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3anpononosano memoo 3anobizanns Haod3euuaii-
HUM CUMYAUiaM MeXHO2eHH020 Xapaxmepy YHACi-
00K noiceNci 6 NPUMIWEHHI HA 0CHOBL BUKOPUCTMAHHSL
noMoOUHOT Mipu pexypenmnocmi npupocmie eexmopa
cmany 2a306020 cepedosumla 0151 6UABTEHHS MONCTIU-
6ux Hebe3nex Ypajncenus 00CaYz06y101u020 nepcona-
Y i pylinyeanus 001a0HanH 8 NPUMIUEHHAX 00 €K~
ma. lana mipa 0o3sonse 30iticniosamu onepamuenui
KOHMPOJIb OUHAMIKU CMAHY 2d306020 cepedosuusa i
6UABAAMU Hebe3neuni Cmanu, 06 A3ami 3 BUHUKHEN-
HAM noocedxc 8 npumimgennax 06'exma. Ioxazano, wo
npu unuKHenni Hebe3nexu y 6uzandi nodicedici 2azose
cepedosuue npumingenni € 3aco6om nepedayi énau-
6ie 6i0 Oicepena 3aiimanns. Ilposedena nepesipra
3anpononosanozo memoody HA NPuKIA0i GUSGJIEH-
Hs neGe3nexu y Gueandi 3aumansv cnupmy i nanepy
6 MoOesvHill Kamepi, wo iMimye HezepMemuuHi npu-
Mimenns 06'exma. Bcmanosaeno, wo 0o momenmy
nouamxy 3auUManns OUiHKa UMOBIPHOCMI peKypenHm-
HOCMi NPUpocmie cmMamnie 2a306020 cepedosuula Mae
mendenyiro 3pocmannsn 6i0 nyas do 0,5 ons cnup-
my i 0,6 0nsa nanepy. Bidsnawaemocs, wo menoen-
Uist 3pocmanns OUiHKU UMOGIpHOCMI peKypeHmuocmi
npupocmie cmanie 2a306020 cepedosuwa xapaxme-
PU3YEMbCA Pi3Koto i nepioduunHo0 3IMiH0I0 3a3naue-
Hoi ouinxu umosipnocmi. Buseneno, wo do eunuxmen-
Ha Hebe3nexu, noe'13anoi i3 3aimannam mamepiany,
Junamixa npupocmie xapaxmepusyemocsa 6unaoxo-
6010 3MiH010 pazoeux cmanis, 6i0N0GIOHUX PeNCUMY
Qunamiunoi cmivxocmi. Ilpu eunuxnenni nebesnexu
Y 6U2aA01 3a20pAHHA Mamepiany OuiHKa UMOBIPHO-
cmi pexypenmmocmi 30invuiens cmae OAU3LKOIO 00
nyas. Ia cumyauin eionosidac empami ounamiunoi
cmilixocmi cmany 2a306020 cepedosuuia. Ilicas uvozo
Junamixa npupocmie xapaxmepusyemocs OKpemMumu
6UNAOKOGUMU MOUKAMU PEKYPEeHMHOCMI, W0 HaJe-
Jocame ob6nacmi z20n06n0i Oiazonani pexypenmuoi
diazpamu. Iodanvuuii pozeumox oanoi nebesnexu
npu3eo0ums 00 XA0OMUUHOZ0 Xapaxmepy npupocmie
cmanie 2a3zoeozo cepedosuwa. Iloxasano, wo xou-
mpons OuHAMIKU NPUPOCMié Cmanie 2a3068020 cepe-
006uwa 00360IA€ BUAGTAMU MOMEHMU BUHUKHEHHS
Hebe3nexu, noe'a3anoi iz 3azopaHnam mamepianie
6 npumimennax oo'ekma. ILle ceiduumv npo npaues-
dammuicmv 3anpononoeanozo memody 3anobizanns
HA036UUATHUM CUMYAUIAM, NOB A3AHUX 3 NOJCEIHCAMU
Ha 00'cxmax, WaAAXoM paHHbL020 GUABNEHHS 3A20PAH
Mmamepianié Ha 0CHOBL GUABIEHHS MOMEHMIB, NpuU
axux 6i06yeaemvcs 3pue cmitixocmi npupocmie cma-
Hi6 2a306020 cepe00BUWA 8 NPUMINEHHAX
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npupicm cmanie, 2a3oee cepedosuuie, peKypenmna
diazpama

