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MODELING OF A REACTIVE POWER COMPENSATOR WITH AN 

INDUCTIVE BATTERY 

In the modern world, increasing attention is paid to the issues of energy 

conservation and ensuring high quality power supply. One of the key aspects of 

ensuring efficient and reliable supply of electricity to consumers is optimal 

compensation of reactive power [1]. This study examines an innovative 

compensation device, namely, a reactive power compensator using an inductive 

energy storage device. 
In Ukraine, capacitor installations are the most common for reactive power 

compensation, both with and without the possibility of adjustment, while 

synchronous and static thyristor compensators are used less frequently. However, 

capacitor banks have their disadvantages, including sensitivity to higher 

harmonics, overvoltage and elevated temperatures, and the requirement for special 

switching and switching circuits. 

To analyse the new reactive power compensator, a computer model was 

developed using the Matlab and Simulink package. The general structure of this 

model is presented in Figure 1. 

 
Figure 1 - The general structure the model 

 

The Source block simulates the operation of a three-phase power frequency 

network, and the Filter block is a three-phase L-shaped low-pass filter. The IGBT 

block contains a three-phase bridge with IGBT transistors (Fig. 1), and the RL 
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block contains an active-inductive load (a choke with a gap). The Control block is 

responsible for controlling transistors. 

Load 1-3 blocks model a three-phase active-inductive load, and Breaker 1-4 

blocks model three-phase switches. The V-IMes.1-3, V and I blocks are designed 

for measuring currents and voltages, and the Power 1-3 and PQ blocks are for 

measuring active and reactive powers. 

Blocks Scope 1-8 are used to display data, RMS 1 - to calculate the effective 

value of phase A current, and THD 1, 2 - to calculate the coefficients of higher 
harmonics of voltage and current of phase A. 

The Gain, Integrator and Pulse blocks are used to calculate the average value 

of the inductor current, and the Switch 1, 2, Const 1, 2 and Clock blocks are used 

to control how the compensator is turned on and off. 

This computer model provides the ability to study the operation of the 

compensator under various conditions thanks to flexible adjustment of the time 

parameters for turning on and off the blocks. This allows you to check the 

effectiveness of the compensator under different loads and changing network 

operating conditions. The selection of model parameters is made taking into 

account the requirements for electromagnetic compatibility and the physical 

implementation of the device. Calculations of reactive and active resistances of the 

model components are carried out taking into account the optimization of 
parameters to ensure the necessary characteristics of the compensator. 

The diagrams presented in Figure 2 display data for a time interval of 0.02 s, 

which corresponds to one period of mains current fluctuation. These graphs show 

the phase voltage and current curves, as well as the inductor current and its average 

value. There is a phase shift of the phase current by 90° forward relative to the 
voltage (in electrical degrees), as well as the presence of ripple of about 3%. The 

amplitude of the phase current approximately corresponds to the average value of 

the inductor current. 

 
Figure 2 - Data for a time interval of 0.02 s, which corresponds to one period of 

mains current fluctuation 
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Additional calculations and analyzes carried out using computer modeling 

confirmed the efficiency and reliability of the VAR compensator, and also 

confirmed the compliance of its parameters with the requirements of electrical 

standards and regulations. 
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KOTSUR I. . 
STUDY OF THE MAGNETIC FIELD DISTRIBUTION OF AN 

ASYNCHRONOUS MOTOR AT DIFFERENT HEIGHTS OF THE SLOTS 

OF THE SHORT-CIRCUITED ROTOR 

The existing methods of calculating electromagnetic fields allow to reduce 

the time for determining the values of mathematical data, in particular, using the 

finite element method. It is considered more effective, but not always simpler. A 

certain number of programs have been created to solve this issue.  

One such program is FEMM 4.2 (Finite Element Method Magnetics). A 

convenient interface and ease of use allow you to quickly master the program even 

without special knowledge of graphic editors.  

The purpose of this work is research using the FEMM 4.2 program. physics 

of electromagnetic processes in an asynchronous motor (AM) with a short-

circuited rotor type 4A225M8U3 at different heights of the grooves of the short-

circuited rotor.  
The initial data for calculating the magnetic field are: geometric dimensions, 

characteristics of materials and environments, current densities in the windings, as 

well as boundary conditions that are introduced to obtain an unambiguous solution.  

According to the results of the simulation of the magnetic field of AM with 

an increased height of the rotor grooves, the energy indicators were calculated. 

Losses in the rotor winding of the new design are reduced. As a result, the useful 

power and efficiency increase, while the total losses remain approximately 

unchanged.  

Thus, for an asynchronous motor type 4A225M8U3, an increase in the height 

of the rotor groove by 32% led to an increase in their cross-section, which in turn 

led to an increase in the efficiency of the motor by 0.19%.  
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According to the results of the study of 4A4A225M8U3 using FEMM, the 

most accurate parameters were obtained, which more reliably reflect the actual 

process.  

Increasing the height of the grooves of the short-circuited rotor makes it 

possible to increase the cross-section of the grooves of the rotor, which leads to an 

improvement in the energy performance of AM. 
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AN OVERVIEW OF TDS SOFTWARE: FEATURE AND FLEXIBILITY 

TDS is a comprehensive software package that offers a user-friendly and 

configurable environment. It provides all the tools needed to design competitive 

transformers for the current market conditions.  

Supported by MECHGUIDE and CREO-automation, TDS facilitates the 

verification of mechanical and seismic stability and streamlines the preparation of 

production drawings. This package significantly simplifies and accelerates 

engineering tasks. It enables a reduction in the number of highly experienced 

engineers required or allows engineers with moderate qualifications to enhance 

their skills through package use. 

The TRDO software database enables users to generate a standard tender 
variant of a preliminary design with just a few clicks and within half an hour. It 

includes numerous tools that enhance efficiency and speed, such as a built-in 

database containing data from IEC, IEEE, and GOST standards, as well as charts 

and reports. Additionally, it features editors for electrical and hydraulic connection 

diagrams, along with an extensive database incorporating IEC, IEEE, and GOST 

specifications. 

TDS stores comprehensive transformer design information in a collection of 

XML files accompanied by XSD schema descriptions. This method of data storage 

allows for seamless integration of input and output data into existing software 

design tools or the creation of custom tools based on TDS. It features built-in 

databases containing material properties, standard test voltages, cooling system 

components, and insulation structures, all of which are easily editable and 
configurable. 

Although it is recommended to use the complete package with all modules, 

TDS is highly scalable and can be easily reconfigured to include only the specific 

modules that are needed by the user. This flexibility allows users to tailor TDS to 

their specific requirements, optimizing their use of the software according to their 

project needs. 
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The design workflow may proceed as follows: 

- TRDO calculates impedances and currents, but TRANSMAG-2D offers 

more precise calculations, requiring users to define branches and create connection 

diagrams. 

- Winding insulation can be checked for impulse tests using BIL in 

TRANSMAG-2D, necessitating corresponding connection diagrams as input. 

- To assess main insulation, TDS generates a model for TELAX2D. Users 

can select a structure from the database or input it manually. AC potential 
distribution requires a corresponding connection diagram, while impulse potential 

distribution is automatically derived from BIL. 

- Coolant flow rates and pump operation correctness can be calculated in 

TR-HYDRAULIC, requiring users to input the hydraulic connection diagram for 

the cooling loop. Other heating modules can function without it but with reduced 

accuracy. 

- ELMAG-3D module in TDS allows for basic stray loss calculations, 

requiring users to input standard structure elements into TDS tables. Core, 

windings, currents, and rectangular tank are generated automatically. For more 

precise calculations, users can utilize a standalone version that imports geometry 

directly from 3D CAD software. 

- WELDINST assesses mechanical stability under short-circuit conditions, 
necessitating the input of corresponding connection diagrams. 

- Mechanical calculations and seismic stability are performed separately by 

ANSYS with the assistance of the MECHGUIDE package. 

- To leverage validated structural solutions and expedite production 

drawing creation, one can utilize CREO automation. 
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METHODS OF DIAGNOSING DAMAGE TO ASYNCHRONOUS MOTOR 

WINDINGS 

Asynchronous motors (A ) often work at elevated temperatures, humidity, 
dustiness and gassiness of the working environment, commutation overvoltag-es 

and technological overloads, which reduces the resource of their work. In the vast 

majority of cases, A  failures occur due to damage to the stator and rotor 
windings. Therefore, timely identification of the location and degree of damage 

will prevent their development, reduce recovery time, reduce mainte-nance costs, 

avoid equipment downtime, and increase the efficiency of en-gines and production 

mechanisms. 

 To date, the following methods of diagnosing A  are known:  
1 The method of continuous monitoring of the state of the stator and rotor 

windings of A  based on the data of measurements of phase cur-rents and voltage. 

Symmetrical components of stator currents and voltages, as well as the consumed 
active power and the angle of inclination of the mechan-ical characteristics of the 

electric motor in the area of working slips are used to assess the technical condition 

of the A . The method allows you to avoid diagnostic errors in the presence of 
pulsations and harmonic components in the supply voltage. Disadvantage: the 

measurement results are evaluated ac-cording to a complex diagnostic criterion, 

which does not allow localization of the damage.  
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2. The method involves measuring the phase values of current and voltage 

stator winding, and by the magnitude of the pulsations of the third harmonic is 

made conclusion about the degree of damage to the windings. To implement the 

method, it is necessary to measure the values of zero-sequence currents and 

voltages, which is possible only when the wind-ings are connected in a "star" 

scheme, which is not used in powerful A s. 
 3. The method is based on the analysis of the starting current in the stator in 

one of engine phases. In the process of diagnosis, everyone is com-pared of the 
previous amplitude value of the phase current with a subsequent one, and the 

resulting difference can be used to judge the presence of winding defects. 

Disadvantages: implemented only in startup mode.  

4. The method of measuring instantaneous values of two phase currents in 

constant mode of operation under load. Presence of damage is determined by the 

appearance of the phase instantaneous values, which determines the dependence 

between the instantaneous values of the phase currents A . Dis-advantage: 

diagnosis is performed under load, clear criteria for determination are not specified 

damage to the rotor windings.  

5. The method based on the analysis of the external magnetic field (EMF) 

consists in the analysis of the change in the magnetic induction (ZM�) of the ZM� 
A , which is a the total magnetic field created by the different frequencies of the 
magnetic field of the motor and the screen. The presence of damage to the rotor 

winding causes the appearance of spatial harmonics in the ZM�, the order of which 
is lower than the order of the fundamental one, and which largely determines the 

level of the ZM� A . Disadvantage: complexity of research and low accuracy of 
research results.  

6. According to the method, an alternating current electromagnet with a 

magnetizing winding and a measuring winding is connected to the test rod. The 

value of MRS at a constant supply voltage is a diagnostic sign of the con-dition of 

the rod. Disadvantage: the need to derive A  from the technological process and 
disassemble it to install measuring equipment.  

7. The method based on the thermal action of the electric current and the 
supply to the rotor rings of a voltage at which the value of the current in the rods 

exceeds the nominal value. A thermal imager is used as an observer of the thermal 

state of the rotor rods. The condition of the rotor rods is judged by the heating 

temperature during current flow through them: undamaged rods heat up more than 

broken ones. Disadvantages: the need to supply large cur-rents, the need to 

disassemble the engine.  

8. A method based on the analysis of the electromagnetic moment spectrum. 

The method involves measuring the phase currents of the stator in the idling mode 

of the AD, determining the electromagnetic torque and com-paring a significant 

number of harmonics of the spectrum, which change for a certain frequency range. 
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Disadvantage: the need to take into account losses in the engine steel for 

calculations, which causes the complexity of calculating the electromagnetic 

moment.  

The analysis of methods for diagnosing damage to A  windings showed that 
each of the methods has both advantages and disadvantages. Methods that require 

the installation of special equipment, removal of the diagnostic object from the 

technological process, disassembly of the engine, and repeated checking of the 

diagnostic results using several diagnostic signal processing methods can be 
considered ineffective. 
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ANALYSIS OF METHODS FOR REACTIVE POWER COMPENSATION 

IN ELECTRICAL NETWORKS  

One of the main aspects related to improving the quality of electricity in 

industrial networks, both at the design stage and at the operation stage, is the issue 

of reactive power compensation. It covers the selection of the most effective 
compensation sources, the calculation and management of their capacity, and the 

determination of placements in the network. 

Effective reactive power compensation in industrial networks includes 

various aspects aimed at increasing the economic efficiency of electrical equipment 

and improving the quality of consumed electricity. This includes the selection and 

calculation of compensation devices taking into account the specifics of the 

network.  

Active and reactive power represent significant differences in terms of 

electricity generation and consumption. Basically, electrical receivers consume 

active power, and losses in the network and equipment lead to small losses of 

active power. However, reactive power losses in the network can be comparable to 

the reactive power consumed by electrical receivers. 
Synchronous generators in power plants play an important role in balancing 

reactive power in electrical networks. However, if the active power production 

decreases, there is a need to increase the reactive power production. This may lead 

to the transfer of some generators to operate at a reduced power factor. 
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To reduce the consumption of reactive power from the network, reactive 

power compensators are used, such as capacitor banks, synchronous compensators, 

motors and static reactive power sources.  

At an enterprise, reducing reactive power consumption is achieved by various 

methods. These may include natural approaches, such as regulating the operation 

of electrical receivers to reduce the impact on the electrical network, as well as 

special compensating devices installed at certain points in the electrical supply 

system. 
The widespread use of valve converters in industry requires solving the 

problem of limiting their influence on the power grid, primarily the issues of 

reactive power compensation. 

The use of valve converters in industry is widespread, but this raises the need 

to solve problems associated with their impact on the electrical network. One of the 

key tasks is reactive power compensation. 

It is especially difficult to cope with this task in networks with a high content 

of higher harmonics generated by nonlinear loads. Traditional reactive power 

compensation methods designed for sinusoidal currents and voltages may 

encounter technical difficulties in such conditions. 

Studying the operation of capacitor units in the presence of higher harmonics 

is important for assessing the possibility of their use in industrial electrical 
systems. Practice shows that capacitor banks operating at a non-sinusoidal voltage 

can fail due to overload with higher harmonic currents. Connecting capacitor banks 

to the busbars of a substation that supplies power to a powerful valve load can lead 

to resonance with the network inductance, which also negatively affects their 

operation. 

Currently, static reactive power compensators are being actively introduced, 

which are an effective means for compensating reactive power in power systems. 

These devices have several advantages, such as speed, reliability, and the ability to 

control reactive power without the use of rotating parts. 

One of the key advantages of static compensators is their ability to compen-

sate for reactive power without delay, which allows for more accurate and effi-
cient control of energy processes. This is especially important in networks with 

rapidly changing load or high levels of unbalance. 

In addition, static compensators ensure voltage stability in the electrical 

network, which helps to increase the efficiency of electrical installations and 

improve the quality of electricity. These devices can also perform the function of 

filtering higher harmonics and reducing voltage asymmetry in the network. 

Due to their advantages, static reactive power compensators are actively used 

in various industries and energy sectors to optimize the operation of electri-cal 

networks and increase their reliability. 
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DIAGNOSTICS OF THE ELECTRIC MOTOR DURING ITS OPERATION 

AND PREDICTION OF ITS RESOURCE 

Carrying out a variety of tasks in industry, electric motors are key elements in 

many systems, providing motion, actuation and energy. However, regardless of 

their power and reliability, electric motors are subject to wear and tear and can 
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become a source of problems that can lead to accidents, failures and unplanned 

stops in the production process. That is why it is important to carry out diagnostics 

of electric motors during their operation, and not only during scheduled 

maintenance periods. This allows you to detect potential problems in time, avoid 

accidents and maintain the reliability and efficiency of production processes. 

Electric motors are subject to wear and tear, like any other equipment. To 

identify problems in a timely manner, units are tested. To do this, several methods 

for diagnosing electric motors are used. Identifying hidden problems in electric 
motors that can be corrected can optimize motor efficiency and performance. 

Timely maintenance extends service life and prevents problems from reoccurring. 

