established that critical infrastructure facilities and industrial 

control systems are complex cyber-physical systems (CPS). Ensuring their reliable 

operation requires comprehensive threat modeling during system design and 

validation. The authors propose an integrated threat-modeling methodology for CPS 

using the STRIDE approach to guarantee security at the component level. The method 

was applied to a real-world testbed of a synchronous isolated system based on 

synchrophasors. The research identifies threat types for each system component and 

shows how vulnerabilities can compromise overall system security, proving that 

STRIDE is a lightweight and effective threat-modeling methodology for CPS [1ï2]. 

It has been determined that no existing implemented method can yet provide truly 

effective cyber-threat management in CI facilities (CIF). 

Because previous analyses of threat-identification, assessment, and management 

studies failed to find a single formalized approach, a decision was made to develop a 

new, more universal cyber-threat management method for CIF. This requires further 

analysis of the effectiveness of international practices and threat-modeling 

methodologies. 

The STRIDE threat classification method [5], developed by Microsoft, is a 

popular tool for analyzing security threats. The acronym stands for spoofing, 

tampering, repudiation, information disclosure, denial of service, and elevation of 

privilege. STRIDE helps identify weaknesses in information systems, enabling 

developers and security specialists to proactively mitigate them. Advantages include 

comprehensive coverage of a wide range of threats, clear and structured categories, and 

easy integration with other security methods and tools. However, effective use requires 

deep cybersecurity expertise. 

The NIST SP 800-30 standard, developed by the U.S. National Institute of 

Standards and Technology, provides a framework for identifying, assessing, and 

managing risks in information systems tailored to organizational processes and assets. 

Its main strengths are its comprehensive risk management coverage and broad 

institutional recognition. Implementation can be resource-intensive and challenging for 

small organizations, however. 

The international standard ISO/IEC 27005 offers guidance on information 

security risk management and proposes a structured approach to identifying, assessing, 

and treating risks. Its advantages include alignment with other ISO standards, which 
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facilitates integration with overall organizational management, and a well-structured 

process. Its drawbacks are the resources required for implementation and the potential 

difficulty for small organizations. 

The OCTAVE (Operationally Critical Threat, Asset, and Vulnerability Evaluation) 

methodology focuses on critical organizational assets and enables self-assessment using 

internal resources. While it highlights and protects key assets, it demands broad staff 

involvement and can be difficult to coordinate in large organizations. 

The COBIT (Control Objectives for Information and Related Technologies) 

framework governs IT and incorporates risk-management aspects, aligning IT 

management with business goals. Its advantages include seamless integration with 

business processes and a comprehensive IT-governance scope, but implementation can 

require substantial resources and pose challenges for smaller organizations. 

In [1ï2], the author compared approaches to prioritizing cyber-threats using criteria 

such as: EU ï ease of use, CM ï complexity, IS ï integration with other systems, CI ï CI 

focus, OB ï objectivity, and ET ï application time. The analysis showed that the STRIDE 

approach (Fig. 2) is extremely effective and comprehensive for identifying cyber-threats. 

Its clear structure, ability to integrate with other methods, and focus on diverse threat types 

make it an ideal tool for strengthening information-system security. STRIDE allows 

organizations not only to identify threats but also to assess their criticality, develop 

appropriate defenses, and ensure a holistic risk-management process. 

 
Figure 2. - STRIDE Cyber-Threat Modeling Methodology 

Additionally, identifying cyber-threat priorities necessitates considering decision-

making methodsðtechniques that facilitate the analysis of complex problems and the 

selection of the optimal course of action from multiple alternatives. These methods use 

various techniques and tools to evaluate parameters and criterion weights to ensure 

objective and balanced decisions. 

One such method is the Analytic Hierarchy Process (AHP) [6], developed by 

Thomas Saaty in the 1980s. AHP breaks decision-making into a hierarchy of goals, 

criteria, sub-criteria, and alternatives. Using mathematical principles to evaluate the 

importance of criteria and select the optimal option, the AHP is intuitive and 
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accommodates both quantitative and qualitative factors. However, it can be subjective 

in weighting and demands significant time and data. 
The TODIM multi-criteria decision method [7], based on Kahneman and Tverskyôs 

prospect theory, models decision-makers' preferences under uncertainty and risk. Key 

steps include defining criteria and alternatives, rating each alternative, assigning weights, 

calculating dominance values considering those weights, applying a prospect-value 

function to reflect risk attitudes, summing prospect values to obtain utility scores, and 

selecting the alternative with the highest utility. TODIM accounts for risk and uncertainty, 

but it requires complex calculations and subjective weight assignments. 

The TOPSIS (Technique for Order Preference by Similarity to Ideal Solution) 

method identifies the optimal alternative by selecting the option that is closest to the 

ideal solution and farthest from the negative ideal. TOPSIS is easy to implement and 

provides clear ranking of alternatives, but it is sensitive to relative criterion values and 

scaling issues. 

Consequently, studies [1ï2] compared decision-making methods for cyber-threat 

assessment using the following criteria: CI (applicability to CI), FL (flexibility), SC 

(scalability), CR (risk/uncertainty handling), and EU (ease of use). The analysis found 

TODIM to be the most suitable for CI applications because it effectively addresses risk 

and uncertainty, which is critical for CI, and it is flexible in considering diverse criteria. 

 

Conclusions: 

This work presents the results of an analysis of modern approaches to cyber-threat 

management that enable the effective identification, assessment, and control of risks 

associated with cyber incidents at critical infrastructure facilities. The advantages and 

disadvantages of these methods are identified, as well as opportunities for their 

integration to improve CI protection. 
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ɸʥʥʦʪʘʮʠʷ: ʇʨʝʜʩʪʘʚʣʝʥʘ ʧʦʣʥʘʷ ʤʝʪʦʜʠʢʘ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʫʛʨʦʟ ʜʣʷ 

ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʢʦʩʤʠʯʝʩʢʠʭ ʘʧʧʘʨʘʪʦʚ (ʂɸ) ʥʘ ʦʩʥʦʚʝ STRIDE, 

ʘʜʘʧʪʠʨʦʚʘʥʥʘʷ ʢ ʘʨʭʠʪʝʢʪʫʨʘʤ OBC/RTOS, ʰʠʥʘʤ SpaceWire/MIL-STD-

1553/CAN ʠ ʢʘʥʘʣʫ TT&C.   ʄʝʪʦʜʠʢʘ ʚʢʣʶʯʘʝʪ: ʧʦʩʪʨʦʝʥʠʝ DFD, ʫʯʸʪ ʘʢʪʠʚʦʚ 

ʠ ʛʨʘʥʠʮ ʜʦʚʝʨʠʷ, ʢʘʪʘʣʦʛ ʫʛʨʦʟ ʠ ʤʘʪʨʠʮʫ ʨʠʩʢʦʚ (1ï5) ʩ ʤʘʧʧʠʥʛʦʤ ʥʘ 

ʢʦʥʪʨʤʝʨʳ (secure boot, MPU/ʠʟʦʣʷʮʠʷ ʟʘʜʘʯ, ʘʫʪʝʥʪʠʬʠʮʠʨʦʚʘʥʥʘʷ ʩʚʷʟʴ, 

ʰʣʶʟʦʚʘʷ ʬʠʣʴʪʨʘʮʠʷ, on-board IDS). ʅʘ ʵʪʘʣʦʥʥʦʡ ʘʨʭʠʪʝʢʪʫʨʝ ʧʦʢʘʟʘʥʦ 

ʩʥʠʞʝʥʠʝ high-ʨʠʩʢ ʩʮʝʥʘʨʠʝʚ ʩ 9 ʜʦ 3, ʧʨʠ ʧʨʠʨʦʩʪʝ p95-ʟʘʜʝʨʞʢʠ ʢʦʤʘʥʜ TT&C 

å2.1 ʤʩ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: Spacecraft software ð ʇʆ ʙʦʨʪʘ ʠ ʥʘʟʝʤʢʠ ʂɸ: 

ʟʘʛʨʫʟʯʠʢ, RTOS-ʟʘʜʘʯʠ, ʜʨʘʡʚʝʨʳ, ʰʣʶʟʳ, OTA, ʪʝʣʝʤʝʪʨʠʷ/ʢʦʤʘʥʜʳ; RTOS 

(Real-Time OS) ð ʆʉ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ ʜʣʷ OBC ʩ ʜʝʪʝʨʤʠʥʠʨʦʚʘʥʥʳʤ 

ʧʣʘʥʠʨʦʚʘʥʠʝʤ ʠ ʜʝʜʣʘʡʥʘʤʠ; STRIDE ð ʪʘʢʩʦʥʦʤʠʷ ʫʛʨʦʟ: Spoofing, 

Tampering, Repudiation, Information Disclosure, DoS, Elevation; Threat modeling 

ð DFD + ʘʢʪʠʚʳ + ʛʨʘʥʠʮʳ ʜʦʚʝʨʠʷ Ÿ ʩʧʠʩʦʢ ʫʛʨʦʟ Ÿ ʦʮʝʥʢʘ ʨʠʩʢʘ Ÿ 

ʢʦʥʪʨʤʝʨʳ; OBC (On-Board Computer) ð ʙʦʨʪʦʚʦʡ ʢʦʤʧʴʶʪʝʨ ʂɸ, ʠʩʧʦʣʥʷʝʪ 

ʫʧʨʘʚʣʝʥʠʝ, ʩʚʷʟʴ, FDIR, ʧʦʣʝʟʥʫʶ ʥʘʛʨʫʟʢʫ; TT&C ð ʢʘʥʘʣ ʪʝʣʝʤʝʪʨʠʠ, 

ʩʣʝʞʝʥʠʷ ʠ ʢʦʤʘʥʜ ʤʝʞʜʫ MOC ʠ ʙʦʨʪʦʤ; ʢʨʠʪʠʯʥʳ ʘʫʪʝʥʪʠʯʥʦʩʪʴ/ʮʝʣʦʩʪʥʦʩʪʴ; 

SpaceWire ð ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʘʷ ʢʦʩʤʠʯʝʩʢʘʷ ʰʠʥʘ/ʧʨʦʪʦʢʦʣ ʤʝʞʙʦʨʪʦʚʦʛʦ 

ʦʙʤʝʥʘ ʠ ʩʚʷʟʠ ʩ ʧʦʣʝʟʥʦʡ ʥʘʛʨʫʟʢʦʡ; MIL-STD-1553 ð ʥʘʜʸʞʥʘʷ ʰʠʥʘ çmasterï

remoteè ʩ ʬʠʢʩʠʨʦʚʘʥʥʳʤ ʢʘʜʨʦʤ; ʫʩʪʦʡʯʠʚʘ, ʥʦ ʫʷʟʚʠʤʘ ʙʝʟ ʬʠʣʴʪʨʘʮʠʠ; CAN 

ð ʧʦʣʝʚʘʷ ʰʠʥʘ ʜʘʪʯʠʢʦʚ/ʧʨʠʚʦʜʦʚ; ʧʨʦʩʪʘʷ, ʙʝʟ ʚʩʪʨʦʝʥʥʦʡ ʘʫʪʝʥʪʠʬʠʢʘʮʠʠ, 

ʪʨʝʙʫʝʪ ʰʣʶʟ-ʢʦʥʪʨʦʣʷ/IDS; Secure boot ð ʜʦʚʝʨʝʥʥʘʷ ʟʘʛʨʫʟʢʘ ʪʦʣʴʢʦ 

ʧʦʜʧʠʩʘʥʥʳʭ ʦʙʨʘʟʦʚ + anti-rollback; ʢʣʶʯʠ ʚ ʟʘʱʠʱʸʥʥʦʤ ʤʦʜʫʣʝ; IDS ð 

ʩʠʩʪʝʤʘ ʦʙʥʘʨʫʞʝʥʠʷ ʚʪʦʨʞʝʥʠʡ (ʩʠʛʥʘʪʫʨʳ/ʘʥʦʤʘʣʠʠ) ʥʘ ʙʦʨʪʫ ʠ/ʠʣʠ ʰʣʶʟʘʭ, 
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ʩ ʞʫʨʥʘʣʠʨʦʚʘʥʠʝʤ; Risk matrix ð ʤʘʪʨʠʮʘ çʚʝʨʦʷʪʥʦʩʪʴ Ĭ ʫʱʝʨʙè (1ï5Ĭ1ï5) 

ʜʣʷ ʨʘʥʞʠʨʦʚʘʥʠʷ ʠ ʚʳʙʦʨʘ High-ʧʨʠʦʨʠʪʝʪʦʚ (ALARP). 

 
1 ɺʚʝʜʝʥʠʝ 

ʂʠʙʝʨʙʝʟʦʧʘʩʥʦʩʪʴ ʢʦʩʤʠʯʝʩʢʠʭ ʘʧʧʘʨʘʪʦʚ (ʂɸ) ʩʪʘʣʘ ʢʨʠʪʠʯʝʩʢʠʤ ʬʘʢʪʦʨʦʤ 

ʫʩʧʝʭʘ ʤʠʩʩʠʡ ʠʟ-ʟʘ ʫʩʣʦʞʥʝʥʠʷ ʧʨʦʛʨʘʤʤʥʳʭ ʩʪʝʢʦʚ, ʨʦʩʪʘ ʘʚʪʦʥʦʤʥʦʩʪʠ ʠ 

ʧʝʨʝʭʦʜʘ ʢ ʤʘʩʩʦʚʳʤ ʩʦʟʚʝʟʜʠʷʤ ʤʘʣʳʭ ʩʧʫʪʥʠʢʦʚ. ɹʦʨʪʦʚʦʝ ʇʆ ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ ʩ 

ʥʝʦʜʥʦʨʦʜʥʳʤʠ ʧʦʜʩʠʩʪʝʤʘʤʠ (RTOS, ʰʠʥʳ SpaceWire/1553/CAN, ʧʦʣʝʟʥʘʷ 

ʥʘʛʨʫʟʢʘ), ʦʧʠʨʘʝʪʩʷ ʥʘ ʨʝʜʢʠʝ ʠ ʫʟʢʠʝ ʢʘʥʘʣʳ ʩʚʷʟʠ (TT&C) ʠ ʦʙʷʟʘʥʦ ʩʦʙʣʶʜʘʪʴ 

ʞʸʩʪʢʠʝ ʜʝʜʣʘʡʥʳ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ. ʃʶʙʦʡ ʠʟʲʷʥ ʚ ʜʦʚʝʨʝʥʥʦʡ ʟʘʛʨʫʟʢʝ, 

ʤʘʨʰʨʫʪʠʟʘʮʠʠ ʢʦʤʘʥʜ ʠʣʠ ʤʝʞʟʘʜʘʯʥʦʤ ʦʙʤʝʥʝ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʧʦʪʝʨʝ ʘʧʧʘʨʘʪʘ 

ʠʣʠ ʤʠʩʩʠʠ. 

ʇʨʦʙʣʝʤʘ ʦʩʣʦʞʥʷʝʪʩʷ ʦʛʨʘʥʠʯʝʥʠʷʤʠ ʢʦʩʤʠʯʝʩʢʠʭ ʩʠʩʪʝʤ: ʜʝʬʠʮʠʪ 

ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʨʝʩʫʨʩʦʚ, ʵʥʝʨʛʦʙʶʜʞʝʪ, ʨʘʜʠʘʮʠʦʥʥʳʝ ʵʬʬʝʢʪʳ, ʜʣʠʪʝʣʴʥʳʝ 

ʟʘʜʝʨʞʢʠ ʠ ʦʢʥʘ ʩʚʷʟʠ, ʥʝʚʦʟʤʦʞʥʦʩʪʴ ʬʠʟʠʯʝʩʢʦʛʦ ʜʦʩʪʫʧʘ ʜʣʷ ʨʝʤʦʥʪʘ. 

ʂʣʘʩʩʠʯʝʩʢʠʝ çʟʝʤʥʳʝè ʤʝʪʦʜʠʢʠ ʙʝʟʦʧʘʩʥʦʩʪʠ ʯʘʩʪʦ ʥʝ ʤʘʩʰʪʘʙʠʨʫʶʪʩʷ: ʪʷʞʸʣʘʷ 

ʢʨʠʧʪʦʛʨʘʬʠʷ ʤʝʰʘʝʪ ʜʝʜʣʘʡʥʘʤ, ʧʦʣʥʦʬʫʥʢʮʠʦʥʘʣʴʥʳʝ IDS ʧʝʨʝʛʨʫʞʘʶʪ 

CPU/ʧʘʤʷʪʴ, ʘ ʩʪʘʥʜʘʨʪʥʳʝ DevSecOps-ʧʨʦʮʝʩʩʳ ʠʛʥʦʨʠʨʫʶʪ ʦʩʦʙʝʥʥʦʩʪʠ 

ʧʨʝʜʟʘʧʫʩʢʦʚʦʛʦ ʮʠʢʣʘ ʠ SRR. 

 

2 ʄʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʠʤʝʥʷʣʩʷ ʢʦʤʧʣʝʢʩʥʳʡ ʧʦʜʭʦʜ, ʩʦʯʝʪʘʶʱʠʡ 

ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʠ ʧʨʘʢʪʠʯʝʩʢʠʝ ʤʝʪʦʜʳ: 

ɸʥʘʣʠʪʠʯʝʩʢʠʡ ʤʝʪʦʜ - ʠʟʫʯʝʥʠʝ ʘʨʭʠʪʝʢʪʫʨ OBC/RTOS, ʢʘʥʘʣʦʚ TT&C ʠ 

ʰʠʥ (SpaceWire/MIL-STD-1553/CAN); ʘʥʘʣʠʟ ʠʟʚʝʩʪʥʳʭ ʫʷʟʚʠʤʦʩʪʝʡ ʠ ʧʨʘʢʪʠʢ 

hardening (secure boot, MPU, ACL/IDS) ʜʣʷ ʚʳʙʦʨʘ ʦʧʪʠʤʘʣʴʥʳʭ ʧʦʜʭʦʜʦʚ ʢ 

ʟʘʱʠʪʝ ʢʨʠʪʠʯʥʳʭ ʧʫʪʝʡ. 

ʌʦʨʤʘʣʠʟʘʮʠʷ ʧʦʪʦʢʦʚ ʜʘʥʥʳʭ (DFD) ʠ ʛʨʘʥʠʮ ʜʦʚʝʨʠʷ - ʧʦʩʪʨʦʝʥʠʝ DFD 

ʫʨʦʚʥʝʡ 0ï2 ʜʣʷ ʩʝʛʤʝʥʪʦʚ MOCźTT&CźOBCźʰʠʥźrʧʦʜʩʠʩʪʝʤʳ; 

ʠʥʚʝʥʪʘʨʠʟʘʮʠʷ ʘʢʪʠʚʦʚ (ʢʦʤʘʥʜʳ, ʢʣʶʯʠ, ʦʙʨʘʟʳ, ʪʝʣʝʤʝʪʨʠʷ) ʠ ʬʠʢʩʘʮʠʷ 

ʜʦʚʝʨʠʪʝʣʴʥʳʭ ʛʨʘʥʠʮ ʜʣʷ ʧʦʩʣʝʜʫʶʱʝʡ ʪʨʘʩʩʠʨʦʚʢʠ ʫʛʨʦʟ. 

ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʫʛʨʦʟ ʧʦ STRIDE - ʩʠʩʪʝʤʘʪʠʟʘʮʠʷ ʩʮʝʥʘʨʠʝʚ (Spoofing, 

Tampering, Repudiation, Info Disclosure, DoS, Elevation) ʜʣʷ ʫʟʣʦʚ ʠ ʧʦʪʦʢʦʚ DFD; 

ʬʦʨʤʠʨʦʚʘʥʠʝ ʢʘʪʘʣʦʛʘ ʫʛʨʦʟ ʩ ʧʨʝʜʧʦʩʳʣʢʘʤʠ ʠ ʦʞʠʜʘʝʤʳʤʠ ʵʬʬʝʢʪʘʤʠ. 

ʆʮʝʥʢʘ ʨʠʩʢʘ (LĬI) ʠ ʧʨʠʦʨʠʪʠʟʘʮʠʷ ʧʦ ALARP - ʢʦʣʠʯʝʩʪʚʝʥʥʘʷ ʦʮʝʥʢʘ 

ʚʝʨʦʷʪʥʦʩʪʠ ʠ ʫʱʝʨʙʘ (ʰʢʘʣʘ 1ï5), ʧʦʩʪʨʦʝʥʠʝ ʤʘʪʨʠʮʳ ʨʠʩʢʦʚ çʜʦ/ʧʦʩʣʝè 

ʢʦʥʪʨʦʣʝʡ; ʦʪʙʦʨ ʧʝʨʚʦʦʯʝʨʝʜʥʳʭ ʤʝʨ ʜʣʷ ʵʣʝʤʝʥʪʦʚ ʩ ALARP-ʧʦʨʦʛʦʤ Ó12. 

ʄʘʪʝʤʘʪʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʚʨʝʤʝʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ - ʘʥʘʣʠʪʠʯʝʩʢʘʷ 

ʦʮʝʥʢʘ ʜʝʜʣʘʡʥʦʚ ʠ ʧʨʦʧʫʩʢʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʜʣʷ ʟʘʜʘʯ RTOS (RM/EDF-ʤʦʜʝʣʠ, 

ʙʶʜʞʝʪʠʨʦʚʘʥʠʝ CPU, ʨʘʩʯʸʪ worst-case latency ʥʘ ʢʨʠʪʠʯʝʩʢʠʭ ʧʫʪʷʭ 

TT&C/FDIR/Guidance). 

ʂʦʤʧʴʶʪʝʨʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʠ ʯʠʩʣʝʥʥʳʡ ʵʢʩʧʝʨʠʤʝʥʪ - ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

Python/MATLAB ʜʣʷ ʩʠʤʫʣʷʮʠʠ ʩʮʝʥʘʨʠʝʚ ʘʪʘʢ/ʩʙʦʝʚ (spoofing ʢʦʤʘʥʜ, 

tampering ʪʝʣʝʤʝʪʨʠʠ, DoS ʥʘ ʰʠʥʘʭ), ʯʠʩʣʝʥʥʦʛʦ çʧʨʦʛʦʥʘè ʧʨʦʬʠʣʝʡ ʥʘʛʨʫʟʢʠ 

ʠ ʠʟʤʝʨʝʥʠʷ ʚʣʠʷʥʠʷ ʢʦʥʪʨʦʣʝʡ ʥʘ p95-ʟʘʜʝʨʞʢʫ, CPU/RAM-ʦʚʝʨʭʝʜ ʠ MTTR. 



 
ΝΡ 

ʊʝʩʪʠʨʦʚʘʥʠʝ ʙʝʟʦʧʘʩʥʦʩʪʠ - ʥʝʛʘʪʠʚʥʳʝ ʪʝʩʪʳ secure boot/anti-

rollback/ʧʦʜʧʠʩʘʥʥʳʭ OTA; coverage-guided ʬʫʟʟʠʥʛ ʧʘʨʩʝʨʘ ʢʦʤʘʥʜ ʠ IPC; 

ʧʨʦʚʝʨʢʘ ACL/whitelist ʠ IDS ʥʘ ʰʣʶʟʘʭ ʰʠʥ; ʚʝʨʠʬʠʢʘʮʠʷ ʮʝʣʦʩʪʥʦʩʪʠ 

ʪʝʣʝʤʝʪʨʠʠ ʠ ʥʝʠʟʤʝʥʷʝʤʦʩʪʠ ʞʫʨʥʘʣʦʚ. 

ʉʪʝʥʜʦʚʘʷ ʚʘʣʠʜʘʮʠʷ IDS - ʧʦʩʪʨʦʝʥʠʝ ʩʪʝʥʜʦʚʦʛʦ ʜʘʪʘʩʝʪʘ ʥʦʨʤ/ʘʥʦʤʘʣʠʡ 

(ʧʨʦʬʠʣʠ ʩʠʩʪʝʤʥʳʭ ʚʳʟʦʚʦʚ, ʪʝʣʝʤʝʪʨʠʷ, ʪʨʘʬʠʢ ʰʠʥ), ʦʮʝʥʢʘ ROC-ʢʨʠʚʳʭ 

(TPR/FPR), ʧʦʜʙʦʨ ʧʦʨʦʛʦʚ ʜʣʷ ʩʥʠʞʝʥʠʷ ʣʦʞʥʳʭ ʩʨʘʙʘʪʳʚʘʥʠʡ. 

ʇʨʦʠʟʚʦʜʠʪʝʣʴʥʳʡ/ʨʝʩʫʨʩʥʳʡ ʘʥʘʣʠʟ - ʧʨʦʬʠʣʠʨʦʚʘʥʠʝ ʚʣʠʷʥʠʷ ʢʦʥʪʨʦʣʝʡ 

ʥʘ ʨʝʩʫʨʩʳ (ʧʨʦʮʝʥʪ CPU, RAM), ʠʟʤʝʨʝʥʠʝ p95-ʣʘʪʝʥʪʥʦʩʪʠ ʠ ʧʨʦʧʫʩʢʥʦʡ 

ʩʧʦʩʦʙʥʦʩʪʠ ʢʣʶʯʝʚʳʭ ʧʦʪʦʢʦʚ ʜʦ/ʧʦʩʣʝ ʚʥʝʜʨʝʥʠʷ. 

ʇʨʦʮʝʩʩʥʘʷ ʠʥʪʝʛʨʘʮʠʷ (SRR ʠ CI/CD) - ʚʩʪʨʘʠʚʘʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ ʚ 

ʧʨʝʜʟʘʧʫʩʢʦʚʦʡ Security Readiness Review (ʯʝʢ-ʣʠʩʪʳ, ʘʢʪʳ ʧʨʦʚʝʨʢʠ) ʠ ʚ 

ʢʦʥʚʝʡʝʨ CI/CD (SBOM, SLSA-ʘʪʪʝʩʪʘʮʠʠ, ʚʦʩʧʨʦʠʟʚʦʜʠʤʳʝ  

 

3 ʈʝʟʫʣʴʪʘʪʳ 

ʈʘʩʩʤʘʪʨʠʚʘʝʤʘʷ ʘʨʭʠʪʝʢʪʫʨʘ ʚʢʣʶʯʘʝʪ ʥʘʟʝʤʥʳʡ ʩʝʛʤʝʥʪ (MOC), 

ʨʘʜʠʦʢʘʥʘʣ TT&C, OBC ʧʦʜ RTOS, ʰʣʶʟ ʰʠʥ (SpaceWire/1553/CAN), 

ʧʦʜʩʠʩʪʝʤʳ ʧʦʣʝʟʥʦʡ ʥʘʛʨʫʟʢʠ ʠ ʜʘʪʯʠʢʠ/ʧʨʠʚʦʜʳ. ʂʣʶʯʝʚʳʝ ʜʦʚʝʨʠʪʝʣʴʥʳʝ 

ʛʨʘʥʠʮʳ: ʨʘʜʠʦʠʥʪʝʨʬʝʡʩ, ʟʘʛʨʫʟʦʯʥʘʷ ʮʝʧʦʯʢʘ, ʛʨʘʥʠʮʳ ʟʘʜʘʯ RTOS, ʰʣʶʟʳ 

ʤʝʞʜʫ ʧʣʘʪʬʦʨʤʦʡ ʠ ʧʦʣʝʟʥʦʡ ʥʘʛʨʫʟʢʦʡ. 

ʉʭʝʤʘʪʠʯʥʦ ʧʦʢʘʟʘʥʳ ʦʩʥʦʚʥʳʝ ʫʟʣʳ ʠ ʧʦʪʦʢʠ ʜʘʥʥʳʭ: ʥʘʟʝʤʥʳʡ ʩʝʛʤʝʥʪ 

(MOC), ʨʘʜʠʦʢʘʥʘʣ TT&C, ʙʦʨʪʦʚʦʡ ʢʦʤʧʴʶʪʝʨ OBC ʧʦʜ RTOS, ʰʣʶʟ ʰʠʥ 

(SpaceWire/1553/CAN) ʠ ʧʦʜʩʠʩʪʝʤʳ ʧʦʣʝʟʥʦʡ ʥʘʛʨʫʟʢʠ. ʉʪʨʝʣʢʠ ʦʪʨʘʞʘʶʪ 

ʥʘʧʨʘʚʣʝʥʠʷ ʦʙʤʝʥʘ ʠ ʛʨʘʥʠʮʳ ʜʦʚʝʨʠʷ ʤʝʞʜʫ ʩʝʛʤʝʥʪʘʤʠ. 

 
ʈʠʩʫʥʦʢ 1 - DFD (ʫʨʦʚʝʥʴ 1) 

 

ʋʟʣʳ 

¶ MOC (Ground) ð ʮʝʥʪʨ ʫʧʨʘʚʣʝʥʠʷ ʤʠʩʩʠʝʡ: ʦʧʝʨʘʪʦʨʳ, ʙʘʟʳ ʢʦʤʘʥʜ 

ʠ ʧʨʠʸʤʘ ʪʝʣʝʤʝʪʨʠʠ. 

¶ TT&C Link ð ʨʘʜʠʦʢʘʥʘʣ çʢʦʤʘʥʜʳ ź ʪʝʣʝʤʝʪʨʠʷ/ʪʨʝʢè ʤʝʞʜʫ ɿʝʤʣʸʡ 

ʠ ʙʦʨʪʦʤ. 

¶ OBC (RTOS) ð ʙʦʨʪʦʚʦʡ ʢʦʤʧʴʶʪʝʨ ʧʦʜ ʆʉ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ: ʟʘʜʘʯʠ 

TT&C, Guidance, FDIR, ʫʧʨʘʚʣʝʥʠʝ ʧʦʜʩʠʩʪʝʤʘʤʠ. 
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¶ Bus Gateway (SpaceWire/1553/CAN) ð ʙʦʨʪʦʚʦʡ ʰʣʶʟ ʢ ʚʥʫʪʨʝʥʥʠʤ 

ʰʠʥʘʤ: ʤʘʨʰʨʫʪʠʟʘʮʠʷ ʢʘʜʨʦʚ, ʬʠʣʴʪʨʳ/ACL, (ʦʧʮʠʦʥʘʣʴʥʦ) IDS. 

¶ Payload & Sensors/Actuators ð ʧʦʣʝʟʥʘʷ ʥʘʛʨʫʟʢʘ (ʧʨʠʙʦʨʳ) ʠ ʢʦʥʪʫʨʳ 

ʜʘʪʯʠʢʦʚ/ʧʨʠʚʦʜʦʚ. 

ʇʦʪʦʢʠ (ʩʪʨʝʣʢʠ) 

¶ MOC Ÿ TT&C ð uplink: ʦʪʧʨʘʚʢʘ ʢʦʤʘʥʜ ʥʘ ʙʦʨʪ. 

¶ TT&C ᵮ OBC ð ʜʚʫʩʪʦʨʦʥʥʠʡ ʦʙʤʝʥ: ʢʦʤʘʥʜʳ ʥʘ OBC ʠ downlink 

ʪʝʣʝʤʝʪʨʠʠ ʥʘ ɿʝʤʣʶ. 

¶ OBC Ź Payload ð ʢʦʤʘʥʜʳ ʫʧʨʘʚʣʝʥʠʷ ʧʨʠʙʦʨʘʤʠ/ʠʩʧʦʣʥʠʪʝʣʷʤʠ (ʥʘ 

ʨʠʩʫʥʢʝ ʧʦʢʘʟʘʥ ʥʠʩʭʦʜʷʱʠʡ ʧʦʪʦʢ). 

¶ Bus Gateway ᵮ Payload ð ʜʚʫʩʪʦʨʦʥʥʠʡ ʦʙʤʝʥ ʧʦ ʚʥʫʪʨʝʥʥʠʤ ʰʠʥʘʤ 

(SpaceWire/1553/CAN): ʜʘʥʥʳʝ ʧʨʠʙʦʨʦʚ ź ʢʦʤʘʥʜʳ/ʢʦʥʬʠʛʫʨʘʮʠʠ. 

¶ Bus Gateway ŷ OBC ð ʪʝʣʝʤʝʪʨʠʷ/ʩʦʙʳʪʠʷ ʩ ʰʠʥ ʚ OBC ʠ ʦʙʨʘʪʥʳʝ 

ʥʘʩʪʨʦʡʢʠ ʰʣʶʟʘ (ʚʝʨʪʠʢʘʣʴʥʘʷ ʩʪʨʝʣʢʘ ʚʚʝʨʭ). 

ɻʨʘʥʠʮʳ ʜʦʚʝʨʠʷ ʠ ʨʠʩʢʠ (ʯʪʦ ʚʘʞʥʦ ʚʠʜʝʪʴ ʚ ʵʪʦʡ DFD) 

¶ TT&C ð ʚʥʝʰʥʷʷ ʛʨʘʥʠʮʘ ʜʦʚʝʨʠʷ: ʨʠʩʢ spoofing/tampering Ÿ ʥʫʞʥʘ 

ʘʫʪʝʥʪʠʬʠʢʘʮʠʷ ʠ ʮʝʣʦʩʪʥʦʩʪʴ (AEAD/mTLS, ʩʯʸʪʯʠʢʠ/anti-replay). 

¶ Bus Gateway ð ʚʥʫʪʨʝʥʥʷʷ ʛʨʘʥʠʮʘ ʤʝʞʜʫ ʧʣʘʪʬʦʨʤʦʡ ʠ ʧʦʣʝʟʥʦʡ 

ʥʘʛʨʫʟʢʦʡ: ʨʠʩʢ ʧʦʜʤʝʥʳ/DoS ʥʘ ʰʠʥʘʭ Ÿ ʥʫʞʥʳ whitelist/ACL, ʢʚʦʪʳ, IDS. 

¶ OBC ź ʧʦʜʩʠʩʪʝʤʳ ð ʨʠʩʢ ʵʩʢʘʣʘʮʠʠ ʤʝʞʜʫ ʟʘʜʘʯʘʤʠ 

RTOS/ʜʨʘʡʚʝʨʘʤʠ Ÿ ʥʫʞʥʘ ʠʟʦʣʷʮʠʷ (MPU), ʢʦʥʪʨʦʣʴ IPC ʠ ʞʫʨʥʘʣʠʨʦʚʘʥʠʝ. 

ʀʪʦʛ: ʩʭʝʤʘ ʧʦʢʘʟʳʚʘʝʪ, ʢʪʦ ʩ ʢʝʤ ʦʙʤʝʥʠʚʘʝʪʩʷ ʠ ʛʜʝ ʥʘʭʦʜʷʪʩʷ ʦʩʥʦʚʥʳʝ 

çʚʭʦʜʳè ʫʛʨʦʟ ð ʨʘʜʠʦʢʘʥʘʣ TT&C ʠ ʰʣʶʟ ʚʥʫʪʨʝʥʥʠʭ ʰʠʥ. ʂʦʥʪʨʤʝʨʳ 

ʧʨʠʚʷʟʳʚʘʶʪʩʷ ʢ ʢʘʞʜʦʤʫ ʧʦʪʦʢʫ. 

4 ʄʝʪʦʜʠʢʘ STM/STRIDE 

ʀʥʚʝʥʪʘʨʠʟʘʮʠʷ ʘʢʪʠʚʦʚ: ʢʦʤʘʥʜʳ, ʢʣʶʯʠ, ʦʙʨʘʟʳ, ʪʝʣʝʤʝʪʨʠʷ, ʞʫʨʥʘʣʳ, 

ʢʦʥʬʠʛʫʨʘʮʠʠ ʰʣʶʟʦʚ. 

DFD: ʬʠʢʩʠʨʦʚʘʥʠʝ ʧʦʪʦʢʦʚ ʜʘʥʥʳʭ, ʪʦʯʝʢ ʚʭʦʜʘ, ʛʨʘʥʠʮ ʜʦʚʝʨʠʷ ʠ 

ʭʨʘʥʠʣʠʱ. 

STRIDE: ʛʝʥʝʨʘʮʠʷ ʫʛʨʦʟ ʧʦ ʫʟʣʘʤ/ʧʦʪʦʢʘʤ, ʦʮʝʥʢʘ LikelihoodĬImpact (1ï5), 

ʧʨʠʦʨʠʪʠʟʘʮʠʷ (ALARPÓ12). 

ʊʨʘʩʩʠʨʦʚʢʘ: çʫʟʝʣŸʫʛʨʦʟʳŸʢʦʥʪʨʤʝʨʳŸʪʨʝʙʦʚʘʥʠʷè ʠ ʦʙʨʘʪʥʘʷ 

ʧʨʦʚʝʨʢʘ ʟʘʢʨʳʪʠʷ ʨʠʩʢʦʚ. 

 

ʊʘʙʣʠʮʘ 1 - ʂʘʪʘʣʦʛ ʫʛʨʦʟ STRIDE (ʬʨʘʛʤʝʥʪ) 

ʋʟʝʣ/ʇʦʪʦ

ʢ 

STRIDE ʆʧʠʩʘʥʠʝ ʫʛʨʦʟʳ ʈʠʩʢ ʂʦʥʪʨʤʝʨʳ 

TT&C 

uplink 

Spoofing ʇʦʜʤʝʥʘ ʢʦʤʘʥʜ 

uplink 

High AEAD, challenge-response, 

ʩʧʠʩʢʠ ʢʦʤʘʥʜ 

TT&C 

uplink 

DoS ɿʘʛʣʫʰʝʥʠʝ/ʬʣʫʜ 

ʢʘʥʘʣʦʚ 

High Rate-limit, ʧʨʠʦʨʠʪʝʪʳ, 

ʨʝʟʝʨʚʥʳʝ ʦʢʥʘ ʩʚʷʟʠ 

TT&C 

downlink 

Tampering ʀʥʲʝʢʮʠʷ 

ʪʝʣʝʤʝʪʨʠʠ 

Medium ʇʦʜʧʠʩʴ/ʄɸʂ, ʩʯʝʪʯʠʢʠ, 

ʩʚʝʨʢʘ ʮʝʣʦʩʪʥʦʩʪʠ 
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Key Store Info 

Disclosure 

ʋʪʝʯʢʘ ʢʣʶʯʝʡ 

OBC 

High ɿʘʱʠʱʝʥʥʳʡ ʤʦʜʫʣʴ, 

KDF, ʦʛʨʘʥʠʯʝʥʠʝ ʜʦʩʪʫʧʘ 

Bootloader Elevation ɿʘʧʫʩʢ 

ʥʝʧʦʜʧʠʩʘʥʥʦʡ 

ʧʨʦʰʠʚʢʠ 

High Secure Boot, anti-rollback 

RTOS 

Scheduler 

DoS ɹʣʦʢʠʨʦʚʢʘ 

ʧʣʘʥʠʨʦʚʱʠʢʘ 

High Watchdog, budget 

enforcement, priority ceiling 

IPC Tampering ʇʦʜʤʝʥʘ 

ʩʦʦʙʱʝʥʠʡ ʤʝʞʜʫ 

ʟʘʜʘʯʘʤʠ 

Medium ACL ʥʘ IPC, ʧʨʦʚʝʨʢʘ 

ʬʦʨʤʘʪʦʚ 

Logger Repudiatio

n 

ʆʪʨʠʮʘʥʠʝ 

ʩʦʙʳʪʠʡ 

Medium ʅʝʠʟʤʝʥʷʝʤʳʝ ʞʫʨʥʘʣʳ, 

ʧʦʜʧʠʩʴ, ʩʠʥʭʨʦʥʠʟʘʮʠʷ 

ʚʨʝʤʝʥʠ 

SpaceWire 

Gateway 

Info 

Disclosure 

ʉʥʠʬʬʠʥʛ 

ʧʦʣʝʟʥʦʡ ʥʘʛʨʫʟʢʠ 

Medium ʐʠʬʨʦʚʘʥʠʝ ʪʫʥʥʝʣʷ, 

ʩʝʛʤʝʥʪʘʮʠʷ 

SpaceWire 

Gateway 

Tampering ʀʟʤʝʥʝʥʠʝ 

ʢʘʜʨʦʚ/ID 

Medium Whitelist, ʚʘʣʠʜʘʮʠʷ 

ʟʘʛʦʣʦʚʢʦʚ 

1553 Bus DoS ɿʘʭʚʘʪ 

ʰʠʥʳ/ʘʨʠʬʤʝʪʠʯʝʩ

ʢʠʝ ʢʦʣʣʠʟʠʠ 

High Arbiter-ʧʦʣʠʪʠʢʠ, 

ʢʚʦʪʠʨʦʚʘʥʠʝ 

CAN 

Subnet 

Spoofing ʇʦʜʤʝʥʘ ID ʫʟʣʘ Medium ʌʠʣʴʪʨʳ ʥʘ ʰʣʶʟʝ, IDS 

ʩʠʛʥʘʪʫʨʳ 

Payload 

Control 

Elevation ʕʩʢʘʣʘʮʠʷ ʚ ʜʦʤʝʥ 

ʧʣʘʪʬʦʨʤʳ 

High ʉʝʛʨʝʛʘʮʠʷ ʜʦʤʝʥʦʚ, MPU 

Telemetry 

Store 

Info 

Disclosure 

ʏʪʝʥʠʝ ʧʨʠʚʘʪʥʳʭ 

ʜʘʥʥʳʭ 

Low ʐʠʬʨʦʚʘʥʠʝ ʚ 

ʭʨʘʥʠʣʠʱʝ, ʜʦʩʪʫʧ ʧʦ 

ʨʦʣʷʤ 

Update 

Service 

Tampering ʇʦʜʤʝʥʘ OTA 

ʧʘʢʝʪʘ 

High ʇʦʜʧʠʩʘʥʥʳʝ OTA, 

ʚʝʨʠʬʠʢʘʮʠʷ, A/B 

Update 

Service 

Repudiatio

n 

ʆʪʢʘʟ ʦʪ ʬʘʢʪʘ 

ʦʙʥʦʚʣʝʥʠʷ 

Medium ɾʫʨʥʘʣ ʦʙʥʦʚʣʝʥʠʡ, 

ʧʦʜʧʠʩʴ ʦʪʯʸʪʦʚ 

Diagnostics 

Port 

Elevation ʅʝʧʨʘʚʦʤʝʨʥʳʡ 

ʜʦʩʪʫʧ 

High ʆʪʢʣʶʯʝʥʠʝ ʚ ʧʦʣʸʪʝ, 

ʘʫʪʝʥʪʠʬʠʢʘʮʠʷ ʧʦ 

ʢʣʶʯʘʤ 

FDIR DoS ʃʦʞʥʳʝ 

ʩʨʘʙʘʪʳʚʘʥʠʷ/ʟʘʣʠ

ʧʘʥʠʝ 

Medium ɻʠʩʪʝʨʝʟʠʩ, ʟʘʱʠʪʘ ʦʪ 

ʧʦʚʪʦʨʦʚ 

Guidance 

Task 

DoS ɿʘʭʚʘʪ CPU 

ʚʳʩʦʢʦʧʨʠʦʨʠʪʝʪʥ

ʦʡ ʟʘʜʘʯʝʡ 

High ʃʠʤʠʪ ʢʚʦʪʳ, watchdog 

Sensor Bus Tampering ʇʦʜʤʝʥʘ 

ʠʟʤʝʨʝʥʠʡ 

Medium ʉʦʛʣʘʩʦʚʘʥʠʝ ʜʠʘʧʘʟʦʥʦʚ, 

ʧʨʦʚʝʨʢʠ ʧʨʘʚʜʦʧʦʜʦʙʠʷ 

Crypto 

Module 

Repudiatio

n 

ʅʝʧʦʣʥʳʝ 

ʧʨʦʪʦʢʦʣʳ ʘʫʜʠʪʘ 

Low ʇʦʣʥʳʡ ʘʫʜʠʪ, 

ʤʦʥʦʤʝʨʥʳʝ ʟʘʧʠʩʠ 
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Housekeepi

ng 

Info 

Disclosure 

ʀʟʙʳʪʦʯʥʘʷ 

ʪʝʣʝʤʝʪʨʠʷ 

Low ʄʠʥʠʤʠʟʘʮʠʷ, 

ʤʘʩʢʠʨʦʚʘʥʠʝ 

Command 

Parser 

Elevation ʇʝʨʝʧʦʣʥʝʥʠʝ/ʥʝʢʦ

ʨʨʝʢʪʥʳʝ ʧʦʣʷ 

High Fuzzing, ʩʪʨʦʛʠʝ ʩʭʝʤʳ, 

ʦʛʨʘʥʠʯʝʥʠʝ ʜʣʠʥʳ 

Time Sync Spoofing ʇʦʜʤʝʥʘ ʚʨʝʤʝʥʠ Medium ɿʘʱʠʪʘ ʩʠʥʭʨʦʥʠʟʘʮʠʠ, 

ʧʨʦʚʝʨʢʘ ʜʨʝʡʬʘ 

 

5 ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʧʦʩʪʘʥʦʚʢʘ 

ʕʪʘʣʦʥʥʳʡ ʩʪʝʥʜ: RTOS ʩ ʟʘʜʘʯʘʤʠ {TT&C, Guidance, FDIR, Payload I/O}, 

ʰʣʶʟ ʰʠʥ, ʢʨʠʧʪʦʤʦʜʫʣʴ, ʟʘʛʨʫʟʯʠʢ. ʄʝʪʨʠʢʠ: (i) heat-score ʤʘʪʨʠʮʳ ʨʠʩʢʦʚ, (ii) 

p95-ʟʘʜʝʨʞʢʘ ʢʣʶʯʝʚʳʭ ʧʦʪʦʢʦʚ, (iii) CPU/RAM-ʦʚʝʨʭʝʜ, (iv) ʧʦʢʨʳʪʠʝ ʫʛʨʦʟ, (v) 

ROC IDS. 

ʊʝʧʣʦʚʘʷ ʢʘʨʪʘ (ʨʠʩ.2) ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʩʮʝʥʘʨʠʝʚ ʧʦ ʚʝʨʦʷʪʥʦʩʪʠ (X) ʠ 

ʫʱʝʨʙʫ (Y) ʜʦ ʚʥʝʜʨʝʥʠʷ ʤʝʨ ʟʘʱʠʪʳ. ʎʠʬʨʳ ʚ ʷʯʝʡʢʘʭ ʧʦʢʘʟʳʚʘʶʪ ʢʦʣʠʯʝʩʪʚʦ 

ʩʮʝʥʘʨʠʝʚ ʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʢʘʪʝʛʦʨʠʠ; ʚʠʜʥʘ ʢʦʥʮʝʥʪʨʘʮʠʷ ʚ ʟʦʥʝ High. 

ɸʥʘʣʦʛʠʯʥʘʷ ʪʝʧʣʦʚʘʷ ʢʘʨʪʘ (ʨʠʩ. 3) ʧʦʩʣʝ ʚʥʝʜʨʝʥʠʷ ʢʦʥʪʨʦʣʝʡ (Secure 

Boot, MPU, AEAD, ACL/IDS). ʆʙʱʝʝ ʯʠʩʣʦ High-ʩʮʝʥʘʨʠʝʚ ʩʥʠʞʘʝʪʩʷ, 

ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʩʤʝʱʘʝʪʩʷ ʚ ʩʪʦʨʦʥʫ Medium/Low. 

 
ʈʠʩʫʥʦʢ 2 - ʄʘʪʨʠʮʘ ʨʠʩʢʦʚ ʜʦ ʢʦʥʪʨʦʣʝʡ 

 
ʈʠʩʫʥʦʢ 3 - ʄʘʪʨʠʮʘ ʨʠʩʢʦʚ ʜʦ ʢʦʥʪʨʦʣʝʡ 
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ɼʚʝ ʤʘʪʨʠʮʳ ʨʠʩʢʘ 5Ĭ5: 

X ð ʚʝʨʦʷʪʥʦʩʪʴ (1=ʥʠʟʢʘʷ é 5=ʚʳʩʦʢʘʷ). 

Y ð ʫʱʝʨʙ (1=ʤʘʣʳʡ é 5=ʢʨʠʪʠʯʝʩʢʠʡ). 

ʎʚʝʪ ð çʪʝʧʣʦè ʨʠʩʢʘ (ʪʝʤʥʝʝ=ʥʠʞʝ, ʷʨʯʝ=ʚʳʰʝ). 

ʏʠʩʣʦ ʚ ʷʯʝʡʢʝ ð ʩʢʦʣʴʢʦ ʩʮʝʥʘʨʠʝʚ ʧʦʧʘʣʦ ʚ ʵʪʫ ʢʦʤʙʠʥʘʮʠʶ (LĬI). 

¶ ʂʣʘʩʪʝʨ High-ʨʠʩʢʦʚ ʩʤʝʱʸʥ ʢ ʧʨʘʚʦʤʫ ʚʝʨʭʥʝʤʫ ʫʛʣʫ (ʚʝʨʦʷʪʥʦʩʪʴ 4ï5, 

ʫʱʝʨʙ 3ï5). 

¶ ɽʩʪʴ ʷʯʝʡʢʠ ʩ ʟʥʘʯʝʥʠʷʤʠ 2ï3 ʚ ʦʙʣʘʩʪʷʭ (4,3), (5,3ï4), (4ï5,4ï5) ð ʪ.ʝ. 

ʥʝʩʢʦʣʴʢʦ ʨʘʟʥʳʭ ʩʮʝʥʘʨʠʝʚ ʩ ʚʳʩʦʢʦʡ ʟʥʘʯʠʤʦʩʪʴʶ. 

¶ ʀʥʪʝʨʧʨʝʪʘʮʠʷ: 

o TT&C: ʧʦʜʤʝʥʘ/ʧʦʚʪʦʨ ʢʦʤʘʥʜ (ʚʝʨʦʷʪʥʦʩʪʴ 4ï5, ʫʱʝʨʙ 4ï5). 

o Boot/ʦʙʥʦʚʣʝʥʠʷ: ʥʝʧʦʜʧʠʩʘʥʥʘʷ ʧʨʦʰʠʚʢʘ, ʦʪʢʘʪ (4,5). 

o ʇʣʘʥʠʨʦʚʱʠʢ RTOS: DoS ʚʳʩʦʢʦʧʨʠʦʨʠʪʝʪʥʦʡ ʟʘʜʘʯʝʡ (4,3ï4). 

o ʐʠʥʳ: tampering/ʟʘʭʚʘʪ (3ï4,3ï4). 

ɺʢʣʶʯʝʥʳ: Secure Boot + anti-rollback, MPU/ʠʟʦʣʷʮʠʷ ʟʘʜʘʯ, 

AEAD/mTLS ʜʣʷ TT&C, ACL/IDS ʥʘ ʰʣʶʟʘʭ, ʥʝʠʟʤʝʥʷʝʤʳʝ ʣʦʛʠ. 

ʏʪʦ ʚʠʜʥʦ: 

¶ ʊʸʧʣʦʝ ʧʷʪʥʦ çʩʲʝʭʘʣʦè ʢ ʩʝʨʝʜʠʥʝ ʤʘʪʨʠʮʳ: ʤʘʢʩʠʤʫʤ ʪʝʧʝʨʴ ʚʦʢʨʫʛ 

(ʚʝʨʦʷʪʥʦʩʪʴ 3ï4, ʫʱʝʨʙ 3). 

¶ ʏʠʩʣʘ ʚ High-̫ ʯʝʡʢʘʭ ʫʤʝʥʴʰʘʶʪʩʷ (ʤʝʥʴʰʝ ʩʮʝʥʘʨʠʝʚ ʩ 4ï5Ĭ4ï5). 

¶ ʇʦʷʚʣʷʝʪʩʷ çʧʦʷʩè Medium ʚ ʜʠʘʧʘʟʦʥʝ (2ï4 ʧʦ ʚʝʨʦʷʪʥʦʩʪʠ, 2ï4 ʧʦ 

ʫʱʝʨʙʫ) ð ʨʠʩʢʠ ʩʥʠʞʝʥʳ, ʥʦ ʥʝ ʦʙʥʫʣʝʥʳ. 

ɺʳʚʦʜ: ʤʝʨʳ ʩʥʠʟʠʣʠ ʩʫʤʤʘʨʥʳʡ heat-score ʠ ʢʦʣʠʯʝʩʪʚʦ High-ʢʝʡʩʦʚ; 

ʦʩʥʦʚʥʘʷ ʤʘʩʩʘ ʫʰʣʘ ʚ ʩʨʝʜʥʠʡ ʫʨʦʚʝʥʴ. 

ʉʪʦʣʙʯʘʪʘʷ ʜʠʘʛʨʘʤʤʘ (ʨʠʩ. 4) ʩʨʘʚʥʠʚʘʝʪ ʢʦʣʠʯʝʩʪʚʦ ʩʮʝʥʘʨʠʝʚ 

High/Medium/Low ʜʦ ʠ ʧʦʩʣʝ ʚʥʝʜʨʝʥʠʷ ʢʦʥʪʨʦʣʝʡ. ʍʦʨʦʰʦ ʚʠʜʥʦ ʫʤʝʥʴʰʝʥʠʝ 

High ʠ ʨʦʩʪ ʜʦʣʠ Low. 

ʉʪʦʣʙʯʘʪʘʷ ʜʠʘʛʨʘʤʤʘ (ʨʠʩ. 5) ʧʦʢʘʟʳʚʘʝʪ p95-ʟʘʜʝʨʞʢʫ (ʤʩ) ʜʣʷ ʢʣʶʯʝʚʳʭ 

ʧʦʪʦʢʦʚ (TT&C, Guidance, FDIR, Payload I/O) ʜʦ ʠ ʧʦʩʣʝ ʚʢʣʶʯʝʥʠʷ ʢʦʥʪʨʦʣʝʡ. 

ʈʦʩʪ ʟʘʜʝʨʞʢʠ ʠʟʤʝʨʝʥʥʳʡ, ʥʦ ʦʩʪʘʸʪʩʷ ʚ ʜʦʧʫʩʪʠʤʳʭ ʧʨʝʜʝʣʘʭ. 

 

 
ʈʠʩʫʥʦʢ 4 - ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʩʮʝʥʘʨʠʝʚ ʧʦ ʫʨʦʚʥʷʤ ʨʠʩʢʘ (ʜʦ/ʧʦʩʣʝ) 
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ʈʠʩʫʥʦʢ 5 - ɺʣʠʷʥʠʝ ʢʦʥʪʨʦʣʝʡ ʥʘ p95-ʟʘʜʝʨʞʢʫ 

 

ROC-ʢʨʠʚʘʷ ð ʵʪʦ ʩʧʦʩʦʙ ʧʦʢʘʟʘʪʴ, ʥʘʩʢʦʣʴʢʦ ʭʦʨʦʰʦ ʩʠʩʪʝʤʘ 

ʦʙʥʘʨʫʞʝʥʠʷ ʘʪʘʢ (IDS) ʦʪʣʠʯʘʝʪ çʘʪʘʢʫè ʦʪ çʥʦʨʤʳè ʧʨʠ ʨʘʟʥʳʭ ʧʦʨʦʛʘʭ 

ʩʨʘʙʘʪʳʚʘʥʠʷ. ʇʦ ʛʦʨʠʟʦʥʪʘʣʠ ʦʪʢʣʘʜʳʚʘʝʪʩʷ ʜʦʣʷ ʣʦʞʥʳʭ ʪʨʝʚʦʛ FPR = 

FP/(FP+TN), ʧʦ ʚʝʨʪʠʢʘʣʠ ð ʜʦʣʷ ʧʨʘʚʠʣʴʥʦ ʧʦʡʤʘʥʥʳʭ ʘʪʘʢ TPR = 

TP/(TP+FN). ʄʝʥʷʷ ʧʦʨʦʛ, ʤʳ ʜʚʠʛʘʝʤʩʷ ʧʦ ʢʨʠʚʦʡ: ʩʪʨʦʛʠʡ ʧʦʨʦʛ ʜʘʸʪ ʥʠʟʢʠʡ 

FPR, ʥʦ ʠ ʥʠʞʝ TPR; ʤʷʛʢʠʡ ʧʦʨʦʛ ʧʦʚʳʰʘʝʪ TPR, ʥʦ ʨʘʩʪʠʪ FPR. ʇʫʥʢʪʠʨʥʘʷ 

ʜʠʘʛʦʥʘʣʴ ð ʧʦʚʝʜʝʥʠʝ ʩʣʫʯʘʡʥʦʛʦ ʜʝʪʝʢʪʦʨʘ; ʣʶʙʘʷ ʧʦʣʝʟʥʘʷ IDS ʜʦʣʞʥʘ 

ʣʝʞʘʪʴ ʟʘʤʝʪʥʦ ʚʳʰʝ ʥʝʸ. ʇʣʦʱʘʜʴ ʧʦʜ ʢʨʠʚʦʡ (AUC) ð ʠʥʪʝʛʨʘʣʴʥʘʷ ʦʮʝʥʢʘ 

ʢʘʯʝʩʪʚʘ: ʙʣʠʞʝ ʢ 1 ð ʣʫʯʰʝ, ʦʢʦʣʦ 0.5 ð ʧʦʯʪʠ ʩʣʫʯʘʡʥʦ (ʨʠʩ. 6). 

ɻʨʘʬʠʢ ʥʫʞʝʥ ʜʣʷ ʜʚʫʭ ʚʝʱʝʡ. ɺʦ-ʧʝʨʚʳʭ, ʯʪʦʙʳ ʚʳʙʨʘʪʴ ʨʘʙʦʯʠʡ ʧʦʨʦʛ 

ʧʦʜ ʢʦʥʢʨʝʪʥʳʡ ʢʦʥʪʫʨ: ʜʣʷ ʢʨʠʪʠʯʥʳʭ ʢʦʤʘʥʜ TT&C ʚʳʙʠʨʘʶʪ ʪʦʯʢʫ ʩ ʦʯʝʥʴ 

ʥʠʟʢʠʤ FPR ʧʨʠ ʧʨʠʝʤʣʝʤʦʤ TPR; ʜʣʷ ʦʙʱʝʛʦ ʤʦʥʠʪʦʨʠʥʛʘ ʰʠʥ ʤʦʞʥʦ 

ʩʤʝʩʪʠʪʴʩʷ ʢ ʙʦʣʝʝ ʚʳʩʦʢʦʤʫ TPR, ʜʦʧʫʩʪʠʚ ʙʦʣʴʰʝ ʣʦʞʥʳʭ ʩʨʘʙʘʪʳʚʘʥʠʡ. ɺʦ-

ʚʪʦʨʳʭ, ʯʪʦʙʳ ʩʨʘʚʥʠʚʘʪʴ ʤʦʜʝʣʠ ʠ ʥʘʩʪʨʦʡʢʠ: ʢʨʠʚʘʷ, ʣʝʞʘʱʘʷ ʚʳʰʝ, ʠ 

ʙʦʣʴʰʠʡ AUC ʦʟʥʘʯʘʶʪ ʦʙʲʝʢʪʠʚʥʦ ʣʫʯʰʫʶ ʩʧʦʩʦʙʥʦʩʪʴ ʦʙʥʘʨʫʞʠʚʘʪʴ ʘʪʘʢʠ 

ʧʨʠ ʪʦʤ ʞʝ ʫʨʦʚʥʝ ʣʦʞʥʳʭ ʪʨʝʚʦʛ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ ROC ʜʘʸʪ ʥʘʛʣʷʜʥʳʡ 

ʢʦʤʧʨʦʤʠʩʩ çʥʝ ʧʨʦʧʫʩʪʠʪʴ ʘʪʘʢʫè vs çʥʝ ʟʘʩʧʘʤʠʪʴ ʦʧʝʨʘʪʦʨʘè ʠ ʧʦʟʚʦʣʷʝʪ 

ʦʙʦʩʥʦʚʘʪʴ ʚʳʙʨʘʥʥʳʡ ʧʦʨʦʛ ʚ ʦʪʯʸʪʝ. 

 

 
ʈʠʩʫʥʦʢ 6 - ʂʨʠʚʘʷ ROC on-board IDS 
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6 ʈʝʟʫʣʴʪʘʪʳ 

ɺʥʝʜʨʝʥʠʝ ʢʦʥʪʨʦʣʝʡ (Secure Boot, MPU-ʠʟʦʣʷʮʠʷ, AEAD ʜʣ ̫TT&C, ACL 

ʥʘ hʣʶʟʘʭ, IDS) ʩʥʠʟʠʣʦ ʢʦʣʠʯʝʩʪʚʦ High-ʩʮʝʥʘʨʠʝʚ ʩ 9 ʜʦ 3 (ʨʠʩ. 4), ʩʫʤʤʘʨʥʳʡ 

heat-score ʧʦ ʤʘʪʨʠʮʝ ʨʠʩʢʦʚ ʫʤʝʥʴʰʠʣʩʷ ʥʘ ~40% (ʨʠʩ. 2ï3). ʈʦʩʪ p95 ʟʘʜʝʨʞʢʠ 

ʜʣʷ ʫʢʘʟʘʥʥʳʭ ʧʦʪʦʢʦʚ ʩʦʩʪʘʚʠʣ 0.6ï2.1 ʤʩ (ʨʠʩ. 5), ʯʪʦ ʦʩʪʘʸʪʩʷ ʚ ʜʦʧʫʩʢʘʭ. 

 

ʄʘʧʧʠʥʛ çʫʛʨʦʟʘ Ÿ ʢʦʥʪʨʦʣʴè 

ʂʦʥʪʨʦʣʴ ʎʝʣʝʚʳʝ ʫʟʣʳ STRIDE ʕʬʬʝʢʪ 

Secure 

Boot/anti-rollback 

Bootloader, Update 

Service 

Elevation, 

Tampering 

ɸʪʪʝʩʪʦʚʘʥʥʳʡ 

ʟʘʧʫʩʢ, 

ʧʨʝʜʦʪʚʨʘʱʝʥʠʝ 

ʦʪʢʘʪʘ 

MPU/ʠʟʦʣʷʮʠʷ 

ʟʘʜʘʯ 

RTOS Scheduler, IPC Elevation, 

Tampering, DoS 

ɼʦʤʝʥʳ, ACL, 

ʙʶʜʞʝʪ CPU 

AEAD/mTLS ʜʣʷ 

TT&C 

TT&C 

uplink/downlink 

Spoofing, 

Tampering 

ɸʫʪʝʥʪʠʬʠʢʘʮʠʷ, 

ʮʝʣʦʩʪʥʦʩʪʴ 

Gateway ACL + 

IDS 

SpaceWire/1553/CAN Spoofing, 

Tampering, DoS 

Whitelist, 

ʩʠʛʥʘʪʫʨʳ, ʢʚʦʪʳ 

ɾʫʨʥʘʣʳ 

ʥʝʠʟʤʝʥʷʝʤʦʩʪʠ 

Logger, Update 

Service 

Repudiation ʇʦʜʧʠʩʠ, 

ʩʠʥʭʨʦʥʠʟʘʮʠʷ 

ʚʨʝʤʝʥʠ 

SBOM + SLSA 

ʢʦʥʚʝʡʝʨ 

Supply Chain Tampering ɺʦʩʧʨʦʠʟʚʦʜʠʤʳʝ 

ʩʙʦʨʢʠ, 

attestations 

 

7 ʆʙʩʫʞʜʝʥʠʝ 

ʇʨʝʜʣʦʞʝʥʥʘʷ ʤʝʪʦʜʠʢʘ STM/STRIDE ʜʣʷ ʇʆ ʢʦʩʤʠʯʝʩʢʠʭ ʘʧʧʘʨʘʪʦʚ 

ʧʦʢʘʟʘʣʘ, ʯʪʦ ʦʩʥʦʚʥʦʡ ʚʢʣʘʜ ʚ ʨʠʩʢ ʜʘʶʪ ʛʨʘʥʠʯʥʳʝ ʠʥʪʝʨʬʝʡʩʳ TT&C ʠ 

ʰʣʶʟʳ ʚʥʫʪʨʝʥʥʠʭ ʰʠʥ (SpaceWire/1553/CAN), ʘ ʪʘʢʞʝ ʟʘʛʨʫʟʦʯʥʘʷ ʮʝʧʦʯʢʘ ʠ 

ʧʣʘʥʠʨʦʚʱʠʢ RTOS. ɺʥʝʜʨʝʥʠʝ ʥʘʙʦʨʘ ʢʦʥʪʨʦʣʝʡ ð Secure Boot ʩ anti-rollback, 

ʠʟʦʣʷʮʠʷ ʟʘʜʘʯ ʥʘ ʫʨʦʚʥʝ MPU ʠ ʧʦʣʠʪʠʢ IPC, AEAD/mTLS ʜʣʷ TT&C, ACL/IDS 

ʥʘ ʰʣʶʟʘʭ, ʥʝʠʟʤʝʥʷʝʤʳʝ ʞʫʨʥʘʣʳ ð ʩʠʩʪʝʤʥʦ ʩʤʝʱʘʝʪ ʨʠʩʢʠ ʠʟ High ʚ 

Medium ʠ Low ʧʨʠ ʫʤʝʨʝʥʥʦʤ ʨʝʩʫʨʩʥʦʤ ʦʚʝʨʭʝʜʝ ʠ ʧʨʠʝʤʣʝʤʦʤ ʨʦʩʪʝ p95-

ʟʘʜʝʨʞʝʢ. ʕʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ çʜʦ/ʧʦʩʣʝè ʤʘʪʨʠʮʘʤʠ ʨʠʩʢʘ, ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ 

ʩʮʝʥʘʨʠʝʚ ʠ ʠʟʤʝʨʝʥʠʷʤʠ latencies/MTTR ʥʘ ʵʪʘʣʦʥʥʦʡ ʘʨʭʠʪʝʢʪʫʨʝ OBC (ʩʤ. 

ʨʘʟʜʝʣ çʈʝʟʫʣʴʪʘʪʳè).  

 

8 ʊʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʚʳʟʦʚʳ 

ʊʦʯʥʦʩʪʴ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʫʛʨʦʟ ʠ ʦʮʝʥʦʢ LĬI ʟʘʚʠʩʠʪ ʦʪ ʧʦʣʥʦʪʳ DFD ʠ 

ʘʢʪʫʘʣʴʥʦʩʪʠ ʧʝʨʝʯʥʷ ʘʢʪʠʚʦʚ; ʦʰʠʙʢʘ ʚ ʛʨʘʥʠʮʘʭ ʜʦʚʝʨʠʷ ʚʝʜʸʪ ʢ ʥʝʜʦʦʮʝʥʢʝ 

ʨʠʩʢʘ. ɼʣʷ ʢʘʥʘʣʦʚ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ ʪʷʞʸʣʘʷ ʢʨʠʧʪʦʛʨʘʬʠʷ ʤʦʞʝʪ ʥʘʨʫʰʠʪʴ 

ʜʝʜʣʘʡʥʳ ð ʪʨʝʙʫʝʪʩʷ ʙʶʜʞʝʪʠʨʦʚʘʥʠʝ CPU ʠ ʧʨʠʦʨʠʪʝʪʥʳʝ ʧʦʪʦʣʢʠ. IDS ʥʘ 

ʙʦʨʪʫ ʦʛʨʘʥʠʯʝʥʘ ʧʦ ʧʘʤʷʪʠ ʠ ʵʥʝʨʛʠʠ; ʙʝʟ ʩʪʝʥʜʦʚʦʡ ʢʘʣʠʙʨʦʚʢʠ ROC-ʢʨʠʚʘʷ 
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ʜʝʛʨʘʜʠʨʫʝʪ ʚ ʧʦʣʸʪʝ ʠʟ-ʟʘ ʩʜʚʠʛʘ ʜʦʤʝʥʘ. ɼʣʷ ʮʝʧʦʯʢʠ ʧʦʩʪʘʚʦʢ ʢʨʠʪʠʯʥʳ 

ʫʧʨʘʚʣʝʥʠʝ ʢʣʶʯʘʤʠ ʠ ʜʦʢʘʟʫʝʤʦʩʪʴ ʧʨʦʠʩʭʦʞʜʝʥʠʷ ʘʨʪʝʬʘʢʪʦʚ (SBOM/SLSA). 

 

9 ʇʨʘʢʪʠʯʝʩʢʘʷ ʮʝʥʥʦʩʪʴ 

ʄʝʪʦʜʠʢʘ ʜʘʸʪ ʠʥʞʝʥʝʨʘʤ ʚʦʩʧʨʦʠʟʚʦʜʠʤʫʶ ʧʨʦʮʝʜʫʨʫ: çDFD Ÿ STRIDE 

Ÿ ʤʘʪʨʠʮʘ ʨʠʩʢʘ Ÿ ʤʘʧʧʠʥʛ ʥʘ ʢʦʥʪʨʤʝʨʳ Ÿ ʤʝʪʨʠʢʠè. ʅʘ ʩʪʝʥʜʝ ʦʪʤʝʯʝʥʦ 

ʩʥʠʞʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ High-ʩʮʝʥʘʨʠʝʚ (9Ÿ3), ʩʦʢʨʘʱʝʥʠʝ ʩʦʚʦʢʫʧʥʦʛʦ heat-score 

å ʥʘ 40%, ʨʦʩʪ p95-ʟʘʜʝʨʞʝʢ ʥʘ 0.6ï2.1 ʤʩ ʧʨʠ ʩʦʭʨʘʥʝʥʠʠ ʜʝʜʣʘʡʥʦʚ 

ʢʨʠʪʠʯʝʩʢʠʭ ʧʫʪʝʡ; MTTR ʧʦ ʪʠʧʦʚʳʤ ʧʣʝʡʙʫʢʘʤ ʫʤʝʥʴʰʘʝʪʩʷ ʢʨʘʪʥʦ 

ʙʣʘʛʦʜʘʨʷ ʞʫʨʥʘʣʘʤ ʥʝʠʟʤʝʥʷʝʤʦʩʪʠ ʠ ʩʪʘʥʜʘʨʪʥʳʤ ʧʨʦʮʝʜʫʨʘʤ IR. ʕʪʠ 

ʨʝʟʫʣʴʪʘʪʳ ʧʨʠʛʦʜʥʳ ʜʣʷ ʚʢʣʶʯʝʥʠʷ ʚ SRR ʠ CI/CD (SBOM, SLSA, ʨʝʛʨʝʩʩ-

ʬʫʟʟʠʥʛ).  

 

10 ɿʘʢʣʶʯʝʥʠʝ 

ʈʘʟʨʘʙʦʪʘʥʘ ʠ ʦʙʦʩʥʦʚʘʥʘ ʧʨʘʢʪʠʯʥʘʷ ʤʝʪʦʜʠʢʘ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʫʛʨʦʟ ʜʣʷ 

ʇʆ ʂɸ ʥʘ ʦʩʥʦʚʝ STRIDE, ʘʜʘʧʪʠʨʦʚʘʥʥʘʷ ʢ ʘʨʭʠʪʝʢʪʫʨʘʤ OBC/RTOS, ʢʘʥʘʣʘʤ 

TT&C ʠ ʰʠʥʘʤ SpaceWire/1553/CAN. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʩʦʯʝʪʘʥʠʝ Secure Boot+anti-

rollback, ʠʟʦʣʷʮʠʠ ʟʘʜʘʯ RTOS, AEAD/mTLS ʥʘ TT&C, ʰʣʶʟʦʚʳʭ ACL/IDS ʠ 

ʥʝʠʟʤʝʥʷʝʤʳʭ ʞʫʨʥʘʣʦʚ ʦʙʝʩʧʝʯʠʚʘʝʪ ʠʟʤʝʨʠʤʦʝ ʩʥʠʞʝʥʠʝ ʦʧʝʨʘʮʠʦʥʥʦʛʦ 

ʨʠʩʢʘ ʧʨʠ ʫʤʝʨʝʥʥʳʭ ʥʘʢʣʘʜʥʳʭ ʨʘʩʭʦʜʘʭ ʨʝʩʫʨʩʦʚ. ʄʘʪʨʠʮʳ ʨʠʩʢʘ çʜʦ/ʧʦʩʣʝè, 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʫʨʦʚʥʝʡ High/Medium/Low, p95-ʟʘʜʝʨʞʢʠ ʠ ROC IDS 

ʧʦʜʪʚʝʨʞʜʘʶʪ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʦʜʭʦʜʘ ʥʘ ʵʪʘʣʦʥʥʦʡ ʘʨʭʠʪʝʢʪʫʨʝ. ʄʝʪʦʜʠʢʘ 

ʣʝʛʢʦ ʚʩʪʨʘʠʚʘʝʪʩʷ ʚ ʧʨʝʜʟʘʧʫʩʢʦʚʦʡ SRR ʠ ʢʦʥʚʝʡʝʨ CI/CD ʟʘ ʩʯʸʪ ʘʨʪʝʬʘʢʪʦʚ 

ʪʨʘʩʩʠʨʦʚʢʠ, ʯʝʢ-ʣʠʩʪʦʚ ʠ ʤʝʪʨʠʢ.  

 

11 ʇʝʨʩʧʝʢʪʠʚʳ ʜʘʣʴʥʝʡʰʠʭ ʨʘʙʦʪ 

1. ʈʘʩʰʠʨʠʪʴ ʤʦʜʝʣʴ ʥʘ ʧʦʩʪ-ʢʚʘʥʪʦʚʳʝ ʩʭʝʤʳ ʜʣʷ TT&C ʠ ʦʮʝʥʠʪʴ ʠʭ 

ʚʣʠʷʥʠʝ ʥʘ ʜʝʜʣʘʡʥʳ. 

2. ʀʥʪʝʛʨʠʨʦʚʘʪʴ ʬʦʨʤʘʣʴʥʳʝ ʤʝʪʦʜʳ (SPARK/Frama-C/TLA+) ʜʣʷ 

ʜʦʢʘʟʘʪʝʣʴʩʪʚʘ ʩʚʦʡʩʪʚ ʢʨʠʪʠʯʝʩʢʠʭ ʤʦʜʫʣʝʡ. 

3. ʂʘʣʠʙʨʦʚʘʪʴ IDS ʥʘ ʦʨʙʠʪʝ ʩ ʘʜʘʧʪʠʚʥʳʤ ʚʳʙʦʨʦʤ ʧʦʨʦʛʘ ʧʦ ROC ʠ 

ʦʛʨʘʥʠʯʝʥʠʝʤ FP/ʯʘʩ. 

4. ɼʦʙʘʚʠʪʴ fault-injection (ʙʠʪ-ʬʣʠʧʳ) ʩʦʚʤʝʩʪʥʦ ʩ ʢʠʙʝʨʩʮʝʥʘʨʠʷʤʠ ʜʣʷ 

ʦʮʝʥʢʠ ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ. 

5. ʇʨʦʚʝʩʪʠ ʚʦʩʧʨʦʠʟʚʦʜʠʤʳʝ ʵʢʩʧʝʨʠʤʝʥʪʳ ʥʘ ʘʧʧʘʨʘʪʫʨʝ-ʘʥʘʣʦʛe OBC ʩ 

ʦʪʢʨʳʪʦʡ ʧʫʙʣʠʢʘʮʠʝʡ SBOM/ʘʪʪʝʩʪʘʮʠʡ. 
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ɸשʜʘʪʧʘ: ʄײʥʘʡ ᴇʥʝʨʢᴅʩʽʙʽʥʜʝʛʽ ʠʥʞʝʥʝʨʣʽʢ ײץʨʳʣʳʩʪʘʨʜʳש ʪʝʭʥʠʢʘʣʳץ 

ʞʘסʜʘʡʳʥ ʙʘץʳʣʘʫ װʰʽʥ ʘץʧʘʨʘʪʪʳץ ᴇʣʰʝʫ ʞװʡʝʩʽ (ɸᴆɾ) ʞʘʩʘʣʜʳ. ױʩʳʥʳʣסʘʥ 

ʞװʡʝ ʘʫʳʪץʫʣʘʨʜʳ ʫʘץʳʪʳʣʳ ʘʥʳץʪʘʫ ʞᴅʥʝ ʪᴇʪʝʥʰʝ ʞʘסʜʘʡʣʘʨʜʳש ʘʣʜʳʥ ʘʣʫ 

ʤʘץʩʘʪʳʥʜʘ ײץʨʳʣʳʤʜʳץ ʧʘʨʘʤʝʪʨʣʝʨʜʽ (ʪʝʤʧʝʨʘʪʫʨʘ, ʢʦʨʨʦʟʠʷ, ץʳʩʳʤ ʞᴅʥʝ ʜʝ 

ʪ. ʙ.) װʟʜʽʢʩʽʟ ʙʘץʳʣʘʫסʘ ʘʨʥʘʣסʘʥ. ɾײʤʳʩ ʘʷʩʳʥʜʘ ʞװʡʝʣʽʢ ʤʦʜʝʣʴ ײץʨʳʣʳʧ, 

ʦʙʲʝʢʪʽʣʝʨ ʤʝʥ ᴇʣʰʝʤʜʝʨʜʽש ʧʘʨʘʤʝʪʨʣʝʨʽʥ ʩʠʧʘʪʪʘʡʪʳʥ ʤᴅʣʽʤʝʪʪʝʨ ʙʘʟʘʩʳ 

ʞʘʩʘʣʜʳ. ʉʦʥʳʤʝʥ ץʘʪʘʨ, ʙʘסʜʘʨʣʘʤʘʣʳץ ʞᴅʥʝ ʘʧʧʘʨʘʪʪʳץ ʢʦʤʧʦʥʝʥʪʪʝʨʜʽש 

ʘʨʭʠʪʝʢʪʫʨʘʩʳʥ ʞᴅʥʝ ʦʣʘʨʜʳש ᴇʟʘʨʘ ᴅʨʝʢʝʪʪʝʩʫʽʥ ʢᴇʨʩʝʪʝʪʽʥ UML 

ʜʠʘʛʨʘʤʤʘʣʘʨʳ ʞʘʩʘʣʜʳ. ɾװʡʝʥʽ ʚʝʙ-ʩʝʨʚʠʩ ʪװʨʽʥʜʝ ʝʥʛʽʟʫ ʤʦʥʠʪʦʨʠʥʛ 
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ΞΠ 

ʜʝʨʝʢʪʝʨʽʥʝ ץʘʰʳץʪʘʥ ץʦʣ ʞʝʪʢʽʟʫʜʽ ʞᴅʥʝ ʪʝʭʥʠʢʘʣʳץ ץʳʟʤʝʪ ʢᴇʨʩʝʪʫ ʙʦʡʳʥʰʘ 

ʞʝʜʝʣ ʰʝʰʽʤ ץʘʙʳʣʜʘʫʜʳ ץʘʤʪʘʤʘʩʳʟ ʝʪʝʜʽ. ᴄʟʽʨʣʝʥʛʝʥ ɸᴆɾ ʪʝʭʥʠʢʘʣʳץ 

ʙʘץʳʣʘʫʜʳש ʪʠʽʤʜʽʣʽʛʽʥ ʞᴅʥʝ ʤײʥʘʡ ᴇʥʝʨʢᴅʩʽʙʽ ʦʙʲʝʢʪʽʣʝʨʽʥʜʝʛʽ ᴇʥʝʨʢᴅʩʽʧʪʽʢ 

 .ʤʢʽʥʜʽʢ ʙʝʨʝʜʽװʘ ʤסʛʝʡʽʥ ʘʨʪʪʳʨʫשʘʫʽʧʩʽʟʜʽʢ ʜʝץ

ʂʽʣʪʪʽʢ ʩᴇʟʜʝʨ: ɸץʧʘʨʘʪʪʳץ-ᴇʣʰʝʫ ʞװʡʝʩʽ; ʪʝʭʥʠʢʘʣʳץ ʞʘʡ-ʢװʡ 

ʤʦʥʠʪʦʨʠʥʛʽ; ʠʥʞʝʥʝʨʣʽʢ ײץʨʳʣʳʤʜʘʨ; ʤײʥʘʡ ᴇʥʝʨʢᴅʩʽʙʽ; ʚʝʙ-ʩʝʨʚʠʩ; 

ᴇʥʝʨʢᴅʩʽʧʪʽʢ ץʘʫʽʧʩʽʟʜʽʢ; ץʘʰʳץʪʘʥ ʙʘʩץʘʨʫ ʧʫʣʴʪʽ. 

 

ʂʽʨʽʩʧʝ 

ʄײʥʘʡ ᴇʥʝʨʢᴅʩʽʙʽʥʽש ʠʥʞʝʥʝʨʣʽʢ ײץʨʳʣʳʤʜʘʨʳ (ʤʘʛʠʩʪʨʘʣʴʜʳײץ ץʙʳʨʣʘʨ, 

ʩʫ ץʦʡʤʘʣʘʨʳ, ʙײʨסʳʣʘʫ ץʦʥʜʳʨסʳʣʘʨʳ ʞᴅʥʝ ʪ. ʙ.) ץʘʫʽʧʪʽʣʽʛʽ ʞʦסʘʨʳ ʦʙʲʝʢʪʽʣʝʨ 

ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ, ʦʣʘʨʜʳש ʽʩʪʝʥ ʰʳסʫʳ ʝʣʝʫʣʽ ʵʢʦʥʦʤʠʢʘʣʳץ ʰʳסʳʥʜʘʨסʘ ʞᴅʥʝ 

 :ʳʤʳʥ ʢᴇʨʩʝʪʝʜʽץʘʫ שʤʢʽʥ. ʉʪʘʪʠʩʪʠʢʘ ʤᴅʩʝʣʝʥʽװʘ ʟʠʷʥ ʢʝʣʪʽʨʫʽ ʤסʘʥ ʦʨʪʘסʦʨʰʘץ

ʪʝʢ 2019 ʞʳʣʜʳש ᴇʟʽʥʜʝ ʈʝʩʝʡʜʝ 17 000-ʥʘʥ ʘʩʪʘʤ ʤײʥʘʡ ʪᴇʛʽʣʫʽ ʪʽʨʢʝʣʜʽ [1]. 

ʊʠʽʩʽʥʰʝ, ʤײʥʜʘʡ ײץʨʳʣʳʤʜʘʨʜʳש ʪʝʭʥʠʢʘʣʳץ ʞʘסʜʘʡʳʥ ʩʝʥʽʤʜʽ ʙʘץʳʣʘʫ 

ᴇʪʝ ʤʘשʳʟʜʳ ʤʽʥʜʝʪ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. ᴆʥʝʨʢᴅʩʽʧʪʽʢ ץʘʫʽʧʩʽʟʜʽʢʪʽש ʟʘʤʘʥʘʫʠ 

ʩʪʘʥʜʘʨʪʪʘʨʳ ʢᴅʩʽʧʦʨʳʥʜʘʨʜʳ ʟʘץʳʤʜʘʥʫʣʘʨ ʤʝʥ ʧʘʨʘʤʝʪʨʣʝʨʜʽש ʘʫʳʪץʫʣʘʨʳʥ 

ʫʘץʪʳʣʳ ʘʥʳץʪʘʫסʘ ץʘʙʽʣʝʪʪʽ װʟʜʽʢʩʽʟ ʙʘץʳʣʘʫ ʞװʡʝʣʝʨʽʥ ʝʥʛʽʟʫʛʝ ʤʽʥʜʝʪʪʝʡʜʽ. 

 ʘʣʜʳʥ שʘʫʣʘʨʜʳץʝʡʪʽʣʛʝʥ ʦʙʲʝʢʪʽʣʝʨʜʝʛʽ ʘʚʘʨʠʷʣʘʨ ʤʝʥ ʘשʳ ʞᴅʥʝ ʢʝסʪʘץʘʰʳפ

ʘʣʫ װʰʽʥ ʞʘʙʜʳץʪʳש ʞʘʡ-ʢװʡʽʥ ץʘʰʳץʪʳץʪʘʥ ʙʘץʳʣʘʫ ᴅʜʽʩʪʝʨʽʥ ץʦʣʜʘʥʫ ץʘʞʝʪ 

[2]. 

ʊײʨʘץʪʳ ʤʦʥʠʪʦʨʠʥʛ ʘסʳʧ ʢʝʪʫʣʝʨʜʽ, ʜʝʬʦʨʤʘʮʠʷʣʘʨʜʳ ʞᴅʥʝ ʙʘʩץʘ 

ʘץʘʫʣʘʨʜʳ ʞʝʜʝʣ ʘʥʳץʪʘʫʜʳ ץʘʤʪʘʤʘʩʳʟ ʝʪʝʜʽ, ʙײʣ ʽʨʽ ʘʧʘʪʪʘʨʜʳש ʘʣʜʳʥ ʘʣʫסʘ 

ʞᴅʥʝ ץʦʨʰʘסʘʥ ʦʨʪʘסʘ ץʘʫʽʧ-ץʘʪʝʨʜʽ ʘʟʘʡʪʫסʘ ʢᴇʤʝʢʪʝʩʝʜʽ. 

ɼᴅʩʪװʨ ʙʦʡʳʥʰʘ, ʪʝʭʥʠʢʘʣʳץ ʞʘסʜʘʡʜʳש ʤʦʥʠʪʦʨʠʥʛʽ ʤʝʨʟʽʤʜʽ ʪʝʢʩʝʨʫʣʝʨ 

ʤʝʥ ʞʦʩʧʘʨʣʳ ʪʝʢʩʝʨʫʣʝʨ ʘʨץʳʣʳ ʞװʟʝʛʝ ʘʩʳʨʳʣʜʳ, ʙʽʨʘץ ʙײʣ ʪᴅʩʽʣ ʜʝʨʝʢʪʝʨʜʽש 

ʞʝʪʢʽʣʽʢʪʽ ʪʠʽʤʜʽʣʽʛʽ ʤʝʥ ʪʦʣʳץʪʳסʳʥ ץʘʤʪʘʤʘʩʳʟ ʝʪʧʝʡʜʽ. ᴆʥʝʨʢᴅʩʽʧʪʝ 

ʘץʧʘʨʘʪʪʳץ-ᴇʣʰʝʫ ʞװʡʝʣʝʨʽʥʽש ʜʘʤʫʳ ʥʘץʪʳ ʫʘץʳʪ ʨʝʞʠʤʽʥʜʝ ʩʝʥʩʦʨʣʳץ 

ʢᴇʨʩʝʪʢʽʰʪʝʨʜʽ ʞʠ-ʥʘʡʪʳʥ ʞᴅʥʝ ʘץʧʘʨʘʪʪʳ ʜʠʩʧʝʪʯʝʨʣʽʢ ץʳʟʤʝʪʪʝʨʛʝ ʞʽʙʝʨʝʪʽʥ 

ʧʨʦʮʝʩʪʝʨʜʽ ʙʘʩץʘʨʫ-ʜʳש ʘʚʪʦʤʘʪʪʘʥʜʳʨʳʣסʘʥ ʞװʡʝʣʝʨʽʥʝ ʙʽʨʽʢʪʽʨʽʣʛʝʥ 

ʘʚʪʦʤʘʪʪʘʥʜʳʨʳʣסʘʥ ʰʝʰʽʤ-ʜʝʨʜʽש ʧʘʡʜʘ ʙʦʣʫʳʥʘ ᴅʢʝʣʜʽ. ɼʝʛʝʥʤʝʥ, 

ʢʣʘʩʩʠʢʘʣʳץ ʩʳʤʜʳ ʙʘץʳʣʘʫ ʞװʡʝʣʝʨʽʥ ʦʨʥʘʪʫ ʢᴇʙʽʥʝʩʝ ʢᴇʧ ʫʘץʳʪʪʳ ץʘʞʝʪ 

ʝʪʝʜʽ, ᴅʩʽʨʝʩʝ ʞʝʪʫ ץʠʳʥ ʙʘʣʳץ ʘʫʣʘʫ ʦʨʳʥʜʘʨʳʥʜʘ [3]. 

ʉʦסשʳ ʞʳʣʜʘʨʳ ʤײʥʘʡ-ʛʘʟ ʩʘʣʘʩʳʥʜʘסʳ ʞʘʙʜʳץʪʘʨʜʳ ʙʘץʳʣʘʫ װʰʽʥ 

ʩʳʤʩʳʟ ʪʝʭʥʦʣʦʛʠʷʣʘʨ ʤʝʥ ʟʘʪʪʘʨ ʠʥʪʝʨʥʝʪʽ (IoT) ʙʝʣʩʝʥʜʽ ʪװʨʜʝ ʝʥʛʽʟʽʣʫʜʝ. 

ʉʧʫʪʥʠʢʪʽʢ ʥʝʤʝʩʝ ײʷʣʳ ʙʘʡʣʘʥʳʩ ʞʝʣʽʣʝʨʽ ʘʨץʳʣʳ ʜʝʨʝʢʪʝʨʜʽ ʞʽʙʝʨʝʪʽʥ 

ʩʝʥʩʦʨʣʘʨʜʳ ץʦʣʜʘʥʘ ʦʪʳʨʳʧ, ʪʝʨʙʝʣʽʩʪʝʨʜʽ, ץʳʩʳʤʜʳ, ʪʝʤʧʝʨʘʪʫʨʘʥʳ ʞᴅʥʝ 

ʙʘʩץʘ ʧʘʨʘʤʝʪʨʣʝʨʜʽ ץʘʰʳץʪʳץʪʘʥ ʙʘץʳʣʘʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʪʽʥ ʢʦʤʤʝʨʮʠʷʣʳץ 

ʞᴅʥʝ ᴇʥʝʨʢᴅʩʽʧʪʽʢ ʰʝʰʽʤʜʝʨ ʧʘʡʜʘ ʙʦʣʜʳ. ʄʳʩʘʣʳ, ʟʘʤʘʥʘʫʠ ʞװʡʝʣʝʨ ʤʦʙʠʣʴʜʽ 

ʞʝʣʽʣʝʨ ʘʨץʳʣʳ ʙʘʡʣʘʥʳʩʪʳ ץʦʣʜʘʡʪʳʥ ᴅʤʙʝʙʘʧ ʪʝʣʝʤʝʪʨʠʷ ʤʦʜʫʣʽʥ 

(ʤʘʨʰʨʫʪʠʟʘʪʦʨʜʳ) ץʘʤʪʫʳ ʤװʤʢʽʥ ʞᴅʥʝ ʤײʥʜʘʡ ʤʦʜʫʣʴʜʽ ʚʝʙ-ץʳʟʤʝʪ ʘʨץʳʣʳ 

ʢʦʥʬʠʛʫʨʘʮʠʷʣʘʫ ʞᴅʥʝ ץʦʩʫ ʪʽʧʪʽ ʙʘסʜʘʨʣʘʤʘʣʘʫ ʜʘסʜʳʣʘʨʳ ʞʦץ ʤʘʤʘʥסʘ ʜʘ 

 .ʦʣʞʝʪʽʤʜʽ [3]ץ



 
ΞΡ 

ɹײʣ ʪʘʨʘʪʳʣסʘʥ ʙʘץʳʣʘʫ ʞװʡʝʣʝʨʽʥ ʦʨʥʘʣʘʩʪʳʨʫʜʳ ʞʝשʽʣʜʝʪʝʜʽ, ʞʝʜʝʣʜʝ-

ʪʝʜʽ ʞᴅʥʝ ʦʣʘʨסʘ ʪʝʭʥʠʢʘʣʳץ ץʳʟʤʝʪ ʢᴇʨʩʝʪʫ ʰʳסʳʥʜʘʨʳʥ ʘʟʘʡʪʘʜʳ. ʆʩʳʣʘʡʰʘ, 

ʚʝʙ-ץʳʟʤʝʪʪʝʨ ʤʝʥ ʙײʣʪʪʳץ ʪʝʭʥʦʣʦʛʠʷʣʘʨʜʳ ʘץʧʘʨʘʪʪʳץ-ᴇʣʰʝʫ ʞװʡʝʣʝʨʽʥʝ 

ʙʽʨʽʢʪʽʨʫ ʠʥʪʝʨʥʝʪʪʽש ʢʝʟ ʢʝʣʛʝʥ ʥװʢʪʝʩʽʥʝʥ ʦʙʲʝʢʪʽʣʝʨʜʽש ʞʘʡ-ʢװʡʽ ʪʫʨʘʣʳ 

ʜʝʨʝʢʪʝʨʛʝ ʪᴅʫʣʽʢ ʙʦʡʳ ץʦʣ ʞʝʪʢʽʟʫʜʽ ץʘʤʪʘʤʘʩʳʟ ʝʪʝʜʽ ʞᴅʥʝ ʞʘʫʘʧʪʳ ʠʥʞʝ-

ʥʝʨʣʝʨʛʝ ᴇʟʝʢʪʽ ʘץʧʘʨʘʪ ʥʝʛʽʟʽʥʜʝ ʫʘץʪʳʣʳ ʰʝʰʽʤ ץʘʙʳʣʜʘʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. 

ɹײʣ ʞײʤʳʩʪʳש ʤʘץʩʘʪʳ ï ʥʘץʪʳ ʫʘץʳʪ ʨʝʞʠʤʽʥʜʝ ʤײʥʘʡ ᴇʥʝʨʢᴅʩʽʙʽʥʜʝʛʽ 

ʠʥʞʝʥʝʨʣʽʢ ײץʨʳʣʳʩʪʘʨʜʳש ʪʝʭʥʠʢʘʣʳץ ʞʘסʜʘʡʳʥ ʙʘץʳʣʘʫסʘ ʘʨʥʘʣסʘʥ 

ʘץʧʘʨʘʪʪʳץ ᴇʣʰʝʫ ʞװʡʝʩʽʥ ʞʘʩʘʫ. ʆʩʳ ʤʘץʩʘʪץʘ ʞʝʪʫ װʰʽʥ ʞװʡʝʥʽײץ שʨʳʣʳʤʳ 

ʞᴅʥʝ ʜʝʨʝʢʪʝʨʜʽ ʞʠʥʘʫ ʧʨʦʮʝʩʪʝʨʽ ʤʦʜʝʣʴʜʝʥʜʽ, ᴇʣʰʝʫ ʥᴅʪʠʞʝʣʝʨʽ ʤʝʥ 

ʦʙʲʝʢʪʽʣʝʨ ʪʫʨʘʣʳ ʘʥʳץʪʘʤʘʣʳץ ʘץʧʘʨʘʪʪʳ ʩʘץʪʘʫסʘ ʘʨʥʘʣסʘʥ ʤᴅʣʽʤʝʪʪʝʨ ץʦʨʳ 

ʞʘʩʘʣʜʳ, ʞװʡʝʥʽש ʢʦʤʧʦʥʝʥʪʪʝʨʽ ʤʝʥ ʦʣʘʨʜʳש ᴇʟʘʨʘ ᴅʨʝʢʝʪʪʝʩʫʽʥ ʩʠʧʘʪʪʘʡʪʳʥ 

UML-ʜʠʘʛʨʘʤʤʘʣʘʨʳ ʞʘʩʘʣʳʥʜʳ. ɾװʡʝʛʝ ᴇʣʰʝʫ ʽʰʢʽ ʞװʡʝʩʽ (ץʦʥʜʳʨסʳʜʘ 

ʦʨʥʘʪʳʣסʘʥ ʜʘʪʯʠʢʪʝʨ ʤʝʥ ʢʦʥʪʨʦʣʣʝʨʣʝʨ), ʜʝʨʝʢʪʝʨʜʽ ʙʝʨʫʛʝ ʘʨʥʘʣסʘʥ ʙʘʡʣʘʥʳʩ 

ʽʰʢʽ ʞװʡʝʩʽ ʞᴅʥʝ ʜʝʨʝʢץʦʨʳ ʙʘʨ ʦʨʪʘʣʳץʪʘʥʜʳʨʳʣסʘʥ ʩʝʨʚʝʨ ʢʽʨʝʜʽ. 

ʇʘʡʜʘʣʘʥʫʰʳ ʠʥʪʝʨʬʝʡʩʽ ʨʝʪʽʥʜʝ ʚʝʙ-ץʦʩʳʤʰʘ ײʩʳʥʳʣʘʜʳ, ʦʣ ʘʨץʳʣʳ 

ʧʘʨʘʤʝʪʨʣʝʨ ʚʠʟʫʘʣʠʟʘʮʠʷʣʘʥʘʜʳ, ʧʘʨʘʤʝʪʨʣʝʨ ʨץײʩʘʪ ʝʪʽʣʛʝʥ ʤᴅʥʜʝʨʜʝʥ ʘʩʳʧ 

ʢʝʪʢʝʥ ʢʝʟʜʝ ʭʘʙʘʨʣʘʥʘʜʳ ʞᴅʥʝ ʝʩʝʧʪʝʨ ʞʘʩʘʣʘʜʳ. ױʩʳʥʳʣסʘʥ ʘʨʭʠʪʝʢʪʫʨʘ 

ʘʫץʳʤʜʳʣʳץ ʧʝʥ ʠʢʝʤʜʽʣʽʢʪʽ ץʘʤʪʘʤʘʩʳʟ ʝʪʝʜʽ: ʩʝʥʩʦʨʣʘʨʜʳש ʞᴅʥʝ ʙʘץʳʣʘʥʘʪʳʥ 

ʦʙʲʝʢʪʽʣʝʨʜʽש ʞʘשʘ ʪװʨʣʝʨʽʥ ʞװʡʝʥʽ ʘʡʪʘʨʣʳץʪʘʡ ʞʝʪʽʣʜʽʨʫʩʽʟ ץʦʩʫסʘ ʙʦʣʘʜʳ.  

ɼʝʨʝʢʪʝʨ ץʦʨʳʥʳש ʤʦʜʝʣʽ 

ɼʝʨʝʢʪʝʨ ץʦʨʳ ײץʨʳʣʳʤʳʥʳש ʤʦʜʝʣʽʥʜʝ ʬʠʟʠʢʘʣʳץ ʠʥʞʝʥʝʨʣʽʢ 

 .ʘʥסʘʤʪʳʣץ ʘ ʜʘ ʥʳʩʘʥʜʘʨץʨʳʣʳʤʜʘʨ ʜʘ, ʙʘʩײץ

ɼʝʨʝʢʪʝʨ ץʦʨʳʥʳש ʥʝʛʽʟʛʽ ʥʳʩʘʥʜʘʨʳ: 

 ʤʳʩ ʞʘʩʘʡʪʳʥײʡʝʩʽʤʝʥ ʞװʨʜʝ ʤʦʥʠʪʦʨʠʥʛ ʞװʦʣʜʘʥʫʰʳ ï ʞʘʣʧʳʣʘʤʘ ʪפ -

ʘʜʘʤʜʘʨʜʳ ʩʠʧʘʪʪʘʡʜʳ. ʆץʠסʘʣʘʨʜʳ ʦץʠסʘʣʘʨ ʞʫʨʥʘʣʳʥʜʘ ʪʽʨʢʝʡ ʘʣʘʜʳ, 

ʝʩʝʧʪʝʨʜʽ ײץʨʘ ʘʣʘʜʳ; 

- ɾװʡʝ ʦʧʝʨʘʪʦʨʳ ï ʞײʤʳʩ ʽʩʪʝʧ ʞʘʪץʘʥ ʘʜʘʤʥʳש ʨᴇʣʽʥ ʥʘץʪʳʣʘʡʜʳ, 

ʙʘʩץʘʨʫ ʞᴅʥʝ ʤʦʥʠʪʦʨʠʥʛ ʧʨʦʮʝʩʩʪʝʨʽʥʜʝ ץʦʣʜʘʥʳʣʘʜʳ. çפʦʣʜʘʥʫʰʳʥʳשè 

ʙʘʨʣʳץ ץʘʩʠʝʪʪʝʨʽʥʝ ʤײʨʘʛʝʨʣʽʢ ץʳʣʘʜʳ; 

- ɼʘʪʯʠʢ ï ʠʥʞʝʥʝʨʣʽʢ ײץʨʳʣʳʤʜʘʨʜʳש ʬʠʟʠʢʘʣʳץ ʧʘʨʘʤʝʪʨʣʝʨʽʥ 

 ,ʘ ʦʨʥʘʪʳʣʘʜʳסʨʳʣʳʤײץ ʘʙʳʣʜʘʧ ʙʝʢʽʪʽʧ ʦʪʳʨʘʜʳ. ɼʘʪʯʠʢ ʠʥʞʝʥʝʨʣʽʢץ

ʤʦʥʠʪʦʨʠʥʛ ʪװʡʽʥʽʥʝ ץʦʩʳʣסʘʥ ʙʦʣʘʜʳ ʞᴅʥʝ ʜʝ ʦץʠסʘʣʘʨ ʞʫʨʥʘʣʳʥʘ ʜʝʨʝʢʪʝʨʜʽש 

ʢᴇʟʽ ʨʝʪʽʥʜʝ ʞʘʨʘʡʜʳ; 

- ʀʥʞʝʥʝʨʣʽʢ ײץʨʳʣʳʤ ï װʩʪʽʥʝʥ ʤʦʥʠʪʦʨʠʥʛ ʞײʤʳʩʳ ʞʘʩʘʣʳʥʘʪʳʥ 

ʠʥʬʨʘײץʨʳʣʳʤ ʦʙʲʝʢʪʽʩʽ. ɾʘʣʧʳʣʘʤʘ ʪװʨʜʝ ʤʦʜʝʣʴʜʝʛʽ ʢᴇʧʪʝʛʝʥ ʥʳʩʘʥʜʘʨʜʳ 

 ;ʘʤʪʠʜʳץ

 ;ʨʳʣʳʤ ʥʳʩʘʥʳײץʘʥ ʠʥʬʨʘסʥʘʡʜʳ ʞʝʪʢʽʟʫʛʝ ʘʨʥʘʣײʙʳʨʣʘʨ ï ʤײפ -

- ʈʝʟʝʨʚʫʘʨ ï ʤײʥʘʡ ʞᴅʥʝ ʤײʥʘʡ ᴇʥʽʤʜʝʨʽʥ ʩʘץʪʘʫסʘ ʘʨʥʘʣסʘʥ ʥʳʩʘʥ; 

- ʄʦʥʠʪʦʨʠʥʛ ʪװʡʽʥʽ ï ʜʘʪʯʠʢʪʝʨʜʝʥ ʜʝʨʝʢʪʝʨʜʽ ʞʠʥʘʧ, ʦʥʳ ʞװʡʝʛʝ 

ʪʘʧʩʳʨʘʪʳʥ ʢʦʥʪʨʦʣʣʝʨ; 

- ʆץʠסʘʣʘʨ ʞʫʨʥʘʣʳ ï ʙʘʨʣʳץ ʦץʠסʘʣʘʨʜʳ ʪʽʨʢʝʡʪʽʥ ʥʳʩʘʥ, ʦʥʳש ʥʝʛʽʟʽʥʜʝ 

ʘʧʘʪʪʳץ ʝʩʢʝʨʪʫʣʝʨ ײץʨʳʣʘʜʳ; 



 
ΞΣ 

- ɽʩʝʧ ï ʠʥʞʝʥʝʨʣʽʢ ײץʨʳʣʳʤʜʘʨʜʳש ʞʘסʜʘʡʳʥ ʙʘץʳʣʘʫʜʳש, ʘʧʘʪʪʳץ 
ʞʘסʜʘʡʣʘʨʜʳ ʩʘʨʘʣʘʫ ʥᴅʪʠʞʝʩʽʥ ʙʝʢʽʪʝʪʽʥ ʥʳʩʘʥ.  

ɼʝʨʝʢʪʝʨ ײץʨʳʣʳʤʳʥʳש ʤʦʜʝʣʽʥʽש ʩʳʟʙʘʩʳ 1-ʩʫʨʝʪʪʝ ʢᴇʨʩʝʪʽʣʛʝʥ. 

 

 
ʉʫʨ. 1. ï ɼʝʨʝʢʪʝʨ ץʦʨʳʥʳש ER-ʜʠʘʛʨʘʤʤʘʩʳ 

 

ɹʘץʳʣʘʫ ʞװʡʝʩʽʥʽש UML-ʜʠʘʛʨʘʤʤʘʣʘʨʳ 

ɾװʡʝʥʽש ʞײʤʳʩ ʽʩʪʝʫʽʥ ᴅʨʪװʨʣʽ ʪײʩʪʘʨʜʘʥ ʩʠʧʘʪʪʘʫ װʰʽʥ ʙʽʨץʘʪʘʨ UML-

ʜʠʘʛʨʘʤʤʘʣʘʨʳ ײץʨʳʣʜʳ. 

Use Case ʜʠʘʛʨʘʤʤʘʩʳ (ʧʘʡʜʘʣʘʥʫ ʞʘסʜʘʡʣʘʨʳ ʜʠʘʛʨʘʤʤʘʩʳ) ʞװʡʝʥʽש 

ʧʘʡʜʘʣʘʥʫʰʳʣʘʨסʘ ʞᴅʥʝ ʩʳʨʪץʳ ʞװʡʝʣʝʨʛʝ ץʘʥʜʘʡ ʬʫʥʢʮʠʷʣʘʨʜʳ (ʧʘʡʜʘʣʘʥʫ 

ʞʘסʜʘʡʣʘʨʳʥ) ץʘʤʪʘʤʘʩʳʟ ʝʪʝʪʽʥʽʥ ʢᴇʨʩʝʪʝʜʽ. ɼʠʘʛʨʘʤʤʘ ʧʘʡʜʘʣʘʥʫ ʞʘסʜʘʡʣʘʨʳʥʘʥ 

ʞᴅʥʝ ʩʦʣ ʧʘʡʜʘʣʘʥʫ ʞʘסʜʘʡʣʘʨʳʥ ʽʩʢʝ ʘʩʳʨʘʪʳʥ ʥʳʩʘʥ ʙʦʣʳʧ ʪʘʙʳʣʘʪʳʥ 

ʘʢʪʝʨʣʝʨʜʝʥ ʪײʨʘʜʳ. 

ɸʢʪʝʨʣʝʨ: 

- ʆʧʝʨʘʪʦʨ ï ʙʘץʳʣʘʫ ʧʝʥ ʝʩʝʧʪʽʣʽʢʪʽ ʞװʟʝʛʝ ʘʩʳʨʘʪʳʥ ʥʝʛʽʟʛʽ ʧʘʡʜʘʣʘʥʫʰʳ 

ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ; 

 ʪʘʨʜʳץʘʫʣʳץʳʟʤʝʪ ʢᴇʨʩʝʪʫ ʠʥʞʝʥʝʨʽ ï ʩʝʥʩʦʨʣʘʨʜʳ ʢʘʣʠʙʨʣʝʫʛʝ ʞᴅʥʝ ʘפ -

ʞʦʶסʘ ʞʘʫʘʧʪʳ; 

- ɸʜʤʠʥʠʩʪʨʘʪʦʨ ï ʧʘʨʘʤʝʪʨʣʝʨ ʤʝʥ ʧʘʡʜʘʣʘʥʫʰʳʣʘʨʜʳ ʙʘʩץʘʨʘʜʳ; 

- ʉʳʨʪץʳ ʭʘʙʘʨʣʘʥʜʳʨʫ ʞװʡʝʩʽ ï ʘʧʘʪʪʳץ ʞʘסʜʘʡʣʘʨ ʪʫʨʘʣʳ ʭʘʙʘʨʜʳ ʪʘʨʘʪʫסʘ 

ʘʨʥʘʣסʘʥ. 

ʇʘʡʜʘʣʘʥʫ ʞʘסʜʘʡʣʘʨʳ: 

- ɾװʡʝʜʝ ʘʚʪʦʨʠʟʘʮʠʷ; 

- ɼʘʪʯʠʢʪʝʨʜʽ ʨʝʪʪʝʫ; 

- ɼʘʪʯʠʢʪʝʨʜʝʥ ʜʝʨʝʢʪʝʨʜʽ ʞʠʥʘʫ; 

 ;ʘʨʘʫץ ʜʘʡʳʥסʞʘ שʨʳʣʳʤʜʘʨʜʳײפ -

- ɸʧʘʪ ʞʘʡʳʥʜʘ ʤᴅʣʽʤʜʝʤʝ ʘʣʫ; 

- ɽʩʝʧ ʞʘʩʘʫ; 

- ɼʝʨʝʢʪʝʨʜʽ ʵʢʩʧʦʨʪʪʘʫ. 

Use Case ʜʠʘʛʨʘʤʤʘʩʳʥʳש ʩʳʟʙʘʩʳ 2-ʩʫʨʝʪʪʝ ʢᴇʨʩʝʪʽʣʛʝʥ.  

 



 
ΞΤ 

 
ʉʫʨ. 2. ï Use Case ʜʠʘʛʨʘʤʤʘʩʳ 

 

ʂװʡʣʝʨ ʜʠʘʛʨʘʤʤʘʩʳʥʳש ʤʘץʩʘʪʳ ʜʝʨʝʢʪʝʨʜʽ ᴇשʜʝʫ ʧʨʦʮʝʩʽ ץʘʥʜʘʡ ʢװʡʣʝʨʜʝʥ 

ᴇʪʽʧ ʞʘʪץʘʥʳʥ ʞᴅʥʝ ʦʣʘʨʜʳש ʘʫʳʩʫʣʘʨ ʘʨץʳʣʳ ץʘʣʘʡ ʙʘʡʣʘʥʳʩʘʪʳʥʳʥ ʢᴇʨʩʝʪʫ 

ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. 

ʂװʡʣʝʨ: 

 ʘסʡʝ ʨʝʩʠʚʝʨʜʝʥ ʜʝʨʝʢʪʝʨʜʽ ʘʣʫװʨʘʪʳʣʜʳ ï ʞײʳʰʪʘʥ ʜʝʨʝʢʪʝʨʜʽ ʩסʘʙʳʣʜʘפ -

ʩײʨʘʫ ʞʽʙʝʨʝʜʽ; 

- ɼʝʨʝʢʪʝʨ ʘʣʳʥʜʳ ï ʜʝʨʝʢʪʝʨ ʩᴅʪʪʽ ʘʣʳʥʜʳ. 

- ɼʝʨʝʢʪʝʨ ᴇשʜʝʣʜʽ ï ʜʝʨʝʢʪʝʨ ᴇשʜʝʣʜʽ. 

- ɼʝʨʝʢʪʝʨ ʜʝʨʝʢʪʝʨ ץʦʨʳʥʘ ʞʘʟʳʣʜʳ ï ʥᴅʪʠʞʝʣʝʨ ʜʝʨʝʢʪʝʨ ʙʘʟʘʩʳʥʘ 

ʩʘץʪʘʣʘʜʳ. 

- ɺʝʙ-ʩʘʡʪʪʘʥ ʩײʨʘʥʳʩʪʘʨ ʘʣʳʥʜʳ ï ʞװʡʝʛʝ ʚʝʙ-ʠʥʪʝʨʬʝʡʩʪʝʥ ʩײʨʘʥʳʩ ʪװʩʝʜʽ. 

- ɼʝʨʝʢʪʝʨ ʽʨʽʢʪʝʣʜʽ ï ʜʝʨʝʢʪʝʨ ʽʨʽʢʪʝʣʝʜʽ, ʞʽʙʝʨʫ װʰʽʥ ʪʘשʜʘʣʳʥʘʜʳ. 

- ɺʝʙ-ʩʘʡʪץʘ ʬʦʨʤʘ ʞʽʙʝʨʽʣʝʜʽ ï ᴇשʜʝʫ ʥᴅʪʠʞʝʩʽ ʧʘʡʜʘʣʘʥʫʰʳסʘ ʩʘʡʪ ʘʨץʳʣʳ 

ʞʽʙʝʨʽʣʝʜʽ. 

- ɹʘʩʪʘʧץʳ ʞᴅʥʝ ʩʦסשʳ ʢװʡʣʝʨ: 

- ɹʘʩʳ ï ʩʦʣ ʞʘץʪʘסʳ ץʘʨʘ ʥװʢʪʝ (ʧʨʦʮʝʩʪʽ ʠʥʠʮʠʘʣʠʟʘʮʠʷʣʘʫ). 

- ʉʦשʳ ï ʦש ʞʘסʳʥʜʘ ʢʦʥʪʫʨʳ ʙʘʨ ץʘʨʘ ʥװʢʪʝ (ʧʨʦʮʝʩʪʽש ʘʷץʪʘʣʫʳ). 

ʂװʡʣʝʨ ʜʠʘʛʨʘʤʤʘʩʳʥʳש ʩʳʟʙʘʩʳ 3-ʩʫʨʝʪʪʝ ʢᴇʨʩʝʪʽʣʛʝʥ. 



 
ΞΥ 

 
ʉʫʨ. 3. ï ʂװʡʣʝʨ ʜʠʘʛʨʘʤʤʘʩʳ 

 

ɹʝʣʩʝʥʜʽʣʽʢ ʜʠʘʛʨʘʤʤʘʩʳʥʳש ʤʘץʩʘʪʳ ʽʩ-ᴅʨʝʢʝʪʪʝʨ ʘסʳʤʳʥ ʞᴅʥʝ ʧʨʦʮʝʩʪʽש 

ʦʨʳʥʜʘʣʫ ʣʦʛʠʢʘʩʳʥ ʢᴇʨʩʝʪʫ. ɹײʣ ʜʠʘʛʨʘʤʤʘʜʘ ʪʘʨʤʘץʪʘʣʫ ʥײʩץʘʣʘʨʳ ʙʝʣʛʽʣʝʥʝʜʽ. 

- ʅʝʛʽʟʛʽ ᴅʨʝʢʝʪʪʝʨ: 

- ɸʚʪʦʨʠʟʘʮʠʷ-ʧʘʡʜʘʣʘʥʫʰʳ ʞװʡʝʛʝ ʢʽʨʝʜʽ; 

- ɼʝʨʝʢʪʝʨʜʽ ʩײʨʘʫ-ʞװʡʝ ʩʝʥʩʦʨʣʘʨʜʳ ʩײʨʘʡʜʳ; 

- ɼײʨʳʩʪʳסʳʥ ʪʝʢʩʝʨʫ-ʜʝʨʝʢʪʝʨʜʽ ʩװʟʫ ʞᴅʥʝ ʪʝʢʩʝʨʫ; 

- ᴆʣʰʝʫ ʥᴅʪʠʞʝʣʝʨʽʥ ʜʝʨʝʢץʦʨסʘ ʩʘץʪʘʫ-ʙײʣ ʞʘʟʙʘ; 

- ʐʘʨʪʪʳ ʪʘʣʜʘʫ-ʘʫʳʪץʫ ʧʘʨʘʤʝʪʨʣʝʨʽʥ ʪʝʢʩʝʨʫ; 

- ɸʥʦʤʘʣʠʷ ʘʥʳץʪʘʣʜʳ ʤʘ? ʊʘʨʤʘץʪʘʣʫ ʞװʨʝʜʽ: ʠʘ ʙʦʣʩʘ ï ʪᴇʪʝʥʰʝ ʞʘסʜʘʡ 

ʪʫʨʘʣʳ ʝʩʢʝʨʪʫ ʞʘʩʘʫ, ʞʦץ ʙʦʣʩʘ ï ʙʘץʳʣʘʫ ʧʨʦʮʝʩʽʥ ʞʘʣסʘʩʪʳʨʫ; 

- ɽʩʝʧ ʢʝʩʪʝʛʝ ʩᴅʡʢʝʩ ʥʝʤʝʩʝ ʩײʨʘʥʳʩ ʙʦʡʳʥʰʘ ʞʘʩʘʣʘʜʳ; 

- ɼʝʨʝʢʪʝʨʜʽ ʵʢʩʧʦʨʪʪʘʫ ʧʘʡʜʘʣʘʥʫʰʳʥʳש ʧᴅʨʤʝʥʽ ʙʦʡʳʥʰʘ ʦʨʳʥʜʘʣʘʜʳ; 

- ʇʨʦʮʝʩʪʽש ʘʷץʪʘʣʫʳ-ʮʠʢʣ ץʘʡʪʘʣʘʥʘʜʳ ʥʝʤʝʩʝ ʘʷץʪʘʣʘʜʳ. 

ɹʝʣʩʝʥʜʽʣʽʢ ʜʠʘʛʨʘʤʤʘʩʳʥʳש ʩʳʟʙʘʩʳ 4-ʩʫʨʝʪʪʝ ʢᴇʨʩʝʪʽʣʛʝʥ. 

 

 
ʉʫʨ. 4. ï ɹʝʣʩʝʥʜʽʣʽʢ ʜʠʘʛʨʘʤʤʘʩʳ 
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ʊʽʟʙʝʢʪʽʣʽʢ ʜʠʘʛʨʘʤʤʘʩʳ ï ʜʝʨʝʢʪʝʨʜʽ ʩײʨʘʫ ʞᴅʥʝ ʙʝʨʫ ʢʝʟʽʥʜʝ ʞװʡʝʛʝ 

 ʪʽʟʙʝʢ ʙʦʡʳʥʰʘ ᴇʟʘʨʘ ᴅʨʝʢʝʪʪʝʩʫ (שʘʢʪʝʨʣʝʨ ʤʝʥ ʢʦʤʧʦʥʝʥʪʪʝʨʜʽ) שʘʪʳʩʫʰʳʣʘʨʜʳץ

ʨʝʪʽʥ ʢᴇʨʩʝʪʝʜʽ. 

ʅʳʩʘʥʜʘʨ (ᴇʤʽʨ ʞʦʣʜʘʨʳ, ʘסʳʣʰ. lifelines): 

- ʇʘʡʜʘʣʘʥʫʰʳ: 

- ɺʝʙ-ʩʘʡʪ; 

- ʉʝʨʚʝʨ; 

- ɼʝʨʝʢʪʝʨ ץʦʨʳ; 

 ;ʳʰסʘʙʳʣʜʘפ -

- ɼʘʪʯʠʢʪʝʨ. 

ʅʝʛʽʟʛʽ ʭʘʙʘʨʣʘʤʘʣʘʨ ʞᴅʥʝ ᴇʟʘʨʘ ᴅʨʝʢʝʪʪʝʩʫ: 

- ʇʘʡʜʘʣʘʥʫʰʳ ï ʀʥʪʝʨʬʝʡʩ: ɼʝʨʝʢʪʝʨʛʝ ʩײʨʘʥʳʩ ʞʘʩʘʫ. 

- ʀʥʪʝʨʬʝʡʩ ï ʂʦʥʪʨʦʣʣʝʨ: ɹʘץʳʣʘʫ ʧʘʨʘʤʝʪʨʣʝʨʽʥ ʘʣʫ. 

- ʂʦʥʪʨʦʣʣʝʨ ï ɼʘʪʯʠʢ: ʇʘʨʘʤʝʪʨʣʝʨʜʽ ʦץʫ; 

- ɼʘʪʯʠʢ ï ʂʦʥʪʨʦʣʣʝʨ: ʐʘʤʘʥʳ ץʘʡʪʘʨʫ; 

- ʂʦʥʪʨʦʣʣʝʨ ï ɼʝʨʝʢʪʝʨ ץʦʨʳ: ɼʝʨʝʢʪʝʨʜʽ ʩʘץʪʘʫ; 

- ɸʥʘʣʠʪʠʢʘʣʳץ ʤʦʜʫʣʴ ï ɼʝʨʝʢʪʝʨ ץʦʨʳ: ɸʥʘʣʠʟ װʰʽʥ ʜʝʨʝʢʪʝʨʜʽ ʘʣʫ; 

- ɸʥʘʣʠʪʠʢʘʣʳץ ʤʦʜʫʣʴ ï ʀʥʪʝʨʬʝʡʩ: ʉʪʘʪʫʩʪʳ ʰʳסʘʨʫ; 

- ɸʥʘʣʠʪʠʢʘʣʳץ ʤʦʜʫʣʴ ï ʄᴅʣʽʤʜʝʤʝ ʩʝʨʚʠʩʽ: ɸʧʘʪʪʳץ ʞʘסʜʘʡ ʪʫʨʘʣʳ 

ʭʘʙʘʨʣʘʫ; 

- ʄᴅʣʽʤʜʝʤʝ ʩʝʨʚʠʩʽ ï ʇʘʡʜʘʣʘʥʫʰʳ: תʥʜʝʤʝ ʥʝʤʝʩʝ ʭʘʙʘʨʣʘʤʘ. 

ʊʽʟʙʝʢʪʝʣʫ ʜʠʘʛʨʘʤʤʘʩʳʥ 5-ʩʫʨʝʪʪʝʥ ʢᴇʨʝ ʘʣʘʤʳʟ. ɼʠʘʛʨʘʤʤʘʜʘ ʪʦʣʳץ ʮʠʢʣ 

ʢᴇʨʩʝʪʽʣʛʝʥ: ʧʘʡʜʘʣʘʥʫʰʳ ʩײʨʘʥʳʩʳ, ʜʘʪʯʠʢ ʜʝʨʝʢʪʝʨʽʥ ʞʠʥʘʫ, ᴇשʜʝʫ, ʥᴅʪʠʞʝʥʽ 

ʧʘʡʜʘʣʘʥʫʰʳסʘ ץʘʡʪʘʨʫ. 

 

 
ʉʫʨ. 5. ï ʊʽʟʙʝʢʪʝʨ ʜʠʘʛʨʘʤʤʘʩʳ 

 

 ʦʨʳʪʳʥʜʳפ

 שʨʳʣʳʩʪʘʨʜʳײץ ʥʘʡ ᴇʥʝʨʢᴅʩʽʙʽʥʜʝʛʽ ʠʥʞʝʥʝʨʣʽʢײʦʨʳʪʳʥʜʳʣʘʡ ʢʝʣʝ, ʤפ

ʪʝʭʥʠʢʘʣʳץ ʞʘסʜʘʡʳʥ ʙʘץʳʣʘʫʜʳש ᴅʟʽʨʣʝʥʛʝʥ ʘץʧʘʨʘʪʪʳץ-ᴇʣʰʝʫ ʞװʡʝʩʽ 

ᴇʥʝʨʢᴅʩʽʧʪʽʢ ʤʦʥʠʪʦʨʠʥʛʪʽש ʪʠʽʤʜʽʣʽʛʽʥ ʘʨʪʪʳʨʘʪʳʥ ʢʝʰʝʥʜʽ ʰʝʰʽʤ ʙʦʣʳʧ 

ʪʘʙʳʣʘʜʳ. ɾײʤʳʩ ʙʘʨʳʩʳʥʜʘ ʞװʡʝʥʽש ʪײʞʳʨʳʤʜʘʤʘʣʳץ ʜʠʟʘʡʥʳ ʞװʟʝʛʝ 

ʘʩrʨʳʣʜʳ: ʞʘʣʧʳ ײץʨʳʣʳʤʳ ʤʝʥ ʬʫʥʢʮʠʦʥʘʣʜʳץ ʤʦʜʫʣʴʜʝʨʽ ʘʥʳץʪʘʣʜʳ, ᴇʣʰʝʫ 



 
ΟΜ 

ʥᴅʪʠʞʝʣʝʨʽʥ ʦʨʪʘʣʳץʪʘʥʜʳʨʳʣסʘʥ ʩʘץʪʘʫסʘ ʘʨʥʘʣסʘʥ ʤᴅʣʽʤʝʪʪʝʨ ʙʘʟʘʩʳ ʞʘʩʘʣʜʳ, 

ʞװʡʝʣʽʢ ʢʦʤʧʦʥʝʥʪʪʝʨʜʽש ᴇʟʘʨʘ ᴅʨʝʢʝʪʪʝʩʫʽʥ ʩʠʧʘʪʪʘʡʪʳʥ UML-ʜʠʘʛʨʘʤʤʘʣʘʨʳ 

ʞʘʩʘʣʜʳ. ᴄʟʽʨʣʝʥʛʝʥ ʚʝʙ-ʤʦʥʠʪʦʨʠʥʛ ץʳʟʤʝʪʽ ʦʙʲʝʢʪʽʣʝʨʜʽש ʞʘʡ-ʢװʡʽ ʪʫʨʘʣʳ ʥʘץʪʳ 

ʫʘץʳʪʪʘסʳ ʜʝʨʝʢʪʝʨʛʝ ʳסשʘʡʣʳ ץʘʰʳץʪʘʥ ץʦʣ ʞʝʪʢʽʟʫʜʽ ץʘʤʪʘʤʘʩʳʟ ʝʪʝʜʽ, ʙײʣ 

ʘʫʳʪץʫʣʘʨסʘ ʞʳʣʜʘʤ ᴅʨʝʢʝʪ ʝʪʫʛʝ ʞᴅʥʝ ʪᴇʪʝʥʰʝ ʞʘסʜʘʡʣʘʨʜʳש ʘʣʜʳʥ ʘʣʫסʘ 

ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. 

ɾײʤʳʩʪʳש ʧʨʘʢʪʠʢʘʣʳץ ʤʘשʳʟʜʳʣʳסʳ ʤײʥʜʘʡ ʞװʡʝʥʽ ʝʥʛʽʟʫ ʤײʥʘʡ-ʛʘʟ 

ʢʦʤʧʘʥʠʷʣʘʨʳʥʘ ץʘʫʽʧʩʽʟʜʽʢʪʽש ʞʦסʘʨʳ ʜʝשʛʝʡʽʥ ץʘʤʪʘʤʘʩʳʟ ʝʪʫʛʝ ʞᴅʥʝ ʧʘʡʜʘʣʘʥʫ 

ʰʳסʳʥʜʘʨʳʥ ʦשʪʘʡʣʘʥʜʳʨʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʫʽʥʜʝ. ʅʝʛʽʟʛʽ ײץʨʳʣʳʤʜʘʨʜʳש 

 ʜʘʡʳʥסʞʘ ץʪʝʭʥʠʢʘʣʳ (.ʳʣʘʨʳ ʞᴅʥʝ ʪ. ʙסʦʥʜʳʨץ ʳʣʘʫסʨײʙʳʨʣʘʨ, ʮʠʩʪʝʨʥʘʣʘʨ, ʙײץ)

 ʘʥסʳʥ ʞᴅʥʝ ʩʦסʪʠʤʘʣʜʳץʫ ʳסʢʝʥʝʪʪʝʥ ʽʩʪʝʥ ʰʳ שʪʳץʳʣʘʫ ʞʘʙʜʳץʥʝʤʽ ʙʘװ

ʙʘʡʣʘʥʳʩʪʳ ʪʦץʪʘʧ ץʘʣʫ ʤʝʥ ʘʧʘʪʪʳ ʦץʠסʘʣʘʨʜʳ ʘʟʘʡʪʘʜʳ. ɹʦʣʘʰʘץʪʘ ʙײʣ ʞװʡʝʥʽ 

ʙʦʣʞʘʤʜʳ ʜʠʘʛʥʦʩʪʠʢʘʣʳץ ʘʣʛʦʨʠʪʤʜʝʨʤʝʥ ʞᴅʥʝ ʤʘʰʠʥʘʣʳץ ʦץʳʪʫ ᴅʜʽʩʪʝʨʽʥʝ 

ʥʝʛʽʟʜʝʣʛʝʥ ʰʝʰʽʤ ץʘʙʳʣʜʘʫ ʤʦʜʫʣʽʤʝʥ ʙʽʨʽʢʪʽʨʫ ʘʨץʳʣʳ ʜʘʤʳʪʫסʘ ʙʦʣʘʜʳ, ʙײʣ 

ʨʝʘʢʪʠʚʪʽʜʝʥ ʧʨʦʘʢʪʠʚʪʽ ʪʝʭʥʠʢʘʣʳץ ץʳʟʤʝʪ ʢᴇʨʩʝʪʫʛʝ ʢᴇʰʫʛʝ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. 

ʆʩʳʣʘʡʰʘ, ʘʪץʘʨʳʣסʘʥ ʞײʤʳʩʪʘʨʜʳש ʥᴅʪʠʞʝʣʝʨʽ ʤײʥʘʡ ᴇʥʝʨʢᴅʩʽʙʽ ʦʙʲʝʢʪʽʣʝʨʽʥʽש 

ʩʝʥʽʤʜʽʣʽʛʽ ʤʝʥ ץʘʫʽʧʩʽʟʜʽʛʽʥ ʘʨʪʪʳʨʫסʘ ʳץʧʘʣ ʝʪʝʪʽʥ ᴇʥʝʨʢᴅʩʽʧʪʽʢ ʤʦʥʠʪʦʨʠʥʛʪʽש 

ʟʘʤʘʥʘʫʠ ʘץʧʘʨʘʪʪʳץ-ᴇʣʰʝʫ ʞװʡʝʩʽʥ ʝʥʛʽʟʫʛʝ ʥʝʛʽʟ ʙʦʣʘʜʳ. 
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ɸʙʩʘʪʘʨʦʚʘ ɸ.ɸ. *, ɸʙʞʘʥʦʚʘ ʃ.ʂ., ʆʤʘʨʦʚʘ ɻ.ɸ. 
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1 ʂʽʨʽʩʧʝ 

 ץʧʝʥ ʵʢʦʥʦʤʠʢʘʣʳ ץʪʳʣʳץʨʘײʪ ץʳ ʩʫ ʨʝʩʫʨʩʪʘʨʳ ʵʢʦʣʦʛʠʷʣʳסʩʪʘʥʜʘץʘʟʘפ

ʜʘʤʫʜʳש ʥʝʛʽʟʛʽ ʩʪʨʘʪʝʛʠʷʣʳץ ʬʘʢʪʦʨʣʘʨʳʥʳש ʙʽʨʽ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. ʉʦסשʳ 

ʞʳʣʜʘʨʳ ᴇʥʝʨʢᴅʩʽʧʪʽʢ ᴇʥʜʽʨʽʩʪʽץ שʘʨץʳʥʜʳ ᴇʩʫʽʥʝ ʙʘʡʣʘʥʳʩʪʳ ᴇʥʜʽʨʽʩʪʽʢ 

ʘסʳʥʜʳ ʩʫʣʘʨʜʳש ʢᴇʣʝʤʽ ʘʡʪʘʨʣʳץʪʘʡ ʘʨʪʫʜʘ. 2024 ʞʳʣסʳ ʩʪʘʪʠʩʪʠʢʘʣʳץ 

ʜʝʨʝʢʪʝʨʛʝ ʩᴅʡʢʝʩ, ʩʫ ʞᴅʥʝ ʢᴅʨʽʟ ʞװʡʝʩʽ, ʪʘʟʘʨʪʫ ʞᴅʥʝ ʣʘʩʪʘʥʫʜʳ ʞʦʶ 

 ʳ ʦʨʳʥʜʘʣʫסʣ ʩʘʣʘʜʘײʘ ᴇʩʪʽ, ʘʣ ʙס-ʞʘʣʧʳ ᴇʥʜʽʨʽʩ ʢᴇʣʝʤʽ 5,6% שʳʟʤʝʪʪʝʨʽʥʽץ

ʢᴇʨʩʝʪʢʽʰʽ 105,6% ʜʝשʛʝʡʽʥʜʝ ʪʽʨʢʝʣʜʽ. ʉʦʥʳʤʝʥ ץʘʪʘʨ, ץʘʣʜʳץʪʘʨʜʳ ʞʠʥʘʫ, 

ᴇשʜʝʫ ʞᴅʥʝ ʞʦʶ ʢᴇʣʝʤʽ 11,7%-סʘ, ʘʣ ʣʘʩʪʘʥʫʜʳ ʞʦʶסʘ ʙʘסʳʪʪʘʣסʘʥ ץʳʟʤʝʪʪʝʨ 

1,5 ʝʩʝ ײʣסʘʡסʘʥ [13]. 

ɸʣʘʡʜʘ ץʦʣʜʘʥʳʩʪʘסʳ ʩʫ ʠʥʬʨʘײץʨʳʣʳʤʳʥʳש ʞʝʪʢʽʣʽʢʩʽʟʜʽʛʽ ᴇʟʝʢʪʽ ʤᴅʩʝʣʝ 

ʙʦʣʳʧ ץʘʣʘ ʙʝʨʫʜʝ: ʭʘʣʳץʪʳש ʪʝʢ 37%-ʳ ʦʨʪʘʣʳץʪʘʥʜʳʨʳʣסʘʥ ʢᴅʨʽʟ ʞװʡʝʩʽʥʝ 

 שʛʝʡʽʥʜʝ. ʉʦʥʳשʣ ʢᴇʨʩʝʪʢʽʰ ʥʝʙᴅʨʽ 2ï3% ʜʝײʪʘʨʜʘ ʙץʘʡʤʘ ץʘʥ, ʘʣ ʘʫʳʣʜʳסʦʩʳʣץ

ʩʘʣʜʘʨʳʥʘʥ ʞʠʥʘʣסʘʥ ʘסʳʥʜʳ ʩʫʣʘʨʜʳש ʪʝʢ 35ï36%-ʳ סʘʥʘ ʪʦʣʳץ ᴇשʜʝʫʜʝʥ 

ᴇʪʝʜʽ [14]. ʄײʥʜʘʡ ʞʘסʜʘʡ ʵʢʦʣʦʛʠʷʣʳץ ץʘʫʽʧʩʽʟʜʽʢʪʽ ץʘʤʪʘʤʘʩʳʟ ʝʪʫ ʪײʨסʳʩʳʥʘʥ 

ʜʘ, ʵʢʦʥʦʤʠʢʘʣʳץ ʜʘʤʫ ʪײʨʘץʪʳʣʳסʳʥ ʩʘץʪʘʫ ʪײʨסʳʩʳʥʘʥ ʜʘ ʝʣʝʫʣʽ ץʘʫʽʧ 

ʪᴇʥʜʽʨʝʜʽ. 

ʆʩʳסʘʥ ʙʘʡʣʘʥʳʩʪʳ פʘʟʘץʩʪʘʥʜʘסʳ ʩʫ ʨʝʩʫʨʩʪʘʨʳʥ ʪʠʽʤʜʽ ʙʘʩץʘʨʫʜʳש ʞʘשʘ 

ʪʝʪʽʢʪʝʨʽʥ ʽʟʜʝʫ, ʩʦʥʳש ʽʰʽʥʜʝ ʠʥʪʝʣʣʝʢʪʫʘʣʜʳ ʙʘʩץʘʨʫ ʞװʡʝʣʝʨʽʥ ʝʥʛʽʟʫ ʘʩʘ 

ᴇʟʝʢʪʽ סʳʣʳʤʠ ʙʘסʳʪ ʙʦʣʳʧ ʦʪʳʨ. ɹײʣ ʞװʡʝʣʝʨ ʞʘʩʘʥʜʳ ʠʥʪʝʣʣʝʢʪ (ɾʀ) 

ʪʝʭʥʦʣʦʛʠʷʣʘʨʳ ʥʝʛʽʟʽʥʜʝ ʩʫ ʠʥʬʨʘײץʨʳʣʳʤʳʥʳש ʪʠʽʤʜʽʣʽʛʽʥ ʘʨʪʪʳʨʫסʘ, 

ᴇʥʜʽʨʽʩʪʽʢ ʣʘʩʪʘʫʰʳ ʬʘʢʪʦʨʣʘʨʜʳ ʙʘץʳʣʘʫʜʳ ʢװʰʝʡʪʫʛʝ ʞᴅʥʝ ʵʢʦʣʦʛʠʷʣʳץ 

ʪᴅʫʝʢʝʣʜʝʨʜʽ ʘʟʘʡʪʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. 

 שʨʣʽ ʪʘʟʘʨʪʫ ᴅʜʽʩʪʝʨʽʥʽװʤʳʩʳʥʜʘ ʜᴅʩʪײʘʥ ʟʝʨʪʪʝʫ ʞסʩʳʥʳʣʳʧ ʦʪʳʨױ

ʪʠʽʤʜʽʣʽʛʽ ʩʘʣʳʩʪʳʨʳʣʳʧ, ɾʀ ʥʝʛʽʟʽʥʜʝʛʽ ʠʥʪʝʣʣʝʢʪʫʘʣʜʳ ʙʘʩץʘʨʫ ʞװʡʝʣʝʨʽʥʝ 

ʢᴇʰʫ ץʘʞʝʪʪʽʣʽʛʽ ʞʘʥ-ʞʘץʪʳ ʪʘʣʜʘʥʘʜʳ. 
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2 ɸסʳʥʜʳ ʩʫʜʳ ʪʘʟʘʨʪʫʜʘ ʞʘʩʘʥʜʳ ʠʥʪʝʣʣʝʢʪ ʪʝʭʥʦʣʦʛʠʷʣʘʨʳʥ 

ʧʘʡʜʘʣʘʥʫ ʤװʤʢʽʥʜʽʛʽ 

ᴄʣʝʤʜʽʢ סʳʣʳʤʠ ץʘʫʳʤʜʘʩʪʳץ ʩʦסשʳ ʙʝʩ ʞʳʣʜʘ (2020ï2025) ʘסʳʥʜʳ 

ʩʫʣʘʨʜʳ ʪʘʟʘʨʪʫ ʩʘʣʘʩʳʥʜʘ ʞʘʩʘʥʜʳ ʠʥʪʝʣʣʝʢʪ (ɾʀ) ʪʝʭʥʦʣʦʛʠʷʣʘʨʳʥ 

 .ʥʝʛʽʟʛʽ ʩʝʙʝʧʪʝʨʽ ʙʽʨʥʝʰʝʫ שʨʜʽʩʪʽװ ʣײʘ ʝʨʝʢʰʝ ʥʘʟʘʨ ʘʫʜʘʨʫʜʘ [1], [9]. ɹסʦʣʜʘʥʫץ

ɹʽʨʽʥʰʽʜʝʥ, ʜᴅʩʪװʨʣʽ ʪʘʟʘʨʪʫ ᴅʜʽʩʪʝʨʽ ץʳʤʙʘʪ ᴅʨʽ ʢװʨʜʝʣʽ ײץʨʘʤʜʳ ʩʫʣʘʨʜʳ 

ᴇשʜʝʫʜʝ ʞʝʪʢʽʣʽʢʩʽʟ ʙʦʣʳʧ ʦʪʳʨ. ɽʢʽʥʰʽʜʝʥ, ᴇʥʝʨʢᴅʩʽʧʪʽʢ ʘסʳʥʜʳ ʩʫʣʘʨʜʳש 

ʭʠʤʠʷʣʳײץ ץʨʘʤʳ ʙʘʨסʘʥ ʩʘʡʳʥ ʢװʨʜʝʣʝʥʽʧ, ʧʨʦʮʝʩʪʝʨʜʽ ʥʘץʪʳ ʫʘץʳʪ ʨʝʞʠʤʽʥʜʝ 

ʙʘʩץʘʨʫʜʳ ץʘʞʝʪ ʝʪʫʜʝ. 

ɾʀ ץʦʣʜʘʥʫʜʳװ שʰ ʥʝʛʽʟʛʽ ʙʘסʳʪʳ ʘʡץʳʥʜʘʣסʘʥ. ɹʽʨʽʥʰʽ ʙʘסʳʪ ï ʥʝʡʨʦʥʜʳץ 

ʞʝʣʽʣʝʨ. ʂᴇʧץʘʙʘʪʪʳ ʧʝʨʩʝʧʪʨʦʥʜʘʨ (ANN), ʪʝʨʝש ʥʝʡʨʦʥʜʳץ ʞʝʣʽʣʝʨ (DNN), 

ʨʝʢʫʨʨʝʥʪʪʽʢ ʞʝʣʽʣʝʨ (RNN, LSTM) ʞᴅʥʝ ʩʚʝʨʪʢʽʣʽʢ ʥʝʡʨʦʥʜʳץ ʞʝʣʽʣʝʨ (CNN) 

ʘסʳʥʜʳ ʩʫʣʘʨʜʳ ʪʘʟʘʨʪʫ ʧʨʦʮʝʩʽʥʜʝ ʢʝשʽʥʝʥ ץʦʣʜʘʥʳʣʫʜʘ. ʄᴅʩʝʣʝʥ, COD 

(ʭʠʤʠʷʣʳץ ʦʪʪʝʢʢʝ ʩײʨʘʥʳʩ) ʧʝʥ BOD (ʙʠʦʭʠʤʠʷʣʳץ ʦʪʪʝʢʢʝ ʩײʨʘʥʳʩ) ʜʝשʛʝʡʽʥ 

ʙʦʣʞʘʫʜʘ ANN ʞʦסʘʨʳ ʜᴅʣʜʽʢ ʢᴇʨʩʝʪʪʽ: ʢʝʡʙʽʨ ʤʦʜʝʣʴʜʝʨʜʝ ʩᴅʡʢʝʩʪʽʢ 

ʢʦʵʬʬʠʮʠʝʥʪʽ RĮ = 0,96ï0,99 ʘʨʘʣʳסʳʥʜʘ ʪʽʨʢʝʣʛʝʥ [2]. ɹײʣ ʜᴅʩʪװʨʣʽ 

ʤʘʪʝʤʘʪʠʢʘʣʳץ ʤʦʜʝʣʴʜʝʨ ץʦʣ ʞʝʪʢʽʟʝ ʘʣʤʘʡʪʳʥ ʥᴅʪʠʞʝʣʝʨ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. 

ɽʢʽʥʰʽ ʙʘסʳʪ ï ʤʘʰʠʥʘʣʳץ ʦץʳʪʫ ᴅʜʽʩʪʝʨʽ. ʐʝʰʽʤ ʘסʘʰʪʘʨʳ (DT), ץʦʣʜʘʫ 

ʚʝʢʪʦʨʣʳץ ʤʘʰʠʥʘʣʘʨʳ (SVM), Random Forest ʞᴅʥʝ KNN ʪᴅʩʽʣʜʝʨʽ ʜʝʨʝʢʪʝʨʜʽ 

ʢʣʘʩʩʠʬʠʢʘʮʠʷʣʘʫʜʘ ʞᴅʥʝ ʧʨʦʮʝʩʪʝʛʽ ʥʝʛʽʟʛʽ ʬʘʢʪʦʨʣʘʨʜʳ ʘʥʳץʪʘʫʜʘ ʪʠʽʤʜʽ 

ʝʢʝʥʜʽʛʽ ʜᴅʣʝʣʜʝʥʛʝʥ [3]. ʄʳʩʘʣʳ, Gradient Boosting ᴅʜʽʩʽ BOD ʜʝשʛʝʡʽʥ 

ʙʦʣʞʘʫʜʘ RĮ å 79,6%, ʘʣ TSS (ʞʘʣʧʳ ץʘʣץʳʤʘ ʟʘʪʪʘʨ) װʰʽʥ RĮ å 97,5% ʥᴅʪʠʞʝʛʝ 

ʞʝʪʢʝʥ [12]. 

 ץʽʰʽʥʜʝ ʛʝʥʝʪʠʢʘʣʳ שʘʣʛʦʨʠʪʤʜʝʨ, ʩʦʥʳ ץʳʪ ï ʵʚʦʣʶʮʠʷʣʳסʰʽʥʰʽ ʙʘת

ʘʣʛʦʨʠʪʤʜʝʨ (GA) ʞᴅʥʝ ʙᴇʣʰʝʢʪʝʨ ʨʦʡʳʥʳש ʦʧʪʠʤʠʟʘʮʠʷʩʳ (PSO). ɹײʣ ʪᴅʩʽʣʜʝʨ 

ʦשʪʘʡʣʳ ʞײʤʳʩ ʨʝʞʠʤʽʥ ʪʘʙʫʜʘ ʞʠʽ ץʦʣʜʘʥʳʣʘʜʳ. ʄᴅʩʝʣʝʥ, GA ʤʝʥ ANN 

ʙʽʨʽʢʪʽʨʽʣʛʝʥ ʤʦʜʝʣʴʜʝʨ ʜᴅʩʪװʨʣʽ ANN-סʘ ץʘʨʘסʘʥʜʘ ʘʥʘײסʨʣʳʤ ʪײʨʘץʪʳ 

ʥᴅʪʠʞʝʣʝʨ ʢᴇʨʩʝʪʢʝʥ [6]. ɸʣ PSO-SVM ʩʠʷץʪʳ ʛʠʙʨʠʜʪʽ ᴅʜʽʩʪʝʨ ʢװʨʜʝʣʽ ײץʨʘʤʜʳ 

ᴇʥʝʨʢᴅʩʽʧʪʽʢ ʘסʳʥʜʳ ʩʫʣʘʨʜʳ ʙʘʩץʘʨʫʜʘ ʪʠʽʤʜʽʣʽʛʽʤʝʥ ʝʨʝʢʰʝʣʝʥʝʜʽ [5]. 

ʍʘʣʳץʘʨʘʣʳץ ʞʫʨʥʘʣʜʘʨʜʘ ʞʘʨʠʷʣʘʥסʘʥ ʟʝʨʪʪʝʫʣʝʨ ʥʘץʪʳ ʥᴅʪʠʞʝʣʝʨʜʽ 

ʘʡץʳʥʜʘʧ ʦʪʳʨ. פʳʪʘʡ סʘʣʳʤʜʘʨʳ ʧʠʣʦʪʪʳץ ʤʝʤʙʨʘʥʘʣʳץ ʙʠʦʨʝʘʢʪʦʨʜʘ (MBR) 

Backpropagation Neural Network (BPNN) ʤʦʜʝʣʽʥ ץʦʣʜʘʥʳʧ, COD ʞʦʡʳʣʫ 

ʜʝשʛʝʡʽʥ ʜᴅʣ ʙʦʣʞʘסʘʥ ᴅʨʽ ʦשʪʘʡʣʳ ʞײʤʳʩ ʨʝʞʠʤʽʥ ʪʘשʜʘʫסʘ ץʦʣ ʞʝʪʢʽʟʛʝʥ [6]. 

ɿʝʨʪʪʝʫ ʙʘʨʳʩʳʥʜʘ pH ʬʘʢʪʦʨʳ ʰʝʰʫʰʽ ʨᴇʣ ʘʪץʘʨסʘʥʳ ʘʥʳץʪʘʣʜʳ: 

ʘʡʥʳʤʘʣʳʣʘʨʜʳש ʤʘשʳʟʜʳʣʳץ ʨʝʪʽ pH å MLSS > HRT > COD ʙʦʣʳʧ ʰʳץץʘʥ. 

ɹײʣ ʵʢʦʣʦʛʠʷʣʳץ ʘʡʥʳʤʘʣʳʣʘʨʜʳ ʤʦʜʝʣʴʛʝ ʝʥʛʽʟʫʜʽש ʤʘשʳʟʜʳʣʳסʳʥ ʢᴇʨʩʝʪʝʜʽ. 

ʊʘסʳ ʙʽʨ ʞײʤʳʩʪʘ CNN ʩʧʝʢʪʨʦʩʢʦʧʠʷʣʳץ ʜʝʨʝʢʪʝʨʜʽ ʪʘʣʜʘʫ ʘʨץʳʣʳ 

ʤʠʢʨʦʣʘʩʪʘסʳʰʪʘʨʜʳ ʥʘץʪʳ ʫʘץʳʪ ʨʝʞʠʤʽʥʜʝ ʙʘץʳʣʘʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʛʝʥ [11]. 

ʉʦʥʳʤʝʥ ץʘʪʘʨ, reinforcement learning (SAC ʘʣʛʦʨʠʪʤʽ) ʬʦʩʬʦʨʜʳ ʢʝʪʽʨʫ 

ʪʠʽʤʜʽʣʽʛʽʥ 36%-סʘ ʘʨʪʪʳʨʳʧ, ʞʘʣʧʳ ʰʳסʳʥʜʳ 9%-סʘ ץʳʩץʘʨʪץʘʥ [7]. 

ɽʫʨʦʧʘʜʘ ʞװʨʛʽʟʽʣʛʝʥ ʪᴅʞʽʨʠʙʝʣʝʨʜʝ ANN ʤʝʥ GA ʙʽʨʽʢʪʽʨʽʣʛʝʥ ʛʠʙʨʠʜʪʽ 

ʤʦʜʝʣʴʜʝʨ ʤʝʪʠʣʝʥ ʢᴇʛʽʥ ʢʝʪʽʨʫʜʝ ʞʦסʘʨʳ ʪʠʽʤʜʽʣʽʢ ʢᴇʨʩʝʪʽʧ, ʵʥʝʨʛʠʷ ʰʳסʳʥʳʥ 

 .ʘʥ [5]ץʘ ʜʝʡʽʥ ʘʟʘʡʪס-20%
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ɾʘʣʧʳ ʘʣסʘʥʜʘ, ʩʦסשʳ ʙʝʩ ʞʳʣʜʘסʳ ʟʝʨʪʪʝʫʣʝʨ ʤʳʥʘʜʘʡ ץʦʨʳʪʳʥʜʳʣʘʨ 

ʞʘʩʘʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ: 

1 ɾʀ ʥʝʛʽʟʽʥʜʝʛʽ ʤʦʜʝʣʴʜʝʨ ʜᴅʩʪװʨʣʽ ᴅʜʽʩʪʝʨʛʝ ץʘʨʘסʘʥʜʘ ʘʥʘײסʨʣʳʤ 
ʞʦסʘʨʳ ʜᴅʣʜʽʢ ʙʝʨʝʜʽ; 

2 ʅʘץʪʳ ʫʘץʳʪʪʘסʳ ʤʦʥʠʪʦʨʠʥʛ ʧʝʥ ʙʦʣʞʘʫ ʤװʤʢʽʥʜʽʛʽ ᴇʥʜʽʨʽʩʪʽʢ ʘסʳʥʜʳ 
ʩʫʣʘʨʜʳ ʙʘʩץʘʨʫʜʳ ʞʘשʘ ʜʝשʛʝʡʛʝ ʢᴇʪʝʨʝʜʽ; 

3 ɻʠʙʨʠʜʪʽ ʤʦʜʝʣʴʜʝʨ ʢװʨʜʝʣʽ ײץʨʘʤʜʳ ʩʫʣʘʨ װʰʽʥ ʦשʪʘʡʣʳ ʰʝʰʽʤʜʝʨ 
ʪʘʙʫʜʘ ʘʩʘ ʪʠʽʤʜʽ; 

4 ɾʀ ץʦʣʜʘʥʫ ʪʠʽʤʜʽʣʽʛʽ ʭʘʣʳץʘʨʘʣʳץ ʜʝשʛʝʡʜʝ ʪᴅʞʽʨʠʙʝʣʽʢ ʪײʨסʳʜʘʥ 
ʜᴅʣʝʣʜʝʥʜʽ. 

 

3 ʊʘʟʘʨʪʫ ᴅʜʽʩʪʝʨʽʥ ʩʘʣʳʩʪʳʨʤʘʣʳ ʪʘʣʜʘʫ 

ʄʝʭʘʥʠʢʘʣʳץ ʪʘʟʘʨʪʫ ï ʘסʳʥʜʳ ʩʫʣʘʨʜʳ ᴇשʜʝʫʜʽש ʝש ʢᴇʥʝ ᴅʨʽ ץʘʨʘʧʘʡʳʤ 

ʪᴅʩʽʣʜʝʨʽʥʽש ʙʽʨʽ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. ɹײʣ ʢʝʟʝשʜʝ ʩʫʜʘʥ ʽʨʽ ץʘʪʪʳ ʙᴇʣʰʝʢʪʝʨ, ײץʤ, 

ʪײʨʤʳʩʪʳץ ץʘʣʜʳץʪʘʨ ʤʝʥ ץʘʣץʳʤʘ ʟʘʪʪʘʨ ʙᴇʣʽʥʽʧ ʘʣʳʥʘʜʳ. ʅʝʛʽʟʛʽ 

 ʳʰʪʘʨ ʞᴅʥʝסʩʪʘײ ʤײץ ,ʟʛʽʣʝʨװʘ ʪʦʨʣʘʨ, ʩסʪʘʨץʦʣʜʘʥʳʣʘʪʳʥ ʞʘʙʜʳץ

ʪײʥʜʳʨסʳʰʪʘʨ ʞʘʪʘʜʳ. ʄײʥʜʘʡ ᴅʜʽʩʪʝʨʜʽש ʪʠʽʤʜʽʣʽʛʽ, ᴅʜʝʪʪʝ, 30ï40% ʜʝשʛʝʡʽʥʜʝ 

ʙʦʣʘʜʳ, ʷסʥʠ ʪʝʢ ʙʘʩʪʘʧץʳ ʣʘʩʪʘʥʫ ʜʝשʛʝʡʽʥ ʘʟʘʡʪʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. 

