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Such methods as droop method, curve shifting method and master-slave method were primarily developed for voltage
and frequency regulation in isolated power systems with synchronous generators. In modern power systems induction
generators, regulated dump loads, energy storage devices with AC/DC and AC/DC/AC power converters, etc. are used
in addition to synchronous generators. The investigation of new configurations of power systems is closely tied with
further development of control methods for load sharing and regulation of voltage and frequency of the systems. The
article reviews simple-to-implement known control methods used for control of isolated power systems with parallel
operated synchronous generators and proposes a modification of the master-slave method for control of power systems
with parallel operated synchronous and induction generators, static var compensators, dump loads and energy storage
devices with interface power converters. The system “Hydroelectric unit with a synchronous generator - dump load -
hydroelectric unit with an induction generator - compensating capacitors - transformer — AC local load" is considered
and two techniques for regulation of electric frequency and voltage magnitude in the specified system are presented
with accordance to the statements of the proposed modified method. The proposed control algorithm of the dump load
frequency controller is in agreement with the control algorithm of the speed controller of the master unit. The functions
assigned to the electronic PID speed controller of the master unit are to maintain the electric frequency in the system
equal to nominal value and regulate the active power sharing. Verification of the proposed control algorithms for
isolated electric power systems was carried out. References 23, figures 5, table 1.
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Introduction. In order to improve the reliability of power supply to AC consumers powered by
isolated power systems (IPSs), these systems are designed with parallel operated generators. IPSs are often
equipped with diesel sets. Gas and hydraulic turbine driven electric generators is a good choice for an IPS
when gas fuel and hydropower are available nearby. The construction of a hydraulic IPS requires more
capital investments than for a diesel or diesel-battery system of comparable capacity. However, in the
presence of hydro resources with required water head and flow, if stable power consumption is observed,
preference should be given to a hydraulic IPS due to its independence of the fossil fuel. For a more optimal
use of hydro resources, it is advisable to consider the possibility of building a hydro-wind IPS [1, 2]. The
independence from the fossil fuel, lower cost of electricity production compared to diesel and wind-diesel
power plants, and good predictability of hydro resources have caused the interest in problematic issues and
searching approaches for improving technical characteristics of hydraulic IPSs.

Among various types of generators in electrical equipment of IPSs, as well as in centralized power
systems, synchronous generators (SGs) with electromagnetic excitation are mostly preferred, but IPSs with
permanent magnet generators and induction generators (IGs) are known as well [3-6]. The so-called doubly
fed induction generators are used mainly in grid-tied variable frequency wind turbines [7]. However, their
application is also possible in IPSs with power output from several megawatts and higher. In scientific
papers devoted to the study of isolated and islanded hydraulic power stations (HPSs), HPSs with one
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hydroelectric unit are most often considered and somewhat less HPSs with two or more generators operating
in parallel [8-12].

Connection of an IG with a SG supplying an asymmetric load for parallel operation provides the
SG’s current asymmetry reduction and, due to this, increases the operating life of the SG. The advantage of
this solution is that the cost of the IG is lower than the SG of the same power, and the procedure for
connecting the IG to the IPS is simpler than for the SG.

An important scientific task for IPS researchers is the development of methods and algorithms for
controlling the parallel operation of generators. These methods and algorithms should ensure operation of
IPSs only with allowed frequency and voltage magnitude deviations, the specified power distribution
between the units and minimization of the power exchange between the generators.

The active power of a SG, as is known, is proportional to its load (power) angle — the angle between
induced EMF and terminal voltage vectors of the stator winding. Regulation of this angle is made by
changing the mechanical torque of the SG with a speed governor [13]. The active power of an IG is regulated
in the same way.

The reactive power of a SG is proportional to the magnitude of the induced EMF and is controlled by
changing the magnitude of the DC excitation current. Asynchronous machine with a short circuited rotor,
both in the motoring and in the generating mode, as well known, needs a source of reactive power for
magnetization. Possible reactive power sources are SG (or synchronous compensator), network, capacitors,
static compensator [14-18].

Since IPSs, as noted, have been designed for a long time using parallel-connected SGs with
electromagnetic excitation, then, accordingly, the control methods developed at that time for IPSs are
primarily focused on AC IPSs with SGs operating in parallel [19, 20], and somewhat later found application
in systems with energy resource interface inverters [21]. The best known of these methods are droop method
(DM), curve shifting method (CSM) and master-slave method (MSM). In Soviet and post-soviet scientific
works the DM is called as the method of static characteristics, the CSM is called as the method of imaginary
static characteristics and the MSM is called as the master (main) generator method (MGM).

