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Abstract

Formulation of the problem. Actuality of the introduction of the STEM approach during general physics
study is determined by the need for the formation of competences for conducting practical-oriented research
by students from the first year: scientific and engineering methods of understanding reality help future
engineers to form the scientific and technological picture of the world. Analysis of research. The
phenomenon of electromagnetic induction is a complex subject in the course of general physics; at the same
time; it has wide practical application. A modern physical experiment is a universal means for future
specialists to acquire relevant research competencies; a computer-oriented system of physical experiment
effectively forms the general scientific and professional skills of future engineers. The purpose of the article
was to study the didactic peculiarities of the use of scientific and engineering (STEM) research methods in
the study of the phenomena of electromagnetic induction by the future engineers in the course of general
physics. Methods. theoretical and empirical methods of scientific research are applied: methods of analysis
and modeling; pedagogical experiment; observational and praximetric methods for determining the
effectiveness, efficiency and practical suitability of the methodical system. Results and discussion. The study
of the phenomenon of electromagnetic induction using the computer-oriented system of physical experiment
demonstrates the stages of the scientific method of research;, which begins with the formulation of the
problem; the construction of theoretical models; continues with the hypothesis; followed by experimental
verification, the processing of experimental data and their interpretation, the search for additional
information; adjustment experiment; the advancement of new hypotheses and their subsequent verification.
The STEM approach for the EMI study has been implemented in accordance with the engineering method of
research. It was carried out through the design stages; which include: brainstorming, the introduction of
methods for implementing the installation; the selection of materials; the creation of a prototype and its
multiple testing. Conclusions. The application of different approaches oriented both to scientific research in
the computer-based system of physical experiment and to the engineering method using STEM training
shows practical applicability and effectiveness: implementation of this aim required the attraction and
development of various levels of competencies starting from algorithmic actions to creative approach in the
case of self-creation of an experimental installation. It is revealed that STEM is an engineering method in
educational research by its content and purpose. Further development requires appropriate organizational
and pedagogical conditions for the implementation of the methodical system for physics study of future
engineers using STEM.

Keywords: computer-based system of physical experiment; digital measuring complex; general physics;
electromagnetic induction; engineering method; STEM; scientific method; STM32
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1. Introduction

Global hyperlinks permeate all spheres of life of a
modern person. Techniques and processes; modern
automated production; interpersonal communication.
Various services; in particular; education; tourism and
recreation are based on the use of information
technologies. We live in the time of the global
uncertainty of the closest future; which is often
described using a synergistic approach to the currently
observed technological; economic; and socio-cultural
phenomena. The materials of the current initiatives of
the international organization The World Economic
Forum claim that the ability to creativity and digital
competence will determine the success and welfare of
both individuals and countries in the 21st century [1].
Note that in the professional activity of an engineer these
qualities are the measure of its competitive ability in the
modern labor market [2].

The problem of youth employment in the 21st
century is a key to the socio-economic and political
processes of the future; today it needs a large-scale and
rapid changes in the education system. In this context;
the developed countries are initiators and investors of
national programs (in particular; STEM education [3]);
designed to combine the efforts of the public and private
sectors of the economy [4]. According to one of the
three leaders of the newly created inter-industry
initiative "The Council for the American Worker"
L. Trump; the efforts of the US administration are aimed
at expanding "access to STEM education for K-12
students; and to help 11 million students and workers by
working with Congress to Pass an Improved Perkins
Career and Technical Education Bill" [5].

Consequently; all educational institutions are
currently in a state of choice of innovative methods
and forms of study [6]; [7]. Numerous pedagogical
studies in the field of higher professional education
indicate such key interconnected problems in the
training of future engineers that determine the
selection of innovative tools; methods; and teaching
technologies: understanding the role and place of
physical laws in engineering; skills in conducting a
qualitative physical experiment with the use of
software - hardware; readiness for independent
design and technological activity. At the same time;
the necessity of processing of large volumes of
digital data from different origins requires the
formation and development of critical and creative
engineering thinking.

An important feature of modern higher education
is use of spesific methodologies both at general

scientific and at the specific scientific levels; which
also includes the methodology and technique of
scientific research [7]. The corresponding teaching
task at a technical university can be accomplished on
the basis of application of scientific and engineering
research methods; the STEM approach and the
information-technological platform; which contains
data about possible ideas of educational projects;
means and possible modern technologies for both
real and virtual experiments.

