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STUDY OF EMERGENCY SITUATIONS ON HIGH
AND ULTRA-HIGH VOLTAGE POWER LINES

High- and ultra-high-voltage overhead power lines are critical for
maintaining a reliable electricity supply to industrial consumers and
regional power systems in the Republic of Kazakhstan. The country’s
large geographic extent, coupled with harsh and highly variable climatic
conditions, imposes additional demands on the stable operation of
transmission networks. In recent years, there has been an upward trend in
emergency events on transmission lines, resulting in power interruptions,
economic damage and a decrease in the overall reliability of the power
system. The present study focuses on a detailed analysis of emergency
situations on high- and ultra-high-voltage power lines in the Republic of
Kazakhstan in the period 2020-2024.

The study draws on the analysis and synthesis of statistical data on
technological disturbances, records of relay protection and automatic
reclosing performance, cartographic examination of the power supply
system, and a review of regulatory and technical documents. The principal
types of emergency events are distinguished, including conductor galloping
with associated short circuits, icing, interphase arc flashovers initiated by
birds, direct lightning impacts, and failures of polymer insulators. Special
emphasis is placed on the role of meteorological conditions — strong winds,
icing, and thunderstorm activity — in shaping both the frequency and the
characteristics of accidents.

The study assesses automatic reclosing devices and demonstrates their
key role in clearing transient faults and reducing the impact of emergencies.
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The analysis also reveals the limitations of conventional relay protection
systems in reliably distinguishing between electrical and mechanical faults.
The paper substantiates the applicability of intelligent protection solutions
based on fuzzy logic to enhance fault recognition accuracy and increase
decision-making reliability. The proposed technical and organizational
measures are aimed at improving the operational reliability of transmission
lines and supporting the sustainable development of the power system of
the Republic of Kazakhstan.

Keywords: high-voltage overhead power lines, emergency situations,
conductor galloping, electric arc flashover, meteorological conditions,
automatic reclosing, reliability of power systems.

Introduction

Power transmission lines (PTLs) play a key role in providing electricity to
industrial enterprises in the Republic of Kazakhstan (RK). The country’s extensive
energy infrastructure includes high-voltage and ultra-high-voltage transmission
lines that connect major regions and ensure the transmission of electricity
between major energy facilities. However, in recent years, incidents of power line
emergencies have become more frequent, significantly impacting the stability of
the power supply [1].

Emergencies on power transmission lines can be caused by both natural
factors (hurricanes, icing, lightning strikes) and man-made causes (equipment wear,
operating errors, external damage). Analysis of these accidents is an important
task for developing measures aimed at reducing the number of emergencies and
minimizing their consequences [2].

This work is devoted to the study of emergency situations on high-voltage
and ultra-high-voltage power lines in the Republic of Kazakhstan, since they are
the most significant in the power supply of the Republic. The aim of the study is
to identify the main causes of accidents, analyze their consequences, and develop
recommendations for improving the reliability of power lines. Particular attention
is paid to analyzing the current state of the infrastructure, as well as the impact of
climatic conditions on power supply reliability.

Due to the growth of manufacturing enterprises in Republic, the load on the
energy system will increase [2; 3]. The main objective of the work is to analyze
emergency situations in high- and ultra-high-voltage systems and to substantiate the
required set of technical solutions to improve the reliability and reduce the accident
rate of the power supply system. To achieve this goal, it is necessary to solve the
following tasks: analyze emergency situations; determine the influence of cause-
and-effect relationships between climatic factors and the technical condition of the
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transmission line structural elements on the occurrence of emergency situations;
substantiate a set of measures and technical solutions to ensure increased reliability
of the power supply system.

To achieve the stated goals and perform the tasks of investigating emergency
situations on high-voltage and ultra-high-voltage power lines in the Republic of
Kazakhstan, the following methods were used [4]:

1. Analysis and generalization of statistical data from publicly available sources;

2. Cartographic analysis of the power supply system;

3. Diagnostics of the technical condition of equipment;

4. Analysis of regulatory recommendations.

The use of an integrated approach and complementary methods made it
possible to conduct a comprehensive study and develop well-founded proposals
to reduce the risk of accidents on high-voltage and ultra-high-voltage power lines.

Materials and methods

The research relies on a comprehensive analysis of emergency events on high-
and ultra-high-voltage overhead power lines in the Republic of Kazakhstan over
the period 2020-2024. As input data, publicly available statistics on technological
disturbances and records of relay protection performance and automatic reclosing
were used. The source data were classified by disturbance types (conductor galloping
and short circuits, direct lightning impacts, interphase arc flashovers caused by birds,
polymer insulator defects, overload-related outages) and by automatic reclosing
outcome (successful/unsuccessful), which made it possible to evaluate both the
dynamics of the failure rate and the effectiveness of protection operations.

To reveal cause-and-effect relationships, a comparative analytical method
was employed. The impact of meteorological conditions (wind loads, icing,
thunderstorm activity) and external influences on the probability of outages
was assessed by comparing disturbance categories and their annual frequency.
Additionally, cartographic analysis of the power supply system was used to account
for the territorial characteristics of transmission line routes and the operating
conditions of high-voltage networks, including segments located in remote and
difficult-to-access areas. Diagnostics of the technical state of line components
(conductors, insulator strings, fittings, towers and vibration dampers) was treated as
akey factor in explaining failures related to wear, latent defects and material aging.

The diagnostic assessment was clarified as an integrated procedure combining
visual inspection, analysis of relay protection and automatic reclosing data,
thermal imaging of contact joints and insulator strings, and UAV inspection
of line sections with limited accessibility. In assessing overhead line elements,
attention was focused on the condition of conductors, fittings, polymer insulators,
vibration dampers, towers, and grounding components. Thermal imaging was used
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to identify local overheating associated with increased contact resistance, overloads,
or leakage currents. UAV inspection made it possible to detect mechanical damage,
corrosion, displacement of vibration dampers, defects in insulator strings, and
foreign objects located near live parts. The assessment of polymer insulators was
also related to the identification of partial discharge activity and visible signs of
surface degradation, since these defects can gradually reduce insulation strength
and increase the likelihood of emergency outages [5-7].

