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AHOTALIA

ABSTRACT

IMocmaHoeKa npobaemu. OCHOB0IO HABYAHHA MAMEMAMUKU € n102i4He
MUC/IeHHA, 3acHo8aHe Ha pobomi nigoi niekyni. ¥ HayKo8o-memoOdu4yHuUx
docnidmceHHsAx 36inbwyemsca 0bcs2 pobim, M08’A3aHUX 3 MUMAHHAM
0paaHi3ayii HABYAHHA WAAXOM KOOPOUHAyii pobomu AK n1igoi, mak i npasoi
nieKkyanb, mobmo po3eumky nopAd 3 sA02iYHUM | IHWUX 8Udi8 MUC/EHHS,
0c0671U80  HAOYHO-06pa3HO20. Po3pobneHo  pexkomeHOayii  wo0do
MemoOUKU PO38UMKY HAOYHO-06PA3HO20 MUC/AEHHA Y4YHi8 HA YpoKax
mamemamuku. [lpome npu eus4yeHHi OCHos anzebpu ma aHanizy
aKMyanbHUMU € MAKOX yOOCKOHANEHHA MemoOUKU pO38UMKY HAOYHO-
06pasHo20 Muc/iieHHA ma po3pobka mMemoOu4yHUX Mamepianie 0na
no3aknacHoi pobomu.

M pi ma Mamepiasnom docnioxceHHs € nedazozivyHa,
MemooOuYyHa nimepamypa, 00csio 3apybiHHUX MA 8iMYU3HAHUX y4eHuX. Y
npoyeci  00CNiOHEHHA  BUKOpUCMOBYBAAUCA  eMMipu4Hi  memodu
(cnocmepexceHHs, nepesipKka, eKcriepumeHm), 3a2a716HOHAYKO8i Memoou
(aHani3, cuHmMes, KOHKpemMu3auyis, cCuCMemMamusayis, y3a2a1bHeHHs). [na
dosedeHHA meopem 8UKOPUCMAHO Memo0 380pOMHO20 008E0EHHS.

Pesynemamu. BusyeHHs zpagikie Kyb6iuHOI yHKUiI Oonomazae
6ydysamu i 00800umu 2inome3u npo Kinbkicme OilicHUX KopeHie Kybi4Ho20
PiBHAHHA Ma ix pO3MawysaHHA, OJE 3MO2y HAOYHO MPOOEeMOHCMpysamu
B8UKOPUCMAHHA HAOYHO-06PA3HO20 MUC/EHHS.

BucHoeKu. HasuyanbHuli mamepian npo po3mawly8aHHA KopeHie
Kybi4HO20 piBHAHHA 0OMOMA20E PO38UBAMU HAOYHO-06PA3HE MUCAEHHA
Y4Hig, (hopmMynto8amu HAO0YHi 3a80aHHA 044 y4Hie. Lli HOOYHi 3a80aHHA
criyeytome 3acobom opeaHizayii mamemamuyHoi dianeHocmi yuHig. Lle
dornomazae 4uma4yam 3po3ymimu, AK CMBOPIOIOMbECA meopemu ma AK
npogodumu 0osedeHHA. BiH mMaKo# MoKasye 3anexcHicme Mixc
OUCKPUMIHGHMOM KyBiYHO20 PIBHAHHA mMa 006YMKOM eKcmpemanbHUxX
3Ha4eHb 8i0M08IOHOI KybiYHOI hyHKUii. Busdamu po3mawy8aHHA KOpeHie
Kyb6i4HO20 piBHAHHA PEKOMEHOYEMO CMAPWOKAACHUKAM HO 3aHAMMAX
2ypmKa 3 MaGmMemMamuku.

3,

Formulation of the problem. The basis of teaching mathematics is
logical thinking, (which is associated with) based on the work of the left
hemisphere. In scientific and methodological research, the volume of work
related to the issue of organizing learning by coordinating the work of both
the left and right hemispheres is increasing, that is, the development of
other types of thinking, especially visual, along with logical thinking.
Proposals have been developed on the methodology for the development of
visual thinking of students in mathematics lessons. However, when studying
the basics of algebra and analysis, improving the methodology for
developing visual thinking and developing teaching materials for
extracurricular activities are also urgent tasks.

Materials and methods. The research materials are pedagogical,
methodical literature, experience of foreign and domestic scientists. In the
process of research, empirical methods (observation, verification,
experiment), general scientific methods (analysis, synthesis, concretization,
systematization, generalization) were used. The method of reverse proof
was used to prove the theorems.

Results. The study of graphs of a cubic function helps to build and prove
hypotheses about the number of real roots of a cubic equation and their
location, and makes it possible to clearly demonstrate the use of visual
thinking.

Conclusions. Educational material on the location of the roots of a cubic
equation helps to develop the visual thinking of students, to formulate
visual tasks for students. These visual tasks serve as a means of organizing
the mathematical activity of students. It helps readers understand how
theorems are created and how to look for proofs. It also shows the
relationship between the discriminant of a cubic equation and the product
of the extreme values of the corresponding cubic function. We recommend
studying the location of the roots of the cubic equation for high school
students in maths club training.

K/IO4YOBI CJ/IOBA: 8i3yaneHe MucseHHs; 8i3yanbHa 3a0a4a;
8i3yaneHuli nowyk; KybiyHe pieHAHHA; KybiYHa hyHKYiA; MOXiOHA hyHKYiI.

KEYWORDS: visual thinking; visual problem; visual search; cubic
equation; cubic function; function derivative.

INTRODUCTION.

One of the main goals of teaching mathematics, in particular teaching the algebra and fundamentals of analysis, is the
formation and development of students' thinking. In order to successfully live in the information age, a person needs a well-
developed mindset. Until now, much attention has been paid to the development of logical thinking in schoolchildren. However, in
recent years, in pedagogical and methodological studies, it has been noted that the issue of developing other types of thinking in
students and ensuring the relationship of these types of thinking is relevant. One type of thinking is visual thinking.

Abdiyeva Sh., Turgunbaev R. Theorems on the number of roots of a cubic equation and their location as a means of developing students' visual thinking. ®i3uko-
mamemamuyHa oceima, 2023. Tom 38. Ne 4. C. 7-13. DOI: 10.31110/2413-1571-2023-038-4-001
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This type of thinking is widely used in solving mathematical problems, especially problems related to the basics of
analysis. However, the issue of the formation and development of visual thinking of students with the help of such questions has
been little studied.

The practice of teaching mathematics to students shows that the main support of a student is logical thinking, it means,
he relies on the work of the left hemisphere of the brain (Bragina & Dobrokhotova, 1988).

In recent years, a number of studies have been carried out on the effective use of visual thinking in the educational
process. For example, D.Bezugly (2014) found that the methods of visual presentation of educational information in mathematics
lessons provide a solution to a number of pedagogical problems, such as ensuring the intensity of learning, enhancing educational
and cognitive activity, the formation and development of critical and visual thinking, visual perception (Bezugly, 2014).

In the studies of A.V. Firer (2018), the issues of developing the universal educational activity of primary school students
using visualization tools are considered. Visualized tasks and visualized models have been developed as a means of studying the
functional lines of algebra, their types have been identified (Firer, 2018)

However, the issues of teaching students to use visual tools when formulating mathematical concepts and theorems,
especially when putting forward and proving these hypotheses, and developing visual thinking on this basis, were not under
consideration.

There is also the problem of demonstrating to students the idea of the great K. Gauss that “Mathematics is a science
that is studied not only by ear, but also by eye” (Dalinger, 2006).

THEORETICAL BASES OF THE RESEARCH

Currently, the term visual thinking is widely used, according to R.Arnheim (Arnheim, 1981), term means “thinking under
the influence of visual processes”.

Visual thinking is an activity that ensures the creation of images, the impact on them, the reconstruction of images in
an arbitrary or given direction, the use of various calculus systems when building an image, the selection of various signs and
properties that are important for a person in an image.

V. P. Zinchenko and N. Yu. Vergilis (1969) define the concept of visual thinking as human activity, the product of which
is the birth of new images, the creation of new visual forms that convey a certain meaning and make knowledge visible.

According to N.A. Reznik (2000), relying only on the work of the left hemisphere of the brain when teaching
mathematics strains it and causes exhaustion. To prevent this, it is good to rely more on the work of the right hemisphere in
mathematical education, that is, to pay more attention to visualization. To do this, he emphasizes the need to create a visual
learning environment - new ways of communicating information and creating a new type of learning environment.

V.A. Dallinger proposes to build the process of teaching mathematics on the basis of a cognitive-visual (visual-cognitive)
approach to the formation of knowledge, skills and abilities, which allows you to make the most of the potential of visual thinking.
One of the main provisions of this approach is the wide and purposeful use of the cognitive function of visibility. The
implementation of the cognitive-visual approach in the process of teaching students mathematics allows you to design a visual
learning environment - a set of learning conditions in which the emphasis is encourages the use of the student's visual thinking
reserves. These conditions suggest the presence of both traditional visual aids and special tools and techniques that allow you to
activate the work of visual thinking.

In the implementation of the cognitive-visual approach to teaching mathematics, visualized tasks play an important
role.

A visualized task is understood as a task in which the image is explicitly or implicitly involved in the condition, response,
sets the method for solving the problem, creates support for each stage of the solution for giving either explicitly or implicitly
accompanies at certain stages of its solution. The purpose of visualized tasks is the formation of a visual image that helps to solve
emerging problems.

The use of visualized tasks helps to organize search, in particular, visual search learning activities of students.

Visual search is the process of generating new images, new visual forms that carry a specific visual-logical load and
make visible the value of the desired object or its light. The starting position of such a process is the stock of ready-made visual
images known to the student, the structure and elements of information, visually observable connections between them.
Visualized tasks serve as a means of forming visual search skills (Dallinger, 2006).

PURPOSE OF THE STUDY
To substantiate the manifestation of visual thinking in the process of solving the problem of the number and location
of the roots of a cubic equation and the possibility of using this problem in organizing the visual-search activity of students.

METHODS OF THE RESEARCH

Educational materials on polynomials, functions and their properties, pedagogical and methodical literature,
experience of foreign and domestic scientists. In the process of research, empirical methods (observation, interviews), general
scientific methods (analysis, synthesis, concretization, systematization, generalization), methods of mathematical analysis were
used.

RESULTS OF RESEARCH AND DISCUSSION

It is known that the problem of the location of the roots of a quadratic equation is solved by its coefficients
(Turgunbayev & Yoldoshev, 2004). A similar problem can be formulated for cubic equations:

How are the number of roots of the cubic equation ax3 + bx? + cx + d = 0 and their location related to the
coefficients of this equation?
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We know that a cubic equation cannot always be solved in radicals. High school students know some rational equations,
in particular, how to find the roots of a cubic equation using the divisors of the free term (Zaitov et al., 2022), write equations
based on their roots, the concepts of monotonicity of a function, extremum points, extremum, and how to solve the equation
graphically. Students learn to check a function using a derivative in the 11th grade algebra course (Mirzaakhmedov et al., 2018).
Based on this knowledge of students, the process of learning to solve the above problem can be organized as follows.

At step 1, the teacher must provide information about the number of real roots of cubic equations, because this
information is not provided at school. The result of this step should be that the cubic equation has only one real root, or three

real roots (at least one of which is different from the others), or two repeted roots.
In step 2, the teacher asks students to classify cubic equations by the number and location of their roots (relative to

zero). It is desirable to express the classification result in the form of a table.

In step 3, the teacher asks students to write cubic equations according to the above classification.

In step 4, the teacher asks students to draw a graph of the functions corresponding to the equations obtained in the
previous step using the GeoGebra or Desmos graphing calculator programs.

At step 5, the corresponding graphs are analyzed for the case when the main coefficient of the cubic equation is positive.

For clarity, let's assume that the equation ax3® + bx? + cx + d = 0 (a > 0) has a single positive root (case 1). The
graph of the functions corresponding to this equation will be similar to the graphs in Fig. 1, 2, 3.

Graphs are analyzed together with students, and the following hypothesis is put forward:

For the equation ax3 + bx? + cx + d = 0 (a > 0) to have a single positive root, it is sufficient that the corresponding
function f(x) = ax® + bx? + cx + d is strictly increasing and d <0; or the product of the extreme values of the function

f(x) = ax® + bx? + cx + d was positive.
Step 6 explores how this assumption can be related to the coefficients of the equation. To do this, it is proposed to use

the relationship between monotonicity, extrema and derivatives of the function.
Equating the derivative of the cubic function f(x) = ax3 + bx? + cx + d to 0, we get the following results:
f'(x) = (ax® + bx%? + cx + d)’ = 3ax? + 2bx + c.

3ax?® +2bx+ ¢ =0.
Then the discriminant of the resulting quadratic trinomial is: A= b? — 3ac.
If b2 — 3ac < 0, as in Figure 1, the function does not have extremum values, that is, the function is strictly increasing

in (—oo; +00).
If b2 — 3ac > 0, as shown in Figure 2, the product of the extremum values of the function is positive.

Itis also clear that f(0) =a-03+b-0%2+c-0+d = d < 0. The above conditions are not only sufficient, but also a

necessary condition for the considered equation to have one positive real root.
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In step 7, the following theorem is formulated and proved.
Theorem 1. For the cubic equation ax® + bx? + cx + d = 0 (a > 0) to have one positive real root it is necessary and

sufficient that b2 — 3ac < 0, d < 0 or b?> — 3ac > 0, d < 0 and the product of extremum values be positive.
We use the following lemmas to prove this theorem:
Lemma 1. If the function f(x):
1) continuous in [a; +0);
2) lim f(x) =+
3) If (a) < 0, then there exists a point c in the interval [a; +o0) such that f(c) = 0.
Proof: The function f(x) is continuous in [a; +) and from condition 2 it is not bounded from above. For any arbitrary

positive number E, there exists a point x' in the interval [a; +0) such that the inequality f(x") > E holds.
Therefore, f(a) <0, f(x') >0 in the section [a;x'], and according to the 1st theorem of Bolzano-Cauchy

(Fikhtengolts, 1955), for the given function 3¢ € [a; x'] point is found and f(c) = 0. The lemma is proved.
The following lemmas can be proved in the same way as above.
Lemma 2. If the function f(x):
1) continuous in;
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2) f(a) > 0;
3)If lim f(x) = —oo then there exists a point ¢ in the interval such that f(c) = 0.
X——00
Lemma 3. If the function f(x):
1) continuous in (—oo; +0);
2) lim f(x) = —oo( lim f(x) = +o);
X—>—00 X—>—00
If liT f(x) = 400) (in line liT f(x) = —oo) then there exists a point c in the interval (—oo; +0) such that f(c) = 0.
X—+00 X—+00

Clearly, if the function f(x) in the above theorems is strictly monotonic, then the point c is unique.

Proof of the theorem: First we prove the necessity of the given conditions, i.e. ax® + bx? + cx + d = 0 (a > 0) from
the existence of a single real root x4 > 0 of the cubic equation b?—3ac<0,d <0orb?—3ac>0,d < 0, we show that the
product of the extremum values of the function is positive.

The derivative of the function f(x) = ax® + bx? + cx +d (a > 0) is f'(x) = 3ax? + 2bx + c and the discriminant
of the quadratic trinomial is equal to A= b? — 3ac . It canbe A< 0 or A> 0.

If A<O0, then the function f(x) has no extrema. Since a > 0, the function f(x) is monotonically increasing in
(—00; +). From the fact that x, > 0, it follows that 0 = f(x,) > f(0) = d, thatis, d < 0 (Figure 1).
—-b+VbZ-4ac

3a
precision. Clearly, the function f(x) is increasing in the interval (—0; X;4x), (Xmin; +°0) and decreasing in the interval

(Xmax; Xmin)- It follows that the relationship f(Xmaex) > f(Xmin) is appropriate for the extrema values of the function at the
points x; and x,. To prove the above assertion, we assume the converse: let f(Xmax) > 0, f (Xmin) < 0. Then the interval has
one zero according to Lemma 2. Since the function is increasing in this interval, the zero of the function is unique. According to
the Bolzano-Cauchy theorem, the intersection [X,,qx; Xmin] has a zero of the function. This contradicts the condition of the
theorem (unique contrary to the existence of a positive root). x, > 0 meansthat 0 = f(x,) > f(0) =d,i.e.,d <0.

Now we prove the sufficiency, since b> —3ac <0, d <0 or b?—3ac >0, d <0 and product of function
f(x) = ax® + bx? + cx + d extrema values are positive we show that the given equation has one positive real root.

If b2 — 3ac < 0, then the function f(x) does not have an extremum, this function satisfies the conditions of lemma 3,
S0 X is found in the interval (—oo; +00) and f(x,) = 0. The function f(x) is increasing in the interval (—oo; +00), so the root is
unique. It is positive because the function is increasing and f(0) = d < 0.

Now let A> 0. Then the square trinomial 3ax? + 2bx + ¢ has roots Xaxmin = . Let Xpmax < Xmin for

—btVb%—4ac
3a

If b2 — 3ac > 0, then the square trinomial 3ax? + 2bx + c has roots Xmax,min = . Let Xpmax < Xpmin for

precision. Clearly, the function f(x) is increasing in the intervals (—0; X;0x), (Xmin; +9°) and decreasing in the interval
(Xmax; Xmin)- It follows that the relation f(Xpmax) > f(min) is valid for the extrema values of the function at the points X,;qx
and Xmin- Let f(xmax) 'f(xmin) >. Then f(xmax) > f(xmin) >0 or 0> f(xmax) > f(xmin)- Suppose
f Xmax) > fnin) > 0. Since the function f(x) is monotonically increasing in the interval , x,,,, > 0 follows from the relation
d = f(0) < 0. Then the conditions of the Bolsano-Cauchy theorem are fulfilled in the section [0; X,,4,]. The equation has one
positive real root (Figure 2).

If 0 > f(Xmax) > f (Xmin), the function is increasing in  and from the fulfillment of conditions of lemma 1, it follows
that the equation ax3 + bx? + cx + d = 0 has one positive real root originates (Figure 3). The theorem was proved.

In the next steps, other theorems corresponding to the number and location of the roots of the cubic equation are
formulated. We describe the formulation of these theorems using visual thinking below.

Case 2. Now let's look at the graphs of the case where the cubic equation ax3 + bx% + cx +d = 0 ) has the only
negative real root (Figures 4-5-6).

d>0
d >0 maz Tmin
d>0 > ml . <0
FoH T <0 o f (Timax) <0
P f(Tmin) <O
Figure 4 Figure 5 Figure 6

Theorem 2. For the cubic equation ax3 + bx? + cx + d = 0 (a > 0) to has the only negative real root, It is necessary
and sufficient that b2 —3ac < 0,d > 0 or b?> — 3ac > 0, d > 0 and the product of extrema values be positive.

Case 3. Consider the case where the cubic equation has 3 different real roots on the graph of the cubic function.

Figure 7 shows that the cubic function intersects the positive part of the x-axis at 3 points. So, in this case, the cubic
equation has 3 positive roots.

10
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In Figure 8, the cubic function intersects the x- axis at 3 points, one of which intersects the positive part of the x-axis.
So the cubic equation has 2 negative and 1 positive root.

From the graph depicted in Figures 7 and 8, it can be seen that the function has extrema, and from this it is clear that
A= b% — 3ac > 0. Since the extrema values are f (Xmax) > 0, f(Xmin) < 0, their product f (Xmax) * f(tmin) < 0 is negative.

The graph of the function crosses the negative part of the y-axis, i.e. f(0) =a-03+b-024+c-0+d=d <0.

Summarizing the results, the following theorem is valid.

F(@maz) > 0§

f(mma.r) 0

:E'min

F(@min) <0

x3 >0

Tmazx

d<0
f(wmin) <0 S

R LT T T ISy spuipa——

d<0

Figure 7 Figure 8

Theorem 3. In order for a cubic equation ax® + bx? + cx +d = 0 (a > 0) to has three different real roots, and one
or all three of them are positive so it is necessary and sufficient that b2 — 3ac > 0, d < 0 and the product of extrema values are
negative.

Case 4. The following theorem holds when a cubic equation has 3 negative real roots or 2 positive and 1 negative real
roots.

Theorem 4. In order for a cubic equation ax3 + bx? + cx + d = 0 (a > 0) to has three different real roots, one or all
three of which are negative, it is necessary and sufficient thath? — 3ac > 0, d > 0 and the product of extrema values are
negative.

Case 5. Consider the case when the cubic equation has two equal roots on the graph of the cubic function.

In Figures 9-10, the extremum point of the cubic function and the zeros of the function are equal, and in this case, the
cubic equation has same roots, i.e., X; = X3 = Xjayx- Also, the extrema values f(X;uax) = 0 and f (%) < 0, their product is
[ (Xmax) * f Fmin) = 0.

The graph of the function crosses the negative part of the y-axis, thatis, f(0) =a-03+b:02+c-0+d=d <O.

Based on the above conditions, the following theorem is valid.

F 7

L1 = T2 = Tmax
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Tl=To = il
T = T2~ Tmax min gy > 0
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F(@min) <0 @f----uuu-22

d<0
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Figure 9 Figure 10

Theorem 5. For the cubic equation ax® + bx? + cx + d = 0 (a > 0) to has one positive real root and two equal roots,
it is necessary and sufficient that b2 — 3ac > 0, d < 0 and the product of extrema values should be equal to 0.

Figures 11-12 show the graph of a cubic function when the cubic equation has one negative root and two equal roots.

The following theorem holds for a cubic equation to have two equal roots and one negative root.

11
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Theorem 6. In order for the cubic equation ax3 + bx? + cx + d = 0 (a > 0) to has one negative and two equal roots,
it is necessary and sufficient b2 — 3ac > 0, d > 0 and the product of extrema values are equal to 0.

In the theorems about the location of the roots of the cubic equation, the product of the extrema values of the function
is important.

Function f(x) = ax3 + bx? + cx + d has extremum, when b? — 3ac = 0, i.e., when the discriminant of a square
trinomial 3ax? + 2bx + c representing the derivative of this function is non-negative.

When b? — 3ac < 0, the quadratic equation has complex x; and x, roots. In this case, you can also look at the product
fxq) - f(x2).

When finding the product f(x;) - f(x,), it is not necessary to know the values of f(x;) andf (x,). The Vieta’s formula
can be used.

c -2b
X1Xp = 5, X1 + Xy = ;
4b? — 6ac
X2+ x2 = (x1 + x3)% — 2xy%, = —oaz
—8b3 + 18abc

X3+ 23 = (0 +x2)3 = 32, (g + %) = 2743

Using the above formulas, we form the expression:
flx) - f(xy) = (ax3d + bx? + cx; + d)(ax3 + bxZ + cx, +d) =
= a?(x;x,)3 + b2(x1x)% + c?(x1x,) + d? + ab(x;x,)?(x1 + x3) +
+ac(xyx) (62 + x2) + ad (% + x3) + bc(xyx,) (%, + x3) + bd(x? + x2) +
—(b%c? — 4ac® — 4b3d — 27a?*d? + 18abcd)
27a? ’
The following expression is called the discriminant of a cubic equation:
D = b%c? — 4ac® — 4b3d — 27a?d? + 18abcd
Thus, the discriminant of the cubic equation is completely determined by the product of the extreme values of the
function corresponding to it.

+cd(x, + x3) =

CONCLUSIONS AND PERSPECTIVES FOR A FURTHER RESEARCH

Drawings and graphs do not prove the theorem, but they are important in making the theorem easy and understandable
for the student, and in keeping it in his memory for a long time.

The use of drawings and graphs in solving mathematical problems allows to clearly understand the condition of the
problem. At the same time, it allows to choose the correct method of solving the problem. In the condition of the problem, it is
possible to clearly see the given situation in drawings and graphs, and thus it becomes easier to find a way to solve the problem
to a certain extent. Because it is much easier to evaluate the visible situation than to draw a conclusion by reading only the text
part without any visual aids.

In the article, theorems were developed and proved for the cubic equation to have a single real root, to have three
different roots, and to have two equal roots. In this case, it was shown that the cubic equation has roots using the graph of the
cubic function. Through this, it was shown that it is possible to develop visual thinking in students.

The above theorems can also be considered in the case a < 0. This can also be done using cubic function graphs.

We recommend studying the location of the roots of the cubic equation to students of upper grades of general
education schools in maths club training.
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AHOTALIA

ABSTRACT

MocmaHoeka npobaemu. LleHmpansHUM NMUMAHHAM, WO CMagumecs
0o o0b62080peHHA 8 OaHoMy OOC/MIOHEHH|, € edekmueHe BKAOYEeHHS
HOBIMHIX mexHosoait, 30Kpema peHmaeHogyopecyeHmHoi
crnekmpocKonii, y Hag4yasnbHi Kypcu suwjoi oceimu, npiopumemHo y cgepi
meduyuHu ma papmayii. OCHOBHA mema A0CiOHeHHA NoasA2a€ y 8i0No8idi
HG aKmyansHe nedazoziyHe 3aNUMAHHA: AK Halikpawje adanmysamu
HasyanbHul npoyec 04A Mone2weHHA 30CB0EHHA MA BUKOPUCMAHHA
CKAQOHUX aHAAIMUYHUX MemMOoOUK, 0OHOYACHO COHYKar4Yu cmyodeHmis 00
PO3BUMKY HABUYOK KPUMUYHO20 MUC/EHHA Ma camocmiliHo20 8upiweHHA
3080aHb.

