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Abstract: In the educational process of modern higher education, in order to prepare successful and in-demand personnel, 

it is necessary to specifically train students in the use of digital tools to solve professional tasks of a specialist 

of a specific profile. Being a powerful method of cognition, modeling as an activity also undergoes changes 

– the transition of this activity into a computer environment is carried out. In this regard, the ability to conduct 

computer modeling of objects, processes and phenomena becomes an actual quality of a successful graduate 

of a higher school. The analysis of existing software tools for computer modeling, such as Python, Delphi, 

MathCad, MATLAB, Maple, FEMM, MS Excel, Blender and others. Groups of functionally similar programs 

that allow solving various professional tasks are identified and their classification is given. The article 

describes the goals, content and methods of organizing students' activities during the study of the course 

«Computer Modeling in Modern Science», aimed at forming a computer modeling method for future 

specialists to solve professional problems using various software tools. 

1 INTRODUCTION 

A successful graduate of a modern higher school must 

possess the digital technologies of his professional 

activity to solve various practically significant tasks. 

One of the most relevant digital tools is computer 

modeling of objects, processes and phenomena using 

various software tools. So, when studying physics, 

astronomy, chemistry, biology and other natural 

science and technical disciplines, a computer allows 

you to conduct research, virtual laboratory work, 

perform multiple complex calculations, visualize, 

simulate objects and phenomena of the microcosm 

and macrocosm, complex technical objects, various 

physical phenomena of nature and much more. The 

software greatly facilitates and automates these types 

of activities. 

Relevant requirements to the training of graduates 

are reflected in the regulatory documents - the state 

program of economic development of the country, 

educational standards for all levels of education, the 

subject concepts for the development of education. 
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Thus, the need to prepare students for the 

selection and use of software tools for computer 

modeling is dictated by current conditions, which is 

reflected in the transformation of the educational 

process. 

2 METHODS 

The purpose of the study: to develop the content and 

methodology for the formation of students' ability to 

use software tools for computer modeling of objects 

and phenomena. 

Research objectives: 

a) Identify the essential characteristics of software 

packages as a basis for establishing the content of 

training students in their selection and application; 

b) To develop the structure and content of the 

course «Computer Modeling in Modern Science». 

Methods used in the study: the method of expert 

assessments, analysis of psychological and 

pedagogical and specialized literature, 



questionnaires, processing of results, organization 

and conduct of pedagogical experiment. 

The questionnaire survey of students focused on 

assessing the knowledge of the functionality of 

existing computer programs and the ability to apply 

them to model objects and processes of professional 

activity. It was found that most students are not 

familiar with digital tools, which can be used to create 

and investigate models of real objects and processes 

in various conditions. This necessitates the 

organization of special training of students in 

modeling activities already in the first year of 

university. 

The content and methods of the elective course 

«Computer Modeling in Modern Science», developed 

and implemented in the educational process, the aim 

of which is to form students' method of computer 

modeling with the use of software packages for 

solving professional problems, are offered. 

3 RESULTS 

It is extremely difficult to analyze all existing 

software for computer modeling due to their huge 

number and constant updating. The study of their 

functionality and tasks solved with their use allowed 

to identify the following groups of software tools, 

shown in Figure 1. 

 

Figure 1: Classification of software tools. 

Programming systems are systems for developing 

new programs in a particular programming language. 

They include, for example, Python, Delphi, QBasic 

and others. 

As examples of programs developed using the 

Python and C++ programming languages, one can 

cite the author's programs for the study and design of 

machine mechanisms (Buynachev et al., 2019); for 

the study of dynamic processes (Krasnyakov, 2022; 

Martin-Martinez et al., 2022) and others. 

