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Abstract. The article presents the results of a study to establish the relationship between the planned 

indicators formed in the operational work of the road transport enterprise when transporting goods and the 

indicators formed in the current work. The authors consider the functioning of a road transport enterprise 

in the current mode on the methodological basis of the theory of road freight transport, the theory of 

rolling stock maintenance, the system approach, using economic and mathematical methods. The criterion 

for optimising planning is the profit of the road transport company, and the constraints are the output, 

mileage and labour intensity of maintaining the rolling stock, which depends on the probability values of 

the length of the ride with freight, the mass of the freight, average technical speed and time for loading and 

unloading. The application of the developed methods and mathematical model to optimise planning will 

make it possible to study the functioning of a road transport enterprise as a probabilistic system and to 

determine planning indicators, considering the influence of random factors that appear in the current and 

operational work of the road transport enterprise.   

1 Introduction 

The relevance of forming theoretical and methodological 

approaches to optimising the planning of freight road 

transport enterprises (RTE) is justified by the need to 

fulfil the conditions of customers' contracts in the 

operational mode, which involves the transportation of 

goods daily (urban transport) and monthly (intercity 

transport). The main purpose of current planning is to set 

targets for freight transport, maintenance and repair 

operations (MRO) on a quarterly and annual basis. The 

development of plans that correspond to the actual 

transport process of goods transport and the performance 

of MRO will ensure the fulfilment of contractual 

conditions and the generation of profit. The current small 

business environment in Russia is favourable for the 

operation of road transport enterprises (RTE). Today, 

there is a need to develop a new theoretical and 

methodological approach that makes it possible to 

propose a mathematical model and planning methods for 

RTE practices in operational and current modes, 

considering the impact of probabilistic factors on freight 

transportation and maintenance and repair operations.  

2 Materials and methods 

The paper [1] substantiates the timing of freight transport 

as a planning optimisation constraint, allowing the 

authors to establish a relationship between the static and 

online paradigms, which places a routing strategy at the 

heart of the decision-making process. The problem of 

planning the work of RTE was solved by considering the 

relationship of tactical and operational levels of 

decision-making. For this purpose, researchers designed 

the network promotion of material flow on the annual 

volume of production and delivery of products to 

consumers, the location of service facilities and 

distribution centres on the ground, the characteristics of 

transport services [2]. For the planning of freight 

transport on the transport network in North-West 

Europe, the paper [3] solved an optimisation problem, 

which involved determining the minimum and maximum 

levels of transport tariffs in the current planning 

according to the daily demand for transport. In [4], there 

is a proposal to apply the formation of freight 

transportation plans based on the created heuristic 

decision methods both in current planning and 

operational planning to respond to the occurrence of 

exogenous events. A.P. Sokolov and V.S. Syunev [5] 

performed timber transportation planning by 

synthesising operational planning, current planning and 

strategic planning based on solving the routing problem. 

A fair amount of research was devoted to the application 

of logistical methods to RTE planning.  

The relationship between current and operational 

planning was studied in determining the required number 

of material handling equipment and rolling stock in a 

warehouse [6], the freight loading plan (SCLPD) in the 

steel logistics industry [7], freight transport costs in 

urban [8, 9, 10] and intercity traffic [11,12]. The work of 
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L.S. Trofimova, S.A. Borodulina [13] reveals the 

importance of planning for road transport in the context 

of its competitiveness and formation of demand for 

transportation in the region, however, our study 

substantially supplements the model with input 

parameters in this article. 

N.A. Filippova [14] proposed a theoretical and 

methodological approach to current planning based on 

the application of risk theory methods to the 

performance of transportation by different modes of 

transport, considering the study of demand, conditions of 

freight transportation, defining the objectives of 

operational planning and forecasting. Since one of the 

indicators determining the output of rolling stock is the 

time for loading and unloading, researchers and 

practitioners have emphasised the determination of this 

indicator in current planning for rail and maritime freight 

transport [15, 16, 17]. M. Gaudioso, M.F. Monaco et al. 

[18] have developed a Lagrangian decomposition 

scheme for a structured integer linear problem model. 

The variety of theoretical and methodological 

approaches to RTE work planning, with regard to the 

interrelation of operational and current work on freight 

transportation confirms the relevance of the conducted 

research. This also allows supplementing the existing 

approaches with its own new vision and possibilities of a 

new theoretical and methodological approach.  

The study relies on a synthesis of methods used for 

operational planning and current planning of the 

operation of a road transport company; the theory of 

road freight transport; and the theory of maintenance of 

rolling stock. There are also methods of system analysis 

in describing the interrelationship between the 

performance of the RTE in operational and current 

planning.  

