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Abstract

This article discusses the principles of developing professional competencies in future
engineers through the implementation of project-based models in differentiated approaches to
physics laboratory sessions in higher education institutions.
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Introduction
The construction of nonlinear educational trajectories within the framework of physics can be
achieved through differential learning. Furthermore, the goal of building such trajectories is to
improve the quality of education, which involves forming high-level competencies or
expanding their spectrum [2].

The principle of variability and nonlinearity in educational trajectories provides students with
a wide, comprehensive, unique, and attractive array of options, provided they make adequate
and meaningful choices. This principle ensures the highest level of individualization in
education. The implementation of this principle can be carried out not only through elective
courses within the flexible part of the curriculum but also by creating various educational
programs that ensure variability and nonlinearity within individual modules or subjects using

innovative educational technologies [3].

In implementing this methodological system, conducting laboratory sessions in physics is
carried out in two forms: active and interactive methods. In both cases, within the framework
of the proposed methodological model, students' general professional competencies are
formed, such as:

. The ability to apply the fundamental laws of natural sciences in professional activities
and to utilize theoretical and experimental research methods;
. The capability to identify the scientific nature of problems arising during professional
activities and to involve appropriate physical-mathematical tools to solve them;
. The ability to search, store, process, and analyze information from various sources and
databases and present it in the required format using information, computer, and network
technologies [4].

As noted above, the interactive format of conducting laboratory sessions involves
students' interactions within small groups, partially realized in traditional education forms.
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Laboratory work is done in groups of 2-3 students, but tasks are equally assigned to all, without
exception, regardless of whether students are strong or weak. However, in most cases, stronger
students tend to complete the tasks [5].

Performing at an advanced level involves using the educational material proposed in the
theoretical part of the laboratory work description. To perform scientific-research laboratory
tasks, students must independently find the necessary information to study certain relationships
of physical quantities, reason during the experiment, and propose a format for presenting the
obtained results.

The following general cultural competencies are formed through the active conduct of

laboratory work:
. The ability to self-organize and self-discipline;
. The ability to communicate in written form during interpersonal collaboration.

The active form of a student's educational and cognitive activity can be implemented

during the execution of virtual laboratory work, which the student can complete individually
without relying on anyone else's help.
Students are offered experimental tasks at three levels (basic, advanced, and research tasks),
with the theoretical part having two levels of complexity. When conducting laboratory work
using a differential approach, we divide the class into three small groups: "low level,"
"intermediate level,” and "research"” groups. Based on the capabilities of each group, we engage
in individual work with them. The laboratory assignments are provided according to the
groups’ abilities.

For example, when performing the laboratory task "Recording and Analyzing Free Fall Results
Using VideoCom™ in the mechanics section, the process is organized as follows. For the "low
level" group, we suggest the virtual version of determining the "acceleration of free fall," as
this virtual laboratory version is simple and understandable for the group members. They will
collaborate, using the computer to gather the results and complete the assignment together.

For the "intermediate level” group, we recommend using a mathematical pendulum to
determine the acceleration of free fall, considering their abilities. The group members'
knowledge and skills are sufficient to calculate the acceleration of free fall by counting the
oscillations of the mathematical pendulum. They will measure the necessary quantities and use
the working formula to calculate the value of the acceleration of free fall.

For the "research™ group, which consists of the most advanced students, we suggest the task
"Recording and Analyzing Free Fall Results Using VideoCom." These students will use the
computer and the VideoCom program to determine the acceleration of free fall and draw the
necessary conclusions.

Thus, by creating bifurcation points and considering the individual characteristics of the
students both during the experimental part and in the defense of the laboratory work, the
nonlinearity of the educational process within the framework of mandatory subjects is
implemented.
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