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ABOUT TENSOR ANALYSIS APPLICATION TO THE STEADY-STATE STABILITY ESTIMATION
TASKS OF POWER SYSTEMS WITH DISTRIBUTED GENERATION SOURCES

The aim of this paper is to analyze possibility of tensor methodology application to the stability estimation tasks. This
study reviews components of mathematical model, which describes specifics of distributed generation sources. Accord-
ing to trend of share of distributed generation, some of them have an effect on stability. The moment of inertia is quite
important value, it was caused by design and generator capacity. Therefore, lack of information is cause necessity of
identification models for small capacity generators. Such model obtained by turbogenerator design procedure. Also,
this study examines possibility of clarification identifying components of tensor model. References 6, figures 3.
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The paper deals with the analysis and classification of durable internal overvoltages in the main power electrical
network. The work considers the possibility of developing overvoltages in abnormal modes with sources characterized
by distortions: asymmetric, nonsinusoidal and combined. Investigated those abnormal resonance overvoltages which
occur in the extra high voltage transmission lines 750 kV with nonsinusoidal and asymmetric sources of distortion
depend of many interconnected processes and on the values of a large number of parameters. Such an overvoltage
classification is not accidental, since the source of their occurrence and distortion characteristics determine an
abnormal regime. Described an example of such distortion, is incomplete mode of operation of the extra-high voltage
transmission line, which causes the appearance of resonance circuits with distributed capacities of the line and the
inductances of the shunt reactors. Detected that the second type of abnormal resonance overvoltages occur when extra
high voltage transmission line switching on to no-loaded autotransformer. The theoretical principles of the emergence
of harmonic resonant overvoltages with the inclusion of the superconducting voltage on the unloaded autotransformer
are given. The key factor which led to abnormal nonsinusoidal mode is saturation magnetical core of noloaded
autotransformer is analyzed. The main approaches to the study of abnormal resonance overvoltages are described and
directions of the subsequent researches are designated. The obtained results of the research indicate the expediency of
studying the conditions of occurrence and existence of abnormal resonance overvoltages. Bibl. 15, fig. 5, table.

Key words: extra-high voltage power lines, abnormal resonant overvoltages, asymmetric mode, single-phase automatic
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General description of the problem. The first extra high voltage (EHV) transmission 750
kV was put into service in Ukraine in 1980th. Nowadays the transmission lines 750 kV are the main
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system-forming lines in the United Electric Grid of Ukraine and provide electricity from powerful
power units and also the necessary exchange between separate power systems. In addition, their
development and efficient operation are an important prerequisite for the integration of the United
Energy System of Ukraine into the European Network of Transmission System Operators for Elec-
tricity (ENTSO-E) in the future [11-13,15]. That is why damage such lines or equipment, which
ensures their connection to the grid, is a severe system failure, can cause the collapse of the
combined system into separate parts in which there will be a shortage or excess of generating
capacities and, accordingly, cause disconnection of consumers in scarce regions and blocking of
power stations in excess regions. Of course, such an abnormal mode of the bulk network will be
significantly different from the optimal [3,4,7-15]. Thus, the prevention of the failure of the EHV
transmission lines - an important scientific and practical task in terms of providing reliability of
electricity supply and the provision of satisfactory indicators of quality and efficiency of operation
of main electrical networks.

In the paper, one of the main sources of nonsinusoidal distortion EHV lines is considered the
nonlinearity of the volt-ampere characteristic when the unloaded autotransformer is switched on.
Such a regime causes the conditions for the appearance of overvoltages of even harmonic. It should
be noted that the process of occurrence of overvoltages on the even harmonic is not generally
known and the value of the characteristics of this kind of overvoltages depends on many factors and
factors of the abnormal regime.

It should be noted that nowadays are used for ensuring the required reliability of the
transmission line EHV is carried out today by building additional lines of the line [14,15]. It is clear
that this requires additional capital expenditures. But it is possible to increase the reliability of
electricity supply by carrying out repair work under voltage, as well as by using incomplete phase
modes of the overhead line. At the same time, the losses from lack of electricity are reduced, the
stability of the power systems and the optimal flow distribution regime are maintained, the
possibility of timely elimination of defects during the preventive repair of the lines and switches.

