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ABSTRACT

MocmaHoeka 3adauyi. [lompeba y niosuwjeHHi pisHA MmamemamuyHoi
nidzomosku MalibymHix iH#ceHepie ma 3MeHWEeHHA KinbKocmi 200UuH,
8i0gedeHUX HA  BUKAAOGHHA  8UWOI  MAMeMAmuKu,  MOPOOHCYE
HeobxiOHicmb po3pobKu ma 800CKOHAAEHHA MemOOUKU ii 8BUKAAOAHHSA.
Memoto daHoi cmammi € onuc MemoOUKU HaBYAHHA 8UUWOI MAMeMAMUKU
Ha 0CHOBi me3aypycHo20 nidxooy.

Mamepianu ma memodu. Mamepianom docnidxeHHs € nedazoeivHa ma
mMemoOuYHa nimepamypa, 00ceio 3apybixHUX Ma 8iMYU3HAHUX yYeHux. Y
X00i BocnioHeHHA 8UKOPUCMOBYBANUCA 3a2abHOHAYKO8I Memoodu (aHani3,
CUHMe3, KOHKPeMU3ayis, CUCMemMamu3auyis, y3a2aabHeHHs).

Pesyabmamu. Te3saypycHuli nidxi0 y HAB4aHHIi CrpUsEe 3’ACY8AHHIO
pigHA Mamemamu4Hoi KomnemeHmHocmi 3 neeHoi memu. OcHo8ow
HaBYanbHOI iHopmayii € Has4yanbHUl me3aypyc, NEKCUKOH cmydeHma,
HeobxiOHul 0718 onNMuUManbHO20 Po3nodiny Has4asnbHOI iHopmayii 3a
8UOAMU HABYANBLHO20 3aHAMMA ma 048 pPO3PobKU OUOAKMUYHUX
mamepianis, 8ubip memodie i hopm HABYAHHSA.

BucHosKu. BusHayeHHA 3micmy Ha84YasnbHO20 Me3aypyca KOHKpemHoi
memu suwoi Mamemamuku OONOMaA2a€ 4imKo onucamu  3micm
MamemMamuy4Hoi KomnemeHmHocmi 3 8idnogioHoi memu, emanu i
GopmyB8aHHsA, NpoaHaniaysamu ma ymo4YHumu HeobxiOHy Has4yasbHy
iHpopmayito, po3nodinumu ii 36 munamu 3aHAMb (neKyis, NpaKkmu4yHe
3aHAMmMsA, camocmiliHa poboma). Bu3Ha4YeHHA C/I0BHUKOBO20 3anacy
cmydeHma, Heobxi0HO20 074 3aCB0EHHA HOB0I memu, Oonomazae
8u3sHayumu memoouky U 3acobu HaB4YQHHA, 30Kpema po3pobumu
donomircHi 3a80aHHA U 3anumaHHA 044 aKmyani3auii cs108HUKOB020
3anacy cmydeHma, 6CmaHoBUMU MOCMI00BHI 38°A3KU MIM( HABYAAbHUM
me3aypycom | c108HUKOBUM 3anacom cmyodeHma, 30ilicHumu po3pobky
C/108HUKOB020 3anacy cmydeHma, pospobumu 3acadu
dugpepeHyitiosaHozo nioxody 0o HaB4aHHA. 3aNPONOHOBAHA MemoOuKa
Mae saacmusocmi eHy4kocmi, 0onosHeHb, mModugikayili 3anemHo 8id
yineli HOBYGHHA Ma KOHKpemMHoi akademiyHoi epynu. HeobxioHi nodanewi
00cnioHceHHA w000 eheKmuBHO20 BUKOPUCMAHHA Me3aypycHo20 nioxody
8 Mpoyeci HaAB4YaHHA BUWOI MAMEMAMUKU.

Formulation of the problem. The requirement to increase the level of
mathematical training of future engineers and reduce the number of hours
devoted to teaching higher mathematics gives rise to the task of developing
and improving the methodology for teaching higher mathematics. The
purpose of this article is to describe the methodology for teaching higher
mathematics based on the thesaurus approach.