So; firstly; the relevance of the implementation of
the STEM approach during general physics study is
determined by the need for future engineers in the
competence of conducting practical studies from the
first year. Secondly; it is important for students;
especially future engineers; to recognize the
difference between scientific and engineering
methods that form different aspects of world outlook
in an era of rapid technological changes in the 21st
century.

2. Analysis of research

A preliminary analysis of the problem showed that
the effectiveness and practical applicability of
pedagogical innovations is most clearly manifested
during the study of complicated for understanding
by students physics topics; which at the same time
have wide practical application. It includes the
phenomenon of electromagnetic induction (EMI)
and the law of Faraday that are logically deduced
from the classical theory of electromagnetism and
Maxwell's laws and are studied in the theory of
classical electromagnetism during the first year.

A collective study of the contents of almost two
dozen textbooks for higher education revealed the
origins of existing difficulties in understanding
conceptual foundations of EMI by students [9].
Among the criteria by which the authors [9] carried
out the analysis were the presence of tasks that
concerned situations "the field varies" and "the
circuit moves"; "the fact that a stationary magnetic
field does not generate induced EMF;"
"differentiates the induced EMF from induced
electrical current". At the same time; there is almost
complete absence of discussion in the textbooks on
"the difference between the surface area of the flux
integral and the surface area of the circuit" and that
"a phenomenon related to EI can be resolved by
means of the field or force model and they are both
complementary". However; the most striking was
the conclusion according to the criterion "Activities
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are proposed; which involve raising hypotheses
and /or analyzing wvariables": 84.2% of the
textbooks do not contribute to the formation of skills
for studying theories and conducting research;
developing the critical thinking of students in the
process of seeking explanation for the described
phenomena.

In this way; to help students understand the
concepts and apply them in the technological
contexts and in everyday life; we need to reorganize
the methods of teaching students in accordance with
the principles of scientific activity [10].

Significant pedagogical experience shows that a
modern physical experiment acting as an independent
problem-solving task is a universal means for future
specialists to acquire relevant research competencies;
the practice of solving problems under uncertainty;
and stimulates the self-development of the personality
of a future engineer Ommoéka! MCTOYHHK CCHUIKH
He Hal/IeH..

Classical school laboratory work on the study of
EMI is an example of the Faraday law investigation; in
particular; the purpose of such works is to obtain an
induction current by means of a magnet coil or a simple
unipolar generator such as the Faraday drive [11].

Studies at the beginning of the 21st century prove
the effectiveness of a computer-based system of
physical experimentation (CBSPE) in forming the
skills of future engineers and their technological
competence [12].

In the training of technical disciplines and physics;
the most effective and popular nowadays are
computerized (digital) measuring complexes — an
integral part of CBSPE where a personal computer
plays the role of a center for the processing of data
(information) and its external interface is specialized
or adapted as measuring and / or registering basis.
The study of network data showed that the most
popular nowadays in European educational
institutions there are digital measuring complexes
Fourier education® [13] and PHYWE System GmbH"
[14]. The basis of such laboratories is a computer
gauge - an electronic unit containing an analog-to-
digital converter; which can be connected to sensors
for measurement of physical quantities and measuring
devices; a communication interface with a personal
computer; as well as software (Multilab;, Measure)
for data collecting and processing.

The study of EMI using CBSPE by different
authors is carried out on qualitative and
quantitative levels: observing the pulse of the

electromotive force (EMF) induction [15] and
studying the dependence of the magnitude of the
induction EMF on the parameters of the coil and the
speed of the magnet input into the coil winding; the
principle of measuring the EMF induction; methods
the received signal processing; and checking the law
of Faraday-Maxwell [14].

3. The purpose of the article

The purpose of the work is to study the didactic
features of the use of scientific (CBSPE) and
engineering (STEM) research during the future
engineers study of the electromagnetic induction
phenomenon in the course of general physics.