Common methods for diagnosing electric motors: 

Static testing is performed while the engine is offline. It can determine the 

condition of the insulation and electrical circuit of the motor. Dynamic analysis is 

performed while the engine is running. It can identify problems related to power 

quality, motor performance and loads. Together, these motor diagnostic techniques 

will paint a picture of the motor's health and provide information to predict 

potential problems. Approximately 80% of electric motor failures occur due to 

malfunctions of the interterm insulation system. The insulation begins to wear 

down as the coils rub against each other due to the movement that occurs when the 

engine starts. Insulation can further deteriorate due to the formation of chemical 
deposits, which are usually found when the engine is over-lubricated. Static testing 

using modern technologies helps determine whether there are problems in the 

electrical circuit of the unit. This is the most informative method for diagnosing an 

electric motor. With its help, the following problems are solved: 

- Checking the winding resistance 

- Ground continuity test 

- Polarization test 

- Line or step voltage tests 

- Test for voltage surges and short circuits. 

The suite of technologies for dynamic analysis includes portable analyzers 

and monitoring systems. They have been designed to measure power quality, 
motor performance, overcurrent or current imbalance, and torque characteristics. 

The use of both methods of electric motor diagnostics guarantees a complete 

identification of faults and weak points of the motor. Based on the data obtained, a 

decision is made on the need for engine repair and maintenance. 

Electric motor maintenance: During maintenance of electric motors, the 

insulation resistance of the motor and bearings must be checked. If the insulation 

level does not meet the standards, the windings are dried. Electric motor 

maintenance includes the following operations: 

- cleaning the engine from dirt and dust, 

- checking the serviceability of grounding, 
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- serviceability of mounting of the electric motor and individual elements, 

- measuring the degree of heating, noise and vibration levels, 

- checking the reliability of the contact connection, 

- elimination of identified faults, 

- calculation of the insulation resistance coefficient. 

The characteristics of the premises, as well as the machines with which the 

electric motors interact, significantly influence the maintenance time of the 

devices. You should also take into account the fact that engine maintenance can 
only be performed in a specialized place. But there are cases when electric motors 

are serviced at home. For example, the commutator is cleaned, or the old brush is 

replaced. Regular engine maintenance will help prevent breakdowns or prevent 

unwanted engine problems. Electric motors, as well as their parts, require technical 

inspection and testing every 6 months. If regular maintenance is observed, the 

efficiency of the electric motor itself can be maintained. As a rule, malfunctions of 

electric motors occur due to wear and tear of the material, aging of parts, as well as 

violation of the rules for the technical use of mechanisms. A timely technical 

inspection of the electric motor contributes to the most accurate determination of 

the cause of the malfunction, which determines the success of the repairs necessary 

to eliminate the breakdown of the electric motor. 

Therefore, performing regular diagnostics and maintenance on electric 
motors while they are running plays a key role in maintaining the reliability and 

efficiency of production processes. The integrated use of static and dynamic 

diagnostic methods allows us to identify potential problems and eliminate them 

before emergency situations occur. Regular maintenance, in turn, extends the life 

of electric motors and prevents unwanted problems from occurring. This approach 

to equipment management not only ensures the safety of the production process, 

but also increases its efficiency and economic benefits. 
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LED-LIGHNING TECHNOLOGIES 

An LED is a semiconductor device that emits light when an electric current 

and a certain chemical reaction are passed through it. The first LEDs appeared in 

1962, emitting only low-intensity infrared light and were used as indicator lamps in 

expensive laboratory or electronic test equipment. Later developments created 

LEDs of different colors and expanded their use, and the advent of white LEDs 

made the latter suitable for indoor and outdoor lighting. Today, almost all modern 
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technology uses LEDs of one type or another. They can be found in remote control 

circuits for consumer electronics, medical devices, calculators, digital watches, 

kettles, coffee grinders, TVs, refrigerators, washing machines, radios, flashlights, 

computers, smartphones, and cars. 

A light-emitting diode (LED) works on the basis of the electroluminescence 

effect. The basic principle is that when an electric current passes through a 

semiconductor crystal, the electrons and holes formed by the admittance recombine 

and emit photons of light. This process creates visible light that has a specific color 
depending on the semiconductor material used. Thus, LEDs generate light by 

directly converting electrical energy into light without significant energy loss to 

heat, making them energy-efficient and long-lasting light sources. 

Let's look at the advantages and disadvantages of LED bulbs. The most 

important advantage of LEDs is their energy efficiency and economy. The energy 

efficiency or light output of a light source is the ratio of energy consumption to 

light output. The less energy a lamp consumes and the more light it produces, the 

more energy efficient it is. In addition to energy efficiency, LEDs provide 

maximum durability compared to other solutions. For example, the service life of 

an LED lamp is up to 50,000 hours, which is equivalent to 11 years of operation at 

12 hours of work per day. LED lamps last even longer - up to 80 and even 100 

thousand hours, which is more than 20 years without periodic lamp replacement. 
These figures are significantly higher than the service life of other products. LED 

lamps and matrices light up almost instantly (in microseconds) and reach their 

maximum light output immediately after switching on. They are not afraid of 

frequent switching on and off, unlike incandescent and fluorescent lamps, which 

fail faster when switched frequently, or high-intensity discharge lamps that take 

time to warm up, cool down and restart. 

Since LED lamps do not contain mercury, they do not pose the same risk to 

human health and the environment as traditional mercury fluorescent lamps. 

Mercury can be hazardous to human health and ecosystems, especially if the lamp 

is broken or improperly disposed of. In addition, the efficiency of LED lighting 

helps to reduce electricity consumption compared to other light sources. Since 
electricity is generated from a variety of sources, such as coal, oil, or gas, reducing 

electricity consumption helps reduce greenhouse gas emissions and other harmful 

substances into the environment. 

However, even the most high-tech devices usually have certain drawbacks, 

and LEDs are no exception. The high cost of LED lamps and lamps is traditionally 

considered one of the first. Of course, if compared to incandescent lamps and 

energy-saving lamps, the cost of LED devices will indeed be higher, but it has long 

been proven that the long service life, lack of maintenance costs and economical 

electricity consumption ensure a quick payback of the products. Among other 

disadvantages, we can note the dependence of the durability of the lamp on the 
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quality of manufacture, high requirements for the quality of heat dissipation, and 

sensitivity to voltage. 

LED solutions have a wide range of color temperatures (from warm to cold), 

have a high color index, allow you to individually select the color of lighting, 

taking into account the characteristics of the interior or exterior, and adjust the 

brightness and temperature of the light, choosing a more comfortable glow in 

accordance with the functionality of the room or place of application. 

LEDs are a modern and promising light source that is already widely used in 
various industries. They are characterized by high energy efficiency, durability, 

low heat generation, and low emissions. LEDs can also be easily controlled and 

adapted to different lighting needs, making them an ideal choice for home, 

commercial, and industrial use. Thanks to ongoing technology improvements, 

LEDs continue to become even more efficient, safe, and affordable for everyone. 
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4;S ABC45=BV2 A?5FV0;P=>ABV 141 «�;5:B@>5=5@35B8:0, 5;5:B@>B5E=V:0 B0 
5;5:B@><5E0=V:0». 

 

 

 



167 

%#�%"� ���"$�%&�!"� ��&�$�&'$� 

1. �;CI5=:> !. �0=04B> 25;8:V 40=V: A:V;P:8 V=D>@<0FVW 715@V30TBPAS 2 
�=B5@=5BV? (ain.ua) [�;5:B@>==89 @5AC@A] $568< 4>ABC?C: 
https://ain.ua/special/skolko-vesit-internet/ 

 

 

'�� 621.316  

-CAP �. .1, �>@=S: �.�.2  
1 0A?. !' «�0?>@V7P:0 ?>;VB5E=V:0» 
2 :0=4. B5E=. =0C:, 4>F. !' «�0?>@V7P:0 ?>;VB5E=V:0» 

-'%, �. ., �"$!/� �.�. 
&�)!"�"��+!� "%!"�� %&�"$�!!/  �&�$����� ��/ 
������&$�+!"�" ��$�!'��!!/ �� �$.���,!�) 

&$�!%("$ �&"$�� 

� 5;5:B@>B5E=VFV B0 @04V>B5E=VFV H8@>:> 28:>@8AB>2CRBPAS <0B5@V0;8, 
S:V <0RBP 28A>:C 4V5;5:B@8G=C ?@>=8:=VABP, 0 B0:>6 ?@>2V4=VABP, I> 
70;568BP 2V4 =0?@C65=>ABV 5;5:B@8G=>3> ?>;S. #@8:;04>< B0:8E <0B5@V0;V2 
<>6=0 =025AB8 25;8:89 :;0A A53=5B>5;5:B@8:V2, 2 B><C G8A;V B8B0=0B 10@VR 
BaTiO3, 0 B0:>6 @04V>B5E=VG=C :5@0<V:C B>I>. ' 28A>:>2>;PB=V9 
5;5:B@>B5E=VFV =091V;PH>3> ?>H8@5==S =01C;8 <0B5@V0;8 =0 >A=>2V >:A84C 
F8=:C ZnO, I> T >A=>2>R 4;S 283>B>2;5==S 20@8AB>@V2 C =5;V=V9=8E 
>1<56C20G0E ?5@5=0?@C38 [1, 3]. �0@8AB>@8 =0 >A=>2V >:A84C F8=:C <0RBP 
>4=>G0A=> 28A>:C (?>@S4:C 1500 V 1V;PH5) 2V4=>A=C 4V5;5:B@8G=C 
?@>=8:=VABP B0 ?@>2V4=VABP, I> 7@>AB0T 2V4 <0;>3> 7=0G5==S 4> @V2=S 
?@>2V4=8:0 ?@8 4>AS3=5==V =0?@C3>R ?52=>3> ?>@>3>2>3> @V2=S. �> 28<>3, I> 
?@54'S2;SRBPAS 4> <0B5@V0;V2 4;S 283>B>2;5==S 4V5;5:B@8G=8E 5:@0=V2, 
?5@5206=8< ?>:07=8:>< T B5E=>;>3VG=VABP, B>1B> <>6;82VABP AB2>@5==S 
A:;04=8E D>@< B0 ?>:@8BBV2. &0:>3> 5D5:BC =5<>6;82> 4>AS3B8, S:I> 
28:>@8AB>2C20B8, =0?@8:;04, @04V>B5E=VG=C :5@0<V:C, ?@>B5 FV;:>< <>6;82> 
70 C<>28 70AB>AC20==S :><?>78B=8E <0B5@V0;V2 =0 >A=>2V A8;V:>=C, 
5?>:A84=>3> :><?0C=4C B>I> [1, 2].  

�V4><V 7 >?C1;V:>20=8E 465@5; ?@8:;048 70AB>AC20==S :><?>78B=8E 
<0B5@V0;V2 [1, 3], S:V AB2>@5=V =0 75&80 % 7 ?>@>H:C <V:@>20@8AB>@V2 B0 =0 
20&25 % 3 7 5?>:A84=>3> :><?0C=40.  V:@>20@8AB>@=89 ?>@>H>: <>65 1CB8 
>B@8<0=89 ?> 265 VA=CRGV9 B5E=>;>3VW 283>B>2;5==S 20@8AB>@V2 4;S 
>1<56C20GV2 ?5@5=0?@C38, S:I> 28:;RG8B8 AB04VR ?@5AC20==S F8;V=4@8G=8E 
B01;5B>:. �;0AB82>ABV ;53>20=>3> >:A84C F8=:C, I> A;C68BP 4;S 
283>B>2;5==S 20@8AB>@V2, 2V4><V 3 F5 28A>:0 4V5;5:B@8G=0 ?@>=8:=VABP, I> 
4>AS30T 1500 2V4=>A=8E >48=8FP V 1V;PH5, 0 B0:>6 ?@>2V4=VABP, ?@0:B8G=> 

https://ain.ua/special/skolko-vesit-internet/


168 

=C;P>20 C A;01:><C 5;5:B@8G=><C ?>;V B0 H284:> 7@>AB0RG0 ?@8 4>AS3=5==V 
?>@>3>2>3> @V2=S =0?@C65=>ABV.  

!0?@8:;04, ?@8 28:>@8AB0==V B01;5B>: 20@8AB>@V2 4V0<5B@>< 28 << B0 
28A>B>R 9 << ?@8 =87P:V9 =0?@C7V T<=VABP AB0=>28;0 1032&1036 ?(, I> 
4>72>;8;> >1G8A;R20B8 4V5;5:B@8G=C ?@>=8:=VABP <0B5@V0;C =0 @V2=V 
1704&1711 2V4=>A=8E >48=8FP. �=HV 7@07:8 45<>=AB@C20;8 S: <5=HC (4> 600 
2V4=>A=8E >48=8FP), B0: V 1V;PHC 4V5;5:B@8G=C ?@>=8:=VABP [3, 4]. $07>< 7 
4V5;5:B@8G=>R ?@>=8:=VABR, ?>BC6=8< 70A>1>< 4;S :5@C20==S @>7?>4V;>< 
5;5:B@8G=>3> ?>;S T =5;V=V9=0 ?@>2V4=VABP. �:A?5@8<5=B8, =02545=V 2 
?C1;V:0FVSE [3, 4] ?>:07CRBP, I> =5;V=V9=0 ?@>2V4=VABP, 2;0AB820 <0B5@V0;0< 
20@8AB>@V2, ?@>S2;STBPAS B0:>6 C 4@V1=>48A?5@A=8E D>@<0E V :><?>78FVSE 
B0:8E D>@< 7 ?>;V<5@=8< A?>;CG=8<. #@8 FP><C :>=F5=B@0FVS =0?>2=R20G0 
<0T 1CB8 <5=H>R 70 70 3 75 %. "B65, >A=>2>R B5E=>;>3VW AB2>@5==S 
<0B5@V0;V2 4;S 4V5;5:B@8G=8E 5:@0=V2 T 283>B>2;5==S :><?>78FVW 7 
?>;V<5@=>3> A?>;CG=>3> 7 2V4=>A=> =87P:>R 4V5;5:B@8G=>R ?@>=8:=VABR B0 
4@V1=>48A?5@A=>3> =0?>2=R20G0 7 28A>:>R 4V5;5:B@8G=>R ?@>=8:=VABR B0 
(01>) ?@>2V4=VABR, I> =5;V=V9=> 70;568BP 2V4 =0?@C65=>ABV 5;5:B@8G=>3> 
?>;S. 

 

%#�%"� ���"$�%&�!"� ��&�$�&'$� 

1. �D0=0APT2, ".�. �;5:B@8G=V 0?0@0B8 28A>:>W =0?@C38 [&5:AB] / 
". �. �D0=0APT2, �. �. �>@=S:, �.  . -CAP. 3 �0?>@V66S: !' «�0?>@V7P:0 
?>;VB5E=V:0», 2021. 3 356 A. 

2. �>@=S:, �. �. �=0;V7 :>=AB@C:B82=8E B0 AB@C:BC@=8E >A>1;82>AB59 
<0B5@V0;V2 7>2=VH=P>W V7>;SFVW 28A>:>2>;PB=8E 0?0@0BV2 [&5:AB] / �. �. 
�>@=S:, ". �. �D0=0APT2, �.  . -CAP //�VA=8: !0FV>=0;P=>3> B5E=VG=>3> 
C=V25@A8B5BC «)#�». �1V@=8: =0C:>28E ?@0FP. %5@VS: #@>1;5<8 
C4>A:>=0;5==S 5;5:B@8G=8E <0H8= V 0?0@0BV2. &5>@VS V ?@0:B8:0. 3 7 2 (8) 
2022. 3 %. 8 3 15. 

3. �>@=S:, �. �. "?B8<V70FVS A8AB5<8 2=CB@VH=P>3> 5:@0=C20==S 2 
307>=0?>2=5=8E 28A>:>2>;PB=8E 5;5:B@8G=8E 0?0@0B0E V7 ?>;V<5@=>R 
V7>;SFVTR [&5:AB] / �. �. �>@=S:, ".�. �D0=0APT2, �. . -CAP // �VA=8: 
!0FV>=0;P=>3> B5E=VG=>3> C=V25@A8B5BC «)#�». �1V@=8: =0C:>28E ?@0FP. 
%5@VS: #@>1;5<8 C4>A:>=0;5==S 5;5:B@8G=8E <0H8= V 0?0@0BV2. &5>@VS V 
?@0:B8:0. 3 )0@:V2: !&'«)#�». 3 2022. 3 7 1 (7). 3 %. 8 3 12. 

