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Intelligent systems (Smart Systems) are an important element of modern electric power industry, which
allows to increase the reliability, efficiency and stability of the functioning of electric networks. The article
considers the implementation of intelligent technologies for monitoring, management and optimization of the
operation of energy systems. The main attention is paid to the use of artificial intelligence (Al), Internet of
Things (loT) and automated control systems to solve the problems of accident prediction, adaptive
management of energy flows and integration of renewable energy sources (RES).

The results of the study confirm the effectiveness of intelligent systems in real conditions. In particular,
the use of 10T sensors to monitor the condition of equipment allowed to significantly reduce the number of
emergency situations by predicting possible failures. Artificial intelligence algorithms provided adaptive
management of energy flows, which allowed to reduce energy losses by 15% and ensure the stability of the
networks even under variable load conditions. The integration of renewable energy sources, such as solar and
wind power plants, became possible thanks to the implementation of intelligent algorithms that take into
account the variability of generation parameters and ensure a balance between energy production and
consumption.

The article also discusses mathematical modeling methods and MATLAB/Simulink software to assess
the impact of intelligent systems on the operation of power grids. The results demonstrate that the
implementation of intelligent systems allows not only to increase the reliability of power systems, but also to
reduce maintenance costs and optimize resource use.

The study showed that the key advantages of intelligent systems are their ability to adapt to unstable
energy markets, rapid response to emergencies, and integration of new technologies. The article presents
prospects for further research, including the development of more complex algorithms for integrating
renewable energy sources and improving distributed energy management systems.

Thus, the results of the work confirm that intelligent systems are a powerful tool for the modernization
of power grids, contribute to the sustainable development of the energy sector, and ensure the efficient use of
energy resources for the integration of renewable energy sources.

Key words: intelligent systems, electric power, renewable energy sources, research, artificial
intelligence, 10T, renewable energy sources, monitoring, optimization, automation.

Eq. 6. Fig. 12. Table. 1. Ref. 17.

1. Problem formulation

These problems lead to system failures, increased risk of accidents, significant financial losses, and
reduced customer service.

The integration of renewable energy sources, such as solar and wind power plants, biogas, is an
important element of modern energy, but creates new challenges. The main problem is the instability of
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generation, stochasticity that depends on weather conditions and time of day. This creates the need for flexible
mechanisms for balancing between generation and consumption.

The lack of adaptive control systems complicates the effective use of renewable energy when
implemented in large quantities, which reduces its economic feasibility.

Energy losses in transmission and distribution. Energy losses in networks remain one of the main
problems of modern power engineering. According to statistics, up to 10% of the generated energy is lost due
to inefficient operation of power transmission lines, transformers and other components. The main reasons for
this are:

- Using outdated equipment that does not meet modern energy efficiency standards.

- Lack of energy flow optimization systems that could minimize losses during transmission.

- Inefficient load distribution between different parts of the network:

1. Overloading of individual system elements: This can cause increased wear and tear on equipment,
reduced network reliability, emergencies, and power outages.

2. Underloading of other parts of the network: Underutilization of equipment capacity reduces the
overall efficiency of the system, increases specific energy consumption, and worsens economic performance.

3. Increased power losses: Uneven load distribution causes additional losses in wires and transformers,
which reduces the energy efficiency of the system.

4. Power quality degradation: Improper load distribution can cause voltage drops in certain parts of
the network, which negatively affects the operation of equipment and electrical appliances.

5. Difficulties in maintenance and modernization: Uneven load makes it difficult to plan maintenance
work and implement new technologies, which can delay the development of the network.

Limitations of Traditional Management Methods. Traditional methods of managing electric power
systems are based on centralized approaches, which have a number of limitations:

1. Insufficient speed of response to changing network conditions.

2. Failure to take into account the actual condition of the equipment and load forecasts.

3. Lack of integration with new technologies such as automated control systems or loT.

These limitations reduce the efficiency of systems and create additional risks to the stability of
networks.