M. Y

P ma Mamepianu: sukopucmosysanucs 3pasKu
pi3HOMaHimHuUx mamepianie (y euenadi nopowky, meepdi ma pidki),
peHmeeHognyopecueHmHuli cnekmpomemp (modens EXPERT 3L), a
MaKoMC 3pa3Ku rpyHmie 07 QHAI3Y IXHbO2O eneMeHMHOo20 CKAaoy.
Memoduku: TeopemuyHe HABYAHHA: 027140 MEOPEemMUYHUX OCHO8
peHmeeHogayopecyeHmMHoi cnekmpockonii Yepe3 KommnaeKcHul nioxio,
Wo 8KAYAE neKyii, docnioHUuybKi npoekmu ma Ouckycii. [pakmuyHa
nabopamopHa poboma: camocmiliHa iHOusidyaneHa poboma 3a
dornomozoo peHmeeHogayopecyeHmHozo cnekmpomempa EXPERT 3L.
HasyaHHA aHani3y OaHUX: OCBOEHHA MeMOOUK aHAAIZY OaHUX, OMPUMAHUX
i3 cnrekmpomempa, po38UMOK HABUYOK AKICHO20 MQ KiflbKiCHO20 aHANI3Y.
CamocmiliHe HaB4YAHHA: CMUMY/IOBAHHA iHiYiamueu, KpeamusHocmi ma
camocmiliHocmi cmydeHmie 4epe3 3adoxo4eHHA 00 camocmiliHozo
supiweHHs 3a0ay.

Pesynbmamu. YcniwHo po3pobseHo ma 8nposadxeHo nabopamopHul
MPAKMUKYM 8 Mpoyec Mid2omosku malibymHix MeduyHUX NPayi8HUKI8, Wo
nidcununo 3anyyeHicme cmydeHmie ma Crpussno Po38UMKY iXHIX 8MiHb.
TpakmuyHi 3aHAMMA 3HAYHO MOKPAWUAU AKMUBI3aYit0 iHMeneKkmyanbHoi
dianbHocmMi cmydeHmis, hopMyB8aHHA HABUYOK /102iYHO20 MUC/EHHS,
B8CMAHOBACHHA MI¥MEMAMUYHUX Ma MiX(rpeOMemHux 368’A3Kie, @ MaKOMC
PO38UMOK iXHIX MeopYux KomnemeHmHocmell. EkcnepumenmansHuli kaac
eheKmuBHO CrPUsIE PO38UMKY K AKAOEMIYHUX, MAK i MpogeciliHux HaBUYOK,
Hadar4u cmydeHmam nompibHi iHcmpymeHmu 0aa ycniwHo2o cmapmy
iXHbOI MalibymHbOi Kap'epu.

BucHoeKu. IHmeapayis nepedosux aHANIMUYHUX Memoois, MaKux AK
peHmMaeHiBCbKa hs1yopecyeHmHa CeKmpoCKonis, y Hag4yasneHy npozpamy
3HAYHO MOKPAUYE B3AEMOOi0 Ma PO3YMIHHA cmydeHmis, CrpuAYu
HAbymmio meopemuyHUx 3HGHb MA PO3BUMKY MPAKMUYHUX HOABUYOK.
ExcnepumeHmansHuli nidxio donomie y 8CmaHo8aeHHI MiXmemMamuyHux i
mixcnpedmemHux 36’A3Kie, WO MaE eupiwanbHe 3HAYEHHA 0nA
KOMIM/IEKCHO20 HABYAHHA 8 MYnbmuUOUCYUNAIHAPHUX 20y3AX, MAKUX AK
medu4yHa ma bionoziyHa ¢izuka. Pesynemamu niomeepdxcyome, wo
iHmeapayia NPaKMu4YHUX 3aHAMb y HasyanbHull npoyec, ocobauso mux,
wo suKopucmosytome Ho8imHi Memodu, moxce dornomoemu nodoaamu
pO3pU8B MiXt Meopieo Ma NPAKMUKOHK, CPUAIYU 21UBWOMY OCMUCAEHHIO
mamepiany. B malibymHix 00cniOneHHAX Mu po32AaHemMo iHWi oceimHi
cmpamezii ma mexHonozi, AKi 3MOMYymb MnOKpawumu 3asay4yeHicmes
cmyodeHmis ma ix 30amHicmb 00 AHANIMUYHO20 OCMUC/IEHHA Mamepiany.

Formulation of the problem. The central challenge addressed in this
study is effectively integrating cutting-edge technologies, such as X-ray
fluorescence spectroscopy, into higher education curricula, particularly
within medical and pharmaceutical disciplines. The study seeks to address
the pedagogical question: how can educational practices be optimized to
facilitate the understanding and application of complex analytical
techniques while simultaneously encouraging the development of students'
critical, independent problem-solving skills?

Materials and methods. Materials: various material samples
(powdered, solid, liquid), X-ray fluorescence spectrometer (EXPERT 3L
model), and assorted soil samples for elemental composition study.
Methods: Theoretical Instruction: Comprehensive teaching of the
theoretical principles underlying X-ray fluorescence spectroscopy using a
blend of lectures, readings, and discussions. Practical Laboratory Work:
Encouraging hands-on, independent laboratory work using the EXPERT 3L
X-ray fluorescence spectrometer, enhancing the understanding of practical
applications. Data Analysis Training: Instruction on analyzing data from the
spectrometer, improving both qualitative and quantitative analysis skills.
Self-Directed Learning: Encouraging initiative, creativity, and self-
sufficiency among students by promoting independent problem-solving
activities.

Results. Successful development and implementation of laboratory
practicals titled into the training of future medical professionals. Enhanced
Student Engagement and Skill Development: The practical session had a
significant impact on stimulating students' intellectual activity, fostering
logical thinking skills, establishing inter-thematic and inter-subject
connections, and promoting creative competencies. Formulation of Subject
and Professional Competencies: The experimental class successfully molds
both subject-specific and professional skills, equipping the students with the
tools necessary for their future careers.

Conclusions. Integrating advanced analytical techniques, such as X-ray
fluorescence spectroscopy, into the curriculum greatly enhances student
engagement and understanding, contributing to theoretical knowledge and
practical skill development. The experimental approach aided in
establishing inter-thematic and inter-subject connections, vital for
comprehensive learning in multidisciplinary fields like medical and
biological physics. The results affirm that integrating practical exercises into
the curriculum, especially those utilizing modern techniques, can help
bridge the gap between theory and practice, fostering a deeper
understanding of the subject matter. Future studies could explore other
educational strategies or technologies that enhance student engagement
and understanding in material analysis.

K/IO40BI  C/IOBA:  ekcrnepumeHmasbHe  HABYAHHA,  GKMUBHe
HABYAaHHA; npogeciliHi KomnemeHyii; peHmMeeHigcoKa ayopecyeHmHa
CreKmpocKonis; aHasni3 enemMeHmMHo20 cknady; n1abopamopHi NPaKmMuyHi
pobomu; 3any4eHHs cmydeHmis; mixnpedmemHi 38'a3Ku.

KEYWORDS: Experiential Learning; Active Learning; Professional
Competencies; X-ray Fluorescence Spectroscopy; Elemental Composition
Analysis; Laboratory Practical Work; Student Engagement; Interdisciplinary
Connections.

INTRODUCTION

Formulation of the problem. The primary pedagogical challenge presented in this study pertains to the evolution of
educational paradigms in higher education. Specifically, the task is to transition from traditional, lecture-focused teaching
towards a more hands-on, independent learning model.

In the evolving landscape of higher education, an immediate challenge lies in reshaping the educational content and
enhancing the learning process by amplifying the proportion of students' independent work (from 1/3 to 2/3 of ECTS credit). The
distinctive feature of this contemporary educational format is to prepare a specialist who can think creatively, deepen their
knowledge independently, apply it pragmatically, and demonstrate capacities for self-growth, self-education, and innovative
endeavors. Consequently, the primary objective of an educator in higher education is to facilitate productive, independent work
among students rather than a mere reproduction of the course material.

Laboratory work is pivotal in students' independent work in natural science disciplines. The principal aim in a higher
education context is to harmoniously meld lectures with independent work, create a scientific worldview in students through the
application of experimental research methods, implement theoretical knowledge practically, and assess their knowledge, skills,
and competencies in specific topics or sections of biophysics. The challenge involves balancing these two approaches to promote
creative thinking, deepening knowledge, and practical application of theory in students. This necessitates increasing the
proportion of students' independent work, a shift especially critical in the natural sciences, where laboratory work plays a
significant role.

When teaching elemental composition analysis using X-ray fluorescence spectroscopy, issues like complex technical
understanding arise. This subject is technically complex and may pose challenges for students, particularly those new to the topic.
Understanding the principles of X-ray fluorescence and how it can be used to analyze elemental composition requires a solid
grounding in physics and chemistry. Practical Application: Translating theoretical knowledge into practical applications is a
significant hurdle. Students may understand the theory but struggle to apply it when using X-ray fluorescence spectroscopy in a
laboratory setting. Interdisciplinary Integration: The topic straddles several disciplines, including physics, chemistry, and material
science. Students may struggle to integrate knowledge from these various areas effectively. Student Engagement: Due to its
technical nature, maintaining student engagement and enthusiasm can be challenging, particularly for those less inclined towards
technical or scientific subjects.
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Furthermore, the task of integrating lectures and independent work into a coherent whole is a complex one. The
pedagogical problem, therefore, involves designing, implementing, and assessing laboratory work that encourages students to
apply their theoretical knowledge in practice while also developing their problem-solving skills and fostering a scientific
worldview. Creating effective methodical guidelines for teaching these subjects forms another aspect of the pedagogical problem
this work seeks to address.

Analysis of current research. A literature review revealed that international and local researchers have dedicated
considerable effort to addressing this issue. The pivotal role of physical experiments as a wellspring of knowledge and a
benchmark for validating theoretical studies, along with the significance of laboratory workshops within the general physics
curriculum, is demonstrated in the works of Oleksandr Kyianovskyi (2019), Nataliia Stuchynska, (Krotevych et al., 2023), Stepan
Velychko, (Velychko & Siryk, 2017), K. Paige Brown, (Brown et al., 2019), Jaclyn E. Tetenbaum-Novatt, (Tetenbaum-Novatt et al.,
2018), Faith Celeste B. Ole (2020), Neville, M. W., (Neville et al., 2015). Recommendations for the integration of foundational and
clinical sciences throughout the pharmacy curriculum were made by Margarita DiVall (DiVall et al, 2020). Numerous researchers
have extensively studied the main facets of laboratory teaching. Moreover, this problem of modern education is highlighted in
the national doctrine of educational development for Ukraine in the 21st century. Issues of online education were revealed in
the works of Hannah Park (Park, & Shrewsbury, 2016)., lwona Czaplinski, (Czaplinski & Fielding, 2020). The concepts of modern
education and formation of professional competence were revealed in the works of Juha Nieminen (Nieminen et al., 2004), Julia
Mazurenko (2020), Nataliia Stuchynska, (Stuchynska et al, 2020). The importance of developing practical skills for medical and
pharmaceutical students at the early stage of education and practical application of X-ray fluorescence spectroscopy in medical
practice was revealed in the works of Tracy M. Kosinski (Kosinski et al., 2017), Patric Zimmermann (Zimmermann et al., 2020),
Roozbeh Ravansari (Ravansari et al., 2020), Hervé Rebiere (Rebiere et al., 2019), Alexandra Figueiredo (Figueiredo et al, 2016)

The purpose of the article. This article aims to delve into the effective incorporation of X-ray fluorescence spectroscopy
in higher education, particularly in the context of student-led laboratory work. The paper seeks to develop clear, understandable
methodological guidelines for practical training that help students understand the topic and broaden their scientific
comprehension. Through this, the article intends to contribute to the evolution of teaching practices, enhancing the ability of
graduates to meet the demands of rapidly evolving technologies and industries.

THEORETICAL BASES OF THE RESEARCH

The basic theory of X-ray fluorescence analysis.

X-ray fluorescence spectroscopy (XRF) is an efficient, non-invasive, and eco-friendly analytical method noted for its high
precision and reproducibility. This technique allows for qualitative, semi-quantitative, and quantitative identification of all
elements ranging from beryllium to uranium in powdered, solid, and liquid samples.

The XRF method encompasses energy ranges or wavelengths from E = 0.11-60 keV or A = 11.3-0.02 nm. Light, in
addition to its wave properties, exhibits particle-like characteristics. Hence, we often use "photon" or "light quantum." We
employ the quantum count as an intensity unit, with measures calculated per second in imp/s (impulses per second) or kimp/s
(kilo-impulses per second).

The generation of X-radiation.

The generation of X-radiation, or X-rays, can occur when charged particles, especially electrons, lose kinetic energy due
to any form of change. This energy loss can happen when an electron is decelerated, alters its direction of motion, or moves to a
lower energy level within the atom's electron shell. Electron deceleration and their transitions from a particular energy level in
an atom's electron shell to a lower one play a significant role in generating X-radiation.

The Bohr atomic model proves useful in explaining these processes. This model views an atom as a positively charged
atomic nucleus orbited by electrons moving in designated spaces or shells. Electrons in different energy shells or levels possess
varying energy due to their proximity to the atomic nucleus. Consequently, a distinct minimum amount of energy is necessary to
remove an electron from an inner shell of an atom. The binding energy of an electron within an atom is inversely related to its
distance from the nucleus, which can be understood as the amount of energy absorbed by the radiation emitted by the atom.

Characteristic radiation.

Characteristic radiation is a unique phenomenon associated with each element, defined by its atomic number (Z) in the
Periodic Table of Chemical Elements or by the count of its electrons in a neutral state. Because of the varying number of electrons
(negative charge carriers) or positive charges (Z) in the atomic nucleus (atomic number), the binding energy or energy levels are
distinct for each element and typical to it.

Suppose an electron from the inner shell of an atom is ejected due to irradiation. In that case, the vacancy it leaves
behind is filled by an electron from a higher shell, with the energy difference between the two levels being released. This energy
is either emitted as X-ray quanta or transferred to another shell electron (through the Auger effect).

The likelihood of forming an X-ray quantum during this process is referred to as the fluorescence yield (w), which
depends on the element's atomic number and the shell where the vacancy originated. For lighter elements, w is very small
(approximately 10-4 for boron) but reaches 1 for the K shell of heavier elements like uranium.

However, the critical fact is that the energy or wavelength of the emitted X-radiation is characteristic of the element it
originated from. This emission is referred to as characteristic X-radiation (see Fig. 1).

To induce X-radiation, a technique is needed that can eject electrons from an atom's inner shells (K, L) by transferring
more energy to the inner electrons than their binding energy within the atom. Several methods can be used to achieve this:

¢ Irradiation with elementary particles of adequate energy (like electrons, protons, a-particles) which, upon impact,
convey the necessary energy to the electrons for their removal from the atom.

e |rradiation with X-rays or gamma rays.

e Irradiation with X-rays from an X-ray tube, which is technically the simplest and safest approach in terms of shielding
against radioactive radiation.
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An atom can emit excess energy as a photon of characteristic radiation. Given that the energies of the atom's initial
state (E1) and final state (E2) are quantized, radiation of frequency v = (E1 — E2) / h is generated. All potential quantum transitions
of radiation from an atom in its initial K-state form the most rigid (shortwave) K-series. Similarly, L-, M-, and N-series are formed.

In 1913, G. Moseley empirically established that the square root of the frequency v of an element's characteristic

I S . . . zZ-s, . .
radiation spectral line is a linear function of its atomic number Z, expressed as \/% == * where R is the Rydberg constant, Sn is

the screening constant, and n is the principal quantum number (fig. 2). This law serves as a compelling demonstration of the
proper arrangement of elements in the Periodic Table of Elements and aids in elucidating the physical meaning of Z.

The Moseley law points out that characteristic X-ray spectra do not exhibit the periodic patterns typical of optical
spectra. This suggests that in the characteristic spectra of X-radiation, the inner electron shells of atoms across all elements have
a similar structure. Subsequent experiments identified some deviations from the linear relationship for transition groups of
elements related to changes in the sequence of the outer electron shell filling and heavy atoms due to relativistic effects.

Electronic transition Valence electrons for: v
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Fig. 1. Terminology for Energy Levels Fig. 2. Moseley diagram for K-, L-, and M-series characteristic X-

radiation. The x-axis defines the ordinal number of the element Z,

and the y-axis —\& (c is the speed of light in a vacuum)

The position of spectral lines in the Moseley diagram can fluctuate based on several factors, such as the number of
nucleons in the nucleus (causing isotope shifts) or the state of the outer electron shells (leading to chemical shifts), among others.
Investigating these shifts provides granular insights into the atom's structure and behavior. The relative intensities of lines within
a single series are governed by the probability of quantum transitions and, consequently, by the corresponding selection rules.
Apart from the most prominent lines of dipole electric radiation, characteristic X-radiation spectra can exhibit lines of quadrupole
and octopole electric radiation and lines of dipole and quadrupole magnetic radiation.

The qualitative analysis hinges on the spectral position of the characteristic lines in the emission spectrum of the sample
being tested. Rooted in Moseley's law, this analysis is executed based on the intensities of these lines. X-ray fluorescence spectral
analysis can identify all elements with an atomic number Z greater than 12 and, in some cases, even lighter ones.

The X-ray fluorescence spectrometer

The X-ray fluorescence spectrometer, specifically the EXPERT 3L model, is depicted in Figure 3 in terms of its overall
appearance and schematic layout. To stimulate the characteristic radiation of the element within the material being tested, the
device utilizes both the braking radiation and the characteristic radiation emitted by the X-ray tube's anode material.

Sample

Spectrometer camera

Goniometer

Scintillation counter

Electronic devices
a) b)
Fig. 3. General view (a) and schematic diagram (b) of an X-ray fluorescence spectrometer

Understanding that a chemical element within a sample can emit X-radiation when the energy of the excitation quanta
surpasses the binding energy (absorption edge) of the element's internal electron is of vital significance. For instance, when a
sample is irradiated with a 20 kV voltage, the maximum energy of the quanta released by the tube equals 20 keV. Hence, it is
impossible to stimulate the K-radiation of elements with an atomic number Z > 43 since the binding energy of their K-level exceeds
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20 keV. The initiation of K-radiation of heavier elements occurs at a generator voltage beyond 60 V. Rhodium (Rh) is universally
used as a standard anode material since its characteristic radiation is suitable for exciting both heavy and light elements.

Following the excitation of an element in the sample (by X-radiation), a series of element-specific wavelengths is
discharged. This secondary radiation traverses the collimator and lands on the crystal, which is a spectrum analyzer. The
constitution of crystals comprises atoms (or molecules) arranged periodically, thus forming a crystal lattice. In this particle
configuration, numerous planes of different orientations pass through the crystal lattice's nodes (horizontal, vertical, oblique
planes).

When X-rays encounter the plane of the crystal lattice, every particle situated on it behaves as a scattering center,
releasing a secondary wave. These secondary waves amalgamate in the reflected wave. Identical waves are produced from planes
parallel to the given plane, given the negligible absorption of X-rays within the interplanar distances d. All these reflected waves
interfere; however, if the interference condition (A = nA) is not perfectly met, the reflected waves interfere with attenuation. This
condition is fulfilled only at a particular angle, known as the Bragg angle, for a specific wavelength and a certain interplanar
distance.

A parallel, coherent X-radiation (1, 2) strikes the crystal with an interplanar distance d and is amplified and scattered at
an angle 0 (1', 2') (fig. 4). The portion of radiation scattered on the 2nd plane will have a path difference ACB compared to the
radiation scattered on the 1st plane.

From the definition of sine, we obtain ’Z—C = sinB or AC = dsin6.

The path difference ACB is doubled and equals ACB = 2dsin@. The amplification condition is satisfied when the path
difference equates to an integer multiple of the wavelength. This leads to the Bragg diffraction condition: 2d sin 8 = nA, where
n=1, 2,3, ...is the order of reflection, often referred to as the Bragg equation.

Applying the Bragg diffraction condition makes it feasible to identify the wavelength A of X-radiation by measuring the
angle 6, given a known interplanar distance d, and thus ascertain the corresponding chemical element. Spectrum analysis employs
crystals such as lithium fluoride (LiF), indium antimonide (InSb), germanium (Ge), and multilayered structures.

X-ray detecting.

When measuring X-rays, we leverage their capability to ionize atoms and molecules; in other words, their energy is
used to extract electrons from these particles. Certain materials utilized to detect X-rays produce pulses when subjected to X-ray
influence. The amplitude of these pulses is directly proportional to the energy of the X-ray photons. Detecting the pulse amplitude
provides information about the energy of the photons.

The count of photons during measurement, such as pulses per second (imp/s = impulses per second,
kimp/s = kilo-impulses per second), is termed radiation intensity. This gives a preliminary approximation of the concentration of
the radiating element in the sample. In contemporary X-ray fluorescence spectrometers, two types of detectors are employed: a
gas proportional counter and a scintillation counter.

The gas proportional counter (as shown in Fig. 5) comprises a cylindrical metal tube, along whose axis a thin wire (the
counting wire) is stretched. This tube is filled with an appropriate gas (for example, Ar + 10% CH4). A high voltage (+ U) is applied
to the counting wire. On the side of the tube is a hole or window covered with a material permeable to X-radiation.

ACB = 2d sinb Ar+CH,
Counting wire (+U) towards preamplifier
my) T T
hight
o~ Entrance t
window
High voltage supply
> - - - on counting wire
C X-rays +1400 < U < 1900 Volt
Fig. 4. Reflection of X-rays from the surface of the crystal Fig. 5. Gas proportional counter

The scintillation counter (as shown in Fig. 6) used in the X-ray fluorescence analyzer consists of a sodium iodide crystal
doped with thallium impurity - Nal (Tl).

Scintillation crystal ~ Light Dynodes

in capsule _~connection Photomultiplier

Electrons

o High voltage

Fig. 6. Scintillation counter and photomultiplier
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The crystal's thickness is substantial enough to absorb all the high-energy photons employed in the X-ray fluorescence
analyzer. The energy of the X-rays penetrating the crystal gradually transfers to the crystal's atoms, which emit light. A composite
of such light quanta forms a flash of light. The luminescent energy of these light flashes is proportional to the energy of the X-ray
photon it absorbed from the crystal.

The resulting light radiation strikes the photocathode, triggering the emission of electrons. These electrons are then
accelerated in the secondary electron multiplier, the photomultiplier, generating secondary electrons. The avalanche process
produces a measurable signal at the output of the multiplier. Similar to the gas proportional counter, the amplitude of the created
voltage pulses is proportional to the energy of the detected photon.

METHODS OF THE RESEARCH

This work is both theoretical and practical. Methodologically, it is anchored in well-established laws of physics. Its
primary scientific and practical outcomes were procured using photo documentation (screenshots) and digital technologies to
process experimental results.

To measure the elemental composition of different samples, the method of X-ray fluorescence spectroscopy was used.
It's based on the principle that individual atoms emit X-ray photons of a characteristic energy or wavelength when excited by an
external energy source. In general, it works as follows:

1. **Excitation**: The sample is excited by an external X-ray radiation source. This high-energy radiation has enough
energy to dislodge tightly held inner electrons from their atomic orbits in the sample.

2. **Emission**: This ejection creates a vacancy that an electron from an outer orbit must fill. As an outer electron
moves to fill the vacancy, it loses energy. This energy is released in the form of a secondary X-ray photon, a process known as
fluorescence.

3. **Detection**: These secondary or fluorescent X-rays are then detected, and their energies are measured. Each
element produces a unique spectral pattern of fluorescence X-rays (i.e., X-rays of specific energies), and so the presence of these
spectral lines allows us to identify which elements are present in the sample.

4. **Analysis**: The intensity of these fluorescent X-rays is directly related to the concentration of the elements in the
sample, allowing us to quantify how much of each element is present.

X-ray fluorescence spectroscopy is a technique that developed along with the general understanding of X-ray physics,
which dates to the late 19th century. The foundational principles for X-ray fluorescence spectroscopy were established early in
the 20th century. X-ray spectroscopy was significantly advanced in the 1910s by scientists like Henry Gwyn Jeffreys Moseley, who
developed a systematic method for identifying elements using X-ray spectra. As for XRF instruments themselves, the first
commercial X-ray spectrometer was released in the early 1950s. These early instruments used gas flow proportional detectors
and could perform only relatively simple tasks. Over the decades, with technological advancements, XRF instruments have
become increasingly powerful, precise, and versatile in their applications.

X-ray fluorescence spectroscopy (XRF) does involve complex scientific concepts such as quantum mechanics, atomic
structure, and the principles of X-ray production. Thus, from a certain perspective, it can be considered complex. However, while
the underlying theory is advanced, first-year university students can learn and understand the practical application and operation
of XRF instruments, particularly those studying fields such as chemistry, physics, or pharmacy. To understand the basics of XRF,
a student needs knowledge of general chemistry and physics concepts, which are typically part of the first-year curriculum. This
includes the structure of atoms, the nature of electromagnetic radiation (including X-rays), and some basic quantum mechanics
principles. It is also worth noting that many modern XRF instruments are designed to be user-friendly and often come with
software that automates much of the analysis. This allows users to focus more on understanding the results and less on the
intricacies of how those results were generated.