4. Compact SF6 GIS & Dead Tank Breaker Bushings: Options and Limits. 

Rainer F. Röder, Gardy Technology AG, Erlinsbach/Switzerland. 2015 INMR 
World Congress, October 18 3 21, 2015, Munich Germany. 

5. New Concepts in Voltage Grading. Jens M. Seifert. LappInsulators GmbH, 

Wunsiedel, Germany. 2015 INMR World Congress, October 18 3 21, 2015, 

Munich Germany. 



169 

'�� 621.3.048.1 
�0@010= ".�.1, #>;S:>2  .".2 
1 0A?. !' «�0?>@V7P:0 ?>;VB5E=V:0» 
2 4-@ B5E=. =0C:, ?@>D. !' «�0?>@V7P:0 ?>;VB5E=V:0» 

��$���! ".�., #"�/�"�  .". 
�!���� ����+�  '�,&�#"�,"�"�"  "���.��!!/ 
#$"*�%�� �!"%' *��.�"�!"� ��"�/*�� %��"�"�" 

 �%�"!�#"�!�!"�" &$�!%("$ �&"$� 

#@54<5B @>1>B8: AB0= F5;R;>7=>W V7>;SFVW, S:89 157?>A5@54=P> 2?;820T 
=0 @5AC@A A8;>2>3> B@0=AD>@<0B>@0. #@>3=>7C20==S B0 >FV=:0 AB0=C 
F5;R;>7=>W V7>;SFVW 28<030T 70AB>AC20==S :><?'RB5@=>3> <>45;R20==S. 

 5B0 @>1>B8 T ?V428I5==S B>G=>ABV ?@>3=>7C20==S H;SE>< ?5@5E>4C 4> 
28:>@8AB0==S ?>;P>28E <>45;59. 

�0240==S< @>1>B8 T 0=0;V7 70240==S <C;PB8?>;P>2>3> <>45;R20==S, 
>3;S4 ;VB5@0BC@8 I>4> @V7=8E <>45;59.  

#0@0;5;P=> VA=CT ?@>1;5<0, S:0 ?>B@51CT 28@VH5==S B0 CB>G=5==S, 0 
A0<5 3 D0:B>@ ?@8:;045=>3> 7CA8;;S 4> F5;R;>7=>W V7>;SFVW 2 :>=:@5B=89 
<><5=B G0AC S:89 =5 28:>@8AB>2CTBPAS 2 ACG0A=8E <>45;SE. 

' ACG0A=><C A2VBV =04728G09=> A:;04=> CS28B8 DC=:FV>=C20==S 1C4P-
S:>W A8AB5<8 157 5;5:B@>5=5@3VW. �0157?5G5==S AB01V;P=>W A8AB5<8 
5;5:B@>682;5==S <0T 25;8:5 7=0G5==S. !04V9=VABP A8;>28E B@0=AD>@<0B>@V2 
T 28@VH0;P=8< D0:B>@>< 4;S 70157?5G5==S DC=:FV>=C20==S 1C4P-S:>W 
A8AB5<8 5;5:B@>682;5==S. � A2>R G5@3C, =04V9=VABP A8;>28E 
B@0=AD>@<0B>@V2 70;568BP 2V4 S:>ABV F5;R;>7=>W V7>;SFVW, I> ?V440TBPAS 
>FV=FV AB0=C B0 ?@>F5AC AB0@V==S. 

�>A;V465==S I>4> H284:>ABV AB0@V==S F5;R;>7=>W V7>;SFVW A8;>28E 
B@0=AD>@<0B>@V2 28:>=CTBPAS 1030BP<0 =0C:>2FS<8 ?> 2AP><C A2VBC 4;S 
287=0G5==S D0:B>@V2, S:V 2?;820RBP =0 ?@>F5A ?@8A:>@5==S AB0@V==S 
F5;R;>7=>W V7>;SFVW. %CG0A=V <>45;V 4V;SBPAS 70 ?>;S<8, S:V 2?;820RBP =0 
?@8A:>@5==S AB0@V==S F5;R;>7=>W V7>;SFVW. [1]: 

1. �?;82 ?V428I5=>W B5<?5@0BC@8. 
2. �?;82 2>;>3>ABV 2 F5;R;>7=V9 V7>;SFVW B0 B@0=AD>@<0B>@=><C <0A;V. 
3. �?;82 :8A=R 2 10:C B@0=AD>@<0B>@0. 
4. �?;82 ?@>4C:BV2 AB0@V==S <0A;0. 
5. �?;82 <5E0=VG=8E (2V1@0FV9=8E) =020=B065=P =0 F5;R;>7=C V7>;SFVR 

B@0=AD>@<0B>@0. 
#@>0=0;V7CT<> ACG0A=V <>45;V AB0@V==S F5;R;>7=>W V7>;SFVW <0A;>-

=0?>2=5=5=8E A8;>28E B@0=AD>@<0B>@V2: 
 >45;P 45AB@C:FVW ?V@>;V7C 107CTBPAS =0 @V2=S==V �@@5=VCA0 I> T >4=8< 

7 =091V;PH ?>H8@5=8E 4;S >FV=:8 AB0=C B0 H284:>ABV AB0@V==S F5;R;>7=>W 
V7>;SFVW.  >45;P 107CTBPAS =0 B><C I> H284:VABP AB0@V==S ?@>?>@FV9=0 



170 

5:A?>=5=FV0;P=V9 DC=:FVW 2V4 B5<?5@0BC@8. ' 1889 @>FV �@@5=VCA 
70?@>?>=C202 @V2=S==S, S:5 >?8ACT 70;56=VABP ?>ABV9=>W H284:>ABV @50:FVW 
2V4 B5<?5@0BC@8 [1]. 

 TR

E

eAk ô
2

ô=  (1)  

45 k 3 :>=AB0=B0 H284:>ABV @50:FVW; � 3 ?>:07=8: AB0@V==S, >1C<>2;5=>3> 
2?;82>< 2>;>38, :8A;>B B0 :8A=R, 3>4-1; � 3 5=5@3VS 0:B820FVW 4;S ?@>F5AC 
B5?;>2>3> AB0@V==S ?0?5@C C B@0=AD>@<0B>@=><C <0A;V, :�6/<>;P; R 3 
<>;S@=0 307>20 AB0;0 �6/<>;P/�; & 3 B5<?5@0BC@0, °%. 

 
#@>0=0;V7C202H8 <>45;P 284=> 7 D>@<C;8, I> 40=0 <>45;P =5 2@0E>2CT 

2?;82 2>;>3>ABV 2 F5;R;>7=V9 V7>;SFVW B0 B@0=AD>@<0B>@=><C <0A;V, 2?;82 
:8A=R 2 10:C B@0=AD>@<0B>@0, 2?;82 ?@>4C:BV2 AB0@V==S <0A;0 B0 2?;82 
<5E0=VG=8E (2V1@0FV9=8E) =020=B065=P =0 F5;R;>7=C V7>;SFVR 
B@0=AD>@<0B>@0. 

 >45;P 45AB@C:FVW 3V4@>;V7C 2>=0 107CTBPAS =0 AB5?5=V 72>;>65=>ABV 
F5;R;>7=>W V7>;SFVW [1].  

 ò
+

=+
Tt

t

dtWKV
T

TttL
0

0

)(
1

)0,0(  (2) 

45 L(t0,t0+T) 3 A:>@>G5==S AB@>:C A;C618 V7>;SFVW 2 V=B5@20;V G0AC, S:89 
?>G8=0TBPAS 2 <><5=B t0 B0 <0T B@820;VABP T; V 3 2V4=>A=0 H284:VABP 
A:>@>G5==S AB@>:C A;C618 V7>;SFVW B@0=AD>@<0B>@0; KW3 :>5DVFVT=B8 2?;82C 
2>;>38 =0 AB0@V==S V7>;SFVW B@0=AD>@<0B>@0, 2V4?>2V4=>. 

 

#@>0=0;V7C202H8 <>45;P 284=> 7 D>@<C;8, I> 40=0 <>45;P =5 2@0E>2CT 
2?;82 ?V428I5=>W B5<?5@0BC@8, 2?;82 :8A=R 2 10:C B@0=AD>@<0B>@0, 2?;82 
?@>4C:BV2 AB0@V==S <0A;0 B0 2?;82 <5E0=VG=8E (2V1@0FV9=8E) =020=B065=P =0 
F5;R;>7=C V7>;SFVR B@0=AD>@<0B>@0. 

 >45;P 45AB@C:FVW >:8A;5==S 2>=0 107CTBPAS =0 B><C I> :V;P:VABP 
:8A=R 2 10FV B@0=AD>@<0B>@0 B0 >:8A;5==S <0A;0 2 10:C B@0=AD>@<0B>@0 
5:A?>=B5=FV0;P=> ?@8H284HCT AB0@V==S F5;R;>7=>W V7>;SFVW B@0=AD>@<0B>@0 
[1] 

 ò
+

÷=+
Tt

t

dtOVAK
T

TttL
0

0

)
2

,(
1

)0,0(  (3) 



171 

45 KA, KO2 3 :>5DVFVT=B8 2?;82C :8A=R B0 @>7G8==8E :8A;>B =0 AB0@V==S 
V7>;SFVW B@0=AD>@<0B>@0. 

 

#@>0=0;V7C202H8 <>45;P 284=> 7 D>@<C;8, I> 40=0 <>45;P =5 2@0E>2CT 
2?;82 ?V428I5=>W B5<?5@0BC@8, 2?;82 2>;>3>ABV, 2?;82 ?@>4C:BV2 AB0@V==S 
<0A;0 B0 2?;82 <5E0=VG=8E (2V1@0FV9=8E) =020=B065=P =0 F5;R;>7=C V7>;SFVR 
B@0=AD>@<0B>@0. 

#>H0@>20 <>45;P [2] �@C=BCTBPAS =0 :>=F5?FVW 0:B82=>W <0A8 V <VAB8BP C 
A>1V @V7=V G8==8:8, B0:V S: B5<?5@0BC@0, 2>;>3VABP, :8A=525 >B>G5==S V B8A:.  

 ò
+

÷÷=+
Tt

t

dtKVwVV
T

TttL
0

0

)(
1

)0,0( ñ   (4) 

45 VK 3 2V4=>A=0 H284:VABP AB0@V==S V7>;SFVW,I> 70;568BP 2V4 ABC?5=S 
>:8A;5==S B@0=AD>@<0B>@=>3> <0A;0; VW 3 2V4=>A=0 H284:VABP AB0@V==S 
V7>;SFVW 2 70;56=>ABV 2V4 ABC?5=S 2>;>3>ABV ?0?5@C; Vw 3 H284:VABP B5?;>2>3> 
7=>AC V7>;SFVW; T 3 B@820;VABP G0A>2>3> V=B5@20;C. 

 
�3V4=> 7 D>@<C;>R, =02545=>R 28I5, 40=0 <>45;P =5 2@0E>2CT 2?;82 

<5E0=VG=8E (2V1@0FV9=8E) =020=B065=P =0 ?@>F5A AB0@V==S F5;R;>7=>W 
V7>;SFVW B@0=AD>@<0B>@0.  

�8A=>2>: @>1>B8: ' FP><C 4>A;V465==V 1C2 ?@>2545=89 0=0;V7 
0:BC0;P=8E <>45;59 287=0G5==S @5AC@A=8E E0@0:B5@8AB8: F5;R;>7=>W 
V7>;SFVW B@0=AD>@<0B>@V2. � >B@8<0=8E @57C;PB0BV2 284=>, I> VA=CRGV <>45;V, 
28:>@8AB>20=V 4;S ?@>3=>7C20==S A:>@>G5==S B5@<V=C A;C618 F5;R;>7=>W 
V7>;SFVW, =5 2@0E>2CRBP D0:B>@ ?@8:;045=>3> 7CA8;;S 4> F5;R;>7=>W V7>;SFVW 
2 :>=:@5B=89 <><5=B G0AC, I> <>65 =530B82=> ?>7=0G8B8AS =0 AB@>:C 
A;C618 B@0=AD>@<0B>@0.  

�;S @>7@>1:8 =>2>W <>45;V =5>1EV4=> ?5@59B8 4> 28:>@8AB0==S 
?>;P>28E <>45;59, >A:V;P:8 ;8H5 2>=8 <>6CBP >?8A0B8 A:;04=89 
=5@V2=><V@=89 ?@>AB>@>289 @>7?>4V; ?>;V2, I> 2?;820RBP =0 ?@>F5A AB0@V==S 
V7>;SFVW. �;S @>7@>1:8 1V;PH B>G=>W <>45;V B@510 28:>@8AB0==S ?>;V2 2?;82C 
?V428I5=>W B5<?5@0BC@8, 2>;>3>ABV 2 F5;R;>7=V9 V7>;SFVW B0 
B@0=AD>@<0B>@=><C <0A;V, :8A=R 2 10:C B@0=AD>@<0B>@0, ?@>4C:BV2 AB0@V==S 
<0A;0, <5E0=VG=8E (2V1@0FV9=8E) =020=B065=P =0 F5;R;>7=C V7>;SFVR 
B@0=AD>@<0B>@0 2A5 F5 T =5>1EV4=8< 4;S ?>2=>3> ?@>3=>7C20==S AB0=C 
V7>;SFVW 7 C@0EC20==S< ?@>AB>@>2>W =5@V2=><V@=>ABV @>7?>4V;C ?>;V2, S:V 
2?;820RBP =0 AB0@V==S V7>;SFVW. 

 

 

 



172 

%#�%"� ���"$�%&�!"� ��&�$�&'$� 

1. �>=>3@09, %. #. �0AB>AC20==S <>45;V AB0@V==S B25@4>W V7>;SFVW 
A8;>28E <0A;>=0?>2=5=8E B@0=AD>@<0B>@V2 4;S WE=P>W 4V03=>AB8:8 2 @568<V 
5:A?;C0B0FVW [&5:AB] / %. #. �>=>3@09 // �;5:B@>B5E=V:0 B0 �;5:B@><5E0=V:0. 3 
2010. 3 7 1. 3 %. 43-45. 

2. Poliakov, M.A. Layered model of the consumption of the insulation 

resource of the windings of a power oil-immersed transformer [Text] / M.A. 

Poliakov, V.V. Vasilevskij, P.D. Andrienko // 2020 IEEE Problems of Automated 

Electrodrive. Theory and Practice (PAEP), Kremenchuk, Ukraine. 3 2020. 3 P. 13
4. 

 

 

'�� 621.311 
#>;S:>2  .".1, %;V?G5=:> �.".2 

1 4-@ B5E=. =0C:, ?@>D. !' «�0?>@V7P:0 ?>;VB5E=V:0» 
2 0A?. !' «�0?>@V7P:0 ?>;VB5E=V:0» 

#"�/�"�  ."., %��#+�!�" �.". 
#����-�!!/ /�"%&� ����&$"�!�$��� ���"&'$��!!�) 

'%&�!"�"� (�&') �� �"#" "�".  �&"��� 
�"$"&�"%&$"�"�"�" #$"�!"�'��!!/ #"&'�!"%&� 

����&$�+!"�" !���!&���!!/ 

!8=V S:VABP 70 G0AB>B>R 5;5:B@>5=5@3VW, I> 28@>1;STBPAS ?@8 
02B>=><=V9 @>1>BV �&' C 1030BP>E @568<0E =5 2V4?>2V40T 28<>30< 30;C7528E V 
45@602=8E AB0=40@BV2. 

