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Abstract: In the article, a study was conducted on improving the efficiency of braking systems in
railway transport. Based on the information obtained regarding the maintenance of passenger cars, an
analysis of brake equipment component failures was performed. Key trends and factors determining
brake equipment component failures were identified from the collected statistical data for the reporting
period. The main brake equipment components with the highest number of failures were highlighted. It
was established that a significant portion of transport incidents due to brake failures in passenger cars
occurs during operation, negatively impacting traffic safety. The collected data on the failures of electro-
pneumatic distributors in passenger cars were systematized using the specialized software package
"STATISTIKA". The research established that seasonal factors influence the total number of failures. A
diagnostic system for the braking equipment of passenger trains was proposed to ensure traffic safety.
The diagnostic system allows for the construction and analysis of mathematical models that describe the
operational state of the braking equipment of passenger rolling stock as a whole. The diagnostic system
enhances the reliability of brake operation, monitors air pressure in the brake line, ensures the inter-
repair periods of passenger car components, and reduces the time required to detect failures both en
route and during train stops. Recommendations for diagnosing the braking system of passenger trains
were developed for continuous inspection and timely identification of failures. Their application will
enable the prediction of the lifespan of pneumatic and electro-pneumatic system components in
passenger cars, ensure the inter-repair operational periods of cars based on their current technical
condition, and enhance traffic safety in railway transport.
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1. Introduction

To ensure the effective operation of JSC "Ukrzaliznytsia", it is necessary to implement progressive
solutions aimed at high-quality passenger transportation by rail and ensuring traffic safety [1-47].
Therefore, special attention should be paid to the braking system of passenger rolling stock, as it is one
of the most critical components for its operation.

The maintenance and repair system for wagons is designed to avoid forced train stops en route. All
malfunctions must be detected and eliminated at maintenance points. Every day, a significant number of
trains pass through warranty sections, and various malfunctions can occur during this process. Failures
and malfunctions of wagon components that lead to train delays beyond the established norm or stop it
en route affect the transportation process. One such component of a passenger wagon is the braking
equipment [5, 6.
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The braking equipment of passenger wagons plays a critical role in ensuring traffic safety and
passenger comfort during rail transportation. It is responsible for the effective stopping of the train
under various operating conditions, including both normal and emergency situations. Effective
operation and timely maintenance of the braking system are key to the reliability of passenger wagons,
as well as the preservation of the lives and health of passengers and railway personnel.

Ensuring the reliable operation of the braking system during the operation of passenger trains is
one of the main tasks of the wagon maintenance and repair system. To prevent braking system
malfunctions, it is necessary to create an onboard system for passenger wagons that allows diagnosing
the air distributor, electro-pneumatic distributor, and other brake elements en route.

Timely detection of faulty elements of the wagon’s braking system allows for measures to improve
the uninterrupted operation of the entire braking system, significantly reducing the time to eliminate
malfunctions en route and improving traffic safety [77].

Existing systems for diagnosing wagon braking equipment are characterized by significant labor
intensity and do not always ensure the reliability of their components at a high level. Therefore,
improving the technology for diagnosing braking equipment under operating conditions and ensuring
the safety of passenger train traffic is a relevant task.

2. Literature Review

The efficiency of rolling stock and railway transport equipment is an important element in
ensuring the capacity and safety of railway traffic [8, 97. This is the main task of all units of JSC
"Ukrzaliznytsia".

In [10], the operation of rolling stock brakes using anti-skid devices with an electro-pneumatic
valve and a system for monitoring their technical condition during passenger wagon transportation on
domestic routes is considered. However, the work does not address issues related to diagnosing wagon
components during their inspection at sectional stations where maintenance points are located.

The operation of the pneumatic braking system used in long freight rolling stock is considered in
[11, 127. A model for determining the longitudinal force in inter-wagon connections of rolling stock is
proposed, and the longitudinal dynamics of the train are modeled for different cases of long, medium,
and short brake application delay times. It is established that the number of wagons perceiving the
tensile force decreases due to the increased brake application delay time depending on the train’s speed.
However, the studies did not focus on the reliable operation of the passenger train braking system,
which requires the implementation of modern diagnostic systems for rolling stock.

