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The object of this study is the selec­
tive coefficient of variation of dangerous 
parameters of the gas environment, which 
are caused by the general aggregates of 
reliable absence or occurrence of ignition 
of materials. The method of prompt detec­
tion of fires based on the comparison of 
the sample coefficients of variation of the 
hazardous parameters of the gas envi­
ronment of the specified general popula­
tions and the verification for each moment 
of time of the result of the comparison of 
the sample coefficients of variation and 
exceeding the current threshold is theo­
retically substantiated. At the same time, 
the value of the current threshold is calcu­
lated taking into account the given prob­
ability of false detection of ignition and 
the current error of the result of com­
paring the sample coefficients of vari­
ation. This method makes it possible to 
ensure the maximum current probability 
of correct ignition detection. Experiments 
were conducted to verify the performance 
of the proposed method. The obtained 
results in general indicate the efficien­
cy of the method. It was established that 
the result of the comparison of the sample 
coefficients of variation of the hazardous 
parameters of the gas environment, which 
correspond to the specified general popu­
lations for carbon monoxide at the time of 
ignition of alcohol, paper, wood, and tex­
tiles, is 0.47, 0.14, 0.2, and 0.001, respec­
tively. For the temperature, the results of 
the comparison of the sample coefficients 
of variation during the ignition of similar 
materials are 0.12, 0.13, 0.015 and 0.045, 
respectively. At the same time, for prompt 
detection of fires based on the proposed 
method, it is necessary to preferably use 
the concentration of carbon monoxide and 
the temperature of the gas environment 
as dangerous parameters of the gas envi­
ronment. The practical importance of the 
research is the use of selective coefficients 
of hazardous parameters of the gas envi­
ronment for the detection of material fires 
in real time
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1. Introduction

Any fire (F) is caused by ignition of materials (IM). IM is 
usually accompanied by varying amounts of heat release, a large  

number of hazardous chemical combustion products, and 
solid particles in the form of smoke. IM is usually dangerous 
due to its destructive effect on the objects where it occurs. 
IM is especially dangerous at energy facilities [1] and in the  
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shipping industry. A disaster associated with IM on a ship 
poses a threat to transportation safety and can lead to the 
loss of the vessel, cargo damage, environmental pollution, hu-
man injury, and even loss of life. Fire early detection (FED) 
at the above-mentioned facilities allows for increasing the 
time for personnel evacuation or extinguishing IM, as well 
as reducing human casualties and material losses. Thus, 
a 10-minute delay in extinguishing a F in the engine room 
can potentially result in financial losses of $200,000. At the 
same time, a 20-minute delay can lead to a tenfold increase 
in these losses [2]. Therefore, research on devising new FED 
methods at the stage of IM occurrence is relevant.