4. Methods

The theoretical methods of analysis were used in this
work for investigation of the pedagogical and scientific-
methodical ~ literature;  departmental =~ normative
documents; traditional approaches to the EMI study in
the course of physics of higher educational institutions;
innovative experience and generalization of own long-
term work experience. The simulation method was used
to justify the method of using the STEM approach in
physics education. At the empirical stage of the study;
pedagogical experiment and observational methods
(direct; indirect; observation included); conversations
with teachers and students; praximetric methods
(timekeeping; analysis of performed work: laboratory
reports and design work) were used.

5. Results and discussion

Approbation of the methodology is carried out
during laboratory works and non-auditing hours at
the Department of General Physics of the National
Aviation University at laboratory lessons.

The experiment was carried out using the STEM-
laboratory of MANLab of the National Center "Small
Academy of Sciences of Ukraine" [16]. CBSPE
contains the following equipment: coil of copper
wire on 1600 turns; neodymium magnets with a
diameter of 8 mm and a length of 20 mm and 70
mm; glass tubes with an internal diameter of 10
mm; a length of 300 mm; a voltage sensor
Fourier; a light barrier; digital data logger
Einstein LabMate; MultiLab software; dial
calipers; stand with couplings and legs.

According to [14] and [15]; the magnet is thrown
through a glass tube; its walls provide the magnet
translational motion in the direction of the coil.
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Before getting into the coil; the magnet passes
through a turning-point (infrared transmitter and
receiver); which makes it possible to measure the
speed of a magnet with known linear dimensions:
v=1[/4t (D
where / is the length of the magnet; A¢ is the
interruption time of the photodetector signal when
passing through a constant magnet. Changing the
height of the drop of the magnet we can vary its
speed v before the entrance to the coil and;
consequently; the rate of change of the magnetic
flux
d¥/dt ; coiled with the coil turns (d¥/dt ~v).

The signal from the U, photoconductor and the
induction EMF pulse €, are transmitted to the
Einstein LabMate input and recorded by the
MultiLab software in the form of a rectangular pulse
U, (t) and a graph of a complex shape (Fig. 1). The
change in the total magnetic flux (flux-coupling) AY
through the coil during the magnet motion is

determined in accordance with the law of
electromagnetic induction [16]:
A =[|v,]-dt; )

= «i+|?W- seBs B
Fig. 1. Dependencies U, (t) and U, (t) constructed by
the program MultiLab

The change in the total magnetic flux according
to (2) is defined as the area of the figure limited by
the graph U, (t) and abscissa (the painted part in
Fig. 1). This area can be calculated using MultiLab
software by setting the range using markers. The
experiments are carried out for different initial
height of the magnet and graphic dependences €; (v)
and AY (v) are constructed; the results are
analyzed. The experiment can be repeated using
different coils (for example; halved); and similar

measurements can be made by changing the polarity
of the magnet when entering the tube; which will
change the sign of the induced voltage to the
opposite. The resulting graphic dependencies can be
compared by placing them simultaneously in the
picture MultiLab.

We can also measure the voltage on the top and
bottom of the coil as suggested in [14]. In this case;
voltage displays on the bottom of the coil appear
later and the distance between the peaks will be
greater.

Studying the EMI using CBSPE can be applied
as a demonstration to the students the stages of the
scientific method of research; which begins with the
formulation of the problem; the construction of
theoretical models; continues with suggestion of the
hypothesis with subsequent experimental
verification; processing of experimental data; their
interpretation; the search for additional information;
the adjustment of the experiment; the advancement
of new hypotheses and their further verification [7].

We have found that in order to form and develop
a corresponding type of thinking; familiarization
with the engineer activities during physics study of
students of the Technical University engineering
method of research can be used.

In contrast to the scientific method; the
engineering method involves the creation of a
socially-claimed product with certain criteria. The
engineering design process can be presented through
generalized steps that are repeated in real activity:
designing a prototype; testing it; identifying
previously unresolved problems; and repeating the
previous steps (iteration). So; the expert finds out the
deep essence of the subject of design; the needs of
the customer; the degree of importance and
complexity of the problem; etc. [7].

The STEM approach during the EMI study was
implemented through the student's engineering
activities for the creation of a laboratory
experimental setup (Fig. 2).