The DM is the most simple and known one among them. The application advantage of the DM is the
informational independence of control systems of power supply units in the system. Since the input variables
of frequency and voltage controllers of a unit in an IPSs with DM-based control are active and reactive
output power signals of the unit, there is no need for informational communication between the units. Its
main disadvantage is the use of static frequency and voltage regulators.

Frequency and voltage regulation in a system according to the CSM is actually performed due to the
dynamic shifting of the voltage and frequency droop characteristics of the units. Its advantage is that it
provides zero voltage and frequency steady state errors. But disconnection of any one of the generators from
the system with CSM-based control and a passive (resistive) load will cause a reduction of the electrical
frequency and voltage magnitude in the system after a transient.

According to the MGM, the regulation of voltage and frequency in the system is provided solely by
the master unit (MU) with a SG. The advantage of the MGM over the DM is the zero voltage and frequency
steady state errors, and its advantage over the CSM is the preservation of system operability when any of the
generators is disconnected from the system except the master generator (MG). The disadvantage of the
MGM is that when it is used, the quality of voltage and frequency regulation in the system depends mainly
on characteristics of the MU. In addition, the MU during transients experiences increased loads due to the
functions assigned to it. Therefore, there is a need to improve this method.

The purpose of the article is to develop a modified master generator method for voltage and
frequency regulation in IPSs with parallel operating AC generators and verify developed controllers for
regulation of frequency and voltage in AC IPSs using a simulation model.

Development of the modified master generator method. To improve the quality of frequency and
voltage regulation during transients in IPSs, it is proposed to modify the MGM by putting into use the
principle of assistance to the master generator by other elements of the power supply system. Such a
modified MGM (MMGM) can be applied for regulation of frequency and voltage in IPSs with parallel
operated AC generators, electronic power converters, controlled resistive elements, battery inverters, etc.

An example of such a system is shown in Figure 1. The system is composed of two hydraulic units
with regulated hydraulic turbines (HT1, HT2). The HT1 turbine rotates the SG (unit /) and the HT2 turbine
rotates the IG (unit 2). Unit 1 is the MU and unit 2 is the slave unit (SU). Mechanical torques of the HT1 and
HT?2 turbines are regulated by the wicket gate (WG) angles ¢; and ¢, control. The WGs are rotated by servo
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motors. The SG and IG operate in parallel and supply local consumers through the transformer TRI.
Additionally a regulated dump load (RDL) for frequency and “spinning” reserve regulation and
compensating capacitors for decreasing of reactive power component of the SG output power are added.
Development of simulation model of the Fig. 1 configuration affords testing of discussed below voltage and
frequency regulators intended for AC IPSs.

The fundamentals of the MGM are illustrated by Fig. 2, a, b. The equations for the frequency and
voltage controllers according to Fig. 2, a are defined by

f;szNa ijSzfnl+PGS(fN_fnl)/(k;sPGM)’ U2M=UNa Ugs=Un1+QGS(UN_Un1)/(k;QGM)> (1)

where k;s , k;s are the reference ratios of the active and reactive power of the slave-generator (SIG) to the

active and reactive power of the MG; f,,, Uy, are the frequency and voltage reference of the MG; £,
U, are the frequency and voltage reference of the SIG; f,, f,, are the rated frequency and no load

frequency; U, , U,, are therated voltage and no load voltage; P, , O, are the active and reactive power

of the MG.
If the control variables for the frequency and voltage controllers of the SU are instantaneous power
components of the MG (Fig. 2, b), then the equations of these controllers are given by
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the MMGM that the function of the SU’s control system, similarly to the classic MGM, is just a load sharing
between the generators.
In accordance with the MMGM the reference curve sets of frequency and voltage controllers were
obtained for the system "SG — RDL — 1G” (Fig. 3, a, b).
The Fig. 3, a curves are defined by:
fov=Ino Ut =Uys Py =hkpy (P +Pyy), Pos =kps(Pyy + Py ), Poy +Pos > Py 3)
where fp, is the frequency reference of the RDL frequency controller; U, is a terminal voltage reference

of the MG, F,, =F,,, + F,s =const is a frequency-responsive fast reserve of active power in the system;
Py, is a total active load demand; kj,,, kg is a reference load sharing coefficients of the generators,

kpy, +kpg =1. In the steady-state of diesel sets and hydraulic units the fuel consumption and water flow

rates can approximately be considered proportional to the active power of the generators. Accordingly, the
reference values of the fuel consumption or water flow rates can be obtained from (3) as:

