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Annotation. The purpose of this research work is the development and the testing of universal method for
computer estimate of intrinsic safety of inductive capacitive circuits, which takes into account the most hazardous
discharge type by contact closure and the obtainment of regression dependences of minimal igniting energy on
discharge time in a capacitive circuit and the comparison of results with available experimental dependences. The
special aspects of suggested method for evaluation of intrinsic safety of capacitive circuits come down to development of
a universal computer model of contact closure discharge and obtainment of regression dependences of minimal igniting
energy on discharge time in a capacitive circuit. The development of a universal computer model of contact closure
discharge was carried out with the help of empirical and theoretical studies. The developed computer model of a short
circuit discharge makes it possible to determine the estimated dependence of energy and time of existing of a short
circuit discharge in inductance-capacitance circuit for evaluation of intrinsic safety of complex circuits which parameters
are missing in regulatory documents. The reproducibility of modeling in response to experimental data does not exceed
95 %, which characterizes this model as a relative precise one.The obtainment of regression dependences of allowable
igniting energy on discharge time in capacitive circuit was made by means of methods of empiric and experimental
studies. Analytical dependences of the most suitable regression equations and their approximation coefficients are
found. The approximation accuracy was 0.99. The regression equation is obtained, which relates the minimum ignition
energy and discharge time, as well as the voltage of the circuit capacitance. Estimation of intrinsic safety of capacitive
circuits comes down to calculation of values of released discharge energy and its duration by means of modeling of the
circuit being estimated with the help of computer model taking into account reserve coefficient, determination of
minimum igniting energy depending on circuit voltage. As follows from the analysis, the discordance between data
obtained and GOST data does not exceed 15 %. The use of method for assessment of electric circuits of intrinsic safe
equipment being developed for gaseous mines reduces significantly the time of its implementation with more exact
following the parameters of intrinsic safety and leads therefore to risk reduction of an explosion and freely burning fire
occurrence.
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Introduction. Explosion safety of industrial processes in coal industry of Ukraine
is an integrant part of labour protection and safety system. One of the main principles
of decrease of explosion risk is prevention of active ignition sources by means of use
of prevention measurements in mine equipment — explosion protection types.

The most effective of these measurements is explosion protection type “intrinsic
safe electric circuit “i”. It creates such conditions that an electric discharge in a circuit
and heated equipment components cannot ignite explosion medium by ordinary
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operation and taking into account the damage of equipment components considered
[1, 2] even in presence of explosive atmosphere carrying voltage. This property
unique for this explosion protection type as well as a variety of other advantages
(lesser weight and dimensions of the product, a more simple manufacturing technique
and corresponding a lesser price) causes its widespread use in mine connecting,
monitoring an aerogas control devices etc.

Implementation of a capability of explosion protection type “intrinsic safe electric
circuit” is inherent in solving of the problem of objectivity increase of evaluation
method for valid parameter, development labor input decrease by means of
development of new beadless evaluation methods of intrinsic safety of electric
circuits. At the present time, for the purpose of beadless evaluation of intrinsic safety
of capacitive circuits the dependences of minimal igniting voltage on capacity are
used taking into account the limiting resistance obtained for essential gas mixtures
(GOST 22782.5, IEC 60079-11, DSTU ENG60079-11). Circuits with severe
conformity to dependences provided occur rare in actual practice; their use is limited
to a short range of capacity values of capacitor and resistance of limiting resistor for
which these dependences are available. Therewith, inductive elements often occur in
discharge resistor circuits and the complex evaluation of intrinsic safety for a
common case of branched circuit is impossible. Therefore the development of
estimate of intrinsic safety of such circuits is a relevant objective.

The purpose of this research work is the development and the testing of universal
method for computer estimate of intrinsic safety of inductive capacitive circuits,
which takes into account the most hazardous discharge type by contact closure and
the obtainment of regression dependences of minimal igniting energy on discharge
time in a capacitive circuit and the comparison of results with available experimental
dependences.

