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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 “GS 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 education; Teaching engineering; Electronics engineering; GNU Octave; Numerical analysis;
Mathematical modeling; Circuit analysis; Visualization; Educational technology.

and modeling transient responses in RC/RL circuits.
Integral calculus is indispensable for determining signal
energy characteristics and conducting spectral analysis
via Fourier transforms. Furthermore, linear algebra and
the theory of differential equations provide the essential
framework for complex circuit analysis and the develop-
ment of control algorithms, such as Pl controllers.

l. INTRODUCTION

The rapid evolution of contemporary electronics,
telecommunications, and instrumentation [1], [2] neces-
sitates a paradigm shift in engineering education. Today’s
electronics specialist must analyze complex signals,
model dynamic processes in semiconductor devices, and
optimize multi-component system parameters—tasks
that demand a rigorous mathematical foundation paired
with proficiency in specialized computational software.

The technological gap between theory and practice.
Traditional pedagogical approaches often concentrate
on "textbook" problems with simplified analytical solu-

The urgency of modernizing the higher mathematics tions. However, real-world engineering challenges often
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curriculum is driven by several critical factors:

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

require numerical methods, as many physical processes
lack elementary closed-form antiderivatives or are
analytically complex and defy manual calculation.
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The "Black Box" paradigm and academic integrity.
Modern students increasingly rely on online calculators
and Al-driven tools that provide immediate solutions
without revealing the underlying algorithmic logic. This
trend leads to a superficial understanding of the subject
matter and an inability to apply mathematical principles
to practical professional scenarios.[3], [4]

1. PEDAGOGICAL STRATEGY AND
SOFTWARE SELECTION

Addressing these challenges requires integrating
professional computational environments, such as GNU
Octave, into the learning process. As a free, open-source
alternative to the industry-standard MATLAB, GNU
Octave bridges mathematical theory with programming
and numerical modeling. This approach empowers
students to implement solution algorithms inde-
pendently, visualize high-dimensional function surfaces,
and evaluate the stability of electronic systems through
dynamic simulation.

Building upon our previous research [5], [6], which
addressed the fundamental aspects of software-assisted
mathematics instruction and basic function analysis, this
paper explores the practical application of GNU Octave
in teaching integral calculus, multivariable functions, and
differential equations. The focus is specifically tailored
to the technical requirements of “G5 Electronics,
electronic communications, instrumentation and radio
engineering” curriculum.

In works [5], [6], the issue of using specialized soft-
ware resources when studying a higher mathematics
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,
artificial intelligence tools, etc. It is worth noting that
mathematics teachers at universities constantly face
a problem: students, instead of solving problems
independently, use online calculators. Over time, it turns
out that some of them can no longer do without such
tools - the study of mathematical 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 artificial intelligence tools, as such,
which are fundamentally incompatible with the goals
of studying mathematical disciplines, on the other hand,
students must learn the methods of applying specialized
mathematical 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 starting
in the first semester, an interesting possibility arises:

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

e 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,;

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

It should not be assumed that mathematical educa-
tion is more important for students in the field of Natural
Sciences, Mathematics and Statistics. This erroneous
attitude has a negative impact on student training across
many technical specialties. Let's look at the needs of
the G Engineering, Manufacturing and Construction
industry (more precisely, the G5 Electronics, Electronic
Communications, Instrumentation and Radio Engineer-
ing specialty):

1. Differential calculus:

e signal analysis- Calculating derivatives allows
you to determine the rate of change of electri-
cal signals, which is critical for pulse processing
in digital systems;

e modelling electronic circuits- the change in
current and voltage in RC and RL circuits is
described by differential equations;

e optimization of device parameters- finding
extrema of functions (for example, minimum
energy consumption or maximum gain).

2. Integral calculus:

e calculating signal energy- the integral of
the square of a signal over time determines its
energy power;

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

e charge accumulation modeling- current inte-
gration allows us to determine the stored
charge in a capacitor.

