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Abstract. The article deals with horizontal connections in the teaching of fundamental engineering disciplines
at ETU "LETI". It is this combination of traditions and innovations that can be offered for international coop-
eration. The organization of education at the university is carried out meaningfully through a vertical structure
that leads the student from the school level to the engineer level. Horizontal links are the opposite of organiza-
tional administrative hierarchical links, but complement the content vertical.
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The organization of education in higher educational institutions is carried out along a vertical trajecto-
ry that leads the student from the school level to the level of an engineer. However, while studying, students
interact with different teachers and other students. Each of these people — professors, scientists, specialists,
students — is the owner of new ideas. People are willing to share these ideas at no extra charge. It is proposed
to supplement administrative hierarchical links with informal horizontal links [1, 2]. Horizontal structures
ensure the creation of local information spaces for such communities of practice. Important pedagogical
theories for the development of horizontal connections are: the concept of "in demand" training; the concept
of “learning by teaching”; the concept of “non-invasive monitoring”.

Horizontal structures maintained by the Department of Algorithmic Mathematics ETU: Community of
Mathematics Educators; Alternative exam; Student Research Laboratories; Scientific seminars; Student
project conferences; Student scientific journal; Student University IT-LETI; the system of student mutual
assistance in teaching "Smart listeners".

Let us consider in more detail the horizontal connections of this structure.

Suggestion of different types of project activities — alternative exam:

e Learning new material and solving problems (the latter so that students themselves can evaluate the
effectiveness of their activities).

e Listening to more complex online courses and passing an oral exam on them, or certification on the
resource itself (this form is chosen by about 30%).

e Creation of software modules according to the studied algorithms (this form is chosen by about
40%).

e Research task (30%, usually research work is combined with the previous forms).

Using various resources and search tools, the lecturer can easily compile a list of actual articles, some
of which will be available for students to study. Moreover, according to these articles, it is easy to pose
additional questions that help to understand the subject of the article: analyze special cases, illustrate with
examples, study the ideas underlying the article, implement the algorithms described in the article. Usually,
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in the course of lecturing, interesting problems and topics for research or software implementation arise.
Thus, it is possible not only to ensure the originality of topics every year, but also continuity: there is no
point in hiding from the next generations of students what was done by previous generations.

Use the power of all teachers to communicate with (potentially) all students. The lecturers of the de-
partment suggest projects of interest to them and supervise the work on these projects. Practice has shown
that it is most effective when 2-3 people work on a project. The project is given for the team. The students
themselves strive for team activities that correspond to the organization of modern work in the field of
information technology [3].

The purpose of the transition from the Alternative exam to Student Labs: continue work on topics of
interest under the guidance of teachers; ensure the continuity of work on topics of interest to the teacher.
Types of student laboratories have emerged: student-initiated, laboratories opened at the initiative of teach-
ers. Let's consider examples of student laboratories working at the department of AM.

Example 1. Laboratory of Neural Networks and Tropical Mathematics [4]. It is based on a student
seminar on the topic of the same name. The seminar is led by a student who is interested in this topic, who
was offered assistance in organizing the seminar, provided that he himself will be the organizer. Study
articles were submitted by renowned scientists in the field of tropical mathematics. During the year, students
dealt with the material and explained to other students. The following problem arose: the mathematical
apparatus turned out to be too complicated for the students. Part of the knowledge turned out to be formal.
The next year, the teacher of the department joined the seminar, who explained the missing material. The
result was an interest in upcoming mathematics courses, which supported the applications of interest. Parallel
to this, at the seminar, the algorithms necessary for the design of neural networks were studied, software
modules were written that implement these algorithms, a course was delivered for students who joined the
seminar in the second year, and a course on text processing with artificial neural networks was delivered. A
nucleus of 8-10 people was formed who are interested in the topic of the seminar and continue to work in it.

Example 2. Laboratory of Mathematical Modeling [5]. The laboratory was born with the arrival of a
gualified specialist, a young scientist who combines the work of a programmer with teaching mathematics:
students were offered several projects for passing the exam in an alternative form on the subject of the
laboratory; the second step was to create a team with a core of these students who performed (successfully)
in an international modeling competition; the third stage was the invitation of these students to work on real
projects related to orders from companies developing high-tech technologies.

