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BaTelIsl YaCTOTBI C HEITOCPEACTBCHHON CBSI3bIO, BKITIO-
Yalolasi MOACIMPOBaHNE HEITOCPEICTBEHHOTO IIPe00-
pazoBaTesrst 4acToThl. [1oydeHbI 3aBUCUMOCTH BBIXOI -
HBIX HaIpsDKeHUST M TOKa IpeoOpa3oBaTelis C yUeTOM
napamMeTpoOB CBapOYHOM IIEMU, a TaKXKe BXOMTHBIX TO-
KoB. PaccuuTaHbl mokasarenu pa3pabOTaHHOTO UCTOY-
HUKa MUTAaHUSI MAllMHbI KOHTAKTHOI CBapKu: KO3(-
(uimeHT MOIHOCTH, KOG GUIIMEHT HECUHYCOUAATb-
HOCTU BXOIHBIX TOKOB, KO3((DUIIMEHT HECUMMETPUU
10 0OpaTHOM MOCIeI0BAaTEIbHOCTH.

Pesyabratel. [[151 obecrieueHUsI MUHUMYMa TIOTEPh
MOIITHOCTH B CETH UCTOYHUK ITUTAHUS TI0 OTHOIICHUIO
K TIOCTIeTHEN MOJDKEH TIPEICTaBISITh CUMMETPUIHYIO
aKTUBHYIO Harpy3Ky. [1pu aToM, B Cilyyae CUMMETPUI-
HBIX HaNpsCKEHUN CeTH, IoTpebisieMasl aKTHBHAS
MOIIIHOCTb SIBJISIETCS TTOCTOSIHHOM. Mcxoms m3 3Toro,
npeodpa3zoBaTesIb MATAHUS TpaHCc(hopMaTOpa MallIMHbI
KOHTaKTHOU CBapKM paboOTaeT B PeXXKUME BBIIPSIMUTE-
JIsl ¢ TIoAepXKaHWeM 3alaHHOW MolllHocTU. Bo u3be-
’KaHMe MOAMarHMYMBaHUS TpaHchopMaTopa MallluHbI
KOHTAKTHOM CBapKu W HETOMYIIEHNSI HACBIILIEHUS T10-
JIIPHOCTb BBIXOJTHOTO HATIPSIKEHUsT TIpeoOpa3oBaTerist
rnepuoanYeck MeHsieTcs. Takum obGpa3om, TiepBUY-
HOe HampsDkeHUe TpaHcdopMaTtopa uMeeT BU, OJI13-
KHit K IpsIMOyToJibHOMY. POopMHUpOBaHKE BBIXOTHOTO
HaTIpsDKeHUSI IpeoOdpa3oBartesis ¢ 3aMaHHON aMIUTUTY-
JIOM ¥ 4aCTOTOM OCYILECTBIISIETCS IIECThIO IByHAIIPaB-
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Purpose. The choice of the optimal method from the technical point of view of implementing the algorithm for com-
paring the phases of the feeder currents in differential-phase protection of busbar systems with voltage of 110—750 kV.

Methodology. During the studies methods of mathematical modeling and simulation of steady and transient ex-
ternal and internal short circuits were used to analyze the behavior of the reacting organ of differential-phase busbar
protection. The empirical method was implemented for studying the functioning of the technology of the differential-
phase busbar protection, as well as the comparative analysis method to select the most perfect method for operating
protection algorithm.

Findings. There were received oscillograms of steady and transient conditions of the power system, the action or
no-action of differential-phase busbar protection was fixed, particularly, the time of the action and the time of trip of
circuit breaker in condition with short circuit within the protected area were fixed. Conclusions about the appropri-
ateness of application of each of the developed methods of implementation the differential-phase busbar protection
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have been made. According to the obtained results of comparative characteristic the most optimal option was pro-
posed for use.

Originality. For the first time, a model of differential-phase protection of busbars was developed and investigated,
in which the principle of comparing the phase of the feeder currents was used as the main and only way to ensure the
absolute selectivity of the action of this protection, which led to conclusions about the possibility of its application
and the effectiveness of the action. The effectiveness of the implementation of the technical solution for the imple-
mentation of this tire protection system is confirmed by the results obtained from its simulation and practical tests
using the test complex of the microprocessor protection laboratory of the Dniprovska Power System.

Practice value. From the technical point of view the optimal way to implement the functional algorithm of the
reacting part of the differential-phase busbar protection is chosen which can be used to develop advanced algorithms
for the operation of the device.

