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Purpose. To develop a concept for the implementation of a more advanced device designed for the busbar protection of power
plants and substations which has advantages in technical operation over its traditional analogs by applying the phase-differential
principle of this protection.

Methodology. When developing the concept of implementation of phase-differential busbar protection, we used the method of
comparative analysis, in particular, a qualitative analysis of the characteristics of busbar protection was carried out; difficulties
encountered in the operation of traditional differential protection as well as advantages that can be obtained by introducing phase-
differential protection were considered in the work.

Findings. Based on many years’ experience in the operation of differential current protection at power system facilities, the
problematic issues of its operation are identified. We suggest using the phase-differential principle for busbar protection operation;
its distinctive features are distinguished in comparison with traditional protections. The conditions for starting, tripping and re-
turning of the phase-differential protection are determined, and there is suggested a method for determining the sensitivity of phase
relay concerned to the angle. The phase characteristic of the protection is shown, which is the major operating characteristic which
determines the width of the working zone and the blocking of this protection type.

Originality. For the first time, use of phase-differential busbar protection, the principle of which is based solely on comparing
the phases of the secondary currents of bays, connected to the common busbar system, has been suggested. At the same time, there
is no provision for the use of any additional protection relays, which can provide a protection starting and use a different principle
of operation from the phase-differential one.

Practice value. The phase-differential busbar protection relay can be accepted into the technical operation in the power system
facilities as an alternative option of using the traditional differential current protection. It has a number of advantages and allows
solving existing problems of protection operation caused by increased requirements for current transformers in differential busbar
protection circuits, necessity of tedious calculations of its, pabounx ycraBok, information redunancy and complexity of modern

digital relays, which perform the function of phase-differential protection.
Keywords: phase-differential busbar protection, differential current protection, switchgear, busbar, relay protection

Introduction. In accordance with the requirements [1], all
power equipment of power plants and substations, overhead
and cable lines must be protected against short-circuit (SC)
and disturbance of their normal operations by the relay pro-
tection devices (RPD), in which the execution program and
settings of RPD must correspond to the actual schemes and
modes of operation of power system.

The high-voltage and extra-high-voltage switchgear bus-
bars of power plants and substations are one of most important
and responsible of their elements, because through busbars
there incessantly occurs emission of electrical power, gener-
ated at power plants, its transits through busbars of huge node
substations, with the following distribution to the districted
units of power system, the distributing mains, and to the local
loads, which get supply directly from busbars. Busbar damage,
as a rule, has a rather difficult pattern, as it is accompanied by
the flow of high currents of large multiplicities and the deep
descend of voltage of particular nodes of power system and
consumer, thus, it leads to the disturbance of normal opera-
tion mode.

All mentioned above determines tough requirements [2] to
the devices of relay protection for busbars (RPB), particularly:

- high rate of switch-off of the damaged busbars, which
allows ensuring an efficient dynamic stability margin of the
power system, preventing damage power, switching and mea-
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suring equipment, post insulators, bus conductors , and also
allows partial or full restoration of the pre-emergency mode
(restoring power transit, supplying consumers who do not
have the power supply reserve);

- high sensitivity in normal, post-emergency and repair
modes of the switchgears, and, in particular, in manual or au-
tomatic mode of switch-on of the busbars on the stable short-
circuit and other similar modes, accompanied by a sharp de-
creasing level of short-circuit current [3];

- single switch-on the busbars on the stable short-circuit;

- ensuring reliable detuning from steady-state and tran-
sient differential unbalance currents in emergency modes;

- compulsory use of the device for automatic check integ-
rity of current circuits RPD and blocking execution of RPD if
current circuits are damaged;

- selective switch-off of the damaged busbars without time
delay.

At present time, as a set of the main RPB devices are used
whose principle is based on determining geometrical sum of
currents of connection points — a device of differential busbar
protection (DBP). These devices, in our view, have some im-
perfections, which under certain operating conditions and
modes of power system can work in the wrong way (work false-
ly, unnecessarily or fail).

