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Summary. Currently, the issue of improving the reliability and quality of power supply is one of the most
important directions in the development of the electric power industry. Reducing material losses associated with
short-circuits and reductions in power supply voltage in the power supply systems of critical industries facilities
is of partocular importance to the implementation of fast-acting automatic reserve input using a modern elemental
base. The article considers the description and development of a demonstration laboratory stand of fast-acting
automatic input of backup power in order to provide practical study and understanding of multilateral power
supply so as to ensure the reliability of electricity supply to consumers.

Key words: automatic reserve input, automatic control, laboratory stand, load switch, microprocessor
control system, software.
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Statement of the problem. One of the important requirements for modern power supply
systems is to ensure stable and uninterrupted power supply to critical loads in case of power outages,
which are steadily increasing [1]. This includes various security systems, medical equipment,
communication and data processing systems, and many continuous technological processes.
Usually, power outages in such systems cause economic losses, including downtime and failure of
technological equipment, loss of information, interruption of communication systems, Internet
sites, etc. In some cases, a power outage can affect the safety of life, technical security systems,
emergency lighting and other important aspects. When using high-quality electrical equipment from
well-known manufacturers, eliminating errors in the design of electrical facilities and their proper
operation can usually significantly improve the reliability of power supply. For this purpose, it is
necessary to redundantly backup power transmission channels to ensure uninterrupted power
supply to critical loads using automatic transfer switches (ATS). They are designed to automatically
switch power from the main source to the backup source when the main input voltage completely
disappears or when the main source voltage parameters deviate from the normal range. This
equipment is quite complex both in maintenance and operation, so training of qualified specialists
should be carried out during the educational process on specially designed laboratory stands [2, 3].

Analysis of available research results. At present, there are is sufficient number of
schemes and variants of automatic redundancy implementation, but in educational institutions,
laboratory stands characterizing ATS are built on outdated equipment in terms of technical
performance. Therefore, the development of a new scheme for the implementation of automatic
transfer switching on modern microprocessor equipment is of great relevance.

An analytical review of the known ATS schemes was carried out and options for
organizing the automatic switching on of backup power were considered to identify the drawbacks
and advantages of the latter. All automatic backup power supply schemes are divided into:

— a scheme with two independent inputs and combined at the output into one load
circuit. Only one of the power inputs is connected in normal operation and emergency mode;
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— acircuit with two independent inputs and two independent outputs for connecting the
power supply, which are connected at the output by a sectional switch. In normal operation,
both power inputs are connected, in emergency mode — only one [4, 5].

The training and adjustment circuit board considered in [6] is designed for modeling
and debugging various devices based on AVR controllers. It can be used both to master the
basics of microprocessor technology and to implement a large number of digital data processing
tasks and control various peripheral devices. The disadvantages include the limited use of
software when connecting peripheral equipment.

In [7], an approach to the development of a virtual analogue of the EV8031/AVR
training and laboratory stand in the Proteus software environment is proposed. This approach
allows students to gain practical skills in the development and creation of both hardware and
software parts of microprocessor systems. The drawbacks of the stand include the use of 'ideal’
elements, which affects its operation. In particular, it is necessary to correct time delays for the
proper operation of the programme on a real stand.

The patent [8] describes the use of the 8-bit AVR microcontroller Atme-gal6/32, which
has 16/32 KB of programmable Flash memory that provides up to 1000 erase/write cycles. The
microcontroller has 32 programmable /O lines and supports the JTAG interface. The test stand
is powered from any source with a voltage of 13 V to 40 V using a diode bridge at the input
and linear stabilisers L7805 and L7812. The test stand also employs the FT232R controller for
connection to a personal computer via the RS232 interface. The disadvantages include the
difficulty of applying it in the educational process, as it is necessary to study programming
using this device.

Objective of the research. The purpose of developing this stand is to integrate
advanced equipment and practical training in the educational process of uninterruptible power
supply to consumers. This is due to the active development of information technology, in line
with which higher education institutions need to participate in solving an important task —
training of highly qualified specialists able to actively integrate into the technological process
of society development [9]. At present, the demand for specialists who can perform their tasks
efficiently in industries with a developed informatized and automated structure has increased
significantly. Here it is also necessary to note the insufficient level of practical training of
graduates to the production environment during the educational process [10].

