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The evolution of the GPSS World general-purpose simulation system from a classical model 
development tool to a digital control twin based on a simulation model is  The 
concept of a digital twin of the control of a complex system is  The technology of 
creating automation systems for simulation  the use of artificial intelligence algorithms 
to accelerate the search and adoption of optimal solutions in the digital twin is  
Practical examples of using the ALINA GPSS platform for management in various areas of 
the economy are  in  for creating an adaptive traffic flow management system 
at  The main trends are formulated and the tasks of further development of 
simulation modeling tools are  
Keywords: complex  simulation  simulation digital twin of the 
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of PJSC «TATNEFT» - success story
the

The oil and gas industry in most parts of the world is now in its final  where reserves are 
stored locally and sometimes require drilling wells and other expensive activities to find  
The use of modern digital  such as  allows optimizing This work 
presents an implemented concept for performing work on the search and localization of 
residual hydrocarbon  developing measures for its  and creating an optimal 
scenario for its  
Keywords: Hydrodynamic  integrated    
information  
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The purpose of the article is to demonstrate the possibility of increasing efficiency 
technological process through the use of a simulation  Tasks articles are a 
substantiation of the need to use the model for qualitative process  description of the 
concept and mathematics of the “Virtual electrolyzer»  listing the developed control programs 
based on this models indicating the results of their  
Keywords: complex  simulation  simulation  
 

      
 1972  –      

      
 –  -      

       
    

     
  

788
 . 

   ( -2023)



Somov E E
the of

systems for aerospace
We briefly present achievements of the Institute of Computer Technologies and Information 
Security (earlier since 1972 – the Faculty of Computing and Controlling  of Kazan
National Research Technical University named after  Tupolev-KAI (KNITU-  as
well as former employees of this  on methods and software tools for mathematical 
modeling and simulation which were implemented in aerospace  
Keywords: mathematical   methods and  aerospace  
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for of
The report presents the scientific basis for solving the problem of complex 
automation and intellectualization of proactive control of the life cycle of complex
The novelty of the presented results lies in the creation of fundamentally new approaches to 
the design and application of proactive control of the life cycle of complex objects (LC  

  on a multi-model description of the subject area under  within 
 along with traditional analytical and simulation  models are  based on 

logical-algebraic and logical-linguistic descriptions and their   in 
creating new  based on the use of cyber-physical systems and digital and their 

 providing appropriate control processes with feedback of constantly updated and 
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processed  and  approaches using intelligent interfaces with elements of 
visual  The developed scientific foundations include the theory of proactive 
management of the life cycle of the LC  as well as the complementary theory of multi-
criteria assessment and selection of the most preferable models and multi-model complexes 

 that describe the functioning of the CO and the corresponding information and 
analytical  within the framework of which the implementation of proactive 
management of the CO is carried out at various stages of their life  The practical 
significance of the work performed was confirmed during the implementation of a number of 
development work  and scientific research work  related to the creation and 
commissioning of aviation and rocket-space  
Keywords: complex  automation and  proactive  
life  complex object  
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Alekseev A.V. Theory of digital twin practice in shipbuilding. 
The digital transformation of society led to the intensive development of the theory and primacy 
of modeling, to the creation of a class of digital twins (CD) of automation objects (OA). Based 
on the analysis of one of the practical structures of the CD of a typical OA, the theoretical 
provisions for the development of CD are determined, the advantageous properties, criteria 
and indicators of their quality are formulated. It has been shown that the primary requirement 
and criterion for CD optimization should be the indicators of validity, intellectualization and 
competitive superiority of CD development. 
Keywords: complex modeling, digital twin, control intellectualization, goal setting. 

 
 
 

  
 
 

           
 

         
      
        

 
 
Bykov N.V., Kostrov M.A. Social dilemma in a heterogeneous traffic flow consisting of 
personal and public transport: simulation modeling. 
This paper proposes a computer simulation model of a heterogeneous traffic flow which 
consists of personal vehicles and buses. The time evolution of the system is based on Nagel- 
Schreckenberg cellular automata model. Simulations have shown that the incorporation of 
buses in the flow of personal vehicles produce social dilemmas. The type of social dilemmas 
and the conditions of occurrence are defined. The way to increase traffic flow is proposed. 
Keywords: social dilemmas, heterogeneous traffic, cellular automata. 
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Esikova T.N., Vizir V.A. Experience in developing a multi-agent system for assessing 
transport network development options from the perspective of their potential to reduce 
transport discrimination against regional populations. 
The work is devoted to the development of software tools for assessing the level of transport 
discrimination of the population and transport accessibility of remote regions of the country. 
A multi-agent system is proposed for assessing the consequences of interaction between 
agents of different natures during the implementation of transport projects. 
Keywords: software tools, multi-agent systems, transport systems, transport technologies, 
behavior modeling, conflicts. 

 
 

 
        

 
 

        
       

         
 

       
     

 
Zhvalevsky O.V. Paired Tenzotremorogramms Processing and Parkinson Decease 
Diagnostics. 
The paper is concern with Parkinson Decease Diagnostics automation based on 
tenzotremorogramms mathematical processing. The paper represents a new approach to 
Parkinson Decease Diagnostics. The main issue is to analyze a similarity/dissimilarity of paired 
tenzotremorogramms. The formulation of main problem is presented in the paper. Also, 
paper is devoted to development of paired tenzotremorogramms processing technique based on 
time series structure analysis and the notion of matrix profile. 
Keywords: time series, tenzotremorogramma, distance function, matrix profile, indexing, 
clustering, classification. 
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Lisovenko A.S., Limanovskaya O.V., Gavrilov I.V., Meshchaninov V.N. Agent-based 
system for predicting the patient's condition in personalized gerontology. 
The development of a digital tool for predicting human health is an urgent problem. One way 
to solve this problem is to use an agent-based approach to modeling patient health. The article 
presents an agent-based system for predicting the state of human health, which is capable of 
taking into account individual indicators of a person. Since modeling biological age can serve 
as a basis for assessing the state of human health, the agent system is primarily aimed at 
predicting the biological age and rate of aging of a person based on the geroprophylactic effects 
exerted on him in order to prevent future possible diseases. The developed agent system was 
tested to determine the effectiveness of the geroprophylactic treatment of 18 patients with the 
pharmaceutical drug interleukin-2. 
Keywords: agent-based modeling, patient health, geroprophylactic effects, prediction of 
treatment effectiveness, bioage. 
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Loginov K.K., Pertsev N.V. Numerical simulation of the initial stage of development of 
HIV-1 infection in the lymph node based on a stage-dependent stochastic model. 
A stochastic model of the development of HIV-1 infection in the lymph node in the initial period 
after infection of a healthy person is considered. The variables of the model are integer random 
variables that denote the quantity of cells and viral particles, and sets of unique types of cells 
that take into account the current state and history of stay of cells in some stages of their 
development. The distribution laws of the durations of the mentioned stages are different from 
exponential or geometric. A computational algorithm based on the Monte Carlo method is 
given. The results of numerical simulation are presented. 
Keywords: continuous-discrete random process, HIV-1 infection, Monte Carlo method, 
stage-dependent model, computational experiment. 
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Lychkina N.N., Pavlov V.V. Digital Twin concept, role of simulation models in DT 
architecture. 
The article presents an analysis of scientific literature, clarifies the content of the concept, 
definition, basic components and architecture of a digital twin. We investigate and clarify the 
role of a dynamic simulation model of an object in the overall architecture of a digital data 
center, which reproduces the changing properties and states of a real system throughout the 
entire life cycle of the existence of a transforming system or developing process. The immersion 
of a digital model of an object or system into the landscape of a digital twin using architectural 
design methods is examined. Promising directions and applied aspects of the use of digital twins 
for network forms of organizations and supply chains are outlined. 
Keywords: digital twin, architecture, simulation model, digital twin components, simulation 
modelling. 
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Malykhanov A.A., Chernenko M.E. Harnessing the Flexible Architecture of MineTwin 
for Fluorite Mine Simulation. 
Simulation modeling is actively used to support decision-making in mining companies. In this 
article, using a project example for a fluorite mine, we demonstrate how the application of the 
MineTwin tool can reduce the typical project duration from 4-12 months to 2-3 months, as 
compared to the use of general-purpose simulation tools. The reduction in model creation 
time is achieved through using the existing logic blocks of MineTwin, which are common for 
simulation models of most mines. An example of simulation project result is also provided in 
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the form of the calculated relationship between the number of additional haulage trucks and the 
average monthly fluorite ore production volume. 
Keywords: simulation model, mining, dispatching of mining equipment. 
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Nechaev V.V. Task-based technology for system modeling: activity-based approach. 
The report discusses the system modeling method developed by the author, the creation of 
which is based on the activity approach and task-solving technology. Within the framework of 
the activity approach, four areas and two types of activity of a modeling specialist (expert) are 
identified. The types include cognitive and creative activities (analysis and synthesis). The 
following areas are considered: cognitive-mental  mental activity based on empirical 
knowledge; theoretical activity aimed at using known knowledge and generating new 
knowledge; experimental activities related to full-scale and model experiments, as well as 
object activities aimed at studying the original or creating a new object. The areas and types 
of activities listed above are used as components of a single holistic system, which is built in 
the form of a comprehensive diagram of the modeling activity of a modeling expert (CDMA- 
E). Analysis of the diagram made it possible to determine a set of eight elementary processes. 
To formalize each of these processes in the form of a corresponding task, the conceptual model 
of the task developed by the author was used. In this way, a complete basic set of elementary 
tasks has been obtained, on the basis of which the task structures of the system modeling 
technology are formed. Task structures as a whole are, in turn, generated in accordance with 
strategies, organigrams or other logical schemes. 
Keywords: modeling, model, modeling activity, modeling methods, modeling technology, 
expert, modeling activity diagram, complex diagram, task, conceptual model of the task, task 
technology. 
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Pertsev N.V., Loginov K.K. Numerical simulation of population dynamics based on a 
stochastic stage-dependent model with non-markov constraints for individuals. 
We study continuous-discrete stage-dependent stochastic model of population dynamics. The 
variables of the model are integer random variable that denote the quantity of individuals and 
the set of unique types of individuals that take into account the current state and history of 
stay of individuals in one stage of their development. The distribution law of the duration of the 
mentioned stage is different from exponential or geometric. A computational algorithm based 
on the Monte Carlo method is given. The model is complemented by a deterministic analogue 
in the form of integral equation. The results of numerical simulation are presented. 
Keywords: population dynamics, continuous-discrete random process, Monte Carlo method, 
stage-dependent model, non-Markov constraints on individuals. 