DOI: 10.15587,/1729-4061.2020.194009

A METHOD FOR PREVENTING
THE EMERGENCY RESULTING
FROM FIRES IN THE PREMISES
THROUGH OPERATIVE
CONTROL OVER A GAS MEDIUM

B. Pospelov

Doctor of Technical Sciences, Professor*

E-mail: pospelov@ukr.net

R. Meleshchenko

PhD, Associate Professor

Department of Fire and Rescue Training**

O. Krainiukov

Doctor of Geographical Sciences, Associate Professor
Department of Environmental Safety

and Environmental Education***

K. Karpets

PhD, Associate Professor

Department of Ecology and Neoecology***

O. Petukhova

PhD, Associate Professor

Department of Fire Prevention in Settlements**
Yu. Bezuhla

PnD

Department of Management and Organization Activities
in the Field of Civil Protection**

T. Butenko

PhD, Senior Research*

V. Horinova

PhD*

P. Borodych

PhD, Associate Professor

Department of Fire and Rescue Training**

E. Kochanov

PhD

Department of Monitoring, Management of

Natural Resources and Prevention of Emergency***
*Department of Organization

and Coordination of Research Activities
Scientific-Methodical Center of Educational Institutions
in the Sphere of Civil Defence

Chernyshevska str., 94, Kharkiv, Ukraine, 61023
**National University of Civil Defence of Ukraine
Chernyshevska str., 94, Kharkiv, Ukraine, 61023
***%V. N. Karazin Kharkiv National University

0 [m} Svobody sq., 4, Kharkiv, Ukraine, 61022
Received date 09.01.2020 Copyright © 2020, B. Pospelov, R. Meleshchenko, O. Krainiukoo, K. Karpets,
Accepted date 27.01.2020 O. Petukhova, Yu. Bezuhla, T. Butenko, V. Horinova, P. Borodych, E. Kochanoo
Published date 28.02.2020 This is an open access article under the CC BY license (http://creativecommons.org/licenses/by/4.0)

1. Introduction

ger) and a corresponding object of its impact. The world

statistics indicate that the annual number of anthropogenic

Itis known that any emergency (E) occursonlyinthecase  emergencies exceeds the number of annual emergencies of
of the simultaneous presence of an object of danger (a dan-  natural and another character by more than three times [1].



The acknowledged fact is that the main sources of anthro-
pogenic emergencies are various types of potentially dan-
gerous objects [2]. The results of long-term forecasting [3]
and emergency statistics indicate a steady growth trend in
emergencies, primarily due to an increase in the number of
dangers. A danger, which affects an object of impact, leads
to the human toll, damage to human health, destruction or
annihilation of objects [4] and other material values, and
also causes serious damage to the environment in case of
emergencies [5]. We should note that humans themselves
create prerequisites for the emergence of dangers, which
entail emergencies, in the anthropogenic sphere. There-
fore, a process of human interaction with the environment
during production activities should minimize the risk of
such dangers to avoid significant costs for the elimination
of emergencies [6]. One of the important ways to reduce the
risk of dangers is the implementation of measures to prevent
possible emergencies. The implementation of emergency
prevention methods makes it possible to reduce costs for the
elimination of consequences by 2—3 times [7] and to reduce
significantly or to avoid population loss completely. The
world statistics indicate that causes of most anthropogenic
emergencies are fires in the premises, which lead to injuries
and death of personnel and significant destruction of techno-
logical equipment and premises, and facilities themselves. In
this regard, the objective complexities of early detection of
fires at facilities in the technical sphere, as well as the variety
of potentially dangerous facilities, determine the expediency
of prevention of emergencies caused by fires at facilities.

