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MODEL AND METHODS OF MANAGEMENT OF EFFICIENCY OF USE  

OF PRODUCTION AND TECHNOLOGICAL POTENTIAL OF ROLLING 

STOCK OF RAIL TRANSPORT 
 

The article considers the problems management of efficiency of use of production and 

technological potential of rolling stock of rail transport. It is investigated that to improve the 

efficiency of functioning requires a comprehensive solution of many problems, with the rational use of 

labor, material and labor resources. 

A set of many tasks aimed at improving and ensuring the level of efficiency of rail transport 

facilities and systems is considered. 

It is investigated that in order to achieve the required level of efficiency of rolling stock operation it 

is necessary to improve the management process by system model of the set of problems of efficiency 

of use of production and technological potential of work of rail transport.As a result of solving the 

problema mathematical model of the set of problems was proposed, which became the basis for 

building a system model of the set of problems. The decomposition method and AllFusion Process 

Modeler software were used to build the system model. 

The paper considers the task of ensuring the required level of efficiency in the use of production 

and technological potential of rolling stock and the proposed ways to solve it. There is also a 

comprehensive review of objects, systems and processes, which involves their identification, providing 

a formalized description. On the basis of which a model and method of diagnosis were proposed, 

which inopen the possibility of interaction between the management of the subsystem of diagnostics 

and planning of work of objects and systems of rolling stock on the basis of the actual technical 

condition. The solution in this way will increase the indicators of the main aspects of production and 

technological potential, which is the purpose of this work. 

Keywords: diagnostic method, model, decomposition, system analysis, system, production and 

technological potential. 

 
Introduction. The main laws of construction, operation, development and adaptation of production 

and technological potential of rolling stock should be based on the principle of functional unity of their 
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objects and systems, which are described in the following sequence, taking into account the system 

patterns and sequence: 

 
Fig. 1.  Components of production and technological potential 

 

The efficiency of production and technological potential largely depends on the complex solution 

of many Qik problems, which are focused on achieving high end results of rail transport with the 

rational use of labor, material and financial resources [1, 5]. 

The set of Qik tasks is a necessary condition for the functioning and ensuring the required level of 

efficiency and quality of work of rolling stock. Many Qik tasks are formed taking into account the 

organizational, technological, technical, economic and social aspects of rail transport. 

Organizational aspects of work include the level of organization of labor and production. 

Technological aspects necessitate the search for new technological solutions for production 

processes in order to intensify the use of production and technological potential of rolling stock. 

Technical aspects characterize the technical equipment of production processes, as well as 

technical performance of facilities and systems of rail transport. 

Economic aspects characterize the efficiency of use in the work and production of all types of 

resources and the ultimate effectiveness of the functioning of systems and facilities of rail transport. 

The set of Qik tasks that is necessary to ensure the required level of efficiency of the rolling stock 

rolling stock must comprehensively take into account all aspects of its work. 

The purpose and objectives of the study. The purpose of the study is to study the methods and models 

of management of the efficiency of use of production and technological potential of rolling stock for rail 

transport for improving the indicators of the main aspects of production and technological potential. 

Objectives of the study: 1. Analyze problems management of efficiency of use of production and 

technological potential of rolling stock of rail transport. 2. Investigatemany tasks aimed at improving 

and ensuring the level of efficiency of facilities and systems of rail transport. 3. 

Analyzecomprehensive consideration of objects, systems and processes, which provides for their 

identification and provides a formalized description. 4. Develop a modeltasks of efficiency of use of 

production and technological potential of work of rail transport. 5. Suggest methods thatinopen the 

possibility of interaction between the management of the subsystem of diagnostics and planning of 

facilities and systems of rolling stock. 

Materials and methods of research.To study the effectiveness of the use of production and 

technological potential the work of rail transport needs to streamline many tasks Qik in accordance 

with the tasks and objectives set before the operation of rail rolling stock. For this purpose it is 

necessary to divide by the method of decomposition of the system analysis into two subsets and to 

present system model of set of problems of efficiency of use of production and technological potential 

of work of rail transport [2-5]: 

 

 (1) 

Production and technological potential 

Objects 
Processes that ensure the 

required state of objects 

Systems that 

implement the 

relevant processes 

 1 2 1 2, ,ik ik ik ik ik ik ikQ Q Q Q Q Q Q   
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where – a subset of tasks, the solution of which ensures the achievement of the required level 

of quality of production processes due to the efficiency of the rolling stock of rail transport; 

– a subset of tasks, the solution of which ensures the rational use of resources; 

I – types of resources i = 1,2,…, I used to solve new optimization problems;  

k – stages of the life cycle of rail rolling stock k = 1,2, ………, K. 