RESULTS OF RESEARCH

To enhance the practical application and understanding of lab work, students are given the opportunity to analyze soil
samples from different suburbs of their city. The objective behind this choice is twofold. Firstly, students can learn the physical
principles of XRF analysis and gain hands-on experience. Secondly, they receive valuable insights regarding the ecological
condition of their living environment since soil composition and its microbiological state can significantly impact public health.

Knowing soil's chemical composition can help predict how environmental conditions might affect human health and
anticipate potential health risks. This knowledge is particularly beneficial for aspiring medical professionals and pharmacists,
enabling them to understand the broader context of environmental impacts on health. For instance, an excess of radioactive
isotopes in the soil can lead to their accumulation in human tissues and bones, potentially causing radiation sickness. Other
studies have demonstrated a direct correlation between soil contamination with pesticides, increased child morbidity rates,
particularly during the neonatal period, and a higher incidence of birth defects.

Students are further encouraged to delve into individual research, such as preparing reports on environmental
conditions and their connection with disease prevalence in specific regions.

We have proposed the following course of practical work:

The followings are the recommended steps for practical work and a sample method for processing experimental
outcomes:

The procedure of the Task:

1. Familiarize yourself with the rules for operating the X-ray fluorescence spectrometer under the instructor's guidance.

2. Perform measurements and obtain the spectra of three samples for qualitative analysis.

3. Introduce a specific amount of a simple chemical as an external standard.

4. Carry out measurements and derive new spectra of the three samples for quantitative analysis.

5. Use an MS Excel spreadsheet to calculate the quantitative chemical composition of the compounds.
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The outcome of the Task:
1. Three soil sample spectra, along with their comprehensive qualitative composition, were obtained:
Sample 1
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Fig. 9. Elemental (XRF) analysis of the Sample 3
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2. An additional 0.2g of metallic copper was added as an external standard to each 0.5g sample.
3. Spectra of three soil samples along with their comprehensive qualitative composition were obtained with the
presence of the external standard:

Sample 1
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Fig. 10. Elemental (XRF) analysis of the Sample 1 after adding of 0.2g of metallic copper
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Fig. 10. Elemental (XRF) analysis of the Sample 2 after adding of 0.2g of metallic copper
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Fig. 10. Elemental (XRF) analysis of the Sample 3 after adding of 0.2g of metallic copper
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4. The quantitative composition of individual chemical elements (with the highest radiation intensity) in the samples
was calculated:

Chemical element Molar mass, g/mol Mass fraction, % (with txa::;:::g:oor; Cu), % Mass, g
Mg 24 0.426 0.305 0.002
Al 27 3.843 3.062 0.021
- Si 28 36.246 23.658 0.159
%_ K 39 3.720 1.581 0.011
g Ca 40 2.166 0.978 0.007
v Mn 55 0.098 384 ppm 2.6:106
Fe 56 3.460 1.265 0.009
Cu 64 61 ppm 29.686 0.200
Mg 24 0.507 0.370 0.002
Al 27 3.576 2.696 0.015
~ Si 28 34.477 19.069 0.103
%_ K 39 2.555 1.000 0.005
g Ca 40 5.946 2.368 0.013
v Mn 55 0.109 422 ppm 23106
Fe 56 3.368 1.252 0.007
Cu 64 80 ppm 37.075 0.200
Mg 24 0 0 0
Al 27 2.957 1.727 0.011
0 Si 28 33.332 13.950 0.089
%_ K 39 3.241 1.355 0.009
g Ca 40 9.301 3.738 0.024
» Mn 55 0.071 0 0
Fe 56 2.968 0.849 0.005
Cu 64 282 ppm 31.219 0.200

5. Formulate the conclusion.

Hence, X-ray fluorescence analysis enables the investigation of the qualitative chemical composition of various
substances. Moreover, employing an external standard makes it possible to compute the actual mass proportion of chemical
elements in the sample.

CONCLUSIONS AND PERSPECTIVES FOR A FURTHER RESEARCH

A well-executed and structured laboratory session not only stimulates students' intellectual engagement but also
fosters logical thinking, effective comprehension of the material, and the ability to establish connections across various topics
and subjects. It enhances creative skills and aids in developing subject-specific and professional competencies.

Implementing the laboratory practical work "The use of x-ray fluorescence spectroscopy to determine the elemental
composition of substances in the study of biophysics" has demonstrated its effectiveness in fostering a deeper understanding of
the subject matter and the development of practical skills. Through this approach, students were able to actively engage with the
learning process, leading to enhanced cognitive skills, problem-solving abilities, and critical thinking. This practical work allowed
students to connect theoretical knowledge and real-world applications, offering a comprehensive understanding of the concepts.

Future research could explore the long-term impacts of such laboratory practical work on student learning outcomes,
knowledge retention, and career readiness. Studies could also focus on refining and enhancing this practical approach to improve
its effectiveness in teaching and learning, perhaps by integrating technology or interdisciplinary elements. Comparative studies
could be useful to evaluate the efficacy of this method against more traditional teaching approaches or in various educational
contexts and different student populations. There is also potential to explore how this practical work could be adapted for other
scientific subjects or concepts, broadening its applicability.
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ABSTRACT

AHOTALIA

®opmy pob. OOHuM i3 mepcriekmusHUx mMemodie
HaeyaHHA y STEM-oceimi € memod npoekmis. [IpoekmHuli memoo y STEM-
ocsimi 0bymoentoe akmyansHicme | 00cniOHUYbKULU xapakmep memu
npoekmy, 3a6e3neyeHHA B3AEMO38’A3KY ~MEOPemuYHUX 3HAHb i3
NPAKMUKOI0, NPaKmMuyHe emineHHA pe3ynemamie npoekmy. poekm, AK
3aci6 peanizayii STEM-oceimu, 003805€ iHMe2py8amu 3HAHHA 3 Pi3HUX
npedmemHux 2any3eli nid Yac po3e'A3aHHA peasnbHUX 300a4, CMBOPEHHA
dito4ux makemis, ujo 06yMOBIIOE iX MPAKMUYHEe BUKOPUCMAHHS.

M pi i ] BukopucmaHo memodu aHanizy ma
cucmemamu3sayii  Haykogo-nedaeoziyHoi  nimepamypu; y3a2anbHeHHsA
pesysnemamie 8imyu3HAHO20 i 3apybircHo20 doceidy W00 BUKOPUCMAHHA
npoekmHozo mMemoody y STEM-oceimi i3 3acmocy8aHHAM MpozpamHo-
anapamHoi  naamgopmu  Arduino. HagsedeHo excriepumeHmMasnbHy
MemoOuKy cmeopeHHs 0ilo4020 hiziomepaneemu4HoO20 A3epHO20
npucmpoto 01 AiKy8AHHA  HeXUmi. 3aCmOoCO8AHO  NPO2PaAMHE
Komn’ltomepHe MOOento8aHHA 0aa imimayii pobomu npucmporo 3
po3pobkoto kody 017 naamu Arduino UNO.

Pesynemamu. Ha npuknadi eukoHaHHa STEM-npoekmy «Po3pobka
iziomepanesmuyHo20 n1a3epPHO20 NPUCMPOIO 0417 AiKYBAHHA HEXCUMIO»
MOKA3aHO AK MOX(HA iHMe2py8amu HU3Ky pi3HopieHesux, OUOAKMUYHUX i
docnioHuybKux 3aedaHb. HaeedeHo y3azanbHeHUll OMUC OCHOBHUX
cmpykmypHux enemeHdmie naamu Arduino Uno. CpopmyneosarHo munosuii
anzopumm o3HaliomnaeHHs 3 pobomoto naamu Arduino. BKazaHo ocHo8Hi
po30dinu Kypcy hi3uKu, 3HaHHA AKUX € 6azo8uMu 047 peani3ayii npoekmy.
lMoKa3aHo AK suKopucmaHHA 6imoeoi mampuyi cmaHie nasepa 0038075€
cmMeopo8amu YUKMIYHi pexcumu onpomiHeHHs, Wo nepioOuvyHo 3miHIoMb
00UH 00Ho20. HasedeHo npuknad Kody 3 obpobkoto 6imosoi mampuyi
cmaHig nasepa. CKemy4 Kepye pexcumamu HamnienposioHuKosozo nasepa,
8i006paxcae Yac onpomiHeHHA Ha piOoKoKkpucmasniyHomy oucraei ma nodae
38yKoBUl CU2HAAN MO 3AKIHYEHHIO Yacy ONMPOMIHIOBAHHA, WO 300aeMbCA
nomeHuyiomempom. [ModaHo cpazmeHm cumynAayiliHoeo MoOento8aHHA
¢isiomepanesmuyHozo npucmpoto 8 cepedosuwyi Tinkercad Circuits.

BucHoeKu. Mpakmuy4Huli 00ceid BUKOPUCMAHHA MPOEKMHO20 Memody
8 STEM-oceimi nokaszas, wjo 6iH 00380718€ cmydeHmMam  AKMUBHO
docniomysamu peansHy npobaemy, 3acmocosysamu OMpPUMaHi 3HAOHHA
HO [pakmuyi, po3euUBAMU HABUYKU CRignpayi, KomyHikayii ma
Kpumu4YHo20 MUC/IEHHA. BuKoHaHHA NPOeEKmMy cripuse MOEOHAHHIO piaHux
sudie 0OiAnbHOCMI, MAKUX AK [Mi3HA8A/ILHA, MBopYa, MPAKMUYHA,
00CiOHUYbKA, O MAKOX PO3BUMKY HABUYOK MUC/MEHHA, momueauii ma
8iornosioanbHocmi 3a cg80t0 OifibHiICMb. Brpo8adieHHA MPOEKMHO20
memooy dae moxcausicmes 3abesneyumu sAKiCHY nidzomosky gaxisyie 3
MPUPOOHUYUX HAYK, 300MHUX eheKmUBHO 3acmocosy8amu C80i 3HAHHA
ma Ha8UYKU y MPAKMUYHUX CUMYQuiax ma crnpusmu nooasnbwomy
pozsumky STEM-2anyseli 8 YKpaiHi.

Formulation of the problem. One of the promising methods of training
in STEM education is the method of projects. The projected method in STEM
education determines the relevance and research nature of the topic of the
project, ensuring the interconnection of theoretical knowledge with
practice, practical implementation of the results of the project. The project,
as a means of implementing STEM education, allows you to integrate
knowledge from different subject industries when solving real tasks, the
creation of existing layouts, which causes their practical use.

Materials and methods. Methods of analysis and systematization of
scientific and pedagogical literature were used; generalization of the results
of domestic and foreign experience in the use of a prose method in the STEM
education using the ARDUino software and hardware platform. The
experimental method of creating an active physiotherapy laser device for
treatment of the runny nose is presented. A software modeling is used to
simulate a device with the design of the Arduino Uno board.

Results. The example of the implementation of the STEM project
"Development of a physiotherapeutic laser device for the treatment of
runny nose" demonstrates how it is possible to integrate many different-
level, didactic, and research tasks. A generalized description of the main
structural elements of the Arduino Uno board is given. A typical algorithm
for familiarizing yourself with the operation of the Arduino board is
formulated. The main sections of the physics course are indicated, the
knowledge of which is fundamental for implementing the project. It is
shown how using a bit matrix of laser states allows the creation of cyclic
irradiation modes that periodically change each other. An example of a code
processing a bit matrix of laser states is provided. The sketch controls the
modes of the semiconductor laser, displays the exposure time on the liquid
crystal display, and emits a sound signal at the end of the exposure time set
by the potentiometer. A fragment of the simulation modeling of a
physiotherapy device in the Tinkercad Circuits environment is presented.

Conclusions. The practical experience of using the project method in
STEM education has shown that it allows students to investigate a real
problem actively, apply the acquired knowledge in practice, and develop
cooperation, communication, and critical thinking skills. Implementation of
the project contributes to the combination of various activities, such as
cognitive, creative, practical, and research, as well as the development of
thinking skills, motivation, and responsibility for one's actions.
Implementing the project method makes it possible to provide high-quality
training for specialists in natural sciences who can effectively apply their
knowledge and skills in practical situations and contribute to the further
development of STEM fields in Ukraine.
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INTRODUCTION

Formulation of the problem. STEM education involves the integration of natural sciences, technology, engineering
creativity, and mathematics. One of the promising methods is the project method, which determines the relevance and research
nature of the project topic, ensures the relationship of theoretical knowledge with practice, and directs the result of the creative
search to practical implementation. The project as a means of implementing STEM education allows for the integration of
knowledge from various subject areas while solving real problems, and creating working models, which determine their practical
use.

An actual problem of training qualified pedagogical specialists in the field of natural sciences, in particular physics, in
modern conditions is the implementation of research training with the use of innovative practices, and the ability to combine
face-to-face and distance learning methods. The use of digital tools, modern software, and hardware platforms allows an increase
in the effectiveness of the educational process, to make it more visible due to the practical implementation of the results of
experimental work and the creation of a simulation model of the operating device.

Analysis of actual research. The project method is one of the learning approaches proposed by the American
philosopher and educator John Dewey at the end of the 19th and the beginning of the 20th century. The goal of project-based
learning is to stimulate students' interest in certain problems, the solution of which is implemented through planning, research,
and aimed at practical results (Morgan, 1983). William Heard Kilpatrick emphasized the importance of the "project" as a central
element of learning that stimulates active participation and self-activity of students in the learning process. Edward Collins
emphasized the connection between learning and real life, supporting the idea that project tasks should have real meaning for
students, and their results can be used in real situations. Howard Parkhurst has shown that projects should provide students with
opportunities to develop valuable skills and abilities that are important in real-life contexts. It was also established that project-
based learning contributes to the development of skills of "critical thinking, cooperation, communication, reasoning, synthesis
and stability in conditions of limited time and a defined goal" (Barron, 2003) and involves various types of activities.

The project method in the field of STEM education is quite common in many countries, including Ukraine. Government
programs in Australia, China, Great Britain, Israel, Korea, Singapore, and the United States aim to ensure high-quality education
and often include project methods in their curricula and programs, which encourages teachers to use interactive methods,
robotics, and programming to engage students in STEM education. (Kushnir et al., 2017). On August 5, 2020, the Decree of the
Cabinet of Ministers of Ukraine No. 960 approved the Concept of the Development of Science and Mathematics Education (STEM)
in Ukraine. According to this concept, educational methods and educational programs of STEM education should be aimed at the
formation of competencies that are important and relevant in the labor market. Among them, critical, engineering, and
algorithmic thinking, information processing and data analysis skills, digital literacy, creativity, and innovation, as well as
communication skills, are distinguished.

Various aspects of the introduction of STEM education in Ukraine were highlighted in the works of Ukrainian scientists.
Thus, the authors of the article (Stryzhak et al., 2017) conducted an analysis of the content of key concepts of STEM, which are
fundamental in understanding the essence of the new educational direction, Natallia Honcharova compiled a glossary of terms
defining the essence of the concept of STEM (Honcharova, 2015), in the article (Salnyk et al., 2023) considered the possibilities
of introducing STEM technologies integrated with information and communication technologies into the education system.

In general secondary education institutions of Ukraine, STEM education is mainly implemented in the form of electives
and clubs (Kryvonos, 2017), where such platforms as LEGO, RoboRobo, Mindstormes, Iskra.JS, BrainPad, MicroBIT, Arduino, ESP32,
Micro:bit, Raspberry are used Pi and others. In the regions, work was launched on the creation of STEM centers (laboratories),
holding various events to popularize scientific and technical education - STEM weeks, scientific picnics, festivals of making, etc.
(Patrykeeva et al., 2017). The university course in physics involves conducting experimental work with the measurement of
physical quantities and subsequent data processing and analysis. To improve this course, in the article (Honda et al., 2021) it is
proposed to hold a workshop on the physical foundations of measurements and technical means of automation based on the
Arduino platform and a Raspberry Pi single-board computer for students of physics majors.

Thus, the method of projects in the field of STEM can be applied at different educational levels and in different learning
contexts. It is a universal approach that can be successfully used in secondary (Zorenko & Shcherbyna, 2010), vocational and
technical education (Herliand, 2017), in higher education (Ognianyk & Nichyshyna, 2018), as well as postgraduate education
(Salnyk et al., 2023). At the same time, despite the available pedagogical research, questions remain regarding the specifics of
using the project method in educational institutions in the context of STEM education.

The purpose of the article. In view of this, the purpose of the article is to reveal the features of the use of the project
method in STEM education when teaching physics using the example of the project "Development of a physiotherapeutic laser
device for the treatment of runny nose", which provides the opportunity to combine theoretical knowledge with the ability to
perform an experiment, practical implementation of project results in the creation of simulation models of the operating device,
stimulation of various types of student activities.

METHODS OF THE RESEARCH

Scientific and methodological research was performed using theoretical and empirical research methods: analysis and
systematization of scientific pedagogical and methodical literature related to project-based learning and STEM education,
generalization of the results of domestic and foreign experience regarding the use of the project method in STEM education with
the application of the Arduino hardware and software platform, publicly available data relevant to the research topic, as well as
simulating the operation of the device with the development of code for the Arduino UNO board. The combination of these
research methods provided a scientific approach to the implementation of the project.

This scientific research was carried out using the TinkerCad Circuits software environment and the Arduino hardware
and software platform. This platform allows you to use programming in the process of learning natural sciences, which makes it
interesting for the implementation of educational and research STEM projects. Arduino coding is based on a simplified version of
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the C/C++ programming language (Baran et al., 2019). We used the most popular version of the basic platform — the Uno board,
built on the ATmega328 microcontroller. The board has 14 digital input/output pins, 6 analog inputs, a USB connector, an
additional connector for connecting external power, an ICSP interface, and a reset button.

RESULTS OF RESEARCH

As one of the possible options, we considered an example of a project on the development of a physiotherapeutic laser
device for the treatment of rhinitis. The connection between the development of this project and the teaching methodology is
established by a number of the following provisions. The principles of engineering art and information technologies are used in
the development of a physiotherapeutic laser device. Engineers, apply scientific principles, develop models, conduct experiments,
and solve practical problems. It is these principles that are the basis for STEM education, which stimulates students to actively
research, make and apply the acquired knowledge. The development of a physiotherapy laser device also requires knowledge of
mathematics and natural sciences, which are components of STEM education. The basis of the project method, which is used
during the development of a physiotherapeutic laser device, is the use of an integrated approach and consideration of the
philosophy of various fields of knowledge, combining scientific and research, natural, technological, and medical aspects. This
project was implemented using the TinkerCad Circuits software environment and the Arduino hardware and software platform.
This provided a convenient way to simulate and test the software sketch without having to have a physical Arduino UNO board.
The combination of TinkerCad Circuits and Arduino gave us a high level of flexibility and speed in developing and testing the
software sketch. This approach made it possible to eliminate possible errors in the physical implementation of the device on the
Arduino platform.

Getting to know the Arduino platform usually involves the following steps:

1. Overview of a specific board, for example, UNO.

2. Installing on a personal computer Arduino IDE, which is the main software for developing and programming Arduino.

3. Registration in simulation services such as TinkerCAD, Wokwi. Such environments provide the ability to simulate and

test Arduino applications without access to the physical board.

4. Definition of the structure of the program code.

5. Understanding the task, and its algorithmization with sketch writing.

6. Simulation modeling, debugging, and uploading the sketch to the controller.

The first sketch is traditionally devoted to flashing an LED. Already at this initial stage, we propose to combine
informatics and natural sciences into a single project "Development of a physiotherapeutic laser device for the treatment of
rhinitis." The project can be implemented in institutions of secondary education, professional pre-higher education, and higher
education.

The project involves several types of activities, namely: cognitive, creative, research, and practical, because students
have:

— repeat and generalize the main physical properties of light;

— reveal the differences in light generation by LEDs and semiconductor lasers;

— to determine the mechanisms of biological action of light;

— to analyze the principles of construction of industrial LED and laser physiotherapy devices;

— develop a model of a simple low-intensity laser therapeutic device for the treatment of rhinitis based on the Arduino

UNO board, write a sketch;

— evaluate the advantages and disadvantages of the proposed model, and identify issues that need to be refined;

— present the results of the project and draw conclusions.

At first, students should focus on studying the "Optics" section of the physics course - the scale of electromagnetic
waves, and the spectrum of light radiation; on the basis of literary sources, determine photophysical and photochemical reactions
that occur as a result of the interaction of light with biological structures. Thus, a treatment method combining optical radiation
and a photosensitizer, i.e. a photosensitive drug, is widely used in various fields of medicine (Zavadska et al., 2021). Next, students
should establish that there is a certain selectivity of biological processes to the wavelength of radiation and a certain limiting
value of the radiation power density for triggering physicochemical reactions (Wieneke & Gerhard, 2018; Yakovenko &
Samoilenko, 2018). The nature of photophysical and photochemical reactions depends on the physical parameters of light, its
penetrating ability, the properties of the tissues themselves, and the phenomena of resonant absorption of energy. For example,
the depth of penetration of optical radiation into biological tissues decreases as the wavelength decreases (Sokrut & Kazakov,
2008). Therefore, studying the literature will allow us to determine the effectiveness of the therapeutic effect by groups of
diseases depending on the wavelength.

Laser radiation plays a special role in phototherapy because of several properties, such as monochromaticity,
coherence, and greater depth of penetration into biological tissues (Baxter, 1994). As a result of this influence, changes occur in
the irradiated tissues at various levels:

1. Subcellular level. Laser radiation can cause excited states of molecules in tissues, promote the formation of free
radicals, coagulation of protein structures, and acceleration of protein synthesis.

2. Cellular level. The influence of laser radiation can change the membrane potential of cells and the permeability of
membranes.

3. Fabric level. Laser therapy can change intercellular fluid pressure, and improve tissue microcirculation and oxygen
balance.

4. System level. Exposure to laser radiation can cause adaptive neuro-reflex and humoral reactions in the body.

The next stage of the project is the analysis of the principles of operation of industrial phototherapy devices, for
example, K-Laser (K-Laser USA), Photizo Vetcare (Medlight SA), BioPhotas Celluma (BioPhotas Inc.), Handy Cure (Handy Cure LTD),
which should be done according to the main physical and technical characteristics: wavelengths of radiation; radiation modes

26



®izuko-maTtemaTuuHa ocsita / Phisical and Mathematical Education Tom 38, Ne 4 / Vol. 38, No 4 (2023)
(continuous, pulsed, modulated); radiation power; frequency range for pulsed and modulated radiation; exposure time;
therapeutic effect, etc.

Particular attention should be paid to devices designed for the treatment of nasal congestion, allergic, acute, chronic,
neuro vegetative rhinitis Rhinolight (Newtone Technologies), MLS Laser Therapy (ASA Laser), LaserStim (LiteCure Medical),
BioFlex Laser Therapy Systems (Meditech International Inc. ), Healthy Nose (Bionase), "Lika-therapist M", "ATMOS-AntiNasmork".
A careful study of the instructions for these devices will allow you to understand that the treatment is quite typical - the light is
directed to the lower nasal conchas with the help of a nozzle. The power of the laser emitter in them varies from 5 mW to 50 mW,
and the irradiation time is from 2 to 15 minutes on both sides, depending on the specific treatment protocol. The therapeutic
effect is manifested in reducing inflammation, removing swelling of the mucous membrane, narrowing blood vessels, improving
microcirculation and blood circulation, improving detoxification ability, reducing pain, accelerating tissue regeneration, increasing
the anti-allergic ability of the mucous membrane, etc.

Some devices work only in the continuous mode of radiation, however, in numerous literary sources, for example
(Baxter, 1994; Tuner & Hode, 2002; Pantyo, 2009), the perspective of exposure to laser radiation in the pulsed mode is noted.
The pulse significantly reduces the thermal effect on biological tissues, and the correctly set spacing of the pulses allows you to
approach resonance effects. However, there are no recommendations for frequency selection during pulsed irradiation of the
lower nasal concha in the literature, which allows students to creatively approach the development of a model of a laser device.
Therefore, the proposed solutions can be the most diverse both in terms of hardware and software. For example, you can use
laser heads, laser modules with wavelength A = 650 nm, power <5 mW, <10 mW, or use a combination of two wavelengths
(among other parameters) to ensure optimal effect.

Students have to propose the parameters of the impulse operation of the device, write a sketch, evaluate the
advantages and disadvantages of the software code, identify issues that need to be refined, and present the project. The first
ideas are usually implemented using the digitalWrite and delay functions. Deeper knowledge of the programming language allows
you to use the millis function, loop operators, the if-else construction, and interrupts.

A solution with a variable frequency of pulses during irradiation, which reduces the adaptation processes of biological
tissues to a constant stimulus, deserves attention. The use of a bit matrix of laser states allows you to create cyclic irradiation
modes that periodically change each other. Table 1 shows an example of 12 cyclic laser modes. Here, 1 byte encodes 8 bits of
states that change sequentially in 1 second, that is, the minimum time for one state of the laser is 1/8 of a second. If the period
of change of each mode is set to, for example, 10 seconds, then the complete irradiation cycle will be 2 minutes.