The need to implement intelligent systems. To solve these problems, it is necessary to implement
intelligent systems that provide:

1. Operational monitoring of network health: Using 10T sensors and automated systems to collect data
in real time.

Implementation examples:

Energy companies: In the US, Duke Energy installed 10T sensors on its transformers to monitor oil
temperature and voltage levels, preventing more than 50 failures per year, saving millions of dollars in repairs
and customer compensation.

Industrial enterprises: A German steel plant installed an 10T system that monitors the load on conveyor
drives in real time, reducing the risk of overloads that often led to production shutdowns.

City power grids: Singapore has implemented a street lighting monitoring system. 10T sensors monitor
the status of power lines and automatically report faults. This has reduced the response time to breakdowns
from 24 hours to 2 hours.

Agricultural sector:

1. On large farms in Canada, sensors monitor the power supply to greenhouses. In the event of a voltage
drop, the system automatically turns on backup power and notifies maintenance personnel.

2. Disaster Prediction: Applying machine learning algorithms to analyze data and identify potential
failures.

3. Adaptive energy flow management: Using artificial intelligence to optimize energy distribution
depending on load.

4. RES integration: Development of flexible balancing mechanisms to ensure grid stability under
variable generation conditions.

The implementation of such systems will significantly increase the reliability, efficiency, and
sustainability of power grids, reduce energy losses, and ensure the integration of new energy sources.

The relevance of the research is due to the need to modernize electric power systems in the context of
the transition to sustainable development. Intelligent systems are a tool that allows not only to solve current
problems, but also to create the basis for future innovations in the energy sector.
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Thus, the development and implementation of intelligent systems in the electric power industry is an
important task that will help improve the quality of energy supply, reduce costs, and ensure the sustainability
of networks in the long term.

2. Analysis of recent research and publications

The modern development of the electric power industry is accompanied by numerous challenges that
require the implementation of new approaches to the management, monitoring and optimization of the
operation of energy systems. The growth of demand for electricity, the integration of renewable energy sources
(RES), the need to reduce energy losses and ensure the stability of networks create difficult conditions for the
functioning of traditional energy systems [1].

One of the key challenges is ensuring the reliability of power grids in the face of increased load and
aging infrastructure. Many existing grids were designed decades ago and do not take into account modern
requirements for the integration of new technologies, such as renewable energy, energy storage systems and
automated control devices. This leads to increased failure rates, increased maintenance costs and reduced
system efficiency [2].

Forecasting emergency situations. Traditional forecasting and management methods do not allow us
to take into account all the factors that affect the operation of power systems. Such factors include:

- Load unpredictability: Increased demand for electricity during certain periods of time (peak loads)
can lead to grid overload.

- External influences: Weather conditions such as strong winds, thunderstorms or icing significantly
affect the stability of networks.

- Equipment failures: Timely detection of worn or faulty components is a difficult task due to the lack
of operational monitoring.

At the same time, there is a significant impact of Russia's military aggression on the functioning of
Ukraine's power systems. Russia's military aggression against Ukraine has created unprecedented challenges
for the functioning of the country's power systems. Targeted attacks on critical energy infrastructure, including
power plants, substations, power lines and generation facilities, have caused significant damage, disruptions
in electricity supply and a threat to the country's energy security [3].

3. The purpose of the article

Development and research of approaches to the implementation of intelligent systems in the electric
power industry in order to increase the reliability, efficiency and stability of the operation of electric power
networks.

The implementation of the tasks will allow creating effective tools to increase the reliability and
efficiency of power systems. The results of the research will contribute to the modernization of the energy
infrastructure, ensuring its resilience to external influences and the integration of the latest technologies for the
integration of renewable energy sources.

4. Results and discussion

Comparative characteristics of the functional properties of today's energy system and an energy system
based on the Smart Systems concept.

Short-term, medium-term and long-term development priorities in areas of cooperation between
platform participants in the field of research and development at the pre-competitive stage.

Below are the short, medium and long-term development priorities in the areas of cooperation of the
platform participants in the field of research and development at the pre-competitive stage.

