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Abstract. Currently, with increased demands on the level of knowledge of students, 
with increased workload, with shorter hours, with wear and tear and a shortage of devices and 
equipment, there is a question of improving the quality of education.  In this aspect, the train-
ing of specialists in credit technology, according to which students are trained, determines the 
relevance of developing new conceptual foundations in the organization of educational and 
methodological work and the introduction of modern information and communication tech-
nologies into the educational process. This implies the widespread use of information tech-
nology and personal computers to simulate various physical processes, both in the learning 
process and current control. This paper shows that the use of modern application packages in 
the educational process makes it possible to significantly change the methodology of study-
ing some issues of the physics course, with a visual representation of the results of solving 
the problem using application packages. In the article, for a visual representation of physical 
processes using the MathCad program, modeling of complex systems described by ordinary 
differential equations of the second order is given. Using the odesolve function of the Math-
cad package, a graph of forced oscillations without resistance in the presence of an external 
periodic force is obtained. One of the methods described in the paper for solving differential 
equations can be used to model other physical processes from the physics course. The pur-
pose of this work is to master the methods of modeling nonstationary physical processes in 
the Mathcad package using the odesolve function on the example of oscillatory movements. 
The article also talks about the use of physical models in the educational process.
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Аннотация. Қазіргі уақытта білім алушылардың білім деңгейіне қойылатын 
талаптардың және жұмыс жүктемесінің жоғарылауымен, сағаттардың қысқаруымен, 
құрал-жабдықтардың тозуы мен жетіспеушілігімен оқыту сапасын арттыру 
мәселесі тұр.  Бұл тұрғыда студенттерді оқыту жүргізілетін кредиттік технология 
бойынша мамандарды даярлау оқу-әдістемелік жұмысты ұйымдастыруда және оқу 
процесіне заманауи, ақпараттық-коммуникативтік технологияларды енгізуде жаңа 
тұжырымдамалық негіздерді әзірлеудің өзектілігін анықтайды. Жоғарыда айтылғандар 
оқу процесінде де, ағымдағы бақылауда да әртүрлі физикалық процестерді модельдеу 
үшін ақпараттық технологиялар мен дербес компьютерлерді кеңінен қолдануды 
қамтиды. Бұл жұмыс оқу процесінде заманауи қолданбалы пакеттерді қолдану физика 
курсының кейбір мәселелерін зерттеу әдістемесін айтарлықтай өзгертуге мүмкіндік 
беретіндігін, қолданбалы пакеттердің көмегімен мәселені шешу нәтижелерін көрнекі 
түрде ұсынатындығын көрсетеді. Мақалада физикалық процестерді көрнекі түрде 
көрсету үшін Mathcad бағдарламасы арқылы екінші ретті қарапайым дифференциалдық 
теңдеулермен сипатталатын күрделі жүйелерді модельдеу келтірілген. Mathcad 
пакетінің odesolve функциясын қолдана отырып, сыртқы периодтық күш болған 
кезде кедергісіз мәжбүрлі тербелістер графигі алынған. Жұмыста сипатталған 
дифференциалдық теңдеулерді шешудің бір әдісін физика курсынан басқа физикалық 
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процестерді модельдеу үшін қолдануға болады. Бұл жұмыстың мақсаты ― тербелмелі 
қозғалыстар мысалында odesolve функциясын қолдана отырып, Mathcad пакетіндегі 
стационарлық емес физикалық процестерді модельдеу әдістерін игеру. Мақалада оқу 
процесінде физикалық модельдерді қолдану туралы да айтылған.