Table 1
Bit matrix of laser states
Regime | A sequence of 8 bits Login "1" Logical "0" Logical "1" Logical "0"
(s) (s) (s) (s)
(based on 1 second)

1 11111111 1 - - -

2 00001111 0,5 0,5 - -

3 01110111 0,375 0,125 0,375 0,125

4 00110011 0,25 0,25 0,25 0,25

5 00010001 0,125 0,375 0,125 0,375

6 00000101 0,125 0,125 0,125 0,625

7 00011101 0,125 0,125 0,375 0,375

8 00000001 0,125 0,875 - -

9 11000011 0,25 0,5 0,25 -

10 11100111 0,375 0,25 0,375 -

11 11101111 0,5 0,125 0,375 -

12 01111111 0,875 0,125 - -

An example of a possible version of the code for the Arduino UNO board with processing of the bit matrix of the laser
states according to table 1 is given below.
#include <Wire.h>
#tinclude <LiquidCrystal_I2C.h>
byte modes[] = {
0B00000000,
0B11111111,
0B00001111,
0B01110111,
0B00110011,
0B00010001,
0B00000101,
0B00011101,
0B00000001,
0B11000011,
0B11100111,
0B11101111,
0B0O1111111
13

uint32_t ms, ms1 =0, ms2 =0;
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uint8_t blink_loop = 0;
uint8_t blink_mode = 0;
uint8_t modes_count = 0;
LiquidCrystal_I2C lcd(0x27, 16, 2);
const int potPin = AO;
int laserDuration = 0;
unsigned long startTime = 0;
const int buzzerPin=9;
void setup() {
pinMode(13, OUTPUT);
digitalWrite(13, LOW);
modes_count = 1;
blink_mode = modes[modes_count];
Icd.init();
Icd.backlight();
lcd.clear();
lcd.print("Laser Therapy");
pinMode(buzzerPin, OUTPUT);
}
void loop() {
ms = millis();
if((ms-ms1)>125 || ms<msl){
msl = ms;
if( blink_mode & 1 << (blink_loop & 0x07) ) digitalWrite(13, HIGH);
else digitalWrite(13, LOW);
blink_loop++;
}
if( (ms-ms2)>10000 | | ms <ms2 ){
ms2 = ms;
blink_mode = modes[modes_count++];
if( modes_count >= 12 ) modes_count = 1;
}
int potValue = analogRead(potPin);
laserDuration = map(potValue, 0, 1023, 120, 600);
if (digitalRead(13) == HIGH) {
if (startTime ==0) {
startTime = millis();
}
unsigned long elapsedTime = (millis() - startTime) / 1000;
Icd.setCursor(0, 1);
lcd.print("Time: ");
Icd.print(elapsedTime / 60);
lcd.print(" min ");
if (elapsedTime % 60 < 10) {
Icd.print("0");
}
Icd.print(elapsedTime % 60);
if (elapsedTime >= laserDuration) {
digitalWrite(13, LOW);
startTime = 0;
Icd.clear();
Icd.print("Laser Therapy");
tone(buzzerPin, 1000, 700);
}
}
delay(125);
1
This sketch controls the modes of the semiconductor laser, displays the exposure time on the liquid crystal display, and
emits a sound signal when the exposure time set by the potentiometer has expired. In general, the code consists of 9 main
elements:
1.Connection of libraries: Wire.h - for working with the 12C communication protocol, LiquidCrystal_I2C.h - for controlling
a character liquid crystal display via I12C.
2.Declaration of the modes[] array describing the bit matrix of laser states.
3. Initialize the Arduino board pins and objects, including the pins for the laser, display, and piezo emitter.
4. Implementation of the main loop() cycle.
. Control of laser operation modes in a cycle according to the bit matrix of states defined by the modes[] array.
6. Reading the value of the potentiometer to determine the duration of exposure.
7. Display exposure time in minutes and seconds.
8. Checking the condition of reaching the duration of irradiation and turning off the laser, resetting the time, and
updating the relevant information on the display.
9. Delay stabilizing display.

[€,]
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The electrical circuit uses a semiconductor laser connected to pin 13 of the Arduino UNO board, a character liquid
crystal display 1602 connected via I2C to pins A4 and A5 of the Arduino UNO board, a potentiometer connected to analog input
A0 of the Arduino UNO board, a piezoelectric emitter, connected to pin 9 of the Arduino board. Fig. 1 shows a fragment of a
simulation model of a physiotherapy device, its operation can be checked in the Tinkercad Circuits environment using the web
call: https://www.tinkercad.com/things/IFGmWBOMeyv?sharecode=3JdwxSJU-rgyzuxGwGCGOGn8MShV6Ya72Tz-QdpgVRc.

Laser Therary
Time: 1 min 13

Fig. 1. Simulation modeling of the created physiotherapeutic device in the Tinkercad Circuits environment
(for the simulation, a red LED was used instead of a semiconductor laser with A = 650 nm)

The considered project was implemented as part of the integrated course "Natural Sciences" at the Serhii Prokofiev
Severodonetsk professional art College, which is taught according to the program recommended by the Ministry of Education
and Science of Ukraine for general secondary education institutions (author team led by V.R. lichenko). The specified educational
program allows the implementation of projects in accordance with the material base of the educational institution.

CONCLUSIONS AND PERSPECTIVES FOR A FURTHER RESEARCH

The practical experience of using the project method in STEM education has shown that it allows students to actively
investigate a real problem, apply the acquired knowledge in practice, and develop cooperation, communication, and critical
thinking skills.

Implementation of the project contributes to the combination of various types of activities, such as cognitive, creative,
practical, and research, as well as the development of thinking skills, motivation, and responsibility for one's activities.

The project method in STEM education is an effective tool for developing and improving students' professional
competencies and preparing them for modern challenges in the field of science, technology, engineering, and mathematics.
Implementing the project method makes it possible to provide high-quality training for specialists in natural sciences who can
effectively apply their knowledge and skills in practical situations and contribute to the further development of STEM fields in
Ukraine.

We considered an example of a project involving the development of a physiotherapeutic laser device for the treatment
of rhinitis. The connection between the development of this project and the teaching methodology is based on several provisions.
When creating a physiotherapeutic device, students use the principles of engineering art, and information technology. They
create models, conduct simulations and solve practical problems based on scientific principles. It is these principles that are the
basis of STEM education, which encourages students to actively research, make, and use the acquired knowledge. The successful
development of a physiotherapeutic laser device also requires knowledge of natural sciences and mathematics, which are
components of STEM education. The project method involves the application of a complex approach and taking into account the
philosophy of various fields of knowledge, which allows for the integration of research, natural, technological, and medical
aspects to achieve the set goal.

We believe that the project method creates powerful prerequisites for improving the teaching methods of STEM
disciplines. At the same time, the large-scale development of STEM education in Ukraine requires specialists with scientific and
pedagogical training who have deep multidisciplinary knowledge. A possible direction of research is the study and analysis of
foreign methods of teaching STEM disciplines and the development of a model for the formation of the readiness of Ukrainian
pedagogical staff to apply the project method in STEM education. This may include such aspects as the preparation of teachers
to use the project method, the development of integrated educational materials and practical tasks, and the creation of a
favorable educational environment.
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ABSTRACT

Y cmammi asemop po3enadae eaxicausicme 8uUB4YEHHA enemeHmie
¢opmyneHoi 2eomempii 8 npoyeci Mamemamuy4Hoi ocgimu ma nponoHye
opuziHaneHi Memoou po36’a3y8aHHA KAACUYHUX MA ae8mopCbKux 3a0ay,
wo nobydosaHi Ha Hosux, He 8i0OMuUX 00 Ub020 4acCy 3AnEeHHOCMAX;
3HalioMume 3 asmMopcbKo hopmynoro-mpitiyero.

®PopmyniosaHHa npobaemu. Y cy4acHoMy WKineHomy Kypci eeomempii
0na cepedHbOi ma cmapwoi WKoAU pakmuy4Ho 8idcymHi gidomocmi npo
enemeHmu  popmynbHoi  eeomempii.  XUBHUM  yAe/neHHAM  OeAaKux
mamemamukie, AKi He manu 0oceidy euknadaHHs, 6yna mesa, wo 8
KaacuyHili 2eomempii Kinbkicme opmyn mae 6ymu MiHiManbHo, a
esnleMeHmMapHi mpu2oHoMempuYHi hyHKYii noeHicmio 8idkudanucs. AHani3
cydacHux OocnidxeHb ma ocobucmuli doceid pobomu nepekoHaAU8o
00800aMb HedocmosipHicmb makoi mo3uyii.

Mamepianu i memodu. [lpogedeHo cucmemHul aHAI3 HAYKOBUX
Oxcepen w000 HAABHOI iHoOpMauyii cmocoBHO meopemuyHUX MOHAMbL Ma
MPAKMUYHUX MoXcau8ocmeli 3acmocysaHHsA hopmynbHoi eeomempii. Y xo0i
nidcomosku cmammi 6yau 8ukopucmadi maki mMemodu ma 3acobu
00Cni0eHHA: NOPIBHANbHUU AHAANI3 MEOPEeMUYHUX MONOHEHb, PO3KPUMUX Y
HayKogili ma Has4anbHO-MemoduyHil nimepamypi; MamemamuyHul aHani3
ma mamemamuy4Ha 7102iKa; CriocmepexeHHa 30 HABYAsIbHO-8UXOBHUM
npoyecom yyHie 3aknadie 3aeanbHoi cepedHboi ocsimu.

Pe3syabmamu. Y pe3ynemami 0ocnionceHHa b6yano cucmemamu308aHo
nidxio 0o cnocobie pPo38’A3y8aAHHA 2eoMempPUYHUX 3a0a4 3a A0MNOMO20H0
¢opmyn. Poskpumo ocobausocmi 3acmysaHHsA popmynbHo2o memody 6o
pO38°A3yB8AHHA  BeAUKOI  KibKOCMIi  KAGCUYHUX ma  a8MOPCbKUX
2eomempuy4HUX 3a0a4  pi3Ho20 cmyneHlo  cknadHocmi.  OCHOBHI
pesynemamu  00CNIOHEHHA OMPUMAHI 3 BUKOPUCMAHHAM Memodie
gopmyneHoi 2eomempii. Pe3yasmamu pobomu 6yau anpobosaHi y
Haykosili wkoni KywHipa I.A. «<Kpauwja asmopceka 3adaqa 3 2eomempiin, y
Kuiscokomy  yHisepcumemi imeHi bopuca [piHyeHKa, a makoxc
MPOMOHYIOMbCA YYHAM Mpu Nid2omosyi 00 01iMniad 3 Mamemamuku.

BucHOBKuU. P038'A3y8aHHA 2e0MemMPUYHUX 3a0a4Y  HOPMYAbHUM
crnocobom cymmeeo 3MeHWwye po3mip 0oeedeHHs. BUKOpUCMAHHSA
dopmyn, enacmusocmeli 2eoMempuyHux hicyp ma  anzopummis
dornomazae CKOHYEeHmMpPys8amucs Ha OCHOBHUX i0eAx 3a0ayi ma sukoHamu
PO3PaXyHKU weudwe ma egekmusHiwe. Po38'A3y8aHHA 2e0MempuYHUX
3a0a4 popMynbHUM CIOCOBOM MAE MAKOX 8aXAUBY eMOyiliHy cKnadosy
0na wkonApis, wo eusyarome mamemamuky. Llel nioxid cnpuse
CMBOPEeHHI0 Mo4ymms 8reeHeHOCMi y B8/ACHUX 3HAHHAX. PayioHanbHe
BUKOPUCMAHHA (hOpMyn ma an20pummie y po3e'aAsaHHi 2eomempuyHux
300aY CrIOHYKAE Y4YHi8 00 M102i4H020 MUC/EHHA Ma PO3YMiHHSA 38'A3Ki6 MiKC
pi3HUMU 2eomempuyHUMU 06'ekmamu. Kpim moeo, ycniwHe po3e'a3y8aHHsA
30004 cmumys0€e no3umusHi emoyii, maki Ak padicme 8i0 docAzHeHHs
pesysnemamy i 3a0080s1eHHA 8i0 8/10CHOI KOMIemeHmMHocmi.

This article explores the importance of studying elements of formulaic
geometry in the process of mathematical education and proposes original
methods for solving classical and authorial problems based on new,
previously unknown dependencies. The author introduces the author's triple
formula.

Formulation of the problem. The modern school curriculum for middle
and high school geometry lacks information about elements of formulaic
geometry. Some mathematicians, who lacked teaching experience,
mistakenly believed that the number of formulas in classical geometry
should be minimal, and elementary trigonometric functions were
completely discarded. Analysis of current research and personal experience
convincingly prove the unreliability of such a position.

Materials and methods. A systematic analysis of scientific sources
regarding the available information on theoretical concepts and practical
applications of formulaic geometry was conducted. The following research
methods and tools were used in preparing the article: comparative analysis
of theoretical positions disclosed in scientific and educational literature,
mathematical analysis and mathematical logic, observations of the
educational process of general secondary education students.

Results. The research resulted in the systematization of approaches to
solving geometric problems using formulas. The peculiarities of applying the
formulaic method to solve a large number of classical and authorial
geometric problems of varying complexity were revealed. The main
research results were obtained using the methods of formulaic geometry.
The findings were tested in the scientific school of I.A. Kushnir's "Best
Authorial Problem in Geometry" at Borys Grinchenko Kyiv University and are
also recommended to students preparing for mathematics Olympiads.

Conclusions. Solving geometric problems using the formulaic approach
significantly reduces the size of the proof. The use of formulas, properties of
geometric figures, and algorithms helps focus on the main ideas of the
problem and perform calculations faster and more efficiently. Solving
geometric problems using the formulaic approach also has an important
emotional component for students studying mathematics. This approach
contributes to building confidence in their knowledge. Rational use of
formulas and algorithms in solving geometric problems encourages
students' logical thinking and understanding of the connections between
different geometric objects. Additionally, successful problem solving
stimulates positive emotions such as joy in achieving results and satisfaction
from one's own competence.

K/ItOHOBI CJ/IOBA: ¢opmyneHa eeomempis; @opmyna-mpiliys;
pigHogenuKicmb; 2eomempuyHi onimniadHi 3adayi; anzebpa 8 ceomempii.

KEYWORDS: formulaic geometry; trinity formula; equisize; geometric
Olympiad problems; algebra in geometry.
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OAHMM i3 HaWBaXK/NMBILLUMX acMeKTiB, AKMI CNig, BPaxoBYBaTW, € yBara A0 YYHIB, AKi MaloTb Ba)KaHHA HaB4yaTUCA
MaTeMaTUKN. BaxknnBo He 0bMeXKyBaTUCA TiZIbKKM olimNiagHMMM "Biiuammn", OCKINbKM iX KiNIbKICTb HEBE/IMKA, ale TaKOXK BUABNATU
iHTEpec [0 TUX YYHIB, AKi OTPMMYIOTb HAayKOBE 3aZ0BONEHHSA Bifg, BUBYEHHA MaTeMATUKK. 3 L€l TOUKM 30py, 0c06MBO BapTO
3BEPHYTU yBary Ha reoMeTpilo, OCKi/IbKM BOHA BO/IOAIE YHIKA/JIbHUM MOEAHAHHAM OOCTYMHOCTI Ta emouiiHocTi. MpoTe, HaBiTb
BYMTENI, AKI NAIQHO Ta i3 3340BONIEHHAM HaBYalOTb FEOMETPIi, MPUNYCKaOTLCA HaraTopiuHOi NOMUAKN — HEXTYBAaHHAM METOL,0M
3acTOCyBaHHA anrebpu y reomeTpii, a came — Gopmy/IbHOKO reomeTpieto. BinbLUicTb BUMTENIB OMUHAIOTDL Liel cnocib po3s’a3yBaHb
HaBiTb NPW POBOTi i3 CUBHUMM YHUHAMM Ta 3 MATEPIaNIOM, e 3aCTOCYBaHHA GOPMYIbHOTO cnocoby pPo3B'A3yBaHHA FrEOMETPUYHNUX
33434 € NPUPOAHIM.

Y faHiit poboTi NponoHyeTbCA KoHLenuia popmMmyBaHHA NOHATL GOpPMYNbHOT reoMeTpii cepes, y4HiB 3aranbHoi cepeHboi
OCBITM LINAXOM 33CTOCYBaHHA aBTOPCbKOI popmynun-Tpinui. Lien nigxia pekomeHAYeTbCA BUKOPUCTOBYBATM Ha YPOKax reomeTpii,
niZ, Yac NiAroToBKM 4,0 oniMmniag, i B No3akaacHii poboTi 3 MaTeMaTUKM.

AHani3 aKTyanbHUX AOCAIAKEHb. XUOHUM YABNEHHAM AEAKUX MaTEMATUKIB, AKi He Manu A0CBigYy BUKNagaHHA, byna
Tesa, WO B KAACUYHIN reoMeTpil KiNbKicTb popmyn mae 6yTh MiHIManbHO, a eleMeHTapHI TPUTOHOMETPUYHI GYHKLT MOBHICTIO
BigKMganuca. AHani3 cydacHUX A0CNiAXKeHb Ta 0cObUCTUIA A0CBiA PO6OTU NEPEKOHNNBO A0BOAATL HEA0CTOBIPHICTb TaKOi NO3MLl.

OAHMM 3 Neplnx MaTEMATHKIB, XTO BUAINMB NOHATTA, AKI 43X NOLWTOBX A1A PO3BUTKY GOPMYybHOI reomeTpii, bys
®ypceHKo B. b. Y 1937 pou,i B )KypHani "MaTtemaTuka B wkoAi" Ne5 ta Ne6 6yna onybiikoBaHa Moro 3HakoBa cTaTTs npo nobyaosy
TPUKYTHUKA 32 TPbOMA eleMeHTamK. Y Ll cTaTTi aBTOp po3TallyBaB yci 3aayi Ha NobyA0BY TPUKYTHUKA B IeKCUKorpadiyHoMy
nopAAKy, BUPILWMB YCi 3a4a4i, AKi MalOTb PO3B'A30K Ta Nepepaxysas YCi 3a4a4i, AKi He MatoTb PO3B'A3KY, HABOAAYM B YCiX BUNaAKaxX
YMOBW, NpWU AKUX PO3B'A30K MOCTABNEHOI 33a4a4i MOXAUBUI, NpU UbOMYy NMoHag 70% 3aaay Bnepwe 6yan npeactaBfieHi Ha
po3rnag yntaya.

Matematmkamum FotmaH E.I Ta Ckoneup 3.A. (1979) 6yB BMAaHUI 36ipHMK 3 AOKAA4HMMU BKa3iBKAMM Ta KOMEHTapAMM,
ne 6ynu npeacTaBieHi reoMeTpUYHI 3a4a4i, po3B'A3aHHA AKMX 6a3yeTbCA HA 3aCTOCYBAHHI aHANITUYHUX METOZIB. 3anNpPOonNOHOBaHiI
aBTOpPaMM 3aZadi AE€MOHCTPYBA/IM EQHICTb reOMeTpil, anrebpu i MaTemMaTUYHOro aHanisy.

Y neparoriyHii NpakTULi BiAOMI We 3a4ayi Ha BiAHOBNEHHA TPUKYTHMKA 33 TPbOMaA 334aHMMM Toukamu. Y 1982 poui
Binbam BepHuK y cBoili cTaTtTi "Triangle Constructions with Three Located Points (MobyaoBa TPMKYTHUKIB 3a TPbOMa 3a4aHUMM
Toykammn)" Tak camo, fK i B. b. ®ypceHko B 1937 pou,i, cknaB nekcukorpadiuyHuiA CNMCOK 3a4a4 Ha BigHOBNEHHA TPUKYTHUKA. Ocb
BMOPaHi HUM HaMNONyNAPHiWi TOYKN reoMeTpii TPUKYTHUKaA:

A, B, C, O — BepLUMHM TPUKYTHMKA Ta LEHTP ONMCAHOIOo KONa;

M,, Mp, M, G — cepeanHu CTOPiH TPMKYTHUKA Ta LLEHTP Mac;

Ha, Hp, He, H — OCHOBM BMCOT TPUKYTHUKA Ta OPTOLLEHTP;

Ta, Tb, Te, | — OCHOBM BiceKTPUC TPUKYTHMKA Ta LLEHTP BNUCAHOTO Kona.

Micna uboro BiH CK/IaB CNUCOK, KU HA3MBAETLCA CNUCOK BepHuKa, B skomy 3 139 npuHUMNOBO BiAMIHHUX 3afay
NleKCMKorpadiyHoro cnMcky MatoTb pPo3B'A30K TPoxu binblie NonoBuMHM — 72 3apadi. 3agadi 3i cnucky BepHuKa po cux nip
3HAX04ATb CBOI PO3B’A3KM.

YKpaiHCbKMit maTemaTuK-meToamncT bess I. M. (2009) 3BiB y cucTemy HaMBILOMILI M HaMBaXKAMBILI GaKTK i3 cyvacHOI
reoMeTpii TPMKYTHUKA i BUKNAB iX JOCTYNHO HaBiTb A/1A YYHIB 3aKNaLiB 3ara/ibHOi cepeHbOi OCBITH.

BuHaxifHMKOM popMybHOT reomeTpii B TOMY BUFNAAI, AK BOHA iCHYE 3apas, € BUAATHUI YKPATHCbKUIA Neaaror-HoBaTop
KywHip LA, HoBomy po3giny reomeTpii HayKoBeLb NPUCBATUB AeKinbKka 36ipHMKiB (1991, 1994, 2003) Ta 3anponoHyBaB A0
po3rnagy reomeTpuyHi opmynu, Wo He BBINLWAM A0 WKINbHWUX NigpydHMKiB (2002). ABTOPY TaKOXK BAANOCA 3HAWUTH iHLWI pilleHHA
LeAKNX 3aBAaHb 3i CNUCKY BepHUKa i NPOA0BXNUTY Liei cnUcoK cnnckom KywHipa (2019).

MerTolo CTaTTi € 3HaMOMCTBO YMTaYiB 3 aBTOPCbKOIO GOPMYJIOO-TRINLEIO Ta EMOHCTPALLA 0cOBIMBOCTEN 3aCTOCYBAHHA
dopmynbHOro metoay 4,0 pO3B’A3yBAHHA BE/IMKOI KiJIbKOCTi KTACUYHMX Ta aBTOPCbKUX FEOMETPUYHMX 3a4au.

METOAU AOCNIAXKEHHA

Y xopai nigrotoBKu cTaTTi 6y BUKOPUCTAHI Taki MeToAM Ta 3aC06M JOCNIAKEHHS: NOPIBHANBHUIA aHani3 TEOPETUYHUX
NoO/IOXKEHb, PO3KPUTUX Yy HAYKOBIM Ta HaBYa/IbHO-METOAMYHIN NiTepaTypi; MaTeMaTUYHUI aHani3 Ta MaTeMaTuMyHa /oriKa;
CNOCTEePEXKEeHHA 33 HaBYa/NIbHO-BUXOBHUM MpoLecom 3406yBayiB 3aranbHoOi cepeaHboi OCBiTU. MNpoBeaeHO CUCTEMHUIA aHani3
HayKOBMX AKepes LOoAO HAABHOI iHGOopmaLii CTOCOBHO TEOPETUYHMX MOHATb Ta NPAKTUYHUX MOMKIMBOCTEN 3acTOCYBaHHA
GOopMyNbHOI reomeTpii.