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

e image and signal processing- transformation,
filtering, compression, all of this is based on
matrix operations;

e modeling multi-channel systems- the vector-
matrix approach allows you to describe
the interaction between system elements.

4. Probability theory and statistics:

e noise analysis- modeling random processes
in a signal, estimating the mean, variance, cor-
relation;

e sensor data processing- data filtering, measure-
ment reliability assessment, construction
of regression models;

e device reliability- statistical failure modeling,
component life prediction.

5. Differential equations:

e modeling the dynamics of electronic devices-
transistors, generators, filters - their behavior is
described by systems of differential equations;

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

e development of control algorithms- for exam-
ple, Pl controllers in microcontrollers are based
on mathematical models.

6. Numerical methods:

e modeling complex processes- when there is no
analytical solution, numerical methods are
used (Euler’s method, Runge-Kutta method);

e calculation of parameters of electronic compo-
nents- approximate calculation of characteris-
tics that do not have an exact expression;

e automated design- numerical optimization of
circuits, simulation of device operation under
variable conditions.

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

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

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

Considering the “typical configuration” of the educa-
tional 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
option for constructing such a course, there is an oppor-
tunity to integrate it into a higher mathematics course,
or rather, to use its corresponding options already when
studying sections of such a course that are traditionally
considered at the end of the first semester or at
the beginning of the second. Examples of such sections
include the integral calculus of one variable and
the differential calculus of functions of many variables.

1. COMPUTATIONAL MEETHODS
IN INTEGRAL CALCULUS

The GNU Octave software package allows you to work
with definite integrals, which may be useful to students
not only when studying mathematics, but also for solving
practical 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 antiderivative expressed in
elementary functions). Usually, students at technical
universities study mathematics on the basis of examples
of problems [7] built on integrals that are “taken”. Solving
“manually” comes down to a simple algorithm: find
the antiderivative, calculate the value using the Newton-
Leibniz formula. So, the only thing that distinguishes
them from standard problems is the method used to find
the antiderivative.

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

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

To use this method, you need to connect a symbolic
calculation package. If there is only one variable in
the expression, the system will determine it; if there are
several variables, the integration 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 accounting for the integration 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 initial value; however, these tools allow cal-
culating 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).

Mpaska View Debug Bukoanra Help
e Lt « = =] = B
TE-BHHED =EEH rO@OOCDE Y

prykladt.m (£
1 pkg load symbolic; syms =

disp( IigiHTerpansuuil Bupas: ") ; f=1-3%x"Z+4%x"3+x
disp('Bupas-nepeicHa: ") ; F=int({f)

disp('3HaueHna ixrerpany B Memax Bim 0 mo 1:7)
a=0; b=1; % Me®ml 1HTerpyBaHHA

9 disp(’l) ¥ CHMMBORNBHOMY BMDIAOL")
10 I = int{f,a,b)
11 disp('2) v uMcenbHoMY BHDJIANLT)
12 I = doukle(I)

line: 12 cal: 14 encoding: UTF-8  eal: CRLF

a)

Fig. 1 GNU Octave, symbolic

sy B X
Oaiin Mpaska View Debug Bucowawms  Help
9 L = = )
1E - HH&AS "EE P OOOCDE ’
prykladz.m B

11 pkg load symbolic; syms x;
2 format long; % "Homrmii" dopMaT uMCen 3 NNABAKHUMN KPAMKOH

3
4 disp('Nimimrerpansumii Bupas:'); f=exp(-x’2)
5 disp('Bupas-nepeicha:'); F—int(f)
6
=
8

digp('SHauenna imrerpany B Memax Bim -1 mo 5:7)

a=-1; b=5; % mewi inTerpymasns

func=exp(-x_local. 2);

10 Gfunction func-funcix_local) % KOpMCTYBANbEA JYHKLiA (MimiHTerpambHmil Bupas)
endfunction ;

14 % pospaxyHoX 3a HOMOMOTON WMCENEHMX MeTOHLE:

