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Abstract. Issues of improving public administration in the electric power
industry are more relevant than ever in the current conditions of the global
economic crisis. The Republic of Kazakhstan occupies an important position
in Central Asia's energy sector. The electric power industry is one of the
leading links within Kazakhstan's socio-economic system. However, the
country faces a chronic problem of electricity shortages, which is detrimental
to the national energy system and other sectors of the economy. The purpose
of this study is to analyze the state and assess the factors that most strongly
affect electricity generation from 2011 to 2023 and offer recommendations
for improving government regulation of the development of the electricity
market in Kazakhstan. This study is based on the methods of logic, statistics,
and econometric modeling. The results of the study indicated that the growth of
electricity production is positively influenced by attracting investments in the
electric power industry, prices of manufacturing enterprises for electricity sold
on the domestic market, as well as the size of the urban population at the end of
the year. According to the forecasts for 2024-2030, subject to rising electricity
prices, urban population, and investments, the volume of electricity production
will increase.
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Introduction

The electric power industry is a critically important component of the socio-economic system,
which determines the viability of any country and the well-being of society. The functioning of
a great number of production and consumer activities depends on energy. At the beginning of
the 21st century, the lives of more than five hundred million people were paralyzed for several
days because of the disaster that occurred in Canada and the USA. This event illustrates the
exceptional importance of the electric power industry [1].

Major accidents, which took place in India in 2012, in Germany in November 2004, and in
Brazil in February 2011, led to massive power outages and caused significant damage to the
entire economy and social sphere of these countries. Recently, the probability of threats to
the electric power industry has increased sharply as a result of such challenges as escalated
geopolitical conflicts, instability of the financial system, and the largest energy crisis caused by
the new energy transition in the last 50 years [2].

Itshould be noted thatthe issue of the effective management of the energy sector affected both
developed markets and developing ones, in particular, countries exporting energy resources.

By 2023, the tension of the energy markets has been increased for these reasons: the global
economic crisis, geopolitical turmoil in Eastern Europe and the Middle East, and problems with
emissions of harmful substances into the atmosphere.

However, as it is indicated in the report of the World Energy Outlook 2023 from the
International Energy Agency (IEA), positive trends in accessing electricity and clean cooking
methods have been slowed in some countries. 2022 was a challenging year for the global energy
market. Prices for the energy, particularly, for natural gas, have risen significantly in Europe and
many other countries around the world. The effects of the price shock were mitigated by the
government intervention. Global electricity requirement was increased by 1,3% [3].

However, despite geopolitical differences, volatile commodity prices, and uncertainty about
consumption, global investment in clean energy has increased by 40% since 2020. As a result
of the global energy crisis, global demand for conventional energy resources is expected to
reach its peak by 2030, according to the Stated Policies Scenario. There are trends toward a
reduction in the number of new natural gas and coal-fired power plants in comparison to the
period before the COVID-19 pandemic, improvement prospects for the development of nuclear
power, diversification, and innovation in the energy system [4].

Kazakhstan is a significant energy market for European and Asian regions. The energy
sector of Kazakhstan is one of the most important industries, the basis for the functioning
and development of the country’s economy. The Republic has significant reserves of energy
resources, such as oil, gas, uranium, coal, and hydro resources. This industry consists of two
areas in Kazakhstan: thermal power and electric power, which, in turn, include the production,
transaction, supply, and consumption of electrical and thermal energy.

The installed capacity of power plants in Kazakhstan amounted to 23,9 GW in 2022. Thermal
power plants (TPP), most of which are coal and gas, produce 75-80% of the total electricity
in the country, and hydroelectric power plants (HPP) produce about 8%, due to the climatic,
geographical, and economic features of the country. It indicates a low level of diversification
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of electricity production. In 2022, the electricity generation of thermal power plants and
hydroelectric power plants was lower compared to previous years. This observation indicates
factors constraining the growth of electricity generation [5].

The main challenge for Kazakhstan's electric power industry is the electricity shortage,
which reduces the sustainability of the energy sector and the national economy. It means
that the volume of electricity generation is not enough to cover the population and economic
entities' demands. The electricity generation represents the final result of the economic entities'
activities in the industry, which does not depend only on the public and private economic agents'
decisions, but also depends on the industry regulation as a whole. According to the IEA report,
in 2022, a drop was recorded in the electricity production compared to 2021, despite the annual
increase in the electricity demand in Kazakhstan [6]. The forecast for the electricity generation
in 2023-2025 was lowered by the Ministry of Energy of the Republic of Kazakhstan [7].

The growth of Kazakhstan's national economy since the 2000s has transformed the country
into an economy with an upper-middle-income status. In 2000, GDP growth of 14,5% was
recorded due to the expansion of production capacity in the oil sector and rising world oil
prices [8]. Increasing living standards and reducing poverty have led to an increase in the urban
population and, hence, an increase in demand for electricity [9].

The relevance of this study lies in the key role of Kazakhstan's electric power industry in
the development of not only the country's economy but also the entire Central Asian region. In
recent years, the situation with the depreciation of fixed assets and the shortage of electricity
has not improved qualitatively, and due to the obsolescence of energy equipment, it continues
to worsen further. The purpose of this study is to analyze the state and assess the factors that
most strongly affect electricity generation from 2011 to 2023 based on econometric modeling,
and offer directions for improving government regulation of the development of the electricity
market in Kazakhstan.

Problems of the energy sector in the Republic of Kazakhstan are not isolated, but they are
systemicand remainrelevantas an energy-exporting country. The government’s furtherignoring
of old problems and a belated response to new ones can ultimately lead to a catastrophe on a
regional and national scale and the collapse of the socio-economic system. Critically important
industries, including those related to national security and citizens' well-being, depend on the
stable operation of the electric power industry.

Literature Review

One of the most important components of the development in the electric power industry,
like any other one, is attracting additional financial resources as an investment. The role of
investment in clean energy for reducing the impact of climate change on risks in the energy
sector is studied by Iyke's research [10].

The impact of investments in efficient and environmentally friendly technologies on reducing
the energy intensity is noted by Rahman and other scientists’ works [11]. The impact of the
investment on energy, energy security in Chinese provinces was studied by Bamisile et al.
[12]. Results showed that investments in the energy sector achieved the maximum positive
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effect on energy security during the timeline from 2010 to 2014. The reaction to changes in the
energy capacity investment among 17 European countries was studied in the research article
by Radulescu & Sulger. A negative interrelation was found between countries' investments
in energy capacity [13]. The authors Yuegang et al. concluded that the investment in energy
infrastructure plays a crucial role in increasing the electricity production from renewable
energy sources (RES) [14].