2. Literature review and problem statement

The gas environment of premises under conditions of
danger is a complex system with a dissipative structure,
non-linear dynamics, and self-organization. Classical meth-
ods are not able to identify existing complex relationships
between elements in such a system, because a base of re-
lationships is a series of linear principles that are usually
violated [8]. This leads to false ideas about the real dynamics
of the state of the gas environment in the premises in case of
danger (fire) and does not give the possibility to carry out
emergency prevention at facilities. However, nature of the
dynamics of the state of the gas environment at the stage
of the emergence of danger in the form of a fire is of para-
mount importance for prevention of injuring and death of
maintenance personnel, as well as the destruction of techno-
logical equipment and units in the premises of facilities [9].
One should note that quantitative methods of nonlinear
dynamics in the presence of noise and unsteady conditions
are an active area for research in many disciplines at pres-
ent [10, 11]. In particular, there are methods of time series
analysis applied from the position of the theory of dynamical
systems and fractal sets in geophysics [12]. However, it does
not consider methods for the prevention of anthropogenic
emergencies caused by fires at facilities. A base of the study
of the process of emergence of fire in the premises is exper-
imental data [13]. Paper [14] presents an assessment of the
impact of thermal radiation on the rate of heat release in
typical materials. Authors of work [15] carried out an experi-
mental study on combustion modes for various materials un-
der the external thermal influence [15]. Authors of work [16]
investigated a rate of heat release during a fire in the prem-
ises. They note that the dynamics of the state of the gas

environment in the premises at the stage of ignition of mate-
rials are complex, non-linear, and non-stationary. Work [17]
investigates the increasing speed of known methods for the
detection of fires in the premises. At the same time, it does
not consider new methods capable of detecting changes in
the state of the gas environment at ignitions and does not
consider the dynamics of the states of the gas environment.
It does not consider emergency prevention methods based on
the detection of changes in the state of the gas environment.
Authors of papers [18, 19] study self-adjusting methods for
the detection of fires. However, the basis of self-adjusting
methods is a series of averaged values of states of separate
parameters of the gas environment only. They do not take
into account and do not analyze the current dynamics of pa-
rameters of the gas environment during fires in the premises.
The results presented in [20] show an analysis of the dynam-
ics of the adaptive threshold and the probability of detection
of fires only. There are no studies on the dynamics of states
of parameters of the gas environment and their increments
at the ignition of materials. There is no consideration of fire
emergency prevention methods based on the analysis of in-
crements of the state of the gas environment in the premises.
An experimental study on temporal autocorrelation and pair
correlations of the dynamics of the main parameters of the
state of the gas environment at ignitions in a model premise
is a subject of work [21]. Authors note that current indica-
tors of structural features of the interaction and changes in
parameters of the state of the gas environment, rather than
their average values, are more important in the identifica-
tion of fires in the premises. For example, there are known
methods suitable for the identification of dangerous param-
eters of the gas environment in case of fire [22]. However, a
base of the methods is a stationary approach, which makes
it possible to determine only averaged energy indicators for
parameters of the gas environment by lags and frequencies.
The mentioned methods do not make it possible to take into
account peculiarities of the time-frequency structure of the
interaction of parameters of the state of the gas environment.

Work [23] considers methods of time and frequency
localization. However, it notes that the problem of time-fre-
quency localization remains unresolved. It indicates that the
well-known methods are difficult to implement and unsuit-
able for the operative detection of fires in the premises and
emergency prevention based on it. Due to the non-stationary
nature of parameters of the state of the gas environment in
the premises when ignition appears, work [24] considers
a method based on the application of a Fourier transform
to stationary fragments of the non-stationary dynamics of
states. However, it is usually difficult to isolate sections
of stationarity in the dynamics of the states of dangerous
parameters of the gas environment at the identification of
fires. The work does not consider and investigate the gas
environment as a complex dynamic system, which generates
a state of dangerous parameters in case of fires. Paper [25] is
an experimental study of the dynamics of the burning rate of
materials in closed and ventilated premises. However, there
is no data on structural interactions of dangerous parameters
of the gas environment at the ignition of materials in the
premises. Work [26] studies increments of separate dan-
gerous parameters of the gas environment as signs of fires.
However, the results present the analysis of traditional sta-
tistical indicators of increments in parameters of the gas en-
vironment only. It does not consider the study of structural
features of the dynamics of the states of the gas environment



in the multidimensional phase space. Following [21-26],
it states that fires are a source of disturbance of the initial
equilibrium state of the gas environment in the premises of
facilities. There are more complex nonlinear interactions of
the main parameters of the state of the gas environment at
ignitions.