The aim of article is creating a classification of a particular type of internal overvoltages,
which occur in the abnormal nonsinusoidal and nonsymmetrical modes of extra-high voltage power
lines.

Classification of abnormal resonance overvoltages (ARQO) in main electrical networks.
One of the main reasons for failure of equipment in the main electrical network are overvoltages,
that is, an increase in the value of the operating voltage above the maximum permissible value, in
accordance with the technical regulations [1,2]. This is due to the fact that a relatively small
isolation reserve is provided for the constituent elements of main electrical networks due to the high
cost for this voltage class.

Durable internal overvoltages arise due to resonance at coincidence of the values of the
parameters of the circle elements [3-12,14]. This type of overvoltage occurs due to the properties of
the network can be eliminated by changing the relationship between the parameters of the network
and its mode [11-13]. Unlike switching overvoltages that last for hundreds of seconds, abnormal
occur unpredictably, and can last for a long time above seconds, until the action of protection
against voltage increase, voltage regulators or personnel interference does not affect the change of
circuit or mode.

Abnormal resonance overvoltages are not taken into account when selecting isolation or
parameters of traditional measures for suppression overvoltages, since these protective measures are
designed to limit switching overvoltages, rather than to extinguish a long process. Therefore, the
probability of the occurrence and development of systemic accidents at ARO is quite significant.
For this reason, the work is devoted to the study of internal durable ARO. The abnormal
overvoltages in main electrical networks can exist on the basic harmonic during incomplete modes
of overhead lines and shunting reactors and overvoltage with automatic self-excitation of higher
harmonic components [4,5,12,13]. But it should be noted that under the real conditions of existing
power systems one or another type of abnormal overvoltage may not exist at all or the amplitudes of
these overvoltages are so small that their research does not constitute a practical interest.



ISSN 1727-9895. Ipayi IEJ HAHY. 2018. Bun. 50 29

The use of the term of abnormal overvoltage is not accidental [11,14], because when
working out literary sources [3-15] and studies of experimental results [11-13,15], it was concluded
that this kind of overvoltage is fundamentally different from traditional ones. The difference and the
special characteristics of overvoltages is that they are caused by an abnormal regime, primarily due
to the effect of the source of distortion [3-6,11-13,15]. On (Fig. 1), the division of this type of
internal overvoltage into two main categories, depending on the resonance at a certain frequency, is
shown on the basic harmonic and higher harmonic components. Such a division is driven by the fact
that the modes of bulk electric networks caused by the switching of unloaded power
autotransformers in saturation mode and network modes in which the source of distortion does not
contain nonlinear elements. That is, was done another division by the linearity sources of distortion
- nonlinear or linear and the resonance in which circle - linear or nonlinear.

The following types of ARO are considered in the paper according to the developed
classification given on (Fig. 1). The first type of ARO is caused by the source of higher harmonic
components. The most typical case for main electrical networks is the connection of the
transmission lines EHV to the unloaded group of autotransformers. An increase in voltage occurs
on higher harmonic components: overvoltages arise at even harmonics in a linear circle to which the
source of distortion is connected (a magnetic shunt of autotransformer operating in unloaded mode).
The second type of abnormal overvoltages occurs in the asymmetric mode. A typical situation is the
disconnection of the phase of the EHV transmission line with the possible disconnection of one of
the groups of shunt reactors. Overvoltages can occur with a combination of asymmetric and
nonsinusoidal modes. In the work of this type includes the switching of transmission lines EHV to
an incomplete autotransformer group.

Durable ARO are one of the most difficult to analyze types of internal overvoltages [3-6,10-
12,14]. The research problem is due to the fact that there are many elements in the main electrical
network, the processes in which it is difficult to accurately and adequately simulate. These
elements, in particular, include inductors with steel cores and conductors of EHV with corona
discharge, as well as secondary arc of alternating current during single phase automatic re-closer,
since these processes are non-linear [13-15]. That is, the volt-ampere elements are described by
non-linear equations. It is precisely because of the presence of such elements that it is impossible to
obtain accurate results about the existence of overvoltage in one mode or another.
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It should be noted, that permissible short-term voltage rises in the frequency of 50 Hz in
service conditions should not exceed the relative values relative to the highest operating voltage
divided in [1] for electrical equipment of alternating current for voltage 750 kV are indicated in the
table 1. The value of normal operation voltage for electrical equipment is 643 kilovolt.

