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FORECASTING THE AEROGAS STATE OF MINE ATMOSPHERE
WITH APPLICATION OF ARTIFICIAL NEURAL NETWORKS

Purpose. Development of a method for forecasting a highly dynamic process of changing the concentration of
explosive gases in a mine using artificial neural networks that allow considering external factors. Nowadays, increase
in industrial safety in the mining industry is solved at the expense of introduction of modern computer systems of the
aerogas control at the enterprises; the systems’ work is aimed at the forecast of parameters of the environment condi-
tion. In this regard, the introduction of computer systems based on the use of artificial neural networks allows provid-
ing valid recommendations for the adoption of optimal technological and management solutions.

Methodology. Forecasting the aerogas state of the mine atmosphere is based on the use of artificial neural net-
works, autoregressive models and meta-heuristics.

Findings. Nowadays, the main measures for the forecast of methane concentration are aimed at finding the dy-
namics regularities of gas concentration, which served as the basis for forecasting gas-dynamic phenomena. The main
results were obtained in studies of the dynamics of methane concentration using telemetric monitoring devices. This
approach is based on the use of linear models. The proposed use of non-linear forecast models based on artificial
neural networks provides more accurate forecasts comparing to widely used linear models.

Originality. In the framework of forecasting the air-gas state of the mine atmosphere, artificial neural networks
and autoregressive models were further developed. At the same time, the autoregressive forecast model was improved
by adding the exogenous factors to its structure, which are the measured dynamic parameters of the aerogas state of
mine developments. To adapt the model, the meta-heuristic algorithm is improved.

Practical value. The results of the experiments showed that the proposed artificial neural network proved to be
more effective for solving the problem of forecasting the aerogas state of the mine atmosphere in comparison with the
existing approach. Numerical studies have shown that the proposed model allows increasing accuracy of the forecast
by 10 % in comparison with the widely used gradient methods. The positive economic effect from introduction of the
proposed approach is to reduce the likelihood of emergencies, which leads to a reduction in financial costs aimed at
eliminating the consequences of accidents.
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Introduction. Currently one of the most important submission of instructions on behavior in extreme situ-

problems in the mining industry is the increase in pro-
duction safety. Today this problem is solved by intro-
duction of modern computer systems of aerogas con-
trol at enterprises, whose operation is aimed at improv-
ing the safety of operations, improving the working
conditions of personnel, forecasting the parameters of
the environment’s state, early detection of the begin-
ning of development of emergency situations, timely
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ations and on the elimination of accidents. The main
objective of introducing computer systems is to in-
crease the technical and economic indicators of coal-
mining enterprises by analysis and multi-level forecast
of the state of all mining developments with the aim of
issuing recommendations for the adoption of optimal
technological and managerial decisions. Such mea-
sures would allow reducing losses from the elimination
of the consequences of accidents. However, currently,
the systems used in mines, do not provide for the pos-
sibility of a comprehensive forecast of the content of
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explosive gases. This leads to the fact that measures
aimed at preventing accidents or mitigating their con-
sequences can be held too late. Due to the lack of effec-
tive systems of forecasting explosive situations, acci-
dents at mines continue, which leads to a partial or to-
tal stoppage of coal production, which in turn entails
serious economic losses, and the lack of funds to elimi-
nate the consequences of accidents leads to complete
cessation of the enterprise operations. At the same
time, it is becoming obvious that the cost of control
systems for aerogas condition of the mine atmosphere
is significantly lower than the damage that can result in
corresponding accidents.

Thus, the problem of forecasting the aerogas state of
mine atmosphere is topical, and its solution using artifi-
cial neural networks is based on the application of a
modern and effective approach. It is important to have
information about the state of a mining facility for fur-
ther analysis of the data obtained by the information au-
tomated control and diagnostic systems.