�;S ?V428I5==S S:>ABV 5;5:B@>5=5@3VW 70 @0EC=>: ?V428I5==S B>G=>ABV 
?V4B@8<0==S G0AB>B8 >15@B0==S 2V;P=>W BC@1V=8 (@>B>@C A8=E@>==>3> 
35=5@0B>@0) ?@>?>=CTBPAS 4>?>2=8B8 0;3>@8B<8 :5@C20==S ;0=:>R 7 
=5GVB:8< ?@>F5A>@><, S:89 1C45 28:>@8AB>2C20B8 <5B>48 ?@>3=>7C20==S 4;S 
287=0G5==S =020=B065==S C =0ABC?=89 <><5=B G0AC (4> 45:V;P:>E E28;8=). 
!0 @8AC=:C 1 ?>:070=0 AB@C:BC@=0 AE5<0 ?@8AB@>R :5@C20==S 307>BC@1V==>R 
CAB0=>2:>R =0 >A=>2V AE5<8 [1]. �V;PHVABP 0;3>@8B<V2 ?@>3=>7C20==S 
5;5:B@8G=>3> =020=B065==S, @>7@>1;5=8E 2 5;5:B@>5=5@35B8FV, S2;SRBP 
A>1>R :><1V=0FVR @V7=8E AB0B8AB8G=8E ?@>F54C@. �A=CRBP <5B>48 
?@>3=>7C20==S, C S:8E 74V9A=RRBP 284V;5==S B0: 720=>W 107>2>W A:;04>2>W C 
7<V=0E =020=B065==S. �@V< FP>3> T <5B>48, C S:8E 7<V=8 =020=B065==S 
@>73;S40RBPAS S: 28?04:>289 ?@>F5A. "4=0: B>G=5 <>45;R20==S T A:@CB=8< 
G5@57 =5;V=V9=V B0 A:;04=8E 2V4=>A8= <V6 =020=B065==S< V D0:B>@0<8, 2V4 
S:8E 2>=> 70;568BP. <8, 2V4 S:8E 2>=> 70;568BP. �@V< FP>3> ?>B@V1=> 
70C2068B8, I> =0S2=V <5B>48 ?@>3=>7C20==S 5;5:B@8G=>3> =020=B065==S =5 
<>6CBP ?@0FR20B8 V7 "70HC<;5=8<8" 01> =5?>2=8<8 40=8<8, C B>9 G0A S: C 



173 

@50;P=><C 68BBV G0AB> 4>2>48BPAS <0B8 A?@02C A0<5 7 B0:>R V=D>@<0FVTR. 
&><C =5>1EV4=V =>2V ?V4E>48, <5B>48 4;S ?@>3=>7C20==S 5;5:B@8G=>3> 
=020=B065==S, S:V 1 <>3;8 2@0E>2C20B8 40=V @V7=>3> @>4C, 2<V;8 ?@0FR20B8 7 
=5B>G=8<8, =5?>2=8<8 2EV4=8<8 40=8<8. ?@0FR20B8 7 =5B>G=8<8, 
=5?>2=8<8 2EV4=8<8 40=8<8. 

 
$8AC=>:1 3 %B@C:BC@=0 AE5<0 ?@8AB@>R :5@C20==S 307>BC@1V==>R 

CAB0=>2:>R 

 

"4=8< V7 B0:8E =>28E ?V4E>4V2, I> @>72820RBPAS T <5B>4, 70A=>20=89 =0 
=5GVB:V9 ;>38FV B0 =59@>==8E <5@560E, I> 4VAB02 =072C =5GVB:V =59@>==V 
<5@56V. GVB:V =59@>==V <5@56V. &0:89 <5B>4 <>65 28:>@8AB>2C20B8 
70740;53V4P 2V4><C V=D>@<0FVR, 2G8B8AS, 74>1C20B8 =>2V 7=0==S, 
?@>3=>7C20B8, 28:>=C20B8 :;0A8DV:0FVR >1@07V2 V :@V< FP>3> =5GVB:V =59@>==V 
<5@56V T 4>AB0B=P> =0>G=8<8 4;S :>@8ABC20G0. 

�8:>@8AB0==S =5GVB:>3> ?@>F5A>@0 B0 <5B>4V2 ?@>3=>7C20==S, 4>72>;ST 
?V428I8B8 S:VABP 5;5:B@8G=>W 5=5@3VW, S:C 28@>1;ST �&' C H8@>:><C 
4V0?07>=V :>;820==S =020=B065==S. 

 

%#�%"� ���"$�%&�!"� ��&�$�&'$� 

1. CIGRE Task Force C4.02.25, "Modeling of Gas Turbines and Steam 

Turbines in Combined Cycle Power Plants" [�;5:B@>==89 @5AC@A]. 3 $568< 



174 

4>ABC?C: https://cigreindia.org/CIGRE%20Lib/Tech.%20Brochure/238%20Modeli 

ng%20of%20gas%20turbines%20and%20steam%20turbines%20in%20combined

%20cycle%20power%20plants.pdf 

2. Hippert, H.S. Neural networks for short-term load forecasting: a rewiew 

and evaluation [Text] / H.S. Hippert, C.E. Pedreira, R.C. Souza // IEEE Trans. 

PÀS. 3 2001. 3 Vol. 16. 7 1. 3 P 44355. 

3. Liu, Z., Gas turbine performance prediction via machine learning [Text] / 

Z. Liu, I.A. Karimi // Energy. 3 2020. 3 Vol. 192. 
 

 

'�� 621.3.08 
Sakhno O.A1, Odiiaka K.V2, Scrupska L.S.3, Vyshvaniuk Y.V.4 
1 PhD, assistant professor NU "Zaporizhzhya Polytechnic"  
2 PhD student NU "Zaporizhzhya Polytechnic" 
3 senior teacher NU "Zaporizhzhya Polytechnic" 
4 student of group E-413m NU "Zaporizhzhya Polytechnic" 

SAKHNO O.A., ODIIAKA K.V., SCRUPSKA L.S., VYSHVANIUK Y.V. 

RESEARCH AND IMPROVEMENT OF TECHNICAL CONDITION 

ONLINE MONITORING FOR 110 KV TRANSFORMER EQUIPMENT 

UNDER OPERATIONAL VOLTAGE 

The creation of smart power grids is a global trend. New requirements for 

"smart" equipment affect all scientific branches including designing of electrical 

machines, apparatus, switchgears, substations and electrical power plants. Further 
improvement of the operational reliability of electric power grids in the conditions 

of trend to "non-maintained" electrical objects is impossible without online 

monitoring system (OMS) of high-voltage electrical equipment. 

The technical condition, the actual electric power system design in Ukraine, 

modern trends to modernization and intellectualization of the electric power 

industry also arise a number of new tasks for operational diagnostics: 

reduction of operational costs and improvement of the technical stability of 

the energy system; 

estimation of the current state and forecasting of the remaining life of 

equipment for planning the distribution of financial assets in conditions of aging of 

the equipment, especially during the war period and enemy missile attacks on the 

energy infrastructure of Ukraine; 
automation of diagnostics for the creation of substations without permanent 

maintenance personnel and the creation of so called smart-grids in Ukraine. 

The specified provisions determine the relevance of the scientific and 

practical task and define the following tasks: 
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creation of theoretical base and practical implementation for a set of 

equipment for creating a OMS based on the monitoring unit (MU) with a fixed list 

of parameters (hereinafter MUFP). 

development and improvement of mathematical models, expert assessments, 

methods of determining and analyzing diagnostic parameters of the condition 

transformer equipment (TE) under operatinal voltage to extend its service life, as 

well as to reduce the level of maintenance costs. 

development of a structure with improved technical and economic indicators 
and maximal usage of Ukrainian equipment. 

In work [1], the authors performed an analysis of systems for monitoring the 

concentrations of gases dissolved in transformer oil for the purpose of use in OMS 

during the operation of power TE, possible reasons for discrepancies in the results 

of the analysis of the concentrations of gases dissolved in oil, performed by 

stationary gas analyzers and laboratory chromatographs, were investigated. It was 

found that all gas analyzers are able to record a trend in equipment deterioration, 

which is the main task of online monitoring. Extended interpretation of the 

equipment condition should be carried out in the presence of readings from the 

device for monitoring the amount of combustible gases by taking samples and 

analyzing them with the help of a portable analyzer, which allows to estimate 

concentration of each diagnostic gas. Therefore, taking into account the positive 
operational experience of monitors that control the sum of the concentrations of 

combustible gases (TCGC) and the moisture saturation of TE oil in Ukraine, USA 

and the countries of the European Union, it is possible to make the conclusion, that 

the most economically and technically justified solution for dissolved gases 

monitoring in110 kV TE is TCGC-monitors. TCGC-monitors are the best way to 

upgrade the level of diagnostics of TE and reducing the costs of OMS for this class 

of the equipment. 

The values of diagnostic parameters are determined based on the statistical 

data about damages of high-voltage equipment, which makes it possible to estimate 

parameters with a high "specific weight" that are used for frequently occurring 

defects. These include: moisture content in oil, concentration of gases, insulation 
power loss factor (tan-delta), and the fourth parameter can be either the acid 

number, or the content of mechanical impurities, or the breakdown voltage. 

An analysis of mathematical models was carried out for the purpose of their 

application in OMS, as a result of which a list of input signals of MUFP, 

distribution of MUFP signals was formed, for correct and effective diagnosis of the 

state of TE, which ensures a reduction in the emergency of the monitored 

equipment, accounting and forecasting of the residual life, optimization of the 

operational modes of high-voltage equipment, on this basis, increasing the 

reliability, decreasing of pre-emergency and emergency modes of transformers, 

autotransformers and reactors during operation, as well as minimizing the 
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influence of the human factor on the processes diagnostic parameters measuring, 

processing, transmission and storage. 

The scheme and design of the MUFP have been developed. The efficiency of 

the development is ensured by reducing the cost of production of monitoring 

systems, due to the use of a fixed list of parameters and models that ensure 

maximum diagnostic efficiency 
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28<V@RRBP <03=VB=5 ?>;5 7 @>74V;P=>R 740B=VABR 1 <:&;. �>=8 
28:>@8AB>2CTBPAS 4;S @V7=8E ?@>3@0<, 2:;RG0RG8 28<V@R20==S <03=VB=>3> 
?>;S 75<;V, 45B5:BC20==S <03=VBV2, :>=B@>;P ?>;>65==S B>I> [2]. 

 >4C;P 28:>@8AB>2CT ?@>B>:>; I2C 4;S 7G8BC20==S 40=8E 7 40BG8:0 
)>;;0, S:89 28<V@RT <03=VB=5 ?>;5 2 B@P>E =0?@S<:0E. �1C4>20=89 
<V:@>:>=B@>;5@ STM32F103C8T6 >1@>1;ST FV 40=V B0 270T<>4VT 7 V=H8<8 
?@8AB@>S<8.  V:@>:>=B@>;5@ B0:>6 ?V4B@8<CT @V7=V V=B5@D59A8 V <>65 1CB8 
70?@>3@0<>20=89 70 4>?><>3>R ?;0BD>@<8 Arduino. �0BG8: ?>;S 
02B><0B8G=> :0;V1@CTBPAS H;SE>< 35=5@0FVW A83=0;C B0 0=0;V7C <0:A8<0;P=8E 
V <V=V<0;P=8E 7=0G5=P =0?@C3 70 B@P><0 >AS<8. *5 40T 7<>3C 287=0G8B8 
:>5DVFVT=B8 <0AHB01C20==S B0 7<VI5==S 4;S :>6=>W >AV 28<V@R20==S, 
70157?5GCRG8 B>G=VABP 28<V@R20=P. 

(>@<C;8 4;S >1G8A;5==S :>5DVFVT=BV2 <0AHB01C20==S B0 CAC=5==S [2]: 

 
15

2

minmax xx
xscale

2
= , (1) 

 
2

minmax xx
xoffset

+
= , (2) 

45 maxx minE 3 <0:A8<0;P=5 B0 <V=V<0;P=5 7=0G5==S =0?@C38, �. 
 

#VA;S >1G8A;5==S :>5DVFVT=BV2 <0AHB01C20==S B0 7<VI5==S 
<V:@>:>=B@>;5@ 70?8ACT WE 2 5=5@3>=570;56=C ?0<9SBP (EEPROM) <>4C;S 4;S 
715@565==S ?@8 ?5@57020=B065==V. *V :>5DVFVT=B8 28:>@8AB>2CRBPAS 4;S 
?5@5B2>@5==S A8@8E 40=8E 2V4 40BG8:V2 )>;;0 2 >48=8FV <03=VB=>3> ?>;S. 
�2B><0B8G=5 :0;V1@C20==S 40BG8:V2 =0 <>4C;V ?V428ICT B>G=VABP 
28<V@R20==S B0 CAC20T 7<VI5==S 2 7=0G5==SE [2]. 

#;0BD>@<0 4;S 282G5==S <03=VB=>3> ?>;S ?@>2V4=8:V2 70A=>20=0 =0 
<5E0=V7<V 3D-?@8=B5@0. #@>2V4=8: ?><VI0TBPAS =0 ?>25@E=R ?;0BD>@<8, 45 
=0 =P>3> ?>40TBPAS 682;5==S.  >4C;P 40BG8:0 )>;;0 2AB0=>2;RTBPAS 70<VABP 
A>?;0 ?@8=B5@0 V 70 A83=0;>< ?5@5<VI0TBPAS 70 7040=8<8 :>>@48=0B0<8 =0 
2V4AB0=V 1 << =04 ?;>I8=>R 28<V@R20==S. #>:070==S 40BG8:0 )>;;0 
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7G8BCRBPAS 7 G0AB>B>R, >1@0=>R 70 4>?><>3>R ?@>3@0<=>3> 70157?5G5==S. 
%B5=4 :5@CTBPAS 5;5:B@>==>R ?;0B>R Arduino Uno 7 G8A;5==8<8 2E>40<8 V 
28E>40<8 B0 USB-@>79T<>< 4;S ?V4:;RG5==S 4> :><?9RB5@0 [3]. 

 

 
$8AC=>: 3 3 ?;0B0 Arduino Uno 

 

Arduino Uno ?V4B@8<CT <>2C ?@>3@0<C20==S C/C++ V 21C4>20=C Arduino 
IDE, I> 40T 7<>3C ;53:> 7020=B06C20B8 :>4 V 2V4AB56C20B8 @57C;PB0B8 2 
@568<V @50;P=>3> G0AC. �V= B0:>6 ?V4B@8<CT H8@>:89 A?5:B@ 4>40B:>28E 
1V1;V>B5: V <>4C;V2 @>7H8@5==S [4], I> 4>40RBP 9><C DC=:FV>=0;P=>ABV: 
Arduino Uno 28:>@8AB>2CT V=B5@D59A USB 4;S ?5@540GV 40=8E =0 :><?9RB5@, 
I> 40T 7<>3C ?5@54020B8 40=V 2 @50;P=><C G0AV =0 #�. �@0DV:8, >B@8<0=V 
?VA;S 28<V@R20==S <03=VB=>3> ?>;S 70 4>?><>3>R FP>3> <>4C;S, 
28:>@8AB>2CRBPAS 4;S 0=0;V7C B0 2V7C0;V70FVW @V7=8E 2;0AB82>AB59 <03=VB=>3> 
?>;S, S:->B ?@>AB>@>289 @>7?>4V; V 7<V=8 2 G0AV. 

�;S ?5@52V@:8 @>1>B8 A8AB5<8 40BG8:V2 B0 >B@8<0==S @>7?>4V;C 
<03=VB=>3> ?>;S 28:>@8AB0;8 =0ABC?=C A8AB5<C: 420 ?@>2V4=8:8, S:V 
2AB0=>2;5=V ?0@0;5;P=> >48= 4> >4=>3> (@8A. 4).  

 

 
$8AC=>: 4 3 �20 ?@>2V4=8:0 4V0<5B@>< 2 << 

 

�@0DV: <03=VB=>3> ?>;S >4=>3> ?@>2V4=8:0 (@8A. 5) T 70;56=VABR 
<03=VB=>W V=4C:FVW 2V4 2V4AB0=V 4> ?@>2V4=8:0. !0 3@0DV:C 284=>, I> <03=VB=5 
?>;5 A?>G0B:C 71V;PHCTBPAS V 4>AS30T <0:A8<C<C 2 45S:V9 B>GFV, 0 ?>BV< 
?>G8=0T 7<5=HC20B8AS. *5 ?>29S70=5 7 B8<, I> ?>1;87C ?@>2V4=8:0 <03=VB=5 
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?>;5 D>@<CT 70<:=CBV ;V=VW <03=VB=>W V=4C:FVW, 0;5 =0 25;8:8E 2V4AB0=SE ?>;5 
?>H8@RTBPAS. 

