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Abstract

Purpose. Electrical equipment for explosion-threatening environments in mines at risk of explosion communicates with the
external environment through intrinsic safety barriers that limit the values of currents to values below the methane ignition,
limit that exceeds the allowable concentration in the atmosphere. This avoids work accidents due to under-ground explo-
sions, avoiding the risk of explosion through electric equipment.

Methods. Experimental research has been based on the geomechanical characterization of the coal and surrounding rocks in
the Jiu Valley Basin and measurements obtained in situ was researched by statistic methods. Three methods of studying
barriers based on the use of the MATLAB program were used. The first method is based on MATLAB programming, the
second involves the barrier study using the Simulink model and the third method is based on the use of the SimPowerSys-
tems software package. In all three cases studied, the variation of the voltage at the output of the barrier and current through

the barrier are analyzed considering two operating modes, the aperiodic and the oscillating regimes.
Findings. The paper is a study of the intrinsic security barriers, based on which a correct dimensioning can be made.
Originality. The originality of the paper consists in the analysis of the barriers with intrinsic safety, using the simulation

with the MATLAB-Simulink program packages.

Practical implications. All the methods addressed lead to obtaining the diagrams of variation of the voltage at the exit of
the barrier and of the current through the barrier in two possible regimes: the aperiodic regime and the oscillating regime.
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1. Introduction

Jiu Valley coal basin represents one of the most im-
portant mining areas in Romania. In Jiu Valley coal Basin
the coal extraction activity is realized in difficult specific
conditions: (i) the extremely complicated tectonic, the depos-
it being divided in small dimensions blocks, delimited by
faults, with tectonic anomalies and lens form effilated;
(i) methane and coal dust presence, constituting a highly
explosive environment in the exploited sectors; (iii) the self-
combustion proprieties of the coal pit in the oxygen’s pres-
ence, generating mine fires.

Development and exploitation of coal deposits requires
social acceptance, diminution of environmental impact and
avoiding the risk of explosion which can be assessed, mo-
deled, and mitigated [1]. The causes of accidents in coal
mining can be classified as follows:

1. Falls of Roof (Coal, Rock, etc.).

2. Falls of Face or Pillar Coal.

3. Mine Cars and Locomotives.

4. Gas Explosions and Burning Gas.

5. Coal Dust Explosions (including gas and dust combined).
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6. Explosives.

7. Suffocation from Mine Gases.

8. Electricity.

10. Mining Machines.

11. Mine Fires (burned, suffocated, etc.).

12. Other Causes.

The coal mine technical staff must be able to identify the
risks that lead to underground mine gas explosions, and im-
plement practical strategies to optimize mining safety for
workers. Some of these “accidents” may be due to the defec-
tive mentality of the workers, but most of them are directly
traceable to the technical conditions and of ignoring work
safety measures. Accidents credited to carelessness, neglect
and ignorance of the workers should be analyzed and the
coal-miners should be periodically subjected to the now
usual tests to ascertain the power of their senses, their quick-
ness of perception, their capacity of judgment and the rules
of the labor safety, etc. [2].

The most serious accidents from the coal exploitation in
the Jiu Valley Basin were the combination of causes: Coal
Dust Explosions (including gas and dust combined) with
electricity sources.
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1.1. Technical considerations
regarding methane emissions

Effective management of methane risks from coal mines
can also have the benefit of contributing to reduced or mini-
mized greenhouse gas GHG emissions. Good safety practice
in coal mines is to reduce explosion risk by preventing the
occurrence of explosive mixtures where practical, and by
rapidly diluting them to safe concentrations (through ventila-
tion systems). Gas flows from underground coal mines under
normal, steady-state conditions are relatively predictable in
certain geological and mining conditions, although there is
significant variation from country to country. A lack of relia-
ble gas emission prediction methods for deep and multi-
ple-seam mining continues to be a significant challenge due
to the complex mining-induced interactions between strata,
groundwater and gas. Nonetheless, numerical methods for
projecting gas flows, gas capture, ventilation requirements
and utilization potential are available and should be used
routinely in mine planning [3][4].