Implemented investments contribute effectively to improving the energy infrastructure,
which makes a positive impact on labor productivity. This statement is statistically and
economically confirmed in Fedderke & Kayathe's study [15].

In the case of the Republic of Kazakhstan, the importance of increasing labor productivity of
energy sector workers to reducing energy intensity is reflected in target indicators in the field
of energy efficiency, as noted in the work of Soltangazinov et al. [16].

A great attention is paid to the problems of developing the renewable energy sector, the
transition to «green» energy, and reducing emissions of carbon dioxide and other greenhouse
gases. Thus, Shabir et al. in their study confirm the need to increase public budget expenditures
on research and development works (R&D) and stimulate technological innovation in the
energy sector for achieving environmental well-being [17].

The state policy of the former Soviet bloc countries in the field of renewable energy sources
(Azerbaijan, Armenia, Georgia, Kazakhstan, Moldova, Poland, Russia, Ukraine) was discussed
in the article by Karatayev et al. The need to improve national laws on projects in the field of
renewable energy sources and review the models for calculating feed-in tariffs is emphasized
[18].

A detailed overview of renewable energy-related tariff regulation policy and strategies,
predominantly in developed and developing countries, is presented in the study by Supriyanto
et al. The key section of the scientific work provides a comparative analysis of Indonesia and
other countries' energy policies regarding renewable energy sources. The problems of the
“green” transition from the point of view of economic efficiency and the importance of the tariff
policy in stimulating the electricity industry are discussed [19].

An economic assessment development of the electric power industry was conducted by
Kazakh scientists, and measures for the implementation of innovative projects in the field of
digital energy were presented [20].

The growth of the urban population and rapid technological development have led to
significant increases in electricity production and consumption, as stated in the study by Huang
& Jin [21]. Evidence that the urban population influences the electricity production variability
in China was provided in the research article by Michieka & Fletcher [22].

Publications of recent years have also been devoted to improving the method for assessing
energy security and developing integral indicators that allow for assessing the efficiency of
economic activities of energy sector entities. The main indicators of energy security include the
volume of electricity production, the volume of attracted capital investments, etc.

The results of the study by Mugo et al.,, using a vector autoregressive model, show that in
European transition countries between 1990 and 2018, energy efficiency investments have a
positive impact on economic competitiveness and the environment [23].
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In the publication by Wang et al. using statistical models built for Chinese economy, such
as ordinary least squares (OLS), confirmed the need for diversified state and regional energy
policy that address structural changes in the production of the energy [24].

Batog & Pluskota used statistical correlation coefficients, trend, and econometric models
in their study. The received results confirmed the importance of financial instruments in
transforming the energy sector,; as well as the need for proper government regulation. The lack
of correlation is noted between the economic development of the region and the level of funds
allocated for energy efficiency and renewable energy sources (RES) [25].

Tariffs and prices are very important ones in the development of the electric power industry.
Schoniger & Morawetz's studies are devoted to the analysis of the correlation between the share
of renewable energy sources in the electricity production and electricity price deviations [26].
The importance of ensuring favorable tariffs and energy prices for consumers and companies,
environmental responsibility, and technological modernization of energy enterprises was
confirmed with the regression analysis method used in the research article by Gitelman et al.
[27].

Thus, the topic of the research, analysis, and assessment problems associated with renewable
energy sources prevails significantly, since they arerelevantand significantnotonly for developed
countries in Europe and North America, but they are also relevant for developing countries in
modern foreign scientific literature. Much attention is paid to the investment and tariff policy
in the selected publications, emphasizing their importance in the economic stimulation of the
energy sector. The problems of achieving energy efficiency, choosing optimal strategies for the
energy industry development, and developing new econometric models for a more accurate
assessment state of the industry are touched upon.

During the extended meeting of the Government of the Republic of Kazakhstan on February
7, 2024, the President noted that the worsening deficit in the fuel and energy market was
caused by the excessive price regulation. The need for accelerated modernization of the energy
sector was also noted to ensure the stability of the most important systems that support the
functioning of populated areas. In general, the country experiences a shortage of the capacity
for the production, distribution, and transmission of heat, electricity, and water. It is a direct
consequence of systemic errors and omissions on the part of management bodies. Errors of this
kind include non-compliance with the principle of transparency in the functioning of natural
monopoly entities, postponements of renovation and reconstruction of Ekibastuz State District
Power Plant-1 and State District Power Plant-2, unfinished construction of the Balkhash
Thermal Power Plant, and artificial containment of tariffs [28].

Research methods

To achieve the goal of the study, econometric regression methods are used to predict and
analyze the interrelation of the objects in this scientific work. The Ordinary Least Squares (OLS)
method is applied in regression analysis, which is one of the most commonly used tools in
research practice. This method allows for the identification and evaluation of the interrelation
between several independent variables and one dependent variable. Owing to the regression
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analysis, it is possible to identify a significant connection between indicators, assess the relative
strength of the influence of various independent variables on the dependent one, and make
predictions based on the obtained data [29].

There are linear, multiple linear, and non-linear regression analyses, but a simple linear
analysis is the most common one. At the same time, according to Taylor's opinion, nonlinear
regression analysis is used for complex data sets where there is a nonlinear interrelation
between the dependent and independent variables [30].

The following formula is used to calculate the variation coefficient:

o
Cy = P (1)

Where, C,is the variation coefficient, o is the standard deviation, and p is the average deviation.

Checking the statistical significance of the determination coefficient, one should use Fisher's
F test values, which can be determined by the formula:

2
R " n-m-—1 (2)
1-R? m

F =

Where R”2 is the determination coefficient, n is the number of observations, and m is the
number of parameters.
The multiple linear regression models are expressed as follows:

Y= (X)) + [(X) + [(X) + ¢ (3)

Where Y'is the dependent variable, X is the independent variable, n is the number of factors,
and ¢ is a random error.

There are correlation coefficients (R), which indicate the interrelation degree of the resulting
characteristic with the 10 variables below. The value of R varies from -1 to 1. The closer the
coefficient value is to 0, the weaker the correlation between indicators. A positive correlation
(R>0) means that one variable is directly related to another variable. According to econometric
science, when making decisions about the level of a strong significance indicator, if R is above
0,5, then it is accepted. When there is a negative correlation (R<0), an increase in one variable
leads to a decrease in another. The results of the analysis are presented in the correlation matrix.