Formulation of the problem. Today, quite a few options for line redundancy are used,
among which the main schemes for organizing the automatic introduction of backup power can
be distinguished.

1. Circuit of an automatic transfer switch with a source (line or transformer) located in
the reserve and consists of two independent power sources 1 and 2. In normal mode, source 1
is used, in case of its failure, the magnetic starter PML1 is turned off and PM2 is turned on and
the voltage on the power buses is restored (Fig. 1).

2. ATS circuit with a generator in reserve. The generator G is used as a backup source
in the circuit. In case of a power failure from the main network, the ATS device automatically
starts the generator G and disconnects the magnetic starter PM1, and after the generator G
reaches the operating mode, it turns on the magnetic starter PM2 (Fig. 2).

3. ATS circuit with sectionalization (Fig. 3). Both sources (BFI 1 and BFI 2) operate
simultaneously when the sectionalizer QF3 is off. In case of failure of one of the sources,
the input circuit breaker of the failed source is disconnected and the sectionalizer QF3 is
switched on.

4. A scheme of high-speed automatic transfer switches (Fig. 4). Microprocessor devices
based on high-speed ATS are one of the main elements of designing a system of guaranteed
power supply to the first category consumers. These devices allow to quickly record the fact of
power supply failure, determine its nature and provide control influences on switchgear. The

ISSN 2522-4433. Bicnux THTY, Ne 4 (112), 2023 https://doi.org/10.33108/visnyk_tntu2023.04 ..........cccecerrmieerinnnieencnns 13



Development of an educational laboratory stand at the base fast-acting automatic reserve input

use of high-speed automatic transfer switches together with specialized high-speed input and
sectional switches allows to reduce economic losses from power supply failure by maintaining
the continuity of the technological process and reducing the risk of emergencies caused by a
possible unacceptable decrease in productivity or complete shutdown of critical mechanisms
by reducing the time of switching to a backup power supply.
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Figure 3. ATS circuit with sectionalisation Figure 4. Circuit with a high-speed ATS

In the premises of the laboratory «Power Supply Management Systems» of the
Electrical Engineering Department of Ivan Puluj Ternopil National Technical University, a
laboratory stand with a high-speed ATS based on the control unit of automatic reversing
switching equipment OMD800 from ABB with two power supplies was implemented. The
elements of the ATS unit are placed in the test stand case. Fig. 5 shows a schematic electrical
diagram of the laboratory stand.

Structure of the developed laboratory training stand. The laboratory training
simulator was developed and implemented to visually study the operation of circuit breakers
during testing of the ATS circuit by interactively studying the function of switching from
the main power line to the backup and vice versa, from the backup to the main, as well as
to improve students' practical skills in the educational process [11]. Switching devices
provide for the possibility of installing a mechanical blockage.
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Figure 5. Circuit with a microprocessor-based high-speed ATS

The maximum current consumption of
the laboratory simulator, which operates
from an alternating current network of
industrial frequency of 50 Hz with an
effective voltage of 380 V, is 16 A (Fig. 6).
The power lines are connected to 16 A
three-pole circuit breakers, which are
installed in the power panel on the left side
of the laboratory stand (Fig. 6). The
laboratory test facility is made in the form
of a 0.4 kV cell cabinet. The power cabinet
of the laboratory stand contains real
samples of a reversing load breaker with a
motor-drive, power circuit breakers, a load
breaker, and an automatic control unit
based on a microprocessor manufactured by
ABB. Fig. 7 shows the installation of the
load circuit breaker and power circuit
breakers to which actuators can be
connected during laboratory work.

