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ABSTRACT
The objective of the article is to show the possibility of 

controlling empty wagon flows belonging to different operators using 
the example of structural and functional relationships. The 
interaction of the per-flow control of wagons with the systems of 
operated fleet size regulation can show a possibility of establishing 
the standards of separate rail wagon dispatch for individual 
operators in structural schemes. Then with a  decrease in the 
disorganisation of the wagon flow, grows a possibility of redirecting 
the wagon flow to different loading stations, thus increasing the 
controllability of the fleet and reducing to zero additional runs from 
one loading stations to those actually specified in the transport 
shipping documents.

The study suggests applying scientific approaches when 
working with limiting points that arise due to the standardisation 
of the operating parameters of wagon fleets. The proposed 
approaches, under different operating modes, will lead to 
a decrease in restraints. The first operating mode: a shortage of 
wagons, in which the network operates as a channel: the network 
accepts and processes the entire incoming flow (brings it to 
loading stations), sometimes there is a shortage of wagons at 

loading stations. The second operating mode: the network 
operates as a  sort of buffer storage, the network accepts all 
wagons for transportation, but is unable to transport them, cargo 
wagons are accumulated on the network temporarily delaying 
their transportation through routes. Comprehensive measures are 
required to stabilise the work with wagon fleets. The third operating 
mode essentially reflects the use of comprehensive measures. 
In this mode, the transport network operates in conditions of the 
influence of excess cargo wagon fleet, while accepting for 
transportation only the number of wagons that it can transport. 
Excess wagons, from the point of view of the impact on the public 
infrastructure, remain on non-public tracks. To operate under 
introduced limitations, it is proposed to work on reducing the 
disorganisation of the wagon flow, which, together with per-flow 
control, will reduce the number of limitations, reduce the load on 
the carrier’s infrastructure. An example shows implementation of 
the suggested approaches as for applicability of the idea of ​​per-
flow wagon control through standardising the changing destination 
of empty wagons for places of mass loading considering the 
structural and functional interaction.
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BACKGROUND
Currently, JSC Russian Railways is facing 

problems that require solutions and may concern 
limitations: regulation systems, traffic flow 
control systems [1]. The fragmented arrival of 
empty wagons at loading stations in conditions 
of a  surplus of wagon fleets complicates their 
processing en route and especially at terminal 
stations, as it requires extra track occupancy and 
shunting operations to select wagons for delivery 
for loading [2].

The cargo wagon fleet on the network is 
approaching 1,4 million. The dynamics of 
production of new wagons significantly 
outpaces the rate of decommissioning of cargo 
wagons. During three quarters of 2024 alone, 
according to wagon manufacturers association, 
about 54,1 thousand new cargo wagons were 
produced (more than 72 thousand were awaited 
b y  t h e  e n d  o f  t h e  y e a r ) ,  w h i l e  t h e 
decommissioning amounted to 14,2 thousand 
wagons 1.In turn, the pace of development of the 
infrastructure capacities of railway transport 
does not provide the possibility of placing the 
entire fleet of cargo wagons on the transport 
network. A situation arises when the placement 
of the wagon fleet on the current infrastructure 
leads to a  decrease in the network’s transit 
capacity and, as a  result, to a decrease in the 
volume of transportation. A  paradox arises  – ​
there are more wagons – ​less transportation. The 
dynamics of the growth of the wagon fleet will 
continue until 2027 inclusive.

METHODOLOGICAL SCIENTIFIC APPROACH
There are several types of regulation of 

wagon fleets, which are shown in Pic. 1.
The article will consider structural and 

functional regulation, that shows the degree of 
coordination of the connecting elements.

Structural and functional interaction 
characterises the interaction of operations within 
the technological process and the development 
of flow control.

Search for the optimal solution for 
management of the wagon fleet in the presence 
of multiple operators in the transport services 
market with high competition among actors faces 
problem of reduced manoeuvring capacity of 
stations and network segments caused by the 

1 Association of wagon manufacturers, Report for three 
quarters 2024. [Electronic resource]: https://clck.ru/3TwvTR 
(in Russian).

factor of excess cargo wagon fleet and 
disorganisation of wagon flow (Pic. 2).