Statistical data was collected and analyzed to carry out multiple regression analysis. The
timeline was chosen from 2011 to 2023. Data were taken from various official sources, such as:
statistical yearbooks, publications of the Bureau of National Statistics of the Agency for Strategic
Planning and Reforms of the Republic of Kazakhstan, Kazakhstan Electric Power Association's
reports (KEPA), press releases and documents of the Ministry of Energy of the Republic of
Kazakhstan, analytical reviews provided by JSC “Samruk-Energo”, information on the electric
power industry of the Republic of Kazakhstan from Kazakhstan Electric Network Management
Company “KEGMC”, republican budgets from 2011 to 2023.

The main calculations were carried out by the “Gretl”, an application software package
designed for econometric modelling.
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The following are econometric modeling hypotheses for this research:

Hypothesis 1 - The volume of electricity production is positively affected by attracting
investment in the electricity sector.

Hypothesis 2 - The growth of electricity production is positively influenced by the size of the
urban population.

Hypothesis 3 - The growth of the electricity production volume is positively influenced by
the price of manufacturing enterprises for sold electricity on the domestic market.

Results and Discussion

Before conducting the author's quantitative assessment of the electric power industry (E/E)
state on the national scale, a set of indicators was compiled that met the following criteria: public
availability of statistical data for the selected timeline; direct dependence between indicators
and the industry development and related sectors; indicators should reflect the main results of
the industry entities' activities; indicators should reflect socially-significant and environmental
aspects of the industry activity; absolute and relative values should be used for more complete
information in calculations.

Thus, based on the above criteria, indicators that characterize the position of the electric
power industry in Kazakhstan for 2011-2023 were selected by us. They are designed to build
a multiple linear regression model. The volume of the electricity production was chosen as the
resulting indicator. Fluctuations of this indicator directly affect the satisfaction of the electricity
consumers’ demand in other sectors of the national economy. Therefore, it is important to identify
exactly which factors have the greatest impact on the volume of electricity production, for which
multivariate regression analysis was carried out. Factors include indicators that determine the
state of the country’s energy industry and the national economy as a whole (Table 1).

Table 1. Main indicators for building the model
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2011 | 86586 146,7 | 349759 |34,3 |75 9127,1 |107185|11634,5 | 6367,4 | 6352 |106,5
2012 | 90614 158,5 | 416356 |34,2 |55 9277,7 | 111734 |12387,4 | 7141,9 | 6808 |104,7
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2013 |92615,7 |161,7 | 441512 |37,5 |5,5 9433,5 |102806 |13890,8 | 11173,5| 7220 |101,5

2014 |94643,2 |173,4 |570185 |[30,6 |12 9868,7 |94809 |12806,7 |7063,8 |7532 |101,9

2015 |91645,1 |1651 |545064 |31,2 |16 10035,6 | 79855 |10509,9 |5149,6 |8127 |984

2016 | 946424 |161,2 | 490871 |30,1 |12 10331,5 | 62772 |7714,8 |5308,8 |8281 |100,8

2017 103128 |[151,0 | 570794 |32,3 |10,25|10509,8 | 89066 |9247,6 |6380,9 |8480 |106,5

2018 | 107268,8 | 150,6 |543644 |355 |9,25 |10698,2 | 78225 |9812,5 |6543,2 |8930 |101,1

2019 | 106483,2 | 150,2 | 915455 | 754 |9,25 |10938,7 | 84891 |9812,5 |9688,9 |8294 |104,5

2020 [ 108628,4 | 149 749645 [73,1 |9 11151,4 | 79547 |9121,7 |6720,1 |9292 |9838

2021 |115079,2 | 150,1 | 766854 |71,8 |9,75 |11353,9 |99649 |10370,8 |9444,8 | 11144 |106,5

2022 | 113552,1 | 148,1 | 828749 |72,3 |16,75|122099 | 153275 |11476,6 | 12440,5 | 12377 | 101,3

2023 | 113585,5 | 1489 | 1265074 | 70,5 | 15,75 | 12451,2 | 189028 | 13193,7 | 14986,6 | 15878 | 105,6

Note: Authors’ compilation based on [31, 32, 33].

The resulting indicator in the model under consideration is the volume of the electricity
production in the republic (Y), which showed an increase by 31,1% over the specified timeline.
The number of people employed in the electricity industry (X,) increased only by 1,5%,
indicating a shortage of qualified workers.

Attracting investment to the electric power industry (X,) is the driving mechanism for the
high-quality development of the industry, as both the timely modernization of the equipment
and hiring specialists depend on it. The volume of attracted investment funds during the period
from 2020 to 2022 was less than the value achieved in 2019. This situation is associated with an
outflow of investment in Kazakhstan due to the pandemic and the onset of the global economic
crisis.

One of the current problems of the energy industry in Kazakhstan is the unacceptable level
of the depreciation of fixed assets (X,), which is confirmed by large-scale accidents in Ekibastuz
and Ridder in the winter of 2022-2023.

An increase in the urban population is visible (X,) by 36,4%. At the same time, the rural
population increased only by 0,4% during this period.

The level of the depreciation of fixed assets is also associated with the indicator of electricity
losses (X;), which almost doubled during the observation period.

The price of manufacturing enterprises for sold electricity on the domestic market (X,) is
the price of 1 megawatt per hour of the electricity at the time of its release, excluding excise
taxes, value added tax (VAT), sales and trade margins, and costs of electricity delivering from
the manufacturer to consumers.

It was decided to identify a linear dependence between the volume of electricity production
and 10 independent variables using the correlation analysis. The correlation matrix was built
based on the data from Table 1, using the application program «Gretl». Owing to the correlation
analysis, it is possible to define whether there is any dependence between the indicators and
how strong it is at the moment.

Next, using the correlation coefficient, a selection of factors was chosen that makes the
greatest impact on the dependent variable Y. R, is 0,7995. According to the data from the
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correlation matrix, the relationship between the resulting indicator and attracting investment
in the electricity industry is very close and positive. R s 0,9311. There is a very high and
positive relationship between the volume of electricity production and the number of the urban
population. Ryx9 is 0,8059. There is a strong and positive correlation between the dependent
variable Y and the prices of manufacturing enterprises for sold electricity on the domestic
market.

Thus, it was revealed that factors X, X, and X, have a close relationship with the dependent
variable Y. Factor X, shows an insignificant influence at the same time.