Materials and methods. The research materials are pedagogical and
methodical literature, and experiences of foreign and domestic scientists. In
the course of the study, general scientific methods (analysis, synthesis,
concretization, systematization, and generalization) were used.

Results. The thesaurus approach to learning helps to clarify the
mathematical competence of a particular topic, the basis of educational
information is the educational thesaurus, the student's lexicon necessary for
the optimal distribution of educational information by type of training
session and the development of didactic materials, the choice of methods
and forms of education.

Conclusions. Determining the content of the educational thesaurus of a
specific topic of higher mathematics helps to clearly describe the
mathematical competencies of the relevant topic, the stages of its
formation, analyze and clarify the necessary educational information,
distribute it by type of lesson (lecture, practical lesson, self-study).
Determining the student's vocabulary necessary for mastering a new topic
helps to determine the methodology and means of teaching, in particular,
to develop auxiliary tasks and questions for updating the student's
vocabulary, to establish successive links between the educational thesaurus
and the student's vocabulary, to implement a differentiated approach to
learning. The proposed methodology has the properties of flexibility,
additions, and modifications depending on the learning objectives and
specific academic group. Further research is needed on the effective use of
the thesaurus approach in the process of teaching higher mathematics.

K/1l0408BI C/IOBA: suwa mamemamuka; mamemamuyHi
KomMnemeHmMHocmi;  Hae4aneHuli mesaypyc; mesaypycHuli  nioxio;
IeKCUKOH CmydeHma; 8U3HAYHUKU.

KEYWORDS: higher mathematics; mathematical competencies;
educational  thesaurus; thesaurus approach; student's lexicon;
determinants.

INTRODUCTION

Mathematics is a universal language for describing processes and phenomena of various natures, without mastering
this language it is impossible to solve modern engineering problems, including mining problems. But in the context of a decrease
in the number of hours devoted to mathematical sciences, mastering this universal language, raising the level of mathematical
training of a future engineer, and identifying the application of mathematics in technical and related sciences becomes a difficult
task. In this regard, there is a need to develop new and improved existing methods of teaching higher mathematics to students
of technical specialties.

THEORETICAL FOUNDATIONS OF THE RESEARCH
An analysis of scientific research on mathematical competencies and the competence of future specialists shows that
mathematical competencies are defined for the entire course of mathematics. For example, V.A. Shershneva (2011) makes the
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following remark about the mathematical competence of future engineers. Mathematical competence is an integrative-dynamic
characteristic of a student's personality, characterizing the student's ability and willingness to use mathematical modeling
methods in their professional activities. Mathematical competence combines the mathematical knowledge, skills, and abilities
provided for by educational standards and general cultural and professional competencies projected into the subject area of
mathematics, the main core of which is the ability and willingness of the graduate to apply this knowledge in his professional
activities.

According to Khom'yuk (2014), the mathematical competence of a future engineer is characterized by a set of
competencies:

— logical-analytical (the ability to solve problems of a reproductive nature, recognize an applied problem, determine
which topic it belongs to, the ability to identify the appropriateness of using mathematical methods to solve professional
problems);

— visual-figurative (the ability to switch to the symbolic form of the problem, the ability to work with diagrams, graphs,
the ability to draw up any information in a visual form);

— technological (the ability to independently obtain information, develop and find ways to solve problems, work with
documents, the ability to use mathematical technologies to process the results of experiments);

—research (the ability to conduct a mathematical analysis of the results of the study, the ability to organize their
research using the mathematical apparatus, to motivate their cognitive activity; to carry out a theoretical analysis of the research
task; to establish cause-and-effect relationships, to formulate reasoned conclusions, based on the rational execution of mental
operations; to independently carry out analysis of the solution, verification of the results obtained; the ability of self-education);

— creative and creative (the ability to show intuition, find an original solution, readiness for creative reflection on the
use of mathematical knowledge, skills, and abilities in professional activities, the ability to make and justify decisions in non-
standard situations (readiness to make decisions));

— modeling and prognostic (the ability to see, control, and assume the results of work at all stages of one's activity, the
ability to identify the main processes and develop their mathematical models).

