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Abstract. In the modern world, the efficiency and safety of railway systems are critical
aspects of transport infrastructure. This study examines software tools for modeling the
technological processes of railway stations and analyzes their advantages and limitations.
Packages such as AnyLogic, Aimsun, AutoMod, and MvStudium were evaluated in terms of their
functional capabilities, ability to conduct simulation experiments, optimize logistical processes,
and manage operational activities. The results indicate that computerization and visual modeling
of railway systems enhance operational efficiency, enable more effective resource utilization, and
improve management of technological processes. Integrative modeling approaches allow for more
accurate representation of technical and operational processes and provide a foundation for the
future implementation of intelligent management systems. Moreover, the use of ergatic models
enables consideration of human factors, improving modeling quality and allowing simulation of
various operational scenarios. In conclusion, the study proposes new methods for developing
functional models to assess and forecast the performance of railway stations, facilitating
innovative, scientifically grounded solutions and supporting strategic planning in railway transport
management.
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AnHotanus. Kaszipri 3amanga Temipol >KYHENEepiHiH THIMIIIITT MeH Kayinci3miri
TPAHCIIOPTTHIK MH(PPAKYPBUIBIMHBIH, 0acThl Maceleepidiy 0ipi 6osbin Tabbuiaasl. by 3eprrey
TEMIpPKOJI CTAHLUSACBIHBIH TEXHOJOTHSJIBIK MPOIECIH MOAEBACY YILIIH SpPTYpii OaraapiaMabIK
KaMTaMachl3 €Tyl TAIJAiIbl, OJapblH apTHIKIIBLUIBIKTAPbl MEH KEMIIUTIKTEPiH CATBICTHIPA/IB.
AnyLogic, Aimsun, AutoMod xoHe MvStudium cuskTel OarmapiaManblK MaKeTTEPIiH
(GYHKIMOHANABI MYMKIHIIKTEPI KapacTBIPBUIIBI, COHBIMEH KaTap OJIAPJIBIH CHMYJISIIUSIIBIK
TOXKIpUOeNnep JKYprizy, ONEPANUsIIBIK >KOHE JIOTHMCTUKANBIK MIEHIMACPAl OHTAMIaAHABIPY
Kabimerrepi 6aranaHabl. 3epTTEy KOPCETKEHACH, TEMIPIKOJI KYHeJIepiH KOMITBIOTEPIICHIIPY JKOHE
BU3YaJIZIbl MOJIETIB/ICY OTIEPALMSIIBIK THIMIUTIKTI apTTBIPYFa, pecypcTapabl THIMII MaiaaaaHyFa
KOHE TEXHOJIOTHUSIIBIK MTpoIecTep Il OacKapyFa MyMKIiHAIK Oepemi. MoaenbaeyaiH HHTErPaTUBTIK
