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Purpose. There is a trend of transition from a purely centralized power supply to a combined one, the number of
local decentralized sources of electricity directly in the distribution networks is increasing. Distribution electric
networks are transformed into a network with features characteristic of a local electric system, which receives power
both from its own distribution electric networks and from a centralized source. Renewable energy has a number of
advantages, but there are also disadvantages. Among them - the complication of the operation of electric networks with
the growth of the capacities of renewable sources of electricity installed in them and the instability of generation due to
their natural dependence on meteorological conditions, if we talk about technical shortcomings, then this refers to the
sinusoidal nature of voltages and currents and voltage deviations, ensuring the quality of electricity which directly
depends on ensuring the balance of active and reactive power in the electrical system. The purpose of this article is to
analyze the effectiveness of reactive power compensation devices as a tool for reducing the threshold of integration of
distributed generation sources into the electrical networks of Ukraine. The task is to study the reduction of the
integration threshold for distributed generation.

Research methods. Mathematical modeling of an electrical system with distributed generation elements and
reactive power compensation devices. The influence of the operation of reactive power compensation devices on the
parameters of the electric network is studied. Comparative analysis of network parameters and their change when
implementing distributed generation together with and without reactive power compensation devices.

The results obtained. The obtained results show that the use of reactive power compensation devices makes it
possible to increase the carrying capacity of operating power lines and transformers, which is especially important
when most of the power system schemes where distributed generation is integrated are of radial type, i.e. it actually
lowers the integration threshold for renewable generation in the electric network. A very important factor is that the
introduction of reactive power compensation devices together with distributed generation solves the problem of
stabilization and voltage loss in electric networks, and also improves the quality of electric energy.

Scientific novelty. The method of selecting reactive power compensators for distribution networks has been
further developed, which differs from the existing ones by taking into account the presence of renewable energy sources
of various types, which allows to increase the efficiency of the interaction of the local electric network with the
renewable generation integrated in it.

Practical value. It consists in lowering the integration threshold of distributed generation sources into electric
networks by introducing reactive power compensation devices together with them, which affects a number of
technological parameters in the node - reduction of power and voltage losses, stabilization and control of voltage,
improvement of electric power quality indicators.

Keywords: sources of distributed generation; renewable energy; reactive power compensation devices; electrical
network; losses; implementation.

variable nature of production, the total capacity of solar
power plants (SPP) and wind power plants will be 25% of
Under modern conditions, in many developed the capacity of all sources of electricity in Ukraine [4] —
countries, the growth in demand for electricity is met [5]. The term "sources of distributed generation" or
thanks to the integration of renewable energy sources "distributed generation" (DG) is used to describe
(RES) into the electric networks (EN) [1] — [2]. electrical energy sources that are directly connected to the
electrical network or connected to it by consumers.

I. INTRODUCTION

Over the past 10 years, the greatest growth in
Ukraine has been observed in the field of solar and wind It is necessary to continue improving the methods
energy. Over the next 10 years [3], regardless of the and means of managing the normal modes of the
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electrical networks of Ukraine for the development of
renewable sources of electricity. The integration of
renewable energy sources into the power system has its
advantages, but the connection of such sources to
distribution electrical networks has a significant impact
on power losses, the voltage level in the electrical
network, as well as on the operation of relay protection
and automation.

II.ANALYSIS OF RESEARCH AND
PUBLICATIONS

The implementation of DG affects distribution EN
and turns them into active elements of the power system.
This leads to the need to make changes (or review and
modernize) in the adoption of EN management, operation
and planning strategies. At the same time, their influence
can have both a positive and a negative character,
therefore it is advisable to carefully analyze the issue of
joining EN sources to distribution EN of Ukraine.

It is possible to single out the main directions of
influence of DG on EN:

« influence of DG on losses of electrical energy in
EM;

« influence of DG on voltage in EN;

« influence of DG on the quality of electric power;

* influence of DG on relay protection and
automation;

+ the impact of DG on the reliability of work and
operation of EN;

The influence of DG on the loss of electrical energy
in EN:

Installation of DG power sources in the distribution
EN not far from the load can change the direction of
power flows. At the same time, three situations should be
distinguished regarding the nodal load and DG [6]:

1. The own load of each node in the EN is greater
than or equal to the output power of the DG sources
connected to this node.