Among these imperfections the following are to be distin-
guished:

- lack of sensitivity of the start-selector units of DBP when
internal short-circuit occurs with minimal levels of emergency
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currents, it leads to the need to use an additional current sen-
sor in the protection, which is switched on after the DBP exe-
cution is completed and when manual mode of switch the bus-
bars occurs;

- probability of nonselective execution of DBP in case of
the emergency modes, which are accompanied by saturation
of the magnetic cores of the measuring current transformers
(MCT), whose secondary circuits are connected to DBP, and
in case of the compromised integrity of the secondary circuits
MCT, which requires the use of additional means to prevent
the occurrence of above cases and responding to their occur-
rence;

- complication and bulkiness of the existing methods for
calculating the settings of busbars’ RPD, and the need of peri-
odic review of settings in case of change in the mode of electric
installation and adjacent mains, however, in practice, this pro-
cedure is not performed or does not work properly;

- in some cases, it is difficult to select the settings of DBP
due to the protection tuning from maximal value of the passing
currents of unbalance and ensuring 10 % of full error of MCT
in the emergency modes, which restricts the conditions of op-
erating MCTs;

- when different types of MCTs are used in DBP current
circuits, particularly with different transformation ratios, it be-
comes necessary to balance the secondary currents of these
MCTs to exclude occurrence of the unbalance current in the
differential protection circuit in normal mode, which addi-
tionally introduces some errors in the measuring circuit and
reduces its reliability.

Modern digital DBP devices are more reliable and conve-
nient in operation than their predecessors — electromechani-
cal and semiconductor protections. They are largely hassle free
unlike their predecessors, but according to prof. Gurevich [3],
their main disadvantages are technical and informational re-
dundancy, and, in particular, it is a fairly large amount of in-
formation entered into them: parametric setpoints, internal
logic configuration, complex and voluminous guidelines for
setting up and operating these devices.

Computation and adjustment of the working settings of
digital DBP is indeed quite time-consuming and complicated
procedure and requires highly qualified personnel for per-
forming these types of work. At the same time, at each stage of
commissioning digital DBP devices, there is probability of er-
rors made by personnel, which can later result in an incorrect
operation of these devices. According to the research by prof.
Gurevich [3], namely, errors in the setpoints and settings of
digital RPD rank high and account for about 40 % of the total
number of causes of their malfunction.

Relevance. In this regard, at present, a rather relevant task
is the development and practical implementation of new sci-
entific and technical solutions to improve the constructive and
functional base of the RPB; the purpose of development is to
increase the reliability, selectivity, protection sensitivity, and
reduce the probability of its false, unnecessary work or failure.

Purpose. To develop a concept for implementation of
more advanced RPD of busbars, which has advantages in tech-
nical operations over their traditional analogs, by applying the
phase-differential principles of busbar protection.

Results. We analyzed the existing drawbacks of the DBP,
separately from the hardware construct, and came to the con-
clusion that further improvement of devices, done by the dif-
ferential current operation principles, is inappropriate.

As an alternative option to solve the problem of ensuring
reliable protection of the busbar, with absolute selectivity, we
propose the implementation of a phase-differential principle
of busbar protection based on a digital RPD, which is based on
the algorithm for comparing the current phases of the connec-
tions, connected to the common system of the busbar. Earlier,
we have already considered in detail the method for perform-
ing measuring, logic and output circuits of phase-differential
bus protection (PDBP), and a principle of its functioning [4].

In this paper, we want to focus on the main features of the
implementation of the PDBP using the algorithm for compar-
ing the phases of the currents compared to the traditional DBP
with dynamic braking and sensitive current unit. We will also
consider the conditions for starting, triggering and returning
protection, a possible way to determine its sensitivity by angle.