Qo :kquk;M(POI +P2L)a q; qupSk;S(POI +PZL)’ 4
k

qpS
are the flow rate to active power ratios of the master and slave units in steady state (fixed speed operation).
The equations of frequency and voltage controllers according to Fig. 3, b are given by:

Py, =constif f, < f < foofir =L if £<Sosf b = Lo if > Fur Uoss =Uns fou = fo» Pos = ksyaaPors » (5)
where P}, is the RDL power reference; f;, f, are the lower and upper permissible limits of the operating

* * . . .
where ¢q,,, g, are the master-unit and slave-unit fuel consumption or water flow rate reference; &, ,

range of the electrical frequency in the system, f, < f, < f,; kg, 1s the reference value of active power of
the SIG related to the active power of the MG. If the load sharing in proportion to the rated powers of the
generators is necessary, then the k,,,, value must be taken equal to the ratio of the rated powers of the SIG

and MG.
Adding in (5) the flow rate
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uf‘\:— “UN— the SU k¢ gives:
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) Il W Uy or in p.u. units by:
1";1_=er qS(p.u.) = kS/M(p.u.)qM(p.u.) ’ (7)
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PGM 0 P PDL 0 Pey O Q 1
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b) the SIG related to the p.u. active
Fig. 3

power of the MG’ q;(p.u.) H q:l(p.u.)

are the MU and SU p.u. fuel consumption or water flow rate.
As seen from (7), for arbitrary power ratings of generators in the system, the condition of active
power sharing among the generators proportional to their power ratings is kg/(,,, =1-

It can be seen from (5) that the RDL controller keeps the RDL power value equal to P;L when the

electrical frequency in the IPS is in the permissible range to maintain a frequency-responsive fast “spinning”
reserve of active power in the IPS (RDL controller operates in power regulation mode). If the frequency
leaves the limits f; ... f, , then the RDL controller starts operation in the frequency regulation mode.
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Testing of frequency and voltage regulators by simulation of the IPS. To test the proposed new
approaches for frequency and voltage regulation, a simulation model of the IPS of Fig. 1 was developed.

In the simulation model of the IPS of Fig. 1, SG and IG dynamic models of the 6th and 4th order,
respectively, were used [4, 22]. The equations of the HT with servo motor are given in [10]. The three-phase
transformer was modeled by three single-phase transformers with no magnetic coupling between the phases.
The simulation was carried out in Matlab/Simulink environment.

Frequency and voltage control algorithms were implemented based on the system of equations (5, 7).
The SG voltage was regulated according to the standard IEEE algorithm [23]. The SG excitation system
according to this algorithm maintains the SG terminal voltage value U,, equal to nominal voltage U, with
no voltage droop in the steady state.

A proposed block diagram of speed control of the MU and SU of the Fig. 1 IPS configuration is
shown Fig. 4, a. The input of this modified PID speed controller of the HT speed governor is the speed error

of the MG. The outputs of this controller are the WG p.u. reference angles ¢; and ¢, of the hydroelectric
units. The coefficient kg, ), (,,, sets, as mentioned above, p.u. active power value of the IG related to the p.u.
active power of the SG. A feature of the controller is that the integrator resets its output to the value of the
¢, external signal (¢, is saved) when the signal on the RES input rises from zero to positive. The rising
edge appears every time when crossing the limits @, —Ah,, ...®, + Ah, of the HT1 turbine’s permissible
rotational speed is detected, where @, =27f, /p, @, =2#f;/p, Ah, =27Ah,/p, p is the number of pole

pairs, Ah,,, rad/s is the width of the hysteresis band of the window comparator WC1, 4k, is the width of the
HT1, HT2 control Dump load control
]
x ©
- o 2
o A* i
HT'1 =}
WCl (KeH (] i
IS,
N "I RES
> 1
0 ,l X,
a) b)
Fig. 4

hysteresis band, Hz. This approach affords to reduce the duration of electromechanical transients in the
system.

