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The traction system for power supply devices (supply and suction conductors, contact network conductor and rail) 
itself is the main influence chain. Since the traction system is symmetrical, it has a very high electromagnetic effect 

compared to the adjacent lines that are switched off or in operation. 
In the existing literature, mathematical models have been developed by considering the closed circuit between the 

contact line and the ground without taking into account certain boundary conditions, i.e., the rail effect, and 

considering the approach of the contact line and the adjacent line as mutually parallel. The introduction of these 
boundary conditions leads to an erroneous estimation of the electromagnetic influence of the traction system on the 

adjacent lines. Also, reducing the value of the induced voltage in the adjacent lines causes difficulties in the 
development of measures . 

For a more complete mathematical analysis of the electromagnetic effects of the traction system in relation to the 

adjacent lines, we construct a scheme of mutual approximation of the contact line and the adjacent line. In this case, 
the reverse effect of the adjacent line is also taken into account, and the currents and voltages in the affected line are 

assumed to be constant along the line. 
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Fig. 1. Approach scheme of contact lines and adjacent line 

 

The following equation is valid for the elementary section of the adjacent line: 
−𝑑𝑈𝑦𝐿(𝑥) = 𝑍𝑦𝐿𝐼𝑦𝐿(𝑥)𝑑𝑥 + 𝑍𝑘𝑦𝐿𝐼𝑘𝑑𝑥      (1) 

here 𝑍𝑦𝐿 = 𝑟𝑦𝐿 + 𝑗𝜔𝐿𝑦𝐿- total resistance of the adjacent line corresponding to one km., Ohm/km; 𝑟𝑦𝐿- active resistance 

of the adjacent line; 𝜔– angular frequency; 𝐿𝑦𝐿– the inductance of the adjacent line; 𝑍𝑘𝑦𝐿 = 𝑗𝜔𝑀𝑘𝑦𝐿– mutual induction 

resistance corresponding to one kilometer between the contact line and the adjacent line, Ohm/km; 𝑀𝑘𝑦𝐿– the mutual 

induction coefficient between the contact line and the adjacent line; 𝑈𝑦𝐿(𝑥)– the voltage generated in the adjacent 

line due to the induced voltage of the contact line ; 𝐼𝑦𝐿(𝑥)– the current generated in the adjacent line due to the 

induced voltage of the contact line; 𝑈𝑘 , 𝐼𝑘– induced voltage and current of the contact line, respectively. 

Since there are two unknowns in expression 1, it is necessary to construct the second differential equation. 
For this, the following equation is relevant for the current in the elementary section: 

𝑑𝐼𝑦𝐿(𝑥) = 𝐼𝑦𝐿1 − 𝐼𝑦𝐿2 = (𝑈𝑘 − 𝑈𝑦𝐿(𝑥)) 𝑌𝑘𝑦𝐿𝑑𝑥−𝑈𝑦𝐿(𝑥)𝑌𝑦𝐿𝑑𝑥, 

−𝑑𝐼𝑦𝐿(𝑥) = (𝑈𝑦𝐿(𝑥) − 𝑈𝑘)𝑌𝑘𝑦𝐿𝑑𝑥+𝑈𝑦𝐿(𝑥)𝑌𝑦𝐿𝑑𝑥   ( 2) 

here 𝐼𝑦𝐿1 = (𝑈𝑘 − 𝑈𝑦𝐿(𝑥)) 𝑌𝑘𝑦𝐿𝑑𝑥- the current that can flow from the contact network to the adjacent line, 𝑌𝑘𝑦𝐿 =

𝐺𝑘𝑦𝐿 + 𝑗𝜔𝐶𝑘𝑦𝐿- the mutual conductivity between the contact line and the adjacent line, 𝐺𝑘𝑦𝐿- the active conductivity, 

𝐶𝑘𝑦𝐿- the capacity between the contact line and the adjacent line; 𝐼𝑦𝐿2 = (𝑈𝑘 − 𝑈𝑦𝑒𝑟(𝑥))𝑌𝑦𝐿𝑑𝑥– the current that can 

flow from the adjacent line to the ground, 𝑈𝑌𝑒𝑟(𝑥) = 0– ground potential, 𝑌𝑦𝐿 = 𝐺𝑦𝐿 + 𝑗𝜔𝐶𝑦𝐿, 𝐺𝑦𝑙– active conductivity 

(insulation conductivity) between the adjacent line and the ground, 𝜔𝐶𝑦𝐿– reactive (capacitive) conductivity between 

the adjacent line and the ground. 
𝑈𝑘 ≫ 𝑈𝑦𝐿(𝑥)since the inequality holds, 𝑈𝑦𝐿(𝑥)we can ignore the parentheses in expression 2. According to expressions 

1 and 2, the following equations are valid: 

−
𝑑𝑈𝑦𝐿(𝑥)

𝑑𝑥
= 𝑍𝑘𝑦𝐿𝐼𝑘 + 𝑍𝑦𝐿𝐼𝑦𝐿(𝑥), 

−
𝑑𝐼𝑦𝐿(𝑥)

𝑑𝑥
= −𝑌𝑘𝑦𝐿𝑈𝑘 + 𝑌𝑦𝐿𝑈𝑦𝐿(𝑥). 

By differentiating these equations, we create the following second-order differential equations: 
𝑑2𝑈𝑦𝐿(𝑥)

𝑑𝑥2 = 𝛾2𝑈𝑦𝐿(𝑥) + 𝑌𝑘𝑦𝐿𝑍𝑦𝐿𝑈𝑘 = 0    ( 3) 

where 𝛾 = √𝑍𝑦𝐿𝑌𝑦𝐿 is the wave propagation coefficient in the adjacent line. 

