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Abstract—This paper explores a methodological approach to modernizing the higher mathematics curriculum for  

engineering students, with a specific focus on the needs of “G5 Electronics, electronic communications, instrumentation and 
radio engineering” specialty. The study addresses the growing challenge posed by the "black box" paradigm, in which  
students rely on automated online calculators and artificial intelligence tools without comprehending the underlying math-
ematical logic or algorithmic structures. To counteract this trend, the authors propose integrating GNU Octave, an open-
source computational environment, as a primary tool to bridge the gap between abstract theory and professional engineering 
practice. 

The article demonstrates the practical implementation of GNU Octave across three critical mathematical domains:  
Integral Calculus, emphasizing symbolic and numerical methods for signal processing applications; Multivariable Func-
tions, focusing on 3D visualization techniques (using meshgrid and surf) for modeling spatial physical fields and potential 
distributions; Differential Equations, utilizing numerical solvers like ode45 to simulate transient processes in electronic cir-
cuits. 

The results suggest that transitioning from simplified automated tools to script-based computational modeling fosters  
a conscious mastery of mathematical concepts. This approach ensures that future engineers develop the analytical and pro-
gramming competencies needed for complex system optimization and professional modeling in modern electronics. 

Keywords — Engineering educaƟon; Teaching engineering; Electronics engineering; GNU Octave; Numerical analysis;  
MathemaƟcal modeling; Circuit analysis; VisualizaƟon; EducaƟonal technology. 

 

I. INTRODUCTION 
The rapid evoluƟon of contemporary electronics,  

telecommunicaƟons, and instrumentaƟon [1], [2] neces-
sitates a paradigm shiŌ in engineering educaƟon. Today’s 
electronics specialist must analyze complex signals, 
model dynamic processes in semiconductor devices, and 
opƟmize mulƟ-component system parameters—tasks 
that demand a rigorous mathemaƟcal foundaƟon paired 
with proficiency in specialized computaƟonal soŌware. 

The urgency of modernizing the higher mathemaƟcs 
curriculum is driven by several criƟcal factors: 

The fundamental role of mathemaƟcal modeling  
in electronics. DifferenƟal calculus serves as the corner-
stone for analyzing the rate of change in electrical signals 

and modeling transient responses in RC/RL circuits.  
Integral calculus is indispensable for determining signal 
energy characterisƟcs and conducƟng spectral analysis 
via Fourier transforms. Furthermore, linear algebra and 
the theory of differenƟal equaƟons provide the essenƟal 
framework for complex circuit analysis and the develop-
ment of control algorithms, such as PI controllers. 

The technological gap between theory and pracƟce. 
TradiƟonal pedagogical approaches oŌen concentrate  
on "textbook" problems with simplified analyƟcal solu-
Ɵons. However, real-world engineering challenges oŌen 
require numerical methods, as many physical processes 
lack elementary closed-form anƟderivaƟves or are  
analyƟcally complex and defy manual calculaƟon. 
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The "Black Box" paradigm and academic integrity. 
Modern students increasingly rely on online calculators 
and AI-driven tools that provide immediate soluƟons 
without revealing the underlying algorithmic logic. This 
trend leads to a superficial understanding of the subject 
maƩer and an inability to apply mathemaƟcal principles 
to pracƟcal professional scenarios.[3], [4] 

II. PEDAGOGICAL STRATEGY AND  
SOFTWARE SELECTION 

Addressing these challenges requires integraƟng  
professional computaƟonal environments, such as GNU 
Octave, into the learning process. As a free, open-source 
alternaƟve to the industry-standard MATLAB, GNU  
Octave bridges mathemaƟcal theory with programming 
and numerical modeling. This approach empowers  
students to implement soluƟon algorithms inde-
pendently, visualize high-dimensional funcƟon surfaces, 
and evaluate the stability of electronic systems through 
dynamic simulaƟon. 

Building upon our previous research [5], [6], which 
addressed the fundamental aspects of soŌware-assisted 
mathemaƟcs instrucƟon and basic funcƟon analysis, this 
paper explores the pracƟcal applicaƟon of GNU Octave 
in teaching integral calculus, mulƟvariable funcƟons, and 
differenƟal equaƟons. The focus is specifically tailored  
to the technical requirements of “G5 Electronics,  
electronic communicaƟons, instrumentaƟon and radio 
engineering” curriculum. 

