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INTRODUCTION. 

  Risk minimization in the context of 

emergency situations in railway transport 

implies their comprehensive management in 

order to reduce the probability of occurrence 

of unfavorable events and reduce the 

consequences of their implementation. Risk 

management is a multi-task process that 

combines elements of planning, analysis, 

coordination and control, in order to optimally 

distribute resources to prevent or minimize 

damage [1-3]. 

To effectively manage accident risks, 

it is important to consider several key aspects: 

Risk identification and analysis – the first step 

is to identify potential threats and assess their 

likelihood and possible consequences. This 

may include an analysis of hazardous cargo, 

infrastructure conditions, climatic and 

technological factors. 

Cost-benefit assessment – rational 

redistribution of resources requires careful 

assessment of the costs of risk reduction 

measures and their relationship to possible 

consequences. For example, the use of safer 

and more innovative technologies requires 

additional investment, but can significantly 

reduce the risk of accidents. 

Prioritise measures – in conditions of 

limited resources, priority should be given to 

measures that can significantly reduce risks 

and minimise damage in the event of an 

emergency. This may include strengthening 

infrastructure, training personnel and 

introducing new security systems. 

Interdisciplinary approach – risk management 

requires interaction between various 

industries, such as transport, ecology, law, 

economics and technology. This allows 

taking into account all aspects of risk and 

implementing comprehensive measures to 

minimize it. 

Monitoring and control – after 

implementing risk mitigation measures, it is 

necessary to regularly monitor the situation 

and adjust actions depending on changing 

conditions and emerging new threats. 

Forecasting and preparing for emergencies – 

an important element of risk management is 

forecasting probable emergency situations 

and preparing all participants in the process 
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for them. This includes creating evacuation 

plans, training emergency services and 

regular training. 

Ultimately, the goal of accident risk 

management is to achieve a level of safety that 

is consistent with real economic and social 

conditions and the potential for continuous 

improvement. 

The term "emergency risk 

management" covers a set of actions and 

activities aimed at reducing the level of 

technological risks, minimizing material 

losses and reducing other negative 

consequences of accidents. The main goal of 

this process is to prevent emergency 

situations, as well as promptly localize their 

consequences if they occur. As a result of a 

comprehensive approach to emergency risk 

management, it is possible to significantly 

reduce the likelihood of emergency situations, 

as well as promptly and effectively respond to 

them, minimizing the consequences and 

damage to the population, the environment 

and the economy. 

From the analysis of the formula of 

“acceptable” risk (1) we have: risk R(t) is the 

product of the frequency of a dangerous event 

PD and the severity of the consequence SD 

                   R(t) = PD×SD.                                                  

(1) 

Thus, the goal is to minimize the 

dangerous event D, and it will occur if the 

calling agent T (the danger) interacts with the 

vulnerability V, so that   

                                          D=T+V                                                               

(2 ) 

where T is the calling agent (potential source 

of damage), characterizing the adverse or 

dangerous impact of natural, anthropogenic or 

man-made nature caused by the process of 

cargo transportation, D is a dangerous event 

in the form of a failure, accident or emergency 

depending on the severity of the 

consequences. V is vulnerability, 

characterized by the degree of susceptibility 

of the object to the calling agent - danger. 

From this we can conclude that danger 

is not synonymous with the concept of risk; it 

will not lead to a dangerous event unless it 

affects people or environmental properties. 

Analyzing the formula of a dangerous 

event (2), we can come to the conclusion that 

the risk of an emergency is most likely if there 

are weaknesses in the planning of the 

transportation process, warning systems are 

poorly developed, preventive measures are 

neglected, and the geographic location 

contains a set of dangerous factors in the form 

of vulnerabilities. 

Analysis of cause-and-effect 

relationships is necessary to organize an 

adequate response and correct the situation.   

To minimize risks in railway transport, it is 

necessary to extend the area of controlled 

objects and states both to the source (hazard) 

and to the objects of perception of emergency 

situations – vulnerabilities, which are the 

main factor that can be controlled [4,5].   

A scientific approach to decision-

making is needed to ensure the safety of 

humans and the environment, based on a 

quantitative analysis of the risks and 

consequences of decisions taken [6].   