ɼʝʛʝʥʤʝʥ, ʝʨʽʛʝʥ ʦʨʛʘʥʠʢʘʣʳץ ʞᴅʥʝ ʭʠʤʠʷʣʳץ ץʦʩʳʣʳʩʪʘʨʜʳ ʞʦʶʜʘ ʰʝʢʪʝʫʣʽ 

ʤװʤʢʽʥʜʽʢʪʝʨʛʝ ʠʝ. ʉʦʥʜʳץʪʘʥ ᴇʥʜʽʨʽʩʪʽʢ ʘסʳʥʜʳ ʩʫʣʘʨʜʳ ʪʘʟʘʨʪʫ ʪᴅʞʽʨʠʙʝʩʽʥʜʝ 

ʙײʣ ᴅʜʽʩ ʢᴇʙʽʥʝʩʝ ʘʣʜʳʥ ʘʣʘ ʜʘʡʳʥʜʳץ ʩʘʪʳʩʳ ʨʝʪʽʥʜʝ סʘʥʘ ץʦʣʜʘʥʳʣʘʜʳ [14], 

[1]. 

ʍʠʤʠʷʣʳץ ʪʘʟʘʨʪʫ ʧʨʦʮʝʩʪʝʨʽ ʥʝʛʽʟʽʥʝʥ ʢʦʘʛʫʣʷʮʠʷ, ʬʣʦʪʘʮʠʷ ʞᴅʥʝ 

ʥʝʡʪʨʘʣʠʟʘʮʠʷסʘ ʩװʡʝʥʝʜʽ. ɹײʣ ʪᴅʩʽʣʜʝʨ ʩʫʜʘ ʝʨʽʛʝʥ ʢʦʣʣʦʠʜʪʳ ʙᴇʣʰʝʢʪʝʨʜʽ, 

ʘʫʳʨ ʤʝʪʘʣʜʘʨʜʳ ʞᴅʥʝ ʪװʨʣʽ ʙʦʷסʳʰ ʟʘʪʪʘʨʜʳ ʞʦʶʜʘ ʪʠʽʤʜʽ ʩʘʥʘʣʘʜʳ. 

ʊᴅʞʽʨʠʙʝʣʽʢ ʜʝʨʝʢʪʝʨ ʢʦʘʛʫʣʷʥʪʪʘʨʜʳ ץʦʣʜʘʥʫ ʥᴅʪʠʞʝʩʽʥʜʝ ʦʨʛʘʥʠʢʘʣʳץ 

ʣʘʩʪʘסʳʰʪʘʨʜʳ50 שï70%-סʘ ʜʝʡʽʥ, ʢʝʡʙʽʨ ʞʘסʜʘʡʣʘʨʜʘ 80%-סʘ ʜʝʡʽʥ 

ʘʟʘʷʪʳʥʜʳסʳʥ ʢᴇʨʩʝʪʝʜʽ. ɼʝʛʝʥʤʝʥ, ʭʠʤʠʷʣʳץ ᴅʜʽʩʪʝʨʜʽש ʙʘʩʪʳ ʢʝʤʰʽʣʽʛʽ ï 

ʨʝʘʛʝʥʪʪʝʨʜʽש ʪײʨʘץʪʳ ץʘʞʝʪ ʝʪʽʣʫʽ ʞᴅʥʝ ץʦʩʳʤʰʘ ʢᴇʣʝʤʜʝ ʰʣʘʤ ʪװʟʽʣʫʽ. ɹײʣ ᴇʟ 

ʢʝʟʝʛʽʥʜʝ ץʦʩʳʤʰʘ ʵʢʦʣʦʛʠʷʣʳץ ʰʳסʳʥʜʘʨʜʳ ʪʫʳʥʜʘʪʘʜʳ ʞᴅʥʝ ᴇʥʜʽʨʽʩʪʽʢ 

ʧʨʦʮʝʩʪʽש ʞʘʣʧʳ ʪʠʽʤʜʽʣʽʛʽʥ ʪᴇʤʝʥʜʝʪʝʜʽ [14], [15], [3]. 

ɹʠʦʣʦʛʠʷʣʳץ ʪʘʟʘʨʪʫ ץʘʟʽʨʛʽ ʫʘץʳʪʪʘ ʝש ʢʝש ʪʘʨʘʣסʘʥ ᴅʜʽʩʪʝʨʜʽש ʙʽʨʽ ʙʦʣʳʧ 

ʪʘʙʳʣʘʜʳ. ɹײʣ ʪᴅʩʽʣ ʤʠʢʨʦʦʨʛʘʥʠʟʤʜʝʨʜʽש ʙʝʣʩʝʥʜʽʣʽʛʽʥʝ ʥʝʛʽʟʜʝʣʛʝʥ: ʦʣʘʨ 

ʦʨʛʘʥʠʢʘʣʳץ ʟʘʪʪʘʨʜʳ ʳʜʳʨʘʪʳʧ, ʩʫʜʳ ʪʘʙʠסʠ ʞʦʣʤʝʥ ʪʘʟʘʨʪʘʜʳ. ʇʨʘʢʪʠʢʘʜʘ 

ʘʵʨʦʪʝʥʢʪʝʨ, ʙʠʦʬʠʣʴʪʨʣʝʨ ʞᴅʥʝ ʤʝʤʙʨʘʥʘʣʳץ ʙʠʦʨʝʘʢʪʦʨʣʘʨ (MBR) ʞʠʽ 

-ʦʣʜʘʥʳʣʘʜʳ. COD ʞᴅʥʝ BOD ʢᴇʨʩʝʪʢʽʰʪʝʨʽ ʙʦʡʳʥʰʘ ʞʦʶ ʪʠʽʤʜʽʣʽʛʽ 85ï95%ץ

 :ʪʘʡ ʢʝʤʰʽʣʽʢʪʝʨʽ ʜʝ ʙʘʨץʘʡʪʘʨʣʳ שʣ ᴅʜʽʩʪʝʨʜʽײʘ ʜʝʡʽʥ ʞʝʪʝʜʽ. ɸʣʘʡʜʘ, ʙס

ʙʽʨʽʥʰʽʜʝʥ, ʘʵʨʘʮʠʷ ʧʨʦʮʝʩʽʥʝ ʙʘʡʣʘʥʳʩʪʳ ʵʥʝʨʛʠʷ ʪײʪʳʥʫ ʜʝשʛʝʡʽ ʞʦסʘʨʳ; 

ʝʢʽʥʰʽʜʝʥ, ᴇʥʜʽʨʽʩʪʽʢ ʘסʳʥʜʳ ʩʫʣʘʨʜʘסʳ ʫʣʳ ʭʠʤʠʷʣʳץ ץʦʩʳʣʳʩʪʘʨ 

ʤʠʢʨʦʦʨʛʘʥʠʟʤʜʝʨʜʽש ʙʝʣʩʝʥʜʽʣʽʛʽʥ ʪʝʞʝʧ, ʪʘʟʘʨʪʫ ʩʘʧʘʩʳʥ ʪᴇʤʝʥʜʝʪʫʽ ʤװʤʢʽʥ 

[14], [2], [8].  

ʊʦʣʳסʳʨʘ1 ץ ʢʝʩʪʝʜʝ ʪʘʟʘʨʪʫ ʙʦʡʳʥʰʘ ʢʨʠʪʝʨʠʡʣʝʨʤʝʥ ʩʘʣʳʩʪʳʨʫ 

ʞװʨʛʽʟʽʣʛʝʥ.  

 



 
ΟΠ 

1 ʢʝʩʪʝ. ʊʘʟʘʨʪʫ ᴅʜʽʩʪʝʨʽʥʽש ʩʘʣʳʩʪʳʨʤʘʣʳ ʪʠʽʤʜʽʣʽʛʽ. 

ʂʨʠʪʝʨʠʡ ʄʝʭʘʥʠʢʘʣʳ

 ץ

ʍʠʤʠʷʣʳץ ɹʠʦʣʦʛʠʷʣʳ

 ץ

ʀʥʪʝʣʣʝʢʪʫʘʣʜ

ʳ ʙʘʩץʘʨʫ  

COD ʞʦʶ 

ʪʠʽʤʜʽʣʽʛʽ 

30ï40% 50ï70% 85ï95% 95%+ 

BOD ʞʦʶ 

ʪʠʽʤʜʽʣʽʛʽ 

ʊᴇʤʝʥ ʆʨʪʘʰʘ ɾʦסʘʨʳ ɾʦסʘʨʳ (RĮ > 

0.95) 

ʕʥʝʨʛʠʷ 

ʰʳסʳʥʳ 

ʊᴇʤʝʥ ʆʨʪʘʰʘ ɾʦסʘʨʳ ʆʨʪʘʰʘ 

ʕʢʦʥʦʤʠʢʘʣʳץ 

ʰʳסʳʥ 

ɸʨʟʘʥ ʆʨʪʘʰʘ ɾʦסʘʨʳ ʆʨʪʘʰʘ 

ɸʨʪʳץʰʳʣʳץʪʘ

ʨ 

 ,ʘʨʘʧʘʡʳʤפ

ʘʨʟʘʥ 

ʄʝʪʘʣʜʘʨ 

ʤʝʥ 

ʙʦʷסʳʰʪʘʨʜ

ʳ ʞʦʷʜʳ 

ʆʨʛʘʥʠʢʘʣʳ

 ʟʘʪʪʘʨʜʳ ץ

ʳʜʳʨʘʪʘʜʳ 

ʅʘץʪʳ 

ʫʘץʳʪʪʘסʳ 

ʙʘץʳʣʘʫ, 

ʰʳסʳʥʜʳ 

ʘʟʘʡʪʫ 

ʂʝʤʰʽʣʽʢʪʝʨ ʊʝʢ ʘʣʜʳʥ 

ʘʣʘ ʪʘʟʘʨʪʫ 

ʈʝʘʛʝʥʪ 

ʰʳסʳʥʳ, 

 ʦʩʳʤʰʘץ

ʰʣʘʤ 

ʕʥʝʨʛʠʷ ʢᴇʧ 

ʞײʤʩʘʣʘʜʳ 

ɼʝʨʝʢʪʝʨ ʤʝʥ 

ʠʥʚʝʩʪʠʮʠʷ 

 ʘʞʝʪץ

 

ᴄʜʽʩʪʝʨ ʙʦʡʳʥʰʘ ʵʥʝʨʛʠʷ ʰʳסʳʥʳʥ 1 ʩʫʨʝʪʪʝ ʪʦʣʳץ ʢᴇʨʩʝʪʽʣʛʝʥ. 

 

 
 

ʉʫʨʝʪ 1. ï ᴄʜʽʩʪʝʨ ʙʦʡʳʥʰʘ ʵʥʝʨʛʠʷ ʰʳסʳʥʳ 

 

 ʳʥʜʳ ʩʫʣʘʨסʳ ᴇʥʝʨʢᴅʩʽʧʪʽʢ ʘסʩʪʘʥʜʘץʘʟʘפ 4

 ץʘʥʳʤʝʥ, ʵʢʦʣʦʛʠʷʣʳץᴇʥʜʽʨʽʩʪʽʢ ᴅʣʝʫʝʪʽ ʘʨʪʳʧ ʢʝʣʝ ʞʘʪ שʩʪʘʥʥʳץʘʟʘפ

ʤᴅʩʝʣʝʣʝʨ ʜʝ ץʘʪʘʨ ᴇʩʽʧ ʦʪʳʨ. ɾʳʣ ʩʘʡʳʥ ʝʣʽʤʽʟʜʝ ʰʘʤʘʤʝʥ 2,5 ʤʣʨʜ ʤį ʘסʳʥʜʳ 

ʩʫ ʧʘʡʜʘ ʙʦʣʘʜʳ, ʦʥʳש ʽʰʽʥʜʝ ᴇʥʜʽʨʽʩʪʽʢ ʩʫʣʘʨʜʳװ שʣʝʩʽ ʘʡʪʘʨʣʳץʪʘʡ ʞʦסʘʨʳ. 

ᴆʢʽʥʽʰʢʝ ץʘʨʘʡ, ʦʩʳ ʩʫʣʘʨʜʳש ʥʝʙᴅʨʽ 35ï36%-ʳ סʘʥʘ ʪʦʣʳץ ʪʘʟʘʨʪʫʜʘʥ ᴇʪʝʜʽ, 

 שʤᴅʩʝʣʝʥʽ ץʣ ʜʝʨʝʢ ᴇʟʜʽʛʽʥʝʥ-ʘײʩʝʜʽ. ɹװʘ ʪסʠ ʦʨʪʘסʜʝʣʤʝʡ ʪʘʙʠשʘʥ ʙᴇʣʽʛʽ ᴇסʘʣץ

 .ʪʳ ᴇʪʢʽʨ ʝʢʝʥʽʥ ʢᴇʨʩʝʪʝʜʽץʘʥʰʘʣʳץ



 
ΟΡ 

ʊʘʫ-ʢʝʥ ᴇʥʝʨʢᴅʩʽʙʽ ï ʘסʳʥʜʳ ʩʫʣʘʨʜʳש ʝץ שʘʫʽʧʪʽ ʢᴇʟʜʝʨʽʥʽש ʙʽʨʽ. ʄײʥʜʘ 

ʤʳʩ, ʤʳʨʳʰ, ץʦʨסʘʩʳʥ, ʢʘʜʤʠʡ ʩʠʷץʪʳ ʘʫʳʨ ʤʝʪʘʣʜʘʨ ʞᴅʥʝ ʮʠʘʥʠʜ 

 ʘʥ ʩʘʡʳʥסʪʘʣʳʧ, ʞʠʥʘʣץʩʘ ץʟʘײ ʘʪʪʘסʣ ʟʘʪʪʘʨ ʪʘʙʠײʦʩʳʣʳʩʪʘʨʳ ʞʠʽ ʢʝʟʜʝʩʝʜʽ. ɹץ

ʵʢʦʞװʡʝʛʝ װʣʢʝʥ ץʘʫʽʧ ʪᴇʥʜʽʨʝʜʽ. ɼᴅʩʪװʨʣʽ ʙʠʦʣʦʛʠʷʣʳץ ᴅʜʽʩʪʝʨ ʦʣʘʨʜʳ ʪʦʣʳץ 

ʳʜʳʨʘʪʘ ʘʣʤʘʡʜʳ, ʩʦʥʜʳץʪʘʥ ʪʘʟʘʨʪʫ ʩʘʧʘʩʳ ʪᴇʤʝʥ ʢװʡʽʥʜʝ ץʘʣʳʧ ʦʪʳʨ. 

ʄʝʪʘʣʣʫʨʛʠʷ ʩʘʣʘʩʳʥʜʘ ʞʘסʜʘʡ ʙʘʩץʘʰʘ. ʄײʥʜʘ ʥʝʛʽʟʛʽ ʣʘʩʪʘסʳʰʪʘʨ ï 

 ʥʜʘʡײʦʩʳʣʳʩʪʘʨ. ʄץ ʳʣʜʘʨ ʤʝʥ ʩʫʣʴʬʘʪʪʘʨ, ʥʠʪʨʘʪʪʘʨ ʞᴅʥʝ ʬʪʦʨʣʳץʳʰץ

ʘסʳʥʜʳʣʘʨʜʳש ʤʠʥʝʨʘʣʜʘʥʫʳ ᴇʪʝ ʞʦסʘʨʳ ʙʦʣסʘʥʜʳץʪʘʥ, ʙʠʦʣʦʛʠʷʣʳץ ʪʘʟʘʨʪʫ 

ᴅʜʽʩʪʝʨʽʥʽש ʪʠʽʤʜʽʣʽʛʽ ʘʡʪʘʨʣʳץʪʘʡ ʪᴇʤʝʥʜʝʡʜʽ. ʂʝʡʙʽʨ ʟʘʫʳʪʪʘʨʜʘ ʪʘʟʘʨʪʫ 

ʜʝשʛʝʡʽ ʙʘʨ ʙʦʣסʘʥʳ 50ï60% ʰʘʤʘʩʳʥʜʘ סʘʥʘ. 

ʄײʥʘʡ-ʛʘʟ ʩʘʣʘʩʳʥʜʘ ʜʘ ʢװʨʜʝʣʽ ʤᴅʩʝʣʝʣʝʨ ʙʘʨ. ɹײʣ ʩʘʣʘʜʘסʳ ʩʫʣʘʨʜʳש 

 ʦʩʳʣʳʩʪʘʨ ʞᴅʥʝ ʘʤʤʠʘʢ ʘʟʦʪʳץ ʢʽʨʪʪʽװʥʘʡ ᴇʥʽʤʜʝʨʽ, ʬʝʥʦʣʜʘʨ, ʢײʨʘʤʳʥʜʘ ʤײץ

ʢʝʟʜʝʩʝʜʽ. ᴄʜʝʪʪʝ ʽʨʽ ʤײʥʘʡ ʙᴇʣʰʝʢʪʝʨʽ ʤʝʭʘʥʠʢʘʣʳץ ᴅʜʽʩʧʝʥ ʙᴇʣʽʥʝʜʽ, ʙʽʨʘץ 

ʝʨʽʛʝʥ ʦʨʛʘʥʠʢʘʣʳץ ץʦʩʳʣʳʩʪʘʨ ʩʫʜʳײץ שʨʘʤʳʥʜʘ ץʘʣʳʧ ץʦʷʜʳ. ʅᴅʪʠʞʝʩʽʥʜʝ 

ʪʘʟʘʨʪʫ ʪʠʽʤʜʽʣʽʛʽ ʢᴇʧ ʞʘסʜʘʡʜʘ 70ï80%-ʜʘʥ ʘʩʧʘʡʜʳ. 

ʍʠʤʠʷ ᴇʥʝʨʢᴅʩʽʙʽ ʤʝʥ ʵʥʝʨʛʝʪʠʢʘ ʩʘʣʘʩʳ ʜʘ ᴇʟ װʣʝʩʽʥ ץʦʩʘʜʳ. ʍʠʤʠʷ 

ʟʘʫʳʪʪʘʨʳʥʘʥ ʰʳץץʘʥ ʩʫʣʘʨʜʘ ʧʝʩʪʠʮʠʜʪʝʨ ʤʝʥ ʩʠʥʪʝʪʠʢʘʣʳץ ʝʨʽʪʢʽʰʪʝʨ 

ʙʦʣʘʜʳ, ʘʣ ʞʳʣʫ ʵʣʝʢʪʨ ʩʪʘʥʮʠʷʣʘʨʳʥʘʥ ʰʳסʘʪʳʥ ʞʳʣʳ ʩʫʣʘʨ ᴇʟʝʥʜʝʨ ʤʝʥ 

ʢᴇʣʜʝʨʜʽש ʪʘʙʠסʠ ʪʝʤʧʝʨʘʪʫʨʘʩʳʥ ᴇʟʛʝʨʪʽʧ, ʵʢʦʞװʡʝʛʝ ץʦʩʳʤʰʘ ʩʪʨʝʩʩ 

ʪʫʜʳʨʘʜʳ. 

ɹʘʨʣʳץ ʦʩʳ ʤʳʩʘʣʜʘʨʜʳ ʙʽʨʽʢʪʽʨʝʪʽʥ ʦʨʪʘץ ʤᴅʩʝʣʝ ʙʘʨ: פʘʟʘץʩʪʘʥʜʘסʳ 

ʢᴇʧʪʝʛʝʥ ʢᴅʩʽʧʦʨʳʥʜʘʨʜʘ ʪʘʟʘʨʪʫ ץʦʥʜʳʨסʳʣʘʨʳ ʝʩʢʽʨʛʝʥ, ᴅʨʽ ʦʣʘʨʜʳש ʪʠʽʤʜʽʣʽʛʽ 

ʭʘʣʳץʘʨʘʣʳץ ʩʪʘʥʜʘʨʪʪʘʨסʘ ʩᴅʡʢʝʩ ʢʝʣʤʝʡʜʽ. ɽʣʽʤʽʟʜʽש ʢʝʡ ʘʡʤʘץʪʘʨʳʥʜʘ 

ʠʥʬʨʘײץʨʳʣʳʤ ʤװʣʜʝ ʜʘʤʳʤʘסʘʥ, ʘʫʳʣʜʳץ ʞʝʨʣʝʨʜʝ ᴇʥʜʽʨʽʩʪʽʢ ץʘʣʜʳץ ʩʫʣʘʨ 

ʪʽʢʝʣʝʡ ʪʘʙʠסʠ ʦʨʪʘסʘ ʞʽʙʝʨʽʣʝʜʽ. ʊʦʣʳפ ץʘʟʘץʩʪʘʥ ᴇʥʝʨʢᴅʩʽʧ ʩʘʣʘʣʘʨʳ ʙʦʡʳʥʰʘ 

ʘסʳʥʜʳ ʩʫ ʣʘʩʪʘʫʰʳʣʘʨʳʥʳװ שʣʝʩʽ ʢᴇʨʩʝʪʽʣʛʝʥ (2 ʩʫʨʝʪ). 

 

 
ʉʫʨʝʪ 2. ïפʘʟʘץʩʪʘʥʜʘסʳ ᴇʥʜʽʨʽʩʪʽʢ ʘסʳʥʜʳ ʩʫʣʘʨʜʳװ שʣʝʩʽ 

 

ʆʩʳסʘʥ ʙʘʡʣʘʥʳʩʪʳ, פʘʟʘץʩʪʘʥ װʰʽʥ ʠʥʪʝʣʣʝʢʪʫʘʣʜʳ ʙʘʩץʘʨʫ ʞװʡʝʣʝʨʽʥ 

ʝʥʛʽʟʫ ʞʘʡ סʘʥʘ ʞʘשʘ ʪʝʭʥʦʣʦʛʠʷ ʝʤʝʩ, ʵʢʦʣʦʛʠʷʣʳץ ץʘʫʽʧʩʽʟʜʽʢ ʧʝʥ ʪײʨʘץʪʳ 

ʜʘʤʫʜʳש ʢʝʧʽʣʽ ʙʦʣʳʧ ʦʪʳʨ. ʄײʥʜʘʡ ʞװʡʝʣʝʨ ʥʘץʪʳ ʫʘץʳʪ ʨʝʞʠʤʽʥʜʝ ʧʨʦʮʝʩʪʽ 



 
ΟΣ 

ʙʘץʳʣʘʫסʘ, ʨʝʘʛʝʥʪ ʰʳסʳʥʳʥ 15ï20%-סʘ ʘʟʘʡʪʫסʘ ʞᴅʥʝ ʪʘʟʘʨʪʫ ʪʠʽʤʜʽʣʽʛʽʥ 90ï

95% ʜʝשʛʝʡʽʥʝ ʜʝʡʽʥ ʞʝʪʢʽʟʫʛʝ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. ʗסʥʠ, ʦʣʘʨ ʙʽʟʜʽש ʝʣʽʤʽʟ װʰʽʥ 

ʩʪʨʘʪʝʛʠʷʣʳץ ץʘʞʝʪʪʽʣʽʢʢʝ ʘʡʥʘʣʫʜʘ. 

 ʙʽʨʽ ï שʳ ʩʫ ʪʘʟʘʨʪʫ ʩʘʣʘʩʳʥʜʘ ʙʘʩʪʳ ʢʝʜʝʨʛʽʣʝʨʜʽסʩʪʘʥʜʘץʘʟʘפ

 .ʰʝʢʪʝʫʣʽʣʽʛʽ שʨʣʽ ᴅʜʽʩʪʝʨʜʽװʝʩʢʽʨʫʽ ʞᴅʥʝ ʜᴅʩʪ שʳʣʘʨʜʳסʦʥʜʳʨץ ʳסʦʣʜʘʥʳʩʪʘץ

ʄʝʭʘʥʠʢʘʣʳץ, ʭʠʤʠʷʣʳץ ʞᴅʥʝ ʙʠʦʣʦʛʠʷʣʳץ ʪᴅʩʽʣʜʝʨ ʙʝʣʛʽʣʽ ʙʽʨ ʜʝשʛʝʡʜʝ ʪʠʽʤʜʽ 

ʙʦʣסʘʥʳʤʝʥ, ᴇʥʜʽʨʽʩʪʽʢ ʘסʳʥʜʳ ʩʫʣʘʨʜʳש ʢװʨʜʝʣʽ ײץʨʘʤʳʥ ʪʦʣʳץ ʪʘʟʘʨʪʫסʘ 

 ʡʝʣʝʨʽʥ ʝʥʛʽʟʫ ïװʘʨʫ ʞץʘʥ ʙʘʡʣʘʥʳʩʪʳ ʠʥʪʝʣʣʝʢʪʫʘʣʜʳ ʙʘʩסʘʙʽʣʝʪʩʽʟ. ʆʩʳץ

ʵʢʦʣʦʛʠʷʣʳץ ץʘʫʽʧʩʽʟʜʽʢʪʽ ץʘʤʪʘʤʘʩʳʟ ʝʪʫʜʽש ʞᴅʥʝ ʨʝʩʫʨʩʪʘʨʜʳ ʪʠʽʤʜʽ 

ʧʘʡʜʘʣʘʥʫʜʳש ʥʝʛʽʟʛʽ ʰʘʨʪʳʥʘ ʘʡʥʘʣʳʧ ʦʪʳʨ. 

ʀʥʪʝʣʣʝʢʪʫʘʣʜʳ ʞװʡʝʣʝʨʜʽש ʝש ʤʘשʳʟʜʳ ʘʨʪʳץʰʳʣʳסʳ ï ʥʘץʪʳ ʫʘץʳʪ 

ʨʝʞʠʤʽʥʜʝ ʧʨʦʮʝʩʪʽ װʟʜʽʢʩʽʟ ʙʘץʳʣʘʧ, ʘʚʪʦʤʘʪʪʳ ʪװʨʜʝ ʙʘʩץʘʨʫ ʤװʤʢʽʥʜʽʛʽ. 

ɼʘʪʯʠʢʪʝʨʜʝʥ ʘʣʳʥסʘʥ ʜʝʨʝʢʪʝʨʜʽ ʪʘʣʜʘʫ ʘʨץʳʣʳ ʞװʡʝ ʪʘʟʘʨʪʫ ʩʘʧʘʩʳʥ ʪײʨʘץʪʳ 

ʜʝשʛʝʡʜʝ ײʩʪʘʧ ʪײʨʘʜʳ ʞᴅʥʝ ʵʥʝʨʛʠʷ ʰʳסʳʥʳʥ ʦשʪʘʡʣʘʥʜʳʨʘʜʳ. ʄʳʩʘʣʳ, ʝʨʽʛʝʥ 

ʦʪʪʝʢ ʜʝשʛʝʡʽʥʝ ץʘʨʘʡ ʘʵʨʘʮʠʷʥʳ ʢװʰʝʡʪʫ ʥʝʤʝʩʝ ʘʟʘʡʪʫ ʘʨץʳʣʳ ʘʨʪʳץ 

ʰʳסʳʥʜʘʨʜʳש ʘʣʜʳʥ ʘʣʫסʘ ʙʦʣʘʜʳ. 

ʉʦʥʳʤʝʥ ʙʽʨʛʝ ʤײʥʜʘʡ ʞװʡʝʣʝʨ ʨʝʩʫʨʩʪʘʨʜʳ ʪʠʽʤʜʽ ʙʘʩץʘʨʫסʘ ʳץʧʘʣ ʝʪʝʜʽ: 

ʨʝʘʛʝʥʪ ʰʳסʳʥʳʥ ʘʟʘʡʪʳʧ, ʵʥʝʨʛʠʷ ʪײʪʳʥʫʜʳ ʪᴇʤʝʥʜʝʪʝʜʽ. ɹסײʘʥ ץʦʩʘ, ʘʣʜʳʥ 

ʘʣʘ ʙʦʣʞʘʫ ʤװʤʢʽʥʜʽʛʽʥʽש ʘʨץʘʩʳʥʜʘ ʘʧʘʪʪʳ ʞʘסʜʘʡʣʘʨʜʳש ʘʣʜʳʥ ʘʣʫ 

ʞʝשʽʣʜʝʡʜʽ. ʅᴅʪʠʞʝʩʽʥʜʝ ʪʘʟʘʨʪʫ ʩʘʧʘʩʳ ʘʨʪʳʧ ץʘʥʘ ץʦʡʤʘʡ, ʞʘʣʧʳ ᴇʥʜʽʨʽʩʪʽʢ 

ʧʨʦʮʝʩʪʽש ʩʝʥʽʤʜʽʣʽʛʽ ʜʝ ʢװʰʝʡʝʜʽ. 

 ץʡʝʣʝʨʽʥ ʝʥʛʽʟʫ ʩʪʨʘʪʝʛʠʷʣʳװʘʨʫ ʞץʰʽʥ ʠʥʪʝʣʣʝʢʪʫʘʣʜʳ ʙʘʩװ ʩʪʘʥץʘʟʘפ

ʤᴅʥʛʝ ʠʝ. ɹײʣ ץʘʜʘʤ ʝʣʜʽש çɾʘʩʳʣ ʵʢʦʥʦʤʠʢʘסʘè ʢᴇʰʫ ʩʪʨʘʪʝʛʠʷʩʳʤʝʥ ʪʦʣʳץ 

ʩᴅʡʢʝʩ ʢʝʣʝʜʽ ʞᴅʥʝ ʭʘʣʳץʘʨʘʣʳץ ʵʢʦʣʦʛʠʷʣʳץ ʩʪʘʥʜʘʨʪʪʘʨסʘ ʞʘץʳʥʜʘʫסʘ ʞʘסʜʘʡ 

ʞʘʩʘʡʜʳ. ɼʝʤʝʢ, ʜᴅʩʪװʨʣʽ ᴅʜʽʩʪʝʨʜʽ ʞʘʩʘʥʜʳ ʠʥʪʝʣʣʝʢʪ ײץʨʘʣʜʘʨʳʤʝʥ 

ʪʦʣʳץʪʳʨʫ ʝʣʽʤʽʟʜʽ ʩʫ ʨʝʩʫʨʩʪʘʨʳʥ ץʦʨסʘʫʜʘ ʞʘשʘ ʩʘʧʘʣʳ ʜʝשʛʝʡʛʝ ʢᴇʪʝʨʝʜʽ. 

 

 ʦʨʳʪʳʥʜʳפ

ɾװʨʛʽʟʽʣʛʝʥ ʪʘʣʜʘʫ ʥᴅʪʠʞʝʩʽʥʜʝ פʘʟʘץʩʪʘʥʜʘסʳ ᴇʥʝʨʢᴅʩʽʧʪʽʢ ʘסʳʥʜʳ 

ʩʫʣʘʨʜʳ ʪʘʟʘʨʪʫʜʘ ʜᴅʩʪװʨʣʽ ᴅʜʽʩʪʝʨʜʽש ʙʝʣʛʽʣʽ ʙʽʨ ʘʨʪʳץʰʳʣʳץʪʘʨʳ ʙʦʣסʘʥʳʤʝʥ, 

ʦʣʘʨʜʳש ʪʠʽʤʜʽʣʽʛʽ ʞʝʪʢʽʣʽʢʩʽʟ ʝʢʝʥʽ ʘʡץʳʥʜʘʣʜʳ. ʄʝʭʘʥʠʢʘʣʳץ ʞᴅʥʝ ʭʠʤʠʷʣʳץ 

ᴅʜʽʩʪʝʨ ʪʝʢ ʙʘʩʪʘʧץʳ ʣʘʩʪʘʥʫʜʳ ʘʟʘʡʪʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ, ʘʣ ʙʠʦʣʦʛʠʷʣʳץ 

ᴅʜʽʩʪʝʨʜʽש ᴇʟʽ ᴇʥʜʽʨʽʩʪʽʢ ʘסʳʥʜʳ ʩʫʣʘʨʜʳש ʢװʨʜʝʣʽ ײץʨʘʤʳʥʘ ʪʦʣʳץ ʙʝʡʽʤʜʝʣʝ 

ʘʣʤʘʡ ʦʪʳʨ. 

ʍʘʣʳץʘʨʘʣʳץ ʪᴅʞʽʨʠʙʝʜʝ ʞʘʩʘʥʜʳ ʠʥʪʝʣʣʝʢʪʢʝ ʥʝʛʽʟʜʝʣʛʝʥ 

ʠʥʪʝʣʣʝʢʪʫʘʣʜʳ ʙʘʩץʘʨʫ ʞװʡʝʣʝʨʽ ʘסʳʥʜʳ ʩʫʣʘʨʜʳ ʪʘʟʘʨʪʫʜʳש ʞʘשʘ ʜʝשʛʝʡʽʥ 

ʢᴇʨʩʝʪʽʧ ʦʪʳʨ. ɹײʣ ʪʝʭʥʦʣʦʛʠʷʣʘʨ ʧʨʦʮʝʩʪʽ ʥʘץʪʳ ʫʘץʳʪ ʨʝʞʠʤʽʥʜʝ ʙʘץʳʣʘʫסʘ, 

ʵʥʝʨʛʠʷ ʤʝʥ ʨʝʘʛʝʥʪ ʰʳסʳʥʳʥ 15ï20%-סʘ ʜʝʡʽʥ ʪᴇʤʝʥʜʝʪʫʛʝ ʞᴅʥʝ ʪʘʟʘʨʪʫ 

ʪʠʽʤʜʽʣʽʛʽʥ 90ï95% ʜʝשʛʝʡʽʥʝ ʞʝʪʢʽʟʫʛʝ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. 

 - ʡʝʣʝʨʽʥ ʝʥʛʽʟʫװʘʨʫ ʞץʜʘʡʳʥʜʘ ʠʥʪʝʣʣʝʢʪʫʘʣʜʳ ʙʘʩסʩʪʘʥ ʞʘץʘʟʘפ

ʵʢʦʣʦʛʠʷʣʳץ ץʘʫʽʧʩʽʟʜʽʢʪʽש, ʪʘʙʠסʠ ʨʝʩʫʨʩʪʘʨʜʳ ײʪʳʤʜʳ ʧʘʡʜʘʣʘʥʫʜʳש ʞᴅʥʝ 

ʭʘʣʳץʘʨʘʣʳץ ʪʘʣʘʧʪʘʨסʘ ʩᴅʡʢʝʩ ʪײʨʘץʪʳ ʜʘʤʫʜʳש ʢʝʧʽʣʽ. ʉʦʥʜʳץʪʘʥ ʜᴅʩʪװʨʣʽ 

ᴅʜʽʩʪʝʨʜʽ ʠʥʪʝʣʣʝʢʪʫʘʣʜʳ ʞװʡʝʣʝʨʤʝʥ װʡʣʝʩʪʽʨʝ ʦʪʳʨʳʧ, ʝʣʜʽש ʩʫ ʨʝʩʫʨʩʪʘʨʳʥ 

 .ʘʞʝʪץ ʫסʛʝʡʛʝ ʰʳשʘ ʜʝשʘʫʜʘ ʩʘʧʘʣʳ ʞʘסʦʨץ
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1. ɺʚʝʜʝʥʠʝ 

ʉʦʚʨʝʤʝʥʥʳʝ ʥʝʬʪʝʧʨʦʚʦʜʳ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʧʨʦʪʷʞʸʥʥʳʝ ʠ ʩʣʦʞʥʳʝ 

ʠʥʞʝʥʝʨʥʳʝ ʦʙʲʝʢʪʳ, ʢʦʪʦʨʳʝ ʨʘʙʦʪʘʶʪ ʚ ʫʩʣʦʚʠʷʭ ʧʦʚʳʰʝʥʥʳʭ ʥʘʛʨʫʟʦʢ ʠ 

ʨʠʩʢʦʚ. ɼʣʷ ʠʭ ʩʪʘʙʠʣʴʥʦʛʦ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʥʝʦʙʭʦʜʠʤ ʧʦʩʪʦʷʥʥʳʡ 

ʢʦʥʪʨʦʣʴ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ, ʩʨʝʜʠ ʢʦʪʦʨʳʭ ʥʘʠʙʦʣʴʰʝʝ ʟʥʘʯʝʥʠʝ 

ʠʤʝʶʪ ʜʘʚʣʝʥʠʝ ʠ ʪʝʤʧʝʨʘʪʫʨʘ. ʕʪʠ ʧʦʢʘʟʘʪʝʣʠ ʥʘʧʨʷʤʫʶ ʦʧʨʝʜʝʣʷʶʪ 

ʙʝʟʦʧʘʩʥʦʩʪʴ ʵʢʩʧʣʫʘʪʘʮʠʠ ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ ʩʳʨʴʷ. 

ʅʝʟʥʘʯʠʪʝʣʴʥʳʝ ʦʪʢʣʦʥʝʥʠʷ ʤʦʛʫʪ ʧʨʠʚʦʜʠʪʴ ʢ ʫʪʝʯʢʘʤ, ʧʦʚʨʝʞʜʝʥʠʷʤ 

ʪʨʫʙʦʧʨʦʚʦʜʘ ʠ ʥʘʨʫʰʝʥʠʶ ʨʝʞʠʤʘ ʧʝʨʝʢʘʯʢʠ, ʯʪʦ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʚʝʜʸʪ ʢ 

ʩʫʱʝʩʪʚʝʥʥʳʤ ʵʢʦʥʦʤʠʯʝʩʢʠʤ ʧʦʪʝʨʷʤ ʠ ʫʛʨʦʟʘʤ ʜʣʷ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ. 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʪʝʤʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʧʨʝʜʝʣʷʝʪʩʷ ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʧʝʨʝʭʦʜʘ 

ʦʪ ʪʨʘʜʠʮʠʦʥʥʳʭ ʤʝʪʦʜʦʚ ʢʦʥʪʨʦʣʷ ʢ ʩʦʚʨʝʤʝʥʥʳʤ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʤ 

ʩʠʩʪʝʤʘʤ. ʂʣʘʩʩʠʯʝʩʢʠʝ ʧʦʜʭʦʜʳ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʧʝʨʠʦʜʠʯʝʩʢʠʭ ʧʨʦʚʝʨʢʘʭ ʠ 

ʦʛʨʘʥʠʯʝʥʥʦʤ ʢʦʣʠʯʝʩʪʚʝ ʠʟʤʝʨʠʪʝʣʴʥʳʭ ʧʨʠʙʦʨʦʚ, ʥʝ ʦʙʝʩʧʝʯʠʚʘʶʪ ʜʦʣʞʥʦʡ 

ʩʢʦʨʦʩʪʠ ʨʝʘʢʮʠʠ ʥʘ ʠʟʤʝʥʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ. ɺ ʫʩʣʦʚʠʷʭ ʟʥʘʯʠʪʝʣʴʥʳʭ 

ʨʘʩʩʪʦʷʥʠʡ ʠ ʫʜʘʣʸʥʥʳʭ ʫʯʘʩʪʢʦʚ ʥʝʬʪʝʧʨʦʚʦʜʦʚ ʦʩʦʙʝʥʥʦ ʚʘʞʥʦ ʠʤʝʪʴ 

ʚʦʟʤʦʞʥʦʩʪʴ ʥʝʧʨʝʨʳʚʥʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ ʩ ʧʦʩʣʝʜʫʶʱʝʡ ʧʝʨʝʜʘʯʝʡ ʠ 

ʦʙʨʘʙʦʪʢʦʡ ʜʘʥʥʳʭ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʥʝ ʪʦʣʴʢʦ ʦʧʝʨʘʪʠʚʥʦ ʚʳʷʚʣʷʪʴ ʘʥʦʤʘʣʠʠ, ʥʦ 

ʠ ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʚʦʟʤʦʞʥʳʝ ʥʝʠʩʧʨʘʚʥʦʩʪʠ [1]. 

ɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʚʩʸ ʙʦʣʴʰʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʧʦʣʫʯʘʶʪ ʨʝʰʝʥʠʷ ʥʘ 

ʦʩʥʦʚʝ ʪʝʭʥʦʣʦʛʠʡ ʀʥʪʝʨʥʝʪʘ ʚʝʱʝʡ (IoT). ʀʭ ʢʣʶʯʝʚʳʤ ʧʨʝʠʤʫʱʝʩʪʚʦʤ 

ʷʚʣʷʝʪʩʷ ʩʧʦʩʦʙʥʦʩʪʴ ʦʙʲʝʜʠʥʷʪʴ ʤʥʦʞʝʩʪʚʦ ʩʝʥʩʦʨʦʚ ʚ ʝʜʠʥʫʶ ʩʝʪʴ, ʦʙʝʩʧʝ-

ʯʠʚʘʪʴ ʫʜʘʣʸʥʥʳʡ ʜʦʩʪʫʧ ʢ ʜʘʥʥʳʤ ʠ ʠʥʪʝʛʨʘʮʠʶ ʩ ʘʥʘʣʠʪʠʯʝʩʢʠʤʠ ʧʣʘʪ-

ʬʦʨʤʘʤʠ. ʅʘ ʧʨʘʢʪʠʢʝ ʪʘʢʠʝ ʩʠʩʪʝʤʳ ʫʞʝ ʧʨʠʤʝʥʷʶʪʩʷ ʜʣʷ ʢʦʥʪʨʦʣʷ ʜʘʚʣʝʥʠʷ, 

ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʜʨʫʛʠʭ ʧʘʨʘʤʝʪʨʦʚ, ʦʜʥʘʢʦ ʠʭ ʚʥʝʜʨʝʥʠʝ ʚʩʸ ʝʱʸ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ 

ʨʷʜʦʤ ʪʨʫʜʥʦʩʪʝʡ. ʉʨʝʜʠ ʥʠʭ ï ʦʛʨʘʥʠʯʝʥʥʘʷ ʥʘʜʸʞʥʦʩʪʴ ʢʘʥʘʣʦʚ ʩʚʷʟʠ, 

ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʦʙʨʘʙʦʪʢʠ ʙʦʣʴʰʠʭ ʤʘʩʩʠʚʦʚ ʠʥʬʦʨʤʘʮʠʠ ʠ ʦʙʝʩʧʝʯʝʥʠʝ 

ʢʦʨʨʝʢʪʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʜʘʥʥʳʭ ʤʝʞʜʫ ʨʘʟʣʠʯʥʳʤʠ ʫʨʦʚʥʷʤʠ ʫʧʨʘʚʣʝʥʠʷ 

[2]. ɸʚʪʦʨʘʤʠ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ ʚ [1] ʧʨʦʚʝʜʸʥ ʦʙʟʦʨ ʨʘʟʣʠʯʥʳʭ ʧʨʦʪʦʢʦʣʦʚ 

ʦʙʤʝʥʘ ʜʘʥʥʳʤʠ ʠ ʦʙʦʩʥʦʚʘʥ ʚʳʙʦʨ ʧʨʦʪʦʢʦʣʘ MQTT ʜʣʷ ʧʨʠʤʝʥʝʥʠʷ ʚ 

ʩʠʩʪʝʤʘʭ ʤʦʥʠʪʦʨʠʥʛʘ ʥʝʬʪʝʧʨʦʚʦʜʦʚ. ʇʨʦʪʦʢʦʣ MQTT ʚʳʙʨʘʥ ʚ ʢʘʯʝʩʪʚʝ 

ʦʩʥʦʚʥʦʛʦ ʧʨʦʪʦʢʦʣʘ ʧʨʠʢʣʘʜʥʦʛʦ ʫʨʦʚʥʷ ʙʣʘʛʦʜʘʨʷ ʝʛʦ ʚʳʩʦʢʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ 

ʢ ʥʝʩʪʘʙʠʣʴʥʦʡ ʩʚʷʟʠ, ʤʠʥʠʤʘʣʴʥʳʤ ʥʘʢʣʘʜʥʳʤ ʨʘʩʭʦʜʘʤ ʠ ʧʦʜʜʝʨʞʢʝ 

publish/subscribe-ʤʦʜʝʣʠ, ʠʜʝʘʣʴʥʦ ʧʦʜʭʦʜʷʱʝʡ ʜʣʷ ʨʘʩʧʨʝʜʝʣʸʥʥʳʭ IoT-ʩʝʪʝʡ. 



 
ΟΦ 

ɸʥʘʣʠʟ ʩʫʱʝʩʪʚʫʶʱʠʭ ʧʦʜʭʦʜʦʚ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʚ ʥʘʫʯʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ 

ʘʢʮʝʥʪ ʜʝʣʘʝʪʩʷ ʣʠʙʦ ʥʘ ʩʙʦʨʝ ʠʥʬʦʨʤʘʮʠʠ ʩ ʜʘʪʯʠʢʦʚ, ʣʠʙʦ ʥʘ ʦʨʛʘʥʠʟʘʮʠʠ 

ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʧʦ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʤ ʧʨʦʪʦʢʦʣʘʤ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʚʦʧʨʦʩʳ 

ʢʦʤʧʣʝʢʩʥʦʡ ʠʥʪʝʛʨʘʮʠʠ ï ʦʪ ʧʝʨʚʠʯʥʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ ʜʦ ʜʘʣʴʥʝʡʰʝʛʦ ʘʥʘʣʠʟʘ 

ʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ ï ʦʩʪʘʶʪʩʷ ʥʝʜʦʩʪʘʪʦʯʥʦ ʧʨʦʨʘʙʦʪʘʥʥʳʤʠ. 

ʀʤʝʥʥʦ ʨʝʰʝʥʠʝ ʵʪʠʭ ʟʘʜʘʯ ʦʪʢʨʳʚʘʝʪ ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ ʩʦʟʜʘʥʠʷ ʙʦʣʝʝ 

ʵʬʬʝʢʪʠʚʥʳʭ ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ ʥʝʬʪʝʧʨʦʚʦʜʥʳʤ ʪʨʘʥʩʧʦʨʪʦʤ ʠ ʧʦʚʳʰʝʥʠʷ 

ʫʨʦʚʥʷ ʧʨʦʤʳʰʣʝʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ [2]. 

 

2. ʉʪʨʫʢʪʫʨʘ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʦʪ IoT-ʜʘʪʯʠʢʦʚ ʜʦ ʦʧʝʨʘʪʦʨʘ ʥʘ ʙʘʟʝ 

MQTT  

ɺ ʧʨʝʜʣʦʞʝʥʥʦʡ ʩʠʩʪʝʤʝ ʤʦʥʠʪʦʨʠʥʛʘ ʚʤʝʩʪʦ ʪʨʘʜʠʮʠʦʥʥʦʛʦ ʦʧʪʦʚʦʣʦʢʦʥ-

ʥʦʛʦ ʢʘʥʘʣʘ ʚʜʦʣʴ ʪʨʫʙʦʧʨʦʚʦʜʘ ʠʩʧʦʣʴʟʫʝʪʩʷ ʨʘʩʧʨʝʜʝʣʸʥʥʘʷ ʩʝʪʴ ʙʝʩʧʨʦ-

ʚʦʜʥʳʭ IoT-ʜʘʪʯʠʢʦʚ. ʕʪʠ ʫʩʪʨʦʡʩʪʚʘ ʨʘʚʥʦʤʝʨʥʦ ʨʘʟʤʝʱʘʶʪʩʷ ʚʜʦʣʴ ʚʩʝʡ 

ʧʨʦʪʷʞʸʥʥʦʩʪʠ ʥʝʬʪʝʧʨʦʚʦʜʘ, ʠ ʢʘʞʜʦʝ ʠʟ ʥʠʭ ʚʳʧʦʣʥʷʝʪ ʬʫʥʢʮʠʶ ʣʦʢʘʣʴʥʦʛʦ 

ʠʟʤʝʨʠʪʝʣʴʥʦʛʦ ʫʟʣʘ. ʆʩʥʦʚʥʘʷ ʟʘʜʘʯʘ ʪʘʢʠʭ ʜʘʪʯʠʢʦʚ ï ʬʠʢʩʠʨʦʚʘʪʴ ʟʥʘʯʝʥʠʷ 

ʢʣʶʯʝʚʳʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ, ʚ ʯʘʩʪʥʦʩʪʠ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʜʘʚʣʝʥʠʷ 

ʚʥʫʪʨʠ ʪʨʫʙʳ. ʀʟʤʝʨʝʥʠʷ ʧʨʦʚʦʜʷʪʩʷ ʩ ʟʘʜʘʥʥʦʡ ʧʝʨʠʦʜʠʯʥʦʩʪʴʶ, ʩʦʦʪʚʝʪʩʪ-

ʚʫʶʱʝʡ ʪʨʝʙʦʚʘʥʠʷʤ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ ʠ ʥʝʦʙʭʦʜʠʤʦʡ ʦʧʝʨʘʪʠʚʥʦʩʪʠ 

ʢʦʥʪʨʦʣʷ. ɼʣʷ ʤʠʥʠʤʠʟʘʮʠʠ ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʷ ʠ ʧʦʚʳʰʝʥʠʷ ʘʚʪʦʥʦʤʥʦʩʪʠ 

ʫʩʪʨʦʡʩʪʚʘ ʤʦʛʫʪ ʧʝʨʝʭʦʜʠʪʴ ʚ ʩʧʷʱʠʡ ʨʝʞʠʤ ʠ ʘʢʪʠʚʠʨʦʚʘʪʴʩʷ ʪʦʣʴʢʦ ʚ ʤʦʤʝʥʪ 

ʠʟʤʝʨʝʥʠʷ ʠʣʠ ʧʨʠ ʚʦʟʥʠʢʥʦʚʝʥʠʠ ʢʨʠʪʠʯʝʩʢʠʭ ʠʟʤʝʥʝʥʠʡ ʧʘʨʘʤʝʪʨʦʚ. 

ʇʦʩʣʝ ʩʥʷʪʠʷ ʧʦʢʘʟʘʥʠʡ ʜʘʥʥʳʝ ʚʥʫʪʨʠ ʢʘʞʜʦʛʦ IoT-ʤʦʜʫʣʷ 

ʦʙʨʘʙʘʪʳʚʘʶʪʩʷ ʥʘ ʚʩʪʨʦʝʥʥʦʤ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʝ. ɿʘʪʝʤ ʦʥʠ ʧʨʝʦʙʨʘʟʫʶʪʩʷ ʚ 

ʢʦʤʧʘʢʪʥʦʝ MQTT-ʩʦʦʙʱʝʥʠʝ, ʩʦʜʝʨʞʘʱʝʝ ʠʜʝʥʪʠʬʠʢʘʪʦʨ ʫʩʪʨʦʡʩʪʚʘ, 

ʚʨʝʤʝʥʥʫʶ ʤʝʪʢʫ ʠ ʠʟʤʝʨʝʥʥʳʝ ʟʥʘʯʝʥʠʷ.  

ɻʦʪʦʚʦʝ ʩʦʦʙʱʝʥʠʝ ʦʪ IoT-ʜʘʪʯʠʢʘ ʧʝʨʝʜʘʸʪʩʷ ʧʦ ʙʝʩʧʨʦʚʦʜʥʦʤʫ ʢʘʥʘʣʫ ʜʦ 

ʙʣʠʞʘʡʰʝʡ ʪʦʯʢʠ ʩʙʦʨʘ ʠʥʬʦʨʤʘʮʠʠ ï ʩʝʪʝʚʦʛʦ ʰʣʶʟʘ. ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʳʙ-

ʨʘʥʥʦʡ ʙʝʩʧʨʦʚʦʜʥʦʡ ʪʝʭʥʦʣʦʛʠʠ, ʪʘʢʦʡ ʢʘʢ LoRaWAN ʠʣʠ NB-IoT, ʨʘʩʩʪʦʷʥʠʝ 

ʤʝʞʜʫ ʜʘʪʯʠʢʦʤ ʠ ʰʣʶʟʦʤ ʤʦʞʝʪ ʩʦʩʪʘʚʣʷʪʴ ʦʪ ʥʝʩʢʦʣʴʢʠʭ ʩʦʪʝʥ ʤʝʪʨʦʚ ʜʦ 10ï

15 ʢʠʣʦʤʝʪʨʦʚ. ʐʣʶʟʳ ʫʩʪʘʥʘʚʣʠʚʘʶʪʩʷ ʩ ʫʯʸʪʦʤ ʨʝʣʴʝʬʘ ʤʝʩʪʥʦʩʪʠ ʠ 

ʦʙʝʩʧʝʯʝʥʠʷ ʥʘʜʸʞʥʦʛʦ ʧʦʢʨʳʪʠʷ ʚʩʝʡ ʧʨʦʪʷʞʸʥʥʦʩʪʠ ʥʝʬʪʝʧʨʦʚʦʜʘ. ʕʪʠ 

ʫʩʪʨʦʡʩʪʚʘ ʚʳʧʦʣʥʷʶʪ ʬʫʥʢʮʠʶ ʧʨʠʸʤʥʠʢʘ ʚʩʝʭ ʩʦʦʙʱʝʥʠʡ ʦʪ ʜʘʪʯʠʢʦʚ ʚ ʩʚʦʝʡ 

ʟʦʥʝ ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʠ ʠ, ʢʘʢ ʧʨʘʚʠʣʦ, ʧʦʜʢʣʶʯʝʥʳ ʢ ʚʥʝʰʥʠʤ ʢʘʥʘʣʘʤ ʩʚʷʟʠ ï 

ʩʦʪʦʚʦʡ ʩʝʪʠ, ʩʧʫʪʥʠʢʦʚʦʤʫ ʢʘʥʘʣʫ ʠʣʠ ʧʨʦʚʦʜʥʦʤʫ ʠʥʪʝʨʥʝʪʫ. 

ʇʦʣʫʯʠʚ ʜʘʥʥʳʝ, ʰʣʶʟ ʧʝʨʝʜʘʸʪ ʠʭ ʚ ʮʝʥʪʨ ʦʙʨʘʙʦʪʢʠ. ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʘʨʭʠʪʝʢʪʫʨʳ ʩʠʩʪʝʤʳ ʵʪʦ ʤʦʞʝʪ ʙʳʪʴ ʣʠʙʦ ʣʦʢʘʣʴʥʳʡ ʮʝʥʪʨ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ 

(ʎʆɼ), ʥʘʭʦʜʷʱʠʡʩʷ ʚ ʧʨʝʜʝʣʘʭ ʧʨʝʜʧʨʠʷʪʠʷ, ʣʠʙʦ ʦʙʣʘʯʥʘʷ ʧʣʘʪʬʦʨʤʘ. ɺ 

ʣʶʙʦʤ ʩʣʫʯʘʝ, ʧʝʨʚʳʤ ʫʟʣʦʤ ʧʨʠʸʤʘ ʩʦʦʙʱʝʥʠʡ ʩʪʘʥʦʚʠʪʩʷ MQTT-ʙʨʦʢʝʨ ï 

ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʦʝ ʧʨʦʛʨʘʤʤʥʦʝ ʨʝʰʝʥʠʝ, ʦʙʝʩʧʝʯʠʚʘʶʱʝʝ ʤʘʨʰʨʫʪʠʟʘʮʠʶ ʠ 

ʜʦʩʪʘʚʢʫ ʩʦʦʙʱʝʥʠʡ ʦʪ ʜʘʪʯʠʢʦʚ ʚ ʥʫʞʥʳʝ ʢʦʤʧʦʥʝʥʪʳ ʩʠʩʪʝʤʳ. ɹʨʦʢʝʨ 

ʧʨʠʥʠʤʘʝʪ ʩʦʦʙʱʝʥʠʷ ʧʦ ʨʘʟʣʠʯʥʳʤ ʪʝʤʘʤ (topics), ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʪʠʧʫ 

ʜʘʥʥʳʭ, ʤʝʩʪʫ ʫʩʪʘʥʦʚʢʠ ʜʘʪʯʠʢʘ ʠʣʠ ʜʨʫʛʠʤ ʧʘʨʘʤʝʪʨʘʤ [3]. 



 
ΠΜ 

MQTT-ʙʨʦʢʝʨ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʧʝʨʝʜʘʸʪ ʧʨʠʥʷʪʳʝ ʜʘʥʥʳʝ ʚ ʘʥʘʣʠʪʠʯʝʩʢʫʶ 

ʩʠʩʪʝʤʫ. ɿʜʝʩʴ ʦʥʠ ʧʨʦʭʦʜʷʪ ʧʨʦʚʝʨʢʫ ʥʘ ʧʦʣʥʦʪʫ ʠ ʢʦʨʨʝʢʪʥʦʩʪʴ, ʤʦʛʫʪ 

ʘʛʨʝʛʠʨʦʚʘʪʴʩʷ, ʘʥʘʣʠʟʠʨʦʚʘʪʴʩʷ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ ʠ ʟʘʧʠʩʳʚʘʪʴʩʷ ʚ ʙʘʟʫ 

ʜʘʥʥʳʭ ʜʣʷ ʧʦʩʣʝʜʫʶʱʝʛʦ ʭʨʘʥʝʥʠʷ. ʇʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʠʥʬʦʨʤʘʮʠʷ ʧʦʩʪʫʧʘʝʪ 

ʚ ʤʦʜʫʣʠ, ʦʪʚʝʪʩʪʚʝʥʥʳʝ ʟʘ ʛʝʥʝʨʘʮʠʶ ʦʪʯʸʪʦʚ, ʧʦʩʪʨʦʝʥʠʝ ʛʨʘʬʠʢʦʚ ʠ 

ʦʪʦʙʨʘʞʝʥʠʝ ʚ ʠʥʪʝʨʬʝʡʩʘʭ ʧʦʣʴʟʦʚʘʪʝʣʷ. 

ʀʪʦʛʦʚʘʷ ʪʦʯʢʘ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ï ʵʪʦ ʦʧʝʨʘʪʦʨʩʢʘʷ ʩʪʘʥʮʠʷ ʠʣʠ 

ʜʠʩʧʝʪʯʝʨʩʢʠʡ ʧʫʥʢʪ, ʦʪʢʫʜʘ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʮʝʥʪʨʘʣʠʟʦʚʘʥʥʳʡ ʢʦʥʪʨʦʣʴ ʟʘ 

ʩʦʩʪʦʷʥʠʝʤ ʪʨʫʙʦʧʨʦʚʦʜʘ. ʆʧʝʨʘʪʦʨ ʧʦʣʫʯʘʝʪ ʚʠʟʫʘʣʠʟʠʨʦʚʘʥʥʫʶ ʠʥʬʦʨʤʘʮʠʶ 

ʯʝʨʝʟ SCADA-ʩʠʩʪʝʤʫ ʠʣʠ ʚʝʙ-ʠʥʪʝʨʬʝʡʩ: ʪʝʢʫʱʠʝ ʠ ʘʨʭʠʚʥʳʝ ʟʥʘʯʝʥʠʷ 

ʜʘʚʣʝʥʠʷ ʠ ʪʝʤʧʝʨʘʪʫʨʳ, ʪʨʝʚʦʞʥʳʝ ʩʠʛʥʘʣʳ, ʢʘʨʪʫ ʨʘʟʤʝʱʝʥʠʷ ʫʩʪʨʦʡʩʪʚ, ʘ 

ʪʘʢʞʝ ʩʚʝʜʝʥʠʷ ʦ ʩʦʩʪʦʷʥʠʠ ʩʘʤʠʭ IoT-ʜʘʪʯʠʢʦʚ (ʫʨʦʚʝʥʴ ʟʘʨʷʜʘ, ʥʘʣʠʯʠʝ ʩʚʷʟʠ 

ʠ ʪ. ʧ.). ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʝʩʴ ʮʠʢʣ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ï ʦʪ ʠʟʤʝʨʝʥʠʷ ʬʠʟʠʯʝʩʢʦʛʦ 

ʧʘʨʘʤʝʪʨʘ ʜʦ ʝʛʦ ʦʪʦʙʨʘʞʝʥʠʷ ʥʘ ʵʢʨʘʥʝ ʦʧʝʨʘʪʦʨʘ ï ʧʨʦʠʩʭʦʜʠʪ ʘʚʪʦʤʘʪʠʯʝʩʢʠ 

ʠ ʧʨʘʢʪʠʯʝʩʢʠ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ. 

ɻʣʘʚʥʳʤ ʧʨʝʠʤʫʱʝʩʪʚʦʤ ʜʘʥʥʦʡ ʘʨʭʠʪʝʢʪʫʨʳ ʷʚʣʷʝʪʩʷ ʦʪʢʘʟ ʦʪ 

ʦʧʪʦʚʦʣʦʢʦʥʥʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʠ ʧʦʣʥʘʷ ʥʝʟʘʚʠʩʠʤʦʩʪʴ ʦʪ ʧʨʦʚʦʜʥʳʭ 

ʩʦʝʜʠʥʝʥʠʡ. ʉʠʩʪʝʤʘ ʩʪʘʥʦʚʠʪʩʷ ʙʦʣʝʝ ʛʠʙʢʦʡ, ʤʘʩʰʪʘʙʠʨʫʝʤʦʡ ʠ ʤʝʥʝʝ 

ʫʷʟʚʠʤʦʡ ʢ ʤʝʭʘʥʠʯʝʩʢʠʤ ʧʦʚʨʝʞʜʝʥʠʷʤ. ʂʨʦʤʝ ʪʦʛʦ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ MQTT 

ʧʦʟʚʦʣʷʝʪ ʩʫʱʝʩʪʚʝʥʥʦ ʩʥʠʟʠʪʴ ʥʘʛʨʫʟʢʫ ʥʘ ʩʝʪʴ ʠ ʦʙʝʩʧʝʯʠʪʴ ʚʳʩʦʢʫʶ 

ʥʘʜʸʞʥʦʩʪʴ ʜʦʩʪʘʚʢʠ ʜʘʞʝ ʧʨʠ ʥʝʩʪʘʙʠʣʴʥʳʭ ʢʘʥʘʣʘʭ ʩʚʷʟʠ, ʯʪʦ ʢʨʠʪʠʯʝʩʢʠ 

ʚʘʞʥʦ ʜʣʷ ʫʜʘʣʸʥʥʳʭ ʦʙʲʝʢʪʦʚ ʥʝʬʪʷʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. ʅʘ ʨʠʩʫʥʢʝ 1 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʩʪʨʫʢʪʫʨʘ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʠʢʣʘʜʥʦʡ 

ʪʝʭʥʦʣʦʛʠʠ MQTT. 

 

 
ʈʠʩ. 1. ï ʉʪʨʫʢʪʫʨʘ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ 

 

3. ʇʦʚʝʜʝʥʠʝ ʩʠʩʪʝʤʳ ʧʨʠ ʦʪʢʘʟʝ IoT-ʜʘʪʯʠʢʦʚ 

ʇʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʙʝʩʧʨʦʚʦʜʥʦʡ IoT-ʩʠʩʪʝʤʳ ʜʣʷ ʤʦʥʠʪʦʨʠʥʛʘ 

ʧʘʨʘʤʝʪʨʦʚ ʥʝʬʪʝʧʨʦʚʦʜʘ ʦʜʥʦʡ ʠʟ ʢʣʶʯʝʚʳʭ ʟʘʜʘʯ ʩʪʘʥʦʚʠʪʩʷ ʦʙʝʩʧʝʯʝʥʠʝ 



 
ΠΝ 

ʥʝʧʨʝʨʳʚʥʦʩʪʠ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʜʘʞʝ ʧʨʠ ʦʪʢʘʟʝ ʦʪʜʝʣʴʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ. 

ʆʩʦʙʝʥʥʦ ʵʪʦ ʘʢʪʫʘʣʴʥʦ ʚ ʫʩʣʦʚʠʷʭ ʧʨʦʪʷʞʸʥʥʳʭ ʦʙʲʝʢʪʦʚ, ʛʜʝ ʨʘʩʩʪʦʷʥʠʝ 

ʤʝʞʜʫ ʫʟʣʘʤʠ ʜʦʩʪʠʛʘʝʪ ʜʝʩʷʪʢʦʚ ʢʠʣʦʤʝʪʨʦʚ, ʘ ʪʝʭʥʠʯʝʩʢʠʡ ʜʦʩʪʫʧ ʢ ʥʠʤ 

ʦʛʨʘʥʠʯʝʥ. 

ɺ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʤ ʧʨʦʝʢʪʝ ʜʘʪʯʠʢʠ ʜʘʚʣʝʥʠʷ ʠ ʪʝʤʧʝʨʘʪʫʨʳ ʨʘʟʤʝʱʝʥʳ ʩ 

ʠʥʪʝʨʚʘʣʦʤ 20 ʢʤ ʚʜʦʣʴ ʪʨʫʙʦʧʨʦʚʦʜʘ ʜʣʠʥʦʡ ʦʢʦʣʦ 500 ʢʤ. ʂʘʞʜʳʡ ʠʟ ʜʘʪʯʠʢʦʚ 

ʦʩʥʘʱʸʥ ʨʘʜʠʦʤʦʜʫʣʝʤ, ʦʩʫʱʝʩʪʚʣʷʶʱʠʤ ʙʝʩʧʨʦʚʦʜʥʫʶ ʧʝʨʝʜʘʯʫ ʜʘʥʥʳʭ ʧʦ 

ʧʨʦʪʦʢʦʣʫ MQTT ʯʝʨʝʟ ʧʨʦʤʝʞʫʪʦʯʥʳʡ ʰʣʶʟ (gateway) ʥʘ ʮʝʥʪʨʘʣʴʥʳʡ MQTT-

ʙʨʦʢʝʨ. ɼʘʣʝʝ ʜʘʥʥʳʝ ʧʦʩʪʫʧʘʶʪ ʚ ʘʥʘʣʠʪʠʯʝʩʢʫʶ ʩʠʩʪʝʤʫ ʠ ʦʪʦʙʨʘʞʘʶʪʩʷ 

ʦʧʝʨʘʪʦʨʫ. 

ʇʨʦʪʦʢʦʣ MQTT ʧʦʩʪʨʦʝʥ ʥʘ ʘʨʭʠʪʝʢʪʫʨʝ çʠʟʜʘʪʝʣʴïʙʨʦʢʝʨïʧʦʜʧʠʩʯʠʢè. 

ʂʘʞʜʳʡ IoT-ʜʘʪʯʠʢ ʚʳʩʪʫʧʘʝʪ ʚ ʨʦʣʠ ʠʟʜʘʪʝʣʷ (publisher), ʦʪʧʨʘʚʣʷʷ ʜʘʥʥʳʝ ʥʘ 

ʙʨʦʢʝʨ ʧʦ ʦʧʨʝʜʝʣʸʥʥʳʤ ʪʦʧʠʢʘʤ. ɹʨʦʢʝʨ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʧʝʨʝʥʘʧʨʘʚʣʷʝʪ ʵʪʠ 

ʜʘʥʥʳʝ ʧʦʜʧʠʩʯʠʢʘʤ ï ʢʘʢ ʧʨʘʚʠʣʦ, ʵʪʦ ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʤʦʜʫʣʠ ʠ ʠʥʪʝʨʬʝʡʩ 

ʦʧʝʨʘʪʦʨʘ. ɺʘʞʥʦ, ʯʪʦ ʜʘʪʯʠʢʠ ʚ ʜʘʥʥʦʡ ʘʨʭʠʪʝʢʪʫʨʝ ʥʝ ʩʚʷʟʘʥʳ ʥʘʧʨʷʤʫʶ 

ʤʝʞʜʫ ʩʦʙʦʡ, ʠ ʧʦʪʝʨʷ ʦʜʥʦʛʦ ʠʟ ʥʠʭ ʥʝ ʤʝʰʘʝʪ ʨʘʙʦʪʝ ʜʨʫʛʠʭ. ʆʜʥʘʢʦ ʦʩʪʘʸʪʩʷ 

ʧʨʦʙʣʝʤʘ: ʢʘʢ ʢʦʤʧʝʥʩʠʨʦʚʘʪʴ ʥʝʜʦʩʪʘʶʱʫʶ ʠʥʬʦʨʤʘʮʠʶ. [4] 

ɺ ʩʣʫʯʘʝ ʚʳʭʦʜʘ ʠʟ ʩʪʨʦʷ ʦʜʥʦʛʦ ʠʟ IoT-ʜʘʪʯʠʢʦʚ ʩʠʩʪʝʤʘ ʧʨʦʜʦʣʞʠʪ 

ʬʫʥʢʮʠʦʥʠʨʦʚʘʪʴ ʚ ʰʪʘʪʥʦʤ ʨʝʞʠʤʝ, ʧʦʣʫʯʘʷ ʜʘʥʥʳʝ ʦʪ ʚʩʝʭ ʦʩʪʘʣʴʥʳʭ 

ʫʩʪʨʦʡʩʪʚ. ʇʦʪʝʨʷ ʢʦʥʢʨʝʪʥʦʛʦ ʩʝʛʤʝʥʪʘ ʙʫʜʝʪ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʟʘʬʠʢʩʠʨʦʚʘʥʘ 

ʩʠʩʪʝʤʦʡ ʧʦ ʦʪʩʫʪʩʪʚʠʶ ʩʦʦʙʱʝʥʠʡ ʦʪ ʜʘʥʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ʚ ʪʝʯʝʥʠʝ ʟʘʜʘʥʥʦʛʦ 

ʠʥʪʝʨʚʘʣʘ ʚʨʝʤʝʥʠ. ʕʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʚʩʪʨʦʝʥʥʳʤ ʤʝʭʘʥʠʟʤʦʤ MQTT ï 

ʙʨʦʢʝʨ ʤʦʞʝʪ ʦʪʩʣʝʞʠʚʘʪʴ ʞʠʚʦʩʪʴ ʩʦʝʜʠʥʝʥʠʷ ʧʦ ʤʝʭʘʥʠʟʤʫ Last Will and 

Testament (LWT), ʘ ʪʘʢʞʝ ʧʦ ʦʪʩʫʪʩʪʚʠʶ ʥʦʚʳʭ ʧʫʙʣʠʢʘʮʠʡ ʩ ʫʥʠʢʘʣʴʥʦʛʦ 

ʠʜʝʥʪʠʬʠʢʘʪʦʨʘ. 

ʇʦʩʣʝ ʚʳʷʚʣʝʥʠʷ ʩʙʦʷ ʚʦʟʤʦʞʥʦ ʥʝʩʢʦʣʴʢʦ ʧʫʪʝʡ ʨʝʘʛʠʨʦʚʘʥʠʷ. ʆʜʠʥ ʠʟ 

ʩʘʤʳʭ ʵʬʬʝʢʪʠʚʥʳʭ ʧʦʜʭʦʜʦʚ ï ʧʝʨʝʢʨʳʪʠʝ ʟʦʥ ʜʝʡʩʪʚʠʷ ʩʦʩʝʜʥʠʤʠ ʜʘʪʯʠʢʘʤʠ. 

ʇʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʢʦʥʬʠʛʫʨʘʮʠʠ ʩʠʩʪʝʤʳ ʢʘʞʜʳʡ ʩʦʩʝʜʥʠʡ ʜʘʪʯʠʢ ʤʦʞʝʪ 

ʙʳʪʴ ʟʘʧʨʦʛʨʘʤʤʠʨʦʚʘʥ ʥʘ ʚʨʝʤʝʥʥʦʝ ʫʚʝʣʠʯʝʥʠʝ ʯʘʩʪʦʪʳ ʦʧʨʦʩʘ ʠ ʨʘʜʠʫʩʘ 

ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ (ʝʩʣʠ ʵʪʦ ʪʝʭʥʠʯʝʩʢʠ ʚʦʟʤʦʞʥʦ). ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʦʟʥʠʢʘʝʪ 

ʜʠʥʘʤʠʯʝʩʢʘʷ ʟʦʥʘ ʢʦʤʧʝʥʩʘʮʠʠ: ʜʘʥʥʳʝ ʩ ʧʨʦʙʣʝʤʥʦʛʦ ʫʯʘʩʪʢʘ ʯʘʩʪʠʯʥʦ 

ʨʝʢʦʥʩʪʨʫʠʨʫʶʪʩʷ ʥʘ ʦʩʥʦʚʝ ʠʥʬʦʨʤʘʮʠʠ ʦʪ ʩʦʩʝʜʝʡ, ʘ ʪʘʢʞʝ ʘʥʘʣʠʪʠʯʝʩʢʠʭ 

ʘʣʛʦʨʠʪʤʦʚ ʧʨʦʛʥʦʟʘ ʠ ʠʥʪʝʨʧʦʣʷʮʠʠ. 

ʊʘʢʞʝ ʰʣʶʟʳ ʠ ʮʝʥʪʨʘʣʴʥʳʡ ʙʨʦʢʝʨ ʤʦʛʫʪ ʙʳʪʴ ʥʘʩʪʨʦʝʥʳ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʯʪʦʙʳ ʟʘʜʝʡʩʪʚʦʚʘʪʴ ʢʵʰʠʨʦʚʘʥʠʝ ʧʨʝʜʳʜʫʱʠʭ ʟʥʘʯʝʥʠʡ. ʇʨʠ ʚʨʝʤʝʥʥʦʤ 

ʦʪʩʫʪʩʪʚʠʠ ʜʘʥʥʳʭ ʩ ʫʯʘʩʪʢʘ ʩʠʩʪʝʤʘ ʩʧʦʩʦʙʥʘ ʚʨʝʤʝʥʥʦ ʦʧʝʨʠʨʦʚʘʪʴ 

ʧʦʩʣʝʜʥʠʤʠ ʢʦʨʨʝʢʪʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ, ʧʦʤʝʯʘʷ ʠʭ ʢʘʢ ʥʝʧʦʜʪʚʝʨʞʜʸʥʥʳʝ. ʕʪʦ 

ʧʦʟʚʦʣʷʝʪ ʩʦʭʨʘʥʠʪʴ ʦʙʱʠʡ ʢʦʥʪʨʦʣʴ ʜʦ ʫʩʪʨʘʥʝʥʠʷ ʥʝʠʩʧʨʘʚʥʦʩʪʠ. 

 

4. ʆʙʨʘʙʦʪʢʘ ʠ ʥʘʟʥʘʯʝʥʠʝ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ 

ʉʙʦʨ ʜʘʥʥʳʭ ʦ ʧʘʨʘʤʝʪʨʘʭ ʨʘʙʦʪʳ ʥʝʬʪʝʧʨʦʚʦʜʘ ʷʚʣʷʝʪʩʷ ʙʘʟʦʚʳʤ ʵʪʘʧʦʤ 

ʧʦʩʪʨʦʝʥʠʷ ʩʠʩʪʝʤʳ ʤʦʥʠʪʦʨʠʥʛʘ. ʆʜʥʘʢʦ ʮʝʥʥʦʩʪʴ ʩʘʤʠʭ ʧʦ ʩʝʙʝ çʩʳʨʳʭè 

ʧʦʢʘʟʘʥʠʡ ʜʘʪʯʠʢʦʚ ʦʛʨʘʥʠʯʝʥʘ, ʝʩʣʠ ʦʥʠ ʥʝ ʧʦʜʚʝʨʛʘʶʪʩʷ ʜʘʣʴʥʝʡʰʝʡ 

ʦʙʨʘʙʦʪʢʝ ʠ ʘʥʘʣʠʟʫ. ɼʘʚʣʝʥʠʝ ʠ ʪʝʤʧʝʨʘʪʫʨʘ ʥʝʬʪʠ ʧʦʜʚʝʨʞʝʥʳ ʝʩʪʝʩʪʚʝʥʥʳʤ 



 
ΠΞ 

ʢʦʣʝʙʘʥʠʷʤ, ʩʚʷʟʘʥʥʳʤ ʩ ʠʟʤʝʥʝʥʠʝʤ ʚʥʝʰʥʠʭ ʫʩʣʦʚʠʡ, ʨʝʞʠʤʦʚ ʨʘʙʦʪʳ 

ʥʘʩʦʩʥʳʭ ʩʪʘʥʮʠʡ ʠ ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʪʨʘʥʩʧʦʨʪʠʨʫʝʤʦʛʦ ʧʨʦʜʫʢʪʘ. ɼʣʷ 

ʧʦʣʫʯʝʥʠʷ ʜʦʩʪʦʚʝʨʥʦʡ ʢʘʨʪʠʥʳ ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʚʦʜʠʪʴ ʬʠʣʴʪʨʘʮʠʶ ʰʫʤʦʚ, 

ʫʩʨʝʜʥʝʥʠʝ ʧʦʢʘʟʘʥʠʡ ʠ ʢʦʨʨʝʢʪʠʨʦʚʢʫ ʜʘʥʥʳʭ ʩ ʫʯʝʪʦʤ ʢʘʣʠʙʨʦʚʦʯʥʳʭ 

ʢʦʵʬʬʠʮʠʝʥʪʦʚ. 

ʆʙʨʘʙʦʪʘʥʥʳʝ ʜʘʥʥʳʝ ʧʝʨʝʜʘʶʪʩʷ ʚ ʙʘʟʫ ʜʘʥʥʳʭ ʠ ʜʘʣʝʝ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ 

ʧʦʩʪʨʦʝʥʠʷ ʚʨʝʤʝʥʥʳʭ ʨʷʜʦʚ. ʊʘʢʦʡ ʧʦʜʭʦʜ ʧʦʟʚʦʣʷʝʪ ʚʳʷʚʣʷʪʴ ʪʝʥʜʝʥʮʠʠ ʠ 

ʘʥʦʤʘʣʠʠ: ʥʘʧʨʠʤʝʨ, ʧʦʩʪʝʧʝʥʥʦʝ ʧʦʚʳʰʝʥʠʝ ʜʘʚʣʝʥʠʷ ʚ ʦʧʨʝʜʝʣʸʥʥʦʤ ʫʯʘʩʪʢʝ 

ʤʦʞʝʪ ʩʠʛʥʘʣʠʟʠʨʦʚʘʪʴ ʦ ʥʘʨʘʩʪʘʶʱʝʤ ʩʦʧʨʦʪʠʚʣʝʥʠʠ ʧʦʪʦʢʫ ʚʩʣʝʜʩʪʚʠʝ 

ʦʪʣʦʞʝʥʠʡ ʥʘ ʩʪʝʥʢʘʭ ʪʨʫʙʳ. ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʨʝʟʢʠʝ ʩʢʘʯʢʠ ʪʝʤʧʝʨʘʪʫʨʳ ʤʦʛʫʪ 

ʫʢʘʟʳʚʘʪʴ ʥʘ ʥʝʠʩʧʨʘʚʥʦʩʪʴ ʧʦʜʦʛʨʝʚʘʪʝʣʴʥʳʭ ʫʩʪʨʦʡʩʪʚ ʠʣʠ ʥʘ ʧʦʩʪʫʧʣʝʥʠʝ 

ʥʝʬʪʠ ʩ ʦʪʣʠʯʘʶʱʠʤʠʩʷ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘʟʥʘʯʝʥʠʝ ʩʦʙʨʘʥʥʳʭ ʜʘʥʥʳʭ ʟʘʢʣʶʯʘʝʪʩʷ ʥʝ ʪʦʣʴʢʦ ʚ 

ʬʠʢʩʠʨʦʚʘʥʠʠ ʪʝʢʫʱʝʛʦ ʩʦʩʪʦʷʥʠʷ ʪʨʫʙʦʧʨʦʚʦʜʘ, ʥʦ ʠ ʚ ʦʙʝʩʧʝʯʝʥʠʠ ʘʥʘʣʠ-

ʪʠʯʝʩʢʦʡ ʦʩʥʦʚʳ ʜʣʷ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʘʚʘʨʠʡʥʳʭ ʩʠʪʫʘʮʠʡ. ʉʠʩʪʝʤʘʪʠʯʝʩʢʠʡ 

ʘʥʘʣʠʟ ʧʘʨʘʤʝʪʨʦʚ ʧʦʤʦʛʘʝʪ ʚʦʚʨʝʤʷ ʧʨʠʥʠʤʘʪʴ ʨʝʰʝʥʠʷ ʦ ʧʨʦʬʠʣʘʢʪʠʯʝʩʢʦʤ 

ʦʙʩʣʫʞʠʚʘʥʠʠ, ʨʝʤʦʥʪʝ ʠʣʠ ʠʟʤʝʥʝʥʠʠ ʨʝʞʠʤʘ ʨʘʙʦʪʳ ʦʙʦʨʫʜʦʚʘʥʠʷ. ʂʨʦʤʝ 

ʪʦʛʦ, ʘʨʭʠʚ ʜʘʥʥʳʭ ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʨʠ ʩʦʩʪʘʚʣʝʥʠʠ ʦʪʯʝʪʥʦʩʪʠ ʠ ʤʦʞʝʪ ʩʣʫʞʠʪʴ 

ʜʦʢʘʟʘʪʝʣʴʥʦʡ ʙʘʟʦʡ ʧʨʠ ʨʘʩʩʣʝʜʦʚʘʥʠʠ ʠʥʮʠʜʝʥʪʦʚ. 

 

5. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʜʘʥʥʳʭ 

ʇʦʩʣʝ ʦʙʨʘʙʦʪʢʠ ʠʥʬʦʨʤʘʮʠʷ ʜʦʣʞʥʘ ʙʳʪʴ ʜʦʩʪʫʧʥʘ ʨʘʟʣʠʯʥʳʤ ʢʘʪʝʛʦʨʠʷʤ 

ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʠ ʩʠʩʪʝʤ. ɼʣʷ ʵʪʦʛʦ ʧʨʠʤʝʥʷʝʪʩʷ ʤʝʭʘʥʠʟʤ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʜʘʥʥʳʭ, ʨʝʘʣʠʟʫʝʤʳʡ ʧʦʩʨʝʜʩʪʚʦʤ ʧʨʦʪʦʢʦʣʘ MQTT. ɽʛʦ ʦʩʦʙʝʥʥʦʩʪʠ 

ʧʦʟʚʦʣʷʶʪ ʦʨʛʘʥʠʟʦʚʘʪʴ ʛʠʙʢʫʶ ʩʭʝʤʫ ʜʦʩʪʘʚʢʠ ʩʦʦʙʱʝʥʠʡ: ʦʜʠʥ ʠʩʪʦʯʥʠʢ 

(ʜʘʪʯʠʢ ʠʣʠ ʢʦʥʪʨʦʣʣʝʨ) ʤʦʞʝʪ ʦʪʧʨʘʚʣʷʪʴ ʜʘʥʥʳʝ ʩʨʘʟʫ ʥʝʩʢʦʣʴʢʠʤ 

ʧʦʜʧʠʩʯʠʢʘʤ, ʙʫʜʴ ʪʦ ʜʠʩʧʝʪʯʝʨʩʢʠʡ ʧʫʥʢʪ, ʦʙʣʘʯʥʘʷ ʘʥʘʣʠʪʠʯʝʩʢʘʷ ʩʠʩʪʝʤʘ 

ʠʣʠ ʤʦʙʠʣʴʥʦʝ ʧʨʠʣʦʞʝʥʠʝ ʠʥʞʝʥʝʨʘ. 

ʇʝʨʚʠʯʥʳʤ ʧʦʣʫʯʘʪʝʣʝʤ ʜʘʥʥʳʭ ʷʚʣʷʝʪʩʷ ʜʠʩʧʝʪʯʝʨʩʢʘʷ ʩʠʩʪʝʤʘ 

ʫʧʨʘʚʣʝʥʠʷ. ɿʜʝʩʴ ʠʥʬʦʨʤʘʮʠʷ ʦʪʦʙʨʘʞʘʝʪʩʷ ʚ ʚʠʜʝ ʛʨʘʬʠʢʦʚ, ʪʘʙʣʠʮ ʠ ʩʠʛʥʘʣʦʚ 

ʪʨʝʚʦʛʠ. ɼʠʩʧʝʪʯʝʨ ʧʦʣʫʯʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ ʦʪʩʣʝʞʠʚʘʪʴ 

ʠʟʤʝʥʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʠ ʧʨʠʥʠʤʘʪʴ ʨʝʰʝʥʠʷ ʦ ʨʝʛʫʣʠʨʦʚʘʥʠʠ ʨʝʞʠʤʘ ʨʘʙʦʪʳ. 

ɺʪʦʨʘʷ ʚʘʞʥʘʷ ʪʦʯʢʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ï ʵʪʦ SCADA-ʩʠʩʪʝʤʘ, ʦʙʝʩʧʝʯʠʚʘʶʱʘʷ 

ʠʥʪʝʛʨʘʮʠʶ ʩ ʜʨʫʛʠʤʠ ʧʦʜʩʠʩʪʝʤʘʤʠ ʥʝʬʪʝʧʨʦʚʦʜʘ, ʚʢʣʶʯʘʷ ʥʘʩʦʩʥʳʝ ʩʪʘʥʮʠʠ, 

ʨʝʟʝʨʚʫʘʨʳ ʠ ʩʠʩʪʝʤʳ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ. 

ʂʨʦʤʝ ʪʦʛʦ, ʜʘʥʥʳʝ ʤʦʛʫʪ ʧʝʨʝʜʘʚʘʪʴʩʷ ʚ ʦʙʣʘʯʥʦʝ ʭʨʘʥʠʣʠʱʝ, ʛʜʝ 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʠʭ ʜʦʣʛʦʚʨʝʤʝʥʥʦʝ ʭʨʘʥʝʥʠʝ ʠ ʨʘʩʰʠʨʝʥʥʳʡ ʘʥʘʣʠʟ. ʊʘʢʦʡ 

ʧʦʜʭʦʜ ʦʪʢʨʳʚʘʝʪ ʜʦʩʪʫʧ ʢ ʠʥʬʦʨʤʘʮʠʠ ʜʣʷ ʩʧʝʮʠʘʣʠʩʪʦʚ, ʥʘʭʦʜʷʱʠʭʩʷ ʥʘ 

ʟʥʘʯʠʪʝʣʴʥʦʤ ʫʜʘʣʝʥʠʠ ʦʪ ʦʙʲʝʢʪʘ. ʅʘʧʨʠʤʝʨ, ʘʥʘʣʠʪʠʯʝʩʢʠʡ ʮʝʥʪʨ ʢʦʤʧʘʥʠʠ, 

ʨʘʩʧʦʣʦʞʝʥʥʳʡ ʚ ʜʨʫʛʦʤ ʛʦʨʦʜʝ, ʤʦʞʝʪ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ ʦʪʩʣʝʞʠʚʘʪʴ 

ʩʦʩʪʦʷʥʠʝ ʥʝʬʪʝʧʨʦʚʦʜʘ ʠ ʬʦʨʤʠʨʦʚʘʪʴ ʨʝʢʦʤʝʥʜʘʮʠʠ ʜʣʷ ʦʧʝʨʘʪʠʚʥʦʛʦ 

ʧʝʨʩʦʥʘʣʘ [5]. DFD-ʜʠʘʛʨʘʤʤʘ, ʜʝʤʦʥʩʪʨʠʨʫʶʱʘʷ ʧʦʵʪʘʧʥʦʩʪʠ ʨʘʙʦʪʳ 

ʧʨʦʮʝʩʩʦʚ, ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 2. 
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ʈʠʩ. 2. ï DFD-ʜʠʘʛʨʘʤʤʘ ʨʘʙʦʪʳ ʩʠʩʪʝʤʳ 

 

ʅʘʢʦʥʝʮ, ʦʪʜʝʣʴʥʦʝ ʥʘʧʨʘʚʣʝʥʠʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʩʚʷʟʘʥʦ ʩ ʩʠʩʪʝʤʘʤʠ 

ʫʚʝʜʦʤʣʝʥʠʡ. ɺ ʩʣʫʯʘʝ ʚʳʷʚʣʝʥʠʷ ʢʨʠʪʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʩʠʩʪʝʤʘ 

ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʦʪʧʨʘʚʣʷʝʪ ʦʧʦʚʝʱʝʥʠʷ ʦʪʚʝʪʩʪʚʝʥʥʳʤ ʩʦʪʨʫʜʥʠʢʘʤ ʯʝʨʝʟ SMS, 

e-mail ʠʣʠ ʢʦʨʧʦʨʘʪʠʚʥʳʝ ʤʝʩʩʝʥʜʞʝʨʳ. ʕʪʦ ʟʥʘʯʠʪʝʣʴʥʦ ʫʩʢʦʨʷʝʪ ʨʝʘʢʮʠʶ ʥʘ 

ʧʦʪʝʥʮʠʘʣʴʥʳʝ ʫʛʨʦʟʳ ʠ ʩʥʠʞʘʝʪ ʚʝʨʦʷʪʥʦʩʪʴ ʨʘʟʚʠʪʠʷ ʘʚʘʨʠʡʥʦʡ ʩʠʪʫʘʮʠʠ. 

 

6. ɿʘʢʣʶʯʝʥʠʝ 

ʉʙʦʨ, ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʜʘʥʥʳʭ ʦ ʧʘʨʘʤʝʪʨʘʭ ʥʝʬʪʝʧʨʦʚʦʜʘ 

ʠʤʝʶʪ ʮʝʣʳʡ ʨʷʜ ʧʨʘʢʪʠʯʝʩʢʠʭ ʧʨʝʠʤʫʱʝʩʪʚ. ʇʨʝʞʜʝ ʚʩʝʛʦ, ʵʪʦ ʧʦʚʳʰʝʥʠʝ 

ʙʝʟʦʧʘʩʥʦʩʪʠ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ ʥʝʬʪʠ. ɹʣʘʛʦʜʘʨʷ ʧʦʩʪʦʷʥʥʦʤʫ ʤʦʥʠʪʦʨʠʥʛʫ ʠ 

ʘʚʪʦʤʘʪʠʯʝʩʢʦʤʫ ʨʝʘʛʠʨʦʚʘʥʠʶ ʩʥʠʞʘʝʪʩʷ ʚʝʨʦʷʪʥʦʩʪʴ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʘʚʘʨʠʡ, 

ʫʪʝʯʝʢ ʠ ʚʟʨʳʚʦʚ. ɺ ʫʩʣʦʚʠʷʭ, ʢʦʛʜʘ ʧʦʩʣʝʜʩʪʚʠʷ ʧʦʜʦʙʥʳʭ ʧʨʦʠʩʰʝʩʪʚʠʡ ʤʦʛʫʪ 

ʙʳʪʴ ʢʘʪʘʩʪʨʦʬʠʯʝʩʢʠʤʠ ʢʘʢ ʜʣʷ ʵʢʦʥʦʤʠʢʠ, ʪʘʢ ʠ ʜʣʷ ʵʢʦʣʦʛʠʠ, ʜʘʥʥʦʝ 

ʧʨʝʠʤʫʱʝʩʪʚʦ ʷʚʣʷʝʪʩʷ ʢʣʶʯʝʚʳʤ. 

ɺʪʦʨʦʡ ʘʩʧʝʢʪ ï ʩʥʠʞʝʥʠʝ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʟʘʪʨʘʪ. ɸʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʝ 

ʩʠʩʪʝʤʳ ʧʦʟʚʦʣʷʶʪ ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ ʢʦʣʠʯʝʩʪʚʦ ʚʥʝʧʣʘʥʦʚʳʭ ʨʝʤʦʥʪʦʚ ʠ 

ʧʨʦʩʪʦʝʚ ʦʙʦʨʫʜʦʚʘʥʠʷ. ʇʣʘʥʦʚʦʝ ʦʙʩʣʫʞʠʚʘʥʠʝ, ʦʩʥʦʚʘʥʥʦʝ ʥʘ ʬʘʢʪʠʯʝʩʢʦʤ 

ʩʦʩʪʦʷʥʠʠ ʪʨʫʙʦʧʨʦʚʦʜʘ, ʦʙʭʦʜʠʪʩʷ ʟʥʘʯʠʪʝʣʴʥʦ ʜʝʰʝʚʣʝ, ʯʝʤ ʫʩʪʨʘʥʝʥʠʝ 

ʧʦʩʣʝʜʩʪʚʠʡ ʘʚʘʨʠʠ. 

ʊʨʝʪʠʡ ʚʘʞʥʳʡ ʵʬʬʝʢʪ ʩʚʷʟʘʥ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʩʨʦʢʘ ʩʣʫʞʙʳ ʦʙʦʨʫʜʦʚʘʥʠʷ. 

ʈʝʛʫʣʷʨʥʳʡ ʢʦʥʪʨʦʣʴ ʧʘʨʘʤʝʪʨʦʚ ʧʦʟʚʦʣʷʝʪ ʠʟʙʝʛʘʪʴ ʨʘʙʦʪʳ ʪʨʫʙʦʧʨʦʚʦʜʘ ʚ 

ʵʢʩʪʨʝʤʘʣʴʥʳʭ ʨʝʞʠʤʘʭ, ʯʪʦ ʩʥʠʞʘʝʪ ʠʟʥʦʩ ʥʘʩʦʩʦʚ, ʧʦʜʦʛʨʝʚʘʪʝʣʝʡ ʠ ʪʨʫʙ. 

ʅʝ ʤʝʥʝʝ ʟʥʘʯʠʤʳʤ ʷʚʣʷʝʪʩʷ ʠ ʬʘʢʪʦʨ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʫʧʨʘʚʣʝʥʠʷ. ʈʫʢʦʚʦʜʠʪʝʣʠ ʠ ʠʥʞʝʥʝʨʳ ʧʦʣʫʯʘʶʪ ʜʦʩʪʫʧ ʢ ʧʦʣʥʳʤ ʠ 

ʜʦʩʪʦʚʝʨʥʳʤ ʜʘʥʥʳʤ, ʯʪʦ ʫʧʨʦʱʘʝʪ ʧʨʠʥʷʪʠʝ ʨʝʰʝʥʠʡ, ʜʝʣʘʝʪ ʩʠʩʪʝʤʫ 

ʫʧʨʘʚʣʝʥʠʷ ʙʦʣʝʝ ʧʨʦʟʨʘʯʥʦʡ ʠ ʦʙʦʩʥʦʚʘʥʥʦʡ. ɺ ʫʩʣʦʚʠʷʭ ʮʠʬʨʦʚʠʟʘʮʠʠ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʪʘʢʦʡ ʧʦʜʭʦʜ ʩʪʘʥʦʚʠʪʩʷ ʦʙʷʟʘʪʝʣʴʥʳʤ ʪʨʝʙʦʚʘʥʠʝʤ ʜʣʷ 

ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʳʭ ʢʦʤʧʘʥʠʡ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʥʝʜʨʝʥʠʝ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʡ ʩʠʩʪʝʤʳ ʩʙʦʨʘ, ʦʙʨʘʙʦʪʢʠ ʠ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʜʘʥʥʳʭ ʦ ʧʘʨʘʤʝʪʨʘʭ ʥʝʬʪʝʧʨʦʚʦʜʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʦʪʦʢʦʣʘ 

MQTT ʦʙʝʩʧʝʯʠʚʘʝʪ ʢʦʤʧʣʝʢʩʥʳʡ ʧʦʣʦʞʠʪʝʣʴʥʳʡ ʵʬʬʝʢʪ. ʆʥʘ ʥʝ ʪʦʣʴʢʦ 



 
ΠΠ 

ʧʦʚʳʰʘʝʪ ʫʨʦʚʝʥʴ ʙʝʟʦʧʘʩʥʦʩʪʠ ʠ ʥʘʜʝʞʥʦʩʪʠ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ ʫʛʣʝʚʦʜʦʨʦʜʦʚ, 

ʥʦ ʠ ʩʧʦʩʦʙʩʪʚʫʝʪ ʵʢʦʥʦʤʠʠ ʨʝʩʫʨʩʦʚ, ʩʥʠʞʝʥʠʶ ʟʘʪʨʘʪ ʠ ʫʩʪʦʡʯʠʚʦʤʫ ʨʘʟʚʠʪʠʶ 

ʥʝʬʪʝʛʘʟʦʚʦʡ ʦʪʨʘʩʣʠ. 
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ɸשʜʘʪʧʘ. ʂʘʪʘʣʠʪʠʢʘʣʳץ ʨʠʬʦʨʤʠʥʛ ʤײʥʘʡ ᴇשʜʝʫʜʽש ʥʝʛʽʟʛʽ ʧʨʦʮʝʩʪʝʨʽʥʽש 

ʙʽʨʽ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. ʆʣ ʙʝʥʟʠʥ ʬʨʘʢʮʠʷʣʘʨʳʥʳש ʦʢʪʘʥ ʩʘʥʳʥ ʘʨʪʪʳʨʫʜʳש ʞᴅʥʝ 

ʙʘʩץʘ ʪʝʭʥʦʣʦʛʠʷʣʳץ ץʦʥʜʳʨסʳʣʘʨסʘ ץʘʞʝʪʪʽ ʩʫʪʝʛʽʥ  ʘʣʫʜʳ ץʘʤʪʘʤʘʩʳʟ ʝʪʝʜʽ. 

ᴆʪʝʪʽʥ ʨʝʘʢʮʠʷʣʘʨʜʳש ʢװʨʜʝʣʽ ʩʠʧʘʪʳ ʞᴅʥʝ ʰʠʢʽʟʘʪ ʩʘʧʘʩʳʥʘ ʞʦסʘʨʳ 

ʩʝʟʽʤʪʘʣʜʳסʳ ʙʘʩץʘʨʫ ʞװʡʝʣʝʨʽʥʝ ץʘʪʘש ʪʘʣʘʧ ץʦʷʜʳ. ʄʘץʘʣʘʜʘ ʨʠʬʦʨʤʠʥʛ 

ʧʨʦʮʝʩʽʥʽש ʥʝʛʽʟʛʽ ʧʘʨʘʤʝʪʨʣʝʨʽʥ ï ʪʝʤʧʝʨʘʪʫʨʘʣʳץ, ʰʳסʳʥʜʳץ ʞᴅʥʝ H2/HC 

 ʘʥ. ʐʠʢʽʟʘʪסʘʪʳʥʘʩ ʢʦʥʪʫʨʣʘʨʳʥ ʘʚʪʦʤʘʪʪʳ ʨʝʪʪʝʫ ᴅʜʽʩʪʝʨʽʥʝ ʰʦʣʫ ʞʘʩʘʣץ

 ʜʝʛʨʘʜʘʮʠʷʩʳ ʢʝʟʽʥʜʝ ʪʫʳʥʜʘʡʪʳʥ שᴇʟʛʝʨʫʽ ʤʝʥ ʢʘʪʘʣʠʟʘʪʦʨʜʳ שʨʘʤʳʥʳײץ

ʘʥʳץʪʘʣʤʘסʘʥʜʳץ ʤᴅʩʝʣʝʣʝʨʽʥʝ ʝʨʝʢʰʝ ʢᴇשʽʣ ʙᴇʣʽʥʛʝʥ. ɾײʤʳʩʪʳש ʞʘשʘʣʳסʳ 

ʢʘʪʘʣʠʪʠʢʘʣʳץ ʨʠʬʦʨʤʠʥʛ ʧʨʦʮʝʩʽʥʝ ʪᴅʥ ʪʝʭʥʦʣʦʛʠʷʣʳץ ʧʘʨʘʤʝʪʨʣʝʨ ʤʝʥ 

https://smartgopro.com/novosti2/IoT_oil_gas_industry/
https://rosstip.ru/news/3423-rol-iot-i-datchikov-v-sovremennykh-sistemakh-monitoringa-kachestva-nefti
https://rosstip.ru/news/3423-rol-iot-i-datchikov-v-sovremennykh-sistemakh-monitoringa-kachestva-nefti
https://moluch.ru/archive/521/115069
https://kedrsolutions.ru/projects/iot-ustrojstvo-dlya-kontrolya-datchikov-v-nefte-i-gazodobyche
https://kedrsolutions.ru/projects/iot-ustrojstvo-dlya-kontrolya-datchikov-v-nefte-i-gazodobyche
mailto:zha.amitova@aues.kz
mailto:s.zhussupbekov@aues.kz


 
ΠΡ 

ʘʥʳץʪʘʣʤʘסʘʥʜʳץ ʬʘʢʪʦʨʣʘʨʳʥ ʞװʡʝʣʝʫʜʝ, ʩʦʥʜʘʡ-ʘץ UniSim Design 

ʧʣʘʪʬʦʨʤʘʩʳʥ ʧʨʦʮʝʩʪʽש ʮʠʬʨʣʳץ ʝʛʽʟʽʥ ײץʨʫʜʳש ʞᴅʥʝ ʘʥʳץ ʝʤʝʩ ʣʦʛʠʢʘסʘ 

ʥʝʛʽʟʜʝʣʛʝʥ ʠʥʪʝʣʣʝʢʫʘʣʜʳ ʨʝʪʪʝʛʽʰʪʝʨʜʽ ʝʥʛʽʟʫʜʽש ʥʝʛʽʟʽ ʨʝʪʽʥʜʝ ץʘʨʘʩʪʳʨʫʜʳ 

  .ʩʳʥʫʜʘ ʞʘʪʳʨײ

ʂʽʣʪ ʩᴇʟʜʝʨ: ʢʘʪʘʣʠʪʠʢʘʣʳץ ʨʠʬʦʨʤʠʥʛ; ʘʚʪʦʤʘʪʪʘʥʜʳʨʫ; PID-ʨʝʪʪʝʫ; 

ʘʥʳץʪʘʣʤʘסʘʥʜʳץ; ʢʘʪʘʣʠʟʘʪʦʨʜʳש ʜʝʛʨʘʜʘʮʠʷʩʳ; ʠʥʪʝʣʣʝʢʪʫʘʣʜʳ ʙʘʩץʘʨʫ; 

UniSim Design.  

 

ʂʽʨʽʩʧʝ 

ʂʘʪʘʣʠʪʠʢʘʣʳץ ʨʠʬʦʨʤʠʥʛ ʤײʥʘʡʜʳ ʪʝʨʝש ᴇשʜʝʫ ʪʽʟʙʝʛʽʥʜʝʛʽ ʦʨʪʘʣʳץ 

ʦʨʳʥסʘ ʠʝ. ʆʥʳש ʥʝʛʽʟʛʽ ᴇʥʽʤʜʝʨʽ ï ʤʦʪʦʨ ʦʪʳʥʳʥʳש ʞʦסʘʨʳ ʦʢʪʘʥʜʳ 

ʢʦʤʧʦʥʝʥʪʽʨʝʪʽʥʜʝ ץʦʣʜʘʥʳʣʘʪʳʥ ʪײʨʘץʪʳ ʢʘʪʘʣʠʟʘʪ ʞᴅʥʝ ʤײʥʘʡʭʠʤʠʷʜʘסʳ 

ʛʠʜʨʦʪʘʟʘʣʘʫ ʤʝʥ ʙʘʩץʘ ʜʘ ʧʨʦʮʝʩʪʝʨʜʝ ʩײʨʘʥʳʩץʘ ʠʝ ʩʫʪʝʛʽ. ʂʘʪʘʣʠʟʘʪ ʩʘʧʘʩʳ 

ʨʝʘʢʪʦʨʣʳץ ʘʡʤʘץʪʘʨʜʳש ʰʳסʳʩʳʥʜʘסʳ ʪʝʤʧʝʨʘʪʫʨʘ, ʨʝʮʠʥʢʫʣʷʮʠʷ 

ʢʦʥʪʫʨʳʥʜʘסʳ ץʳʩʳʤ ʞᴅʥʝ H2/HC ץʘʪʳʥʘʩʳ ʩʠʷץʪʳ ʪʝʭʥʦʣʦʛʠʷʣʳץ 

ʧʘʨʘʤʝʪʨʣʝʨʜʽש ʪʝʭʥʦʣʦʛʠʷʣʳץ ʪײʨʘץʪʳʣʳסʳʥʘ ʪʽʢʝʣʝʡ ʙʘʡʣʘʥʳʩʪʳ.  

ʈʠʬʦʨʤʠʥʛ ץʦʥʜʳʨסʳʩʳʥʳש ʪʠʽʤʜʽ ʢʘʪʘʣʠʟʘʪʦʨʜʳש ʩʘʧʘʩʳ ʤʝʥ ʨʘʝʢʪʦʨ 

ʙʣʦʛʳʥʳש ʢʦʥʩʪʨʫʢʮʠʷʩʳʤʝʥ ץʘʪʘʨ ʙʘʩץʘʨʫ ʞװʡʝʩʽʥʽש ʘʚʪʦʤʘʪʪʘʥʜʳʨʳʣʫ 

ʜʝשʛʝʡʽʤʝʥ ʜʝ ʘʥʳץʪʘʣʘʜʳ. ʊᴅʞʽʨʠʙʝʜʝ ʨʝʪʪʝʫ װʰʽʥ ʢʘʩʢʘʜʪʳ PID-ʢʦʥʪʫʨʣʘʨ, 

ʘסʳʥʜʘʨ ץʘʪʳʥʘʩʳʥ ײʩʪʘʧ ʦʪʳʨʫ ʩʪʘʥʮʠʷʣʘʨʳ (ratio control), ʩʦʥʜʘʡ-ʘץ ʧʝʰʪʝʨʛʝ 

ʦʪʳʥ ʙʝʨʫ ʘʨץʳʣʳ ʪʝʤʧʝʨʘʪʫʨʘʥʳ ʨʝʪʪʝʫʜʽש ʢʘʩʢʘʜʪʳ ʩʭʝʤʘʣʘʨʳ ץʦʣʜʘʥʳʣʘʜʳ. 

ɸʣʘʡʜʘ, ʙʽʨץʘʪʘʨ ʟʝʨʪʪʝʫʣʝʨʜʝ ʢᴇʨʩʝʪʽʣʛʝʥʜʝʡ, ʤײʥʜʘʡ ᴅʜʽʩʪʝʨ ʰʠʢʽʟʘʪ 

ʩʘʧʘʩʳʥʳש ᴇʟʛʝʨʫʽ ʥʝʤʝʩʝ ʢʘʪʘʣʠʟʘʪʦʨ ʙʝʣʩʝʥʜʽʣʽʛʽʥʽש ʪᴇʤʝʥʜʝʫʽ ʞʘסʜʘʡʳʥʜʘ 

ʰʝʢʪʝʫʣʽ ʪʠʽʤʜʽʣʽʢʢʝ ʠʝ. 

ʄײʥʘʡʭʠʤʠʷʣʳץ ʧʨʦʮʝʩʪʝʨʜʽש ʘʚʪʦʤʘʪʪʘʥʜʳʨʫʜʘסʳ ץʘʟʽʨʛʽ ʪʝʥʜʝʥʮʠʷʣʘʨ 

ʙʘʩץʘʨʫʜʳש ʘʥʘײסʨʣʳʤ ʠʥʪʝʣʣʝʢʪʫʘʣʜʳ ᴅʜʽʩʪʝʨʽʥʝ ʢᴇʰʫ ץʘʞʝʪʪʽʛʽʥ ʘʡץʳʥʜʘʡʜʳ. 

ʆʣʘʨʜʳץ שʘʪʘʨʳʥ ʘʜʘʧʪʠʚʪʽ ʘʣʛʦʨʠʪʤʜʝʨ, ʘʥʳץ ʝʤʝʩ ʨʝʛʫʣʷʪʦʨʣʘʨ ʞᴅʛʝ ʮʠʬʨʣʳץ 

ʝʛʽʟ ʪʝʭʥʦʣʦʛʠʷʣʘʨʳ ʞʘʪʘʜʳ. ʆʩʳ ʪײʨסʳʜʘ ʢʘʪʘʣʠʪʠʢʘʣʳץ ʨʠʬʦʨʤʠʥʛ ʧʨʦʮʝʩʽ 

ʟʝʨʪʪʝʫʣʝʨ װʰʽʥ ʘʡץʳʥ װʣʛʽ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ: ʦʣ ʞʦסʘʨʳ ʵʢʦʥʦʤʠʢʘʣʳץ 

ʤʘשʳʟʜʳʣʳץʪʳ , ᴇʟʘʨʘ ʙʘʡʣʘʥʳʩʪʳ ʙʽʨʥʝʰʝ ʨʝʪʪʝʫ ʢʦʥʪʫʨʣʘʨʳʥʳש ʙʦʣʫʳʥ ʞᴅʥʝ 

ʘʥʳץʪʘʣʤʘסʘʥʜʳץʪʘʨסʘ ʘʡץʳʥ ʩʝʟʽʤʪʘʣʜʳץʪʳ ʙʽʨʽʢʪʽʨʝʜʽ.  

ʆʩʳ ʤʘץʘʣʘʥʳש ʤʘץʩʘʪʳ ï ʢʘʪʘʣʠʪʠʢʘʣʳץ ʨʠʬʦʨʤʠʥʛ ʧʨʦʮʝʩʽʥ ʙʘʩץʘʨʫʜʳש 

 ʪʘʨʳ ʤʝʥץʰʳʣʳץʘʨʪʳ שʳ ʪᴅʩʽʣʜʝʨʽʥʝ ʰʦʣʫ ʞʘʩʘʧ, ʦʣʘʨʜʳסʦʣʜʘʥʳʩʪʘץ

ʰʝʢʪʝʫʣʝʨʽʥ ʘʡץʳʥʜʘʫ, ʩʦʥʜʘʡ-ʘץ ʠʥʪʝʣʣʝʢʪʫʘʣʜʳ ᴅʜʽʩʪʝʨʜʽ ץʦʣʜʘʥʫʤʝʥ 

ʙʘʡʣʘʥʳʩʪʳ ᴅʨʽ ץʘʨʘʡ ʟʝʨʪʪʝʫʣʝʨʛʝ ʘʨʥʘʣסʘʥ ʤʽʥʜʝʪ ץʦʶ.  

 

ʂʘʪʘʣʠʪʠʢʘʣʳץ ʨʠʬʦʨʤʠʥʛ ʧʨʦʮʝʩʽʥ ʙʘʩץʘʨʫʜʳש ʟʘʤʘʥʘʫʠ ʪᴅʩʽʣʜʝʨʽ 

ʂʣʘʩʩʠʢʘʣʳץ ʪᴅʩʽʣʜʝʨ.  

ʂᴇʧʪʝʛʝʥ ᴇʥʝʨʢᴅʩʩʽʧʪʽʢ ץʦʥʜʳʨסʳʣʘʨʜʘ ʨʝʘʢʪʦʨʣʘʨʜʳש ʪʝʤʧʝʨʘʪʫʨʘʩʳʥ, 

ʨʝʮʠʨʢʫʣʷʮʠʷ ץʳʩʳʤʳʥʞᴅʥʝ ʰʠʢʽʟʘʪ ʰʳסʳʥʜʘʨʳʥ ʪײʨʘץʪʘʥʜʳʨʫ װʰʽʥ PID-

ʨʝʪʪʝʛʽʰʪʝʨ ץʦʣʜʘʥʳʣʘʜʳ. ɾʳʣʫʣʳץ ʙʘʣʘʥʩʪʳ ʙʘʩץʘʨʫ װʰʽʥ ʢʘʩʢʘʜʪʳ ʩʭʝʤʘʣʘʨ 

ʧʘʡʜʘʣʘʥʳʣʘʜʳ: ʩʳʨʪץʳ ʢʦʥʪʫʨ ʰʳסʳʩʳʥʜʘסʳ ʪʝʤʧʝʨʘʪʫʨʘʥʳ ײʩʪʘʧ ʪײʨʘʜʳ, ʘʣ 

ʽʰʢʽ ʢʦʥʪʫʨ ʧʝʰʢʝ ʙʝʨʽʣʝʪʽʥ ʦʪʳʥ ʤᴇʣʰʝʨʽʥ ʨʝʪʪʝʡʜʽ. ʄײʥʜʘʡ ʩʭʝʤʘʣʘʨ ʽʩʢʝ 

ʘʩʳʨʫʜʘ ץʘʨʘʧʘʡʳʤ ᴅʨʽ ʰʠʢʽʟʘʪ ʪײʨʘץʪʳ ʞʘסʜʘʡʜʘ ᴇʟ ʪʠʽʤʜʽʣʽʛʽʥ ʜᴅʣʝʣʜʝʛʝʥ. 



 
ΠΣ 

H2/HC ץʘʪʳʥʘʩʳʥ ײʩʪʘʧ ʪײʨʫ (ratio-ʢʦʥʪʨʦʣʴ) ʢʘʪʘʣʠʟʘʪʦʨʜʳש ʢʦʢʩʪʝʥʫʽʥ 

ʙʦʣʜʳʨʤʘʫ װʰʽʥ ʢʝשʽʥʝʥ ץʦʣʜʘʥʳʣʘʜʳ. ʆʣ ʨʝʪʪʝʫ ʩʪʘʥʮʠʷʩʳ ʘʨץʳʣʳ ʞװʟʝʛʝ 

ʘʩʳʨʳʣʘʜʳ, ʤײʥʜʘ ʩʫʪʝʛʽ ʰʳסʳʥʳ ʢᴇʤʽʨʩʫʪʝʢ ʰʠʢʽʟʘʪʳʥʳש ʰʳסʳʥʳʥʘ ʩᴅʡʢʝʩ 

ʪװʟʝʪʽʣʝʜʽ. 

 
1 ʩʫʨʝʪ ï ʈʠʬʦʨʤʠʥʛ ʧʨʦʮʝʩʽʥʜʝ H2/HC ץʘʪʳʥʘʩʳʥ ײʩʪʘʧ ʪײʨʫʜʳש ratio-control 

ʩʭʝʤʘʩʳ 

 

ʊʠʽʤʜʽʣʽʛʽʥʝ ץʘʨʘʤʘʩʪʘʥ, ʙײʣ ʪᴅʩʽʣ ʰʠʢʽʟʘʪ ʩʘʧʘʩʳʥʳש ᴇʟʛʝʨʫʽʥ ʞᴅʥʝ 

ʢʘʪʘʣʠʟʘʪʦʨʜʳש ʜʝʛʨʘʜʘʮʠʷʩʳʥ ʝʩʢʝʨʤʝʡʜʽ, ʦʥʳש ʩʘʣʜʘʨʳʥʘʥ ʩʫʪʝʛʽʥʽש ʘʨʪʳץ 

ʞײʤʩʘʣʫʳʥʘ ᴅʢʝʣʫʽ ʤװʤʢʽʥ. 

 

ɿʘʤʘʥʘʫʠ ʰʝʰʽʤʜʝʨ 

ʉʦסשʳ ʞʳʣʜʘʨʳ APC (Advanced Procoss Control ï ʞʝʪʽʣʜʽʨʽʣʛʝʥ ʧʨʦʮʝʩʩ 

ʙʘʩץʘʨʫ) ʞᴅʥʝ MPC (Model Predictive Control ï ʤʦʜʝʣʴʜʽʢ ʙʦʣʞʘʤʜʳ ʙʘʩץʘʨʫ) 

ᴅʜʽʩʪʝʨʽ ץʘʨץʳʥʜʳ ʜʘʤʫʜʘ. ɹײʣ ʪᴅʩʽʣʜʝʨ ʘʡʥʳʤʘʣʳʣʘʨ ʘʨʘʩʳʥʜʘסʳ ᴇʟʘʨʘ 

ʙʘʡʣʘʥʳʩʪʘʨʜʳ ʝʩʢʝʨʫʛʝ ʞᴅʥʝ ʧʨʦʮʝʩʪʽש ʙʦʣʘʰʘץʪʘסʳ ʞװʨʽʩʽʥ ʙʦʣʞʘʫסʘ 

ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. ɼʝʛʝʥʤʝʥ, ʤײʥʜʘʡ ʰʝʰʽʤʜʝʨʜʽ ʝʥʛʽʟʫ װʰʽʥ ʥʘץʪʳ  ʤʦʜʝʣʴʜʝʨʜʽ 

 ʣײʨʜʝʣʽʣʽʛʽ ʙװʢ ץʢʠʥʝʪʠʢʘʣʳ ץʰʽʥ ʨʘʝʢʮʠʷʣʳװ ʘʞʝʪ, ʘʣ ʨʠʬʦʨʤʠʥʛץ ʨʫײץ

ʤʽʥʜʝʪʪʽ ʝʜᴅʫʽʨ ץʠʳʥʜʘʪʘʜʳ. 

 

ɸʥʳץʩʳʟʜʳש ʬʘʢʪʦʨʣʘʨʳ ʞᴅʥʝ ʦʣʘʨʜʳש ʙʘʩץʘʨʫסʘ ʳץʧʘʣʳ 

ʂʘʪʘʣʠʪʠʢʘʣʳץ ʨʠʬʦʨʤʠʥʛʪʽש ʥʝʛʽʟʛʽ ʝʨʝʢʰʝʣʽʢʪʝʨʽʥʽש ʙʽʨʽ ï 

ʪʝʭʥʦʣʦʛʠʷʣʳץ ʢᴇʨʩʝʪʢʽʰʪʝʨʜʽש ʽʰʢʽ ʞᴅʥʝ ʩʳʨʪץʳ ᴅʩʝʨʣʝʨʛʝ ʩʝʟʽʤʪʘʣʜʳסʳ. 

ɹʘʩץʘ ʙʽʨץʘʪʘʨ ʤײʥʘʡʭʠʤʠʷʣʳץ ʧʨʦʮʝʩʪʝʨʜʝʥ ʘʡʳʤʘʰʳʣʳסʳ, ʤײʥʜʘ ʰʠʢʽʟʘʪʪʳ 

ʘʣʜʳʥ ʘʣʘ ʜʘʡʳʥʜʘʫ ᴇʟʛʝʨʽʩʪʝʨʜʽ ʪʦʣʳץ ᴇʪʝʤʝʡ, ʪײʨʘץʪʳʣʳסʳʥʘ ʳץʧʘʣ ʝʪʝʜʽ. 

1. ʐʠʢʽʟʘʪʪʳש ᴇʟʛʝʨʛʽʰʪʽʛʽ 

ʅʘʬʪʘ ʬʨʘʢʮʠʷʩʳʥʳײץ שʨʘʤʳ ʢʝʥ ʦʨʥʳʥʘ, ᴇשʜʽʨʫ ʤʘʫʩʳʤʳʥʘ ʞᴅʥʝ ʘʣʜʳʥ 

ʘʣʘ ᴇשʜʝʫ ʧʘʨʘʤʝʪʨʣʝʨʽʥʝ ʙʘʡʣʘʥʳʩʪʳ ʝʜᴅʫʽʨ ʘʫʳʪץʫʳ ʤװʤʢʽʥ. ʂװʢʽʨʪʪʽש ʥʝʤʝʩʝ 

ʥʘʬʪʝʥʜʽ ʢᴇʤʽʨʩʫʪʝʢʪʝʨʜʽש ʞʦסʘʨʳ ʤᴇʣʰʝʨʽ ʘʨʦʤʘʪʪʳ ץʦʩʳʣʳʩʪʘʨʜʳש 

ʰʳסʳʤʳʥ ʪᴇʤʝʥʜʝʪʝʜʽ ʞᴅʥʝ ʪʝʤʧʝʨʘʪʫʨʘ ʤʝʥ ʩʫʪʝʛʽ ʰʳסʳʥʳʥ ʨʝʪʪʝʫ 

ʫʩʪʘʚʢʘʣʘʨʳʥ ʪװʟʝʪʫʜʽ ʪʘʣʘʧ ʝʪʝʜʽ. ʂʣʘʩʩʠʢʘʣʳץ PID-ʨʝʪʪʝʛʽʰʪʝʨ ʤײʥʘʡ 

ᴇʟʛʝʨʽʩʪʝʨʜʽ ʝʩʢʝʨʤʝʡʜʽ, ʪʝʢ ʧʘʨʘʤʝʪʨʣʝʨʜʽש ʪʽʢʝʣʝʡ ʘʫʳʪץʫʳʥʘ ʞʘʫʘʧ ʙʝʨʝʜʽ.  



 
ΠΤ 

2. ʂʘʪʘʣʠʟʘʪʦʨʜʳש ʜʝʛʨʘʜʘʮʠʷʩʳ 

ʋʘץʳʪ ᴇʪʝ ʢʝʣʝ ʢʦʢʩʪʝʥʮ ʞᴅʥʝ ʪʝʨʤʠʷʣʳץ ץʘʨʪʘʶ ʩʘʣʜʘʨʳʥʘʥ ʢʘʪʘʣʠʟʘʪʦʨ 

ʙʝʣʩʝʥʜʽʣʽʛʽ ʪᴇʤʝʥʜʝʡʜʽ. ɹײʣ ʪײʨʘץʪʳ ʦʢʪʘʥ ʩʘʥʳʥ ʩʘץʪʘʫ װʰʽʥ ʨʝʘʢʪʦʨ 

ʪʝʤʧʝʨʘʪʫʨʘʣʘʨʳʥ ʘʨʪʪʳʨʫ ץʘʞʝʪʪʽʣʽʛʽʥ ʪʫʜʳʨʘʜʳ. ɼᴅʩʪװʨʣʽ ʪװʨʜʝ ʦʧʝʨʘʪʦʨʣʘʨ 

ʤײʥʳ ץʦʣʤʝʥ ᴇʪʝʡʜʽ, ʘʣʘʡʜʘ ʘʚʪʦʤʘʪʪʳ ʙʘʩץʘʨʫ ʞװʡʝʩʽ ʤײʥʜʘʡ ᴇʟʛʝʨʽʩʪʝʨʜʽ 

ʘʣʜʳʥ ʘʣʘ ץʘʨʘʩʪʳʨʫʳ ʪʠʽʩ. 

3. ɾʘʙʜʳץʪʳש ʪʝʭʥʠʢʘʣʳץ ʰʝʢʪʝʫʣʝʨʽ 
ʉʫʪʝʛʽʥʽ ʨʝʮʠʨʢʫʣʷʮʠʷʣʘʫ ʢʦʤʧʨʝʩʩʦʨʣʘʨʳ ʤʝʥ ץʳʟʜʳʨסʳʰ ʧʝʰʪʝʨʜʽש 

ᴇʥʽʤʜʽʣʽʛʽ ʰʝʢʪʝʫʣʽ. ʐʠʢʽʟʘʪ ʩʘʧʘʩʳ ʥʘʰʘʨʣʘסʘʥ ʞʘסʜʘʡʜʘ ʩʫʪʝʛʽ ʥʝʤʝʩʝ ʞʳʣʫ ʙʝʨʫ 

 ʥʜʘʡײʤʢʽʥ. ʄװʣʠʤʠʪʪʝʨʛʝ ʪʽʨʝʣʫʽ ʤ ץʦʣ ʪʝʭʥʠʢʘʣʳ ץʘʞʝʪʪʽʣʽʛʽ ʪʫʳʥʜʘʡʜʳ, ʙʽʨʘץ

ʞʘסʜʘʡʜʘ ʢʣʘʩʩʠʢʘʣʳץ ʨʝʪʪʝʫ ʪʠʽʤʜʽʣʽʛʽʥ ʞᴅʥʝ ʦʨʥʳץʪʳʣʳסʳʥ ʞʦסʘʣʪʘʜʳ. 

4. ᴆʣʰʝʫ ץʘʪʝʣʝʨʽ 

ʊʝʤʧʝʨʘʪʫʨʘ ʤʝʥ ʰʳסʳʥ ʜʘʪʯʠʢʪʝʨʽ װʟʜʽʢʩʽʟ ʨʝʞʠʤʜʝ ʰʫʜʳש ʞᴅʥʝ ʞװʡʝʣʽʢ 

 ʣ ʨʝʪʪʝʫײʜʘʡʣʘʨʳʥʜʘ ʙסʠʳʥ ʧʘʡʜʘʣʘʥʫ ʞʘפ .ʧʘʣʳʥʜʘ ʙʦʣʘʜʳץʳ שʘʪʝʣʽʢʪʝʨʜʽץ

ʢʦʥʪʫʨʣʘʨʳʥʳש ʞײʤʳʩʳʥʘ ץʦʩʳʤʰʘ ʘʥʳץʪʘʣʤʘסʘʥʜʳץ ʝʥʛʽʟʜʽ. 

 

1 ʢʝʩʪʝ ï ɸʥʳץʪʘʣʤʘסʘʥʜʳץʪʳש ʥʝʛʽʟʛʽ ʬʘʢʪʦʨʣʘʨʳ, ʦʣʘʨʜʳש ʙʘʩץʘʨʫ 

ʞװʡʝʩʽʥʽʝ ᴅʩʝʨʽ 

ɸʥʳץʪʘʣʤʘסʘʥʜʳץ 

ʬʘʢʪʦʨʳ 

ʉʝʙʝʙʽ ʇʨʦʮʝʩʢʝ ᴅʩʝʨʽ 

ʐʠʢʽʟʘʪ ײץʨʘʤʳ ʊʳסʳʟʜʳץʪʳש, 

ʢװʢʽʨʪʪʽש, ʬʨʘʢʮʠʷʣʳץ 

 ᴇʟʛʝʨʫʽ שʨʘʤʥʳײץ

ʆʢʪʘʥ ʩʘʥʳʥʳש ʘʫʳʪץʫʳ, H2-ʛʝ 

ʩײʨʘʥʳʩʪʳש ʘʨʪʫʳ 

ʂʘʪʘʣʠʟʘʪʦʨʜʳש 

ʜʝʛʨʘʜʘʮʠʷʩʳ 

ʂʦʢʩ ʪװʟʽʣʫʽ, ʝʩʢʽʨʫʽ ɹʝʣʩʝʥʜʽʣʽʢʪʽש ʪᴇʤʝʥʜʝʫʽ, ʨʝʘʢ-

ʪʦʨ ʪʝʤʧʝʨʘʪʫʨʘʩʳʥ ʘʨʪʪʳʨʫ 

 ʘʞʝʪʪʽʣʽʛʽץ

ɾʘʙʜʳץʪʳש 

ʰʝʢʪʝʫʣʝʨʽ 

ʂʦʤʧʨʝʩʩʦʨ, 

ʧʝʰʪʝʨʜʽש ʰʝʛʽ 

ʊײʨʘץʪʳʣʳץʪʳש ʞʦסʘʣʫʳ, 

ʵʥʝʨʛʠʷʥʳש ʘʨʪʳץ ʰʳסʳʥʳ 

ᴆʣʰʝʫ ץʘʪʝʣʝʨʽ ʐʫ, ʜʘʪʯʠʢʪʝʨʜʽש 

ʜʨʝʡʬʽ 

ɼᴅʣ ʝʤʝʩ ʫʩʪʘʚʢʘʣʘʨ, 

ʧʘʨʘʤʝʪʨʣʝʨʜʽש ʪʝʨʙʝʣʫʽ 

 

ɹײʣ ʙᴇʣʽʤʥʽש ʞʘשʘʣʳסʳ: ʤʘץʘʣʘʜʘ ʢʘʪʘʣʠʪʠʢʘʣʳץ ʨʠʬʦʨʤʠʥʛ ʧʨʦʮʝʩʽ װʰʽʥ 

ʘʥʳץʪʘʣʤʘסʘʥʜʳץ ʬʘʢʪʦʨʣʘʨʳ ʘʣסʘʰ ʨʝʪ ʢʝʰʝʥʜʽ ʪװʨʜʝ ʞʽʢʪʝʣʽʧ, ʦʣʘʨ ʪᴇʨʪ 

ʥʝʛʽʟʛʽ ʪʦʧץʘ ʙᴇʣʽʥʽʧ ʢᴇʨʩʝʪʽʣʜʽ. 

 

ʄʽʥʜʝʪ ץʦʶ ʞᴅʥʝ ᴅʨʽ ץʘʨʘʡ ʟʝʨʪʪʝʫ ʙʘסʳʪʪʘʨʳ 

ɾʘʩʘʣסʘʥ ʰʦʣʫ ʢᴇʨʩʝʪʢʝʥʜʝʡ, ʢʣʘʩʩʠʢʘʣʳץ ʨʝʪʪʝʫ ᴅʜʽʩʪʝʨʽ (PID, ʢʘʩʢʘʜʪʳ 

ʩʭʝʤʘʣʘʨ, ratio-ʢʦʥʪʨʦʣʴ) ʪʝʢ ʰʠʢʽʟʘʪ ʪײʨʘץʪʳ ʞᴅʥʝ ʢʘʪʘʣʠʟʘʪʦʨ ʞʘשʘ ʙʦʣסʘʥ 

ʞʘסʜʘʡʜʘ ץʘʥʘסʘʪʪʘʥʘʨʣʳץ ʙʘʩץʘʨʫ ʩʘʧʘʩʳʥ ץʘʤʪʘʤʘʩʳʟ ʝʪʝʜʽ. ɸʥʳץʪʘʣʤʘ-

 ץʜʝʛʨʘʜʘʮʠʷʩʳ, ʞʘʙʜʳ שᴇʟʛʝʨʫʽ, ʢʘʪʘʣʠʟʘʪʦʨʜʳ שʪʘʨ (ʰʠʢʽʟʘʪ ʩʘʧʘʩʳʥʳץʘʥʜʳס

ʰʝʢʪʝʫʣʝʨʽ) ʢʝʟʽʥʜʝ ʙײʣ ᴅʜʽʩʪʝʨʽʥʽש ʤװʤʢʽʥʜʽʢʪʝʨʜʽ ʰʝʢʪʝʫʣʽ.  

ʆʩʳסʘʥ ʙʘʡʣʘʥʳʩʪʳ ʢʝʣʝʩʽ ʤʽʥʜʝʪ: 

¶ ɸʥʳץʪʘʣʤʘסʘʥʜʳץʪʘʨ ʤʝʥ ᴅʩʝʨʣʝʨʜʽ ʝʩʢʝʨʝʪʽʥ ʙʘʩץʘʨʫ ʦʙʲʝʢʪʽʩʽʥʽש 

ʞʘʣʧʳʣʘʥסʘʥ ʤʦʜʝʣʽʥ ײץʨʫ. 



 
ΠΥ 

¶ ʊʨʘʜʠʮʠʷʣʳץ ʨʝʛʫʣʷʪʦʨʣʘʨʜʳש ʪʠʽʤʜʽʣʽʛʽʥ ᴅʨʪװʨʣʽ ʵʢʩʧʣʫʘʪʘʮʠʷʣʳץ 
ʩʮʝʥʘʨʠʠʡʣʝʨʜʝ (ʥʦʤʠʥʘʣʜʳ ʨʝʞʠʤ, ʰʠʢʽʟʘʪ ʩʘʧʘʩʳʥʳש ʥʘʰʘʨʣʘʫʳ, 

ʢʘʪʘʣʠʟʘʪʦʨʜʳץ שʘʨʪʘʶʳ) ʙʘסʘʣʘʫ. 

¶ ʅᴅʪʠʞʝʣʝʨ ʥʝʛʽʟʽʥʜʝ ᴇʟʛʝʨʤʝʣʽ ʞʘסʜʘʡʣʘʨסʘ ʙʝʡʽʥʜʝʣʝʪʽʥ ʠʥʪʝʣʣʝʢʪʫʘʣʜʳ 
ʙʘʩץʘʨʫ ʞװʡʝʣʝʨʽʥ ʝʥʛʽʟʫʜʽץ שʘʞʝʪʪʽʣʽʛʽʥ ʥʝʛʽʟʜʝʫ. 

 ʨʠʬʦʨʤʠʥʛ ץʳʪ: UniSim Design ʦʨʪʘʩʳʥ ʢʘʪʘʣʠʪʠʢʘʣʳסʩʳʥʳʣʘʪʳʥ ʙʘױ

ʧʨʦʮʝʩʽʥʽש ʮʠʬʨʣʳץ ʝʛʽʟʽʥ ײץʨʫ ʧʣʘʪʬʦʨʤʘʩʳ ʨʝʪʽʥʜʝ ʧʘʡʜʘʣʘʥʫ.  

 

 
2 ʩʫʨʝʪ ï ʂʘʪʘʣʠʪʠʢʘʣʳץ ʨʠʬʦʨʤʠʥʛʪʽש ʨʝʘʢʪʦʨ ʙʣʦʛʳʥʳץ שʘʨʘʧʘʡʳʤ ʩʭʝʤʘʩʳ 

 

ɹײʣ ʥʘץʪʳ ʪʝʭʥʦʣʦʛʠʷʣʳץ ʧʘʨʘʤʝʪʨʣʝʨʜʽ ʝʩʢʝʨʝ ʦʪʳʨʳʧ, ץʦʥʜʳʨסʳ 

ʜʠʥʘʤʠʢʘʩʳʥ ץʘʡʪʘ ᴇʥʜʽʨʫʛʝ ʞᴅʥʝ ʚʠʨʪʫʘʣʜʳ ʵʢʩʧʝʨʠʤʝʥʪʪʝʨ ʞװʨʛʽʟʫʛʝ 

ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. ɹʦʣʘʰʘץʪʘ ʘʥʳץ ʝʤʝʩ ʣʦʛʠʢʘסʘ ʥʝʛʽʟʜʝʣʛʝʥ ʠʥʪʝʣʣʝʢʪʫʘʣʜʳ 

ʨʝʪʪʝʛʽʰʪʝʨʜʽ ʠʥʪʝʛʨʘʮʠʷʣʘʫ ץʘʨʘʩʪʳʨʳʣʘʜʳ, ʦʣʘʨ ʦʧʝʨʘʮʠʷʣʳץ ʵʢʩʧʝʨʪʪʽʢ 

ʙʽʣʽʤʽʥ ʧʘʡʜʘʣʘʥʘ ʦʪʳʨʳʧ, ʘʥʳץʪʘʣʤʘסʘʥʜʳץʪʘʨסʘ ʠʢʝʤʜʽ ʞʘʫʘʧ ʙʝʨʝʜʽ. 

 

 ʦʨʳʪʳʥʜʳפ

ʂʘʪʘʣʠʪʠʢʘʣʳץ ʨʠʬʦʨʤʠʥʛ ï ʤײʥʘʡ ᴇשʜʝʫʜʽש ʝש ʢװʨʜʝʣʽ ᴅʨʽ ʤʘשʳʟʜʳ 

ʧʨʦʮʝʩʪʝʨʽʥʽש ʙʽʨʽ. ʆʥʳש ʪײʨʘץʪʳʣʳסʳ ʤʦʪʦʨ ʦʪʳʥʜʘʨʳʥʳש ʩʘʧʘʩʳ ʤʝʥ 

ʙʘʡʣʘʥʳʩʪʳ ץʦʥʜʳʨסʳʣʘʨʜʳש ʪʠʽʤʜʽʣʽʛʽ ʘʡץʳʥʜʘʡʜʳ. ʐʦʣʫ ʢᴇʨʩʝʪʢʝʥʜʝʡ 

ʜᴅʩʪװʨʣʽ ʨʝʪʪʝʫ ᴅʜʽʩʪʝʨʽ (PID-ʢʦʥʪʫʨʣʘʨ, ʢʘʩʢʘʜʪʳ ʩʭʝʤʘʣʘʨ, ratio-control) 

ᴇʟʝʢʪʽʣʽʛʽʥ ʩʘץʪʘסʘʥʳʤʝʥ, ʘʥʳץʪʘʣʤʘסʘʥʜʳץ ʞʘסʜʘʡʳʥʜʘ ʰʝʢʪʝʫʣʝʨʛʝ ʠʝ.  

ʄʘץʘʣʘʜʘ ʨʠʬʦʨʤʠʥʛ ʧʨʦʮʝʩʽʥ ʙʘʩץʘʨʫסʘ ᴅʩʝʨ ʝʪʝʪʽʥ ʥʝʛʽʟʛʽ ʪʝʭʥʦʣʦʛʠʷʣʳץ 

ʧʘʨʘʤʝʪʨʣʝʨ ʤʝʥ ʘʥʳץʪʘʣʤʘסʘʥʜʳץ ʬʘʢʪʦʨʣʘʨʳ ʞװʡʝʣʝʥʜʽ. ʊᴇʨʪ ʪʦʧ ʘʥʳץʪʘʣʜʳ: 

ʰʠʢʽʟʘʪʪʳש ᴇʟʛʝʨʛʽʰʪʽʛʽ, ʢʘʪʘʣʠʟʘʪʦʨʜʳש ʜʝʛʨʘʜʘʮʠʷʩʳ, ʞʘʙʜʳץʪʳש ʰʝʢʪʝʫʣʝʨʽ 

ʞᴅʥʝ ᴇʣʰʝʫ ץʘʪʝʣʝʨʽ. ʆʩʳ ʥʝʛʽʟʜʝ ʢʣʘʩʩʠʢʘʣʳץ ᴅʜʽʩʪʝʨʜʽש ʪʠʽʤʜʽʣʽʛʥ ʙʘסʘʣʘʫ 

ʞᴅʥʝ ʠʥʪʝʣʣʝʢʪʫʘʣʜʳ ʙʘʩץʘʨʫ ʞװʡʝʣʝʨʽʥʝ ʢᴇʰʫ ץʘʞʝʪʪʽʣʽʛʽʥ ʥʝʛʽʟʜʝʣʜʽ.  

ʆʩʳʣʘʡʰʘ, ʙײʣ ʞײʤʳʩ ʘʥʳץ ʝʤʝʩ ʣʦʛʠʢʘ ʞᴅʥʝ ʙʘʩץʘ ʠʥʪʝʣʣʝʢʪʫʘʣʜʳ 

ᴅʜʽʩʪʝʨʜʽ ץʦʣʜʘʥʫסʘ ʙʘʡʣʘʥʳʩʪʳ ᴅʨʽ ץʘʨʘʡ ʟʝʨʪʪʝʫʣʝʨʛʝ ᴅʜʽʩʪʝʤʝʣʽʢ ʞᴅʥʝ 

ʪʝʦʨʠʷʣʳץ ʥʝʛʽʟ ץʘʣʳʧʪʘʩʪʳʨʘʜʳ. UniSim Design ʦʨʪʘʩʳʥ ʮʠʬʨʣʳץ ʝʛʽʟ 

ʧʣʘʪʬʦʨʤʘʩʳ ʨʝʪʽʥʜʝ ʧʘʡʜʘʣʘʥʫ ʰʦʣʫʣʳץ ʪʘʣʜʘʫʜʘʥ ʩʘʥʜʳץ ʵʢʩʧʝʨʠʤʝʥʪʪʝʨʛʝ 

ʢᴇʰʫʛʝ ʞᴅʥʝ ʘʥʳץʪʘʣʤʘסʘʥʜʳץ ʞʘסʜʘʡʳʥʜʘ ʠʥʪʝʣʣʝʢʪʫʘʣʜʳ ʙʘʩץʘʨʫʜʳש 

ʘʨʪʳץʰʳʣʳץʪʘʨʳʥ ʜᴅʣʝʣʜʝʫʛʝ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. 
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1 ʂʽʨʽʩʧʝ 

XXI  ʘʥסʜʳ ʙʦʣʤʘשʨʳʥ-ʩʦײʳʥʳ ʙץʘʨץ ʜʘʤʫ שʳʣʳʤ ʤʝʥ ʪʝʭʥʠʢʘʥʳס ʘʩʳʨʜʘס 

ʜʝשʛʝʡʛʝ ʞʝʪʪʽ. ᴄʩʽʨʝʩʝ ᴇʥʜʽʨʽʩʪʽʢ ʧʨʦʮʝʩʪʝʨʜʽ ײʡʳʤʜʘʩʪʳʨʫʜʘ ʙʘʩץʘʨʫ 

ʞװʡʝʣʝʨʽʥʽש ʨᴇʣʽ ʘʡʨʳץʰʘ ʤʘשʳʟסʘ ʠʝ ʙʦʣʳʧ ʦʪʳʨ. ɹʘʩץʘʨʫ ʞװʡʝʩʽ ï ʙײʣ ʢʝʟ 

ʢʝʣʛʝʥ ᴅʣʝʫʤʝʪʪʽʢ-ʵʢʦʥʦʤʠʢʘʣʳץ, ʪʝʭʥʠʢʘʣʳץ ʥʝʤʝʩʝ ᴇʥʜʽʨʽʩʪʽʢ ʦʙʲʝʢʪʽʥʽש 

ʪײʨʘץʪʳ ᴅʨʽ ʪʠʽʤʜʽ ʞײʤʳʩʳʥ ץʘʤʪʘʤʘʩʳʟ ʝʪʝʪʽʥ ʢװʨʜʝʣʽ ʪʝʪʽʢ. ɹʘʩץʘʨʫ ʞװʡʝʣʝʨʽ 

ʘʨץʳʣʳ ʘʜʘʤʟʘʪ ʢװʨʜʝʣʽ ʧʨʦʮʝʩʪʝʨʜʽ װʡʣʝʩʪʽʨʝʜʽ, ʨʝʩʫʨʩʪʘʨʜʳ ʦשʪʘʡʣʘʥʜʳʨʘʜʳ 

ʞᴅʥʝ ץʘʫʽʧʩʽʟʜʽʢʪʽ ץʘʤʪʘʤʘʩʳʟ ʝʪʝʜʽ. 

ʂʣʘʩʩʠʢʘʣʳץ ʙʘʩץʘʨʫ ʪʝʦʨʠʷʩʳʥʳץ שʘʣʳʧʪʘʩʫʳ ʅʴʶʪʦʥ ʤʝʭʘʥʠʢʘʩʳ, 

ʃʘʧʣʘʩ ʪʨʘʥʩʬʦʨʤʘʮʠʷʣʘʨʳ, ʅ. ɺʠʥʝʨʜʽש ʢʠʙʝʨʥʝʪʠʢʘ ʪʝʦʨʠʷʩʳʤʝʥ ʪʳסʳʟ 

https://www.dissercat.com/content/optimalnoe-upravlenie-protsessom-kataliticheskogo-riforminga-s-ispolzovaniem-gibridnoi-matem
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ʙʘʡʣʘʥʳʩʪʳ. ɹײʣ ʽʣʽʤʜʝʨ ʙʘʩץʘʨʫ ʧʨʦʮʝʩʪʝʨʽʥʽש ʤʘʪʝʤʘʪʠʢʘʣʳץ ʤʦʜʝʣʽʥ ײץʨʫסʘ 

ʥʝʛʽʟ ץʘʣʘʜʳ. ɸʣʘʡʜʘ ʟʘʤʘʥʘʫʠ ᴇʥʜʽʨʽʩ ʞʘסʜʘʡʳʥʜʘ ʧʨʦʮʝʩʪʝʨʜʽש ʙʝʡʩʳʟʳץʪʳסʳ, 

ʢʝʟʜʝʡʩʦץʪʳץʪʘʨʳ, ʩʳʨʪץʳ ʬʘʢʪʦʨʣʘʨסʘ ʪᴅʫʝʣʜʽʣʽʛʽ ʘʨʪʳʧ ʦʪʳʨ. ʄײʥʜʘʡ ʢװʨʜʝʣʽ 

ʞװʡʝʣʝʨʜʽ ʜᴅʩʪװʨʣʽ ᴅʜʽʩʪʝʨʤʝʥ ʙʘʩץʘʨʫ ʤװʤʢʽʥʜʽʛʽ ʰʝʢʪʝʫʣʽ. ʉʦʥʜʳץʪʘʥ 

ʘʜʘʧʪʠʚʪʽ ʙʘʩץʘʨʫ, ʨʦʙʘʩʪʳץ ʙʘʩץʘʨʫ ʞᴅʥʝ ʞʘʩʘʥʜʳ ʠʥʪʝʣʣʝʢʪʢʝ ʥʝʛʽʟʜʝʣʛʝʥ 

ʠʥʪʝʣʣʝʢʪʫʘʣʜʳ ʞװʡʝʣʝʨ ʞʘשʘ סʳʣʳʤʠ ʙʘסʳʪ ʨʝʪʽʥʜʝ ʜʘʤʫʜʘ. 

 ᴇʟʝʛʽ ï שʳʨʫʜʳסשʞʘ ץʳ ʠʥʜʫʩʪʨʠʷʣʳסʩʪʘʥ ʤʝʥ ᴅʣʝʤʜʽʢ ʵʢʦʥʦʤʠʢʘʜʘץʘʟʘפ

ᴇʥ-ʜʽʨʽʩʪʽʢ ʘʚʪʦʤʘʪʪʘʥʜʳʨʫ [1]. ɸʚʪʦʤʘʪʪʘʥʜʳʨʳʣסʘʥ ʙʘʩץʘʨʫ ʞװʡʝʣʝʨʽʥ (ɸɹɾ) 

 ʙʝʢשʳʥʳʥ ʘʟʘʡʪʫ, ᴇʥʽʤ ʩʘʧʘʩʳʥ ʘʨʪʪʳʨʫ ʞᴅʥʝ ʝסʳʣʳ ᴇʥʜʽʨʽʩ ʰʳץʦʣ-ʜʘʥʫ ʘʨץ

ᴇʥʽʤʜʽʣʽ-ʛʽʥ ʝʩʝʣʝʧ ʢᴇʙʝʡʪʫʛʝ ʙʦʣʘʜʳ. ɹײʣ ʪײʨסʳʜʘʥ ʘʣסʘʥʜʘ ʙʘʩץʘʨʫ 

ʞװʡʝʣʝʨʽʥʽש ʟʘʤʘ-ʥʘʫʠ ʪʝʦʨʠʷʣʳץ ʘʩʧʝʢʪʽʣʝʨʽʥ ʪʝʨʝש ʟʝʨʪʪʝʫ ï ʩʪʨʘʪʝʛʠʷʣʳץ 

ʤʘשʳʟʳ ʙʘʨ סʳʣʳʤʠ ʤʽʥʜʝʪ. 

 

2 ʅʝʛʽʟʛʽ ʙᴇʣʽʤ 

ɹʘʩϨʘʨʫ ʞϮʡʝʣʝʨʽʥʽϬ ʪʝʦʨʠʷʣʳϨ ʥʝʛʽʟʜʝʨʽ 

ɹʘʩץʘʨʫ ʞװʡʝʩʽ ï ʙʘʩץʘʨʳʣʘʪʳʥ ʦʙʲʝʢʪ, ʙʘʩץʘʨʫʰʳ ʦʨʛʘʥ ʞᴅʥʝ ʦʣʘʨʜʳש 

ʘʨʘʩʳʥʜʘסʳ ʘץʧʘʨʘʪʪʳץ ʙʘʡʣʘʥʳʩʪʘʨ ʞʠʳʥʪʳסʳ. פʘʨʘʧʘʡʳʤ װʣʛʽʜʝ ʦʣ çʢʽʨʫ ï 

ʙʘʩץʘʨʫ ʟʘשʳ ï ʰʳסʫè ʧʨʠʥʮʠʧʽʥʝ ʩװʡʝʥʝʜʽ. ɹʘʩץʘʨʳʣʘʪʳʥ ʦʙʲʝʢʪʽʜʝʥ ʘʣʳʥסʘʥ 

ʘץʧʘʨʘʪ ʢʝʨʽ ʙʘʡʣʘʥʳʩ ʘʨץʳʣʳ ʙʘʩץʘʨʫʰʳ ʦʨʛʘʥסʘ ʙʝʨʽʣʝʜʽ. ɹײʣ ʢʝʨʽ ʙʘʡʣʘʥʳʩ 

ʤʝʭʘʥʠʟʤʽʥʽש ʘʨץʘʩʳʥʜʘ ʞװʡʝ ʦʨʥʳץʪʳʣʳץʪʳ ʩʘץʪʘʧ, ʩʳʨʪץʳ ʬʘʢʪʦʨʣʘʨ ᴅʩʝʨʽʥʝ 

ʙʝʡʽʤʜʝʣʝ ʘʣʘʜʳ.  

ɾװʡʝʥʽש ʥʝʛʽʟʛʽ ʩʠʧʘʪʪʘʤʘʣʘʨʳʥʘ ʤʳʥʘʣʘʨ ʞʘʪʘʜʳ: 

- ʆʨʥʳץʪʳʣʳץ ï ʞװʡʝʥʽש ʫʘץʳʪ ᴇʪʝ ʢʝʣʝ ʪʝʧʝ-ʪʝש ʢװʡʛʝ ʦʨʘʣʫ ץʘʙʽʣʝʪʽ; 

- ᴆʪʧʝʣʽ ʧʨʦʮʝʩʪʽש ʩʠʧʘʪʪʘʤʘʣʘʨʳ ï ʙʘʩץʘʨʫ ᴅʨʝʢʝʪʽʥʝ ʞʘʫʘʧ ץʘʡʪʘʨʫ 

ʞʳʣʜʘʤʜʳסʳ; 

- ɼᴅʣʜʽʢ ï h ʳסʳʩ ʰʘʤʘʩʳʥʳש ʙʝʨʽʣʛʝʥ ʤᴅʥʥʝʥ ʘʫʳʪץʫʳʥ ʘʟʘʡʪʫ ʤװʤʢʽʥʜʽʛʽ; 

- ʕʥʝʨʛʠʷ ʪʠʽʤʜʽʣʽʛʽ ï ʙʘʩץʘʨʫ ᴅʨʝʢʝʪʽʥ ʦʨʳʥʜʘʫ װʰʽʥ ʞײʤʩʘʣʘʪʳʥ 

ʨʝʩʫʨʩʪʘʨʜʳש ʘʟʜʳסʳ. 

ʂʣʘʩʩʠʢʘʣʳץ ʙʘʩץʘʨʫ ʞװʡʝʣʝʨʽ ʩʳʟʳץʪʳץ ʜʠʬʬʝʨʝʥʮʠʘʣʜʳץ ʪʝשʜʝʫʣʝʨʛʝ 

ʥʝʛʽʟʜʝʣʛʝʥ. ɹʝʨʽʣʽʩ ʬʫʥʢʮʠʷʣʘʨʳ, ʢװʡ ʢʝשʽʩʪʽʛʽ ʤʦʜʝʣʴʜʝʨʽ ʞᴅʥʝ ʞʠʽʣʽʢʪʽʢ 

ʩʠʧʘʪʪʘʤʘʣʘʨ ï ʦʩʳ ʪʝʦʨʠʷʥʳש ʥʝʛʽʟʛʽ ײץʨʘʣʜʘʨʳ. ɸʣʘʡʜʘ ʥʘץʪʳ ᴇʥʜʽʨʽʩʪʽʢ 

ʞװʡʝʣʝʨʜʝ ʙʝʡʩʳʟʳץ ʵʬʬʝʢʪʽʣʝʨ, ʧʘʨʘʤʝʪʨʣʽʢ ʙʝʣʛʽʩʽʟʜʽʢʪʝʨ ʞᴅʥʝ ʢʝʟʜʝʡʩʦץ 

ʬʘʢʪʦʨʣʘʨ ʞʠʽ ʢʝʟʜʝʩʝʜʽ [2]. 

 

ɿʘʤʘʥʘʫʠ ʙʘʩϨʘʨʫ ʪʝʦʨʠʷʩʳʥʳϬ ʘʩʧʝʢʪʽʣʝʨʽ 

1. ɸʜʘʧʪʠʚʪʽ ʙʘʩץʘʨʫ. 

ɸʜʘʧʪʠʚʪʽ ʙʘʩץʘʨʫ ï ʦʙʲʝʢʪ ʧʘʨʘʤʝʪʨʣʝʨʽ ʤʝʥ ʩʳʨʪץʳ ʦʨʪʘʥʳש 

ʩʠʧʘʪʪʘʤʘʣʘʨʳ ᴇʟʛʝʨʛʝʥʜʝ ʙʘʩץʘʨʫ ʟʘשʳʥ ʘʚʪʦʤʘʪʪʳ ʪװʨʜʝ ʙʝʡʽʤʜʝʧ ʦʪʳʨʘʪʳʥ 

ʟʘʤʘʥʘʫʠ ᴅʜʽʩ. ɹײʣ ʪᴅʩʽʣʜʽש ʙʘʩʪʳ ʝʨʝʢʰʝʣʽʛʽ ï ʞװʡʝʥʽש ʧʘʨʘʤʝʪʨʣʝʨʽʥ ʥʘץʪʳ 

ʫʘץʳʪ ʨʝʞʠʤʽʥʜʝ ʙʘסʘʣʘʫ ʞᴅʥʝ ʙʘʩץʘʨʫ ʩʠʛʥʘʣʳʥ ʜʠʥʘʤʠʢʘʣʳץ ʪװʟʝʪʫ ץʘʙʽʣʝʪʽ. 