In works [5], [6], the issue of using specialized soŌ-
ware resources when studying a higher mathemaƟcs 
course by students was considered. Obviously, students 
should be encouraged to consciously master mathemat-
ical concepts and results, which is the true goal of such  
a course, and not have it replaced by online calculators, 
arƟficial intelligence tools, etc. It is worth noƟng that 
mathemaƟcs teachers at universiƟes constantly face  
a problem: students, instead of solving problems  
independently, use online calculators. Over Ɵme, it turns 
out that some of them can no longer do without such 
tools - the study of mathemaƟcal theory is reduced  
to nothing. The main conflict that arises in this case is  
the need, on the one hand, to limit as much as possible 
the use by students of online calculators and similar  
programs, including arƟficial intelligence tools, as such, 
which are fundamentally incompaƟble with the goals  
of studying mathemaƟcal disciplines, on the other hand, 
students must learn the methods of applying specialized 
mathemaƟcal packages, at least on the example of stand-
ard problems that are offered to them when studying 
these disciplines. Is there a way to solve this problem?  
It is impossible to control whether students cheat. How-
ever, with a properly structured computer science (pro-
gramming) course, usually taught to students starƟng  
in the first semester, an interesƟng possibility arises:  

the use of soŌware packages such as GNU Octave [7]. 
GNU Octave is a free, open-source, numerical compuƟng 
environment that is an analog of MATLAB, providing 
powerful tools for mathemaƟcal analysis, matrix opera-
Ɵons, solving complex equaƟons, and data visualizaƟon. 
This and similar packages allow you to combine the study 
of computer science and mathemaƟcs. It should  
be noted that this is useful, first, for students, for the fol-
lowing reasons: 

 using the package develops certain skills, which 
allow students who have worked with it to 
more easily move on to programming in the C 
language, which is similar in syntax, or to using 
paid packages such as MATLAB; 

 the package involves performing quite complex 
calculaƟons that will be useful, for example, 
when studying general engineering disciplines. 

It should not be assumed that mathemaƟcal educa-
Ɵon is more important for students in the field of Natural 
Sciences, MathemaƟcs and StaƟsƟcs. This erroneous  
aƫtude has a negaƟve impact on student training across 
many technical specialƟes. Let's look at the needs of  
the G Engineering, Manufacturing and ConstrucƟon  
industry (more precisely, the G5 Electronics, Electronic 
CommunicaƟons, InstrumentaƟon and Radio Engineer-
ing specialty): 

1. DifferenƟal calculus: 

 signal analysis- CalculaƟng derivaƟves allows 
you to determine the rate of change of electri-
cal signals, which is criƟcal for pulse processing 
in digital systems; 

 modelling electronic circuits- the change in  
current and voltage in RC and RL circuits is  
described by differenƟal equaƟons; 

 opƟmizaƟon of device parameters- finding  
extrema of funcƟons (for example, minimum 
energy consumpƟon or maximum gain). 

2. Integral calculus: 

 calculaƟng signal energy- the integral of  
the square of a signal over Ɵme determines its 
energy power; 

 spectral analysis- the Fourier transform is based 
on integrals, allowing you to move from  
the Ɵme domain to the frequency domain; 

 charge accumulaƟon modeling- current inte-
graƟon allows us to determine the stored 
charge in a capacitor. 

3. Linear algebra: 
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 solving systems of equaƟons- matrices are used 
when analyzing complex electronic circuits (for 
example, using the nodal potenƟal method); 

 image and signal processing- transformaƟon, 
filtering, compression, all of this is based on 
matrix operaƟons; 

 modeling mulƟ-channel systems- the vector-
matrix approach allows you to describe  
the interacƟon between system elements. 

4. Probability theory and staƟsƟcs: 

 noise analysis- modeling random processes  
in a signal, esƟmaƟng the mean, variance, cor-
relaƟon; 

 sensor data processing- data filtering, measure-
ment reliability assessment, construcƟon  
of regression models; 

 device reliability- staƟsƟcal failure modeling, 
component life predicƟon. 

5. DifferenƟal equaƟons: 

 modeling the dynamics of electronic devices- 
transistors, generators, filters - their behavior is 
described by systems of differenƟal equaƟons; 

 simulaƟon of transient processes- when turn-
ing on/off power, changing load, etc.; 

 development of control algorithms- for exam-
ple, PI controllers in microcontrollers are based 
on mathemaƟcal models. 

