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Abstract. A station-level analysis was conducted to improve customer service at loading and 
unloading fronts for cargo flows. According to the results of the analysis in 2025, it was found 
that at the Tashkent Regional Railway Junction, the allocation of wagons at the client's request 
takes an average of 3-6 days, and this situation is associated with a shortage of wagons and uneven 
supply due to the different organization of cargo flows. To eliminate this problem, a new 
technology has been developed based on an optimization model aimed at the rational distribution 
of empty cars; lease and contract mechanisms with private car owners are also taken into account. 
The software developed on the basis of the model operatively recalculates orders and forms 
decisions on the allocation of wagons to customers in real time (practical tests showed a reduction 
in the delivery time of empty wagons by ~25 % and a reduction in downtime by > 20 %). 
Keywords: station, wagon, delivery, distribution, customer. 

1. Introduction 

It has been analyzed that a redistribution methodology needs to be developed to optimize the 
delivery of wagons and containers for loading in railway transport. According to the average daily 
analytical results for 2024, at the Tashkent regional railway junction, a maximum of 19,680 tons 
of cargo is loaded at the station, and cargo is unloaded from 105 wagons. Meanwhile, at another 
station, cargo is unloaded from 205 wagons while 157 wagons are being loaded. It has been 
determined that wagon distribution should take into account the different types of wagons and 
ensure that the wagons allocated for unloading are also considered for loading. An optimal 
distribution method has been proposed for delivering wagons while considering the imbalance in 
loading and unloading perishable goods. 

Today, organizing freight transportation processes in railway transport in accordance with 
modern requirements is of great importance in ensuring high-quality services for various 
categories of customers, including logistics centers, siding owners, partner organizations, and 
cargo owners at public freight terminals. In recent years, the transfer of the wagon fleet previously 
under the jurisdiction of “Uzbekistan Railways” JSC to the balance of “Temiryо‘lcargo” JSC has 
led to organizational and operational difficulties in the targeted distribution of empty wagons to 
cargo owners. The purpose of this study is to develop a methodology for the redistribution and 
optimization of the operational distribution of empty wagons at the Uzbek railway junction to 
ensure their timely provision at the customer's request. As one of the optimal options for the 
delivery of empty wagons at the request of clients, the use of leased and private wagons on a 
contractual basis is required. It is necessary to ensure stability in providing customers with empty 
wagons for loading [1]. 

Recent studies affirm that the causes of the delays in a railway are a complex interplay of 
technological, operational, and stochastic factors. Any small interruption in station processing will 
spread across the network and have a substantial negative impact on the reliability of delivery 
[2-4]. This effect is further enhanced by constraints in yard and track capacity, which cause 
conflicts and queue formation with high utilization, even when the schedules of the trains are not 

https://crossmark.crossref.org/dialog/?doi=10.21595/mme.2026.25379&domain=pdf&date_stamp=2026-02-17


ORGANIZATION OF EMPTY WAGON DELIVERY TECHNOLOGY IN THE LOGISTICS NETWORK.  
JAMSHID BAROTOV, JAMSHID KOBULOV 

 MATHEMATICAL MODELS IN ENGINEERING. MARCH 2026, VOLUME 12, ISSUE 1 27 

impossible. 
The real-time optimization and rescheduling techniques that have been designed to manage 

delay propagation are primarily focused on train conflicts instead of wagon-level technological 
processing in the various types of shipments [5]. Logistics-wise, it can be seen that delivery 
performance is not merely based on the length of the route but also the number of intermediary 
handling operations. Intermodal and containerized transportation studies indicate that 
minimization of re-handling steps leads to great enhancement in delivery time and dependability, 
even with a greater distance [6]. Poor scheduling of railways thus has a direct impact of increasing 
the cost of transport and losses through delayed delivery [7-9]. 