The developed control algorithm of the frequency (power) controller of the RDL’s control system is
illustrated by Fig. 4, b. The controller operates with the rotational speed error signal of the MG if the
frequency is outside the permissible limits. If the frequency is within the permissible limits the being used
input variable for the controller is the duty cycle error §,, —dJ,, of the control signal of the SWp, three-
phase power switch (Fig. 1). Selection of the first or second input variable is made using the switch SW1 and
the window comparator WC2. If the rotational speed of the HT1 turbine Ileaves the
limits w, — Ah,, ...w, + Ah,,, then the signal “1” is set at the output of the WC2 comparator and input 1 of the
SW1 switch is connected to its output. The output signal of the SW1 switch is then amplified by the PI
controller and passes to one of the inputs of the comparator DA. The other input of the comparator is
connected to a sawtooth signal generator. The output signal of the DA comparator is the control signal for
the SWp, three-phase power switch. As a result, when the rotational speed of the HT1 turbine is outside the
®, —Ah, ..., + Ah,band, the frequency control loop is activated and the duty cycle value &,, is adjusted
so that to return the frequency value to the permissible operating band. As soon as the frequency value is
within @, —Ah,, ...o, + Ah,, the signal level at the output of the WC2 comparator will change from “1” to

“0” and input 2 of the switch SW1 will be connected to the output of this switch. As a result, the duty cycle
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8, control circuit will become active and the &,, signal will approach the &,, value in order to maintain

the reference value of the frequency-responsive power reserve in the system.

Verification of the developed control algorithms was carried out by analyzing the electromechanical
processes in the system after a 10 % stepwise increase in the resistive local load (Fig. 5). At the same time,
the amount of frequency-responsive fast reserve of active power in the steady state was maintained equal to
16 % of the RDL’s rated power.

As can be seen from Fig. 5, at first, the IPS supplied a 0.1173 p.u. load, and the power consumption
of the RDL was 0.158 p.u. The rotational frequency values of the SG and IG were 1.001 and 1.005 p.u.
respectively. The WG angle values in both units were equal to 0.248 p.u. The SG and IG supplied
accordingly 0.249 p.u. and 0.26 p.u. of active power into the system. The reactive power value produced by
the SG was 0.003 p.u., and the reactive power consumption value of the IG was 0.408 p.u. The difference
between the reactive powers of the IG and SG was supplied by the compensating (no load) capacitors.

At the time ¢ =15.93 5, the local load increased stepwise by a 10 % of the nominal value up to 0.218

p-u. and the rotational speed of both generators started to decrease. As soon as the electrical frequency of the
system (the p.u. electrical frequency value equals the p.u. rotational speed value of the SG) decreased to a
value lower than f, —Ah, =0.99-0.004 p.u., the frequency control loop of the RDL was activated and a

quick decrease of power consumption of the RDL was observed. This, in turn, caused an increase in the
rotational frequency of
the SG. As soon as the
1.01 1 lr ' electrical frequency
1 d exceeded the value f,,
the power control loop
of the RDL was
0.98 20 3 s activated. The power
control loop activation

e o R i caused an increase in the
- duty cycle value of the
control signal of the
[“ : - - = IG mechanical SWD_L power switch and
l 1 power an increase of power
— Hi2wicketgae | consumption  of  the
== RDL. Due to this at the

10 20 30 ts time ¢=19.52¢ the

G electric frequency of the
— SG| system decreased again
0 to a value lower than
Ji—Ah, =0.99-0.004

p.u., and, accordingly,
"""" pepes---=—----------- the frequency control
loop of the RDL
controller was activated
again. As can be seen
from Fig. 5, when the bang-bang frequency control by the RDL control system was performed, the WG
angles, mechanical and active powers of the hydraulic units was growing. As a result of two consecutive
activations of the frequency control loop of the RDL control system, the IPS passed to a steady state. The
maximum deviation of the electrical frequency from the nominal value did not exceed 1.55%. In the steady
state, as seen from Fig. 5, the rotational speed of the SG and, accordingly, the electrical frequency of the
system are in the permissible limits. The transients in the IPS died within 15 s . This value is several times

lower than the die off times of the isolated hydraulic power systems with no RDL. The mean rms voltage
value in the system in steady state was 1.005 p.u. The rms voltage deviations from the mean value did not
exceed 0.6 %.

Simulation parameters and characteristics. Synchronous generator. Number of pole pairs — 2.
Rated power / frequency / line voltage (connection) — 325 kVA /50 Hz /400 V (Y). d, q — axes synchronous
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reactances, p.u. — 2.52, 2.16. d — axes transient reactance, p.u. — 0.17. d, q — axes subtransient reactances, p.u.
— 0.12, 0.3. Leakage reactance, p.u. — 0.06. Inertia constant (total SG and HT1), s — 2. Stator winding
resistance — 0.018 p.u. Short circuit time constants, s: d — axes transient — 0.08, d, q — axes subtransient —
0.019, 0.019. Friction coefficient, p.u. — 0.0167 p.u.