Due to the complex interactions of parameters related to
explosion type events, the atmospheres which carry this risk
type impose the multidisciplinary methods for detecting the
conditions which converge to the ignition point of the phe-
nomenon. Understanding the processes developed before,
during and after the initiation of an explosion, may lead to
future avoidance of such events, by adopting proper
measures for each situation. The prediction of methane emis-
sion magnitude and shape is very important when assessing
the air flow quantities required for ventilation purposes, in
order to establish the proper technical measures aiming the
prevention of dynamic gas emission occurrence [5]. The
presence of coal bed methane in Jiu Valley hard coal deposit

was revealed during prospection, opening, preparation and
exploitation workings carried out [6].

For this purpose, numerous researches have been done
based both on experimental studies and modeling on materials
equivalent to the potentially explosive environment in the un-
derground of the Jiu Valley mining basin and not lastly simula-
tions with the help of dedicated software or software environ-
ments (SURPAC, ANSYS, 3D-CHANGE, etc.) [7][8].

From the observations and measurements carried out un-
derground a zoning of the methane emissions in the basin
issued with a maximum value in the western-central area:
Livezeni, Paroseni, Lupeni and on the deposit’s a maximum
magnitude in the depth (3, 5, 8, 9 and 13 seams) [6].

Experimental research has been based on the geomechan-
ical characterization of the coal and surrounding rocks in the
Jiu Valley Basin. The physical and the mechanical properties
of rocks and coals are also influencing both the migration
and the release of methane.

With respect to the geomechanical properties that have
been determined for the rocks in the Jiu Valley (See table 1),
their values are having an increasing trend from the Eastern
part to the western part of the basin, due to the different met-
amorphism degree and in relation to the type of rock.

The analysis of results gained for the physical and me-
chanical properties of coals in the Jiu Valley (Table 1) [6]
shows a great diversity depending on the mining field and
differences among the coal seams tectonics, to the petro-
graphic components, to the direction of stress, etc.

The results regarding the physical, mechanical and elastic
properties of rocks in the Jiu Valley coal basin have been corre-
lated with the measurements carried out in situ and the labora-
tory testing for the rocks neighboring the coal beds to be mined.

Table 1. Average values of the physical, mechanical and elastic characteristics of seam’s 3 coal and rocks

Compression

Name Bulk density,  Specific density,  Porosity, strenath. o Cohesion, Elasticity modulus,  The Poisson
y, 104 N/m?3 yar 10* N/m3 n, % da,\gl e C, dan/em? E, daN/cm? ratio, u

Coal 1.45 1.31 9.7 95 11-25 5.300-16.000 0.17
Direct 2.65 2.58 35 441 60 51.000 0.2
roof rocks
Main

2.67 2.60 2.6 1.280 205 55.000 0.12
roof rocks

Permeability is the capability of certain porous media to
allow the free circulation of fluids and of gases through they
voids. This capability has been materialized by Darcy
through the value of the permeability coefficient Kp.

There were carried out measurements of the permeability
coefficient in two mine workings from Livezeni Colliery and
Paroseni where there were carried out several drillings. In
Table 2 we can see the results.

1.2. Dependence between properties
of rocks and methane gas emissions

The use of analytical methods shall take into consideration
the aspects that have been underlined after performing of the
qualitative analysis. The elementary statistics methods can
reduce the large number of data through experimental meas-
urements up to a useful form by defining the distribution type
and determining the unique value that represents the best the
central value of distribution and determining the variation
from the average value — standard deviation. In this respect we
used statistical methods for analyzing of dependence between
some properties of rocks and emission gaseous [6][9].
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Table 2. Results of the measurements regarding the permeability

