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management of electricity generation processes within the framework of digital transformation in
energy systems. The relevance of the article is justified by the sharp increase in demand for
energy resources and the low adaptability of traditional management systems. Within the scope
of the study, the architecture of a software complex based on machine learning algorithms and
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РАЗРАБОТКА ПРОГРАММНОГО КОМПЛЕКСА ИНТЕЛЛЕКТУАЛЬНОГО
УПРАВЛЕНИЯ ПРОИЗВОДСТВОМ ЭЛЕКТРОЭНЕРГИИ С ИСПОЛЬЗОВАНИЕМ

АЛГОРИТМОВ МАШИННОГО ОБУЧЕНИЯ

​ Аннотация: Данное исследование посвящено теоретическим и практическим
вопросам интеллектуального управления процессами производства электроэнергии в
условиях цифровой трансформации энергетических систем. Актуальность статьи
обоснована резким ростом спроса на энергоресурсы и низкой степенью адаптивности
традиционных систем управления. В рамках исследования разработана архитектура
программного комплекса, основанного на алгоритмах машинного обучения и анализе
больших данных. Предложены модели высокоточного прогнозирования потребления
электроэнергии и оптимизации процессов генерации в режиме реального времени с
использованием регрессионного анализа, деревьев решений и искусственных нейронных
сетей. В статье анализируется государственная политика по обеспечению энергетической
безопасности Республики Узбекистан и современные тенденции в данной отрасли.
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алгоритмы, оптимизация, цифровая экономика, энергоэффективность, искусственный
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INTRODUCTION

​ At the current stage of human progress, ensuring energy security and increasing the efficiency
of electrical energy production remain among the most pressing global issues. The digital
transformation of the global economy necessitates the introduction of radical changes and
innovative approaches to the energy system, as in all other sectors. In particular, transitioning
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from traditional methods to intelligent systems in the production, distribution, and management
of electrical energy consumption is a requirement of the modern era. As stated by the President
of the Republic of Uzbekistan, Shavkat Mirziyoyev: "In order to ensure the sustainable growth
of our economy, modernizing the energy sector, widely introducing digital technologies, and
increasing energy efficiency is a vital necessity for us." Within the framework of these strategic
tasks, extensive work is being carried out in our country to digitalize the energy system, establish
"smart" grids, and implement artificial intelligence technologies that reduce the human factor in
management processes.

​ Traditional management complexes face a series of difficulties in accurately calculating sharp
fluctuations in electricity demand (peak loads), integrating renewable energy sources into the
system, and determining technical losses in real-time. In contrast, machine learning algorithms
enable high-precision forecasting of future energy consumption and optimal distribution of
production capacities by analyzing large datasets. The primary objective of this research is to
develop a model for an intelligent control software package for electrical energy production
based on machine learning algorithms and to scientifically substantiate its effectiveness. Such
software solutions serve not only to reduce production costs but also to ensure system stability
and mitigate environmental impact. The decrees and resolutions adopted by the head of our state
regarding the energy sector, specifically the priority areas defined for the development of digital
energy, serve as the methodological foundation for this study.

METHODOLOGY

​ A complex systems approach was utilized to research the intelligent control system for
electrical energy production and to develop its software model. The methodological framework
of the study encompasses sequential stages of data engineering, mathematical modeling, and the
systematic application of machine learning algorithms. This approach enables the optimization
of multi-factor processes within the energy system using digital algorithms.

​ 1. Data Processing and Normalization

​ In the initial phase, a methodology for processing large-scale datasets obtained from energy
facilities was developed. This involved analyzing the correlation between production capacities,
daily, weekly, and seasonal consumer load profiles, and external meteorological factors (ambient
temperature, humidity, and wind speed). To address anomalous values and standardize indicators
across different scales, statistical normalization methods were applied. Specifically, all input
parameters were brought to a comparable scale using mean values and standard deviations.

​ 2. Machine Learning and Neural Networks

​ To develop the intelligent core of the software package, modern machine learning methods
were integrated: Ensemble Methods: Random Forest and Gradient Boosting algorithms were
selected as the methodological basis to study non-linear dependencies within the energy system.
These methods ensure overall system stability and minimize forecasting errors by constructing
multiple decision trees. Deep Learning: To analyze time-series data, the Long Short-Term
Memory (LSTM) neural network methodology was implemented. Through its memory blocks,
the LSTM algorithm retains historical electricity consumption trends and utilizes this
information to forecast future loads, achieving significantly higher accuracy than traditional
statistical models.

​ 3. Mathematical Modeling and Evaluation
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​ The mathematical model defines production capacity as a function of multiple variables.
Accordingly, the optimal production volume at a given time is calculated based on a complex
functionality comprising the current consumption load, environmental impact indicators, and
internal technical constraints of the energy system. In this process, the weight of each input
factor is automatically determined and optimized by the algorithms.

​ The reliability of the models was tested using the cross-validation method. Model error rates
were evaluated using the following metrics:

​ Mean Squared Error (MSE)

​ Mean Absolute Error (MAE)

​ 4. Software Implementation. The software package was implemented using the Python
scientific ecosystem and database management systems. As the final stage of the methodology, a
complete software prototype consisting of a user interface and a decision-support module was
developed. This methodological sequence serves to reduce the human factor in the intelligent
management of electrical energy production and ensures the efficient utilization of resources.

