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Abstract. Development of proposals for adapting the existing 
methodology for calculating the available throughput to the operating 
conditions of the railways of Uzbekistan, taking into account the factors 
that ensure traffic safety when passing high-speed passenger trains. 
Methods: Grapho-analytical approaches and a comparative analysis 
method were used to determine the throughput of railway lines with mixed 
train traffic. Results: The main factors influencing the capacity of lines, 
advantages and disadvantages for each existing method for determining the 
capacity of railway lines are given. To assess the quality of transportation 
processes on railway lines, experimental train schedules were constructed. 
Based on the analysis of their indicators, a formula was proposed for 
calculating the throughput on double-track lines when passing high-speed 
passenger trains. Practical significance: The application of the proposed 
methodology improves the calculations of the performance indicators of 
sections with an unparalleled train schedule. 

1 Introduction 

The technical capability of railways to ensure the transportation of passengers and goods is 
determined by the throughput of the main devices and structures [1]. This characteristic 
makes it possible to determine the possibility of developing the existing and future traffic 
volumes under various scenarios of the development of the economy of Uzbekistan. With 
insufficient development of transport infrastructure on the railway line, mixed train traffic 
is organized, which is the passage of high-speed, high-speed passenger and freight trains on 
one track. This organization is the most widespread in the world but also the most complex. 
Therefore, special attention is paid to the technological issues of operating railway sections 
with mixed traffic. 

1.1  Review and analysis of methods for determining line capacity  

Carrying capacity significantly depends on the norm of mass and length of trains, running 
speed, inter-train interval, type of traffic schedule, and others. Considering these factors has 
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a significant impact on the technology of organizing mixed train traffic and improving the 
quality of transportation [1]. 

There are the following types of methods for calculating the throughput and carrying 
capacity of the line: analytical, graphic-analytical, and a method for determining using 
simulation [2 –5]. 

1.1.1 The analytical method  

Possesses the property of universality of carrying out calculations of throughput under 
various conditions. However, the formal approach to determining the removal rate is rather 
laborious. Still, even with its help, it is impossible to consider the entire complexity of the 
interaction of trains of various categories with freight trains of different mass and length.  

1.1.2 Graphic-analytical method 

This method consists of building a train schedule for a given direction. However, the lack 
of simulation modelling of the operation of technical stations combined with adjoining 
sections that pass the flow of trains taking into account their mutual delays, does not allow 
an analysis of the resulting throughput depending on various organizational measures. 
Nevertheless, the standard traffic schedules allow more accurately than according to the 
instructions to calculate the number of trains of all categories that are planned to be passed 
along the railway line per day. This method does not make it possible to determine the 
realistically achievable throughput for the following reasons: following the current 
methodology, high-speed passenger trains are first laid, then the lines of ordinary 
passenger, suburban and group trains. Further, remaining after selecting the technological 
window, the graph space is uniformly filled with the travel lines of the calculated freight 
train, the running times of which are determined by the speed limits. In this case, it is 
required to lay on the graph a given number of lines for the course of calculated freight 
trains (heavy and long-haul). Therefore, mixed laying on the graph of lines for the 
movement of trains of various categories has not become widespread since this requires an 
increase in the effective length and number of station tracks for the formation of these trains 
and complicates transportation. In such conditions, the train dispatcher has to determine the 
possibility of passing each freight train along the next line of the schedule. At the same 
time, a freight train, the running time of which is longer than the calculated one, under the 
conditions of issuing a warning about a decrease in the set speed, can delay a passenger 
train and therefore, if their lines are close on the schedule, the freight train is not allowed. 

Thus, the time interval between passenger trains may not be used to pass a freight train, 
and then the actual throughput is less determined by the standard schedule. 

1.1.3 The simulation method consists  

In multiple simulations of the movement of the flow of trains of all categories, following 
the tracks and stations of the railway direction, the length of which is equal to the distance 
from the station of formation to the station of destination. It does not require determining 
the calculated section and dividing it if there is a station on it with adjoining more than two 
directions since the resulting throughput is automatically estimated by the number of trains 
passing along the entire direction. The disadvantages of this method include the complexity 
of both the development of its tools, their postponement, verification, and the use to obtain 
results. 

According to the Instruction on calculating the available bandwidth [1], the bandwidth 
is calculated using analytical formulas. So, for a double-track railway line along with the 
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where tтех is time budget for the maintenance and repair of infrastructure; грI   is 

calculated inter-train interval of the passing direction following [7]; н   is reliability 
factor of infrastructure and rolling stock. 

