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1. Relevance of the problem

The rapid advancement of science and technology in the twenty-first century has led to
significant changes in the content and structure of engineering education. The development of
digital technologies, the widespread adoption of artificial intelligence systems, the processing
of big data, the implementation of automated control systems, and the emergence of high-tech
industries require engineers to possess a deeper and more comprehensive mathematical
background. Under these conditions, mathematical modeling has become one of the
fundamental components of engineering practice and professional activity. For this reason,
functional analysis occupies an important place in engineering education.

However, functional analysis is widely regarded as one of the most challenging
mathematical disciplines for students to master. The main reasons for this include:

« the high level of abstraction of its concepts;

« the difficulty of intuitively understanding infinite-dimensional spaces;

« insufficient integration with previously acquired mathematical knowledge;

« the inadequate connection between theoretical material and practical applications;
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« the predominance of traditional lecture-based teaching methods.

These challenges necessitate a reconsideration of the methodology used in teaching
functional analysis and highlight the need for its enhancement through the application of
modern pedagogical approaches.

2.Scientific novelty of the problem

The primary objective of this study is to identify the scientific and methodological
foundations for the effective teaching of functional analysis in engineering programs and to
develop an instructional model based on modern educational technologies.

To achieve this objective, the following tasks were established:

1. To determine the role and significance of functional analysis in engineering education;

2. To investigate the potential of contemporary pedagogical approaches;

3. To identify ways of integrating functional analysis topics with engineering problems;

4. To evaluate the role of digital technologies in the teaching and learning process;

5. To analyze assessment and monitoring mechanisms;

6. To develop recommendations for the practical implementation of the proposed
instructional model.

Research Methods

The following research methods were employed in the preparation of this article:

« systematic analysis of scientific and pedagogical literature;

o comparative analysis;

« content analysis;

« modeling methodology;

« observation and generalization;

« examination of international educational practices.

Problem statement

Form of the equation Functional analysis serves as a bridge between classical
mathematical analysis and modern applied mathematics. This field encompasses the theory of
Banach and Hilbert spaces, linear operators, spectral theory, and variational methods.

The range of applications of functional analysis in engineering is remarkably broad and
includes numerous areas of modern science and technology:

Solution of the problem Example

1.Linear Spaces

The concept of a linear space constitutes the starting point of functional analysis.

Definition:

X be a set on which the following operations are defined:

x+yeX

Scalar multiplication ax € X If the axioms of a linear space are satisfied under these
operations, then (X) is called a linear space (or vector space)

Example 1: R™ The euclidean space.

Example 2: C[a, b] The space of all continuous functions defined on the interval [a, b]

Example 3: P, The space of all polynomials of degree not exceeding (n).

Example 4: L?(a, b)The space of square-integrable functions.

Among these spaces, C[a,b] and L?(a, b)are particularly important in engineering
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applications.

For example, the mathematical models used in:

« signal processing;

« heat conduction;

o electromagnetic phenomena;

e CcOmmunication systems;

are frequently formulated within these functional spaces.

2. Normed Spaces

To measure the distance between elements of a linear space, the concept of a norm is
introduced.

Definition 2. X be a linear space. A function || x [l: X — R is called a norm if it satisfies the
following conditions:

Positivity

Il xII=0

and
lxll=0 & x=0
Homogeneity
lax =] e lll x|
Triangle Inequality

Il x+y I<Il x Il +Il ¥ A linear space equipped with a norm is called a normed space.

1/2
3.Fundamental Norms. Euclidean Norm Il x ll;= (Y.}, x7 !

Maximum Norm || x |l,= max | x; [These norms are widely used in optimization, data
analysis, machine learning, signal processing, and numerous engineering applications.

4. Hilbert Spaces. A Hilbert space is one of the most fundamental concepts in functional
analysis.

Definition. Let a linear space be equipped with an inner product

(x,5)

If the space is complete with respect to the norm induced by this inner product, then it is
called a Hilbert space.

Properties of the Inner Product

Symmetry

(x,y) = (y, x) (for real spaces; in complex spaces, the conjugate symmetry property holds).

Linearity

(ax + by, z) = a(x,z) + b(y, z)
Positivity
(x,x) =0

with equality if and only if (x=0).