 
        

  
 

 
 

          
 

         
 

 
 

     
 
Smirnov S.V. Simulation random event streams based on empirical data. 
The note provides information sufficient for rational computer simulation of various real 
phenomena, which can be conceptually described as simple recurrent event streams. It is 
proposed to model the time interval distribution between events in a flow on the method of 
moments, when the empirical and modeling distributions have the same means and variances, 
and the approximating distribution functions are selected from the family of hyper-Erlang 
distribution functions, in which the number of parameters does not exceed two. 
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Keywords: recurrent event stream, method of moments, hyper-Erlang distribution family, 
coefficient of variation, simulation. 
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Stepantsov M.E. Simulation of the Power-Society system with variable number of 
regions. 
The paper considers studying Mikhailov's power-society system, namely the case of variable 
the number of the regions. The classical continuous model based on differential equations 
does not allow such a transformation of the system. However, the cellular automaton-based 
discrete model previously developed by the author does not have such a limitation. 
Using this model a simulation system was built and a number of computational experiments 
were carried out. We obtained results concerning the negative impact of the change in the 
number of regions on the socio-economic situation, as well as possible measures to prevent 
such an impact. 
Keywords: mathematical modeling, simulation, cellular automata, Power-Society model, 
regional dynamics. 
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Schiriy A.O. Using the experience of the development of Russian CAD radar systems in 
the creation of digital twins of technical, natural and social systems as simulation models 
of multi-agent type. 
The possibility of applying the experience and developments gained during the creation of a 
Russian CAD system of radar stations to the tasks of developing digital twins of various types 
is discussed. At the same time, we mean the experience and architecture of building a subsystem 
of simulation, since from the point of view of software implementation, a digital twin is a 
simulation model of one type or another, and this is true for the entire spectrum of varieties of 
digital twins  from simulation models operating in their model time and not having direct 

 real time, 
receiving data from the object from sensors. 
Keywords: digital twin, simulation, multi-agent simulation, discrete-event modeling scheme, 
step-by-step modeling scheme, semi-natural models. 
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Yakovlev D.D., Petrov D.Yu., Bolshakov A.A. Development of a system dynamics model 
for conveyor production using a strategic goal map. 
In this paper a proposed methodology for analyzing management goals in the automated 
production of gearbox transmissions based on a complex conveyor system is examined. The 
object of research is the automated production of gearboxes. Through system analysis, the main 
goals and indicators for their achievement are identified. In the Business Studio environment a 
strategic goal map is developed, which is utilized for overall goal control. To determine the 
acceptable values of normal and emergency boundaries, a system dynamics model structure is 
developed within the simulation modeling environment of AnyLogic. 
Keywords: system analysis, Business Studio, strategic goal map, AnyLogic, system 
dynamics. 
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Aksyonov K.A. Hybrid simulation and multi agent system of resources conversion 
processes. 
The results of development of hybrid simulation and multi agent systems of resources 
conversion processes are presented. Investigated processes are formalized by a model of 
resource conversion processes implemented in the modeling subsystem of the MEI-system 
and BPsim simulation system. Feature of these processes is presence of bottlenecks associated 
with the occurrence of conflicts on the shared resources and mechanisms. A method for 
analyzing and eliminating bottlenecks is proposed. A hybrid multi agent and simulation method 
for decision-making is described and based on multi agent resources conversion processes 
model, critical path method and simulation. The method is implemented in the MEI-system in 
order to improve the processes under study. As a result of applying the hybrid method to the 
problem of improving the logistic of the oxygen-converter shop, practical recommendations 
have been obtained on formation of intervals for supply of the melt to the  converters in 
order to prevent downtime of continuous casting machines. 
Keywords: automated system, simulation, logistic processes, metallurgical enterprise, agent 
approach, processes bottlenecks, converter shop. 
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Belyaeva M.A., Nikitchuk S.S.Formation of an integrated information and analytical 
system for calculating economic performance indicators of companies for decision- 
making. 
The article provides an overview of modern simulation tools and technologies for calculating 
economic indicators, examines the company's activities based on the analysis of financial 
indicators of the company, developed an integrated information and analytical system for the 
formation of the analysis of economic performance indicators for management decision- 
making. The article shows the sequence of formation of the system of calculation and statistical 
analysis of financial data of the company includes such functions as: filling in and calculating 
the balance sheet, filling in and calculating the aggregated balance sheet, calculating the 
financial results of the company, filling out the profit and loss statement, filling in and 
calculating the aggregated balance sheet of the company, calculation of the company's cash 
flows, analysis of changes in financial results, analysis of the structure of financial results, 
calculation and analysis of liquidity indicators, calculation and analysis of financial stability 
indicators, calculation and analysis of turnover indicators, calculation and analysis of 
profitability indicators, comparison of profit growth rates, revenue and assets, formation and 
analysis of reporting on the company's financial data. For a visual analysis of the simulation 
results, a panel with visualization of the results of runs has been developed in the model. For 
visualization, the model uses graphs, where the names of economic indicators are displayed on 
the X axis, and the values of variable economic indicators are displayed on the Y axis. The 
graphs are distributed according to individual financial indicators of the simulation model.   The 
developed integrated system can be expanded, supplemented with new subsystems, which 
shows the prospect of creating information support for the company's activities. The system can 
be provided to help the manager, technologist, economist and manager in making optimization 
management decisions with the intensification of the process of processing routine information. 
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Keywords: financial performance management system, simulation systems, data analysis, 
efficiency, decision-making. 
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Bykov N.V., Fedulov V.A. Structural synthesis of a weapon system against small-sized 
unmanned aerial vehicles based on discrete-event modeling. 
The article contains a description of the created simulation model for estimating the 
effectiveness of the weapon system against small-sized unmanned aerial vehicles. This model 
allows to solve the problem of structural synthesis of such systems. For this purpose, the real- 
coded genetic algorithm for a structural optimization is developed. The obtained result is the 
high-efficiency weapon system with the minimal number of components. 
Keywords: optimization, efficacy, genetic algorithm, computer simulation, defeating. 
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Gostev V.M., Fedotov M.V., Devyatkov T.V. Remote Simulation Server for ALINA GPSS 
platform. 
The architecture of a distributed simulation system based on the ALINA GPSS platform is 
considered. A description of the structure of the remote simulation server is presented. An 
example of the use of remote simulation technology for research in the field of 
infocommunication networks design is given. 
Keywords: simulation, distributed system, ALINA GPSS, server, infocommunication 
network. 
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Dolmatov M.A., Plotnikov . ., Ryndin A.A., Devyatkov T.V. Visualization of 
simulation results of shipbuilding industries. 
The article briefly presents the experience in applying the capabilities of the virtual reality 
environment and BIM models in visualizing the results of simulation researches of the 
functioning of production systems of shipbuilding enterprises. 
Keywords: shipbuilding, enterprise, simulation model, visualization, simulation results, BIM- 
model, software. 
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Kindinova V.V., Kuznetsova E.V. System-dynamic modeling of depletion of oil fields. 
The purpose of this work is system dynamic modeling of the dynamics of depletion of oil 
field reserves, namely, the study of the dynamics of the number of operating wells, their 
productivity against the  background of  falling oil field reserves.  The method of  system 
dynamics of simulation modeling is analyzed, its application for the problem under 
consideration is justified. The process of constructing a simulation model of the dynamics of 
depletion of oil fields is shown. The question of the reliability of the simulation model is 
considered. When developing the model, the system-dynamic tools of the Russian 
multifunctional simulation system AnyLogic were used. The process of obtaining the values 
of the control parameters, as well as the values themselves and the range of values of the 
control parameters are investigated. The problems solved on the model are given. The results 
of simulation experiments are analyzed. The developed model is compared with the models of 
other authors. 
Keywords: simulation modeling, oil and gas industry, dynamics of depletion of oil fields, 
causal diagram, flow diagram, simulation experiment. 
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Kuznetsov A.V.  The  coverage  path  planning  problem with  constraints  on the  path 
length and time. 
The system under study consists of an agent  an UAV or a ground robot that monitors a 
given domain, and a mobile platform with which the agent has radio communication and to 
which the agent can return to recharge, receive or load the payload. We further study the 
following coverage path planning problem. A robot with limited battery power and a given 
viewing radius must cover a given domain. If the entire domain cannot be covered in one battery 
charge, then the robot divides the domain into sub-domain and returns to the starting point on 
the boundary of the domain to recharge before covering the next sub-area. If the entire domain 
cannot be covered in this way, then the robot minimally moves the starting point after 
covering as much of the domain as possible. A coverage path inside each sub- domain are 
constructed with the Concorde solver. 
Keywords: mobile agents, traveling salesman problem, dynamic traveling salesman problem, 
constrained optimisation. 
 