A 630 A circuit breaker of the Tmax T5
series in a molded case with a rolling mode of
operation is used as a load breaker [12]. The
circuit breaker is controlled both manually and
with the help of a motor drive and has a
breaking capacity of 70 kA at 415V AC. The
circuit breaker has a 3-pole design for currents
from 320A to 630A. The Tmax T5 is equipped
with the PR221DS-LS electronic disconnector
(L — overload protection, S — short-circuit
protection with time delay). The circuit
Figure 6. Laboratory stand of fast-acting ABP breaker of this series provides zone selectivity,
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can operate in motor protection circuits or be used as a disconnector. It is not subject to vibrations
caused by mechanical or electromagnetic influences. Increased isolation distances ensure the
absence of leakage currents and reliable isolation at high overvoltages between the input and
output. The design provides double insulation between the live power parts (terminals) and the
front of the device.

Figure 7. Load-breaker and circuit breakers to Figure 8. Reversing load switch with motor drive
consumers and automatic control unit

Three circuit breakers of the Tmax T2 series were used as power circuit breakers
for connecting actuators and conditional consumers during laboratory work. This
circuit breaker is capable of providing a breaking capacity of 85 kA (Fig. 7). The circuit
breaker has a 3-pole design for currents from 16 A to 160 A and is equipped
with an electronic release [13]. The circuit breaker of the T2 series can be controlled
both manually and by means of an electromagnetic drive. The circuit breaker can
be included in the electric motor protection circuits — appropriate accessories are installed
in the power cabinet.

As a reversing load breaker in the laboratory stand, we used a
340TM_C/1SCC303002M9703 series circuit breaker with a motor drive manufactured by
ABB, which consists of a reversing load breaker and a motor drive (Fig. 8). The reversing load
switch with an electric motor is designed for remote control [14]. This makes it possible to
operate it both remotely with the help of a motor drive and manually using the handle. The type
of operation (remote or manual) is selected using the "AUTO/MANUAL" switch on the motor
panel.

In the laboratory stand, an automatic control unit OMD800 on a microprocessor basis
manufactured by ABB was used to implement the scheme of high-speed automatic
introduction of the reserve (Fig. 9). It should be noted that the concept of automatic
switching to the backup power supply line is used in all cases when it is necessary to switch
it from the main power supply line to the backup one in order to maintain the voltage at the
load [15].

The OMDBS800 unit contains two sensors that monitor the operational status
of two power lines and can work with both single-phase and three-phase voltage
lines [16]. Monitoring, configuration, and control are carried out using the Modbus RTU
protocol. The OMDB800 unit is equipped with a graphic display for checking technical
parameters and obtaining the necessary information about its status. In case of a voltage
loss in the main power line 1, the OMDBS800 unit switches to the backup emergency power
line 1l (Fig. 10).
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Figure 9. OMD800 automatic control unit Figure 10. Main network | and backup network |1

The OMDB800 automatic control unit is mounted on the mounting bus of the load-
reversing circuit breaker (Fig. 8). In order to ensure safe conditions during laboratory work, a
rectangular hole was cut out on the door of the power cabinet to the size of the front panel of
the OMDB800 automatic unit (Fig. 6).

Functional features of the stand:

1. Adjustment of the output voltage at INPUT 1 in the range from 100 to 400 V.

2. Ability to simulate skew or loss of voltage on both inputs.

3. Allows to supply a current from 0 to 10 A to test the operation of the current
protection.

4. Can simulate the stand operation in automatic or manual mode.

Integration of the developed laboratory stand into a training system of dispatch
control. It is worth noting that automatic backup is a system for maintaining power supply
to devices and consumers that are critical to short-term or long-term power outages. This
system is used in cases where it is necessary to switch the load between independent sources
of electricity when an emergency occurs or any other failure in the power supply system
occurs. At present, contactor-based ATS schemes with an automatic circuit breaker and a
motor drive are widespread.

