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Abgract. In the paper, the important issues of the
power sysem gahility have been consdered. The
theoretical backgrounds of amall-signa stability analysis for
power systems sudies and its application for validation of
power sysem dynamic modds using transent stahility are
presented. The consdered example of dynamic modes
validation uses procedures based on the both small-signa
gahility anaysis and time domain smulation.

At present, in Ukraine, the activities are held to
provide the synchronous operation of the national 1PS
with European grid ENTSO-E. It requires solving of
numerous tasks including the frequency stability and
export power flow control in order to provide a flexible
control of the IPS operation. In particular, including a
DC link in the “Burshtyn idland” interface in most cases
will improve a reliable schedule implementation to
ENTSO-E and will increase the reserve capacity at
Burshtyn thermal power plant.

Taking into account the stated above, the frequency
gahility of the IPS of Ukraine has been studied considering
DC link connecting Khmelnitskaya nuclear power plant and
Rzeszow subgtation. In order to smulate long-term
dynamics, the detailed modd has been devel oped including
the automatic power controller of “Burshtyn idand”,
automatic generation controllers of IPS of Ukraine and
unified power system of Russia, DC link control system and
ENTSO-E border area modds. The frequency control
smulation is performed in the event of generating unit
disconnection at Burshtyn thermal power plant.

The obtained simulation results show that modern
DC link application provides a flexible regulation of the
export power flows in AC/DC hybrid power systems to
control the reserve capacity of Burshtyn TPP. Due to the
active power flexible regulation by modern DC link, it
becomes possihle to use the secondary reserves
controlled by the nationa automatic generation
controller for “Burshtyn idand”.

Key words low-frequency oscillations, smal signd
gdahility, methodology of sudy, frequency <ahility,
interconnection to ENTSO-E.

1. Introduction
Several years ago, transmission system operators
(TSO) of Ukraine and Moldova requested for a syn-

chronous interconnection to the system of the Regional
Group Continental Europe of European Network of
Tradsmisson System Operators for Electricity (ENTSO-E).
The Consortium of European TSOs has been formed in
order to elaborate the “Feasibility Study on Synchronous
Interconnection of the Ukrainian and Moldovan Power
Systems to ENTSO-E”. The main objectives of the
feasibility study is to investigate the possibility of the
Ukrainian and Moldavian power systems to operate in
pardld with the Continental European Synchronous
Area respecting its and ENTSO-E technical operational
standards.

It should be noted that the technical operational
standards used in ENTSO-E and Ukrainian/Moldovian
(UA/MD) power systems are quite different. At the same
time, any technical operational standards in any power
systems are based on the well-known power engineering
principles. However, there is ill a gap between the
engineering practices used for stability anaysis in
ENTSO-E and in our Ukrainian system. In order to
understand the particularities and practices used for
power system studies at ENTSO-E, it is of paramount
importance to exhibit some aspects of the theory of
stability and its applications.

This article deals with three very important kinds of the
power system gability. It includes the theory of small-signal
dability analyss and application of this theory to the
validation of power sysem’'s dynamic modds using
trandent ability. Taking into account the SuperGrid
formation in European countries and the integretion of the
interconnected power system (IPS) of Ukraineto ENTSO-E,
in paticular using the direct current (DC) technologies
alowing an increese in the export power flows, the
frequency stahility study is an important task aswell.

2. Theoretical background of small-signal
stability analysisand methodology of its study

The majority of power system components, such as
generators, excitation systems, governors and loads,
have nonlinear characterigics. These components and
their associated controls may include saturation and
output limiters. Despite the fact that the theory of
nonlinear systems can be used to study such a system, it
isapplicable only for small and smple systems.
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On the other hand, the theory of linear systems can
provide useful insights into the operating behavior of an
interconnected power system. The use of this theory is
based on the principle that the dynamic behavior of the
system is linear (or quasi-linear) in the neighborhood of
its equilibrium point. Fortunately, low frequency
oscillations in a power system are fairly linear when
caused by disturbances of a small magnitude such as
random fluctuations of generation and load. The
variations in system dynamic variables such as a
machine rotor angle and speed are aso small under these
circumgances and the assumption of linearity of the
system moddl in the neighborhood of a given operating
point provides valid results.