2. There is at least one node in the EN where the
output power of the DG sources is greater than the actual
load of this node, but the total power of the DG sources of
this EN is generally less than the total load.

3. In the EN there is at least one node where the
output power of the DG is greater than the own load of
this node and the total power of the DG sources of this
EN as a whole is greater than the total load.

In the first case, installed DG sources in the EN will
affect the reduction of power losses in the distribution
EN.

In the second case, DG sources can permanently
increase the power losses in some power transmission
lines (PTL) of the distribution EM, but, in general, the
total power losses in the EN are reduced.

In the third case, the total power losses of the entire
distribution EN will be greater than before the installation
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of DG sources. At the same time, the situation when
electric energy is transported in the reverse direction, i.e.
from the EN "tail" to its main section, is quite
unfortunate. This is due to the fact that the cross-section
of power lines in distribution networks, as a rule,
decreases from the main section of the power line to its
end, and, as is known, the resistance of the power line and
its losses depend on the cross-section of the wires. Also,
different sources of DG operate with different cose and
their output reactive power can vary from insignificant
generation (gas turbine plants, etc.) to significant, on the
scale of distribution EN, consumption (wind power
plants, etc.), which also negatively affects the value of
power losses in EN [7].

Thus, the installation of DG sources can both
increase and decrease power losses in EN, which mainly
depends on the location, power, level of introduction of
DG sources in EM, their cosg, as well as on the topology
of EN, etc.

The influence of DG on the voltage in EN:
Two types of influence can be distinguished.

First, it is the effect on the voltage level in the
steady-state  EN operation mode [8]. In traditional
distribution networks, that is, in EN radial type, voltage
reduction occurs along the direction of electricity supply
to consumers, from the main section of the transmission
line to its end. After the installation of DG sources in such
an EN, the load of the power feeder decreases, and the
voltage along the transmission line may increase. In this
case, the cosp of the DG sources and the type of generator
(synchronous or asynchronous) are important. In some
cases, when using relatively powerful synchronous
generators, the allowable voltage level may be exceeded
(>1.1U). Thus, the magnitude of the voltage change
depends on the installation locations of the DG sources,
their power and coc¢ (generation or consumption).

Secondly, the influence of DG on voltage
fluctuations in EN [8]. In a traditional distribution EN, the
active and reactive load of the nodes changes with time,
which causes certain fluctuations in the voltage level in
the EN. In the direction from the main section to the end
of the power line, the voltage fluctuations, as a rule,
increase. If the load is concentrated mainly near the end
of the transmission line, the voltage level will fluctuate
more intensively. After connecting the DG sources to the
distribution EN, the latter will affect the fluctuations of
the voltage levels in the nodes, increasing or decreasing
them. In the case when the DG sources work in
coordination with the local load, that is, their power
increases (decreases) when the load in the nodes increases
(decreases), they will dampen voltage fluctuations. But,
when DG sources work inconsistently with the local load,
since the power of DG sources depends on primary
resources and the initial characteristics of which are
difficult to control (such as wind speed, intensity of
sunlight radiation, etc.), then in such a situation, DG can
significantly increase voltage fluctuations in EN. In
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addition, some DG sources (for example, WPP,
photovoltaic elements) are characterized by a strong
fluctuation of the output power, which significantly
affects the fluctuation of voltage levels in the EN nodes,
the effect is stronger, the greater the installed power of the
DG sources.

The influence of DG on the quality of electrical
energy:

The installation of DG sources in distribution EN
has a rather significant effect on the quality of electrical
energy [9] —[10].

First, DG sources lead to an increase in the flicker
dose, which can occur when powerful DG sources are
introduced or removed from operation in distribution EN,
a sudden change in the output power of RG sources,
interaction between DG sources and regulating devices.

Secondly, DG sources can generate high-order
harmonics in EN, while DG sources can either themselves
be sources of higher-order harmonics or are connected to
the distribution EN through an inverter that generates
higher-order harmonics in the network, which is typical
for fuel and fotogalvanic elements, wind turbines, etc.

