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Abstract. A mathematical model has been developed to optimize the 
implementation of technological processes for delivering goods in the 
article. This mathematical model enables separate optimization of delivery 
methods for goods. Additionally, in the article, the optimization of the 
dispatch time of wagons from the station and the influence of the execution 
interval when removing wagons from the cargo front have been assessed. 
The proposed mathematical model aims to create the possibility of 
accurately allocating the intervals of operations performed during the 
dispatch of goods from the station by modeling, thereby optimizing the 
process of dispatching wagons from the station and efficiently managing 
the retention of wagons in the cargo front during the delivery of goods. In 
the proposed technology, determining the delivery time for a specific type 
of cargo presented for transportation is possible by establishing 
coefficients that consider various factors based on illustrative information 
for the upcoming period. Such allows for estimating the distance a wagon 
covers regarding its daily capacity. 

1 Introduction 

The effective execution of a shipping contract established within the railway transportation 
sector plays a significant role in contributing to the national economy by ensuring high-
quality and timely transportation services. In providing transportation services, one of the 
primary requirements set by the shipper and the recipient in railway transportation is the 
timely delivery of goods to the specified destination. 

Timely execution of delivery deadlines is considered one of the most crucial issues for 
any transportation. Railway transportation occupies a significant position in economic 
development. The main direction to ensure competitiveness and sustainable development in 
railway transportation involves meeting customers' demands, fostering competition, and 
balancing clients' and service providers' interests. At present, specific demands are placed 
on transportation services, especially in cargo transportation. The high-level 
accomplishment of delivering goods within the specified timeframe is crucial [1-3]. 

The types of cargo shipments – such as wagon, small, container, group, and routed – are 
available. According to the regulations of the railway system, cargo is accepted promptly 
with high efficiency based on the speed of cargo delivery. Cargo is accepted for 
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transportation at high speed on designated railway routes. In this context, it is primarily 
required to adhere to the direction of the train traffic. The rate of cargo transportation is 
determined by the sender of the cargo and is indicated in the railway cargo document. In 
railway transportation, the cargo document is issued according to the chosen type of cargo 
dispatch. The allocation of cargo within a single cargo document is carried out following 
the quantity of cargo presented for transportation relative to the types of cargo dispatch [1, 
2].  
✓ A shipment presented for transportation under a single cargo document and 

requires allocating a separate wagon for transportation is referred to as a wagon shipment.  
✓ A shipment presented for transportation under a single cargo document that does 

not require the allocation of a separate wagon for transportation is referred to as a small 
shipment shipment. 
✓ A shipment presented for transportation under a single cargo document that 

requires allocating a separate container for transport is referred to as a container shipment. 
✓ A shipment presented for transportation under a single cargo document that 

requires more than one but fewer wagons than a routed shipment for transportation and 
does not involve a routed dispatch is referred to as a grouped shipment. 
✓ A shipment presented for transportation under a single cargo document that 

requires the allocation of wagons based on the volume and length criteria according to the 
sender's routes and demands a measured quantity is referred to as a routed shipment. 

The types of freight tariffs applicable in railway transportation depend on the market's 
economic conditions. The following types of freight tariffs are implemented: 

- The freight transportation tariffs for domestic routes in the Republic of Uzbekistan are 
determined and regulated by the relevant state rating authorities; 

- The tariffs for international freight transportation are established based on the 
international agreements of the Republic of Uzbekistan. 

According to the 43rd article of the railway regulations of the Republic of Uzbekistan: 
a) appointment of exceptional tariffs on domestic flights based on economic 

expediency; 
b) approval of mandatory tariffs for services related to freight transportation, including 

additional work and services such as receiving and delivering wagons to railway stations, 
maneuvering tasks, loading and unloading operations, coupling and disinfecting wagons, 
and sorting goods according to the nomenclature; 

v) having the right to determine the regulations for calculating rental fees for 
transporting goods over actual distances in separate directions. 

Additional rates for services and operations related to the transportation of cargo, 
passengers, baggage, and cargo baggage are established on a contractual basis. 

Optimizing the operation works on railway transportation, developing a theory for 
evaluating the delivery time of goods during the transportation process, involving 
prominent international experts, and [4-7]: 

K.P. Shenfeld [8] proposed transitioning to the method of determining the delivery time 
for transporting goods, taking into account the technology of the transportation process and 
considering the type of cargo. Additionally, mathematical statistics methods are suggested 
for determining the delivery time by considering the characteristics of technological 
processes in the transportation process. These mathematical statistics will lead to changes in 
the standards for the delivery of goods after the increase in the ability to transfer trains in 
the future. 