 

 
$8AC=>: 5 3  03=VB=5 ?>;5 >4=>3> ?@>2V4=8:0 

 

#@>2545=> 4>A;V465==S <03=VB=>3> ?>;S 42>E ?@>2V4=8:V2, :>;8 
40BG8:8 @>7<VI5=V ?> F5=B@C ?@>2V4=8:V2 B0 7V 7AC2>< =0 2 << C 1V: 2V4 =8E. 
(>@<0 :@82>W <0T 70;56=VABP 2V4 2V4AB0=V <V6 ?@>2V4=8:0<8, 4V0<5B@0 
?@>2V4=8:V2, A8;8 AB@C<C B0 V=H8E D0:B>@V2. "4=0: C FV;><C ?V4AC<>20=0 
:@820 <0B8<5 AE>6V >A>1;82>ABV 7 :@82>R >48=>G=>3> ?@>2V4=8:0, 0;5 7 
1V;PH8<8 0<?;VBC40<8 ?V:V2 B0 <V=V<C<V2 (@8A.6).  

#V4AC<>2CRG0 :@820 42>E ?@>2V4=8:V2 7 >4=>A?@S<>20=8< AB@C<>< 
28S2;STBPAS AE>6>R 7 :@82>R >48=>G=>3> ?@>2V4=8:0, B><C I> 2 FP><C 
28?04:C <03=VB=V ?>;S, AB2>@R20=V :>6=8< ?@>2V4=8:><, A:;040RBPAS. /:I> 
?@>2V4=8:8 7=0E>4SBPAS 4>A8BP 1;87P:> >48= 4> >4=>3>, B> <03=VB=V ?>;S, 
AB2>@R20=V :>6=8< ?@>2V4=8:><, 270T<>4VRBP >48= 7 >4=8< [5]. 

 

 
$8AC=>: 6 3 $50;P=0 ?V4AC<>20=0 :@820 42>E ?@>2V4=8:V2 



191 

&0:8< G8=><, =0 >A=>2V 3D-?@8=B5@0 B0 5;5:B@>==>W ?;0B8 Arduino Uno 
AB2>@5=> ?@8AB@V9 4;S :V;P:VA=>3> 0=0;V7C <03=VB=>3> ?>;S C ?@>AB>@V 4;S 
@V7=8E A8AB5<. /: ?@8:;04, @>73;S=CB> @>7?>4V; <03=VB=>3> ?>;S, I> 
AB2>@RTBPAS 42><0 ?@S<8<8 ?@>2V4=8:0<8 B0 28S2;5=> B>G:C <0:A8<0;P=>W 
<03=VB=>W 270T<>4VW. 

 

%#�%"� ���"$�%&�!"� ��&�$�&'$� 

1. +010=, �. �;5:B@><03=VB=V ?@>F5A8: =02G.-=0C:. ?>AV1. [&5:AB] / �. 
+010=; �P2V2: #@>ABV@. 3  , 2017. 3 411 A. 

2. Montaigne, F. Development of magnetoresistive sensors based on planar 

Hall efF5ct for applications to microcompass [Text] / F. Montaigne, A. Schuhl, F. 

Nguyen Van Dau // Sensor Actuat. A-Phys. 3 2000. 3 V. 81. 3 P. 324. 
3. "DVFV9=89 A09B Arduino [�;5:B@>==89 @5AC@A]. 3 $568< 4>ABC?C: 

https://www.arduino.cc. 
4. �=B>=5=:>, �. . %CG0A=V V=D>@<0FV9=V A8AB5<8 V B5E=>;>3VW. 

!02G0;P=89 ?>AV1=8: [&5:AB] / �. . �=B>=5=:>, ..�. $>3CH8=0. 3 �.: �%' 
 ��, 2005. 3 131 A. 

5. +010=, �. �;5:B@><03=VB=V ?>;S: =02G. ?>AV1. 4;S 5;5:B@>B5E=. D0EV2 
[&5:AB] / �. +010=. 3 7-5 284., 4>?>2=. 3 �P2V2, 2013. 3 234 A. 

6. �>B@0, �... (V78G=V >A=>28 5;5:B@>==>W B5E=V:8: ?V4@CG=8: [&5:AB] / 
�... �>B@0, �.�. �>?0B8=AP:89, �.�. �C:9S=5FP B0 V=. 3 �P2V2: �5A:84 �VB, 
2004. 3 880 A. 

 

 

'�� 621.314 
�=B>=>20  .�.1, &C=V: ".�, 2 #02;5=:>  .". 3 

1 AB0@H. 28:;. !' «�0?>@V7P:0 ?>;VB5E=V:0» 
2 ABC4. 3@. �-410 !' «�0?>@V7P:0 ?>;VB5E=V:0» 
3 ABC4. 3@. �7-410 !' «�0?>@V7P:0 ?>;VB5E=V:0» 

�!&"!"��  .�., &'!�� ".�, #����!�"  .". 
���!��*/&�(��!�� ��#$/ �/+, /� ���$��" �����!!/ 

�8?@S<;SGV 7 25;8:8< G8A;>< ?C;PA0FV9 (p = 12, 24 V B0: 40;V) 
28:>=CRBPAS 7 28:>@8AB0==S< :V;P:>E H5AB8?C;PA=8E AE5< (=09G0ABVH5 
<>AB>28E), S:V 70 =87P:8E U 7'T4=CRBPAS ?0@0;5;P=>, 0 ?@8 28A>:8E 3 
?>A;V4>2=>. #@8 ?0@0;5;P=><C 2:;RG5==V <>AB>28E AE5< (@8A 0) 2B>@8==V 
>1<>B:8 B@0=AD>@<0B>@0 7'T4=CRBPAS 2 � V ® B0: I>1 >1842V 25=B8;P=V 3@C?8 
��1 V ��2 682;SBPAS 2V4 42>E B@P>ED07=8E A8AB5<, U S:8E 7AC=CBV >48= 2V4 
>4=>3> =0 :CB 30°. 

�@V2=S;P=89 @50:B>@ �$ A?@89<0T @V7=8FR <8BBT28E 7=0G5=P 
28?@S<;5=8E =0?@C3 ud1 V ud2, 70157?5GCRG8 F8< ?0@0;5;P=C @>1>BC >1>E 

https://www.arduino.cc/
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25=B8;P=8E 3@C?. #@8 FP><C 7 28?@S<;5=>3> U 28:;RG0RBPAS 30@<>=V:8 
?>@S4:C 6, 18, 30 V B0: 40;V, S: V 30@<>=V:8 ?>@S4:C 5, 7, 11, 13 V B0: 40;V 7 
:@82>W A?>6820=>3> 2V4 <5@56V AB@C<C, B0: I> AE5<0 ?@0FRT 2 12-?C;PA=><C 
@568<V. �>5DVFVT=B ?C;PA0FV9 2=0A;V4>: FP>3> AB0=>28BP q = 0,011, B>1B> =5 
1V;PH5 1,1 %. (>@<0 A?>6820=>3> 2V4 <5@56V AB@C<C <0:A8<0;P=> 
=01;865=0 4> A8=CA>W48. 

 

 
 

$8AC=>: 1 3 �07>2V AE5<8 420=04FSB8?C;PA=>3> 28?@S<;SG0: 0 3 ?0@0;5;P=5 
79T4=0==S; 1 3 ?>A;V4>2=5 79T4=0==S. 

 

#>A;V4>2=5 7'T4=0==S 42>E B@8D07=8E <>ABV2 ��1 B0 ��2 ?>:070=> =0 
@8AC=:C 1. *S AE5<0 >A>1;82> 283V4=0 ?@8 2V4=>A=> 28A>:8E (?>=04 800 �) 
=0?@C30E. �>=0 ?@0FRT, S: V AE5<0 7 ?0@0;5;P=8< 2:;RG5==S< 28?@S<=8E 
<>ABV2, C 12-?C;PA=><C @568<V. �V4<V==VABP ?>;S30T ;8H5 2 B><C, I> 
28?@S<;5=5 U C 2 @078 28I5, 0 28?@S<;5=89 AB@C< C 2 @078 <5=H5, =V6 ?@8 
?0@0;5;P=><C 7'T4=0==V B0 >4=0:>28E A8;>28E 5;5<5=BV2. 

�20 12-?C;PA=8E 28?@S<;SG0, :>65= 7 S:8E A:;040TBPAS 7 42>E 
B@8D07=8E <>ABV2, ?@8 682;5==V 2V4 B@8D07=>W A8AB5<8 =0?@C3 G5@57 
B@0=AD>@<0B>@, I> <0T 7AC2 ?> D07V 25:B>@V2 =0?@C3 >4=>9<5==8E D07 
2B>@8==8E >1<>B>: ?> D07V 25:B>@V2 =0?@C3 >4=>9<5==8E D07 2B>@8==8E 
>1<>B>: ?> D07V =0 :CB 150°, ?@0FRRBP C 24-?C;PA=89 @568<. #@8 FP><C 
28E>48 >1>E ?5@5B2>@R20GV2 7'T4=CRBPAS ?0@0;5;P=> G5@57 B@5BV9 
7@V2=S;P=89 @50:B>@. �=0;>3VG=> <>6=0 >B@8<0B8 36-?C;PA=89 @568< 70 
4>?><>3>R B@P>E 12-?C;PA=8E 28?@S<;SGV2. 

�8?@S<;SGV 7 25;8:>R :V;P:VABR ?C;PA=>ABV AE5<8 <0RBP <0;V ?C;PA0FVW 
28?@S<;5=>W =0?@C38 B0 =57=0G=V A?>B2>@5==S A?>6820=>3> AB@C<C. "4=0: 
45S:0 =5 A8<5B@VS 2 C?@02;V==V, S:0 >1C<>2;5=0 25;8:>R :V;P:VABR 25=B8;V2, 
28A>:0 20@BVABP V B0: 40;V CA:;04=RRBP @50;V70FVR 707=0G5=8E ?5@5203 =0 
?@0:B8FV. 
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%#�%"� ���"$�%&�!"� ��&�$�&'$� 

1. �070G:>2AP:89,  . . �2B>=><=V ?5@5B2>@R20GV B0 ?5@5B2>@R20GV 
G0AB>B8: !02G0;P=89 ?>AV1=8: [&5:AB] /  . . �070G:>2AP:89. 3 
�=V?@>?5B@>2AP:: !�� ':@0W=8, 2000. 3 197 A. 

2. #>1T40H, �.�.%8;>2V =0?V2?@>2V4=8:>2V ?@8;048 V ?5@5B2>@R20GV 
5;5:B@8G=>W 5=5@3VW: !02G0;P=89 ?>AV1=8: [&5:AB] / �.�. #>1T40H, �.�. 
%2SB=5=:> 3 �8W2: �#� V<. �3>@S %V:>@AP:>3>, 2017. 3 244 A. 

 

 

'�� 621.313 
�=B>=>20  .�.1, #>?>2 %.#.2, �20=G5=:>  .�. 2, �@830 ".�. 3 

1 AB0@H. 28:;. !' «�0?>@V7P:0 ?>;VB5E=V:0» 
2 ABC4. 3@. �-410 !' «�0?>@V7P:0 ?>;VB5E=V:0» 
3 ABC4. 3@. �-411 !' «�0?>@V7P:0 ?>;VB5E=V:0» 
�!&"!"��  .�., #"#"� %.#., ���!+�!�"  .�., �$��� ".�. 
#$�!*�# �����!!/ ����'!�� #"%&��!"�" %&$' ' 

�06;82C @>;P 2 @50;V70FVW ?;0=V2 5;5:B@8DV:0FVW =0H>W :@0W=8 3@0T 
5;5:B@8G=89 ?@82V4, S:89 2 =0H G0A T >A=>2=8< 284>< ?@82>4C 
=09@V7=><0=VB=VH8E 28@>1=8G8E V B@0=A?>@B=8E <5E0=V7<V2, ?>1CB>28E 
?@8;04V2, ?@8AB@>W2 2>4>- V 307>?>AB0G0==S, 70A>1V2 B5;52V7V9=>W V :>A<VG=>W 
B5E=V:8, <548G=>W 0?0@0BC@8 V B0: 40;V.  

�;S 28:>=0==S @V7=><0=VB=8E V G8A5;P=8E DC=:FV9 5;5:B@>?@82>4 
28@>1;ST <5E0=VG=C 5=5@3VR 70 @0EC=>: 5;5:B@8G=>W 5=5@3VW, I> >45@6CTBPAS 
=8< 2V4 465@5;0 5;5:B@8G=>W 5=5@3VW.  5E0=VG=0 5=5@3VS, I> 28@>1;STBPAS V 
@53C;RTBPAS 5;5:B@8G=8< ?@82>4>< ?5@540TBPAS @V7=8< 28:>=02G8< >@30=0< 
@>1>G8E <0H8= V <5E0=V7<V2 V ?@8 =5>1EV4=>ABV @53C;RTBPAS 2V4?>2V4=> 4> 
B5E=>;>3VG=8E 28<>3, 4> @568<V2 @>1>B8 28:>=02G>3> >@30=C. 

�0 @0EC=>: >45@60=>W 5=5@3VW 28:>=02G89 >@30= 74V9A=RT =5>1EV4=89 
<5E0=VG=89 @CE, 70157?5GCRG8 B8< A0<8< 28:>=0==S 28@>1=8G8E V 
B5E=>;>3VG=8E >?5@0FV9: ?5@5<VI5==S 20=B06V2, >1@>1:C 45B0;59, 
B@0=A?>@BC20==S @V48=8 01> 307C. 

!091V;PH ?@>AB> 74V9A=8B8 @525@A 4283C=0 ?>ABV9=>3> AB@C<C, C S:>3> 
AB0B>@ V7 ?>ABV9=8<8 <03=VB0<8. �>AB0B=P> 7<V=8B8 ?>;S@=VABP 682;5==S, 
I>1 @>B>@ ?>G02 >15@B0B8AS C 72>@>B=89 1V:. 

%:;04=VH5 74V9A=8B8 @525@AC20==S 4283C=0 7 5;5:B@><03=VB=8< 
71C465==S< (?>A;V4>2=8<, ?0@0;5;P=8<). /:I> ?@>AB> 7<V=8B8 ?>;S@=VABP 
=0?@C38 682;5==S, B> =0?@S< >15@B0==S @>B>@0 =5 7<V=8BPAS. ->1 7<V=8B8 
=0?@S<>: >15@B0==S, 4>AB0B=P> ?><V=SB8 ?>;S@=VABP ;8H5 2 >1<>BFV 
71C465==S 01> ;8H5 =0 IVB:0E @>B>@0. 
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�;S 74V9A=5==S @525@AC 4283C=V2 25;8:>W ?>BC6=>ABV ?>;S@=VABP A;V4 
7<V=R20B8 S:>@V. $>7@82 >1<>B:8 71C465==S ?@0FRRG><C <>B>@V <>65 
?@8725AB8 4> =5A?@02=>ABV, B0: S: �$% <0T ?V428I5=C =0?@C3C, S:0 740B=0 
?>H:>48B8 V7>;SFVR >1<>B>:. -> ?@872545 4> 28E>4C 5;5:B@>4283C=0 V7 
;04C. 

�;S 74V9A=5==S 72>@>B=>3> =0?@S<:C >15@B0==S @>B>@0 70AB>A>2CRBP 
<>AB>2V AE5<8 @5;5, :>=B0:B>@0E G8 B@0=78AB>@0E. ' @07V <>6=0 V @53C;R20B8 
H284:VABP >15@B0==S. 
 