Thirdly, DG sources affect voltage dips, which is
mostly related to the type of generator. For example, in
the case of DG with synchronous generators, after a
voltage drop, the latter is restored approximately to the
initial level, and in the case of asynchronous generators,
the voltage is not restored to the initial level due to a
decrease in reactive power support [11]. It should also be
noted that the total influence of DG sources on voltage
dips depends on the DG power, but not strongly enough.

If we briefly summarize the above effects of DG on
the loss of electrical energy, on the voltage and quality of
electrical energy, then the use of reactive power
compensation devices during the introduction of DG will
make it possible to partially or completely solve these
problems.

III. PURPOSE OF THE WORK

With the help of mathematical modeling and
comparative analysis, the parameters of the local electric
network into which distributed generation is integrated
with and without reactive energy compensation devices
are investigated. The ability of the reactive energy
compensation device to increase the efficiency of the
interaction of the local electric network with distributed
generation and to lower the integration threshold for it is
determined.

The main problems of the technical aspects of the
implementation of distributed generation and how
reactive power compensation devices can affect or
eliminate these problems are given.
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IV. PRESENTATION OF THE BASIC MATERIAL
AND ANALYSIS OF THE RESULTS
OBTAINED

Basically, compensation of reactive electricity is
used for:

* reduction of active e/e losses in feeder lines;

* unloading power equipment from reactive power
flowing through it;

» reduction of payments for reactive electricity;

* increase in voltage.

To reduce reactive power flows along lines and
transformers, sources of reactive power should be located
near the places of its consumption. At the same time, the
transmission elements of the network are unloaded from
reactive power, which reduces losses of active power and
voltage.

The use of reactive power compensation devices
must be preceded by a thorough technical and economic
analysis due to the high cost and sufficient complexity of
these devices.

The methods of using compensating devices,
depending on their location in the electric power system,
are divided into the following types: individual, group,
centralized.

With individual compensation, capacitors (capacitor)
are connected directly to the place of generation of
reactive power, i.e. own capacitor (s) - to an asynchronous
motor, individual - to a welding machine, personal
capacitor - for an induction furnace, for a transformer, etc.
In this way, the power wires suitable for a specific
consumer are unloaded from reactive currents. Figure 1
shows the scheme of individual compensation.
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Figure 1. Scheme of individual compensation



ISSN 1607-6761 (Print)
ISSN 2521-6244 (Online)

«EJIEKTPOTEXHIKA TA EJIEKTPOEHEPI'ETUKA» Ne2 (2024)

Po3nin «EnexkTpoeHeprernka

Group compensation - refers to the connection of
one common capacitor or a common group of capacitors
at once to several consumers with significant inductive
components.

The line feeding this group of consumers will be
unloaded from reactive power. Figure 2 shows the scheme
of group compensation.
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Figure 2. Scheme of group compensation

Centralized compensation involves the installation
of capacitors with a regulator in the main or group
distribution board. The regulator evaluates the current
consumption of reactive power in real time, and quickly
connects and disconnects the required number of
capacitors. As a result, the total power consumed from the
network is always minimized in accordance with the
instantaneous value of the required reactive power. Figure
3 shows the scheme of centralized compensation.
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Figure 3. Scheme of centralized compensation
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The main modern reactive power compensation
devices include capacitor units (0.4-10kV) and
STATKOM (6-35kV and above)

Condenser units are of 2 types:
* Regulated (automatic) capacitor units (ACU);

* Non-regulated (non-automatic) condensing units
(NCU);

Regulated (automatic) capacitor units (ACU) mean
that the reactive power in the network is regulated using a
microprocessor regulator, which, thanks to the signal
from the current transformer at the input of the enterprise
or distribution device, etc., supplies the command to close
or open the stages of the capacitor unit that make up the
battery.

The power of such an installation is calculated based
on the analysis of the electricity consumption data of the
enterprise or the power grid and is selected by the
appropriate load levels. Generation of settings is disabled
due to the settings of the regulator. A one-line diagram of
such an installation is shown in Figure 4.