 
 

 
 

 
 
Semenov I.P., Tretyakov V.V. An approach to the development of control programs  
using complex technical systems state models. 
The paper describes the characteristics of complex technical systems and functional schemes of 
their control systems, formalizes the principle of using the state model control programs 
operation and formalizes the features of their software implementation. Basing on the results of 
comparing the traditional and proposed approaches to the development of control programs, the 
advantages of state models are highlighted. 
Keywords: control program, complex technical system, state model, diagnostics of technical 
condition. 
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Senichenkov Yu.B. Tools for computer simulation of complex dynamical systems: 
training, propaganda. 
Simulation environments are strategically important software for any country seeking to 
maintain a high level of domestic science, education and production. In the case of collective 
users, economic issues come to the fore: the cost of licenses and staff training, the cost of 
developing and maintaining models, and the planned income from the sale of products created 
using computer simulation. An indirect indicator of the demand for computer modeling in 
society is the number of universities that train specialists in the field of modeling. In our 
country, the number of specialties, areas of application, the number of graduates who can create 
and use models is growing, and it is hoped that in the coming years, modeling environments 
will become a massive tool for research, education, and design. The process of introducing new 
technologies into practice can be accelerated in the traditional way - by actively promoting the 
possibilities of computer modeling among schoolchildren, students, teachers, scientists and 
production workers. 
Keywords: complex dynamic systems, mathematical and computer modeling, modeling 
environments, modeling training. 
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Shevtsov S.N., Zhilyaev I.V., Snezhina N.G., Kleymenov N.D. Modeling of vacuum- 
infusion     molding     of     thin     walled     composite      structures      using post-infusion 
equalizing pressures. 
The article presents the structure, functionality and results of the computer modeling system 
of the end-to-end cycle -infusion molding - post-infusion leveling of the reinforcement 

 geometry with 
transversal isotropy of the material. Using a molding of an aviation cowling as an example, the 
means of controlling process modes for reducing porosity, wall thickness variations to improve 
the shape accuracy and mechanical properties of produced composite structures are illustrated. 
Keywords: transient processes simulation, distributed systems optimization, composites 
technologies, vacuum-assisted forming. 
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Anufrenko A.V., Snyatkov M.A. A simulation model of a traffic generator that takes 
into account the features of real network traffic for machine learning of communication 
network elements. 
The use of machine learning mechanisms in the communication network contributes to the 
efficiency of their work. However, in order to implement training, it is necessary to have large 
arrays of data that meet strict requirements. It is not always possible to fulfill these 
requirements. To solve this issue, the article proposes an approach to create a simulation model 
of a tele-traffic generator capable of synthesizing data arrays suitable for machine learning. 
Keywords: Traffic generator, simulation model, machine learning, GPSS Studio. 
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Galiullin I.G., Chikrin D.E., Pashin D.M., Egorchev A.A. Modeling of a heavy-duty 
autonomous tractor system and testing of control modes on a virtual testbed. 
In recent years, the technologies of heavy-duty autonomous tractors have been attracting 
increasing attention and finding applications in agriculture. These technologies enable the 
automation of operations related to soil cultivation, seeding, and harvesting. Autonomous 
tractors are equipped with artificial intelligence systems, sensors, GPS navigation, and other 
means that allow them to interact with the environment and perform tasks with minimal human 
intervention. This contributes to the improvement of efficiency and accuracy of work, reduction 
of time and costs involved in task execution, as well as mitigation of risks associated with 
human factors. 
Virtual simulation plays a crucial role in the development and testing of heavy-duty 
autonomous tractors. It enables the creation of a virtual environment where various scenarios 
and operating conditions of the tractor can be simulated. It also allows for testing and debugging 
of control systems and algorithms without any risk to physical objects and the environment. 
Virtual simulation further facilitates testing under different conditions, including extreme and 
inaccessible scenarios for physical testing, providing a comprehensive evaluation of the 
autonomous tractor's performance and its systems. 
Keywords: autonomous tractor, modeling, virtual simulation, Gazebo, control mode testing. 

