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TRAINING OF FUTURE ENERGY SPECIALISTS TO SOLVE PRACTICAL PROBLEMS ON THE BASIS OF PHYSICAL PROJECTS

ABSTRACT

Formulation of the problem. In the field of higher education, general and special competencies are acquired, which have in common the ability
to apply knowledge in practical situations. Therefore, the formation of mental and practical skills and abilities of future energy
specialists to solve practical problems is becoming more and more important.

The effectiveness of solving practical problems in the field of power engineering, electrical engineering and electromechanics
depends on the understanding by future specialists of energy profile the theories and methods of physics. There is a need to
develop and implement effective teaching methods, in particular on the basis of physical projects.

Materials and methods. The analysis of research in the field of education, the National Qualifications Framework, the standard of higher
education in the specialty 141 "Electricity, Electrical Engineering and Electromechanics" for the first (bachelor's) level of higher
education to theoretically substantiate the requirements for mental and practical skills of future energy specialists to solving
practical tasks and advantages of physical projects in their formation was carried out; pedagogical experiment was carried out
for testing the effectiveness of the use of physical projects in the training of future energy specialists; diagnostics (using the 16-
factor personal questionnaire of R. Cattell and the method of analysis of products of activity as projects) was for evaluation the
levels of ability of future energy specialists to solve practical problems using theories and methods of physics; statistical
calculations, such as quantitative and qualitative data processing, graphical presentation of results, were for tracking the
dynamics of the levels of formation of the ability of future energy specialists to solve practical problems and establishing the
scientific reliability of the results of the study.

Results. The essence of physical projects and features of their using are theoretically substantiated on the example of discipline "Alternative
energy", the maintenance of which is directed on formation of ability to apply the received theoretical knowledge, scientific and
technical methods for the decision of scientific and technical problems and problems of power.

Such criteria as personal, content-procedural, evaluation-regulatory, indicators and diagnostic tools for testing the ability of
future energy specialists to solve practical problems with the using of physics methods are characterized.

The analysis of experimental data showed significant qualitative changes in the levels of formation of the ability of future energy
specialists to solve practical problems by EG physics. That is confirmed by calculations of Pearson's criterion (17,61> 7,8).

Conclusions. The using of physical projects is an effective teaching method in the training of future energy specialists to solve practical problems
in the field of power engineering, electrical engineering and electromechanics.

KEY WORDS: energy specialists, practical problems, physical project, competence, pedagogical experiment.

INTRODUCTION

Ukraine's integration into the world educational space requires constant improvement of the national education system,
the main result of which should be competitive and mobile individuals who acquire educational and professional competencies
in the labor market, according to their own interests, abilities, capabilities, needs of the economy and society.

The quality of achieving the above results of professional education depends, in particular, on the compliance of its
content with the requirements of the labor market, professional standards and the National Qualifications Framework, as a result
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for the applicant of higher education is to obtain professional qualifications in demand in the labor market, the acquisition of
competencies that ensure competitiveness and self-realization of the individual.

In the field of higher education, general and special competencies are acquired, which have in common the ability to
apply knowledge in practical situations. Therefore, the formation of mental and practical skills and abilities of future energy
specialists to solve practical problems is becoming more and more important.

Analysis of relevant research. The main components of qualification requirements under the National Qualifications
Framework are knowledge, skills, communication, autonomy and responsibility. According to this, skill is the ability to apply
knowledge to perform tasks and solve problems. Skills are divided into cognitive (including logical, intuitive and creative thinking)
and practical (including manual dexterity, application of practical methods or techniques, materials, tools and tools,
communication). Thus, the sixth level of the National Qualifications Framework, which corresponds to the first (bachelor's) level
of higher education, reflects the expected results as: in-depth cognitive and practical skills, skill and innovation at the level needed
to solve complex specialized problems and practical problems in the field professional activity or training (On approval of the
national qualifications framework, 2011).

