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Abstract. Natural fires are a serious catastrophic phenomenon for the nature and population of 

our country and the world. The paper considers the forecast of the level of air pollution, which 

is possible based on calculating the dispersion of pollutants in the atmosphere and a 

comparative assessment of the magnitude of the impact with existing standards. 

1. Introduction 

Natural fires (forest, landscape) are a serious catastrophic phenomenon for the nature and population 

of our country and the world. Forest fires because serious material damage to the economy, claim 

human lives, affect the ecosystem and are a fundamental problem [1-3]. The fire damages forestry and 

agriculture, settlements. Hot, dry summers, gusty winds - all this contributes to the rapid spread of fire 

in the event of a fire. A significant part of fires during a fire hazardous period occurs in landscape fires 

[4]. Ignitions are classified according to the type of landscape in which the combustion occurred. 

There are three types of natural fires: forest, peat and steppe. Forest - dangerous for their location and 

secrecy. Often the forest thicket is inaccessible for specialized machines, and by the time the 

elimination begins, the fire is already spreading over a vast territory, making it difficult to extinguish 

it. Peat bogs - are the ignition of peat bogs, both drained and natural. Such fires usually occur in 

summer. Peat deposits burn out to the depth of the groundwater flow [5]. 

The method of extinguishing is selected based on the characteristics of the landscape, the extent of 

the boundaries of forest areas, the complexity of forecasting. The technique for extinguishing 

landscape fires includes subsections for each type of fire. However, there are some general methods of 

dealing with the fire element. Active methods are reduced to the elimination of fire at the initial stage. 

These include the impact on the edge of the flame and the creation of barriers to it. Overwhelming fire 

along the edge - the flame is knocked down by improvised means, stopping its advance. This method 

is widespread in the fight against steppe and forest grassland fires. Backfilling with soil - used only in 

sandy and sandy loam soils. Ditching in the path of fire - trenches are dug with plows and other 

specialized equipment. Annealing - in this situation, the fire is extinguished with oncoming fire. 

Annealing is started from the flame barriers towards the main fire, thereby destroying all flammable 

materials on the way of ignition. 35 Burning peat is extinguished mainly with water. Small foci are 

filled with water (sometimes with the addition of reagents) and dug up with a shovel with soil. 

Extensive flames are flooded with water. The most common method of eliminating steppe fires is 

considered to be counterfire, or annealing: from the fire line to the fire, they let fire. The flame burns 

out all the fuel in the path of the fire, and the ignition self-destructs. 



AEES-2021
IOP Conf. Series: Earth and Environmental Science 1010 (2022) 012042

IOP Publishing
doi:10.1088/1755-1315/1010/1/012042

2

2. Materials and methods 

Forecast of the level of air pollution. 

The management of fire investigation activities by the investigators of the State Fire Supervision 

Authority of the Fire Service at the initial stage is aimed at determining the location of the hearth and 

the cause of the fire. At the same time, the efficiency of decision-making in the investigation of a fire 

depends on the quality of information and analytical support, when, within the time established by the 

legislation, it is necessary to evaluate and choose a reliable and reasonable decision from a variety of 

possible versions about the circumstances of the occurrence and development of a fire. The existing 

model of information and analytical support in the investigation of fires uses the exclusion method, 

which involves the reasonable advancement of all possible options and their consistent exclusion. The 

best decision-making result is achieved with a larger number of developed options. Making the right 

choice of one or several of them becomes more and more difficult due to their large number. The 

process of evaluating and choosing alternatives is too laborious, but the possible benefit from finding 

all possible alternatives to an exhaustive level is met with time constraints for making a decision 

allotted by legislation to investigate a fire, which also reduces the quality of choosing and evaluating 

alternative versions. So, as a result of the assessment of the solutions put forward, the selection of 

alternative solutions on the scenarios of the occurrence and development of a fire is carried out with 

further verification in relation to the available versions. Consequently, an information model of the fire 

that has occurred is created and a conclusion about the location of the hearth and the cause of the fire 

is formulated. 

At present, the models of information and analytical support in the investigation of fires have a 

high scientific level. However, in the conditions of the destruction of material traces by fire, fire-

technical experts cannot come to an unambiguous conclusion about the mechanism and circumstances 

of the fire and, often, are forced to formulate a conclusion in a probabilistic form. This situation makes 

it difficult for the decision-maker to choose the option corresponding to the truth, does not allow 

diagnosing the nature of the causal relationships of violations of fire safety requirements and the 

dangerous consequences of a fire, which increases the likelihood of an error in decision-making when 

investigating fires. For example, when investigating a fire, the authorities do not identify and do not 

see the culprit in more than 60% of cases. The author of this study proposes a method that allows the 

decision maker to put forward and process the largest number of developed scenarios (versions 

according to the location of the source and the cause of the fire) and at the same time minimize labor 

intensity and keep within the time intervals allocated by law for the investigation of the fire. In order 

to implement the developed method, an algorithm is proposed for information-analytical decision-

making support at the initial stage of fire investigation. Thus, the relevance of the work is due to the 

receipt of the target result - making a reliable decision in conditions of information uncertainty at the 

initial stage of the investigation of fires. The created system allows the decision-maker to also make 

decisions on the relationship between the identified violations to safety requirements and the nature of 

related events and circumstances: the occurrence of a combustion source in space and the cause of a 

fire in the time of the event. The currently formed models and algorithms, including those based on 

express assessment, do not affect the area of information and analytical support for the reconstruction 

of the process of the emergence and propagation of a fire. 