Note that, the PDBP does not contain any other measur-
ing and start-up units, except for the phase units — the relay for
comparing the phases of currents; therefore, conditions for
starting, triggering and returning protection will be determined
based only on the ratio between the phases of the connection
currents (their angular shift), which, as it is known, in the
“ideal case” is 0 degrees with internal SC, and with external
SC and other modes it is close to 180 degrees.

Such a concept of design of the RPB has its own character-
istics in comparison with known protections provided by the
differential current principle of operations, among them are
the following:

- use of an integrated algorithm for comparing the current
phases to achieve an absolutely selective RPB, which does not
respond to the absolute values of emergency currents and, ac-
cording to the principle of operation, adjusted from the cur-
rent errors of MCTs, which vary to a much greater degree than
their angular errors [5];

- selectivity of PDBP performance in all modes (including
emergency) is achieved by selecting and setting only one work-
ing value — @,, protection blocking angle; the protection has
one working phase characteristic (analogous to DBP braking
characteristic) [5];

- PDBP has 2 basic settings: blocking angle ¢, (to distin-
guish internal SC from other modes of mains) and the level of
Jormation of pulses i, (used in the phase modulation process
[4,5]);

- PDBP start-up in short-term match of current phases of
connections, due to some disturbance that has caused current
reversal in one or several phases (or due to distortion of the
secondary current of one or several connections), and the pro-
tection is triggered only when confirming the long-term syn-
phasis of these currents for some time specified by the control
setpoint (characteristic only for internal SC or damage of cur-
rent circuits with the loss of the “blocking signal”);

- use of the compensation algorithm for angular errors,
saturated MCTs, which can reach up to 7 ms (126 degrees for
the current through the “zero”) and more, depending on the
parameters of the power supply system and the parameters of
MCT, the sign and the value of the residual induction of mag-
netization, etc. [6, 7];

- in design and principle, the protection is not identical to
the phase-differential protection of 110—750 kV overhead lines
(DPLP) [3], significant differences are due to the feature of
the protected object and the rejection of using the starting unit
by current and distance unit; the phase modulation process
also has certain peculiarities in connection with the imple-
mentation of the algorithm for compensation of angular errors
for the saturated MCTs [8];

- dead-end connections (which do not supply a short-cir-
cuiting) and low-power connections do not affect the determi-
nation of ratios between the current phases of connections by
the phase-differential busbar protection [9].

Consider the basic conditions for starting, tripping and re-
turning the PDBP.

The condition for starting and tripping the protection is as
follows

APy < (180 — ¢p)), ey

where A@,,.,is the limiting angle of divergence of the currents
of the connections that are connected to the common busbar
system, determined by the influence of a number of factors of
the mains, more detailed in [6]; ¢, is the setting of the block-
ing angle of protection, which, according to [10], is recom-
mended to apply 90 degrees.

64 ISSN 2071-2227, E-ISSN 2223-2362, Naukovyi Visnyk Natsionalnoho Hirnychoho Universytetu, 2019, N° 4



Provided Ag,,.. = ¢, the protection is on the edge of its
tripping.

The phase (angular) characteristic of PDBP, which deter-
mines the width of the zone of tripping and blocking of the
protection in accordance with the selected blocking angle set-
ting ¢, =90°, is shown in Figure.

As can be seen from Figure, the phase characteristic is
fairly simple and intuitive, which simplifies the understanding
of the principle of such protection by personnel, so the PDBP
will be tripping, if vectors of the secondary current of connec-
tions connected to the common busbar system are located
within the working area [0°; 90°) U (270°; 360°] on the phase
characteristic. Otherwise, if one or several vectors of second-
ary current of connections will be located within the blocking
zone on the phase characteristic of PDBP [90°; 270°] — the
protection will be blocked.

The condition for returning the protection is as follows

A(Pmax 2 kr _un (2)
where k, is the returning coefficient of the protection, which
can be equal to 1.05—1.1, but it needs to be clarified after car-
rying out laboratory tests of the PDBP.

