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UDC 537
BEHAVIOR OF A SMALL ROD-ROD AIR GAP WITH COVERED ELECTRODES

Dr. Belhoul T.
Laboratory of Electrical Engineering, Department of Electrical Engineering, University A. Mira of
Bejaia, 06000 Bejaia, Algeria

The main objective of this paper consists of the study of the field lines’ distribution of rod-
plane system with a very polluted barrier using COMSOL Multiphysics software [1-3]. An
experimental study was carried out at the High Voltage laboratory with the aim of researching the
electrical performance of this system with non-uniform electrical field under severe pollution
conditions and 50 Hz alternating voltage.

Figure 1 is composed of a system of electrodes: rod - tubular barrier - plane (Figure 1a). These
electrodes and their support were designed and produced in the high voltage laboratory and in the
technology hall of the University of Bejaia [4, 5].

The tubular glass barrier (Figure 1b) used in this investigation has a length Li= 100 mm. Its
inside diameter is 14 mm and outside (D) 15 mm. The model used in simulation on COMSOL is
illustrated in figure 1c.

The volume conductivity value (v) of the solution used in this study is equal to 25 mS/cm.
This corresponds to a very unfavorable level of pollution of an indoor site.

Plane

s =t

a) Rod - tubular barrier - plane
configuration

b) Device photo C) Model to simulate on comsol

Figure 1. Photo and dimensions of the elements constituting the rod - plane system with
tubular glass barrier and simulation model.

Bare rod - plane system

The simulation was performed in the absence of the barrier (Figure 2). This was done in order
to have reference values of the voltage distribution and the electrical field. It is to be noted that the
equipotential lines are parallel to the two ends, and the electrical field intensity is higher in the end of
the rod put under high voltage, also they are perpendicular to the equipotential lines.

Potentiel électrique (V) Potentiel électrique (V)
Champ électrique

L L L L 4
-20 -10 [0} 10 cm

a) Field lines path b) Discharge path

Figure 2. Field lines simulation and discharge path of rod — plane system without barrier.




Rod - polluted tubular barrier — plane configuration

Figure 3 shows the air gap disruption path of the heavily polluted tubular barrier. The electrical
field lines coming out of the rod closed by the barrier are non-uniform; however, the equipotential
lines are uniform. This is reduced to the breakdown path of the air gap between the closed end of the
tube and the grounded plane (Fig 3a). In this case, the system’s disruptive discharge emanates from
the closed end of the tube enclosing the HV pointed rod and propagates through the air towards the
grounded plane (Fig 2b). This path is the same as that of the rod-plane configuration without barrier
(Figure 2). Therefore, the protection of the system is not provided at all by the glass barrier.

B

s
I‘

Q) Electrical field lines Lt = 10 cm

b) Electrical discharge pathith
Lt=10cm

Figure 3. Simulation of the electrical field lines and the path of the disruptive electrical discharge of
the air space of a rod - polluted glass tubular barrier - plane system (d = 4 cm).

In this paper, we used a computational tool based on the finite element method (COMSOL
software) to describe the disruption of an air gap with non-uniform electrical field protected by tubular
and planar barriers of different lengths and interelectrode distances in various atmospheres and
energized by alternating current.

The results from this study are summarized as follows:

The COMSOL 5.4 software allows us to predict the electrical field distribution in rod — plane
system with a tubular barrier and clean or polluted plane under alternating voltage.

Under severe pollution’s conditions, no protection is provided by a glass barrier because of
the absence of the discharge of their flashover. This is due to the highly conductive behavior of the
pollution layer covering their surface.

Another protection is necessary in this case, by replacing the hydrophilic material with another
more efficient material such as silicone or a superhydrophobic material.

1. Belhoul, T., Boudissa, R., Haim, K. D. (2017). Comparison of the Performance of Silicone
and Glass Barriers under Direct Current and Very Severe Conditions of Pollution. IEEE
Transactions on Dielectrics and Electrical Insulation Vol. 24, No.1, pp. 471-482.

2. |IEC 62271-304, “Technical Specification of design classes for indoor enclosed switchgear
and control gear from 1 kV and up to and including 52 kV to be used in severe climatic
conditions”, High Voltage Switchgear and Control gear-PART 304.

3. Boudissa, R., Bayadi, Baersch, R., (2014). AC Performance of silicone and glass barriers in
clean and polluted atmosphere., Electric Power Systems Research 108, pp. 170-177.

4. Belhoul, T., Bouchelga, F., Boudissa, R., Kornhuber., Haim, K. D. (2021). Small air gap’s
performance under non-uniform electrical feld with silicone tubular barriers under AC
voltage. VVol. 103, No.4, pp. 2229-2241.

5. Bouatia, N., Messad, S., Bouchelga, F., Belhoul, T., Boudissa, R., Kornhuber, S., Haim, K.D.
(2022). Comparative study of the electrical performance of superhydrophobic and hydrophilic
tubular and plane insulating barriers under DC voltage., pp. 497-511, Electrical Engineering.
Vol. 24, No.1, pp. 471-482.
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COULOMBIC EFFICIENCY OF SUPERCAPACITORS WITH Li2SOs-BASED
ELECTROLYTE

DSc. Bordun 1.M.1?, Szymczykiewicz E.!
1 Czestochowa University of Technology, 69 Dabrowskiego str., 42-201 Czestochowa, Poland
2 Lviv Polytechnik National University, 12 Bandera str., Lviv, 79013, Ukraine

Supercapacitors (SCs), also known as ultracapacitors, are electrochemical devices with
a large capacitance. They are characterized by high specific power, but are inferior to batteries
in terms of specific energy. The specific energy of a SC can be increased by increasing its
electrical capacity or by increasing the operating voltage. The operating voltage of SCs with
alkaline aqueous electrolytes is 1 V. Organic electrolytes are stable at voltages of 2.5 - 3.2 V.
However, these electrolytes have a number of disadvantages: high cost, low electrical
conductivity, toxicity, and the need to create special conditions for working with them.
Therefore, there has been a growing interest in aqueous electrolytes instead of organic ones. An
increase in operating voltage is achieved by using solutions of alkali metal sulphates. Paper [1]
evaluated the stability of neutral electrolytes based on Li»SO4 solutions and showed that a
symmetrical SC made of activated carbon and an aqueous solution of LioSO4 demonstrates stable
operation at 1.6 V. In [2], it is reported that a symmetrical SC based on activated carbon with an
electrolyte based on an aqueous solution of Li>SOg is characterized by an operating voltage of 1.8 V
and a good capacity value after 10,000 charge/discharge cycles. In [3], a carbon SC based on Li>SO4
electrolyte withstood more than 15000 cycles at a voltage of 2.2 V. The aim of our work was to
establish the possible reason for such a difference in the study results at different operating voltages
of symmetrical SCs with carbon electrodes and electrolytes based on aqueous solutions of Li>SOa.

The electrodes were made of Norit DLC 30 Supra carbon (Cabot Norit Netherlands, The
Netherlands). SC electrodes were made on the basis of nickel mesh. The active material was mixed
with a binding additive (polyvinylidene fluoride) in a ratio of 19:1 and pressed into the mesh using a
press. The electrolytes used for the study were aqueous solutions of 0.5, 0.7, and 1 mol L Li,SO4
(hereinafter referred to as 0.5 M, 0.7 M and 1 M Li>SOs). The study of SC was carried out by
chronopotentiometry and cyclic voltammetry.

The cyclic voltammograms of all SCs had a classical supercapacitor appearance without peaks
of Faraday processes. This means that the carbon surface is charged primarily by forming a double
electric layer. The SCs were charged/discharged in the range of current densities from 0.1 to 1 A/g to
voltages of 1.4, 1.6, and 1.8 V. The specific capacitance of the carbon in the studied SCs gradually
decreases by about 10-12% with increasing current density for all voltages. It should be added that
the specific capacitance depends on the operating voltage. At a current density of 0.1 A/g and
charge/discharge to a voltage of 1.4 V, the specific capacitance of carbon in the SC is 87 F/g, at
charge/discharge to a voltage of 1.6 \VV 90 F/g, and at charge/discharge to 1.8 V 96 F/g.

However, the change in the Coulombic efficiency

K =% -100% 1)
ch
where Qcn is the charge received by the SC during charging and Quis is the charge released by the SC
during discharging, turned out to be very interesting (Fig. 1).

As can be seen from Fig. 1, at current densities greater than 0.5 A/g for all voltages, we have
almost complete reversibility of the electrochemical process - the Coulombic efficiency approaches
100%. For lower current densities, the Coulombic efficiency strongly depends on the operating
voltage. With an increase in the voltage to which the SC is charged, the Coulombic efficiency
decreases for low current densities. Moreover, this decrease occurs faster with an increase in the
concentration of the dissolved lithium sulfate salt.
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Figure 1. Coulombic efficiency of SCs at different charge/discharge current densities

The possible cause of such changes is redox reactions between dissolved ions and surface
functional groups that are always present on the carbon surface. Li* ions are characterised by low
mobility and low diffusion coefficient [3]. At low current densities, such ions quickly reach the
electrode/electrolyte interface but remain near this interface during discharge. Additionally, this
assumption will be tested using impedance spectroscopy in future investigations.

Therefore, to ensure the efficient operation of SCs with an electrolyte based on Li>SO4
solution, it is necessary to use a current density during charging/discharging above 0.5 A/g to reduce
the impact of such reactions.

1. Sun, X., Zhang, X., Zhang, H., Zhang, D. & Ma Y. (2012) A comparative study of activated carbon-
based symmetric supercapacitors in Li>SOs and KOH agueous electrolytes. J.Solid State
Electrochem., 16, 2597-2603.

2. Gao, Q. (2019) Optimizing carbon/carbon supercapacitors in aqueous alkali sulfates electrolytes.
J. Energy Chem., 38, 219-224.

3. Fic, K., Lota, G., Meller, M. & Frackowiak, E. (2012) Novel insight into neutral medium as
electrolyte for high-voltage supercapacitors. Energy Environ.Sci., 5, 5842-5850.4.



UDC 621-926

COMPLEX AND EFFICIENT DECENTRALIZED CONTROL OF
MECHANISMS LOADED BY A DISTRIBUTED NETWORK

PhD (Engineering), Associate Professor Borodai V. A., PhD (Education), Associate Professor
Nesterova O. Yu., engineer Fedorov S.1., PhD student Shlapko R.O.
Dnipro University of Technology

The issue of resource and energy conservation does not lose its relevance, but becomes even
more acute due to the shortage of primary energy resources. Therefore, the latest technologies that
provide increased efficiency, especially powerful equipment, are in constant demand from
industrialists and household consumers.

It is known that centrifugal mechanisms that transport liquids and gases are the most common
equipment in various spheres of human activity. Such applications as water supply and drainage,
ventilation, pumping of technological mixtures are present almost everywhere. Taking into account
the fact that such equipment is quite powerful, losses on it due to incorrect operation can be
significant. It should also be noted that such a situation arises as a result of chaotic loading of the
drive of pumping and ventilation equipment, especially when it works on an extensive network, and
where it is almost impossible to predict the level of load during the working period in advance.
Therefore, there are quite often modes of operation of pumping and ventilation equipment that work
under load or even at idle.

It is possible to solve the problem in the case of implementation of the principle of supplying
the motor of the mechanism at each moment of time with such an amount of energy that does not
exceed the amount necessary to overcome the current load. An example of such an implementation
is a system with voltage regulation, where the result of increased efficiency is achieved only in the
motor link [1]. The use of the system [2] expands the possibilities of energy efficiency due to the use
of converters with a pulse-width control method and, accordingly, with a higher value of the power
factor. In the end, it became clear that maximum energy savings can be achieved with a
comprehensive approach to solving the task. That is, the components of energy saving should also
include links of power supply and working machine [3]. Despite all the listed advantages, option [3]
still does not use all the savings possibilities. The step-by-step principle of voltage regulation at the
"nominal” operating interval of the mechanism does not have a regulator for effective voltage setting
depending on the load level. Therefore, the authors proposed a control system [4] that takes into
account such a drawback.

The proposed schematic solution in Fig. 1 [4] includes three power modules 1 of the same
type, each of which includes a voltage transmitter Uc 9, connected to the synchronization blocks of
the positive BC+ and negative BC- 10 half-wave mains voltage, in series with them (first input)
modulation and amplification units BM and IT 12 are installed, which control the keys Vtl, Vt2 13
powering the phase coil of the motor L 14 from the source G1 15, and the second input of BM and I1
12 is connected to the generator of adjustable pitch of the I'PILI 6 connected in series with the element
"I'" 11. The other input "I" 11 through bus 17 is connected to the microcontroller MK 7. The input of
I'PIII 6 and the output of the intensity setter 31 5 are connected to each other, and the input 3I is
connected to MK 7. Button post 8, load /IH 4 and through bus 17 the counter U4 15 are also connected
to the digital ports of MK 7. The mechanical part of the drive includes the rotor of the motor 2, the
working machine 3, which are combined with the load /IH 4.

The control method is carried out in the following sequence. At the design stage, with a known
change in the steady state slip of a specific electric machine, the parameters of the voltage regulator
are accepted, the permissible range of the actual mechanical load, for which the step frequency change
mode is turned on, the constant 31 5 of block 1 and the exposure setting of time are determined.
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According to the selected parameters,
the  selection  of  electronic
components is carried out, and other
data are entered into MK 7 by
software.

Pressing the "Start" button 8
simultaneously starts the timer on
MK 7 and supplies signal 1 to "I" 11
and a voltage of 10 V to the input of
31 5. The latter starts the integration
of the voltage at the input of ['PIII 6,
which changes the gap, and thus
implement the process soft start
Blocks BM and IT 12 carry out pulse-
width modulation of the permission
signal, which is fixed by the encoder

Figure 1. Functional diagram of complex control. Uc 9 and synchronized by blocks BC
10. In the rest, the smooth start of the system is carried out by the keys Vi1, Vt2 13, which regulate
the voltage on the motor stator L 14, 2. After the end of the time delay, the /IH sensor 4 is turned on.
In the case of an actual load that has a level of the permissible range, the software MK 7 switches the
smooth mode start on the first effective. That is, a non-linear voltage regulator with a functional
dependence on the actual load is turned on,due to which at the input of 31 5 the task voltage is formed
for the rational regulation of power supply by the motor 14. If the actual load falls below the minimum
limit, MK 7 blocks the voltage regulation mode and turns on the counters 15 to reduce the frequency
by half. Under such conditions, the power supply voltage is reduced by the ['P11I 6 corresponding to
the task, which also forms the MK 7. When the load returns, the system turns on the effective one
mode again. The system is stopped by pressing the "Stop™ button. The result of removing the signal
1 from the second input "I" 11, returning the 3I 5 to the initial conditions and closing the power
switches Vt1-2 13, which will de-energize the motor.

Profit when using the proposed method of controlling an asynchronous motor is achieved with
a comprehensive approach to rational energy consumption, relative simplicity of the control system,
reduction of dynamic loads in transient modes and improvement of equipment efficiency while
simultaneously reducing capital and current costs.

1. boponaii B.A., bopoBuk P.O., Hecteposa O.}O. Crnioci6 cunTe3y perynstopa eHeproeeKTHBHOTO
YOpPaBJIIHHA AaCUHXPOHHUM [MpPHUBOJOM MeXaHI3MIiB 0e3 mpsMoi crabumi3amii MIBUIKOCTI.
Enexmpomexnixa ma enekmpoenepeemuxa. 2019. Ne 3 C. 16-23. DOI 10.15588/1607-6761-2019-
3-2.

2. boponaii B.A., KoBanso O.P., HecrepoBa O.1O. Ilapamerpuune kepyBaHHS €(EKTHUBHICTIO
ACHHXPOHHOTO TPHUBOJY 3ac00amMu TMEPETBOPIOBAaYa 3 TIIBUIIEHUM KOE(DIMIEHTOM TMOTYKHOCTI.
Enexmpomexnixa ma enexmpoenepeemuxa. 2020. Ne 2. C. 8§-16. DOI 10.15588/1607-6761-2020-2-1.
3. KosamsoB  O.P., HectepoBa O.}0., Bopomaii B.A. ABToMar kepyBaHHS €(EKTHUBHICTIO
aCHHXPOHHOTO NpUBOJa 3 QyHKIiE TaBHoro mycky. Microsyst Electron Acoust, 2021, vol. 26, no.
2 DOI: 10.20535/2523-4455. mea.235881.

4. UA 151636 U VYkpaina, MIIK (2022) HO2K 19/36. (ITarent Ha kopucHy mojenb) Crocid
KepyBaHHs acuHXpoHHO1 MamuHu / B.A. bopopaii, O.1O. HecrepoBa; 3asBHUK 1 MaTEeHTOBIACHUK
HTYVY «/lninpoBceka momitexHikay; 3ass. Ne u 2021 06874 Bix 02 rpyaus 2021 p.; omy6u. brom Ne34
Bix 25.08.2022.
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PREDICTIVE CONTROL BASED ON NEURAL NETWORKS AND THE ARTIFICIAL
BEE COLONY ALGORITHM APPLIED TO INDUCTION MOTOR

Phd Student Melahi A.%, Prof. Bendahmane B.?
L Laboratoire de Maitrise des Energies Renouvelables, Faculte de Technologie, Universite de
Bejaia, 06000 Bejaia,Algérie
2 Laboratoire de Génie Electrique, Faculté de Technologie, Université de Bejaia, 06000 Bejaia,
Algérie

Within this paper, a step to design model free controllers is presented. The principle is to use
predictive control architecture: prediction, optimization, application of the control.

The general idea to design the predictor is to use neural networks known for their ability as
universal approximators [1-3]. The neural network must be adequately designed (number of layers,
of neurons, of inputs/outputs). This is due to the learning process that must be fulfilled in the range
of the sampling rate. The data used must be consistent and not very large. Here comes the use of the
recent history of the behavior of the system under control or of a data base regrouping different
behavior of the system. The ability to generalize, extrapolate and noise reduction favorites the use of
neural nets to predict the values of the signals of the system in the near future (horizon H). The neural
network’s inputs and outputs are related as shown in (1):

O = Lica Witfyu(Zp=1 Wiplp) (1)

The minimization step of the predictive control uses certain criterion leading to reducing the
deviation of the output signals of the system from their desired values in the prediction horizon H. in
this work, the optimization is based on the Artificial Bee Colony algorithm (ABC algorithm) in which
the behavior of honey bees is copied. In fact, there are three kinds of bees: employed foragers, scouters
and onlookers. The employed foragers have one source of food shared with others in certain
probability. The scouts search for new sources of food. The onlookers share information with the
employed foragers in order to find food. This behavior is transposed here to find a good (optimal,
suboptimal, quasi optimal) control signals to apply to the system under control. The position of the
ith bee on the tth iteration is generated by [4-8]:

Xid(t) = Lg + rand(0,1) . (Uq - La) (2
where Lq and Ugq are the bounds for Xiq and d stands for the dimension d. The employed foragers
update their position according to the equation below:

Vid(t+1) = Xia(t) + ¢ . (Xia(t) - Xja(t)) ©)
where v is the increment to add to X, ¢ is random with uniform distribution on the range [0,1]. The
symbols i and j are different (bees) in {0, ..., M} with M the size of the colony. The onlookers have
to choose the food sources according to their quality presented as probability computed as follow (4):

fit;
p; = Zﬁ:ivfitj (4)
1 N >0
fin=11+r0 '®2

1+ fO<O

xk_l,yLk_INN Model , X, ,ﬁk_lmm Model, Ui]gtk_l ng_l
N. Net training ABC algorithm ‘ Induction Motor
o { .
W \/ “'J)(
NN Model Uopt,/ AUopt | k

Figure 1. Predictive controller based on NN and ABC algorithm.
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Figure 2. ABC algorithm for optimization

The system under control is an induction motor modeled in the dg-frame. The objective is to
track the reference signal optimally. The criterion to minimize is based on the errors between the
statoric currents (isd, isq) and their reference values (isd*, isq*) respectively. This criterion is applied
to future signals within the prediction horizon H. The optimization leads to get the optimal control
signals (Usd, Usq)opt Or their optimal increments (4Usd, 4Usq)opt according to our choice. In the first
case, we can see slight changes in the control signals leading to chattering effect which can be reduced
using adequate filters. In the second case, the chattering is eliminated. We can also include the control
signals and/or their increments in the criterion in order to enhance the control and the performance of
the system in the closed loop.
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Figure 3. Simulation results
The results presented in figure 3 show the great performance of the control strategy in terms
of good tracking despite that the controller has no intrinsic information on the system itself but only
the input/output signals of the system under control.
This type of controllers needs heavy parallel computing because of the use of agents (neurons
and bees).
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Objectif

Corona discharge is used in large variety of electrostatic processes, such as separation of
granular materials [1], charging of fibrous nonwoven media for air filters [2], dust precipitation [3].
The present work aims to charging of two types of non-woven media used in air filters based on the
negative DC corona discharge generated by a triode configuration.