Permissible in the operation of short-time voltage rises in frequency of 50 Hz

Type of electrical equipment Permissible increase of voltage value with duration
20 minutes 20 seconds 1 seconds 0,1 seconds

Power transformers (autotransformers) 1,1 1,25 1,67 1,76

Shunt reactors, apparatuses, capacitive voltage

transformers, current transformers, coupling 1,1 1,3 1,88 1,98

capacitors, bus supports

Arresters 1,15 1,35 1,4 -

Abnormal resonance overvoltages at nonsinusoidal distortions. As is well known, the
nonsinusoidal voltage and current causes the aging of electrical machines, transformers and cables
due to heating, as well as the occurrence and last of ionization processes in isolation, especially at
high frequencies of an alternating electric field. For electrical machines, transformers and cables,
the most significant is the thermal aging of insulation, and the effect of higher harmonic
components caused by significant distortions of the shape of the curves of voltage and current at the
excitation of the autotransformer, on the ionization processes in the insulation, enhance the aging
effect. Thus ARO due to saturation of the autotransformer magnetic shunt have a double negative
effect on the isolation of the equipment, for example, from ARO in asymmetrical modes.

Abnormalities of nonsinusoidal modes are characterized by the appearance of higher
harmonics of current and voltage [5-8,13-15]. The distortion of the shape of the curve of the voltage
and currents in this case is due to the nonlinearity of the magnetization shunts. In recent years, great
attention in the study of modes of electric networks has been given to fluctuations in circles with
steel. The reason for this is the appearance of complex phenomena on the transmission lines of the
EHYV, such as resonances at frequencies different from the main [5,6,13-15].

The resonance of the phenomenon in circuit with steel, which are united under the general
name of ferroresonance processes, have been known for almost a hundred years, but only with the
development of modern theory of nonlinear oscillations using the latest methods implemented on
modern computers, these phenomena have received a sufficiently complete theoretical justification
The theory of nonlinear oscillations revealed a number of features that fundamentally distinguish
nonlinear oscillatory systems from linear ones. Such features are a leap-like change in the nature of
oscillations when changing system parameters (trigger effect), the appearance of oscillations and
resonance at frequencies different from the frequency of the electromotive power of the circle -
subharmonic, ultragarmonic, and fractional resonances [5,6]. Among the methods of research, the
most widely used modernized methods of small parameter, complex amplitudes and methods of
analysis of the theory of stability of periodic oscillations and other classical methods of analysis.
And in order to investigate in detail the behavior of the autoparametric behavior of elements of a
nonlinear circle, it is necessary to apply the theory of nonlinear dynamics and deterministic chaos.
In general, these studies constitute a separate problem of modern electrical engineering. In this
paper we consider resonance phenomena in a linear electric circuit, and nonlinear inductance is only
a source of distortion, not an integral part of a circle.

In this paper, the attention is paid to the occurrence of overvoltages on even harmonic
components caused by the connection of unloaded autotransformers in complete phase mode and
incomplete mode of operation (Fig. 2). In literary sources [5,6,13-15], the causes of overvoltages
are considered either briefly and confusingly, or engineering methods for calculating self-excitation
regions of harmonics of even multiplicity are presented, from which the physics of the process of
occurrence of overvoltages is unclear. This means that the mechanism and physical nature of the
phenomenon of abnormal overvoltage is not clearly described, since there is no information about
the full development of the process from the beginning to the end, and the source of the even
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harmomcs is considered only to change the Abnormal overvoltages in
inductance of the magnet of the nonsinusoidal modes of
autotransformer. In general, the presence of transmission lines EHV
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compromises. Implementing the exact method is problematic, not only because of the great
accounting difficulties. The accuracy of the source data and its completeness is no less important,
since it is obvious that the accuracy of the analysis can not exceed the accuracy of the output data.
In addition, for the research it is necessary to have data from the manufacturer of autotransformers
on the curve of magnetization.

The physical nature of the emergence of pair harmonics on the transmission line of the EHV
with an attached autotransformer is due to the periodic change in the inductance of the magnetic
shunt when passing through it alternating current. This inductance varies with a double frequency in
relation to the applied voltage. Provided that the proper frequency of the equivalent circuit is equal
to 100 Hz, there may be an overvoltage on the second harmonic. For this it is necessary that the
input impedance was capacitive and was approximately equal to the average value of the inductive
resistance of the magnetic shunt of the autotransformer at this frequency.