2 S e

Figure 4. One-line scheme of AKU-0,4kV

The advantages include:

* automatically monitors the change in the reactive
power of the load in the network and in accordance with
the given value of cos ¢;

 generation of reactive power to the network is
excluded;

* all main parameters of the network are visually
monitored;

* a system of emergency shutdown of the condenser
installation and warning of service personnel is provided;

The switching time of one stage is no more than 3
minutes. If it is necessary to reduce the discharge time of
capacitors, special discharge devices are used.

NCU are usually used in networks of 6 kV and
above (but 0.4 kV is not an exception). The rated power is
also set by stages from capacitors, but unlike the ACU, all
stages are turned on at once or stage switching is possible
only in manual mode. The regulator is absent, or it may
be, but it is used only as a protection unit for the capacitor
unit.
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Such installations have a number of advantages and
disadvantages compared to the 6kV battery, the
advantages include:

e lower cost than ACU, due to the absence of
vacuum contactors and protective devices assigned to
them;

+ the service life of capacitors is longer, therefore
there are no frequent commutations and accompanying
peak shock currents up to 100 x Inom;

* case of operation due to the absence of mechanical
moving parts;

* lower operating costs;
* no need for constant control;

« regulation and prevention of switching devices by
personnel;

e smaller dimensions of the installation in
comparison with ACU

As for the disadvantages, the most important of them
is the possible generation of reactive power in the energy
system, which will cause serious problems.

Figure 5 shows the structural diagram of the 10 kV
NCU.
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730kVAr
Figure 5. Structural diagram of the 10 kV NCU

STATKOM (static synchronous compensator) is a
fast-acting device capable of emitting or absorbing
reactive current and thus regulating the voltage at the
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point of connection to the power grid.

It is classified as a flexible alternating current
transmission system (FACTS). The technology is based
on the "Voltage Source Converter" (voltage source
converter) with semiconductor gates in a modular multi-
level configuration [12].

The main schematic configuration of STATKOM
includes a set of filters of higher harmonics of filter-
compensating circuits, which are permanently connected
to the network or switched by switches, and included in
parallel with them in a triangle of three phases of
thyristor-controlled reactors - thyristor reactor group
(TRG) Figure 6.

The firing angle of thyristors TRG can be quickly
changed so that the current in the reactor monitors the
load current or the reactive power in the power system.

The STATKOM control and protection system
provides quick compensation of the reactive power of the
load and maintenance of the adjustable parameter in
accordance with the set point, performs protection of the
STATKOM equipment, control and signaling of failures
and can be modified for specific EM requirements.

The response time of the STATKOM control system
to a change in the regulated parameter is 5 ms for arc steel
furnace type loads and 25-100 ms for general industrial
loads of network substations.

STATCOM has a level of automation that ensures
its operation without the constant presence of personnel.
STATKOM is controlled from a remote control panel or
from an automatic technological process control system
through an external interface.

The nominal power and STATKOM scheme is
selected for a specific object depending on the parameters
of the power supply system, the type and power of the
compensated load, and the requirements for the quality of
electricity and the functions performed. For each
individual case, the non-circulating power of the TRG and
filter-compensating circuits is calculated and their
composition is determined.

As already mentioned above, the massive production
of photovoltaic energy connected to the network creates
many problems, such as voltage stability, compensation
of reactive power of local loads, operational reliability,
etc.

In order to implement the compensation of the
reactive power of local loads, reduce the loss of electrical
energy and improve the controllability of the photovoltaic
system, it is proposed to consider the option of installing
STATKOM 35kV together with SPP.
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Figure 6. An example of execution of STATKOM 35kV

(AT - autotransformer; CLR - current-limiting
reactor; Q — switch; FR — filter reactor; TV — thyristor
valve; TRG - thyristor-reactor group; FKC - filter
compensating circuit; CB — capacitor bank)

In DSTU 8635:2016 [13], there are requirements for
voltage magnitude, quality of electrical energy and
regulation of reactive power of SPP, namely:

* Permissible frequency and voltage ranges of
electricity produced by a photovoltaic plant (FPP) must
meet the requirements for frequency and voltage levels in
normal and emergency modes of operation of the power
system in accordance with GOST 13109 and DSTU EN
50160:2023. At the same time, the generation capacity of
the FPP should be reduced by the minimum possible
amount;