PE3Y/IbTATU AOCNIAXKEHHA

Y poboTi HaBeAEeHO KOHKPETHI MPUKNaAM BUKOPUCTaHHA GOPMYbHOT reomeTpii Ha
YPOKax y cepepHiii Ta cTapuwiit wkoi. MpointocTpoBaHO KOHKPeTHi 3agadi 3 reometpii, B
npoueci po3s’A3Ky AKMX Li MeToau Ta GOpMy/an MOXKHA YCMiWHO BMKOpucTOoByBaTH. Ha
BiAMiHY Big meTopfiB, AKi peKomeHAylTb MiAPYYHUKKM, MPOMOHYHOTLCA HOBI OPUTiHANbHI
po3B'A3KM, AKI A0 LbOro Yacy He nybnikyBanucA. PeKOmMeHAOBaHMMU MeTOAaMM MOXKHA I
po3B'A3yBaTM 3a4a4i Pi3HOro PiBHA. 7

Ti, XTO UiKaBNATbCA reomeTpieto, 3Haliomi 3 Toukoro W; (i = 1,2, 3) — cepeamHoto C | B
OyrY Kona, onmcaHoro HaBkoso TpukyTHMKa ABC (puc. 1). "L

JomoBrmoca Npo NO3HaYeHHA:

O — ueHTp onucaHoro Kona,

R — pagiyc onucaHoro kona, I

[ — ueHTp BNUcaHoro Kona,

I — pagjyc BMMCAHOro Kona,

1, — 6icektpuca kyta BAC (1, = AL,)

puc. 1
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AH; —Bucota h, TpukyTHMKa ABC
a,b,c—croponun BC, AC, AB
3BepTaemo yBary Ha «popMysibHE KOI0», 33 AONOMOroto AKOro byae ofep:KaHo fAeKisibKa Teopem i HOBUX Gopmy.
Chopmyntoemo i foBefemMO nepLly YacTuHy GopMyAn-TpiliLi:
bc = AW, 1, (1)
3actocyemo dopmyny bpaxmaryntn bc = 2R - h, (y wkoni BoHa gosoannacsa we y 36ipHUKy 3agay Pubkina (1956))
Mo3Haummo £L;AH; aky.
ha

Maemo: bc = 2R - h, %Y 360 bc = 2R - cosy - = AW, - 1, (TpurytHuka ADW; i AL{H,).

cosy cosy
3 camoi Gopmyn MOXKHa BUBECTM, TaK 3BaHy, popmyny JlarpaHia: la2 =bc—b;c; (c; =BL;, by =CLy).
JosedeHHs. Maemo:  bc = AW;l, = (I, + LiWl, = 1,2 + L,L, W, abo 4
1,2 = bc — bycy, 60 byc; = LW - 1, (K 4oBYTOK BigpisKiB xopa).
[oBenemo apyry 4acTuHy popmynu-Tpinui:
@
ae 1, — ueHTp 30BHIBNUCaHOrO Kona (puc. 2)
Ockinbku 1, = AW; — LW,
Tobc = AW, -1, = AW, - (AW, — L;W,) = (AW,)2 — AW, - L, W;.
3 nogibHocTi TpukyTHMKiB AW; C i CW;L; sunausae, wo
AW, - L;W; = (CW;)? = (IW;)? (teopema-Tpusy6). s
h

Omxe, bc = AW, 2 — IW,% = (AW, — IW,) - (AW; + IW;) = Al - Al,.
OTxe, bopMyna-Tpiliua mae BUrnag,
[bc = AW, -1, = Al - Al |

abo

S = %AWlla sinA = %AI -Al, sinA (*) —

3agaua 1. flosectu, wo S =r - p_(S — nnowa TpukytHMKa ABC, p — nisnepumetp
TpuKyTHUKa ABC).
JosederHs. Maemo: bc = Al - Al %bc -sinzA = %AI - Al - sin 2A;
ZA
A A’ '
Ockinbku Al - cos— =p, Al- sin; =r,T0S=r"p.
3apaua 2. flosectn, wo S = ry(p — a).

. . . LA LA
JlosedeHHs. [loBeAeHHa aHanoriyHe 3agayi 1, Bpaxosytouu, wo Al - Sin— =r,; Al- cos—=p-—a.

%bc-sinLA =Al- Al,- sin%-cos

abc

3apgayva 3. flosectn, Wwo S = R
JlosedeHHs. Maemo: abc = a - Al - Al, = 2R(sinA - bc) = 2R 2S = 4SR, 38igakn S = %.
3agaua 4. [losect, Wwo S = %Ulela_(Ul i U, — mpoekiii Touku W; Ha ctopoHu AC i AB).
/JlosedeHHs. Byaemo 3MiHIOBAaTU NONOXKEHHA MHOXHUKIB y popmyni (*)

S =AW, -sinA-l,

PosrnaHemo mHOXHUK AW] - sin A.

HaBKkono yotnpukyTHuka AU; W, U, onnwemo Kono (puc. 3).
Topi, AW; - sin A = U;U,, oT)Ke OTPUMAEMO HOBY, ABOKOMMNOHEHTHY dopmyny naoui S.

1
S=5U;Uz 1

Popmyna BUKANKAE BaxKaHHA [0BECTU PiBHOBEAUKICTb YOTUPUKYTHMKA AU; W, U, i TpukyTHMKa ABC. [ificHO, Y YOTUPUKYTHUKA
AU; W, U, i TpukyTHMKa ABC cninbHa YactrHa —4oTupukyTHUK ABL,U; (puc. 4).

puc. 3

Bucotu, wo nposegeHi 3 Toukm W; Ha npami AB i AC, piBHi.
3anuwaetbea gosectu, wo U,B = U, C.
Ane, TpukyTHukn W; BU, i W; CU; pisHi, ockinbkn, W;B = W, Ci W, U; = W, U, .
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Omke, U,B = U, Ci tpukytHunku L;BU, i L; U, C — piBHOBeAUKiI, W0 [OBOANTL TBEPAMKEHHA 3aavi.
Mokarkemo, AK 3acTocyBaHHA GOPMYAN-TPIlLL NOPOAKYE HOBY aBTOPCbKY 3a4a4y.
3agaua 5.1. flosectn popmyny S = %K2K3Ala_(K2 i K3 — TOuKM OTMKY BIMCAHOTO Y TPMKYTHUK Kona ao ctopid AC i AB).
JosedeHHs. HaBkono YotupurytHuka AK,IK; onuwemo kono (puc. 5).
Maemo: K,K3; = Al - sin A.
Kopuctyemoca popmynoto-Tpiineto bc = Al - Al,.
Tomy, —bc-sinZA =2Al- Al, sin ZA;
S = Alsin ZA- Al, a60 S = ~K,K3Al,.
3agaua 5.2. [loBectu piBHoBeNMKicTb TpUKyTHMKA ABC i yotnpmkyTHuka AK,1,K; .
JosedeHHs. Ockinbkun y TpukyTHUKa ABC i yotnpukytHuka AK, 1, K3 n’atukytink AK,F;F, K3 — cninbHuii (puc. 6), To
A0BeAeMO, WO Sck,r, T SBK,F, = SE, F,l,-

O6rpyHTyBaHHA: ACK,K; — piBHObegpeHui, kytn npu ocHosi £CK,K; = 2CK K, = 90° —

¢2C
2

Touka K; — TouKa foTMKy BNncaHoro Kona 3i ctopoxoto BC.
+C

CI, — 308HilWHA bicekTpuca kyta C, Tomy £F;CI, = 90° — -

Ockinbkn £CK,K3 = 90° — g = £I,CKy, To KoKy I [;C 1 yotnpukyThuk KK I,C — Tpaneuis, omke Sck,r, = Sk, k,1,-
AHanoriyHo goBoamnTbCA piBHOBENUKiICTb TPMKYTHUKIB BK3F, Ta Ky F5 1, 3 Tpaneuii K; K3 BI,.

Omxe, Sck,F, + SBK,F, = SE,F,I,-

JoseaeHo.

C B

puc. 5 puc. 6

1 . .
3agayva 6. losectn dopmyny S = ;Tsz Al (T,, T3 — TOYKM AOTUKY 30BHIBMMCAHOTO KONa 3 NPOAOBKEHHAM CTOPIH

AC i AB tpukyTHuka ABC).
[oBeaeHHs igeHTUYHe 3a4aui 5.

HackinbKn cMAbHO BUKOPUCTAHHA GOPMYNbHOTO METOAY CNPOLLYE i CKOPOUYE PO3B’A3YBaHHA 333y, MOXHa 3pO3yMiTh
Ha MPUKNaAi 3anponoHOBaHOI HUXKYe ofliMniaAHOi 3aaadi. [aHy 3afayy MOXKHa AyKe WBMAKO PO3B’A3aTM 3a AOMNOMOroH
dopmynun-Tpinui, cnpobyiiTe.

3agaua l. A. KywHipa (XVIII MixkHapogHa Onimniaga, Kyb6a, 1987 pik). MpoaosxeHHs bicekTpucn AL, TpuKyTHMKa ABC
nepeTMHae onucaHe Kono y Touui W;. 3 Toukmn L; Ha ctoponn AB i AC BignosigHo onyweHo nepneHgukynapu LN i LiM.
[Josectu, wo nnowwa yotmpukytHuka ANW; M popisHioe naouwi TpukyTHmMKa ABC.

BUCHOBKUM TA NEPCNEKTUBU NOAANBLUOIO AOCNIAKEHHA

Po3B'A3yBaHHA reomeTpuyHMX 33834 GOPMY/SIbHUM CNOCOBOM MAE BaXKAMBY EMOLLIMHY CKAAZoBY A/1A LWKONAPIB, LLO
BMBYAIOTb MaTeMaTHKYy. Liel niaxig cnpusae cTBOPeHHIO NOYyTTA BNEBHEHOCTI Y BACHMX 3HAHHAX Ta HAaBUYKaX y4YHiB. PauioHanbHe
BMKOPUCTaHHA GOpMyn Ta anropuTtmiB y Po3B'A3yBaHHI reOMETPUYHMX 33fay CMOHYKAE YYHIB A0 /IOFYHOrO MWCNEHHA Ta
PO3YMiHHA 3B'A3KIB MiX Pi3HUMM reomeTpuYHMMK 06'ekTamm. Kpim Toro, ycniwHe po3B'a3yBaHHA 334a4 CTUMY/IOE NO3UTUBHI
emouji, TaKki AK pagicTb Bif AOCATHEHHA pe3ynbTaTy i 3a40BONIEHHA Big, BAACHOI KOMNETEHTHOCTI. Takuii niaxig [0 BMBYEHHSA
reomeTpii He NnLIe CNPUAE PO3BUTKY MAaTEMATUYHUX HABUYOK, afie i1 BUXOBYE CAMOAMUCLMNIHY, CUCTEMATUYHICTb Ta BNEBHEHICTb
Y BJIACHUX 34,i6HOCTAX YYHiB.

Po3B'A3yBaHHA reoMeTpuYHUX 33da4y GOpPMy/NbHUM CMOCOBOM TaKOXK CYTTEBO 3MEHLUYE PO3MIp [AOBEAEHHA.
BukopucTaHHA popmyn, BAACTUBOCTEN reOMETPUYHUX diryp Ta anropuTMiB A4OMNOMAra€ y4HAM CKOHLLEHTPYBATUCb Ha OCHOBHMUX
ineax 3agadvi Ta BUKOHATU PO3paxyHKWU WBMAWe Ta edeKTUBHIle. 3ocepesKeHnit Ta TOUHMI NigXid A0 BUPILIEHHA 33jay 3
BUKOPUCTaHHAM POopMy, AO3BONAE YYHAM YHUKHYTU HENOTPIGHOrO NOBTOPEHHA PO3PaxyHKiB Ta AeTanew, Wo 3aimatoTb barato
yacy i TUM CaMMM 3HAYHO 3MeHWUTN ob6cAar po3B'A3Ky. Takum YnHom, GopMynbHUI Niaxig 36inblye eGeKTUBHICTb Ta TOYHICTb
pO3B'A3aHHA rEOMETPUYHMX 3334, O4HOYACHO 3MEHLLYIOYM PO3MIP A0BEAEHHS.

Moaanblwi focniaKeHHA Ta po3pobKa HOBUX NPUIMOMIB Ta GOPMYN MatoTb Ha MeTi MiABULLMTU AKICTb MaTeMATUYHOI
OCBiTM Ta 3a6e3NeYnTn yuyHAM HaBMYKM, HEOOXiAHI ANs yCNilWHOI NoAa blLOT HaBYaHHSA Ta NpodeciMHOro po3BuTKY. BianosigHui
maTepian MoxKe byTM NpeaMeTOM YYHIBCbKUX AOCNIAXKEHDb Ta TBOPUYMX POBIT 3 reomeTpii.
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AHOTAUIA

ABSTRACT

Po3pobneHa memoduka ma 00CaiOHA YyCMAaHOoBKa 015 MPO8EOeHHSA
n1a6opamopHoi pobomu 3 gi3uKu, AKA BUKOPUCMOBYE eseKMPOHHI mepe3u
01 8U3HAYEHHA PYHKUIOHAALHOI 3a1e#HOCMI cunu 83aemodii Mix dsoma
nocmiliHuMu  Ma2Himamu, MiX MazHimom i gepomazHemuxkom 8id
8i0CMaHI MiX¢C HUMU, @ MAKOX MazHimHoi cnpuliHamausocmi napa-, dia-
ma pepomazHemukis.

®opmyniosanHsa npobaemu. Ob64uUCAUMU 8eAUYUHY MA2HIMHOI IHOYKyil
nocmiliHo2zo maeHima Ha OesKili 8idcmaHi, BUKopucmMosy4U 3aKoH bio-
Casapa-/lannaca, € 0yxe cKAAOHUM 3080aHHAM 0718 cmydeHmie 8cmymnHuUX
Kypcie. AK Mokasaau onumyeaHHsA, cmydeHmu malixe odHocmaliHo
88axcaromo, wo cusna  83aemolii  mix  0soma  MazHimamu
0bepHeHOK8AOPaMUYHO 3anexums 8i0 8i0cmaHi mix HUMuU. Tomy mineKu
eKkcrepumeHm 0de 3moay cmydeHmam-no4amkieyam damu 8idnoeide Ha
ye numaHHA. [lpobnemoli 0na cmydeHmis 8e makox cnpoba
Kaacugikygamu  mamepianu 30  03HAKOK  Ma2HIMHA-HemMazHImHa.
ExcnepumeHmansHe  8UMIPHOBAHHA  MazHImHOI  cnpuliHamausocmi
pe4osuH 003801UMb CMydeHmMam 3pobumu npasinbHUli BUCHOBOK, W0 8Ci
mMamepianu HaMazHivyomsca.

Mamepianu i memodu. Aemopamu 6yna po3pobaeHa sumiprosasnbHa
cxema ma 00CnAiOHUYbKA YCMaHoBKa, AKa nepedbavana moxcaugicme ii
8i0meopeHHA cmydeHmamu nid 4Yac oOucmayiliHo2o HABYAHHA. 3a
00rMomoz0t0 eseKMpPOHHUX 8a2i8 Ma HEOOUMOBUX Ma2Himie 8U3HAYAAUCA
dia- ma napamazHimHi enacmueocmi pi3HUX peyosuH, AKi 3ycmpiyatomeca
8 108CAKOEHHOMY cepedosulyi y4Hie.

Pesynemamu. OcHosHUM pe3ynbmamom pobomu € po3pobka
memodosnozii dogedeHHs o cmydeHmie mo2o ¢akmy, wo 3aKOHU, 3a
00MOMO2010 AKUX OMUCYIOMbCA MA2HIMHI noAa nocmiliHux mazHimie, He €
“0bepHeHOK8aOpPamMu4YHUMU”.

BucHosKu. EkcniepemeHmansHo mniomeepoxeHa obepHeHo KybiyHa
3anexcHicme MazHimHoI iHOYKuii 8i0 8idcmaHi; cuna e3aemodii mix dsoma
nocmiliHumu — mMaeHimamu  nponopyliHa r~* M  maeHimom i
epomazHemukom —r~7. BusHayeHo MazHIMHa crpuliHamausicme
hepomaeHemuka  (3ani3o0) xy =7, napamazHemuka  (GAOMIHIG)
xv = 13-107°, diamazHemuka (soda) yy = —4,4 - 107°.

A technique and experimental setup was developed for conducting
laboratory work in physics, which uses electronic scales to determine the
functional dependence of the force of interaction between two permanent
magnets, between a magnet and a ferromagnet depending on the distance
between them, as well as the magnetic susceptibility of para-, dia- and
ferromagnets.

Formulation of the problem. Calculating the magnitude of the magnetic
induction of a permanent magnet at some distance using the Biot-Savart-
Laplace law is a very difficult task for students of introductory courses. As
polls have shown, students almost unanimously believe that the force of
interaction between two magnets depends inversely quadratic on the
distance between them. Therefore, only the experiment allows novice
students to answer this question. Attempting to classify materials according
to the magnetic-non-magnetic feature is also a problem for students.
Experimental measurement of the magnetic susceptibility of substances will
allow students to correctly conclude that all materials are magnetized.

Materials and methods. The authors developed a measurement scheme
and a research setup, which provided for the possibility of its reproduction
by students during distance learning. With the help of electronic scales and
neodymium magnets, the dia- and paramagnetic properties of various
substances found in the students' everyday environment were determined.

Results. The main result of the work is the development of a
methodology to demonstrate to students the fact that the laws used to
describe the magnetic fields of permanent magnets are not "inverse
quadratic".

Conclusions. The inverse cubic dependence of magnetic induction on
distance was experimentally confirmed; the force of interaction between
two permanent magnets is proportional to r~*, between a magnet and a
ferromagnet —r~". The magnetic susceptibility of ferromagnet (iron)
Xxv =7, paramagnet (aluminum) x, =13 -107°, diamagnet (water)
xv = —4,4 - 107° was determined.

K/IO4YOBI CJ/IOBA: MaeHimHa cnpuliHamausicme; napa, oia-

epomazHemuki; cuna 83aemodii; OucmaryiliHe Ha84aHHA.

ma

KEYWORDS: magnetic susceptibility; paramagnets, diamagnets and
ferromagnets; force of interaction; distance Learning.

BCTYN

NoctaHoBKa npo6aemu. MocTiliHi MarHiTM Bce LWKMpLIe 3aCTOCOBYIOTLCA Y HALWOMY NOBCAKAEHHOMY XKUTTI Ta baraTbox
npucTpoisax. MepLwunii A4OCBiA CTYAEHTIB 3 MarHeTU3MOM BiZlOYBA€ETbCA Came Yepes NOCTiNHI MarHiTM. TepMiH “MarHiTHI peqoBuHN”
ACOLLIKETBCA Y CTYAEHTIB BUKNOYHO 3 pepomarHeTukamu. Mixk TUM nepesarkHa binbluicTb enlemeHTiB Tabanui MeHaeneesa He €
depomarHiTHUMM, a BiAHOCATLCA A0 AiamarHeTuKiB abo napamarHeTukis. Mogin cTyaeHTamu-pisMKaMyu peyoBMH HA MarHiTHi i
HemarHiTHi € npobnemoto. Bci Tina HamarHivyoTbCa. Mo6aunTH Ue Ha BAACHI O4i MOYKHO NOMICTUBLUM “HEeMarHiTHi pe4oBMHU” B

3pewmy B., 3gewmy, A. BUMiptoBaHHA MarHiTHOI CNIpUAHATAMBOCTI PEYOBUH B YMOBAX AUCTAHLIMHOTO HaBYaHHA. Pi3uko-mamemamuy4Ha oceima, 2023. Tom 38.
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cunbHe MarHiTHe nosie. Tomy B Uii poboTi My po3B’3yemo npobiemy nepeodbTAKEHHA TEMM MarHeTM3Ma SBULLEM
bepomarHeTMamy, MPOMNOHYOYM METOAMKY i YCTAHOBKY (AAKY MOXE CTBOPUTU KOXKEH CTYAEHT NPU AUCTaHLiMHOMY HaBYaHHI) ans
BMMIiPIOBAHHA MarHiTHOT CNPUIHATAIMBOCTI Napa-, Aia- Ta GepoMarHeTuKiIB.

IHWa npobnema, AKa PO3rNALAETLCA Y LK CTATTI NOB’A3aHA 3 TUM, LLLO CTYAEHTU, AKi BUBYAIOTb €/IEKTPUKY Ta MAarHETU3M,
He OTPUMYIOTb BiZMNOBIAI HA MUTAHHA: AK 0BYMCAUTM BENIMYMHY MArHiTHOT iHAYKUiI B NOCTIMHOrO MarHitTa Ha AesKil BigcTaHi.
BUMPOBHMKOM HEOAMMOBMX MarHiTiB, AK XapaKTePUCTMKA, 3aABAAETLCA HE 3HAYEHHA B Ha “nostoci”, a BeAnYMHA CUAU 34enieHHA.
CTy4,eHTU CTUKAOTLCA 3 MArHiTHOK CU/I0H0, KOMIM M NOACHIOKTD Ti Aito Ha pyxomi 3apagu: abo y popmi cunm SlopeHua F,, wo aie
Ha OAMHWYHWI 3apag g, AKUI pyXaeTbCA 3i WBMAKICTIO U, abo cuam Amnepa dF, wo Aie Ha ApoTAHUI enemeHT d/, No sKomy Teve
cTpym [. Mpn UbOMY CTYAEHT HE MA€E YABNEHHSA, WO € AXKEPESIOM NOJIA MarHiTHOI iHAYKLii B NOCTIMHOro MarHity. 3 NOACHEHHSA:
“MarHiTHi B1acTUBOCTI PEYOBUH NOACHIOTLCA TUM, LLO Y MaclTabax aTOMIB €N1eKTPOHM i HYK/NIOHW MatloTb ABa TUMKU CTPYMIB:
opbiTanbHi, NOB’A3aHi 3 NepemileHHAM y NPOCTOPi LEHTPIB Baru LMX YacTUHOK, i CNiHOBI, MOB’A3aHi 3 BHYTPIWHIMK CTyNneHAMM
BiZIbHOCTI iXHbOro pyxy” (KyyepyK Ta iH., 2001) 3p03ymiTh CTyAeHTOBI CyTHiCTb B HEMOX/MBO. 3aKoH bio-CaBapa-/lannaca gae
3MOTy CK/J1aZHO, afie po3paxyBaTu iHAYKLiI0O MarHiTHUX MOAiB CTPyMiB. |HAYKLiIO MarHiTHUX MOANIB NOCTIMHMX MarHiTiB 3a lioro
[,0NOMOrOH0 HE PO3PaxoBYOTb, NPUHANMHI Ha NpaKTULi. CTyAeHTIB BMiNO HanpaBAAoTb Y BUBYEHHA MArHETU3MY, AKE PETE/IbHO
BMKKOYAE NOCTiHI MarHiTK (Saslow, 2022). Tomy B Uit poHOTIi MM HABOAMMO METOAMKY E€KCMEePUMEHTANbHOIO BM3HAYEHHSA
BE/IMYUHM MArHiTHOI iIHAYKLIT B 3 GYHKLIOHANbHOT 3a1€KHOCTi CUAN NPUTATaHHA NOCTIMHMX MarHiTiB, AKa cama no cobi € uikaBoto.

AHani3 aKTyanbHUX gochnig:KeHb. PoboTa, fiKa MICTUTb BiACYTHIM NOCIOHMK, HEOBXiAHWI ANA PO3YMiIHHA MOCTIMHUX
MarHiTiB, HaBeZieHa B *KypHani The Physics Teacher (Saslow, 2022). B cTaTTi Haa€TbCA iCTOPIA BUNYYEHHSA MOHATTSA NOIIOC MarHiTy
3 KypciB BUKNagaHHA i3k marHetmusmy. o 1950-x pokiB marHeTM3am marHiTiB 6yB YacTMHOM BCi€i OCBiTU i3uKiB; NOCTiIMHI
MarHiTU po3rnaganucs AK MarHiTHi NOMOCK, ane i3 3aCTeperKeHHAM, WO CNPaBXKHI MarHiTHi NositocK He cnocTepiranvca. Malixe
0eB’AHOCTO POKiB TOMY, 3310Bro A0 TOro, AK 3’ABUIUCA NEePEKOHANBI eKCNepuMeHTaNbHi 40Ka3W NPOTU MarHiTHMX NOAKOCIB, Ha
cTopiHkax The American Journal of Physics (Warburton, 1934; Webster, 1934) 6yB 3po6/1eHU1IA CKOOPANHOBAHWI Hanaz 3 MeTo
BMKJIIOYEHHA MArHiTHUX NOJIOCIB 3 HaBYabHOI Nporpamm ¢isnku. Hessaxkatoum Ha KOPUCHICTb NOOCHOrO Nigxoay, aTaka byna
ycniwHoto, i nontocn 6ynn 30e6inblworo BUKOYEHI 3 OCBITHBOTO NPOLECy, 38 BUHATKOM MPaKTUKIB MarHeTnusmy. 3 Lien ictopii
MOHO 3pO6UTU TaKWn BUCHOBOK: HEBPAxXyBaHHA MarHeTM3my MarHiTHMX MOJOCIB (3i BCiMa 3acTepexeHHAMM) no3basnse
cy4acHux ¢i3uKiB i BCiX CTyAEHTIB-NOYaTKIBLIB NPOCTOro i KOPMUCHOTO Nigxoay. BUKOPUCTOBYIOUM aHaANOTIiO «eIeKTPUUYHNI 3apAag,
— MarHiTHW NoAkC» i NepeTBOPEHHA NEeT/i CTPYMY B MarHiT cepef, iHLWOro JIerko BU3HAYa€ETbCA BEIMUMHA CUAU NIJNAOMY MarHiTy,
[AETLCA BiANOBIAb HA MUTAHHA: YOMY MarHiTM CTBOPIOIOTb HabaraTo Ginblui MarHiTHI NOASA, HiXK eNeKTpoMarHiTM 6e3 marHitTHoro
cepaeyHuKa i T.i. MontocHW Niaxig Mmae nepesary Hag, TPAAULIMHUM NiAXOA0M Y TOMY, LLO BiH € MaTEMATUYHO NPOCTILLMM i, OTXKE,
6iNblW NPUAATHUM AN MOYATKOBOrO KypCy — BiH FPYHTYETbCA HA QHANOTIT 3 eN1EKTPOCTAaTUKOID, HE BBOAAYM CKNALHY MAaTEMATUKY
BEKTOPHUX A0OYTKIB.

