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Purpose. The improvement of control method for a three-to-one phase matrix converter of a power supply of a
single-phase resistance welding machine. This allows ensuring electromagnetic compatibility of the power supply
with the power network, increasing the converter efficiency by reducing the switching frequency of power switches,
and reducing power losses therein.

Methodology. To study the power characteristics of power supplies for resistance welding machines, methods of
mathematical and simulation modeling were used. The synthesis of the control system is based on the obtained regu-
larities, characteristics and generalized requirements applicable to power supplies for resistance welding machines.

Findings. The control algorithm for the three-to-one phase matrix converter of the power supply of resistance
welding machine is developed. A control system based on this algorithm is synthesized. A mathematical simulation of
a power supply with a developed control system is performed. A control method of the direct converter of the resis-
tance welding machine power supply is developed. It ensures electromagnetic compatibility with the supply network
and improves the converter efficiency.

Originality. A method for controlling the three-to-one phase matrix converter, based on one-cycle control algo-
rithm, is proposed. This method consists of sequential switching of bidirectional converter switches. Their switching
on depends on the network voltages according to a given algorithm. The commutation moments are determined by
the time when the current integral reaches the value of the reference charge, calculated in accordance with the value
of the active resistance simulated by the converter with respect to mains.

Practical value. The use of a direct matrix converter for supplying the resistance welding machine, which is con-
trolled by the developed algorithm, makes it possible to ensure electromagnetic compatibility of the power supply with
the power network and increase its energy efficiency by reducing the switching frequency of power switches, reducing
power losses therein.

Keywords: resistance welding machine, power supply, three-to-one phase matrix converter, power factor, control system,
one-cycle control

Introduction. Power supplies of resistance welding
machines are powerful non-linear consumers of elec-
tricity. Most of them use thyristor control circuits. This
is due to the high reliability of such power supplies and
the ease of controlling the output current. However,
such power supplies (PSs) have a number of drawbacks,
one of which is the low power factor (PF). This is caused
by the high consumption of non-active components of
fundamental and non-fundamental power. In addition,
the PSs for resistance welding are mainly single-phase,
and when they are connected to the line-to-line voltage
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of a three-phase network, they cause unbalance. De-
creasing of power quality (particularly, appearance of
voltage deviations and fluctuations), leads to decreasing
of the quality of welded joints. All of this characterizes
the low energy efficiency of such power supplies.

One of the main ways of developing energy-efficient
power supplies for resistance welding machines is to en-
sure their electromagnetic compatibility with the elec-
tric mains. A perspective way for solving this problem is
the use of three-to-one-phase matrix converters
(TOMCQ) [1, 2]. Their use makes it possible to obtain an
almost unity power factor and symmetrical loading of all
three phases of the mains, while ensuring a high quality
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of the welding process. The low total harmonic distor-
tion (THD) of the input currents makes it possible to
ensure compliance with the standards for the emission
of harmonics of the input current, established by the
valid standards IEC 61000-3-2:2016, IEC 61000-2-
12:2013, IEC 61000-3-4:2009.

The main disadvantages of such converters are sig-
nificant power losses due to high switching frequency of
power switches. Absence (or high cost) of the element
base, capable of commutating powerful loads at a high
frequency, leads to a limited use of TOMC, despite their
advantages.

Unsolved problem. As noted above, the existing con-
trol methods for a direct three-to-one-phase converter
imply a high switching frequency. Attempts to reduce
the frequency of switching of the converter using exist-
ing algorithms lead to saturation of spectrum of the
TOMC input currents with higher harmonics.

The converter control system must perform two
functions: to generate a specified output voltage (or out-
put current) and provide a high input power factor. At
the same time, in the algorithms described in the litera-
ture [1] for calculating the duty ratio of the control puls-
es of the three-to-one phase converter, it is assumed that
its output current does not change during the switching
period. However, when the switching frequency of the
converter decreases, the influence of the increased pul-
sations of its output current on the shape of the input
(mains) current becomes significant. The magnitude of
the output current ripple is also influenced, along with
the switching frequency, by the inductance of the output
circuit of the converter, and the modulation depth.
Therefore, the development of TOMC control methods
that allow providing a high input PF (accurate forma-
tion of input currents) under conditions of a significant
level of pulsations in the output current of the converter
is actual.

Analysis of the recent research. The most common
methods for controlling direct matrix converters (MCs)
today are: the use of pulse-width (PWM) and space-
vector modulation (SVM).