Next, a multivariate regression analysis of the data was carried out using the software
program «Gretl» to find out which variables satisfy the requirements of t-ratio and p-values,
that is, whether they are statistically significant. The least squares method (OLS) was used for
this purpose. A selection of significant factors was carried out based on the above values of the
correlation coefficient. It is clear that out of 10 R coefficients, factors X, X,, and X, have a close
and reliable connection with the resulting attribute from the correlation matrix. The rest are
either examples of weak relationships or spurious correlations. There are results of the linear
regression analysis to build the model Y(X,) below (Table 2).

Table 2. Model 1: OLS, using observations 2011-2023 (T = 13). Dependent variable: Y

Coefficient Std. Error t-ratio p-value

const 80678,7 5010,28 16,10 <0,0001 ok

X2 0,0318962 0,00722566 4,414 0,0010 ok
Mean dependent var 101420,9 S.D. dependent var 9992,606
Sum squared resid 4,32e+08 S.E. of regression 6269,301
R-squared 0,639179 Adjusted R-squared 0,606377
F(2,9) 19,48601 P-value(F) 0,001038
Log-likelihood -131,0248 Akaike criterion 266,0496
Schwarz criterion 267,1795 Hannan-Quinn 265,8174
rho 0,304934 Durbin-Watson 1,276410

Note - compiled by the authors based on econometric modeling using the Gretl program.

The coefficient of determination (R?) is 0,63. It demonstrates the proportion of variation in the
resulting indicator based on the research of the presented factors. There is no multicollinearity
between Y and factor X,, thanks to which it is possible to build a regression model Y(X,), which
demonstrates the relationship of variable X affecting the value of the dependent variable Y. The
regression model looks like:

Y =80678,7 + 0,0318962 * X, (4)
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This model can be interpreted as follows: a positive impact on the growth of electricity
production is exerted by an increase in attracted investment funds (X,). The regression model
demonstrates that with an increase in factor X, by 1 c.u. (conventional unit), then the indicator
of the volume of electricity production will increase by 0,0318962.

The next stage of the study was testing the model for autocorrelation and normal distribution
of residuals to objectively assess the coefficients of the regression model. To obtain information
about the adequacy of the constructed linear regression model, analysis of regression residuals
is used. One of the methods of preliminary research for heteroskedasticity of the model is visual
analysis of the residual plot. The purpose of this analysis is to detect factors influencing the
change in variance, measurement number, or value of one of the characteristics. According to
the results of the Breusch-Godfrey test, the p-value exceeds 0,05, which is typical in the absence
of autocorrelation of the residuals of random deviations.

Let’s summarize the test results:

White's test for heteroskedasticity — Null hypothesis: heteroskedasticity not present. Test
statistic: LM = 1.49345, with p-value = P (Chi-square (2) > 1.49345) = 0.473915.

Test for normality of residual - Null hypothesis: error is normally distributed. Test statistic:
Chi-square (2) = 3.67291, with p-value = 0.159381.

LM test for autocorrelation up to order 1 - Null hypothesis: no autocorrelation. Test statistic:
LMF = 1.85878, with p-value = P (F(1, 10) > 1.85878) = 0.20267.

Next, we should build forecasts based on the regression model. First of all, it is necessary to
conduct a retro forecast (Table 3).

Table 3. Retro forecast results for 95% confidence intervals, t(11, 0.025) = 2.201

Obs Y prediction std. error 95% interval

2011 86586.0 91834.6 6858.83 (76738.4,106931.)
2012 90614.0 93958.8 6721.99 (79163.8,108754.)
2013 92615.7 94761.2 6678.59 (80061.7,109461.)
2014 94643.2 98865.4 6531.67 (84489.3,113241.)
2015 91645.1 98064.1 6550.25 (83647.1,112481.)
2016 94642.4 96335.6 6607.17 (81793.3,110878.)
2017 103128. 98884.8 6531.28 (84509.6,113260.)
2018 107269. 98018.8 6551.45 (83599.2,112438))
2019 106483. 109878. 6782.19 (94950.7, 124806.)
2020 108628. 104589. 6545.44 (90183.1,118996.)
2021 115079. 105138. 6560.24 (90699.4,119577.)
2022 113552. 107113. 6632.50 (92514.6,121711.)
2023 113586. 121030. 7877.81 (103691.,138369.)

Note - compiled by the authors based on econometric modeling using the Gretl program.
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Based on the data obtained, a graph with a forecast for years 2024-2030 was constructed

(Figure 1):

forecast ———

0 95 percent interval ——

Figure 1 - 2024-2030 forecast graph

Note - compiled by the authors based on econometric modeling using the Gretl program.

Next, it was decided to predict the values of the dependent variable Y for 2024-2030 (Table
4). Let's assume that factor X, decreased by 10% annually during the forecast period.

Table 4. Confidence analysis of the forecast, 2024-2030, for 95% confidence intervals, t(11,

0.025) =2.201

Obs Y prediction std. error 95% interval

2024 undefined 116995. 7400.97 (100705.,133284.)
2025 undefined 113363. 7046.01 (97854.8,128871.)
2026 undefined 110095. 6796.20 (95136.2,125053.)
2027 undefined 107153. 6634.28 (92551.0,121755.)
2028 undefined 104506. 6543.38 (90103.6,118907.)
2029 undefined 102123. 6507.90 (87799.0,116447.)
2030 undefined 99978.4 6514.16 (85640.9,114316.)

Note - compiled by the authors based on econometric modeling using the Gretl program.
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By the above forecast from Table 4 and graph (Figure 2), during 2024-2030, there will be a

decrease in the volume of electricity production to 99978,4 million kWh.
Next, the following model Y(X,) was built (Table 5).

Table 5. Model 2: OLS, using observations 2011-2023 (T = 13). Dependent variable: Y

Coefficient Std. Error t-ratio p-value
const 7722.63 11119.8 0.6945 0.5018
X5 8.86602 1.04743 8.465 <0.0001 ok

Mean dependent var 101420.9 S.D. dependent var 9992.606
Sum squared resid 1.59e+08 S.E. of regression 3807.605
R-squared 0.866906 Adjusted R-squared 0.854807
F(1,10) 71.64850 P-value(F) 3.80e-06
Log-likelihood -124.5422 Akaike criterion 253.0843
Schwarz criterion 254.2142 Hannan-Quinn 252.8521
rho 0.329034 Durbin-Watson 1.271391

Note - compiled by the authors based on econometric modeling using the Gretl program.