The maximum overvoltage depends on many parameters, the most important of which are:
the operating voltage of the transmission lines EHV; transmission line length; number of groups of
shunt reactors and degree of compensation of charge capacity; the ratio of the reactive resistance of
the straight line and the zero sequence of the line; the value of the preconnected active resistance to
the switch and the duration of their connection; scatter at the moments of switching on individual
poles.
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when the whole system is weakly damaged. When switcing on the autotransformer, operating in
idle mode, the magnetic shunt is saturated. This, in turn, results in the melting of magnetizing
currents with a substantial content of the harmonics, including the second harmonic component, and
thus the current source generating harmonic components appears to be connected to the
transmission lines of the EHV. As a rule, the values of harmonic resonance overvoltages have a
large multiplicity and are durable, so they can activate relay protection devices which led to
disconnection of EHV line with all negative consequenses [3-15] or damage equipment isolation.

Thus, when the initial excitation of the autotransformer occurs, its magnetic core enters the
state of saturation, in which magnetizing currents are generated causing an increase in the voltage of
the harmonic components. To investigate the possibility of abnormal overvoltage it is expedient to
use mathematical modeling [11-15]. However, studies conducted using the toolkit does not take into
account the correlation between the factors affecting the characteristics of overvoltages. In addition,
the use of simulation only makes it impossible to fully reproduce the probabilistic nature of
overvoltage due to the lack of development of appropriate procedures in mathematical maintenance.
In the work to solve these problems in order to study ARO, it is proposed to use an artificial neural
network and software complexes, the creation of which is necessary for the preparation of the
functioning of the artificial neural network. It is precisely this combination of modern analysis tools
that has provided an opportunity to ensure that the results of research with the necessary accuracy in
the current state of the complexity of the electric networks of the EHV are obtained.

Accordance with requirements which are shown on table 1 we can conclude that, ARO in
nonsinusoidal source of distortion are very dangerous for insulation of power equipment. In such
abnormal mode occur significant and slow decaying ARO on even harmonics. Analysis of Figure 3
shows that overvoltages under the influence of higher even harmonic attain large values, develop
rapidly and durable exist. A distinctive feature of this type of overvoltage is the rapid self-excitation
of pair harmonics and a significant distortion of the shape of the voltage sinusoid.

In this mode, it is clearly traced the influence of the fields of higher harmonics on the
ionization processes in isolation only aggravate due to the fact that the forms of the curves of
voltage and current are significantly spoiled when excited autotransformer. Thus, the overvoltages
arising from the saturation of the magnetic shunt of the autotransformer have a double effect on the
isolation of the equipment. On the one hand, there is abnormal increase of voltage and on the other
hand, there is an action of the nonsinusoidality.

Abnormal resonance overvoltages in the presence of asymmetric distortions.
Incomplete modes can occur spontaneously as emergency or planned modes especially as a measure
that increases the reliability of the electrical system (Fig. 4). The latter category includes, for
example, incomplete modes, which arise when applied on the lines of phase repair, as well as the
disconnection of one or two phases of the line to melt the ice on overhead lines.

In main electrical networks, the flow of failures is almost entirely determined by accidents
on the overhead line. In this case, as already noted, in lines with a voltage of 750 kV the
overwhelming part of the trips is caused by single-phase short circuits. Unstable single-phase short
circuits occurring on the line are accompanied by minimal disturbances on adjacent systems if they
are eliminated in a cycle of single phase automatic re-closer [4,7,11,12,15]. In this case, the
damaged phase of the line is disconnected from the two sides by the switches, and then, after a
certain time, the so-called powerless pause, is automatically re-closed. During an uninterrupted
pause, the open arc of the alternating current in the overlap should be extinguished, namely, the
overlapping surface must be deionized and almost completely restore its electrical strength. When
exploiting EHV lines to 60-70% of single-phase short circuits are unstable, that is, they can be
eliminated in a short-term cycle without interruption, with the subsequent restoration of the normal
circuit.