An analysis of works on mathematical competence in foreign countries (Holovan, 2014), (Niss & Hgjgaard, 2011), (Pepin
et al., 2021) allows us to see that mathematical competence is defined using the concept of ability: mathematical competence
means the ability to understand and evaluate mathematics and mathematical activity, its application and use in various contexts
in which mathematics plays or can play a role. M. Niss considers mathematical competencies as clearly distinguishable and
separate, basic components of mathematical competence, and describes 8 mathematical competencies, combined into two
groups.

The above definitions of competence are very difficult to clarify for a specific topic (module) of higher mathematics.
Therefore, there is a need to develop effective methods for refining the mathematical competencies of future specialists. In our
opinion, it is advisable to enrich the introduction of a competency-based approach into the educational process of a university
with a thesaurus approach.

The concept of thesaurus entered science from linguistics and computer science, expanded its meaning, and became a
universal term. Thesaurus (thesaurus) in Greek means treasure, wealth, stock, treasure. In pedagogy, the concept of thesaurus
appeared in the information-semantic model of education proposed by L.T.Turbovich. In this model, the author defines a
thesaurus as a stock of concepts, assessments, and norms, including action patterns, embodied and preserved in a person's
memory. According to this model, the formation of a person's consciousness is identified with the formation of his conceptual
and psychological thesaurus (Kozhokar', 2009). When new information is added to the thesaurus, its expansion is interpreted by
the author as teaching.

Miroshnichenko (2016), working within the framework of the technology of creating pedagogical thesauri, proposes to
distinguish between personal thesauri and educational thesauri. In his opinion, each person has a certain thesaurus, which is
formed under the influence of internal and external factors throughout his life.

Along with the personal thesaurus, scientific publications also use the concept of a lexicon. Lexicon - in translation from
the ancient Greek language means "word". The lexicon is a collection of words that a person possesses, a vocabulary (wealth).
Vocabulary is divided into two types: active and inactive (passive). Active vocabulary includes words that a person uses in speech
and writing. Inactive vocabulary consists of words that a person recognizes (knows) when reading or hearing but does not use
himself in speech and writing. Usually, the stock of inactive words is several times larger than the stock of active words.

One of the problems of teaching a personality is the formation of a lexicon, through which, by giving the lexicon certain
properties, teachers can control the process of learning, assimilation of information, and build a professionally oriented lexicon.
It should be noted that the thesaurus is relatively static, while the lexicon is dynamic; this is how the lexicon differs from the
thesaurus (Zharov & Turgunbaev, 2019).

In this case, the thesaurus approach makes it possible to clarify the educational and didactic support of the subject or
module of the subject, in particular, the content of education. At the same time, the content of education is determined by the
content of the educational thesaurus, it includes the basic concepts of the educational discipline, as well as methods of an
educational activity (general educational methods, general mathematical methods of activity, methods of activity characteristic
of certain sections of mathematics, special methods of activity for solving basic problems), basic tasks on each topic and methods
of activity to solve these problems (Turgunbaev, 2021).

In this case, the composition of competencies for each topic of higher mathematics can be formed as follows
(Turgunbaev & Kushmurotov, 2021):

a) know the basic concepts and facts of the topic;

b) know the properties of the basic concepts and theorems expressing the connections between new concepts, as well
as previously studied concepts;
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c) know and apply methods of activity to solve the main tasks of the topic;

d) be able to transform and transfer the reception of activities to solve the main problems to solve new problems;

e) apply the above competencies in the study of related and professional disciplines.

The study aims to describe the methodology for implementing the teaching of higher mathematics in technical
universities based on the competence-based and thesaurus approaches using the topic "Determinants" as an example.

RESEARCH METHODS
In the course of the study, general scientific methods (analysis, synthesis, concretization, systematization, and
generalization) were used.

RESULTS AND DISCUSSION

For a student to master a concept (definition, theorem, proof, rule), his lexicon must have a vocabulary (concepts) and
methods of activity corresponding to this concept. By the assimilation of a new concept by a student, we mean establishing a
connection between this concept and concepts in the student's lexicon, expanding the student's lexicon, and giving the student's
lexicon a new quality. For this reason, each element taken from the educational thesaurus must correspond to a group of
elements from the student's lexicon. Otherwise, the student will not learn this element.