Analysis of the recent research and publications.
Nowadays, the main measures for the forecast of meth-
ane concentration are aimed at finding the dynamics
regularities of gas concentration, which served as the ba-
sis for forecasting gas-dynamic phenomena. The main
results were obtained in studies on the dynamics of
methane concentration using telemetric monitoring de-
vices [1]. The optoelectronic computerized measuring
systems of methane concentration have also been devel-
oped and updated [2, 3].

Among the software methods and methods of fore-
casting, works of foreign scientists should be noted [4],
which consider modern methods and methods of fore-
casting based on linear regression and autoregressive
models, integrated autoregressive models of the moving
average used for forecasting methane concentrations at
coal mining enterprises of foreign countries.

Unsolved aspects of the problem. Despite the wide
range of existing computerized automated systems wide-
ly implemented at coal-mining enterprises in Ukraine,
there is still no possibility of forecasting the concentra-
tion of explosive gases taking into account external fac-
tors. The performed analysis showed that today there are
not enough accurate and reliable methods for forecast-
ing gas-dynamic phenomena, and among the consid-
ered works only linear models of the methane concen-
tration forecast are found, and the nonlinear autoregres-
sive model proposed previously [5] does not have suffi-
cient forecast accuracy.

Objectives of the article. The research aims at devel-
oping a method for forecasting a highly dynamic process
of changing the concentration of explosive gases in a
mine with the use of artificial neural networks that allow
considering the external factors.

Presentation of the main research and explanation of
scientific results. Based on the analysis of sources and
publications, to solve the forecast problem, it was de-
cided to use a network of nonlinear autoregression, —
the moving average with exogenous (external) factors.
Fig. 1 shows the model structure of such a neural net-
work. The NARMAX model is presented as
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Fig. 1. Network structure of nonlinear autoregression of a
moving average (NARMAX)

Y =10 (m);
MO M1
sO(m) =60+ 3wy O(n=n+ Y wi 21O (n-1)+
10 I=l1 o I=1
+ >, w2 20(n=D)+ Y viP (O (n-1) -y (n-1));
=1 /=1 o

Y= fOGD + Y wPy(ny), (1)

i=l

where N® is the number of neurons in the k" layer,
M®, M1®, M2® is the delay in the k™ layer; wi(n),

wliP(n), w2{(n), v{"(n) are weighting connection co-
efficients from input neuron at the instant of time n — /
to /™ neuron in the first layer at the instant of time #;

w(n) is the weight communication coefficient from
the i neuron to the neuron in the second layer at the

instant of time #; y}”(n) is the output of the /™ neuron
in the first layer; y®(n) is the output of the neuron in the
second layer; £ is the activation function of neurons of
the kth layer (logistic function or hyperbolic tangent).
To select a specific activation function for neurons in
the MatLab environment, the following experiments
were performed: NARMA was taken as the reference
network. For the network, the time taken for a different
number of learning epochs with a sample size of 100 val-
ues was measured. The results showed that the use of
hyperbolic tangent in comparison with the logistic func-
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tion takes 6 % more time for training. Since the forecast-
ing of the explosive gases concentration is an extremely
important problem and the time for obtaining forecasted
result is one of the most important factors, it was de-
cided to use the logistic function.

The neurons number of the input (zero) layer is de-
termined by number of forecasted parameters and the
exogenous factors that affect them. The number of neu-
rons of the hidden layer is determined experimentally.
Numerical experiments were carried out to determine
the number of neurons of the hidden layer. Samples of
the values of the methane sensors (forecast parameter),
temperature and humidity (exogenous factors) obtained
at the same time were taken as initial data. The sample
size was 15000 values. The experiment results showed
that 10 hidden neurons are sufficient for forecasting the
methane concentration, since the change in the error
value is insignificant with a further increase in the num-
ber of neurons.