When designing the laboratory stand, a geared motor scheme was preferred, since the
switch is the fundamental element of this system and the switching between the middle and
zero positions is performed by a motor drive. The drive is operated by a controller, which is
installed separately next to the switch. The developed scheme uses a full-function relay, which
monitors the voltage and frequency in each of the three phases, and provides the ability to
program the delay and response range. The advantage of such relays is full control of the power
supply network parameters. In case of a malfunction, the controller or actuator can be replaced
immediately without dismantling the circuit breaker and the ATS panel itself. In this case, it is
possible to switch the load in manual mode (using the handle) with the controller and drive
removed.
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The OMD800 automatic control unit also controls phase sequencing. It is equipped
with a graphic display, has a Modbus RTU data transfer interface, and configurable
discrete inputs and outputs. The display shows the unit status in the form of a mnemonic
diagram and the main parameters (Fig. 9). Using the display and the front panel buttons,
all the necessary settings and view diagnostic information using the menu can be
performed. The data transmission interface allows you to remotely receive information
about the ATS status, adjust the operating parameters and send control commands. This
makes it possible to include ATS with OMD800 control units in monitoring and dispatching
systems.

Therefore, there was a decision to integrate the developed laboratory stand
into the training SCADA-system «Energy» of the software and hardware complex «Arrow
[17]. This system is a stand of an automated supervisory control system for studying
and controlling the modes of electric power systems [9-11]. The stand is a hardware
and software complex and is used in the education and training process to practice
emergency training exercises with the reflection of the operational situation in the
power system. The stand allows to model the modes of operation of the power grid
during practical classes, as well as to connect various actuators and equipment and control
them remotely. The developed laboratory stand on the basis of high-speed automatic
reserve input, together with the developed software, will become a part of the laboratory
complex for constructing telecontrol and dispatch control systems in the electric power
industry [18].

When developing the software for connecting the developed laboratory test stand to the
educational SCADA-system «Energy», line | was chosen as a priority (Fig. 10).

The sequence of operations performed by the OMDB800 unit when switching lines is as
follows:

v" fault occurrence in line 1;

v’ switching delay;

v' generator launch (if any);

v’ transmission delay;

v" if the reserve prior activation signal is activated:

- the reserve prior switch-on signal output is enabled,
- reserve prior switch-on delay I-11;
turning the reversing switch (Switch 1) to the O (off) position;
delay in the insensitive zone during the switch from line I to line II;
switching of the reversing circuit breaker (Breaker Il) to position II;
if the reserve prior switching signal is activated:
- the output of the reserve prior switching signal is turned off.
The sequence of steps to be performed during the reverse switchover is as follows:
v' resume normal line operation 1;
v’ delay the reverse switching;
v" if the reserve prior switching signal is activated:
- the output of the reserve prior switching signal is on,
- reserve prior switching delay Il-1;
moving the reversing switch (Switch I1) to the O (off) position;
delay in the insensitive zone during the transition from line I to line II;
moving of the reversing switch (Breaker 1) to position I;
if the reserve pre-enablement signal is activated:
- the output of the reserve prior switching signal is off;
v/ generator shutdown delay (if any);
v generator shutdown (if any).

AN NI NN

AN NI NN
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The cyclogram of the above operations is shown in Fig. 11.

LINE 1 I |

LINE 2 L
Switch state 1 |

Switch state 2

Generator Start | I_

Tz 4 Tt . - D= ® +— TBs —» +—DBgs —» «— Gs

Figure 11. Sequence of automatic switching operations of OMD800:
Ts — switching delay, Tt — transmission delay, Ds — delay in the dead zone during the transition from line | to
line 11, TBs — reverse switching delay, DBs — delay in the dead zone during the transition from line 11 to line I,
Gs — generator shutdown delay

In order for the hardware and software complex to exchange data with the controller of
the OMDB800 automatic control unit, it is necessary to develop an exchange program based on
the Modbus RTU protocol [19]. The text below is a developed data exchange program based
on this protocol, i.e., the Modbus RTU device map file, which contains the main commands
from the available list that will be used by the Arrow hardware and software complex. Only a
part of the available commands of the OMD800 block register is used here; if necessary, these
commands can be added to the software of the developed laboratory stand.