In the traditiona “Russian school” of power system
analysis, there were not significant achievements in
practical methods and tools of small-signal stability
investigation. The main attention was paid to study
of aperiodic steady-state (static) stability and
transient (dynamic) stability of synchronous
machines. An exception case was the oscillation
stability described in [1]. However, a very small test
system has been used in that paper to demonstrate
the modal analysis techniques.

The advantage of accepting a linear model for
the system analysis is that the theory of linear
systems is in the mature state, meaning that
methodologies, algorithms, and tools, able to deal
with very large systems in reasonable computation
time, are available.

In power systems, the study of system stahility using
linear models is commonly referred to as “small-signal
stability analysis’. Thistype of study allows the analysis
of so-called steady-state stability. The following types of
oscillation modes can be detected and identified through
the small-signal stability analysis[2]:

Local modes: associated with the oscillations of
units at a power station with respect to the rest of the
system (oscillation frequency between 1 Hz and 2 Hz).
These oscillations are located at one station or in a small
part of the system.

Inter-area modes. associated with the swing of
many machines in one part of the system against
machines in the other parts (oscillation frequency
between 0.1 Hz and 1 Hz). Caused by two or more
groups of coherent (electricaly close) machines being
interconnected by a weak transmission network.

Control modes. associated with generating units
and their controls. The usual causes of instability in such
modes are improperly tuned excitation systems, speed
governors, high voltage direct current (HVDC)
converters, and static voltage controllers (SVC).

Torsional modes: associated with the
rotational components of turbine-generator shaft
systems. The usual causes of instability in such modes
are interactions of the metioned systems with
excitation controls, speed governors, HVDC contrals,
and series-compensated lines.

It must be emphasized that stability in small-signa
sense is anecessary (but not sufficient) condition for po-
wer system operation. As consequence of not being a
sufficient condition, the results of small-signal stability
anadysis must be assessed through nonlinear time-do-
main simulations (electromechanical transient smula-
tions).

Thefirst step for the small-signal gability anaysisis
the linearization of a power system dynamic modd in
the neighborhood of a given operating condition. The
linearized system is then used to compute the following
parameters.

System eigenval ues and eigenvectors (both right
and left);

Participation factors;

Controllability and observability indices.

Critical oscillation modes are defined as modes with
alow damping level (the International Council on Large
Electric Systems (CIGRE) recommends a minimum
damping of 5% on eectromechanical oscillations in
power systems). The identification of critical oscillation
modes darts with the computation of the system
eigenvalues. As the power system model is very large,
the computation of all system eigenvalues through the
orthogonal decomposition-based methods (i.e. QR
factorization) is not recommended due to the large co-
mputational time and memory usage required by these
methods [3].

Inter-area modes are pre-identified by selecting the
modes the frequency of which lies in the range between
0.1 Hz and 1 Hz. To cometo the final decision on which
modes actually the inter-area modes are, a further step is
needed. an anadysis of the mode shapes, which is ex-
plained afterwards.

The goals of the participation factor and the mode
shape analysis are twofold: to identify the machines
associated to the critical oscillation modes (analysis of
participation factors) and the inter-area modes, within
the modes with frequency between 0.05 Hz and 2 Hz.
The participation factors provide an indication of the
contribution of the machines to a given mode. This is
very useful for identifying the machines that make major
contributions to the critical modes, as well as to the in-
ter-area modes. In this study, the participation factors of
all modes classified as critical (damping ¢ < 5%) in the
eigenvalue computation phase are caculated and
anayzed in order to provide indications on the machines
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that take the most active participation in the critical
modes.

The mode shapes give the reative magnitude and
the phase of the oscillations for a given state variable.
Since the objective of this project is to analyze
electromechanical oscillations, the rotor speed or angle
must be chosen as a state variable.

In many power system studies, the mode shapes out
of all oscillation modes with frequency between 0.05 Hz
and 2 Hz are calculated and analyzed in order to identify
al inter-area modes. Having identified these modes,
thelr respective damping ratios are carefully analyzed. In
case of poorly damped inter-area modes, the necessary
measures to improve the damping are recommended.

3. Authomatic voltage regulator models and
validation of the dynamic model of IPS of Ukraine

One of the very interesting applications of the small-
signal gahility analysisis the validation of power system’'s
dynamic models. In general, the time domain smulation is
mainly used for the analyss of dynamic modds
performance. The idea is to show that the small-signa
dahility analyss may contribute to the results obtained
from the time domain smulation and vice versa. The
following practical example gives a bright application of the
both approaches (for example, the lates modd of IPS of

25

Ukrainein DigSILENT PowerFactory which is used by the
Ukrainian TSO for different projects. Latdy, these modds
were used for the Ukrainian and Moldovan Power Systems
Integration (UMPS) project).