6. Numerical methods: 

 modeling complex processes- when there is no 
analyƟcal soluƟon, numerical methods are 
used (Euler’s method, Runge-KuƩa method); 

 calculaƟon of parameters of electronic compo-
nents- approximate calculaƟon of characteris-
Ɵcs that do not have an exact expression; 

 automated design- numerical opƟmizaƟon of 
circuits, simulaƟon of device operaƟon under 
variable condiƟons. 

And this is just a small list of tasks that modern  
engineers face. The authors once again emphasize that 
the market offers many modern soŌware tools, and our 
goal is only to present possible opƟons for improving  
the quality of student training. The choice of tools  
remains with the ulƟmate teacher, but the problem 
should be highlighted: it is impossible to train a modern 
specialist solely with tradiƟonal tools. It is also not worth 
following the conservaƟve path of "separate educaƟonal 
components" at the moment, since modern soŌware 
tools require an understanding of programming basics 

and real-world examples of applying mathemaƟcal 
knowledge in one's specialty. 

As menƟoned above, GNU Octave is a free, open-
source program that also offers a large number of exten-
sions and a convenient mobile applicaƟon. At the same 
Ɵme, some of its features cannot be ignored: compared 
to the aforemenƟoned MATLAB, it is slower, has a less 
convenient interface, and offers fewer funcƟons. 

Considering the “typical configuraƟon” of the educa-
Ɵonal process in a technical university, provided that  
students become familiar with the Octave package at  
the beginning of studying a programming (computer sci-
ence) course, which is, of course, not the most common 
opƟon for construcƟng such a course, there is an oppor-
tunity to integrate it into a higher mathemaƟcs course, 
or rather, to use its corresponding opƟons already when 
studying secƟons of such a course that are tradiƟonally 
considered at the end of the first semester or at  
the beginning of the second. Examples of such secƟons 
include the integral calculus of one variable and  
the differenƟal calculus of funcƟons of many variables. 

III. COMPUTATIONAL METHODS  
IN INTEGRAL CALCULUS 

The GNU Octave soŌware package allows you to work 
with definite integrals, which may be useful to students 
not only when studying mathemaƟcs, but also for solving 
pracƟcal problems in physics. 

First of all, it should be noted that integrals can be 
divided into those that are “taken” and those that are 
“not taken” (do not have an anƟderivaƟve expressed in 
elementary funcƟons). Usually, students at technical  
universiƟes study mathemaƟcs on the basis of examples 
of problems [7] built on integrals that are “taken”. Solving 
“manually” comes down to a simple algorithm: find  
the anƟderivaƟve, calculate the value using the Newton-
Leibniz formula. So, the only thing that disƟnguishes 
them from standard problems is the method used to find 
the anƟderivaƟve. 

When working with Octave, there are two ways to 
calculate a definite integraƟon: symbolic integraƟon and 
numerical integraƟon. 

In the symbolic integraƟon method (using the int 
command), the integraƟon formulas/methods are  
selected automaƟcally based on the integrand. There is 
no need to idenƟfy symbolic integraƟon with the New-
ton-Leibniz formula; in fact, it can be performed numeri-
cally, selecƟng the most appropriate method for  
a specific example. 

To use this method, you need to connect a symbolic 
calculaƟon package. If there is only one variable in  
the expression, the system will determine it; if there are 
several variables, the integraƟon variable must be 
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specified as an argument to the command. If you do not 
specify limits, Octave returns the original expression 
without accounƟng for the integraƟon constant. It is 
worth considering that any result is given in symbolic 
form – to get a number, the double command is used 
(see Fig. 1). 

Numerical methods, on the other hand, do not allow 
finding the iniƟal value; however, these tools allow cal-
culaƟng definite integrals approximately, not limited to 
those that are "taken". For this, a number of quadrature 
formulas are available (see, e.g., [8]) using the com-
mands: quad, quadv, quadl, quadgk, and quadcc;  
the trapezoid method (the trapz command reports  
the total integral sum, cumtrapz returns an array with  
intermediate values). 

All commands have their own specific syntax, and to 
use some of them, you need to write the integrand  
expression as a user funcƟon; if necessary, you can get 
addiƟonal data about the calculaƟon progress, such  
as the number of iteraƟons or the error. InformaƟon 
about this is available to users in the program documen-
taƟon (Fig. 2). 