Example 3. Combinatorial Computing Laboratory [6]. The laboratory arose in the process of preparing
a Ph.D. thesis by the teacher. The teacher fascinated students with his topic, who developed algorithms for
solving various specific problems in the direction of the laboratory. Regular meetings are held, through
which new students naturally enter the subject of the laboratory. Many laboratory participants choose the
topic of the laboratory for their final work and continue to work on it in the master's degree. Based on the
results of the work, articles and speeches at scientific conferences are prepared.

ETU is a university with many faculties, where there are self-motivated students who independently
master modern IT technologies. Not all of these technologies are included in the program of the first two
courses, and students become familiar with some technologies already when they become graduates. The
goal of the Student University IT-LETI [7] is to help students master the IT technologies they are interested
in, using the student community, as well as specialists from departments and IT companies involved in the
project, already in the first years of the university. The courses consist of approximately 10 sessions, which
are mainly related to the development of practical techniques. Students of any course who wish to share their
knowledge with other students, as well as teachers and specialists from the IT field, are invited as course
leaders.

The classroom system for organizing training, when students are tied to "their" groups and cohorts,
and teachers, for their part, to the groups and streams assigned to them, limits students and teachers in the
breadth of contacts. This problem can be solved by adding various forms of “horizontal” interaction of both
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teachers and students, and students with students. The development of such forms as project activities,
student laboratories, student university increases the motivation to study and to study mathematics, if it is
organized by mathematics teachers.

Bibliography:

1. Tolkacheva, E. A. Mathematics at a Technical University: the Potential of Horizontal Connections. Computer
tools in education, no. 2, pp. 84-100, 2021 (in Russian); doi:10.32603/2071-2340-2021-2-84-100.

2. Tolkacheva, E.; Ivanov, S.; Pozdniakov, S. Implementation of Horizontal Connections in the Course of Math-
ematics by Combining Pedagogical and Digital Technologies. Mathematics 2022, 10, 2352.
https://doi.org/10.3390/math10132352

3. Pozdniakov, S. N. Computer Algebra System as a Pedagogical Task. Computer tools in education, no. 2, pp.
25-41, 2017 (in Russian).

4.  Laboratory of Neural Networks and  Tropical = Mathematics.  Available  online:
https://docs.google.com/document/d/1i2ZDaFFdmmEJ3SpnOtyl87AdYxV7EIubHUi50d4krmk/edit  (accessed  on
27.03.2023).

5. Laboratory of Mathematical Modeling. Available online:
https://docs.google.com/document/d/1Rik2wytBhtEY LKBfE3qSuGczAoWgDMPeh_aTRTcAGPs/edit  (accessed on
27.03.2023).

6. Combinatorial Computing Laboratory. Available online: http://vk.etu.ru/ (accessed on 27.03.2023).

7. Student University IT-LETI. Available online: https://sites.google.com/view/it-leti (accessed on 27.03.2023).

C. H. Tlo3nnskos, E. A. TonkaueBa
Tl'opu30HTaNIBHEIC CBSA3H B PENOaBAHUN MATEMATHKH

Canxm-Ilemepoypeckuii 2ocyoapcmeennulil 2nekmpomexnuyeckuti ynusepcumem «JI19TH»
um. B.1. Ynvanoea (Jlenuna) e. Cankm-Ilemepoype, Poccus

Annomauus. B cmamve paccmMampugaromes 20pusOHmMaibHblie CeA3U 8 NPenooasaHuu GyHOAMEeHmAalbHblX
unoiceneprvix oucyunaun ¢ CIIBIOTY "JIOTH". Hmenno makas KomouHayus mpaouyuii u UHHOBAYULL MOJCEM
ObImb NPEONoNHCEHA 0TI MENCOVHAPOOHO20 compyorudecmea. Opeanusayus 06pa3o0e8anus 6 yHusepcumeme co-
0epaHcamenbHo OCyWecmensiemcs uepe3 GepmuKaIbHylo CIMpyKmypy, Komopas eedem cmyoenma om ypogHs.
WKObL K YPOBHIO uHdicenepa. 1 opusonmanvuble c6a31 NPOomMuGONOI0ICHbl OP2aAHU3AYUOHHBIM AOMUHUCIPA-
MUBHBIM UEPAPXULECKUM CBAZAM, HO OONOIHAIOM COOEPIACANENbHYIO 6EPMUKATD.

KiioueBble cJI0Ba: ropu3oHTAJBbHbIE CBSA3H, HHM(POBBIE TeXHOJOrHH;, o0ydeHHe uepe3 INpenoJaBaHHe; HeHHBAZHBHBIN
MOHHTOPHHI'; BOCTPe0OBaHHOE 00y4eHHe
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