Came 3 ornsgy Ha BuULLe3a3HayeHy KoHuenuio y poborTi (Gayetsky, Caylor; 2007), BUSHAYaETLCA AK CUIA NPUTATAHHA MiXK
LBOMA MarHiTHUMU AUMNONAMMU 3a1EXUTb Bif, BiACTaHi MiXX HUMW. Po3rnsfaeTbca BUNaAoK, KOAM 0buasa ANNoi € NOCTIMHUMM
MarHitTamu, i BUNagokK, KoM OOMH i3 AMNoAIB iIHAYKOBAHMI Nonem iHWoro (NocTiMHoro) gunons. ABTOpU 3BepTaloTb yBary Ha Te,
WO 4Yepe3 MOLWMPEHICTb 3HaHb cepes LWKOAAPIB WOA0 OOEepHEeHO-KBaApPaTUUYHUX CUA  (TPaBITALiMHUX, NPYXKHUX,
€/1eKTPOCTaTUYHUNX) HEe ANBHO, L0 Y CTYAEHTIB 4acTo GOPMYIOTHCA HEMPABUbHI NPUMYLLEHHA WOAO 3a/eXHOCTIi CUAW B3aeMOl
OBOX MarHiTiB Bif BiACTaHi MiX HUMK. [uBHO, ane aBTopu pobiT (Lufburrow, 1963; Romer, 1973; Defrancesco & Zanetti, 1983)
TAKOXK iHTEPMPeTyBa N CBOI Pe3yabTaTh AOCAIAXKEHD Y TEPMiHAX 06epHeHOro Keaapara.

Mif Yac BUKOHAHHA NabopaTopHoi poboTH, NPONOHOBaHOI aBTopamu cTaTTi (Gayetsky & Caylor, 2007), BeanunHy cunm
NPUTAraHHA ABOX MarHiTiB BUMiptOBaaM 32 AOMOMOrOK AO0CUTb FPOMI3AKMX TepesiB 3i CBITNOBMM MPOMEHEM, METPUYHOO
NaJIMYKOM0 i T.i. Y eKcnepumeHTax 3 BUMIPIOBAHHA CUIM NPUTATAHHA MiXX ABOMa MarHiTamm 00BeAeHO, WO 3aNeXHicTb F Big,
BiACTaHI € BiAMIHHOWO Big, «0bOepHEHO KBafpPAaTUYHOI» MNOBEAiHKM, BTIM, fIK i ANA CMAM B33AEMOAII 3 HeHamarHiyeHum
bepomarHiTHum 06’ekTom. Kpim TOro nokasaHo, fiK 3 eKCNepUMEHTaNbHUX AaHUX MOXKHA OTPUMATK 3HAYEHHA AUMNONbHOMO
MOMEHTY MOCTINHOrO MarHiTy, epeKTMBHE 3HAYEHHA MArHiTHOT CNPUMHATAMBOCTI GepoMarHiTHOro matepiany.

EKcnepuMeHTanbHe BU3HAYEHHA MarHiTHOI CMPUMHATAMBOCTI Aia- Ta NapamarHiTHUX pevyoBWH NpoBoauaoca B pobori
(Laumann, 2017), oe BUKOPUCTOBYBAIUCA TaKOX E€NEKTPOHHI Barn AN BUMIPIOBAHHSA iX CUAW B3AEMOAIT 3 CUABHUM MArHiTOM.
EKcnepuMeHTanbHa YCTaHOBKA 33 paxyHOK b6ifblWOl YyTAMBOCTI Ta BMKOPWUCTAHHA CU/bHILWIMX MarHiTHUX MoniB [03BOAANA
BMMIpIOBATU MarHiTHi BAAaCTMBOCTI 6araTboX Pi3HWUX PEYOBUH.

He 3racae iHTepec eKcnepumeHTaTopiB | TEOPETUKIB A0 TEMU PO3MOAINY MArHiTHUX NONIB MarHiTHUX AUNONIB i CbOrOAHI.
Csigkom Lboro € poboTa, Hanpuknag, (Proctor & Gould, 2023), B AKilt HaBegeHa METOAMKA OTPMMAHHA MarHiTHOro NoJsisA Yyepes
NeTno CTpyMy B HabAMKeHHi Aanekoro noss. BuBeaeHHs MOYMHAETbCA i3 3aKOHy bio—CaBapa i He noTpebye marHiTHoro
BEKTOPHOrO NOTeHLiaNy, BiGHOCHO NPOCYHYTY KOHLLENLto, 3 AKOO BiNbLicTb CTyAeHTIB 6akanaBpaTy He 3iTKHYTbCA A0 OCTaHHbOTO
POKY HaBYaHHA, AKLLO B3arai 3yCTPiHyTbCA.

MerTa cratTi. MeTol CTaTTi € BUCBIT/IEHHA METOAMKM NMPOBEAEHHA B AUCTAHUiIMHUX YMOBAX HaBYaHHA nabopaTopHoi
pob0TK 3 BU3HAYEHHA a) PYHKLIOHANbHOI 3a1EXKHOCTI CUAM B3AEMOAIT MK ABOMA MOCTIMHUMWM MarHiTamu, Mix MarHitom i
bepomarHeTMKom, Mixk MarHiTom i napa-, AiaMarHeTMKOM Bif, BiACTaHi MiXK HUMM, 6) MarHiTHOI CNPUNHATAMBOCTI Napa-, Aia- Ta
bepomarHeTuKiB 3a LOMNOMOro0 eNeKTPOHHUX Tepesis.

TEOPETMYHI OCHOBU AOCNIAXKEHHA
3aneKHicTb BeAMYMHUN MArHITHOI iHAYKLii B3J,0BXK OCi LUAIHAPUYHOIO MarHiTy BiA BifgcTaHi. IHAYKLia marHiTHOro nona
B Ha oci KONoBOro CTPyMy padiycom R Ha BiACTaHi r Big LeHTpa KON0OBOro CTPYMY A0 AAaHOT TOYKM AOPIBHIOE:
B = G @
A€ Pw — MarHiTHUIA MOMEHT KOJI0BOTO CTPYMY.
Ha BesiMkux BiAcTaHaAx, Konn R K r, dopmyna (1) nepexoanTb y BUpas:
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B _ Kol Pu
B =—=—. 2

2 13 (2)
3 ornagy Ha ue iHAYKLiH MarHiTHOro nNoJiA NOCTiMHOTO UMAIHAPUYHOTO MarHiTa — Aunons (B340BXK MOro oci) y Bakyymi BU3Ha4aloTb
TakK:

= o )
0€ p1 — MarHiTHU AUNOJbHUI MOMEHT, r — BiACTaHb 0 LEHTPY MarHiTa.

OTKe, CNif OYiKyBaTW, WO BEeMYMHA MArHiTHOI iHAYKUiT 6yae 3miHioBaTMCA AK 1/ r3 — 3MeHWeHHs BiacTaHi BABIYi
36iNbWNTb BEIMYMHY MArHITHOT iHAYKLIT B 8 pasiB.

AKOM KOXEH 3 A0CNifKyBaHMX MOCTIMHMX MarHiTie 6yB piBHOMiIPHO HamarHiueHoto cdepotlo, ToAi marHiTHe none,
CTBOPEHE KOXXHMUM MarHiTtom, 6yno 6 ekBiBaneHTHUM MO0 TOYKOBOIO AMMOASA, PO3TALIOBAHOMO B LEHTPI MarHiTy. OcKinbku
MarHiTM, AKi MM BUKOPUCTOBYEMO, € LIUIHAPWU, @ HE ChepU, CNPOLLEHHSA, AKI MW pOoBUMO, KOpUCTytouMch popmynoto (3) 3amicTb
(1-2), € nMwe HabAUKEHHAM [0 KONOBOTO CTPYMY, HABAMMKEHHAM, IKe CTA€ HiNbll HETOYHUM, KON BUMIPIOIOTLCA MarHiTHI nons
oyKe 61n3bKo 40 TOpLUA MarHiTy.

3aneXHiCTb CMAN MNPUTAraHHA MiXK ABOMA NOCTIMHMMM MarHiTamu. 3 Bupasy (3) MOMKHA OTPUMATU BENUYUHY

MarHiTHoro ANNONBbHOI0 MOMEHTY:
__2nr®B

P1== (4)

MoTeHujanbHa eHepria Apyroro ANNo/A, PO3TalloBAHOMO NapanesnbHO abo aHTUNapanenbHO A0 OCi NepLworo AUnons,
[LOPIBHIOE:
U= isz — HoP1D2 (5)

- 2mr3’
0€ P2 — MArHiTHUIM AUNONbHUIA MOMEHT APYroro MarHita.
OTXe, cuna, WO Aie MixK ABOMa MarHitamu, byae fopiBHIOBaTH:

_ |aU| _ 3uopip2
F= ldrl T 2wt (6)

To6To, nig Yac nNpoBeAeHHA AOCNIAIB CAig O4YiKyBaTW, WO CUNA NPUTATaHHA MiX MarHitamu 6yae 3miHioBatvca Ak 1/r* —
3MEeHLUEHHA BiACTaHi BABIYi 36i1bWNTL CMAY NpPUTATaHHA B 16 pasis.

OCKiNbKM ABa OAHAKOBI MarHiTM MatoTb NO CYTi O4HAKOBE 3HAYEHHA MArHiTHOro ANMNOJIbHOIO MOMEHTY, 3 PiBHAHHSA (6)
OTPUMYEMO 3HAYEHHSA ANMNOJIBHOIO MOMEHTY, AKE MOXKHO BU3HAYUTU EKCMEPUMEHTA/IbHO:

_ _ .2 2nF
P1=pP2=T7"" EPR (7)

3anexHicTb CUAM NPUTATAHHA MiXK MarHiTom i ¢epomarHeTMKOM Big, BiACTaHi MixK HUMKU. MarHiTHa cnpUiHATAKBICTD
depomarHeTuKa. AKLLO 3aMiCTb APYroro MarHita BCTAaHOBUTM HEHaMarHiYeHui pepomarHiTHUI maTtepian, ToAi B HbOMY BUHUKHE
iHOyKkosaHuli dunosne. Todi, HANPUKNAA, LWMATOK 3ani3a UM CTani CTAaE HamarHiyeHum. B3arani depomarHiTHi maTepiann matoTb
HENiHIMHY 3aNneXKHiCTb HamarHiyeHocTi J Bi4, MPUKAAAEHOro MarHiTHoro nons. OAHakK, MOKWM NpUKAaZeHe Nose HeAoCTaTHbO
BE/IVKE, W06 HACUTUTU HaMarHiYeHICTb, 3a/IEXKHICTb MOXKHa BBaXKaTW AK NiHIHY:

B
= Yu— (8)
] = Xu e
08 Xm € «<eDEKTUBHOIO» MArHITHOI CNPUMHATAMBICTIO GepoMarHeT1Ka.

BuKopUCTOBYIOUM PiBHAHHA (3) 3anulIeMo HamarHiyeHicTb depomarHeTMka yYepes AWMNONbHUIA MOMEHT MOCTIMHOrO
MarHiTy aK:

p
]~ s (9)
3a BU3HAYEHHAM, HaMarHiYeHicTb J AOPIBHIOE MArHITHOMY MOMEHTY NoAineHomy Ha 06’em V depomarHeTumka:
__ P2
I=7 (10)
MNifcTaBuMO Lelt BUpa3 y piBHAHHI (9) Ta OTpUMAEMO pa:
XD
Py = ﬁ V. (11)

MNigctasumo BMpas (11) y piBHAHHA (6) Ta OTPUMAEMO 3aNEKHICTb CUAM NPUTATAHHA MiXK NOCTIMHMM MarHiToM Ta iHAYKOBaHUM
MAarHiTOM Big, BiaCTaHi MiX HUMK:

3 2
F ==y, (12)

OCKiNIbKM MarHiTHUI annonb, iHAYKOBaHUI y depomarHeTuky, byae maTv Ty camy OpieHTaL,ito, WO M NOCTIMHMIA MarHiT,
cUNa Mixk HUMK 3aBXKamn byae NpuTaranbHoIo.

OTKe, CU1a NPUTATAHHA MiXK MarHiTom Ta pepomarHeTvkom byae 3miHoBaTUCA AK 1 / r7 — 3MeHLWeHHs BiACTaHi BABIYi
36iNblWKTb CUAY NpUTAraHHA B 128 pasis.

BMKOPUCTOBYIOUM EKCIEPUMEHTAIbHO BU3HAYeHe 3a dopmynamu (4) abo (7) 3HaUYEHHA p1, MU OTPUMYEMO 3 PiBHAHHA
(12) BEANYMHY MArHITHOT CNPUIHATANBOCTI pepomarHeTuKa:
__4m?r’F
T 3uepiv’

AHaNOr4YHO, AKLWO 3aMiHUTU depomarHeTUK Aia- abo nNapamarHeTUKOM, TOAi MOMXKEMO BWM3HAUUTM X MarHiTHy
CNPUAHATAUBICTD.

(13)

Au
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METOAU AOCNIAXKEHHA

PoboTa Mae meToanYHMIA Ta NPUKAAAHWUIA XapaKTep. [na ofepKaHHA ONMCaHUX pe3ynbTaTiB i LOCATHEHHA MeTU CTaTTi
6yna po3pobneHa BMMIiptOBa/sbHA CXema Ta AOCAiAHWLUbKA ycTaHOBKa. KOHCTPYKLiA YyCTaHOBKM nepenbayana MOMKAMBICTb il
BiATBOPEHHA CTyAeHTamMM Mig, Yac AWMCTALiMHOrO HaBYaHHA. 3a AOMOMOTOK ENEeKTPOHHUX BariB Ta HEOAMMOBMX MarHiTis
BM3HAYanucA Aja- Ta MapamarHiTHi BAACTUBOCTI Pi3HUX PEYOBMH, AKi 3yCTPiYalOTbCA B MOBCAKAEHHOMY CepefoBMLLI Y4HIB.
EneKTpoHHi Tepesun, TOUHICTb BUSHAYEHHA MacU AKUX AOPIBHIOE 1 Mr, 34aTHI NPOINKOCTPYBATM B3aEMOAiI0 MiXK MarHiTOM i 3pa3kom
yepes pi3HULI0 B MOKasaHHAX Aucnes 3i 3pa3komM Ha Yauwi TepesiB Ta 6e3 Hboro. Tomy, NiABiWYHOYM AOCNIAHNI 3pa30K Hag,
MarHiTom, AKMIA 3HaXOAMBCA Ha HEeMarHiTHIM NigcTaByi Ha YalwLi TepesiB, OTPUMYEMO BENMUYMHY CUAWU B3AEMOZLiI MiXK ABOMA
NOCTINHUMM MarHiTaMm, Mixk MarHiTom i epomarHeTMKOM, MixK MarHiTom Ta napa-, AiamarHeTUKOM Bif, BiACTaHI MiXK HUMM.

TaKoX eKCnepMmeHTasbHO BM3HAYAETbCA MarHiTHa (06'emHa) CNPUMIHATAMBICTL. 3a3BMYall Aja- Ta NapamarHeTmusm
MOHa PO3PI3HUTM 3a HaMNPAMKOM IX B33aEMOAIl i3 30BHIWHIM MarHiTHAM nonem. Y TOW 4Yac AK AiamarHitHi o6’ektn
BifLWTOBXYOTbCA MarHiTHUM MoONem, MapamarHiTHi pe4yoBUHM npuTAryoTbes. Lli B3aemogii HabaraTo cnabuwi (HenomiTHi B
NOBCAKAEHHOMY XKUTTi CTYAEHTA), Hi*K depomarHiTHi B3aemoii, Tomy A1A A0CAi4iB BUKOPUCTOBYETLCA CUIbHUIN HEOAMMOBUIA
MarHiT. [leMoHcTpauia gia- abo napamarHiTHUX BNaCTMBOCTEN 3BUYANHUX PEYOBMH A€ 3MOTy NPUBEPHYTU yBary CTyAEHTIB 40
fOia- Ta napamarHeTU3my, NOKasaTu, WO KaacudikyBaTM maTtepiann 3a NPUHLMMAOM MarHiTHi-HEMarHiTHi, HeXTylouM ymosammu
BMMIPIOBAHHA, HeAOLiIbHO.

PE3Y/ZIbTATU AOCNIAKEHHA

Onuc NabopaTopHOT YCTAaHOBKU. BU3HAUEHHA 3a1€XKHOCTi CUNKM B3aEMOAT ABOX MarHiTHUX A4UNONIB Bif, BiACTaHI MiXK
HUMU. [Ina nobynoBu fOCNiAHOT yCTaHOBKM Tpeba maTu: eneKTpoHHi Baru 3 yytausictio 0,001 r, 2 HEOAMMOBI MarHiTK giameTpom
10 Mm BMCOTOIO 5 MM, 2 HEMArHITHI TPYOKM 3 BHYTPIiWHIM giameTpom 10 mm, nanepoBuit Tybyc, Aepes’aHy MiNiMeTpoBY NiHIlKY,
HUTKY 3 By3/10M, TArapeup (puc. 1).
OaHy HemarHiTHy Tpybry 3 marHitom N2l BCTAHOB/IIOEMO Ha YalUKy eIeKTPOHHMUX
Tepesis, a iHWY 3 marHitom N°2 nigBillyeMo CNiBOCHO HAa HUTUi Hag marHiTom Nel.
Montoca marHiTiB NPUTAryOTbCA OAWMH A0 OA4HOrO Ta LeHTpytoTbeA. HUTKa 3aBoanTbeA
Ha MiNiMeTpOoBY /iHIMKY, AIKa IeXXUTb Ha Topui Tybyca. Ha HUTLiI pobuTbea By30, AKUIA
CNYTye TOUYKOHO BigNiKy. HUTKa NPUTUCKAETBCA A0 WKaAW NiHIAKKN TArapLem.

BumiptoBaHHA BifgbyBatoTbCA 32 HACTYMHUM aNTOPUTMOM:
1. Onyckaemo BepxHi marHiT Ne2 [0 KOHTaKTy 3 HMXKHIM marHitom Nel. Hutky
NPUAaBAOEMO TArapuem. PeecTpyemo Ta 3anMCyeEMO MOJIOXKEHHA By3/la Ha LWKani
NiHINKK: ue byae HYAbOBWUI BiANIK BEANMYMHM 3a30pYy Al MiXK MOBEPXHAMM MarHiTiB.
2. Niginmaemo marHiT Ne2 Ha niHinKy. Bkntoyaemo enekTpoHHi Tepesn. Yepes geakuin
Yyac BOHM MNOKaXyTb 3HaYeHHA O T.
3. Nepemiwyemo By30a Ha 1 mm (abo binblie) WKann NiHIMKK Big, HYNbOBOT TOYKM,
36iNbLUYIOYM MPOMIXKOK MiXK MarHiTamu. Onyckaemo marHit Ne2. 3aHocMMO BiACTaHb

r =h+ Al MiX UeHTpamu MmarHiTis y Tabauuto pesynbratis, e h=5mm — BUCOTa

icrpomn ™ MarHiTa. PeecTpyeMo noKasu TepesiB y Kr Ta NepeBoANUMO Y CUAY NPUTATAaHHA MarHiTis
Fi.
4. 36iNblIYEMO NPOMIKOK MiXK NMOBEPXHAMM MArHiTiB we Ha 1 mm. PeecTpyemo cuny
NPUTAraHHA MarHiTiB F2 Ta 3aNUCYEMO i 3HaYeHHsA y Tabauuto.
5. 36iNbLIYEMO NPOMIKOK Mi¥K MOBEPXHAMM MArHITiB KOXeH pa3 Ha 1 mm, peecTpyemo
Bary F; Ta 3anMCcyeMo ii 3Ha4YeHHs y Tabanuo.
6. BUKopucToBYytouM AaHi Tabauui 6yayemo rpadik 3anexHoCTi cuam nputaraHHA F;Big,

1 - )
Be/MuMHM X = —. MpAma TpeHaoBa NiHiA Gyae AOKa3oM cnpaseAnMBOCTi Gopmy/m

- . L R . 3 -
(4). KoediuieHT nponopLiHOCTi B piBHAHHI NiHiT gopiBHIOE k = % =6-10""p2.
OT)Ke, MarHiTHUII MOMEHT MarHiTa 6yae [opiBHIOBATU:

p= L_ =1291Vk.
6-1077
BigxuneHHa TpeHZOBOI NiHil Big NiHIMHOCTI BKaxe Ha MeXi npauessaTHoCTi
3aKOHOMIPHOCTI (8) ANA UMAIHAPUYHUX MATHITIB, AKM BUKOPUCTOBYHOTLCA.
2 — marwit Nel, 3 — marnit Ne2, AKWO NOCTIMHUM 'MaFHiT € piBHOMiPHO HamarHiyeHa cdepa, Toai marHitHe
4 — naneposwit Ty6yc, Aepes’aHa none, cTBoptoBaHe MarHiTom, 6yae eKBiBafeHTHe MO/0 TOYKOBOrO AMNONSA,
niniiika MinimeTpoBa, pO3TallOBaHOrO B LEHTPi MarHiTy. OCKiIbKM MarHiti, AKi MU BUKOPWUCTOBYEMO, €
5 — By30/ Ha HUTLj, 6 — TArapeup unniHgpamu, a He chepolo, Take CMPOLWEHHA € HABAMMKEHHAM sKe cTae binbL
HETOYHMM, KOAW PO3FNAAAITLCA MarHiTHI nona ayxe 6AM3bKo A0 MarHity. Tomy
LOCNIAKEHHA BeAeMO Ha BiACTaHAX, AaHi BUMIPIOBAHHA Ha AKUX Ao6pe anpoKCUMYIOTLCA HAaBAMMKEHHAM KOXKHOMO MarHiTy sk
TOYKOBOTO AMMNO/A, PO3TALLIOBAHOIO B MO0 LLEHTPI.
BUPOBHMKOM 3aABNAETLCA BENIMYMHA CUIM 3YENIEHHA [BOX OA4HAKOBMX HEOAMMOBMX MarHiTis giametpom 10 mm Ta
BMCOTOI 5 MM, AKi TOPKaloTbCA OAMH oAHOro (r =5 mm) y Kr: m =~ 2,2 kr (F = 21,6 H). TobTo, 3a dopmynoto (5) 3HaueHHs
MarHiTHOro MOMeHTY CKNafa€ BENNYMHY:

Puc. 1. doTto AocnigHULbKOT
YCTAaHOBKMU: 1 — e/IeKTPOHHI Tepesu,

2nF 21,6 -107
p1=T2' $=25'10_6 T=0,15A*M2.
0
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MepeBipUTM OCHOBHY XapaKTEPUCTUKY MarHiTy — cuy 34enneHHs (Biapvsy) abo BigwWTOBXYBaHHA OAMH Big, OLHOMO MOXKHO 3a

[0NOMOroI0 NMPUCTPOIO, CXEMA AKOTO HaBeAeHa Ha puc. 2.

B

(moxkHa vy Burnagi
H,O

Ta BENUYMHY MPOMINKKY
BaHTaX

npo3opa
TpyOKa
P1iexen =

MarHir

HUMU.

Puc. 2. Cxema BUMipIOBaHHA
CMAU BiALITOBXYBAHHA MarHiTiB y
3a/1€XKHOCTI Big, BigCTaHi MixK

HUMU
0,07
°
0,06 5 y = 5E-08x°4168
o~ 2
0,05 R%=0,9976
T
T 004 »
0,03 e
0,02 ®.
0,01 |y=9E-08x39%5 "
R2 = @@
0 0,9986
0,03 005 m 007 0,09

Puc. 3. 3aneKHicTb CMAU NPUTATAHHA 4BOX HEOAUMOBUX
MarHiTis giametpom 10 mm BMUCOTOIO 5 MM Big, BiacTaHi Mix
HUMMU. TpadiK 4epBOHOro KONbOPY — 3riAHO PIBHAHHA (6)

1,.2

[na npoBegeHHA focniais NoTpibHI eN1eKTPOHHI Baru, Npo3opa TpybouKa, MarHiTi Ta BaHTax
nocyavHU 3 BOAOIO).
OAHOMMEHHUMM nostocamu. MpucTpit 6e3 BaHTaXka BCTAHOBJIIOETLCA HA Baru Micas 4oro
BOHMW BMMKalOTbCA. [l0NMBako4YM BOAY B NOCYANHY PEECTPYEMO Bary (CUAY BiALWTOBXYBaHHA F)

MarHiTu HanpamaeHi oAMH A0 OZHOro

MK  MmarHiTamu. [lig 4Yac KOHTAKTy MarHiTiB peanisyeTbca

MaKCUMMaNnbHa CUNa BifLITOBXYBAHHA Fuak. [ MarHiTis, AKi BAKOPUCTOBYBAAUCA B A0CNIAAX,
LA CMIA CKNana BeIMUYUHY Fyax = 23 H.

2nF
—=25-10"°
310

23-107
—e = 0,155 A * M?,

LLLO Y3rOAKYETbCA 3 AaHUMUN BUPOOHMKA.