Keywords: differential-phase busbar protection, relay protection, microprocessor device, phase comparison relay, bus-

bars

Introduction. Reliable and uninterrupted operation
of the power system (PS) and its components are en-
sured by relay protection devices, which eliminates the
damage to electrical equipment and transmission lines
and, thereby, prevents the development of emergency
conditions associated with a disturbance of the stable
operation of the power system or a violation of the elec-
tricity supply of a significant number of consumers [1].
There are several principles for the implementation of
relay protection devices for the elements of electrical
grids, and their use depends on the type of protected
electrical equipment or transmission lines, on the func-
tions assigned to the device and the task it solves. So, in
particular, to ensure the protection of busbar systems
with a voltage of 110—750 kV, which form primary elec-
trical connections in the switchgears of power facilities,
a differential principle is mainly used due to such advan-
tages as absolute selectivity of relay protection operation
in case of external and internal faults, high speed of pro-
tection operation and reliable detuning from transient
fault currents of unbalance [1, 2]. However, it is worth
noting that this principle of implementing the protec-
tion of the BS also has inherent drawbacks, the main
ones of which are difficulty of providing the required
sensitivity, in accordance with [3], the sensitivity of pro-
tection in all design modes of the PS, as well as increased
requirements for the accuracy of the current transform-
ers (CTs), to the secondary circuits of which protection
is connected [4, 5]. Accuracy of the CTs is determined
by the operating conditions of the PS, as well as the re-
sistance and the nature of the load connected to their
secondary winding. The errors of CTs in different con-
ditions of their operation change nonlinearly, in particu-
lar the current errors increase more significantly than
angular errors, as indicated in [6, 7]. So, in transient
processes with the most unfavorable conditions of their
flowing, the angular errors of the CTs are no more than
46—50 degrees (about 50—55 %), whereas the current
errors may be 89 % according to |2, 6].

Relevance. Based by the foregoing, it can be con-
cluded that it is advisable to carry out the busbar protec-
tion which in accordance with its principle of operation
does not react to CT current errors in emergency condi-
tions of the power system and determines only phase
(angular) relationships between the currents flowing
through bays connected to the common busbar system

[4].
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A topical issue is the investigation of the possibility
of using differential-phase busbar protection (DFBP),
the development and selection of the most technically
perfect method for its implementation [4].

Objectives of the article. The paper aims at studying
the ways of implementing the reacting element of the
DFBP, the features of its operating in transient and
steady-state modes of the PS.

Presentation of the main research. The differential-
phase principle of the busbar protection operation is
based on the comparison of the phases of the primary
currents of all bays connected to the common busbar
system. Like the differential busbar protection (DBP),
the range of the DFBP is limited to CT sets, to whose
secondary circuits it is connected [4, 5]. In more detail,
the operation principle of the DFBP device, as well as its
structural scheme, are considered in [4].

The main reacting element of the DFBP is the phase
comparison relay (PCR). The PCR performs a number
of consecutive mathematical and logical operations to
determine the relationships between the phases of the
currents circulating along the bays connected to the
common busbar system. The relay performs continuous
comparison of the phases of the currents among them-
selves and their comparison with the parameters of the
protection settings [4, 7]. To ensure the functioning of
the PCR, there are several methods developed by the
authors that can be used to implement its action algo-
rithm, the most optimal of which will be selected based
on the results of their comparative characteristics:

1. Use of sets of pulses of the transformed signal and
pauses between them. It is based on the determination of
the coincidence time of rectangular pulses formed from
half-waves of positive and negative polarity of secondary
connection currents, the time of their mismatch and the
total duration of the signal existence in the interval be-
tween pauses during the current period of the industrial
frequency.

2. Use of the reference signal. It is based on deter-
mining the phase of each of the converted connection
currents with the phase of the reference signal, which
can be the converted current of any load supply con-
nected under load, or the signal generated by the protec-
tion device itself;

3. Use of derivative currents of connections and de-
rivative of a differential current. It is based on the deter-
mination of the coincidence times of the pulses of posi-

73




ENEKTPOTEXHIYHI KOMNANEKCU TA CUCTEMMN

tive and negative polarity of secondary currents formed
from the derivatives and the derivative of the differential
current.

4. Use of pauses between pulses in the aggregate sig-
nal. It is based on the determination of the duration of
the pauses in the sets of the unipolar impulses of the
currents of the connections and comparing them with
each other.

In order to study the functioning of the PCR DFBP
according to each of the above methods of its imple-
mentation, the authors developed their functional mod-
els shown in Figs. 1—4.

As the object of modeling and subsequent laboratory
tests of the operation of the PCR DFBP, a single busbar
system was adopted, to which three supply bays (feed-
ers) with sources of alternating sinusoidal current with a
frequency of 50 Hz are connected. In the circuit of each
of these bays, circuit breakers are installed with their
own switch-off time of 20 ms, which is typical for mod-
ern SF6 circuit breakers [1].