Short-term

- Determining the areas of application and placement of new intelligent technology in an integrated
energy-saving automated system (IESA).

- Modeling and methodology for assessing the technological and economic effects of the use of
intelligent technologies, taking into account the priorities of reliability and safety.

Medium-term

- Development and organization of production of equipment for intelligent energy supply systems.

- Development of technology for monitoring and diagnosing electrical networks.

- Development of management systems.

- Development of principles of interaction with consumers and active consumer participation in the
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work of the AAS IEZ.

- Development of intelligent distribution networks and microgrids.

Long-term

- Formation of a conceptual, methodological, regulatory, legal and technical framework (standards)
that ensures the creation, functioning and development of the AAS IEZ.

- Development of information and communication technologies, modeling, and cybersecurity.

- Comparative characteristics of the functional properties of today's energy system and an energy
system based on the Smart Systems concept.

- In addition, the power system based on the Smart Systems concept creates hnew markets as private
business develops energy-efficient and intelligent devices, smart meters, new reading and communication
capabilities, and passenger transportation.

- Below are the roles and main functional and technical properties of developing technologies,
presented in the works of leading domestic and foreign researchers.

- Monitoring of load forecasting and corresponding response by Smart Systems to increase the
reliability of power supply [4].

- Fig. 1 shows diagrams of the operation of the equipment of the specified livestock farm, and the
load schedule was calculated by summing the capacities for the corresponding time ranges [1].

Serving concentrate feed (PK-6) 32 1 1
Serving root vegetables (TK-5B) 3 1 1 1 1 1 1
Grinding of root vegetables (IKM-10) 14 1 1 1 11 1

: 22 11 1 1
Preparing hay flour (KDU-2, BR-15) 61 1 10 10 10 10
Serving flour (PSM-10) 2,7 1 1 1 1
Grinding silage (IKV-5A) 22 1 1 11
Loading of feeds (KV-F-40) 1,5 1 1 1 1 1 1 1 1

. . 22 1 1 1 1 1 1 1
Preparation of mixtures

22 11 1 1 11 1 1

Suply of feeds (SVS-40M) 12 1 1 1 1
Milking of cows (ADM-8) 7 1 11 1 1 1 11 1 1 1 1 1
Milk cooling (TOM-2A) 5 11 1 1 1 1 11 I 1 1 1 1
Manure removal (UC-15) 251 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 111 1 1 1 1 1 1 1 1 1
Lighting 11111 11 11111111 11 111 1 1 1 1 1 1 1 1 1 1 11
foad W R N - ORI R SRS I I

v
~ —

1
Fig. 1. Diagrams of the operation of technological equipment of a livestock farm and calculation
of the load schedule.

The load schedule of the livestock farm according to the calculations is shown in Fig. 2, from which
it can be seen that there are two periods of peak load - morning: from 6:00 to 8:30 and lunch: from 14:00 to
16:00. During these periods, consumption exceeds the mark of 30 kW [2].
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Fig. 2. Load schedule of a livestock farm
Fig. 3 shows a diagram of the time reserves for turning on or off electrical equipment for each

technological operation of a livestock farm, and calculates the possible power savings due to the application
of the proposed method [2].
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Fig. 3. Diagram of the time reserves for turning on or off electrical equipment for technological
operations of a livestock farm.

The energy saving graph resulting from the application of the proposed algorithm is shown in Fig. 4,
as can be seen, the potential for savings is quite significant and can be fully realized if the system has energy
storage devices to absorb excess generator power, which is due to the discrete nature of its regulation [2].
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Fig. 4. Energy savings due to the application of the proposed algorithm.

The proposed approaches optimize the control of biogas plants, adapting them to load changes without
the need for capacity reservation. Calculations for a cattle farm with 100 heads showed savings of 82.8 kWh
per day in the winter period [2, 3].

Table 1.
Comparative characteristics of the functional properties of today's energy system and the energy
system based on the Smart Systems concept [4, 12].