It contains two coils made of copper wire having
a different number of turns (77 and 235); diverting
pipes of variable length; which are connected to a
tripod holding the entire structure; a neodymium
magnet; a panel with LEDs (Fig. 3; a); a soft brake;
hardware-computer complex STM32 (Fig. 3; b) for
displaying the PC data sensors; calculations and
plotting.
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Fig. 2. Installation for the EMI study
(lower part):
1 — coils; 2 — tripod and guide pipes; 3 — soft brake;
4 — hardware and computer complex STM32;
5 — Hall sensors

To demonstrate the directional dependence of the
polarity of the magnet; a panel with connected in
parallel LEDs (Fig.3;a) is used: red (with a
transparent lens diameter of 5 mm; voltage drop —
1.9-2.1V; current - 20 mA; wavelength 620 -625
nm; angle 90 degrees) and blue (diameter 5 mm;
voltage drop - 3.0 -3.2 V; current - 20 mA;
wavelength 462-465 nm; angle 20-25 degrees.
bbb

LEDE iEbE LEDT LEDE

H——K—k

& 4L L A4

L

a b
Fig. 3. STM32 with LEDs:
a — the scheme of the combination of LEDs; b — the
appearance

The operation of such a demonstration-measuring
installation is based on the use of the microcontroller
STM32F103C8 (Fig. 3; b); the ammeter SH150917
(Fig. 4; a); built on the basis of the ACS712 chip

[17] and measuring the voltage with a voltmeter
VDC 25V (Fig. 4; b) [19].

Fig. 4. Means of measurement:
a - ammeter SH150917; b - voltmeter VDC 25 V

The use of the Serial Port Plotter software allows
to build graphs for changing the current and voltage.
The time intervals of the magnet in the tube were
measured according to two Hall sensors operating on
the LM393 chip [20] (Fig.5); on the basis of
which the speed of the magnet entering the coil
winding is calculated.

Fig. 5. Module with Hall sensor on chip LM393
in the upper part of the guide pipe.

In this work a neodymium magnet is used; it
has the following characteristics: diameter
D =45 mm; height H=30mm; clutch force
F=900 N; mass m=390g; magnetization
vector J=42 A4/m; nickel plated surface
coating (Ni-Cu-Ni).

The device experiment allows study the basic
properties of magnetic induction. It shows the
generation of an alternating electric current under
the influence of an alternating magnetic field of a
moving magnet; it is registered in the form of an
EMF pulse.

Further research has shown that the installation
can be supplemented by a compact oscilloscope
DSO150 (Fig. 6) based on the previously used
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microcontroller STM32F103C8 [21]. The device has
the following characteristics: maximum sampling
rate 1 MSa / s; accuracy of 12 bits; sample buffer
size: 1024 bytes; analog bandwidth: 0-200 kHz;
vertical sensitivity: 5 mV / under-20 V / sub; input
impedance: 1IMQ / 20pF; maximum input
voltage/capacity: S50Vpp; horizontal scan range:
10ms / under-500sec; error: 5%.

Equipped with 2.4-inch TFT display; which can
display the maximum; average; minimum and peak
values of the signal amplitude. The feature of the
DSO150 oscilloscope is the ability to capture an
image that allows you to study the parameters of
electrical signals.

This device is positioned by the manufacturer as
a collection for self-assembly; which reduces its
cost.

Fig. 6. EMC induction pulse on the oscilloscope
display

The construction of the plant in accordance with
the engineering method of research was carried out
through the design stages; which include:
brainstorming; the nomination of methods for
implementing the installation; the selection of
materials (in particular; the use of a powerful
magnet requires the absence of ferromagnets in the
experimental installation); the creation of a
prototype and its multiple testing. The first tests of
the device performance have found that the voltage
generated during the change in the magnetic flux in
the coil winding is too large for the proposed LEDs;
while insufficient for high-voltage LEDs or LEDs.
To solve this problem; a voltage stabilizer based on
the LM2596 chip was used [22].

The results of the experiment prove the validity
of the formulation of the law of electromagnetic
induction since the signs of the EMF in the case of

growth and decrease of the flow are opposite. The
phenomenon of electromagnetic induction is the
cause of the EMF under the influence of which
electric current flows in closed conductors [12].

5. Conclusions

The conducted research has shown the expediency of
using a pilot plant in the laboratory activity of
students of higher technical education institutions and
also demonstrated the effectiveness of applying
different approaches focused on both scientific
research in the framework of CBSPE and the
engineering method using STEM - a transdisciplinary
approach to the future engineers study.