2. Literature review and problem statement

Traditionally, fire detection is carried out based on the 
use of sensors measuring hazardous parameters (HPs) of the 
gas environment (GE) of the premises of objects. This may 
be the concentration of CO, temperature, smoke density, and 
other parameters [3]. The main disadvantage of using sensors 
measuring GE HPs in traditional fire alarm systems is the im-
possibility of detecting fires with their help at the early sta
ges of their origin – the stage of occurrence of IM. This is ex-
plained by the fact that fire detection is carried out based on 
the fact that the measured GE HP exceeds the corresponding 
threshold. The threshold value usually corresponds to the 
detection of the full stage of fire. In this case, while the value 
of the measured HP from the ignition material reaches the 
corresponding sensor and exceeds the set threshold, the fire 
can go from the initial stage of fire origin (stage IM) to sub-
sequent stages, including the stage of full fire development.  
However, for the purpose of FED, it is necessary to take into 
account the peculiarity of the GE HP dynamics precisely at 
the initial stage of fire until the measured HP exceeds the set 
threshold. In [4] it is shown that at the SM stage the current 
dynamics of the GE HP is random and has a complex, indi-
vidual, and nonlinear nature, depending on many parameters. 
Therefore, to identify the SM for the purpose of FED, it is pos-
sible to use the individual features of the complex dynamics 
of HP, complete information about which is contained in the 
corresponding sample distribution functions or their sample 
moments. Features of the real dynamics of wood combustion 
for three levels of the heat source (30, 40, and 50 kW·m–2)  
are studied in [5]. A random nature of the change in the ave
rage rate of heat release and smoke formation is noted over 
the entire range of exposure to the heat source. Characteristic 
peaks occur before the moment of ignition and after charring 
of wood. A disadvantage of [5] is the lack of research into the 
specific features of the current dynamics of the GE tempera-
ture during ignition and combustion of wood. Other types 
of ignition materials are not considered. The influence of the 
power of an external heat source on the dynamics of the GE 
temperature during wood combustion is studied in [6]. How-
ever, the study is limited to the relationship between the aver-
age dynamics of the GE temperature and the average intensity 
of wood combustion. Similar experimental studies for organic 
glass and cypress were performed in [7]. The limitations of 
the experimental studies [5–7] include the lack of data on 
the specific features of the current dynamics of the GE HP, 
as well as the dynamics of the sample moments of the HP dis-
tributions during IM. Research aimed at solving the problem 
of FED based on the use of non-traditional image sensors is 
actively developing. Such sensors allow remote measurement  

of the intensity of image pixels caused by IM [8]. Multilevel  
convolutional neural networks are widely used to solve the 
problems of identifying the onset of PF based on image sensors.  
The FED method based on the use of such networks is pro-
posed in [9]. However, this method is based on a limited data 
set and has not been compared with any existing methods to 
verify its performance. In addition, all image sensor-based 
P detection systems and the implementation of these methods 
and technologies under real conditions have low performance 
due to the time spent on data collection, processing, and 
training [10]. As a result, the overall efficiency of FED under 
real conditions, characterized by the complexity and diversity 
of forms and types of occurrence of F, taking into account va
rious obstructing factors, is significantly reduced. Detection 
of IM can also be carried out based on the use of traditional 
sensors for measuring the GE HP, applied in existing fire 
alarm systems. In this case, it is necessary to use various new 
approaches to processing the data of such sensors. For this 
purpose, in [11], the features of the current dynamics of the 
GE HP during IM in the spectral domain are studied. It was 
found that the phase spectrum contains characteristic signs 
of the appearance of IM in the frequency range above 0.2 Hz 
and can be used to detect IM. A disadvantage of considering 
the features of the current dynamics of the GE HP in the fre-
quency domain should be considered the limitations inherent 
in the Fourier transform. In [12], the sample variance of the 
GE HP for two general populations is studied, caused by the 
absence and presence of IM. It is shown that the sample vari-
ances for the specified general populations have significant 
differences, which can be used as a sign of IM detection. How-
ever, the detection of IM in real time by measuring the GE 
HP based on the comparison of current sample variances and 
sample coefficients of variation of the GE HP dynamics is not 
considered in [12]. Thus, the problem of FED can be solved 
based on inexpensive traditional GE HP sensors, as well as ex-
pensive image sensors. At the same time, FED cannot be con-
sidered without prompt detection of IM. Existing fire alarm 
systems are not capable of implementing FED since they do 
not take into account the current statistical features of the 
GE HP dynamics at the stage of IM occurrence. At the same 
time, it is not possible to evaluate the quality indicators of de-
tection of F and, accordingly, the operational detection of IM.  
The use of traditional sensors for FED is more preferable 
and does not require significant resources. In contrast, the 
use of more expensive image sensors for FED is associated 
with the use of complex image processing algorithms and also 
requires significant computing and Internet resources. This 
means that an effective approach to solving the FED problem 
is still missing. This approach should be optimal, have less 
implementation complexity, and provide the specified quality 
indicators of detection of IM. The unsolved part of the prob-
lem under consideration is the development of methods for 
the operational detection of IM based on traditional sensors 
that measure the current values of the HP of the GE, have 
insignificant complexity and provide an assessment of the qua
lity of detection.