Relevance of the use of long incomplete phase modes can be explained by a number of
reasons. First, today in main power electrical system of Ukraine there is a rapid growth of electricity
consumption with the simultaneous lagging of the construction of new transmission lines EHV.
Secondly, there is a disproportion in the distribution of generating capacities on the territory of the
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country, as a result of which large volumes of power are transmitted over long distances. Thirdly,
there appeared a large number of relatively low-power consumers who receive electrical energy by
one-circuit EHV in the hundreds of kilometers long. It should be noted that with a large length of
the line, the probability of both scheduled and sudden disconnections increases [4,11,12,15].

In itself, the disconnection of phases or phases of groups of shunt reactors in the normal
mode of operation will not lead to an abnormal increase in voltage [4,11,12]. The latter arise, as
shown in the work, when the phase of the group of shunting reactors is switched off, which creates
conditions for their resonance increase at the main frequency (Fig. 4).

It should be noted the possibility of occurrence of incomplete phase modes of overvoltage is
not actually associated with the presence of asymmetry, but with nonsinusoidal distortions in the
transmission lines EHV, which were considered in the preceding paragraph. Thus the inclusion of
an unloaded autotransformer at a certain length of the line leads to the appearance of ARO on pair
harmonics [5-7,13-15]. With incomplete phase activation of the autotransformer, the same
processes take place as in the full-phase, but only at those phases that are activated. Specificity lies
in the fact that the switching of the line occurs not on the three phases of the group of single-phase
autotransformers, but on two. Such a mode in the bulk network is permissible from the point of
view of asymmetry, because the value of the current in the reverse and zero sequence does not
exceed the maximum permissible values. This is due to the fact that two or even three groups of
single-phase autotransformers work on the terminal substation, so the disconnection of one phase
does not lead to a significant deterioration of the regime.

Abnormal resonance
overvoltages in open phase

modes of EHV lines

Open phase of No-loaded mode of
overhead line autotransformer

/ \ Disconnection of

Single phase Disconnection of phase or phases of
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Fig. 4

When applying a single phase automatic re-closer, the switch-off phase of the transmission
line leads to the of a transient process, after which the attenuation of a voltage in this phase is set at
a level determined by the degree of compensation of distributed airline capacities by a group of
shunt reactors [3,4,11,12,15]. This level may exceed the maximum permissible operating voltage.
As the oscillograms of real processes in the operating networks have shown, often the transient
process of changing the voltage in the phase after its disconnection has the form of bits with the
filling of the sinusoid of the industrial frequency [11,12]. The values of the forced voltage depend
on the parameters of a specific transmission line (length and design phase of the line, power supply
system, availability, number and location of groups of shunting reactors). Single phase automatic
re-closer may be accompanied by abnormal resonance overvoltages (Fig. 5). This type of
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parameters of the elements from the phase symmetry play an essential role. As an example of such
distortion, the incomplete mode of operation of the extra-high voltage transmission line is
considered, which causes the appearance of resonance circuits with distributed capacities of the line
and the inductances of the shunt reactors. The statement of the problem differs from the traditional
design, when the criterion for choosing the inductors of the shunt reactors is the overvoltages of the
normal mode, but although the causes of overvoltages in the incomplete mode are well defined,
their appearance and values depend on many factors of the abnormal regime. Therefore, when
designing and operating the transmission lines EHV requires careful examination of the possibility
of existence of necessary and sufficient conditions of the ARO in real electric networks.

Overvoltages arise due to the formation of a corresponding circle with distributed capacities
of the line and inductance of the shunt reactors in the incomplete mode of operation of the
transmission lines [4-6,8-12]. For a more complete and clear understanding of the cause of the ARO
in incomplete mode. As is known from the literature [4-6,8-12], shunt reactors are used to increase
the line throughput, reactive power regulation and voltage in the normal operating conditions of the
EHV transmission lines. The compensating reactor is used specially to compensate for the currents
of secondary arc recharge at single phase auto re-closer. With a four-circuit connection circuit, the
inductance of the shunt reactors compensates not only the capacitance between the ground and the
phase of the line, but also the mutual capacity of overhead line.