The coefficient of determination R? is 0.86. This model shows the influence of variable X5 on
the value of the dependent variable Y. The regression model is presented below:

Y = 7722,63 + 8,86602 * X; (5)

From this model, it is clear that the resulting indicator will increase by 8,86602 with an
increase in the urban population (X,).

The model was checked for normal distribution of residuals, autocorrelation. Analysis for
heteroscedasticity was carried out. Let’s present the results of the tests performed:

White's test for heteroskedasticity - Null hypothesis: heteroskedasticity not present. Test
statistic: LM = 2.60133, with p-value = P(Chi-square(2) > 2.60133) = 0.27235.

Test for normality of residual - Null hypothesis: error is normally distributed. Test statistic:
Chi-square(2) = 0.0884745, with p-value = 0.956727.

LM test for autocorrelation up to order 1 - Null hypothesis: no autocorrelation. Test statistic:
LMF = 1.19599, with p-value = P(F(1, 10) > 1.19599) = 0.299767.

[t is necessary to construct a retro forecast and identify confidence intervals (Table 6).

Table 6. Retro forecast results for 95% confidence intervals, t(11, 0.025) = 2.201

Obs Y prediction std. error 95% interval
2011 86586.0 88643.7 4229.85 (79333.8,97953.5)
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2012 90614.0 89978.9 4176.16 (80787.2,99170.6)
2013 92615.7 91360.2 4126.23 (82278.4,100442.)
2014 94643.2 95218.7 4018.70 (86373.6,104064.)
2015 91645.1 96698.4 3990.53 (87915.3,105482.)
2016 94642.4 99321.9 3959.11 (90607.9,108036.)
2017 103128. 100903. 3951.81 (92204.8,109601.)
2018 107269. 102573. 3953.68 (93871.1,111275.)
2019 106483. 104705. 3970.35 (95966.7,113444.)
2020 108628. 106591. 3998.27 (97791.0,115391.)
2021 115079. 108387. 4036.12 (99503.1,117270.)
2022 113552. 115976. 4309.27 (106491.,125460.)
2023 113586. 118115. 4416.21 (108395.,127835.)

Note - compiled by the authors based on econometric modeling using the Gretl program.

Based on the data obtained, a graph with a forecast for the years 2024-2030 was constructed

(Figure 2):
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Figure 2 - 2024-2030 forecast graph
Note - compiled by the authors based on econometric modeling using the Gretl program.

A.H. T'ymunres amwindazor Eypasus yammorx ynusepcumeminityy XABAPIIBICBI.
IKOHOMMKA CEPUACHI
ISSN: 2789-4320. eISSN: 2789-4339

Ne1 e 2025 37



A. Nurgaliuly, S. Smagulova, K.N. Beketova

Next, it was decided to predict the values of the dependent variable Y for 2024-2030 (Table
7). Let's assume that the independent factor X, increases by 10% every year.

Table 7. Confidence analysis of the forecast, 2024-2030, for 95% confidence intervals, t(11,
0.025) =2.201

Obs Y prediction std. error 95% interval
2024 undefined 129154. 5133.03 (117857.,140452.)
2025 undefined 141297. 6148.69 (127764.,154830.)
2026 undefined 154655. 7427.31 (138307.,171002.)
2027 undefined 169348. 8944.94 (149660.,189036.)
2028 undefined 185511. 10691.4 (161979.,209042.)
2029 undefined 203290. 12666.9 (175410.,231170.)
2030 undefined 222847. 14879.5 (190097.,255596.)

Note - compiled by the authors based on econometric modeling using the Gretl program.

In accordance with the above forecast from Table 7 and Figure 2, during 2024-2030, there

will be an increase in electricity production to 222847 million kWh.

Next, the third model Y(X,) was built (Table 8).

Table 8. Model 2: OLS, using observations 2011-2023 (T = 13). Dependent variable: Y

Coefficient Std. Error t-ratio p-value

const 73351.5 6450.28 11.37 <0.0001 ok

X9 3.07377 0.680952 4.514 0.0009 ok
Mean dependent var 101420.9 S.D. dependent var 9992.606
Sum squared resid 4.20e+08 S.E. of regression 6179.793
R-squared 0.649408 Adjusted R-squared 0.617536
F(1,10) 20.37552 P-value(F) 0.000881
Log-likelihood -130.8379 Akaike criterion 265.6757
Schwarz criterion 266.8056 Hannan-Quinn 265.4435
rho 0.682503 Durbin-Watson 0.604645

Note - compiled by the authors based on econometric modeling using the Gretl program.

The coefficient of determination R2 is 0,64. This model shows the influence of variable X9 on
the value of the dependent variable Y. The regression model is presented below:
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Y = 73351,5 + 3,07377 * Xs

(6)

From this model, it is clear that the resulting indicator will increase by 3,07377 with an

increase in the urban population (X,).
The model was checked for normal distribution of residuals, autocorrelation. Analysis for
heteroscedasticity was carried out. Let’s present the results of the tests performed:
White's test for heteroskedasticity — Null hypothesis: heteroskedasticity not present. Test
statistic: LM = 2.99913, with p-value = P(Chi-square(2) > 2.99913) = 0.223228.
Test for normality of residual - Null hypothesis: error is normally distributed. Test statistic:
Chi-square(2) = 3.28234, with p-value = 0.193753.
LM test for autocorrelation up to order 1 - Null hypothesis: no autocorrelation. Test statistic:

LMF =10.9037, with p-value = P(F(1, 10) > 10.9037) = 0.00798554.
[t is necessary to construct a retro forecast and identify confidence intervals (Table 9).

Table 9. Retro forecast results for 95% confidence intervals, t(11, 0.025) = 2.201

Obs Y prediction std. error 95% interval

2011 86586.0 92876.1 6686.62 (78158.9,107593.)
2012 90614.0 94277.7 6605.43 (79739.2,108816.)
2013 92615.7 95544.1 6543.89 (81141.1,109947))
2014 94643.2 96503.1 6504.96 (82185.8,110820.)
2015 91645.1 98332.0 6449.48 (84136.8,112527.)
2016 94642.4 98805.4 6439.20 (84632.8,112978.)
2017 103128. 99417.0 6428.42 (85268.2,113566.)
2018 107269. 100800. 6414.55 (86681.9,114919.)
2019 106483. 98845.3 6438.41 (84674.5,113016.)
2020 108628. 101913. 6414.00 (87795.8,116030.)
2021 115079. 107606. 6557.80 (93171.9,122039.)
2022 113552. 111395. 6783.10 (96466.0, 126325.)
2023 113586. 122157. 7888.61 (104794.,139519.)

