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The object of the study is the coef-
ficients of asymmetry and excess of
the selective distribution of hazardous
parameters of the gas environment during
material fires. The practical importance
of the research lies in the use of mea-
sures of asymmetry and kurtosis for early
detection of fires. The measures of asym-
metry and kurtosis for sampling the final
size of an arbitrary dangerous parame-
ter of the gas environment are substan-
tiated. The proposed measures make it
possible to investigate the peculiarities
of the coefficients of asymmetry and kur-
tosis in relation to the selective distribu-
tion of an arbitrary dangerous parame-
ter of the gas environment. At the same
time, it becomes possible to numerically
determine the degree of difference of the
sample distributions of dangerous param-
eters from the Gaussian, as well as the
Jfeatures of such measures. Experiments
were conducted to determine the degree
of asymmetry and excess of dangerous
parameters of the gas environment in the
laboratory chamber at the intervals of the
absence and presence of ignition of the
test materials. The obtained results indi-
cate that on the intervals of absence and
presence of fires, the selective distribu-
tions of dangerous parameters of the gas
environment differ from the Gaussian dis-
tribution. Distributions are complex and
individual in nature. Features of mea-
sures of asymmetry and kurtosis depend
on the type of ignition material. It was
established that the maximum values of
the modulus of increase in the degree
of asymmetry are characteristic for the
carbon monoxide concentration (2.939)
during the ignition of paper, for the smoke
density (3.098) during the ignition of tex-
tiles, as well as for the temperature during
the ignition of alcohol (7.163) and wood
(1.06). It was determined that the max-
imum values of the modulus of excess
measure increase are characteristic
Jor smoke density (4.678) when paper,
wood (1.652) and textiles (28.932) ignite,
as well as for temperature (49.377) when
alcohol ignites
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1. Introduction

The resistance of objects to threats is one of the most
important modern problems. At the same time, man-made
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threats are associated with an adverse impact as a result
of human activities [1], and natural ones — as a result of a
threatening event, which is likely to have a negative impact
on the population and habitat [2]. A special place is occu-




pied by the issue of ensuring the sustainability of critical
infrastructure [3, 4]. This is explained by the fact that such
objects are themselves sources of threats and emergen-
cies [5], and their activity is key for the existence of the
state and the life of the population [6]. With the expansion
of spheres of activity, danger lies in wait for a person on the
ground, in the air, and underground [7]. At the same time,
active digitalization provoked new threats [8] related to the
information sphere. It should be noted that not only pro-
duction is dangerous but also the processes associated with
waste disposal [9]. Hazardous events associated with uncon-
trolled combustion occur most intensively [10]. Fires cause
death and injury to people [11], lead to the destruction and
damage of industrial [12] and residential facilities [13, 14].
Combustion products, fire extinguishing agents, as well as
by-products of fire equipment [15] negatively affect the en-
vironment, causing pollution of water bodies [16], soils, and
atmospheric air [17]. An analysis of statistical data on fires
in the developed countries of the world indicates that the
majority of fires are characteristic of three types of objects:
residential, public, and industrial [18]. The largest number
of fires occurs in residential buildings (55 %). At the same
time, the greatest material damage (45 %) is caused by fires
at industrial and residential (35 %) facilities. At the same
time, the maximum loss of life occurs during fires in residen-
tial buildings (80 %). Regardless of the types of objects, fires
occur most often in premises [19]. The priority direction of
fire counteraction is based on preventive technologies [20],
early detection [21], and fire forecasting [22]. Since the
source of any fire is the ignition (IGN) of materials, it is
possible to counteract fires only by timely detection of ma-
terials IGN and preventing their transition to a fire [23]. In
this regard, the detection of fires (DF) should be considered
as one of the urgent problems of our time.

