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Abstract. This article explores in detail the problems associated with the 

digitization of train and shunting work at railway stations. Based on the 

analysis of the indicators of the use of the “Ch” station under the JSC 

“Uzbekistan Railways”, the factors that negatively affect the development 

of the digitization stages have been studied. A daily executed work-plan 

graph of the sorting station was also studied in real-time conditions. It found 

that the finished contents would remain standing at the station departure park 

for an average of 4 hours or more. One of the main reasons for this was the 

insufficient capacity of the adjacent station to handle trains. The station staff 

were therefore shown to be making possible the formation of “abandoned 

trains”. Recommendations were made to introduce a digitized complex 

system to improve train and shunting operations at railway stations. The 

functional capabilities of the proposed system were analyzed. Key words: 

railway station, loading of station, “abandoned train”, station daily executed 

work-plan graph, sorting hump capacity, digitized system, functional 

capacity, software.  

1 Introduction 

Digital railway is the most important development trend of rail transport in the world. 

Currently, there is no clear solution to the issue of how to introduce advanced information 

technology in order to increase the efficiency and level of service of the system of station 

complexes in rail transport. The design of new railway station works in accordance with the 

concept of digitization is relevant for the “Uzbekistan Railways” JSC (hereinafter the text 

“UTY” JSC). 

JSC “UTY” costs an average of 6.2 billion in a year for the available software used in the 

field of transport organization. One of the main reasons for this is the dependence of the 

existing system in this area on foreign products, and the organization of work on trains and 

manors at the station is carried out on the basis of the own experience of the relevant 

employees. Also, one of the problems facing JSC “UTY” is that the dispatch centralization 

system does not have a single system of station loading control and control. As a result, there 

is no single digital technology to effectively organize the movement of “abandoned trains” 

in advance. From the research it is known that the higher the load of the station, the higher 
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the share of the station’s carriage-occupied tracks 1. This negatively affects the speed of 

delivery of goods and leads to a decrease in the efficiency of transport work. 

During all periods of railway development, a number of scientists conducted their own 

scientific research to reduce the loading of stations, organize the movement of “abandoned 

trains” and scientifically substantiate measures to eliminate the problems of automating 

transportation processes at the station 1. However, the management of the movement of 

“abandoned trains” on the basis of rational methods and the introduction of digital 

technologies in the rapid planning of the station's loading have not been sufficiently studied. 

At railway stations “abandoned trains” may be formed for the following reasons: 

- insufficient number of empty tracks from the adjacent station’s inability to receive 

trains; 

- from taking the resulting contents to temporary intermediate stations due to the lack of 

locomotives; 

- from an unexpected increase of wagon-flows; 

- from the imbalance of the interval between trains with the times of customs inspection 

at border stations; 

- insufficient experience employees in the field of organization of transportation; 

- weakness of interoperability between the administration transport organization and other 

departments (single dispatch center, administration of using locomotives, administration of 

railroad, administration signaling and communication systems, power grid administration). 

In Fig.1 shows the main (major) reasons for the formation of “abandoned trains” in JSC 

“UTY”. 

 

Fig.1. The main major reasons for the formation of “abandoned trains” in the JSC “UTY”  

During the research, it was found that the main cargo-flows were processed at Chukursay 

station, and that the most “abandoned trains” were also formed at this station, and then 

temporarily abandoned to the next stations. 

The increase (or decrease) in the processing capacity of the sorting hump located at 

Chukursay station significantly affects the overall processing capacity of the station. In 2021, 

2022, 2023, a diagram of the change in the ability of Chukursay station to process the sorting 

hump is presented (Fig.2). 

E3S Web of Conferences 549, 04001 (2024)

TransSiberia 2024
https://doi.org/10.1051/e3sconf/202454904001

2

RETRACTED



 

Fig.2. Diagram of recycling sorting hump station of Chukursay in 2021, 2022, 2023 years (wagon) 

The ability to process the sorting hump also depends on the speed of arrival of the trains 

to be received and shipped. In 2021, 2022, 2023, a change diagram of trains to and from the 

station is shown (Fig.3). 