Regulatory and technical documents in force in the Republic of Kazakhstan
were examined to link the observed disturbance types with existing operational
requirements and protection principles. Based on this analysis, a set of technical
measures to reduce the outage rate (including scheduled maintenance, vibration
mitigation, meteorological monitoring and UAV-based inspections) was
substantiated, and the use of fuzzy-logic decision-making elements in protection
and automatic reclosing schemes was justified to improve the reliability of
distinguishing between electrical and mechanical faults.

Results and discussions

The electric power system of the Republic of Kazakhstan uses overhead high-
voltage transmission lines for the transmission of electricity. Operation of existing
transmission lines and the design of new ones are carried out in accordance with
regulatory requirements approved in the Republic of Kazakhstan [8].

Particular attention is paid to increasing the reliability and improving the
operational characteristics of high-voltage power transmission lines, since their
condition directly affects the stability of the power supply to industrial enterprises.

The most serious problem in the operation of power transmission lines is
emergency situations, which can be caused by many factors [9].

Currently, in order to prevent the development of technological violations,
complex protection systems are used.

The integrated substation protection system consists of:

— short circuit current protection;

— differential protection (one of the most accurate types of protection);

— against ground faults (implemented to protect power transmission lines
when single-phase ground faults occur);

— distance protection (measures the impedance (resistance) of the line and
determines the distance to the fault location);

— automatic reclosing devices (ARD);

— multi-stage protection with several levels (fast-acting and time-delayed);

— surge protection devices;

— overload protection (OLP);
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If the emergency situation was short-lived and did not lead to serious
consequences, the controlled section of the power line is connected to the
power source and the automatic reclosing device is considered successful. The
classification of emergency situations on high-voltage and ultra-high-voltage
transmission lines from 2020 to 2024 is presented in Table 1.

Table 1 — Statistics of emergency situations on high-voltage and ultra-high-voltage
power lines

Technological disturbances on power lines and

reactions of the protection system 2020 | 2021 ) 2022 | 2023 | 2024

The number of technological failures due to
conductor galloping with subsequent restoration | 3 2 2 3 1
of the electrical circuit

The power line shutdown was a short circuit
between the phase wire and the ground wire or 1 1 2 1 3
a fall of the phase wire to the ground.

The number of direct lightning strikes on live

wires of power transmission lines. ! ! 2 2 !

Interphase electric arcs caused by birds 9 7 3 5 6

Number of outages due to polymer insulator

failure ! ! 2 2 2

Number of network overload outages 1

Successful automatic reclosing devices 13 10 7 10 8

Unsuccessful automatic reclosing devices 3 2 4 3

Total number of technological violations 16 12 11 13 14

1. Analysis and generalization of statistical data on technological violations
at high and extra-high voltage (2020-2024)

General analysis of the dynamics of technological disturbances :

From 2020 to 2024, the total number of power transmission line faults
fluctuated between 11 and 16 per year. The lowest number of faults (12) was
recorded in 2021, while the highest number (16 and 14, respectively) was observed
in 2020 and 2024.

2. Analysis of individual types of technological violations:

The phenomenon of conductor galloping, causing a short circuit, followed
by the activation of protection and restoration of the electrical circuit, occurs
annually, but the frequency of emergency shutdowns varies.

— In2020and 2023, 3 cases were registered, which is the maximum figure.
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— In 2024, the lowest number of accidents was recorded (1 case).

— The overall reduction may indicate the effectiveness of the measures taken
to combat conductor galloping, such as the installation of additional supports, the
installation of damper spacers, the installation of interphase spacers, the installation
of additional garlands, etc.

Short circuits between the current-carrying wire and the ground wire due to
conductor galloping.

This type of violation has minor deviations:

— In 2022 and 2024, 2 cases were recorded.

— In 2020, 2021 and 2023 — 1 case each.

— In 2024, the number of such cases increased, which may indicate the
need for further analysis of lightning protection design.

Direct lightning strikes on live wires

— In2020 and 2021, 1 case was registered each.

— In2022-2024, 2 cases were recorded annually.

— The increase in the number of lightning strikes may be due to changes
in climate conditions or insufficient efficiency of lightning protection devices.

Interphase arc flashovers due to birds.

— In 2020, there were 9 cases, which is the maximum figure.

— In 2022, only 3 cases were recorded — the minimum level.

— In2023-2024, a slight increase to 5—6 cases was noted.

— The introduction of additional protective measures (for example, the
installation of bird protection devices) can partially reduce the frequency of
such incidents.

Destruction of polymer insulators.

— The number of insulator destructions has gradually increased from 1 case
in 2020 and 2021 to 2 cases in 2022-2024.

— The increase in the number of incidents may be due to the impact of
external factors (ultraviolet radiation, high dynamic loads on insulator strings
caused by gusts of wind, conductor galloping and ice deposits, aging of the
material).

Exposure to high current load.

— The only registered case occurred in 2020.

— The absence of similar violations in subsequent years may indicate the
correct operation of the power lines or the introduction of more efficient load
management methods.

3. Analysis of successful and unsuccessful application of automatic reclosing
(AR) on high and extra-high voltage power transmission lines in Republic of
Kazakhstan.

370



TopaiireipoB yHuBepcHuTeTiHIH Xabapiibicel. ISSN 2710-3420. Onepeemuranvik, cepusicol. Ne 3. 2026

Successful application of ARD allows to ensure:

— reducing the consequences of an emergency;

— reduction of operating costs;

— combination of the automatic reclosure control system with modern
monitoring systems.

The main causes of technological failures on power transmission lines are:

1. Meteorological conditions: strong winds, storms, icing, thunderstorms, floods.

2. Mechanical damage to the elements of the power transmission line structure
(falling trees, transport accidents, impact of unauthorized persons, design defects).

3. Technical faults : expiration of service life, hidden defects of overhead
power line elements or construction deficiencies [5; 10].

4. A particular threat to high-voltage and ultra-high-voltage power lines is
posed by adverse weather conditions, such as gusty winds, which cause conductors
gallop and lead to mechanical damage to the elements of the power line structures
and the shutdown of a section of the power supply system with successful or
unsuccessful automatic reclosure.

Analysis of emergency situations on high and extra-high voltage power lines.