Modbus RTU device card file
[GENERAL]
AddressDecrement=0
[REQWEST]
; Start address, number of registers, Modbus command, group 101, whether included in the
general protocol
reqwest01=58,14,3,1,1
reqwest02=150,15,3,1,1
reqwest03=166,11,3,1,1
reqwest04=250,3,3,1,1
[TVLIST]
; Start address, offset (for a bit), data type, scale (coefficient), start of scale
;Data types 0: uil6 1:i16  2:ui32 3:132  4: float32
; 5: float48 6:Int64 7: float64 8: float80
; Start address, offset (for bit), data type, scale
1 U1 - phase A voltage of the first line (with an accuracy of 0.1 V)
tv001=150,0,1,0.1
;1 U2 — phase B voltage of the first line (with an accuracy of 0.1 V)
tv002=152,0,1,0.1
;1 U3 —phase C voltage of the first line (with an accuracy of 0.1 V)
tv003=154,0,1,0.1
;1 U12 — voltage between phases AB of the first line (with an accuracy of 0.1 V)
tv004=158,0,1,0.1
;1 U23 — voltage between phases BC of the first line (with an accuracy of 0.1 V)
tv005=160,0,1,0.1
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;1 _U31 — voltage between phases CA of the first line (with an accuracy of 0.1 V)
tv006=162,0,1,0.1

;2_U1 — phase A voltage of the second line (with an accuracy of 0.1 V)
tv007=164,0,1,0.1

;2_U2 — phase B voltage of the second line (with an accuracy of 0.1 V)
tv008=166,0,1,0.1

;2_U3 — phase C voltage of the second line (with an accuracy of 0.1 V)
tv009=168,0,1,0.1

;2_U12 - voltage between phases AB of the second line (with an accuracy of 0.1 V)
tv010=172,0,1,0.1

;2_U23 - voltage between phases BC of the second line (with an accuracy of 0.1 V)
tv011=174,0,1,0.1

;2_U31 - voltage between phases CA of the first line (with an accuracy of 0.1 V)
tv012=176,0,1,0.1

;1_F — frequency of the first power line (with an accuracy of 0.1 V)
tv013=250,0,1,0.1

;2_F — frequency of the second power line (with an accuracy of 0.1 V)
tv014=252,0,1,0.1

;Start address, offset (for a bit)

;Reg_SL_Status — Register of additional load status

tv015=60,0,0,1

;Reg_Generator_alarm — Generator failure signal register

tv016=61,0,0,1

;Reg_Force_manual — Register for forced switching to manual control mode
tv017=62,0,0,1

;Reg_Force_Comutation — Register of forced comutation

tv018=63,0,0,1

;Reg_Generator_start — Generator start register

tv019=64,0,0,1

;Reg_Inhibit_switching — Switching inhibit register

tv020=65,0,0,1

;Reg_Inhibit_remote — Remote control inhibit register

tv021=66,0,0,1

;Reg_Remote_O — Register for remote switching to position |
tv022=67,0,0,1

;Reg_Remote_1 — Register for remote switching to position |

tv023=68,15

;Reg_Remote_2 — Register for remote switching to position Il

tv024=69,15

;Reg_Man_Back_Switching — Reverse switching register in manual mode
tv025=70,15

;Reg_Emergency_Stop — Emergency stop register

tv026=71,15

;Regl_status — No-voltage register

tv027=58,0,0,1

;Reg2_status — Under-voltage register

tv028=59,0,0,1

[OK]
ok=ok
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The developed program file of the Modbus RTU device map and the OMD800
automatic control unit itself are a real model of the training SCADA system «Energy». To
integrate this model into the SCADA system environment, a graphical model (Fig. 12) and a
configuration file containing the following data were created.

Configuration file

[GENERAL]

ObjectCount=1 — number of substations

ChannelsCount=1 — number of communication channels

DisableCrashLog=1 — disable the automatic creation of logs (by default, log data is

written to the Logs directory or the application startup directory)

CheckInterval=1000 — control checkup period in msec.

CommonRequestinterval=30000 — common request interval in msec.