We also note that the determination of the sensitivity of
PDBP is not an easy task, since the required methodologies
that allow one to quantify the sensitivity of this type of the re-
lay protections are absent. Consequently, it is necessary to de-
velop a new technique, with the help of which it is possible to
evaluate the sensitivity of protections incorporating only the
phase starting units that react to the relationships between the
phases of secondary currents of several sets of MCTs.

We propose to evaluate the sensitivity of PDBP by angle
using the concept of the sensitivity coefficient of the protec-
tion, which corresponds to the current requirements [2], ac-
cording to the following expression

Ko setpoint
5™ controlled parameter

3)

Expression (3) is a characteristic for estimating the sensi-
tivity of the minimum protections, that is, those protections
that react to a decrease in the value of the monitored parame-
ter and perform, when this value becomes less than its operat-
ing setting, for example, remote protections or undervoltage
protections.

For PDBP sensitivity coefficient can be estimated in p.u.
by the following expression

K, =18079u 5 o )
STA
Prmax

where A@,., is the limit angle of divergence of the vectors of
currents of connections connected to the common busbar sys-
tem at the time of disconnecting the internal SC:
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Fig. Phase characteristic of PDBP with a set angle of blocking
of 90 degrees

AQpax = f(AS ¢, A pyc, A s Adpyp), (®)

where A8, are angular errors of MCTs; Ad,,¢ is an angular
error of analog-digital conversion of periodic currents; A3, is
a limit angle of divergence of the EMF vectors of generators of
connections that supply SC on busbar; Ad;,p is the difference
between the impedance angles of different types of connec-
tions, for example: a line and a power transformer.

This technique allows us to estimate the sensitivity of the
PDBP in each specific case for a specific electrical installation
depending on the existing parameters of the power system
mode and the above factors, according to expression (5). Un-
der the condition of choosing the working setting of the pro-
tection blocking equal to 90 degrees, the minimum sensitivity
of the PDBP in all of the power system modes will be provided
with the sensitivity coefficient Kg = 1.2, which will provide an
additional margin of the protection sensitivity in the minimal
internal SC modes, provided that it is offset from the influence
of the angular errors MCTs and other factors considered
above.

The advantages of using phase-differential busbar protec-
tion. Let us pay attention to the benefits that the use of PDBP
allows obtaining in comparison with traditional DBP with dy-
namic braking and the sensitive currents unit:

- the selectivity of the protection action is achieved by se-
lecting only one design setpoint — the protection blocking
angle, which determines the width of the protection failure
zone (by angle) in its phase characteristic;

- the possibility of using the adaptive parametric setpoints
of the protection (set “in the factory state” by the manufac-
turer of the relay protection device and taking into account the
maximum influence of mains’ factors that may lead to non-
selective perform);

- sufficient sensitivity of protection is provided without the
use of an additional sensitive current unit (KS not less than 1.2
in all design modes of the power system) and does not depend
on the frequency of the emergency current; PDBP adjustment
is done only from the angular errors of MCT, which are not
normalized by state standard of Ukraine and change to a lesser
extent than current ones, while the current errors do not affect
the protection performance and do not lead to a violation of its
selective work, which excludes the concept of “unbalance cur-
rent”, from which adjust traditional DBP;

- protection allows saturation of the MCTs and their op-
eration with increased errors, absolute selectivity of PDBP at
saturation of the MCTs is provided by using the algorithm for
compensation of angular errors of saturated MCT, which is
implemented in the pulse shapers, which perform phase mod-
ulation of the converted analog signals of currents [5];

- the feasibility of using the protection in primary switch-
gear circuits with heterogeneous types of the MCTs, in par-
ticular, having different transformation ratios, without the
need to balance their secondary currents and compensate
(limit) the measurement errors arising in the process of per-
form;

- reducing the probability of false actions of protection in
damage of current circuits of the MCTs of one of the connec-
tions with concomitant failure node failure detection of these
chains (false action of PDBP is possible only in case of loss
“signal of blocking” — the current being in antiphase to the
currents of other connections, e.g., the current in the dam-
aged connection with external SC);

