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Conclusion 
Adding hydrogen to the gasoline-air mixture affects the combustion process, ensuring complete 
combustion, resulting in improved economic and environmental performance. By adding hydrogen 
to the gasoline-air mixture, as a result of complete combustion of fuel, the amount of toxic gases 
released into the environment is reduced up to five times, depending on the mode of 
operation of the engine. The power of the engine increases up to 15%, the performance and 
dynamics of the car engine are improved. 
In the sustainable development of transport, a mathematical model for improving the work cycle 
performance of the car engine was developed. In this mathematical model, the problem of 
determining the relationship between the power, efficiency and environmental performance of the 
engine was solved. 
When adding a hydrogen additive to the air-fuel mixture, a scheme of the main influencing factors 
on the performance of the engines was drawn up, and a hydrogen production facility was selected. 
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Abstract. The digital transformation of railways involves transitioning to predictive maintenance 
and repair of railway transport objects, as well as adaptive planning and management of the entire 
railway transport complex using digital methods of data collection, processing, and transmission. 
This article provides an overview and analysis of key directions in the digitalization of railway 
transport, highlighting the main challenges, existing limitations, and trends, including the 
experience of Russian Railways. 
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A conceptual level, digital transformation of railways signifies a shift in the operational and 
management paradigm towards the principles of Industry 4.0. The Transport 4.0 model postulates 
an intelligent interaction model of cyber-physical transport systems, possessing "self-x" properties 
and capable of self-configuration, self-management, and self-recovery [1]. 
As a comprehensive technology, the digital railway is the result of the development of digital 
methods for processing and transmitting information, as well as automation and robotics in 
transportation, logistics, business, and industry [2]. 
Structurally, the digital railway represents a "system of systems," consisting of interconnected 
cyber-physical railway objects (assets) of stationary and mobile types, information and control 
flows, data storage and processing centers, a set of standards, rules, regulations, and interaction 
protocols. Each asset has its own life cycle, which determines the specifics of planning its 
maintenance and repair (M&R). 
In the strategies of digital transformation of railways in different countries, significant attention is 
given to revising the existing practice of M&R of railway assets based on the "repair after failure" 
principle and automating M&R management with the possibility of implementing decision support 
based on a risk-oriented approach. The implementation of modern information systems for M&R 
management is one of the fundamental conditions for ensuring uninterrupted transportation 
processes in the face of increasing freight and passenger traffic and limited financial resources. It 
is also a vital tool for optimizing expenses related to the maintenance of railway assets, primarily 
infrastructure. For example, the share of infrastructure fixed assets in JSC "Russian Railways," the 
owner of the largest transport network in the Russian Federation, accounts for over 60% of the 
total value of fixed assets, and the share of operating expenses for infrastructure objects constitutes 
approximately 35% of the overall expenditure. 
Effective M&R management depends on having up-to-date, reliable, and structured information 
about the current technical condition of railway assets. Wireless sensors of various types, including 
machine vision sensors, are increasingly becoming sources of such information. However, a 
significant portion of input data is still generated manually and has low quality. This should be 
taken into account in modern M&R information systems, which should incorporate the capability 
for intelligent analysis of big data using Data Science technology, building dynamic models of 
railway asset condition, and assessing the categorization of control objects based on early warning 
indicators of risk factors. JSC "Russian Railways" implements such an approach within the 
framework of the URRAN project (Figure 1) [3]. 
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Figure 1. Improvement of the Infrastructure Maintenance and Repair (M&R) Management System 
 
To build effective predictive analytics models for assessing the reliability of railway assets and 
making decisions regarding their maintenance and repair, both classical machine learning methods 
(principal component analysis, support vector machines, decision trees, random forests, logistic 
regression, and k-nearest neighbors) and deep learning methods based on artificial neural networks 
(ANNs) are being investigated [4]. 
The active use of ANNs, including convolutional neural networks (CNNs), in the railway sector 
is primarily driven by the wide application of vision sensors (such as various types of cameras, 
lidars, etc.) as part of intelligent diagnostic complexes, robotic complexes (RC), obstacle detection 
onboard modules tested in unmanned train projects, and so on. 
The implementation of automated systems based on these technologies allows minimizing the 
involvement of human interaction with rolling stock. For example, in JSC "Russian Railways," the 
mass implementation of the multifunctional diagnostic complex "Integrated Automated Reception 
and Diagnostic Post for Rolling Stock at Sorting Stations (IARDP)" is underway. Its goal is to 
create a unified interdepartmental hardware and software platform for transitioning to low- 
occupancy technologies in the process of technical and commercial inspection of rolling stock 
(Figure 2). 

