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IMPROVEMENT OF THE METHODOLOGY OF LABORATORY PRACTICES
FOR TRAINING ELECTRICAL ENGINEERING EXPERTS

A. P. Voinytskyi*, I. V. Nezdvetska™, G. S. Logvinov*™, V. V. Melnychuk***

The curricula of higher education institutions that train specialists in the field of electrical
power engineering, envisage mastering a certain list of competences, achieving program results,
which allow to solve specialized practical problems, the solution of which is unlikely without the
use of theoretical basis and methods of physical, natural, social and economic sciences. The
modern engineer must possess the certain set of knowledge and skills that allow him or her to
theoretically anticipate, substantiate and determine particular tasks, situations, problems. The
topical issue of modern higher education is the preparation of a competitive in the labor market
specialist, who is able to combine the theoretical knowledge gained with practical skills, who can
design a detailed model of the sequences of required actions and tasks, as well as to justify the
choice of a particular equipment and toolsets. However, the excessive amount of data that
influences the modern young individual in one way or another does not allow him/her to
concentrate his/her work in the necessary direction in order to determine priorities, including
choosing and studying a particular course. Recently, a young person is not always aware of the
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need to perform the types of tasks envisaged in the curriculum, thus, treating the overall
educational process lightheadedly without real-life industrial conditions proper simulation and
analysis. Therefore, one of the main tasks of the teacher is to assist the student in combining
theory with practice, in order to give impetus to independent actions, stimulating them to actively
perform cognitive and research activities.

The article deals with the problem of close combination of laboratory work with practical
investigation in order to increase their joint efficiency. The combination of theory and practice that
occurs in the laboratory during the laboratory procedures involves the activation of students'
cognitive activity, the provision of specific nature of the learned material at lectures and
independent work, facilitating detailed and deeper assimilation of educational information. At the
same time, the compliance of laboratories with the requirements of technical aesthetics and
ergonomics, methodological substantiation of laboratory and practical classes will contribute to
the education of students in the sphere of culture of work, which will also positively affect the
quality of students' educational and cognitive activity, as well as their practical training. Our
research offers a technique for improving laboratory work by introducing experimental verification
of the results obtained during independent work.

Key words: theoretical training, self-study, students’ cognitive activity, practical work,
laboratory work, theoretical foundations of electrical power engineering, workbook, experimental
assessment.

YOOCKOHAAEHHSI METOOUKH IIPOBEJAEHHSI AABOPATOPHO-
IMIPAKTHYHHX 3AHSTH ITIPHU IIIATOTOBIII $AXIBIIIB 3 EAEKTPHYHOI
IHXXEHEPII