We know that the solution of this second-order linear non-homogeneous equation is: 

𝑈𝑦𝐿(𝑥) = 𝐴1𝑒𝛾𝑥 + 𝐴2𝑒−𝛾𝑥 + 𝐴3,    (4) 

where are 𝐴1, 𝐴2, 𝐴3 the integration constants to be determined. 

Taking the double derivative of expression 4 and substituting expression 4 into expression 3, we get the following 

result for the adjacent line voltage: 
𝑈𝑦𝐿(𝑥) = 𝐴1𝑒𝛾𝑥 + 𝐴2𝑒−𝛾𝑥 + 𝑝2𝑈𝑘     (5) 
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here 𝑝2 =
𝑌𝑘𝑦𝑙

𝑌𝑦𝐿
. 

Adjacent line voltage for determined sequence like of the adjacent line current the solution too is determined and it is 

below in appearance will be : 

𝐼𝑦𝐿(𝑥) = −
1

𝑍𝑦𝐿𝑇
(𝐴1𝑒𝛾𝑥 − 𝐴2𝑒−𝛾𝑥) − 𝑝1𝐼𝑘    ( 6) 

here 𝑍𝑦𝐿𝑇 = √
𝑍𝑦𝐿

𝑌𝑦𝐿
– wave resistance of the adjacent line; 𝑝1 =

𝑍𝑘𝑦𝐿

𝑍𝑦𝐿
. and current 𝐼𝑦𝐿0 at 𝐴1 the beginning of the adjacent 

line 𝑈𝑦𝐿0 and 𝐴2 the constants of integration. For this, we use the following boundary conditions: 

𝑥 = 0, 𝑈𝑦𝐿(𝑥) = 𝑈𝑦𝐿0,  𝐼𝑦𝐿(𝑥) = 𝐼𝑦𝐿0. 

This borderline conditions 5 and 6 - expressions to put through integration constants for the following to the results 
have we will be : 

𝐴1 =
𝑈𝑦𝐿0 − 𝑝2𝑈𝑘

2
−

𝑍𝑦𝐿𝑇(𝐼𝑦𝐿0 + 𝑝1𝐼𝑘)

2
 

𝐴2 =
𝑈𝑦𝐿0 − 𝑝2𝑈𝑘

2
+

𝑍𝑦𝐿𝑇(𝐼𝑦𝐿0 + 𝑝1𝐼𝑘)

2
 

𝐴1 and putting 𝐴2 the constants of integration into expressions 5 and 6, we get the following resulting mathematical 

expressions for the adjacent line voltage and current: 

𝑈𝑦𝐿(𝑥) = (𝑈𝑦𝐿0 − 𝑝2𝑈𝑘)𝑐ℎ𝛾𝑥 − 𝑍𝑦𝐿𝑇(𝐼𝑦𝐿0 + 𝑝1𝐼𝑘)𝑠ℎ𝛾𝑥 + 𝑝2𝑈𝑘 ,  ( 7) 

 𝐼𝑦𝐿(𝑥) = −
𝑈𝑦𝐿0−𝑝2𝑈𝑘

𝑍𝑦𝐿𝑇
𝑠ℎ𝛾𝑥 + (𝐼𝑦𝐿0 + 𝑝1𝐼𝑘)𝑐ℎ𝛾𝑥 − 𝑝1𝐼𝑘 .   ( 8) 

and currents 𝐼𝑦𝐿0 at the head of the adjacent line in the developed mathematical expressions 𝑈𝑦𝐿0 can be determined 

based on its operating mode (the head of the line is isolated from the ground 𝐼𝑦̇𝐿0 = 0 or the head of the line is 

grounded 𝑈̇𝑦𝐿0 = 0) and with the help of these expressions it is possible to determine the values of the voltages and 

currents in the adjacent lines located within the electromagnetic influence of the contact line. 
The current and voltage generated by the electric and magnetic effects on the side line depend on whether the side 

line is insulated or grounded. Let's consider the currents and voltages that occur in the adjacent lines in three 
different modes: 

- the adjacent line is isolated from the ground, the current at the beginning and end of the wire is zero; 
- the head of the adjacent line conductor is insulated, the end is grounded using a very small resistance grounder, the 

current at the beginning of the wire is zero, and the voltage at the end of the wire is zero; 

- the head and end of the adjacent line conductor are grounded, the voltage at the end and the beginning of the wire 
is zero. 

The standard values of the currents and voltages generated in the adjacent lines due to the electric and magnetic 
effects of the traction system using expressions of the mathematical model developed according to the relevant 

conditions for the section under investigation and draw appropriate graphs using the resulting expressions. 

 
Fig. 2. Currents  and voltages  generated in the adjacent lines due to the electric (continuous line) and magnetic 

(dotted line) effects of the traction system 

 
On the basis of the mathematical model of the investigated section traction system, as a result of researching the 

standards of current and voltages in the adjacent line, it was determined that the most dangerous voltage that occurs 
in the adjacent line due to the electric effect of the affected line is generated in the first mode, and the most 

dangerous voltage that occurs due to the magnetic effect is generated in the second mode. It is appropriate to take 

into account the results of this research in order to ensure the safety of workers serving the adjacent lines under the 
influence of the traction system under tension. 
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