In particular, the standard of higher education in the specialty 141 "Electricity, Electrical Engineering and
Electromechanics" for the first (bachelor's) level of higher education states the need to develop the ability to solve practical
problems involving methods of mathematics, physics and electrical engineering (C12), resulting of this is to know the basics of
the theory of the electromagnetic field, methods of calculating electric circuits and be able to use them to solve practical problems
in professional activities (PR05); to apply application software, microcontrollers and microprocessor technology to solve practical
problems in professional activities (PR06); to carry out the analysis of processes in the electric power, electrotechnical and
electromechanical equipment, the corresponding complexes and systems (PR07); select and apply suitable methods for analysis
and synthesis of electromechanical and electric power systems with specified indicators (PR08); be able to assess the energy
efficiency and reliability of electrical, electrical and electromechanical systems (PR09); solve complex specialized problems in the
design and maintenance of electromechanical systems, electrical equipment of power plants, substations, systems and networks
(PR17), apply suitable empirical and theoretical methods to reduce electricity losses in its production, transportation, distribution
and use (PR19). The formed components will promote the formation of integrative competence, namely the ability to solve
specialized problems and solve practical problems during professional activities in the field of power engineering, electrical
engineering and electromechanics or in the learning process involving theories and methods of physics and engineering and
characterized by complexity and uncertainty conditions (On approval of the standard of higher education in the specialty
141 "Electric power, electrical engineering and electromechanics" for the first (bachelor's) level of higher education, 2019).

Nowadays, research methods of teaching, in particular the project method, as an opportunity to rationally combine
theoretical knowledge and their practical application to solve specific problems of reality in the process of joint activities of
participants in the educational process, in particular in the context of end-to-end integration in four areas (science) , technology,
engineering and mathematics) became more popular (Sosnytska et al, 2019; Sosnytska & Titova, 2020).

The word "project" (Latin projectus) means "forward". Traditionally, the concept of "project”" has several meanings:
1) developed a plan for construction, manufacture, reconstruction of something; 2) the preliminary text of the document, the
idea of something; 3) a certain form of organization of large and relatively independent initiatives; 4) the form of restructuring of
purposeful activity; 5) in fact, the project is any plan that has a purpose, deadline and specific steps of implementation (Busel,
2005: 1152).

According to the researchers, a "project" is a time-limited purposeful change of a separate system with established
requirements for the quality of results, possible costs of funds and resources and a specific organization (Burkov & Novikov,
1997); a sequence of interrelated events that occur within a set limited time and which are aimed at achieving a unique, but at
the same time defined result (Bagley, 2004); systematic form of organization of activity in the relationship of its theoretical and
practical aspects (Krimskiy, 2003) and others.

Thus, based on the analysis of scientific approaches to the content of this concept, we consider the project as a complete
cycle of productive activities aimed to obtain an objectively new or subjectively new result.

Design as a project creation activity is characterized by two points: the ideal nature of the action and its focus on the
emergence of something in the future. These two characteristics distinguish design from other activities. In the pedagogical
literature there are different definitions of the educational project, but in any case they are based on the development of
cognitive and creative skills of students, the ability to seek information and act independently, presenting project results and
cooperation between participants in the educational process. Thus, the essence of the project |. Sergeev recognizes as "six P":
problem — design (planning) — information retrieval — product — presentation — portfolio, which collects all project materials,
including drafts, daily plans, reports, etc. (Sergeev, 2004: 28).

The project method is a method based on the development of cognitive, creative skills of students, the ability to
independently construct their knowledge, navigate in the information space, think critically.

Reasons for the widespread use of the project method in the training of future energy specialist: pedagogical — learning
to acquire knowledge independently; ability to use the acquired knowledge to solve cognitive and practical problems; ability to
use research methods (collect the necessary information, comprehensively analyze it, make hypotheses, draw conclusions; social
—the ability to work in different groups; the ability to perform different social roles (leader, performer, mediator, etc.); the need
to acquire skills to overcome conflict; wide human contacts, acquaintance with different cultures, views on one problem
(Sosnytska & Kryvylova, 2020).

All this will contribute to the formation of higher education seekers with a clear, personally meaningful and meaningful
image of future professional activity, as an important step towards competitiveness in the labor market.