2. Literature review and problem statement

Papers [24,25] describe preventive technologies and
technologies for predicting the dynamics of dangerous
parameters (DDP) of a gaseous medium (GM), aimed at
preventing the occurrence of IGN in the long term. There-
fore, they are not applicable for solving the problem of the
current DF (in real time). The difficulty of the current DF
is due to the complexity and individual nature (uncertainty,
non-stationarity, and non-linearity) of the real GM DDP at
indoor IGN. Paper [26] proposes and studies a technology
that makes it possible to overcome only the uncertainty and
non-stationarity of a real GM DDP. At the same time, this
technology is limited to considering the moments of distri-
butions of the GM DDP not higher than the second order.
This means that this technology is not suitable in the case
of non-linear GM DDP. At the same time, the statistics of
GM DDP above the second order, which characterize the
nonlinearity, are not considered and are not studied. In [27],
it is proposed to overcome the non-stationarity of GM
DDP at IGN based on the technology of group processing
of data from a plurality of sensors of the same type and the
implementation of the network principle. The technology
of batch processing of data from many different types of
sensors is studied in [28]. However, technologies [27, 28]
are limited to traditional statistics of no higher than the
second order, which are not able to identify the features of
the nonlinear nature of GM DDP, which are necessary for

the current DF. The results of an experimental study of the
combustion of three types of wood (two coniferous and one
hardwood) for three levels of thermal radiation of 30, 40,
and 50 kW-m™ are reported in [29]. A linear relationship
between the average heat release rate and radiation inten-
sity was found, as well as the presence of two peaks in the
heat release rate of samples from the beginning to the end
of irradiation. At the same time, two strong smoke processes
were established, one before ignition, and the other after
the end of charring. However, at the same time, the effect
of heat release and smoke of GM and their dynamics during
ignition of the combustion of wood samples was not studied.
The effect of wood combustion intensity on the temperature
dynamics of GM was studied in [30]. However, the results
are limited to the study of the average dynamics of GM
temperature on the average combustion intensity. Similar
studies for organic glass and cypress were carried out in [31].
However, in [29-31] there are no results of studying sample
distributions or their characteristics for hazardous parame-
ters (HP) of GM, which contain important information for
DF about their nonlinear dynamics. For example, there are
no studies on the features of the asymmetry and kurtosis
of sample distributions of GM DDP at IGN. In [32], a DF
technology was proposed based on recurrent diagrams of a
nonlinear GM DDP for 3 materials. However, this technolo-
gy requires setting two characteristic parameters depending
on the characteristics of the dynamics. Under conditions of
uncertainty in dynamics, it is proposed in [33] to use the
technology of adaptive recurrent diagrams, which requires
only setting an admissible cone for uncertain dynamics.
However, the technologies [32,33], despite the ability to
reveal the features of a nonlinear GM DDP, turn out to
be quite complex. At the same time, in [32, 33], there is no
information about simpler technologies based on the use of
sample distributions of GM DDP or their moments of order
higher than the second. For example, there are no studies
into the features of the sample coefficients of asymmetry
and kurtosis of the sample distributions of GM DDP at IGN
indoors. Work [34] considers the technology of DF based
on the use of features of the autocorrelation relationship of
GM DDP. The use of the structural function of GM DDP
for DF is considered in [35]. Work [36] considers the tech-
nology of DF based on the use of the uncertainty function
of GM DDP. At the same time, these technologies [34—36]
are limited to the use of information contained only in the
moments of distributions not higher than the second order.
Features of the distribution moments of GM DDP above the
second order (for example, the coefficients of asymmetry and
kurtosis) under the conditions of a complex and nonlinear
GM DDP are not considered. In [37], the possibilities of
DF are studied on the basis of the peculiarities of the be-
havior of cross-correlations between different HPs of GM.
However, correlations, being moments of the second order
of distributions, make it possible to reveal features of only a
linear relationship. In this case, the moments of the third and
fourth order, which reveal the features of the nonlinear con-
nection, are not studied. Work [38] examines the features
of the amplitude spectra of the third order for GM DDP. It
has been established that the amplitude spectra of the third
order make it possible to reveal the features of the nonlinear
relationship between the frequency components in the spec-
trum of GM DDP, which can be used for DF. However, the
efficiency of DF based on this technology [38] significantly
depends on the energy of HP GM. In this regard, in [39],



the DF technology is proposed based on the features of bico-
herence (BC), which is invariant to the energy of HP GM.
However, studies in [38, 39] are limited to the selective esti-
mation of the bispectrum (BS). In this case, the classical BS
estimate is determined by averaging the sample BS estimate
over the ensemble of implementations [40, 41]. Therefore,
BC [39] will differ from the BC determined by [40, 41]. A
comparison of these BCs was made in [42]. It has been es-
tablished that BCs based on averaging a sample estimate of
BS over an ensemble of implementations have the greatest
potential for DFs. In addition, DF technologies based on BS
and BC [38, 39, 42] turn out to be complex and are limited
only to the frequency domain. The possibilities of identifying
the features of an individual nonlinear GM DDP in the time
domain are not considered. Despite the wide possibilities
of using BS and BC [38, 39, 42] to identify the features of
a complex GM DDP, DF technologies based on them are
based on the transition from the time domain to the private
domain. In this case, it is problematic to carry out a correct
transition to the frequency domain under conditions of non-
stationarity and uncertainty of DDP. Therefore, there is a
practical need to study the features of high-order statistics
of sample distributions of GM DDP. In this regard, the un-
solved part of the problem is the study of the features of the
coefficients of asymmetry and the kurtosis of the distribu-
tions of non-linear GM DDP at IGN.