ɸʜʘʧʪʠʚʪʽ ʙʘʩץʘʨʫ ᴅʜʽʩʪʝʨʽʥʽש ʽʰʽʥʜʝ ʤʦʜʝʣʴʜʽʢ ʘʥʳץʪʘʫʰʳ ʙʘʩץʘʨʫ (Model 

Reference Adaptive Control, MRAC) ʞᴅʥʝ ᴇʟʽʥ-ᴇʟʽ ʙʘʧʪʘʡʪʳʥ ʨʝʪʪʝʛʽʰʪʝʨ (Self-

Tuning Regulators, STR) ʢʝשʽʥʝʥ ץʦʣʜʘʥʳʣʘʜʳ. ʕʥʝʨʛʝʪʠʢʘ ʩʘʣʘʩʳʥʜʘ ʘʜʘʧʪʠʚʪʽ 

ʞװʡʝʣʝʨ ʞװʢʪʝʤʝʥʽש ʘʫʳʪץʫʳʥʘ ʙʘʡʣʘʥʳʩʪʳ ʪʫʨʙʠʥʘʣʘʨʜʳש ʪʠʽʤʜʽʣʽʛʽʥ 
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ʩʘץʪʘʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ [4]. ɸʚʠʘʮʠʷʜʘ ʦʣʘʨ ײʰʘץʪʳש ʘʵʨʦʜʠʥʘʤʠʢʘʣʳץ 

ʧʘʨʘʤʝʪʨʣʝʨʽ ʙʠʽʢʪʽʢ ʧʝʥ ʘʫʘ ʨʘʡʳʥʘ ʙʘʡʣʘʥʳʩʪʳ ᴇʟʛʝʨʛʝʥʜʝ ʪײʨʘץʪʳʣʳץʪʳ 

 ʘʨʫʜʘץʨʜʝʣʽ ʨʝʘʢʮʠʷ ʧʨʦʮʝʩʪʝʨʽʥ ʙʘʩװʘʤʪʘʤʘʩʳʟ ʝʪʝʜʽ. ʍʠʤʠʷ ᴇʥʝʨʢᴅʩʽʙʽʥʜʝ ʢץ

ʘʜʘʧʪʠʚʪʽ ʪᴅʩʽʣ ᴇʥʽʤ ʩʘʧʘʩʳʥ ʘʨʪʪʳʨʳʧ, ᴇʥʜʽʨʽʩʪʽװ שʟʜʽʢʩʽʟʜʽʛʽʥ ץʘʤʪʘʤʘʩʳʟ 

ʝʪʝʜʽ. 

 

2. ʈʦʙʘʩʪʳץ ʙʘʩץʘʨʫ. 

ʈʦʙʘʩʪʳץ ʙʘʩץʘʨʫ ʪʝʦʨʠʷʩʳ ï ʙʝʣʛʽʩʽʟʜʽʢ ʧʝʥ ʧʘʨʘʤʝʪʨʣʽʢ ᴇʟʛʝʨʽʩʪʝʨ 

ʞʘסʜʘʡʳʥʜʘ ʜʘ ʙʘʩץʘʨʫ ʞװʡʝʩʽʥʽש ʦʨʥʳץʪʳʣʳסʳ ʤʝʥ ʪʠʽʤʜʽʣʽʛʽʥ ʩʘץʪʘʫסʘ 

ʙʘסʳʪʪʘʣסʘʥ [3].  ɹײʣ ʪᴅʩʽʣ ᴅʩʢʝʨʠ ʪʝʭʥʠʢʘʜʘ ʩʝʥʽʤʜʽʣʽʢʪʽ ʘʨʪʪʳʨʫ װʰʽʥ 

 ʡʝʣʝʨʽװʘʨʫ ʞץʙʘʩ שʥʝʤʝʩʝ ʟʳʤʳʨʘʥʜʘʨʜʳ שʦʣʜʘʥʳʣʘʜʳ: ʤʳʩʘʣʳ, ʜʨʦʥʜʘʨʜʳץ

ʘʵʨʦʜʠʥʘʤʠʢʘʣʳץ ʧʘʨʘʤʝʪʨʣʝʨʜʽש ʙʝʣʛʽʩʽʟʜʽʛʽʥʝ ץʘʨʘʤʘʩʪʘʥ, ʥʘץʪʳ 

ʪʨʘʝʢʪʦʨʠʷʥʳ ײʩʪʘʥʫסʘ ץʘʙʽʣʝʪʪʽ ʙʦʣʫʳ ʪʠʽʩ. נʘʨʳʰ ʘʧʧʘʨʘʪʪʘʨʳʥʜʘ ʨʦʙʘʩʪʳץ 

ʙʘʩץʘʨʫ ץʘʰʳץʪʳץʪʘסʳ ʙʘʡʣʘʥʳʩ ʢʽʜʽʨʽʩʪʝʨʽʥ, ʪʝʤʧʝʨʘʪʫʨʘʥʳש ʢװʨʪ ᴇʟʛʝʨʽʩʽʥ 

ʞᴅʥʝ ʘʫʳʨʣʳץ ʢװʰʽʥʽש ʚʘʨʠʘʮʠʷʣʘʨʳʥ ʝʩʝʧʢʝ ʘʣʘʜʳ. פʘʫʽʧʪʽ ᴇʥʜʽʨʽʩʪʽʢ 

ʥʳʩʘʥʜʘʨʜʘ (ʘʪʦʤ ʵʣʝʢʪʨ ʩʪʘʥʮʠʷʣʘʨʳ, ʤײʥʘʡ ᴇשʜʝʫ ʟʘʫʳʪʪʘʨʳ) ʙײʣ ʪᴅʩʽʣ 

ʘʧʘʪʪʳש ʘʣʜʳʥ ʘʣʫ װʰʽʥ ʰʝʰʫʰʽ ʨᴇʣ ʘʪץʘʨʘʜʳ. 

 

3. ʀʥʪʝʣʣʝʢʪʫʘʣʜʳ ʙʘʩץʘʨʫ. 

ʀʥʪʝʣʣʝʢʪʫʘʣʜʳ ʙʘʩץʘʨʫ ï ʞʘʩʘʥʜʳ ʠʥʪʝʣʣʝʢʪ, ʤʘʰʠʥʘʣʳץ ʦץʳʪʫ, 

ʥʝʡʨʦʥʜʳץ ʞʝʣʽʣʝʨ ʤʝʥ fuzzy-ʣʦʛʠʢʘʣʳץ ᴅʜʽʩʪʝʨʛʝ ʥʝʛʽʟʜʝʣʛʝʥ ʞʘשʘ ʙʫʳʥ 

ʙʘʩץʘʨʫ ʪᴅʩʽʣʜʝʨʽ. ʆʥʳש ʙʘʩʪʳ ʘʨʪʳץʰʳʣʳסʳ ï ʙʝʡʩʳʟʳץ, ʢᴇʧᴇʣʰʝʤʜʽ ʞᴅʥʝ 

ʙʝʣʛʽʩʽʟ ʞװʡʝʣʝʨʜʽ ʤʦʜʝʣʴʜʝʫʛʝ ʞᴅʥʝ ʙʘʩץʘʨʫסʘ ץʘʙʽʣʝʪʪʽʣʽʛʽ [5]. 

ʅʝʡʨʦʥʜʳץ ʞʝʣʽʣʝʨ ʙʘʩץʘʨʫ ʞװʡʝʩʽʥ ʜʝʨʝʢʪʝʨ ʥʝʛʽʟʽʥʜʝ װʡʨʝʪʽʧ, ʘʣʜʳʥ ʘʣʘ 

ʙʝʣʛʽʩʽʟ ʟʘשʜʳʣʳץʪʘʨʜʳ ʘʥʳץʪʘʡʜʳ. ʄʳʩʘʣʳ, ᴇʥʜʽʨʽʩʪʽʢ ʨʦʙʦʪʪʘʨ ץʦʟסʘʣʳʩ 

ʪʨʘʝʢʪʦʨʠʷʩʳʥ ʥʘץʪʳ ʫʘץʳʪ ʨʝʞʠʤʽʥʜʝ ʦʧʪʠʤʠʟʘʮʠʷʣʘʡ ʘʣʘʜʳ. Fuzzy-ʣʦʛʠʢʘʣʳץ 

ʙʘʩץʘʨʫ ʙʝʣʛʽʩʽʟʜʽʢ ʞʘסʜʘʡʳʥʜʘ ʰʝʰʽʤ ץʘʙʳʣʜʘʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ.  

ɻʠʙʨʠʜʪʽ ʞװʡʝʣʝʨ ʥʝʡʨʦʥʜʳץ ʞʝʣʽʣʝʨ ʤʝʥ ʬʘʟʟʠ ʣʦʛʠʢʘʥʳ ʙʽʨʽʢʪʽʨʽʧ, 

ʢװʨʜʝʣʽ ʧʨʦʮʝʩʪʝʨʜʽ ʙʘʩץʘʨʫʜʘ ʪʠʽʤʜʽ ʥᴅʪʠʞʝ ʙʝʨʝʜʽ. ɹײʣ ʙʘסʳʪ ʠʥʪʝʣʣʝʢʪʫʘʣʜʳ 

ᴇʥʜʽʨʽʩʪʽʢ ʞװʡʝʣʝʨʜʽ, çʘץʳʣʜʳè ʢᴇʣʽʢʪʝʨʜʽ, ʣʦʛʠʩʪʠʢʘʣʳץ ʞʝʣʽʣʝʨʜʽ ʞᴅʥʝ 

ʤʝʜʠʮʠʥʘʣʳץ ʞʘʙʜʳץʪʘʨʜʳ ʙʘʩץʘʨʫʜʘ ץʘʨץʳʥʜʳ ץʦʣʜʘʥʳʣʘʜʳ [7]. 

 

4. ʂʠʙʝʨ-ʬʠʟʠʢʘʣʳץ ʞװʡʝʣʝʨ. 

ʂʠʙʝʨ-ʬʠʟʠʢʘʣʳץ ʞװʡʝʣʝʨ (Cyber-Physical Systems, CPS) ï ʀʥʜʫʩʪʨʠʷ 4.0 

ʪײʞʳʨʳʤʜʘʤʘʩʳʥʳש ʥʝʛʽʟʽ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. ɹײʣ ʞװʡʝʣʝʨ ʬʠʟʠʢʘʣʳץ 

ʦʙʲʝʢʪʽʣʝʨʜʽ ʩʝʥʩʦʨʣʘʨ, ʀʥʪʝʨʥʝʪ ʟʘʪʪʘʨʳ (IoT) ʞᴅʥʝ ʙײʣʪʪʳץ ʝʩʝʧʪʝʫʣʝʨ 

ʘʨץʳʣʳ ʙʽʨʽʢʪʽʨʽʧ, ʥʘץʪʳ ʫʘץʳʪ ʨʝʞʠʤʽʥʜʝ ʙʘʩץʘʨʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. 

ʂʠʙʝʨ-ʬʠʟʠʢʘʣʳץ ʞװʡʝʣʝʨʜʽש ʙʘʩʪʳ ʝʨʝʢʰʝʣʽʢʪʝʨʽ: 

 ʳʣʳ ᴇʥʜʽʨʽʩʪʽʢץʣʢʝʥ ʜʝʨʝʢʪʝʨʜʽ ʞʠʥʘʫ ʞᴅʥʝ ʪʘʣʜʘʫ ï ʩʝʥʩʦʨʣʘʨ ʘʨת-

ʞʘʙʜʳץʪʘʨʜʳש ʧʘʨʘʤʝʪʨʣʝʨʽ װʟʜʽʢʩʽʟ ʪʽʨʢʝʣʝʜʽ; 

-ɾʘʩʘʥʜʳ ʠʥʪʝʣʣʝʢʪʧʝʥ ʠʥʪʝʛʨʘʮʠʷ ï ʞʠʥʘʣסʘʥ ʜʝʨʝʢʪʝʨʜʽ ʪʘʣʜʘʫ ʘʨץʳʣʳ 

ʞװʡʝ ʘʣʜʳʥ ʘʣʘ ʙʦʣʞʘʫ (predictive maintenance), ʘץʘʫʣʘʨʜʳ ʝʨʪʝ ʘʥʳץʪʘʫ ʞᴅʥʝ 

ᴇʥʜʽʨʽʩʪʽ ʦשʪʘʡʣʘʥʜʳʨʫʜʳ ʞװʟʝʛʝ ʘʩʳʨʘʜʳ; 
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-ʎʠʬʨʣʳץ ʝʛʽʟʜʝʨ (Digital Twins) ï ʥʘץʪʳ ᴇʥʜʽʨʽʩʪʽʢ ץʦʥʜʳʨסʳʥʳש 

ʚʠʨʪʫʘʣʜʳ ʤʦʜʝʣʽʥ ײץʨʫ ʘʨץʳʣʳ ʩʳʥʘץʪʘʨ ʤʝʥ ʙʘʩץʘʨʫ ʩʪʨʘʪʝʛʠʷʣʘʨʳʥ ץʘʫʽʧʩʽʟ 

ʞװʨʛʽʟʫʛʝ ʞʘסʜʘʡ ʞʘʩʘʡʜʳ. 

-ʂʠʙʝʨ-ʬʠʟʠʢʘʣʳץ ʞװʡʝʣʝʨ ץʘʟʽʨʛʽ ʪʘשʜʘ ʘʚʪʦʤʦʙʠʣʴ ᴇʥʜʽʨʽʩʽʥʜʝ (ʩʤʘʨʪ-

ʟʘʚʦʜʪʘʨ), ʵʥʝʨʛʝʪʠʢʘʜʘ (ʘץʳʣʜʳ ʵʣʝʢʪʨ ʞʝʣʽʣʝʨʽ ï Smart Grid), ʜʝʥʩʘʫʣʳץ 

ʩʘץʪʘʫʜʘ (ץʘʰʳץʪʘʥ ʤʦʥʠʪʦʨʠʥʛ) ʞᴅʥʝ ʣʦʛʠʩʪʠʢʘʜʘ (ʘʚʪʦʤʘʪʪʘʥʜʳʨʳʣסʘʥ 

  .ʦʣʜʘʥʳʣʘʜʳץ ʽʥʝʥשʦʡʤʘʣʘʨ) ʢʝץ

 

Ϲʥʜʽʨʽʩʪʽʢ ʘʚʪʦʤʘʪʪʘʥʜʳʨʫʜʘϤʳ ʙʘʩϨʘʨʫ ʞϮʡʝʣʝʨʽʥʽϬ Ϩʦʣʜʘʥʳʩʳ 

ᴆʥʜʽʨʽʩʪʽʢ ʘʚʪʦʤʘʪʪʘʥʜʳʨʫʜʳש ʥʝʛʽʟʽ ï ʘʚʪʦʤʘʪʪʘʥʜʳʨʳʣסʘʥ ʙʘʩץʘʨʫ 

ʞװʡʝʣʝʨʽ (ɸɹɾ). ʆʣʘʨ ʩʝʥʩʦʨʣʘʨʜʘʥ ʜʝʨʝʢʪʝʨ ʞʠʥʘʧ, ʢʦʥʪʨʦʣʣʝʨʣʝʨ ʘʨץʳʣʳ 

ᴇשʜʝʧ, ʘʪץʘʨʫʰʳ ʤʝʭʘʥʠʟʤʜʝʨʛʝ ʧᴅʨʤʝʥ ʙʝʨʝʜʽ. ʄʳʩʘʣʳ, ʤײʥʘʡ-ʛʘʟ ʩʘʣʘʩʳʥʜʘ 

 שʳʣʘʥʳʧ, ʘʧʘʪʪʳץʟʜʽʢʩʽʟ ʙʘװ ʳʩʳʤ ʤʝʥ ʪʝʤʧʝʨʘʪʫʨʘץ ʡʝʣʝʨʽʥʜʝʛʽװʙʳʨ ʞײץ

ʘʣʜʳʥ ʘʣʫ װʰʽʥ ʘʚʪʦʤʘʪʪʳ ʪװʨʜʝ ʨʝʪʪʝʣʝʜʽ [6]. 

ɾʘʩʘʥʜʳ ʠʥʪʝʣʣʝʢʪ ʧʝʥ ʥʝʡʨʦʥʜʳץ ʞʝʣʽʣʝʨʜʽ ץʦʣʜʘʥʫ ʘʨץʳʣʳ: 

- ʪʝʭʥʦʣʦʛʠʷʣʳץ ʧʨʦʮʝʩʪʝʨʜʽש ʨʝʞʠʤʽʥ ʙʦʣʞʘʫ; 

- ʞʘʙʜʳץʪʘʨʜʳש ʘץʘʫʣʘʨʳʥ ʝʨʪʝ ʘʥʳץʪʘʫ; 

- ᴇʥʜʽʨʽʩʪʽʢ ʨʝʩʫʨʩʪʘʨʜʳ ʦשʪʘʡʣʘʥʜʳʨʫ; 

- ʩʘʧʘʥʳ ʪײʨʘץʪʳ ʙʘץʳʣʘʫ ʞװʟʝʛʝ ʘʩʳʨʳʣʘʜʳ. 

ʀʥʜʫʩʪʨʠʷ 4.0 ʘʷʩʳʥʜʘ çʘץʳʣʜʳ ʬʘʙʨʠʢʘʣʘʨè ײץʨʫ ʪʝʥʜʝʥʮʠʷʩʳ ʢʝשʽʥʝʥ 

ʪʘʨʘʣʫʜʘ. ʄײʥʜʘ ʨʦʙʦʪʪʘʥʜʳʨʳʣסʘʥ ʞʝʣʽʣʝʨ, IoT ײץʨʳʣסʳʣʘʨʳ, ʙײʣʪʪʳץ 

ʜʝʨʝʢʪʝʨ ʙʘʟʘʩʳ ʞᴅʥʝ ʥʝʡʨʦʥʜʳץ ʞʝʣʽʣʝʨ ʠʥʪʝʛʨʘʮʠʷʣʘʥʳʧ, ᴇʥʜʽʨʽʩ ʪʦʣʳץʪʘʡ 

ʮʠʬʨʣʘʥʜʳʨʳʣסʘʥ ʵʢʦʞװʡʝʛʝ ʘʡʥʘʣʘʜʳ [8]. 

 ʳʪ ᴇʟʝʢʪʽ. ᴆʥʝʨʢᴅʩʽʧʪʽʢ ʢᴅʩʽʧʦʨʳʥʜʘʨʜʘסʣ ʙʘײʰʽʥ ʜʝ ʙװ ʩʪʘʥץʘʟʘפ

ʠʥʪʝʣʣʝʢʪʫʘʣʜʳ ʙʘʩץʘʨʫ ʞװʡʝʣʝʨʽʥ ʝʥʛʽʟʫ ʘʨץʳʣʳ ᴇʥʽʤʜʽʣʽʢ ʘʨʪʳʧ, ʭʘʣʳץʘʨʘʣʳץ 

ʥʘʨʳץʪʘ ʙᴅʩʝʢʝʛʝ ץʘʙʽʣʝʪʪʽʣʽʢ ʢװʰʝʡʝʜʽ. 
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ɹʘʩץʘʨʫ ʞװʡʝʣʝʨʽ ï ʢʝʟ ʢʝʣʛʝʥ ᴇʥʜʽʨʽʩʪʽʢ ʧʨʦʮʝʩʪʽש ʞװʨʝʛʽ. ɿʘʤʘʥʘʫʠ 

ʪʝʦʨʠʷʣʳץ ʘʩʧʝʢʪʽʣʝʨ ʙʘʩץʘʨʫ סʳʣʳʤʳʥ ʞʘשʘ ʜʝשʛʝʡʛʝ ʢᴇʪʝʨʜʽ: ʘʜʘʧʪʠʚʪʽʣʽʢ 

ᴇʟʛʝʨʤʝʣʽ ʦʨʪʘסʘ ʙʝʡʽʤʜʝʣʫʜʽ, ʨʦʙʘʩʪʳץ ʪᴅʩʽʣʜʝʨ ʙʝʣʛʽʩʽʟ ʞʘסʜʘʡʣʘʨʜʘ 

ʦʨʥʳץʪʳʣʳץʪʳ, ʘʣ ʞʘʩʘʥʜʳ ʠʥʪʝʣʣʝʢʪ ʢװʨʜʝʣʽ ʧʨʦʮʝʩʪʝʨʜʽ ʪʝʨʝש ʪʘʣʜʘʫʜʳ 

 ʳʟʳ ʟʦʨ. ʆʣʘʨשʤʘ שʣ ᴅʜʽʩʪʝʨʜʽײʘʤʪʘʤʘʩʳʟ ʝʪʝʜʽ. ᴆʥʜʽʨʽʩʪʽʢ ʘʚʪʦʤʘʪʪʘʥʜʳʨʫʜʘ ʙץ

ᴇʥʽʤ ʩʘʧʘʩʳʥ ʘʨʪʪʳʨʳʧ ץʘʥʘ ץʦʡʤʘʡ, ʝשʙʝʢ ץʘʫʽʧʩʽʟʜʽʛʽʥ ץʘʤʪʘʤʘʩʳʟ ʝʪʝʜʽ, 

ʰʳסʳʥʜʘʨʜʳ ʘʟʘʡʪʘʜʳ ʞᴅʥʝ ʵʢʦʣʦʛʠʷʣʳץ ʪʠʽʤʜʽʣʽʢʪʽ ʢᴇʪʝʨʝʜʽ. ɹʘʩץʘʨʫ ʞװʡʝʣʝʨʽ 

ï ץʘʟ̔ʨʛʽ ʟʘʤʘʥסʳ ᴇʥʜʽʨʽʩʪʽש ʥʝʛʽʟʽ ʤʝʥ ʩʪʨʘʪʝʛʠʷʣʳץ ʞװʨʝʛʽ. ʆʣʘʨʜʳש ʜʘʤʫʳ 

ʘʜʘʤʟʘʪ ᴇʨʢʝʥʠʝʪʽʥʽש ʪʝʭʥʠʢʘʣʳץ ʧʨʦʛʨʝʩʽʤʝʥ ʪʽʢʝʣʝʡ ʙʘʡʣʘʥʳʩʪʳ. ɿʘʤʘʥʘʫʠ 

ʙʘʩץʘʨʫ ʪʝʦʨʠʷʩʳʥʳש ʘʩʧʝʢʪʽʣʝʨʽ ï ʘʜʘʧʪʠʚʪʽ, ʨʦʙʘʩʪʳץ, ʠʥʪʝʣʣʝʢʪʫʘʣʜʳ ʞᴅʥʝ 

ʢʠʙʝʨ-ʬʠʟʠʢʘʣʳץ ʪᴅʩʽʣʜʝʨ ï ᴇʥʜʽʨʽʩʪʽʢ ʧʨʦʮʝʩʪʝʨʜʽש ʪʠʽʤʜʽʣʽʛʽʥ, ʩʝʥʽʤʜʽʣʽʛʽʥ 

ʞᴅʥʝ ʠʢʝʤʜʽʣʽʛʽʥ ʞʘשʘ ʜʝשʛʝʡʛʝ ʢᴇʪʝʨʽʧ ʦʪʳʨ. ɸʜʘʧʪʠʚʪʽ ʙʘʩץʘʨʫ ʞװʡʝʣʝʨʽ 

ʢװʨʜʝʣʽ ʞᴅʥʝ ᴇʟʛʝʨʤʝʣʽ ʦʨʪʘ ʞʘסʜʘʡʳʥʜʘ ʧʨʦʮʝʩʪʝʨʜʽש ʪײʨʘץʪʳʣʳסʳʥ 

 ʳ ᴅʩʝʨʣʝʨʛʝץʪᴅʩʽʣʜʝʨ ʙʝʣʛʽʩʽʟʜʽʢʪʝʨ ʤʝʥ ʩʳʨʪ ץʘʤʪʘʤʘʩʳʟ ʝʪʩʝ, ʨʦʙʘʩʪʳץ

 ʘʨʫץʪʘʡʜʳ. ʀʥʪʝʣʣʝʢʪʫʘʣʜʳ ʙʘʩץʳʥ ʩʘסʪʳʣʳץʦʨʥʳ שʡʝʥʽװʘʨʘʤʘʩʪʘʥ ʞץ

ʞʘʩʘʥʜʳ ʠʥʪʝʣʣʝʢʪ ʧʝʥ ʥʝʡʨʦʥʜʳץ ʞʝʣʽʣʝʨʜʽש ᴅʣʝʫʝʪʽʥ ʧʘʡʜʘʣʘʥʘ ʦʪʳʨʳʧ, 
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ʙʝʡʩʳʟʳץ ʞᴅʥʝ ʢᴇʧᴇʣʰʝʤʜʽ ʞװʡʝʣʝʨʜʽ ʤʦʜʝʣʴʜʝʫʛʝ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. ɸʣ ʢʠʙʝʨ-

ʬʠʟʠʢʘʣʳץ ʞװʡʝʣʝʨ ᴇʥʜʽʨʽʩ ʧʝʥ ʮʠʬʨʣʳץ ʪʝʭʥʦʣʦʛʠʷʣʘʨʜʳ ʙʽʨʽʢʪʽʨʽʧ, ʥʘץʪʳ 

ʫʘץʳʪ ʨʝʞʠʤʽʥʜʝ ʜʝʨʝʢʪʝʨʜʽ ʪʘʣʜʘʫ ʘʨץʳʣʳ ʞʘשʘ ʤװʤʢʽʥʜʽʢʪʝʨ ʘʰʘʜʳ. ɹײʣ 

ᴅʜʽʩʪʝʨʜʽש ᴇʥʜʽʨʽʩʪʽʢ ʘʚʪʦʤʘʪʪʘʥʜʳʨʫʜʘסʳ ʤʘשʳʟʳ ʘʡʨʳץʰʘ. ɹʽʨʽʥʰʽʜʝʥ, ʦʣʘʨ 

ᴇʥʽʤʥʽש ʩʘʧʘʩʳʥ ʘʨʪʪʳʨʘʜʳ ʞᴅʥʝ ᴇʥʜʽʨʽʩʪʽʢ ʰʳסʳʥʜʘʨʜʳ ʘʟʘʡʪʘʜʳ. ɽʢʽʥʰʽʜʝʥ, 

ʝשʙʝʢ ץʘʫʽʧʩʽʟʜʽʛʽʥ ʢװʰʝʡʪʝʜʽ, ʘʧʘʪʪʳץ ʞʘסʜʘʡʣʘʨʜʳש ʘʣʜʳʥ ʘʣʫסʘ ʤװʤʢʽʥʜʽʢ 

ʙʝʨʝʜʽ. תʰʽʥʰʽʜʝʥ, ʵʢʦʣʦʛʠʷʣʳץ ʪײʨסʳʜʘʥ ʪʠʽʤʜʽ ʰʝʰʽʤʜʝʨ ײʩʳʥʳʧ, ʪײʨʘץʪʳ 

ʜʘʤʫ ץʘסʠʜʘʪʪʘʨʳʥʘ ʩʘʡ ʢʝʣʝʪʽʥ ʪʝʭʥʦʣʦʛʠʷʣʳץ ᴇʨʢʝʥʠʝʪʪʽ ץʘʣʳʧʪʘʩʪʳʨʘʜʳ. 

ʀʥʜʫʩʪʨʠʷ 4.0 ʪײʞʳʨʳʤʜʘʤʘʩʳ ʘʷʩʳʥʜʘ ʠʥʪʝʣʣʝʢʪʫʘʣʜʳ ʙʘʩץʘʨʫ ʞװʡʝʣʝʨʽ 

ʙʦʣʘʰʘץ ʵʢʦʥʦʤʠʢʘʩʳʥʳש ʥʝʛʽʟʛʽ ץʦʟסʘʫʰʳ ʢװʰʽʥʝ ʘʡʥʘʣʳʧ ʢʝʣʝʜʽ. פʘʟʘץʩʪʘʥ 

 ץʳʪʪʘʨʜʳ ʜʘʤʳʪʫ ï ʪʝʢ ʪʝʭʥʦʣʦʛʠʷʣʳסʰʽʥ ʦʩʳ ʙʘװ ʳʣʳʤʳ ʤʝʥ ᴇʥʜʽʨʽʩʽס

ʧʨʦʛʨʝʩʪʽש ʢʝʧʽʣʽ סʘʥʘ ʝʤʝʩ, ʩʦʥʳʤʝʥ ʙʽʨʛʝ ײʣʪʪʳץ ʙᴅʩʝʢʝʛʝ ץʘʙʽʣʝʪʪʽʣʽʢʪʽ 

ʘʨʪʪʳʨʫʜʳש ʜʘ ʙʘʩʪʳ ʪʝʪʽʛʽ. ʉʦʥʜʳץʪʘʥ ʟʘʤʘʥʘʫʠ ʙʘʩץʘʨʫ ʪʝʦʨʠʷʩʳʥʳש 

 ʜʘʤʫʳ ʤʝʥ ץʠʥʥʦʚʘʮʠʷʣʳ שᴇʥʜʽʨʽʩʪʝ ʝʥʛʽʟʫ ï ʝʣʜʽ ץʠʜʘʪʪʘʨʳʥ ʦʪʘʥʜʳסʘץ

ʞʘᴃʘʥʜʳץ ʵʢʦʥʦʤʠʢʘʣʳץ ʢʝשʽʩʪʽʢʪʝ ʣʘʡʳץʪʳ ʦʨʳʥ ʘʣʫʳʥʘ ʥʝʛʽʟ ʙʦʣʘʜʳ. 

ʀʥʜʫʩʪʨʠʷ 4.0 ʘʷʩʳʥʜʘסʳ ʠʥʪʝʣʣʝʢʪʫʘʣʜʳ ʙʘʩץʘʨʫ ʞװʡʝʣʝʨʽ ï ʙʦʣʘʰʘץ 

ʵʢʦʥʦʤʠʢʘʩʳʥʳש ʥʝʛʽʟʛʽ ץʦʟסʘʫʰʳ ʢװʰʽ. פʘʟʘץʩʪʘʥ סʳʣʳʤʳ ʤʝʥ ᴇʥʜʽʨʽʩʽ װʰʽʥ 

ʙʘʩץʘʨʫ ʞװʡʝʣʝʨʽʥʽש ʦʩʳ ʟʘʤʘʥʘʫʠ ʙʘסʳʪʪʘʨʳʥ ʜʘʤʳʪʫ ʩʪʨʘʪʝʛʠʷʣʳץ ʤʘשʳʟʳ 

ʙʘʨ ʤʽʥʜʝʪ. ɹײʣ ʪʝʢ ʪʝʭʥʦʣʦʛʠʷʣʳץ ʧʨʦʛʨʝʩʪʽ סʘʥʘ ʝʤʝʩ, ײʣʪʪʳץ ʙᴅʩʝʢʝʛʝ 

 .ʜʘ ʢʝʧʽʣʽ שʘʙʽʣʝʪʪʽʣʽʢʪʽ ʘʨʪʪʳʨʫʜʳץ
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ɸʥʥʦʪʘʮʠʷ. ʕʣʝʢʪʨʦʬʠʣʴʪʨʳ ʦʩʪʘʶʪʩʷ ʢʣʶʯʝʚʳʤ ʦʙʦʨʫʜʦʚʘʥʠʝʤ ʜʣʷ ʦʯʠʩʪ-

ʢʠ ʧʨʦʤʳʰʣʝʥʥʳʭ ʛʘʟʦʚʳʭ ʚʳʙʨʦʩʦʚ. ʊʨʘʜʠʮʠʦʥʥʳʝ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ 

ʦʙʝʩʧʝʯʠʚʘʶʪ ʙʘʟʦʚʦʝ ʨʝʛʫʣʠʨʦʚʘʥʠʝ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ, ʥʦ ʧʨʠ 

ʠʟʤʝʥʷʶʱʠʭʩʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ ʠʭ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʩʥʠʞʘʝʪʩʷ. ɺ ʩʪʘʪʴʝ 

ʧʨʝʜʩʪʘʚʣʝʥ ʦʙʟʦʨ ʩʦʚʨʝʤʝʥʥʳʭ ʧʦʜʭʦʜʦʚ ʢ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʡ ʘʚʪʦʤʘʪʠʟʘʮʠʠ 

ʵʣʝʢʪʨʦʬʠʣʴʪʨʦʚ: ʘʨʭʠʪʝʢʪʫʨʳ ʩʠʩʪʝʤ, ʠʩʧʦʣʴʟʫʝʤʳʝ ʘʣʛʦʨʠʪʤʳ (ʥʝʯʝʪʢʘʷ ʣʦʛʠʢʘ, 

ʤʘʰʠʥʥʦʝ ʦʙʫʯʝʥʠʝ), ʨʦʣʴ ʩʝʥʩʦʨʠʢʠ ʠ ʮʠʬʨʦʚʳʭ ʜʚʦʡʥʠʢʦʚ. ʇʨʠʚʝʜʝʥʳ ʧʨʠʤʝʨʳ 

ʧʨʦʤʳʰʣʝʥʥʳʭ ʨʝʰʝʥʠʡ ʠ ʨʘʩʩʤʦʪʨʝʥʳ ʦʩʥʦʚʥʳʝ ʪʝʭʥʠʯʝʩʢʠʝ ʠ ʦʨʛʘʥʠʟʘʮʠʦʥʥʳʝ 

ʧʨʦʙʣʝʤʳ ʚʥʝʜʨʝʥʠʷ. ʆʙʩʫʞʜʘʶʪʩʷ ʧʝʨʩʧʝʢʪʠʚʳ ʨʘʟʚʠʪʠʷ ʠ ʥʘʧʨʘʚʣʝʥʠʷ 

ʜʘʣʴʥʝʡʰʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʵʣʝʢʪʨʦʬʠʣʴʪʨ; ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʘʷ ʩʠʩʪʝʤʘ ʫʧʨʘʚʣʝʥʠʷ; 

ʘʚʪʦʤʘʪʠʟʘʮʠʷ; ʧʨʦʤʳʰʣʝʥʥʘʷ ʛʘʟʦʦʯʠʩʪʢʘ; ʥʝʯʝʪʢʘʷ ʣʦʛʠʢʘ; ʤʘʰʠʥʥʦʝ ʦʙʫʯʝʥʠʝ; 

ʮʠʬʨʦʚʦʡ ʜʚʦʡʥʠʢ. 

 

ɺʚʝʜʝʥʠʝ 

ʕʣʝʢʪʨʦʬʠʣʴʪʨʳ (ʕʌ) - ʦʜʥʦ ʠʟ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʳʭ ʫʩʪʨʦʡʩʪʚ 

ʛʣʫʙʦʢʦʡ ʦʯʠʩʪʢʠ ʛʘʟʦʚʳʭ ʧʦʪʦʢʦʚ ʦʪ ʪʚʸʨʜʳʭ ʯʘʩʪʠʮ ʚ ʵʥʝʨʛʝʪʠʢʝ, ʤʝʪʘʣʣʫʨʛʠʠ, 

ʮʝʤʝʥʪʥʦʡ ʠ ʮʝʣʣʶʣʦʟʥʦ-ʙʫʤʘʞʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. ʀʭ ʵʬʬʝʢʪʠʚʥʦʩʪʴ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʨʝʞʠʤʦʤ ʨʘʙʦʪʳ ʢʦʨʦʥʠʨʫʶʱʝʡ ʩʠʩʪʝʤʳ, ʛʝʦʤʝʪʨʠʝʡ ʵʣʝʢʪʨʦʜʦʚ, 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʛʘʟʘ (ʩʦʩʪʘʚ, ʪʝʤʧʝʨʘʪʫʨʘ, ʚʣʘʞʥʦʩʪʴ) ʠ ʩʪʝʧʝʥʴʶ 

ʟʘʧʳʣʸʥʥʦʩʪʠ. ʊʨʘʜʠʮʠʦʥʥʦ ʫʧʨʘʚʣʝʥʠʝ ʕʌ ʩʚʦʜʠʪʩʷ ʢ ʧʦʜʜʝʨʞʘʥʠʶ ʟʘʜʘʥʥʳʭ 

ʟʥʘʯʝʥʠʡ ʥʘʧʨʷʞʝʥʠʷ ʠ/ʠʣʠ ʪʦʢʘ, ʧʝʨʠʦʜʠʯʝʩʢʠʤ ʧʨʦʤʳʚʢʘʤ/ʩʙʨʦʩʘʤ ʯʘʩʪʠʮ ʠ 

ʬʠʢʩʠʨʦʚʘʥʥʳʤ ʘʣʛʦʨʠʪʤʘʤ ʦʙʩʣʫʞʠʚʘʥʠʷ. ʆʜʥʘʢʦ ʚ ʨʝʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ 

ʧʘʨʘʤʝʪʨʳ ʛʘʟʦʚʦʛʦ ʧʦʪʦʢʘ ʯʘʩʪʦ ʤʝʥʷʶʪʩʷ ʚʦ ʚʨʝʤʝʥʠ, ʯʪʦ ʜʝʣʘʝʪ ʩʪʘʪʠʯʝʩʢʠʝ 

ʫʩʪʘʚʢʠ ʥʝʵʬʬʝʢʪʠʚʥʳʤʠ ʠ ʧʨʠʚʦʜʠʪ ʢ ʧʦʚʳʰʝʥʥʦʤʫ ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʶ ʠ 

ʩʥʠʞʝʥʠʶ ʩʪʝʧʝʥʠ ʦʯʠʩʪʢʠ [1]. 

ʀʥʪʝʣʣʝʢʪʫʘʣʴʥʳʝ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʦʙʲʝʜʠʥʷʶʪ ʢʣʘʩʩʠʯʝʩʢʠʝ ʩʨʝʜʩʪʚʘ 

ʘʚʪʦʤʘʪʠʟʘʮʠʠ (ʇʃʂ, ʢʦʥʪʨʦʣʣʝʨʳ), ʨʘʟʚʠʪʫʶ ʩʝʥʩʦʨʠʢʫ (ʧʳʣʝʤʝʨʳ, ʜʘʪʯʠʢʠ 

ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʚʣʘʞʥʦʩʪʠ), ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʤʦʜʝʣʠ ʠ ʘʣʛʦʨʠʪʤʳ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ 

ʠʥʪʝʣʣʝʢʪʘ (ʥʝʯʝʪʢʘʷ ʣʦʛʠʢʘ, ʨʝʛʨʝʩʩʠʠ, ʥʝʡʨʦʩʝʪʠ). ʎʝʣʴ -ʦʙʝʩʧʝʯʠʪʴ 

ʘʜʘʧʪʘʮʠʶ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʨʝʞʠʤʘ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ, ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ 

ʫʭʫʜʰʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠ ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ ʵʥʝʨʛʦʟʘʪʨʘʪʳ ʧʨʠ ʧʦʜʜʝʨʞʘʥʠʠ 

ʪʨʝʙʫʝʤʦʛʦ ʫʨʦʚʥʷ ʦʯʠʩʪʢʠ. 

ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʧʨʠʚʝʜʝʥʘ ʦʙʟʦʨ ʪʝʢʫʱʝʛʦ ʩʦʩʪʦʷʥʠʷ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʡ 

ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʧʨʦʮʝʩʩʦʤ ʦʯʠʩʪʢʠ ʛʘʟʦʚ ʚ ʵʣʝʢʪʨʦʬʠʣʴʪʨʘʭ, ʧʨʘʢʪʠʯʝʩʢʠʝ 
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ʨʝʰʝʥʠʷ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʪʝʥʜʝʥʮʠʠ ʨʘʟʚʠʪʠʷ ʠʩʢʫʩʩʪʚʝʥʥʳʭ ʩʠʩʪʝʤ ʚ 

ʫʧʨʘʚʣʝʥʠʷ ʦʯʠʩʪʢʦʡ ʛʘʟʦʚ ʚ ʵʣʝʢʪʨʦʬʠʣʴʪʨʘʭ. ʈʘʩʩʤʦʪʨʝʥʳ ʚʦʧʨʦʩʳ ʘʥʘʣʠʟʘ 

ʘʨʭʠʪʝʢʪʫʨ ʠ ʢʦʤʧʦʥʝʥʪʦʚ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ ʕʌ, ʦʙʟʦʨʘ 

ʧʨʠʤʝʥʷʝʤʳʭ ʘʣʛʦʨʠʪʤʦʚ ʦʧʪʠʤʠʟʘʮʠʠ ʨʝʞʠʤʘ ʨʘʙʦʪʳ ʕʌ, ʧʨʦʤʳʰʣʝʥʥʳʭ 

ʢʝʡʩʦʚ ʠ ʧʨʦʙʣʝʤʳ ʠʥʪʝʛʨʘʮʠʠ ʠ ʧʝʨʩʧʝʢʪʠʚʳ ʨʘʟʚʠʪʠʷ. 

ʉʦʚʨʝʤʝʥʥʳʝ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʝ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤ 

ʧʨʦʮʝʩʩʦʤ ʕʌ ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʚ ʚʠʜʝ ʥʘʙʦʨʘ ʚʟʘʠʤʦʩʚʷʟʘʥʥʳʭ ʙʣʦʢʦʚ [2]: 

Å ʩʝʥʩʦʨʠʢʘ ʠ ʩʙʦʨ ʜʘʥʥʳʭ - ʧʳʣʝʤʝʨʳ (ʦʧʪʠʯʝʩʢʠʝ, ʠʦʥʥʳʝ), ʜʘʪʯʠʢʠ 

ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʚʣʘʞʥʦʩʪʠ, ʠʟʤʝʨʠʪʝʣʠ ʩʢʦʨʦʩʪʠ ʠ ʩʦʩʪʘʚʘ ʛʘʟʘ, ʜʘʪʯʠʢʠ 

ʥʘʧʨʷʞʝʥʠʷ ʠ ʪʦʢʘ ʥʘ ʢʦʨʦʥʠʨʫʶʱʝʡ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʮʝʧʠ. ʂʘʯʝʩʪʚʦ ʠʩʭʦʜʥʳʭ 

ʜʘʥʥʳʭ ʧʨʷʤʦ ʚʣʠʷʝʪ ʥʘ ʨʘʙʦʪʫ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʘʣʛʦʨʠʪʤʦʚ; 

Å ʧʣʘʪʬʦʨʤʘ ʩʙʦʨʘ ʠ ʧʨʝʜʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ -SCADA/IIoT-ʨʝʰʝʥʠʷ ʜʣʷ 

ʩʙʦʨʘ, ʭʨʘʥʝʥʠʷ ʠ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʦʙʨʘʙʦʪʢʠ ʪʝʣʝʤʝʪʨʠʠ; 

Å ʤʦʜʝʣʠ ʠ ʘʣʛʦʨʠʪʤʳ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ - ʬʠʟʠʯʝʩʢʠʝ ʠ ʵʤʧʠʨʠʯʝʩʢʠʝ 

ʤʦʜʝʣʠ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ, ʮʠʬʨʦʚʳʝ ʜʚʦʡʥʠʢʠ ʠ ʘʣʛʦʨʠʪʤʳ ʀʀ (ʥʝʯʝʪʢʘʷ 

ʣʦʛʠʢʘ, ʨʝʛʨʝʩʩʠʠ, ʥʝʡʨʦʩʝʪʠ, ʵʚʦʣʶʮʠʦʥʥʳʝ ʤʝʪʦʜʳ); 

Å ʢʦʥʪʨʦʣʣʝʨʳ ʠ ʠʩʧʦʣʥʠʪʝʣʴʥʳʝ ʤʝʭʘʥʠʟʤʳ ð ʇʃʂ/ʇʂ ʠ ʩʠʣʦʚʘʷ 

ʵʣʝʢʪʨʦʥʠʢʘ ʜʣʷ ʙʳʩʪʨʦʜʝʡʩʪʚʫʶʱʝʛʦ ʫʧʨʘʚʣʝʥʠʷ ʥʘʧʨʷʞʝʥʠʝʤ/ʪʦʢʦʤ, 

ʫʧʨʘʚʣʝʥʠʷ ʚʩʪʨʷʭʠʚʘʥʠʝʤ ʠ ʩʙʨʦʩʦʤ ʧʳʣʠ; 

Å ʠʥʪʝʨʬʝʡʩʳ ʠ ʘʥʘʣʠʪʠʢʘ-ʚʠʟʫʘʣʠʟʘʮʠʷ, ʦʪʯʸʪʥʦʩʪʴ, ʤʦʜʫʣʴ ʧʨʝʜʠʢʪʠʚʥʦʛʦ 

ʦʙʩʣʫʞʠʚʘʥʠʷ. 

 

ɸʣʛʦʨʠʪʤʳ ʠ ʤʝʪʦʜʳ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ.  
ʅʘ ʧʨʘʢʪʠʢʝ ʧʨʠ ʫʧʨʘʚʣʝʥʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤ ʨʝʞʠʤʦʤ ʕʌ ʠʩʧʦʣʴʟʫʝʪʩʷ [3]: 

Å ʥʝʯʝʪʢʘʷ ʣʦʛʠʢʘ - ʬʦʨʤʘʣʠʟʘʮʠʷ ʵʢʩʧʝʨʪʥʳʭ ʧʨʘʚʠʣ ʦʧʝʨʘʪʦʨʘ, ʧʨʦʩʪʦʪʘ 

ʚʥʝʜʨʝʥʠʷ ʠ ʠʥʪʝʨʧʨʝʪʘʮʠʠ; 

Å ʢʣʘʩʩʠʯʝʩʢʠʝ ʦʧʪʠʤʠʟʘʮʠʦʥʥʳʝ ʤʝʪʦʜʳ - ʦʧʪʠʤʠʟʘʮʠʷ ʫʩʪʘʚʦʢ ʜʣʷ 

ʩʥʠʞʝʥʠʷ ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʷ ʧʨʠ ʩʦʭʨʘʥʝʥʠʠ ʪʨʝʙʫʝʤʦʡ ʩʪʝʧʝʥʠ ʦʯʠʩʪʢʠ 

(ʛʨʘʜʠʝʥʪʥʳʝ ʤʝʪʦʜʳ, ʛʝʥʝʪʠʯʝʩʢʠʝ ʘʣʛʦʨʠʪʤʳ); 

Å ʤʘʰʠʥʥʦʝ ʦʙʫʯʝʥʠʝ ʠ ʥʝʡʨʦʩʝʪʠ - ʦʙʫʯʝʥʠʝ ʥʘ ʠʩʪʦʨʠʯʝʩʢʠʭ ʜʘʥʥʳʭ ʜʣʷ 

ʧʨʝʜʩʢʘʟʘʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʫʣʘʚʣʠʚʘʥʠʷ ʯʘʩʪʠʮ ʠ ʧʨʦʘʢʪʠʚʥʦʡ ʢʦʨʨʝʢʪʠʨʦʚʢʠ 

ʨʝʞʠʤʦʚ; 

Å ʮʠʬʨʦʚʳʝ ʜʚʦʡʥʠʢʠ - ʪʝʩʪʠʨʦʚʘʥʠʝ ʩʪʨʘʪʝʛʠʡ ʫʧʨʘʚʣʝʥʠʷ ʚ ʚʠʨʪʫʘʣʴʥʦʡ 

ʩʨʝʜʝ ʠ ʩʮʝʥʘʨʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ. 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʚʥʝʜʨʝʥʠʝ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʩʠʩʪʝʤ 

ʫʧʨʘʚʣʝʥʠʷ ʵʣʝʢʪʨʦʬʠʣʴʪʨʘʤʠ (ʢʦʤʙʠʥʠʨʦʚʘʥʠʝ ʫʣʫʯʰʝʥʥʦʡ ʩʝʥʩʦʨʠʢʠ, 

ʘʣʛʦʨʠʪʤʦʚ ʦʧʪʠʤʠʟʘʮʠʠ ʠ ʘʜʘʧʪʘʮʠʠ ʨʝʞʠʤʦʚ) ʤʦʞʝʪ ʜʘʚʘʪʴ ʩʫʱʝʩʪʚʝʥʥʳʡ 

ʵʢʦʥʦʤʠʯʝʩʢʠʡ ʠ ʵʢʦʣʦʛʠʯʝʩʢʠʡ ʵʬʬʝʢʪ: ʧʦʚʳʰʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʦʯʠʩʪʢʠ ʥʘ 

15ï30% ʠ ʩʥʠʞʝʥʠʝ ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʷ ʜʦ 20ï40% ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʫʩʣʦʚʠʡ ʠ 

ʢʦʥʩʪʨʫʢʮʠʠ ʫʩʪʘʥʦʚʢʠ. ʕʪʠ ʦʮʝʥʢʠ ʧʦʣʝʟʥʳ ʜʣʷ ʧʝʨʚʠʯʥʦʡ ʦʮʝʥʢʠ ʦʢʫʧʘʝʤʦʩʪʠ 

ʧʨʦʝʢʪʦʚ ʠ ʧʣʘʥʠʨʦʚʘʥʠʷ ʧʠʣʦʪʥʳʭ ʚʥʝʜʨʝʥʠʡ [1]. 

ʅʝʢʦʪʦʨʳʝ ʤʠʨʦʚʳʝ ʧʨʦʠʟʚʦʜʠʪʝʣʠ ʠ ʠʥʞʠʥʠʨʠʥʛʦʚʳʝ ʢʦʤʧʘʥʠʠ 

ʘʥʦʥʩʠʨʫʶʪ ʨʘʟʨʘʙʦʪʢʫ çʫʤʥʳʭè ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ ʵʣʝʢʪʨʦʬʠʣʴʪʨʘʤʠ ʥʘ ʙʘʟʝ 

ʀʀ, ʢʦʪʦʨʳʝ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʧʦʜʙʠʨʘʶʪ ʧʘʨʘʤʝʪʨʳ ʧʠʪʘʥʠʷ ʠ ʩʚʝʨʷʶʪʩʷ ʩ 



 
ΡΣ 

ʧʦʢʘʟʘʥʠʷʤʠ ʧʳʣʝʤʝʨʦʚ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ. ʊʘʢʠʝ ʨʝʰʝʥʠʷ ʧʦʟʠʮʠʦʥʠʨʫʶʪʩʷ 

ʢʘʢ ʩʧʦʩʦʙ ʤʘʢʩʠʤʠʟʠʨʦʚʘʪʴ ʂʇɼ ʚ ʪʝʯʝʥʠʝ ʚʩʝʛʦ ʩʨʦʢʘ ʵʢʩʧʣʫʘʪʘʮʠʠ ʠ ʩʥʠʟʠʪʴ 

ʪʨʫʜʦʟʘʪʨʘʪʳ ʥʘ ʪʦʥʢʫʶ ʥʘʩʪʨʦʡʢʫ [4]. 

ʅʘ ʩʦʚʨʝʤʝʥʥʳʤ ʨʳʥʢʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʝ ʢʦʥʪʨʦʣʣʝʨʳ 

ʧʠʪʘʥʠʷ ʠ ʙʣʦʢʠ ʫʧʨʘʚʣʝʥʠʷ ʜʣʷ ʵʣʝʢʪʨʦʬʠʣʴʪʨʦʚ (ʥʘʧʨʠʤʝʨ, ʢʦʥʪʨʦʣʣʝʨʳ EFi ʠ 

ʙʣʦʢʠ ʫʧʨʘʚʣʝʥʠʷ ɹʋʕʌʀï301), ʢʦʪʦʨʳʝ ʦʙʝʩʧʝʯʠʚʘʶʪ ʨʘʩʰʠʨʝʥʥʳʝ ʬʫʥʢʮʠʠ 

ʨʝʛʫʣʠʨʦʚʘʥʠʷ (ʫʧʨʘʚʣʝʥʠʝ ʧʠʪʘʥʠʝʤ ʢʦʨʦʥʳ, ʦʧʪʠʤʠʟʘʮʠʷ ʚʩʪʨʷʭʠʚʘʥʠʷ, 

ʠʥʪʝʛʨʘʮʠʷ ʩ SCADA/ɸʉʋ ʊʇ). ʊʘʢʠʝ ʫʩʪʨʦʡʩʪʚʘ ʩʣʫʞʘʪ ʪʝʭʥʠʯʝʩʢʦʡ 

ʧʣʘʪʬʦʨʤʦʡ ʜʣʷ ʧʦʩʣʝʜʫʶʱʝʛʦ ʥʘʣʦʞʝʥʠʷ ʘʜʘʧʪʠʚʥʳʭ ʠ ʦʙʫʯʘʝʤʳʭ ʘʣʛʦʨʠʪʤʦʚ.  

ʇʨʠʤʝʥʝʥʠʝ ʩʦʚʨʝʤʝʥʥʳʭ ʇʃʂ/ʢʦʥʪʨʦʣʣʝʨʦʚ ʫʤʝʥʴʰʘʝʪ ʪʝʭʥʠʯʝʩʢʠʝ 

ʙʘʨʴʝʨʳ ʚʥʝʜʨʝʥʠʷ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʘʣʛʦʨʠʪʤʦʚ - ʯʘʩʪʦ ʜʦʩʪʘʪʦʯʥʦ 

ʨʘʟʨʘʙʦʪʘʪʴ ʇʆ/ʤʦʜʝʣʴ ʧʦʚʝʨʭ ʩʫʱʝʩʪʚʫʶʱʝʛʦ ʘʧʧʘʨʘʪʥʦʛʦ ʠʥʪʝʨʬʝʡʩʘ. 

ʆʧʳʪ ʚʥʝʜʨʝʥʠʷ ʮʠʬʨʦʚʳʭ ʜʚʦʡʥʠʢʦʚ ʠ ʧʣʘʪʬʦʨʤ ʘʥʘʣʠʪʠʢʠ ʧʦʢʘʟʳʚʘʝʪ 

ʩʠʣʴʥʳʡ ʧʨʘʢʪʠʯʝʩʢʠʡ ʵʬʬʝʢʪ: ʮʠʬʨʦʚʦʡ ʜʚʦʡʥʠʢ ʧʦʟʚʦʣʷʝʪ ʪʝʩʪʠʨʦʚʘʪʴ 

ʩʪʨʘʪʝʛʠʠ ʫʧʨʘʚʣʝʥʠʷ ʚ ʚʠʨʪʫʘʣʴʥʦʡ ʩʨʝʜʝ, ʩʦʢʨʘʱʘʝʪ ʯʠʩʣʦ ʥʘʪʫʨʥʳʭ 

ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʠ ʫʩʢʦʨʷʝʪ ʚʥʝʜʨʝʥʠʝ ʠʟʤʝʥʝʥʠʡ. ʅʘ ʧʨʦʤʳʰʣʝʥʥʳʭ ʧʣʦʱʘʜʢʘʭ 

ʮʠʬʨʦʚʳʝ ʜʚʦʡʥʠʢʠ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʧʨʝʜʠʢʪʠʚʥʦʡ ʘʥʘʣʠʪʠʢʠ ʠ ʦʧʪʠʤʠʟʘʮʠʠ 

ʨʝʞʠʤʘ, ʯʪʦ ʧʨʷʤʦ ʧʨʠʤʝʥʠʤʦ ʢ ʵʣʝʢʪʨʦʬʠʣʴʪʨʘʤ (ʩʠʤʫʣʷʮʠʷ ʚʘʨʠʘʮʠʡ 

ʛʘʟʦʧʦʪʦʢʘ, ʜʝʛʨʘʜʘʮʠʠ ʵʣʝʢʪʨʦʜʦʚ ʠ ʨʝʘʢʮʠʠ ʫʧʨʘʚʣʝʥʠʷ) [5]. 

ʇʨʝʠʤʫʱʝʩʪʚʘ: ʧʦʚʳʰʝʥʠʝ ʩʪʝʧʝʥʠ ʦʯʠʩʪʢʠ ʧʨʠ ʠʟʤʝʥʷʶʱʠʭʩʷ ʫʩʣʦʚʠʷʭ; 

ʩʥʠʞʝʥʠʝ ʵʥʝʨʛʦʟʘʪʨʘʪ; ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʝ ʦʪʢʘʟʦʚ; ʩʥʠʞʝʥʠʝ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʯʝʣʦʚʝʯʝʩʢʦʛʦ ʬʘʢʪʦʨʘ. 

ʆʛʨʘʥʠʯʠʚʘʶʱʠʝ ʬʘʢʪʦʨʳ: ʢʘʯʝʩʪʚʦ ʜʘʥʥʳʭ ʠ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʢ ʰʫʤʫ; 

ʩʣʦʞʥʦʩʪʠ ʚʘʣʠʜʘʮʠʠ ʀʀ-ʘʣʛʦʨʠʪʤʦʚ; ʟʘʪʨʘʪʳ ʥʘ ʤʦʜʝʨʥʠʟʘʮʠʶ; ʚʦʧʨʦʩʳ 

ʙʝʟʦʧʘʩʥʦʩʪʠ ʠ ʥʘʜʸʞʥʦʩʪʠ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʨʠ ʫʧʨʘʚʣʝʥʠʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤ ʧʨʦʮʝʩʩʦʚ ʦʯʠʩʪʢʠ 

ʛʘʟʦʚ ʚ ʕʌ ʧʨʠʤʝʥʷʶʪʩʷ ʛʠʙʨʠʜʥʳʝ ʤʦʜʝʣʠ (ʬʠʟʠʢʘ + ML), edge-ʚʳʯʠʩʣʝʥʠʷ, 

ʠʥʪʝʛʨʘʮʠʷ ʮʠʬʨʦʚʳʭ ʜʚʦʡʥʠʢʦʚ, ʩʪʘʥʜʘʨʪʳ ʚʘʣʠʜʘʮʠʠ ʀʀ, ʧʨʝʜʠʢʪʠʚʥʦʝ 

ʦʙʩʣʫʞʠʚʘʥʠʝ ʠ ʘʥʘʣʠʟ ʜʝʛʨʘʜʘʮʠʠ ʢʦʤʧʦʥʝʥʪʦʚ [1,3].  

 

ɿʘʢʣʶʯʝʥʠʝ. 

ʀʥʪʝʣʣʝʢʪʫʘʣʴʥʳʝ ʩʠʩʪʝʤʳ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʵʣʝʢʪʨʦʬʠʣʴʪʨʦʚ 

ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʧʦʪʝʥʮʠʘʣ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʛʘʟʦʦʯʠʩʪʢʠ ʠ 

ʩʦʢʨʘʱʝʥʠʷ ʵʥʝʨʛʦʟʘʪʨʘʪ. ʋʩʧʝʰʥʦʝ ʚʥʝʜʨʝʥʠʝ ʪʨʝʙʫʝʪ ʢʘʯʝʩʪʚʝʥʥʳʭ ʜʘʥʥʳʭ, 

ʧʦʵʪʘʧʥʦʛʦ ʧʦʜʭʦʜʘ ʠ ʨʝʰʝʥʠʷ ʦʨʛʘʥʠʟʘʮʠʦʥʥʳʭ ʚʦʧʨʦʩʦʚ. ʈʘʟʚʠʪʠʝ ʦʙʣʘʩʪʠ 

ʩʚʷʟʘʥʦ ʩ ʛʠʙʨʠʜʠʟʘʮʠʝʡ ʤʦʜʝʣʝʡ, ʨʘʩʰʠʨʝʥʠʝʤ ʚʦʟʤʦʞʥʦʩʪʝʡ edge-ʘʥʘʣʠʪʠʢʠ ʠ 

ʬʦʨʤʘʣʠʟʘʮʠʝʡ ʚʘʣʠʜʘʮʠʠ ʘʣʛʦʨʠʪʤʦʚ. 
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ɸʥʥʦʪʘʮʠʷ. ɺ ʩʪʘʪʴʝ ʧʨʝʜʩʪʘʚʣʝʥ ʦʙʟʦʨ ʩʦʚʨʝʤʝʥʥʳʭ ʧʦʜʭʦʜʦʚ ʢ 

ʫʧʨʘʚʣʝʥʠʶ ʩʣʦʞʥʳʤʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤʠ ʩʠʩʪʝʤʘʤʠ ʚ ʫʩʣʦʚʠʷʭ 

ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ. ʅʘ ʧʨʠʤʝʨʝ ʧʦʜʟʝʤʥʦʛʦ ʚʳʱʝʣʘʯʠʚʘʥʠʷ ʫʨʘʥʘ 

ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʩʫʱʝʩʪʚʫʶʱʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʥʘʧʨʘʚʣʝʥʥʳʝ ʥʘ ʧʦʚʳʰʝʥʠʝ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʦʮʝʩʩʦʚ ʟʘ ʩʯʝʪ ʚʳʙʦʨʘ ʦʧʪʠʤʘʣʴʥʳʭ ʩʭʝʤ ʨʘʩʧʦʣʦʞʝʥʠʷ 

ʩʢʚʘʞʠʥ ʠ ʚʥʝʜʨʝʥʠʷ ʛʦʨʥʦ-ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ. ʇʦʢʘʟʘʥʦ, 

ʯʪʦ ʜʘʥʥʳʝ ʤʝʪʦʜʳ ʧʦʟʚʦʣʷʶʪ ʨʝʰʘʪʴ ʣʠʰʴ ʣʦʢʘʣʴʥʳʝ ʟʘʜʘʯʠ ʠ ʥʝ ʦʙʝʩʧʝʯʠʚʘʶʪ 

ʘʜʘʧʪʠʚʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ. ɺ ʢʘʯʝʩʪʚʝ ʧʝʨʩʧʝʢʪʠʚʥʦʛʦ 

ʥʘʧʨʘʚʣʝʥʠʷ ʧʨʝʜʣʘʛʘʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʤʫʣʴʪʠʘʛʝʥʪʥʳʭ ʩʠʩʪʝʤ ʩ ʘʣʛʦʨʠʪʤʘʤʠ 

ʥʝʯʝʪʢʦʡ ʣʦʛʠʢʠ, ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʶʪ ʨʘʩʧʨʝʜʝʣʷʪʴ ʟʘʜʘʯʠ ʤʝʞʜʫ ʘʛʝʥʪʘʤʠ, 

ʫʯʠʪʳʚʘʪʴ ʥʝʧʦʣʥʳʝ ʜʘʥʥʳʝ ʠ ʨʝʘʣʠʟʦʚʳʚʘʪʴ ʵʢʩʧʝʨʪʥʳʝ ʧʨʘʚʠʣʘ ʫʧʨʘʚʣʝʥʠʷ. 

ʊʘʢʦʡ ʧʦʜʭʦʜ ʚʦʩʧʦʣʥʷʝʪ ʥʝʜʦʩʪʘʪʢʠ ʪʨʘʜʠʮʠʦʥʥʳʭ ʤʦʜʝʣʝʡ ʠ ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʧʦʚʳʰʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʫʧʨʘʚʣʝʥʠʷ ʧʨʠ ʧʦʜʟʝʤʥʦʤ ʚʳʱʝʣʘʯʠʚʘʥʠʠ ʫʨʘʥʘ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʧʦʜʟʝʤʥʦʝ ʚʳʱʝʣʘʯʠʚʘʥʠʝ ʫʨʘʥʘ; ʧʘʨʘʣʣʝʣʴʥʦʝ 

ʫʧʨʘʚʣʝʥʠʝ; ʤʫʣʴʪʠʘʛʝʥʪʥʳʝ ʩʠʩʪʝʤʳ; ʥʝʯʝʪʢʘʷ ʣʦʛʠʢʘ; ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʝ 

ʤʝʪʦʜʳ ʫʧʨʘʚʣʝʥʠʷ; ʛʦʨʥʦ-ʛʝʦʣʦʛʠʯʝʩʢʘʷ ʠʥʬʦʨʤʘʮʠʦʥʥʘʷ ʩʠʩʪʝʤʘ. 

 

ɺʚʝʜʝʥʠʝ 

ʉʦʚʨʝʤʝʥʥʳʝ ʧʨʦʤʳʰʣʝʥʥʳʝ ʦʙʲʝʢʪʳ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʚʳʩʦʢʦʡ ʩʪʝʧʝʥʴʶ 

ʩʣʦʞʥʦʩʪʠ, ʤʥʦʛʦʤʝʨʥʦʩʪʴʶ ʠ ʜʠʥʘʤʠʯʝʩʢʠʤʠ ʠʟʤʝʥʝʥʠʷʤʠ ʧʘʨʘʤʝʪʨʦʚ. 

ʋʧʨʘʚʣʝʥʠʝ ʪʘʢʠʤʠ ʩʠʩʪʝʤʘʤʠ ʦʩʣʦʞʥʷʝʪʩʷ ʥʘʣʠʯʠʝʤ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ, 
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ʨʘʟʥʦʨʦʜʥʦʩʪʠ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ ʠ ʤʥʦʞʝʩʪʚʦʤ ʚʟʘʠʤʦʩʚʷʟʘʥʥʳʭ ʵʣʝʤʝʥʪʦʚ. 

ʊʨʘʜʠʮʠʦʥʥʳʝ ʤʝʪʦʜʳ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʩʪʨʦʛʠʭ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʷʭ, 

ʦʙʝʩʧʝʯʠʚʘʶʪ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ ʠ ʧʨʦʛʥʦʟ, ʦʜʥʘʢʦ ʥʝ ʧʦʟʚʦʣʷʶʪ ʚ ʧʦʣʥʦʡ ʤʝʨʝ 

ʫʯʠʪʳʚʘʪʴ ʩʪʦʭʘʩʪʠʯʝʩʢʠʡ ʭʘʨʘʢʪʝʨ ʧʨʦʮʝʩʩʦʚ ʠ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʘʜʘʧʪʘʮʠʠ ʚ 

ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ. 

ʆʩʦʙʝʥʥʦ ʦʩʪʨʦ ʵʪʠ ʧʨʦʙʣʝʤʳ ʧʨʦʷʚʣʷʶʪʩʷ ʧʨʠ ʧʦʜʟʝʤʥʦʤ ʚʳʱʝʣʘʯʠʚʘʥʠʠ 

ʫʨʘʥʘ, ʛʜʝ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ ʟʘʚʠʩʠʪ ʦʪ ʩʭʝʤʳ 

ʨʘʩʧʦʣʦʞʝʥʠʷ ʩʢʚʘʞʠʥ, ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ ʠ ʪʦʯʥʦʩʪʠ ʫʯʝʪʘ 

ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʜʘʥʥʳʭ. ʅʘ ʧʨʘʢʪʠʢʝ ʚʦʟʥʠʢʘʶʪ ʟʘʩʪʦʡʥʳʝ ʟʦʥʳ ʠ 

ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʴ ʬʠʣʴʪʨʘʮʠʠ, ʯʪʦ ʩʥʠʞʘʝʪ ʢʦʵʬʬʠʮʠʝʥʪ ʠʟʚʣʝʯʝʥʠʷ ʧʦʣʝʟʥʦʛʦ 

ʢʦʤʧʦʥʝʥʪʘ. ɺ ʪʘʢʠʭ ʫʩʣʦʚʠʷʭ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʩʪʘʥʦʚʠʪʩʷ 

ʧʨʠʤʝʥʝʥʠʝ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʤʝʪʦʜʦʚ ʫʧʨʘʚʣʝʥʠʷ, ʚʢʣʶʯʘʶʱʠʭ 

ʤʫʣʴʪʠʘʛʝʥʪʥʳʝ ʩʠʩʪʝʤʳ ʠ ʥʝʯʝʪʢʫʶ ʣʦʛʠʢʫ. ʕʪʠ ʧʦʜʭʦʜʳ ʧʦʟʚʦʣʷʶʪ 

ʜʝʮʝʥʪʨʘʣʠʟʦʚʘʪʴ ʫʧʨʘʚʣʝʥʠʝ, ʫʯʠʪʳʚʘʪʴ ʥʝʧʦʣʥʳʝ ʜʘʥʥʳʝ ʠ ʨʝʘʣʠʟʦʚʳʚʘʪʴ 

ʵʢʩʧʝʨʪʥʳʝ ʧʨʘʚʠʣʘ, ʦʙʝʩʧʝʯʠʚʘʷ ʩʦʛʣʘʩʦʚʘʥʥʦʩʪʴ ʨʘʙʦʪʳ ʚʩʝʡ ʩʠʩʪʝʤʳ. 

 

ʆʙʟʦʨ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʩʭʝʤʳ ʫʧʨʘʚʣʝʥʠʷ. 

ʈʦʩʪ ʤʘʩʰʪʘʙʦʚ ʠ ʩʣʦʞʥʦʩʪʠ ʧʨʦʤʳʰʣʝʥʥʳʭ ʦʙʲʝʢʪʦʚ ʚ ʛʦʨʥʦʡ ʠ 

ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʦʪʨʘʩʣʷʭ ʪʨʝʙʫʝʪ ʚʥʝʜʨʝʥʠʷ ʥʦʚʳʭ ʤʝʪʦʜʦʚ ʫʧʨʘʚʣʝʥʠʷ, 

ʩʧʦʩʦʙʥʳʭ ʨʘʙʦʪʘʪʴ ʚ ʫʩʣʦʚʠʷʭ ʤʥʦʛʦʟʘʜʘʯʥʦʩʪʠ ʠ ʥʝʦʧʨʝʜʝʣʸʥʥʦʩʪʠ. 

ɺ ʛʦʨʥʦʜʦʙʳʚʘʶʱʝʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʚ ʯʘʩʪʥʦʩʪʠ ʧʨʠ ʧʦʜʟʝʤʥʦʤ 

ʚʳʱʝʣʘʯʠʚʘʥʠʠ ʫʨʘʥʘ, ʢʣʶʯʝʚʦʡ ʧʨʦʙʣʝʤʦʡ ʷʚʣʷʝʪʩʷ ʦʙʨʘʟʦʚʘʥʠʝ ʟʘʩʪʦʡʥʳʭ 

ʟʦʥ, ʩʥʠʞʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʠʟʚʣʝʯʝʥʠʷ ʠ ʚʳʩʦʢʘʷ ʵʥʝʨʛʦʸʤʢʦʩʪʴ ʧʨʦʮʝʩʩʦʚ. 

ʇʦʜʦʙʥʳʝ ʟʘʜʘʯʠ ʪʨʝʙʫʶʪ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʥʘʛʨʫʟʢʠ ʤʝʞʜʫ ʤʥʦʛʦʯʠʩʣʝʥʥʳʤʠ 

ʩʢʚʘʞʠʥʘʤʠ ʠ ʩʚʦʝʚʨʝʤʝʥʥʦʡ ʘʜʘʧʪʘʮʠʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʨʝʞʠʤʦʚ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʘʢʪʫʘʣʴʥʦʩʪʴ ʠʩʩʣʝʜʦʚʘʥʠʷ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʨʘʟʨʘʙʦʪʢʝ 

ʩʠʩʪʝʤ ʧʘʨʘʣʣʝʣʴʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʥʘ ʦʩʥʦʚʝ ʤʫʣʴʪʠʘʛʝʥʪʥʳʭ ʧʦʜʭʦʜʦʚ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʥʝʯʝʪʢʦʡ ʣʦʛʠʢʠ, ʧʦʟʚʦʣʷʶʱʠʭ ʠʥʪʝʛʨʠʨʦʚʘʪʴ ʜʘʥʥʳʝ, 

ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ʫʧʨʘʚʣʝʥʠʝ ʠ ʧʦʚʳʩʠʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʨʘʙʦʪʳ ʩʣʦʞʥʳʭ ʩʠʩʪʝʤ. 

ɺ ʠʩʩʣʝʜʦʚʘʥʠʠ [2] ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʚʦʧʨʦʩʳ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʧʦʜʟʝʤʥʦʛʦ ʚʳʱʝʣʘʯʠʚʘʥʠʷ ʫʨʘʥʘ. ʆʩʥʦʚʥʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʝʪʩʷ ʧʨʦʙʣʝʤʝ 

ʦʙʨʘʟʦʚʘʥʠʷ ʟʘʩʪʦʡʥʳʭ ʟʦʥ ʧʨʠ ʪʨʘʜʠʮʠʦʥʥʦʤ ʣʠʥʝʡʥʦʤ ʨʘʩʧʦʣʦʞʝʥʠʠ 

ʩʢʚʘʞʠʥ. ʊʘʢʠʝ ʟʦʥʳ ʧʨʠʚʦʜʷʪ ʢ ʥʝʨʘʚʥʦʤʝʨʥʦʤʫ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʶ ʨʘʩʪʚʦʨʘ ʠ, 

ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʢ ʩʥʠʞʝʥʠʶ ʢʦʵʬʬʠʮʠʝʥʪʘ ʠʟʚʣʝʯʝʥʠʷ ʧʦʣʝʟʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ. 

ɼʣʷ ʨʝʰʝʥʠʷ ʜʘʥʥʦʡ ʧʨʦʙʣʝʤʳ ʧʨʠʤʝʥʷʣʦʩʴ ʤʦʜʝʣʠʨʦʚʘʥʠʝ 

ʬʠʣʴʪʨʘʮʠʦʥʥʦ-ʨʝʘʢʮʠʦʥʥʳʭ ʧʨʦʮʝʩʩʦʚ, ʫʯʠʪʳʚʘʶʱʝʝ ʠʟʤʝʥʝʥʠʝ ʧʦʨʠʩʪʦʩʪʠ 

ʧʦʨʦʜ ʚ ʭʦʜʝ ʚʳʱʝʣʘʯʠʚʘʥʠʷ. ʅʘ ʦʩʥʦʚʘʥʠʠ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʧʦʢʘʟʘʥʘ 

ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʧʝʨʝʭʦʜʘ ʦʪ ʣʠʥʝʡʥʦʡ ʩʭʝʤʳ ʨʘʩʧʦʣʦʞʝʥʠʷ ʩʢʚʘʞʠʥ ʢ 

ʛʝʢʩʘʛʦʥʘʣʴʥʦʡ. ɼʦʧʦʣʥʠʪʝʣʴʥʦ ʦʙʦʩʥʦʚʳʚʘʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʤʝʪʦʜʘ 

ʨʝʚʝʨʩʠʨʦʚʘʥʠʷ ʩʢʚʘʞʠʥ, ʧʨʠ ʢʦʪʦʨʦʤ ʤʝʥʷʝʪʩʷ ʥʘʧʨʘʚʣʝʥʠʝ ʧʦʪʦʢʦʚ ʨʘʩʪʚʦʨʘ ʩ 

ʮʝʣʴʶ ʧʦʚʳʰʝʥʠʷ ʨʘʚʥʦʤʝʨʥʦʩʪʠ ʠ ʜʠʥʘʤʠʯʝʩʢʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ ʧʨʦʮʝʩʩʘ. 

 



 
ΡΦ 

 
ʈʠʩʫʥʦʢ 1. - ʉʭʝʤʘ ʨʘʩʧʦʣʦʞʝʥʠʷ ʩʢʚʘʞʠʥ: ʘ) ʨʷʜʥʘʷ, ʙ) ʛʝʢʩʘʛʦʥʘʣʴʥʘʷ, ʩ) 

ʢʚʘʜʨʘʪʥʘʷ. 

 

ɺ ʨʘʙʦʪʝ [1] ʦʩʥʦʚʥʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʝʪʩʷ ʧʨʦʙʣʝʤʝ ʬʨʘʛʤʝʥʪʘʨʥʦʩʪʠ 

ʜʘʥʥʳʭ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʧʨʦʮʝʩʩʘʤʠ ʧʦʜʟʝʤʥʦʛʦ ʚʳʱʝʣʘʯʠʚʘʥʠʷ 

ʫʨʘʥʘ. ʅʘ ʧʨʘʢʪʠʢʝ ʧʨʠʤʝʥʷʝʪʩʷ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʨʘʟʣʠʯʥʳʭ ʧʨʦʛʨʘʤʤʥʳʭ 

ʢʦʤʧʣʝʢʩʦʚ, ʚʢʣʶʯʘʷ ʫʩʪʘʨʝʚʰʠʝ ʩʠʩʪʝʤʳ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʨʘʟʨʦʟʥʝʥʥʦʩʪʠ 

ʠʥʬʦʨʤʘʮʠʠ ʠ ʩʥʠʞʝʥʠʶ ʢʘʯʝʩʪʚʘ ʧʨʠʥʠʤʘʝʤʳʭ ʨʝʰʝʥʠʡ. 

ɺ ʢʘʯʝʩʪʚʝ ʨʝʰʝʥʠʷ ʧʨʝʜʣʦʞʝʥʦ ʚʥʝʜʨʝʥʠʝ ʛʦʨʥʦ-ʛʝʦʣʦʛʠʯʝʩʢʦʡ 

ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ (ɻɻʀʉ), ʧʦʟʚʦʣʷʶʱʝʡ ʠʥʪʝʛʨʠʨʦʚʘʪʴ ʚʩʝ ʜʘʥʥʳʝ ʦ 

ʩʢʚʘʞʠʥʘʭ, ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨʘʭ ʠ ʧʨʦʮʝʩʩʘʭ ʚ ʝʜʠʥʫʶ ʮʠʬʨʦʚʫʶ ʩʨʝʜʫ. 

ʊʘʢʘʷ ʩʠʩʪʝʤʘ ʦʪʢʨʳʚʘʝʪ ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ ʢʦʤʧʣʝʢʩʥʦʛʦ ʘʥʘʣʠʟʘ, ʧʦʩʪʨʦʝʥʠʷ 

ʧʨʦʛʥʦʟʦʚ ʠ ʧʦʜʜʝʨʞʢʠ ʫʧʨʘʚʣʝʥʯʝʩʢʠʭ ʨʝʰʝʥʠʡ ʥʘ ʦʩʥʦʚʝ ʠʥʪʝʛʨʠʨʦʚʘʥʥʳʭ 

ʜʘʥʥʳʭ. 



 
ΣΜ 

 
ʈʠʩʫʥʦʢ 3.- ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʤʠʥʝʨʘʣʘ (ʘ), ʧʦʣʝʟʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ (ʙ), ʨʝʘʛʝʥʪʘ (ʚ) 

ʚ ʧʣʘʩʪʝ ʜʦ (ʩʣʝʚʘ) ʠ ʧʦʩʣʝ (ʩʧʨʘʚʘ) ʨʝʚʝʨʩʠʨʦʚʘʥʠʷ ʩʢʚʘʞʠʥ. 

 

 
ʈʠʩʫʥʦʢ 4. ï ʉʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ɻɻʀʉ. 



 
ΣΝ 

ʄʫʣʴʪʠʘʛʝʥʪʥʳʝ ʩʠʩʪʝʤʳ ʠ ʥʝʯʝʪʢʘʷ ʣʦʛʠʢʘ. 

ʄʫʣʴʪʠʘʛʝʥʪʥʳʝ ʩʠʩʪʝʤʳ (ʄɸʉ) ʧʨʝʜʣʘʛʘʶʪ ʥʦʚʳʡ ʧʘʨʘʜʠʛʤ, ʦʩʥʦʚʘʥʥʳʡ 

ʥʘ ʨʘʩʧʨʝʜʝʣʸʥʥʦʤ ʫʧʨʘʚʣʝʥʠʠ, ʢʦʛʜʘ ʢʘʞʜʳʡ ʘʛʝʥʪ ʦʪʚʝʯʘʝʪ ʟʘ ʫʧʨʘʚʣʝʥʠʝ 

ʣʦʢʘʣʴʥʦʡ ʯʘʩʪʴʶ ʧʨʦʮʝʩʩʘ. ɸʛʝʥʪ ï ʵʪʦ ʧʨʦʛʨʘʤʤʥʘʷ ʩʫʱʥʦʩʪʴ, ʩʧʦʩʦʙʥʘʷ 

ʩʦʙʠʨʘʪʴ ʜʘʥʥʳʝ ʦʙ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʝ ʠ ʧʨʠʥʠʤʘʪʴ ʨʝʰʝʥʠʷ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ. 

ʄɸʉ ʵʬʬʝʢʪʠʚʥʳ ʧʨʠ ʥʘʣʠʯʠʠ ʚʦʟʤʫʱʝʥʠʡ ʠ ʥʝʩʪʘʮʠʦʥʘʨʥʦʩʪʠ ʩʠʩʪʝʤʳ: 

ʚʤʝʩʦ ʝʜʠʥʦʡ ʩʣʦʞʥʦʡ ʤʦʜʝʣʠ ʦʥʠ ʟʘʤʝʥʷʶʪ ʝʸ ʥʘʙʦʨʦʤ ʧʨʦʩʪʳʭ ʣʦʢʘʣʴʥʳʭ 

ʤʦʜʝʣʝʡ, ʯʪʦ ʩʥʠʞʘʝʪ ʨʘʟʤʝʨʥʦʩʪʴ ʟʘʜʘʯʠ ʠ ʦʙʣʝʛʯʘʝʪ ʨʘʩʯʸʪʳ. ɸʨʭʠʪʝʢʪʫʨʘ 

ʄɸʉ ʥʝ ʪʨʝʙʫʝʪ ʩʪʨʦʛʦʡ ʠʝʨʘʨʭʠʠ: ʘʛʝʥʪʳ ʤʦʛʫʪ ʜʠʥʘʤʠʯʝʩʢʠ ʧʨʠʩʦʝʜʠʥʷʪʴʩʷ 

ʠ ʧʦʢʠʜʘʪʴ ʩʠʩʪʝʤʫ, ʘ ʦʪʢʘʟ ʦʪʜʝʣʴʥʳʭ ʟʚʝʥʴʝʚ ʥʝ ʚʝʜʸʪ ʢ ʢʨʘʭʫ ʚʩʝʛʦ ʫʧʨʘʚʣʝʥʠʷ 

[3]. ʕʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʜʝʮʝʥʪʨʘʣʠʟʦʚʘʥʥʦʩʪʴ ʠ ʚʳʩʦʢʫʶ ʦʪʢʘʟʦʫʩʪʦʡʯʠʚʦʩʪʴ 

ʨʘʙʦʪʳ ʩʠʩʪʝʤʳ. ʇʨʠ ʵʪʦʤ ʄɸʉ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʘʜʘʧʪʠʚʥʦʩʪʴ: ʠʟʤʝʥʝʥʠʝ 

ʚʥʝʰʥʠʭ ʫʩʣʦʚʠʡ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʧʨʠʚʦʜʠʪ ʢ ʧʝʨʝʩʪʨʦʡʢʝ ʧʦʚʝʜʝʥʠʷ ʩʠʩʪʝʤʳ, 

ʩʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʢʦʪʦʨʦʛʦ ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩ.5.: [3]. 

 
 

ʈʠʩʫʥʦʢ 5. ï ʉʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʤʫʣʴʪʠʘʛʝʥʪʥʦʡ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ. 

 

ɼʦʧʦʣʥʠʪʝʣʴʥʦʝ ʧʨʝʠʤʫʱʝʩʪʚʦ ʤʫʣʴʪʠʘʛʝʥʪʥʦʛʦ ʧʦʜʭʦʜʘ ʚ ʩʦʯʝʪʘʥʠʠ ʩ 

ʥʝʯʝʪʢʦʡ ʣʦʛʠʢʦʡ ʩʦʩʪʦʠʪ ʚ ʚʦʟʤʦʞʥʦʩʪʠ ʫʯʠʪʳʚʘʪʴ ʥʝʧʦʣʥʦʪʫ ʠ ʨʘʟʤʳʪʦʩʪʴ 

ʜʘʥʥʳʭ, ʤʦʜʝʣʠʨʦʚʘʪʴ ʵʢʩʧʝʨʪʥʳʝ ʧʨʘʚʠʣʘ ʠ çʯʝʣʦʚʝʯʝʩʢʠʝè ʨʘʩʩʫʞʜʝʥʠʷ. 

ʅʝʯʝʪʢʘʷ ʣʦʛʠʢʘ ʧʦʟʚʦʣʷʝʪ ʦʧʝʨʠʨʦʚʘʪʴ ʩʪʝʧʝʥʷʤʠ ʠʩʪʠʥʥʦʩʪʠ ʤʝʞʜʫ 0 ʠ 1 

ʚʤʝʩʪʦ ʜʚʦʠʯʥʳʭ ʟʥʘʯʝʥʠʡ, ʧʨʠʙʣʠʞʘʷ ʦʙʨʘʙʦʪʢʫ ʠʥʬʦʨʤʘʮʠʠ ʢ ʭʘʨʘʢʪʝʨʫ 

ʨʝʘʣʴʥʳʭ ʜʘʥʥʳʭ [4]. ʉʠʩʪʝʤʳ ʥʝʯʝʪʢʦʛʦ ʚʳʚʦʜʘ (ʬʘʟʟʠʬʠʢʘʮʠʷ, ʤʝʭʘʥʠʟʤ 

ʚʳʚʦʜʘ, ʜʝʬʘʟʟʠʬʠʢʘʮʠʷ) ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʢʣʶʯʝʚʳʝ ʠʥʩʪʨʫʤʝʥʪʳ ʜʣʷ 



 
ΣΞ 

ʫʧʨʘʚʣʝʥʠʷ ʩʣʦʞʥʳʤʠ ʠ ʥʝʪʦʯʥʳʤʠ ʩʠʩʪʝʤʘʤʠ [4]. ʆʥʠ ʧʦʟʚʦʣʷʶʪ ʚʳʨʘʞʘʪʴ 

ʟʥʘʥʠʷ ʵʢʩʧʝʨʪʦʚ ʚ ʚʠʜʝ ʧʨʘʚʠʣ çɽʉʃʀïʊʆè ʠ ʦʙʨʘʙʘʪʳʚʘʪʴ ʚʭʦʜʥʳʝ ʜʘʥʥʳʝ ʩ 

ʫʯʸʪʦʤ ʠʭ ʥʝʦʧʨʝʜʝʣʸʥʥʦʩʪʠ ʠ ʵʪʦ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʦ ʚ ʚʠʜʝ ʩʪʨʫʢʪʫʨʥʦʡ 

ʩʭʝʤʳ ʥʘ ʨʠʩʫʥʢʝ 6.:  

 

 
 

ʈʠʩʫʥʦʢ 6. ï ʉʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʩʠʩʪʝʤʳ ʥʝʯʝʪʢʦʛʦ ʫʧʨʘʚʣʝʥʠʷ: ʬʘʟʟʠʬʠʢʘʮʠʷ, 

ʙʘʟʘ ʧʨʘʚʠʣ, ʜʝʬʘʟʟʠʬʠʢʘʮʠʷ. 

 

ʇʘʨʘʣʣʝʣʴʥʦʝ ʧʨʠʤʝʥʝʥʠʝ ʄɸʉ ʠ ʥʝʯʝʪʢʦʡ ʣʦʛʠʢʠ ʧʦʟʚʦʣʷʝʪ ʦʙʲʝʜʠʥʠʪʴ 

ʜʦʩʪʦʠʥʩʪʚʘ ʦʙʝʠʭ ʪʝʭʥʦʣʦʛʠʡ. ɿʘʜʘʯʠ ʫʧʨʘʚʣʝʥʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤʠ ʦʙʲʝʢʪʘʤʠ 

(ʥʘʧʨʠʤʝʨ, ʜʝʙʠʪʦʚ ʩʢʚʘʞʠʥ ʠʣʠ ʧʦʜʘʯ ʨʝʘʛʝʥʪʘ) ʤʦʛʫʪ ʨʘʩʧʨʝʜʝʣʷʪʴʩʷ ʤʝʞʜʫ 

ʘʛʝʥʪʘʤʠ, ʢʘʞʜʳʡ ʠʟ ʢʦʪʦʨʳʭ ʥʘ ʦʩʥʦʚʝ ʣʦʢʘʣʴʥʳʭ ʜʘʥʥʳʭ ʠ ʵʢʩʧʝʨʪʥʳʭ ʧʨʘʚʠʣ 

ʦʧʨʝʜʝʣʷʝʪ ʦʧʪʠʤʘʣʴʥʳʝ ʜʝʡʩʪʚʠʷ [4].   ʂʣʶʯʝʚʳʝ ʧʨʝʠʤʫʱʝʩʪʚʘ 

ʧʨʝʜʣʘʛʘʝʤʦʛʦ ʧʦʜʭʦʜʘ ʟʘʢʣʶʯʘʶʪʩʷ ʚ ʩʣʝʜʫʶʱʝʤ: 

- ʜʝʮʝʥʪʨʘʣʠʟʘʮʠʷ ʠ ʦʪʢʘʟʦʫʩʪʦʡʯʠʚʦʩʪʴ: ʢʘʞʜʳʡ ʘʛʝʥʪ ʧʨʠʥʠʤʘʝʪ ʨʝʰʝʥʠʷ 

ʥʝʟʘʚʠʩʠʤʦ; ʧʨʠ ʚʳʭʦʜʝ ʠʟ ʩʪʨʦʷ ʦʪʜʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ ʩʠʩʪʝʤʘ ʧʨʦʜʦʣʞʘʝʪ 

ʬʫʥʢʮʠʦʥʠʨʦʚʘʪʴ; 

- ʘʜʘʧʪʠʚʥʦʩʪʴ: ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʛʝʦʪʝʭʥʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ (ʥʘʧʨʠʤʝʨ, 

ʠʟʤʝʥʝʥʠʠ ʧʦʨʠʩʪʦʩʪʠ ʧʣʘʩʪʘ ʠʣʠ ʜʘʚʣʝʥʠʡ) ʘʛʝʥʪʳ ʩʘʤʠ ʧʝʨʝʩʪʨʘʠʚʘʶʪ ʩʚʦʠ 

ʩʪʨʘʪʝʛʠʠ ʫʧʨʘʚʣʝʥʠʷ; 

- ʦʙʨʘʙʦʪʢʘ ʥʝʦʧʨʝʜʝʣʸʥʥʦʩʪʠ: ʙʣʘʛʦʜʘʨʷ ʥʝʯʝʪʢʦʡ ʣʦʛʠʢʝ ʘʛʝʥʪʳ ʤʦʛʫʪ 

ʨʘʙʦʪʘʪʴ ʩ ʥʝʧʦʣʥʳʤʠ ʠ çʛʨʷʟʥʳʤʠè ʜʘʥʥʳʤʠ, ʠʩʧʦʣʴʟʫʷ ʵʢʩʧʝʨʪʥʳʝ ʧʨʘʚʠʣʘ ʠ 

ʫʯʠʪʳʚʘʷ ʩʪʝʧʝʥʴ ʫʚʝʨʝʥʥʦʩʪʠ; 

-ʩʦʛʣʘʩʦʚʘʥʥʦʩʪʴ ʨʝʰʝʥʠʡ: ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʤʝʞʜʫ ʘʛʝʥʪʘʤʠ ʧʦʟʚʦʣʷʝʪ 

ʩʦʛʣʘʩʦʚʳʚʘʪʴ ʜʝʡʩʪʚʠʷ (ʥʘʧʨʠʤʝʨ, ʧʝʨʝʨʘʩʧʨʝʜʝʣʷʪʴ ʥʘʛʨʫʟʢʠ ʤʝʞʜʫ 

ʩʢʚʘʞʠʥʘʤʠ), ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʚʩʝʡ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ. 

ʅʝʯʝʪʢʘʷ ʣʦʛʠʢʘ ʧʦʟʚʦʣʷʝʪ ʘʛʝʥʪʘʤ ʨʘʙʦʪʘʪʴ ʩ ʥʝʧʦʣʥʳʤʠ ʠ ʨʘʟʤʳʪʳʤʠ 

ʜʘʥʥʳʤʠ, ʬʦʨʤʠʨʫʷ ʨʝʰʝʥʠʷ ʥʘ ʦʩʥʦʚʝ ʵʢʩʧʝʨʪʥʳʭ ʧʨʘʚʠʣ ʠ ʩʪʝʧʝʥʝʡ 

ʫʚʝʨʝʥʥʦʩʪʠ. ʕʪʦ ʦʩʦʙʝʥʥʦ ʚʘʞʥʦ ʚ ʫʩʣʦʚʠʷʭ ʠʟʤʝʥʯʠʚʦʩʪʠ ʛʝʦʪʝʭʥʠʯʝʩʢʠʭ 

ʧʘʨʘʤʝʪʨʦʚ ʧʨʠ ʚʳʱʝʣʘʯʠʚʘʥʠʠ ʫʨʘʥʘ.   

ʅʘ ʦʩʥʦʚʝ ʪʘʢʠʭ ʘʣʛʦʨʠʪʤʦʚ ʩʪʘʥʦʚʠʪʩʷ ʚʦʟʤʦʞʥʳʤ ʨʝʘʣʠʟʦʚʘʪʴ 

ʧʘʨʘʣʣʝʣʴʥʦʝ ʫʧʨʘʚʣʝʥʠʝ, ʛʜʝ ʢʘʞʜʘʷ ʩʢʚʘʞʠʥʘ ʚʳʩʪʫʧʘʝʪ ʘʛʝʥʪʦʤ ʩ ʣʦʢʘʣʴʥʳʤʠ 

ʬʫʥʢʮʠʷʤʠ ʢʦʥʪʨʦʣʷ, ʘ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʡ ʙʣʦʢ ʦʙʝʩʧʝʯʠʚʘʝʪ ʩʦʛʣʘʩʦʚʘʥʥʦʩʪʴ 

ʜʝʡʩʪʚʠʡ. ʊʘʢʦʡ ʧʦʜʭʦʜ ʧʦʟʚʦʣʷʝʪ ʨʘʚʥʦʤʝʨʥʦ ʨʘʩʧʨʝʜʝʣʷʪʴ ʧʦʪʦʢʠ, 

ʧʨʝʜʦʪʚʨʘʱʘʪʴ ʟʘʩʪʦʡʥʳʝ ʟʦʥʳ ʠ ʧʦʚʳʰʘʪʴ ʢʦʵʬʬʠʮʠʝʥʪ ʠʟʚʣʝʯʝʥʠʷ ʧʦʣʝʟʥʦʛʦ 

ʢʦʤʧʦʥʝʥʪʘ. 
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ɿʘʢʣʶʯʝʥʠʝ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʤʫʣʴʪʠʘʛʝʥʪʥʦʡ ʩʠʩʪʝʤʳ 

ʫʧʨʘʚʣʝʥʠʷ ʩ ʘʣʛʦʨʠʪʤʘʤʠ ʥʝʯʝʪʢʦʡ ʣʦʛʠʢʠ ʦʙʝʱʘʝʪ ʨʝʰʠʪʴ ʚʳʷʚʣʝʥʥʳʝ 

ʧʨʦʙʣʝʤʳ ʩʫʱʝʩʪʚʫʶʱʠʭ ʤʝʪʦʜʦʚ. ʇʨʝʜʣʘʛʘʝʤʳʡ ʧʦʜʭʦʜ ʚʦʩʧʦʣʥʷʝʪ 

ʥʝʜʦʩʪʘʪʦʢ ʪʨʘʜʠʮʠʦʥʥʳʭ ʤʦʜʝʣʝʡ, ʦʙʝʩʧʝʯʠʚʘʷ ʘʜʘʧʪʠʚʥʦʩʪʴ ʠ 

ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʩʪʴ ʫʧʨʘʚʣʝʥʠʷ ʧʨʦʮʝʩʩʦʤ ʇʉɺ ʫʨʘʥʘ. ɿʘ ʩʯʸʪ ʨʘʩʧʨʝʜʝʣʸʥʥʦʛʦ 

ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ ʠ ʦʙʨʘʙʦʪʢʠ ʨʘʟʤʳʪʳʭ ʜʘʥʥʳʭ ʄɸʉ ʩ ʥʝʯʝʪʢʦʡ ʣʦʛʠʢʦʡ 

ʧʦʟʚʦʣʷʶʪ ʜʠʥʘʤʠʯʝʩʢʠ ʧʝʨʝʥʘʩʪʨʘʠʚʘʪʴ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʨʝʞʠʤʳ ʠ ʩʭʝʤʫ 

ʨʘʙʦʪʳ ʩʢʚʘʞʠʥ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ, ʫʯʠʪʳʚʘʷ ʥʝʧʦʣʥʫʶ ʠʥʬʦʨʤʘʮʠʶ ʠ 

ʵʢʩʧʝʨʪʥʳʝ ʟʥʘʥʠʷ [4]. ʕʪʦ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʧʦʚʳʰʝʥʠʶ ʢʦʵʬʬʠʮʠʝʥʪʘ 

ʠʟʚʣʝʯʝʥʠʷ ʫʨʘʥʘ ʠ ʩʥʠʞʝʥʠʶ ʦʧʝʨʘʮʠʦʥʥʳʭ ʟʘʪʨʘʪ ʟʘ ʩʯʸʪ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦʛʦ 

ʫʧʨʘʚʣʝʥʠʷ ʬʠʣʴʪʨʘʮʠʝʡ ʠ ʭʠʤʨʝʘʢʮʠʷʤʠ ʚ ʥʝʜʨʘʭ.  

ʆʩʥʦʚʥʳʝ ʧʨʝʠʤʫʱʝʩʪʚʘ ʧʨʝʜʣʘʛʘʝʤʦʛʦ ʨʝʰʝʥʠʷ: ʜʝʮʝʥʪʨʘʣʠʟʦʚʘʥʥʘʷ 

ʩʪʨʫʢʪʫʨʘ ʦʪʢʘʟʦʫʩʪʦʡʯʠʚʘ, ʘʜʘʧʪʠʚʥʦʩʪʴ ʧʦʟʚʦʣʷʝʪ ʨʝʘʛʠʨʦʚʘʪʴ ʥʘ ʠʟʤʝʥʝʥʠʷ 

ʩʨʝʜʳ, ʘ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʥʝʯʝʪʢʠʭ ʧʨʘʚʠʣ ʫʯʠʪʳʚʘʝʪ ʵʢʩʧʝʨʪʥʳʝ ʟʥʘʥʠʷ ʠ 

ʥʝʦʧʨʝʜʝʣʸʥʥʦʩʪʴ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʜʘʥʥʳʭ. ɺ ʩʦʚʦʢʫʧʥʦʩʪʠ ʪʘʢʦʡ ʧʦʜʭʦʜ ʜʦʣʞʝʥ 

ʧʦʚʳʩʠʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʦʮʝʩʩʘ ʧʦʜʟʝʤʥʦʛʦ ʚʳʱʝʣʘʯʠʚʘʥʠʷ ʫʨʘʥʘ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʪʨʘʜʠʮʠʦʥʥʳʤʠ ʤʝʪʦʜʘʤʠ, ʦʛʨʘʥʠʯʝʥʥʳʤʠ ʣʦʢʘʣʴʥʳʤʠ ʟʘʜʘʯʘʤʠ. 
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1 ɺʚʝʜʝʥʠʝ 

ʉʦʚʨʝʤʝʥʥʘʷ ʥʝʬʪʝʧʝʨʝʨʘʙʘʪʳʚʘʶʱʘʷ ʧʨʦʤʳʰʣʝʥʥʦʩʪʴ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ 

ʚʳʩʦʢʦʡ ʩʣʦʞʥʦʩʪʴʶ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ, ʤʥʦʞʝʩʪʚʦʤ ʚʟʘʠʤʦʩʚʷʟʘʥʥʳʭ 

ʧʘʨʘʤʝʪʨʦʚ ʠ ʚʦʟʨʘʩʪʘʥʠʝʤ ʪʨʝʙʦʚʘʥʠʡ ʢ ʢʘʯʝʩʪʚʫ ʧʨʦʜʫʢʮʠʠ ʠ ʵʢʦʣʦʛʠʯʝʩʢʠʤ 

ʩʪʘʥʜʘʨʪʘʤ. ɺ ʵʪʠʭ ʫʩʣʦʚʠʷʭ ʢʣʘʩʩʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʨʝʛʫʣʠʨʦʚʘʥʠʷ, ʦʩʥʦʚʘʥʥʳʝ 
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ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʥʘ ʇʀɼ-ʨʝʛʫʣʷʪʦʨʘʭ, ʦʢʘʟʳʚʘʶʪʩʷ ʥʝʜʦʩʪʘʪʦʯʥʦ 

ʵʬʬʝʢʪʠʚʥʳʤʠ. ʆʩʦʙʝʥʥʦ ʵʪʦ ʧʨʦʷʚʣʷʝʪʩʷ ʚ ʫʧʨʘʚʣʝʥʠʠ ʤʥʦʛʦʤʝʨʥʳʤʠ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤʠ ʦʙʲʝʢʪʘʤʠ, ʛʜʝ ʠʟʤʝʥʝʥʠʷ ʦʜʥʦʛʦ ʧʘʨʘʤʝʪʨʘ ʚʣʠʷʶʪ ʥʘ 

ʧʦʚʝʜʝʥʠʝ ʩʨʘʟʫ ʥʝʩʢʦʣʴʢʠʭ ʜʨʫʛʠʭ, ʩʦʟʜʘʚʘʷ ʥʝʣʠʥʝʡʥʳʝ ʩʚʷʟʠ ʠ ʫʩʣʦʞʥʷʷ 

ʦʙʝʩʧʝʯʝʥʠʝ ʩʪʘʙʠʣʴʥʦʩʪʠ ʧʨʦʮʝʩʩʘ. 
ɺ ʧʦʩʣʝʜʥʠʝ ʜʝʩʷʪʠʣʝʪʠʷ ʦʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʝʪʩʷ ʨʘʟʚʠʪʠʶ 

ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʥʳʭ ʤʝʪʦʜʦʚ ʫʧʨʘʚʣʝʥʠʷ. ʉʨʝʜʠ ʥʠʭ ʢʣʶʯʝʚʦʝ ʤʝʩʪʦ ʟʘʥʠʤʘʝʪ 

ʤʦʜʝʣʴʥʦ-ʧʨʝʜʠʢʪʠʚʥʦʝ ʫʧʨʘʚʣʝʥʠʝ, ʢʦʪʦʨʦʝ ʠʩʧʦʣʴʟʫʝʪ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʤʦʜʝʣʠ 

ʜʣʷ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʧʦʚʝʜʝʥʠʷ ʦʙʲʝʢʪʘ ʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʦʧʪʠʤʘʣʴʥʳʭ 

ʫʧʨʘʚʣʷʶʱʠʭ ʚʦʟʜʝʡʩʪʚʠʡ. ʊʘʢʠʝ ʧʦʜʭʦʜʳ ʧʦʟʚʦʣʷʶʪ ʩʫʱʝʩʪʚʝʥʥʦ ʧʦʚʳʩʠʪʴ 

ʵʢʦʥʦʤʠʯʝʩʢʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʩʥʠʟʠʪʴ ʵʥʝʨʛʦʟʘʪʨʘʪʳ ʠ ʦʙʝʩʧʝʯʠʪʴ 

ʩʦʙʣʶʜʝʥʠʝ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʥʦʨʤ. 

ʇʘʨʘʣʣʝʣʴʥʦ ʩ ʵʪʠʤ ʚ ʩʬʝʨʫ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʘʢʪʠʚʥʦ ʚʥʝʜʨʷʶʪʩʷ ʤʝʪʦʜʳ 

ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ, ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʠ ʥʝʡʨʦʩʝʪʝʚʳʭ ʪʝʭʥʦʣʦʛʠʡ. ʀʭ 

ʧʨʠʤʝʥʝʥʠʝ ʦʪʢʨʳʚʘʝʪ ʥʦʚʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ ʘʜʘʧʪʠʚʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ, 

ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʢʘʯʝʩʪʚʘ ʧʨʦʜʫʢʮʠʠ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ ʠ ʧʦʚʳʰʝʥʠʷ 

ʫʩʪʦʡʯʠʚʦʩʪʠ ʩʠʩʪʝʤ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʩʚʦʡʩʪʚ ʩʳʨʴʷ ʠʣʠ ʚʥʝʰʥʠʭ ʫʩʣʦʚʠʡ. 

ʉʦʚʨʝʤʝʥʥʦʝ ʫʧʨʘʚʣʝʥʠʝ ʤʥʦʛʦʤʝʨʥʳʤʠ ʧʨʦʮʝʩʩʘʤʠ ʥʝʬʪʝʧʝʨʝʨʘʙʦʪʢʠ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʠʥʪʝʛʨʘʮʠʶ ʢʣʘʩʩʠʯʝʩʢʠʭ ʠ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʤʝʪʦʜʦʚ. ʎʝʣʴ 

ʜʘʥʥʦʡ ʩʪʘʪʴʠ ï ʧʨʦʚʝʩʪʠ ʦʙʟʦʨ ʘʢʪʫʘʣʴʥʳʭ ʧʦʜʭʦʜʦʚ, ʪʝʥʜʝʥʮʠʡ ʠ ʧʝʨʩʧʝʢʪʠʚ ʠʭ 

ʧʨʠʤʝʥʝʥʠʷ ʚ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʭ ʩʠʩʪʝʤʘʭ ʫʧʨʘʚʣʝʥʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤʠ 

ʧʨʦʮʝʩʩʘʤʠ ʥʝʬʪʝʧʝʨʝʨʘʙʘʪʳʚʘʶʱʠʭ ʧʨʝʜʧʨʠʷʪʠʡ. 

 

2 ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ 

ɻʠʜʨʦʦʯʠʩʪʢʘ ʙʝʥʟʠʥʘ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʢʣʶʯʝʚʳʭ ʵʪʘʧʦʚ 

ʥʝʬʪʝʧʝʨʝʨʘʙʦʪʢʠ, ʥʘʧʨʘʚʣʝʥʥʳʤ ʥʘ ʫʜʘʣʝʥʠʝ ʩʝʨʦ-, ʘʟʦʪ- ʠ 

ʢʠʩʣʦʨʦʜʩʦʜʝʨʞʘʱʠʭ ʩʦʝʜʠʥʝʥʠʡ, ʘ ʪʘʢʞʝ ʤʠʢʨʦʧʨʠʤʝʩʝʡ ʤʝʪʘʣʣʦʚ, ʢʦʪʦʨʳʝ 

ʩʥʠʞʘʶʪ ʢʘʯʝʩʪʚʦ ʪʦʧʣʠʚʘ ʠ ʦʪʨʘʚʣʷʶʪ ʢʘʪʘʣʠʟʘʪʦʨʳ ʧʦʩʣʝʜʫʶʱʠʭ ʧʨʦʮʝʩʩʦʚ.  

ʆʩʥʦʚʥʘʷ ʮʝʣʴ ʵʪʦʛʦ ʵʪʘʧʘ ï ʦʙʝʩʧʝʯʝʥʠʝ ʩʦʦʪʚʝʪʩʪʚʠʷ ʧʨʦʜʫʢʮʠʠ 

ʵʢʦʣʦʛʠʯʝʩʢʠʤ ʪʨʝʙʦʚʘʥʠʷʤ ʠ ʧʦʚʳʰʝʥʠʝ ʩʪʘʙʠʣʴʥʦʩʪʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ 

ʧʨʦʮʝʩʩʦʚ (ʪʘʙʣʠʮʘ 1). 

 

ʊʘʙʣʠʮʘ 1. ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʠʩʭʦʜʥʦʛʦ ʩʳʨʴʷ. 

ʅʘʠʤʝʥʦʚʘʥʠʝ 

ʩʳʨʴʷ 

ʇʦʢʘʟʘʪʝʣʠ ʢʘʯʝʩʪʚʘ  ʅʦʨʤʘ ʧʦ ɻʆʉʊ 

ɹʝʥʟʠʥ ʦʪ 

ʫʩʪʘʥʦʚʢʠ ɸʊ-

2 

1 ʌʨʘʢʮʠʦʥʥʳʡ ʩʦʩʪʘʚ:  

ʪʝʤʧʝʨʘʪʫʨʘ ʥʘʯʘʣʘ ʢʠʧʝʥʠʷ ʥʝ ʤʝʥʝʝ 30 ᴈ  

50% ʚʳʢʠʧʘʝʪ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ, 

ʪʝʤʧʝʨʘʪʫʨʘ ʥʘʯʘʣʘ ʢʠʧʝʥʠʷ  
110-120 ᴈ 

ʪʝʤʧʝʨʘʪʫʨʘ ʢʦʥʮʘ ʢʠʧʝʥʠʷ ʥʝ ʙʦʣʝʝ 180 ᴈ 

2 ʉʦʜʝʨʞʘʥʠʝ: ʩʝʨʳ ʦʙʱʝʡ  

ʩʝʨʳ ʦʙʱʝʡ ʥʝ ʙʦʣʝʝ 0,084% ʤʘʩʩ. 

ʘʟʦʪʘ  ʥʝ ʙʦʣʝʝ 1 ppm ʤʘʩ. 

3 ʇʣʦʪʥʦʩʪʴ ʧʨʠ 15 ᴈ ʥʝ ʙʦʣʝʝ 730 ʢʛ/ʤ3  



 
ΣΡ 

ʇʨʦʮʝʩʩ ʚʢʣʶʯʘʝʪ ʥʝʩʢʦʣʴʢʦ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ ʩʪʘʜʠʡ. ʅʘ ʧʝʨʚʦʤ ʵʪʘʧʝ 

ʠʩʭʦʜʥʦʝ ʩʳʨʴʸ ʩʤʝʰʠʚʘʝʪʩʷ ʩ ʚʦʜʦʨʦʜʩʦʜʝʨʞʘʱʠʤ ʛʘʟʦʤ ʠ ʧʦʜʚʝʨʛʘʝʪʩʷ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʤʫ ʧʦʜʦʛʨʝʚʫ ʚ ʩʠʩʪʝʤʝ ʪʝʧʣʦʦʙʤʝʥʥʠʢʦʚ ʠ ʧʝʯʠ. ɼʘʣʝʝ 

ʛʘʟʦʩʳʨʴʝʚʘʷ ʩʤʝʩʴ ʧʦʜ ʜʘʚʣʝʥʠʝʤ 32-40 ʢʛʩ/ʩʤĮ ʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʧʦʨʷʜʢʘ 320 

Áʉ ʧʦʩʪʫʧʘʝʪ ʚ ʨʝʘʢʪʦʨ, ʛʜʝ ʧʨʦʭʦʜʠʪ ʯʝʨʝʟ ʜʚʘ ʩʣʦʷ ʢʘʪʘʣʠʟʘʪʦʨʘ [1]. 

ɺ ʧʝʨʚʦʤ ʩʣʦʝ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʛʠʜʨʠʨʦʚʘʥʠʝ ʩʝʨʦ-, ʘʟʦʪ- ʠ 

ʢʠʩʣʦʨʦʜʩʦʜʝʨʞʘʱʠʭ ʩʦʝʜʠʥʝʥʠʡ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʩʝʨʦʚʦʜʦʨʦʜʘ, ʘʤʤʠʘʢʘ ʠ 

ʚʦʜʳ. ʕʪʦʪ ʧʨʦʮʝʩʩ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʚʳʜʝʣʝʥʠʝʤ ʪʝʧʣʘ, ʯʪʦ ʪʨʝʙʫʝʪ ʪʦʯʥʦʛʦ 

ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ. ɼʣʷ ʩʪʘʙʠʣʠʟʘʮʠʠ ʨʝʞʠʤʘ ʚʦ ʚʪʦʨʦʡ ʩʣʦʡ ʨʝʘʢʪʦʨʘ 

ʚʚʦʜʠʪʩʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʡ ʧʦʪʦʢ ʭʦʣʦʜʥʦʛʦ ʚʦʜʦʨʦʜʘ, ʚʳʧʦʣʥʷʶʱʠʡ 

ʦʜʥʦʚʨʝʤʝʥʥʦ ʨʦʣʴ ʨʝʘʛʝʥʪʘ ʠ ʦʭʣʘʞʜʘʶʱʝʛʦ ʘʛʝʥʪʘ. 

ɺʦ ʚʪʦʨʦʤ ʩʣʦʝ ʟʘʚʝʨʰʘʝʪʩʷ ʫʜʘʣʝʥʠʝ ʦʩʪʘʪʦʯʥʳʭ ʧʨʠʤʝʩʝʡ ʠ ʜʦʩʪʠʛʘʝʪʩʷ 

ʥʝʦʙʭʦʜʠʤʦʝ ʢʘʯʝʩʪʚʦ ʧʨʦʜʫʢʪʘ. ʅʘ ʚʳʭʦʜʝ ʠʟ ʨʝʘʢʪʦʨʘ ʛʠʜʨʦʦʯʠʱʝʥʥʳʡ ʙʝʥʟʠʥ 

ʧʨʦʭʦʜʠʪ ʩʪʘʜʠʠ ʩʪʘʙʠʣʠʟʘʮʠʠ ʠ ʨʝʢʪʠʬʠʢʘʮʠʠ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ ʩʦʦʪʚʝʪʩʪʚʠʝ 

ʪʦʧʣʠʚʥʳʤ ʩʪʘʥʜʘʨʪʘʤ (ʨʠʩ. 1.). 

 
ʈʠʩ. 1. ï ʉʭʝʤʘ ʢʦʥʪʫʨʦʚ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʧʝʨʚʦʛʦ ʩʣʦʷ  

ʢʘʪʘʣʠʟʘʪʦʨʘ (ʩʠʥʠʡ ʧʫʥʢʪʠʨ) ʠ ʧʦʜʘʯʠ ʚʦʜʦʨʦʜʩʦʜʝʨʞʘʱʝʛʦ ʛʘʟʘ ʚ ʩʤʝʩʴ  

(ʢʨʘʩʥʳʡ ʧʫʥʢʪʠʨ)   

ɺ ʩʠʩʪʝʤʝ ʫʧʨʘʚʣʝʥʠʷ ʧʨʦʮʝʩʩʦʤ ʛʠʜʨʦʦʯʠʩʪʢʠ ʙʝʥʟʠʥʘ ʦʩʦʙʦʝ ʟʥʘʯʝʥʠʝ 

ʠʤʝʶʪ ʪʝʤʧʝʨʘʪʫʨʥʳʝ ʢʦʥʪʫʨʳ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʨʝʘʢʪʦʨʘ. ʊʘʢ, ʚ ʧʝʨʚʦʤ ʢʦʥʪʫʨʝ 

ʩʪʘʙʠʣʠʟʘʮʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʚʝʨʭʥʝʤ ʩʣʦʝ ʢʘʪʘʣʠʟʘʪʦʨʘ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ 

ʧʦʩʨʝʜʩʪʚʦʤ ʠʟʤʝʥʝʥʠʷ ʪʝʧʣʦʚʦʡ ʤʦʱʥʦʩʪʠ ʧʝʯʠ. ʋʧʨʘʚʣʷʶʱʠʤ ʚʦʟʜʝʡʩʪʚʠʝʤ 

ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʚʳʩʪʫʧʘʝʪ ʨʘʩʭʦʜ ʧʦʜʘʚʘʝʤʦʛʦ ʪʦʧʣʠʚʘ, ʪʦʛʜʘ ʢʘʢ 

ʨʝʛʫʣʠʨʫʝʤʳʤ ʧʘʨʘʤʝʪʨʦʤ ʷʚʣʷʝʪʩʷ ʪʝʤʧʝʨʘʪʫʨʘ ʚʥʫʪʨʠ ʧʝʨʚʦʡ ʨʝʘʢʮʠʦʥʥʦʡ 

ʟʦʥʳ. 

ʅʝ ʤʝʥʝʝ ʚʘʞʥʳʤ ʷʚʣʷʝʪʩʷ ʢʦʥʪʫʨ ʧʦʜʘʯʠ ʚʦʜʦʨʦʜʩʦʜʝʨʞʘʱʝʛʦ ʛʘʟʘ, 

ʦʙʝʩʧʝʯʠʚʘʶʱʠʡ ʧʦʜʜʝʨʞʘʥʠʝ ʪʝʧʣʦʚʦʛʦ ʨʝʞʠʤʘ ʚʦ ʚʪʦʨʦʡ ʟʦʥʝ ʨʝʘʢʪʦʨʘ. ɿʜʝʩʴ 

ʢʣʶʯʝʚʘʷ ʟʘʜʘʯʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʢʦʤʧʝʥʩʘʮʠʠ ʪʝʧʣʦʚʦʛʦ ʵʬʬʝʢʪʘ 



 
ΣΣ 

ʵʢʟʦʪʝʨʤʠʯʝʩʢʠʭ ʨʝʘʢʮʠʡ ʟʘ ʩʯʸʪ ʚʚʝʜʝʥʠʷ ʧʦʪʦʢʘ ʭʦʣʦʜʥʦʛʦ ʚʦʜʦʨʦʜʘ. 

ʇʦʩʣʝʜʥʠʡ ʦʜʥʦʚʨʝʤʝʥʥʦ ʚʳʧʦʣʥʷʝʪ ʜʚʝ ʬʫʥʢʮʠʠ: ʚʳʩʪʫʧʘʝʪ ʚ ʢʘʯʝʩʪʚʝ 

ʦʭʣʘʞʜʘʶʱʝʛʦ ʘʛʝʥʪʘ ʠ ʩʣʫʞʠʪ ʜʦʧʦʣʥʠʪʝʣʴʥʳʤ ʨʝʘʛʝʥʪʦʤ, ʥʝʦʙʭʦʜʠʤʳʤ ʜʣʷ 

ʟʘʚʝʨʰʝʥʠʷ ʧʨʦʮʝʩʩʦʚ ʛʠʜʨʠʨʦʚʘʥʠʷ ʦʩʪʘʪʦʯʥʳʭ ʧʨʠʤʝʩʝʡ. 

ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʫʢʘʟʘʥʥʳʭ ʢʦʥʪʫʨʦʚ ʦʧʨʝʜʝʣʷʝʪ ʫʩʪʦʡʯʠʚʦʩʪʴ ʠ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʦʪʝʢʘʥʠʷ ʭʠʤʠʯʝʩʢʠʭ ʨʝʘʢʮʠʡ, ʘ ʪʘʢʞʝ ʥʘʧʨʷʤʫʶ ʚʣʠʷʝʪ ʥʘ 

ʢʘʯʝʩʪʚʦ ʧʦʣʫʯʘʝʤʦʛʦ ʧʨʦʜʫʢʪʘ. ʉʣʦʞʥʦʩʪʴ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʠʟʤʝʥʝʥʠʷ 

ʫʧʨʘʚʣʷʶʱʠʭ ʚʦʟʜʝʡʩʪʚʠʡ ʚ ʦʜʥʦʤ ʢʦʥʪʫʨʝ ʦʢʘʟʳʚʘʶʪ ʟʘʤʝʪʥʦʝ ʚʣʠʷʥʠʝ ʥʘ 

ʜʠʥʘʤʠʢʫ ʜʨʫʛʦʛʦ, ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ 

ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʥʳʭ ʤʝʪʦʜʦʚ ʤʥʦʛʦʤʝʨʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ. 

ʈʘʩʩʤʦʪʨʝʥʥʳʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩ ʛʠʜʨʦʦʯʠʩʪʢʠ ʙʝʥʟʠʥʘ ʥʘʛʣʷʜʥʦ 

ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʤʥʦʛʦʤʝʨʥʦʩʪʴ ʠ ʚʟʘʠʤʦʩʚʷʟʘʥʥʦʩʪʴ ʫʧʨʘʚʣʷʶʱʠʭ ʧʘʨʘʤʝʪʨʦʚ. 

ʇʦʜʜʝʨʞʘʥʠʝ ʦʧʪʠʤʘʣʴʥʳʭ ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʨʝʞʠʤʦʚ ʚ ʨʝʘʢʪʦʨʝ ʪʨʝʙʫʝʪ 

ʩʠʥʭʨʦʥʥʦʡ ʨʘʙʦʪʳ ʥʝʩʢʦʣʴʢʠʭ ʢʦʥʪʫʨʦʚ, ʛʜʝ ʠʟʤʝʥʝʥʠʝ ʦʜʥʦʛʦ ʫʧʨʘʚʣʷʶʱʝʛʦ 

ʚʦʟʜʝʡʩʪʚʠʷ ʦʢʘʟʳʚʘʝʪ ʚʣʠʷʥʠʝ ʥʘ ʜʠʥʘʤʠʢʫ ʜʨʫʛʠʭ. ʊʘʢʘʷ ʚʟʘʠʤʦʟʘʚʠʩʠʤʦʩʪʴ 

ʟʘʪʨʫʜʥʷʝʪ ʧʨʠʤʝʥʝʥʠʝ ʢʣʘʩʩʠʯʝʩʢʠʭ ʨʝʛʫʣʷʪʦʨʦʚ, ʦʛʨʘʥʠʯʝʥʥʳʭ ʣʦʢʘʣʴʥʦʡ 

ʩʪʘʙʠʣʠʟʘʮʠʝʡ ʦʪʜʝʣʴʥʳʭ ʧʝʨʝʤʝʥʥʳʭ. 

ɺ ʧʦʜʦʙʥʳʭ ʫʩʣʦʚʠʷʭ ʦʩʦʙʦʝ ʟʥʘʯʝʥʠʝ ʧʨʠʦʙʨʝʪʘʶʪ ʩʦʚʨʝʤʝʥʥʳʝ ʧʦʜʭʦʜʳ 

ʢ ʘʚʪʦʤʘʪʠʟʘʮʠʠ, ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʝ ʥʘ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʝ ʜʠʥʘʤʠʢʠ ʦʙʲʝʢʪʘ ʠ 

ʢʦʦʨʜʠʥʘʮʠʶ ʥʝʩʢʦʣʴʢʠʭ ʢʦʥʪʫʨʦʚ ʨʝʛʫʣʠʨʦʚʘʥʠʷ (ʨʠʩ. 2.). ʊʘʢʠʝ ʤʝʪʦʜʳ 

ʦʙʲʝʜʠʥʷʶʪʩʷ ʚ ʢʣʘʩʩ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʥʳʭ ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ, ʛʜʝ ʢʣʶʯʝʚʫʶ 

ʨʦʣʴ ʠʛʨʘʝʪ ʤʦʜʝʣʴʥʦ-ʧʨʝʜʠʢʪʠʚʥʦʝ ʫʧʨʘʚʣʝʥʠʝ [2].  

 

 
ʈʠʩ. 2. ï ɸʨʭʠʪʝʢʪʫʨʘ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʥʦʡ ʩʠʩʪʝʤʳ 



 
ΣΤ 

ʉʫʪʴ ʜʘʥʥʦʛʦ ʤʝʪʦʜʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʜʣʷ ʦʧʠʩʘʥʠʷ ʦʙʲʝʢʪʘ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ, ʧʦʟʚʦʣʷʶʱʘʷ ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʠʟʤʝʥʝʥʠʝ 

ʝʛʦ ʩʦʩʪʦʷʥʠʷ ʥʘ ʟʘʜʘʥʥʦʤ ʛʦʨʠʟʦʥʪʝ ʚʨʝʤʝʥʠ [3]. ʅʘ ʢʘʞʜʦʤ ʰʘʛʝ ʚʳʯʠʩʣʷʝʪʩʷ 

ʦʧʪʠʤʘʣʴʥʘʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʫʧʨʘʚʣʷʶʱʠʭ ʚʦʟʜʝʡʩʪʚʠʡ, ʤʠʥʠʤʠʟʠʨʫʶʱʘʷ 

ʚʳʙʨʘʥʥʳʡ ʢʨʠʪʝʨʠʡ ʢʘʯʝʩʪʚʘ (ʥʘʧʨʠʤʝʨ, ʦʪʢʣʦʥʝʥʠʝ ʦʪ ʟʘʜʘʥʥʦʛʦ ʨʝʞʠʤʘ). 

ʇʨʠ ʵʪʦʤ ʫʯʠʪʳʚʘʶʪʩʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʦʛʨʘʥʠʯʝʥʠʷ ï ʜʠʘʧʘʟʦʥʳ ʪʝʤʧʝʨʘʪʫʨ, 

ʜʦʧʫʩʪʠʤʳʝ ʜʘʚʣʝʥʠʷ, ʧʨʝʜʝʣʳ ʨʘʩʭʦʜʘ ʩʳʨʴʷ ʠ ʨʝʘʛʝʥʪʦʚ [4]. 

ʆʩʦʙʝʥʥʦʩʪʴʶ ʤʝʪʦʜʘ ʷʚʣʷʝʪʩʷ ʧʨʠʥʮʠʧ ʩʢʦʣʴʟʷʱʝʛʦ ʛʦʨʠʟʦʥʪʘ: ʧʦʩʣʝ 

ʨʝʘʣʠʟʘʮʠʠ ʧʝʨʚʦʛʦ ʰʘʛʘ ʠʟ ʥʘʡʜʝʥʥʦʡ ʫʧʨʘʚʣʷʶʱʝʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ 

ʧʨʦʠʟʚʦʜʠʪʩʷ ʧʦʚʪʦʨʥʳʡ ʧʝʨʝʩʯʸʪ ʥʘ ʩʣʝʜʫʶʱʝʤ ʪʘʢʪʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʦʙʥʦʚʣʸʥʥʳʭ ʜʘʥʥʳʭ [5]. ʊʘʢʦʡ ʧʦʜʭʦʜ ʦʙʝʩʧʝʯʠʚʘʝʪ ʘʜʘʧʪʠʚʥʦʩʪʴ ʠ ʧʦʟʚʦʣʷʝʪ 

ʩʠʩʪʝʤʝ ʨʝʘʛʠʨʦʚʘʪʴ ʥʘ ʚʦʟʤʫʱʝʥʠʷ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ. 

ɺ ʫʩʣʦʚʠʷʭ ʤʥʦʛʦʤʝʨʥʳʭ ʧʨʦʮʝʩʩʦʚ, ʭʘʨʘʢʪʝʨʥʳʭ ʜʣʷ ʥʝʬʪʝʧʝʨʝʨʘʙʦʪʢʠ, 

ʤʝʪʦʜ ʤʦʜʝʣʴʥʦ-ʧʨʝʜʠʢʪʠʚʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʟʥʘʯʠʪʝʣʴʥʳʝ 

ʧʨʝʠʤʫʱʝʩʪʚʘ. ʆʥ ʫʯʠʪʳʚʘʝʪ ʧʝʨʝʢʨʸʩʪʥʳʝ ʚʣʠʷʥʠʷ ʤʝʞʜʫ ʧʝʨʝʤʝʥʥʳʤʠ, 

ʧʦʟʚʦʣʷʝʪ ʦʜʥʦʚʨʝʤʝʥʥʦ ʫʧʨʘʚʣʷʪʴ ʥʝʩʢʦʣʴʢʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʠ ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʢʦʦʨʜʠʥʘʮʠʶ ʨʘʙʦʪʳ ʨʘʟʥʳʭ ʢʦʥʪʫʨʦʚ ʨʝʛʫʣʠʨʦʚʘʥʠʷ. ɼʣʷ ʫʩʪʘʥʦʚʢʠ 

ʛʠʜʨʦʦʯʠʩʪʢʠ ʵʪʦ ʚʳʨʘʞʘʝʪʩʷ ʚ ʙʦʣʝʝ ʪʦʯʥʦʤ ʧʦʜʜʝʨʞʘʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʩʣʦʷʭ 

ʢʘʪʘʣʠʟʘʪʦʨʘ, ʦʧʪʠʤʠʟʘʮʠʠ ʧʦʜʘʯʠ ʚʦʜʦʨʦʜʘ ʠ ʧʨʝʜʦʪʚʨʘʱʝʥʠʠ ʨʝʞʠʤʦʚ, 

ʧʨʠʚʦʜʷʱʠʭ ʢ ʜʝʛʨʘʜʘʮʠʠ ʢʘʪʘʣʠʟʘʪʦʨʘ ʠʣʠ ʩʥʠʞʝʥʠʶ ʢʘʯʝʩʪʚʘ ʧʨʦʜʫʢʮʠʠ. 

 

3 ɿʘʢʣʶʯʝʥʠʝ 

ʇʨʦʚʝʜʸʥʥʳʡ ʦʙʟʦʨ ʧʦʢʘʟʘʣ, ʯʪʦ ʩʦʚʨʝʤʝʥʥʳʝ ʤʝʪʦʜʳ ʫʧʨʘʚʣʝʥʠʷ 

ʤʥʦʛʦʤʝʨʥʳʤʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤʠ ʧʨʦʮʝʩʩʘʤʠ ʥʝʬʪʝʧʝʨʝʨʘʙʦʪʢʠ ʷʚʣʷʶʪʩʷ 

ʥʝʦʙʭʦʜʠʤʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠ ʥʘʜʸʞʥʦʩʪʠ 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʫʩʪʘʥʦʚʦʢ. ʅʘ ʧʨʠʤʝʨʝ ʧʨʦʮʝʩʩʘ ʛʠʜʨʦʦʯʠʩʪʢʠ ʙʝʥʟʠʥʘ 

ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʦ, ʯʪʦ ʪʨʘʜʠʮʠʦʥʥʳʝ ʩʠʩʪʝʤʳ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʥʝ ʩʧʦʩʦʙʥʳ ʚ 

ʧʦʣʥʦʡ ʤʝʨʝ ʫʯʠʪʳʚʘʪʴ ʥʝʣʠʥʝʡʥʳʝ ʚʟʘʠʤʦʩʚʷʟʠ ʠ ʤʥʦʛʦʤʝʨʥʦʩʪʴ ʦʙʲʝʢʪʘ, ʯʪʦ 

ʧʨʠʚʦʜʠʪ ʢ ʩʥʠʞʝʥʠʶ ʩʪʘʙʠʣʴʥʦʩʪʠ ʠ ʨʦʩʪʫ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʟʘʪʨʘʪ. 

ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʧʨʠʤʝʥʝʥʠʝ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʥʳʭ ʧʦʜʭʦʜʦʚ, ʚ ʯʘʩʪʥʦʩʪʠ 

ʤʦʜʝʣʴʥʦ-ʧʨʝʜʠʢʪʠʚʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ, ʧʦʟʚʦʣʷʝʪ ʦʙʝʩʧʝʯʠʪʴ ʢʦʦʨʜʠʥʘʮʠʶ 

ʨʘʙʦʪʳ ʚʟʘʠʤʦʩʚʷʟʘʥʥʳʭ ʢʦʥʪʫʨʦʚ, ʫʯʠʪʳʚʘʪʴ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʦʛʨʘʥʠʯʝʥʠʷ ʠ 

ʘʜʘʧʪʠʨʦʚʘʪʴʩʷ ʢ ʠʟʤʝʥʷʶʱʠʤʩʷ ʫʩʣʦʚʠʷʤ ʨʘʙʦʪʳ. ʕʪʦ ʜʝʣʘʝʪ ʚʦʟʤʦʞʥʳʤ ʙʦʣʝʝ 

ʪʦʯʥʦʝ ʧʦʜʜʝʨʞʘʥʠʝ ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʨʝʞʠʤʦʚ, ʦʧʪʠʤʠʟʘʮʠʶ ʧʦʜʘʯʠ ʚʦʜʦʨʦʜʘ ʠ, 

ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʧʦʚʳʰʝʥʠʝ ʢʘʯʝʩʪʚʘ ʢʦʥʝʯʥʦʛʦ ʧʨʦʜʫʢʪʘ ʧʨʠ ʦʜʥʦʚʨʝʤʝʥʥʦʤ 

ʩʥʠʞʝʥʠʠ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʨʠʩʢʦʚ. 

ʀʥʪʝʛʨʘʮʠʷ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʥʳʭ ʤʝʪʦʜʦʚ ʚ ʩʠʩʪʝʤʫ ʫʧʨʘʚʣʝʥʠʷ 

ʧʨʦʮʝʩʩʘʤʠ ʥʝʬʪʝʧʝʨʝʨʘʙʦʪʢʠ ʷʚʣʷʝʪʩʷ ʚʘʞʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʨʘʟʚʠʪʠʷ 

ʦʪʨʘʩʣʠ. ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʜʪʚʝʨʞʜʘʶʪ ʘʢʪʫʘʣʴʥʦʩʪʴ ʜʘʣʴʥʝʡʰʠʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʦʙʣʘʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʧʨʝʜʠʢʪʠʚʥʳʭ ʘʣʛʦʨʠʪʤʦʚ, ʘ ʪʘʢʞʝ 

ʦʪʢʨʳʚʘʶʪ ʧʝʨʩʧʝʢʪʠʚʳ ʜʣʷ ʚʥʝʜʨʝʥʠʷ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ï 

ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʠ ʥʝʡʨʦʩʝʪʝʚʳʭ ʤʦʜʝʣʝʡ ï ʚ ʧʨʘʢʪʠʢʫ ʧʨʦʤʳʰʣʝʥʥʦʡ 

ʘʚʪʦʤʘʪʠʟʘʮʠʠ. 
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ʄɻʊʋ ʠʤ. ʅ.ʕ. ɹʘʫʤʘʥʘ 

 
ɺʚʝʜʝʥʠʝ. ʉʦʚʨʝʤʝʥʥʳʝ ʩʣʦʞʥʳʝ ʚʳʩʦʢʦʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʠʟʜʝʣʠʷ, ʪʘʢʠʝ ʢʘʢ, 

ʥʘʧʨʠʤʝʨ, ʨʘʢʝʪʥʦ-ʢʦʩʤʠʯʝʩʢʠʝ ʠ ʘʚʠʘʮʠʦʥʥʳʝ ʨʝʘʢʪʠʚʥʳʝ ʜʚʠʛʘʪʝʣʠ, 

ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʩʦʚʦʢʫʧʥʦʩʪʴ ʙʦʣʴʰʦʛʦ ʯʠʩʣʘ ʪʝʩʥʦ ʠʥʪʝʛʨʠʨʦʚʘʥʥʳʭ 

ʧʦʜʩʠʩʪʝʤ. ɺ ʪʝʨʤʠʥʘʭ ʪʝʦʨʠʠ ʫʧʨʘʚʣʝʥʠʷ ʪʘʢʠʝ ʠʟʜʝʣʠʷ ʷʚʣʷʶʪʩʷ 

ʤʥʦʛʦʦʙʲʝʢʪʥʳʤʠ ʩʠʩʪʝʤʘʤʠ.  

ɺʩʣʝʜʩʪʚʠʝ ʚʳʩʦʢʦʡ ʩʣʦʞʥʦʩʪʠ, ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ ʨʘʟʣʠʯʥʳʭ ʧʦʜʩʠʩʪʝʤ 

ʤʥʦʛʦʦʙʲʝʢʪʥʳʭ ʩʠʩʪʝʤ ʧʨʦʠʟʚʦʜʠʪʩʷ ʨʘʟʥʳʤʠ ʢʦʤʧʘʥʠʷʤʠ ʠ/ʠʣʠ ʨʘʟʥʳʤʠ 

ʧʦʜʨʘʟʜʝʣʝʥʠʷʤʠ ʦʜʥʦʡ ʢʦʤʧʘʥʠʠ. ʂʨʠʪʝʨʠʠ ʦʧʪʠʤʘʣʴʥʦʩʪʠ, ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ 

ʢʦʪʦʨʳʤʠ ʧʨʦʠʟʚʦʜʠʪʩʷ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ ʵʪʠʭ ʧʦʜʩʠʩʪʝʤ, ʥʝʠʟʙʝʞʥʦ ʨʘʟʣʠʯʥʳ ʠ 

ʧʨʦʪʠʚʦʨʝʯʠʚʳ, ʪʘʢ ʯʪʦ, ʚ ʮʝʣʦʤ, ʟʘʜʘʯʘ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʪʘʢʠʭ ʠʟʜʝʣʠʡ ʷʚʣʷʝʪʩʷ 

ʤʥʦʛʦʢʨʠʪʝʨʠʘʣʴʥʦʡ.  

ʅʘʟʳʚʘʝʤ ʣʠʮ, ʧʨʠʥʠʤʘʶʱʠʭ ʨʝʰʝʥʠʷ (ʃʇʈ) ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʘʞʜʦʡ ʠʟ 

ʧʨʦʝʢʪʠʨʫʝʤʳʭ ʧʦʜʩʠʩʪʝʤ, ʛʣʘʚʥʳʤʠ ʢʦʥʩʪʨʫʢʪʦʨʘʤʠ. ʇʦʣʘʛʘʝʤ, ʯʪʦ 

ʧʨʦʪʠʚʦʨʝʯʠʷ ʤʝʞʜʫ ʛʣʘʚʥʳʤʠ ʢʦʥʩʪʨʫʢʪʦʨʘʤʠ (ʢʦʪʦʨʳʝ ʠʤʝʶʪ ʤʝʩʪʦ ʚʩʣʝʜʩʪʚʠʝ 

ʧʨʦʪʠʚʦʨʝʯʠʚʦʩʪʠ ʠʭ ʢʨʠʪʝʨʠʝʚ ʦʧʪʠʤʘʣʴʥʦʩʪʠ) ʫʩʪʨʘʥʷʶʪʩʷ ʩ ʧʦʤʦʱʴʶ 

ʛʝʥʝʨʘʣʴʥʦʛʦ ʢʦʥʩʪʨʫʢʪʦʨʘ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʪʝʦʨʠʠ ʧʨʠʥʷʪʠʷ 

ʨʝʰʝʥʠʡ ʨʘʩʩʤʘʪʨʠʚʘʝʤʘʷ ʟʘʜʘʯʘ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʟʘʜʘʯʝʡ ʛʨʫʧʧʦʚʦʛʦ 

(ʤʥʦʛʦʣʠʯʥʦʩʪʥʦʛʦ) ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ.  

3ʄ-ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʤ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝʤ ʥʘʟʳʚʘʝʤ ʄʥʦʛʦʢʨʠʪʝʨʠʘʣʴʥʦʝ 

ʄʥʦʛʦʣʠʯʥʦʩʪʥʦʝ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ ʄʥʦʛʦʦʙʲʝʢʪʥʳʭ ʩʠʩʪʝʤ. 

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʦʙʱʠʤʠ ʧʨʘʚʠʣʘʤʠ ʨʝʰʝʥʠʷ ʤʥʦʛʦʢʨʠʪʝʨʠʘʣʴʥʳʭ ʟʘʜʘʯ 

ʦʧʪʠʤʠʟʘʮʠʠ, ʨʝʰʝʥʠʝ ʟʘʜʘʯʠ 3ʄ-ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʩʣʝʜʫʝʪ 
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ʠʩʢʘʪʴ ʥʘ ʤʥʦʞʝʩʪʚʝ ʇʘʨʝʪʦ ʵʪʦʡ ʟʘʜʘʯʠ, ʪʦ ʝʩʪʴ ʚ ʪʝʨʤʠʥʘʭ ʨʘʙʦʪʳ [1] 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʵʬʬʝʢʪʠʚʥʳʝ ʨʝʰʝʥʠʷ. ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʧʦʩʢʦʣʴʢʫ ʨʝʯʴ ʠʜʝʪ ʦ 

ʤʥʦʛʦʣʠʯʥʦʩʪʥʦʤ ʧʨʠʥʷʪʠʠ ʨʝʰʝʥʠʡ, ʠʩʢʦʤʦʝ ʨʝʰʝʥʠʝ ʜʦʣʞʥʦ ʙʳʪʴ ʫʩʪʦʡʯʠʚʳʤ 

(ʩʪʘʙʠʣʴʥʳʤ ʚ ʪʝʨʤʠʥʘʭ ʪʦʡ ʞʝ ʨʘʙʦʪʳ), ʥʘʧʨʠʤʝʨ, ʚ ʩʤʳʩʣʝ ʫʩʪʦʡʯʠʚʦʩʪʠ ʧʦ 

ʅʵʰʫ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʢʘʢ ʠ ʚ ʨʘʙʦʪʝ [1], ʨʘʩʩʤʘʪʨʠʚʘʝʤ ʩʪʘʙʠʣʴʥʦ-ʵʬʬʝʢʪʠʚʥʳʝ 

ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ 3ʄ-ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ. ɸʧʧʘʨʘʪʥʦ-

ʧʨʦʛʨʘʤʤʥʫʶ ʩʠʩʪʝʤʫ, ʢʦʪʦʨʘʷ ʧʦʜʜʝʨʞʠʚʘʝʪ ʨʝʰʝʥʠʝ ʵʪʦʡ ʟʘʜʘʯʠ, ʥʘʟʳʚʘʝʤ 3ʄ-

ʉɸʇʈ ʠ ʠʥʪʝʨʧʨʝʪʠʨʫʝʤ ʢʘʢ ʩʠʩʪʝʤʫ ʧʦʜʜʝʨʞʢʠ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ (ʉʇʇʈ) ʧʨʠ 

ʤʥʦʛʦʢʨʠʪʝʨʠʘʣʴʥʦʤ ʤʥʦʛʦʣʠʯʥʦʩʪʥʦʤ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʤʥʦʛʦʦʙʲʝʢʪʥʳʭ ʩʠʩʪʝʤ. 

ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʠ 3ʄ-ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ (ʈʠʩ. 1). 

ʇʨʦʝʢʪʠʨʫʝʤʘʷ ʩʠʩʪʝʤʘ S ʷʚʣʷʝʪʩʷ ʩʪʨʫʢʪʫʨʥʦ ʩʣʦʞʥʦʡ ʩʠʩʪʝʤʦʡ (ʉʉʉ) [1] ʠ 

ʩʦʩʪʦʠʪ ʠʟ S  ʩʠʣʴʥʦ ʩʚʷʟʘʥʥʳʭ ʜʠʥʘʤʠʯʝʩʢʠʭ ʧʦʜʩʠʩʪʝʤ ]}:1[,{}{ SÍ= iSS ii . 

ʇʦʣʘʛʘʝʤ, ʯʪʦ ʧʦʜʩʠʩʪʝʤʘ iS  ʵʚʦʣʶʮʠʦʥʠʨʫʝʪ ʚʦ ʚʨʝʤʝʥʠ t  ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ 

ʫʨʘʚʥʝʥʠʝʤ  

))(,()( 0tXPTtX r
i

r
ii

r
i = ;   ];[ 0 etttÍ , 

ʛʜʝ iX  - iX -ʤʝʨʥʳʡ ʚʝʢʪʦʨ ʬʘʟʦʚʳʭ ʧʝʨʝʤʝʥʥʳʭ ʧʦʜʩʠʩʪʝʤʳ iS ; iT  - ʝʝ 

ʵʚʦʣʶʮʠʦʥʥʳʡ ʦʧʝʨʘʪʦʨ (ʥʘʧʨʠʤʝʨ, ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʡ); iP  - iP -ʤʝʨʥʳʡ ʚʝʢʪʦʨ 

ʩʚʦʙʦʜʥʳʭ (ʚʘʨʴʠʨʫʝʤʳʭ) ʧʘʨʘʤʝʪʨʦʚ; )( 0tX i  - ʥʘʯʘʣʴʥʦʝ ʩʦʩʪʦʷʥʠʝ ʧʦʜʩʠʩʪʝʤʳ; 

ett ,0  - ʟʘʜʘʥʥʳʝ ʤʦʤʝʥʪʳ ʚʨʝʤʝʥʠ; ,...2,1,0=r  - ʥʦʤʝʨ ʰʘʛʘ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ (ʩʤ. 

ʥʠʞʝ). ʊʝʢʫʱʝʝ ʤʥʦʞʝʩʪʚʦ ʜʦʧʫʩʪʠʤʳʭ ʟʥʘʯʝʥʠʡ ʚʝʢʪʦʨʘ 
r

iP  ʦʙʦʟʥʘʯʘʝʤ 
r
iD . ɼʣʷ 

ʧʨʦʩʪʦʪʳ ʟʘʧʠʩʠ ʜʘʣʝʝ ʦʧʫʩʢʘʝʤ ʘʨʛʫʤʝʥʪ t  ʚ ʦʙʦʟʥʘʯʝʥʠʷʭ ʬʘʟʦʚʳʭ ʧʝʨʝʤʝʥʥʳʭ. 

 

 
 

ʈʠʩ.1. ï ʂ ʧʦʩʪʘʥʦʚʢʝ ʟʘʜʘʯʠ: ʜʣʷ ʧʨʦʩʪʦʪʳ ʟʘʧʠʩʠ ʘʨʛʫʤʝʥʪ t ʚ ʦʙʦʟʥʘʯʝʥʠʷʭ 

ʬʘʟʦʚʳʭ ʧʝʨʝʤʝʥʥʳʭ ʠ ʥʦʤʝʨ ʰʘʛʘ r ʦʧʫʰʝʥʳ 
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ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʧʦʜʩʠʩʪʝʤʳ iS  ʦʧʨʝʜʝʣʷʝʪ iF -ʤʝʨʥʳʡ 

ʚʝʢʪʦʨʥʳʡ ʢʨʠʪʝʨʠʡ ʦʧʪʠʤʘʣʴʥʦʩʪʠ ),( ii PF X , ʛʜʝ ʚ ʩʠʣʫ ʩʠʣʴʥʦʡ ʩʚʷʟʘʥʥʦʩʪʠ 

ʧʦʜʩʠʩʪʝʤ }{ iS  ʚʝʢʪʦʨ X  ʦʙʨʘʟʫʶʪ, ʚʦʦʙʱʝ ʛʦʚʦʨʷ, ʚʩʝ ʢʦʤʧʦʥʝʥʪʳ ʚʩʝʭ 

ʚʝʢʪʦʨʦʚ }{ iX , ʪʘʢ ʯʪʦ ),...,,( 21 S
X XXX= . ʂʨʠʪʝʨʠʡ ʦʧʪʠʤʘʣʴʥʦʩʪʠ ),( ii PF X  

ʩʪʨʝʤʠʪʩʷ, ʜʣʷ ʦʧʨʝʜʝʣʝʥʥʦʩʪʠ, ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ iʃʇʈ (i-ʳʡ ʛʣʘʚʥʳʡ 

ʢʦʥʩʪʨʫʢʪʦʨ), ʚʘʨʴʠʨʫʷ ʪʦʣʴʢʦ çʩʚʦʠè ʩʚʦʙʦʜʥʳʝ ʧʘʨʘʤʝʪʨʳ iP :  

r
i

r
i DP

r
i

r
i PF

Í

­ min),(X ; ]:1[ SÍi .                                      (1) 

ʌʫʥʢʮʠʷ ʛʝʥʝʨʘʣʴʥʦʛʦ ʢʦʥʩʪʨʫʢʪʦʨʘ 0ʃʇʈ ʩʦʩʪʦʠʪ ʚ ʫʧʨʘʚʣʝʥʠʠ 

ʦʪʥʦʩʠʪʝʣʴʥʳʤ ʚʝʩʦʤ ʩʚʦʡʩʪʚ ʩʪʘʙʠʣʴʥʦʩʪʠ ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʝʰʝʥʠʡ, 

ʥʘʡʜʝʥʥʳʭ ʛʣʘʚʥʳʤʠ ʢʦʥʩʪʨʫʢʪʦʨʘʤʠ }{ iʃʇʈ, ʧʫʪʝʤ ʩʫʞʝʥʠʷ ʦʙʣʘʩʪʠ 

ʢʦʤʧʨʦʤʠʩʩʦʚ (ʤʥʦʞʝʩʪʚʘ ʇʘʨʝʪʦ). ʇʦʣʘʛʘʝʤ, ʯʪʦ 0ʃʇʈ ʩʪʨʝʤʠʪʩʷ 

ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ ʥʝʷʚʥʦ ʟʘʜʘʥʥʳʡ ʛʣʦʙʘʣʴʥʳʡ ʢʨʠʪʝʨʠʡ ʢʘʯʝʩʪʚʘ 

ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʚʩʝʡ ʩʠʩʪʝʤʳ ),( r
0

rF PX , ʢʦʪʦʨʳʡ ʦʧʨʝʜʝʣʷʝʪ ʙʘʣʘʥʩ ʤʝʞʜʫ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ ʧʨʠʥʷʪʳʭ }{ iʃʇʈ ʨʝʰʝʥʠʡ ʠ ʠʭ ʫʩʪʦʡʯʠʚʦʩʪʴʶ:  

rr

rrF
DP

PX
Í

­ min),(0 . 

ɿʜʝʩʴ ),...,,( 21
r

S

rrr PPP=P  - ʦʙʲʝʜʠʥʝʥʥʳʡ ʚʝʢʪʦʨ ʚʘʨʴʠʨʫʝʤʳʭ ʧʘʨʘʤʝʪʨʦʚ; 

8
]:1[ S

D
Í

=
i

r
i

r D  - ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʤʥʦʞʝʩʪʚʦ ʜʦʧʫʩʪʠʤʳʭ ʟʥʘʯʝʥʠʡ. 0ʃʇʈ 

ʜʦʙʠʚʘʝʪʩʷ ʫʢʘʟʘʥʥʦʛʦ ʙʘʣʘʥʩʘ ʧʫʪʝʤ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʦʛʨʘʥʠʯʝʥʠʡ ʥʘ 

ʢʦʤʧʦʥʝʥʪʳ ʚʝʢʪʦʨʦʚ ʚʘʨʴʠʨʫʝʤʳʭ ʧʘʨʘʤʝʪʨʦʚ }{ iP  ʚʠʜʘ 
+-

¢¢ r
i

r
i

r
i PPP , ʛʜʝ 

ʥʝʨʘʚʝʥʩʪʚʘ ʧʦʥʠʤʘʶʪʩʷ ʧʦʢʦʤʧʦʥʝʥʪʥʦ.  

ʄʝʪʦʜʳ ʦʪʳʩʢʘʥʠʷ ʩʪʘʙʠʣʴʥʦ-ʵʬʬʝʢʪʠʚʥʳʭ ʨʝʰʝʥʠʡ. 

ɺ ʤʘʪʝʤʘʪʠʯʝʩʢʦʤ ʧʣʘʥʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ }{ iʃʇʈ ʚ ʧʨʦʮʝʩʩʝ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ (1) 

ʥʘ ʰʘʛʝ r ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʙʝʩʢʦʘʣʠʮʠʦʥʥʫʶ ʠʛʨʫ ʚʠʜʘ  

]:1[))};,({},{},ʃʇʈ{ 1
SX Í=G - iPFD r

i
r

i
r
ii

r
,                         (2) 

ʛʜʝ iʃʇʈ - i-ʡ ʠʛʨʦʢ; r
iD  - ʝʛʦ ʜʦʧʫʩʪʠʤʘʷ ʩʪʨʘʪʝʛʠʷ; ),( 1 r

i
r

i PF -
X  - ʚʝʢʪʦʨ 

ʚʳʠʛʨʳ-ʰʝʡ ʵʪʦʛʦ ʠʛʨʦʢʘ ʚ ʠʛʨʦʚʦʡ ʩʠʪʫʘʮʠʠ 
11 --Í rr

DP , ʚʦʟʥʠʢʰʝʡ ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʚʳʙʦʨʘ ʚʩʝʤʠ ʠʛʨʦʢʘʤʠ ʩʚʦʠʭ ʩʪʨʘʪʝʛʠʡ }{ 1-r
iP  ʥʘ (1-r )-ʦʤ ʰʘʛʝ 

ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ.  