Tasks that are solved in the process of project activities: 1. Personal orientation of project training, taking into account
the goals, objectives, needs, interests, motivation, life experience, individual characteristics and abilities of the individual.
2. Preparing learners for real activities through practical actions that affect their emotional sphere and increase motivation to
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learn due to the closer connection of project ideas with real life. 3. Creative work of project participants on the basis of
independently collected, systematized and generalized information from various sources. 4. Development of independent
thinking in identifying and solving problems based on knowledge from various fields of science; use of various research and
exploration methods and teaching methods. 5. Development of skills to establish cause and effect relationships between
phenomena, to anticipate the possible consequences of different solutions, to plan and predict the results, to take action to
implement decisions. 6. The use of various forms of organization of educational activities in order to enhance the interaction of
teachers and students as equal partners in the educational process. 7. Increasing the individual and collective responsibility of
project participants in connection with the need to coordinate actions to obtain results (Grudinin, 2017).

The aim of the article. The purpose of the research is to theoretically substantiate the peculiarities of training future
energy specialists to solve practical problems on the basis of physical projects and to reveal the results of experimental
verification of the effectiveness of the chosen method.

To achieve this goal, the following tasks are formulated: theoretically substantiate the essence of physical projects and
features of their use; to characterize the criteria, indicators and diagnostic tools for testing the ability of future energy specialists
to solve practical problems; to reveal the results of experimental verification of the effectiveness of the use of physical projects.

RESEARCH METHODS

The analysis of research in the field of education, the National Qualifications Framework, the standard of higher education
in the specialty 141 "Electricity, Electrical Engineering and Electromechanics" for the first (bachelor's) level of higher education
to theoretically substantiate the requirements for mental and practical skills of future energy specialists to solving practical tasks
and advantages of physical projects in their formation was carried out; pedagogical experiment was carried out for testing the
effectiveness of the use of physical projects in the training of future energy specialists; diagnostics (using the 16-factor personal
questionnaire of R. Cattell and the method of analysis of products of activity as projects) was for evaluation the levels of ability
of future energy specialists to solve practical problems using theories and methods of physics; statistical calculations, such as
quantitative and qualitative data processing, graphical presentation of results, were for tracking the dynamics of the levels of
formation of the ability of future energy specialists to solve practical problems and establishing the scientific reliability of the
results of the study.

RESULTS

During the training of future energy specialists, we use a physical project, which means solving practical problems in the
field of power engineering, electrical engineering and electromechanics using theories and methods of physics. When considering
the topics and content of project activities of future energy specialists, we adhere to the following conditions: 1) the physical
project should be based largely on already known knowledge and skills; 2) the physical project must contain contradictions
between the known and the search - the problem of research; 3) the physical project should arouse interest in finding ways to
solve a practical problem.

For example, we use physical projects in teaching the discipline "Alternative Energy", which aims to develop the ability to
apply the acquired theoretical knowledge, scientific and technical methods to solve scientific and technical problems and
problems of energy. We take into account interdisciplinary connections with the discipline "Physics", in particular
electrodynamics, which occupies a special place given the richness of worldview and polytechnic content. It is in this section that
the problems of electric power are considered — generation, transmission and conversion of electric energy with induction
generators and transformers, etc.

Thus, future energy specialists are developing a project with the general title "Physical Fundamentals of Alternative
Energy", which is adjusted according to the chosen direction.

The main task of the projects is to consolidate the general principles of energy efficiency assessment of non-conventional
and renewable energy sources based on knowledge of the principle of operation and the main functional and structural features
of non-conventional energy installations, namely solar, wind, heat pump installations, hydropower plants, energy batteries, hydro
and ebbs, fuel cells, biofuels, magnetohydrodynamic energy converters, thermoelectric generators, radioisotope energy sources,
etc.