TOCUIZepl TEXHUKANBIK JKOHE OINEpalMsUIBIK IMpOIecTepi HAKTHIpaK CHUIIATTayfa, OoJamiakra
WHTEJUICKTYalIIbl  OacKapy JKyhenepiH eHrizyre Heri3 Oepeni. CoHbIMEH Kartap, 3epTTey
epraTUKajbIK KyHenepi KOJIAaHy apKbUIbl aiaM (akTOPBIHBIH 9CEPIH eCenKe aay MYMKIHIITIH
KepceTeli, Oy MOJIEN/Iey CanachlH apTThIPAAbl KOHE HAKTHI CICHAPHITICPl CUMYJISIIHsIAyFa
MYMKIHIIK Oepeni. KopbITBIHABICBIHIA, TEMIPKOJ CTAaHIUSIAPBIHBIH THIMALUIITIH Oaranay jkoHe
O0omkay yiriH QyHKIHOHAIABI MOJAEIBASPAl KYPYABIH JKaHAa OIICTEpl YCHIHBUIAIBI, OV
WHHOBAIMSUIBIK JKOHE FRUIBIMU TYPFBIIAH MaHBI3bI HMICTTIMICPIe JKOJI allla ibl.
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AnHoTanusi. B coBpeMenHOM Mupe 3¢ (HEeKTHUBHOCTH U 6€30TaCHOCTh JKEJIE3HOOPOKHBIX
CHCTEM SBISIOTCSl KJIIOUEBBIMH AacleKTaMU TPAaHCHOPTHOM HHQpacTpykTypbl. B HacTosmem
UCCIIC/IOBAHMH  PACCMAaTPHBACTCS  MPOTpaMMHOE  OOECTeYeHHe UIi  MOZCITUPOBAHHS
TEXHOJOTHYECKOTo Ipoiecca paboThl KEJIe3HOJOPOKHOW CTAaHIIUU, MPOBOAMUTCS aHAIU3 €ro
MIPEUMYIIECTB U He0CcTaTKOB. OnieHnBasiMch nakeTel AnyLogic, Aimsun, AutoMod u MvStudium
C TOYKH 3PCHUS UX (I)YHKLII/IOHaJ'IBHBIX BO3M0)KHOCTef/'I, CHOCOGHOCTI/I MNPOBOAWUTH CUMYJIALIMOHHBIC
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HKCIIEPUMEHTHI, ONTHUMHM3UPOBATH JIOTUCTUYECKHE TMPOLECCHl U YNPaBISATh ONEPALUSIMU.
PCSYJIBTaTBI HUCCIICAOBAaHUA IMOKAa3aJr, YTO KOMIBIOTCPpHU3ALUA W BU3YAJIBbHOC MOACIUPOBAHUC
KEJIE3HOOPOKHBIX CUCTEM CITOCOOCTBYIOT MOBBIIIEHUIO ONEpallnOHHOM 3(h()EKTUBHOCTH, OoJiee
paluOHAIIBHOMY HCIIOJIL30BAHUIO PECYPCOB M YIIYUIICHHUIO YIIPABICHUS TEXHOIOTHYECKUMU
npoueccamMu. VHTerpaTUBHBIE MOJIXOJbl K MOJEIMPOBAHUIO TMO3BOJSIOT TOYHEE OMHCHIBATH
TCXHUUYCCKHUC N OKCITyaTallMOHHBIC TIPOLECChHI, a4 TAKXKXC CO3daBaTb OCHOBY IJId BHCAPCHUIA
MHTEJJICKTYaJbHBIX CUCTEM YIIpaBiieHus B Oyayuiem. Kpome Toro, ucnosiab30BaHHE 3praTH4eCKUX
MOI[GHGI\/'I MO3BOJCT YUYUTBIBATH BJIMAHHUC YCIIOBCYCCKOI'O (baKTopa, YTO MIMOBHIIIACT KAa4YE€CTBO
MOJIETTMPOBAHUS U JAaeT BO3MOKHOCTh CUMYJIUPOBATh Pa3IMuHbIe CLIECHapUHU padOThl cTaHIMKU. B
3aKIIIOYCHUC TPCJIararoTCd HOBBIC MCTOAbI ITIOCTPOCHUA q)YHKI_II/IOHa.HBHBIX MOI[CHCﬁ JJI1 OLIEHKHN
U IPOTHO3UPOBaHUS 3PPEKTUBHOCTU PAOOTHI KEJIE3HOJOPOKHBIX CTAHIIHUM, YTO OTKPHIBAET MYTh
K NTHHOBAIUOHHBIM U HAYYHO OGOCHOBaHHLIM pCUICHUAM.
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Introduction.