3 Results and discussion 

The theoretical significance of the work lies in the 

improvement of the current planning of RTE work, 

considering the interrelation of current and operational 

work in the transportation of goods. Planning must take 

into account the indicators affecting current performance 

and those identified in the operational performance of 

the RTE (Figure 1). The purpose of the RTE business is 

to make a profit, so the article uses methods based on the 

calculation of annual profit (formulas (1), (2)).  
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where F is the effect of the operation of RTE in freight 

transportation, rub.; Pi is profit from fulfilling the 

conditions of the i-th freight transportation contract for 

the year, rub.; Ri,t is the result from fulfilling the 

conditions of the i-th contract in the t-th quarter, rub.; 

Zсi,t are costs of the fulfilment of the conditions of the i-

th contract in the t-th quarter, rub. 

The result of the RTE's work is determined by the 

output and the freight transport tariff (formula (3)). 

titiiti CDnQR ,,, )( ⋅⋅⋅= , Ii ,1= ; 4,0=t , (3) 

Qi is the output per shift of the rolling stock to fulfil the 

conditions of i-th contract, t; ni is the Boolean variable of 

the rolling stock assignment, considering the compliance 

with the diagnostic parameters after the passage of 

maintenance with the required values, n 1,0= , n=int(n); 

Di,t is the planned number of shifts of the rolling stock to 

fulfil the conditions of the i-th contract in the t-th 

quarter; Di,t=int(Di,t);Ci,t is the value of the tariff for 

freight transportation under the i-th contract in the t-th 

quarter, rub/t. 

tiitсi SnQZ ,, )( ⋅⋅= ,    (4) 

where Si,t is the value of the cost of freight transportation 

under the i-th contract in the t-th quarter, rub/t. 

Planning must take into account the indicators 

affecting current performance and those identified in the 

operational performance of the RTE (Figure 1). The 

work [19] has proved that modern economic conditions 

force managers to make managerial decisions aimed at 

ensuring the requirements for contract terms, considering 

the interrelation of freight transportation processes and 

performance of maintenance (MRO) of rolling stock. 

The functioning of an RTE is seen as a probabilistic 

process.  

The application of probability theory and 

mathematical statistics methods made it possible to 

establish that the length of a load journey in the city and 

in intercity transportation is a probabilistic value for the 

current planning and its change is described by a log-

normal distribution law. These probabilistic performance 

indicators have an impact on the output and mileage of 

the rolling stock, and on the labour input for MRO in the 

current mode (Figure 1). On-site observations of urban 

freight transport operations have revealed that average 

technical speed and loading and unloading times have an 

impact on output and mileage in operational mode [20]. 

The application of probability theory and mathematical 

statistics methods made it possible to determine the 

limits of the confidence intervals for the output and 

mileage. A fragment of the study of freight 

transportation by KAMAZ-4326 rolling stock (actual 

load 5 t; freight - bricks, concrete products; working time 

- 10 h) is shown in Fig. 2. 
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Figure 1. Interrelationship of planning indicators in the current and operational modes of the RTE's work 

 

 
Figure 2. Dependence of influence of downtime for loading and unloading of KamAZ-4326 rolling stock on the output 

in tonnes during freight transportation in the city in operational mode: "•" - the actual value of output according to the 

photos of the working day; 1 - experimental regression line;  2 –the line that aligns the calculated experimental line;  

3, 4– respectively, the upper and lower bounds of the confidence interval 
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The output of the current planning process is a 

function of the probability indicators: length of journey 

with load, the weight of the consignment, average 

technical speed, loading and unloading time: 

),,,( рпТогеi tVМlfQ −= ,  

 (5) 

where lге s the length of the journey with freight, km; Mo 

is the mass of freight shipped, tonnes; VT is the average 

technical speed, km/h; tp-r is the time for loading and 

unloading, h. 

Practical implementation of the developed theoretical 

and methodological approach to current planning will 

make it possible to determine the planned performance 

of RTE under the influence of probabilistic factors on 

current and operational work. 

4 Conclusions 

This paper presents a mathematical model that can be 

used to plan the work of the RTE, considering the 

relationship between current and operational work. The 

novelty of the research is associated with the 

identification of technical and operational indicators 

affecting the output and mileage of rolling stock in the 

operational and current modes of operation, as well as 

the development of methods to plan the work of RTE 

based on the relationship of indicators affecting the 

output and mileage in current and operational modes, 

describing a mathematical model that considers the 

functioning of RTE for freight transportation in the 

current and operational modes. The practical 

significance of the research results lies in the application 

of the mathematical model developed and the 

dependencies established, which will enable the 

development of a plan aimed at fulfilling the terms of the 

contracts and generating profits.  
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