A. II. Boiitnuuskui, I. B. Heaaseuska, I'. C. Aoreinos, B. B. MeAbHHYYK

HasuanvHi npozpamu 3aknadie suuioi ocgimu, wo eedymeb nid20moeKy axieyis y 2anysi
eneKkmpoeHepzemuku, nepeobauaroms ONAHYBAHHS NESHUM Nepeikom KomnemeHmHocmel,
0O0CSIZHeHHSL NPOZPAMHUX Pe3ybmamis, Ui0 Oarmb MOIXKJAUBICMb SUPIUYBAMU CNeyiani308aHL
NPAKMuyuHi 30.0aui, BUPIULEHHSL SIKUX MANIOUMOBIPHO 6e3 3acmocy8aHHsL meopiil i memoodig pi3uKo-
MEexXHIUHUX, NPUPOOHUUUX MA CYCNLTbHO-eKOHOMIKO Hayk. CyuacHull iH>KeHep No8UHEeH 80100imu
Mmum nepesikom 3HAaHsb | YMiHb, U0 00380JI0Mb meopemuuHo nepedbauamu, obrtpyHmosysamu
ma susHauamu mi 4u iHWi 8UPOOHUUL 3a80A0HHS, cumyauyii, npobemu. AKmyaibHow npobremoro
cyuacHoi suugoi oceimu nideomoeka axisysi, KOHKYPEHMOCNPOMONHO20 HA PUHKY npauil, sKuil
30amHuil noedHamMu OMPUMAHL MEOPemuUUHi 3HAHHS 3 NPAKMUUHUMU HABUUKAMU, 30amHULL
Mmodenroeamu npouec ma obrpyHmosysamu ubip moeo uu iHulo2o 06 adHaHHs. IIpome HaomipHa
KLbKicmb Nnomokrig iHgopmauyli, SKi mum uu HUWUM UUHOM 6NIUBAOMbL HA CYUACHY MOJ00Y
JNOO0UHY, He 00380st0mb il KOHUeHmpysamu cgor pobomy 8 HeobXiOHOMY HANPsSML 3 Memoro
8U3HaUeHHsl Ol cebe npiopumemHux 3a80aHb, Y MOMY UUC/L N0 UAC BUBUEHHSL MO20 UL THULO20
Kypcy. OCMaHHIM UaCOM MO00A JHOOUHA He 3082KO0U YCBIOOMNI0E HEObXIOHICMb 8UKOHAHHS 8Udi8
3a80aHb, nepedbaueHux HASUAJIbHUMU NPOoZpaMaMu, nioxooums 00 8UBUEHHSI NOBEPXHE80, He
npoeKkmyrouu mamepian, o eUSUAEMbCSL, HA peabHi 8upobHuUUL ymosu. Tomy OOHUM 3 OCHOBHUX
3a80aHb nedazoza € HAOAHHST 00NOMO2U cmyodeHmy Y NOEOHAHHI meopii 3 NPaKmMuKo, HAOAHHS
nowmosxy 0o camocmiliHux O0ill, sIKi BUKAUKAIOMb iHmepec 00 OOCNO KeHb, aKmueisyiomo
nisHagalbHy OisIbHICMb.

B Oanili pobomi poszensdaemvcsi npobrema micH020 NOEOHAHHS JSabOpamopHuUx pobim 3
npaKkmuuHumu ons 36intbuwerHs ix cymicHol egpekmugHocmi. I[IoeOHAHHSL meopil i npaKkmuku, sike
giobysaemvess 8 Jsabopamopii ni0 uac BUKOHAHHSL JaabopamopHux pobim, nepedbauye
aKmueizayito Ni3HagaNlbHOi OislbHOCMI cmyoeHmis, HAOAHHSI KOHKPEemHo20 xapaxmepy
8UBUEHOMY MAMEPIANY HA JeKYLsIX ma NPU CAMOCMIUHIN pobomi, CnpusiHHsL 0emastbHoMYy 1 OLtbul
21UbOKOMY 3ACB0EHHIO HABUANLHOL 1Hpopmauil. I[Ipu uyvbomy e6i0nosioHicms sabopamopiii
8UMO20M MEXHIUHOI ecmemuKku ma ep2oHOMIKU, memolduuHe Ob6TPYHMYyeaHHs 1abopamopHo-
NPAKMUUHUX 30HSAMb CNPUSMUMEe BUXO08AHHIO Y CMyoeHmie Kyabmypu npauyi, NO3UMUEHO
sniueamume Ha SKiCMb HASUATbHO-NIZHABANLHOI OisllbHOCMI cmyodeHmis i iX npakmuuHy
nideomoexy. B pobomi 3anponoHo8aHO MmemoouKy YOOCKOHANLEHHST NaOOpamoOpHUX 3aHSMb
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WLNXOM 8NPOBAONEHHS eKCNePUMEHMANbHOL NepesipKU /1ACHUX pe3yibmamis, OmpUMAHUX Nio0

uac camocmitiHoi pobomu.

Knrwouoei cnoea: meopemuuHa hid2omoeka, CAMOCMIUHA hidzomoekda, hni3HA8A/IbHA
aKkmueHicme cmydeHma, npakmuuHa poboma, JsabopamopHe 3aHsmms, CAMOCMIUHA
nidzomoexa, meopemuuHi OCHO8U eleKMmpOmexHIiKU, pobouull 30ouwum, eKcnepumeHmMaibHa

nepesgipka.