For verification purposes, it is necessary to take
several steps presented bel ow:

The base case modd of the IPS of Ukraine has
been chosen for comparison.

The above-mentioned model of the IPS of
Ukraine has been tuned. The following points have been
checked:

a.  network configuration (220 - 750 kV lines)

b. 750 kV shunt reactors’ configuration

c. active power generation of nuclear power plants
(NPP) and thermal power plants (TPP).

Fig. 1 shows an automatic voltage regulator (AVR)
modd (AVR-SD type). The following denotations are
used: U, U are the signa and setpoint of the voltage
generator; f isthe generator bus frequency; curex stands
for the current excitation generator signal; Koy, Kyu,
Kor, Kir, Ki are the gains of regulator channds, Ty,
Tor, T1r ik, Teen, Tow Fepresent the time constants of
regulator channds; T, denotes the time constant of the
exciter; VOEL is the signal from the over excitation
limiter (OEL).

Fig. 1. AVR modd for 1000MW NPP units.

This section presents the results of a small-signal
and transient stability analysis. The results of the small-
signal stability analysis show that there is an inter-area
mode with poor damping (see Fig. 2 and 3). Fig. 2 shows
governer speeds (one of controllability indices) for

chosen plants. The poorly-damped mode corresponds to
the oscillations of Zaporizka nuclear power plant (NPP)
againgt the oscillations Khmelnytska and Rivnenska
NPPs (Fig. 4, a), hereafter named as “ZNPP vs KNPP
and RNPP’ mode.
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In the case of critica inter-area modes, the
identification of the candidate machines for AVR para-
meters retuning is performed. The choice of the machine
and the input signals to be used for improving the dam-
ping of critical modes is not straightforward. It depends

on the calculation of controllability and observability
indices [2]. In this study, if any criticd inter-area mode
is detected at a certain operating condition, the necessary
recommendations for the AVR parameters retuning are
given.

Fig. 2. Controllability indices for the chosen plantsin a critical mode.

After scrupulous anaysis of the date and the model,
it has been found that the AVR settings at the nuclear
units of 1000 MW play a significant role in the “ZNPP
vs KNPP and RNPP” inter-area oscillations. The AVR
settings for all 1000 MW NPP units have been double-

checked taking data from al the sources available. The
updated AVR settings for 1000 MW units are presented
inTable 1.

Moreover, the damping of eigenvalues (0.5 — 1 Hz
frequency range) has been improved (Fig. 3).

Table 1
Updated AVR settingsfor NPP units
F;cl);vntir Khmelnytska NPP Zaporizka NPP Pivdennoukrainska NPP Rivnenska NPP
Unit 1 24 1-6 1-2 3 3 4
Kou 19.84 19.6 25 25 25 25 25
K1uU 2.36 1.73 15 3.75 2.88 1.64 1.73
KOF 2.24 19 7.5 15 1.44 1.22 1.44
K1F 0.83 0.796 25 1 1.152 19 23
K1IF 217 1.57 2.16 2.16 2.16 1.54 1.62
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Fig. 3. Eigenvalues for two sets of AVR setting (blue color —for standard settings, green color —for updated settings).

a)

b)

Fig. 4. Results of time-domain simulations of a critical mode for two sets of AVR settings.

Fig. 4 presents the results of the time-domain
simulations that clearly depict the “ZNPP vs KNPP and
RNPP’ inter-area mode after modifying the AVR
settings at 1000 MW units.

The theory of small-signal gability is the practice
useful for tuning and validation of models. The results of
the analysis show the necessity of a preventive measure
for the damping of oscillations in an inter area mode
within Ukraine for the scenario of parallel operation with
the ENTSO-E power system.4. Frequency stability and

flexible automatic generation control for embedded
HVDC links

Future energy systems networks will completely
differ from the actual power systems. High- and low-
powered converters will be massively deployed in
several areas of the dectric network: (i) renewable
energy from highly variable generators connected over
high-powered converters, (ii) severa technologies for
energy storage with very different time constants, some
of them using power converters as an interface to the
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grid, and (iii) Pan-European transmission network faci-
litating the massive integration of large-scale renewable
energy sources and transportation of electricity based on
underwater multi-terminal high voltage direct current
transmission. The developments of the stronger
interconnections and the massive integration of offshore
wind power in remote locations are steadily increasing
the demand for more robust, efficient and reliable grid
integration solutions. The multi-terminal direct current
(MTDC) technology has the potentiad to increase
transmission capacity, system reliability, and eectricity
market opportunities.