coefficient
Permeabilit Gas
Colliery Location é‘aelrllgrt; ?:: coefficient,y pressure,
' K, m/s P, MPa
45 1.93-1012 0.19
54 1.97-1012 0.19
. 64 1.64-1012 1.16
Livezeni p,:gzler: galslggwl /3 2.05-10" 0.38
3block VI A — 82 7.09-10%°  0.388
90 3.62:101 0.77
97 8.53-1013 0.38
106 12.18-1018 0.38
80 0.42-1012 0.58
88 2.66-1012 0.77
Base gallery, 98 2.04 10—112 0.58
Paroseni  panel 2, seam 107 10.53-10* 0.38
3, block VI A 116 3.41-10712 1.35
126 5.24-10% 0.97
135 4.16-1071? 2.72
140 1.37-10%? 1.16
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1.2.1. Dependence between porosity
and methane concentration

We used statistical software for analyzing of dependence
between porosity and methane concentration for the sur-
rounding rocks. The first statistical correlation is based on
the polynomial equation, given by the Equation (1):

d

a+bx+c e
=T s T2
X2 X

Inx

M

which had a good correlation coefficient r> = 0.911735676.

Figure 1 shows the dependence between porosity and me-
thane concentration for the surrounding rocks and Figure 2
shows the diagram between porosity and methane flow in m3/t
for the coal energy and it is expressed by the Equation (2):

y=a+b-sin(%j. (2)
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Figure 1. Dependence between porosity and methane concentra-

tion in surrounding rocks

Rank 1 Eqn 8014 y=a+bsin(2nx/d+c) [Sine]
r2=0.763260357 DF Adj r?=0 447607499 FitStdErr=2.04590802 Fstat=4 29873283
8=8.8048575 b=3.4557717

c=1 62502398 d=5 4221012

135 14.5 15.5

Figure 2. Porosity and methane flow for coal steam

1.2.2. Dependence between permeability
and methane concentration

The variation of methane concentration in relation with

the permeability is being described by the exponential Equa-
tion (3) for the surrounding rock:
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X X2

3 a+bx+ox+d e

@)

The coefficient of correlation is r? = 0.45210819.
Figure 3 shows how methane concentration in percent
alters in relation to permeability in m/s.

Rank 1 Eqn 4453 y=a+bx+cxi+dhreicd
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Figure 3. Dependence between permeability and methane for the
surrounding rock

The variation of methane flow (m3/t) in relation with the
permeability (m/s) for coal energy is being described by the
exponential Equation (4) and is shown in Figure 4:

_X
y=a+b ©.

(4)

Rank 1 Egqn 8002 y=a+bexp(-x/c) [Exponential]
ri=0.576326050 DF Adj r2=0423570603 FitStdErr=2.13068318 Fstat=5.22382229
8=-2 0184387 b=4.023873

o=-1.7922551e-06
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Figure 4. Dependence between permeability and methane flow for
coal energy

During the coal extraction process, as a consequence of
several natural and technological parameters, various me-
thane amounts are released, generating in certain specific
conditions significant risk-related problems for the under-
ground working environment [3].

From measuring we observed that most violent methane
emissions occurred at Lupeni and Paroseni mining fields
where more than 90% of the drill holes, methane behaved in
one of the above mentioned forms.
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In conclusion it can be said that we have determined sta-
tistical correlation among the properties of rocks (permeabil-
ity and porosity) and the ones of coals and methane emis-
sions that were measured in natural conditions in situ, deter-
mined in the Geomechanics Lab at the University of Petro-
sani. All these dependences were confirmed based on the
variation trend issued from observations made over this phe-
nomenon and on experimental testing and not necessarily in
relation to the coefficient of correlation [10].

In order to implement the environmental policy related to
the coal mining activity, it is necessary to monitoring many
factors alongside the methane emissions. Computers, using
specialized applications for the mining ventilation, can assist
this process [11].