Also, the main aspects that affect the efficiency of the use of production and technological potential 

were investigated and analyzed, as a result of which many tasks were identified [4, 7]. On the basis of 

which the system model of problems of efficiency of use of production and technological potential of 

work of rail transport by a method of decomposition by means of the AllFusion Process Modeler 

software is presented. The model is modeled withfunctional diagrams, which are based on the IDEF0 

standard and presented in the form of a context diagram (Fig. 2) and in the form of a decomposition 

diagram and descriptions (Fig. 3). 

 

Fig. 2. System model of problems of efficiency of use of production and technological potential 

of work of rail transport by means of the context diagram 

 

The main criteria for the systematic solution of many problems Qikthe quality and efficiency of the 

operation of the rolling stock of rail transport, taking into account all aspects of its activities. Criteria 

are formed on the basis of the formula of system analysis:qualityefficiency. 

Many tasks are formed on the basis of system criteria Qik, which provide optimization of the 

relevant processes [6] and the final results of the operation of facilities and systems of rail transport. 

The problem of ensuring the required level of efficiency in the use of production and technological 

potential of rolling stock was considered. 

1

ikQ

2

ikQ
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Fig. 3. System model of problems of efficiency of use of production and technological potential 

of work of rail transport by means of the diagram of decomposition and the description 

 

The main purpose of operation is presented in the form of a mathematical model: 
 

,   (2) 

where – maximum profit for the i-th period of time with the rational use of labor, material 

and financial resources; 

ICi– income from efficient operation of rail transport in the i-th period of time; 

Ai – labor and material resources spent on the operation of production processes of rail transport in 

the i-th period of time; 

AHi – overhead for the i-th period of time; 

AAi – depreciation accruals for the full restoration of fixed assets. 

Depreciation accruals are mostly used to form the investment fund required for the modernization 

and technical re-equipment of rail transport facilities and systems. 

Given the complexity of production processes of efficient operation of rail transport, a 

mathematical model for managing the efficiency of use of production and technological potential of 

rolling stock in the form of: 

 

(3) 

 

where – model of functioning of production processes of rail transport on the i-th period of 

time; 

– model of functioning of separate production processes of rail mobile transport on the i-th 

period of time. 
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Models of functioning of separate production processes can be set on a set of tasks Qik, the 

solution of which in the system unity [6] on the basis of wide application of modern methods and 

information technology ensures the achievement of high results of efficient operation of rail transport.  

The paper considers the issue of solving at different levels of the hierarchy of production and 

technological potential of many problems Qik that providesformation relevant system requirements, 

which are based on a comprehensive consideration of all facilities and processes of production and 

technological potential of rail transport. Comprehensive consideration of objects, systems and 

processes involves their identification [7-10], which provides a formalized description. 

Identificationincludes a study of structural and functional features of facilities and systems of 

production and technological potential of rail transport .. Required list of key parameters that are 

diagnostic features of subsystems and components of rolling stock, a set of inspection methods and a 

list of defective conditions for each type of technical means [6, 7]. Diagnostic assessment is 

determined by the task of classification: 

 

                                                                    (4) 

 

where are the diagnostic parameters of objects and systems, which are presented in the form of a 

hierarchy; Y - many state classes of objects and systems.              . 

The obtained fuzzy model is used to assess the actual technical condition Y * depending on the 

monitoring of data on the parameters X* [5] of the rolling stock of rail transport. At kcomplex 

consideration of objects, systems and processes the one of problem is the imperfection of methods of 

diagnostics of objects and systems of rolling stock in terms of accessibility of data processing and 

decision-making on quality assurance and repair planning [11], including in conditions of uncertainty 

[13, 15]. In this situation, it is advisable to use intelligent technology to solve diagnostic problems that 

are complex and difficult to formalize. In contrast to classical approaches [15], they allow to analyze 

not only preliminary data on the operation of systems and objects, but also the knowledge and 

experience of specialists [16, 17]. 

Mechanisms of the intelligent decision support system [12, 14] can be implemented using fuzzy 

inference systems, in combination with optimization and clustering methods. This approach allows the 

use of statistical data and expert opinions in the development of diagnostic models and increase the 

reliability of assessing the condition of objects and systems of rolling stock [5, 6, 16]. 