Asshown in Figs. 1—4, the PCR is connected to sec-
ondary CT circuits (CT1, CT2, CT3), also installed on
each of the above bays. The transformation of the sec-
ondary currents of these CTs is realized by the formers
of rectangular pulses of positive and negative polarity
voltage (S;, 5, ;) when the sinusoid of these currents
passes through zero [4].

Fig. 1 shows the structural diagram of the PCR
whose algorithm is performed according to the method
by which it is envisaged to use sets of pulses of the trans-
formed signal and pauses between them.

The logical blocks Y1, Y2, Y3 (AND, OR, NOR)
correspond to the logical conditions that the protection
uses to determine the location of the fault. The PCR de-
termines the coincidence times of the pulses of the sepa-
rately positive and negative polarity, the duration of the

PHASE COMPARISON RELAY. METHOD |

Sy ;

Y2 Int2 T=15ms
»! T AR
CL2 o }e L wlaND J AND K | TRIE
S: J Y1 Intl Ti=5ms
T T=20ms
Si Ys Int3 T:=5ms N&YV2&Y3

Fig. 1. Structural diagram of the PCR whose algorithm is
executed according to the method using the sets of
pulses of the transformed signal and pauses between
them
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Fig. 2. Structural diagram of the PCR whose algorithm is
executed according to the method using the reference
signal

74

pause between them, and the duration of the signal exis-
tence in the interval between pauses. The calculated val-
ues are processed by integrating them (blocks Int1, Int2,
Int3) on the interval [#y; #,+ T'], where T is the period of
the current of the industrial frequency, #, is the initial
time of the measurement, and are compared with the set
protection settings 71, T2, T3 in ms, which are deter-
mined based on the adopted blocking angle of the
DFBP, ¢, =90° [4]. To form the START command by
protection, all the above logical conditions must be si-
multaneously executed on the block YI & Y2 & Y3
(AND). The protection action for tripping the circuit
breakers (TRIP) will only occur after the time that is de-
termined by the configurations parameter of the block
D(t). Entering of this delay time of the DFBP is neces-
sary to exclude the possible unwanted operation of pro-
tection in case of absence of damage to the busbar [4]. In
the case of a short-term start of protection in the pres-
ence of all the start-up conditions and the disappear-
ance of at least one of them during one period (T =
= 20 ms), a reactive protection element is returned.
When the DFBP triggers, the PCR generates the output
TRIP command, which affects the switching off of the
breakers of all supply bays. After the last circuit breaker
is turned off, the protection is automatically reset.

In Fig. 2 there is a structural diagram of the PCR
whose algorithm is performed according to the method
by which the reference signal is provided.

Logic blocks Y1, Y2, Y3 (XOR) are used to deter-
mine the PCR of the difference between the phase of the
reference periodic signal generated in this case by the S,
block and the phases of the converted secondary con-
nection currents. The computed values, like the above-
described way of implementing the PCR, are processed
by integrating them using Intl, Int2, Int3 blocks on the
interval [1,; #,+ T'] and are compared with the setting of
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Fig. 3. Structural diagram of the PCR whose algorithm is
executed according to the method with the use of de-
rivative currents of the bays and derivative of the dif-
ferential current
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Fig. 4. Structural diagram of the PCR whose algorithm is
executed according to the method using the pauses be-
tween pulses in the cumulative signal
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the blocking angle of protection, ¢, given in ms. The
start and operation of the DFBP occurs in the same way
as it was described in the discussion of the operation of
the PCR performed using sets of pulses of the converted
signal and pauses between them.

Fig. 3 shows the structural diagram of the PCR
whose algorithm is executed according to the method by
which the use of derivative currents of bays and deriva-
tive of the differential current is provided.

In addition to the previously considered schemes, it
includes the circuits for calculating the differential cur-
rent (i;) and its derivative (%} in its composition as

well as the derivatives of the secondary bays currents

di, di, di,

dt’ dt’ dt
pulses occurs at the sections of the positive and negative
signs of the derivatives. With the help of the logic block
Y1 (AND), it is possible to determine the coincidence
time of positive and negative pulses and then compare it
with the protection setting 7, by preliminary converting
by the integrator Intl on the interval [#,; #,+ T']. The 7,
setting is determined based on the adopted blocking
angle of the DFBP, ¢, = 90° [4, 7]. When the phases of
derivatives of secondary currents coincide with the de-
rivative of the differential current, protection is triggered
and after the time determined by the configurations pa-
rameter of the block D(t), its operation occurs, provided
that the starting conditions are maintained.

Fig. 4 shows the structural diagram of the PCR
whose algorithm is executed according to the method by
which it is provided for using pauses between pulses in
the aggregate signal.