Educational thesaurus of the topic “Determinants”. With the help of the analysis of educational literature and the
method of questioning experts, an educational thesaurus of the topic “Determinants” was determined. Basic concepts: Second
order determinant, notation, diagonal elements, row determinant, column elements, determinant evaluation, properties, third
order determinant, determinant order, minor, algebraic addition, a triangular method for calculating the third order determinant,
Sarrius method, row expansion method or column, calculation of the determinant of the nth order.

Main questions: 1) direct calculation of the determinant of the 2nd, and 3rd order; 2) calculation of the determinant by
its properties.

Methods of activity for solving the main problems:

1) acceptance of activities for calculating the second-order determinant:

1. Select the main diagonal, and multiply its elements.

2. Select the auxiliary diagonal, and multiply its elements.

3. Calculate the difference between the first and second products.

4. Write an answer.

2) acceptance of activities for calculating the determinant of the third order by definition:

1. Expand by elements of a certain row (or column);

2. Calculate algebraic additions;

3. Calculate the value of a numeric expression

4. write an answer.

3) Acceptance of activities for calculating the determinant of the nth order:

1. Determining the order of the determinant;

2. Expand by elements of some row (or column);

3. Calculate algebraic additions (if necessary, use a decrease in the order of the determinant);

4. Calculate the value of a numeric expression;

5. Write an answer.

Competences on the topic “Determinants”

Competences based on this educational thesaurus can be formed as follows:

As a result of training, the student knows:

— determinants of the second (third, ..., n-) order and their designations;

— elements of the determinant (order, diagonals, row, column);

— methods for calculating the determinant of the 3rd order (the triangle method, the Sarrius method, the method of
expansion by the elements of a row or column);

— properties of the determinant;

— the minor, algebraic complement of the determinant;

— methods for calculating the determinant of the nth order (zero the elements of a column or row, decompose by
elements of a row or column).

As a result of training, the student can: 1) directly calculate the determinants of the 2nd and 3rd order; 2) calculate the
determinant by its properties; 3) Calculate the determinant of the nth order.

As a result of training, the student transforms and transfers the methods of activity for solving basic problems to solving
new problems.

These competencies are developed in the following topics: “Matrices” (finding the inverse of a matrix, determining the
rank of a matrix), “System of linear equations” (Cramer’s formula), “Analytic geometry in a plane and space” (area of a triangle,
equations of a straight line passing through two points, equations normals, conditions for the intersection of three lines,
equations of the plane), “vector algebra” (vector product, mixed product of vectors, condition of perpendicularity of vectors), in
electrical engineering (calculation of electrical circuits), etc.

Student's lexicon

The methodology for determining the student's vocabulary, necessary for studying a particular topic, is described in the
article (Turgunbaev, 2022). Based on this technique, we determine the student's vocabulary corresponding to the above topic.
The concept of a determinant is associated with numbers and arithmetic operations on numbers, the order in which actions are
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performed, in addition, when introducing this concept, the words column, row, diagonal, triangle, triangle base, triangle apex,
parallel, and order are used. If systems of linear equations with two unknowns are used to motivate the introduction of the
concept of a determinant, then the student’s vocabulary should also contain the concepts of the unknown, equations, solution
of an equation, a linear equation, coefficients of an equation, a system of linear equations with two unknowns, methods for
solving a system of linear equations with two unknowns (substitution, addition).

Determining the necessary student vocabulary for studying this topic will help identify gaps in the student's real
vocabulary, outline means, and methods for eliminating gaps in the student’s vocabulary and updating the vocabulary. And also
to develop means of motivation to study a new topic, means (questions and tasks) of expanding the student's vocabulary based
on an educational thesaurus.

Implementation of the thesaurus approach in teaching

To introduce the concept of a second-order determinant in a lecture, you can use the method of solving a system of
linear equations with two unknowns. After getting acquainted with the basic concepts (determinant, order of the determinant,
determinant elements, element designations, column elements, row elements, main diagonal, auxiliary diagonal), students can
be offered the following tasks to “discover” the properties of the determinant:

1) Calculate the determinants |(2)(3)| ; |8§| What do they have in common? (expected answer: if the elements of a row
(column) of a determinant are equal to zero, then the value of this determinant is equal to zero.). Is the reverse true?