Methods. In most cases occurring in actual practice the evaluated capacitive
circuits of intrinsic safe equipment can come down to circuits (Fig. 1) consisting of a
series-parallel connection of direct-current power supply E, condenser C, direct-
current resistances R, inductor L and sparking switching appliance SM (Fig. 1 a). A
circuit can also include a condenser C or a cable, shunting inductor L with the
resistance R or shunting a discharge gap (Fig. 1, b, c).

Figure 1 - Equivalent schemes of capacitive circuits
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For inductance-capacitance circuits in research work [3] mathematical
expressions are derived, which determinate discharge duration T,, peak current imax
and short circuit discharge W,. However, their use demands knowledge of transition
process character (non-periodic, oscillation discharge, critical behavior). Besides,
they are not suitable for evaluation of intrinsic safety of capacitive circuits in real
schemes including complex combination of components.

The special aspects of suggested method for evaluation of intrinsic safety of
capacitive circuits come down to development of a universal computer model of
contact closure discharge and obtainment of regression dependences of minimal
Igniting energy on discharge time in a capacitive circuit.

The development of a universal computer model of contact closure discharge was
carried out with the help of empirical and theoretical studies, which are outlined as
follows.

In intrinsic safety a single short circuit and intermittent sparking are considered.
These two types of spark formation are used by testing of circuits with live capacitors
in inductance-capacitance circuits being the most aggressive in respect of ignition of
explosive gas mixtures [4]. It has been validated experimentally, that for these types
of discharge the same model of current decrease can be taken [5]. The process of
spark forming by contact closure includes several stages. By approach of electrodes
of switching appliance SM its voltage corresponds to voltage of power supply source
of the circuit E. By touching of contacts discharge current occurs, which causes
intensive evaporation of contact metal and forming of streamers — narrow conductive
(filled with plasma) channels coming from one of the electrodes for a time period of
0.1 ps [6]. Thus the time constant for this process r amounts to 33-34 ns™. This
process is accompanied by voltage decrease on discharge gap due to exponential law
from power supply source voltage of circuit E to steady-state value U,. It remains
constant during the whole discharge Up=const=U, [3]. According the data of
experimental studies [7] we take the value Uy,=9 V. Disappearance of the arc is
caused by decrease of discharge current to the value of i,=1;<250 mA for single short
circuits and 3-20 mA for intermittent sparking. After that a metal contact closure
occurs — the voltage tends to zero. Consequently, equation describing the transition
process of voltage changing on discharge U,(t) including the above mentioned stages
of short circuit discharge occurrence is as follows

U,(t)=(E-Ugpe™ +Ug 1)

The spark forming mechanism can be conveniently conceived of as mathematical
(computer) model, representing the discharge characteristics of capacitive circuit (1)
trough the discharge resistance

9
Up(®) _(E-Up)e ™ +Uy _(E-9)e "%t +9
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The switch SW2 ensures the startup of discharge transition process. In initial state
it is disconnected, which ensures the charge of condenser C1 to voltage value of
power supply source E. The transition process is started at the moment of switch
connection (in 10 ps). Resistors R1, R2 exclude the influence of power supply source
on discharge parameters by means of current restriction to 2 mA. The switch SW1 in
initial state is connected, which ensures the presence of open-circuit voltage of power
supply source E on spark forming mechanism before the startup of transition process.
Resistor Ry=0.1 Ohm determines the resistance of cables, cell terminals etc. The
model SM shows the changes in time of resistance of discharge gap (2), which in its
turn depends on parameters of discharge circuit. The capacitive circuit under
consideration consists from condenser C1, resistor R3 and inductor L1.

The computer model (Fig. 2) is basis for obtainment of base data by using the
method of process modeling of arc commutation in capacitive electric circuits for
their evaluation: discharge energy W,(T,), discharge duration T,. It is recommended
to determine the calculation of discharge time as a relative peak time of discharge
current curve | (SM) between the beginning of its growth and the current value of
discharge break I(t)=i,=3 mA (Fig. 3). The discharge energy is determined
graphically by value of running time corresponding to discharge duration.