The logic block Y1 (NOR) is used to determine the
duration of the pauses between the sets of pulses of pos-
itive 7,, and negative 7, polarity. The PCR compares
the obtained values with the protection setting T, deter-
mined from the adopted blocking angle of the DFBP
¢y = 90° [4]. Condition Y2 (OR) is performed if the
pause time between sets of positive or negative pulses
exceeds the setpoint value 7,. An additional condition
for starting and operation of the DFBP is finding the
difference in the durations of the pauses between the
unipolar pulses and comparing the obtained value with
the setting 77 (Y3).

In the case of simultaneous execution of the starting
conditions Y2 & Y3 (AND), there occur starting of the
DFBP and its operation after the time elapses on the
timer D(z), provided that the conditions for starting the
protection are true.

To carry out experimental studies and get practical
results of the functioning of the reacting elements of the
DFBP device, the algorithm of which was implemented
using each of the methods developed by the authors, a
hardware microcontroller platform of the ARDUINO
UNO type was used, which has the minimum necessary
equipment for carrying out this kind of laboratory re-
search. For this purpose, 4 identical UNO electronic
cards were used, processing incoming information in
parallel and generating output commands, signaling the

j. The formation of rectangular voltage
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operation or non-operation of the DFBP device. Each
of the microcontrollers (ATmega328 AVR) included in
the used electronic cards was programmed in accor-
dance with the diagrams shown in Figs. 1—4 of logical
algorithms of the operation of the PCR DFBP, that is, 4
independent programs were developed, each of them
processed and implemented by each individual micro-
controller. The electrical parameters of the steady-state
and transient modes under study, namely the secondary
phase currents of the CTs, were modeled using the Mat-
lab Simulink simulation software environment and
transmitted through a serial communication interface to
each of the microcontrollers operating in parallel. The
results of the functioning of these devices, namely the
behavior of the PCR in the simulated modes, were out-
put back to the Simulink environment via the same se-
rial communication port and displayed using the digital
oscilloscope block in the set of the standard Simulink
library, in the form of oscillograms for recording analog
and discrete signals (Figs. 5—8). In addition, for infor-
mative purposes, the signals on the operation of the
PCR were additionally output to the ARDUINO UNO
LED indicator, which was made for the possibility of vi-
sualizing the fact of operation of these devices when
they were fed with the emergency parameters related to
the damage to the protected busbar system.

Fig. 5 shows the obtained oscillogram of the steady-
state process of internal fault with the fixation of the fact
and the time of operation of the DFBP with the com-
mand on switching off the breakers using four developed
methods for implementing the RPCR action algorithm.

Fig. 6 shows the oscillogram of the normal operating
mode of the PS with the appearance of perturbation
which caused a short-time reversal of the current in one
of the supplying bays, the fact that the DFBP was trig-
gered, and therefore the disconnection of the bays cir-
cuit breakers, connected to the busbar system,
was not recorded.

In the oscillograms, shown in Figs. 5—6, the first
measuring analog channel is used to measure the sec-

_li,pu CTs s darv currents (simulated)
v /. /. .
U1, V Operation of busbar protection. Method 1
T
U2,V Operation of busbar protection. Method 2
I T.
U3, V Operation of busbar protection. Method 3
f T
U4,V Operation of busbar protection. Method 4
[ T
i ms
006 008 o1 012 014 016

Fig. 5. Oscillogram of the steady-state internal fault with
fixation of the fact of the operation of the PCR
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4 i:[T CTs secondary currents (simulated) T i:pu CTs secondary currents (simulated)
' o, \ N/ \ J N\
A4 A4 J
/- I ............ UL, V Operation of bushar protection. Method 1
U1,V Operation of busbar protection. Method 1
! ! ! ! ! —
: : : : : U2,V Operation of busbar protection. Method 2
i i i i i
U2,V Operation of busbar protection. Method 2 : !
| | I
l I : U3, v Operation of bushar protection. Method 3 :
i i i i i ’ '
U3, v Operation of busbar protection. Method 3 |
! | | | | U4,V Operation of busbar protection. Method 4 :
U4,V Operation of busbar protection. Method 4
T T ! T ! Fig. 7. Oscillogram of transient condition of the internal
: : : : ’ Sfault with the fixation of the fact of the operation of the
: : : : : PCR
| i | I |ms
0.06 0.08 01 012 014
Fig. 6. Oscillogram of the normal operating mode of the
PS with the appearance of a perturbation which
caused a short-time reversal of the current in one of
the supply bays
T T I T
ondary CT currents of each bays (i}, i, i3), the remain- : : 5 :
ing four discrete channels are used to record the fact of : ; : 5
the operation of the PCR whose algorithm is executed i i i i
according to each of the developed methods of its im- LA Operation of bushar protection. Method 2 |
plementation, and the fact of disconnection breakers of 5 : : :
each bays connected to the faulty busbar. 5 : 5 :
In steady state of internal fault, as shown in Fig. 5, i i i i
after 100 ms from the beginning of the registration of the Us,v Dperation of busbar protection. Method 3 :
emergency process, there is a fault on the busbar, as in- ? é : :
dicated by a change in the phase of the current i, to the : : : :
opposite one. The current i, is in a single phase with cur- i i i i
rents i,, i3, which is the basic condition for starting and U4, v |0l'mti°n of b“str protection. Me‘hr" 4 :
tripping of the protection, the performance of which is : : :
confirmed by changing the levels of discrete signals in all
the discrete channels of the fault recorder. After 20 ms i i i [ ms
no0s 008 01 012 n14