3. The aim and objectives of the study

The purpose of this seminal work is to reveal the features
of the coefficients of asymmetry and kurtosis of the distri-
butions of dangerous parameters of the gaseous medium in
the intervals of the absence of ignition and the occurrence of
ignition of materials. The features of asymmetry coefficients
and kurtosis of distributions of dangerous parameters of the
gaseous medium at the time intervals of the absence and
occurrence of ignition of materials are of practical interest
for the early detection of fires to prevent the development of
a fire in premises.

To accomplish the aim, the following tasks have been set:

— to perform a theoretical substantiation of the measure
of asymmetry and kurtosis of distributions for arbitrary
dangerous parameters of the gaseous medium on a fixed ob-
servation time interval;

—to conduct laboratory experiments to determine the
measures of asymmetry and kurtosis under conditions of
absence and onset of ignition.

4. The study materials and methods

4. 1. The study materials

The object of our study was the measures of asymmetry
and kurtosis of the distributions of GM HP in the laboratory
chamber at the intervals of the absence and occurrence of
E for a set of test materials (TM). The working hypothesis
assumed the difference between the measures of asymmetry
and kurtosis of GM HP distributions in the intervals of the
absence and occurrence of HMs. It was assumed that the
nature and properties of GM DDP at IGN in real rooms
turned out to be identical to the experimental dynamics
in a laboratory chamber [38,43]. Alcohol, paper, wood,
and textiles were chosen as TMs. The studied GM HP

were temperature, smoke density, and CO concentration.
The GM temperature was measured with a TPT-4 sen-
sor (Ukraine) [44], smoke density was measured with an
IPD-3.2 sensor (Ukraine) [45], and CO concentration was
measured with a Discovery sensor (Switzerland) [46].

4. 2. The study methods

The research method was a selective method for estimat-
ing the measures of asymmetry and kurtosis of the distri-
butions of random dynamics of HP of GM according to the
current measurements of HP in a laboratory chamber during
the ignition of test materials. The measurements of HP of
GM [47] were carried out by sensors located in the upper
region of the laboratory chamber [48]. Measurements of HP
GS were made discretely in time with an interval of 0.1 s.
The total number of discrete measurements of the dynamics
of each GM HP was 300 discrete readings. To identify the
features of the measures of asymmetry and kurtosis of the
distributions of the random dynamics of GM HP, two char-
acteristic intervals were identified, corresponding to the sig-
nificant absence and presence of ignition of the correspond-
ing materials. The interval of absence of IGN corresponded
to discrete measurements from 100 to 200 readings, and the
interval of reliable IGN corresponded to discrete measure-
ments from 200 to 300 readings. During the IGN study of
each of the TMs were made approximately in the middle
between 200 and 300 readings. The results of discrete mea-
surements of GM HP were stored in the computer memory
for their subsequent processing. At the start of the study,
IGN of alcohols was started first, followed by paper, wood,
and textiles. After IGN of each of these materials, the cham-
ber was naturally ventilated for 5—7 minutes. It was assumed
that the natural ventilation of the chamber made it possible
to restore the state of GM HP after the corresponding HM.
The method for processing discrete measurements implied
nonparametric estimation of distribution moments [49].

3. Study of sample coefficients of asymmetry and kurtosis
of hazardous parameters of the gaseous medium

5. 1. Theoretical substantiation of the measure of
skewness and kurtosis

Let the implementation of an arbitrary HP x GM be
observed on a given time interval. In this case, the result
of the observation is represented as an independent sample
(x1, X9, ..., x,) of a fixed size n. The probability density w(x)
of each sample value belongs to the nonparametric family W.
In this case, the sample moment of the kth order will be
determined by the arithmetic mean of the kth powers of the
sample values:

my =Y x /n, where k=12,.. €]
i1

It follows from the law of large numbers [50] that the
sampling moment (1) converges in probability to the corre-
sponding distribution moment. A sufficient condition for the
applicability of the law of large numbers in this case is the ex-
istence of a finite distribution moment of order 2k. It should
be noted that the sample moments (1) are random variables
while the distribution moments are constant numbers.

