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1. Introduction 

Safety is one of the basic human needs [1]. With the de-
velopment of mankind, man-made security threats [2] have 

gradually become dominant over natural ones [3]. Moreover, 
man-made threats have become complex [4] and can affect 
a person not only directly but also disrupt the environment 
of human activity, reducing the comfort and quality of life, 
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The object of this study is the dynam-
ics of skewness and kurtosis of the selec-
tive distribution of dangerous parame-
ters of the gas environment in the current 
time when materials are ignited. The 
theoretical substantiation of the meth-
odology for determining the dynamics 
of skewness and kurtosis based on a 
sample of an arbitrary size of danger-
ous parameters of the gas medium mov-
ing in the current time of observation 
has been performed. Thresholds for cur-
rent skewness and kurtosis are deter-
mined depending on sample size and 
null hypothesis significance levels. The 
procedure makes it possible to investi-
gate the peculiarities of the dynamics 
of skewness and kurtosis and to iden-
tify moments of time for which alter-
native hypotheses (stability of param-
eter dynamics) are valid. Laboratory 
experiments were conducted to study 
the dynamics of skewness and kurtosis 
in terms of carbon monoxide concen-
tration, smoke density, and the tem-
perature of the gas environment during 
the ignition of alcohol and textiles. The 
results indicate that the investigated 
dangerous parameters are generally not 
Gaussian in the observation interval. It 
was found that the nature of the dynam-
ics of measures of the current sample 
distributions of dangerous parameters 
depends on the type of ignition mate-
rial and the dangerous parameter. It 
was established that in the absence 
of ignition, the dynamics of skewness 
and kurtosis of dangerous parameters 
is characterized by different direction-
al skewness and kurtosis. In the event 
of ignition, the dynamics of skewness 
and kurtosis are fluctuating (from –4 
to 18), which indicates the instabili-
ty of the development of the dangerous 
parameter over time. The specified pro-
cedure creates an opportunity to detect 
the instability of the development of a 
dangerous parameter, which in practice 
makes it possible to detect the occur-
rence of fires (with a given reliability) in 
order to eliminate them and prevent the 
occurrence of a fire
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causing diseases and loss of material values [5]. In peacetime, 
the main sources of such threats should primarily be the ob-
jects of critical infrastructure [6]. In addition, most objects 
in the ecological, technical [7], and information sectors [8] 
are also recognized as potential sources of danger [9]. The 
greatest danger in terms of frequency of occurrence is 
represented by events associated with uncontrolled burn-
ing – fires (Fs) [10]. Fs represent a serious threat to people’s 
lives [11], lead to the destruction or damage of industrial [12] 
and residential objects [13]. Hazardous combustion prod-
ucts, fire-extinguishing substances, as well as fire-fighting 
equipment [14] negatively affect the environment, simulta-
neously causing pollution of water sources [15], soils, and at-
mospheric air [16]. Statistics of Fs shows that the majority of 
them fall on objects of the residential, public, and industrial 
sectors [17]. The largest number of Fs (55 %) occurs in resi-
dential buildings. Maximum material damage is inflicted on 
industrial (45 %) and residential (35 %) objects. At the same 
time, the maximum number of dead people is typical for Fs 
in residential premises (80 %) [18]. Reducing the risk of Fs in 
premises can be implemented on the basis of preventive mea-
sures [19], early detection [20], and forecasting of Fs [21]. 
Preventive measures and forecasting of Fs [22] are usually 
aimed at reducing the overall risk of Fs in the future [23] and 
do not allow it to be reduced in the current time (CT). How-
ever, it is known that the harbinger of any Fs in the room is 
the accidental ignition (IG) of the material [24]. Therefore, 
in practice, the early detection of flammable materials is an 
urgent problem for improving the safety of objects.

2. Literature review and problem statement

In [25] it is noted that the detection of conditions for IG 
as early as possible and their suppression at the initial stages 
is an effective way to reduce the risk of Fs in CT. The study 
of fast and accurate detection of Fs based on the use of video 
technologies was carried out in [24, 26]. Compared to tradi-
tional technologies, such technologies have the advantages 
of quick response to information, visualization, intelligence, 
and easy integration with other systems. However, most Fs 
are often preceded by a long process of material smoldering 
without the appearance of a flame, forming a large amount 
of smoke and other dangerous parameters (DP) that reduce 
the reliability of Fs detection. At the same time, video tech-
nologies do not work under conditions of shadowing of Fs, 
as well as non-visible DP of the gas environment (GE). The 
general disadvantage of almost all detection algorithms 
based on video technologies is their complexity, dependence 
on many parameters, the requirement of significant comput-
ing resources, as well as limited resistance to perturbations 
of GE. The main difficulty of early DF in real premises is the 
complexity and individual nature (uncertainty, non-station-
arity, and non-linearity) of the dynamics of DP (DOP) of 
GE in IG. In [27], the technology of the early DF is proposed 
under the conditions of uncertainty and non-stationarity of 
DOP of GE in premises. However, it is limited to the use of 
traditional first- and second-order statistics and is therefore 
of little use in the nonlinear case. In [28], the DF technol-
ogy is studied based on the measurements of an arbitrary 
DP HS by the same type of sensors and the processing of 
measurements with the help of a neural network. However, 
this technology turns out to be difficult to implement, re-
quires the setting of many parameters, and therefore turns 