ɺ ʪʝʨʤʠʥʘʭ ʠʛʨʳ (2) ʩʪʨʘʪʝʛʠʷ r
iP  ʠʛʨʦʢʘ iʃʇʈ ̫ ʚʣʷʝʪʩʷ (ʣʦʢʘʣʴʥʦ) ʇʘʨʝʪʦ-

ʦʧʪʠʤʘʣʴʥʦʡ, ʝʩʣʠ ʜʣʷ ʣʶʙʦʛʦ ʠʟ ʯʘʩʪʥʳʭ ʢʨʠʪʝʨʠʝʚ ʦʧʪʠʤʘʣʴʥʦʩʪʠ 

]:1[,, iji Fjf Í  ʵʪʦʛʦ ʠʛʨʦʢʘ ʩʧʨʘʚʝʜʣʠʚʦ ʩʦʦʪʥʦʰʝʥʠʝ 
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ʪʦ ʝʩʪʴ ʣʶʙʘʷ ʩʪʨʘʪʝʛʠʷ, ʦʪʣʠʯʥʘʷ ʦʪ r
iP , ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʟʥʘʯʝʥʠʡ ʭʦʪʷ 

ʙʳ ʦʜʥʦʛʦ ʠʟ ʫʢʘʟʘʥʥʳʭ ʯʘʩʪʥʳʭ ʢʨʠʪʝʨʠʝʚ ʦʧʪʠʤʘʣʴʥʦʩʪʠ. ʆʪʤʝʪʠʤ, ʯʪʦ ʥʘʨʷʜʫ 
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ʛʜʝ }{ , jiPD  - ʦʧʨʝʜʝʣʷʝʤʘʷ 0ʃʇʈ ʩʦʚʦʢʫʧʥʦʩʪʴ ʢʦʥʩʪʘʥʪ, ʢʦʪʦʨʳʝ ʪʘʢʞʝ ʤʦʛʫʪ 

ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ 0ʃʇʈ ʜʣʷ ʫʧʨʘʚʣʝʥʠʠ ʦʪʥʦʩʠʪʝʣʴʥʳʤ ʚʝʩʦʤ ʩʚʦʡʩʪʚ 

ʩʪʘʙʠʣʴʥʦʩʪʠ ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʥʘʡʜʝʥʥʳʭ ʨʝʰʝʥʠʡ. 

ɿʘʜʘʯʘ ʦʪʳʩʢʘʥʠʷ ʵʬʬʝʢʪʠʚʥʳʭ (ʇʘʨʝʪʦ ʦʧʪʠʤʘʣʴʥʳʭ) ʠ ʩʪʘʙʠʣʴʥʳʭ 

(ʫʩʪʦʡʯʠʚʳʭ ʧʦ ʅʵʰʫ) ʨʝʰʝʥʠʡ ʠʤʝʶʪ ʩʣʝʜʫʶʱʠʝ ʦʩʥʦʚʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ: 

¶ ʚʳʩʦʢʘʷ ʨʘʟʤʝʨʥʦʩʪʴ ʚʝʢʪʦʨʘ ʚʘʨʴʠʨʫʝʤʳʭ ʧʘʨʘʤʝʪʨʦʚ P  (ʧʦʨʷʜʢʘ 100); 

¶ ʩʣʦʞʥʘʷ ʩʪʨʫʢʪʫʨʘ ʤʥʦʞʝʩʪʚʘ ʜʦʧʫʩʪʠʤʳʭ ʟʥʘʯʝʥʠʡ D, ʦʙʫʩʣʦʚʣʝʥʥʘʷ 

ʙʦʣʴʰʠʤ ʯʠʩʣʦʤ (ʧʦʨʷʜʢʘ 100) ʠ ʥʝʣʠʥʝʡʥʦʩʪʴʶ ʦʛʨʘʥʠʯʠʚʘʶʱʠʭ ʬʫʥʢʮʠʡ, 

ʬʦʨʤʠʨʫʶʱʠʭ ʵʪʦ ʤʥʦʞʝʩʪʚʦ; 

¶ ʚʳʩʦʢʘʷ ʨʘʟʤʝʨʥʦʩʪʴ ʢʨʠʪʝʨʠʘʣʴʥʦʡ ʚʝʢʪʦʨ-ʬʫʥʢʮʠʠ 

)},({),( ii PF XPXF =  (ʧʦʨʷʜʢʘ 100); 

¶ ʚʳʩʦʢʘʷ ʚʳʯʠʩʣʠʪʝʣʴʥʘʷ ʩʣʦʞʥʦʩʪʴ ʫʢʘʟʘʥʥʦʡ ʬʫʥʢʮʠʠ (ʧʦʨʷʜʢʘ 100 
ʯʘʩʦʚ ʧʨʦʮʝʩʩʦʨʥʦʛʦ ʚʨʝʤʝʥʠ ʥʘ ʩʦʚʨʝʤʝʥʥʳʭ ʦʜʥʦʧʨʦʮʝʩʩʦʨʥʳʭ ʕɺʄ). 

 

ɿʘʢʣʶʯʝʥʠʝ. ʆʩʥʦʚʥʘʷ ʥʘʫʯʥʘʷ ʧʨʦʙʣʝʤʘ, ʨʝʰʝʥʠʝ ʢʦʪʦʨʦʡ ʥʝʦʙʭʦʜʠʤʦ 

ʜʣʷ ʩʦʟʜʘʥʠʷ 3ʄ-ʉɸʇʈ, ʩʦʩʪʦʠʪ ʚ ʨʘʟʨʘʙʦʪʢʝ ʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʤʝʪʦʜʦʚ ʛʨʫʧʧʦʚʦʛʦ ʧʨʠʥʷʪʠʷ ʤʥʦʛʦʢʨʠʪʝʨʠʘʣʴʥʳʭ ʨʝʰʝʥʠʡ ʥʘ ʦʩʥʦʚʝ 

ʘʧʧʨʦʢʩʠʤʘʮʠʡ ʤʥʦʞʝʩʪʚʘ ʇʘʨʝʪʦ ʠ ʤʥʦʞʝʩʪʚʘ ʪʦʯʝʢ ʨʘʚʥʦʚʝʩʠʷ ʧʦ ʅʵʰʫ. 

ʂʨʦʤʝ ʪʦʛʦ, ʥʝʦʙʭʦʜʠʤʘ ʨʘʟʨʘʙʦʪʢʘ ʩʪʨʫʢʪʫʨʳ ʧʨʦʛʨʘʤʤʥʦʡ ʩʠʩʪʝʤʳ 

ʧʦʜʜʝʨʞʢʠ ʛʨʫʧʧʦʚʦʛʦ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ ʧʨʠ 3ʄ-ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʤ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʩʣʦʞʥʳʭ ʪʝʭʥʠʯʝʩʢʠʭ ʩʠʩʪʝʤ, ʨʝʘʣʠʟʘʮʠʷ ʧʨʦʪʦʪʠʧʘ ʫʢʘʟʘʥʥʦʡ 

ʧʨʦʛʨʘʤʤʥʦʡ ʩʠʩʪʝʤʳ, ʠʩʩʣʝʜʦʚʘʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʠʥʷʪʳʭ 

ʘʣʛʦʨʠʪʤʠʯʝʩʢʠʭ ʠ ʧʨʦʛʨʘʤʤʥʳʭ ʨʝʰʝʥʠʡ. 



 
ΤΞ 

ɼʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʜʠʘʣʦʛʘ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ, 3ʄ-ʉɸʇʈ ʜʦʣʞʥʘ 

ʦʙʝʩʧʝʯʠʚʘʪʴ ʧʘʨʘʣʣʝʣʴʥʦʝ ʠʥʪʝʛʨʠʨʦʚʘʥʠʝ ʤʦʜʝʣʴʥʳʭ ʩʠʩʪʝʤ ʜʠʬʬʝʨʝʥ-

ʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ (ʚ ʪʦʤ ʯʠʩʣʝ, ʞʝʩʪʢʠʭ) ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ, ʤʥʦʛʦʷʜʝʨʥʳʭ 

ʧʨʦʮʝʩʩʦʨʦʚ, ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʢʣʘʩʪʝʨʦʚ ʠ ʛʨʘʬʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʨʥʳʭ 

ʫʩʪʨʦʡʩʪʚ. ʉ ʪʦʡ ʞʝ ʮʝʣʴʶ 3ʄ-ʉɸʇʈ ʜʦʣʞʥʘ ʦʙʝʩʧʝʯʠʚʘʪʴ ʧʘʨʘʣʣʝʣʴʥʦʝ 

ʧʦʩʪʨʦʝʥʠʝ ʘʧʧʨʦʢʩʠʤʘʮʠʡ ʤʥʦʞʝʩʪʚʘ (ʬʨʦʥʪʘ) ʇʘʨʝʪʦ, ʘ ʪʘʢʞʝ ʧʨʠʙʣʠʞʝʥʥʳʭ 

ʪʦʯʝʢ ʨʘʚʥʦʚʝʩʠʷ ʧʦ ʅʵʰʫ [2]. 
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UNISIM DESIGN ʅɽɻɯɿɯʅɼɽ ʄױʅɸʁɼʓת רʐ ʌɸɿɸʃʓ ɹᴆʃʋ 

ʇʈʆʎɽʉɯʅ ɹɸʉפɸʈʋɼʓ ʄʆɼɽʃʔɼɽʋ 

 

 .ʙʘʡ ᴄ.ʊ.*, ɾʫʩʫʧʙʝʢʦʚ ʉ.ʉץʠʷפ

 ʳ ɸʣʤʘʪʳ ʵʥʝʨʛʝʪʠʢʘ ʞᴅʥʝ ʙʘʡʣʘʥʳʩ ʫʥʠʚʝʨʩʠʪʝʪʽסɼᴅʫʢʝʝʚ ʘʪʳʥʜʘ.נ

*a.kiyakbay@aues.kz, s.zhussupbekov@aues.kz 

 

ɸשʜʘʪʧʘ: ʄʘץʘʣʘʜʘ ʤײʥʘʡʜʳװ שʰ ʬʘʟʘʣʳ ʙᴇʣʫ ʧʨʦʮʝʩʽʥ ʙʘʩץʘʨʫ ʞװʡʝʩʽʥ 

ʞʝʪʽʣʜʽʨʫ ʤᴅʩʝʣʝʩʽ ץʘʨʘʩʪʳʨʳʣʜʳ. ɼᴅʩʪװʨʣʽ PID ʙʘʩץʘʨʫ ᴅʜʽʩʪʝʨʽʥʽש ʰʝʢʪʝʫʣʝʨʽ 

ʘʪʘʧ ᴇʪʽʣʽʧ, fuzzy logic ʥʝʛʽʟʽʥʜʝʛʽ ʙʘʩץʘʨʫʜʳש ʘʨʪʳץʰʳʣʳץʪʘʨʳ ʩʠʧʘʪʪʘʣʜʳ. 

UniSim Design ʦʨʪʘʩʳʥʜʘ ʞʘʩʘʣסʘʥ ʤʦʜʝʣʴ ʥʝʛʽʟʽʥʜʝ ץʳʩʳʤ ʞᴅʥʝ ʩײʡʳץʪʳץ 

ʜʝשʛʝʡʽ ʧʘʨʘʤʝʪʨʣʝʨʽʥʽש ʜʠʥʘʤʠʢʘʩʳ ʪʘʣʜʘʥʜʳ. ɿʝʨʪʪʝʫ ʥᴅʪʠʞʝʣʝʨʽ fuzzy logic 

ʙʘʩץʘʨʫ ʪᴅʩʽʣʽʥʽש ʧʨʦʮʝʩʪʽש ʦʨʥʳץʪʳʣʳסʳʥ ʘʨʪʪʳʨʫסʘ, ʵʥʝʨʛʠʷ ʰʳסʳʥʳʥ 

ʘʟʘʡʪʫסʘ ʞᴅʥʝ ᴇʥʽʤ ʩʘʧʘʩʳʥ ʪײʨʘץʪʘʥʜʳʨʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʪʽʥʽʥ ʢᴇʨʩʝʪʪʽ. 

ɸʥʥʦʪʘʮʠʷ: ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʦʪʨʝʥʘ ʧʨʦʙʣʝʤʘ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʩʠʩʪʝʤʳ 

ʫʧʨʘʚʣʝʥʠʷ ʧʨʦʮʝʩʩʦʤ ʪʨʸʭʬʘʟʥʦʛʦ ʨʘʟʜʝʣʝʥʠʷ ʥʝʬʪʠ. ʊʨʘʜʠʮʠʦʥʥʳʝ ʤʝʪʦʜʳ 

ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʥʘ ʦʩʥʦʚʝ PID ʠʤʝʶʪ ʦʛʨʘʥʠʯʝʥʠʷ ʚ ʫʩʣʦʚʠʷʭ ʠʟʤʝʥʷʶʱʝʛʦʩʷ 

ʩʦʩʪʘʚʘ ʩʳʨʴʷ ʠ ʥʝʣʠʥʝʡʥʦʡ ʜʠʥʘʤʠʢʠ. ɺ ʨʘʙʦʪʝ ʧʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʚ ʩʨʝʜʝ UniSim Design, ʛʜʝ ʙʳʣʠ ʠʩʩʣʝʜʦʚʘʥʳ ʜʠʥʘʤʠʯʝʩʢʠʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʜʘʚʣʝʥʠʷ ʠ ʫʨʦʚʥʷ ʞʠʜʢʦʩʪʠ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʫʧʨʘʚʣʝʥʠʷ ʥʘ ʦʩʥʦʚʝ ʥʝʯʝʪʢʦʡ ʣʦʛʠʢʠ ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʦʚʳʰʝʥʠʝ ʫʩʪʦʡʯʠʚʦʩʪʠ 

ʧʨʦʮʝʩʩʘ, ʩʥʠʞʝʥʠʝ ʵʥʝʨʛʦʟʘʪʨʘʪ ʠ ʩʪʘʙʠʣʠʟʘʮʠʶ ʢʘʯʝʩʪʚʘ ʧʨʦʜʫʢʮʠʠ. 

ʊʽʨʝʢ ʩᴇʟʜʝʨ: װʰ ʬʘʟʘʣʳ ʙᴇʣʫ, UniSim Design, PID, fuzzy logic, ʙʘʩץʘʨʫ 

ʞװʡʝʩʽ. 
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ΤΟ 

 ʙʽʨʽ שʜʝʫ ʧʨʦʮʝʩʪʝʨʽʥʽשʳ ᴇץʥʘʡʜʳ ʙʘʩʪʘʧײʥʘʡ-ʛʘʟ ᴇʥʝʨʢᴅʩʽʙʽʥʜʝ ʤײʩʪʘʥ ʤץʘʟʘפ

ï װʰ ʬʘʟʘʣʳ ʙᴇʣʫ. ɹײʣ ʧʨʦʮʝʩʩ ʤײʥʘʡʜʳ, ʛʘʟʜʳ ʞᴅʥʝ ʩʫʜʳ ʘʞʳʨʘʪʳʧ, ᴅʨʽ ץʘʨʘʡסʳ 

ʪʝʭʥʦʣʦʛʠʷʣʳץ ʩʘʪʳʣʘʨסʘ ʩʘʧʘʣʳ ʰʠʢʽʟʘʪ ײʩʳʥʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. ʇʨʦʮʝʩʪʽש 

ʜײʨʳʩ ײʡʳʤʜʘʩʪʳʨʳʣʤʘʫʳ ײץʙʳʨʣʘʨʜʘ ʛʠʜʨʘʪʪʘʨʜʳש ʪװʟʽʣʫʽʥʝ, ʢʦʨʨʦʟʠʷʥʳש 

ʢװʰʝʶʽʥʝ ʞᴅʥʝ ʞʘʙʜʳץʪʘʨʜʳש ʽʩʪʝʥ ʰʳסʫʳʥʘ ʘʣʳʧ ʢʝʣʝʜʽ. 

ɼᴅʩʪװʨʣʽ ᴇʥʜʽʨʽʩʪʝ PID ʨʝʪʪʝʛʽʰʪʝʨʽ ץʦʣʜʘʥʳʣʘʜʳ. ɹʽʨʘץ ʰʠʢʽʟʘʪ ײץʨʘʤʳʥʳש 

ᴇʟʛʝʨʽʩʽ, ץʳʩʳʤ ʤʝʥ ʪʝʤʧʝʨʘʪʫʨʘ ʘʫʳʪץʫʣʘʨʳ ʢʝʟʽʥʜʝ ʦʣʘʨʜʳש ʪʠʽʤʜʽʣʽʛʽ 

ʪᴇʤʝʥʜʝʡʜʽ. ʉʦʥʜʳץʪʘʥ ʩʦסשʳ ʞʳʣʜʘʨʳ ʙʝʡʩʳʟʳץ ʧʨʦʮʝʩʪʝʨʜʽ ʩʠʧʘʪʪʘʫסʘ ץʘʙʽʣʝʪʪʽ 

fuzzy logic ʥʝʛʽʟʽʥʜʝʛʽ ʠʥʪʝʣʣʝʢʪʫʘʣʜʳ ʙʘʩץʘʨʫ ʪᴅʩʽʣʜʝʨʽ ʢʝשʽʥʝʥ ץʦʣʜʘʥʳʩ ʪʘʙʫʜʘ. 

ʌʘʟʘʣʘʨʜʳ ʙᴇʣʫ ʧʨʦʮʝʩʽʥʜʝ ʥʝʛʽʟʛʽ ʙʘʩץʘʨʳʣʘʪʳʥ ʧʘʨʘʤʝʪʨʣʝʨ ʤʳʥʘʣʘʨ: 

 .ʛʝʡʽשʜʝ ץʪʳץʡʳײʳʩʳʤ, ʪʝʤʧʝʨʘʪʫʨʘ ʞᴅʥʝ ʩץ

 שʡʝʥʽװʫʳ ʞץʘʫʳʪ שʘʤʪʘʤʘʩʳʟ ʝʪʝʜʽ. ʆʥʳץ ʙᴇʣʽʥʫʽʥ שʳʩʳʤ ʛʘʟʜʳפ

ʦʨʥʳץʪʳʣʳסʳʥʘ ᴅʩʝʨ ʝʪʝʜʽ. 

ʊʝʤʧʝʨʘʪʫʨʘ ʤײʥʘʡ ʤʝʥ ʩʫʜʳש ʪײʪץʳʨʣʳסʳʥʘ ʳץʧʘʣ ʝʪʝʜʽ, ʥᴅʪʠʞʝʩʽʥʜʝ 

ʬʘʟʘʣʘʨʜʳש ʘʞʳʨʘʫʳ ץʠʳʥʜʘʡʜʳ. 

ʉײʡʳץʪʳץ ʜʝשʛʝʡʽ ᴇʥʽʤ ʩʘʧʘʩʳʥ ʪʽʢʝʣʝʡ ʘʥʳץʪʘʡʜʳ. ɽʛʝʨ ʜʝשʛʝʡ ʪײʨʘץʩʳʟ 

ʙʦʣʩʘ, ʛʘʟʙʝʥ ʙʽʨʛʝ ʤײʥʘʡʜʳש ʢʝʪʫʽ ʥʝʤʝʩʝ ʩʫʜʳש ʘʨʪʳץ ʤᴇʣʰʝʨʜʝ ץʘʣʫʳ ʤװʤʢʽʥ. 

PID ʙʘʩץʘʨʫʳ ץʘʨʘʧʘʡʳʤ ʙʦʣסʘʥʳʤʝʥ, ʙʝʡʩʳʟʳץ ʧʨʦʮʝʩʪʝʨʜʽ ʪʦʣʳץ 

ʙʝʡʥʝʣʝʤʝʡʜʽ. ɸʣ fuzzy logic ʙʘʩץʘʨʫʳ çʝʛʝʨïʦʥʜʘè ʝʨʝʞʝʣʝʨʽ ʘʨץʳʣʳ ʧʨʦʮʝʩʪʽש 

ᴇʟʛʝʨʽʩʽʥʝ ʙʝʡʽʤʜʝʣʽʧ, ʦʨʥʳץʪʳʣʳץʪʳ ץʘʤʪʘʤʘʩʳʟ ʝʪʝʜʽ. 

ɿʝʨʪʪʝʫ ʙʘʨʳʩʳʥʜʘ Honeywell ʢʦʤʧʘʥʠʷʩʳʥʳש UniSim Design ʙʘסʜʘʨʣʘʤʘʣʳץ 

ʢʝʰʝʥʽ ץʦʣʜʘʥʳʣʜʳ. ɹײʣ ʦʨʪʘ ʧʨʦʮʝʩʪʽש ʜʠʥʘʤʠʢʘʣʳץ ʤʦʜʝʣʽʥ ײץʨʫסʘ ʞᴅʥʝ ᴅʨʪװʨʣʽ 

ʙʘʩץʘʨʫ ʪᴅʩʽʣʜʝʨʽʥ ʩʘʣʳʩʪʳʨʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. 

ʄʦʜʝʣʴʜʝ ʩʝʧʘʨʘʪʦʨʜʳש ʙʣʦʢ-ʩʭʝʤʘʩʳ ײץʨʘʩʪʳʨʳʣʳʧ, ʙʘʩʪʘʧץʳ ʧʘʨʘʤʝʪʨʣʝʨ 

ʝʥʛʽʟʽʣʜʽ (ʰʠʢʽʟʘʪ ײץʨʘʤʳ: ʤײʥʘʡ ï 80%, ʩʫ ï 15%, ʛʘʟ ï 5%). פʳʩʳʤ ʤʝʥ ʜʝשʛʝʡ 

ʜʘʪʯʠʢʪʝʨʽ ʦʨʥʘʪʳʣʳʧ, PID ʞᴅʥʝ fuzzy logic ʙʘʩץʘʨʫ ʘʣʛʦʨʠʪʤʜʝʨʽ ץʘʨʘʩʪʳʨʳʣʜʳ. 

PID ʙʘʩץʘʨʫ ʢʝʟʽʥʜʝ ץʳʩʳʤ ʙʘʷʫ ʦʨʥʳסʳʧ, Ñ8% ʘʫʳʪץʫ ʙʘʡץʘʣʜʳ. ɸʣ fuzzy 

logic ʙʘʩץʘʨʫʜʘ ץʳʩʳʤ ʪʝʟ ʦʨʥʳסʳʧ, ʘʫʳʪץʫʳ ʥʝʙᴅʨʽ Ñ3% ʙʦʣʜʳ. 

ɹײʣ ʘʡʳʨʤʘʰʳʣʳ1 ץ-ʩʫʨʝʪʪʝ ʙʝʡʥʝʣʝʥʛʝʥ. ʆʥʜʘ PID ʙʘʩץʘʨʫ ץʠʩʳסʳ ץʳʟʳʣ 

ʪװʩʧʝʥ, fuzzy logic ץʠʩʳסʳ ʢᴇʢ ʪװʩʧʝʥ ʢᴇʨʩʝʪʽʣʛʝʥ. PID ץʠʩʳסʳ ײʟʘץ ʫʘץʳʪ ʙʦʡʳ 

ʪʝʨʙʝʣʽʧ ʙʘʨʳʧ ʦʨʥʳץʩʘ, fuzzy logic ץʠʩʳסʳ ץʳʩץʘ ʫʘץʳʪ ʽʰʽʥʜʝ ʦʨʥʳץʪʳ. 

 

 
ʉʫʨʝʪ 1. - PID ʞᴅʥʝ Fuzzy ʙʘʩץʘʨʫ ʢʝʟʽʥʜʝʛʽ ץʳʩʳʤ ʜʠʥʘʤʠʢʘʩʳ (MATLAB 

ʥᴅʪʠʞʝʩʽ) 



 
ΤΠ 

PID ʙʘʩץʘʨʫ ʢʝʟʽʥʜʝ ʩײʡʳץʪʳץ ʜʝשʛʝʡʽ ײʟʘץ ʫʘץʳʪ ʪײʨʘץʩʳʟ ʙʦʣʳʧ, 0.25 ʤ-ʛʝ 

ʜʝʡʽʥ ʘʫʳʪץʫʣʘʨ ʙʦʣʜʳ. ɸʣ fuzzy logic ʙʘʩץʘʨʫʜʘ ʜʝשʛʝʡ ʪʝʟ ʦʨʥʳסʳʧ, ʘʫʳʪץʫʳ 

ʥʝʙᴅʨʽ 0.10 ʤ ʙʦʣʜʳ. 

ɹײʣ ײץʙʳʣʳʩ 2-ʩʫʨʝʪʪʝ ʢᴇʨʩʝʪʽʣʛʝʥ. PID ץʠʩʳסʳ װʣʢʝʥ ʘʤʧʣʠʪʫʜʘʤʝʥ 

ʪʝʨʙʝʣʩʝ, fuzzy logic ץʠʩʳסʳ ᴅʣʜʝץʘʡʜʘ ʞʳʣʜʘʤ ʪײʨʘץʪʘʣʘʜʳ. 

 

ʉʫʨʝʪ 2. - PID ʞᴅʥʝ Fuzzy ʙʘʩץʘʨʫ ʢʝʟʽʥʜʝʛʽ ʩײʡʳץʪʳץ ʜʝשʛʝʡʽʥʽש ʜʠʥʘʤʠʢʘʩʳ 

(MATLAB ʥᴅʪʠʞʝʩʽ) 

 

ɹʘʩץʘʨʫ ʪᴅʩʽʣʽ ʆʨʥʳסʫ 

ʫʘץʳʪʳ, ʩ 

 ʳʩʳʤפ

ʘʫʳʪץʫʳ, % 

ɼʝשʛʝʡ 

ʪײʨʘץʩʳʟʜʳסʳ 

ʕʥʝʨʛʠʷ 

ʰʳסʳʥʳ, ʰ.ʙ. 

PID 12 8 0.25 100 

Fuzzy logic 7 3 0.10 88 

 

ʂʝʩʪʝ 1-ʜʝ PID ʞᴅʥʝ fuzzy logic ʙʘʩץʘʨʫ ᴅʜʽʩʪʝʨʽʥʽש ʥʝʛʽʟʛʽ ʢᴇʨʩʝʪʢʽʰʪʝʨʽ 

ʩʘʣʳʩʪʳʨʳʣסʘʥ. ɸʣʳʥסʘʥ ʥᴅʪʠʞʝʣʝʨʛʝ ʩװʡʝʥʩʝʢ, fuzzy logic ʙʘʩץʘʨʫ ʪᴅʩʽʣʽ 

ʙʘʨʣʳץ ʧʘʨʘʤʝʪʨʣʝʨ ʙʦʡʳʥʰʘ ʜᴅʩʪװʨʣʽ PID ʙʘʩץʘʨʫʜʘʥ ʪʠʽʤʜʽʨʝʢ ʝʢʝʥʽ 

ʙʘʡץʘʣʘʜʳ. 

ɸʪʘʧ ʘʡʪץʘʥʜʘ, fuzzy logic ʙʘʩץʘʨʫʜʘ ʦʨʥʳϤʫ ʫʘϨʳʪʳ 7 ʩʝʢʫʥʜʪʳ Ϩϰʨʘʜʳ, 

ʙײʣ PID ʙʘʩץʘʨʫסʘ ץʘʨʘסʘʥʜʘ ʰʘʤʘʤʝʥ 40% ץʳʩץʘ. ʉʦʥʳʤʝʥ ץʘʪʘʨ fuzzy logic 

ʘʣʛʦʨʠʪʤʽ ϨʳʩʳʤʥʳϬ ʘʫʳʪϨʫʳʥ Ñ3%-Ϥʘ ʜʝʡʽʥ ʪϺʤʝʥʜʝʪʪʽ, ʘʣ PID ʙʘʩץʘʨʫʜʘ ʙײʣ 

ʢᴇʨʩʝʪʢʽʰ Ñ8%-סʘ ʞʝʪʪʽ. ɹײʣ ʧʨʦʮʝʩʪʽש ʪײʨʘץʪʳʣʳסʳʥ ʘʨʪʪʳʨʫסʘ ʞᴅʥʝ 

ʞʘʙʜʳץʪʳש ʩʝʥʽʤʜʽ ʞײʤʳʩʳʥ ץʘʤʪʘʤʘʩʳʟ ʝʪʫʛʝ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. 

ʉײʡʳץʪʳץ ʜʝשʛʝʡʽ ʙʦʡʳʥʰʘ fuzzy logic ʙʘʩץʘʨʫ ʞװʡʝʩʽ PID ʨʝʪʪʝʛʽʰʢʝ 

 ʪʳ ʥᴅʪʠʞʝ ʢᴇʨʩʝʪʪʽ: ʜʝϬʛʝʡʜʽϬ ʪϰʨʘϨʩʳʟʜʳϤʳ 0.10 ʤץʨʘײʨʣʳʤ ʪײסʘʥʜʘ ʘʥʘסʘʨʘץ

ʰʝʛʽʥʜʝ ʙʦʣʜʳ, ʘʣ PID ʙʘʩץʘʨʫʜʘ ʦʣ 0.25 ʤ-ʛʝ ʜʝʡʽʥ ʞʝʪʪʽ. ʕʥʝʨʛʠʷ ʰʳסʳʥʳ fuzzy 

logic ʙʘʩץʘʨʫ ʢʝʟʽʥʜʝ ʰʘʤʘʤʝʥ 12%-Ϥʘ ʪϺʤʝʥʜʝʜʽ. 

ɾʘʣʧʳ ʘʣסʘʥʜʘ, fuzzy logic ʙʘʩץʘʨʫ ᴅʜʽʩʽ ʧʨʦʮʝʩʪʽש ʦʨʥʳץʪʳʣʳסʳʥ 

ʘʨʪʪʳʨʳʧ ץʘʥʘ ץʦʡʤʘʡ, ʵʥʝʨʛʠʷ ʪʠʽʤʜʽʣʽʛʽʥ ʞʦסʘʨʳʣʘʪʘʜʳ ʞᴅʥʝ ᴇʥʽʤ ʩʘʧʘʩʳʥ 



 
ΤΡ 

ʪײʨʘץʪʘʥʜʳʨʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. ɹײʣ ʦʥʳש ᴇʥʜʽʨʽʩʪʽʢ ץʦʥʜʳʨסʳʣʘʨʜʘ 

 .ʦʣʜʘʥʳʣʫʳʥ ʧʝʨʩʧʝʢʪʠʚʘʣʳ ʝʪʝʜʽץ

 

 ʦʨʳʪʳʥʜʳפ

ɾװʨʛʽʟʽʣʛʝʥ ʟʝʨʪʪʝʫ ʥᴅʪʠʞʝʣʝʨʽ UniSim Design ʦʨʪʘʩʳʥʜʘ װʰ ʬʘʟʘʣʳ ʙᴇʣʫ 

ʧʨʦʮʝʩʽʥʽש ʜʠʥʘʤʠʢʘʣʳץ ʤʦʜʝʣʽʥ ײץʨʫ ʘʨץʳʣʳ fuzzy logic ʙʘʩץʘʨʫ ᴅʜʽʩʽʥʽש 

ʜᴅʩʪװʨʣʽ PID ʙʘʩץʘʨʫʳʥʘʥ ʘʨʪʳץʰʳʣʳץʪʘʨʳʥ ʘʡץʳʥ ʢᴇʨʩʝʪʪʽ. 

ɹʽʨʽʥʰʽʜʝʥ, fuzzy logic ʙʘʩץʘʨʫ ʦʨʥʳסʫ ʫʘץʳʪʳʥ ץʳʩץʘʨʪʳʧ, ʧʨʦʮʝʩʪʽש ʪʝʟ 

ʪײʨʘץʪʘʣʫʳʥ ץʘʤʪʘʤʘʩʳʟ ʝʪʪʽ. ɹײʣ ᴇʥʜʽʨʽʩʪʽʢ ʞʘסʜʘʡʜʘ ץʦʥʜʳʨסʳʥʳש ᴇʥʽʤʜʽʣʽʛʽʥ 

ʘʨʪʪʳʨʳʧ, ʪʝʭʥʦʣʦʛʠʷʣʳץ ʨʝʞʠʤʜʝʨʜʽש ʩʝʥʽʤʜʽ ʩʘץʪʘʣʫʳʥʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. 

ɽʢʽʥʰʽʜʝʥ, ץʳʩʳʤ ʤʝʥ ʜʝשʛʝʡ ʧʘʨʘʤʝʪʨʣʝʨʽʥʽש ʘʫʳʪץʫʳ ʘʡʪʘʨʣʳץʪʘʡ 

ʪᴇʤʝʥʜʝʜʽ. ɹײʣ ʞʘʙʜʳץץʘ ʪװʩʝʪʽʥ ʜʠʥʘʤʠʢʘʣʳץ ʞװʢʪʝʤʝʣʝʨʜʽ ʘʟʘʡʪʳʧ, ʦʥʳש 

ʧʘʡʜʘʣʘʥʫ ʤʝʨʟʽʤʽʥ ײʟʘʨʪʫסʘ ʳץʧʘʣ ʝʪʝʜʽ. 

 ʤʢʽʥʜʽʢװʘ ʤסʘʨʫ ʵʥʝʨʛʠʷ ʪʠʽʤʜʽʣʽʛʽʥ ʘʨʪʪʳʨʫץʰʽʥʰʽʜʝʥ, fuzzy logic ʙʘʩת

ʙʝʨʜʽ. ʕʥʝʨʛʠʷ ʰʳסʳʥʳʥʳ10 שï12%-סʘ ʘʟʘʶʳ ï ̔ ʨʽ ᴇʥʜʽʨʽʩ ʢᴇʣʝʤʽʥʜʝ 

ʘʡʪʘʨʣʳץʪʘʡ ʵʢʦʥʦʤʠʢʘʣʳץ ʧʘʡʜʘ ᴅʢʝʣʝʪʽʥ ʢᴇʨʩʝʪʢʽʰ. 

ʉʦʥʳʤʝʥ ץʘʪʘʨ fuzzy logic ʙʘʩץʘʨʫ ᴅʜʽʩʽ ᴇʥʽʤ ʩʘʧʘʩʳʥʳש ʪײʨʘץʪʳʣʳסʳʥ 

 ʜʘʡסᴅʨʽ ʪʠʽʤʜʽ ʙᴇʣʽʥʫʽʥʝ ʞʘ ץʪʦʣʳ שʥʘʡ, ʛʘʟ ʞᴅʥʝ ʩʫʜʳײʘʤʪʘʤʘʩʳʟ ʝʪʽʧ, ʤץ

ʞʘʩʘʡʜʳ. ɹײʣ ᴇʟ ʢʝʟʝʛʽʥʜʝ ʤײʥʘʡ-ʛʘʟ ʩʘʣʘʩʳʥʳש ʵʢʦʣʦʛʠʷʣʳץ ץʘʫʽʧʩʽʟʜʽʛʽʥ 

 .ʧʘʣʳʥ ʪʠʛʽʟʝʜʽץʳ שʘʤʪʘʤʘʩʳʟ ʝʪʫʛʝ ʜʝ ʦץ

ɿʝʨʪʪʝʫ ʥᴅʪʠʞʝʣʝʨʽ ᴇʥʝʨʢᴅʩʽʧʪʽʢ ץʦʥʜʳʨסʳʣʘʨסʘ fuzzy logic ʙʘʩץʘʨʫ 

ʞװʡʝʣʝʨʽʥ ʝʥʛʽʟʫʜʽש ʪʠʽʤʜʽʣʽʛʽʥ ʜᴅʣʝʣʜʝʡʜʽ. ɸʣʜʘסʳ ʫʘץʳʪʪʘ ʥʘץʪʳ ᴇʥʜʽʨʽʩʪʽʢ 

ʞʘסʜʘʡʣʘʨʜʘ fuzzy logic ʧʝʥ ʙʘʩץʘ ʜʘ ʠʥʪʝʣʣʝʢʪʫʘʣʜʳ ʙʘʩץʘʨʫ ʪᴅʩʽʣʜʝʨʽʥ 

(ʥʝʡʨʦʥʜʳץ ʞʝʣʽʣʝʨ, ʙʝʡʽʤʜʝʣʛʽʰ ʙʘʩץʘʨʫ) ʩʘʣʳʩʪʳʨʘ ʦʪʳʨʳʧ ʩʳʥʘץʪʘʥ ᴇʪʢʽʟʫ 

ᴇʟʝʢʪʽ ʙʦʣʤʘץ. 
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1 ɺʚʝʜʝʥʠʝ 

ʀʟʤʝʨʝʥʠʝ ʫʨʦʚʥʷ ʧʦʜʟʝʤʥʳʭ ʚʦʜ ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ ʢʣʶʯʝʚʳʭ ʟʘʜʘʯ 

ʛʠʜʨʦʣʦʛʠʠ, ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ ʠ ʫʧʨʘʚʣʝʥʠʷ ʚʦʜʥʳʤʠ ʨʝʩʫʨʩʘʤʠ. 

ʊʨʘʜʠʮʠʦʥʥʦ ʜʣʷ ʵʪʦʡ ʮʝʣʠ ʧʨʠʤʝʥʷʶʪʩʷ ʨʘʟʣʠʯʥʳʝ ʤʝʪʦʜʳ ʠ ʫʩʪʨʦʡʩʪʚʘ: 

ʪʨʦʩʦʚʳʝ ʠʟʤʝʨʠʪʝʣʠ, ʛʠʜʨʦʩʪʘʪʠʯʝʩʢʠʝ ʜʘʪʯʠʢʠ, ʘ ʪʘʢʞʝ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʝ 

ʣʦʛʛʝʨʳ ʫʨʦʚʥʷ ʚʦʜʳ [1]. ʅʝʩʤʦʪʨʷ ʥʘ ʰʠʨʦʢʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ, ʜʘʥʥʳʝ ʤʝʪʦʜʳ 

ʦʙʣʘʜʘʶʪ ʨʷʜʦʤ ʦʛʨʘʥʠʯʝʥʠʡ. ʊʘʢ, ʪʨʦʩʦʚʳʝ ʠʟʤʝʨʠʪʝʣʠ ʪʨʝʙʫʶʪ ʧʦʩʪʦʷʥʥʦʛʦ 

ʧʨʠʩʫʪʩʪʚʠʷ ʦʧʝʨʘʪʦʨʘ ʠ ʟʘʚʠʩʷʪ ʦʪ ʧʦʛʦʜʥʳʭ ʫʩʣʦʚʠʡ. ɸʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʝ 

ʣʦʛʛʝʨʳ ʦʙʝʩʧʝʯʠʚʘʶʪ ʜʦʣʛʦʚʨʝʤʝʥʥʳʡ ʩʙʦʨ ʜʘʥʥʳʭ, ʦʜʥʘʢʦ ʠʤʝʶʪ ʚʳʩʦʢʫʶ 

ʩʪʦʠʤʦʩʪʴ ʠ ʪʨʝʙʫʶʪ ʨʝʛʫʣʷʨʥʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ [2]. 

ɻʠʜʨʦʩʪʘʪʠʯʝʩʢʠʝ ʜʘʪʯʠʢʠ ʷʚʣʷʶʪʩʷ ʦʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʪʦʯʥʳʭ ʩʨʝʜʩʪʚ 

ʤʦʥʠʪʦʨʠʥʛʘ. ʆʥʠ ʦʩʥʦʚʘʥʳ ʥʘ ʠʟʤʝʨʝʥʠʠ ʜʘʚʣʝʥʠʷ ʚʦʜʷʥʦʛʦ ʩʪʦʣʙʘ ʠ 

ʦʙʝʩʧʝʯʠʚʘʶʪ ʚʳʩʦʢʫʶ ʪʦʯʥʦʩʪʴ ʧʨʠ ʙʦʣʴʰʠʭ ʛʣʫʙʠʥʘʭ ʩʢʚʘʞʠʥ. ʆʜʥʘʢʦ ʪʘʢʠʝ 

ʫʩʪʨʦʡʩʪʚʘ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʩʨʘʚʥʠʪʝʣʴʥʦ ʚʳʩʦʢʦʡ ʮʝʥʦʡ (ʦʪ 1500 USD ʠ ʚʳʰʝ 

ʜʣʷ ʧʨʦʤʳʰʣʝʥʥʳʭ ʤʦʜʝʣʝʡ) ʠ ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʢʘʣʠʙʨʦʚʢʠ ʠ ʦʙʩʣʫʞʠʚʘʥʠʷ, 

ʦʩʦʙʝʥʥʦ ʚ ʫʩʣʦʚʠʷʭ ʟʘʛʨʷʟʥʸʥʥʳʭ ʠʣʠ ʦʙʚʦʜʥʸʥʥʳʭ ʩʢʚʘʞʠʥ [3]. 

ɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʚʥʠʤʘʥʠʝ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʠ ʠʥʞʝʥʝʨʦʚ ʧʨʠʚʣʝʢʘʶʪ 

ʣʘʟʝʨʥʳʝ ʜʘʪʯʠʢʠ ʫʨʦʚʥʷ. ʆʥʠ ʦʙʝʩʧʝʯʠʚʘʶʪ ʚʳʩʦʢʫʶ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ 

(ʧʦʛʨʝʰʥʦʩʪʴ ʠʟʤʝʨʝʥʠʡ ʜʦ Ñ1 ʤʤ), ʙʳʩʪʨʳʡ ʦʪʢʣʠʢ ʠ ʧʨʠ ʵʪʦʤ ʠʤʝʶʪ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʠʟʢʫʶ ʩʪʦʠʤʦʩʪʴ (100ï300 USD), ʯʪʦ ʜʝʣʘʝʪ ʠʭ ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ 

ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʭ ʩʠʩʪʝʤʘʭ ʤʦʥʠʪʦʨʠʥʛʘ [4]. ʆʜʥʘʢʦ 

ʧʨʠʤʝʥʝʥʠʝ ʣʘʟʝʨʥʳʭ ʜʘʪʯʠʢʦʚ ʚ ʫʩʣʦʚʠʷʭ ʩʢʚʘʞʠʥ ʦʩʣʦʞʥʷʝʪʩʷ ʠʩʢʨʠʚʣʝʥʠʝʤ 

ʦʙʩʘʜʥʦʡ ʪʨʫʙʳ ʠ ʧʦʧʘʜʘʥʠʝʤ ʣʫʯʘ ʥʘ ʩʪʝʥʢʠ, ʯʪʦ ʠʩʢʘʞʘʝʪ ʠʟʤʝʨʝʥʠʷ. 

ɺ ʨʘʙʦʪʝ ʧʨʝʜʣʦʞʝʥʘ ʥʦʚʘʷ ʤʝʪʦʜʠʢʘ ʤʦʥʠʪʦʨʠʥʛʘ ʫʨʦʚʥʷ ʧʦʜʟʝʤʥʳʭ ʚʦʜ ʚ 

ɸʣʤʘʪʳ. ʇʦʩʢʦʣʴʢʫ ʩʫʱʝʩʪʚʫʶʱʠʝ ʤʝʪʦʜʳ (ʪʨʦʩʦʚʳʝ ʠʟʤʝʨʠʪʝʣʠ, ʛʠʜʨʦʩʪʘ-

ʪʠʯʝʩʢʠʝ ʜʘʪʯʠʢʠ, ʣʦʛʛʝʨʳ) ʦʙʣʘʜʘʶʪ ʥʝʜʦʩʪʘʪʢʘʤʠ: ʚʳʩʦʢʘʷ ʩʪʦʠʤʦʩʪʴ, 

ʦʛʨʘʥʠʯʝʥʥʘʷ ʪʦʯʥʦʩʪʴ ʠ ʪʨʫʜʦʸʤʢʦʩʪʴ, ʚ ʠʩʩʣʝʜʦʚʘʥʠʠ ʧʨʠʤʝʥʸʥ ʣʘʟʝʨʥʳʡ 

ʜʘʪʯʠʢ ʩ ʧʦʧʣʘʚʢʦʤ-ʦʪʨʘʞʘʪʝʣʝʤ, ʜʘʥʥʳʝ ʢʦʪʦʨʦʛʦ ʙʳʣʠ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ.  

ʆʙʲʝʢʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʩʢʚʘʞʠʥʘ ʛʣʫʙʠʥʦʡ ʦʢʦʣʦ 70 ʤ ʚ 

ʄʝʜʝʫʩʢʦʤ ʨʘʡʦʥʝ ʛ. ɸʣʤʘʪʳ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʠʟʤʝʨʝʥʠʷ ʫʨʦʚʥʷ ʠ 

ʪʝʤʧʝʨʘʪʫʨʳ ʚʦʜʳ ʚʳʧʦʣʥʷʶʪʩʷ ʚʨʫʯʥʫʶ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʨʦʩʘ ʠ ʪʝʨʤʦʤʝʪʨʘ, 

ʯʪʦ ʪʨʝʙʫʝʪ ʟʥʘʯʠʪʝʣʴʥʳʭ ʫʩʠʣʠʡ ʠ ʟʘʚʠʩʠʪ ʦʪ ʧʦʛʦʜʥʳʭ ʫʩʣʦʚʠʡ ʠ ʜʦʩʪʫʧʥʦʩʪʠ 

ʦʙʲʝʢʪʘ.  
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ɿʘʜʘʯʘ ʘʥʘʣʠʟʘ ï ʧʨʦʚʝʨʠʪʴ ʢʘʯʝʩʪʚʦ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ, ʚʳʷʚʠʪʴ ʠʭ 

ʦʩʦʙʝʥʥʦʩʪʠ ʠ ʦʮʝʥʠʪʴ ʧʨʠʛʦʜʥʦʩʪʴ ʤʝʪʦʜʘ ʜʣʷ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ. 

ɼʣʷ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ ʧʨʠʤʝʥʝʥʳ ʨʘʟʥʳʝ ʧʦʜʭʦʜʳ. ʉʪʘʪʠʩʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ 

(ʩʨʝʜʥʠʝ, ʜʠʩʧʝʨʩʠʠ, ʪʨʝʥʜʳ), ʚʨʝʤʝʥʥʳʝ ʨʷʜʳ, ʢʦʨʨʝʣʷʮʠʦʥʥʳʡ ʘʥʘʣʠʟ, 

ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ, ʚʳʙʨʦʩʳ ʠ ʰʫʤʳ. 

ʈʝʟʫʣʴʪʘʪʳ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʧʨʝʜʣʦʞʝʥʥʳʡ ʤʝʪʦʜ ʦʙʝʩʧʝʯʠʚʘʝʪ ʙʦʣʝʝ 

ʚʳʩʦʢʫʶ ʪʦʯʥʦʩʪʴ, ʵʢʦʥʦʤʠʯʥʦʩʪʴ ʠ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʣʥʦʡ ʘʚʪʦʤʘʪʠʟʘʮʠʠ. 

ʈʘʟʨʘʙʦʪʘʥʥʘʷ ʩʠʩʪʝʤʘ ʧʝʨʩʧʝʢʪʠʚʥʘ ʜʣʷ ʜʦʣʛʦʩʨʦʯʥʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ ʫʨʦʚʥʷ 

ʧʦʜʟʝʤʥʳʭ ʚʦʜ ʚ ʫʩʣʦʚʠʷʭ ɸʣʤʘʪʳ. 

 

2 ʄʝʪʦʜʳ ʠʟʤʝʨʝʥʠʷ ʫʨʦʚʥʷ ʚʦʜʳ 

ɼʣʷ ʫʩʪʨʘʥʝʥʠʷ ʠʩʢʘʞʝʥʠʡ, ʚʦʟʥʠʢʘʶʱʠʭ ʧʨʠ ʧʨʷʤʳʭ ʠʟʤʝʨʝʥʠʷʭ ʫʨʦʚʥʷ 

ʚʦʜʳ ʣʘʟʝʨʥʳʤ ʜʘʪʯʠʢʦʤ ʠʟ-ʟʘ ʠʩʢʨʠʚʣʝʥʠʷ ʩʪʝʥʦʢ ʦʙʩʘʜʥʦʡ ʪʨʫʙʳ, ʙʳʣʘ 

ʨʘʟʨʘʙʦʪʘʥʘ ʥʦʚʘʷ ʤʝʪʦʜʠʢʘ ʠʟʤʝʨʝʥʠʡ. ɽʸ ʥʦʚʠʟʥʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʮʠʣʠʥʜʨʠʯʝʩʢʦʛʦ ʢʦʨʧʫʩʘ, ʚʥʫʪʨʠ ʢʦʪʦʨʦʛʦ ʨʘʟʤʝʱʘʝʪʩʷ 

ʧʦʧʣʘʚʦʢ ʠʟ PETG-ʧʣʘʩʪʠʢʘ, ʦʪʨʘʞʘʶʱʠʡ ʣʘʟʝʨʥʳʡ ʣʫʯ. ʂʦʥʩʪʨʫʢʪʠʚʥʦʝ 

ʨʝʰʝʥʠʝ ʦʙʝʩʧʝʯʠʚʘʝʪ ʩʪʘʙʠʣʠʟʘʮʠʶ ʣʘʟʝʨʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʠ ʧʨʝʦʙʨʘʟʫʝʪ 

ʧʝʨʝʤʝʱʝʥʠʝ ʧʦʧʣʘʚʢʘ, ʚʳʟʚʘʥʥʦʝ ʠʟʤʝʥʝʥʠʝʤ ʚʳʪʘʣʢʠʚʘʶʱʝʡ ʩʠʣʳ, ʚ 

ʠʟʤʝʨʷʝʤʦʝ ʨʘʩʩʪʦʷʥʠʝ ʜʦ ʫʨʦʚʥʷ ʚʦʜʳ (ʨʠʩʫʥʦʢ 1). 

ɺ ʨʘʤʢʘʭ ʜʘʥʥʦʡ ʤʝʪʦʜʠʢʠ ʧʨʝʜʣʦʞʝʥʘ ʢʘʣʠʙʨʦʚʦʯʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ: 

ὒὰὒί ὒὸὒὪȟ ρ 

ʛʜʝ ὒὰ - ʬʘʢʪʠʯʝʩʢʘʷ ʨʘʩʩʪʦʷʥʠʝ ʜʦ ʚʦʜʳ, ʤ; ὒί - ʟʘʜʘʥʥʦʝ ʨʘʩʩʪʦʷʥʠʝ ʜʦ ʚʦʜʳ, ʤ; 

ὒὸ- ʜʣʠʥʘ ʪʨʫʙʳ ʚ ʢʦʪʦʨʦʡ ʧʦʤʝʱʝʥʘ ʣʘʟʝʨʥʳʡ ʜʘʪʯʠʢ ʫʨʦʚʥʷ, ʤ; ὒὪ- 
ʬʘʢʪʠʯʝʩʢʠʡ ʨʘʩʩʪʦʷʥʠʝ ʜʦ ʧʦʧʣʘʚʢʘ, ʤ. 

ɺ ʦʪʣʠʯʠʝ ʦʪ ʩʪʘʥʜʘʨʪʥʳʭ ʧʦʜʭʦʜʦʚ ʧʨʷʤʦʛʦ ʠʟʤʝʨʝʥʠʷ, ʜʘʥʥʘʷ ʬʦʨʤʫʣʘ 

ʧʦʟʚʦʣʷʝʪ ʫʯʠʪʳʚʘʪʴ ʢʦʥʩʪʨʫʢʪʠʚʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʠʟʤʝʨʠʪʝʣʴʥʦʛʦ ʫʟʣʘ ʠ 

ʧʝʨʝʚʦʜʠʪʴ ʨʘʩʩʪʦʷʥʠʝ, ʠʟʤʝʨʝʥʥʦʝ ʜʦ ʧʦʧʣʘʚʢʘ, ʚ ʬʘʢʪʠʯʝʩʢʠʡ ʫʨʦʚʝʥʴ ʚʦʜʳ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʝʜʣʦʞʝʥʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ (1) ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʥʦʚʳʡ ʤʝʪʦʜ 

ʧʝʨʝʩʯʸʪʘ ʣʘʟʝʨʥʳʭ ʠʟʤʝʨʝʥʠʡ ʚ ʫʩʣʦʚʠʷʭ ʦʛʨʘʥʠʯʝʥʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ 

ʩʢʚʘʞʠʥʳ. 

 
ʈʠʩ. 1. - ʌʠʟʠʯʝʩʢʠʝ ʧʨʠʥʮʠʧʳ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʣʘʟʝʨʥʦʡ ʠʟʤʝʨʠʪʝʣʴʥʦʡ 

ʩʠʩʪʝʤʳ 



 
ΤΥ 

ɼʘʞʝ ʫ ʚʳʩʦʢʦʪʦʯʥʳʭ ʛʠʜʨʦʩʪʘʪʠʯʝʩʢʠʭ ʜʘʪʯʠʢʦʚ ʫʨʦʚʝʥʴ ʠʟʤʝʨʝʥʠʡ ʠʤʝʝʪ 

ʦʛʨʘʥʠʯʝʥʠʝ ʧʦ ʪʦʯʥʦʩʪʠ (ʚ ʥʘʰʝʤ ʩʣʫʯʘʝ ʦʢʦʣʦ Ñ1 ʩʤ ʧʨʠ ʜʠʘʧʘʟʦʥʝ 5 ʤ) 

(ʨʠʩʫʥʦʢ 2). ɼʣʷ ʩʦʛʣʘʩʦʚʘʥʠʷ ʨʝʟʫʣʴʪʘʪʦʚ ʠʟʤʝʨʝʥʠʡ ʛʠʜʨʦʩʪʘʪʠʯʝʩʢʦʛʦ 

ʜʘʪʯʠʢʘ ʩ ʟʘʜʘʥʥʳʤ ʨʘʩʩʪʦʷʥʠʝʤ ʜʦ ʫʨʦʚʥʷ ʚʦʜʳ ʙʳʣʘ ʠʩʧʦʣʴʟʦʚʘʥʘ ʨʘʙʦʯʘʷ 

ʟʘʚʠʩʠʤʦʩʪʴ: 

ὒὋὉ  ὒί  ὣ́̕ ̋  ὒὫȟ ς 

ʛʜʝ ὒὋὉ - ʬʘʢʪʠʯʝʩʢʦʝ ʨʘʩʩʪʦʷʥʠʝ ʜʦ ʚʦʜʳ, ʤ; ὒί - ʟʘʜʘʥʥʦʝ ʨʘʩʩʪʦʷʥʠʝ ʜʦ ʚʦʜʳ, 
ʤ; ὣ́̕-̋ ʬʘʢʪʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʝ ʚʦʜʳ, ʤ; ὒὫ- ʟʘʜʘʥʥʦʝ ʟʥʘʯʝʥʠʝ ʛʠʜʨʦʩʪʘʪʠʯʝʩʢʦʛʦ 

ʜʘʪʯʠʢʘ, ʤ. 

ɼʘʥʥʘʷ ʬʦʨʤʫʣʘ ʥʝ ʷʚʣʷʝʪʩʷ ʫʥʠʚʝʨʩʘʣʴʥʦʡ ʬʠʟʠʯʝʩʢʦʡ ʟʘʚʠʩʠʤʦʩʪʴʶ, ʘ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʨʠʢʣʘʜʥʫʶ ʢʘʣʠʙʨʦʚʦʯʥʫʶ ʤʦʜʝʣʴ, ʚʚʝʜʸʥʥʫʶ ʚ ʨʘʤʢʘʭ 

ʵʢʩʧʝʨʠʤʝʥʪʘ ʜʣʷ ʢʦʨʨʝʢʪʠʨʦʚʢʠ ʜʘʥʥʳʭ. 

 

 
ʈʠʩ. 2. - ʌʠʟʠʯʝʩʢʠʝ ʧʨʠʥʮʠʧʳ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʛʠʜʨʦʩʪʘʪʠʯʝʩʢʦʡ 

ʠʟʤʝʨʠʪʝʣʴʥʦʡ ʩʠʩʪʝʤʳ 

 

3 ʈʘʟʨʘʙʦʪʢʘ ʠ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʈʘʟʨʘʙʦʪʘʥʥʘʷ ʩʠʩʪʝʤʘ ʤʦʥʠʪʦʨʠʥʛʘ ʫʨʦʚʥʷ ʧʦʜʟʝʤʥʳʭ ʚʦʜ ʩʦʩʪʦʠʪ ʠʟ 

ʥʝʩʢʦʣʴʢʠʭ ʚʟʘʠʤʦʩʚʷʟʘʥʥʳʭ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʫʟʣʦʚ (ʨʠʩʫʥʦʢ 3). 

ɼʣʷ ʩʨʘʚʥʝʥʠʷ ʤʝʪʦʜʠʢ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʛʠʜʨʦʩʪʘʪʠʯʝʩʢʠ ʜʘʪʯʠʢ ʫʨʦʚʥʷ 

Endress Hauser Waterpilot FMX167 [5]. ɼʠʘʧʘʟʦʥ ʠʟʤʝʨʝʥʠʷ 0-50 ʤ, ʇʨʠʚʝʜʝʥʥʘʷ 

ʧʦʛʨʝʰʥʦʩʪʴ ʠʟʤʝʨʝʥʠʷ Ñ0,2 %. 

ʊʘʢʞʝ ʣʘʟʝʨʥʳʡ ʫʨʦʚʥʝʤʝʨ L2s-40. ɼʠʘʧʘʟʦʥ ʠʟʤʝʨʝʥʠʷ 0-40 ʤ, 

ʇʦʛʨʝʰʥʦʩʪʴ ʠʟʤʝʨʝʥʠʷ Ñ1 ʤʤ. 

 



 
ΤΦ 

 
ʈʠʩ. 3. ï ʉʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʨʘʟʨʘʙʘʪʳʚʘʝʤʦʡ ʩʠʩʪʝʤʳ 

 

ɼʣʷ ʠʥʪʝʛʨʘʮʠʠ ʛʠʜʨʦʩʪʘʪʠʯʝʩʢʦʛʦ ʜʘʪʯʠʢʘ ʠʩʧʦʣʴʟʫʝʪʩʷ ʘʥʘʣʦʛʦʚʦ-

ʮʠʬʨʦʚʦʡ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴ (ADC ADS1115), ʧʦʟʚʦʣʷʶʱʠʡ ʧʝʨʝʚʦʜʠʪʴ ʪʦʢʦʚʳʡ 

ʩʠʛʥʘʣ 4ï20 ʤɸ ʚ ʮʠʬʨʦʚʫʶ ʬʦʨʤʫ ʜʣʷ ʧʦʩʣʝʜʫʶʱʝʡ ʦʙʨʘʙʦʪʢʠ. ɼʣʷ ʦʙʤʝʥʘ 

ʜʘʥʥʳʤʠ ʧʦ ʧʨʦʪʦʢʦʣʫ RS-485 ʧʨʠʤʝʥʷʝʪʩʷ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴ ʠʥʪʝʨʬʝʡʩʘ RS-485 

ʚ TTL, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʩʦʚʤʝʩʪʠʤʦʩʪʴ ʩ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʦʤ. 

ʎʝʥʪʨʘʣʴʥʳʤ ʵʣʝʤʝʥʪʦʤ ʩʠʩʪʝʤʳ ʷʚʣʷʝʪʩʷ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨ Arduino Nano, 

ʢ ʢʦʪʦʨʦʤʫ ʧʦʩʪʫʧʘʶʪ ʜʘʥʥʳʝ ʦʪ ʚʩʝʭ ʜʘʪʯʠʢʦʚ. ʆʥ ʚʳʧʦʣʥʷʝʪ ʬʫʥʢʮʠʠ: 

ï ʦʧʨʦʩʘ ʠʟʤʝʨʠʪʝʣʴʥʳʭ ʫʩʪʨʦʡʩʪʚ; 

ï ʧʝʨʚʠʯʥʦʡ ʬʠʣʴʪʨʘʮʠʠ ʠ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ; 

ï ʧʝʨʝʜʘʯʠ ʨʝʟʫʣʴʪʘʪʦʚ ʥʘ ʚʥʝʰʥʠʝ ʫʩʪʨʦʡʩʪʚʘ ʠ ʩʝʨʚʝʨʳ. 

ɼʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʫʜʘʣʸʥʥʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ ʠ ʫʧʨʘʚʣʝʥʠʷ ʠʩʧʦʣʴʟʫʶʪʩʷ 

GSM-ʤʦʜʫʣʴ SIM800L ï ʧʝʨʝʜʘʯʘ ʜʘʥʥʳʭ ʯʝʨʝʟ ʤʦʙʠʣʴʥʫʶ ʩʝʪʴ.  

ʉʠʩʪʝʤʘ ʷʚʣʷʝʪʩʷ ʘʚʪʦʥʦʤʥʦʡ ʠ ʧʠʪʘʝʪʩʷ ʦʪ ʣʠʪʠʡ-ʠʦʥʥʦʛʦ ʘʢʢʫʤʫʣʷʪʦʨʘ, 

ʢʦʪʦʨʳʡ ʟʘʨʷʞʘʝʪʩʷ ʦʪ ʩʦʣʥʝʯʥʦʡ ʧʘʥʝʣʠ ʯʝʨʝʟ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʡ ʢʦʥʪʨʦʣʣʝʨ 

ʟʘʨʷʜʘ. ʊʘʢʦʡ ʧʦʜʭʦʜ ʦʙʝʩʧʝʯʠʚʘʝʪ ʜʣʠʪʝʣʴʥʫʶ ʨʘʙʦʪʫ ʫʩʪʨʦʡʩʪʚʘ ʚ ʫʜʘʣʸʥʥʳʭ 

ʫʩʣʦʚʠʷʭ ʙʝʟ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʚʥʝʰʥʝʛʦ ʵʣʝʢʪʨʦʧʠʪʘʥʠʷ. 

ɼʣʷ ʦʨʛʘʥʠʟʘʮʠʠ ʫʜʘʣʸʥʥʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ ʠ ʭʨʘʥʝʥʠʷ ʨʝʟʫʣʴʪʘʪʦʚ 

ʠʟʤʝʨʝʥʠʡ ʚ ʩʠʩʪʝʤʝ ʧʨʠʤʝʥʷʝʪʩʷ ʦʙʣʘʯʥʘʷ IoT-ʧʣʘʪʬʦʨʤʘ ThingSpeak, 

ʨʘʟʨʘʙʦʪʘʥʥʘʷ ʢʦʤʧʘʥʠʝʡ MathWorks ʠ ʠʥʪʝʛʨʠʨʦʚʘʥʥʘʷ ʩ ʧʘʢʝʪʦʤ MATLAB. 

ɼʘʥʥʘʷ ʧʣʘʪʬʦʨʤʘ ʧʨʝʜʥʘʟʥʘʯʝʥʘ ʜʣʷ ʩʙʦʨʘ ʪʝʣʝʤʝʪʨʠʯʝʩʢʠʭ ʜʘʥʥʳʭ ʦʪ 

ʜʘʪʯʠʢʦʚ ʠ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʦʚ, ʠʭ ʦʙʨʘʙʦʪʢʠ ʠ ʚʠʟʫʘʣʠʟʘʮʠʠ ʚ ʨʝʞʠʤʝ 

ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ. 

ʈʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʦʚ 

ʇʦʣʝʚʳʝ ʵʢʩʧʝʨʠʤʝʥʪʳ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʥʘ ʩʢʚʘʞʠʥʝ ʚ ʄʝʜʝʫʩʢʦʤ ʨʘʡʦʥʝ 

ʛ.ɸʣʤʘʪʳ. ɼʣʷ ʩʨʘʚʥʠʪʝʣʴʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʚ ʩʢʚʘʞʠʥʫ ʙʳʣʠ ʫʩʪʘʥʦʚʣʝʥʳ 

ʛʠʜʨʦʩʪʘʪʠʯʝʩʢʠʡ ʠ ʣʘʟʝʨʥʳʡ ʜʘʪʯʠʢʠ (ʨʠʩʫʥʦʢ 4). 



 
ΥΜ 

     
ʘ) ʛʠʜʨʦʩʪʘʪʠʯʝʩʢʠʡ ʤʦʜʫʣʴ;  ʙ) ʣʘʟʝʨʥʳʡ ʤʦʜʫʣʴ 

ʈʠʩ. 4. ï ʇʦʛʨʫʞʝʥʠʝ ʤʦʜʫʣʝʡ ʚ ʩʢʚʘʞʠʥʫ 

 

ʇʝʨʠʦʜ ʥʘʙʣʶʜʝʥʠʡ: 30.05.2024 ï 02.06.2024; 

ʂʦʣʠʯʝʩʪʚʦ ʜʘʥʥʳʭ: 573 ʠʟʤʝʨʝʥʠʷ; 

ʇʘʨʘʤʝʪʨʳ: ʫʨʦʚʝʥʴ ʚʦʜʳ (ʣʘʟʝʨʥʳʡ, ʛʠʜʨʦʩʪʘʪʠʯʝʩʢʠʡ), ʪʝʤʧʝʨʘʪʫʨʘ ʚʦʜʳ;  

ɼʣʷ ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ ʠʩʧʦʣʴʟʦʚʘʥʳ ʤʝʪʦʜʳ [6,7]: ʚʨʝʤʝʥʥʦʡ ʨʷʜ, 

ʛʠʩʪʦʛʨʘʤʤʘ ʘʙʩʦʣʶʪʥʳʭ ʦʰʠʙʦʢ, ʨʝʛʨʝʩʩʠʦʥʥʳʡ ʘʥʘʣʠʟ, ʛʨʘʬʠʢʠ 

ʘʚʪʦʢʦʨʨʝʣʷʮʠʡ (ACF/PACF). 

ɼʣʷ ʨʝʘʣʠʟʘʮʠʠ ʚʳʯʠʩʣʝʥʠʡ ʠ ʚʠʟʫʘʣʠʟʘʮʠʠ ʧʨʠʤʝʥʷʣʘʩʴ ʩʨʝʜʘ MATLAB 

(ʬʫʥʢʮʠʠ autocorr, parcorr, fitlm, histogram ʠ ʜʨ.). 

ɺʨʝʤʝʥʥʦʡ ʨʷʜ ʧʦʢʘʟʘʣ, ʯʪʦ ʦʙʘ ʜʘʪʯʠʢʘ ʬʠʢʩʠʨʫʶʪ ʦʜʠʥʘʢʦʚʫʶ ʜʠʥʘʤʠʢʫ 

ʠʟʤʝʥʝʥʠʷ ʫʨʦʚʥʷ ʚʦ ʚʨʝʤʝʥʠ. ɻʠʜʨʘʚʣʠʯʝʩʢʠʡ ʜʘʪʯʠʢ ʠʤʝʝʪ ʙʦʣʝʝ ʩʪʘʙʠʣʴʥʳʝ 

ʠ ʩʛʣʘʞʝʥʥʳʝ ʧʦʢʘʟʘʥʠʷ, ʪʦʛʜʘ ʢʘʢ ʣʘʟʝʨʥʳʡ ʜʘʪʯʠʢ ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʙʦʣʴʰʫʶ 

ʚʘʨʠʘʙʝʣʴʥʦʩʪʴ, ʯʪʦ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʨʘʩʩʯʠʪʘʥʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ ʩʪʘʥʜʘʨʪʥʦʛʦ 

ʦʪʢʣʦʥʝʥʠʷ ʠ ʜʠʩʧʝʨʩʠʠ (ʨʠʩʫʥʦʢ 5). 

 

 
ʈʠʩ. 5. ï ɺʨʝʤʝʥʥʦʡ ʨʷʜ 



 
ΥΝ 

ɻʠʩʪʦʛʨʘʤʤʘ ʘʙʩʦʣʶʪʥʳʭ ʦʰʠʙʦʢ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ 

ʨʘʟʣʠʯʠʝ ʤʝʞʜʫ ʧʦʢʘʟʘʥʠʷʤʠ ʜʘʪʯʠʢʦʚ ʥʝ ʧʨʝʚʳʰʘʝʪ 0.05 ʤ. ʉʨʝʜʥʷʷ 

ʘʙʩʦʣʶʪʥʘʷ ʦʰʠʙʢʘ ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 0.033 ʤ, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʚʳʩʦʢʦʤ 

ʫʨʦʚʥʝ ʩʦʛʣʘʩʦʚʘʥʥʦʩʪʠ ʠ ʧʨʘʢʪʠʯʝʩʢʦʡ ʩʦʧʦʩʪʘʚʠʤʦʩʪʠ ʜʘʥʥʳʭ, ʧʦʣʫʯʘʝʤʳʭ ʦʪ 

ʛʠʜʨʦʩʪʘʪʠʯʝʩʢʦʛʦ ʠ ʣʘʟʝʨʥʦʛʦ ʜʘʪʯʠʢʦʚ (ʨʠʩʫʥʦʢ 6ʘ). 

ʈʝʛʨʝʩʩʠʦʥʥʳʡ ʘʥʘʣʠʟ (slope å 0.99, p < 0.001) ʧʦʢʘʟʘʣ, ʯʪʦ ʧʦʢʘʟʘʥʠʷ 

ʣʘʟʝʨʥʦʛʦ ʠ ʛʠʜʨʦʩʪʘʪʠʯʝʩʢʦʛʦ ʜʘʪʯʠʢʦʚ ʚ ʩʨʝʜʥʝʤ ʭʦʨʦʰʦ ʩʦʛʣʘʩʫʶʪʩʷ. ʇʨʠ 

ʵʪʦʤ ʢʦʵʬʬʠʮʠʝʥʪ ʜʝʪʝʨʤʠʥʘʮʠʠ RĮ = 0.083 ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʥʘʣʠʯʠʠ 

ʟʥʘʯʠʪʝʣʴʥʦʛʦ ʨʘʟʙʨʦʩʘ ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʠʟʤʝʨʝʥʠʡ, ʯʪʦ ʩʚʷʟʘʥʦ ʩ ʙʦʣʝʝ 

ʚʳʩʦʢʦʡ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴʶ ʣʘʟʝʨʥʦʛʦ ʤʝʪʦʜʘ ʢ ʩʣʫʯʘʡʥʳʤ ʢʦʣʝʙʘʥʠʷʤ ʠ 

ʚʥʝʰʥʠʤ ʚʦʟʜʝʡʩʪʚʠʷʤ (ʨʠʩʫʥʦʢ 6ʙ). 

 

 
ʘ)                                                                ʙ) 

ʘ) ʛʠʩʪʦʛʨʘʤʤʘ ʘʙʩʦʣʶʪʥʳʭ ʦʰʠʙʦʢ; ʙ) ʨʝʛʨʝʩʩʠʷ 

ʈʠʩ. 6. ï ɻʨʘʬʠʢʠ ʘʙʩʦʣʶʪʥʳʭ ʦʰʠʙʦʢ  

 

ʃʘʟʝʨʥʳʡ ʠ ʛʠʜʨʦʩʪʘʪʠʯʝʩʢʠʡ ʫʨʦʚʥʠ ʦʯʝʥʴ ʩʦʛʣʘʩʦʚʘʥʳ; ʣʘʟʝʨ 

ʯʫʚʩʪʚʠʪʝʣʴʥʝʝ ʢ ʤʝʣʢʠʤ ʙʳʩʪʨʳʤ ʠʟʤʝʥʝʥʠʷʤ (ʵʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʚʘʰʠʤ 

ʥʘʙʣʶʜʝʥʠʷʤ). 

ʊʝʤʧʝʨʘʪʫʨʘ ʩʪʘʙʠʣʴʥʘ (ʢʦʣʝʙʘʥʠʷ ʚ ʧʨʝʜʝʣʘʭ ʜʝʩʷʪʳʭ ʜʦʣʝʡ ÁC). 

ɻʨʘʬʠʢʠ ʘʚʪʦʢʦʨʨʝʣʷʮʠʡ (ACF/PACF) ʧʦʢʘʟʳʚʘʶʪ (ʨʠʩʫʥʦʢ 7ʘ ï 7ʙ), ʯʪʦ 

ʫʨʦʚʥʠ ʠʤʝʶʪ ʩʠʣʴʥʫʶ ʘʚʪʦʢʦʨʨʝʣʷʮʠʶ ʥʘ ʙʣʠʟʢʠʭ ʣʘʛʘʭ (ʯʪʦ ʣʦʛʠʯʥʦ ð 

ʫʨʦʚʝʥʴ ʚʦʜʳ ʤʝʥʷʝʪʩʷ ʧʣʘʚʥʦ ʚʦ ʚʨʝʤʝʥʠ). 

 



 
ΥΞ 

 
ʘ)                                                                 ʙ) 

ʘ) ʯʠʩʪʳʝ ʢʦʨʨʝʣʷʮʠʠ ʩ ʣʘʛʘʤʠ; ʙ) ʛʨʘʬʠʢ ʘʚʪʦʢʦʨʨʝʣʷʮʠʡ ʥʘ ʨʘʟʥʳʭ ʣʘʛʘʭ 

ʈʠʩ. 7. ï ɻʨʘʬʠʢʠ ʘʚʪʦʢʦʨʨʝʣʷʮʠʡ 

 

ʈʝʟʫʣʴʪʘʪʳ ʦʩʥʦʚʥʳʭ ʥʘʙʣʶʜʝʥʠʡ: 

ʃʘʟʝʨʥʳʡ ʜʘʪʯʠʢ ʯʫʚʩʪʚʠʪʝʣʴʥʦ ʬʠʢʩʠʨʦʚʘʣ ʢʦʣʝʙʘʥʠʷ ʫʨʦʚʥʷ ʚʦʜʳ (ʚ ʪʦʤ 

ʯʠʩʣʝ ʢʨʘʪʢʦʚʨʝʤʝʥʥʳʝ ʧʦʚʳʰʝʥʠʷ). 

ɻʠʜʨʦʩʪʘʪʠʯʝʩʢʠʡ ʜʘʪʯʠʢ ʧʦʢʘʟʳʚʘʣ ʙʦʣʝʝ ʩʛʣʘʞʝʥʥʫʶ ʜʠʥʘʤʠʢʫ, ʫʨʦʚʝʥʴ 

ʨʦʩ ʧʣʘʚʥʦ. 

ɺʦʟʤʦʞʥʦ, ʛʠʜʨʦʩʪʘʪʠʯʝʩʢʠʡ ʜʘʪʯʠʢ çʫʩʨʝʜʥʷʝʪè ʟʥʘʯʝʥʠʷ ʟʘ ʩʯʸʪ 

ʧʨʠʥʮʠʧʘ ʨʘʙʦʪʳ, ʘ ʣʘʟʝʨʥʳʡ ʨʝʘʛʠʨʫʝʪ ʙʳʩʪʨʝʝ ʥʘ ʣʦʢʘʣʴʥʳʝ ʠʟʤʝʥʝʥʠʷ. 

ʃʘʟʝʨʥʳʡ ʤʝʪʦʜ ʧʦʢʘʟʳʚʘʝʪ ʚʳʩʦʢʫʶ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʢ ʢʨʘʪʢʦʩʨʦʯʥʳʤ 

ʠʟʤʝʥʝʥʠʷʤ.  

 

ɿʘʢʣʶʯʝʥʠʝ 

ʇʨʦʚʝʜʸʥʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʦʢʘʟʘʣʦ, ʯʪʦ ʨʘʟʨʘʙʦʪʘʥʥʘʷ ʩʠʩʪʝʤʘ ʥʘ ʦʩʥʦʚʝ 

ʣʘʟʝʨʥʦʛʦ ʜʘʪʯʠʢʘ ʩ ʧʦʧʣʘʚʢʦʤ-ʦʪʨʘʞʘʪʝʣʝʤ ʩʧʦʩʦʙʥʘ ʦʙʝʩʧʝʯʠʚʘʪʴ 

ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʡ ʤʦʥʠʪʦʨʠʥʛ ʫʨʦʚʥʷ ʧʦʜʟʝʤʥʳʭ ʚʦʜ ʩ ʚʳʩʦʢʦʡ 

ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴʶ ʠ ʩʦʧʦʩʪʘʚʠʤʦʡ ʩ ʛʠʜʨʦʩʪʘʪʠʯʝʩʢʠʤ ʤʝʪʦʜʦʤ ʪʦʯʥʦʩʪʴʶ. 

ɺʨʝʤʝʥʥʳʝ ʨʷʜʳ ʠʟʤʝʨʝʥʠʡ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ ʙʣʠʟʢʫʶ ʜʠʥʘʤʠʢʫ ʦʙʦʠʭ 

ʤʝʪʦʜʦʚ, ʧʨʠ ʵʪʦʤ ʣʘʟʝʨʥʳʡ ʜʘʪʯʠʢ ʬʠʢʩʠʨʦʚʘʣ ʙʦʣʝʝ ʤʝʣʢʠʝ ʠ ʢʨʘʪʢʦʩʨʦʯʥʳʝ 

ʠʟʤʝʥʝʥʠʷ, ʯʪʦ ʜʝʣʘʝʪ ʝʛʦ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʜʣʷ ʟʘʜʘʯ ʦʧʝʨʘʪʠʚʥʦʛʦ ʢʦʥʪʨʦʣʷ. 

ʉʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʠ ʩʪʘʪʠʩʪʠʯʝʩʢʘʷ ʦʙʨʘʙʦʪʢʘ ʧʦʜʪʚʝʨʜʠʣʠ, ʯʪʦ 

ʨʘʩʭʦʞʜʝʥʠʷ ʤʝʞʜʫ ʤʝʪʦʜʘʤʠ ʥʘʭʦʜʷʪʩʷ ʚ ʜʦʧʫʩʪʠʤʳʭ ʧʨʝʜʝʣʘʭ (MAE å 0.033 

ʤ), ʘ ʨʝʛʨʝʩʩʠʦʥʥʘʷ ʤʦʜʝʣʴ ʧʦʜʪʚʝʨʜʠʣʘ ʩʦʛʣʘʩʦʚʘʥʥʦʩʪʴ ʧʦʢʘʟʘʥʠʡ. ʄʝʪʦʜ 

ʘʚʪʦʢʦʨʨʝʣʷʮʠʠ ʠ ʯʘʩʪʠʯʥʦʡ ʘʚʪʦʢʦʨʨʝʣʷʮʠʠ ʚʳʷʚʠʣ ʫʩʪʦʡʯʠʚʫʶ ʚʨʝʤʝʥʥʫʶ 

ʟʘʚʠʩʠʤʦʩʪʴ ʫʨʦʚʥʷ ʚʦʜʳ, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʧʨʠʛʦʜʥʦʩʪʠ ʧʨʝʜʣʦʞʝʥʥʦʡ 

ʤʝʪʦʜʠʢʠ ʜʣʷ ʜʦʣʛʦʩʨʦʯʥʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ. ɺ ʧʝʨʩʧʝʢʪʠʚʝ ʜʘʥʥʳʡ ʧʦʜʭʦʜ ʤʦʞʝʪ 

ʙʳʪʴ ʠʥʪʝʛʨʠʨʦʚʘʥ ʚ ʩʠʩʪʝʤʳ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʛʦ ʚʦʜʦʧʦʣʴʟʦʚʘʥʠʷ. 

ʇʨʝʜʣʦʞʝʥʥʳʡ ʤʦʜʫʣʴ ʦʪʣʠʯʘʝʪʩʷ ʥʠʟʢʦʡ ʩʪʦʠʤʦʩʪʴʶ ʨʝʘʣʠʟʘʮʠʠ ʠ 

ʦʜʥʦʚʨʝʤʝʥʥʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʥʘʜʸʞʥʳʡ ʢʦʥʪʨʦʣʴ ʠ ʚʦʟʤʦʞʥʦʩʪʴ 

ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʩʦʩʪʦʷʥʠʷ ʧʦʜʟʝʤʥʳʭ ʚʦʜ. 
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ɸשʜʘʪʧʘ. ᴄʫʝʞʘʡʜʘ ץʦʣʜʘʥʳʣʘʪʳʥ Rapiscan 620DV ʪʝʢʩʝʨʫ ײץʨʳʣסʳʩʳʥʳש 

ʞײʤʳʩ ʙʘʨʳʩʳʥʜʘסʳ ʪʝʭʥʠʢʘʣʳץ ʙʝʡʥʝʣʝʨʜʽ ץʦʣʜʘʥʘ ʦʪʳʨʳʧ, ʪʳʡʳʤ ʩʘʣʳʥסʘʥ 

ʟʘʪʪʘʨʜʳ (ʧʳʰʘץ, ʪʘʧʘʥʰʘ, ʞʘʨʳʣסʳʰ ʟʘʪʪʘʨ ʞᴅʥʝ ʪ.ʙ.) ʥʝʡʨʦʥʜʳץ ʞʝʣʽ ʘʨץʳʣʳ 

ʘʚʪʦʤʘʪʪʳ ʪװʨʜʝ ʪʘʥʫסʘ ץʘʙʽʣʝʪʪʽ ʠʥʪʝʣʣʝʢʪʫʘʣʜʳ ʞװʡʝ ײץʨʫ, ʞᴅʥʝ ʦʥʳ 

ʙʦʣʘʰʘץʪʘ ײץʨʳʣסʳʥʳש ʪʝʭʥʠʢʘʣʳץ ʞʘסʜʘʡʳʥ ʙʦʣʞʘʫ ʞᴅʥʝ ʤʦʥʠʪʦʨʠʥʛ 

ʞװʡʝʩʽʤʝʥ ʠʥʪʝʛʨʘʮʠʷʣʘʫסʘ ʥʝʛʽʟʜʝʣʽʥʛʝʥ. 

ɿʝʨʪʪʝʫ ʙʘʨʳʩʳʥʜʘ Rapiscan 620DV ʨʝʥʪʛʝʥ ײץʨʳʣסʳʩʳʥʘʥ ʘʣʳʥסʘʥ 

ʙʝʡʥʝʣʝʨ ʥʝʛʽʟʽʥʜʝ ʞʘʩʘʥʜʳ ʥʝʡʨʦʞʝʣʽ װʣʛʽʩʽ MATLAB ʦʨʪʘʩʳʥʜʘ ᴅʟʽʨʣʝʥʽʣʜʽ. 

 ʘ ʜʘ ʦʙʲʝʢʪʽʣʝʨץʳʰ ʟʘʪʪʘʨ ʞᴅʥʝ ʙʘʩסʪʘʧʘʥʰʘ, ʞʘʨʳʣ ,ץʘʫʽʧʪʽ ʥʳʩʘʥʜʘʨ ï ʧʳʰʘפ

ï ʦץʫ ʜʝʨʝʢʪʝʨ ʞʠʳʥʪʳסʳ ʘʨץʳʣʳ װʡʨʝʪʽʣʽʧ, ʥʘץʪʳ ʙʝʡʥʝʣʝʨʜʝ ʪʘʥʫ ʘʣʛʦʨʠʪʤʽ 
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ΥΠ 

ʄʝʪʦʜʦʣʦʛʠʷ. ɿʝʨʪʪʝʫ ʙʘʨʳʩʳʥʜʘ ᴅʫʝʞʘʡʜʘ ץʦʣʜʘʥʳʣסʘʥ Rapiscan 620DV 

ʨʝʥʛʪʛʝʥ ײץʨʳʣסʳʩʳʥʘʥ ʘʣʳʥסʘʥ ʙʝʡʥʝʣʝʨ ʥʝʛʽʟʽʥʜʝ ʪʳʡʳʤ ʩʘʣʳʥסʘʥ ʟʘʪʪʘʨʜʳ 

ʪʘʥʠʪʳʥ ʠʥʪʝʣʣʝʢʪʫʘʣʜʳ ʞװʡʝ MATLAB ʦʨʪʘʩʳʥʜʘ ᴅʟʽʨʣʝʥʜʽ. ᴄʜʽʩʪʝʤʝ ʙʽʨʥʝʰʝ 

ʢʝʟʝשʥʝʥ ʪײʨʘʜʳ: ʜʝʨʝʢʪʝʨ ʞʠʳʥʪʳסʳ (dataset) ʜʘʡʳʥʜʘʫ, ʙʝʡʥʝʣʝʨʜʽ ʘʣʜʳʥ ʘʣʘ 

ᴇשʜʝʫ, ʥʝʡʨʦʥʜʳץ ʞʝʣʽ ʤʦʜʝʣʽʥ ײץʨʘʩʪʳʨʫ, ʤʦʜʝʣʴʜʽ ʦץʳʪʫ ʞᴅʥʝ ʥᴅʪʠʞʝ ʙʝʨʫ 

ʞװʡʝʩʽʥ ײʡʳʤʜʘʩʪʳʨʫ. 

ʅʝʛʽʟʛʽ ʥᴅʪʠʞʝʣʝʨ. MATLAB ʦʨʪʘʩʳʥʜʘ ʪʳʡʳʤ ʩʘʣʳʥסʘʥ ʟʘʪʪʘʨʜʳ 

(ʧʳʰʘץ, ʪʘʧʘʥʰʘ, ʘʵʨʦʟʦʣʴ ʞᴅʥʝ ʪ.ʙ.) ʨʝʥʪʛʝʥʜʽʢ ʙʝʡʥʝʣʝʨʜʝʥ ʪʘʥʫסʘ ʘʨʥʘʣסʘʥ 

 ʳ ʪᴇʨʪסʨʘʩʪʳʨʳʣʜʳ. ɼʝʨʝʢʪʝʨ ʞʠʳʥʪʳײץ ʞʝʣʽ ʤʦʜʝʣʽ ץʘʨʘʧʘʡʳʤ ʥʝʡʨʦʥʜʳץ

ʩʳʥʳʧʪʘʥ ʪײʨʜʳ ʞᴅʥʝ ᴅʨ ʢʘʪʝʛʦʨʠʷסʘ 5 ʙʝʡʥʝ ץʦʣʜʘʥʳʣʜʳ. ɾװʡʝ ʦץʫ ʙʘʨʳʩʳʥʜʘ 

ʞʦסʘʨʳ ʜᴅʣʜʽʢʢʝ ץʦʣ ʞʝʪʢʽʟʽʧ, ʥʘץʪʳ ʙʝʡʥʝʣʝʨʜʝ ʜײʨʳʩ ʢʣʘʩʩʠʬʠʢʘʮʠʷ ʞʘʩʘʡ 

ʘʣʜʳ. ʅᴅʪʠʞʝʣʝʨ ʥʝʡʨʦʥʜʳץ ʞʝʣʽʥʽץ שʘʫʽʧʪʽ ʟʘʪʪʘʨʜʳ ʩʝʥʽʤʜʽ ʪʘʥʫסʘ ץʘʙʽʣʝʪʪʽ 

ʝʢʝʥʽʥ ʢᴇʨʩʝʪʪʽ. ɾʦʙʘ ʘʚʠʘʮʠʷ ץʘʫʽʧʩʽʟʜʽʛʽʥ ʢװʰʝʡʪʫʛʝ ʘʨʥʘʣסʘʥ ʠʥʪʝʣʣʝʢʪʫʘʣʜʳ 

ʞװʡʝ ײץʨʫʜʘ ʧʝʨʩʧʝʢʪʠʚʘʣʳ ʙʘסʳʪ ʝʢʝʥʽʥ ʜᴅʣʝʣʜʝʜʽ. 

ʅʝʛʽʟʛʽ ʪײʞʳʨʳʤʜʘʨ. ʊʽʧʪʽ ʰʘסʳʥ ʜʝʨʝʢʪʝʨ ʞʠʳʥʪʳסʳʤʝʥ ʜʝ ץʘʨʘʧʘʡʳʤ 

ʥʝʡʨʦʥʜʳץ ʞʝʣʽ ʪʳʡʳʤ ʩʘʣʳʥסʘʥ ʟʘʪʪʘʨʜʳ ʘʚʪʦʤʘʪʪʳ ʪװʨʜʝ ʘʞʳʨʘʪʘ ʘʣʘʜʳ. 

MATLAB ʦʨʪʘʩʳ ï ʤײʥʜʘʡ ʞװʡʝʣʝʨʜʽ ʪʝʟ ײץʨʫ ʞᴅʥʝ ʚʠʟʫʘʣʜʳ ʪʝʢʩʝʨʫ װʰʽʥ 

ʳסשʘʡʣʳ ײץʨʘʣ. ɸʣʳʥסʘʥ ʥᴅʪʠʞʝ ʙʦʣʘʰʘץʪʘ ʥʘץʪʳ Rapiscan ײץʨʳʣסʳʩʳʤʝʥ 

ʙʨ̔ʽʢʪʽʨʫʛʝ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. ɹײʣ ʞװʡʝʥʽ ʢʝשʝʡʪʽʣʛʝʥ ʜʝʨʝʢʪʝʨʤʝʥ ʞᴅʥʝ ʥʘץʪʳ 

ᴅʫʝʞʘʡ ʩʢʘʥʝʨʣʝʨʽʤʝʥ ʪʦʣʳץ ʠʥʪʝʛʨʘʮʠʷʣʘʫ ï ʢʝʣʝʩʽ ʟʝʨʪʪʝʫ ʢʝʟʝשʽʥʽש ʥʝʛʽʟʽ 

ʙʦʣʫʳ ʪʠʽʩ.  

ʂʽʣʪ ʩᴇʟʜʝʨ: ʅʝʡʨʦʥʜʳץ ʞʝʣʽ, ʤʘʰʠʥʘʣʳץ ʦץʫ, ʨʝʥʪʛʝʥ ʙʝʡʥʝ, 

ʢʦʤʧʴʶʪʝʨʣʽʢ ʢᴇʨʫ, ʪʝʢʩʝʨʫ ʞװʡʝʩʽ, ץʘʫʽʧʪʽ ʟʘʪʪʘʨ, ʘʚʠʘʮʠʷ ץʘʫʽʧʩʽʟʜʽʛʽ, 

MATLAB, Rapiscan. 

 

1.1 ɼʝʨʝʢʪʝʨ ʞʠʳʥʪʳסʳʥ ʜʘʡʳʥʜʘʫ 

ɾװʡʝʥʽ ʦץʳʪʫ װʰʽʥ ʧʘʡʜʘʣʘʥʘʪʳʥ ʙʝʡʥʝʣʝʨ çdatasetè ʘʪʪʳ ʥʝʛʽʟʛʽ ʢʘʪʦʣʦʛץʘ 

ʦʨʥʘʣʳʩʪʳʨʳʣʜʳ. ᴄʨʙʽʨ ʢʘʪʝʛʦʨʠʷ ʩʳʥʳʧץʘ ʞʝʢʝ ʽʰʢʽ ʧʘʧʢʘ ʘʰʳʣʜʳ: 

Pistol ï ʪʘʧʘʥʰʘ ʙʝʡʥʝʣʝʨʽ 

Knight ï ʧʳʰʘץ ʙʝʡʥʝʣʝʨʽ 

Danger ï ʘʵʨʦʟʦʣʴ, ʘʣʤʘʩ, ʩʫʳץ ץʘʨʫ ʩʠʷץʪʳ ʞʘʣʧʳ ץʘʫʽʧʪʽ ʟʘʪʪʘʨ 

 ,ʘʫʽʧʩʽʟ ʟʘʪʪʘʨץ) ʤʢʽʥʜʽʛʽ ʝʩʢʝʨʽʣʜʽװʦʩʳʤʰʘ ʩʳʥʳʧ normal ʝʥʛʽʟʫ ʤפ

ʤʳʩʘʣʳ: ʙᴇʪʝʣʢʝ, ʘʩ װʡ ײץʨʳʣסʳʩʳ, powerbank ʞᴅʥʝ ʪ.ʙ.) 

MATLAB ʦʨʪʘʩʳʥʜʘ ʙײʣ ײץʨʳʣʳʤʜʳ ʘʚʪʦʤʘʪʪʳ ʪװʨʜʝ ʪʘʥʫ װʰʽʥ 

imageDatastore ʬʫʥʢʮʠʷʩʳ ץʦʣʜʘʥʳʣʜʳ. 

 

1.2 ɹʝʡʥʝʣʝʨʜʽ ʘʣʜʳʥ ʘʣʘ ᴇשʜʝʫ  

ɹʘʨʣʳץ ʩʫʨʝʪʪʝʨʜʽ ʙʽʨʳסשʘʡ ʬʦʨʤʘʪץʘ ʢʝʣʪʽʨʫ ʤʘץʩʘʪʳʥʜʘ ᴇʣʰʝʤʽ 224ʭ224 

ʧʠʢʩʝʣʴʛʝ ᴇʟʛʝʨʪʽʣʜʽ. ɹײʣ ʙʝʡʥʝʣʝʨ augmentedIamgeDatastore ʢᴇʤʝʛʽʤʝʥ ᴇשʜʝʣʜʽ. 

 

1.3 ʅʝʡʨʦʥʜʳץ ʞʝʣʽ  

ɾʘʩʘʥʜʳ ʥʝʡʨʦʥʜʳץ ʞʝʣʽ ʢʽʨʽʩ ʙʝʡʥʝ ץʘʙʘʪʳ, ʝʢʽ Convolution 2D Layer, 

Batch Normalization Layer, ReLU ʞᴅʥʝ Max Pooling 2 Layer ץʘʙʘʪʪʘʨʳʥʘʥ ʪײʨʘʜʳ. 



 
ΥΡ 

ʐʳסʳʩ ץʘʙʘʪʳ ʨʝʪʽʥʜʝ Fully Connected layer, softmax Layer ʞᴅʥʝ classification 

Layer ץʦʣʜʘʥʳʣʜʳ. 

ʇʘʨʘʤʝʪʨʣʝʨʽ: 

Epoch ʩʘʥʳ: 10 

ɹʘʩʪʘʧץʳ ʦץʫ ʞʳʣʜʘʤʜʳסʳ: 0.001 

ʆץʳʪʫ ᴅʜʽʩʽ: SGDM (Stochastic Gradient Descent with Momentum) 

 

 
1.1 ʩʫʨʝʪ ï ʅʝʡʨʦʥʜʳץ ʞʝʣʽʥʽש ʪʦʧʦʣʦʛʠʷʩʳ 

 

1.4 ʄʦʜʝʣʴʜʽ ʦץʳʪʫ  

ɾʝʣʽʥʽ ʦץʳʪʫ װʰʽʥ trainNetwork ʬʫʥʢʮʠʷʩʳ ץʦʣʜʘʥʳʣʜʳ. ᴄʨ ʜʝשʛʝʡʜʝʛʽ 

ʙʝʡʥʝʣʝʨʜʽ80% ש-ʳ ʦץʳʪʫסʘ, 20%-ʳ ʪʝʩʪʽʣʝʫʛʝ ʙᴇʣʽʥʝʜʽ. ʆץʳʪʫ װʜʝʨʽʩʽʥʽש 

ʙʘʨʳʩʳ training-progress ʛʨʘʬʠʛʽ ʘʨץʳʣʳ ʙʘץʳʣʘʥʘʜʳ. 

Training-progress ʛʨʘʬʠʛʽ ï ʙײʣ ʥʝʡʨʦʥʜʳץ ʞʝʣʽʥʽש ʦץʳʪʳʣʫ ʙʘʨʳʩʳʥ 

ʢᴇʨʩʝʪʝʪʽʥ ʚʠʟʫʘʣʜʳ ײץʨʘʣ. ʆʥʜʘ ʝʢʽ ʥʝʛʽʟʛʽ ץʠʩʳץ ʢᴇʨʩʝʪʽʣʝʜʽ:  

¶ ñTraining Accuracy (ʆץʳʪʫ ʜᴅʣʜʽʛʽ) ï ʞʝʣʽ ץʘʥʰʳʣʳץʪʳ ʜײʨʳʩ ʙʦʣʞʘʫ 

ʞʘʩʘʧ ʞʘʪץʘʥʳʥ ʢʦʨʩʝʪʝʜʽò 

¶ ñTraining Loss (ɾʦסʘʣʪʫ ʬʫʥʢʮʠʷʩʳ) ï ʞʝʣʽ ץʘʪʝʣʽʛʽʥ ʩʠʧʘʪʪʘʡʜʳ (ʪᴇʤʝʥ 

ʙʦʣסʘʥʳ ʞʘץʩʳ)ò 

ɻʨʘʬʠʢ ᴅʨ ʵʧʦʭʘ ʩʘʡʳʥ (ʙʽʨ ʪʦʣʳץ ᴇʪʽʥʽʰ) ʦʩʳ ʢᴇʨʩʝʪʢʽʰʪʝʨʜʽש ᴇʟʛʝʨʽʩʽʥ 

ʙʝʡʥʝʣʝʡʜʽ. 

ɽʛʝʨ accuracy 90-100% ʰʘʤʘʩʳʥʘ ʞʝʪʩʝ, ʙײʣ ï ʞʝʣʽ ʦץʳ ʙʘʨʳʩʳʥʜʘ װʣʛʽʣʝʨʜʽ 

ʩᴅʪʪʽ ʘʞʳʨʘʪʘ ʙʘʩʪʘסʘʥʳʥ ʙʽʣʜʽʨʝʜʽ. ɸʣ loss ʤᴅʥʽ ʘʟʘʡʩʘ ï ʤʦʜʝʣʴ ʞʘץʩʳ װʡʨʝʥʽʧ 

ʞʘʪץʘʥʳʥ ʢᴇʨʩʝʪʝʜʽ. 

ʗסʥʠ, ʙײʣ ʛʨʘʬʠʢ ʞʝʣʽʥʽװ שʡʨʝʥʫ ʜʝשʛʝʡʽʥ, ʞʘʣʧʳ ʩʘʧʘʩʳʥ, ʜײʨʳʩ 

ʙʘʧʪʘʣסʘʥʳʥ ʢᴇʨʩʝʪʝʪʽʥ ʥʝʛʽʟʛʽ ʘʥʘʣʠʪʠʢʘʣʳײץ ץʨʘʣ. 

 



 
ΥΣ 

 
1.2 ʩʫʨʝʪ ï Training-progress ʛʨʘʬʠʛʽ 

 

ʅᴅʪʠʞʝʣʝʨ ʤʝʥ ʪʘʣʜʘʫ 

2.1 ʅᴅʪʠʞʝ 

ɾʘʩʘʣסʘʥ ʠʥʪʝʣʣʝʢʪʫʘʣʜʳ ʞװʡʝʥʽש ʞײʤʳʩ ץʘʙʽʣʝʪʪʽʣʽʛʽʥ ʪʝʢʩʝʨʫ 

ʤʘץʩʘʪʳʥʜʘ MATLAB Live Editor ʦʨʪʘʩʳʥʜʘ ʘʨʥʘʡʳ ʪᴅʞʽʨʠʙʠʝʣʽʢ ʩʳʥʘץ 

ʞװʨʛʽʟʽʣʜʽ. ʊᴇʤʝʥʜʝ ʢᴇʨʩʝʪʽʣʛʝʥʜʝʡ (1.3 ʩʫʨʝʪ), ʞװʡʝ ʧʘʡʜʘʣʘʥʫʰʳ ʪʘשʜʘסʘʥ 

ʨʝʥʪʛʝʥʜʽʢ ʙʝʡʥʝʥʽ ᴇשʜʝʧ, ʙʝʡʥʝʜʝʛʽ ʦʙʲʝʢʪʽʥʽ ʘʚʪʦʤʘʪʪʳ ʪװʨʜʝ çdangerè 

ʩʘʥʘʪʳʥʘ ʞʘʪץʳʟʜʳ. 

ʉʳʥʘץ ʙʝʡʥʝʩʽʥʜʝ ʘʵʨʦʟʦʣʴ,ʩʶʨʠʢʝʥ ʞᴅʥʝ ʩʝʨʽʧʧʝ ʩʝʢʽʣʜʽ ʪʳʡʳʤ ʩʘʣʳʥסʘʥ 

ʟʘʪʪʘʨʜʳש ʢᴇʨʽʥʽʩʪʝʨʽ ײʩʳʥʳʣסʘʥ. ɾװʡʝ ʦʣʘʨʜʳ ץʘʫʽʧʪʽ ʜʝʧ ʪʘʥʳʧ, ʥᴅʪʠʞʝʥʽ 

ʵʢʨʘʥʜʘ ʘʥʳץ ᴅʨʽ ʚʠʟʫʘʣʜʳ ʪװʨʜʝ ï ץʳʟʳʣ ʪװʩʧʝʥ çʆʙʥʘʨʫʞʝʥʦ: dangerè ʜʝʧ 

ʢᴇʨʩʝʪʽʣʝʜʽ. 

ɹײʣ ʥᴅʪʠʞʝ ʞʝʣʽʥʽש ʦץʳʪʫ ʢʝʟʝשʽʥʜʝ ʤʝשʛʝʨʛʝʥ ʝʨʝʢʰʝʣʽʢʪʝʨʜʽ (features) 

ʥʘץʪʳ ʘʞʳʨʘʪʘ ʘʣסʘʥʳʥ ʞᴅʥʝ ʩʫʨʝʪʪʽ ʜײʨʳʩ ʩʳʥʳʧץʘ ʞʽʢʪʝʡ ʘʣסʘʥʳʥ ʜᴅʣʝʣʜʝʡʜʽ. 

ʉᴅʡʢʝʩʽʥʰʝ, ʙʝʡʥʝʜʝʛʽ ץʘʫʽʧʪʽ ʵʣʝʤʝʥʪʪʝʨ (ʤʝʪʘʣʣ ײץʨʳʣʳʤ, ᴇʪʢʽʨ ʧʽʰʽʥʜʝʨ) 

ʞʝʣʽʥʽװ שʡʨʝʥʛʝʥ װʣʛʽʣʝʨʽʥʝ ץײʩʘʩ ʙʦʣסʘʥʜʳץʪʘʥ, ʜײʨʳʩ ʪʘʥʫ ʦʨʳʥ ʘʣʜʳ. 

ʉʦʥʳʤʝʥ ץʘʪʘʨ, ʦש ʞʘץʪʘסʳ ʢʝʩʪʝʜʝ ʞװʡʝʥʽש ʜʝʨʝʢʪʝʨ ʞʠʳʥʪʳסʳʥʜʘסʳ 

ᴅʨʙʽʨ ʩʳʥʳʧʪʘ 5 ʩʫʨʝʪʪʝʥ ʙʦʣסʘʥʳ ʢᴇʨʩʝʪʽʣʛʝʥ. ɹײʣ ʘʟ  ʢᴇʣʝʤʜʝʛʽ ʜʝʨʝʢʢʝ 

 .ʘʥʳʥ ʢᴇʨʩʝʪʝʜʽסʡʨʝʥʝ ʘʣװ ʪʠʽʤʜʽ שʘʨʘʤʘʩʪʘʥ, ʤʦʜʝʣʴʜʽץ

ɾʘʣʧʳ ʘʣסʘʥʜʘ, ײʩʳʥʳʣסʘʥ ʤʦʜʝʣʴ X-ray ʙʝʡʥʝʣʝʨʜʝʥ ʪʳʡʳʤ ʩʘʣʳʥסʘʥ 

ʟʘʪʪʘʨʜʳ ʘʥʳץʪʘʫ ʙʘʨʳʩʳʥʜʘ ʞʦסʘʨסʳ ʜᴅʣʜʽʢ ʢᴇʨʩʝʪʪʽ ʞᴅʥʝ ʥʘץʪʳ ʙʝʡʥʝʣʝʨʤʝʥ 

ʩʳʥʘʫ ʢʝʟʽʥʜʝ ʜʝ ʩʝʥʽʤʜʽ ʥᴅʪʠʞʝ ʙʝʨʜʽ. ɹײʣ ʞװʡʝ ʙʦʣʘʰʘץʪʘ Rapiscan 

 .ʤʢʽʥװʡʝʩʽʥʝ ʘʡʥʘʣʫ ʤװʘʥ ʪʝʢʩʝʨʫ ʞסʳʣʘʨʳʤʝʥ ʙʽʨʽʛʽʧ, ʘʚʪʦʤʘʪʪʘʥʜʳʨʳʣסʨʳʣײץ

 



 
ΥΤ 

 
1.3 ʩʫʨʝʪ ï MATLAB ʞװʡʝʩʽʥʽץ שʘʫʽʧʪʽ ʥʳʩʘʥʜʳ (danger) ʘʚʪʦʤʘʪʪʳ ʪʘʥʫʳ 

 

2.2 ʊʝʭʥʠʢʘʣʳץ ʪʘʣʜʘʫ  

MATLAB ï ʪʝʭʥʠʢʘʣʳץ ʝʩʝʧʪʝʨʛʝ, ʩʠʛʥʘʣʜʘʨʜʳ ᴇשʜʝʫʛʝ, ʙʝʡʥʝʥʽ ʪʘʥʫסʘ 

ʞᴅʥʝ ʥʝʡʨʦʥʜʳץ ʞʝʣʽʣʝʨʤʝʥ ʞײʤʳʩ ʽʩʪʝʫʛʝ ʘʨʥʘʣסʘʥ ץʫʘʪʪʳ סʳʣʳʤʠ-

ʧʨʘʢʪʠʢʘʣʳץ ʧʣʘʪʬʦʨʤʘ. ɹײʣ ʞʦʙʘ װʰʽʥ MATLAB ʤʳʥʘ ʩʝʙʝʧʪʝʨʛʝ ʙʘʡʣʘʥʳʩʪʳ 

ʪʘשʜʘʣʜʳ: 

1. ñʂʦʤʧʴʶʪʝʨʣʽʢ ʢᴇʨʫ ʤʝʥ ʥʝʡʨʦʥʜʳץ ʞʝʣʽʣʝʨʜʽ ʙʽʨʽʢʪʽʨʝʪʽʥ ײץʨʘʣʜʘʨʜʳש 
ʜʘʡʳʥ ʙʦʣʫʳ (ʤʳʩʘʣʳ, Deep Learning Toolbox, Image processing Toolbox)ò 

2. ñʂʦʜ ʞʘʟʫ ʤʝʥ ʤʦʜʝʣʴ ʚʠʟʫʘʣʠʟʘʮʠʷʩʳʥ ʙʽʨ ʦʨʪʘʜʘ ʞװʨʛʽʟʫ ʤװʤʢʽʥʜʽʛʽò 

3. ñRapiscan 620DV ײץʨʳʣסʳʩʳʥʘʥ ʘʣʳʥסʘʥ X-ray ʩʫʨʝʪʪʝʨʤʝʥ ʞײʤʳʩ 

ʽʩʪʝʫʛʝ ʳסשʚʡʣʳʣʳסʳò 

4. ñʇʘʡʜʘʣʘʥʫʰʳ ʠʥʪʝʨʬʝʡʩʽʥ ʪʝʟ ײץʨʫ ʞᴅʥʝ ʜʝʨʝʢʪʝʨʤʝʥ ʦשʘʡ ʞײʤʳʩò 

MATLAB ʙײʣ ʟʝʨʪʪʝʫʜʽש ʙʘʩʪʳ ʠʥʩʪʨʫʤʝʥʪʽ ʨʝʪʽʥʜʝ ʜʝʨʝʢʪʝʨʜʽ ᴇשʜʝʫ, 

ʤʦʜʝʣʴ ʞʘʩʘʫ ʞᴅʥʝ ʥᴅʪʠʞʝʥʽ ʢᴇʨʩʝʪʫ ʞײʤʳʩʪʘʨʳ ʪʦʣʳץʪʘʡ ץʘʤʪʳʜʳ. 

 

ʊʘʣץʳʣʘʫ 

ɾװʨʛʽʟʽʣʛʝʥ ʟʝʨʪʪʝʫ ʥᴅʪʠʞʝʣʝʨʽ ʢᴇʨʩʝʪʢʝʥʜʝʡ, ץʘʨʘʧʘʡʳʤ ײץʨʳʣʳʤʜʘסʳ 

ʥʝʡʨʦʥʜʳץ ʞʝʣʽ ʜʝ ʪʳʡʳʤ ʩʘʣʳʥסʘʥ ʟʘʪʪʘʨʜʳ X-ray ʙʝʡʥʝʣʝʨʜʝʥ ʩʝʥʽʤʜʽ ʪװʨʜʝ 

ʘʞʳʨʘʪʘ ʘʣʘʜʳ. 15 ʙʝʡʥʝʜʝʥ ʪײʨʘʪʳʥ ʰʘסʳʥ ʜʝʨʝʢʪʝʨ ʞʠʳʥʪʳסʳʥʘ ץʘʨʘʤʘʩʪʘʥ, 

ʞװʡʝ ʞʦסʘʨʳ ʜᴅʣʜʽʢʧʝʥ ʞײʤʳʩ ʽʩʪʝʜʽ. ɹײʣ ʤʦʜʝʣʴʜʽץ שʦʣʜʘʥʫסʘ ʞʘʨʘʤʜʳסʳʥ 

ʢᴇʨʩʝʪʝʜʽ. 

 ʪʘʫץʨʜʝ ʘʥʳװʘʥ ʟʘʪʪʘʨʜʳ ʘʚʪʦʤʘʪʪʳ ʪסʡʝ ʪʳʡʳʤ ʩʘʣʳʥװʘʥ ʞסʩʳʥʳʣױ

ʘʨץʳʣʳ ʘʚʠʘʮʠʷ ץʘʫʽʧʩʽʟʜʽʛʽʥ ʘʨʪʪʳʨʫסʘ ʟʦʨ װʣʝʩ ץʦʩʘ ʘʣʘʜʳ. ɹײʣ ʞװʡʝ ʘʜʘʤʥʳש 

ʥʘʟʘʨʳʥʘʥ ʪʳʩ ץʘʣʫʳ ʤװʤʢʽʥ ײʩʘץ ᴅʨʽ ץʘʫʽʧʪʽ ʦʙʲʝʢʪʽʣʝʨʜʽ ʘʥʳץʪʘʧ, ץʦʣʜʘʥ 

ʞʘʩʘʣסʘʥ ʰʘʙʫʳʣ, ʟʘשʩʳʟ ʪʘʩʳʤʘʣ ʥʝʤʝʩʝ ʞʘʨʳʣסʳʰ ʟʘʪʪʘʨʜʳ ײʰʘץץʘ ʘʣʳʧ 

ʢʽʨʫʜʽש ʘʣʜʳʥ ʘʣʘʜʳ. ʆʩʳʣʘʡʰʘ, ᴅʫʝʞʘʡʜʘסʳ ʞʦʣʘʫʰʳʣʘʨ ʤʝʥ ץʳʟʤʝʪʢʝʨʣʝʨʜʽש 

 ʘʤʪʘʤʘʩʳʟ ʝʪʽʣʝʜʽץ ʛʝʡʜʝשʘʨʳ ʜʝסʘʫʽʧʩʽʟʜʽʛʽ ʞʦץ

ɾװʡʝʥʽש ʥʝʛʽʟʛʽ ʘʨʪʳץʰʳʣʳסʳ ð ʪʦʣʳץʪʘʡ MATLAB ʦʨʪʘʩʳʥʜʘ ʞװʟʝʛʝ 

ʘʩʳʨʳʣʫʳ. ɹײʣ ʙʘסʜʘʨʣʘʤʘʜʘ ʩʫʨʝʪʪʝʨʜʽ ʞװʢʪʝʫ, ʘʣʜʳʥ ʘʣʘ ᴇשʜʝʫ, ʤʦʜʝʣʴ ײץʨʫ, 



 
ΥΥ 

ʦץʳʪʫ ʞᴅʥʝ ʥᴅʪʠʞʝʥʽ ʚʠʟʫʘʣʠʟʘʮʠʷʣʘʫ ð ʙʘʨʣʳסʳ ʙʽʨ ʧʣʘʪʬʦʨʤʘʜʘ ʦʨʳʥʜʘʣʘʜʳ, 

ʙײʣ ʦʥʳ ץʦʣʜʘʥʳʩץʘ ʳסשʘʡʣʳ ᴅʨʽ ʪʝʭʥʠʢʘʣʳץ ʪײʨסʳʜʘʥ ʪʠʽʤʜʽ ʝʪʝʜʽ. ʉʦʥʳʤʝʥ 

 ʳʣʳ ʤʦʜʝʣʴʜʽץʨʘʣʜʘʨʳ ʘʨײץ ʜʘʡʳʥ ʢʽʪʘʧʭʘʥʘʣʘʨʳ ʤʝʥ שʘʪʘʨ, MATLAB-ʪʳץ

ʥʘץʪʳ ײץʨʳʣסʳʣʘʨʤʝʥ (ʤʳʩʘʣʳ, Rapiscan) ʠʥʪʝʛʨʘʮʠʷʣʘʫ ʤװʤʢʽʥʜʽʛʽ ʜʝ 

 .ʘʥסʘʨʘʩʪʳʨʳʣץ

 

 ʦʨʳʪʳʥʜʳפ

ɹײʣ ʤʘץʘʣʘʜʘ Rapiscan 620DV ʨʝʥʪʛʝʥ ײץʨʳʣסʳʩʳʥʘʥ ʘʣʳʥסʘʥ ʙʝʡʥʝʣʝʨʜʽ 

 ʘʥסʘ ʘʨʥʘʣסʨʜʝ ʪʘʥʫװʘʥ ʟʘʪʪʘʨʜʳ ʘʚʪʦʤʘʪʪʳ ʪסʦʣʜʘʥʘ ʦʪʳʨʳʧ, ʪʳʡʳʤ ʩʘʣʳʥץ

ʠʥʪʝʣʣʝʢʪʫʘʣʜʳ ʞװʡʝ ײʩʳʥʳʣʜʳ. ɾװʡʝ MATLAB ʦʨʪʘʩʳʥʜʘ ʞʘʩʘʥʜʳ 

ʥʝʡʨʦʥʜʳץ ʞʝʣʽʣʝʨ ʪʝʭʥʦʣʦʛʠʷʩʳ ʘʨץʳʣʳ ʞװʟʝʛʝ ʘʩʳʨʳʣʜʳ. ײפʨʘʤʳʥʜʘ ʧʳʰʘץ, 

ʪʘʧʘʥʰʘ, ʛʨʘʥʘʪʘ, ʘʵʨʦʟʦʣʴ ʞᴅʥʝ ʙʘʩץʘ ʜʘ ץʘʫʽʧʪʽ ʵʣʝʤʝʥʪʪʝʨʽ ʙʘʨ ʙʝʡʥʝʣʝʨʜʽ 

ʤʦʜʝʣʴ ʩᴅʪʪʽ װʡʨʝʥʽʧ, ʥʘץʪʳ ʤʳʩʘʣʜʘʨʜʘ ʜײʨʳʩ ʢʣʘʩʩʠʬʠʢʘʮʠʷ ʞʘʩʘʡ ʘʣʜʳ. 

ʊᴅʞʽʨʠʙʝʣʽʢ ʙᴇʣʽʤ ʙʘʨʳʩʳʥʜʘ ʤʦʜʝʣʴʜʽש ʪʠʽʤʜʽʣʽʛʽ Training Progress ʛʨʘʬʠʛʽ 

ʘʨץʳʣʳ ʙʘץʳʣʘʥʳʧ, ʥᴅʪʠʞʝʩʽʥʜʝ ʞʦסʘʨʳ ʜᴅʣʜʽʢʢʝ ץʦʣ ʞʝʪʢʽʟʽʣʜʽ. ʉʦʥʳʤʝʥ 

 ʨʜʝװʪʘʧ, ʵʢʨʘʥʜʘ ʘʚʪʦʤʘʪʪʳ ʪץʘʫʽʧʪʽ ʥʳʩʘʥʜʳ ʘʥʳץ ʪʳ ʙʝʡʥʝʜʝץʡʝ ʥʘװʘʪʘʨ, ʞץ

ʩᴅʡʢʝʩ ʩʳʥʳʧʪʳ ʢᴇʨʩʝʪʪʽ. ɹײʣ ʥᴅʪʠʞʝʣʝʨ ʤʦʜʝʣʴʜʽש ʙʦʣʘʰʘץʪʘ ʥʘץʪʳ ʪʝʢʩʝʨʫ 

ʞװʡʝʣʝʨʽʥʜʝ ץʦʣʜʘʥʫסʘ ʞʘʨʘʤʜʳ ʝʢʝʥʽʥ ʨʘʩʪʘʡʜʳ. 

ɾʘʩʘʣסʘʥ ʠʥʪʝʣʣʝʢʪʫʘʣʜʳ ʞװʡʝ Rapiscan ײץʨʳʣסʳʣʘʨʳʥʘ ʦʨʥʘʪʳʣסʘʥ 

ʞʘסʜʘʡʜʘ, ʪʝʢʩʝʨʫ ʙʘʨʳʩʳʥʜʘסʳ ʘʜʘʤ ʞװʢʪʝʤʝʩʽʥ ʘʟʘʡʪʳʧ, ץʘʫʽʧʩʽʟʜʽʢ ʜʝשʛʝʡʽʥ 

ʘʨʪʪʳʨʫסʘ ʝʣʝʫʣʽ װʣʝʩ ץʦʩʫʳ ʤװʤʢʽʥ. ɸʣʜʘסʳ ʫʘץʳʪʪʘ ʜʝʨʝʢʪʝʨ ʞʠʳʥʪʳסʳʥ 

ʢʝשʝʡʪʫ, ʤʦʜʝʣʴʜʽ ʢװʨʜʝʣʝʥʜʽʨʫ ʞᴅʥʝ ʥʘץʪʳ ײץʨʳʣסʳʣʘʨʤʝʥ ʠʥʪʝʛʨʘʮʠʷʣʘʫ 

ʞײʤʳʩʪʘʨʳ ʞʘʣסʘʩʫʳ ʪʠʽʩ. 
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ʂʽʨʽʩʧʝ 

ʄײʥʘʡ ï ץʘʟʽʨʛʽ ʟʘʤʘʥסʳ ʵʥʝʨʛʝʪʠʢʘʣʳץ ʨʝʩʫʨʩʪʘʨʜʳש ʙʘʩʪʳ ʢᴇʟʽ ʙʦʣʳʧ 

ʪʘʙʳʣʘʜʳ. ʆʥ rᴇʥʜʽʨʫ, ᴇשʜʝʫ ʞᴅʥʝ ʪʘʩʳʤʘʣʜʘʫ ʧʨʦʮʝʩʪʝʨʽʥʽץ שʘʫʽʧʩʽʟʜʽʛʽ ʤʝʥ 

ʪʠʽʤʜʽʣʽʛʽ ײʣʪʪʳץ ʵʢʦʥʦʤʠʢʘʥʳש ʪײʨʘץʪʳ ʜʘʤʫʳ װʰʽʥ ʰʝʰʫʰʽ ʤʘשʳʟסʘ ʠʝ. 

ʄײʥʘʡ ʘʡʜʘʫ ï ʪʘʩʳʤʘʣʜʘʫ ʠʥʬʨʘײץʨʳʣʳʤʳʥʜʘסʳ ʥʝʛʽʟʛʽ ʪʝʭʥʦʣʦʛʠʷʣʳץ 

ʧʨʦʮʝʩʩ. ʆʣ ײץʙʳʨᴇʪʢʽʟʛʽʰʪʝʨ ʘʨץʳʣʳ װʣʢʝʥ ץʘʰʳץʪʳץʪʘʨסʘ ʰʠʢʽʟʘʪ ʞʝʪʢʽʟʫʜʽ 

 .ʘʤʪʘʤʘʩʳʟ ʝʪʝʜʽץ

ɹײʣ ʧʨʦʮʝʩʪʽש ʢװʨʜʝʣʽʣʽʛʽ ï ʘʡʜʘʫ ʩʪʘʥʮʠʷʣʘʨʳʥʜʘ ץʳʩʳʤ, ʪʝʤʧʝʨʘʪʫʨʘ, 

ʰʳסʳʥ, ʜʝשʛʝʡ ʩʠʷץʪʳ ʢᴇʧʪʝʛʝʥ ʧʘʨʘʤʝʪʨʣʝʨʜʽ װʟʜʽʢʩʽʟ ʙʘץʳʣʘʫʜʳ ʪʘʣʘʧ 

ʝʪʝʪʽʥʜʽʛʽʥʜʝ [1]. פʘʟʽʨʛʽ ʟʘʤʘʥסʳ ʪʘʣʘʧʪʘʨסʘ ʩᴅʡʢʝʩ, ʪʝʢ ʘʚʪʦʤʘʪʪʘʥʜʳʨʫ 

ʞʝʪʢʽʣʽʢʩʽʟ. ɾʘʙʜʳץʪʳש ʽʩʪʝʥ ʰʳסʫʳʥ ʘʣʜʳʥ ʘʣʘ ʙʦʣʞʘʫ, ʵʥʝʨʛʠʷ ʪײʪʳʥʫʜʳ 

ʘʟʘʡʪʫ ʞᴅʥʝ ʵʢʦʣʦʛʠʷʣʳץ ץʘʫʽʧʩʽʟʜʽʢʪʽ ʥʳסʘʡʪʫ ʤʽʥʜʝʪʪʝʨʽ ʪʫʳʥʜʘʡʜʳ. ɹײʣ 

ʤʽʥʜʝʪʪʝʨʜʽ ʰʝʰʫʜʝ ʞʘʩʘʥʜʳ ʠʥʪʝʣʣʝʢʪ ʪʝʭʥʦʣʦʛʠʷʣʘʨʳʥʳש ʦʨʥʳ ʝʨʝʢʰʝ [3]. 

 

ʄײʥʘʡ ʘʡʜʘʫ ʧʨʦʮʝʩʽ ʞᴅʥʝ ʘʚʪʦʤʘʪʪʘʥʜʳʨʫʜʳש ʜᴅʩʪװʨʣʽ ᴅʜʽʩʪʝʨʽ 

ʄײʥʘʡ ʘʡʜʘʫ ʧʨʦʮʝʩʽ ʙʽʨʥʝʰʝ ʥʝʛʽʟʛʽ ʢʝʟʝשʥʝʥ ʪײʨʘʜʳ: ʤײʥʘʡʜʳ ץʘʙʳʣʜʘʫ, 

 ,ʙʳʨᴇʪʢʽʟʛʽʰʢʝ ʙʝʨʫײץ ʳʣʳץʳʣʘʨ ʘʨסʘ ʜʘʡʳʥʜʘʫ, ʩʦʨסʳʟʜʳʨʫ ʞᴅʥʝ ʘʡʜʘʫץ

ʪʘʩʳʤʘʣʜʘʫ ʢʝʟʽʥʜʝ ץʳʩʳʤʜʳ ʪײʨʘץʪʘʥʜʳʨʫ ʞᴅʥʝ ʞʝʪʢʽʟʫ. ɹײʣ ʧʨʦʮʝʩʪʝʨʜʽש 

ᴅʨץʘʡʩʳʩʳ ʘʣʜʳʥ ʘʣʘ ʢʝʣʝשʩʽʟʜʽʢʪʝʨʜʽ ʞʦʶ װʰʽʥ ץʘʪʘש ʧʘʨʘʤʝʪʨʣʽʢ ʙʘץʳʣʘʫʜʳ 

 ʳʣʘʨʜʳסʡʝʣʝʨʽ ï ʜʘʪʯʠʢʪʝʨ, ʨʝʪʪʝʛʽʰʪʝʨ, ʩʦʨװʨʣʽ ʘʚʪʦʤʘʪʪʘʥʜʳʨʫ ʞװʘʞʝʪ. ɼᴅʩʪץ

ʙʘʩץʘʨʫ ʞᴅʥʝ SCADA/DCS ʧʣʘʪʬʦʨʤʘʣʘʨʳ ʥʝʛʽʟʽʥʜʝ ʞײʤʳʩ ʽʩʪʝʡʜʽ. ʆʣʘʨ ʥʘץʪʳ 

ʫʘץʳʪ ʨʝʞʠʤʽʥʜʝ ᴇʣʰʝʫ ʞװʨʛʽʟʽʧ, ʦʧʝʨʘʪʦʨסʘ ʘץʧʘʨʘʪ ʙʝʨʝʜʽ. ɼʝʛʝʥʤʝʥ, ʤײʥʜʘʡ 

ʞװʡʝʣʝʨ ʙʦʣʘʰʘץʪʳ ʙʦʣʞʘʡ ʘʣʤʘʡʜʳ ʞᴅʥʝ ʢװʨʜʝʣʽ ʩʮʝʥʘʨʠʡʣʝʨʜʝ ʪʠʽʤʜʽ ʰʝʰʽʤ 

 .ʩʳʥʘ ʘʣʤʘʡʜʳ [3,4]ײ

 

ɾʘʩʘʥʜʳ ʠʥʪʝʣʣʝʢʪ ʪʝʭʥʦʣʦʛʠʷʣʘʨʳʥ ʝʥʛʽʟʫʜʽש ʘʨʪʳץʰʳʣʳץʪʘʨʳ 

ɾʀ ʪʝʭʥʦʣʦʛʠʷʣʘʨʳ ʜᴅʩʪװʨʣʽ ʘʚʪʦʤʘʪʪʘʥʜʳʨʫʜʳש ʤװʤʢʽʥʜʽʢʪʝʨʽʥ 

ʢʝשʝʡʪʝʜʽ. ʆʣʘʨʜʳש ʢᴇʤʝʛʽʤʝʥ װʣʢʝʥ ʢᴇʣʝʤʜʝʛʽ ʪʘʨʠʭʠ ʞᴅʥʝ ʘסʳʤʜʘסʳ 

ʜʝʨʝʢʪʝʨʜʽ ʪʘʣʜʘʧ, ʞʘʙʜʳץʪʳש ʞʘסʜʘʡʳʥ ʙʦʣʞʘʫסʘ, ʵʥʝʨʛʠʷ ʰʳסʳʥʳʥ ʘʟʘʡʪʫסʘ 

ʞᴅʥʝ ʘʧʘʪʪʳץ ʞʘסʜʘʡʣʘʨʜʳש ʘʣʜʳʥ ʘʣʫסʘ ʙʦʣʘʜʳ. 

ɹʽʨʽʥʰʽʜʝʥ, ʙʦʣʞʘʤʜʳ ʜʠʘʛʥʦʩʪʠʢʘ ʤװʤʢʽʥʜʽʛʽ ʘʨʪʘʜʳ. ɾʀ ʘʣʛʦʨʠʪʤʜʝʨʽ 

ʜʘʪʯʠʢʪʝʨʜʝʥ ʪװʩʝʪʽʥ ʜʽʨʽʣ, ץʳʩʳʤ, ʪʝʤʧʝʨʘʪʫʨʘ ʩʠʷץʪʳ ʩʠʛʥʘʣʜʘʨʜʳ װʟʜʽʢʩʽʟ 

ʪʘʣʜʘʧ, ץʘʣʳʧʪʳ ʞײʤʳʩ ʨʝʞʠʤʽʥʝʥ ʘʫʳʪץʫʜʳ ʝʨʪʝ ʢʝʟʝשʜʝ ʘʥʳץʪʘʡʜʳ. ɹײʣ 

ʘʧʘʪʪʳש ʘʣʜʳʥ ʘʣʳʧ, ʞʦʩʧʘʨʜʘʥ ʪʳʩ ʪʦץʪʘʧ ץʘʣʫʜʳ ʘʟʘʡʪʘʜʳ [2]. 
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ΦΜ 

ɽʢʽʥʰʽʜʝʥ, ʵʥʝʨʛʠʷ ʪʠʽʤʜʽʣʽʛʽʥ ʘʨʪʪʳʨʫסʘ ʳץʧʘʣ ʝʪʝʜʽ. ʅʝʡʨʦʥʜʳץ ʞʝʣʽʣʝʨ 

ʤʝʥ ʦʧʪʠʤʠʟʘʮʠʷʣʳץ ʤʦʜʝʣʴʜʝʨ ʩʦʨסʳ ץʦʥʜʳʨסʳʣʘʨʳʥʳש ʝש ʪʠʽʤʜʽ ʞײʤʳʩ 

ʨʝʞʠʤʽʥ ʘʚʪʦʤʘʪʪʳ ʪװʨʜʝ ʝʩʝʧʪʝʧ, ʵʥʝʨʛʠʷ ʰʳסʳʥʳʥ 10ï20% ץʳʩץʘʨʪʫסʘ 

ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. 

 ʡʝʣʝʨװʞ ץʘ ʢᴇʤʝʢʰʽ ʩʘʨʘʧʪʘʤʘʣʳסʰʽʥʰʽʜʝʥ, ɾʀ ʥʝʛʽʟʽʥʜʝ ʦʧʝʨʘʪʦʨת

 ʩʳʥʘʜʳײ ʨʳʩ ʰʝʰʽʤʜʽײʜ שʜʘʡʣʘʨʜʘ ʝסʘʣʳʧʪʘʩʪʳʨʳʣʘʜʳ. ʆʣʘʨ ʪᴇʪʝʥʰʝ ʞʘץ

ʞᴅʥʝ ʘʜʘʤ ʬʘʢʪʦʨʳʥʘʥ ʪʫʳʥʜʘʡʪʳʥ ץʘʪʝʣʽʢʪʝʨʜʽ ʘʟʘʡʪʘʜʳ. 

ʊᴇʨʪʽʥʰʽʜʝʥ, װʣʢʝʥ ʜʝʨʝʢʪʝʨʜʽ ᴇשʜʝʫ ʞᴅʥʝ ʥʘץʪʳ ʫʘץʳʪʪʘסʳ ʙʘץʳʣʘʫ ʞװʟʝʛʝ 

ʘʩʘʜʳ. ɾʀ ʤʳשʜʘסʘʥ ʧʘʨʘʤʝʪʨʜʽ ץʘʪʘʨ ʪʘʣʜʘʧ, ʜᴅʩʪװʨʣʽ ʞװʡʝʣʝʨʛʝ ץʦʣʞʝʪʽʤʩʽʟ 

ʟʘשʜʳʣʳץʪʘʨʜʳ ʘʥʳץʪʘʡʜʳ. 

ɹʝʩʽʥʰʽʜʝʥ, ʵʢʦʣʦʛʠʷʣʳץ ץʘʫʽʧʩʽʟʜʽʢ ʜʝשʛʝʡʽ ʢᴇʪʝʨʽʣʝʜʽ. ɾʘʙʜʳץʪʘʨʜʳש 

ʪʦʟʫʳʥ ʘʣʜʳʥ ʘʣʘ ʘʥʳץʪʘʫ ʘʨץʳʣʳ ʤײʥʘʡ ʪᴇʛʽʥʜʽʣʝʨʽʥʽץ שʘʫʧʽ ʘʟʘʡʳʧ, ץʦʨʰʘסʘʥ 

ʦʨʪʘסʘ ʢʝʣʝʪʽʥ ʟʠʷʥ ʪᴇʤʝʥʜʝʡʜʽ. 

ʆʩʳʣʘʡʰʘ, ʞʘʩʘʥʜʳ ʠʥʪʝʣʣʝʢʪ ʤײʥʘʡ ʘʡʜʘʫ ʧʨʦʮʝʩʽʥʽש ʪʠʽʤʜʽʣʽʛʽʥ 

ʘʨʪʪʳʨʳʧ ץʘʥʘ ץʦʡʤʘʡ, ʦʥʳ ʩʝʥʽʤʜʽ ᴅʨʽ ץʘʫʽʧʩʽʟ ʝʪʝʜʽ. 

 

ɾʘʩʘʥʜʳ ʠʥʪʝʣʣʝʢʪ ʥʝʛʽʟʽʥʜʝʛʽ ʘʚʪʦʤʘʪʪʘʥʜʳʨʫ ʘʨʭʠʪʝʢʪʫʨʘʩʳ 

ɾʘʩʘʥʜʳ ʠʥʪʝʣʣʝʢʪ ʥʝʛʽʟʽʥʜʝ ײץʨʳʣסʘʥ ʘʚʪʦʤʘʪʪʘʥʜʳʨʫ ʞװʡʝʩʽʥʽש 

ʘʨʭʠʪʝʢʪʫʨʘʩʳ ʙʽʨʥʝʰʝ ᴇʟʘʨʘ ʙʘʡʣʘʥʳʩʪʳ ʜʝשʛʝʡʣʝʨʜʝʥ ʪײʨʘʜʳ. ɹײʣ 

ʘʨʭʠʪʝʢʪʫʨʘ ʤײʥʘʡ ʘʡʜʘʫ ʧʨʦʮʝʩʽʥ ʢʝʰʝʥʜʽ ʙʘץʳʣʘʫסʘ, ʪʘʣʜʘʫסʘ ʞᴅʥʝ ʙʘʩץʘʨʫסʘ 

ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. 

ɼʝʨʝʢʪʝʨʜʽ ʞʠʥʘʫ ʜʝשʛʝʡʽ. ɹײʣ ʜʝשʛʝʡʜʝ ʩʦʨסʳʣʘʨʜʘʥ, ץʳʩʳʤ ʞᴅʥʝ 

ʪʝʤʧʝʨʘʪʫʨʘ ʜʘʪʯʠʢʪʝʨʽʥʝʥ, ʰʳסʳʥ ᴇʣʰʝʛʽʰʪʝʨʜʝʥ, ʜʽʨʽʣ ʩʝʥʩʦʨʣʘʨʳʥʘʥ ʞᴅʥʝ 

ʨʝʟʝʨʚʫʘʨ ʜʝשʛʝʡʽʥ ᴇʣʰʝʡʪʽʥ ײץʨʳʣסʳʣʘʨʜʘʥ ʘץʧʘʨʘʪ ʘʣʳʥʘʜʳ. ʉʦʥʳʤʝʥ ץʘʪʘʨ, 

IoT ײץʨʳʣסʳʣʘʨʳ ץʦʣʜʘʥʳʣʳʧ, ʙʘʨʣʳץ ʧʘʨʘʤʝʪʨʣʝʨ ʥʘץʪʳ ʫʘץʳʪ ʨʝʞʠʤʽʥʜʝ 

ʪʽʨʢʝʣʝʜʽ. 

ɼʝʨʝʢʪʝʨʜʽ ʩʘץʪʘʫ ʞᴅʥʝ ʘʣʜʳʥ ʘʣʘ ᴇשʜʝʫ. ɾʠʥʘʣסʘʥ ʤᴅʣʽʤʝʪʪʝʨ װʣʢʝʥ 

ʜʝʨʝʢʪʝʨ ʙʘʟʘʩʳʥʘ ʞʽʙʝʨʽʣʝʜʽ. ʄײʥʜʘ ʜʝʨʝʢʪʝʨʜʽ ʩװʟʛʽʣʝʫ, ץʘʪʝʣʝʨʜʽ ʪװʟʝʪʫ ʞᴅʥʝ 

ʙʘʩʪʘʧץʳ ʩʪʘʪʠʩʪʠʢʘʣʳץ ʪʘʣʜʘʫ ʞװʨʛʽʟʽʣʝʜʽ. ɹײʣ ʢʝʟʝש ʞװʡʝʥʽש ʢʝʡʽʥʛʽ 

ʝʩʝʧʪʝʫʣʝʨʽʥʽש ʜᴅʣʜʽʛʽʥ ץʘʤʪʘʤʘʩʳʟ ʝʪʝʜʽ. 

ɾʘʩʘʥʜʳ ʠʥʪʝʣʣʝʢʪ ʤʦʜʫʣʽ. ɹײʣ ʜʝשʛʝʡʜʝ ʤʘʰʠʥʘʣʳץ ʦץʳʪʫ ʘʣʛʦʨʠʪʤʜʝʨʽ, 

ʥʝʡʨʦʥʜʳץ ʞʝʣʽʣʝʨ ʞᴅʥʝ ʩʘʨʘʧʪʘʤʘʣʳץ ʞװʡʝʣʝʨ ץʦʣʜʘʥʳʣʘʜʳ. ɹʘʩץʘʨʫ ʞᴅʥʝ 

ʠʥʪʝʛʨʘʮʠʷ ʜʝשʛʝʡʽ. ɾʀ ʤʦʜʫʣʽʥʽש ʥᴅʪʠʞʝʣʝʨʽ SCADA ʥʝʤʝʩʝ DCS ʩʠʷץʪʳ 

ʜᴅʩʪװʨʣʽ ʘʚʪʦʤʘʪʪʘʥʜʳʨʫ ʞװʡʝʣʝʨʽʤʝʥ ʙʽʨʽʢʪʽʨʽʣʝʜʽ. ɹײʣ ʦʧʝʨʘʪʦʨסʘ ʚʠʟʫʘʣʜʳ 

ʠʥʪʝʨʬʝʡʩ ʘʨץʳʣʳ ʙʘʨʣʳץ ʧʨʦʮʝʩʪʽ ʙʘץʳʣʘʫסʘ ʞᴅʥʝ ץʘʞʝʪ ʙʦʣסʘʥ ʞʘסʜʘʡʜʘ 

 .ʤʢʽʥʜʽʢ ʙʝʨʝʜʽ [3]װʟʝʪʫ ʝʥʛʽʟʫʛʝ ʤװʦʣʤʝʥ ʪץ

ʐʝʰʽʤ ץʘʙʳʣʜʘʫ ʞᴅʥʝ ʙʦʣʞʘʫ ʜʝשʛʝʡʽ. ɹײʣ ʜʝשʛʝʡʜʝ ʠʥʪʝʣʣʝʢʪʫʘʣʜʳ 

ʪʘʣʜʘʫ ʥᴅʪʠʞʝʩʽʥʜʝ ײʩʳʥʳʩʪʘʨ ץʘʣʳʧʪʘʩʪʳʨʳʣʘʜʳ: ʤʳʩʘʣʳ, ʩʦʨסʳʥʳש ʞײʤʳʩ 

ʨʝʞʠʤʽʥ ᴇʟʛʝʨʪʫ, ץʦʩʳʤʰʘ ʵʥʝʨʛʠʷ ʢᴇʟʽʥ ʽʩʢʝ ץʦʩʫ ʥʝʤʝʩʝ ʧʨʦʬʠʣʘʢʪʠʢʘʣʳץ 

ʞᴇʥʜʝʫ ʞװʨʛʽʟʫ. 

 

ʊʠʽʤʜʽʣʽʢʪʽ ʘʨʪʪʳʨʫ ʞᴅʥʝ ʙʦʣʘʰʘץ ʧʝʨʩʧʝʢʪʠʚʘʣʘʨʳ 

ɾʘʩʘʥʜʳ ʠʥʪʝʣʣʝʢʪ ʪʝʭʥʦʣʦʛʠʷʣʘʨʳʥ ʤײʥʘʡ ʘʡʜʘʫ ʧʨʦʮʝʩʽʥʝ ʝʥʛʽʟʫ 

ʪʠʽʤʜʽʣʽʢʪʽ ʙʽʨʥʝʰʝ ʙʘסʳʪ ʙʦʡʳʥʰʘ ʘʨʪʪʳʨʘʜʳ. 



 
ΦΝ 

ɾʀ ʘʣʛʦʨʠʪʤʜʝʨʽ ʩʦʨסʳʣʘʨʜʳש ʞײʤʳʩ ʨʝʞʠʤʽʥ ʦשʪʘʡʣʘʥʜʳʨʳʧ, ʵʥʝʨʛʠʷʥʳ 

10ï20% ʘʨʘʣʳסʳʥʜʘ װʥʝʤʜʝʫʛʝ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. ɹײʣ ʪʝʢ ʵʢʦʥʦʤʠʢʘʣʳץ 

ʪײʨסʳʜʘʥ סʘʥʘ ʝʤʝʩ, ʵʢʦʣʦʛʠʷʣʳץ ᴅʩʝʨʜʽ ʘʟʘʡʪʫ ʪײʨסʳʩʳʥʘʥ ʜʘ ʤʘשʳʟʜʳ [4]. 

ɹʦʣʞʘʤʜʳץ ʜʠʘʛʥʦʩʪʠʢʘ ʞᴅʥʝ ʤʘʰʠʥʘʣʳץ ʦץʳʪʫ ᴅʜʽʩʪʝʨʽ ʘʨץʳʣʳ 

ʞʘʙʜʳץʪʳש ʪʦʟʫʳ ʤʝʥ ʽʩʪʝʥ ʰʳסʫʳʥ ʝʨʪʝ ʢʝʟʝשʜʝ ʘʥʳץʪʘʫסʘ ʙʦʣʘʜʳ. 

ʅᴅʪʠʞʝʩʽʥʜʝ ʞᴇʥʜʝʫ ʞײʤʳʩʪʘʨʳ ʞʦʩʧʘʨʣʳ ʪװʨʜʝ ʞװʨʛʽʟʽʣʽʧ, ʘʧʘʪʪʘʨʜʳש ʘʣʜʳʥ 

ʘʣʫסʘ ʤװʤʢʽʥʜʽʢ ʪʫʘʜʳ. ɾʀ ʥʝʛʽʟʽʥʜʝʛʽ ʩʘʨʘʧʪʘʤʘʣʳץ ʞװʡʝʣʝʨ ʦʧʝʨʘʪʦʨʜʳש 

ʞײʤʳʩʳʥ ʞʝשʽʣʜʝʪʽʧ, ʰʝʰʽʤ ץʘʙʳʣʜʘʫʜʳ ʘʚʪʦʤʘʪʪʘʥʜʳʨʘʜʳ. ɹײʣ ץʘʪʝʣʽʢ 

ʳץʪʠʤʘʣʜʳסʳʥ ʪᴇʤʝʥʜʝʪʝʜʽ.  

ʕʥʝʨʛʠʷ ʰʳסʳʥʳʥ 10ï20% ʘʟʘʡʪʫ ᴇʥʜʽʨʽʩ ʰʳסʳʥʜʘʨʳʥʳש ʪᴇʤʝʥʜʝʫʽʥʝ 

ᴅʢʝʣʝʜʽ. ɹײʣ ʤײʥʘʡ ʢʦʤʧʘʥʠʷʣʘʨʳ װʰʽʥ ʞʳʣ ʩʘʡʳʥ ʤʠʣʣʠʦʥʜʘסʘʥ ʪʝשʛʝ 

 ʪʘʧץʞʦʩʧʘʨʜʘʥ ʪʳʩ ʪʦ שʪʳץʘʪʘʨ, ʞʘʙʜʳץ ʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. ʉʦʥʳʤʝʥװʥʝʤʜʝʫʛʝ ʤװ

 .ʘʨʘʜʳץʳʩץ ʳʥסʤʳʩʪʘʨʳʥʘ ʢʝʪʝʪʽʥ ʰʳײʳʣʳ ʞᴇʥʜʝʫ ʞץʘʣʫʳʥ ʘʟʘʡʪʫ ʘʨץ

ɾʘʙʜʳץʪʳש ʪʦʟʫʳʥ ʘʣʜʳʥ ʘʣʘ ʘʥʳץʪʘʫ ʤײʥʘʡ ʪᴇʛʽʥʜʽʣʝʨʽʥʽש ʞᴅʥʝ ץʦʨʰʘסʘʥ 

ʦʨʪʘʥʳ ʣʘʩʪʘʫʜʳש ʘʣʜʳʥ ʘʣʘʜʳ. ɾʀ ʘʣʛʦʨʠʪʤʜʝʨʽ ʘʨץʳʣʳ ᴇʥʜʽʨʽʩʪʽʢ 

ʧʨʦʮʝʩʪʝʨʜʽש ʪײʨʘץʪʳʣʳסʳ ʘʨʪʳʧ, ʟʠʷʥʜʳ ʰʳסʘʨʳʥʜʳʣʘʨʜʳש ʢᴇʣʝʤʽ ʘʟʘʷʜʳ. 

 ʳʥʘסʜʝʥʩʘʫʣʳ שʤʳʩ ʽʩʪʝʡʪʽʥ ʤʘʤʘʥʜʘʨʜʳײʘʨʪʫʳ ᴇʥʜʽʨʽʩʪʝ ʞ שʘʫʽʧʩʽʟʜʽʢʪʽפ

ʪᴇʥʝʪʽʥ ʪᴅʫʝʢʝʣʜʝʨʜʽ ʘʟʘʡʪʘʜʳ. ʉʦʥʳʤʝʥ ʙʽʨʛʝ, ʠʥʪʝʣʣʝʢʪʫʘʣʜʳ ʞװʡʝʣʝʨʜʽש 

 ʘʙʳʣʜʘʫ ʧʨʦʮʝʩʽʥץ ʽʣʜʝʪʽʧ, ʰʝʰʽʤשʤʳʩʳʥ ʞʝײʞ שʦʣʜʘʥʳʣʫʳ ʧʝʨʩʦʥʘʣʜʳץ

 .ʦʣʜʘʡʜʳץ

ɹʦʣʘʰʘץʪʘ ʤײʥʘʡ ʘʡʜʘʫ ʩʪʘʥʮʠʷʣʘʨʳ װʰʽʥ ʚʠʨʪʫʘʣʜʳ ʤʦʜʝʣʴʜʝʨ ʞʘʩʘʣʳʧ, 

ʥʘץʪʳ ʦʙʲʝʢʪʽʥʽש ʞײʤʳʩʳʥ ʪʦʣʳץʪʘʡ ʠʤʠʪʘʮʠʷʣʘʫ ʤװʤʢʽʥʜʽʛʽ ʙʦʣʘʜʳ. ɹײʣ 

ʪʝʭʥʦʣʦʛʠʷ ᴇʥʜʽʨʽʩʪʽʢ ʩʮʝʥʘʨʠʡʣʝʨʜʽ ʩʳʥʘץʪʘʥ ᴇʪʢʽʟʫʛʝ, ʘʧʘʪʪʳץ ʞʘסʜʘʡʣʘʨʜʳ 

ʘʣʜʳʥ ʘʣʘ ʤʦʜʝʣʴʜʝʫʛʝ ʞᴅʥʝ ʞʘשʘ ʰʝʰʽʤʜʝʨʜʽ ʪᴅʞʽʨʠʙʝʩʽʟ-ʘץ ʪʝʢʩʝʨʫʛʝ ʞʦʣ 

ʘʰʘʜʳ. ɾʀ ʤײʥʘʡ ʘʡʜʘʫ ʧʨʦʮʝʩʪʝʨʽʥ ʵʥʝʨʛʝʪʠʢʘʣʳץ ʞװʡʝʣʝʨʤʝʥ װʡʣʝʩʪʽʨʽʧ, 

ʩʤʘʨʪ-ʞʝʣʽʣʝʨ (Smart Grid) ʘʨץʳʣʳ ʵʥʝʨʛʠʷ ʪײʪʳʥʫʜʳ ʠʢʝʤʜʽ ʙʘʩץʘʨʫסʘ 

ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ [5]. 

 

 ʦʨʳʪʳʥʜʳפ

ɾʘʩʘʥʜʳ ʠʥʪʝʣʣʝʢʪ ʤײʥʘʡ ʘʡʜʘʫ ʧʨʦʮʝʩʽʥ ʙʘʩץʘʨʫʜʳש ʞʘשʘ ʤװʤʢʽʥʜʽʢʪʝʨʽʥ 

ʘʰʘʜʳ. ʆʣ ʜᴅʩʪװʨʣʽ ʘʚʪʦʤʘʪʪʘʥʜʳʨʫʜʳ ʪʦʣʳץʪʳʨʘ ʦʪʳʨʳʧ, ʠʥʪʝʣʣʝʢʪʫʘʣʜʳ 

ʪʘʣʜʘʫ, ʙʦʣʞʘʤ ʞʘʩʘʫ ʞᴅʥʝ ʘʧʘʪʪʳש ʘʣʜʳʥ ʘʣʫ ʘʨץʳʣʳ ʪʠʽʤʜʽʣʽʢʪʽ ʘʨʪʪʳʨʘʜʳ.        

ɹʦʣʘʰʘץʪʘ ɾʀ ʪʝʭʥʦʣʦʛʠʷʣʘʨʳ ʤײʥʘʡ-ʛʘʟ ʩʘʣʘʩʳʥʳש ʮʠʬʨʣʳץ 

ʪʨʘʥʩʬʦʨʤʘʮʠʷʩʳʥʜʘ ʰʝʰʫʰʽ ʨᴇʣ ʘʪץʘʨʘʜʳ. ʉʦʥʳʤʝʥ ץʘʪʘʨ, ʮʠʬʨʣʳץ ʝʛʽʟʜʝʨ, 

ʙʦʣʞʘʤʜʳץ ʘʥʘʣʠʪʠʢʘ ʞᴅʥʝ ʥʝʡʨʦʥʜʳץ ʞʝʣʽʣʝʨʜʽ ʧʘʡʜʘʣʘʥʫ ʤײʥʘʡ ʘʡʜʘʫ 

ʠʥʬʨʘײץʨʳʣʳʤʳʥ ʠʥʪʝʣʣʝʢʪʫʘʣʜʳ ʙʘʩץʘʨʫסʘ ʞʦʣ ʘʰʘʜʳ. ɹײʣ ʪᴅʩʽʣ ʪʝʢ 

ʪʝʭʥʠʢʘʣʳץ ץʘʥʘ ʝʤʝʩ, ʵʢʦʥʦʤʠʢʘʣʳץ ʞᴅʥʝ ʵʢʦʣʦʛʠʷʣʳץ ʪײʨסʳʜʘʥ ʜʘ ʪʠʽʤʜʽʣʽʢʪʽ 

 .ʘʤʪʘʤʘʩʳʟ ʝʪʝʜʽ [6]ץ
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Abstract 

The increasing penetration of renewable energy sources introduces significant 

variability and uncertainty into modern power systems, leading to frequent 

misoperations of conventional relay protection schemes with fixed settings [1]. To 

address this issue, this paper proposes an adaptive relay protection approach that 

utilizes synchrophasor measurements from Phasor Measurement Units (PMUs) to 

dynamically update relay settings in real time [2]. The method integrates system-wide 

stability indicators, such as voltage angle differences, frequency deviations, and the 

rate of change of frequency (ROCOF), into the relay decision process to improve 

selectivity and dependability under changing operating conditions [3,4]. The proposed 

scheme is validated on the IEEE 39-bus test system with varying fault scenarios and 

renewable integration levels. Simulation results demonstrate that the adaptive relay 

outperforms traditional distance relays by reducing false tripping during power swings, 

improving fault detection speed to below 50 ms, and enhancing security under 

renewable-induced disturbances [5]. The study highlights the potential of PMU-

assisted adaptive protection as a practical solution for smart grids and renewable-rich 

power systems [6]. 

 

Introduction  

The protection of modern power systems is becoming increasingly challenging 

due to the rapid integration of renewable energy resources [2], the widespread 

deployment of distributed generation, and the dynamic nature of network topologies 

[7]. Conventional relay protection schemes, such as overcurrent and distance relays, 
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are typically designed with fixed settings that remain constant regardless of changes in 

system operating conditions. While effective in traditional grid environments, these 

static configurations often lead to misoperations when applied to renewable-dominated 

or weak power systems, where frequent voltage fluctuations and power swings are 

common [3]. 

Recent developments in wide-area measurement systems (WAMS) and the 

deployment of PMUs have opened new opportunities for adaptive protection [4,8]. 

PMUs provide time-synchronized measurements of voltage and current phasors, 

frequency, and ROCOF with high accuracy, enabling real-time visibility of system 

dynamics [9]. These data streams can be leveraged to design protection schemes that 

are adaptive, flexible, and responsive to instantaneous changes in grid conditions. 

Previous research has explored the use of PMU data for fault detection, location, 

and classification, often through the application of machine learning techniques [5,10]. 

However, fewer studies have focused on directly adapting the settings of relays using 

synchrophasor-based stability indicators. Such an approach could significantly 

improve the selectivity, dependability, and security of protection systems while 

maintaining compatibility with existing relay infrastructures [6]This paper proposes a 

PMU-assisted adaptive relay protection framework that dynamically updates relay 

settings in response to system-wide stability conditions. The contributions of this work 

are threefold: 

1. Development of an adaptive relay logic that incorporates PMU-based 

indicators such as voltage angle difference, frequency deviation, and ROCOF. 

2. Simulation and testing of the proposed scheme on the IEEE 39-bus system with 

various fault and renewable integration scenarios. 

3. Comparative analysis against conventional distance relays to demonstrate 

improvements in fault detection speed, accuracy, and resilience against misoperation. 

The remainder of the paper is structured as follows: Section 2 reviews related 

literature on relay protection and synchrophasor applications. Section 3 describes the 

methodology, including test system design, fault modeling, and adaptive relay 

algorithm. Section 4 presents simulation results and analysis. Section 5 concludes with 

key findings and directions for future research. 

 

Literature Review 

Relay protection has traditionally relied on local measurements and fixed setting 

values for fault detection and isolation [7]. Overcurrent, distance, and differential 

relays are the most commonly deployed devices in transmission and distribution 

systems. While effective in conventional power networks, these relays exhibit 

limitations under evolving grid conditions. For example, distance relays can 

misoperate during power swings or when fault resistance is high, while overcurrent 

relays may lose selectivity in networks with variable load flows [3,9]. 