Along with statistics (1), the central sampling moment of
the kth order is used:
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i=1

Sample moment (2) for large samples is an unbiased and
efficient estimate of the central moment of the k-th order
of the distribution. It should be noted that the sample mo-
ments (1) and (2) with significant sample sizes are unbiased
and efficient estimates of the corresponding moments, and
under the condition n—oo they are also consistent and as-
ymptotically normal. However, it is known that the most
complete characteristic of the sample (x1, xo, ..., x,) of GM
HP is not the moments but the sampling distribution [51].
At the same time, in the practice of identifying sample
features, sampling distribution is inconvenient since it is a
visual assessment. Therefore, various numerical indicators of
distributions are more often used in the form of correspond-
ing sample moments [52]. In order to identify the features
of the distributions of GM HP at IGN, we will assume that
the distributions, following [37—39], are non-Gaussian and
belong to the nonparametric family W. Taking into account
that the form of the distributions of GM HP is not a priori
known to identify their features in the sample, we can use the
moments (1) and (2) of order k=1, 2, 3, 4. The first and sec-
ond moments characterize the mean and variance of sample
distributions. These moments fully describe only Gaussian
distributions. To identify features of distributions that differ
from Gauss, the coefficients of skewness and kurtosis are
used. Therefore, for an arbitrary sample (xy, x9, ..., x,) of
fixed size GM HP, the sample skewness coefficient will be
determined by the expression:

As—(i((xi —m;))’ /n) / [Z((x —m;) /njm. 3)

i=1

In this case, the sample kurtosis coefficient for the sam-
ple (xy, x9, ..., x,) will be determined:

Es:ﬂi(xi ~m;) /nj/(Z(x —m;) /njz}s. (4)

i=1 i=1

It should be noted that the skewness and kurtosis mea-
sures defined by (3) and (4) in the case of an arbitrary sample
(x1, %3, ..., x,) from the family W of Gaussian distributions will
be equal to zero. If the samples (x1, x9, ..., x,) belong to dis-
tributions from the family W of non-Gaussian distributions,
then measures (3) and (4) will be nonzero. The advantage
of measures (3) and (4) is that they not only allow one to
numerically characterize the degree of difference between the
sample distribution and the Gaussian one but also indicate
the sign of this difference. The sign carries additional infor-
mation about the features of data distributions in the studied
samples. At the same time, the absolute value of the measure
makes it possible to judge both the degree of belonging of the
samples (x1, 9, ..., &) to the family of Gaussian distributions,
and to identify the features of non-Gaussian distributions for
different samples of GM HP. Since measures (3) and (4) are
random, their accuracy will be determined by the respective
variances. Based on the generalized Chebyshev inequality, the
variances of the skewness measures (3) and kurtosis (4) will
be determined respectively [53]:

D((As))=6(n—1)/[(n+1)(n+3)], (5)

D(Es)=24n(n-2)(n-3)/[ (n+1)'(n+3)(n+5)].  (6)

It follows from relations (5) and (6) that the vari-
ances of the sample skewness and kurtosis coefficients
depend only on the sample size n (x1, x3, ..., x,). For ex-
ample, in the case under consideration, for a sample size
of n=100, D(As)=0.057 and D(Es)=0.207. In this case,
the standard deviation for the measure (3) will be de-
termined as cA=/D(As)~0.24 and for the measure (4)
oF =,/D(Es)~0.52. To make a decision about the hypoth-
eses, a certain standard of procedure has been developed.
Typically, decision making is based on the significance level
a. The significance level is understood as the probability
of erroneous rejection of the null hypothesis. Significance
levels a=0.05 and a=0.01 are commonly used. These levels
correspond to the acceptable error probabilities of reject-
ing the null hypothesis no higher than 5% or 1%. Let
us introduce for measures (3) and (4) the corresponding
significance levels a4 and oz Then, based on the gener-
alized Chebyshev inequality and expressions (5) and (6),
we obtain the following inequalities for the significance of
measures (3) and (4), taking into account the given level:

|As| <[D(4s)/(1-a,)=cA/ J1-a,, (7
|Es| <\[D(Es)/(1-0;) =oE /\[I-at . (8)

In a particular case, for a sample of size 7=100 and equal
significance levels a4=a=0.05, conditions (7) and (8) take
the following form:

|As| <0.245, ©)

|Es|<0.491. (10)

If for measures (3) and (4) the corresponding condi-
tions (7) to (10) are satisfied, then it is assumed that the
values of the measures turn out to be insignificant and a
decision is made in favor of the considered null hypothesis at
a given level of significance. Otherwise, the null hypothesis
with the given level of significance is rejected.