3. The aim and objectives of the study

The objective of our work is to devise a method for prompt-
ly detecting fires in rooms with a given quality of detection 
based on the use of a selective variation coefficient for current 
measurements. In this case, measurements should be performed 
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by traditional sensors of an arbitrary hazardous parameter of 
the gas environment. This will make it possible to promptly 
detect fires in real time with a given quality.

To achieve the objective of the work, the following tasks 
were set:

– to justify the method for promptly detecting fires with 
a given quality based on selective variation coefficients of 
current measurements for an arbitrary hazardous parameter 
of the gas environment of rooms in the reliable absence and 
random occurrence of fire;

– to test the performance of the proposed method using 
the example of selective variation coefficients for current mea-
surements of hazardous parameters of the gas environment in 
a laboratory chamber with forced ignition of test materials.

4. The study materials and methods

4. 1. The object and hypothesis of the study 
The object of our study was the dynamics of GE HP 

during the occurrence of IM in a non-hermetic room. The 
hypothesis of the study was the assumption that the value of 
the coefficient of variation of GE HP increases with IM com-
pared to the case of its absence. The assumptions and simpli-
fications accepted in the study consisted in the assumption of 
maintaining the nature of the dynamics of the main GE HP 
in the laboratory chamber and a real room during the ignition 
of selected test materials (TM) of ignition in the form of alco-
hol, paper, wood, and textiles.

4. 2. The study materials
Experimental study of material combustion is based on 

the fact that any ignition of a material in a room changes 
the physical parameters of the material and GE. At the 
initial stage, a convective flow arises above the TM source, 
transferring combustion products and heat to the ceiling 
of the room. As a result of this transfer, the parameters of 
the medium under the ceiling change. Usually, the transfer 
of excess enthalpy leads to an increase in temperature and 
turbulence of GE in the ceiling area. Therefore, the features 
of material combustion in a room can be studied by changing 
the GE parameters in the ceiling area. However, it is difficult 
to theoretically study the features of material combustion 
in a room by changing the turbulence characteristics of GE 
in the ceiling area. For this purpose, the features of material 
combustion in a room are studied experimentally. For this 
purpose, an experimental laboratory chamber was created 
that imitated an unsealed room of reduced dimensions. The 
chamber has dimensions of 0.81*0.81*0.80 m. Sensors mea-
suring temperature, smoke density and CO concentration 
were placed in the ceiling area of the chamber above the 
source of material combustion. Such arrangement of measur-
ing sensors in the chamber allowed us to study the features 
of combustion of materials in a jet stream of heat and gases 
from the combustion source in the ceiling zone. At present, 
combustion of materials in the room has not been studied 
enough, but it has practical significance for preventing F.  
As a sensor for measuring the temperature of GE, measuring 
the density of smoke and measuring the concentration of car-
bon monoxide, the TPT-4 sensor (Ukraine), the IPD-3.2 sen-
sor (Ukraine), and the Discovery sensor (Switzerland) were 
used. The experiments were conducted under natural condi-
tions. The chamber was not hermetically sealed. The measur-
ing sensors had an accuracy class of 0.5. Alcohol, paper, wood, 

and textile were used as TM. All measurements of GE HP 
were conducted discretely in time with an interval of 0.1 s.  
The experimental design consisted of sequential ignition 
of each TM and measurement of temperature, CO concen-
tration, and smoke density. TM ignition was performed at 
random moments in time (20–25 seconds after the start of 
the measurement). The measurement interval of the GE 
parameters in the chamber during the ignition of each TM 
was 30 s. After each measurement, natural ventilation of the 
chamber was carried out for 10 minutes.