 

'�� 621.313 
�=B>=>20  .�.1, �=4@CAVH8=  .�.2, �>4=S �.�.2, �0E0@>2 �.�.2 

1 AB0@H. 28:;. !' «�0?>@V7P:0 ?>;VB5E=V:0» 
2 ABC4. 3@. �-410 !' «�0?>@V7P:0 ?>;VB5E=V:0» 
�!&"!"��  .�., �!�$'%�,�!  .�., �"�!/ �.�., ��)�$"� �.�. 

#�$%#��&��� $"���&�' �!�$��&��� 

%B@C:BC@=V ?5@5B2>@5==S 2 5:>=><VFV ':@0W=8, 2 @>728B:C WW 5=5@35B8:8, 
?5@5410G0RBP =5 BV;P:8 WW AB01V;V70FVR, 0 9 VAB>B=5 ?>40;PH89 @>728B>:, 2 
?5@HC G5@3C 70 @0EC=>: 28@>1=8FB20 =>28E <0B5@V0;V2, :><?;5:BCRG8E 
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POLYMERIC INSULATORS AS SPECIAL DESIGNS FOR HIGH 

VOLTAGE EQUIPMENT OF SUBSTATIONS  

Electrical insulators are very important parts of sub-stations and distribution 

and transmission lines within the electric power system. In the early days, 

insulators were made of ceramic and glass materials. The first non-ceramic 

materials were used for insulation and the very first polymer insulators were 
developed to improve performance where ceramics did not perform well [1, 2]. 

 

 
Figure 1 3 Substations and power distribution lines in the power system 

 

A polymeric insulator consists of a fiberglass core rod covered by rubber 

housing and weather-sheds of polymer such as silicone rubber, 

polytetrafluoroethylene, EPDM (ethylene propylene diene monomer) and equipped 

with metal end fittings. Polymers, sometimes called composite insulators, are made 
of at least two insulating parts 3 a core and housing equipped with end fittings [2, 
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4]. Polymeric insulators have many advantages over ceramic and glass insulators: 

good performance in contaminated environments, lightweight, vandal resistant, 

easy to handle, and maintenance free. Because of these properties, they gained 

popularity worldwide and sparked a series of manufacturing and design 

improvements that led to the polymer insulators of today. Polymer transitioned 

from a premium high-cost insulator to today9s lower cost insulator when compared 
to porcelain or glass [3, 4]. 

MacLean Power Polymer (Reliable) insulators from the German company 
Rosenthal contain MPS Rosenthal "Blue" silicone compound. This silicone has 

been tested by the longest field and laboratory compound tests in the industry and 

remains the main line of MPS insulators to this day. For many years, MPS has 

been a leader in technological advancement and manufacturing improvement 

(Smart Fit Corona Rings, PST Seal, CR E-Glass and Stacked Sheds). The 

advanced features and benefits of the APEX Generation isolator, along with 

support for MPS applications, promise even greater performance [4]. 

 

 
Figure 2 3 Design of MPS Insulator [4] 
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INNOVATIVE PROCESS FOR THE PRODUCTION OF ALUMINIUM-

ZIRCONIUM LIGATURES  

The development of the use of various products based on aluminum alloys is 

determined by the availability of appropriate manufacturing technologies or the 
possibility of developing such technologies, taking into account their technical and 

economic efficiency. Achieving high performance characteristics of aluminum 

alloys depends on the use of suitable alloys. All these aspects are also limited by 

the requirements to achieve economic efficiency. 

Two methods have been developed and tested for the production of 

aluminum ligatures with rare and rare earth metals: the direct alloy method and the 

aluminothermic reduction of metals from their salts and oxides (aluminothermic 

method). 

The aluminothermic method for producing aluminum-zirconium ligatures 

allows the use of existing industrial equipment without the need for modernizaton, 

due to similar temperature conditions of the processes. This fact is significant when 
making decisions about the development of a new technological processes [1-4]. 

The purpose of this research was to develop a technological process for the 

industrial production of aluminium-zirconium ligatures using equipment that is 

already used at the plant for the production of conductor and cable products of 

<Croc GT= LLC without any modernization. Additionally, it was necessary to 
achieve comparable rates of production and consumption of the ligatures in the 

holding furnace used for the preparation of electrical aluminium ligatures with the 

addition of zirconium. 

The temperature range for preparing the aluminum-zirconium ligatures in the 

auxiliary furnace should be in the range of 850&900 °C, and the temperature of 
complete dissolution of zirconium from the alloy in the aluminum melt in the 
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holding furnace should also remain in this range. These conditions must be 

accompanied by an appropriate time for complete dissolution, comparable to the 

time it takes to fill the holding furnace with molten aluminum from the shaft 

furnace. 

The required composition of the Na, K, Al3Cl, F-ZrO2 slag melt system was 

selected on the surface of aluminum in an auxiliary furnace to achieve a technical 

result. The obtained wire rod fully complies with European requirements for wire 

made of heat-resistant aluminum alloy used in overhead power line wires [5]. 
 

REFERENCES 

1. Patent 2234552 RF, C22C 35/00. Method for producing magnesium-

irconium-rare earth metal alloy // G. I. Belkin, O. A. Rubel, S. G. Lyamin, etc.; 

@ubl. 30.08.2004. 

2. Popov, D.A. Research and development of technology for the 
aluminothermic production of aluminum-zirconium alloy from zirconium oxide in 

chloride-fluoride melts: thesis ... cand. of techn. sciences: 05.16.02. 3 M.: MISIS, 

2012. 3 155 p. 

3. Napalkov, V.I. Production of alloys for aluminum alloys / V.I. Napalkov, 

S.V. Makhov, D.A. Popov // Metal science and thermal processing of metals. 3 
2011. 3 7 10. 3 P. 26-30. 

4. Ogorodov, D.V. Methods for producing Al-Zr alloy (review) / 

D.V. Ogorodov, D.A. Popov, A.V. Trapeznikov // Proceedings of VIAM. 3 2015. 3 
7 11. 3 P. 13320.  

5. IEC 62004. Thermal-resistant aluminium alloy wire for overhead line 

conductor. 3 �nternational electrotechniAal commission, 2007. 3 16 @. 
 

 

'�� 537.8 

�C@10FP:89 �.#.1, �@01>20  .$.2 

1 :0=4. DV7.-<0B. =0C:., 4>F. !' «�0?>@V7P:0 ?>;VB5E=V:0» 
2 ABC4. 3@. ��-713 !' «�0?>@V7P:0 ?>;VB5E=V:0» 

�'$��*,��� �.#., �$��"��  .$. 
$') ����&$"!�  �� �"��%���,!� � ��&"�"  � �!"�"   

' %)$�-�!�) ����&$�+!" ' &�  ��!�&!" ' #"�/) 

*VTR 4>?>2V44R <8 ?@>4>26CT<> ?>G0BC @0=VH5 [1, 2] @>1>BC ?> 
24>A:>=0;5==R <5B>48:8 ;01>@0B>@=>3> ?@0:B8:C<C :0D54@8 DV78:8.  8 
?5@53;S=C;8 B5>@VR 4> ;01>@0B>@=>W @>1>B8 725 «�8<V@R20==S ?8B><>3> 
70@S4C 5;5:B@>=0» V C ?V4AC<:C 7=09H;8 =>289, 1V;PH B>G=89 V 
>1�@C=B>20=89 A?>AV1 >B@8<0==S @57C;PB0BC. 



211 

' @>1>BV 28:>@8AB>2CTBPAS 20:CC<=89 4V>4 7 :>0:AV0;P=8<8 :0B>4>< V 
0=>4><, S:89 ?><VICRBP 2A5@548=C A>;5=>W40. %>;5=>W4 AB2>@RT >4=>@V4=5 
<03=VB=5 ?>;5 �, A?@S<>20=5 ?0@0;5;P=> >AV 4V>40, 2 B>9 G0A S: 5;5:B@8G=5 
?>;5 � <0T @04V0;P=89 =0?@S<>:. 

!0A FV:028BP ?@>AB>@>20 :0@B8=0  @04V0;P=>W :><?>=5=B8 
H284:>ABV 5;5:B@>=V2, 7>:@5<0 25;8G8=0 FVTW :><?>=5=B8 =0 ?>25@E=V 0=>4C. 
!0 :0B>4V (r=0) @04V0;P=0 :><?>=5=B0 H284:>ABV 5<VB>20=8E 5;5:B@>=V2 
@>7?>4V;5=0 70  0:A25;><: 

 , (1) 

45 m 3 <0A0 5;5:B@>=0, k 3 AB0;0 �>;PF<0=0, T 3 B5<?5@0BC@0. $V2=S==S 4;S 
@04V0;P=>W V B0=35=FV0;P=>W (>15@B0;P=>W) H284:>ABV 5;5:B@>=V2 <0RBP 283;S4 

   

  (2) 

45 e 3 70@S4 5;5:B@>=0. 
 

�=>40 (r=R) 4>AS30RBP 5;5:B@>=8, S:V <0RBP 4>AB0B=R 25;8G8=C 
?>G0B:>2>W H284:>ABV (1), B0:C, I>1 . �=>4=89 AB@C< 287=0G0TBPAS 
70 D>@<C;>R 

  (3) 

45 n 3 :>=F5=B@0FVS 5<VB>20=8E 5;5:B@>=V2 ?>1;87C ?>25@E=V :0B>40.  
 

�=B53@C20==S ?@>2>48BPAS 70 2AV<0 7=0G5==S<8 ?>G0B:>2>W H284:>ABV, 70 
S:8E 5;5:B@>= 4>AS30T 0=>40. $>729S7CRG8 A8AB5<C @V2=S=P (2) 2V4=>A=> , 

7=0E>48<>  V >B@8<CT<> 4;S 0=>4=>3> AB@C<C 28@07 

  (4) 

45 % 3 AB0;0, U 3 0=>4=0 =0?@C30, 

  (5) 

�53:> 10G8B8, I> 4;S 1C4P-S:8E 7=0G5=P U V �, S:V 704>2>;P=SRBP C<>2V 
, 0=>4=89 AB@C< <0T >4=C V BC 6 A0<C 25;8G8=C  



212 

. *5 4>72>;ST 70?@>?>=C20B8 =0ABC?=89 A?>AV1 
7=0E>465==S ?8B><>3> 70@S4C. 

%?>G0B:C 2AB0=>2;RT<> U=0, �=0 V 28<V@RT<> . �0;V 2AB0=>2;RT<> 
S:5-=51C4P 7=0G5==S =0?@C38, 2V4<V==5 2V4 =C;S, =0?@8:;04, U=30 �. 
�<V=RT<> �, ?>G8=0RG8 7 =C;S, V 28<V@RT<> . �0 3@0DV:>< 70;56=>ABV 

 (@8A. 1) 4;S AB@C<C  7=0E>48<> 2V4?>2V4=5 7=0G5==S 
<03=VB=>3> ?>;S . $>7@0E>2CT<> ?8B><89 70@S4 70 D>@<C;>R 

 

 
$8AC=>: 1 3 �0;56=VABP 0=>4=>3> AB@C<C 4V>40 2V4 <03=VB=>3> ?>;S A>;5=>W40 

70 =0?@C38 U. 

 

 . (5) 

�0?@>?>=>20=89 A?>AV1 7=0E>465==S ?8B><>3> 70@S4C 5;5:B@>=0 
?>7102;5=89 =54>;V:V2 ?>?5@54=P>3> [3], 2 S:><C @>7@0EC=:>20 D>@<C;0 <0T 
AC<=V2=5 >1�@C=BC20==S, 0 287=0G0;P=0 25;8G8=0 (:@8B8G=89 AB@C<) =5 <0T 
GVB:>3> 287=0G5==S V B><C =5 <>65 70157?5G8B8 704>2V;P=C B>G=VABP 
@>7@0EC=:C. 

 

%#�%"� ���"$�%&�!"� ��&�$�&'$� 

1. �=T4>9, �.�. �=0;V7 ?>E81>: 28<V@R20=P 7 <5B>R 24>A:>=0;5==S 
<5B>48:8 ;01>@0B>@=>3> ?@0:B8:C<C / �.�. �=T4>9, �.#. �C@10FP:89 // 
&8645=P =0C:8: I>@VG. =0C:.-?@0:B. :>=D., 19323 :2VB=S 2021 @.: B578 4>?. / 
$54:>;.: �.�. !0C<8: (2V4?>2. @54.) �;5:B@>=. 40=V. 3 �0?>@V66S: !' 
«�0?>@V7P:0 ?>;VB5E=V:0», 2021. 3 %. 221 3 222. 

2.&@VCA, ".�. �@0EC20==S ?>E81>: 28<V@R20=P C @>7@>1FV <5B>48G=>3> 
70157?5G5==S ;01>@0B>@=>3> ?@0:B8:C<C / ".�. &@VCA, �.#. �C@10FP:89 // 
&8645=P =0C:8: I>@VG. =0C:.-?@0:B. :>=D., 18322 :2VB=S 2022 @.: B578 4>?. / 
$54:>;.: �.�. !0C<8: (2V4?>2. @54.) �;5:B@>=. 40=V. 3 �0?>@V66S: !' 
«�0?>@V7P:0 ?>;VB5E=V:0», 2022. 3 %. 478-479. 



213 

3. �;5:B@8:0 B0 <03=5B87<: <5B>48G=V 2:07V2:8 4> ;01>@0B>@=>3> 
?@0:B8:C<C 7 DV78:8 4;S ABC45=BV2 V=65=5@=>-B5E=VG=8E A?5FV0;P=>AB59 CAVE 
D>@< =02G0==S / ':;040GV: �.�.  0=P:>, %.�. %5940<5B>2 3 �0?>@V66S: 
�!&', 2014. 3 46 A. 

 

 

'�� 614  

 0@CAV= �.�.1, �CI8= %.#.2 
1ABC4. 3@. �-213A? !' «�0?>@V7P:0 ?>;VB5E=V:0» 
2:0=4. DV7.-<0B. =0C:, 4>F. !' «�0?>@V7P:0 ?>;VB5E=V:0»  

 �$'%�! �.�., �'-�! %.#. 
$"�$�)'!"� &�#�"#$"���!"%&� /� �!%&$' �!& 

%'+�%!"�" �!�$�"���$���!!/  

!030;P=5 ?8B0==S ACG0A=>3> A2VBC 3 4>FV;P=5 28:>@8AB0==S 5=5@3>=>AVW2 
B0 5:>=><VS 5=5@3>@5AC@AV2. "48= V7 =095D5:B82=VH8E <5B>4V2 ACG0A=>3> 
5=5@3>715@565==S 3 F5 715@565==S 35=5@>20=>3> B5?;0. 

#>=SBBS B5?;>?@>2V4=>ABV T DC=40<5=B>< 4;S 1C4P-S:>3> ACG0A=>3> 
A?5FV0;VAB0 2 >1;0ABV 5=5@35B8G=8E A8AB5<. $>7@0EC=>: 5=5@35B8G=8E 
CAB0=>2>:, @>1>G8E ?@>F5AV2, B5?;>2>3> 70E8ABC ?>2=VABR �@C=BCTBPAS =0 
B5>@VW B5?;>?@>2V4=>ABV. &5>@VS H8@>:> ?V4:@V?;5=0 1030BP<0 ?@8:;040<8 
@>1>B8 @50;P=8E A8AB5<. 

&5?;>?@>2V4=VABP 3 F5 >48= V7 ?@>AB8E 284V2 B5?;>>1<V=C. $>73;S=5<> 
28?04>: B5?;>?@>2V4=>ABV V B5?;>?5@540GV G5@57 ?;>A:C ABV=:C 2 
>4=>28<V@=><C B5<?5@0BC@=><C ?>;V. �030;>< AB@>3> >4=>28<V@=8E A8AB5< 
=5 VA=CT. �;5 4C65 G0AB> 2 ?@0:B8G=> 206;828E 28?04:0E, 7 4>2>;V 28A>:>R 
B>G=VABR A8AB5<C <>6=0 22060B8 >4=>28<V@=>R. 