Papers[27, 28] considergeneralmethodsfor time-frequen-
cy identification of nonlinear dynamic systems. Work [29]
describes a method for analysis of non-stationary process
parameters based on a short-term Fourier transform. One
should note that the methods considered in [27-29] turn out
to be quite difficult to implement and we cannot consider
them as constructive methods for the detection of fires in
the premises and prevention of emergence of anthropogenic
emergencies caused by fires. Papers [27—29] do not consider
methods of nonlinear analysis of the system dynamics based
on approaches other than the Fourier approach. Although in
order to identify fires and develop methods for the preven-
tion of emergencies caused by fires at facilities, it is neces-
sary, first of all, to study a structure of the dynamics of the
states and increments of the gas environment in multidimen-
sional phase space. However, such results are not available in
the available literature at the moment. Work [30] considers
the application of the time-frequency method for the study
of structural features of the dynamics of dangerous parame-
ters of the gas environment at fires in the premises. It notes
that the method is difficult to implement and it has insuffi-
cient efficiency. Moreover, the effectiveness of the method
depends substantially on the type and parameters of the
realized window functions used for averaging. In addition,
the method, being an energy one, does not make it possible to
study a structure of the dynamics of dangerous parameters of
the gas environment in the corresponding phase space.

Thus, there are various time-frequency methods used
to detect early fires in the premises due to the complexity
of the dynamics of states and the interaction of dangerous
parameters of the gas environment. However, the methods
are complex and insufficiently efficient. They have limited
detection sensitivity and scope. Therefore, their application
to prevent emergencies caused by fires at facilities, using
operative monitoring of the state of the gas environment in
the premises, is problematic. Fractal methods of the nonlin-
ear dynamics are more constructive and promising for the
prevention of such emergencies [31]. A base of the methods
is the use of current measures of recurrence of increments
in the state of the gas environment in case of the emergence
of danger in the form of a fire. Therefore, an important and
unresolved part of the problem under consideration is the
development of a method for the prevention of anthropogenic
emergencies caused by fires at a facility based on the use of
current measures of recurrence of increments in the state of
the gas environment at fires in the premises.

3. The aim and objectives of the study

The objective of this study is to develop a method for
the prevention of anthropogenic emergencies caused by fire
applying operative monitoring of the state of the gas envi-
ronment and using the current measure of recurrence of in-
crements in the state of the gas environment in the premises.

We set the following tasks to achieve the objective:

—a system analysis of the emergence of anthropogenic
emergencies caused by fire and possibility of prevention of

them by monitoring of the state of the gas environment in
the premises at a facility, as well as theoretical substantiation
of the method for prevention of emergencies based on the es-
timation of the current measure of recurrence of increments
in the state of the gas environment in the premises;

— verification of the efficiency of the method on the ex-
ample of the state of the gas environment at the ignition of
alcohol and paper in a chamber, which simulates a non-air-
tight placement of an object.

4. System analysis of emergencies caused by fire and
substantiation of the method for their prevention

A base of the development of the method is the result of
system analysis of the emergence of anthropogenic emergen-
cies caused by fires in the premises at a facility and possibil-
ities of application of the estimation of the state of the gas
environment to prevent them. Let an arbitrary placement of
an object represents some § = OUE , system, which consists
of O danger object (a source of fire in the form of ignition of
material), which is a potential source of emergencies, and
E= GU R, environment where G is the gas environment of a
premise, and R is the object exposed to an impact of a danger
object (maintenance personnel, technological equipment,
units and construction of a facility). O object influences R
object through the gas environment of G premise in the sys-
tem under consideration. e O dangerous states characterize
O object of danger. Such states can be, for example, ignitions
of various materials or explosions of equipment and units in
the premises. This means that we can describe O states at
te[0, T] time instants by 2=h(¢) random function. geG state
also characterizes G gas environment of a premise, through
which dangerous states are transferred from the source to
an object of impact. In this case, parameters of the state
of the gas environment can be, for example, factors of the
gas environment that are dangerous for maintenance per-
sonnel. First of all, they are temperature, carbon monoxide
concentration, and smoke density. g=g(¢) random function
characterizes G state at various points in time. Finally, some
leR scalar parameter, which represents an amount of loss
(damage) caused to R object by an impact of O object in gen-
eral case, can characterize the state of R object exposed to an
impact of an object of danger. SG = OUG state of the system
determines | parameter. It is some I=I(h(¢), g(¢)) functional.