after the operation of the DFBP, the cut-off breakers of
the bays connected to the faulty busbar system are dis-
connected. At the same time, the speed of the PCR
whose algorithm of operation was realized using the de-
veloped methods, was: t, = 36 ms, #,= 39 ms, ;=29 ms,
t,=38 ms.

In the normal condition of the PS, as shown in
Fig. 6, after 100 ms from the initial time of the process
registration, disturbance occurs in the PS, in which the
current {; changes its phase twice to the opposite one. As
aresult, the current i, is in antiphase to the currents i, i3,
which corresponds to the normal condition of the PS or
external fault at the first bay. The fact of the operation of
the PCR by the recorder was not fixed, which is con-
firmed by the unchanged zero level of the signals of its
discrete channels.

Figs. 7—8 show the oscillograms of the transient pro-
cesses of internal and external faults. The sinusoids of
the currents at the initial time of the onset of the fault,
namely 100 ms from the start of the process registration,
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Fig. 8. Oscillogram of transient process of the external
fault on the first bay

are asymmetric with relation to the time axis, which is
due to the presence in the primary current of the short-
circuit aperiodic component which is partially trans-
formed into the secondary winding of the CTs and grad-
ually damps with a certain time constant 7, [2].

In the transition mode of the internal fault, as shown
in Fig. 7, the operation time of the PCR whose algo-
rithm is executed according to the method by which the
sets of pulses of the transformed signal and pauses be-
tween them are envisaged, is substantially increased and
amounts to about 112 ms, which indicates a low efficien-
cy of using this method without using an additional
mechanism for detuning the PCR from influence aperi-
odic component of the fault current.

In this case, the PCR operates only as an aperiodic
component of the primary fault current decays and its
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sinusoidal shape is restored, which leads to decrease in
the protection operation time. The speed of the PCR
whose algorithm is executed according to the method
which involves using the reference signal, as well as the
use of the derivative currents of the bays and the deriva-
tive of the differential current, is the same in the tran-
sient mode as in the steady-state mode of internal fault,
which is an indicator of the stability of its operation in
transient modes, in particular, stability to the influence
of transient currents. The speed of the PCR whose algo-
rithm is executed according to the method that provides
for the use of pauses between pulses in the cumulative
signal, is slightly increased in the transient mode in
comparison with the time of its operation in the steady-

state of the internal fault, which is a positive moment in
terms of the effectively of internal faults tripping, but at
the same time protection is unstable to transient modes.

In the transient mode of the external fault, as shown
in Fig. 8, the registrar does not record the fact of the
operation of the PCR, which indicates compliance with
the requirement of selectivity of the protection opera-
tion [3].

For the analysis and comparative characterization of
the developed methods for realizing the algorithm of the
PCR action, the following criteria were selected by the
authors [3]:

- the speed of the DFBP in the steady-state and tran-
sient modes of internal faults;