Between 2020 and 2024, Republic of Kazakhstan experienced various power
line emergencies caused by strong winds and other factors, such as:

*  The proximity of live wires to grounded parts of supports, causing an
electric arc flashover due to gusts of wind. Such outages are usually accompanied
by successful automatic reclosure [11].

* Vibrations of wires leading to mechanical damage to wires, Linear
suspension and almost always with unsuccessful automatic reclosure.

* An electric arc flashover between a phase conductor and a ground wire
caused by strong wind gusts and wire movement. Most often, such outages are
successfully reclosed.

* Icing on power transmission lines in Republic of Kazakhstan, especially
in winter, is one of the main causes of emergency outages. The country’s climatic
conditions — temperature fluctuations, high humidity, and wind loads — facilitate
the formation of ice, which increases the load on wires and structures, threatening
the integrity of transmission line components and the reliability of the power
system. Such incidents are most often identified, and measures are taken to prevent
emergency outages and damage to transmission line components.

*  Electrochemical frost is a form of icing that occurs on power transmission
lines (PTLs) as a result of a combination of electromagnetic processes and adverse
weather conditions. In the Republic of Kazakhstan, this phenomenon is observed
primarily during the cold season, especially in areas with high humidity and sudden
temperature fluctuations. Measures taken are similar to those used for icing [6].
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* Lightning strikes are a common cause of emergency outages on high-
voltage and ultra-high-voltage power lines (HV/EVL) in Republic of Kazakhstan.
Lightning can cause equipment damage, power outages, and even major grid
failures. The number of such incidents from 2020 to 2024 reached 12 in the
Karaganda region alone, demonstrating the vulnerability of power lines to this
type of impact. To reduce the effect of lightning surges on power lines, regular
inspection and repair of ground wires, lightning protection components, and
grounding of poles are undertaken.

Justification of the use of fuzzy logic in the power transmission line
protection system

Existing relay protection systems for high-voltage and ultra-high-voltage
transmission lines have limitations related to their insufficient ability to accurately
analyze the nature of fault situations. For example, a wire break that touches other
phases or the ground causes a short circuit. However, due to the lack of an effective
diagnostic mechanism, the automatic reclosure system may trip prematurely, even
if the underlying cause of the fault has not been eliminated [12].

Furthermore, a wire break often creates a false arc fault, leading to an incorrect
protection response. Existing circuits are unable to reliably distinguish a wire break
from an arc fault, as sudden changes in current and voltage are often accompanied
by electromagnetic interference, which the system interprets as a short circuit.

It’s also worth noting the low information yield of traditional protection
devices: their algorithms don’t allow for a clear determination of the nature of a
fault— whether electrical or mechanical. This significantly reduces the accuracy and
effectiveness of fault localization. Therefore, there is a need to develop an improved
protection system capable of performing a comprehensive analysis of network
parameters, ensuring more accurate diagnostics and preventing reconnections in
the event of unrepaired faults [7].

One way to improve the reliability of emergency diagnostics is to use
diagnostic systems based on fuzzy logic. Fuzzy logic is used in protection systems
for high-voltage and ultra-high-voltage substations, particularly in automatic
reclosing and relay protection. Its use improves the accuracy and adaptability
of protection systems in the face of intermittent damage to transmission line
components [13].

Advantages of fuzzy logic:

* Possibility of processing uncertain or partially reliable information;

* Improving the reliability of accident classification (mechanical damage
vs. electrical short circuit);

* Flexibility in deciding whether to file an automatic reclosing devices;

* Increased selectivity and reliability of automatic reclosing [13].
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Table 2 — Simplified fuzzy rule base for automatic reclosing decision-making

Input condition Fuzzy assessment Decision for AR
High short-circuit current, short voltage | Transient electrical Permit automatic
dip, no mechanical defect detected fault reclosing

. . Mixed electrical- .
High current, conductor galloping, xed elee cal Extend dead time
strong wind or icing mechanical before reclosing
disturbance

Repeated trip after reclosing, thermal .
anomaly or visible conductor/insulator Persistent fault Block reclosing and

defect

require inspection

Lightning activity, single short-term
disturbance, no repeated trip

Probable transient
overvoltage

Permit single
reclosing attempt

Polymer insulator degradation, leakage
current signs or partial discharge

Insulation-related
fault

Block reclosing and
schedule diagnostics

indication

Unlike conventional relay protection, which usually operates on fixed
current and voltage thresholds, the fuzzy logic approach makes it possible to
evaluate several uncertain factors at the same time. For instance, when a fault
is accompanied by increased current, a voltage drop, strong wind and signs of
conductor galloping, it should not automatically be treated as a temporary short
circuit. In such a situation, the fuzzy rule base gives greater weight to the likelihood
of mechanical damage and may recommend extending the dead time or blocking
automatic reclosing. This helps prevent repeated reclosing when the fault has not
yet been eliminated [11; 12].

Currently, the following measures are being taken to reduce the number of
emergency situations on 500 kV power transmission lines:

1.Carrying out scheduled work:

Conducting inspections and repairs of power transmission line equipment.

Checking the technical condition of wires, supports, insulators and other
elements of the power transmission line structure.

Trimming trees and shrubs near power lines.

Checking the technical condition of guy wires and adjusting their tension.
Particular attention is paid to monitoring the technical condition of the vibration
dampers on the wires and cables.

Vibration dampers are widely used to combat vibration phenomena. Vibrations
of wires and cables on power transmission lines can occur due to wind loads, the
properties of the wire and cable themselves, temperature fluctuations, and other
factors. Republic of Kazakhstan climatic conditions, including strong winds
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in the steppe regions and significant temperature fluctuations, require a special
approach to this problem. Displacing vibration dampers from their intended location
can damage the wire or cable, reduce its service life, and lead to accidents [14].

Experimental studies of power transmission lines show that timely installation
and scheduled adjustment of vibration dampers allows:

— reduce the frequency of damage to overhead power line elements by 20-30 %;

— reduce costs for repair and maintenance of power lines;

— extend the service life of wires and supporting structures.

