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Abstract.- The article analyzes a possible approach to the construction of a risk management model at the enterprises of the
locomotive complex of JSC "Russian Railways" performing rolling stock operation. The suggested model can be implemented
in a system for organizing the safety of rolling stock operation. The relevance of improving safety is particularly acute when
operating high-tech rolling stock with a high complexity of control algorithms. The objetive is the analysis and development
of solutions to improve operational efficiency using a model that provides solutions to the problems of choosing optimal and
safe operating modes from the point of view of implementing rolling stock management processes. Reducing the number of
violations during the operation of rolling stock can be realized with the active use of a risk-based model that takes into account
the possibility of predicting factors that affect the occurrence of risks. In this regard, the issues related to the implementation
of risk management in operational locomotive depots are considered. The most rational approach to the implementation of
risk management for a variety of uncontrolled factors that have a significant impact on the safety and accident-free operation is
given. A model for solving multi-criteria problems is suggested as one of the options for choosing the safe operation of rolling
stock.
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Modelación del proceso de riesgos, asociado a la violación de la
operación de material rodante

Resumen.- El artículo analiza un posible enfoque para la construcción de un modelo de gestión de riesgos en las empresas del
complejo de locomotoras de JSC "Ferrocarriles de Rusia" que realizan la operación de material rodante. El modelo sugerido
puede implementarse en un sistema de organización de la seguridad de la explotación del material rodante. La importancia
de mejorar la seguridad es especialmente importante cuando se opera con material rodante de alta tecnología con una alta
complejidad de algoritmos de control. El objetivo es el análisis y el desarrollo de soluciones para mejorar la eficacia de
la explotación mediante un modelo que aporte soluciones a los problemas de elección de modos de explotación óptimos y
seguros desde el punto de vista de la aplicación de los procesos de gestión del material rodante. La reducción del número de
infracciones durante el funcionamiento del material rodante puede realizarse con el uso activo de unmodelo basado en el riesgo
que tenga en cuenta la posibilidad de predecir los factores que afectan a la aparición de riesgos. A este respecto, se examinan
las cuestiones relacionadas con la aplicación de la gestión de riesgos en los depósitos de locomotoras en funcionamiento. Se
ofrece el enfoque más racional para la aplicación de la gestión de riesgos para una variedad de factores no controlados que
tienen un impacto significativo en la seguridad y el funcionamiento sin accidentes. Se sugiere un modelo de resolución de
problemas multicriterio como una de las opciones para elegir la operación segura del material rodante.
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1. Introduction
A comprehensive study of the professional

activities of locomotive crews is based on a
combination of knowledge of such sciences as
psychology and physiology, which allow to
determine the optimal human behavior in order
to ensure the safety of rolling stock operation.
On railway transport, the duties of employees

428 Revista Ingeniería UC, ISSN: 1316–6832, Online ISSN: 2610-8240.

mailto:lyashenko@samgups.ru
https://orcid.org/0000-0003-3357-1347
mailto:muratov@samgups.ru
https://orcid.org/0000-0002-8170-1815
https://doi.org/10.54139/revinguc.v28i3.50
mailto:lyashenko@samgups.ru


UC Universidad 

de Carabobo Lyashenko & Muratov / Revista Ingeniería UC, Vol. 28, No 3, Diciembre, 2021 428 – 433

are clearly regulated, aimed at ensuring the
transportation process with maximum safety of the
rolling stock movement. The main responsibility
of railway transport workers is to ensure the
transportation process with the unconditional
safety of train traffic [1].
The existing organization of rolling stock

operation is based not only on traffic safety, but
also on the principle of JSC “Russian Railways”
customer oriented approach. In order to improve
the production, economic and other priority
areas of scientific, technological and innovative
development of the Russian Railways holding, the
development of risk management methods related
to the safety and reliability of the transportation
process was noted in the Strategy of Scientific
and Technological Development of the Russian
RailwaysHolding until 2025 and for the future until
2030.
Guided by the set of rules for modeling business

architecture and business processes, approved by
the order of JSC “Russian Railways” according to
the description of the risk classification, one of
the key internal technological risks is a decrease
in traffic safety due to a decrease in the reliability
of rolling stock. Violation of the rules of rolling
stock operation is one of the main reasons for
reducing the reliability of rolling stock and, as a
result, reducing traffic safety [2, 3].
Therefore, in all structural divisions, including

enterprises of the locomotive complex that
implement the process of rolling stock operation,
documents regulating work in accordance with the
requirements of the ISO 9000 standards family,
aimed at building organizational work using the
principles and methods of the quality management
system, were developed and are constantly updated
[4, 5, 6].