Table
Comparative characteristics of the developed methods for implementing the PCR algorithm
Ne Method Method 1 Method 2 Method 3 Method 4
Criteria
1 | Speed operation:
1.1 Steady fault 36 ms 39 ms 29 ms 38 ms
1.2 Transient fault 112 ms 41 ms 29 ms 29 ms
2 | Operation reliability | High reliability is Operation reliability of | High reliability is | Operation reliability of the
of the PCR DFBP achieved by verifying | the PCR is ensured by | achieved by PCR is ensured by an
(operation at faults in | the performance of comparing the phases | obtaining a additional comparison of the
the protected zone three starting of the bays currents differential current | durations of pauses in sets of
and non-operation conditions for voltage | with the phase of the | additionally and multipolar pulses
under other condi- pulses of positive and | reference signal determining its
tions) negative polarity alternately derivative phase
simultaneously
3 | The selectivity Not violated Not violated Not violated Not violated
operation of the
PCR in the steady
and transient modes
of the PS
4 | Stability operation of | The stability The stability operation | The stability The stability operation of the
the PCR in the operation of the PCR | of the PCR in the operation of the PCR is broken, while the
transient modes of is broken, additional | transient modes of PCR in the speed of protection is
external and internal | measures are required | faults is not violated transient modes of | determined by the conditions
faults to detune the PCR faults is not of the transient modes of
from the effect of the violated faults
aperiodic component
of the primary faulty
current
5 | Ease of implementa- | The operation The relative ease of It has the most It has the simplest imple-
tion of the operation | algorithm of the PCR | implementing the complex operating | mentation of the operating
algorithm for is complicated by operation algorithm of | algorithm for algorithm of the PCR, which
comparing urrents checking three the PCRis achieved by | implementing the | is achieved by testing only
phases of the PCR conditions for starting | comparing the phases | functional one starting condition,
and tripping of protec- | of the measured capabilities of the | particularly, it is the duration
tion: time of coinci- currents of each of the | PCR, which is due | of pauses in a set of unipolar
dence of the pulses of | bays with the phase of | to the need to impulses of the currents of
positive and negative | the reference signal derive derivatives | bays. The second test
polarity secondary alternately, forming a of secondary condition is the comparison
currents, time of their | trip command in case | currents of bays of the durations of the pauses
non-coincidence and | of phase coincidence of | and derivative of | between sets of positive and
the duration of the the bays currents with | the differential negative pulses, which is an
continuous existence | the phase of the current, which also | additional measure to exclude
of the signal in the reference signal and leads to additional | excessive protection opera-
interval between blocking the protection | errors in the tion when there is an
pauses operation under other | measuring path of | aperiodic component in the
conditions protection primary faulty current
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- reliability of the DFBP functioning, i.e. operation
at fault in the protected zone and non-operation under
other conditions;

- the selectivity operation of DFBP in the steady and
transient modes of the PS;

- stability of the operation of the DFBP in the tran-
sient modes of external and internal faults;

- ease of implementation of the functionality algo-
rithm of the PCR.

The results of the comparative characteristic of the
methods, developed by the authors for implementing the
algorithm for the operation of the PCR, are given in Table.

Conclusions. In the paper one of the actual problems
of the electric power industry is considered such as pro-
viding reliable and effective busbar relay protection
switchgears with a voltage of 110—750 kV of power plants
and substations.

The authors carried out a study of the functioning of
the reacting element of the DFBP by simulation of the
developed methods for implementing the operating al-
gorithms of the PCR, and also conducting practical
tests in the laboratory of microprocessor protection of
the Dniprovska electric PS.

Based on the results of the conducted studies, the
authors found that the most optimal technical solution
is the implementation of the PCR DFBP according to
the method based on the comparison of the phases of
the derivatives of secondary bays currents with each oth-
er, and also with the derivative of the differential current.
This method of implementing the operating algorithm
of the PCR has the best technical indicators due to the
following advantages over other proposed methods:

- high operation reliability of the DFBP;

- sufficiently high operation speed — over 30 ms in
steady-state and transient modes of internal faults;

- the stability of the operation of the PCR in the
transient modes of faults in the protected area and be-
yond.

Despite some difficulty in implementing the operat-
ing algorithm of the PCR according to this method in
comparison with others, it is the most optimal solution
for the prospective development of the extended opera-
tion algorithms of the DFBP.
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Mera. J[locnimkeHHs audepeHLiitHO-(pa3zHoTo
MPUHLIMITY [il peJeiHOro 3aXUCTy CUCTeM 30ipHUX
muH Harpyrowo 110—750 kB, 110 BUKOHAHUI BiImo-
BiIHO 10 po3po0JIeHUX CITOCOOIB oro peanizallii, BU-
0ip HaAKMOIIBILI ONTUMAIBLHOIO 3 TEXHIYHOI TOYKU 30pYy
CIoco0y BUKOHAHHST 3aXUCTY.

Metomuka. I[Ipu nmpoBeneHHi AOCIIKEHb BUKO-
PUCTOBYBAJIMCI METOAM MaTeMAaTUYHOIO Ta iMiTaliiii-
HOTO MOJEIIOBAHHS YCTaJIEHUX i MepeXigHUX MPOoLIECiB
30BHIlIHIX i BHYTPillIHiX KOPOTKUX 3aMUKaHb JJIsI aHa-
JIi3y TIOBEIiHKM pearyiyoro opraHy audepeHiiiiHo-
¢azHoro 3axucty IMH. EMOipuyHUil MeTonm aocC/i-
JCKEHHST QYHKIIIOHYBaHHST IPUCTPOIO AUdepeHLIiiiHO-
(a3HOTro 3aXUCTY IMIMH, a TAKOX METOI, TTOPiBHSUTBHOTO
aHaJli3y 11 BUOOPY HAMOUIbII JOCKOHAJIOTO CIOCO0Y
peatizanii GyHKIIOHATLHOTO aJITOPUTMY 3aXUCTY.