out to be of little use for DF in CT. The technology of group 
processing of data from various types of sensors for fire 
alarm systems based on the principles of fuzzy logic is stud-
ied in [29]. At the same time, the technologies [28, 29] are 
difficult to implement, are limited to the use of traditional 
statistics, and are determined by a set of parameters. In 
addition, the technology is not sensitive to the nonlinearity 
of DOP of GE, which is necessary for DF in CT. The results 
of experimental research on the burning of plantation wood 
are presented in [30]. It has been established that such com-
bustion is accompanied by uneven release of heat into the 
external environment. At the same time, the effect of wood 
burning on DOP of GE is not considered or studied. In [31], 
the dependence of the burning intensity of three types of 
wood on the power of an external heat source is investigated. 
At the same time, the experimental results are limited to the 
study of the dependence between the average power of the 
heat source and the average burning intensity. The influence 
of wood burning on DOP of GE is not studied in [31]. Anal-
ogous experimental studies for organic glass and cypress are 
performed in [32]. However, in [30–32], there are no results 
of the study of the selected distributed DOP of GE or their 
moments, which contain information about its nonlinear 
features. In particular, there are no studies of the dynamics 
of skewness and kurtosis (SK) of the distributed DOP of GE 
with wood in the premises. The DF technology based on the 
use of recurrent plots for DP GE is proposed in [33]. Despite 
the high potential of the DF technology, it remains quite 
complex and requires the determination of the recurrence 
region depending on the nature of the current non-linear-
ity of DOP of GE. Under the conditions of uncertainty of 
DOP, it is not possible to fulfill the specified requirement. 
Therefore, in [34], the DF technology based on the adaptive 
adjustment of the recurrence region for the state vector of 
DP GE is considered. However, the technologies [33, 34], 
despite the noted advantages and possibilities of DF, turn 
out to be quite difficult to implement and have limited effi-
ciency. In addition, there are no proposals for increasing the 
speed of technologies for the purpose of DF in CT, as well as 
their simplification, for example, based on the use of selective 
distributed DP GE or their SK coefficients, sensitive to the 
current nonlinearity of DOP GE at IG in the premises. The 
original technologies for identifying DP GE based on struc-
ture functions [35] and uncertainty [36] are recognized. 
The limitations of the technology [35, 36] should include 
the fact that they are based on statistics of no higher than 
the second order. Therefore, these technologies are not sen-
sitive to the peculiarities of nonlinear DOP. In addition, the 
technology [35, 36] needs to determine the reliability of DP 
detection. At the same time, reliability estimates are known 
for sample distributions or moments of SK [37]. However, 
technologies based on sample distributions or SK are not 
considered in [35–37]. In [38], the peculiarities of the am-
plitude and phase spectra of DOP of GE at the intervals of 
the absence and presence of IG in the laboratory chamber 
are studied. It was established that the peculiarities of the 
dynamics are manifested in the region of higher frequency 
components of the phase spectrum. However, the intensity 
of the manifestation of these features tends to decrease with 
increasing frequency. Interesting from the point of view of 
the possibility of DF are the studies of the peculiarities of the 
amplitude spectra of the third order of DOP GE, presented 
in [39]. It has been experimentally confirmed that amplitude 
spectra of the third order (amplitude bispectrum (BS)) are 
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sensitive to nonlinear features of DOP GE, which can be 
used for DF. However, the sensitivity significantly depends 
on the energy of a specific type of DP GE. Therefore, in [40] 
it is proposed to use phase BS or bicoherence (BC), which 
does not depend on the energy of DP and contains infor-
mation about the peculiarities of the nonlinearity of DOP 
of GE. However, in [39, 40] studies are limited to selective 
amplitude and phase BS. At the same time, it is known that 
BS is usually calculated based on the averaging of sample 
BS over an ensemble of implementations [41, 42]. This means 
that additional studies of DF technologies based on the use 
of BS are necessary. At the same time, in [39–42] the studies 
are limited to the frequency domain. At the same time, the 
peculiarities of the non-linear DOP of GE in the time do-
main are not considered. Despite the wide possibilities of BS 
and BC, they will reveal the peculiarities of the non-linear 
DOP of GE, the DF technologies based on them require a 
preliminary transition from the time domain to the partic-
ular one. The correct transition in case of non-stationarity 
and uncertainty of DOP appears to be problematic.

There is a hell of a need to develop DF technologies on 
the basis of DOP GE when IG occurs in premises capable of 
performing temporary IG localization taking into account 
the uncertainty and nonlinearity of the current dynamics. 
However, in order to develop such technologies, it is first 
necessary to determine the measure of DOP under condi-
tions of uncertainty and nonlinearity, as well as to study its 
dynamics in the absence and appearance of IG. Taking into 
account the uncertainty and nonlinearity of the dynamics, it 
is possible to use the SK coefficients of current sample dis-
tributed OPs of GE, characterizing their current features, as 
a measure. caused by nonlinear dynamics. In this regard, the 
study of the dynamics of the measure of SK distributed DP 
GE at the time of IG in the premises should be considered 
an unsolved part of the problem of DF at the current time.

3. The aim and objectives of the study

The purpose of this work is to reveal the peculiarities of 
dynamics in the skewness and kurtosis of dangerous param-
eters of the gas environment when materials ignite in the 
room. Differences in the dynamics of such a measure can 
be used to detect a fire in the current time for operational 
suppression of a fire and prevention of a fire in the premises.

To achieve the goal of the work, the following tasks are set:
– to justify the methodology for determining the dy-

namics of skewness and kurtosis of dangerous parameters 
of the gas environment at an arbitrary time interval of their 
observation;

– to conduct experiments to determine the dynamics of 
skewness and kurtosis of dangerous parameters of the gas en-
vironment in the laboratory chamber during the observation 
interval when the test materials ignite.

4. The study materials and methods

The object of our study was the dynamics of the mea-
sure of SK DP GE during the observation interval during 
the emergence of IG test materials (TM) in the laboratory 
chamber (LC). The working hypothesis assumed that the 
dynamics of measures of SK DP GE before and after the 
occurrence of IG TM have a different character. At the same 

time, it was assumed that the dynamics of measures of SK 
DP GE at the occurrence of IG in real premises and in LC 
are isomorphic [43]. Alcohol and textiles, which have differ-
ent specific mass burning rates, were considered as TM [44]. 
It is known that the specific mass rate of combustion of TM 
determines the presence and properties of many OPs since 
the amount of combustion products largely depends on the 
amount and type of burned TM. Therefore, the temperature, 
smoke density, and CO concentration were considered as the 
main OS parameters. GE temperature was measured by a 
TPT-4 sensor (Ukraine) [45], smoke density by an IPD-3.2 
sensor (Ukraine) [46], and CO concentration by a Discovery 
sensor (Switzerland) [47].

The main method of research was the selective method 
of determining the dynamics of measures of SK of real DOP 
of GE in LC with IG TM. At the same time, the sampling 
method was based on current measurements of DP in a mov-
ing fixed time interval. In accordance with the requirements 
of [48, 49], measurements of DP GE were made by sensors 
located in the ceiling area of LC. Measurements of DP GE 
by sensors were made discretely in time with an interval 
of 0.1 s. The total number of discrete measurements of each 
DP GE during the observation interval was 500 discrete 
readings. In order to reveal the differences in the dynamics 
of the measures of SK DP GE at IG of the materials, a mov-
ing time interval of a fixed duration, determined by 20 dis-
crete readings, was selected. This interval was successively 
moved along the observed observation interval as discrete 
DP values were obtained. At the same time, approximately 
240 samples were produced from each of TMs. The results of 
current discrete measurements of DP GE were stored in the 
computer memory for their subsequent processing in order to 
determine measures of SK DP GE in CT. After each of the 
specified materials, natural ventilation of the chamber was 
carried out through the available opening of the chamber for 
5–7 minutes. Such ventilation was intended to restore the 
initial state of DP GE after IG of TM. The processing of dis-
crete measurements of DP was carried out on the basis of the 
method of non-parametric estimation of sampling moments 
of distribution [50].