 
        

      
 

         
 
 
 
 

  
 

    
 
Devyatkov V.V., Serdinskaya Yu.A. Initial data for simulation of transport systems: 
monitoring and use 
The technology for monitoring, accumulating and using data on vehicle flows in simulation 
models and system analysis is described. The main sources of data on vehicle flow are given. 
The process of extracting and using in the model the data accumulated by the automated 

specialized 
 

statistical analytics of transport systems are given. 
Keywords: transport systems, simulation modeling, automated traffic control system, 
database  Potok  video surveillance, statistical analysis. 
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Devyatkov V.V., Fedotov M.V., Maryashina D.N., Devyatkov T.V., Shestyuk V.M., 
Minnikhanov R.R. Road network segments automated simulation system. 
The article presents domestic automated system for road network segments simulation. It is 
designed to study road network segments work patterns and to improve traffic efficiency. The 
article describes features of the system and general use cases for making control decisions under 
various scenarios, which includes changes of vehicle flows intensity, traffic lights operating 
parameters and traffic management in general. 
Keywords: intelligent transport system, simulation, traffic simulation, GPSS World Core, 
ALINA GPSS. 
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 GPSS World Core,     
 
Devyatkov V.V., Fedotov M.V., Andreyanov N.V., Maryashina D.N., Devyatkov T.V., 
Shestyuk V.M., Minnikhanov R.R., Adaptive crossroad traffic control using simulation 
and artificial intelligence 
The article presents a description of the hardware and software complex that uses simulation 
and artificial intelligence methods for adaptive crossroad traffic control. Authors propose a new 
approach in development of an algorithm of local adaptive traffic control using neural networks 
trained based on the results of crossroad traffic simulation. 
Keywords: adaptive crossroad traffic control, simulation, GPSS World Core, artificial 
intelligence, neural networks. 
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Zinoviev V.V., Kuznetsov I.S., Nikolaev P.I. Simulation modeling of excavator and 
dump truck complex functioning with robotized dump trucks. 
The approach based on depicting the excavator and dump truck complex functioning with 
robotized dump trucks in the form of the queuing system network and its further software 
implementation in GPSS Studio media is offered in the article. The parts of simulation model 
that allows depicting the dynamics of mining machines interaction taking into account the 
stochastic aspects of technological processes are introduced. A number of simulation 
experiment results on estimating the influence of the robotization processes level, the number 
of dump trucks and distance control operators on the period of developing the overburden rocks 
are given. 
Keywords: simulation modelling, queuing system, open-pit mining, excavator and dump 
truck complex, robotization. 

 
 

    
         

 
        

       
   
      

 
 
Ignatov A.A. Improving the processes of servicing trucks in the service area with the 
help of a simulation model. 
This article describes the essence and main advantages of simulation modeling. A simulation 
model of the truck repair process can help estimate the resource costs of an enterprise during 
truck maintenance. Simulation experiment of posts and the average time the car is in service. 
Keywords: simulation, vehicle service, optimization experiment. 
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Karsaev O.V., Sokolov B.V. Simulation modeling of multi-satellite constellations of 
remote sensing of the Earth. 
The article describes a software package designed to verify and demonstrate the functionalities 
of an innovative control system of a multi-satellite remote sensing constellations, and a software 
layout for building such a system. The proposed approach to the 
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construction of a control system assumes the presence of inter-satellite communication and 
the use of information interaction between spacecraft, and the implementation of a 
decentralized autonomous version of the control of the constellations on the basis of this. 
Keywords: Simulation model, multi-satellite constellations, control system. 

 
 

  
       

 
          

 
         

 
          

  
       

   
 
Klevtsov S.I. Assessment of the quality of pressure sensor tests based on the normalized 
span method. 
The sensor conversion characteristic is formed based on the results of calibration tests. To assess 
the quality of tests, it is proposed to use fractal analysis methods. During testing, data from the 
pressure sensor is taken cyclically at fixed values of the medium parameters. The results of 
several test cycles under constant environmental parameters must be independent of each other 
and similar in form. An assessment of the degree of repeatability of the form of test cycles and 
their mutual independence is determined using the Hurst index. 
Keywords: conversion characteristic, Hurst index, sensor, pressure, test, time series. 

 
 

   
       

        
 

  
       

     
 
Krivonogova A.E., Voroshilov A.I. Estimation of required parking space using 
simulation. 
The article outlines the main advantages of using simulation modeling to optimize parking 
space. Anylogic software was chosen as a tool for modeling the process of searching for a 
parking space. 
Keywords: simulation, parking, decision support system, optimization, parking space. 
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Kuznetsov I.S., Zinoviev V.V., Starodubov A.N., Nikolaev P.I. Researching the influence 
of mining machines unplanned downtimes on excavator and dump truck complex 
effective operation applying simulation modelling method. 
The approach based on depicting an excavator and dump truck complex taking into account 
unplanned downtimes in the form of queueing system network with its further software 
implementation as a simulation model is offered. A number of computational experiment results 
for estimating the influence of interval and length of unplanned downtimes on an excavator and 
dump truck complex daily working capacity for one of Kuzbass open-pit mines is introduced. 
Keywords: simulation modelling, queueing system, overburden excavation, excavator-dump 
truck complexes, unplanned downtime 
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Leonenko V.N. Hybrid approach to modeling the dynamics of infectious diseases based 
on the combination of compartmental and multiagent models. 
This paper discusses an approach to hybrid modeling of the spread of epidemic ARIs in the 
urban population, the problems of its implementation in the conditions of calibration of models 
on the data of the Russian Federation and the features of the application of the approach for 
modeling the spread of seasonal influenza. The problems associated with the need for a smooth 
transition from submodel to submodel and with the related requirement of correct recalculation 
of parameters of submodels are shown. Options for solving problems related to changing the 
conversion formulas and the switching algorithm are discussed. 
Keywords: hybrid models, multiagent models, SEIR-models, influenza, Python 
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Malykhanov A.A., Chernenko M.E., Morozov A.L. Simulation Modeling of a Logistics 
Terminal for Packaging and Shipping of Bulk Polymer Materials. 
The paper describes a simulation model of a logistics terminal that includes the processes of 
packaging, storage, and shipping of bulk polymer materials. We discuss the structure of the 
simulation model, and provide the key results of scenario comparison and sensitivity analysis 
experimentation that were carried out with the help of the model. 
Keywords: simulation model, logistic complex, automated storage, container yard. 
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Marmysh E.S., Strekalovskaya E.V., Syrvacheva E.R, Zamyatina E.B. The Study of the 
Process of Content Distribution in Social Media in AnyLogic Environment. 
The paper examines issues related to determining parameters that affect the process of 
information propagation in social networks. The selected parameters include directed and 
undirected connections between users in the social network, the degree of user influence, and 
their publishing activity. The process of information propagation is studied using simulation 
modeling methods. AnyLogic is chosen as the tool for conducting simulation experiments. 
Keywords: information distribution, social networks, diffusion models, simulation modeling, 
AnyLogic, directed and bidirectional links, publication activity. 
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Mihailov V.V. Improving processes of overhaul of cargo vehicles with the help of 
simulation modeling. 
The article describes the essence and main advantages of simulation modeling of the trucks 
overhaul process. This simulation model can be considered as the intellectual core of the 
decision support system, which allows to analyze the overhaul process and optimize the 
production parameters technical area. On the basis of an simulation experiment on a simulation 
model, it is possible to determine the optimal number of repair posts, minimizing the average 
time a truck spends at a vehicle service enterprise. 
Keywords: simulation model, vehicle service, overhaul, simulation experiment. 

 
 

         
 

         
         
         

        
        
       

 
    

 
Nikishechkin P.A., Dolgov N.V., Akimov A.A. Development of a simulation model of a 
lost wax casting workshop for small-scale custom production 
The article discusses the features of the technological process of investment casting. 
Approaches to the production of elements of model blocks are analyzed and the features of each 
of them are identified. The practical aspects of developing a simulation model of a casting shop 
are considered, which makes it possible to analyze the impact of the choice of method for 
making wax models on the production cycle of castings and the total time to complete a 
production order. 
Keywords: mechanical   engineering,   lost   wax   casting,   simulation   modeling,   custom 
production, additive technologies. 
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Patarakin E.D. The impact of simulation models on the field of computational didactics. 
The article showcases the successful integration of various forms of collaborative learning on 
a single platform, the Semantic MediaWiki. By leveraging MediaWiki extensions, we 
transformed wiki pages into executable articles, which included flowcharts in graphviz, 
mermaid, and plantUML languages, as well as visual blocks of programs in Scratch and Snap! 
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languages. Furthermore, we were able to embed projects in multi-agent modeling languages 
such as Scratch, Snap!, StarLogo Nowa, and NetLogo Web to executable wiki-pages. 
Keywords: Agency, Semantic MediaWiki, Scratch, Snap!, NetLogo, StarLogo Nova 
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Ponomarev D.Yu., Demicheva A.A. Development of the simulation model of a satellite 
communication network. 
The satellite communication network provides subscribers to possibilities of exchange 
information regardless of geographical location. The simulation model of the satellite 
communication network will allow to conduct a number of experiments when changing various 
characteristics of the system and reduce costs when developing new protocols and algorithms 
for traffic service. The aim of the work is to develop a simulation model of the satellite 
communication network to estimation of the probabilistic-temporal characteristics of this 
network with taking into account the distribution of the frequency resource. 
Keywords: simulation model, GPSS, satellite communication network, loss probability. 