GNU Octave, like online tools, is effecƟve at finding 
relaƟvely simple integrals. The difference is that the soŌ-
ware package does not “paint” the soluƟon process.  
The fact is that the integraƟon methods presented in  
the package are not “Ɵed” to the original (although  
the int command allows you to find it), but rather, they 
significantly depend on the “smoothness” of the inte-
grand. 

  

Fig. 1 GNU Octave, symbolic 

 

Fig. 2 GNU Octave, example 

      

a)               b) 

      

a)               b) 
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Fig. 3 Octave, trapezoid method 

It is obvious that the accuracy of calculaƟng definite 
integrals also depends on the number of points consid-
ered: the more of them, the more accurate the result.  
A vivid example of such a dependence is the trapezoid 
method, where this number is specified by the user  
(Fig. 3). 

It is worth noƟng that a significant number of  
integrals encountered in engineering tasks are “not 
taken”. Many online calculators cannot solve them. This 
encourages the use of mathemaƟcal soŌware packages. 

However, all this applies to proper integrals. When 
there is a need to work with improper integrals [9],  
the first thing to do is to check the given integral for con-
vergence. Doing this in Octave is quite simple – when  
applying symbolic integraƟon int to a divergent integral 
[10], the result will be NaN (not a number) or infinity 
(Inf). 

A convergent definite integral can be calculated in  
the same way as a proper integral: when using any of  
the methods considered, some finite numerical value will 
be obtained, approximately the same for different teams, 
which will confirm convergence. 

However, it should be noted that numerical methods 
do not always yield correct results for improper integrals 
(both divergent and convergent). In addiƟon, in terms  
of improper integrals, the capabiliƟes of the Oсtave pack-
age are somewhat limited: the program funcƟons for  
IntegraƟon does not provide for changes of variables,  
formulas for integraƟon by parts, calculaƟon of the prin-
cipal value of the improper integral of the 1st kind from 
the Cauchy funcƟon, etc. But this does not mean at all 
that formulas of this type cannot be wriƩen in code using 

mathemaƟcal operaƟons (limits of expressions, differen-
ƟaƟon, integraƟon, etc.), which are represented in Oc-
tave by separate commands. 

Let us consider two examples of an improper integral 
of the second kind (with a disconƟnuity in one of the  

limits) of the form 
 

b

a

dx

x a 
 , taking the limits 1a   and 

2b  . If 1  , then such an integral converges, other-
wise it diverges. 

The integrand has an infinite disconƟnuity in the 
lower limit of integraƟon (Fig. 4). 

1) Divergent improper integral, 2   (Fig. 5) 

2) Convergent improper integral, 1
2   (Fig. 6) 

So, it is possible to apply numerical methods to  
improper integrals, but this does not always guarantee 
the correct result. For a correct soluƟon, you need to 
know exactly which command is suitable for calculaƟng 
a given example; therefore, it is appropriate to rely, first 
of all, on the results of integraƟon using int. 

Thus, GNU Octave provides the ability to work with 
definite integrals in all their "variety" of types. 

IV. NUMERICAL ANALYSIS OF DYNAMIC SYSTEMS 
Let's consider specific funcƟons that GNU Octave can 

effecƟvely solve examples from the topic "DifferenƟal 
calculus of funcƟons of many variables", as this allows us 
to verify the correctness of calculaƟons and deepen our 
understanding of mathemaƟcal concepts through their 
implementaƟon in program code. For analyƟcal 

   

a)               b) 
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calculaƟon of parƟal derivaƟves in GNU Octave, the sym-
bolic package is usually used, which allows you to use  
the diff(f, x) funcƟon for symbolic expressions. 

To numerically calculate the gradient of a funcƟon 
given on a grid of values, the gradient funcƟon is used. 
 It allows you to evaluate changes in the funcƟon's values 
in both direcƟons. It is worth noƟng the powerful visual-
izaƟon tools of GNU Octave. When you need to create  
a graphical image of a surface or analyze the geometric 
properƟes of a funcƟon, it is advisable to use the mesh-
grid, surf, or ezsurf funcƟons. Graphical representaƟon 
significantly simplifies the percepƟon of complex mathe-
maƟcal concepts. 

Fundamentally important in the context of the differ-
enƟal calculus of funcƟons of many variables are numer-
ical methods for opƟmizaƟon and extremum finding. 
GNU Octave provides a robust toolkit for solving such 
problems, making it indispensable for the educaƟonal 
process. To find the minimum of a funcƟon, GNU Octave 
offers several methods with varying levels of accuracy 
and complexity. 