Түйін сөздер: физикалық процестер, Mathcad, модельдеу, физикалық модельдер, 
Рунге-Кутта әдісі, күрделі жүйелер, қарапайым дифференциалдық теңдеулерді шешу, 
зерттеу процесі, проблемаларды шешу мысалдары
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Аннотация. В настоящее время с повышенным требованиями к уровню  
знаний обучающихся, с повышенной загруженностью, с сокращением часов, с износом 
и нехваткой приборов и оборудования  стоит вопрос повышения качества обучения. 
В этом аспекте подготовка специалистов по кредитной технологии, по которой про-
водится обучение студентов  обуславливает актуальность разработки новых концеп-
туальных основ в организации учебно-методической работы и внедрения современ-
ных, информационно-коммуникативных  технологий в учебный процесс. Сказанное 
предполагает широкое использование информационных технологий и  персональных 
компьютеров, для моделирования различных физических процессов, как в процессе 
обучения, так и текущего контроля. В данной работе показано, что использование 
в учебном процессе современных прикладных пакетов позволяет существенным 
образом изменить методику изучения некоторых вопросов курса физики, с наглядным 
представлением результатов решения задачи с помощью прикладных пакетов. В 
статье для наглядного представления физических процессов с помощью программы 
MathCad приведено моделирование сложных систем, описываемых обыкновенными 
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дифференциальными уравнениями второго порядка. Используя функцию ode-
solve-пакета Mathcad, получен график вынужденных колебаний без сопротивления 
при наличии внешней периодической силы. Описанный в работе один из методов 
решения дифференциальных уравнений может быть применен для моделирования 
других  физических процессов из курса физики. Целью данной работы является 
освоение методов моделирования нестационарных физических процессов в пакете 
Mathcad с помощью функции odesolve на примере колебательных движений. В статье 
также говорится об использовании физических моделей в учебном процессе.

Ключевые слова: физические процессы, Mathcad, моделирование, 
физические модели, метод Рунге-Кутта, сложные системы, решения обыкновенных 
дифференциальных уравнений, процесс изучения, примеры решения проблем
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Introduction 
Currently, the training of specialists in credit technology, according to which students 

are taught at the University, determines the relevance of developing new conceptual foun-
dations in the organization of educational and methodological work and the introduction of 
modern, information and communication technologies in the educational process. The above 
suggests the widespread use of information technology and personal computers to simulate 
various physical processes, both in the learning process and current control. The use of com-
puters activates the process of studying the discipline by students, facilitates and accelerates 
the assimilation of new material and control, which ultimately improves the quality of educa-
tion and deepens students’ knowledge. Replacing lecture demonstrations with their computer 
counterparts allows you to somewhat reduce the time for their display and explanation. Expe-
rience shows that it is more expedient to familiarize students with computer demonstrations 
on their own, before starting to study the topic, as an introduction to it. The high degree of 
clarity of the presented material, complexity and interactivity make the programs indispens-
able assistants for both the student and the teacher. Thanks to the complex of various possi-
bilities of programs, the learning process becomes more effective and interesting. Therefore, 
the study of methods for modeling physical processes using modern application packages is 
currently the most relevant (Diakonov et al., 2016).

So in terms of credit technology, one of the ways to use new information opportu-
nities in the lecture learning process is an electronic lecture summary, which differs from an 
electronic textbook and is intended primarily for the lecturer, since it is used taking into ac-
count his manner of presentation of the material. The main means that are used when creating 
an electronic abstract is a multimedia presentation. Mathcad, Matlab and others are used to 
illustrate some phenomena using numerical modeling.

In our case, we prefer the Mathcad program when studying the most important topics 
of the theoretical course, the material of practical and laboratory classes.

Training systems created with the usage of computer technologies belong to a specific 
type of technical means of training, are designed to facilitate the work of the teacher, free him 
from time-consuming work, achieve high quality knowledge and skills.
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The usage of computers is associated with the solution of a number of problems of 
the development of physical education. Automated training systems can be used as a supple-
ment and explanation of the lecture course, for the current control of knowledge in practical 
classes, as well as for the automation of laboratory work (Golanova et al., 2019).

