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Abstract — The article examines current approaches to optimizing the operating modes of distributed technical systems
based on automation and intelligent control technologies, using the example of 10 kV electric networks. The analysis is
based on current trends in electrical engineering aimed at increasing energy efficiency, operational reliability, and safety
of distribution networks. A comparison of oil and vacuum circuit breakers is performed in terms of their design,
maintenance requirements, environmental impact, and suitability for integration with automated monitoring and control
systems. Oil circuit breakers, despite their long history of use, have significant drawbacks, including fire hazards, regular
maintenance needs, and oil degradation. In contrast, vacuum circuit breakers demonstrate higher dielectric strength,
minimal environmental risks, and extended maintenance intervals. The study outlines how the use of vacuum technology
in circuit breaking enhances overall system performance, particularly under increasing grid loads and renewable energy
integration scenarios. Furthermore, the role of automation is explored as a key factor in optimizing the performance of
medium-voltage networks. Automation allows for real-time fault detection, remote control, predictive maintenance, and
dynamic network reconfiguration. These capabilities contribute to reduced outage durations, improved service continuity,
and more efficient energy distribution. A technical and economic assessment shows that while the initial investment in
vacuum technology and automation may be higher, the lifecycle cost is significantly reduced due to lower maintenance
and outage-related expenses. The findings are supported by recent case studies and simulation data from Ukrainian and
international energy networks. The article concludes that a systematic transition to vacuum circuit breakers, combined
with automation technologies, is a viable strategy for ensuring the long-term reliability and sustainability of 10 kV
distribution networks. The proposed methodological approaches to automation and control are universal and can be
adapted for use in other distributed systems.