To control the three-to-one phase matrix converter,
which is a particular case of the classical MC, the con-
trol methods are somewhat different. In [3], a method is
described that consists in sequentially switching switch
pairs during a period of pulse-density modulation
(PDM). In this case, the selection of the switch pair
takes place depending on the sector (one of six), on
which the voltage period is conventionally divided, and
the duration of the enabled switch state is determined
according to the pre-calculated templates. The conside-
red control method of the converter [3] provides the for-
mation of a high-frequency voltage on the load. Charac-
ter of the load is a resonant circuit, which allows for soft
switching and a significant reduction in dynamic losses
in the converter. Advantages of this method include the
possibility of obtaining a close to a unity power factor
and small THD of input currents. Such a circuit topol-
ogy is applicable for resistance welding machines; how-
ever, the control algorithm considered is not applicable
for RWM power supply.
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In [4, 5], a control method involving a low switching
frequency (less than 10 kHz) is considered. It consists of
the serial switching of switch pairs during the PWM pe-
riod. The choice of the required pair takes place de-
pending on the voltage sector, similarly to [3]. In this
case, the switching times are determined by the mo-
ments of equality of the specified voltage and the carrier
PWM signal. The simplicity of this method is its advan-
tage. The drawbacks include the presence of significant
pulsations of the input current of the TOMC.

In [6], the technique of space-vector modulation for
controlling a three-to-one phase matrix converter is de-
scribed. Several control strategies have been considered.
This makes it possible to achieve a minimum THD of
output current or a high efficiency of the converter itself.

In [1, 2, 7], control methods of converter based on
PWM technique are described, and the required switch-
es pair is selected depending on the sector, as well as in
[3—5]. In this case, switch control is carried out in such
a way as to ensure proportionality between the con-
sumed currents and phase voltages. This will lead to
minimization of the power losses in electrical mains
during the operation of TOMC. These control methods
allow controlling not only the output parameters of the
converter, but also the input.

In [8—10], there are described methods for control-
ling of three-phase MCs, providing stabilization of the
input current. In [8], the MC control method was pro-
posed and investigated, the purpose of which is to im-
prove the quality of the input currents for unbalanced
input and output conditions. In [9], the approach of us-
ing a “virtual matrix converter” is proposed, which
makes it possible to simplify the control system and pro-
vide more efficient output characteristics in comparison
with the standard approach. The disadvantage of this
approach is the low voltage transfer ratio of the output
voltage and the inability to control the power factor of
the converter. In [10], a control method that provides
separate control of the “virtual rectifier” and the “vir-
tual inverter” is considered. In this case, the duty cycles
of the control pulses are calculated from the condition
of minimizing the switching losses in the converter. This
approach makes it possible to increase the efficiency of
the converter. In [11], a pulsation power compensation
system based on prediction modeling is proposed. It can
eliminate harmonic components of input currents and
voltages.

Unsolved aspects of the problem. Disadvantages of
the described methods are common — an increased
switching frequency of TOMC, causing a significant loss
of power in it, and a high THD of input currents.

Objectives of the article. The purpose of the work is
to develop a control method of TOMC, which will im-
prove the technical and economic performance of the
converter by reducing switching losses and ensuring the
electromagnetic compatibility of the converter with the
electrical network.

Presentation of the main research. In the TOMC,
which consists of six bidirectional switches [1, 2], the
load is alternately connected to the two phases of the
network (Fig. 1). Bidirectional switches can be made in
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Fig. 1. Structural scheme of TOMC and its connection to the network (a) and realization of bidirectional switch (b)

the form of two series-connected transistors with anti-
parallel diodes, as shown in Fig. 1, b. Control electrodes
of transistors are connected to the control system
(Fig. 1). The high-frequency components of the input
current are filtered by an input filter (Fig. 1).

It is known that the minimum power loss in the net-
work can be obtained by providing proportionality be-
tween the consumed currents and the corresponding
phase voltages. That is, the converter along with its load
must simulate a symmetrical active resistance.

To analyze the principle of TOMC operation, lets
consider one network voltage period (Fig. 2). It can be
virtually divided into six sectors, in each of which the
following condition will be fulfilled: two of the three
phase voltages do not change their sign throughout the
sector, and the third voltage is in the positive maximum
or negative minimum (Fig. 2).

In each sector, there is a switching action only be-
tween the three of the six converter switches during the
switching period, another switch is permanently on, and
two more switches are not turned on at all.

Table 1 shows the distribution of switches by sector
when the voltage is positive and negative polarity.

Let us consider any sector, for example, the fifth
one, when forming an output voltage with positive po-
larity. During the time in this sector, there will be a
switching between the switches Q1, Q2, Q3, and the Q4
switch will be switched on permanently.