The integration of HVDC links into transmission
systems has the potentia to develop a powerful new tool
for controlling both over and under frequency
conditions. The high degree of controllability inherent to
the active power flow on HVDC links alow rapid
changes of power flows to be used to counter active
power imbalances. Thus, providing the frequency
stability in the power system taking into account the
HVDC technology is an important and actual task.
Frequency stability determines the ability of a power
system to restore its normal frequency in the event of the
imbal ance occurrence.

Primary frequency control using the HVDC has been
a hot topic during recent years. Severa publications
were devoted to the development and testing of the
controllers in order to enable the HVDC systems to
provide an inertial response to frequency deviation [4].
The HVDC for the primary frequency control has been
considered in several publications [5]. However,
secondary and tertiary frequency control considering the
HVDC or MTDC systems was given a very low
attention in recent publications.

The frequency control in power systems comprises
usually the primary and secondary control. A future power
system will require an active participation of the HVDC to
support the primary and secondary frequency contral.

The frequency control can be considered to be one
of the most crucia aspects of ancillary services. It is
responsible for the operation of the power system within
acceptable frequency limits. The classical approach to
the frequency control can schematically be divided into
three stages: primary, secondary and tertiary control.
This is a tiered approach where the controllers are
responsible for frequency containment, frequency re-
storation, and replacement reserves, respectively.

The primary control refers to the control actions that
are done locally (at the power plant level) based on the
setpoints for frequency and power. The objective of the
primary control isto maintain the balance between gene-
ration and consumption in order to stahilize the post-
disturbance frequency.

The primary frequency controllers are typically
simple proportional controllers. The generating unit
participating in the primary control uses a proportional
constant in the controller, named speed droop D. The
constant provides a relationship between a momentary
frequency deviation (Df) and a change in eectric power
production (DP), D = Df /DP, measured in HzZ/MW.

The post-disturbance steady-state frequency differs
from the nominal frequency, especially because the
droop characterigtics in the primary controllers and the
load sdf-regulation effect. The secondary frequency
control, also called Load Frequency Control (LFC),
adjusts power setpoints of the generators in order to
compensate for the remaining frequency error after the
primary control has acted.

The purpose of the secondary contral actions is to
restore the system frequency to the nomina setpoint, and
ensure that any tie-line flows are at their contracted level.
The global analysis of the power system markets shows that
the automatic generation contral (AGC) is one of the most
profitable ancillary services a these systems.

The AGC is the contrdler creasted for the following
functions (i) to maintain the frequency at the setpoint value
(frequency contrd); (i) to maintan the net power
interchanges between neighboring control arees a ther
scheduled values (tie-lline contrd); and (iii) to maintain
power alocation among the unitsin accordance with the area
digpatching needs (energy market, security or emergency).

Based on the above objectives, two variables —
frequency and net power intechange — are combined and
used in a supplementary feedback loop [6]. A suitable
linear combination of the frequency (Df = fieas —fref,
where fieas is the measured power system frequency; fr
is the setpoint frequency) and net power interchanges
(DPtie= Piie - Prierer, Where Pye is the current net power
interchange; Pierer IS the setpoint net power interghange)
is known asthe Area Control Error (ACE):

ACE =-DR,, +| jDf Q)

tie

where |  is a bias factor measured in MW/Hz. The

ACE corresponds to the power by which the total area
power generation must be changed in order to maintain
both the frequency and net interchange power at their
setpoint values. The AGC is a central frequency regu-
lator, which uses an integrating element in order to
remove any error; the integrator may be supplemented
by a proportional element. For such a proportional-
integra (PI) regulator the output signal is:

DR =KpACE +K, ¢y ACEdt . @

where K, K, areproportional and integral gains of Pl
contraller; t, t; areintegration limits.
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The aim of the frequency bias factor | ; isto fully

compensate for the initial frequency response of the
area. The regulator in an area tries to restore the
frequency and net tie-line interchanges after an active
power imbalance, so it enforces an increase in the
generation equal to the power deficit. The regulation
is executed by changing the power output of power
plants in the area through varying the reference signal
in their governing systems.