TS+
& s :;
[l T + ! SM
s ® o o

Figure 2 - Scheme of computer model for calculation of discharge parameters of an intrinsic safe
capacitive circuit
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Figure 3 - Dependences of main short circuit discharge on time
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Results and discussion. The developed computer model of a short circuit
discharge (Fig. 2) makes it possible to determine the estimated dependence of energy
and time of existing of a short circuit discharge in inductance-capacitance circuit for
evaluation of intrinsic safety of complex circuits which parameters are missing in
regulatory documents.

Studies of igniting ability of capacitive circuits with limiting resistor in discharge
circuit according to DSTU EN60079-11 give background for determination of
evaluated dependence of minimal igniting (allowable) energy on discharge time both
In capacitive and inductance-capacitance circuits with limiting resistor for group I. As
a result, the regression equations are obtained for explosive mixture of group I
connecting minimal igniting energy (3)-(5), discharge time and voltage of capacitive
circuit. Both model and dependences obtained allow to make a comparative
evaluation of intrinsic safety due to released energy in capacitive circuit with a
certainty of not less than 15 % compared to curves [8].

The evidence for proper use of computer model taken is comparison of calculated
and experimental values for discharge duration and discharge energy (Table 1) by arc
brake current of 3 mA and resistor of R3=3.8 Ohm. The experimental data are
obtained by means of standardized spark forming mechanism [8] by means of
fixation of transition process of discharge current and voltage with digital
oscilloscope TDS2022.

The reproducibility of modeling in response to experimental data does not exceed
5 % (Table 1), which characterizes this model as a relative precise one.

The obtainment of regression dependences of allowable igniting energy on
discharge time in capacitive circuit was made by means of methods of empiric and
experimental studies which are outlined as follows.

Table 1 - Comparison of experimental and calculated values for discharge time and maximum
current surge in capacitive circuits

> "':1 mi Experimental curves Model

N 5 :|| Wp, ,.,l\] Tp, ].LS Imax, A Wp, “J If’s’ InXXl
30 (4]0 715 | 39.0 5.1 680 | 380 | 53
50 | 4| 0 | 1430 | 49.0 10.0 | 1397 | 483 | 104
70 | 4| 0 | 2150 | 55.0 15.3 2117 | 54.7 | 154
30 4] 2 680 | 39.0 5.0 680 | 376 | 4.9
50 | 4| 2 | 1428 | 49.3 9.2 1390 | 478 | 94
70 | 4| 2 | 2150 | 55.0 14.0 2100 | 54.0 | 14.0

The reproducibility of modeling in response to experimental data does not exceed
5 % (Table 1), which characterizes this model as a relative precise one.

The obtainment of regression dependences of allowable igniting energy on
discharge time in capacitive circuit was made by means of methods of empiric and
experimental studies which are outlined as follows.

In accordance with dependence of minimal igniting voltage on circuit capacity for
group | [8] the values of electric circuit parameters are determined: resistance of
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current limiting resistor R, Ohm as well as capacities C, uF by circuit voltage of E =
20V,30V,50V, 70V, 100 V, 200 V, 300 V. With the help of computer model (Fig.
2) by L1=0, arc brake current of 3 mA the values are calculated for discharge energy
WB and its duration T, for these capacitive circuits (Table 2, Fig. 4).