Laboratory classes (practicum) for a number of specialties are one of the leading 
forms of work. The main purpose of the workshop is to experimentally confirm the theoret-
ical provisions of the studied science, to ensure that students understand the basic laws and 
forms of their manifestation, to form a professional approach to scientific research among 
future specialists, and finally, to instill skills of experimental activity.

The increase of creative potential and professional skills is carried out in full only 
with the practical application of knowledge. The laboratory workshop promotes students’ 
knowledge of the organic unity of theory and practice, introduces them to the directions of 
development of experimental science, develops interest in research and independent creative 
work. Computer training systems can be widely used at all stages of laboratory classes: ex-
periment planning, data processing and analysis, registration of research results. If the com-
puter is not the object of study itself, then its role is reduced to providing work.

At the same time, a program simulating a physical experiment should be consid-
ered as part of a whole complex of closely interacting training programs. The computer is 
equipped with means of visualizing the results, i.e. it makes it possible to present the solution 
of the problem in a visual dynamic form (on a graphical display), to observe its dependence 
on the parameters. All this makes it possible to bring the numerical experiment closer to the 
natural experience. Working with such a model is interesting and teaches students to “feel” 
the nature of the most important equations of physics, develops intuition. It is essential that 
the numerical experiment makes it possible to predict previously unobserved effects and to 
investigate systems inaccessible to natural experiment.

Materials and methods
Computer laboratory work began to be created in the nineties of the last century due 

to the advent of cheap microcomputers, the development of a dialog mode of working with a 
machine, machine graphics and animation. The scientific basis of such educational works is 
the methods of machine modeling, which have greatly changed physics and led to the emer-
gence of a whole new branch of science - computational physics. “Virtual” laboratory work 
is an educational computer experiment that has the right to coexist with a natural physical 
experiment conducted in the same way in real conditions (Isrokatun et al., 2021).

The objectives of the laboratory workshop are an in-depth study of theoretical 
material, familiarity with the methods of measuring various physical quantities, the formation 
of experimental work skills among students, etc. Laboratory experiments are actively and 
relatively independently performed work: after getting acquainted with the theory, the student 
himself, under the guidance of a teacher, takes measurements of the necessary physical 
quantities, processes the measurement results, builds graphs and works with them, and finally 
independently draws conclusions based on the results of his work, that is, the laboratory 
workshop contributes to the formation of students’ research skills.

There are a large number of examples of physical phenomena and processes for 
which models of varying degrees of realism can be built, and from all branches of physics. It 
is important to emphasize that, using computer modeling, it is possible and necessary to use 
the huge potential of opportunities provided by modern technology and application programs 
when studying various sections of physics.
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The Mathcad package, as the most adapted from our point of view for the educational 
process, contains a text editor, a calculator and a graphics processor. Mathcad is a universal 
system, i.e. it can be used in any field of science and technology, wherever mathematical 
methods are used. Writing commands in the Mathcad system in a language very close to the 
standard language of mathematical calculations simplifies the formulation and solution of 
problems (Voskoboynikov et al., 2016).

The Mathcad system has the ability to solve partial differential equations and their 
systems. Mathcad tools allow you to solve one-dimensional parabolic and hyperbolic equa-
tions (with one spatial and one temporal variable). Such a seemingly narrow range of solved 
problems actually covers the vast majority of problems arising in physics and engineering.

To numerically integrate one ordinary differential equation, the Mathcad user has a 
choice — either use the Given/odesoive computing block, or built-in functions, such as the 
rkfixed function, as in previous versions of Mathcad. The first way is preferable for reasons of 
clarity of the presentation of the problem and the results, and the second gives the user more 
leverage over the parameters of the numerical method.

The Mathcad system has a special built-in function for solving differential equations. 
Her kind: Odesolve (x, b[ , steps ])

To solve the Cauchy problem, the so-called initial conditions and the indication of 
the end of the interval are necessary. This data, along with the equation itself, is written to the 
Given function block and only then the odesolve function itself is applied. The function has 
a number of features. If the number of step steps is specified, then the solution is performed 
with a fixed step, otherwise with an adaptive method.

