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ABSTRACT:
This article discusses some aspects of the training of
the future specialists in a pedagogical university. The
organization of the educational process according to the
credit technology contains a cycle of majors that are
important for learning the ways of dealing with
professional and pedagogical tasks. The formation of
professional competence was demonstrated using the
example of the methodology for the study of interaction
between electrons and matter in condensed matter
physics. The pedagogical experiment has been

RESUMEN:
Este artículo discute algunos aspectos de la formación
de los futuros especialistas en una universidad
pedagógica. La organización del proceso educativo de
acuerdo con la tecnología crediticia contiene un ciclo de
mayores que son importantes para el aprendizaje de las
formas de abordar las tareas profesionales y
pedagógicas. La formación de la competencia
profesional se demostró utilizando el ejemplo de la
metodología para el estudio de la interacción entre los
electrones y la materia en la física de la materia
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associated with several sequentially increasing tasks,
which studied the changes in the electrical and
mechanical characteristics of composite materials after
irradiation with electrons with different energies. It has
been demonstrated that the study of the physical
mechanism of deformation and destruction of
composites using visual examples of introduction of
scientific research methods into educational process
leads to the actual formation of professional
competence, i.e. improving the quality of training in
pedagogical higher education institution. 
Keywords: methodology, competence, training,
deformation, destruction, characteristics, composites,
studying, majors, electrons, interaction

condensada. El experimento pedagógico se ha asociado
con varias tareas secuencialmente crecientes, que
estudiaron los cambios en las características eléctricas y
mecánicas de los materiales compuestos después de la
irradiación con electrones con diferentes energías. Se
ha demostrado que el estudio del mecanismo físico de
deformación y destrucción de compuestos utilizando
ejemplos visuales de introducción de métodos de
investigación científica en el proceso educativo conduce
a la formación efectiva de la competencia profesional,
es decir, mejorando la calidad de la formación en la
institución pedagógica de educación superior. 
Palabras clave: metodología, competencia, formación,
deformación, destrucción, características, compuestos,
estudio, mayores, electrones, interacción

1. Introduction
The higher school of the Republic of Kazakhstan has an important task of implementing the
education quality and finding ways to achieve it. This task should satisfy the needs of labor
market and conditions of forced industrial-innovative development leading to a significant
expansion of the integration processes and interaction between education, science and
innovation (State Program of Industrial-Innovative Development of the Republic of Kazakhstan
for 2015-2019).
The improvement of the vocational education quality in order to supply economic sectors with
competitive personnel with higher and postgraduate education implies high requirements
towards the content and realization technology of educational programs and assessment of
their results, namely, orientation towards competent approach and strengthening of the
practical training of specialists (Moldabekova, et. al. 2015; Moldabekova, et. al. 2013). In such
circumstances, the educational process in a pedagogical university can be seen as training in
finding solutions to professional and pedagogical tasks. The main bachelor educational
programs provide general scientific training, which can be further deepened and expanded
through a wide range of magister educational programs.
The most complete formation of professional competences occurs in various organizational
education forms of majors that combine scientific research with theoretical and practical
training (Moldabekova, et. al. 2013). The organization of educational process according to the
credit implies majors as an important part of training of a competent expert in the field of
future professional activities. These disciplines address the following main issues:

formation of professionals, including teachers, with deep professional knowledge acquired and
supported through systematic and continuing education at all levels due to basic training that
provides means for further self-education, capable of social mobility and adaptation to the practice;
training of scientific and pedagogical personnel possessing in-depth scientific and pedagogical
knowledge and providing high quality education due to the integration of fundamental and applied
knowledge, whose creativity, versatility and research orientation meets the social needs.

2. Methods
In the process of studying the majors, in particular physics of condensed state, one forms
special professional competence that reflects the specificity of the domain for the future
professional-pedagogical activity.
In order to complete the set tasks, we propose to design the special educational tasks that
encourage learners to not only understand the material, but also to create an explanation for
certain phenomena and processes, i.e. encourage the self-facilitated academic and research
activity.
The path towards the formation of the professional competence lies through the development of
learning technologies of specific sections and questions of basic and primary physical