Ha rpagiky puc. 3 HaBegeHO pe3ynbTaTW BUMIPIHOBAHHA CUAW MPUTATaHHA ABOX
HEOAUMOBMX MOCTIMHUX MarHiTis giameTpom 10 Mm BUCOTOI 5 MM AK QYHKLIT BifcTaHi mMixK

AK BUAHO 3 rpadika, cuna NPUTAraHHA MiXK MarHiTamu AilncHO 3MiHIOETbCA MalixKe
AK 1/ r%, Wo NoBHICTIO NiATBEPAKYE 3aNEKHICTb, BigobpaxeHy B popmyni (6).

[OnA BU3HAYEHHA MarHiTHOI CNPUWHATAMBOCTI depomarHeTnka marHiT Ne2 B
yCTaHoBL,j, 306paeHoi Ha ¢oTo (puc. 2), byB 3amiHEHMIA Ha 3aNi3HUI LMAMHAP AiaMeTpoM
10 mm i BUcoTo 4 mm. Ha puc. 4 BigobparkeHo rpadik 3a1eKHOCTi CUAM MPUTATAHHA MiXK
MarHiToOM i 3a0i3HUM LUWANMHAPOM Bif, BiACTaHI MiXK HUMK (LLEHTPaMU UUAIHAPIB).

0,16
0,14
0,12 =

01 % y = 5E-15x6,982
. 2 _

jao’og Y R?=0,9977

'8
0,06 -
0,04
0,02

0
0,012 0,017

0,022 0,027

r,m

Puc. 4. 3anexHicTb cMIM NPUTATAHHA MiXK MarHiTom i 3anisHUMm

UUNIHAPOM BifA BiACTaHI MiXK HUMK

AIK BUAHO 3 rpadika puc. 4 BeMUMHA CUIU MPUTATAHHA MiXK MArHiTom i GepomarHeTMKom (3anisHUM UMAIHAPOM)

nponopuinHa ~ri7, wo niaTeepmkye dopmyny (12). KoediuieHT nponopuiitHocti 5-1071% =

V = 3-107"m3. Buxogauu 3 TOrO,
CNPUMAHATAMBICTb LbOro 3pasKa 3ani3a AOpiBHIOE ), = 6,9, Wo

3XubtoDi

amz V. O6’em 3paska

WO BEeAMYMHA MarHiTHOrO MOMEHTa MarHiTy Piexen = 0,155 A x M2, 06’emHa

MalKe cniBnaga€ 3i 3HaYeHHAM Y = 7, OTpUMaHUm y poboTi

(Gayetsky & Caylor, 2007). 3aneXHiCTb CUAN NPUTATAHHA MK MarHiTom i GepomarHeTMKOM Bif, BiACTaHi MiXX HUMKM BiANOBIAAE

CTeNneHeBOMY 3aKOHY:

F=5-10"

Bu3HaueHHA MarHiTHOI CNPUIAHATAUBOCTI Napa-,

AiamarHeTuKiB 3a S,OMNOMOrOH e/IeKTPOHHUX TepesiB.

AIK Bi{OMO, MarHiTHa CNpUMHATAMBICTbL Napa- Ta AiamMarHeTukis
Ha NopAAKM MeHLe ii 3Ha4YeHHA ana epomarHeTukis. Tomy Ha
niagic Ha micue marHity Ne2 BctaHoBAtOETLCA (AMB. puc. 1) 6inbLu
CUNbHUIA MarHiT. 3amicTb marHiTy N1 BCTaHOBAIOKOTHCA 3PA3KM
[ocniaxKysaHoro marepiany. 3rigHo dopmyam  (13)  ans
BM3HAYEHHA MaArHiTHOI CNPUWHATAMBOCTI HEobXiAHO BUMIpPATU
cuny B3aemogii F, BiACTaHb MIXK LEHTpPaMM  MarHity i
[0CNiAKYBAHOrO 3paska r, 06’em 3paska Ta BEIMYMHY MarHiTHOro
MOMEHTY MarHity. [n1A BM3HAYeHHA 3HAYeHHA pi; MarHiTy 3a
[OMNOMOrol0 AaTymka cmapTdoHa Ta MObBINbHOrO 3acTocyHKa
Magnetometer 6yna BUMipsHA BeIMYMHA MArHITHOI iHAYKLIT B B

3a/IeXKHOCTI Big, BiACTaHi r. Pe3ynbTaTv BUMIpOBaHb BigobpakeHi
Ha pwmc. 5.

40

15T_7, H.

0,006
0,005 B = 1E-05r2918
0,004 - R2=0,9991
= 24
= 0,003 ..
@ '.‘
0,002 ®e. .. B = 1E-05r2877
0,001 ®0.0.¢. e g
'9°0-90-0.9
0
0,12 0,17 0,22 0,27
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Puc. 5. 3anexHicTb BeAIMUMHN MaArHiTHOI iHAYKUiT B Big BigcTaHi r
AO LeHTpa marHity giametpom @50 MM, BucoToto h = 24 mm
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3 rpadika puc. 5 BigHO, W0 ekcnepuMeHTaslbHa 3a/1eXKHICTb BEIMYUHU MArHiTHOT iHAYKLUiT LUAIHAPUYHOIO MarHiTa Big,

BiZ,CTaHi 40 AOro LieHTpa ONMCYEeTbCA TeopeTyHoto dopmynoto (3): B~ r% KoediuieHT, Wwo cToiTb nepes % nopisHioe 1073, Tomy

HoP1 — 10-5, 3BiAKM MarHiTHUA MOMeHT p; = 50 A * M2. Cuna B3aemogji MmarHita i3 3paskamu HaBegeHa B Tab. 1.

2m
Tabauysa 1
EKcnepMmeHTaNbHi pe3ynbTaTM BU3HAaUYE€HHA MarHiTHOI 06’eéMHOI CNPpUMAHATANBOCTI maTepianis
Martepian F,H LMo | V,10%m3 | yy, 10 | yyrass, 108
Boaa (giamarHetuk) 028,5 MM, h = 44 mm +0,00048 | 0,035 28 -4,4 - 8,95
AnlomiHiN (napamarHeTuk) @25 mm, h=40mm | -0,0010 | 0,035 20 +13 +20,5
OBrOBOPEHHA

OCHOBHMM pe3yibTaToM Pob0TH € fOBEAEHHA TOrO GaKTY, LLO 3aKOHU, 32 AONOMOTO0 AKMUX ONUCYIOTLCA MarHiTHI Nons
NOCTIMHUX MarHiTiB, He € “06epHeHOo-KBaAPATUYHUMKN” . B3aEMOAiA CUABHOIO MarHita 3 BOAOI0 1 antomiHiem nokasana, Lo BoHa
Habarato cnabuwe, HiXX 3 depomarHeTMKOM, ane BOHa €, TO6TO BOZA i a/NlOMiHIA HamarHiyylTbcA. Y TOW Yac AK BoZa
BifLWTOBXYETbCA MarHiTHUM nosiem (Maca ii Ha WanbKax TepesiB 3pOCTaE), aNtoOMiHIA NpUTAryeTbca. [leMoHcTpauia gia- abo
napamarHiTHUX BNACTMBOCTEW PEYOBMH OA€ 3MOry MPUBEPHYTW yBary CTyAEHTiB A0 Aia- Ta napamarHeTusmy, nokasaTtu, Lo
KnacuoikyBaTM MaTepianm 3a NPUHLMNOM MArHiTHi-HEMarHiTHi, HEXTYHOUM YMOBAMM BUMIPIOBaHHSA, HEMPABI/IbHO.

MpoBeneHHA eKCNePUMMEHTIB 3 Aja- Ta NapamarHeTMKammn noTpebye BUKOPUCTAHHA CUAbHOTO MArHiTy Ta YyT/AIMBUX Bar.
B ymoBax AMCTaHLiiHOTrO NpoBeAeHHA BUMIPIOBaHb MOXKHA 6e3 BTpaTh pe3ynbTaTiB 3MEHLWMUTH AiaMeTp MarHita Ta Moro BUCOTY
[0 25 mm Ta 10 mm, BignosigHo. La nabopatopHa poboTa 6yna ycniwHO BMKOHaHa AuUCTaHUiiHO (He B nabopatopii) 78%
cTyaeHTamu-disnkamu 2-ro kypcy KAMY B apyromy HasyanbHomy cemectpi 2022-2023 p. BnacHi eneKkTpoHHi BarM mainbyTHi
BUNTENA i3UKM BMKOPUCTOBYIOTb TAaKOX i Mif, Yac AMCTAHUiIMHOrO BMKOHaHHSA iHWWX nabopaTtopHux pobiT, Hanpuknag, gns
LOBEAEHHA CNpaBeA/IMBOCTI 3aKOHY KynoHa. PesynbTtaTh ix gocnigkeHb byayTe onyb61MKoBaHi nisHiwe.

BUCHOBKW TA MEPCNEKTUBU NOAANBLUOIO AOCNIAXKEHHA.
[JosepeHo, wo pospobneHa nabopaTopHa YCTaHOBKM Ta METOAMYHMIA CYNpOBiA HALAE MOMAMBICTb CTyAEHTam

BM3HAUMTM OYHKLIOHAIbHY 3a/1eXKHICTb Bif BigcTaHi: 1) marHiTHOI iHAYKUii B~ﬁ, 2) cunmn B3aemogii MixK ABOMA NOCTIMHUMM

1 1

marHitamm F~ MiX MarHitom i ¢epomarHetukom F~—. KpiMm UbOro, BUMKOPWUCTAHHA YYT/IMBUX €/IEKTPOHHUX Tepesis

v r7
[03BO/IN/IO BU3HAUUTU MATHITHY CPUAHATAMBICTD MarHeTUKiB: y depomarHeTuka (3aniso) yy = 7, napamarHeTuka (antomiHiin)
xv = 13-107°, giamarHeTuka (8oga) yy = —4,4 - 107°, wo y3roaxyeTbea 3 NitepaTypHUMM Axkepenamu.

MepcneKkTMBM MOJANbLIMX AOCAIAMEHHA MONArAOTb Y BMBYEHHI BMAMBY TEOMETPUYHMX (GAKTOPIB Ha TOYHICTb
BMMIpIOBaHb NapameTpiB MarHeTUKIB Ta GYHKLOHAIbHUX 3a/1e}KHOCTEMN.
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AHOTALIA

ABSTRACT

@PopmyniosaHHa npobaemu. AkmyansbHow npobaemoro 8 ocsimi €
3anposadxeHHs STEM-HasyaHHA. MemoduKka nidzomosKku y4umenie
mamemamuku (014 CepedHa ocsima. Mamemamuka) 8 KoHmexcmi
peanizayii  STEM-ocgimu  nompebye  yo0ockoHaneHHA.  HackpizHe
8UKOPUCMAHHA Memody MoHme-Kapno y HABYAHHI CMOXACMUKU €
engineering-iHCmpymeHmom, ycriwHe OnaHy8aHHA AKUM cripuamume
iHmezpayii 3HaHb ma ymiHe 3006ysayie oceimu 3 mMamemamuKku ma
iHpopmamuku, niocomosyi yyumesie 0o snposadxceHHa STEM-nidxodie y
HaB8YaHHi mamemamuku. Memoro cmammi € eucsimaeHHA OopobKy
asmopa 3 numaHHA enposadieHHs STEM-nioxodie y HABYaHHI
cmoxacmuku.

M. EY

P i B pobomi eukopucmaHi meopemuyHi U
emnipu4dHi memodu OO0CNiIOHEeHHA: aHAMI3 O YMOYHEHHsA me3aypycy
00CNiOHEHHA; aHAnMI3 HAYKOBUX Oxcepen O/A BU3HAYEHHA BaM/IUBUX
HanpAmKie, Ha AKUX eapmo 3ocepedumu ysaay 044 ¢opmysaHHA STEM-
KomnemeHmHocmel 3006ysavie oc8imu; cuHmes, crocmepemeHHsa 3a
ocgimHim npoyecom; cucmemamusayia U y3a2aneHeHHA pe3yanbmamis
00Cni0meHHA;  BUKOPUCMAHHA  CMAMUCMUYHO20  Kpumepito 014
BU3HAYEHHA 3CY8Y Y 3HAYEHHAX 03HAKU (Kpumepili BinkoKcoHa).

Pesyabmamu. HackpizHe eukopucmaHHa memody MoHme-Kapao y
HOBYAHHI CMOXACMUKU MO3UMUBHO 8MAUBAE HA piBeHb HABYAAbHUX
docazHeHb 3006ysadie oceimu ma ix 20mosHicmb 00 8r1pPo8aAdHEHHA
STEM-nioxo0ie y Ha8YaHHI y4Hie.

BucHosKu. 3acmocysaHHs memody MoHme-Kapno Ak engineering-
iHCmpymeHmy  3MiWye aKUYeHmu HABYAHHA 3 MeopemuyHoi &
eKcrepuMeHmarbHy naAoWuHY. Y x00i 00cnidneHHA 8cmaHO8/1eHo, Wo
HACKpi3He  BUKOpUCMAHHA Memody MoHme-Kapao y  HABYAHHI
CMOXacCMUKU M03UMUBHO 8M/1UBAE HA pigeHb HABYA/NbHUX OOCA2HEHb
3006ysayis ocsimu. ExcnepumeHmanbHO nidmeeporeHo nidsuueHHA
pigHA 2omosHocmi MalibymHix y4umenig 00 No0asn6Wo20 8MpPosadHeHHsA
STEM-nidxodie y Ha8YaHHI y4His.

Formulation of the problem. The introduction of STEM education is an
urgent problem in education. The methodology for training mathematics
teachers (014 Secondary Education. Mathematics) in the context of STEM
education needs to be improved. The cross-cutting use of the Monte Carlo
method in teaching stochastics is an engineering tool, the successful
mastery of which will help integrate the knowledge and skills of students in
mathematics and computer science, and to train teachers to implement
STEM approaches in mathematics teaching. The purpose of the article is to
highlight the author's work on the implementation of STEM approaches in
teaching stochastics.

Materials and methods. The paper uses theoretical and empirical
research methods: analysis to clarify the thesaurus of the study; analysis of
scientific sources to identify important areas that should be focused on for
the formation of STEM competencies of students; synthesis, observation of
the educational process; systematization and generalization of research
results; use of statistical criteria to determine shifts in the value of the
feature (Wilcoxon criteria).

Results. The cross-cutting use of the Monte Carlo method in teaching
stochastics has a positive effect on the level of academic achievement of
students and their readiness to implement STEM approaches in teaching
students.

Conclusions. The use of the Monte Carlo method as an engineering tool
shifts the emphasis of learning from the theoretical to the experimental
plane. The study found that the cross-cutting use of the Monte Carlo
method in teaching stochastics has a positive effect on the level of academic
achievement of students. The increase in the level of readiness of future
teachers for further implementation of STEM approaches in teaching
students has been experimentally confirmed.

K/ItOHOBI C/IOBA: memod MoHme-Kapso; eeHepamop eunadKosux
yucen; mabnuyi Google ma Microsoft Excel; cucmema OuHamiyHOF
mamemamuKku GeoGebra, cmoxacmuka, meopia limosipHocmeli ma
mMamemamu4Ha cmamucmuka, memoouka STEM-Has4aHHA; npodgeciliHa
ocsima; nidcomosKka malibymHix yyumesnie mamemamuku.

KEYWORDS: Monte Carlo method; random number generator; Google
and Microsoft Excel spreadsheets; GeoGebra system of dynamic
mathematics, stochastics, probability theory and mathematical statistics,
STEM teaching methods; vocational education; training of future math
teachers.

BCTYN

MoctaHoBKa npo6nemu. OAHWM i3 HaWBAXKAMBILUMX HOPMATUBHWUX [OKYMEHTIB, fKi OKpPECcNioTb MNepcneKkTUsu
po3BuUTKY STEM-ocBiTM B YKpaiHi, € KoHuenuia peanisauii gepkasHoi nonituku y cdepi pedopmyBaHHA 3araibHOI cepeaHboi
0CBiTM Ha nepiog 8o 2029 poky «HoBa yKkpaiHcbKa WKoia». Habyna umHHocTi KoHuenuis po3BUTKY NPUPOAHUYO-MaTeMaTUYHOI
ocBiTM A0 2027 poKky — STEM-ocBiTn. STEM-0OpieHTOBaHMI MigXia 00 HAaBYAHHA € AKTya/JibHMUM HANpAMOM MOZEpPHi3auii Ta
iHHOBALMHOTO PO3BUTKY MPUPOAHMYO-MATEMATMYHOIO W rymaHiTapHoro npodinis ocsitn, a STEM-rpamoTHicTb —

MiXAMCLMNAIHApHOO 061aCTIO JOCNIAKEHHSA, AKA NOEAHYE HAYKY, TEXHOOFII, iIHXKEeHepito Ta MaTeMaTUKY.
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3anopyKoto 3anpoBaAKeHHA aKTyanbHOI Ha cboroaHi STEM-0CBITM MOXYTb CTaTV KpeaTUBHI Nefaroru, y Tomy Yicii i
yunTeni maTemaTuKu, AKi 34aTHi CBOIMM 3HAHHAMM Ta BMiHHAMM 3pobuTn npusabansumm STEM-nporpamu i MeToam HaBYaHHSA,
CNPOMOXKHI reHepyBaTu ifei, 3acTocoByBaTM (yHAAMEHTaNbHI 3HAHHA A1A BUPILEHHA CKNAAHWX, MPAKTUYHWUX 3aBAAHb Y
MalbyTHI npodeciiHii aisnbHOCTI TenepilwHix 3406yBayiB OCBITH.

OpHak, meToamKa nigrotoBku yumntenis matematuku («01 Ocgita (014 CepeaHsa ocsiTa. MaTemMaTuKa)») B KOHTEKCTi
peanizauii STEM-ocBiT1 noTpebye yaocKoHaneHHA. ToMy BUKOpPUCTaHHA meTody MoHTe-Kap/io y HaBYaHHI MaibyTHiX yumTenis
MaTEMATUYHUX AMCUMNANIH, 30Kpema Teopii MMOBIpHOCTEM Ta MaTemMaTUYHOI CTaTUCTUKKM, PO3MNALAEMO fAK engineering-
iHCTPYMEHT, ycnilWwHe onaHyBaHHA AKMM CNPUATMME iHTerpaLlii 3HaHb Ta yMiHb 3400yBayiB OCBiTM 3 MaTeMaTUKK Ta iHOOPMATUKK,
nigroTosL,i yuntenis Ao snposaaxeHHa STEM-nigxoais y HaBY4aHHI MaTeMaTUKMU.

AHaniz aKtyanbHuUX pocnigxeHb. KoHLUeNTyanbHi nigxoau Ta NpPaKTUYHI Hanpamu  peanisauii STEM-ocsitn
LOCNIAXKYIOTb 6araTo HayKoBLiB, meToamcTiB. 3okpema O. bapHa, B. Onekciok, H. banuk Ta iH. (2018), t0. boTty3osa, H. Banbko,
I. Bacunawko, . BacunbeBa, K. BnaceHko Ta iH. (2019; 2021), C. TopbeHko, O. Npnb’tok, O. KyabmeHko, H. Mopse, O. NaTtpaKeesa,
B. Mikanosa (2021), O. CtpyTuHCcbKa, H. XapagkaH Ta iH. Ha ocHoBi aHanisy gocnigxeHb STEM-0CBiTY TPaKTYEMO fIK LificHY
cucTemy NpPUPOAHUYOT i MaTeMaTUYHOI OCBITHIX rany3ei. STEM-HaBYaHHA 6a3yeTbcA Ha NPAKTUYHOMY 3aCTOCYBaHHI HAYKOBUX,
MaTEMATUYHMX, TEXHIYHMX Ta iHKEHEePHUX 3HaHb 1A PO3B’A3aHHA NPAKTUYHUX NPO6aEM ANa NOAANBLIOTO BUKOPUCTAHHA LUX
3HaHb | BMiHb Y nNpodeciiHii gianbHocTi. MeToto STEM-0CBITU €, 30KpemMa, pO3BUTOK ocobucTocTi yepes dopmyBaHHA STEM-
KOMneTeHTHOCTel, 6ayeHHA NPUPOLHNYO-HAYKOBOI KapTUHK CBiTY 3400yBavyamm OCBITH, BUKOPUCTAHHA TPAHCAMCUMMAIHAPHOTO
nigxoay A0 HaByaHHA. O4ikyBaHMMM pe3ynbTaTamMu Ma€e cTaTu TpaHcdep 3HaHb, AKMI 3abe3neyye BNPOBaAKEHHA AOCATHEHb
HayKoBOi cpepwu B OCBITHIN npoLec.

Mpobnemn NiaroToBKM, NigBULWEHHA KBanidiKaLil yuuTenis MaTeMaTUKM B KOHTEKCTI BMKOPUCTAHHA iHHOBALiMHUX
TEXHO/IOFM HaBYaHHA Ta PO3BUTKY HaBYa/IbHUX KOMMNETEHTHOCTeN 3406yBayiB OCBITM 3HAWLWAM BifobparKeHHA B AOCNIAKEHHAX
I. Nos’aHoBOi, K. BnaceHko Ta iH. (2019; 2021). ABTOpM aKUEHTYHOTb yBary Ha HeobXigHOCTi MOCMNEHHA NPaKTUYHOI
CNPAMOBAHOCTI HaBYaHHA MaTEMATUKMU.

B. Mikanosa (2021) B ancepTaLiiiHili poboTi 06FPYHTOBYE KOMMNIEKC NeAaroriyHMX yMoB BUKOPUCTaHHA GeoGebra sk
iHCTpymeHTa peanizauii STEM-ocBiTM B Npoueci NigrotoBkM mManbyTHiX yuntenis maTeMaTUKKU. 30Kpema CynpoBoay Pi3HUX BUais
HaBYa/bHOI AiANbHOCTI CTYAEHTIB i3 BUKOPUCTaHHAM NakeTy GeoGebra.

Yacto pns BM3HAYEHHA XapaKTEPUCTUK AEAKMX NpoueciB, nepebir AKMX He € AeTepMiHOBAHUM i 3anexuTb Big,
BMNaAKoBMX GaKTopiB, po3pobaAOTL CneuianbHi iMiTaliiHi mogeni Ta 34iMCHIOTb iMiTaLilo 3 BUKOPUCTAHHAM MPOrPamHUX
3acob6iB. MeHepaL,if BUNaAKOBUX YNCEN € BAXK/IMBUM KOMMOHEHTOM 6araTbox 3aCTOCYHKiB, BKAtOYatoun Kpuntorpadito, cuctemm
6e3ne4yHoro 3B'A3Ky, CUMyAALIT Ta iIMOBIPHICHI aNrOPUTMK. 34INCHMBLUM CTAaTUCTUYHE MOZAENIOBAHHA, ycepeaHeHi pe3ynbTatu
cnocTepekeHb BUKOPUCTOBYIOTb A/1A HABNUKEHOTO BU3HAUYEHHSA LYKAHWUX XapaKTepUCTUK NPOLLECIB, WO AOCAIAKYIOTb. Y LboMmy
NONArae CyTb METOAY CTaTUCTUHYHUX BUNpPOobyBaHb — meToay MoHTe-Kapno (¥angak Ta iH., 2009; CemeHixiHa, 2008).

Y pesknx Bunagkax meton MoHTe-Kapio € €AMHUM, 33 AKUM MOXKHa AiCcTaT HabauKeHi po3B’A3KM 3agady, AKi He
MOKHa MNPOaHani3yBaTM iHWWMMM aHANITUYHUMKW UM 4YucenbHUMKM meTogamu. MeTtoa MoHTe-Kapno — metog imitauii gna
BiATBOPEHHA peasibHUX fABULL. 3aCHOBAaHWMI HA OAEp)KaHHI BEMKOI KiNbKOCTI peanisauiit CToxaCTMYHOro npouecy, AKWUMN
3[iACHIOETBCA TaK, W06 MOro MMOBIPHICHI XapaKTepPUCTUMKM 36iranmMca 3 aHaNoriyHMMM BEIMYMHAMM 33jadi, AKy MNOTPibHO
po3s'asat. Hanpuknag, wob cepefHE 3HAaYEHHS 3@ OTPMMAHO BMOIpPKOIO OY/I0 OLHKOK A5 HEBIZOMOro maTemMaTUYHOTO
cnogiBaHHA. 3acTocyBaHHA MeTOAy OA€ 3MOry nobyaysat moaenb, Wob MiHimi3ytoun BXigHI AaHi, OTPUMATM MAKCMMANbHO
npasgonoAibHMn pesynbTat. OCKiNbKM METOA BUKOPUCTOBYETLCA, 30KPEMA, Yepes CMMYALLT 3a ,ONOMOroo NPOrpamHumx 3acobis
ONA po3B'A3yBAHHA 33434 MaTeMaTUKK, Gi3UKK, EKOHOMIKM, ONTUMI3aLLi, Teopii ynpaBAiHHA TOLLO, TO MOro 3aCTOCYBaHHA MOXHaA
po3rnAagaTh AK OAMH i3 epeKTUBHUX engineering-iHCTPYMEHTIB, yChillHe OnaHyBaHHA AKMM CNPUATUME MiAroTOBLI yunTenis Ao
BnpoBagXeHHA STEM-niaxoais y HaBY4aHHI NPUPOAHMYO-MAaTEMATUYHUX OUCLUMNAIH.