However, h=h(t) state of O object of danger deter-
mines g=g(¢) state of the gas environment in the premises
S= OUE system under consideration. Therefore, a current
state of the gas environment in the premises will determine
[ parameter. For example, if the damage caused to R object
depends on g=g(x, 1) state of dangerous factors of the gas
environment at x point of a space of the object’s placement,
then we can represent [ parameter as the corresponding
one-dimensional integral function, which determines, for
example, an inhalation dose of dangerous factors of the gas
environment for maintenance personnel. Thus, prevention
of an anthropogenic emergency caused by a fire at a facility
is possible based on the current monitoring of g=g(¢) state
of dangerous factors of the gas environment in the premises
where technological equipment and maintenance personnel
are located, taking into account losses caused to R object by
an impact of O object.

g=g(t) states of the gas environment in the premises de-
pend not only on a source of danger. They are also subjects



for various disturbances. There is no data on perturbations in
most practical cases. The only information is measurements
of the states of the gas environment taking into account
perturbations [32]. Typically, a measurement of the state of
the gas environment occurs at discrete time instants [33]. In
general, we can represent the measurement information for i
arbitrary discrete time instant by the m-dimensional vector
of the state of dangerous factors

Z=d +A, i=0,1,2.,N;—1, @)

where d; is the vector of current states of the gas environ-
ment caused by danger; A, is the vector of current distur-
bances in the states of the gas environment; N is the size of a
sample of measurements of the specified vector of the states.

Application of the RP method for the state vector (1)
makes it possible to map trajectories of the state of the gas en-
vironment considered in the m-dimensional phase space onto
atwo-dimensional binary matrix of Ng<Njsize. A unit element
of the matrix will correspond to the recurrent states (RS)
of the gas environment at certain i and j instants of time and
RP coordinate axes will be determined by the discrete mea-
surement time. Following paper [31], one can represent the
mapping mathematically by the following ratio

Rre=0(e-[z-Z). ZeQ", ij=12..N, @)

where ©() is the Heaviside function; ¢ is the size of a neigh-
borhood for z; RS detection at i instant of time, and I* is the
operator of a norm calculation. The study of the dynamics
of states of various complex systems based on (2) became
popular due to the emergence of methods of quantitative RS
analysis [34]. A basis of the methods is a series of appropriate
measures, which give the possibility to measure the complex-
ity of RP, which reflects special conditions in the systems
under study numerically. Paper [35] proposes measures
of recurrence of states for concentrations of atmospheric
air pollution based on the use of (2). However, one cannot
apply the well-known measures to prevent emergencies by
monitoring the state of the gas environment in case of fire in
the premises at a facility. The main limitation of the known
measures is the insufficient efficiency in the detection of
changes in the dynamics of the state of the gas environment
at fires in the premises.

To ensure the efficiency of the recurrence measures de-
veloped in paper [35] and the possibility of application of
them to detect changes in the dynamics of the state of the
gas environment at fires in the premises, firstly, we propose
to modify (2) in accordance with expression

TRP* =if (i= j()j<i,R',0). 3)

Expression (3) defines an operational method for calcu-
lation of RP in real-time observation in comparison with (2).
One can propose the current measure of estimation of RS of
the gas environment in the premises at a facility, based on
the expression (3), by analogy with [34]. We determine it
as follows

. 1 G
M, (i, s)=i+—1;m e, (%)

A measure (4) makes it possible to estimate RS for each
current 7 time instant based on (3) and taking into account ¢

size of the neighborhood of recurrent states. The measure de-
pends on ¢ size of the neighborhood, which should be selected
from the condition of ensuring the authenticity of estimate (4)
by real values of RS of the gas environment in the premises at
afacility. This means that it is possible to identify the dynam-
ics of repeatability of states in the current time using mea-
sure (4). The estimate (4) of RS characterizes the probability
of the repeatability of states for the current moment in time
numerically. It makes it possible to study features of the
transition from stable states to unstable states in various dy-
namical systems. In this case, the operational estimation (4)
can be a basis for the developed method for the prevention of
anthropogenic emergencies caused by fires at facilities. We
propose to calculate estimate (4) not for the states of the gas
environment in the premises, but for increments of the states
measured at the current and previous time points in order
to detect changes in the dynamics of the state of the gas
environment of premises effectively because increments of
the states of the gas environment are more sensitive to fires
in the premises. It was found that ignitions in the premises
lead to a breakdown in the stability of precise increments
in the state of the gas environment [36,37]. One should
note that in general, it is possible to forecast the moments,
when the loss of stability of increments in the state of the gas
environment in the premises caused by fires occurs, based
on measure (4). In this case, it is possible to carry out fore-
casting at i+1 time instant from current observations up to
i time, for example, by the method of exponential filtering or
other methods. Thus, a base of the proposed method for the
prevention of anthropogenic emergencies caused by a fire is
the operative monitoring of the state of the gas environment
in the premises at a facility using measure (4) for increments
of the state of the gas environment. Fast detection of fires in
the premises makes it possible to apply timely measures to
eliminate them and prevent the development of an emergen-
cy, which poses a significant threat to the life of personnel,
equipment, and destruction of premise structures.

