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Role of algebra and number theory in the professional
competence formation of future mathematics teachers

This article describes the functions of algebra and number theory in the professional training of bachelors of
pedagogical education in the specialty 5B010900 — «Mathematics». Algebra and number theory play an im-
portant role in the preparation of the future mathematics teacher, and above all, in its subject matters. Current-
ly, particularly high demands are placed on the preparation of the future mathematics teacher. The success of
student learning depends on how high-quality and comprehensive it will be. The main purpose of mastering
this discipline is to improve the skills of working with numerical units; preparing for the deliberate use of the
fundamentals of number theory, for example, such as the theory of divisibility, comparison theory, etc.
The objectives of this subject can be attributed to the arming of students with theoretical knowledge, and the
application of this knowledge in solving practical problems, and the formation of ideas about methods of
mathematics as a universal language of science and technology. The discipline «Algebra and number theory»
should also impart to students the skills of working with mathematical units, mathematical rigor of thinking,
which is very necessary for work in the field of mathematics and other exact and natural sciences, and which
they, as teachers, will develop among schoolchildren.
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All over the world, including in the Republic of Kazakhstan, global changes are taking place in the edu-
cation system. These changes affected all levels of education, primarily the system of higher professional
education. The Higher School of Kazakhstan, including pedagogical universities, has shifted to new stand-
ards.

These new standards meet the ideas of the competence approach, which defines the target orientation of
the educational process to the formation of certain competencies that reflect a person’s willingness to act in
specific situations.

In the system of higher professional education, the initial task is the development of teacher education,
and in particular the training of mathematics teachers.

The changes that have affected school mathematics education require different training from mathemat-
ics teachers. The school is waiting for a modern teacher who is able to solve the tasks set before the school.
A modern mathematics teacher should possess innovative learning technologies that will equip students not
only with subject knowledge, skills and abilities, but also personally significant qualities.

The training of a future mathematics teacher is a complex and multifaceted process, which is focused on
the formation of professionally significant personal qualities, pedagogical abilities, competencies that meet
the qualification requirements of the State educational standard of higher professional education.

Professional competence is understood as a combination of professional and personal qualities neces-
sary for suceessful pedagogical activity. Professional competence includes key, basic and special competen-
cies. The/features of the formation of professional competence in the process of teaching mathematics teach-
ers at a university are determined by the specifics of teacher training, the peculiarity of mathematical
knowledge and future professional activities. Considering the professional competence formed by the future
mathematics teacher within the framework of the university education system, R.M. Aslanov,
A.V. Sinchukov, V.A. Testov distinguish three components of competency:

Therefore, these changes make it necessary to improve the skills and professionalism of the teacher, that
is, his professional competence. Before we talk about the professional competence of the teacher, let us turn
to the basic concepts of «competencies» and «competence»:

— informative (the availabilityof special mathematical knowledge);

— technological (knowledge of methods, techniques of teaching mathematics);

— personal (possession of personality traits necessary for a specialist in this profession).

Therefore, today any specialist needs to have a certain set of competencies [1].
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The success of pedagogical activity largely depends on the skills and ability of each teacher to mobilize
their own efforts for systematic mental work, rationally build their activities, manage their emotional and
psychological state to use their potential, to show creative activity.

The problem of forming a future mathematics teacher is solved not only in the process of studying gen-
eral pedagogical disciplines, but also should be systematically implemented in the process of studying math-
ematical disciplines. One of such fundamental disciplines for a mathematics teacher is algebra and number
theory. In training a mathematics teacher, not only the understanding of the logical sources of science, its
history, but also its connection with practice and application is brought to the forefront. One of the first mo-
tivations for studying a subject is knowledge of the area of its use. The origin, emergence and application of
algebraic structures can be found in every mathematical discipline, that is, in the subject area of a future
mathematics teacher. In addition, when it comes to training future teachers, then higher mathematics:should
not only give a general mathematical education, but also answer completely specific questions of the school
course. Therefore, among the main ideas of any course in higher mathematics, the idea of its connection with
elementary mathematics should find its place. And here it is already difficult to overestimate the role of such
algebraic structures as groups, rings and fields, which in fact owe their appearance to the development of the
concept of number and arithmetic operations and which are extremely necessary in the study of number theo-
ry and number systems that are directly related to school mathematics.

Algebra and number theory is one of the main components in the formation of professional competen-
cies of pedagogical education bachelors in the specialty 5B010900 — «Mathematics». Its special role is de-
termined by the diversity and significance of its main functions [2].