With the introduction of WAMS and PMUs, the possibility of using synchronized 

global measurements for protection has been widely explored. Early studies focused 

on improving fault location accuracy by using synchrophasor data from multiple buses 

[8]. Researchers demonstrated that PMU-based angle differences and voltage phasor 
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measurements could significantly enhance the precision of transmission line fault 

detection compared to traditional impedance-based methods [5,6]. 

In recent years, machine learning (ML) approaches have been increasingly 

applied to PMU data for protection tasks [10]. Techniques such as support vector 

machines (SVM), random forests, and neural networks have been employed to classify 

fault types and detect anomalies in wide-area signals. For instance, Chandrarathna [10] 

showed that ML models trained on PMU time-series data can achieve high accuracy in 

distinguishing between faults and system disturbances. Similarly, Pal [1] demonstrated 

that classification trees could improve fault location using synchrophasor inputs. 

However, the majority of these works emphasize fault classification and location, with 

less focus on dynamic relay setting adaptation. 

The concept of adaptive protection has been discussed for decades, but practical 

implementation was limited due to the lack of real-time, system-wide data [7]. Eissa 

[2] highlighted the importance of adaptive protection in renewable-dominated grids, 

where inverter-based generation alters fault current characteristics and challenges 

conventional relay coordination. More recently, studies have suggested that 

synchrophasor-based stability indicators such as frequency deviation, ROCOF, and 

voltage angle differences can be incorporated into relay logic to enhance security 

during power swings and instability events [4,6,8]. 

Despite these advancements, there remains a significant research gap in 

developing practical, PMU-assisted relay schemes that dynamically adjust pickup 

thresholds, impedance reach, or trip delay times in real time. Bridging this gap can 

provide a more resilient and reliable protection framework for modern smart grids. This 

paper addresses this challenge by designing and testing an adaptive relay protection 

scheme that directly incorporates PMU-based indicators into relay decision-making. 

 
Fig. 1. - Adaptive relay protection scheme with PMU-assisted wide-area monitoring 

 

Methodology 

Test System Modeling 

The IEEE 14-bus test system was implemented in MATLAB/Simulink using the 

Simscape Power Systems toolbox [1,2]. Generator dynamics were modeled with the 
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classical two-axis synchronous machine model, including governor and excitation 

systems [3]. Loads were modeled as constant power with a power factor of 0.95 

lagging. Transmission lines were represented by distributed-parameter ˊ-sections with 

positive- and zero-sequence parameters [4]. 

For experimental validation, the IEEE 14-bus benchmark network was selected. 

This test system is compact yet sufficiently detailed, making it a popular choice in relay 

coordination and protection studies. The model includes 5 generating units, 14 buses, 

and 20 transmission lines. 

To replicate conditions of a modern grid, a photovoltaic (PV) generator of 100 

MW capacity was integrated at Bus 3. The PV source is connected through an inverter 

with an MPPT controller, which introduces different fault current dynamics compared 

to synchronous machines. Transmission lines were represented by distributed-

parameter ˊ-models, while loads were modeled as constant power elements at a lagging 

power factor. Generator dynamics were captured using a simplified two-axis model 

with excitation and governor systems.Transmission Line Model 

A transmission line can be represented by its positive- and zero-sequence impedances: 

 

ὤ Ὑ Ὦὢ 
 

where R is the resistance per unit length and X is the reactance. In Simulink, lines were 

modeled as distributed parameter ˊ-sections, which capture both steady-state and 

transient behavior. 

For the purpose of testing the proposed adaptive relay protection scheme, the 

IEEE 14-bus benchmark network was modeled in MATLAB/Simulink using the 

Simscape Power Systems toolbox. This system was chosen because it provides a 

balance between simplicity and sufficient detail, making it widely accepted for 

protection and coordination studies. The network consists of 14 buses, 5 generators, 

and 20 transmission lines. To simulate conditions of a modern grid, a 100 MW 

photovoltaic generator was added at Bus 3, connected through a grid-tied inverter 

equipped with maximum power point tracking (MPPT). This renewable source 

introduces variability in power flow and fault current contribution, thereby creating 

scenarios where traditional fixed relay settings often fail. Transmission lines were 

represented by distributed-parameter ˊ-models, while loads were modeled as constant 

power with a lagging power factor. Generators were described using a simplified two-

axis machine model that included excitation and governor dynamics. 

In order to evaluate relay performance under different operating conditions, a 

series of fault cases was generated on Line 4ï5. The scenarios included single-line-to-

ground, line-to-line, double-line-to-ground, and three-phase faults [8]. Each type of 

fault was simulated at several points along the lineðspecifically at 10%, 30%, 50%, 

70%, and 90% of its length. Fault resistances of 0 ɋ, 10 ɋ, and 20 ɋ were used to 

cover a realistic range of fault severities. Additionally, the network was tested under 

three load conditions: light load (50% of base), heavy load (120% of base), and high 

renewable penetration (30% of total generation supplied by the PV unit) [2,9]. Every 

simulation was run for a period of 5 seconds using a discrete solver with a time step of 
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50 ɛs to ensure accurate capture of transient phenomena, and faults were applied 

between 1.0 and 1.5 seconds of the simulation.. 

To supply synchronized phasor data, virtual phasor measurement units (PMUs) 

were placed at both ends of Line 4ï5 [10]. These PMUs provided voltage and current 

phasors (magnitude and phase), frequency deviation relative to the nominal 50 Hz, and 

the rate of change of frequency (ROCOF). Phasor values were obtained using a single-

cycle discrete Fourier transform [11], frequency was estimated from changes in phase 

angle [12], and ROCOF was calculated as the derivative of frequency with respect to 

time [4]. To represent field conditions, Gaussian noise of 3% and random data losses 

of up to 5% were added to the PMU outputs [6]. The measurements were time-aligned 

to a simulated GPS reference to ensure synchronicity.. 

Two different relays were then modeled. The first was a conventional distance 

relay with a Mho characteristic, configured with Zone 1 covering 80% of the protected 

line impedance and Zone 2 set at 120% [7]. These settings were fixed and did not vary 

during simulation. The second was the proposed adaptive relay, which retained the 

Mho structure but adjusted its reach, pickup current, and trip delay in real time based 

on the synchrophasor indicators [2,8]. The adaptive logic was implemented through a 

MATLAB Function block, allowing fast execution within the Simulink environment.. 

The decision-making of the adaptive relay was based on stability assessment and 

setting adjustment. The algorithm monitored the voltage angle difference between the 

two buses, the frequency deviation, and the ROCOF [9]. If the angle difference was 

below 60Á and the frequency deviation smaller than 0.1 Hz, the system was considered 

stable and the relay operated with its standard settings. If the angle exceeded 80Á or 

ROCOF was greater than 1 Hz/s, this indicated a swing or instability, in which case the 

relay either delayed its action or blocked tripping altogether [8]. To provide smoother 

transitions between stable and unstable states, a fuzzy inference system was used [13]. 

The stability indicators were categorized into linguistic levels such as ñlow,ò 

ñmedium,ò and ñhigh,ò and fuzzy rules were designed so that, for example, a high angle 

combined with a large ROCOF would trigger blocking, while moderate deviations 

would simply extend the trip delay [6,9]. 

To evaluate performance, four indices were used. Dependability was measured as 

the percentage of faults correctly cleared, while security represented the percentage of 

disturbance events during which the relay avoided unnecessary trips. Operating time 

was the delay between fault occurrence and tripping, measured in milliseconds, and 

robustness indicated how well the relay maintained accuracy under noisy or incomplete 

PMU data. In total, sixty test cases were simulated, and results from the adaptive 

scheme were compared with those obtained from the conventional distance relay. 

 

Discussion 

The developed models were subjected to a wide range of operating conditions, 

and the performance of the conventional distance relay was directly compared with 

that of the proposed adaptive protection scheme. In the single-line-to-ground fault case 

located at 30% of Line 4ï5 with a resistance of 10 ɋ, both relays issued a trip 

command. However, the conventional relay operated with an average delay of 



 
ΦΤ 

approximately 86 ms, whereas the adaptive scheme responded in about 47 ms. This 

reduction in trip time highlights the benefit of incorporating synchrophasor-based 

indicators, which provide faster and more reliable fault identification by evaluating 

both local and wide-area measurements [3,5]. 

When the network was stressed with a simulated generator outage at Bus 3, the 

resulting oscillations caused the apparent impedance trajectory to enter the Mho 

characteristic of the conventional relay. As a result, a false trip was recorded, 

confirming one of the main drawbacks of fixed relay settings under dynamic conditions 

[7]. In contrast, the adaptive relay did not misoperate in this case. The monitoring of 

voltage angle difference and ROCOF allowed the scheme to recognize the disturbance 

as a swing rather than an actual fault [4,6]. Instead of tripping, the adaptive logic 

extended the time delay and blocked operation until the oscillations subsided. This 

demonstrates a significant improvement in security, as unnecessary disconnections 

were avoided [2]. 

Across all sixty simulated cases, the adaptive scheme consistently outperformed 

the fixed-setting relay. On average, dependability increased from 91.8% to 98.5%, 

while security improved even more substantially, rising from 77.5% to 96.2%. The 

average operating time decreased from 82 ms to 50 ms, representing nearly a 40% 

improvement in speed. Even under noisy PMU conditions, where Gaussian noise of 

3% and data loss of 5% were introduced, the adaptive relay maintained a correct 

operation rate above 97%, while the conventional relay showed noticeable degradation 

in both dependability and security [6,9]. 
These results confirm that traditional distance relays, though effective in stable 

systems, are prone to misoperations under the variability and fast dynamics of modern 

grids [7,8]. The proposed adaptive protection approach, by integrating synchrophasor 

measurements into relay decision-making, overcomes these challenges [3,4,6]. It adapts 

to changing system states in real time, thereby ensuring more secure, dependable, and 

faster operation. This makes the method especially valuable in networks with a high 

penetration of inverter-based renewable generation, where conventional protection often 

underperforms due to reduced fault currents and frequent transients [2,8]. 

Overall, the findings indicate that PMU-assisted adaptive relays can form a 

foundation for the next generation of wide-area protection systems. Their ability to 

dynamically adjust settings not only enhances fault clearing but also strengthens 

system stability by preventing unnecessary tripping during non-fault events [6,9]. This 

aligns with the broader goals of smart grid development, where adaptability, resilience, 

and real-time decision-making are essential [8,10]. 

 

Conclusion 

The study presented in this article demonstrates that conventional distance relays, 

which rely on fixed settings, face significant limitations when applied to modern power 

networks characterized by renewable integration and frequent dynamic disturbances. 

Through extensive simulation on the IEEE 14-bus system with photovoltaic 

generation, it was shown that fixed relay zones and thresholds are unable to 

consistently provide both speed and security. In particular, they tend to misoperate 

during power swings and exhibit slower response times under resistive fault conditions. 
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The adaptive protection scheme proposed here integrates synchrophasor data 

obtained from PMUs into the relay decision process. By evaluating indicators such as 

voltage angle difference, frequency deviation, and ROCOF, the relay adjusts its pickup 

thresholds, zone reach, and tripping delay dynamically in real time. The results 

demonstrate clear advantages: dependability increased to nearly 99%, security 

improved to over 96%, and the average operating time was reduced by almost 40% 

compared to the conventional case. Furthermore, robustness tests confirmed that the 

adaptive method maintains high accuracy even in the presence of measurement noise 

and incomplete data streams. 

These findings confirm that PMU-assisted adaptive relay protection can 

significantly enhance the reliability of fault detection and isolation in transmission 

systems. The scheme avoids unnecessary disconnections, clears real faults more 

rapidly, and adapts to conditions that challenge traditional approaches. Such 

characteristics make it particularly suitable for renewable-rich smart grids, where 

variability and fast dynamics are the norm. 

Future research may extend this work in several directions. Hardware-in-the-loop 

testing can be performed to verify real-time applicability. Integration with wide-area 

protection systems could also be explored, where adaptive relays cooperate across 

multiple substations using synchronized phasor data. Another promising avenue is the 

inclusion of machine learning algorithms for even more sophisticated adaptation, 

allowing the relay to learn from historical fault data and continuously improve its 

decision-making. 

In conclusion, the proposed methodology represents a practical and forward-

looking approach to modern relay protection. By combining conventional distance 

relay principles with adaptive logic supported by synchrophasor measurements, it 

provides a robust, secure, and dependable solution aligned with the evolving 

requirements of smart and resilient power systems. 
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1 ʂʽʨʽʩʧʝ 

ʊʝʭʥʠʢʘʣʳץ ץʳʟʤʝʪ ʢᴇʨʩʝʪʫ ʞᴅʥʝ ᴇʥʜʽʨʽʩʪʽʢ ʞװʡʝʣʝʨʜʽש ʪʠʽʤʜʽʣʽʛʽʥ ʘʨʪʪʳ-

ʨʫ ʢʝʟ ʢʝʣʛʝʥ ʩʘʣʘʥʳש ʥʝʛʽʟʛʽ ʤʽʥʜʝʪʪʝʨʽʥʽש ʙʽʨʽ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. ɾʘʙʜʳץʪʘʨʜʳש 

ʢװʪʧʝʛʝʥ ʽʩʪʝʥ ʰʳסʫʳ ʫʘץʳʪ ʧʝʥ ץʘʨʞʳ ʰʳסʳʥʜʘʨʳʥʘ, ʩʦʥʳʤʝʥ ץʘʪʘʨ ᴇʥʜʽʨʽʩʪʽʢ 

ʧʨʦʮʝʩʪʽװ שʟʽʣʫʽʥʝ ᴅʢʝʣʝʜʽ. ʉʦʥʜʳץʪʘʥ ʪʝʭʥʠʢʘʣʳץ ץʳʟʤʝʪ ʢᴇʨʩʝʪʫʜʽש ʘʣʜʳʥ ʘʣʫ 

ʞᴅʥʝ ʙʦʣʞʘʫ ʪᴅʩʽʣʜʝʨʽ ʢᴅʩʽʧʦʨʳʥʜʘʨʜʳש ʙᴅʩʝʢʝʛʝ ץʘʙʽʣʝʪʪʽʣʽʛʽ ʤʝʥ 

ʪײʨʘץʪʳʣʳסʳʥ ʘʨʪʪʳʨʫ װʰʽʥ ʘʩʘ ʤʘשʳʟʜʳ. 
ɾʘʩʘʥʜʳ ʠʥʪʝʣʣʝʢʪ (ɾʀ) ʪʝʭʥʦʣʦʛʠʷʣʘʨʳ ʦʩʳ ʩʘʣʘʣʘʨʜʘ ʞʘשʘ ʤװʤʢʽʥʜʽʢʪʝʨ 

ʘʰʘʜʳ. ʄʘʰʠʥʘʣʳץ ʦץʳʪʫ, װʣʢʝʥ ʜʝʨʝʢʪʝʨʜʽ ʪʘʣʜʘʫ ʞᴅʥʝ ʥʝʡʨʦʥʜʳץ ʞʝʣʽʣʝʨ 

ʩʝʢʽʣʜʽ ᴅʜʽʩʪʝʨ ʞʘʙʜʳץʪʘʨʜʳש ʞʘסʜʘʡʳʥ ʘʣʜʳʥ ʘʣʘ ʙʘסʘʣʘʫסʘ ʞᴅʥʝ ʘץʘʫʣʘʨʜʳש 

ʧʘʡʜʘ ʙʦʣʫʳʥ ʙʦʣʞʘʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. ʄײʥʜʘʡ ʪᴅʩʽʣʜʝʨ ʞʘʙʜʳץʪʘʨʜʳש ʞײʤʳʩ 

ʫʘץʳʪʳʥ ײʣסʘʡʪʫסʘ, ʞᴇʥʜʝʫ ʰʳסʳʥʜʘʨʳʥ ʘʟʘʡʪʫסʘ ʞᴅʥʝ ʨʝʩʫʨʩʪʘʨʜʳ ʪʠʽʤʜʽ 

ʙʘʩץʘʨʫסʘ ʢᴇʤʝʢʪʝʩʝʜʽ. 

 .ʝʥʛʽʟʽʣʫʽ ʝʨʝʢʰʝ ᴇʟʝʢʪʽʣʽʢʢʝ ʠʝ שʣ ʪʝʭʥʦʣʦʛʠʷʣʘʨʜʳײʜʘʡʳʥʜʘ ʙסʩʪʘʥ ʞʘץʘʟʘפ

ɽʣʜʝʛʽ ᴇʥʜʽʨʽʩʪʽʢ ʞᴅʥʝ ʢᴇʣʽʢ ʠʥʬʨʘײץʨʳʣʳʤʳ ʢᴇʙʽʥʝʩʝ ʝʩʢʽʨʛʝʥ ʞʘʙʜʳץʪʘʨסʘ 

ʥʝʛʽʟʜʝʣʛʝʥ. ʊʝʭʥʠʢʘʣʳץ ץʳʟʤʝʪ ʢᴇʨʩʝʪʫ ʩʘʣʘʩʳʥʜʘ ʩʘʥʜʳץ ʪʨʘʥʩʬʦʨʤʘʮʠʷʥʳש 

ʞʝʪʢʽʣʽʢʩʽʟʜʽʛʽ ʞᴅʥʝ ʙʽʣʽʢʪʽ ʤʘʤʘʥʜʘʨʜʳש ʪʘʧʰʳʣʳסʳ ʘץʘʫʣʘʨʜʳש ʘʣʜʳʥ ʘʣʫ 

ʞװʡʝʣʝʨʽʥ ʞʝʪʽʣʜʽʨʫʜʽ ʪʝʞʝʡʜʽ. ʉʦʥʳʤʝʥ ץʘʪʘʨ, ʤʝʤʣʝʢʝʪ ʜʝשʛʝʡʽʥʜʝ ʮʠʬʨʣʘʥʜʳʨʫ 

ʩʘʷʩʘʪʳ (Digital Kazakhstan ʙʘסʜʘʨʣʘʤʘʩʳ) ʞᴅʥʝ ᴇʥʝʨʢᴅʩʽʧʪʽ ʞʘסשʳʨʪʫסʘ 

ʙʘסʳʪʪʘʣסʘʥ ʞʦʙʘʣʘʨ ʙײʣ ʩʘʣʘʜʘ ɾʀ ʰʝʰʽʤʜʝʨʽʥ ʝʥʛʽʟʫʛʝ ץʦʣʘʡʣʳ ʞʘסʜʘʡ ʞʘʩʘʡʜʳ 

[6]. 
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ΝΜΜ 

ɹײʣ ʤʘץʘʣʘʜʘ ɾʀ ʪʝʭʥʦʣʦʛʠʷʣʘʨʳʥ ʧʘʡʜʘʣʘʥʳʧ, ʘץʘʫʣʘʨʜʳ ʘʣʜʳʥ ʘʣʫ ʤʝʥ 

ʙʦʣʞʘʤʜʳ ʪʝʭʥʠʢʘʣʳץ ץʳʟʤʝʪ ʢᴇʨʩʝʪʫʜʝʛʽ ʥʝʛʽʟʛʽ ʤᴅʩʝʣʝʣʝʨ ʤʝʥ ʦʣʘʨʜʳש ʰʝʰʫ 

ʞʦʣʜʘʨʳ ʪʘʣʜʘʥʘʜʳ. 

 

  ʘʭʫʘʣʳ ץʪʝʭʥʠʢʘʣʳ שʩʪʘʥ ᴇʥʝʨʢᴅʩʽʧʪʝʨʽʥʽץʘʟʘפ 2

ᴄʣʝʤʜʽʢ ʠʥʜʫʩʪʨʠʷ 4.0 ʜʘʤʫ ʪʝʥʜʝʥʮʠʷʩʳ פʘʟʘץʩʪʘʥʜʘסʳ ᴇʥʝʨʢᴅʩʽʧʪʽש 

ʜʘʤʫʳʥʘ ᴅʩʝʨ ʝʪʽʧ ץʘʥʘ ץʦʡʤʘʡ, ʞʘשʘʜʘʥ ʝʪʝʢ ʘʣʳʧ ʢʝʣʝ ʞʘʪץʘʥ ʠʥʪʝʣʣʝʢʪʫʘʣʜʳ 

ʘʚʪʦʥʦʤʠʷסʘ ץʘʨʘʡ ʞʳʣʞʫ װʨʜʽʩʽʥ ץʘʣʳʧʪʘʩʪʳʨʫʳʥ ʜʘ ץʦʣסʘ ʘʣʫʳ ץʘʞʝʪʪʽʛʽʥ 

ʤʝשʟʝʡʜʽ. ɹʽʨʘץ ʙʽʟ ʦʣ װʰʽʥ ʽʰʢʽ ʪʝʭʥʠʢʘʣʳץ ʤᴅʩʝʣʝʣʝʨʽʤʽʟʜʽ ʨʝʪʪʝʧ ʘʣʫʳʤʳʟ 

ʢʝʨʝʢ, ʪᴇʤʝʥʜʝ ʩʦʣ ʩײʨʘץʪʘʨסʘ ʞʘʫʘʧ ʽʟʜʝʡʤʽʟ. 

ʉʦסשʳ ʞʳʣʜʘʨʳ ʝʣʽʤʽʟʜʽש ᴇʥʜʽʨʽʩ ʦʰʘץʪʘʨʳʥʜʘ ᴅʨ ʪװʨʣʽ ʪʝʭʥʠʢʘʣʳץ ʘʧʘʪʪʘʨ 

ʦʨʳʥ ʘʣʳʧ ʘʜʘʤ ʰʳסʳʥʳ ᴇʩʽʧ ʢʝʣʝʜʽ (1 ʩʫʨʝʪ).  

 

 
ʉʫʨʝʪ 1. - ɽשʙʝʢ ץʳʟʤʝʪʽʥʝ ʙʘʡʣʘʥʳʩʪʳ ʞʘʟʘʪʘʡʳʤ ʦץʠסʘʣʘʨ ʢʝʟʽʥʜʝ ʟʘʨʜʘʧ 

ʰʝʢʢʝʥʜʝʨ ʩʘʥʳ 

 

1997 ʞʳʣʳ ᴇʥʝʨʢᴅʩʽʧʪʝʛʽ ʟʘʨʜʘʧ ʰʝʛʫʰʫʣʝʨʜʽש ʞʘʣʧʳ ʩʘʥʳ 7,7 ʤʳש 

ʘʜʘʤʜʳ, 1998 ʞʳʣʳ 5,3 ʤʳש ʘʜʘʤʜʳ ײץʨʘʜʳ. ɹײʣ ʨʝʪʪʝ 1000 ʞײʤʳʩʰʳסʘ 

ʰʘץץʘʥʜʘ ʞʘʟʘʪʘʡʳʤ ʦץʠסʘʣʘʨ ʞʠʽʣʽʛʽ 1997 ʞʳʣʳ 2,2, 1998 ʞʳʣʳ 1,6 ײץʨʘʜʳ. 

ʆʥʳװ שʩʪʽʥʝ, 2021 ʞʳʣʜʳש ᴇʟʽʥʜʝ פʈ ʤʠʥʠʩʪʨʣʽʛʽ ʜʝʨʝʢʪʝʨʽ ʙʦʡʳʥʰʘ ʙײʣ 

ʢʦʵʬʬʠʮʠʝʥʪ ʙʽʨʥʝʰʝ ʝʩʝ ʪᴇʤʝʥ ï 0,4 ʙʦʣʜʳ [11].  

 
ʉʫʨʝʪ 2. - פʘʟʘץʩʪʘʥʜʘסʳ ᴇʥʜʽʨʽʩʪʽʢ ʞʘʨʘץʘʪʪʘʥʫ (ʘʜʘʤʜʘʨ) 



 
ΝΜΝ 

ɽʥʜʽ ʦʩʳ ᴇʥʜʽʨʽʩʪʽʢ ʞʘʨʘץʘʪʪʘʥʫסʘ ᴅʢʝʣʝʪʽʥ ʥʝʛʽʟʛʽ ʩʝʙʝʧʪʝʨ ʤʝʥ ʦʣʘʨʜʳש 

ʧʘʡʳʟʜʳץ ʤᴇʣʰʝʨʽʥ ʢᴇʨʩʝʪʝʡʽʢ: 

Å ʞᴅʙʽʨʣʝʥʫʰʽʥʽש ᴇʟʽʥʽש ᴇʨʝʩʢʝʣ ʘʙʘʡʩʳʟʜʳסʳ (33,9%); 

Å ʞײʤʳʩʪʳץ שʘʥʘסʘʪʪʘʥʘʨʣʳץʩʳʟ ײʡʳʤʜʘʩʪʳʨʳʣʫʳ (29%); 

Å ʞʦʣ ץʦʟסʘʣʳʩʳ ʝʨʝʞʝʣʝʨʽʥ ʙײʟʫ (9,4%); 

Å ץʘʫʽʧʩʽʟʜʽʢ ʞᴅʥʝ ʝשʙʝʢʪʽ ץʦʨסʘʫ ʝʨʝʞʝʣʝʨʽʥ ʙײʟʫ (7,8%). 

ʆʩʳ ʩʝʙʝʧʪʝʨʛʝ ʪʦץʪʘʣʘ ʢʝʪʝʡʽʢ. ɽʛʝʨ ʧʘʡʳʟʜʳץ ʤᴇʣʰʝʨʣʝʨʽʥ ץʦʩʘʪʳʥ 

ʙʦʣʩʘץ, ʦʥʜʘ װʰ ʩʝʙʝʧ 100% ʤᴇʣʰʝʨʜʽש ʞʘʨʪʳʩʳʥʘʥ ʢᴇʙʽʩʽʥʝ ʪʠʝʩʽʣʽ. ʆʣʘʨ 

ʞᴅʙʽʨʣʝʥʫʰʽʥʽש ᴇʟʽʥʽש ᴇʨʝʩʢʝʣ ʘʙʘʡʩʳʟʜʳסʳ, ʞʦʣ ץʦʟסʘʣʳʩʳ ʝʨʝʞʝʣʝʨʽʥ ʙײʟʫ 

ʤʝʥ ץʘʫʽʧʩʽʟʜʽʢ ʞᴅʥʝ ʝשʙʝʢʪʽ ץʦʨסʘʫ ʝʨʝʞʝʣʝʨʽʥ ʙײʟʫ ʩʝʙʝʧʪʝʨʽ. ɹײʣ װʰ ʩʝʙʝʧʪʽ 

ʪʘʣʜʘʫ ʘʨץʳʣʳ ʪϮʙʽʨʣʽ ʩʝʙʝʙʽ ʢᴇʙʽʥʝʩʝ ʘʜʘʤʠ ʢʘʧʠʪʘʣסʘ ʢʝʣʽʧ ʪʽʨʝʣʝʤʽʟ. פʘʡʩʽʙʽʨ 

ʤʝʢʝʤʝ ᴇʟ ᴇʥʜʽʨʽʩʽʥʽש ʪײʨʘץʪʳʣʳסʳʥ ץʘʤʪʘʤʘʩʳʟ ʝʪʢʽʩʽ ʢʝʣʩʝ, ʦʥʜʘ ʤʝʢʝʤʝ ʘʫʤʘ-

 .ʘʞʝʪץ ʘ ʥʘʟʘʨ ʘʫʜʘʨʫʳסʘʣʳʧʪʘʩʪʳʨʫץ ʘʫʽʧʩʽʟʜʽʢ ʤᴅʜʝʥʠʝʪʽʥץ ʙʝʢ ʞᴅʥʝשʳʥʜʘ ʝס

ᴄʨ ʞײʤʳʩʰʳ ʩʦʥʳ ʪװʩʽʥʫ ʘʨץʳʣʳ ץʘʫʽʧʩʽʟʜʽʢ ʰʘʨʘʣʘʨʳʥʘ ʤᴅʥ ʘʫʜʘʨʘ ʙʘʩʪʘʡʜʳ. 

ʆʣ װʰʽʥ ᴅʨʠʥʝ ʞײʤʳʩ ʙʝʨʫʰʽ ʞײʤʳʩʰʳʣʘʨʜʳש ʢᴅʩʽʙʠ ʙʽʣʽʢʪʽʣʽʛʽʥ װʥʝʤʽ ʞᴅʥʝ 

 ʡʳʤʜʘʩʪʳʨʫ, ʘʡ ʩʘʡʳʥײ ʥʠ ʘʨʥʘʡʳ ʢʫʨʩʪʘʨסʟʜʽʢʩʽʟ ʜʘʤʳʪʳʧ ʦʪʳʨʫʳ ʤʽʥʜʝʪʪʽ. ʗװ

 .ʳ ʙʝʨʫץʤʳʩʢʝʨʣʝʨʜʽ ʤʘʨʘʧʘʪʪʘʫ ʥʝʤʝʩʝ ʩʳʡʘײʟʜʽʢ ʞװ ʳʥʘʥסʘʫʽʧʩʽʟʜʽʢ ʞʘץ

ʉʦʥʳʤʝʥ ץʘʪʘʨ, ʞײʤʳʩ ʙʝʨʫʰʽ ʪʘʨʘʧʳʥʘʥ ʝʨʝʢʰʝ ץʘʫʽʧʪʽ ʧʨʦʮʝʩʪʝʨʜʽ ʟʘʤʘʥʘʫʠ 

ʞʝʪʽʩʪʽʢʪʝʨ ʢᴇʤʝʛʽʤʝʥ ʘʚʪʦʤʘʪʪʘʥʜʳʨʫʳʥʘ ʘʩʘ ʤʘשʳʟʜʳ ʢᴇשʽʣ ʙᴇʣʫ. 

ɸʣ ʞײʤʳʩʪʳץ שʘʥʘסʘʪʪʘʥʘʨʣʳץʩʳʟ ײʡʳʤʜʘʩʪʳʨʳʣʫʳ ʙײʣ ʪʽʢʝʣʝʡ ʞײʤʳʩ 

ʙʝʨʫʰʽ ʤʝʥ ʙʘʩʰʳʣʘʨʜʳש ʞʘʫʘʧʢʝʨʰʽʣʽʛʽ. ʆʥʳש ʽʰʽʥʜʝ ʪʝʭʥʠʢʘʣʳץ ʢװʪʽʤʜʽ 

ʫʘץʳʪʳʣʳ ʦʨʳʥʜʘʤʘʫʜʳ ʜʘ ץʦʩʫʳʤʳʟסʘ ʙʦʣʘʜʳ. ʊʝʭʥʠʢʘʣʳץ ʢװʪʽʤʜʽ ʫʘץʳʪʳʣʳ 

ʦʨʳʥʜʘʤʘʫ ʪʫʨʘʣʳ ʘʡʪʘʪʳʥ ʙʦʣʩʘץ ʦʥʜʘ ʙʽʟʜʝʨ: 

¶ ʢʝץ שʦʣʜʘʥʳʩץʘ ʠʝ ʙʦʣסʘʥ ʪʝʭʥʠʢʘʣʳץ ʢװʪʽʤʜʽ ץʘʜʘסʘʣʘʡʪʳʥ ʘʨʥʘʡʳ 
ʢʦʤʧʴʶʪʝʨʣʽʢ ʙʘסʜʘʨʣʘʤʘʥʳש ʢᴅʩʽʧʦʨʳʥסʘ ᴅʣʽ ʜʝ ʝʥʛʽʟʽʣʤʝʛʝʥʜʽʛʽ  

¶ ʥʝʤʝʩʝ ʙʘסʜʘʨʣʘʤʘ ʙʘʨ ʙʦʣסʘʥʜʘ ʞʘסʜʘʡʜʘ ʞʘʫʘʧʪʳ ʤʘʤʘʥʜʘʨʜʳש 

ʞײʤʳʩʳʥʘ ʩʘʣסʳʨʪʪʳסʳ ʜʝʧ ʪװʩʽʥʝʤʽʟ.  

ɽʛʝʨ ʤʝʢʝʤʝʜʝ ʪʝʭʥʠʢʘʣʳץ ʢװʪʽʤʜʽ ץʘʜʘסʘʣʘʡʪʳʥ ʙʘסʜʘʨʣʘʤʘ ʙʘʨ ʙʦʣʩʘ ʦʥʜʘ 

ʞװʡʝ ᴇʟʽ ʘʣʜʳʥ ʘʣʘ ʝʩʢʝʨʪʫ ʙʝʨʽʧ ʠʥʞʝʥʝʨʜʽ ʩʦʣ ʞʦʩʧʘʨʣʳ ʞײʤʳʩʪʘʨʜʳ 

ʦʨʳʥʜʘʫʳʥʘ ʢᴇשʽʣ ʘʫʜʘʨʫʳʥʘ ʤᴅʥ ʙʝʨʝʜʽ.  
 

1-ʢʝʩʪʝ. פʘʟʘץʩʪʘʥ ʘʵʨʦʧʦʨʪʪʘʨʳʥʜʘ ʢᴇʣʽʢ ʧʝʥ ʪʝʭʥʠʢʘʥʳש ʘץʘʫʣʘʨʳʥʳש 

ʩʝʙʝʧʪʝʨʽ 

 ɸץʘʫ ʩʝʙʝʧʪʝʨʽ ʇʘʡʳʟʳ % 

1 ʕʣʝʢʪʨʣʽʢ 20,43 

2 ʕʣʝʢʪʨʦʥʜʳ2,88 ץ 

 ʳʰʪʳ ʞᴇʥʜʝʫ 0,09ץʘʣʪסʦʟפ 3

4 ɻʠʜʨʘʚʣʠʢʘʣʳ1,41 ץ 

5 ʄʝʭʘʥʠʢʘʣʳ43,31 ץ 

6 ɹʘʩץʘ ʩʝʙʝʧʪʝʨ 19,44 

7 ɹʦʷʫ 0,06 

8 ʇʥʝʚʤʘʪʠʢʘʣʳ3,5 ץ 

9 ʊʨʘʥʩʤʠʩʩʠʷʥʳ ʞᴇʥʜʝʫ 0,36 

10 ɼᴇשʛʝʣʝʢ 8,53 



 
ΝΜΞ 

ɾʦסʘʨʜʘסʳ 1-ʢʝʩʪʝʜʝʥ ʢᴇʨʽʧ ʦʪʳʨסʘʥʳʤʳʟʜʘʡ ʘʚʠʘʮʠʷ ʩʘʣʘʩʳʥʜʘ 

ʘץʘʫʣʘʨʜʳש ʥʝʛʽʟʛʽ װʰ ʩʝʙʝʧʪʝʨʽʥ ʘʪʘʧ ᴇʪʝʪʽʥ ʙʦʣʩʘץ, ʦʣʘʨ ʤʝʭʘʥʠʢʘʣʳץ ʙײʟʳʣʫ 

(43,31 %), ʵʣʝʢʪʨʣʽʢ ʙײʟʳʣʫ (20,43 %) ʞᴅʥʝ ʜᴇשʛʝʣʝʢ ʘʫʳʩʪʳʨʫ ʩʝʙʝʧʪʝʨʽ (8,83 

%) ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ.  

ʄʝʭʘʥʠʢʘʣʳץ ʘץʘʫʣʘʨ - ʪʝʭʥʠʢʘʣʳץ ʞװʡʝʣʝʨʜʝʛʽ ʝש ʞʠʽ ʢʝʟʜʝʩʝʪʽʥ ʘץʘʫʣʘʨ. 

ɹײʣ ʙײʟʳʣʫʜʳש ʧʘʡʜʘ ʙʦʣʫʳʥʳש ʤװʤʢʽʥ ʩʝʙʝʧʪʝʨʽ: 

¶ ʂʦʤʧʦʥʝʥʪʪʝʨʜʽש ʪʘʙʠסʠ ʪʦʟʫʳ; 

¶ ɼײʨʳʩ ʝʤʝʩ ʥʝʤʝʩʝ ʫʘץʪʳʣʳ ʦʨʳʥʜʘʣʤʘסʘʥ ʪʝʭʥʠʢʘʣʳץ ץʳʟʤʝʪ ʢᴇʨʩʝʪʫ; 

¶ ɾʦסʘʨʳ ʜʽʨʽʣ, ʰʘʤʘʜʘʥ ʪʳʩ ʞװʢʪʝʤʝ. 

 

ʐʝʰʫ ʞʦʣʜʘʨʳ: 

1. ɹʦʣʞʘʤʜʳץ ʪʝʭʥʠʢʘʣʳץ ץʳʟʤʝʪ ʢᴇʨʩʝʪʫ (Predictive Maintenance): 

¶ ɾʀ ʥʝʛʽʟʽʥʜʝ ʤʘʰʠʥʘʣʳץ ʦץʳʪʫ ʤʦʜʝʣʴʜʝʨʽʥ ץʦʣʜʘʥʫ ʘʨץʳʣʳ 

ʩʝʥʩʦʨʣʘʨʜʘʥ ʜʝʨʝʢʪʝʨʜʽ ʪʘʣʜʘʫ ʞᴅʥʝ ʤʝʭʘʥʠʟʤʥʽש ʪʦʟʫʳʥ ʘʣʜʳʥ ʘʣʘ 

ʘʥʳץʪʘʫ; 

¶ ɾʘʙʜʳץʪʳש ʽʩʪʝʥ ʰʳסʫ ʳץʪʠʤʘʣʜʳסʳʥ ʙʦʣʞʘʧ, ʞʦʩʧʘʨʣʘʥסʘʥ 

ʞᴇʥʜʝʫ ʞײʤʳʩʪʘʨʳʥ ʫʘץʪʳʣʳ ײʡʳʤʜʘʩʪʳʨʫ. 

2. ɼʽʨʽʣ ʜʠʘʛʥʦʩʪʠʢʘʩʳ: 

¶ ɾʀ ʘʨץʳʣʳ ʜʽʨʽʣ ʜʝʨʝʢʪʝʨʽʥ ʥʘץʪʳ ʫʘץʳʪ ʨʝʞʠʤʽʥʜʝ ʪʘʣʜʘʫ, 

ʩʪʘʥʜʘʨʪʪʘʥ ʘʫʳʪץʫʣʘʨʜʳ ʘʥʳץʪʘʫ ʞᴅʥʝ ʝʩʢʝʨʪʫ ʩʠʛʥʘʣʜʘʨʳʥ ʙʝʨʫ. 

3. ɸץʘʫʣʘʨʜʳ ʘʥʳץʪʘʫ: 

¶ ɾʀ-ʤʝʥ ʞʘʙʜʳץʪʘʣסʘʥ ʢʘʤʝʨʘʣʘʨ ʤʝʥ ʩʝʥʩʦʨʣʘʨ ʘʨץʳʣʳ ʞʘʙʜʳץʪʘ-

 .ʪʘʫץʨʜʝ ʘʥʳװʘʫʣʘʨʜʳ ʘʚʪʦʤʘʪʪʳ ʪץʘ ץʥʝʤʝʩʝ ʘʢʫʩʪʠʢʘʣʳ ץʳ ʚʠʟʫʘʣʜʳס

ɽʢʽʥʰʽ ʦʨʳʥʜʘ ʵʣʝʢʪʨʣʽʢ ʘץʘʫʣʘʨ ʷסʥʠ ʵʣʝʢʪʨ ʞʘʙʜʳץʪʘʨʳʥʳש ʽʩʪʝʥ ʰʳסʫʳ. 

ʆʥʳש ʤװʤʢʽʥ ʩʝʙʝʧʪʝʨʽ: 

¶ ɾʘʙʜʳץʪʘʨʜʳש ʜײʨʳʩ ʦʨʥʘʪʳʣʤʘʫʳ; 

¶ ʂʝʨʥʝʫ ʘʫʳʪץʫʣʘʨʳ; 

¶ ʊʦʟסʘʥ ʥʝʤʝʩʝ ʩʘʧʘʩʳʟ ʵʣʝʢʪʨ ʢʦʤʧʦʥʝʥʪʪʝʨʽ. 

ʆʥʳ ʰʝʰʫ ʞʦʣʜʘʨʳ ʢʝʣʝʩʽʜʝʡ: 

1. ʕʣʝʢʪʨʣʽʢ ʘץʘʫʣʘʨʜʳ ʙʦʣʞʘʤʜʘʫ: 

¶ ʕʣʝʢʪʨʣʽʢ ʪʦʢ, ʢʝʨʥʝʫ, ץʫʘʪ ʪײʪʳʥʫ ʜʝʨʝʢʪʝʨʽʥ ʞʠʥʘʧ, ɾʀ ʘʨץʳʣʳ 

ʘץʘʫʣʘʨʜʳש ʳץʪʠʤʘʣʜʳʣʳסʳʥ ʘʥʳץʪʘʫ. 

2. ɸץʘʫ ʩʝʙʝʧʪʝʨʽʥ ʜʠʘʛʥʦʩʪʠʢʘʣʘʫ: 

¶ ʉʝʥʩʦʨʣʘʨʜʘʥ ʘʣʳʥסʘʥ ʜʝʨʝʢʪʝʨʜʽ ʪʘʣʜʘʡ ʦʪʳʨʳʧ, ɾʀ ʥʘץʪʳ 

ʘץʘʫʜʳש ʩʝʙʝʙʽʥ ʘʥʳץʪʘʧ, ʪʠʽʩʪʽ ʪʝʭʥʠʢʘʣʳץ ץʳʟʤʝʪ ʢᴇʨʩʝʪʫ ʙʦʡʳʥʰʘ 

 .ʩʳʥʳʩʪʘʨ ʙʝʨʝʜʽײ

3. ʕʥʝʨʛʠʷʥʳ ʪʠʽʤʜʽ ʧʘʡʜʘʣʘʥʫ: 

¶ ɾʀ ʵʥʝʨʛʠʷʥʳ ʪײʪʳʥʫʜʳ ʦשʪʘʡʣʘʥʜʳʨʫסʘ ʢᴇʤʝʢʪʝʩʝʜʽ, ʥᴅʪʠʞʝʩʽʥʜʝ 

ʞʘʙʜʳץʪʳש ʵʣʝʢʪʨʣʽʢ ʢʦʤʧʦʥʝʥʪʪʝʨʽʥʝ ʰʘʤʘʜʘʥ ʪʳʩ ʞװʢʪʝʤʝ ʪװʩʧʝʡʜʽ. 

ɽʥʜʽ ʜᴇשʛʝʣʝʢʢʝ ʙʘʡʣʘʥʳʩʪʳ ʘץʘʫʣʘʨ ʢʝʣʝʪʽʥ ʙʦʣʩʘץ, ʦʣ ʢᴇʣʽʢ 

 ʣײʙʦʣʤʘʫʳ. ɹ שʪʽʤʥʽװʨʳʩ ʢײʛʝʣʝʢʪʝʨʽʥʜʝʛʽ ʪʦʟʫ ʥʝʤʝʩʝ ʜשʜᴇ שʨʘʣʜʘʨʳʥʳײץ

ʘץʘʫʜʳש ʪʫʳʥʜʘʡ ʩʝʙʝʧʪʝʨʽ: 

¶ ɾʦʣ ʞʘʙʳʥʳʥʳש ʩʘʧʘʩʳ; 

¶ ɼᴇשʛʝʣʝʢ ץʳʩʳʤʳʥ ʜײʨʳʩ ʙʘץʳʣʘʤʘʫ. 



 
ΝΜΟ 

ʐʝʰʫ ʞʦʣʜʘʨʳ ʨʝʪʽʥʜʝ: 

 :ʳʣʘʫץʳʩʳʤʜʳ ʙʘפ .1

¶ ɼᴇשʛʝʣʝʢʪʝʨʜʝʛʽ ץʳʩʳʤʜʳ ʙʘץʳʣʘʫסʘ ʘʨʥʘʣסʘʥ ɾʀ ʥʝʛʽʟʽʥʜʝ ʞײʤʳʩ 

ʽʩʪʝʡʪʽʥ ʞװʡʝʣʝʨ. ʉʝʥʩʦʨʣʘʨ ʜʝʨʝʢʪʝʨʽʥ ʪʘʣʜʘʫ ʘʨץʳʣʳ ץʳʩʳʤʥʳש 

ʘʫʳʪץʫʳʥ ʜʝʨ ʢʝʟʽʥʜʝ ʘʥʳץʪʘʫ. 

2. ʊʦʟʫ ʜʠʘʛʥʦʩʪʠʢʘʩʳ: 

¶ ʂʘʤʝʨʘʣʘʨ ʤʝʥ ɾʀ ʘʣʛʦʨʠʪʤʜʝʨʽʥ ʧʘʡʜʘʣʘʥʳʧ, ʜᴇשʛʝʣʝʢ ʪʦʟʫʳʥ 

ʚʠʟʫʘʣʜʳ ʪװʨʜʝ ʘʥʳץʪʘʫ. 

3. ɾʦʣ ʩʘʧʘʩʳʥ ʙʦʣʞʘʫ: 

¶ ɾʀ ʘʨץʳʣʳ ʜᴇשʛʝʣʝʢ ʪʦʟʫʳʥʘ ʞʦʣ ʞʘʙʳʥʳʥʳש ᴅʩʝʨʽʥ ʪʘʣʜʘʧ, ʞʦʣ 

 .ʪʘʡʣʘʥʜʳʨʫשʘʣʳʩʳʥ ʦסʦʟץ

 

3 ɼʝʨʝʢʪʝʨ ʤʘשʳʟʜʳʣʳסʳ 

ᴆʥʜʽʨʽʩʪʽʢ ʞװʡʝʣʝʨ ʤʝʥ ʞʘʙʜʳץʪʘʨʜʳש ʞײʤʳʩʳʥ ʪʠʽʤʜʽ ʙʦʣʞʘʫ ʞᴅʥʝ 

ʘץʘʫʣʘʨʜʳ ʘʣʜʳʥ ʘʣʫ װʰʽʥ װʣʢʝʥ ʢᴇʣʝʤʜʝ ʞʦסʘʨʳ ʩʘʧʘʣʳ ʜʝʨʝʢʪʝʨ ץʘʞʝʪ. 

ɼʝʛʝʥʤʝʥ, פʘʟʘץʩʪʘʥʜʘסʳ ʢᴅʩʽʧʦʨʳʥʜʘʨʜʳש ʢᴇʧʰʽʣʽʛʽʥʜʝ ʜʝʨʝʢʪʝʨʜʽ ʞʠʥʘʫ ʞᴅʥʝ 

ʩʘץʪʘʫ ʞװʡʝʣʝʨʽ ʞʝʪʢʽʣʽʢʩʽʟ ʜʘʤʳסʘʥ. ʄײʥʳש ʥʝʛʽʟʛʽ ʩʝʙʝʧʪʝʨʽ: 

¶ ɽʩʢʽ ʞʘʙʜʳץʪʘʨ: ʂᴇʧʪʝʛʝʥ ᴇʥʜʽʨʽʩʪʽʢ ʞᴅʥʝ ʢᴇʣʽʢ ʢᴅʩʽʧʦʨʳʥʜʘʨʳ ʟʘʤʘʥʘʫʠ 

ʩʝʥʩʦʨʣʘʨʤʝʥ ʞʘʙʜʳץʪʘʣʤʘסʘʥ ʥʝʤʝʩʝ ʦʣʘʨ ʞײʤʳʩ ʽʩʪʝʫ װʰʽʥ ʞʘʨʘʤʩʳʟ. 

¶ ʄᴅʣʽʤʝʪʪʝʨʜʽײץ שʨʳʣʳʤʩʳʟʜʳסʳ: ɾʠʥʘʣסʘʥ ʜʝʨʝʢʪʝʨ ʞʠʽ ʨʝʪʪʝʣʤʝʛʝʥ, 

 .ʡʜʝ ʙʦʣʘʜʳװʝʤʝʩ ʢ ץʡʣʝʩʽʤʩʽʟ ʬʦʨʤʘʪʪʘʨʜʘ ʞᴅʥʝ ʪʦʣʳװ

¶ ɼʝʨʝʢʪʝʨʜʽש ʞʝʪʽʩʧʝʫʰʽʣʽʛʽ: ɸץʘʫʣʘʨ ʪʫʨʘʣʳ ʤᴅʣʽʤʝʪʪʝʨ ʥʝʛʽʟʽʥʝʥ ʩʠʨʝʢ 

ʢʝʟʜʝʩʝʜʽ, ʩʝʙʝʙʽ ʪʝʭʥʠʢʘʣʳץ ץʳʟʤʝʪ ʢᴇʨʩʝʪʫ ʞʫʨʥʘʣʜʘʨʳ ʢᴇʙʽʥʝʩʝ ץʘסʘʟ ʪװʨʽʥʜʝ 

ʞװʨʛʽʟʽʣʝʜʽ ʥʝʤʝʩʝ ʤװʣʜʝʤ ʙʦʣʤʘʡʜʳ. 

¶ ʎʠʬʨʣʳץ ʪʨʘʥʩʬʦʨʤʘʮʠʷʥʳש ʙʘʷʫʣʳסʳ: פʘʟʘץʩʪʘʥʥʳש ʢʝʡʙʽʨ 

ʘʡʤʘץʪʘʨʳʥʜʘ ᴇʥʜʽʨʽʩʪʽ ʮʠʬʨʣʘʥʜʳʨʫ ʜʝשʛʝʡʽ ʪᴇʤʝʥ, ʙײʣ ʜʝʨʝʢʪʝʨʜʽ ʘʚʪʦʤʘʪʪʳ 

ʪװʨʜʝ ʞʠʥʘʫ ʞᴅʥʝ ʪʘʣʜʘʫʜʳ ץʠʳʥʜʘʪʘʜʳ. 

ɼʝʨʝʢʪʝʨʜʽש ʩʘʧʘʩʳʟʜʳסʳ ʞᴅʥʝ ץʦʣʞʝʪʽʤʜʽʣʽʛʽʥʽש ʪᴇʤʝʥʜʽʛʽ: 

¶ ɾʀ ʤʦʜʝʣʴʜʝʨʽʥʽש ʞײʤʳʩʳʥ ʰʝʢʪʝʡʜʽ. ʉʘʧʘʩʳʟ ʜʝʨʝʢʪʝʨ ʜײʨʳʩ ʙʦʣʞʘʤ 

ʞʘʩʘʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʤʝʡʜʽ; 

¶ ɾʘʙʜʳץʪʘʨʜʳש ʥʘץʪʳ ʞʘסʜʘʡʳʥ ʙʘסʘʣʘʫʜʘ ץʘʪʝʣʽʢʪʝʨʛʝ ᴅʢʝʣʝʜʽ; 

¶ ᴆʥʜʽʨʽʩʪʽʢ ʰʳסʳʥʜʘʨʜʳש ʘʨʪʫʳʥʘ ʞᴅʥʝ ʞʘʙʜʳץʪʘʨʜʳש ʞʠʽ ʽʩʪʝʥ ʰʳסʫʳʥʘ 

ʩʝʙʝʧ ʙʦʣʘʜʳ. 

ɾʦסʘʨʳʜʘ ʘʪʘʣסʘʥ ʤᴅʩʝʣʝʣʝʨʜʽ ʰʝʰʫ װʰʽʥ ʢʝʣʝʩʽ ץʘʜʘʤʜʘʨ ʘʨץʳʣʳ ʽʩʢʝ 

ʘʩʳʨʫ ײʩʳʥʳʣʘʜʳ: 

1. IoT ײץʨʳʣסʳʣʘʨʳʥ ʝʥʛʽʟʫ IoT (ʟʘʪʪʘʨ ʠʥʪʝʨʥʝʪʽ) ʩʝʥʩʦʨʣʘʨʳʥ 

ʞʘʙʜʳץʪʘʨסʘ ʦʨʥʘʪʫ ʥʘץʪʳ ʫʘץʳʪ ʨʝʞʠʤʽʥʜʝ ʜʝʨʝʢʪʝʨ ʞʠʥʘʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. 

ʉʝʥʩʦʨʣʘʨ ʪʝʤʧʝʨʘʪʫʨʘ, ץʳʩʳʤ, ʜʽʨʽʣ ʩʠʷץʪʳ ʥʝʛʽʟʛʽ ʧʘʨʘʤʝʪʨʣʝʨʜʽ ʙʘץʳʣʘʡ 

ʘʣʘʜʳ. ʄʳʩʘʣʳ, ʝʣʽʤʽʟʜʽש ʤײʥʘʡ-ʛʘʟ ʩʝʢʪʦʨʳʥʜʘ IoT ײץʨʳʣסʳʣʘʨʳ ʙײʨסʳʣʘʫ 

 ʘʫʣʘʨʜʳ ʘʣʜʳʥ ʘʣʘץʘ ץʳʣʘʧ, ʪʝʭʥʠʢʘʣʳץʤʳʩʳʥ ʙʘײʞ שʳʣʘʨʳʥʳסʦʥʜʳʨץ

ʝʩʢʝʨʪʝʜʽ. ɹײʣ ʪᴅʞʽʨʠʙʝʥʽ ʙʘʩץʘ ʜʘ ᴇʥʜʽʨʽʩʪʽʢ ʩʝʢʪʦʨʣʘʨסʘ ʝʥʛʽʟʫʛʝ ʙʦʣʘʜʳ. 

ʉʦʥʳʤʝʥ ץʘʪʘʨ çפʘʟʊʨʘʥʩʆʡʣè ʢʦʤʧʘʥʠʷʩʳ ʤʘʛʠʩʪʨʘʣʴʜʳץ ʤײʥʘʡ 

 .ʡʝʣʝʨʜʽ ʝʥʛʽʟʫ ʞʦʙʘʩʳʥ ʽʩʢʝ ʘʩʳʨʫʜʘװʞ ץʙʳʨʣʘʨʳʥʜʘ ʩʝʥʩʦʨʣʳײץ
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2. ɼʝʨʝʢʪʝʨ ʩʘʧʘʩʳʥ ץʘʤʪʘʤʘʩʳʟ ʝʪʫ, ʷסʥʠ ʞʠʥʘʣסʘʥ ʤᴅʣʽʤʝʪʪʝʨʜʽש 

ʪʦʣʳץʪʳסʳ ʤʝʥ ʜᴅʣʜʽʛʽʥ ʪʝʢʩʝʨʝʪʽʥ ʘʚʪʦʤʘʪʪʘʥʜʳʨʳʣסʘʥ ʘʣʛʦʨʠʪʤʜʝʨʜʽ 

ʧʘʡʜʘʣʘʥʫ ʤʘשʳʟʜʳ. ɹײʣ ʧʨʦʮʝʩʪʝʨ ʜʝʨʝʢʪʝʨʜʽ ʪʘʟʘʨʪʫ (data cleaning) ʞᴅʥʝ ʘʣʜʳʥ 

ʘʣʘ ᴇשʜʝʫ (preprocessing) ᴅʜʽʩʪʝʨʽʥ ץʘʤʪʫʳ ʪʠʽʩ. ʄʘʰʠʥʘʣʳץ ʦץʳʪʫ ʥʝʛʽʟʽʥʜʝ 

ʜʝʨʝʢʪʝʨ ʘץʘʫʣʘʨʳʥ ʘʚʪʦʤʘʪʪʳ ʪװʨʜʝ ʘʥʳץʪʘʡʪʳʥ ʘʣʛʦʨʠʪʤʜʝʨ.  

3. ɼʝʨʝʢʪʝʨʜʽ ʦʨʪʘʣʳץʪʘʥʜʳʨʳʣסʘʥ ʩʘץʪʘʫ ʞװʡʝʣʝʨʽ, ʢᴅʩʽʧʦʨʳʥʜʘʨ 

 ʨʫײץ ʡʝʩʽʥװʘʥ ʞסʪʘʥʜʳʨʳʣץʘʡ ʦʨʪʘʣʳסשʙʽʨʳ שʪʘʫʜʳץʰʽʥ ʜʝʨʝʢʪʝʨʜʽ ʩʘװ

ʤʘשʳʟʜʳ. ɹײʣ ʞװʡʝ ʜʝʨʝʢʪʝʨʜʽ ᴇשʜʝʫ ʤʝʥ ʪʘʣʜʘʫ װʰʽʥ ץʦʣʞʝʪʽʤʜʽ ʝʪʝʜʽ. 

ʄʝʤʣʝʢʝʪ ʜʝשʛʝʡʽʥʜʝ ʜʝʨʝʢʪʝʨʜʽ ʩʘץʪʘʫ ʞᴅʥʝ ʙʘʩץʘʨʫ ʩʪʘʥʜʘʨʪʪʘʨʳʥ ᴅʟʽʨʣʝʫ [9]. 

Digital Kazakhstan ʙʘסʜʘʨʣʘʤʘʩʳ ʘʷʩʳʥʜʘ ʤᴅʣʽʤʝʪʪʝʨʜʽ ʦʨʪʘʣʳץʪʘʥʜʳʨʫ 

ʙʦʡʳʥʰʘ ʧʠʣʦʪʪʳץ ʞʦʙʘʣʘʨʜʳ ʽʩʢʝ ץʦʩʫ. 

4. ɾʝʨʛʽʣʽʢʪʽ ʠʥʬʨʘײץʨʳʣʳʤʜʳ ʜʘʤʳʪʫ. ɼʝʨʝʢʪʝʨ ʞʠʥʘʫ װʰʽʥ ץʘʞʝʪʪʽ 

ʮʠʬʨʣʳץ ʠʥʬʨʘײץʨʳʣʳʤʜʳ ʥʳסʘʡʪʫ. ɹײʣ ʠʥʪʝʨʥʝʪ ʞʳʣʜʘʤʜʳסʳʥ ʘʨʪʪʳʨʫʜʳ, 

ʞʘʙʜʳץʪʘʨʜʳ ʞʘשʘʨʪʫʜʳ ʞᴅʥʝ ʜʝʨʝʢʪʝʨʜʽ ʪʘʩʳʤʘʣʜʘʫ ʞװʡʝʣʝʨʽʥ ʞʘץʩʘʨʪʫʜʳ 

 שʩʪʘʥʥʳץʘʟʘפ .ʝʨʝʢʰʝʣʽʢʪʝʨʜʽ ʝʩʢʝʨʫ ʢʝʨʝʢ ץʪʳץʘʤʪʠʜʳ. ʆʩʳ ʞʝʨʜʝ ʘʡʤʘץ

ʰʘʣסʘʡ ʘʫʜʘʥʜʘʨʳʥʜʘ ʠʥʬʨʘײץʨʳʣʳʤʜʳ ʞʘשʘʨʪʫ ʝʨʝʢʰʝ ʤʘשʳʟʜʳ, ʩʝʙʝʙʽ ʙײʣ 

ᴇשʽʨʣʝʨʜʝ ᴇʥʜʽʨʽʩʪʽʢ ʧʨʦʮʝʩʪʝʨ ʢᴇʙʽʥʝʩʝ ʟʘʤʘʥʘʫʠ ʪʝʭʥʦʣʦʛʠʷʣʘʨʜʘʥ ʘʣʰʘץ. 

5. ɹʽʣʽʢʪʽ ʤʘʤʘʥʜʘʨʜʳש ʪʘʧʰʳʣʳסʳ, ʦʣ װʰʽʥ: 

¶ ʘʨʥʘʡʳ ʦץʫ ʦʨʪʘʣʳץʪʘʨʳ ʤʝʥ ʞʦסʘʨסʳ ʦץʫ ʦʨʳʥʜʘʨʳʥ ʙʽʣʽʤ ʙʝʨʫ 
ʙʘסʜʘʨʣʘʤʘʣʘʨʳʥʘ ɾʀ ʙʦʡʳʥʰʘ ʘʨʥʘʡʳ ʢʫʨʩʪʘʨ ʝʥʛʽʟʫ 

¶ ᴇʥʝʨʢᴅʩʽʧ ʩʘʣʘʩʳʥʜʘ ʠʥʥʦʚʘʮʠʷʣʘʨʜʳ ʜʘʤʳʪʫ װʰʽʥ ʫʥʠʚʝʨʩʠʪʝʪʪʝʨ ʤʝʥ 
ʢᴅʩʽʧʦʨʳʥʜʘʨ ʘʨʘʩʳʥʜʘ ʩʝʨʽʢʪʝʩʪʽʢ ʦʨʥʘʪʫ 

 ʪʘʨʜʘץʨʫ ʞᴅʥʝ ʘʡʤʘײץ ʘʥ ʭʘʙʪʘʨסʩʪʘʥʜʘ ɾʀ ʙʦʡʳʥʰʘ ʤʘʤʘʥʜʘʥץʘʟʘפ ¶
ʧʠʣʦʪʪʳץ ʞʦʙʘʣʘʨʜʳ ʽʩʢʝ ץʦʩʫ ץʘʞʝʪ. 

 

4 ɾʀ ʘʣʛʦʨʠʪʤʜʝʨʽʥʝ ʰʦʣʫ 

ɾʘʩʘʥʜʳ ʠʥʪʝʣʣʝʢʪ (ɾʀ) ʘʣʛʦʨʠʪʤʜʝʨʽ ᴇʥʜʽʨʽʩʪʽʢ ʞʘʙʜʳץʪʘʨʜʳש ʞʘסʜʘʡʳʥ 

ʙʦʣʞʘʫ ʞᴅʥʝ ʘץʘʫʣʘʨʜʳ ʘʣʜʳʥ ʘʣʫ װʰʽʥ ᴅʨʪװʨʣʽ ʪᴅʩʽʣʜʝʨʜʽ ץʦʣʜʘʥʘʜʳ. ɹײʣ 

ʙᴇʣʽʤʜʝ ɾʀ-ʜʽש ʥʝʛʽʟʛʽ ʘʣʛʦʨʠʪʤʜʝʨʽ ʤʝʥ ʦʣʘʨʜʳש ʝʨʝʢʰʝʣʽʢʪʝʨʽ ץʘʨʘʩʪʳʨʳʣʘʜʳ 

[2].  

4.1 ʄʘʰʠʥʘʣʳץ ʦץʳʪʫ ð ɾʀ-ʜʽש ʥʝʛʽʟʛʽ ײץʨʘʤʜʘʩ ʙᴇʣʽʛʽ. ɹײʣ ᴅʜʽʩ 

ʜʝʨʝʢʪʝʨʜʽ ʧʘʡʜʘʣʘʥʳʧ, װʣʛʽʣʝʨʜʽ ʘʥʳץʪʘʫ ʞᴅʥʝ ʙʦʣʞʘʫ װʰʽʥ ץʦʣʜʘʥʳʣʘʜʳ [10]. 

ʄʘʰʠʥʘʣʳץ ʦץʳʪʫ ʘʣʛʦʨʠʪʤʜʝʨʽ ʢʝʣʝʩʽ ʪʦʧʪʘʨסʘ ʙᴇʣʽʥʝʜʽ: 

¶ ɹʘץʳʣʘʥʘʪʳʥ ʦץʳʪʫ (Supervised Learning): ɹײʣ ᴅʜʽʩʪʝ ʘʣʜʳʥ ʘʣʘ 

ʙʝʣʛʽʣʝʥʛʝʥ ʜʝʨʝʢʪʝʨ (ʤʳʩʘʣʳ, çʘץʘʫʣʳè ʞᴅʥʝ çʘץʘʫʩʳʟè ʞʘʙʜʳץʪʘʨʜʳש 

ʤʳʩʘʣʜʘʨʳ) ʧʘʡʜʘʣʘʥʳʣʘʜʳ. ɸץʘʫʣʘʨ ʪʫʨʘʣʳ ʪʘʨʠʭʠ ʤᴅʣʽʤʝʪʪʝʨʜʽ ʧʘʡʜʘʣʘʥʳʧ, 

ʞʘʙʜʳץʪʳש ʽʩʪʝʥ ʰʳסʫ ʳץʪʠʤʘʣʜʳסʳʥ ʙʦʣʞʘʫ. 

o ɸʣʛʦʨʠʪʤʜʝʨ: 

Á Decision Trees (ʰʝʰʽʤ ʘסʘʰʪʘʨʳ) 

Á Random Forest (ʢʝʟʜʝʡʩʦץ ʦʨʤʘʥʜʘʨ) 

Á Support Vector Machines (ץʦʣʜʘʫ ʚʝʢʪʦʨʣʳץ ʤʘʰʠʥʘʣʘʨʳ) 

¶ ɹʘץʳʣʘʥʙʘʡʪʳʥ ʦץʳʪʫ (Unsupervised Learning): ɸʣʜʳʥ ʘʣʘ ʙʝʣʛʽʩʽʟ 

ʤᴅʣʽʤʝʪʪʝʨʜʽ ʪʘʣʜʘʫ ʘʨץʳʣʳ ʢʣʘʩʪʝʨʣʝʨʜʽ ʥʝʤʝʩʝ ʘʥʦʤʘʣʠʷʣʘʨʜʳ ʘʥʳץʪʘʡʜʳ. 

ɾʘʙʜʳץʪʘʨʜʳש ʞײʤʳʩ ʨʝʞʠʤʜʝʨʽʥʜʝʛʽ ץʘʣʳʧʪʘʥ ʪʳʩ ᴇʟʛʝʨʽʩʪʝʨʜʽ ʘʥʳץʪʘʫ. 
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o ɸʣʛʦʨʠʪʤʜʝʨ: 

Á K-Means Clustering 

Á Principal Component Analysis (PCA). 

4.2 ʊʝʨʝש ʦץʳʪʫ (Deep Learning) ð ʥʝʡʨʦʥʜʳץ ʞʝʣʽʣʝʨʜʽ ץʦʣʜʘʥʘʪʳʥ 

ʤʘʰʠʥʘʣʳץ ʦץʳʪʫʜʳש ʢʝשʝʡʪʽʣʛʝʥ ᴅʜʽʩʽ. ɹײʣ ᴅʜʽʩ װʣʢʝʥ ʢᴇʣʝʤʜʝʛʽ ʜʝʨʝʢʪʝʨʜʽ 

ʪʠʽʤʜʽ ᴇשʜʝʫʛʝ ʞᴅʥʝ ʢװʨʜʝʣʽ װʣʛʽʣʝʨʜʽ ʘʥʳץʪʘʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. ʄʳʩʘʣʜʘʨʳ: 

o ɾʘʙʜʳץʪʳש ʚʠʙʨʘʮʠʷʣʳץ ʜʝʨʝʢʪʝʨʽʥ ʪʘʣʜʘʫ ʞᴅʥʝ ʘץʘʫʣʘʨʜʳש ʥʘץʪʳ 

ʪװʨʣʝʨʽʥ ʘʥʳץʪʘʫ. 

o ʊװʩʪʽ ʥʝʤʝʩʝ ʪʝʨʤʦʛʨʘʬʠʷʣʳץ ʙʝʡʥʝʣʝʨ ʘʨץʳʣʳ ʘץʘʫʣʘʨʜʳ ʘʥʳץʪʘʫ [4]. 

¶ ɸʣʛʦʨʠʪʤʜʝʨ: 

o Convolutional Neural Networks (CNN): ɹʝʡʥʝʣʝʨ ʤʝʥ ʩʝʥʩʦʨʣʳץ 

ʜʝʨʝʢʪʝʨʜʽ ʪʘʣʜʘʫ װʰʽʥ ץʦʣʜʘʥʳʣʘʜʳ. 

o Recurrent Neural Networks (RNN): ʋʘץʳʪʪʳץ ʜʝʨʝʢʪʝʨʜʽ ᴇשʜʝʫ װʰʽʥ 

ʪʠʽʤʜʽ (ʤʳʩʘʣʳ, ʩʝʥʩʦʨ ʜʝʨʝʢʪʝʨʽʥʽש ʫʘץʳʪ ʙʦʡʳʥʰʘ ᴇʟʛʝʨʽʩʽ) [1]. 

4.3 ɸʥʦʤʘʣʠʷʣʘʨʜʳ ʘʥʳץʪʘʫ (Anomaly Detection) - ᴅʜʽʩʪʝʨʽ ʞʘʙʜʳץʪʳש 

 ʣ ʪᴅʩʽʣ ʞʠʽײʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. ɹװʘ ʤסʪʘʫץʫʣʘʨʜʳ ʘʥʳץʤʳʩʳʥʘʥ ʘʫʳʪײʘʣʳʧʪʳ ʞץ

 :ʘʤʪʠʜʳץ ʦʣʜʘʥʳʣʘʪʳʥ ʢʝʣʝʩʽ ᴅʜʽʩʪʝʨʜʽץ

¶ Statistical Methods (ʉʪʘʪʠʩʪʠʢʘʣʳץ ᴅʜʽʩʪʝʨ): ʅʦʨʤʘʪʠʚʪʽʢ 

ʢᴇʨʩʝʪʢʽʰʪʝʨʜʝʥ ʘʫʳʪץʫʜʳ ʘʥʳץʪʘʡʜʳ. 

¶ Machine Learning-Based Anomaly Detection: ɾʘʙʜʳץʪʳש ʤʽʥʝʟ-ײץʣץʳʥ 

ʤʦʜʝʣʴʜʝʡʪʽʥ ʘʣʛʦʨʠʪʤʜʝʨʜʽ ץʦʣʜʘʥʫ. 

o ʄʳʩʘʣ: Isolation Forest, Autoencoders. 

4.4 ɹʦʣʞʘʤʜʳץ ʤʦʜʝʣʴʜʝʨ (Predictive Models) - ʞʘʙʜʳץʪʳש ʘץʘʫʣʳסʳʥ 

ʙʦʣʘʰʘץʪʘ ʧʘʡʜʘ ʙʦʣʫ ʳץʪʠʤʘʣʜʳסʳʥ ʙʘסʘʣʘʡʜʳ [2]. 

 :ʦʣʜʘʥʳʣʘʪʳʥ ʪᴅʩʽʣʜʝʨפ ¶

o Time Series Forecasting (ʫʘץʳʪʪʳץ ץʘʪʘʨʣʘʨʜʳ ʙʦʣʞʘʫ). 

o Regression Analysis (ʨʝʛʨʝʩʩʠʷʣʳץ ʪʘʣʜʘʫ): ɸץʘʫʣʘʨʜʳש ʧʘʡʜʘ ʙʦʣʫʳʥʘ 

ᴅʩʝʨ ʝʪʝʪʽʥ ʬʘʢʪʦʨʣʘʨʜʳ ʘʥʳץʪʘʡʜʳ. 

 :ʦʣʜʘʥʫ ʤʳʩʘʣʳפ ¶

o ʄʘʰʠʥʘʥʳש ʞײʤʳʩ ʽʩʪʝʫ ʫʘץʳʪʳ ʤʝʥ ʘʡʥʘʣʫ ʞʳʣʜʘʤʜʳסʳʥ ʪʘʣʜʘʫ 

ʘʨץʳʣʳ ʽʩʪʝʥ ʰʳסʫ ʫʘץʳʪʳʥ ʙʦʣʞʘʫ. 

4.5 ɹʘʡʝʩ ʪᴅʩʽʣʜʝʨʽ (Bayesian Methods) 

ɹʘʡʝʩ ᴅʜʽʩʪʝʨʽ ʞʘʙʜʳץʪʘʨʜʳש ʞʘסʜʘʡʳʥ ʙʦʣʞʘʫ ʢʝʟʽʥʜʝ ʙʝʣʛʽʩʽʟʜʽʢ 

ʞʘסʜʘʡʳʥʜʘ ʞײʤʳʩ ʽʩʪʝʫʛʝ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. 

 :ʦʣʜʘʥʫ ʤʳʩʘʣʳפ ¶

o פʘʥʜʘʡ ʧʘʨʘʤʝʪʨʣʝʨ ʞʘʙʜʳץʪʳש ʘץʘʫʳʥʘ ʢᴇʙʽʨʝʢ ᴅʩʝʨ ʝʪʝʪʽʥʽʥ ʙʦʣʞʘʫ. 

o ᴄʨʪװʨʣʽ ʳץʪʠʤʘʣʜʳץʪʘʨʜʳ ʝʩʝʧʪʝʫ ʘʨץʳʣʳ ץʳʟʤʝʪ ʢᴇʨʩʝʪʫ ʫʘץʳʪʳʥ 

ʦשʪʘʡʣʘʥʜʳʨʫ. 

4.6 ɻʝʥʝʪʠʢʘʣʳץ ʘʣʛʦʨʠʪʤʜʝʨ (Genetic Algorithms) 

ɻʝʥʝʪʠʢʘʣʳץ ʘʣʛʦʨʠʪʤʜʝʨ ʞʘʙʜʳץʪʳש ʞײʤʳʩ ʧʘʨʘʤʝʪʨʣʝʨʽʥ 

ʦשʪʘʡʣʘʥʜʳʨʫ װʰʽʥ ץʦʣʜʘʥʳʣʘʜʳ. ʆʣʘʨ ʵʚʦʣʶʮʠʷʣʳץ ʧʨʦʮʝʩʪʝʨʛʝ ʥʝʛʽʟʜʝʣʛʝʥ. 

 :ʦʣʜʘʥʫ ʤʳʩʘʣʳפ ¶

o ʉʝʥʩʦʨʣʘʨʜʳ ʦשʪʘʡʣʳ ʦʨʥʘʣʘʩʪʳʨʫ. 

o ɾᴇʥʜʝʫ ʞײʤʳʩʪʘʨʳʥ ʞʦʩʧʘʨʣʘʫ. 



 
ΝΜΣ 

ɸʣʛʦʨʠʪʤʜʝʨʜʽ ʝʥʛʽʟʫʜʽץ שʠʳʥʜʳץʪʘʨʳ ʤʝʥ ʰʝʰʽʤʜʝʨʽ 

1. ʄᴅʩʝʣʝ: ɸʣʛʦʨʠʪʤʜʝʨʜʽש ʜʝʨʝʢʪʝʨ ʩʘʧʘʩʳʥʘ ʪᴅʫʝʣʜʽʣʽʛʽ. 

o ʐʝʰʽʤ: ɼʝʨʝʢʪʝʨʜʽ ᴇשʜʝʫ ʞᴅʥʝ ʪʘʟʘʨʪʫ ʞװʡʝʣʝʨʽʥ ʝʥʛʽʟʫ. 

2. ʄᴅʩʝʣʝ: ɸʣʛʦʨʠʪʤʜʝʨʜʽש ʥʘץʪʳ ʪװʩʽʥʽʢʪʽʣʽʛʽ. 

o ʐʝʰʽʤ: Explainable AI ᴅʜʽʩʪʝʨʽʥ ʧʘʡʜʘʣʘʥʫ. 

3. ʄᴅʩʝʣʝ: פʦʣʜʘʥʫ װʰʽʥ ץʘʞʝʪʪʽ ʝʩʝʧʪʝʫ ʨʝʩʫʨʩʪʘʨʳʥʳש ʞʝʪʽʩʧʝʫʰʽʣʽʛʽ. 

o ʐʝʰʽʤ: Cloud computing (ʙײʣʪʪʳץ ʝʩʝʧʪʝʫ) ʪʝʭʥʦʣʦʛʠʷʣʘʨʳʥ 

ʧʘʡʜʘʣʘʥʫ. 

ɾʀ ʘʣʛʦʨʠʪʤʜʝʨʽ ʘץʘʫʣʘʨʜʳ ʘʣʜʳʥ ʘʣʫʜʘ װʣʢʝʥ ᴅʣʝʫʝʪʢʝ ʠʝ. ᴄʨʙʽʨ 

ʘʣʛʦʨʠʪʤʜʽ ʥʘץʪʳ ʤʽʥʜʝʪʢʝ ʩᴅʡʢʝʩ ʪʘשʜʘʫ ʞᴅʥʝ ʙʝʡʽʤʜʝʫ ʤʘשʳʟʜʳ. פʘʟʘץʩʪʘʥ-

ʜʘסʳ ᴇʥʜʽʨʽʩʪʽʢ ʞᴅʥʝ ʢᴇʣʽʢ ʩʘʣʘʣʘʨʳʥʜʘ ʙײʣ ʰʝʰʽʤʜʝʨʜʽ ʝʥʛʽʟʫ ʢᴅʩʽʧʦʨʳʥʜʘʨʜʳש 

ʪʠʽʤʜʽʣʽʛʽʥ ʘʨʪʪʳʨʳʧ, ʵʢʦʥʦʤʠʢʘʣʳץ ʰʳסʳʥʜʘʨʜʳ ʘʟʘʡʪʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. 

 

 ʦʨʳʪʳʥʜʳפ 5

ɾʘʩʘʥʜʳ ʠʥʪʝʣʣʝʢʪ (ɾʀ) ʪʝʭʥʦʣʦʛʠʷʣʘʨʳ ᴇʥʜʽʨʽʩʪʽʢ ʞᴅʥʝ ʢᴇʣʽʢ 

ʩʘʣʘʣʘʨʳʥʜʘסʳ ʘץʘʫʣʘʨʜʳ ʘʣʜʳʥ ʘʣʫʜʘ ʞʘשʘ ʤװʤʢʽʥʜʽʢʪʝʨ ʘʰʘʜʳ. ɹײʣ ʤʘץʘʣʘʜʘ 

 ʜʘʡʜʳ ʝʩʢʝʨʝ ʦʪʳʨʳʧ, ɾʀ-ʜʽ ʝʥʛʽʟʫ ʙʘʨʳʩʳʥʜʘ ʢʝʟʜʝʩʝʪʽʥסʳ ʞʘסʩʪʘʥʜʘץʘʟʘפ

ʥʝʛʽʟʛʽ ʤᴅʩʝʣʝʣʝʨ ʤʝʥ ʦʣʘʨʜʳש ʰʝʰʽʤʜʝʨʽ ץʘʨʘʩʪʳʨʳʣʜʳ. 

ʄᴅʣʽʤʝʪʪʝʨʜʽש ʩʘʧʘʩʳʥ ʘʨʪʪʳʨʫ, ɾʀ ʘʣʛʦʨʠʪʤʜʝʨʽʥʽש ʪװʩʽʥʽʢʪʽʣʽʛʽ ʤʝʥ 

ʩʝʥʽʤʜʽʣʽʛʽʥ ץʘʤʪʘʤʘʩʳʟ ʝʪʫ, ʮʠʬʨʣʳץ ʠʥʬʨʘײץʨʳʣʳʤʜʳ ʞʝʪʽʣʜʽʨʫ ʞᴅʥʝ 

ʢʠʙʝʨץʘʫʽʧʩʽʟʜʽʢʪʽ ʥʳסʘʡʪʫ ʘʨץʳʣʳ פʘʟʘץʩʪʘʥ ʢᴅʩʽʧʦʨʳʥʜʘʨʳ ʘץʘʫʣʘʨʜʳ ʘʣʜʳʥ 

ʘʣʫ ʞװʡʝʣʝʨʽʥ ʪʠʽʤʜʽ ץʦʣʜʘʥʘ ʘʣʘʜʳ. ɾʀ ʘʣʛʦʨʠʪʤʜʝʨʽ, ᴅʩʽʨʝʩʝ ʤʘʰʠʥʘʣʳץ 

ʦץʳʪʫ ʤʝʥ ʪʝʨʝש ʦץʳʪʫ ᴅʜʽʩʪʝʨʽ, ʞʘʙʜʳץʪʘʨʜʳש ʞײʤʳʩ ʪʠʽʤʜʽʣʽʛʽʥ ʘʨʪʪʳʨʫʜʘ 

ʞᴅʥʝ ᴇʥʜʽʨʽʩʪʽʢ ʰʳסʳʥʜʘʨʜʳ ʘʟʘʡʪʫʜʘ װʣʢʝʥ ʨᴇʣ ʘʪץʘʨʘʜʳ. 

ɹײʣ ʙʘסʳʪʪʘ פʘʟʘץʩʪʘʥʥʳש ᴇʥʝʨʢᴅʩʽʧʪʽʢ ʞᴅʥʝ ʢᴇʣʽʢ ʩʝʢʪʦʨʣʘʨʳ ʮʠʬʨʣʳץ 

ʪʨʘʥʩʬʦʨʤʘʮʠʷʥʳ ʞʝʜʝʣʜʝʪʽʧ, ʤʝʤʣʝʢʝʪʪʽʢ ץʦʣʜʘʫ ʙʘסʜʘʨʣʘʤʘʣʘʨʳʥ ʪʠʽʤʜʽ 

ʧʘʡʜʘʣʘʥʫ ʘʨץʳʣʳ ᴇʟ ᴅʣʝʫʝʪʽʥ ʪʦʣʳץ ʞװʟʝʛʝ ʘʩʳʨʘ ʘʣʘʜʳ. ɹʦʣʘʰʘץʪʘ ʘץʘʫʣʘʨʜʳ 

ʘʣʜʳʥ ʘʣʫסʘ ʘʨʥʘʣסʘʥ ʠʥʥʦʚʘʮʠʷʣʳץ ʞװʡʝʣʝʨ ʝʣ ʵʢʦʥʦʤʠʢʘʩʳʥʘ ʝʣʝʫʣʽ װʣʝʩ 

 ʘʙʽʣʝʪʪʽʣʽʛʽʥץ ʛʝʡʜʝʛʽ ʙᴅʩʝʢʝʛʝשʜʝ ץʞʘᴃʘʥʜʳ שʦʩʳʧ, ᴇʥʜʽʨʽʩʪʽʢ ʩʘʣʘʥʳץ

ʘʨʪʪʳʨʘʜʳ. 
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1 ɺʚʝʜʝʥʠʝ 

ʄʝʪʘʣʣʫʨʛʠʯʝʩʢʘʷ ʧʨʦʤʳʰʣʝʥʥʦʩʪʴ ʪʨʘʜʠʮʠʦʥʥʦ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʢʘʢ ʦʜʥʘ 

ʠʟ ʙʘʟʦʚʳʭ ʦʪʨʘʩʣʝʡ, ʦʧʨʝʜʝʣʷʶʱʠʭ ʨʘʟʚʠʪʠʝ ʥʘʮʠʦʥʘʣʴʥʦʡ ʵʢʦʥʦʤʠʢʠ. 

ʇʨʦʜʫʢʮʠʷ ʤʝʪʘʣʣʫʨʛʠʠ ʥʝʦʙʭʦʜʠʤʘ ʚ ʩʪʨʦʠʪʝʣʴʩʪʚʝ, ʤʘʰʠʥʦʩʪʨʦʝʥʠʠ, 

ʵʥʝʨʛʝʪʠʢʝ, ʦʙʦʨʦʥʥʦʡ ʠ ʪʨʘʥʩʧʦʨʪʥʦʡ ʩʬʝʨʘʭ. ʆʜʥʘʢʦ ʚʤʝʩʪʝ ʩ ʵʢʦʥʦʤʠʯʝʩʢʠʤ 

ʟʥʘʯʝʥʠʝʤ ʦʪʨʘʩʣʴ ʥʝʩʝʪ ʠ ʩʝʨʴʸʟʥʳʝ ʵʢʦʣʦʛʠʯʝʩʢʠʝ ʨʠʩʢʠ. ɺ ʧʨʦʮʝʩʩʝ ʧʣʘʚʢʠ ʠ 

ʧʝʨʝʨʘʙʦʪʢʠ ʨʫʜ ʚ ʘʪʤʦʩʬʝʨʫ ʧʦʩʪʫʧʘʶʪ ʟʥʘʯʠʪʝʣʴʥʳʝ ʦʙʲʸʤʳ ʟʘʛʨʷʟʥʷʶʱʠʭ 

ʚʝʱʝʩʪʚ, ʩʨʝʜʠ ʢʦʪʦʨʳʭ ʦʢʩʠʜʳ ʩʝʨʳ, ʘʟʦʪʘ, ʫʛʣʝʨʦʜʘ, ʘ ʪʘʢʞʝ ʪʷʞʝʣʳʝ ʤʝʪʘʣʣʳ 

ʠ ʤʝʣʢʦʜʠʩʧʝʨʩʥʳʝ ʯʘʩʪʠʮʳ. ʕʪʠ ʚʳʙʨʦʩʳ ʚʣʠʷʶʪ ʥʝ ʪʦʣʴʢʦ ʥʘ ʢʘʯʝʩʪʚʦ 

ʘʪʤʦʩʬʝʨʥʦʛʦ ʚʦʟʜʫʭʘ, ʥʦ ʠ ʥʘ ʟʜʦʨʦʚʴʝ ʥʘʩʝʣʝʥʠʷ, ʚʳʟʳʚʘʷ ʨʦʩʪ ʯʠʩʣʘ 

ʨʝʩʧʠʨʘʪʦʨʥʳʭ ʠ ʩʝʨʜʝʯʥʦ-ʩʦʩʫʜʠʩʪʳʭ ʟʘʙʦʣʝʚʘʥʠʡ. 

ʇʦ ʜʘʥʥʳʤ ɺʩʝʤʠʨʥʦʡ ʦʨʛʘʥʠʟʘʮʠʠ ʟʜʨʘʚʦʦʭʨʘʥʝʥʠʷ, ʟʘʛʨʷʟʥʝʥʠʝ ʚʦʟʜʫʭʘ 

ʝʞʝʛʦʜʥʦ ʩʪʘʥʦʚʠʪʩʷ ʧʨʠʯʠʥʦʡ ʤʠʣʣʠʦʥʦʚ ʧʨʝʞʜʝʚʨʝʤʝʥʥʳʭ ʩʤʝʨʪʝʡ ʧʦ ʚʩʝʤʫ 

ʤʠʨʫ. ɼʣʷ ʧʨʦʤʳʰʣʝʥʥʳʭ ʨʝʛʠʦʥʦʚ ʂʘʟʘʭʩʪʘʥʘ ʧʨʦʙʣʝʤʘ ʫʩʫʛʫʙʣʷʝʪʩʷ ʚʳʩʦʢʦʡ 

ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʧʨʝʜʧʨʠʷʪʠʡ ʪʷʞʸʣʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʚ ʯʘʩʪʥʦʩʪʠ 

ʤʝʪʘʣʣʫʨʛʠʠ. ʉʫʱʝʩʪʚʫʶʱʠʝ ʤʝʪʦʜʳ ʢʦʥʪʨʦʣʷ ʚʳʙʨʦʩʦʚ ʧʦʟʚʦʣʷʶʪ ʣʠʰʴ 

ʯʘʩʪʠʯʥʦ ʦʮʝʥʠʚʘʪʴ ʤʘʩʰʪʘʙʳ ʟʘʛʨʷʟʥʝʥʠʷ, ʥʦ ʦʥʠ ʥʝ ʦʙʝʩʧʝʯʠʚʘʶʪ 

ʥʝʦʙʭʦʜʠʤʦʡ ʦʧʝʨʘʪʠʚʥʦʩʪʠ ʠ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʚʦʟʨʘʩʪʘʝʪ 

ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʚʥʝʜʨʝʥʠʷ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʩʠʩʪʝʤ ʤʦʥʠʪʦʨʠʥʛʘ, ʢʦʪʦʨʳʝ 

ʤʦʛʫʪ ʦʙʲʝʜʠʥʷʪʴ ʚʦʟʤʦʞʥʦʩʪʠ ʩʦʚʨʝʤʝʥʥʳʭ ʮʠʬʨʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ʠ 

ʦʙʝʩʧʝʯʠʚʘʪʴ ʧʨʦʘʢʪʠʚʥʦʝ ʫʧʨʘʚʣʝʥʠʝ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʙʝʟʦʧʘʩʥʦʩʪʴʶ. 



 
ΝΜΥ 

ʇʨʠ ʵʪʦʤ ʚʘʞʥʦ ʫʯʠʪʳʚʘʪʴ, ʯʪʦ ʜʝʷʪʝʣʴʥʦʩʪʴ ʧʨʝʜʧʨʠʷʪʠʡ ʨʝʛʫʣʠʨʫʝʪʩʷ ʢʘʢ 

ʥʘʮʠʦʥʘʣʴʥʳʤʠ, ʪʘʢ ʠ ʤʝʞʜʫʥʘʨʦʜʥʳʤʠ ʧʨʘʚʦʚʳʤʠ ʜʦʢʫʤʝʥʪʘʤʠ. ɺ ʂʘʟʘʭʩʪʘʥʝ 

ʢʣʶʯʝʚʳʤ ʘʢʪʦʤ ʷʚʣʷʝʪʩʷ ʕʢʦʣʦʛʠʯʝʩʢʠʡ ʢʦʜʝʢʩ [3], ʘ ʚ ɽʚʨʦʧʝʡʩʢʦʤ ʉʦʶʟʝ 

ʧʨʠʥʷʪa ɼʠʨʝʢʪʠʚʘ 2010/75/EU ʦ ʧʨʦʤʳʰʣʝʥʥʳʭ ʚʳʙʨʦʩʘʭ [2]. ʕʪʠ ʜʦʢʫʤʝʥʪʳ 

ʟʘʜʘʶʪ ʧʨʘʚʦʚʫʶ ʦʩʥʦʚʫ ʜʣʷ ʤʦʜʝʨʥʠʟʘʮʠʠ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʢʦʥʪʨʦʣʷ. 

 

 
ʈʠʩ. 1. ï ʄʝʪʘʣʣʫʨʛʠʯʝʩʢʠʡ ʟʘʚʦʜ 

 

2 ʎʝʣʴ ʠ ʟʘʜʘʯʠ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʎʝʣʴ ʜʘʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʨʘʟʨʘʙʦʪʢʝ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʡ 

ʩʠʩʪʝʤʳ ʤʦʥʠʪʦʨʠʥʛʘ ʚʳʙʨʦʩʦʚ ʜʣʷ ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʦʛʦ ʧʨʝʜʧʨʠʷʪʠʷ. ʊʘʢʘʷ 

ʩʠʩʪʝʤʘ ʜʦʣʞʥʘ ʥʝ ʪʦʣʴʢʦ ʬʠʢʩʠʨʦʚʘʪʴ ʪʝʢʫʱʝʝ ʩʦʩʪʦʷʥʠʝ ʟʘʛʨʷʟʥʝʥʠʷ, ʥʦ ʠ 

ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʚʦʟʤʦʞʥʳʝ ʠʟʤʝʥʝʥʠʷ, ʦʙʝʩʧʝʯʠʚʘʷ ʩʚʦʝʚʨʝʤʝʥʥʦʝ ʧʨʠʥʷʪʠʝ 

ʫʧʨʘʚʣʝʥʯʝʩʢʠʭ ʨʝʰʝʥʠʡ. 

ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʦʡ ʮʝʣʠ ʥʝʦʙʭʦʜʠʤʦ ʨʝʰʠʪʴ ʥʝʩʢʦʣʴʢʦ 

ʚʟʘʠʤʦʩʚʷʟʘʥʥʳʭ ʟʘʜʘʯ. ɺʦ-ʧʝʨʚʳʭ, ʪʨʝʙʫʝʪʩʷ ʧʨʦʚʝʩʪʠ ʘʥʘʣʠʟ ʩʫʱʝʩʪʚʫʶʱʠʭ 

ʤʝʪʦʜʦʚ ʤʦʥʠʪʦʨʠʥʛʘ ʠ ʚʳʷʚʠʪʴ ʠʭ ʦʛʨʘʥʠʯʝʥʠʷ. ɺʦ-ʚʪʦʨʳʭ, ʥʝʦʙʭʦʜʠʤʦ 

ʦʧʨʝʜʝʣʠʪʴ ʘʨʭʠʪʝʢʪʫʨʫ ʙʫʜʫʱʝʡ ʩʠʩʪʝʤʳ, ʚʢʣʶʯʘʶʱʫʶ ʩʝʪʴ ʜʘʪʯʠʢʦʚ, 

ʧʨʦʛʨʘʤʤʥʳʝ ʤʦʜʫʣʠ ʠ ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʠʥʩʪʨʫʤʝʥʪʳ. ɺʘʞʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ 

ʷʚʣʷʝʪʩʷ ʪʘʢʞʝ ʧʦʜʙʦʨ ʘʣʛʦʨʠʪʤʦʚ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ, ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʪ 

ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʦʙʨʘʙʘʪʳʚʘʪʴ ʙʦʣʴʰʠʝ ʦʙʲʸʤʳ ʜʘʥʥʳʭ. ʅʘʢʦʥʝʮ, ʪʨʝʙʫʝʪʩʷ 

ʦʮʝʥʠʪʴ ʧʨʘʢʪʠʯʝʩʢʠʝ ʧʨʝʠʤʫʱʝʩʪʚʘ ʚʥʝʜʨʝʥʠʷ ʧʦʜʦʙʥʳʭ ʩʠʩʪʝʤ ʜʣʷ 

ʢʦʥʢʨʝʪʥʳʭ ʧʨʝʜʧʨʠʷʪʠʡ ʠ ʨʘʩʩʤʦʪʨʝʪʴ ʧʝʨʩʧʝʢʪʠʚʳ ʠʭ ʨʘʟʚʠʪʠʷ ʚ ʨʘʤʢʘʭ 

ʢʦʥʮʝʧʮʠʠ ʫʩʪʦʡʯʠʚʦʛʦ ʨʘʟʚʠʪʠʷ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. 

 

3 ɸʨʭʠʪʝʢʪʫʨʘ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʡ ʩʠʩʪʝʤʳ ʤʦʥʠʪʦʨʠʥʛʘ 

ʈʘʟʨʘʙʘʪʳʚʘʝʤʘʷ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʘʷ ʩʠʩʪʝʤʘ ʤʦʥʠʪʦʨʠʥʛʘ ʚʳʙʨʦʩʦʚ ʜʦʣʞʥʘ 

ʧʨʝʜʩʪʘʚʣʷʪʴ ʩʦʙʦʡ ʤʥʦʛʦʫʨʦʚʥʝʚʫʶ ʩʪʨʫʢʪʫʨʫ. ʅʘ ʧʝʨʚʦʤ ʫʨʦʚʥʝ 

ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʩʝʥʩʦʨʳ ʠ IoT-ʫʩʪʨʦʡʩʪʚʘ, ʢʦʪʦʨʳʝ ʩʦʙʠʨʘʶʪ ʜʘʥʥʳʝ ʦ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʟʘʛʨʷʟʥʠʪʝʣʝʡ ʚ ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ. ʅʘ ʚʪʦʨʦʤ ʫʨʦʚʥʝ 



 
ΝΜΦ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʦʙʣʘʯʥʘʷ ʧʣʘʪʬʦʨʤʘ, ʦʙʝʩʧʝʯʠʚʘʶʱʘʷ ʭʨʘʥʝʥʠʝ ʙʦʣʴʰʠʭ 

ʤʘʩʩʠʚʦʚ ʠʥʬʦʨʤʘʮʠʠ ʠ ʠʥʪʝʛʨʘʮʠʶ ʩ ʠʥʩʪʨʫʤʝʥʪʘʤʠ ʘʥʘʣʠʪʠʢʠ. ʊʨʝʪʠʡ 

ʫʨʦʚʝʥʴ ʧʨʝʜʧʦʣʘʛʘʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʘʣʛʦʨʠʪʤʦʚ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ, ʢʦʪʦʨʳʝ 

ʘʥʘʣʠʟʠʨʫʶʪ ʜʠʥʘʤʠʢʫ ʠʟʤʝʥʝʥʠʡ, ʚʳʷʚʣʷʶʪ ʘʥʦʤʘʣʠʠ ʠ ʩʪʨʦʷʪ ʧʨʦʛʥʦʟʳ. 

ʆʩʦʙʦʝ ʟʥʘʯʝʥʠʝ ʠʤʝʝʪ ʥʘʣʠʯʠʝ ʠʥʪʝʨʬʝʡʩʘ ʚʠʟʫʘʣʠʟʘʮʠʠ. ʆʥ ʜʦʣʞʝʥ 

ʧʨʝʜʩʪʘʚʣʷʪʴ ʠʥʬʦʨʤʘʮʠʶ ʚ ʫʜʦʙʥʦʡ ʜʣʷ ʦʧʝʨʘʪʦʨʦʚ ʬʦʨʤʝ: ʛʨʘʬʠʢʠ, ʢʘʨʪʳ 

ʟʘʛʨʷʟʥʝʥʠʷ, ʩʠʛʥʘʣʳ ʪʨʝʚʦʛʠ ʧʨʠ ʧʨʝʚʳʰʝʥʠʠ ʥʦʨʤʘʪʠʚʦʚ. ɺ ʧʝʨʩʧʝʢʪʠʚʝ 

ʩʠʩʪʝʤʘ ʤʦʞʝʪ ʙʳʪʴ ʠʥʪʝʛʨʠʨʦʚʘʥʘ ʩ ʧʨʦʤʳʰʣʝʥʥʳʤʠ ʧʣʘʪʬʦʨʤʘʤʠ ʫʧʨʘʚʣʝʥʠʷ 

(SCADA, MES), ʯʪʦ ʧʦʟʚʦʣʠʪ ʥʝ ʪʦʣʴʢʦ ʬʠʢʩʠʨʦʚʘʪʴ ʚʳʙʨʦʩʳ, ʥʦ ʠ ʦʧʝʨʘʪʠʚʥʦ 

ʠʟʤʝʥʷʪʴ ʨʝʞʠʤ ʨʘʙʦʪʳ ʦʙʦʨʫʜʦʚʘʥʠʷ. ɼʦʧʦʣʥʠʪʝʣʴʥʦ ʧʨʝʜʣʘʛʘʝʪʩʷ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʮʠʬʨʦʚʳʝ ʜʚʦʡʥʠʢʠ ʦʯʠʩʪʥʳʭ ʫʩʪʘʥʦʚʦʢ, ʢʦʪʦʨʳʝ ʙʫʜʫʪ 

ʤʦʜʝʣʠʨʦʚʘʪʴ ʚʦʟʤʦʞʥʳʝ ʥʝʠʩʧʨʘʚʥʦʩʪʠ ʠ ʧʨʝʜʫʧʨʝʞʜʘʪʴ ʦʙ ʠʭ ʥʘʩʪʫʧʣʝʥʠʠ. 

 

 
ʈʠʩ. 2. ï ʉʠʩʪʝʤʘ ʤʦʥʠʪʦʨʠʥʛʘ 

 

4 ɸʣʛʦʨʠʪʤʳ ʠ ʤʝʪʦʜʳ 

ɼʣʷ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ ʚ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʡ ʩʠʩʪʝʤʝ ʧʨʝʜʣʘʛʘʝʪʩʷ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʢʦʤʙʠʥʘʮʠʶ ʨʘʟʣʠʯʥʳʭ ʘʣʛʦʨʠʪʤʦʚ. ʈʝʛʨʝʩʩʠʦʥʥʳʝ ʤʦʜʝʣʠ ʠ 

ʥʝʡʨʦʥʥʳʝ ʩʝʪʠ ʧʦʟʚʦʣʷʶʪ ʩʪʨʦʠʪʴ ʧʨʦʛʥʦʟʳ ʠʟʤʝʥʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʡ ʟʘʛʨʷʟʥʠ-

ʪʝʣʝʡ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʠ ʤʝʪʝʦʫʩʣʦʚʠʡ. ʄʝʪʦʜʳ 

ʢʣʘʩʪʝʨʠʟʘʮʠʠ, ʪʘʢʠʝ ʢʘʢ k-means ʠʣʠ DBSCAN, ʧʦʤʦʛʘʶʪ ʛʨʫʧʧʠʨʦʚʘʪʴ 

ʚʳʙʨʦʩʳ ʧʦ ʪʠʧʘʤ ʠ ʚʳʷʚʣʷʪʴ ʥʝʪʠʧʠʯʥʳʝ ʩʠʪʫʘʮʠʠ, ʫʢʘʟʳʚʘʶʱʠʝ ʥʘ ʘʚʘʨʠʡʥʳʝ 

ʨʝʞʠʤʳ. ɸʣʛʦʨʠʪʤʳ ʦʙʥʘʨʫʞʝʥʠʷ ʘʥʦʤʘʣʠʡ, ʥʘʧʨʠʤʝʨ Autoencoder ʠʣʠ Isolation 

Forest, ʦʙʝʩʧʝʯʠʚʘʶʪ ʨʘʥʥʝʝ ʚʳʷʚʣʝʥʠʝ ʥʝʠʩʧʨʘʚʥʦʩʪʝʡ ʠ ʫʪʝʯʝʢ. 

ʇʨʠʤʝʥʝʥʠʝ ʛʝʦʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ ʠ ʩʧʫʪʥʠʢʦʚʳʭ ʜʘʥʥʳʭ ʧʦʟʚʦʣʷʝʪ 

ʩʦʟʜʘʚʘʪʴ ʢʘʨʪʳ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʚʦʢʨʫʛ 

ʧʨʝʜʧʨʠʷʪʠʷ. ʕʪʦ ʚʘʞʥʦ ʜʣʷ ʦʮʝʥʢʠ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʥʘʩʝʣʸʥʥʳʝ ʧʫʥʢʪʳ ʠ 

ʧʨʠʨʦʜʥʳʝ ʦʙʲʝʢʪʳ. ɺ ʩʦʚʦʢʫʧʥʦʩʪʠ ʪʘʢʠʝ ʘʣʛʦʨʠʪʤʳ ʬʦʨʤʠʨʫʶʪ ʦʩʥʦʚʫ 

ʧʨʝʜʠʢʪʠʚʥʦʡ ʘʥʘʣʠʪʠʢʠ, ʩʧʦʩʦʙʥʦʡ ʟʘʨʘʥʝʝ ʩʠʛʥʘʣʠʟʠʨʦʚʘʪʴ ʦ ʨʠʩʢʘʭ ʚʳʭʦʜʘ 

ʧʘʨʘʤʝʪʨʦʚ ʟʘ ʧʨʝʜʝʣʳ ʜʦʧʫʩʪʠʤʳʭ ʟʥʘʯʝʥʠʡ. 



 
ΝΝΜ 

5 ʇʨʠʤʝʨʳ ʧʨʠʤʝʥʝʥʠʷ ʪʝʭʥʦʣʦʛʠʡ 

ʇʨʘʢʪʠʢʘ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʚʥʝʜʨʝʥʠʝ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʩʠʩʪʝʤ 

ʤʦʥʠʪʦʨʠʥʛʘ ʚʳʙʨʦʩʦʚ ʩʪʘʥʦʚʠʪʩʷ ʚʩʸ ʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʳʤ ʷʚʣʝʥʠʝʤ. ʊʘʢ, 

ʚ ʵʥʝʨʛʝʪʠʢʝ ʂʠʪʘʷ ʘʣʛʦʨʠʪʤʳ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ 

ʦʧʪʠʤʠʟʘʮʠʠ ʨʘʙʦʪʳ ʢʦʪʣʦʚ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʦʜʥʦʚʨʝʤʝʥʥʦ ʧʦʚʳʰʘʪʴ ʵʬʬʝʢʪʠʚ-

ʥʦʩʪʴ ʩʛʦʨʘʥʠʷ ʪʦʧʣʠʚʘ ʠ ʩʥʠʞʘʪʴ ʚʳʙʨʦʩʳ ʦʢʩʠʜʦʚ ʘʟʦʪʘ [4]. ɺ ʩʪʨʘʥʘʭ 

ɽʚʨʦʧʝʡʩʢʦʛʦ ʉʦʶʟʘ ʜʝʡʩʪʚʫʶʪ ʢʦʤʧʣʝʢʩʥʳʝ ʧʣʘʪʬʦʨʤʳ, ʦʙʲʝʜʠʥʷʶʱʠʝ 

ʜʘʥʥʳʝ ʜʘʪʯʠʢʦʚ, ʩʧʫʪʥʠʢʦʚ ʠ ʣʘʙʦʨʘʪʦʨʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʙʣʘʛʦʜʘʨʷ ʯʝʤʫ 

ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʤʥʦʛʦʫʨʦʚʥʝʚʳʡ ʢʦʥʪʨʦʣʴ ʧʨʦʤʳʰʣʝʥʥʳʭ ʚʳʙʨʦʩʦʚ [2]. 

ɺ ʂʘʟʘʭʩʪʘʥʝ ʪʘʢʞʝ ʧʨʝʜʧʨʠʥʠʤʘʶʪʩʷ ʰʘʛʠ ʚ ʵʪʦʤ ʥʘʧʨʘʚʣʝʥʠʠ. ʅʘ ʨʷʜʝ 

ʢʨʫʧʥʳʭ ʤʝʜʝʧʣʘʚʠʣʴʥʳʭ ʟʘʚʦʜʦʚ ʚʥʝʜʨʷʶʪʩʷ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʝ ʩʠʩʪʝʤʳ 

ʢʦʥʪʨʦʣʷ, ʩʧʦʩʦʙʥʳʝ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ ʧʝʨʝʜʘʚʘʪʴ ʜʘʥʥʳʝ ʚ ʥʘʮʠʦʥʘʣʴʥʫʶ 

ʙʘʟʫ ʤʦʥʠʪʦʨʠʥʛʘ [3]. ʕʪʠ ʧʨʠʤʝʨʳ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʪʦʤ, ʯʪʦ 

ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʦʙʣʘʜʘʶʪ ʚʳʩʦʢʠʤ ʧʦʪʝʥʮʠʘʣʦʤ ʜʣʷ 

ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʚ ʤʝʪʘʣʣʫʨʛʠʠ. 

 

6 ʇʨʝʠʤʫʱʝʩʪʚʘ ʚʥʝʜʨʝʥʠʷ 

ʆʩʥʦʚʥʳʤ ʧʨʝʠʤʫʱʝʩʪʚʦʤ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʩʠʩʪʝʤ ʷʚʣʷʝʪʩʷ ʠʭ 

ʩʧʦʩʦʙʥʦʩʪʴ ʦʙʝʩʧʝʯʠʚʘʪʴ ʥʝʧʨʝʨʳʚʥʳʡ ʢʦʥʪʨʦʣʴ ʟʘ ʩʦʩʪʦʷʥʠʝʤ ʚʳʙʨʦʩʦʚ ʚ 

ʢʨʫʛʣʦʩʫʪʦʯʥʦʤ ʨʝʞʠʤʝ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʤʛʥʦʚʝʥʥʦ ʨʝʘʛʠʨʦʚʘʪʴ ʥʘ ʧʨʝʚʳʰʝʥʠʷ 

ʧʨʝʜʝʣʴʥʦ ʜʦʧʫʩʪʠʤʳʭ ʢʦʥʮʝʥʪʨʘʮʠʡ ʠ ʧʨʝʜʦʪʚʨʘʱʘʪʴ ʵʢʦʣʦʛʠʯʝʩʢʠʝ 

ʠʥʮʠʜʝʥʪʳ. ʕʢʦʥʦʤʠʯʝʩʢʠʡ ʵʬʬʝʢʪ ʚʳʨʘʞʘʝʪʩʷ ʚ ʩʦʢʨʘʱʝʥʠʠ ʟʘʪʨʘʪ ʥʘ 

ʣʘʙʦʨʘʪʦʨʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʩʥʠʞʝʥʠʠ ʚʝʨʦʷʪʥʦʩʪʠ ʘʚʘʨʠʡ ʠ ʤʠʥʠʤʠʟʘʮʠʠ 

ʰʪʨʘʬʥʳʭ ʩʘʥʢʮʠʡ. 

ʂʨʦʤʝ ʪʦʛʦ, ʩʠʩʪʝʤʘ ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ. ʕʪʦ 

ʦʟʥʘʯʘʝʪ, ʯʪʦ ʧʨʝʜʧʨʠʷʪʠʝ ʤʦʞʝʪ ʟʘʨʘʥʝʝ ʦʮʝʥʠʪʴ ʚʝʨʦʷʪʥʦʩʪʴ ʨʦʩʪʘ ʟʘʛʨʷʟʥʝʥʠʷ 

ʠ ʧʨʠʥʷʪʴ ʤʝʨʳ ʜʣʷ ʝʛʦ ʩʥʠʞʝʥʠʷ. ʀʥʪʝʛʨʘʮʠʷ ʩʠʩʪʝʤʳ ʩ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʤʠ 

ʧʨʦʮʝʩʩʘʤʠ ʩʧʦʩʦʙʩʪʚʫʝʪ ʦʧʪʠʤʠʟʘʮʠʠ ʨʘʙʦʪʳ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʧʦʚʳʰʝʥʠʶ 

ʦʙʱʝʡ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʠ. ʉʦʮʠʘʣʴʥʳʡ ʵʬʬʝʢʪ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʩʥʠʞʝʥʠʠ 

ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʨʠʩʢʦʚ ʜʣʷ ʥʘʩʝʣʝʥʠʷ, ʯʪʦ ʫʣʫʯʰʘʝʪ ʨʝʧʫʪʘʮʠʶ ʧʨʝʜʧʨʠʷʪʠʷ ʠ 

ʫʢʨʝʧʣʷʝʪ ʜʦʚʝʨʠʝ ʦʙʱʝʩʪʚʘ. 

 

7 ʇʝʨʩʧʝʢʪʠʚʳ 

ɺ ʙʫʜʫʱʝʤ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʝ ʩʠʩʪʝʤʳ ʤʦʥʠʪʦʨʠʥʛʘ ʚʳʙʨʦʩʦʚ ʙʫʜʫʪ 

ʥʝʦʪʲʝʤʣʝʤʦʡ ʯʘʩʪʴʶ ʢʦʥʮʝʧʮʠʠ çʫʤʥʳʭ ʬʘʙʨʠʢè ʚ ʨʘʤʢʘʭ ʀʥʜʫʩʪʨʠʠ 4.0. 

ʆʞʠʜʘʝʪʩʷ ʘʢʪʠʚʥʦʝ ʨʘʟʚʠʪʠʝ ʪʝʭʥʦʣʦʛʠʡ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ ʥʦʚʦʛʦ 

ʧʦʢʦʣʝʥʠʷ, ʩʧʦʩʦʙʥʳʭ ʘʥʘʣʠʟʠʨʦʚʘʪʴ ʥʝ ʪʦʣʴʢʦ ʦʪʜʝʣʴʥʳʝ ʜʘʪʯʠʢʠ, ʥʦ ʠ 

ʢʦʤʧʣʝʢʩʥʳʝ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʝ ʮʝʧʦʯʢʠ. ɺʘʞʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʩʪʘʥʝʪ 

ʠʥʪʝʛʨʘʮʠʷ ʪʘʢʠʭ ʩʠʩʪʝʤ ʩ ʥʘʮʠʦʥʘʣʴʥʳʤʠ ʠ ʤʝʞʜʫʥʘʨʦʜʥʳʤʠ ʧʣʘʪʬʦʨʤʘʤʠ 

ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ, ʯʪʦ ʧʦʟʚʦʣʠʪ ʚʳʩʪʨʘʠʚʘʪʴ ʝʜʠʥʫʶ ʩʠʩʪʝʤʫ 

ʫʧʨʘʚʣʝʥʠʷ ʢʘʯʝʩʪʚʦʤ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ. 

ʇʝʨʩʧʝʢʪʠʚʥʳʤ ʪʘʢʞʝ ʷʚʣʷʝʪʩʷ ʨʘʟʚʠʪʠʝ ʮʠʬʨʦʚʳʭ ʜʚʦʡʥʠʢʦʚ 

ʧʨʦʤʳʰʣʝʥʥʳʭ ʦʙʲʝʢʪʦʚ. ʕʪʠ ʤʦʜʝʣʠ ʧʦʟʚʦʣʷʪ ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʥʝ ʪʦʣʴʢʦ 

ʚʳʙʨʦʩʳ, ʥʦ ʠ ʪʝʭʥʠʯʝʩʢʦʝ ʩʦʩʪʦʷʥʠʝ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʦʙʝʩʧʝʯʠʚʘʷ ʧʝʨʝʭʦʜ ʦʪ 
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ʨʝʘʢʪʠʚʥʦʛʦ ʢ ʧʨʦʘʢʪʠʚʥʦʤʫ ʫʧʨʘʚʣʝʥʠʶ ʧʨʦʠʟʚʦʜʩʪʚʦʤ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʝ ʩʠʩʪʝʤʳ ʤʦʥʠʪʦʨʠʥʛʘ ʩʪʘʥʦʚʷʪʩʷ ʢʣʶʯʝʚʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ 

ʫʩʪʦʡʯʠʚʦʛʦ ʨʘʟʚʠʪʠʷ ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʦʡ ʦʪʨʘʩʣʠ. 

 

8 ɿʘʢʣʶʯʝʥʠʝ 

ʄʝʪʘʣʣʫʨʛʠʷ ʦʩʪʘʸʪʩʷ ʦʜʥʦʡ ʠʟ ʥʘʠʙʦʣʝʝ ʟʘʛʨʷʟʥʷʶʱʠʭ ʦʪʨʘʩʣʝʡ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. ʊʨʘʜʠʮʠʦʥʥʳʝ ʤʝʪʦʜʳ ʢʦʥʪʨʦʣʷ ʥʝ ʚʩʝʛʜʘ ʦʙʝʩʧʝʯʠʚʘʶʪ 

ʥʝʦʙʭʦʜʠʤʫʶ ʦʧʝʨʘʪʠʚʥʦʩʪʴ ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʴ. ʀʥʪʝʣʣʝʢʪʫʘʣʴʥʳʝ ʩʠʩʪʝʤʳ 

ʤʦʥʠʪʦʨʠʥʛʘ ʚʳʙʨʦʩʦʚ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ IoT, ʤʘʰʠʥʥʦʤ ʦʙʫʯʝʥʠʠ ʠ ʦʙʣʘʯʥʳʭ 

ʪʝʭʥʦʣʦʛʠʷʭ, ʦʪʢʨʳʚʘʶʪ ʥʦʚʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ ʵʢʦʣʦʛʠʯʝʩʢʠ ʙʝʟʦʧʘʩʥʦʛʦ 

ʨʘʟʚʠʪʠʷ. 

ʀʭ ʚʥʝʜʨʝʥʠʝ ʧʦʟʚʦʣʠʪ ʧʨʝʜʧʨʠʷʪʠʷʤ ʩʥʠʟʠʪʴ ʚʳʙʨʦʩʳ, ʩʦʢʨʘʪʠʪʴ 

ʠʟʜʝʨʞʢʠ, ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ ʫʞʝʩʪʦʯʘʶʱʠʤʩʷ ʵʢʦʣʦʛʠʯʝʩʢʠʤ ʥʦʨʤʘʤ ʠ ʧʦʚʳʩʠʪʴ 

ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʩʪʴ. 
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ʅʘ ʫʨʦʚʥʝ ʧʨʦʛʨʘʤʤʥʦ-ʣʦʛʠʯʝʩʢʠʭ ʢʦʥʪʨʦʣʣʝʨʦʚ (ʇʃʂ), ʢʦʪʦʨʳʝ ʪʨʘʜʠʮʠʦʥʥʦ 

ʚʦʩʧʨʠʥʠʤʘʣʠʩʴ ʢʘʢ ʩʪʘʙʠʣʴʥʘʷ ʠ ʫʩʪʦʡʯʠʚʘʷ ʦʩʥʦʚʘ ʫʧʨʘʚʣʝʥʠʷ, ʚʩʸ ʯʘʱʝ 

ʚʦʟʥʠʢʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʦʧʝʨʘʪʠʚʥʦʛʦ ʦʙʥʦʚʣʝʥʠʷ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ. 

ʀʟʤʝʥʝʥʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ, ʚʥʝʜʨʝʥʠʝ ʥʦʚʳʭ ʘʣʛʦʨʠʪʤʦʚ 

ʨʝʛʫʣʠʨʦʚʘʥʠʷ, ʧʦʚʳʰʝʥʠʝ ʪʨʝʙʦʚʘʥʠʡ ʢ ʙʝʟʦʧʘʩʥʦʩʪʠ ʠ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʚʳʥʫʞʜʘʶʪ ʠʥʞʝʥʝʨʦʚ ʨʝʛʫʣʷʨʥʦ ʚʥʦʩʠʪʴ ʢʦʨʨʝʢʪʠʨʦʚʢʠ ʚ ʫʧʨʘʚʣʷʶʱʠʝ 

ʧʨʦʛʨʘʤʤʳ. 

ʆʜʥʘʢʦ ʩʘʤʘ ʧʨʦʮʝʜʫʨʘ ʘʢʪʫʘʣʠʟʘʮʠʠ ʢʦʥʬʠʛʫʨʘʮʠʠ ʇʃʂ ʚ ʧʨʦʤʳʰʣʝʥʥʳʭ 

ʫʩʣʦʚʠʷʭ ʩʪʘʣʢʠʚʘʝʪʩʷ ʩ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʤ ʦʛʨʘʥʠʯʝʥʠʝʤ: ʜʣʷ ʙʦʣʴʰʠʥʩʪʚʘ 

ʦʙʲʝʢʪʦʚ ʧʨʦʠʟʚʦʜʩʪʚʘ ʦʩʪʘʥʦʚʢʘ ʧʨʦʮʝʩʩʘ ʩ ʮʝʣʴʶ ʟʘʛʨʫʟʢʠ ʥʦʚʦʡ ʧʨʦʛʨʘʤʤʳ 

ʧʨʘʢʪʠʯʝʩʢʠ ʥʝʚʦʟʤʦʞʥʘ. ʃʶʙʘʷ ʚʳʥʫʞʜʝʥʥʘʷ ʧʘʫʟʘ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʥʝ ʪʦʣʴʢʦ 

ʢ ʵʢʦʥʦʤʠʯʝʩʢʠʤ ʧʦʪʝʨʷʤ, ʥʦ ʠ ʢ ʫʛʨʦʟʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ. ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʥʘ ʧʝʨʚʳʡ ʧʣʘʥ ʚʳʭʦʜʠʪ ʧʨʦʪʠʚʦʨʝʯʠʝ: ʩ ʦʜʥʦʡ ʩʪʦʨʦʥʳ, ʥʝʦʙʭʦʜʠʤʦ 

ʧʦʜʜʝʨʞʠʚʘʪʴ ʛʠʙʢʦʩʪʴ ʠ ʘʢʪʫʘʣʴʥʦʩʪʴ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʇʃʂ, ʘ ʩ 

ʜʨʫʛʦʡ ï ʥʝʜʦʧʫʩʪʠʤʦ ʥʘʨʫʰʘʪʴ ʥʝʧʨʝʨʳʚʥʦʩʪʴ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʛʦ ʮʠʢʣʘ. ʀʤʝʥʥʦ ʵʪʦ ʧʨʦʪʠʚʦʨʝʯʠʝ ʦʧʨʝʜʝʣʷʝʪ ʘʢʪʫʘʣʴʥʦʩʪʴ 

ʧʦʠʩʢʘ ʥʦʚʳʭ ʧʦʜʭʦʜʦʚ ʢ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʡ ʘʢʪʫʘʣʠʟʘʮʠʠ ʢʦʥʬʠʛʫʨʘʮʠʡ. 

ʊʨʘʜʠʮʠʦʥʥʳʝ ʤʝʪʦʜʳ ʦʙʥʦʚʣʝʥʠʷ ʦʢʘʟʳʚʘʶʪʩʷ ʥʝʜʦʩʪʘʪʦʯʥʦ ʛʠʙʢʠʤʠ: ʦʥʠ 

ʣʠʙʦ ʪʨʝʙʫʶʪ ʟʘʨʘʥʝʝ ʧʦʜʛʦʪʦʚʣʝʥʥʳʭ ʚʨʝʤʝʥʥʳʭ "ʦʢʦʥ" ʜʣʷ ʦʩʪʘʥʦʚʢʠ 

ʧʨʦʮʝʩʩʘ, ʣʠʙʦ ʦʧʠʨʘʶʪʩʷ ʥʘ ʨʫʯʥʳʝ ʜʝʡʩʪʚʠʷ ʠʥʞʝʥʝʨʦʚ, ʯʪʦ ʯʨʝʚʘʪʦ 

ʟʘʜʝʨʞʢʘʤʠ ʠ ʦʰʠʙʢʘʤʠ. ʂʨʦʤʝ ʪʦʛʦ, ʫʩʣʦʞʥʷʝʪʩʷ ʩʘʤ ʢʦʥʪʫʨ ʧʨʠʥʷʪʠʷ 

ʨʝʰʝʥʠʡ: ʥʘ ʢʘʢʦʤ ʵʪʘʧʝ ʦʙʥʦʚʣʝʥʠʝ ʙʫʜʝʪ ʥʘʠʤʝʥʝʝ ʨʠʩʢʦʚʘʥʥʳʤ, ʢʘʢʠʤ 

ʦʙʨʘʟʦʤ ʦʮʝʥʠʪʴ ʚʣʠʷʥʠʝ ʠʟʤʝʥʝʥʠʷ ʢʦʥʬʠʛʫʨʘʮʠʠ ʥʘ ʧʦʚʝʜʝʥʠʝ ʩʠʩʪʝʤʳ, ʢʘʢ 

ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ ʚʝʨʦʷʪʥʦʩʪʴ ʩʙʦʷ ʧʨʠ ʚʥʝʜʨʝʥʠʠ ʥʦʚʦʡ ʚʝʨʩʠʠ ʧʨʦʛʨʘʤʤʳ. ʕʪʠ 

ʚʦʧʨʦʩʳ ʪʨʝʙʫʶʪ ʩʠʩʪʝʤʥʦʛʦ ʧʦʜʭʦʜʘ, ʚʳʭʦʜʷʱʝʛʦ ʟʘ ʨʘʤʢʠ ʢʣʘʩʩʠʯʝʩʢʠʭ 

ʠʥʩʪʨʫʤʝʥʪʦʚ ʧʨʦʤʳʰʣʝʥʥʦʡ ʘʚʪʦʤʘʪʠʟʘʮʠʠ. 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʝʜʣʘʛʘʝʪʩʷ ʨʘʩʩʤʦʪʨʝʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʠʩʪʝʤʳ 

ʧʦʜʜʝʨʞʢʠ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ (ʉʇʇʈ) ʢʘʢ ʠʥʩʪʨʫʤʝʥʪʘ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʡ 

ʘʢʪʫʘʣʠʟʘʮʠʠ ʢʦʥʬʠʛʫʨʘʮʠʡ ʇʃʂ. ɺ ʦʪʣʠʯʠʝ ʦʪ ʪʨʘʜʠʮʠʦʥʥʳʭ ʤʝʪʦʜʦʚ, 

ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʭ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʥʘ ʚʳʧʦʣʥʝʥʠʝ ʟʘʨʘʥʝʝ ʟʘʜʘʥʥʳʭ ʧʨʦʮʝʜʫʨ, 

ʉʇʇʈ ʧʦʟʚʦʣʷʝʪ ʘʜʘʧʪʠʚʥʦ ʘʥʘʣʠʟʠʨʦʚʘʪʴ ʩʦʩʪʦʷʥʠʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ 

ʧʨʦʮʝʩʩʘ, ʦʮʝʥʠʚʘʪʴ ʨʠʩʢʠ ʦʙʥʦʚʣʝʥʠʷ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ ʠ ʬʦʨʤʠʨʦʚʘʪʴ 

ʨʝʢʦʤʝʥʜʘʮʠʠ ʜʣʷ ʙʝʟʦʧʘʩʥʦʛʦ ʠ ʵʬʬʝʢʪʠʚʥʦʛʦ ʚʥʝʜʨʝʥʠʷ ʠʟʤʝʥʝʥʠʡ. ʊʘʢʦʡ 

ʧʦʜʭʦʜ ʦʪʢʨʳʚʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʥʝ ʪʦʣʴʢʦ ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ ʚʣʠʷʥʠʝ 

ʯʝʣʦʚʝʯʝʩʢʦʛʦ ʬʘʢʪʦʨʘ, ʥʦ ʠ ʧʝʨʝʚʝʩʪʠ ʧʨʦʮʝʜʫʨʫ ʘʢʪʫʘʣʠʟʘʮʠʠ ʚ ʧʨʦʘʢʪʠʚʥʳʡ 

ʨʝʞʠʤ, ʧʨʠ ʢʦʪʦʨʦʤ ʦʙʥʦʚʣʝʥʠʷ ʚʩʪʨʘʠʚʘʶʪʩʷ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʡ ʮʠʢʣ 

ʤʘʢʩʠʤʘʣʴʥʦ ʦʨʛʘʥʠʯʥʦ. 

 

2 ʉʠʩʪʝʤʘ ʧʦʜʜʝʨʞʢʠ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ ʚ ʟʘʜʘʯʘʭ ʧʨʦʤʳʰʣʝʥʥʦʡ 

ʘʚʪʦʤʘʪʠʟʘʮʠʠ 

ɺ ʩʦʚʨʝʤʝʥʥʳʭ ʧʨʦʤʳʰʣʝʥʥʳʭ ʩʠʩʪʝʤʘʭ ʚʩʸ ʙʦʣʴʰʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ 

ʧʦʣʫʯʘʶʪ ʩʠʩʪʝʤʳ ʧʦʜʜʝʨʞʢʠ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ (ʉʇʇʈ), ʢʦʪʦʨʳʝ ʩʪʘʥʦʚʷʪʩʷ 

ʩʚʷʟʫʶʱʠʤ ʟʚʝʥʦʤ ʤʝʞʜʫ ʮʠʬʨʦʚʳʤ ʤʠʨʦʤ ʜʘʥʥʳʭ ʠ ʜʝʷʪʝʣʴʥʦʩʪʴʶ ʠʥʞʝʥʝʨʘ 

[1]. ʉʇʇʈ ʚʳʧʦʣʥʷʶʪ ʩʨʘʟʫ ʥʝʩʢʦʣʴʢʦ ʬʫʥʢʮʠʡ: ʦʥʠ ʩʪʨʫʢʪʫʨʠʨʫʶʪ 



 
ΝΝΟ 

ʧʦʩʪʫʧʘʶʱʫʶ ʠʥʬʦʨʤʘʮʠʶ, ʚʳʜʝʣʷʶʪ ʢʣʶʯʝʚʳʝ ʠʥʜʠʢʘʪʦʨʳ ʩʦʩʪʦʷʥʠʷ 

ʧʨʦʮʝʩʩʘ, ʧʨʦʛʥʦʟʠʨʫʶʪ ʨʘʟʚʠʪʠʝ ʩʠʪʫʘʮʠʠ ʧʨʠ ʨʘʟʥʳʭ ʩʮʝʥʘʨʠʷʭ ʫʧʨʘʚʣʝʥʠʷ ʠ 

ʬʦʨʤʠʨʫʶʪ ʨʝʢʦʤʝʥʜʘʮʠʠ, ʜʦʩʪʫʧʥʳʝ ʜʣʷ ʚʦʩʧʨʠʷʪʠʷ ʦʧʝʨʘʪʦʨʦʤ. ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʉʇʇʈ ʥʝ ʟʘʤʝʥʷʝʪ ʯʝʣʦʚʝʢʘ, ʥʦ ʚʳʚʦʜʠʪ ʝʛʦ ʜʝʷʪʝʣʴʥʦʩʪʴ ʥʘ ʥʦʚʳʡ 

ʫʨʦʚʝʥʴ: ʦʧʝʨʘʪʦʨ ʧʝʨʝʩʪʘʸʪ ʙʳʪʴ "ʨʫʯʥʳʤ ʬʠʣʴʪʨʦʤ" ʜʣʷ ʧʦʪʦʢʘ ʩʠʛʥʘʣʦʚ ʠ 

ʧʨʝʚʨʘʱʘʝʪʩʷ ʚ ʩʪʨʘʪʝʛʠʯʝʩʢʦʛʦ ʢʦʦʨʜʠʥʘʪʦʨʘ, ʚʳʙʠʨʘʶʱʝʛʦ ʦʧʪʠʤʘʣʴʥʳʡ 

ʚʘʨʠʘʥʪ ʠʟ ʧʨʝʜʣʦʞʝʥʥʳʭ ʩʠʩʪʝʤʦʡ [1]. 

ɺʘʞʥʦ, ʯʪʦ ʚ ʫʩʣʦʚʠʷʭ ʘʚʘʨʠʡʥʳʭ ʠ ʧʨʝʜʘʚʘʨʠʡʥʳʭ ʩʠʪʫʘʮʠʷʭ ʉʇʇʈ ʥʝ 

ʪʦʣʴʢʦ ʧʦʤʦʛʘʝʪ ʩʦʢʨʘʪʠʪʴ ʚʨʝʤʷ ʥʘ ʦʙʨʘʙʦʪʢʫ ʠʥʬʦʨʤʘʮʠʠ, ʥʦ ʠ ʩʥʠʞʘʝʪ 

ʚʝʨʦʷʪʥʦʩʪʴ ʩʫʙʲʝʢʪʠʚʥʳʭ ʨʝʰʝʥʠʡ, ʧʨʠʥʷʪʳʭ ʧʦʜ ʜʘʚʣʝʥʠʝʤ. 

ʀʟ ʵʪʦʛʦ ʩʣʝʜʫʝʪ, ʯʪʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʉʇʇʈ ʚ ʟʘʜʘʯʘʭ ʧʨʦʤʳʰʣʝʥʥʦʡ 

ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʦʪʢʨʳʚʘʝʪ ʥʦʚʳʡ ʫʨʦʚʝʥʴ ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʠ. ʆʥʘ ʧʝʨʝʩʪʘʸʪ ʙʳʪʴ 

ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʠʥʩʪʨʫʤʝʥʪʦʤ ʩʠʪʫʘʮʠʦʥʥʦʛʦ ʨʝʘʛʠʨʦʚʘʥʠʷ ʠ ʧʨʝʚʨʘʱʘʝʪʩʷ ʚ 

ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʛʦ ʧʦʤʦʱʥʠʢʘ ʚ ʚʦʧʨʦʩʘʭ ʩʪʨʘʪʝʛʠʯʝʩʢʦʛʦ ʩʦʧʨʦʚʦʞʜʝʥʠʷ 

ʞʠʟʥʝʥʥʦʛʦ ʮʠʢʣʘ ʩʠʩʪʝʤʳ. ʅʦ, ʩʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʢʦʥʮʝʧʮʠʷ ʚʩʝ ʨʘʚʥʦ 

ʦʩʪʘʚʣʷʝʪ ʧʨʘʚʦ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʷ ʟʘ ʯʝʣʦʚʝʢʦʤ. 

 

3 ʀʥʪʝʣʣʝʢʪʫʘʣʴʥʳʝ ʤʝʪʦʜʳ ʠ ʘʣʛʦʨʠʪʤʳ ʉʇʇʈ 

ʉʦʟʜʘʥʠʝ ʵʬʬʝʢʪʠʚʥʦʡ ʩʠʩʪʝʤʳ ʧʦʜʜʝʨʞʢʠ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ ʚ 

ʧʨʦʤʳʰʣʝʥʥʦʡ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʥʝʚʦʟʤʦʞʥʦ ʙʝʟ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʤʝʪʦʜʦʚ, ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʶʪ ʦʙʨʘʙʘʪʳʚʘʪʴ ʙʦʣʴʰʠʝ ʤʘʩʩʠʚʳ 

ʜʘʥʥʳʭ, ʠʟʚʣʝʢʘʪʴ ʠʟ ʥʠʭ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʠ ʬʦʨʤʠʨʦʚʘʪʴ ʧʨʦʛʥʦʟʳ.  

ʆʜʥʠʤ ʠʟ ʧʝʨʚʳʭ ʥʘʧʨʘʚʣʝʥʠʡ, ʧʦʣʫʯʠʚʰʠʭ ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ, ʩʪʘʣʘ 

ʥʝʯʝʪʢʘʷ ʣʦʛʠʢʘ [2]. ʆʥʘ ʧʦʟʚʦʣʷʝʪ ʬʦʨʤʘʣʠʟʦʚʘʪʴ ʨʘʩʩʫʞʜʝʥʠʷ ʩʧʝʮʠʘʣʠʩʪʘ, 

ʦʧʝʨʠʨʫʶʱʝʛʦ ʥʝ ʢʦʣʠʯʝʩʪʚʝʥʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ, ʘ ʢʘʯʝʩʪʚʝʥʥʳʤʠ ʦʮʝʥʢʘʤʠ 

ʚʨʦʜʝ çʥʠʟʢʦʝ ʜʘʚʣʝʥʠʝè, çʚʳʩʦʢʘʷ ʥʘʛʨʫʟʢʘè ʠʣʠ çʜʦʩʪʘʪʦʯʥʳʡ ʟʘʧʘʩ ʚʨʝʤʝʥʠè.  

ɼʨʫʛʠʤ ʤʦʱʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʷʚʣʷʶʪʩʷ ʠʩʢʫʩʩʪʚʝʥʥʳʝ ʥʝʡʨʦʥʥʳʝ ʩʝʪʠ. ɺ 

ʦʪʣʠʯʠʝ ʦʪ ʥʝʯʝʪʢʦʡ ʣʦʛʠʢʠ, ʦʥʠ ʥʝ ʪʨʝʙʫʶʪ ʷʚʥʦʡ ʬʦʨʤʘʣʠʟʘʮʠʠ ʟʥʘʥʠʡ, ʘ 

ʩʪʨʦʷʪ ʤʦʜʝʣʠ ʧʦʚʝʜʝʥʠʷ ʧʨʦʮʝʩʩʘ ʥʘ ʦʩʥʦʚʝ ʧʨʠʤʝʨʦʚ ʠ ʥʘʢʦʧʣʝʥʥʳʭ ʜʘʥʥʳʭ. 

ʅʝʡʨʦʩʝʪʠ ʩʧʦʩʦʙʥʳ ʚʳʷʚʣʷʪʴ ʩʢʨʳʪʳʝ ʚʟʘʠʤʦʩʚʷʟʠ ʤʝʞʜʫ ʧʘʨʘʤʝʪʨʘʤʠ, 

ʦʙʥʘʨʫʞʠʚʘʪʴ ʘʥʦʤʘʣʠʠ ʠ ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʙʫʜʫʱʝʝ ʩʦʩʪʦʷʥʠʝ ʩʠʩʪʝʤʳ [3]. 

ɻʝʥʝʪʠʯʝʩʢʠʝ ʘʣʛʦʨʠʪʤʳ ʠ ʤʝʪʦʜʳ ʵʚʦʣʶʮʠʦʥʥʦʛʦ ʧʦʠʩʢʘ ʥʘʭʦʜʷʪ 

ʧʨʠʤʝʥʝʥʠʝ ʪʘʤ, ʛʜʝ ʪʨʝʙʫʝʪʩʷ ʦʧʪʠʤʠʟʘʮʠʷ ʢʦʥʬʠʛʫʨʘʮʠʡ ʠ ʧʦʠʩʢ 

ʢʦʤʧʨʦʤʠʩʩʦʚ ʤʝʞʜʫ ʧʨʦʪʠʚʦʨʝʯʠʚʳʤʠ ʢʨʠʪʝʨʠʷʤʠ. ɺ ʦʪʣʠʯʠʝ ʦʪ ʩʪʨʦʛʠʭ 

ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ, ʦʥʠ ʦʧʠʨʘʶʪʩʷ ʥʘ ʤʝʭʘʥʠʟʤ ʦʪʙʦʨʘ ʠ ʤʫʪʘʮʠʠ ʨʝʰʝʥʠʡ, 

ʧʦʩʪʝʧʝʥʥʦ ʫʣʫʯʰʘʷ ʠʭ ʧʦʢʦʣʝʥʠʝ ʟʘ ʧʦʢʦʣʝʥʠʝʤ [4]. ɼʣʷ ʟʘʜʘʯ ʧʨʦʤʳʰʣʝʥʥʦʡ 

ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʵʪʦ ʦʩʦʙʝʥʥʦ ʚʘʞʥʦ: ʧʨʦʮʝʩʩʳ ʯʘʩʪʦ ʤʥʦʛʦʢʨʠʪʝʨʠʘʣʴʥʳ, ʠ 

ʥʝʦʙʭʦʜʠʤʦ ʠʩʢʘʪʴ ʙʘʣʘʥʩ ʤʝʞʜʫ ʙʝʟʦʧʘʩʥʦʩʪʴʶ, ʩʢʦʨʦʩʪʴʶ, 

ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʝʤ ʠ ʢʘʯʝʩʪʚʦʤ.  

ʄʘʰʠʥʥʦʝ ʦʙʫʯʝʥʠʝ, ʢʘʢ ʦʪʜʝʣʴʥʦʝ ʥʘʧʨʘʚʣʝʥʠʝ, ʘʢʪʠʚʥʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ 

ʘʥʘʣʠʟʘ ʠʩʪʦʨʠʯʝʩʢʠʭ ʜʘʥʥʳʭ ʠ ʚʳʷʚʣʝʥʠʷ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ, ʢʦʪʦʨʳʝ ʩʣʦʞʥʦ 

ʬʦʨʤʘʣʠʟʦʚʘʪʴ ʚʨʫʯʥʫʶ. ɺ ʢʦʥʪʝʢʩʪʝ ʘʢʪʫʘʣʠʟʘʮʠʠ ʢʦʥʬʠʛʫʨʘʮʠʠ ʇʃʂ ʦʥʦ 

ʤʦʞʝʪ ʠʛʨʘʪʴ ʨʦʣʴ "ʥʘʙʣʶʜʘʪʝʣʷ", ʦʮʝʥʠʚʘʶʱʝʛʦ, ʥʘʩʢʦʣʴʢʦ ʪʝʢʫʱʘʷ 

ʢʦʥʬʠʛʫʨʘʮʠʷ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʪʨʝʙʦʚʘʥʠʷʤ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ. ʇʨʠ 



 
ΝΝΠ 

ʦʙʥʘʨʫʞʝʥʠʠ ʦʪʢʣʦʥʝʥʠʡ ʠʣʠ ʘʥʦʤʘʣʠʡ ʩʠʩʪʝʤʘ ʤʦʞʝʪ ʩʠʛʥʘʣʠʟʠʨʦʚʘʪʴ ʦ 

ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʦʙʥʦʚʣʝʥʠʷ [5]. 

ʇʨʝʠʤʫʱʝʩʪʚʘ, ʥʝʜʦʩʪʘʪʢʠ ʠ ʧʨʠʤʝʥʠʤʦʩʪʴ ʧʨʠʚʝʜʝʥʥʳʭ ʤʝʪʦʜʦʚ ʜʣʷ 

ʟʘʜʘʯʠ ʘʢʪʫʘʣʠʟʘʮʠʠ, ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 1. 

 

ʊʘʙʣʠʮʘ 1. ʉʨʘʚʥʠʪʝʣʴʥʘʷ ʪʘʙʣʠʮʘ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʤʝʪʦʜʦʚ 

ʀʥʪʝʣʣʝʢʪʫʘ

ʣʴʥʳʡ ʤʝʪʦʜ 
ʇʨʝʠʤʫʱʝʩʪʚʘ ʅʝʜʦʩʪʘʪʢʠ ʇʨʠʤʝʥʠʤʦʩʪʴ 

1 2 3 4 

ʅʝʯʝʪʢʘʷ 

ʣʦʛʠʢʘ 

ʇʝʨʝʚʦʜ ʯʠʩʣʝʥʥʳʭ 

ʧʘʨʘʤʝʪʨʦʚ ʚ 

ʣʠʥʛʚʠʩʪʠʯʝʩʢʠʝ 

ʧʝʨʝʤʝʥʥʳʝ, 

ʚʦʟʤʦʞʥʦʩʪʴ 

ʬʦʨʤʘʣʠʟʦʚʘʪʴ 

ʵʢʩʧʝʨʪʥʳʝ ʟʥʘʥʠʷ ʠ 

ʦʧʝʨʠʨʦʚʘʪʴ 

ʧʦʥʷʪʠʷʤʠ 

ʝʩʪʝʩʪʚʝʥʥʦʛʦ ʷʟʳʢʘ 

ʉʪʘʪʠʯʥʦʩʪʴ 

ʩʠʩʪʝʤʳ: ʧʨʠ 

ʠʟʤʝʥʝʥʠʠ 

ʫʩʣʦʚʠʡ 

ʪʨʝʙʫʝʪʩʷ 

ʢʦʨʨʝʢʪʠʨʦʚʢʘ 

ʧʨʘʚʠʣ, 

ʦʛʨʘʥʠʯʝʥʥʘʷ 

ʩʧʦʩʦʙʥʦʩʪʴ ʢ 

ʩʘʤʦʦʙʫʯʝʥʠʶ 

ʆʮʝʥʢʘ ʛʦʪʦʚʥʦʩʪʠ 

ʠ ʙʝʟʦʧʘʩʥʦʩʪʠ 

ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥ

ʦʛʦ ʦʙʥʦʚʣʝʥʠʷ, 

ʦʧʨʝʜʝʣʝʥʠʝ çʦʢʦʥ 

ʚʦʟʤʦʞʥʦʩʪʝʡè 

ʅʝʡʨʦʥʥʳʝ 

ʩʝʪʠ 

ʆʪʩʫʪʩʪʚʠʝ 

ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʚ 

ʷʚʥʦʡ ʬʦʨʤʘʣʠʟʘʮʠʠ 

ʧʨʘʚʠʣ, ʩʧʦʩʦʙʥʦʩʪʴ 

ʚʳʷʚʣʷʪʴ ʩʢʨʳʪʳʝ 

ʟʘʚʠʩʠʤʦʩʪʠ ʠ 

ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ 

ʊʨʝʙʫʝʪʩʷ 

ʟʥʘʯʠʪʝʣʴʥʘʷ 

ʦʙʫʯʘʶʱʘʷ 

ʚʳʙʦʨʢʘ, 

ʥʝʦʙʭʦʜʠʤʦʩʪʴ 

ʧʦʜʙʦʨʘ 

ʘʨʭʠʪʝʢʪʫʨʳ ʠ 

ʨʠʩʢʘ 

ʧʝʨʝʦʙʫʯʝʥʠʷ 

ɸʥʘʣʠʟ ʜʘʥʥʳʭ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ 

ʧʨʦʮʝʩʩʘ, 

ʚʳʷʚʣʝʥʠʝ 

ʜʠʥʘʤʠʢʠ ʠ 

ʧʨʝʜʝʣʦʚ 

ʫʩʪʦʡʯʠʚʦʩʪʠ 

ɻʝʥʝʪʠʯʝʩʢʠʝ 

ʘʣʛʦʨʠʪʤʳ 

ʕʬʬʝʢʪʠʚʥʳʡ ʧʦʠʩʢ 

ʢʦʤʧʨʦʤʠʩʩʥʳʭ 

ʨʝʰʝʥʠʡ ʧʨʠ 

ʤʥʦʞʝʩʪʚʝ 

ʢʨʠʪʝʨʠʝʚ, 

ʩʧʦʩʦʙʥʦʩʪʴ 

ʘʜʘʧʪʠʚʥʦ ʫʣʫʯʰʘʪʴ 

ʨʝʰʝʥʠʷ 

ɺʳʩʦʢʘʷ 

ʚʳʯʠʩʣʠʪʝʣʴʥʘʷ 

ʩʣʦʞʥʦʩʪʴ, 

ʥʝʦʧʨʝʜʝʣʸʥʥʦʩʪ

ʴ ʚʨʝʤʝʥʠ 

ʜʦʩʪʠʞʝʥʠʷ 

ʦʧʪʠʤʫʤʘ 

ʆʧʪʠʤʠʟʘʮʠʷ 

ʧʘʨʘʤʝʪʨʦʚ 

ʢʦʥʬʠʛʫʨʘʮʠʠ ʩ 

ʫʯʸʪʦʤ ʢʨʠʪʝʨʠʝʚ 

ʙʝʟʦʧʘʩʥʦʩʪʠ, 

ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦ

ʩʪʠ ʠ ʥʘʜʸʞʥʦʩʪʠ 

ʄʘʰʠʥʥʦʝ 

ʦʙʫʯʝʥʠʝ 

ɸʥʘʣʠʟ ʠʩʪʦʨʠʯʝʩʢʠʭ 

ʜʘʥʥʳʭ, ʚʳʷʚʣʝʥʠʝ 

ʘʥʦʤʘʣʠʡ ʠ ʩʣʘʙʳʭ 

ʤʝʩʪ, ʧʨʝʜʩʢʘʟʘʥʠʝ 

ʙʫʜʫʱʝʛʦ ʧʦʚʝʜʝʥʠʷ 

ʩʠʩʪʝʤʳ 

ɺʳʩʦʢʠʝ 

ʪʨʝʙʦʚʘʥʠʷ ʢ 

ʚʳʯʠʩʣʠʪʝʣʴʥʳ

ʤ ʨʝʩʫʨʩʘʤ ʠ 

ʢʘʯʝʩʪʚʫ ʜʘʥʥʳʭ 

ʆʮʝʥʢʘ 

ʫʷʟʚʠʤʦʩʪʝʡ 

ʢʦʥʬʠʛʫʨʘʮʠʠ ʠ 

ʚʳʷʚʣʝʥʠʝ 

ʥʘʢʘʧʣʠʚʘʶʱʠʭʩʷ 

ʦʰʠʙʦʢ 

 



 
ΝΝΡ 

ʆʙʦʙʱʘʷ, ʤʦʞʥʦ ʩʢʘʟʘʪʴ, ʯʪʦ ʥʠ ʦʜʠʥ ʠʟ ʤʝʪʦʜʦʚ ʥʝ ʷʚʣʷʝʪʩʷ 

ʫʥʠʚʝʨʩʘʣʴʥʳʤ. ʇʦʵʪʦʤʫ ʥʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʧʦʜʭʦʜʦʤ ʷʚʣʷʝʪʩʷ 

ʛʠʙʨʠʜʥʘʷ ʘʨʭʠʪʝʢʪʫʨʘ ʉʇʇʈ, ʚ ʢʦʪʦʨʦʡ ʨʘʟʣʠʯʥʳʝ ʤʝʪʦʜʳ ʨʘʙʦʪʘʶʪ ʩʦʚʤʝʩʪʥʦ, 

ʜʦʧʦʣʥʷʷ ʜʨʫʛ ʜʨʫʛʘ. ʄʘʰʠʥʥʦʝ ʦʙʫʯʝʥʠʝ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʦ ʜʣʷ ʦʮʝʥʢʠ 

ʪʝʢʫʱʝʛʦ ʩʦʩʪʦʷʥʠʷ ʢʦʥʬʠʛʫʨʘʮʠʠ ʠ ʩʚʦʝʚʨʝʤʝʥʥʦʛʦ ʦʙʥʘʨʫʞʝʥʠʷ ʦʰʠʙʦʢ. 

ʅʝʡʨʦʥʥʳʝ ʩʝʪʠ ð ʜʣʷ ʘʥʘʣʠʟʘ ʠʥʝʨʮʠʦʥʥʦʩʪʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ, 

ʦʧʨʝʜʝʣʝʥʠʷ ʝʛʦ ʧʨʝʜʝʣʦʚ ʫʩʪʦʡʯʠʚʦʩʪʠ ʠ ʨʘʩʯʸʪʘ ʚʦʟʤʦʞʥʳʭ ʩʮʝʥʘʨʠʝʚ 

ʨʘʟʚʠʪʠʷ. ʅʝʯʝʪʢʘʷ ʣʦʛʠʢʘ ð ʜʣʷ ʦʮʝʥʢʠ ʚʨʝʤʝʥʥʳʭ "ʦʢʦʥ ʚʦʟʤʦʞʥʦʩʪʝʡ", ʢʦʛʜʘ 

ʦʙʥʦʚʣʝʥʠʝ ʤʦʞʝʪ ʙʳʪʴ ʧʨʦʚʝʜʝʥʦ ʙʝʟ ʨʠʩʢʘ ʥʘʨʫʰʝʥʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʮʠʢʣʘ. 

ɻʝʥʝʪʠʯʝʩʢʠʝ ʘʣʛʦʨʠʪʤʳ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʤʦʛʫʪ ʧʨʠʤʝʥʷʪʴʩʷ ʜʣʷ ʧʦʠʩʢʘ 

ʦʧʪʠʤʘʣʴʥʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʜʝʡʩʪʚʠʡ ʧʨʠ ʩʣʦʞʥʳʭ ʦʙʥʦʚʣʝʥʠʷʭ, ʛʜʝ 

ʪʨʝʙʫʝʪʩʷ ʩʦʛʣʘʩʦʚʘʥʠʝ ʤʥʦʞʝʩʪʚʘ ʧʘʨʘʤʝʪʨʦʚ. 

ʊʘʢʦʝ ʢʦʤʙʠʥʠʨʦʚʘʥʠʝ ʧʦʟʚʦʣʷʝʪ ʩʦʟʜʘʪʴ ʩʠʩʪʝʤʫ, ʩʧʦʩʦʙʥʫʶ ʦʜʥʦʚʨʝʤʝʥʥʦ 

ʘʥʘʣʠʟʠʨʦʚʘʪʴ ʜʘʥʥʳʝ, ʠʥʪʝʨʧʨʝʪʠʨʦʚʘʪʴ ʨʝʟʫʣʴʪʘʪʳ ʠ ʚʳʜʘʚʘʪʴ ʧʦʥʷʪʥʳʝ 

ʨʝʢʦʤʝʥʜʘʮʠʠ, ʦʙʝʩʧʝʯʠʚʘʷ ʧʨʠ ʵʪʦʤ ʛʠʙʢʦʩʪʴ ʠ ʥʘʜʸʞʥʦʩʪʴ ʚ ʫʩʣʦʚʠʷʭ 

ʨʝʘʣʴʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ. 

 

4 ɸʨʭʠʪʝʢʪʫʨʘ ʧʨʝʜʣʘʛʘʝʤʦʡ ʩʠʩʪʝʤʳ 

ʈʘʟʨʘʙʦʪʢʘ ʩʠʩʪʝʤʳ ʧʦʜʜʝʨʞʢʠ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ ʜʣʷ ʘʢʪʫʘʣʠʟʘʮʠʠ 

ʢʦʥʬʠʛʫʨʘʮʠʠ ʇʃʂ ʪʨʝʙʫʝʪ ʚʳʙʦʨʘ ʘʨʭʠʪʝʢʪʫʨʥʦʛʦ ʧʦʜʭʦʜʘ. ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʦʩʦʙʝʥʥʦʩʪʝʡ ʫʧʨʘʚʣʝʥʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤ ʧʨʦʮʝʩʩʦʤ ʚʦʟʤʦʞʥʳ ʜʚʘ ʚʘʨʠʘʥʪʘ 

ʦʨʛʘʥʠʟʘʮʠʠ: ʮʝʥʪʨʘʣʠʟʦʚʘʥʥʦʝ ʠ ʨʘʩʧʨʝʜʝʣʸʥʥʦʝ ʢʦʥʬʠʛʫʨʠʨʦʚʘʥʠʝ. ʆʙʘ 

ʨʝʰʝʥʠʷ ʠʤʝʶʪ ʧʨʘʚʦ ʥʘ ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʠ ʚʳʙʦʨ ʤʝʞʜʫ ʥʠʤʠ ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʤʘʩʰʪʘʙʦʤ ʧʨʝʜʧʨʠʷʪʠʷ, ʢʨʠʪʠʯʥʦʩʪʴʶ ʧʨʦʮʝʩʩʦʚ ʠ ʪʨʝʙʦʚʘʥʠʷʤʠ ʢ 

ʥʘʜʸʞʥʦʩʪʠ. 