5. Results of research into the dynamics of skewness and 
kurtosis

5. 1. Justification of a methodology for determining 
the dynamics of the skewness and kurtosis of dangerous 
parameters of gas environment during fires

Let the measurements of an arbitrary DP GE on the 
observation interval [0, T] in continuous time be described 
by the realization x(t), tϵ[0, T]. This implementation in 
discrete time will correspond to a sample (x0, x1, x2, …, xn) 
of fixed size n. In this case, the value of n is determined by 
the value of the end of the observation interval. In the CT 
measurement of DP, the sample (x0, x1, x2, …, xn) is known 
only up to and including some current p-th discrete mea-
surement. Therefore, the sample (x0, x1, x2, …, xn) is a sam-
ple (x0, x1, x2, …, xр) of increasing size 0≤p≤n. It is known 
that the complete characteristic of a sample of any size is its 
sample distribution [51]. However, in practice, it is incon-
venient to use the sampling distribution since it is a visual 
representation of the statistical features of the sample [52]. 
Therefore, they usually use various numerical characteris-
tics of the distributed in the form of their moments, which 
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approximately describe the statistics of distribution [53]. 
Following [38–40], the distributions of DP GE at IG are 
recognized as non-Gaussian and belong to the nonparamet-
ric family W. In this case, distributions of DP GE are usually 
not known a priori and change over time. In this case, sam-
pling points can be used for sampling [54]. The first and sec-
ond central moments characterize the mean and variance of 
the unknown distributed sample. However, these moments 
fully characterize samples only if their distributions are 
Gaussian. SK coefficients are usually used for non-Gaussian 
distributions. To determine the dynamics of the SK mea-
sure of DP, we will consider a special interval of discrete 
measurements, on the basis of which the corresponding SK 
measures will be calculated. Let the beginning of such a spe-
cial interval be determined by an arbitrary index n0, and the 
end of the special interval by nK. At the same time, the nK 
index coincides with the p index characterizing the current 
measurement time. By moving a special interval in time, it 
is possible to determine the dynamics of the mathematical 
expectation Mxp and dispersion Dxp of an arbitrary DP GE 
in CT, using the following relations:
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Taking into account (1), the dynamics of the selective 
central moments of the third M3xp and fourth M4xp order 
will be determined, respectively, by the relations:
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On the basis of (1), (2), the dynamics of skewness ASxp 
and kurtosis ESxp of an arbitrary DP GE xp  at a discrete 
moment p can be determined:
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It should be noted that sample moments (1), (2) with 
significant sample sizes are unbiased and effective estimates 
of the corresponding distributed moments, and under the 
condition nK→∞ they are also consistent and asymptotically 
Gaussian. SK measures (3) for the sample (x0, x1, x2, …, xр) 
from the family of Gaussian distributions will be close to 
zero values. In the case of sampling (x0, x1, x2, …, xр) from the 
family of non-Gaussian distributed measures (3) will have 

values different from zero. The advantage of measures (3) 
should be considered that they are considered current. At 
the same time, the accuracy of the specified measures is char-
acterized by the corresponding variance [55]:
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where K2=nK–n0 is the size of the sample by which mea-
sures are determined (3). It follows from expression (4) 
that the accuracy of measure (3) is determined only by 
the sample size n1. However, the choice of the sample size 
will have different effects on the possibility of detecting 
IG in CT based on the dynamics of measures (3). Thus, 
from the point of view of temporal localization, the sample 
size should be minimal. However, the accuracy of current 
measures will decrease (3). This means that the detection 
of IG based on the dynamics of measure (3) requires a 
compromise when choosing the sample size K2. Finding IG, 
based on the dynamics of measures (3), is connected with 
the adoption of appropriate decisions. Any decision is based 
on hypothesis testing. The first null hypothesis HA is that 
the first current measure (3) is zero. The second null hy-
pothesis HЕ is the second current measure (3) equal to zero. 
Then the alternative hypotheses will be, respectively, that 
the current measures (3) are different from zero. Usually, 
the level of significance is understood as the probability of 
falsely rejecting the null hypothesis. At the same time, each 
level of significance corresponds to its own level of confi-
dence, determined by the value that complements the given 
level of significance to unity. Let the decisions in favor of 
hypotheses HA and HЕ be characterized by significance lev-
els αA and αE, respectively. Usually, it is customary to use 
significance levels of 0.01, 0.05, and 0.1. Then, following 
the generalized Chebyshev inequality taking into account 
expression (3), we obtain the expressions that determine 
the threshold values Aa(K2, αA) and Ea(K2, αE) for SK 
measures, respectively, depending on the sample size K2 
and the specified significance levels αA and αE:

( ) ( )2, / ,A p AAa K D ASxα = ± α  

( ) ( )2, / .E p EEa K D ESxα = ± α 	 (5)

Based on (5), it is possible to determine the conditions 
under which decisions in favor of the corresponding null 
hypotheses for the current values of SK measures are sig-
nificant. Such conditions can be represented in the form of 
inequalities:

( )2, ,p AASx Aa K< α  ( )2, .p EESx Ea K< α 	 (6)

If conditions (6) are met for measures (3), then it is as-
sumed that the values of the corresponding measure are sig-
nificant, and a decision is made in favor of the null hypothe-
sis for this measure at a given significance level. Otherwise, 
the corresponding null hypothesis is rejected.

Thus, measures (3) make it possible to identify the 
features of the dynamics of SK sample distributions for an 
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arbitrary DP GE in CT observation. In this case, expres-
sions (5) determine the corresponding threshold values of 
SK measures at which they are significant. This makes it 
possible, with a given level of significance, to identify current 
moments in time of significant SK of sample distributions 
of GE DP. In the case of small values of SK measures, it can 
be assumed that the DP distributions are characterized by 
weak symmetry and the absence of significant deviations 
from the average. However, it is not possible to assert that 
the distribution is Gaussian. At the same time, significant 
SK measures will indicate that the DP distributions are 
characterized by significant asymmetry and the presence 
of significant deviations relative to the average. Therefore, 
this procedure allows us to identify the features of sample 
distributions of GE OPs, characterized by their SK for an 
arbitrary sample size in CT. This suggests the possibility 
of early detection of IG of materials based on changes in 
sample distributions of GE DP in CT, characterized by SK 
dynamics.