 

 

Fig.3. Indicators received and departure of trains at Chukursay station in 2023 (trains) 

In terms of informatization (digitization), railway stations are described as follows: 

- low level of process automation and control; 

- high level of influence of the human factor in the transportation process; 

- almost no modern digital services that are relevant for users. 

During the research work, the daily executed work-plan graph of the sorting station was 

studied in real-time conditions (Fig.4). The station’s day-to-day executed work-plan graph 

shows mostly assembled contents waiting in a sorting park or dispatch park. The main reason 

for this is in the absence of the reception capacity of the next station. 

E3S Web of Conferences 549, 04001 (2024)

TransSiberia 2024
https://doi.org/10.1051/e3sconf/202454904001

3

RETRACTED



 

Fig.4. Daily executed work-plan graph of the sorting station in real-time conditions  

(fragment state of trains in the sorting and depart park) 

During the study of the condition of the trains in the departure park of the station, it can 

be seen that the finished contents are caught on average 4 hours. 

2 Materials and Methods 

The processing capacity of the sorting hump is determined based on the following formula, 

taking into account the factors affecting the loading of the sorting station: 

𝑛𝑛.ℎ𝑢𝑚𝑝= (1440 ∙ 𝑎ℎ𝑢𝑚𝑝 − 𝑡𝑡𝑒𝑐ℎ.
ℎ𝑢𝑚𝑝

) 𝑡ℎ𝑢𝑚𝑝 ∙ (1 + 𝑝ℎ𝑢𝑚𝑝) ∙ 𝜇𝑟𝑒𝑐.
ℎ𝑢𝑚𝑝

⁄ ,       (1) 

where    

𝑎ℎ𝑢𝑚𝑝. − 

coefficient accounting for breaks that may arise due to the preparation 

of opposite routes when using the sorting hump (in most cases 

𝑎ℎ𝑢𝑚𝑝=0,95); 

𝑡ℎ𝑢𝑚𝑝 − technological interval of the hump, taking into account the likelihood 

of the presence of unloaded wagons (ZGS) from the sorting hump in 

the distributed contents; 

𝜇𝑟𝑒𝑐.
ℎ𝑢𝑚𝑝

− coefficient that takes into account the likelihood of repeated sorting of 

wagons due to a lack of length and number of sorting tracks in the 

process of completing the layout (to the capacity of the sorting park, 

the number of contents being compiled, the average number of train 

contents being shipped, is 1.01 ... 1.18); 

𝑝ℎ𝑢𝑚𝑝 − coefficient accounting for the impact of technical device failure and 

on the processing capacity of the sorting hump of unallocated 

(unallocated) wagons; 

𝑡𝑡𝑒𝑐ℎ
ℎ𝑢𝑚𝑝

− break times of hump work required for daily maintenance of hump 

installations; 

The 𝜇𝑡𝑎𝑘𝑟.
𝑡𝑒𝑝

 coefficient is determined by Formula 2. The lack of length and number of 

sorting paths has a significant impact on the hump’s processing ability. This effect is taken 

into account by introducing the following coefficient 

𝜇𝑟𝑒𝑐.
ℎ𝑢𝑚𝑝

=
𝑁𝑑𝑒𝑝+𝑁𝑟𝑒𝑐.

𝑁𝑑𝑒𝑝.
                (2) 
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where    

𝑁𝑑𝑒𝑝 − 

on the basis of this hump, the number of wagons to be shipped from 

served sorting system to the daily, as well as the number of wagons of 

the angular flow to be transmitted to another system (determined on the 

basis of the analysis of the work of the station); 

𝑁𝑟𝑒𝑐. − due to the lack of number and length of the sorting tracks, the number 

of wagons re-sorted from the hump during the day (determined based 

on the analysis of the work of the station). 

If the number of sorting routes corresponds to the number of routes to be drawn up also, 

if the length of the sorting routes is determined taking into account the presence of an “time 

windows” between the deductions, actions to complete the formation on the winding roads 

are determined taking into account the location of the wagons entering the park from the 

hump during the execution, as well as 𝑁𝑟𝑒𝑐. = 0; 𝜇𝑟𝑒𝑐.
ℎ𝑢𝑚𝑝

= 1. 