* Indicators of the quality of electric energy
produced by the FPP at the connection point must meet
the requirements for the quality of electricity in
accordance with GOST 13109 and DSTU EN
50160:2023;

* If necessary, the FPP should be equipped with
appropriate high-speed means of compensation of reactive
power with filters of higher harmonics. The compliance
of FPP equipment with the requirements for the quality of
electric energy must be confirmed by modeling and/or
experimentally;

* The photovoltaic plant must be equipped with
reactive power regulation functions. The current settings
of the parameters for regulating the reactive power and
voltage must be determined before putting the FPP into
operation by the owner of the electric networks (and, if
necessary, by the system operator);
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» The photovoltaic plant must be able to fix power
factor settings with an accuracy of 0.001 kVA. If the
power factor setting for a FPP with a capacity of more
than 25 MW is changed, then such changes must be
accepted within 2 seconds and take effect no later than 30
seconds after receiving the order to change the setting.
The error of the performed adjustment and set settings
should not exceed + 2% of the setpoint value or + 0.5% of
the nominal power, depending on which of the criteria is
stricter.

Therefore, based on the above-mentioned State
Standard of Ukraine, the introduction of reactive power
compensation devices is a necessity for the normal
functioning of the SPP and its integration into the EN.

Let's consider how the parameters of the normal EN
mode (Figure 7) will change when STATKOM 35 kV 6.5
MVAr is implemented (the power is chosen to cover the
local reactive consumption) together with a 20 MW SPP
in one of the districts of Odesa Region (Figure 8).

For modeling, the maximum instantaneous values
from the summer measurements of electrical energy were
taken.

The SPP generates a power of 20MW, this power
fully covers the node's active energy needs, and the rest of
the electrical energy from the SPP goes to the balancing
node in EN through the lines from substation 4.

This option is not the best from a technical and
economic point of view, because the generated electrical
energy does not remain in the node, but its remains go
through the 35kV feeder lines to the EN balancing node.

As can be seen from the simulation in Figures 9 and
10, the flow of current in the feeder power lines is
significantly reduced, and therefore the losses of electrical
energy are reduced, the lines are unloaded and the voltage
on the substations, which are closer to the balancing node,
is increased.

This greatly affects the technical and economic
efficiency of the joint operation of EN and RES.

In addition, as is known from [14] — [16], SPP
inverters are sources of harmonic distortions, therefore
STATKOM performs an additional function of a
harmonic filter, thereby improving power quality
indicators.

Also, according to the simulation results in [17], it
can be stated that STATKOM is one of the effective tools
for solving problems with voltage deviation.

As an example, STATCOM is installed at such
facilities - SVG-STATCOM 35 kV 4x8 MVAr, FC 35 kV
4x5 MVAr for Pokrovska SPP LLC (DTEK VDE LLC).
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Figure 7. Scheme of the normal regime before the introduction of STATKOM
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Cymapse TeHepyBaHHA 18.424 10.424 CyMapHe DeHepyBaHHA 17.052 9,086
Cymapre renepysaHua PV 20.000 -0.000 CymMapse reHepyBassa FV 19.996 6.498
CyMapse HaBaHTameHHA 15.000 £.500 Cyrapze HaZasrameHin 15.001 €.500
BrpaT nosnoBEHi FoTS 3.686 BrpaTu nosmoBxHL 2.004 2.298
BrpaTK nonepeudHi 0.038 0.238 Brpatu l:lDl‘lEpEHHi 0.047 0.288
Cymapsmii Hefanasc 0.000 -0.000 CymapHmit HeBamanc -0.000 0.000

Figure 9. Network parameters before the introduction of Figure 10. Network parameters after the implementation
STATKOM of STATKOM
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V.CONCLUSIONS

The installation of STATKOM 6.5 MVAr helped to
relieve the power grid lines by 109 A, and in percentage
terms to reduce the load on the lines:

Table 1. Reduction of line load

Line name | BV- | PSI- [ PS2- [ PS3- [ PS4- [ SPP-
! PS1 | PS2 | PS3 | PS4 | SPP | PS5
Before, % | 65,6 | 62.8 | 70.9 | 79.1 | 76,5 | 36.5
After, % | 24.4 | 37.9 | 56.1 | 685 | 69.3 | 31,7
lefiﬁence’ 412 | 249 | 148 | 106 | 72 | 48
0