ʇʨʠ ʮʝʥʪʨʘʣʠʟʦʚʘʥʥʦʡ ʘʨʭʠʪʝʢʪʫʨʝ ʚʩʝ ʬʫʥʢʮʠʠ ʘʥʘʣʠʟʘ ʠ ʧʦʜʛʦʪʦʚʢʠ 

ʨʝʰʝʥʠʡ ʩʦʩʨʝʜʦʪʦʯʝʥʳ ʚ ʝʜʠʥʦʤ ʚʳʯʠʩʣʠʪʝʣʴʥʦʤ ʮʝʥʪʨʝ. SCADA-ʩʝʨʚʝʨ ʚ 

ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ ʩʦʙʠʨʘʝʪ ʜʘʥʥʳʝ ʦ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʘʭ ʧʦ 

ʧʨʦʤʳʰʣʝʥʥʳʤ ʧʨʦʪʦʢʦʣʘʤ (Modbus TCP, OPC UA ʠʣʠ ʜʨʫʛʠʤ ʩʪʘʥʜʘʨʪʘʤ 

ʦʙʤʝʥʘ). ʕʪʠ ʜʘʥʥʳʝ ʚʢʣʶʯʘʶʪ ʚ ʩʝʙʷ ʧʘʨʘʤʝʪʨʳ ʤʥʦʞʝʩʪʚʘ ʢʦʥʪʨʦʣʣʝʨʦʚ, 

ʨʘʙʦʪʘʶʱʠʭ ʥʘ ʦʙʲʝʢʪʝ. ɼʘʣʝʝ ʮʝʥʪʨʘʣʴʥʳʡ ʩʝʨʚʝʨ ʢʦʥʬʠʛʫʨʠʨʦʚʘʥʠʷ 

ʚʳʧʦʣʥʷʝʪ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʡ ʘʥʘʣʠʟ: ʦʮʝʥʠʚʘʝʪ ʩʦʩʪʦʷʥʠʝ ʧʨʦʮʝʩʩʦʚ, 

ʧʨʦʛʥʦʟʠʨʫʝʪ ʧʦʩʣʝʜʩʪʚʠʷ ʚʦʟʤʦʞʥʦʛʦ ʦʙʥʦʚʣʝʥʠʷ ʠ ʬʦʨʤʠʨʫʝʪ ʨʝʢʦʤʝʥʜʘʮʠʠ 

ʜʣʷ ʢʘʞʜʦʛʦ ʦʪʜʝʣʴʥʦʛʦ ʇʃʂ. 

ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ ʦʧʝʨʘʪʦʨʦʤ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʯʝʨʝʟ ʩʠʩʪʝʤʫ ʯʝʣʦʚʝʢʦ-

ʤʘʰʠʥʥʦʛʦ ʠʥʪʝʨʬʝʡʩʘ. ʅʘ ʦʩʥʦʚʝ ʨʝʢʦʤʝʥʜʘʮʠʡ ʦʧʝʨʘʪʦʨ ʧʦʜʪʚʝʨʞʜʘʝʪ ʠʣʠ 

ʦʪʢʣʦʥʷʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʦʙʥʦʚʣʝʥʠʷ. ɽʩʣʠ ʧʦʜʪʚʝʨʞʜʝʥʠʝ ʧʦʣʫʯʝʥʦ, 

ʮʝʥʪʨʘʣʴʥʳʡ ʩʝʨʚʝʨ ʬʦʨʤʠʨʫʝʪ ʫʧʨʘʚʣʷʶʱʝʝ ʩʦʦʙʱʝʥʠʝ, ʢʦʪʦʨʦʝ ʪʨʘʥʩʣʠʨʫʝʪʩʷ 

ʚʩʝʤ ʢʦʥʪʨʦʣʣʝʨʘʤ, ʫʯʘʩʪʚʫʶʱʠʤ ʚ ʧʨʦʮʝʜʫʨʝ ʘʢʪʫʘʣʠʟʘʮʠʠ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʝʜʠʥʳʡ ʮʝʥʪʨ ʧʨʠʥʠʤʘʝʪ ʨʝʰʝʥʠʝ ʠ ʦʙʝʩʧʝʯʠʚʘʝʪ ʩʦʛʣʘʩʦʚʘʥʥʦʩʪʴ ʜʝʡʩʪʚʠʡ ʥʘ 

ʚʩʸʤ ʧʨʝʜʧʨʠʷʪʠʠ. 

ɸʣʴʪʝʨʥʘʪʠʚʥʳʤ ʧʦʜʭʦʜʦʤ ʷʚʣʷʝʪʩʷ ʨʘʩʧʨʝʜʝʣʸʥʥʘʷ ʘʨʭʠʪʝʢʪʫʨʘ, ʧʨʠ 

ʢʦʪʦʨʦʡ ʜʣʷ ʢʘʞʜʦʛʦ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʣʦʢʘʣʴʥʳʡ 

ʩʝʨʚʝʨ ʢʦʥʬʠʛʫʨʠʨʦʚʘʥʠʷ. ʊʘʢʦʡ ʤʠʥʠ-ʩʝʨʚʝʨ ʧʦʣʫʯʘʝʪ ʜʘʥʥʳʝ ʦʪ ʢʦʥʢʨʝʪʥʦʛʦ 



 
ΝΝΣ 

ʇʃʂ ʠʣʠ ʛʨʫʧʧʳ ʇʃʂ, ʚʳʧʦʣʥʷʝʪ ʣʦʢʘʣʴʥʳʝ ʨʘʩʯʸʪʳ ʠ ʬʦʨʤʠʨʫʝʪ ʨʝʰʝʥʠʝ ʦ 

ʚʦʟʤʦʞʥʦʩʪʠ ʘʢʪʫʘʣʠʟʘʮʠʠ. ʎʝʥʪʨʘʣʴʥʳʡ ʫʨʦʚʝʥʴ ʧʨʠ ʵʪʦʤ ʧʦʣʫʯʘʝʪ 

ʘʛʨʝʛʠʨʦʚʘʥʥʫʶ ʠʥʬʦʨʤʘʮʠʶ ʦʪ ʚʩʝʭ ʣʦʢʘʣʴʥʳʭ ʫʟʣʦʚ, ʯʪʦ ʩʥʠʞʘʝʪ ʥʘʛʨʫʟʢʫ ʥʘ 

ʩʝʪʴ ʠ ʥʘ ʦʩʥʦʚʥʦʡ ʩʝʨʚʝʨ. 

ʉʠʩʪʝʤʘ ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ (ʨʠʩ.1) ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʢʦʤʧʨʦʤʠʩʩʥʦʝ ʨʝʰʝʥʠʝ ʤʝʞʜʫ ʧʦʣʥʦʩʪʴʶ ʮʝʥʪʨʘʣʠʟʦʚʘʥʥʳʤ ʠ ʧʦʣʥʦʩʪʴʶ 

ʜʝʮʝʥʪʨʘʣʠʟʦʚʘʥʥʳʤ ʧʦʜʭʦʜʦʤ ʢ ʢʦʥʬʠʛʫʨʠʨʦʚʘʥʠʶ. ɺ ʝʝ ʦʩʥʦʚʝ ʣʝʞʠʪ 

ʣʦʢʘʣʴʥʳʡ ʤʦʜʫʣʴ ʢʦʥʬʠʛʫʨʠʨʦʚʘʥʠʷ, ʫʩʪʘʥʦʚʣʝʥʥʳʡ ʥʘ ʢʘʞʜʦʤ ʫʟʣʝ ʠʣʠ 

ʢʦʥʪʨʦʣʣʝʨʝ, ʢʦʪʦʨʳʡ ʦʙʝʩʧʝʯʠʚʘʝʪ ʛʠʙʢʦʩʪʴ ʠ ʥʝʟʘʚʠʩʠʤʦʩʪʴ ʚ ʨʘʙʦʪʝ, ʘ ʪʘʢʞʝ 

ʧʦʟʚʦʣʷʝʪ ʠʟʙʝʞʘʪʴ ʢʣʶʯʝʚʳʭ ʤʠʥʫʩʦʚ ʞʝʩʪʢʦ ʮʝʥʪʨʘʣʠʟʦʚʘʥʥʦʡ ʘʨʭʠʪʝʢʪʫʨʳ. 

ʆʜʥʘʢʦ ʧʨʠ ʵʪʦʤ ʩʘʤ ʧʨʦʮʝʩʩ ʩʦʛʣʘʩʦʚʘʥʠʷ ʠ ʭʨʘʥʝʥʠʷ ʢʦʥʬʠʛʫʨʘʮʠʦʥʥʳʭ 

ʜʘʥʥʳʭ ʚʳʚʝʜʝʥ ʚ ʝʜʠʥʫʶ ʮʝʥʪʨʘʣʴʥʫʶ ʙʘʟʫ ʜʘʥʥʳʭ, ʢʦʪʦʨʘʷ ʚʳʩʪʫʧʘʝʪ ʚ ʨʦʣʠ 

ʵʪʘʣʦʥʥʦʛʦ ʠʩʪʦʯʥʠʢʘ ʠʥʬʦʨʤʘʮʠʠ. 

 
ʈʠʩ. 1. ï ʉʠʩʪʝʤʘ ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʛʦ ʢʦʥʬʠʛʫʨʠʨʦʚʘʥʠʷ 

 

ɻʣʘʚʥʦʝ ʧʨʝʠʤʫʱʝʩʪʚʦ ʪʘʢʦʡ ʩʠʩʪʝʤʳ ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦ ʧʨʝʜʧʨʠʷʪʠʝ 

ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʢʘʢ ʝʜʠʥʦʝ ʮʝʣʦʝ, ʛʜʝ ʢʘʞʜʳʡ ʵʣʝʤʝʥʪ ʦʩʪʘʝʪʩʷ ʘʚʪʦʥʦʤʥʳʤ, ʥʦ 

ʧʨʠ ʵʪʦʤ ʥʝ ʚʳʧʘʜʘʝʪ ʠʟ ʦʙʱʝʛʦ ʢʦʥʪʫʨʘ ʫʧʨʘʚʣʝʥʠʷ. ʕʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʠ 

ʫʩʪʦʡʯʠʚʦʩʪʴ ʢ ʩʙʦʷʤ, ʠ ʝʜʠʥʦʦʙʨʘʟʠʝ ʢʦʥʬʠʛʫʨʘʮʠʡ, ʠ ʧʨʝʜʩʢʘʟʫʝʤʦʩʪʴ 

ʦʙʥʦʚʣʝʥʠʡ. ʆʜʥʘʢʦ ʢʣʶʯʝʚʳʤ ʥʝʜʦʩʪʘʪʢʦʤ ʤʦʜʝʣʠ ʷʚʣʷʝʪʩʷ ʝʝ ʚʳʩʦʢʘʷ 

ʩʪʦʠʤʦʩʪʴ: ʜʣʷ ʧʦʣʥʦʮʝʥʥʦʛʦ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ, ʧʦʤʠʤʦ ʦʩʥʘʱʝʥʠʷ ʢʘʞʜʦʛʦ 

ʫʟʣʘ ʣʦʢʘʣʴʥʳʤ ʤʦʜʫʣʝʤ, ʪʨʝʙʫʝʪʩʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʡ ʩʝʨʚʝʨ, ʚʳʧʦʣʥʷʶʱʠʡ ʨʦʣʴ 

ʮʝʥʪʨʘʣʴʥʦʛʦ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʛʦ ʟʚʝʥʘ. ʀʤʝʥʥʦ ʟʘʪʨʘʪʳ ʥʘ ʝʛʦ ʚʥʝʜʨʝʥʠʝ ʠ 

ʦʙʩʣʫʞʠʚʘʥʠʝ ʜʝʣʘʶʪ ʩʠʩʪʝʤʫ ʙʦʣʝʝ ʜʦʨʦʛʦʡ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʜʨʫʛʠʤʠ 

ʘʨʭʠʪʝʢʪʫʨʥʳʤʠ ʧʦʜʭʦʜʘʤʠ. 

ʇʨʝʠʤʫʱʝʩʪʚʘ, ʥʝʜʦʩʪʘʪʢʠ ʠ ʧʨʠʤʝʥʠʤʦʩʪʴ ʧʨʠʚʝʜʝʥʥʳʭ ʩʠʩʪʝʤ 

ʢʦʥʬʠʛʫʨʠʨʦʚʘʥʠʷ ʜʣʷ ʟʘʜʘʯʠ ʘʢʪʫʘʣʠʟʘʮʠʠ, ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 2.  



 
ΝΝΤ 

ʊʘʙʣʠʮʘ 2. ʉʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʩʠʩʪʝʤ ʢʦʥʬʠʛʫʨʠʨʦʚʘʥʠʷ 

ʊʠʧ ʩʠʩʪʝʤʳ ʇʨʝʠʤʫʱʝʩʪʚʘ ʅʝʜʦʩʪʘʪʢʠ ʇʨʠʤʝʥʝʥʠʝ 

ʎʝʥʪʨʘʣʠʟʦʚʘʥʥʘʷ 

ʩʠʩʪʝʤʘ 

ʇʦʣʥʳʡ ʢʦʥʪʨʦʣʴ ʠ 

ʩʦʛʣʘʩʦʚʘʥʥʦʩʪʴ 

ʜʘʥʥʳʭ, ʧʨʦʩʪʦʪʘ 

ʘʜʤʠʥʠʩʪʨʠʨʦʚʘʥʠʷ, 

ʫʜʦʙʩʪʚʦ 

ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʷ 

ʋʷʟʚʠʤʦʩʪʴ ʧʨʠ 

ʦʪʢʘʟʝ 

ʮʝʥʪʨʘʣʴʥʦʛʦ ʫʟʣʘ, 

ʚʳʩʦʢʘʷ ʥʘʛʨʫʟʢʘ 

ʥʘ ʩʝʨʚʝʨ, 

ʟʘʜʝʨʞʢʠ ʧʨʠ 

ʦʙʥʦʚʣʝʥʠʷʭ 

ʂʨʫʧʥʳʝ 

ʧʨʝʜʧʨʠʷʪʠʷ ʩ 

ʝʜʠʥʦʡ 

ʘʨʭʠʪʝʢʪʫʨʦʡ, ʛʜʝ 

ʢʨʠʪʠʯʥʘ 

ʩʦʛʣʘʩʦʚʘʥʥʦʩʪʴ ʠ 

ʮʝʣʦʩʪʥʦʩʪʴ 

ʜʘʥʥʳʭ 

ʃʦʢʘʣʴʥʘʷ 

ʩʠʩʪʝʤʘ 

ɸʚʪʦʥʦʤʥʦʩʪʴ, 

ʫʩʪʦʡʯʠʚʦʩʪʴ ʧʨʠ 

ʦʪʢʘʟʝ ʮʝʥʪʨʘʣʴʥʦʛʦ 

ʩʝʨʚʝʨʘ, ʚʳʩʦʢʘʷ 

ʩʢʦʨʦʩʪʴ ʨʝʘʢʮʠʠ ʥʘ 

ʠʟʤʝʥʝʥʠʷ 

ʅʝʩʦʛʣʘʩʦʚʘʥʥʦʩʪʴ 

ʜʘʥʥʳʭ ʤʝʞʜʫ 

ʤʦʜʫʣʷʤʠ, 

ʩʣʦʞʥʦʩʪʴ 

ʩʠʥʭʨʦʥʠʟʘʮʠʠ, 

ʨʠʩʢ ʦʰʠʙʦʢ ʧʨʠ 

ʨʫʯʥʦʤ 

ʦʙʥʦʚʣʝʥʠʠ 

ʇʨʝʜʧʨʠʷʪʠʷ ʩʦ 

ʩʣʘʙʦʡ 

ʠʥʬʨʘʩʪʨʫʢʪʫʨʦʡ 

ʠʣʠ 

ʨʘʩʧʨʝʜʝʣʝʥʥʳʝ 

ʦʙʲʝʢʪʳ ʩ ʥʠʟʢʦʡ 

ʩʪʝʧʝʥʴʶ 

ʚʟʘʠʤʦʟʘʚʠʩʠʤʦʩʪʠ 

ʂʦʤʙʠʥʠʨʦʚʘʥʥʘʷ 

ʨʘʩʧʨʝʜʝʣʸʥʥʘʷ 

ʩʠʩʪʝʤʘ 

ɹʘʣʘʥʩ ʤʝʞʜʫ 

ʘʚʪʦʥʦʤʥʦʩʪʴʶ ʠ 

ʮʝʥʪʨʘʣʠʟʦʚʘʥʥʳʤ 

ʢʦʥʪʨʦʣʝʤ, 

ʩʦʛʣʘʩʦʚʘʥʥʦʩʪʴ 

ʚʩʝʭ ʪʦʯʝʢ 

ʧʨʝʜʧʨʠʷʪʠʷ, ʝʜʠʥʘʷ 

ʙʘʟʘ ʜʘʥʥʳʭ, 

ʚʦʟʤʦʞʥʦʩʪʴ ʛʠʙʢʦʡ 

ʥʘʩʪʨʦʡʢʠ 

ɺʳʩʦʢʘʷ 

ʩʪʦʠʤʦʩʪʴ 

ʚʥʝʜʨʝʥʠʷ, 

ʥʝʦʙʭʦʜʠʤʦʩʪʴ 

ʦʪʜʝʣʴʥʳʭ 

ʩʝʨʚʝʨʦʚ ʜʣʷ 

ʦʙʨʘʙʦʪʢʠ 

ʟʘʧʨʦʩʦʚ 

ʂʨʫʧʥʳʝ 

ʨʘʩʧʨʝʜʝʣʝʥʥʳʝ 

ʧʨʝʜʧʨʠʷʪʠʷ, ʛʜʝ 

ʚʘʞʥʦ ʩʦʯʝʪʘʪʴ 

ʥʝʟʘʚʠʩʠʤʦʩʪʴ 

ʣʦʢʘʣʴʥʳʭ 

ʤʦʜʫʣʝʡ ʩ 

ʛʣʦʙʘʣʴʥʦʡ 

ʩʦʛʣʘʩʦʚʘʥʥʦʩʪʴʶ 

 

ʉʣʝʜʫʝʪ ʧʦʜʯʝʨʢʥʫʪʴ, ʯʪʦ ʢʘʢʦʡ ʙʳ ʪʠʧ ʩʠʩʪʝʤʳ ʥʠ ʙʳʣ ʚʳʙʨʘʥ, 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʝʸ ʨʘʙʦʪʳ ʚʦ ʤʥʦʛʦʤ ʟʘʚʠʩʠʪ ʦʪ ʯʝʣʦʚʝʢʘ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʳʙʦʨ 

ʢʦʥʢʨʝʪʥʦʛʦ ʨʝʰʝʥʠʷ ʦʧʨʝʜʝʣʷʝʪʩʷ ʪʨʝʤʷ ʦʩʥʦʚʥʳʤʠ ʬʘʢʪʦʨʘʤʠ: ʧʦʩʪʘʚʣʝʥʥʦʡ 

ʮʝʣʴʶ, ʜʦʩʪʫʧʥʳʤʠ ʬʠʥʘʥʩʦʚʳʤʠ ʨʝʩʫʨʩʘʤʠ ʠ ʫʨʦʚʥʝʤ ʪʨʝʙʫʝʤʦʡ 

ʘʚʪʦʤʘʪʠʟʘʮʠʠ. 

 

5 ʇʨʘʢʪʠʯʝʩʢʘʷ ʨʝʘʣʠʟʘʮʠʷ ʥʘ ʙʘʟʝ ʇʃʂ 

ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʧʨʘʢʪʠʯʝʩʢʦʡ ʨʝʘʣʠʟʘʮʠʠ ʉʇʇʈ ʨʘʩʩʤʦʪʨʝʥʘ 

ʘʨʭʠʪʝʢʪʫʨʘ ʨʘʩʧʨʝʜʝʣʸʥʥʦʛʦ ʢʦʥʬʠʛʫʨʠʨʦʚʘʥʠʷ ʥʘ ʙʘʟʝ ʦʪʝʯʝʩʪʚʝʥʥʦʛʦ 

ʢʘʟʘʭʩʪʘʥʩʢʦʛʦ ʧʨʦʛʨʘʤʤʠʨʫʝʤʦʛʦ ʣʦʛʠʯʝʩʢʦʛʦ ʢʦʥʪʨʦʣʣʝʨʘ AI-Talap 241. ɺʳʙʦʨ 

ʜʘʥʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ʦʙʫʩʣʦʚʣʝʥ ʪʝʤ, ʯʪʦ ʝʛʦ ʢʦʥʬʠʛʫʨʘʮʠʷ ʚʳʧʦʣʥʷʝʪʩʷ ʚ ʩʨʝʜʝ 

Linux, ʛʜʝ ʧʨʝʜʫʩʤʦʪʨʝʥʘ ʚʩʪʨʦʝʥʥʘʷ ʫʪʠʣʠʪʘ ʜʣʷ ʮʝʥʪʨʘʣʠʟʦʚʘʥʥʦʛʦ 

ʫʧʨʘʚʣʝʥʠʷ ʚʩʝʤʠ ʧʦʜʢʣʶʯʝʥʥʳʤʠ ʢʦʥʪʨʦʣʣʝʨʘʤʠ. ʊʘʢʦʡ ʧʦʜʭʦʜ ʧʦʟʚʦʣʷʝʪ 

ʦʙʝʩʧʝʯʠʪʴ ʫʥʠʬʠʮʠʨʦʚʘʥʥʳʡ ʧʨʦʮʝʩʩ ʥʘʩʪʨʦʡʢʠ ʠ ʦʙʥʦʚʣʝʥʠʷ ʙʝʟ 

ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʩʪʦʨʦʥʥʠʭ ʩʨʝʜʩʪʚ. 



 
ΝΝΥ 

ɺʩʝ ʜʘʥʥʳʝ ʚ ʩʠʩʪʝʤʝ ʧʝʨʝʜʘʶʪʩʷ ʧʦ ʧʨʦʪʦʢʦʣʫ Modbus TCP/IP, ʯʪʦ 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʩʪʘʥʜʘʨʪʠʟʠʨʦʚʘʥʥʳʡ ʠ ʥʘʜʸʞʥʳʡ ʦʙʤʝʥ ʠʥʬʦʨʤʘʮʠʝʡ ʤʝʞʜʫ 

ʫʟʣʘʤʠ. ɺ ʢʘʯʝʩʪʚʝ ʤʦʜʫʣʷ ʢʦʥʬʠʛʫʨʠʨʦʚʘʥʠʷ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥ 

ʦʜʥʦʧʣʘʪʥʳʡ ʤʠʢʨʦʢʦʤʧʴʶʪʝʨ, ʥʘ ʢʦʪʦʨʦʤ ʨʘʟʚʸʨʪʳʚʘʶʪʩʷ ʥʝʦʙʭʦʜʠʤʳʝ 

ʩʝʨʚʠʩʳ: ʧʨʦʪʦʢʦʣʳ Modbus, ʷʜʨʦ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʠ ʩʠʩʪʝʤʘ 

ʭʨʘʥʝʥʠʷ ʨʘʟʣʠʯʥʳʭ ʢʦʥʬʠʛʫʨʘʮʠʡ. ɼʘʥʥʳʡ ʤʦʜʫʣʴ ʚʳʩʪʫʧʘʝʪ ʮʝʥʪʨʘʣʴʥʳʤ 

ʟʚʝʥʦʤ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʤ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʤʝʞʜʫ 

ʦʧʝʨʘʪʦʨʦʤ ʠ ʢʦʥʪʨʦʣʣʝʨʦʤ. 

ʈʘʙʦʪʘ ʩʠʩʪʝʤʳ ʩʪʨʦʠʪʩʷ ʧʦ ʩʣʝʜʫʶʱʝʤʫ ʧʨʠʥʮʠʧʫ. ɽʩʣʠ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʝ 

ʷʜʨʦ ʬʦʨʤʠʨʫʝʪ ʨʝʰʝʥʠʝ ʦ ʚʦʟʤʦʞʥʦʩʪʠ ʦʙʥʦʚʣʝʥʠʷ ʧʨʦʰʠʚʢʠ ʠ ʦʧʝʨʘʪʦʨ 

ʧʦʜʪʚʝʨʞʜʘʝʪ ʵʪʦ ʜʝʡʩʪʚʠʝ, ʤʦʜʫʣʴ ʢʦʥʬʠʛʫʨʠʨʦʚʘʥʠʷ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʚʳʧʦʣʥʷʝʪ 

ʧʨʦʮʝʜʫʨʫ ʦʙʥʦʚʣʝʥʠʷ ʇʃʂ, ʧʝʨʝʟʘʧʫʩʢʘʝʪ ʝʛʦ ʠ ʢʦʥʪʨʦʣʠʨʫʝʪ ʫʩʧʝʰʥʦʩʪʴ 

ʟʘʧʫʩʢʘ ʧʨʠʢʣʘʜʥʳʭ ʧʨʦʛʨʘʤʤ. ʂʦʥʪʨʦʣʣʝʨ AI-Talap 241 ʧʦʜʜʝʨʞʠʚʘʝʪ 

ʚʩʪʨʦʝʥʥʳʡ ʤʝʭʘʥʠʟʤ ʦʪʦʙʨʘʞʝʥʠʷ ʩʪʘʪʫʩʘ ʚʳʧʦʣʥʝʥʠʷ ʧʨʠʣʦʞʝʥʠʡ, ʙʣʘʛʦʜʘʨʷ 

ʯʝʤʫ ʩʠʩʪʝʤʘ ʤʦʞʝʪ ʟʘʬʠʢʩʠʨʦʚʘʪʴ ʬʘʢʪ ʢʦʨʨʝʢʪʥʦʛʦ ʩʪʘʨʪʘ. ʇʦʩʣʝ ʟʘʚʝʨʰʝʥʠʷ 

ʮʠʢʣʘ ʦʙʥʦʚʣʝʥʠʷ ʤʦʜʫʣʴ ʧʝʨʝʜʘʝʪ ʥʘ ʧʘʥʝʣʴ ʫʧʨʘʚʣʝʥʠʷ ʩʠʛʥʘʣ ʦ ʪʦʤ, ʯʪʦ 

ʢʦʥʬʠʛʫʨʠʨʦʚʘʥʠʝ ʠ ʧʝʨʝʟʘʧʫʩʢ ʟʘʚʝʨʰʠʣʠʩʴ ʫʩʧʝʰʥʦ. ɸʨʭʠʪʝʢʪʫʨʘ 

ʧʨʝʜʣʘʛʘʝʤʦʡ ʉʇʇʈ ʥʘ ʙʘʟʝ AI-Talap 241 ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 2. 

 

 
ʈʠʩ. 2. ï ɸʨʭʠʪʝʢʪʫʨʘ ʩʠʩʪʝʤʳ ʥʘ ʙʘʟʝ AI-Talap 241 

 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʨʠʩʫʥʢʘ 2, ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʝ ʷʜʨʦ ʩʦʩʪʦʠʪ ʠʟ ʢʦʤʧʦʥʝʥʪʦʚ, 

ʧʦʟʚʦʣʷʶʱʠʭ ʦʮʝʥʠʪʴ ʥʝ ʪʦʣʴʢʦ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʝ ʩʦʩʪʦʷʥʠʝ ʧʨʦʮʝʩʩʘ, ʥʦ ʠ ʠʥʳʝ 

ʧʦʢʘʟʘʪʝʣʠ, ʪʘʢʠʝ ʢʘʢ ʘʢʪʫʘʣʴʥʦʩʪʠ ʢʦʥʬʠʛʫʨʘʮʠʠ, ʢʦʪʦʨʘʷ ʤʦʞʝʪ ʙʳʪʴ 

ʨʝʘʣʠʟʦʚʘʥʘ ʟʘ ʩʯʝʪ ʧʨʦʚʝʨʢʠ CRC, ʘʥʘʣʠʟ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʜʘʥʥʳʭ ʟʘ ʩʯʝʪ 

ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ, ʧʦʠʩʢ ʫʷʟʚʠʤʦʩʪʝʡ ʟʘ ʩʯʝʪ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ, ʧʦʠʩʢ 

ʢʦʣʣʠʟʠʡ ʟʘ ʩʯʝʪ ʛʝʥʝʪʠʯʝʩʢʠʭ ʘʣʛʦʨʠʪʤʦʚ ʠ ʦʧʨʝʜʝʣʝʥʠʝ ʚʨʝʤʝʥʠ ʦʙʥʦʚʣʝʥʠʷ ʟʘ 

ʩʯʝʪ ʥʝʯʝʪʢʦʡ ʣʦʛʠʢʠ.  



 
ΝΝΦ 

6 ɿʘʢʣʶʯʝʥʠʝ 

ʇʨʦʚʝʜʝʥʥʳʡ ʘʥʘʣʠʟ ʧʦʢʘʟʘʣ, ʯʪʦ ʩʠʩʪʝʤʳ ʧʦʜʜʝʨʞʢʠ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ ʠ 

ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʝ ʤʝʪʦʜʳ ʠʭ ʨʝʘʣʠʟʘʮʠʠ ʤʦʛʫʪ ʵʬʬʝʢʪʠʚʥʦ ʧʨʠʤʝʥʷʪʴʩʷ ʚ 

ʧʨʦʤʳʰʣʝʥʥʦʡ ʘʚʪʦʤʘʪʠʟʘʮʠʠ. ʈʘʩʩʤʦʪʨʝʥʠʝ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ ʩʠʩʪʝʤ ʠ 

ʘʨʭʠʪʝʢʪʫʨ ʧʦʟʚʦʣʠʣʦ ʚʳʷʚʠʪʴ ʠʭ ʩʠʣʴʥʳʝ ʠ ʩʣʘʙʳʝ ʩʪʦʨʦʥʳ, ʘ ʪʘʢʞʝ ʦʙʦʟʥʘʯʠʪʴ 

ʦʙʣʘʩʪʠ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʧʨʠʤʝʥʝʥʠʷ. ʇʨʠ ʵʪʦʤ ʚʘʞʥʦ ʧʦʜʯʝʨʢʥʫʪʴ, ʯʪʦ ʢʘʢʦʡ ʙʳ 

ʪʠʧ ʨʝʘʣʠʟʘʮʠʠ ʥʠ ʙʳʣ ʚʳʙʨʘʥ, ʢʣʶʯʝʚʳʤ ʬʘʢʪʦʨʦʤ ʚʩʝʛʜʘ ʦʩʪʘʝʪʩʷ ʯʝʣʦʚʝʢ, 

ʢʦʪʦʨʳʡ ʟʘʜʘʝʪ ʮʝʣʠ, ʦʧʨʝʜʝʣʷʝʪ ʜʦʧʫʩʪʠʤʳʡ ʫʨʦʚʝʥʴ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʠ 

ʧʨʠʥʠʤʘʝʪ ʦʢʦʥʯʘʪʝʣʴʥʳʝ ʨʝʰʝʥʠʷ, ʠʩʭʦʜʷ ʠʟ ʜʦʩʪʫʧʥʳʭ ʨʝʩʫʨʩʦʚ. 

ʇʨʝʜʣʦʞʝʥʥʳʡ ʚ ʨʘʙʦʪʝ ʧʦʜʭʦʜ ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʧʝʨʩʧʝʢʪʠʚʥʦʝ 

ʨʝʰʝʥʠʝ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʦʪʢʨʳʪʳʭ ʩʠʩʪʝʤ ʩ ʤʦʜʫʣʴʥʦʡ ʘʨʭʠʪʝʢʪʫʨʦʡ. ʊʘʢʦʡ 

ʚʘʨʠʘʥʪ ʦʙʝʩʧʝʯʠʚʘʝʪ ʛʠʙʢʦʩʪʴ, ʤʘʩʰʪʘʙʠʨʫʝʤʦʩʪʴ ʠ ʥʝʟʘʚʠʩʠʤʦʩʪʴ ʦʪ 

ʢʦʥʢʨʝʪʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠʣʠ ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ, ʪʘʢ ʢʘʢ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ 

ʙʘʟʠʨʫʝʪʩʷ ʥʘ ʫʧʨʘʚʣʷʶʱʠʭ ʩʠʛʥʘʣʘʭ ʠ ʩʪʘʥʜʘʨʪʠʟʠʨʦʚʘʥʥʳʭ ʠʥʪʝʨʬʝʡʩʘʭ. ʕʪʦ 

ʦʪʢʨʳʚʘʝʪ ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ ʠʥʪʝʛʨʘʮʠʠ ʩ ʨʘʟʣʠʯʥʳʤʠ ʢʦʥʪʨʦʣʣʝʨʘʤʠ ʠ 

ʨʘʩʰʠʨʷʝʪ ʛʦʨʠʟʦʥʪʳ ʜʘʣʴʥʝʡʰʝʛʦ ʨʘʟʚʠʪʠʷ ʩʠʩʪʝʤ ʘʚʪʦʤʘʪʠʟʘʮʠʠ. 
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ʂʽʨʽʩʧʝ 

XXI סʘʩʳʨʜʘ ʵʥʝʨʛʝʪʠʢʘ, ʩʫʤʝʥ ʞʘʙʜʳץʪʘʫ ʩʘʣʘʩʳʥʜʘ ʠʥʪʝʣʣʝʢʪʫʘʣʜʳ 

ʪʝʭʥʦʣʦʛʠʷʣʘʨʜʳ ʝʥʛʽʟʫ ï ᴅʣʝʤʜʽʢ ʜʝשʛʝʡʜʝʛʽ ʩʪʨʘʪʝʛʠʷʣʳץ ʙʘʩʳʤʜʳץʪʘʨʜʳש 

ʙʽʨʽ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. ᴄʣʝʤ ʭʘʣץʳʥʳש ʩʘʥʳ ʞʳʣ ʩʘʡʳʥ ʘʨʪʳʧ ʢʝʣʝʜʽ, ʘʣ ʪʘʟʘ 

ʘʫʳʟʩʫסʘ ʜʝʛʝʥ ץʘʞʝʪʪʽʣʽʢ ʙײʨʳʥסʳʜʘʥ ʜʘ ʞʦסʘʨʳ ʜʝשʛʝʡʜʝ ʩʝʟʽʣʫʜʝ. ɹױױ 

ʜʝʨʝʢʪʝʨʽʥʝ ʩᴅʡʢʝʩ, 2030 ʞʳʣסʘ ץʘʨʘʡ ʜװʥʠʝʞװʟʽʥʜʝ 40%-ʜʘʥ ʘʩʪʘʤ ʭʘʣʳץ ʩʫ 

ʪʘʧʰʳʣʳסʳʥ ʩʝʟʽʥʫʽ ʤװʤʢʽʥ. ɹײʣ ʞʘסʜʘʡ ʩʫʤʝʥ ʞʘʙʜʳץʪʘʫ ʞᴅʥʝ ʩʫ ʪʘʟʘʨʪʫ 

ʧʨʦʮʝʩʪʝʨʽʥ ʞʘשʘ ᴅʜʽʩʪʝʨʤʝʥ ײʡʳʤʜʘʩʪʳʨʫ ץʘʞʝʪʪʽʣʽʛʽʥ ʪʫʜʳʨʘʜʳ. 

 ʘשʞʘ שʘʨʫʜʳץʡʝʣʝʨʽ ʵʣʝʢʪʨ ʵʥʝʨʛʠʷʩʳʥ ʙʘʩװʜʘ Smart Grid ʞשʘʟʽʨʛʽ ʪʘפ

ʬʦʨʤʘʪʳ ʨʝʪʽʥʜʝ סʘʥʘ ʝʤʝʩ, ʩʦʥʳʤʝʥ ץʘʪʘʨ ʩʫʤʝʥ ʞʘʙʜʳץʪʘʫ ʤʝʥ ʩʫ ʪʘʟʘʨʪʫ 

ʧʨʦʮʝʩʪʝʨʽʥ ʪʠʽʤʜʽ ʞװʨʛʽʟʫ ײץʨʘʣʳ ʨʝʪʽʥʜʝ ʜʝ ʢʝשʽʥʝʥ ץʦʣʜʘʥʳʣʘ ʙʘʩʪʘʜʳ. Smart 

Grid ʪʝʭʥʦʣʦʛʠʷʣʘʨʳ ʩʫʜʳש ʩʘʧʘʩʳʥ ʪײʨʘץʪʳ ʙʘץʳʣʘʧ, ʪʘʟʘʨʪʫ ʧʨʦʮʝʩʪʝʨʽʥ 

ʠʥʪʝʣʣʝʢʪʫʘʣʜʳ ʙʘʩץʘʨʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ [1, 2]. 

ʉʫ ʪʘʟʘʨʪʫ ʞװʡʝʩʽʥ ʞʝʪʽʣʜʽʨʫ װʰʽʥ װʰ ʥʝʛʽʟʛʽ ʙʘסʳʪʪʳ ʙʽʨʽʢʪʽʨʫ ץʘʞʝʪ: 

1. ʄʘʪʝʤʘʪʠʢʘʣʳץ ʤʦʜʝʣʴʜʝʫ ï ʩװʟʫ ʧʨʦʮʝʩʽʥ ʩʘʥʜʳץ ʪװʨʜʝ ʩʠʧʘʪʪʘʫ; 

2. ɾʘʩʘʥʜʳ ʠʥʪʝʣʣʝʢʪïʩʫʜʳש ʩʘʧʘʩʳʥ ʙʦʣʞʘʫ ʞᴅʥʝ ʧʨʦʮʝʩʪʽ ʦשʪʘʡʣʘʥʜʳʨʫ; 

3. ʂʠʙʝʨץʘʫʽʧʩʽʟʜʽʢ ï Smart Grid ʞװʡʝʩʽʥʽש ʩʝʥʽʤʜʽʣʽʛʽʥ ץʘʤʪʘʤʘʩʳʟ ʝʪʫ. 

ɹײʣ ʪᴅʩʽʣ ʪʝʢ ʵʥʝʨʛʠʷʥʳ װʥʝʤʜʝʫʤʝʥ ʰʝʢʪʝʣʤʝʡʜʽ, ʦʣ ʩʦʥʳʤʝʥ ץʘʪʘʨ 

 ʘ ʞᴅʥʝסʘʫʽʧʩʽʟʜʽʢʪʽ ʘʨʪʪʳʨʫץ ץʘ, ʵʢʦʣʦʛʠʷʣʳסʘʫסʦʨץ ʪʳץʜʝʥʩʘʫʣʳ ץʘʤʜʳסʦץ

ʵʢʦʥʦʤʠʢʘʣʳץ ʪʠʽʤʜʽʣʽʢʪʽ ץʘʤʪʘʤʘʩʳʟ ʝʪʫʛʝ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. 

 

Smart Grid ʞװʡʝʣʝʨʽʥʽש ʤװʤʢʽʥʜʽʢʪʝʨʽ ʞᴅʥʝ ʩʫ ʪʘʟʘʨʪʫ ʩʘʣʘʩʳʥʜʘ 

 ʦʣʜʘʥʳʣʫʳץ

Smart Grid ï ʙײʣ ʜᴅʩʪװʨʣʽ ʵʣʝʢʪʨ ʵʥʝʨʛʠʷʩʳ ʞװʡʝʩʽʥ ʠʥʪʝʣʣʝʢʪʫʘʣʜʳ ʙʘʩץʘʨʫ 

ʪʝʭʥʦʣʦʛʠʷʣʘʨʳ ʘʨץʳʣʳ ʞʘסשʳʨʪʫסʘ ʙʘסʳʪʪʘʣסʘʥ ʞʘשʘ ʙʫʳʥʜʳץ ʢʦʥʮʝʧʮʠʷ. ʆʣ ʪʝʢ 

 ,ʪʘʡʣʘʥʜʳʨʫʤʝʥ ʰʝʢʪʝʣʤʝʡʜʽשʪʳʥʫʜʳ ʦײʘʥʘ ʵʣʝʢʪʨ ʵʥʝʨʛʠʷʩʳʥ ʪʠʽʤʜʽ ʪʘʨʘʪʳʧ, ʪץ

ʩʦʥʳʤʝʥ ץʘʪʘʨ ʩʫ ʨʝʩʫʨʩʪʘʨʳʥ ʙʘʩץʘʨʫʜʘ ʜʘ ʢʝשʽʥʝʥ ץʦʣʜʘʥʳʣʘʜʳ [3]. 

Smart Grid-ʪʽש ʙʘʩʪʳ ʝʨʝʢʰʝʣʽʢʪʝʨʽ: 

1. ʅʘץʪʳ ʫʘץʳʪ ʨʝʞʠʤʽʥʜʝ ʜʝʨʝʢʪʝʨʜʽ ʞʠʥʘʫ ʞᴅʥʝ ᴇשʜʝʫ. ɾװʡʝ 

ʩʝʥʩʦʨʣʘʨʜʘʥ װʟʜʽʢʩʽʟ ʘץʧʘʨʘʪ ʘʣʳʧ ʦʪʳʨʘʜʳ. ʄʳʩʘʣʳ, ʩʫ ʪʘʟʘʨʪʫ 

 ,ʳʩʳʤʜʳץ ,ʩʘʧʘʩʳʥ, ʪʝʤʧʝʨʘʪʫʨʘʥʳ שʳ ʜʘʪʯʠʢʪʝʨ ʩʫʜʳסʳʩʳʥʜʘסʦʥʜʳʨץ

ʣʘʩʪʘʫʰʳ ʟʘʪʪʘʨʜʳש ʢʦʥʮʝʥʪʨʘʮʠʷʩʳʥ ʪʽʨʢʝʧ, ʦʨʪʘʣʳץ ʙʘʩץʘʨʫ ʞװʡʝʩʽʥʝ 

ʞʽʙʝʨʝʜʽ. ɹײʣ ʦʧʝʨʘʪʦʨʣʘʨסʘ ʧʨʦʮʝʩʪʽ ץʦʣʤʝʥ ʝʤʝʩ, ʘʚʪʦʤʘʪʪʳ ʪװʨʜʝ ʙʘʩץʘʨʫסʘ 

ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. 
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2. ʕʥʝʨʛʠʷ ʪײʪʳʥʫʜʳ ʦשʪʘʡʣʘʥʜʳʨʫ. ʉʦʨסʳʣʘʨ ʤʝʥ ʩװʟʛʽʣʝʨ ʪʝʢ ʥʘץʪʳ 

 ʘ ʜʝʡʽʥס-ʳʥʳʥ 15ï20%סʣ ʵʥʝʨʛʠʷ ʰʳײʤʳʩ ʽʩʪʝʡʜʽ. ɹײʘʥʘ ʞס ʘʥʜʘסʘʞʝʪʪʽʣʽʢ ʙʦʣץ

 .ʤʢʽʥʜʽʢ ʙʝʨʝʜʽװʘ ʤסʘʨʪʫץʳʩץ

3. ɸʚʪʦʥʦʤʜʳ ʙʘʩץʘʨʫ ץʘʙʽʣʝʪʽ. ɾװʡʝ ʞʘʩʘʥʜʳ ʠʥʪʝʣʣʝʢʪʪʽש ʢᴇʤʝʛʽʤʝʥ 

ᴇʟʜʽʛʽʥʝʥ ʰʝʰʽʤ ץʘʙʳʣʜʘʡ ʘʣʘʜʳ. ʄʳʩʘʣʳ, ʝʛʝʨ ʩʫʜʳײץ שʨʘʤʳʥʜʘסʳ ʨʘʜʦʥ ʜʝשʛʝʡʽ 

ʙʝʣʛʽʣʝʥʛʝʥ ʥʦʨʤʘʜʘʥ ʘʩʩʘ, ʞװʡʝ ʘʚʪʦʤʘʪʪʳ ʪװʨʜʝ ץʦʩʳʤʰʘ ʩװʟʛʽʥʽ ʽʩʢʝ ץʦʩʘʜʳ 

ʥʝʤʝʩʝ ץʳʩʳʤʜʳ ʢװʰʝʡʪʝʜʽ. 

4. ɼʝʨʝʢʪʝʨʜʽ ʠʥʪʝʛʨʘʮʠʷʣʘʫ. Smart Grid ʪʝʢ ʵʣʝʢʪʨ ʵʥʝʨʛʠʷʩʳʥ סʘʥʘ ʝʤʝʩ, 

ʩʫʤʝʥ ʞʘʙʜʳץʪʘʫ ʠʥʬʨʘײץʨʳʣʳʤʳʥ ʜʘ ʙʽʨʽʢʪʽʨʽʧ, װʡʣʝʩʽʤʜʽ ʞײʤʳʩ ʽʩʪʝʫʛʝ 

ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. ɹײʣ ʙװʢʽʣ ʵʢʦʞװʡʝʥʽש ʙʽʨʪײʪʘʩ ʮʠʬʨʣʳץ ʤʦʜʝʣʴʜʝ ʞײʤʳʩ ʽʩʪʝʫʽʥ 

 .ʘʤʪʘʤʘʩʳʟ ʝʪʝʜʽץ

ʉʫʤʝʥ ʞʘʙʜʳץʪʘʫ ʩʘʣʘʩʳʥʜʘ Smart Grid ʞװʡʝʣʝʨʽ ʤʳʥʘʜʘʡ ʤʽʥʜʝʪʪʝʨʜʽ 

ʦʨʳʥʜʘʡʜʳ: 

1. ʉʫʜʳש ʩʘʧʘʩʳʥ ʙʘץʳʣʘʫ. ɿʘʤʘʥʘʫʠ ʩʝʥʩʦʨʣʘʨ ʘʨץʳʣʳ ʩʫʜʳש 

 ,ʦʩʳʣʳʩʪʘʨץ ץʳ ʣʘʩʪʘʫʰʳ ʟʘʪʪʘʨ ï ʘʫʳʨ ʤʝʪʘʣʜʘʨ, ʦʨʛʘʥʠʢʘʣʳסʨʘʤʳʥʜʘײץ

ʨʘʜʠʦʥʫʢʣʠʜʪʝʨ, ʨʘʜʦʥ ʢʦʥʮʝʥʪʨʘʮʠʷʩʳ ï ʥʘץʪʳ ʫʘץʳʪ ʨʝʞʠʤʽʥʜʝ ᴇʣʰʝʥʝʜʽ. ɹײʣ 

ʤᴅʣʽʤʝʪʪʝʨʜʽ ץʦʣʜʘʥʘ ʦʪʳʨʳʧ, ʞװʡʝ ʩװʟʛʽʰʪʝʨʜʽש ʞײʤʳʩʳʥ ʘʚʪʦʤʘʪʪʳ ʪװʨʜʝ 

ʨʝʪʪʝʡʜʽ. 

2. ʊʘʟʘʨʪʫ ʧʨʦʮʝʩʪʝʨʽʥ ʙʘʩץʘʨʫ. ʌʠʣʴʪʨʘʮʠʷ, ʤʝʤʙʨʘʥʘʣʳץ ʪʘʟʘʨʪʫ, 

ʫʣʴʪʨʘʬʠʦʣʝʪʧʝʥ ʟʘʨʘʨʩʳʟʜʘʥʜʳʨʫ ʞᴅʥʝ ʦʟʦʥʜʘʫ ʩʠʷץʪʳ ᴅʜʽʩʪʝʨʜʽש ʞײʤʳʩʳ 

ʪʦʣʳץ ʘʚʪʦʤʘʪʪʘʥʜʳʨʳʣסʘʥ ʨʝʞʠʤʜʝ ᴇʪʝʜʽ. ɽʛʝʨ ʩʫʜʳײץ שʨʘʤʳʥʜʘ ʙʘʢʪʝʨʠʷʣʘʨ 

ʢᴇʙʝʡʩʝ, ʞװʡʝ ʋʌ-ʣʘʤʧʘʣʘʨʜʳץ שʫʘʪʳʥ ʘʨʪʪʳʨʘʜʳ ʥʝʤʝʩʝ ץʦʩʳʤʰʘ 

ʟʘʨʘʨʩʳʟʜʘʥʜʳʨʫ ʙʣʦʛʳʥ ʽʩʢʝ ץʦʩʘʜʳ. 

3. ʕʥʝʨʛʠʷ װʥʝʤʜʝʫ. ʉʦʨסʳʣʘʨʜʳש ʞײʤʳʩʳ ʩʫʜʳץ שʘʞʝʪʪʽʣʽʛʽʥʝ ץʘʨʘʡ 

ʨʝʪʪʝʣʝʜʽ. ʄʳʩʘʣʳ, ʪײʨסʳʥʜʘʨ ʪʘʨʘʧʳʥʘʥ ʩʫסʘ ʩײʨʘʥʳʩ ʘʟʘʡסʘʥ ʢʝʟʜʝ (ʪװʥʛʽ 

ʫʘץʳʪʪʘ) ʩʦʨסʳʣʘʨ ʘʚʪʦʤʘʪʪʳ ʪװʨʜʝ ץʫʘʪʪʳ ʪᴇʤʝʥʜʝʪʝʜʽ. ɹײʣ ʵʥʝʨʛʠʷ ʰʳסʳʥʳʥ 

ʝʜᴅʫʽʨ ʘʟʘʡʪʘʜʳ ʞᴅʥʝ ʞʘʙʜʳץʪʳש ʪʦʟʫʳʥ ʙʘʷʫʣʘʪʘʜʳ [4]. 

 

ʄʘʪʝʤʘʪʠʢʘʣʳץ ʤʦʜʝʣʴʜʝʫ ʞᴅʥʝ ʩʠʤʫʣʷʮʠʷ 

ʉʫ ʪʘʟʘʨʪʫ ʧʨʦʮʝʩʽʥ ʞʝʪʽʣʜʽʨʫʜʽס שʳʣʳʤʠ ʥʝʛʽʟʜʝʨʽʥʽש ʙʽʨʽ ï ʤʘʪʝʤʘʪʠʢʘʣʳץ 

ʤʦʜʝʣʴʜʝʫ.  

 :ʨʽװʤʦʜʝʣʴ ʪ ץʘʨʘʧʘʡʳʤ ʤʘʪʝʤʘʪʠʢʘʣʳפ
▀╒

▀◄
▓ Ͻ ╒◄  ◊◄ 

ʤײʥʜʘסʳ: C(t) ï ʫʘץʳʪʪʘסʳ ץʦʩʧʘʣʘʨʜʳש ʢʦʥʮʝʥʪʨʘʮʠʷʩʳ (ʤʛ/ʣ), k ï ʩװʟʫ 

ʪʠʽʤʜʽʣʽʛʽʥʽש ʢʦʵʬʬʠʮʠʝʥʪʽ, u(t) ï ʙʘʩץʘʨʫʰʳ ᴅʩʝʨ (ʩʦʨסʳʥʳש ʞʳʣʜʘʤʜʳסʳ, 

 .(ʳʩʳʤץ

ɹײʣ ʪʝשʜʝʫ ʩװʟʫ ʧʨʦʮʝʩʽʥʜʝ ץʦʩʧʘʣʘʨʜʳש ʘʟʘʶ ʞʳʣʜʘʤʜʳסʳʥ ʩʠʧʘʪʪʘʡʜʳ. 

ɽʛʝʨ ʙʘʩץʘʨʫʰʳ ᴅʩʝʨ ʜײʨʳʩ ʪʘשʜʘʣʩʘ, ʪʘʟʘʨʪʫ ʪʠʽʤʜʽʣʽʛʽ ʘʨʪʘʜʳ. ʂʝʨʽʩʽʥʰʝ, 

ʧʘʨʘʤʝʪʨʣʝʨ ץʘʪʝ ʨʝʪʪʝʣʩʝ, ʩװʟʫ ʧʨʦʮʝʩʽ ʪʠʽʤʩʽʟ ʙʦʣʳʧ, ʵʥʝʨʛʠʷ ʘʨʪʳץ 

ʞײʤʩʘʣʘʜʳ [5]. 

ʉʠʤʫʣʷʮʠʷ ʨᴇʣʽ: 

ʄʘʪʝʤʘʪʠʢʘʣʳץ ʤʦʜʝʣʴʜʝʨʜʽ ʢʦʤʧʴʶʪʝʨʣʽʢ ʩʠʤʫʣʷʮʠʷʤʝʥ ʪʦʣʳץʪʳʨʫ 

ʥʘץʪʳ ᴇʥʜʽʨʽʩʪʽʢ ʞʘסʜʘʡʜʘ ʪᴅʞʽʨʠʙʝʩʽʟ ʪʝʢʩʝʨʫʛʝ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. ɹײʣ ï 

ʪᴅʞʽʨʠʙʝʣʽʢ ʩʳʥʘץʪʘʨסʘ ʢʝʪʝʪʽʥ ʫʘץʳʪ ʧʝʥ ʰʳסʳʥʜʳ ʘʟʘʡʪʘʜʳ. 
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ʄʳʩʘʣʳ, ʝʛʝʨ ʩʫʜʳײץ שʨʘʤʳʥʜʘסʳ ʨʘʜʦʥ ʢʦʥʮʝʥʪʨʘʮʠʷʩʳ ʢװʨʪ ʘʨʪʩʘ, 

ʤʦʜʝʣʴ ʞװʡʝʥʽש ʨʝʘʢʮʠʷʩʳʥ ʘʣʜʳʥ ʘʣʘ ʙʦʣʞʘʡʜʳ. 

ɹʘʣץʘʰ ʩʫʳʥʜʘסʳ ʘʫʳʨ ʤʝʪʘʣʜʘʨʜʳש (ʤʳʩ, ץʦʨסʘʩʳʥ) ʢʦʥʮʝʥʪʨʘʮʠʷʩʳ 

ʥʦʨʤʘʜʘʥ ʘʩץʘʥ ʞʘסʜʘʡʜʘ, ʩʠʤʫʣʷʮʠʷ ʩװʟʛʽʥʽץ שʦʩʳʤʰʘ ʩʘʪʳʣʘʨʳʥ ץʦʩʫ 

 .ʘʞʝʪʪʽʣʽʛʽʥ ʢᴇʨʩʝʪʝʜʽץ

ʄײʥʘʡ ᴇʥʜʽʨʽʩʽ ʘʡʤʘסʳʥʜʘסʳ ʩʫʜʘ ʦʨʛʘʥʠʢʘʣʳץ ץʦʩʳʣʳʩʪʘʨʜʳש ʞʠʥʘʣʫʳʥ 

ʤʦʜʝʣʴʜʝʫ ʘʨץʳʣʳ ʙʠʦʬʠʣʴʪʨʘʮʠʷ ʤʝʥ ʭʠʤʠʷʣʳץ ʥʝʡʪʨʘʣʠʟʘʮʠʷ ᴅʜʽʩʪʝʨʽʥ ʜײʨʳʩ 

ʪʘשʜʘʫסʘ ʙʦʣʘʜʳ. 

Smart Grid ʞװʡʝʩʽʤʝʥ ʠʥʪʝʛʨʘʮʠʷ: 

ʄʘʪʝʤʘʪʠʢʘʣʳץ ʤʦʜʝʣʴʜʝʫ Smart Grid ʪʝʭʥʦʣʦʛʠʷʣʘʨʳʤʝʥ ʙʽʨʽʢʪʽʨʽʣʛʝʥʜʝ, 

ʩʫ ʪʘʟʘʨʪʫ ʧʨʦʮʝʩʽʥʽש ʪײʨʘץʪʳʣʳסʳ ʤʝʥ ʪʠʽʤʜʽʣʽʛʽ ʘʨʪʘʜʳ. ɾװʡʝ: 

1. ʩʫʜʳש ʩʘʧʘʩʳ ʤʝʥ ʵʥʝʨʛʠʷ ʰʳסʳʥʳ ʘʨʘʩʳʥʜʘסʳ ʪʝʧʝ-ʪʝשʜʽʢʪʽ 

ʩʘץʪʘʡʜʳ, 

2. ʩʝʥʩʦʨʣʘʨʜʘʥ ʘʣʳʥסʘʥ ʜʝʨʝʢʪʝʨʜʽ ʥʘץʪʳ ʫʘץʳʪ ʨʝʞʠʤʽʥʜʝ ʪʘʣʜʘʧ, 
ʤʦʜʝʣʴʜʽ ʘʚʪʦʤʘʪʪʳ ʪװʨʜʝ ʪװʟʝʪʝʜʽ, 

3. ʞװʡʝʥʽװ שʟʜʽʢʩʽʟ ᴅʨʽ ʩʝʥʽʤʜʽ ʞײʤʳʩʳʥ ץʘʤʪʘʤʘʩʳʟ ʝʪʝʜʽ [6] 

 

ɾʘʩʘʥʜʳ ʠʥʪʝʣʣʝʢʪ ʞᴅʥʝ ʥʝʡʨʦʥʜʳץ ʞʝʣʽʣʝʨʜʽ ץʦʣʜʘʥʫ 

ʉʫ ʪʘʟʘʨʪʫ ʧʨʦʮʝʩʽʥ ʠʥʪʝʣʣʝʢʪʫʘʣʜʳ ʙʘʩץʘʨʫʜʘ ʞʘʩʘʥʜʳ ʠʥʪʝʣʣʝʢʪ (AI) 

ʝʨʝʢʰʝ ʦʨʳʥ ʘʣʘʜʳ. 

1. ʄʘʰʠʥʘʣʳץ ʦץʳʪʫ ᴅʜʽʩʪʝʨʽ ʩʝʥʩʦʨʣʘʨʜʘʥ ʞʠʥʘʣסʘʥ װʣʢʝʥ ʜʝʨʝʢʪʝʨʜʽ 

ᴇשʜʝʡʜʽ. 

2. ʅʝʡʨʦʥʜʳץ ʞʝʣʽʣʝʨ ʩʫʜʳש ʩʘʧʘʩʳʥ ʙʦʣʞʘʫסʘ ʞᴅʥʝ ʧʨʦʮʝʩʪʽ ʙʘʩץʘʨʫסʘ 

ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. 

3. ʂװʰʝʡʪʫ ʘʨץʳʣʳ ʦץʳʪʫ (Reinforcement Learning) ᴅʜʽʩʽ ʩװʟʛʽʰ 

ʞװʡʝʣʝʨʜʽש ʝש ʪʠʽʤʜʽ ʨʝʞʠʤʽʥ ʘʚʪʦʤʘʪʪʳ ʪװʨʜʝ ʘʥʳץʪʘʡʜʳ. 

4. AI-ʜʳש ʘʨʪʳץʰʳʣʳץʪʘʨʳ: 

5. ʉʫʜʳש ʩʘʧʘʩʳʥ ʥʘץʪʳ ʫʘץʳʪ ʨʝʞʠʤʽʥʜʝ ʙʘץʳʣʘʫ; 

6. ʃʘʩʪʘʫʰʳ ʟʘʪʪʘʨʜʳש ʢʦʥʮʝʥʪʨʘʮʠʷʩʳʥ ʘʣʜʳʥ ʘʣʘ ʙʦʣʞʘʫ; 

7. ʉװʟʫ ʧʨʦʮʝʩʽʥ ʝש ʘʟ ʵʥʝʨʛʠʷ ʞײʤʩʘʧ ʞװʨʛʽʟʫ [7]. 

ʄʳʩʘʣʳ, ʝʛʝʨ ʩʫʜʳײץ שʨʘʤʳʥʜʘסʳ ʪײʟ ʤᴇʣʰʝʨʽ ʘʨʪʩʘ, ʞʘʩʘʥʜʳ ʠʥʪʝʣʣʝʢʪ 

ʩʦʨסʳʥʳש ʞײʤʳʩ ʨʝʞʠʤʽʥ ᴇʟʛʝʨʪʝʜʽ. ɽʛʝʨ ʨʘʜʦʥ ʰʝʢʪʽ ʤᴇʣʰʝʨʜʝʥ ʘʩʳʧ ʢʝʪʩʝ, 

ʞװʡʝ ץʦʩʳʤʰʘ ʩװʟʛʽʣʝʨʜʽ ץʦʩʳʧ, ץʘʫʽʧʪʽ ʘʚʪʦʤʘʪʪʳ ʪװʨʜʝ ʭʘʙʘʨʣʘʡʜʳ.AI 

ʝʥʛʽʟʫʜʽש ʥᴅʪʠʞʝʩʽʥʜʝ: 

¶ ʩʫʜʳ ʪʘʟʘʨʪʫ ʪʠʽʤʜʽʣʽʛʽ 15ï25%-סʘ ʘʨʪʘʜʳ; 

¶ ʵʥʝʨʛʠʷ ʪײʪʳʥʫ 10ï20%-סʘ ʪᴇʤʝʥʜʝʡʜʽ; 

¶ ʘʧʘʪʪʳץ ʞʘסʜʘʡʣʘʨʜʳש ʘʣʜʳʥ ʘʣʫ ʤװʤʢʽʥʜʽʛʽ ʢװʰʝʡʝʜʽ. 

 

ʂʠʙʝʨץʘʫʽʧʩʽʟʜʽʢ ʤᴅʩʝʣʝʣʝʨʽ 

Smart Grid ʞװʡʝʣʝʨʽ ʠʥʪʝʨʥʝʪʢʝ ץʦʩʳʣסʘʥʜʳץʪʘʥ, ʦʣʘʨ ʢʠʙʝʨʰʘʙʫʳʣʜʘʨסʘ 

ʦʩʘʣ. ʉʫ ʪʘʟʘʨʪʫ ʧʨʦʮʝʩʽ ʩʠʷץʪʳ ʭʘʣʳץʪʳש ʜʝʥʩʘʫʣʳסʳʥʘ ʪʽʢʝʣʝʡ ᴅʩʝʨ ʝʪʝʪʽʥ 

ʞװʡʝʣʝʨʜʝ ʢʠʙʝʨץʘʫʽʧʩʽʟʜʽʢʪʽש ʤʘשʳʟʳ ʝʨʝʢʰʝ. 

ʂʠʙʝʨץʘʫʽʧʩʽʟʜʽʢʪʽש ʥʝʛʽʟʛʽ ץʘʫʽʧʪʝʨʽ: 

¶ ʜʝʨʝʢʪʝʨʜʽײ שʨʣʘʥʫʳ ʥʝʤʝʩʝ ʙײʨʤʘʣʘʥʫʳ; 
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¶ ʩʦʨסʳ ʤʝʥ ʩװʟʛʽʣʝʨʜʽש ʞײʤʳʩʳʥ ʩʳʨʪʪʘʥ ʙʘʩץʘʨʫ; 

¶ ʩʫʜʳש ʩʘʧʘʩʳʥ ץʘʩʘץʘʥʘ ᴇʟʛʝʨʪʫ. 

ɹײʣ ʤᴅʩʝʣʝʣʝʨʜʽ ʰʝʰʫ װʰʽʥ: 

1. ɼʝʨʝʢʪʝʨʜʽ ʰʠʬʨʣʘʫ ï ʙʘʨʣʳץ ʘץʧʘʨʘʪ ײץʧʠʷ ʢʽʣʪʪʝʨ ʘʨץʳʣʳ ʙʝʨʽʣʝʜʽ; 

2. ʌʘʡʨʚʦʣʜʘʨ ʤʝʥ IDS/IPS ʞװʡʝʣʝʨʽ ï ʞʝʣʽʜʝʛʽ ʟʘשʩʳʟ ᴅʨʝʢʝʪʪʝʨʜʽ 

ʘʥʳץʪʘʡʜʳ; 

3. Penetration testing ï ʞװʡʝʛʝ ʰʘʙʫʳʣ ʞʘʩʘʫ ʘʨץʳʣʳ ʦʩʘʣ ʪײʩʪʘʨʳʥ 

ʪʝʢʩʝʨʫ; 

4. ɹʣʦʢʯʝʡʥ ʪʝʭʥʦʣʦʛʠʷʩʳ ï ʜʝʨʝʢʪʝʨʜʽש ʙײʨʤʘʣʘʥʙʘʫʳʥ ץʘʤʪʘʤʘʩʳʟ ʝʪʝʜʽ. 

ʆʩʳ ʰʝʰʽʤʜʝʨ ʘʨץʳʣʳ Smart Grid ʞװʡʝʣʝʨʽ ʪʝʢ ʵʥʝʨʛʠʷ װʥʝʤʜʝʫ ײץʨʘʣʳ 

 .ʘ ʘʡʥʘʣʘʜʳ [2]סʨʳʣʳʤײץʘʫʽʧʩʽʟ ᴅʨʽ ʩʝʥʽʤʜʽ ʠʥʬʨʘץ ʘʪʘʨץ ʘʥʘ ʝʤʝʩ, ʩʦʥʳʤʝʥס

 

 ʦʨʳʪʳʥʜʳפ

Smart Grid ʞװʡʝʣʝʨʽʥʜʝ ʩʫ ʪʘʟʘʨʪʫ ʧʨʦʮʝʩʽʥ ʠʥʪʝʣʣʝʢʪʫʘʣʜʳ ʙʘʩץʘʨʫ ï 

ʵʥʝʨʛʠʷ ʪʠʽʤʜʽʣʽʛʽʥ ʘʨʪʪʳʨʳʧ ץʘʥʘ ץʦʡʤʘʡ, ʭʘʣʳץʪʳ ʩʘʧʘʣʳ ᴅʨʽ ץʘʫʽʧʩʽʟ ʩʫʤʝʥ 

 .ʟʘʤʘʥʘʫʠ ʰʝʰʽʤʽ שʘʤʪʘʤʘʩʳʟ ʝʪʫʜʽץ

ʄʘʪʝʤʘʪʠʢʘʣʳץ ʤʦʜʝʣʴʜʝʫ ʩװʟʫ ʧʨʦʮʝʩʽʥʽש ʟʘשʜʳʣʳץʪʘʨʳʥ ʘʰʳʧ, ʪʠʽʤʜʽ 

ʨʝʞʠʤʜʝʨʜʽ ʪʘשʜʘʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. ɾʘʩʘʥʜʳ ʠʥʪʝʣʣʝʢʪ ʩʫʜʳש ʩʘʧʘʩʳʥ 

ʥʘץʪʳ ʫʘץʳʪ ʨʝʞʠʤʽʥʜʝ ʙʘץʳʣʘʧ, ʞװʡʝʥʽ װʟʜʽʢʩʽʟ ʦשʪʘʡʣʘʥʜʳʨʘʜʳ. 

ʂʠʙʝʨץʘʫʽʧʩʽʟʜʽʢ ʰʘʨʘʣʘʨʳ ʞװʡʝʥʽש ʩʝʥʽʤʜʽʣʽʛʽʥ ʘʨʪʪʳʨʳʧ, ʩʳʨʪץʳ ץʘʫʽʧʪʝʨʜʝʥ 

 .ʘʡʜʳסʦʨץ

 ʩʘʧʘʩʳʥ שʳʟʜʳ: ʦʣ ʩʫʜʳשʤʘ ץʳʪ ʩʪʨʘʪʝʛʠʷʣʳסʣ ʙʘײʰʽʥ ʙװ ʩʪʘʥץʘʟʘפ

ʞʘץʩʘʨʪʳʧ, ʵʥʝʨʛʠʷ ʪײʪʳʥʫʜʳ ʘʟʘʡʪʘʜʳ ʞᴅʥʝ ʵʢʦʣʦʛʠʷʣʳץ ץʘʫʽʧʩʽʟʜʽʢʪʽ 

ʢװʰʝʡʪʝʜʽ. 
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1 Introduction 

The growth of renewable energy sources (RES), such as wind and solar 

generation, inevitably leads to increased instability and variability of the generated 

energy. In the absence of storage devices, the electrical system lacks flexibility, which 

limits further large-scale integration of renewable energy sources [1]. 

Battery Energy Storage Systems (BESS) have become a key tool for improving 

grid sustainability. They provide fast response, adjust the frequency, balance the load, 

and act as backup power [2]. For example, in the United States, massive Li-ion battery 

installations began to develop rapidly soon after 2020 ð by 2024, their capacity 

increased five times and exceeded 26 GW. During peak consumption periods, the 

batteries covered up to 20 % of energy consumption, significantly stabilizing prices 

and helping to manage renewable generators [3]. 

Recent studies emphasize the importance of moving to adaptive control 

algorithms that adapt to current conditions: solar and wind resource forecast, state-of-

charge (SOC) level, consumption dynamics, and network parameters [4]. 

The proposed work is aimed at developing and substantiating the concept of 

adaptive management of renewable energy systems with battery complexes. Tasks set: 

- substantiate the need for adaptive algorithms that combine real-time prediction 

and control. 

- describe the architecture of the automated control system (including SCADA / 

EMS, controllers, sensors); 

- propose algorithms that minimize generation fluctuations, extend battery life, 

and increase the share of renewable energy in the power distribution system. 

 

2 Overview of the solutions used 

Classical RES management systems 

Classical RES management systems are based on fixed rules and rigid algorithms, 

which limits their adaptability to changing conditions. Among the main methods used 

are forced generation restriction in case of excess energy [5], the use of spinning 

reserve and diesel generators for balancing [6], as well as static algorithms for 

controlling the charge and discharge of batteries with fixed SOC thresholds [7]. Such 

approaches do not take into account the variability of cloud cover, wind conditions, 

and load dynamics, which reduces the efficiency and reliability of the power system. 
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Approaches to integration of battery complexes (AK) 

Battery Energy Storage System (BESS) is a system for storing and using 

electricity based on battery modules (Figure 1) with integrated power converters and a 

control system. Such complexes allow you to accumulate excess generation from 

renewable energy sources and supply it to the network if necessary. BESS includes 

battery modules and units that provide energy storage, a battery management system 

(BMS) that performs balancing and condition monitoring (SoC, SoH), and 

inverters/power converters (PCS) that provide bidirectional DC/AC conversion. 

Charge-discharge processes are coordinated by the energy management system (EMS), 

which makes decisions based on load, price signals, and forecasts [8, 9]. 

 
Fig. 1 - Example of BESS 

BESS functions in renewable energy systems: 

- unloading of peak loads (peak shaving); 

- increase of own consumption (especially in systems with solar generation); 

- provision of redundancy and network support (ancillary services, including 

frequency and voltage regulation); 

- fast response in critical situations due to the short response time-less than a 

second [2]. 

Due to the flexibility of the system design and the variety of types of batteries 

themselves, the areas of application of AK are very extensive-from small-scale systems 

for private homes to industrial scales with a capacity of several megawatts. A big 

advantage is the tendency to reduce the cost of energy storage: from 2014 to 2024, the 

cost of storage fell by half, to about 117 USD/kWh in 2023 [2]. In addition, it can 

significantly improve the stability and flexibility of power systems due to the high 

response rate of batteries [8]. 

Disadvantages of static algorithms 

Static BESS management algorithms are limited by low adaptability: fixed 

thresholds ignore the variability of weather, tariffs, and modes, which reduces 

efficiency. Ignoring the depth of discharge, temperature, and current state of batteries 

accelerates degradation; BMS only captures deviations without changing the real-time 

strategy. Such schemes miss profitable windows (price signals, generation/load 

forecasts) [6], poorly coordinate the simultaneous provision of services (frequency 

control, peak-shaving, reserve), and do not optimize priorities. In addition, they do not 

handle forecast uncertainties, where adaptive adjustment is necessary [10]. 
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3 Adaptive RES management 

The key advantage of adaptive control in renewable energy systems with battery 

complexes is the ability to adapt to changing generation and load conditions. For this 

purpose, forecasts of solar radiation, wind speed, and consumption are used, based on 

which the battery charge-discharge cycles are planned. Unlike static strategies, 

adaptive algorithms dynamically adjust control parameters, ensuring smoothing of 

generation peaks, optimization of SoC, reduction of operating costs and extension of 

the storage resource, taking into account degradation and depth of discharge. 

An example is the hybrid predictive control model, where a fuzzy system adjusts 

the frequency control parameters in real-time in microenergy networks with renewable 

energy sources and accumulators, effectively taking into account the uncertainty and 

variability of modes [11]. 

In the adaptive management of renewable sources, the key issue remains the 

consideration of environmental uncertainties and variability of operating modes. 

Traditionally, fuzzy logic is used, which makes it possible to simulate expert decisions 

and flexibly regulate the processes of charging and discharging batteries, which helps 

to increase their service life [12]. A more promising area is model-predictive control 

(MPC), which uses predictive models and optimization algorithms to calculate control 

actions over a given time horizon. MPC takes into account both the technical 

limitations of the equipment and the predicted generation and load behavior [13]. 

Along with this, methods of intelligent management based on artificial intelligence are 

actively developing. Machine learning and neural networks allow you to predict energy 

production and consumption based on weather factors and improve control accuracy 

as data accumulates.  

A comparison of these methods is presented in table 1. 

 

Table 1. Comparison of algorithms 

Method Advantages Constraints 

1 2 3 

Fuzzy Logic 
Simplicity, expert rules, 

stable response 

Limited by expert base, 

difficult to formalize 

optimality 

MPC 

Takes into account 

constraints, forecasts, 

optimizes the system 

Computationally complex, 

requires an accurate 

1 2 3 

Fuzzy-MPC model 

(adaptive combined) 

Combination of FLC 

flexibility and MPC 

predictive power 

Harder to design, 

AI-based combined 

complexity (IMPC, 

EG-MPC, ANFIS) 

High adaptability, 

consideration of degradation 

and market factors, self 

-learning Requires data, 

learning complexity and 

explainability 
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Thus, for the problem under consideration, fuzzy logic was chosen as the most 

applicable method for implementing control due to a good combination of ease of 

implementation and efficiency. In the future, when such systems are distributed and 

widely implemented, it is also possible to integrate an AI-based training module. 

 

4 Practical implementation 

System architecture 

In automated systems that combine solar power plants with battery complexes 

(Figure 2), the architecture is formed on the interaction of sensors, controllers, SCADA 

and the EMS module. Sensors detect key parameters such as generation, load, state of 

charge, voltage, frequency, and temperature. Controllers (PLC, RTU) perform local 

start-up, mode switching, and protection functions. SCADA provides monitoring, data 

collection and archiving, while EMS acts as an intelligent center, making decisions 

based on forecasts and current status. Additionally, it can be integrated with the 

maintenance module (MRO), which allows you to plan repairs and track the life of 

equipment (Figure 3). 

A practical example is the "Sundom smart grid" system, where EMS manages a 

distributed network with Li-ion BESS, wind turbines and autotransformers (OLTC), 

generating control signals taking into account the interaction of converters and the 

network [14]. 

 

 
Fig. 2-General scheme of operation of the system with RES and BESS 
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Figure 3-System architecture 

 

Thus, the use of EMS in renewable energy systems with storage devices provides 

adaptive management: accumulation of excess generation and its release during periods 

of peak demand. This allows you to regulate consumption, control battery power, and 

smooth out network fluctuations, increasing the overall efficiency of the power system. 

 

Management platforms 

Modern control systems for battery complexes are implemented according to a 

hierarchical principle that ensures stable regulation of energy flows. At the primary 

level, the problem of frequency and voltage stabilization is solved in real time by means 

of automatic adjustment. The secondary level is responsible for balancing the flows 

between sources, where the accumulators act as compensators for variable generation 

of solar and wind stations. At the tertiary level, long-term economic optimization is 

implemented, including an analysis of the price environment and a strategy for using 

the accumulated energy. The use of methods for predicting and monitoring the state of 

batteries increases the efficiency of charge distribution, extends the service life of cells, 

and ensures timely maintenance [15]. 

 

5 The effect of implementing adaptive battery management systems 

Reduction of generation fluctuations 

 The integration of renewable energy with batteries significantly smooths out 

generation fluctuations. For example, for a 10 MW / 5 MWh system, it is shown that 

BESS limits the frequency drop to 49.82 Hz versus 49.67 Hz without a storage device 

and reduces voltage fluctuations at critical nodes to 40% of the initial ones [16]. 

 

Increasing the RES utilization rate 

The New York State model showed that the optimal placement and size of BESS 

reduces generation restrictions by 34 % and load disconnections by 21 %, increasing 

the share of renewable energy actually used [17]. 
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Batteries can absorb excess energy when renewable energy generation exceeds 

consumption and release it when renewable energy cannot generate enough energy (for 

example, at night or on windless days, Figure 4). Thus, this solution increases the RES 

utilization rate by storing energy that would otherwise be lost or discharged to the grid 

[6]. Adaptive control methods, in contrast to static approaches, provide more flexible 

adjustment of operational parameters of energy storage systems. This adjustment 

makes it possible not only to extend the service life of battery complexes by optimizing 

operating modes and reducing the depth of discharge, but also to significantly increase 

their economic efficiency. 

 

 
Figure 4-Storage unit operation schedule 

 

Economic impact 

The combined use of renewable energy and adaptive management BESS increases 

economic efficiency: in Southern China, costs decreased by 8.1 %, co  emissions-by 

6.5 % [18]; in IEEE-ESS networks, daily costs were reduced by 3 % and modernization 

was delayed by 21 years [19]; hybrid systems (HESS) extended their service life and 

reduced costs for TOU fares [20]. 

 

6 Conclusion 

The analysis shows that the integration of battery complexes into renewable 

energy systems is a key tool for improving the stability and efficiency of energy 

networks. Adaptive control based on modern algorithms-from fuzzy logic and MPC to 

artificial intelligence methods - can significantly reduce frequency and voltage 

fluctuations, reduce the scale of forced generation restrictions and disconnection of 

consumers, as well as increase the utilization rate of renewable energy sources.  

Battery complexes are becoming particularly important in the context of the 

transition to"smart grids". Here they perform a double function: on the one hand, they 

provide a balance between generation and consumption in real time, and on the other, 
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they become an active element of the intelligent architecture of the power system, 

where EMS and SCADA act as the control core.  

Thus, as a result of the analysis, it is proposed to introduce battery systems with 

integration into SCADA and MES systems with the construction of algorithms based 

on fuzzy logic and AI modules for modern power grids, which will help improve 

efficiency and use renewable energy to the maximum. 

Prospects for the development of adaptive management are associated with the 

expansion of the use of artificial intelligence and machine learning methods. 

Combining predictive generation and load models with self-learning control algorithms 

will allow us to move to systems that have a high degree of autonomy and are able to 

optimize their work not only from a technical but also from an economic point of view. 

Given the growing share of renewable energy sources in the energy mix, such solutions 

will become the foundation for sustainable, flexible and environmentally friendly 

energy systems of the future. 
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ɸשʜʘʪʧʘ: ɹײʣ ʤʘץʘʣʘʜʘ ʛʘʟʜʘʨʜʳ ʙᴇʣʫ ʧʨʦʮʝʩʽʥ ʙʘʩץʘʨʫ ʞװʡʝʩʽ ʵʣʝʢʪʨʦ-

ʬʠʣʴʪʨʜʽ ץʦʣʜʘʥʫ ʘʨץʳʣʳ ʟʝʨʪʪʝʣʝʜʽ. ʊʝʭʥʦʣʦʛʠʷʣʳץ ʤʦʜʝʣʴʜʽ ײץʨʫ ʞᴅʥʝ ʪʘʣʜʘʫ 

 ʜʠʥʘʤʠʢʘʩʳʥ שʰʽʥ MATLAB/Simulink ʦʨʪʘʩʳ ʧʘʡʜʘʣʘʥʳʣʘʜʳ, ʦʣ ʧʨʦʮʝʩʪʽװ

ʟʝʨʜʝʣʝʫʛʝ ʞᴅʥʝ ᴅʨʪװʨʣʽ ʙʘʩץʘʨʫ ʨʝʞʠʤʜʝʨʽʥ (PID, ʤʦʜʝʣʴʜʽʢ ʞᴅʥʝ ʝʨʝʞʝʛʝ ʥʝʛʽʟ-

ʜʝʣʛʝʥ ᴅʜʽʩʪʝʨ) ʩʳʥʘץʪʘʥ ᴇʪʢʽʟʫʛʝ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. ɿʝʨʪʪʝʫʜʝ ʵʣʝʢʪʨʦʬʠʣʴʪʨ 

ʘʚʪʦʤʘʪʪʘʥʜʳʨʫ ʥʳʩʘʥʳ ʨʝʪʽʥʜʝ ץʘʨʘʩʪʳʨʳʣʘʜʳ. נʳʣʳʤʠ ʞʘשʘʣʳץ 

MATLAB/Simulink-ʪʘ ʜʠʥʘʤʠʢʘʣʳץ ʤʦʜʝʣʴʜʝʫʜʽ ʙʘʩץʘʨʫ ʩʪʨʘʪʝʛʠʷ-ʣʘʨʳʤʝʥ 

ʙʽʨʽʢʪʽʨʫ, ʩʦʥʜʘʡ-ʘץ Control System Toolbox ʞᴅʥʝ Fuzzy Logic Toolbox ײץʨʘʣʜʘʨʳʥ 

 .ʪʠʽʤʜʽʣʽʛʽ ʤʝʥ ʩʝʥʽʤʜʽʣʽʛʽʥ ʘʨʪʪʳʨʫʜʘ ʢᴇʨʽʥʽʩ ʪʘʙʘʜʳ שʡʝʥʽװʳʣʳ ʞץʦʣʜʘʥʫ ʘʨץ

ɸʥʥʦʪʘʮʠʷ: ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʠʩʩʣʝʜʦʚʘʥʠʝ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʛʘʟʦʚ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʵʣʝʢʪʨʦʬʠʣʴʪʨʘ. ɼʣʷ ʧʦʩʪʨʦʝʥʠʷ ʠ ʘʥʘʣʠʟʘ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʩʨʝʜʘ MATLAB/Simulink, ʧʦʟʚʦʣʷʶʱʘʷ 

ʠʟʫʯʠʪʴ ʜʠʥʘʤʠʢʫ ʧʨʦʮʝʩʩʘ ʠ ʧʨʦʚʝʨʠʪʴ ʨʘʟʣʠʯʥʳʝ ʨʝʞʠʤʳ ʫʧʨʘʚʣʝʥʠʷ (PID, 

ʤʦʜʝʣʴʥʦ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʝ ʠ ʧʨʘʚʠʣʦ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʝ ʧʦʜʭʦʜʳ). ʆʩʦʙʦʝ 

ʚʥʠʤʘʥʠʝ ʫʜʝʣʝʥʦ ʨʦʣʠ ʵʣʝʢʪʨʦʬʠʣʴʪʨʘ ʢʘʢ ʦʙʲʝʢʪʘ ʘʚʪʦʤʘʪʠʟʘʮʠʠ. ʅʘʫʯʥʘʷ 

ʥʦʚʠʟʥʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʠʥʪʝʛʨʘʮʠʠ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʚ 

MATLAB/Simulink ʩ ʨʘʟʨʘʙʦʪʢʦʡ ʩʪʨʘʪʝʛʠʡ ʫʧʨʘʚʣʝʥʠʷ, ʘ ʪʘʢʞʝ ʧʨʠʤʝʥʝʥʠʠ 

ʧʘʢʝʪʦʚ Control System Toolbox ʠ Fuzzy Logic Toolbox ʜʣʷ ʧʦʚʳʰʝʥʠʷ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠ ʥʘʜʸʞʥʦʩʪʠ ʩʠʩʪʝʤʳ. 

ʊʽʨʝʢ ʩᴇʟʜʝʨ: ʕʣʝʢʪʨʦʬʠʣʴʪʨ, ʛʘʟʜʳ ʪʘʟʘʨʪʫ, MATLAB/Simulink. 

 

 שʳ ᴇʥʝʨʢᴅʩʽʧʪʽʢ ʢᴅʩʽʧʦʨʳʥʜʘʨ ʛʘʟʜʘʨʜʳ ʪʘʟʘʨʪʫ ʤʝʥ ʙᴇʣʫʜʽסʘʟʽʨʛʽ ʟʘʤʘʥפ

ʩʘʧʘʩʳʥʘ ʞʦסʘʨʳ ʪʘʣʘʧʪʘʨ ץʦʷʜʳ. ɻʘʟ ʘסʳʥʳʥʜʘסʳ ץʘʪʪʳ ʙᴇʣʰʝʢʪʝʨʜʽ ʵʣʝʢʪʨ 

ᴇʨʽʩʽ ʘʨץʳʣʳ ײʩʪʘʫסʘ ʥʝʛʽʟʜʝʣʛʝʥ ʵʣʝʢʪʨʦʬʠʣʴʪʨ ï ʪʘʟʘʨʪʫʜʳש ʝש ʪʠʽʤʜʽ 

 ʳ ïסʰʳʣʳץʘʨʪʳ שʙʽʨʽ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. ʕʣʝʢʪʨʦʬʠʣʴʪʨʣʝʨʜʽ שʨʘʣʜʘʨʳʥʳײץ

ʞʦסʘʨʳ ʪʠʽʤʜʽʣʽʢʧʝʥ ʰʘשʜʳ ʙᴇʣʫ, ʞײʤʳʩ ʩʝʥʽʤʜʽʣʽʛʽ ʞᴅʥʝ ʵʥʝʨʛʠʷ ʰʳסʳʥʳʥ 

ʘʟʘʡʪʫ ʤװʤʢʽʥʜʽʛʽ. ɼʝʛʝʥʤʝʥ, ʛʘʟ ʘסʳʥʜʘʨʳʥʳש ʙʽʨʢʝʣʢʽ ʙᴇʣʽʥʙʝʫʽ ʥʝʤʝʩʝ 

ʧʘʨʘʤʝʪʨʣʝʨʜʽש ʪײʨʘץʩʳʟʜʳסʳ ײץʨʳʣסʳʥʳש ʞʘʣʧʳ ᴇʥʽʤʜʽʣʽʛʽʥʝ ʪʽʢʝʣʝʡ ᴅʩʝʨ 

ʝʪʝʜʽ. ʉʦʥʜʳץʪʘʥ ʛʘʟʜʘʨʜʳ ʦשʪʘʡʣʳ ʙᴇʣʫ ʞᴅʥʝ ʦʣʘʨʜʳץ שʦʟסʘʣʳʩʳʥ ʨʝʪʪʝʫ 

ʙʘʩץʘʨʫ ʞװʡʝʩʽʥʽש ʙʘʩʪʳ ʤʽʥʜʝʪʪʝʨʽʥʽש ʙʽʨʽ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. 

ɹʘʩץʘʨʫ ʞװʡʝʩʽʥʽש ʪʠʽʤʜʽʣʽʛʽ ʪʝʢ ʪʘʟʘʨʪʫ ʩʘʧʘʩʳʥʘ סʘʥʘ ʝʤʝʩ, ʩʦʥʜʘʡ-ʘץ 

ʵʥʝʨʛʠʷ װʥʝʤʜʽʣʽʛʽʥʝ ʞᴅʥʝ ʵʢʦʣʦʛʠʷʣʳץ ץʘʫʽʧʩʽʟʜʽʢʢʝ ʜʝ ᴅʩʝʨ ʝʪʝʜʽ. ɹײʣ ʨʝʪʪʝ 

ʜᴅʩʪװʨʣʽ ʩʪʘʪʠʢʘʣʳץ ᴅʜʽʩʪʝʨ ʥʘץʪʳ ʪʝʭʥʦʣʦʛʠʷʣʳץ ʧʨʦʮʝʩʪʝʨʜʽש ʜʠʥʘʤʠʢʘʩʳʥ 

ʪʦʣʳץ ʝʩʢʝʨʝ ʙʝʨʤʝʡʜʽ, ʥᴅʪʠʞʝʩʽʥʜʝ ʞʦʙʘʣʘʫ ʤʝʥ ʦשʪʘʡʣʘʥʜʳʨʫʜʘ ʰʝʢʪʝʫʣʝʨ 

ʪʫʳʥʜʘʡʜʳ. ʆʩʳסʘʥ ʙʘʡʣʘʥʳʩʪʳ ᴇʥʜʽʨʽʩʪʽʢ ʞʘסʜʘʡʣʘʨסʘ ʙʘʨʳʥʰʘ ʞʘץʳʥ ʦʨʪʘʜʘ 
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ʤʦʜʝʣʴʜʝʫʜʽ ʞװʟʝʛʝ ʘʩʳʨʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʪʽʥ MATLAB/Simulink ʦʨʪʘʩʳʥ 

 ,ʘʣʳʩʳʥסʦʟץ שʦʣʜʘʥʫ ᴇʟʝʢʪʽ ʙʦʣʳʧ ʦʪʳʨ. MATLAB ʢᴇʤʝʛʽʤʝʥ ʛʘʟʜʘʨʜʳץ

ʵʣʝʢʪʨʦʬʠʣʴʪʨʜʽש ʞײʤʳʩʳʥ ʞᴅʥʝ ʙʘʩץʘʨʫ ᴅʩʝʨʣʝʨʽʥʽש ʥᴅʪʠʞʝʩʽʥ ʤʦʜʝʣʴʜʝʫ 

ʘʨץʳʣʳ ʞװʡʝʥʽש ʩʝʥʽʤʜʽʣʽʛʽʥ ʘʨʪʪʳʨʫסʘ ʞᴅʥʝ ʛʘʟʜʘʨʜʳ ʙᴇʣʫ ʧʨʦʮʝʩʽʥ 

ʦשʪʘʡʣʘʥʜʳʨʫסʘ ʙʦʣʘʜʳ. 

 ץʵʢʦʣʦʛʠʷʣʳ שʘʫ ʞᴅʥʝ ᴇʥʝʨʢᴅʩʽʧʪʽʢ ᴇʥʜʽʨʽʩʪʝʨʜʽסʦʨץ ʘʥ ʦʨʪʘʥʳסʦʨʰʘפ

 ʥʝʛʽʟʛʽ שʳʣʳʤ ʤʝʥ ʪʝʭʥʠʢʘʥʳס ʳסʘʟʽʨʛʽ ʟʘʤʘʥץ ʘʤʪʘʤʘʩʳʟ ʝʪʫץ ʘʫʽʧʩʽʟʜʽʛʽʥץ

ʙʘסʳʪʪʘʨʳʥʳש ʙʽʨʽ ʙʦʣʳʧ ʦʪʳʨ. ᴄʩʽʨʝʩʝ ʛʘʟʜʳ ʪʘʨʘʪʫ ʞװʡʝʣʝʨʽʥʜʝ ʘʪʤʦʩʬʝʨʘסʘ 

ʰʳסʘʨʳʣʘʪʳʥ ʟʠʷʥʜʳ ץʦʩʧʘʣʘʨʜʳש ʤᴇʣʰʝʨʽʥ ʘʟʘʡʪʫ ï ᴇʥʝʨʢᴅʩʽʧʪʽʢ 

ʢᴅʩʽʧʦʨʳʥʜʘʨʜʳש ʙʘʩʪʳ ʤʽʥʜʝʪʪʝʨʽʥʽץ שʘʪʘʨʳʥʜʘ. ɻʘʟ ײץʨʘʤʳʥʜʘסʳ ʰʘש-ʪʦʟʘש 

ʙᴇʣʰʝʢʪʝʨʽʥ ʪʠʽʤʜʽ ʪװʨʜʝ ʞʦʶ ʤʘץʩʘʪʳʥʜʘ ʵʣʝʢʪʨʦʬʠʣʴʪʨ ץʦʥʜʳʨסʳʣʘʨʳ 

ʢʝשʽʥʝʥ ץʦʣʜʘʥʳʣʘʜʳ. ʕʣʝʢʪʨ ᴇʨʽʩʽʥʽש ᴅʩʝʨʽʤʝʥ ʙᴇʣʰʝʢʪʝʨʜʽ ײʩʪʘʧ ץʘʣʫסʘ 

ʥʝʛʽʟʜʝʣʛʝʥ ʙײʣ ᴅʜʽʩ ʵʥʝʨʛʠʷ װʥʝʤʜʽʣʽʛʽʤʝʥ ʞᴅʥʝ ʞʦסʘʨʳ ʪʠʽʤʜʽʣʽʛʽʤʝʥ 

ʝʨʝʢʰʝʣʝʥʝʜʽ. 

ɼʝʛʝʥʤʝʥ ʵʣʝʢʪʨʦʬʠʣʴʪʨ ʞײʤʳʩʳʥʳש ʥᴅʪʠʞʝʣʽʣʽʛʽ ʢᴇʧʪʝʛʝʥ ʬʘʢʪʦʨʣʘʨסʘ 

ʪᴅʫʝʣʜʽ: ʛʘʟʜʳש ʰʳסʳʥʳ, ץʳʩʳʤʳ, ʪʝʤʧʝʨʘʪʫʨʘʩʳ, ʩʦʥʜʘʡ-ʘץ ץʦʥʜʳʨסʳסʘ 

ʙʝʨʽʣʝʪʽʥ ʢʝʨʥʝʫ ʜʝשʛʝʡʽ ʧʨʦʮʝʩʪʽש ʪײʨʘץʪʳʣʳסʳʥʘ ʪʽʢʝʣʝʡ ᴅʩʝʨ ʝʪʝʜʽ. ʆʩʳסʘʥ 

ʙʘʡʣʘʥʳʩʪʳ ʥʘץʪʳ ᴇʥʜʽʨʽʩʪʽʢ ʞʘסʜʘʡʜʘ ʵʣʝʢʪʨʦʬʠʣʴʪʨʜʽש ʤʽʥʝʟ-ײץʣץʳʥ ʘʣʜʳʥ 

ʘʣʘ ʟʝʨʪʪʝʫ ץʘʞʝʪʪʽʣʽʛʽ ʪʫʳʥʜʘʡʜʳ. 

 ʙʽʨʽ ï שʪʠʽʤʜʽ ʪᴅʩʽʣʜʝʨʽʥʽ שʨʛʽʟʫʜʽװʥʜʘʡ ʟʝʨʪʪʝʫʣʝʨʜʽ ʞײʳʪʪʘ ʤץʘʟʽʨʛʽ ʫʘפ

ʧʨʦʮʝʩʪʝʨʜʽש ʮʠʬʨʣʳץ ʤʦʜʝʣʽʥ ײץʨʫ. MATLAB/Simulink ʦʨʪʘʩʳ ʙʘʩץʘʨʫ 

ʞװʡʝʣʝʨʽʥ, ʜʠʥʘʤʠʢʘʣʳץ ʧʨʦʮʝʩʪʝʨʜʽ ʞᴅʥʝ ʦʣʘʨʜʳש ʪװʨʣʽ ʩʮʝʥʘʨʠʡʣʝʨʽʥ 

ʤʦʜʝʣʴʜʝʫʛʝ ʘʨʥʘʣסʘʥ ᴅʤʙʝʙʘʧ ײץʨʘʣ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. ɹײʣ ʙʘסʜʘʨʣʘʤʘʜʘ ʢװʨʜʝʣʽ 

ʪʝʭʥʦʣʦʛʠʷʣʳץ ʪʽʟʙʝʢʪʝʨʜʽש ʞײʤʳʩʳʥ ʙʝʡʥʝʣʝʧ, PID, ʘʥʳץ ʝʤʝʩ ʣʦʛʠʢʘ (fuzzy 

logic) ʥʝʤʝʩʝ ʤʦʜʝʣʴʜʽʢ ʙʘʩץʘʨʫ ʩʠʷץʪʳ ᴅʨʪװʨʣʽ ᴅʜʽʩʪʝʨʜʽ ʩʘʣʳʩʪʳʨʘ ʦʪʳʨʳʧ 

ʩʳʥʘץʪʘʥ ᴇʪʢʽʟʫʛʝ ʤװʤʢʽʥʜʽʢ ʙʘʨ. 

 

ɿʝʨʪʪʝʣʝʪʽʥ ʞװʡʝʥʽש ʤʘʪʝʤʘʪʠʢʘʣʳץ ʤʦʜʝʣʽʥ ײץʨʫ 

ʕʣʝʢʪʨʦʬʠʣʴʪʨ (ʕʌ) ï ʛʘʟ ʘסʳʥʜʘʨʳʥ ʪʘʟʘʨʪʫʜʘ ʰʘש ʙᴇʣʰʝʢʪʝʨʽʥ ײʩʪʘʧ 

 ʰʽʥ ʛʘʟ ʢʦʥʮʝʥʪʨʘʮʠʷʩʳ, ʪʘʟʘʨʪʫװ ʘʨʫץʡʝʥʽ ʪʠʽʤʜʽ ʙʘʩװʣ ʞײʳ. ɹסʨʳʣײץ ʘʣʘʪʳʥץ

ʪʠʽʤʜʽʣʽʛʽ ʞᴅʥʝ ʵʣʝʢʪʨʦʩʪʘʪʠʢʘʣʳץ ᴇʨʽʩ ʢʝʨʥʝʫʽ ʘʨʘʩʳʥʜʘסʳ ʙʘʡʣʘʥʳʩʪʳ 

ʩʠʧʘʪʪʘʡʪʳʥ ʤʘʪʝʤʘʪʠʢʘʣʳץ ʤʦʜʝʣʴ ײץʨʫ ץʘʞʝʪ. ɹײʣ ʤʦʜʝʣʴ ʢʝʣʝʩʽ 

ʧʘʨʘʤʝʪʨʣʝʨʜʽ ץʘʤʪʠʜʳ: 

¶ ɻʘʟʜʳש ʵʣʝʢʪʨʦʬʠʣʴʪʨʜʝʥ ᴇʪʫʽʥ ʩʠʧʘʪʪʘʫ 

¶ ɼʝʡʯ-ɸʥʜʝʨʩʝʥ ʪʝשʜʝʫʽʥ ץʦʣʜʘʥʫ ʘʨץʳʣʳ ʰʘשʜʳ ʪײʪʫ ʪʠʽʤʜʽʣʽʛʽʥ ʝʩʝʧʪʝʫ 

¶ PID-ʨʝʛʫʣʷʪʦʨʜʳ ץʦʣʜʘʥʫ ʘʨץʳʣʳ ʵʣʝʢʪʨʦʬʠʣʴʪʨ ʢʝʨʥʝʫʽʥ ʙʘʩץʘʨʫ 

 

ɻʘʟ ʘסʳʥʳʥ ʩʠʧʘʪʪʘʡʪʳʥ ʪʝשʜʝʫ 

ɻʘʟ ʢʦʥʮʝʥʪʨʘʮʠʷʩʳʥʳש ʫʘץʳʪ ʙʦʡʳʥʰʘ ᴇʟʛʝʨʫʽ ʤʘʩʩʘ ʙʘʣʘʥʩ ʪʝשʜʝʫʽʤʝʥ 

ʩʠʧʘʪʪʘʣʘʜʳ: 
Ὠὅ

Ὠὸ

ὗ ὗ

ὠ
ȟ 

ʄײʥʜʘסʳ: C ï ɻʘʟ ʽʰʽʥʜʝʛʽ ʙᴇʣʰʝʢʪʝʨ ʢʦʥʮʝʥʪʨʘʮʠʷʩʳ,ʛ/̍, ὗ  ï ʛʘʟ ʘסʳʥʳʥʳש 
ʢʽʨʽʩʽ ʞᴅʥʝ ʰʳסʳʩʳ,̍Ⱦ̒, V ï ʕʣʝʢʪʨʦʬʠʣʴʪʨʜʽש ʽʰʢʽ ʢᴇʣʝʤʽ (̍). 



 
ΝΟΠ 

ʐʳסʳʩ ʛʘʟ ʢʦʥʮʝʥʪʨʘʮʠʷʩʳ: 

ὅ ὅ Ͻρ –, 

ʤײʥʜʘ, – ï ɻʣʝʢʪʨʦʬʠʣʴʪʨʜʽש ʪʠʽʤʜʽʣʽʛʽ. 

 

ʕʣʝʢʪʨʦʬʠʣʴʪʨʜʽש ʰʘשʜʳ ʪײʪʫ ʪʠʽʤʜʽʣʽʛʽ 

ʕʣʝʢʪʨʦʬʠʣʴʪʨʜʽש ʪʠʽʤʜʽʣʽʛʽ ɼʝʡʯ ï ɸʥʜʝʨʩʝʥ ʪʝשʜʝʫʽ ʘʨץʳʣʳ ʝʩʝʧʪʝʣʝʜʽ: 

– ρ Ὡ
Ͻ

, 

ʤײʥʜʘ: –ïʕʣʝʢʪʨʦʬʠʣʴʪʨʜʽש ʪʠʽʤʜʽʣʽʛʽ, %; kïɹᴇʣʰʝʢʪʝʨʜʽש ʰᴇʛʫ ʞʳʣʜʘʤʜʳסʳ, 

ʤ/ʩ, ɸïʕʣʝʢʪʨʦʜ ʙʝʪʽʥʽש ʘʫʜʘʥʳ, ̍ , 

ʕʣʝʢʪʨʦʬʠʣʴʪʨʜʽש ʪʠʽʤʜʽʣʽʛʽʥ ʪײʨʘץʪʳ ײʩʪʘʫ װʰʽʥ PID - ʨʝʛʫʣʷʪʦʨ 

 ʦʣʜʘʥʳʣʘʜʳ. ʇʀɼ-ʨʝʪʪʝʛʽʰ (ʧʨʦʧʦʨʮʠʦʥʘʣʜʳ-ʠʥʪʝʛʨʘʣʜʳ-ʜʠʬʬʝʨʝʥʮʠʘʣʜʳ) ïץ

ᴇʥʝʨʢᴅʩʽʧʪʽʢ ʧʨʦʮʝʩʪʝʨʜʽ ʙʘʩץʘʨʫʜʳש ʩʪʘʥʜʘʨʪʪʳ ײץʨʘʣʳ. ʆʣ ʙʘʧʪʘʫʜʘ 

  .ʰʽʥ ʪʠʽʤʜʽװ ʡʝʣʝʨװʪʳ ʞץʘʨʘʧʘʡʳʤ ʞᴅʥʝ ʢʽʜʽʨʽʩʽ ʘʟ ʩʳʟʳץ

PID ʙʘʩץʘʨʫ ʪʝשʜʝʫʽ: 

ὠ ὑὩὸ ὑ ὩὸὨὸὑ
ὨὩὸ

Ὠὸ
 

ʤײʥʜʘ: ὠ ï ʕʣʝʢʪʨʦʬʠʣʴʪʨʛʝ ʙʝʨʽʣʝʪʽʥ ʢʝʨʥʝʫ, ʢɺ, e(t)=Ὡὸ –  ʘʞʝʪʪʽץ ,–

ʞᴅʥʝ ʥʘץʪʳ ʪʠʽʤʜʽʣʽʢ ʘʨʘʩʳʥʜʘסʳ ץʘʪʝʣʽʢ, ὑȟὑȟὑ ï PID ʢʦʵʬʠʮʠʝʥʪʪʝʨʽ. 

ɾײʤʳʩʪʘסʳ ʤʘץʩʘʪʳʤʳʟ PID ʨʝʛʫʣʷʪʦʨ ʵʣʝʢʪʨʦʬʠʣʴʪʨ ʢʝʨʥʝʫʽʥ ʙʘʩץʘʨʫ 

ʘʨץʳʣʳ ʪʠʽʤʜʽʣʽʢʪʽ ץʘʞʝʪʪʽ ʜʝשʛʝʡʜʝ ײʩʪʘʧ ʪײʨʫ. 

 
1.1 ʩʫʨʝʪ ï ʇʀɼ ʨʝʪʪʝʛʽʰʽ ʙʘʨ ʤʦʜʝʣʴʜʽש ʩʳʟʙʘʩʳ 

 

 
1.2 ʩʫʨʝʪ ï ɼʝʡʯ ï ɸʥʜʝʨʩʝʥ ʪʝשʜʝʫʽʥ MatLab ʦʨʪʘʩʳʥʜʘ ʞװʟʝʛʝ ʘʩʳʨʫ 



 
ΝΟΡ 

ʊʘשʜʘʣʘʪʳʥ ʙʘʩץʘʨʫ ᴅʜʽʩʽ ʞװʡʝʥʽש ʥʘץʪʳ ʪʘʣʘʧʪʘʨʳʥʘ ʙʘʡʣʘʥʳʩʪʳ. ɹײʣ 

ʤʦʜʝʣʴ ʵʣʝʢʪʨʦʬʠʣʴʪʨʜʽש ʪʠʽʤʜʽʣʽʛʽʥ ʘʥʳץʪʘʫ ʞᴅʥʝ ʦʥʳ PID ʙʘʩץʘʨʫ ʘʨץʳʣʳ 

ʦשʪʘʡʣʘʥʜʳʨʫ װʰʽʥ ץʦʣʜʘʥʳʣʘʜʳ. PID ʢʦʥʪʨʦʣʣʝʨʽ ʢʝʨʥʝʫʜʽ ʨʝʪʪʝʧ, ץʘʞʝʪʪʽ 

ʪʠʽʤʜʽʣʽʢʢʝ ץʦʣ ʞʝʪʢʽʟʝʜʽ. Simulink ʛʨʘʬʠʢʪʝʨʽ ʞװʡʝʥʽץ שʘʣʘʡ ʞײʤʳʩ ʽʩʪʝʡʪʽʥʽʥ 

ʥʘץʪʳ ʢᴇʨʩʝʪʝʜʽ. 

 

 ʦʨʳʪʳʥʜʳפ

ɿʝʨʪʪʝʫ ʙʘʨʳʩʳʥʜʘ ʵʣʝʢʪʨʦʬʠʣʴʪʨʜʽ ʙʘʩץʘʨʫ ʦʙʲʝʢʪʽʩʽ ʨʝʪʽʥʜʝ 

 ʳ ʢᴇʨʩʝʪʽʣʜʽ. MATLAB/Simulinkסʳʟʜʳʣʳשᴇʟʝʢʪʽʣʽʛʽ ʤʝʥ ʤʘ שʘʨʘʩʪʳʨʫʜʳץ

ʦʨʪʘʩʳʥʜʘ ʞʘʩʘʣסʘʥ PID-ʨʝʛʫʣʷʪʦʨ ʥʝʛʽʟʽʥʜʝʛʽ ʤʦʜʝʣʴ ʵʣʝʢʪʨʦʬʠʣʴʪʨʜʽש 

ʪʠʽʤʜʽʣʽʛʽʥ ץʘʞʝʪʪʽ ʜʝשʛʝʡʜʝ ײʩʪʘʧ ʪײʨʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʪʽʥʽ ʜᴅʣʝʣʜʝʥʜʽ. PID 

ʙʘʩץʘʨʫ ʘʣʛʦʨʠʪʤʽ ʞװʡʝʛʝ ʞʳʣʜʘʤ ᴅʩʝʨ ʝʪʢʝʥʽʤʝʥ, ʙʘʩʪʘʧץʳ ʢʝʟʝשʜʝ ʘʨʪʳץ 

ʨʝʪʪʝʫ ײץʙʳʣʳʩʳ ʙʘʡץʘʣʘʪʳʥʳ ʘʥʳץʪʘʣʜʳ. 

ɹײʣ ʞײʤʳʩʪʳש ʧʨʘʢʪʠʢʘʣʳײץ ץʥʜʳʣʳסʳ ð ɻ ʣʝʢʪʨʦʬʠʣʴʪʨʜʽש ʞײʤʳʩ 

ʪײʨʘץʪʳʣʳסʳʥ ץʘʤʪʘʤʘʩʳʟ ʝʪʝʪʽʥ ʙʘʩץʘʨʫ ʩʪʨʘʪʝʛʠʷʩʳʥ ʪʘשʜʘʫסʘ ʙʘסʳʪ ʙʝʨʫʽʥʜʝ. 

ʉʦʥʳʤʝʥ ץʘʪʘʨ, ʙʦʣʘʰʘץ ʟʝʨʪʪʝʫʣʝʨʜʝ PID ʙʘʩץʘʨʫʜʳ ʘʥʳץ ʝʤʝʩ ʣʦʛʠʢʘ (fuzzy 

logic) ʞᴅʥʝ ʤʦʜʝʣʴʜʽʢ ʙʘʩץʘʨʫ ᴅʜʽʩʪʝʨʽʤʝʥ ʩʘʣʳʩʪʳʨʫ ʞʦʩʧʘʨʣʘʥʳʧ ʦʪʳʨ. 

ʄײʥʜʘʡ ʩʘʣʳʩʪʳʨʤʘʣʳ ʪʘʣʜʘʫ ʞװʡʝʥʽש ʜʠʥʘʤʠʢʘʣʳץ ץʘʩʠʝʪʪʝʨʽʥ ʪʝʨʝשʽʨʝʢ 

ʘʰʫסʘ, ʙʘʩץʘʨʫ ʩʘʧʘʩʳʥ ʘʨʪʪʳʨʫסʘ ʞᴅʥʝ ᴇʥʝʨʢᴅʩʽʧʪʽʢ ʛʘʟ ʪʘʨʘʪʫ ʞװʡʝʣʝʨʽʥʽש 

ʵʢʦʣʦʛʠʷʣʳץ ᴅʨʽ ʵʥʝʨʛʝʪʠʢʘʣʳץ ʪʠʽʤʜʽʣʽʛʽʥ ʞʦסʘʨʳʣʘʪʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. 

 

ʇʘʡʜʘʣʘʥʳʣסʘʥ ᴅʜʝʙʠʝʪʪʝʨ ʪʽʟʽʤʽ 
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1 ʂʽʨʽʩʧʝ 

 ʛʝʡʽ ᴅʣʝʤʜʽʢ ʤʘʩʰʪʘʙʪʘשʪʳʥʫ ʜʝײʵʥʝʨʛʠʷ ʪ שʠʤʘʨʘʪʪʘʨʜʳס ʜʘשʘʟʽʨʛʽ ʪʘפ

ᴇʟʝʢʪʽ ʤᴅʩʝʣʝʣʝʨʜʽש ʙʽʨʽ ʙʦʣʳʧ ʦʪʳʨ. çʍʘʣʳϨʘʨʘʣʳϨ ʵʥʝʨʛʠʷ ʪϰʪʳʥʫ 

ʙʦʣʞʘʤʳʥʘè ʩᴅʡʢʝʩ, ɽʫʨʦʧʘ ʝʣʜʝʨʽʥʜʝ ʙʽʨ ʞʳʣʜʘ ᴅʨʙʽʨ ʰʘʨʰʳ ʤʝʪʨʛʝ ʰʘʤʘʤʝʥ 

100 ʢɺʪĿʩʘס ʵʥʝʨʛʠʷ ʞʝʣʜʝʪʫ, ʞʳʣʳʪʫ, ʢʦʥʜʠʮʠʦʥʝʨʣʝʫ ʞᴅʥʝ ʞʘʨʳץʪʘʥʜʳʨʫ 

ʞװʡʝʣʝʨʽʥʝ ʞײʤʩʘʣʘʜʳ. ɾʘʣʧʳ סʠʤʘʨʘʪʪʘʨ ᴅʣʝʤʜʽʢ ʵʥʝʨʛʠʷʥʳש ʰʘʤʘʤʝʥ 20 %-

ʳʥ ʪײʪʳʥʘʜʳ, ʘʣ ʦʥʳש ʽʰʽʥʜʝ 40 %-ʜʘʥ ʘʩʪʘʤʳ HVAC (Heating, Ventilation, and 

Air Conditioning) ʞװʡʝʣʝʨʽʥʝ ʪʠʝʩʽʣʽ [1, 2]. ɹײʣ ʢᴇʨʩʝʪʢʽʰʪʝʨ ʵʥʝʨʛʠʷ װʥʝʤʜʝʫʜʽ 

ʞᴅʥʝ ʠʥʪʝʣʣʝʢʪʫʘʣʜʳ ʙʘʩץʘʨʫ ᴅʜʽʩʪʝʨʽʥ ʝʥʛʽʟʫʜʽ ʘʩʘ ʤʘשʳʟʜʳ ʝʪʝʜʽ. 

ɼᴅʩʪװʨʣʽ ʞʝʣʜʝʪʫ ʞװʡʝʣʝʨʽ ᴅʜʝʪʪʝ ץʘʨʘʧʘʡʳʤ ʰʝʢʪʽ ʤᴅʥʜʝʨʛʝ ʥʝʤʝʩʝ ʘʣʜʳʥ 

ʘʣʘ ʙʝʣʛʽʣʝʥʛʝʥ ʢʝʩʪʝʣʝʨʛʝ ʩװʡʝʥʽʧ ʞײʤʳʩ ʽʩʪʝʡʜʽ. ʄײʥʜʘʡ ʪᴅʩʽʣʜʝʨ ʥʘץʪʳ 

ʞʘסʜʘʡʜʳ ʝʩʢʝʨʝ ʙʝʨʤʝʡʜʽ: ʘʜʘʤʜʘʨ ʩʘʥʳʥʳש ᴇʟʛʝʨʫʽ, ʘʫʘ ʩʘʧʘʩʳ ʥʝʤʝʩʝ 

ʞװʢʪʝʤʝʥʽש ʜʠʥʘʤʠʢʘʩʳ ʪʦʣʳץ ץʘʤʪʳʣʤʘʡʜʳ [3, 4]. ʅᴅʪʠʞʝʩʽʥʜʝ, ʞװʡʝ ʢʝʡʜʝ 

ʘʨʪʳץ ץʫʘʪʧʝʥ ʞײʤʳʩ ʽʩʪʝʧ, ʵʥʝʨʛʠʷʥʳ ʘʨʪʳץ ʪײʪʳʥʘʜʳ, ʘʣ ʢʝʡʜʝ ʞʝʪʢʽʣʽʢʩʽʟ 

ʞײʤʳʩ ʽʩʪʝʧ, ʽʰʢʽ ʤʠʢʨʦʢʣʠʤʘʪ ʩʘʧʘʩʳʥ ʪᴇʤʝʥʜʝʪʝʜʽ. ʆʩʳ ʪײʨסʳʜʘ Face ID 

ʪʝʭʥʦʣʦʛʠʷʩʳʥ ץʦʣʜʘʥʫ ʝʨʝʢʰʝ ʤʘשʳʟסʘ ʠʝ. ʂʘʤʝʨʘʣʘʨ ʘʨץʳʣʳ ʘʜʘʤʜʘʨʜʳש 

ʥʘץʪʳ ʩʘʥʳʥ ʪʽʨʢʝʫ ʜᴅʣ ʞᴅʥʝ ʞʝʜʝʣ ʘץʧʘʨʘʪ ʙʝʨʝʜʽ. ɹײʣ ʜʝʨʝʢʪʝʨʜʽ PLC 

(Programmable Logic Controller) ʘʨץʳʣʳ AHU (Air Handling Unit) ʙʘʩץʘʨʫʜʘ 

ʧʘʡʜʘʣʘʥʫ ʵʥʝʨʛʠʷʥʳ װʥʝʤʜʝʫʛʝ, ʞʘʙʜʳץʪʳץ שʳʟʤʝʪ ʝʪʫ ʤʝʨʟʽʤʽʥ ײʟʘʨʪʫסʘ ʞᴅʥʝ 

ʽʰʢʽ ʘʫʘ ʩʘʧʘʩʳʥ ʞʦסʘʨʳʣʘʪʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. 

ʆʩʳ ʤʘץʘʣʘʜʘ Face ID ʪʝʭʥʦʣʦʛʠʷʩʳʥʘ ʥʝʛʽʟʜʝʣʛʝʥ HVAC ʞװʡʝʩʽʥ ʙʘʩץʘʨʫ 

ᴅʜʽʩʽ ײʩʳʥʳʣʘʜʳ. ɾװʡʝʥʽש ʙʘʩʪʳ ʝʨʝʢʰʝʣʽʛʽ ï ʘʜʘʤʜʘʨ ʩʘʥʳʥʘ ץʘʨʘʡ ʞʝʣʜʝʪʫʜʽ 

ʠʢʝʤʜʝʧ ʨʝʪʪʝʫ ʞᴅʥʝ ʵʥʝʨʛʠʷ ʪײʪʳʥʫʜʳ ʦשʪʘʡʣʘʥʜʳʨʫ. 

 

2 ʄʝʪʦʜʦʣʦʛʠʷ 

ɹײʣ ʟʝʨʪʪʝʫʜʝ סʠʤʘʨʘʪ ʽʰʽʥʜʝʛʽ ʞʝʣʜʝʪʫ ʞװʡʝʩʽʥʽץ שʫʘʪʳʥ ʥʘץʪʳ ʫʘץʳʪ 

ʨʝʞʠʤʽʥʜʝ ʘʜʘʤʜʘʨ ʩʘʥʳʥʘ ʙʘʡʣʘʥʳʩʪʳ ʙʘʩץʘʨʫסʘ ʘʨʥʘʣסʘʥ ʞʘשʘ ʘʨʭʠʪʝʢʪʫʨʘ 

 ʘʥסʳ ï Face ID ʢʘʤʝʨʘʩʳʥʘʥ ʘʣʳʥסʘʣʳשʙʘʩʪʳ ʞʘ שʡʝʥʽװʩʳʥʳʣʘʜʳ. ɾײ

ʜʝʨʝʢʪʝʨʜʽ ᴇשʜʝʫ װʰʽʥ Python ʪʽʣʽʥʜʝ Flask ʥʝʛʽʟʽʥʜʝ ʩʝʨʚʝʨʜʽ ץʦʣʜʘʥʫ. ɹײʣ ʪᴅʩʽʣ 

ʜᴅʩʪװʨʣʽ CO  ʥʝʤʝʩʝ ץʦʟסʘʣʳʩ ʜʘʪʯʠʢʪʝʨʽʥʝ ʩװʡʝʥʝʪʽʥ ʙʘʩץʘʨʫʜʘʥ ᴇʟʛʝʰʝ, ʩʝʙʝʙʽ 

ʘʜʘʤʜʘʨʜʳש ʥʘץʪʳ ʩʘʥʳʥ ʪʽʢʝʣʝʡ ʘʥʳץʪʘʫסʘ ʞᴅʥʝ ʦʩʳ ʜʝʨʝʢʪʝʨʜʽ PLC-ʛʝ 

ʞʝʪʢʽʟʫʛʝ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. 

 :ʩʳʟʙʘʩʳ ʪᴇʤʝʥʜʝʛʽʜʝʡ ץʨʳʣʳʤʜʳײץ שʡʝʥʽװʘʥ ʞסʩʳʥʳʣױ
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Face ID ʢʘʤʝʨʘ Ÿ Flask ʩʝʨʚʝʨ (Python) Ÿ PLC (Modbus TCP) Ÿ VFD Ÿ 

AHU. 

ᴄʨʙʽʨ ʢʦʤʧʦʥʝʥʪʪʽץ שʳʟʤʝʪʽ: 

ī Face ID ʢʘʤʝʨʘʩʳ ï סʠʤʘʨʘʪץʘ ʢʽʨʛʝʥ ʥʝʤʝʩʝ ʰʳץץʘʥ ʘʜʘʤʜʘʨʜʳ ʪʽʨʢʝʡʜʽ 

ʞᴅʥʝ ʦץʠסʘʣʘʨʜʳ HTTP ʘʨץʳʣʳ Flask ʩʝʨʚʝʨʽʥʝ ʞʽʙʝʨʝʜʽ; 

ī Flask ʩʝʨʚʝʨʽ (Python) ï ʞװʡʝʥʽש ʥʝʛʽʟʛʽ ʙʫʳʥʳ. ʆʣ ʢʘʤʝʨʘʜʘʥ ʪװʩʢʝʥ 

ʦץʠסʘʣʘʨʜʳ ץʘʙʳʣʜʘʧ, ᴇשʜʝʧ, ʘʜʘʤʜʘʨʜʳש ʘסʳʤʜʘסʳ ʩʘʥʳʥ ʝʩʝʧʪʝʡʜʽ (N). ɹײʣ 

ʤᴅʥ Modbus TCP ʭʘʪʪʘʤʘʩʳ ʘʨץʳʣʳ PLC ʨʝʛʠʩʪʨʽʥʝ ʞʘʟʳʣʘʜʳ; 

ī PLC (Programmable Logic Controller) ï ʙʘʩץʘʨʫʰʳ ʦʨʪʘʣʳץ. ʆʣ 

ʩʝʨʚʝʨʜʝʥ ʘʣʳʥסʘʥ N ʤᴅʥʽʥʝ ʩᴅʡʢʝʩ ʙʘʩץʘʨʫ ʣʦʛʠʢʘʩʳʥ ʦʨʳʥʜʘʡʜʳ; 

ī VFD (Variable Frequency Drive) ï PLC-ʜʝʥ ʙʝʨʽʣʛʝʥ ʙʘʩץʘʨʫ ʩʠʛʥʘʣʳʥ 

 ;ʳʥ ʨʝʪʪʝʡʜʽסʞʳʣʜʘʤʜʳ שʳʰʳʥʳץʘʣʪסʦʟץ ʘʙʳʣʜʘʧ, ʞʝʣʜʝʪʢʽʰץ

ī AHU (Air Handling Unit) ï ʩʦסשʳ ʦʨʳʥʜʘʫʰʳ ײץʨʳʣסʳ, ʥʘץʪʳ ʫʘץʳʪʪʘסʳ 

ʘʜʘʤʜʘʨ ʩʘʥʳʥʘ ץʘʨʘʡ ʞײʤʳʩ ʽʩʪʝʡʜʽ. 

Flask ʩʝʨʚʝʨʽ ʘʜʘʤʜʘʨʜʳש ʘסʳʤʜʘסʳ ʩʘʥʳʥ Modbus TCP ʭʘʪʪʘʤʘʩʳ ʘʨץʳʣʳ 

PLC ʨʝʛʠʩʪʨʽʥʝ ʞʘʟʘʜʳ. ʂʦʜʪʘ ʙײʣ װʰʽʥ çpymodbusè ʢʽʪʘʧʭʘʥʘʩʳ ʧʘʡʜʘʣʘʥʳʣʜʳ. 

PLC IP ʤʝʢʝʥʞʘʡʳ, ʧʦʨʪ ʞᴅʥʝ ʨʝʛʠʩʪʨ ʘʜʨʝʩʽ ʘʣʜʳʥ ʘʣʘ ʢʦʥʬʠʛʫʨʘʮʠʷʣʘʥʘʜʳ. 

ɸʣ Modbus Dummy ʵʤʫʣʷʪʦʨʳ ʞʘʟʳʣסʘʥ ʤᴅʥʜʝʨʜʽ ץʘʙʳʣʜʘʧ, ʦʣʘʨʜʳ ʢʦʥʩʦʣʴʛʝ 

ʰʳסʘʨʘʜʳ. ʆʩʳʣʘʡʰʘ, ʢʘʤʝʨʘ ʤʝʥ PLC ʘʨʘʩʳʥʜʘסʳ ʙʘʡʣʘʥʳʩ ʪʦʣʳץ 

ʵʤʫʣʷʮʠʷʣʘʥʜʳ (1-ʩʫʨʝʪ). 

 

 
ʉʫʨʝʪ 1. - Flask ʥʝʛʽʟʽʥʜʝʛʽ ʩʝʨʚʝʨ ʞᴅʥʝ Modbus TCP ʵʤʫʣʷʪʦʨʳʥʳש ʢʦʜʳ 

 

ʂʦʜʪʘ çenterè ᴅʨʝʢʝʪʽ ʪʽʨʢʝʣʛʝʥ ʞʘסʜʘʡʜʘ ʘʜʘʤʜʘʨ ʩʘʥʳ (current_count) 1-ʛʝ 

ʘʨʪʘʜʳ, ʘʣ çexitè ᴅʨʝʢʝʪʽ ʢʝʟʽʥʜʝ 1-ʛʝ ʢʝʤʠʜʽ. ɹײʣ ᴇʟʛʝʨʽʩʪʝʨ Flask ʘʨץʳʣʳ 

ᴇשʜʝʣʽʧ, ʥʘץʪʳ ʫʘץʳʪʪʘ PLC ʨʝʛʠʩʪʨʽʥʝ ʞʘʟʳʣʘʜʳ (2-ʩʫʨʝʪ). 
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ʉʫʨʝʪ 2. - ɾװʡʝʥʽש ʞײʤʳʩ ʥᴅʪʠʞʝʩʽ 

 

ɹײʣ ʧʨʦʮʝʩʩ ʢᴇʧ ʘסʳʥʜʳ (multithreading) ʨʝʞʠʤʜʝ ʦʨʳʥʜʘʣʘʜʳ, ʩʦʥʜʳץʪʘʥ 

ʙʽʨ ʫʘץʳʪʪʘ ʙʽʨʥʝʰʝ ʩײʨʘʥʳʩ ʪװʩʢʝʥ ʞʘסʜʘʡʜʘ ʜʘ ʩʘʥʘʫʳʰ ץʘʪʝʣʝʩʧʝʡ 

ʞʘשʘʨʪʳʣʘʜʳ. ʉʦʥʳʤʝʥ ץʘʪʘʨ, Flask ʩʝʨʚʝʨʽʥʽש HTTP ʠʥʪʝʨʬʝʡʩʽ ʞװʡʝʛʝ ʩʳʨʪץʳ 

 ʤʢʽʥʜʽʢװʘ ʤסʦʩʳʣʫץ ʪʳ ʢʘʤʝʨʘ ʤʦʜʫʣʽʥʝʥ ʪʽʢʝʣʝʡץʦʩʳʤʰʘʣʘʨʜʘʥ ʥʝʤʝʩʝ ʥʘץ

ʙʝʨʝʜʽ. ʆʩʳʣʘʡʰʘ, ʘʥʳץʪʘʣסʘʥ ʘʜʘʤʜʘʨ ʩʘʥʳ Modbus TCP ʘʨץʳʣʳ PLC-ʛʝ 

ʞʝʪʢʽʟʽʣʝʜʽ. PLC ᴇʟʽʥʝ ʘʣʜʳʥ ʘʣʘ ʞʘʟʳʣסʘʥ ʙʘʩץʘʨʫ ʣʦʛʠʢʘʩʳʥʘ ʩᴅʡʢʝʩ AHU-ʜʳש 

(Air Handling Unit) ʞײʤʳʩ ʽʩʪʝʫ ץʘʨץʳʥʜʳʣʳסʳʥ ʨʝʪʪʝʡʜʽ. ɸʜʘʤʜʘʨ ʩʘʥʳ ʘʟʘʡסʘʥ 

ʞʘסʜʘʡʜʘ ʞʝʣʜʝʪʫ ץʘʨץʳʥʳ ʘʚʪʦʤʘʪʪʳ ʪװʨʜʝ ʪᴇʤʝʥʜʝʧ, ʙײʣ ʵʥʝʨʛʠʷʥʳ װʥʝʤʜʝʫʛʝ 

ʞᴅʥʝ ʞװʡʝʥʽש ʘʨʪʳץ ʞײʤʳʩʳʥ ʙʦʣʜʳʨʤʘʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. ʂʝʨʽʩʽʥʰʝ, 

ʘʜʘʤʜʘʨ ʩʘʥʳ ʘʨʪץʘʥ ʢʝʟʜʝ ʘʫʘ ʘʣʤʘʩʫ ץʘʨץʳʥʳ ʢᴇʙʝʡʽʧ, ʽʰʢʽ ʤʠʢʨʦʢʣʠʤʘʪ 

ʪʘʣʘʧץʘ ʩʘʡ ʜʝשʛʝʡʜʝ ʩʘץʪʘʣʘʜʳ. ʄײʥʜʘʡ ʪᴅʩʽʣ ʘʜʘʧʪʠʚʪʽ ʙʘʩץʘʨʫʜʳ ʞװʟʝʛʝ 

ʘʩʳʨʳʧ, סʠʤʘʨʘʪʪʳש ʵʥʝʨʛʠʷ ʪʠʽʤʜʽʣʽʛʽʥ ʘʨʪʪʳʨʫסʘ ʞᴅʥʝ ʧʘʡʜʘʣʘʥʫʰʳʣʘʨסʘ 

 .ʘʥסʳʪʪʘʣסʘ ʙʘסʜʘʡ ʞʘʩʘʫסʦʣʘʡʣʳ ʞʘץ

 ʦʨʳʪʳʥʜʳפ 3

ɹײʣ ʟʝʨʪʪʝʫʜʝ סʠʤʘʨʘʪ ʽʰʽʥʜʝʛʽ HVAC ʞװʡʝʩʽʥ ʘʜʘʤʜʘʨ ʩʘʥʳʥʘ ʙʝʡʽʤʜʝʧ 

ʙʘʩץʘʨʫʜʳש ʠʥʪʝʣʣʝʢʪʫʘʣʜʳ ʪᴅʩʽʣʽ ײʩʳʥʳʣʜʳ. ɾװʡʝʥʽש ʥʝʛʽʟʛʽ ʘʨʪʳץʰʳʣʳסʳ ï 

Face ID ʪʝʭʥʦʣʦʛʠʷʩʳʥʘʥ ʘʣʳʥסʘʥ ʥʘץʪʳ ʜʝʨʝʢʪʝʨʜʽ ʧʘʡʜʘʣʘʥʫ ʘʨץʳʣʳ 

ʞʝʣʜʝʪʫʜʽ ʙʘʩץʘʨʫʜʳש ʜᴅʩʪװʨʣʽ ᴅʜʽʩʪʝʨʽʥʝ ץʘʨʘסʘʥʜʘ ʘʥʘײסʨʣʳʤ ʜᴅʣ ᴅʨʽ ʪʠʽʤʜʽ 

ʞײʤʳʩ ʽʩʪʝʫʽ. Flask ʥʝʛʽʟʽʥʜʝʛʽ ʚʝʙ-ʩʝʨʚʝʨ ʘʨץʳʣʳ ʘʜʘʤʜʘʨʜʳש ʘסʳʤʜʘסʳ ʩʘʥʳ 

ʝʩʝʧʪʝʣʽʧ, Modbus TCP ʭʘʪʪʘʤʘʩʳ ʘʨץʳʣʳ PLC-ʛʝ ʞʝʪʢʽʟʽʣʝʜʽ. PLC ᴇʟ ʢʝʟʝʛʽʥʜʝ 

ʘʣʜʳʥ ʘʣʘ ʞʘʟʳʣסʘʥ ʙʘʩץʘʨʫ ʣʦʛʠʢʘʩʳʥʘ ʩװʡʝʥʽʧ, AHU-ʜʳש ʞײʤʳʩ 

 .ʳʥ ʨʝʪʪʝʡʜʽסʳʥʜʳʣʳץʘʨץ

 :ʪʘʨʳץʰʳʣʳץʘʨʪʳ שʘʥ ʘʨʭʠʪʝʢʪʫʨʘʥʳסʩʳʥʳʣױ

ī ʘʜʘʤʜʘʨ ʩʘʥʳʥʳש ʥʘץʪʳ ᴇʟʛʝʨʽʩʪʝʨʽʥʝ ʙʝʡʽʤʜʝʣʽʧ, ʞʝʣʜʝʪʫ ץʘʨץʳʥʳʥ 

ʞʝʜʝʣ ʨʝʪʪʝʫ; 

ī ɻ ʥʝʨʛʠʷ ʪײʪʳʥʫʜʳ ʦשʪʘʡʣʘʥʜʳʨʫ ʞᴅʥʝ ʰʳסʳʥʜʘʨʜʳ ʘʟʘʡʪʫ; 

ī ʞʘʙʜʳץʪʳש ʘʨʪʳץ ʞװʢʪʝʣʫʽʥ ʙʦʣʜʳʨʤʘʡ, ʦʥʳץ שʳʟʤʝʪ ʝʪʫ ʤʝʨʟʽʤʽʥ ײʟʘʨʪʫ; 

ī ̔ ʰʢʽ ʤʠʢʨʦʢʣʠʤʘʪ ʩʘʧʘʩʳʥ ʘʨʪʪʳʨʫ ʘʨץʳʣʳ ʧʘʡʜʘʣʘʥʫʰʳʣʘʨסʘ ץʦʣʘʡʣʳ 

ʞʘסʜʘʡ ʞʘʩʘʫ. 



 
ΝΟΦ 

ɾװʨʛʽʟʽʣʛʝʥ ʵʤʫʣʷʮʠʷʣʳץ ʪᴅʞʽʨʠʙʝʣʝʨ (Flask ʩʝʨʚʝʨʽ ʤʝʥ Modbus Dummy 

PLC ʥʝʛʽʟʽʥʜʝ) ʞװʡʝʥʽש ʞײʤʳʩ ץʘʙʽʣʝʪʪʽʣʽʛʽʥ ʨʘʩʪʘʜʳ. ɹײʣ ʰʝʰʽʤʜʽ ʥʘץʪʳ 

ʞʘʙʜʳץʪʘʨסʘ ʦשʘʡ ʙʝʡʽʤʜʝʫʛʝ ʙʦʣʘʜʳ: ʙʘסʜʘʨʣʘʤʘʣʳץ ʙᴇʣʽʢ ᴇʟʛʝʨʽʩʩʽʟ ץʘʣʳʧ, ʪʝʢ 

ʢʘʤʝʨʘ ʞᴅʥʝ ʬʠʟʠʢʘʣʳץ PLC ץʦʩʳʣʘʜʳ. 

ʆʩʳʣʘʡʰʘ, ײʩʳʥʳʣסʘʥ ʪᴅʩʽʣ סʠʤʘʨʘʪʪʘʨʜʘסʳ ʵʥʝʨʛʠʷ ʪʠʽʤʜʽʣʽʛʽʥ ʘʨʪʪʳʨʫסʘ 

ʞᴅʥʝ ʨʝʩʫʨʩʪʘʨʜʳ װʥʝʤʜʝʫʛʝ װʣʝʩ ץʦʩʘʜʳ. 
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ʉʦʚʨʝʤʝʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʚ ʦʙʣʘʩʪʠ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ, ʚ ʯʘʩʪʥʦʩʪʠ 

ʙʦʣʴʰʠʝ ʷʟʳʢʦʚʳʝ ʤʦʜʝʣʠ (LLM), ʦʪʢʨʳʚʘʶʪ ʥʦʚʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ 

ʧʝʨʩʦʥʘʣʠʟʘʮʠʠ ʠ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʛʦ ʧʨʦʮʝʩʩʘ [1]. 

ʊʘʢʠʝ ʤʦʜʝʣʠ ʩʧʦʩʦʙʥʳ ʘʜʘʧʪʠʨʦʚʘʪʴ ʫʯʝʙʥʳʝ ʤʘʪʝʨʠʘʣʳ ʧʦʜ ʨʘʟʣʠʯʥʳʝ ʩʪʠʣʠ 

ʦʙʫʯʝʥʠʷ ʠ ʠʥʜʠʚʠʜʫʘʣʴʥʳʝ ʧʨʝʜʧʦʯʪʝʥʠʷ ʩʪʫʜʝʥʪʦʚ. ʅʘʧʨʠʤʝʨ, ʜʣʷ 

ʦʙʫʯʘʶʱʠʭʩʷ ʩ ʥʠʟʢʠʤ ʫʨʦʚʥʝʤ ʘʢʘʜʝʤʠʯʝʩʢʠʭ ʜʦʩʪʠʞʝʥʠʡ ʠʣʠ ʪʨʫʜʥʦʩʪʷʤʠ ʚ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʚʥʠʤʘʥʠʷ LLM ʤʦʞʝʪ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʧʨʝʦʙʨʘʟʦʚʳʚʘʪʴ ʪʝʢʩʪʦʚʳʝ 



 
ΝΠΜ 

ʤʘʪʝʨʠʘʣʳ ʚ ʠʥʪʝʨʘʢʪʠʚʥʳʝ ʚʠʜʝʦ, ʘʫʜʠʦʣʝʢʮʠʠ ʠʣʠ ʧʦʰʘʛʦʚʳʝ ʠʥʩʪʨʫʢʮʠʠ, ʯʪʦ 

ʦʙʣʝʛʯʘʝʪ ʫʩʚʦʝʥʠʝ ʠʥʬʦʨʤʘʮʠʠ. ʆʩʦʙʦʝ ʟʥʘʯʝʥʠʝ ʪʘʢʠʝ ʪʝʭʥʦʣʦʛʠʠ ʠʤʝʶʪ ʜʣʷ 

ʩʪʫʜʝʥʪʦʚ ʩ ʥʘʨʫʰʝʥʠʷʤʠ ʟʨʝʥʠʷ (ʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʘʫʜʠʦʚʝʨʩʠʠ ʤʘʪʝʨʠʘʣʦʚ), 

ʘ ʦʙʫʯʘʶʱʠʝʩʷ ʩ ʥʘʨʫʰʝʥʠʷʤʠ ʩʣʫʭʘ ð ʘʚʪʦʤʘʪʠʯʝʩʢʠʝ ʩʫʙʪʠʪʨʳ ʠ 

ʪʨʘʥʩʢʨʠʧʪʳ. ɸʜʘʧʪʘʮʠʷ ʢʦʥʪʝʥʪʘ ʧʦʜ ʨʘʟʣʠʯʥʳʝ ʢʦʛʥʠʪʠʚʥʳʝ ʩʪʠʣʠ ʠ ʫʨʦʚʥʠ 

ʧʦʜʛʦʪʦʚʢʠ ʦʙʝʩʧʝʯʠʚʘʝʪ ʨʘʚʥʳʡ ʜʦʩʪʫʧ ʢ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʤ ʨʝʩʫʨʩʘʤ. 

ɸʚʪʦʤʘʪʠʟʘʮʠʷ ʧʨʦʮʝʩʩʘ ʩʦʟʜʘʥʠʷ ʫʯʝʙʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʩ ʧʦʤʦʱʴʶ LLM 

ʧʦʟʚʦʣʷʝʪ ʩʫʱʝʩʪʚʝʥʥʦ ʩʦʢʨʘʪʠʪʴ ʟʘʪʨʘʪʳ ʚʨʝʤʝʥʠ ʠ ʨʝʩʫʨʩʦʚ ʥʘ ʠʭ ʧʦʜʛʦʪʦʚʢʫ, 

ʯʪʦ ʦʩʦʙʝʥʥʦ ʚʘʞʥʦ ʜʣʷ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʫʯʨʝʞʜʝʥʠʡ ʩ ʦʛʨʘʥʠʯʝʥʥʳʤʠ 

ʙʶʜʞʝʪʘʤʠ. 

ʂʨʦʤʝ ʪʦʛʦ, ʥʘʢʦʧʣʝʥʠʝ ʠ ʘʥʘʣʠʟ ʜʘʥʥʳʭ ʦʙ ʫʯʝʙʥʳʭ ʜʦʩʪʠʞʝʥʠʷʭ 

ʩʪʫʜʝʥʪʦʚ ʦʪʢʨʳʚʘʝʪ ʥʦʚʳʝ ʧʝʨʩʧʝʢʪʠʚʳ ʚ ʦʨʛʘʥʠʟʘʮʠʠ ʦʙʫʯʝʥʠʷ. ʅʘ ʠʭ ʦʩʥʦʚʝ 

ʤʦʞʥʦ ʬʦʨʤʠʨʦʚʘʪʴ ʠʥʜʠʚʠʜʫʘʣʴʥʳʝ ʪʨʘʝʢʪʦʨʠʠ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷ, 

ʚʳʩʪʨʘʠʚʘʪʴ ʧʝʨʩʦʥʘʣʠʟʠʨʦʚʘʥʥʳʝ ʧʣʘʥʳ ʠʟʫʯʝʥʠʷ ʜʠʩʮʠʧʣʠʥ ʠ ʩʚʦʝʚʨʝʤʝʥʥʦ 

ʚʳʷʚʣʷʪʴ ʦʙʣʘʩʪʠ, ʪʨʝʙʫʶʱʠʝ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʚʥʠʤʘʥʠʷ. 

ʀʥʬʦʨʤʘʮʠʦʥʥʦʡ ʩʨʝʜʦʡ ʣʶʙʦʛʦ ʚʳʩʰʝʛʦ ʫʯʝʙʥʦʛʦ ʟʘʚʝʜʝʥʠʷ ʷʚʣʷʶʪʩʷ 

ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʝ ʧʦʨʪʘʣʳ. ʇʨʠʤʝʨʘʤʠ ʪʘʢʠʭ ʨʝʰʝʥʠʡ ʤʦʛʫʪ ʩʣʫʞʠʪʴ ʩʠʩʪʝʤʳ 

Platonus, Moodle, Univer. ʕʪʠ ʩʠʩʪʝʤʳ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʭʨʘʥʝʥʠʷ 

ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʠʥʬʦʨʤʘʮʠʠ ʠ ʥʝ ʦʙʣʘʜʘʶʪ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʤʠ ʬʫʥʢʮʠʷʤʠ. 

ʉʝʛʦʜʥʷ ʦʥʠ ʪʨʝʙʫʶʪ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʠ ʜʦʧʦʣʥʝʥʠʷ ʬʫʥʢʮʠʦʥʘʣʦʤ ʩ 

ʠʩʢʫʩʩʪʚʝʥʥʳʤ ʠʥʪʝʣʣʝʢʪʦʤ. 

ʆʙʨʘʟʦʚʘʪʝʣʴʥʳʡ ʧʦʨʪʘʣ ʜʦʣʞʝʥ ʦʙʝʩʧʝʯʠʚʘʪʴ ʩʪʫʜʝʥʪʘ ʚʳʧʦʣʥʝʥʠʝʤ 

ʩʣʝʜʫʶʱʠʭ ʦʩʥʦʚʥʳʭ ʬʫʥʢʮʠʡ: 

1. ʍʨʘʥʝʥʠʝ ʠ ʩʠʩʪʝʤʘʪʠʟʘʮʠʷ ʫʯʝʙʥʦ-ʤʝʪʦʜʠʯʝʩʢʦʡ ʠʥʬʦʨʤʘʮʠʠ ð 

ʨʘʙʦʯʠʭ ʫʯʝʙʥʳʭ ʧʣʘʥʦʚ, ʜʘʥʥʳʭ ʦ ʩʪʫʜʝʥʪʘʭ ʠ ʧʨʝʧʦʜʘʚʘʪʝʣʷʭ, ʫʯʝʙʥʳʭ 

ʧʨʦʛʨʘʤʤ, ʤʝʪʦʜʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘʣʦʚ ʠ ʜʨʫʛʠʭ ʨʝʩʫʨʩʦʚ. 

2. ʌʦʨʤʠʨʦʚʘʥʠʝ ʠ ʭʨʘʥʝʥʠʝ ʧʝʨʩʦʥʘʣʴʥʳʭ ʫʯʝʙʥʳʭ ʜʦʩʪʠʞʝʥʠʡ ʩʪʫʜʝʥʪʘ 
ʩ ʚʦʟʤʦʞʥʦʩʪʴʶ ʫʜʦʙʥʦʛʦ ʜʦʩʪʫʧʘ, ʘʥʘʣʠʟʘ ʧʨʦʛʨʝʩʩʘ ʠ ʧʦʩʪʨʦʝʥʠʷ 

ʠʥʜʠʚʠʜʫʘʣʴʥʦʡ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʡ ʪʨʘʝʢʪʦʨʠʠ. 

3. ʆʨʛʘʥʠʟʘʮʠʷ ʜʦʩʪʫʧʘ ʢ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʤ ʨʝʩʫʨʩʘʤ ʚʫʟʘ, ʚʢʣʶʯʘʷ 
ʮʠʬʨʦʚʳʝ ʫʯʝʙʥʳʝ ʤʘʪʝʨʠʘʣʳ, ʙʠʙʣʠʦʪʝʯʥʳʝ ʬʦʥʜʳ, ʙʘʟʳ ʜʘʥʥʳʭ, ʦʥʣʘʡʥ-

ʢʫʨʩʳ ʠ ʚʥʝʰʥʠʝ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʝ ʧʣʘʪʬʦʨʤʳ. 

4. ʆʙʝʩʧʝʯʝʥʠʝ ʫʜʘʣʝʥʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʝʞʜʫ ʩʪʫʜʝʥʪʘʤʠ ʠ 

ʧʨʝʧʦʜʘʚʘʪʝʣʷʤʠ ð ʦʙʤʝʥ ʩʦʦʙʱʝʥʠʷʤʠ, ʧʨʦʚʝʜʝʥʠʝ ʦʥʣʘʡʥ-ʢʦʥʩʫʣʴʪʘʮʠʡ, 

ʩʜʘʯʘ ʟʘʜʘʥʠʡ, ʫʯʘʩʪʠʝ ʚ ʚʝʙʠʥʘʨʘʭ ʠ ʩʦʚʤʝʩʪʥʳʭ ʧʨʦʝʢʪʘʭ. ʇʦʜʜʝʨʞʢʘ 

ʧʨʠʥʮʠʧʦʚ ʠʥʢʣʶʟʠʠ ð ʦʙʝʩʧʝʯʝʥʠʝ ʜʦʩʪʫʧʥʦʩʪʠ ʠʥʪʝʨʬʝʡʩʘ ʧʦʨʪʘʣʘ ʜʣʷ 

ʩʪʫʜʝʥʪʦʚ ʩ ʦʩʦʙʳʤʠ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʤʠ ʧʦʪʨʝʙʥʦʩʪʷʤʠ, ʩʦʚʤʝʩʪʠʤʦʩʪʴ ʩ 

ʘʩʩʠʩʪʠʚʥʳʤʠ ʪʝʭʥʦʣʦʛʠʷʤʠ ʠ ʚʦʟʤʦʞʥʦʩʪʴ ʚʳʙʦʨʘ ʬʦʨʤʘʪʘ ʧʨʝʜʩʪʘʚʣʝʥʠʷ 

ʫʯʝʙʥʳʭ ʤʘʪʝʨʠʘʣʦʚ (ʪʝʢʩʪ, ʘʫʜʠʦ, ʚʠʜʝʦ, ʚʠʟʫʘʣʠʟʘʮʠʠ). 

5. ʀʥʪʝʛʨʘʮʠʷ ʪʝʭʥʦʣʦʛʠʡ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ (ʀʀ): 

a. ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʡ ʧʦʠʩʢ ʧʦ ʫʯʝʙʥʳʤ ʤʘʪʝʨʠʘʣʘʤ ʠ ʙʠʙʣʠʦʪʝʢʝ; 

b. ʘʚʪʦʤʘʪʠʯʝʩʢʘʷ ʛʝʥʝʨʘʮʠʷ ʧʝʨʩʦʥʘʣʠʟʠʨʦʚʘʥʥʳʭ ʨʝʢʦʤʝʥʜʘʮʠʡ ʧʦ 
ʠʟʫʯʝʥʠʶ ʪʝʤ ʠ ʤʘʪʝʨʠʘʣʦʚ; 
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c. ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʯʘʪ-ʙʦʪʦʚ ʠ ʚʠʨʪʫʘʣʴʥʳʭ ʘʩʩʠʩʪʝʥʪʦʚ ʜʣʷ ʧʦʜʜʝʨʞʢʠ 

ʩʪʫʜʝʥʪʦʚ ʠ ʙʳʩʪʨʦʛʦ ʧʦʣʫʯʝʥʠʷ ʩʧʨʘʚʦʯʥʦʡ ʠʥʬʦʨʤʘʮʠʠ; 

d. ʧʨʠʤʝʥʝʥʠʝ LLM ʜʣʷ ʘʜʘʧʪʘʮʠʠ ʫʯʝʙʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʢ ʩʪʠʣʶ 
ʦʙʫʯʝʥʠʷ ʩʪʫʜʝʥʪʘ (ʪʝʢʩʪ, ʘʫʜʠʦ, ʚʠʜʝʦ, ʠʥʪʝʨʘʢʪʠʚʥʳʝ ʬʦʨʤʳ); 

e. ʘʥʘʣʠʪʠʢʘ ʫʯʝʙʥʳʭ ʜʘʥʥʳʭ ʜʣʷ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʫʩʧʝʚʘʝʤʦʩʪʠ ʠ 
ʨʘʥʥʝʛʦ ʚʳʷʚʣʝʥʠʷ ʘʢʘʜʝʤʠʯʝʩʢʠʭ ʪʨʫʜʥʦʩʪʝʡ. 

ʌʫʥʢʮʠʦʥʘʣʴʥʦ ʦʙʨʘʟʦʚʘʪʝʣʴʥʘʷ ʩʨʝʜʘ ʜʣʷ ʩʪʫʜʝʥʪʦʚ ʤʦʞʝʪ ʙʳʪʴ 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʢʘʢ ʮʝʥʪʨʘʣʠʟʦʚʘʥʥʦʝ ʭʨʘʥʠʣʠʱʝ ʯʘʩʪʠʯʥʦ ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʭ 

ʜʘʥʥʳʭ, ʬʦʨʤʠʨʫʶʱʝʝ ʠʥʬʦʨʤʘʮʠʦʥʥʦʝ ʷʜʨʦ ʩʠʩʪʝʤʳ. ɺ ʩʦʩʪʘʚ ʵʪʦʛʦ ʷʜʨʘ 

ʚʭʦʜʷʪ ʪʘʙʣʠʮʳ ʩ ʜʘʥʥʳʤʠ ʦ ʬʘʢʫʣʴʪʝʪʘʭ, ʢʘʬʝʜʨʘʭ, ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ 

ʧʨʦʛʨʘʤʤʘʭ ʠ ʜʠʩʮʠʧʣʠʥʘʭ, ʘ ʪʘʢʞʝ ʩʚʝʜʝʥʠʷ ʦ ʩʪʫʜʝʥʪʘʭ, ʧʨʝʧʦʜʘʚʘʪʝʣʷʭ, 

ʫʯʝʙʥʳʭ ʤʘʪʝʨʠʘʣʘʭ ʠ ʦʨʛʘʥʠʟʘʮʠʦʥʥʳʭ ʘʩʧʝʢʪʘʭ ʫʯʝʙʥʦʛʦ ʧʨʦʮʝʩʩʘ. 

ʇʦʤʠʤʦ ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʭ ʜʘʥʥʳʭ, ʚ ʷʜʨʝ ʘʢʢʫʤʫʣʠʨʫʶʪʩʷ ʠ 

ʥʝʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʝ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʝ ʨʝʩʫʨʩʳ - ʩʠʣʣʘʙʫʩʳ, ʣʝʢʮʠʦʥʥʳʝ 

ʤʘʪʝʨʠʘʣʳ, ʟʘʜʘʥʠʷ ʢ ʧʨʘʢʪʠʯʝʩʢʠʤ ʠ ʣʘʙʦʨʘʪʦʨʥʳʤ ʨʘʙʦʪʘʤ, ʵʢʟʘʤʝʥʘʮʠʦʥʥʳʝ 

ʠ ʪʝʩʪʦʚʳʝ ʤʘʪʝʨʠʘʣʳ, ʤʫʣʴʪʠʤʝʜʠʡʥʳʝ ʨʝʩʫʨʩʳ. ʕʪʠ ʜʘʥʥʳʝ ʤʦʛʫʪ 

ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʜʣʷ ʦʙʫʯʝʥʠʷ ʠ ʜʦʦʙʫʯʝʥʠʷ ʩʠʩʪʝʤ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʠ 

ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ. 

ɼʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʜʦʩʪʫʧʘ ʢ ʜʘʥʥʳʤ ʠ ʠʭ ʵʬʬʝʢʪʠʚʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʥʝʦʙʭʦʜʠʤ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʡ ʤʦʜʫʣʴ ʫʧʨʘʚʣʝʥʠʷ ʦʙʫʯʝʥʠʝʤ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ 

ʘʣʛʦʨʠʪʤʘʭ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ ʠ ʪʝʭʥʦʣʦʛʠʡ ʙʦʣʴʰʠʭ ʷʟʳʢʦʚʳʭ ʤʦʜʝʣʝʡ (LLM). 

ʊʘʢʦʡ ʤʦʜʫʣʴ ʩʧʦʩʦʙʝʥ: 

¶ ʚʳʙʠʨʘʪʴ ʠ ʘʜʘʧʪʠʨʦʚʘʪʴ ʥʝʦʙʭʦʜʠʤʳʝ ʬʘʡʣʳ ʠ ʨʝʩʫʨʩʳ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ 

ʩ ʠʥʜʠʚʠʜʫʘʣʴʥʳʤʠ ʪʨʘʝʢʪʦʨʠʷʤʠ ʩʪʫʜʝʥʪʦʚ; 

¶ ʟʘʧʫʩʢʘʪʴ ʢʦʥʪʨʦʣʠʨʫʶʱʠʝ ʧʦʜʧʨʦʛʨʘʤʤʳ ʠ ʬʦʨʤʠʨʦʚʘʪʴ ʪʝʩʪʦʚʳʝ 

ʟʘʜʘʥʠʷ ʩ ʫʯʝʪʦʤ ʧʩʠʭʦʤʝʪʨʠʯʝʩʢʦʡ ʩʣʦʞʥʦʩʪʠ ʠ ʫʨʦʚʥʷ ʧʦʜʛʦʪʦʚʣʝʥʥʦʩʪʠ 

ʦʙʫʯʘʶʱʝʛʦʩʷ; 

¶ ʛʝʥʝʨʠʨʦʚʘʪʴ ʧʝʨʩʦʥʘʣʠʟʠʨʦʚʘʥʥʳʝ ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʦ ʠʟʫʯʝʥʠʶ 

ʤʘʪʝʨʠʘʣʦʚ; 

¶ ʧʨʦʚʦʜʠʪʴ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʡ ʧʦʠʩʢ ʠ ʩʝʤʘʥʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ 

ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʛʦ ʢʦʥʪʝʥʪʘ. 