- prospective protection of other elements of mains with
concentrated electrical parameters (transformers and auto-
transformers, reactors, high-power electric motors);

- universalism of application: primary switchgears of any
configuration with a class of voltage of 110 kV and above for
power stations and substations, lack of functional limitations;
all restrictions for the use of PDBP are determined only by the
design of the digital device and the requirements for process-
ing analog signals;
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- an alternative solution was proposed for use in the modern
digital DBP of the blocking by the 2" and 5" harmonics. The
use of such a blocking in the PDBP is not desirable, since with
an internal short circuit with the MCT saturation (this mode is
not excluded), the level of the main harmonic in the differential
current can sharply decrease, while the 2" harmonic increases,
therefore, the ratio of the 2"¢ harmonic to the 1% may exceed the
blocking setting and unnecessarily block the protection with
braking. The current for the operation of the differential cutoff
in this mode may also be insufficient (due to saturation of the
MCT), which will lead to a failure of the DBP. An alternative
solution is the use of the blocking device that responds to aperi-
odic magnetizing current surges, which are transformed into
the secondary MCT circuits, which are detected by two of its
characteristic features: the presence of non-current pauses and
the absence of unipolar half-waves in the secondary current.

Conclusions. Thus, we considered the possibility of imple-
menting a new type of relay protection for busbars for switch-
gears of power stations and substations, and also formulated a
concept for the implementation of protection, highlighting the
main features of PDBP in comparison with their traditional
protections.

These distinctive properties of PDBP allow obtaining the
following positive results in terms of the technical operation of
such devices:

- reducing the requirements for the technical characteris-
tics and operating conditions of the MCT (maximum multi-
plicity, accuracy class, nominal secondary load), which will
allow making the secondary MCTs circuits of greater length
(relevant for 330—750 kV open switchgear), as well as reducing
the cross-section of cable connections, reducing thereby the
cost of the project;

- partially eliminating the influence of the human factor on
the work of RPD (more than 60 % of incorrect cases occur due
to mistakes of design, installation and commissioning and op-
erating by the organization personnel), simplifying protection
setpoints, reducing their number and making them adaptive
(taking into account the maximum influence of factors from
(5) to performance of the protection), getting rid of the com-
plex dynamic characteristics of the protection of busbars with
several sections;

- increasing the sensitivity of protection in the minimum
modes of the power grid (emergency, maintenance, with auto-
matic and manual testing of tires with voltage, failure of the
supply connection switch), omitting an additional sensitive
current unit (protection is started even if the current phases are
briefly coincident, while tripping occurs only if confirmation
long synphase of these currents);

- partially automating, simplifying, and, consequently, re-
ducing the cost of designing protection and its technical op-
eration, eliminating the need to compute the settings (or sig-
nificantly reducing the volume of these computations), the
need for adjusting them, performing planned and unscheduled
revisions of the settings (or significantly reducing the amount
of these works);

- increasing the reliability of protection for failure and re-
sistance to steady-state and transient unbalance currents in
case of through-fault, aperiodic surge of magnetizing current,
violation of current protection circuits (by the principle of op-
eration, the protection does not respond to the absolute value
of the differential current of unbalance);

- if necessary, implementing distributed busbar protection
with installation of local measuring units for each connection
to the busbar and transferring information about the current
phase of these connections via optical communication chan-
nels to the central module that implements the basic logical
operations for determining the location of damage.
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MeTta. Po3po0Outy KOHILEIILi0 3 peaizallii OijblI JOCKO-
HaJIOTO MPUCTPOIO, MIPU3HAYEHOTO UISl PEJICHOTO 3aXUCTy
30ipHUX LIMH PO3MOAITBUMX YCTAHOBOK €JIeKTPUUYHUX CTaH-
il i migcTaHuiit, 1110 MaTUMe TIEBHI MepeBaru B TeXHIUHil
eKcIulyaTalii rnepe Moro TpaguLiiHUMKM aHaJIoraMu, IUIs-
XOM 3aCTOCyBaHHS AudepeHiiHO-)a3HOro NMPUHLIMIY il
LIbOTO 3aXUCTY.