Anomauyia — YV cmammi posenadaromvcs cyuacHi nioxoou 00 onmumizayii pexcumie pobomiu po3nooileHux
MEeXHIYHUX CUCIeM HA OCHOBI MEeXHOA02IU a8momMamu3ayii ma iHmeieKmyanbHo20 Kepy8aHHs Ha NPUKIAO] eleKmPUYHUX
mepedsic 10 kB. Awnaniz 6azyemvca HA CYYACHUX MEHOEHYIAX 8 elleKMpOmexHiyi, CHpAMOBAHUX HA NIOBULEeHHS
eHepeoeeKmusHoOCmI, excnayamayitinoi Haditimocmi ma Oesneku po3nodineuux mepedc. IIposedeno nopisHaHHSA
MACAAHUX MA 8AKYYMHUX BUMUKAYIE 3 MOUKU 30PY IXHbOI KOHCIMPYKYIL, 8UMO2 00 00CY208Y8AHHS, BNIUBY HA HABKOTUWHE
cepedoguie ma NpuUOaAmHoOcmi Ons iHmezpayii 3 AGMOMAMU308AHUMU CUCTHEMAMU MOHIMOPUHZY Mda YNPAGTIHH.
Macnani sumuxaui, He38adCAlOMU HA MPUBANYy ICMOPIIO GUKOPUCMAHHA, MAlOmMb CYMMEGI HEeOOMIKU, SKIIOHAIOHU
noocedcHy Hebesneky, nompedy 6 pecyisapHOMY MEXHIYHOMY 00Cnyeo8yéanui ma oezpadayito oausu. Hamomicme
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BAKYYMHI GUMUKAYL OEMOHCMPYIOMb GUWY OLeNeKMPUYHY MIYHICMb, MIHIMALbHI €eKON02IUHI pU3UKU ma 30LMbuieHi
inmepeanu MmexnHiuno2o 00Cny208y8anHA. Y 00CHIONCEHH] OKPECTIOEMbCS, AK BUKOPUCMAHNA 6AKYYMHOI MexXHON02Ii y
PO3MUKAHHI NIOBUWYE 3a2aNbHY eeKmUsHiCmy cucmemu, 0CoOIUBO 3 YMOG 3POCMAHHA HABAHMAICEHb Mepedci ma
inmezpayii 8ioHo808aHUX Odcepen enepeii. Kpim moeo, 0docnioscyemuvca pone asmomamuzayii, AK K1o408020 paxkmopy,
6 onmumizayii eghexmusnHocmi mepedxc cepednvboi Hanpyau. Aemomamusayis 00380JAE GUAGIAMU HECHPAGHOCHI 6
pedicuMi peanbHo20 Yacy, 30TUCHI08amMYU OUCAHYIUHE KePYBAHHSA, NPOBOOUMU NPOSHO3HE 00CIY208Y8AHHS MA OUHAMIUHY
pekougizypayito  mepexci. Lli modcarusocmi - cnpusiomb  CKOPOYEHHIO  MPUBANOCMI NPOCMOi8, NOKPAUEHHIO
beznepepernocmi 00Ciy208Y8aHHA Ma eheKMUBSHIUOMY PO3NOOLLY eHepeii. TexHiKo-eKOHOMIUHA OYIHKA NOKA3ZYE, WO Xoyud
BAKYYMHI KOMYMAYIUHI MeXHON02l] ma cucmemu asmomamu3ayii nompeodyiomes OLIbUUX NOYAMKOBUX 6KIAAOEHb, V
excniyamayii 60HU € GUIIOHIWMUMU, WO HNOSACHIOEMbCS MEHWUMU GUMPAMAMU HA 00CIY208Y8AHHA MA NPOCHOEM
obnaouanna. Li 8UCHOBKU NIOMBEPOICYIOMbCA MEMAMUYHUMU OOCTIONHCEHHAMU MA OAHUMU MOOENIOBAHHSA 3 YKPATHCOKUX
ma MIJICHAPOOHUX eHepemUUHUX Mepedic. Y cmammi pobumscs GUCHOBOK, WO CUCIEMAMUYHUL nepexio Ha 8aKYYMHI
BUMUKAY] 8 NOEOHAMHI 3 TMEXHONO2IAMU asmomMamu3ayii € HCUMmme30amuol cmpameziclo 0asa 3abe3neyeHHs
00620cmpoKk06ol Haditihocmi ma cmiukocmi po3nodinbuux mepexc 10 kB. 3anpononosani memooonociuni nioxoou 00
asmomamuzayii ma yYnpaeuiHHa € YHIGepCATbHUMU MA MOXCYMb Oymu aoanmoeaui O1s GUKOPUCMAHHA 8 [HUIUX
DPO3NOOINEHUX CUCTNEMAX.

Keywords: automation, 10 kV electric networks, oil circuit breakers, vacuum circuit breakers, energy efficiency,
reliability.

KarwuoBi cioBa: aBromaruzaiisi, enextpuuHi mepexi 10 kB, manomacnsHi BUMHKaui, BaKyyMHI BUMHKaui,
eHeproe)eKTUBHICTh, HAJIIIHICTb.

I. INTRODUCTION

The reliability and efficiency of medium-voltage power networks, in particular at the 10 kV lewvel, are critically
important for the stable operation of the power system, especially in conditions of increasing load and integration of
renewable energy sources. Traditionally, low-oil circuit breakers were used in such networks; however, modern
requirements for safety, energy efficiency and operational reliability determine the need to modernize the equipment and
switch to vacuum circuit breakers, which have better technical characteristics and a longer service life.

Along with the hardware update, the relevance of implementing automated control systems is increasing, which allows
for a prompt response to emergency situations, real-time network monitoring and optimization of maintenance processes.
This approach provides not only increased operational efficiency, but also reduced costs associated with downtime, repairs
and electricity losses.

Il. STATE-OF-ART

Modern 10 kV electrical networks play a key role in the distribution of electricity between substations and consumers.
In Ukraine, a significant part of these networks was built back in the Soviet period and is still operated using outdated
technical solutions. The main switching device in such networks remains low-oil circuit breakers, which, although they
provide a basic level of functionality, no longer meet modern requirements for energy efficiency, safety and
automation [1].