So, we can see on Fig.5 that on the switched off phase of the overhead line, the process of
abnormal resonance overvoltages arises, the character of which is determined by the natural
oscillation frequencies of the resonant circuit with linear elements. It should be noted that an
abnormal resonance voltage rise can be considered as a single-frequency process with a natural
frequency, which depends on the degree of compensation of the line's charging power [12]. In this
process, the overvoltages significantly exceed the maximum permissible values from Table 1 by
several times, both in terms of both values and duration. The overvoltages in the asymmetrical
mode appear slowly without distorting the shape of the voltage curve, but with significant values in
the case of the current resonance condition, in contrast to overvoltages on the higher harmonic
components.

Conclusions. 1. The classification of abnormal overvoltages for nonsinusoidal and
asymmetric sources of distortion of main electrical networks has been created. It is established that
the particular type of overvoltage differs from the traditional internal ones: the duration and values
that significantly exceed the maximum permissible values given in the international and domestic
standards for the correlation of 750 kV power equipment. Each of the sources of distortion are
considered a non-sinusoidal, asymmetric or combined phenomenon characterized by a resonant
circuit in which at the fulfillment of the necessary and sufficient conditions there is a currents
resonance, which will lead to abnormal resonant voltage increase.

2. It is established that one of the characteristic and widespread examples of an asymmetric
source of distortion is the single-phase automatic re-closer, in which abnormal resonant
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overvoltages occur in a linear resonant circle. In such an abnormal incomplete phase mode,
abnormal resonance overvoltages are characterized by duration of approximately 0.4 seconds and
values exceeding the maximum permissible 2-3 times, the shape of the voltage curve is sinusoidal.
A typical example of a non-sinusoidal abnormal regime is the connection of a EHV line on an
unloaded autotransformer, in which an abnormal resonant voltage rise occurs due to oscillatory
processes in a nonlinear resonant circuit. With such a nonsinusoidal source of distortion, the curve
of the sinusoid voltage is distorted by the pair harmonics. The duration of the existence of abnormal
resonant overvoltages in this mode reaches a second or even a minute, and values exceed the
maximum permissible by 1.5 times.

3. An abnormal resonant overvoltage in accordance with the developed classification due to
sources of distortion and significant characteristics of existence constitute a real danger to the
reliable functioning of the combined power system of Ukraine and is a significant obstacle to the
implementation of the conditions for integration with the European energy association system
operators of ENTSO-E.

4. Subsequent studies will be aimed at the development of mathematical models and
methods for analyzing ARO in asymmetric and nonsinusoidal modes of extra high voltage
transmission lines. With the help of the developed ensemble of the means, the analysis of the factors
that most influence the conditions of the occurrence of this class of internal overvoltage will be
performed. According to the analysis, effective measures will be developed to prevent ARO. It is
also considered appropriate to carried out a study of the effects of ARO with values that exceeding
the maximum permissible values several times for such traditional measures as arrests, varistors and
nonlinear overvoltages limiters.

5. Thus, as the importance of the problem itself, as well as the peculiarities of its emergence,
the course and the presence of a whole series of unspecified interrelated factors were among the
main circumstances that determined the scientific and practical significance of research aimed at
increasing the energy efficiency of the power system from under conditions of abnormal resonance
overvoltage.
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B.B. KyuyancbKui, KaH/. TEXH. HAYK