$>73;S=5<> >4=>@V4=C B0 V7>B@>?=C ABV=:C B>2I8=>R · 7V AB0;8< 
:>5DVFVT=B>< B5?;>?@>2V4=>ABV ». !0 7>2=VH=VE ?>25@E=SE ABV=:8 
?V4B@8<CRBPAS AB0;8<8 B5<?5@0BC@8 tw1 V tw2. #@8 7040=8E C<>20E 
B5<?5@0BC@0 1C45 7<V=R20B8AP BV;P:8 2 =0?@S<:C, ?5@?5=48:C;S@=><C 
?;>I8=V ABV=:8. /:I> 2VAP OX =0?@028B8 ?5@?5=48:C;S@=> 4> ?;>I8=8 
ABV=:8, B> B5<?5@0BC@0 2 =0?@S<:C >A59 OY B0 OZ 1C45 70;8H0B8AS AB0;>R: 

 . (1) 

' 729S7:C 7 F8<, 48D5@5=FV9=5 @V2=S==S B5?;>?@>2V4=>ABV 4;S 40=>3> 
28?04:C 70?8H5BPAS C 283;S4V: 

 . (2) 

�@0=8G=V C<>28 2 40=V9 7040GV AD>@<C;RT<> =0ABC?=8< G8=><: 



214 

 ?@8 x=0 ; t=tw1, ?@8 x=ô, t=tw2.  (3) 

$V2=S==S (2) B0 C<>28 (3) 40RBP ?>2=5 <0B5<0B8G=5 D>@<C;R20==S 
40=>W 7040GV. ' @57C;PB0BV @>729S7:C ?>AB02;5=>W 7040GV ?>28=5= 1CB8 
7=0945=89 @>7?>4V; B5<?5@0BC@8 C ?;>A:V9 ABV=FV, B>1B> t=f(x), B0 >B@8<0=0 
D>@<C;0 4;S 287=0G5==S :V;P:>ABV B5?;0, I> ?@>E>48BP 70 >48=8FR G0AC 
G5@57 ABV=:C. �0:>= @>7?>4V;C B5<?5@0BC@ ?> B>2I8=V ABV=:8 7=0945<> 2 
@57C;PB0BV ?>42V9=>3> V=B53@C20==S @V2=S==S (2). #5@H5 V=B53@C20==S 40T: 

  (4) 

#VA;S 4@C3>3> V=B53@C20==S >B@8<0T<>: 

  (5) 

� @V2=S==S (5) 28?;820T, I> ?@8 AB0;><C :>5DVFVT=BV B5?;>?@>2V4=>ABV 
B5<?5@0BC@0 2 ABV=FV 7<V=RTBPAS ?> ;V=V9=><C 70:>=C. %B0;V %1 B0 %2 2 
@V2=S==V (5) 287=0G0RBPAS 7 3@0=8G=8E C<>2: 

 ?@8 x=0, t=tw1, B0 %2=tw1; (6) 

 ?@8 x=ô, t=tw2, B0  (7) 

#V4AB02;SRG8 7=0G5==S :>=AB0=B %1 V %2 2 @V2=S==S (5), >B@8<CT<> 70:>= 
@>7?>4V;C B5<?5@0BC@8 2 40=V9 ?;>A:V9 ABV=FV: 

  (8) 

"A:V;P:8 3CAB8=0 B5?;>2>3> ?>B>:C 287=0G0TBPAS S: 

  (9) 

B> 7 C@0EC20==S< (4) B0 28@07C 4;S %1 >B@8<0T<>: 

  (10) 

� @V2=S==S (10) <>6=0 7@>18B8 28A=>2>:, I> ?8B><89 B5?;>289 ?>BV:, 
I> ?@>E>48BP 70 >48=8FR G0AC, ?@S<> ?@>?>@FV9=89 B5?;>?@>2V4=>ABV », 
@V7=8FV B5<?5@0BC@ =0 7>2=VH=VE ?>25@E=SE ABV=:8 (tw13tw2) B0 >15@=5=> 
?@>?>@FV9=89 B>2I8=V ABV=:8 · [1]. 

�V4=>H5==S »/·, �B/(<2��) =07820RBP B5?;>2>R ?@>2V4=VABR ABV=:8, 0 
>15@=5=C 25;8G8=C ·/», (<2��)/�B, 3 B5@<VG=8< >?>@>< B5?;>?@>2V4=>ABV 
ABV=:8 [2]. �8:>@8AB>2CRG8 ?>=SBBS B5@<VG=>3> >?>@C, D>@<C;C @>7@0EC=:C 
3CAB8=8 B5?;>2>3> ?>B>:C <>6=0 ?@54AB028B8 C 283;S4V: 

  (11) 



215 

45 R = ·/» 3 B5@<VG=89 >?V@ [2].  

 

�030;P=0 :V;P:VABP B5?;>B8, I> ?5@540TBPAS G5@57 ABV=:C ?;>I5R S 70 
>48=8FR G0AC, 287=0G0TBPAS =0ABC?=8< G8=><: 

  (12) 

#@8:;04 1. �0=0 <>45;P <>65, =0?@8:;04, 1CB8 70AB>A>20=0 4;S 
@>7@0EC=:C ?>B>:C B5?;0 G5@57 2V:>==C @0<C, S:I> B5<?5@0BC@0 2 ?@8<VI5==V 
V =07>2=V ACBBT2> =5 7<V=RTBPAS. � ?52=8<8 =01;865==S<8 2 FP><C 28?04:C 
A8AB5<C <>6=0 22060B8 AB0FV>=0@=>R >4=>28<V@=>R. %:;>?0:5B C 2V:=V <>65 
1CB8 70?>2=5=89: 

1) ?>2VB@S< 7 :>5DVFVT=B>< B5?;>?@>2V4=>ABV ü=0,025 �B/<;� (=>@<0;P=V 
C<>28), 

2) 0@3>=>< 7 ü=0,0164 �B/<;�, B0 :@8?B>=>< 7 ü=0,0095 �B/<;�. 
�8:>@8AB>2CRG8 >7=0G5==S B5@<VG=>3> >?>@C V D>@<C;C (11), 

?@8E>48<> 4> 28A=>2:C, I> ?@8 >4=0:>28E 7=0G5==SE B5?;>2>3> ?>B>:C 
28:>@8AB0==S 0@3>=C 40T 7<>3C 7<5=H8B8 B>2I8=C A:;>?0:5B0 1V;PH =V6 2 
1,5 @078 C ?>@V2=S==V 7 ?>2VB@S<, 0 28:>@8AB0==S :@8?B>=C 3 1V;PH5 =V6 2 2,6 
@078. 

&>1B>, @>73;S=C2H8 40=C <>45;P, <8 <0T<> :>=:@5B=5 @VH5==S V7 
70AB>AC20==S 5=5@3>5D5:B82=>3> A:;>?0:5BC 70;56=> 2V4 28:>@8AB0==S 
?>2VB@S 70?>2=5==S, S:5 4>72>;ST 5:>=><8B8 <0B5@V0; A:;>?0:5BC.  

#@8:;04 2. $>7@0ECT<> ?>B@V1=C B>2I8=C ?V=>?;0ABC 4;S CB5?;5==S 
1C48=:C. #5@52038 FP>3> <0B5@V0;C T >G5284=8<8, B><C B0:89 281V@ FV;:>< 
7@>7C<V;89. $>73;S=5<> 0;3>@8B< @>7@0EC=:C =0 ?@8:;04V CB5?;5==S 1C48=:C 
7 A8;V:0B=>W F53;8 (B5?;>?@>2V4=VABP F53;8 - 0,4 �B/(<;3@04), ?V=>?;0ABC 3 
0,039 �B/(<;3@04), B>2I8=0 ABV=8 0,25 < C �0?>@V7P:V9 >1;0ABV. �@0EC20==S 
:;V<0B8G=8E >A>1;82>AB59 <VAF52>ABV ?@>2>48BPAS 70 4>?><>3>R 
A?5FV0;P=>3> :>5DVFVT=B0 R, S:89 =07820TBPAS B5@<>>?>@><. �V= 7040TBPAS 
45@602=8<8 1C4V25;P=8<8 =>@<0<8. �;S ?V245==8E @53V>=V2 ':@0W=8 
R=2,8 (<2��)/�B. 

�8@0E>2CT<> B5?;>289 >?V@ ABV=8: RAB=0,25/0,4=0,625 (<2��)/�B. 
�V4=V<0T<> >B@8<0=5 7=0G5==S 7 =>@<0B82=>3> ?>:07=8:0 B0 >B@8<CT<> 
=5>1EV4=89 B5@<>>?V@ ?V=>?;0ABC: R?=2,830,625=2,175 (<2��)/�B. �=0E>48<> 
=5>1EV4=C B>2I8=C CB5?;R20G0, 4;S G>3> 9>3> B5@<>>?V@ <=>68<> =0 
:>5DVFVT=B B5?;>?@>2V4=>ABV: h=2,175·0,039=0,085 <. 

&0:8< G8=><, 4;S CB5?;5==S ABV=8 2 >4=C F53;C 4>AB0B=P> H0@C 
?V=>?;0ABC 702B>2H:8 8,5 A<. �7 >A>18AB>3> 4>A2V4C <>6=0 AB25@46C20B8, I> 
CB5?;5==S 68B;0 >4=VTW :20@B8@8 ?V=>?;0AB>< B>2I8=>R 5 A< 4>72>;ST 
?V428I8B8 B5<?5@0BC@C ?@8<VI5==S =0 3-4 3@04CA8. 



216 

�=0;V7 @57C;PB0BV2 ?>:07CT, I> @>7@0EC=:8 B5?;>?@>2V4=>ABV @V7=8E 
A8AB5< 4>72>;SRBP 7<5=H8B8 2B@0B8 B5?;0 V ?V428I8B8 5=5@3>5D5:B82=VABP 
70AB>AC20==S ACG0A=8E <0B5@V0;V2.  

 

%#�%"� ���"$�%&�!"� ��&�$�&'$� 

1. #>3>@T;>2, �.�. &5?;><0A>>1<V= (>A=>28 B5>@VW V @>7@0EC=:C): =02G. 
?>AV1=8: 4;S 2C7V2 / �.�. #>3>@T;>2. 3 �P2V2: «!>289 A2VB-2000», 2004. 3 144 A. 

2.  CE0G52, �.�. &5@<>48=0<8:0 8 B5?;>?5@540G0: CG51. 4;S 0280F. 
2C7>2 / �.�.  CE0G52, �.�. -C:8=. 3  .: �OAH. H:., 1991. 3 480 A. 

 

 

'�� 531.66  
�@H>2 �.�. 1, �>A:CB>2 %.�. 2, #02;R: �.". 3 
1 4-@ B5E=. =0C:, ?@>D. !' «�0?>@V7P:0 ?>;VB5E=V:0» 
2 4-@ DV7.-<0B. =0C:, ?@>D. !' «�0?>@V7P:0 ?>;VB5E=V:0» 
3 ABC4. 3@. �(-313 !' «�0?>@V7P:0 ?>;VB5E=V:0» 

�$,"� �.�., �"%�'&"� %.�., #���.� �.". 
"*�!��  �*!"%&� #��%&�!� #$� !�#$'�!" ' '��$� 

*���!�$�+!"�" &��� 

�>A;V46CTBPAS <VF=VABP 70E8A=>W ?;0AB8=8 ?@8 28A>:>H284:VA=><C 
C40@V. �87=0G5=> <V=V<0;P=C B>2I8=C ?;0AB8=8, S:0 =5 @C9=CTBPAS, B0 
=02545=> ?>@V2=S==S 7 @57C;PB0B0<8 28?@>1C20=P. 

/: ?@8:;04 @>73;S=CB> 270T<>4VR :C;V 7 ?;0AB8=>R 4;S 1@>=5425@59. 

#@8 0=0;V7V 5:A?5@8<5=B0;P=8E @57C;PB0BV2 >1AB@V;C ?;0AB8=8 702B>2H:8 
5 << :C;S<8 7 B5@<VG=> 7<VF=5=8< A5@45G=8:>< 7!10 7 02B><0B0 ��-74 7 
2V4AB0=V 10 <, 7 ?>G0B:>2>R H284:VABR 900&930 </A 1C;> 707=0G5=>, I> 
@C9=C20==S ?;0AB8=8 2V41C20;>AS 70 <5E0=V7<>< 281820==S ?@>1:8 [1] 

(@8A. 1), 4V0<5B@ ?@>1:8 1C2 1;87P:89 4> :0;V1@C :C;V, =0 1>FV ?@>1:8 284=> 
A;V48 ?;0AB8G=>W 45D>@<0FVW 7@V7C <0B5@V0;C ?;0AB8=8. 

 

 
$8A. 1 3 �83;S4 >B2>@C C ?;0AB8=V B0 2818B>W ?@>1:8 [1]. 

 



217 

#VA;S ?@>1>R 2V4 :C;V 70;8H0;0AS ;8H5 704=S G0AB8=0 4>268=>R 1V;S 
2&3-E 4V0<5B@V2. �V4ACB=VABP ?5@54=P>W G0AB8=8 :C;V <>6=0 ?>SA=8B8 B8<, 
I> <0B5@V0; B5@<VG=> 7<VF=5=>3> A5@45G=8:0 T :@8E:8< B0 @C9=C202AS =0 
4@V1=V G0AB8=:8 ?@8 7VB:=5==V 7 ?;0AB8=>R. �5D>@<0FVS 704=P>W G0AB8=8 :C;V 
?@872>48;0 4> 71V;PH5==S WW 4V0<5B@0 B0 4V0<5B@0 >B2>@C C ?;0AB8=V =0 
0,5&0,7 <<. 

�;S 287=0G5==S ?>B@V1=>W B>2I8=8 ?;0AB8=8, S:0 70157?5GC20;0 1 
70E8AB 2V4 :C;P, 28:>@8AB0=> @V2=S==S @V2=>2038 A8;8 7<8=0==S :C;V B0 A8;8 
45D>@<0FVW 7@V7C ?@8 281820==V ?@>1:8 C ?;0AB8=V. %8;0 45D>@<0FVW 70;568BP 
2V4 2V49T<=>3> ?@8A:>@5==S :C;V ?@8 7VB:=5==V 7 ?;0AB8=>R, S:5 287=0G0TBPAS 
70;56=> 2V4 :V=5<0B8:8 45D>@<0FVW :C;V B0 <5B0;C ?;0AB8=8. %8;0 281820==S 
>B2>@C C ?;0AB8=V 287=0G8BPAS 7 D>@<C;8 A8;8 7@V7C ?;0AB8=8 ?> ?5@8<5B@C 
?@>1:8: 

 F=ÃdbÄ, (1) 

45 dj6 << 3 4V0<5B@ ?@>1:8, 1;87P:89 4> 4V0<5B@0 @>7?;RI5=>W :C;V; Ä 3 
=0?@C65==S 45D>@<0FVW 7@V7C; b 3 B>2I8=0 ?;0AB8=8.  

 

� V=H>3> 1>:C, A8;0 281820==S ?@>1:8 4>@V2=RT <0:A8<0;P=V9 A8;V 
7<8=0==S :C;V: 

 F=ÃÃd2/4, (2) 

45 Ã= 4,5 �#0 3 <0:A8<0;P=5 =0?@C65==S 7<8=0==S :C;V (@8A. 2) [1]. 

)0@0:B5@8AB8:8 ?;0AB8=8, S:0 70157?5GCT 70E8AB, <0RBP B0:V 7=0G5==S 
[2]: B>2I8=0 5,5 <<, B25@4VABP (!�) 600, <VF=VABP Ã=2200  #0 [2]. #@8 FP><C 
=0?@C65==S 7@V7C ?;0AB8=8 A:;045: Ä=0,6ÓÃ =1210  #0. 

 

 
$8A. 2 3 �V03@0<0 AB8A:C >A5@4S :C;V. 

 



218 

� @V2=S=P (1) V (2) >B@8<0T<> <V=V<0;P=C B>2I8=C ?;0AB8=8, S:0 
28B@8<CT C40@ :C;V ?@8 <0:A8<0;P=><C =0?@C65==V 7<8=0==S :C;V Ã=4,5 �#0 
(@8A.2): 

 b=Ã d/4Ä = 4,5Ó109 Ó6Ó10-3 /4Ó1,21Ó109 = 5,5Ó10-3 <, (3) 

&0:8< G8=><, A?@>I5=89 <5B>4 @>7@0EC=:C <V=V<0;P=>W B>2I8=8 
70E8A=>W ?;0AB8=8 704>2V;P=> C73>46CTBPAS 7 ?5@52V@5=8<8 
5:A?5@8<5=B0;P=8<8 @57C;PB0B0<8 [2]. 