15 disp('1) weagparypma dopmysma Tayca'); quad(’func', a,b)
16

17 disp('2) mewoxn Cimmcoma'); quadv('func', a,b)

18

19 disp('3) =eagparypa Mayca-lloBarro'); quadl{'func', a,b)
20

21 disp('4) meron Tayca-Kompama'); quadgk('func’,a,b)
2

23 disp('5) meamparypa Knemmoy-Keprica'); quadee('func',a,b)|

linet 23 calt 58 encoding: UTF-3  eol: CRLF

a)

Fig. 2 GNU Octave, example

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

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

Command Window g X
>> prykladl ~

Symbolic pkg v3.2.1: Python communication link active, SywPy v1.10.1.
MiniHTerpaneHmi BUpas:
£ = (sym)

3 2
Axy = 8K X 41

Bupas-nepeicha:
F = (sym)

3Ha4eHHA iHTerpasny B Mexax Bix 0 mo 1:
1) ¥ CMMBOJNBHOMY BMPAANL

I = (sym) 3/2

2) y uMcenpHOMY BMPAADL

I = 1.5000

>>

b)

Command Window: g X
>> pryklad2 ~

Symbolic pkg v3.2.1: Python communication link active, SywPy v1.10.1.
NininTerpanpHuit BUpas:
£ = (sym)

2
=X
e

Bupas-nepepicHa:
F = (sym)

\/Tpi rerf(x)

3HayeHHA iHTerpady B Mexax Bix -1 mo S:
1) reampaTypHa dopmyna Tayca
ans = 1.633051058263822

2) meron CiMncoHa

ans = 1.633050369338152

3) reampatypa layca-llobaTro
ans = 1.633051058271393

4) meron layca-Konpama

ans = 1.633051058263823

S) reampaTypa Knemwoy-Keprica
ans = 1.633051057174760

>> |
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Command Window & X

1 pkg load symb.
dispd"Migi
disp{"Bupa

line: 27 col: 24 encading: UTF-8  eol: CRLF

It is obvious that the accuracy of calculating 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 noting that a significant number of
integrals encountered in engineering tasks are “not
taken”. Many online calculators cannot solve them. This
encourages the use of mathematical software 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 integration 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 addition, in terms
of improper integrals, the capabilities of the Octave pack-
age are somewhat limited: the program functions for
Integration does not provide for changes of variables,
formulas for integration by parts, calculation of the prin-
cipal value of the improper integral of the 1st kind from
the Cauchy function, etc. But this does not mean at all
that formulas of this type cannot be written in code using

Symbolic pkg v3.2.1: Python commwunication link active, SymPy v1.10.1.
NimiHTerpaneHMi BHMpas:

£ = (sym)
3
4*x + 1
Bupas-neppicHa:
F = (sym)
4
X o+ X

3HaUEHHA iHTerpany B Memax Bim O ;o 1:
rez = 2

MeTon Tpamemisn:

1) Kpor 3a SaMOBYyBaHHAM (1)

ans = 20.100

pohybka = 18.100

2) pos6uera obnacTi iHTerpyBaHHA Ha 10 yacTHH
ans = 2.0100

pohybka = 1.0000e-02

3) posbBuera obBnacTi iHTerpyeBaHHA Ha 1000 yacTMH
ans = 2.0000

pohybka = 1.0000e-06
>>

mathematical operations (limits of expressions, differen-
tiation, integration, 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 discontinuity in one of the

b
limits) of the form J.d—x,takingthe limits a=1 and
a(x—a)*
b=2.If a<1, then such an integral converges, other-
wise it diverges.

The integrand has an infinite discontinuity in the
lower limit of integration (Fig. 4).

1) Divergent improper integral, oo =2 (Fig. 5)
2) Convergent improper integral, a:% (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 solution, you need to
know exactly which command is suitable for calculating
a given example; therefore, it is appropriate to rely, first
of all, on the results of integration using int.