The proposed measures should be viewed as elements of a single preventive
reliability program rather than as separate technical actions. Their effectiveness
depends on the combined use of mechanical protection, regular condition
monitoring and more accurate decision-making in relay protection systems. For
example, the installation of vibration dampers and their periodic adjustment can
reduce damage to overhead line components by about 20-30 %. UAYV inspection
makes it possible to examine remote sections of transmission lines more quickly
and to identify defects such as corrosion, damaged fittings, shifted dampers,
faulty insulator strings and hazards caused by birds. Thermal imaging control
complements these measures by detecting overheating areas associated with poor
contacts, leakage currents or overloads. Thus, the preventive value of the proposed
approach is reflected not only in a reduction in outages, but also in the timely
detection and localization of defects before they lead to emergency situations [6; 7].

2. Meteorological monitoring:

Climate monitoring technologies enable the prediction of adverse weather
conditions. Timely preventative maintenance reduces the risk of emergencies
during severe storms, icing and other natural phenomena [15].

3. Use of modern technologies:

Installation of automatic shutdown and protection systems that quickly
respond to faults. Implementation of modern technologies for diagnosing the
condition of wires and supports, such as thermal imaging cameras.

High-voltage and ultra-high-voltage power lines in the Republic of Kazakhstan
occupy vast territories, often passing through hard-to-reach regions, such as
mountainous areas and water resources of Republic of Kazakhstan, where ground
inspections are difficult. Maintaining the operational condition of power transmission
lines requires regular monitoring and timely detection of damage. Traditional
inspection methods, such as visual inspection from the ground, are not always
effective and require significant time and resources. In recent years, aerial inspections
using light aircraft and unmanned aerial vehicles (drones) have become particularly
popular. The high inspection speed allows for inspection of large sections of lines
in a relatively short period of time and in a completely safe manner.
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A drone equipped with specialized equipment: a high-resolution camera,
a thermal imager and a geographic positioning sensor, allows it to detect:

— damage to wires and localization of damage;

— corrosion of supports;

— using thermography means , establish the fact of an electrical leak and
localize the location of the accident;

— places in the design of transmission line elements with elevated
temperatures caused by overload or malfunction.

To successfully utilize modern diagnostic technologies for electrical power
system components, it is necessary to regularly train employees in modern methods
of rapid response and troubleshooting using modern technologies.

Conducting training on safety and emergency prevention.

In 2020-2024, the annual number of technological disturbances ranged
from 11 to 16 cases. This variation shows that emergency events did not follow
a stable pattern and were influenced by both climatic conditions and operational
factors. At the same time, the increase in the number of outages with successful
automatic reclosures demonstrates the effectiveness of the protection systems in
place and their good technical condition. To further reduce accidents, it is necessary
to continue introducing modern protection systems, developing meteorological
monitoring and diagnostic systems, and training personnel. Implementing these
measures will improve the reliability of the power system and reduce the number
of accidents. By implementing the above-mentioned program, the impact of
accidents on the country’s economy can be minimized.

An analysis of power line accidents in Republic of Kazakhstan shows that the
main causes of accidents include icing, wire vibration, lightning strikes, equipment
wear and tear, and external factors (strong winds, interference from unauthorised
persons). To improve the reliability of power lines, reconstruction is required,
taking into account changes in weather conditions, with the introduction of modern
technologies (insulation and linear suspension fittings, support structures) and
the development of new approaches to diagnosing and monitoring the condition
of power lines.

Research into emergency situations on power lines in the Republic of
Kazakhstan is a promising, knowledge-intensive area that could help to improve
the reliability of power lines and the energy system as a whole.

Conclusions

Based on the analysis of emergency situations on high-voltage and ultra-high-
voltage power lines in the Republic of Kazakhstan for 2020-2024, the following
key conclusions were formulated:
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1. The study of emergency events on high- and ultra-high-voltage overhead
transmission lines in the Republic of Kazakhstan for 2020-2024 revealed
that outages were mainly caused by conductor galloping, ice accumulation,
interphase arc flashovers, direct lightning strikes, failures of polymer insulators
and mechanical damage to line elements. The impact of these causes increases
when severe climatic conditions coincide with the deterioration or unsatisfactory
technical condition of overhead line components.

2. An analysis of the operation of automatic reclosing devices demonstrated
their high effectiveness in eliminating short-term faults. The increase in the
percentage of successful automatic reclosing operations confirms the correct
operation of the existing relay protection systems. However, the increase in
unsuccessful reclosings indicates the need to refine the algorithms for detecting
and recognizing fault conditions.

3. It has been revealed that traditional relay protection systems have a
number of limitations related to insufficient selectivity and the lack of reliable
differentiation between electrical and mechanical line faults. This leads to an
increased likelihood of erroneous reclosing and repeated tripping.

4. It has been shown that the use of intelligent protection systems based on
fuzzy logic is justified, as they allow for the uncertainty of input parameters to be
taken into account, improve the accuracy of recognizing emergency conditions,
and make more informed decisions about performing automatic reclosing.

5. The effectiveness of a set of preventive measures, including scheduled
preventive maintenance, monitoring the technical condition of overhead power
line elements, installation of vibration dampers, development of meteorological
observation systems and the use of unmanned aerial vehicles for diagnosing hard-
to-reach sections of the line route, is demonstrated.

6. It has been established that a further reduction in the frequency of
accidents and an increase in the reliability of the power supply in the Republic
of Kazakhstan are achievable through a comprehensive approach that combines
the modernization of protection systems, the adaptation of line design solutions
to changing climatic conditions, the introduction of digital monitoring tools, and
the systematic improvement of the qualifications of operating personnel.

