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Abstract. This article gives a brief overview on fragmentation and how to 

prepare for a high-speed train. Currently, on the sections where high-speed 

trains run, the train dispatcher uses his experience and high skills to solve 

this problem by preparing train routes, is the method of calculating the 

tracking and crossing stations, preparing tracks for trains at stations. This 

process is modeled using the Petri Nets. Keywords: train dispatcher, train 

dispatcher section, station, haul, route. 

1 Introduction 
Improving the train control system at the train dispatcher's station will reduce the time 

between different categories of trains, increase traffic safety and the capacity of the sections, 

as well as reduce the time of train stops at stations. 

One of the most important tasks is to improve the quality of planning the passage through 

the train dispatcher section, based on the introduction of modern technologies in the transport 

process, taking into account the needs of transport. 

The main task of the current plans is to identify the content of measures to address the 

difficulties that may arise during the movement of trains. 

Currently, on the sections where high-speed trains run, the train dispatcher uses his 

experience and high skills to solve this problem by preparing train routes, ie the method of 

calculating the tracking and crossing stations, preparing tracks for trains at stations. [1-23]. 

In some cases, the decisions made by the train dispatcher are erroneous. According to a study 

conducted in [1-3], especially when there is a technological "MIRROR", the probability of 

making changes in the train schedule and making the right decision does not exceed 11%. 

2 Methods 
For high-speed trains on the train dispatcher section, we will consider modeling the process 

of allowing stations to receive/send routes using the matrix method of Petri Nets 

mathematics. The process of admitting/sending routes is carried out using the following 

indicators. We determine the mathematical performance of the Petri Nets by comparing the 

automation and telemechanics equipment at the station, the condition of the tracks at the 

station, and the time on the schedule of high-speed trains at each station [24-34]. Where is, 
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Fig. 1. A method of organizing the movement of ordinary trains on the moving part of a single train 

dispatcher section of high-speed trains. 

С = (Р, Т, S)                                

(1) 

P = {P1, P2, P3, …, Pn} – cases of automation and telemechanics devices at the station for 

receiving or sending routes.  

Z = {z1, z2, z3, …, zn} – the time when the train is fully received at the station or when 

the train leaves the station completely.  

Y = {y1, y2, y3, …yn} – the state of the roads at the receiving station during the routing 

process. 

S = {S1, S2, S3, …, Sn} – the priority of the train departing from the station. 

τ = {τ1, τ2, τ3, …, τn} – the time it takes to prepare routes for trains at the station. 

δ = {δ1, δ2, δ3, …, δn} – the time according to the schedule of the high-speed train to the 

receiving station during the preparation of the route. 

T = {t1, t2, t3, …, tn} – the conditions for allowing the receiving station in the preparation 

of the route. 

I – checks access conditions when preparing routes. 

O – checks the exit conditions when preparing routes. 

The Petri Nets also states that the conditions P T S T X� �T S T XS TS T , P T S T� ��T � ��S T  must be 

met. 

Tables 1-7 show the route preparation for the stations on the train dispatcher's section. 

Petri Netss can be represented by matrices of I and O forms of mathematics. The rows in 

each matrix are arranged according to the status of the station's automation and telemechanics 

equipment, as well as the priority of the train and the conditions for the transfer of trains from 

one station to another.  

Figure 2 simulates the process of setting up a route for moving trains on the high-speed 

train section of the train dispatcher section using the Petri Nets. Figure 2 shows the 

conditions associated with the priority of the train, the state of the automation and 

telemechanics devices [8-11] in the process of creating routes, which are as follows: entry ( 

� � � �1 1 1,I t P S� , � � � �2 2 1,I t P S� , � � � �3 2 1,I t P S� , � � � �4 3 1,I t P S� ) 

exit ( � � � �1 2O t P� , � � � �2 1O t P� , � � � �3 3O t P� , � � � �4 2O t P� ). 
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Fig. 2. Petri Nets-based model of the process of organizing the movement of ordinary trains on the 

moving part of high-speed trains on a single train dispatcher section. 

Table 1. Conditions of automation and telemechanics devices in the process of routing. 

№ Pi Multiple positions 

1 P1 
Checking the status of automation and telemechanics devices for receiving or 

dispatching a train at the first station 

2 P2 
Checking the status of automation and telemechanics devices for receiving or 

dispatching a train at the second station 

3 P3 
Checking the status of automation and telemechanics devices for receiving or 

dispatching trains at the third station 

Table 2. Priorities of train departures from the station. 

№ Si Multiple positions 

1 S1 Priority of the train departing from the first station 

Table 3. The time the train arrives at the receiving station. 