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

V. NUMERICAL ANALYSIS OF DYNAMIC SYSTEMS

Let's consider specific functions that GNU Octave can
effectively solve examples from the topic "Differential
calculus of functions of many variables", as this allows us
to verify the correctness of calculations and deepen our
understanding of mathematical concepts through their
implementation in program code. For analytical
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calculation of partial derivatives in GNU Octave, the sym-
bolic package is usually used, which allows you to use
the diff(f, x) function for symbolic expressions.

To numerically calculate the gradient of a function
given on a grid of values, the gradient function is used.
It allows you to evaluate changes in the function's values
in both directions. It is worth noting the powerful visual-
ization tools of GNU Octave. When you need to create
a graphical image of a surface or analyze the geometric
properties of a function, it is advisable to use the mesh-
grid, surf, or ezsurf functions. Graphical representation
significantly simplifies the perception of complex mathe-
matical concepts.

10000

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

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

8000 [~
6000 [~

4000 [~

Command Window

>> x = 0:0.01:3; 2000 [
> y = 1./(x-1).*2;
>> plot(xX,vy)

>> 0 05

a) b)

Fig. 4 Octave, integration

®aiin Mpaoka View Debug  Bukowanns  Help

+ [ +
-BHHEmM 5c
prvklac.m [
1 pkg load symbolic; syms x;
disp('Migisrerpancumi supas:'); £ = 1f(x-1)"2

EEE r @O CQE >

disp( Bupas-nepsicma:'); F = int(f)

2

3

4

5 disp('3mauennd imrverpany = Mexax mim 1 mo 2:7)
6 a=1; b=2; % mexi iHTerpyeamua

-

8 disp(’l) cumsonrme imverpysamna’); int(f,a,h)

10

11 [function func=func(x_local) # nopueryeaneka §yExyis (miginTerpansmmi Empas)
fune = 1./(x_local-1).%2;

endfunction

15 disp('"); disp(’'2) mEazparypxa popmyms Tayca’): guad(’ func’,a,b)

17 disp('7); disp('3) merox Cimmeoma’); guadv(’fune’,a, k)

19 disp('*); disp('4) reagparypa Tayca-Nobarro'); gquadl(’func’,a,b)

21 disp('"); disp('S) merox Tayea-Kompaga'); gquadgk(’ func”,a,b)

23 disp('"); displ'é) xmagparypa Knemuoy-Keprica'); quadec(’func',a,b)

< >
line: 23 coli 68 encading: UTF-8  eol: CRLF

a)

Fig. 5 Octave, integration oL =2

Command Window

>> pryklad4

Symbolic pkg v3.2.1: Python communication link active, SywPy v1.10.1.
MiniHTErpanbHMi BUpas:

= (sym)

F = (syn)

3HaveHHA iHTerpasy B Mexax Bim 1 mo 2:
1) CMMBOJNBHE iHTEePpyBaHHA
ans = (sym) oo

2) reBampaTypHa ¢opmyna layca

ABNORMAL RETURN FROM DQAGP

ans = -1.0000

3) mMeron CimMmncoHa
ans = Nall

4) mBampaTypa layca-loBarro
ans = Inf

5) meron layca-KoHpama
ans = 1.4513e+16

6) keampaTypa Knemuwoy-Keprica
ans = Inf
>>

b)
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®ain MMpaeca View Debug  Bukowarma  Help

A= EN T - EEH > 00O DS ’
prykladd 2.m
1 pkg lo=d symbolic; syms x7
disp("MizinTerpansmuit supas:'y; £ = 1/¢x-1)70.5
disp("Bupas-mepeicsa:'); F = int(f)

2
3
2
5 disp("Snauenna imverpany B memax niz 1 Zo 2:7)
5 a=1; b= 2; % mexi imrerpymamna

:

8

disp(’l) cumsomsme inTerpyeamma’); int(f,a,h)

fune = 1./(x local-1).70.5;

11 FJfunction fune=fune(x_local) % xopwerysamexa dymrmiz (migimverpanbmwi supas)
endfunction

15 disp("'); disp('2) xsagparypza dopmyma Tayca'); quad(’fune’,a,b)
16
17 disp("'); disp('3) merox Cimmcoma’); gquadv('func',a,b)