The switches Q5, Q6 in the considered sector do not
turn on. Thus, the output voltage of the converter will be
formed from the line-to-line voltages u,,(f) (switches

U
u4(®) up(t) uc(t)
200
Ls
0 0033 0067 1 .0133 8] 67 0.02
-200
Sector 1 2 3 4 5 6

Fig. 2. Separation of the network period into 6 sectors
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Q2, Q4 on) and u,,(¢) (switches Q3, Q4 on). The turning
on of the switch pair Q1, Q4 will result in a zero voltage
at the converter output.

The local average (average over the switching period)
output voltage of the converter can be represented by the
following expression

fhyyg (1) = 4y (1) Dy 1, (£)- Dy =

(1)
=u,(t)- Dy +u,(t)- Dy —u,(1)-( D, + D,),
where D, is duty cycle of the control pulses of the corre-
sponding switch; u,,(f), u.(f) are phase-to-phase volt-
ages; u,(1), uy(t), u.(f) are phase-to-neutral voltages.

In this case, the local average input currents can be
defined as

iy (1) =i (1) D

(=112 o
)= 00142,

where D; is duty cycle of the control pulses of the corre-
sponding switch; i,,(?) is output current.

Expressions (1) and (2) characterize the operating
principle of the converter. On the other hand, to simu-

Table 1

Distribution of switches by sector when the voltage
is positive and negative polarity

Sector | 1 | 2 | 3 | 4 | 5 | 6

Positive output voltage

Switching | Q3, | Q5, | QL, | Q6, | Q2, | Q4,
Ql, | Q6, | Q2, | Q4, | Q3, | Qs,
Q2 | Q4 Q3 Q5 Ql Q6

Always On | Q5 Ql Q6 Q2 Q4 Q3

Negative output voltage

Switching | Q6, | Q2, | Q4, | Q3, | Q5, | QI,
Q4, | Q3, | Q5 | QI, | Q6, | Q2,
Q5 Ql Q6 Q2 Q4 Q3

AlwaysOn | Q2 Q4 Q3 Q5 Ql Q6
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late a symmetrical active load, the following dependen-
cies must be carried out

n ). » gt + (1)
i ()=—2=2 i (t)=—L2%; i.(t)==""2%, (3
A( ) R B( ) R C ( ) R (3)
where R is simulated active resistance; @ ,(f), dg(t), 4. (1)
are local average phase-to-neutral network voltages.
Based on this, it is possible to find expressions for

determining the duty cycle of the switch control pulses
at a constant switching frequency

_ ()
PR, (1)
e
PR, (1)
For other sectors, the definitions are similar.
Suppose that the output current of the converter during

the switching period remains almost unchanged, or chang-
es insignificantly, so it is assumed to be a constant value

i:)uz (t):Irmz' (5)

Let us express the duty ratio of the control pulses
through the duration of the on-state of the switches

C))

t t
D, =22 p ‘o
p =5 Dy==n (©)

where T is switching period; ?,,,, ,,; stand for duration
of the on-state of the switches Q2, Q3 during the period 7.
Then, from the expressions (2, 3, 6), we can write

.t0n2 _ ﬁB (t) 'tai_ ﬁc (t)
[out T - )R ’ out T - R > (7)

Ty = uBIEt T Iout ow3 = uclgt) -T. (8

1

out

The right-hand side of equations (8) is an expression
for calculating the reference charge, i.e. such a charge
that would pass through the simulated active resistance
R at the corresponding phase voltage, during the switch-
ing period 7.

However, the assumption (5) leads to the appearance of
a current regulation error due to the fact that the product
I,-t,, whereton — the time of the on-state of the corre-
sponding switch, calculated by the control system, differs
from the real value of the charge transferred to the load.

This leads to the fact that the input phase currents
are not proportional to the corresponding phase voltag-
es. And the lower the switching frequency is, the greater
the mentioned error is.

If the assumption (5) is removed, then (8) can be
represented in the following form

[, 0 (t) a s
i (t)dt=-2L.T;
-([ ( ) R tonZ

i ()l :MCT@T. )

It is possible to generalize expressions (9), assuming
that during the switching period U, =i, (t) = const,
where ﬁph(t) is corresponding phase-to-neutral voltage
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[l (z)dt:ULR'T:QM. (10)

Expression (10) explains the essence of the devel-
oped method for controlling the TOMC in a general
form: the duration of the on-state of the corresponding
switch is determined by comparing the output current
integral with the value of the reference charge Q,,, which
is calculated in real time.