Citing [18] - the company "DTEK VDE" completed
the process of additional adjustment of reactive power
compensation devices (Statcom) at its enterprises,
designed to solve the issue of low-frequency oscillation
damping (POD - power oscillation damping) in the UES
network of Ukraine, which was one from the conditions
of its synchronization with ENTSO-E, as well as the
implementation of Statcom, this will contribute to the
expansion of Ukraine's export opportunities in the
ENTSO-E network by 730 MW (currently, the technical
possibility for export from the united within the
framework of integration with ENTSO-E systems of
Ukraine/Moldova to Europe is 400 MW).

This indicates a real perspective
implementation of STATKOM for EN of Ukraine

of the

Therefore, the use of controlled reactive power
compensation devices:

« will allow to increase the carrying capacity of
existing power lines and transformers [19] —[20];

» will reduce the loss of electrical energy, which is
very expensive in monetary terms;

* will solve the problem with stabilization or loss of
voltage in EN;

« will improve power quality indicators.

All of the above contributes to the acceleration of
the integration of RES into the EN of Ukraine, especially
when most of the EM schemes where RES is integrated
are of the radial type.
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NIIBULIEHHS EGEKTUBHOCTI BHPOBAIKEHHS TA B3AEMO/IT
PO3MNOAIIEHOI TEHEPAIII 3 IOKAJIBHOIO EJJEKTPUYHOIO
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YHIBepCUTETy «XapKiBCHKHH TMOJITEXHIYHUN I1HCTHTYT», XapkiB, YKpaiHa, e-mail:
dmytro.kuznetsov@ieee.khpi.edu.ua, ORCID: 0009-0003-1543-7854;

Mema pobomu. Cnocmepizacmvbca menoenyis nepexody 6i0 YUCMO YEeHMPANi308aH020 eNeKMPONOCMAYAHHA 00
KOMOIHOBAH020, 3pOCMAE KINbKICMb MICYEBUX PO30CePe0dceHUX 0ixcepell eleKmpoenepzii 6e3nocepeonbo 8 po3noodiib-
HUX eleKmpuyHuUx mepecax. Posnodinvui enexmpuuni mepesici nepemsopioromucst 6 Mepexcy 3 03HAKAMU, XapaKmep-
HUMU OJIA JIOKATIbHOI eIeKMPUUHOI cucmemu, KA OMPUMYE HCUBTIEHHSA AK 8i0 GNACHUX PO3NOOINbUUX eNeKMPUUHUX Me-
peoic, max i 8i0 yeHmpanizo8anozo dxcependa. BioHoenoeanvha enepeemuxa mae pso nepesae, 0OHax € i nedonixu. Ce-
peo HUX - YCKIAOHEHHs! (DYHKYIOHY8ANHS eLeKMPUYHUX MePeNC NpUu 3POCMAHHI 8 HUX 6CMAHOGIEHUX NOMYICHOCEN
BIOHOBIOBAHUX Odicepell eIeKMPOeHep2ii ma HeCMAabIbHICMb 2eHePYBAanHs Yepe3 NPUPOOHY IX 3a1edCHICIb 8I0 Memeo-
PONO2IUHUX YMO8, AKUIO NPO MEXHIUHI HeOONiKU MO ye CMOCYEMbCA - CUHYCOIOHOCMI Hanpye i cmpymie ma 6i0XueHsb
Hanpyeu, 3a0e3neyeHHs AKOCMI eleKMpPOeHepPeii ke Hanpsamy 3a1edcums 6i0 3abe3neueHHs: OAIAHCY NO AKMUGHIN ma
PEeaKmueHili NOmMys*cHOCmi 6 enekmpuyHitl cucmemi. Memoro yici cmammi € ananiz egpekmugHocmi pobomu npucmpois
KOMReHcayii peakmu@Hoi ROMYAHCHOCMI SIK THCMPYMeHmy OJis 3HUICEHHS nopo2y IHmezpayii 0dicepen po3nooiieHoi ee-
Hepayii 8 enekmpuyHi mepedxci Yxpainu. 3a60anns nonaeac 8 00CaiOHCeHHi 3HUNCEHHS THMe2payitinozo nopo2y O po3-
nooinexoi eenepayii.

