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SUMMARY 

Formulation of the problem. Issues of national security of Ukraine in general, security in 
emergency situations (ES) in particular, and management of this security are considered as a 
strategic task of the state. 

The Law of Ukraine "On National Security of Ukraine" defines that the basis of national 
security is the protection of state sovereignty, territorial integrity, the constitutional system 
and other national interests of Ukraine from real and potential threats. The national interests 
of man, society and the state are ensured by safe living conditions and the well-being of its 
citizens. One of the priorities for the implementation of national security and national human 
interests is to ensure environmental safety, create safe living conditions for people, in 
particular in territories affected by hostilities, and build an effective civil defense system . 

In connection with the decentralization reform, the issues of forming a security environment 
of territorial communities, including the assessment of the effectiveness of the functioning of 
the link of the territorial subsystem of the unified state system of civil protection (territorial 
communities must create links of territorial subsystems), remained insufficiently researched. 

Therefore, the assessment of the risk of ecological danger of the territories in the formation of 
the security environment of communities is currently the most important problematic issue. 
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Introduction  
 
The issues of national security of Ukraine in general, security in the National Security in particular 
and management of this security have recently been considered as a strategic task of the state.  
The Law of Ukraine "About the national security of Ukraine" (About the national ..., 2018) defines 
that the basis of national security is the protection of state sovereignty, territorial integrity, the 
constitutional order and other national interests of Ukraine from real and potential threats. The 
national interests of man, society and the state are ensured by safe living conditions and the well-
being of its citizens. Ensuring the interests, rights and freedoms of a person and a citizen that are vital 
for society and the individual is a priority task of the security forces, other state bodies, local self-
government bodies, their officials and the public, who carry out coordinated measures to implement 
and protect national interests from the influence of threats. One of the priorities for the 
implementation of national security and national human interests is to ensure environmental safety, 
create safe conditions for human life, in particular in territories affected by hostilities, and develop an 
effective civil defense system.  
 
Ensuring the implementation of state policy in the field of civil protection is carried out by the unified 
state system of civil protection (USSCP). The main task of the USSCP is to ensure the readiness of 
central and local bodies of executive power, local self-government bodies, forces and means 
subordinated to them for actions aimed at preventing and responding to emergency situations of man-
made, natural, social and military nature. 
 
The most severe mode of operation of the USSCP is the regime of martial law (special period) 
established in case of armed aggression or threat of attack on the state. The peculiarity of this regime 
is that the number of emergency situations, human and material losses increases sharply. Chapter 2 
"Unified state system of civil protection and its components" of Article 8 of the Code of Civil 
Protection of Ukraine (Code of Civil ..., 2012) emphasizes that the implementation of state policy in 
the field of civil protection is carried out by the State Civil Protection System, which consists of 
territorial and functional subsystems and their links. In connection with the decentralization reform, 
the issues of forming a security environment of territorial communities, including the assessment of 
the effectiveness of the link of the territorial subsystem of the USSCP system (territorial communities 
in the USSCP system must create links of the territorial subsystems of the USSCP) remained 
insufficiently researched. Therefore, the assessment of the risk of ecological danger of the territories 
in the formation of the security environment of communities is currently the most important 
problematic issue.  
 
Setting the research goal 
 
In the study "Mathematical model of environmental risks assessment taking into account the effect of 
accumulation of damage in modern conditions" (Mathematical model ..., 2022), the authors, when 
calculating environmental hazards, defined risk as a quantitative measure of danger that takes into 
account the probability of an environmental emergency ) and the possible amount of losses from it, 
used the formula  
 

RNES = RNES * WNES,                                                    (1) 
  

where RNES – risk of occurrence of NES; РНЕС – probability of occurrence of NЕS; W NES – losses 
(damages) from NES. 
  
When developing a model for assessing the risk of ecological danger of territories in the formation of 
the security environment of communities, it is necessary to determine a quantitative criterion 
(indicator) of the level of functioning of the territorial subsystem of the USSCP (territorial 
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community), by which it is possible to assess the level of the ability to eliminate the consequences of 
NES with the given forces of civil defense and the time of liquidation of the consequences of NES 
and also predict expected human, material or financial losses (damages). 
 
Presentation of the main material 
 
 The task of forecasting environmental risks is a complex scientific task, i.e. the risks of NES, the 
probability of occurrence of NES, as well as the losses associated with this NES are in a complex 
relationship with the elements of the complex system for which they are calculated. At the moment, in 
the literature, the basic risk criteria in the event of a natural disaster are the risks of human deaths per 
unit of time, or economic risks - economic losses per unit of time (usually per year).  
 
The requirements for response and liquidation are the flow of NES of various levels, which are served 
by units of the civil defense forces of the territorial subsystem of the regional level of the USSCP. We 
denote the total number of response requirements by Mnes (the number of NES of the region). 
Consider the option of assessing the risk of environmental hazards for the territorial subsystem of the 
USSCP, taking into account the real time of elimination of the emergency. 
 
Determination of the probability of occurrence of NES. 
 