The proposed method allows reducing the switching
frequency of the power switches, while ensuring a re-
duction in the ripple of the output current, a decrease in
THD of the input currents due to the normalization of
the charge transferred to the load.

Let us consider the sequence of switching in accor-
dance with the developed method. Switching starts with
the switch pair that will connect the highest voltage to
the load.

The Q4 switch is turned on throughout the sector all
the time. The control system generates the switch-on

signal Q2, and the accumulation of the integral
t

on2

I i (t)dt begins. Turning off of the switch Q2 occurs

0
at the moment when the integral has reached the value

(1)
R

sends a signal to turn on the switch Q3. Then the accu-

Ton2 o3

iam(t)dt, begins, until it

-T. And at the same time, the control system

mulation of the integral

Uc (t)

reaches the value T.T . At this moment, the Q3

Ton2

switch turns off and the Q1 switch turns on, which will
be on-state until the end of the switching period. The
switch Q1 will zero the load voltage.

The block diagram of the control system is shown in
Fig. 3.

In each switching period, the circuit operates in one
of three states. In the “Sector selector” block (Fig. 3, 1),
the phase voltages are compared, the sector is identified
and those switches that can be switched during this sec-
tor are identified too. Further, in the same block, the
switching sequence of the three switches is determined
during the switching period.

The first cycle begins. From the “Sector Selector”
block (Fig. 3, 1), a corresponding signal is sent to the
selector switch (Fig. 3, 2). The selector switch (Fig. 3, 2)
connects the required phase voltage. It is filtered from
the modulation components at the switching frequency
with the low pass filter (LPF) of the filtering unit
(Fig. 3, 3), and multiplied by the factor 7/R, which is a
quotient of the switching period and the simulated resis-
tance. The resulting signal is applied to the inverse input
of comparator (Fig. 3, 4) through the absolute value de-
tection unit. At the same time, the output current signal
of the converter is fed to the inverted input of the inte-
grator with reset (Fig. 3, 5).

The accumulation of the output current integral be-
gins. The output signal of the integrator with a reset falls
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Fig. 3. Structural diagram of a TOMC control system

on the direct input of the comparator (Fig. 3, 4) through
the absolute value detection unit.

If this signal is exceeded with respect to the signal at
the inverse input, a logic high signal is generated at the
output of the comparator (Fig. 3, 4), which is fed to the
asynchronous input R of flip-flop (Fig. 3, 6). The clock
input C of this flip-flop receives a signal from the clock
generator (Fig. 3, 7), and the information input D is
connected to logic high. The change in the flip-flop
state occurs on the front of the clock signal. From the
inverting output of the flip-flop (Fig. 3, 6), the signal
activates the reset of the integrator (Fig. 3, 5), and from
the non-inverting one to the selector of sectors
(Fig. 3, I). The second cycle begins. The sector selector
(Fig. 3, I) supplies the corresponding signal to the se-
lector switch (Fig. 3, &), and the operation of the sec-
ond part of the control system is carried out in a man-
ner similar to that described above, except that the
clock source for the flip-flop (Fig. 3, 70) is the inverting
output of the flip-flop (Fig. 3, 6). The signals from the
non-inverting output of the flip-flop (Fig. 3, 10) and
the inverting output of the flip-flop (Fig. 3, 6) are fed to
the AND element (Fig. 3, 12). The logic high on the
output of the AND element (Fig. 3, 12) will appear
only when the logic high is at the output of one of the
triggers (Fig. 3, 6) and (Fig. 3, 10), which corresponds
to switching one switch from three in a given sector.
From the output of the “AND” element (Fig. 3, 12),
the signal goes to the selector of sectors (Fig. 3, /) and
to the “NOR?” element (Fig. 3, 13), the other input of
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which receives a signal from the direct output of flip-
flop (Fig. 3, 6). From the output of element (Fig. 3,
13), the signal goes to the selector of sectors (Fig. 3, 7).
Use of logic elements (Fig. 3, 12, 13) leads to ensuring
that it is not possible to simultaneously switch on two
of the three switches that are switched during the PWM
period.

Fig. 4 shows a simulation model of a three-to-one-
phase matrix converter in the Matlab/Simulink.

The power part of the converter, made according to
the scheme in Fig. 1, is implemented in the “MATRIX
CONVERTER?” block. The input signals for the subsys-
tem are the pulses coming from the TOMC control sys-
tem. For its implementation, the “DUTY-CYCLE
CALC” subsystem is used, shown in Fig. 5.