The energy system today Energy system based on the Smart Systems concept
One-way communication between elements or its L
absence Two-way communications

Centralized generation — complexly integrated
distributed generation
Topology - mostly radial Mostly networked
Reaction to the consequences of the accident Response to prevent an accident
Self-monitoring and self-diagnostics that extend the
“life” of the equipment

Distributed generation

Equipment operation until failure

Manual recovery Automatic recovery - "network self-healing”
Prone to system crashes Preventing the development of system accidents
Manual and fixed network allocation Adaptive selection
On-site equipment inspection Remote equipment monitoring
Limited control of power flows Power flow management
Unavailable or very late price information for the

Real-time price

consumer
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Analysis of the current state of power systems and their reliability problems. An analysis of statistical
data on network accidents over the past 5 years was conducted. The main attention was paid to equipment
failures, the influence of external factors (weather conditions) and network overloads. The analysis showed
that the largest share of accidents (65%) is equipment failures, 20% are external factors, and 15% are network
overloads [3, 4, 12].

Distribution of causes of network failures

Overload External factors

15.0%
20.0%

65.0%

Fig. 5. Pie chart of the distribution of causes of accidents in networks.

Development of mathematical models for predicting emergency situations. The model for predicting
emergencies was created based on logistic regression. Model variables: temperature, humidity, load,
equipment condition. The formula used for calculations was:

1
Pfailure - 1+ e*(ﬂo*ﬁlxﬁﬂzxz*--*ﬁnxn) (1)

where Pg,... — probability of accidents; x;,x,,...,x,— variables (temperature, humidity, etc.);
B, — model coefficients.

Mathematical models for energy flow optimization. Energy flow optimization is based on the use of
mathematical models that describe the operation of the power grid. The main task is to minimize energy losses
and transportation costs while ensuring reliability of supply [10].

Typical optimization model:

min Z I:)Ioss,i (2)
i=1

where B ; — power losses in the i-th section of the network; n— number of plots.
Limitation:
1. Power balance in nodes:

Z Py — Z R, 3)

ieG ieL
where P; — generated power; B; —consumed power.

2. Technical limitations:
Viin SV, <V,

min —

Sj <Sg™, 4)

max,
where V; —voltage in the node, S;; — power on the line.

Use of intelligent systems [9, 10, 11]. The implementation of control systems based on artificial
intelligence (Al) allows for real-time analysis of the network status, load forecasting, and automatic
redistribution of energy flows.

Methods:

» Genetic algorithms: Used to find the optimal distribution of energy flows in complex networks.

e Machine learning methods: To predict peak loads and respond quickly to changes.

Example of using a genetic algorithm:
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1. Generation of the initial population of solutions (flow distribution).
2. Estimating the fitness function:

f (X) = _Z I:)Ioss,i (5)

Flow optimization using RES. Renewable energy sources, such as solar panels and wind turbines, are
integrated into the grid due to their dependence on weather conditions. For the integration of RES, the
following are used:

- Energy aggregators: Systems that combine energy flows from different sources and optimally
distribute them.

- Energy storage: Stores excess energy during periods of low demand.

Mathematical model of RES integration [10, 11]:

min(z Ploss, i +chtore'jj, (6)
i1

i=1
where Cg,. ; — the cost of using energy storage.

Distributed control systems. Traditional centralized power grid control systems are giving way to
distributed systems that allow each node in the network to make local decisions.
1. Blockchain technologies: Ensure transparency and security of data exchange between nodes.
2. Decentralized controllers: Each node analyzes local data (voltage, power) and interacts with other
nodes.
Results of modeling and optimization of energy flows: [16, 17].
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Fig. 6. Power loss graph before and after Fig. 7. Energy flow distribution graph.

optimization.

Losses are reduced by 20-30% depending on the network configuration.

Peak load forecasting: Using machine learning, it was possible to reduce the number of emergency
situations by 15% [18].

Further research could focus on implementing decentralized control systems and developing new
approaches to forecasting. The model achieved 87% accuracy in predicting accidents on test data.