The fminsearch funcƟon implements a method with-
out using derivaƟves (the Nelder-Mead method), which 
makes it universal for various types of problems. 

.

 

Fig. 4 Octave, integraƟon 

 

Fig. 5 Octave, integraƟon 2   

   

a)             b) 

     

a)               b) 
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Fig. 6 Octave, integraƟon 1
2   

A more accurate result is provided by the fminunc 
funcƟon, which uses derivaƟves for opƟmizaƟon. This 
method works best when the funcƟon is differenƟable, 
and its derivaƟves can be easily calculated. 

An important feature of the package is that to find the 
maximum of a funcƟon, a transformaƟon of the problem 
is used – a funcƟon sign rotaƟon. That is, instead of find-
ing the maximum of the funcƟon f(x), the minimum  

of the funcƟon -f(x) is found using the construcƟon 
fminsearch(@(x) -f(x)). 

Let's consider how Octave handles one of the exam-
ples given to students when studying this topic: finding 
the total differenƟal of the funcƟon u  at point M . 

 0 1;2;1ln ; ?
2 M
y

u x du
z

    
 

 

 

We will also consider an example of studying a func-

Ɵon at extrema:  3 28 6 5z x y xy    . 

 

      

a)               b) 
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Octave accurately finds criƟcal points and determines 
their nature through the Hessian. Using GNU Octave  
to solve examples and problems in the differenƟal  
calculus of funcƟons of many variables is appropriate 
from a pedagogical perspecƟve. This system allows you 
to automate calculaƟons, visually visualize results,  
and check soluƟons, which significantly increases  
the efficiency of the educaƟonal process. When you 
need to create a graphical representaƟon of a surface 
 or analyze the geometric properƟes of a funcƟon, it is  
advisable to use the funcƟons meshgrid, surf, or ezsurf. 
Graphical representaƟon significantly simplifies the per-
cepƟon of complex mathemaƟcal concepts. 

Considering the use of GNU Octave as the example  
of studying the secƟon "DifferenƟal EquaƟons" of  
the mathemaƟcal analysis course, you can see that GNU 
Octave solves many different types of differenƟal equa-
Ɵons quite well. 

In general, the program effecƟvely handles various 
types of first-order equaƟons, allowing students not only 
to get the answer, but also to analyze the soluƟon pro-
cess. GNU Octave also successfully copes with solving 
higher-order equaƟons, using the important theorem on 
the equivalence of an nth-order differenƟal equaƟon and 
a system of n first-order differenƟal equaƟons wriƩen  
in normal form, which makes it a useful tool for studying 
complex mathemaƟcal concepts. At the same Ɵme, 
when it comes to finding general soluƟons to differenƟal 
equaƟons, problems arise when solving them symboli-
cally. Having delved into the capabiliƟes of GNU Octave, 
you can learn about the limits of this program, but they, 
albeit parƟally, can be expanded using commands that 
install addiƟonal symbolic packages: pkg load symbolic. 
However, expanding the capabiliƟes of this free soŌware 
has its limitaƟons, so there are topics that it cannot 
cover: differenƟal equaƟons in complete differenƟals 
(although the package allows you to classify this type  
of equaƟons), checking the linear dependence or inde-
pendence of systems of funcƟons (such tasks require  
addiƟonal macros), selecƟng parƟal soluƟons for a linear 
inhomogeneous differenƟal equaƟon with constant coef-
ficients and a right-hand side of a special form, the matrix 
method for solving a system of linear differenƟal equa-
Ɵons, and some specific types of equaƟons that require 
complex symbolic transformaƟons. 

Despite this, GNU Octave is not an ordinary calcula-
tor; it is much more. Comparing an online differenƟal 
equaƟon calculator and this soŌware, we can conclude 
that when using an ordinary calculator, a student does 
not think about anything, he simply begin to write down 
the soluƟon, unlike GNU Octave, where to solve even  
the simplest differenƟal equaƟon, you need to know  
the special funcƟons of the package and the soluƟon pro-
cess itself. 

Let's consider specific examples: 

 2 2
2

ydy
dx x y

   ; 

 4 0y y   ,  0 0y  ,  0 2y  ,  0 4y   

(Symbolic soluƟon). 