№ Zi Multiple positions 

1 z1 
The time when the train departing from the first station is completely out and 

the opportunity to prepare for the next route begins 

2 z2 
The time when the train departing from the first station is fully accepted at 

the second station 

3 z3 
The time when the train departing from the second station is completely out 

and the opportunity to prepare for the next route begins 

4 z4 
The time when the train departing from the second station is fully accepted to 

the third station 

Table 4. Conditions of roads at the receiving station. 

№ Yi Multiple positions 

1 y1 Check the condition of the roads at the second station 

2 y2 Check the condition of the roads at the third station 

Table 5. Scheduled travel times of high-speed trains to stations. 

№ δi Multiple positions 

1 δ1 
The time when the high-speed train departing from the first station is 

completely out 

2 δ2 
The time when a high-speed train departing from the first station is fully 

accepted at the second station 
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3 δ3 
The time when the high-speed train departing from the second station is 

completely out 

4 δ4 
The time when a high-speed train departing from the second station is 

fully accepted at the third station 

Table 6. Route setup times at stations. 

№ τi Multiple positions 

1 τ1 The time it takes to prepare the route from the first station to the shipment 

2 τ2 The time it takes to prepare the route for admission to the second station 

3 τ3 The time it takes to prepare the route from the second station to the shipment 

4 τ4 The time it takes to prepare the route for admission to the third station 

Table 7. Check the station's terms of accepting or dispatching the train. 

№ Ti Multiple positions 

1 t1 
Check the condition of sending the train from the first station to the second 

station 

2 t2 
Check the condition of the second station to accept the train departing from 

the first station 

3 t3 
Check the condition of sending the train from the second station to the third 

station 

4 t4 
Check the condition of the third station to accept the train departing from the 

second station 

According to the matrix method of Petri Nets mathematics, j – is the intersection of rows 

and ε – is the intersection of columns ijε equal to the element, if pε If there is an arc at the top 

of the ground and tj at the top of the transition, it is equal to it, otherwise it is zero. j - row 

and ε – standing at the intersection of the columns ojε element tj if there is an arc at the top of 

the pε from the top of the transition, it will be equal if tj is zero without an arc. If tj - from pε 

– to the bow, Petri Nets will not be available [24-26]. The mathematics of the Petri Nets can 

be written in the form of expressions (2) - entry, (3) - exit conditions for checking the 

condition and priority of trains in the process of creating trains for receiving or sending trains 

at stations: 
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(3) 

3 Results 
The routes that can be installed at the stations are modeled using Petri Nets mathematics 

according to the route preparation modes at the stations shown in Figure 1 (Figure 2). The 

preparation of routes at the stations shown in Figure 1 shows the preparation of routes in 

accordance with the schedule of high-speed trains. 

How to set up an automatic route on the train dispatcher section: 

The high-speed train dispatcher sends information about {Z} to all stations on the train 

section that are about to depart from the first station on the moving section. If positive data 

S1 and P1 are received from the first station, then t1 is comparable to the difference between 

z1 and δ1.  

If condition z1-δ1>τ1 is met, the second station checks the information about the 

acceptance of the train, otherwise the train S1 will not be sent from the first station. 

If t1 the condition is satisfied, the second station sends the information P2 and y1 on the 

reception of the train S1 to the condition t2.  

If y1 and P2 are positive, then t2 is comparable to the difference between, z2 and δ2 τ2.  

If z2-δ2>τ2 the condition is met, the S1 train will be sent from the first station and accepted 

to the second station, otherwise the S1 train will not be sent from the first station. 

If the S1 train has to leave the section, then the possibility of passing the train without 

stopping at the second station will be checked. If positive data P2 and S1 come from the 

second station, then t3 is compared to the difference between z3 and d3.  

If the condition z3-δ3>τ3 is met, the third station checks the information about the 

acceptance of the train, otherwise the train S1 will not be sent from the second station. 

If t3 the condition is satisfied, the data P3 and y2 on the acceptance of the third station S1 

train will be sent to the condition t4.  

If y2 are positive, then t4 is comparable to the difference between, z4 and δ4.  

If z4-δ4>τ4 the condition is met, the train S1 from the second station will be sent without 

stopping and will be accepted to the third station, otherwise the train S1 will not be sent from 

the second station. 

The same route will be prepared by the train dispatcher at the remaining stations where 

high-speed trains run. 

4 Conclusion 
In conclusion, the method discussed in the article is used in the preparation of routes for high-

speed trains to organize the movement of ordinary trains on the moving part of a single train 
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dispatcher section. The train traffic control method discussed in this article is modeled using 

Petrie network mathematics. The Petri Nets was obtained on the basis of the analysis of the 

correlation conditions of the mathematical parameters and the compatibility of the 

automation and telemechanics devices at the station. This compares the time it takes to 

prepare a route for high-speed trains after the entry / exit routes that can be installed at the 

stations. 
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