 
         

        
        

 
         

        
 

         
 

    GPSS Studio. 
 
Pukha G.P., Pishchalnikov S.M., Chernoivanov S.A. Evaluation of the indicators of 
technical readiness of the system of reception over radio links of various priorities, having 
different type elements in their composition, with the help of simulation modeling. 
The article discusses the option of constructing a simulation model to solve the problem 
associated with the quantitative assessment of technical readiness indicators of a complex 
system, using the example of a receiving system over radio links of various priorities and a 
different set of types of elements in the composition of the radio links used. 
Keywords: reliability, technical readiness, receiving system, radio link, priority, simulation 
model, GPSS Studio software package. 



    815 
 

- 
       

  -    
  

    -    
        

 
        

 
 

-  
   

-  
      

 
Rossoshanskaya E. A., Doroshenko T. A., Samsonova N. A. Experience in developing an 
agent-based decision support system in the field of strategic management of socio- 
economic development of the Far East territories. 
The article describes the agent-based demographic model of the Far East, developed by Eastern 
State Planning Center. The model is implemented on a real scale 1:1 with detail for all 11 
subjects and 230 municipalities of the Far Eastern Federal District. The goal of the development 
is to create a tool that is in demand in practice, corresponding in its functions to the real powers 
of government authorities, and to ensure the possibility of its use as a decision support system 
in the field of strategic management of socio-economic development of the regions of the Far 
Eastern Federal District. 
Keywords: agent-based modeling, demographic forecast, artificial society, strategic planning, 
regional management, Far East. 
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Sadykov S.M. Improving the maintenance and routine repair processes of gas-cylinder 
cars using a service simulation model. 
The simulation model of a service center serving gas-cylinder automotive equipment is a 
computer software created to analyze and optimize the operation of a service center specializing 
in the maintenance of gas-cylinder automotive equipment. The model is designed to help 
improve the performance of the service center; reduce the time the vehicle stays in the 
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service center. The analyst gets the opportunity to evaluate various strategies for managing 
resources and maintenance processes, varying parameters such as the number of acceptance 
posts, cleaning and washing operations, installation of gas-cylinder equipment, maintenance 
and current repairs, overhauls, checking. 
Keywords: gas-cylinder cars, simulation modeling, service center, optimization experiment. 
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Samoilova K.V., Zamyatina E.B. Design of robust business processes using multimodel 
approach. 
Risk identification and elimination of these risks to improve the robustness of business 
processes are relevant for the successful business of companies and for their competitiveness. 
A robust business process is understood as a process that, despite some negative events and 
situations (risks) is completed, having achieved the goal. The article presents a software 
complex for risk identification, which allows designing robust business processes using 
simulation modeling tools, model transformation based on DSM technologies, ontological and 
multi-model approaches. When transforming models, model validation operations based on 
semantic proximity of their ontologies are used. 
Keywords: multimodel approach, simulation, queuing systems, Petri nets, ontologies, 
verification, validation. 
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Samsonova N.A., Pilunskii F.I., Aiupov-Komissarov T.V. Dynamic Simulation Model of 
Cargo Transportation at the Far Eastern Rail System 
To re-evaluate the targets of strategic planning documents and changes in the activities of 
investment projects aimed at the development of eastern transport and logistics infrastructure, 
it is necessary to systematize the technical parameters of the transport network of the Far East, 
analyze the possible consequences of external sanctions pressure measures and assess the 
change of cargo flows implemented through the Far Eastern Federal District. 
A dynamic simulation model is being developed to assess the capacity and cargo flows of the 
stations of the Far Eastern Rail System; an assessment of the needs for an additional increase 
in the capacity and carrying capacity of the railway transport infrastructure to justify investment 
projects for the construction, modernization and reconstruction of railway infrastructure 
facilities. 
Dynamic simulation model of cargo transportation can become a strategic tool for: 

 forecasting the throughput and carrying capacity of the objects of the Far Eastern 
Rail System under different scenarios; 

 forecasting the volume of cargo flows of the transport network of the Far Eastern 
Rail System; 

 identification of transport infrastructure bottlenecks; 
 assessment of the use of alternative transport corridors and routes in the 

transportation of goods; 
 assessment of socio-economic effects created during the operation of the objects of 

the Far Eastern Rail System. 
Keywords: transport and logistics system, Far Eastern railway system, dynamic simulation 
model. 
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Semenov A.I., Spesivtsev A.V. A Multi-Model Approach to Planning and Managing Grass 
Feed Production. 
Based on the ontological proposal, a synthesis of the approaches of two studies - logical- 
dynamic and fuzzy-possibility - is proposed for the creation and application of automated 
systems for the proactive state of complex agro-biotechnical objects of agricultural production. 
An algorithmic-model structure of the predicted impact on the type of feed production from 
silage preparation is presented. The result of the synthesis of this approach is the possibility of 
creating a decision support system that allows you to adopt and adjust in the shortest possible 
time a plan for implementing the technology for producing grass feed. 