Input signals for this subsystem are the phase-to-
neutral voltages of the network, depending on which the
relevant sectors are calculated and the current pair of
voltages inside the sector between which the switching
occurs. The definition of sectors is performed in the
“Sector_calc” and “Sector_calculation_half” blocks.
The reference current I ref is formed in accordance
with the expression (9). The “OCC” subsystem, pre-
sented in Fig. 5, determines the duration of the enabled
states of the respective switch pairs, by supplying control
pulses to the selectors S1, S2 (Fig. 5). These selectors are
designed to distribute switches by sectors when generat-
ing output voltage of positive and negative polarity, ac-
cording to Table 1. The polarity of the output voltage is
determined by the selector S3 (Fig. 5).
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Fig. 5. The “DUTY-CYCLE CALC” subsystem

The welding circuit is modeled in the “LOAD”
block. Circuit parameters: active resistance 2.5 Ohmes,
inductance 1.6 mH. The input filter “Input Filter”
(Fig. 4) is a first order three-phase LC-filter and serves
for filtering the modulation components at the switching
frequency.

Electrical mains parameters: short-circuit power
100 MVA, X to R ratio is 5. Switching frequency of the
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converter is 6.4 kHz. The shape of the output current is
rectangular, the output frequency is 37.5 Hz.

Fig. 6 shows the output current diagram of the con-
verter when the converter is operating on the active-in-
ductive load, which is the welding circuit.

Fig. 7 shows the diagrams of input currents and volt-
ages of TOMC when implementing the described con-
trol method.
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The spectral composition of the currents consumed
by the converter is shown in Fig. 8.

The THD of the input currents after filtering the mod-
ulation components at the switching frequency is 9.5—
10.5 %. The calculated power factor of the converter is 0.97.

The obtained diagrams show the balanced current
consumption from the network and the increased power
factor (in comparison with the classical methods for
controlling the MC) at a reduced switching frequency.
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Conclusions and recommendations for further re-
search. A new method for controlling a three-to-one
phase direct matrix converter is proposed, in accordance
with which the switching instants of the power switches
are determined by the equality of the output current in-
tegral to the value of the reference charge.

The application of the proposed control method will
improve the technical and economic performance of the
converter by reducing the switching losses, providing a
reduction in the switching frequency in comparison
with the existing control methods and avoiding the ap-
pearance of ripple of the input current, while ensuring
the electromagnetic compatibility of the converter with
the electric mains.

A perspective research way is the development of
control methods for the converter with the possibility of
limited performance of the active filter functions, which
will reduce the network voltage harmonics at the point
of connection of the TOMC to the network.

References.
1. Podnebennaya, S.K., Burlaka, V.V. and Gula-
kov, S.V., 2016. On the problem of providing electro-
magnetic compatibility of power sources of resistance
welding machines with electric mains. The Paton Weld-
ing Journal, 12, pp. 50—54.
2. Podnebenna, S.K., Burlaka, V. V. and Gulakov, S.V.,
2017. Three-Phase Power Supply for Resistance Welding
Machine with Corrected Power Factor. Naukovyi Visnyk
Natsionalnoho Hirnychoho Universytetu, 4, pp. 67—72.
3. Nguyen-Quang, N., Stone, D.A., Bingham, C. M.
and Foster, M. P., 2009. A three-phase to single-phase
matrix converter for high-frequency induction heating.
In: Power Electronics and Applications, EPE 09, 13" Eu-
ropean Conference on Power Electronics and Applications
[online]. Available at: <https://ieeexplore.ieee.org/doc-
ument/5278792/> [Accessed 15 April 2017].
4. Rivera, M., Munoz, J., Baier, C. and Rodriguez, J.,
2013. A Simple Predictive Current Control of a Single-
Phase Matrix Converter. In: 4* International Conference
on Power Engineering, Energy and Electrical Drives, Is-
tanbul, Turkey, pp. 235-239. DOI: 10.1109/Pow-
erEng.2013.6635612.
5. Rodriguez, J., Rivera, M., Kolar, J. and Wheeler, P.W.,
2012. A Review of Control and Modulation Methods for
Matrix Converters. IEEE Transactions on Industrial Elec-
tronics,59(1),pp.58—70.DOI:10.1109/TIE.2011.2165310.
6. Mengoni, M., Zarri, L., Tani, A., Rizzoli, G., Ser-
ra, G. and Casadei, D., 2016. Modulation Strategies for
Three-Phase AC-DC Matrix Converters: a Compari-
son. 2016 IEEE Energy Conversion Congress and Exposi-
tion (ECCE). DOI: 10.1109/ECCE.2016.7855274.
7. Kunov, G., Antchev, M. and Gadjeva, E., 2010.
Computer Modeling of Three-Phase to Single-Phase
Matrix Converter Using MATLAB. FElectronics [pdf],
14(1), pp. 50—54. Available at: <http://electronics.etfbl.
net/journal/Vol14Nol/xPaper 10.pdf> [Accessed 7
May 2017].
8. Mykhalskyi, V.M., Sobolev, V.M., Chopyk, V.V.,
Polishchuk, S.Y. and Shapoval, 1. A., 2017. Reduction
of the Input Current Harmonic Content in Matrix Con-