The regulator output signal DP;¢ is then multiplied
by the participation factors as, ay, ..., o, which define
the contribution of the individual generating units to the
total generation control asshown in Fig 5.

DPrefl

DPrer2
I
|
|

DPe
_> DPrefn

Fig. 5. Thefunctional diagram of a central regulator.

The control signals DPg1, DPrera, ..., DPren 0b-
tained in this way are then transmitted to the power
plants and delivered to their governing systems.

The structure of the AGC of an interconnected
power system is shown in Fig. 6. It consists of n power
plants with the generating units participating in
frequency support.

Control levels

System
Level

_____ [ al
Power f Power

Power f; I meas
Pant ! plant 1 "=, Power ) Power plant n l
I controller 1| controller n |
[ Levd : oPy| Dlel : : mel - P :
Ge:)e::ion ”Governor Lll---l Governorln“ ”Governor n1|---|Governor nn“
UnitLevel | £ DPtllL fim | DPumy | | fo1 DPmll fam DPtml |
| 11 ) | | |
I [ |
| Gn Gim I 1 Gu Gm |

Fig. 6. The structure of an interconnected power system
and representation of the AGC.

There are three control levels of the active power and
frequency control. The upper system control level is
presented by the AGC of the area (system level). The
input signals are: the measured system frequency fieas.
the setpoint frequency in the power system f.4, the

measured tie-line flows Pyowk, K =L_p , where p is the

number of tielines, and the setpoint net power
interchange Piie rer-

Based on the tie-line interchanges Prowk, the net
interchange power Py is calculated as:

p
Re = a Prowk ©)
k=1

Further, an area control error ACE as well as the
output signa of the AGC controller 4P, are calculated
according to (1) and (2). The output control sgnal of
AGC APy (i :171 , where n isthe number of regulating
power plants) is transmitted to the i-regulating power
plant.

At the i-th power plant control level, the signal Ppc;
formed by the power plant Pl-controller is calculated as:

m
CE =K,Df +DP - a DR;
=

ti)

t
Poci = KFF:,iCCEi + KIF,)iC oCE dt (4)
I’

where Kp,ipc is the proportional gain of the i-th power
plant Pl-controller; K|,ipc is the integral gain of the i-th
power plant Pl controller; Ky is the coefficient of
frequency correction at the i-th power plant; DPy; is the
difference between the actual power and the setpoint
power of the j-th generating unit ( =1m, where mis
the number of generating units) of the i—th power plant
participating in the secondary frequency control.

The distribution of the control signa Ppg at the i-
power plant control level is performed in accordance
with the participation factors Sij of the generating units
in the secondary frequency control (see Fig. 6):

DR, = bij Peci ®)

where APj; isthe control signal from the i-th power plant
controller. Thissignal isdistributed in such away that:

m
P =& DR i=12..,n (6)
i=L
and
3 a8
DR, =a DRy =4 a DR, (7
i=1 i=1j=1

The calculated control signal 4P;; from the power
controller is transmitted to the turbine governor of the
generating unit (aggregate control level) using the speed
changer motor (see Fig. 6). Further, according to the
reference control signa 4Pj, the turbine governor
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changes the turbine power. Thus, changing the power of
the generating units restores the normal frequency and
scheduled net interchange power.

The future power system will require an active
participation of the HVDC grids to support the AGC
function of frequency control. The classical approach is
applied to a hybrid AC/DC system where a HVDC link
is embedded in atraditiona AC system. The structure of
the proposed controller enabling the participation of the
HVDC link in the AGC support is presented in Fig. 7.
There are four control levels of the active power and
frequency control [7]. The upper system control level is
presented by the AGC of the power system. The input
signals are the system frequency measurement fieas in
the power system, the scheduled power on the interface
Piierer and line interchanges (AC lines. Pyowk, and DC
line: Ppe).

Control levels

System

Level
Power

Power | plant 1 frews | Power |l |1l Power [, fireas PI‘;‘:]I?“ |
Plant | controller 1|1 | I| controlle n P |
Level : DP DPym : : DPa| - DPm :
I|G0vem0r 1,1|---|G0vem0r 1m|I - 'l Governor n1|---|G0vem0r nmlI
Generdtion | 111 |
unit Ly DPutf fum | DPunp | | | fus | DPozy  fam] DPu |
Unit Level | . | : [
| T |
_____ I_Cu I

HvVDC
Link
Level

Fig. 7. The gtructure of a hybrid AC/DC interconnected power
system considering the proposed AGC controller.