At the same time, most existing studies consider delays within the framework of train collisions 
and schedule problems, however, there are insufficient solutions that jointly take into account the 
disproportion of wagon type and cargo flow, linking empty wagons with station-level 
technological processes (acceptance-transfer, sorting, inspection, delivery to the front). In 
particular, the operational management of the two-stage turnover of one wagon (loading after 
unloading) during loading and unloading processes has not been fully established in practice [12]. 

The scientific and practical novelty of the research is as follows: 
– Formation of contracts with private, lease, and international car owners when distributing 

empty wagons, taking into account the types of wagons, the imbalance of freight flows, and the 
technological processes of the station. 

– Rules for making decisions that accelerate wagon turnover have been developed, linking the 
wagons allocated for unloading with the needs of subsequent loading. 

– A mechanism for the use of private, leased, and international wagons for stable customer 
satisfaction has been introduced into the methodology. 

The 2nd section of the article provides a literature review, the 3rd section describes the model 
and algorithm, the 4th and 5th sections provide discussion and results, and the 6th and 7th sections 
define the conclusion and future work. 

2. Literature review 

This article reviews the works of foreign researchers on the distribution of loaded and empty 
wagons: 

[13] Benoit Crevier, Jean-Francois Cordeau, and Gilles Savard studied how maximizing 
profits in the railway industry is strongly linked to the integration of logistics activities and better 
revenue management. They also analyzed how the operational policies chosen by the carrier 
significantly impact network profitability and, consequently, overall revenue. 

Researchers Xiaodong Zhang, Ping Li, Xiaoning Ma, and Yanjun Liyu [14] studied 
information flows related to wagon routing in railway transport through analysis. Their research 
on wagon routing involves predicting and identifying the areas where wagons are likely to be 
present in advance. 

Dr. [15] has discussed train operation models, railway traffic control and dispatching issues, 
technical schemes of railway stations, terminal operations, and timetable design. Additionally, the 
scientific works of local researchers such as Muxamedova Z., Suyunbayev Sh. M., Rasulov M. X., 
and other scholars have been studied [16-18]. 

In the reviewed scientific studies, it can be observed that the aspect of providing high-quality 
customer service in wagon distribution has not been fully accomplished. 

The distribution of empty wagons must be carried out while ensuring the continuity of the 
transport logistics process. Statistical analysis was carried out taking into account the average 
indicator of the lack of empty cars on railway sections. It was analyzed that these indicators were 
not provided with empty wagons at the Tashkent regional railway junctions in April 2025 (Fig. 1). 

After the shipper is notified about the need to load cargo onto railway transport according to 
the plan, the following must be coordinated and reviewed: checking the condition of available 
wagons, inspecting wagons at other stations, determining wagon ownership, identifying the plan 
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for loaded and empty wagons at stations within the section, and distributing them along designated 
routes. 

The Freight Transport and Commercial Operations Department issues detailed monthly freight 
orders, referred to as GU in subsequent cases (GU-12 form). These orders are sent to regional 
railway junctions before the start of the planned month and are then communicated by the regional 
railway hubs to the heads of loading stations and multimodal logistics complexes. 

According to Article 26 of the Railway Charter of the Republic of Uzbekistan (hereinafter 
referred to as the Charter), The fulfillment of the main monthly transportation plan is recorded in 
an accounting card. The railway approves the form and filling rules of the accounting card. The 
accounting card must be signed by the head of the railway station and the consignor at the end of 
each reporting day [10, 11, 16].  

 
Fig. 1. Daily average analysis of wagon loading and unloading in the section, 2025.04.08 

Station and logistics center managers must adhere to the GU-12 form monthly freight 
transportation plan and ensure its implementation throughout the planned month. Stations must 
formalize and maintain the ten-day order form (GU-11), the ten-day loading assignment form 
(GU-100), and the transportation plan execution record (GU-1) in accordance with the GU-12 
freight transportation orders (plan). In fulfilling the freight request, an additional transportation 
operations plan must be developed to provide customer service. For this purpose, the distribution 
of loaded and empty wagons to loading and unloading points has been analyzed (Fig. 1). 