According to [1], to calculate the maximum possible number of freight trains, set mass 
and length that can be passed along the line per day with a non-parallel traffic schedule, the 
following analytical expression is recommended: 
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where nac nac nac

ск пр ус, , , , сбN N N N N   is the number, respectively, of high-speed, regular 
passenger, suburban, express freight and groupage trains or train pairs; 
nac nac nac сб, , , ,ск пр ус      are pickup rates for freight trains by high-speed, regular 

passenger, suburban, express freight and groupage trains. 
The work [1] recommends a formula for calculating the maximum number of freight 

trains with a non-parallel traffic schedule: 
 

гр nac nac nac nac
max нал
nac nac nac nac сб сб

выск выск ск ск

пр пр ус ус

N N k N N
N N N N

 

   

      

       
  (3) 

 
where k   is coefficient the filling factor of capacity, 0.99k  ; nac

выскN   is number of 

high-speed passenger trains, respectively a train or a pair of trains; nac
выск   is pickup rate of 

freight trains by high-speed passenger trains. 
Following [1], to calculate the capacity on double-track railway lines, which at some 

time of the day pass oncoming freight and ordinary passenger trains in the opposite 
direction, that is, the principle of single-track railway lines is used, is determined by the 
following formula: 
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where зТ   is time of passage of oncoming freight and passenger trains in the opposite 

direction, min.  The time of passage of oncoming freight and passenger trains in the opposite direction 
is determined by the formula [1]: 
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where ,паc грn n   is number of packages of passenger and freight trains, respectively, 
passed in the opposite direction, train; 

 
,паc грt t  is travel time for passenger and freight trains, taking into account station 

intervals, respectively, min;  

1 2,k k  is the number of passenger and freight trains in packages, respectively. 
However, formulas (1) - (4) do not consider the influence of such elements of carrying 

capacity as the interval of non-simultaneous arrival and departure of trains in cases where 
there should be no meetings of high-speed and freight trains on double-track sections.  

2 Methods  

There are no generally accepted mathematical formulas for assessing the throughput on 
existing (modernized) double-track routes with mixed traffic in cases where there should be 
no meetings of high-speed passenger trains with freight trains. To determine the throughput 
on double-track lines in such conditions, it is required to develop an analytical method for 
calculating the throughput of double-track lines when organizing mixed traffic of trains of 
various categories. 

3 Results and Discussion 

3.1 Assessment of throughput on double-track sections 

Theoretical studies and practical experience in the operation of railways indicate that when 
the speed of passenger trains increases, trains of other categories are removed from the 
schedule. 

When building a train schedule, it is necessary to ensure train traffic safety on the site. It 
is necessary to observe special conditions on the sections of the directions: to carry out 
work on the current maintenance and repair of the track, railway automation and tele 
mechanics systems (RATS) and communications, the schedule must provide for daily 
"windows" lasting up to 4 hours; in front of the high-speed train, there should be two whole 
runs free [9, 10]. Compliance with the above conditions and ensuring the safety of train 
traffic leads to a reduction in the capacity of railway lines with mixed traffic. For example, 
one high-speed passenger train with mixed traffic removes from the schedule from 6 to 8 
freight trains [8]. From the above, it follows that with the development of high-speed traffic 
in Uzbekistan on the modernized existing lines, it is necessary to consider the influence of 
the conditions for the passage of trains on the throughput.  

To obtain a formula for calculating the throughput of a section, taking into account the 
above factors, we use Figure 1. 

Figure 1 show a fragment of the train schedule, where the crossing of freight trains with 
high-speed trains is organized.  
In (fig.1) the following designations are adopted: 
possible line of movement of a freight train with non-stop movement; the time period 
during which it is possible to pass the maximum number of freight trains non-stop through 
the first passing intermediate station “b” (time from the moment of non-stop passage of 
train No. 2019 to the moment of possible non-stop passage of train No. 2001), min; m  is 
time interval between freight train № 2019 following the first passing intermediate station 
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Fig. 1. Fragment of the graph of the crossing of high-speed passenger trains with freight trains 

The graph shows that the value Z  is 
 

1Z m 
    (8) 

 
It can be seen from the graph that the value where 1 is the time for decelerating a freight 

train (taken based on an analysis of the standard schedule).  
It follows from the figure that 
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Taking into account formula (9), expression (10) can be written as follows: 
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Figure 1 shows how a high-speed passenger train № 766 arriving at the site crosses with 
freight trains №2019, 2001. Trains № 2001 starts moving from the intermediate station “b” 
observing the crossing interval after the passenger train № 766 of the oncoming one passes 
through this station directions.  