Low-oil circuit breakers have a number of significant disadvantages: the need for regular maintenance, the risk of oil
leaks and the threat of ignition, and the limited resource of mechanical parts. In the event of short circuits or emergency
overloads, the operation time of such devices may not be short enough to minimize equipment damage, which requires
increased sensitivity and speed of switching elements.

In addition, the level of automation of most 10 kV networks remains low. The lack of integrated monitoring and
remote control systems complicates the prompt detection of accidents, localization of faults and performance of
preventive maintenance. This leads to increased downtime, reduced reliability of power supply and increased operating
Costs.

In the context of the global transition to intelligent energy systems (smart grids), such a situation requires immediate
intervention. Research results [2-6] demonstrate that the integration of modern control technologies, including the use of
sensor devices, communication tools and artificial intelligence, can radically change the functioning of distribution
networks. At the same time, updating the hardware base, in particular, replacing low-oil circuit breakers with vacuum
ones, creates conditions for increasing the speed and reliability of switching operations.

Thus, the technical condition of most 10 kV networks requires comprehensive modernization, which should include
both the replacement of key equipment elements and the implementation of automated monitoring and control systems.

I1l. THE PURPOSE OF THE RESEARCH

This article examines the technical aspects of the transition from low-oil to vacuum circuit breakers in 10 kV networks,
analyzes the benefits of automation of control systems, and provides a justification for the feasibility of such
modernization, taking into account economic and technological factors. The following sections will examine in detail the
technical features of vacuum circuit breakers and the economic advantages of their use in the conditions of modern energy.

IV. ADVANTAGES OF VACUUM CIRCUIT BREAKERS COMPARED TO LOW-OIL CIRCUIT
BREAKERS

Vacuum circuit breakers in modern 10 kV electrical networks are increasingly replacing low-oil circuit breakers,
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which are associated with significant advantages of vacuum switching in both technical and operational aspects. The main
difference lies in the environment in which arc extinguishing occurs: in vacuum circuit breakers it is implemented in a
vacuum, while in low-oil circuit breakers — in an insulating oil liquid, which significantly affects the reliability, safety
and durability of the device.

From a technical point of view, vacuum circuit breakers provide much faster extinguishing of the electric arc that
occurs during switching processes. Due to the high vacuum (about 106 — 107 mm Hg), the current is instantly interrupted
without the formation of significant overvoltages. In addition, vacuum circuit breakers have a higher resource for the
number of switching operations — more than 20 thousand on/off cycles without the need for maintenance, while low-oil
circuit breakers require regular checking of the oil condition, cleaning of contacts and replacement of seals [3].

From an operational point of view, vacuum circuit breakers are devoid of the risk of ignition inherent in low-oil circuit
breakers due to the use of flammable liquids. This increases the overall level of fire safety of electrical installations. An
additional advantage is environmental friendliness: vacuum circuit breakers do not contain oil decomposition products
that can be toxic, and the device itself does not require special measures for oil disposal after the end of operation.

An important advantage of vacuum circuit breakers is their compatibility with automated control systems. Most
modern vacuum circuit breakers are equipped with contact position, current, voltage and temperature sensors, which allow
for constant monitoring of their condition and real-time diagnostics. Such integration is a necessary prerequisite for
creating intelligent distribution networks.

Table 1 shows the comparative characteristics of low-oil and vacuum circuit breakers, illustrating the advantages of
the vacuum circuit breakers.

Table 1. Comparative characteristics

Parameter

Low-oil circuit breakers

Vacuum circuit breakers

Arc extinguishing environment

Oil

Vacuum

Switching life Up to 2000 cycles Up to 2000 cycles
Maintenance frequency Frequent Minimal or none
Fire hazard High None

Environmental safety

Requires oil disposal

Does not require disposal

Automation capability

Limited

Full

Dimensions and weight

Large

Compact

In summary, vacuum circuit breakers are technically more advanced, safer and more economically advantageous in
the long term. They meet the requirements of modern energy infrastructure, which is focused on automation, uninterrupted
operation and environmental sustainability. It is these characteristics that determine the feasibility of switching to vacuum
breakers in the process of modernization of 10 kV networks.