Introduction of the issue. The
growth of the total amount of scientific
knowledge and integration of science,
on the one hand, and increasing
specialization of knowledge on the
other, demand that fundamental
training of students must be of a high
level and intensity, but at the same
time it must be carried out according
to the needs of society to the
multilateral development of personality
combined with the maximum
development of his/her individual
abilities and inclinations. The
educational programmes of many
higher education institutions, which
are used in the process of training of
electrical engineering specialists,
provide graduates with the ability to
solve specialized issues and practical
problems not only in the specific
discipline or field of knowledge, but in
electrical engineering and
electromechanics in general. The rapid
development of industrial production,
its scientific substantiation, support
and improvement are closely
dependent on the development of the
education. Successful implementation
of modern production processes is
associated with  the  generalized
combined qualities of a specialist, as
well as with the level of professional
suitability and competences acquired
through education. This encourages
the application of theories and
methods of engineering sciences in
practice and is characterized by the
complexity and uncertainty of the
conditions.

As for the realization of the potential
of a personality, it can be achieved, if
the education system enables every

young individual on a broad general-
and narrow  specific field-based
foundation to receive appropriate
multiprofile qualification with the
particular specialization, which means
mastering a profession at the highest
possible level. One of the main tasks in
the training of professionals is a
fundamental improvement in the
quality of education.

The list of competences that a
modern engineer should possess, first
of all, includes the ability to
theoretically predict, substantiate and
determine topical production tasks,
situations, problems and issues. The
combination of theoretical knowledge
with practical skills, the ability to
model the process and competently
justify the choice of appropriate
equipment makes a graduate of higher
technical education competitive in the
modern labor market. Thus, the
organization of the educational process
according to the model "lecture (theory)
— practical work - laboratory work —
preliminary or final assessment" is
substantiated enough in the study of
not only electrical engineering
disciplines, but natural sciences as
well.

Laboratory classes belong to the
category of organizational forms of the
educational process, where, first of all,
the issues of integration of knowledge,
intellectual, as well as practical skills
and abilities form such important
professional and personal qualities of
the student as independence, activity,
ability to think freely and analytically,
mastering new ways and methods of
problem-solving, extrapolating and
applying them to new situations, etc.
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They are conducted through the
students' self-completion of quite
specific subject tasks using equipment
adapted to the conditions of the
educational process, which reflects or
models production-based situations.
One of the important advantages of
laboratory work, in comparison with
other types of classroom activities, is
the integration of theoretical
knowledge with practical skills of the
student in a single research-like
process [5]. Quality laboratory work

requires the students’  creative
initiative, autonomy in decision-
making, deep knowledge and

understanding of educational material.

Practical work, as a method of
learning, is a way of discovering and
enhancing the skills of calculating and
justifying choice of corresponding
equipment, devices and production-
critical procedures; thus, by didactic
nature, practical work is close to
laboratory work [10: 3]. Laboratory
work and practical activities unite and
complement each other, moreover, in
some cases, the term "laboratory and
practical work" (for example, in
physics, electrical engineering,
electronics, metrology, etc.) is used.

Increase in the efficiency of the
laboratory and practical activities,
including proper organization of
educational and methodological work
requires educator’s deep knowledge of
form and structure of each separate
type of lessons, creating appropriate
environment for the development and
improvement of students’ skills and
abilities in engineering disciplines.
Currently, thorough research and
practical activities in the field of
development and approbation of
different systems of pedagogical
monitoring and assessment of
laboratory-practical lessons are being
conducted [6; 7; 8].

Object of research: laboratory and
practical activity of the vocational
training educator of higher educational
institutions.

Subject of research: laboratory-
practical works as the tool of
mastering knowledge, skills and
abilities by the students.

Aim of research is to identify
theoretical and practical aspects of
improving the organization of
laboratory-practical works as a form of
assessment of vocational knowledge of
students of tech specialties in higher
educational institutions.

Current state of the issue.
Performing the task of improving the
quality of education requires the
implementation of a range of measures
aimed at enhancing different
components of training process,
moreover, previous experience and
analysis of technical disciplines’
structure has detected the
ineffectiveness of conventional lesson-
based material presentation. In order
to increase the efficiency of the
educational process, it is necessary to
determine the ways to improve the
system of education, which helps to
increase the level of students'
knowledge assimilation and skills
formation. For this purpose, a system
consisting of the following levels is
becoming particularly popular:
motivational basis (interest) — active
mental activity — individual perception
of educational material — imagination
— ability to create — development of
thinking and emotional perception —
synthesis of knowledge — conscious
learning — abilities and skills —
creativity — productive activity. The
implementation of this system uses:
didactic principles aimed at ensuring
the effective acquisition of knowledge;
development of analytical abilities and
skills. The development of analytical
thinking involves a holistic perception
of the studied objects and phenomena,
the separation of the constituent
elements of internal and external
interconnections.