disciplines. One of such sections of solid-state physics is the study of the mechanical
characteristics related to the structural characteristics. Structural heterogeneity, which is
expressed through areas with different degree of order and defects, determines unequal stress
distribution, occurrence of overstresses in some areas and the emergence of cracks. Their
diagnosis using electron microscopy is used for adequate interpretation of experimental data in
order to predict the result of the technological impact of electron beams on the matter. These
circumstances urgently require familiarization of trainees with some issues of electron passing
through the matter (Tamuzh, et. al. 2016; Kozhamkulov, et.al. 2004). We explained the
physical essence of the phenomena avoiding complex mathematical equations and some details
relevant to a more in-depth study of the subject to the future teachers.
Our long-term teaching experience shows that certain issues of interactions between electrons
and atoms/molecules are difficult to understand. As a result, the trainees cannot explain and
generalize the calculated and experimental data in the field of electron-nuclear confrontations.
Therefore, one should at least briefly explain the structure of matter, which is associated with
the study of motion, i.e. the dynamics and interaction of its structural units. Finally, one should
draw the trainees’ attention to our knowledge about atoms and molecules as the structures with
certain chemical properties that are not the ultimate building blocks of the universe: there are
more fundamental constituents – the atomic nuclei, nucleons and, eventually, quarks, leptons
and interaction mediators. This information is obtained through the analysis of the experimental
results on interaction between particles and matter. The registration of particles also occurs
because of their interaction with detector matter. The interaction of particles with matter
depends on their type, charge, mass, energy, and other characteristics of the matter, such as
its density, atomic number and average ionization potential.
The outlined difficulties indicate that the trainees have not formed appropriate prior domain
expertise. The ability of trainees to integrate knowledge, hold discussions on the basis of limited
or incomplete information taking into account previous education results both at the level of the
whole program and at the level of a discipline is the basis of the overall professional
competence. The formation of professional competences is a complex multi-level dynamic
process occurring in stages. Professional competence is an integral characteristic of personally
and professionally significant qualities of a specialist with knowledge and skills ensuring his or
her readiness to the effective relevant activities, as well as the capacity for professional self-
development and the future professional activities under new modern conditions (Moldabekova,
et. al. 2015; Moldabekova, et. al. 2013).
It should be emphasized that an analysis of some complex issues of the studied theme is meant
for individual work under the guidance of a teacher. This is one form of the training according to
the credit technology of education.

3. Results
In order to clearly explain the properties of substances under electron irradiation, we have used
the research examples of some polymers like polyethylene terephthalate (PETP) film with the
thickness of 50 microns, polyimide (PI), polytetrafluoroethilene (PTFE) and poly-m-
phenyleneisophthalamide (PP) films with the thickness of 40 microns. During our pedagogical
experiment, each trainee was asked to analyze a series of tasks with consistently increasing
complexity. First, it was necessary to formulate the task (problem), which is very important for
finding the true causes of difficulties in the studying process that would lead to an effective
solution. Then to define:

What are the issues and challenges need to be addressed;
Where these issues and challenges arise or occur;
What aspects are important.

As our research shows, the processes of the interaction of electrons with different energies with
substances, the transfer equations describing the scattering of electrons in medium and figuring



out radiation-chemical transformations and their impact on the electrical and mechanical
characteristics are interesting, but sometimes confusing for the trainees (Tamuzh, et. al. 2016;
Kozhamkulov, et.al. 2004). Therefore, each trainee should pay attention to the characteristic
feature of composite materials, which is due to the high molecular weight of the initial
substance. Since every interaction results in particle energy loss and changing of its motion
trajectory, it is necessary to discuss the interaction between electrons and substances again. In
case of a charged particle beam with kinetic energy E, passing through substance layer, the
energy of the particles decreases as they progress through the substance, and the variation of
particle beam energies increases. The beam is extending due to multiple scattering. Different
reactions can occur between particles passing through the medium and particles of the
substance (electrons, atomic nuclei). The passage of electrons through the substance is
different from passing of heavy charged particles. The main reason is the low mass of the
electron. This leads to a relatively large change in electron pulse whenever it collides with
particles of the medium, which causes a noticeable change in the direction of electron motion
and, as a result, the electromagnetic radiation (Tamuzh, et. al. 2015; Tamužs 2013).
 Sample materials intended for mechanical tests were shaped as bars with the dimensions of 10
× 200 mm2, and for electrical studies – as squares 100 × 100 mm2. The irradiation with
electrons was conducted up to absorption of doses 106, 3.106, 107, 3.107, 108 Gy. The
temperature for each sample type was determined by the appropriate beam current under
cooling and did not exceed 50 °C. The irradiation conditions were as follows: beam current
20 µA, irradiation area 6 cm2, i.e. current density 3.3 µA/cm2 (Tamužs, 2014; Klein, et. al.
1987).
 Electrical and mechanical characteristics were determined after a set of predefined absorbed
doses according to standard methodologies using devices in accordance with the standard
requirements. Non-irradiated and irradiated polymer films were tested on stretching. Figure 1
represents the dependency “load P – deformation ∆l” for PETP under different irradiation doses.

Figure 1: The curves “load-deformation” for PETP under different irradiation doses. 
1. D = 0; 2. D = 1 MGy; 3. D = 10 MGy; 4. D = 100 MGy. The calculated curves are plotted in dotted lines.