V. TECHNICAL FEATURES OF THE DESIGN OF VACUUM CIRCUIT BREAKERS AND THEIR
IMPACT ON OPERATIONAL CHARACTERISTICS

As mentioned earlier, vacuum circuit breakers provide highly efficient arc extinguishing due to the specifics of the
working environment. However, to understand the reasons for their reliability and durability, it is important to consider
in detail the technical features of the design that determine the operational characteristics of these devices.

The main component of a vacuum circuit breaker is an arc extinguishing chamber filled with a vacuum with a pressure
of about 10° Pa. Under such conditions, the electric arc is extinguished due to rapid plasma dissipation and the inability
to maintain an ionized channel between the contacts. Structurally, the chamber is made of durable metal materials that
withstand significant thermal and mechanical loads during switching operations [4].

The contact system of a vacuum circuit breaker is a separate key element. It consists of moving and fixed contacts
made of materials with high electrical conductivity and wear resistance, such as copper coated with zirconium or
chromium alloys. The choice of materials determines the resistance of contacts to erosion caused by arcing processes and
reduces the resistance in the closed state, which has a positive effect on the total electricity losses in the network.

The contact drive mechanism in vacuum circuit breakers ensures fast and clear circuit opening. It is important that the
contact opening time does not exceed several milliseconds, which allows to minimize the duration of the arcing process
and avoiding damage to the equipment. The mechanism is equipped with springs or electromagnetic drives with high
reliability, capable of operating in a wide range of temperatures and in vibration conditions.

A feature of the design is the tightness of the vacuum circuit breaker housing. This avoids the penetration of dust,
moisture and other contaminants that can lead to malfunctions. Due to this, vacuum circuit breakers have stable
characteristics even when operating in difficult climatic conditions, including high humidity or dustiness.

As a result of the design features, vacuum circuit breakers have a low noise level during switching, which is an
additional advantage in urban and industrial areas, where reducing noise pollution is a pressing task.

It is also important to note the possibility of standardization and unification of vacuum circuit breaker elements.
Modern manufacturers ensure that the equipment complies with international IEC and GOST standards, which simplifies
the integration of these devices into existing distribution systems and guarantees compatibility with other network
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components.

Thus, the technical design of vacuum circuit breakers is a determining factor in their high reliability, durability and
safety. Understanding these features allows you to optimize the operation processes and planning for the modernization
of 10 kV electrical networks.

VI. COMPARATIVE ANALYSIS OF RELIABILITY AND MAINTENANCE INDICATORS OF VACUUM
AND LOW-OIL CIRCUIT BREAKERS

The technical features of vacuum circuit breakers that ensure their high efficiency were discussed in the previous
section. Now it is important to consider how these design solutions affect operational performance, in particular, reliability
and maintenance complexity compared to low-oil circuit breakers.

In terms of reliability, vacuum circuit breakers significantly outperform low-oil counterparts. The absence of a liquid
medium reduces the risk of short circuits due to oil leakage, which is one of the main causes of failure in low-oil circuit
breakers. Vacuum breakers provide stable arc extinguishing even after many thousands of on/off cycles, which extends
the service life of the equipment.

In addition, vacuum circuit breakers are characterized by a lower failure rate, which significantly reduces the risks of
emergency situations in a 10 kV power grid. Their hermetic design, as previously mentioned, protects the internal
components from contamination, moisture and corrosion, which often affect the reliability of oil-less circuit breakers,
where the oils can become contaminated and degraded [5-8].

In terms of maintenance, vacuum circuit breakers require significantly fewer resources. They do not require periodic
oil changes, monitoring of their condition and cleaning, which are mandatory procedures for oil-less devices. This reduces
not only operating costs, but also the risk of human errors during maintenance.

However, vacuum circuit breakers have their own specific diagnostic requirements, including checking the condition
of the vacuum and monitoring the contact system, but these procedures are usually less labor-intensive and can be
performed less frequently due to the higher stability of operation.