In the transport sector, it is possible to distinguish 
the structural and functional interaction of wagon 
flows as a  special type of interaction, when 
technological methods change the parameters of the 
wagon flow structure [3]. Control creates the effect 
of reserves or backups, dynamic reserves appear, 
which functionally replace static, actual reserves. 
Structural and functional is a  special type of 
interaction, when technological methods change the 
parameters of the structure. The structure seemingly 
adapts to the current situation, which increases the 
efficiency of the system. It is possible, with constant 
aggregate parameters of the channel – ​buffer storage 
system, to change the throughput of channels by 
adjusting the capacity of the buffer storage « [3].

Recently, issues of transportation reliability 
and reducing the risks of delays in delivery have 
been actively discussed [4], which means that 
the study of the issue of functional interaction 
and the study of the structure of transportation is 
especially relevant.

The article considers different modes of 
operation of the transport system with different 
approaches  to  accep t ing  wagons  fo r 
transportation. «The joint work of JSC Russian 
Railways (hereinafter referred to as the Carrier), 
Cargo Owners and Operators has made it possible 
to significantly advance in the development and 
implementation of various methods, and the 
current temporary technology of interaction 
between the Carrier and Operators has expanded 
the possibilities of redirection, accumulation of 
train routes, and reduced the risks» [3] of failure 
to provide cargo owners with rolling stock.

The structural and functional interaction can 
be present in different modes of operation of the 
transport system. The first operating mode: 
«shortage of gondola cars, the network operates 
as a channel (Pic. 3), non-public railway tracks 
(in the picture – ​NPR) accept wagons, unload them 
and send them. All wagons participate in 
transportation; there are no restrictions on the 
clearance of wagons» [5]. With this scheme, the 
entire empty wagon flow after unloading on NPR 
with disorganisation ρin1 is accepted for 
transportation with input disorganisation ρin2. The 
network operates as a  channel; there are no 
restrictions on transit capacity. The entire wagon 
flow passes the channel, the wagon flow is subject 
to channel noise ∆ρ2 and the wagon flow with 
disorganisation ρout2 gets onto NPR, then with 
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disorganisation ρout3 wagons are loaded. There is 
no mass accumulation of wagons through the 
entire stage of the transportation process. The 
wagons arrive to be loaded and are in demand [3].

The second operating mode: the network 
operates as a  buffer storage (or  bunker) (see 
Pic. 4), using the capabilities of dynamic 
resources. Several scenarios of the network 
operating as a  buffer storage are possible: the 
network accepts all wagons for transportation 
but is no longer able to transport them; an excess 
number of wagons accumulates on the 
infrastructure in trains temporarily suspended 
from service (the network has operated as 

a buffer storage) [3].
 «Gradually, we came to the conclusion that 

the network is not capable of accepting an infinite 
number of empty gondola cars for transportation» 
and that rules for operating during a period of 
gondola car surplus are needed. «The third 
operating mode: the transport market operates 
under conditions of surplus, loading and unloading 
stations operate as buffer storages, and the network 
operates as a  channel. In this operating mode, 
limitations on the clearance of empty wagons are 
necessary» [3]. Pic. 5 shows the points of 
application of limitations when the carrier 
regulates which empty gondola cars after 

Pic 1. Types of regulation of wagon fleets [performed by the author].

Pic. 2. Disorganised and organised wagon flow [performed by the author].

 
 

Pic 1. Types of regulation of wagon fleets [performed by the author]. 

 

The article will consider structural and functional regulation, that shows the 

degree of coordination of the connecting elements. 

Structural and functional interaction characterises the interaction of operations 

within the technological process and the development of flow control. 
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Pic. 2. Disorganised and organised wagon flow [performed by the author]. 

 

Search for the optimal solution for management of the wagon fleet in the 

presence of multiple operators in the transport services market with high competition 

among actors faces problem of reduced manoeuvring capacity of stations and network 

segments caused by the factor of excess cargo wagon fleet and disorganisation of 

wagon flow (Pic. 2). 