 
Figure 2. Integrated Automated Reception and Diagnostic Post for Rolling Stock at Sorting 
Stations 

 
The Integrated Automated Reception and Diagnostic Post for Rolling Stock at Sorting Stations 
(IARDP) incorporates the functionalities of existing systems (such as the Control and Monitoring 
System (CMS), Process Automation Complex (PAC), and Control and Testing Infrastructure 
(CTI)), as well as new functionalities based on machine vision technologies. These include 
recognition of wagon inventory numbers, hazard signs, "do not descend from slopes" labels, 
detection of over-inflation/under-inflation of friction wedges, determination of brake pad presence 
and thickness, and more. Furthermore, laser scanning enables the identification of negative 
dynamics, gauge violations, cargo displacement, body damage, and other issues. Additionally, 
strain gauge technology is employed for measuring mass, identifying uneven loading or cargo 
displacement, and detecting defects on wheel tread surfaces. 
Specialized Robotic Complexes (RC) have a promising future, as they are being implemented 
within JSC "Russian Railways" for performing operations such as releasing brakes on freight 
wagons in the receiving yard, uncoupling wagons before the sorting incline, and more (Figure 3). 
Another application area for RC is the inspection of undercarriage spaces. In these RC, technical 
vision cameras and high-precision laser lidars are utilized, while the RC manipulator moves along 



 

 
285 

a wheel platform in the inspection pit. The use of RC for these operations eliminates human 
presence in hazardous areas and mitigates the negative impact of human factors in identifying 
faults, thus reducing risks associated with train movement safety [5]. 

 

 
Figure 3.  Manipulator of the Robotic Complexes 

 
A significant area of implementation and testing of vision technology and various types of machine 
learning is the development of autonomous (unmanned) trains. This work is being conducted 
within the broader concept of the "smart train," which involves transferring a portion of the 
functionality of railway infrastructure onto the train itself, both in terms of diagnostics and 
monitoring, as well as traffic management tasks. 

 
The onboard complex of vision systems consists of sensors of different physical nature and 
purpose, along with high-performance computing resources with large memory capacity. These 
resources process signals from these sensors in real-time using machine learning algorithms. The 
complex is designed for automatic detection and classification of foreign objects along the train's 
path, in order to make appropriate decisions for the onboard safety system's response (such as 
sound signals, speed reduction, emergency braking, etc.). Such systems have been actively tested 
in recent years at various test sites in different countries, including Russia (maneuvering 
locomotives at the Luzhskaya test site and experimental electric trains "Lastochka" on the Moscow 
Central Circle) [6]. 
In the paradigm of the future digital railway, an autonomous train represents a mobile "self-aware" 
cyber-physical object (system) with increased but controlled autonomy. It can operate 
autonomously using a subsidiary computational model but requires overall coordination from the 
control center [7]. Consequently, determining the boundaries between autonomous and centralized 
control becomes crucial for the network management model of the future and will require its own 
resolution as projects for creating autonomous transport vehicles are successfully implemented. 
In this regard, it is worth noting that another actively developing direction is the application of 
network management methods based on cloud computing and multi-agent technologies. Transport 
control centers (TCCs) gain entirely new capabilities in terms of adaptive planning and real-time 
response to risks of disruptions in the transportation process through platform solutions of 
predictive analytics, integration with automatic route setting systems, and inter-vehicle interaction 
with onboard locomotive guidance devices (Figure 4) [8]. 
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Figure 4. Target Model of Transport Control Centers 4.0 