The analysis of the above literature shows that, although there are many approaches to reducing 
delays, the issue of operational distribution of private, leased, and international empty wagons at 
the station level, taking into account the types of wagons and loading and unloading imbalances, 
requires more practical solutions. Therefore, the next section presents the proposed methodology 
and mathematical model for the redistribution of empty wagons. 

3. Methods 

To efficiently deliver empty wagons to customers, it is necessary to develop a mathematical 
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model with some modifications [8, 9]. For this: 
if 𝑚 > 𝑛, then the effective N should be given, where: (𝑙 = 1, 2,..., 𝑎௠; 𝑘 = 𝑚 + 1, 𝑚 + 2,..., 𝑎௡); 
secondly, if 𝑎௡ > 𝑎௠, the number of empty wagons delivered is taken as 𝑁, where 𝑁 is a 

leading large number, for example: 𝑁 = ∑ ∑ 𝑎௠௡௞ୀ௠௠ୀଵ ; as a result 𝑏௟௞ a square matrix of size (𝑛 × 𝑛) consisting of elements is 
formed. 

There are several algorithms for empty wagon delivery [1]. However, in cases where it is 
necessary, in addition to the constraints specified in the model, it is advisable to develop a special 
algorithm that takes into account additional conditions. For example, completing a certain number 
of shipments in a given time is not considered efficient. 

In such cases, it would be useful to have an algorithm that can analyze not only the optimal 
plan, but also the permissible plans that are close to it. 

For the effective organization of the supply of empty wagons at loading and unloading points, 
it is necessary to create an automated control system [10]. To create an automated control system, 
a number of influencing factors are considered. When delivering wagons to loading and unloading 
points, it is necessary to take into account 𝑁 points 𝑡௜௝ (𝑖 =1, 2,..., 𝑁; 𝑗 = 1, 2,..., 𝑀); 𝑁 – point 
where an empty wagon is parked, 𝑀 – point where an empty wagon is required, 𝑡௜௝ is the time it 
takes to travel between two points. 

In this case, if there is an empty wagon at point 𝑁, the flow of empty wagons required at point 𝑀 is determined to be brought to the requested point in time 𝑡. In addition to the time unit, other 
factors are also taken into account due to the influencing factors. As a result of the influence on 
the time unit, the idleness of the empty wagon, the travel time, the processing time, all these factors 
affect the economic efficiency. 

If the following is known: 𝐼௜ – conditional estimate of the idle cost per unit time of a wagon that is unloaded at point 𝑁 
and ready to be sent to point 𝑀 at time 𝑡௜; 𝐼௝ – conditional estimate of the cost of waiting for a unit of 𝑡௜ time for a cargo ready for 
transportation at point 𝑀; с௜௝ is the conditional value of the time costs of transporting an empty wagon from point 𝑁 to 
point 𝑀. When transporting wagons, it is necessary to construct a wagon movement function 
taking into account the impact on them if they are carried out within a unit of time. When 
delivering empty wagons, the following conditions must be met to construct a mathematical model 
of the objective function: 

෍෍൫𝑡௜௝ఒఎ + 𝑐௜௝൯ ⋅ெ
௝ୀଵ

ே
௜ୀଵ 𝑥௜௝ఒఎ ⇒ 𝑚𝑖𝑛, (1)𝑡௜௝ఒఎ = ൣ𝑡௜௝ − ൫𝜙௝ఎ + 𝑟௜௝൯൧𝐼௜௜௙೟೔ഊ ≥ 𝜙௝ఎ + 𝑟௜௝ , (2)𝑡௜௝ఒఎ = ൣ൫𝜙௝ఎ + 𝑟௜௝൯ − 𝑡௜௝൧𝐼௝௜௙೟೔ഊ < 𝜙௝ఎ + 𝑟௜௝ , (3)𝐼 – if the wagon is at the unloading station, it is loaded onto an empty wagon right there. As a 
result, the costs of delivering the wagons are zero, since the delivery is made from this station 
itself. 𝑡௜௝ఒఎ ∈ 𝑁 in this case, the condition of delivering wagons within a certain time interval is met. 
In this case, the distance traveled by the empty wagon affects the economic efficiency. Here, the 
distance traveled by the station relative to the time taken is considered to be the flow of local 
trains. 