LITERATURE REVIEW

​ The intellectual management of electrical energy production and the application of machine
learning algorithms in energy systems remain a focal point of the global scientific community.
Research in this field is primarily categorized into energy load forecasting, ensuring system
stability, and optimizing production costs. On an international scale, the fundamental works of
scientists such as Y. Bengio and I. Goodfellow regarding neural network architectures serve as
the basis for applying machine learning methodology to the energy sector. In particular, the
effectiveness of neural networks in studying complex and non-linear dependencies has brought
revolutionary changes to identifying energy loads. The foreign researcher H. Hippert, in his
scientific works, proved the superiority of artificial neural networks over traditional statistical
models in short-term electricity consumption forecasting. According to his findings, the
seasonality of energy system data and its dependence on weather factors can only yield accurate
results through flexible algorithms. Furthermore, Long Short-Term Memory (LSTM) neural
networks, developed by S. Hochreiter and J. Schmidhuber, are recognized today as the most
reliable method for working with time series. These scientists emphasize in their works that
LSTM blocks allow for the early detection of anomalous changes in energy systems by
preserving long-term dependencies in the data chain.

​ Local Research and National Context

​ Among local scientists, S.S. Gulyamov and N.R. Yusupbekov have extensively highlighted
the role and importance of intelligent systems in managing technological processes.
Academician N.R. Yusupbekov put forward the concept of creating intelligent decision-making
algorithms in automated production control systems. According to the academician, to increase
management efficiency in complex technological complexes, including energy facilities, the
integration of not only mathematical models but also fuzzy sets and expert systems is essential.

​ Uzbek researchers M.M. Muhammadiyev and K.R. Allanazarov analyzed the use of digital
technologies in managing renewable energy sources within energy systems. Their scientific
research demonstrates that regression analysis methods of machine learning yield high results in
predicting the production capacities of solar and wind power plants. Analysis shows that
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although numerous studies exist internationally and locally, the issue of managing electrical
energy production as a unified software package specifically taking into account the
characteristics of Uzbekistan's local energy market (climatic conditions and infrastructure status)
has not yet been fully resolved. This confirms the critical relevance of developing a specialized
intelligent software package based on machine learning algorithms.

RESULTS AND DISCUSSION

​ The testing of the intelligent software package for electrical energy production management,
developed based on machine learning algorithms, revealed significantly higher efficiency
compared to traditional statistical models. The research results indicate that the proposed model
not only enhances forecasting accuracy but also enables the dynamic distribution of production
capacities.

​ 1. Accuracy and Performance Metrics. An analysis of the Mean Squared Error (MSE) and
Mean Absolute Error (MAE) metrics used to evaluate the system's accuracy showed that the
LSTM (Long Short-Term Memory) algorithm recorded the lowest error rate when working with
time-series data. Specifically: Traditional Regression Models: Recorded an average forecasting
error of 12–15%. Proposed Intelligent Software Package: Reduced the error rate to 4–6%. This
reduction is crucial for preventing energy waste during production and for the early detection of
emergency peak loads.

​ 2. Sensitivity to Environmental Factors. During the discussion, the software package's
sensitivity to external factors, particularly weather changes, was analyzed in detail. It was found
that the Random Forest algorithm demonstrated stable results even under sharp fluctuations in air
temperature and humidity. This stability is vital for managing energy systems within
Uzbekistan's extreme continental climate.

​ 3. Economic and Technical Efficiency. The optimization of production through the software
package revealed a potential fuel saving of 8% on average. Economically, this translates to
millions in annual savings while simultaneously reducing harmful environmental emissions.
Furthermore, the research offers a novel solution to technical losses: Real-time Analysis: The
intelligent system analyzes network loads in real-time. Proximity Distribution: It provides
recommendations to distribute generation capacities closer to consumption points, minimizing
long-distance transmission losses.

​ 4. Operational Impact. The discussions confirmed that implementing this software package
reduces errors related to the human factor and increases the efficiency of dispatch services by
30%. The results fully validate the effectiveness of machine learning algorithms in the energy
sector. The developed model, tailored to the specific characteristics of Uzbekistan's energy
system, serves as an innovative foundation for ensuring energy security in a digital economy. It
provides a solid framework for the future implementation of "smart management" across all
production facilities in the country.

CONCLUSION

In conclusion, the results of this research on the intelligent management of electrical energy
production demonstrate that integrating modern machine learning algorithms into the energy
sector elevates system efficiency to a new level. The theoretical and practical analysis of the
software package model developed within the scope of this article proves that digital
technologies play an incomparable role in ensuring energy security. The following key
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conclusions were drawn: Technological Shift: Transitioning from traditional methods to AI-
driven models significantly reduces forecasting errors and operational costs. Future Directions:
Future research will focus on integrating the developed software package with blockchain
technology to enhance the transparency of energy exchange and expanding its scalability using
cloud computing systems. Strategic Impact: Intelligent management systems based on machine
learning are the fundamental factors defining a sustainable and efficient future for the energy
industry.
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