Thus, measures (3) and (4) allow us to study the features
of the skewness and kurtosis coefficients that characterize
the sample distribution for an arbitrary GM HP at different
observation intervals. At the same time, inequalities (7)
and (8) for an arbitrary sample size and significance level
make it possible to determine the limits of the values of mea-
sures at which they turn out to be insignificant. This makes
it possible to quantify the degree of difference between
the sample distributions of the GM HP from the Gaussian
distribution. For a Gaussian distribution, the values of the
skewness and kurtosis measures are equal to zero. If the
sample distributions have small values of the skewness and
kurtosis measures, then we can assume that the sample dis-
tribution is close to Gaussian. At the same time, significant
values of measures — will indicate significant differences in
the sample distribution from Gaussian. Therefore, this tech-
nique allows us to study the features of measures of asym-
metry and kurtosis for samples of GM HP of various sizes at
arbitrary intervals of observation and to judge the features of
the corresponding sample distributions without determining
them. At the same time, observation intervals can be select-
ed with a reliable absence and reliable IGN of materials.



3. 2. Determination of measures of asymmetry and
kurtosis in the absence and onset of ignition

As a result of a laboratory study, measures of the asym-
metry of GM HP (CO concentration, smoke density, and
temperature) were determined at the intervals of the ab-
sence (T0) and the beginning of IGN (T1) of alcohol, paper,
wood, and textiles (Table 1). Table 2 gives the measures of
the kurtosis of GM HP on the intervals of absence (T0) and
the beginning of IGN (T1) of the above TMs.

Table 1

Measures of asymmetry of hazardous parameters of the
gaseous medium

No. of entry | GM HP/interval | Alcohol | Paper Textile
1 CO/T0
2 co/T1 0.662
3 |A CO| 0.377 0.831 | 0.570
4 S/TO0 0.838 | 0.764 |-0.694 | 4.842
5 S/T1 0.368 | 1.885 |-1.237 | 1.744
6 AS|
7 T/T0
8 T/T1 1.075
9 IAT| 1.192

Table 2

Measures of kurtosis of hazardous parameters of the
gaseous environment

No. of entry | GM HP/interval | Alcohol | Paper | Wood | Textile
1 CO/T0 -1.363 |-0.968|-1.515|-0.912
2 CO/T1 -1.129 |-1.011|-1.076 | -1.35
3 |A COJ 0.234 | 0.043 | 0.439 | 0.438
4 S/T0 -1.208 30.677
5 S/T1 347 1.745
6 [AS|
7 T/TO
8 T/T1
9 |AT]

In Tables 1, 2, the rows of values of absolute increments
of measures of asymmetry and kurtosis, respectively, for
GM HP at the intervals of absence and beginning of TM
IGN are highlighted in yellow. In red — the maximum values
of the absolute increments of the measures of asymmetry
and kurtosis for each GM HP and TM. In green — the
values of the measures of asymmetry and kurtosis for the
studied GM HP, satisfying the conditions of significance (9)
and (10), respectively.

6. Discussion of results of the study of measures of
asymmetry and kurtosis

The measure of skewness usually characterizes the
skewness of the frequencies of occurrence of data in the
sample that are above and below the mean value. A positive
value of the measure of asymmetry indicates that values
above the mean are more common. The negative value of
the measure of asymmetry indicates that there are more

data, the values of which are less than the average. With
a measure of skewness of zero, data values that are greater
than the mean and less than the mean occur equally fre-
quently.