A mathematical model was developed to organize the most efficient work of distributing 
empty wagons at stations. The following formula was derived for the distribution at stations, 
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taking into account all types of wagons, their location at stations, wagon-km and locomotive-km 
costs, and the flow of wagons on the section [19, 20]. 𝐼 = ሼ1, . . . ,𝑛ሽ – stations, 𝑛 stations on the site. 𝐴 = ሼሺ𝑖, 𝑗ሻሽ – network routes on the site. For a simple linear network, intermediate or load 
stations between technical stations are taken into account: ሺ𝑖, 𝑖 + 1ሻ and ሺ𝑖 + 1, 𝑖ሻ. 𝐾 is a set of wagon types. 𝑆௜௝ – distance between station 𝑖 and station 𝑗 (km). 𝑁௠.௜௞  – number of empty wagons of type 𝑘 available at station 𝑖 (supply). 𝑁௞.௜௞  – number of empty wagons of type 𝑘 required at station 𝑖 (demand). 𝑐ఠ – cost per wagon-kilometer (currency / wagon·km). 𝑐௟ – cost per locomotive-kilometer (currency / locomotive·km). 𝑁௧௥ – the maximum number of wagons in a train that a single locomotive can carry in one run. 

When creating a mathematical model for the effective implementation of decisions on the 
organization of the flow of empty wagons, the following should be determined: 𝑓௜௝௞ ∈ 𝛧 ≥ 0 − 𝑠𝑡ሺ𝑖 → 𝑗ሻ number of wagons of type 𝑘 along the route. 𝑧௜௝ ∈ 𝛧 ≥ 0 by locomotive direction (the locomotive’s run produces locomotive-km by the 
length of the distance between stations). 𝑢௜௞ ∈ 𝛧 ≥ 0 – number of excess empty wagons left at the end of the station 𝑖 wagon 𝑘 type 
distributed according to. 

It is necessary to reduce the time spent on distributing empty wagons and realize the economic 
efficiency of empty wagon operation. In this case, it is necessary to balance the time and economic 
efficiency of distributing wagons. 

When delivering empty wagons, it is necessary to minimize wagon-km and locomotive-km 
hourly costs in a generalized manner [21]: 𝑚𝑖𝑛 →𝛧 ⇒ ෍ ෍𝑐ఠ௞∈௷ሺ௜,௝ሻ∈௮ ൫𝑆௜௝൯𝑓௜௝௞ + ෍ 𝑐௟ሺ௜,௝∈௮ሻ ൫𝑆௜௝൯𝑧௜௝. 

Each station 𝑖 and type 𝑘 the total number of wagons leaving the station for the train was 
initially available. 𝑁௠.௜௞  not to exceed: ෍ 𝑓௜௝௞௝:ሺ௜,௝ሻ∈௮ ≤ 𝑁௠.௜௞ ,      ∀𝑖 ∈ 𝐼,     ∀𝑘 ∈ 𝐾. (4)

For each station 𝑖 and wagon type 𝑘, the incoming wagons must satisfy the demand at least: ෍ 𝑓௝௜௞௝:ሺ௝,௜ሻ∈௮ ≥ 𝑁௞.௜௞ ,      ∀𝑖 ∈ 𝐼,     ∀𝑘 ∈ 𝐾. (5)