Another important factor is the operational duration between major repairs. Vacuum circuit breakers have a service
life that often exceeds 20 years without significant loss of performance, while low-oil devices require more frequent
maintenance and oil changes approximately every 5-10 years.

A general comparative analysis indicates that vacuum circuit breakers are more reliable, durable and cost-effective in
operation. This makes them the optimal choice for the modernization of 10 kV networks, taking into account the reduction
of operating costs and increased safety of electrical equipment [9, 10].

VII. IMPLEMENTATION OF AUTOMATION IN 10 KV NETWORKS: TECHNOLOGIES AND
PRACTICAL ASPECTS

Automation of control systems for 10 KV electrical networks is an important area of modernization, which increases
the reliability and efficiency of their operation. This section considers key technological solutions and practical aspects
of implementing automation that allow for operational monitoring, remote control and optimization of network operation
modes.

One of the main components of automated systems is data collection devices (current, voltage, temperature, short-
circuit current sensors, etc.), which provide constant monitoring of the state of network elements in real time. Information
from these sensors is transmitted to control centers using reliable communication channels (for example, radio channels,
fiber optic lines, PLC — data transmission over power lines) [11-13].

To increase the efficiency of data processing, SCADA (Supervisory Control and Data Acquisition) systems are used,
which provide centralized monitoring, visualization, archiving and analysis of information. These systems allow you to
remotely perform operations of switching on and off switches, change the network configuration according to current
needs and promptly respond to emergency situations.

In addition, the implementation of artificial intelligence and machine learning algorithms in automated systems allows
you to predict possible accidents, plan preventive maintenance and optimize load distribution. This approach helps to
increase energy efficiency and reduce electricity losses.

Practical aspects of automation implementation include analyzing the compatibility of new equipment with existing
infrastructure, training personnel, adapting technological processes and assessing economic feasibility. A phased
approach is important, which allows you to minimize risks when transitioning from traditional control schemes to modern
automated solutions.

In general, automation of 10 kV electrical networks helps to increase the reliability of power supply, reduce the time
to eliminate accidents and reduce operating costs, which corresponds to modern trends in the development of the energy
industry.

VIII. ECONOMIC ASSESSMENT OF THE TRANSITION FROM LOW-OIL TO VACUUM CIRCUIT
BREAKERS IN 10 KV NETWORKS

The process of upgrading 10 kV networks by replacing low-oil circuit breakers with vacuum circuit breakers requires
significant investments; however, as previously noted, this is justified in terms of increased reliability and reduced
operating costs. This section provides an economic analysis of the main components of costs and benefits associated with
the implementation of vacuum technology.
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First of all, it is worth considering the capital costs for the purchase of vacuum circuit breakers, installation work and
integration with the existing control system. The cost of vacuum devices usually exceeds the price of low-oil analogues,
which is associated with their more complex design and modern materials. At the same time, due to the reduction in the
need for frequent maintenance and routine work, operating costs are significantly reduced.

One of the key factors of economic efficiency is the longer service life of vacuum circuit breakers, which often exceeds
25 years, which is almost twice as long as compared to low-oil devices. This allows you to reduce the costs of replacing
equipment and the associated network downtime.

Additionally, the reduction of recovery time after emergencies due to faster operation of vacuum circuit breakers
contributes to the reduction of financial losses associated with power outages, especially for enterprises with high
requirements for continuity of work.

Also, the reduction of risks of environmental damage, which is associated with the lack of oil in vacuum circuit
breakers, can reduce the costs of eliminating accidents and penalties, which is relevant in light of modern environmental
regulations.

As a result of the analysis, it can be concluded that, despite the higher initial investment, the total cost of ownership
of vacuum circuit breakers is lower in the long term. This approach aligns with the sustainable development strategy of
energy systems and yields economic benefits when automation is implemented in a comprehensive manner.

IX. CONCLUSIONS

The article provides a comprehensive analysis of the current state of 10 kV electrical networks and identifies the main
technical and operational limitations of low-oil circuit breakers, which have been used in distribution networks for a long
time. As noted earlier, these limitations include increased fire hazard, high maintenance costs and limited service life,
which reduces the overall reliability of the system.