Iacturyt enexrponnnamixku HAH Vipainmy,

mp. [lepemorw, 56, Kuis-57, 03057, Ykpaina

AHOPMAJIBHI PE3OHAHCHI INIEPEHAIIPYTU B MATICTPAJIBHUX EJEKTPUYHUX MEPEXAX 3
J/KEPEJJAMHU CIIOTBOPEHDb

Hasedeno nosi naykosi pe3ynomamu 00CniodHceHsb, CNpaMOBAHUX HA AHANI3 AHOPMATLHUX DENCUMIE Y MA2ICMPANIbHUX
CNLeKMPUYHUX MePeHcax O7isi 0OMeNCeHHs AHOPMATIbHUX Pe30HAHCHUX nepenanpye. J{oCniodceno ymosu noseu pe3oHanc-
HUX 1poyecie y paszi HeCUMempPUdHUX ma HeCcUHycoioanbHux Odcepeil cnomeopenus. Hasedeno meopemuuni 3acadu
BUHUKHEHHS AHOPMAIbHUX PE3OHAHCHUX Nepenanpye npu G8IMKHEHHI JIHII HAOBUCOKOI HaNpyeUu HA HEeHABAHMANCEHU
asmompancgopmamop ma nio 4ac 30UCHeHHs Nay3u 00HOPAZHO20 ABMOMAMUYHO20 NOBMOPHO20 68IMKHEeHHSA. OOHUM
i3 3ac00i8 niosuwjeHHs HAOIUHOCMI Ul e(heKMUBHOCMI eleKIMPOCNONCUBAHHS € 3ACMOCYBAHHS HENOBHOMDAZHUX PENCUMIB
JUHIN enekmponepedayi Haosucokoi Hanpyeu 750 kB. Peanizayisi 00HOMA3H020 a8MOMAmMuiHo20 HOBMOPHO2O BGIMK-
HeHHsl 8 OLIbUOCTI BUNAOKIB CYNPOBOOANCYEMBCA NPOOIEMOIO PE3OHAHCHUX NePeHanpye, AKi MONCYMb CIamuy nPU4UHOI0
Nno6HO20 8iOMUKanHA iHil. L[i nepenanpyeu 3’161a10mvcs 9K HACHIOOK PE3OHAHCHUX AGUWY Y KO 3 THOYKMUBHOCMAMU
WLYHMYIOUUX peaKmopis i po3nodinteHux emuocmetl inil. Po3enanymo aHopmanbHi pe30HAHCHI nepeHanpyeu, wo euHu-
Karomov 8HACTIOOK NIOMUKAHHA A8MOMPAHCHOpMamopa 00 eneKmpudHoi mepedsci. Bcmanoseneno, wjo 3azanoi npuyunu
NnoA8U AHOPMANLHUX PE30OHAHCHUX NepeHanpye 3d HAA6HOCMI Oxcepend HeCUHyCOiOHUX CNOMBOpeHb NONA2AIOMb ) Neg-
HOMY 30i2086i 3HAYEHb NAPAMEmpI8 eleMeHmis, AKi 8i0N08i0army yM0O8aM pe30HAHCY cmpymis. Busnayeno, wo enacni-
00K M020, Wo pe3oHaHC 6i00Y8acmMbCsl Y IUHIUHOMY KON 3 HEIHIUHUM 30VONCEHHIAM, SIKUM € MASHIMHULL WYHM A8MO-
mpancgopmamopa, nio8UWEeH s HAnPY2U MOJHCe BUHUKHYMU HEOYIKYBAHO | 3HAYHOIO MIPOIO 3ANIEAHCUMb 6I0 NOYAMKOBUX
ymos. Onucano ocHo6Hi nidXo0u 00 8USUEHHS AHOPMATbHUX NEPEHANDY2 PE3OHAHCY MA HAMIYEHO HANPAMKU NOOANbUUUX
docaidacensy. bioim. 15, puc. 5, Tabmums.

Kuro4oBi ciioBa: miHii enekrpornepenadi HaaABUCOKOI HAIIPyTH, aHOPMAaJIbHI PE30HAHCHI IepeHanpyru,HeCHMETPUYHUN
pexuM, ogHO(a3HE aBTOMAaTHYHE IIOBTOPHE BBIMKHEHHSI, HECHHYCOIJaJIbHUI PEXHM, XOJIOCTHH Xia aBToTpaHcdopma-
TOpa.