Based on the tieline interchanges, the net
interchange power (Pye) is calculated as:
$
Rie = @ Phowk + Foc 8

In the AGC of the power system, the system
frequency deviation (Df) and deviations in the net

interchange power (DP,¢) are calculated. Also, on basis
of these values the ACE is calculated . In this paper, the
proposed AGC includes a control system to provide
signals to the embedded HVDC linksin order to provide
a frequency senditive response and control power
interchange. The control is designed to make use of the
fast response and lower loses of the HVDC system and
aleviate the AC trangmission system in the interface
between the ISPs. A proportiona controller is used to
define the change in the HVYDC based on the AGC:

Poc,rer = ch,ref +0pvoc ACE 9)
subject to:

POS" £ Poc g £ R3S (10)

where PSC’,Ef is the pre-disturbance power flow on the

HVDC link; PX, PR are power limit of the
converter station; g, isaHVDC participation factor

in the secondary contral.

It should be noted that in Ukraine, the activities
are held to provide the synchronous operation of the
IPS with ENTSO-E. One of the cases of the export
power flow control is the DC link application. The
electricity exportersin Ukraine are also interested in
the construction of modern DC links as it provides
the flexible control of IPS operation. In particular,
including a DC link in the “Burshtyn island”
interface in most cases will improve the
implementation of a reliable schedule to ENTSO-E
and will increase the reserve capacity at Burshtyn
thermal power plant.

Using the above-mentioned, the frequency stahility
of the IPS of Ukraine has been studied considering the
DC link connecting Khmelnytska nuclear power plant
and Rzeszow substation. In order to simulate long-term
dynamics, the detailed model has been developed
including the automatic power controller of “Burshtyn
idand”’, AGCs of the IPS of Ukraine and unified power
system of Russia, DC link control system and ENTSO-E
border area models (750-220 kV network models of
Poland, Slovakia, Hungary and Romania). The
frequency control simulation is performed in the event of
the disconnection of a generating unit at Burshtyn
therma power plant. In Fig. 8, the power flows at the
interfaces between the IPS of Ukraine and ENTSO-E are
depicted.

602,2

Albertirsa - ZUkr 493 MW

(BB MW P~
300 MW DC KhmNPP - Rzeszow 436 MW
310,1 AVAVA T
2713 M : Mukacheve - Sajoszoged Mukachevo - Kisvarda
17.96 - - : 1348 MW
% Mukachevo - Tiszalok Mukaghevo - Rosiori, g6 MW
ol
-274.2 -
| 5534 MW
-566,3 A ;’\ 7 Mukachevo — Kapusany -679.7 MW
\ L e
',U,' YAV, \V
-858,5 . : '
0 22 54 86 118 ftsec 150

Fig. 8. Power flows between
the IPS of Ukraine and ENTSO-E.

Other simulation results, as well as the frequency
control structure in the IPS of Ukraine are shown in
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detail in [8]. The analysis of power system operation
has shown that the modern DC link application
enables to provide flexible control of the export
power flows in AC/DC hybrid power systems to
control the reserve capacity of Burshtyn TPP. Due to
the active power flexible regulation by the modern
DC link, it becomes possible to use the secondary
reserves controlled by the national AGC for
“Burshtyn Island”.

5. Conclusion

The role of the small-signa <tability theory for
power systems studies is demondtrated by the practical
study case for the ongoing project on the Feasibility
Study on Synchronous Interconnection of Ukrainian and
Moldovan Power Systems to ENTSO-E. The dynamic
models validation example has used the procedures,
which are based on both the smal-signal sability
anaysis and the time domain simulation.

It shows a traditional application of the small-signal
stability theory for the identification and anaysis of
poorly-damped power oscillations in modern power
systems.