Methodological function. Methodological function in science is determined not only by cognitive, but
also by practical activity. In the first mathematical courses, future teachers of mathematics first become ac-
quainted with such a powerful method of mathematical knowledge of the world as mathematical modeling.
Mathematics, like other sciences, studies the real world. However; it has the property of universal applicabil-
ity. The modern stage of development of many sciences is characterized by the active use of mathematical
models. The concepts of mathematical modeling are currently acquiring general cultural and general educa-
tional value and open up opportunities for students to-form ideas about the role of models and modeling not
only in mathematics, but also in physics, chemistry, biology, ecology, geography, economics, etc. In the
course «Algebra and number theory», students study, in particular, elements of the theory of divisibility, the
theory of comparisons, Diophantine equations, matrices, systems of linear equations illustrating various
mathematical models.

The modern content of education,-aimed at the formation of a scientific worldview, is characterized by
trends towards encyclopaedism, integration of knowledge, humanistic and aesthetic orientation. Therefore,
the following function — worldview.

The scientific worldview today is seen as humanistic. It can be defined as a generalized system of atti-
tudes, beliefs, ideals, through which a person expresses his attitude towards the natural and social environ-
ment that surrounds him.

Algebra and number theory plays a significant role in the formation of a future teacher of a scientific
worldview, a certain level of mathematical and methodological culture. This is especially true for under-
standing the essence of the applied orientation of teaching mathematics. The applied orientation of number
theory consists, in particular, in that its concepts and methods are the theoretical foundations of cryptography
and coding theory, algebra and number theory have numerous practical applications in economics, manage-
ment, planning and optimization, number-theoretic problems are found in many areas human activity [3].

The application of the number-theoretical apparatus in solving problems of other academic disciplines,
the establishment of interdisciplinary and inter-blocking relations contains another important ideological as-
pect: the existence of interdisciplinary and inter-blocking links is an objective regularity, reflecting the inter-
action of natural science and humanitarian cultures, the interrelation of real world phenomena, thereby con-
tributing forming a holistic picture of the world.

Next function is developmental. The priority of the developmental function of education highlights the
problem of the formation and development of students' thinking.

Number theory contributes to the overall development of the student, has a significant impact on the
formation of various forms of thinking, in particular, logical and algorithmic. The solution of number-
theoretic problems, varied both in form and content, the compilation of their own problems, their collective
discussion and solution in practical classes allows for systematic work in this direction, starting from the first
days of students training in the pedagogical university.
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In addition, the technology of teaching the theory of numbers has an impact on the formation of the fig-
urative and associative thinking of a student. Building interdisciplinary, inter-cycle and inter-block relations
of special disciplines with humanities and pedagogical disciplines, saturating the content of mathematical
disciplines with visual sign-symbolic and graphic, historical, literary, artistic and other images is one of the
effective ways to implement the functions of development of the image-associative component of thinking of
a teacher of mathematics.

Humanizing function. Many sections of the number theory allow the use of historical, literary, linguistic
and other reminiscences.

Among the components of the humanitarian potential of the theory of numbers in a pedagogical univer-
sity is its professional pedagogical orientation. This allows the realization in teaching of the principle of
binarity — an adequate combination of mathematical and methodical lines.

For example, studying the elements of the theory of divisibility, properties of primes, Diophantine equa-
tions allows the future teacher to see the internal logical structure of school mathematics textbooks, to take a
fresh look at the methods of proving theorems already known from school practice.

Interdisciplinary and especially intercycle links of the theory of numbers allow to refer to the cultural
achievements of human civilization. Number theory is not only a powerful tool for solving applied problems,
but also an element of general culture. Its practical applications are inexhaustible. Many sections of the num-
ber theory have significant humanitarian potential, as discussed above. Opportunities for implementing the
cultural course function are: consideration of the development of basic concepts of number theory in the con-
text of a cultures dialogue, the use of historical, literary, artistic images, sayings-of famous scientists, etc. In
particular, in the introductory lecture to the course of number theory it is appropriate to link its development
with the history of culture. The stages of the historical development of the theory of numbers allow us to re-
fer to the history and culture of ancient Greece and the Ancient East, Medieval Europe, the Renaissance and
the New Age [4].

