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METHOD OF DETERMINATION OF THE RAILWAY ROLLING
STOCK COORDINATES WITHIN THE TRACK CIRCUIT

Summary. This work aims to solve one of the essential problems in railway transport —
control over the position of moving units within the race. A method of constant monitoring of the
track circuit with a determination of the coordinate of the train shunt placement in the shunt mode of
working is proposed to solve this problem. Since the model includes the primary parameters of the
track circuit, which may change their values over time, it is suggested to determine them in another
(normal) working mode of the track circuit.

Therefore, according to the proposed model, the secondary and primary parameters of the
track circuit are first determined in the track circuit's normal work mode. Next, already in the shunt
mode of its work, the obtained parameters are used to determine the coordinates of the moving unit.

According to this method, firstly, the work mode of the track circuit is determined, which
consists in determining the state by its input impedance. This step is performed in two stages. In the
first stage, based on the state of the track relay, the fact that the track circuit doesn't work in normal
mode is verified. In the second stage, the shunt mode is separated from the control mode by the
value of the track circuit input impedance.

In the shunt mode of the track circuit operation, the coordinate and, if necessary, the speed
and acceleration of the moving unit located within the given track circuit are determined. In the
normal mode of the track circuit line operation, the values of its secondary parameters are specified
based on the measured values of current, voltage, and phase shift between them. This operation is
performed to increase the precision of the speed and acceleration determination by solving an
inverse problem. In the control mode of the track circuit operation, it is possible to determine the
coordinates of damage. This method does not require a significant volume of calculations. It makes
it possible to determine the secondary parameters of the track circuit and through them, the
resistance of its insulation.

Using this method makes it possible to determine the distance and, if necessary, the speed and
acceleration of a moving unit within the track circuit. The resulting parameters can be used for
positioning moving rolling stock on runs between stations. The application of this method can also
be useful in sections of the railway crossings approach to implement a fixed warning time. In

addition, thanks to the use of the outlined model, in the control mode of the track circuit operation,
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is possible to determine the damage coordinate. It will make it possible to reduce the time spent on
damage detection and elimination.

Key words: track circuits, input impedance, moving unit coordinate, movement parameters,
safety improvement.

1. INTRODUCTION

In the railway automation and telemechanic systems on the railways of Ukraine, electric track
circuits are used as a sensor of information about the movement of trains. They use rail lines as a sensitive
element [1, 2]. Track circuits work in three main modes of operation [1, 3, 4]: normal, shunt, and control.
The state of the track circuit, when the track circuit is in good condition and there is no rolling stock within
its boundaries, corresponds to its normal mode. When the moving unit enters within the limits of the rail
line, the track circuit switches to shunt mode. The injured state of the rail line corresponds to the operation
of the track circuit in the control mode.

Methods and means of determining the train coordinate by controlling the electrical parameters of a
track circuit are considered in works [5—14]. However, the dependence of the primary parameters of the
track circuits on the resistance of the ballast insulation does not contribute to ensuring the necessary
accuracy of these methods. Therefore, the task of the work is to improve a method of determining the
mode of the track circuit operation and to develop a method of its insulation resistance determination.

One of the problems solved in this work is control over the process of railway vehicles' movement along
the rail line. For this purpose, it is necessary to provide their coordinates in real-time determination. The track
relay, which is turned on at the end of the track circuit, reliably copes with the detection of the normal mode.
However, it is impossible to distinguish between shunt mode and control mode using a track relay. Therefore,
scientists have been working on methods and tools that provide additional information about the mode in which
the track circuit is currently operating [4, 6, 7, 8, 10, 15-20]. One of these approaches is the definition of operating
modes based on the rail circuit characteristic parameters, which include voltages and currents at the beginning
of the rail line, or their ratio, that is, the track circuit input impedance [5, 1518, 20].