Note - compiled by the authors based on econometric modeling using the Gretl program.

Based on the data obtained, a graph with a forecast for the years 2024-2030 was constructed

(Figure 3):
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forecast ———
95 percent interval ——

Figure 3 - 2024-2030 forecast graph
Note - compiled by the authors based on econometric modeling using the Gretl program.

Next, it was decided to predict the values of the dependent variable Y for 2024-2030 (Table
10). Let's assume that the independent factor X, increases by 10% annually.

Table 10. Confidence analysis of the forecast, 2024-2030, for 95% confidence intervals, t(11,
0.025) =2.201

Obs Y prediction std. error 95% interval
2024 undefined 127037. 8563.46 (108189.,145885.)
2025 undefined 132406. 9393.95 (111730.,153082.)
2026 undefined 138311. 10388.4 (115447.,161176.)
2027 undefined 144807. 11554.7 (119375.,170239.)
2028 undefined 151953. 12901.5 (123557.,180349.)
2029 undefined 159813. 14438.4 (128034., 191592.)
2030 undefined 168459. 16176.9 (132854., 204065.)

Note - compiled by the authors based on econometric modeling using the Gretl program.

In accordance with the above forecast from Table 10 and Figure 3, during 2024-2030, there
will be an increase in electricity production to 168459 million kWh.
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So, the following conclusions can be drawn based on the obtained results of the model.
Indeed, the growth of the indicator of attracted investments in the electricity sector (X2) strongly
influences the increase in electricity production in Kazakhstan. In other words, the more the
volume of attracted investments increases, the greater the volume of electricity production.
Hence, hypothesis 1 is confirmed.

According to statistical data, the urban population indicator (X5) increased by 12,3% at the
end of the research period. There is a positive relationship with the Y indicator. It means that
the growth in electricity production is directly related to the increase in this indicator. It means
that the second hypothesis of the model is confirmed.

Taking into account the initial modeling data, the price of manufacturing enterprises for
electricity sold on the domestic market (X9) increased by more than 1,5 times during the
observation period. There is a positive relationship with the resulting indicator. It means that
the third hypothesis of the model is confirmed.

The authors of the study identified the following problems in the electric power industry
of Kazakhstan that impede the satisfaction of the demand for electricity and the growth of
electricity production. Firstly, the volume of attracted investments plays an important role.
When assessing the impact of investment funds on the electric power industry, it is necessary
to take into account such a phenomenon as an investment lag, which denotes the timeline
between the implementation of investments and the construction of energy facilities, as well as
the achievement of the designed capacity of the commissioned facilities.

Thus, the effectiveness of raised funds should be assessed after a certain period equal to
the payback period, and the amount of the investment should continuously grow over several
years to make a qualitative, positive impact on the development of the sector. The insufficient
volume of the investment indicates the unattractiveness of the researched industry, foreign
companies' low interest, problems arising in the adoption and implementation of large projects
of the regional and national scales that require the investment of large financial resources, and
a general stagnation in the industry.

Secondly, an increase in the urban population is directly related to the increase in demand for
electricity and its production, since citizens living in rural areas consume much less electricity
than urban residents.

Thirdly, the deficit is accompanied by low prices for the electricity from manufacturing
enterprises, which negatively affect energy companies’ income. Consequently, the lack of funds
prevents a full-fledged, large-scale renewal of fixed assets without involving the state budget.
Despite the smaller-scale modernization carried out by industry enterprises, the efficiency of
power plants does not allow them to generate such a volume of electricity that would satisfy the
growing demand.

The limitations of this study are the final set of indicators, characterizing the electricity sector
and the economy of the Republic of Kazakhstan, selected for constructing regression models. In
addition, limitations are imposed by the subject of the study is the analysis of factors affecting
the state of the electricity production in the Republic of Kazakhstan, and the object of the study
is the electric power industry of the Republic of Kazakhstan. When carrying out econometric
calculations, the timeline was strictly taken into account from 2011 to 2023.
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Privatization of private energy enterprises, specifically thermal power plants, hydroelectric
power plants, and other energy facilities into state-owned ones was decided by the government,
since own investments of private companies are not enough for the widespread renewal of fixed
assets and the introduction of new technological solutions.

It is planned to introduce a digital energy platform to monitor the technical condition of
power plants and implement timely risk management. The control over the implementation of
investment programs and high-quality repair companies will be carried out with the assistance
of the increased role of the Nuclear and Energy Supervision Committee [34]. Three new thermal
power plants are planned to be built with the assistance of JSC “Samruk-Energo” and Russian
investors represented by “INTER RAO Export”, which is also aimed at eliminating the deficit in
three cities of Kazakhstan - Ust-Kamenogorsk, Semey, and Kokshetau [35]. The volume growth
of the electricity production is also due to the growth of the urban population. It not only leads
to the increased demand for electricity, but it also leads to greater air pollution in large cities
such as Karaganda, Ekibastuz, and Pavlodar [36].

As a proposal for improving public administration of the electric power sector in Kazakhstan,
one can note the implementation of smart grids — improved versions of power grids that use the
achievements of digitalization, such as computers, sensors, Internet technologies, etc. to improve
the safety and efficiency of energy systems, as well as for more flexible control over electricity
consumption. Smart grids, unlike traditional ones, imply many small electricity producers, a
decentralized market, and active consumer involvement. However, it is worth noting that the
smart grid system requires uninterrupted access to the Internet.

Digital technologies are also needed for tariff regulation. In particular, smart meters are used
for dynamic electricity pricing. A similar practice is used in Germany, however, there is a shortage
of smart meters for electricity consumers. The implementation of dynamic tariffs depending on
the network load is impossible without the joint use of smart grids and a developed renewable
energy sector. Thanks to more flexible tariff regulation, it is possible to reduce electricity costs.

For the development of renewable energy sources in Kazakhstan, joint participation of
the government and the private sector (public-private partnership, PPP) is necessary. This
will increase the efficiency of investments. Private companies provide investments and
technologies, at the same time government provides benefits, subsidies, and guarantees of
return on investment. The government can also reduce investment risks through long-term
energy purchase contracts. PPP also helps to optimize tariff regulation by reducing the burden
on end consumers.