5. 2. Results of experiments to determine the dynam-
ics of skewness and kurtosis of gaseous medium parame-
ters in a laboratory chamber

As a result of our experiment, the dynamics of the SK 
measure of the DP GE at IG of two TMs, characterized by 
significantly different specific mass burnup rates, was deter-
mined. The study of the dynamics of the SK measure of DP 
GE was carried out with a fixed sample size K2=20 and signif-
icance levels αA=αE=0.1. This significance value corresponds 
to 90 % confidence in the decision in favor of the correspond-
ing null hypotheses. Fig. 1 shows the experimental dynamics 
of the skewness (black curve) and kurtosis (blue curve) for the 
concentration of CO GE in LC at IG of alcohol and textiles.

Similar dependences for smoke density and temperature 
are shown in Fig. 2, 3.

In Fig. 1–3, the dynamics of the corresponding DP GE 
are illustrated by red curves. Lilac color shows threshold 
values Aa(K2, αA) and Ea(K2, αE)  for a given sample size 
and significance levels.

Fig. 2. Experimental dynamics of the skewness and kurtosis of smoke density during ignition of test materials: 	
a – skewness for alcohol; b – kurtosis for alcohol; c – skewness for textiles; d – kurtosis for textiles
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Fig. 1. Experimental dynamics of the skewness and kurtosis of CO concentration during ignition of test materials: 	
a – skewness for alcohol; b – kurtosis for alcohol; c – skewness for textiles; d – kurtosis for textiles
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6. Discussion of results of investigating the dynamics of 
skewness and kurtosis

Skewness usually characterizes the asymmetry of the 
frequencies of occurrence of data in the sample that are 
higher and lower than the average value. In this case, 
the sign and magnitude of the measure characterize the 
degree (frequency) and side of the asymmetry of the GP 
DP values. Zero values of skewness indicate that sample 
values of the parameter, both above the average and below 
the average, occur equally frequently. The kurtosis mea-
sure characterizes the frequency of occurrence of large 
data values in the sample compared to a Gaussian sample, 
and its sign indicates the side of these deviations relative 
to the average. From the analysis of Fig. 1–3 it follows 
that the dynamics of the SK measure of the considered 
DP GE at alcohol and textiles IG turns out to be hetero-
geneous over the observation interval. This is explained 
by various complex mechanisms for the formation of the 
current values of such DP GE in the absence and appear-
ance of TM IG. At the same time, the dynamics of the 
SK measure generally indicates the nonlinearity of the 
processes describing changes in the DP of GE over the ob-
servation interval. This result does not contradict modern 
ideas about the nonlinearity of changes in GE parameters 
during TM IG. However, the curves in Fig. 1, a, b show 
that for the concentration of CO GE before the moment of 
alcohol IG and after it, the dynamics of the SK measure 
are of a fluctuating nature within the given boundaries. 
In this case, the fluctuating nature of the dynamics of 
the kurtosis measure is characterized by a small nega-
tive average value. At the moment of alcohol IG, the SK 
measures increase significantly and take values above 3 
and 10, respectively, which significantly exceed the per-
missible positive limits of significance. The fluctuating 
nature of the dynamics of skewness is usually considered 
as an indicator of sustainability (unsustainability) of 
development and one of the indicators of environmental 
quality [56, 57]. By analogy, the fluctuating nature of 
dynamics of the skewness of the concentration of CO can 

also be interpreted as a certain indicator of the stability 
of the process of formation of the concentration of CO GE. 
In this case, a sharp increase in the skewness of the CO 
concentration above the permissible limit at the moment 
of alcohol IG should be interpreted as a reaction of the 
indicated parameter GE LC to IG. In this case, such a 
reaction means a short-term increase in the stability of 
the CO concentration. Curves in Fig. 1, c, d show that 
when textiles are ignited, the nature of dynamics of the 
skewness of CO concentration is also fluctuating. Howev-
er, in the absence of IG, the nature of dynamics of skew-
ness differs from the case in the absence of alcohol IG. 
This is explained by the different nature of change in CO 
concentration due to the different initial state of GE in 
the chamber. In this case, the dynamics of the skewness 
are quasi-periodic in nature with short-term alternating 
directional asymmetry of more than 4 units. This means 
that until the moment of textile IG, the CO concentration 
is characterized by dynamic stability. In this case, the pro-
tection of textiles leads to a violation of dynamic stability, 
accompanied by the appearance of fluctuating asymmetry. 
Dynamics of the kurtosis measure in Fig. 1, c, d in this 
case clarify that in the absence of IG, dynamic stability 
is characterized by the predominance of quasiperiodic 
large positive values of CO concentration. In the case of 
textiles, a violation of stability is accompanied by slight 
fluctuations in the negative values of kurtosis.

The dynamics of the smoke density skewness in the 
absence of alcohol IG (Fig. 2) is random and ensures the 
dynamic stability of the smoke density due to the predom-
inance of negative values exceeding 4 units. With alcohol 
IG, the dynamic stability of the smoke density is disrupt-
ed, which leads to fluctuating asymmetry. Analysis of the 
dynamics of the kurtosis in this case indicates that the 
dynamic stability of the smoke density is accompanied 
by values of the kurtosis exceeding 10 units. At alcohol 
IG, the loss of smoke density stability is characterized by 
the fluctuating dynamics of kurtosis. For textiles, in the 
absence and presence of IG, the dynamics of the skewness 
for smoke density are characterized by a random alter-

Fig. 3. Experimental dynamics of measures of asymmetry and temperature kurtosis during ignition of test materials: 	
a – skewness for alcohol; b – kurtosis for alcohol; c – skewness for textiles; d – kurtosis for textiles
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nation of short-term stable and unstable states over an 
observation interval of 500 counts. Short-term stability 
is ensured by positive and negative values of the measure 
of directional asymmetry exceeding 1.536 units, and 
short-term instability is ensured by values of the module 
of the skewness less than 1.536 units. From the curves 
in Fig. 2, c it follows that the dynamics of the measure of 
smoke density asymmetry over an observation interval of 
500 counts turn out to be uninformative from the point of 
view of operational textile inspection. This is explained 
by the low specific mass burnout rate of textiles compared 
to alcohol. Similar conclusions are valid for the dynamics 
of kurtosis (Fig. 2, d). In this case, short-term stability 
is determined by the current kurtosis exceeding a value 
equal to 11.029 units. The dynamics of the kurtosis of 
smoke density over an observation interval of 500 counts 
also turn out to be uninformative from the point of view 
of operational textile inspection. If we take into account 
the low specific mass rate of textile burnout and increase 
the interval to 1000 counts, then the dynamics of SK mea-
sures for smoke density indicates a loss of stability in the 
formation of smoke density with a time delay. Therefore, 
for operational air pollution it is not possible to use the 
dynamics of SK measures for smoke density. In this case, 
the dynamics of the skewness of the temperature of GE 
in the absence of alcohol IG is characterized by random 
intervals of different durations, during which the values of 
the measure are more or less than the significance thresh-
olds (Fig. 3, a). This means the dynamic stability of the 
temperature of GE in LC before the alcohol IG. In the case 
of alcohol IG, the GE temperature loses its dynamic sta-
bility, and the dynamics of the skewness take on a fluctu-
ating character. A similar loss of stability of GE tempera-
ture is confirmed by the dynamics of kurtosis (Fig. 3, b). 
The dynamics of the temperature skewness in the absence 
of textiles are characterized by random intervals of vary-
ing duration, during which the measure values exceed 
or fall below the significance thresholds (Fig. 3, c). This 
indicates the dynamic stability of GE temperature in the 
absence of textile IG. At textile IG, the dynamics of the 
skewness for the GE temperature have a fluctuating char-
acter, indicating temperature instability (Fig. 3, d).