In the work [1387, the issues of safe and efficient operation of a significant number of wagons on
the North American railway network according to the regulatory documents of the US Department of
Transportation are highlighted. It was found that the current process of checking the technical
condition of railway wagon components is time-consuming and heavily dependent on the qualifications
of the workers. Therefore, to improve service quality and thoroughly detect wagon faults, the authors
proposed a video system. This system allows for real-time image recording of wagons and the
identification of structural faults, damages, and defects in wagon components to assess their technical
condition. It should be noted that the work did not pay significant attention to the implementation of
onboard diagnostic systems, which significantly reduced the time for technical inspection of wagons
and ensured the reliable operation of the braking system of passenger rolling stock during train
movement.

The state of modern modeling of pneumatic brakes with an emphasis on freight trains is
highlighted in the work [14]. The classification of empirical, hydrodynamic, and hydroempirical
dynamic models is considered. The use of classified models for dynamic processes occurring in
pneumatic brake pipelines and train components is described. The presented models differ from other
models used in hydrodynamics by the high accuracy of the obtained calculation results. Although the
proposed models evaluate the qualitative and quantitative parameters of the braking system, their use
on passenger rolling stock was not considered.
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The article [157 presents the evolution of modeling the longitudinal dynamics of a train, which
covers: systems connecting vehicles; pneumatic braking systems; acting forces that arise during train
movement; braking phases of a rolling stock unit in a train and methods for their determination. The
modeling of processes in the tribotechnical pair “brake pad - wheel” under different operating modes of
the air distributor is considered. Modeling of train movement modes during transient processes is also
analyzed. The stages of development of braking system models of rolling stock from analytical to
computer models used in modern diagnostic and monitoring systems are analyzed. However, the
authors paid significant attention to the processes occurring during the longitudinal dynamics of
freight rolling stock.

The study of the technical condition of passenger wagon components can also be carried out
during the implementation of STEM projects [16-187. Involving students in solving real tasks
significantly increases the effectiveness of the educational process, which corresponds to innovative
strategies and teaching methods [19-237].

Modern diagnostic methods for technical means also involve the use of video surveillance systems
and digital image processing of the studied objects, which allows for a significant degree of automation
of the diagnostic process [24-307] and increases its accuracy [31-34].

A promising way to develop diagnostic methods for technical means is the implementation of cyber-
physical systems (CPS) [857]. In such systems, physical equipment is combined with computer
measurement and control devices using Internet of Things (IoT) technologies [367].

The study of literary sources [8-367 made it possible to establish that issues related to the tasks
concerning the inoperative work of braking systems and their elements on passenger rolling stock of
domestic and modern working fleets are quite relevant and require further development and study.

3. The Aim of the Article
This study aims to determine the operability of the braking equipment components of passenger
trains by applying a diagnostic system.
To investigate the faults of the braking equipment components of passenger wagons, the following
tasks need to be solved:
e Perform an analysis of the collected statistical material regarding the faults of the braking
equipment components of passenger wagons;
e Systematize the material regarding the faults of brake equipment components in the specialized
software package "STATISTIKA";
e Propose recommendations to improve the operability of brake equipment components of
passenger wagons through the application of a diagnostic system.

4. Presentation of the Main Material

Based on the study of the current state of passenger wagon braking systems, an analysis of brake
equipment faults under various operating modes was performed: charging and releasing; service
braking; cut-off; full-service braking; emergency braking [37, 387. During the technical inspection, the
main focus was on the following key components of the passenger wagon brake equipment: electro-
pneumatic distributors No. 305, air distributors No. 292, the electrical main line, brake fittings, brake
main line, brake cylinders, spare reservoirs, etc. The technical inspection of these components was
carried out in accordance with the current regulatory and technical documentation [39—417.

Based on the processing of the collected statistical material during the maintenance of passenger
wagon brake equipment, a histogram was constructed (Figure 1). It shows the distribution of faults in
the main components and elements of the pneumatic and electrical parts of the passenger wagon brake
equipment for the period from 2019 to 2023.