It is necessary to note that none of the online calcu-
lators were able to solve Bernoulli's equaƟon normally; 
we had to use arƟficial intelligence to compare  
the answers, but it was noƟced that arƟficial intelligence 
performed the example not in the general way that  
is taught in the course of mathemaƟcal analysis, but in 
the most raƟonal way. This leads to the idea that  
students can addiƟonally use and analyze the methods 
of solving equaƟons that arƟficial intelligence offers. 

In applying the methods considered in the course  
of mathemaƟcal analysis, students encounter numerous 
examples of differenƟal equaƟons (DEs) that require not 
only an analyƟcal but also a numerical approach. GNU 
Octave, a free mathemaƟcal soŌware package, is  
a powerful tool for this task. It becomes especially effec-
Ɵve when studying the numerical soluƟon of the Cauchy 
problem for ordinary differenƟal equaƟons. 

Unlike symbolic soluƟons, which have limitaƟons,  
numerical methods (such as Euler, Runge-KuƩa, Adams, 
etc.) are implemented in GNU Octave reliably and  
efficiently. They allow not only to find approximate  
values of soluƟons, but also to analyze the behavior of a 
funcƟon on a given interval by changing the integraƟon 
step or iniƟal condiƟons. 

A significant advantage of GNU Octave is the built- 
in ode45 funcƟon, which implements the -thk  order 
Runge-KuƩa method with automaƟc step control,  
making the program very convenient for numerical mod-
eling. 

For the numerical soluƟon of the first-order Cauchy 
problem of the form: 4 0y y   ,  0 0y  ,  0 2y  , 

 0 4y   (Numerical soluƟon). 

CONCLUSIONS 
In the modern educaƟonal process, it is extremely  

important not only to give students the correct answer 
but also to teach them to understand the process that 
leads to this answer. In this context, symbolic solving,  
although it provides an accurate analyƟcal soluƟon,  
oŌen turns into a "black box": the student sees only  
the formula of the result, without being involved in  
the process of obtaining it. This leads to superficial  
mastery of the topic and does not form analyƟcal  
thinking. 

In addiƟon, numerical soluƟons enable modeling 
complex real-world processes for which an analyƟcal  
soluƟon does not exist or is too difficult to obtain.  
Thus, students do not simply study mathemaƟcs as an 
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abstracƟon; they see its pracƟcal applicaƟons in physics, 
biology, economics, etc. 

Introducing GNU Octave into a mathemaƟcal analysis 
course allows us to resolve the dilemma between  
the need to limit the use of "ready-made" soluƟons  

and the need to teach students to work with modern 
mathemaƟcal tools. This ensures that students con-
sciously master mathemaƟcal concepts and results, 
which is the true goal of mathemaƟcal educaƟon at  
a technical university. 
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Анотація—У цій статті досліджується методологічний підхід до модернізації навчальної програми з вищої матема-

тики для студентів-інженерів, з особливим акцентом на потреби спеціальності «G5 Електроніка, електронні комунікації, 
приладобудування та радіотехніка». Дослідження розглядає зростаючу проблему парадигми «чорної скриньки», де сту-
денти покладаються на автоматизовані онлайн-калькулятори та інструменти штучного інтелекту, не розуміючи основної 
математичної логіки чи алгоритмічних структур. Щоб протидіяти цій тенденції, автори пропонують інтеграцію GNU 
Octave, обчислювального середовища з відкритим кодом, як основного інструменту для подолання розриву між абст-
рактною теорією та професійною інженерною практикою. 

У статті демонструється практична реалізація GNU Octave у трьох критичних математичних областях: інтегральне чи-
слення, з акцентом на символічних та числових методах для застосувань обробки сигналів; багатовимірні функції, зосе-
реджені на методах 3D-візуалізації (з використанням meshgrid та surf) для моделювання просторових фізичних полів та 
розподілів потенціалу; диференціальні рівняння, з використанням числових розв'язувачів, таких як ode45, для моделю-
вання перехідних процесів в електронних схемах. 

Результати свідчать про те, що перехід від спрощених автоматизованих інструментів до обчислювального моделю-
вання на основі сценаріїв сприяє свідомому оволодінню математичними поняттями. Такий підхід гарантує, що майбутні 
інженери розвинуть необхідні аналітичні та програмні компетенції, необхідні для оптимізації складних систем та про-
фесійного моделювання в галузі сучасної електроніки. 

Ключові слова — Інженерна освіта; Викладання інженерії; Електронна інженерія; GNU Octave; Чисельний аналіз; 
Математичне моделювання; Аналіз схем; Візуалізація; Освітні технології. 

 