For modeling the railway technological process of a railway station (RS) based on a
simulation model, many software tools have been proposed, but they solve the problems of
modeling technological processes one-sidedly and do not provide unambiguous answers to
questions of logistics or modeling of railway technological processes.

The current stage of railway development can be defined as the period from the 1990s to
the present. Over the past decade, significant shifts in railway design automation have not
occurred. Researchers are faced with unconventional problems covering numerous design aspects,
which are difficult to formalize. Traditionally, the quality of design solutions largely depends on
the level of designer qualification.

SCADA or CAD (computer-aided design) systems have been developed to automate
complex project design processes. These systems allow integrated solutions for railway systems,
providing visualization of locomotive positions using GPS and global satellite navigation.
However, rapid CAD development is hindered by the heuristics of railway circuit construction.

Abroad, studies focused on developing transport CAD systems, emphasizing the
mathematical formalization of railway structures using combinatorial, topological, matrix, and
graph models. Foreign researchers also highlighted the importance of graphical representation of
railway technical equipment. Two main research directions were identified in railway design
automation: technical design of track infrastructure and technical-technological modeling of
railway elements and processes (Dong, 2010: 12—-15).

Despite these efforts, a complete solution has not yet been achieved. Heuristic methods
require active human involvement, as CAD systems alone cannot provide full interactive control
over railway development. Ergatic and graphoanalytic methods can automate railway modeling,
but human participation remains essential for analyzing technological processes and overall
performance.

The urgent task for modern railways is to determine estimated volumes of work for which
simulation of railway functional states allows assessing technical equipment and technology
compliance under uneven transportation conditions. Computerization of technical and operational
assessment of railway work is now recognized globally, with a focus on creating intellectualized,
automated systems.
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Materials and methods.

The current stage of railway development can be conditionally defined as the period from
the 1990s to the present. There have been no significant shifts in the direction of automation of
railway design over the past ten years. An analysis of the results shows that researchers are faced
with a rather unconventional problem that covers numerous aspects of design, and is difficult to
formalize. The quality of the design solution with traditional approaches is determined, first of all,
by the level of qualification of the designer (Maylybayev, 2024: 171).

The skills and experience of a professional solve the problem of linking the structure of the
railway circuit with numerous internal and external factors, and there are no descriptive procedures
for the designer's experience yet. During this period, a unified algorithmic approach to the
interpretation of design requirements and rules for the implementation of station structures in the
design begins to take shape. The so-called SCADA systems (or computer-aided design systems—
CAD) are being developed (Maylybayev, 2024: 171; Harris, 2013: 172—-174).

Such systems contribute to the introduction of automated forms of end-to-end development
of the most complex projects. They cover all stages of design and allow obtaining integrated
solutions for railway systems. The electronic circuits of the railway make it possible to track the
condition of individual locomotives on the display screen at a point with coordinates determined
by mobile GPS receivers via the global satellite navigation system (Li, 2020: 112936). The most
important factor that began to hinder the rapid creation of an effective CAD railway was the
heuristics of the very process of building a railway circuit. However, thanks to the efforts of
scientists engaged in theoretical research in this field, and a number of theoretical and practical
studies and publications, the cognitive orientation of the results obtained in this field of science
has grown (Maylybayev, 2024: 171; Dong, 2010: 6-8).

Similar studies and works have also been conducted abroad (Goodman, 1998: 80—82;
Kaakai, 2007: 5-7). For these works, a characteristic feature was the accumulation of materials on
the problem of developing transport CAD systems. At the same time, the works of foreign
colleagues were dominated by methodological works in the context of the development of
mathematical methods, which formally described the structure of railway development.
Combinatorial, topological, matrix, and graph models were used, which displayed essential
features (Maylybayev, 2024: 171; Rohrer, 2000: 172—-174).

Also, foreign researchers emphasized the importance of a correct graphical representation
of the railway's technical equipment. All this combined made it possible to formulate a number of
canonical requirements that are usually imposed on mathematical analogues of real railway
circuits. The analysis of these works shows that there are two directions in which foreign scientists
conducted their research in the field of railway design automation:

- technical design of the track infrastructure (Zauner, 2007: 3-5);

- technical and technological modeling of railway elements and processes (Karpov, 2006:
45-438).

Solving problems related to the CAD synthesis, domestic and foreign scientists did not
focus only on a narrow range of problems of optimizing the geometric properties of projected
objects. They also linked the models being developed with the development of wagon processing
technologies. As a result of this dual orientation of research in the field of CAD of railway stations,
scientists have so far failed to obtain a complete solution (Yatskiv, 2005: 237-239).