Mechanical tests were performed with automatic record of “load-deformation”. The
experimental results revealed that the most solid non-irradiated polymer film is PETP. One can
see on Fig.1 that the shape of dependency “load-deformation” for the PETP film varies
significantly with increasing radiation dose. The dose of 1 MGy causes the film to become
brittle, the dose of 30 MGy decreases its strength 8 times, and the dose of 100 MGy causes the
destruction of this film under the beam. Further irradiation affects the relative deformation at
break er, where changes reach two orders of magnitude at the dose of 30 MGy. The phenylone



film behaves in a peculiar manner: there is some increase in strength reduction of deformation
at the dose of 5 MGy. It is probably because the rate of cross-linking of broken polymer chains
prevails over the rate of destruction. The destruction rate is apparently higher at the increased
dose of 50 MGy, which leads to a reduction of the polymer strength. Indeed, when small doses
of radiation are absorbed, the extremum of strength is associated with a relative increase in the
number of passing molecules and the extremum of elongation – with more complete unfolding
of the folded molecules from several cross-linked ones. More absorbed doses lead to the
increase in relative contribution of intermolecular cross-linking, which prevents an increase in
strength and leads to a decrease in the relative deformation. The fluoroplastic film possesses
the lowest radiation resistance. It is easily destroyed at a dose of 10 MGy. The polyimide film is
the most radiation-resistant. Irradiation of up to 100 MGy does not affect its mechanical
characteristics.
Thus, actual examples can clearly show changes in the electrical and mechanical characteristics
of composite materials after irradiation with electrons. The study of the effect of simultaneous
mechanical stress and irradiation on the polymeric films was conducted under load of 40, 50,
60, 70, 80% from P0 (P0 is the initial value of destructive load). The irradiation conditions
remained the same as in the experiment with free states.
The polyimide film under the load P50%= 4 kg was irradiated up to D = 3 MGy, the sample was
not destructed. The PETP film was irradiated under the load P50% = 4.3 kg. The film was
destructed at D = 3 MGy. The fluoroplastic film is destructed under the load P50%= 1.3 kg at
3×103 Gy. It is destructed under the load P25% = 0.65 kg at D = 8.8×105 Gy. The strength of
samples irradiated under load is much lesser then the corresponding value without load.
Attention of trainees is drawn to the differences in radiation resistance. It is expected that it
could be connected with the peculiarities of formation and modification of defects in irradiated
materials, as well as with different mechanism of destruction. The strength of unloaded, i.e.,
undirected polymers is mainly determined by the magnitude of the van der Waals forces.
Intermolecular interaction is increasing along with orientation degree as a result of
straightening of the molecular chains, which in turn leads to the higher polymer strength due to
the significant influence of the basic valence forces. This leads to the fact that starting from a
certain molecular weight (after irradiation), intermolecular forces become weaker than basic
valence forces and the polymers break at the intermolecular bonds.
Thus, the radiation resistance of polymers is reflected in the following row
The change of the mechanical properties of the studied polymers caused by electron irradiation
effects is related to the amount of benzene rings and other cyclic groups in these structures.
The protective effect against radiation exists due to the fact that benzene core excited to the
singlet state dissipates this absorbed energy in the form of fluorescence in the visible and
ultraviolet spectrum (Kozhamkulov 1997).
It should be noted that although experimentally-determined parameters are known for more
than a decade, the quantitative correlation between radiation and chemical properties of
polymers and these parameters has not been determined so far. Thus, the trainees realize that
this important scientific and technical area requires a detailed clarification of the physical
mechanism of deformation and destruction in order to create theories and predict the
functionality of composite materials.

4. Discussion
One can see that while solving these tasks, a trainee obtains characteristic ways of cognitive
activities that contribute to the formation of professional competence. He or she acquires
practical skills in observing composite strength tests. Trainees also learn mathematical methods
of experimental data processing and their comparison with tabular data and data from other
authors.
Therefore, the integration of scientific research and education will overcome known



unilateralism in the training of future teachers of physics under conditions of modern university
education. In this regard, it may be noted that the integration of fundamental and applied
physical knowledge in the educational process of a pedagogical university will contribute to:
- increase of motivation towards studying of physics;
- the increasing methodological orientation of content of the pedagogical physical education;
- integration of training, research and project work of trainees;
- expanding of educational resources of the physical education;
- formation of professional competence of trainees.
Physical education plays a prominent role in the technological and intellectual development. The
training of highly qualified scientific pedagogical personnel majoring in physics contributes to
the effective implementation of innovational development of economy and society.

5. Conclusion
Our research has demonstrated that the implementation of continuous training in the
educational process, including the results of scientific research and methodology of studying the
effects of electron irradiation on the mechanical characteristics of certain composites in
condensed matter physics, allows the trainees to achieve different levels of professional
competence. Thus, the formation of professional competence of trainees in solving professional
and pedagogical tasks, as well as a system of value orientations and targets specific to physical
science, occurs with regard to the requirements of employers and social society request.
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