Our results indicate the possibility of operational mon-
itoring based on the dynamics of SK measures for CO con-
centration and GE temperature. Using the dynamics of SK 
measures of smoke density for IG of materials with a low 
specific mass burnout rate is possible but it is necessary to 
take into account the corresponding time delay of DF. This 
technique makes it possible to determine the dynamics of SK 
measure for an arbitrary sample size of any DP GE in CT. 
The scientific novelty is the methodology for determining 
the dynamics of SK measures for DP GE, introducing null 
hypotheses and calculating the threshold for their accep-
tance, taking into account the level of significance and 
sample size, as well as the features of the experimental dy-
namics of SK measures of DP GE in LC at IG of alcohol and 
textiles. In practice, this will make it possible to increase the 
efficiency of protecting premises from fires due to DF in CT 
and their prompt suppression to prevent fires.

Limitations of the study include the consideration of 
CO concentration, smoke density and temperature as DP 
GE, as well as the use of LC and two types of materials in 
the form of alcohol and textiles. The development of the 

research is expected in the directions of overcoming the 
noted limitations.

7. Conclusions 

1. A theoretical substantiation of the methodology for 
determining the dynamics of the skewness and kurtosis 
has been carried out based on a sample of an arbitrary size 
of dangerous parameters of the gaseous medium moving 
in the current observation time. Thresholds for current 
measures of skewness and kurtosis are determined de-
pending on the sample size and significance levels of the 
corresponding null hypotheses (instability in the dynam-
ics of a dangerous parameter). The procedure makes it 
possible to study the features of dynamics in the skewness 
and kurtosis for an arbitrary sample size of any dangerous 
parameter of the gaseous environment in real time, and 
also, taking into account a given level of significance, to 
identify current moments in time when alternative hy-
potheses are valid.

2. Laboratory experiments were carried out to study 
the peculiarities of dynamics of the skewness and kurtosis 
of CO concentration, smoke density, and gas temperature 
when alcohol and textiles ignite in the chamber. The 
results indicate that the studied hazardous parameters 
of the gas environment over the observation interval 
are characterized by non-Gaussian sample distributions. 
Features of dynamics of the skewness and kurtosis for 
current sample distributions of dangerous parameters of 
the gaseous environment depend on the material of the 
fire and the dangerous parameter being studied. It has 
been established that in the absence of fires, the dynamics 
of the skewness and kurtosis are characterized by varying 
degrees of directional asymmetry and kurtosis, which 
generally indicate the stability of the development of a 
dangerous parameter over time. When fires occur, the 
dynamics of the skewness and kurtosis have a fluctuating 
character (from –4 to 18), which indicates a violation of 
stability and a transition to an unstable change in the 
observed dangerous parameter over time. At the same 
time, the described procedure makes it possible to identify 
instability in the development of a dangerous parameter 
caused by the combustion of a material with a given re-
liability.

Conflicts of interest

The authors declare that they have no conflicts of in-
terest in relation to the current study, including financial, 
personal, authorship, or any other, that could affect the study 
and the results reported in this paper.

Funding

The study was conducted without financial support.

Data availability

The data will be provided upon reasonable request.



Eastern-European Journal of Enterprise Technologies ISSN 1729-3774	 5/10 ( 125 ) 2023

60

References 

1.	 Tiutiunyk, V. V., Ivanets, H. V., Tolkunov, I. A., Stetsyuk, E. I. (2018). System approach for readiness assessment units of civil defense 

to actions at emergency situations. Scientific Bulletin of National Mining University, 1, 99–105. doi: https://doi.org/10.29202/

nvngu/2018-1/7 

2.	 Semko, A. N., Beskrovnaya, M. V., Vinogradov, S. A., Hritsina, I. N., Yagudina, N. I. (2014). The usage of high speed impulse liquid 

jets for putting out gas blowouts. Journal of Theoretical and Applied Mechanics, 52 (3), 655–664. Available at: http://jtam.pl/ 

The-usage-of-high-speed-impulse-liquid-jets-for-putting-out-gas-blowouts-,102145,0,2.html

3.	 Loboichenko, V. M., Vasyukov, A. E., Tishakova, T. S. (2017). Investigations of Mineralization of Water Bodies on the Example of 

River Waters of Ukraine. Asian Journal of Water, Environment and Pollution, 14 (4), 37–41. doi: https://doi.org/10.3233/ajw-170035 

4.	 Vambol, S., Vambol, V., Kondratenko, O., Koloskov, V., Suchikova, Y. (2018). Substantiation of expedience of application of high-

temperature utilization of used tires for liquefied methane production. Journal of Achievements in Materials and Manufacturing 

Engineering, 2 (87), 77–84. doi: https://doi.org/10.5604/01.3001.0012.2830 

5.	 Popov, O., Iatsyshyn, A., Kovach, V., Artemchuk, V., Taraduda, D., Sobyna, V. et al. (2019). Physical Features of Pollutants Spread in the 

Air During the Emergency at NPPs. Nuclear and Radiation Safety, 4 (84), 88–98. doi: https://doi.org/10.32918/nrs.2019.4(84).11 

6.	 Popov, O., Іatsyshyn, A., Kovach, V., Artemchuk, V., Taraduda, D., Sobyna, V. et al. (2018). Conceptual Approaches for Development 

of Informational and Analytical Expert System for Assessing the NPP impact on the Environment. Nuclear and Radiation Safety, 