2. MATHEMATICAL MODEL OF THE TRACK CIRCUIT
OPERATION MODES DETERMINING

It is necessary to set the parameters, which are used to obtain information about the state of the track
circuit to determine a moving unit coordinate and speed in real-time, since each measured value is some of its
characteristics. To determine a moving unit coordinate and speed, are made on each specific line measurement
and its mathematical model is implemented, taking into its parameters. In modeling, the rail line is presented as
a four-pole (long electric line) with evenly distributed parameters and a high level of various influences [3, &,
10, 16-20]. In particular, by the rolling stock entry into the track circuit section or the rail strand integrity
violation, there is a transition from the class of characteristic features of the normal mode to the class of features
of the shunt or control modes. However, the change in the track circuit structural scheme is also influenced by
other factors. For example, the ballast layer and sleepers’ contamination, or the presence of various
sleepers (wooden, reinforced concrete) within the rail line, and on electrified sections — the grounding
of contact-line supports cause longitudinal asymmetry and heterogeneity of track circuits insulation resistance.

Fig. 1 shows the structural diagram of such measurements. Here, voltages and currents at the
beginning of the rail line, or their ratio, i.e., input impedance, are used as informative attributes.

The measurement results constitute a set of attributes in each of the track circuit operating modes at
different moments of time, which can be presented in the following form:

X ={U1 01 010wl (1)
where Ul; ;, ¢l;; — amplitude and phase of the voltage at the input of the track circuit; /1;;,
v1; ; —amplitude and phase of the current at the input of the track circuit; i=1,2...n — the current number
of the measured value; j=1,2,3 — the operation mode of the track circuit ( j =1 — normal operation mode,
j =2 — shunt operation mode, j =3 — control operation mode).
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Fig. 1. Structural diagram of informative attributes
measurements: Zy — the complex resistance of the current

Zo 2 2
A B NI limiter at the input of the track circuit, Z, — the complex
E Ul{ Track circuit IUZN Z, resistance of the load of the track circuit, UlN ,
c D [1N — respectively, the voltage and current at the input of the
-+ I - N = bl . .
Iy i | track circuit, U2y, 12 — respectively, the voltage and

! ! current at the output of the track circuit, N — a generalized

four-pole of the entire rail line with the length [ .

The relationship between voltages and currents at the input and output of the track circuit is

expressed using the equation of states [3, 8, 18]:
{I.Hj :pzj A +.12j 5 . 2

The coefficients of the rail four-pole track circuit in the normal mode of operation have the form [8,
18, 19]:
Ay =ch(y-1) BN =Zy, -sh(y 1)
1 )
QNZZ_'Sh(V'l) Dy =Ay =ch(y 1) ©
=W

where / — track circuit length; y — the coefficient of propagation of the signal by the track circuit:

y:\/(r+ja)L)-(g+ja)C)=\/z/7r, 4)

Z,, —wave resistance:

r+]wL
Z, = =\zr 5
v ( g+ ]a)C ©)
where r, L, C, g — primary parameters of the rail line; w=27f - signal current frequency;, z —
resistivity of rails; 7; — insulation resistance of the track circuit, and on electrified sections — the equivalent

resistance of the insulation of the track circuit and the grounding of the contact-line supports:
0,57 -r,
r = 035 7+ 2 1 0 s
¢ 0,5+, ©)
where 7, — grounding resistance of the contact-line supports, reduced to 1 km of rail line [3].
Fig. 1 shows that:

o 0

The system of equations (2), taking into equations (3) and (7), forms a mathematical model of the
track circuit in normal operation mode.
From the system of equations (2), taking into equations (7), we obtain the voltage and current values
at the input of the track circuit:
: E
Ul =
J .. .2
C;-Z2+D; (8)

1+Z-
A;-Z2+B;
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. E
I, = .
: Aj-22+B ©)

Zy+
Ci-Z2+D;
The values of voltage (8) and current (9) at the input of the track circuit, depending on its primary

(secondary) parameters, make it possible to obtain a set of its attributes in normal N = f ({UIN, ilN}),

shunt S :f({Uls, ils}) and control K :f({UlK, TIK}) modes of operation.
The results of their division are sets of input impedance (resistance) of the track circuit in each of the
operating modes Z1; =—————.