; Modbus

[Channell] - 1 communication channel is used

Type=1 - channel type (2 — TCP-IP, 1 — RS232)

Thread=1 — thread number

Port=7 — port number

Prm=19200-8-N-1 —-RS232 connection parameters (19200 — frequency, 8 — 8 bits, N —

parity, 1 — stop bit)

ByteTimeOut=200 — waiting time for the next byte

DataReadTimeOut=3500

DeffaultTimeout=2000

Description=Modbus

[Objectl]

Type=7

ModbusTCP=0 — The protocol used is not the classic Modbus TCP, but a specialised

Modbus RTU protocol is used

Address=42 — model address

Channel=1 — 1st communication channel

Paused=0 — survey delay time

// Modbus RTU map file name of the device

Map=ABB_0D800 — object model

Description=AVR(ABB) — model description

[MainForm] - parameters of the main window for viewing data exchange logs (filled in
automatically).

Top=179

Left=738

Width=890

Height=627

LVHeight=150

[ModelState] - parameters of the window for graphic diagram placement of the model

Top=17

Left=247

Width=887

Height=974

[LogFormO]

Top=182

Left=182
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Figure 12. Window of the graphical model of a high-speed ATS

The program communicates with the equipment via a communication channel, which is
an RS232-RS485 connection. Then the data is sent to the equipment model, where messages
are processed. From the equipment model, the data is transferred to the real model, where the
final processing is performed.

In the real model, the message is recorded in the database, analyzed for an emergency,
and all information about the current state of the model is stored. During the work, the student
uses a graphical model that requests data from the real model and displays it in a form familiar
to the user —a mnemonic scheme (Fig. 12).

Conclusions. As a result of the development, we considered the possible use and
implementation of a microprocessor-based system of high-speed automatic reserve input into
the educational process and its integration into an automated dispatch control system for
studying and controlling the modes of electric power systems.

During the implementation of this project, the following problems were solved:

- automatic switching on of the backup power supply in the presence of two

independent sources of electricity was provided;

- control of the parameters of deviation from the established norms and voltage dips

in the power supply system, i.e., the ATS operation was organized as a consumer protection;

- a mechanism for blocking the ATS in case of a short circuit to ground was

implemented;

- integration of the developed laboratory stand into the training system of dispatch

control with the development of appropriate software.

The laboratory workshop is currently under development.

It can be generally concluded that the use of a laboratory stand based on a high-speed
automatic reserve input with microprocessor control and its integration into a training stand of
an automated dispatch control system is an urgent task. The obtained results of this project
should be used by students to master the curriculum in the areas of training specialists in modern
power supply control systems, automated dispatch control systems and their application for
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informatization of education in order to improve the quality of training of graduates of higher
technical educational institutions.

In this regard, it is worth noting that even a high-speed microprocessor-based ATS
cannot ensure the continuity of power supply. If the power receivers do not allow interruptions
in the voltage supply, then an uninterruptible power supply must be used for a certain period of
time to switch the ATS devices and start the generator. Its energy reserve should be sufficient
to power the loads until the generator reaches the operating mode, which may take several
minutes. Often, an uninterruptible power supply is designed for a longer period of time to power
the load. In this case, the power supply system with an alternative generator and an
uninterruptible power supply can be used continually.

The authors express their gratitude to the Ternopil Design Bureau of Radio Engineering
«Strila», in particular to Director Oleksandr Rafaliuk and programmer Serhii Dudin, for their
assistance in developing the laboratory stand and its software.
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Teproninbcokull HayioHAIbHUL MeXHIYHUU YHIgepcumem imeni leana 1lynros,
Tepnonins, Ykpaina