3 (79), 56–65. doi: https://doi.org/10.32918/nrs.2018.3(79).09 

7.	 Vambol, S., Vambol, V., Sobyna, V., Koloskov, V., Poberezhna, L. (2019). Investigation of the energy efficiency of waste utilization 

technology, with considering the use of low-temperature separation of the resulting gas mixtures. Energetika, 64 (4). doi: https://

doi.org/10.6001/energetika.v64i4.3893 

8.	 Barannik, V., Ryabukha, Y., Barannik, N., Barannik, D. (2020). Indirect Steganographic Embedding Method Based on Modifications 

of the Basis of the Polyadic System. 2020 IEEE 15th International Conference on Advanced Trends in Radioelectronics, 

Telecommunications and Computer Engineering (TCSET). doi: https://doi.org/10.1109/tcset49122.2020.235522 

9.	 Barannik, V., Babenko, Y., Kulitsa, O., Barannik, V., Khimenko, A., Matviichuk-Yudina, O. (2020). Significant Microsegment 

Transformants Encoding Method to Increase the Availability of Video Information Resource. 2020 IEEE 2nd International 

Conference on Advanced Trends in Information Theory (ATIT). doi: https://doi.org/10.1109/atit50783.2020.9349256 

10.	 Sadkovyi, V., Andronov, V., Semkiv, O., Kovalov, A., Rybka, E., Otrosh, Yu. et. al.; Sadkovyi, V., Rybka, E., Otrosh, Yu. (Eds.) (2021). 

Fire resistance of reinforced concrete and steel structures. Kharkiv: РС ТЕСHNOLOGY СЕNTЕR, 180. doi: https://doi.org/ 

10.15587/978-617-7319-43-5 

11.	 Ragimov, S., Sobyna, V., Vambol, S., Vambol, V., Feshchenko, A., Zakora, A. et al. (2018). Physical modelling of changes in the energy 

impact on a worker taking into account high-temperature radiation. Journal of Achievements in Materials and Manufacturing 

Engineering, 1 (91), 27–33. doi: https://doi.org/10.5604/01.3001.0012.9654 

12.	 Otrosh, Y., Rybka, Y., Danilin, O., Zhuravskyi, M. (2019). Assessment of the technical state and the possibility of its control for the 

further safe operation of building structures of mining facilities. E3S Web of Conferences, 123, 01012. doi: https://doi.org/10.1051/

e3sconf/201912301012 

13.	 Kovalov, A., Otrosh, Y., Rybka, E., Kovalevska, T., Togobytska, V., Rolin, I. (2020). Treatment of Determination Method for Strength 

Characteristics of Reinforcing Steel by Using Thread Cutting Method after Temperature Influence. Materials Science Forum, 1006, 

179–184. doi: https://doi.org/10.4028/www.scientific.net/msf.1006.179 

14.	 Kondratenko, O. M., Vambol, S. O., Strokov, O. P., Avramenko, A. M. (2015). Mathematical model of the efficiency of diesel 

particulate matter filter. Naukovyi visnyk Natsionalnoho hirnychoho universytetu, 6, 55–61. Available at: https://nvngu.in.ua/

index.php/en/component/jdownloads/finish/57-06/8434-2015-06-kondratenko/0

15.	 Vasyukov, A., Loboichenko, V., Bushtec, S. (2016). Identification of bottled natural waters by using direct conductometry. Ecology, 

Environment and Conservation, 22 (3), 1171–1176.

16.	 Pospelov, B., Kovrehin, V., Rybka, E., Krainiukov, O., Petukhova, O., Butenko, T. et al. (2020). Development of a method for 

detecting dangerous states of polluted atmospheric air based on the current recurrence of the combined risk. Eastern-European 

Journal of Enterprise Technologies, 5 (9 (107)), 49–56. doi: https://doi.org/10.15587/1729-4061.2020.213892 

17.	 World Fire Statistics (2022). CTIF, 27. Available at: https://www.ctif.org/sites/default/files/2022-08/CTIF_Report27_ESG.pdf

18.	 Kovalov, A., Otrosh, Y., Ostroverkh, O., Hrushovinchuk, O., Savchenko, O. (2018). Fire resistance evaluation of reinforced concrete 

floors with fire-retardant coating by calculation and experimental method. E3S Web of Conferences, 60, 00003. doi: https://doi.org/ 

10.1051/e3sconf/20186000003 

19.	 Chernukha, A., Teslenko, A., Kovalov, P., Bezuglov, O. (2020). Mathematical Modeling of Fire-Proof Efficiency of Coatings Based on 

Silicate Composition. Materials Science Forum, 1006, 70–75. doi: https://doi.org/10.4028/www.scientific.net/msf.1006.70 

https://doi.org/10.29202/nvngu/2018-1/7
https://doi.org/10.29202/nvngu/2018-1/7
http://jtam.pl/The-usage-of-high-speed-impulse-liquid-jets-for-putting-out-gas-blowouts-,102145,0,2.html
http://jtam.pl/The-usage-of-high-speed-impulse-liquid-jets-for-putting-out-gas-blowouts-,102145,0,2.html
https://doi.org/10.5604/01.3001.0012.2830
https://doi.org/10.32918/nrs.2019.4(84).11
https://doi.org/10.6001/energetika.v64i4.3893
https://doi.org/10.6001/energetika.v64i4.3893
https://doi.org/10.1109/tcset49122.2020.235522
https://doi.org/10.1109/atit50783.2020.9349256
https://doi.org/10.15587/978-617-7319-43-5
https://doi.org/10.15587/978-617-7319-43-5
https://doi.org/10.5604/01.3001.0012.9654
https://doi.org/10.1051/e3sconf/201912301012
https://doi.org/10.1051/e3sconf/201912301012
https://doi.org/10.4028/www.scientific.net/msf.1006.179
https://nvngu.in.ua/index.php/en/component/jdownloads/finish/57-06/8434-2015-06-kondratenko/0
https://nvngu.in.ua/index.php/en/component/jdownloads/finish/57-06/8434-2015-06-kondratenko/0
https://doi.org/10.15587/1729-4061.2020.213892
https://www.ctif.org/sites/default/files/2022-08/CTIF_Report27_ESG.pdf
https://doi.org/10.1051/e3sconf/20186000003
https://doi.org/10.1051/e3sconf/20186000003
https://doi.org/10.4028/www.scientific.net/msf.1006.70


Ecology

61

20.	 Pospelov, B., Andronov, V., Rybka, E., Popov, V., Romin, A. (2018). Experimental study of the fluctuations of gas medium parameters 

as early signs of fire. Eastern-European Journal of Enterprise Technologies, 1 (10 (91)), 50–55. doi: https://doi.org/10.15587/1729-