Technical device failures are independent and concomitant phenomena that can be 

matched over time. Therefore, the total duration of failure of all technical devices on the 

sorting hump should take into account their possible combination over time. It is defined by 

the following formula: 

∑ 𝑡 = ∑ 𝑡𝑖 −

𝑟

𝑖=1

∑ ∑ 𝑡𝑖𝑡𝑗
𝑟
𝑗=𝑖+1

𝑟−1
𝑖=1

14401
+

∑ ∑ ∑ 𝑡𝑖𝑡𝑗𝑡𝑘
𝑟
𝑘=𝑗+1

𝑟−1
𝑗=𝑖+1

𝑟−2
𝑖=1

14402
− 

−. . . +(−1)𝑟−1 ∙
∏ 𝑡𝑖

𝑟
𝑖=1

1440(𝑟−1)                    (3) 

where    

𝑡𝑖 , 𝑡𝑗, 𝑡𝑘, … −  

during the specified period (month, year), the average duration of 

failure and recovery per day of devices i, j, k,..., respectively (total 

𝑟 devices). 

The coefficient taking into account the impact of technical device failure and the impact 

of disconnected wagons on the processing capacity of the sorting hump is equal to: 

𝑝ℎ𝑢𝑚𝑝 =
∑ 𝑡

1440
                  (4) 

The value of this coefficient is given in Table 1. 

Table 1. Coefficient 𝑝ℎ𝑢𝑚𝑝 taking into account technical device failure and disconnected wagons 

Technological 

interval of the 

hump (𝒕𝒉𝒖𝒎𝒑), 

min. 

The value of 𝒑𝒉𝒖𝒎𝒑 depending on the 𝒕𝒉𝒖𝒎𝒑 and sorting device and type of 

decelerator 

KV-3 KNP-5 T-50 VZPG 

Up to 11,0 0,12

0,11
 

0,10

0,09
 

0,09

0,08
 

0,09

0,08
 

11,1 – 14,0  0,09 − 0,12

0,08 − 0,11
 

0,08 − 0,10

0,07 − 0,09
 

0,07 − 0,09

0,06 − 0,08
 

0,07 − 0,09

0,06 − 0,08
 

14,1 – 19,0 0,09

0,08
 

0,08

0,07
 

0,07

0,06
 

0,07

0,06
 

19,1 – 24,0 
−

0,06 − 0,08
 

−

0,05 − 0,07
 

−

0,04 − 0,06
 

−

0,04 − 0,06
 

Above 24,1 
−

0,06
 

−

0,05
 

−

0,04
 

−

0,04
 

*Note: 

1. Numerator - for automated sorting hump, denominator – for mechanized sorting hump. 

2. 𝑝ℎ𝑢𝑚𝑝  has a smaller value of 50 wagons and a larger value of 63 wagons as part of the 

train. 

3. 𝑝ℎ𝑢𝑚𝑝 = 0,03 for non-mechanized sorting hump and exhaust paths. 

 

Through the mechanization of sorting work and the maintenance of automation devices, 

the time of daily occupation of the hump should be determined in accordance with the 

procedure for daily inspection and repair of these devices and the normative time, which will 
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cause the suspension of the distribution of wagons from the hump. The break times of hump 

work required for daily maintenance of wagon speed slowers and other hump devices 

requiring interruption in distribution are as follows: 

𝑡𝑡𝑒𝑐ℎ
ℎ𝑢𝑚𝑝

= 𝐾𝑧 ∙ 𝑃𝑐ℎ                  (5) 

where 

𝐾𝑧 − 

coefficient, which depends on the number of descent paths on the hump, is 10 

and 6 for  

the KV–3 device; 8 and 5 for KNP–5; 6 and 4 for the T–50 and VZPG, 

respectively, on one and two (or more) descent paths; 

𝑃𝑐ℎ − number of “tacks combination” which go to the same route in the sorting park. 