Table 2 - Results of modeling of igniting parameters

Circuit Discharge Circuit Discharge

parameters parameters parameters parameters
E,| R3, | CI, T ms W, E, | R3, | CI, T ms W,
V | Ohm | uF 7 mJ V |Ohm | puF | 7 mJ
200 O 24.0 | 0.0466 | 2.372 |100| O |0.68 | 0.0005 | 0.736
20| 5.6 |200.0 | 7.5100 | 19.700 | 100 | 5.6 | 2.50 | 0.1240 | 2.044
30] 0 7.2 |0.0147 | 1.361 | 100 | 15.0 | 4.70 | 0.5460 | 3.816
30| 5.6 | 28.0 | 1.1570 | 5.255 | 100 | 40.0 | 9.00 | 2.4070 | 7.292
30| 15.0 | 90.0 | 8.4270|16.869 | 200 | 0 | 0.22|0.0003 | 0.997
50| 0 2.4 10.0050 | 0.922 | 200 | 5.6 |0.80|0.0430 | 1.442
50| 5.6 | 9.0 |0.4070| 3.295 | 200 | 15.0 | 1.50 | 0.1900 | 2.583
50| 15.0 | 18.0 | 1.8690 | 6.579 | 200 | 40.0 | 2.70 | 0.8030 | 4.602
50| 40.0 | 60.0 |14.128 | 21.892 300 0O |0.12|0.0001 | 1.195
70 0 1.3 |0.0025| 0.801 | 300 | 5.6 |0.43|0.0237 | 1.288
70| 56 | 49 |0.2320 | 2.672 | 300 | 15.0 | 0.75 | 0.1000 | 2.022
70 | 15.0 | 8.6 |0.9450 | 4.677 | 300 | 40.0 | 1.50 | 0.4720 | 3.915
70 | 40.0 | 22.0 | 5.5320 | 11.945

W (Tp,E,R,C), m]
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Figure 4 - Results of modeling of igniting parameters

Wp(T,) =2z 50(E)-In(T,)+by 50(E)- \/ﬁ +Cy 50(E)-T,

for voltages E: 50-100 V
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Wg(T,)=aso 100(E)-In(T,) +bsg_100(E)- \/i +Cs0_100(E) - T, +ds0_100(E) (4)
for voltages E: 100 — 300 V
Wg(T,) = a100_300(E)-IN(T,,) +biog_300(E)- [T, +C100_300(E) (5)

For each voltage E approximation coefficients are found and correlation
coefficient is evaluated. Approximation accuracy in all cases is 0.99. For data
package groups obtained for coefficients determined by voltage range of 20-50 V, 50-
100 V and 100-300 V, their analytical dependences are found by means of
approximation with the help of most suitable regression equations as well as
approximation coefficients (6-15):

a0 50(E) =5.46482-10"* - In(E) —~1.5901-10 - VE ~1.0699-10°  (6)

boo 50(E) =-0.27524- In(E) + 0.09511- VE +0.52917 (7)
Cao_50(E) =-1.96566- In(E) +0.48255- VE +4.75756 (8)
aso_100(E) =3.35309-107° - In(E) - 8.47823-10* - VE - 7.03139-10(9)
bso 100(E) =-1.40448- In(E) + 0.35628 /E +3.0711 (10)
Cso_100(E) =17.92744-In(E) — 4.58814- E —37.0445 (11)

dso_100(E) =0.03506- In(E) —8.79152-10 - V/E ~0.07319  (12)
2100 300(E)=-1.91183-10° - In(E) - 6.48252-10°" - E + 3.93709-10™ (13)
bioo 300(E) =-0.04866-In(E) + 4.87319-10* - E + 031438 (14)
Ci00 300(E) =-4.77263-10 - In(E) —1.02811-10 - E — 7.78864-10™* (15)

Approximation accuracy for all equations (6-15) is 0.99.