For the considered period, there is a trend of decreasing the number of faults in the components and
elements of the passenger rolling stock brake equipment in 2023 compared to 2019, due to the exclusion
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of a significant number of passenger wagons from the inventory fleet due to their technical condition
and service life.

From the histogram (Figure 1), it is evident that in recent years, the components and elements of
the pneumatic and electrical parts of the braking equipment of passenger wagons are the most
vulnerable under operational conditions and are largely in an inoperative technical state. This indicates
that the railway transport sector faces pressing issues related to improving the operability of the
braking equipment components of passenger wagons to ensure train safety [87].
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Figure 1.
Histogram of fault distribution in passenger wagon brake equipment. Number of Components, units.

1 - Electro-pneumatic distributor No. 305, 2 - Air distributor No. 292, 3 - Electrical main line, 4 -
Brake fittings,
5 - Brake main line, 6 - Brake cylinder, 7 - Spare reservoir

For a qualitative assessment of the statistical material, the inspection of the braking equipment of
passenger wagons was carried out throughout 2023 in the operational and repair units of the passenger
complex of JSC "Ukrzaliznytsia". Based on the inspection results, the collected statistical material was
processed, and a fault distribution diagram of the braking equipment components for 2023 was
constructed (Figure 2).
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# Electro-pneumatic distributor No. 305. ® Pneumatic distributor No. 292. % Electrical main line.

NBrake fittings. o Brake main line. ~ ™ Brake cylinder. * Spare reservoir.

Figure 2.
Diagram of the distribution of faults in brake equipment components.

Based on the analysis of the diagram, the main types of faults in percentages are highlighted as

follows:

Faults in electro-pneumatic distributors No. 805, which occur due to inoperative brake and release
solenoid valve, faulty pneumatic relay, clogged throttle holes; damaged (punctured) diode;
damaged electrical contacts, etc., accounting for 30%;

Faults in pneumatic distributors No. 292, which occur due to clogged throttle holes and filters;
wear of the main and cut-oft spool; wear of the sleeve and main piston, etc., accounting for 27%;
Faults in the electrical main line, particularly due to damaged contacts of the electrical part of the
connecting hoses, breakdown of the electrical wire to the body, damage or reduction of" wire
insulation resistance, lack of contact in terminal boxes, damage or breakage of wires, etc.,
accounting for 10%;

Faults in brake fittings appear due to inoperative end valve, stop valve, and disconnecting valve,
etc., accounting for 10%;

Faults in the brake main line occur due to damaged pipes, loss of tightness at coupling joints, etc.,
accounting for 9%;

Faults in brake cylinders appear due to worn seals, sagging or broken return springs, wear or
bending of the rod, damage to the seal between the body and the cover, etc., accounting for 9%;
Faults in spare reservoirs occur due to local wear, corrosion and mechanical damage, overdue
testing, etc., accounting for 5%.

Based on the results of the technical inspection conducted under operating conditions at the

formation and turnover point, as well as along the route, the distribution of faults in EPR No. 305 is
shown (Figure 3).
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14%

® The filling time of the brake cylinder during full service braking exceeds the norm.
® The release time after full service braking exceeds the norm.
B Slow pressure increase in the brake cylinder in the "Cut-off" mode.
M Air leakage from the electrical part of the electro-pneumatic distributor into the atmosphere.
Air leakage from the pneumatic part of the electro-pneumatic distributor into the atmosphere in all operating modes.
Air leakage from the electrical part and pneumatic relay in the "Cut-oft" mode with a decrease in pressure in the brake cylinder.
= Pressure increase in the brake cylinder to the maximum value in the "Cut-off" mode during stepwise braking.
The electro-pneumatic distributor does not activate the brake or release the brake.

* Air leakage from the air distributor during service braking.

Figure 3.
Diagram of brake equipment failures due to electro-pneumatic distributor malfunctions.

Based on the analysis of the diagram, the main types of electro-pneumatic distributor malfunctions

are highlighted as follows (in percentages):

The filling time of the brake cylinder during full-service braking exceeds the norm due to clogged
calibrated holes, misadjusted brake solenoid valve, sticking brake valve of the pneumatic relay,
etc., which accounts for 21%.