The heuristics of systems used for design automation at the beginning of the 21st century
began to be associated with the need for direct active involvement in the design processes and
analysis of design solutions for both performers and customers. In this case, design automation
methods have become secondary and are used only as tools for reproducing the results of designers'
activities.

In fact, the heuristic orientation of the design processes can be interpreted as the separation
of the goals of designers and the CAD software environment itself. The capabilities of typical
CAD systems turned out to be quite complete for the calculation and graphical modeling of railway
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circuits. However, practically no CAD system provides full-fledged interactive control functions
for designers over the progress of the railway development process. The weak side of many CAD
systems is only the actual visual monitoring of the development of object structures.

CAD implements standard computer modeling techniques that allow designing and
simultaneously visualizing the design results directly during development. As a result, it turns out
that using direct methods of standard CAD, it is possible to develop integral structures of visual
forms of railway stations and some technological objects. However, it is necessary to seriously
rebuild the basic environment, complementing it with active modules of special content (Harris,
2013: 176-178).

The problem can be solved by using ergatic or graphoanalytic methods that ensure the
construction of a model of railway operation in an automated mode (Li, 2020: 112940). However,
human participation in the process of building a model and analyzing not only the overall
performance of the railway but also the course of its technological processes dramatically reduces
the duration of the modeling period.

In these conditions, an urgent problem for railways is the development of methods for
determining estimated volumes of work, for which the results of modeling the functional states of
railways (for a limited period of time) would allow making reasonable conclusions about the
compliance of their technical equipment and technology with promising volumes of work. The
calculation is carried out for conditions of uneven transportation (Dong, 2010: 10—12).

An analysis of the conducted research and modern publications on the problems of railway
research has shown that the trend of scientific research related to the computerization of
technological processes at railway stations and procedures for making operational decisions in the
tasks of technical and operational assessment of railway work has become generally recognized
worldwide (Kaakai, 2007: 6-8).

The creation of new models of computerization of technical and operational assessment
processes, methods, and hardware-oriented algorithms for the intellectualization of these
processes, provides a basis for scientific research in the field of organization of modern
information technologies for the synthesis of automated systems of technical and operational
assessment of railway work (Goodman, 1998: 85-87).

Results and discussion.

According to the estimates of domestic and foreign scientists, a significant increase in the
effectiveness of the use of modern computer technologies is possible only by studying the general
properties of mathematical modeling, methods of building intelligent systems, algorithms used in
control tasks, features of modern and promising intelligent technologies for railways, as well as
architectural features of automation systems for technical and operational assessment of work at
railway stations.

AnyLogic (Li, 2020: 112950) is a multifunctional package designed for building
simulation models. AnyLogic software is capable of supporting all the approaches that are
encountered in the simulation process (Dong, 2010: 15-17). Its interconnected modules are
focused on building models such as process-oriented, system-dynamic, agent-based, and multi-
agent models. AnyLogic is capable of supporting combinations of the above models. Since the
AnyLogic environment is written in Java, the flexibility and versatility of this language allow
considering a wide variety of nuances during model construction.

It is possible to take into account a wide variety of configurations when modeling the
operation of railway stations (Fig. 1). Graphical interfaces, tools, and libraries of AnyLogic allow
accelerating the synthesis of models for a wide range of tasks. In AnyLogic, you can model not
only production or logistics sectors but also solve problems of finding optimal management
options for complex transport systems. Its advanced multimedia tools and real-time simulation
animation provide researchers additional advantages in developing research plans and conducting
experiments (Goodman, 1998: 90-92).
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Fig. 1. General view of the AnyLogic modeling environment (Maylybayev, 2024: 173)

The Aimsun simulation package (Kaakai, 2007: 8-10) is software for traffic modeling.
With thousands of licensed users in government agencies, universities, and consulting
organizations worldwide, Aimsun stands out for its extremely high simulation speed.

AutoMod software (Rohrer, 2000: 180—-182) is intended for building graphical models for
visualizing logistics and production systems. AutoMod allows detailed analysis of operations and
material flows in logistics and is widely used for analytical problems related to production
processes. Its flexible structure makes it suitable for practical use across a wide variety of problem
statements.