Since the track circuit, which is in the shunt mode of operation, is discretely affected by the shunt
with resistance Rg, the generalized four-pole of the track circuit in the shunt mode S of operation is

1 0
{és Bs} :{ém B }( ) ){ém _BNZ} (10)
Cs Ds| [Cni Dni) |5 1| ICv2 Dnol

determined by:

where [ANl, Bni> Cnis I_)Nl] — coefficients of the four-pole N; of the track circuit with a length of X km
from the beginning of the track circuit line to the location of the train shunt Rg; [Anz, Bnz, Cnz» Do | —
coefficients of the four-pole N, of the track circuit with a length of (/—X) km from the location of the

train shunt Rgq to the end of the track circuit. The coefficients of four-poles N; and N, are determined as

in the normal mode from (3) by substituting into the formula instead of the length / of track circuit the
distances from the beginning of the track circuit to the location of the train shunt X and from the location

of the train shunt to the end of track circuit (/—X), respectively.

In the control mode of operation, the fracture of the rail thread is simulated by turning on resistance
Zx at the point of rupture. The value of this resistance is determined from the expression:

Zy = E-ZyJ1+2p (cth(y, 1) +cth(y, 1)), (11)
where /; and I, — sections of the track circuit to the left and right of the place of the cliff, and are (.X) and

(I-X), respectively; p — the coefficient of surface conductivity, which characterizes the ratio between the
components of insulation resistance; £ — the characteristics of the components of the total resistance of the
E-y
1+2p

coefficient of propagation of the wave through the ground layer of the track circuit; y — signal propagation

rails (constant of the earth tract), which depends on the frequency of the signal current; y; =

coefficient by track circuit; Z,, — wave resistance of the track circuit.

Since the track circuit, which is in the control mode of operation, is discretely affected by a section
in the form of a rail thread fracture with a finite resistance value Zg , the generalized four-pole of the track
circuit in the control mode of operation X is determined by:

A B A B 1 Z A B
|:_K _K}:|:_N1 _Nl}{ _K}{_NZ _Nz} (12)
Ck Dk | |Cni Dnif [0 1 Cn2 D2
where [ANl, Bni> Cnis I_)Nl] — coefficients of the four-pole N; of the track circuit with a length of X km

from the beginning of the track circuit line to the place of the rail thread fracture Zg ;

[éNz, B2y Chos I_)Nz] — coefficients of the four-pole N, of the track circuit with a length of (Z—X ) km
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from the place of the rail thread fracture Zy to the end of the track circuit. These coefficients are determined in

the same way as in the track circuit shunt operation mode.

A mathematical model was implemented in the computer algebra system Mathcad 15 to determine
and study the areas of the existence of characteristic signs and the formation of attributes of rail line states
in normal, shunt, and control modes using the classical approach of track circuit modelling [3, 8, 10]. Also,
the model was implemented in the development environment for the visual programming language of
National Instruments LabVIEW 2012. The simulation was carried out in the normal, shunt, and control
modes of the track circuit operation, taking into account the resistance of the track circuit insulation and for
electrified areas — the equivalent resistance of the track circuit insulation and the grounding of the contact-
line supports. In the shunt and control modes of operation, the simulation was carried out, taking into
account the coordinates of the shunt placement (shunt mode) or the break of the track circuit (control
mode). At the same time, a shunt or an equivalent resistance of a track circuit break was put to its end
(from the relay side). The input impedance of the track circuit was also determined, in addition to determining
the input voltage and current at each step.

Since the voltage and current at the input of the track circuit, and its input impedance, are complex
values, it is appropriate to consider the behavior of each of their components, namely the module (absolute
value), argument (phase), real and imaginary parts. However, as stated in the work [18], the most
appropriate value for determining the coordinate of the train within the track circuit is the component of the
values' module. The dependencies of the remaining components of the voltage, current, and input impedance of
track circuit complex values have a much more complex nature of dependence on the coordinate, which
can contribute to ambiguities in the perception of measurement results. In addition, the usage of real and
imaginary parts of complex values is also associated with the complexity of function models and the
increase in calculation errors due to additional transformations of numbers.