If the freight train # 2019 proceeded non-stop through the intermediate stations of the 
“A-D” section to cross it by the passenger train № 766, then the value of the non-
simultaneous arrival interval ( пр

н )at the station “D” must correspond to the minimum 

value ( minпр
нτ )or be more (but not more; otherwise, another line of a freight train can be 

laid min 1пр
н грI   ; between these trains): 
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Since passenger trains are laid on the schedule in the first place, then already at this 

stage, it is necessary to calculate the value of the non-simultaneous arrival interval for each 
line and determine the average value for the entire schedule. At the same time, when 
finding the value of the interval of non-simultaneous arrival on a uniform segment of the 
time axis from minпр

нt  to min 1пр
н грt I  , with a sufficient degree of accuracy, especially 

with large sizes of passenger traffic, it can be calculated by the formula: 
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If consider,  
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then the time of passage of oncoming freight trains with a passenger train in the opposite 
direction is equal to the sum of the value of Z, the values of the intervals of non-
simultaneous arrival, crossing, as well as the interval of passing along the route between 
high-speed passenger trains in a package, taking into account the additional time for 
acceleration and deceleration of freight trains.  

(Fig. 1) it can be seen that the freight train will be sent after the passenger train in 
compliance with the train intervals. Then the interval of passing the oncoming freight train 
with the passenger at first (from the technical station) separate point is 
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where nac
высI   is inter-train interval of high-speed train, min; 

,пр
н ск   is time, respectively, non-simultaneous arrival and crossing of trains, min; 

,рз зt t  is time for acceleration and deceleration of freight trains, min. 
' ',г n
бх бхt t  is transit time of freight and passenger trains on the section without taking into 

account the first haul, min; 

вскn  is number of high-speed trains in the package, train. 
In the second split paragraph 
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At the third (before the second technical station) split point 
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At last (before the second technical station) split point 
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where '' '' ''' ''', , , , ,п гр п гр пk гk
бх бх бх бх бх бхt t t t t t   is time of passage of freight and passenger trains along 

the section without taking into account the second, third and k-th runs, respectively, min; 
k  is number of runs on the railway section under consideration. 

Then the average delay time of a freight train crossing it with a high-speed passenger 
train for the entire section is determined by the following expression: 
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Then formula (12) should be written: 
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In the general case, the quantity зТ  takes the following form: 
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Taking into account formula (4), expression (14) can be written as follows: 
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As can be seen from the obtained formula (16), the throughput depends on the size of 

high-speed passenger traffic and the intervals between high-speed trains, and, consequently, 
the intervals of non-simultaneous arrival, a crossing of trains and inter-train intervals of 
freight trains, as well as on the number of runs on the section.  

Figure 2 shows the results of calculating the throughput of a double-track railway 
section according to the existing Instructions for calculating the available throughput (ISC) 
and the proposed methodology, depending on the running speed of freight trains.  
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As the calculation results showed, with an increase in the running speed of freight 
trains, the deviation of the values of the available throughput decreases according to 
different calculation methods. Comparative analysis showed that the results of calculating 
the throughput according to the current Instructions for determining the available 
throughput (IS) and according to the proposed method, depending on the running speed of 
freight trains, may have a deviation of up to 20%. Comparing the results of calculations 
using the IRS and the method proposed by the authors allows you to analyze the state of the 
available throughput of sections, open up existing reserves and identify bottlenecks with a 
shortage of throughput. 

4 Conclusions  

The existing methods for determining the available throughput do not take into account 
several factors: 
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As the calculation results showed, with an increase in the running speed of freight 
trains, the deviation of the values of the available throughput decreases according to 
different calculation methods. Comparative analysis showed that the results of calculating 
the throughput according to the current Instructions for determining the available 
throughput (IS) and according to the proposed method, depending on the running speed of 
freight trains, may have a deviation of up to 20%. Comparing the results of calculations 
using the IRS and the method proposed by the authors allows you to analyze the state of the 
available throughput of sections, open up existing reserves and identify bottlenecks with a 
shortage of throughput. 

4 Conclusions  

The existing methods for determining the available throughput do not take into account 
several factors: 

- the travel time of freight trains along the railway section and the first haul taking into 
account the time for acceleration and deceleration; 

- intervals between high-speed passenger trains in a package; 
- the number of runs on the site; 
- intervals of non-simultaneous arrival and crossing of trains at the station. 
The use of the graphic-analytical method, provided that the above factors are adequately 

reflected, makes it possible to accurately determine the line capacity. However, for a 
preliminary assessment, you must have analytical dependencies. 

In the proposed expressions (1) - (16), based on the graphic-analytical method for 
calculating the available throughput of railway lines, all the features of the track 
development of lines and the technology of the stations are taken into account, as well as 
the conditions for the safe passage of high-speed passenger trains. 
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