The AutoMod software, see Figure 2, has a fairly flexible structure, which makes it suitable
for practical use for a wide variety of problem statements in a wide range of applied modeling by
economic sectors.

Another interesting product in the field of production modeling is the MvStudium software
(Fig. 3). This simulation environment allows you to analyze physical and dynamic systems. With
MvStudium, you can quickly create and virtualize a wide variety of interactive models. Unlike
other similar software products on the production modeling market, MvStudium allows us to
consider multicomponent continuous, discrete and hybrid systems.

Systems built in the MvStudium environment can be analyzed using active computational
experiments. Creating models, visualizing the results obtained during simulation experiments and
the ability to manage computational experiments does not require researchers to write their own
program code. Models can be described at the level of mathematical abstractions (Tolk, 2019:
135-152).

For example, a differential algebraic approach has been applied to describe the continuous
behavior of a production or logistics system. In order to describe the discrete and hybrid
(continuously discrete) behavior of the system, MvStudium uses the potential of visual behavior
maps.

The advantages and disadvantages of the considered software packages are summarized in
Table 1.

To simulate the operation of the station using these packages, a detailed railway model is
required.
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Table 1 - Advantages and disadvantages of the considered software packages (Maylybayev,
2024: 175)

The Approach toAdvantages Disadvantages
system  [Modeling
[Arena Discrete-event (DE) [It is possible to create your own templates andOnly 1 approach to the model.
modules.
A device for simulation experiments.
IAGNES | o A Agent- | Cross-platform (Cross-platform). The[The cost of the license
based (A). possibility of simulation and full-scale]
. E Events [modeling.
are discrete.
GPSS DE An object-oriented modeling paradigm. Only 1 approach to the model.
The possibility of simulation and full-scalelA complex interface.
modeling.
[AnyLogic [ DE+A Two approaches. Only 1 approach to the model.
Visualization, optimization, and proprietary|The cost of the license.
libraries.
Simplex3 |DE Chart visualization capabilities. Cross-[One approach. Subscribe to updates.
latform
Simio DE+A |Visualization of models, different forms oflReduced functionality. A relatively small list of]
resentation of results. fIﬁusks to be solved.
SeSAm |A [mport vector and raster files, work with texOnly 1 approach to the model.
files. ILack of support
SimPy DE The ability to run models in real time. Only 1 approach to the model. There is no
Cross-platform. visualization.
Aivika DE+A Cross-platform. IA complex interface. A fairly long training period|
Parallel computing. is required, taking into account the features

Note that these behavior maps are essentially extended state maps of the UML modeling
language. MvStudium allows the automatic creation of computer models that correspond to a given
mathematical formulation of the problem, and computational experiments can be conducted to
verify the model's operability. The computer model can be implemented as a separate program or
dynamic library, which allows it to be used independently of the MvStudium package. MvStudium
supports an object-oriented modeling and programming paradigm, providing opportunities for
users to create custom components based on the input language. The software also supports 2D
and 3D animation, enabling a more comprehensive visualization of processes.

The railway station is a complex system closely integrated with the mainline railway
transport system, shippers, and consignees, connected by numerous forward and backward flows
that vary over time. Its technical infrastructure (tracks, shunting facilities, freight substations),
control system (operational dispatch apparatus), and wagon traffic (VagT) are considered as
enlarged elements of the station. Physical and information connections and corresponding
channels are implemented between the system elements.

The external environment for the railway is the overall transport system. The state of the
system is characterized by the degree of involvement of the station's technical facilities and
operations in processing VagT. The input of the system is VagT and the information flow received
by the railway station, while the output forms VagT and information streams sent from the station.
The behavior of the system is determined primarily by the influence of the control system, which
includes human dispatchers. Therefore, the railway can be interpreted as an ergatic system
(Maylybayev, 2024: 176).
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Taking into account the railway as a complex technical system and the degree of prior
research, the following tasks are formulated for further research:

- development of procedures for identification of functional railway models;

- improvement of feasibility study methods for evaluating railway operations to account
for changes in volume and structure over time;

- advancement of methods for functional modeling of railway operations using visual
programming methods.