A prerequisite for the
implementation of such a system is the
choice of forms of organization of

116



Zhytomyr Ivan Franko State University Journal. Pedagogical Sciences. Vol. 1 (100)

Bicrux 2Kumomupcekozo deprkasHoz0 uHisepcumemu imeHi leana PpaHra.
ITeoazoziuni Hayxu. Bun. 1 (100)

students' educational activities. In the
international educational and
pedagogical practice, such means of an
objective assessment of the level of
mastery of the integral, general and
professional competences of the
applicant of engineering specialties
becomes more widely used.

However, there is a number of
disadvantages in the organization and
conduct of laboratory classes in pre-
higher and higher education
institutions: the equipment used does
not always meet current requirements;
the sequence of laboratory work on
topics for each student does not
always correspond to the structural
and logical scheme of the discipline —
the topics of laboratory work do not
always coincide with the material
learned during lectures and seminars;
the level of independent preparation of
students for laboratory work is
inadequate; control of readiness of
each student at admission to
laboratory work is not deep enough;
students do not always have sufficient
skills in analyzing the phenomena
under study and the ability to make
conclusions from the results of
experiments; students spend most of
their time not achieving the main goal
of the work, but performing
intermediate activities; the individual
preparation of the student is not
always taken into account; when
evaluating the results of laboratory
work, the focus is often on the
structure and design of the report,
without properly assessing obtained
practical skills and abilities. As for the
forms of organization of laboratory
work, they can be divided into frontal,
group, individual.

The frontal form of conducting
laboratory @ work is the  most
widespread, and is characterized by
forming relatively small groups of

students (3-4 individuals)
accomplishing the same tasks, while
performing similar work

simultaneously. Laboratory work of

this type is carried out in accordance
to special programmes and
instructions. Conducting work in such
a way does not require considerable
effort on the part of the teacher
regarding its organization, however, it
requires a sufficient number of
corresponding equipments. The frontal
form of the organization of the
laboratory work gives the opportunity
to save the teacher's time for the
development of content and selection
of distributing material, as well as it
helps to evaluate the feedback and
perform assessment.

The major disadvantage of frontal
laboratory work form is the low
cognitive autonomy of students in the
process of tasks completing. Besides,
performing the laboratory work
simultaneously implies coping
techniques and methods of execution
of certain tasks without understanding
the essence of the phenomenon
investigated, uncontrollable exchange
of experimental data between the
group members, which leads to
formation of noncreative mechanical
patterns of behavior.

The group form of organizing the
laboratory = work  implicates  the
distribution of different tasks and
equipment, which are preliminary
selected for each group of students
within the same topic. It has a number
of advantages: first of all, the
possibility of taking into account the
individual characteristics of students,
including: the level of their academic
achievements, interests, ability to
provide assistance or being assisted by
groupmates, assessment, self- and
mutual assessment. In addition, this
work form allows the students to use
the equipment more efficiently.
Moreover, each group performs a
particularly selected task, which
reduces to the minimum the possibility
to cheat or share the experimental
data between the representatives of
different work groups.
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The cyclical form of laboratory
activities involves the division of all
laboratory activities, provided by the
programme of the course, into several
cycles, which correspond to its certain
sections. Each laboratory work is
performed according to the schedule,
which allows to perform
simultaneously different types of lab
work of a certain cycle.

The major disadvantage of this kind
of activity is their discrepancy with the
theoretical material presentation and
distribution, which results in
incomplete or incorrect understanding
of the origin and/or essence of the
investigated phenomena, thus,
reducing cognitive activity of the
students.