To study the model, the criterion of model adequacy
was chosen, which means the choice of such parameter

values w wifP, w2, v, and w® that provides a
minimum root-mean-square error (the difference be-
tween the output obtained with the proposed model and
the test output)

1 P
F=—Y(y,-d,) >
P&

min .
(1) (1) (D) (D) (2)
wi i w2i) vl wi

where P is the number of test implementations; y, is the
forecast obtained with the help of the model; d, is test
forecast.

The neural network model training is subject to cri-
terion (1), where an algorithm for back propagation or a
genetic algorithm can be used.

Consider the back propagation algorithm.

1. The first step in the implementation of this algo-
rithm is the initialization of the threshold coefficients

bV(n), b (n), weight coefficients, wj’(n), [el,M©,
wi(n), 1eLM1O, w2’(n), 1el,M2O, v{’(n), I <

lj
elLM® jelLNO, w?(n), iel, N, wherein NV is
the number of neurons in the first layer, M®, M1®_M2®
is the delay in the kth layer.
2. Next we set training-set {(x,, zl,, 22, d,)|x, € R,

zl,e R, 22, € R, d, e R}, pel,P, wherein — u™ is the
input value of the forecast characteristic, z1,, — u'" is the
value of the first exogenous factor at the input, 72, — ph
is the second exogenous factor value at the input, d, —
u' is the output value of the forecast characteristic, P is
the power of the training set.

3. Initial computation of the output signal for each
layer

M =max{M©, M1O MO My
M

YW(n+v)=fO1 Y wi(n+v)x, +
1=0

M M
+Zw1§j1)(n+ v)zl, + Zw2f}>(n+v)z2,}

=1 =1
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N(l) .
YA (n+v)= fm[zwl.(z)(n+v)y§1)(n+v)), vel,M;

i=0
yO(m+v)=x,; zZ1On+v)=zl,;
20(m+v)=22,, ve I,_M;
n=n+M+1,
pn=M+1;
w,y)(n +v)= w,}”(n);
wlﬁjl)(n +v)= wlgjl)(n);
w2 (n+v)=w2i’ (n);
v (n+v) =viP (n);
w2 (n+v)=wh(n).
It is believed that,

wi () =b60(n), x,=1, wP(m)=b>(n), y’(n)=1.

4. Computation of the output signal for each layer
(direct move)

Y (m)= fO(sP(n));

MO M1O
sP(m)= D wil(nyO(n-n+ Y. wiiP(n)zl®(n-1)+
1=0 I=1
M2(0>
+ > w2P(m)z22 O (n—1)+
I=1
M@

+ 2 PG (=D =y (n=D));
=1

YA(n) =fA(sP(n));
NO

s@(n) = Z w2 (n)y®(n);
iz

yOn) =x,;
210y =z1,;
20(n) =22,
where NV is the number of neurons in the first layer,

w,E.l)(n), wlﬁjl)(n), w2§j1)(n) is the coupling weight coef-
ficient from the input neuron at the instant of time n — /
to j™ neuron in the first layer at the instant of time, #,

v}jl)(n) is the coupling weight from the output neuron at
the instant of time # — [/ to the jth neuron in the first

layer at the instant of time, n, w'*(n)is the coupling
weight coefficient from /" neuron to the output neuron

at the instant of time, n, ¥{"(n) is the output of the j*

neuron in the first layer, ¥»?(n) is the output of the
neuron in the second layer, /™ is the activation function
of the neurons of the k™ full-sphere.

It is believed that

W =b0; 3 =1;
wi? (n)=b2(n); ¥ (n)=1.
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5. Computation of the root-mean-square error of the
network

E<n>=%e2<n>;

e(n) =y?(n) - d,.

6. Adjustment of synaptic coupling weight factors
(return move).

To adjust the coupling weight coefficients, a recur-
sive algorithm is used, which is first applied to the out-
put neurons of the network, and then passes the network
in the opposite direction to the first layer. Synaptic cou-
pling weights are adjusted according to the formula

OE(n)
w@(n+1)=w?(n)-n——ms—;
OE(n
W) =w ) n
_OE(n)
wl(l)(n+1) wl“)(n)—
1(1)( )
oE(n
w2 (n+1)=w2{)(n)—n 2(—5)())
OE(n)
val)(”+1) le)(n)— 5 1(.1)(}1),
iy

where n is the parameter that determines the speed of
training (with great n value the training is faster, but it
increases probability of incorrect solution), 0 < < 1.