Improving the security and availability of electricity can also be achieved through green
bonds, which are securities designed to raise funds for financing environmentally friendly and
sustainable projects. They are issued by public or private organizations, and the funds raised are
directed exclusively to projects that help reduce carbon emissions or adapt to climate change,
including the development of RES.

In Kazakhstan, green bonds can become a key tool for implementing programs to decarbonize
the economy, especially within the framework of the strategy to achieve carbon neutrality by
2060. In 2020, the country launched a green bond market on the KASE stock exchange, which
creates a basis for financing renewable energy projects.
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Conclusion

Thus, thanks to the econometric modeling, it was discovered by the authors that the
volume of the electricity production is positively influenced by investments attracted to the
electricity sector, the size of the urban population at the end of the year,; as well as the prices of
manufacturing enterprises for sold electricity on the domestic market. The listed factors make
the greatest positive impact on one of the key parameters of the electric power industry in
Kazakhstan.

In our opinion, the crucial role in solving the above-mentioned problems and preventing
risks should be decided by the state apparatus. Due to the features of the industry and the
significant presence of the state capital, itis not possible to uncover the enormous potential of the
electricity industry in Kazakhstan without the government's active intervention, an authorized
body, and other organizations. In January 2024, a plan was developed by the Ministry of Energy
of the Republic of Kazakhstan for the development of the electricity industry on commissioning
additional capacities to cover the deficit due to the expansion and repair of the operating power
plants, which provide 5,6 GW. It is planned to build gas stations that will provide an additional
2,4 GW in some cities of Western and Southern Kazakhstan (Aktau, Atyrau, Aktobe, Kyzylorda,
Taraz, Shymkent). Investing in renewable energy sources continues, which, in total with the
above-mentioned measures, aims to level out the deficit in the energy system by 2029 and
reduce the volume of pollutant emissions into the atmosphere per capita.

According to the results of the econometric models constructed by the authors, the volume
of electricity production, which is the main indicator in assessing electricity shortages, is
positively affected by an increase in electricity prices from manufacturing enterprises. For
instance, the “Tariff in exchange for the investment” program for 2009-2015 made it possible
to update the equipment of power plants and carry out major repairs, thereby forming a safety
margin, which was exhausted by the beginning of the 2020s. The results of the implementation
of this program demonstrated the exceptional importance of reviewing tariff setting, increasing
tariffs in combination with rational energy savings, and increasing annual investments. It also
confirms the authors’ conclusions based on the correlation and regression analysis.

Accordingly, important aspects of the further development of the industry are improving the
investment climate to attract large volumes of investment to cover the costs of modernizing
fixed assets and introducing new technological solutions. The volume of electricity production
is also positively affected by the price set by manufacturing enterprises for sold electricity on
the domestic market, which is determined by the need to compensate costs which is determined
by the need to compensate expenses. In turn, a high degree of depreciation of fixed assets leads
to an increase in electricity losses, stagnation in the growth of electricity production, and the
need for large amounts of government funding.

Based on the implemented research, the following recommendations are suggested by
authors: implementing smart grids in electric power industry to improve the quality of control
and monitoring, to obtain up-to-date, reliable data on the state of the industry; expanding the
role of PPP and green bonds in the development of renewable energy sources; optimization
of tariff regulation through the introduction of dynamic electricity pricing; strengthening
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the role of the government intervention at the level of budgetary financing of the electric
power industry; modernizing fixed assets, primarily at large energy facilities of the national
importance; and preventing accidents and malfunctions that occur at energy facilities; increasing
the attractiveness of the industry from the point of investors and potential employees view
due to the exploitation of new and updates of old energy capacities, digitalization, improving
working conditions, development and distribution of alternative energy sources, technologies
of the environmental monitoring. preventing accidents and malfunctions that occur at energy
facilities; increasing the attractiveness of the industry from the point of investors and potential
employees' views through the commissioning of new and the renewal of old energy capacities,
digitalization, improving working conditions, developing and distributing alternative energy
sources, and environmental monitoring technologies.

The worsening of the electricity shortage in the next ten years, certainly, will make a negative
impact on vital links in the functioning of the socio-economic system, the defense industry,
the state, and public institutions. Kazakhstan, having large reserves of energy resources and a
favorable climate for the development of renewable energy sources, has a potential to become
a leading energy player in the Central Asian region and the EAEU countries, which also make
a beneficial effect on European countries, due to the growing energy crisis caused by recent
geopolitical events. However, it requires the creation and constant support of an integrated
system, including the state, households, private enterprises, and foreign agents. It is necessary to
establish relationships between government bodies, authorized and competent organizations,
citizens, and foreigners. Ultimately, meeting the population's needs for electricity and the
continuous development of economic facilities in the industry are ones of the main conditions
for energy and national security.
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A. Hyprasnyasr*!, III.A. CmarynoBa?, K.H. BeketoBa!
Kopkbim Ama amueiHdarbl Kbi3blaopda yHusepcumemi, Kvizbliopda, Kazakcman
2Kenaiceranu Caraduee amviHOarbl Xanvikapaavlk BusHec YHusepcumemi, Aamamol, Kazakcman

KasaKcTaHHBIH 3JIEKTP 9HePreTHKachl CajlacblHAAFbl MEMJIEKETTIK 6acKapy NPaKTUKAaChIH
6araJiay: 9KOHOMETPHUKAJIBIK, TICLI