19 disp("'); disp('4) xsaaparype Tayca-TloBarro’); quadl(’func’, a,k)
21 disp("'); disp('S) meros Tayca-Kompaaa'); gquadgk(’func’,a,b)

23 disp('"); disp('6) xmamparTypa Kaemmoy-Keprica'): quadec("func',a,k)

line: 23 col: 68 encading: UTF-8  eal: CRLF

a)

Fig. 6 Octave, integration 0L = %

A more accurate result is provided by the fminunc
function, which uses derivatives for optimization. This
method works best when the function is differentiable,
and its derivatives can be easily calculated.

An important feature of the package is that to find the
maximum of a function, a transformation of the problem
is used — a function sign rotation. That is, instead of find-

ing the maximum of the function f(x), the minimum
Symbolic pkg v3.2.1:
| Dommn amupepernian u:

dx dy dz*y
Y / Y \ 2/ vy \
X 4 ——- 2%Z*% |x 4+ —==| 2% T|x 4+ ===]|
Ly \ 2rz/ \ 2xz/
Nomsset mubpepenuian vy rTowni MO(1,2,1):

dx dy dz

s s o
2 4 2
We will also consider an example of studying a func-

tion at extrema: z=x> +8y2 —6xy+5.

Symbolic pkg v3.2.1:

Eprriasi Touwrm (X, V)@

[1.0 0.5]
[ 1
[ O 0]

XaparTep KpPMTHYHMXE TOYWOR!
({ 1.0000, O0.5000) - momanbHPEA MiHiMVM
({ 0.0000, 0.0000) - cimgmoBa TOYRa

Python communication link active,

Python communication link active,

Command Window

Symbolic pkg v3.2.1: Python commnication link active, SywPy v1.10.1.
MiniHTerpanpHMit BHpas:

£ = (sym)

Vox -1
Bupas-nepeicHa:
F = (sym)
2f\/ x - 1
3HaveHHA i1HTerpasy B Mexax Bim 1 mo 2:
1) cMMBONBHE iHTErpyBaHHA

ans = (sym) 2

2) repampaTypHa ¢opmyna layca
ans = 2.0000

3) merTon CiMncona
ans = 2.0000

4) reampaTypa Tayca-JloBarTo
ans = Inf - NaNi

5) meron layca-Konpama
ans = 2.0000

6) repampaTypa Knemwoy-Keprica
ans = 2.0000
>> |

b)

of the function -f(x) is found using the construction
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 differential of the function u at point M.

_ Yy . _
u= In(x+zj, du|M0(1;2;1) =7

SymPy v1.10.1.

SymPy v1.10.1.
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Octave accurately finds critical points and determines
their nature through the Hessian. Using GNU Octave
to solve examples and problems in the differential
calculus of functions of many variables is appropriate
from a pedagogical perspective. This system allows you
to automate calculations, visually visualize results,
and check solutions, which significantly increases
the efficiency of the educational process. When you
need to create a graphical representation of a surface
or analyze the geometric properties of a function, it is
advisable to use the functions meshgrid, surf, or ezsurf.
Graphical representation significantly simplifies the per-
ception of complex mathematical concepts.

Considering the use of GNU Octave as the example
of studying the section "Differential Equations" of
the mathematical analysis course, you can see that GNU
Octave solves many different types of differential equa-
tions quite well.