Estimation of intrinsic safety of capacitive circuits comes down to calculation of
values of released discharge energy W, and its duration T, by means of modeling of
the circuit being estimated with the help of computer model (Fig. 2) taking into
account reserve coefficient 1.5-E, determination of minimum igniting energy Wz (T,)
due to (3-5) taking into account (6-15) depending on circuit voltage E. The criterion
for intrinsic safety is fulfillment of the following condition:

WB (Tp)_Wp (Tp)ZO (16)

Let us consider the developed methods for evaluation of intrinsic safety by the
example of the scheme (Fig. 2) with following parameters E=40 V, R3=5.6 Ohm
and C1=12 pF, 13.5 uF and 15 pF. The dependence of allowable igniting energy on
discharge time Wg (T,) from the formula (3) taking into account (6)-(8) is set out in
Figure 5.
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Figure 5 — Dependence of allowable igniting energy (full line) and energy released in discharge on
time

The diagram in Figure 5 shows reference points for capacities C1=12 puF,
C1=13.5 pF, C1=15 pF, respectively. For the three capacity values, the condition of
compliance with intrinsic safety (16) is fulfilled for 12 and 13.5 uF only.

In accordance with GOST curves for indicated parameters the allowable capacity
does not exceed 15 pF.

As follows from the analysis, the discordance between data obtained and GOST
data does not exceed 15 %.

Conclusions. The use of method for assessment of electric circuits of intrinsic
safe equipment being developed for gaseous mines reduces significantly the time of
its implementation with more exact following the parameters of intrinsic safety and
leads therefore to risk reduction of an explosion and freely burning fire occurrence.
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AHoTauis. Meta pobotn nonsrac B CTBOPEHHi i TECTyBaHHi YHiBepCanbHOrO Metogy KOMM'WOTEPHOI OLiHKM
ickpobe3neky iHAYKTUBHO-EMHICHUX Kil, L0 BpaxoBYe HanbinbLL Hebe3neuHW Big po3psay Npy 3aMUKaHHI KOHTAKTIB, a
TaKOX OTPUMAHHS PErpeciiH1X 3anexHOCTeN MiHIMarbHOI 3anastolyoi eHepril Big Yacy po3psay B EMHICHOMY KOMi i