The frequency stability in the event of paralld
operation of the IPS of Ukraine and ENTSO-E has also
been studied. It is determined that the DC link
application considerably enhances the flexibility of
export power flows control and consegquently alows the
frequency regulation to be improved that is one of the
requirements of connecting the IPS of Ukraine to
ENTSO-E.
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MPOBJIEMU CTIMKOCTI Y CYUACHHUX
EHEPTETUYHHUX CUCTEMAX

Onexcanap Kupunenko, BeceBonon ITaBnoBchkui,
JIyx’ sin JIyk’ ssHenko, Anron Cremok, Oner Jlensra

VYV crarri po3MNIAHYTO BaXJIMBI INUTaHHSA CTIMKOCTI
eHeprocucreM. lIpencTaBineHO eneMeHTH aHalli3y CTaTHYHOL
CTIHKOCTI Ta MNpUKIaaAM iX 3acTocyBaHHS i Bepudikaiii
MozeNnell 3 BUKOPUCTAHHSIM ITOJIOKEHb JUHAMIYHOI CTIHKOCTI.
Posrnsxyruii npuknaa Bepudikanii auHaMiyHM 1X Mozeneit
BUKOPHUCTOBYE mo 0a3yrThCs
CTaTHYHOI Ta JMHAMIYHOI CTIHKOCTI.

B motounmit wac B VYkpaiHi 31iHCHIOIOTHCS 3aXO.H,

II1 IXOJIH, Ha eJIeMEHTaXx

HampaBiIeHI Ha 3a0e3Ne4eHHs CHMHXPOHHOI poOoTH Hamio-
HanpHOI 00’ enHaHoi eHeprocucremu (OEC) 3 eHepro-
cucremamu esporneiicekux kpain ENTSO-E. Ile norpebye
pPO3B'sI3aHHA  HU3KH 30KpemMa
CTIHKOCTI

3ajau, 3a0e31eYeHHS
32 4YacTOTOK Ta KepyBaHHS EKCIIOPTHUMHU
NepeToKaMu A THydkoro kepysaHHsa pexumamu OEC.
Tak, 3aJlydeHHs BCTaBKM InocriiiHoro crpymy (BIIC) B
MiXJEpKaBHOMY IepeTHHi “BypIITHHCBKOrO OoCTpoBY” Yy
Ginpmiocti BunaakiB 3a0e3neunTbh BUKOHAHHA rpadika
excriopTHuX nepeTokiB B ENTSO-E rta 30insmuts pesepsu
aKTHBHOI IOTYXHOCTI Ha TEIUIOBIN
enekrpocranuii (TEC).

BpaxoByroun poboTi  mociimKeHo

crifikicts 3a uyactororo B OEC VkpaiHu 3 ypaxyBaHHSAM

Bypmtunchkiit
3a3HayeHe, B

BIIC, mo 3’ egnye XMeJNbHUIBKY ATOMHY €JIEKTPOCTAHIII0
ta mincrannio “XemryB”. [lns MopmentoBaHHS JIOBIOT-
pUBAJINX IEPEXiJHUX IPOLECIB po3po0IEHO KOMILICKCHY
monens OEC Vkpainu, B sKili BpaxoBaHI aBTOMaTHYHUU

perynarop noryxHocti “BypmrnHchkoro  ocrposy”,
CHCTEMH aBTOMATHYHOIO pEryJIOBaHHA 4YacTOTH Ta
noryxHocti OEC Vkpaimm Tta €amHOI eHepreTHyHOI

cucremu Pocii, cucremy kepyBanHs BIIC ta wMmopeni
npukopaoHHux  paioniB  ENTSO-E.
IIPOLIECIB PEryJIIOBaHHA 4YaCTOTH BHUKOHAaHO IS BHUHALKY
BiKiItoueHHs eHeprobnoky Ha Bypmruncekiit TEC.

MopenoBaHH s
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AHani3 OTpUMaHUX Pe3yNbTaTIiB JOCHIPKEHb 110Ka3aB, 110
cydacHi BIIC 3a0e3neuytoTh I'HyYKe DPEry/IIOBaHHS EKCIIOp-
THUMHM  II€peTOKaMH B  TiOpUIHMX  Mepexax  3MiH-
HOro/IIOCTIHHOrO CTPyMy JUISl DEryIIOBaHHSA pPe3epBiB IIO-
tyxHocTi bypmtuaeskoi TEC. I'Hyuke peryntoBaHHs akTHBHOL
noryxHocti 3acobamu BIIC BinkpuBae MMPOKI MOXJIUBOCTI 3
KepyBaHHA pexuMamu “BypmruHCEKOro ocrpoBy’ BiTUM3-
HSHOIO CHCTEMOIO aBTOMATHYHOI'O PEry/IIOBaHHS YacTOTH Ta
TIOTY>KHOCTI.
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