3. DETERMINATION OF THE MOVING UNIT (ROLLING STOCK) COORDINATES

Since when the rolling stock enters the track circuit, the latter switches to the shunt mode of
operation, it is necessary to fix this fact. The algorithm for determining the mode of operation of the track
circuit consists in detecting, based on the state of the track relay, the fact that the track circuit is not
working in normal mode at this time. The next step is to separate the control mode from the shunt mode. It
can be implemented by comparing the value of the track circuit input impedance in the current state with
its value in another mode of operation. With the same value of the track circuit insulation resistance, its
input impedance is different in different operating modes. Even with a track circuit insulation resistance
value of 0.5 Ohm/km, the minimum difference between its input impedance values in the control and shunt
modes of operation for a 50 Hz coded track circuit with a length of 2.5 km is 0.34 Ohm. With higher
values of track circuit insulation resistances, the difference between input impedance values in control and
shunt modes of operation will increase. Therefore, it is possible to separate the shunt mode from the
control mode by the input impedance module of the track circuit.

It should be noted that it is rather difficult to separate the shunt and normal operating modes of the
track circuit using this approach since the values of the track circuit input impedance in these modes are
almost the same (especially at low values of the insulation resistance). Therefore, it is necessary to separate
these modes according to the state of the track relay.

When discovering the fact that the track circuit is currently operating in shunt mode (according to
the results of determining the operation mode of the track circuit) to determine the coordinates of the shunt
placement (the first wheel pair of the locomotive), it is necessary to perform simulation of the track circuit
in the shunt mode of operation. The purpose of this simulation is to detect the dependence between the
voltages and currents at the input of the track circuit (supply side) and its input impedance value on the
coordinate of the shunt placement at different values of the track circuit insulation resistance.

Modeling the code track circuit with a frequency of 50 Hz in the shunt mode of operation was
carried out using the classical approach according to the model shown in Fig. 2.



Method of determination of the railway rolling stock coordinates within the track circuit 43

When determining the coordinates of a moving unit, we used to divide the voltage by current at the
input of the track circuit, which is its input resistance (impedance) to reduce the number of informative
parameters and simplify calculation procedures [8, 18, 21]:

Ulg
Zl=—=.

i (13)

Ag Bg

| - I

DA
Ulg
Ilg
zZ
0
1

The relationship between the voltage and current at the beginning of the track circuit (supply side)
and the voltage and current at its end (relay side) is expressed by (2).

From the expression (13), taking into account the equation of states (2) and the values of the coefficients,
we obtain:

Fig. 2. The model for determining
the coordinate
of the shunt placement based on the
track circuit input impedance.

B\ﬁﬁ_,

Ulg  AsZ2+Bg Zg -sh(y-X)+Zy-ch(y-X)-Z,,
Il CgZ2+Dg  Z2-sh(y-X)+ch(y X)-Z,

In the shunt mode of operation, the shunt resistance serves as the track circuit load resistance
(Z2=Ry). Therefore:

71 = (14)

. Z% sh(y-X)+Rg-ch(y-X) Z,
Rg-sh(y-X)+ch(y-X)-Z,
Using this expression, calculations were made for track circuits with a signal current of 25, 50, 420,
480, 580, 720, and 780 Hz. For example, Fig. 3 shows the calculated values of the input impedance of the code
track circuit with a signal current of 50 Hz when the insulation resistance changes from 1 to 50 Ohm/Km.
Grounding of contact-line supports and changes in the shunt placement coordinate in the direction from the
relay side to the supply side of the track circuit with a step of 10 m were also taken into account.
From expression (15), we determine the coordinate of the moving unit (rolling stock):

J(z1-2,)(21-2,)-(21+ 2,,)(Z1+ Z,,)
72 —71-Zg—71-Zy +Zg-Zy (16)

(15)

In

X=z

/4
Or, after simplification:

|

N Z1-Zg-Z2+21-2, - Zg - Z,,
(17)

Z1-Zg—Z7% -21-2,+Zg - Z,,
2.y

X=z
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Fig. 3. Dependence of the track circuit input
impedance in the shunt mode of operation on the
change in insulation resistance (y-axis) and the
coordinates of the shunt placement
(points 1-250 — x-axis)

Input impedance, Ohm

Since the coordinate is a positive number, then:
| 2125 —Z2 4712y —Zg-Z,,
2
Z\-Zg - 72 —71-Zyy + Zg - Zy,

X= 7 . (18)

Using formula (18), it is possible to determine the coordinate of the shunt placement (of the first
wheel pair) in the shunt mode of the track circuit operation.