Axiological function. The educational training system should be aimed at the formation of a future
teacher. Teaches not so much the content voiced by the teacher, but, above all, his personality. The system of
knowledge that the teacher sets out, the educational effects that he exercises, are perceived in the refraction
of his individuality. In pedagogical university pedagogical ethics should arise, value orientations of the fu-
ture teacher should be formed. The formation of the axiological culture of a teacher is greatly facilitated by
historical and cultural knowledge, especially/personalistic. Turning to the images of mathematicians of the
past, we not only increase interest in the subject, but also form the value system of the future teacher. In par-
ticular, consideration of the contribution of domestic scientists to number theory allows the formation of axi-
ological orientations of future mathematics teachers to national values. So, for example, when studying num-
ber theory, students get acquainted with the names of L. Euler, V.Ya. Bunyakovsky, P.L. Chebysheva,
M. Vinogradova, A.G. Postnikova, N.P. Romanov and many other domestic scientists.

Creative function. The need.for research activities develops interest in patterns, teaches us to see the
beauty and harmony of human thought. All these are the most important elements of the general culture. Any
creative process begins with the formulation of a hypothesis. With appropriate training, mathematics, being a
good school of building and testing hypotheses, teaches comparing different hypotheses, finding the best op-
tion, setting new tasks, looking for ways to solve them. In addition, it also develops the habit of methodical
work, without which nocreative process can be conceived. Maximizing the possibilities of human thinking,
mathematics is its highest achievement. It helps a person in self-awareness and the formation of his charac-
ter..All this fully applies to the course of the number theory. Learning the art of solving a problem provides
an opportunity for students to develop a certain mindset. Sections of the theory of numbers contain a large
number of problems, diverse in content and methods of solution. In studying course, students perform vari-
ous individual tasks: to invent a task or a cycle of tasks, to develop a package of test tasks for the module of
the discipline, etc.

Successive propaedeutic function. The number theory is one of the branches of mathematics most close-
ly associated with the school course of mathematics, so when studying the number theory, the question of the
implementation of successive links between school and university is particularly acute. This function allows
you to implement the principle of the leading idea — the relationship of number theory with the school
course. The content of the discipline «Number Theory» includes some questions of the school course. In par-
ticular, the numerical line of the school course of mathematics continues in the course of the theory of num-
bers by the study of prime and composite numbers and the theory of divisibility, the line of equations and
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inequalities is presented in the theory of numbers by elements of the theory of comparisons and Diophantine
equations, etc.

The integration function of number theory is the ability of students to form an integrated system of
knowledge about the world around them. This is achieved through the integration of knowledge from various
disciplines, providing an understanding of life phenomena, the place and role of man in cognition and trans-
formation of the world. Integration is one of the directions for the implementation of student-centered educa-
tion [5].

This function, in our opinion, is dominant in the system of fundamental functions of the theory of num-
bers, since all of the above functions are to a greater or lesser extent realized through its integration links.
Designing the content of number theory on an integrative basis helps to overcome the disciplinary disunity of
scientific knowledge, creates the conditions for the profile differentiation of learning.

As an example, let us consider the presentation of the section «Linear space». The mathematical object
to be studied is «linear space». Its structure is created from various elements, for example, «matrices»,
«functions», «geometric vectors». The axioms of linear space are the backbone connections. Ifin this system
we consider polynomials as elements, then we will talk about the form of the system (subsystem) as the line-
ar space of polynomials. If the elements are matrices, then the linear space of matrices is studied. Specific
mathematical methods allow you to find the basis, the dimension of the subsystem under study, work with
transformations (linear operators) within its particular form. The study of this discipline on the basis of sys-
tem analysis opens up important methodological concepts for students (system, structure, system-forming
links, etc.). System analysis presents the structure of the system as an invariant concept. Mathematics
through the description of various algebraic structures (the structure of linear space, fields, groups) demon-
strates their specific expression depending on the elements and system-forming links [6].

Linear space and its specific types are widely used in analytical geometry, mathematical analysis, and
differential equations. In the model under consideration, such interdisciplinary connections are opened by the
student through the introduction of applied problems. Thus, a plot problem from a physics course is pro-
posed, which boils down to a system of linear inhomogeneous equations. The resulting solution of the sys-
tem is structured and disclosed through interrelations-with the solution space of the corresponding homoge-
neous system. The study of the properties of the linear space of continuous functions lays the foundation for
the successful assimilation of the theory of differentiation, integration, and the theory of series.

The content component of the professional competence of the future mathematics teacher poses one of
the tasks in teaching mathematical disciplines is the connection of a particular course and the corresponding
school subject. For example, consideration of a specific type of «linear space» system implies the ability to
find the coordinates of vectors and their lengths on the basis of school planimetry. When finding the basis of
space, methods of solving systems of equations known since school are used. The study of a quadratic form
with a parameter specified in a linear space is based on the ability to work with inequalities [7].