ʇʨʠ ʠʟʤʝʥʝʥʠʠ ʦʨʛʘʥʠʟʘʮʠʦʥʥʦʡ ʩʪʨʫʢʪʫʨʳ ʫʥʠʚʝʨʩʠʪʝʪʘ (ʬʘʢʫʣʴʪʝʪʦʚ, 

ʢʘʬʝʜʨ), ʘ ʪʘʢʞʝ ʧʨʠ ʦʙʥʦʚʣʝʥʠʠ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʧʨʦʛʨʘʤʤ ʠ ʜʠʩʮʠʧʣʠʥ, 

ʢʦʤʧʦʥʝʥʪʳ ʠ ʨʝʩʫʨʩʳ ʧʦʨʪʘʣʘ ʵʣʝʢʪʨʦʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʤʦʛʫʪ ʜʠʥʘʤʠʯʝʩʢʠ 

ʤʦʜʠʬʠʮʠʨʦʚʘʪʴʩʷ ʟʘ ʩʯʝʪ ʫʥʠʬʠʮʠʨʦʚʘʥʥʦʡ ʘʜʘʧʪʘʮʠʠ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʷʜʨʘ 

ʠ ʧʝʨʝʦʙʫʯʝʥʠʷ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʤʦʜʫʣʝʡ. ʕʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʫʩʪʦʡʯʠʚʦʩʪʴ ʠ 

ʛʠʙʢʦʩʪʴ ʩʠʩʪʝʤʳ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʫʶ ʩʦʚʨʝʤʝʥʥʳʤ ʪʨʝʙʦʚʘʥʠʷʤ ʮʠʬʨʦʚʦʡ 

ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʦʙʨʘʟʦʚʘʥʠʷ. 

ɸʨʭʠʪʝʢʪʫʨʘ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʛʦ ʧʦʨʪʘʣʘ ʜʦʣʞʥʘ ʩʪʨʦʠʪʴʩʷ ʩ ʫʯʝʪʦʤ 

ʪʨʝʙʦʚʘʥʠʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʠ ʜʦʩʪʫʧʥʦʩʪʠ. Web-ʩʝʨʚʝʨʳ ʨʘʟʤʝʱʘʶʪʩʷ ʚ ʟʦʥʝ, 

ʦʪʜʝʣʝʥʥʦʡ ʦʪ ʚʥʫʪʨʝʥʥʝʡ ʢʦʨʧʦʨʘʪʠʚʥʦʡ ʩʝʪʠ ʤʝʞʩʝʪʝʚʳʤ ʵʢʨʘʥʦʤ. 

ʄʝʞʩʝʪʝʚʦʡ ʵʢʨʘʥ ʢʦʥʬʠʛʫʨʠʨʫʝʪʩʷ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦʙʳ ʙʣʦʢʠʨʦʚʘʪʴ ʚʩʝ 

ʥʝʩʘʥʢʮʠʦʥʠʨʦʚʘʥʥʳʝ ʟʘʧʨʦʩʳ ʠʟ ʚʥʝʰʥʝʡ ʩʝʪʠ ʚʦ ʚʥʫʪʨʝʥʥʶʶ. ɺʳʥʦʩ 

ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʡ ʯʘʩʪʠ ʩʨʝʜʳ ʚʦ ʚʥʝʰʥʶʶ ʩʝʪʴ ʦʙʫʩʣʦʚʣʝʥ ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ 
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ʧʨʝʜʦʩʪʘʚʣʝʥʠʷ ʙʝʟʦʧʘʩʥʦʛʦ ʜʦʩʪʫʧʘ ʚʩʝʤ ʧʦʣʴʟʦʚʘʪʝʣʷʤ ʚʫʟʘ, ʚʢʣʶʯʘʷ 

ʩʪʫʜʝʥʪʦʚ ʜʠʩʪʘʥʮʠʦʥʥʦʡ ʬʦʨʤʳ ʦʙʫʯʝʥʠʷ ʠ ʚʥʝʰʥʠʭ ʩʣʫʰʘʪʝʣʝʡ. 

ɸʨʭʠʪʝʢʪʫʨʘ ʨʝʘʣʠʟʫʝʪʩʷ ʚ ʚʠʜʝ ʪʨʝʭʫʨʦʚʥʝʚʦʡ ʤʦʜʝʣʠ: 

1. ʋʨʦʚʝʥʴ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʧʦʣʴʟʦʚʘʪʝʣʝʤ. ʇʨʝʜʩʪʘʚʣʝʥ ʩʠʩʪʝʤʦʡ 

ʫʧʨʘʚʣʝʥʠʷ ʢʦʥʪʝʥʪʦʤ (CMS) ʠ ʜʦʧʦʣʥʠʪʝʣʴʥʳʤʠ ʩʝʨʚʠʩʘʤʠ. CMS ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʠʥʩʪʨʫʤʝʥʪʳ ʚʳʩʦʢʦʛʦ ʫʨʦʚʥʷ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʠʥʪʝʨʬʝʡʩʘ ʧʦʨʪʘʣʘ ʠ 

ʦʨʛʘʥʠʟʘʮʠʠ ʜʦʩʪʫʧʘ ʢ ʬʫʥʢʮʠʷʤ ʩʨʝʜʳ: ʥʘʚʠʛʘʮʠʠ ʧʦ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʤ 

ʨʝʩʫʨʩʘʤ, ʦʙʤʝʥʫ ʩʦʦʙʱʝʥʠʷʤʠ, ʩʜʘʯʝ ʟʘʜʘʥʠʡ ʠ ʧʨʦʭʦʞʜʝʥʠʶ ʪʝʩʪʠʨʦʚʘʥʠʷ. 

ɺʘʞʥʦʡ ʬʫʥʢʮʠʝʡ ʠʥʪʝʨʬʝʡʩʘ ʷʚʣʷʝʪʩʷ ʝʛʦ ʘʜʘʧʪʠʚʥʦʩʪʴ: ʩʪʫʜʝʥʪʳ ʤʦʛʫʪ 

ʚʳʙʠʨʘʪʴ ʫʜʦʙʥʳʡ ʩʧʦʩʦʙ ʚʦʩʧʨʠʷʪʠʷ ʠʥʬʦʨʤʘʮʠʠ, ʘ ʩʠʩʪʝʤʘ ʘʚʪʦʤʘʪʠʯʝʩʢʠ 

ʧʨʝʜʣʘʛʘʝʪ ʘʣʴʪʝʨʥʘʪʠʚʥʳʝ ʬʦʨʤʘʪʳ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʠʥʢʣʶʟʠʚʥʦʛʦ ʦʙʫʯʝʥʠʷ. 

2. ʋʨʦʚʝʥʴ ʫʧʨʘʚʣʝʥʠʷ ʟʥʘʥʠʷʤʠ. ʈʝʘʣʠʟʫʝʪ ʙʠʟʥʝʩ-ʣʦʛʠʢʫ ʧʨʝʜʤʝʪʥʦʡ 

ʦʙʣʘʩʪʠ ʠ ʚʢʣʶʯʘʝʪ ʩʦʚʦʢʫʧʥʦʩʪʴ ʧʨʘʚʠʣ, ʧʨʠʥʮʠʧʦʚ ʠ ʟʘʚʠʩʠʤʦʩʪʝʡ, 

ʦʧʨʝʜʝʣʷʶʱʠʭ ʧʦʚʝʜʝʥʠʝ ʦʙʲʝʢʪʦʚ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʛʦ ʧʨʦʮʝʩʩʘ. ɿʜʝʩʴ 

ʠʥʪʝʛʨʠʨʫʶʪʩʷ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʝ ʘʣʛʦʨʠʪʤʳ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʠ ʩʠʩʪʝʤʳ 

ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ (ʚʢʣʶʯʘʷ ʙʦʣʴʰʠʝ ʷʟʳʢʦʚʳʝ ʤʦʜʝʣʠ, LLM), ʢʦʪʦʨʳʝ 

ʚʳʧʦʣʥʷʶʪ: 

a. ʘʜʘʧʪʘʮʠʶ ʫʯʝʙʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʧʦʜ ʫʨʦʚʝʥʴ ʠ ʩʪʠʣʴ ʦʙʫʯʝʥʠʷ ʩʪʫʜʝʥʪʘ; 

b. ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʡ ʧʦʠʩʢ ʠ ʩʝʤʘʥʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ 
ʜʘʥʥʳʭ; 

c. ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʝ ʘʢʘʜʝʤʠʯʝʩʢʠʭ ʨʝʟʫʣʴʪʘʪʦʚ ʠ ʚʳʷʚʣʝʥʠʝ ʨʠʩʢʦʚ 

ʩʥʠʞʝʥʠʷ ʫʩʧʝʚʘʝʤʦʩʪʠ; 

d. ʘʚʪʦʤʘʪʠʯʝʩʢʫʶ ʛʝʥʝʨʘʮʠʶ ʪʝʩʪʦʚʳʭ ʟʘʜʘʥʠʡ ʩ ʟʘʜʘʥʥʦʡ 

ʧʩʠʭʦʤʝʪʨʠʯʝʩʢʦʡ ʩʣʦʞʥʦʩʪʴʶ. 

3. ʋʨʦʚʝʥʴ ʭʨʘʥʝʥʠʷ ʟʥʘʥʠʡ. ʇʨʝʜʩʪʘʚʣʝʥ ʮʝʥʪʨʘʣʠʟʦʚʘʥʥʳʤ 

ʭʨʘʥʠʣʠʱʝʤ ʯʘʩʪʠʯʥʦ ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʭ ʠ ʥʝʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʭ ʜʘʥʥʳʭ. ɼʣʷ 

ʝʛʦ ʨʝʘʣʠʟʘʮʠʠ ʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʪʝʭʥʦʣʦʛʠʠ NoSQL ʠ Big Data, 

ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ ʤʘʩʰʪʘʙʠʨʫʝʤʦʩʪʴ, ʥʘʜʝʞʥʦʩʪʴ ʠ ʚʳʩʦʢʫʶ ʩʢʦʨʦʩʪʴ ʦʙʨʘʙʦʪʢʠ 

ʙʦʣʴʰʠʭ ʤʘʩʩʠʚʦʚ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʜʘʥʥʳʭ. ɺ ʭʨʘʥʠʣʠʱʝ ʘʢʢʫʤʫʣʠʨʫʶʪʩʷ 

ʩʚʝʜʝʥʠʷ ʦʙ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʧʨʦʛʨʘʤʤʘʭ, ʜʠʩʮʠʧʣʠʥʘʭ, ʩʪʫʜʝʥʪʘʭ, 

ʧʨʝʧʦʜʘʚʘʪʝʣʷʭ, ʘ ʪʘʢʞʝ ʤʫʣʴʪʠʤʝʜʠʡʥʳʝ ʤʘʪʝʨʠʘʣʳ ʠ ʮʠʬʨʦʚʳʝ ʨʝʩʫʨʩʳ, 

ʠʩʧʦʣʴʟʫʝʤʳʝ ʚ ʫʯʝʙʥʦʤ ʧʨʦʮʝʩʩʝ. 

ʈʝʘʣʠʟʘʮʠʷ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʛʦ ʧʦʨʪʘʣʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʙʦʣʴʰʠʭ ʷʟʳʢʦʚʳʭ 

ʤʦʜʝʣʝʡ (LLM) ʪʨʝʙʫʝʪ ʚʳʧʦʣʥʝʥʠʷ ʥʝʩʢʦʣʴʢʠʭ ʵʪʘʧʦʚ. 

1. ɺʳʙʦʨ ʷʟʳʢʦʚʦʡ ʤʦʜʝʣʠ. ʅʘʠʙʦʣʝʝ ʚʘʞʥʳʤ ʰʘʛʦʤ ʷʚʣʷʝʪʩʷ ʚʳʙʦʨ 

ʢʦʥʢʨʝʪʥʦʡ ʷʟʳʢʦʚʦʡ ʤʦʜʝʣʠ. ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʜʦʩʪʫʧʥʦ ʥʝʩʢʦʣʴʢʦ LLM, 

ʪʘʢʠʭ ʢʘʢ GPT (Generative Pre-trained Transformer), BERT (Bidirectional Encoder 

Representations from Transformers) ʠ ʜʨʫʛʠʝ. ɺʳʙʦʨ ʟʘʚʠʩʠʪ ʦʪ ʪʨʝʙʦʚʘʥʠʡ 

ʧʨʦʝʢʪʘ, ʜʦʩʪʫʧʥʳʭ ʨʝʩʫʨʩʦʚ ʠ ʢʦʥʢʨʝʪʥʳʭ ʟʘʜʘʯ, ʢʦʪʦʨʳʝ ʥʝʦʙʭʦʜʠʤʦ ʨʝʰʠʪʴ. 

2. ʆʙʫʯʝʥʠʝ ʤʦʜʝʣʠ. ʇʦʩʣʝ ʚʳʙʦʨʘ ʤʦʜʝʣʠ ʩʣʝʜʫʝʪ ʦʙʫʯʠʪʴ ʝʝ ʥʘ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʜʘʥʥʳʭ. ʆʙʫʯʝʥʠʝ LLM ʪʨʝʙʫʝʪ ʟʥʘʯʠʪʝʣʴʥʳʭ ʚʳʯʠʩʣʠ-

ʪʝʣʴʥʳʭ ʨʝʩʫʨʩʦʚ ʠ ʚʨʝʤʝʥʠ, ʧʦʵʪʦʤʫ ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʧʨʝʜʦʙʫʯʝʥʥʳʝ 

ʤʦʜʝʣʠ, ʢʦʪʦʨʳʝ ʟʘʪʝʤ ʜʦʦʙʫʯʘʶʪʩʷ ʥʘ ʩʧʝʮʠʬʠʯʝʩʢʠʭ ʜʘʥʥʳʭ ʧʨʦʝʢʪʘ. 



 
ΝΠΟ 

3. ʈʘʟʨʘʙʦʪʢʘ ʠʥʪʝʨʬʝʡʩʘ ʧʦʣʴʟʦʚʘʪʝʣʷ. ʉʦʟʜʘʥʠʝ web-ʧʦʨʪʘʣ ʩ ʧʦʤʦʱʴʶ 

ʪʝʭʥʦʣʦʛʠʡ web-ʨʘʟʨʘʙʦʪʢʠ, ʪʘʢʠʭ ʢʘʢ HTML, CSS ʠ JavaScript. ʀʥʪʝʨʬʝʡʩ 

ʜʦʣʞʝʥ ʙʳʪʴ ʠʥʪʫʠʪʠʚʥʦ ʧʦʥʷʪʥʳʤ ʜʣʷ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʠ ʦʙʝʩʧʝʯʠʚʘʪʴ 

ʚʦʟʤʦʞʥʦʩʪʴ ʟʘʛʨʫʟʢʠ ʜʘʥʥʳʭ ʩʪʫʜʝʥʪʦʚ. 

4. ʀʥʪʝʛʨʘʮʠʷ ʩ ʷʟʳʢʦʚʦʡ ʤʦʜʝʣʴʶ. ʅʝʦʙʭʦʜʠʤʘ ʨʘʟʨʘʙʦʪʢʘ ʢʦʜʘ ʜʣʷ 

ʠʥʪʝʛʨʘʮʠʠ ʚʳʙʨʘʥʥʦʡ ʷʟʳʢʦʚʦʡ ʤʦʜʝʣʠ ʚ ʚʝʙ-ʧʦʨʪʘʣ. ʕʪʦ ʤʦʞʝʪ ʧʦʪʨʝʙʦʚʘʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ ʙʠʙʣʠʦʪʝʢ ʠ API ʜʣʷ ʨʘʙʦʪʳ ʩ LLM. 

5. ʆʙʨʘʙʦʪʢʘ ʟʘʧʨʦʩʦʚ ʧʦʣʴʟʦʚʘʪʝʣʷ. ʈʘʟʨʘʙʘʪʳʚʘʝʪʩʷ ʣʦʛʠʢʘ ʜʣʷ ʦʙʨʘʙʦʪʢʠ 

ʟʘʧʨʦʩʦʚ ʧʦʣʴʟʦʚʘʪʝʣʷ, ʦʪʧʨʘʚʣʝʥʥʳʭ ʯʝʨʝʟ ʠʥʪʝʨʬʝʡʩ, ʠ ʧʝʨʝʜʘʯʠ ʠʭ ʥʘ ʘʥʘʣʠʟ 

ʷʟʳʢʦʚʦʡ ʤʦʜʝʣʠ. ɿʘʪʝʤ ʦʙʨʘʙʦʪʢʘ ʨʝʟʫʣʴʪʘʪʦʚ ʠ ʦʪʦʙʨʞʝʥʠʝ ʠʭ ʥʘ ʧʦʨʪʘʣʝ. 

6. ʊʝʩʪʠʨʦʚʘʥʠʝ ʠ ʦʧʪʠʤʠʟʘʮʠʷ. ʅʝʦʙʭʦʜʠʤʦ ʫʙʝʜʠʪʴʩʷ ʚ ʧʨʘʚʠʣʴʥʦʡ 

ʨʘʙʦʪʝ ʧʦʨʪʘʣʘ ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ, ʘ ʪʘʢʞʝ ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʠ 

ʫʣʫʯʰʠʪʴ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʡ ʦʧʳʪ ʧʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ. 

7. ʆʙʝʩʧʝʯʝʥʠʝ ʙʝʟʦʧʘʩʥʦʩʪʠ, ʠʩʧʦʣʴʟʫʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʤʝʪʦʜʳ 

ʰʠʬʨʦʚʘʥʠʷ ʠ ʟʘʱʠʪʳ ʠʥʬʦʨʤʘʮʠʠ. 

8. ʄʘʩʰʪʘʙʠʨʦʚʘʥʠʝ ʠ ʧʦʜʜʝʨʞʢʘ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʥʝʧʨʝʨʳʚʥʦʡ ʨʘʙʦʪʳ ʠ 

ʫʜʦʚʣʝʪʚʦʨʝʥʠʷ ʧʦʪʨʝʙʥʦʩʪʝʡ ʧʦʣʴʟʦʚʘʪʝʣʝʡ. 

ɺʘʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚʩʝ ʵʣʝʢʪʨʦʥʥʳʝ ʫʯʝʙʥʠʢʠ ʠ ʧʦʩʦʙʠʷ, ʨʘʟʨʘʙʘʪʳʚʘʝ-

ʤʳʝ ʚ ʫʥʠʚʝʨʩʠʪʝʪʝ, ʠʟʥʘʯʘʣʴʥʦ ʦʨʠʝʥʪʠʨʦʚʘʥʳ ʥʘ ʧʦʩʣʝʜʫʶʱʝʝ ʠʥʪʝʛʨʠʨʦ-

ʚʘʥʠʝ ʚ ʵʣʝʢʪʨʦʥʥʳʡ ʧʦʨʪʘʣ. ʇʨʠ ʠʭ ʨʘʟʨʘʙʦʪʢʝ ʘʢʪʠʚʥʦ ʧʨʠʤʝʥʷʝʪʩʷ 

ʤʝʞʜʠʩʮʠʧʣʠʥʘʨʥʦʝ ʩʦʪʨʫʜʥʠʯʝʩʪʚʦ ʧʨʝʧʦʜʘʚʘʪʝʣʝʡ-ʧʨʝʜʤʝʪʥʠʢʦʚ ʧʨʘʢʪʠʯʝʩ-

ʢʠ ʚʩʝʭ ʢʘʬʝʜʨ ʫʥʠʚʝʨʩʠʪʝʪʘ. 

ʇʦʤʠʤʦ ʵʣʝʢʪʨʦʥʥʳʭ ʠʟʜʘʥʠʡ, ʧʨʷʤʦ ʠʩʧʦʣʴʟʫʝʤʳʭ ʚ ʫʯʝʙʥʦʤ ʧʨʦʮʝʩʩʝ 

ʫʥʠʚʝʨʩʠʪʝʪʘ, ʢʦʤʧʦʥʝʥʪ çʫʯʝʙʥʳʡ ʧʨʦʮʝʩʩè ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʡ 

ʩʨʝʜʳ ʩʚʷʟʘʥ ʩ ʠʥʬʦʨʤʘʮʠʦʥʥʳʤ ʙʣʦʢʦʤ, ʢʦʪʦʨʳʡ ʩʦʜʝʨʞʠʪ ʚʩʝ ʥʝʦʙʭʦʜʠʤʳʝ 

ʩʚʝʜʝʥʠʷ ʦ ʬʘʢʫʣʴʪʝʪʘʭ, ʢʘʬʝʜʨʘʭ ʠ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʧʨʦʛʨʘʤʤʘʭ ʫʥʠʚʝʨʩʠʪʝʪʘ. 

ʀʥʬʦʨʤʘʮʠʷ ʦ ʬʘʢʫʣʴʪʝʪʘʭ ʠ ʢʘʬʝʜʨʘʭ ʚʢʣʶʯʘʝʪ ʜʘʥʥʳʝ ʦʙ ʠʭ ʠʩʪʦʨʠʠ, 

ʧʝʨʩʦʥʘʣʝ, ʦʙʣʘʩʪʷʭ ʥʘʫʯʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ ʨʝʘʣʠʟʫʝʤʳʭ ʫʯʝʙʥʳʭ ʧʨʦʛʨʘʤʤʘʭ. 

ʀʥʬʦʨʤʘʮʠʷ ʦ ʢʘʞʜʦʡ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʡ ʧʨʦʛʨʘʤʤʝ ʚʢʣʶʯʘʝʪ ʦʙʱʠʝ ʩʚʝʜʝʥʠʷ, 

ʫʯʝʙʥʳʝ ʧʣʘʥʳ ʠ ʧʨʦʛʨʘʤʤʳ. 

ʊʘʢʦʝ ʫʩʪʨʦʡʩʪʚʦ ʩʨʝʜʳ ʘʥʘʣʠʟʘ ʫʯʝʙʥʳʭ ʜʦʩʪʠʞʝʥʠʡ ʚʥʦʩʠʪ ʟʥʘʯʠʪʝʣʴʥʳʡ 

ʚʢʣʘʜ ʚ ʧʦʚʳʰʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʡ ʠ ʠʥʜʠʚʠʜʫʘʣʠʟʠʨʦʚʘʥʥʦʡ 

ʨʘʙʦʪʳ ʩʪʫʜʝʥʪʦʚ ʟʘ ʩʯʝʪ ʧʝʨʩʦʥʘʣʠʟʘʮʠʠ ʫʯʝʙʥʦʛʦ ʧʨʦʮʝʩʩʘ. ʇʨʠ ʪʘʢʦʡ ʩʠʩʪʝʤʝ 

ʢʘʞʜʳʡ ʩʪʫʜʝʥʪ ʠʤʝʝʪ ʜʦʩʪʫʧ ʢ ʧʝʨʩʦʥʘʣʠʟʠʨʦʚʘʥʥʦʤʫ ʫʯʝʙʥʦʤʫ ʢʦʥʪʝʥʪʫ ʯʝʨʝʟ 

ʧʦʨʪʘʣ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʦʧʝʨʘʪʠʚʥʦ ʦʩʚʘʠʚʘʪʴ ʥʝʦʙʭʦʜʠʤʳʡ ʪʝʦʨʝʪʠʯʝʩʢʠʡ 

ʤʘʪʝʨʠʘʣ ʧʦ ʠʟʫʯʘʝʤʳʤ ʜʠʩʮʠʧʣʠʥʘʤ. ʂʨʦʤʝ ʪʦʛʦ, ʦʥ ʤʦʞʝʪ ʧʨʦʚʝʨʷʪʴ ʩʚʦʠ 

ʟʥʘʥʠʷ ʩ ʧʦʤʦʱʴʶ ʩʧʝʮʠʘʣʴʥʦ ʩʛʝʥʝʨʠʨʦʚʘʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠʩʢʫʩʩʪʚʝʥʥʳʤ 

ʠʥʪʝʣʣʝʢʪʦʤ, ʘ ʪʘʢʞʝ ʧʦʣʫʯʘʪʴ ʤʝʪʦʜʠʯʝʩʢʠʝ ʫʢʘʟʘʥʠʷ ʧʦ ʚʳʧʦʣʥʝʥʠʶ 

ʣʘʙʦʨʘʪʦʨʥʳʭ ʨʘʙʦʪ ʠ ʜʨʫʛʠʭ ʟʘʜʘʥʠʡ. 

ʀʩʧʦʣʴʟʫʷ ʘʨʭʠʚ ʫʯʝʙʥʳʭ ʜʦʩʪʠʞʝʥʠʡ ʩʪʫʜʝʥʪʦʚ, ʤʦʞʥʦ ʚʥʝʜʨʠʪʴ ʥʦʚʳʝ 

ʬʫʥʢʮʠʠ ʫʧʨʘʚʣʝʥʠʷ ʫʯʝʙʥʳʤ ʧʨʦʮʝʩʩʦʤ. ʆʜʥʠʤ ʠʟ ʪʘʢʠʭ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʡ 

ʤʦʞʝʪ ʙʳʪʴ ʩʠʩʪʝʤʘʪʠʯʝʩʢʦʝ ʫʧʨʘʚʣʝʥʠʝ ʢʘʯʝʩʪʚʦʤ ʦʩʚʦʝʥʠʷ ʫʯʝʙʥʦʡ 

ʧʨʦʛʨʘʤʤʳ [4]. ʕʪʦʪ ʧʦʜʭʦʜ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʜʚʘ ʚʟʘʠʤʦʩʚʷʟʘʥʥʳʭ ʧʨʦʮʝʩʩʘ. 
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ʇʝʨʚʳʡ ʠʟ ʥʠʭ - ʜʠʘʛʥʦʩʪʠʢʘ (ʤʦʥʠʪʦʨʠʥʛ), ʥʝʦʙʭʦʜʠʤʘ ʥʝ ʪʦʣʴʢʦ ʜʣʷ 

ʦʮʝʥʢʠ, ʥʦ ʠ ʜʣʷ ʚʳʷʚʣʝʥʠʷ ʠ ʩʠʩʪʝʤʘʪʠʟʘʮʠʠ ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʧʨʦʙʝʣʦʚ ʚ 

ʟʥʘʥʠʷʭ ʠ ʥʘʚʳʢʘʭ ʢʦʥʢʨʝʪʥʳʭ ʩʪʫʜʝʥʪʦʚ. ɺʪʦʨʳʤ ʚʘʞʥʳʤ ʧʨʦʮʝʩʩʦʤ ʷʚʣʷʝʪʩʷ 

ʩʚʦʝʚʨʝʤʝʥʥʘʷ ʢʦʨʨʝʢʮʠʷ ʦʙʥʘʨʫʞʝʥʥʳʭ ʚ ʭʦʜʝ ʜʠʘʛʥʦʩʪʠʢʠ ʧʨʦʙʝʣʦʚ. ʉʣʝʜʫʝʪ 

ʦʪʤʝʪʠʪʴ, ʯʪʦ ʪʘʢʘʷ ʩʠʩʪʝʤʘ ʥʘ ʧʨʘʢʪʠʢʝ ʧʦʤʦʛʘʝʪ ʠʟʙʝʞʘʪʴ ʩʠʪʫʘʮʠʡ, ʢʦʛʜʘ 

ʩʪʫʜʝʥʪ ʧʨʠʩʪʫʧʘʝʪ ʢ ʠʟʫʯʝʥʠʶ ʥʦʚʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʠʤʝʷ ʩʝʨʴʝʟʥʳʝ ʧʨʦʙʝʣʳ ʚ 

ʧʨʝʜʳʜʫʱʝʤ, ʯʘʩʪʦ ʙʘʟʦʚʦʤ ʫʯʝʙʥʦʤ ʤʘʪʝʨʠʘʣʝ. 

ʅʝʦʙʭʦʜʠʤʦʩʪʴ ʚʥʝʜʨʝʥʠʷ ʧʨʦʛʨʘʤʤʥʦʡ ʧʦʜʜʝʨʞʢʠ ʜʣʷ ʧʝʨʚʦʛʦ ʧʨʦʮʝʩʩʘ ʠ 

ʝʛʦ ʚʟʘʠʤʦʩʚʷʟʠ ʩ ʵʣʝʤʝʥʪʘʤʠ ʫʯʝʙʥʦʡ ʩʨʝʜʳ ʜʣʷ ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʚʪʦʨʦʛʦ 

ʧʨʦʮʝʩʩʘ ʧʦʜʯʝʨʢʠʚʘʝʪ ʚʘʞʥʦʩʪʴ ʩʦʟʜʘʥʠʷ ʦʪʜʝʣʴʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ ʚ 

ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʡ ʩʨʝʜʝ ʫʥʠʚʝʨʩʠʪʝʪʘ, ʥʘʧʨʘʚʣʝʥʥʦʛʦ ʥʘ ʢʦʥʪʨʦʣʴ ʠ ʠʟʤʝʨʝʥʠʝ 

ʫʨʦʚʥʷ ʟʥʘʥʠʡ ʠ ʫʤʝʥʠʡ ʩʪʫʜʝʥʪʦʚ. 

ʂʦʤʧʦʥʝʥʪ çʢʦʥʪʨʦʣʴ ʟʥʘʥʠʡè ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʙʣʦʢʠ ʥʘʩʪʨʦʡʢʠ ʠ 

ʪʝʩʪʠʨʦʚʘʥʠʷ, ʘ ʪʘʢʞʝ ʙʣʦʢ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʛʦ ʦʮʝʥʠʚʘʥʠʷ. ʇʝʨʚʳʡ ʙʣʦʢ 

ʦʩʥʦʚʘʥ ʥʘ ʵʣʝʢʪʨʦʥʥʦʡ ʚʝʨʩʠʠ ʨʝʡʪʠʥʛʦʚʦʛʦ ʞʫʨʥʘʣʘ, ʩʠʩʪʝʤʝ ʘʫʪʝʥʪʠʬʠʢʘʮʠʠ 

ʧʨʝʧʦʜʘʚʘʪʝʣʝʡ ʠ ʩʪʫʜʝʥʪʦʚ, ʘ ʪʘʢʞʝ ʩʠʩʪʝʤʝ ʢʦʨʨʝʢʪʠʨʦʚʢʠ ʪʝʩʪʦʚʳʭ ʟʘʜʘʥʠʡ. 

ʇʦʣʥʳʡ ʜʦʩʪʫʧ ʢ ʵʪʠʤ ʬʫʥʢʮʠʷʤ ʧʨʝʜʦʩʪʘʚʣʷʝʪʩʷ ʪʦʣʴʢʦ ʩʠʩʪʝʤʥʦʤʫ 

ʘʜʤʠʥʠʩʪʨʘʪʦʨʫ, ʫʧʨʘʚʣʷʶʱʝʤʫ ʩʨʝʜʦʡ. ʏʪʦʙʳ ʧʨʝʜʦʩʪʘʚʠʪʴ ʦʛʨʘʥʠʯʝʥʥʳʡ 

ʜʦʩʪʫʧ ʧʨʝʧʦʜʘʚʘʪʝʣʷʤ, ʩʠʩʪʝʤʥʳʡ ʘʜʤʠʥʠʩʪʨʘʪʦʨ ʜʦʣʞʝʥ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʪʴ 

ʢʘʞʜʦʛʦ ʧʨʝʧʦʜʘʚʘʪʝʣʷ ʚ ʩʧʝʮʠʘʣʴʥʦʡ ʙʘʟʝ ʜʘʥʥʳʭ, ʩʦʜʝʨʞʘʱʝʡ ʠʥʬʦʨʤʘʮʠʶ ʦ 

ʬʘʤʠʣʠʠ, ʠʤʝʥʠ, ʜʦʣʞʥʦʩʪʠ ʠ ʧʘʨʦʣʝ ʢʦʥʢʨʝʪʥʦʛʦ ʧʨʝʧʦʜʘʚʘʪʝʣʷ. 

ɹʣʦʢ ʪʝʩʪʠʨʦʚʘʥʠʷ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʘʣʛʦʨʠʪʤʦʚ 

ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ ʜʣʷ ʩʦʟʜʘʥʠʷ ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʟʘʜʘʥʠʡ ʜʣʷ 

ʩʪʫʜʝʥʪʦʚ ʠ ʧʨʦʚʝʜʝʥʠʷ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʡ ʦʮʝʥʢʠ ʫʨʦʚʥʷ ʠʭ ʟʥʘʥʠʡ ʠ ʫʤʝʥʠʡ, 

ʚʢʣʶʯʘʷ ʟʘʜʘʥʠʷ ʦʪʢʨʳʪʦʛʦ ʪʠʧʘ, ʪʘʢʠʝ ʢʘʢ ʧʠʩʴʤʝʥʥʳʝ ʦʪʚʝʪʳ ʠ ʵʩʩʝ. 

ʈʝʟʫʣʴʪʘʪʳ ʪʝʩʪʠʨʦʚʘʥʠʷ ʢʘʞʜʦʛʦ ʩʪʫʜʝʥʪʘ ʚ ʨʘʤʢʘʭ ʪʝʢʫʱʝʛʦ, 

ʧʨʦʤʝʞʫʪʦʯʥʦʛʦ ʠ ʠʪʦʛʦʚʦʛʦ ʢʦʥʪʨʦʣʷ ʬʦʨʤʠʨʫʶʪ ʦʩʥʦʚʥʫʶ ʯʘʩʪʴ 

ʨʝʡʪʠʥʛʦʚʦʛʦ ʞʫʨʥʘʣʘ, ʢʦʪʦʨʳʡ ʪʘʢʞʝ ʚʭʦʜʠʪ ʚ ʠʥʬʦʨʤʘʮʠʦʥʥʫʶ 

ʦʙʨʘʟʦʚʘʪʝʣʴʥʫʶ ʩʨʝʜʫ ʠ ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʜʘʥʥʳʝ ʜʣʷ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ 

ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʨʝʩʫʨʩʦʚ ʜʨʫʛʠʭ ʢʦʤʧʦʥʝʥʪʦʚ ʩʨʝʜʳ. 

ʆʧʨʝʜʝʣʝʥʠʝ ʢʘʪʝʛʦʨʠʠ ʧʦʣʴʟʦʚʘʪʝʣʷ ʠ ʫʧʨʘʚʣʝʥʠʝ ʧʨʘʚʘʤʠ ʜʦʩʪʫʧʘ 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʦʡ ʧʦʜʩʠʩʪʝʤʦʡ ʘʫʪʝʥʪʠʬʠʢʘʮʠʠ, 

ʚʢʣʶʯʝʥʥʦʡ ʚ ʦʨʛʘʥʠʟʘʮʠʦʥʥʦ-ʫʧʨʘʚʣʝʥʯʝʩʢʫʶ ʢʦʤʧʦʥʝʥʪʫ. ʕʪʘ ʧʦʜʩʠʩʪʝʤʘ 

ʦʩʫʱʝʩʪʚʣʷʝʪ ʧʦʠʩʢ ʠʥʬʦʨʤʘʮʠʠ ʦ ʧʦʣʴʟʦʚʘʪʝʣʝ ʚ ʩʧʝʮʠʘʣʴʥʦʡ ʙʘʟʝ ʜʘʥʥʳʭ. ɺ 

ʩʣʫʯʘʝ ʦʪʩʫʪʩʪʚʠʷ ʜʘʥʥʳʭ, ʧʦʣʴʟʦʚʘʪʝʣʶ ʧʨʝʜʣʘʛʘʝʪʩʷ ʧʨʦʡʪʠ ʧʨʦʮʝʜʫʨʫ 

ʧʝʨʚʦʥʘʯʘʣʴʥʦʡ ʨʝʛʠʩʪʨʘʮʠʠ ʥʘ ʧʦʨʪʘʣʝ. ʇʦʩʣʝ ʫʩʧʝʰʥʦʡ ʘʫʪʝʥʪʠʬʠʢʘʮʠʠ 

ʢʘʞʜʳʡ ʧʦʣʴʟʦʚʘʪʝʣʴ, ʙʫʜʴ ʪʦ ʩʪʫʜʝʥʪ, ʧʨʝʧʦʜʘʚʘʪʝʣʴ, ʩʦʪʨʫʜʥʠʢ ʜʝʢʘʥʘʪʘ ʠʣʠ 

ʨʝʢʪʦʨʘʪʘ, ʧʦʣʫʯʘʝʪ ʜʦʩʪʫʧ ʢ ʠʥʬʦʨʤʘʮʠʦʥʥʳʤ ʨʝʩʫʨʩʘʤ ʠ ʩʨʝʜʩʪʚʘʤ 

ʢʦʨʧʦʨʘʪʠʚʥʦʛʦ ʧʦʨʪʘʣʘ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʨʝʜʫʩʤʦʪʨʝʥʥʳʤʠ ʜʣʷ ʥʝʛʦ 

ʧʦʣʥʦʤʦʯʠʷʤʠ. 

ɺʩʝ ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʠ ʨʝʩʫʨʩʳ, ʚʩʪʨʦʝʥʥʳʝ ʚ ʧʦʨʪʘʣ, ʜʦʣʞʥʳ 

ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ ʨʘʟʨʘʙʦʪʘʥʥʳʤ ʠ ʨʘʥʝʝ ʦʧʠʩʘʥʥʳʤ ʧʨʘʚʠʣʘʤ ʫʥʠʬʠʢʘʮʠʠ ʠ 

ʩʧʝʮʠʬʠʢʘʮʠʠ, ʦʙʝʩʧʝʯʠʚʘʷ ʝʜʠʥʦʦʙʨʘʟʠʝ ʠʥʪʝʨʬʝʡʩʦʚ, ʩʦʜʝʨʞʘʥʠʷ ʠ ʤʝʪʦʜʦʣʦ-

ʛʠʠ ʚʩʝʭ ʢʦʤʧʦʥʝʥʪʦʚ ʧʦʨʪʘʣʘ. ʕʪʦʪ ʧʦʜʭʦʜ ʩʧʦʩʦʙʩʪʚʫʝʪ ʰʠʨʦʢʦʤʫ ʠʩʧʦʣʴʟʦ-
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ʚʘʥʠʶ ʩʨʝʜʩʪʚ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʚʩʝʤʠ ʫʯʘʩʪʥʠʢʘʤʠ ʦʙʨʘʟʦʚʘʪʝʣʴ-

ʥʦʛʦ ʧʨʦʮʝʩʩʘ ʚ ʫʥʠʚʝʨʩʠʪʝʪʝ ʙʝʟ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʤʝʨʦʧʨʠʷʪʠʡ 

ʜʣʷ ʧʦʜʛʦʪʦʚʢʠ ʠ ʘʜʘʧʪʘʮʠʠ ʩʪʫʜʝʥʪʦʚ, ʧʨʝʧʦʜʘʚʘʪʝʣʝʡ ʠ ʧʝʨʩʦʥʘʣʘ. 

ʈʘʟʨʘʙʦʪʢʘ ʠʥʜʠʚʠʜʫʘʣʴʥʦʛʦ ʠʥʪʝʨʘʢʪʠʚʥʦʛʦ ʧʦʨʪʘʣʘ ʥʘ ʦʩʥʦʚʝ 

ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʫʯʝʙʥʳʭ ʜʦʩʪʠʞʝʥʠʡ ʩʪʫʜʝʥʪʘ ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʨʝʘʣʠʟʘʮʠʶ ʪʘʢʠʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʦʙʫʯʝʥʠʷ, ʢʘʢ ʠʥʜʠʚʠʜʫʘʣʴʥʳʡ ʧʦʜʭʦʜ ʠ 

ʘʢʪʫʘʣʴʥʦʩʪʴ ʦʙʫʯʝʥʠʷ.  ʆʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʚ ʨʘʟʨʘʙʦʪʢʝ ʧʦʨʪʘʣʘ ʫʜʝʣʷʝʪʩʷ 

ʚʦʧʨʦʩʘʤ ʠʥʢʣʶʟʠʠ: ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʝ ʩʝʨʚʠʩʳ ʀʀ ʧʦʟʚʦʣʷʶʪ ʥʝ ʪʦʣʴʢʦ 

ʧʝʨʩʦʥʘʣʠʟʠʨʦʚʘʪʴ ʦʙʫʯʝʥʠʝ, ʥʦ ʠ ʦʙʝʩʧʝʯʠʚʘʪʴ ʨʘʚʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ ʚʩʝʭ 

ʢʘʪʝʛʦʨʠʡ ʩʪʫʜʝʥʪʦʚ, ʚʢʣʶʯʘʷ ʪʝʭ, ʢʪʦ ʠʩʧʳʪʳʚʘʝʪ ʦʛʨʘʥʠʯʝʥʠʷ ʚ ʟʜʦʨʦʚʴʝ ʠʣʠ 

ʪʨʫʜʥʦʩʪʠ ʚ ʦʩʚʦʝʥʠʠ ʫʯʝʙʥʦʛʦ ʤʘʪʝʨʠʘʣʘ. 

 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 

1. Large language models in education: Vision and opportunities / W. Gan, Z. Qi, 

J. Wu. ð ʊʝʢʩʪ : ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʳʡ // IEEE International Conference on Big Data. 

ð 2023. ð ʉ. 1ï10. 

2. Metaverse in education: Vision, opportunities, and challenges / H. Lin, S. Wan, 

W. Gan [ʠ ʜʨ.]. ð ʊʝʢʩʪ : ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʳʡ // IEEE International Conference on 

Big Data. ð 2022. ð ʉ. 2857ï2866. 

3. Lee, H. The rise of ChatGPT: Exploring its potential in medical education / H. 

Lee. ð ʊʝʢʩʪ : ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʳʡ // Anatomical Sciences Education. ð 2023. ð 

DOI: 10.1002/ase.2270. 

4. From data to insights: A layered storytelling approach for multimodal learning 

analytics / R. Martinez-Maldonado, V. Echeverria, Fernandez G, Buckingham S. ð 

ʊʝʢʩʪ: ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʳʡ // CHI Conference on Human Factors in Computing 

Systems. ð 2020. ðʉ. 1ï15. 

 

 

 

ᴄʆɾ 681.518:681.5 

 

ʄױʅɸʁ נרױʓʄɸʉʓʅ ʄʆʅʀʊʆʈʀʅɻɯʃɽʋ ʄɽʅ ɹɸʉפɸʈʋɼʓר 

ɿʀʗʊʂɽʈʃɯʂ ɾתʁɽʉɯʅ ɸʇʇɸʈɸʊʊʓפ פɸʄʊɸʄɸʉʓɿ ɽʊʋɼɯר ʂɯʐɯ 

ɾתʁɽʉɯʅ ᴄɿɯʈʃɽʋ 

 

ᴄʙʜʽʢʝʨʽʤ ɹ.ɽ. 

 ʳ ɸʣʤʘʪʳ ʵʥʝʨʛʝʪʠʢʘ ʞᴅʥʝ ʙʘʡʣʘʥʳʩ ʫʥʠʚʝʨʩʠʪʝʪʽ, ɸʣʤʘʪʳסɼᴅʫʢʝʝʚ ʘʪʳʥʜʘ.נ

 ʩʪʘʥץʘʟʘפ ,.ץ

 e-mail: b.abdikerim@aues.kz 

 

1 ʂʽʨʽʩʧʝ 

 ,ʥʘʡ-ʛʘʟ ᴇʥʝʨʢᴅʩʽʙʽʥʜʝ ᴇʥʜʽʨʽʩ ʪʠʽʤʜʽʣʽʛʽʥ ʘʨʪʪʳʨʫײʜʘ ʤשʘʟʽʨʛʽ ʪʘפ

 ʩʘʪʳʥʜʘ ʟʠʷʪʢʝʨʣʽʢץʳʥʜʘʨʜʳ ʘʟʘʡʪʫ ʤʘסʘʤʪʘʤʘʩʳʟ ʝʪʫ ʞᴅʥʝ ʰʳץ ʘʫʽʧʩʽʟʜʽʢʪʽץ

ʪʝʭʥʦʣʦʛʠʷʣʘʨסʘ ʜʝʛʝʥ ʩײʨʘʥʳʩ ץʘʨץʳʥʜʳ ᴇʩʽʧ ʢʝʣʝʜʽ. ɿʠʷʪʢʝʨʣʽʢ סשײʳʤʘ 

mailto:%20e-mail:%20b.almukhambetov@aues.kz


 
ΝΠΣ 

ʞװʡʝʣʝʨʽ (Intelligent Well Systems, IWS) ï ʤײʥʘʡ-ʛʘʟ ʩʘʣʘʩʳʥʜʘסʳ 

ʮʠʬʨʣʘʥʜʳʨʫʜʳש ʥʝʛʽʟʛʽ ʙʘסʳʪʪʘʨʳʥʳש ʙʽʨʽ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. ʆʣʘʨ ʥʘץʪʳ ʫʘץʳʪ 

ʨʝʞʠʤʽʥʜʝ סשײʳʤʘʥʳ ʙʘץʳʣʘʫסʘ ʞᴅʥʝ ʙʘʩץʘʨʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʽʧ, ᴇʥʜʽʨʽʩʪʽʢ 

ʧʨʦʮʝʩʪʝʨʜʽש ʪʠʽʤʜʽʣʽʛʽʥ ʞʘשʘ ʜʝשʛʝʡʛʝ ʢᴇʪʝʨʝʜʽ [1ï3]. 

ɿʠʷʪʢʝʨʣʽʢ סשײʳʤʘ ʞװʡʝʩʽ ʩʝʥʩʦʨʣʘʨ, ʘʪץʘʨʫʰʳ ײץʨʳʣסʳʣʘʨ, ʜʝʨʝʢʪʝʨʜʽ 

ʞʠʥʘʫ ʤʦʜʫʣʴʜʝʨʽ, ʙʘʡʣʘʥʳʩ ʘʨʥʘʣʘʨʳ, ʵʥʝʨʛʠʷʤʝʥ ʞʘʙʜʳץʪʘʫ ʞװʡʝʣʝʨʽ ʞᴅʥʝ 

ʙʘʩץʘʨʫ ʙʣʦʢʪʘʨʳʥʘʥ ʪײʨʘʪʳʥ ʢװʨʜʝʣʽ ʘʧʧʘʨʘʪʪʳץ ʢʝʰʝʥʜʽ ץʘʤʪʠʜʳ. ʄײʥʜʘʡ 

ʢʝʰʝʥʥʽש ʩʝʥʽʤʜʽʣʽʛʽ ʤʝʥ װʟʜʽʢʩʽʟ ʞײʤʳʩʳ ʙװʢʽʣ ᴇʥʜʽʨʽʩʪʽʢ ʧʨʦʮʝʩʪʽץ שʘʫʽʧʩʽʟʜʽʛʽ 

ʤʝʥ ʪʠʽʤʜʽʣʽʛʽʥ ץʘʤʪʘʤʘʩʳʟ ʝʪʫʜʝ ʰʝʰʫʰʽ ʤᴅʥʛʝ ʠʝ [2],[5]. ʄʳʩʘʣʳ, ʪײʨʘץʪʳ 

 ʰʽʥ Permanent Downholeװ ʳʣʘʫץʳʩʳʤ ʤʝʥ ʪʝʤʧʝʨʘʪʫʨʘʥʳ ʙʘץ ʳסʳʤʘʜʘסשײ

Gauge (PDG) ʞװʡʝʣʝʨʽ ʢʝשʽʥʝʥ ץʦʣʜʘʥʳʣʘʜʳ, ʦʣʘʨ ʜʝʨʝʢʪʝʨʜʽ װʟʜʽʢʩʽʟ ʞʝʪʢʽʟʽʧ, 

ʘʧʘʪʪʳץ ʞʘסʜʘʡʣʘʨʜʳש ʘʣʜʳʥ ʘʣʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ [4]. 

ɸʧʧʘʨʘʪʪʳײץ ץʨʘʤסʘ ץʦʡʳʣʘʪʳʥ ʥʝʛʽʟʛʽ ʪʘʣʘʧʪʘʨ ץʘʪʘʨʳʥʘ ʥʘץʪʳ ʫʘץʳʪ 

ʨʝʞʠʤʽʥʜʝ ʩʝʥʽʤʜʽ ʜʝʨʝʢʪʝʨ ʞʠʥʘʫ, ʘץʧʘʨʘʪʪʳ ʞʦסʘʣʪʫʩʳʟ ʞʝʪʢʽʟʫ, ʵʥʝʨʛʠʷʥʳ 

ʪʠʽʤʜʽ ʧʘʡʜʘʣʘʥʫ ʞᴅʥʝ ᴅʨʪװʨʣʽ ʩʳʨʪץʳ ʞʘסʜʘʡʣʘʨסʘ ʪᴇʟʽʤʜʽʣʽʢ ʞʘʪʘʜʳ [1],[6]. 

ʉʦסשʳ ʞʳʣʜʘʨʳ IoT ʞᴅʥʝ LoRa ʩʠʷץʪʳ ʪᴇʤʝʥ ʵʥʝʨʛʠʷ ʪײʪʳʥʘʪʳʥ ʩʳʤʩʳʟ 

ʪʝʭʥʦʣʦʛʠʷʣʘʨ, ʩʦʥʜʘʡ-ʘץ edge computing ʰʝʰʽʤʜʝʨʽ סשײʳʤʘ ʤʦʥʠʪʦʨʠʥʛʽʥ ʞʘשʘ 

ʜʝשʛʝʡʛʝ ʰʳסʘʨʳʧ ʦʪʳʨ [1],[3],[7]. ɹײʣ ʪᴅʩʽʣʜʝʨ ʘץʧʘʨʘʪ ʘסʳʥʳʥ ʘʟʘʡʪʳʧ, ʰʝʰʽʤ 

 .ʳʥ ʘʨʪʪʳʨʘʜʳסʘʙʳʣʜʘʫ ʞʳʣʜʘʤʜʳץ
ʉʦʥʜʘʡ-ʘץ, ʩʝʥʩʦʨʣʘʨ ʤʝʥ ʘʪץʘʨʫʰʳ ʤʝʭʘʥʠʟʤʜʝʨʜʽײ שʟʘץ ʤʝʨʟʽʤʜʽ ʞײʤʳʩʳ, 

ʙʘʡʣʘʥʳʩ ʘʨʥʘʣʘʨʳʥʜʘסʳ ʪײʨʘץʪʳʣʳץ ʞᴅʥʝ ʜʝʨʝʢʪʝʨʜʽ ʙʘʩץʘʨʫ ʦʨʪʘʣʳץʪʘʨʳʤʝʥ 

 ʥʝʛʽʟʛʽ ʬʘʢʪʦʨʣʘʨʳ שʘʤʪʘʤʘʩʳʟ ʝʪʫʜʽץ ʘʫʽʧʩʽʟʜʽʛʽʥץ שʟʜʽʢʩʽʟ ʠʥʪʝʛʨʘʮʠʷ ï ᴇʥʜʽʨʽʩʪʽװ

ʙʦʣʳʧ ʩʘʥʘʣʘʜʳ. ʈʝʩʝʡʣʽʢ ʟʝʨʪʪʝʫʰʽʣʝʨʜʽש ʝשʙʝʢʪʝʨʽʥʜʝ (ʤʳʩʘʣʳ, ʉ. ɻ. 

ʄʫʭʘʤʝʪʜʠʥʦʚʘ ʞᴅʥʝ ᴅʨʽʧʪʝʩʪʝʨʽ) ʩʝʥʩʦʨʣʘʨʜʳ ʪʘשʜʘʫ ʢʝʟʽʥʜʝ ʠʤʧʦʨʪʦʟʘʤʝʱʝʥʠʝ 

ʤᴅʩʝʣʝʣʝʨʽ, ʤʘʪʝʨʠʘʣʜʳץ ʪײʨʘץʪʳʣʳץ ʞᴅʥʝ ʢʦʨʨʦʟʠʷסʘ ʪᴇʟʽʤʜʽʣʽʢ ʝʨʝʢʰʝ ʘʪʘʧ 

ᴇʪʽʣʝʜʽ [5]. 

ʆʩʳ ʰʦʣʫ ʤʘץʘʣʘʩʳʥʜʘ ʤײʥʘʡ סשײʳʤʘʩʳʥ ʤʦʥʠʪʦʨʠʥʛʽʣʝʫ ʤʝʥ ʙʘʩץʘʨʫʜʳש 

ʟʠʷʪʢʝʨʣʽʢ ʞװʡʝʩʽʥ ʘʧʧʘʨʘʪʪʳץ ץʘʤʪʘʤʘʩʳʟ ʝʪʫʜʽש ʟʘʤʘʥʘʫʠ ʪᴅʩʽʣʜʝʨʽ 

 ʘ, ʜʝʨʝʢʪʝʨʜʽ ʞʠʥʘʫסʪʝʭʥʦʣʦʛʠʷʣʘʨ ץʘʨʘʩʪʳʨʳʣʘʜʳ. ʅʝʛʽʟʛʽ ʥʘʟʘʨ ʩʝʥʩʦʨʣʳץ

ʞᴅʥʝ ᴇשʜʝʫ ʤʦʜʫʣʴʜʝʨʽʥʝ, ʵʥʝʨʛʠʷʤʝʥ ʞʘʙʜʳץʪʘʫ ʰʝʰʽʤʜʝʨʽʥʝ, ʩʝʥʽʤʜʽ 

ʙʘʡʣʘʥʳʩ ʘʨʥʘʣʘʨʳʥʘ, ʩʦʥʜʘʡ-ʘץ ʘʪץʘʨʫʰʳ ײץʨʳʣסʳʣʘʨʜʳש ʞײʤʳʩ 

ʝʨʝʢʰʝʣʽʢʪʝʨʽʥʝ ʘʫʜʘʨʳʣʘʜʳ. ɹײʜʘʥ ʙᴇʣʝʢ, ץʘʟʽʨʛʽ ʫʘץʳʪʪʘ ʢʝʟʜʝʩʝʪʽʥ ʥʝʛʽʟʛʽ 

ʤᴅʩʝʣʝʣʝʨ ʤʝʥ ʙʦʣʘʰʘץʪʘסʳ ʜʘʤʫ ʙʘסʳʪʪʘʨʳ ʪʘʣץʳʣʘʥʳʧ, ᴇʥʜʽʨʽʩ ʪʠʽʤʜʽʣʽʛʽʥ 

ʘʨʪʪʳʨʫסʘ ʘʨʥʘʣסʘʥ ʠʥʥʦʚʘʮʠʷʣʳץ ʰʝʰʽʤʜʝʨʛʝ ʙʘʩʘ ʢᴇשʽʣ ʙᴇʣʽʥʝʜʽ. 

 

2 ʄʘʪʝʨʠʘʣʜʘʨ ʤʝʥ ᴅʜʽʩʪʝʨ 

ɹײʣ ʰʦʣʫ ʤʘץʘʣʘʩʳʥ ʜʘʡʳʥʜʘʫ ʙʘʨʳʩʳʥʜʘ 2020ï2025 ʞʳʣʜʘʨ ʘʨʘʣʳסʳʥʜʘ 

ʞʘʨʳץ ʢᴇʨʛʝʥ סʳʣʳʤʠ ʞʘʨʠʷʣʘʥʳʤʜʘʨ ʤʝʥ ʩʘʣʘʣʳץ ʝʩʝʧʪʝʨ ʢʝשʽʥʝʥ 

ʧʘʡʜʘʣʘʥʳʣʜʳ. ʅʝʛʽʟʛʽ ʜʝʨʝʢʢᴇʟʜʝʨ ʨʝʪʽʥʜʝ ʙʝʜʝʣʜʽ ʭʘʣʳץʘʨʘʣʳץ ʧʣʘʪʬʦʨʤʘʣʘʨ 

ï MDPI, IEEE Xplore, Society of Petroleum Engineers (SPE), ʩʦʥʜʘʡ-ʘץ OnePetro 

ʜʝʨʝʢʪʝʨ ʙʘʟʘʩʳʥʜʘסʳ ʤʘץʘʣʘʣʘʨ ץʘʨʘʩʪʳʨʳʣʜʳ. ɹײʜʘʥ ʙᴇʣʝʢ, ʤײʥʘʡ-ʛʘʟ 

ʩʘʣʘʩʳʥʘ ץʘʪʳʩʪʳ ʘʥʘʣʠʪʠʢʘʣʳץ ʰʦʣʫʣʘʨ ʤʝʥ ʪʝʭʥʦʣʦʛʠʷʣʳץ ʝʩʝʧʪʝʨ 

ʧʘʡʜʘʣʘʥʳʣʜʳ [1ï4]. 

ʄʘʪʝʨʠʘʣʜʘʨʜʳ ʽʟʜʝʫ ʢʝʟʽʥʜʝ ʤײʥʘʡ סשײʳʤʘʣʘʨʳʥ ʟʠʷʪʢʝʨʣʽʢ ʙʘʩץʘʨʫסʘ 

ʘʨʥʘʣסʘʥ ʘʧʧʘʨʘʪʪʳץ ץʘʤʪʘʤʘʩʳʟ ʝʪʫʛʝ ʪʽʢʝʣʝʡ ʙʘʡʣʘʥʳʩʪʳ ʢʽʣʪ ʩᴇʟʜʝʨ 
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-ʘʥʜʘ: ñintelligent well hardwareò, ñdownhole sensorsò, ñrealץʦʣʜʘʥʳʣʜʳ. ɸʪʘʧ ʘʡʪץ

time monitoringò, ñoilfield automationò, ñwireless telemetryò, ñpower supply solutions 

for wellsò ʩʠʷץʪʳ ʪʝʨʤʠʥʜʝʨ ʟʝʨʪʪʝʫ ʰʝשʙʝʨʽʥʝ ʝʥʛʽʟʽʣʜʽ. ɹײʣ ʢʽʣʪ ʩᴇʟʜʝʨ 

ʘʧʧʘʨʘʪʪʳײץ ץʨʘʤʥʳש ᴅʨʪװʨʣʽ ʘʩʧʝʢʪʽʣʝʨʽʥ ץʘʤʪʳʧ, ʩʝʥʩʦʨʣʘʨʜʘʥ ʙʘʩʪʘʧ 

ʜʝʨʝʢʪʝʨʜʽ ʙʝʨʫ ʞװʡʝʣʝʨʽ ʤʝʥ ʵʥʝʨʛʠʷʤʝʥ ʞʘʙʜʳץʪʘʫ ʰʝʰʽʤʜʝʨʽʥʝ ʜʝʡʽʥʛʽ 

ʙʘʨʣʳץ ʵʣʝʤʝʥʪʪʝʨʜʽ ʪʘʣʜʘʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʜʽ. 

ɿʝʨʪʪʝʫ ʙʘʨʳʩʳʥʜʘ ʢʝʣʝʩʽ ᴅʜʽʩʪʝʤʝʣʽʢ ץʘʜʘʤʜʘʨ ʞװʟʝʛʝ ʘʩʳʨʳʣʜʳ: 

1) ɼʝʨʝʢʢᴇʟʜʝʨʜʽ ʽʨʽʢʪʝʫ. ɾʘʨʠʷʣʘʥʳʤʜʘʨʜʳש ᴇʟʝʢʪʽʣʽʛʽ, ʜᴅʡʝʢʩᴇʟʜʝʨ ʩʘʥʳ 
ʞᴅʥʝ ʧʨʘʢʪʠʢʘʣʳץ ץʦʣʜʘʥʙʘʣʳסʳ ʝʩʢʝʨʽʣʜʽ. ʅʝʛʽʟʛʽ ʥʘʟʘʨ ʩʦסשʳ ʙʝʩ ʞʳʣʜʘסʳ ʝש 

ʞʘשʘ ʟʝʨʪʪʝʫʣʝʨʛʝ ʘʫʜʘʨʳʣʜʳ, ᴇʡʪʢʝʥʽ ʜᴅʣ ʦʩʳ ʢʝʟʝשʜʝ ʠʥʪʝʣʣʝʢʪʫʘʣʜʳ סשײʳʤʘ 

ʞװʡʝʣʝʨʽʥ ʜʘʤʳʪʫʜʘ ʘʡʪʘʨʣʳץʪʘʡ ʪʝʭʥʦʣʦʛʠʷʣʳץ ʩʝʨʧʽʣʽʩʪʝʨ ʦʨʳʥ ʘʣʜʳ [1],[2]; 

2) ʉʘʣʳʩʪʳʨʤʘʣʳ ʪʘʣʜʘʫ. ᴄʨʪװʨʣʽ סʳʣʳʤʠ ʤʘץʘʣʘʣʘʨ ʤʝʥ ʩʘʣʘʣʳץ 

ʝʩʝʧʪʝʨʜʝ ײʩʳʥʳʣסʘʥ ʘʧʧʘʨʘʪʪʳץ ʰʝʰʽʤʜʝʨ ʩʘʣʳʩʪʳʨʳʣʳʧ, ʦʣʘʨʜʳש 

ʘʨʪʳץʰʳʣʳץʪʘʨʳ ʤʝʥ ʰʝʢʪʝʫʣʝʨʽ ʘʥʳץʪʘʣʜʳ. ᴄʩʽʨʝʩʝ ʩʝʥʩʦʨʣʘʨʜʳש ᴇʣʰʝʫ 

ʜᴅʣʜʽʛʽ, ʞײʤʳʩ ʜʠʘʧʘʟʦʥʳ, ʩʝʥʽʤʜʽʣʽʛʽ ʞᴅʥʝ ײʟʘץ ʤʝʨʟʽʤʜʽʣʽʛʽ ʩʠʷץʪʳ 

ʩʠʧʘʪʪʘʤʘʣʘʨסʘ ʙʘʩʳʤʜʳץ ʙʝʨʽʣʜʽ [3]; 

3) ɹʘʡʣʘʥʳʩ ʪʝʭʥʦʣʦʛʠʷʣʘʨʳʥ ʞʽʢʪʝʫ. ʉʳʤʜʳ ʞᴅʥʝ ʩʳʤʩʳʟ ʘʨʥʘʣʘʨʜʳש 
 ʳ, ʙᴇʛʝʪʪʝʨʛʝסʦʣʜʘʥʳʣʫ ʝʨʝʢʰʝʣʽʢʪʝʨʽ, ʜʝʨʝʢʪʝʨʜʽ ʞʝʪʢʽʟʫ ʞʳʣʜʘʤʜʳץ

ʪᴇʟʽʤʜʽʣʽʛʽ, ʩʦʥʜʘʡ-ʘסשײ ץʳʤʘ ʞʘסʜʘʡʳʥʜʘ ץʦʣʜʘʥʫ ʰʝʢʪʝʫʣʝʨʽ ץʘʨʘʩʪʳʨʳʣʜʳ. 

IoT ʞᴅʥʝ LoRa ʩʠʷץʪʳ ʪᴇʤʝʥ ʵʥʝʨʛʠʷ ʪײʪʳʥʘʪʳʥ ʩʳʤʩʳʟ ʪʝʭʥʦʣʦʛʠʷʣʘʨסʘ 

ʝʨʝʢʰʝ ʢᴇשʽʣ ʙᴇʣʽʥʜʽ [1]; 

4) ʕʥʝʨʛʠʷʤʝʥ ʞʘʙʜʳץʪʘʫ ʰʝʰʽʤʜʝʨʽʥ ʪʘʣʜʘʫ. סשױʳʤʘʜʘסʳ ʘʚʪʦʥʦʤʜʳ 
ʩʝʥʩʦʨʣʘʨ ʤʝʥ ʤʦʜʫʣʴʜʝʨ װʰʽʥ ʵʥʝʨʛʠʷ ʢᴇʟʜʝʨʽʥ ץʘʤʪʘʤʘʩʳʟ ʝʪʫ ʤᴅʩʝʣʝʣʝʨʽ 

ʟʝʨʪʪʝʣʜʽ. פʘʡʪʘ ʟʘʨʷʜʪʘʣʘʪʳʥ ʘʢʢʫʤʫʣʷʪʦʨʣʘʨ, ʵʥʝʨʛʠʷ ʞʠʥʘץʪʘʫ ᴅʜʽʩʪʝʨʽ 

(energy harvesting), ʩʦʥʜʘʡ-ʘץ ʩʳʨʪץʳ ץʫʘʪ ʙʝʨʫ ʞװʡʝʣʝʨʽʥʽש ʪʠʽʤʜʽʣʽʛʽ 

ʩʘʣʳʩʪʳʨʳʣʜʳ [4],[5]; 

5) ʀʥʪʝʛʨʘʮʠʷ ʞᴅʥʝ ʩʝʥʽʤʜʽʣʽʢ ʘʩʧʝʢʪʽʣʝʨʽ. ɾװʡʝʥʽש ᴅʨʪװʨʣʽ ʘʧʧʘʨʘʪʪʳץ 
ʢʦʤʧʦʥʝʥʪʪʝʨʽʥ ʙʽʨʪײʪʘʩ ʢʝʰʝʥʛʝ ʙʽʨʽʢʪʽʨʫ ʢʝʟʽʥʜʝʛʽ ʠʥʞʝʥʝʨʣʽʢ ץʠʳʥʜʳץʪʘʨ, 

ʩʦʥʜʘʡ-ʘץ ʩʝʥʽʤʜʽʣʽʢʪʽ ץʘʤʪʘʤʘʩʳʟ ʝʪʫ ᴅʜʽʩʪʝʨʽ ʪʘʣʜʘʥʜʳ. ᴄʩʽʨʝʩʝ ײʟʘץ ʤʝʨʟʽʤʜʽ 

ʞײʤʳʩ ʞʘסʜʘʡʳʥʜʘ ʞװʡʝʥʽש ʠʢʝʤʜʽʣʽʛʽ ʤʝʥ ʤʦʜʫʣʴʜʽʣʽʛʽʥʝ ʥʘʟʘʨ ʘʫʜʘʨʳʣʜʳ 

[2],[6]. 

ɹײʣ ᴅʜʽʩʪʝʤʝʣʽʢ ʪᴅʩʽʣʜʝʨ ʰʦʣʫ ʤʘץʘʣʘʩʳʥʳש ʤʘʟʤײʥʳʥ ʞװʡʝʣʽ ײץʨʫסʘ, 

ʟʘʤʘʥʘʫʠ ʪʝʭʥʦʣʦʛʠʷʣʳץ ʙʘסʳʪʪʘʨʜʳ ʘʡץʳʥʜʘʫסʘ ʞᴅʥʝ ʙʦʣʘʰʘץ ʟʝʨʪʪʝʫʣʝʨ װʰʽʥ 

 .ʤʢʽʥʜʽʢ ʙʝʨʜʽװʘ ʤסʘʣʳʧʪʘʩʪʳʨʫץ ʳʣʳʤʠ-ʪᴅʞʽʨʠʙʝʣʽʢ ʥʝʛʽʟס

 

3 ʅᴅʪʠʞʝʣʝʨ ʞᴅʥʝ ʪʘʣץʳʣʘʫ 

ɿʝʨʪʪʝʫ ʥᴅʪʠʞʝʣʝʨʽ ʢᴇʨʩʝʪʢʝʥʜʝʡ, ʟʠʷʪʢʝʨʣʽʢ סשײʳʤʘ ʞװʡʝʣʝʨʽʥ ʘʧʧʘʨʘʪʪʳץ 

ʜʝשʛʝʡʜʝ ʞװʟʝʛʝ ʘʩʳʨʫ ʙʽʨʥʝʰʝ ᴇʟʘʨʘ ʙʘʡʣʘʥʳʩʪʳ ʢʽʰʽ ʞװʡʝʣʝʨʜʝʥ ʪײʨʘʜʳ. 

ᴄʨʙʽʨ ʢʦʤʧʦʥʝʥʪ ᴇʥʜʽʨʽʩʪʽװ שʟʜʽʢʩʽʟʜʽʛʽ ʤʝʥ ץʘʫʽʧʩʽʟʜʽʛʽʥ ץʘʤʪʘʤʘʩʳʟ ʝʪʫʜʝ 

ʤʘשʳʟʜʳ ʨᴇʣ ʘʪץʘʨʘʜʳ. 

-ʳʪʳ, ʩʦʥʜʘʡסʳ ʤʝʥ ʙʘסʳʥ ʞʳʣʜʘʤʜʳסʳʩʳʤ, ʪʝʤʧʝʨʘʪʫʨʘ, ʘץ ʜʘשʘʟʽʨʛʽ ʪʘפ

ʘץ ʢᴇʧʬʘʟʘʣʳ ײץʨʘʤʜʳ ʘʥʳץʪʘʫסʘ ʘʨʥʘʣסʘʥ ʩʝʥʩʦʨʣʘʨ ʢʝשʽʥʝʥ ץʦʣʜʘʥʳʣʘʜʳ. 

ʅʝʛʽʟʛʽ ʪʘʣʘʧʪʘʨ ï ᴇʣʰʝʫ ʜᴅʣʜʽʛʽʥʽש ʞʦסʘʨʳ ʙʦʣʫʳ, ײʟʘץ ʤʝʨʟʽʤʜʽ ʪײʨʘץʪʳʣʳץ ʧʝʥ 

 ʨʜʝʣʽװʢ שʳʤʘʥʳסשײ ,ʘʪʘʨץ ʤʢʽʥʜʽʛʽ. ʉʦʥʳʤʝʥװʤʳʩ ʽʩʪʝʫ ʤײʘʡʪʘ ʢʘʣʠʙʨʣʝʫʩʽʟ ʞץ



 
ΝΠΥ 

ʞʘסʜʘʡʣʘʨʳʥʘ ʙʘʡʣʘʥʳʩʪʳ (ʞʦסʘʨʳ ʪʝʤʧʝʨʘʪʫʨʘ, ʘʛʨʝʩʩʠʚʪʽ ʦʨʪʘ, ʢʦʨʨʦʟʠʷסʘ 

ʙʝʡʽʤʜʽʣʽʢ) ʩʝʥʩʦʨʣʘʨʜʳש ʤʘʪʝʨʠʘʣʜʳץ ʙʘʟʘʩʳʥʘ ʝʨʝʢʰʝ ʢᴇשʽʣ ʙᴇʣʽʥʝʜʽ [1],[5]. 
ʉʦסשʳ ʞʳʣʜʘʨʳ ʞʦסʘʨʳ ʩʝʥʽʤʜʽʣʽʢʢʝ ʠʝ ʦʧʪʠʢʘʣʳץ ʜʘʪʯʠʢʪʝʨ ʤʝʥ 

ʤʠʢʨʦʵʣʝʢʪʨʦʤʝʭʘʥʠʢʘʣʳץ ʩʝʥʩʦʨʣʘʨ (MEMS) ʙʝʣʩʝʥʜʽ ʝʥʛʽʟʽʣʫʜʝ. ɹײʣ ʰʝʰʽʤʜʝʨ 

ʪᴇʤʝʥ ʵʥʝʨʛʠʷ ʪײʪʳʥʫʤʝʥ ץʘʪʘʨ, ʜʝʨʝʢʪʝʨʜʽ ײʟʘץ ʫʘץʳʪ ʙʦʡʳ ʞʦסʘʨʳ ʜᴅʣʜʽʢʧʝʥ 

ʞʝʪʢʽʟʫʛʝ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. 

ʉʝʥʩʦʨʣʘʨʜʘʥ ʘʣʳʥסʘʥ ʩʠʛʥʘʣʜʘʨ ʘʨʥʘʡʳ ʤʦʜʫʣʴʜʝʨ ʘʨץʳʣʳ ץʘʙʳʣʜʘʥʳʧ, 

ʪװʨʣʝʥʜʽʨʽʣʽʧ ʞᴅʥʝ ʢʘʣʠʙʨʣʝʥʝʜʽ. ɹײʣ ʤʦʜʫʣʴʜʝʨʜʝ ʢʽʨʽʩ ʰʫʳʥ ʘʟʘʡʪʫ, ʩʠʛʥʘʣʜʳ 

ʢװʰʝʡʪʫ ʞᴅʥʝ ʙʘʩʪʘʧץʳ ʜʝʨʝʢʪʝʨʜʽ ʘʣʜʳʥ ʘʣʘ ᴇשʜʝʫ ʞװʟʝʛʝ ʘʩʳʨʳʣʘʜʳ. 

ɿʘʤʘʥʘʫʠ ʰʝʰʽʤʜʝʨʜʝ edge computing ʧʨʠʥʮʠʧʪʝʨʽ ץʦʣʜʘʥʳʣʘʜʳ, ʷסʥʠ 

ʜʝʨʝʢʪʝʨʜʽש ʙʽʨ ʙᴇʣʽʛʽ ʞʝʨʛʽʣʽʢʪʽ ʜʝשʛʝʡʜʝ ᴇשʜʝʣʽʧ, ʪʝʢ ʤʘשʳʟʜʳ ʘץʧʘʨʘʪ ʦʨʪʘʣʳץ 

ʩʝʨʚʝʨʛʝ ʞʽʙʝʨʽʣʝʜʽ. ʄײʥʜʘʡ ʪᴅʩʽʣ ʘץʧʘʨʘʪ ʘסʳʥʳʥ ץʳʩץʘʨʪʳʧ, ʰʝʰʽʤ ץʘʙʳʣʜʘʫ 

ʫʘץʳʪʳʥ ʘʟʘʡʪʘʜʳ [2],[6]. 

ɼʝʨʝʢʪʝʨʜʽ ʞʝʪʢʽʟʫ װʰʽʥ ʩʳʤʜʳ (ʦʧʪʠʢʘʣʳץ ʪʘʣʰʳץ, ʢʦʘʢʩʠʘʣʜʳ ʥʝʤʝʩʝ 

ʵʣʝʢʪʨ ʢʘʙʝʣʴʜʝʨʽ) ʞᴅʥʝ ʩʳʤʩʳʟ (LoRa, LTE/5G, ʩʧʫʪʥʠʢʪʽʢ ʘʨʥʘʣʘʨ) 

ʪʝʭʥʦʣʦʛʠʷʣʘʨ ץʦʣʜʘʥʳʣʘʜʳ. 

ʉʳʤʜʳ ʘʨʥʘʣʘʨ ʜʝʨʝʢʪʝʨʜʽ ʞʦסʘʣʪʫʩʳʟ ʞᴅʥʝ ʢʽʜʽʨʽʩʩʽʟ ʞʝʪʢʽʟʫʛʝ ʤװʤʢʽʥʜʽʢ 

ʙʝʨʝʜʽ, ʙʽʨʘץ ʤʦʥʪʘʞʜʘʫ ʞᴅʥʝ ץʳʟʤʝʪ ʢᴇʨʩʝʪʫ ʰʳסʳʥʜʘʨʳ ʞʦסʘʨʳ. 

ʉʳʤʩʳʟ ʰʝʰʽʤʜʝʨ ʤʦʥʪʘʞʜʘʫʜʳ ʞʝשʽʣʜʝʪʽʧ, ץʦʣʞʝʪʽʤʜʽʣʽʢʪʽ ʘʨʪʪʳʨʘʜʳ. 

ɼʝʛʝʥʤʝʥ, ʪʝʨʝסשײ שʳʤʘʣʘʨ ʞʘסʜʘʡʳʥʜʘ ʩʠʛʥʘʣʜʳש ᴅʣʩʽʨʝʫʽ ʞᴅʥʝ ʙᴇʛʝʪʪʝʨ 

ʥʝʛʽʟʛʽ ʰʝʢʪʝʫʣʝʨ ʙʦʣʳʧ ץʘʣʘ ʙʝʨʝʜʽ [1],[3]. 
ɿʠʷʪʢʝʨʣʽʢ סשײʳʤʘʣʘʨʜʘסʳ ʙʘʩץʘʨʫ ʵʣʝʤʝʥʪʪʝʨʽʥʝ ʜʨʦʩʩʝʣʴ ʢʣʘʧʘʥʜʘʨ, ʘסʳʥʜʳ 

ʙᴇʣʫ ʞᴅʥʝ ʨʝʪʪʝʫ ײץʨʳʣסʳʣʘʨʳ, ʩʦʥʜʘʡ-ʘץ ʘʧʘʪʪʳץ ʞʘסʜʘʡʣʘʨʜʘ ʽʩʢʝ ץʦʩʳʣʘʪʳʥ 

 ʳʣʘʨ ʜʝʨʝʢʪʝʨʜʽ ʪʘʣʜʘʫ ʥᴅʪʠʞʝʩʽʥʜʝסʨʳʣײץ ʣײʘʫʽʧʩʽʟʜʽʢ ʢʣʘʧʘʥʜʘʨʳ ʞʘʪʘʜʳ. ɹץ

ʘʚʪʦʤʘʪʪʳ ʪװʨʜʝ ʙʘʩץʘʨʳʣʳʧ, ᴇʥʜʽʨʽʩʪʽש ʪײʨʘץʪʳʣʳסʳʥ ʩʘץʪʘʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. 

ʂʝʡʙʽʨ ʞװʡʝʣʝʨʜʝ ʤʘʰʠʥʘʣʳץ ʦץʳʪʫ ʘʣʛʦʨʠʪʤʜʝʨʽ ʝʥʛʽʟʽʣʽʧ, ʙʘʩץʘʨʫ ʧʨʦʮʝʩʪʝʨʽʥ 

ʦשʪʘʡʣʘʥʜʳʨʫ ʤװʤʢʽʥʜʽʛʽ ץʘʨʘʩʪʳʨʳʣʫʜʘ [2]. 

ɸʧʧʘʨʘʪʪʳץ ʞװʡʝʣʝʨʜʽ װʟʜʽʢʩʽʟ ʵʥʝʨʛʠʷʤʝʥ ץʘʤʪʘʤʘʩʳʟ ʝʪʫ ï ʥʝʛʽʟʛʽ 

ʤʽʥʜʝʪʪʝʨʜʽש ʙʽʨʽ. פʘʟʽʨʛʽ ʪʘשʜʘ װʰ ʥʝʛʽʟʛʽ ʪᴅʩʽʣ ץʦʣʜʘʥʳʣʘʜʳ: 

1) ʂʘʙʝʣʴ ʘʨץʳʣʳ ץʫʘʪ ʞʝʪʢʽʟʫ; 

2) ɸʚʪʦʥʦʤʜʳ ʘʢʢʫʤʫʣʷʪʦʨʣʳץ ʞװʡʝʣʝʨ; 

3) ʕʥʝʨʛʠʷ ʞʠʥʘʫ ʪʝʭʥʦʣʦʛʠʷʣʘʨʳ (ʪʝʨʤʦʵʣʝʢʪʨʣʽʢ ʛʝʥʝʨʘʮʠʷ, 

ʚʠʙʨʘʮʠʷʣʳץ ʵʥʝʨʛʠʷʥʳ ʪװʨʣʝʥʜʽʨʫ). 

ʕʥʝʨʛʠʷ ʞʠʥʘʫ ʪᴅʩʽʣʜʝʨʽ ײʟʘץ ʤʝʨʟʽʤʜʽ ʘʚʪʦʥʦʤʜʳ ʞײʤʳʩ װʰʽʥ 

ʧʝʨʩʧʝʢʪʠʚʘʣʳ ʰʝʰʽʤ ʨʝʪʽʥʜʝ ץʘʨʘʩʪʳʨʳʣʫʜʘ, ᴅʩʽʨʝʩʝ ץʘʡʪʘʣʘʤʘ ʪʝʭʥʠʢʘʣʳץ 

 .ʳʤʘʣʘʨʜʘ [4]סשײ ʦʣʞʝʪʽʤʩʽʟץ ʳʟʤʝʪ ʢᴇʨʩʝʪʫʛʝץ

 ʳʩʳʤ, ʪʝʤʧʝʨʘʪʫʨʘ ʞᴅʥʝ ʘʛʨʝʩʩʠʚʪʽץ ʘʨʳסʪʘʨʳ ʞʦץʳʤʘ ʞʘʙʜʳסשױ

ʭʠʤʠʷʣʳץ ʦʨʪʘ ʞʘסʜʘʡʳʥʜʘ ʞײʤʳʩ ʽʩʪʝʡʪʽʥʜʽʢʪʝʥ, ʩʝʥʽʤʜʽʣʽʢʢʝ ץʦʡʳʣʘʪʳʥ 

ʪʘʣʘʧʪʘʨ ʝʨʝʢʰʝ. ɹײʣ ʪײʨסʳʜʘ ʞʘʙʜʳץʪʳ ʛʝʨʤʝʪʠʟʘʮʠʷʣʘʫ, ʤʝʭʘʥʠʢʘʣʳץ ʞᴅʥʝ 

ʵʣʝʢʪʨʣʽʢ ʨʝʟʝʨʚʪʝʫ, ʩʦʥʜʘʡ-ʘץ ʭʘʣʳץʘʨʘʣʳץ API ʞᴅʥʝ ISO ʩʪʘʥʜʘʨʪʪʘʨʳʥʘ 

ʩᴅʡʢʝʩʪʽʢ ʙʘʩʪʳ ʰʘʨʪ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ [5],[7]. 

ɾװʨʛʽʟʽʣʛʝʥ ʪʘʣʜʘʫ ʟʘʤʘʥʘʫʠ ʤײʥʘʡ-ʛʘʟ ʩʘʣʘʩʳʥʜʘ IoT ײץʨʳʣסʳʣʘʨʳʥ, ʰʝʪʢʽ 

ʝʩʝʧʪʝʫ (edge computing) ʞᴅʥʝ ʙײʣʪʪʳץ ʠʥʬʨʘײץʨʳʣʳʤʜʳ ץʦʣʜʘʥʫ ʘʨץʳʣʳ 

ʤʦʥʠʪʦʨʠʥʛ ʞᴅʥʝ ʙʘʩץʘʨʫ ʪʠʽʤʜʽʣʽʛʽʥ ʘʨʪʪʳʨʫסʘ ʙʦʣʘʪʳʥʳʥ ʢᴇʨʩʝʪʪʽ. ɹײʣ 

ʪʝʭʥʦʣʦʛʠʷʣʘʨ: 



 
ΝΠΦ 

1) ʜʝʨʝʢʪʝʨʜʽ ʥʘץʪʳ ʫʘץʳʪʪʘ ᴇשʜʝʫʛʝ; 

2) ʞʘʙʜʳץʪʳש ʞʘסʜʘʡʳʥ ʙʦʣʞʘʫסʘ; 

3) ʞᴇʥʜʝʫ-ʘʣʜʳʥ ʘʣʫ ʰʘʨʘʣʘʨʳʥ ʦשʪʘʡʣʘʥʜʳʨʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ [1],[6]. 

ʉʦʥʳש ʥᴅʪʠʞʝʩʽʥʜʝ ᴇʥʜʽʨʽʩʪʽש ʪʦץʪʘʧ ץʘʣʫ ʳץʪʠʤʘʣʜʳסʳ ʘʟʘʡʳʧ, 

ʪʝʭʥʠʢʘʣʳץ ץʳʟʤʝʪ ʢᴇʨʩʝʪʫ ʰʳסʳʥʜʘʨʳ ʪᴇʤʝʥʜʝʡʜʽ. 

 

 ʦʨʳʪʳʥʜʳפ 4

ɿʝʨʪʪʝʫ ʥᴅʪʠʞʝʣʝʨʽ ʟʠʷʪʢʝʨʣʽʢ סשײʳʤʘ ʞװʡʝʣʝʨʽʥ ʘʧʧʘʨʘʪʪʳץ ʜʝשʛʝʡʜʝ 

ʞװʟʝʛʝ ʘʩʳʨʫʜʳש ʢʝʰʝʥʜʽ ʪᴅʩʽʣʜʽ ʪʘʣʘʧ ʝʪʝʪʽʥʽʥ ʢᴇʨʩʝʪʪʽ. ʄײʥʜʘʡ ʞװʡʝʣʝʨ 

ʙʽʨʥʝʰʝ ᴇʟʘʨʘ ʙʘʡʣʘʥʳʩʪʳ ʢʽʰʽ ʞװʡʝʣʝʨʜʝʥ ʪײʨʘʜʳ, ʦʣʘʨʜʳש ᴅʨץʘʡʩʳʩʳ 

ᴇʥʜʽʨʽʩʪʽװ שʟʜʽʢʩʽʟʜʽʛʽ ʤʝʥ ץʘʫʽʧʩʽʟʜʽʛʽʥ ץʘʤʪʘʤʘʩʳʟ ʝʪʫʜʝ ʤʘשʳʟʜʳ ʨᴇʣ ʘʪץʘʨʘʜʳ. 

 ʳʥ ʧʘʨʘʤʝʪʨʣʝʨʽ ʤʝʥ ʢᴇʧʬʘʟʘʣʳסʳʩʳʤ, ʪʝʤʧʝʨʘʪʫʨʘ, ʘץ ʳʤʘ ʩʝʥʩʦʨʣʘʨʳסשױ

 ʳסשʟʝʛʝ ʘʩʳʨʘʜʳ. ʉʦװʳ ʤʦʥʠʪʦʨʠʥʛʪʽ ʞסʳʪʪʘץʪʳ ʫʘץʪʘʧ, ʥʘץʨʘʤʜʳ ʘʥʳײץ

ʞʳʣʜʘʨʳ ʞʦסʘʨʳ ʩʝʥʽʤʜʽʣʽʢʢʝ ʠʝ ʦʧʪʠʢʘʣʳץ ʞᴅʥʝ ʤʠʢʨʦʵʣʝʢʪʨʦʤʝʭʘʥʠʢʘʣʳץ 

ʩʝʥʩʦʨʣʘʨ (MEMS) ʙʝʣʩʝʥʜʽ ʝʥʛʽʟʽʣʽʧ, ײʟʘץ ʤʝʨʟʽʤʜʽ ʪײʨʘץʪʳʣʳץ ʧʝʥ ʞʦסʘʨʳ 

ʜᴅʣʜʽʢʢʝ ץʦʣ ʞʝʪʢʽʟʽʣʫʜʝ. 

ɼʝʨʝʢʪʝʨʜʽ ʞʠʥʘʫ ʤʦʜʫʣʴʜʝʨʽ ʩʠʛʥʘʣʜʘʨʜʳ ʪװʨʣʝʥʜʽʨʽʧ, ʢʘʣʠʙʨʣʝʧ, 

ʙʘʩʪʘʧץʳ ᴇשʜʝʫʜʽ ץʘʤʪʘʤʘʩʳʟ ʝʪʝʜʽ. Edge computing ʧʨʠʥʮʠʧʪʝʨʽʥ ץʦʣʜʘʥʫ 

ʘʨץʳʣʳ ʘץʧʘʨʘʪ ʘסʳʥʳ ʘʟʘʡʳʧ, ʰʝʰʽʤ ץʘʙʳʣʜʘʫ ʞʳʣʜʘʤʜʳסʳ ʘʨʪʘʜʳ. 

ɹʘʡʣʘʥʳʩ ʞװʡʝʣʝʨʽ ʩʳʤʜʳ (ʦʧʪʠʢʘʣʳץ ʪʘʣʰʳץ, ʵʣʝʢʪʨ ʢʘʙʝʣʴʜʝʨʽ) ʞᴅʥʝ 

ʩʳʤʩʳʟ (LoRa, LTE/5G, ʩʧʫʪʥʠʢʪʽʢ) ʪʝʭʥʦʣʦʛʠʷʣʘʨסʘ ʥʝʛʽʟʜʝʣʝʜʽ. ᴄʨץʘʡʩʳʩʳʥʳש 

ᴇʟ ʘʨʪʳץʰʳʣʳץʪʘʨʳ ʤʝʥ ʰʝʢʪʝʫʣʝʨʽ ʙʘʨ: ʩʳʤʜʳ ʘʨʥʘʣʘʨ ʜʝʨʝʢʪʝʨʜʽש ʩʝʥʽʤʜʽ 

ʞʝʪʢʽʟʽʣʫʽʥ ץʘʤʪʘʤʘʩʳʟ ʝʪʩʝ, ʩʳʤʩʳʟ ʞװʡʝʣʝʨ ʠʢʝʤʜʽʣʽʢʪʽ ʘʨʪʪʳʨʘʜʳ. 

ɸʪץʘʨʫʰʳ ײץʨʳʣסʳʣʘʨ (ʜʨʦʩʩʝʣʴ ʢʣʘʧʘʥʜʘʨ, ʘסʳʥʜʳ ʨʝʪʪʝʫ ʞװʡʝʣʝʨʽ, 

 ,ʨʜʝ ᴅʨʝʢʝʪ ʝʪʽʧװʡʝʥʝ ʦʪʳʨʳʧ ʘʚʪʦʤʘʪʪʳ ʪװʘʫʽʧʩʽʟʜʽʢ ʢʣʘʧʘʥʜʘʨʳ) ʜʝʨʝʢʪʝʨʛʝ ʩץ

 .ʨʘʜʳײʩʪʘʧ ʪײ ʪʳץʨʘײʤʳʩʳʥ ʪײʳʤʘ ʞסשײ

ʕʥʝʨʛʠʷʤʝʥ ʞʘʙʜʳץʪʘʫ ʢʘʙʝʣʴ ʘʨץʳʣʳ ץʫʘʪ ʙʝʨʫ, ʘʢʢʫʤʫʣʷʪʦʨʣʳץ ʞװʡʝʣʝʨ 

ʥʝʤʝʩʝ ʵʥʝʨʛʠʷ ʞʠʥʘʫ ʪʝʭʥʦʣʦʛʠʷʣʘʨʳ ʘʨץʳʣʳ ʞװʟʝʛʝ ʘʩʘʜʳ. ʉʦסשʳʩʳ 

(ʪʝʨʤʦʵʣʝʢʪʨʣʽʢ, ʚʠʙʨʘʮʠʷʣʳץ ʛʝʥʝʨʘʮʠʷ) ײʟʘץ ʤʝʨʟʽʤʜʽ ʘʚʪʦʥʦʤʜʳ ʞײʤʳʩ װʰʽʥ 

ʪʠʽʤʜʽ ʰʝʰʽʤ ʨʝʪʽʥʜʝ ץʘʨʘʩʪʳʨʳʣʫʜʘ. 

ʉʝʥʽʤʜʽʣʽʢ ʧʝʥ ץʦʨסʘʫ ʘʩʧʝʢʪʽʣʝʨʽ ʞʘʙʜʳץʪʳש ʢװʨʜʝʣʽ ʞʘסʜʘʡʣʘʨʜʘ (ʞʦסʘʨʳ 

 ʘʤʪʘʤʘʩʳʟ ʝʪʫץ ʤʳʩʳʥײʤʝʨʟʽʤʜʽ ʞ ץʟʘײ (ʳʩʳʤ, ʪʝʤʧʝʨʘʪʫʨʘ, ʘʛʨʝʩʩʠʚʪʽ ʦʨʪʘץ

 API/ISO ʩʪʘʥʜʘʨʪʪʘʨʳʥʘ ץʘʨʘʣʳץʰʽʥ ʛʝʨʤʝʪʠʟʘʮʠʷʣʘʫ, ʨʝʟʝʨʚʪʝʫ ʞᴅʥʝ ʭʘʣʳװ

ʩᴅʡʢʝʩʪʽʢ ʘʨץʳʣʳ ʰʝʰʽʣʝʜʽ. 

ɾװʨʛʽʟʽʣʛʝʥ ʪʘʣʜʘʫ ʟʘʤʘʥʘʫʠ ʤײʥʘʡ-ʛʘʟ ʩʘʣʘʩʳʥʜʘ IoT ײץʨʳʣסʳʣʘʨʳʥ, ʰʝʪʢʽ 

ʝʩʝʧʪʝʫ (edge computing) ʞᴅʥʝ ʙײʣʪʪʳץ ʠʥʬʨʘײץʨʳʣʳʤʜʳ ץʦʣʜʘʥʫ ʤʦʥʠʪʦʨʠʥʛ 

ʧʝʥ ʙʘʩץʘʨʫ ʪʠʽʤʜʽʣʽʛʽʥ ʝʜᴅʫʽʨ ʘʨʪʪʳʨʘʪʳʥʳʥ ʢᴇʨʩʝʪʪʽ. ɹײʣ ʪʝʭʥʦʣʦʛʠʷʣʘʨ 

ʜʝʨʝʢʪʝʨʜʽ ʥʘץʪʳ ʫʘץʳʪ ʨʝʞʠʤʽʥʜʝ ᴇשʜʝʫʛʝ, ʞʘʙʜʳץʪʳש ʞʘסʜʘʡʳʥ ʙʦʣʞʘʫסʘ 

ʞᴅʥʝ ʘʣʜʳʥ ʘʣʘ ʪʝʭʥʠʢʘʣʳץ ץʳʟʤʝʪ ʢᴇʨʩʝʪʫʜʽ ʦשʪʘʡʣʘʥʜʳʨʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. 

ʉʦʥʳש ʥᴅʪʠʞʝʩʽʥʜʝ ᴇʥʜʽʨʽʩʪʽש ʪʦץʪʘʧ ץʘʣʫ ʳץʪʠʤʘʣʜʳסʳ ʪᴇʤʝʥʜʝʧ, 

ʰʳסʳʥʜʘʨʜʳ ʘʟʘʡʪʫסʘ ץʦʣ ʞʝʪʢʽʟʽʣʝʜʽ. 

ʆʩʳʣʘʡʰʘ, ʟʠʷʪʢʝʨʣʽʢ סשײʳʤʘ ʞװʡʝʣʝʨʽʥ ʘʧʧʘʨʘʪʪʳץ ץʘʤʪʘʤʘʩʳʟ ʝʪʫʜʽ 

ʞʝʪʽʣʜʽʨʫ ʤײʥʘʡ-ʛʘʟ ᴇʥʝʨʢᴅʩʽʙʽʥʜʝʛʽ ᴇʥʜʽʨʽʩʪʽש ʪײʨʘץʪʳʣʳסʳ ʤʝʥ ץʘʫʽʧʩʽʟʜʽʛʽʥ 

ʘʨʪʪʳʨʫʜʳש ʥʝʛʽʟʛʽ ʙʘסʳʪʪʘʨʳʥʳש ʙʽʨʽ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. 
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 ʡʝ ʢʣʠʝʥʪʪʝʨʛʝ ʦʥʣʘʡʥװʘʥ ʞסʩʳʥʳʣױ .ʞʳʨʳʤʜʘʤʘʩʳʥ ᴅʟʽʨʣʝʫײʪ שʨʫʜʳײץ

ʪʘʧʩʳʨʳʩ ʙʝʨʫ, ʪᴇʣʝʤ ʞװʨʛʽʟʫ, ץʳʟʤʝʪʪʽש ʦʨʳʥʜʘʣʫ ʙʘʨʳʩʳʥ ʙʘץʳʣʘʫ ʞᴅʥʝ 

ʞʘʩʘʥʜʳ ʠʥʪʝʣʣʝʢʪ ʘʣʛʦʨʠʪʤʜʝʨʽ ʥʝʛʽʟʽʥʜʝ ʩײʨʘʥʳʩʪʳ ʙʦʣʞʘʫ ʤװʤʢʽʥʜʽʢʪʝʨʽʥ 

 ʨʘʣײץ ʳʥ ʞᴅʥʝ ʦʨʪʘ ʙʠʟʥʝʩʢʝ ʪʠʽʤʜʽסʳ ʰʘסʩʪʘʥʜʘץʘʟʘפ ʡʝʥʽ ʝʥʛʽʟʫװʩʳʥʘʜʳ. ɾײ

https://www.mdpi.com/1424-8220/24/11/3607
https://www.mdpi.com/1424-8220/24/11/3607
https://www.mdpi.com/2227-9717/12/11/2478
https://www.mdpi.com/2227-9717/12/11/2478
https://thesai.org/Downloads/Volume16No5/Paper_94-Remote_Monitoring_and_Management_System_for_Oil_and_Gas_Facilities.pdf
https://thesai.org/Downloads/Volume16No5/Paper_94-Remote_Monitoring_and_Management_System_for_Oil_and_Gas_Facilities.pdf
https://en.wikipedia.org/wiki/Permanent_downhole_gauge
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ΝΡΝ 

ʙʦʣʳʧ, ץʳʟʤʝʪ ʢᴇʨʩʝʪʫ ʩʘʣʘʩʳʥʳש ʮʠʬʨʣʳץ ʪʨʘʥʩʬʦʨʤʘʮʠʷʩʳʥ ʞʝʜʝʣʜʝʪʫʛʝ 

ʳץʧʘʣ ʝʪʝʜʽ. 

ʂʽʣʪ ʩᴇʟʜʝʨ: ʚʝʙ-ʞװʡʝ, ʞʘʩʘʥʜʳ ʠʥʪʝʣʣʝʢʪ, ʘʚʪʦʤʘʪʪʘʥʜʳʨʫ, ʢᴇʰʽʨʤʝʣʝʫ 

 .ʳʟʤʝʪʪʝʨʽ, ʮʠʬʨʣʘʥʜʳʨʫ, ʙʠʟʥʝʩ-ʧʨʦʮʝʩʪʝʨץ

 

ʂʽʨʽʩʧʝ 

 ʙʽʨʽ שʳʪʪʘʨʳʥʳסʥʝʛʽʟʛʽ ʙʘ שʘʤ ʜʘʤʫʳʥʳסʦץ ʜʝ ʮʠʬʨʣʘʥʜʳʨʫשʘʟʽʨʛʽ ʢʝʟʝפ

ʙʦʣʳʧ ʦʪʳʨ. ᴄʩʽʨʝʩʝ, ץʳʟʤʝʪ ʢᴇʨʩʝʪʫ ʠʥʜʫʩʪʨʠʷʩʳʥʜʘ ʘץʧʘʨʘʪʪʳץ 

ʪʝʭʥʦʣʦʛʠʷʣʘʨʜʳ ʝʥʛʽʟʫ ʪʠʽʤʜʽʣʽʢʪʽ ʘʨʪʪʳʨʫʜʳש ʤʘשʳʟʜʳ ײץʨʘʣʳʥʘ ʘʡʥʘʣסʘʥ. 

 ʤʳʩײʨʣʽ ʞװʙʘʩʳʤ ʙᴇʣʽʛʽ ʜᴅʩʪ שʪʘʨʳʥʳץʳ ʢᴇʰʽʨʤʝʣʝʫ ʦʨʪʘʣʳסʩʪʘʥʜʘץʘʟʘפ

 ʣײʪʝʜʽ, ʙװʰʽʥ ʪʽʢʝʣʝʡ ʢʝʣʽʧ, ʢʝʟʝʢ ʢװ ʦʣʜʘʥʘʜʳ: ʢʣʠʝʥʪ ʪʘʧʩʳʨʳʩ ʙʝʨʫץ ʣʛʽʩʽʥװ

ʫʘץʳʪ ʰʳסʳʥʳʥʘ ʞᴅʥʝ ץʳʟʤʝʪ ʩʘʧʘʩʳʥʳש ʪᴇʤʝʥʜʝʫʽʥʝ ᴅʢʝʣʝʜʽ. 

ʆʩʳסʘʥ ʙʘʡʣʘʥʳʩʪʳ ʠʥʪʝʣʣʝʢʪʫʘʣʜʳ ʚʝʙ-ʞװʡʝ ᴅʟʽʨʣʝʫ ᴇʟʝʢʪʽ ʙʦʣʳʧ 

ʪʘʙʳʣʘʜʳ. ʄײʥʜʘʡ ʞװʡʝ ʢʣʠʝʥʪʪʝʨʜʽש ʪʘʧʩʳʨʳʩʳʥ ץʘʰʳץʪʘʥ ץʘʙʳʣʜʘʧ, ʪᴇʣʝʤʜʽ 

ʘʚʪʦʤʘʪʪʳ ʪװʨʜʝ ʞװʨʛʽʟʽʧ, ץʳʟʤʝʪ ʢᴇʨʩʝʪʫ װʜʝʨʽʩʽʥ ʞʝשʽʣʜʝʪʝʜʽ. ʉʦʥʳʤʝʥ ץʘʪʘʨ 

ʞʘʩʘʥʜʳ ʠʥʪʝʣʣʝʢʪ ᴅʜʽʩʪʝʨʽʥ ץʦʣʜʘʥʫ ʘʨץʳʣʳ ʩײʨʘʥʳʩ ʜʠʥʘʤʠʢʘʩʳʥ ʙʦʣʞʘʫ, 

ʨʝʩʫʨʩʪʘʨʜʳ ʦשʪʘʡʣʳ ʙᴇʣʫ ʞᴅʥʝ ʙʠʟʥʝʩ-ʧʨʦʮʝʩʪʝʨʜʽש ʪʠʽʤʜʽʣʽʛʽʥ ʘʨʪʪʳʨʫסʘ 

ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. 

 

ɿʝʨʪʪʝʫʜʽפ שʘʟʘץʩʪʘʥ װʰʽʥ ᴇʟʝʢʪʽʣʽʛʽ 

 ʘʥ çʎʠʬʨʣʳϨ ϧʘʟʘϨʩʪʘʥè ʤʝʤʣʝʢʝʪʪʽʢץʟʝʛʝ ʘʩʳʨʳʣʳʧ ʞʘʪװʩʪʘʥʜʘ ʞץʘʟʘפ

ʙʘסʜʘʨʣʘʤʘʩʳ ʘʷʩʳʥʜʘ ץʳʟʤʝʪ ʢᴇʨʩʝʪʫ ʩʘʣʘʩʳʥ ʮʠʬʨʣʘʥʜʳʨʫסʘ ʘʡʨʳץʰʘ ʥʘʟʘʨ 

ʘʫʜʘʨʳʣʫʜʘ. ɼʝʛʝʥʤʝʥ ʰʘסʳʥ ʞᴅʥʝ ʦʨʪʘ ʙʠʟʥʝʩʢʝ ʙʘסʳʪʪʘʣסʘʥ ʟʘʤʘʥʘʫʠ 

ʰʝʰʽʤʜʝʨ ʞʝʪʢʽʣʽʢʪʽ ʜʝשʛʝʡʜʝ ʜʘʤʳʤʘסʘʥ. ʂᴇʰʽʨʤʝʣʝʫ ץʳʟʤʝʪʪʝʨʽ ï ʢʝש 

 .ʳʥʳ ʙʘʷʫץʘʨץ ʪʨʘʥʩʬʦʨʤʘʮʠʷ ץʘʥʳʤʝʥ, ʮʠʬʨʣʳסʦʣʜʘʥʳʣʘʪʳʥ ʩʘʣʘ ʙʦʣץ

ʀʥʪʝʣʣʝʢʪʫʘʣʜʳ ʚʝʙ-ʞװʡʝʥʽ ʝʥʛʽʟʫ ʤʳʥʘʜʘʡ ʥᴅʪʠʞʝʣʝʨʛʝ ץʦʣ ʞʝʪʢʽʟʫʛʝ 

ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ: 

¶  ʢʣʠʝʥʪʪʝʨʜʽש ʫʘץʳʪʳʥ װʥʝʤʜʝʫ; 

 ;ʳʟʤʝʪ ʢᴇʨʩʝʪʫ ʩʘʧʘʩʳʥ ʘʨʪʪʳʨʫץ  ¶

¶  ʰʘסʳʥ ʙʠʟʥʝʩʪʽש ʪʘʙʳʩʳʥ ʢᴇʙʝʡʪʫ; 

¶  ʮʠʬʨʣʳץ ʠʥʬʨʘײץʨʳʣʳʤʜʳ ʜʘʤʳʪʫ. 

 

ᴄʜʝʙʠ ʰʦʣʫ 

ᴄʣʝʤʜʽʢ ʪᴅʞʽʨʠʙʝʜʝ ץʳʟʤʝʪ ʢᴇʨʩʝʪʫ ʩʘʣʘʩʳʥ ʘʚʪʦʤʘʪʪʘʥʜʳʨʫסʘ ʘʨʥʘʣסʘʥ 

ʢᴇʧʪʝʛʝʥ ʰʝʰʽʤʜʝʨ ᴅʟʽʨʣʝʥʛʝʥ. Russell ʞᴅʥʝ Norvig (2020) ʝשʙʝʢʪʝʨʽʥʜʝ ʞʘʩʘʥʜʳ 

ʠʥʪʝʣʣʝʢʪʪʽש ʙʠʟʥʝʩ-ʧʨʦʮʝʩʪʝʨʜʽ ʦשʪʘʡʣʘʥʜʳʨʫʜʘסʳ ʦʨʥʳ ʢʝשʽʥʝʥ ʪʘʣʜʘʥסʘʥ. 

Smith (2021) ʚʝʙ-ʞװʡʝʣʝʨʜʽש ʜʘʤʫ װʨʜʽʩʪʝʨʽʥ ʩʠʧʘʪʪʘʧ, ʦʣʘʨʜʳש ʰʘסʳʥ ʙʠʟʥʝʩʢʝ 

ᴅʩʝʨʽʥ ʢᴇʨʩʝʪʝʜʽ. 

 .ʙʝʢʪʝʨ ʙʘʨשʳʣʳʤʠ ʝס ʳʪʪʘסʣ ʙʘײʟʝʨʪʪʝʫʰʽʣʝʨ ʘʨʘʩʳʥʜʘ ʜʘ ʙ ץʩʪʘʥʜʳץʘʟʘפ

ʄʳʩʘʣʳ, ɹʦʯʢʠʥ (2020) ʝשʙʝʛʽʥʜʝ ʚʝʙ-ʞװʡʝʣʝʨʜʽ ײץʨʫʜʳש ᴅʜʽʩʥʘʤʘʣʳץ ʥʝʛʽʟʜʝʨʽ 

ʙʘʷʥʜʘʣסʘʥ. ɸʣʘʡʜʘ ʢᴇʰʽʨʤʝʣʝʫ ץʳʟʤʝʪʪʝʨʽʥ ʞʘʩʘʥʜʳ ʠʥʪʝʣʣʝʢʪʢʝ ʥʝʛʽʟʜʝʣʛʝʥ 

ʠʥʪʝʣʣʝʢʪʫʘʣʜʳ ʚʝʙ-ʞװʡʝ ʘʨץʳʣʳ ʘʚʪʦʤʘʪʪʘʥʜʳʨʫסʘ ץʘʪʳʩʪʳ ʘʨʥʘʡʳ ʟʝʨʪʪʝʫʣʝʨ 

ʞʝʪʢʽʣʽʢʩʽʟ. ɹײʣ ʞʘסʜʘʡ ײʩʳʥʳʣʳʧ ʦʪʳʨסʘʥ ʟʝʨʪʪʝʫʜʽס שʳʣʳʤʠ ʞʘשʘʰʳʣʜʳסʳʥ 

ʘʡץʳʥʜʘʡʜʳ. 



 
ΝΡΞ 

ɿʝʨʪʪʝʫ ᴅʜʽʩʪʝʨʽ 

ɿʝʨʪʪʝʫ ʙʘʨʳʩʳʥʜʘ ʢʝʣʝʩʽ ᴅʜʽʩʪʝʨ ץʦʣʜʘʥʳʣʜʳ: 

1. ɾװʡʝʣʽʢ ʪʘʣʜʘʫ ï ʢᴇʰʽʨʤʝʣʝʫ ץʳʟʤʝʪʽʥʽש ʙʠʟʥʝʩ-ʧʨʦʮʝʩʪʝʨʽ 

ʘʥʳץʪʘʣʜʳ. 

2. ɾʦʙʘʣʘʫ ᴅʜʽʩʽ ï ʢʣʠʝʥʪ-ʩʝʨʚʝʨʣʽʢ ʤʦʜʝʣʴʛʝ ʥʝʛʽʟʜʝʣʛʝʥ ʚʝʙ-ʞװʡʝ 

ʘʨʭʠʪʝʢʪʫʨʘʩʳ ᴅʟʽʨʣʝʥʜʽ. 

3. ɹʘסʜʘʨʣʘʤʘʣʘʫ ᴅʜʽʩʪʝʨʽ ï ʞװʡʝʥʽ ײץʨʫ װʰʽʥ ʢʝʣʝʩʽ ʪʝʭʥʦʣʦʛʠʷʣʘʨ 

 :ʩʳʥʳʣʜʳײ

¶ Frontend: React.js, Vue.js 

¶ Backend: Node.js (Express) ʥʝʤʝʩʝ Java Spring 

¶ ʄᴅʣʽʤʝʪʪʝʨ ץʦʨʳ: PostgreSQL/MySQL 

¶ ɾʘʩʘʥʜʳ ʠʥʪʝʣʣʝʢʪ: Python (scikit-learn, TensorFlow) REST API ʘʨץʳʣʳ 

4. ʄʘʰʠʥʘʣʳץ ʦץʳʪʫ ᴅʜʽʩʪʝʨʽ ï ʩײʨʘʥʳʩʪʘʨʜʳ ʙʦʣʞʘʫ װʰʽʥ 

ʨʝʛʨʝʩʩʠʷʣʳץ ʤʦʜʝʣʴʜʝʨ ʤʝʥ ʥʝʡʨʦʥʜʳץ ʞʝʣʽʣʝʨ ץʦʣʜʘʥʳʣʜʳ. 

5. ʉʘʣʳʩʪʳʨʤʘʣʳ ʪʘʣʜʘʫ ï ʜᴅʩʪװʨʣʽ ʞᴅʥʝ ʞʘשʘ ʞװʡʝʥʽש 

ʘʨʪʳץʰʳʣʳץʪʘʨʳ ʩʘʣʳʩʪʳʨʳʣʜʳ. 

 

ɾװʡʝ ʘʨʭʠʪʝʢʪʫʨʘʩʳ ʞᴅʥʝ ʬʫʥʢʮʠʦʥʘʣʜʳ ʤװʤʢʽʥʜʽʢʪʝʨʽ 

 ʘʨʭʠʪʝʢʪʫʨʘʩʳ ʢʣʠʝʥʪ-ʩʝʨʚʝʨʣʽʢ שʡʝʥʽװʘʥ ʠʥʪʝʣʣʝʢʪʫʘʣʜʳ ʚʝʙ-ʞסʩʳʥʳʣױ

ʤʦʜʝʣʴʛʝ ʥʝʛʽʟʜʝʣʛʝʥ. ɾװʡʝ ʙʽʨʥʝʰʝ ʥʝʛʽʟʛʽ ʤʦʜʫʣʴʜʝʨʜʝʥ ʪײʨʘʜʳ: 

1. ʇʘʡʜʘʣʘʥʫʰʳ ʠʥʪʝʨʬʝʡʩʽ (Frontend) ï ʢʣʠʝʥʪʪʽש ʪʘʧʩʳʨʳʩ ʙʝʨʫʽ, 

 .ʳʣʳ ʦʨʳʥʜʘʣʘʜʳץʟʝʛʝ ʘʩʳʨʫʳ ʦʩʳ ʙᴇʣʽʤ ʘʨװʢʪʝʫʽ, ʪᴇʣʝʤʜʽ ʞװʞʘʪʪʘʨʜʳ ʞײץ

ʀʥʪʝʨʬʝʡʩ ץʘʨʘʧʘʡʳʤ ᴅʨʽ ץʦʣʞʝʪʽʤʜʽ ʙʦʣʫ װʰʽʥ React.js ʥʝʤʝʩʝ Vue.js ʥʝʛʽʟʽʥʜʝ 

ᴅʟʽʨʣʝʥʫʽ ײʩʳʥʳʣʘʜʳ. 

2. ʉʝʨʚʝʨʣʽʢ ʙᴇʣʽʢ (Backend) ï ʪʘʧʩʳʨʳʩʪʘʨʜʳ ᴇשʜʝʫ, ʪᴇʣʝʤʜʽ ʨʘʩʪʘʫ, 

ʜʝʨʝʢʪʝʨ ץʦʨʳʤʝʥ ʙʘʡʣʘʥʳʩ ʦʨʥʘʪʫ ʬʫʥʢʮʠʷʣʘʨʳʥ ʘʪץʘʨʘʜʳ. ɹײʣ ʤʦʜʫʣʴ Node.js 

(Express) ʥʝʤʝʩʝ Java Spring ʢᴇʤʝʛʽʤʝʥ ʞװʟʝʛʝ ʘʩʳʨʳʣʘʜʳ. 

3. ʄᴅʣʽʤʝʪʪʝʨ ץʦʨʳ (Database) ï ʢʣʠʝʥʪʪʝʨʜʽש ʪʘʧʩʳʨʳʩʪʘʨʳ, ײץʞʘʪ 

 .ʪʘʣʘʜʳץʘʥʘʣʠʪʠʢʘ ʜʝʨʝʢʪʝʨʽ ʩʘ ץʣʛʽʣʝʨʽ, ʪᴇʣʝʤ ʪʘʨʠʭʳ ʞᴅʥʝ ʙʦʣʞʘʤʜʳװ

PostgreSQL ʥʝʤʝʩʝ MySQL ʩʠʷץʪʳ ʩʝʥʽʤʜʽ ʤᴅʣʽʤʝʪʪʝʨ ץʦʨʣʘʨʳ ʧʘʡʜʘʣʘʥʳʣʘʜʳ. 

4. ɾʘʩʘʥʜʳ ʠʥʪʝʣʣʝʢʪ ʤʦʜʫʣʽ (AI Module) ï ʢʣʠʝʥʪʪʝʨʜʽש ʩײʨʘʥʳʩʳʥ 

ʙʦʣʞʘʫ, ץʳʟʤʝʪ ʢᴇʨʩʝʪʫ ʞװʢʪʝʤʝʩʽʥ ʦשʪʘʡʣʘʥʜʳʨʫ, ʤʘʫʩʳʤʜʳץ ᴇʟʛʝʨʽʩʪʝʨʜʽ 

ʘʥʳץʪʘʫ ʤʽʥʜʝʪʽʥ ʘʪץʘʨʘʜʳ. Python ʥʝʛʽʟʽʥʜʝ scikit-learn ʞᴅʥʝ TensorFlow 

ʢʽʪʘʧʭʘʥʘʣʘʨʳ ץʦʣʜʘʥʳʣʘʜʳ. 

5. ɸʜʤʠʥ ʧʘʥʝʣʽ ï ץʳʟʤʝʪ ʢᴇʨʩʝʪʫ ʦʨʪʘʣʳסʳʥʳץ שʳʟʤʝʪʢʝʨʣʝʨʽ װʰʽʥ 

ᴅʟʽʨʣʝʥʛʝʥ ʙᴇʣʽʢ. ʆʣ ʘʨץʳʣʳ ʪʘʧʩʳʨʳʩʪʘʨʜʳ ʙʘʩץʘʨʫ, ʩʪʘʪʠʩʪʠʢʘʥʳ ʢᴇʨʫ, 

ʨʝʩʫʨʩʪʘʨʜʳ ʙᴇʣʫ ʤװʤʢʽʥʜʽʢʪʝʨʽ ײʩʳʥʳʣʘʜʳ. 

ɾװʡʝʥʽש ʬʫʥʢʮʠʦʥʘʣʜʳ ʤװʤʢʽʥʜʽʢʪʝʨʽʥʝ ʤʳʥʘʣʘʨ ʞʘʪʘʜʳ: 

 ;ʢʪʝʫװʨʜʝ ʞװʞʘʪʪʳ ʵʣʝʢʪʨʦʥʜʳ ʪײץ ʪʘʥ ʪʘʧʩʳʨʳʩ ʙʝʨʫ ʞᴅʥʝץʘʰʳפ ¶

¶ ʆʥʣʘʡʥ ʪᴇʣʝʤ ʞװʨʛʽʟʫ ʞᴅʥʝ ʪᴇʣʝʤʥʽץ שʘʫʽʧʩʽʟʜʽʛʽʥ ץʘʤʪʘʤʘʩʳʟ ʝʪʫ; 

 ;ʳʣʘʫץʳʪ ʨʝʞʠʤʽʥʜʝ ʙʘץʪʳ ʫʘץʳʟʤʝʪ ʢᴇʨʩʝʪʫ ʙʘʨʳʩʳʥ ʥʘפ ¶

¶ ɾʘʩʘʥʜʳ ʠʥʪʝʣʣʝʢʪ ʥʝʛʽʟʽʥʜʝ ʪʘʧʩʳʨʳʩ ʢᴇʣʝʤʽʥ ʙʦʣʞʘʫ; 

¶ ᴄʢʽʤʰʽʣʽʢ װʰʽʥ ʪʘʣʜʘʫ ʞᴅʥʝ ʝʩʝʧ ʙʝʨʫ ײץʨʘʣʜʘʨʳʥ ײʩʳʥʫ. 



 
ΝΡΟ 

ʆʩʳʣʘʡʰʘ, ʘʨʭʠʪʝʢʪʫʨʘʥʳש ʤʦʜʫʣʴʜʽʢ ײץʨʳʣʳʤʳ ʞװʡʝʥʽש ʪײʨʘץʪʳʣʳסʳʥ, 

ʢʝשʝʡʪʽʣʫ ʤװʤʢʽʥʜʽʛʽʥ ʞᴅʥʝ ʧʘʡʜʘʣʘʥʫʰʳʣʘʨ װʰʽʥ ץʦʣʘʡʣʳʣʳסʳʥ ץʘʤʪʘʤʘʩʳʟ 

ʝʪʝʜʽ. 

 

 ʳסʘʣʳשʳʣʳʤʠ ʞʘנ

 ʡʝװʳʥʘ ʙʝʡʽʤʜʝʣʛʝʥ ʠʥʪʝʣʣʝʢʪʫʘʣʜʳ ʚʝʙ-ʞסʩʪʘʥ ʥʘʨʳץʘʟʘפ  ¶

ʪײʞʳʨʳʤʜʘʤʘʩʳ ײʩʳʥʳʣʜʳ. 

¶  ɾʘʩʘʥʜʳ ʠʥʪʝʣʣʝʢʪ ʥʝʛʽʟʽʥʜʝ ʢʣʠʝʥʪʪʽʢ ʩײʨʘʥʳʩʪʳ ʙʦʣʞʘʫ ʘʣʛʦʨʠʪʤʽ 
ʞʘʩʘʣʜʳ. 

¶  ʂᴇʰʽʨʤʝʣʝʫ ץʳʟʤʝʪʪʝʨʽʥ ʙʘʩץʘʨʫʜʳש ʞʘשʘ ʮʠʬʨʣʳץ ʤʦʜʝʣʽ ײʩʳʥʳʣʜʳ. 

¶  ɾװʡʝ ʙʠʟʥʝʩ ʠʝʣʝʨʽʥʝ ʘʨʥʘʣסʘʥ ʘʥʘʣʠʪʠʢʘʣʳײץ ץʨʘʣ ʨʝʪʽʥʜʝ 

 .ʘʨʘʩʪʳʨʳʣʜʳץ

 

ʇʨʘʢʪʠʢʘʣʳץ ʤʘשʳʟʳ 

 :ʳ ʤʳʥʘʜʘסʥʜʳʣʳײץ ץʧʨʘʢʪʠʢʘʣʳ שʘʥ ʰʝʰʽʤʥʽסʩʳʥʳʣױ

¶  ʢʣʠʝʥʪʪʝʨ װʰʽʥ ʳסשʘʡʣʳ ʦʥʣʘʡʥ ʩʝʨʚʠʩ ץʘʣʳʧʪʘʩʘʜʳ; 

¶  ʪʘʧʩʳʨʳʩ ץʘʙʳʣʜʘʫ, ʪᴇʣʝʤ ʞʘʩʘʫ, ץʳʟʤʝʪ ʙʘʨʳʩʳʥ ʙʘץʳʣʘʫ 

ʘʚʪʦʤʘʪʪʘʥʜʳʨʳʣʘʜʳ; 

¶  ʢʝʟʝʢ ʢװʪʫ ʫʘץʳʪʳ ץʳʩץʘʨʘʜʳ; 

¶  ʙʠʟʥʝʩ-ʧʨʦʮʝʩʪʝʨ ʪʠʽʤʜʽ ʙʘʩץʘʨʳʣʘʜʳ; 

 ʪʨʘʥʩʬʦʨʤʘʮʠʷʩʳʥʘ ץʮʠʬʨʣʳ שʳʟʤʝʪ ʢᴇʨʩʝʪʫ ʩʘʣʘʩʳʥʳץ ʳסʩʪʘʥʜʘץʘʟʘפ  ¶
 .ʦʩʳʣʘʜʳץ ʣʝʩװ

 

 ʦʨʳʪʳʥʜʳפ

ɿʝʨʪʪʝʫ ʥᴅʪʠʞʝʩʽʥʜʝ ʢᴇʰʽʨʤʝʣʝʫ ץʳʟʤʝʪʪʝʨʽʥ ʘʚʪʦʤʘʪʪʘʥʜʳʨʫ ʤʝʥ 

ʦשʪʘʡʣʘʥʜʳʨʫסʘ ʘʨʥʘʣסʘʥ ʠʥʪʝʣʣʝʢʪʫʘʣʜʳ ʚʝʙ-ʞװʡʝʥʽש ʪײʞʳʨʳʤʜʘʤʘʩʳ 

ʞʘʩʘʣʜʳ. ɾװʡʝ ʞʘʩʘʥʜʳ ʠʥʪʝʣʣʝʢʪ ᴅʜʽʩʪʝʨʽʥ ץʦʣʜʘʥʘ ʦʪʳʨʳʧ ʩײʨʘʥʳʩʪʳ 

ʙʦʣʞʘʫסʘ, ʨʝʩʫʨʩʪʘʨʜʳ ʪʠʽʤʜʽ ʙᴇʣʫʛʝ ʞᴅʥʝ ץʳʟʤʝʪ ʢᴇʨʩʝʪʫ ʩʘʧʘʩʳʥ ʘʨʪʪʳʨʫסʘ 

ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. 

 ʪʠʽʤʜʽʣʽʛʽʥ שʳʥ ʞᴅʥʝ ʦʨʪʘ ʙʠʟʥʝʩʪʽסʘʥ ʰʝʰʽʤʜʽ ʝʥʛʽʟʫ ʰʘסʩʳʥʳʣױ

ʘʨʪʪʳʨʳʧ, פʘʟʘץʩʪʘʥʜʘסʳ ץʳʟʤʝʪ ʢᴇʨʩʝʪʫ ʩʘʣʘʩʳʥʳש ʮʠʬʨʣʳץ 

ʪʨʘʥʩʬʦʨʤʘʮʠʷʩʳʥ ʞʝʜʝʣʜʝʪʝʜʽ. ɹʦʣʘʰʘץʪʘ ʞװʡʝʥʽ ʤʦʙʠʣʴʜʽ ץʦʩʳʤʰʘ ʪװʨʽʥʜʝ 

ᴅʟʽʨʣʝʫ ʞᴅʥʝ ʙײʣʪʪʳץ ʩʝʨʚʠʩʪʝʨʤʝʥ ʠʥʪʝʛʨʘʮʠʷʣʘʫ ʞʦʩʧʘʨʣʘʥʫʜʘ. 
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1 ɺʚʝʜʝʥʠʝ 

ɻʘʟʦʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʳʝ ʩʪʘʥʮʠʠ (ɻʈʉ) ʷʚʣʷʶʪʩʷ ʚʘʞʥʝʡʰʠʤʠ ʵʣʝʤʝʥʪʘʤʠ 

ʛʘʟʦʪʨʘʥʩʧʦʨʪʥʦʡ ʩʠʩʪʝʤʳ, ʚʳʧʦʣʥʷʷ ʬʫʥʢʮʠʠ ʨʝʜʫʮʠʨʦʚʘʥʠʷ ʜʘʚʣʝʥʠʷ, 

ʬʠʣʴʪʨʘʮʠʠ, ʧʦʜʦʛʨʝʚʘ ʠ ʪʦʯʥʦʛʦ ʫʯʸʪʘ ʨʘʩʭʦʜʘ ʛʘʟʘ. ʊʦʯʥʦʩʪʴ ʠʟʤʝʨʝʥʠʷ ʧʨʠ 

ʵʪʦʤ ʠʤʝʝʪ ʧʝʨʚʦʩʪʝʧʝʥʥʦʝ ʟʥʘʯʝʥʠʝ ʜʣʷ ʢʦʤʤʝʨʯʝʩʢʠʭ ʨʘʩʯʸʪʦʚ ʠ ʙʝʟʦʧʘʩʥʦʡ 

ʵʢʩʧʣʫʘʪʘʮʠʠ ʦʙʦʨʫʜʦʚʘʥʠʷ. ɼʘʞʝ ʥʝʟʥʘʯʠʪʝʣʴʥʳʝ ʧʦʛʨʝʰʥʦʩʪʠ ʚ ʫʩʣʦʚʠʷʭ 

ʙʦʣʴʰʠʭ ʦʙʲʸʤʦʚ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ ʧʨʠʚʦʜʷʪ ʢ ʩʝʨʴʸʟʥʳʤ ʬʠʥʘʥʩʦʚʳʤ ʧʦʪʝʨʷʤ 

ʠ ʨʦʩʪʫ ʨʠʩʢʦʚ ʘʚʘʨʠʡʥʳʭ ʩʠʪʫʘʮʠʡ [1]. 

ʉʦʚʨʝʤʝʥʥʳʝ ʪʝʥʜʝʥʮʠʠ ʚ ʵʥʝʨʛʝʪʠʢʝ ʠ ʛʘʟʦʚʦʡ ʦʪʨʘʩʣʠ ʩʚʷʟʘʥʳ ʩ 

ʮʠʬʨʦʚʠʟʘʮʠʝʡ ʠ ʚʥʝʜʨʝʥʠʝʤ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʭ ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ. ʕʪʦ 

ʪʨʝʙʫʝʪ ʩʦʟʜʘʥʠʷ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʠʟʤʝʨʠʪʝʣʴʥʳʭ ʙʣʦʢʦʚ, ʩʧʦʩʦʙʥʳʭ ʥʝ 

ʪʦʣʴʢʦ ʬʠʢʩʠʨʦʚʘʪʴ ʨʘʩʭʦʜ ʛʘʟʘ, ʥʦ ʠ ʧʨʦʚʦʜʠʪʴ ʢʦʨʨʝʢʮʠʶ ʠʟʤʝʨʝʥʠʡ, 

ʩʘʤʦʜʠʘʛʥʦʩʪʠʢʫ ʠ ʠʥʪʝʛʨʘʮʠʶ ʩ ʩʠʩʪʝʤʘʤʠ SCADA. ʈʘʟʚʠʪʠʝ 

ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʫʯʸʪʘ ʦʪʨʘʞʝʥʦ ʚ ʥʦʚʳʭ ʦʪʝʯʝʩʪʚʝʥʥʳʭ 

ʩʪʘʥʜʘʨʪʘʭ, ʪʘʢʠʭ ʢʘʢ ʇʅʉʊ 896-2023, ʨʝʛʣʘʤʝʥʪʠʨʫʶʱʝʤ ʪʨʝʙʦʚʘʥʠʷ ʢ 

çʫʤʥʳʤè ʧʨʠʙʦʨʘʤ [2]. ʂʨʦʤʝ ʪʦʛʦ, ʧʨʦʤʳʰʣʝʥʥʦʩʪʴ ʚʥʝʜʨʷʝʪ ʩʦʚʨʝʤʝʥʥʳʝ 

ʨʘʩʭʦʜʦʤʝʨʳ, ʥʘʧʨʠʤʝʨ, ʫʣʴʪʨʘʟʚʫʢʦʚʦʡ Turbo Flow UFG-H, ʦʙʝʩʧʝʯʠʚʘʶʱʠʡ 

ʚʳʩʦʢʫʶ ʪʦʯʥʦʩʪʴ ʠ ʩʦʦʪʚʝʪʩʪʚʠʝ ʤʝʞʜʫʥʘʨʦʜʥʳʤ ʪʨʝʙʦʚʘʥʠʷʤ [3]. 

ʅʝʩʤʦʪʨʷ ʥʘ ʟʥʘʯʠʪʝʣʴʥʳʝ ʜʦʩʪʠʞʝʥʠʷ, ʦʩʪʘʶʪʩʷ ʥʝʨʝʰʸʥʥʳʝ ʟʘʜʘʯʠ: 

1) ʢʦʨʨʝʢʪʥʘʷ ʨʘʙʦʪʘ ʨʘʩʭʦʜʦʤʝʨʦʚ ʧʨʠ ʥʘʣʠʯʠʠ ʚʣʘʞʥʦʛʦ ʠʣʠ 

ʜʚʫʭʬʘʟʥʦʛʦ ʛʘʟʘ; 

2) ʚʳʩʦʢʘʷ ʩʪʦʠʤʦʩʪʴ ʪʨʘʜʠʮʠʦʥʥʳʭ ʤʝʪʦʜʦʚ ʘʥʘʣʠʟʘ ʩʦʩʪʘʚʘ ʛʘʟʘ 

(ʥʘʧʨʠʤʝʨ, ʭʨʦʤʘʪʦʛʨʘʬʠʠ); 

3) ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʫʯʸʪʘ ʢʦʵʬʬʠʮʠʝʥʪʘ ʩʞʠʤʘʝʤʦʩʪʠ, ʟʘʚʠʩʷʱʝʛʦ ʦʪ 
ʜʘʚʣʝʥʠʷ, ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʩʦʩʪʘʚʘ; 

4) ʠʥʪʝʛʨʘʮʠʷ ʙʣʦʢʦʚ ʠʟʤʝʨʝʥʠʷ ʩ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʤʠ ʩʠʩʪʝʤʘʤʠ 

ʫʧʨʘʚʣʝʥʠʷ ʠ ʜʠʘʛʥʦʩʪʠʢʠ. 

ʂʘʢ ʦʪʤʝʯʘʝʪ ʃʘʪʳʰʝʥʢʦ (2025), ʙʝʟ ʚʥʝʜʨʝʥʠʷ ʩʦʚʨʝʤʝʥʥʳʭ ʤʝʪʦʜʦʚ 

ʠʟʤʝʨʝʥʠʷ ʠ ʘʣʛʦʨʠʪʤʦʚ ʢʦʨʨʝʢʮʠʠ ʦʙʝʩʧʝʯʠʪʴ ʪʨʝʙʫʝʤʫʶ ʤʝʪʨʦʣʦʛʠʯʝʩʢʫʶ 

ʪʦʯʥʦʩʪʴ ʠ ʥʘʜʸʞʥʦʩʪʴ ʚ ʥʦʚʳʭ ʫʩʣʦʚʠʷʭ ʵʢʩʧʣʫʘʪʘʮʠʠ ʥʝʚʦʟʤʦʞʥʦ [1]. 

ɺ ʫʩʣʦʚʠʷʭ ʧʦʚʳʰʝʥʠʷ ʪʨʝʙʦʚʘʥʠʡ ʢ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ, 

ʙʝʟʦʧʘʩʥʦʩʪʠ ʠ ʮʠʬʨʦʚʠʟʘʮʠʠ ʛʘʟʦʪʨʘʥʩʧʦʨʪʥʳʭ ʩʠʩʪʝʤ ʨʘʟʨʘʙʦʪʢʘ 

ʩʦʚʨʝʤʝʥʥʳʭ ʙʣʦʢʦʚ ʟʘʤʝʨʘ ʨʘʩʭʦʜʘ ʛʘʟʘ ʜʣʷ ɻʈʉ ʩʪʘʥʦʚʠʪʩʷ ʦʩʦʙʝʥʥʦ 

ʘʢʪʫʘʣʴʥʦʡ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʥʦʚʳʭ ʧʦʢʦʣʝʥʠʡ ʫʣʴʪʨʘʟʚʫʢʦʚʳʭ ʠ ʢʦʨʠʦʣʠʩʦʚʳʭ 
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ʨʘʩʭʦʜʦʤʝʨʦʚ, ʘ ʪʘʢʞʝ ʚʥʝʜʨʝʥʠʝ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʘʣʛʦʨʠʪʤʦʚ ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ 

ʧʦʟʚʦʣʷʶʪ ʧʦʚʳʩʠʪʴ ʪʦʯʥʦʩʪʴ ʠʟʤʝʨʝʥʠʡ ʠ ʩʥʠʟʠʪʴ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʨʠʩʢʠ. 

ʎʝʣʴ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ ð ʧʨʦʚʝʩʪʠ ʦʙʟʦʨ ʩʦʚʨʝʤʝʥʥʳʭ ʨʝʰʝʥʠʡ ʠ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʦʙʣʘʩʪʠ ʠʟʤʝʨʝʥʠʷ ʨʘʩʭʦʜʘ ʛʘʟʘ ʥʘ ɻʈʉ, ʚʳʷʚʠʪʴ ʠʭ 

ʧʨʝʠʤʫʱʝʩʪʚʘ ʠ ʦʛʨʘʥʠʯʝʥʠʷ, ʘ ʪʘʢʞʝ ʩʬʦʨʤʫʣʠʨʦʚʘʪʴ ʧʨʘʢʪʠʯʝʩʢʠʝ 

ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʶ ʙʣʦʢʘ ʟʘʤʝʨʘ ʨʘʩʭʦʜʘ ʛʘʟʘ ʩ ʫʯʸʪʦʤ 

ʩʦʚʨʝʤʝʥʥʳʭ ʪʝʥʜʝʥʮʠʡ. 

 

2 ʆʙʟʦʨ ʩʦʚʨʝʤʝʥʥʳʭ ʤʝʪʦʜʦʚ ʠʟʤʝʨʝʥʠʷ ʨʘʩʭʦʜʘ ʛʘʟʘ 

ɺ ʙʣʦʢʘʭ ʟʘʤʝʨʘ ʨʘʩʭʦʜʘ ʛʘʟʘ ʪʨʘʜʠʮʠʦʥʥʦ ʧʨʠʤʝʥʷʶʪʩʷ ʪʫʨʙʠʥʥʳʝ, 

ʨʦʪʘʮʠʦʥʥʳʝ ʠ ʜʠʘʬʨʘʛʤʝʥʥʳʝ ʨʘʩʭʦʜʦʤʝʨʳ, ʢʦʪʦʨʳʝ ʧʦʣʫʯʠʣʠ ʰʠʨʦʢʦʝ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʙʣʘʛʦʜʘʨʷ ʧʨʦʩʪʦʪʝ ʢʦʥʩʪʨʫʢʮʠʠ, ʜʦʩʪʫʧʥʦʡ ʩʪʦʠʤʦʩʪʠ ʠ 

ʧʨʦʚʝʨʝʥʥʦʡ ʥʘʜʸʞʥʦʩʪʠ [1]. ʆʜʥʘʢʦ ʠʭ ʪʦʯʥʦʩʪʴ ʠ ʩʪʘʙʠʣʴʥʦʩʪʴ ʦʛʨʘʥʠʯʝʥʳ 

ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʩʦʩʪʘʚʘ ʛʘʟʘ, ʥʘʣʠʯʠʠ ʧʨʠʤʝʩʝʡ, ʧʦʚʳʰʝʥʥʦʡ ʚʣʘʞʥʦʩʪʠ ʠ 

ʜʚʫʭʬʘʟʥʳʭ ʧʦʪʦʢʦʚ. ɺ ʈʦʩʩʠʠ ʪʘʢʠʝ ʨʘʩʭʦʜʦʤʝʨʳ ʧʨʠʤʝʥʷʶʪʩʷ ʥʘ ʥʝʙʦʣʴʰʠʭ 

ʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʳʭ ʫʟʣʘʭ, ʛʜʝ ʥʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʚ ʚʳʩʦʢʦʪʦʯʥʦʤ 

ʢʦʤʤʝʨʯʝʩʢʦʤ ʫʯʸʪʝ, ʘ ʚ ʂʘʟʘʭʩʪʘʥʝ ʠʭ ʠʩʧʦʣʴʟʫʶʪ ʥʘ ʨʝʛʠʦʥʘʣʴʥʳʭ 

ʛʘʟʦʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʳʭ ʩʪʘʥʮʠʷʭ, ʛʜʝ ʪʘʢʞʝ ʚʘʞʥʳ ʥʘʜʸʞʥʦʩʪʴ ʠ ʧʨʦʩʪʦʪʘ 

ʵʢʩʧʣʫʘʪʘʮʠʠ. 

ɼʣʷ ʪʫʨʙʠʥʥʳʭ ʨʘʩʭʦʜʦʤʝʨʦʚ ʨʘʩʭʦʜ ʛʘʟʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʯʝʨʝʟ ʯʘʩʪʦʪʫ 

ʚʨʘʱʝʥʠʷ ʪʫʨʙʠʥʳ: 

ὗ ὯϽὔ,       (1) 

 

ʛʜʝ ὗ ̧̛̜̏̂̍̎̊ ̖̑́̒̏̅ ̄́̈́ȟ̍ ύȾ̘Ƞ 
ὔ ̘́̒̓̏̓́ ̠̃̑́̆̎̉̚ ̜̓̔̑̂̉̎ȟ̏ Ⱦ̂̍ ̉Ƞ̎  

Ὧ ̘̜̋́̌̉̂̑̏̃̏̎̊ ̞̗̋̏̉̉̆̎̓̕̕ρȢ 
ɼʠʘʬʨʘʛʤʝʥʥʳʝ ʨʘʩʭʦʜʦʤʝʨʳ ʠʩʧʦʣʴʟʫʶʪ ʧʝʨʝʧʘʜ ʜʘʚʣʝʥʠʷ ῳὖ ʥʘ 

ʩʫʞʘʶʱʝʤ ʫʩʪʨʦʡʩʪʚʝ: 

 

ὗ ὅϽὃϽ
Ў

,      (2) 

 

ɻʜʝ ὅ  ̞̗̋̏̉̉̆̎̓̕̕ ̖̑́̒̏̅́Ƞ 
 ὃ  ̝̐̌̏́̅̚ ̠̏̓̃̆̑̒̓̉; 

 ”  ̝̐̌̏̓̎̏̒̓ ̄́̈́[1]. 

ɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʦʩʥʦʚʥʳʤʠ ʩʪʘʣʠ ʫʣʴʪʨʘʟʚʫʢʦʚʳʝ (USM) ʠ ʢʦʨʠʦʣʠʩʦʚʳʝ 

ʨʘʩʭʦʜʦʤʝʨʳ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ ʚʳʩʦʢʫʶ ʪʦʯʥʦʩʪʴ ʠʟʤʝʨʝʥʠʡ, ʫʩʪʦʡʯʠʚʦʩʪʴ ʢ 

ʚʥʝʰʥʠʤ ʚʦʟʜʝʡʩʪʚʠʷʤ ʠ ʚʦʟʤʦʞʥʦʩʪʴ ʠʥʪʝʛʨʘʮʠʠ ʚ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʝ ʩʠʩʪʝʤʳ 

[1, 2]. ɺ ʂʘʟʘʭʩʪʘʥʝ ʫʣʴʪʨʘʟʚʫʢʦʚʳʝ ʨʘʩʭʦʜʦʤʝʨʳ ʪʘʢʞʝ ʚʥʝʜʨʷʶʪʩʷ ʥʘ 

ʩʦʚʨʝʤʝʥʥʳʭ ʛʘʟʦʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʳʭ ʩʪʘʥʮʠʷʭ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʪʦʯʥʦʩʪʠ ʠ 

ʮʠʬʨʦʚʠʟʘʮʠʠ ʫʯʸʪʘ ʛʘʟʘ. 

ɼʣʷ ʫʣʴʪʨʘʟʚʫʢʦʚʳʭ ʨʘʩʭʦʜʦʤʝʨʦʚ ʦʙʲʸʤʥʳʡ ʨʘʩʭʦʜ ʚʳʯʠʩʣʷʝʪʩʷ ʧʦ 

ʨʘʟʥʦʩʪʠ ʚʨʝʤʝʥʠ ʧʨʦʭʦʞʜʝʥʠʷ ʫʣʴʪʨʘʟʚʫʢʦʚʦʛʦ ʩʠʛʥʘʣʘ: 

 



 
ΝΡΣ 

ὗ Ὧẗὸ̠̐̑̍ὸ̏̂̑́̓,     (3) 

 

ʛʜʝ ὸ̠̐̑ ̍̉ ὸ̏̂̑́̓̃ ̠̑̆̍ ̖̠̐̑̏̏̇̅̆̎̉ ̒̉̄̎́̌́ ̃ ̠̐̑̍̏̍ ̉ ̏̂̑́̓̎̏̍  

̎́̐̑́̃̌̆̎̉̉;  

Ὧ  ̘̜̋́̌̉̂̑̏̃̏̎̊ ̞̗̋̏̉̉̆̎̓̕̕. 

ʇʨʠʤʝʨʦʤ ʩʦʚʨʝʤʝʥʥʳʭ ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʨʝʰʝʥʠʡ ʷʚʣʷʝʪʩʷ ʫʣʴʪʨʘʟʚʫʢʦʚʦʡ 

ʨʘʩʭʦʜʦʤʝʨ-ʩʯʸʪʯʠʢ ʛʘʟʘ Turbo Flow UFG-H, ʩʝʨʪʠʬʠʮʠʨʦʚʘʥʥʳʡ ʜʣʷ 

ʢʦʤʤʝʨʯʝʩʢʦʛʦ ʫʯʸʪʘ ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʤʝʞʜʫʥʘʨʦʜʥʳʤ ʤʝʪʨʦʣʦʛʠʯʝʩʢʠʤ 

ʩʪʘʥʜʘʨʪʘʤ [2]. 

ʂʦʨʠʦʣʠʩʦʚʳʝ ʨʘʩʭʦʜʦʤʝʨʳ ʠʟʤʝʨʷʶʪ ʤʘʩʩʦʚʳʡ ʨʘʩʭʦʜ ʛʘʟʘ ʯʝʨʝʟ 

ʠʟʤʝʥʝʥʠʝ ʚʠʙʨʘʮʠʠ ʩʝʥʩʦʨʘ: 

 

ὗ ὑẗῳ‰,      (4) 

 

ʛʜʝ ῳ‰  ̉̈̍̆̎̆̎̉̆ ́̈̕ ̜̗̃̉̂̑́̉̉ ̓̑̔̂̋̉; 

ὑ  ̘̜̋́̌̉̂̑̏̃̏̎̊ ̞̗̋̏̉̉̆̎̓̕̕ σ. 

ɼʣʷ ʚʣʘʞʥʦʛʦ ʠ ʜʚʫʭʬʘʟʥʦʛʦ ʛʘʟʘ ʧʨʠʤʝʥʷʶʪʩʷ ʢʦʨʨʝʢʪʠʨʫʶʱʠʝ ʤʦʜʝʣʠ, 

ʫʯʠʪʳʚʘʶʱʠʝ ʛʘʟʦʚʫʶ ʧʫʩʪʦʪʥʦʩʪʴ ʠ ʦʨʠʝʥʪʘʮʠʶ ʩʝʥʩʦʨʦʚ. 

ɸʢʪʫʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ 2025 ʛʦʜʘ ʪʘʢʞʝ ʚʢʣʶʯʘʶʪ ʧʨʠʤʝʥʝʥʠʝ 

ʠʩʢʫʩʩʪʚʝʥʥʳʭ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ (ANN) ʜʣʷ ʨʘʩʯʸʪʘ ʢʦʵʬʬʠʮʠʝʥʪʘ ʩʞʠʤʘʝʤʦʩʪʠ 

Z, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʩʥʠʟʠʪʴ ʟʘʚʠʩʠʤʦʩʪʴ ʦʪ ʛʘʟʦʚʳʭ ʭʨʦʤʘʪʦʛʨʘʬʦʚ ʠ ʧʦʚʳʩʠʪʴ 

ʪʦʯʥʦʩʪʴ ʠʟʤʝʨʝʥʠʡ: 

 

ὤ ὃὔὔὖȟὝȟὠ ,     (5) 

 

ʛʜʝ ὖ  ̅́̃̌̆̎̉̆; 

Ὕ  ̓̆̍̐̆̑́̓̔̑́; 

ὠί  ̝̒̋̏̑̏̒̓ ̈̃̔̋́ [4]. 

ɼʣʷ ʜʠʘʛʥʦʩʪʠʢʠ ʠ ʨʘʥʥʝʛʦ ʦʙʥʘʨʫʞʝʥʠʷ ʜʚʫʭʬʘʟʥʦʩʪʠ ʚ ʪʨʫʙʦʧʨʦʚʦʜʝ 

ʧʨʠʤʝʥʷʝʪʩʷ ʨʘʩʧʨʝʜʝʣʸʥʥʦʝ ʘʢʫʩʪʠʯʝʩʢʦʝ ʟʦʥʜʠʨʦʚʘʥʠʝ (DAS), ʧʦʟʚʦʣʷʶʱʝʝ 

ʘʥʘʣʠʟʠʨʦʚʘʪʴ ʨʝʞʠʤʳ ʧʦʪʦʢʘ ʠ ʚʳʷʚʣʷʪʴ ʣʦʢʘʣʴʥʳʝ ʘʥʦʤʘʣʠʠ [5]. 

ɺʘʞʥʳʤ ʵʣʝʤʝʥʪʦʤ ʧʦʚʳʰʝʥʠʷ ʥʘʜʸʞʥʦʩʪʠ ʷʚʣʷʝʪʩʷ ʦʥʣʘʡʥ-ʢʦʨʨʝʢʮʠʷ 

ʦʰʠʙʦʢ ʠʟʤʝʨʝʥʠʷ: 

 

ὗ‏ ὗ̉ ̈̍ὗ̉ ̒̓̉̎ȟ ὗ̋ ̏̑ὗ̉  ὗ‏̍̈
 

ʇʨʠʤʝʥʝʥʠʝ ʪʘʢʠʭ ʘʣʛʦʨʠʪʤʦʚ ʩʥʠʞʘʝʪ ʩʠʩʪʝʤʘʪʠʯʝʩʢʠʝ ʠ ʩʣʫʯʘʡʥʳʝ 

ʧʦʛʨʝʰʥʦʩʪʠ, ʫʣʫʯʰʘʷ ʪʦʯʥʦʩʪʴ ʢʦʤʤʝʨʯʝʩʢʦʛʦ ʫʯʸʪʘ ʛʘʟʘ [6]. 

ʋʢʘʟʘʥʥʳʝ ʪʝʥʜʝʥʮʠʠ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʦʙʱʝʤʠʨʦʚʦʡ ʧʨʘʢʪʠʢʝ ʧʝʨʝʭʦʜʘ ʦʪ 

ʪʨʘʜʠʮʠʦʥʥʳʭ ʠʟʤʝʨʠʪʝʣʴʥʳʭ ʧʨʠʙʦʨʦʚ ʢ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʤ ʩʠʩʪʝʤʘʤ ʩ 

ʦʙʨʘʙʦʪʢʦʡ ʜʘʥʥʳʭ, ʩʘʤʦʜʠʘʛʥʦʩʪʠʢʦʡ ʠ ʠʥʪʝʛʨʘʮʠʝʡ ʩ SCADA, ʯʪʦ 

ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʤʝʞʜʫʥʘʨʦʜʥʳʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷʤʠ. 

ɺ ʪʘʙʣʠʮʝ 1 ʧʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʧʨʦʚʝʜʝʥʥʦʛʦ ʦʙʟʦʨʘ ʨʘʩʩʤʦʪʨʝʥʥʳʭ 

ʤʝʪʦʜʦʚ ʠʟʤʝʨʝʥʠʷ ʨʘʩʭʦʜʘ ʛʘʟʘ. 



 
ΝΡΤ 

ʊʘʙʣʠʮʘ 1 - ʉʨʘʚʥʠʪʝʣʴʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʨʘʩʭʦʜʦʤʝʨʦʚ ʜʣʷ ɻʈʉ. 

ʊ
ʠ
ʧ
 
ʨ
ʘ
ʩ
ʭ
ʦ
ʜ
ʦ
ʤ
ʝ
ʨ
ʘ

 

ʊ
ʦ
ʯ
ʥ
ʦ
ʩ
ʪ
ʴ

 

ɼ
ʠ
ʘ
ʧ
ʘ
ʟ
ʦ
ʥ
 
ʨ
ʘ
ʩ
ʭ
ʦ
ʜ
ʦ
ʚ

 

ʉ
ʪ
ʦ
ʠ
ʤ
ʦ
ʩ
ʪ
ʴ

 

ʏ
ʫ
ʚ
ʩ
ʪ
ʚ
ʠ
ʪ
ʝ
ʣ
ʴ
ʥ
ʦ
ʩ
ʪ
ʴ
 
ʢ
 

ʚ
ʣ
ʘ
ʞ
ʥ
ʦ
ʩ
ʪ
ʠ

 

ʅ
ʝ
ʦ
ʙ
ʭ
ʦ
ʜ
ʠ
ʤ
ʦ
ʩ
ʪ
ʴ
 

ʦ
ʙ
ʩ
ʣ
ʫ
ʞ
ʠ
ʚ
ʘ
ʥ
ʠ
ʷ

 

ʊʫʨʙʠʥʥʳʡ 1,0ï

2,0 

% 

ʉʨʝʜʥʠʡ ʅʠʟʢʘʷ ɺʳʩʦʢʘʷ ʈʝʛʫʣʷʨʥʦʝ 

(ʧʦʜʚʠʞʥʳʝ 

ʯʘʩʪʠ) 

ʋʣʴʪʨʘʟʚʫʢʦʚʦʡ 

(USM) 

0,2ï

0,5 

% 

ʐʠʨʦʢʠʡ ɺʳʩʦʢʘʷ ʅʠʟʢʘʷ ʄʠʥʠʤʘʣʴʥʦʝ 

ʂʦʨʠʦʣʠʩʦʚʳʡ 0,1ï

0,3 

% 

ʆʛʨʘʥʠʯʝʥʥʳʡ 

(ʤʘʣʳʝ/ʩʨʝʜʥʠʝ 

ʜʠʘʤʝʪʨʳ) 

ʆʯʝʥʴ 

ʚʳʩʦʢʘʷ 

ʉʨʝʜʥʷʷ 

(ʯʫʚʩʪʚʠʪʝʣʝʥ ʢ 

ʧʫʩʪʦʪʥʦʩʪʠ) 

ʄʠʥʠʤʘʣʴʥʦʝ 

ɼʠʘʬʨʘʛʤʝʥʥʳʡ 

(ȹP) 

1,0ï

2,5 

% 

ʐʠʨʦʢʠʡ ʉʨʝʜʥʷʷ ʉʨʝʜʥʷʷ ʇʝʨʠʦʜʠʯʝʩʢʘʷ 

ʟʘʤʝʥʘ 

ʵʣʝʤʝʥʪʦʚ 

ɺʠʭʨʝʚʦʡ 0,5ï

1,0 

% 

ʉʨʝʜʥʠʡ ʉʨʝʜʥʷʷ ɺʳʩʦʢʘʷ 

(ʯʫʚʩʪʚʠʪʝʣʝʥ ʢ 

ʢʘʧʝʣʴʥʦʡ ʚʣʘʛʝ) 

ʉʨʝʜʥʝʝ 

 

3 ɸʥʘʣʠʟ ʧʦʜʭʦʜʦʚ ʢ ʨʘʟʨʘʙʦʪʢʝ ʙʣʦʢʦʚ ʟʘʤʝʨʘ ʨʘʩʭʦʜʘ ʛʘʟʘ 

ʀʩʩʣʝʜʦʚʘʥʠʷ 2025 ʛʦʜʘ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʧʨʠʤʝʥʝʥʠʝ ʥʝʡʨʦʩʝʪʝʚʳʭ ʤʦʜʝʣʝʡ, 

ʪʘʢʠʭ ʢʘʢ RBF (ʨʘʜʠʘʣʴʥʦ-ʙʘʟʠʩʥʳʝ ʬʫʥʢʮʠʠ) ʠ MLP (ʤʥʦʛʦʩʣʦʡʥʳʝ 

ʧʝʨʮʝʧʪʨʦʥʳ), ʧʦʟʚʦʣʷʝʪ ʦʪʢʘʟʘʪʴʩʷ ʦʪ ʜʦʨʦʛʦʩʪʦʷʱʠʭ ʛʘʟʦʚʳʭ ʭʨʦʤʘʪʦʛʨʘʬʦʚ ʚ 

ʨʷʜʝ ʩʣʫʯʘʝʚ, ʩʦʭʨʘʥʷʷ ʚʳʩʦʢʫʶ ʪʦʯʥʦʩʪʴ ʠʟʤʝʨʝʥʠʡ [4]. ANN-ʤʦʜʝʣʠ 

ʦʙʝʩʧʝʯʠʚʘʶʪ ʘʜʘʧʪʠʚʥʳʡ ʨʘʩʯʸʪ ʢʦʵʬʬʠʮʠʝʥʪʘ ʩʞʠʤʘʝʤʦʩʪʠ Z ʥʘ ʦʩʥʦʚʝ 

ʜʘʚʣʝʥʠʷ, ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʩʢʦʨʦʩʪʠ ʟʚʫʢʘ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʙʦʣʝʝ ʪʦʯʥʦ ʫʯʠʪʳʚʘʪʴ 

ʠʟʤʝʥʯʠʚʦʩʪʴ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʧʨʠʨʦʜʥʦʛʦ ʛʘʟʘ ʠ ʫʣʫʯʰʘʪʴ ʨʘʩʯʸʪ 

ʦʙʲʸʤʥʦʛʦ ʨʘʩʭʦʜʘ. ɺ ʢʘʟʘʭʩʪʘʥʩʢʦʡ ʧʨʘʢʪʠʢʝ ʚʥʝʜʨʝʥʠʝ ʪʘʢʠʭ ʤʦʜʝʣʝʡ ʥʘ 

ʩʦʚʨʝʤʝʥʥʳʭ ɻʈʉ ʧʦʟʚʦʣʷʝʪ ʠʥʪʝʛʨʠʨʦʚʘʪʴ ʚʳʯʠʩʣʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ 

ʩʞʠʤʘʝʤʦʩʪʠ ʥʘʧʨʷʤʫʶ ʚ SCADA-ʩʠʩʪʝʤʳ, ʩʥʠʞʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʦʪ 

ʣʘʙʦʨʘʪʦʨʥʦʛʦ ʘʥʘʣʠʟʘ ʠ ʧʦʚʳʰʘʷ ʦʧʝʨʘʪʠʚʥʦʩʪʴ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ ʧʨʠ 

ʠʟʤʝʥʝʥʠʠ ʨʝʞʠʤʦʚ ʨʘʙʦʪʳ ʩʪʘʥʮʠʠ. 