1.3. Equipment used in the ATEX
explosive atmosphere

In areas with potential explosion danger, only electrical
equipment and materials that comply with the ATEX 100a
directive are admitted. European Directive 94/9/EC
(ATEX 100a) has been specifically approved to standardize
explosion protection methods by the treaty established be-
tween the European Community and the Member States. It
specifies the requirements regarding the characteristics re-
quired for explosion-protected equipment and systems as
specified in Article 100a. This is where the term ATEX 100a
also comes from. The Directive applies to all industrial envi-
ronments with explosive potential, including underground
coal mining (including dust protection). Mechanical equip-
ment, which operates in explosion hazardous areas, can also
be hazardous sources. They will have to be modified in de-
sign, size and positioning, so that they do not present danger,
even in the event of malfunctions.

The exploitation of coal in these conditions is a perma-
nent challenge for the equipment to be used in these explo-
sive environments. In order to use the equipment in the coal
mines, which are in danger of explosion, these equipments
must comply with the security technical norms and the
ATEX requirements [4].

Electrical equipment for explosion-threatening envi-
ronments in coal mines communicates with the external
environment through intrinsic safety barriers that limit the
values of currents through barriers to values below the
methane ignition limit that exceeds the allowable concen-
tration in the atmosphere. Thus avoiding the occurrence of
underground explosions in the activity of coal extraction,
explosions that are the most common causes of accidents at
work underground.

2. The mathematical model of the barrier

To analyze the variation of the current through the intrin-
sic safety barrier and the voltage at its output, an assembly
made according to the diagram of Figure 5 in which the uni-
formly distributed parameters inside and outside the barrier
are considered concentrated [12].

In this figure with R the value of the resistor in the barrier
is denoted, L is the measured or estimated line inductance
and with C the capacity of the line outside the barrier. The
capacitance of the internal circuit was noted with Ci, this
capacitor charging practically instantaneous when applying
the step signal [13].
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>/ R L i(t)
T — =

E—

u(t)

Figure 5. Electrical diagram of the safety barrier when applying
the signal step

The variation of the current through the barrier and the
variation of the voltage at the exit of the barrier are studied
when a step signal is applied at the end of the equipment.
The integral-differential equation of the voltages when the
circuit is closed is [14]:

di 1

Ri+L—+—=[idt=E, 5
" CI ©®)
or:
2
e pe U,k )
dt dt
The following notations are done:
R . L
o= oL damping of the circuit; ©)
1 — pulsation of the circuit; (8)
o C ;
w= «/52 —a)g — pseudo-pulse of the circuit. 9)

We consider the following situations:
a) d>awg of R> 2\/%, the situation verified by the re-

sistor in the barrier. In these conditions, solving the differen-
tial equation leads to the following solutions:

u(t)=E|1- (rler2t —rzerlt) ; (10)
2\/6% -
- E At ht
i(t)=————(eT —e?"), (11)
oL /52 _wg ( )

with ry and r2, the roots of characteristic equation:
h=-0+w

; (12)
h=-0-w

L .
b) S<awy or R< 2\/; . It makes notation:

-5 =w?. (13)

In these conditions, solving the differential equation leads
to the following solutions:
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u(t):E[l—ﬂi-e_gt -sin(a)‘t+ﬂ')}; (14)
@
i(t) =ie’5t sinw't, (15)
where:
pB'= arccosi. (16)
20

For the analysis of the intrinsic security barrier, the
MATLAB environment was used, in which three different meth-
ods of analysis were used. These methods are presented below.