Experimental approach

The triode configuration consists of a cylindrical dual electrode, a grid connected to ground
through a resistor during sample charging, and a grounded plane. A DC high-voltage power supply
was employed for the corona-charging of the samples (Figurel). The experiments were performed on
samples of blue and white filtering non-woven media.

The electrical charge was evaluated by measuring the electrical potential at the surface of the
films using a non-contact electrostatic voltmeter. We have used the surface potential profile and decay
SPD measurement techniques for monitoring the charging state of the filters media. These techniques
make it possible to plot the potential Vs at the surface of the sample as a function of time t.

Electrometer DC HV Supply

Pc+Labvie

Dual Electrode

Probe

Sample

Figure 1. Experimental set-up for the measurement of the surface potential after samples charging

Results

Figures 2 and 3 illustrate the surface potential decay curves at the center of the two blue and
white filtering fibrous samples for a charging carried out with a charging potential Vg = - 1.5 KV.
The spacing between the grid and the sample is 15 mm. the rate of decay of the surface potential is
attributed to bulk and shallow surface charge carriers. Thus, the decay tendency is determined by
charge penetration and overall polarization during charging procedure.

Figure 2 shows that the rate of weakening of the surface potential obtained for the white
fibrous media is 5.34%, compared to its initial value after 900 s. From the surface potential decay
curve in Figure 3, the surface potential decay rate for the blue fibrous media is 6.5% from its initial
value after only 300 sec.

The initial surface potential obtained for the white fibrous media is higher than that obtained for the
blue fibrous media.

In the fibrous media-based filter manufacturing industry, filtration efficiency depends on the
ability of the dielectric to retain these charges as long as possible.

Figure 4,5 present the surface potential profiles after the deposition of charges on the surface
of the blue and white fibrous filter media, with a grid potential of -2.5 kV. The samples were exposed
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to the ions generated by the corona discharge of negative polarity for 10 seconds, then transferred to
the measuring station for the reading of the profile of the surface potential of the deposited charge.

The surface potential profiles of the charge deposition show the non-uniformity of the
deposited charge and this is due to the non-homogeneous structure of the fibrous media [4, 5].
These curves also show that the maximum value of the surface potential is obtained for the white
fibrous media. This maximum essentially is fixed by the dielectric strength of the air, and this means
that the number of charges deposited is limited.
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Figure 4. Profile, blue fibrous filter media Figure 5. Profile, white fibrous filter media
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Introduction:

Corona discharge is employed in many industrial processes: ozone production, air ionization,
separation of granular mixtures [1]. A wide variety of corona electrodes have been developed for the
various types of installations: electric air filters, plasma chemical reactors, ozone generators [2].

The aim of this work is to characterize the multi-corona electrode by measuring the current-
voltage characteristics of the corona discharge generated by this electrode. In this work, we have
taken in consideration, geometrical parameters, the number of tip and the distance between any two
of them.

1. Materials and methods:

Figure 1 represents the experimental setup. The experiments were carried out with different
models of electrodes, ranging from one to five needles of 0,75 pm in radius of curvature and spaced
by a variable distance d = 20, 40, 60 and 80 mm. Needles are suspended perpendicularly on a
plexiglas support at a distance h = 40 mm from the ground plane and supplied by the DC-HV source
of OV to £140 kV, 0.08 A. A set of three plate electrodes, composed of a measuring plane (P)
surrounded by two grounded guard plates (G), is placed at a distance h from the wire. Each plate is
of dimensions 147 X780 mm x 1mm. All tests were performed in ambient air at atmospheric pressure.

Hr(%)| ()

@ (1) : pico-Ammeter,

6 |1eo (2) : active electrodes

1' l 'ﬁ.' (needle),
@ (3) : measuring plane (P),

T T Il I N

(4) : High Voltage source,
Hr (5) : electrostatic voltmeter
._T (6) : thermometer,
‘[;”' 1 (7) : hygrometer,

m (8) :grounded guard plates
pA (G)

T lu

- (9) : measuring cell

d : distance between

Figure 1: Schematic representation of the discharge system
multi-neele - plan configuration (side view)
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2. Influence of the number of needles:

The curves in Figure 2 were obtained using multi-needle electrode ranging from 1 to 5 spaced
by d=40 mm. The curves show that the current increases with the applied voltage (V) when it exceeds
a corona inception voltage. The Current-Voltage characteristics follow the well-known quadratic law
of Townsend [3].

We also note a significant growth of the current generated by the corona discharge with the
increase of the number of needles. This can be explained by the increase of the number of ionized
regions around each added needle.

100
120

—&— One needle
—&— Two needles
100 Three needles 80
—»— Four needles
80 F Five needles

D
o
T

60

H
o
T

40 |

Decharge curent ( pA)

N
o
T

Decharge Current (pA)

o

0 5 20 25

o

5 10 15 20 25

10 15
Applied volt kv
pplied voltage ( kV) Applied Voltage (kV)

Figure 2 Current-Voltage characteristic as
function of the number of needles
(T=21°C, Hr=62%).

Figure 3. Current-Voltage characteristic as a
function of the inter-point distance d for
three needles, (T=21°C, Hr=64%).

3. Influence of the distance between needles:

The I-V characteristics were measured for various values of the inter-needle spacing d in three
needle-plane electrode configurations. The results obtained are shown in Figure 3. It is noted that the
recorded current varies according to the distance d between needles. Indeed, for the same applied
voltage, there is an increase in the discharge current when the needles spacing increases.

This can be attributed to the mutual interactions between the discharges generated by the
needles (shielding effect), which effect decreases as the distance between the needles increases [4].

References:

1. A. Kasdi, (2016). Computation and measurement of corona current density and V-I
characteristics in wires-to-plates electrostatic precipitator, J. Electrost. volume number (81),
pp.1-8.

2. A. Reguig, A. Bendaoud, B. Neagoe, Y. Prawatya, L. Dascalescu, (2016). Distribution at the

surface of insulating materials exposed to corona discharges from various electrode

configurations. J. Electrost, volume number (82), pp.55-62.

Townsend, (1915). “Electricity in Gazes, ” Oxford University Press.

4. 0. Chibane, A. Rahmani, K. Smili, B. Bendahmane, L. Dascalescu, A. Kasdi. (2021).
Experimental characterization of multi-wire corona electrode configurations. J. Electrost. volume
number (111), pp.1-6.

w



UDC 621.3

FUZZY CONTROL OF AN ELECTROMECHANICAL SYSTEM POWERED

BY RENEWABLE ENERGY

Dr. Serir C.%, Dr. Bensmail S.?, Dr. Tadjine K., Prof. Rekioua D.!

LTIl laboratory, Electrical Engineering Department, University of Bejaia, Algeria
LTIl laboratory, Electrical Engineering Department, University of Bouira, Algeria

16

Abstract. The main objective of this contribution is to show the importance of optimization and
control by artificial intelligence of an electromechanical system consisting of a centrifugal pump

driven by a three-phase asynchronous motor with a squirrel-cage rotor which is powered by a

photovoltaic source through a sine-triangle pulse-width modulated voltage inverter (PWM). In order

to maximize the efficiency of the proposed photovoltaic pumping system (PVVPS) and optimize energy

efficiency whatever the weather conditions, fuzzy logic controller (FLC) is used.

I. Optimization and intelligent command of a photovoltaic pumping system

Based on our requirements, we determine the size of the various components of the system
under study, consisting of a photovoltaic (PV) system with 12 SHARP NT175E1 175 Wc panels, a
1.5 KW induction motor, centrifugal pump, and a reservoir an 80 m® water tank to meet a family's
domestic needs. The dynamic head is around 10 m and the nominal flow rate is 23 m/h.

The power system diagram for the system under study is shown in the following figure:
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I1. Simulation results

First, we simulate the photovoltaic pumping system with the perturbation and observation (PO)
technique, and to regulate the motor speed (AS) we apply vector control with PI, then simulate the
overall system with the FLC, under irradiation and temperature for 31 days in July, these values are
given as mean values.

Simulation results show that the control with the FLC is more efficient in terms of stability, precision
and speed to reach the maximum power point (figure 2, 3, 4, 5 and 6).
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1. Introduction

In this work we present the results of the active neutralization of electrostatic charges on the
free surface of polypropylene dielectrics of nonwovens fibrous and films by dual-plane electrode
system. The objective of this work is to compare the efficiency of neutralizing electrostatic charges
on the free surfaces of the PP film and PP nonwoven. The results permit to determine the influence
of the surface structure on the neutralizing efficiency. The neutralization efficiency is obtained by the
non-contact sampling of profiles of the surface potential before and after neutralization. Charge
neutralization was performed 900 s after charging process, using high alternating voltages at different
frequency and different amplitudes. The neutralization is carried out in motion mode; the sample
passes through the alternative discharge region with a constant speed of 3 cm/s.

2. Materials and methods

The experiments were performed on 120 x 9 mm? samples, at ambient air temperature (18°C
to 24°C) and relative humidity (50% to 61%). The electric charging of the samples was performed
using a triode electrode system (Figure 1) composed of a high-voltage wire-type dual electrode, facing
a grounded plate electrode (aluminum, 165 mm x 115 mm), and a grid electrode.
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Figure 1. Experimental set up.
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The high-voltage electrode consists in a tungsten wire (diameter 0.2 mm) suspended by a
metallic cylinder (diameter 26 mm) at 34 mm distance from the axis. The wire and the cylinder were
energized from the same adjustable high-voltage supply. The distances between the wire and the grid
and between the grid and the surface of the plate electrode were 15 mm.

In this way, for a current intensity I, a well-defined potential (Vg = RI) is imposed between the grid
and the grounded plate on which the samples are deposed. The potential at the surface of the media
Vaurt IS limited by the potential of the grid Vg or by the partial discharge voltage of the sample Vb. In
all the experiments described hereafter the sample were charged positively with grid potential Vg = 2
kV for 10 s. A conveyor belt supported the sample carrier and transferred it from the charging position
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to the surface potential measurement and charge neutralization sections of the experimental set-up.
Immediately after the high-voltage supply of the corona charger was turned off. The conveyor belt
transferred the samples at a constant speed through the measurement section. Thus, the repartition of
the surface potential along the central axis Ox of the sample was measured with an electrostatic
voltmeter equipped with an electrostatic probe. The neutralization was performed with a dual wire-
type electrode; the neutralizer — sample spacing was 50 mm (Figure 1).

The neutralization electrode was connected to a high-voltage amplifier. The amplitude U, and

the frequency f of the high-voltage were adjusted using a synthesized function generator. In order to
follow the decay of the surface potential and get a relatively stable charge, neutralization is carried
out after 900 s of the charging turn off. Neutralization with the dual electrode system is in motion 3
cm/s. The profiles of the surface potential obtained before and after the neutralization using the
previously described method. The neutralization rate N was expressed in function of V1 and V2, which
were the maximum recorded values of the potential along the central axis Ox of the sample
respectively before and after neutralization N [%] = 100 [1 — abs (V2/V1)].
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Figure 2. Variation of the neutralization rate N% (a) and of the surface potential ratios V. /V; 100 (b)
as a function of the frequency f of the sinusoidal neutralization voltage of amplitude Un = 16, 20 and
24 kV, the neutralization in motion mode (the speed of the sample: 3cm /s).
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YAOCKOHAJIEHHA CUCTEMMUM YIIPABJIIHHA OCBITJIEHHAM
TPAHCIIOPTHOI'O 3ACOBY

A.T.H., 1po¢. boraeschkuii O.B., crya. Tumenko JI.A.
XapxkiscoKkuil HAYiOHANbHUL ABMOMOOITbHO-00POICHIU YHIGEpCUmMem

Jlst migBuIeHHsT O€3MeKH eKCIuTyaTallii 3HaYHOi KIJTbKOCTI aBTOMOOIIBHUX TPAHCIIOPTHUX
3ac00iB OTPIOHO yIOCKOHAJIEHHS iX CHCTeMHU OCBITJICHHsA. OCTaHHIM 4acoM BCE YacTillle MOYaiH
KOMILUIEKTYBAaTH aBTOMOO1JTI CHCTEMaMu aganTUBHOTO cBiTia [1]. Taki cucreMu 31aTHI aBTOMATHYHO
3MIHIOBATH PEKUM OCBITICHHS 3aJI€KHO BiJI YMOB BUAMMOCTI, IOPOKHBOI OOCTaHOBKH, IIBUIKOCTI
Ta HAMPSIMKY PyXY, 1 HaBiTh BiA (i3MYHOTO cTaHy Bois. OCHOBHOIO CKJIAJ0BOIO TaKoi aganTHBHOT
CHCTEMH OCBITJIICHHS € (hapa aBTOMOOLIS JOCHUTHh CKJIAIHOI KOHCTPYKLii ¢ OAHMM abo JBOMa
BOYJIOBaHUMHU €JICKTPOIIPUBOIAMH, 1110 J03BOJISIE ITiUTAIITOBYBATH CUCTEMY OCBITJICHHS ITiJl YMOBHU
BHJIUMOCTI i THM CAMHM ITOKpaIlyBaTH O0€3MeKy MepecyBaHHs BCIX YIACHHKIB PYXY.

MexaHiuHEe TEepeHECeHHS KOHCTPYKLIi aJalmTHBHOTO CBiTJIa Ha OyIb-SKWHA aBTOMOOLTHL 3
METOI0 MOJICpHi3allii CHCTEMH OCBITJICHHSI ITPECTABIIsIE COOOK0 HEMPOCTHH 1 3aTpaTHHUM TIPOIIEC.

Ane Ko 0OMEXKHUTH MOJCPHI3AIII0 JOJaBaHHAM OJIHIET 200 TIBOX TOMAATKOBHX (DYHKIIIH 0
IITATHUX  MOXIUBOCTEH TpaJMIiHHOI CHCTEMH, TO MPOIEC YIAOCKOHAJICHHS MOXXHa 3HAYHO
CIIPOCTHTH.

B po6oTi 3ampornoHoBaHMi BapiaHT YJOCKOHAJICHHS IUISXOM PO3IIUPEHHS  OCBITICHHS
00KOBO1 30HM (y3014us) MPU TTOBOPOTaX TPAHCIIOPTHOTO 3aco0y BiIiBO abo Bmparo. Lls momarkosa
OTIILIisl JOCATAETHCSA BCTAHOBJICHHSIM Ha MepeIHboMY OamMIiiepi aBTOMOO1IS 371iBa 1 cripaBa I01aTKOBUX
MasiorabaputHux (ap Ha cBiTiomiogax. KoHCTpyKTHBHE pillleHHS IPEACTaBICHE Ha PUCYHKY 1.
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Pucynok 1. [lpuknan BCTAHOBIIEHHS TOAATKOBUX OCBITJIFOBAILHUX TMPUIIA]IIB

Anroput™m poOOTH MOJEpPHI30BaHOI cuUcTeMH HacTynmHUil. [Ipum KyTax MmoBOpOTYy mepenHix
koxic 1o 10° B 0OMIBI CTOPOHM TPAIIOE€ TUTHKU INTaTHE OCBITJICHHs. Bomnili Moke 37iiiCHIOBAaTH
HEBEJIMKI TTOBOPOTH, HANPHKJIAA, NMepeOyI0ByBaTUCA HA IHINY CMYTY, O0'DKIKAaTH MPUITAPKOBaHI
aBTOMOOLJI1, 311HCHIOBATH OOTIH.
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[Ipu moBoOpoOTI mepeaHix Kojic Ha KyT moHay 10° BMUKaeThCs mepia goaaTkoBa (apa y Oik
oBopoTy. CeKTOp OCBITIIEHHS 30UIbIHUTHCS PHOIK3HO Ha 15°. [Ipu BenMMKUX KyTax HOBOPOTY KOJiC
yepe3 KoxkHi 10° BKIIFOYaTHMETHCS HACTYITHA JTOJIATKOBA (apa, 30UIBIIYI0OYN CEKTOP OCBITJICHHS Ha
15°. Ha cxemi Bka3zaHa MOXJIUBICTh 301JBIIICHHS CEKTOPA OCBITIICHHS y30idus 10 45°.

Crizt 3BEpHYTH yBary, 1o MiKpOIpOIIECOPHUI OJIOK yHpaBJIiHHSA OTPUMYE 1HPOPMAIIIIO BifT
JaT4uKa TMOBOPOTY, BCTAHOBIICGHOTO HA PYJbOBIH KOMOHI. /[ KOPEKTHOro OOYMCICHHS KyTa
MMOBOPOTY TMEpeAHiX KOJic MOTPiOHO BpaxyBaTH Koe]illleHT Iepenadi pyIbOBOTO peayKTopa i
KOHCTPYKIIIFO PYJTBOBUX TAT MOJEIN aBTOMOO1IIA, SIKUH MPOXOAUTh MOJIEpHi3allito. Bei 11 MoMeHTH
BPaxOBYIOTBCS MTPOTPAMHO, HAIANITYBAHHS MArOTh MEBHI OCOOIUBOCTI, IO BU3HAYAIOTHCS MapKOIO
aBTOMOOIA.

BaximBo BiAMITUTH, IO 3allPONIOHOBAHA iJiesl 3aCTOCYBAaHHS JKOPCTKO 3aKpPIIICHHX Ha
O6amriepi JOAATKOBUX OCBITIIOBAIBHUX MPHJIAAIB Y BUIVIAII MATPHIl, € KOXKEH MpUiIa] Ma€ CBii
KyTOBUH CEKTOp OCBITJICHHSI, JIa€ 3MOTY peali3yBaTh 3aBISKH JIUIIC YIPABIIHHIO «ITOBOPOT
CBITJIOBOTO TIPOMEHIO B OiK y30iuus 0e3 3acTOCYBaHHsS MPHUBIAHOTO JABUTYHA — akTyaTopa. ToOTo
OTPHUMAJIH TOBOPOT CBITIIOBOTO MPOMEHIO 0e3 (hi3MYHOTr0 MOBOPOTY JO0AATKOBOTO OCBITIIIOBAIBHOTO
o0JIaTHaHHS.