Pesyabratu. OTprMaHi OCIUIOTPAMU YCTAIEHUX i
MepexigTHuX PexKUMiB pOOOTH eHEeprocucTeMHu, 3adik-
COBaHO (haKT crpalloBaHHS a00 He CIIpallloBaHHS pea-
ryiouoro opraHy audepeHuiitHo-(a3Horo 3axucty
ILIMH, Yac Jii 3aX1UCTy 1 MOMEHT BiIKJIIOUeHHSI BUMMKa-
YiB MPU MOIIKOIKEHHI B MeXaX 30HU, 110 3aXUIIIAETh-
cs1. 3po0JieHi BUCHOBKM 111010 MOXJIMBOCTI i JOLiIb-
HOCTi 3aCTOCYBaHHSI KOXHOTO i3 pO3pO0OJEHUX CIOCO-
0iB peanizallil qudepeHLiiiHO-(pa3HOro 3aX1UCcTy LINWH,
3a pe3yJbTaTaMU aHaji3y ix MOPiBHSJIBHOI XapakTe-
PUCTUKHU 3allpOMIOHOBAHO [0 peajli3alii HailOuUIbLI
ONTUMAJILHUM 3 TEXHIYHOI TOUKM 30pY BapiaHT.

HaykoBa HOBU3HA. YTiepiiie po3po0sieHa il JoCimKe-
Ha Monesib peaizalii aqudepeHiiHO-(a3HOro MpuH-
LMY Ail 3aXMCTY 1IMH B IKOCTi OCHOBHOIO Ta €MHOTO,
110 JaJI0 3MOT'Y 3pOOMTH BUCHOBKH IIOIO MOKJIMBOCTI
1ioro 3acTocyBaHHs Ta e(peKTUBHOCTI 1ii. EpekTuBHICTHL
peaJizallii TeXHiYHOTo pillleHHs i3 BIPOBaIKEHHST IU-
(epeH1ifiHO-(ba3HOrO MPUHLIMITY i peJeHHOro 3aXKc-
Ty 30ipHUX LIUH MiATBEPIKYETHCS OTPUMAHUMU PE3YJIb-
TaTaMU BiJl MPOBEICHHS MOAETIOBaHHS 1 HATYPHUX BU-
MpoOyBaHb 3 BAKOPUCTAHHSIM BUMPOOYBAIBHOTO KOMII-
JIeKCy Jaboparopii MiKpOIpoleCOpHUX 3axucTiB Hi-
IIPOBCHKOI eJIEKTPOCHEPTETUIHOI CUCTEMH.

IIpakTnyna 3uaunmictb. OOpaHO HAWOINBII ONMTHU-
MaJIbHUIA 3 TEeXHIYHOI TOYKM 30py cHocid peaizanii
(bYHKITIOHATBHUX MOXJIMBOCTEH pearyrodyoro OopraHy
nubepeHIiiHO-(ha3HOro 3aXUCTY IIIUH, 110 MOXe OyTh
BUKOPUCTAaHUN TSI pO3POOKHU PO3IIUPEHUX (PYHKITIO-
HaJIbHUX aJITOPUTMiB IPUCTPOIO 3aXUCTY.

KimouoBi cioBa: dugepenyiiino-paznuil 3axucm wuH,
peneliHull 3axucm, MIKpPOnpouecopHuil npucmpiii, pene
NOPIGHAHHS (ha3 cmpyMmie, 30ipHI WUHU

Ieab. Bo16GOp ONTUMAaIbHOTO € TEXHUYECKO TOUKU
3peHus crocobda peaju3allui ajJropuTMa CpaBHEHMS
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da3z TokOB mpucoennmHeHUU B IupdepeHIINaTbHO-
(bazHoIt 3a1IUTe CUCTEM COOPHBIX IITMH HAIPSIKEHUEM
110—750 xB.