The advantages of vacuum circuit breakers considered in the article confirm their feasibility as the main element of
the modernization of 10 kV electrical networks. They are characterized by increased speed, better insulation properties,
environmental safety and reduced operating costs, which ensures increased efficiency of the networks.

Special attention is paid to the importance of automation of electrical network control systems. The implementation
of automated solutions, as noted, allows for operational monitoring, remote control, rapid detection and localization of
accidents, as well as the implementation of preventive maintenance based on real-time data analysis. These factors
contribute to reduced downtime, improved power quality and cost optimization.

The feasibility study shows that although the initial investment in the implementation of vacuum circuit breakers and
automated systems can be significant, the total life cycle cost of operation is significantly reduced due to reduced
maintenance requirements and reduced electricity losses.

Therefore, a systematic approach to the modernization of 10 kV networks with the replacement of low-oil circuit
breakers with vacuum circuit breakers in combination with automation is an effective strategy for improving the
reliability, safety and energy efficiency of distribution power networks. The proposed measures will contribute to the
sustainable development of the energy infrastructure, taking into account modern technological challenges and prospects.

REFERENCES
1. Crpemb6iupkuii I1., FOxumuyk M., Jlecbko B., Ilepenenuns C. lleHTpanizoBaHuii MOHITOPHHT 1H(PPACTPYKTYpH 3
BukopucranHsMm cuctemu THANOS: nepcrieKTHBH Ta BUKIUKH. BicHUK XMenbHUYbK020 MeXHIYH020 YHIGepCUmenty.
Texniuni nayxu. 2025. Ne 1. C. 417-422. DOI: 10.31891/2307-5732-2025-347-57.

2. Pybanenko O., Jlecbko B., [Tomimyk A., Menpanuyk 1. OcoOGMUBOCTI eKcIutyaTallii BACOKOBOJIBTHUX €IEKTPUYHHX
BUMHUKaYiB. Bicnuk Binnuybkozo nonimexuiunozo incmumymy. 2021. Ne 6. C. 82-87.

3. Rubanenko O., Lesko V., Cosovic M., & Gundebommu S. L. Predicting the Power Generation Renewable Energy
Sources by using ANN. 20th International Symposium INFOTEH-JAHORINA. 17-19.03.2021. pp. 1-6.

4. Kynuk B. B., Bypukin O. b., Manorynko 0. B. 3a0e3nedeHHst COCTEPEKHOCTI PO3NOAUILHUX EIEKTPUUHUX MEPEX 3
BIJIHOBIIIOBAaHUMHU JpKepenaMu eneprii. Haykosi npayi Hayionanwnoeo ynieepcumemy xapuogux mexnonoziu. 2021. Ne 1.
C.91-101.

5. Study of the Electromagnetic Impact of the Overhead Transmission Lines of 330 kV on Ecological Systems /
V. Cherkashina, S. Litvinchuk, V. Lesko, S. Kravets, V. Netrebskiy et al. Informatyka, Automatyka, Pomiary w
Gospodarce i Ochronie Srodowiska. 2022. Ne 2. pp. 50-55. DOI: 10.35784/iapgos.2933.

6. Iepenenuus C., Oxumuyk M., Jlecbko B. MonemoBanHs Kibep(hi3nIHNX CHCTEM YIIPaBIiHHS B YMOBaX HET'aTHBHUX
30BHINTHIX (pakTOpiB. Bumiprosanvua ma oouuciiosaibHa mextika 6 mexwonociunux npoyecax. 2025. Ne 1. C. 7-12. DOI:
10.31891/2219-9365-2025-81-1.

7. Functional Safety Assessment of One-Level Coordination of Distributed Cyber-Physical Objects/ V. M. Dubovoy, M.
S. Yukhimchuk, N. M. Kyrylenko et al. Przeglgd Elektrotechniczny. 2021. Vol. 97. pp. 38-41.