In particular, while choosing the topic "Physical foundations of wind turbines" higher education students perform the
calculation of wind turbines taking into account the parameters of wind turbines and the proposed conditions of their location.
The content of the work includes: calculation of wind turbine power with rotor radius R, m at starting wind speed V, m / s, wind
utilization factor §, reducer efficiency - nreq .; generator efficiency - ngen; calculation of wind speed at which the wind turbine will
generate enough power to provide energy, for example, the average cottage with a radius of rotor R, m, wind utilization factor -
§, efficiency of the reducer - nreq; Generator efficiency - ngen .; or calculation of wind power capacity containing n of the same type
of wind power plants, where the length of the windmill blade L, wind speed V, wind turbine efficiency nu, electric efficiency of
the installation (generator and converter) ne, air temperature t, atmospheric pressure p and others.

The process of developing a physical project consists of the main stages: the choice of topic; problem formulation; setting
tasks; selection of participants (group or individual project development); distribution of tasks; analysis of sources on the research
problem; experimental part (if it is necessary); processing of results; report preparation and project defense.

The order of execution provides for the implementation of actions by future energy specialists: 1) to get acquainted with
the primary information; 2) perform an analysis of methods of obtaining electricity; 3) search for information on the Internet at
the addresses of the above sites in order to obtain and analyze the physical and technical characteristics of devices for obtaining
alternative energy; 4) make assumptions about the methods of obtaining electricity that can be sold in your area; 5) provide
information on the methods of obtaining electricity that are sold in your area; 6) design and implement a device for obtaining
alternative energy; 7) draw conclusions; 8) compile a project portfolio.

13



PHYSICAL & MATHEMATICAL EDUCATION issue 5(31), 2021

The individual activity of future energy specialists during project development depended on external factors, namely: the
functional distribution between group members; availability of author's findings; opportunities to argue their own positions and
summarize the results of activities, to discuss with opponents, etc.

Thus, future energy specialists not only demonstrate the formation of mental and practical skills in solving specialized
problems by physics, but also acquire the ability to be critical and self-critical in making informed decisions and assess the quality
of work performed.

The pedagogical experiment was carried out on the basis of higher education institutions of Ukraine: Dmytro Motornyi
Tavria State Agrotechnological University (Faculty of Energy and Computer Technologies) and Berdyansk State Pedagogical
University (Faculty of Physics, Mathematics, Computer and Technology Education) during 2018-2021 academic years.

To conduct a pedagogical experiment, an experimental and control groups of higher education students of the specialty
141 "Electric Power, Electrical Engineering and Electromechanics" (1-4 levels) were selected. These groups covered a total of 284
people. A representative sample in the study consists of parallel experimental and control groups. The control group included
142 students who studied on the basis of traditionally formed practice, the experimental group - 142 students of the same
faculties, who studied using the developed educational and methodological support.

The pedagogical experiment involved the implementation of actions of ascertaining, formative and control content. Thus,
the purpose of the observational experiment was to establish the actual state and level of the studied characteristics of the
participants at the beginning of the experiment. The formative experiment is aimed at studying the phenomenon under study
directly in the process of implementing physical projects. The control experiment was conducted in order to compare the results
of the experimental and control groups regarding the dynamics of acquiring the ability of future energy professionals to solve
practical problems by all criteria and levels.

Criteria and indicators of the formation of the ability of future energy specialists to solve practical problems involving the
methods of physics: personal criterion - the presence and level of development of professionally important abilities and qualities;
substantive-procedural criterion - practical and operational application of knowledge to specific situations; evaluation and
regulatory criterion - self-assessment and self-control of activities (Kryvylova, 2017).

In particular, the need to successfully solve practical problems in the energy sector, interest to the process of solving
them and a strong desire to master the physical foundations in the modeling, design, development and maintenance of energy
systems (personal criterion); understanding the content of practical problems in the energy sector, assessing their significance
and knowledge of ways to solve them by physical methods, ability to solve practical problems in the energy sector with the use
of physical laws (substantive and procedural criteria); ability to self-assessment and self-control of own actions on the application
of physical laws in solving practical problems in the energy sector and focus on self-improvement in achieving the expected results
(evaluation and regulatory criteria).