Each 𝑖 station and 𝑘 for wagon type: 𝑁௠.௜௞ + ෍ 𝑓௝௜௞௝:ሺ௝,௜ሻ∈௮ = ෍ 𝑓௜௝௞௝:ሺ௜,௝ሻ∈௮ + 𝑁௞.௜௞ + 𝑢௜௞,      ∀𝑖 ∈ 𝐼,     ∀𝑘 ∈ 𝐾. (6)

The proposed mathematical model is aimed at optimizing the distribution of empty wagons 
according to customer demand, which enables a reduction in both locomotive-kilometer and 
empty wagon-kilometer operating costs. The developed mathematical model makes it possible to 
predict wagon flows in advance by planning the distribution of empty wagons. The distribution of 
wagons is carried out independently and automatically, along with planning. As a result, the timely 
delivery of empty wagons to the required locations is ensured, the utilization efficiency of the 
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wagon fleet increases, and the continuity of freight transportation operations is maintained. Thus, 
the proposed mathematical model contributes to improving the technical and economic efficiency 
of empty wagon distribution in railway transport. 

Let’s present the algorithm of the developed mathematical model. The algorithm is constructed 
as follows.  

The algorithm for the distribution of empty wagons in the ASU system is implemented as 
follows.  

In this work, it is understood that real-time distribution is recalculated every 2 hours depending 
on the updating of the database and generates decisions in a time interval close to client requests. 
This approach allows for the prompt elimination of unevenness in the supply of wagons. A 
database is created in accordance with client requests.  𝑃 – number of client requests depending on the type of cargo. 𝑊 – number of wagons at the station, excluding wagons that are balanced (except for empty 
ones needed). 𝐶 – daily freight flow schedule of the station. 𝐿 – local train traffic on the section. 𝑐 – the cost of delivery of the empty wagon and the time that influences it. 

Result of the distribution of empty wagons: 
A - planning the distribution of empty wagons under the contract. 
Perform sequential planning: 
1) Process requests received from clients in real-time using the ASU system. 
2) Route 𝑊 wagons at the station according to requests, excluding balanced wagons. 
3) Develop efficient options for delivering 𝐶 → 𝑐 wagons at the station in accordance with the 

daily plan. 
4) Take into account local trains 𝐿 operating on the forming section. 
The destination function is activated along the distributed route of empty cars: 
5) Wagon mileage, locomotive mileage, wagon downtime, delivery time, total costs. 
Implementation of restrictions on the organization of empty cars: 
6) Compliance of the station wagon with the application, compliance with the route, 

compliance with the station operation plan, availability of a contract. 
7) Developing a model of rational plan options in contract A when compiling the matrix for 

the distribution problem. 
8) Sending the independently developed rational version to the train dispatcher. 
9) Placing empty wagons into the ASU system during distribution. 
The algorithm's operation is described as follows. This algorithm develops rational options for 

contracts for the supply of empty wagons, taking into account the flow of wagons in real time. 
Wagon requests submitted by customers are received through the ASU train traffic dispatching 
system, after which stations with available empty wagons are identified. The implementation of 
empty wagons is determined based on the station's daily work schedule. The provision of empty 
wagons to customers is carried out by ensuring the unloading of wagons under lease, belonging 
to the railway enterprise, and on international routes along the route. An optimization model is 
formulated to minimize overall transportation and operational costs. This model aims to reduce 
wagon-kilometer and locomotive-kilometer indicators, as well as minimize wagon idle time and 
the risk of delays. The distribution of empty wagons is determined by implementing restrictions 
according to the correspondence with the type of cargo, suitability for the route, and compliance 
with the contract terms. Once the optimal allocation matrix is obtained, the final distribution plan 
is sent to the dispatcher for approval. The algorithm addresses the issue of allocating empty 
wagons according to customer demands. It primarily involves finding customers for empty 
wagons belonging to the railway enterprise, leased wagons, and other state-owned wagons to 
prevent them from traveling empty along their routes. The allocation of empty wagons to 
customers can be determined in real-time within the ASU system.  
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4. Discussion 

A mind mapping approach was employed to structure the key factors influencing the wagon 
allocation process. This approach enabled the identification of causal interdependencies among 
freight demand intensity, station handling capacity, wagon processing duration, locomotive 
availability, and the dynamic behavior of freight flows. Today, when there are inconveniences and 
shortages of empty wagons for customers on the railways of Uzbekistan, it is necessary to 
implement it through the methodological basis we propose. 

