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DEVELOPMENT OF A MODEL  
OF A FIBER-OPTIC MONITORING SYSTEM

Currently, due to the increased demand for electricity, all components 
of the energy supply system play an important role in the industry of 
the Republic of Kazakhstan. This article discusses the main solutions 
for monitoring the technical condition of a power cable. One of the 
most accurate integrity monitoring solutions is a fiber-optic monitoring 
system based on a reflectometer. The purpose of this work is to develop 
a model of an OTDR-based fiber-optic system. The initial data for the 
simulation was set, and the main physical parameters were determined. 
Mathematical expressions were formalized for the main events, namely 
vibration, stretching, bending, overheating, joint defects, shock effects 
and mechanical damage. In order to achieve the reliability of the results, 
white Gaussian noise and speckle noise were additionally introduced. 
During the implementation, several methods for filtering the optical signal 
were considered and compared. Among all the proposed methods, the 
Wavelet method and the method based on the decomposition of a function  
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into a Fourier series with further integration are the most effective. As 
a result, it was revealed that stretching, heating, and compression of the 
optical fiber are insignificant events. In turn, the developed program allows 
you to scale the signal to study phenomena in order to increase sensitivity.

Keywords: mathematical model, fiber-optic sensor, OTDR, monitoring 
system, power cable.

Introduction
At present, due to the growth of electricity consumption and the increased 

demand of consumers of the first category, monitoring the integrity and condition of 
power systems is becoming the most important, due to the need to provide reliable 
measurements for effective decision-making [1]. Relay protection currently plays an 
important role in preventing the spread of damage by localizing it [2]. However, the 
provision of high-precision monitoring of the state of objects to predict their failure 
and timely warning of possible intentional damage increases the cost of the solution 
several times [3]. One of the main areas is fiber-optic systems for monitoring the 
technical condition, both point for the installations themselves and distributed, most 
often used for power cables [4]. It is worth noting that power cables are not only prone 
to damage, but also to vandalism [5]. Moreover, damage to this element of power 
supply, thus disconnecting important components of the power system. Therefore, to 
ensure that the integrity of the power cable is maintained, it is necessary to build an 
optical fiber solution that allows you to determine the exact location of the impact. 
For example, [6] offers a non-volatile monitoring system that monitors the state of 
the power cable by partial discharges in the connections. The method is based on the 
developed algorithm for simplified phase-resolved analysis of partial discharges, which 
differs from the traditional one in the absence of a network phase synchronization 
sensor. This approach provides low power consumption and simplified hardware 
implementation. However, due to the decrease in the complexity of the system, there 
is a decrease in accuracy in comparison with PRPD systems. Another method with 
greater sensitivity and noise reduction is the use of the Mach-Zender interferometer 
and the slime mold algorithm combined with the signal decomposition method [7]. 
The advantages of this approach are increased immunity to noise and high accuracy of 
isolation of frequency components. The disadvantages are the need to set parameters 
in advance, namely the number of modes and the penalty coefficient. 

In turn, the most popular methods are based on the use of reflectometers. For 
example, [8] proposes a method for observing partial discharges using a coherent 
optical time domain reflectometer (COTDR). In order to implement it, a hardware 
improvement of the scheme was proposed using a two-stage approach. The main 
advantages are a long monitoring range, distributed control along the entire length 



342

Торайғыров университетінің хабаршысы. ISSN 2710-3420.          Энергетикалық сериясы. № 3. 2026

of the optical cable, and a reduction in false alarms. The disadvantages are the high 
cost and complexity of the system, the large amount of data and sensitivity to external 
vibrations. Another approach involves the use of a phase-sensitive reflectometer 
(P-OTDR) [9]. The system has been improved in hardware by adding a Polarization 
Compensation Module (PCM) to improve measurement stability. The advantages of 
the method are high localization accuracy, continuous monitoring, increased stability 
and reliability of measurements. The main disadvantages are the high complexity 
and cost of the solution, the need for accurate installation and calibration. Another 
example is the solution [10], which is a passive optical network (PON) monitoring 
technology. The method is based on the application of a unique identification frequency 
generated by a piezoelectric transducer at the end of the branch. This solution features 
fast identification, no need to install new fiber, and reduced inter-branch interference. 
Despite this, the proposed method is expensive, as well as the presence of a limited 
number of unique frequencies. 

In general, the use of phase-sensitive reflectometer techniques is an expensive 
solution. At the same time, not all technologies allow you to determine the nature of 
impacts. Currently, the presence of artificial intelligence makes it possible to eliminate 
noise in the signal, as well as classify, reconstruct and make a decision. Among these 
are [11], which uses a convolutional neural network (CNN) to improve the accuracy of 
measurement and error correction, the solution from [12] uses CNN to classify events.

Moreover, in order to develop practical solutions, it is necessary to develop 
a fundamental model based on the main analytical tools.