It follows from Table 1 that the sample distributions of
CO concentration, smoke density, and GM temperature in
the interval of absence of HM IGN differ from Gaussian.
The measures of asymmetry turn out to be different for
different IGN of HPs and TMs. Thus, for example, the
measure of asymmetry for the concentration of CO in the
interval of the absence of IGN of alcohol, paper, wood, and
textiles is —0.234, 3.804, —0.169, and 0.211, respectively.
For smoke density — 0.838, +0.764, —0.694, and +4.842,
and for temperature, respectively, —6.998, +2.007, —0.964,
and —0.117. Following (9), the HP sample distribution dif-
fers from the Gaussian distribution with a significance level
of 0.05. This means that in the IGN absence interval, the
sample distributions of dangerous parameters with a sig-
nificance level of 0.05 differ from Gaussian. With TM IGN,
the initial values of the measure of asymmetry change. The
sign and magnitude of the measures, which depend on the
type of TM IGN and GM HP, change. So, for example, at
alcohol IGN, the measure of asymmetry for the CO concen-
tration has a negative increment of 0.234, which does not
change sign and remains negative. For smoke density, the
measure of asymmetry is characterized by a large negative
increment (0.47), which does not change sign and remains
positive. For temperature, the measure of asymmetry has
a positive increment of 7.163, which changes sign and
becomes positive. At paper IGN, the measure of the asym-
metry of the CO concentration has a negative increment
of 2.939, which does not change sign, and remains positive.
In this case, the smoke density asymmetry measure is char-
acterized by a positive increment of 1.21, which does not
change sign, and remains positive. For temperature, the
measure of asymmetry is characterized by a negative in-
crement of 0.736, which does not change sign, and remains
positive. The noted features of the measure of asymmetry
of GM HP in TM IGN (Table 1) indicate that the sample
distributions of the corresponding HP are different from
the Gaussian distribution and are more complex and in-
dividual. In this case, a decrease in the value of the asym-
metry measure and a change in its sign indicate the loss of
stability of the corresponding GM HP at TM IGN. The
loss of stability of HP of GM is explained by the appear-
ance of a characteristic fluctuating asymmetry of HP [54].
Therefore, the occurrence of such an asymmetry in the
sample of GM HP can be considered as a sign of IGN. For
the accepted level of significance (9), asymmetry measures
in the absence of Z characterize the instability of CO con-
centration values before IGN of alcohol, wood, and textiles.
A similar situation occurs for smoke density (before IGN of
textiles) and temperature (before IGN of textiles, alcohol,
and wood). These features of the measure of asymmetry
are marked in green in Table 1. The maximum absolute
increments of asymmetry measures at Z are highlighted
in red. The maximum increments are characteristic for
the concentration of CO (2.939) at IGN of paper, for the
smoke density (3.098) at IGN of textiles, and also for the
temperature at IGN of alcohol (7.163) and wood (1.067). At
the same time, the maximum absolute increments of the BP
asymmetry measure can also be considered as a sign of the
appearance of a fault.



The measure of kurtosis, in contrast to the measure of
asymmetry, characterizes the presence of both large devia-
tions of data from the mean, as well as the frequency of their
occurrence. In this case, the sign of the measure of kurtosis
indicates the side of the data deviations from the mean.
It follows from Table 2 that the kurtosis measure for CO
concentration, smoke density, and temperature for all TMs
in the intervals of absence and presence of IGN is nonzero.
This means that the studied HPs are characterized by the
presence of asymmetric deviations of the data from the mean
value. The smaller the negative measure of kurtosis, the low-
er the frequency of occurrence of smaller deviations of the
HP data from the mean value. For example, for the intervals
of absence and presence of TM, the kurtosis measure for
CO concentration is negative and takes values from —0.912
to —1.36 for all TMs. In the IGN absence interval, the kur-
tosis measures for smoke density are 0.452, —1.208, —0.234,
and 30.667, respectively. This means that before TM IGN
the smoke density is characterized by deviations of the data
from the mean value, which are different in magnitude and
sign. So, before alcohol IGN, the values of smoke density
are characterized by insignificant excesses of the average
value, and before textiles IGN — by significant excesses of
the average. Before paper and wood IGN, the smoke den-
sity values are characterized by the predominance of lower
values relative to the average value. At TM IGN, the sign
and magnitude of the measure of kurtosis generally change.
This means that 3 TM leads to a change in the nature of the
distribution of large and small values relative to the mean
value. The latter causes a corresponding change in the origi-
nal sample distributions. For the temperature before IGN of
alcohol, paper, wood, and textiles, the values of the kurtosis
measure are 47.919, 2.068, —0.08, —0.641, respectively. This
means that in the temperature values in the absence of IGN
of alcohol and paper, values above the average prevail, and
for textiles, values below the average prevail. In this case,
wood is characterized by an approximately symmetrical
deviation of values relative to the mean. At alcohol IGN, the
kurtosis measure for smoke density and temperature changes
sign, while for CO concentration it remains negative. This
means that alcohol IGN causes a decrease in the kurtosis
measure, which indicates the loss of the initial stability of
CO concentration values. In the case of paper IGN, the
change in the measure of kurtosis for each HP is different.
The greatest changes in the kurtosis measure are character-
istic of the smoke density. With wood IGN, the change in the
measure of kurtosis for the concentration of CO is similar to
the case of paper IGN. For smoke density and temperature,
changes in the measure of kurtosis at TM IGN are accom-
panied by a change in the sign of the measure. The greatest
change in the kurtosis measure at wood IGN is typical for
smoke density. With textiles IGN, the change in the kurtosis
measure for the concentration of CO is similar to the case of
wood IGN. For smoke, the change in the measure of kurtosis
is maximal (28.932). The measure of kurtosis for tempera-
ture changes sign, and the sign change of the value of the
measure indicates a short-term loss of temperature stability.
The indicated features of changes in the measures of asym-
metry and kurtosis can be considered as signs of DF. The
maximum values of the increment modulus of the measure of
asymmetry are typical for the CO concentration (2.939) at
paper IGN, the smoke density (3.098) at textiles IGN, and
the temperature at IGN of alcohol (7.163) and wood (1.067).