JonaBanus i€l oniii (po3MUpPEHHS OCBITICHHS y30144si) 10 CUCTEMH IUTATHOTO YIIPABIIHHS
OCBITJICHHSIM aBTO € aKTyaJIbHUM HE JIUIIE JJIsI TPAHCIIOPTHHUX 3aC001B MUBUILHOTO NIPU3HAYCHHS, a
1 JUIs KOJTICHOTO TPAHCIIOPTY BIICHKOBOT'O IPU3HAYCHHS, OCKIIbKH BILTMBAE HA ITiJBUIICHHS O€3MeKH
pyXy B TEMHy IMOpYy J100H. A BHUKOPUCTaHHS 3alpPOIIOHOBAHOI ie1 3HAYHO CIPOCTUTH TPOIIEC
MojIepHi3allii 1 3a0e31eYnTh IEBHUI BJIaJl B PO3BUTOK METO/IIB 1 3aC001IB €IEKTPUYHOT 1HXKECHEPII.

1. Tumenko O.B., berza O.M. MikpokoHTpoJiepHa cHCTeMa KepyBaHHS TOJOBHOTO CBiTJa
aBToMoOUTs. Mamepianu XII-i naykoso-npaxmuunoi kongpepenyii «llepcnexmueni nanpsimxu
cyuacnoi enexkmponixuy. KIII im. Irops Cikopcrkoro, ®EJI, 19-20 ksitas 2018 p. C.93-98.
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MOJIEPHI3ALISI CHOCTEPIIT'AYA CTAHY EJJEKTPOIIPUBO/IIB HABEIEHHS
BOMOBUX MAIIIUH

K.T.H., go1. bykapoc A.10., k.T.H., 101. Ceprees O.10., k.T.H., 101. Ceprees B.B.
Biticoxosa axaoemisi (m. Ooeca)

Cucremu HaBeJCHHsS OOHOBHX MAIMH CYYacHUX 3CHITHUX pPAaKETHUX KOMIUICKCIB
OCHAIIAIOTKCS eNeKTporpuBoaaMu noctiiHoro crpymy (EIIC) 3 o1HO- Ta JBO30OHHUMHU 3aMKHEHUMU
CHCTeMaMH KEpyBaHHS 4acTOTH oOepTaHHs BHKOHaBuYMX ABHTIYyHIB [1]. HeoOximHicTh KepyBaHHS
94acTOTOI0 00EpTaHHs y BOX 30HaX 00yMOBJIEHA KOPCTKMMH BUMOTAaMH JI0 HMIBHIKO/IT 3a3HAUYECHUX
CHCTEM HaBeJICHHS. Y SKOCTI JaTYHMKIB 3BOPOTHOTO 3B’S3Ky 3a 4YacTOTOK OOEpTaHHS 3a3BHYAi
BUKOPHUCTOBYIOTh TaXOTE€HEPATOPH, SIKi CBOEIO IHEPUIHHICTIO MOTIPIIYIOTH IIBUAKOJIIO CHCTEMHU
KEepyBaHHS Ta TOUHICTh BIJICTEKEHHS IIICH.

B pobGori [2] 3ampornonHoBaHa cTpykTypa amanTuBHOro crocrepirada crany (CC) mis
0€3/1aTYMKOBOTO BHM3HAYCHHS 4acTOTH oOepTaHHs () BHKOHABYHMX JIBUT'YHIB EJICKTPOIPHUBOJIB
HaBe/lIeHHS OOWOBMX MamMH. J[J1s 3sICyBaHHS BIUIMBY HEBH3HAYCHOCTI IapaMeTpiB BUKOHABYOTO
apuryHa [3] (omopy 0OMOTKH SIKOpsi, MOMEHTY iHEpIii SKOps, MAarHiTHOTO MOTOKY MAIIWHK) 0YJI0
MPOBEJICHO OCTipKeHHS po3podienoro CC 3acobaMu iMiTalliifiHOro MOEIOBaHHs [4], pe3yabTaTu
SIKOTO HaBeJleH1 Ha puc. 1.

<Speed wm (rad/s)> <Speed wm (rad/s)>
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Pucynoxk 1. PezynpraTi iMiTaliifHOro Mo1€1r0BaHHS:

@ — OZTHO30HHOTO €JIEKTPOIIPUBOAY ( 4acToTa 00epTaHHs, — — — OI[IHKa YacTOTU OOepTaHHs MpU
3MiH1 aKTUBHOTO Onopy 0OMOTKH sikopst Ha 10%, ——-— OIIIHKA YacTOTHU 00epTaHHS MPH 3MiH1
MoMmeHTy iHepuii Ha 100%); 6 - TBO30OHHOTO €JIEKTPONIPUBOLY ( 9yacToTa 00epTaHHs, — — —

OIIIHKA YaCTOTHU 00epTaHHS)

Amnai3 puc. la nmokasye, mo npomnonoBanuii B [2] CC Mae rapHi MOKa3HUKH aganTarii 10
HEBU3HAUYEHOCTI aKTUBHOTO OMOPY OOMOTKH SIKOPsI TA MOMEHTY iHeplii sikopst B Mexax 10% ta 100%
BIAMOBIZIHO — BIOXWJICHHS OIIHKM YacTOTH OOEpPTaHHS B YCTWICHOMY peXUMI poOoTH
eJIeKTponpuBoay He nepeBuiye 4%. OnHak Hpu Mepexo/i eIeKTPONPUBOLY B JAPYTY 30HY YacTOT
o0epTaHH4, 110 AOCATAEThCA MOCIa0IeHHSIM MarHiTHOTO MOTOKY BUTYHa (puc. 16), CC cTaHOBUTHCA
(hakTUYHO Hempare3gaTHUM, OCKIIbKU OI[iIHKAa YacTOTH OOEpTaHHS IMEpecTae BiACTIAKOBYBATH ii
MOTOYHE 3HAYCHHS.

Jlis ycyHeHHs IbOTO HEJOJIKYy B JaHiil poOOTi 3aIpONOHOBAaHO YAOCKOHAIECHHS CTPYKTYpHU
CC BUKOHABYOTO JIBUTYHA €JIEKTPONPHUBOY HaBEIEHHS 3€HITHO-PAKETHOTO KOMILJIEKCY.

PiBHsIHHS MaTeMaTH4HOI Mojiei cuHTe30BaHoro B [2] CC:
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d Ri K:s K
EM = _L_:M_ZQ-I_ZU
da 1o _ (1)
EQ=7M+L(M—M)
ne Ry, Ly — omip Ta iIHIyKTHBHICTE OOMOTKH SIKOPSI; J — MOMEHT iHepIii sikopsi; M — MOMEHT JIBUTYHA;
L — koedimient matpuit Jlroenbeprepa; U — Hanpyra >KUBJICHHS; CKJIaJIEH] Y IIPUITYIIIEHI HE3MIHHOCTI
Mar"iTHOTO MOTOKY @, a 0TXke, i KoedinieHty K IBUTYHA.

OueBuHO, IO TPH 3MiHI MarHiTHOrO IOTOKY, 30KpeMa, MpU Horo mocmabieHi s
OTpPUMaHHS 4acTOT 0OepTaHHs BUIIMX 3a HOMiHAIBHY, KoedinieHT K Takox Oyne 3MmiHroBaTucs. Y
3arajJbHOMY BUIMAJKY 3ajexHicTh K=f(®) HeniHiliHa | BU3HAYAETHCS KPUBOIO HAMATHIYCHHS MAIlTUHUA
[3]. Ane BnactuBocti podactHocti CC 03BOJISIIOTH HOMY MpAlIOBAaTH TPU JCSIKHX BiIXUJICHHSX
3aJJaHMX IMapaMeTPiB BiJ pealbHUX 3HAYCHB. TOMY JOMyCTUMO JTiHeapu3yBaTH 3anexHicte K=f(®D) i
onucatu i aHamTH4HO y BUTISAAl K=Lgs L5, 1€ I; — cTpyM 30y/UKEHHS! BUKOHABYOTO JBUTYHA; Lg; —
B3a€MHA 1HIYKTUBHICTH SKIPHOTO KOJIa Ta 0OMOTKH 30y/keHHs. TakuM urHOM, piBHSHHS (1) MOXHA
MIEPETBOPUTH JI0 BUTIISLY:

| =

Vi Rgq 1% LHSZ 2 A Lgs
M=-3p-22. 042 .y
Ly Ly Ly

QU

t
d~ 1o _ )
—Q=-M+L(M-M)
dt ]
Ha ocHoBi piBHsAHB (2) Oyna ckiiajgeHa CTpyKTypHa cxema (puc. 2a) Mojeli MOJIEPHI30BaHOTO
CC BHKOHABYOTO JIBUTYHA CIIEKTPOIPHUBOIY HABEICHHS 3¢HITHO-PAKETHOTO KOMILICKCY. Pesynbpratn
JOCITIJDKEHHST MOJICIII HaBeIeH1 Ha puc. 20.
<Speed wm (rad/s)>
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Pucynok 2. MonepuizoBanuii CC BUKOHaBYOI'O IBUTYHA!
a — CTPYKTypHa CXeMa MOJIeNl; 6 — pe3yabTaTH MOJICTIOBaHHS
( 4acToTa 00epTaHHs, — — — OL[IHKA YaCTOTH 00epTaHH:)

SAx BumHO 3 puc. 20 mopaepHizoBanmii CC MOBHICTIO Tpale3laTHUH B 000X 30HAX
PETYIIFOBAaHHS YacTOTH O0CPTaHHS BUKOHABYOTO JIBUTYHA, OTXKE, TIOCTABJICHA 3a/1ada BHpIIICHA.

1. Jlamo /I., KoBamp A., Bykapoc A. OnTumanbpHe HaJalITyBaHHS MO3UIIIMHOTO €JIIEKTPOIPUBOILY
CHCTEMH HaBECHHS 3pa3KiB paKeTHO-apTUJIepiichbKoro 030poenHs. Hayionanvha de3nexa Ykpainu.
2021. Ne 4. C. 93-97.

2. bykapoc A. 1O., I'epera O. M., Ceprees B. B., O6nsBko T. C., KonskoB K. JI. Cnoctepirad crany
€JICKTPOTIPUBO/IIB HaBEACHHS OOMOBHX MAIWH. 30IpHUK HAYKOBUX npaysb Bilicbkosoi akademii (m.
Ooeca). 2022. Ne 1(17). C.116-124.

3. Krause, P.C., Wasynczuk, O., Sudhoff, S.D. (2002). Analysis of Electric Machinery and Drive
Systems. New York: Wiley-IEEE. 680 p. DOI:10.1002/9781118524336.

4. TomameBcbkuit B.M. Mooenwesanns cucmem: niopyunux. Kuis: BugaBanua rpyna BHV, 2005.
352 c.
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CTPYKTYPHA TPAHC®OPMAIIISA EHEPTOCUCTEM TA IXHI JJUHAMIYHI
BJIACTHUBOCTI

A.T.H., ipod. Byrkesuu O.®.>2, T'ypeea T.M., k.1.H. FOneesa H.T.!
Y Inemumym enexmpoounamivu HAH Yxpainu
2 Hayionanvnuii mexniunutl yuieepcumem Yipainu «Kuiscokuii nonimexuiunuii incmumym
imeni leopsa Cikopcbko2o»

[ToBoeHHE BiTHOBIICHHSI Ta PO3BHTOK 00’€qHaHoi eHepretndHoi cuctemu (OEC) Vkpainu,
3HaYHAa YacTMHA 00 €KTiB sKOi (3a pi3HUMH ouiHKaMu — Onm3bko 40%) 3a3Hana HemompaBHUX
pyiiHyBaHb, Ma€ BiAOyBaTHCS Yy HampsMi YTBOPEHHS IIOE€JHAHUX CHCTEMOTBIPHUMH JIHISIMU
eJIEKTPONepeIaBaHHsl HOBHUX JIOKAJBHUX E€HEPTeTHYHUX CHUCTEM, IO XapaKTePHU3YIOThCS
€HepreTUYHOI CaMOJIOCTAaTHICTIO (KBa3i-CaMOJOCTATHICTIO) 3 JIOMIHAHTHOIO YacTKOKO B CTPYKTYpi
TeHEPYIOUHX MOTY)KHOCTEH po3moAiieHnx Jpkepen renepyBanus (P, 30kpema i BiIHOBIIIOBaHUX
mxkepen eneprii (BJIE), Ta HasBHICTIO MOTY>KHOI MHOXHHH NMPOChbIOMepiB. Taki CTPYKTYpHI 3MiHU
OEC VYkpainu cupusiTUMYTh 1i TIEPETBOPEHHIO B «HEMOTOILTIOBAHY» MEBHOIO MIpOI0 CEKIIHOBaHY
«EHepreTuyHy Iatdopmy», 1o 3abe3nedyBaTUMe HafiiiHE €HEPrOKHUBICHHA YCiX cdep JIF0IChKOi
TISIIBHOCTI.

PosrnsHeMo mnHTaHHA BIUTMBY 3a3HadyeHoOi TpaHcdopmalii Ha JUHAMIYHI BIACTHBOCTI
enekrpoereprernunux cuctem (EEC). B [1] HaBeneHO okpeMi pe3yibTaTH JOCIiIKeHb BILTMBY Ha
nuHamiuHi BrnacTuBocTi EEC pi3HMX Tpyn reHepyroodoro oOJaHaHHS MEHIIOI OJAMHUYHOL
MOTYKHOCTI, IO 3a PI3HUMH CLEHApiIMH MOJCIIOBAHHS CYMapHO 3aMiHIOBAJIM TOTYXKHICTh
€KBIBAJIGHTHOTO TeHEepaTopa OJAHI€l 13 MOJEIbOBAHMX TEIUIOBUX €NEKTPOCTaHIii. 3a3HaueHi
pe3yapTaTté OyJI0O OTPUMAaHO 3 BHKOPHCTAHHSAM TeCcTOBOI 6-mammHHOI 1udpoBoi mozem EEC.
Haseneni Tyt pe3ynbraté pociimkeHb crocytoTbesi EEC, yTBopeHuX BHacHiOK TpaHchopmarii
Mozeni 3a3HadeHoi 6-mMamnHHOi EEC no «posmmpennx» EEC (Hacmiku Takoro «po3MIHUpEHHSD
EEC — ytBopenns nsox EEC, mo 30epiratoTb HacTymHicTh pexxumy 6-mamunHoi EEC, ane
BIJIPI3HAIOTHCS KUIBKICTIO 10J1aHuX 00’ €kTiB). Y nepuriii «po3mupeniiiy EEC noxgano 12 P/II" 1 Bona
BiJpi3Hs€eThCs BiA 6-MamnHHOT EEC mpueqHanHsAM 1BOX KOHTYpIB enekTpomepesxi 1o mmH 100 (Ha
puc. 1 BoHu 3HaxoasaThCs MpaBopyd BiA muH 100) Ta 1BOX KOHTYpiB — 10 muH 202 (Ha puc. 1 BoHH
3HaXOAThCS MPAaBOPYY Ta BHU3Y BiHOCHO mMH 202). B noxaHiit enekTpomepexi CyMapHa akTHBHA
notyxHicTb P/II" (Ha puc. 1 iX mo3HauyeHoO SIK CHHXPOHHI T€HEepaTopH, 10 BUAAIOTh MOTY>KHICTh B

Mepexy uepes TpaHchopMaTopH),
® RS JIOPIBHIOE CyMapHiil aKTHBHIM MOTYKHOCTI
LL[__|—0Lﬁ [ H]Iﬁ"@ K%@ JIBOX €KBIBAJICHTHUX CHHXPOHHHX reHepaT(?piB
- - (CI) I'-101 ta I'-203 6-mammuHOi EEC, 3aMicTh
[ T sakux BBeneHo P/II" (Ha puc. 1 3amicTh Takux
% reHepaTopiB, 31 30epexeHHsIM mo3HadeHb [-101
L r-101 . Ta I'-203, mnokasano CI' 3HauHO MeHIIOL
— e % ® ' OJMHUYHOT TIOTYKHOCTI, [0 BXOASATH JI0 CKIIATy
cx Begenux PJIIN). Jlpyra «posmmpena» EEC,
e S . ' cxXeMy sKOi HaBeJeHO Ha pHC. 2, HacTimye
% § nepury «posimupeny» EEC, ane 6inbiia Bin Hei

—O0— — ‘ na 20 PJIT.

@0

\ IFOO@ lfCD*@ 3 KiHETHYHOIO EHEPTier0 00EPTOBHUX Mac

sz% T ] i i
CI' (typborenepaTopa) noB'si3aHa cTajia iHepIi.
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@ e . ) 5 V pasi EEC crany iHepuii (T, . ) BU3HAYaIOTh
g gJLé 5 3a Bupazom (1)

A

Pucynoxk 1. Cxema 1-i «po3mupenoi» EEC
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— cTaja iHepIii Ta HOMiHaJIbHA MOBHA MOTYXHICTh i-ro CI' BiIMmOBigHO; N — KUIBKICTH

«yBiMkHeHuXx» CI' B EEC (He 000B’43KOBO HaBaHTaXEHMX); Sp.. — CyMapHa NOBHA HOMIHAJbHA

noTy>xHicTh «yBiMkHeHnx» B EEC CI'.
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Pucynok 2. Cxema 2-i «posmupenoi» EEC

Tpanchopmamis EEC 3 mepexomom  Bifg
KOHIIEHTpAIlii MOTY>KHOCTI Ha €JIEKTPOCTAHIIISIX
mo PJII, Oimpmiicte skuxX crtaHoBiIATh BJIE,
MPU3BOAUTH 10 3MEHIIeHHS cTanoi iHepuii EEC
(crami iHepImii BITPOYCTAaHOBOK 3ajieXkaTh,
HacaMIIepe/], Bil iXHbOT MOTYKHOCTI 1 3arajioM €
MeHmUMU  Big cramux iHepmii CIT Ha
SJIGKTPOCTAHIIISAX, & POTOCTECKTPUYHI CHCTEMH B
aCmeKTI  €JCKTPOMEXaHIYHMX  MEPEeXiTHUX
nporeciB B EEC B3araimi MoXHA BBaXaTu
Oe3iHepliMHUMH). B mgaHMX JOCTIIHKEHHSAX
crana inepuii koxuoro P/II" cranoBuia 3 c.

OpHUM 13 OCHOBHHUX IMOKa3HUKIB BIUIUBY
3a3HadeHoi Tpanchopmamii EEC Ha ixHi
JIMHAMIYHI BJIACTUBOCTI € TMOsiBa HOBUX (O1JIbIII
Brucokux) BracHux yactot EEC. ITouaTkoBa (6-
mamuHaHa) EEC mae 1Bi qomiHaHTHI BJacHi
9acTOTH, IO OIiHIOWThCs Ha piHI 0,79 'l Ta
1,34 T'n. i BmacHi 4acTOTH AOMIHYIOTH 1 B
«posmupenux» EEC, ame B KOJIMBaHHAX
napamMeTpiB pexuMy 3 SBHIIMCA 1 CKIJIAJOBI,
crpuunHeHi P/II", BoHU MatoTh OLIBIITY YacTOTy
Ta He3HauHy awmruityay. Hampuxman, B
KOJIMBaHHSIX aKTUBHOI MOTYKHOCTI JiHiero 100-
202 38-mammunoi EEC BusiBneHO CKIaloBy 3
yacToToro 2,53 I'm.