There is a need to organize the following information to assess the methodology 
recommended for optimizing the expedited delivery of goods: 

- Conducting a thorough analysis of shipments based on participants involved in the 
speedy delivery of goods; 
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Generally, groupage freight trains are widely used for transporting goods on the United 
Kingdom and France railways. In organizing such groupage freight trains, the grouping of 
wagons is strategically arranged based on the destinations of groups within the train 
composition to avoid the need to rearrange wagons at technical stations along the route. The 
transport service policy of the French railways is designed to meet the demands of freight 
shippers. Freight trains with wagons weighing 400 to 800 tons, designated to complete 
delivery within the deadlines agreed upon with freight shippers, move at speeds of up to 
110 km/h along approved routes without reprocessing at technical stations along the 
railway. Customers who use railway services have complained about the shortcomings in 
delivering goods on time within the "O'zbekiston temir yo'llari" joint-stock company [9-
15]. 

2 Material and methods 

The analytical review within the "O'zbekiston temir yo'llari" joint-stock company indicates 
that the speed of delivering local goods by rail ranges from 70 to 225 km per day. The 
recent analyses suggest a decline in these indicators in recent years [7]. 

Table 1. The main reasons for freight not reaching its destination within the specified timeframe and 
for leaving wagons stationed at stations. 

 
         The technological 

         processes of 
        delivery 

 
 
The main 
technological 
processes 
 that are 
carried out 

The time 
required for 

movement on 
the section 

The time spent by 
the wagons 

awaiting 
reprocessing at the 

station 

The time spent by 
the wagons that 

are not undergoing 
reprocessing while 

stationed at the 
station 

The time for 
dispatching 

wagons from the 
station 

The time for 
receiving 
wagons at 
the station 

Amount of exposure 

13 % 48 % 13 % 18 % 8 % 

Waiting and standing 
of wagons at freight 

and intermediate 
stations on railway 

sections 

+ + + + + 

Unavailability of 
electric locomotives at 

railway stations 
- + - + + 

Insufficiency of train 
locomotives on railway 

sections 
+ - + - - 

The wagons remain 
stationed at sorting 

stations until further 
processing. 

- + - - - 

Wagons waiting in the 
assembly yard for the 
formation of a train 

composition 

- + - + + 

Waiting for the 
dispatch of assembled 
trains from the station 

- + - - - 

Temporary waiting of 
locomotives at stations 
during the movement 

of trains and other 
factors 

- - + - - 
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In modern conditions, greater attention is being paid to addressing issues related to the 

timely delivery of goods in railway transportation through the implementation of relevant 
monitoring technologies. However, the breakdown of technological processes in 
implementing these measures may hinder achieving the expected results in fulfilling 
delivery deadlines. In this way, identifying the main reasons for delays in the transportation 
of goods by rail (Table 1), determining the method of specifying delivery deadlines, and 
developing measures to eliminate them are aimed at improving them through the 
refinement of monitoring technologies and optimization of the transportation process. 

3 Developing a mathematical model for the grouped shipment 
type of goods 

It considers the time spent on mechanized and non-mechanized methods in loading and 
unloading goods, encompassing preparation, assisting, and completion operations. The 
operations of preparing groups of wagons for loading or unloading, excluding operations 
with all wagons except the first and processes with other wagons excluding the last, are not 
considered when calculating the time for loading or unloading groups of wagons.  

jt  - the time required for dispatching wagons from the station per day. (Regulations for 
Freight Transportation on the Railway Transport of the Republic of Uzbekistan). The 
following processes must be organized when sending wagons taken from the freight yard to 
the station. Ensuring the loading and unloading of wagons during the dispatch from the 
station and regulating the sending and receiving interval within an hour is emphasized. In 
guaranteeing this interval, we should consider the performance of locomotive services, 
loading and unloading mechanisms, and ongoing operations. Similarly, the execution 
interval for loading and unloading wagons at the freight yard during intake and release is 
related to the operational process involving scheduled and grouped wagons [14].  

The process of rearranging the wagons to the front is carried out as follows: 
 

... outtdeliv
wagon

load tt
m

mt
I ++= , hours     (1) 

 
With the rearrangement of the wagons: 

 

outtdelivrear
wagonwagon

load ttt
m

m

m

mt
I ...)1( ++−+= , hours   (2) 

Bu yerda:  
m  - the number of grouped or routed wagons, hours; 

loadt - the time to load or unload the goods on a single wagon, hours; 

wagonm  - the number of wagons loaded or unloaded at a given time; 

.reart  - the time for rearrangement, hours; 

.delivt  - the time for delivering wagons to the front, hours; 

outtt .  - the time for taking wagons out from the front, hours; 
The time interval for taking wagons out and delivering them to the branch roads, as well 

as placing grouped or routed wagons during loading and unloading, is determined as 
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placedm  - the number of wagons that can be placed at the loading area at a given time; 

.depart  - the departure time of the locomotive with a specific route or wagons from the 
station, hours. 