% =y (n)g?(n);
% = 21O (n—-1)g(n);
% = 20(n-1)g (m);

0Dy 0

£ =1 )0 ) - d,);
g =1 OGP W (g ().

7. Checking the termination condition.
If n mod P > 0, then return to 4.

1 P
If n mod P =0 and FZE(n—P+s)>8, then in-

s=l1
creasing the number of iterations n = n + 1, we proceed
to the problem of a new training set.

1 P
If n mod P=0 and ;ZE(n—P+s)<s,, then the

s=1
model training algorithm is terminated.
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To estimate the forecast accuracy of the proposed
model, experiments were carried out with sensors sam-
ple data of methane, temperature and humidity of 1000
values, taken at the same time and stored in the database
of the UTAS system with an interval of 10 seconds. To
compare the obtained forecast accuracy with proposed
NARMAX model, similar experiments were conducted
using INS ARMA, NARX, NARMA. The forecast re-
sult is shown in Fig. 2.

: L 2
-

Fig. 2. The forecast results:
1—ARMA; 2— NARMAX; 3 — NARMA; 4 —
5 —NARX

initial data;

Fig. 2 shows that the proposed INS NARMAX gives
a forecast with an error of 5 %, NARMA — 7 %,
ARMA — 9 % and NARX — 10 %.

Conclusions. On the basis of numerical research on
the INS NARMAX structure, activation functions were
chosen, the number of neurons in the hidden layer and
the delay value were determined, which allowed acceler-
ating the training procedure.

The results of the experiments showed that the pro-
posed INS proved to be more effective for solving the
problem of short-term forecasting in comparison with
similar INS.

The proposed INS model can further be used in a
multi-agent system for forecasting the mine atmosphere
state, where the explosive gases measured by the UTAS
system will act as forecast parameters [6]. In real time, the
system is designed to recognize the emergency situation of
the air-gas state of mines at the time of'its incipience. This
is explained by the fact that such a system is able to control
the dynamics of the changing process of the air-gas state
of mines and at the same time to issue appropriate recom-
mendations for elimination of emergency situations.

In addition, the use of non-linear forecast models
provides more accurate forecast than the widely used
linear models, which shall have a positive economic ef-
fect, for instance, decreasing emergencies, which leads
to a reduction in financial costs aimed at eliminating the
consequences of accidents.
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IIporHo3yBaHHs aepora3oBoro CTaHy
PYAHUYHOI aTMOC(epH i3 3aCTOCYBAHHAM
MTYYHUX HEHPOHHUX Mepex
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1 — HanioHanbHa MeTanypriiiHa akageMis YKpainu, M. JIHi-
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Mera. Po3pobka MeTomy IMporHo3yBaHHSI BUCOKO-
JIUHAMIYHOIO TIpolecy 3MiHM KOHILIEHTpallii BUOyxo-
HeOe3MeYyHMX Ta3iB y IIaxTi i3 3aCTOCYBaHHSIM IITYY-
HUX HEMPOHHUX MEpeX, L0 T03BOJIIOTh yPaxOByBaTH
30BHillIHI YMHHUKM. [TinBuUIIeHHS BUpOOHUYOI Oe3re-
KW Ha CbOTOMHIIIHIN AeHb Y TipHUYill TPOMUCIOBOCTI
BUPIIIYETBCS 32 PaXyHOK BIIPOBAKEHHST Ha IMiIIIPH-
€MCTBaX CyJYaCHUX KOMIT'IOTEDHUX CHCTEM aeporas3o-
BOT'O KOHTPOJTIO, POOOTa SIKUX CITPSIMOBaHa Ha IMPOTHO3
mapaMeTpiB CTaHy HaBKOJMIIHBOTO CEepeaoBHINA. Y
3B’SI3KY 3 1M, YIIPOBAIKCHHS KOMIT IOTEPHIX CUCTEM
Ha OCHOBI 3aCTOCYBaHHSI IITYYHUX HEHPOHHUX MepeK
JIO3BOJIIE BUIATU OOIPYHTOBAHI peKOMEHAALl s
OPUAHSITTS ONTUMAJIbHUX TEXHOJOTIYHUX 1 yIIpaBJliH-
CbKHUX pPillIeHb.