Keywords: production of feed from grasses, ontological approach, fuzzy-possibility 
approach, logical-dynamic modeling. 
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Starodubov A.N., Zinoviev V.V., Kadochigova A.N., Kaplun A.V. The system of 
simulation modeling of mining operations. 
The technology of long pile mining using controlled release of coal from the ceiling with the 
help of powered supports is the most effective and safe method of underground mining. Due 
to the fact that this technology still needs to be improved and thoroughly tested, it is necessary 
to develop systems that could speed up these processes and reduce costs. The article describes 
the development of a system of simulation modeling of coal-face works, which consists of 
models simulating the processes of shearer mining and controlled release of coal from the 
ceiling. The models are developed in the Rocky DEM simulation environment based on the 
discrete element method. A prototype of a client application that allows the end user to interact 
with models without knowledge of working with Rocky DEM is demonstrated. The developed 
system will allow in the future to increase the efficiency of the use of mining equipment and 
optimize its operating modes. 
Keywords: simulation modeling, discrete element method, coal-face works, Rocky DEM, 
shearer loader, powered support, under-roof coal output. 
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Topaj .G., Gindin I.B, Czeslavsky A.V. Simulation model as a tool of analysis and 
verification of material flow planning system in manufacturing. 
Presented paper describes the prototype of an applied software solution  an optimization solver 
of material flow planning for single-stage manufacturing, controlled both by the input flow of 
incoming raw materials and the output flow of sell orders. A specialized simulation model has 
been developed to analyze, verify and visualize the results of this solution. It makes it 
possible to track in dynamics the main characteristics of the production process under study 
(the stocks of raw materials and final products, work center loading, order fulfillment rate). 
Developed simulation/optimization software can be considered as a useful tool for dispatching 
the manufacturing process. 
Keywords: manufacturing logistics, pull/push scheduling, order, product, raw material, work 
center, simulation model of technological process. 
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Trub I.I. Simulation of workload with priorities in thread pool for database server. 
The paper extends object-oriented simulation model of MySQL thread pool. This model 
provides separation of requests among priority queues depending on request's type (select, 
update, insert, delete). The model's main intention is the studying of chosen priority queue 
discipline and its numerical parameters on thread pool throughput in transactions or queries per 
second. Results of model's probation are presented, which confirm the validity of priority thread 
pool optimal control problem. 
Keywords: thread pool, simulation, mixed workload, priority queues, performance criterion, 
inheritance, polymorphism. 
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Usmanova A.R., Malikov R.F. Simulation modeling of tourist routes. 
This paper discusses topics and directions for the development of simulation models in the 
tourism industry. A simulation model of a tourist route along the Belaya River is presented. The 
goal of the development is to optimize tourist routes based on computer and simulation 
modeling in the GPSS-Studio and AnyLogic environments. 
Keywords: tourist routes, discrete event modeling, GPSS-Studio modeling environment. 
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Tsebrovskaya E.A., Teplov V.M., Klyukovkin K.S., Prasol D.M., Bagnenko S.F. Practical 
application of simulation modeling in the Flexsim HC computer environment to optimize 
the work of an inpatient emergency department in daily activities and in emergency 
situations. 
The report presents experience in the practical application of simulation modeling to optimize 
the work of an inpatient emergency department during emergencies of various types. performed 
using Flexsim HealthCare. Organizational experiments were carried out on the models, based 
on the results of which optimal working conditions were determined in conditions of mass 
receipt. 
Keywords: simulation modeling, healthcare, Flexsim HealthCare, Emergency Department, 
emergency situations, mass patient arrivals. 
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Chikrin D.E., Pashin D.M., Egorchev A.A., Fakhrutdinov A.F. Using simulation 
mannequins to build a biomonitoring system of human health. 
Remote diagnostics is a pressing task today. Moreover, the use of simulation mannequins 
allows testing of developed systems without involving people to conduct tests. This paper 
presents a solution in the form of a software package for centralized remote monitoring of key 
indicators of human health, tests of which were carried out on simulation mannequins. The 
accuracy of the developed system was no less than 90%. 
Keywords: biomonitoring, simulation mannequins, smartphone in medicine, digital signal 
processing, medical mannequins. 
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Chikrin D.E., Pashin D.M., Timershin B.A., Galiullin I.G., Egorchev A.A., Kokunin P.A. 
Simulation of a surface hexapod robot. 
Hexapod robots are robotic systems of high cross-country ability and stability. 
One of the main problems in the design of robotic systems is the need to study their 
characteristics taking into account design features. It is solved by simulation modeling. 
Based on the location of the legs of the hexapod robot, two design modifications are 
distinguished: radially symmetrical, symmetrical along the longitudinal axis. 
In the course of the work, the kinematic scheme of the hexapod robot was developed and 
simulation modeling of three types of movement was carried out. 
Simulation results: the tripod type of movement has the highest speed, the undulating type has 
the lowest. 
The scientific and practical results of the study are the developed kinematic scheme and the 
program code of movement scenarios. 
Keywords: hexapod robot, simulation modeling, kinematic scheme. 
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Shepel A.S. Application of an adaptive control system in simulation modeling of railway 
infrastructure facilities. 
The use of control actions to resolve conflicts between operations due to the employment 
of resources is considered. The formalized macro-algorithms for the distribution of transactions 
in the transport system are given, the problems of using various algorithms and their impact on 
the formation of conflict situations, additional downtime of operations on the simulated 
infrastructure, and the overall load of the infrastructure are determined. A unique adaptive 
control system based on a set of different modeling algorithms is proposed, an example of its 
use is given. 
Keywords: railway infrastructure, adaptive control system, modeling algorithms, validation of 
the simulation model. 
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Akodit E.V., Antsiferov A.A., Mendurov S.A., Muravyova A.S., Pavlenko M.A. Agent- 
based approach in the design of modeling complexes. 
The development of computing tools makes it possible to make a significant shift in the 
development and descriptive capabilities modeling complexes. The use of the agent-based 
approach to the creation of modeling complexes requires the creation of new approaches to 
the development of the architecture such systems, the development of methods for describing 
data and new approaches to processing and analyzing the results obtained. The expansion of 
descriptive capabilities will increase the information content of models and improve the quality 
of decision-making. 
Keywords: simulation modeling, agent-based modeling, intelligent agent, modeling complex, 
decision-making. 
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Gordeev A.V. Multi-criteria planning of a multi-satellite orbital constellation of small 
spacecraft for remote sensing of the earth when servicing a group ground target. 
A formal formulation of the problem of multi-criteria selection of plans for the target use of a 
multi-satellite orbital constellation (MSOG) of small Earth remote sensing spacecraft (SMSC) 



 
   -2023) 824 

 

when servicing a group ground target is given. The criteria for the optimal choice of plans are 
maximizing the total significance of the information received about the captured observation 
objects (OBs) of the group target and minimizing resource costs. When forming service plans, 
the visibility intervals of observation objects, the conditions for surveying objects (time of 
day, weather conditions, the presence of cloud cover), the possibility of orienting the optical 
axis by the motion control system (MCS) of the small spacecraft for surveying, as well as the 
restrictions imposed by the specifics of the target application of the remote sensing satellite are 
taken into account. when performing maintenance on a group goal. The results of computational 
experiments carried out using combined (analytical and simulation) modeling methods are 
considered. 
Keywords: combined modeling, multi-criteria problem, multi-satellite orbital constellation. 

 
       

     
       

        
        

 
          

 
        

  
 