ʂʦʨʠʦʣʠʩʦʚʳʝ ʨʘʩʭʦʜʦʤʝʨʳ ʧʨʠ ʢʦʨʨʝʢʪʥʦʡ ʢʘʣʠʙʨʦʚʢʝ ʠ ʫʯʸʪʝ ʛʘʟʦʚʦʡ 

ʧʫʩʪʦʪʥʦʩʪʠ ʦʙʝʩʧʝʯʠʚʘʶʪ ʜʦʩʪʦʚʝʨʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʜʘʞʝ ʧʨʠ ʥʘʣʠʯʠʠ ʚʣʘʞʥʦʛʦ 

ʛʘʟʘ [5]. ʕʪʠ ʧʨʠʙʦʨʳ ʧʦʟʚʦʣʷʶʪ ʠʟʤʝʨʷʪʴ ʤʘʩʩʦʚʳʡ ʨʘʩʭʦʜ ʙʝʟ ʥʝʦʙʭʦʜʠʤʦʩʪʠ 

ʢʦʨʨʝʢʮʠʠ ʥʘ ʧʣʦʪʥʦʩʪʴ, ʯʪʦ ʦʩʦʙʝʥʥʦ ʚʘʞʥʦ ʧʨʠ ʨʘʙʦʪʝ ʩ ʛʘʟʦʚʳʤʠ ʩʤʝʩʷʤʠ ʠ 

ʥʝʩʪʘʙʠʣʴʥʳʤʠ ʧʦʪʦʢʘʤʠ. ɺ ʂʘʟʘʭʩʪʘʥʝ ʢʦʨʠʦʣʠʩʦʚʳʝ ʨʘʩʭʦʜʦʤʝʨʳ ʘʢʪʠʚʥʦ 

ʚʥʝʜʨʷʶʪʩʷ ʥʘ ʢʨʫʧʥʳʭ ɻʈʉ ʠ ʤʘʛʠʩʪʨʘʣʴʥʳʭ ʛʘʟʦʧʨʦʚʦʜʘʭ, ʛʜʝ ʪʨʝʙʫʝʪʩʷ 



 
ΝΡΥ 

ʚʳʩʦʢʘʷ ʪʦʯʥʦʩʪʴ ʢʦʤʤʝʨʯʝʩʢʦʛʦ ʫʯʸʪʘ, ʘ ʪʘʢʞʝ ʚʦʟʤʦʞʥʦʩʪʴ ʠʥʪʝʛʨʘʮʠʠ 

ʜʘʥʥʳʭ ʩ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʤʠ ʩʠʩʪʝʤʘʤʠ ʫʧʨʘʚʣʝʥʠʷ ʠ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʤʠ 

ʘʣʛʦʨʠʪʤʘʤʠ. 

DAS-ʪʝʭʥʦʣʦʛʠʠ (ʨʘʩʧʨʝʜʝʣʸʥʥʦʝ ʘʢʫʩʪʠʯʝʩʢʦʝ ʟʦʥʜʠʨʦʚʘʥʠʝ) ʧʦʢʘʟʘʣʠ 

ʚʳʩʦʢʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʜʣʷ ʤʦʥʠʪʦʨʠʥʛʘ ʜʚʫʭʬʘʟʥʳʭ ʧʦʪʦʢʦʚ ʠ ʨʘʥʥʝʛʦ 

ʚʳʷʚʣʝʥʠʷ ʘʥʦʤʘʣʴʥʳʭ ʨʝʞʠʤʦʚ ʨʘʙʦʪʳ [6]. ʕʪʠ ʪʝʭʥʦʣʦʛʠʠ ʧʦʟʚʦʣʷʶʪ 

ʬʠʢʩʠʨʦʚʘʪʴ ʣʦʢʘʣʴʥʳʝ ʢʦʣʝʙʘʥʠʷ ʜʘʚʣʝʥʠʷ ʠ ʚʠʙʨʘʮʠʠ ʥʘ ʧʨʦʪʷʞʸʥʥʳʭ 

ʫʯʘʩʪʢʘʭ ʪʨʫʙʦʧʨʦʚʦʜʦʚ, ʚʳʷʚʣʷʪʴ ʩʢʦʧʣʝʥʠʷ ʞʠʜʢʦʩʪʠ ʠ ʧʫʟʳʨʴʢʦʚ ʛʘʟʘ, ʯʪʦ 

ʚʘʞʥʦ ʜʣʷ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʛʠʜʨʘʚʣʠʯʝʩʢʠʭ ʫʜʘʨʦʚ ʠ ʘʚʘʨʠʡ. ɺ ʂʘʟʘʭʩʪʘʥʝ DAS 

ʘʢʪʠʚʥʦ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʢʘʢ ʜʦʧʦʣʥʠʪʝʣʴʥʳʡ ʠʥʩʪʨʫʤʝʥʪ ʜʠʘʛʥʦʩʪʠʢʠ ɻʈʉ, 

ʢʦʪʦʨʳʡ ʤʦʞʝʪ ʜʦʧʦʣʥʷʪʴ ʜʘʥʥʳʝ ʪʨʘʜʠʮʠʦʥʥʳʭ ʨʘʩʭʦʜʦʤʝʨʦʚ, ʧʦʚʳʰʘʷ 

ʥʘʜʸʞʥʦʩʪʴ ʩʠʩʪʝʤʳ ʠ ʙʝʟʦʧʘʩʥʦʩʪʴ ʵʢʩʧʣʫʘʪʘʮʠʠ. 

ʆʥʣʘʡʥ-ʢʦʨʨʝʢʮʠʷ ʦʰʠʙʦʢ ʠʟʤʝʨʝʥʠʡ ʷʚʣʷʝʪʩʷ ʝʱʸ ʦʜʥʠʤ ʢʣʶʯʝʚʳʤ 

ʵʣʝʤʝʥʪʦʤ ʧʦʚʳʰʝʥʠʷ ʪʦʯʥʦʩʪʠ ʠ ʥʘʜʸʞʥʦʩʪʠ [7]. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʘʣʛʦʨʠʪʤʦʚ 

ʘʚʪʦʤʘʪʠʯʝʩʢʦʡ ʢʦʤʧʝʥʩʘʮʠʠ ʩʠʩʪʝʤʘʪʠʯʝʩʢʠʭ ʠ ʩʣʫʯʘʡʥʳʭ ʧʦʛʨʝʰʥʦʩʪʝʡ 

ʧʦʟʚʦʣʷʝʪ ʩʥʠʞʘʪʴ ʨʠʩʢ ʢʦʤʤʝʨʯʝʩʢʠʭ ʠ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʦʰʠʙʦʢ, ʫʣʫʯʰʘʝʪ 

ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʝ ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʧʦʚʳʰʘʝʪ 

ʫʚʝʨʝʥʥʦʩʪʴ ʦʧʝʨʘʪʦʨʦʚ ɻʈʉ ʧʨʠ ʧʨʠʥʷʪʠʠ ʨʝʰʝʥʠʡ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʦʚʨʝʤʝʥʥʳʝ ʧʦʜʭʦʜʳ ʢ ʨʘʟʨʘʙʦʪʢʝ ʙʣʦʢʦʚ ʟʘʤʝʨʘ ʨʘʩʭʦʜʘ 

ʛʘʟʘ ʚʢʣʶʯʘʶʪ ʠʥʪʝʛʨʘʮʠʶ ʚʳʩʦʢʦʪʦʯʥʳʭ ʧʨʠʙʦʨʦʚ (ʫʣʴʪʨʘʟʚʫʢʦʚʳʭ ʠ 

ʢʦʨʠʦʣʠʩʦʚʳʭ ʨʘʩʭʦʜʦʤʝʨʦʚ), ʥʝʡʨʦʩʝʪʝʚʳʭ ʤʦʜʝʣʝʡ ʜʣʷ ʨʘʩʯʸʪʘ ʢʦʵʬʬʠʮʠʝʥʪʘ 

ʩʞʠʤʘʝʤʦʩʪʠ, DAS-ʪʝʭʥʦʣʦʛʠʡ ʜʣʷ ʜʠʘʛʥʦʩʪʠʢʠ ʠ ʤʦʥʠʪʦʨʠʥʛʘ, ʘ ʪʘʢʞʝ 

ʘʣʛʦʨʠʪʤʦʚ ʦʥʣʘʡʥ-ʢʦʨʨʝʢʮʠʠ ʦʰʠʙʦʢ. ʊʘʢʦʡ ʢʦʤʧʣʝʢʩʥʳʡ ʧʦʜʭʦʜ 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʩʦʟʜʘʥʠʷ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʠʟʤʝʨʠʪʝʣʴʥʳʭ ʩʠʩʪʝʤ, 

ʩʧʦʩʦʙʥʳʭ ʘʜʘʧʪʠʨʦʚʘʪʴʩʷ ʢ ʠʟʤʝʥʷʶʱʠʤʩʷ ʫʩʣʦʚʠʷʤ ʧʦʪʦʢʘ, ʧʦʚʳʰʘʪʴ 

ʪʦʯʥʦʩʪʴ ʢʦʤʤʝʨʯʝʩʢʦʛʦ ʫʯʸʪʘ ʠ ʩʥʠʞʘʪʴ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʨʠʩʢʠ. 

ʇʝʨʩʧʝʢʪʠʚʥʳʤʠ ʥʘʧʨʘʚʣʝʥʠʷʤʠ ʜʘʣʴʥʝʡʰʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʷʚʣʷʶʪʩʷ: 

1) ʨʘʩʰʠʨʝʥʠʝ ʧʨʠʤʝʥʝʥʠʷ ʥʝʡʨʦʩʝʪʝʚʳʭ ʤʦʜʝʣʝʡ ʜʣʷ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ 
ʥʝʩʪʘʙʠʣʴʥʳʭ ʨʝʞʠʤʦʚ ʧʦʪʦʢʘ; 

2) ʨʘʟʨʘʙʦʪʢʘ ʘʣʛʦʨʠʪʤʦʚ ʠʥʪʝʛʨʘʮʠʠ ʜʘʥʥʳʭ DAS ʩ ʤʦʜʝʣʷʤʠ 

ʨʘʩʭʦʜʦʤʝʨʦʚ ʜʣʷ ʙʦʣʝʝ ʪʦʯʥʦʡ ʜʠʘʛʥʦʩʪʠʢʠ ʜʚʫʭʬʘʟʥʳʭ ʧʦʪʦʢʦʚ; 

3) ʦʧʪʠʤʠʟʘʮʠʷ ʢʘʣʠʙʨʦʚʢʠ ʢʦʨʠʦʣʠʩʦʚʳʭ ʠ ʫʣʴʪʨʘʟʚʫʢʦʚʳʭ 

ʨʘʩʭʦʜʦʤʝʨʦʚ ʜʣʷ ʫʩʣʦʚʠʡ ʧʦʚʳʰʝʥʥʦʡ ʚʣʘʞʥʦʩʪʠ ʠ ʪʫʨʙʫʣʝʥʪʥʳʭ ʧʦʪʦʢʦʚ. 

 

4 ʇʨʘʢʪʠʯʝʩʢʠʝ ʨʝʢʦʤʝʥʜʘʮʠʠ ʜʣʷ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʙʣʦʢʘ ʟʘʤʝʨʘ 

ʨʘʩʭʦʜʘ ʛʘʟʘ 

ʅʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ ʩʦʚʨʝʤʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ 2025 ʛʦʜʘ ʠ ʧʨʘʢʪʠʯʝʩʢʦʛʦ 

ʦʧʳʪʘ ʧʨʠʤʝʥʝʥʠʷ ʚʳʩʦʢʦʪʦʯʥʳʭ ʨʘʩʭʦʜʦʤʝʨʦʚ, ʘ ʪʘʢʞʝ ʪʝʭʥʦʣʦʛʠʡ 

ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʡ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ, ʤʦʞʥʦ ʩʬʦʨʤʫʣʠʨʦʚʘʪʴ ʩʣʝʜʫʶʱʠʝ 

ʨʝʢʦʤʝʥʜʘʮʠʠ ʜʣʷ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʙʣʦʢʘ ʟʘʤʝʨʘ ʨʘʩʭʦʜʘ ʛʘʟʘ ʚ 

ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʭ ɻʈʉ, ʚʢʣʶʯʘʷ ʢʘʟʘʭʩʪʘʥʩʢʫʶ ʧʨʘʢʪʠʢʫ (ʨʠʩ 1.): 

1) ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʤʥʦʛʦʣʫʯʝʚʳʭ ʫʣʴʪʨʘʟʚʫʢʦʚʳʭ ʠ ʢʦʨʠʦʣʠʩʦʚʳʭ 

ʨʘʩʭʦʜʦʤʝʨʦʚ ʚ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʥʳʭ ʧʨʠʙʦʨʦʚ ʫʯʸʪʘ. ʕʪʠ ʧʨʠʙʦʨʳ ʦʙʝʩʧʝʯʠʚʘʶʪ 

ʚʳʩʦʢʫʶ ʪʦʯʥʦʩʪʴ ʠʟʤʝʨʝʥʠʡ, ʫʩʪʦʡʯʠʚʦʩʪʴ ʢ ʪʫʨʙʫʣʝʥʪʥʦʩʪʠ ʠ ʚʦʟʤʦʞʥʦʩʪʴ 
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ʠʥʪʝʛʨʘʮʠʠ ʩ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʤʠ ʩʠʩʪʝʤʘʤʠ ʢʦʥʪʨʦʣʷ. ɺ ʂʘʟʘʭʩʪʘʥʝ ʪʘʢʠʝ 

ʨʘʩʭʦʜʦʤʝʨʳ ʫʞʝ ʧʨʠʤʝʥʷʶʪʩʷ ʥʘ ʩʦʚʨʝʤʝʥʥʳʭ ɻʈʉ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʪʦʯʥʦʛʦ 

ʢʦʤʤʝʨʯʝʩʢʦʛʦ ʫʯʸʪʘ ʠ ʦʧʝʨʘʪʠʚʥʦʛʦ ʢʦʥʪʨʦʣʷ ʧʦʪʦʢʦʚ ʛʘʟʘ. 

2) ʀʥʪʝʛʨʘʮʠʷ ANN-ʤʦʜʝʣʝʡ ʜʣʷ ʨʘʩʯʸʪʘ ʢʦʵʬʬʠʮʠʝʥʪʘ ʩʞʠʤʘʝʤʦʩʪʠ Z ʥʘ 

ʦʩʥʦʚʝ ʜʘʚʣʝʥʠʷ, ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʩʢʦʨʦʩʪʠ ʟʚʫʢʘ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʥʝʡʨʦʩʝʪʝʚʳʭ 

ʤʦʜʝʣʝʡ, ʪʘʢʠʭ ʢʘʢ RBF ʠ MLP, ʧʦʟʚʦʣʷʝʪ ʩʥʠʟʠʪʴ ʟʘʚʠʩʠʤʦʩʪʴ ʦʪ ʣʘʙʦʨʘʪʦʨʥʦʛʦ 

ʘʥʘʣʠʟʘ ʠ ʧʦʚʳʩʠʪʴ ʪʦʯʥʦʩʪʴ ʨʘʩʯʸʪʦʚ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ. ɺ ʢʘʟʘʭʩʪʘʥʩʢʦʡ 

ʧʨʘʢʪʠʢʝ ʧʨʠʤʝʥʝʥʠʝ ANN ʧʦʟʚʦʣʷʝʪ ʘʜʘʧʪʠʨʦʚʘʪʴ ʠʟʤʝʨʠʪʝʣʴʥʫʶ ʩʠʩʪʝʤʫ ʢ 

ʠʟʤʝʥʝʥʠʷʤ ʩʦʩʪʘʚʘ ʛʘʟʘ ʠ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʤ ʫʩʣʦʚʠʷʤ. 

3) ɺʥʝʜʨʝʥʠʝ ʘʣʛʦʨʠʪʤʦʚ ʢʦʨʨʝʢʮʠʠ ʢʦʨʠʦʣʠʩʦʚʳʭ ʨʘʩʭʦʜʦʤʝʨʦʚ ʧʨʠ 
ʨʘʙʦʪʝ ʩ ʚʣʘʞʥʳʤ ʛʘʟʦʤ ʠ ʜʚʫʭʬʘʟʥʳʤʠ ʧʦʪʦʢʘʤʠ. ʉʦʚʨʝʤʝʥʥʳʝ ʤʦʜʝʣʠ 

ʢʦʨʨʝʢʪʠʨʦʚʢʠ ʫʯʠʪʳʚʘʶʪ ʚʣʠʷʥʠʝ ʛʘʟʦʚʦʡ ʧʫʩʪʦʪʥʦʩʪʠ ʠ ʦʨʠʝʥʪʘʮʠʶ ʩʝʥʩʦʨʦʚ, 

ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʜʦʩʪʦʚʝʨʥʦʩʪʴ ʠʟʤʝʨʝʥʠʡ ʜʘʞʝ ʚ ʩʣʦʞʥʳʭ ʨʝʞʠʤʘʭ ʨʘʙʦʪʳ. 

4) ʇʨʠʤʝʥʝʥʠʝ DAS (ʨʘʩʧʨʝʜʝʣʸʥʥʦʛʦ ʘʢʫʩʪʠʯʝʩʢʦʛʦ ʟʦʥʜʠʨʦʚʘʥʠʷ) ʜʣʷ 
ʜʠʘʛʥʦʩʪʠʢʠ ʠ ʨʘʥʥʝʛʦ ʦʙʥʘʨʫʞʝʥʠʷ ʜʚʫʭʬʘʟʥʦʩʪʠ. DAS ʧʦʟʚʦʣʷʝʪ ʬʠʢʩʠʨʦʚʘʪʴ 

ʣʦʢʘʣʴʥʳʝ ʘʥʦʤʘʣʠʠ ʧʦʪʦʢʘ ʠ ʧʨʝʜʦʪʚʨʘʱʘʪʴ ʘʚʘʨʠʡʥʳʝ ʩʠʪʫʘʮʠʠ. ɺ ʂʘʟʘʭʩʪʘʥʝ 

ʵʪʘ ʪʝʭʥʦʣʦʛʠʷ ʠʩʧʦʣʴʟʫʝʪʩʷ ʢʘʢ ʜʦʧʦʣʥʠʪʝʣʴʥʳʡ ʠʥʩʪʨʫʤʝʥʪ ʢʦʥʪʨʦʣʷ, 

ʧʦʚʳʰʘʷ ʥʘʜʸʞʥʦʩʪʴ ʠ ʙʝʟʦʧʘʩʥʦʩʪʴ ʨʘʙʦʪʳ ɻʈʉ. 

5) ʀʥʪʝʛʨʘʮʠʷ ʩ ʩʠʩʪʝʤʘʤʠ SCADA ʠ ʦʙʝʩʧʝʯʝʥʠʝ ʦʥʣʘʡʥ-ʢʦʨʨʝʢʮʠʠ 

ʦʰʠʙʦʢ. ɸʣʛʦʨʠʪʤʳ ʘʚʪʦʤʘʪʠʯʝʩʢʦʡ ʢʦʤʧʝʥʩʘʮʠʠ ʩʠʩʪʝʤʘʪʠʯʝʩʢʠʭ ʠ 

ʩʣʫʯʘʡʥʳʭ ʧʦʛʨʝʰʥʦʩʪʝʡ ʧʦʟʚʦʣʷʶʪ ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʨʠʩʢʠ 

ʠ ʧʦʚʳʰʘʶʪ ʪʦʯʥʦʩʪʴ ʢʦʤʤʝʨʯʝʩʢʦʛʦ ʫʯʸʪʘ ʛʘʟʘ. ʊʘʢʘʷ ʠʥʪʝʛʨʘʮʠʷ ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʦʧʝʨʘʪʠʚʥʦʝ ʫʧʨʘʚʣʝʥʠʝ ʠ ʤʦʥʠʪʦʨʠʥʛ ʨʘʩʭʦʜʘ ʚ ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ, ʯʪʦ 

ʦʩʦʙʝʥʥʦ ʚʘʞʥʦ ʜʣʷ ʢʨʫʧʥʳʭ ɻʈʉ ʠ ʤʘʛʠʩʪʨʘʣʴʥʳʭ ʛʘʟʦʧʨʦʚʦʜʦʚ. 

 

 

  

 

 

 

 

 

 

 

ʈʠʩʫʥʦʢ 1 ï ʉʭʝʤʘ ʙʣʦʢʘ ʠʟʤʝʨʝʥʠʷ ʨʘʩʭʦʜʘ ʛʘʟʘ ʜʣʷ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʡ 

ʛʘʟʦʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʦʡ ʩʪʘʥʮʠʠ 

 

6) ʉʦʦʪʚʝʪʩʪʚʠʝ ʤʝʞʜʫʥʘʨʦʜʥʳʤ ʩʪʘʥʜʘʨʪʘʤ ʠ ʥʦʨʤʘʪʠʚʘʤ. ʇʨʠ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʙʣʦʢʘ ʟʘʤʝʨʘ ʨʘʩʭʦʜʘ ʛʘʟʘ ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʪʨʝʙʦʚʘʥʠʷ 

ʩʪʘʥʜʘʨʪʦʚ ʢ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʤ ʠʟʤʝʨʠʪʝʣʴʥʳʤ ʧʨʠʙʦʨʘʤ, ʥʘʧʨʠʤʝʨ ʇʅʉʊ 

896ï2023, ʯʪʦ ʛʘʨʘʥʪʠʨʫʝʪ ʢʦʨʨʝʢʪʥʦʩʪʴ ʠ ʶʨʠʜʠʯʝʩʢʫʶ ʟʥʘʯʠʤʦʩʪʴ ʠʟʤʝʨʝʥʠʡ. 
ʇʨʝʜʣʘʛʘʝʤʦʝ ʢʦʤʧʣʝʢʩʥʦʝ ʧʨʠʤʝʥʝʥʠʝ ʚʳʩʦʢʦʪʦʯʥʳʭ ʨʘʩʭʦʜʦʤʝʨʦʚ, 

ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʤʦʜʝʣʝʡ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ, ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʭ DAS-ʩʠʩʪʝʤ ʠ 

ʦʥʣʘʡʥ-ʢʦʨʨʝʢʮʠʠ ʦʰʠʙʦʢ ʧʦʟʚʦʣʷʝʪ ʩʦʟʜʘʚʘʪʴ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʝ ʠ ʘʜʘʧʪʠʚʥʳʝ 
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ΝΣΜ 

ʙʣʦʢʠ ʟʘʤʝʨʘ ʨʘʩʭʦʜʘ ʛʘʟʘ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʩʦʚʨʝʤʝʥʥʳʤ ʪʨʝʙʦʚʘʥʠʷʤ ʪʦʯʥʦʩʪʠ, 

ʥʘʜʸʞʥʦʩʪʠ ʠ ʙʝʟʦʧʘʩʥʦʩʪʠ ʜʣʷ ɻʈʉ. 

 

5 ɿʘʢʣʶʯʝʥʠʝ 

ʈʘʟʨʘʙʦʪʢʘ ʩʦʚʨʝʤʝʥʥʦʛʦ ʙʣʦʢʘ ʟʘʤʝʨʘ ʨʘʩʭʦʜʘ ʛʘʟʘ ʜʣʷ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʭ 

ʩʠʩʪʝʤ ɻʈʉ ʪʨʝʙʫʝʪ ʢʦʤʧʣʝʢʩʥʦʛʦ ʧʦʜʭʦʜʘ, ʫʯʠʪʳʚʘʶʱʝʛʦ ʥʝ ʪʦʣʴʢʦ 

ʤʝʪʨʦʣʦʛʠʯʝʩʢʫʶ ʪʦʯʥʦʩʪʴ, ʥʦ ʠ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʝ ʬʫʥʢʮʠʠ ʘʥʘʣʠʟʘ, ʢʦʨʨʝʢʮʠʠ ʠ 

ʜʠʘʛʥʦʩʪʠʢʠ. ʅʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ ʩʦʚʨʝʤʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ 2025 ʛʦʜʘ ʠ 

ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʦʧʳʪʘ ʧʨʠʤʝʥʝʥʠʷ ʚʳʩʦʢʦʪʦʯʥʳʭ ʨʘʩʭʦʜʦʤʝʨʦʚ, ʚʢʣʶʯʘʷ 

ʢʘʟʘʭʩʪʘʥʩʢʫʶ ʧʨʘʢʪʠʢʫ, ʘ ʪʘʢʞʝ ʪʝʭʥʦʣʦʛʠʠ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʡ ʦʙʨʘʙʦʪʢʠ, 

ʩʬʦʨʤʫʣʠʨʦʚʘʥʳ ʨʝʢʦʤʝʥʜʘʮʠʠ ʜʣʷ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʙʣʦʢʘ ʟʘʤʝʨʘ ʨʘʩʭʦʜʘ ʛʘʟʘ ʚ 

ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʭ ɻʈʉ. 

ʇʨʝʜʣʘʛʘʝʤʳʡ ʙʣʦʢ ʟʘʤʝʨʘ ʨʘʩʭʦʜʘ ʛʘʟʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʫʶ 

ʩʠʩʪʝʤʫ, ʩʦʯʝʪʘʶʱʫʶ ʚʳʩʦʢʦʪʦʯʥʳʝ ʨʘʩʭʦʜʦʤʝʨʳ, ʥʝʡʨʦʩʝʪʝʚʳʝ ʘʣʛʦʨʠʪʤʳ, 

ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʝ DAS-ʪʝʭʥʦʣʦʛʠʠ ʠ ʦʥʣʘʡʥ-ʢʦʨʨʝʢʮʠʶ ʦʰʠʙʦʢ. ʊʘʢʦʡ 

ʢʦʤʧʣʝʢʩʥʳʡ ʧʦʜʭʦʜ ʦʙʝʩʧʝʯʠʚʘʝʪ: 

1) ʚʳʩʦʢʫʶ ʪʦʯʥʦʩʪʴ ʠ ʜʦʩʪʦʚʝʨʥʦʩʪʴ ʠʟʤʝʨʝʥʠʡ; 

2) ʘʜʘʧʪʠʚʥʦʩʪʴ ʢ ʠʟʤʝʥʷʶʱʠʤʩʷ ʫʩʣʦʚʠʷʤ ʧʦʪʦʢʘ; 

3) ʩʥʠʞʝʥʠʝ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʨʠʩʢʦʚ ʠ ʘʚʘʨʠʡʥʳʭ ʩʠʪʫʘʮʠʡ; 

4) ʚʦʟʤʦʞʥʦʩʪʴ ʠʥʪʝʛʨʘʮʠʠ ʩ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʤʠ ʩʠʩʪʝʤʘʤʠ ʫʧʨʘʚʣʝʥʠʷ ʠ 
SCADA; 

5) ʧʨʘʢʪʠʯʝʩʢʫʶ ʧʨʠʤʝʥʠʤʦʩʪʴ ʚ ʢʘʟʘʭʩʪʘʥʩʢʦʡ ʧʨʘʢʪʠʢʝ ʥʘ ɻʈʉ ʠ 

ʤʘʛʠʩʪʨʘʣʴʥʳʭ ʛʘʟʦʧʨʦʚʦʜʘʭ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʜʪʚʝʨʞʜʘʶʪ ʧʝʨʩʧʝʢʪʠʚʥʦʩʪʴ 

ʚʥʝʜʨʝʥʠʷ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʙʣʦʢʦʚ ʟʘʤʝʨʘ ʨʘʩʭʦʜʘ ʛʘʟʘ ʢʘʢ ʜʣʷ ʢʦʤʤʝʨʯʝʩʢʦʛʦ 

ʫʯʸʪʘ, ʪʘʢ ʠ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʥʘʜʸʞʥʦʩʪʠ ʠ ʙʝʟʦʧʘʩʥʦʩʪʠ ʨʘʙʦʪʳ 

ʛʘʟʦʪʨʘʥʩʧʦʨʪʥʳʭ ʩʠʩʪʝʤ. 

 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 

1 ʃʘʪʳʰʝʥʢʦ, ʂ. ʇ. ʀʟʤʝʨʝʥʠʝ ʨʘʩʭʦʜʘ ʞʠʜʢʦʩʪʝʡ ʠ ʛʘʟʦʚ : ʫʯʝʙʥʠʢ ʜʣʷ 

ʚʫʟʦʚ. 3-ʝ ʠʟʜ., ʠʩʧʨ. ʠ ʜʦʧ. ð ʄʦʩʢʚʘ: ʖʨʘʡʪ, 2025.  

2 ʇʅʉʊ 896ï2023  çʀʥʪʝʣʣʝʢʪʫʘʣʴʥʳʝ ʧʨʠʙʦʨʳ ʫʯʝʪʘ ʵʣʝʢʪʨʠʯʝʩʢʦʡ 

ʵʥʝʨʛʠʠè. ʈʦʩʩʪʘʥʜʘʨʪ, 2023. 

3 Turbo Flow UFG-H. ʋʣʴʪʨʘʟʚʫʢʦʚʦʡ ʨʘʩʭʦʜʦʤʝʨ-ʩʯʝʪʯʠʢ ʛʘʟʘ. ʆʆʆ 

çʊʫʨʙʫʣʝʥʪʥʦʩʪʴ-ɼʆʅè. 2024. 

4 Measurement Science Review (2025). Prediction of Natural Gas Compres-

sibility Factor using ANN. https://sciendo.com/article/10.2478/msr-2025-0005  

5 Flow Measurement & Instrumentation (2025). Advancing Two-Phase Wet Gas 

Flow Measurement with Coriolis Meters. 

https://doi.org/10.1016/j.flowmeasinst.2025.102537  

6 SSRN (2025). Measurement of Gas and Liquid Flow Rates in Two-Phase Pipe 

Flows using DAS. https://papers.ssrn.com/sol3/papers.cfm?abstract_id=4878985  

7 PMC (2025). Research on Measurement Error Distribution and Flowmeter 

Accuracy. https://www.ncbi.nlm.nih.gov/pmc/articles/PMC11943561/  

 

https://sciendo.com/article/10.2478/msr-2025-0005
https://doi.org/10.1016/j.flowmeasinst.2025.102537
https://papers.ssrn.com/sol3/papers.cfm?abstract_id=4878985
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC11943561/


 
ΝΣΝ 

ᴄʆɾ 681.518.1: 681.518.5 

 

ɸפʇɸʈɸʊʊʓ ɹɸʉפɸʈʋɼʓר ɿʀʗʊʂɽʈʃɯʂ ɾתʁɽʉɯʅ ᴄɿɯʈʃɽʋ ɾᴄʅɽ 

 ʄʓʉʊʓ ɸɺʊʆʄɸʊʊɸʅɼʓʈʋױɾ פʓʃʓʄʀ-ʇɽɼɸɻʆɻʀʂɸʃʓנ

 

ɾײʤʘʜʽʣ ʄ.ʊ. 

 ʳ ɸʣʤʘʪʳ ʵʥʝʨʛʝʪʠʢʘ ʞᴅʥʝ ʙʘʡʣʘʥʳʩ ʫʥʠʚʝʨʩʠʪʝʪʽסɼᴅʫʢʝʝʚ ʘʪʳʥʜʘ.נ

miras.zhumadil@gmail.com 

 

1. ʅʝʛʽʟʛʽ ʤᴅʪʽʥ 

 ʧʘʨʘʪʪʳ ʪʠʽʤʜʽץʳʣʳʤʠ ʟʝʨʪʪʝʫ ʩʘʣʘʩʳʥʜʘ ʘס ʜʘ ʙʽʣʽʤ ʙʝʨʫ ʤʝʥשʘʟʽʨʛʽ ʪʘפ

ʙʘʩץʘʨʫ, ʜʝʨʝʢʪʝʨʜʽ ʪʘʣʜʘʫ ʞᴅʥʝ סʳʣʳʤʠ-ʧʝʜʘʛʦʛʠʢʘʣʳץ ʞײʤʳʩʪʳ 

ʘʚʪʦʤʘʪʪʘʥʜʳʨʫ ʤᴅʩʝʣʝʩʽ ʝʨʝʢʰʝ ᴇʟʝʢʪʽ ʙʦʣʳʧ ʦʪʳʨ. ʉʘʥʜʳץ ʪʝʭʥʦʣʦʛʠʷʣʘʨʜʳש 

ʜʘʤʫʳ, ʞʘʩʘʥʜʳ ʠʥʪʝʣʣʝʢʪ ʵʣʝʤʝʥʪʪʝʨʽʥʽש ʝʥʛʽʟʽʣʫʽ ʞᴅʥʝ ʘʚʪʦʤʘʪʪʘʥʜʳʨʳʣסʘʥ 

ʞװʡʝʣʝʨʜʽש ʧʘʡʜʘ ʙʦʣʫʳ ʙʽʣʽʤ ʙʝʨʫ ʧʨʦʮʝʩʽʥ ʞʘשʘ ʜʝשʛʝʡʛʝ ʢᴇʪʝʨʫʜʝ. ɸץʧʘʨʘʪʪʳ 

ʙʘʩץʘʨʫʜʳש ʟʠʷʪʢʝʨʣʽʢ ʞװʡʝʩʽʥ ᴅʟʽʨʣʝʫ ï ʦץʫ װʜʝʨʽʩʽʥ ʞʦʩʧʘʨʣʘʫ, ʙʘץʳʣʘʫ, 

 ʫ ʤʘʪʝʨʠʘʣʜʘʨʳʥ ʮʠʬʨʣʘʥʜʳʨʫ ʞᴅʥʝץʜʝʫ, ʦשʳʣʳʤʠ ʥᴅʪʠʞʝʣʝʨʜʽ ᴇס

ʩʪʫʜʝʥʪʪʝʨʜʽש ʞʝʢʝ ʢᴇʨʩʝʪʢʽʰʪʝʨʽʥ ʙʘסʘʣʘʫʜʳ ʞʝשʽʣʜʝʪʝʪʽʥ ʤʘשʳʟʜʳ ץʘʜʘʤ 

ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. ʄײʥʜʘʡ ʞװʡʝʣʝʨʜʽש ʙʘʩʪʳ ʝʨʝʢʰʝʣʽʛʽ ï ʘʜʘʧʪʠʚʪʽʣʽʛʽ ʤʝʥ 

ʠʥʪʝʣʣʝʢʪʫʘʣʜʳץ ʤװʤʢʽʥʜʽʢʪʝʨʽʥʜʝ. ʆʣʘʨ ʞʘʩʘʥʜʳ ʠʥʪʝʣʣʝʢʪ ᴅʜʽʩʪʝʨʽʥ 

 ʘסʘʨʫסʦʨʳʪʳʥʜʳ ʰʳץ ʪʳץʣʢʝʥ ʢᴇʣʝʤʜʝʛʽ ʜʝʨʝʢʪʝʨʜʽ ʪʘʣʜʘʧ, ʥʘװ ,ʦʣʜʘʥʳʧץ

 .ʘʙʽʣʝʪʪʽץ

 ʘʟʽʨʛʽ ʙʽʣʽʤ ʙʝʨʫץ ʤʳʩʪʳ ʘʚʪʦʤʘʪʪʘʥʜʳʨʫײʞ ץʳʣʳʤʠ-ʧʝʜʘʛʦʛʠʢʘʣʳנ

ʤʝʢʝʤʝʣʝʨʽʥʜʝ ʦץʳʪʫʰʳʣʘʨʜʳש ʪʠʽʤʜʽʣʽʛʽʥ ʘʨʪʪʳʨʫסʘ ʙʘסʳʪʪʘʣסʘʥ. ɹײʣ װʜʝʨʽʩ 

ʙʽʨʥʝʰʝ ʥʝʛʽʟʛʽ ʙʘסʳʪʪʘʨʜʳ ץʘʤʪʠʜʳ: ʦץʫ ʧʨʦʮʝʩʽʥ ʘʚʪʦʤʘʪʪʘʥʜʳʨʫ, ʷסʥʠ 

ʩʪʫʜʝʥʪʪʝʨʜʽװ שʣʛʝʨʽʤʽʥ ץʘʜʘסʘʣʘʫ, ʪʝʩʪʽʣʝʫ ʞװʡʝʩʽʥ ײʡʳʤʜʘʩʪʳʨʫ, ʦץʫ 

ʞװʢʪʝʤʝʩʽʥ ʞʦʩʧʘʨʣʘʫ; סʳʣʳʤʠ ץʳʟʤʝʪʪʽ ʘʚʪʦʤʘʪʪʘʥʜʳʨʫ, ʷסʥʠ ʜʝʨʝʢʪʝʨʜʽ 

ʪʘʣʜʘʫ, ʵʢʩʧʝʨʠʤʝʥʪʪʽʢ ʥᴅʪʠʞʝʣʝʨʜʽ ᴇשʜʝʫ, ʤʦʜʝʣʴ ײץʨʫ; ʙʘʩץʘʨʫʰʳʣʳץ 

ʧʨʦʮʝʩʪʝʨʜʽ ʦשʪʘʡʣʘʥʜʳʨʫ, ʷסʥʠ ʢʘʬʝʜʨʘ ʥʝʤʝʩʝ ʬʘʢʫʣʴʪʝʪ ʜʝשʛʝʡʽʥʜʝ 

ʤᴅʣʽʤʝʪʪʝʨʜʽ ʞʠʥʘץʪʘʫ ʞᴅʥʝ ʝʩʝʧʪʽʣʽʢʪʽ ʘʚʪʦʤʘʪʪʳ ʪװʨʜʝ ʜʘʡʳʥʜʘʫ. ʆʩʳ 

ʤʽʥʜʝʪʪʝʨʜʽ ʞװʟʝʛʝ ʘʩʳʨʫʜʘ Matlab ʦʨʪʘʩʳ ʥʝʛʽʟʛʽ ײץʨʘʣʜʘʨʜʳש ʙʽʨʽ ʙʦʣʳʧ 

ʪʘʙʳʣʘʜʳ. 

Matlab ï ʤʘʪʝʤʘʪʠʢʘʣʳץ ʝʩʝʧʪʝʨʜʽ ʰʝʰʫʜʽש ᴅʤʙʝʙʘʧ ʦʨʪʘʩʳ. ʆʣ ʙʽʣʽʤ ʙʝʨʫ 

ʧʨʦʮʝʩʽʥʜʝ ʜʝ, סʳʣʳʤʠ-ʟʝʨʪʪʝʫ ʞײʤʳʩʪʘʨʳʥʜʘ ʜʘ ʢʝשʽʥʝʥ ץʦʣʜʘʥʳʣʘʜʳ. 

ʄʘʪʝʤʘʪʠʢʘʣʳץ ʧᴅʥʜʝʨʜʽ ʦץʳʪʫ ʙʘʨʳʩʳʥʜʘ ʜʠʬʬʝʨʝʥʮʠʘʣʜʳץ ʪʝשʜʝʫʣʝʨʜʽ 

ʰʝʰʫ, ʳץʪʠʤʘʣʜʳץ ʪʝʦʨʠʷʩʳʥ ʪװʩʽʥʜʽʨʫ, ʩʳʟʳץʪʳץ ʘʣʛʝʙʨʘ ʝʩʝʧʪʝʨʽʥ ʤʦʜʝʣʴʜʝʫ 

ʩʠʷץʪʳ ʤװʤʢʽʥʜʽʢʪʝʨ ʙʝʨʝʜʽ. ʀʥʞʝʥʝʨʣʽʢ ʧᴅʥʜʝʨʜʝ Matlab ʙʘʩץʘʨʫ ʞװʡʝʣʝʨʽʥ 

ʤʦʜʝʣʴʜʝʫ, ʩʠʛʥʘʣʜʘʨʜʳ ᴇשʜʝʫ, ʵʣʝʢʪʨʦʥʠʢʘʜʘסʳ ʧʨʦʮʝʩʪʝʨʜʽ ʟʝʨʪʪʝʫ װʰʽʥ 

 ʡʝʣʝʨ ʩʘʣʘʩʳʥʜʘ ʞʘʩʘʥʜʳװʘʪʘʨ, ʟʠʷʪʢʝʨʣʽʢ ʞץ ʦʣʜʘʥʳʣʘʜʳ. ʉʦʥʳʤʝʥץ

ʥʝʡʨʦʥʜʳץ ʞʝʣʽʣʝʨʜʽ ײץʨʫ, ʙײʣʜʳʨ ʣʦʛʠʢʘ ᴅʜʽʩʪʝʨʽʥ ץʦʣʜʘʥʫ, ʤʘʰʠʥʘʣʳץ ʦץʳʪʫ 

ʥʝʛʽʟʜʝʨʽʥ ʤʝשʛʝʨʫ Matlab ʢᴇʤʝʛʽʤʝʥ ʞװʟʝʛʝ ʘʩʘʜʳ. 

Matlab ʦʨʪʘʩʳʥʜʘ ʥʝʡʨʦʞװʡʝʣʝʨʜʽ ʞʘʩʘʫ ʤװʤʢʽʥʜʽʛʽ ʝʨʝʢʰʝ ʤʘשʳʟסʘ ʠʝ. 

ʅʝʡʨʦʥʜʳץ ʞʝʣʽʣʝʨ ï ʘʜʘʤʥʳש ʤʠ ץʳʟʤʝʪʽʥ ʤʦʜʝʣʴʜʝʫʛʝ ץײʩʘʩ ʧʨʠʥʮʠʧʪʝʨ 

ʙʦʡʳʥʰʘ ʞײʤʳʩ ʽʩʪʝʡʪʽʥ ʞʘʩʘʥʜʳ ʠʥʪʝʣʣʝʢʪ ʪʝʭʥʦʣʦʛʠʷʩʳ. Matlab-ʪʘסʳ Neural 



 
ΝΣΞ 

Network Toolbox ʘʨץʳʣʳ ᴅʨʪװʨʣʽ ʪʠʧʪʝʛʽ ʥʝʡʨʦʞװʡʝʣʝʨʜʽ ײץʨʳʧ, ʦʣʘʨʜʳ ʦץʳʪʫסʘ 

ʞᴅʥʝ ʥʘץʪʳ ץʦʣʜʘʥʙʘʣʘʨסʘ ʙʝʡʽʤʜʝʫʛʝ ʙʦʣʘʜʳ. ʄײʥʜʘʡ ʞװʡʝʣʝʨ ʙʽʣʽʤ ʙʝʨʫ 

ʧʨʦʮʝʩʽʥʜʝ ʩʪʫʜʝʥʪʪʝʨʜʽװ שʣʛʝʨʽʤʽʥ ʙʦʣʞʘʫ, ʦץʫ ʤʘʪʝʨʠʘʣʜʘʨʳʥ ʙʝʡʽʤʜʝʫ, ʪʝʩʪ 

ʥᴅʪʠʞʝʣʝʨʽʥ ʪʘʣʜʘʫ ʩʠʷץʪʳ ʤʽʥʜʝʪʪʝʨʜʽ ʰʝʰʫʜʝ ʪʠʽʤʜʽ. נʳʣʳʤʠ ʟʝʨʪʪʝʫʣʝʨʜʝ 

ʥʝʡʨʦʞװʡʝʣʝʨ ʢװʨʜʝʣʽ ʵʢʩʧʝʨʠʤʝʥʪʪʽʢ ʜʝʨʝʢʪʝʨ ʘʨʘʩʳʥʜʘסʳ ʞʘʩʳʨʳʥ 

ʟʘשʜʳʣʳץʪʘʨʜʳ ʘʥʳץʪʘʧ, ʙʦʣʞʘʤ ʞʘʩʘʫסʘ ʢᴇʤʝʢʪʝʩʝʜʽ. ʉʦʥʳʤʝʥ ץʘʪʘʨ ᴇʥʜʽʨʽʩʪʽʢ 

ʞᴅʥʝ ʪʝʭʥʠʢʘʣʳץ ʩʘʣʘʣʘʨʜʘ Matlab-ʪʘ ʞʘʩʘʣסʘʥ ʥʝʡʨʦʞװʡʝʣʝʨ ʧʨʦʮʝʩʪʝʨʜʽ 

ʙʘʩץʘʨʫ, ʘץʘʫʣʘʨʜʳ ʘʣʜʳʥ ʘʣʘ ʘʥʳץʪʘʫ ʞᴅʥʝ ʩʘʧʘʥʳ ʙʘץʳʣʘʫ װʰʽʥ ץʦʣʜʘʥʳʣʘʜʳ. 

ɹײʣ ײץʨʘʣʜʳש ʪʘסʳ ʙʽʨ ʘʨʪʳץʰʳʣʳסʳ ï ʥʝʡʨʦʞװʡʝʣʝʨʜʽ ʚʠʟʫʘʣʜʳ ʪװʨʜʝ 

 ʦʣʞʝʪʽʤʜʽ ᴅʨʽץ ʰʽʥװ ʳʪʫʰʳʣʘʨץʥʠ ʟʝʨʪʪʝʫʰʽʣʝʨ ʤʝʥ ʦסʤʢʽʥʜʽʛʽ, ʷװʨʘʩʪʳʨʫ ʤײץ

ʳסשʘʡʣʳ ʠʥʪʝʨʬʝʡʩ ײʩʳʥʘʜʳ. Matlab ʦʨʪʘʩʳʥʜʘ ʥʝʡʨʦʞװʡʝʣʝʨʜʽ ʧʘʡʜʘʣʘʥʫ ʪʝʢ 

 ʳʣʳʤʠ ʝʩʝʧʪʝʨʜʽ ʰʝʰʫʤʝʥ ʰʝʢʪʝʣʤʝʡ, ʟʘʤʘʥʘʫʠ ʙʽʣʽʤ ʙʝʨʫ ʤʝʢʝʤʝʣʝʨʽʥʝס ʘʥʘץ

ʘʨʥʘʣסʘʥ ʠʥʪʝʣʣʝʢʪʫʘʣʜʳ ʩʝʨʚʠʩʪʝʨʜʽ ײץʨʫסʘ ʜʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. ʉʦʣʘʨʜʳש ʙʽʨʽ 

ï Energo University ʫʥʠʚʝʨʩʠʪʝʪʽʥʝ ʙʝʡʽʤʜʝʣʛʝʥ ʯʘʪ-ʙʦʪ ʞʘʩʘʫ. ʄײʥʜʘʡ ʯʘʪ-ʙʦʪ 

ʩʪʫʜʝʥʪʪʝʨ ʤʝʥ ʦץʳʪʫʰʳʣʘʨסʘ ʦץʫ ʧʨʦʮʝʩʽʥʜʝ ʢᴇʤʝʢʰʽ ײץʨʘʣ ʙʦʣʘ ʘʣʘʜʳ. 

ʄʳʩʘʣʳ, ʩʪʫʜʝʥʪ ᴇʟʽʥʝ ץʘʞʝʪ ʩʘʙʘץ ʢʝʩʪʝʩʽʥ, ʝʤʪʠʭʘʥ ʫʘץʳʪʳʥ, ʢʽʪʘʧʭʘʥʘʜʘסʳ 

 .ʳʣʳ ʞʳʣʜʘʤ ʘʣʘ ʘʣʘʜʳץʦʣʞʝʪʽʤʜʽ ʨʝʩʫʨʩʪʘʨʜʳ ʥʝʤʝʩʝ GPA ʝʩʝʙʽʥ ʯʘʪ-ʙʦʪ ʘʨץ

ɸʣ ʦץʳʪʫʰʳʣʘʨ װʰʽʥ ʯʘʪ-ʙʦʪ ʩʪʫʜʝʥʪʪʝʨʜʽװ שʣʛʝʨʽʤʽ, ʪʘʧʩʳʨʤʘʣʘʨʜʳ ʦʨʳʥʜʘʫ 

ʢᴇʨʩʝʪʢʽʰʽ ʞᴅʥʝ ʟʝʨʪʭʘʥʘʣʳץ ʞײʤʳʩʪʘʨʜʳ ʪʘʧʩʳʨʫ ʩʪʘʪʠʩʪʠʢʘʩʳ ʪʫʨʘʣʳ 

ʜʝʨʝʢʪʝʨʜʽ ᴇשʜʝʧ, ʜʘʡʳʥ ץʦʨʳʪʳʥʜʳ ʙʝʨʝ ʘʣʘʜʳ.  

 

 
1 cʫʨʝʪ - Matlab ʢᴇʤʝʛʽʤʝʥ ʥʝʡʨʦʞװʡʝʣʝʨʜʽ װʡʨʝʪʫ ʘʣʛʦʨʠʪʤʽ 

 

ʏʘʪ-ʙʦʪʪʳ ײץʨʫ ʙʘʨʳʩʳʥʜʘ Matlab-ʪʘסʳ ʥʝʡʨʦʞװʡʝʣʝʨʜʽ ץʦʣʜʘʥʫ ʦʥʳש 

ʠʥʪʝʣʣʝʢʪʫʘʣʜʳ ʤװʤʢʽʥʜʽʢʪʝʨʽʥ ʢʝשʝʡʪʝʜʽ. ʅʝʡʨʦʥʜʳץ ʞʝʣʽʣʝʨ ʩʪʫʜʝʥʪʪʝʨʜʽש 

ʩײʨʘץʪʘʨʳʥ ʪʘʥʫ ʞᴅʥʝ ʜײʨʳʩ ʞʘʫʘʧ ʙʝʨʫ װʰʽʥ ץʦʣʜʘʥʳʣʘʜʳ. ɹײʣ ᴅʜʽʩ ʯʘʪ-ʙʦʪʪʳ 

ʜᴅʩʪװʨʣʽ ץʘʨʘʧʘʡʳʤ ʞװʡʝʣʝʨʜʝʥ ʝʨʝʢʰʝʣʝʥʜʽʨʽʧ, ʪʘʙʠסʠ ʪʽʣʜʝ ץʦʡʳʣסʘʥ ʩײʨʘץ-

ʪʘʨסʘ ʞʘʫʘʧ ʙʝʨʫʛʝ ʙʝʡʽʤʜʝʡʜʽ. ʉʦʥʳʤʝʥ ץʘʪʘʨ, ʯʘʪ-ʙʦʪ ʫʥʠʚʝʨʩʠʪʝʪʪʽש ʘץʧʘʨʘʪ-

ʪʳץ ʞװʡʝʣʝʨʽʤʝʥ ʙʽʨʽʢʪʽʨʽʣʽʧ, ʥʘץʪʳ ʫʘץʳʪ ʨʝʞʠʤʽʥʜʝ ʜʝʨʝʢʪʝʨʜʽ ᴇשʜʝʡ ʘʣʘʜʳ. 



 
ΝΣΟ 

 
2 cʫʨʝʪ - Matlab ʢᴇʤʝʛʽʤʝʥ ʥʝʡʨʦʞװʡʝʣʝʨʜʽ װʡʨʝʪʫʜʽש ʤʳʩʘʣʳ 

 

Energo University ʫʥʠʚʝʨʩʠʪʝʪʽʥʜʝ ʤײʥʜʘʡ ʥʝʡʨʦʞװʡʝʣʽʢ ʯʘʪ-ʙʦʪʪʳ ʝʥʛʽʟʫ 

ʦץʫ ʧʨʦʮʝʩʽʥ ʞʝשʽʣʜʝʪʽʧ ץʘʥʘ ץʦʡʤʘʡ, ʙʽʣʽʤ ʙʝʨʫ ʩʘʧʘʩʳʥ ʘʨʪʪʳʨʫסʘ ʩʝʧʪʽʛʽʥ 

ʪʠʛʽʟʝʜʽ. ʆʣ ʩʪʫʜʝʥʪʪʝʨ װʰʽʥ ʚʠʨʪʫʘʣʜʳ ʘʩʩʠʩʪʝʥʪ ʨᴇʣʽʥ ʘʪץʘʨʳʧ, ᴅʢʽʤʰʽʣʽʢ 

ʞװʢʪʝʤʝʥʽ ʘʟʘʡʪʘʜʳ, ʘʣ ʦץʳʪʫʰʳʣʘʨ װʰʽʥ ʘץʧʘʨʘʪʪʳ ʙʘʩץʘʨʫʜʳ 

ʘʚʪʦʤʘʪʪʘʥʜʳʨʘʜʳ. ʅᴅʪʠʞʝʩʽʥʜʝ ʫʥʠʚʝʨʩʠʪʝʪʪʽש ʟʠʷʪʢʝʨʣʽʢ ʘץʧʘʨʘʪʪʳץ 

ʞװʡʝʩʽʥʽש ʙʽʨ ʙᴇʣʽʛʽ ʨʝʪʽʥʜʝ ʯʘʪ-ʙʦʪ ʠʥʥʦʚʘʮʠʷʣʳץ ʙʽʣʽʤ ʙʝʨʫ ʵʢʦʞװʡʝʩʽʥ 

 .ʦʩʘʜʳץ ʣʝʩװ ʘסʘʣʳʧʪʘʩʪʳʨʫץ

ʇʨʘʢʪʠʢʘʣʳץ ʪײʨסʳʜʘʥ ʘʣסʘʥʜʘ Matlab ʥʝʛʽʟʽʥʜʝ ᴅʨʪװʨʣʽ 

ʘʚʪʦʤʘʪʪʘʥʜʳʨʳʣסʘʥ ʰʝʰʽʤʜʝʨ ʞʘʩʘʫסʘ ʙʦʣʘʜʳ. ʄʳʩʘʣʳ, ʩʪʫʜʝʥʪʪʝʨʜʽש 

 ʨʜʝ GPAװʘʚʪʦʤʘʪʪʳ ʪ שʘʣʘʨʜʳ ʝʥʛʽʟʛʝʥ ʩʦסʡʝʩʽ ʙʘװʣʛʝʨʽʤʽʥ ʪʘʣʜʘʫ ʞװ

ʢᴇʨʩʝʪʢʽʰʽʥ ʝʩʝʧʪʝʧ, ʦʥʳש ʜʠʥʘʤʠʢʘʩʳʥ ʛʨʘʬʠʢ ʪװʨʽʥʜʝ ʰʳסʘʨʘʜʳ. נʳʣʳʤʠ 

ʟʝʨʪʪʝʫʣʝʨʜʝ ʘʣʳʥסʘʥ ʵʢʩʧʝʨʠʤʝʥʪʪʽʢ ʜʝʨʝʢʪʝʨʜʽ ʤʦʜʝʣʴʜʽʢ ʩʳʟʳץʧʝʥ 

ʩʘʣʳʩʪʳʨʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʪʽʥ ײץʨʘʣʜʘʨ ץʦʣʜʘʥʳʣʘʜʳ. ʉʦʥʳʤʝʥ ץʘʪʘʨ, 

ʟʠʷʪʢʝʨʣʽʢ ʙʘʩץʘʨʫ ʞװʡʝʣʝʨʽʥ ײץʨʫʜʘ Matlab-ʪʘסʳ fuzzy logic ʤʦʜʫʣʴʜʝʨʽ 



 
ΝΣΠ 

ʠʥʪʝʨʥʝʪ ʩʘʧʘʩʳʥ ʙʘסʘʣʘʫ ʥʝʤʝʩʝ ᴇʥʜʽʨʽʩʪʽʢ ʧʨʦʮʝʩʪʝʨʜʽ ʙʘץʳʣʘʫ װʰʽʥ 

ʧʘʡʜʘʣʘʥʳʣʘʜʳ. ʅʝʡʨʦʞװʡʝʣʝʨʜʽ ץʦʩʫ ʘʨץʳʣʳ ʙײʣ ʰʝʰʽʤʜʝʨ ʦʜʘʥ ʜʘ 

ʠʥʪʝʣʣʝʢʪʫʘʣʜʳ ʩʠʧʘʪץʘ ʠʝ ʙʦʣʳʧ, ʜʝʨʝʢʪʝʨʜʽ ᴇשʜʝʫʜʝ ʞʦסʘʨʳ ʜᴅʣʜʽʢ ʙʝʨʝʜʽ. 

ɹײʣ ʦʨʪʘʥʳ ץʦʣʜʘʥʫʜʳש ʙʦʣʘʰʘסʳ ʟʦʨ. Matlab ᴅʤʙʝʙʘʧ ײץʨʘʣ ʙʦʣסʘʥʜʳץʪʘʥ, 

ʦʥʳ ᴅʨʪװʨʣʽ סʳʣʳʤ ʩʘʣʘʩʳʥʜʘ ץʦʣʜʘʥʫסʘ ʙʦʣʘʜʳ. ʆʥʳש ʘʨʪʳץʰʳʣʳץʪʘʨʳʥʳש 

ʙʽʨʽ ï ʦץʫ ʧʨʦʮʝʩʽʥ ʞʝʢʝʣʝʥʜʽʨʫ ʤװʤʢʽʥʜʽʛʽ. ᴄʨ ʩʪʫʜʝʥʪʪʽש ʢᴇʨʩʝʪʢʽʰʽʥʝ 

ʙʘʡʣʘʥʳʩʪʳ ʞʝʢʝ ʦץʫ ʪʨʘʝʢʪʦʨʠʷʩʳʥ ײʩʳʥʫ ʘʨץʳʣʳ ʙʽʣʽʤ ʩʘʧʘʩʳʥ ʘʨʪʪʳʨʫסʘ 

ʙʦʣʘʜʳ. נʳʣʳʤʠ ץʳʟʤʝʪʪʽש ᴇʥʽʤʜʽʣʽʛʽ ʜʝ Matlab ʘʨץʳʣʳ ʘʨʪʘʜʳ, ʩʝʙʝʙʽ 

ʘʚʪʦʤʘʪʪʘʥʜʳʨʳʣסʘʥ ʝʩʝʧʪʝʫ ʤʝʥ ʚʠʟʫʘʣʠʟʘʮʠʷ ʟʝʨʪʪʝʫʰʽʥʽש ʫʘץʳʪʳʥ װʥʝʤʜʝʡʜʽ 

ʞᴅʥʝ ʥᴅʪʠʞʝʥʽ ʥʘץʪʳ ᴅʨʽ ʪװʩʽʥʽʢʪʽ ʝʪʝʜʽ. ʉʦʥʳʤʝʥ ץʘʪʘʨ, Matlab ʞʘʩʘʥʜʳ 

ʠʥʪʝʣʣʝʢʪ ᴅʜʽʩʪʝʨʽʥ, ʩʦʥʳש ʽʰʽʥʜʝ ʥʝʡʨʦʞװʡʝʣʝʨʜʽ ʠʥʪʝʛʨʘʮʠʷʣʘʫ ʘʨץʳʣʳ 

ʠʥʪʝʣʣʝʢʪʫʘʣʜʳ ʙʘʩץʘʨʫ ʞװʡʝʣʝʨʽʥ ʜʘʤʳʪʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. 

 ʡʝʩʽʥ ᴅʟʽʨʣʝʫ ʤʝʥװʟʠʷʪʢʝʨʣʽʢ ʞ שʘʨʫʜʳץʧʘʨʘʪʪʳ ʙʘʩץʦʨʳʪʳʥʜʳʣʘʡ ʢʝʣʝ, ʘפ

 שʡʝʩʽʥʽװʘʟʽʨʛʽ ʙʽʣʽʤ ʙʝʨʫ ʞץ ʤʳʩʪʳ ʘʚʪʦʤʘʪʪʘʥʜʳʨʫײʞ ץʳʣʳʤʠ-ʧʝʜʘʛʦʛʠʢʘʣʳס

ʙʘʩʪʳ ʪʘʣʘʧʪʘʨʳʥʳש ʙʽʨʽ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. Matlab ʦʨʪʘʩʳʥ ץʦʣʜʘʥʫ ʘʨץʳʣʳ ʦץʫ 

ʞᴅʥʝ סʳʣʳʤʠ װʜʝʨʽʩʪʝʨʜʽ ʞʘשʘ ʜʝשʛʝʡʛʝ ʢᴇʪʝʨʽʧ, ʩʘʧʘʣʳ ᴅʨʽ ʪʠʽʤʜʽ ʥᴅʪʠʞʝʣʝʨʛʝ 

 ʞᴅʥʝ ʠʥʞʝʥʝʨʣʽʢ ץʣ ʦʨʪʘ ʙʽʣʽʤ ʙʝʨʫʜʝ ʤʘʪʝʤʘʪʠʢʘʣʳײʦʣ ʞʝʪʢʽʟʫʛʝ ʙʦʣʘʜʳ. ɹץ

ʧᴅʥʜʝʨʜʽ ʦץʳʪʫסʘ, סʳʣʳʤʠ-ʟʝʨʪʪʝʫ ʞײʤʳʩʪʘʨʳʥʜʘ ʢװʨʜʝʣʽ ʤʦʜʝʣʴʜʝʨ ײץʨʫסʘ 

ʞᴅʥʝ ʙʘʩץʘʨʫ ʧʨʦʮʝʩʪʝʨʽʥ ʘʚʪʦʤʘʪʪʘʥʜʳʨʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. ᴄʩʽʨʝʩʝ Matlab-

ʪʘסʳ ʥʝʡʨʦʞװʡʝʣʝʨʜʽ ץʦʣʜʘʥʫ ʧʝʜʘʛʦʛʠʢʘʣʳץ ʞᴅʥʝ סʳʣʳʤʠ ʦʨʪʘסʘ ʜʝʨʝʢʪʝʨʜʽ 

ʠʥʪʝʣʣʝʢʪʫʘʣʜʳ ʪʘʣʜʘʫ, ʥᴅʪʠʞʝʣʝʨʜʽ ʙʦʣʞʘʫ ʞᴅʥʝ ʙʝʡʽʤʜʝʣʛʝʥ ʰʝʰʽʤ ץʘʙʳʣʜʘʫ 

ʪײʨסʳʩʳʥʘʥ ʟʦʨ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. ʉʦʥʜʳץʪʘʥ Matlab-ʪʳ סʳʣʳʤʠ-ʧʝʜʘʛʦʛʠʢʘʣʳץ 

ʦʨʪʘʜʘ ץʦʣʜʘʥʫ ï ץʘʟʽʨʛʽ ʟʘʤʘʥסʳ ʙʽʣʽʤ ʙʝʨʫ ʤʝʢʝʤʝʣʝʨʽʥʽש ʟʠʷʪʢʝʨʣʽʢ ʞװʡʝʩʽʥ 

ʜʘʤʳʪʫʜʘסʳ ʥʝʛʽʟʛʽ ʩʪʨʘʪʝʛʠʷʣʳץ ץʘʜʘʤʜʘʨʜʳש ʙʽʨʽ ʙʦʣʳʧ ʩʘʥʘʣʘʜʳ. 
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ɸשʜʘʪʧʘ. ʄʘץʘʣʘʜʘ ʧʽʩʽʨʫ ʢʘʤʝʨʘʩʳʥʜʘסʳ ʪʝʤʧʝʨʘʪʫʨʘ ʤʝʥ ʳʣסʘʣʜʳʣʳץʪʳ 

ʙʘץʳʣʘʫ ʘʨץʳʣʳ ᴇʥʽʤ ʩʘʧʘʩʳʥ ʞʘץʩʘʨʪʫ ʤʘץʩʘʪʳʥʜʘ ʘʥʳץ ʝʤʝʩ ʣʦʛʠʢʘ ʤʝʥ 

ʨʝʛʨʝʩʩʠʷʣʳץ ʪʘʣʜʘʫ ץʦʣʜʘʥʫ ʤᴅʩʝʣʝʩʽ ץʘʨʘʩʪʳʨʳʣʘʜʳ. ʄʦʜʝʣʴʜʝʫ ʧʨʦʮʝʩʽ 

MATLAB ʞװʡʝʩʽʥʽש Fuzzy Logic Toolbox ײץʨʘʣʳʥʜʘ ʽʩʢʝ ʘʩʳʨʳʣʳʧ, ʦʣ ʘʥʳץ 

ʝʤʝʩ ʙʘʩץʘʨʫ ʞװʡʝʣʝʨʽʥ ʞʦʙʘʣʘʫ ʤʝʥ ʩʠʥʪʝʟʜʝʫ װʰʽʥ ʥʝʛʽʟʛʽ ʬʫʥʢʮʠʦʥʘʣʜʘʨʜʳ 

 ʩʳʥʘʜʳ. ɿʝʨʪʪʝʫ ʥʝʛʽʟʽʥʜʝ ʄʘʤʘʜʘʥʠ ʞᴅʥʝ ʊʘʢʘʛʠïʉʫʛʝʥʦ ʘʣʛʦʨʠʪʤʜʝʨʽײ

 ᴇʟʛʝʨʽʩʪʝʨʽʥʝ שʜʘʡʣʘʨʜʳסʞʘ ץʘʥ, ʦʣʘʨ ʜʝʨʝʢʪʝʨ ʤʝʥ ʪʝʭʥʦʣʦʛʠʷʣʳסʦʣʜʘʥʳʣץ

ʙʝʡʽʤʜʝʣʝ ʘʣʘʪʳʥ ʠʥʪʝʣʣʝʢʪʫʘʣʜʳ ʙʘʩץʘʨʫ ʞװʡʝʣʝʨʽʥ ײץʨʫʜʘ ʪʠʽʤʜʽ ʙʦʣʳʧ 

ʩʘʥʘʣʘʜʳ. ʄʘʤʘʜʘʥʠ ʤʦʜʝʣʽ ᴅʩʽʨʝʩʝ ʘʥʳץ ʝʤʝʩ ʝʨʝʞʝʣʝʨʜʽ ʠʢʝʤʜʽ ʪװʨʜʝ ᴇשʜʝʫ 

ʤװʤʢʽʥʜʽʛʽʤʝʥ ʝʨʝʢʰʝʣʝʥʝʜʽ. ʅᴅʪʠʞʝʣʝʨ ʢᴇʨʩʝʪʢʝʥʜʝʡ, ʨʝʛʨʝʩʩʠʷʣʳץ ʤʦʜʝʣʴ 

ʪʝʤʧʝʨʘʪʫʨʘ ʤʝʥ ʳʣסʘʣʜʳʣʳץʪʳ ʜᴅʣ ʨʝʪʪʝʫʛʝ ʤװʤʢʽʥʜʽʢ ʙʝʨʽʧ, ʧʽʩʽʨʫ װʨʜʽʩʽʥʽש  

ʦשʪʘʡʣʳ ʧʘʨʘʤʝʪʨʣʝʨʽʥ ʩʘץʪʘʫʜʘ ʞʦסʘʨʳ ʪʠʽʤʜʽʣʽʢ ʪʘʥʳʪץʘʥ.  

ʊװʡʽʥʜʽ ʩᴇʟʜʝʨ. ʊʘʤʘץ ᴇʥʜʽʨʽʩʽʥ ʘʚʪʦʤʘʪʪʘʥʜʳʨʫ, ʩʘʧʘ ʤʝʥʝʜʞʤʝʥʪ, 

ʟʠʷʪʢʝʨʣʽʢ ʞװʡʝʣʝʨ, ʪʝʤʧʝʨʘʪʫʨʘʥʳ ʙʘץʳʣʘʫ, ʳʣסʘʣʜʳʣʳץʪʳ ʙʘץʳʣʘʫ, ʥʘʥ ʧʽʩʽʨʫ 

ᴇʥʝʨʢᴅʩʽʙʽ, ʘʥʳץ ʝʤʝʩ ʣʦʛʠʢʘʣʳץ ʞװʡʝʣʝʨ 

 

1 ʂʽʨʽʩʧʝ 

 ,ʽʣ ʙᴇʣʫʜʝשʣʽʢ ʩʘʧʘʩʳʥʘ ʢᴇʙʽʨʝʢ ʢᴇװʪ-ץʪʳʥʫʰʳʣʘʨ ʘʟʳײʪʘ ʪץʘʟʽʨʛʽ ʥʘʨʳפ

ʩʦʥʜʳץʪʘʥ ʥʘʫʙʘʡʭʘʥʘʣʘʨ ᴇʟ ᴇʥʽʤʜʝʨʽʥʽש ʩʘʧʘʩʳ ʤʝʥ ʪʠʽʤʜʽʣʽʛʽʥ ʘʨʪʪʳʨʫ 

ʤᴅʩʝʣʝʩʽʥʝ ʝʨʝʢʰʝ ʥʘʟʘʨ ʘʫʜʘʨʘʜʳ. ʉʘʧʘ ʤʝʥʝʜʞʤʝʥʪʽ ʞװʡʝʩʽʥ (ʉʄɾ) 

ʘʚʪʦʤʘʪʪʘʥʜʳʨʫ ʞᴅʥʝ ʟʠʷʪʢʝʨʣʽʢ ʪʝʭʥʦʣʦʛʠʷʣʘʨʜʳ ץʦʣʜʘʥʫ ʦʩʳ ʤʘץʩʘʪʪʘʨסʘ 

ʞʝʪʫʜʽש ʤʘשʳʟʜʳ ᴅʜʽʩʽ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ [1]. ɹײʣ ʟʝʨʪʪʝʫ ʩʘʥʜʳץ ʵʢʦʥʦʤʠʢʘʜʘסʳ 

ʩʘʧʘ ʤʝʥʝʜʞʤʝʥʪ ʤᴅʩʝʣʝʣʝʨʽʥ ʰʝʰʫʛʝ ʙʘסʳʪʪʘʣסʘʥ, ʙײʣ פʘʟʘץʩʪʘʥ 

ʈʝʩʧʫʙʣʠʢʘʩʳʥʳש ʤʝʤʣʝʢʝʪʪʽʢ ʙʘסʜʘʨʣʘʤʘʣʘʨʳʤʝʥ װʡʣʝʩʽʤʜʽ [2]. ɿʘʤʘʥʘʫʠ 

ʪʝʭʥʦʣʦʛʠʷʣʘʨ ᴇʥʽʤ ʩʘʧʘʩʳʥ ʘʚʪʦʤʘʪʪʳ ʪװʨʜʝ ʙʘץʳʣʘʫסʘ ʞᴅʥʝ ʞʘץʩʘʨʪʫסʘ 

ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ, ʙײʣ ʙʘʩץʘʨʫ װʨʜʽʩʪʝʨʽʥʽש ʜᴅʣʜʽʛʽ ʤʝʥ ʩʝʥʽʤʜʽʣʽʛʽʥ ʘʨʪʪʳʨʘʜʳ 

[3]. ʉʘʧʘʥʳ ʙʘʩץʘʨʫʜʘסʳ ʘʨץʳʣʳ ʘץʘʫʣʘʨʜʳ ʘʟʘʡʪʳʧ, ᴇʥʽʤʥʽש ʩʘʧʘʩʳʥ 

ʘʨʪʪʳʨʘʜʳ [4]. ʀʥʜʫʩʪʨʠʷ 4.0 ʢʦʥʮʝʧʮʠʷʩʳ ʘץʧʘʨʘʪʪʳץ ʪʝʭʥʦʣʦʛʠʷʣʘʨʜʳ, 

ʘʚʪʦʤʘʪʪʘʥʜʳʨʫʜʳ ʞᴅʥʝ ʞʘʩʘʥʜʳ ʠʥʪʝʣʣʝʢʪʪʽ ᴇʥʝʨʢᴅʩʽʧʢʝ ʙʽʨʽʢʪʽʨʫʜʽ ʢᴇʟʜʝʡʜʽ 

ʞᴅʥʝ ᴇʥʜʽʨʽʩ ʪʠʽʤʜʽʣʽʛʽʥ ʘʨʪʪʳʨʘʜʳ [5,6]. ɾʘʩʘʥʜʳ ʠʥʪʝʣʣʝʢʪʢʝ ʥʝʛʽʟʜʝʣʛʝʥ 

ᴅʜʽʩʪʝʨ ʞʘʙʜʳץʪʳש ʪʠʽʤʜʽʣʽʛʽʥ ʘʨʪʪʳʨʳʧ, ᴇʥʽʤ ʩʘʧʘʩʳʥ ʞʘץʩʘʨʪʘʜʳ ʞᴅʥʝ 

ʦʧʝʨʘʮʠʷʣʳץ ʰʳסʳʥʜʘʨʜʳ ʘʟʘʡʪʘʜʳ [7].ʄײʥʜʘʡ ʪʝʭʥʦʣʦʛʠʷʣʳץ ʠʥʪʝʛʨʘʮʠʷ 
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ʙᴅʩʝʢʝʛʝ ץʘʙʽʣʝʪʪʽʣʽʢʪʽ ʘʨʪʪʳʨʫʤʝʥ ץʘʪʘʨ, ʪײʨʘץʪʳ ʜʘʤʫ ʧʨʠʥʮʠʧʪʝʨʽʥʝ ʩʘʡ 

ʵʥʝʨʛʠʷ ʪʠʽʤʜʽʣʽʛʽʥ ץʘʤʪʘʤʘʩʳʟ ʝʪʝʜʽ. 

 

2. ʅʘʥ ʧʽʩʽʨʫ װʨʜʽʩʽ 

ʅʘʥ ʧʽʩʽʨʫ ï ץʘʤʳʨ ʘʰʳʪʫ, ʞʳʣʫ ʘʣʤʘʩʫ ʞᴅʥʝ ʭʠʤʠʷʣʳץ ʨʝʘʢʮʠʷʣʘʨ ʩʠʷץʪʳ 

ᴅʨʪװʨʣʽ ʬʠʟʠʢʘ-ʭʠʤʠʷʣʳײץ ץʙʳʣʳʩʪʘʨʜʳש ᴇʟʘʨʘ ᴅʨʝʢʝʪʪʝʩʫʽʥ ץʘʤʪʠʪʳʥ ʢװʨʜʝʣʽ 

ʞᴅʥʝ ʢᴇʧ ץʳʨʣʳ װʨʜʽʩ [8]. ʅʘʥ ʧʽʩʽʨʫ װʨʜʽʩʽʥʜʝ ʙʝʣʩʝʥʜʽ ʬʝʨʤʝʥʪʪʝʨ, ʘʰʳʪץʳʣʘʨ 

ʞᴅʥʝ ʙʘʢʪʝʨʠʷʣʘʨ ץʘʤʳʨ ʠʥʛʨʝʜʠʝʥʪʪʝʨʽʤʝʥ ᴅʨʝʢʝʪʪʝʩʝʜʽ, ʥᴅʪʠʞʝʩʽʥʜʝ 

ʢᴇʤʽʨץʳʰץʳʣ ʛʘʟʳ ʪװʟʽʣʝʜʽ. ɹײʣ ʛʘʟ ץʘʤʳʨʜʳש ʢᴇʣʝʤʽʥ ײʣסʘʡʪʫסʘ ʞᴅʥʝ ʦʥʳש 

 ʩʘʧʘʩʳ ʢᴇʧʪʝʛʝʥ שʘ ʢᴇʤʝʢʪʝʩʝʜʽ [9]. ɼʘʡʳʥ ᴇʥʽʤʥʽסʘʣʳʧʪʘʩʪʳʨʫץ ʨʳʣʳʤʳʥײץ

ʬʘʢʪʦʨʣʘʨסʘ, ʩʦʥʳש ʽʰʽʥʜʝ ʰʠʢʽʟʘʪץʘ, ץʘʤʳʨ ʜʘʡʳʥʜʘʫ ʪʝʭʥʦʣʛʠʷ ʝʨʝʞʝʣʝʨʽʥʽש 

ʩʘץʪʘʣʫʳʥʘ, ץʘʤʳʨʜʳש ʜʝʤʘʣʫ ʫʘץʳʪʳ ʤʝʥ ʧʽʩʽʨʫ ʫʘץʳʪʳʥʘ, ʢʘʤʝʨʘʥʳש 

ʳʣסʘʣʜʳʣʳסʳ ʞᴅʥʝ ʢʦʥʚʝʢʮʠʷסʘ ʙʘʡʣʘʥʳʩʪʳ. ʅʘʥ ʧʽʩʽʨʫ - ץʘʤʳʨʜʳ 

ʜʘʡʳʥʜʘʫʜʘʥ: ץʘʤʳʨ ʠʣʝʫ, ץʘʤʳʨʜʳ ʘʰʳʪʫ, ץʘʤʳʨʜʳ ʙᴇʣʽʢʪʝʨʛʝ ʙᴇʣʫ, ץʘʤʳʨ 

ʙᴇʣʽʢʪʝʨʽʥ ʜᴇשʛʝʣʝʢʪʝʫ, ʘʣʜʳʥ-ʘʣʘ ץʦʡʳʧ ץʦʶ, ץʘʤʳʨʜʳ ʧʽʰʽʥʜʝʫ, ʜʝʤʘʣʜʳʨʫ 

 ,ʘʤʳʨ ʰʠʢʽʟʘʪʳʥ ʧʝʰʢʝ ʩʘʣʳʧץ ʟʝʛʝ ʘʩʘʜʳ. ʉʦʜʘʥ ʢʝʡʽʥװʳʣʳ ʞץʨʜʽʩʪʝʨʽ ʘʨװ

ʙʽʨʢʝʣʢʽ ץʳʟʜʳʨʫ ʤʝʥ ʦשʪʘʡʣʳ ʪʝʤʧʝʨʘʪʫʨʘ ʞᴅʥʝ ʳʣסʘʣʜʳʣʳץ ʧʘʨʘʤʝʪʨʣʝʨʽʥ 

ʩʘץʪʘʫʜʳ ץʘʜʘסʘʣʘʫ ץʘʞʝʪ. ʇʽʩʽʨʫ ʢʘʤʝʨʘʩʳʥʜʘסʳ ʳʣסʘʣʜʳʣʳץ ʙʫ 

ʳʣסʘʣʜʘסʳʰʪʘʥ ʙʫʜʳ ʙʝʨʫ ʘʨץʳʣʳ ʩʘץʪʘʣʘʜʳ ʞᴅʥʝ ʧʽʩʽʨʫ װʨʜʽʩʽ װʰ ʥʝʛʽʟʛʽ 

ʢʝʟʝשʥʝʥ ʪײʨʘʜʳ: ʳʣסʘʣʜʘʥʜʳʨʫ, ץʳʟʜʳʨʫ ʞᴅʥʝ ᴅʨʣʝʫ [10] (1-ʢʝʩʪʝ).  

 

1-ʢʝʩʪʝ. ʅʘʥ ʧʽʩʽʨʫ ʢʘʤʝʨʘʩʳʥʜʘסʳ ʥʘʥ ʧʽʩʽʨʫ ʢʝʟʝשʜʝʨʽ 

ʈץײʩʘʪ ʝʪʽʣʛʝʥ ʰʝʢʪʝʫ 1- ʓʣסʘʣʜʘʥʜʳʨʫ 2- פʳʟʜrʨʫ 3- ʇʽʩʽʨʫ 

ʇʽʩʽʨʫ ʫʘץʳʪʳ 2-3 ʤʠʥ 3 ʤʠʥ 33 ʤʠʥ 

ʓʣסʘʣʜʳʣʳ14-16% 5-10% 70-85% ץ 

ʊʝʤʧʝʨʘʪʫʨʘ 110-120ÁC 240-250ÁC 150-180ÁC 

 

1-ʢʝʟʝϬ: ʓʣϤʘʣʜʘʥʜʳʨʫ. פʘʤʳʨʜʳ ʦשʪʘʡʣʳ ʢᴇʪʝʨʽʣʫʽʥ ץʘʤʪʘʤʘʩʳʟ ʝʪʝʜʽ. 

2 ʢʝʟʝϬ: ϧʳʟʜʳʨʫ. פʘʤʳʨ ʜʘʡʳʥʜʘʤʘʩʳʥʳץ שʳʪʳʨʣʘץ ץʳʨʪʳʩץʘ ʞʝʪʫʽ װʰʽʥ 

 ʜʘʡסʪʘʡʣʳ ʞʘשʧʘʡʜʘ ʙʦʣʫʳʥʘ ʦ שʞᴅʥʝ ʜᴅʤʽʥʽ שʳʨʪʳʩʳʥʳץ שʳʟʜʳʨʫ, ʥʘʥʥʳץ

ʞʘʩʘʡʜʳ. 

3 ʢʝʟʝϬ: ʇʽʩʽʨʫ. ʅʘʥʥʳש ʪʦʣʳץ ʧʽʩʫʽʥ, ʳʣסʘʣʜʳʣʳסʳʥ ʩʘץʪʘʧ, ʥʘʥ 

 .ʞʘʨʳʣʳʧ ʢʝʪʫʽʥʝ ʞʦʣ ʙʝʨʤʝʡʜʽ שʳʨʪʳʩʳʥʳץ

2.1 ʅʘʥ ʧʽʩʽʨʫʛʝ ʘʨʥʘʣסʘʥ ʟʠʷʪʢʝʨʣʽʢ ʪʝʭʥʦʣʦʛʠʷʩʳʥʳײץ שʨʳʣʳʤʳ 

ʇʝʰʪʽש ʪʝʤʧʝʨʘʪʫʨʘʩʳ ᴇʥʝʨʢᴅʩʽʧʪʽʢ ʙʘץʳʣʘʫʜʘסʳ ʥʝʛʽʟʛʽ ʧʘʨʘʤʝʪʨʣʝʨʜʽש 

ʙʽʨʽ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. ʇʝʰʪʝʨʜʝʛʽ ʪʝʤʧʝʨʘʪʫʨʘʥʳ ʪײʨʘץʪʳ ʙʦʣʫʳ,  ᴇʥʜʽʨʽʩʪʽש 

ʪʠʽʤʜʽʣʽʛʽ ʤʝʥ ʨʝʥʪʘʙʝʣʴʜʽʣʽʛʽʥʝ ʘʡʪʘʨʣʳץʪʘʡ ᴅʩʝʨ ʝʪʝʜʽ [11]. ʅʘʥ ʧʽʩʽʨʫ 

ᴇʥʝʨʢᴅʩʽʧʪʝʨʽʥʜʝ, ʪʝʤʧʝʨʘʪʫʨʘ ʤʝʥ ʳʣסʘʣʜʳʣʳץʪʳ ʜᴅʣ ײʩʪʘʧ ʪײʨʫ װʰʽʥ ᴅʨʪװʨʣʽ 

ʢʦʥʪʨʦʣʣʝʨʜʽ ʧʘʡʜʘʣʘʥʘʜʳ [12,13]. ʂʦʥʪʨʦʣʣʝʨ ʪʝʨʤʦʧʘʨʘʣʘʨʜʘʥ ʘʣʳʥסʘʥ 

ʜʝʨʝʢʪʝʨ ʥʝʛʽʟʽʥʜʝ ʵʣʝʢʪʨ ʞʳʣʳʪץʳʰʪʘʨ ʤʝʥ ʳʣסʘʣʜʘʥʜʳʨסʳʰʪʳש ʞײʤʳʩʳʥ 

ʨʝʪʪʝʡʜʽ. ɹײʣ ʪᴅʩʽʣ ʪʝʤʧʝʨʘʪʫʨʘ ʤʝʥ ʳʣסʘʣʜʳʣʳץ ʘʫʳʪץʫʣʘʨʳʥʳש ʘʤʧʣʠʪʫʜʘʩʳʥ 

ʙʘʨʳʥʰʘ ʘʟʘʡʪʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ, ʙײʣ ʧʽʩʽʨʫ ʩʘʧʘʩʳʥ ʞᴅʥʝ װʨʜʽʩʪʽש ʪʠʽʤʜʽʣʽʛʽʥ 

ʘʡʪʘʨʣʳץʪʘʡ ʞʘץʩʘʨʪʘʜʳ [14]. ױʩʳʥʳʣסʘʥ ʥʘʥ ʧʽʩʽʨʫ ʢʘʤʝʨʘʩʳʥʳש 

ʘʚʪʦʤʘʪʪʘʥʜʳʨʳʣסʘʥ ʙʘʩץʘʨʫ ʞװʡʝʩʽ ʪʝʤʧʝʨʘʪʫʨʘ ʤʝʥ ʳʣסʘʣʜʳʣʳץ 



 
ΝΣΤ 

ʧʘʨʘʤʝʪʨʣʝʨʽʥ ʪײʨʘץʪʘʥʜʳʨʫסʘ ʘʨʥʘʣסʘʥ. ᴆʣʰʝʫ ʪʽʟʙʝʛʽ 4 ʞᴅʥʝ 5 ʪʝʨʤʦʧʘʨʘʣʘʨ 

ʘʨץʳʣʳ ʜʝʨʝʢʪʝʨʜʽ ʪʽʨʢʝʫʜʝʥ ʙʘʩʪʘʣʘʜʳ, ʩʠʛʥʘʣʜʘʨ 1 ʢʘʤʝʨʘ ʙʣʦʛʳʥʘ ʪװʩʽʧ, 9 

ʞᴅʥʝ 10 ץʦʩץʳʰʪʘʨʜʘ ʦʨʥʘʪʳʣסʘʥ ʤᴅʥʜʝʨʤʝʥ ʩʘʣʳʩʪʳʨʳʣʘʜʳ. ɸʣʳʥסʘʥ 

ʘʫʳʪץʫʣʘʨ 8 ʘʥʳץ ʝʤʝʩ ʣʦʛʠʢʘʣʳץ ʥʝʤʝʩʝ ʥʝʡʨʦʥʜʳץ ʞʝʣʽ ʙʣʦʛʳʥʜʘ ᴇשʜʝʣʝʜʽ 

ɸɽʃɹ) 1-ʩʫʨʝʪ. ɹʘʩץʘʨʫ ʢʦʤʘʥʜʘʣʘʨʳ 12 ʢʽʣʪ ʘʨץʳʣʳ 2 ʵʣʝʢʪʨ ץʳʟʜʳʨסʳʰʪʘʨ 

ʤʝʥ ʳʣסʘʣʜʘʥʜʳʨסʳʰץʘ ʞʝʪʢʽʟʽʣʽʧ, ʧʽʩʽʨʫ ʢʘʤʝʨʘʩʳʥʜʘסʳ ʞʳʣʫ ʤʝʥ 

ʳʣסʘʣʜʳʣʳץʪʳ ʦשʪʘʡʣʳ ʜʝשʛʝʡʜʝ ײʩʪʘʧ ʪײʨʘʜʳ. ɹײʣ ʞװʡʝ ʜʠʥʘʤʠʢʘʣʳץ 

ʪײʨʘץʪʳʣʳץʪʳ ʘʨʪʪʳʨʳʧ, ʩʪʘʪʠʢʘʣʳץ ץʘʪʝʣʝʨʜʽ ʘʟʘʡʪʘʜʳ, ʥᴅʪʠʞʝʩʽʥʜʝ ʧʽʩʽʨʫ 

 ʘʨʳʣʘʪʘʜʳ [15].  ʂʝʣʝʩʽ ʦʧʝʨʘʮʠʷʣʘʨסʪʠʽʤʜʽʣʽʛʽ ʤʝʥ ᴇʥʽʤ ʩʘʧʘʩʳʥ ʞʦ שʨʜʽʩʽʥʽװ

ʪʘשʜʘʣʳʧ, ץʦʩʳʣʘʜʳ:ʘ) ʵʣʝʢʪʨ ץʳʟʜʳʨסʳʰʪʳץ שʫʘʪʳ ʘʨʪʪʘʜʳ, ᴅ) ʵʣʝʢʪʨ 

  .ʦʩʳʣʳʧ ʥʝʤʝʩʝ ᴇʰʝʜʽץ ʳʰסʘʣʜʘʥʜʳʨסʫʘʪʳ ʪᴇʤʝʥʜʝʡʜʽ, ʙ) ʳʣץ שʳʰʪʳסʳʟʜʳʨץ

 ʕʣʝʢʪʨ ץʳʟʜʳʨסʳʰʪʘʨ 2 ʵʣʝʢʪʨ ʵʥʝʨʛʠʷʩʳʥ ʞʳʣʫ Q ʪװʨʣʝʥʜʽʨʝʜʽ, ʦʣ 

ʧʝʰʪʽ1 ש ʢʘʤʝʨʘʩʳʥ ץʳʟʜʳʨʫסʘ ʞᴅʥʝ ʧʽʩʽʨʫ ʢʘʤʝʨʘʩʳʥʜʘ ʙʝʣʛʽʣʝʥʛʝʥ 

ʪʝʤʧʝʨʘʪʫʨʘʥʳ ײʩʪʘʧ ʪײʨʫסʘ ʘʨʥʘʣסʘʥ.  

 
ʉʫʨʝʪ 1. ʅʘʥ ʧʽʩʽʨʫʛʝ ʘʨʥʘʣסʘʥ ʟʠʷʪʢʝʨʣʽʢ ʪʝʭʥʦʣʦʛʠʷʩʳʥʳײץ שʨʳʣʳʤʳ 

1- ʧʝʰ ʢʘʤʝʨʘʩʳ, 2- ʳʣϤʘʣʜʘʥʜʳʨϤʳʰ, 3- ʵʣʝʢʪʨ ϨʳʟʜʳʨϤʳʰ, 4- ʳʣϤʘʣ ʩʝʥʩʦʨʳ, 

5- ʪʝʤʧʝʨʘʪʫʨʘ ʩʝʥʩʦʨʳ, 6, 7- ʨʝʣʝ, 8- ʘʡϨʳʥ ʝʤʝʩ ʣʦʛʠʢʘ ʥʝʤʝʩʝ ʥʝʡʨʦʥʜʳϨ 

ʞʝʣʽ ʙʣʦʛʳ, 9, 10- ϨʦʩϨʳʰʪʘʨ, 11- ʪʘʡʤʝʨ, 12- ʪʘϬʜʘʫ ʢʽʣʪʽ, 13-ʪʘϬʜʘʫ ʧʝʨʥʝʩʽ 

 

ʅʘʥ ʧʽʩʽʨʫʛʝ ʘʨʥʘʣסʘʥ ʟʠʷʪʢʝʨʣʽʢ ʪʝʭʥʦʣʦʛʠʷʩʳʥʳײץ שʨʳʣʳʤʳ ʪʝʤʧʝʨʘʪʫʨʘ 

(t) ʤʝʥ ʳʣסʘʣʜʳʣʳץʪʳ (h) ץʘʪʘש ʙʘץʳʣʘʫʜʘ ײʩʪʘʧ, ץʘʞʝʪʪʽ ʜʠʘʧʘʟʦʥʜʘ ʨʝʪʪʝʧ, 

ʩʘʧʘʥʳ ʙʘʩץʘʨʫʜʘ ʙʦʣʞʘʤʜʳץ ʞײʤʳʩ ʞʘʩʘʡʜʳ.  

 

3. ɸʡץʳʥ ʝʤʝʩ ʣʦʛʠʢʘʣʳץ ʤʦʜʝʣʴʜʝʫʜ ̔ʞʦʙʘʣʘʫ. 

ɸʡץʳʥ ʝʤʝʩ (ɸɽ) ʣʦʛʠʢʘʣʳץ ʤʦʜʝʣʴʜʝʫ MATLAB  ʞװʡʝʩʽʥʜʝ Fuzzy Logic 

Toolbox ʧʘʢʝʪʽ ʘʨץʳʣʳ ʞװʟʝʛʝ ʘʩʳʨʳʣʘʜʳ. ɸɽ ʪײʞʳʨʳʤ ʞʘʩʘʫʜʳש ʢʝש ʪʘʨʘʣסʘʥ 

ᴅʜʽʩʪʝʨʽ ʘʨʘʩʳʥʜʘ ʄʘʤʘʜʘʥʠ ʞᴅʥʝ ʊʘʢʘʛʠ-ʉʫʛʝʥʦ ʘʣʛʦʨʠʪʤʜʝʨʽ ʟʠʷʪʢʝʨʣʽʢ 

ʙʘʩץʘʨʫ ʞװʡʝʣʝʨʽʥ ʞʘʩʘʫʜʘ ʞʠʽ ץʦʣʜʘʥʳʣʘʜʳ [16,17]. ʊʘʣʜʘʫ ʢᴇʨʩʝʪʢʝʥʜʝʡ, 

ʄʘʤʘʜʘʥʠ ʘʣʛʦʨʠʪʤʽʥ ʟʠʷʪʢʝʨʣʽʢ ʙʘʩץʘʨʫ ʞװʡʝʣʝʨʽʥ ײץʨʫʜʘ ʥʝʛʽʟʛʽ ᴅʜʽʩ ʨʝʪʽʥʜʝ 

ʧʘʡʜʘʣʘʥʫ ʪʠʽʤʜʽ. ɹײʣ ʤʦʜʝʣʴʜʽ ʞװʟʝʛʝ ʘʩʳʨʫ װʰʽʥ ʪʝʤʧʝʨʘʪʫʨʘʥʳ ʨʝʪʪʝʫ 

ʧʘʨʘʤʝʪʨʣʝʨʽʥ ʢʦʥʬʠʛʫʨʘʮʠʷʣʘʫ, ʝʨʝʞʝ ʙʘʟʘʩʳʥ ײץʨʫ ʞᴅʥʝ ʞװʡʝʥʽש ʢʽʨʽʩ ʞᴅʥʝ 



 
ΝΣΥ 

ʰʳסʳʩ ʜʝʨʝʢʪʝʨʽʥʝ ʥʝʛʽʟʜʝʣʛʝʥ ʰʝʰʽʤʜʝʨ ʘʣʫ ץʘʞʝʪ [18]. MATLAB  ʞװʡʝʩʽʥʜʝ 

ʥʘʥ ʧʽʩʽʨʫ װʨʜʽʩʽʥ ʦשʪʘʡʣʘʥʜʳʨʫ װʰʽʥ ɸɽ ʣʦʛʠʢʘʣʳץ ʙʘʩץʘʨʫ ʞװʡʝʩʽʥʽש 

 .ʨʳʣʳʤʳ ᴅʟʽʨʣʝʥʜʽ (2-ʩʫʨʝʪ)ײץ

 

 
 

ʉʫʨʝʪ 2 ï ʃʦʛʠʢʘʣʳץ ʙʘʩץʘʨʫ ʞװʡʝʩʽʥ ʙʘʩץʘʨʫʜʳײץ שʨʳʣʳʤʳ 

 

ɸɽ ʣʦʛʠʢʘʣʳץ ʙʘʩץʘʨʫ ʞװʡʝʩʽ װʰ ʢʽʨʽʩ ʧʘʨʘʤʝʪʨʽʥʝʥ ʞᴅʥʝ ʝʢʽ ʰʳסʳʩ 

ʧʘʨʘʤʝʪʨʽʥʝʥ ʪײʨʘʜʳ. ʂʽʨʽʩ ʧʘʨʘʤʝʪʨʣʝʨʽ ʳʣסʘʣʜʳʣʳץ, ʪʝʤʧʝʨʘʪʫʨʘ ʞᴅʥʝ ʧʽʩʽʨʫ 

ʢʝʟʝשʽ (1, 2 ʥʝʤʝʩʝ 3). ʐʳסʫ ʧʘʨʘʤʝʪʨʣʝʨʽ ʳʣסʘʣʜʘʥʜʳʨסʳʰ ʧʝʥ ʵʣʝʢʪʨ 

ʞʳʣʳʪץʳʰʪʳ ʙʘʩץʘʨʫʜʳ ץʘʤʪʠʜʳ. ɹײʣ ʞװʡʝ ʢʽʨʽʩ ʧʘʨʘʤʝʪʨ ʤᴅʥʜʝʨʽʥʽש 

ʢʦʤʙʠʥʘʮʠʷʣʘʨʳʥʘ ʥʝʛʽʟʜʝʣʛʝʥ ʙʘʩץʘʨʫ װʰʽʥ 27 ʝʨʝʞʝʥʽ ʧʘʡʜʘʣʘʥʘʜʳ.  

3.1. ʅʝʡʨʦʥʜʳץ ʞʝʣʽʥʽ ʞʦʙʘʣʘʫ.  

ʂᴇʧץʘʙʘʪʪʳ ʧʝʨʮʝʧʪʨʦʥסʘ ʥʝʛʽʟʜʝʣʛʝʥ ʞʽʢʪʝʫ ʤʦʜʝʣʽ ʪʝʤʧʝʨʘʪʫʨʘ ʤʝʥ 

ʳʣסʘʣʜʳʣʳץ ʤᴅʥʜʝʨʽʥʽש ʞײʧʪʘʨʳʥʘʥ ʪײʨʘʪʳʥ ʜʝʨʝʢʪʝʨ ʞʠʳʥʪʳסʳʤʝʥ ʞײʤʳʩ 

ʽʩʪʝʡʜʽ [19, 20]. ɼʝʨʝʢʪʝʨʜʽ ʜʘʡʳʥʜʘʫ ʢʝʟʽʥʜʝ ᴅʨʙʽʨ ʞײʧ ʙʝʣʛʽʣʽ ʙʽʨ ʦʨʥʘʪʫ 

ʥװʢʪʝʣʝʨʽʥʝ ץʘʪʳʩʪʳ ʪʝʤʧʝʨʘʪʫʨʘ ʤʝʥ ʳʣסʘʣʜʳʣʳץʪʳ ʘʨʪʪʳʨʫ ʥʝʤʝʩʝ ʘʟʘʡʪʫ 

 ʘʥ ʝʨʝʞʝʣʝʨʛʝ ʩᴅʡʢʝʩ ʪʘʣʜʘʥʘʜʳ ʞᴅʥʝסʪʘʡʪʳʥ ʘʣʜʳʥ ʘʣʘ ʦʨʥʘʪʳʣץʘʞʝʪʪʽʛʽʥ ʘʥʳץ

ʪʘשʙʘʣʘʥʘʜʳ. פʦʣʜʘʥʙʘʥʳ ʽʩʢʝ ץʦʩʘʡʳץ. ʄʦʜʝʣʴʜʽ װʡʨʝʪʫ װʰʽʥ ץʘʞʝʪʪʽ 

ʜʝʨʝʢʪʝʨʜʽ ʝʥʛʽʟʫ װʰʽʥ ʧʘʨʘʤʝʪʨʜʽ ʦʨʥʘʪʫ ʪʝʨʝʟʝʩʽʥʝ ᴇʪʝʡʽʢ, 3 ʩʫʨʝʪ. 

 

 
3-ʩʫʨʝʪ ï ɽʥʛʽʟʽʣʛʝʥ ʧʘʨʘʤʝʪʨʣʝʨ ʪʝʨʝʟʝʩʽʥʽש ʤʳʩʘʣʳ 
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ʈʝʛʨʝʩʩʠʷ װʣʛʽʩʽ װʰʽʥ ʜʝʨʝʢʪʝʨ ʞʠʳʥʳʥʳש ᴇʣʰʝʤʽʥ ʥʝʤʝʩʝ ײʟʘץʪʳסʳʥ 

ʤʠʣʣʠʩʝʢʫʥʜʧʝʥ ʝʥʛʽʟʽשʽʟ. ɹײʣ ʧʘʨʘʤʝʪʨ װʣʛʽʥʽ װʡʨʝʪʫ װʰʽʥ ʧʘʡʜʘʣʘʥʳʣʘʪʳʥ 

ʜʝʨʝʢʪʝʨ ʢᴇʣʝʤʽʥ ʞᴅʥʝ ᴇʪʧʝʣʽ ʞʘʫʘʧ װʰʽʥ ʫʘץʳʪ ʘʨʘʣʳסʳʥ ʘʥʳץʪʘʡʜʳ. ɼʝʨʝʢʪʝʨ 

ʞʠʥʘסʳʥ ײץʨʫ װʰʽʥ ʧʘʡʜʘʣʘʥʳʣʘʪʳʥ ʝש ʪᴇʤʝʥʛʽ ʞᴅʥʝ ʤʘʢʩʠʤʘʣʜʳ ʳʣסʘʣʜʳʣʳץ, 

ʪʪʝʤʧʝʨʘʪʫʨʘ ʤᴅʥʜʝʨʽʥ ʝʥʛʽʟʝʡʽʢ. ɹײʣ ʤᴅʥʜʝʨ ʤʦʜʝʣʴʜʽש ʞײʤʳʩ ʞʘסʜʘʡʣʘʨʳʥʳש 

ʪʦʣʳץ ʘʫץʳʤʳʥ ʢᴇʨʩʝʪʝʪʽʥ ʜʝʨʝʢʪʝʨʛʝ װʡʨʝʪʽʣʫʽʥ ץʘʤʪʘʤʘʩʳʟ ʝʪʝʜʽ. ɹײʣ 

ʤʦʜʝʣʴʛʝ ʞװʡʝʥʽש ʞײʤʳʩ ʪʝʤʧʝʨʘʪʫʨʘʩʳʥʳש ʪʦʣʳץ ʘʫץʳʤʳʥ ץʘʤʪʠʪʳʥ 

ʜʝʨʝʢʪʝʨʜʝʥ װʡʨʝʥʫʛʝ ʢᴇʤʝʢʪʝʩʝʜʽ. 

ʂᴇʧ ʩʘʪʳʣʳ ʨʝʛʨʝʩʩʠʷ ʤʦʜʝʣʽʤʝʥ ʞײʤʳʩ ʽʩʪʝʫ ʪʝʨʝʟʝʩʽʥʝ ᴇʪʝʡʽʢ [20, 23]. 

ɻʨʘʬʠʢʪʝ ʙʘʨʣʳץ ʢʝʟʝשʜʝʨʜʝʛʽ ʳʣסʘʣʜʳʣʳץ ʧʝʥ ʪʝʤʧʝʨʘʪʫʨʘʥʳש ʰʝʢʪʽ 

ʜʝשʛʝʡʣʝʨʽ ʩʘץʪʘʣסʘʥ: ʳʣסʘʣʜʘʥʜʳʨʫ ʢʝʟʝשʽʥʜʝ ץʘʞʝʪʪʽ ʜʝשʛʝʡ ʪʘʤʘʰʘ ʩʘץʪʘʣסʘʥ, 

ʘʣ ץʳʟʜʳʨʫ ʤʝʥ ʧʽʩʽʨʫ ʢʝʟʝשʜʝʨʽʥʜʝ ʤᴅʥʜʝʨ ץʘʞʝʪʪʽ ʤᴅʥʛʝ ʞʘץʳʥ, ʙײʣ ᴇʥʽʤʥʽש 

ʞʦסʘʨʳ ʩʘʧʘʣʳ ʦʨʛʘʥʦʣʝʧʪʠʢʘʣʳץ ץʘʩʠʝʪʪʝʨʽʥ ץʘʣʳʧʪʘʩʪʳʨʫ װʰʽʥ ʦשʪʘʡʣʳ. 

ɹʽʨʽʥʰʽ ʢʝʟʝשʜʝ ʙʘʡץʘʣʘʪʳʥ ʰʘʤʘʣʳ ʪʝʤʧʝʨʘʪʫʨʘ ʘʫʳʪץʫʳ ᴇʥʽʤʥʽש ʪʝʨʤʠʷʣʳץ 

ʩʦץץʳʩʳʥ ʙʦʣʜʳʨʤʘʫסʘ ʙʘסʳʪʪʘʣסʘʥ ʞװʡʝʥʽש ʙʝʡʽʤʜʝʣʫ ʣʦʛʠʢʘʩʳʥʳש ʩʘʣʜʘʨʳ 

ʙʦʣʫʳ ʤװʤʢʽʥ ʞᴅʥʝ ʞʘʣʧʳ ʥᴅʪʠʞʝʛʝ ʩʳʥʠ ᴅʩʝʨ ʝʪʧʝʡʜʽ. ʆʩʳʣʘʡʰʘ, ʙʘʩץʘʨʫ 

ʞװʡʝʩʽ װʨʜʽʩʪʽץ שʘʡʪʘʣʘʥʫʳ ʤʝʥ ʩʝʥʽʤʜʽʣʽʛʽʥ ץʘʤʪʘʤʘʩʳʟ ʝʪʝ ʦʪʳʨʳʧ, ʞʦסʘʨʳ 

ʢᴅʩʽʙʠ ʜʝשʛʝʡʜʝ ʞײʤʳʩ ʽʩʪʝʡʜʽ. (4 ʩʫʨʝʪ). 

 
4-ʩʫʨʝʪ ï ʆץʳʪʳʣסʘʥ ʤʦʜʝʣʴʜʽש ʝʢʽ ʧʘʨʘʤʝʪʨʽʥʽש ʞײʤʳʩʳʥ ʪʝʢʩʝʨʫ 

 

ʆʩʳʣʘʡʰʘ, ʨʝʛʨʝʩʩʠʷʣʳץ ʤʦʜʝʣʴ װʨʜʽʩʪʝ ʪʝʤʧʝʨʘʪʫʨʘ ʤʝʥ ʳʣסʘʣʜʳʣʳץʪʳ 

ʙʘץʳʣʘʫʜʘ ʩʝʥʽʤʜʽʣʽʢ ʧʝʥ ʜᴅʣʜʽʢʪʽ ʢᴇʨʩʝʪʝ ʦʪʳʨʳʧ, ʢᴇʨʩʝʪʽʣʛʝʥ ʧʘʨʘʤʝʪʨʣʝʨʛʝ 

ʘʥʳץ ʞᴅʥʝ ʪײʨʘץʪʳ ʩᴅʡʢʝʩʪʽʢʪʽ ץʘʤʪʘʤʘʩʳʟ ʝʪʝʜʽ. 

 

 ʦʨʳʪʳʥʜʳפ

ɹײʣ ʤʘץʘʣʘ ʧʽʩʽʨʫ ʢʘʤʝʨʘʩʳʥʜʘסʳ ʪʝʤʧʝʨʘʪʫʨʘ ʤʝʥ ʳʣסʘʣʜʳʣʳץʪʳ ʙʘץʳʣʘʫ 

 ,ʪʳ ʪʘʣʜʘʧץʣʛʽʩʽʥ ᴅʟʽʨʣʝʧ, ʞʘʥ-ʞʘװ ʝʤʝʩ ʣʦʛʠʢʘ ʤʦʜʝʣʽ ʤʝʥ ʨʝʛʨʝʩʩʠʷ ץʰʽʥ ʘʥʳװ

ᴅʟʽʨʣʝʜʽ. ɿʝʨʪʪʝʫ ʥᴅʪʠʞʝʣʝʨʽ ʨʝʛʨʝʩʩʠʷʣʳץ ʪʘʣʜʘʫʜʳ ץʦʣʜʘʥʫ װʨʜʽʩʪʽש ᴅʨʙʽʨ 

ʢʝʟʝשʽʥʜʝ ʪʝʤʧʝʨʘʪʫʨʘ ʤʝʥ ʳʣסʘʣʜʳʣʳץ ʧʘʨʘʤʝʪʨʣʝʨʽʥ ʙʘץʳʣʘʫʜʘ ʞʦסʘʨʳ 

ʜᴅʣʜʽʢʪʽ ץʘʤʪʘʤʘʩʳʟ ʝʪʝʪʽʥʽʥ ʢᴇʨʩʝʪʪʽ. ɸʣ, MATLAB ʢᴇʤʝʛʽʤʝʥ ʞʘʩʘʣסʘʥ, ʘʥʳץ 

ʝʤʝʩ ʣʦʛʠʢʘ ʤʦʜʝʣʴʜʽש  ʩʘʣʳʩʪʳʨʤʘʣʳ ץʘʪʝʣʽʢ 5%-ʜʘʥ ʘʩʧʘʡʪʳʥʜʳץʪʘʥ, 

ᴅʟʽʨʣʝʥʛʝʥ ʝʨʝʞʝ ʥʝʛʽʟʜʝʨʽ ʘʜʝʢʚʘʪʪʳ ʜʝʧ ץʦʨʳʪʳʥʜʳ ʞʘʩʘʫסʘ ʙʦʣʘʜʳ, 

ʈʝʛʨʝʩʩʠʷʣʳװ ץʣʛʽ ʙʦʡʳʥʰʘ, MSE = 0,2367 ï ץʘʪʝʣʽʢ ʰʘʤʘʣʳ, ʙʦʣʞʘʤʜʘʨ ʥʘץʪʳ 

ʤᴅʥʜʝʨʛʝ ʞʘץʳʥ. MAE = 0,0569 ï ʦʨʪʘʰʘ ʘʙʩʦʣʶʪʪʽʢ ץʘʪʝʣʽʢ ᴇʪʝ ʪᴇʤʝʥ, ʙײʣ 

ʤʦʜʝʣʴʜʽש ʜᴅʣʜʽʛʽʥ ʢᴇʨʩʝʪʩʝ, RĮ = 0,8614 ï ʜʝʨʝʢʪʝʨʜʽש ᴇʟʛʝʨʽʩʽʥʽש ʰʘʤʘʤʝʥ 86%-
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ʳʥ ʤʦʜʝʣʴ ʜײʨʳʩ ʪװʩʽʥʜʽʨʝʜʽ. פʦʨʳʪʳʥʜʳʣʘʡ ʢʝʣʝ, ʙײʣ ʟʝʨʪʪʝʫʜʽש ʥᴅʪʠʞʝʣʝʨʽ 

ʩʘʧʘʥʳ ʙʘʩץʘʨʫ ʤᴅʩʝʣʝʣʝʨʽʥʜʝ ʨʝʛʨʝʩʩʠʷʣʳץ ʪʘʣʜʘʫʜʳ ץʦʣʜʘʥʫʜʳש 

ʤʘשʳʟʜʳʣʳסʳʥ ʢᴇʨʩʝʪʝʜʽ. ʉʝʙʝʙʽ, ʤʦʜʝʣʴ ʩʝʥʽʤʜʽ ʞײʤʳʩ ʽʩʪʝʡʜʽ, ʙʦʣʞʘʤʜʘʨ 

ʥʘץʪʳʣʳסʳ ʞʦסʘʨʳ, ᴅʨʽ ʙʘʩץʘʨʫ װʨʜʽʩʽʥ ʪʘʣʜʘʫ ʥʝʤʝʩʝ ʙʦʣʞʘʫ װʰʽʥ ץʦʣʜʘʥʫסʘ 

ʞʘʨʘʤʜʳ. ɹʦʣʘʰʘץʪʘ ʙʽʟ ʤʦʜʝʣʴʜʽ ʙʘʩץʘ ʘʚʪʦʤʘʪʪʘʥʜʳʨʫ ʞװʡʝʣʝʨʽʤʝʥ ʙʽʨʽʢʪʽʨʫ 

ʞᴅʥʝ ʦʥʳ ʥʝײסʨʣʳʤ ʢװʨʜʝʣʽ ʞᴅʥʝ ʩʝʨʧʽʥʜʽ ᴇʥʜʽʨʽʩʪʽʢ װʨʜʽʩʪʝʨʛʝ ץʦʣʜʘʥʫʜʳ 

ʢʝשʝʡʪʫ ʤװʤʢʽʥʜʽʛʽʥ ץʘʨʘʩʪʳʨʫʳʤʳʟ ʢʝʨʝʢ. 
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1 ɺʚʝʜʝʥʠʝ  

ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʧʨʝʜʩʪʘʚʣʝʥ ʦʙʟʦʨ ʩʦʚʨʝʤʝʥʥʳʭ ʧʦʜʭʦʜʦʚ ʢ ʦʧʪʠʤʠʟʘʮʠʠ 

ʪʝʧʣʦʚʳʭ ʧʨʦʮʝʩʩʦʚ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʤʝʪʦʜʦʚ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ (ʀʀ). 

ʈʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʢʣʶʯʝʚʳʝ ʥʘʧʨʘʚʣʝʥʠʷ, ʚʢʣʶʯʘʷ ʤʘʰʠʥʥʦʝ ʦʙʫʯʝʥʠʝ, ʛʣʫʙʦʢʦʝ 
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ʦʙʫʯʝʥʠʝ, ʵʚʦʣʶʮʠʦʥʥʳʝ ʘʣʛʦʨʠʪʤʳ ʠ ʛʠʙʨʠʜʥʳʝ ʤʦʜʝʣʠ, ʘ ʪʘʢʞʝ ʠʭ 

ʧʨʠʤʝʥʝʥʠʝ ʚ ʟʘʜʘʯʘʭ ʪʝʧʣʦʦʙʤʝʥʘ, ʫʧʨʘʚʣʝʥʠʷ ʥʘʛʨʝʚʦʤ ʠ ʦʭʣʘʞʜʝʥʠʝʤ, 

ʜʠʘʛʥʦʩʪʠʢʠ ʥʝʠʩʧʨʘʚʥʦʩʪʝʡ ʠ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ. 

ʇʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʜʦʩʪʦʠʥʩʪʚʘ ʠ ʥʝʜʦʩʪʘʪʢʠ ʨʘʟʣʠʯʥʳʭ ʀʀ-ʧʦʜʭʦʜʦʚ, 

ʚʳʜʝʣʝʥʳ ʩʫʱʝʩʪʚʫʶʱʠʝ ʦʛʨʘʥʠʯʝʥʠʷ, ʪʘʢʠʝ ʢʘʢ ʥʠʟʢʘʷ ʠʥʪʝʨʧʨʝʪʠʨʫʝʤʦʩʪʴ 

ʤʦʜʝʣʝʡ, ʜʝʬʠʮʠʪ ʦʙʫʯʘʶʱʠʭ ʜʘʥʥʳʭ ʠ ʪʨʫʜʥʦʩʪʠ ʠʥʪʝʛʨʘʮʠʠ ʚ ʧʨʦʤʳʰʣʝʥʥʫʶ 

ʠʥʬʨʘʩʪʨʫʢʪʫʨʫ. ʆʙʦʟʥʘʯʝʥʳ ʧʝʨʩʧʝʢʪʠʚʥʳʝ ʥʘʧʨʘʚʣʝʥʠʷ ʨʘʟʚʠʪʠʷ, ʚʢʣʶʯʘʷ 

ʬʠʟʠʯʝʩʢʠ ʠʥʬʦʨʤʠʨʦʚʘʥʥʳʝ ʥʝʡʨʦʩʝʪʠ, ʦʙʣʘʯʥʳʝ ʚʳʯʠʩʣʝʥʠʷ, ʮʠʬʨʦʚʳʝ 

ʜʚʦʡʥʠʢʠ ʠ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʳʝ ʘʣʛʦʨʠʪʤʳ. ʆʙʟʦʨ ʧʦʜʪʚʝʨʞʜʘʝʪ ʚʳʩʦʢʫʶ 

ʟʥʘʯʠʤʦʩʪʴ ʀʀ ʚ ʧʦʚʳʰʝʥʠʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ, ʥʘʜʝʞʥʦʩʪʠ ʠ ʘʜʘʧʪʠʚʥʦʩʪʠ 

ʪʝʧʣʦʪʝʭʥʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʚ ʫʩʣʦʚʠʷʭ ʩʦʚʨʝʤʝʥʥʳʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʪʨʝʙʦʚʘʥʠʡ. 

ʊʝʧʣʦʚʳʝ ʧʨʦʮʝʩʩʳ ʠʛʨʘʶʪ ʢʣʶʯʝʚʫʶ ʨʦʣʴ ʚ ʨʘʟʣʠʯʥʳʭ ʦʪʨʘʩʣʷʭ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʚʢʣʶʯʘʷ ʵʥʝʨʛʝʪʠʢʫ, ʤʘʰʠʥʦʩʪʨʦʝʥʠʝ, ʭʠʤʠʶ ʠ ʤʝʪʘʣʣʫʨʛʠʶ. 

ʆʜʥʘʢʦ ʵʬʬʝʢʪʠʚʥʦʝ ʫʧʨʘʚʣʝʥʠʝ ʵʪʠʤʠ ʧʨʦʮʝʩʩʘʤʠ ʩʚʷʟʘʥʦ ʩ ʨʷʜʦʤ ʩʣʦʞʥʦʩʪʝʡ, 

ʚʢʣʶʯʘʷ ʚʳʩʦʢʠʡ ʫʨʦʚʝʥʴ ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʷ, ʩʣʦʞʥʫʶ ʜʠʥʘʤʠʢʫ ʠ ʥʘʣʠʯʠʝ 

ʥʝʣʠʥʝʡʥʳʭ ʟʘʚʠʩʠʤʦʩʪʝʡ. ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʳ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʥʝʦʙʭʦʜʠʤʦʩʪʠ 

ʧʦʚʳʰʝʥʠʷ ʪʦʯʥʦʩʪʠ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʪʝʧʣʦʚʳʭ ʧʘʨʘʤʝʪʨʦʚ ʠ ʤʠʥʠʤʠʟʘʮʠʠ 

ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʧʦʪʝʨʴ, ʯʪʦ ʦʩʦʙʝʥʥʦ ʘʢʪʫʘʣʴʥʦ ʚ ʫʩʣʦʚʠʷʭ ʛʣʦʙʘʣʴʥʦʛʦ 

ʩʪʨʝʤʣʝʥʠʷ ʢ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠ ʫʩʪʦʡʯʠʚʦʤʫ ʨʘʟʚʠʪʠʶ. ɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ 

ʘʢʪʠʚʥʦʝ ʚʥʝʜʨʝʥʠʝ ʮʠʬʨʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ʠ ʨʘʟʚʠʪʠʝ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ 

ʠʥʪʝʣʣʝʢʪʘ (ʀʀ) ʦʪʢʨʳʣʠ ʥʦʚʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ ʨʝʰʝʥʠʷ ʵʪʠʭ ʟʘʜʘʯ. 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʪʝʤʳ ʦʙʫʩʣʦʚʣʝʥʘ ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʧʦʚʳʰʝʥʠʷ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʪʝʧʣʦʚʳʭ ʩʠʩʪʝʤ, ʩʦʢʨʘʱʝʥʠʷ ʚʳʙʨʦʩʦʚ ʠ ʧʦʚʳʰʝʥʠʷ 

ʥʘʜʝʞʥʦʩʪʠ ʦʙʦʨʫʜʦʚʘʥʠʷ. ʀʀ ʩʧʦʩʦʙʝʥ ʥʝ ʪʦʣʴʢʦ ʘʥʘʣʠʟʠʨʦʚʘʪʴ ʙʦʣʴʰʠʝ 

ʦʙʲʝʤʳ ʜʘʥʥʳʭ ʠ ʚʳʷʚʣʷʪʴ ʩʢʨʳʪʳʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ, ʥʦ ʠ ʫʧʨʘʚʣʷʪʴ ʩʠʩʪʝʤʘʤʠ 

ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ, ʧʨʝʜʩʢʘʟʳʚʘʪʴ ʥʝʠʩʧʨʘʚʥʦʩʪʠ ʠ ʘʜʘʧʪʠʨʦʚʘʪʴʩʷ ʢ 

ʠʟʤʝʥʷʶʱʠʤʩʷ ʫʩʣʦʚʠʷʤ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʩʢʫʩʩʪʚʝʥʥʳʡ ʠʥʪʝʣʣʝʢʪ ʩʪʘʥʦʚʠʪʩʷ 

ʤʦʱʥʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ ʚ ʘʨʩʝʥʘʣʝ ʩʦʚʨʝʤʝʥʥʦʛʦ ʠʥʞʝʥʝʨʘ-ʪʝʧʣʦʪʝʭʥʠʢʘ. 

ʎʝʣʴʶ ʥʘʩʪʦʷʱʝʛʦ ʦʙʟʦʨʘ ʷʚʣʷʝʪʩʷ ʩʠʩʪʝʤʘʪʠʟʘʮʠʷ ʩʫʱʝʩʪʚʫʶʱʠʭ 

ʧʦʜʭʦʜʦʚ ʠ ʨʝʰʝʥʠʡ, ʧʨʠʤʝʥʷʶʱʠʭ ʤʝʪʦʜʳ ʀʀ ʜʣʷ ʦʧʪʠʤʠʟʘʮʠʠ ʪʝʧʣʦʚʳʭ 

ʧʨʦʮʝʩʩʦʚ. ʆʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʝʪʩʷ ʪʝʭʥʦʣʦʛʠʷʤ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ, ʠʭ 

ʧʨʠʤʝʥʝʥʠʶ ʚ ʨʝʘʣʴʥʳʭ ʧʨʦʤʳʰʣʝʥʥʳʭ ʫʩʣʦʚʠʷʭ, ʘ ʪʘʢʞʝ ʧʝʨʩʧʝʢʪʠʚʘʤ 

ʨʘʟʚʠʪʠʷ ʜʘʥʥʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ. 

 

2 ʉʦʚʨʝʤʝʥʥʳʝ ʧʦʜʭʦʜʳ ʢ ʦʧʪʠʤʠʟʘʮʠʠ ʪʝʧʣʦʚʳʭ ʧʨʦʮʝʩʩʦʚ 

ʊʝʧʣʦʚʳʝ ʧʨʦʮʝʩʩʳ ʚʢʣʶʯʘʶʪ ʚ ʩʝʙʷ ʨʘʟʣʠʯʥʳʝ ʚʠʜʳ ʪʝʧʣʦʦʙʤʝʥʘ: 

ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴ, ʢʦʥʚʝʢʮʠʶ, ʪʝʧʣʦʚʦʝ ʠʟʣʫʯʝʥʠʝ, ʘ ʪʘʢʞʝ ʠʭ ʢʦʤʙʠʥʘʮʠʠ. ʕʪʠ 

ʧʨʦʮʝʩʩʳ ʣʝʞʘʪ ʚ ʦʩʥʦʚʝ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʤʥʦʞʝʩʪʚʘ ʪʝʭʥʠʯʝʩʢʠʭ ʩʠʩʪʝʤ, ʦʪ 

ʙʳʪʦʚʳʭ ʦʙʦʛʨʝʚʘʪʝʣʝʡ ʜʦ ʧʨʦʤʳʰʣʝʥʥʳʭ ʪʝʧʣʦʦʙʤʝʥʥʠʢʦʚ. ʂʣʘʩʩʠʬʠʢʘʮʠʷ 

ʪʝʧʣʦʚʳʭ ʧʨʦʮʝʩʩʦʚ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʦ ʤʝʭʘʥʠʟʤʘʤ ʧʝʨʝʜʘʯʠ ʪʝʧʣʘ ʠ ʭʘʨʘʢʪʝʨʫ 

ʧʨʦʪʝʢʘʥʠʷ: ʩʪʘʮʠʦʥʘʨʥʳʝ ʠ ʥʝʩʪʘʮʠʦʥʘʨʥʳʝ, ʣʠʥʝʡʥʳʝ ʠ ʥʝʣʠʥʝʡʥʳʝ, 

ʣʘʤʠʥʘʨʥʳʝ ʠ ʪʫʨʙʫʣʝʥʪʥʳʝ [1]. 

ʊʠʧʦʚʳʤʠ ʦʙʲʝʢʪʘʤʠ ʚ ʦʙʣʘʩʪʠ ʪʝʧʣʦʪʝʭʥʠʢʠ ʷʚʣʷʶʪʩʷ ʪʝʧʣʦʦʙʤʝʥʥʠʢʠ, 

ʚʦʜʦʛʨʝʡʥʳʝ ʠ ʧʘʨʦʚʳʝ ʢʦʪʣʳ, ʨʘʜʠʘʪʦʨʳ, ʚʝʥʪʠʣʷʮʠʦʥʥʳʝ ʫʩʪʘʥʦʚʢʠ ʠ ʩʠʩʪʝʤʳ 
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ʢʦʥʜʠʮʠʦʥʠʨʦʚʘʥʠʷ ʚʦʟʜʫʭʘ. ɺʩʝ ʵʪʠ ʩʠʩʪʝʤʳ ʪʨʝʙʫʶʪ ʪʦʯʥʦʡ ʥʘʩʪʨʦʡʢʠ 

ʪʝʧʣʦʚʳʭ ʨʝʞʠʤʦʚ, ʯʪʦ ʟʘʪʨʫʜʥʷʝʪʩʷ ʠʟ-ʟʘ ʤʥʦʞʝʩʪʚʘ ʚʟʘʠʤʦʟʘʚʠʩʠʤʳʭ 

ʧʘʨʘʤʝʪʨʦʚ. 

ɼʦ ʚʥʝʜʨʝʥʠʷ ʤʝʪʦʜʦʚ ʀʀ ʦʧʪʠʤʠʟʘʮʠʷ ʪʝʧʣʦʚʳʭ ʧʨʦʮʝʩʩʦʚ 

ʦʩʫʱʝʩʪʚʣʷʣʘʩʴ ʩ ʧʦʤʦʱʴʶ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ (ʥʘ ʦʩʥʦʚʝ ʫʨʘʚʥʝʥʠʡ 

ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʠ ʟʘʢʦʥʦʚ ʪʝʧʣʦʦʙʤʝʥʘ), ʯʠʩʣʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ (ʤʝʪʦʜ 

ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ, ʤʝʪʦʜ ʢʦʥʝʯʥʳʭ ʦʙʲʝʤʦʚ) ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ. ʆʜʥʘʢʦ ʵʪʠ ʧʦʜʭʦʜʳ ʯʘʩʪʦ ʦʢʘʟʳʚʘʶʪʩʷ ʨʝʩʫʨʩʦʝʤʢʠʤʠ ʠ 

ʤʘʣʦʧʨʠʤʝʥʠʤʳʤʠ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ, ʦʩʦʙʝʥʥʦ ʚ ʫʩʣʦʚʠʷʭ ʙʳʩʪʨʦ 

ʤʝʥʷʶʱʠʭʩʷ ʚʥʝʰʥʠʭ ʚʦʟʜʝʡʩʪʚʠʡ. 

ʈʘʟʚʠʪʠʝ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ ʧʨʠʚʝʣʦ ʢ ʧʦʷʚʣʝʥʠʶ ʰʠʨʦʢʦʛʦ 

ʩʧʝʢʪʨʘ ʤʝʪʦʜʦʚ, ʧʨʠʤʝʥʠʤʳʭ ʚ ʪʝʧʣʦʪʝʭʥʠʢʝ. ʉʨʝʜʠ ʥʠʭ ʦʩʦʙʝʥʥʦ ʚʳʜʝʣʷʶʪʩʷ 

ʤʝʪʦʜʳ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ, ʚʢʣʶʯʘʷ ʠʩʢʫʩʩʪʚʝʥʥʳʝ ʥʝʡʨʦʥʥʳʝ ʩʝʪʠ, 

ʨʝʰʘʶʱʠʝ ʜʝʨʝʚʴʷ, ʦʧʦʨʥʳʝ ʚʝʢʪʦʨʳ (SVM), ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʶʪ ʩʪʨʦʠʪʴ ʤʦʜʝʣʠ 

ʥʘ ʦʩʥʦʚʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʜʘʥʥʳʭ. 

ɻʣʫʙʦʢʦʝ ʦʙʫʯʝʥʠʝ ʧʨʝʜʩʪʘʚʣʝʥʦ ʘʨʭʠʪʝʢʪʫʨʘʤʠ ʛʣʫʙʦʢʠʭ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ, 

ʪʘʢʠʤʠ ʢʘʢ ʩʚʝʨʪʦʯʥʳʝ ʥʝʡʨʦʥʥʳʝ ʩʝʪʠ (CNN), ʨʝʢʫʨʨʝʥʪʥʳʝ ʥʝʡʨʦʥʥʳʝ ʩʝʪʠ 

(RNN) ʠ ʠʭ ʤʦʜʠʬʠʢʘʮʠʠ (LSTM), ʢʦʪʦʨʳʝ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʚʳʩʦʢʫʶ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʠ ʨʘʙʦʪʝ ʩ ʚʨʝʤʝʥʥʳʤʠ ʨʷʜʘʤʠ, ʠʟʦʙʨʘʞʝʥʠʷʤʠ ʠ ʩʣʦʞʥʳʤʠ 

ʥʝʣʠʥʝʡʥʳʤʠ ʟʘʚʠʩʠʤʦʩʪʷʤʠ. 

ʕʚʦʣʶʮʠʦʥʥʳʝ ʘʣʛʦʨʠʪʤʳ, ʪʘʢʠʝ ʢʘʢ ʛʝʥʝʪʠʯʝʩʢʠʝ ʘʣʛʦʨʠʪʤʳ ʠ ʤʝʪʦʜʳ ʨʦʷ 

ʯʘʩʪʠʮ, ʧʨʠʤʝʥʷʶʪʩʷ ʜʣʷ ʛʣʦʙʘʣʴʥʦʡ ʦʧʪʠʤʠʟʘʮʠʠ ʧʘʨʘʤʝʪʨʦʚ ʪʝʧʣʦʚʳʭ ʩʠʩʪʝʤ, 

ʧʦʟʚʦʣʷʷ ʥʘʭʦʜʠʪʴ ʨʝʰʝʥʠʷ ʚ ʫʩʣʦʚʠʷʭ ʙʦʣʴʰʦʛʦ ʯʠʩʣʘ ʧʝʨʝʤʝʥʥʳʭ ʠ ʩʣʦʞʥʳʭ 

ʦʛʨʘʥʠʯʝʥʠʡ. 

ɻʠʙʨʠʜʥʳʝ ʤʦʜʝʣʠ, ʩʦʯʝʪʘʶʱʠʝ ʀʀ ʠ ʬʠʟʠʯʝʩʢʠʝ ʟʘʢʦʥʳ (ʥʘʧʨʠʤʝʨ, 

physics-informed neural networks), ʧʦʟʚʦʣʷʶʪ ʦʙʲʝʜʠʥʠʪʴ ʧʨʝʠʤʫʱʝʩʪʚʘ ʪʦʯʥʦʩʪʠ 

ʬʠʟʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠ ʛʠʙʢʦʩʪʠ ʀʀ-ʘʣʛʦʨʠʪʤʦʚ. 

ɼʣʷ ʨʝʘʣʠʟʘʮʠʠ ʀʀ-ʧʦʜʭʦʜʦʚ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʩʦʚʨʝʤʝʥʥʳʝ 

ʧʨʦʛʨʘʤʤʥʳʝ ʧʣʘʪʬʦʨʤʳ ʠ ʙʠʙʣʠʦʪʝʢʠ: TensorFlow ʠ PyTorch ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʠ 

ʦʙʫʯʝʥʠʷ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ, MATLAB AI Toolbox ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠ 

ʠʥʪʝʛʨʘʮʠʠ ʩ ʠʥʞʝʥʝʨʥʳʤʠ ʨʘʩʯʝʪʘʤʠ, ʘ ʪʘʢʞʝ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʝ SCADA-

ʩʠʩʪʝʤʳ ʩ ʤʦʜʫʣʷʤʠ ʀʀ [2]. 

ʀʩʢʫʩʩʪʚʝʥʥʳʡ ʠʥʪʝʣʣʝʢʪ ʘʢʪʠʚʥʦ ʚʥʝʜʨʷʝʪʩʷ ʚ ʨʘʟʣʠʯʥʳʝ ʘʩʧʝʢʪʳ 

ʫʧʨʘʚʣʝʥʠʷ ʪʝʧʣʦʚʳʤʠ ʧʨʦʮʝʩʩʘʤʠ, ʟʥʘʯʠʪʝʣʴʥʦ ʨʘʩʰʠʨʷʷ ʚʦʟʤʦʞʥʦʩʪʠ ʠʭ 

ʦʧʪʠʤʠʟʘʮʠʠ. ɹʣʘʛʦʜʘʨʷ ʩʧʦʩʦʙʥʦʩʪʠ ʀʀ ʚʳʷʚʣʷʪʴ ʩʢʨʳʪʳʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʚ 

ʩʣʦʞʥʳʭ ʩʠʩʪʝʤʘʭ, ʘ ʪʘʢʞʝ ʘʜʘʧʪʠʨʦʚʘʪʴʩʷ ʢ ʠʟʤʝʥʷʶʱʠʤʩʷ ʫʩʣʦʚʠʷʤ, 

ʩʪʘʥʦʚʠʪʩʷ ʚʦʟʤʦʞʥʳʤ ʟʥʘʯʠʪʝʣʴʥʦ ʧʦʚʳʩʠʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠ ʥʘʜʝʞʥʦʩʪʴ 

ʪʝʧʣʦʪʝʭʥʠʯʝʩʢʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ. ʅʠʞʝ ʨʘʩʩʤʦʪʨʝʥʳ ʢʣʶʯʝʚʳʝ ʥʘʧʨʘʚʣʝʥʠʷ 

ʧʨʠʤʝʥʝʥʠʷ ʀʀ ʚ ʜʘʥʥʦʡ ʦʙʣʘʩʪʠ. 

ʊʝʧʣʦʦʙʤʝʥʥʠʢʠ ʷʚʣʷʶʪʩʷ ʦʩʥʦʚʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ ʚ ʩʠʩʪʝʤʘʭ 

ʪʝʧʣʦʧʝʨʝʜʘʯʠ, ʦʪ ʢʦʪʦʨʳʭ ʟʘʚʠʩʠʪ ʦʙʱʘʷ ʵʥʝʨʛʝʪʠʯʝʩʢʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ 

ʧʨʦʤʳʰʣʝʥʥʳʭ ʠ ʙʳʪʦʚʳʭ ʫʩʪʘʥʦʚʦʢ. ʆʜʥʠʤ ʠʟ ʛʣʘʚʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ 

ʦʧʪʠʤʠʟʘʮʠʠ ʷʚʣʷʝʪʩʷ ʧʨʝʜʩʢʘʟʘʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʝʧʣʦʦʪʜʘʯʠ, ʢʦʪʦʨʳʡ 

ʟʘʚʠʩʠʪ ʦʪ ʤʥʦʞʝʩʪʚʘ ʬʘʢʪʦʨʦʚ, ʚʢʣʶʯʘʷ ʩʢʦʨʦʩʪʴ ʧʦʪʦʢʘ, ʪʝʤʧʝʨʘʪʫʨʫ, 
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ʛʝʦʤʝʪʨʠʶ ʢʘʥʘʣʦʚ ʠ ʩʚʦʡʩʪʚʘ ʪʝʧʣʦʥʦʩʠʪʝʣʝʡ. ʄʝʪʦʜʳ ʀʀ, ʪʘʢʠʝ ʢʘʢ 

ʠʩʢʫʩʩʪʚʝʥʥʳʝ ʥʝʡʨʦʥʥʳʝ ʩʝʪʠ ʠ ʤʝʪʦʜʳ ʛʨʘʜʠʝʥʪʥʦʛʦ ʙʫʩʪʠʥʛʘ, ʧʦʟʚʦʣʷʶʪ 

ʩʪʨʦʠʪʴ ʪʦʯʥʳʝ ʤʦʜʝʣʠ ʜʣʷ ʦʮʝʥʢʠ ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʝʧʣʦʦʪʜʘʯʠ ʥʘ ʦʩʥʦʚʝ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʣʠ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʜʘʥʥʳʭ, ʙʝʟ ʥʝʦʙʭʦʜʠʤʦʩʪʠ 

ʜʦʨʦʛʦʩʪʦʷʱʠʭ ʯʠʩʣʝʥʥʳʭ ʨʘʩʯʝʪʦʚ. 

ʉʥʠʞʝʥʠʝ ʵʥʝʨʛʦʟʘʪʨʘʪ ʜʦʩʪʠʛʘʝʪʩʷ ʟʘ ʩʯʝʪ ʙʦʣʝʝ ʪʦʯʥʦʛʦ ʨʘʩʯʝʪʘ 

ʧʘʨʘʤʝʪʨʦʚ ʩʠʩʪʝʤʳ ʠ ʚʳʙʦʨʘ ʦʧʪʠʤʘʣʴʥʳʭ ʨʝʞʠʤʦʚ ʨʘʙʦʪʳ. ʅʘʧʨʠʤʝʨ, 

ʨʝʛʨʝʩʩʠʦʥʥʳʝ ʤʦʜʝʣʠ ʠ ʘʣʛʦʨʠʪʤʳ ʦʧʪʠʤʠʟʘʮʠʠ, ʪʘʢʠʝ ʢʘʢ ʛʝʥʝʪʠʯʝʩʢʠʝ 

ʘʣʛʦʨʠʪʤʳ, ʧʦʤʦʛʘʶʪ ʥʘʭʦʜʠʪʴ ʪʘʢʠʝ ʢʦʥʬʠʛʫʨʘʮʠʠ ʪʝʧʣʦʦʙʤʝʥʥʳʭ 

ʧʦʚʝʨʭʥʦʩʪʝʡ, ʢʦʪʦʨʳʝ ʦʙʝʩʧʝʯʠʚʘʶʪ ʤʘʢʩʠʤʘʣʴʥʳʡ ʪʝʧʣʦʧʝʨʝʥʦʩ ʧʨʠ 

ʤʠʥʠʤʘʣʴʥʳʭ ʟʘʪʨʘʪʘʭ ʵʥʝʨʛʠʠ. 

ʂʨʦʤʝ ʪʦʛʦ, ʧʨʠʤʝʥʷʶʪʩʷ ʛʠʙʨʠʜʥʳʝ ʘʨʭʠʪʝʢʪʫʨʳ ʥʝʡʨʦʩʝʪʝʡ, ʢʦʪʦʨʳʝ 

ʦʙʫʯʘʶʪʩʷ ʥʘ ʨʝʟʫʣʴʪʘʪʘʭ CFD-ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʦʙʝʩʧʝʯʠʚʘʷ ʚʳʩʦʢʫʶ ʪʦʯʥʦʩʪʴ ʠ 

ʩʢʦʨʦʩʪʴ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ. ʊʘʢʠʝ ʤʦʜʝʣʠ ʧʦʟʚʦʣʷʶʪ ʧʨʦʚʦʜʠʪʴ ʙʳʩʪʨʫʶ ʦʮʝʥʢʫ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʘʟʣʠʯʥʳʭ ʧʨʦʝʢʪʥʳʭ ʨʝʰʝʥʠʡ, ʥʝ ʧʨʠʙʝʛʘʷ ʢ ʜʣʠʪʝʣʴʥʳʤ 

ʩʠʤʫʣʷʮʠʷʤ. 

ʋʧʨʘʚʣʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʥʳʤʠ ʨʝʞʠʤʘʤʠ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ ʷʚʣʷʝʪʩʷ 

ʢʨʠʪʠʯʝʩʢʠ ʚʘʞʥʳʤ ʜʣʷ ʩʦʭʨʘʥʝʥʠʷ ʩʪʘʙʠʣʴʥʦʩʪʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ. 

ʊʨʘʜʠʮʠʦʥʥʳʝ ʤʝʪʦʜʳ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʯʘʩʪʦ ʥʝ ʩʧʨʘʚʣʷʶʪʩʷ ʩ ʥʝʣʠʥʝʡʥʦʡ ʠ 

ʠʟʤʝʥʷʶʱʝʡʩʷ ʧʨʠʨʦʜʦʡ ʪʝʧʣʦʚʳʭ ʩʠʩʪʝʤ. ɺ ʵʪʦʤ ʢʦʥʪʝʢʩʪʝ ʀʀ ʠʛʨʘʝʪ 

ʢʣʶʯʝʚʫʶ ʨʦʣʴ, ʦʙʝʩʧʝʯʠʚʘʷ ʧʨʝʜʠʢʪʠʚʥʦʝ ʫʧʨʘʚʣʝʥʠʝ ʥʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ 

ʠʩʪʦʨʠʯʝʩʢʠʭ ʠ ʪʝʢʫʱʠʭ ʜʘʥʥʳʭ. 

ʆʜʠʥ ʠʟ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʭ ʧʦʜʭʦʜʦʚ ð ɻ ʪʦ Model Predictive Control 

(MPC) ʚ ʩʦʯʝʪʘʥʠʠ ʩ ʤʘʰʠʥʥʳʤ ʦʙʫʯʝʥʠʝʤ. ʊʘʢʠʝ ʩʠʩʪʝʤʳ ʩʧʦʩʦʙʥʳ 

ʧʨʝʜʩʢʘʟʳʚʘʪʴ ʧʦʚʝʜʝʥʠʝ ʦʙʲʝʢʪʘ ʠ ʚʳʙʠʨʘʪʴ ʦʧʪʠʤʘʣʴʥʳʝ ʫʧʨʘʚʣʷʶʱʠʝ 

ʚʦʟʜʝʡʩʪʚʠʷ ʩ ʫʯʝʪʦʤ ʨʘʟʣʠʯʥʳʭ ʦʛʨʘʥʠʯʝʥʠʡ ʠ ʚʥʝʰʥʠʭ ʚʦʟʤʫʱʝʥʠʡ. 

ɸʚʪʦʤʘʪʠʟʘʮʠʷ ʨʝʞʠʤʦʚ ʨʘʙʦʪʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʀʀ ʧʦʟʚʦʣʷʝʪ 

ʘʜʘʧʪʠʨʦʚʘʪʴ ʧʘʨʘʤʝʪʨʳ ʫʧʨʘʚʣʝʥʠʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʨʝʤʝʥʠ ʩʫʪʦʢ, ʠʟʤʝʥʝʥʠʡ 

ʚʥʝʰʥʠʭ ʫʩʣʦʚʠʡ ʠ ʜʘʞʝ ʧʨʦʛʥʦʟʠʨʫʝʤʦʡ ʥʘʛʨʫʟʢʠ. ʕʪʦ ʦʩʦʙʝʥʥʦ ʚʘʞʥʦ ʜʣʷ 

ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʟʜʘʥʠʡ, ʩʠʩʪʝʤ ʦʪʦʧʣʝʥʠʷ ʠ ʦʭʣʘʞʜʝʥʠʷ, ʘ ʪʘʢʞʝ 

ʧʨʦʤʳʰʣʝʥʥʳʭ ʧʨʦʮʝʩʩʦʚ, ʪʨʝʙʫʶʱʠʭ ʚʳʩʦʢʦʡ ʪʦʯʥʦʩʪʠ ʨʝʛʫʣʠʨʦʚʘʥʠʷ 

ʪʝʤʧʝʨʘʪʫʨʳ. 

ʈʘʥʥʝʝ ʚʳʷʚʣʝʥʠʝ ʥʝʠʩʧʨʘʚʥʦʩʪʝʡ ʚ ʪʝʧʣʦʪʝʭʥʠʯʝʩʢʦʤ ʦʙʦʨʫʜʦʚʘʥʠʠ 

ʧʦʟʚʦʣʷʝʪ ʠʟʙʝʞʘʪʴ ʜʦʨʦʛʦʩʪʦʷʱʠʭ ʧʨʦʩʪʦʝʚ, ʧʦʚʨʝʞʜʝʥʠʡ ʠ ʘʚʘʨʠʡ. ʉʠʩʪʝʤʳ 

ʀʀ, ʦʙʫʯʝʥʥʳʝ ʥʘ ʠʩʪʦʨʠʯʝʩʢʠʭ ʜʘʥʥʳʭ ʦ ʨʘʙʦʪʝ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʩʧʦʩʦʙʥʳ 

ʦʙʥʘʨʫʞʠʚʘʪʴ ʘʥʦʤʘʣʠʠ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʙʳʪʴ ʧʨʠʟʥʘʢʘʤʠ ʪʘʢʠʭ ʧʨʦʙʣʝʤ, ʢʘʢ 

ʧʝʨʝʛʨʝʚ, ʥʘʢʠʧʴ ʚ ʪʝʧʣʦʦʙʤʝʥʥʠʢʘʭ ʠʣʠ ʫʪʝʯʢʠ ʪʝʧʣʦʥʦʩʠʪʝʣʷ. 

ʅʘ ʨʠʩʫʥʢʝ 1 ʧʨʝʜʩʪʘʚʣʝʥʦ ʧʨʠʤʝʥʝʥʠʝ ʤʝʪʦʜʦʚ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ 

ʚ ʫʧʨʘʚʣʝʥʠʠ ʪʝʧʣʦʚʳʤʠ ʧʨʦʮʝʩʩʘʤʠ. 

 



 
ΝΤΡ 

 
ʈʠʩ. 1. - ʇʨʠʤʝʥʝʥʠʝ ʀʀ ʚ ʫʧʨʘʚʣʝʥʠʠ ʪʝʧʣʦʚʳʤʠ ʧʨʦʮʝʩʩʘʤʠ 

 

ɸʥʘʣʠʟ ʚʨʝʤʝʥʥʳʭ ʨʷʜʦʚ, ʤʥʦʛʦʤʝʨʥʳʭ ʜʘʥʥʳʭ ʠ ʠʟʦʙʨʘʞʝʥʠʡ (ʥʘʧʨʠʤʝʨ, 

ʪʝʧʣʦʚʠʟʠʦʥʥʳʭ ʩʥʠʤʢʦʚ) ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʝʢʫʨʨʝʥʪʥʳʭ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ 

(RNN), ʩʚʸʨʪʦʯʥʳʭ ʥʝʡʨʦʩʝʪʝʡ (CNN) ʠ ʘʣʛʦʨʠʪʤʦʚ ʦʙʥʘʨʫʞʝʥʠʷ ʚʳʙʨʦʩʦʚ 

ʧʦʟʚʦʣʷʝʪ ʩʚʦʝʚʨʝʤʝʥʥʦ ʜʠʘʛʥʦʩʪʠʨʦʚʘʪʴ ʩʦʩʪʦʷʥʠʝ ʩʠʩʪʝʤʳ ʠ ʚʳʜʘʚʘʪʴ 

ʧʨʝʜʫʧʨʝʞʜʝʥʠʷ. 

ɸʥʦʤʘʣʠʷ-ʜʝʡʪʝʢʮʠʷ, ʨʝʘʣʠʟʫʝʤʘʷ ʩ ʧʦʤʦʱʴʶ ʤʝʪʦʜʦʚ ʤʘʰʠʥʥʦʛʦ 

ʦʙʫʯʝʥʠʷ ʙʝʟ ʫʯʠʪʝʣʷ (ʥʘʧʨʠʤʝʨ, ʢʣʘʩʪʝʨʠʟʘʮʠʷ, ʤʝʪʦʜ ʛʣʘʚʥʳʭ ʢʦʤʧʦʥʝʥʪ), 

ʥʘʭʦʜʠʪ ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʚ ʫʩʣʦʚʠʷʭ, ʢʦʛʜʘ ʥʝʚʦʟʤʦʞʥʦ ʟʘʨʘʥʝʝ ʟʘʜʘʪʴ 

ʪʦʯʥʳʝ ʢʨʠʪʝʨʠʠ ʦʪʢʘʟʘ. 

ɸʨʭʠʪʝʢʪʫʨʘ ʠʥʪʝʛʨʘʮʠʠ ʀʀ ʚ ʩʠʩʪʝʤʫ ʫʧʨʘʚʣʝʥʠʷ ʪʝʧʣʦʪʝʭʥʠʯʝʩʢʠʤ 

ʦʙʲʝʢʪʦʤ ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩʫʥʢʝ 2. ʉʭʝʤʘ ʦʪʨʘʞʘʝʪ ʦʩʥʦʚʥʳʝ ʵʪʘʧʳ: ʧʦʣʫʯʝʥʠʝ 

ʜʘʥʥʳʭ ʩ ʜʘʪʯʠʢʦʚ, ʧʨʝʜʦʙʨʘʙʦʪʢʘ ʠ ʭʨʘʥʝʥʠʝ ʠʥʬʦʨʤʘʮʠʠ, ʧʦʩʪʨʦʝʥʠʝ ʤʦʜʝʣʝʡ 

ʀʀ (ML, DL, PINN, surrogate-ʤʦʜʝʣʠ), ʬʦʨʤʠʨʦʚʘʥʠʝ ʫʧʨʘʚʣʷʶʱʠʭ ʚʦʟʜʝʡʩʪʚʠʡ 

ʠ ʧʨʠʤʝʥʝʥʠʝ ʠʭ ʢ ʪʝʧʣʦʪʝʭʥʠʯʝʩʢʦʤʫ ʦʙʲʝʢʪʫ ʩ ʦʨʛʘʥʠʟʘʮʠʝʡ ʦʙʨʘʪʥʦʡ ʩʚʷʟʠ. 

ʆʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʷʚʣʷʝʪʩʷ ʦʙʫʯʝʥʠʝ surrogate-

ʤʦʜʝʣʝʡ ð ʧʨʠʙʣʠʞʸʥʥʳʭ ʤʦʜʝʣʝʡ, ʦʙʫʯʝʥʥʳʭ ʥʘ ʨʝʟʫʣʴʪʘʪʘʭ ʯʠʩʣʝʥʥʦʛʦ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠʣʠ ʵʢʩʧʝʨʠʤʝʥʪʦʚ. ʊʘʢʠʝ ʤʦʜʝʣʠ ʧʦʟʚʦʣʷʶʪ ʟʘʤʝʥʠʪʴ 

ʨʝʩʫʨʩʦʝʤʢʠʝ ʨʘʩʯʸʪʳ CFD (computational fluid dynamics) ʧʨʦʩʪʳʤʠ ʠ 

ʙʳʩʪʨʳʤʠ ʧʨʝʜʩʢʘʟʘʥʠʷʤʠ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʦʧʪʠʤʠʟʘʮʠʠ 

ʠʣʠ ʚʩʪʨʘʠʚʘʥʠʷ ʚ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ [3]. 

 
ʈʠʩ. 2. - ɸʨʭʠʪʝʢʪʫʨʘ ʧʨʠʤʝʥʝʥʠʷ ʀʀ ʚ ʫʧʨʘʚʣʝʥʠʠ ʪʝʧʣʦʪʝʭʥʠʯʝʩʢʦʡ ʩʠʩʪʝʤʦʡ 