Fuzzy rules are generated by an expert. They mimic the logic of experts in assessing the state of 

objects and systems of rolling stock and form a knowledge base built on a hierarchical principle [16, 

17]. Thus, a comprehensive assessment of the general condition of rolling stock can be obtained, as 

well as an assessment of its condition of the elements, which is the basis of the technical aspect of 

production and technological potential of rail transport management efficiency. 

The rules of the intermediate and resulting databases, hierarchically linked, are written in the format: 

 

   (  
   ̃  

        
   ̃  

               
   ̃   

                    )  

         ̃  
       ̅̅̅̅̅  

   (    ̃           ̃                 ̃                     )  

               ̅̅ ̅̅   

 

where   ~ij
 – is a fuzzy term that is an attribute of the estimate x1

i
,  ̃    ̃   are fuzzy sets that 

estimate the state ith of an element or system of rolling stock, hj – is the value derived from jth rules of 

classes    {       }  for real assessment of the state of rolling stock.  

As a result of the actual assessment of the technical condition of rolling stock is defined as the class 

with the maximum degree of membership [14]: 
 

      {          }
   (                       )     (5) 
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where де    
        

        
(     )    is the degree of number of system members and objects 

of key diagnostic parameters of values to classes         ̅̅ ̅̅   

                
 .    

        
(        )/ - the degree of implementation of the jth rules 

characterizing the state of rolling stock; 

              (  (  
 )      (   

 ))  - the degree of compliance fth rules characterizing 

the qualitative state ith the element.  

Thus, the proposed method of diagnosis opens the possibility of interaction between the management of 

the diagnostic subsystem and the planning of rolling stock facilities and systems based on the actual 

technical condition, which will improve the main aspects of production and technological potential. 

Creating a system model for managing the efficiency of use of production and technological 

potential of rolling stock [6] of rail transport is a key element of the approach. The efficiency of its 

management allows to collect data on the operation of facilities and systems of rolling stock and use it 

to improve the performance of components of many tasks of production and technological potential 

and efficiency of decision-making aimed at operational costs of optimization. 

Conclusions. Analyzed the problem of efficiency of management of production and technological 

potential of rail rolling stock.Based on the system criteria, a set of Qik tasks has been formed, which 

provide optimization of production processes and final results of operation of facilities and systems of 

rail transport. The system model of problems of efficiency of use of production and technological 

potential of work of rail transport by a method of decomposition is developed. The method of 

diagnostics of objects and systems of a rolling stock is offered,which will increase the indicators of the 

main aspects of production and technological potential. 
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МОДЕЛЬ ТА МЕТОДИ УПРАВЛІННЯ ЕФЕКТИВНОСТІ ВИКОРИСТАННЯ 

ВИРОБНИЧО-ТЕХНОЛОГІЧНОГО ПОТЕНЦІАЛУ РУХОМОГО СКЛАДУ 

РЕЙКОВОГО ТРАНСПОРТУ 
 

У статті розглянуто проблеми управління ефективності використання виробничо-

технологічного потенціалу рухомого складу рейкового транспорту. Досліджено, що для 

вдосконалення  ефективності функціонування необхідно комплексне вирішення множини задач, 

при раціональному використанні трудових, матеріальних та трудових ресурсів. 

Розглянуто комплекс множини задач, які спрямовані на покращення та забезпечення 

визначено рівня ефективності функціонування об’єктів і систем рейкового транспорту. 

Досліджено, що для досягнення необхідного рівня ефективності функціонування рухомого 

складу потрібно вдосконалити процес управління за допомогою системної модель множини 

задач ефективності використання виробничо-технологічного потенціалу роботи рейкового 

транспорту. У результаті вирішення поставленої проблеми було запропоновано математичну 

модель множини задач, яка стала основою для побудови системної моделі множини задач. 

При побудові системної моделі використовували метод декомпозиції та програмне 

забезпечення AllFusion Process Modeler. 

В роботі розглянуто задачу щодо забезпечення необхідного рівня ефективності використання 

виробничо-технологічного потенціалу рухомого складу рейкового транспорту та запропоновані 

шляхи її вирішення. Також наведено комплексний розгляд об’єктів, систем і процесів, який 

передбачає їх ідентифікацію, що забезпечує формалізований опис. На основі чого було 

запропоновано модель  та метод діагностики, що відкривають можливість взаємодії управління 

підсистемою діагностики та планування роботи об’єктів і систем рухомого складу на основі 

фактичного технічного стану. Вирішення таким шляхом дозволить підвищити показники 

основних аспектів виробничо-технологічного потенціал, що є метою даної роботи. 

Ключові слова: метод діагностики, модель, декомпозиція, системний аналіз, система, 

виробничо-технологічний потенціал.  
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