Individual form provides for each
participant to perform a certain
laboratory work on a special schedule,
while all the students simultaneously
work on different topics. It should be
noted that such type of activity
requires a special organization,
individual guidance and control over
the work of students from the side of a
teacher. However, it allows to take into
account the individual characteristics
of each student during the course of
work

According to our point of view, the
use of individual laboratory classes is
appropriate at the beginning of the
first year of study, when students
learn the methodology of experimental
work in the laboratory. The use of such
courses in senior courses should be
based on the specific interests and
inclinations of particular students, as
well as providing the variability of
tasks.

Therefore, it can be noted that the
individual form of laboratory work
meets the current trends of the
education system, in particular, it
implements a  personality-oriented
approach, promotes individualization
and differentiation of learning. The
essence of individual form  of
organizing laboratory work lies in

designing individual tasks, choosing
and differentiating didactic material,
setting goals and objectives of the
corresponding kinds of activities,
implying variability of the algorithm of
its compliance, taking into
consideration the tempo of the
educational process in accordance to
the needs and capabilities of particular
students, the level of formation of their
skills, abilities and their theoretical
readiness.

The differentiated form of
organization of laboratory  work
requires more teacher’s effort and time,
in addition, the process of obtaining
the feedback after the accomplishment
of individual tasks and their
assessment is significantly
complicated. Regardless of the
specifics of the forms of organization of
laboratory work in the process of its
implementation, such methods as
analysis, synthesis, comparative
analysis, diagnosis, conclusions
making are predominantly used.

In the process of performing
laboratory work, students obtain
theoretical and practical knowledge,
independently make  "discoveries",
polish individual executive and self-
experimental skills, perform multiple
research activities, as well as learn
how to plan step-by-step sequences of
actions, predicting preliminary and
final results, evaluate probabilities,
etc.

It is also important for the teacher
to ensure that the laboratory work is
well-organized and precisely conducted
(for example, to clarify the subject,
goals and tasks; to instruct students
on the performance of the work; to
remind the rules of conduct and
safety).

The laboratory class should be held
with the number of students that does
not exceed half of the academic group.
In some case (requirements for safety
of life, limited number of workplaces,
etc.) it is allowed to conduct laboratory
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classes with even smaller number of
students.

Assessing the forms of organization
of laboratory work, we note that each
of them has its own peculiarities, in
particular, the disadvantage of the
frontal form is the low cognitive
independence of students during its
implementation [2]. Performing
laboratory work by all students of the
subgroup simultaneously leads to
copying techniques and effective
means of performance while solving
problems without a deep
understanding of the essence of the
phenomena under study, thus, the
efficiency of mastering the respective
competences greatly decreases.

The disadvantage of the cyclical
form of organization of laboratory work
is its dynamic nature that outpaces
the study programme material, which
leads to incorrect and inaccurate
understanding of phenomena or
processes, and, as a consequence,
reduces the students’ cognitive activity
[2].

One of the main tasks of improving
the educational process is designing
new methods of organizing its forms,
including laboratory classes. The
following ways can be distinguished in
this direction: improvement of the
material and technical base of
laboratories; improvement
(complication) of previously performed
laboratory works; modernization of the
laboratory  structure, methods of
measurements and calculations, etc.;
increase of activity and independence
of students; wuse of computer
technology. Thus, according to our
point of view, one of the major ways to
enhance the organization of the
laboratory practicum in higher and
pre-higher educational institutions is
to strengthen individual work with
students, namely in conducting
laboratory classes, controlling and
assessing them.

The individual form of conducting
laboratory work provides for each

student to perform certain sequence of
tasks on a special schedule, which is
possible only with sufficiently strong
material base, and requires a lot of
teacher’s time, who is responsible for
conducting the  monitoring and
assessment of the corresponding
students’ activities. However, it allows
to find individual approach to each
student and to take into account
his/her personal abilities and skills.

Therefore, it can be emphasized that
the individual form of laboratory work
corresponds to the current tendencies
of the development of the education
system, in particular, it implements a
personality-oriented approach,
promotes the individualization and
differentiation of learning.