Metomuka. [IporHo3yBaHHSI aepora3oBOro CTaHY
PYIHMKOBOI aTMocdhepu 3aCHOBaHE Ha 3aCTOCYBaHHI
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IITYYHNX HEMPOHHMX MEpeK, aBTOPETPECiitHIX MOJIe-
JIeil i MeTaeBpUCTHK.

PesyabraTi. Ha choroaHinHiii AeHb OCHOBHI 3aX0-
I 32 MPOTHO30M KOHIIEHTpAllil METaHy CHpPsSIMOBaHi
Ha TOILIYK 3aKOHOMipHOCTel TMHAMiKM KOHLIEHTpallii
rasy, 110 MOCIYXXUJIM OCHOBOIO UISl POTHO3Y Ta3011-
HaMiuHuX sgBull. OCHOBHi pe3yJbTaTh OTpUMaHi B ra-
JIy3i AOCIiIKeHb TMHAMiK1 KOHILIEHTpallil MeTaHy 3 BU-
KOPUCTAHHSAM MPWIANiB TEJIEMETPUYHOTO KOHTPOJIIO.
Taxwuit migxia 3acCHOBaHUI Ha 3aCTOCYBaHHI JIiHIAHUX
Mojeneil. 3anporoHOBaHW BapiaHT BUKOPHWCTAHHS
HeJiHIHUX Mofesielt MPOrHO3yBaHHSI HA OCHOBI LITYY-
HHUX HEMPOHHMX MEPeX MA€ TOUHIII ITPOTHO3U B IO-
PIBHSIHHI 3 IIIUPOKO BXXMBAHMMU HA BUPOOHULITBAX JIi-
HIAHUMU MOJEISIMU.

HaykoBa HoBH3HA. Y paMKaX IIPOTHO3YBaHHS aepo-
ra3oBOro CTaHy PyAHUKOBOI aTMochepu OTpUMaIH Io-
JaJIbIIMI PO3BUTOK LUTYYHI HEMPOHHI MepeKi Ta aBTO-
perpeciiiHi monei. [1pu 1boMy BIOCKOHaJIeHa aBTOpe-
rpeciiiHa Moneb MPOrHO3Y 3a PaXyHOK MOAaBaHHS 10
il CTPYKTYpU €K30TreHHUX (DaKTOPiB, B IKOCTi SIKUX BU-
CTyNnawTh BUMipIOBaHi AMHAMIYHI MapaMeTpu aepora-
30BOT0 CTaHY LIAXTHUX BUPOOOK. JIJ1s1 aganTanii Moje-
JIi BIOCKOHAJIEHO METaeBPUCTUYHUIA aJITOPUTM.