In general, the program effectively handles various
types of first-order equations, allowing students not only
to get the answer, but also to analyze the solution pro-
cess. GNU Octave also successfully copes with solving
higher-order equations, using the important theorem on
the equivalence of an nth-order differential equation and
a system of n first-order differential equations written
in normal form, which makes it a useful tool for studying
complex mathematical concepts. At the same time,
when it comes to finding general solutions to differential
equations, problems arise when solving them symboli-
cally. Having delved into the capabilities of GNU Octave,
you can learn about the limits of this program, but they,
albeit partially, can be expanded using commands that
install additional symbolic packages: pkg load symbolic.
However, expanding the capabilities of this free software
has its limitations, so there are topics that it cannot
cover: differential equations in complete differentials
(although the package allows you to classify this type
of equations), checking the linear dependence or inde-
pendence of systems of functions (such tasks require
additional macros), selecting partial solutions for a linear
inhomogeneous differential equation with constant coef-
ficients and a right-hand side of a special form, the matrix
method for solving a system of linear differential equa-
tions, and some specific types of equations that require
complex symbolic transformations.

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

Let's consider specific examples:

dV _2 -2 .
dx xX+y—-2'

y"-4y'=0, y(0)=0, y'(0)=2, y"(0)=4
(Symbolic solution).

It is necessary to note that none of the online calcu-
lators were able to solve Bernoulli's equation normally;
we had to use artificial intelligence to compare
the answers, but it was noticed that artificial intelligence
performed the example not in the general way that
is taught in the course of mathematical analysis, but in
the most rational way. This leads to the idea that
students can additionally use and analyze the methods
of solving equations that artificial intelligence offers.

In applying the methods considered in the course
of mathematical analysis, students encounter numerous
examples of differential equations (DEs) that require not
only an analytical but also a numerical approach. GNU
Octave, a free mathematical software package, is
a powerful tool for this task. It becomes especially effec-
tive when studying the numerical solution of the Cauchy
problem for ordinary differential equations.

Unlike symbolic solutions, which have limitations,
numerical methods (such as Euler, Runge-Kutta, Adams,
etc.) are implemented in GNU Octave reliably and
efficiently. They allow not only to find approximate
values of solutions, but also to analyze the behavior of a
function on a given interval by changing the integration
step or initial conditions.

A significant advantage of GNU Octave is the built-
in ode45 function, which implements the k-th order
Runge-Kutta method with automatic step control,
making the program very convenient for numerical mod-
eling.

For the numerical solution of the first-order Cauchy
problem of the form: y"—4y'=0, y(0)=0, y'(0)=2,

y"(0)=4 (Numerical solution).

CONCLUSIONS

In the modern educational 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 analytical solution,
often 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 analytical
thinking.

In addition, numerical solutions enable modeling
complex real-world processes for which an analytical
solution does not exist or is too difficult to obtain.
Thus, students do not simply study mathematics as an
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abstraction; they see its practical applications in physics, and the need to teach students to work with modern
biology, economics, etc. mathematical tools. This ensures that students con-

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

sciously master mathematical concepts and results,
which is the true goal of mathematical education at
a technical university.

Haginwna go peaakuii 30 cepnHa 2025 poky
MpwmitHaTa Ao Apyky 18 ciuHa 2026 poky
Ony6nikoBaHa 27 KBiTHA 2026 poOKYy.
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[MporpamHi 3acobu cynpoBOAKEHHA KYpPCY
BULLOI MAaTEMATUKKN Y TEXHIYHOMY YHIBEPCUTETI

YactunHa 3. GNU Octave

[. Boiiuix', ctyneHT 6akanaspaty

[. TpuH|, ctyaeHT 6akanaspaty

M. MpuHiokK’, cTyaeHT 6akanaspaty

O. B. borgaHoB, Ao0U,, KaHA,. TEXH. HAYK, 2 0000-0002-0911-5563
0. M. ByueHKo, Aou,., KaHA,. TeXH. HayK, ) 0000-0003-4806-9587
HauioHanbHWUI TEXHIYHWUI YHIBEPCUTET YKpaiHU

v

«KWIBCbKUIM NONITEXHIYHWUIN iHCTUTYT imeHi Irops CikopcbKoro» R 00syn5v21
Kwis, YKpaiHa