MOPIBHAHHS PE3ynbTaTiB 3 HASBHUMU EKCNepUMEHTaNbHUMK 3anexHocTamiu. OcobnmBOCTI 3anponoHOBAHOrO MeTody
PO3paxyHKOBOI OLiHKM iCKpOBEe3nekn €MHICHUX Kin 3BOAMTLCA [0 PO3pOOKM YHIBEpCAnbHOI KOMM'OTEPHOI MoAaeni
po3psdy 3aMUKaHHS KOHTaKTIB i OTPUMAHHS PerpeciiHux 3amnexHoOCTen MiHIManbHOI 3anantoryol eHeprii Big yacy
po3psdy B EMHICHOMY Koni. Po3pobka yHiBepCanbHOi KOMN'OTEPHOI MOAENi pO3psAaY 3aMUKaHHS KOHTaKTIB NPOBOAMMAacs
3a ONOMOroK METOAIB EMMIPUYHNX | TEOPETUYHUX JOCTimKeHb. Po3pobneHa komMn'loTepHa MOAENb PO3PSAY 3aMUKaHHS
[03BOSISAE BU3HAYATW PO3PAXYHKOBI 3aneXHOCTI eHeprii i Yacy iCHyBaHHSA PO3psdy 3aMUKaHHS B iHAYKTUBHO-EMHICHOTO
KOHTYpi Ans OUiHKK ickpobe3nekn cknagHux Kin, napameTpu SKWX BiACYTHI B HOPMAaTWUBHUX AOKyMeHTax. 3ODKHICTb
pesynbTaTiB MOLENOBAHHA MO BIiAHOWEHHIO [0 eKCNepUMEHTanbHWX [OaHWX CTaHoBUTb He MeHwe 95%, wWwo
XapaKTepu3ye Lo MoAenb Sk NOPiBHAHO TOYHY. OTpUMaHHS pPerpecinHmx 3anexHocTen 4oNyCTUMOI 3anantoyoi eHeprii
Bl Yacy pospsdy B €EMHICHOMY Koni MpoBogunacs 3a [LOMOMOrOl METOAIB EMMIPUYHWX | eKCrepuMEHTanbHUX
BOCNigXeHb. 3HaAEHO aHaniTW4Hi 3anexHOCTi Halbinbl MNiAXOAAWMX PErpeciiHnX PiBHAHb | iX  KoeqilieHTy
anpokcumalii. TouricTb anpokeumadii cknana 0,99. OTpuMaHo piBHAHHA perpecii, Wo 38'A3y10Tb MiHIManbHy 3aiMUCTI
eHeprilo i yac po3psdy, a TakoX Hanpyra €MHOCTi kona. Po3pobnenuit MeToa OuiHKM icKpobe3nekn EMKICHWX Kif
3BOOUTLCA [0 PO3paxyHKy 3HauyeHb eHeprii, L0 BMAINAETbCA PO3pAdy i MOro TPUBANMOCTi LINSXOM MOZEoBaHHS
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OLliHI0OBaHOI KoMna 3a [0MOMOro KOMM'OTEPHOI MOZEeni 3 ypaxyBaHHAM koediljieHTa 3anacy, BU3HAYEHHS MiHIMarbHO
3ananioe eHeprii B 3anexHoOCTi Big Hanpyru kona. B pesynbrati aHanisy Oyno BusiBNEHO, WO PO3GIKHOCTI Mix
oTpuMaHumn paHumu i gadumu ACTY He nepesuwytoTb 15%. 3actocyBaHHSi po3pobrneHoro MeTogy npu OLiHL
ENEKTPUYHNX Kin po3pobrseTbest ickpobe3neyHoro ycTaTkyBaHHa Ans WaxT, HeOe3neyHnX 3a ra3oM 3HayHO CKOpouye
TEPMIHW NOr0 BNPOBaZXKEHHS 3 Binbll 4OCTOBIPHAM LOTPUMAHHAM NapaMeTpiB ickpobesneky i TuM camum NpuU3BOAUTb
[0 3HWKEHHS PU3NKY BUHUKHEHHS BUOYXY Ta eK30reHHOro NOXeXi B LUAaXTi.