Optimization of energy flows in power grids is a multifaceted task that requires the integration of

modern mathematical methods, intelligent systems and technologies. The implementation of such solutions
allows [11]:

1. Reduce energy loss.
2. Increase network stability.

3. Ensure the integration of renewable energy sources and reduce dependence on traditional energy
sources.

4. Improve customer service and reduce the risk of emergencies.
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Comparison of real and predicted accidents by year
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Fig. 8. Comparison of real and predicted Fig. 9. Compérison of actual and predicted
accidents. accidents for different years.

Comparison of actual and predicted accidents by month. (Line chart with two series: Actual accidents
and Predicted accidents).

Research into methods [2, 8, 9] for optimizing energy flows in power grids. Optimization of energy
flows in power grids is one of the key areas for ensuring the reliability, efficiency and sustainability of power
systems. In modern conditions, the growth of electricity consumption, the introduction of renewable energy
sources (RES) and the need to minimize energy losses require the development of new approaches to managing
energy flows.

An artificial intelligence-based algorithm has been developed to optimize energy flows.

The algorithm takes into account: load variability; energy losses during transmission; generation from
renewable energy.

energy losses betore and atter the immplementation ot the algonthm
20.0

energy losses (%)
" PR -
sn ~ 5 5 & =]
b & a o s &

N
n

0.0

before after

Fig. 10. Energy losses before and after the implementation of the algorithm

Energy losses were reduced by 12% after implementing the algorithm.

The integration of renewable energy sources (RES), such as solar, wind, biogas, and hydropower, is a
key element of modern energy. This process is aimed at increasing the environmental sustainability of energy
systems and reducing dependence on fossil fuels. At the same time, the integration of RES into existing power
grids requires solving a number of technical, economic, and organizational problems [4,7].

One of the main features of RES is their variability. Solar panels generate energy only during the day,
while wind turbines operate depending on wind speed, which makes it difficult to predict and balance the
power system. In addition, RES are often located in remote regions, which requires upgrading the infrastructure
for transmitting energy to consumers. To ensure grid stability, it is necessary to take into account the low
energy density of such sources, since large areas are required for equipment installation to produce significant
amounts of energy.

The main challenges of integrating renewable energy sources are grid instability, increased energy
losses, the need to implement energy storage systems, and infrastructure constraints. The instability of energy
production can cause voltage and frequency fluctuations, as well as overloads or energy shortages in the grid.
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Energy transmission from remote sources is accompanied by significant losses, which requires the
implementation of modern technologies to optimize energy flows.

The integration of renewable energy requires infrastructure modernization, including the use of smart
grids that automate the management of energy flows. The development of high-voltage transmission lines is
also important, which reduces energy losses. The use of energy storage systems, such as lithium-ion batteries
and pumped storage plants, allows balancing energy production and consumption.

Intelligent control algorithms based on machine learning help predict energy production and optimize
its distribution. Decentralization of energy production through the creation of local microgrids reduces
dependence on the central grid. At the same time, economic incentives such as "green tariffs" and innovation
financing play an important role in supporting the development of renewable energy.

The integration of renewable energy has significant environmental, economic and social benefits. It
contributes to reducing CO: emissions, conserving natural resources and reducing the cost of importing fossil
fuels. Creating new jobs in the renewable energy sector and increasing energy security are also important
achievements. However, to successfully achieve this goal, it is necessary to introduce modern technologies,
develop effective management methods and ensure public support.

Thus, the integration of renewable energy sources is a necessary condition for the transition to
sustainable development of the energy sector. It allows achieving a balance between economic benefits,
environmental safety and technological progress.

The network operation modeling with the integration of solar and wind power plants was carried out
taking into account the variability of generation [3, 4]. The network operation modeling with the integration
of solar, wind and biogas power plants was carried out taking into account the variability of generation
depending on weather conditions, daily cycles and stable operation of biogas plants. For solar power plants,
solar radiation data with daily fluctuations from 0 to 1000 W/m? were taken into account, for wind power
plants — wind speed within 2-25 m/s, and for biogas plants — stable power generation up to 10 MW. The
calculations took into account the characteristics of the network with line capacity up to 110 kV, forecast load
in the range of 20-150 MW, power reserves up to 30% of the total load, as well as technical restrictions on
energy losses not exceeding 5%. To ensure a balance between generation and consumption, control algorithms
were used that prioritized renewable energy sources, in particular, 70% of the needs were covered by RES.
Biogas plants ensured stable generation in conditions of low solar radiation or weak wind. Additionally,
weather scenarios were simulated, including clear weather, cloudy weather, strong wind and calm periods, to
assess the stability of the system.