IIpakTuyna 3HaymmicTh. Pe3ysibTaTu ekcrnepumeH-
TiB TTOKAa3aJIM, 110 3aIIPOIIOHOBAHA IITYYHAa HEMpOHHA
Mepexa rnokasana cede OibIn e(heKTUBHOIO JIJIsI BUPI-
IIIEHHsI 3aBIaHHsI IIPOTHO3YBaHHS a¢pPOra3oBOro CTaHy
PYIHMKOBOI aTMocdepu B MOPiBHSIHHI 3 iCHYIOUUM
minxomoMm. IlpoBeneHi yucenbHi JOCTiIXKEeHHS TToKa3a-
JIX, 110 3alIpOTIOHOBaHA MOJEb T03BOJISIE MiNBUIIUTA
TOYHICTh TTporHo3y Ha 10 % B MOPIiBHSIHHI 3 IIMPOKOB-
KUBaHUMU TpagiEHTHUMU MeTopamu. [lo3uTuBHUI
€KOHOMIUYHUI edeKT Bill YIPOBAaIXKEHHS 3aMpPOIOHO-
BAHOTO MiIXOAy TOJSATaE y 3MEHIIEHHI MMOBiIpHOCTI
BUHMKHEHHS aBapilfHUX CUTYyalliil, 110 Beae J0 3MEH-
LIeHHS (piHAHCOBUX BUTpPAT, CIIPSIMOBAHUX Ha JIiKBina-
{10 HACTiAKIB aBapiid.

KimouoBi ciioBa: npoero3s, neiiponna mepedsica, agmo-
peepeciiiHa Modenb, eK302eHHi haKkmopu

IIporno3upoBanue a3pora3zoBoro COCTOSTHUA
PYAHMYHOI aTMOC(epbl C PUMEHEHnEM
HUCKYCCTBEHHBIX HEMPOHHBIX ceTeil
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Hean. PazpaboTtka MeTona MpOrHO3UPOBAHUS BbI-
COKOJIMHAMWYHOTO TpOoIecca M3BMEHEHUSI KOHIIEHTpa-
LIMU B3PHIBOOITACHBIX TA30B B IIaXTe C MPUMEHEHNEM
WMCKYCCTBEHHBIX HEWPOHHBIX CETEeH, MO3BOJISIONINX
YYUTHIBATh BHeIIHUE (pakTophl. [ToBbIieHNEe mpous-
BOJICTBEHHOI 0€30IMacCHOCTU Ha CEerOAHSIIIHUN NeHb B
TOPHOI MPOMBIIIJIEHHOCTH PEIIaeTcsl 3a CUET BHEIpE-
HUST Ha TIPEATIPUSATUSIX COBPEMEHHBIX KOMITBIOTEPHBIX
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CHCTEM a’pOra3oBOro KOHTPOJsI, paboTa KOTOPbIX Ha-
mnpaBjieHa Ha MPOTHO3 MapaMeTPOB COCTOSIHUS OKpY-
XKarouieit cpenbl. B 3Toii ¢BSI3U, BHeApeHNE KOMIIbIO-
TEPHBIX CUCTEM HAa OCHOBE NPUMEHEHHUS UCKYCCTBEH-
HBIX HEMPOHHBIX ceTell MO3BOJISIET BbIAATh 00OOCHOBAH-
HbI€ PEKOMEHIALMNA [UII MNPUHATUL ONTUMAJIbHBIX
TEXHOJOTMYECKUX U YIIPABJIEHUYECKUX PELICHUI.

Metoauka. [IporHo3upoBaHue a’pora3oBOro co-
CTOSIHUSI PYAHUYHOI aTMoc(epbl OCHOBAHO Ha MpU-
MEHEHWU UCKYCCTBEHHBIX HEMPOHHBIX CETEU, aBTOpE-
TPECCUOHHBIX MOJEIEN Y META9BPUCTHUK.