5. Verification of operability of the method on the
example of the state of the gas environment at the
ignition of alcohol and paper in a model chamber

We carried out verification of the method for the preven-
tion of anthropogenic emergencies caused by fire by real-time
monitoring of the state of the gas environment in the premis-
es based on the experimental data obtained at the ignition of
alcohol and paper in a modeling chamber [30]. We measured
components of the vector of the states of the gas environment
in the chamber during the experiment. A concentration of
CO, temperature, and smoke density determined them. We
measured the mentioned states at ¢; discrete time instants
with Az=0.1 second step for i=0, 1, 2, ..., 400. A counting
number of i corresponded to ¢; time instant of the interval of
monitoring of the states of the gas environment. Therefore,
z;. value determined the value of the state vector of the gas
environment for counting of i. We ventilated the chamber
naturally for 5-7 minutes before the ignition of paper. We
set fire to alcohol and paper in the chamber in the region of
200 counts. We used TGS2442 (Japan), DS18B20 (Germa-
ny) and MQ-2 (China) sensors, respectively, as measuring
tools for smoke density, temperature, and a CO concentra-
tion of the gas environment in the chamber. Fig. 1 shows RP
of increments in the state of the gas environment determined



by (2) and (3), for i=0, 1, 2, ...., 400 and j=0, 1, 2, ..., 400 at
the ignition of alcohol in the modeling chamber at £=0.01.

0
160 240 320 1 0 80 160 240 320 i
a b

Fig. 1. RP for increments of the states of the gas
environment in the model premise at the ignition of alcohol:
a—RP (2); b—RP (3)

0 80

Fig. 2 presents an illustration of the dynamics of a num-
ber and probability estimation of RS (4) for increments of
the state of the gas environment at the ignition of alcohol in
the model premise at £=0.01.
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Fig. 2. The dynamics of RS of the gas environment at the
ignition of alcohol in the model premise:
a— the number of RS;
b — estimate of the probability of RS determined by measure (4)

Fig. 3 shows RP for increments of the state of the gas
environment in the model chamber in accordance with ex-
pressions (2) and (3) in case of danger caused by the ignition
of paper in the model premise at £=0.01.
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Fig. 3. RP for increments of the state of the gas environment
in the model premise at the ignition of paper:
a—RP (2); b—RP (3)

Fig. 4 shows the dynamics of a number and estimation
probability of RS (4) for increments of the state of the gas

environment in case of the ignition of paper in the model
premise at e=0.01.
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Fig. 4. The dynamics of RS of the gas environment at the
ignition of paper in the model premise: a — the number of RS;
b — estimate of the probability of RS determined by measure (4)

We obtained the dependences presented in Fig. 1—4 tak-
ing into account real errors in the measurement of compo-
nents of the state vector of the gas environment by sensors.
One can assume that the presented data satisfy the corre-
sponding degree of reliability within the limits of the meth-
odological error, assuming that real modern fire detectors
of various types are constructed based on the sensors used.

6. Discussion of results of verifying the method for
prevention of emergencies caused by a fire in the
premises

It follows from the analysis of RP in Fig. 1, 3 that the dy-
namics of increments in the state of the gas environment in
case of a danger caused by the ignition of alcohol and paper
in the model chamber is different.

The dynamics of increments of the states of the gas envi-
ronment are similar and it shows a sharp change in stability
over short time intervals until the moment of ignition of
materials in the chamber. Such changes are characteristic
of the conditions of dynamic equilibrium of the states of
the gas environment in the premises in absence of ignition.
There are some differences in RP in this interval in Fig. 1, 3
because the ignition of paper occurred after the ignition of
alcohol with subsequent natural ventilation of a premise.
There could be residual effects present in the gas environ-
ment. However, the similar nature of RP before the ignition
indicates a sufficient degree of natural ventilation of the
chamber. The white areas on RP indicate the absence of re-
currence in increments of the states of the gas environment
in the chamber. These areas characterize the loss of stability
of the states of the gas environment and correspond to the
moment of emergence of a danger caused by the ignition of
alcohol and paper in the chamber. Further dynamics of incre-
ments of the state of the gas environment are chaotic because
of the instability of the state of the gas environment. One can
see fixed areas of the emergence of danger in Fig. 1, 3 (white
areas of RP in the region of 200—250 counts). Therefore, one
can state that given RP for increments in the state of the
gas environment in general make it possible to identify the
emergence of dangers in the form of ignitions of materials.
The form of RP in Fig. 1, 3 are triangular, because we calcu-
lated RP in real-time, unlike RP in Fig. 1, 3, a. The triangu-
lar shape of RP corresponds to the operational calculation