 

%#�%"� ���"$�%&�!"� ��&�$�&'$� 

1. (>@5=B0;P,  .�. �8=0<8:0 ;>:0;P=>3> 45D>@<8@>20=8S 8 
@07@CH5=8S <5B0;;8G5A:>9 ?;0AB8=O /  .�. (>@5=B0;P // �5AB=8: .'@�'. 3 
7 33. 3 2009. 3 %. 4-10. 

2. $568< 4>ABC?C: https://dveri.com.ua/forum/index.php?showtopic=689. 

 
 

'�� 621.313.3  

�@0<0@5=:> �.�.1, �CI8= %.#.2 
1ABC4. 3@. �-213A? !' «�0?>@V7P:0 ?>;VB5E=V:0» 
2:0=4. DV7.-<0B. =0C:, 4>F. !' «�0?>@V7P:0 ?>;VB5E=V:0»  

�$� �$�!�" �.�., �'-�! %.#. 
�%�!)$"!!� ����'!� &� %)� � �) �� �-�!!/ 

�A8=E@>==V <0H8=8, 7024S:8 ?@>AB>BV WE :>=AB@C:FVW, T 
=09?>H8@5=VH8<8 2 ACG0A=8E 5;5:B@>CAB0=>2:0E 5;5:B@8G=8<8 <0H8=0<8. 
/: V 1C4P-S:0 5;5:B@8G=0 <0H8=0, 0A8=E@>==0 <0H8=0 >1>@>B=0 V <>65 
?@0FR20B8 S: 2 @568<V 4283C=0, B0: V @568<V 35=5@0B>@0. �A5 6, ?5@5206=5 
70AB>AC20==S <0RBP 0A8=E@>==V 4283C=8, I> A:;040RBP >A=>2C ACG0A=8E 
5;5:B@>?@82>4V2. %0<5 0A8=E@>==V 4283C=8 A?>6820RBP 1V;PH5 50 % 

5;5:B@8G=>W 5=5@3VW, S:0 28@>1;STBPAS CAV<0 5;5:B@>AB0=FVS<8. 
,8@>:5 70AB>AC20==S 0A8=E@>==8E <0H8= 7C<>28;> V 7=0G=5 

:>=AB@C:B82=5 @>7<0WBBS F8E <0H8= 2 ?;0=V ?>BC6=>ABV, =><V=0;P=>W 
=0?@C38, G8A;0 D07, :>=AB@C:FVW B>I>. "4=0:, =091V;PH ?>H8@5=8<8 T 
B@8D07=V 4283C=8, I> 283>B>2;SRBPAS 4;S <0A>2>3> 28:>@8AB0==S 7 
=><V=0;P=>R =0?@C3>R 220/380 � V =><V=0;P=8<8 ?>BC6=>ABS<8 2V4 0,06 4> 
400 :�B. ' 0A8=E@>==><C 4283C=V B@8D07=0 >1<>B:0 AB0B>@0 ?@8 682;5==V 2V4 
<5@56V 7<V==>3> AB@C<C AB2>@RT :@C3>25 >15@B>25 ?>;5. *5 ?>;5 =02>48BP 
�$% B0 AB@C<8 2 70<:=5=V9 >1<>BFV @>B>@0, I> 9 ?@82>48BP 4> 9>3> 
>15@B0==S 2 =0?@S<V 4VW 5;5:B@><03=VB=8E A8;, S:V AB2>@RRBP 
5;5:B@><03=VB=89 <><5=B [1].  

https://dveri.com.ua/forum/index.php?showtopic=689


219 

�06;82>R 25;8G8=>R, I> E0@0:B5@87CT @>1>BC 0A8=E@>==>3> 4283C=0, T 
:>270==S 3 @V7=8FS <V6 G0AB>B0<8 >15@B0==S <03=VB=>3> ?>;S ?1 V @>B>@0 ?2, 

28@065=0 C 2V4=>A=8E >48=8FSE. �3V4=> 7 ?@8=F8?>< >1>@>B=>ABV, 
0A8=E@>==0 <0H8=0 <>65 ?@0FR20B8 2 @568<V 4283C=0 B0 2 @568<V 
35=5@0B>@0. �@V< FP>3>, S: V C <0H8= ?>ABV9=>3> AB@C<C, <>6;8289 B0:>6 V 
30;P<V2=89 @568< @>1>B8. ' 1C4P-S:><C @568<V <0T <VAF5 =5@V2=VABP G0AB>B 
>15@B0==S @>B>@0 V ?>;S, B>1B>, =0S2=VABP :>270==S, 0465 BV;P:8 2 FP><C 
28?04:C :@C3>25 >15@B>25 <03=VB=5 ?>;5 AB2>@RT 2 @>B>@V �$% V =0 @>B>@ 4VT 
5;5:B@><03=VB=89 <><5=B. #@8 FP><C :>6=><C @568<>2V @>1>B8 0A8=E@>==>W 
<0H8=8 2V4?>2V40T 287=0G5=89 4V0?07>= 7<V=8 :>270==S, 0 2V4?>2V4=> V 
G0AB>B8 >15@B0==S @>B>@0. 

�;S >B@8<0==S 5;5:B@><5E0=VG=>W V <5E0=VG=>W E0@0:B5@8AB8: 
0A8=E@>==>3> 4283C=0 28:>@8AB>2CTBPAS 9>3> AE5<0 70<VI5==S, =0 S:V9 :>;> 
AB0B>@0 V @>B>@0 ?@54AB02;5=V A2>W<8 0:B82=8<8 9 V=4C:B82=8<8 >?>@0<8. #> 
ACBV AE5<0 70<VI5==S 0A8=E@>==>3> 4283C=0 0=0;>3VG=0 AE5<V 70<VI5==S 
B@0=AD>@<0B>@0. /: V C B@0=AD>@<0B>@0, 0A8=E@>==89 4283C= <0T &-?>4V1=C 
AE5<C 70<VI5==S [2].  

�V;PH 7@CG=>R 4;S ?@0:B8G=8E @>7@0EC=:V2 T �-?>4V1=0 AE5<0 
70<VI5==S. ' �-?>4V1=V9 AE5<V, I> =0<03=VGCT, 3V;:0 28=5A5=0 4> 2EV4=8E 
70B8A:0GV2. &0:8< G8=><, 70<VABP B@P>E 3V;>: >B@8<CRBP 42V 3V;:8, ?5@H0 - 
=0<03=VGCT, 0 4@C30 - @>1>G0. �;5 40=0 4VS 28<030T 2=5A5==S 4>40B:>2>3> 
:>5DVFVT=B0, S:89 T 2V4=>H5==S< =0?@C38, I> ?V42>48BPAS 4> 4283C=0, 4> 
�$% AB0B>@0 [2]. 

�0 :>=AB@C:FVTR 0A8=E@>==V 4283C=8 ?>4V;SRBP =0 420 2848: 4283C=8 7 
:>@>B:>70<:=5=>R >1<>B:>R @>B>@0 B0 7 D07=>R >1<>B:>R @>B>@0. %;V4 
707=0G8B8, I> AB0B>@8 F8E 4283C=V2 ?@0:B8G=> =5 2V4@V7=SRBPAS. 
(C=:FV>=0;P=5 ?@87=0G5==S AB0B>@0 V 9>3> >1<>B>: 3 V=4C:B>@, I> V=4C:CT 
>A=>2=5 <03=VB=5 ?>;5.  

%B0B>@ <0H8=8 7<V==>3> AB@C<C <0T 4>A8BP ?@>ABC :>=AB@C:FVR. �V= 
A:;040TBPAS 7 :>@?CAC, >A5@4S (28:>=CTBPAS V7 ;8ABV2 5;5:B@>B5E=VG=>W 
V7>B@>?=>W AB0;V B>2I8=>R 0,35 <<, ?>:@8B8E V7>;SFV9=8< ;0:><) B0 
AB0B>@=>W >1<>B:8. ' S:>ABV AB0B>@=>W >1<>B:8 28:>@8AB>2CTBPAS 
42>?;>I8==0 :>=F5=B@8G=0 >1<>B:0, A5:FVW :>6=>W A5:FV9=>W 3@C?8 S:>W 
>E>?;RRBP >4=0 >4=C.  

$>B>@ 4283C=0 7 :>@>B:>70<:=5=>R >1<>B:>R A:;040TBPAS 7 20;0, =0 
S:89 =0A0465=> ?0:5B 70;V70 7 ?070<8, 2 S:8E @>7<VICTBPAS 70<:=5=0 :>@>B:> 
>1<>B:0. &0:0 >1<>B:0, 2>=0 I5 =07820TBPAS <1V;SG5 :>;5A>=, S2;ST A>1>R 
=87:C <5B0;528E (0;R<V=VT28E, 1@>=7>28E G8 <V4=8E) AB@86=V2, 
@>7B0H>20=8E 2 ?070E >A5@4S @>B>@0, V 70<:=5=8E 7 >1>E 1>:V2 70<8:0RG8<8 
:V;PFS<8. "A5@4S @>B>@0 =018@0TBPAS V7 ?;0AB8=, S:V HB0<?CRBPAS >4=>G0A=> 
7 ?;0AB8=0<8 >A5@4S AB0B>@0, 0;5 =5 ?>:@820RBPAS V7>;SFV9=8< ;0:><, S: 



220 

?;0AB8=8 AB0B>@0, 0 <0RBP ;8H5 >:A84=C ?;V2:C, S:0 T 4>AB0B=P>R V7>;SFVTR, 
I> >1<56CT 28E@>2V AB@C<8. �5;8G8=0 F8E AB@C<V2 C @>1>G><C @568<V 
=57=0G=0, B><C I> G0AB>B0 ?5@5<03=VGC20==S >A5@4S @>B>@0 <0;0. �0<:=5=0 
:>@>B:> >1<>B:0 @>B>@0 C 1V;PH>ABV 4283C=V2 28:>=CTBPAS H;SE>< 70;82:8 
?07V2 >A5@4S @>B>@0 @>7?;02;5=8< 0;R<V=VT28< A?;02><. #@8 FP><C, C 45S:8E 
4283C=V2 >4=>G0A=> =0 70<8:0RG8E :V;PFSE 2V4;820RBPAS V 25=B8;SFV9=V 
;>?0B:8.  

#>2VB@S=89 707>@ <V6 AB0B>@>< B0 @>B>@>< <0T 1CB8 <V=V<0;P=8< V =5 
?>28=5= ?5@528IC20B8 0,5 <<, I> T =54>;V:>< 0A8=E@>==8E 4283C=V2, 1> 
CA:;04=RT ?@>F5A A:;040==S. 

�204@0B8G=0 70;56=VABP >15@B>2>3> <><5=BC 2V4 =0?@C38 <5@56V T I5 
>4=8< ACBBT28< =54>;V:>< 0A8=E@>==>3> 4283C=0, 0465 4>A8BP G0AB>, ?@8 
7@>AB0==V =020=B065==S, =0?@C30 2 <5@56V 7=86CTBPAS, 0 F5 =530B82=> 
2?;820T =0 @>1>BC 4283C=0. 

-5 >4=8< =54>;V:>< T B5, I> 0A8=E@>==V 4283C=8 <0RBP 4>AB0B=V9 
?CA:>289 <><5=B 4;S ?CA:C 7 =><V=0;P=8< =020=B065==S< =0 20;C, 0;5 2 
?>@V2=S==V 7 ?CA:>28< AB@C<>< F59 <><5=B =57=0G=89, B><C 4;S 4283C=V2 
7=0G=>W ?>BC6=>ABV =5>1EV4=> <><5=B ?V428IC20B8, 0 ?CA:>289 AB@C< 
7=86C20B8, I> <>6=0 74V9A=R20B8 ?5@5<8:0==S< >1<>B:8 AB0B>@0 7 «7V@:8» 
=0 «B@8:CB=8:», 22V<:=5==S< C :>;> AB0B>@0 @50:B>@0 01> ?CA: 7 
28:>@8AB0==S< 02B>B@0=AD>@<0B>@0. 

$53C;R20==S G0AB>B8 >15@B0==S @>B>@0 0A8=E@>==>3> 4283C=0 <>6;825 
7<V=>R 1C4P-S:>W 7 B@P>E 25;8G8=: :>270==S, G0AB>B8 AB@C<C 2 >1<>BFV 
AB0B>@0 01> G8A;0 ?0@ ?>;RAV2 4283C=0. %;V4 707=0G8B8, I> 2AV FV A?>A>18, 
:@V< >AB0==P>3>, T =54>AB0B=P> 5D5:B82=8<8, 0 @53C;R20==S G0AB>B>R 
AB@C<C ?>B@51CT 4>@>3>20@BVA=>3> >1;04=0==S. �V4ACB=VABP ?@>AB>3> B0 
5:>=><VG=>3> A?>A>1C @53C;R20==S G0AB>B8 >15@B0==S 0A8=E@>==8E 4283C=V2 
3 >48= V7 >A=>2=8E =54>;V:V2 B0:8E 4283C=V2.  

"A:V;P:8 2AV ACG0A=V 0A8=E@>==V 4283C=8 ?@>ABV 2 5:A?;C0B0FVW, 2>=8 
<0RBP ;53:5 @53C;R20==S >15@B>2>3> <><5=BC B0 740B=VABP ?V4:;RG0B8AS 
157?>A5@54=P> 4> 465@5;0 7<V==>3> AB@C<C. �@V< B>3>, 2>=8 <0RBP =87P:C 
20@BVABP, =87P:C 20@BVABP >1A;C3>2C20==S V =04V9=VABP. "B65, 28E>4SG8 7 
28I5=02545=8E D0:BV2, <>6=0 7@>18B8 28A=>2>: ?@> =87:C ?5@5203 V 
?5@A?5:B82 28:>@8AB0==S 0A8=E@>==>3> 4283C=0. 

 

%#�%"� ���"$�%&�!"� ��&�$�&'$� 

1. #@>T:BC20==S 5;5:B@8G=8E <0H8=: =02G. ?>AV1. / �.�. *8?;5=:>2, ".� 
�20=>2, ".�. �>1@>2 B0 V=. 3 �.: !&' «�#», 2020. 3 408 A. 

2. �A8=E@>==O5 42830B5;8 A5@88 4�: A?@02>G=8: / �.-. �@02G8:, 
 . . ,;0D, �.�. �D>=8= 8 4@. 3  .: -=5@3>8740B, 1982. 3 504 A. 



221 

!0C:>25 5;5:B@>==5 2840==S 
 >6=0 28:>@8AB>2C20B8 2 ;>:0;P=><C B0 

<5@56=><C @568<0E 
 

 

 

 

 

 

 

&����!, !�'��-2024 
�;5:B@>B5E=VG=89 D0:C;LB5B 

 

 
 

�1V@=8: B57 4>?>2V459 I>@VG=>W 
=0C:>2>-?@0:B8G=>W :>=D5@5=FVW A5@54 ABC45=BV2, 
28:;040GV2, =0C:>2FV2, <>;>48E 2G5=8E B0 0A?V@0=BV2 

 

15319 :2VB=O 2024 @>:C 
 

 

 

 

 
 

 

 

 

"48= 5;5:B@>==89 >?B8G=89 48A: (DVD-ROM); AC?@>2V4=0 4>:C<5=B0FVS. 
&8@06 100 ?@8<. �0<. 7 521 

 

�84025FP V 283>B>2;R20G 
!0FV>=0;P=89 C=V25@A8B5B «�0?>@V7P:0 ?>;VB5E=V:0» 
':@0W=0, 69063, <. �0?>@V66S, 2C;. �C:>2AP:>3>, 64  

&5;.: (061) 769382396, 220312314 

 
%2V4>FB2> AC19T:B0 28402=8G>W A?@028 �� 7 6952 2V4 22.10.2019. 