The release time after full-service braking exceeds the norm due to a misadjusted release solenoid
valve, clogged calibrated holes, loss of flexibility of the pneumatic relay diaphragm, etc., which
accounts for 19%.

Slow pressure increase in the brake cylinder in the “Cut-off” mode occurs due to damage to the
brake solenoid valve, which accounts for 15%.

Air leakage from the electrical part of the electro-pneumatic distributor into the atmosphere
occurs due to damaged gaskets, faulty release solenoid valve, etc., which accounts for 13%.

Air leakage from the pneumatic part of the electro-pneumatic distributor into the atmosphere in
all operating modes can occur due to a faulty brake valve of the pneumatic relay, damage or wear
of the pneumatic relay seal, etc., which accounts for 11%.
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Air leakage from the electrical part and pneumatic relay in the “Cut-oft” mode with a decrease in
pressure in the brake cylinder occurs due to a faulty brake valve of the pneumatic relay, damage to
the release valve of the pneumatic relay, faulty release solenoid valve, damage or wear of the
pneumatic relay seal, etc., which accounts for 8%.

Pressure increase in the brake cylinder to the maximum value in the “Cut-off” mode during
stepwise braking occurs due to a faulty brake solenoid valve, a punctured diode, etc., which
accounts for 7%.

The electro-pneumatic distributor does not activate the brake or release the brake due to a
damaged power circuit of the solenoid valve coils, faulty solenoid valves, etc., which accounts for
1%.

Alir leakage from the air distributor during service braking occurs due to damage to the switching
valve due to defects in the operation of individual elements of the switching valve - damage to the
seat or valve of the switching piston, which accounts for 4%.

Table 1 provides statistical research data on the detection of electro-pneumatic distributor
malfunctions No. 305, obtained for different mileage of passenger cars during their maintenance.

The optimal number of statistical data was determined by the formula [42, 437.

n=

o’

5 (1)

where 7 — the value of Student's criterion for a given sample; 6 — root mean square deviation of the

random variable under study; § — absolute error of the measurement result.
The average mileage of a passenger wagon after technical maintenance (TM-3) was 78.38 thousand
km, and after depot repair (DR) was 148.89 thousand km.

Table 1.
Averaged statistical data on the faults of electro-pneumatic distributor No. 305.
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1 31 77.53 47.79 29 27 104.71 208.53 57 34 63.49 145.61
2 29 72.42 156.75 30 26 71.32 123.5 58 36 89.84 223.16
3 27 45.26 104.75 31 27 97.95 138.38 59 39 88.16 243.1
4 26 98.87 165.54 32 28 39.1 56.46 60 41 32.76 201.84
5 25 94.13 119.87 33 29 102.36 179.17 61 42 97.13 74.87
6 23 116.4:1 93.76 34 31 120.18 243.75 62 39 71.15 53.59
7 22 99.56 178.94 35 32 52.48 170.18 63 37 95.14 207.89
8 24 81.09 84.99 36 33 120.46 177.48 64 36 33.17 49.27
9 25 99.3 176.14 37 36 117.87 146.51 65 34 79.28 195.02
10 27 98.26 64.71 38 34 33.55 201.03 66 31 112.83 171.94
11 28 117 194.43 39 33 70.93 196.06 67 33 109.41 174.1
12 30 41.02 77.57 40 32 69.64 59.12 68 34 106.22 170.99
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13 27 66.48 246.14% 41 30 67.12 144.96 69 35 104.39 230.16

14 26 98.85 54.69 42 29 69.64 77.5% 70 36 58.25 120.22
15 25 77.26 129.93 43 30 116.9 244.49 71 39 62.79 120.61
16 23 65.79 45.45 44 31 38.76 60.99 72 41 62.61 175.01
17 23 38.38 90.7 45 32 33.46 152.831 73 43 41.57 86.71
18 22 99.68 206.06 46 3% 100.23 127.28 T4 42 115.5 136.86
19 21 71.61 151.43 47 36 30.1 115.88 75 40 69.39 241.69
20 23 36.37 118.33 48 37 96.53 157.55 76 39 76.34 107.77
21 24 48.54 135.3 49 40 51.84 110.75 77 37 51.75 85.25
22 25 47.45 149.23 50 36 115.03 127.36 78 33 37.65 224.54
23 25 88.96 198.5 51 35 34.26 240.84 79 35 66.25 66.49