Norm induced by the inner product

The norm in a Hilbert space is defined by

I x lI=+/(x, x)

Classical examples of Hilbert Spaces
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Euclidean Space
Rn
equipped with the standard inner product.
Space of Square-Integrable functions
L?*(a,b)
where the inner product is defined as

b
(f.9)= | fO0900) dx

Engineering applications of hilbert spaces
Hilbert spaces play a crucial role in numerous areas of engineering and applied science,
including:
 Fourier analysis;
« digital signal processing;
guantum mechanics;
machine learning;
image processing.
For example, every signal
f(t)can be represented in terms of an orthogonal basis as

O =) ca ()

n=1

This representation forms the mathematical foundation of Fourier series and many modern
signal-processing techniques.
3.Pratical importance and application of the problem

The urgency of the problem. Functional analysis is one of the fundamental components of
modern engineering education. This field of mathematics provides the theoretical foundation
for key areas such as differential equations, optimization, signal processing, control theory,
artificial intelligence, machine learning, and computational mathematics. Therefore, the high-
level teaching of functional analysis in engineering programs is considered an essential
requirement for the preparation of professional engineers.

The results of the study indicate that traditional lecture-based teaching of functional analysis
is not sufficient for students to achieve a deep understanding of the subject. Constructivist
learning, problem-based learning, project-based learning, research-oriented activities, and
digital technologies significantly enhance the effectiveness of teaching functional analysis.

Scientific novelty of the problem. The integration of engineering problems into the
educational process enables the demonstration of the practical relevance of functional analysis
concepts and increases student motivation. The proposed teaching model combines theoretical
training, computer-based modeling, project work, and research components, thereby meeting
the requirements of modern engineering education.

Thus, the teaching of functional analysis in engineering programs plays a crucial role in
developing future engineers’ analytical thinking, mathematical modeling abilities, and
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innovative problem-solving skills, and continued methodological research in this direction is
essential.

The practical importance of the problem. The main objective of the proposed functional
analysis teaching model for engineering programs is to integrate the theoretical foundations of
functional analysis with engineering problems in order to develop students’:

« theoretical knowledge;

o practical skills;

e research competencies.
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K.H.Aliyeva, L.V.Nasirova, U.R.Babayeva

Some bifurcation problems for the sturm-liouville operator
Summary

This article investigates the methodological foundations of teaching functional analysis in
engineering education and analyzes the impact of modern pedagogical approaches on students’
learning outcomes. Constructivist learning, problem-based learning, project-based learning,
inquiry-based learning, and digital technologies are examined as effective approaches for
teaching functional analysis. Furthermore, the integration of functional analysis topics with
engineering applications is discussed, and several instructional models and assessment
strategies are proposed.
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K.H.9liyeva, L.V.Nasirova, U.R.Babayeva

Funksional analizin miihandislik problemlari vasitasila tadrisi
Xiilaso

Mogalods miihondislik ixtisaslarinda funksional analizin tadrisinin metodoloji asaslari aras-
dirtlmis, miiasir pedaqoji yanasmalarin bu fonnin monimsanilmasina tasiri tohlil edilmisdir.
Konstruktiv tolim, problem asasli 6yranmo, layihs asasli 6yronma, todgigat asaslhi talim va
rogomsal texnologiyalarin funksional analizin tadrisinds totbiq imkanlar1 nazordon kegirilmis-
dir. Eyni zamanda funksional analiz mévzularmin miithandislik problemlari ilo inteqrasiyasi
yollart gostorilmis, miixtalif tadris modellari vo giymotlondirmo strategiyalar toklif edilmisdir.

K.X.AnueBa, JI.B.Hacuposa, U.P.Babayeva

IMpenogaBanne GyHKIUMOHAIBHOI0 AHAJIHN3A Yepe3 HHAKEHEePHbIe 3a1a4u
Pe3rome

B craree uccnenoBaHbl METOAONIOTMYECKHE OCHOBBI NMPENOAABaHUS (PYHKLIHUOHAIBHOIO
aHaJIM3a B UHKEHEPHBIX CIIELUATIBHOCTSX, a TAKXKE IPOAHAIU3UPOBAHO BIUSHUE COBPEMEHHBIX
Ie1arorMYeckKuX MOAX0/I0B Ha YCBOGHUE JAaHHOM JUCLUIUIMHBL. PaccMOTpeHbl BO3ZMOKHOCTH
IPUMEHEHUS KOHCTPYKTHBHCTCKOIO OOY4YE€HMs, MPOOJIEMHO-OPUEHTUPOBAHHOTO OOy4YEHUs,
IPOEKTHO-OPUEHTHUPOBAHHOTO OOYYEHHs, MCCIEOBAaTEIbCKOr0 O0y4YeHUuss M LU(POBBIX
TEXHOJIOTHl B Ipoliecce npenojaBanus (yHKIHMOHAIbHOrO aHanu3a. Kpome Toro, nmokasaHbl
IYTU UHTETpaluu TeM (QYHKIMOHAIBHOTO aHAIN3a C MHKEHEPHBIMU 33JjauaMu, PEJI0KEHbI
pa3nu4HbIe MOJieNi 00y4eHHUs U CTPATerny OLICHUBAHUSI PE3YJIbTaTOB O0yUYEHHUSI.
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