Metonuka. [Ipu po3poOili KOHLEINLil 3 iMITJIeMeHTallil
nudepeHLiiHO-(ha3HOro 3aXMCTy IIMH 3aCTOCOBAHO METOJ
MOPiBHSJIBHOTO aHali3y, a caMme MPOBENEHO SIKICHUIA aHali3
XapaKTepPUCTUK PeJICHOI0 3aXUCTy 30ipHUX IIUH, BU3HAYEHI]
TPYAHOILi, 110 BUHUKAIOTh TIPU €KCIUTyaTallil TpaauLliiitHuX
nudepeHLiiHNX CTPYMOBUX 3aXMCTiB, i mepeBaru, siki Mo-
KyTh OyTM OTpUMAaHIi TPU BIPOBAIKEHHI IUdepeHIiiHO-
(a3zHOro 3axucCTy, HasIBHICTh SIKUX OOYMOBJIEHA MOro OCO-
OJIMBOCTSIMU, PO3IJISIHYTUMU B pOOOTi.

PesyabraTn. Ha mincrasi 6araTropiyHoOro 10CBily eKCIuTy-
arailii audepeHUiiHMX CTPYMOBMX 3aXMCTIB Ha 00’€KTax
eJIEKTPOEHEPreTUYHOI CUCTeMU OyJIM BCTAaHOBJIEHI MpooaeM-
Hi TUTAaHHS 1X eKCITTyaTallii. 3aImpornoHOBaHe BUKOPUCTAaHHS
nudepeHLiiHO-(ha3HOro NPUHLMMNY Jii 3aXUCTY ILIUH, BUIi-
JIeHi 1oro BiAMiHHI pUCH B TTOPIiBHSHHI i3 TpaAULIMHUMU 3a-
xuctaMu. BrusHaueHi yMOBHU IMycKy, CIIpalllOBaHHS i MOBEP-
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HeHHs audepeHIliiHO-(}a3HOro 3aXUCTy IIMH, a TAKOX 3a-
MPOITIOHOBAHO CITOCiO BU3HAYEHHS Yy TJIMBOCTI ii0T0 (pazHOrO
opraHy 3a KytoM. HaBeneHa (azHa xapakTeprcTHKa 3aX1CTY,
sIKa € 1OT0 OCHOBHOIO POO0OY0I0 XapaKTEPUCTUKOIO, IO BU-
3Haya€ IIMPUHY 30HU CIpaLOBaHHS Ta OJOKYBaHHS 3a-
XHCTY.

HaykoBa HoBU3HA. YIIepiire 3aITpOITOHOBAHO 3aCTOCYBATH
nudepeHLiiHO-(ha3HUIi 3aXUCT LIWH, TPUHLIII Iil SKOTro 3a-
CHOBaHWil BUKJTIOUHO Ha TIOPiBHSIHHI (ha3 BTOPUHHUX CTPY-
MiB IIpUEIHAHD, MIAKIIOYEHUX OO CHILHOI CUCTEMU 30ipHUX
muH. [1py 1boMy He TiependavyaeThest 3aCTOCYBaHHS OyIb-
SIKUX JI0IaTKOBUX IYCKOBUX OPraHiB 3aXMCTYy, 1110 BUKOHAHi
3a BIIMiHHUM MPUHLUIIOM il Bin qudepeHuiiHo-da3zHoro.