Abstract methodological terms are filled with specific content. As for mathematical concepts, for stu-
dents they are divided into «knowny» and «new». Notions on elementary algebra and geometry, for example,
equation, inequality, function, etc., are among the first (known) ones. New for students are the general terms
of higher mathematics and the concepts of a specific section of analytical geometry, mathematical analysis,
probability theory, etc. In‘this case, rigorous mathematical definitions are given (determinant of the matrix,
linear space, basis, linear operator, limit of a function, etc.). The properties of the mathematical system under
study are revealed by means of theorems and special mathematical methods. In this context, higher mathe-
matics appears in conjunction with the methodology of knowledge, shows the movement of mathematical
science from elementary knowledge (school level) to higher mathematics (university level).

In the process of studying this section, the development of the technological component of the profes-
sional competence of a future mathematics teacher can be carried out through the content and methods of
solving professionally directed algebraic problems in practical classes. In the studied training model, a spe-
cial place is given to the system of educational and cognitive tasks, which includes both standard mathemati-
cal tasks and tasks with professional content, tasks for mastering general scientific and particular methods.
The formation of abilities to use various methods equips a future university graduate with a powerful appa-
ratus for successfully solving professional problems. The classification of types of tasks is based on the types
of activities formed during their solution, which is directly related to the formation of the learner's competen-
cies. Tasks for mastering methodological knowledge and general methods of cognition (system analysis,
mathematical modeling, synthesis, etc.), mathematical knowledge and skills are distinguished [8]. A separate
class is the tasks of the research plan aimed at developing the ability to independently study new material,
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to seek a solution to the problem. A public discussion of such issues at seminars allows students to master
the skills of working in a team, to argue and defend their point of view.

Let us give some examples of educational — cognitive tasks.

Task 1. «Given a set of matrices of a certain type. Select the elements of the set, establish a backbone
connection. Will the given set of matrices has the structure of a linear space (subspace)?».

Task 2. «Given a set of vectors of a certain type. Check that the given set of vectors has the structure of
a linear subspace in the space of arithmetic vectors. Distinguish the basis of the subspace».

Task 3. «Among several given sets of arithmetic vectors, select objects with the structure of a_ linear
subspace. Find the basis and dimension of the subspace, add the selected basis to the basis of the whole
space».

Thus, the fundamental functions of number theory are significant and diverse, which determines:its role
in the system of professional training of teacher education bachelors in the specialty «Mathematics».The
role, place and content of algebraic courses in the training of future mathematics teachers require clarifica-
tion and reevaluation against the background of ongoing changes in educational plans. This is important for
the formation of a competent mathematician, and for the training of a qualified mathematics teacher.
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BonamakMarematuka MyrajgiMIepiHiH KICiOM Ky3bIPeTTIIIKTEpPiH
KAJBIITACTBIPY/AAFbI JIredpa sKoHe CaHJapP TeOPUSICHIHBIH POJIi

Maxkamaga 5B010900 — «Maremartrka» MaMaHIBIFbI OOWBIHIIA GakajaBpIapAblH KCIOM HaspiibIFbIHIAFbI
ajiredpa JKoHe caH/ap TEOPUSICHIHBIH (YHKIMUIAPBI KapacThIpbUIFaH. Anredpa skoHe caHaap TEOpHUsChl MoHi
Gonamrak, MaTeMaTHKa MYFaTiMiH Jaspliayaa, dcipece OHbIH MOHIIK Kypamaac 0eiri peTiHae MaHbI3/Ibl POk
atkapanpl. Kasipri yakpitra Oonamak MaTeMaTHKa MyFaliMiH JaspiayFa epeklle >KOFapbl TajamnTap
KoMbuIa#pl. OKyIIbUTapAbl OKBITYABIH TaOBICTBUIBIFEI OHBIH KAHINAJBIKTHl Calaybl JKOHE >KaH-)KaKThI
GonaTeIHBIHA OaiiaHBICTHL. BepinreH MoH Urepy/IiH HeTi3Ti MaKcaThl CAaH/BIK 00BEKTIICPMEH KYMBIC XKacay
JIaFIbUIAPBIH XKETUINipy OONbIN TabbUIa/B!; CaHABIK TEOPHsS HETi3AepiH caHalbl TYpAe KOoJaHyFa JaiibiHaay,
MBICAITBI, OOIHTIIITIK, CAJBICTHIPY TEOPHSCHl koHE T.0. IIoHHIH MIHIETTEpiHE CTYAEHTTEPi TEOPHSIIBIK
OLTIMMEH KapylaHablpy, anfaH OUTIMIEpiH NMPaKTHKAIBIK CHIIATTAFbl €CENTepl IIelIyre KONAaHy JKOHe
MaTeMaTuKa dficTepi Typajbl TYCIHIKTI FBUIBIM MEH TEXHHMKAaHBIH oMOeOall Tili peTiHAe KaJbIITacThIPYAb
JKaTKpI3yFa Oonajpl. «Anrebpa oHE CaHAap TEOPHUSCHD IOHI CTYAEHTTepre MareMaTHKa MeH Oacka ja
HAKThl JKOHE JKapaTbUIBICTAHY FBUIBIMAAPHI CalachlHIA JKYMBIC )Kacayla KaXKeTTI MaTeMaTHKAIbIK KaTaH
Olay/pl, MaTeMaTHKAJIBIK OOBEKTIIEpPMEH KYMEIC iCTey JaFIbUIapbIH JapbITaJbl )KOHE OJIap OHBI OoJIamak
Hearor peTiHae OKyIIbUIapaa KaJIbINTacTHIPaThIH O0JIa b