According to Article 25 of the Charter, the consignor must submit a loading order, including 
a calendar schedule of loading volumes by day, to the head of the regional railway division through 
the head of the railway station no later than three days before the start of the ten-day period. Such 
situations may additionally delay the freight transportation plan. The head of the regional railway 
division, together with the consignor, may establish a procedure for submitting orders for a longer 
period. According to regulations, the head of the railway station must inform each consignor about 
the wagons to be delivered daily for the ten-day period at least one day before its start. Consignors 
are required to submit a GU-11 form order, including a ten-day loading schedule, to the railway 
management through the station head no later than three days before the start of each ten-day 
period, excluding the order submission date. 

The head of the regional railway junction may establish a procedure for submitting agreed-
upon orders with the consignor for a longer period instead of every ten days.  

Consignor's application on 
the electronic platform

Additional freight 
transportation plan

Ten-day plan according to GU-11
Monthly plan according to GU-12

Approval of the plan by the 
Freight and Commercial 
Operations Department

Approval of cargo loading according 
to the plan by the Freight and 

Commercial Operations Department

The customer determines the 
calendar date for loading

Delivery of the wagon to 
the station

The station chief notifies the Regional Railway Junction 
Transportation Organization Department and the Unified Dispatch 

Center about the customer's wagon request

Notify the customer about 
the arrival of the wagon

The wagon is accepted by 
the shipper  

a) Existing technology 

Shipper's application on the 
electronic platform

Additional freight 
transportation plan

Approval of the plan by the 
Freight and Commercial 
Operations Department

The customer specifies the 
calendar date for loading

Delivering the wagon to the 
station

Providing empty and loaded wagons for loading

Notify the customer about 
the arrival of the wagon

The shipper accepts the 
wagon

Ten-day plan according to GU-11
Monthly plan according to GU-12

 
b) Proposed technology 

Fig. 2. Block diagram of wagon and container allocation for loading and unloading 

Railway transport is required to provide wagons within 3 days when customers request them 
for cargo transportation. However, it has been identified that in most cases where wagons are not 
provided, the waiting period is close to 10 days. In such instances, the shipper is held liable for 
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not loading the cargo on time, that is, for failing to fulfill the plan. The absence of the consignor’s 
order is recorded in the GU-1 form accounting sheet [5]. 

Reducing the delivery time of empty wagons does not always correspond to a reduction in 
overall operational costs. In certain cases, ensuring faster delivery requires routing wagons 
through longer distances, which increases wagon-km and locomotive-km expenditures. Hence, 
the proposed technology adopts a joint evaluation of time-related and economic performance 
criteria, aiming to achieve an optimal trade-off between delivery speed and cost efficiency. 

Today, freight transportation involves ensuring customer service by providing wagons for 
loading and delivering cargo on time. The analysis of tasks required for the digitalization of these 
processes has been carried out using a block diagram (Fig. 2). 

Through the proposed technology, once the station chief receives a notification from the 
Regional Railway Junction’s Transport Organization Department and the Unified Dispatch Center 
regarding the customer's need for a wagon, they issue a command via the simulation model 
interface. This determines which wagon should be allocated to the loading/unloading point. In our 
proposed approach to wagon distribution, we have identified the possibility of reducing 
technological processes while organizing the optimal method for allocating empty wagons. This, 
in turn, provides an opportunity to streamline the technological processes being carried out 
(Fig. 2).  