Grigorieva D.N., Faskhutdinova A.R. The use of simulation tools in optimizing traffic 
light regulation. 
The article examines the use of simulation tools in optimizing traffic light regulation. The paper 
presents an overview of existing methods for optimizing traffic light systems. The authors 
examine various traffic light scenarios and evaluate their effectiveness using simulation models. 
The work contains useful recommendations for the practical application of simulation modeling 
in solving problems of optimization of traffic light systems. 
Keywords: modeling, optimization, traffic light regulation, traffic flow. 
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Demin A.G. Assessment of equipment sufficiency for an underground copper-zinc mine. 
Large mines have strong structural and functional connectivity and their parameters are difficult 
to assess. Over the last decade, a certain experience has been accumulated in the application of 
methodologies and models for the modeling and optimization of mining systems. The paper 
describes a solution for optimizing transportation flows in mines, 
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assessing the efficiency of equipment, and determining the optimal quantity of machinery, 
including self-propelled equipment, rail transport, and skip hoists. 
Keywords: underground mine model, mining processes, mining systems modeling, transport 
flow optimization in mines, efficient equipment utilization. 
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Ilin Y.V., Aksyonov K.A. Development of a simulation model for a network of car 
refueling stations. 
The paper discusses the process of operation in the network of car refueling stations in the 
Sverdlovsk region. The simulation model is implemented in the AnyLogic software system. 
The statistics of the operation of the Bashneft gas station network in the Sverdlovsk region are 
taken as initial data. The relevance of the model development is due to the fact that the model 
helps to measure the efficiency of the network of gas stations, solve problems related with the 
optimization of various operations and processes, with a reduction in expenses, costs and 
outgoings, and allows you to analyze the workload of the system. 
The scope of the potential simulation model is extensive, since the created model can be 
integrated into the operation of not only the gas station network in question, but also any 
network of gas stations anywhere in the country and the world. To use the obtained results of 
the simulation model, you do not need to have technical, information technology training, which 
is extremely effective in terms of speed and performance of work on the part of the business of 
any project. 
Keywords: simulation modeling, agent modeling, AnyLogic, logistic, petrol stations 
network. 
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Iskanderov Y.M., Chumak A.S., Shakhnov S.F. Features of simulation of oversized cargo 
transportation. 
The article considers an approach that takes into account the features of oversized cargo 
transportation in simulation. The factors of a technological nature that have a significant impact 
on the specified transportation and, accordingly, its simulation are described. A model is 
presented that takes into account the existing features of such transportation, relevant 
information about which is contained in the knowledge base. 
Keywords: simulation; oversized cargo; transportation; knowledge base. 
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Kazakov D.A., Aksyonov K.A., Aksyonova E.K. Development of a simulation model of the 
delivery service of a plant for the production of beverages and bottled water. 
Simulation modeling has made great strides in the world of information technology. Interest 
in this type of computer modeling is directly related to the advanced technological development 
of simulation systems, which today represent powerful analytical tools that allow a holistic 
assessment of modeling results. 
In order to understand the potential demand for the product in the market and clearly 
demonstrate the existing advantages of simulation modeling, it was decided to develop a 
simulation model in the development tool  AnyLogic. 
Keywords: simulation modeling, agent modeling, AnyLogic, logistic. 
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Kimyaev I.T. Conceptual approach to the synthesis for viable information control 
systems architectures. 
The article proposes to consider a generalized conceptual scheme that describes an approach 
to solving the problem of syntez integrated control systems, that making management decisions 
in the overall structure of maintaining vertically integrated buisiness unit in a viable state. The 
proposed conceptual model is based on the complexity management methodology, which is 
developed, among other things, by the article author and forms the methodological approach 
basis, that substantiates the order of systematic and evolutionary replacement decision makers 
at production facilities, with functionally equivalent software and hardware complex. 
Keywords: control object, integrated control system, viability, fuzzy-possibility approach, 
complexity management, viability, decision maker, heuristic rules. 
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Krasikov A.A., Aksyonov K.A., Aksyonova O.P. Development of a simulation model: 
supply of a network of construction stores. 
The paper discusses the process of supplying construction stores in Yekaterinburg and 
Sverdlovsk region in the AnyLogic software system by building a simulation model, conducting 
experiments on the created model and analyzing the results obtained. The collection of initial 
data was carried out on the basis of the existing system of construction 
scientific novelty of the developed model is due to the fact that the model helps to assess the 
efficiency of the system for the supply of construction goods, as well as with the help of such 
a model, you can dynamically analyze the resources spent on its maintenance, analyze the 
workload of the system, reduce the time of order fulfillment by identifying problem areas, after 
which it becomes possible to draw up an action plan to eliminate them. 
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The scope of application of the resulting created simulation model of the dissertation is 
extensive, since the created model can be integrated into the work of not only a company in 
Yekaterinburg and the Sverdlovsk region, but also any transport and logistics company 
anywhere in the country and the world specializing in any goods. To use it, you do not need to 
have technical, information technology training, which is extremely effective in terms of 
speed and performance of work on the part of the business of any project. 
Keywords: simulation modeling, agent modeling, AnyLogic, logistic. 
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Kudryashov A.N., Aleshin E.N. Interactive simulation model of failures in the operational 
management of technology processes based on the use of modified stochastic Petri nets. 
A model is presented for the manifestation of failures in the course of managing various kinds 
of technological processes, such as those that require the participation of a human operator, a 
dispatcher, as a rule, associated with the movement of something in space (the functioning of 
processing enterprises, conveyors, the organization of the movement of railway, motor 
transport, shipping, air messages, ensuring the use of spacecraft, etc.). For a specific control 
system, the model is dynamically formed from a set of similar fragments of a stochastic Petri 
net, modified for the task. The developed model is supposed to be used both for training relevant 
specialists and for improving the technology of operational management of the objects under 
consideration. 
Keywords: dispatcher, technological process, control operation, failure, uncertainty, Petri net. 
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Martynova L.A., Rosenghaus M.B. Simulation system for processing ultra-wideband 
signals to determine the location of a small-sized UAV for AUV safety purposes. 
To determine the location of a small unmanned aerial vehicle during its unauthorized flight over 
maritime objects, a simulation system for determining its location using the difference- 
rangefinder method using a signal emitted from its side has been developed. Signal attenuation 
is taken into account, and a zone of stable reception of an ultra-wideband signal is formed. 
Estimates of the influence of the error in determining the difference in the moment of arrival of 
signals on the error in determining the location of an unmanned aircraft were obtained. 
Keywords: small-sized unmanned aerial vehicle, location determination, difference- 
rangefinding method, spatially separated receivers, cubic spline interpolation. 
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Nguyen Minh Tien Modeling the development system of sea ports of the Republic. 
The article presents a model of the development system of seaports of the Republic of Vietnam. 
The factors influencing demand and the development of processing of the seaport system are 
considered. In this article, a simulation model was built using the Anylogic program. An 
analysis of the results obtained was carried out and the predicted volume of transportation of 
the sea ports of the Republic of Vietnam for 2030 was derived. 
Keywords: transport, transport and infrastructure system, transport technology, seaport, 
simulation modeling, discrete event modeling. 
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Odoevsky S.M., Rafalskaya M.I., Zizevsky V.A., Anishchenko G.I. Optimization of the 
distribution of multimedia traffic along several routes based on approximation of the 
results of simulation modeling of the operation of switching nodes of a multiservice 
communication network in the form of queuing systems. 
The solution of the problem of optimizing the distribution of multimedia traffic, described by 
the probability distributions of Weibull and Pareto, along several routes with unknown 
analytical dependencies, which are proposed to be obtained by the proposed method of 
approximating the results of simulation of the operation of switching nodes of a multiservice 
network in the form of appropriate queuing systems, is considered. 
Keywords: multimedia traffic, Weibull and Pareto distributions, simulation modeling, 
approximation, traffic distribution over several routes. 
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Okolnishnikov V.V., Rudometov S.V., Zhuravlev S.S. Distributed simulation possibilities 
in the MTSS system. 
The MTSS simulation system implements the possibility of distributed simulation. To 
implement this feature, the High Level Architecture standard was used. WebSocket technology 
is used to implement the HLA transport layer. As an example of the use of distributed 
simulation, a federation presented, it consists of two federates: a simulation model of a coalmine 
working face and a simulation model of a coalmine conveyor network. 
Keywords: distributed simulation, HLA, WebSocket, coalmine, working face, conveyor 
network. 
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Pavlov A.N., Aleshin E.N., Vorotyagin V.N., Seregin H.G. Investigation of ways to extend 
the active functioning of small spacecraft in conditions of destructive impacts on the basis 
of multi-criteria analytical and simulation modeling. 
When solving the problem of multi-criteria structural and functional synthesis of configuration 

options for the on-board system of a small spacecraft, one should take into account the effects 
of destructive factors of outer space on radio-electronic equipment. This article discusses an 
integrated (analytical and simulation) approach to modeling effective options for the on-board 
system of a small spacecraft in order to increase the duration of its active operation. To assess 
the structural and functional survivability and select options for the on-board system of a small 
spacecraft, taking into account destructive impacts, an analytical and simulation model is 
developed and an example of the practical implementation of the proposed integrated approach 
is presented. 
Keywords: analytical and simulation modeling; structural and functional survivability; 
multicriteria synthesis. 
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Pavlov A.N., Aleshin E.N., Vorotyagin V.N., Seregin H.G. Simulation of a combined 
control system for stabilizing the angular position of a spacecraft with active coordinate- 
parametric damping of elastic structural elements. 
The organization of motion control of a spacecraft with blocked elastic elements based on the 
principle of quasi-hardening in accordance with the concept of multiloop includes the solution 
of questions about the quantum decoupling of centralized and local control in a single system. 
To solve this problem, a combinational approach was specially developed to ensure a precision 
compensatory-parametric value of the angular movement of a device with attached elastic 
structural elements. 
Keywords: angular motion; damping; elastic structural elements; stabilization system. 
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Ramenskaya A.V., Fot N.P., Yarkova O.N. Agent-based Model of Bank Panic 
Propagation. 
Banking panic is a negative phenomenon that undermines the stability of the entire financial 

 
economically justified grounds. The purpose of this study is to develop a simulation model of 
the process of bank panic, allowing to assess the financial performance of the bank. The paper 
proposes a simulation model of the process of spreading bank panic based on the concept of 
agent modeling in the AnyLogic environment. The model allows us to estimate the dynamics 
of existing deposits, the number of bank customers who withdrew deposits ahead of schedule, 
the total volume of existing and withdrawn deposits on bank accounts. Numerical experiments 
were carried out on the basis of the developed model. The scenarios of the system behavior 
depending on the tendency of customers to panic and the intensity of contacts of bank 
customers are considered. The model proposed in the paper can be applied by the bank's risk 
managers to analyze the processes of early withdrawal of deposits and develop measures to 
prevent such situations. 
Keywords: simulation modeling, agent-based modeling, risk assessment, bank panic, 
commercial bank. 