 

When there is a sufficient time interval between distributing adjacent contents from the 

hump (e.g. on a sorting hump with a single push track, if compaction of wagons under the 

sorting park is carried out with a hump locomotive, etc.), these intervals should be used to 

perform maintenance operations on hump installations. In this case, it is necessary to take the 

value 𝑡𝑡𝑒𝑐ℎ
ℎ𝑢𝑚𝑝

, which takes into account the possibility of combining the time of the activities 

performed on maintenance with the setting of the necessary intervals in the work of the hump. 

If necessary, when calculating the value of 𝑡𝑡𝑒𝑐ℎ
ℎ𝑢𝑚𝑝

, the busy time of the hump during the day 

is taken into account to perform other constant operations. It is also necessary to take into 

account the possibility of combining the switching time of the brigades with the time of 

equipping the hump locomotive. 

In the operational work of the sorting station, there may be “peak time periods” in the 

processing of trains due to: 

- passing of passenger trains; 

- simultaneous arrival of trains from multiple tracks; 

- the arrival of pachkal of trains after the “time windows” obtained for the repair of roads, 

etc. 

If the hump’s daily processing capacity is divided into 24, then the average hourly 

processing capacity obtained may be less than the train’s receiving capacity in the “peak time 

period”. In the “peak time period”, it will be possible to increase the processing capacity of 

the hump for a short period of time using the following measures: 

steps to complete the layout from the hump are not performed and it is moved to the 

towpath at the strait at the end of the sorting park; 

hump locomotives are exempted from wagon compaction on sorting parkways, and work 

is organized to train the wagons with traction using locomotives operating on the winding 

roads; 

maintenance of the sorting hump units is not provided (if it can lead to breaks in the work 

of the hump) and the equipments of the hump locomotives (without replacement) are not 

carried out; 

local and repair demand wagons, as well as corner wagon-flows, are not foreseen to be 

distributed from the sorting hump; 

The implementation of the measures listed above can increase the short-term processing 

capacity of the sorting hump (when compared to the average hourly processing capacity) to 

50-60%, and sometimes even more. 

3 Results and Discussion 

To date, in the field of transport organization of JSC “UTY”, there is a need to normalize the 

times of staying of wagons at the station, increase the processing capacity of the sorting 

hump, determine in advance the loading station, as well as create a digitized transparent 
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system for real-time monitoring of the occupancy of each track at the station and its. The 

functional capabilities of the proposed digitized complex system are shown in Fig.5. 

 

FUNCTIONAL 

CAPABILITIES OF 

SYSTEM

Improving technology 

of providing trains with 

locomotives

Normalization of 

intervals between trains

Rational organization 

movement of 

 abandoned trains 

Pre-control loading of 

stations 

Passing sphere 

Organization of transportation 

to the  digital system

Reducing human factor 

in eliminating problems 

that ar ise in the industry

Development 

relations with railways 

and customers

Reducing time of 

delivery goods

 

Fig.5. Functional capabilities of a digitized complex system 

At the next stage of digitization work, it is advisable to develop software named “Smart 

railway sorting station” based on the proposed complex system (fig.6). 

 

 

Fig. 6. Working table of digitized complex software named “Smart railway sorting station” 

4 Conclusion 

As a conclusion, it can be said that the implementation of the measures listed above in order 

to increase the hump’s processing capacity in the “peak time period” at sorting stations can 

serve to increase the short-term processing capacity of the sorting hump (when compared to 

the average hourly processing capacity) by 50-60%, and sometimes even more. 

Also, the technical and technological benefits of the proposed digitized complex system 

and its software named “Smart railway sorting station”, which is planned to be created on its 

basis, are as follows: 

- improve the accuracy and reliability of information provided to customers who transport 

their goods by rail transport; 

- reducing the impact of the human factor in making quick decisions; 

- to create the opportunity to launch individual cargo transportation sections and routes in 

turn; 
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- integration with automated systems currently used in the organization of train traffic on 

the Railways of JSC “UTY” and others. 
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