The level of formation of the ability of future energy specialists to solve practical problems with the use of physics
methods was checked using a 16-factor personality questionnaire R. Kettell (Metodika mnogofaktornogo issledovaniya lichnosti
R. Kettella) and the method of analysis of products of activities - projects.

The purpose of using the 16-factor personality questionnaire R. Kettell was to establish the presence and level of
development of professionally important qualities of future energy specialists who can contribute to or hinder the successful
acquisition of the ability to solve practical problems by physics.

According to the theory of personality traits of R. Kettell, the personality consists of stable, stable, interconnected
elements (properties, traits) that determine its inner essence and behavior. Differences in behavior are explained by differences
in the expression of personality traits. The set of individual factors creates symptom complexes of communicative, intellectual,
emotional and regulatory personality traits.

After the experiment, a significant shift in the group of regulatory personality traits of future energy specialists EG
(+16.15% at a high level), which indicates the formation of the ability to mobilize to achieve this goal in spite of internal resistance
and external obstacles; ability to act thoughtfully, persistently and organized (to finish the started cases, to have a clear idea of
the order of executed cases, to plan time); the ability to maintain self-control in critical situations and regulate the external
manifestations of emotions; be critical of yourself.

The shift in the group of intellectual properties of EG (+5.21% — high level, -4.17% — low level) indicates an increase in the
number of future energy specialists who are able to establish cause-and-effect relationships between phenomena and have
developed figurative thinking (different high level of generalization). These manifestations prove the effectiveness of the use of
physical projects in the training of future energy specialists.

The group of communicative properties at the end of the experiment characterizes future energy specialists at a high
level as: energetic, sincere in relationships with others, dynamic in communication, which promotes leadership in group activities;
socially courageous, active, ready to deal with unfamiliar circumstances, prone to risk; independent in judgments and behavior;
independent in decision-making; prudent, perceptive, intelligent with a sentimental approach to events and others; open,
tolerant of others, willing to cooperate with the team. These shifts in communicative properties became possible due to the use
of physical projects.

The use of project results as a diagnostic tool helped to identify knowledge, skills, abilities and professionally important
qualities of future energy specialists who provide the ability to solve practical problems of future professional activity.

At the end of the experiment, the development of group and individual projects began to contain a large number of
original and inventive techniques, characterized by complete independence and high activity of future energy specialists. The
formed generalized integrated abilities and skills on the analysis and documentation of the information are observed; ability to
realize goals and make decisions in professional activity in the conditions of complex systems of different nature; perfect mastery
of various methods and means of modeling, forecasting, design.
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During the pedagogical experiment, future energy specialists changed their attitudes to their personal and academic
achievements, which was reflected in predicting the prospects of self-improvement and the desire to achieve better results in
developing the ability to solve practical problems, including physics.

The analysis of experimental data showed qualitative changes in the low level of formation of the ability of future energy
specialists to solve practical problems, due to a decrease in the number of students in the relevant category during the
pedagogical experiment by 3.9% in CG and 9.64% in EG. At the average level, there was an increase in the number of students by
1.82% in CG and a decrease of 10.15% in EG. Sufficient and high levels of formation of this component also showed positive
qualitative changes: an increase in the number of students in the control (by 0.52% and 1.56%, respectively) and experimental
(by 10.42% and 9.37%, respectively) groups.

Comparative analysis of the absolute average value of qualitative changes in the level of formation of the ability of future
energy specialists to solve problems in control and experimental groups led to the conclusion that the positive dynamics of
qualitative changes in CG (Aver. = 1.95%) due to traditional training, and in EG (Aver.= 9.9%) — the result of professional training
of students by experimental methods (Fig. 1).
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Fig. 1. Dynamics of qualitative changes in the formation of the ability to solve practical problems of control and experimental
groups at the beginning and end of the experiment

The results of the experimental study were confirmed by using the methods of mathematical statistics, in particular the
calculation of the nonparametric Pearson criterion — 2. For this purpose, statistical hypotheses were formulated:

Ho: experimental forms, methods and means of training future energy specialists do not affect the qualitative changes in
the level of formation of mental and practical skills and abilities to solve practical problems by methods of physics, and the results
are random.