 
  

    
 

-  
       

 
         

 
    

       
     

  
 
Samerkhanov I.Z.   On   the   impact   of   the   separation   of   heterogeneous   servers 
on the efficiency of the queuing system. 
In this paper, using simulation modeling tools and numerical experiments, the change in 
efficiency indicators is investigated when dividing a 2-server queuing system with 
heterogeneous servers into 2 independent single-server systems. As part of the study, the 
ratios of server intensities and the total load on the QS varied. It is shown that in the 
conditions of flow control, the separation of heterogeneous servers worsens the performance 
indicators of the system. 
Keywords: queuing system, heterogeneous servers, effective administration, simulation 
model, channel separation. 
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Sitnikov A.S. Proposals for the implementation of a method for simulating a signal  
interference situation and their justification during semi-natural tests of the RTS. 
A method for simulating a signal-interference situation based on algorithms for simulating 
discrete random processes with specified energy characteristics is recommended. Allowing to 
simulate the signal-interference situation at the stand of semi-natural modeling in the mode of 
rigid model time. 
With the recommended design of the RTS semi-natural test stand, it is possible to reduce the 
computational complexity of the algorithms for simulating the signal-interference situation in 
the hard model time mode and ensure the required accuracy, which in turn will allow evaluating 
the necessary tactical and technical characteristics of the RTS in various specified variants of 
the signal-interference situation. And also, to check the detection of all classes of targets and 
the operation of a complex of functional programs for primary processing and secondary 
processing of radar information. 
Keywords: signal-interference situation, simulation, algorithms, method, semi-natural tests, 
radio equipment. 
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Solovyov N.A., Pavlov A.D. Development of a traffic simulation model in the AnyLogic 
software environment. 
In this article, the congestion of the section of Nursultan Nazarbayev Street in Kazan has been 
studied and analyzed, a model of this section has been created in the AnyLogic software 
environment using the traffic library. 
The article describes the development of a traffic simulation model and the improvement of 
road capacity by optimizing the operating time of the traffic light phases. The purpose of this 
work is to minimize the travel time of road sections, taking into account the features of the 
infrastructure. 
Keywords: AnyLogic, simulation modeling, highways, traffic flows. 
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Storozhenko A.M., Fomin I.N., Kosterev A.A., Petrov D.Yu. Development of an agent- 
based model for UAV flight trajectory planning. 
A study was carried out on algorithms for calculating the flight path of a UAV based on the 
method of determining geometric constraints, a state diagram for the MultiLIAN algorithm was 
presented, its modifications were studied and experiments were conducted on calculating the 
flight path of a UAV for various modifications of the algorithms on simulation models in the 
AnyLogic environment. Based on the experimental results, informal recommendations are given 
on the use of various algorithms in the design of UAVs. 
Keywords: algorithm, agent, simulation, UAV, MultiLIAN-CC. 
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Timiskov M.V. Creating a software product simulator. 
The article describes the technology for creating software simulators and product simulators. 
The use of software product simulators allows you to reduce the number of errors when 
managing products and improve the quality of management in general. However, in real 
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production conditions, developing software simulators in a limited time frame is a labor- 
intensive and complex task. A technology for creating simulators using software used for 
debugging and complex testing of product software is proposed. 
Keywords: debugging complex, product software, product simulator-simulator. 
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Faskhutdinova A.R., Grigorieva D.N Simulation of traffic on a road section. 
The simulation result can serve as a basis for decision-making on the transport and road network 
in the city. The purpose of writing this work is to address issues related to the planning of the 
road network in the city, the installation of traffic signs, the introduction of new rules for the 
regulation of parking or entrances to the city. Analyzing various sections of the road allows you 
to identify their congestion and find optimal ways to solve the problem. 
Keywords: simulation modeling, traffic flows, optimization, modeling, traffic organization. 
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 fork-join,   
 
Khabarov R.S., Levchik E.S., Lokhvitsky V.A. Approximation of complex queuing 
systems probabilistic-temporal characteristics based on regression models of machine 
learning. 
An approach is proposed to obtain the initial moments of the stay of applications in the queuing 
system with the Fork-Join discipline based on regression models of machine learning. 
In comparison with the known methods, the proposed approximation allows us to obtain 
estimates of the initial moments of the residence time at an arbitrary coefficient of variation of 
the service time with a relative error within 4%, and at extreme values of the load factor  up 
to 7%. 
Keywords: queuing systems, splitting and merging of applications, fork-join, machine 
learning, regression models. 
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Khasanov D.S. Simulation modeling of warehouse operations. 
The article deals with modeling of individual activities in the warehouse. Routine logistics 
activities are receiving goods, goods control and storage of goods in the warehouse system on 
the inbound side of the warehouse. On the exit side, these are activities such as picking, packing 
and shipping. The economics of warehouse operations depends on the efficiency of the logistics 
activities performed and the deployment of technical means. The main objective of the paper is 
to present the simulation model created for a selected warehouse operation - receiving goods 
into the warehouse. This operation includes the unloading of goods from trucks, moving them 
to physical receiving, where the quantitative and qualitative control of goods is carried out 
(goods acceptance). The analysis of this activity preceded the creation of a simulation model in 
a working environment. The study was conducted by observing and measuring the duty cycle 
of a forklift truck that unloaded pallets from carts. The data obtained from the analysis served 
as input data for the creation of the simulation model. EXTENDSIM8 simulation system was 
used to create the simulation model. After the creation of the model, several experiments were 
conducted to verify its performance. The paper evaluates 3 experiments and analyzes their 
results. The main advantage, novelty of the article is the modeling of the selected activity for 
the conditions of a particular company. The results of the experiments are a reasonable basis 
for creating an operational tool for the company. 
Keywords: simulation modeling, warehouse, road, vehicle, pallets, optimization. 
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   GPSS World  GPSS Studio.   
        

         
 

studio,  
 
Khomonenko A.D., Kirienko A.B. An approach to calculating the characteristics of 
reliability and availability of information systems by simulation modeling in the GPSS 
World system. 
The authors analyze the means of modeling the reliability of information systems. Conclusions 
are drawn about the suitability of using simulation models, relatively analytical, taking into 
account the experience of their use by other authors. The GPSS World and GPSS Studio 
modeling environments are described. A simulation model of a distributed information system 
in the form of a queuing system with failures for calculating reliability indicators in the GPSS 
language is described. 
Keywords: simulation modeling, system reliability, gpss world, gpss studio, queuing system. 

 
       

    
 
 
 

      
  

      
   

        
      

  
 
Shastitko D.V., Novysh B.V. Limitations of simulation modeling of management under 
uncertainty. 
The article discusses some limitations of the application of simulation models for economic 
decision-making in an environment with a high degree of uncertainty. The described limitations 
are combined into 4 frames: related to the complexity of models and limitations of computing 
power, nonlinearity in economic processes, the influence of cognitive biases on decision 
making and the possibility of verification. Biases in the formation of interval expert estimates 
of economic parameters are also considered. The iterative cycle of model adaptation as a tool 
for improving the quality of management under uncertainty is described. 
Keywords: simulation modeling, constraints, uncertainty, cognitive biases, agile. 
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Shvets T.S. Calculation of the characteristics of a multi-channel non-exponential queuing 
system with negative orders and group removal of positive ones. 
An approach is proposed to the calculation of the stationary probability distribution of states 
of a non-  
remove a group of positive applications. Russell some distribution is based on approximation 
methods of queue theory. The results obtained are compared with the results of simulation 
modeling. 
Keywords: queuing systems, negative applications, non-exponential distribution. 

 
 

  
       

         
 
 

      
       

 
 
Shnaider I.A. Simulation modeling in the problem of locating sources of increased 
atmospheric emissions. 
The task of localizing the source of elevated emissions of atmospheric pollutants based on data 
from inventoried sources and monitoring results of the investigated area is formalized. An 
approach to solving the problem is proposed through the use of simulation modeling of the 
impact of increased emissions from various points, employing an advanced Gaussian plume 
model. 
Keywords: ecology, pollutants, Gaussian plume, simulation modeling. 