5. Results 

To develop the simulation model, a digital station mapping interface was implemented. The 
coordinates and names of loading and unloading stations were entered into the system, allowing 
for the identification of potential wagon routing paths. The model determines suitable wagon types 
according to cargo classification using the unified tariff statistical nomenclature. Based on 
customer requirements, options for contracting specific wagons emerge, taking into account the 
types of wagons available nearby and the location of stations. After the agreement for the provision 
of wagons is concluded, the most optimal options for delivering the wagons are independently 
developed. In addition to existing wagons, the service also offers rental and other international 
wagons.  

This will enable faster transportation of wagons to loading and unloading points. The 
non-English inscriptions shown in Fig. 3 are the names of existing stations in Uzbekistan, which 
are used in the application software interface to designate stations on the map of the real railway 
network. 

A certificate has been obtained for the program titled “Calculation Methodology for the 
Distribution of Empty Wagons for Customer Service” in accordance with the Law of the Republic 
of Uzbekistan “On Legal Protection of Software and Databases for Electronic Computing 
Machines”. The software interface is shown in Fig. 3. 

The scientific work presented in this article has been carried out under Contract No. 45 in 
collaboration with “Uztemiryulkonteyner” JSC. 

As a result of implementing the proposed optimization model in practice, operational 
inefficiencies are significantly reduced. In particular, the average delivery time of empty wagons 
decreases by approximately one-fourth, indicating a noticeably faster wagon circulation process. 
It is also planned to increase the efficiency of wagon use by 10 %. In addition, it has a positive 
impact on the level of locomotive utilization. This, in turn, determines the implementation of 
resource saving of rolling stock. Furthermore, the idle time of wagons at stations is reduced by 
more than 20 %, which leads to increased throughput capacity and greater stability in freight 
handling processes. With the provision of empty wagons, customer confidence in loading has 
increased, and the quality of service has improved thanks to the developed methodology. 

The effectiveness of the proposed model was assessed based on data for the period from April 
to September 2025 for 54 stations of the Tashkent regional hub. The results confirm that the model 
accelerates decision-making in practical conditions and increases the stability of service quality. 
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Fig. 3. The interface of the working window for distributing empty wagons  

and containers to the loading and unloading points 

6. Conclusions 

Proper distribution of empty wagons and containers to loading and unloading points reduces 
transportation costs, increases the efficiency of wagon utilization, and ensures the continuity of 
freight transportation processes. The creation of an intelligent system for the developed 
technology will improve the quality of service by providing empty wagons to the entire railway 
network. Currently, when customers request wagons through an application, they must be 
provided within three days. However, due to delays in wagon allocation beyond this period, the 
proposed technology and software aim to eliminate delays, ensuring that freight reaches its 
destination faster and more efficiently. 

The proposed approach serves to fulfill the requirement for the timely provision of empty 
wagons upon request, and the provision of wagons is determined within 3 days. In the future, by 
expanding the model, it will be possible to take into account the multi-criteria selection of stations 
capacity, locomotive resources, and priority loads more deeply. 

7. Future work 

Our future research work is aimed at developing a predictive model for changes in cargo flow 
by attracting customers to railway transport. Currently, due to the location of the ASU system 
management server on the Russian Railway, the task is to create a local ASU intelligent system. 
The creation of this intelligent system will enable multi-criteria decision-making based on 
preliminary assessments of resource efficiency in railway transport. It is anticipated that the 
implementation of the ASU automated intelligent system will incorporate operational planning 
capabilities. 

Further work on software development includes the following areas: 
1) Development of a forecast model for a preliminary assessment of the change in freight flows 

and taking into account the factors of attracting customers to railway transport. 
2) Creation of a local intelligent module of the ASU control system in order to reduce 
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dependence on the external server. 
3) Integration of multi-criteria decision-making and operational planning functions into the 

system based on a preliminary assessment of resource efficiency. 
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