4. 3. Research methods
The research methods were the sampling method and the 

method of testing statistical hypotheses. Samples were made 
from measurements of GE HPs. It was assumed that the 
measurements can be caused by both the absence and the pre
sence of IM. This means that the measurements can belong to 
two general populations. In this case, the identification of IM 
can be considered within the framework of the task of testing 
two hypotheses. The first hypothesis (null hypothesis) means 
that the measurements belong to the general population of 
reliable absence of IM. It is proposed to call this general pop-
ulation the training population. The second hypothesis (al-
ternative hypothesis) assumes that the measurements of GE 
HP belong to the general population of random occurrence 
of IM. Let us call this general population the control popula-
tion. In this case, the control population, unlike the training 
population, is current. Samples of an arbitrary fixed size 
were extracted from the measurements of GE HPs. In this 
case, the sample size should ensure the representativeness of 
the sample variation coefficients for the general populations 
under consideration, as well as the asymptotic approximation 
of the distributions of the sample variation coefficients to the 
Gaussian distribution. The sample variation coefficients and 
the corresponding representativeness errors were determined 
in accordance with [13]. In [13], the specified properties for 
the sample variation coefficients will already be fulfilled for 
sample sizes exceeding 60 samples. During the verification 
of the method, the sample size was the same and amounted  
to 100 samples.

5. Devising a method for prompt detection of fires  
with a given quality

5. 1. Justification of a method for prompt detection of fires
FED is one of the important functions of the integrated 

systems for the protection of critical infrastructure facili-
ties [14]. The FED function ensures a significant reduction 
in the risk of personnel loss and damage, as well as the com-
plete destruction of facilities [15]. This function significantly 
reduces the negative impact of F on the environment [16]. 
Any IM causes various GE HPs. Therefore, the fact of oc-
currence of GE HP can be used as a sign of identifying IM.  
To determine the fact of occurrence of GE HP, we will use 
the current sample variation coefficient of measurements 
obtained by the corresponding sensors. Let there be results of 
measurement by the corresponding sensor of an arbitrary GE 
HP on the selected observation interval. In the case of dis-
crete measurements, there is a sample of size h–x1, x2, …, xk,  
where k = 1, 2, …, h. An exhaustive characteristic for such  
a sample is its sample distribution function F(x) [13]. How-
ever, to solve applied problems, instead of F(x), their various 
characteristics in the form of sample moments are often used. 
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The sample variation coefficient is considered as such a cha
racteristic. It should be noted that in the general case, the 
sample can be conditioned by the general populations of both 
the absence of IM, the presence of IM, and their combination. 
In this case, the effect of the specified populations in time is 
unknown. In essence, the task of operational detection of IM 
is reduced to determining by the sample the moment in time 
when the general population corresponding to the absence of 
IM passes into the general population of the presence of IM. 
Since the measurements are made sequentially in time, the 
entire sample x1, x2, …, xk is unknown to us. We will assume 
that a sample of a smaller size g2 << h is known. In this case, 
for an arbitrary moment in time t, the sample x(t–1), x(t–2), 
…, x(t–g), where g = 1, 2,…, g2, will be known. This means that 
there are two samples of size g2. Let the first sample be made 
from the general population of reliable absence of IM, and 
the second one is associated with the current time t and the 
unknown (tested) general population. In this case, we assume 
that the first sample corresponds to the hypothesis Н0, and 
the second one corresponds to the current (tested) hypo
thesis Нt. In this case, the problem of operational detection 
of IM can be formulated as a problem of testing the corre-
sponding hypotheses Нt and Н0. We will test the hypotheses 
based on a comparison of the corresponding sample variation 
coefficients, which allow us to simultaneously estimate two 
distribution parameters, or more precisely, their ratio, posi-
tion, and dispersion of the distributions of the measured GE 
HPs corresponding to the considered general populations. 
The sample size g2 should be made based on conflicting re-
quirements – the accuracy of the moment of detection of IM 
and errors of representativeness to the general populations. 
In this case, with a decrease in the sample size g2, the errors 
of representativeness of the sample variation coefficients will 
increase, as well as the mathematical difficulties in quan-
titatively assessing the quality of detection of IM [13, 17]. 
Following [17], for an asymptotic approximation of the dis-
tribution of the sample variation coefficient to Gauss, occurs 
at sample sizes equal to 100 or more.