The dependence of the input impedance of the AC code track circuit with a frequency of 50 Hz and
a length of 2.5 km on the coordinate of the shunt placement at insulation resistance values of 1, 2, 5, 10 and
50 Ohm/km is shown in Figure 4.

From Fig. 4, it can be argued that with an insulation resistance of 1 Ohm/km at placement
coordinates over 1.5 km, the input impedance changes within insignificant limits. Therefore, for such long
track circuits (for coordinates > 1.5 km), determining the reliable value of the shunt placement coordinate
is difficult. However, for the overlaying track circuits used when approaching level crossings (< 1 km), the
error may be up to 3 %. The error will also be negligible for the tuned track circuits.

Insulation resistance 1 Ohm/km
Insulation resistance 2 Ohm/km
Insulation resistance 5 Ohm/km
Insulation resistance 10 Ohm/km
Insulation resistance 50 Ohm/km

Input impedance, Ohm

0 0,5 1 1,5 2 2,5
Shunt aplication point, km

Fig. 4. Dependence of the track circuit input impedance on the shunt placement coordinate,
at track circuit insulation resistances of 1, 2, 5, 10, and 50 Ohm/km.
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4. DETERMINATION OF TRACK CIRCUIT SECONDARY
AND PRIMARY PARAMETERS

Formula (18) includes the values of the wave resistance and the propagation coefficient of the track
circuit, which, in turn, depend on the resistance of the rail line insulation (on electrified sections — the
equivalent resistance of the rail line insulation). Since the indicated resistance differs according to the operating
conditions, it must be determined in advance. It can be done either in the shunt mode of operation for the
moment when the train enters the track circuit (the train coordinate value is known, which is equal to the track
circuit length) or during the period when the track circuit works in the normal mode of operation.

For any track circuits with the length 1 and the value of the rail's specific resistance z, the value of
the track circuit input impedance in both normal and shunt modes of operation will be uniquely determined
by its insulation resistance (on electrified sections — the equivalent resistance of the rail line insulation).

To determine the insulation resistance in the normal operating mode, we will use the ratios between the
voltage and current at the beginning and the end of the track circuit (2).

The input resistance of the track circuit relay side is determined by the expression [3, 8, 18]:
ArZp+By (19)
CyZpr +Dy
where Z2 — input resistance of the equipment and relay connected to the relay side of the track circuit; Zp —

Z2=

track relay resistance; A,, B,, C,, D, — coefficients of the four-pole connected between the track circuit

and the track relay.
The voltage and current at the beginning of the track circuit (U1, 71) are determined by measurement,
then we calculate the input impedance of the track circuit z1 = (j—ll .
In turn, the input resistance through the values of the coefficients of the track circuit four-pole is
AN

-Z2+B .. . .
N 227 N Whence, taking into account the properties of the four-pole coefficients

determined as Zly =
Cy-Z2+Dy

AN =Dy and Ay -Dy —By -Cy =1, we define them by solving the system of equations.
Next, we determine the track circuit spreading factor:

arcch (A
= (), (20)
and its wave resistance
B
Ly =—"—.
" sh(arcch(A)) @l
In addition, given that the resistivity of the rails is defined as

z2=Zy Y, (22)

the value of the spreading factor and wave resistance of the track circuit can be corrected since the
resistivity is known for all rail types and does not depend on weather and other factors.

It is possible to determine the insulation resistance having determined the secondary parameters of
the track circuit:

= 23)

Since the insulation resistance does not change radically over a short period, we can use the thus
obtained track circuit secondary parameters to determine the coordinate through the track circuit input
impedance in the shunt mode of operation.