8. Dubowoi V., Yukhimchuk M., Kovtun V., & Grochla K. Functional Dependability of Distributed Control of Multi-
Zone Objects Under Failures Conditions. IEEE Access. 2024. Vol. 12. pp. 95736-95749.

9. ITisomenko B. B. , Kymuk M. C., Iganos lO. 1O., Bactopa A. C. AHaJti3 Ta eKCliepUMEHTAIBHE JTOCIIKEHHS METOY
0e3MOJICTTFHOTO HABYAHHS 3 MITKPIIICHHAM. BicHuk nonimexuiunozo incmumymy. 2024. Ne 3. C. 40-49.

10. Ierpos C.B. BakyymHi BuMuKadi 5K 3aci0 MiIBUICHHS HATIHHOCTI CIIEKTPHYHUX MEpPEXK. EHepeemuyna noaiimuka

70


http://www.atbp.ontu.edu.ua/
https://doi.org/10.31891/2307-5732-2025-347-57
https://scholar.google.com/citations?view_op=view_citation&hl=ru&user=lnc9U0kAAAAJ&citation_for_view=lnc9U0kAAAAJ:L8Ckcad2t8MC

Iﬂ ABTOMATH3AIIisI TEXHOJIOTIYHKX i 6i3Hec-mporeciB Volume 18, Issue 1/2026 N
ISSN 2312-3125 (print), ISSN 2312-931X (online) http://www.atbp.ontu.edu.ua/

Yxpainu. 2023. Nel. C. 55-63.
11. Kovtun V.V., Ivanov Yu.Yu. Crypto Coding System Based on the Turbo Codes with Secret Keys. ICT Express. South
Korea, 2024. Vol. 10. pp. 330-335.
12. Isanos 1O.IO. ExcmepmMeHTanpHEe IOCHTIHKEHHS 3aBafOCTIMKOCTI TypOO-KOMIB: YMCIOBI OLIHKKA Ta IMiTarliiiHe
MOJICITIOBaHHsI HOBOTO cybonmTuMmanbHoro aimropurma PL-l10g-MAP. BicHuk BiHHHIBKOTO MOMTEXHIYHOTO IHCTHTYTY.
Binaung, 2016. Ne 5. C. 76-84.
13. Crpem6inpkuit O., FOxumuyk M., Jlecbko B. IHTenekTyanpHi CHCTEMH YIIPaBIiHHS B €HEPTETHYHMX MeEpexkKax.
Enepeemuxa i konmponw. 2025. Ne2. C. 12-21.