4061.2018.122419 

21.	 Pospelov, B., Rybka, E., Meleshchenko, R., Krainiukov, O., Biryukov, I., Butenko, T. et al. (2021). Short-term fire forecast based on 

air state gain recurrence and zero-order brown model. Eastern-European Journal of Enterprise Technologies, 3 (10 (111)), 27–33. 

doi: https://doi.org/10.15587/1729-4061.2021.233606 

22.	 Pospelov, B., Rybka, E., Krainiukov, O., Yashchenko, O., Bezuhla, Y., Bielai, S. et al. (2021). Short-term forecast of fire in the premises 

based on modification of the Brown’s zero-order model. Eastern-European Journal of Enterprise Technologies, 4 (10 (112)), 52–58. 

doi: https://doi.org/10.15587/1729-4061.2021.238555 

23.	 Pospelov, B., Andronov, V., Rybka, E., Samoilov, M., Krainiukov, O., Biryukov, I. et al. (2021). Development of the method of 

operational forecasting of fire in the premises of objects under real conditions. Eastern-European Journal of Enterprise Technologies, 

2 (10 (110)), 43–50. doi: https://doi.org/10.15587/1729-4061.2021.226692 

24.	 Muhammad, K., Ahmad, J., Baik, S. W. (2018). Early fire detection using convolutional neural networks during surveillance for 

effective disaster management. Neurocomputing, 288, 30–42. doi: https://doi.org/10.1016/j.neucom.2017.04.083 

25.	 Gottuk, D. T., Wright, M. T., Wong, J. T., Pham, H. V., Rose-Pehrsson, S. L., Hart, S. et al. (2002). Prototype Early Warning Fire 

Detection System: Test Series 4 Results. NRL/MR/6180–02–8602. Naval Research Laboratory. Available at: https://apps.dtic.mil/

sti/pdfs/ADA399480.pdf

26.	 Muhammad, K., Ahmad, J., Mehmood, I., Rho, S., Baik, S. W. (2018). Convolutional Neural Networks Based Fire Detection in 

Surveillance Videos. IEEE Access, 6, 18174–18183. doi: https://doi.org/10.1109/access.2018.2812835 

27.	 Andronov, V., Pospelov, B., Rybka, E., Skliarov, S. (2017). Examining the learning fire detectors under real conditions of application. 

Eastern-European Journal of Enterprise Technologies, 3 (9 (87)), 53–59. doi: https://doi.org/10.15587/1729-4061.2017.101985 

28.	 Cheng, C., Sun, F., Zhou, X. (2011). One fire detection method using neural networks. Tsinghua Science and Technology, 16 (1), 

31–35. doi: https://doi.org/10.1016/s1007-0214(11)70005-0 

29.	 Ding, Q., Peng, Z., Liu, T., Tong, Q. (2014). Multi-Sensor Building Fire Alarm System with Information Fusion Technology Based 

on D-S Evidence Theory. Algorithms, 7 (4), 523–537. doi: https://doi.org/10.3390/a7040523 

30.	 Wu, Y., Harada, T. (2004). Study on the Burning Behaviour of Plantation Wood. Scientia Silvae Sinicae, 40 (2), 131. doi: https://

doi.org/10.11707/j.1001-7488.20040223

31.	 Ji, J., Yang, L., Fan, W. (2003). Experimental Study on Effects of Burning Behaviors’ of Materials Caused by External Heat 

Radiation. JCST, 9, 139.

32.	 Peng, X., Liu, S., Lu, G. (2005). Experimental Analysis on Heat Release Rate of Materials. Journal of Chongqing University, 28, 122.

33.	 Pospelov, B., Andronov, V., Rybka, E., Krainiukov, O., Karpets, K., Pirohov, O. et al. (2019). Development of the correlation method 

for operative detection of recurrent states. Eastern-European Journal of Enterprise Technologies, 6 (4 (102)), 39–46. doi: https://

doi.org/10.15587/1729-4061.2019.187252 

34.	 Pospelov, B., Rybka, E., Togobytska, V., Meleshchenko, R., Danchenko, Y., Butenko, T. et al. (2019). Construction of the method 

for semi-adaptive threshold scaling transformation when computing recurrent plots. Eastern-European Journal of Enterprise 

Technologies, 4 (10 (100)), 22–29. doi: https://doi.org/10.15587/1729-4061.2019.176579 

35.	 Sadkovyi, V., Pospelov, B., Andronov, V., Rybka, E., Krainiukov, O., Rud, A. et al. (2020). Construction of a method for detecting 

arbitrary hazard pollutants in the atmospheric air based on the structural function of the current pollutant concentrations. Eastern-

European Journal of Enterprise Technologies, 6 (10 (108)), 14–22. doi: https://doi.org/10.15587/1729-4061.2020.218714 

36.	 Pospelov, B., Rybka, E., Meleshchenko, R., Krainiukov, O., Harbuz, S., Bezuhla, Y. et al. (2020). Use of uncertainty function 

for identification of hazardous states of atmospheric pollution vector. Eastern-European Journal of Enterprise Technologies, 

2 (10 (104)), 6–12. doi: https://doi.org/10.15587/1729-4061.2020.200140 

37.	 Sadkovyi, V., Pospelov, B., Rybka, E., Kreminskyi, B., Yashchenko, O., Bezuhla, Y. et al. (2022). Development of a method for 

assessing the reliability of fire detection in premises. Eastern-European Journal of Enterprise Technologies, 3 (10 (117)), 56–62. doi: 

https://doi.org/10.15587/1729-4061.2022.259493 

38.	 Pospelov, B., Rybka, E., Samoilov, M., Morozov, I., Bezuhla, Y., Butenko, T. et al. (2022). Defining the features of amplitude and 

phase spectra of dangerous factors of gas medium during the ignition of materials in the premises. Eastern-European Journal of 

Enterprise Technologies, 2 (10 (116)), 57–65. doi: https://doi.org/10.15587/1729-4061.2022.254500 

39.	 Pospelov, B., Rybka, E., Savchenko, A., Dashkovska, O., Harbuz, S., Naden, E. et al. (2022). Peculiarities of amplitude spectra of the 

third order for the early detection of indoor fires. Eastern-European Journal of Enterprise Technologies, 5 (10 (119)), 49–56. doi: 

https://doi.org/10.15587/1729-4061.2022.265781 

40.	 Pospelov, B., Andronov, V., Rybka, E., Chubko, L., Bezuhla, Y., Gordiichuk, S. et al. (2023). Revealing the peculiarities of average 

bicoherence of frequencies in the spectra of dangerous parameters of the gas environment during fire. Eastern-European Journal of 