ISSN 2071-2227, Naukovyi Visnyk NHU, 2018, N2 4



ELECTRICAL COMPLEXES AND SYSTEMS

verters under Unbalance of the Input Voltages and the
Load. In: 2017 IEEE 37" International Conference on
Electronics and Nanotechnology (ELNANO), pp. 485—
489. DOI: 10.1109/ELNANO.2017.7939807.

9. Gruson, F., Moigne, P., Delarue, P., Videt, A. and
Cimetiere, X., 2013. A Simple Carrier-Based Modula-
tion for the SVM of the Matrix Converter. [EEE Trans-
actions on Industrial Electronics, Institute of Electrical
and Electronics Engineers, pp. 947—956. DOI: 10.1109/
TI1.2012.2224354.

10. Jun-ichi Itoh and Kazuhiro Koiwa, 2016. A Maxi-
mum Power Density Design Method for Nine Switches
Matrix Converter Using SiC-MOSFET. IEEE Transac-
tions on Power Electronics, 31(2), pp. 1189—1202.

11. Yushan, Liu, Weihua, Liang, Baoming, Ge,
Haitham, Abu-Rub and Ning, Nie, 2017. Quasi-Z-
Source Three-to-Single-Phase Matrix Converter and
Ripple Power Compensation Based on Model Predic-
tive Control. /EEE Transactions on Industrial Electron-
ics, pp. 5146—5156. DOI: 10.1109/TIE.2017.2752122.

Cnoci0 ynpasiinnsa Tpua3Ho-0aHO(DAZHUM
NepeTBOPIOBAYEM [IKepeJia KUBJICHHS MAIIWHUA
KOHTAKTHOTO 3BAPIOBAHHA 3 KOPEKLI€0
KoeQilieHTa moTyKHOCTi

C. K. Iloonebenna, B. B. bypaaka, C. B. I'yaaxoé
JepxaBHUIT BUIIMI HaBYaibHUI 3aknan ,,IlpuazoBcbKuii
Jep>KaBHUM TeXHIYHMI yHiBepcuTeT , M. Mapiyronb, YKpai-
Ha, e-mail: podsvet@gmail.com

Meta. YaocKoHaaeHHsI CIOCOOY YIpaBiHHS TPU-
(a3zHo-0gHO(A3ZHUM MATPUYHUM TEepPeTBOPIOBAYEM
JiKepesia XXKUBJIeHHsT ofHO(ha3HOT MAIIMHU KOHTAKTHO-
TO 3BapIOBaHHS, 110 JO3BOJISIE 3a0C3TCUNTH CIEKTPO-
MarHiTHy CyMiCHIiCTb TaKOTO JIKepeJia 3 Mepexelo, Mif-
BUIIATH MOTO eHeproe(eKTUBHICTh 32 PaXyHOK 3HM-
JKEHHSI YaCTOTH IepeMUKAHHSI CUJIOBUX KJTIOUiB, 3MCH-
IIEHHSI BTPAT MTOTYKHOCTi Y HHOMY.

Mertomuka. g OOCHimKeHHS €HEepreTUYHUX Xa-
PaKTEPUCTHUK JKePe XXUBJICHHS MallIMH KOHTaKTHOTO
3BapIOBaHHSI BUKOPUCTaHI METOAM MaTeMaTUYHOIO Ta
imiTawifiHoro moaenoBaHHsA. CUHTE3 CUCTEMM yIIpaB-
JIIHHSI BAKOHAHU Ha IMiJCTaBi OTpPUMaHUX 3aKOHOMip-
HOCTE, XapaKTepUCTUK i y3aralbHEHUX BUMOT 10
JIKepesl XKUBJIEHHSI MAallMH KOHTAKTHOTO 3BaplOBaHHSI.