Taking this into account, the sample variation coeffi-
cients KB0 and KBt from the general populations corre-
sponding to the hypotheses under consideration are deter-
mined by the relations:
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are the sample means corresponding to hypotheses Н0 and Нt.
The proposed method is based on the study of the value of 

the current difference KBt–KB0 = KBr within the framework 
of the theory of standard errors [17]. To do this, we normalize 
the value KBr relative to d g d gt1 2 2 22 2/ / .+  Here d12 and 
d t22 are the variances of the standard errors corresponding 
to the sample variation coefficients determined by [17].  
In this case, the normalized difference KBr under the hypothe
sis Н0 will have an asymptotic Gaussian distribution with 
a zero mean and unit variance. This allows us to relatively 
simply evaluate the quality of the operational detection of 
IM at a given significance level. For this, it is sufficient to 

use the tabulated Laplace function. Taking this into account, 
the problem of the significance of the hypothesis Н0 or that 
the current difference KBr = 0 arises. In this case, if KBr < 0, 
which corresponds to KB0 < KBt, then the decision is made 
in favor of the hypothesis Нt. Consequently, the operational 
detection of IM is reduced to determining the critical region 
in which the normalized difference KВr, if the hypothesis Н0  
is true, would be equal to the given significance level α. 
Since in the absence of IM the normalized difference KВr has  
a symmetrical distribution with respect to zero, the sought 
critical point will be determined by the symmetrical criti-
cal point with the opposite sign. Taking this into account, 
the critical region for accepting the hypothesis Н0 will be 
determined by the excess of the normalized difference over 
the value of the symmetrical critical point with the oppo-
site sign. If this condition is not met, the hypothesis Н0 is 
rejected and the hypothesis Нt is accepted. Such a rule will 
simultaneously provide the greatest power at a given level of 
α. Since the probability of the normalized current difference 
falling within the interval (0, ∞) when the hypothesis Н0 is 
true is 0.5, the value of the critical point will be determined 
by the argument r0 of the Laplace function, for which it is 
equal to (0.5–α), taken with the opposite sign. The method 
for detecting IM can be represented as:

KB > 0 r tr d g d g1 2 2 22 2 0 5
/ / .

.
+( ) 	 (3)

Rule (3) at an arbitrary moment t for a given signifi-
cance level α (a given probability of false detection of IM) 
will simultaneously provide the greatest power (the prob-
ability of correct detection of IM). In this case, violation 
of rule (3) at the current moment t will mean that IM is 
absent. Let us introduce the value of the current threshold 
R r d g d gt t1 1 2 2 22 2 0 5= +( )0 / /

.
 for rule (3). Taking this into 

account, (3) will take its final form:

KBr tR> 1 .	 (4)

Following [17], for samples of large size g2, method (3) 
and (4) turns out to be valid even in the case when the mea-
surements of GE HPs differ from the Gaussian distribution. 
In the case of arbitrary distributions of measurements for the 
general populations under consideration, the value of r0 in (3)  
can be chosen from the condition r0 1/≤ α . However, it 
should be noted that this statement is valid only for large 
sample sizes. In the case of small samples, a correction of the 
value of r0 is required, which for small samples is associated 
with significant computational difficulties.