When calculating the probability of occurrence of probability theory, we accept probability indication 
of Pnes (t) - the probability of occurrence of the NES for the period of time t, Pn (t) - the probability of 
not occurrence of the NES for t and the normal condition of Pnes (t) + Pn (t) = 1 (Wentzel, 1969). When 
assessing risk, it is necessary to identify and calculate Pn (t)  - the probability that the USSCP will not 
have unprecedented NES at time t.The statistical value of Pnes(t) for this option will look like this: 
 

 Pnes( t ) =  (Mnes - ml ( t )) / Mnes ,     (2)  
 
where: Mnes is the number of all equal at the time of the beginning of the work on the liquidation; 
ml (t) is the number of liquidated NES during time t. 
 
The actual value of Pnes( t ) depends on the number of formations for the liquidation of NES and the 
intensity of work on the liquidation of NES, the nature and peculiarities of the operational situation 
during the liquidation of NES, the availability of financial and material reserves, etc. 
 
A simplified solution to the problem can be as follows:  
 
Output data:  
1. The initial number of all NES is equal in the region at the time t = 0 of the start of liquidation 
works: 

 Mnes = mо + mm + mr + mд,                                               (3)  
 

where: mo - the number of object level NES; мм - the number of NES of the local level; mr - the 
number of NES at the regional level;  md - the number of NES of the state level. 

 
2. For each level of the NES, we have the appropriate number of formations that carry out 
emergency rescue and recovery work with the following intensity: 

 
 μj = 1 / Тvj ,                                                       (4) 

  
where: μj - intensity of liquidation of the j-th level of HC; Tvj - the average duration of liquidation of 
the j-th level NES.  
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3. The probability that the NES of the jth level will be liquidated in time t is determined by the 
formula: 

 
Vj = 1 – e - μ j t ,                                                   (5)  

 
where: Vj is the probability of liquidation NES of the j-th level.  

 
It is necessary to determine Pnes(t).  
 
Decision: 
1. The number of liquidated NES during time t will be:  

 
ml (t) = mlo (t) + mlm (t) + mlr (t) + mld (t),                        (6) 

  
and the probability that the USSCP will not have unliquidated emergency environmental situations 
(NES) at the time t is determined by the formula:  

 
Pnes( t ) =  1 –  ml ( t ) / Mnes.                              (7)  

 
2. We determine the number of liquidated NES at the object level, taking into account the fact that for 
liquidation of NES at each affected object there are forces and means for liquidation: 

 
 mlo = mo * Vo( t ) = mo * (1– e-μоt ).                                    (8)  

 
When local, regional or state-level NES is liquidated, the number of formations kf may be less than 
the number of NES mj, i.e. as kfj < mj j = m, r, d, it is possible to have a queue for rescue and other 
emergency operations. The queue will exist as long as the number of unliquidated NES is greater than 
the number of formations. How do we determine the existence time of the queue th: 

 Thj = (mj – kfj) / (kfj μj) .                                            (9)  
 

The number of liquidated  НЕС, depending on the duration of the queue th, will be:  
 

        mlj (t) = kfj * μj * t          at   t ≤ thj; j = m, r, d;  
mlj ( t ) = mj - kfj e-μ(t- t hj)  when t > thj j = m, r, d.                        (10)  

 
Thus, having calculated the value of the NES of the object, local, regional and state levels eliminated 
during time t, we will determine the value of Pnes( t ) for this variant of the assessment of the 
ecological danger of the region using formula (2).  
 
Determination of losses from NES.  
 
In order to determine the amount of losses, a methodology for assessing losses from the consequences 
of emergency situations was developed (On the approval of the Methodology..., 2002). 
All losses are divided into types depending on the actual damage caused, in particular, loss of life and 
health of the population, destruction and damage to fixed assets, destruction of property and products, 
non-production due to cessation of production, removal or disturbance of agricultural land, loss of 
livestock, loss of wood and other forest resources, losses of fisheries, destruction or deterioration of 
the quality of recreational areas, atmospheric air pollution, pollution of non-agricultural lands, 
damages caused to the nature reserve fund. Using this method, we calculate losses from the 
consequences of НЕС WНЕС. 
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 For this version of the assessment of the ecological danger of the region at time t, using formula (1), 
we calculate the value of the risk of NES  
 

RNES(t) = RNES(t) * WNES(t). 
 
Having calculated several options for a different number of formations for the liquidation of NES and 
different intensity of work, it is possible to determine proposals for increasing the efficiency of the 
functioning of the functional subsystem of the USSCP. 
  
Conclusions  
 
One of the directions of the formation of a safe environment of territorial communities is to ensure the 
ecological safety of the territory, the creation of safe conditions for human life, in particular in the 
territories affected by hostilities, the development of an effective system of civil protection.  
Assessing the risk of ecological danger of territories in the formation of a safe community 
environment is currently the most important problem.  
Using the above mathematical apparatus, it is possible to determine the risk of environmental hazards 
of territories in the formation of community safety environment and make correction 
recommendations in a given structure and forces the quantitative composition of the necessary 
formations and units of civil protection forces to ensure a sufficient (acceptable) level of functioning 
of the territorial subsystem of the USSCP during the elimination of NES. 
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