3. Analysis of the security barrier by programming

If we consider the voltage E of 24 V, barrier resistance of
1.5 kQ, the inductance of the cable connected to the equip-
ment L =10%H and the evenly distributed capacity of the
cable of 10nF, from the Equations (10) and (11) the
MATLAB diagrams are obtained below.
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Figure 6. Variation of voltage at the exit of the barrier in the
aperiodic regime
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Figure 7. Barrier current variation in the aperiodic regime

If the value of the resistor from the barrier is changed to
the value R = 10 Q, the MATLAB diagrams of the voltage at
the output of the barrier and of the current through the barrier
corresponding to the oscillating regime are obtained (Figs. 8
and 9).
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Figure 8. Variation of voltage at the barrier output in the oscillat-
ing regime
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Figure 9. Barrier current variation in the oscillating regime

4. Security barrier analysis by numerical simulation

The differential Equation (6) can be put in the following
form:

2
Pu_1ig gedu |
d LC dt
Based on this relationship, the Simulink model presented
in Figure 10 was designed. This model integrates the differ-
ential Equation (6) and shows, for the two cases (aperiodic

and oscillating regime) the voltage variation at the barrier
output and the current through the barrier diagrams.

T 2 o

1/LC Integrator| Integratorl

|l

— ¥ c1

A7)

@
T
k]
Y

A 4

ScopeU

C Derivative Scopel

—
RCdu/dt

Figure 10. The Simulink model of the security barrier

For the set of values presented above, which corresponds
to the case of aperiodic loading, the diagrams of Figures 11
and 12 were obtained.
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Figure 12. Barrier current variation

For the set of values corresponding to the case of oscillat-
ing load, the diagrams of Figures 13 and 14 were obtained.

Figure 14. Barrier current variation

5. Security barrier analysis using
the SimPowerSystems software package

The MATLAB program contains the SimPowerSystems
software package with which electrical circuits can be simu-
lated and analyzed in different operating modes. Because the
response to the step or impulse signal generates a transient
regime, this modality has been used for the behavior of the
intrinsic security barrier under these conditions. The simula-
tion model is shown in Figure 15.
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Figure 15. SimPowerSystems model of the security barrier

The advantage of this simulation mode is that the security
barrier can be tested at both the unit step signal and the unit
pulse and allows to obtain several types of circuit diagrams.

In this situation, two sets of values were also chosen for
the circuit parameters, the values used in the study of the
barrier by the previous methods.

5.1. The voltage at the exit of the security barrier

For the aperiodic charge regime of the capacitor, the volt-
age variation diagrams were obtained at the output of the
barrier, when a step and unit pulse signal is applied to the
input. These diagrams are presented below (Fig. 16).

Step Response

Amplitude

Time (sec)
Impulse Fasponse

Ampltude:

Time (sec)

“iesrer

Figure 16. The variation of the voltage at the output of the barrier
when applied signal step and impulse in the aperiodic
regime

If the set of values of the circuit parameters corresponds to the
oscillating regime, the simulation model and the analysis block
POWERGUY have led to the following diagrams (Fig. 17).

Step Response

Amplitude

Time (zec]
Impulse Response

Amplitude

Time (sec)

ange the number and type of response plots shown in this LTI Viewer

Figure 17. Voltage variation at the barrier output when applied
signal step and impulse in the oscillating regime
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The POWERGUY analysis block also allows tracing the
frequency characteristics of the voltage at the exit of the
barrier (Fig. 18), at which on the horizontal axis is the fre-
quency in logarithmic coordinates (BODE diagram).

Bocls Diagram

Magnitude [ahs)

Phase (deg)

Freguency (Hz)

Change the line styles shown in thiz LTI Yiewer.

Figure 18. Frequency diagrams of oscillating voltage at the barri-
er output

5.2. Variation of current through the security barrier

The simulation results for barrier current variation are
presented in Figures 19-21.
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Time (zec)
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Figure 19. Barrier current variation when applied signal step and
impulse in the aperiodic regime
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Figure 20. Barrier current variation when applied signal step and

impulse in the oscillating regime
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Figure 21. Frequency diagrams of the oscillating current through
the barrier

The frequency diagrams of the voltage at the output of
the barrier and the current through the barrier highlight the
following aspects:

— the voltage at the output of the barrier is maximum at a
value of the frequency lower than the resonant frequency of
the circuit fo:

42
fo = fo 2-d% _158.10° Hz, (18)
where:
d= R\/§= 0.1, (19)
L
is the damping factor of the circuit.
U

Ucmax = T =10.01 Vv, (20)

ai-9"

4

which is more than about ten times the input voltage (unit
step) is the damping factor of the circuit;

— the current intensity through the barrier is maximum at
a frequency value equal to the resonant frequency of the
circuit:

=1.59-10° Hz. (21)

1
fro— s
0~ o JLC

At an input voltage frequency of 104 Hz the current
value is:

U

2
\/R2+(a)L—1)
oC

At the resonance frequency through the barrier the current is:

I = =1 mA. (22)

lo =UE=O'1 A, (23)

which is one hundred times higher than the current obtained
with the Relationship (22).
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The previous calculations were made for the following
values of the electrical quantities:

— input voltage: U =1V (unit step);

— line inductance: L = 10 H;

— line capacity: C = 10® F;

— barrier resistance: R = 10 Q.

6. Conclusions

Based on the diagrams obtained in the aperiodic regime
and the standards in this domain, a correct dimensioning of
the security barriers can be made.

The situation in which the voltage and current through
the barrier are oscillating is to be avoided in practice for two
essential reasons:

— this regime leads to overvoltage near the supply voltage
value, a phenomenon that can be dangerous for the intrinsic
security character of the barrier;

— the uniformly distributed reactive elements can gener-
ate electrical resonance phenomena, which can lead to over-
voltage or overcurrent which may result in the loss of the
intrinsic security character of the barrier.

An important conclusion of this study is the way of
choosing the value of the barrier resistor which, even if it is
based on the ignition curves elaborated by the intrinsic safety
standards in the field, it must avoid the oscillating regime
described above.
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Merta. BusHadeHHs pallioHaIbHUX IapamMeTpiB 6ap’epy Oe3IeKH eNeKTPHYHOro o0 JHAHHS B YMOBaX BHOYXOHEOE3MEeUHNX CepeIOBHIL
BYTiJIbHMX IIAXT Ha OCHOBI 3aCTOCYBaHHS KOMIUIEKCY METOJB MaTeMaTH4YHOTO MOJETIOBaHHS I 3amo0iraTh BHPOOHWYMX aBapii,
OB’ SI3aHUX 3 MiA3EMHUMH BUOyXaMH.

Metoauka. ExcriepiMeHTaIbHE TOCTI/UKEHHS 3aCHOBaHE HAa T€OMEXaHIuHil XapaKTepHCTHULI BYTiUIs Ta OTOUYYIOYMX Horo mopin y 6a-
celini qonuuu J[kuy, a TAKOXK HA TAHUX, OTPUMAHUX 32 JOTMIOMOTOI0 HATypHHUX BUMIPIOBaHb i 0OpOOICHNX CTaTUCTUYHUMH MeToaaMu. byiu
BHKOPHCTaHI TPU METOJM BHBUEHHs Oap’epiB Oesmneku. [lepiunii 3acHoBaHmMii Ha 3actocyBanHi nmporpamu MATLAB, npyruit — BukopucTo-
Bye Simulink MoznentoBanHs, TpeTiit — 6a3yeThesi Ha mporpaMHoMy makeTi SimPowerSystems. Y Bcix TppOX BHIIagKax, 3MiHa HAalmpyrd Ha
BXOJi 6ap’epy Ta cTpyM BcepequHi 6ap’epy pO3rIISIHYTI 3 TOUKHU 30py ABOX POOOUYHMX PEXKUMIB — arepioJUIHOTO i KOIUBAIBHOTO.

