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Preface

Ensuring operational reliability and safety of objects integrated power system of
Ukraine’s complex task. Solution of which is related to the optimization of oper-
ating modes of electric power facilities and their control systems, information and
measuring systems and metrological support in the electric power industry, ensuring
the functioning of the electric power system in the conditions of a competitive market
of the electric power.

Monograph presents the research results aimed at covering solutions to current
scientic and practical problems, occuring during the operation of integrated power
system of Ukraine in modern market condition in the next areas:

– implementation of new approaches to the calculation of the capacity of intersec-
tions between power systems or their parts;

– study of power system stability by frequency with considering account the inu-
ence of renewable generation sources and the operation of frequency emergency
automation devices of power plants;

– research methods for identication of dominant modes of low-frequency elec-
tromechanical oscillations are suitable for use in real time in monitoring
systems;

– development of new methods of ow distribution analysis in electric networks
of arbitrary structure, which allows to take into account the limitations of power
ows when modelling the decentralized combination of electricity markets in the
market segment “day ahead”;

– studies of short-term forecasting electricity generated by renewable energy
sources and development new neural deep learning networks architecture;

– development structural and parametric operating modes optimization methods
for main electric networks with considering design features of ultra-high-voltage
power transmission lines and coronation effects in their wires;

– development methods and devices for improving metrological and technical
characteristics of measuring systems for monitoring and diagnosing generating
equipment of power plants.

v
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Develop these areas, the monograph covers new technologies and methods related
to the management of large interconnected power systems, solving a stable and reli-
able problem of electricity generation, ensuring optimal operation of transmission
lines taking into account the probabilistic nature of corona losses, sources of elec-
tricity from renewable sources and energy sources. Devices with remote control,
which is reasonable in the case of cyclical and long-term changes in load, as well as
assessing the impact of transmission network constraints on electricity exchange in
the context of integration of electricity markets into the European electricity market.
So, the monograph can be divided into several main sections.

The main part of the monograph is devoted to the management of power systems.
Total transmission power is an important indicator of any system interfaces used
to maintain system stability in a market environment. Information about the total
transmission power for power systems management used. In addition, total trans-
mission power daily or even hourly to estimate the reliability margins for all power
transmissions through the interfaces of each network. According to the proposed
approach, users spend their time setting up and preparing big data for calculations.
This approach signicantly reduces the number of errors of operational staff when
performing calculations. To optimize the modes of operation of the transmission
line, proposed to solve problems of voltage and reactive power optimization. Power
lines operating mode monitoring consists of correct choice of the composition of
the charging power compensation devices in order to regulate the voltage levels
and power coefcients at the bus terminals. By using modern devices for controlled
compensation of power line charging, it is possible to achieve deeper regulation
of reactive power and voltage, and, accordingly, to minimize the loss of active
power. Interconnected mathematical models set to determine the economic effect
of optimizing the mode of operation of the electrical network with ultra-high power
lines in terms of voltage and reactive power, taking into account the probabilistic
nature of corona losses. Methods, algorithms and methods of operative optimization
of operating modes of separate power lines taking into account corona losses are
developed.

Methods for solving the problem of choosing the optimal places of disconnection
in electricity distribution networks and implementing its results are considered. This
shown that a universal solution is the use of power electronic devices, which makes
it possible to form the so-called “soft points” of the distribution circuits in the active
control and reactive power ows to ensure minimum power loss due to rapid response
to changes in electrical load and/or modes of production and energy storage in the
presence of scattered sources of production means and electricity storage. New tech-
nological solutions are proposed that allow to effectively reduce electricity losses in
distribution networks with local sources of energy production and storage due to the
possibility of dynamic management of the network conguration.

Devoted to the analysis model checking technique applicability in energetics
scenarios. Proven and widely adopted TLC (TLA checker) model checker has
been considered as an instrument for design solutions verication. To this end,
the Temporal Logic of Actions (TLA) and corresponding formalisms—TLA+ and
PlusCal—have been applied to formally specify the functional properties provided
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as block-diagrams. Power systems management scenarios taking place in electricity
markets have been approached as promising problem domain.

Unsatisfactory accuracy of RES electricity generation forecasts leads to additional
production and/or consumption disparities and additional costs for settling these
imbalances. In such circumstances, it is possible to improve the quality of decision-
making when planning regimes, using accurate forecasts for the markets for the day
ahead and intraday. For this purpose, a new architecture developed for short-term
energy forecasting of aggregate RES production.

The other part of the monograph on the monitoring and control system designed
to identify the danger of disruption of the stability of self-energy and its equipment.
To assess the condition of generators as mechanical systems, a structural system
of systems and a new type of mechanical parameters meter proposed. The use of
the system and sensors allows for depth monitoring of the condition of individual
generator units in real time, in order to implement the automatic ability to decide on
the possibility of operating the generator based on the use of identication systems
and articial intelligence.

In power systems, especially in interconnected ones, Low-Frequency oscillations
(LF) periodically occur, leading to accidents with severe consequences. The study of
frequency stability in power systems based on the consideration of local frequency
control to mitigate the impact of renewable generation on high-load linear ows
and the impact of frequency stability considered frequency alarm systems and AGC
modelling. The results of researches of various methods of signal analysis for their use
in real time for detection of modes of electromechanical oscillations in power systems
presented. Using real-time methods under certain conditions, different results of LFO
mode identication obtained. This approach allows you to get a more reliable estimate
of the parameters of the LFO modes more reliably.

The presented research results in monograph allow increasing the reliability and
efciency of operation of energy facilities and ensuring the stability of power systems,
the introduction of effective methods and tools for forecasting electricity supply,
optimize power systems, suggest road map to integrate electricity markets taking
into account network constraints in modern conditions of electricity markets.

The authors of the monograph are mainly from Institute of Electrodynamics of
the National Academy of Sciences of Ukraine.

Kyiv, Ukraine
April 2021
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