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Abstract 
 

In current work methods of intellectual support of acceptance of administrative decisions on risks of occurrence of extreme situations are 

considered. The relationship between human activity, the emergence emergencies and the state of the environment is systemic. An im-

portant role is given to the analysis of the causes of incidents and emergencies of technogenic nature. Emergencies refers to complex 

multi-level systems, so a systematic approach is needed to model them. When choosing models of complex systems, factors related to the 

natural properties of the constituent elements and subsystems, and the patterns of the functioning of the system as a whole are investigat-

ed. Various methods of mathematical modeling are used to determine the risks of emergencies. The problem of optimization of decision-

making algorithms in the event of emergencies is solved. 
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1. Introduction 

Emergency situations cause significant human and material losses. 

An important task is to analyze the trends of change and the scale 

of the consequences of natural and technogenic emergency situa-

tions. To correct the situation, it is necessary to use modern meth-

ods of research and management of the state of industrial and 

ecological systems. 

The relationship between human activity, the emergence of emer-

gencies and the state of the environment is systemic. 

It is necessary to investigate systemic connections and patterns of 

functioning of a complex of objects on which emergencies are 

possible. 

Emergencies refers to complex multi-level systems, so a systemat-

ic approach is needed to model them. 

 When choosing models of complex systems, factors related to the 

natural properties of the constituent elements and subsystems, and 

the patterns of the functioning of the system as a whole are inves-

tigated. 

The process of preventing, localizing and eliminating emergencies 

(especially for long-term, medium-term, operational forecasts of 

the threat of emergencies) should be based on complete and relia-

ble information, and have sufficient time reserve for making a 

decision on emergency assistance to the population in the emer-

gency area. 

To determine the risks of emergencies and identify priority areas 

for making decisions on the risks of emergencies, various methods 

of mathematical modeling are used. 

The adoption of managerial decisions on the risks of emergencies 

has the character of a heuristic iterative process. The peculiarity of 

the developed method of calculations - systematic review of mul-

tidimensional areas formed on the basis of natural factors. 

At the first stage, the original boundaries of the natural factors 

studied are determined. The initial ones in this case are the bound-

aries forming the region of the actual natural subspace of the fac-

tors. 

2. Mathematical Model 

The choice of the subspace of factors (factors of emergence of 

emergency situations) begins with the construction of a grid - the 

partition of the parameter space  into a set of subspaces (alter-

natives) : 

 .                             

 

A grid is a set of subspaces. The most uniform view of an n-

dimensional cube is provided by a cubic lattice. The number  μ-

subspaces in the analysis process can vary depending on the de-

gree of detail of the alphabets used in the random variables studied. 

The total number of subspaces can reach this: 

 

.                                                                              

 

Each factor of occurrence of emergency situations varies within 

certain limits: .  To analyze the risks of 

emergencies, the initial boundaries forming the subspace .  
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where k – kind of factors of occurrence of extreme situations,  jk – 

j-th random variable  k-th kind of factors. 

For each random variable, the minimum and maximum values for 

the sample are determined  , . Then this range of vari-

ation of the input quantity is divided into a number of constituent 

alphabets: , 

where k – kind of factors of emergencies, mk – random variable of 

the k -th kind of factors,  - numbers of the 

components of the alphabet of a given value). Each selected com-

ponent of the alphabet 

 ,                                                              

  Where  , - boundaries of the se-

lected component of the alphabet,            

        н - initial setting: 

 

    

                                 

Numerical values  are chosen in such a way that any half-

interval contains a sufficient number of points (experiments) ob-

tained in the study of values of a random variable . 

Variants of combinations of alphabets of the investigated quanti-

ties: 

.                                      

The level of properties (the combination of emergency risks) is in 

most cases a random value or, at least, not strictly deterministic. 

Therefore, it is possible for each mode to set the probabilities of 

obtaining a certain level of properties, i.e. probability of realiza-

tion of various combinations of risks of emergency situations. 

3. Results and Analysis  

Information for all variants of combinations of alphabets at the 

frequency of occurrence of a combination  entered in the 

table 1. 

 

The resulting table is an M-dimensional histogram. Therefore, it is 

necessary to obtain this table from the input data. 

Table 1:. "Non-zero" subspaces of emergency factors 

subspace 

 

A variant of 

combining al-

phabets. 

A combination of factors 

 

Frequency of 

falling in 

j,  

 

The probability of a 

combination of 

alphabets. 

В Risk Probabilities 

emergency situations ероятности  

 

 

… 

 

… 

 

     

     

     

     

… … … …       

  
 

  

     

 
 

 
 

Figure 1: The optimization procedure 
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The probability of emergency risks is defined as the ratio of the 

number of emergencies  for the subset under study  to 

the total number of realizations of a given subset; 

  
Mathematical model of dependence of probability of emergency 

situations  from the factors of occurrence of emergency situa-

tions , is represented as: 

,                                                                                  

where   – the chosen optimal functions of the connection of 

the factors causing emergencies and the likelihood of emergency 

situations, is the kind of factors causing emergencies, mk is the 

random variable of the k-th kind of factors,  – the model 

coefficients obtained..  

The number of rows of the sample to be created for each subspace 

is equal to the number of hits in the given subset ( ). In this 

case, the coordinates of the inputs are the real values of all points 

 , corresponding to the subspace . 

4. Conclusion  

The article considers methods of intellectual support for making 

managerial decisions on the risks of emergencies. An important 

role is played by the analysis of the causes of accidents and emer-

gencies of anthropogenic nature. Emergencies refers to complex 

multi-level systems, so a systematic approach is needed to model 

them. When choosing models of complex systems, factors related 

to the natural properties of the constituent elements and subsys-

tems, and the patterns of the functioning of the system as a whole 

are investigated. Various methods of mathematical modeling are 

used to determine the risks of emergencies. The problem of opti-

mization of decision-making algorithms in the event of emergen-

cies is solved. A subspace of emergency factors is formed and the 

probability of emergency risks is monitored for each subspace. 
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