Kinm co30ep: Ky3bIpeTTiNiK, KociOM KY3BIPETTLIIK, Oi1iM Oepy, OakanaBp, caHAAp TEOPHSCH, KACIOH AAsIPIIBIK.
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Poab anredpnl u Teopun uyuces B GOpMUPOBAHUHU NMPOPECCHOHATIBHBIX
KOMIIeTeHUMH y OyAyIINX yunTeseil MaTeMaTuKH

B cratpe paccmoTpens! GyHKIMH anreOpel M TEOPUH YHCET B MPOPECCHOHAIBHON IOATOTOBKE OaKalaBpoB
Mearoruueckoro obpasosanus no crenuansHoctd SB010900 — «Marematuka». Anredpa u Teopusi Yucenl
UrPalOT BAYKHYIO POJIb B TIOATOTOBKE OY/yIIEro yuuTels MaTeMaTHKH U, IPEX/IE BCEro, B €¢ NPEMETHOMH Co-
CTaBJIAIONICH. B HacTosIee BpeMs K MOArOTOBKE OyAyILIEro y4uTelst MaTeMaTHKU NPEIbSIBIAIOTCS OCOOSHHO
BbICOKHE TpeboBaHus. OT TOro, HACKOJIBKO KaueCTBEHHOI M BCECTOPOHHEI OHa Oy/eT, 3aBUCHUT YCIIEIIHOCTh
o0yueHnst yaeHnKkoB. OCHOBHAs IeTb OCBOCHHMS JAaHHOW JAMCHIUILIMHBI 3aKIIFOYAeTCs B COBEPIIEHCTBOBAHUH
HaBBIKOB PabOTHI C YUCIOBBIMH OOBEKTaMH; MOATOTOBKA K OCO3HAHHOMY HCIIOJIb30BAaHUIO OCHOB TEOPUH UH-
cell, HallpuMep, TAKUX KaK TEOPHH AEIUMOCTH, cpaBHeHHS H T.X. K 3amadam JaHHOH IUCIUIIIMHBL MOXHO
OTHECTH ¥ BOOPYXXEHHE CTYJCHTOB TEOPETHIESCKIMH 3HAHHUSAMH, IPUMEHCHUE ITHX 3HAHUI IIPU pellIeHNH 3a-
Jlad MPaKTHIEeCKOT0 XapakTepa M (opMHpOBaHHE NMPEACTABICHHUS O METOAaX MaTeMaTHUKH KaK YHHBEpPCab-
HOTO 5I3bIKA HAYKH M TeXHUKH. J[McuummHa «Anredpa U TEOpHs 4Ucel» TaKKe T0JDKHA IPUBHUT CTyICHTaM
HaBBIKM Pa0OTHl C MATEMAaTHYECKUMH O0OBEKTaMH, MATEMaTHYECKYIO CTPOTOCTh MBILIICHHUS, BeCbMa HE00X0-
JIMMYIO JUisi paboThl B 00JACTH MAaTeMaTHKH U IPYTHX TOYHBIX U €CTCCTBEHHBIX HAYK U KOTOPYIO OHH, Kak
neaaroru, OyayT BbIpadaThIBaTh y IIKOJIbHUKOB.

Knrouegvie cnosa: KOMIIETCHIINA, HpO(i)eCCI/IOHaJ'H)HaSI KOMIICTCHII A, 06pa3OBaHI/I€, 6aKaJ1aBp, TCOpus 9ucell,
HpO(l)eCCI/IOHaJ'H)HaSI moAroToBKa.
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