Laboratory classes are considered
the most conservative according to its
organization and methodology. This is
strongly connected with the functions
they perform, the content of the work
and the specificity of the learning
process to acquire the relevant
practical skills and abilities.
Ya. Ya. Boliubash [3] distinguishes the
following stages in the structure of
modern laboratory classes:

— preliminary control of students'
readiness for specific laboratory work;

— performing specific tasks in
accordance with the topics offered;

— failing individual report;

— assessment of students’ work by
the teacher/supervisor.

Thus, students are presented with a
list of individual tasks:

- to wunderstand and properly
formulate the aim of the experiment;

- to present its course
independently and clearly;
- to select the necessary

equipment items;

- to carry out the experiment,
including the observations stage;

- to record the results of the
experiment.

After that, the student, based on
his/her own theoretical knowledge or
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using auxiliary specialized literature,
substantiates the obtained results. The
teacher acts as a consultant, providing
the student with the necessary and
appropriate methodological assistance.

Results and discussion. It is
important to create appropriate
psychological environment, such
conditions for students at the
laboratory-practical classes that would
stimulate them to work creatively, so
the teaching and support staff must be
highly-qualified and undergo
corresponding pedagogical training [9].

In this situation, classes should be
organized in such a way that each
student (academically: strong,
medium, weak), corresponding to the
professional level, felt the need to
improve the quality of his/her training.
Thus, the teacher, according to the
needs and interests of the student,
should provide methodical assistance,
creating a set of individual tasks,
taking into account his/her level of.
Individualizing the tasks of laboratory
and practical work, it is necessary to
preserve the integrity of the system of
theoretical and practical training, the
connections between them, to consider
them as a whole, when each lesson is a
topically-completed  link  of  the
educational process.

Due to specific psychological and
age-based peculiarities, students can
much more easily and effectively
percept and assimilate the visual and
interactive  forms of educational
material in comparison with abstract
textual assets [4]. It is known that
according to the theory of associative
memorizing, data that is obtained via
multiple channels, including text,
video, graphics and sound is being
deeply stored in memory and can be
access for significantly longer period of
time, thus, making the interactive
forms and means of education
increasingly popular.

As laboratory work may be limited to
a range of competences, it is
appropriate to combine it with such

means of assessment as oral
questioning or testing. Moreover, such
a combination may  sufficiently
encompass the examination of
knowledge and the ability of the
student to minimize the time costs,
and also exclude any written sphere
difficulties. It should be noted that
alongside with capable individuals with
good theoretical basis and ability to
successfully use it while dealing with
real-life activities, there are mediocre
students with insufficient level of
training, but with a well-developed
intuition that increases the probability
of obtaining academic achievement,
similar to those of the better trained
individuals. In our case, interactive
forms and means of presenting
educational material are of higher
effectiveness due to close
interconnection of laboratory and
practical classes.

As long as laboratory work may limit
the range of competences developed, it
is appropriate to combine it with such
lessons as individual practical work.
Thus, the student mandatory receives
a list of vital theoretical knowledge and
practical skills on a particular topic,
making the successful completion of
the tasks given without them
impossible. After conducting
calculations required, the student
should check them experimentally by
performing laboratory work. The
quality of performance of the
calculation  part, the level of
assimilation of theoretical material is
assessed during oral questioning or
testing, which saves the time and effort
of the teacher.

This hypothesis was tested on the
example of the discipline "Theoretical
Foundations of Electrical Engineering",
designed for students, who receive a
Bachelor's degree in the specialty 141
"Power engineering, electrical
engineering and electromechanics".
The aim of laboratory-practical classes
of the corresponding discipline is to
teach students the methods of
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calculating electromagnetic processes
and corresponding energy
transformations, mastering the basic
concepts and laws related to the
practical use of electrical and magnetic
phenomena, mastering methods of
analysis of electric circuits (DC and
AC).

The most important condition for
the effectiveness of training in carrying
out laboratory and practical work is
the obligatory independent cognitive
work of the student, therefore,
students are offered workbooks, which
contain guidelines and essential theory
on the topic. Workbook contains
structural directions for the following
tasks:

— independent homework;

— experimental tasks for classwork;

— practical tasks to substantiate
laboratory work.