Balancing generation and consumption with variability of RES
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Fig. 11. Balancing generation and consumption with variability of RES.

Grid stability is maintained with the integration of 30% RES.

Implementation of intelligent monitoring systems [4, 12, 14]. Modern power systems face challenges
such as increasing equipment reliability, reducing the risk of accidents and optimizing maintenance. One of
the promising solutions is the implementation of intelligent monitoring systems based on Internet of Things
(10T) technologies. These systems provide continuous monitoring of the equipment status using sensors for
data collection and algorithms for their processing.
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The loT monitoring system consists of the following main components:

e Sensors for measuring parameters such as voltage, current, temperature and humidity.

« Data transfer modules that provide wireless transmission of information to a server or cloud storage.

o Software that analyzes the received data and predicts possible failures using machine learning
algorithms.

o User interfaces that allow you to visualize information in real time.

Benefits of implementation. Intelligent monitoring systems can significantly increase the efficiency of
power systems. First, they provide timely detection of potential problems, which allows you to avoid
emergency situations.

For example, the system can detect and predict 80% of potential failures before they actually occur.
Secondly, preventive maintenance reduces equipment repair costs. Maintenance is performed only when
necessary, which reduces costs by 30%. Thirdly, such systems help increase the operational life of equipment.
Constant monitoring helps reduce the impact of adverse factors, which increases the service life of equipment
by an average of 15%. [4].

Implementation results. After implementing loT systems at one of the substations, significant results
were achieved. The system detected overheating of one of the transformers, which allowed for timely
replacement of the worn component and avoidance of a large-scale accident.

By analyzing voltage, current, temperature, and humidity parameters, it was possible to identify
deviations in equipment operation. This allowed minimizing downtime and increasing the overall reliability
of the power grid [4, 5, 7].

The system operation algorithm:

1. Real-time sensors collect data on the condition of the equipment.

2. The received data is transmitted to a central server for analysis.

3. Machine learning algorithms predict potential failures by analyzing historical and current data.

4. If anomalies are detected, the system generates an alarm signal that is sent to the operator to take action.

Development prospects. Further development of intelligent monitoring systems includes integration
with artificial intelligence for automatic decision-making in case of critical situations. It is planned to expand
the functionality of the system, in particular, adding new sensors, for example, for monitoring equipment
vibrations.

In addition, the use of cloud technologies will allow storing large amounts of data for analysis and
providing access to information at any time. This will contribute to further optimizing maintenance and
increasing the efficiency of power systems.

The implementation of such systems is an important step in the development of modern energy,
ensuring its reliability, efficiency, and sustainability.

failure detection efficiency using the loT-gystam
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Fig. 12. Efficiency of failure detection using an 10T system.

The implementation of the loT system has significantly improved the process of detecting failures,
which reduces response time and increases the reliability of power grids [4, 5, 11, 16] . With each passing
month, the system has become more efficient, reducing the number of undetected failures, which allows for
prompt troubleshooting and reducing the risk of accidents.

Assessment of the economic efficiency of implementing intelligent systems. The work compares costs
before and after implementing intelligent systems in the electric power industry. Calculations showed a
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significant reduction in maintenance costs and energy consumption, which confirms the economic feasibility
of investing in such technologies.

After the implementation of intelligent systems, maintenance costs were reduced by 18%, which
allows saving about 1.2 million UAH per year. This was possible due to the automation of management and
monitoring processes, which allowed to reduce maintenance costs and reduce the number of emergency
situations [4,10,11]

The introduction of intelligent systems in the electric power industry allows for significant economic
savings, including reduced maintenance costs, reduced energy losses, and increased network reliability.