Peztome. B oanuii wac numanna niosuwenHs HadiiHOCmi ma AKOCMi eleKmponoCmaiants € OOHUMU 3
HAUBANCIUBTUUX HANPAMKIB Y PO3GUMKY efeKmpoeHepeemuKy. /s ycniuno2o supiulents yux 3a60anb 0CoOIUBY
yeazy HeobXiOHO npudinumu npoodremam po3poOIeHHs: MA CIMEBOPEHHS A8MOMAMUYHUX BUCOKOHAOTIHUX cUCmeM
NPOMUCIOB020 eNeKMPONOCMAYanHs i3 3a0e3neueHHAM be3nepebiinozo Jcusients. Y pobomi cucmem eiekmpo-
NOCMAYAHHS GUPOOHUYME KPUMUYHUX 2ALy3€ll NPOMUCTO80CHE MOACIUG] CKUOAHHA HABAHMAICEHHS, GIOKTIOYEHHS
ma Henonaoku MexHoNOSIHHUX NPOYecié npu KOPOMKUX 3AMUKAHHAX MA NOMUIKOSUX 6ioKmoyennax. Hasimb
KOPOMKOUACHI 3HUNCEHHA HANPY2U 3a3HAYEHUX SUPOOHUYME, AK NPasuno, npu3goo0Ams 00 2IUOOK020 po3nady
MeXHON02iUH020 npoyecy, 3HauHoi mamepianvroi wkoou. Ocobaueo 6aicaugy poib Oasl 3MEHUEHHA MAmepians-
HUX 30UmMKi6, NO6'A3aHUX 3 KOPOMKUMU 3AMUKAHHAMU MA 3HUICEHHAMU HANPY2U OJICUGIEHHA 6 CUCMeMax
€/1eKMpONOCMAa4ants NiIONPUEMCING KPUMUYHUX 2ALy3eli NPOMUCIO080CTI 6i0800UMbCA 6NPOBAOICEHHIO UUBUOKO-
0i104020 A8MOMAMUYHO20 66€0€HHSL Pe3eP8Y I3 3aCMOCYBAHHAM CYUACHOT enemeHmHol 6aszu. Bukonanms eumoez 00
CMBOPEHHS OOCKOHANIWUX NPUCIPOi8 WEUOKOOTIOU020 A8MOMAMUUHO20 86E0CHHS pe3ep8y i3 3acmoCcy8aHHAM
cyuacHol enemenmuoi 6asu UKIUKAE HeOOXIOHICIMb PO3POOIEHHS HOBUX ANOPUMMIS | NPUHYUNIE NOOYOO8U MAKUX
npucmpois, sKi 0 3a6e3neuysanu niOBUUeHH HAOIIHOCMI pobomu cucmem e1eKmponoCmayants NiONPUEMCE
KPUMUYHUX 2any3ell NPOMUCTIO8OCHI. Y CMammi po32iSHYMO ONUCYBAHHA MA PO3POOKA 0EMOHCMPAYItIHO2O
1abopamopro20 cmeHoy weUOK0OiI0U020 AGMOMAMUUHO20 66COCHHS PE3EPEHO20 ICUBILEHHS OISl MOJICIUGOCI
NPAKmMu4HO20 6UEYEHHS MA PO3YMIHHA 0A2AmMOCMOPOHHBLO2O JICUBNIEHH 3 Memolo 3abe3nedents HAOIUHOCi
€e/1eKmpoOnoOCmMayants cnodcusaqie. Bapmo 3aznauumu, wo po3poONieHHs NpOMUCI06020 O0ONAOHAHHA Ol
600CKOHQIIEHHSI HABYANLHO20 NpOYyecy 6 2any3i eleKmpoeHepeemuky 3 6UKOPUCMAHHAM HAUHOGIUUX
MEXHON02TUHUX QOCSACHEeHb € AKMYalbHUM 3a80anuam. Taxutl nioxio 00360146 NPAKMUYHO GUPIUUMU NUMAHHS
3aKPINAeHHA OMPUMAHUX MEOPeMUYHUX 3HAHL 3 0A306uUX OUCYUNIiH axoeoeo npoginio npu niocomosyi
manoymuix axisyie Lle € 3anopykorw ycniwHo20 npayesiawmysanHs ma peanizayii cebe sk cneyianicma 6
00paHitl eanysi.

Kniouosei cnosa: asmomamuyne 66edents pesepsy, asmoMamuine Kepyeanhs, 1ab6opamopruii cmemo,
BUMUKAY HABAHMAINCEHHS, MIKDORPOYECOPHA CUCEMA KEPYBAHHS, NPOSPAMHE 3a0e3nedeHHsL.
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