These tasks aim to enhance the accuracy, efficiency, and applicability of simulation
models, ensuring that railway stations can be assessed, optimized, and managed effectively in real-
world operational conditions (Maylybayev, 2024: 176).

Conclusion.

The review and analysis of software tools for modeling the technological processes of
railway stations demonstrate that simulation modeling has become an essential method for the
design, planning, and optimization of complex railway systems. The conducted study shows that
modern railway stations represent highly interconnected technical systems, combining track
infrastructure, shunting and freight facilities, operational dispatch control, and wagon traffic
management. Each of these elements interacts with both internal and external factors, including
fluctuating transport demand, seasonal variations in cargo and passenger flows, and real-time
operational constraints.

The analysis reveals that traditional methods of railway planning and design, relying
primarily on heuristic approaches and the experience of professional engineers, are insufficient to
cope with the increasing complexity of modern railway operations. In particular, the reliance on
manual calculations and static design principles often leads to suboptimal use of resources and
reduced system efficiency. In contrast, simulation-based modeling allows for the comprehensive
analysis of operational scenarios, evaluation of design alternatives, and prediction of system
performance under variable conditions.

Among the reviewed software tools, AnyLogic demonstrates significant versatility due to
its ability to integrate multiple modeling paradigms, including process-oriented, system dynamics,
and agent-based approaches. Its Java-based environment allows for extensive customization and
supports the modeling of highly detailed railway processes, from wagon dispatching to passenger
flow management. Similarly, Aimsun and AutoMod provide high-speed traffic and logistics
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simulations that are critical for operational planning and optimization. MvStudium, with its
capacity to model hybrid continuous-discrete systems, offers unique advantages for analyzing
complex technological processes and performing computational experiments without the need for
extensive programming.

Despite the capabilities of these tools, the analysis indicates several common limitations.
Many existing simulation platforms provide only partial interactivity, with insufficient
mechanisms for real-time monitoring and adaptive control during model execution. Furthermore,
the integration of simulation models with operational decision-making remains challenging, as
most tools focus primarily on structural or process modeling rather than on functional or ergatic
system analysis. The concept of the railway as an ergatic system, in which human operators and
automated subsystems interact dynamically, requires further research and specialized modeling
techniques.

The practical implications of these findings are significant. By adopting advanced
simulation tools, railway operators can optimize station layouts, minimize operational bottlenecks,
and improve the reliability and safety of railway operations. The integration of modeling and
simulation into the planning process allows for the evaluation of different scenarios before their
real-world implementation, thereby reducing risks associated with infrastructural investments and
operational errors. Moreover, the ability to perform detailed simulations of wagon handling, track
utilization, and resource allocation contributes to more efficient management of labor and material
resources, enhancing overall system performance.

From a scientific perspective, the study highlights the need for further development of
methodologies for identifying and parameterizing functional models of railway stations. This
includes the formalization of performance indicators, defining operational constraints, and
establishing standardized procedures for conducting simulation experiments. In addition, there is
a need to integrate real-time data from railway operations, such as GPS tracking and sensor
networks, into simulation models to enhance their predictive accuracy and operational relevance.

Finally, the research emphasizes the dual orientation of modern railway simulation:
combining technical infrastructure design with operational process modeling. The synergy of these
two approaches allows for a comprehensive assessment of railway station performance, including
both structural integrity and technological efficiency. The development of intelligent algorithms,
visual programming tools, and ergonomic interfaces will further support the decision-making
process, facilitating the creation of robust, adaptive, and optimized railway systems capable of
meeting the demands of modern transport networks.

In conclusion, simulation modeling represents not only a tool for technical analysis but also
a strategic instrument for operational planning and optimization of railway stations. The
continuous improvement and integration of advanced modeling software, combined with empirical
data and functional identification methods, will provide the foundation for the next generation of
railway station design and management. This approach ensures enhanced system reliability,
increased operational efficiency, and better adaptation to dynamic transport conditions,
contributing to sustainable and effective railway operations in the 21st century.
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