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Abstract. This work is devoted to the 

construction of a mathematical model for controlling 
integral fire risk using correlation-regression analysis. 
On the basis of previous work, work is ongoing on 
developing a risk management method. For this purpose, 
the second cluster, which includes the Kharkiv region, 
was analyzed. In the field of initial data, included 
statistics for 2010-2017 on parameters such as the 
number of victims of fire in a year, the time of flight of 
fire and rescue units to the place of fire, the time of their 
localization of fire, the time of elimination of the fire 
and the number of people living in the study area. Using 
statistical data, the risk of death from a fire in a year was 
mathematically calculated and entered into the field of 
output data as a parameter to be investigated. 

The study cluster includes 9 areas, therefore 63 
events were received and analyzed. As a result, a 
regression equation was obtained, which makes it 
possible to predict a risk with a 95% confidence. For 
example, the Kharkiv region conducted a forecast of the 
corresponding risk, with the actual result close to the 
forecasted, and lies within the permissible limits with a 
deviation of 5%, which indicates the reliability of the 
developed mathematical model. 

Key words: risk, correlation-regression analysis, 
factor, mathematical model, model adequacy. 

 
The problem statement 

The level of fire risk in our time is a 
normalized value, the value of which must be 
within acceptable limits. In accordance with the 
Concept of Risk Management for Man-made and 
Natural Emergencies [1] in Ukraine the value of 

the relevant risk should not exceed the value of 
. This approach is in line with the practice 

applied in economically developed countries of the 
world. At the same time, the value of the calculated 
integral fire risk in all regions of Ukraine exceeds 
the permissible level. In this regard, there is a 
scientific and applied problem, which consists in 
reducing the specified level of risk to the 
admissible, that is, justified in the given socio-
economic conditions. One of the tasks that will 
contribute to solving the problem is to identify the 
parameters that affect the integral fire risk, to 
develop models and methods of risk management, 
to predict the level of risk for the further 
development of substantiated recommendations 
regarding the establishment of security centers in 
the most problematic regions of our country. 

 
The relevance of the chosen topic 

In this paper we consider the process of 
constructing a model of management of integral 
fire risk , namely the risk for a person to perish 
in a fire per unit time (in our case, per year), as 
well as forecasting this risk. In accordance with the 
Constitution of Ukraine [2], the fundamental right 
of every person is the right to life and the duty of 
the state is to protect human life. It should be noted 
that the specified risk characterizes the 
consequences of dangerous events, including fires. 
But at present, there are no models and methods for 
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managing this type of risk, which indicates the 
relevance of this work. 

 
An analysis of recent research  

and publications 
In the previous articles, the foreign 

experience of the state regulation of acceptable risk 
level was analyzed [3] (this article contains the 
principles of risk regulation), the analysis of the 
main integral fire risks in the territory of Ukraine 
[4] was carried out, and the administrative-
territorial units of Ukraine with high level of risk 
data were identified. In work [5] an estimation of 
the parameters influencing the integral fire risk is 
conducted. From this paper we can conclude that 
the investigated risk is directly proportional to the 
number of deaths from the fire, and has a 
significant dependence on the time of the fire and 
rescue units arrival and the time of fire localization. 

 
Purpose and objectives 

 The purpose of this work is to develop a 
mathematical model of integral fire risk 
management, which will reflect the dependence of 
this risk on the parameters studied. To achieve the 
goal, it is necessary to conduct correlation-
regression analysis with obtaining the coefficients 
of the corresponding function. 

 
The main material of the research and the 

results obtained 
One of the main directions of ensuring fire 

and technological safety in Ukraine is the 
introduction of a risk-oriented approach. One of the 
objectives of the risk-oriented approach is to 
develop the scientific basis of the concept of 
acceptable risk regarding the conditions of 
functioning of the national economy. 

A risk-based approach [6] is a set of 
organizational measures that involves monitoring, 
analyzing, and assessing the risk of any entity 
based on a probabilistic safety analysis to prevent 
emergencies and manage risk in general. The 
transition to analysis and risk management should 
not only help to overcome the negative tendency to 
the increase of the number of emergencies, but also 
minimize their negative consequences: human 
losses, financial losses and environmental damage. 