2) Calculate the determinants |§§| ; |§2| What do they have in common? (expected answer: If two rows (columns) of
a determinant are equal, then the value of this determinant is zero). Is the reverse true?

3) Calculate the determinants |gg| ) |;2| What do they have in common? (expected answer: if two rows (columns) of
a determinant are proportional, then the value of this determinant is zero). Is the reverse true?

4) Calculate the determinants |gg| ) |421—2| What do they have in common? (expected answer: if you swap the rows, then

the values of the determinants are equal). Are the statements for the columns true?

After such “discoveries”, students are given information about the concepts of a third-order determinant, minor,
algebraic complement, and methods for calculating a third-order determinant, and they are invited to independently study similar
issues discussed above. Then the concept of the determinant of the nth order is introduced, and the questions of calculating the
determinant of the nth order and its properties are considered.

At the beginning of the practical lesson, students can be offered the following auxiliary tasks. These tasks serve to
update the knowledge (student's vocabulary) necessary to solve the type of tasks considered below, and also give the motivation
to learn generalized methods for solving them.

1. Given A= _52 ;L a) Name the elements of the 1st row of the determinant, b) Name the elements of the 2nd
column, c) What is the element a,; ? d) Specify the elements of the main diagonal; e) Name the elements of the auxiliary diagonal;
2. Given A= ; _4-2 i a) Name the elements of the 1st row of the determinant, b) Name the elements of the 2nd
column, c) What is the valueoof Ai? d) Name the elements of the auxiliary diagonal; d) What M3, is equal to?
3. Given é g ?) . Determine a) the order of the determinant; b) name the elements of the column; c) name the
1 4 -1

elements of the line; d) name the elements of the main diagonal; e) name the elements of the auxiliary diagonal; f) write the
minors on the first line; g) write algebraic additions on the first line; h) Calculate the determinant.

After solving these problems together with students, it is necessary to solve the main problems, to formulate methods
of activity corresponding to these tasks. If necessary, you can offer students to draw up methods of activity in the form of a map.
The following can be identified as the main tasks:

1. Calculate:

3 =2 sina —cosa
3 |1 5 | b) |cosa sina
2. Calculate by expansion by row or column.

154 134
a)|3—-17 b)[231

163 —-182
3. Calculate the determinants using the triangle method.

13 4 -4 1 7 2
a)|5 2 2 b)|5 0 4

1 2 7 6 3 1
4. Calculate by Row or Column Decomposition

1 2 3 4 2 -1 1 0

2 3 11 0 1 2 -1
all 3 3 1 bll3 ~1 2 3

31 2 1 3 6

As noted above, after solving each problem, together with the students, a method for solving these problems is
compiled. These methods of activity should be recorded in students' notebooks, or distributed to students in the form of pre-
prepared handouts.
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It is important to give developing tasks to students who easily solve typical problems. Developing ones include non-
standard (olympiad type) mathematical problems, and problems aimed at using a generalized method in solving practical
(professional) problems. For example,

x> 4 9
1) Solve the equation: | x 2 3| =0.
1 1 1
2) Calculate the determinant.
17 8 9"
1 1" 1+i 1—i" 0 1 13 14
1y 4l 2[5t 1 310 0 1 15
0 0 O

To organize independent learning, students are offered differentiated tasks, consisting of theoretical questions, tasks
for the development of general mathematical methods of activity, and individual tasks for practicing the skills of calculating
determinants.

CONCLUSIONS AND PROSPECTS FOR FURTHER RESEARCH

Determining the content of the educational thesaurus of a specific topic of higher mathematics helps to clearly describe
the mathematical competencies of the relevant topic, the stages of its formation, analyze and clarify the necessary educational
information, distribute it by type of lesson (lecture, practical lesson, self-study). Determining the student's vocabulary necessary
for mastering a new topic helps to determine the methodology and means of teaching, in particular, to develop auxiliary tasks
and questions to update the student's vocabulary, and to implement a differentiated approach to learning. The proposed
methodology has the properties of flexibility, additions, and modifications depending on the learning objectives and specific
academic group. Further research is needed on the effective use of the thesaurus approach in the process of teaching higher
mathematics.
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