Hi: qualitative changes in the level of formation of mental and practical skills and abilities to solve practical problems of
future energy specialists due to the influence of experimental forms, methods and tools.

The obtained value of Pearson's criterion (17.61> 7.8), that means the experimental value of Pearson's criterion, is the
basis for rejecting the null hypothesis Ho and accepting the alternative hypothesis H; about the influence of experimental training
on the ability of future energy specialists to solve practical problems by physics.

Thus, for all parameters there were statistically significant changes in the level of formation of the ability of future energy
specialists to solve practical problems by methods of physics, which gives reason to conclude about the high efficiency of using
the physical projects.

CONCLUSIONS

Based on the analysis of scientific research in the field of education, the National Qualifications Framework, the standard
of higher education in the specialty 141 "Electricity, Electrical Engineering and Electromechanics" for the first (bachelor's) level
of higher education theoretically substantiated requirements for mental and practical skills of future energy specialists. and the
advantages of physical projects in their formation.

Criteria and indicators of the formation of the ability of future energy specialists to solve practical problems involving the
methods of physics: personal criterion —the presence and level of development of professionally important abilities and qualities;
substantive-procedural criterion — practical and operational application of knowledge to specific situations; evaluation and
regulatory criterion — self-assessment and self-control of activities.

The expediency of diagnostic tools to test the formation of the ability of future energy specialists to solve practical
problems by methods of physics (16-factor personality questionnaire R. Cattell and the method of analysis of products as projects)
is indicated.

The analysis of experimental data showed significant qualitative changes in the levels of formation of the ability of future
energy specialists to solve practical problems by EG physics: high level —increase by 9.37%, sufficient level — increase by 10.42%,
medium level - decrease by 10.15 %, low level — a decrease of 9.64%. The positive dynamics of qualitative changes in CG
(Aver. = 1.95%) is due to traditional training, and in EG (Aver. = 9.9%) — the result of professional training of students based on
physical projects. That is confirmed by calculations of Pearson's criterion (17,61> 7,8).
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beposHcokuli deprasHuli nedaeozivHuli yHisepcumem, YKpaiHa

AHomayis.

PopmynioeaHHa npobaemu Y cihepi suwjoi oceimu Habysaromobca 3a2aa6Hi ma crneyianbHi KoMnemeHMHoCcMI, CRiAbHUMU 0715 AKUX € 30amHicmb
3acmocosysamu 3HAHHA Y MPAKMUYHUX cumyauisx. Biomak, ¢opmysaHHs pO3yMosuX ma MPAKMUYHUX 8MiHb Ma HABUYOK
malibymHix ¢paxisyie eHepeemuyHo20 npoginto 00 BUPIWEHHA MPAKMU4YHUX 3aday, Habysae ece binbwoi aAKMyanbHOCMI.
Pe3ynsmamugHicme 8UPIWEHHA MPAKMUYHUX 30004 2asy3i enekmpoeHep2emuKu, eneKmpomexHiKu ma esnekmpomexaHiku
3a7exume 8i0 po3yMiHHA malibymHimu gaxisyamu eHepaemu4Hoz20 npoginto meopili ma memodis izuxku. BuHUKkae nompeba y
po3pobuyi ma 3anposadHeHHi edpeKmusHUX Memoodie HABYAHHS, 30KPemMa Ha OCHOBI (hi3UYHUX MPOEKMIB.