In the transport sector, it is possible to distinguish the structural and functional 

interaction of wagon flows as a special type of interaction, when technological methods 

change the parameters of the wagon flow structure [3]. Control creates the effect of 

reserves or backups, dynamic reserves appear, which functionally replace static, actual 

reserves. Structural and functional is a special type of interaction, when technological 

methods change the parameters of the structure. The structure seemingly adapts to the 

current situation, which increases the efficiency of the system. It is possible, with 

Wagon flow
- disorganised
- organised

1

The reliability of the transport system can be
ensured in two ways:
• large reserves at the starting and ending points with underdeveloped management
• small reserves with developed management.
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unloading it can accept for transportation and 
which it cannot. It turns out that according to 
a certain algorithm, which must comply with the 
Charter of Railway Transport, the carrier at the 
unloading stations (1, 2, …, n) determines the 
number of wagons that it can accept for 
transportation [3].

Then the shown structural and functional 
chart will designate the operation of the network 
as a  channel that receives wagon traffic from 
non-publ ic  ra i lway t racks  wi th  some 
disorganisation ρin2, the network itself operates 
as a  channel (imposing a  certain noise of the 
channel) and produces at the output (supplies to 
the loading stations) wagon traffic with 
disorganisation ρout3. In this case, a  certain 
quantity of wagons is formed, which the wagon 
owner distributes for transporting way cargo or 
which the carrier, in accordance with Article 44 
of the Charter of Railway Transport, moves to 
the transfer stations (see Pic. 6).

In this case, when the excess fleet [7; 10] is 
sent to transfer stations, the network operates as 
a  channel, the non-public railway tracks at 
unloading stations also do not accumulate wagons 
but operate as a channel, and at loading stations 
there is a reserve of wagons, that is, the non-public 
railway tracks of loading stations operate as 
a buffer storage.

Now it is possible to imagine how the 
network can operate using dynamic reserves, and 
how it can guarantee the provision of loading 
resources to shippers. Pic. 7 shows a diagram 
when the wagon flow is formed for each operator 
(eliminating the disorganisation of the wagon 
flow) [10–12]. The entire wagon flow with 
disorganisation ρin2 enters the network, while 
empty wagon flows of large operators are 
allocated to separate flows at marshalling stations 
according to appurtenance to an operator. These 
allocated flows can be regulated by changing the 
power or speed of the flow, thus using dynamic 
reserves, setting different priorities for passing 
different operators’ wagon flows. A  formed 
operator’s flow can be redirected for loading to 
another station or loading railway. In this way, it 
becomes possible to control the process, whereas 
the mixed empty wagon flow with great 
disorganisation, when it arrives at one of the 
loading stations, must be sorted and it must be 
determined which wagons «go further» according 
to the original shipping documents.

Such an approach is very important for 
controlling wagon flows, especially in the modern 
realities of railway transport management [13–20], 
including empty wagon flows, when the actual 
distribution is carried out by operators. The 
possibility of flow control will allow high-quality 

Pic. 3. Unlimited operating mode, the network operates as a channel [performed by the author].

Pic. 4. Network operates as a buffer storage [performed by the author].

 

 

Pic. 3. Unlimited operating mode, the network operates as a channel [performed by the author]. 

 

The second operating mode: the network operates as a buffer storage (or bunker) 

(see Pic. 4), using the capabilities of dynamic resources. Several scenarios of the 

network operating as a buffer storage are possible: the network accepts all wagons for 

transportation but is no longer able to transport them; an excess number of wagons 

accumulates on the infrastructure in trains temporarily suspended from service (the 
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Pic. 4. Network operates as a buffer storage [performed by the author]. 

 

«Gradually, we came to the conclusion that the network is not capable of 

accepting an infinite number of empty gondola cars for transportation» and that rules 

for operating during a period of gondola car surplus are needed. «The third operating 
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operating mode, limitations on the clearance of empty wagons are necessary» [3]. Pic. 

5 shows the points of application of limitations when the carrier regulates which empty 
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Railway Transport, the carrier at the unloading stations (1, 2, …, n) determines the 

number of wagons that it can accept for transportation [3]. 
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planning of train distribution considering the 
current limitations. Pic. 7 shows the interaction of 
separate wagon flows and the relationship using 
structural and functional connections.