 
According to some authors, the use of predictive analytics methods based on Data Science 
technology, capable of uncovering hidden correlations and trends and forecasting risk 
development based on various early warning indicators, in the context of intelligent transportation 
management, will enable future improvements in the resilience of the railway transportation 
system to the disruptive effects of various etiologies [9]. As the technology of data analytics based 
on big data continues to evolve, it is likely that even uncertain risk factors such as natural 
phenomena and demand fluctuations, which can both cause disruptions in the transportation 
process and not cause them, will be fully taken into account (Figure 5). 
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Figure 5: Scheme of Predictive Control based on Big Data Analytics 
 
Д For the classification of incoming information and operational events, data science methods such 
as logistic regression, support vector machines, clustering methods (using various algorithms), 
Bayesian regression, and others can be used. Adaptive methods of random search, decision trees, 
and artificial neural networks (ANNs) may be applicable for solving train schedule reconstruction 
(adjustment) tasks [10]. 
One of the challenges in applying big data analytics lies in their diversity, heterogeneity, 
unstructured nature, noise, and redundancy. In addition to data from cyber-physical systems 
(sensors, cameras, satellite navigation receivers, etc.), large volumes of data are generated 
throughout the entire lifecycle of railway assets (from the design stage to maintenance and 
customer interaction stages), as well as significant amounts of business data [11]. 
Nonetheless, big data technology holds great promise in the railway industry. Railway companies 
aggregate large volumes of heterogeneous data and can obtain significant economic benefits from 
implementing big data analytics. However, there are several factors inhibiting its implementation 
in the railway industry, including limitations in existing data collection, storage, and transmission 
infrastructure, high investment costs, and a lack of ready-made specialized big data analytics 
platforms. Additionally, there is currently a shortage of experts in machine learning and data 
science with knowledge of railway transportation specifics, who could effectively engage in 
building virtual models using machine learning programs and subsequently verify the obtained 
results. 
It should be understood that with the use of big data methods, it is not possible to convert manual 
data input systems into automatic systems. It is also clear that without the necessary data, it is not 
possible to process and create information using big data technology. For this reason, another key 
direction of digitalization, the Internet of Things (IoT), must be actively developed. This entails 
the development and widespread implementation of distributed digital sensors of various purposes, 
connected to a unified cyber-physical network, allowing for continuous monitoring of the 
condition of stationary and mobile railway assets. 
The implementation of digital technologies inevitably leads to the need for describing railway 
assets in digital format, i.e., creating digital twins of railway assets. Digital twins, in essence, are 
virtual reproductions of the dynamic operational state of real physical objects, systems, or 
processes based on the registration of a wide range of parameters by various sensors and their 
processing using artificial intelligence (AI) methods in real-time (Figure 6). 