Materials and methods
The main goal of the study is to develop a model of a fiber-optic system to 

determine the impact of various events on the signal in order to further classify 
them. Therefore, it is necessary to specify the initial data, namely the characteristics 
of the optical cable (Table 1)

Table 1 – Initial data for the design of the system
Parameter Significance

Wavelength 850 nm
Core Radius 4.5 μm
Refractive Index of Core 1.45
Refractive Index of Shell 1.445
Optical Cable Length 6000 m
Laser Power 5 mW
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Next, you need to define the basic expressions to model the signal to be measured:

                                      (1)

where r is the radius of the cross-section; WEFF is the effective radius of the 
mode field, acore is the radius of the core.

Then, given the expression for the light wave in the optical cable [x]:

               (2)

where P0 is the laser power, α is the attenuation coefficient, z is the 
longitudinal length of the optical cable, Ri is the reflecting events, Nr is the number 
of events, Li is the reflecting events, Nl is the number of connectors, δ(z-zi) is the 
Dirac function, H(z-zi) is a Heaviside function.

It is possible to determine what losses will be in the optical cable.
In the future, mathematical expressions are used to simulate events:
– for reflection from the connector

                                               (3)
where Pi is the power at the input to the connector, ζ is the refractive ratio 

coefficient;
– for vibration

                                  (4)

where Av is the amplitude of vibration oscillations, L is the length of the 
section, fv is the frequency of vibrations

– for stretching

                                   (5)
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where w’ is the effective radius of the mode field in tension, ρ is the tensile 
coefficient;

– for bending

                          (6)

– for overheating 

                                    (7)

where α is the thermo-optical coefficient, γ is the coefficient of thermal 
expansion;

– for poor adhesion

                                       (8)

where  is the power after the jump,  is the power before the 
jump, β is the attenuation coefficient;

– for a strong impact

                                  (9)

where I is the intensity of the optical signal;



345

Торайғыров университетінің хабаршысы. ISSN 2710-3420.          Энергетикалық сериясы. № 3. 2026 

– for chipping

                                   (10)

where I is the intensity of the optical signal.

In this way, various events can be simulated based on the above expressions 
and source data.

Results and discussion
As a result of the simulation, it is possible to track the behavior of the light 

wave to create a practical solution using artificial intelligence, both to determine the 
physical parameters of the impact and to classify phenomena. Moreover, additive 
white Gaussian noise and speckle noise [x+1] were used to generate noise. Figure 
1 shows a three-dimensional image of an optical fiber with an intensity display. 

Figure 1 – Three-dimensional image of optical signal propagation

The presence of noise in the signal is indicated by slight oscillations, which 
can be seen in Figure 2. At the same time, strong impacts can be seen on the 
three-dimensional representation of the signal. 
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Figure 2 – Transverse intensity graph relative to z and y

The effects on the optical cable are often pronounced, however, it is worth 
noting that a stronger reflection occurs when bending or breaking.

Figure 3 – Transverse intensity in x and y
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By analyzing a mathematical model, a clear classification can only be 
achieved if the signal is filtered accurately, since even a slight noise can be 
superimposed on a minor event, preventing the prediction of a possible failure. For 
example, Figure 4 shows a reflectogram with a number of different physical events. 

Figure 4 – A reflectogram with events

Moreover, the most common are connectors, represented as mufta, and 
alternating every 500 m, imitating an optical cable with a length of 500 m. 
Other events, namely overheating, stretching, vibration, are almost impossible 
to determine. On the other hand, the inflection event is distinguished relative to 
the connectors, but in order to determine accurately, it is necessary to introduce 
a flexible and sensitive mathematical apparatus with a combined setting, namely 
manual and automatic, which allows you to first be determined by an operator 
or a specialist.
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Using standard methods of signal denoising, it is possible to clearly distinguish 
the boundaries between events and thus increase the sensitivity of the system and 
the accuracy of both measurement and classification (Figure 5). 

Figure 5 – Comparison of the main types of filtration

Compared to the original method, the median method reduces the impact of 
significant events and connectors. Also, the combined and Kalman filters smooth 
the signal too much, leading to the loss of useful information. The Savitsky-Golay 
and Local Regression (LOWESS) filters highlight the connector but smooth out the 
other events too much, making it impossible to accurately identify events. Therefore, 
the optimal solution is to use the Fourier and Wavelet decomposition methods.

Conclusions
Within the framework of this work, the main solutions for monitoring the 

technical condition of a power cable based on an optical time domain reflectometer 
were considered. A model based on mathematical expressions was developed to 
further analyze existing events before implementing the solution in practice. In 
turn, the analysis of the results showed that the most pronounced changes in the 
signal are observed in mechanical damage and defects in the connections, while 
weak effects (vibration, slight stretching and temperature change) require the use 
of intelligent filtering and spectral analysis methods for their proper isolation. 
A comparison of signal processing methods has shown that the most effective 



349

Торайғыров университетінің хабаршысы. ISSN 2710-3420.          Энергетикалық сериясы. № 3. 2026 

approaches are those based on Fourier transform and waves, which provide an 
optimal balance between noise suppression and preservation of information 
components.