Pesyasratn. Po3po06sieHO anropuT™ YHpaBiliHHS
TpudazHo-ogHODA3ZHUM MATPUIHNM TIEPETBOPIOBA-
yeM pKepeia XUBJICHHS MAIlllMHY KOHTAaKTHOTO 3Bapio-
BaHHs. CHHTE30BaHA CHCTEMa YIpaBIiHHS Ha OCHOBI
poro aaroputmy. IlpoBeneHe MaTeMaTUIHE MOIEITIO-
BaHHS JIKepeJia KUBJIEHHS i3 po3p00JeHOI0 CUCTEMOIO
yrpaBJliHHS. Po3po0iieHo crnocib yrpaBiiHHS 6e3roce-
pemHiM NepeTBOpIOBaYEM JKepeia XKUBJACHHST MallHU
KOHTAKTHOTO 3BapIOBaHHsI, 1110 3a0€3IMeYye eJeKTPO-
MarHiTHY CYMICHICTb i3 MepeXKel0 XKMBJIEHHSI Ta Ma€ BU-
COKi ITOKa3HUKHU eHeproe(eKTUBHOCTI.

HaykoBa HoBM3HA. 3aIlpornoHOBAaHO CMOCIO Kepy-
BaHHS TpUda3HO-oTHOPAZHNM MATPUIHUM TIEPETBO-
proBauem, 110 MOJISITa€ B MOCJIiTOBHIM KOMyTallil 1BO-
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CIIPSIMOBAHUX KJTIOUiB. IX BKJIIOUEHHS 3IiIiCHIOETBCS B
3aJICXKHOCTI Bill HAIIpyru Mepexi 3a 3aaHUM aJITOPUT-
MOM. MOMEHTH KOMyTallii BU3HAYAIOTbCS YacoM [10-
CSITHEHHS iHTerpajia CTpyMy BeJIMYMHOIO OIIOPHOTO 3a-
psIIy, PO3PaxOBaHOTIO BilMOBIMHO 10 BEIUYMHU aKTUB-
HOTO OIOpY, iMiTOBAaHOTO KOMIIJIEKCOM ,,TIEPETBOPIO-
Bay + HaBaHTaXKEHHS .

IIpakTiyna 3naummicTs. BukopuctaHHsT mJist XKUB-
JIHHSI MalllMHU KOHTAaKTHOTO 3BaploBaHHs Oe3roce-
PEOHBOTO MEePEeTBOPIOBAYA YACTOTH, YIIPABIIHHS SKUM
3MIICHIOETBCS 32 PO3POOJIEHUM aJTOPUTMOM, [A€
MOXJIMBICTb 3a0€3MeYuTU eJeKTPOMATHITHY CyMic-
HICTBb IKepesia 3 Mepekelo KUBIICHHS I ITiIBUIIUTH
1ioro eHeproeeKTUBHICTh 32 paXyHOK 3HIDKCHHS 9ac-
TOTU TIEPEMHMKAHHSI CUJIOBMX KJIIIOUiB, 3MEHIIICHHS
BTpAT MOTY>KHOCTi Y HbOMY.

Kimouosi ciioBa: mawuna konmaxmuozo 36apro6anHs,
dxcepeno dcusneHHs, mpugazHo-o0HopasHui mampuy-
HUIL nepemeoprosat, KoegiyicHm nomyicHocmi, cucmema
YNPABAIHHA, OOHOYUKA08€ YNPABAIHHS

Crnoco0 ynpasieHusi Tpex¢azHo-oaH0(pa3HbIM
npeodpazoBaTeieM HCTOYHHUKA MUATAHUS
MAIIMHbI KOHTAKTHOI CBAPKH C KOppeKIueii
K03 dunmeHTa MOIMHOCTH

C. K. Iloonebennas, B. B. bypaaka, C. B. [ynaxos
locymapctBeHHOe BhIcIIee yueOHOe 3aBeneHwue ,,[1prazoB-

CKUIf TOCYyTapCTBEHHBIN TEXHUYECKUIT yHUBEPCUTET, T. Ma-
puyrnoib, YKpauHa, e-mail: podsvet@gmail.com

Hean. CoBepllieHCTBOBaHKE CITOCOOa YIpaBJIeHUS
Tpexda3zHo-oaHOo(hAa3HBIM MaTPUYHBIM TIpeoOpa3oBa-
TeJeM MCTOYHWKA THUTAaHUS OXHOMAa3HON MAaIIWHBI
KOHTAKTHOM CBapKW, YTO IIO3BOJISIET OOECIICUUTH
5JIEKTPOMATrHUTHYIO COBMECTUMOCTD TAKOTO MCTOYHM -
Ka C CEThbIO, MOBBICUTD €r0 3HEPTro3(M(PeKTUBHOCTH 3a
CYCT CHWXKCHMSI YaCTOTHI TIEPEKITIOUCHUS CUJIOBBIX
KJTI0Yelt, yMEHBIIEHUS TOTePb MOIITHOCTU B HEM.