PesyabTaT. BusHaueHa Ta eKCIEPHUMEHTAIBHO MiJATBEPPKEHA CTATHCTUYHA KOPEJIALst MiXK BIACTUBOCTSIMH TiPCHKUX MOPIJ | BUKHAAMHU
ByriuIs i Merany. OTpUMaHO JliarpaMu 3MiHH HaIpyTH Ha BXOAI 6ap’epy Ta CTPyM BcepequHi Oap’epy B anepiouIHOMY pexunMi. Bussieno
CHUTYyallii, B IKHX HalpyTa i cTpyM 4depe3 0ap’ep KOJIHMBAIOTHCS, 1 SIKHX CIIiI YHUKATH Ha MPAKTHI eKCIUTyaTallii eJIeKTPUIHOTO 00JIaTHaAHHS.
BcTaHOBNIEHO, 110 KOJNHBAHHS HAMPYTH 1 CTpyMy, NPHBOASYM 1O TEPEHANPYKEHHS MOOJM3y 3HAUCHHS HANpPYTH JKMBICHHS, MOXe OyTH
HeOe3nmeuyHnM IS ickpoOe3rnedHoro xapaktepy 6ap’epy. BusHaueHo, 1110 piBHOMIpHO pO3HO/iIEHI PEaKTUBHI €IEMEHTH MOXYTh I'eHEepyBaTH
SIBUIIA EIEKTPUIHOTO PE3OHAHCY, SIKI MOXKYTh CIPHATH IEPEHANPYKEHHIO a00 MepeBaHTAXKEHHIO 10 CTPYMY 1 MOXYTb NPUBECTH IO BTPATH
icKkpoOe3IeKH 3aXKUCHOro 6ap’epy.

HaykoBa HoBW3HA. Briepiie Bu3HaueHHs1 po3MipiB O6ap’epiB Oe3MeKH BHPILIYEThCS KOMIUIEKCHO i3 BUKOPUCTAHHSIM TPhOX METOJIB Ma-
TEeMaTHYHOTO MOJIETIOBAHHS, a Pe3yJIbTaTH XapaKTePH3yIOTHCS BICOKOIO TOUHICTIO.

IMpakTnyna 3HaYnMicTh. OTpUMaHO AiarpamMy 3MiHH HaIIpyTy Ha BXOJ1 6ap’epy Ta cTpyM BcepequHi 6ap’epy 3 TOUKHU 30py IBOX poOo-
YHX PEXKUMIB — allepiOMIHOTO i KOJIMBAIGHOTO, IO 03BOJISIE BU3HAYUTH ITapaMeTpH 6ap’epy Oe3nexH.

Knrwouosi cnosa: 6u0o6ymox gyeinis, subyxonebesneune cepedoguuye, BUOYX 2azy, 2eomMexaniuni napamempu, memat, 6ap ‘cp beznexu
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Bapbep 6e30nacHOCTH 3JIEKTPHYECKOT0 000PYI0BAHUS
JJISI IOTEHIHAJILHO B3PbIBOONACHBIX Cpe/l YIroJbHBIX HIAX

T. Hukynecky, B. Apan, M. Mapky, C. Apax, @.I". [Tonecky

Hean. OnpeneneHue paloHaIbHBIX MapaMeTpoB Oapbepa 0€30MaCHOCTH SNEKTPUIECKOT0 000pYJOBAHUS B YCIOBHUAX B3PBIBOOMACHBIX
Cpell yrojbHBIX IMIAXT Ha OCHOBE IPHMEHEHMS KOMIUIEKCA METOJIOB MaTeMaTHYECKOTO MOJECIHPOBAHHS UL NMPEXOTBPAIICHUS HPOU3BOA-
CTBEHHBIX aBapHii, CBI3aHHBIX C ITOJ36MHBIMHI B3pBIBAMH.