Computer mathematical systems are software that 

allows not only to perform numerical calculations on 

a computer, but also to perform analytical (symbolic) 

transformations of various mathematical and 

graphical objects. The most famous computer 

mathematics programs (mathematical packages) are 

MathCad, MATLAB, Maple, Mathematica, Maxima 

and others. These packages are functionally similar, 

however, each of them has its own characteristics, 

which allows you to select a specific software 

package for solving certain tasks. For example, the 

MathCad software package is currently most widely 

used in both research and teaching activities. Its 

advantages are that it allows you to engage not only 

in modeling objects, phenomena and processes, but 

also in complex, cumbersome calculations (Rzaev et 

al., 2022). The capabilities of MathCad allow the 

teacher to use this tool in lectures for visual 

presentation of physical processes and engineering 

structures, laboratory work and analysis of 

experimental data (Krutova and Kruchinkina, 2019). 

Computer simulation systems are specialized 

packages that use specific concepts of a particular 

application area and have a narrow field of 

application. For example, for numerical calculations 

of magnetic fields there are programs that take into 

account the real geometry of the object and work on 

the finite element method. One of such programs is 

FEMM - Finite Element Method Magnetics. Figure 2 

shows the result of modeling in this program the 

character of distribution of magnetic field induction 

lines arising in the space near a coil with a current. 

The window for viewing the simulation results 

displays the value of the relative magnetic 

permeability, expressed as two axial components. 

The color scale shows the correspondence between 

the color in the field picture and the value of the 

physical quantity. 

Also with the help of computer modeling systems 

it is possible to design models of physical objects, for 

example, in the aerospace industry (Abbasov, 2020), 

medicine (Artyushin et al., 2018), geology, oil and 

gas (Erokhina, 2023) and other fields. 
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Figure 2: A model of the graphical representation of the 

magnetic field of a coil with electric current, created in the 

FEMM program. 

Tabular processors of office packages are 

spreadsheet programs. The most popular of them is 

Microsoft Excel. Tabular processors are most often 

used in modeling socio-economic processes, as they 

allow for statistical calculations and their analysis to 

make forecasts of certain situations (Adamadziev and 

Adamadzieva, 2015). But it should be noted that 

today tabular processors are also used in data 

processing and calculations in other areas, for 

example, in histomorphological studies (Vasin et al., 

2018). 

Thus, it is advisable for specialists of different 

profiles to master various software tools from the 

above described for successful solution of the tasks of 

professional activity during their studies at the 

university. For this purpose, the course «Computer 

Modeling in Modern Science», aimed at mastering 

the method of computer modeling, was introduced 

into the curricula of the first year of study. 

4 DISCUSSION 

Within the framework of the course «Computer 

Modeling in Modern Science» developed by us, a 

group of 25 people is being formed – these are 

students of different training areas who will have to 

choose a profile for further education within a 

specific direction. Therefore, in this course they are 

aware of the possibilities of using computer programs 

in various fields of professional activity. Individual 

work of students on the selection and application of 

software packages for computer modeling of socio-

economic, physical, chemical, biological processes 

and solving engineering problems is organized. 

Below are examples of assignments from various 

scientific fields offered to students to solve as part of 

the course using various software tools. 

1. Compose the cheapest diet for chickens 

containing the required amounts of certain nutrients 

thiamine T and niacin H. The nutritional value of the 

diet (in calories) must be at least a given. The chicken 

mixture is made of two products - K and C. The 

content of thiamine and niacin in these products is 

known, as well as the nutritional value of K and C (in 

calories). How much K and C should be taken for one 

serving of chicken feed so that the chickens get the 

dose of H and T and calories they need (or more) and 

the cost per serving is minimal? 

2. The enterprise produces different types of 

products. Their volumes in physical terms, the price 

and unit cost of each type of product are given. 

Calculate: 

A) the profit from the production of each type and 

all products; 

B) the cost per rub of production (each type and 

all products). 

3. Determine the position of the center of gravity 

of the body whose shape and dimensions are shown 

in Figure 3. The dimensions are given in cm. 

 

Figure 3: Figure for task 3. 

At the beginning of the course, students are 

offered a questionnaire aimed at identifying 

perceptions of the programs that allow them to 

engage in computer modeling. 