B.B. KyuaHckuii, KaHa. TEXH. HAyK

Wnctutyt anexrpoannamukn HAH Ykpaussr,

mp. [Tobensr, 56, Kues-57, 03057, Ykpanna

AHOPMAJIBHBIE PE3OHAHCHBIE NEPEHANIPAKEHUSA B MAT'NCTPAJIBHBIX 3JIEKTPHYECKHX
CETSIX C ACTOYHUKAMM UCKAXKEHU

Paccmompenvl anopmanvhvle pe3oHanchvle NepeHanpadiCcenus, 03HUKaowue 6creocmeaue noOKIOYeHUs: asmompanc-
gopmamopa k snexmpuyeckoi cemu. Ilpugedenvl HOGbie HAYUHbIE PE3YNbIMAMbL UCCICO08AHU, HANPAGIEHHbIX HA PA3-
pabomky kiaccugurayuu omoenbHo20 Muna HYmpeHHUx NepeHanpsiCceHull 8 Ma2ucCmpanbHbiX 2IeKMPULECKUX Cemsx
N0 UCMOYHUKAM UCKadiceHul. Mccnedosanul ycaosus nossneHus pe3oHaHCHoulX npoyeccos U paccmompensl Memoobl no
UX UCCIeO08AHUIO 8 COBPEMEHHBIX dNieKmpuyeckux cemax. Ilpu HenoaHo@asHom pescume pabomuvl 8 INEKMPULECKUX
cemsax MO2ym 603HUKAMb NPU NIAHOBbIX U ABAPUIIHBIX OMKTIOUEHUAX 8 CTyHde NPUMEHEHUs CPeOCH8 NPomueoaeapuli-
HOU a8MoMamuxy, Hanpumep, 0OHOpa3Hoe asmomamuyeckoe nogmopnoe sxuoderue. Pearuzayus yuxna o0nogasnozo
aA8MOMAMUIEecK020 NOGMOPHO20 BKIIOUEHUS 8 OONLULUHCIMEE CIYUde8 CONPO8OICOaemcs npoObaeMOll Pe30HAHCHBIX ne-
PeHanpsAdICceHull, Komopbsie MO2ym Cmams NPULUHOU NOTHO20 OMKIIOYeHUs Tunuu. Paccmompenvl anopmanvhvle pe3o-
HAHCHblE NePEeHANPAICEHUs, 803HUKAIOWUE 6Ce0CmEue NOOKIIOYeHUs A8MOMPAHCHOPMAmopa K INEKMpUecKoli cemu.
Hccneoosano, ymo obwue npudunsl NOAGNEHUA AHOPMATLHBIX PE3OHAHCHBIX NEPEHANPANACEHUT, NPU HATUYUU UCTOYHU-
Ka HeCUHyCOUOANbHbIX UCKAINCEHUT, 3aKIOUAIOMCA 8 ONPEOeieHHOM CMedYeHUuU 3HAYeHUll Napamempos 21eMeHmos,
COOMBEMCMBYIOWUX YCIOBUAM Pe30HAHCA MOK08. Onpedeneno, Ymo 6 CULY mo2o, Ymo pe30HaAHC NPOUCXOOUM 6 TUHEU-
HOU Yenu ¢ HeMUHEUHbIM 8030YiHcOeHUeM, KOMOPLIM ABNIAEMCA MASHUMHBIL WYHIM A8MOMPAHCHOPMAmopa, nosbliueHue
HAaNPAHCEHUST MOJACEM BO3ZHUKHYMb HEONHCUOAHHO U 6 OObUIOL CMenenu 3a8UcUm om HauaibHolx ycaosull. Tloxasano,
UmMo NepeHanpaNCeHuss OaHHO20 MUNa A6NAIMC Cle0CmeuemM 0elCmeus HeCUHYCOUOANbHOCMU HA NAPAMEMPbL PEJICU-
Ma u MO2ym HPOMeKaAms CPAGHUMENbHO OIUMENbHOE 8peMs. YCmMaHo81eHo, Ymo dmol XapaKmepucmuKou oHyu Omau-
uaiomcs Om NepPeHanpsdICeHUl, KOmopble 603HUKAIOM 6 Pe3YIbmame KOMMYMayuil npu HOPMAaabHOU cxeme dlleKkmpude-
ckou cemu Oe3 UCMOYHUKOS ucKaxcenull. Onucansbl 0CHO8HbIE NOOX00bl K U3YUEHUIO HEHOPMATbHBIX NePEeHANPAHNCEHUL
Dpe30Hanca u nameueHnsl Hanpasienus OanvHelwux uccredosanuil. buodin. 15, puc. 5, rabnuna.

KuroueBble c10Ba: TUHMU JIEKTPONEPEAadd CBEPXBBICOKOTO HANpPsDKEHUS, AHOPMAJIBHBIE PE30HAHCHBIE IEepEeHaIpsi-
JKEHUsI, HECUMMETPHYHBIA peXuM, 0HO(]a3HOE aBTOMaTH4YECKOE MOBTOPHOE BKJIIOUEHUE, HECHHYCOUIAIbHBIA PEKUM,
XOJIOCTOH X0J] aBTOTpaHc(hopMaTopa.
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