AHHOTanusA. JJIeKTp 3HEepPreTUKAChl callachblHa MEMJIEKETTIK 6acKapy/bl XKeTiilipy Macesesnepi
dJIeM/JIiK 3KOHOMHUKAJIBIK, JaFapbICThbIH, KA3ipri »KaFgalblHJa OGYpPBIHFbIJIAH [a 63€KTi GO0JIbII OTHIP.
Kasakcran Pecny6sinkacbl OpTanblK A3USHbIH 3HEPTeTHUKAbIK CEKTOPbIH/A MaHbI3/[bl OPbIH ala/ibl.
JseKTpaHepreTukacol KazakcTaHHBIH 9J1eyMeTTiK-3KOHOMHUKAJIBIK KYHECiHiH )KeTeKIi 6y bIHapbIHbIH,
6ipi Gousibin TabblIaAbl. Asailfia, esfie 3JeKTP 3HEPTrUsICbIHbIH TaNLIbLIbIFbIHBIH, CO3blJIMAaJbl
npobJieMachl cCaKTaayZa, Oy YITTHIK 3HEPreTUKaJbIK XKylere *koHe 3KOHOMHUKaHbIH, 6acKa cajajlapblHa
3usiH KenTipei. By seprreyain makcaTbl 2011-2023 xblajap Ke3eHiH/e 3J1eKTP SHEPTUSICbIH OHJlipyTe
HEFYpJIbIM KATThl 9Cep eTeTiH paKTOpapAblH XKall-KyHiH Tanzjay *oHe Oafasay xkoHe KasakcTaHza
3JIEKTP 3HEPTUsICbl HAPBIFbIH AaMbITYAbl MeMJIeKeTTIK peTTeyAi *eTinaipy 6oMblHIIA YChIHBIMJAP
YCbIHY 00JbIN Tabblnajibl. bys 3epTTey JI0OTMKA, CTATUCTHUKA >K9HE 3KOHOMETPUKAJBIK MOJEe/bey
dJlicTepiHe Heri3fenreH. 3epTTey HOTHXKesepi JJEKTP 3HepreTHKachbl OHJAIPICIHIH ecyiHe 3JIeKTp
3HepreTUKacblHA MHBECTULHUAJAPAbl TapTy, 6HJEy ©HepKacibi kacimopblHAAPBIHBIH ilIKi HapbIKTa
OTKIi3i/IeTiH 3/IeKTp sHepruschiHa 6afajapbl, COHJAN-aK Kbl COHbIHAAFbI Kajla XaJKbIHbIH CaHbl OH,
acep eTeTiHiH KepceTTi. 2024-2030 *bl1lapFa apHaJFaH 60JKaMaap OOMbIHINA 3JIEKTP 3HEePTHUSAChIHA
GaFaHblIH 6CyiH, Kajla XaJKbIHbIH CaHbl MEH UHBECTULUSIJIAPAbI €CKEPE OThIPbII, 3JIEKTP SHEPTUsSIChIH
eH/lipy KeJieMi yJFasThIH 60J1a/Ibl.

Ty#iiH ce3aep: 3JIeKTp 3HepPreTHUKAChI, 3JIeKTP SHEPTUSAChIH 6HAipYy, MeMJIEKETTIK 6acKapy, 3JIEKTP
3HepreTUKacblHa UHBECTULIUSLIAP, 3JIEKTP S3HEPTUACBIHBIH, 6aFachl, KaJ1a XaJKbl.
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A. Hyprannyaer*!, [IILA. CmarysoBa?, K.H. BekeTora’
'Kwi3bl10pduHckutl yHusepcumem umeHu Kopketm ama, Kei3vl1opda, Kasaxcman
2Ynusepcumem MescdyHapodHozo busHeca umenu Kendcezanu Cazaduesa, Aamamui, KazaxcmaH

O eHKa NPAaKTHKHU roCyAapCTBEHHOT0 YIPaBJIEHU B 3JIEKTPOIHEPreTUYECKOM 0Tpaciu
Ka3zaxcTraHa: 9KOHOMeTpHYeCKHil MOAXO0s,

AHHOTanuda. Bompochl coBepUIeHCTBOBAaHUSl TOCY[JapCTBEHHOr0 YIpaBJeHUs B 3JeKTPO3Hep-
reTU4YecKoM OTpaC/d KaK HUKOT/Ia aKTyaJbHbl B COBPEMEHHBIX YCJOBHUSIX MUPOBOTO 3KOHOMUYECKOT'0
Kkpu3uca. Pecny6mka KazaxcTaH 3aHMMaeT BaXKHOE MeCTO B 9HEPTreTHYeCKOM ceKTope lleHTpanbHOU
A3UU.JJIeKTPO3HEPreTUKA ABJISIETCS OZJHUM U3 BEYIIUX 3BEHbEB COIIMATbHO-3KOHOMHUY €CKOM CUCTEMBI
Kazaxcrana. OlHaKo B cTpaHe COXpaHseTcs XpOHUUYecKasi mpobJsiemMa AepHuiuTa 3JIeKTPOIHEPTUH, YTO
HAHOCHUT ylep6 HAIlMOHAJbHOW 3HEPrOCHUCTEME W JAPYTHM OTPACAsIM 3KOHOMUKH. llesibio AaHHOTO
WCC/IeIOBAaHUS ABJISIETC aHaIU3 COCTOSHUS M OlleHKa (GaKTOpoB, HanboJiee CUJIBbHO BJUSAIOLIAX
Ha BBIPAGOTKY 3JieKTpo3Hepruu B nepuoj ¢ 2011 mo 2023 rozpl, U NpeAoKeHUE PEKOMEeHJAUM
[0 COBEPIIEHCTBOBAHUIO I'OCYAAPCTBEHHOTO PETrYJUPOBAHUS Pa3BUTHS PbIHKA 3JIEKTPO3IHEPTHUU B
Kasaxcrane. /laHHOe ucciejoBaHHE OCHOBAaHO Ha METO/1aX JIOTUKH, CTATUCTUKU U SKOHOMETPUYECKOT O
MoJieJIUpOBaHusl. Pe3ysbTaThl Uccael0BaHUS [T0Ka3aJ/id, YTO Ha pOCT NPOHU3BOJCTBA 3J1€KTPOIHEPTUU
NOJIOKUTE/NIbHOE BJIMSIHUE OKa3blBAIOT MpPHUBJEYEHUE HUHBECTULMU B 3JIEKTPO3IHEPTETHUKY, LE€HBI
npeANpUsaTAN o006pabaThiBalollel NPOMBIIIJIEHHOCTY Ha 3JIEKTPO3HEPrHI0, peajn3yeMyr Ha
BHYTpPEHHEM DPbIHKE, a TaK)Ke YUCJAEHHOCTb FOPOJCKOr0 HacesieHUs Ha KoHel, roja. [Io nporiosam Ha
2024-2030 rogpl, ¢ y4ETOM pOCTA LleH Ha 3JIEKTPOIHEPTUIO, YUCJIEHHOCTH FOPOJCKOr0 HaceJleHUus U
WHBECTUIUH, 06 bEMBI TPOU3BOACTBA 3JIEKTPO3IHEPTUH OYAYT YBEJUUNBATHCS.

KioueBble C€/I0Ba: 3/IEKTPOIHEPTETUKA, MPOU3BO/ICTBO 3JIEKTPO3IHEPIUH, TOCYAapCTBEHHOE YyII-
paBJieHHE, MHBECTULUH B 3JIEKTPOIHEPTeTUKY, LIeHbl Ha 3JIEKTPO3HEPTHI0, TOPOJCKOEe HaceJeHHE.
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