In addition to the above, it is possible to organize internal logic using a powerful mathematical
apparatus using computer technology. It will make it possible, by using classification algorithms, to
increase the accuracy of recognition. In turn, this will ensure the insensitivity of such systems to external
influences and, in general, increase both the reliability of such systems and the safety of train traffic [18].



46 O. Voznyak, S. Buriak

References

1. Theeg G. & Vlasenko S. (2020) Railway Signalling & Interlocking. 3ed Edition. Germany, Leverkusen:
PMC Media House GmbH. (in English)

2. National Academies of Sciences, Engineering, and Medicine. (2018). A Transit Agency Guide to Evaluating
Secondary Train Detection/Protection Systems in Communications-Based Train Control Systems. doi: 10.17226/25063 (in
English)

3. Aliev, R. (2021). A Rail line model with distributed parameters of track circuit. IOP Conference Series:
Materials Science and Engineering, 1152(1) (pp. 012018). doi: 10.1088/1757-899X/1152/1/012018 (in English)

4. Lorang, X., Kerbal, S., Lemarchand, L., Le Cam, V., & Mogoro, J. J. (2018). New detection criteria and
shunting monitoring in railway track circuit receivers. In IWSHM-RS 2018, 2nd International Workshop on Structural
Health Monitoring for Railway Systems (pp. 1-10). (in English)

5. Hellman, A. D., & Poirier, P. J. (2019). Analysis of non-track-circuit highway-rail grade crossing train
detection technologies (No. DOT/FRA/ORD-19/47). United States. Federal Railroad Administration. Office of Research,
Development & Technology. (in English)

6. Withers, J. (2021). Track Circuit Shunting Performance Study [Research Results] (No. RR 21-13). United
States. Department of Transportation. Federal Railroad Administration. Office of Research, Development &
Technology. (in English)

7. Zhang, B. G., Ma, W. J., & Chang, G. W. (2019). Diagnosis approach on compensation capacitor fault of
jointless track circuit based on simulated annealing algorithm. In Advances in Computer Communication and
Computational Sciences: Proceedings of IC4S 2017, 1 (pp. 417-426). doi: 10.1007/978-981-13-0341-8 38 (in English)

8. Serdiuk, T., Feliziani, M., & Serdiuk, K. (2018). About electromagnetic compatibility of track circuits with
the traction supply system of railway. In 2018 International Symposium on Electromagnetic Compatibility (EMC
EUROPE) (pp. 242-247). doi: 10.1109/EMCEurope.2018.8485034 (in English)

9. Sadikov, A. N. (2021). Analysis of promising systems for monitoring the state of rail lines for the railways
of the Republic of Uzbekistan. Furopean Scholar Journal (ESJ), 2(8). 81-83 (in English)

10. Honcharov, K. V. (2013). Povyshenie ustojchivosti tonalnyh relsovyh cepej v usloviyah fluktuacij
soprotivleniya ballasta [Improving the stability of tonal track circuits under fluctuations of ballast resistance]. Nauka
ta prohres transportu. Visnyk Dnipropetrovskoho natsionalnoho universytetu zaliznychnoho transportu [Science and
progress of transport. Bulletin of the Dnipropetrovsk National University of Railway Transport], 6(48), 23-31. doi:
10.15802/stp2013/19674 (in Russian)

11. Zagirnyak, M., Prus, V., Rodkin, D., Zachepa, Y., & Chenchevoi, V. (2019). A refined method for the
calculation of steel losses at alternating current. Archives of electrical engineering, 68(2), 295-308. doi:
10.24425/aee.2019.128269 (in English)

12. Boteler, D. H. (2021). Modeling geomagnetic interference on railway signaling track circuits. Space
Weather, 19, €2020SW002609. doi: 10.1029/2020SW002609 (in English)

13. Lucca, G. (2019). Influence of railway line characteristics in inductive interference on railway track
circuits. /ET Science, Measurement & Technology, 13(1), 9-16. doi: 10.1049/iet-smt.2018.5021 (in English)