In both cases; the educational aim of the discipline
"Physics" that was related with the experimental
testing of the laws of the EMI was achieved. Its
implementation by students required the attraction
and development of various levels of competencies
from algorithmic actions in the case of CBSPE
application to the creative approach in the case of the
independent creation of an experimental setup. The
latter turned out to be a rather complicated task
realized by the future engineers at the level of the first
prototype under the leadership of a teacher for 4
months at extra-class time. Its modifications were
presented at the Annual International Student
Conferences «IlomiT-2017; 2018». It should be noted
that the cost of construction with equipment and
consumables was about $ 80.

It is revealed that in its content and purpose
STEM is an engineering method of educational
research. The STEM approach is definitely effective
in forming the skills demanded in the 21st century. It
demands to use topical and innovative technologies;
understanding of fundamental physics laws; and
developed critical thinking. Note that now STEM
studies in general physics course can be successfully
implemented with students; which is characterized;
above all; by high internal motivation and cognitive
readiness.

Further development of the method requires the
organizational and pedagogical conditions for the
implementation of the system for physics study of
the future engineers using STEM:

- organizational and informational support of the
methodical system at the level of departments and
higher technical educational institutions in general;

- modern material and technical support of the
educational process using a full-scale experiment
and ICT;
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- developed and systematically updated [9] GuisasolaJ.; ZuzaK. and Almudi J.-M.
educational and methodical complex; including (2013) An analysis of how electromagnetic

electronic; which will contain a bank of tasks
oriented on STEM;

- competent and trained pedagogical personnel;