Mamepianu i memodu. posedeHo aHani3 Haykosux 0ocnidxeHs y 2any3i oceimu, HayioHaneHoi pamku Keanigpikayil, cmaHdapmy suwjoi
oceimu 3a cneyianeHicmio 141 «EnekmpoeHepaemuka, enekmpomexHika ma enekmpomexaHika» 047 nepwozo (6akanaspcbKo2o)
piBHA 8UWOT OCBIMU 3 MEMO0 meopemu4Ho20 06rPyHMYB8AHHA 8UMO2 00 PO3YMOBUX MA NPAKMUYHUX YyMiHb MalibymHix gaxieyie
eHepaemuyHo20 Npoginto 00 8uUpiwWeHHA NPAKMUYHUX 300a4Y ma repeesaz izuYyHUX MPOEKMIB y iXHbOMY hopMy8aHHI; nedazoziyHuli
eKcrnepumeHm — 047 nepesipku diesocmi 8UKOPUCMAHHA Pi3UMHUX MPOEKMIe y npogeciliHoi nidzomosku malibymHix gaxisyie
eHepaemuyHo20 npoginto; diazHocmuka (3a donomozoro 16-ghakmopHo2o ocobucmicHo2o onumysansHuka P. Kemmesnna ma
memody aHanizy npodykmie OifsnbHOCMI y AKOCMI MPOEKMIB) — 0419 OUIHKU pigHie chopmosaHocmi emiHHA malibymHix gpaxieyie
eHepzemuyHo20 Mpoginto pose’a3ysamu npakmuyHi 3ada4i 3 B8UKOPUCMAHHAM meopili i memodie i3uku; cmamucmuyHi
pO3paxyHKU (KinbkicHa ma AkicHa 0b6pobka OaHux, 2pacpiyHe MoOaHHA pe3ysbmamis) — 015 sidcmexeHHA OUHAMIKU pieHig
cghopmosaHocmi emiHHA malibymHix ghaxisyie eHepaemu4Ho20 Mpoginto po3e’asysamu MPAKmMu4Hi 3a0a4i ma 8CMAHOBAEHHA
HayKoeoi docmosipHOCmMi ompumMaHuUX pe3ysnbmamie 00CAiIOHEeHHS.

Pe3yabmamu. Teopemu4Ho 06rpyHMoOBAHO CymHicme (i3uYHUX MPOEKMi8 ma 0cobausocmi ix 8UKOPUCMAHHA HA MPuKaadi oucyunaiHu
«AnbmepHAMuUBHaA eHepaemuKa», 3Micm AKOI CIPAMOBAHO HA POPMYBAHHA 300MHOCMI 30CMOCO8Y8aMU OMPUMAHIi MeopemuYHi
3HAHHA, HAYKO8I | mexHiYHi MemoOdu 011 8upiweHHA HayKOBO-MexHIYHUX npobsem i 3a0a4 eHepaemuKu.

Cxapakmepu3osaHo  kpumepii  (ocobucmicHull, — 3micmosHo-npoyecyansHul,  OuiHHO-peayanamueHuli), MOKA3HUKU ma
diaeHocmuyHuli iHcmpymeHmapili nepesipku cgpopmosaHocmi 30amHocmi MmalibymHix ¢haxisyie eHepeemuyHo20 npoginto 6o
supiWeHHA NPAKMUYHUX 3a0aY i3 3aay4eHHAM Memo0is Qi3uku.

AHani3 ekcnepumeHmanbHUx OaHUX 3aceioyus 8a2oMi AKICHI 3MiHU pigHie cghopmosaHocmi 30amHocmi malibymHix ¢axisyie
eHepaemuyHo20 NMpoginto 00 supileHHsA NPakmu4Hux 3a0a4y memodamu ¢izuku (ET), ujo nidmeepodxceHo po3paxyHKamu Kpumepito
MipcoHa (17,61>7,8).

BucHOBKU. BukopucmaHHA (i3u4HUX NPOEKMie € die8UM MemoOOM HABYAHHA y nidzomosyi malibymHix gaxisuie eHepzemuyHo20 nNpoginto 00
8upileHHA MPaKMuYHUX 30004 y 2as1y3i eneKmpoeHep2emuKu, eneKmpomexHiKU ma enekmpomexaHiKu.

Knrouosi cnosa: ¢axisyi eHepeemu4Ho20 npoginto, MpakmuyHi 3a0ayi, isuyHuUli NPoeKmM, KomnemeHmMHocmi, nedazozivHuli exkcrnepumeHm.
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