The net economic effect and return on investment show that intelligent systems are beneficial for
energy companies, as they allow for reduced operating costs and increased efficiency.

To maximize the economic benefits of implementing intelligent systems, it is necessary to continue
investing in the latest technologies and develop the monitoring and management infrastructure. This includes
improving existing data collection and analysis systems, as well as implementing new forecasting and
optimization algorithms.

5. Conclusion

The study found that smart technologies are an important tool for modernizing energy networks,
increasing their reliability, efficiency and integrating renewable energy sources. The use of modern
technologies, such as the Internet of Things (Al) and automated control systems, allows not only to optimize
energy flows, but also to significantly reduce energy losses and increase the stability of network operations.
The implementation of such systems requires an integrated approach and further research to maximize their
potential in the context of rapid technological development. In this context, the results of the study confirm the
significant economic and technical effect of using smart energy network management systems, namely:

1. Intelligent systems for modernizing energy networks: The introduction of intelligent technologies,
such as 10T sensors and artificial intelligence, increases the reliability and stability of energy networks,
allowing for the prediction of accidents and rapid response to changes.

2. Adaptive energy flow management: Artificial intelligence algorithms optimize energy distribution,
reducing energy losses by 15%, which increases the efficiency of the power system.

3. Integration of renewable energy sources: The development of intelligent algorithms allows for the
effective integration of renewable energy sources, ensuring the stability of grid operations and balancing
production and consumption.

4. Reducing accidents: The implementation of IoT sensors allows you to reduce the number of
accidents, increasing the reliability of energy networks.

5. Technology Development Prospects: The integration of emerging technologies, such as smart
meters and energy-efficient devices, opens up new opportunities for improving energy efficiency and creating
energy markets.

6. Economic effect: Automated energy management systems allow to significantly optimize the use of
electricity, especially during peak load periods, for example, in the winter period, when the need for energy
for heating and lighting increases. Through accurate analysis of consumption data and automatic load
regulation, such systems provide savings of up to 82.8 kWh per day, which is equivalent to reducing the energy
consumption of several medium-sized households. These savings not only reduce the costs of enterprises for
electricity, but also contribute to increasing the resilience of the energy system, reducing the load on the
network and improving its stability during periods of intensive operation.

7. Need for further research: Further research and development of intelligent systems will improve the
efficiency of energy networks and contribute to the sustainable development of the energy industry.

Overall, the study results confirm the importance of intelligent systems for modernizing energy
networks, reducing energy losses, and integrating renewable energy sources.
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JOCJIIKEHHSA 3 BIIPOBA/I)KEHHS IHTEJIEKTYAJIBHUX CUCTEM INIABUINEHHSA
HAJIMHOCTI TA EOGEKTUBHOCTI POBOTHU EJIEKTPOEHEPTETUYHUX KOMILIEKCIB

Iumenexmyanvui cucmemu (Smart Systems) € 8axciugum eiemMeHmom Cy4acHoi elekmpoenepeemuxu,
Wo 00360J1A€ NIOGUUUMU HAOIUHICMb, e)eKMUBHICMb | CMAOIIbHICIb PYHKYIOHYBAHHS eIeKIMPUUHUX MEPEDIC.
Y cmammi pozensdaemvca enpoeadoicenns iHmenekmyanbHux MexHoI02il MOHIMOPUH2Y, YAPAGHinHA ma
onmumizayii pobomu enepeemuunux cucmem. OCHOBHA y8aea NPUOINAEMbCA GUKOPUCTHAHHIO UWIMYYHO2O
inmenexmy (Al) ma asmomamuzosanux cucmem ynpasniHHa 01 8UPTUUEHHS 3A80aHb NPOSHO3YEAHHS ABAPIll,
a0anmueHO20 YNPAGIiHHs eHepeemUYHUMU NOMOKAMU ma inmezpayii ioHoe0eanux oxcepen enepaii (B/E).