REFERENCES
1. P. Strembitskyi, M. Yukhimchuk, V. Lesko, and S. Perepelytsia, "Tsentralizovanyi monitorynh infrastruktury z
vykorystanniam systemy THANOS: perspektyvy ta vyklyky" [Centralized Infrastructure Monitoring Using the THANOS
System: Prospects and Challenges], Visnyk Khmelnytskoho tekhnichnoho universytetu. Tekhnichni nauky, no. 1, pp.
417-422, 2025. doi: 10.31891/2307-5732-2025-347-57.
2. O. Rubanenko, V. Lesko, A. Polishchuk, and D. Melnychuk, "Osoblyvosti ekspluatatsii vysokovoltnykh elektrychnykh
vymykachiv" [Operational Features of High-Voltage Circuit Breakers], Visnyk Vinnytskoho politekhnichnoho instytutu,
no. 6, pp. 82-87, 2021.
3. O. Rubanenko, V. Lesko, M. Cosovic, and S. L. Gundebommu, "Predicting the Power Generation Renewable Energy
Sources by using ANN," in Proc. 20th Int. Symp. INFOTEH-JAHORINA (INFOTEH), East Sarajevo, Bosnia and
Herzegovina, Mar. 17-19, 2021, pp. 1-6.
4.V. V. Kulyk, O. B. Burykin, and Yu. V. Malohulko, "Zabezpechennia sposterezhuvosti rozpodilnykh elektrychnykh
merezh z vidnovliuvanymy dzherelamy enerhii" [Ensuring Observability of Distribution Electrical Networks with
Renewable Energy Sources], Naukovi pratsi Natsionalnoho universytetu kharchovykh tekhnolohii, no. 1, pp. 91-101,
2021.
5. V. Cherkashyna, S. Litvinchuk, V. Lesko, S. Kravets, V. Netrebskyi, et al., "Study of the Electromagnetic Impact of
the Overhead Transmission Lines of 330 kV on Ecological Systems," Informatyka, Automatyka, Pomiary w Gospodarce
i Ochronie Srodowiska, no. 2, pp. 50-55, 2022. doi: 10.35784/iapgos.2933.
6. S. Perepelytsia, M. Yukhimchuk, and V. Lesko, "Modeliuvannia kiberfizychnykh system upravlinnia v umovakh
nehatyvnykh zownishnikh faktoriv' [Modeling of Cyber-Physical Control Systems Under Negative External
Factors], Vymiriuvalna ta obchysliuvalna tekhnika v tekhnolohichnykh protsesakh, no. 1, pp. 7-12, 2025. doi:
10.31891/2219-9365-2025-81-1.
7.V. M. Dubovoi, M. S. Yukhimchuk, N. M. Kyrylenko, et al., "Functional Safety Assessment of One-Level
Coordination of Distributed Cyber-Physical Objects," Przeglgd Elektrotechniczny, vol. 97, pp. 38-41, 2021.
8. V. Dubowoi, M. Yukhimchuk, V. Kovtun, and K. Grochla, "Functional Dependability of Distributed Control of Multi-
Zone Objects Under Failures Conditions," IEEE Access, vol. 12, pp. 95736-95749, 2024.
9. V. V. Pivoshenko, M. S. Kulyk, Yu. Yu. Ivanov, and A. S. Vasiura, "Analiz ta eksperymentalne doslidzhennia metodu
bezmodelnoho navchannia z pidkriplenniam™ [Analysis and Experimental Study of the Model-Free Reinforcement
Learning Method], Visnyk Vinnytskoho politekhnichnoho instytutu, no. 3, pp. 4049, 2024.
10. S. V. Petrov, "Vakuumni vymykachi yak zasib pidvyshchennia nadiinosti elektrychnykh merezh" [Vacuum Circuit
Breakers as a Means of Increasing the Reliability of Electrical Networks], Enerhetychna polityka Ukrainy, no. 1, pp. 55—
63, 2023.
11. V. V. Kovtunand Yu. Yu. lvanov, "Crypto Coding System Based on the Turbo Codes with Secret Keys," ICT Express,
vol. 10, pp. 330-335, 2024.
12. Yu. Yu. Ivanov, "Eksperymentalne doslidzhennia zavadostiikosti turbo-kodiv: chyslovi otsinky ta imitatsiine
modeliuvannia novoho suboptymalnoho algorytmu PL-log-MAP" [Experimental Study of Turbo Codes Error Correcting:
Numerical Estimates and Simulation of a New Suboptimal Algorithm PL-log-MAP], Visnyk Vinnytskoho
politekhnichnoho instytutu, no. 5, pp. 76-84, 2016.
13. O. Strembitskyi, M. Yukhimchuk, and V. Lesko, "Intelektualni systemy upravlinnia v enerhetychnykh merezhakh™
[Intelligent Control Systems in Power Grids], Enerhetyka i kontrol, no. 2, pp. 12-21, 2025.

Otpumana B penaxiii 26.12.2026. ITpuiinsta no apyky 12.01.2026. Po3wmimeno B intepreri 30 6epesns 2026.
Received 26 December 2026. Approved 12 January 2026. Available in Internet 30 March 2026

71


http://www.atbp.ontu.edu.ua/

	ORCID: https://orcid.org/0000-0002-8131-97391, https://orcid.org/0000-0002-5477-70802,
	https://orcid.org/0000-0003-2125-10043, https://orcid.org/0000-0003-2125-10044
	E-mail: umcmasha@gmail.com1, leskovlad@ukr.net2, ivanov@vntu.edu.ua3, stanislau3@gmail.com4