14. Mielnik, R., Sulowicz, M., Ludwinek, K., & Jaskiewicz, M. (2018). The reliability of critical systems in
railway transport based on the track rail circuit. Analysis and Simulation of Electrical and Computer Systems, 377—
393. doi: 10.1007/978-3-319-63949-9 25 (in English)

15. Mariscotti, A. (2020). Impact of rail impedance intrinsic variability on railway system operation, EMC and
safety. International Journal of Electrical and Computer Engineering, 11(1), 17-26. doi: 10.11591/ijece.v11il.ppl17-
26 (in English)

16. Havryliuk, V., & Nibaruta, R. (2022, September). Mathematical model of the induced AC interference in
DC rails of a double-track system. In 2022 Asia-Pacific International Symposium on Electromagnetic Compatibility
(APEMC) (pp. 133—135). doi: 10.1109/APEMC53576.2022.9888737 (in English)

17. Aliev, R. M. (2021). Mathematical model of a tonal rail chain without insulating joints with current receiver in
shunt mode. Transport and Telecommunication Journal, 22(3), 312-320. doi: 10.2478/1tj-2021-0024 (in English)

18. Havryliuk, V. 1., Voznyak, O. M., & Meleshko, V. V. (2016). Improving the positioning accuracy of train
on the approach section to the railway crossing. Nauka ta prohres transportu. Visnyk Dnipropetrovskoho
natsionalnoho universytetu zaliznychnoho transportu [Science and progress of transport. Bulletin of the
Dnipropetrovsk National University of Railway Transport], 1(61), 9—18. doi: 10.15802/stp2016/60936 (in English)

19. Aliev, R. M., & Aliev, M. M. (2021). Mathematical model of the sensor for controling the condition of the
track section with an adaptive receiver at the free condition of the controlled section. In Journal of Physics:
Conference Series, 1973(1), 012021. doi: 10.1088/1742-6596/1973/1/012021 (in English)



Method of determination of the railway rolling stock coordinates within the track circuit 47

20. Voznyak, O. (2020). Sposib vyznachennia vtorynnych parametriv reikovoi linii [The method of
determining the rail line secondary parameters] (Patent of Ukraine No 144462). Retrieved from:
https://base.uipv.org/searchINV/search.php?action=viewdetails&IdClaim=271638 (in Ukrainian)

21. Voznyak, O. M., & Havryliuk, V. 1. (ed.) (2019). Zabezpechennia bezpeky ruchu na zaliznychnych
pereizdach: Monohrafiia. [Ensuring traffic safety at railway crossings: Monograph]. Vydavnyctvo DNUZT
[publishing house DNURT] (in Ukrainian).

Received 14.03.2023; Accepted in revised form 28.04.2023.

METO/I BUBHAUEHHSI KOOPJIUHATH
3AJIIBHUYHOI PYXOMOI OJIMHUIII B MEKAX PEUKOBOI'O KOJIA

Anomauin. Memoio yiei pobomu € eupiuienHsi OOHIEL 3 8ANCIUBUX NPOOAEM HA 3ANIZHUYHOMY
MPAancnopmi — KOHMPOJIb 3a NONOHCEHHAM PYXOMUX OOUHUYb 8 Mexcax nepecowis. /[na eupiuienHs
yiei npobaemu 3anponoHO8arHo Memood NOCMIIHO20 MOHIMOPUHRY Peliko8020 KOAA 13 GU3HAYEHHAM
KOOpOUHamu HAKIAOAHHS NOIZHO20 UWLYHMA 8 UWIYHMOBOMY peacumi pobomu. OcKintvku y CKiadi
MoOeni € nepeuUHHi napamempu peuKosoi ainii, Ki 3 4acomM MOACYMb 3MIHIOBAMU CB0I 3HAYEHHS, O
3aNPONOHOBAHO iX BUZHAYAMU 8 THULOMY (HOPMATLHOMY) pedicumi pobomu petikosoeo Kod.