- students who have a sufficient level of basic
technical training for higher technical education to
conduct STEM training activities.
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Hocmanoexa npodnemu. AxryansHicTs BripoBapkeHHs STEM miaxony y BUBYEHHI KypcCy 3araibHOI (Di3uKH
BU3HAUYAETHCS. HEOOXIMHICTIO pOpMyBaHHS KOMIIETEHIIM MPOBEACHHS MPAKTHKO OPIEHTOBAHUX JOCIIIKCHb
BXKE 3 MOJIOALIMX KypCiB: HAYKOBHUH Ta iHXCHEPHHUI METOIM Mi3HAHHS AIHCHOCTI GOpMyrOTh y MalOyTHiX
IKEHEPIB HAYKOBY 1 TEXHIKO-TEXHOJIOTIUHY KapTHUHHU CBITY. AHAi3 nonepeoHix Oocnidrcensy. SIBurie
€JIEKTPOMATHITHOI 1HAYKI[ii— KOMIUIEKCHA 1 CKJIaJHa TeMa 3 Kypcy 3araibHOi ()i3WKH; sIKa BOJHOYAC Ma€
LIMPOKE MPaKTU4HE 3acTocyBaHHs. CydacHUI HATYpHUH (i3NUHUI eKCTIEPUMEHT € yHiBepCaIbHUM 3aC000M
it HaOyTTs MaiOyTHIME (axiBISIMH BiMOBIMHWUX JOCHIMHUIIBKAX KOMIIETEHIIH; KOMII IOTEPHO
Opi€eHTOBaHa cHCTeMa (I3UIHOTO EKCIEpUMEHTY e(GeKTHBHO (OpMy€e 3ararbHOHAyKOBI 1 TpodeciifHi
HaBUYKA MaiiOyTHiX imkeHepiB. Memow poéomu Oyno AOCHIIKCHHS IUIAKTHYHHX 0COOIMBOCTEH
BHKOPHCTaHHS HaykoBoro Ta imkeHepHoro (STEM) wmeTomiB nociipkeHHs y BUBYCHHI MaiOyTHIMHU
IKEHEpaMH SBHUINA CIIEKTPOMArHITHOI 1HIYKIii y Kypci 3arambHOi (izuku. Memoou: 3acTOCOBAHO
TEOPETHYHI 1 eMIIPUYHI METOAU HAYKOBOTO JOCTI/DKEHHS: METOAW aHA3y 1 MOJCIIIOBAHHS, IeAaroridHuii
eKCIEepUMEHT; OOcepBalliiiHi 1 TPaKCUMETPUYHI METOAM JUIsl BU3HAUCHHS Ji€BOCTI; e()eKTUBHOCTI 1 MPaKTUIHOI
TIPUAATHOCTI METOIUYHOI CUCTeMH. Pe3yabmamu i ouckycis. BUBUCHHS sSBHINA €IICKTPOMATrHITHOT 1HAYKIIi1
3 BHKOPHUCTAHHSIM KOMIIIOTEPHO OpPIEHTOBAaHOI CHUCTEMH (I3HYHOTO EKCIIEPHUMEHTY JEMOHCTPYE eTaIu
HAYKOBOTO METOZY IOCHIKEHHS; IKUIl TOYMHAETHCS 3 POPMYITIOBAaHHS MPOOJIEMH; TIOOYA0BH TCOPETHYHHX
MOJIeJIeH; TPOJOBXKYEThCSA BHCYHEHHSM TiMOTE3W 3 TOJAIBIIOK EKCIIEPUMEHTAIBHOIO IEPEeBiPKOIO;
OTIPAITIOBAaHHAM EKCIEPHUMCHTAFHUX IaHWX; I1X IHTEpIpeTaIli€lo; IOIIyKOM IOMaTKOBOi iH(opMaIrii;
KOPUTYBaHHSM €KCIEPUMEHTY; BHCYHEHHSM HOBHX TiloTe3 1 iX mojaneiioro nepesipkoro STEM miaxin y
nociimkenri EMI Oyno peanizoBaHO BigIOBIiTHO O iHKEHEPHOTO METOAY AOCHIKCHHS 3IiHCHIOBAJIOCH
gepe3 eTamu TMPOCKTYyBaHHS, 1O SIKHX BXOJIATh: MO3KOBHM INTYypM; BHCYBAaHHsS CIIOCOOIB peaizamil
YCTaHOBKM; MinOip MarepiamiB; CTBOPEHHS [IOCTIIHOTO 3pa3ka Ta HWoro Oararopa3oBe BUIPOOYBaHHS.
Bucnoeku.3actocyBaHHs pPI3HHX MiAXOMIB; OpPI€HTOBAaHMX SK Ha HAyKOBE JMOCHIKEHHS Y paMKax
KOMITIOTEPHO OpIEHTOBAaHOI CHCTeMH (I3UYHOTO EKCIIEPUMEHTY; TaK 1 Ha IH)KCHEepHHH MeToa 3
BukopuctaHasM STEM HaBuaHHs BUSBWIIM MPAaKTUYHY NMPHIATHICTH; Ai€BICTh Ta €(EKTHBHICTh: peai3allis
MOCTaBJICHOT METH MOTpeOyBaja 3aTy4eHHs 1 PO3BUTKY Pi3HOTO PiBHA KOMIIETCHIIH BiJ aJrOpUTMi30BaHHX
Il 10 TBOPYOTO IMIIXOJY Y BUMIAAKY CAMOCTIHHOTO CTBOPEHHS €KCIIEPUMEHTaIbHOI YCTaHOBKH. BUsBIEHO;
oo 3a cBOiM 3MicToM i MeTor0o STEM € imKeHEepHHM METOAOM Yy HaBYAIbHO-HAYKOBOMY JOCIiKEHHI.
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Po3po0Ku i TOAanmbIoro po3BUTKY MOTPEOYIOTH OpraHi3aliifHO-TIeJaroridHi YMOBH peati3allii MeTonIHO1
CUCTeMH HaBuaHHS (i3MKHU MallOyTHIX iHKeHepiB 3 BUkopuctanHsam STEM.

Knwuogi cnosa: STEM; 3aranbHa ¢i3nka; eleKTpoMarHiTHa iHAYKIIs; IHKCHEpPHUH METOJ; KOMIT IOTEPHO
opieHTOBaHa cHcTeMa (Di3MYHOTO EKCIIEPUMEHTY; HAYKOBHUU METOI; ITU(GPOBUH BUMIPIOBATHHAN KOMILICKC,
STM32.