The block diagram of this function:
Odesolve (x,b,[step]) ― returns a function that is a solution to a differential equa-

tion. Used in a block with the Given operator 
x - integration variable, a real number 
b - the end point of the integration segment  
step - the step value of the integration variable (optional argument)

MathCAD allows you to numerically solve a differential equation that is explicitly 
resolved (equation a) with respect to the highest derivative without additional transforma-
tions. For example:

а)   

Below is an example of solving a differential equation using the odesolve function. 
The solution is implemented using a special Given-Odesolve block consisting of the follow-
ing components:

1. The Directive Given.
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2.  A differential equation written in a traditional mathematical form with the follow-
ing features: a) instead of a simple equal sign “=”, a logical equality operator is used (entered 
by pressing Ctrl-=); b) when designating an integrable function, an argument is always indi-
cated (that is, instead of the function x(t), you cannot write just x); в) when writing deriva-

tives, either standard operators are used  or the derivative characters are put (using 
Ctrl-F7), for example  x’(t), x’’(t).

3. An indication of the initial or final values of the integrable function and its deriv-
atives (with the exception of the highest) included in the equation. Values are entered in the 
traditional form using the logical equality operator. The number of values must match the 
order of the equation. 

For a second-order equation of the form  the initial values 
of the function and its first derivative must be given, for example x(0) = 1; x’(0) = 0.5. To 
enter the character of the derivative “’”, use the keyboard shortcut Ctrl-F7.

4. Accessing the Odesolve function. The first argument is always the name of the
independent variable. The second argument is the final value of the independent variable. The 
third (optional) argument is the number of intermediate solution points. Odesolve returns a 
function representing an approximate (numerical) solution of a differential equation over a 
given time interval. This function can be used to determine the values of the integrated func-
tion at various points, as well as to plot a graph.

Example 1. Let’s solve the above differential equation for values t = 0..5; find the 
values of x at t = 2; 4, and plot the solution (Fig.1) (David Randolph et al., 2020).

Fig.1. Graph of the second-order equation for values t=0..5
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Example 2: 

The differential equation is given

Initial conditions are set

The solution of the differential 
equation is given

Calculating the derivative of b(a)

Fig. 2. The graph of the solution of a given differential equation b(a) and the derivative of the solution function 
– c(a)

Remarks:
1. The equation must be linear with respect to the highest derivative.
2. The number of specified initial or boundary conditions within the block must be

equal to the order of the equation. 
3. When writing an equation to indicate the derivatives of a function, use the

special buttons from the Math panel or ‘ (stroke) - [Ctrl+F7], for the equal sign = [Ctrl+=] 
(including for additional conditions). 

4. The end point must be larger than the start point.
5. Initial and boundary conditions of mixed type are not allowed (f’(a)+f(a)=5).
6. The desired function in the block must necessarily have an argument (f(x)).
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Based on the above examples, the paper shows methods for solving ordinary dif-
ferential equations for modeling oscillatory physical processes. As an example of solving 
higher-order differential equations using the odesolve function of the Mathcad package, a 
graph of forced oscillations without resistance in the presence of an external periodic force 
is obtained.

 As an example of solving higher-order differential equations using the odesolve 
function of the Mathcad package, a graph of forced oscillations without resistance in the 
presence of an external periodic force is obtained (Voskoboynikov et al., 2013).

The solution of a higher–order differential equation is given using the odesolve(t,b) 
function, where t is a variable and b is the end point of the integration segment.A graph of the 
obtained solution is also constructed (for certainty, the values of the parameters q=a=ω=1 are 
taken, and the initial conditions are given in the form y(0)=0, y’(0)= -1).