Pesynomamu docnioscenusn niomeeposcyroms egpexmusricme iHMeaeKmyaibHUx CUCem 8 peailbHUux
ymosax. 3oxpema, suxopucmanns damuuxie 10T 011 monimopuney cmany ob61a0HAHHS 00380UNO 3HAYHO
SMEHWUMY KITbKICMb A8APIUHUX CUMYAYIU WISIXOM NPOSHO3YBAHHS MOJNCTUSUX 300i8. Aneopummu wmy4Ho2o
iHmenexmy 3abes3neuuny aoanmueHe YnpagiiHHsa NOMOKAMU eHepeil, Wo 00360AUN0 3HUSUMU 6Mpamu eHepeii
Ha 15% i 3a6e3neuumu cmabinbHicmb pobomu Mepexc Hagims 3a YM08 3MIHHO20 Ha8aHmadiceHHsA. [nmezpayis
BIOHOBNIIOBAHUX OdiCepell eHepeil, MAKUX SIK COHAYHI Ma 8IMPO6I eIeKMPOCMAHYLi, CIMAIA MONCIUBOI 3AB0AKU
BNPOBAOIICEHHIO THMENEKINYANbHUX AN2OPUMMIB, AKI 8paAX08YI0Mb MIHAUBICMb Napamempis 2enepayii ma
3a6e3neuyromy OANAHC MIdC BUPOOHUYIMEOM MA CHONCUBAHHAM eHePEIi.

Y cmammi maxodxc posenaoaromeca mMemoou MaAmemMamuyHO20 MOOEN08AHHA mMa NpoZpamue
3abesneuennss MATLAB/Simulink ona oyinku eniugy iHmeneKxmyanbHux cucmem Ha pooomy eneKmpomepedic.
Ompumani pe3yromamu 0eMOHCMPYIOMb, WO BNPOBAONCEHHS ITHMENEKMY ANbHUX CUCIEM 00380JIAE He MIbKU
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niosuwumuy HAdiliHiCMb eHepeocucmem, aie Ul 3HUSUMU BUMPAmU HAd 00CIY208Y8aHHA MA ONMUMIZY8amu
BUKOPUCMAHHS PeCYpCis.

Hocniosicenna noxasano, wo KIOUOBUMU Nepesazamyl [HMENeKMYaTbHUX CUCeM € 30amHicmb
aoanmyeéamucst 00 HeCMAOITLHUX eHePLeMUYHUX PUHKIG, WEUOKe Peasy8ants Ha HAO36UYalni cumyayii ma
inmezpayis HOBUX MexXHOoN02iU. Y cmammi 8U3HAUeHO NePCReKmuUsU NOOAILUUX QOCAIONCEHb, Y MOMY YUCTE
PO3poOKU OiNbUL CKIAOHUX ANeOPUMMIE THMe2payii GIOHOGII0BAHUX Odcepesl eHepeil ma 800CKOHANIEHHS
PO3NOOINEHUX CUCTIEM EHEP2OMEHEOINCMEHMY.

Taxum uurom, pezynemamu pobomu niOMEEPON’CYIOMb, WO IHMENEKMYAIbHI CUCeMU € NOMYHCHUM
IHCMPYMEHMOM MOOEPHI3aYil eleKmpPOMEPeXNC, CHPUAIOMb CMANIOMY PO3BUMK)Y EHEPeemUYHO20 CeKmopy ma
3abe3neyyoms egekmueHe BUKOPUCANHSL eHePeeMUYHUX Pecypcie Oisl inmezpayii GiOHOGTII0BAHUX 0Jceperl eHepeii.

Knrouoei cnoea. inmenexmyanvHi cucmemu, elekmpoeHepeis, 6iOHO8M08aHi 0djcepend eHepeii,
00CNIOMNCEH S, WMYYHUL IHmMeaeKm, BIOHOGNI08AHI Odceperd eHepeil, MOHIMOpuHe, ONMuUMizayis,
asmomamu3ayis.

@. 6. Puc. 12. Taon. 1. JIim. 17.
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