H.A. Cmmyxmlal; AT, EOBprKz; C.H. Mensiiios® 5 CJL MaKCHM0B4; B.P. Ka/leHueHKO"

STEM noaxox B o0yyeHun (pM3MKH OyAyIIMX MH/KEHEPOB: M3YYeHHsl sIBJICHHE 3JIEKTPOMATHHUTHOM
HHIYKIHA

Haunonanbuuii aBuanmonssiii yuusepceuteT; 1; n-kT Kocmonastra Komaposa; 03680; Kues; Ykpauna
E-mail: 'slipukhina@i.ua; “bovtruk2008@ukr.net; “msmS56msm@gmail.com; *max56.56@ukr.net;
*volodumurkalenchenko@gmail.com

Ilocmanoexka npoédnemwl. Axmyanvnocms enedpenus STEM nooxooa 6 usyueHuu Kypca obujeti ¢husuxu
onpeoensiemcs HeobXo0uMoCmvio GOpMUPOBAHUs KOMIEMEHYUL NPOBEOeHUsT RPAKINUKO OPUEHMUPOBAHHBIX
UCCNIe008AHULL YIHCe ¢ MAAOWUX KYPCO8: HAVUHBIU U UHIICEHEPHBIU Memoobl NO3HAHUSL 0elCmEUmelbHOCmU
Gopmupyrom y 0VOYWUX UHIHCEHEPOS HAVUHYIO U MEXHUKO-MEXHOLO2UYECKVIO KapmuHbl Mupd. AHanu3z
npeovIoymux ucciledoeanuii. flenenue 31eKmMpoMAcHUMHOU UHOYKYUU- KOMNLEKCHAS U CIONCHAS memda
Kypca odwell usuku, Komopas umeem wupoxoe npaxmudeckoe npumenerue. CospemeHHbIL HAMYPHBII
Qusuueckuil  dKCNEpUMEHm  s6IAeMCsl  VHUBEPCAILHbIM — CPeOCmeoM 01  Hnpuodpemenus  OyOyuwumu
CREYUATUCTAMU COOMBEMCMBYIOWUX UCCLE008AMENbCKUX KOMNEMEHYULl, KOMNbIOMEPHO OPUEHIMUPOBAHHASL
cucmema ¢husuyecko2o dKcnepumenma dpghekmusno Gopmupyem obwenayuHvle u NPoeccuoHabHvle
Hasblku vy 0yoywux umdicenepos. Llenvio padomel 0bL10 ucciedosanue OUOAKMUYECKUX OCODEeHHOCmell
UCNONBb308aHUA HAYHUHO20 U uHdceHepHoz2o (STEM) memooos ucciedosanus 6 usyueHuu Oyo0yuwumu
UHDICEHEPAMU  S6TIeHUsT DNEKMPOMACHUMHOU UHOYKYUU 8 Kypce obweil @usuxu. Memoowvl: npumenenvi
meopemuyeckue u IMIUpUYEcKue mMemoobl HAYYHO20 UCCIe008AHUS: MEMOoObl AHAIU3A U MOOETUPOBAHUS,
nedazo2uueckull  SKCHepUMenm, 00Cepeayuontvie U NPAKCUMEMPUYHU Memoobl 0 OnpedeneHus.
OeticmeeHHOCIU, IPHeKmusHOCmU U NPAKMUYECKOU RPUOOHOCIU Memoouyeckol cucmemol. Pezynibmamot
u Ouckyccus. Hzyuenue seienus 21eKMPOMASHUMHOU UHOYKYUU C UCNOTb30GAHUEM KOMNbIOMEPHO
OPUEHTMUPOBANHOU CUCmeEMbl PUBUUECKO20 IKCNEPUMEHMA O0eMOHCHPUpYem dmansl HAYYHO20 Memood
uccned08anusl;, KOMoOPbIll HAYUHAEMCS C POPMYTUPOSKU NPOOIEMbL, NOCMPOEHUST MEOPEMUYECKUX Mooerell;
nPOOONANCACMCS BLIOGUIICEHUEM 2UNOME3bl C NOCAEOYIOUell IKCHEPUMEHMATbHOU NPOSEPKOU, 00pabomKoil
IKCHEPUMEHMANbHBIX — OAHHBIX, UX — UHmMepnpemayuell, NOUCKOM  OONOJTHUMETbHOU  UHoOpMayuu;
KOPPEKMUPOBKOU IKCNEPUMEHMA; BbIOGUNCEHUEM HOBBIX 2unome3 u ux nocreoyiowei nposepkou. STEM
1n00x00 6 uccaedosanuu IMHU bvin peanu306an 8 COOMBEMCMBUU C HICEHEPHBIM MEMOOOM UCCAEO08AHUSA U
OCYUWEeCMGIANCS Yepe3 dManbl NPoeKmuposanus, 6 KOMopbvle 6X00m: MO32080U WMYPM, GbLOBUICEHUE
Ccnocob08  peanuzayuu YCMAHOBKU, NOO0DOp Mamepuanog; co30aunue ONbIMHO20 o00pasya u e2o
MHO20KpamHoe ucnvimatue. Boleoowl. [lpumenenue paziuumblx no0X0008;, OPUCHMUPOBAHHBIX KAK HA
HAyyHOe UCCe008aHUe 8 PAMKAX KOMIIOMEPHO OPUEHMUPOBAHHOU CUCIEMbL (UIUYECKO20 IKCHepUMEeHma,
MaKk u Ha UHICeHepHbll MemoOd ¢ ucnonv3osanuem STEM ob6yuenus obOHapyscunu npaxmuyeckyro
npU20OHOCMb, OelCMBEHHOCb U  3POEeKMUBHOCMb:  pearuzayus HOCMABIEHHOU yeau nompebosana
npueieyeus U pAa3eUmusl pPAasHO20 YPOGHSI KOMNEMEHYUll Om aioOpUumMUUPOSAHHbIX Oelcmeuil 00
MBOPUECKO20 NOOX00A 8 CAYHAEe CAMOCMOSMENLHO20 CO30AHUsL IKCHEPUMEHMATbHOU YCAHO8KY. Buissneno;
umo no ceoemy cooepacanuio u yenvio STEM sersiemcs uHoiCeHepHbIM MEMOOOM 8 YUEOHO-HAYYHOM
uccnedosanuu. Pazpabomxu u danvreiuie2o pazeumusi mpeoyom opeanu3ayioHHO-Ne0a202UutecKue yCioeus
peanuzayuu Memoouseckol cucmemul 0byuenust usuxe 6yoyuux ursicenepos ¢ ucnoivzosanuem STEM.