 From mechanics we know that forced oscillations are described by the following 
equation 
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The algorithm itself for solving a second - order differential equation in the program 
is written in the following form
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Figure 3. Forced oscillations without resistance in the presence of an external periodic force

Discussion and results
As a result of these modeling works, the user receives a ready-made model of the 

system and has the opportunity only to arbitrarily set the initial conditions and control all 
the parameters of the model during the numerical experiment. The resulting nonlinear model 
is widely used in the study of sections of physics: mechanics, electricity and magnetism, 
vibrations and waves. Nonlinear systems with dynamic chaos are used in systems of hidden 
information transmission, as well as in communication systems using dynamic chaos as a 
source of vibrations carrying information. In this development, the tasks were set: to facilitate 
students’ understanding of the basic physical laws, their logical and causal relationships; 
to help understand the relationship of various physical characteristics, to establish a 
correspondence between the natural behavior of the object, analytical dependencies and their 
graphical representation. The user is provided with an environment with the possibilities 
of free manipulation of mathematical models of physical objects, processes and effects. 
By establishing information links between elements, understanding the principles of their 
interaction, observing the reaction of the system to external influences, working out the 
methodology for managing complex systems, the user organically combines the study of 
physics with the study of computer science (Kondratiev  et al., 2015).

The use of modern application packages in the educational process makes it pos-
sible to significantly change the methodology of studying some issues of the physics and 
computer science course related to carrying out cumbersome, repetitive computational pro-
cedures, solving systems of differential equations, plotting graphs and surfaces, with a visual 
representation of the results of solving the problem using application packages. If earlier the 
behavior of a physical system was analyzed exclusively analytically, now it is possible to use 
numerical methods of computer modeling, which have certain advantages.

Computer modeling, conducting a computational experiment is one of the 
modern methods of studying physical phenomena. It has its own features, advantages and 



69

This work is licensed under a Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 
International License

INTERNATIONAL JOURNAL OF INFORMATION AND COMMUNICATION TECHNOLOGIES 2024. Vol. 5. Іs. 2.

disadvantages compared to other methods of studying physical systems. It is quite obvious 
that students of higher educational institutions should have an understanding of computer 
models, numerical methods for studying various objects of cognition and be quite free to 
navigate modern software products. It is modern application packages that allow solving a 
complex system of equations in a few seconds, plotting the studied dependence and modeling 
a difficult-to-reproduce experiment.

The advantages of modern packages are expressed in the possibility of entering 
mathematical formulas or functions for numerical calculation based on them, setting various 
values of the quantities used, plotting graphs for visual representation of simulation results, 
generating random variables (modeling random processes), performing logical operations, 
which allows you to implement various numerical methods. Using Mathcad, the student does 
not waste time coding a computational algorithm and programming auxiliary blocks, that 
is, it saves the student from a lot of routine computational work. The Mathcad program is 
easy to learn and does not require reading thick books, writing abstracts and memorizing 
complex rules for study and application. Mathcad is simple in the sense that the solution of 
the problem of interest can be obtained in a short period of time (Levitsky  et al., 2016).

Conclusions
Thus, the use of computer technology makes it possible to obtain the consequences 

contained in theoretical propositions, compare them with the results of experience and cor-
rect the original model. As a representation of a real system, and in order to master modeling 
skills, an algorithm has been developed and a program for solving the differential equation of 
elastic vibrations without resistance in the presence of an external force has been compiled. 
The results of the work can be used in computer classes of technical universities, pedagog-
ical institutes and other educational institutions. It complements traditional forms of teach-
ing (lectures, seminars, physical laboratory). For example, when reading open lectures as 
an element of information technology as a demonstration material. Such an application of 
mathematical modeling can lead to huge cost savings and a significant reduction in research 
time. Mathematical modeling for the control and evaluation of design solutions and the ex-
perimental methods created not only significantly improve the quality of design solutions, but 
also dramatically reduce the cost of creating experimental facilities and conducting scientific 
research using them.
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