24 27 87.29 180.34 52 34 100.26 213.84 80 36 117.88 178.92

25 33 110.86 114.63 53 32 71.94 185.62 81 37 63.07 154.76

26 31 T4.41 231.54 54 31 52.17 186.62 82 39 88.18 185.07
27 30 83.04 142.15 55 32 87.95 235.74 83 41 121.84 187.1
28 29 83.76 44.25 56 33 94.45 142.28 84 43 111.88 49.18

Based on the obtained statistical data on the faults of electro-pneumatic distributors No. 305 in
passenger wagons, the collected material for 2023 was systematized and processed using the specialized
software package "STATISTIKA". The histogram (Figure 4) shows the experimental random variables
of electro-pneumatic distributor faults, which are described by the normal distribution law.

Distribution: Normal

7= 4.62249, p=0,70592
14 T T T T T '

12 ¢

10

The number of malfunctions

o

18 20 22 24 26 28 30 32 34 36 38 40 42 44 46

Number of observations

Figure 4.
Results of statistical data processing regarding faults in electro-pneumatic
distributor No. 805 components.

The sample variance estimates of the population, i.e., the unbiased estimate, and the standard
deviation, which is the estimate of the root mean square deviation based on the unbiased variance
estimate, are calculated. Descriptive statistics for calculating the mean and sample variance are
performed according to the following formulas:
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N
2z
T=""— 2
~ (2)
N 2
Z(xi_f)
SP== (3)
N -1

where N - the volume of the given sample; x; - the i-th element of the sample.

It has been determined that the Chi-square criterion X*=4.622, the variance S°=32.44, and the mean
arithmetic value of malfunctions is 31.94.

Based on the results of the technical inspection of brake equipment faults distribution for 2023, it
was established that the highest percentage of faults is attributed to electro-pneumatic distributors,
accounting for 30%. This fully confirms the interim conclusion that the number of faults in electro-
pneumatic distributors No. 305 depends on the season and increases mainly during periods of decreasing
ambient air temperature, thus significantly increasing their total number (Figure 5). As a result, the
operating conditions of the electro-pneumatic distributor components deteriorate — decreasing
insulation quality, unsatisfactory condition of electrical contacts, destruction of solenoid valve coils,
reduced quality of rubber seals and gaskets, damaged valve seats, and decreased lubricant quality, which
ultimately leads to brake equipment component failures during train operation. Additionally, due to the
loss of tightness in rubber seals, gaskets, and valve seats, the risk of air leaks increases, worsening both
the operation of the components and the technical characteristics of the passenger wagon brake system
as a whole.

The presented fault results and the conducted analytical studies of the electro-pneumatic distributor
No. 305 operation process allowed for the first-time identification of several negative factors affecting
the operability of their components under operational conditions. Moreover, these faults lead to
increased operational costs, extended train travel time to the destination, and reduced traffic safety
levels [44, 457].
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Figure 5.
Graphical distribution of the number of faults in electro-pneumatic distributors No. 305.

To reduce the number of transport incidents on railway transport due to faults in the braking
equipment of passenger wagons, diagnostic systems need to be applied [467. These systems combine
the functions of assessing the technical condition of the passenger train’s braking system and
transmitting diagnostic information to a database. This will enable prompt technical decisions regarding
the possibility of further movement of the passenger train.

The main criteria for the effectiveness of diagnostic systems are the reliability and promptness of
obtaining information about the technical condition of the passenger wagon’s braking system, the speed
of processing and transmitting diagnostic information, the degree of autonomy and protection from
natural and man-made interferences, and the consistency of the diagnostic system’s operation with the
passenger transportation process [47—49].