The workbook contains systematized
and clearly outlined theoretical and
methodical material that covers
practical and methodological issues of
the discipline "Theoretical Foundations
of  Electrical Engineering". The
structure of all laboratory works, their
content and visual illustration of
theoretical material by the schemes of
measurement of  electrical and
magnetic quantities are
methodologically justified, which
makes the instructions of the
workbook convenient for independent

study of the material by students of

full-time and part-time (distance)
forms of study [5].
As an example, lets review a

fragment of a workbook from the
discipline "Theoretical Foundations of
Electrical Engineering". For the
branched electric circuit (fig. 1) it is
known: electromotive force (EMF) of
electric current sources and resistance
of the resistor (table 1).

D= £, C>E3
I 1 I LlIn 14

IE g

Fig. 1. Schematic diagram of electric
principle for laboratory and practical
work

The task is to determine the currents
in the design (fig. 1) wiring diagram by:

1) Kirchhoff’s Laws (Kirchhoffsches
Gesetz / KL);

2) the method of contour currents
(MCC);

3) the two-node method (TNM).

Next stage is the assessment of
experimental data obtained.

Table 1
Source data for the calculation work
™)
g |R,om E,V Meronn
o BHKOHaHHS
g R1 R2 R3 El E2 E3 Full-time Part-time
1 130 120 110 10 15 12 KL, TNM TNM, KL
82 120 110 11 12 15 MCC, KL MCC, TNM
130 68 110 13 17 10 MCC, TNM TNM, KL
30 [130 |68 110 |16 |13 [18 |KL, TNM | TNM, MCC
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Note:

The internal supports of the sources
are equal to e.s. — 0 Ohms

KL - Kirchhoff’s Law

MCC- the method of contour currents

TNM - the two-node method

Figure 3 shows a diagram of typical
electrical laboratory installation for

checking the correctness of home
practical work in the form of an
example of the calculation of currents
of a branched electric circuit (fig. 1)
(direct current / with two nodes). The
calculation method is given in the

workbook. The general view of the
laboratory
figure 2.

installation is shown on

The laboratory installation consists
of two parts:

Part one — power supply with three
identical adjustable integral stabilizers
(5... 25 V) with power load of 1 A each.
Integral  stabilizers are  protected
against overload. Fig. 1 indicates that

a

Flé 2. General view of the laboratory installation.

they correspond to E1... E3. The choice
of integral stabilizers due to their
proximity to the ideal voltage sources
for internal resistance;

Part two - power load resistors
(R1...R3), which consist of resistors of
variable power load (fig. 3).

R7

7 S1

R3

R4

R5

52 R6 53
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b
7
Me .
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~2208

NI

Fig. 3. Schematic of typical electrical installation for laboratory work.
a — power supply unit (PSU); b — resistors matrix

Resistors’ power load is given in
table 1. The number of resistors in
combination is 9. The number of
combinations of EMF values is quite
large. The magnitude of the currents in
the respective circles is determined by
Ohm's law:

where Ur - is voltage drop on
resistor.

The voltage drop is determined by a
digital combination device located on
the power supply unit. This (indirect)
measurement method allows to expand
the possibility of obtaining information
on the application of two laws - the
second Kirchhoff’s law and Ohm's law.
Resistors R1, R3, R5 modulate
corresponding voltage of power supply
units E1...E3. To complicate the
practical task, a current generator
(current source) G1 is provided. This
laboratory equipment acts as a 'lie
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detector" in checking the quality of
previously performed calculations. The
preliminary calculation of currents is
performed within the framework of
practical or independent work of
students.

Conclusions and research
perspectives. Described method of
organization of laboratory-practical
work encourages the student to
perform corresponding types of activity
independently, thus, requiring only
obligatory preliminary comprehension
of theoretical material, which is needed
to master programme(s) of a particular
discipline.

The experience of using the
combined form of practical-laboratory
classes convincingly indicates that the
developed system gives the opportunity
to form the ability of students to
analyze the sets of experimental tasks,
as well as to conduct experimental
activities freely and independently,
while being engaged in decision-
making and taking responsibility for
relevance of obtained results of the
experiment. Further research
perspectives imply developing a
reliable methodological ways and
means of student’s self-assessment,
experimental data generalizations and
assimilation, while maintaining their
considerable freedom and
independence.
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