O. I. baniHa, AoL,., KaHA,. TEXH. HayK, 1) 0000-0001-6925-0794
I. C. BesknybeHKo, Aou,., KaHA. TeXH. HayK, ) 0000-0002-9149-4178

v

KWIBCbKMI HaLiOHaNbHUI YHIBEPCUTET BYAiBHULTBA | apXiTEKTYpU R 00syn5v21
Kuis, YKpaiHa

AHoTauia—Y uii cTaTTi 4OCNIAXKYETbCA METOA0NOrYHMIA NiAXia A0 MOoAepHi3aLii HaBYabHOI Nporpamu 3 BULLOI maTema-
TUKU ANA CTYAEHTIB-iHXKeHepiB, 3 0c061MBMM aKL,eHTOM Ha noTpebu cneujianbHOCTI «G5 ENeKTPOHiKa, eNeKTPOHHI KOMYHiKaLlii,
npunaaobyaysaHHA Ta pagioTexHika». [locnigKeHHA po3rnaaac 3pocTaiouy npobiemy napagurmm KHOpHOT CKOUHbKUY, Ae CTy-
AEHTU NOK/NaAaloTbCA Ha ABTOMATUM30BaHi OH/IANH-KaIbKYNIATOPU Ta IHCTPYMEHTM LITYYHOTO iHTE/IEKTY, He PO3YMitlo4uM OCHOBHOT
MaTeMaTUYHOI NIOTIKU YM aNrOPUTMIYHUX CTPYKTYp. LLLo6 npoTuaiati uiii TeHaeHuii, aBTopuM NponoHytoTb iHTerpauito GNU
Octave, 064Mc/OBaNbHOrO cepeAoBULLA 3 BIiAKPUTUM KOAOM, IK OCHOBHOFO iHCTPYMEHTY A1S NOA0NAHHA PO3PUBY MiXK abcT-
PaKTHOIO Teopi€elo Ta NpodeciiiHO iHKEeHePHOO NPAKTUKOIO.

Y cTaTTi AeMOHCTPYETbCA NpaKTMYHA peanisauifa GNU Octave y TpboX KPUTUUHUX MAaTEMATUYHMX 0BNacTAX: iHTErpasbHe un-
CNEHHA, 3 aKLLEHTOM Ha CUMBO/IIYHMX Ta YMC/IOBUX METOAAX ANA 3acTOCyBaHb 06po6KM curHanis; 6araTtoBUMipHi GyHKLi, 30ce-
peaxeHi Ha meToaax 3D-Bi3yanisauii (3 BUKopuctaHHAaM meshgrid Ta surf) gna mogentoBaHHA NpocTopoBuX Gi3UYHUX NoniB Ta
po3noginis noteHuiany; agudepeHuianbHi PiBHAHHA, 3 BAKOPUCTAHHAM YUC/IOBUX PO3B'A3yBauiB, Takux Ak oded5, ana mogento-
BaHHA NepexiAHNX NPOLLECiB B €/IEKTPOHHUX CXeMaX.

PesynbTaTy cBig4aTh Npo Te, WO Nepexia Bif CNPOLEeHUX aBTOMATU30BaHMX IHCTPYMEHTIB A0 064MCAI0BaNbHOrO Moaento-
BaHHA Ha OCHOBI CLeHapIiB CNPUAE CBIAOMOMY OBOJIOAHHIO MAaTEMATUUHUMM NOHATTAMMU. TakMI NigXig rapaHTye, Wo MaiibyTHI
iH)XXeHepu po3BUHYTb HeObXiAHI aHaNiTMUYHI Ta NporpamHi KomneTeHLuii, HeobXigHI ANA oNTUMI3aLLi CKNagHUX cMCTEM Ta Npo-
deciitHoro mogentoBaHHA B ranysi Cy4acHOi eNeKTPOHIKK.

Kntouoei cnoea — IHyeHepHa oceima; BuknadaHHsA iHxeHepii; EnekmpoHHa iHxeHepia; GNU Octave; YuceabHuli aHanis;
MamemamuyHe modentoe8aHHsA; AHaniz cxem; Bizyanizayis; OceimHi mexHosozii.
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