OxpiM 1HIMX HacHiaKiB, 3poctaHHd nutomoi Baru PJI" B crpykrypi renepauii EEC
NPU3BOJUTH TAKOXK /IO 3MEHIICHHS TPUBAJIOCTI KOJMBaHb, L0 LIIOCTPYIOTH MOKa3aHi Ha puc. 3
rpadikd KOJMBaHb TOTOKY aKTHBHOI MOTY>KHOCTI JiHi€ro enektponepexadi 100-202 y pasi 6-
MamHHOI (Tpadik miBopyd) Ta 38-mammHHOI (2-1 «posmmupenoi») EEC (rpadik mpaBopyy).
3a3HaveH1 KOJIMBaHHA Oyl BUKJIMKaHI 3-(pa3HuM KOPOTKUM 3aMUKAaHHAM Ha mrHax 202 TpUBaIicTIO

0,08 c.
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Pucynoxk 3. 3miHa MOTOKY akTHBHOI MTOTY>KHOCTI JIiHIi€I0 enekTponepenadi 100-202

V «BikoHLAX» Tpadiunoi popmu (puc. 3) 3a3HaAYEHO EKCTpeMalibH1 3HAYECHHS, SIKI MaB MOTIK aKTUBHOT
MOTY>KHOCTI JiHi€t0 enekTponepenadi 100-202 Ha yacoBoMy IHTEpBaJll MOJCITIOBAHHS.

1. BytkeBnu O.®., I'ypeeBa T.M., Umxkescrkuit B.B., FOneesa H.T. Ilpo neski BIIMBU CKiamy
TCHEPYIOYHX MOTY>KHOCTEH Ha JUHAMIYHI BIACTHUBOCTI €HEPrOCUCTEM. 1exXHIUHa eNeKmpoOUHamiKd.

2022. Ne 6. C. 42-51.
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3ABE3IIEYEHHSA ECEKTUBHOI'O ®YHKINIOHYBAHHSA EHEPI'OCUCTEMHU B
HEINIOBHO®A3HUX PEXKUMAX

A.T.H., Ipo(. byTtkeBuu O.®D., K.T.H., crapul aoci. Kyyancokuii B.B.
Inemumym enekmpoounamixu HAH Yxpainu

[Ipobnema aHami3y rPaHUYHKUX 33 CTATHYHOIO CTIHKICTIO PEKUMIB € AY)KE aKTyaIbHOK MPH
NPOCKTYBaHHI Ta ekciutyaraiii enekrpoeneprernunmx cucreM (EEC) [1,2]. Hezaxkarouu Ha BelUKy
CTyHiHb pO3pOOKM MUTAaHb IUIAHYBAHHS Ta KEPYBaHHS HOpPMaJbHUMHU pexumamMu pobdotu EEC
ICHYIOTh HE PO3TJISHYTI MUTAHHS, SKi TOB’s3aHI 3 aHANI30M CTATUYHOI CTIHKOCTI, MPOITYCKHOT
3MATHOCTI Ta OO0JIaCTel IOMyCTHMMHX PpEXHMIB Yy HemoBHOa3HUX pexkumax poboru [3,4].
BinnoBinHO, iCHYIOUYi METOAM BH3HAYCHHS TIPAaHUYHUX PEKUMIB OpIEHTOBaHI HAa CHUMETPHYHI
peXuMH, y TOM yac sk y mpaktuii ekcrutyaranii EEC Moxke mMaTu wmicuie 3HayHa mornepeyHa Ta
M03/I0BXXHS HECUMETPIs.

PeryisipHo B €NEKTPOCHEPreTHYHUX CHUCTEMax BUHHUKAIOTh HEMOBHO(DA3HI pPEXHUMH, IO
BUHHKAIOTH MIPH B’ €JHAHHI OJIHI€ET 3 a3 TpyIH HIyHTYBaJIbHUX peakTopiB [3,4]. OCHOBHOIO METOO
3aCTOCYBaHHS HEMOBHO(MA3HUX PEKUMIB poOOTH aBTOTpaHcHOpMATOpIB Ta MIYHTYBAJIbHHX
peaKTopiB B EICKTpUYHUX Mepekax Hanpyror 330-750 kB e 30epexeHHss B ekcruryaTarii Ha
JIOCTaTHROMY DIBHI HAJIIHOCTI €JIEeKTPONOCTayaHHS CHOXKMBAYiB MpPH BUBEACHHI B PEMOHT SK
TUTAHOBHI, TaK 1 MiC/IsaBapifHUN OKpeMHX (a3 MbOTO 00JIaHAHHS.

CucreMHl OOMEXKEHHsS BHU3HA4YalOTh YMOBHM HAJIHHOCTI PEKUMY EHEProCUCTEMHU Ta
HaKJIaJIal0ThCSl Ha mapaMmeTpu pexxkumy poOotu obnaananHs EEC (puc. 1). ¥ maremarnunomy
BUTJISAZII OOMEXEHHS OIMCAHO HACTYITHUM YHHOM:

Qmin < Qjj < Qmax:
0.95U,,,.,<U;<1.05U,,,,,, (1)
ne U,,, — HOMIHaIbHA HANPYTa; Qmin, Qmax — MIHIMAJIIbHE Ta MAKCHMAaJIbHE 3HAYECHHS PEAKTUBHOI

noTysKHocTi; RjF P

— MAaKCUMAJIbHC 3HAYCHHA HOTY)KHOCTi; Ui — 3HAQYCHHS HAIIPYTHU B By3.]'[i; Q”

— pEaKTUBHMH MOTIK MOTY>KHOCTI.
U

cucl

U U, u U

1 2 3 cuc3

OA————+0

Puc. 1
n-1

PR=PR +D Rsin(s,—a;) P =Ulysing, P,=UUy,. & =5-5, (2)

] ! ]
i=1

I€ i,j —HOMEpa By3IIiB &; — KyT MK BEKTOPAaMH HaIpyT BY3JIB i, ] ; o

, — IOJaTKOBUH KyT apryMeHTy
onopy; &;, 6, — a3y HaupyT; Y, , y;— BIACHI Ta B3a€MHI IPOBIIHOCTI B PIBHAHHAX (2) po3paxoBaHi
yepe3 y3arajJbHeH1 MOCTIHHI YOTUPHUITONIOCHUKHY BIATOBIIHUX €JI€MEHTIB CUCTEMH.

OuiHIOBaHHS BIUIMBY BiJ’ € JHAHHS OJHO(A3HUX UIYHTYBAJIBHUX PEAKTOPIB 3 KOXKHOI IpyIH,
10 BCTAHOBJIEHI HA TMIJCTaHIsIX EHEPrOCUCTEMHM HaBEAECHO Ha puc. 2. Y pasi HEeKepoBaHOI
MOTepeYHOi KOMIIEHCcallll ITYHTYBaJIbHIUMH peakTopaMu poO0Ta MOXIINBA TIJIbKY HA HYKHIA KPUBIH
P(5) (puc. 2) 3a yMOB CHMETPUYHOTO PEKUMY pOOOTH. 3aBaHTAXKEHHS MDKCHUCTEMHOI JiHil

3MIHIOETBCSI B IIMPOKUX MEXKaxX Ta MPH BiX €JHAHHI OJHOTO IIYHTYBAJIBHOTO PEAaKTOpa 3 KOXKHOI
rpyny. 3arnpornoHOBaHO 32 YMOB HEMOBHO(A3HOTO PEKUMY HEOOXITHO 3aCTOCOBYBATH KEpOBaHi
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IIYHTYBaJIbHI PEAKTOPH JIJIs1 pETYJIIOBAHHS MTPOITYCKHOI 3/IaTHOCTI Ta HOpMati3allii 3Ha4eHb HaIpyTH
B3JIOBJXK JIIHIN €JIEKTPONEpEIaBaHHs Ta B By3JIaX €HEPrOCUCTEMHU.
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400 "/ \‘.\
= = Bja'camanns fpasn A nepmof rpymu IIP
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0 20 40 60 80 100 120 140 160 180
Puc. 2
3 TPbOX B3a€EMHUX Ky'TiB JIMIIC IBa € HE3AJIC)KHUMU 3MIHHUMH Ta II0B's13aH1 CHiBBiI[HOH_IeHHHM
O +0y3 +y =0 (3)

I'paHnyHMI PEXUM CHUCTEMHU OJIEP’KAHO IMOCIIOBHUM OOTSKEHHSIM HOPMAJIBHOTO PEXHUMY
BUXITHOTO HIISXOM IEPEPO3MNOALTY aKTUBHUX MOTYKHOCTEH IeHEpaTOpHUX CTaHLIN. I paHnYHOMY

. . . dP
PEKUMY CUCTEMHU BIATIOBIAA€ MAKCUMYM XapPAKTCPUCTUKU ITOTYKHOCT1 CTAHIIll 3a YMOB E =0.

Jlnis mepioi craHIii MakCUManbHE 3HAYEHHS TMOTYXKHOCTI, SIKe MOXe OyTH TepenaHo Bil B
CUCTEMY, SIK BUTUIHBAE 3 (2), Oyae npu &, =90° +a,,, &, =90° +a,

Py +Py+Py =0 (4)

Jlist BU3HAUEHHA PP y 3arajlbHOMY BUIIQJKy HEOOXiHO BCTAHOBUTHU B3a€MO3B'SA30K MIXK

P,Ta J1IBOMAa 3a3HAYCHUMH HE3AJICKHUMH B3a€MHUMH KyTamMu. HeoOXilHy 3aliekHICTh MOXHa

OTPUMATH 3 PiBHSAHHS
dp,
dé,
SAKE HiCHfI HepeTBOpeHb MOJKHa 3aImncatu HaCTyHHI/IM YUHOM:
R2R3€08(8y, —ar, )C0S( 8y + a3 ) + P, Py COS( 8y, —r, ) COS( Sy + iy ) + Py COS( S5 — 113 )COS( 05 + 015 ) =0 (6)

(5)

PiBHsiHHA (6) 3 ypaxyBaHHSIM CHIBBIJHOIIEHHS (3) 103BOJSIE OTPUMATH 3aJE€KHICTh MIXK
B3a€EMHUMM KyTaMH TPhOX CTaHILIH, MPU SKUX MA€ MICIle MAaKCHUMYM IOTYKHOCTI MepIIoi CTaHIT
Pf]kpemmt .

BukoHaHO yOCKOHAJIEHHS METOAY BU3HAUEHHS TOMyCTUMHUX PEXKHUMIB, OLIIHIOBAHHS 3aIaciB
CTaTUYHOI CTIMKOCTI Ta NPOMYCKHOI 3JaTHOCTI Ha OCHOBI pIBHSHb TPaHUYHUX PEXHUMIB
€HEeProCHCTEM Yy HEMTOBHO(DAZHUX PEKUMAX.
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2. Kupunenko O.B., byrkesuu O.®., Yepnenko I1.0., bainos 1.B. Mogeni, 3aco0u Ta 3axoiu
3a0e3neyeHHs] HaaIHHOrO Ta €QEeKTUBHOTO (YHKIIIOHYBAaHHS EHEpPronocTradajbHUX KOMIIaHIMH,
6anancyBaHHA Ta po3nonity enektpoeneprii B OEC Ykpainu. Ilpayi [ncmumymy enexmpoounamixu
HAH Vkpainu. 36. nayk. npays. 2019. Bun. 53. C. 5-14.

3. Kyuancekuii, B., & Manaxarka, JI. (2021). 3axoou ma mexwniuni 3acobu niosuujeHHs
ehexmusnocmi pexcumis pooomu Ma2icmpanbHux eiekmpudHux mepec. monocpagis. Publishing
House «European Scientific Platform», 120. https://doi.org/10.36074/ztzperrmrm-monograph.2021
4. 3aiiies €., Kyuwancekuii B., T'yawko, 1. Iliosuwenns excnayamayiiinoi wnaoditinocmi ma
eexmugnocmi pobomu eleKmpUudHUX Mepexc ma eneKmpoycmamKky8antsa: monoepagis. BiHauns:
'O Esponeiicbkka HaykoBa Mmiardpopma, 2021. 156 c¢. https://doi.org/10.36074/penereme-
monograph.2021.



https://doi.org/10.36074/ztzperrmrm-monograph.2021
https://doi.org/10.36074/penereme-monograph.2021
https://doi.org/10.36074/penereme-monograph.2021

28
YK 681.586

CUCTEMA HEUYITKOI'O PEI'YJIOBAHHSA TEMIIEPATYPU CYJJHOBOI
EJJEKTPOHATPIBAJIbHOI YCTAHOBKH

K.¢p-M.H., 1ou. BiTiok M.B., cT. BuKkiagay Mamin B.M.
Ooecvkuil HayionanvHull Mopcvkull yHisepcumem, Qodeca, Ykpaina

B Ham vac mmpoKo 3acCTOCOBYIOTHCS 3acOo0M aBTOMarm3allii Ha 0a3i HEUITKOi JIOTIKH Ta
HEHpOHHUX Mepex. Ha choroAHImHIN IeHb HEUITKa JIOTiKa Ma€ BEJIHKI MEPEBaru Ta MOKIMBOCTI B
CHUCTEMaxX aBTOMAaTUYHOTO YIIPaBJIiHHS Oy/Ib SIKMX TEXHOJIOTIYHUX MPOIIECIB 1 € CYYaCHUM PIIICHHSM
JUTSL MOJICTTIOBAHHS Ta IPOSKTYBAaHHS CHCTEM YIPaBIIiHHS.

CucreMHu peryJIfOBaHHS TEMIIEpaTypud CJICKTPOHArpiBaJlbHUX YCTAHOBOK  3a3BHYAil
CKJIaJAalOThCS 3 BUKOPUCTAHHSAM pelie, TOMY B Iiii poOoTi 3po0jeHO aHaii3 poOOTH CHCTEMHU
yIOPaBIiHHS 3 HEYITKOIO JIOTIKOIO Ta CUCTEMI YIPaBIiHHS 3 BUKOPUCTAHHSAM pelle.

B naxeri monentoBanHs Elcut Oyrna po3poOieHa reoMeTpuvyHa MOCIb, KA CKIAIA€ThC 3
TEIUIO130MIA1i1 30BHIIIHBOT MOBEPXHI, fKa OXOJIOMKYETbCS KOHBEKII€I0, €MHOCTI Ui BOJIU Ta
HarpiBarodoro exemenTa [ 1]. 1y MmoaentoBaHHs peXUMY pOOOTH HArpiBaIbHOT yCTAHOBKH Y PEXKHUMI
OCTUTaHHs 0yJIO CTBOPEHO JpyTe 3aBaHHs HECTAlllOHAPHOI Teruionepeayi 3 r{paHuYHUMH YMOBaMHU
KOHBEKIIii. /I MOIemoBaHHS TpOLECy BKIIOYEHHS Ta BHMHUKAaHHS HarpiBada HeEOOXiTHHN
JIAHITFOKOK, IO CKJIAJAETHCS 3 MEPIIOro 3aBJaHHS, 10 3MIHIOETHCS JAPYTUM 3aBAaHHAM i T.1. Jlis
MOJICTIIOBAHHSI CHCTEMU yIPABIIiHHS HArPiBaJIbHOI YCTAHOBKH CTBOPEHA MOJIEIh, SIKAa CKIIAIAEThCS 3
2-X 3aBJaHb, 10 3MIHIOIOTH OJIUH OJTHOTO, 1 sSika OyJa iHTerpoBaHa B nakeT Matlab pucynoxk 1.

isP owerON
2 T
( } fime FEM_analyss Temperature

Water heater model

Pucynok 1. Mogens BogoHarpiBajabHOI yCTaHOBKH sika iHTerpoBaHa B Matlab

B makeri Fuzzy Logic Toolbox Matlab no6ynoBana Hewitka Mojenb ympaBiiHHS pOOOTOIO
HarpiBaJlbHOi YCTaHOBKH PUCYHOK 2.

File Edit View
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Pucynok 2. CtpykTypa HEUITKOI MO
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Peanizyroun cuctemy HEYITKOTO BUBOIY Ha erami nedasidikailii, OTpUMaeMO TOTYXHICTh
HarpiBaJbHOI yCTAaHOBKH B 3aJIG)KHOCTI BiJI TEMIIEpaTypH Ta MIBUIKOCTI 3MiHK Temneparyp [2, 3].
Mogeni 300pakeHi Ha pucynkax 3 i 4 po3pobieHi B cucremi Simulink [4].
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Pucynok 3. Mogens peryitoBaHHs TeMIIepaTypu Ha 0a3i Ha perie
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Pucynoxk 4. Mozenb peryitoBaHHS TeMIIEpaTypH Ha 0a3i HEe4iTKO1 JIOTIKH

HeuiTkuif perynaTop 3HaTHHH BiANpalbOBYBAaTH Kpalle B CHCTEMax peryJOBaHHS
TeMIlepaTypu Ta MIATPUMYBATH TeMIlepaTypy Ha 3aaaHoMmy piBHI. Kpim Toro, nociigkeHHs
M0Ka3aJio, 1110 CIIOKHUBAHHS €JIEKTPOCHEPTii MOJIEN1 3 HEUITKUM PETYISATOPOM Ha 4,2 BiJICOTKA MEHIIIe
B MMOPIBHSHHI 3 MOJICILITIO 3 peJie.

1. ®pizen B.E., Yopuux I.B., buukoB C.A., TapacoB @.€. Memoou po3paxyuky erekmpuunux ma
MazHimuux nonie. Hapuanpuuit Habip. €xatepunOypr: YpdV, 2014. 176 c.

2. JleonenkoB A. B. Heuimke mooentosanus 6 cepedosuwyi MATLAB ma fuzzyTECH. CII16.: BXB-
ITetepOypr, 2005. 736 c.

3. Ilpuknaoui newimxi cucmemu. 3a pea. T. Tepano, K. Acai, M. Cyreno. M.: Cair, 1993. 368 c.

4. Yopuux I. B. Mooenosanns enexmpomexuiunux npucmpoise y MATLAB, SimPowerSystems ma
Simulink. M: IMK TIlpec; CII6.: ITitep, 2008. 288 c.
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AHAJII3 CIIOCOBIB MIIBUIIEHHS HAJIMHOCTI EJEKTPOMEXAHIYHUX
CUCTEM 3A PAXYHOK PE3EPBYBAHHA

A.T.H., mpo¢. Boasincska . b., k.T.H., 1o1u. Boasucbkuii C. M., acnipanti PhD
banauncekuii B. I1., KoBaabuyk M. C., marictp Boasiucbkmii FO. C.
Hayionanvnuil ynisepcumem xopabnedyoysanns imeni aomipana Maxaposa

3pocTaHHA IiH Ha €HEProHOCiI, eHepreThyHa Oe3neKa W He3aNeKHICTh KpaiHH, 3aXHCT Bij
3MIHY KJIIMAaTy — II€ TPU OCHOBHUX IPHUYUHU, 110 CIOHYKAIOTh BCl BEKTOPU PO3BUTKY €KOHOMIKH
VYkpainu 10 BUKOPUCTaHHS €Hepro30epiralounx TeXHOJOTiH, cepe/1 SIKUX MiABULICHHS €(peKTUBHOCTI
nepenavi eIeKTPUYHOI eHEprii B eeKTPOMEXaHIUHUX CHCTEMax € Ba)KIMBOIO JIAHKOIO B 3arajibHid
po6JeMi 301IbIIEHHS €HEPreTUYHOT €PEeKTUBHOCTI, HAIIHHOCTI 1iF0YOTO eIEKTPOOOITa THAHHSI.