 
Figure 6.  The interaction scheme between a digital twin and assets. 
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The concept of a digital twin is closely linked to Building Information Modeling (BIM) 
technology, which is based on the digital representation of the physical and functional properties 
of an object in the form of a BIM model. The BIM model encompasses all stages of the object's 
lifecycle, including planning, technical specification development, design and analysis, issuance 
of working documentation, production, construction, operation and maintenance, and dismantling. 
Currently, the implementation of BIM technology is still in its early stages in most countries. The 
main reasons for this are the lack of industry standards for creating data models, high initial 
investment costs associated with equipment and software procurement, a shortage of qualified 
personnel trained to work with BIM technologies in the railway sector, and the need to change 
organizational business processes when implementing BIM technologies [12]. 
The digital description of a spatially distributed transportation system is of fundamental 
importance for solving a wide range of railway tasks, from design, construction, maintenance, and 
repair of tracks and engineering structures to coordinate train control and train flow, including the 
organization of unmanned train operations. These tasks are most effectively addressed when there 
is a unified system of spatial data with standardized rules and methods for creating, storing, and 
updating digital track models with high-precision coordinate referencing. 
Digital models of railway sections and station track layouts are essential components of a digital 
railway and are used, among other things, for creating simulation models - the main tool currently 
available for studying various operational aspects of railway transportation, ranging from assessing 
the capacity prospects of sections to determining a set of technical and technological solutions for 
the development of railway facilities. Simulation modeling of stations and track sections allows 
for solving a number of fundamental tasks, such as identifying and analyzing limiting factors in 
the operation of railway stations and track sections, developing infrastructure and technological 
development options for these facilities, evaluating proposed options based on qualitative and 
quantitative parameters obtained during the modeling process, and testing new working 
technologies in a risk-free environment [13]. 
Comprehensive simulation modeling is an effective digital tool for making informed decisions 
regarding organizational and technical measures to address the key challenge of modern railways: 
increasing capacity and throughput while facing financial constraints and infrastructure 
limitations. 
A crucial element in addressing these challenges is transitioning to train flow management through 
the implementation of new principles of interval regulation. By abandoning traditional traffic light 
signaling and utilizing a digital radio channel as an additional control loop, it becomes possible to 
achieve dynamically adjustable intervals for consecutive train movements, potentially reducing 
them to 2-3 minutes when necessary. This is achieved through the implementation of a 
comprehensive interval regulation technology on track sections and main station lines, along with 
the realization of the movable block section principle. Another promising technical solution is the 
organization of packet train movements, including unmanned trains, based on the principles of 
virtual coupling, where trains follow each other with reduced intervals within a packet [14]. 
In this context, the development of high-speed communication networks in railway transport is an 
important direction for digitization. Existing wireless communication standards such as GSM-R 
do not meet the requirements of the new tasks. Therefore, in recent years, the development of a 
new standard called FRMCS (Future Railway Mobile Communication System) has been 
underway, aiming to replace the GSM-R standard and other narrowband communication networks 
by 2030. The underlying technology being considered is the wideband 5G-R (5G for Railways) 
radio communication system, which needs to be adapted to the needs and specifics of railways. It 
is planned that the future railway standard 5G-R will enable the construction of a multifunctional 
multiservice network in railway transport, capable of addressing various tasks related to 
technological radio communication, train movement control and safety, dispatching, IoT, 
providing passengers with broadband access to digital services, as well as creating comprehensive 
digital twins of railway assets and transitioning to an intelligent adaptive planning and 
management system for transportation processes [15]. 
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The active implementation of digital technologies in railway transport inevitably leads to the need 
for creating and improving next-generation comprehensive decision support systems, utilizing the 
capabilities of modern digital data collection, processing, and transmission systems. As a result, 
successful resolution of the aforementioned organizational, technological, and technical issues can 
be expected to bring about a range of fundamental changes in railway transport, including the 
following: 

1. Seamless robotization of the maintenance and repair (M&R) process with inter-machine 
interaction. 

2. Transition from descriptive systems to decision support systems based on predictive 
analytics methods, addressing multi-criteria tasks involving unstructured or poorly structured data 
processing. 

3. Continuous monitoring of the current condition of railway assets through widespread 
deployment of distributed IoT sensors interconnected in a unified network. 

4. Implementation of subsidiary computational models and algorithms in systems 
facilitating the interaction among autonomous transport cyber-physical systems with "self-x" 
properties, in conjunction with interval regulation technology based on movable block section and 
virtual coupling principles. 

5. Creation of a unified spatial data system with high-precision digital track models for the 
entire railway network. 

6. Integration of methods for creating digital twins of railway assets and various modeling 
and intelligent forecasting tools using AI algorithms. 

7. Development of a new paradigm for planning and managing all aspects of the 
transportation complex, employing adaptive methods based on digital twins and cross-industry big 
data analytics platformsх. 

8. Deployment of high-speed communication networks capable of transmitting large 
volumes of data, including via wireless channelsм. 
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Abstract. The strength of locomotive and wagon structures needs to be verified not only by safety 
margins but also by durability (resource) calculations that take into account technical, design, and 
operational factors that determine the functionality and safety of structures with specified levels 
of risk (reliability). Determining the safe service life of rolling stock is a pressing task in the rapid 
development of the railway industry. 
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