The maximum values of the incremental modulus of the kur-
tosis measure are typical for the density of smoke (4.678) at
paper IGN, wood (1.652) and textiles (28.932), as well as for
the temperature (49.377) when alcohol is ignited.

Thus, the proposed approach allows, for an arbitrary
sample size and any HP of GM, taking into account a giv-
en level of significance, to identify sample distributions of
HP different from the Gaussian based on their measures
of asymmetry and kurtosis. The results obtained do not
contradict the data of [32, 38, 39]. Their peculiarity lies in
the approach to determining the measures of asymmetry
and kurtosis instead of the unknown sample distributions of
GM HP and the corresponding critical boundaries, taking
into account the size of the samples and the significance of
the null hypotheses, as well as the measures of the corre-
sponding GM HP in the laboratory chamber in the absence
and presence of fires of materials. This makes it possible to
solve the gap associated with identifying the features of the
asymmetry coefficients and kurtosis of the distributions of
the nonlinear GM DDP at IGN. At the same time, the lim-
itation of the study is associated with a finite set of GM HP
in the laboratory chamber. The disadvantage of the study
is the impossibility of using the described approach if it is
necessary to solve the problem of temporal localization of
materials IGN. The elimination of this shortcoming is asso-
ciated with a modification of the approach to determining
the measures of asymmetry and kurtosis. The development
of research can be carried out in the directions of overcom-
ing the noted limitations and shortcomings.

7. Conclusions

1. A theoretical substantiation of the measures of asym-
metry and kurtosis for sampling the finite size of an arbitrary
dangerous parameter of the gaseous medium is carried out.
The conditions for the significance of such measures are de-
termined, which, for an arbitrary sample size and significance
level, make it possible to determine the boundaries of the
values of the measures under which the values of the measures
turn out to be insignificant. This has made it possible to study
the features of the coefficients of asymmetry and kurtosis of
the sample distribution for an arbitrary hazardous parameter
of the gaseous medium at different observation intervals.
Measures of skewness and kurtosis make it possible to numer-
ically determine the degree of difference between the sample
distributions of hazardous parameters of the gaseous medium
from the Gaussian distribution, as well as the characteristic
features of the appearance of changes in the data.

2. Laboratory experiments were carried out to determine
the measures of asymmetry and kurtosis under conditions of
absence and onset of ignition. The results obtained indicate
that the hazardous parameters of the gaseous medium in the
intervals of the absence and presence of fires have sample
distributions that differ from Gaussian. At the same time,
the distributions are complex and individual. Features of
measures for sample distributions depend on the type of ig-
nition material and measures of asymmetry and kurtosis of
dangerous parameters of the gaseous medium in the interval
without ignitions. It has been established with a significance
level of 0.05 that the maximum values of the asymmetry
measure increment modulus are typical for CO concentra-
tion (2.939) when paper is ignited, smoke density (3.098)
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