The implementation of the proposed technical and organizational solutions
will improve the reliability of high-voltage and ultra-high-voltage power lines,
reduce economic losses from emergency outages, and promote the sustainable
development of the energy system of the Republic of Kazakhstan.
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"KOFAPBI )KOHE OTE )KOFAPBI KEPHETTI
DJEKTP BEPY JKEJILIEPIHJEIT TOTEHIIE
JKAFJIAWJIAPABI 3EPTTEY

Oyeoezi dco2apvl 8OILMMbL HCOHE ACA HCO2APLL BONLINMbL INEKMP
arceninepi Kazaxcman Pecnybnuxacvinoaebl OHepKOCINmIK mymulHyubliap
MeH QuMaKmvlK 3JIeKmMp JceliNepin CeHIMOI INeKmpMeH HcaboblKmayobl
KAMmMamacwl3 emy ywin ome maywi30vl. Enoiy ey eceoepadpusnviy aymazbl,
KAMan Jcone ome 032epmeii KIUMAmmylK JHcazo0aiiapmen bipze, s1ekmp
bepy diceninepiniy MmypaKmol HCYMbICbIHA KOCLIMWA MALanmap Kosobi.
Conabl JHCoLI0apsl 2NeKmp JHCeNLNEPIHIY ICMeH Wbl2y CAHbIHbIY apmy Ypoici
oatikanovl, Oy d1eKkmp KyamviHblY Y3iLyiHe, SKOHOMUKATLIK WbleblHOaped
JICOHE INIEKMP JHCYUECIHIY JICANbL CEHIMOLNIZIHIY moMmeHnOeyine oKkendi. by
sepmmey 2020 srcornoarn 2024 scvinza deuiin Kazaxcman Pecnyonuxaceinoazbl
24CO2aPbl BOTLIMMBL IHCOHE ACA HCO2APLL BOLIMMbL INEKMP dHceiiepinoesi
icmeH wibl2ynapovly ezoiceti-mezyicetiii mandayblit YCblHaobl.

3epmmeyde cmamucmukanivlk depekmepoi mauiday HcoHe
MEXHON02UANBIK, OY3bLIYAAPObIY KblCKAULA MA3MYHbI, PELeNiK KOP2aHbiC
JHCOHE ABMOMAMMbL KAUMA HCADY JHCYMBICIHBIH HCA3Z0ANAPYL, INEKMPMEH
2HcabObIKMAy JICYeCiHiy Kapmazaa mycipy 3epmmeyi HCoHe HOpMamuemix-
MEeXHUKALbIK KYICAMmMamanvl Kapay nauoaiansiiovl. Tomenute
Jrcaz0aunapovly Hezizeli mypaepi aHblKmaniovl, COHbIH [WiHOe KblCKA
mytblKmanyiapmen oipee jicypemin omrizeiuumepoiy KepHeyl, My30aHy,
Kycmapowly ocepinen (hazanvlk 002aubly natoa 00aysl, HAU3a2auobly
miKenel COKKbLIAPbL JCOHE NOIUMED OKULAYIA2LLUMADBIHbIY iCIeH
wieyvl. Tomenwe dcaz0aiunapOviy dHcuiniei MeH cunammamaiapoblii
KanblnMAacmulpyodabl Memeopor0UsiblK Hcaz0aiuiapobly — Kammol
Jicenioiy, My30anyObly JCoHe Hausazai belceHOLNICIHIK poliHe epeKiue
Hazap ayoapuliob.

3epmmey aemomammur Kauma ircady Kypulibliapbli 6a2anaiovl
JiCOHe 0napObly emneii npoyecmepoi Hcoodzbl JHCOHE anammapobly
canoapult azaumydazvl Heeizel ponin kopcemeoi. Tanday convimeHn Kamap
docmypii peieslik KOp2aHuiC JCyUeNepiHin JNeKMPIIIK HCOHE MEXAHUKATIbIK,
akaynapowl cenimoi mypoe axicolpamyoazvl UeKmeyiepiH aHblKmaiobl.
Maxkanaoa axaynapowr many 0ondiei MeH uiewtim Kabwlioay ceHiMOINiciH
apmmulpy YwiH aHulK emec Jo2uKaza Hezizoeizen UHMeNIeKmyaniovl
KOp2aHblC wewiMOepiniy KOI0aHubliyvl Hezizoenedi. ¥ ColHbli2aH
MEXHUKANbIK JHCOHE YULIMOACMBIPYWbLILIK Wapaiap d1ekmp 6epy
Jiceninepiniy nauodalany ceHimoiniein apmmolpyaa dxcone Kaszaxcman
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Pecnybaukacvinbly dnepeemukanvly jHcyneciniy mypakmsl 0amyblH
Konoayaa bazblmman2aH.

Kinmmi ce30ep: srcoeapel kepneyni 9ye 21eKmp Hcemkizy xceiinepi,
anammulK, Hcaz0auaap, colmoapobly mepoenici, 31eKmp 002dIblK AKAacy,
MemeopoNoUANLIK JHCA2OAULAP, ABMOMAMMbL KAUMa KOCy, dHep2us
JrCytleciniy ceHimOiniei.

*H. C. Kviowvipos', B. B. Kasepui?, A. B. IOpuenko’
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Poccuiickas ®enepanus, r. Tomck.

IlocTtynuno B penakumio 15.11.25.

Ioctynuino ¢ ucnpasnenusmu 04.03.26.

IIpunsTo B nevars 31.08.26.

HCCJETOBAHUE ABAPUMHBIX CUTYAIIAI
HA JIMHUAX SJIEKTPOIIEPEJAYA BBICOKOI'O
M CBEPXBBICOKOI'O HATIPAKEHUSA

Boszoywnvie gvicokogonbmmuvie u c8epxeblCOKOBOIbIMHbIE UHUL
neKmponepeoayu umerm peuiaiuee 3HaueHue 011 obecneyenus
HAOEHCHO20 INeKMPOCHAOICEH U, NPOMBIUTEHHVIX nompebumenell
u peeuonanvhvlx sHepeocucmem Pecnyonruxu Kazaxcman. Bonvwas
2eocpaguyeckas NPOMANCEHHOCHb CIMPAHbL 8 COUYEMAHUU C CYPOBLIMU
U KpaiiHe UsMEHYUBLIMU KAUMAMUYECKUMU YCIOGUAMU NPEObABIAE
OononHumenvHvle mpebos8anus K cmaburbHou pabome nepeoarowux
cemell. B nocneonue 200vl Habarwoaemcs meHOeHYUs K Y8eIUUeHUr
YUCTIA ABAPULIHBIX CUTYAYULL HA TUHUAX dNEKMPonepeoaiu, nPueoOsuux
K nepeboam 6 31eKmMpOCHAONHCEeHUU, IKOHOMUYECKOMY yiyepOy
u cHudcenuro obweil HadedxcHocmu 3Hepeocucmemvl. Hacmoswee
uccnedosane NOCEAUEHO 0eMalbHOMY AHATU3ZY ABAPULIHBIX CUMYAYUl
Ha 8bICOKOBOIMHBIX U CBEPXBbICOKOBOILIMHBIX TUHUAX INEKMPOonepeoail
6 Pecnybnuke Kazaxcman 6 nepuoo 2020-2024 20008.