OaHuM 3 TakuxX CIOCOOIB € pe3epBYBaHHSA — MIJBUIICHHS HaIiHOCTI 00'€KTa BBEACHHAM
JOJJATKOBUX EJIEMEHTIB Ta ()YHKI[IOHAIHHUX MOXKIUBOCTCH TIOHAJ] MiHIMAIbHO HEOOXIIHHX JUIS
HOPMaJbHOTO BUKOHAHHS 00'€KTOM 3aaHuX (YyHKII1. PO3pi3HAIOTH Taki HOro BUIU.

CTpyKTypHE pe3epBYBaHHS — METOJ IJIBUIICHHS HAIiiHOCTI 00'€KTa, IO Iepemdavae
BUKOPHUCTAHHS HAJUIMIIIKOBUX €JIEMEHTIB, 110 BXOAATh y (Qi3UuHy CTPYKTYypy o0'ekta. Hampukian,
BCTaHOBJICHHS JI0JIATKOBHUX TPaHC(HOPMATOPIB HA MiACTAHIIAX; CIIOPYIKEHHS 101aTKOBHUX JIAHIIIOTIB
TMHIA e’eKkTponepenad, KOJIM NPOMYyCKHAa 3[aTHICTh MEPIIMX JIAHIIOTIB II€é HE BHUYEpIIaHa;
BCTaHOBJICHHS JI0IaTKOBUX €HEPTOCHCTEM 1 TEHEPATOPiB TOIIIO.

TumdyacoBe pe3epByBaHHS — METOJ MiJABUIICHHA HaJidHOCTI 00'ekTa, 10 Mependadae
BUKOPHCTaHHSA HAJJIMIIKOBOTO Yacy, BHIUICHOTO JUIsI BHKOHAHHS O0'€KTOM 3alaHuX (yHKIIH.
Hanpukmnan, pesepBHUII TeHepaTop B EHEPrOCHUCTEMI 3a CBOIM MPSMUM TMPU3HAYEHHSIM
BUKOPHUCTOBYETHCS JTy’K€ HEBEIHMKY YAaCTHHY 3arajlbHOTO Yacy, a PelITy 4acy 3HaXOJUThCS B CTaH1
OUiKyBaHHS BIJIMOB NpAIIOIOYMX T'€HEpaTopiB; pe3epB 4Yacy MOxe OyTH BHUKOPHCTAHUM s
MIJIBUIIICHHS] HAJIIMHOCTI B 1HIIIN, CYCIJIHIM €HEProcHUcTeMI, MOB'SA3aHOI 3 MEPIIO0, KOJIM TOH Ke
pe3epBHU reHepaTop Oy/ie BKIIFOUSHHH IS 3aMillleHHS TeHepaTopa, 1110 BIJIMOBHUB.

[ndopmariiine pe3epByBaHHS — METOJ MIJBUILIECHHS HaAIMHOCTI 00'ekTa, IO nependavae
BUKOPUCTAHHS HAATUIIKOBOI 1HGOpMaIlii MOHAA MiHIMAIbHO HEOOXITHY AJsi BUKOHAHHS 33aJaHUX
¢bynkuii. Hanpuknaa, sKmo npu BiAMOBI Ta BIAKIIOYEHHI1 Oy/Ib-KOTO €JIEMEHTa EJIEeKTPUYHOI
Mepexi Ti, U0 3aTUIIMINCS, NEPEeBAHTAXKYIOThCSA 1 MOTPIOHE iX TePMIHOBE PO3BaHTAKEHHS, TO 3a
iHopMaIliel0 Mpo BIIKIIOYEHHS €JIEMEHTa MEpPEXi 3HIMCHIOEThCS BIJKIIOUECHHS YaCTUHU
HaBaHTAXEHHS, BHUXOJSMYM 3 MOJXJIMBOTO MAaKCHUMAaJbHOIO 3aBaHTXKEHHS Mepexi. Skmo x
iH(popMaLlil0 PO BIAKIIOYEHHS €JIEMEHTa MEpeXi JONOBHUTU IIe M 1HpopMali€ro Npo aBapiiiHe
3aBaHTa)KEHHS MEPEeXki, TO MICJIs BIIMOBHU €JIEMEHTA MOXKHA BIIKJIFOUYMTH HABAHTA)KEHHS B MEHILIOMY
pO3Mipi, BIIMOBIIHO 10 PEaIbHOTO, a He TIepe10auyBaHOTO MAaKCUMAIHHOTO 3aBAHTAKEHHS MEPEKI.

@OyHKIIOHATIBHE pe3epBYBAaHHS — METOJ IiJIBUIIEHHS HaAIHHOCTI 00'€KTa, 110 nepeadadae
BUKOPHUCTAHHS 3/TaTHOCTI €JIEMEHTIB BUKOHYBATH J10aTKOB1 (DYHKIIIi 3aMiCTh OCHOBHHX 200 CIIUJIBHO
3 HUMU. Hampuknaa, MiKCHCTEMHa JIiHIA eNeKTporepenadi, NMpu3HaueHa Ui TPaHCIOPTYBAaHHS
€JIEKTPOEHEPTii 3 OJHIET CUCTEMH B 1HIIY, MOK€ BUKOHYBATH U 1HII (YHKIIT — B3aEMOpE3epBYBaHHS
TEHEpaTopiB y LHUX CUCTeMax, peaji3yBaTh eQeKT CyMIlleHHS MaKCUMyMiB HaBaHTa)XeHb
E€HEePrOCUCTEM TOIO; TpaHCcHOpMaTOpW HA OKPEMUX MIJACTAHISAX KpIM CBOTO OCHOBHOTO
MPU3HAYEHHS MOXYTh OYTHM BHMKOPHUCTaH1 1 JUIs 3JiHCHEHHS IUJIaBKU OJKEJNEIHIll CTPyMOM Ha
MPOBOJIaX Ta TPOCAX MOBITPSHUX JIHIN 3 METOO ITiIBUIICHHS X HAIHHOCTI.

HaBanrtaxxyBanbHe pe3epByBaHHS — CIOCIO MiABUILEHHS HAAIMHOCTI 00'€KTa, 1110 nepeadavae
BUKOPHUCTaHHS MOJJIMBOCTI HMOTO €NEMEHTIB MpHIMaTH JIOJaTKOBI HaBaHTKEHHS ITOHAI
HOMIHAJIbHUX. SIK NpaBUiIO, TYT THMMYacoBE IJIBUIICHHS CTYIEHS BUKOPUCTaHHS (30UIbIICHHS
o0cary BUKOHYBaHMX (DYHKIIIH) 3AIHMCHIOETHCA 3a PaXyHOK IIBHAKOTO CIIPAIlbOBYBAaHHS PECYpCy
o0'exkTa (HampHWKJIaZ, TpPU BIAMOBI OAHOTO TpaHChOpMATOpa JOMYCKAETHCS THUMYAcOBE
HaBaHTAXKEHHSI IPYTOTO).
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B 3anexHOCTI Bil CXeMU BUKOPUCTAHHS PE3EPBHOTO €JIEMEHTAa y CUCTEMI PO3PI3HSIOTh:

- 3arajibHe PE3epBYBaHHS, y IKOMY PE3epPBYETHCS 00'€KT 3arajiom;

- PO3/IUJIbHE pe3epBYBaHHS, y SKOMY PE3EPBYIOTHCS OKpEMI €JIEMEHTH CHCTEMH YU HOro
Ipynu;

- KOB3HE pe3epBYBaHHS, MPHU SIKOMY Ipyla OCHOBHHUX EJIEMEHTIB CHUCTEMH PE3ePBYETHCS
OIHUM a00 NEKIIbKOMa PE3epPBHUMH €IEMEHTAMHU, KOKCH 3 SKHX MOXKE 3aMIHUTH OYIb-sSKHN
OCHOBHUH €JIEMEHT, [0 BIIMOBHUB Y 111 rpymi (HaIpUKIIaJ, epecyBHUN pe3epBHUIN TpaHCHOpMaATOp
Ha MiIPUEMCTBI €JIEKTPUYHUX MEPEK, 1110 IPUBO3UTHCS Ha IMiJICTAHIIII0 HA YaC PEMOHTY OCHOBHOT'O
TpanchopmaTopa).

B 3anexxHocCTI Biff pe:)KUMy BUKOPHUCTaHHS PE3EPBHOTO €JIEMEHTA PO3PI3HAIOTh!

- HaBaHTaXCHU pe3epB, KOJIHU Pe3epBHUN €JIEMEHT MepedyBae y TOMY PeKHUMI 3aBaHTaKEHHS,
110 1 OCHOBHHMIA;

- IOJIETIIEHUN pe3epB, KOJM PE3EPBHUI €JIeMEHT mepeOyBae y MEHII HAaBaHTAXKECHOMY
pPEeXKHUMI, HI’)K OCHOBHUIA;

- BKJIFOUEHUH pe3epB (B €HepreTUYHIN MPaKTHUIll YacTO 3BAaHUUN «TapsyuM Pe3epBOM»), KOJIU
pe3epBHUIl €IeMEHT rOTOBUM y Oyb-SKMI yac B3ATU (YHKIIT pe3€pBHOTO €JIEMEHTA;

- HeBKJIIOUEHUH pe3epB (B €HEPreTHUHIN MPaKTHUIl YacTO Ma€ Ha3BY «XOJOIHHH pe3epBy),
KOJIM MOTPiOeH MeBHUI Yac JJIs BBEACHHS PE3EPBHOTO €JIEMEHTa Y pOOOTY.

Jlis xXapakTepUCTHKU CTYIEHS pe3epBYBaHHS BUKOPHUCTOBYETHCS MOKA3HUK KpPaTHOCTI
pe3epByBaHHSI, K BiJHOIICHHS YUCIIa PE3EPBHUX EIEMEHTIB JI0 PE3CPBOBAHUX €ICMEHTIB 00'€KTa.
Yacrto mijg KpaTHICTIO pe3epBYBaHHs, HAMPUKIAM, EICKTPUUYHUX MEpEkKax, pO3yMi€ThbCs CTaBICHHS
MPOMYCKHOI CHPOMOXKHOCTI MEpEXi MiCis BIJKIIOUEHHS OCHOBHHMX €JIEMEHTIB JO IPOIYCKHOI
CIPOMO>KHOCTI LIUX €JIEMEHTIB. Y BHIIaJKax, KOJU KPAaTHICTh PE3EPBYBaHHS JOPIBHIOE OJIMHUII,
KaXyTh, III0 MA€ MiCIe TyOITIOBaHHS.

CtBOpeHHsI pe3epBiB, 3amaciB €, 3a3BUYail, HEOOX1THOIO YMOBOIO 3a0€3MeUeHHs HalIHHOCTI
cucreM. OfHaK CTyHiHb BHKOPHCTAHHS IX CYTTEBO 3aJeKUTh BiJ CHUCTEMH KepyBaHHS
(perymoBanHs). Tak piBHOMIpHE, IPOMOPIIiiiHE 3aBaHTAXKEHHS PI3HUX €JI€MEHTIB CUCTEMH IiABUIIY€
HAJIMHICTh 32 paXyHOK OUIbII €(pEeKTUBHOTO BUKOPHUCTAHHS IX PECYpCy, OCKUIbKM CHpallIOBaHHS
pecypcy 3a3BUYail HEMIHIMHO 3aleXWUTh BiJl 3aBaHTAXEHHA 00'€kTa (HAMpUKIAA, SKIIO [Ba
OJIHAKOBUX TpaHchopMaTopa Ha IMiJICTaHIII] 3aBaHTa)XyBaTH HEPIBHOMIPHO, TO iX CyMapHUM pecypc
Oyze cripalboBaHO HIBHUIIIE, HIXK 1€ MaJIo O MiCIie PH iX pIBHOMIpHOMY 3aBaHTa)KeHH1). BusBneHHs,
MOTNePEPKEHHSI BIIMOB Ha OCHOBI BUKOPUCTAHHS JIIATHOCTUYHUX CHUCTEM JIO3BOJISIE CYTTEBO ITiTHITH
HaIMHICTH Ta 3MEHIIUTHA HETaTUBHI HACIIIKA B1JMOB.
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AHAJII3 BUITTPOMIHIOBAHHSA ®PAKTAJIBHUX AHTEH
3 BUKOPUCTAHHSAM CTPYKTYP CEPIIIHCBKOI'O

A.T.H., mpo@. ['epera O.M., k.¢.-M.H., nou. Apozaos M.O., Koubkon K./I.
Biticoxosa axaoemis (Odeca)

3aBAsSKH HAA3BUYAHHO IIMPOKOMY Jiana3oHy poOOUYHX 4acToT, (hpaKkTalbHI IPATKOBI aHTCHU
0e310raHHO BUPIIIYIOTH 3a/a4i 3a0e3MeYeHHsT MaKCUMaJIbHOI MPOJYKTHBHOCTI PaJioOKaIliitHUX
CTaHIII 1 CYMICHOCTI MIX 3aCTapiJIMMH Ta HOBUMH apXiTEKTypaMu paaioss's3ky [1].

Kunum CepriiHCBKOTO € JBOBHMIPHMM aHAJIOTOM KaHTOPOBCHKOT MHOXHHU BHKIIOYCHHUX
cepenHix [2], 1 3a CBO€IO T€OMETpPIE0 HAMOUIBII Tacye s MOJEIIOBAaHHS I'PaTKOBUX aHTEH. B
JOTOBIIl  PO3MIISAAETECS HOro Moaudikalis 3i CKIHUCHO-HECKIHUCHHOI pO3rallyXeHicTio [3].
«HaiiiikaBiow BIACTUBICTIO TaKUX (PPaKTaJbHUX PELIITOK € Te, 10 Ha BIAMIHY BiJ PEILIITOK 3
CKIHYEHHOIO PO3TATYKEHICTIO, Ha SIKUX NUISX MPOTIKAHHS PYWHYETHCS IPH BUKHIAHHI CKIHUCHHOTO
Yuclia By3JiB, Ha [IUX 1CHY€E CIIPaBXHICIHBKUIN NEePKOJAIIIHIN nepeximy [4].

SIK110 BU3HAYMTH Yepe3 P' KMOBIPHICTh HAJIGKHOCTI KOMIPKH MEPKOJISIIHHOMY KiIacTepy Ha
KHJIUMi, TOOTO MMOBIPHICTH TOTO, IO Yepe3 KOMIPKY MOXKHA «IIPOTEKTU» MO ii KIITHHAX, KOKHA 3
SKUX BXOJHTH Y HECKIHYCHHHI KJIacTep 3 WMOBIPHICTIO P, Ta MaTH Ha yBa3i, M0 PEHOPMIPYIIOBE
MEPETBOPEHHS] Ma€ B LbOMY BHUMAAKY BigoOpaxkaTu (aKT HASBHOCTI 3B'S3HOCTI, KUIBKICTh
BIJNOBITHMX KOMOIHAIi y po3TallyBaHHI KIITHH y KoMmipii Oyae MeHImie KOMOiHaTopHOro. 3
ypaxyBaHHSM LIbOIO PEHOPM-IIEPETBOPEHHS AJsl KUJIUMa 3 TiOpUAHOI posranyxkeHicTio [3] mae
BUTJISIA

p'=R(p)=p°+8p’(1 -~ p) + 27p°(1 - p)* +

+44p°(1 - p)° + 38p*(1 - p)* + 8p*(1 - p)’,
3 HETPUBIAIBHOIO HEPYXOMOIO TOUKOIO Pe = 0,5093, 1110 BU3HAYa€E MOPIT MPOTIKAHHS.

[HeKkc TOBKUHU KOPENsIlii MePKOAIHHOT CUCTEMH, MOXKHA 3HANTH 3 CITIBBIIHOIICHHS
v=Inb/InA1 = 1,801,
ne b = 3 — kiJbpKiCTh KIITHH B37I0BX cTopoHH KoMipku, A=(dR/dp)|p=pc. KpuTrunuii moka3Huk napa-
MeTpa MOpAJKY [ BUBHAYAETHCA 3 PIBHSHHSA
D=d-/4v,

Jie anpoKcuMallis po3MipHocTi D nmepkossauiiHoro kiactepa € po3MipHIicTh kuinuma CepriHChKOro;
npu po3mipHocri npoctopy d = 2 Benuuuna £ = 0,193.

[HII KPUTHYHI TOKAa3HUKH MOXKYTh OyTH BH3HA4Y€Hl 3 CUCTEMH PIBHOCTEH BOIOKA30BOTO
CKCWIHTY [4]: IHIEKC cepeHbOi JIOBXKUHH CKIHUCHOTO Kiactepa y = wi— 24 = 3,216; KpuTHUHHIA
MOKa3HUK aHaJIora TeIIoeMHOCTI o = 2 — vd = 1,602; iHIeKC, SIKUi BU3HAYa€ MaKCUMAJIbHUAN PO3MIp
CKiHUeHHX KiactepiB, A = vd — f = 1,800.

B poGoTi TakoX OTpUMaHO pEKypEeHTHI CHIBBIIHOIIEHHS JJii OOYMCIEHHS TOJIB
BUIIPOMIHIOBaHHS ABOX MOJHdiKaliil mpeadpakrani kuiaruma CepriHCHKOro J0BUIBHOTO MOKOIIHHS
— HECUMETPHUYHOTO Ta 3 BICCIO CUMETPI1 APYroro MopsAKy — Ta ix Bizyanisallito.

1. Gupta M., Mathur V., et al. Microstrip hexagonal fractal antenna for military applications.
Frequenz. 2019. V. 73. P. 321-330.
. Feder J. Fractals. New York: Plenum, 1988. 283 p.
3. Herega A., Drik N., Ugol’nikov A. Hybrid ramified Sierpinski carpet: percolation transition,
critical exponents, and force field. Physics-Uspekhi. 2012. V. 55(5). P. 519-521.
4. Sokolov I. Dimensionalities and other geometric critical exponents in percolation theory. Sov.
Phys. Usp. 1986. V. 29. P. 924-945.
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OIITUMIBALIA PEXKUMIB POBOTH PO3IOAIVIBHUX EJIEKTPUYHUX MEPEXK

K.T.H., 101L. JoBramwok O.M., baraain B.1O., birtokons I'.B., KpaBuyk /1.€.
Hayionanvnuii mexuiunuii ynisepcumem « XapKiecoKuil NOJIMEXHIYHUL IHCIMUMYM»

Posnoninehi enekrpuuni mepexi (PEM) € HeBix €éMHUM €1€MEHTOM eJIeKTPOSHEePreTUYHOT
CHUCTEMH, BIJ pPOOOTH SKOTO ICTOTHO 3aJekHUTh €(PEKTUBHICTh 1i (YHKIIOHYBaHHS 1 SIKICTh
eJIEKTPONOCTauyaHHs croxuBadiB. Came ToMy OaraTto yBarum €HEpPreTHKamMH Ta JOCIiIHUKAMU B
€HEePTreTUYHIN Tany3l NPUIIIAE€THCA MUTAHHIM MABUIICHHS €)eKTHBHOCTI poboTn cyyacHnx PEM
[1-3]. Hdns eneprocuctemMu YKpaiHM I THTaHHS TaKOX € aKTyaJlbHUMH, OCOOJMBO IiCIs
peopMyBaHHS EHEPreTUYHOIO0 CEKTOpy Ta CKJIAAHMX YMOB HOro (yHKIIOHYBaHHsS MiJl dYac
POCiHChKOT BIiCHKOBOT arpecii, a TaK0X 3 ypaxyBaHHSIM IEPCIIEKTUBH MMiCIIBOEHHOTO BiJHOBJICHHSI.