5. 2. Experimental verification of the method of opera-
tive detection of fires

Experimental verification of the proposed method of 
operative detection of IM (4) was carried out on the basis 
of the corresponding samples from current measurements 
of the concentration of CO, smoke density and temperature 
of GE in the laboratory chamber during the ignition of four 
types of TMs in the form of alcohol, paper, wood, and textile. 
Fig. 1–3 show dependences of the dynamics of the diffe
rence KВr (red curves) and the threshold R1t (blue curves) 
at the significance level of α = 0.05 and the sample size  
g2 = 100 from the measurements of the specified GE HPs 
during the ignition of TMs in question. The numbers of 
current discrete measurements determined by integer values 
p = [t/0.1] are indicated on the abscissa axis.
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The dynamics of the current threshold Rt (Fig. 1–3) 
correspond to the value r0, determined by the argument of 
the Laplace function, equal to (0.5–α) for the studied types 
of TMs. The TM ignition interval lay between the 220th  
and 260th count.

6. Discussion of results of the experimental  
verification of the method

Our results of the study indicate a solution to the problem 
of prompt reliable detection of IM based on the use of tradi-
tional sensors for measuring GE HPs. The main advantage of 
using the sample variation coefficient is that it can be used to 
compare the dynamics of different types of GE HPs that are 
formed as a result of IM. In general, the variation coefficient 
is a relative value that characterizes the average deviation of 
a random variable relative to its average value. Assuming that 
the deviation of a random variable is associated with noise, 
and its average value with a signal, we can interpret the va
lue of the variation coefficient as the corresponding value of 
the noise/signal ratio. Then, the data in Fig. 1 show that the 
ignition of alcohol, paper, wood, and textiles leads to a sharp 
increase in the difference in KBr concentration of CO GE  
or is equivalent to an increase in the noise/signal ratio, which 
is associated with an increase in the instability of the process 
of formation of the concentration of CO. From the data in 
Fig. 1 it is evident that the change in the difference KBr for 
TMs has a different nature and magnitude. This indicates 
different properties of the IM process and the nature of the 

influence of IM on the stability of the concentration of CO. 
For example, the minimum time of instability of the CO 
concentration is typical for alcohol (Fig. 1, a). At the same 
time, the maximum value of the difference KBr equal to 0.46  
also occurs for alcohol. When paper, wood, and textiles 
ignite, the time of instability of the CO concentration is sig-
nificantly longer. The maximum value of the difference KBr  
at IM is 0.14, 0.2, and 0.1, respectively. Fig. 2 shows the 
dynamics of KBr for smoke density and the corresponding 
dynamics of the threshold K1r in the case of TM ignition. 
In this case, IM also causes instability of smoke density. The 
maximum KBr value for smoke density during IM is typical 
for alcohol and is approximately 0.6. For paper, wood, and 
textile, the maximum KBr value is 0.06, 0.023, and 0.033, 
respectively. In this case, at the moment of paper ignition, the 
KBr value of smoke density is 0.04 (Fig. 2, b). The first ma
ximum KBr of smoke density is explained by the source of pa-
per ignition. A similar situation was observed at the moments 
of wood (Fig. 2, c) and textile (Fig. 2, d) ignition. However, 
in this case, the KBr value of smoke density was lower and 
was 0.008 and 0.012, respectively. In this case, after the ig-
nition of the above-mentioned TMs, insignificant random 
changes in KBr of different signs were observed for a certain 
time. This means that during this time there were minor vio-
lations of the stability of smoke density. This state of smoke 
density was maintained until the moment of instability, cor-
responding to the KBr value of smoke density equal to 0.01 
and 0.022, respectively (Fig. 2, c, d). The indicated moments 
corresponded to approximately 850 count and 550 count.  
This means that until this time, after ignition, hidden complex  
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a – alcohol; b – paper; c – wood; d – textile
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Fig. 3. Dynamics of the difference between KBr and the threshold R1t for the ignition temperature: 	
a – alcohol; b – paper; c – wood; d – textiles
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physical and chemical processes of destruction occurred 
in wood and textiles with an insignificant violation of the 
stability of the smoke formation process. Fig. 3 shows the 
dynamics of the difference KBr for temperature and the 
corresponding dynamics of the threshold K1r for the case of 
ignition of TM. According to the data presented, ignition 
of the specified TM causes the appearance of instability 
of the temperature of GE. The maximum value of KBr for 
temperature at the moment of ignition is typical for paper 
and alcohol and is approximately 0.13 and 0.12, respectively.  
At the moment of ignition of wood and textile, the maximum 
value of the difference KBr is 0.015 and 0.045, respectively.  
In this case, the dynamics of temperature instability after SM, 
characterized by the current difference KBr, turn out to be 
random and depend on the type of material. This provides the 
advantages of this study compared to [18].