B uccnedosanuu ucnonvzosansvi oannvie anaiusza u 0606uenus
CMamucmu4eckux OaHHbIX O MEXHON02UHECKUX HAPYULeHUSX, 3anUCU O
pabome peneliHoll 3auumyl U AgMOMAMUYECKO20 NOSMOPHO20 BKIHOUEHUS,
Kapmoepagpuueckoe ucciedo8anue CUCmembvl NEKMPOCHAOICEHUS, a TNAKCe
0030p HOPMAMUBHO-MEXHUYECKOU OOKyMeHmayuu. Bvioenervl ocHosHbvle munvl
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aABapULIHbIX cOOLIMULL, BKIOYASL CKAYKU NPOBOOHUKOB C CONYMCMBYIOUUMU
KOPOMKUMU 3AMbIKAHUAMUY, 0Onedenenue, medxcdaszuble dyeogvle npooou,
8bI36AHHbIE NMUYAMU, NPAMbIE YOAPbl MOIHUU U OMKA3bl NOAUMEPHBIX
uzonsmopos. Ocoboe sHuManue yoeneHo poiu Memeopos0cULecKUx Ycaoeutl
— CUIbHO20 8empa, 00NIe0eHeHUs U 2PO3060U AKMUBHOCIU — 8 POPMUPOBAHUUL
KAK 4acmomsl, max u Xapakmepucmux asapui.

B uccnedosanuu oyenusaromcs ycmpoicmea agmomamuieckozo
NOBMOPHO20 BKNIOUEHUS U OEMOHCIPUPYEMCs UX KAI04e8ds poJib 8
YCmMpaneHuu nepexooHbIX NPoYecco8 U CHUNCEHUU NOCIe0CMBULL d8apull.
Ananuz makoice 8bis167151€m 02PAHUHEHUS MPAOUYUOHHBIX PENETIHBIX CUCHEM
3aWUMel 8 HAOENHCHOM PA3TUYEHUU IIEKMPULECKUX U MEXAHUYECKUX
Heucnpagrnocmel. B cmamve ob6ocHo8bI86aeMCS NPUMEHUMOCTb
UHMENTeKMYANIbHbIX PeUeHUll 3auumsl Ha OCHOBE HeYemKoU 102UKU Ol
NOBbIUENUS MOYHOCU PACNO3HABAHUS HEUCNPABHOCMEN U HAOEIHCHOCU
npunsamus pewtenui. IIpednoscennvle mexnuueckue u Op2anu3ayuUoOHHble
Mepbl Hanpasenvl Ha NOBbIUUEHUE IKCHLYAMAYUOHHOU HAOEHCHOCU TUHUT
ajleKmponepeoai u NOOOEPICKY YCMOUUUBO20 PA3GUMUSL IHEPLOCUCTIEMbL
Pecnybnuxu Kazaxcman.

Kniouegvie cnoga: evicokogonrbmmuvlie 6030yuinble AUHUU
aneKmponepeday, asaputinble CUMyayuu, NiACKd NPOB0008, ANEKMPOOY2080e
nepexpvimue, MemeopoiocudecKue yCioeus, agmomamuieckoe nogmopHoe
BKIIOUEHUE, HAOEIHCHOCTL IHEP2OCUCIHIEM.

383



Tepyre 07.09.2026 . xki6epinai. bacyra 30.09.2026 k. KO KOHBUIIBL.
DneKTpoH/Ibl Oacra
19,0 Mb RAM
IapTTe! 6acna Tabarel 34,4. TapansiMbel 300 nana. barace! keniciM GOMBIHIIA.
Komnsrorepae 6erreren: llykutosa A. b.
Koppexrop: A. P. Omapoga, /1. A. Koxac
Tanceipsic Ne 4601

Cnano B Habop 07.09.2026 r. [Toanucano B neyats 30.09.2026 r.
DJIEeKTPOHHOE H3aHUe
19,0 Mb RAM
Ve ned. i1. 34,4. Tupax 300 sx3. Llena qoroopHast.
KomnsrorepHast Beperka: Lllykurosa A. b.
Koppexrop: A. P. Omapoga, /1. A. Koxac
3axa3 Ne 4601

«Toraighyrov University» 6acnacslHaH 0achUIBII IIBIFAPBUIFAH
TopaifFpIpoB YHUBEPCHTETI
140008, ITaBnoxap k., JlJomos k., 64, 137 kab.

«Toraighyrov University» 6acrnacs
TopaifFpIpoB YHUBEPCHTETI
140008, ITaBnoxap k., JlJomos k., 64, 137 kab.
67-36-69
E-mail: kereku@tou.edu.kz
www.vestnik-energy.tou.edu.kz