IMpakTiyna 3HaunmicTe. [IpucTpiii nudepeHiitHO-ba3-
HOTO 3aXUCTy IIMH MOXe OYTH BIIPOBAIKEHUN y TEXHIYHY
eKCIUTyaTallilo Ha 00’€KTax eJeKTPOCHEPreTUYHOI CUCTEMU
K aJbTePHATUBHUIN BapiaHT 3aCTOCYBAHHIO TPaIUINITHUX
nudepeHLIinHNX CTPYMOBMX 3axXMUCTiB. BiH Mae HU3Ky nepe-
Bar i J03BOJISIE BUPILLIUTU iCHYIOUI MPOOJEMU eKCIUTyaTallii
3aXMCTIiB, OOYMOBJIEHI MiABUIIEHUMU BUMOTAMU J10 BUMipIO-
BaJIbHUX TpaHCHOPMATOPIB CTPyMY B Kosiax ArdepeHIliitHo-
ro 3aXUCTy LIMH, HEOOXiAHICTIO BUKOHAHHS TPOMI3IKUX PO3-
paxyHKiB i1oro po00o4ux ycTaBoK, iH(opMalliiitHOW HaJTNIII-
KOBICTIO Ta CKJIaIHICTIO CyYaCHUX LIM(MDPOBUX MPUCTPOIB, LI10
BUKOHYIOTb (DYHKIIi10 AhepeHLIITHOTO 3aXUCTY LLIUH.

KirouoBi cioBa: dugepenuyiiino-gpasnuii 3axucm wiun, ou-
epenyiiinuil cmpymosuii 3axucm wuH, po3nodinua ycmaHog-
Ka, 30ipHi WUHU, peaeliHUll 3aXucm

Hcnoab3oBanue audgepenunaibHo-da3Hoi
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00BbEKTOB 3JIEKTPOIHEPreTHKH
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Ieas. Pa3paboraTh KOHLEIMIMIO MO peaau3aluu 0oJiee
COBEPILIEHHOI0 YCTPOMCTBA, MPEAHA3HAYEHHOIO IS peJIeii-
HOM 3alIUTBl COOPHBIX IIWH PACTIPEACTIUTEILHBIX YCTAHOBOK
3JIEKTPUUECKUX CTAHLIMIA M MMOACTAHLIMI, 00J1adal0IIero mpe-
UMYIIECTBAMHU B TEXHUYECKOU IKCIUTyaTalluy Tepel ero Tpa-

MUIIMOHHBIMUA aHAJIOTaMM, IyTeM MpUMeHeHUsT nruddepeH-
LIMaJIbHO-(ha3HOTO MPUHIINIA ACHCTBUS 3TOI 3alIUTHI.

Metomuka. [1pu pa3pabGoTKe KOHIEMIMM MMIUIEMEHTA-
uun auddepeHInanbHO-()a3HON 3aIUTHl IUH UCTIOTh30-
BaH METOJl CPaBHUTEJILHOTO aHaIM3a, a UMEHHO IPOBEICH
KAQUECTBEHHBI aHAJIN3 XapPaKTEPUCTUK PEJICMHON 3allUThI
COOPHBIX IITMH, ONPeneIeHbl TPYIHOCTH, BO3HUKAIOIINE TIPU
SKCIUTyaTallMM TPaAMIIMOHHBIX MU(depeHIInaTbHbIX TOKO-
BBIX 3alIUT, W MPEUMYIIECTBa, KOTOPbIE MOTYT OBIThH MOy~
YeHbI IPpU BHeApeHUU nuddepeHimanbHo-Gha3HOM 3alIUThI,
HaJIM4Ke KOTOPBIX OOYCIIOBJIEHO €€ OTJIMINTETbHBIMU CBOM-
CTBaMM, paCCMOTPEHHBIMU B paboTe.