Omorce, iONOBIOHO 00 3aNPONOHOBAHOT MOOeNi, CROYAMKY 30IUCHIOEMbCS GUIHAYEHHS
6MOPUHHUX MA NEPBUHHUX NAPAMEMPIE PEUK0B020 KOAA Y HOPMATbHOMY PediCuMi pobomu petiKo-
6020 Ko1a. Jlami, 6dice y WLYHMOBOMY pedicumi 1020 pobomu, OMpuMani napamempu GUKOpUc-
MOBYIOMbCA Ni0 YAC BUSHAYEHHS KOOPOUHAMU PYXOMOI 00UHUYI.

3a yum memooom, Hacamnepeo, SUHAYAEMbCS PENCUM POOOMU PelKo8020 KOAd, SKUll
nosieae y GUSHAYEHHI CIMAHRY 3 1020 6XIOHUM IMNEeOAHCOM. BUKOHanHs yb02o KPOKY 30iliCHIOEMbCSL
y 06a emanu: Ha NEPUIOMY emani, 3a CMAHOM KOTIUHO20 pelle, KOHCMAMYEMbCs pakm, wo petikoge
KOO He Npayloe y HOPMATbHOMY pedcumi pobomu, a Ha Opy2oMy — 3a 3HAYEHHAM 6XIOH020
iMnedancy peikosoi ninii 6i00KPEMIIOEMbCS UWLYHIMOBULL PEXNCUM 8i0 KOHMPOTILHOZO.

Y wynmoeomy pesicumi pobomu petixo6oi ninii 6usHauaemovcs KOOpoOuHama, a 3a nompeou —
WBUOKICMb MA NPUCKOPEHHS PYXOMOI 00UHUYI, SIKA 3HAXOOUMBCS Y MENCAX YbO20 PElK08020 KOAd.
Jlnsa niosuwenns moyHOCmI 8USHAYEHHS 3A3HAUEHUX NAPAMEMPIB, ) HOPMATLHOMY PEHCUMI pobomu
Pelikogo20 KONA, 3a GUMIPSAHUMU 3HAYEHHIMU CMPYMY, Hanpyau i (azo8o20 3c¢y8y MidC HUMU,
VMOYHAIOMbCS 3HAYCHHS 8MOPUHHUX NAPAMEMPIE PEuK080i NIHIl WLIAXOM PO38 S3aHHS 00EpHEHOT
3a0aui. 3aznauenuil Memoo He NOMpeOye NPOBEOeHHs 3HAYHO20 00 €My 00UUCTIEHb MA 0AE 3MO2Y
BUBHAYUMU BMOPUHHI NAPAMEempPU PetikoBoi NiHii, a uepe3 HUX — i onip ii i301ayii.

Buxopucmanms oxpecienozo memody oae 3mo2y eusHawamu Gi0CmaHnv, a 3a nompeou —
WBUOKICMb MaA NPUCKOPEHHSL PYXOMOI OOUHUYI, AKA 3HAXOOUMbCS 6 Medcax peliko8o2o KOoad.
Ompumani napamempu MOMCHA BUKOPUCINAMU 051 KOHMPOIIO 3G PYXOMUMU PEUKOBUMU OOUHUYAMU
HA NepecoHax Midc CmaHyisimMu. 3acmocy8anis Yb02o0 Memooy MaKodc Modice Oymu KOPUCHUM Ha
OLISIHKAX HAONMUIICEHHs. 00 3ANI3HUYHUX Nnepeiz0ie 3 memoio peanizayii (hikcosano2o uacy cnoei-
wenns. Kpim ybo2o, 3a608Ku GUKOPUCIMAHHIO OKPECTAEHOT MOO€, MONCIUBO MAKONC, Y KOHMPOLb-
HOMY pedicumi pobomu GU3HA4amu i KOOPOUHAMY HOUKOONICEHHsl PeuK0o8oi TiHii, wo dacmsv 3mMo2y
SMEHWUMUY 8UMPAMU 4ACY HA BUABLEHHS MA YCYHEHHS NOUIKOONCEHHS.

Knrouoei cnosa: peiikoge Kono, 6XiOHUUl IMNeOAHC, KOOPOUHAMA PYXOMOI OOUHUYI,
napamempu pyxy, nioguijeHHs cmaty oe3nexu