	_Hlk222504875
	_GoBack
	_GoBack
	_GoBack
	_Hlk228442222
	_Hlk215495235
	_GoBack
	_GoBack
	_GoBack
	_Hlk226667726
	_Hlk227512302
	_GoBack
	_Hlk210983084
	_Hlk210983161
	_Hlk216099308
	_Hlk174642010
	_GoBack
	_GoBack
	_GoBack
	_Hlk236393406
	_Hlk236393181
	_Hlk231288743
	_Hlk227840304
	_Hlk215745689
	_Hlk215746555
	_Hlk227841772
	_Hlk237613336
	_Hlk237613044
	_Hlk237613480
	_Hlk237613506
	_Hlk237613519
	_Hlk237613967
	_Hlk237613791
	_Hlk237613816
	_Hlk237613940
	_Hlk237614000
	_Hlk237614151
	_Hlk237614122
	_Hlk237614162
	_GoBack
	_Hlk177871745
	_Hlk182827361
	_GoBack
	_GoBack
	_Hlk235651868
	_GoBack
	_GoBack
	_GoBack
	_Hlk218865084
	_Hlk223985454
	_Hlk218865038
	_Hlk223605006
	_Hlk215912830
	_Hlk215912666
	_GoBack
	_GoBack
	_GoBack
	*Т. М. Абылкаиров1, А. Т. Бектимиров2
	ОБЗОР МЕТОДОВ ОПТИМИЗАЦИИ РЕЖИМОВ ЭЛЕКТРОЭНЕРГЕТИЧЕСКИХ СИСТЕМ 
С ИСПОЛЬЗОВАНИЕМ УСТРОЙСТВ FACTS
	*Г. А. Айтмагамбетова1, А. С. Никифоров2
	АНАЛИЗ ВЛИЯНИЯ ТЕПЛОПОТЕРЬ ПЕЧИ ПРОКАЛКИ НА ЭНЕРГОЭФФЕКТИВНОСТЬ КОМПЛЕКСА ПРОИЗВОДСТВА ПРОКАЛЕННОГО КОКСА
	*А. М Акаев1, С. И. Миргородский2, Е. К. Толеубеков3
	МОДЕРНИЗАЦИЯ ГАЗОВЫХ ТУРБИН ДО ПГУ 
ДЛЯ УВЕЛИЧЕНИЯ ВЫРАБОТКИ 
ЭЛЕКТРОЭНЕРГИИ В РЕСПУБЛИКЕ КАЗАХСТАН
	*А. Т. Апсеметова1, Ж. С. Шыныбай2, 
К. Е. Арыстанбаев3, Р. М. Чимкентбаева4
	Применение линейной мультипликативной модели для анализа и прогнозирования электропотребления городских распределительных сетей
	*А. А. Арпиш1, С. А. Минажова2
	АНАЛИЗ КОМБИНИРОВАННЫХ МЕТОДОВ МИНИМИЗАЦИИ ОБЛЕДЕНЕНИЯ ВЕТРОЭНЕРГЕТИЧЕСКИХ УСТАНОВОК
	*А. M. Аubakirova1, А. V. Neftissov2, М. N. Оrazbay3, 
	А. А. Biloshchytskyi4, T. A. Honcharenko5
	DEVELOPMENT OF A DELTA-BASED 
XGBOOST MODEL FOR FORECASTING 
RESERVOIR STORAGE DYNAMICS
	Г. Ә. Әкімбек1, *М. А. Каримолданова2, 
Б. К. Алияров3, Г. У. Калкабаева4
	СОВЕРШЕНСТВОВАНИЕ КОНСТРУКЦИИ ШАРОВОЙ МЕЛЬНИЦЫ ДЛЯ ПОВЫШЕНИЯ ЭНЕРГОЭФФЕКТИВНОСТИ И ИЗНОСОСТОЙКОСТИ
	А. С. Барукин1, *А. Ж. Динмуханбетова2, 
Б. Е. Машрапов3, О. М. Талипов4
	ОЦЕНКА НАДЁЖНОСТИ СХЕМЫ ОРУ-500 КВ 
АТОМНОЙ ЭЛЕКТРОСТАНЦИИ 
МЕТОДОМ ДЕРЕВА ОТКАЗОВ
	*К. А. Байжанов1, С. С. Исенов2, Д. Д. Исабеков3
	Сравнительный анализ технологий стабилизации мощности ветровой 
генерации в изолированных 
энергосистемах нефтегазовых объектов
	M. A. Beisenbi1, *N. B. Shamken2, T. N. Bekenov3
	SYNTHESIS OF SELF-ORGANIZING CONTROL 
FOR MIMO SYSTEMS VIA STRUCTURALLY 
STABLE MAPPINGS
	*Zh. Bekbolatova1, D. V. Grigoryev2, 
A. Nurymov3, Zh. Kuatzhanov4
	INTELLIGENT FORECASTING OF RENEWABLE GENERATION FOR DEFICIT REDUCTION 
AND GRID STABILITY
	В. В. Воронков1, *И. М. Раделюк2
	РАЗРАБОТКА ГИБРИДИЗИРОВАННОЙ МОДЕЛИ ОПТИМИЗАЦИИ ВОДНОГО СЛЕДА 
	НА ПРОМЫШЛЕННЫХ ПРЕДПРИЯТИЯХ
	*Ф. А. Габыл-Манапова1, А. Б. Бекбаев2, Р. Ш. Абитаева3, Р. Т. Нургалиева4, А. Ф. Ишангалиева5
	ИССЛЕДОВАНИЕ ГОЛОЛЕДООБРАЗОВАНИЯ 
НА ВЫСОКОВОЛЬТНЫХ ЛИНИЯХ 
ЭЛЕКТРОПЕРЕДАЧИ И ЕГО ВЛИЯНИЯ
	С. С. Даутов¹, Б. Р.Кангожин ², 
М. С. Жармагамбетова³, М. Б. Сатенова⁴*
	Высокочастотные помехи в цепях 
РЗА электрической подстанции 
220 кВ при коротких замыканиях
	*М. А. Добренко1, Д. Р. Корамбаев2, И. А. Хажин3, 
М. В. Ярославцев4, М. Т. Азаматов5