of RP. The use of these RP to calculate the proposed mea-
sure of recurrence of increments of the states (4), which
is equal to the current estimate of the probability of re-
peatability numerically (Fig. 2, 4), indicates possibility of
its application for identification of a danger at the start of
the ignition of materials. Identification of the start of the
ignition of the material makes it possible to warn about
possible emergency if it will be not possible to eliminate fire
by available means. Thus, the data presented in Fig. 1-4
indicate the efficiency of the developed method for the
prevention of anthropogenic emergencies caused by fires at
facilities using the operative monitoring of increments in
the state of the gas environment in the premises.

The essence of emergency prevention is early detec-
tion of fires in the premises at a facility to eliminate fire
and prevent emergencies, which cause death of personnel,
failure of equipment and units, destruction of structures
of premises and possibly an entire facility. We propose to
control increments of the state of the gas environment in
technological the premises at a facility for early detection
of fires. Therefore, it is necessary to create a system for
early detection of fires, which should relate to an auto-
matic system for suppression of such fires in the premises
at a facility. The main principle of the creation of a system
for early detection of fires should be the operative control
of increments of states of the gas environment based on
the calculation of the proposed current estimation of their
recurrence.

The results of the verification of the method are only
experimental data on the ignition of materials in a model
premise. One should note that in general, the sensitivity of
the method will decrease with an increase in the distance of
a corresponding sensor from a source of ignition. Therefore,
it is advisable to place the sensor(s) in areas with the highest
probability of fires in practical implementation. Typically,
such zones in the technological premises of facilities are
known. Therefore, we should consider further development
of the study by conducting experimental verification of the
operability of the method in real premises of facilities with
various types of equipment. It is necessary to estimate the
actual sensitivity and applicability limits of the proposed
emergency prevention method, conditions for stability of
results, and other indicators and parameters that affect the
area of the practical application of the method in the course
of such studies.

7. Conclusion

1. We carried out a systematic analysis of the occurrence
of anthropogenic emergencies at facilities. It showed that it is
possible to prevent emergencies based on monitoring of the
state of the gas environment of premises for the operation
of technological equipment and maintenance personnel. We
showed that the gas environment in the premises at a facility
serves as a means for the transition of dangerous impacts (car-
bon monoxide, temperature, and smoke) to an affected facility,
which is a possible source of emergencies, in case of emergence
of fires. We substantiated the method for the prevention of
anthropogenic emergencies caused by fire in the premises
theoretically using the current measure of recurrence of
increments in the state vector of the gas environment. The
proposed measure allows the operative monitoring of the dy-
namics of increments of the state of the gas environment and
to identify dangerous states related to fires in the premises.

2. We carried out a verification of operability of the
method for the prevention of anthropogenic emergencies
caused by a fire on the example of the state of the gas envi-
ronment at alcohol and paper ignition in a chamber, which
simulated a non-airtight premise of an object. It was estab-
lished that the estimation of the probability of recurrence
of increments in states of the gas environment tended to in-
crease from 0 to 0.6 before the ignition of alcohol and paper.
A sharp and periodic change in the value of the estimation
of the probability of recurrence accompanied the growth
trend. It was revealed that increments of the states of the gas
environment are random in nature, which corresponds to the
mode of its dynamic stability, before the ignition of material.
The estimate of the probability of recurrence of increments
decreases sharply and approaches zero in case of the emer-
gence of fires. The loss of dynamic stability occurs. Follow-
ing the obtained results, the loss of dynamic stability occurs
in the region of 200 counts. There are separate recurrence
points randomly located in the region of the main diagonal
of the recurrence plot in the dynamics of the recurrence of
increments of states after ignition. We showed that then an
unstable mode of increments of states of the gas environment
comes. It indicates further chaotic development of ignitions.
The obtained results indicate the efficiency of the proposed
method for the prevention of emergencies caused by fire
using the operative monitoring of parameters of the gas en-
vironment of the premises at a facility.
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