Induction generator. Number of pole pairs — 2. Rated power / voltage / frequency (connection) — 275 kVA /
400 V /50 Hz (Y). Resistance of the stator/rotor winding, p.u. — 0.016/0.015. Stator/rotor leakage inductance
— 0.06/0.06 p.u. Inertia constant (total IG and HT2) — 2 s. Friction coefficient — 0 p.u. The magnetization
characteristic of the IG is given in the table

Tons 0.1310.25(0.34/0.46| 0.7 |1.02|1.43]2.03{2.76 UL,
[p.u.] [p-u.]
TRI transformer. Rated power/frequency/connection — 600kVA/50Hz/(A-Y,). Rated line voltage of the
primary/secondary windings, V — 400 /400. Resistance of the primary / secondary windings, p.u. —
0.0008/0.0008. Leakage inductance of the primary/secondary windings, p.u. — 0/0. Magnetizing inductance,
p-u. — 150. Magnetizing resistance, p.u. — 300.

Hydro turbines. Rated power, kW: HT1 — 325, HT2 —275 kW. Turbine gain: HT1, HT2 — 1.073. Damping
coefficient: HT1, HT2 — 0. Water starting time, s: HT1, HT2 — 1 s. Servomotor gain: HT1, HT2 — 3.33. WG
and servo motor time constant, s: HT1, HT2 — 0.07. No load flow: HT1, HT2 — 0. Head loss due to friction
effects in the conduit: HT1, HT2 — 0. Gate opening speed limits, p.u./s: HT1, HT2 — +0.2.
Proportional/integral/differential gains of the PID governor — k,, = 1.56/ ki, = 0. 48/ kg,= 0. 62. kg, 1 (,.., =1

Dump load. Rated voltage/power/connection — 400V/580 kW/Y,,. Switching frequency, kHz — 5. Off /on-
state resistance of the SWpL power switch per phase — 0.001 Ohm / 100 kOhm. Gain coefficients of the
frequency (power) controller of the RDL: proportional — k;,= 0.0012, integral — k;, = 0.0493, gain of the
power control loop — k;5~4.

Local consumer load. Rated power/power factor — 500 kW/1.

Base quantities of power, voltage and frequency for Fig. 5 data. 275 kVA=1 p.u. of the IG’s power. 325
kVA=1 p.u. of the SG’s power. 500 kW=1 p.u. of the consumer load. 580 kW=1 p.u. of the RDL’s power.
400 V=1 p.u. of voltage. 1500 rpm=1 p.u. of rotational speed.

Compensating capacitors. Rated power/rated voltage/connection: 115kVA/400V/Y,,.

Conclusions. The proposed MMGM is intended for voltage and frequency regulation with no droop
in IPSs with parallel operated var compensators, regulated loads, energy storage devices, intermittent power
sources and AC electric generators driven by prime movers with regulated mechanical torque (hydro
turbines, etc.). This method involves the joint regulation of the frequency and/or voltage by two or more
elements of the system, one of which is the master generator control system, and the others are controllers of
the interface power converters of the RDLs, energy storage devices, var compensators and intermittent
generation sources. One of the two presented systems of equations for frequency and voltage controllers
based on the statements of the proposed method was used in the developed simulation model of a 500 kW
hydraulic IPS with parallel operated SG, 1G and RDL of alternating current. The results of simulation studies
have shown that the developed block diagrams of the HT speed control and the RDL frequency (power)
control provide simultaneously reference electric frequency tracking and maintenance of the required amount
of frequency-responsive fast reserve of active power in the system.
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PO3BUTOK METOAY BEAYYOI'O TEHEPATOPA JUIS1 PEI'YJIIOBAHHSA YACTOTH I HAITPYT'H
B ABTOHOMHUX CUCTEMAX EJIEKTPOXKUBJIEHHA 3 ITAPAJIEJIBHO
IMPAIIOIOYNUMU I'EHEPATOPAMMU 3MIHHOI'O CTPYMY

JI.I. Ma3ypeHko', 10KT.TeXH.HayK, O.B. Jlkypa', kann.rexs.Hayk, M.O. llluxuenko', kaHa.TeXH.HaYK,
A.B. Komopy6a*

! TuerutyT enekrponunamiku HAH Ykpainn,

npocn. [lepemoru, 56, Kuis, 03057, Ykpaina. E-mail: mlins@ied.org.ua.