Metonuka. Ilpu mpoBeneHUU UCCAeIOBaHUI HC-
MOJIb30BaJIMCh METOABI MATEMAaTUYECKOTO M UMUTALIM -
OHHOT'O MOJIETMPOBAaHUST YCTAHOBUBIIIMXCS U TTEPEXOI-
HBIX MPOLIECCOB BHEIIHUX U BHYTPEHHUX KOPOTKUX
3aMbIKaHUI JIJIsSI aHAJIM3a TOBEACHUsT pearupylouero
opraHa IuddepeHunanbHO-(ha3HONH 3allUThl IIWH.
DMIUPUIECKUT METOJT MCCIIeN0BaHUS (PYHKIIMOHUPO-
BaHWUS ycTpoiicTBa nuddepeHInanbHO-(ha3HOK 3alu-
THl IIMH, a TakKXKe METOH CPaBHUTEIHHOIO aHaM3a
TIpUMEHEHBI IJIT BEIOOpa ONTUMAJIBHOTO CIIoco0a pea-
JT3anuy (PYHKIIMOHAJIBHOTO aJITOPUTMA 3aIUTHI.

Pesyabratbl. [ToayyeHbl oCLIMUIOTpAaMMBbl YCTaHO-
BUBIIMXCS ¥ IEPEXOTHBIX PEKMMOB paOOThI SHEPTOCH -
CTeMBbI, TIpou3BeeHa (puKkcalys pakrta cpabaTbIBAaHUS
(He cpabaTbIBaHMSI) pearupyloliero opraHa nuddoe-
peHIMaTbHO-(a3HOW 3alllUThl IIWH, BPEMEHU HOeil-
CTBUSI 3alIUThl ¥ MOMEHTA OTKJIIOYEHHUS BBIKJIIOYATe-
JIel TIpU TIOBPEXACHUM B TIpeAesiax 3allluliaeMoit
30HbI. CresiaHbl BBIBOIBI O BO3MOXKHOCTU U 1I€JI€CO0-
Opa3HOCTU MPUMEHEHMST KaXIO0TO U3 pa3paboTaHHbIX
Crnoco0oB peanuszauuu auddepeHImanbHO-(Ga3HOK
3aIUATH IIIWH, TI0 pe3yJbTaTaM aHalIn3a MX CPaBHU-
TEJTbHOM XapaKTEePUCTUKH TPEIIOXKEH K MCITOIb30Ba-
HUIO ONTUMAJIbHBIN C TEXHUYECKON TOUYKHU 3pEHUS Ba-
pUAHT.
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Hayunas HoBusHa. BriepBbie pazpaboTaHa u ucciie-
JloBaHa Mojeab auddepeHanbHO-(pa3HON 3alUThI
COOpPHBIX IIWH, B KOTOPOU MPUHIIMIT CpaBHEHUS da3
TOKOB TIPUCOEIMHEHUI MCIIOJIb30BaH B KAYECTBE OC-
HOBHOTO M €IMHCTBEHHOTO CITOC00a obecreueHUs ab-
COJIIOTHOM CEJNEKTUBHOCTU AEWCTBUS YKA3aHHOU 3a-
IINATHI, YTO TTO3BOJIMIO CIEIATh BEIBOIBI O BOZMOXKHO-
CTU ee TpUMeHeHUs U 2(GGEKTUBHOCTH ECTBUS.
DDDEeKTUBHOCTD peaM3aiy TEXHUIECKOTO PEIICHMS
110 BHEAPEHUIO JAHHOIN CHCTEMBbI 3alllUThI IITMH TIOd-
TBepKAAeTCs TOJTYYEeHHBIMU pe3yJbTaTaMU OT ITPOBe-
NIEHUsI ee MOJCJIUPOBAHUSI U HATYPHBIX UCMBITAHUM C
HCIOJIb30BAaHEM HCHBITaTeIbHOTO KOMILIEKca J1abo-
paToOpuM MUKPOMPOLIECCOPHBIX 3aIuT J{HeTpoBCcKOM
BJIEKTPOIHEPreTUYECKOU CUCTEMBI.

IIpakTUyeckas 3HAYUMOCTb. BoIOpaH onTUMaTbHbBII
C TEXHUYECKON TOYKHM 3PEHUS CIIOCO0 pean3alni
(YHKIIMOHAIBHOTO aJTOPUTMA pearupyroero opraHa
nudbepeHIMaTbHO-(Pa3HOM 3aIUTHl IIINH, KOTOPBIA
MOKET OBITh MCITOJIb30BaH IS Pa3pabOTKM paCIIM-
PEHHBIX AJITOPUTMOB JIEVCTBUS YCTPOMUCTBA.

Kmouessbie cioBa: dughgepenyuanvro-gpaznas 3auu-
ma wuH, peaeiiHas 3auuma, MUKponpoueccopHoe ycmpoii-
cmaeo, peie cpasHeHus (az, coOOpHvle ULUHYL

Pexomendoseano 0o nybaikauyii dokm. mexH. HAyK

I1. JI. Audpienkom.  Jlama  Ha0xo0xuceHHs — pyKonucy
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