IIpotsarom tpusanoro yacy PEM Vkpainu xapakTepu3yroTbCs CKIaIHO Ta HEONTUMAIBHOKO
CTPYKTYpPOIO, BEJIMKOI NPOTSDKHICTIO JiHIKA enekrponepenadi (JIEIT), 3Ha4HOIO KUTBKICTIO
HEpEe3epPBOBAHUX CXEM JKHMBIICHHS CIIOKHMBayiB, MiHIMAJIbHUM piBHEM 3ac00iB TeleMeXaHIKH Ta
aBTOMATHKH JIJIsl KEpyBaHHs pexxuMamu podotu. Haciigkom takoro crany po6oru PEM e migsumiena
BEJIMYMHA BTPAT €JIEKTPOCHEPrii, 3HIKEH1 PiBHI HANIPYTH Y BiJJaJCHUX CHOXKUBAYiB, HAJUIUIIKOBE
3aBanTakeHHs JIEII moTokamu peakTHBHOT MMOTYKHOCTI TOIIO.

CyuacHi TeHJeHLii pO3BUTKY €HEepreTUYHOI ray3i CIpHUsII0Th aKTUBHOMY OcHalleHHio PEM
3aco0amMi KOHTPOJIIO 32 CTAHOM Ta aBTOMAaTHU3allii YIPABIiHHA peKUMaMH POOOTH, BIPOBAKEHHIO
TexHojorii Smart Grid, 0 1a€ 3MOT'y 3aCTOCOBYBATH 111 BaXKeJ JUIsl ONTUMI3alLlil pexXuMiB poOoTH
PEM 3 meToro migBuiieHHs! epeKTUBHOCTI iX (YHKLIOHYBaHHs. 3ampoBapKEeHHS Ji0epanizoBaHol
MOJIeTIl PUHKY €NEeKTPUYHOI eHeprii B eHeprocucremi YKpaiHu noTpeOye Mpu BHpILICHHI 3a7ay
ontuMizamii pexumiB PEM BpaxoByBaTH BCi 0OCOOJMBOCTI IOTOYHOI'O CTAaHy PpO3BUTKY
€HEepPreTUYHOr0 CeKTOpY KpaiHH, a TAKOX 3aCTOCOBYBAaTH Cy4yacHi HasiBHI TE€XHIYHI Ta iHPpOpMariiHi
3aco0H 1 MPUHIIMIIOBO HOBI MIJXOAM 1O KEPyBaHHS.

3a TakMX yMOB 3aBAaHHAM ynpaBiiHHA B PEM cTae nomyk ontuManbHOI oepaTuBHOI CXEMHU
Ta IapaMeTpiB peKUMY IPU 3MiHI HABaHTa)XXE€Hb, HANPYTH )KUBUIBHOT MEPEXi, MOTYKHOCTI HasIBHUX
B Mepexi jpkepen posnoniienoi rerepauii (JIPI) tomro. Kpurepiem ontumizanii mpu BUpILIEHHI
MOCTAaBJICHOT 3a/1a4l MPOMOHYETHCS MIHIMI3AIlisl BTPAT €JIEKTPOSHEPT1l B MEPEXKI:

AWg — min | 1)

ne AW — cymapHi BTpaTu enektpoeneprii B PEM, siki BU3HaYaroThCs BiINOBITHO 10 BHPA3y:

AW. :i i CIMB (2

2
t=1 icS Ui
neS —MHOXUHA JUISHOK i eKcIlTyaTaniifnoi cxemu PEM; ¢, —BapTicTh eeKTpoeHeprii 11 roAuHN

t, sKa BpaxoBYy€ MOTOYHHI CTaH HAa PUHKY €JIEKTpUYHOI eHeprii; 7' — po3paxyHKOBUH IHTEpBal
criocrepexxeHHs; P;, Q; — NOTIK aKTHBHOI 1 peaKTHBHOI NOTy»XHocTel y -1 nuraHml PEM; R, —

akTHBHUII omip i-0i AinsHkr PEM; U; — Hanpyra Ha nouyatky i-oi quisiHku PEM.

B sxocti oOMexeHb NpH BUPILIEHHI JaHOI 3ajJadl BHUCTYMAIOTh Jialla30HU HapameTpiB
peXKUMY MEpeXi, a TaKOX IMOKA3HUKIB HAIIMHOCTI €JIEKTPOTIOCTavYaHHS CIOXKHMBAadiB Ta SKOCTI
eJIEKTPUYHOI eHeprii B Mepexi:

1, <H, <11

pmin = pmax?

m,<I

nmax?

II,<IT, ... 3)
nell,, I1,, I1, — po3paxyHKOBI 3HAYCHHs I[apaMeTPIB PEKUMY MEpexki, MOKa3HUKIB HalliHOCTI

€JIEKTPOIIOCTAUYaHHS CIIOKMBAUIB Ta SKOCTI €JIEKTPUYHOI €Heprii B Mepexi i eKCIUTyaTaliiiHol

cxemu PEM, mo posrmsanaersest; 11, min, 11, maxs I max ymax — MIHIMAIbHI Ta MaKCHMAJbHI

3HAYCHHS MapaMEeTPIB PEKUMY MEPEXKI, MOKA3HUKIB HAIIHHOCTI €JIEKTPOIIOCTAaYaHHsI CTIO’KMBAYIB Ta
SKOCT1 €JICKTPUYHOI eHepril B MepexKi BiAMOBIAHO.
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Jlnst po3TamoBanoi Ha Teputopii XapkiBchkoi oomacti PEM 10 kB, cxema sikoi mokazana Ha

puc. 1., 3 BAKOPHCTAHHIM 3alpPOIIOHOBAHOI METOMKHU OYJIM BU3HAYCHI ONTHMAJIbHI TapaMeTpH, sKi

3a0€31eYy0Th pOOOTY OCIIKYBAaHOT MEPEXK1 3 MiHIMAJIbBHUMH BTpAaTaMU €JIEKTPOCHEPTii MPOTATOM

nobu. Ha tpancopmaropuux mincranmisx 10/0,4 kB TI1 4 ta TII 16 migxmroueni JPI, skumu
BUCTYIAIOTh COHSYHI €JIEKTPOCTAHIIIT MaJIol MOTY>KHOCTI.

nc1 ncs3

TI'I‘I’_': J.,.L JTL JTL _ITL TN 12

Tm7 TNs ™9 Tn1o0 TMN11

nc 4
THZ’—I: TM13
TI'I%_': #7 jl_'lr|_16 'IJ'§L15 T 14
ncz2

M4 TN5 TN
Pucynok 1. Cxema nocuimxysanoi PEM 10 kB

Bynmu po3risHyTI eKCIuTyaTalliifHi cXeMH HOPMaJbHHX Ta PEMOHTHUX pEXHUMiB. B skocti
HE3aJeKHUX ONTHMI30BaHMX IMapaMmeTpiB Oyiu NpUAHATI HACTymHi: Homep Biamaiiku PITH
TpancopmatopiB Ha miacranmisx 110/10 kB, mortyxkuicte JIPI, micie po3MUKaHHS KOHTYpIB
Mepexi. PesynbraTi po3paxyHKy npejcTaBieHi B Ta0. 1.

Tabnuns 1. BusHaueHi napameTpu A1 3a0e3nedeHHs ONTUMaNIbHOro pexxumy PEM

Ekcrny- Howmep Bignaiiku PITH . Micue CymapHi BTpaTu

aTariiina HotyxHicts PO3MUKAHHS €JIEKTPOCHEPTii B
[Ic1 | 1mcz2 | ric3 | rnc4 | Aprr, MBr . .

cxema KOHTYp1B Mepexi | PEM, Tuc. rpH.

Hopmaus- TII8-TTIO, TI12-

Huit | -1 2 -1 2 43,865 TII3, TIT13-TI114 24,182

Hopwmaib- TII9-TII10, TT13-

Uit 2 -1 -1 0 -1 44,728 TII4, TIT114-TII15 23,897

Pemont- TII8-TTI9, TII1-

Hif 3 2 o+ 0 -1 42,924 | 1. TI14-TIIIS 26,359

Oneprkana iH(opMmarlis 1010 ONTUMAIBHUX MapaMeTpiB pexumy PEM Mae BpaxoByBaTHCh B
aJITOpUTMax KepyBaHHS peKUMaMH POOOTH MepeKi AJIsl IIBUILEHHS €PEKTUBHOCTI iX (PYHKIIIOHYBaHHS.

1. Amgrane M., Ouassaid M. Improving the Efficiency of the Electricity Distribution Network
Through the Use of Smart Meters. 2022 IEEE 7th Forum on Research and Technologies for Society
and Industry Innovation (RTSI). Proceedings of the international scientific conference. (Paris, 24-26
Aug. 2022). Sorbonne Universite. Paris, 2022. P. 81-87.

2. Bakry O.M, Alhabeeb A., Ahmed M., Alkhalaf S., Senjyu T., Mandal P., Dardeer M.
Improvement of distribution networks performance using renewable energy sources based hybrid
optimization techniques. Ain Shams Engineering Journal. 2022. Vol. 13. Ne 6. C. 101786.

3. [Hosramoxk O.M., Owmensuenko ['.B., Iliporri O.€., bonmapenxko P.B.,
CupomstaikoBa T.B., SxoBenko [.C. OriHka 3axofiB mOAO0 MiABUIIEHHS €(PEKTUBHOCTI pOOOTH
MICBKUX PpO3NOJUIBHUX EJIeKTPUYHUX MepeX B YMOBaX CEHEPropuHKY YKpaiHu. BicHuk
Hayionanonoco mexniunoco ymnisepcumemy «XIIly. Cepia: Enepeemuka: Haoditinicme ma
eHepeoepexmusHicmy: 30. nayk. np. 2019. Ne 29 (1354). C. 70-76.
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MPOBJIEMA AJANITALII POBOTU30BAHOI'O ABTOMOBLIA
3 IHOOPMAIIMHO-KEPYIOUYOIO CUCTEMOIO
B YMOBAX BIVIUBY JECTABLJII3YIOUUX ®AKTOPIB

K.T.H., ¢.H.c. Kinumenko B.B., Kotos /I.0O.
Biiicokosa axademisn (m. Odeca)

CydacHl miAXOIM 1O OIIHKH SKOCTI iH(GOpPMALiHHUX TIOTOKIB, IO IMPKYJIOIOTH B
iH(dopmariiHO-KepyroUYnx cucteMax podotuzoBanux aBToMmoOuIiB (IKC PA), 6a3yroThcst Ha MeToAax
00po6ku mmdporoi inpopmanii. Came onrdpoByBaHHS, SIK Ipoliec 0OpoOKU BXiaHOI iHpOpMaii, a
TaKOX ii PI3HOCEHCOPHUI XapaKTep MOPOKYIOTh CTPYKTYpPHY 1 TapaMeTpU4Hy HEBU3HAUYEHICTh 1T
Yac OLIHIOBAHHS BHYTPIIIHBOTO cTaHy PA Ta 30BHIIIHBOTO cepefoBUIa Horo (yHKIIOHYBaHHS B
cucteMi «PA — npobiieMHe cepeoBuie ekcruryararii» [1-2].

B 3anexHOCTI Bi piBHS aBTOMAaTH3a1li1 aBTOMOO1JIs1, KitacudikoBanoro 1o [3], ctpykrypa IKC
aBTOMOOUIA Oyze BKIIOYATH B ceOe PI3HOMAHITHY KiJIbKICTh CEHCOPIB (IAaTYMKIB), 10 (HOPMYIOTH
pi3HOCEHCOpHMI iH(pOpPMALIHHUI BXIAHWKH TpoUeC 3 MOJAIBIIUM HOTro OOpOOJIECHHIM IS
BUPOOJICHHS YIPABIIHCHKOTO PIILICHHS.

[Tpu npoMy BXimHUE pi3HOCEHCOpHUH iHpOpMaLiiHUI Tporec 00’ €KTHBHO € BUIAIKOBUM
MPOLIECOM, 3 OJIHI€i CTOPOHM MO MPUYHMHI BIUIMBY JeCTabuIi3yrouux (akTOpiB 30BHIIIHBOTO
Cepe/IOBUINA, 10 BHOCHTH HEKOPHUCHY €HEPreTHYHY CKJIAZOBY, a 3 IHINOI CTOPOHH, IO MPUYHHI
HasBHOCTI BHYTPIIIHBOTO IIyMy Ta BHYTPILIHbO-CUCTEMHMX BHIIQJAKOBUX 30ypeHb, 110 aJUTHUBHO
HAKJIaJal0ThCsl HA KOPHCHY CKIIAJIOBY BXimHOTO Tiporecy. Tomy copMOBaHUIl BUXiIHUI CUTHAT B
IKC PA € Tex BUMAaJKOBUM Ta MOXKe OyTH HE3aJ0BLIbHOI SKOCTI 110 IPUYMHI HAassBHOCTI Ta BIUIMBY
necTtabuni3younx (akTopiB SK 30BHIMIHBOIO (aKTHUBHI Ta MAcHBHI 3aBajy), TaK 1 BHYTPIIIHHOTO
MOXOJ[KEHHS.

ToOTo, mpobiema sKicHOro (CTIMKOro) (yHKI[IOHYBaHHS POOOTH30BAHOIO aBTOMOOLIS, IO
eKCIUTyaTyeTbCsl B MeXaX CHCTEMH ‘‘aBTOMOOLIb — CepeloBHINE eKCIuTyartamii 3 00 ekramu’,
XapaKTePU3y€EThCSl HEBU3HAYCHICTIO Ta KOH(IIIKTHICTIO YMOB HOT0 ekcrutyarartii [4—6].

HeBu3HaueHicTh Ta KOH(DIIKTHICTH CEpeOBHUIIA eKCIITyaTallii B 3HaUHINA Mipl 3aJIeKUTh BiJl
IHTEHCUBHOCTI 1HQOpMaIiitHOT B3a€MO/11i M’k aBTOMOO1JIEM, SIK 00’ €KTOM poOoTH3allii, Ta 00’ €KTaMu
cepe/loBHIA HOro eKcIulyaTallii, a Takoxk Oe3locepelHbO BiJ XapakTepy camoi iH@opmarii
(p13HOCEHCOPHOCTI CUCTEMH JIaTUMKIB), 110 HHUpKYItoe B IKC PA.

Jlns Bunanky, koiau kepyBanHs PA Oyne notpeOyBaTu AMCTaHIIMHOTO yIpaBliHHS, BAHUKAE
HeoOX1HICTh mepenadi chopMOBaHOTO, Ha NEepUIOMYy eTari OOpOOKH, BHUXIJHOTO CHUTHAly Ha
npuiiManbHO-TIepeaBajibHy CTaHLio (IpucTpiif). B nbomMy Bunaaky npuilMaabHO-NepeaaBaaIbHUNA
MIPUCTPii 3 aHTEHHOIO PEUIITKOIO, 1] Yac OTpUMaHHs c()OPMOBAHOTO, Ha MEPIIOMY €Talli, BUX1THOTO
CUTHAITy, MO>Ke OyTH IiJIaHU I BIUIMBY, HAITPUKJIA/I, aKTUBHUX 30BHIIIHIX 3aBaJ] 3 pI3HUX HAMPSIMKIB.
Ile mpu3sBeze 10 3MIHU €HEPTreTUYHOT CKJIa10BO1 Ta 301JIbIIEHHS] HEKOPUCHOI 1HQOpMaIlii y npotiect,
110 IOCIIKY€EThCS, Ha IPYroMy eTari Horo o0pooKu.

OTxe, BupimeHHs npodiemu sikicHoro ¢ynkuionyBanHs PA 3 IKC, sika mae pi3HOCEHCOpHI
KaHanu 1HpopMaliifHOT B3aeMojii, B yMOBaX, SKI XapaKTepU3YIOTbCd HEBU3HAUEHICTIO Ta
KOH(IIKTHICTIO, B 1H(GOpMaliiHOMY CeHCl NOoTpedye KOMIUIEKCHOTO BpaxyBaHHS BIUIMBY
nectabinizyrounx (GpakTopiB B HEAETEPMIHOBAHOMY CEpEIOBHILI €KCIUTyaTallii.

[Topsin 3 ICHYIOYMMM aNrOpUTMAaMM MiHIMi3alil BIUIMBY JecTaOuIi3ylouux (akTopiB B
iHpopMalifHUX cHCTeMaX, OCOOJIMBY YyBary 3aciyroBYIOTb QJITOPUTMH, M0 peali3yloTh
BUKOPHUCTAHHS NPSIMUX Ta 3BOPOTHHX METO/AIB 0OpoOKM pi3HOCEHCOpHOi iH(popmalii Ha OCHOBI
TEOPEMHU OPTOTOHAIBLHOCTI [7].

B ocHOBI mpsmoro i oOepHEHOTO METOAIB JICKHTh MpOlEeaypa I1HBEPCHOTO CHHTE3Y
KOpPEJIIMHUX MaTpULb CUCTEMH (POPMYBaHHS BUX1THOTO MPOIECY Ha KOKHOMY 13 eTariB 00poOKu
(biapTpartii). [Ipu mpoMy, mpu BUKOPUCTaHHI 00EPHEHOTO METOJY, IHBEPCIi MAJIsATae KopemsiiiHa
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Matpulls, mo ¢GOPMYEThCS B TMIANPOCTOPl BHUXITHUX BHUITAJKOBUX TPOIECIB (MPOIECIB, IO
CIIOCTEPITraloThCs), TOMY PIIICHHS MOXXE HE ICHYBaTH [0 MPUYHMHI IMOTaHOI OOYMOBJICHOCTI
Kopesiiinoi Marputtl. [IpsMuii meTos nepeadadae iHBEpCir0 KOpeAIiiHOT MaTpulll, GopMyBaHHS
SKOI MOXJIMBE B MIAMPOCTOPI TECTOBUX (BXIMHUX) CHUTHAIIB. Takwii MiAXiJ MO3BOJSE 3aBXKIU
OTPUMATH PIIICHHS TPH [BOMY SIKICTh COPMOBAHOT'O BUXIAHOTO TIpoLiecy Oy/ie 3aeKaTu Bij] 4acy
ajanTanii (HaJamTyBaHHs) CHCTEMH Ha piBeHb HEKOPHUCHOI CKJIaI0BOI MPOLECY, 110 AOCIIIKY€ETHCS.
Orxe, BupimeHHs mpoOnemu skicHoro ¢yHkuionyBanHs IKC PA B ymoBax BIUIMBY
necTabinizyrodnx GakTopiB JIGKUTH B TUIONIMHI pO3B’si3aHHs 3a1aui aganTaiii PA 3 IKC, mjo micTuth
PI3HOCEHCOPHI KaHajau 1H(pOpMaIiiHOi B3aemMojii, O PIBHSA BIUIMBY JAECTaOLII3yHOUUX (aKTOPiB
[UIIXOM PO3pPOOKH ajNTrOpUTMIB TECTyBAaHHS TaKWX CHCTEM Ha €Talli iX CHHTEe3y 3 BUKOPUCTAHHSIM
30BHIIIHIX Ta BHYTPIIIHIX €TAJOHIB.