2 HanionanbHuii yHiBepcuTeT 000poHu imM. IBana YepHsaxosBcbkoro,

IoBiTpodJioTchkuii mpoc., 28, Kuis, 03049, Ykpaina.

Memoou cmamuunux Xapaxmepucmux, YA6HOCMAMUYHUX XAPAKMEPUCTNUK A 8e0yH020 2eHepamopa po3poOoisaiucs
0/ pe2yn08anHs Hanpyeu i 4acmomu 8 A8MOHOMHUX CUCIEMAX eeKMPOHCUBTEHHS, N0OYO0BAHUX HA OCHOBI CUHXDOH-
HUX 2eHepamopig. B cyyacHux cucmemax enekmpoiCuieHHs KpiM CUHXPOHHUX 2eHepamopis 3acmoco8yioms mMaKoi#C
ACUHXPOHHI 2eHepamopu, pe2yibo8aHi Oanacmui Hasawmasicenus, Haxonuwyeaui euepeii 3 AC/DC ma AC/DC/AC
HANIBNPOGIOHUKOBUMU NEPEeMBOPIO8AYamMU, Mowo. JJ0CiONcenHs: HOBUX KOHI2Yypayitl a8MOHOMHUX CUCTEM elleKmpPO-
JHCUBTIEHHSL MICHO NOB A3AHO 3 NOOATLULUMU POZPOOKAMU MEMOOI8 pe2yNIo8aHHs PO3NOOINY HABAHMANICEHHS MA YACMO-
mu [ Hanpyeu. B cmammi posensuymi npocmi 6 peanizayii 6i0omi Memoou pe2ylo8anHs CUCmeM 3 NapaiesibHo npa-
YIOIOUUMU CUHXPOHHUMU 2EHePamopamMu ma po3GUHYmMo Memoo 6edy4020 2eHepamopa Oisk A8MOHOMHUX CUCTEM 3 Nd-
PpaneibHo npayloyUMy CUHXPOHHUMU | ACUHXPOHHUMU 2eHepamopamu, CHMAmMUYHUMYU KOMNEHCAmOopamy peakxmusHoi
NOMYACHOCMI, Pe2YIbOBAHUMYU OANACMHUMU  HABAHMAICEHHAMU MA HAKONUYYB8A4aMu eHepeii 3 inmep@elicnumu
Hanienpogionuxkogumu nepemeoprosaiamu. Pozenanymo aemonomuy cucmemy «liopoazpecam 3 cuHXpOHHUM 2eHepa-
mopom — banacmue HABAHMANCEHHS — 2I0poazpe2am 3 ACUHXPOHHUM 2eHepamopom — bamapes KOMNEeHCYrOYUX KOHOeH-
camopie — mpanc@opmamop — HABAHMANCEHHS 3MIHHO20 CIPYMY» Md 3aNPONOHOBAHO HA OCHOBI NONONCEHb PO3BUHY-
mo2o memoody 08a nioxo0u 00 pe2yir08aHHs eleKMpUuuHoi wacmomu i Hanpyeu 6 3asHaueHili cucmemi. Pospoonenuii
aneopumm pobomu pe2yisimopa yacmomuy cCUcmemu Kepy8aHHs OAnacCmHUM HABAHMANCEHHAM Y3200H4CYEMbCA 3 AN20-
pummom pobomu pe2yramopa uacmomu 8edyyoeo ziopoazpezamy. Qyukyii cmabinizayii enekmpuuHoi yacmomu cuc-
memu Ha HOMIHATLHOMY PIGHI Ma PO3NOOLLY AKMUBHO20 HABAHMAdICEHHs 6 cucmemi noxkaadeno Ha I1l/]-pezyismop
yacmomu obepmanisi gedyuozo 2iopoazpezamy. Ilposedeno eepughikayiio 3anponoHOBAHUX ANCOPUMMIE KepYSaHHs
Y4ACMOmOoI0 A8MOHOMHUX cucmem eiekmpooicugienns. bioma. 23, puc. 5, tabn. 1.

Knrouoei cnoea: aBTOHOMHA CHCTEMa €IEKTPOXKUBIIEHHS, METOJl, BEAy4YHil TeHEepaTop, BEACHUI TeHepaTop, OamacTHe
HABaHTAXKCHHS.
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