MeToanka. DKCIepUMEHTAIPHOE HCCIIe0BaHNEe OBUIO OCHOBAHO HAa T€OMEXAHHMUYECKOW XapaKTepHCTHKE YIS U OKPYIKAIOIINX €ro Io-
pox B Gacceline noyuHbI KMy, a TakKe HA JaHHBIX, HOJYYEHHBIX IIPH ITOMOIIN HATYPHBIX U3MEpeHHI 1 00paboTaHHBIX CTATHCTHYECKIMHU
MeToaaMH. Beutn nenonb30BaHbl TPH METOAa U3ydeHus 6apbepoB OezomacHocTu. [lepBolif ocHOBaH Ha npuMeHeHuH nporpamMMmel MATLAB,
BTOpOI — ucnonb3yet Simulink MoaenupoBanue, TpeTuil — 0azupyercst Ha mporpaMMHoM makere SimPowerSystems. Bo Bcex Tpex ciydasx
U3MEHEHHUE HAalpsDKEHUs! Ha BXoJle 6apbepa U TOK BHYTPH Oapbepa pacCMOTPEHBI C TOUKHU 3PEHHUS ABYX pabodHX PEeKUMOB — alepHOIUIECKO-
TO U KOJIe0aTeNnbHOTO.

Pe3yanTatsl. OnpezneneHa 1 SKCIIEpUMEHTAIBHO ITOATBEPIKICHA CTAaTHCTHIECKass KOPPEIIIUS MEXITy CBOWCTBAMH TOPHBIX MTOPOJ U BEI-
Opocamu yrig M MeraHa. [loiydeHBI quarpaMMbl H3MEHEHHMS! HAIpsDKEHUS Ha BXoje Oaphepa M TOK BHYTPH Oapbepa B alepHOINIECKOM
pexume. BEIABIEHBI cCHTyanny, B KOTOPEIX HAIpsDKEHHE W TOK Yepe3 Oapbep KOJEOIIOTCS, M KOTOPBIX CIeAyeT n30eraTb Ha IpaKTHKe 3KC-
IUTyaTaliH IEKTPUIECKOT0 000pYIOBaHMA. Y CTaHOBICHO, YTO KOJIeOaHMs HAalPsDKEHUS U TOKA, IPUBOJS K TIepEeHANPSHKEHNI0 BOIN3HM 3Ha-
YEeHHs HANpPSDKEHUs MMUTaHMSA, MOXKET ObITh OMACHBIM ISl HCKPOOE30IacHOro XapakTepa 6apbepa. OnpeneneHo, 4To paBHOMEPHO pacmpere-
JICHHbIE PEAKTUBHBIC IEMEHTHI MOTYT T€HEPUPOBATh SABIECHHS HIEKTPUIECKOTO PE30HaHCa, KOTOPBIE MOTYT CIIOCOOCTBOBATh MEPEHAIPSIKE-
HUIO WIIH IIeperpy3Ke 1o TOKY M MOTYT IIPUBECTH K MIOTEPEe UCKPOOE30IIaCHOCTH 3aUTHOTO Gapbepa.

Hayunasi HoBu3Ha. BriepBrle onpeneneHne pasMepoB 0apbepoB 0€30MaCHOCTH PEIIAeTCsl KOMIUIEKCHO C HCIIOTb30BAHHEM TPEX METO-
JIOB MAaTEMaTHYECKOT'0 MOJICTIMPOBAHMS, 8 PE3YJIbTAaThl XapaKTEPU3YIOTCSI BBICOKOH TOYHOCTBIO.

IIpakTnyeckasi 3HAYMMOCTS. [loTydeHbl TuarpaMMbl U3MEHEHNs HANPsDKEHNUs Ha BXoJe O6apbepa M TOK BHYTpH Oapbepa ¢ TOUKH 3pe-
HHS IBYX Pab0OUYMX PeKUMOB — allePHOJHIECKOTO U KOJIeOaTeIbHOTO, YTO MO3BOJISIET ONPEACIIUTh apaMeTpsl bapbepa 0e30IacHOCTH.

Kniouesvie cnosa: 0obviua yais, 63pbleoonachas cpeoa, 63pblg 2asd, 2e0MexanuiecKe napamempel, Memat, bapvep 6e30nacHocmu
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