	СИНТЕЗ СИСТЕМЫ УПРАВЛЕНИЯ МОЩНОСТЬЮ ИСТОЧНИКОВ ЭНЕРГИИ ЭЛЕКТРОМОБИЛЯ С ПИТАНИЕМ ОТ ФОТОЭЛЕКТРИЧЕСКОГО ПРЕОБРАЗОВАТЕЛЯ
	Б. А. Жакишев1, У. Ш. Кокаев2, С. К. Жумажанов3, 
*Е. О. Килибаев4, Н. А. Баимбетов5
	ОСОБЕННОСТИ ПРОЦЕССА ТАЯНИЯ СНЕГА 
В СНЕГОПЛАВИЛЬНОЙ МАШИНЕ 
ПРИ ПРЯМОМ ВОЗДЕЙСТВИИ ПЛАМЕНИ
	А. Б. Жантлесова1, А. Д. Умурзакова2, А. Е. Еруланова3, 
П. Ш. Мади4, *А. Г. Калтаев5
	ОПРЕДЕЛЕНИЕ ОБОБЩЕННЫХ ПАРАМЕТРОВ ЭНЕРГОСИСТЕМЫ МЕТОДОМ ДИАКОПТИКИ
	*С. В. Ибрагимова1, А. Н. Старчеус2, 
	П. В.Кирий3, М. Т. Айтуарова4
	РЕАЛИЗАЦИЯ АРХИТЕКТУРНЫХ ПРИНЦИПОВ ВИРТУАЛЬНЫХ ЭЛЕКТРОСТАНЦИЙ 
ПРИ МОДЕЛИРОВАНИИ ЭНЕРГОСИСТЕМ 
СО СМЕШАННЫМ ТИПОМ ГЕНЕРАЦИИ
	Ж. Б. Исабеков1, *Б. Б. Исабекова2, А. А. Шимпф3, 
Л. Н. Есмаханова4, Б. Е. Ордабаев5
	МЕТОД ОПРЕДЕЛЕНИЯ ОДНОФАЗНЫХ 
ЗАМЫКАНИЙ НА ЗЕМЛЮ С ПРИМЕНЕНИЕМ ТЕХНОЛОГИЙ ИНТЕРНЕТА ВЕЩЕЙ
	М. С. Исатаев1, Б. Ж. Бектибай2, *Ж. К. Сейдулла3, 
	Б. Т. Амир4, Ж. Г. Кунтубаева5 
	ВЭУ С КОАКСИАЛЬНЫМИ ВАЛАМИ 
И ОБГОНЯЮЩЕЙ МУФТОЙ 30° 
ДЛЯ ПОВЫШЕНИЯ СТАРТОВЫХ ХАРАКТЕРИСТИК
	*I. M. Kazambaev1, A. D. Mekhtiyev2, 
	U. K. Zhalmagambetova3, N. N. Kylyshkozha4
	DEVELOPMENT OF A MODEL 
OF A FIBER-OPTIC MONITORING SYSTEM
	А. Е. Карманов1, *А. У. Габдулов2, Н. М. Арипова3, 
	А. П. Плевако4, А. К. Баянова5
	РАЗРАБОТКА УСТРОЙСТВА ДЛЯ УТИЛИЗАЦИИ УГОЛЬНЫХ ОТХОДОВ С НИЗКИМ 
СОДЕРЖАНИЕМ ГОРЮЧИХ ВЕЩЕСТВ 
	*N. S. Kydyrov1, V. V. Kaverin2, A. V. Yurchenko3
	STUDY OF EMERGENCY SITUATIONS ON HIGH 
AND ULTRA-HIGH VOLTAGE POWER LINES
	*О. Д. Меирбекова1, Н. Т. Рустамов2, А. Н. Бергузинов3, 
Г. А. Тулебаева4, Ш. А. Бабахан5
	ГИБРИДНАЯ ГАЗОТУРБИННАЯ УСТАНОВКА 
С ВОДЯНЫМ АККУМУЛЯТОРОМ НА БИОГАЗЕ
	G. T. Merzadinova¹, A. K. Kopysheva²
	ENHANCING THE EFFICIENCY 
OF HIGH-TEMPERATURE COAL 
COMBUSTION THROUGH 
THE MODERNIZATION OF CRUSHING UNITS
	Р. М. Мустафина1, Ә. Б. Сағындық2, А. А. Бектасова3, 
*А. Б. Ергалиев4, А. Д. Тастенов5
	ТОРАЙҒЫРОВ УНИВЕРСИТЕТІНЕ 65 ЖЫЛ. ЭНЕРГЕТИКА ФАКУЛЬТЕТІНДЕГІ 
ОҚУ-ӘДІСТЕМЕЛІК ЖҰМЫС. 
	ҮРДІСТЕР МЕН ИННОВАЦИЯЛАР
	*О. Ш. Налибаев¹, Е. А. Сарсенбаев2, Ә. К. Ерқоңыр3
	КОНСТРУКТИВНАЯ ОПТИМИЗАЦИЯ 
АКТИВНОЙ ЧАСТИ РАСПРЕДЕЛИТЕЛЬНОГО ТРАНСФОРМАТОРА ТМГвэ-630/10-0,4 КАК МЕТОД СНИЖЕНИЯ ЭНЕРГЕТИЧЕСКИХ ПОТЕРЬ
	Д. Р. Омар1, Р. А. Омаров2, Е. С. Умбетов3, 
С. Т. Демесова4, *Н. И. Молдыбаева5
	ЭКОНОМИЧЕСКИЕ АСПЕКТЫ ПРИМЕНЕНИЯ СОЛНЕЧНОЙ ЭНЕРГИИ В ПРИЗВОДСТВЕННЫХ ПРОЦЕССАХ АГРОСЕКТОРА КАЗАХСТАНА
	*И. М. Орман1, К. Т. Искаков2
	ИНТЕРПРЕТАЦИЯ РАДАРОГРАММ ДАННЫХ ГЕОРАДАРА МЕТОДОМ ЗОНДИРОВАНИЯ
	*С. Ф. Починок1, А. Д. Обозов2, 
А. В. Лаврентьев3, А. Ю. Ромадин4
	УПРАВЛЕНИЕ РЕЖИМАМИ 
БАРБОТАЖНОГО ПЕРЕМЕШИВАНИЯ 
В АНАЭРОБНОМ БИОРЕАКТОРЕ
	*G. Suleymenova1, А. Uakhitova2, B. Bainiyazov3
	OPTIMISATION OF 110 kV NETWORK 
OPERATING MODES USING REACTIVE 
POWER FLOW CONTROL
	Г. М. Тютебаева1, *Н. Н. Саракешова2, Н. Т. Мергалиев3, 
Г. С. Катранова4, А. К. Жумалиева5
	ПЕРЕВОД ВОДОГРЕЙНЫХ КОТЛОВ ТЭЦ-2 
г. АСТАНЫ НА СЖИГАНИЕ ПРИРОДНОГО ГАЗА
	Б. Хамбар1, *А. М. Рахметова2
	ЭНЕРГЕТИЧЕСКИЙ СЕКТОР КАЗАХСТАНА: 
ВЫЗОВЫ И ВОЗМОЖНОСТИ ДОСТИЖЕНИЯ 
ЦЕЛЕЙ УСТОЙЧИВОГО РАЗВИТИЯ
	ПРАВИЛА ДЛЯ АВТОРОВ
	ЧЕРЕЗ КУРСЫ ПОВЫШЕНИЯ КВАЛИФИКАЦИИ
	«Краеведение», «Наука и техника Казахстана»