2. Methods

Consistent and structured activities aimed
at eliminating possible risks are called risk
management, which is integrated into the overall
quality management system of the organization.To
build a risk management system in the structural
divisions of the locomotive complex serving the

rolling stock, we use the S-step algorithm [7, 8].
Based on this algorithm, we will develop an
example of its implementation to manage the risks
associated with the efficiency of rolling stock
operation.
The proposed algorithm includes a number of

sequential stages, the implementation of which will
allow to develop a number of effective measures
to eliminate and prevent factors that affect the
occurrence of risk. At the first stage, the main
causes of errors in the operation of rolling stock by
locomotive crews are determined, and their ranking
is carried out. At this stage, it is very important to
conduct a comprehensive analysis that will help to
focus on the limiting errors that are most common
during operation. The second stage is the selection
of a group of experts whose competencies will
allow to effectively group and identify risks, as
well as accurately determine the causes of their
occurrence. For our case we have selected experts
according to the following criteria:

specialists in the organization of the processes
of maintenance and operation of rolling
stock (chief engineers of regional directorates,
heads of technical departments of regional
directorates, etc.);

specialists of rolling stock manufacturing
plants;

specialists of personnel services of structural
divisions of the locomotive complex.

The following main criteria are used to assess
the competence of experts and their selection:

availability of specialized education and its
level, qualification;

work experience in this field;

the results of the questionnaire /testing to
establish the objectivity and effectiveness of
the expert.

The quantitative composition of the expert group
is determined by the administrative act of the head
of the regional directorate of traction, depending
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on the specifics of the operation site, the number
of rolling stock, its series, etc.
Subsequent ranking and setting the level of a

particular error defines a clear boundary between
possible and unlikely consequences.
The ranking is made according to the following

groups:

an extremely rare case of error during
operation;

a rare case of error during operation;

probable case of error during operation;

a very likely case of error during operation;

a frequent case of error during operation.

Further, the consequences resulting from errors
in the operation of the rolling stock are evaluated.
For each error, it is necessary to determine

the degree of consequences in accordance with
the following scale of the hazard indicator:
insignificant; significant; critical; catastrophic.
Then the ranking is carried out according to
the proposed scale as a result of discussion and
agreement with the members of the expert group.
After determining the frequency and conse-

quence of each error, relative indicators of the
degree of risk are determined. These indicators
will clearly show which errors in the operation of
rolling stock pose the greatest risks.
The result of risk management is the develop-

ment of measures to reduce the level of risks, in
our case, related to the improper performance of
duties facing the traction directorates, and their
integration into the existing management system.
With the subsequent receipt of positive results to
reduce cases of traffic safety violations, thereby
fulfilling the point of the quality management
system requirements for continuous product im-
provement (ensuring the transportation process
without violating the rules of operation).

3. Results and discussion

Authors conducted a comprehensive analysis
of cases of violations of rolling stock operation

rules by locomotive crews. It was revealed, that
due to illiterate actions the following main events
occurred:

violations of the train driving mode,
locomotive malfunction,
poor quality acceptance,
flat spots,
passage,
derailing,
collision,
unauthorized movement of railway rolling
stock.

It is obvious that the illiteracy of locomotive
crews, which leads to a violation of traffic
safety and operating rules, is associated with
certain risk factors. Therefore, the next step
in the implementation of the proposed model is
to determine the risk factors. In the traction
directorates at this stage the following indicators
are usually used as such factors with regard to the
activity of locomotive crews:
1. percentage of locomotive crews understaffing,
2. percentage of staff turnover,
3. percentage of non-fulfillment of the advanced

training plan by locomotive crews,
4. percentage of employee dismissals,
5. percentage of employees with less than 1 year

of work experience.
As we can see, most of these factors are related

to the qualification of the personnel of locomotive
crews and the quality of labor organization. The
most significant indicator in the assessment of
risk factors is the percentage of staff turnover,
the number of workers with less than 1 year of
experience.
Also, overtime work is not an unimportant factor

affecting the safety of the operation of rolling
stock by locomotive crews.The main reasons for
the allowed hours of overtime work are:

lack of the number of locomotive crews, for
the amount of work performed, taking into
account the actual costs per one trip;
distraction of locomotive crews.
non-compliance with running standards and
locomotive crews turnover standards;
failures of technical means.