1. Busnauennss ma  OOCHiONCEHHS  OCHOBHUX  HANPAMKI6  3abe3neueHHss  epexmusHocmi
QyHKYIOHY8aHHA  IHOPMAYIUHO-KEPYIOUUX KAHANIE MUL0B020 HA3ZEMHO20 POOOMU308AHO20
KOMNIeKcy 8 ymosax oecmabinizyrouux enausig: 38iT po HJAP (mpomixuwuii 3BiT) [ludp “bap’ep”
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MPOBJIEMHI ACIIEKTU ABTOMATHU3AIIIL PEXKUMIB PYXY ABTOMOBLIA
HA OCHOBI CTAHIAPTY ADAS (ADVANCED DRIVER ASSISTANCE SYSTEMS)

Kotos /1.0., Mapuenko B.Il., Meabauk B.B.
Biticoxosa axaoemisi (m. Ooeca)

OCHOBOIO ICHYIOYHX IIIXOJIB 0 PO3pOOKH OOpPTOBHX 1H(OpPMAIIHHO-KEPYIOUHUX CUCTEM
Cy4acHUX aBTOMOOLTIB € TexHoJorii, moaioHi 10 Advanced Driver Assistance Systems (ADAS) [1].

Jlanuii miaxijg OCHOBAaHWK Ha BIIPOBA/DKEHI OKPEMHUX EJIIEKTPOHHHMX CHUCTEM aBTOMOOLIIS,
(bYHKII€I0 SKUX € MOCTYNOBA 3aMiHa (YHKIIIH BOJIS B YAaCTHHI, SIK KEPyBaHHS aBTOMOOLIEM, Tak i
KOHTPOJIIO CTaHy MHOro CHUCTEM Ta MEXaHI3MIB Hapsay 3 MOXIIUBICTIO KOHTpPOJIIO CTaHy
0e3mocepeIHbO CaMOT0O BOJIS .

OTxe, Ha cydyacHOMY eTarli PO3BUTKY aBTOMOO11e0y TyBaHHS aBToMaTu3auis (podoTu3artis)
3pa3KiB aBTOMOOIJIPHOI TEXHIKH BiIOYBAETHCS HA OHOBI BIPOBAKECHHS PO3PI3HEHUX EIEKTPOHHHUX
CUCTEM MOHITOPUHTY CTaHy aBTOMOO1JIA 1 BOAIS Ta yHpaBIiHHS aBTOMOOLIEM Ha PI3HUX PEKUMaxX
fioro (hyHKIIOHYBaHHs 3 BpaxyBaHHsIM crannapty ADAS.

EnementHy 0a3y eNeKTpOHHHMX CHUCTEM aBTOMATH3allii peXHUMiB pPOOOTH aBTOMOOLIA
CKJIQJIal0Th CYKYMHICTh (MIJACHCTEMH) BHUMIPIOBAIBHHUX JATYHMKIB (CEHCOpPIB), YaCTUHA SKUX
BiIMOBiAae 3a 30ip mnepBUHHOI iH(OpMalii OO0 30BHINIHBOTO CEPENOBHUINA EKCILTyaTarii
aBTOMOOUTS 3 00’€KTaMU (€IEMEHTH JIOPIT, JOPOXKHS 1HPPACTPYKTYpa, pO3MITKA Ta JOPOXKHI 3HAK,
1HIII TPAHCIIOPTHI 3aC00M, TOIIIO). [HIITa YacTMHA JATYMKIB BiMIOBIAA€ 3a 301p nmepBUHHOI iH(OpMartii
II0JI0 CTaHy aBTOMOOLJIS, SIK CKJIQJHOT TEXHIYHOI CHCTEMH B LIIOMY Ta BOJisl B 4aCTKOBOCTI [2-3].

B takux cucremax iHdopMmallis, K MpaBUIIo, IIUPKYIIOE B HUPPOBOMY BU/I, 1 B 3aJIEKHOCTI
Bl TUIly JaTyuka, (OpMyeTbcs B pI3HMX Jianma3oHax il (opMyBaHHS; ONTUYHMM (Kamepu,
cTepeoKkaMepH, JiapH), paaionokaniinomy (pagap, GPS-npuiimau), inppadeponuii (iHppauepBoHi
CEHCOPH), YIBTPa3ByKOBOMY (yJIbTPa3BYKOBI JATUUKH).

[Tpu 1boMy, KOHCTPYKTHBHA Ta IPOTpaMHa peastizallisi TAKUX CUCTEM OyAyeTbCs Ha TPUHLIUII
ABTOHOMHOCTI iX ()YHKI[IOHYBaHHS, B CEHC1 HAsABHOCTI B KOXHIW 3 HUX CBO€I MiJICHCTEMHU JTaTUUKIB
(ceHCOpIB) Ta eIEKTPOHHUX OJIOKIB (KOHTPOJIEPiB) BUPOOIECHHS BiIMOBIIHUX YIPABITHCHKUX PlllIEHb
Ha OCHOBI HEYH1(DIKOBaHUX AJITOPUTMIB 00poOH 1HPOpMaIii.

Takuii miaxig J03BOJIsIE YACTKOBO peajizyBaTH MpoIlec aBTOMarTu3amii (QyHKIiH BOMis B
MJI0THOMY (000B’SI3KOBA HASIBHICTH BOJIIA) PEeXHUMI (YHKIIOHYBaHHS aBTOMOOLIIS, ajieé He BUPILIye
pobeMy aBTOHOMHOTO PyXY, TOOTO B O€3MUIOTHOMY PEXUM PYyXY.

3anexHO BiJ] pIBHS aBTOMAaTHU3allli aBTOMOOLIIS, YCKIIaIHAETHCS 1 caM nporiec GOpMyBaHHS Ta
00poOKHU MepBUHHOI iH(OpMAILlii PO HABKOJIHUIIIHE CEPEAOBHUIIE 1, HOro 00’ €KTH, Ta O6e3MocepeTHbO,
PO aBTOMOOWIb, AK CKIAJAHY TEXHIYHY CHUCTEMY, 1100 pO3pOOMTH BapiaHTH HOro MOBEIIHKH B
O€3MUJIOTHUI PEKUM PYXY.

Bupimennst 3amadi 00'eqHaHHS [aTYMKIB B €IUHY 1H(OpMaliiHO-KEpyloUy CHUCTEMY B
HAayKOBOMY CBITI BHpIIIYETbCA PpI3HUMH PO3POOHMKAMM IUISIXOM aBTOMAaTH3allii IMPOLECiB
bOMY, B pa3i MUIOTOBAHOIO PEXHUMY pOOOTH aBTOMOOiJIS YMHpaBIiHCbKE PIIIEHHS Ha OCHOBI
iH(popMallii, mo oOpodaseThes B 1HGOPMaLIHHO-KEPYIOUil cucTeMl aBTOMOOLIS, 3aJIMIIAETHCS 32
BoJieM. Y 0e3mUIOTHOMY ab0 aBTOHOMHOMY pEXHMi YIPaBIiHCbKE PILMIEHHS MPUHMAETbCS
1H(pOopMaLIiHO-KEPOBAHOIO CHCTEMOIO aBTOMOOLIIS.

TakuM YMHOM, IHTErpallist pi3HOPITHUX AATYHUKIB B €AUHY 1H(OpPMAIIHHO-KEPYIOUy CUCTEMY
aBTOMOOUIS. J1Ta€ 3MOT'Y BUKOPUCTOBYBATH IEpeBaru KOXKHOTO 3 HUX y BUPILIEHHI PI3HOMaHITHUX
3a7a4 aBTOHOMHOTO pyxy [4]. 3Baxkaroun Ha Pi3HOCEHCOPHICTH €IEMEHTHOI CKJIaI0BOT CUCTEM THUITY
ADAS tipu cunTe31 iH(pOpMaIitHO-KePYIYHX CUCTEM CYy4acHOi aBTOMOOUTBHOI TEXHIKM HEOOX1THO
nepeadauuT MOXKIIMBICTD (POPMYBAHHS €IMHOTO MYJIBTHCEHCOPHOTO IIU(PPOBOIro iHPOpMAaLiIHHOTO
BXIJTHOTO MacCHBY, SIKHH 110 CBOil MPUPO/II 00’ €KTHBHO Oy7€ BUTIATKOBUM.
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TakuM unHOM, JUTS BUPILIEHHS MPOOJIIEMH aBTOHOMHOTO BOZIHHS, IOYNHAIOYH 3 YETBEPTOTO

piBHS aBTOMAaTH3allli, KIOYOBUM NPOOJIEMHUM AaCHEKTOM € CHHTE3 JITOPUTMIB 00’€THAHHS Ta

00p0oOKH BXiJIHOT pi3HOCEHCOPHOI UG POBOI iHPOpMAIlii, ika 00’ EKTUBHO Ma€ BUTIAJKOBUX XapaKTep,

B €IMHUH 1HPOPMALIHHIX MACUB 3 MMOJAIBIIOI0 HOTO aJanTUBHOIO 00POOKOI0 Ha OCHOBI IPSMUX Ta
3BOPOTHHUX METOJIIB.

1. Cocmosnue u nepcnekmugol pazsumus pvinka asuonuxu u mexumonoeuti ADAS. Oyenxa enusnus
HA pazeumue poCCUtiCKo20 U MeXcOYHApoOHo20 pviHKka ‘Aemonem” (aHanuTudeckuit otuer, 2019
r.).

2. benkora 10.A., KacumoB A.P. PammosnekTpoHuWKa B yIpaBlIEHUM CUCTEMAaMHU aBTOMOOWIIS.
Onexmponnwiil scypran Asmomoouns. /lopoea. Ungppacmpyxmypa. 2020. Ne 1(23).

3. Kacaii C.A., TperbsakoB A.A. CpaBHUTENbHBIA aHaIN3 OOPTOBBIX 3JIEKTPOHHBIX CHCTEM
yIpaBiIeHUS TPY30BbIX aBTOMOOMJIBHBIX TPAHCIOPTHBIX CPEACTB OTEUECTBEHHOTO U MHOCTPAHHOTO
MPOMU3BOJICTBA. Becmuuk epasxcoanckux undxicenepos. 2019. Ne 6(77). C. 299-304.

4. Klimenko, V., Kotov, D., Sadych, D., Rafalskiy, J., Lishchenko, V. & Sapiehin, Y. Model of
Functioning of Information-Control System of Unmanned Car with Different Sensors Channels of
Information Interaction. IEEE International Conference on Problems of Info communications Science
and Technology. 2021. P.447-451.
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IMMOKPALIEHHS IOKA3HUKIB SIKOCTI EJTEKTPUYHOI EHEPTII
MEPETBOPIOBAUIB IIOCTIMHOI HATIPYT'!

K.T.H., 1o1. KouerkoB O.B.}, c1. Bukiaagau Tayp T.0.1, k.1.H., nou. Xapuenko P.1O.2
9 9 9
Y0o0ecvruii nayionanvnuii mopcoruii ynisepcumem, Odeca, Yrpaina
2 Hayionanvhuii yuisepcumem «Qdecvka mopcvka akademisny, Odeca, Yrpaina

Beryn. OnHi€ro 3 HalBaXIIMBIIINX YMOB €(PEKTUBHOT pOOOTH palioTEXHIYHUX, ENEKTPOHHUX
Ta TEJICKOMYHIKAIIIMHUX CHUCTEM € ONTHMAJIbHUN BHOIP MPHUCTPOIB EIEKTPOKHUBICHHS, SKi
3aJI0BOJIBHAIOTh BHUMoOraMm 3a eHepretuuHuMu napamerpamu (KKJI), napamerpamu sikocTi
eJIEKTPUYHOI eHeprii Ta HajiiHocTi. Jlo cKiagy cyd4acHUX NPHUCTPOIB €NEKTPOXKUBICHHS MOXYTh
BXOJIUTH BHIIPSAMIISY1, KOPEKTOPH Koe]ilieHTa MOTYKHOCTi, KOHBEPTOPH, IHBEPTOPH, CTAbITi3aTOPH.
3a QyHKIIOHATBHUM MPU3HAYEHHSIM 1[I IPUCTPOI ICTOTHO BIAPI3HSIOTHCS OJUH BiJl OJHOTO, ale 3
€HEepPreTUYHOI TOYKH 30py iX MOXKHA PO3TJISAATH SK MPUCTPOI MEPETBOPEHHS €IEKTPUIHOI eHepril
MIEPBUHHOTO JIKEpena eJIEKTPOKUBIICHHS B €JIEKTPUYHY €HEPrit0 HEOOX1JHOro BUJY Ta SKOCTI JUis
KUBIICHHS ~ BH3HAYEHOTO  HaBaHTaxeHHsA.  [ig  pagioTeXHIYHMX,  €JIeKTPOHHHUX  Ta
TEJIEKOMYHIKALIHHUX CUCTEM HE MEHII BaXKIMBHMH 3aBJIaHHSAMM IEPETBOPIOBAYIB € IiJBUIICHHS
HQIIHHOCTI Ta MOKPALICHHS MOKAa3HMKIB SIKOCTI €NEKTPUYHOI eHeprii. IMImynbCcHI mepeTrBoproBadi
nocriitHoi Hanpyru (I1ITH) mMaroTh Oinbin Kpalyi XapakKTepUCTHKH, MTOPIBHIHO 3 MEPETBOPIOBAYAMU
[IpY BUKOPUCTAHHI 1HIIMX METOIIB TIEPETBOPEHHS 1 PETYIIOBaHHS €IEKTPUYHOI €HEepTii, TOMy MarOTh
IIMPOKE BUKOPUCTAHHSA Ha MpPaKTHIl B CyYaCHMX IPHUCTPOSX Ta CHCTEMax EeJIeKTPOKUBJICHHS
PasloTEXHIYHUX Ta TEIEKOMYHIKAIIHHUX cCUCTeM. TOMY JTOCIIKEHHSI IMITYJIbCHUX [IEPETBOPIOBAUIB,
3 METOIO MTOKPAIIEHHS X SKICHUX MOKAa3HUKIB Ta MIUTOMUX XapaKTEPUCTHUK, € aKTyaJIbHUM 3aBJaHHAM
[1, 2, 3].

[Topanpiie NiABMILEHHS SKOCTI IMPOLECIB TMEPETBOPEHHS JOCITaeTbCs 3a JAOINOMOTOI0
BUKOPHCTaHHS aBTOTPAaHC(POPMATOPHOTO BKIFOUEHHS JPOCENS B CHJIOBHX KaHAlax i JOTPUMAaHHS
IPaHUYHOTO PeXUMY mepeTBopenHs [1, 2, 3].

Buxopucranis aBToTpaHc(OpMaTOPHOTO BKIIOUEHHS JApocens B cuioBux kaHanax (CK)
JI03BOJISIE M1IBUIIUTH €()EeKTUBHICTh IEPETBOPIOBAUIB MOCTIMHHOT HANIPYTH MOYJIbHOI CTPYKTYpH [2].
Kpim Toro, 6e3 BHECEHHS 3MiH y CXeM1 CHJIOBUX KaHAJIIB, CX€Ma YIPaBIIiHHSA JI03BOJIsi€ ChOpMyBaTH
rpannuHuil pexum po6otu IITH 1 mokpamuTi eHepreTHuHi XapaKTepUCTUKH (3MEHIIMTH BTPATH
MOTYHOCTI IPY KOMYTAIIil CUJIOBUX KOMYTAl[IHHUX KJIIOUIB). Y TpaHUYHOMY PEXUMI IEPEMUKAHHS
CWJIOBHX KEpOBaHMX KIOUIB BigOyBaeThcs mpu crpymax apoceniB CK ik(t) piBHEX Hy:mro, mie
no3Bossie miasumuT KK/, mominmmtu nuaaMivHi XapakTepucTuku [1].

B miteparypi [1, 2, 3] nopylieHo NUTaHHS BIUIMBY 3MiHHU MapaMeTpiB BXIJHOI HANpyrd Ha
MTOKAa3HUKH SKOCT1 eeKTprIHOi eHeprii. OTHaK, IO CTOCYEThCS XapaKTepy BIUIMBY 3MiHH BETMYHHA
BX1/IHOT HAIlPpyTy Ha MOKAa3HMUKH SKOCTI MEPETBOPIOBAUIB MOJYJIBHOI CTPYKTYPH, 1LI€ IUTAHHS € HE
MEHII B)KJTMBUM 1 MaJI0 BUBYEHUM 1 BUMArae J0JJaTKOBOTO aHaJI3Yy.

MeTo10 pod0OTH € MOKpAIICHHS MOKAa3HUKIB SKOCTI €EKTPUYHOI €Heprii 3aBAsKH BUOODPY
ONTUMAJIBHUX PEXUMIB poOOTH nepeTBoproBauiB noctiHoi Hanpyru (ITITH) moayneHOT cTpykTypHn
3 cunoBuMH KaHanamu (CK) mOHMXKyIOUOro THIly.

Hoci B miteparypi [1, 2] npu gocmimxenusx [IITH MomyneHOI CTpyKTypH, SIK TpaBUIIO,
PO3IIISIIAIOTECS 3aJIEKHOCTI MOKA3HUKIB SKOCTI BiJl BEJIMYMHU KOe(]illieHTa HAKONMUYEHHS, INPH
pI3HHUX: pexuMax poOoTH; KinbkocTi crtoBux kaHaiiB (N); koedimientax Tpanchopmartii (N21). Le
703BOJIsIE BUOpaTu onTuManbHi ymMoBU Juid QyHKuionyBanHa IIITH, ski 3abe3meuats HeoOXimHi
MTOKAa3HUKH SIKOCT1 €JICKTPUYHOI eHeprii [3].

Peanizalis 1b0OT0 MiAXOMYy TA€ 3MOTY OI[IHUTH (BiICTE)KUTH) BIUTHB BEJIMYMHH 3MIHHU BXiTHOI
Hanpyru (’KUBJICHHS) Ha MOKa3HUKHU sKocTl. OHaK, 11 He JT03BOJISE€ TOBHOK MIPOIO BPaxOBYBaTH
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BILJIUB BEJIMYMHU 3MIHM BX1JHOI Hanpyru Ha noka3zHuku skocti [1ITH, 110 € cyTTeBO BakIuBUM IpH
MIPOEKTYBaHHI IEPETBOPIOBAYIB, OCOOIHMBO, SKIIO BOHU (YHKI[IOHYIOTh y PEXKHUMI cTa0LIi3arii.
Jlns aHami3y MOKa3HMKIB SIKOCTI y BChOMY Jlialla30Hi 3MiHM HANPYyTH >KUBJICHHS HEOOX1THO
OyayBaTH 3aJIS)KHOCTI IIMX MMOKA3HUKIB BiJl BEIMYMHU 3MiHH BXiAHOT Hanpyru (puc. 1).
3anexHocTi OyMyBanucs 3a HACTYNTHUX BUXIIHUX JaHMX: Harpyra HaBaHTaxkeHHs Un = 10B, ctpym
HaBaHTaxeHH |y = const = 10A, iHIYKTHBHICTH IEpBUHHOI 00MOTKH Apocerns L1 = 10 mx['H.