The braking system of a passenger wagon is characterized by structural quantitative parameters
that reflect various physical quantities. The values of these parameters can be initial, permissible, and
limit. During operation, structural parameters change, which generally leads to the deterioration of the
technical condition of the passenger wagon’s braking system components.

To obtain an approximate assessment of the technical condition of the passenger train’s braking
system, a set of direct and indirect signs (diagnostic parameters) is identified. These reflect the most
probable defects associated with reduced operability and the occurrence of faults in the braking system
[5607.

The development and creation of a technical diagnostic system are based on studying the processes
occurring in the braking components of passenger wagons and their possible faults. The diagnostic
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system includes the construction and analysis of mathematical models that describe the braking
equipment and the main line of the passenger wagon as a whole in terms of operable condition [517].

The application of a diagnostic system for wagon braking equipment will allow for the detection and
reduction of component faults, with subsequent entry of the results into an electronic database. Special
attention should be paid to faults that recur periodically. In such cases, notifications are sent to the
personnel responsible for maintenance, repair, and inspection of the wagon braking equipment
components [40].

For continuous monitoring and timely detection of faults in the passenger train’s braking system,
diagnostic recommendations have been developed, which will allow:

e Monitoring the magnitude and polarity of the voltage on the working wire of the wagon’s electro-
pneumatic distributor;

e Monitoring the air pressure in the brake main line and pneumatic cylinder according to the
braking system’s operating mode;

e Monitoring the number of operations of the pneumatic and electro-pneumatic brakes of the
passenger wagon in real-time, with subsequent recording of pressure and voltage parameters in
an electronic database [517].

These recommendations will enable the prediction of the resource of the pneumatic and electro-
pneumatic system components of the passenger wagon, ensure their inter-repair operational periods
based on the current technical condition, and enhance the safety of train operations on railway
transport.

5. Conclusion

An inspection of the braking equipment components of passenger wagons was carried out during
their maintenance. Based on the conducted inspection and collected statistical material, a fault
distribution diagram of the braking equipment components for 2023 was constructed. It was established
that the highest number of faults is attributed to electro-pneumatic distributors No. 305, accounting for
30% of the total number of inspected components. Based on the processed statistical material regarding
the faults of the braking equipment components, it was determined that the highest percentage is due to
the unsatisfactory performance of electro-pneumatic distributor No. 305. It was specifically determined
that 21% of faults are due to the excessive filling time of the brake cylinder during full service braking,
19% are due to the excessive release time after full service braking, and 15% result from the slow
pressure increase in the brake cylinder in the “Cut-off” mode. These primary faults negatively impact
both the overall operation of the braking system and the safety of train operations.

Methods of mathematical statistics were applied to determine the distribution of faults in electro-
pneumatic distributors No. 305 used in the braking system of passenger wagons. The collected
statistical data on the faults of distributors No. 805 were processed and systematized using the
specialized software package "STATISTIKA". It was established that the random variables —faults of
electro-pneumatic distributors — follow a normal distribution law. It was determined that the trends in
the number of faults increasing or decreasing depend on the seasonal factors affecting them. The
calculation has been performed which shows that the x°=4.622, S°=32.44 and T =381.94.

It is proposed to use a diagnostic system for the braking equipment of passenger trains to ensure
safety. The diagnostic system includes the construction and analysis of mathematical models and allows
tor the description of the operable state of the passenger wagon’s braking equipment as a whole.

Recommendations for the application of the diagnostic system have been developed, which allow for
monitoring the magnitude and polarity of the voltage on the working wire of the passenger wagon’s
electro-pneumatic distributor, monitoring the air pressure in the brake main line and pneumatic cylinder
according to the braking equipment’s operating mode, and monitoring the number of operations of the
pneumatic and electro-pneumatic brakes of the passenger wagon during train operation. The application
of the diagnostic system enables the prediction of the resource, ensures their inter-repair operational
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periods based on the current technical condition, and enhances the safety of train operations on railway
transport.

Copyright:
© 2024 by the authors. This article is an open access article distributed under the terms and conditions
of the Creative Commons Attribution (CC BY) license (https://creativecommons.org/licenses/by/4.0/).
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