Conclusion on the scientific methodological 
approach

Overcoming the crisis caused by excess 
wagon fleet and disorganisation of wagon flows 
requires a  transition to active structural and 
functional control. The introduction of a system 
for regulation the acceptance of empty wagons 
based on an analysis of network operating modes 
(«channel» / «buffer storage») and controlling 
structured wagon flows (using dynamic reserves) 
is a scientifically sound and practically feasible 
way to improve the efficiency of railway 
infrastructure opeartion, increase network 
capacity and, ultimately, increase the volume of 
transportation of JSC Russian Railways. Success 
depends on the coordinated interaction of JSC 
Russian Railways, operators and cargo owners 
within the framework of developed methods and 
regulations.

IMPLEMENTATION
When calculating the standard value for 

the empty wagon flow, it is necessary to 
consider the daily loading and the time of 
movement of empty wagons [15]. Now we 
will determine the necessary standardisation 
parameters:

1) Wagon loading rate. Average daily number 
of requests of form GU‑12 [application for cargo 
transportation] from loading stations.

2) Wagon unloading rate. Average daily 
number of requests for transporting wagons to 
the railway where they will be subsequently 
loaded.

3) The rate of accepting empty gondola cars 
at inter-railway junction points. This is the 
difference between the rate for loading gondola 
cars and the rate for unloading wagons within 
the boundaries of a railway.

4) Standard time for transporting an empty 
wagon along the route based on the data of 
previous month of loading.

5) Rate for delivery of empty gondola cars at 
inter-railway junction points.

Pic. 5. Points of limitations imposed by carrier when accepting empty gondola cars for transportation [performed by the author].

Pic. 6. Excess fleet is sent to the transfer stations [performed by the author].

 
 

Pic. 5. Points of limitations imposed by carrier when accepting empty gondola cars for 
transportation [performed by the author]. 
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which the carrier, in accordance with Article 44 of the Charter of Railway Transport, 

moves to the transfer stations (see Pic. 6). 
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Pic. 6. Excess fleet is sent to the transfer stations [performed by the author]. 
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6) Rate for the fleet of gondola cars per 
operators. It is obtained by multiplying the 
turnover of an empty wagon within the boundaries 
of the railway and the rate for loading gondola 
cars.

7) Rate for the run of empty gondola cars. It 
is obtained by multiplying the rate for the 
acceptance of gondola cars at inter-railway 
junction points and the rate for the run time along 
transit railways to inter-railway junction points.

8) The rate for the transporting empty 
gondola cars from the railways. It is equal to the 
rate for the acceptance of empty gondola cars, 
considering the redirection of the wagon flow 
(en route) for way cargo transportation (according 
to the temporary regulations for the interaction 
of operators and JSC Russian Railways).

Pic. 8 shows schematically all types of 
origin  – ​destination runs that are involved in 
standardisation.

Pic. 7. Applying dynamic reserves [performed by the author].

Pic. 8. The structure of standardisation of separate wagon flows [performed by the author].

operators’ wagon flows. A formed operator’s flow can be redirected for loading to 

another station or loading railway. In this way, it becomes possible to control the 

process, whereas the mixed empty wagon flow with great disorganisation, when it 

arrives at one of the loading stations, must be sorted and it must be determined which 

wagons “go further” according to the original shipping documents. 

 

 

Pic. 7. Applying dynamic reserves [performed by the author]. 
Such an approach is very important for controlling wagon flows, especially in 

the modern realities of railway transport management [13−20], including empty wagon 

flows, when the actual distribution is carried out by operators. The possibility of flow 

control will allow high-quality planning of train distribution considering the current 

limitations. Pic. 7 shows the interaction of separate wagon flows and the relationship 

using structural and functional connections. 
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Pic. 8.  The structure of standardisation of separate wagon flows [performed by the author]. 

Pic. 8 shows schematically all types of origin - destination runs that are involved 

in standardisation. 
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CONCLUSION
Interaction of operators with carriers in 

different operating modes of the transport 
network can be represented using structural and 
functional interaction and use tools to reduce the 
disorganisation of empty wagon flows during 
transportation of bulk cargo, which will lead to 
a decrease in points of limitations and will allow 
a  smaller number of wagons to ensure the 
fulfilment of specified volumes of transportation.
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