1
Ku6u

0,8

0,5

\
Kuo6u

0.4

0,6 0,3

0,4 | 0,2

0,2 0,1

Pucynok 1 — 3anexHictb koedimieHnTiB mynbcaiii Ha BuxoAi bIIT Kpsn Big BETUYMHM B1IHOCHOT

Hanpyru xusjieHus (U,,) npu pisHux koedimieHTax TpancGHopMariii nz1 Ta YUCIi CHJIOBUX KaHAJIB
N=2 (a) Ta N=4, (6)

BucnoBku. IlpoBeseHo aHami3 [OOCHIHKEHHS Ta BUSBICHO crenudiuyHi 0OCOOIMBOCTI
€JIEKTPUYHUX MPOLECIB IMIYJIbCHUX NEPETBOPIOBAYIB MOAYJIbHOI CTPYKTYpHU 3 OAHO(pA3HUM Ta
OararogazHUM TPUHLUIAMHU TEPETBOPEHHS 3 CHWJIOBUMH KaHajJaMHU HOHWXKYIOYOTO THITYy IIpH
IPaHUYHOMY PEXHUMI (PYHKIIIOHYBaHHS:

Takum 4ynHOM, e(eKTUBHICTh (inbTpamii 3MIHHOI CKJIal0BOi CTpyMiB HaBaHTaxeHHs BIIT
Oyze O1Ib1I010, HIK B aHasioriyHoMy Buniaaky npu OIIl He3anexHo BiJ BEIMYHUHHU BIIHOCHOI HAIIPYTU
KUBIICHHSI, KoedillieHTa TpaHchopMallii Ta 4nucia CUIIOBUX KaHaiB.

1. KouetkoB O. B. IligBumenHss eQEeKTHBHOCTI E€HEPrOCUCTEM CYAHOBOTO EJIEKTPUUYHOTO
oOjafHaHHS TPH BUKOPHCTAHHI TEPETBOPIOBAUIB HAMPYTH 3 IMITYJIbCHUM PETYITIOBAHHSIM.
Marepiamu [X wmikHapogHOT HayKOBO-TexHIUHOT KOoHGpepeHuii "Cyonosa enekmpoindicenepis,
enexmpornixa i agmomamuxa” (CEEA-2019). 5 — 6 nuctonana 2019 p. Oneca: HY «OMAy, 2019. C.
47-50.

2. Kharchenko, R. Y., Kochetkov, A. V., & Mikhaylenko, V. S. (2022). Analysis of methods for
automated research of dc voltage converters of modular structure. Radio Electronics, Computer
Science, Control, (3), 7. P. 7-21.

3. Kharchenko R.Yu. Zavadskiy V.A., Kochetkov A. V. Methods for automated research of DC
voltage converters. Mamepianu midxchapoonoi Haykoeo-mexHiunoi kongpepenyii  «Cyonosa
e/leKmpOiHdicenepis, enekmponika i agmomamuxay, 22.11.2022 - 23.11.2022. Oneca: HY «OMA»y,
2023. C. 85— 89.
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OCOBJIMBOCTI IOBY JOBH BIJJAJIEHUX CUCTEM KEPYBAHHS
BATATOHIIBOBUMH POBOTU30BAHUMU MOPCBKUMU KOMIIVIEKCAMHM

PhD Kypawxk! C. B., F'aspuiok! T. K., 1. T. H., npod. Onunmenxo? O. A.
Ynemumym siticokoso-mopcewvrux cun Hauionanvnozo yuisepcumemy "Odecvka mopcvka akademin”
)y p y YHi6ED y p
2Biiicbro6a akademisn (m. Odeca)

VYHiBepcanbHa CHUCTeMa JHCTAHI[IHOTO KEpyBaHHS MOPCBKUMH  0araromiJibOBUMHU
pob6otuzoBanumu Komiiekcamu (MBPK) [1] npusnavena qyis nepeoOiiajHaHHS 3BUYAHUX CY/ICH,
YOBHIB Ta KaTepiB, JJIs BCTAHOBJCHHS Ha HOBI 3pa3kd MOPCHKHX CyJeH (KOMIUIEKCIB) HEBEIMKOI
BOJOTOHHAXKHOCTI. Po3po0iena aBTopamMu cucTeMa MICTHTh PI3HOMAaHITHI BY3JU KEpyBaHHSA
BUKOHAaBYMMH  MeXaHi3MaMd  (ABHUTYHOM  TpOMyJibcHBHOrO  Komrmiekcy  MBPK -
[1BICHUM/CTAlllOHAPHUM BHYTPIIIHBOIO 3TOPaHHS YM EJIEKTPUYHHUM, PYJIbOBUMH HPUCTPOSIMH,
TEXHOJIOTIYHIMH MEXaHi3MaMH TOIIO0) 3 METOK BUKOHAHHS 3aBJIaHb 0€3 MPHCYTHOCTI eKiMmaxy Ha
60pTy. OCHOBHI BUKOHYBaH1 TakiM JucTaHliiHo kepoBaHUM MBPK € po3Bizka, 1ocTaBKa BaHTaxiB,
JOCTaBKa Ta €BaKyallis 0cOO0BOTO CKJIaay, HIOPaHEHUX, yYIapHi 3aBIaHHs TOIIO.

[linoTHuii 3pa3ok cucremu ynpaiaiHHd BPMK MicTuTh: mynbTH Bia€eHOrO KepyBaHHS,
MOHITOP CIOCTEPEKEHHS (MacKka oreparopa), IUTAHIIEeT MOCTAHOBKH 3aB/IaHb, OTIIY 3 aHTEHAMH Ta
KalensiMu, OJIOKM KOMYHIKAIlii 1 JKMUBJICHHs,, BUKOHABYl EJNEKTPONPHUBOAU Ta JEsAKi J0JaTKOBI
€JIEMEHTH.

Oco06IMBICTIO CTBOPEHOT CUCTEMH € BUKOPUCTAHHS IEKIIBKOX 3aXHUILEHUX HUPPOBUX KaHAJIB
KepyBaHHS Ha PI3HMX YacTOTax, 1o 3ade3meumsio criiky podory BPMK min wac naii cucrem PEB
BOpora.  3aBaJIOCTIMKICTh 3a0e3NedyeTbcs aBTOMAaTUYHMM BHOOPOM KaHally KepyBaHHS, IO
HaWMEHII 13 BCiX 3a3HA€ BIUTMBY pajio 3aBaj. PamiokaHan Bieo-3B’SI3Ky J10JIATKOBO AYyOJFOETHCS, a
3a YMOBH 3aBaJl B pajlioKaHalax, 1[0 BAKOPUCTOBYIOTbCS, CUCTEMa aBTOMATHYHO EPEMHUKAETHCS Ha
nepeadyy 300paKeHHS OKPEMHMH KaJpaMH BHCOKOI pPO3IUIBHOI 3AaTHOCTI 3a JIOTIOMOTOIO
3axXMIIEHNX IU(PPOBUX KaHAJIB 3B'A3KY 1 KEpyBaHHS.

B cuctemi BUKOPUCTOBYEThCS 3aBaioCTiKui koMiuieke GPS anTeH (aHamorigHui Ai1 cucTtemM
tumry AntiJamming GPS solution). ¥V Bunanky Bukopuctanas BPMK 3a MexxamMu paaioropusoHry,
BUKOPHUCTOBYIOTHCSI CYITyTHUKOBI KaHAJIM 3B’ SI3KY JJIs1 KEPYBaHHS, TOCTAHOBKH aBTOHOMHUX 3aB/IaHb
Ta OTpUMaHH4 BieoiHdopmarlii. PoboTa onepaTopa KOMITIEKCY BiI0OYBa€ThCS 3a JJOMIOMOT' OO ITyJIbTa
KepyBaHHS Ta IUIAHIIETa MOHITOPHUHTY Ta IIOCTAaHOBKHM 3aBlnaHb. JlomatkoBo mependadeHa
MO>KIMBICTh (yHKII0OHYBaHH okpemux BPMK y ckiani koopanHoBanoi aii "poro".

Puc. 1. Jocmigawmii 3pazok BPMK

Ha puc. 1 naBenenuit mocminuuii 3pa3zok ogHoro i3 BMPK, Ha sikomy BinOyBamace HaOy0Ba
Ta HaJaroJHKeHHs Aii Ta QyHKIIOHYBaHHS BCIX OCHOBHUX €JIEMEHTIB KEPYBaHHS.

1. Volyanskaya, Y., Volyanskiy, S., Onishchenko, O., Nykul, S. Analysis of possibilities for
improving energy indicators of induction electric motors for propulsion complexes of autonomous
floating vehicles. Eastern-European Journal of Enterprise Technologies. 2018. Ne 2(8-92). P. 25-32.
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BUKOPUCTAHHS MPUHLUITY "MOJAYJbHOI KOHUENLI" ¥ IOBYJI0BI
MOPCBHKHX BE3NIJIOTHUX CYJEH I iX CHCTEM KEPYBAHHSI

PhD Kypmiok! C. B., k. T. . Camnira! B. B., 1. 1. H. Ounmenko? O. A., 1. T. H. [lleBuenko® B. A.
Ynemumym eiticokoso-mopcwkux cun Hayionanvnozo ynisepcumemy "Odecvka mopcbka akademis”
2Biicoxosa axademis (m. Odeca)

VY “Crpareriunomy oboponHomy OrosereHi Ykpainu~ (Ne 473/2021) BusHaueni “TaTerpoBani
onepatuBHi (00MOBI Ta creliagbHi) CIIPOMOXKHOCTI CHJI 00OPOHH, 1110 3a0€3MeYyI0Th CTPUMYBaHHS,
CTIMKICTB 1 Biiciy 30poifHO1 arpecii mpotu YKpainu, npoTuito riOpuaHumM 3arpo3am’. 30Kpema, 1e
“@opMyBaHHsI BIHCHKOBO-MOPCHKHMX CIIPOMOXKHOCTEH VYKpaiHW, JOCTAaTHIX I 3a0e3leueHHS
00OpPOHH MOPCHKOTO Y30€pexKsl Ta 3aXHCTy HalllOHAIBHUX iHTepeciB B akBaropii YopHoro rta
AzoBcbkoro MopiB”. B “Crparerii BilickkoBo-Mopcbkux Cun 36poitnux Cun Ykpainu 2035”7
BU3HAYAETHCH, 5K 1€ Oyae pocsaruyto. OpHe i3 e()eKTUBHUX pIillIeHb € BUKOPUCTAHHS ""MOIYJIbHIX
KOHIENIiil" B cyaqHOOY IyBaHHI1, 30KpeMa, IPH MPOEKTYBaHHI Ta Oy1IBHULITBI BIIICBKOBUX KOpaOIIiB.
Ile mo3BosIslE 3MEHIIMTH KJack KOpaOJiB 13 OJHOYACHUM DO3LIMPEHHSM [iama3oHy iX
cupomoskHocteld. Kpainamu €C noBeneHa 31aTHICTh TaKUX KOHLEMIIN y 3a0e3MeueHH] 3HUKEHHS
BapTOCTI MOOYAOBH, IMOKPAIIaHHI BCIX €TaIliB XUTTEBOTO IUKITY BICHKOBUX KOPAOJiB, MiABUIICHHI
THYYKOCTI y 3acTocyBaHHI cuil (proTy. MoaynbHi KOHIENHii y cyaHOOyayBaHHI BUXOMASTH 13
yHidikaIii KopaOeIbHOro OCHAIIEHHS Ta MOKIMBOCTI HOTO MIBHIKOI 1IHTETpamii i3 permTor iHIINX
KopabenpHux cucteM. Ilin vac po3poOku koHmerili raHyukux cucrem Standard Flex, ([dawis)
pearizoBaHa BUMOTa — Yac 3MiHU Npodinro kopadms (micii) cranoButs 8...10 rogun. I[Ipu mpomy, 3
METOI CKOPOUEHHS 4acy, BCl TEXHOJOTIYHI MPOIeCH 1HTEerpallii HOBHHHI MPOTIKATH MapajeibHoO 1
HE3AJIeKHO.

@ QM4 ) v Dyole I .=r=é BER B0 K EEE> e @« . Pe3yﬂbTaT0M.
ol E)ean13au11 TaKof

nepebyaoBu" € 3MiHa
MpU3HAYECHHA KOpalisi Ta
Horo MOYKJIMBOCTEMN
BUKOHYBAaTH NEeBHI
3aBaanHa (Micii). IcHyroui
MOYJIbHI KOHITEIIT
BIJIPI3HAIOTHCSA CHCTEMaMHU
30pof, crieriaJbHUMU
3aco0aMu, Oe3eKImakKHUMU
Puc. 1. IlepcriekTUBHMIA THTT OE3MMIIOTHOTO TUTABAIBHOTO armapary amapatamu - TUTST
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BUKOHAHHA NPOTUMIHHHMX
3aB/aHb a00 3aB/aHb MPOTUYOBHOBOI OOPOTHOU, TOTIOMIXXHUM yCTaTKYBaHHSM. ABTOPH, Ha OCHOBI
[1], Bu3HauMIM HEOOX1/IHI YMOBH 1 IPUHIUIN MTOOYA0BU CyYaCHUX MPOEKTIB MOPCHKUX O€3MIIOTHUX
CyJleH, SIKI BHKOPUCTOBYIOTH PI3HOBUAM MOIYJIbHUX KoHUenuid ("MoaynbHi KoHTeWHepH",
"MOJTyJTbHI KOHCTPYKIII", "MOIYJIbHHUI NOTEHIIa MpocTopy'") Ta MpOBENU MONEPeH] pO3paxyHKU
JEKITbKOX THIIB OE3MUIOTHUX IJIaBAIbHMUX amapariB, y TOMY YHUCII - HIABOJHUX, 3 CUCTEMaMH
eJIEKTPOPYXY 1 HaBECHHS.

[Ipukian oAHOTO 13 MPOEKTIB OE3MIIOTHOTO MiJBOIHOTO IIABAJIBLHOTO anapary, Ho0y1oBaHUI
Ha OCHOBI BUKOPUCTaHHS "MOJYJIbHUX KOHILEMI}", HaBeieHHii Ha puc. 1.

1. Camira B. B., Ouumienko O. A., lymino O. M. Po3BUTOK cyuyacHHMX BiiCBKOBO-MOPCBKHUX
cun 30pornux Cun Ykpainu: MOAYJIbHI KOHIEMIT. Boonuti mpancnopm. 30ipHUK HAYKOBUX Npayb
Hepocasnozo yuisepcumemy ingppacmpykmypu ma mexnonoeiu, 2022, T.2, Ne 36, c. 104-120.
doi.org/10.33298/2226-8553.2022.2.36.09
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HIE PA3 ITPO OIITUMIBANIIO POSMIIIEHHSI KOMIIOHEHTIB
EJIEKTPOHHUX CXEM: IEPKOJIANIMHUU ITTAXII

K.e.H. O0usBko T.C., K.T.H., 10ou. Tpymxkos I.B., 1.T.H., npo¢. I'epera O.M.
Biticoxosa akademis (Oodeca)

OnTuMizallis po3MilIeHHS KOMIIOHEHTIB €JIEKTPOHHHX CXEM 3 METOK MiHIMi3amil JOBXUH
SIIEKTPUYHKX 3'€THAHb, CTBOPEHHS MPHUIHATHOTO €JIEKTPOMArHITHOTO CEPEOBHINA, 3a0e3MeUeHHS
PIBHOMIPHOTO TEIJIOBOTO PO3CiIOBaHHSA, 00YMOBJICHHS Tepe/iadi CUTHAIIB 0€3 CIIOTBOPEHbB, a TAKOXK
IHIINX JOUUIBHUX BUMOT — JABHO arpo0OBaHa Ta aBTOMATH30BaHa MPOLEAYPA.

3anponoHOBaHM y JONOBIJMI MEPKOMALINHMNA MiAXiJ MO03BOJISIE HE TUIBKUM MPU3BECTH
ONTHUMI3AIlI0 PO3TAIlyBaHHS €JIEMCHTIB CXEMH, a W TPOBECTH BH3HAYCHE TIYMAYCHHS TaKOTO
pO3MilllaHHsA, 0 MOXe OyTH He TITbKU IIKaBO, aje i 1HOI CIPHUSITH €BPUCTUYHOMY BHUPIIIAHHIO
3aadi.

Y JomoBii pO3MNISIHYTO MEPKOJIALINHY MOJENb MNPUAUIEHHS KIAcTepiB eJIEeMEHTIB
€JIEKTPOHHUX CXEM Ta aHaji3y iX BJIAcCTUBOCTEHl. 3a aNropuTMOM JOCHIJDKEHHS, MEepIl 3a BCE,
MPUHIIMIIOBY CXEMY TIPUCTPOI0 TIEPETBOPIOIOTH HA TOIOJOTIYHY 3a JOIMOMOTOK OyIb-sIKOT
Cremiaai3oBaHol KOMITFOTEPHOI Iporpamu, Hampukiam, «Sprint-Layouty. Skmo B xoxi
KOMIT'FOTEPHOT'0 MOJICTFOBAHHS PO3TJISIIATH OTPUMAHY CXEMY SIK MEPKOJIALINHE TI0JIE, TO 3'SIBIISIEThCS
3Mora JIOCHIDKYBaTHME KJIACTEPHY CHCTEMYy €IIEMEHTIB sIK, TaK 3BaHy, 3ajady BY3JIiB Ha
HEYNopsAKOBaHIM pemnitui. BaxknuBo, mo y mpoueci ¢dopMyBaHHS MOJS CTBOPIOIOTHCA JEKiTbKa
KJIACTEPHHUX CUCTEM; SIKi 3 HUX IMIUIATal0Th aHAII3Y 3aJICKHUTh BiJl METH TOCiKeHHs [1].

B momeni oTpuMaHO 3aJie)KHOCTI HU3KM 3HAYEHb MEPKOJSAIIHHUX TapaMeTpiB CUCTEMHU OT
BIJICTaHI MIX ii eleMeHTaMH (IMB. PUCYHOK), 5IKa, 3p03YM1JI0, KOPEerye i3 po3MipamMH IUIaT, Ha SIKUX
po3TamioBaHa cxema.
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PucyHok. 3a1e:HOCTI NEPKOSAIHNX MapaMeTpiB CUCTEMH BiJI BijicTaHi MiX ii elleMeHTaMH.
TakuM 4WHOM, 3aJIeXKHO BiJ] METH, SIKY MU TEPECIiIyeEMO, HAMPUKIIAJ, 3pOOUTH Ty UM 1HIITY

BEIMYMHY Ouiblie abo MeHIe, 3a JOMOMOrol IHX rpadikiB abo aHATITUYHUX BHPA3iB MOXKHA
BU3HAYUTH CEPEIHIO BIJCTaHh MDK €IEMEHTaMH EJCKTPOHHUX CXeM, a OTXKe, W po3Mip IUIaTu.
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Kopucryrounces ycima mrictboma rpadikamMu, MOKHAa BHU3HAYMTH BIJCTaHb arperamii eJIeMeHTIB y
KJIaCTepH, Ha sIKii Mae OyTH OTPUMAHO 3HAYCHHS BCIX JOCITIDKEHUX XapaKTEPUCTHK B MPHUHHATHUX
iHTepBajax. TakuM YMHOM, OTpUMaHi rpadiyHi pPilICHHS HAAAIOTh IHCTPYMEHT ILIECIPSIMOBAHOTO
BIUTUBY Ha MapaMeTpu EIEKTPOHHUX CXEM JJIs ONTUMIi3allii HU3KU MapaMeTpiB Ta MOKpAmeHHs ii
MPaLe3JaTHOCTI B IJIOMY.

1. Herega A. Self-Organization of the Nearest Neighborhoods of Cluster System Elements: Computer
Simulation. Journal of Materials Science and Engineering A. 2022. V. 12 (4-6). P. 67-72.
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