Kntouegvie cnosa: STEM; obmas ¢usuka; 3MeKTpOMarHUTHAS MHIYKIUS; HAyYHBIH METOM;, WH)KEHEPHBIH
METOA; KOMIIBIOTEPHO OPHEHTUPOBAHHAS CHCTEMa (PU3MUECKOTI0 HKCIEPUMEHTA; IU(POBOM U3MEPUTEIIbHBIN
KoMIuiekc; STM32.



116 ISSN 1813-1166 print / ISSN 2306-1472 online. Proceedings of the National Aviation University. 2018. N3(76): 107-116

Slipukhina Iryna (1970). Doctor of Pedagogical Sciences; Associate Professor.

Department of the Educational and Research Institute of Information and Diagnostic Systems of National
Aviation University

Education: National Pedagogical Dragomanov University (1991).

Research area: theory and methods of teaching physics in high school.

Publications: 105.

E-mail: slipukhina@i.ua

Bovtruk Alla (1949). PhD; Associate Professor.

Physics Department of the Educational and Research Institute of Information and Diagnostic Systems of
National Aviation University

Education: Kiev State Pedagogical Gorky Institute (1971).

Research area: theory and methods of teaching physics in high school

Publications: 35.

E-mail: bovtruk2008@ukr.net

Mieniailov Serhiy (1956). PhD; Associate Professor.

Physics Department of the Educational and Research Institute of Information and Diagnostic Systems of
National Aviation University

Education: Kiev State Pedagogical Gorky Institute (1976)

Research area: Theory and methods of teaching physics in high school

Publications: 107.

E-mail: msm56msm@gmail.com

Maksymov Serhii (1956) Associate Professor.

Physics Department of the Educational and Research Institute of Information and Diagnostic Systems of
National Aviation University

Education: Kiev Institute of Civil Aviation Engineers (1979).

Research area: radio-electronics; theory and methods of teaching physics in high school

Publications: 55.

E-mail: smaxymov56@gmail.com

Kalenchenko Volodymyr (1998) student of the Educational and Research Institute of Airnavigation;
electronic and telecommunications of National Aviation University

Education: student

Research area: radio-electronics

Publications: 3

E-mail: volodumurkalenchenko@gmail.com




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.00000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.00000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /UKR ()
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