The concerned party should provide information about the time of taking wagons in and 
out within the day. The appointment of a responsible person for receiving and accepting 
information is a condition. If the branch road owner is taken in or out by a diesel 
locomotive, the maintenance time is calculated from when it was received or delivered on 
the rail track. The faster the travel time from the sending station to the designated station, 
the quicker the utilization of the wagons. The movement of wagons along the railway 
without undergoing additional processing positively affects the delivery time of cargo [12, 
13].  

4 Results 

The time of taking the wagons in and out must be notified within a day. The appointment of 
a responsible person is required for receiving and accepting the message by the company. 
Suppose the wagons are taken in or taken out by the branch road's maneuvering locomotive 
owner. In that case, the time is calculated from when the railway has received or delivered 
the wagons [16, 17].  

In this case, you can see the results of the MatLab program in the route, group 
withdrawal of wagons from the freight front, and interaction with incoming wagons (Figure 
1).  

 
Fig. 1. Change in the time interval during the removal of wagons at the cargo front. 
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During cargo dispatch in the routed shipment type, the complete composition is 
assembled either on the branch road or in the freight yards and then sent to the destination 
station. Since the cargo line is single, the sender dispatches the cargo as a single train [10, 
11]. 

4 Conclusion 

The research results indicated that, in the process of dispatching wagons at the station, there 
has been no consideration given to separate accounting for types of dispatching in the 
context of loading from the freight front and removing wagons, following the Regulations 
on Cargo Transportation by Rail in the Republic of Uzbekistan. In this article, the impact of 
taking wagons from the freight front when dispatching cargoes from the station to different 
types of dispatching has been emphasized, and mathematical models have been developed. 
Considering the performance indicators highlighted in the article for dispatching loaded 
wagons from the station allows for expedited cargo delivery. Furthermore, in this article, 
the optimization of dispatching wagons from the station is discussed regarding the cargo 
dispatch type and the mutual influence on processing intervals when taking wagons from 
the freight front.  

References 

1. J. Qobulov, J.Barotov, E. Shermatov, and G. Fayzullaev, E3S Web of Conferences 
402, 06008 (2023) DOI: https://doi.org/10.1051/e3sconf/202340206008 

2. Z. Mukhamedova, Z. Ergasheva, J. Barotov, et al., E3S Web of Conferences 401, 
02048 (2023) DOI: https://doi.org/10.1051/e3sconf/202340102048 

3. J. Qobulov, J. Barotov, E3S Web of Conferences 389, 05042 (2023) 
DOI: https://doi.org/10.1051/e3sconf/202338905042  

4. S. Sattorov, A. Kotenko, S. Saidivaliev, et al., E3S Web of Conferences 460, 06015 
(2023) DOI: https://doi.org/10.1051/e3sconf/202346006015  

5. D. Ilesaliev, J. Kobulov, N. Svetasheva, et al.,  E3S Web of Conferences 402, 01004 
(2023) 

6. J. Qobulov, J. Barotov,  E3S Web of Conferences 389, 05042 (2023) 
7. D. Butunov, S. Buriyev, S.Abdukodirov, et al., E3S Web of Conferences 389, 05026 

(2023) DOI: https://doi.org/10.1051/e3sconf/202338905026 
8. D. Butunov, S. Buriyev, S. Abdukodirov, and I. Abdumalikov, E3S Web of 

Conferences 402, 03017 (2023) DOI: https://doi.org/10.1051/e3sconf/202340203017  
9. K. P. Shenfeld, S. M. Zakharov, Y. M. Cherkashin, Studies and measures to provide 

wheel/rail performance of heavy and long train operation in the Russian Railways, in 
Proceedings of the 9th International Heavy Haul Conference: "Heavy Haul and 
Innovation Development," pp. 1005-1011 (2009) 
https://www.scopus.com/record/display.uri?eid=2-s2.0-
84870184066&origin=AuthorNamesList&txGid 

10. Z. Mukhamedova, D. Mukhamedova, International Journal of Intelligent Systems and 
Applications in Engineering 12(2s), 379–387 (2023) 
https://ijisae.org/index.php/IJISAE/article/view/3637 

11. M. Masharipov, M. Rasulov, S. Suyunbayev, et al., E3S Web of Conferences 383, 
04096 (2023) DOI: https://doi.org/10.1051/e3sconf/202338304096 

6

BIO Web of Conferences 138, 03027 (2024)	 https://doi.org/10.1051/bioconf/202413803027
AQUACULTURE 2024

RETRACTED



During cargo dispatch in the routed shipment type, the complete composition is 
assembled either on the branch road or in the freight yards and then sent to the destination 
station. Since the cargo line is single, the sender dispatches the cargo as a single train [10, 
11]. 