In order to manage risk it is necessary to find 
management levers that can be further influenced. 
We will conduct a correlation-regression analysis 
to find the necessary levers. Regression analysis is 
a method of studying the statistical relationship 
between one quantitative dependent variable and 
one or more independent quantitative variables. 
The dependent variable in the regression analysis is 
called the resulting, and the variable factors are the 
explanatory variables. In our case, the resulting 
variable is the integral fire risk , and the 
explanatory variables are the number of victims 

, the time the fire and rescue units traveled 
to the place of fires , the time of their 
localization , the time of the fire and the 
number of people living in the studied area  . 

Using the STATISTICA program, a 
correlation-regression analysis of the four clusters, 
as defined in the previous work [7], was performed. 
Using the Kharkiv region as an example, we will 
show the results of the calculations. Since the 
Kharkiv region belongs to the second cluster, we 
analyze it in the article. 

The first stage of regression is to obtain a 
correlation matrix (Fig. 1). 

 

 
 

Fig. 1. Correlation matrix 
 
The next step is to remove those parameters 

with which the risk has a strong correlation. In our 
case, there are no such parameters. A table with the 
values of significance was obtained (Fig. 2). 

 

 
 

Fig. 2. Levels of significance of the studied parameters 
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The level of significance of the studied 
parameters in Fig. 2 is shown by the criterion of p-
value, which should not exceed 0.05. In our case, 
there are three such parameters at this stage, so we 
start with removing the greatest p-value. By 
deleting the parameter for the liquidation time , 

we will obtain a new table with the significance 
levels (Fig. 3). 

 

 
 

Fig. 3. Levels of significance of the studied parameters 
without  

 
The number of considered cases being 

analyzed equals the accepted valid ones and is 63, 

so it is not expedient to analyze again the matrix of 
correlations. In Fig. 3, we see that p-value of two 
more parameters is greater than 0.05, so we delete 
the arrival time   from the analysis and then 
again analyze the table with the levels of 
significance (Fig. 4). 

 

 
 

Fig. 4. Levels of significance of the studied parameters 
without  and   

 
Since all significance values of the 

parameters are less than 0.05, we will now 
proceed to the analysis of the residuals. To start 
with, we will construct the histogram of the 
residuals (Fig. 5). 

 

 
 

Fig.5. Histogram of residuals 
 

Let us check the residuals for normality. 
In general, Fig. 5 demonstrates the normality of 
the distribution, although there is one peak that 
would be less noticeable with the increase in the 
number of intervals. The hypothesis does not 
deviate from normality. The next step is to 
construct a normal probability plot of residuals 
(Fig. 6). 

The systematic deviations of the actual data 
from the theoretical normal line are not observed, 
that is, the residuals are distributed normally. Now 
let us check whether there is or there is no 
dependence of the residuals on the predicted values 
and residuals. For this purpose, let us construct a 
scatter diagram to evaluate the acceptability of the 
results (Fig. 7). 
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Fig. 6. Normal probability plot of residuals 
 

 
 

Fig. 7. The diagram of scattering the residuals from the predicted values 
 

There is no consistency in the placement of 
points; they are located chaotically. Thus the 
residuals do not depend on the predicted values. 
Analysis of the residuals by two parameters 
indicates the adequacy of the model. 

Let us move on to the stage of checking 
acceptability of the model as a whole. The level of 
significance must be between 0 and 0.05. From 
Figure 8, we determine that the level of 
significance is equal to 0. In this regard, the model 
can be considered acceptable. 

The determination coefficient (R?) shows the 
adequacy of the selection of factors that influence 

the risk. Since this coefficient is equal to 
0.85374695 (Fig. 4), which is more than 0.3, the 
selection of factors is adequate. The fact that the 
determination coefficient is close to one testifies to 
the quality of the model. 

 

 
 

Fig. 8. Table of the results of dispersion analysis 
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Let us write the linear regression equation in 
the general case: 

 ,  (1) 
where Y is the dependent variable under 

study (factor, parameter), in our case it is R3; b0, b1, 

b2 ..., bk are estimation of the parameters of the 
regression equation; X1, X2, ..., Xk are explanatory 
variables. 

Let us write the equation of the received 
regression:

     (2) 
Let us now consider the risk prediction using the 

resulting model. Fig. 9 shows all the parameters  
needed to predict the value of risk. Let us make a 
forecast for 2017 according to the data for the Kharkiv 
region, which are already known. The initial data are as 
follows: ; ; 

; 
. 