3. Results and Discussion 

Solving the problem of optimizing the structure of forces and means in a fire. 

The paper proposes a mathematical model for calculating the rational number of operational fire 

and rescue units, fire extinguishing means and assigning them to the extinguishing areas, that is, the 

optimization of the structure of forces and means in a fire is formalized in the form of mutually 

influencing objects (subsystems) of a fire extinguishing control system with mobile means in a fire: 

where j - position - area, i - tactical unit of the subdivision - squad, N - total number of tactical units 

taking part in extinguishing the fire, distributed at extinguishing positions; M is the total number of 

positions occupied by the personnel of fire rescue units; number X is an array of system objects that 
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form a variety (i, j) of the composition of the fire extinguishing control system with predetermined 

values of extinguishing positions and tactical units; n and m are the maximum values of the admissible 

divisions of the values of N and M, set by the combinatorial analysis toolkit, taking into account the 

management methods of fire and rescue units [9-12]. 

Based on the above, we formalize the optimization problem of the effective placement of fire and 

rescue units at given positions when extinguishing a fire, taking into account the variety of N and M 

distributions depending on the extinguishing object: 
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We will consider the solution to this problem based on the ant e colony algorithm. It should be 

noted that this algorithm significantly speeds up the process of achieving an optimal solution. 

The ant algorithm can be easily split into independently executable fragments. Moreover, in several 

different ways, the choice of which depends on the goal set, for example: reducing the execution time, 

increasing the accuracy of solutions, more adequate modeling of the behavior of ants, etc. 

Most often, the creation of parallel algorithms is aimed at reducing the time for solving large-scale 

problems. Here we will consider an approach to the implementation of a parallel algorithm for 

optimizing an ant colony, aimed at achieving the most acceptable result in a single execution, using 

the example of an optimization problem. The essence of the algorithm boils down to the fact that the 

created ant colony is divided into k groups of l ants in each. Groups perform their tasks on a separate 

processor. The conditions of the problem are identical for all groups, i.e. in each, the algorithm for 

solving the optimization problem is worked out in its usual form, and as a result, the best solution is 

formed within the g-th group: 

1 1
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The difference between this algorithm is the introduction of an additional procedure that, during a 

given number of attempts to find the optimal solution, a periodic global update of the pheromone 

matrix with the selection of the best solution found among all k groups. This update is taken into 

account at the next iteration within the group, and the edges of the graph are reinforced with a 

pheromone in accordance with it. Upon completion of all search attempts, the best route found in the 

end among the groups is selected, which is given as the final solution: 

1,
max{ }.g
g n

R R


  (4) 

The algorithm, thus, provides not only intra-group, but inter-group global communication, which 

has a positive effect on improving the accuracy of the solution. Additionally, to speed up the work of 

groups, the algorithm uses the strategy of elite ants. 

The computational experiment was carried out under the following specified conditions of the 

problem: 80k  , 100l  , the number of search attempts - 35. Global update of the best solution 

among the groups - every 5 iterations. 
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With an increase in the number of involved processors with a single execution of the algorithm, a 

more optimal solution to the problem is determined. At the same time, the running time of the program 

with the given parameters increases insignificantly, and is associated with an increase in the number of 

interprocessor exchanges. 

Despite such positive dynamics, an inappropriate increase in the number of involved processors is 

not desirable. It is required to maintain a balance between the conditions / parameters of the task and 

the number of processors, since from a certain moment the algorithm will stop producing improved 

solutions, regardless of their number. In addition, the quality of the resulting solution is significantly 

influenced by the hardware and software platform of the computational range, on which the 

compilation and execution of the program is carried out. Including the quality of the pseudo-random 

number generator used. 

 

4. Conclusion 
Thus, wildfires are a serious catastrophic phenomenon for the nature and population of our country 

and the world. The work considered the forecast of the level of air pollution, which is possible on the 

basis of calculating the dispersion of pollutants in the atmosphere and a comparative assessment of the 

magnitude of the impact with existing standards. And also this article describes the process of using 

the algorithm of a bee colony, which is one of the heuristic methods for solving a problem of such 

complexity, which belongs to the group of multi-agent algorithms. Subsequently, to speed up the 

process of obtaining a global optimal solution, the technology of parallel computing should be used to 

solve the problem of optimizing the structure of forces and means in a fire. The solution of the 

problem and comparative analysis with neural networks showed that an increase in the number of 

points can complicate the process of achieving an optimal solution. In such cases, the use of the 

Hopfield network may not give sufficiently effective results, that is, it may take a lot of time and 

resources for calculations, and it is advisable to use multi-agent heuristic algorithms, such as the bee 

colony algorithm. In the theory of multi-agent systems, one agent can never provide a global solution; 

therefore, a set of agents is formed and effective relations are established between them. Solving 

combinatorial optimization problems using the bee colony algorithm and parallel computations can 

give good results in a situation where the number of points is very large. 
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