Meromuka. JIns ucciegoBaHUSI SHEPreTUYSCKUX
XapaKTePUCTUK MCTOUYHMKOB IMUTAHUSI MAIIUH KOH-
TaKTHOM CBApKU MCMOJIb30BaHbl METOIBI MaTeMaTHye-
CKOTO M MMUTALMOHHOIO MoaeiaupoBaHus. CHHTeE3
CHCTEMBI YITpaBJIeHYsI BHITTOJIHEH HA OCHOBAaHUM TTOJTY-
YEHHbBIX 3aKOHOMEPHOCTEM, XapaKTepUCTUK U 0000-
IIEHHBIX TPeOOBaHUI K HICTOYHUKAM IMUTAHWS MAIIIH
KOHTaKTHO CBapKMU.

Pe3syabratbl. PaspaboTaH ajroput™m yrpasieHUs
Tpexda3zHo-oqHO(GA3HEIM MAaTPUYHBIM IIpeoOpa3oBa-
TeJeM WCTOYHMKA ITMTAHMSI MAIIMHBI KOHTAKTHOM
CBapKM Ha OCHOBE OIHOIIMKIIOBOTO yrpaBieHust. CuH-
Te3MpOBaHa CHCTeMa YIIpaBJIeHMSI Ha OCHOBE 3TOTO aJjl-
roputMma. IlpoBeneHO MaTeMaTHUecKoe MOAEIMpPOBa-
HUE MCTOYHMKA MUTAHUS ¢ pa3paboTaHHOI CUCTEMOM
yrnpapieHus1. PazpaboTaH croco® yrnpaBieHUsI HEMo-
CPENCTBEHHBIM IpeoOpa3oBaTe/ieM MCTOUYHMKA ITUTa-
HUSI MAIIMHBI KOHTAKTHOM CBapKHU, UTO 00eCIIeunBaeT
3JIEKTPOMAarHUTHYIO COBMECTUMOCTD C TIUTAIOIIEN ce-
THIO U 00eCTIeYnBaeT BHICOKHE TTOKA3aTeIn IHEProd(d-
(GeKTUBHOCTU TIpeodpa3oBaTeIs.
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Hayunasa noBusHa. IIpenioxkeH cioco0 yrpaBiaeHUs
TpexdazHo-omHOMa3HEIM MAaTPUYHBIM IIpeodpa3oBarte-
JIEM, KOTOPBIM 3aKJII0YAETCS B MOCICAOBATEIbHOU KOM-
MyTallid ABYHAIpaBJACHHBIX Kimouell. VX BKITIOueHMe
OCYILIECTBIISIETCSI B 3aBUCMMOCTU OT HAIPSDKEHMST CeTU
MO 3aJaHHOMY ajroputMy. MOMEHTH KOMMYyTalluu
ONpeAesISIIOTCS BpeMEHEM JOCTHXKEHUST MHTerpajia ToKa
BEJIMYMHBI OTIOPHOTO 3apsi/ia, PACCYUTAHHOTO B COOTBET-
CTBUH C BEJIMIMHOM aKTUBHOTO COITPOTUBJICHUS, UMUTH -
PyeMOro KOMILIEKCOM ,,Iipeodpa3oBateib + Harpy3ku ™.

IIpakTuyeckass 3HauuMocTh. Mcrosib3oBaHue st
MUTAHUST MAIIMHBI KOHTAKTHOM CBapKW HEIOCpem-
CTBEHHOTO IIpeoOpa3oBaTelIsl YacTOTHI, YIIpaBIICHUE
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KOTOPBIM OCYILIECTBJISIETCSI 110 pa3paboOTaHHOMY aJiro-
PUTMY, II03BOJISIET OOECIEYUTh 3JIEKTPOMATHUTHYIO
COBMECTUMOCTb UICTOYHHMKA C CEThIO IIMTAHUSI U TIOBBI-
CUTH ero dHeprod3¢pGEKTUBHOCTD 32 CYET CHIKEHUS
YaCTOThI MTEPEKIIIOYSHUS CUIIOBBIX KITIOYEH, YMEHbIIIe-
HMS TIOT€Pb MOILIIHOCTHU B HEM.

KiroueBble coBa: mauiuna KOHMAKMHOU C8APKUL, UC-
MOYHUK NUMAHUs, Mpex@haszHo-00HOGA3HbIIL Mampuy-
HbLil npeodpazoeamensv, Kod(pOuyueHm MouHocmu, cu-
cmema ynpaesaeHus, 00HOUUKA080€ YNpasaeHue
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