Pe3yabTathl. Ha oCHOBaHWY MHOTOJIETHETO OITbITA 9KC-
IIyatauuu auddepeHIraTbHBIX TOKOBBIX 3aIIIUT HA 00bEKTax
3JIEKTPOIHEPTeTUYECKON CUCTEMBI OBUIM YCTAHOBJIEHBI TIPO-
OJIeMHBIE BOITPOCHI MX 3KCIUTyatauuu. [1pennoxkeHo ucmosib-
3oBaHue AuddepeHIMaTbHO-(ha3HOTO TPUHIINTIA AEUCTBUS
3aIMTHI IIWH, BbIACICHBI €€ OTIMYUTEIbHbIE OCOOEHHOCTH MO
CPaBHEHUIO C TPAIUITMOHHBIMU 3amutaMu. OTpeieieHbl yc-
JIOBMSI TTyCKa, cpabaTbiBaHMsI U Bo3BpaTa AuddepeHIMaaIbHO-
(ha3HOI 3aIMTHI IIIWH, a TAKXKE TPEIIOKEH CITOCO0 oIpeesic-
HMS YyBCTBUTEIBHOCTH ee (ha3HOro opraHa 1o yriy. [Ipusene-
Ha (a3Has XapaKTepUCTHKA 3alllUThI, KOTOpasl SIBJISICTCS €¢
OCHOBHOI1 paboueii XapaKTepUCTUKOM, OMpeaeIsiioIei -
PVIHY 30HBI cpabaThIBAHKS 1 OJIOKUPOBAHUS 3alIUTHI.

Hayunaa HoBu3Ha. BriepBbie MpeaioXeHO MCIOJb30Ba-
HHue muddepeHIMaTbHO-(a3HOM 3alUTHl IIWH, TTPUHIIUIT
NIeCTBUSI KOTOPOIl OCHOBAH UCKJIIOYUTEIBHO Ha CPaBHEHUN
(a3 BTOPUYHBIX TOKOB MPUCOSAMHEHUH, MMOAKIIOUEHHBIX K
o6ueit cucteMe coOopHbIX KH. [Tpu 3TOM He npeaycMaTpu-
BaeTCs MPUMEHEHUE KaKUX-JIMOO MOIOJTHUTEIBHBIX ITyCKO-
BbIX OPTraHOB 3alIMThl, UCITOJb3YIOIIMX OTIIMYHBII TPUHIIUIT
nectBust oT nuddepeHInaIbHO-()a3HOTO.

IIpakTHyeckass 3HAYMMOCTb. YCTPOUMCTBO IuddepeHIIm-
aJTbHO-(a3HOI 3alIUTHI IITMH MOXKET ObITh BHEIPEHO B TEXHM -
YECKYIO SKCIUTyaTallMi0 Ha OO0bEeKTaxX 3JeKTPOIHEepreThye-
CKOI1 CHCTEMBI KaK aJIbTepHATUBHBIN BapraHT IPUMEHEHUIO
TPAIUIIMOHHBIX MU bepeHIIMATbHBIX TOKOBBIX 3amuT. OH
00J1a/1aeT PSIOM TIPEUMYIIIECTB M MTO3BOJIIECT PEIINTh CYIIe-
CTBYIOIIIME MMPOOGIEMbI IKCIUIyaTalliy 3alllUT, OOYCIOBIEH-
HbIC TIOBBIIIEHHBIMU TPEOOBAaHMSIMM K HU3MEPUTEIbHBIM
TpaHchopMaTOpaM TOKa B LETISIX TuddhepeHIIMaTbHOM 3aIim-
THI IIMH, HEOOXOIUMOCTBIO BBHITTOJTHEHUSI TPOMO3IKMX pacue-
TOB €€ pPaboYNX YCTaBOK, MH(OPMAIIMOHHON N30BITOYHOCTHIO
U CJIOXKHOCTBIO COBPEMEHHBIX LIM(POBBIX YCTPOICTB, BBIITOJ-
Hsomux GyHKIMIo nuddepeHInaTbHON 3aIUThl HIUH.

KmoueBbie cnoBa: dughgpepenyuanvro-gpasnas sauwuma
wuH, oughgpepeHyUaNbHAS MOK0BAS 3AUUMA WUH, PACnpedent-
menbHas YCMAaHOBKa, COOPHbLe WIUHDL, PeAeliHas 3auuma
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