The questions offered to the students are aimed at 

revealing knowledge of the programs offered for 

computer modeling within the course. MS Excel was 

chosen to introduce the ability to do modeling in the 

socio-economic sciences; MathCad in science; and 

Blender in engineering. Figure 4 shows a diagram of 

the distribution of students by level of their skills to 

work with these programs. 



 

Figure 4: Results of the student survey. 

Half of the group answered that they can work in 

MS Excel at the level of a confident user; a third of 

the group - can work at the level of a novice; the rest 

- are not familiar with this program at all. The 

students are not familiar with the program MathCad 

at all. 12% consider themselves confident users of 

Blender; 44% - at a beginner's level; 44% - have heard 

of the program, but have not worked in it personally. 

Thus, the results of the survey allow us to create a 

portrait of the student who came to the course, and to 

select tasks of the appropriate level of complexity. 

The survey of students showed that the 

professional functionality of the programs is not used. 

For example, students are not familiar with such an 

add-on in MS Excel package as Solution Search, 

which is used to optimize parameters (profit, sales 

plan, cargo delivery scheme, profitability and others). 

Knowing this function and being able to use it saves 

a lot of time and effort. The students note that 

familiarity with this function has opened for them 

new possibilities of MS Excel application and 

changed their idea of this spreadsheet processor. 

At the stage of acquainting students with interface 

and functionality of MathCad package students are 

offered tasks of computational character. After jointly 

solving one example, students start solving 8-10 

situations on their own to master the sequence of 

actions for modeling processes in this package. 

For example, when solving the problem «Find the 

roots of a nonlinear equation 

 
xxx

xY
11

sin2
2

cos  , which are on the 

interval x from 0 to 5» students create a file, enter the 

initial data - the equation and the interval to which the 

variable x belongs. 

The next step is to plot the graph. To find the 

roots, you can use a standard MathCad math function, 

root(f(x), x). This function allows you to find the 

roots of the equation f(x): by varying the variable x as 

much as possible to the value you want, MathCad 

tries to convert the expression to zero. The plot shows 

that such variables are x1 = 0.5 and x2 = 2. 

Thus, the roots of the equation are x1 = 0.469 and 

x2 = 1.876, as seen in Figure 5. 

 

Figure 5: MathCad window with a program for finding the 

roots of a nonlinear equation. 

As you can see, the advantage of this 

mathematical package in comparison with the others 

is the ability to enter mathematical expressions in the 

form familiar to the user and does not require special 

knowledge of programming languages. That is why 

we have chosen this package for teaching students 

mathematical modeling of physical phenomena and 

processes. 

The next stage in the application of the MathCad 

mathematical package is the modeling of a physical 

phenomenon. Having analyzed one task, students are 

invited to identify the stages of modeling activity and 

apply them to solve subsequent, gradually more 

complex tasks. 

5 CONCLUSION 

Modeling is a universal way of learning in science. 

Therefore, it is important to teach modeling, using 

modern technologies and tools in the learning 

process. 

One of these tools is the computer, which modern 

students are familiar with. The main thing is to show 

that it is not only a means of entertainment, but also a 

powerful professional tool. 
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The selected groups of software tools, which 

automate and accelerate the process of modeling, 

allow you to navigate in their variety of 

functionalities. Thus, having settled on one of the 

groups, it is possible to continue the choice of a 

suitable program according to the following 

important criteria - accessibility, interface language, 

performance and others. It is important to note that 

the selection criteria play a different role for each 

user. 

It is important to show students that one and the 

same task can be solved by applying software tools 

from different groups - this will form students' idea of 

the variety of tools and teach them to choose the 

appropriate one not only for the task solution, but also 

convenient depending on the knowledge and skills 

formed in the student. 

Also the formation of skills of modeling activities 

with the use of computer programs allows students to 

apply the acquired knowledge not only within the 

study of other disciplines, but also in the process of 

organizing research activities. 
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