Memoou oocnioxncennn. Mamemamuute MOOENI0BANHS eEKMPUYHOL CUCIEMU 3 eTleMEeHMAMU PO3NOOLNEeHOT ceHe-
payii ma npucmposmMu KOMReHcayii peakmusHoi nomyaxcnocmi. JJocnioxncyemscs 6Raue pobomu nPpUcmpoié KoMnerca-
yii' peakmueHoi nomysicHocmi Ha napamempu enekmpuyHnoi mepesici. IlopieuanbHull ananiz napamempis mepesici ma ix
3MIHA NPU BNPOBAONCEHHT PO3ZNOOLNEHOT 2eHepayii pa3om 3 NPUCIPOIMU KOMIEHCAYIT peakmugHoi nomyscHocmi ma 6e3
HUX.

Ompumani pezynomamu. Ompumani pe3yrbmamu noKazyomys, Wo 3acmocy8anHs NPUCMpPOoi8 KoMneHcayii peax-
MUBHOT NOMYAHCHOCMI 003601A€ NIOBUUUMU NPONYCKHY CAPOMOIICHICMb Oltouux NiHil erekmponepeday i mpancgop-
Mamopis, wo 0coOIUB0 YIHO KOMU DLIbULICMb CXeM eleKmpoMepedci Kyou IHme2pyemvCsi po3nooleHd 2eHepayis MAe
paodianvrull mun, moomo, paxmuiuHo 3HUXHCYE IHmMezpayiliHull nopie 01 8i0HO6II0EANbHOI ceHepayii 8 eleKmpudHi Me-
peoici. Hemano saxciueum gaxkmopom € me wjo, 8NPOSAONCEHH NPUCMPOLE KOMNEHCAYI] PeaKmueHol NOMyNCHOCMI
PA30M 3 pO3NOOLNEHOI0 2eHepayicio supiulye npobiemy 3i cmabinizayicio ma 6mpamor Hanpyeu 6 eieKmpuyHux mepe-
JHCAX, A MAKOHC NOKPAUYE NOKAZHUKU AKOCMI eIeKMPUYHOT eHepeii.

Haykosa nosuszna. Ompumasg nooansuiuii po3eumox mMemoo eubopy KOMHEHCAmopie peaKmuHoi NOMYHCHOCHI
OJ1s1 PO3NOOIILYUX MEPENC, WO GIOPIZHAECMbCS 8I0 ICHYIOUUX 8DAXYEAHHIM HASAGHOCMI GIOHOBNIOBAHUX Odcepell eHepeil
PI3HUX MUNIG, WO 00380JIAE NIOSUWUMU eheKMUBHOCTIT 83AEMODIT TOKANLHOT eleKMPUYHOT MepediCi 3 IHMe2po8aHow 00
Hei 8i0H08I108ANILHOIO 2eHEPAYIENO.

Ilpakmuuna yinnicme. [lonseac 6 3HuUdICeHHI IHMeZPAYiUHO20 NOPO2Y 6 eNeKMPUYHI Mepedici 0dcepen po3nodiie-
HOI' 2enepayii, 3a paxyHoK 6NPOBAONCEHHS PA3OM 3 HUMU NPUCNPOI8 KOMNEHCAYI] peaKmueHOi ROMY#CHOCHI, Wo 8Niu-
8a€ Ha pA0 MEXHONOSIMHUX NAPAMEmpI6 6 GV3Ii - 3HUIICEHH 6Mpam NOMYJICHOCHMI ma Hanpyeu, cmabinizayis ma
YNPAGAIHHA HANPY2010, NOKPAWEHHS NOKA3HUKIE AKOCMI eleKmMPUUHOiL eHepeii.

Knrwouosi cnosa: oixcepena poznodinenoi zenepayii; 6i0H061108a1bHA eHePeMUKA; RPUCMPOT KOMReHcauil pea-
KIMUGHOT NOMYIICHOCI; eeKMPUYHA Mepedica; 6MmPamu; 6nPpoeaoIHceH .
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