KntouoBi cnoBa: ByrinbHa NPOMMCIOBICTb, PO3PaxyHKOBI METOAM, OLiHKa ickpobe3neku, eHepria pospsgy,
[OCTOBIPHICTb pesynbTaTis.

AnHoTauus. Lienb paboTbl COCTONT B CO3aHMM 1 TECTUPOBAHUM YHUBEPCANBHOMO METOAA KOMMbIOTEPHON OLIEHKM
1ckpobe30nacHOCTH MHAYKTUBHO-EMKOCTHBIX Liener, YuuTbIBatoLLero Hanbonee onacHbIn BUA pa3psga npu 3aMmblkaHum
KOHTaKTOB, @ TaKKe MOony4yeHne perpecCUOHHbIX 3aBUCUMOCTEN MUHUMANBHON BOCMAMEHSIOLLEN 3HEPrN OT BPEMEHU
paspsiga B eMKOCTHOW Lienu U CpaBHEHWE pesynbTaToB C WMMELMMUCS 3KCMEPUMEHTANbHLIMU 3aBUCUMOCTSMU.
OcobeHHOCTM npegflaraeMoro MeTofda pacyeTHON OUEHKM WUCKpobe3onacHOCTM EeMKOCTHbIX Lienei CBOAMTCA K
pa3paboTke yHMBEPCANbHON KOMMbIOTEPHON MOAENM paspsiga 3amblKaHWst KOHTAKTOB W MOSYYEHUIO PEerpecCUOHHbIX
3aBMCMMOCTEN MUHMMArbHOW BOCMNAMEHSIOWEN 3HEPrM OT BPEMEHW paspsda B EMKOCTHOM uenu. Paspabotka
YHWUBEPCAmNbHOM KOMMBIOTEPHOM MOZenn paspsha 3aMblkaHWs KOHTAKTOB MPOBOAMNACH C MOMOLLbK METOZOB
AMMUPUYECKUX W TEOPETUYECKMX UCCreaoBaHWi. PaspaboTaHHas KOMMbOTEPHas MoLenb pa3psga 3amblkaHus
no3BoONsieT ONpedensiTb PacyeTHble 3aBUCUMOCTM SHEPTUM U BPEMEHW CYLLECTBOBAHUSA paspsfa 3aMblkaHus B
WHAYKTUBHO-eMKOCTHOM KOHTYPE ANs OLEHKM MCKPOBEe30nacHOCTM CIIOXHBIX Lieneit, napamMeTpbl KOTOPbIX OTCYTCTBYHOT B
HOPMaTUBHbIX JOKyMeHTax. Cxo4uMoCTb pe3ynbTaToB MOLENMPOBAHMS MO OTHOLIEHWIO K KCMEPUMEHTaNbHBIM AaHHbIM
cocTaBnsieT He MeHee 95%, UTO XapaKTepu3yeT [JaHHY MOJEnb Kak CPaBHUTENbHO TOYHyHD. [lonyyeHue
PErPECCUOHHBIX 3aBMCUMOCTEN [OMYCTUMOIA BOCMNAMEHSIOLLEN 3HEPrMM OT BPEMEHM pa3psga B €MKOCTHOW Lienu
NPOBOAWSIOCH C NOMOLLBI0 METOAOB AMMUPUYECKNX W SKCTIEPUMEHTANbHbIX MCCrefoBaHUA. HaligeHbl aHanuTuyeckue
3aBUCUMOCTN Hanbonee MOAXOASALUMX PErPeCCUOHHBLIX YPaBHEHUA U WX KOIPMULMEHTbI annpokcumaumi. TOYHOCTb
annpokcumauun coctasuna 0,99. MonyyeHo ypaBHEHWE perpeccui, CBA3bIBAKOLLME MUHUMATIBHYIO BOCMIAMEHSIOLLYIO
SHEPrUI0 U BpeMs paspsaa, a Takke HanpsikeHne eMKOCTM Lenn. PaspaboTtaHHbI METO OLEHKM 1CKpobe3onacHoCTy
EMKOCTHbIX Lieneil CBOAMTCA K pacyeTy 3HauYeHWi BblAensiemoi dHepriv pas3psiga W ero NpoLosmKUTENbHOCTY nyTeMm
MOLOENUPOBAHMA OLEHMBAEMOM LieNM C MOMOLLULIO KOMMbIOTEPHOA MOAeNM € Yy4eToM KoadpuumeHTa 3anaca,
onpeneneHnto MUHAMANbLHO BOCMNAMEHSIIOLLEN 3HEPTUM B 3aBUCUMOCTU OT HanpskeHus Lenw. B pesynbTaTe aHammsa
ObINO BLISIBNIEHO, YTO PACXOXAEHUS MeXZy NOMyYeHHbIMW LaHHbiMW v AaHHbiMu [OCTa He npesbiwat 15 %.
lMpuMeHeHne pa3paboTaHHOrO MeToda Mpu OLEHKE 3MEKTPUYecKUX Leneid paspabaTbiBaeMoro KckpobesonacHoro
obopynoBaHus 45 OnacHbIX MO rasy LIAxXT 3HAYNTENbHO COKpaLlaeT CPOKM ero BHeApeHWs ¢ Bonee 4OCTOBEPHbLIM
cobniogeHnem napameTpoB UCKPOBEe30nacHOCTU 1 TeM CaMbiM MPUBOANT K CHUKEHWIO pUCKa BO3HUKHOBEHWS B3PbIBA W
9K30reHHOro noxapa B LUaxTe.

KnioyeBble cnoBa: yronbHas MPOMbILSIEHHOCTb, PacyeTHble METOAbl, OLEHKa WCKPOHe3omacHOCTH, 3Heprus
paspsaa, LOCTOBEPHOCTb PesysbTaToB.
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