Thus, the proposed model can become the basis for the development of 
intelligent monitoring systems for fiber-optic communication lines and power 
cables, which can increase diagnostic accuracy, improve event positioning and 
reduce the likelihood of false alarms. A promising area for further research is the 
integration of the developed model with machine learning methods for automatic 
classification and prediction of the state of the cable infrastructure in real time.
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ТАЛШЫҚ-ОПТИКАЛЫҚ МОНИТОРИНГ  
ЖҮЙЕСІНІҢ МОДЕЛІН ӘЗІРЛЕУ

Қазіргі уақытта электр энергиясына сұраныстың артуына 
байланысты энергиямен жабдықтау жүйесінің барлық компоненттері 
Қазақстан Республикасының өнеркәсібінде маңызды рөл атқарады. 
Бұл мақалада қуат кабелінің техникалық жағдайын бақылаудың 
негізгі шешімдері қарастырылады. Тұтастықты бақылаудың ең дәл 
шешімдерінің бірі–рефлектометрге негізделген талшықты-оптикалық 
бақылау жүйесі. Бұл жұмыстың мақсаты–OTDR негізінде талшықты-
оптикалық жүйенің моделін жасау. Модельдеу үшін бастапқы деректер 
берілді, негізгі физикалық параметрлер анықталды. Негізгі оқиғаларға 
арналған математикалық өрнектер рәсімделді, атап айтқанда діріл, 
созылу, иілу, қызып кету, қосылыс ақаулары, соққы әсерлері және 
механикалық зақымданулар. Нәтижелердің дұрыстығына қол жеткізу 
мақсатында қосымша ақ Гаусс шуы, дақ–шу енгізілді. Іске асыру 
барысында оптикалық сигналды сүзудің бірнеше әдісі қарастырылды 
және салыстырылды. Ұсынылғандардың ішінде ең тиімдісі-толқын 
әдісі және функцияны одан әрі интеграциялаумен Фурье қатарына 
ыдыратуға негізделген әдіс. Нәтижесінде оптикалық талшықтың 
созылуы, қызуы, қысылуы аз әсер ететін оқиғалар екені анықталды. Өз 
кезегінде, әзірленген бағдарлама сезімталдықты арттыру мақсатында 
құбылыстарды зерттеу үшін сигналды масштабтауға мүмкіндік береді.

Кілтті сөздер: математикалық модель, талшықты-оптикалық 
датчик, OTDR, мониторинг жүйесі, күштік кабель.
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РАЗРАБОТКА МОДЕЛИ ВОЛОКОННО-ОПТИЧЕСКОЙ 
СИСТЕМЫ МОНИТОРИНГА

В настоящее время в связи с повышенным спросом на 
электроэнергию, все компоненты системы энергоснабжения играют 
важную роль в промышленности Республики Казахстан. В данной 
статье рассматриваются основные решения по мониторингу 
технического состояния силового кабеля. Одним из самых точных 
решений по контролю целостности является волоконно-оптическая 
система мониторинга на основе рефлектометра. Целью данной 
работы является разработка модели волоконно-оптической 
системы на основе OTDR. Были заданы исходные данные для 
моделирования, определены основные физические параметры. 
Были формализованы математические выражения для основных 
событий, а именно вибрации, растяжения, перегиба, перегрева, 
дефектов соединений, ударных воздействий и механических 
повреждений. В целях достижения достоверности результатов 
были дополнительно введены белый гауссовый шум, спекл-шум. В 
ходе реализации были рассмотрены и сравнены несколько способов 
для фильтрации оптического сигнала. Среди всех предложенных 
наиболее эффективными являются метод Вейвлет и метод на основе 
разложения функции в ряд Фурье с дальнейшим интегрированием. 
В результате было выявлено, что растяжение, нагрев, сжатие 
оптического волокна являются слабозначимыми событиями. В свою 
очередь разработанная программа позволяет масштабировать 
сигнал для исследования явлений в целях повышения чувствительности.

Ключевые слова: математическая модель, волоконно-оптический 
датчик, OTDR, система мониторинга, силовой кабель.



Теруге 07.09.2026 ж. жiберiлдi. Басуға 30.09.2026 ж. қол қойылды. 
Электронды баспа

19,0 Mb RAM 
Шартты баспа табағы 34,4. Таралымы 300 дана. Бағасы келiciм бойынша. 

Компьютерде беттеген: Шукитова А. Б. 
Корректор: А. Р. Омарова, Д. А. Кожас

Тапсырыс № 4601

Сдано в набор 07.09.2026 г. Подписано в печать 30.09.2026 г. 
Электронное издание

19,0 Mb RAM
Усл. печ. л. 34,4. Тираж 300 экз. Цена договорная. 

Компьютерная верстка: Шукитова А. Б. 
Корректор: А. Р. Омарова, Д. А. Кожас 

Заказ № 4601

«Toraighyrov University» баспасынан басылып шығарылған 
Торайғыров университеті 

140008, Павлодар қ., Ломов к., 64, 137 каб. 

«Toraighyrov University» баспасы 
Торайғыров университеті 

140008, Павлодар қ., Ломов к., 64, 137 каб. 
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»