4 Conclusion 

The research results indicated that, in the process of dispatching wagons at the station, there 
has been no consideration given to separate accounting for types of dispatching in the 
context of loading from the freight front and removing wagons, following the Regulations 
on Cargo Transportation by Rail in the Republic of Uzbekistan. In this article, the impact of 
taking wagons from the freight front when dispatching cargoes from the station to different 
types of dispatching has been emphasized, and mathematical models have been developed. 
Considering the performance indicators highlighted in the article for dispatching loaded 
wagons from the station allows for expedited cargo delivery. Furthermore, in this article, 
the optimization of dispatching wagons from the station is discussed regarding the cargo 
dispatch type and the mutual influence on processing intervals when taking wagons from 
the freight front.  

References 

1. J. Qobulov, J.Barotov, E. Shermatov, and G. Fayzullaev, E3S Web of Conferences 
402, 06008 (2023) DOI: https://doi.org/10.1051/e3sconf/202340206008 

2. Z. Mukhamedova, Z. Ergasheva, J. Barotov, et al., E3S Web of Conferences 401, 
02048 (2023) DOI: https://doi.org/10.1051/e3sconf/202340102048 

3. J. Qobulov, J. Barotov, E3S Web of Conferences 389, 05042 (2023) 
DOI: https://doi.org/10.1051/e3sconf/202338905042  

4. S. Sattorov, A. Kotenko, S. Saidivaliev, et al., E3S Web of Conferences 460, 06015 
(2023) DOI: https://doi.org/10.1051/e3sconf/202346006015  

5. D. Ilesaliev, J. Kobulov, N. Svetasheva, et al.,  E3S Web of Conferences 402, 01004 
(2023) 

6. J. Qobulov, J. Barotov,  E3S Web of Conferences 389, 05042 (2023) 
7. D. Butunov, S. Buriyev, S.Abdukodirov, et al., E3S Web of Conferences 389, 05026 

(2023) DOI: https://doi.org/10.1051/e3sconf/202338905026 
8. D. Butunov, S. Buriyev, S. Abdukodirov, and I. Abdumalikov, E3S Web of 

Conferences 402, 03017 (2023) DOI: https://doi.org/10.1051/e3sconf/202340203017  
9. K. P. Shenfeld, S. M. Zakharov, Y. M. Cherkashin, Studies and measures to provide 

wheel/rail performance of heavy and long train operation in the Russian Railways, in 
Proceedings of the 9th International Heavy Haul Conference: "Heavy Haul and 
Innovation Development," pp. 1005-1011 (2009) 
https://www.scopus.com/record/display.uri?eid=2-s2.0-
84870184066&origin=AuthorNamesList&txGid 

10. Z. Mukhamedova, D. Mukhamedova, International Journal of Intelligent Systems and 
Applications in Engineering 12(2s), 379–387 (2023) 
https://ijisae.org/index.php/IJISAE/article/view/3637 

11. M. Masharipov, M. Rasulov, S. Suyunbayev, et al., E3S Web of Conferences 383, 
04096 (2023) DOI: https://doi.org/10.1051/e3sconf/202338304096 

12. S. Bykadorov, M. Arpabekov, S. Khudayberganov, et al., E3S Web of Conf. 389, 
05024 (2023) DOI: https://doi.org/10.1051/e3sconf/202338905024  

13. Z. Mukhamedova,  Civil Engineering and Architecture 12 (1), 121-132 (2024) DOI: 
10.13189/cea.2024.120110  

14. R. Watson, Factors Influencing the Energy Consumption of High-Speed Rail and 
Comparisons with Other Modes. Thesis: the Diploma of Imperial College (DIC), p. 
198 (2012) https://spiral.imperial.ac.uk/bitstream/10044/1/11653/1/Watson-R-2012-
PhD-Thesis.pdf [Accessed 26th February 2023]. 

15. S. Saidivaliev, S. Sattorov, R. Tursunkhodjaeva, R. Abdullaev, E3S Web of 
Conferences 376, 04036 (2023) DOI: 10.1051/e3sconf/202337604036. 

16. S. Xusanov, J. Qobulov, D. Samikova,  E3S Web of Conferences 431, 05001 (2023) 
17. J. Kobulov, J. Barotov, R. Tursunkhodjayeva, M. Tashmatova,  AIP Conference 

Proceedings 2624(1), 040007 (2023) 
 
 
 
 
 

7

BIO Web of Conferences 138, 03027 (2024)	 https://doi.org/10.1051/bioconf/202413803027
AQUACULTURE 2024

RETRACTED