This circumstance has a significant impact on
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Figure 1: Diagram of causal relationships (of Ishikawa) of factors affecting the violation of the operation
of rolling stock locomotive crews

the emergence of new risk factors associated with
human physiology.The reasons described above
can be combined into a generalized reason – the
human factor. As can be seen from the analysis,
the main risk factor is errors in the course of
professional activity. And if such factors that
affect safety as errors related to ignorance of
regulations, rules, careless attitude to their duties,
inexperience, incompetence can be attributed to
controlled factors. Then such factors as fatigue,
exhaustion, emotional state, stress belong to
uncontrolled factors–uncertainties [9, 10].

Based on the conducted factor analysis and
the identified reasons for violations of technical
operation of rolling stock rules, it is clear that the
availability of a set of statistical data is not sufficient
to determine possible risks. Therefore, in relation
to structural divisions for the operation of rolling
stock, the concept of risk can be considered as a
deviation of any values from the expectedmeanings
[11].

In addition, the analysis shows the existence
of uncertainties - uncontrolled factors that can
directly affect the safe operation of rolling stock
and lead to the possibility of deviation of any
parameters from their required values, i.e. risks.
All of the above factors have a significant impact
on professional ability to work, i.e., the maximum
possible productivity. The analysis of rules
violations cases of rolling stock operation and
traffic safety in order to identify the main factors
allowed us to form a diagram of cause-and-effect
relationships (Figure 1).The data obtained can be
used as the basis for the risk management model
being developed, however, it is impossible not to
take into account the so-called uncontrolled factors,
which are very often the cause of violations of
the rules of rolling stock operation by locomotive
crews.

The risk based on uncontrolled factors will be
characterized by a random value R, depending on
the random values x and y, which determine the
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emotional and physical state of a person, then
the average value R0 of the value R does not
fully describe the situation. The total risk in a
certain series n is estimated by an average value by
equation (1) [12, 13]:

R(n) = 1/n · (R1 + R2 + R3 + · · · + Rn) (1)

where n are random variables R1,R2,R3, · · · ,Rn
These values are independent and distributed in
the same way as R, and with an unlimited increase,
it stabilizes near R0 − the average value .
Let’s assume that to find the risk associated with

the emotional and physical state of a person, it
is necessary to take into account the following
criteria:

the ability of the relevant official to make
decisions based on information about the
employees of this locomotive crew and the
implementation of certain actions based on it,

analysis of a large amount of information,
which can include the physiological param-
eters obtained at the medical examination,
work schedule, psychological type of a person,
relationships in the locomotive crew - many
uncertainties,

a criteria-based approach that allows to
evaluate the effectiveness and correctness of
the decision made by an official.

Given these three criteria, we can find the risk
criterion.
The solution of this problem can be written as

the following mathematical expression [14]:

〈X,Y, f (x, y)〉 ,

where x is the chosen alternative in the range of the
set X ⊆ Rn, chosen by the responsible official.
The main goal is to select x ∈ X for which the

scalar criterion f (x, y) reaches the largest possible
value. In this case, it is necessary to take into
account the action of a large number of different
types of uncertainties y, the classification of which
is given above, about which it is only known that
they take a value from a given set Y ⊆ Rm.

The total risk associated with the emotional and
physical state of the locomotive crew employee
is calculated according to the dependence (1).To
make the most correct decision, you can use
the appropriate weight coefficients for each risk,
reflecting its impact and determined by the method
of expert assessments.

4. Conclusion

Using the proposed riskmanagement model, it is
possible to formulate a number of general measures
to reduce the impact of negative factors on traffic
safety, such as:

development of an individual approach to
conducting pre-trip training of locomotive
crews,

advanced training of drivers-instructors,

preventive work on checking the knowledge
of rolling stock management, instructions, or-
ganization of unscheduled inspections based
on the results of factor analysis, etc.

However, as a comprehensive analysis showed,
it is necessary to take into account negative factors
such as fatigue, exhaustion, and emotional state
when making management decisions on the risks
associated with the violation of the operation of
traction rolling stock by locomotive crews.The
solutions to these problems are in different areas
of scientific knowledge, so the development of
a generalized model and the stages of modeling
will reduce the impact of these negative factors on
the safety of rolling stock operation by locomotive
crews.
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