Pesyabratl. Ha cerogHsiliHuMiz A€Hb OCHOBHBIE
MEpBI IO MPOTHO3Y KOHIIEHTPAllUW MEeTaHa HarpaBJie-
HbI Ha TOMCK 3aKOHOMEPHOCTEW NMHAMMKN KOHIIEH-
Tpaluu raza, KOTOpble NOCIYXWUJIM OCHOBOWM IIJISI MPO-
THO3a Ta30IMHAMUYeCKUX siBieHui. OCHOBHBIE pe-
3yJbTaThl MOJYyYEHBI B 00JaCTU MCCICIOBaHUN TWHA-
MUKM KOHLIEHTPALlMM METaHa C UCTIOJIb30BAHUEM MPU-
OOpOB TeJeMEeTPUUECKOro KOHTpoJis. Takoil momxon
OCHOBaH Ha NMPUMEHEeHUM JUHENHbIX Moaeneit. [1pen-
JIOXKEHHBIA BapuaHT MCHOJb30BAaHUSI HEJIMHEUHBIX
MOJIEJIE TPOTHO3UPOBAHUS HAa OCHOBE UCKYCCTBEH-
HBbIX HEMPOHHBIX ceTell naeT 0ojiee TOUHbIE TTPOTHO3bI
MO CPaBHEHMIO C IIMPOKO MPUMEHSIEMbIMU Ha TIPOU3-
BOJICTBAX JUHEUHBIMU MOJESIMU.

Hayynas HoBuzHa. B pamkax mnporHos3vpoBaHUs
a3pOra3oBOro COCTOSAHM PYIHUYHON aTMOC(EPDI 1M0-
JIYYUJIU NAJIbHEWIIEE Pa3BUTUE MCKYCCTBEHHbBIE HEM-
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POHHBIC CETM M aBTOPETPECCHOHHBIC Momeiau. [lpu
5TOM YCOBEPIIEHCTBOBAaHA aBTOPETPECCMOHHAST MO-
JIeJTb TIPOTHO3Aa 3a CUET J00ABICHUS B €€ CTPYKTYPY 3K-
30Te€HHBIX (DAKTOPOB, B KAUECTBE KOTOPHIX BHICTYMAIOT
u3MepsieMble TMHAMUUYECKHE IMapaMeTpbl a3porasoBo-
IO COCTOSIHMSI IIaXTHBIX BbIpa®oToK. Jlyisi aganraiuu
MOJIE/IM YCOBEPILEHCTBOBAH METadBPUCTUUYECKUI as-
TOPUTM.

IIpakTHYecKasg 3HAYMMOCTb. Pe3yinbTaThl SKCIIepH-
MEHTOB IO0KAa3aJI1, 9TO MpeIIoKeHHAsT NCKYCCTBEHHAST
HelpoHHasl ceTh Mokasaja cebs 6ojee 3(hHEeKTUBHOMU
IIJIST peIIeHUS 3a1auy IIPOTHO3UPOBAHUS a3POra30BOro
COCTOSTHUSI PYTHUYHOM aTMOC(EphI IO CPaBHEHMIO C
CYIIECTBYIOIINM TMoaxonoM. [IpoBemeHHBIE YHCIIEH-
HBIE MCCIICIOBAHMS MTOKA3aJIM, YTO MpeagaraeMast Mo-
JIeJTb TI03BOJISIET TTOBBICUTh TOYHOCTD MpOorHo3a Ha 10
% 10 CPaBHEHMIO C ILMPOKO MPUMEHSIEMbIMU I'PaIM-
eHTHbIMU MeTonamu. I[1oJoXuTenbHbIE SKOHOMUYE-
ckuit a3pdeKT oT BHEAPEHUs MPEIT0XKEHHOTO MOoaXona
COCTOMT B YMEHBIIIEHUY BEPOSITHOCTH BOSHUKHOBEHMST
aBapUIHBIX CUTYALINIA, 9YTO BeIET K YMEHBIICHUSIM (b1~
HAHCOBBIX 3aTpaT, HaIlpaBJICHHBIX HAa JIMKBHUIALIUIO
MOCJIEICTBUI aBapuid.

KimoueBble clI0Ba: npoeHo3, HEUPOHHAS Cemb, a8mo-
peapeccUoHHas Mooenb, IK302eHHbIe PaKmopbl

Pekomendosano 0o nybaikauii dokm. mexH. HayK
b. I. Moposom. Jlama nadxodxucenns pyxonucy 04.09.17.
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