These decisions are made within the 

framework of a risk minimization system, 

which includes: 

- a system of monitoring, risk analysis and 

forecasting of emergency situations as the 

basis for risk minimization activities; 

- emergency warning system; 

- a liquidation system, including prompt 

response to emergency situations, technical 
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means and technologies for carrying out 

emergency rescue operations for the primary 

life support and rehabilitation of the affected 

population; 

- a system for training specialists and 

management personnel of management 

bodies in the field of risk reduction and 

mitigation of emergency situations. 

The process of management, and, 

consequently, risk minimization in railway 

transport can be described by the following 

diagram (Figure 1). 

 
Figure 1. Risk management process in 

railway transport: RL – risk level, RLarl – 

acceptable risk level. 

 

The main stages of the risk management 

process are: 

risk identification - at this stage, all possible 

threats and risks that may arise in the course 

of activities are identified, for example, 

during the transportation of dangerous goods 

by rail; 

risk assessment - at this stage, an assessment 

is made of the probability of each risk 

occurring, as well as the scale of possible 

consequences if it is realized; developing a 

risk management strategy - once risks have 

been identified and assessed, strategies are 

developed to minimize or prevent them; 

taking measures to reduce risks - at this stage, 

the implementation of developed measures 

aimed at reducing the level of risks is carried 

out; risk monitoring and control - after the 

implementation of risk management 

measures, it is necessary to constantly 

monitor the situation to ensure their 

effectiveness and promptly adjust actions if 

the situation changes or new threats appear; 

analysis and improvement - as experience is 

gained, it is important to analyze the 

effectiveness of the measures taken and 

identify opportunities for improvement. 

These stages are cyclical, as risks and the 

conditions under which they occur may 

change over time. Regularly updating and 

adjusting the risk management strategy helps 

to adapt to new threats and maintain a high 

level of security [6]. 

Currently, there is a general tendency 

towards increasing damage from 

emergencies, often due to uncoordinated 

measures to eliminate the consequences. 

Therefore, the goal of emergency risk 

management is to minimize them, which 

means reducing the impact of a hazardous 

event and improving the recovery function in 

emergency situations in rail transport. Of 

primary importance in this context is the 

concept of "convergence" - the concentration 

of forces and means, human and material 

resources directed to an adequate response to 

the challenges arising from an emergency. 

Another important concept is "integration", 

which characterizes the degree of interaction 

between the structures involved in the 
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process. A successful risk management 

strategy should be based on an adaptive 

approach to a changing situation, so the 

following algorithm is very important in this 

context: monitoring → analysis → response 

→ analysis. The model of risk assessment and 

risk management dependence is shown in 

Figure 2. 

  
Figure 1.2 - Model of dependence of risk 

assessment and its management: A - risk 

assessment; B - risk management; C - zone 

characterizing the risk. 

Risk assessment is based on a 

comprehensive study of the source 

(transportation of oil and oil products by rail) 

and risk factors (oil as a pollutant, in the 

context of the environmental conditions and 

the technology used), as well as the 

mechanism of interaction between these 

components.   

The risk assessment procedure is necessary 

for the process of research and determination 

of risk management measures based on the 

action algorithm. Risk characteristics are the 

final phase in the risk assessment procedure, 

and they are also the first link in the risk 

minimization procedure. 

Risk management is based on the 

legislative framework, economic and 

technological analysis. It is stated above that 

the goal of risk management is to minimize 

risk.   

It is known that risks are usually 

divided into natural and anthropogenic 

(arising from human activities).   

Natural risks in their pure form are beyond 

human control (earthquakes, avalanches, 

catastrophic floods, meteorite falls, etc.). 

These risks can be calculated and measured, 

but they are uncontrollable in their pure form. 

In principle, emergency risk management is 

only possible when the source of risk is 

accessible to human influence, in our case 

these are anthropogenic risks.   

Conclusions. When considering risk 

management, great importance should be 

given to the synergistic principle, where the 

combined effect of a set of measures greatly 

exceeds the impact of individual, 

uncoordinated efforts to respond to 

emergencies. 

Thus, for effective risk management 

in an organization or industry, it is necessary 

to integrate approaches and methods aimed at 

both reducing human errors and increasing 

the sustainability of technological and 

information systems. This requires 

comprehensive coordination of the efforts of 

all participants in the process, from engineers 

and technicians to managers and security 

specialists, as well as the use of modern 

technologies that allow monitoring and 

minimizing possible risks. 
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