 

 
 

Fig. 9 Risk forecast for 2017 made with the help of the 
developed model 

 
Let us calculate the integral fire risk using 

the following expression [4]: 

                        (3) 

    (4) 

If we compare the values calculated by 
formula (3) with the predicted ones, then we can 
see that the actual result is close to the forecasted 
and lies within the permissible limits with a 
deviation of 5%. This testifies to the reliability of 
the obtained mathematical model. 

 
Conclusions 

 The paper presents a mathematical model of 
integral fire risk management constructed using a 

correlation-regression analysis. Having taken the 
Kharkiv region as an example there was made a 
forecast of the corresponding risk. The actual result 
turned out to be close to the forecasted one and was 
within the permissible limits with a deviation of 
5%, which indicates the reliability of the developed 
mathematical model. Further research will be 
aimed at developing a risk management method 
and working out well-founded recommendations 
for the establishment of security centers in the most 
problem regions of Ukraine. 

 
References 

1. Order of the Cabinet of Ministers of Ukraine 
[Rozporiadzhennia Kabinetu Ministriv Ukrainy] 
(2014). On Approval of the Concept of 
Management of the Risks of Emergencies of Man-
made and Natural Characteristics [Pro 
skhvalennia Kontseptsii upravlinnia ryzykamy 
vynyknennia nadzvychainykh sytuatsii 
tekhnohennoho ta pryrodnoho kharakteru]. 
Retrieved from http://zakon0.rada.gov.ua/laws/ 
show/37-2014-р [in Ukrainian]. 

2. The Constitution of Ukraine [Konstytutsiia 
Ukrainy] (1996). Retrieved from 
http://zakon2.rada.gov.ua/rada/show/254к/96-
вр/page [in Ukrainian]. 

3. Kravtsiv S.Ya., Sobol’ O.M. (2016). Analysis of 
foreign experience of state regulation of 
acceptable risk level [Analiz zakordonnoho 
dosvidu derzhavnoho rehuliuvannia rivnia 
pryiniatnoho ryzyku]. Bulletin of the National 
University of Civil Protection of Ukraine [Visnyk 
Natsionalnoho universytetu tsyvilnoho zakhystu 
Ukrainy], 2 (5), 297-302. Retrieved from 
http://repositsc.nuczu.edu.ua/bitstream/12345678
9/2037/1/Visnyk_NUCZU_41_2016_2%285%29.
pdf [in Ukrainian]. 

4.  Kravtsiv S.Ya., Sobol’ O.M., Maksimov A.V. 
(2016). The analysis of integral risks on the 
territory of Ukraine. Problems of Emergencies 
[Problemy nadzvychainykh sytuatsii], 23, 53-60. 
Retrieved from http://repositsc.nuczu. 
edu.ua/bitstream/123456789/2031/1/Kravtsiv.pdf. 

85



S. Kravtsiv, O. Sobol’ 

5. Kravtsiv S.Ya., Sobol’ O.M., Tiutiunyk V.V. (2017). 
Estimation of parameters of influence on integral fire 
risk using factor analysis [Otsiniuvannia parametriv 
vplyvu na intehralnyi pozhezhnyi ryzyk za 
dopomohoiu faktornoho analizu]. Fire Safety 
[Pozhezhna bezpeka], 30, 99-104. Retrieved from 
http://repositsc.nuczu. edu.ua/bitstream/123456789/ 
4899/1/30-13.pdf [in Ukrainian]. 

6. Piskunova L.E., V.A. Prylypko,. T.O. Zubok. 
(2012). Life Safety [Bezpeka zhyttiediialnosti]. 
Kyiv: PH “Аcademy” [in Ukrainian]. 

 

7. Kravtsiv S.Ya., Sobol’ O.M. (2017). Grouping of 
administrative-territorial units of Ukraine on the 
level of integral fire risk by means of cluster 
analysis [Hrupuvannia administratyvno-
terytorialnykh odynyts Ukrainy po rivniu 
intehralnoho pozhezhnoho ryzyku za dopomohoiu 
klasternoho analizu]. Problems of Emergencies 
[Problemy nadzvychainykh sytuatsii],  26, 79-86. 
Retrieved from http://repositsc.nuczu.edu.ua/ 
bitstream/123456789/6410/1/kravtsiv.pdf 
[in Ukrainian]. 

86