Enterprise Technologies, 1 (10 (121)), 46–54. doi: https://doi.org/10.15587/1729-4061.2023.272949 

https://doi.org/10.15587/1729-4061.2018.122419
https://doi.org/10.15587/1729-4061.2018.122419
https://doi.org/10.15587/1729-4061.2021.233606
https://doi.org/10.15587/1729-4061.2021.238555
https://doi.org/10.15587/1729-4061.2021.226692
https://doi.org/10.1016/j.neucom.2017.04.083
https://doi.org/10.15587/1729-4061.2017.101985
https://doi.org/10.1016/s1007-0214(11)70005-0
https://doi.org/10.3390/a7040523
https://doi.org/10.11707/j.1001-7488.20040223
https://doi.org/10.11707/j.1001-7488.20040223
https://doi.org/10.15587/1729-4061.2019.187252
https://doi.org/10.15587/1729-4061.2019.187252
https://doi.org/10.15587/1729-4061.2019.176579
https://doi.org/10.15587/1729-4061.2020.218714
https://doi.org/10.15587/1729-4061.2020.200140
https://doi.org/10.15587/1729-4061.2022.259493
https://doi.org/10.15587/1729-4061.2022.265781
https://doi.org/10.15587/1729-4061.2023.272949


Eastern-European Journal of Enterprise Technologies ISSN 1729-3774	 5/10 ( 125 ) 2023

62

41.	 Du, L., Liu, H., Bao, Z. (2005). Radar HRRP target recognition based on higher order spectra. IEEE Transactions on Signal 

Processing, 53 (7), 2359–2368. doi: https://doi.org/10.1109/tsp.2005.849161 

42.	 Hayashi, K., Mukai, N., Sawa, T. (2014). Simultaneous bicoherence analysis of occipital and frontal electroencephalograms in awake 

and anesthetized subjects. Clinical Neurophysiology, 125 (1), 194–201. doi: https://doi.org/10.1016/j.clinph.2013.06.024 

43.	 Polstiankin, R. M., Pospelov, B. B. (2015). Stochastic models of hazardous factors and parameters of a fire in the premises. Problemy 

pozharnoy bezopasnosti, 38, 130–135. Available at: http://nbuv.gov.ua/UJRN/Ppb_2015_38_24

44.	 Mykhailiuk, O. P. (2018). Osoblyvosti otsinky nebezpechnykh faktoriv pozhezhi. Materialy IXh Mizhnarodnoi naukovo-

praktychnoi konferentsiyi «Teoriya i praktyka hasinnia pozhezh ta likvidatsii nadzvychainykh sytuatsiy». Cherkasy, 270–271. 

Available at: https://nuczu.edu.ua/images/topmenu/science/konferentsii/2018/5.pdf

45.	 Pasport. Spovishchuvach pozhezhnyi teplovyi tochkovyi. Arton. Available at: https://ua.arton.com.ua/files/passports/ 

%D0%A2%D0%9F%D0%A2-4_UA.pdf

46.	 Pasport. Spovishchuvach pozhezhnyi dymovyi tochkovyi optychnyi. Arton. Available at: https://ua.arton.com.ua/files/passports/

spd-32_new_pas_ua.pdf

47.	 Optical/Heat Multi-sensor Detector (2019). Discovery, 1.

48.	 McGrattan, K., Hostikka, S., McDermott, R., Floyd, J., Weinschenk, C., Overholt, K. (2016). Fire Dynamics Simulator Technical 

Reference Guide. National Institute of Standards and Technology. Vol. 3. NIST. Available at: https://www.fse-italia.eu/PDF/

ManualiFDS/FDS_Validation_Guide.pdf

49.	 Floyd, J., Forney, G., Hostikka, S., Korhonen, T., McDermott, R., McGrattan, K. (2013). Fire Dynamics Simulator (Version 6) User’s 

Guide. National Institute of Standard and Technology. Vol. 1. NIST.

50.	 Levin, B. R. (1989). Teoreticheskie osnovy statisticheskoy radiotekhniki. Moscow: Radio i svyaz’, 656.

51.	 Orlov, Yu. N., Osminin, K. P. (2008). Postroenie vyborochnoy funktsii raspredeleniya dlya prognozirovaniya nestatsionarnogo 

vremennogo ryada. Matematicheskoe modelirovanie, 20 (9), 23–33.

52.	 NIST/SEMATECH (2012). e-Handbook of Statistical Methods. doi: https://doi.org/10.18434/M32189

53.	 Dragotti, P. L., Vetterli, M., Blu, T. (2007). Sampling Moments and Reconstructing Signals of Finite Rate of Innovation: Shannon 

Meets Strang–Fix. IEEE Transactions on Signal Processing, 55 (5), 1741–1757. doi: https://doi.org/10.1109/tsp.2006.890907 

54.	 An introduction to kernel density estimation (2001). Available at: https://www.mvstat.net/tduong/research/seminars/

seminar-2001-05/

55.	 Derr, V. Ya. (2021). Teoriya veroyatnostey i matematicheskaya statistika. Sankt-Peterburg: Lan’, 596.

56.	 Rakhmangulov, R. S., Ishbirdin, A. R., Salpagarova, A. S. (2014). Is fluctuating asymmetry an index of destabilization or finding ways 

to adaptive morphogenesis? Vestnik Bashkirskogo universiteta, 19 (3).

57.	 Baranov, S. G. Burdakova, N. E. (2015). Otsenka stabil’nosti razvitiya. Metodicheskie podkhody. Vladimir: VlGU, 72.

https://doi.org/10.1109/tsp.2005.849161
https://doi.org/10.1016/j.clinph.2013.06.024
http://nbuv.gov.ua/UJRN/Ppb_2015_38_24
https://nuczu.edu.ua/images/topmenu/science/konferentsii/2018/5.pdf
https://ua.arton.com.ua/files/passports/%D0%A2%D0%9F%D0%A2-4_UA.pdf
https://ua.arton.com.ua/files/passports/%D0%A2%D0%9F%D0%A2-4_UA.pdf
https://ua.arton.com.ua/files/passports/spd-32_new_pas_ua.pdf
https://ua.arton.com.ua/files/passports/spd-32_new_pas_ua.pdf
https://www.fse-italia.eu/PDF/ManualiFDS/FDS_Validation_Guide.pdf
https://www.fse-italia.eu/PDF/ManualiFDS/FDS_Validation_Guide.pdf
https://doi.org/10.1109/tsp.2006.890907
https://www.mvstat.net/tduong/research/seminars/seminar-2001-05/
https://www.mvstat.net/tduong/research/seminars/seminar-2001-05/