Thus, the experimental data presented in Fig. 1–3 generally 
indicate the ability of method (4) to promptly detect ignition 
of materials under study. In this case, the difference KBr for the 
CO concentration and temperature at the onset of IM is the 
best. Thus, the difference KBr in the CO concentration at the 
moment of ignition of alcohol is 0.47, paper – 0.14, wood – 0.2 
and textile – 0.001. And the difference KBr in the tempera-
ture at the moment of ignition of alcohol is 0.12, paper – 0.13, 
wood – 0.015 and textile – 0.045. This means that in practice, 
for the prompt detection of IM, in accordance with method (4), 
with a given probability of false alarm, it is advisable to consider 
the CO concentration and the GE temperature. The exception 
is highly flammable materials such as alcohol, for which the 
difference KBr at the moment of IM is 0.5. A limitation of our 
study is the need to place GE HP meters in the ceiling zone of 
the protected volume [19], where significant fluctuations of GE 
HPs occur. As a disadvantage, it can be noted that the experi-
mental verification of the proposed method was performed for 
a limited set of TMs and the main types of GE HPs during an 
IM in a laboratory chamber. Further development of the study 
is associated with overcoming this limitation and disadvantage. 
In practice, the results of our studies could be used for oper-
ational ID with a given probability of false alarm in order to 
timely extinguish IM and prevent them from developing into F.

7. Conclusions 

1. We have substantiated a method for promptly detecting 
fires with a given error probability (significance or false alarm 
level) based on a comparison of current KBr values for mea-
sured hazardous parameters of the gas environment in rooms. 
The method is based on a comparison of the sample variation 
coefficient of the hazardous parameter of the gas environ-
ment for the training and control populations. The training 
population corresponds to a reliable absence of fire (training 
hypothesis). The control population corresponds to the pos
sible occurrence or non-occurrence of fire (control hypothesis).  

In this case, the control population, unlike the training popula-
tion, depends on the current monitoring time of the hazardous 
parameter of the gas environment. For each population, the 
corresponding sample variation coefficient is determined. 
Based on the comparison of the specified sample variation coef
ficients, the current KBr value is determined. The moment of 
fire detection is carried out upon the fact of KBr exceeding the 
specified threshold, determined taking into account the speci-
fied significance level and the current error in determining the 
KBr value. The method provides for setting different levels of 
significance (false alarm probability), while ensuring maximum 
power (probability of correct detection of fire). This ensures 
prompt detection of fires with specified quality indicators.

2. An experimental verification of the proposed method for 
prompt fire detection was conducted based on a comparison of 
sample variation coefficients for measurements of hazardous 
gas environment parameters corresponding to the training and 
control populations. Our results generally confirm the ability 
of the proposed method to promptly detect ignition of test ma-
terials. It was found that the KBr value for carbon monoxide at 
the moment of alcohol ignition is 0.47, paper – 0.14, wood – 0.2,  
and textile – 0.001. For the temperature at the moment of alco-
hol ignition, the KBr value is 0.12, paper – 0.13, wood – 0.015, 
and textile – 0.045. This means that for prompt fire detection, 
in accordance with the proposed method, it is advisable to use 
the carbon monoxide concentration and the gas environment 
temperature. It was confirmed that the proposed method at 
a significance level of 0.05 allows prompt fire detection with 
a fixed sample size of 100 readings from measurements of the 
studied hazardous gas environment parameters.
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