Mo cyTi, STEM-niaxig, y HaBYaHHi CTOXaCTUKKM po3rnsgaetbea y npauax M. |. angaka ta . O. MuxaniHa (*Kangak 1a iH.,
2009), O. B. CemeHixiHoi Ta M. I'. Opywnsk (CemeHixiHa & Apywnsk, 2015), T. M. KobnunbHKUKa Ta iH., XO4a i He BUKOPUCTOBYETLCA
BiANOBiAHA TepmiHOOriA.

0. B. CemeHixiHa (2008) 3BepTa€ yBary Ha Te, Wo metoa MoHTe-Kap/o 40L,iIbHO BUKOPUCTOBYBATU NPU BUBYEHHI LMKNY
MaTEMATUYHUX AMCUMMANIH. 3 LiE0 METO0 HEeObXiAHO aKTyani3yBaT MixknpeameTHi 38’A3KK. HanpuKknag, Kypcy iHpopmauiiHux
TEXHO/IOTi 3 MaTEMATUYHUM aHANiI30M YK TEOPIEID MMOBIPHOCTEN Ta MaTEMATUYHOK CTaTUCTMKO. Y CTaTTi HABOAMUTLCA NPUKAAL,
OLHIOBAHHA 3HAYEHHA KpaTHOro iHTerpana yepes 3actocyBaHHA metogy MoHTe-Kapno y cneyianizosaHomy nakemi MAPLE.

[Ona po3s’a3yBaHHA 3afay CTOXACTMKKM, OMPALIOBAHHA CTAaTUCTMYHMX BMOIPOK, Bi3yanisaujii eKkcneprMeHTaNbHUX
BMNPOOYBaHb HA OCHOBI BUNAZAKOBUX MOAIN AOCNIAHUKM BUKOPUCTOBYIOTb TAaKOXK CUCTEMM AMHAMIYHOT MaTEMATUMKU. 30Kpema,
BMCBIT/IIOBANI0CA 3aCTOCYBAHHA NMpo2pamHoe2o 3acoby Granl (HMangak Ta iH., 2009; CemeHixiHa & Opywnsk, 2015). JocniarkeHHs
imiTalinHOro MoAentoBaHHA 3 BUKOPUCTAHHAM cucmemu OUHAMiYHOI mamemamuku GeoGebra 3HaWWwNW BiAOOpPaXKeHHA B
poboTax HaykoBLiB O. XOMUHCbLKOI Ta iH. (2022).

[eHepaTopy NceBAOBMMAAKOBUX YMCEN Ta KBAHTOBI reHepaTtopu BMMAAKOBUX YMCEN € ABOMA OCHOBHMMW TUMAMMU
reHepaTopiB BUNAZKOBUX Uncen. AK CTBepAKyoTb aBTopu nybaikauii [. MpockypiH Ta iH. (2023), ocTaHHi 3a6e3neyvytoTb Kpally
6e3neKy 3aBAAKM CBOIl HenepeabayvyBaHOCTI. ABTOpM NybAiKauii po3rnsaaoTe Moaenb MUBUHHOIO HaBYaHHSA, AKA HABYAETLCA
Ta OLLiHIOETLCA Ha HAbOPi AaHMX, WO MICTUTb 30Kpema NoCNiZ0BHOCTI BUNAAKOBUX YMCEN.

BucsitTneHHa ocobausocTelt HaBYaHHO MeToay MoHTe-Kapno y niarotoBui ManbyTHIX yuuTenis maTemMaTMKM Ta
iHbOpMaTUKKM HamM 3anodaTkoBaHO y Nybaikauii (KpamapeHko, 2016).

Y po3rnaHyTMx nybaikauiax, Ha Hawy aymKy, metogy MoHTe-Kapno sk engineering-iHcTpymeHTy STEM-HaBYaHHA
ManBYTHIX yuyuTeniB mMaTtemaTUKU NPUALINEHO HeAoCTaTHbO yBarn. HepocTaTHLOW € KiNbKICTb A0CNIAMKEHb, MPUCBAYEHUX
MOZe/Nt0BaHHI0 NpoLLeciB, NOB’A3aHMX 3 BUNAAKOBUMMU MOAIAMMU Ta BUNALKOBUMU BEANUYMHAMM, AKI B noganbliomy 3a06yBadi
OCBITU 3MOXYTb BUKOPUCTATW Y HaBYaHHi y4yHiB. MoTpebye AeTanbHiWoOro posrnagy MetoAmka HaBYaHHA ManbyTHIX yunTenis
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MaTEeMaTUKM B KOHTEKCTI NiAroTOBKM ix A0 BNpoBagxeHHA STEM-HaB4yaHHA y4HiB. 30Kpema, BUKopucTaHHA metogy MoHTte-Kapno
ONA Bisyanisau,ii abCcTpaKLUii, BUCYHEHHA rinoTes, nepesipku ix BiporigHocTi.

MerTolo cTaTTi € BUCBITIEHHA AOPODOKY aBTOpa 3 MUTaHHA BnpoBagKeHHA STEM-nigxogis y HaBYaHHi CTOXaCTWKM,
30Kpema HaCKPi3HOro BUKOPUCTAaHHA MeTody MoHTe-Kap/io y HaB4YaHHi Teopii MMOoBiIpHOCTEl Ta MaTeMaTUYHOT CTAaTUCTUKM.

METOAU AOCNIAKEHHA

B poboTi BUKOpUCTaHi TEOPETUYHI 1 eMNIPUYHI METOAM AOCAIAKEHHA: aHANI3 ANA YTOYHEHHSA Te3aypycy AOCNIAXKEHHS;
aHani3 HayKoBWUX A)Kepen A/A BU3HAYEHHA BaXK/MBMX HAMPAMKIB, Ha AKMX BapTO 30cepelunTy yBary ana ¢opmysaHHA STEM-
KOMNeTeHTHoCTel 3406yBayiB OCBiTM; CMHTE3, CMOCTEPEKEHHA 3@ OCBITHIM NPOLLECOM; CMCTeMaTu3auia W y3araabHeHHs
pe3ynbTaTiB AOCNIAXKEHHA; BUKOPUCTAHHA CTAaTUCTUYHOIO KpuTepito BiIKOKCOHA AnA BU3HAYEHHA 3CYyBY Yy 3HAaYEHHAX O3HaKW.

PE3Y/IbTATU AOCNIAXKEHHA

3a nporpamoto niarotoBku ¢axiBuiB 3a cneuianbHocTamn «CepegHAa ocBiTa. MatemaTuka» Ta «CepeaHsa oOcBiTa.
IHpopmaTMKa» meton MoHTe-Kapsio 3ycTpivyaeTbCs NPUHAMMHI NPW BUBYEHHI YMCEIbHUX METOAIB, Teopii MMOBipHOCTEN Ta
MaTEeMATUYHOI CTAaTUCTMKM, HaBYaHHI CTyAeHTiB nporpamyBaHHO. Tomy JouinbHo 6inblwe yBaru Npuainnt peanisauii
MiXXNpeaMETHUX 3B’A3KIB NPU BUBYEHHI TeMU. HanpuKiHLj BUBYEHHA Kypcy Teopii WMOBIpHOCTEN Ta MAaTEMATUYHOI CTAaTUCTUKM
ONS CTYAEHTIB-MaTeMaTUKIB Ta MalbyTHIX yuuTenis iHGopmMaTMKM B NesaroridHOMy yHiBEPCUTETI A1A OMaHyBaHHA METO40M
MoHTe-Kapno BiaBoanTbCA 2 roANHN NEKLN, 4 TOANHU NPAKTUKM Ta 6 TOAUH CaMOCTiIMHOI po60TU. BpaxoByroum BaXK/INBICTb TeMU,
30KpeMa, Npu NigroTosui ManbyTHiX yuntenis o STEM-HaBYaHHSA, MM EKCNEPUMEHTA/IbHO NePEeBipPUAN AOLINbHICTb HACKPI3HO20
3acmocysaHHA memody npu sus4eHHi cmoxacmuku. Hawi AocnigXeHHA NoKasanu, Wo Npu BUBYEHHI Teopii MmoBipHOCTEN Ta
MaTeMaTUYHOI CTaTUCTUKM A0LiNbHO 3acTocoByBaTU meToZ MoHTe-Kapno Bnpoaos:K ycboro Kypcy.

Y HU3Li NigpyYHUKIB 3 Teopii MMOBIPHOCTEN Ta MaTEMATUYHOT CTAaTUCTUKM PEKOMEHAYETLCA OKPeMi NOHATTA ONUMCOBOI
CTAaTUCTUKWU, YUCNIOBI Ta rpadiyHi XapaKTepucTUKM BUOIPKM BBOAUTU Nepes BMBYEHHAM BWUMNALAKOBUX BE/IMYMH Ta 33KOHIB
po3noainy MMOBIpHOCTEN 3HaYeHb BWMMAAKOBMX Be/IMYMH. 30KpPema, MNPaKTUYHO-OPIEHTOBAHOMY CMPAMYBAHHIO HaBYaHHA
CTOXacTUKKM nepe.ary BigaatoTb M. |. Xanagak Ta iH. (2009).

BnacHe o3HailomneHHsa 3 meTofom MoHTe-Kapao 3406yBayis OCBiTM PO3NOYMHAEMO HA eTani 03HavYeHHsA limosipHocmi
sunadkoseoi noodii. CTyaeHTaM NPOMOHYEMO MNPOBECTU KiNlbKAa CTOXaCTUYHUX EKCMEPUMEHTIB, BM3HAYMTU BiAHOCHI 4acToTK
BifbyBaHHA Tiel UM iHWOI nogii. PeKomeHaaUil WoA0 NpoBeAEHHA | ONPaLOBAaHHA Pe3y/IbTaTiB CTOXAaCTUYHUX €KCMEPUMEHTIB,
LOCTYMHUX YYHAM CTapLUOi WKOAM Ta cTyaeHTam 1-2 Kypcis ¢paxoBUX KONeaXiB, BUCBITIEHO Hamu Yy po3pobieHOMYy HaBYaslbHO-
meToguyHomy nocibHuky «MaTemaTuka B STEMi». Po3rnagatoumM o3HauyeHHs CTaTUCTUYHOI MMOBIPHOCTI BMNaAKoBOi nogii,
MOKEMO 3anpornoHyBaTh 3406yBayam OCBiTU HABAUKEHO 0BYMUCAIUTU MMOBIPHOCTI BUMAAAHHA BUNAAKOBUX YMCEN, PIBHUX CYMi
4YMcen Ha BEPXHiX rpaHAx ABOX Kybukis. [JouinbHO NOPIBHATU OTPUMAHI 3HAUYEHHA 3 06YMCAEHMMWN UMOBIPHOCTAMM, 34iNCHUTK
nponeaeBTUKY BUBYEHHS 3aKOHY BEJIMKUX Yucen. A came, NPOAEMOHCTPYBATK CTiMKICTb BiZlHOCHMX YacTOT B cepii NOBTOPHMX
He3anexHWx BunpobysaHb. MoaibHI ekcnepumeHTU Po3rnaatoTb i y NigPYYHUKAX oNA NOrAMbAeHOro BUBYEHHA MAaTEMATUKU B
9-my Ta B 11-my Knacax.

Ekcnepumerm Nel 3 NiAKMAAHHA ABOX KyOWKIB Ta BU3HAYEHHS CYMWM YMCEN HA BepXHix rpaHsax (pwuc.l). Hasite npwu
BiAHOCHO HEBeMKIl KinbKOCTI peanisauiit (Ha nogaHomy pucyHKy maiixe 900), OTPMMYEMO, LLO BiAHOCHI YacTOTU Ta MMOBIPHOCTI
NPaKTUYHO He BiApi3HATLCA. JnA Bisyanisauii pesynbTtaTiB AoCnigKeHHA ByAyeMO NONIFOHU BifHOCHMX YacTOT Ta MMOBipHOCTEN
3 BUKOPUCTAHHAM Tabaumub Google.

2 3| a 5 6 7 8 9| 10| 11 12 \
2 4 3 8 s 7 8 3| 4 6 1 55 ] . . . ]
B s . P 5 A B S - Noniron iiMoBipHOCTel Ta MoXiroH
2 Y — . o " N — 3 . = BiOHOCHMX YaCTOT
1 2 5 7| 14 6 13 4 1 5 2 60 ==
1 6 6 13| 13| 18] 12| 11 9 5 5 00| | 9-2°
1 il s 3 3| 9 5| 2 5 2 50
1 ! 6 11| 4 7 6 3 5 3 50| | 015
1 il s 3 s 8 10 6 2 2 0 50
3 5| s 6 7| 9 s/ 12| s 1 1 65
1 2| 3 1 8| 15 1 6 4 6 0 sof | 1O
1 il s 3 6 11 8 8 1 1 3 50
1 3| s s 10| o 8 a| s 1 0 60| | 10,0883
4 5 3 4 6 7 1 2 9 8 1 50
3 3| 8 4 9| 8 8 71 s 3 2 60
2 HIE! 6 9| 14 12 a2 6 3 3| | O 4 6 8 10 12
28| 42| 67| 98| 122| 138 121| 95| &1| B4 34| 866 :
0,03 005 008 011 014| 0,16] 0714| 0,11| 0,07| 007| 004 1,00|sigHocHa yacToTa
0,03 008| 008 011] 014 017| 014| 011 008 008 003  1,00|imosipricts

Puc. 1. MoniroH BiAHOCHWX YacTOT Ta MMOBIPHOCTE BUKMAAHHA CYMM YMCEN HA BEPXHIX FPAHAX ABOX KY6UKIB

ExcnepumeHm No2 cTocyBaBCA HaNnUCaHHA YOTUPbOX BUNAAKOBUX C/iB, BUSHAYEHHA KiJIbKOCTI N1iTep, BCTAHOB/IEHHSA, UM
OTPMMaHe YMcNo € NapHMM. [ani noTpibHO po3paxyBaTu i NOPIBHATU BiZHOCHI YacTOTK Ta MMOBIPHOCTI TOTO, L0 3 YOTUPLOX CAiB
oAHe, ABa, TPU YM YOTUPM 3 NAPHOLO KiNbKICTIO NiTep.

ExcnepumeHm Ne3. MeTtogom MoHTe-Kapio ouiHKy 014 3HaYeHHSA 1T MOXKHa 34,iCHUTMU WAAXOM reHepaw,ii BUnagKosux
TOYOK B KBagpaTi i 064MCNeHHA NPonopL,ii TOYOK, WO NexaTb ycepeanHi BNMCAHOTO B KBAAPAT KPYra, A0 YMC/IA TOYOK, KUHYTUX Y
KBagpar.
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Y HaBYaHHi YYHIB CTOXAaCTUKM TaKOX AOLINIbHO 3aNPONOHYBaTK HAcTynHUM STEM-nigxia. Ha aHi KopobKK KBagpaTHOI
dopmu nobyayBatn BnucaHe B KBagpaT Koao. [ani BCUNAEMO B KOPOOKY rOPOLWMHKKA TaK, W06 BOHM OAHMM Lapom 6yau
BifHOCHO PiBHOMIPHO PO3MoAiNeHi Ha AHi KOPOBKKU. 3anNUCYEMO, CKi/IbKM FOPOLUMHOK BCUMAHO B KOPOOKY Ta Ki/lbKicTb, AKa
noTpanase B Kpyr. Y noganblwiomy nogibHUI eKcnepuMeHT AOLiNIbHO NPOBECTU ANs BU3HAYeHHs naowi girypu, nobysosaHoi Ha
OHi KOPOBKM, Ta HABAUKEHOTO OLiHIOBAHHA 3HAYEHHA BU3HAYEHOro iHTerpana.

Y Xxopi eKcnepuMMeHTy AOLiNbHO 3pOobUTU KinbKa peecTpauii AaHux, nonepeaHbo Nepemiwytodm po3TallyBaHHA
rOPOLUMHOK. AZiXKe Y NOAANbLLIOMY, MPU BUBYEHHI 3aKOHY BEIMKUX YMCEN OOIPYHTOBYETLCA CTiMKICTb cepeHboro BUbipKoBoro.

MMoBIpHICTb TOTO, L0 TOYKA, KMHYTa B KBaApaT, NOTPanuTh B KPYr, NPONOPLiiHa BiAHOLWEHHIO N/IOLWi Kpyra 40 NAOLL
KBagparta. Mpu nporpamysBaHHi meToay, Hanpukaag Ha mosi Python, npuBabausicTb anropuTMy nonArae B Tomy, LLO B3arani He
noTpibHa rpadika uuM cumynauia gna BigobparkeHHA 3reHepoBaHWX TOYOK. [eHepyemo BMNagkosi (X, y) napu, a notim
nepeBipAEMO, UM BUKOHYETLCA HepiBHICTb X2 + y2 < r?. AKLO TaK, TO 36iNbLIYEMO KiNbKICTb TOUYOK, AKI 3’ABNAIOTLCA BCepeauHi
Kona. Y paHA0Mi30BaHUX anropuTMax i anropuTmax MoAentoBaHHA, Taknx sk MoHTe-Kapno, unm binblie yncno itepauin, Tum
TOYHIWKMIA pe3ynbTaT. TOMy OLiHKY YMcaa T byaemo 34ilMcHIoBaTH 3a popmysioto:

m = 4+ (N To4ok, o norpanuiu y Kpyr)/(N TOYOK, KHHYTHUX Y KBaZpaT ) (D

EkcnepumeHm Neo4. KnacMyHMm NPUKAAL0M Ha 3acTocyBaHHA meToay MoHTe-Kapso € 3a0ay4a broggoHa 045 ouiHKU
4ucsa 1. 3aBAAHHA TAKOX NPOMNOHYETLCA YYHAM 1A 03HAUOMAEHHSA Y NigpyYHMKax ana 11-ro knacy npu NnornnbneHomy BUBYEHHI
MaTeMaTUKM.

[na oTpvmaHHA 6inbWOi KiNbKOCTI peanisauin B OAHMX i TUX e ymOBax AOLiNbHO NonepegHbO BM3HAUMTMCA 3
YYaCHMKaMM EKCNIEPUMEHTY LLOAO A0BKUHM CipHUKa (2 - | = 4 cM), AKWIA NiAKMAAI0Tb, Ta LUMPWMHU MidK MTPOBEAEHUMM HA apKyLLi
FOPU3OHTANbHUMM NiHiAMM (2 -a = 6 cM). Ona obuYMCNeHHs MMOBIPHOCTI BMMAAKOBOI MoAii A «CipHMK MNepeTHYB AiHito»,
HeobXi4HO BU3HAYMTM NPOCTIp eleMeHTapHUX NoAiit. 15 LbOoro onucytoTb MOOXKEHHSA FOKU/CiPHUKA KYTOM, KM yTBOPIOETLCA
3 A04aTHUM HanpAMoM oci abcumc Ta BiACTaHHIO Bif LLeHTpa roikM A0 HaWbAUKYOT 3 FOPU30HTaNIbHUX NiHIK. Mpy LbOMY KyT @
BMMIPIOETLCA B Mmexax Big 0° go 180° (ig 0 oo 1 pagiaH). MpocTip enemeHTapHUX NOAi NOAAEMO Y BUTAAAI NPAMOKYTHUKA, 04Ha
3 CTOpPiH AKOrOo AOPIBHIOE T, @ iHWA piBHA MNOJIOBMHI BiACTaHI MiXX TOPU3OHTaNbHUMM AiHIAMKW. Toai B NPAMOKYTHUKY
3aWTPUXOBYIOTL dirypy, obmekeHy 3HuU3y Biccto abecuuc, a 3sepxy rpadikom oyHKLji [ - sin (¢). BigHoweHHA naoLi yTBopeHoi
obirypu oo naowi NpAMOKYTHUKA Hab/MKEHO O0PIBHIOE BiQHOLWEHHIO Ki/IbKOCTi NepeTuHIB FO/IKO AiHil 40 3araibHOro ymMcna
nigKMaaHb ronkn. OTpumyemo popmyny aAna HabanKeHoro o6YncNeHHs .

CnoyaTKy npu peanisauii 3agavi brodpdoHa cTyaeHTU He po3yminum, Yomy 3anuc NPOCTOPY eNemMeHTapHMX nogin Q
BaX/IMBWIA | € KIloYeM 1A NOLANbWOrO MogestoBaHHA Ta nporpamysaHHa. Q = {(x; ¢)| 0 < x < a; 0 < ¢ < 7}. Bunagkosa
nogis npu upomy Gyse onucysatuca mHoKuHOW Todok A = {(x; )| 0 < x < [ -sin (¢); 0 < ¢ < 7}, fe 2a — BigCTaHb MiX
napanenbHUMKU NPAMUMM, 2 * [ — LOBKMHA rONKK. 18 imiTauii npouecy KMAAHHSA ro/iIkM A0CTaTHbO BUNAAKOBO 06paTh napy uncen
(x; @) 3 npomixkis [0; a] Ta [0; ] BiANOBIAHO Ta NEPEBIPUTU BUKOHAHHA YMOBM NEPETUHY ronkoto AiHii x < [ - sin (¢).

[0 KOXKHOro 3 YOTUPbLOX EKCNEePUMEHTIB MW NPOMOHYBAM CTyAEHTaM 3MOAEe/0BaTU NPOLLECH, CKAACTM Nporpamy Ha
O[HiVi 3 MOB NporpamyBaHHA, Hacamnepea Python, npoTecTyBaTtu i, 06roBopuTM 3 OAHOIPYNHUKAMM KOA NPOrpamm, MOXKIMBOCTI
33CTOCYBaHHA 6i6NIOTEK CTAaTUCTUUYHUX OYHKLUIN. JNA NepLlumx TPbOX eKCNEPUMEHTIB i NPOCTIp eNeMeHTapHUX MOAIN, | MHOXKWHA,
wo Bignosigae nogii, 6ynn iHTYiTMBHO 3po3yminvmu. CTyLeHTM 3a3Hayanu, Wo HalBaxkye 6yno 3anporpamysBaTv 3agady
BroddoHa, ockinbkn HeobxigHa Byna nonepegHsA MNiArOTOBKA i BCTAHOBNEHHA TOFO, AKMM € NMPOCTIP €/1eMEHTapHUX Mok Ta
MHOXMHa, WO BiANOBIAAE NOAIT KCIPHMK NEepeTHYB NiHilo».

Po3rnaaatoumn o3HauyeHHA MMOBIPHOCTI BUNAaAKOBOI NOAT, AOUINbHO BUKOPUCTATU HAaoYHOCTI 3 GeoGebra Sada Manuel,
O. XOMMHCbKOI Ta iH. (2022). Lle cumynsauii fo 333y Teopii MMOBIPHOCTEN Ta MaTeEMATUYHOI CTaTUCTUKK, PeanisoBaHi B cUcTeMi
OVMHAMIYHOT maTemaTuku. Mu nponoHyBanu 3400yBavam OCBITWM CTBOPHOBATM NoAibHi HaouHocTi B GeoGebraBook uyepes
reHepyBaHHA BMNAAKOBUX YMcen.

MeToa MoHTe-Kapao foLifbHO 3acTOCYBaTH NPW BUBYEHHI OCHOBHWUX 30KOHI8 po3modiny OUCKpemHuUX ma HernepepseHuUx
8UMNAOKOBUX 8e/1U4UH. BapTo po3rnsagati aK anroputMm reHepaLii BUNagKoBux YMcen 3a NEBHUMM 3aKOHAMM, TaK | po3irpyBaHHA
NOBHOI rpynu nogin. Hanpuknag, oTpuMaTh 3HaYEHHA BUNALAKOBOI BE/IMUMHM 3 €KCMOHEHLLia/IbHUM PO3MOAiIOM MMOBIPHOCTEN.
Po3rnaHy™Min AaTuMK BMNAAKOBMX 4YMCEN LIMPOKO BUKOPWUCTOBYETHCA MPWM iMiTaLii 33 [AOMNOMOrow NPOrpamHuMx 3acobis
OYHKLiOHYBaHHA OEAKMX CUCTEM MAcoBOro obcnyroByBaHHA. TaK, MPOMIPKOK Yacy MiXK ABOMA MOCNILOBHMMW 3anUTamMu Ha
06cnyrosyBaHHA € BUNAAKOBO BE/IMYMHOLIO 3 EKCMOHEHLiaNbHUM po3noainom MMoBipHocTel. [Ins reHepau,ii LOCTaTHbO 3HAUTH
3HAYEHHA BMMNAAKOBOI BE/IMYMHU 3 PIBHOMIPHMM PO3MNOAINIOM MMOBIpHOCTeN Ha Bigpisky [0; 1], Hagasatn yHKLii po3noginy
MMOBIPHOCTEM UMX 3HAYeHb | 06UMCNtOBaTM aprymeHT QYHKLi 3a BiANOBiAHMMM popmynamu:

Flx)=1—e*i=r; x;=In(1-1) (2)

[JouinbHo Ans reHepauii 3Ha4YeHb BUNAAKOBOT BE/IMYMHM 33 MEBHUM 3aKOHOM PO3N0AiNYy MMOBIPHOCTEN BUKOPUCTATH
6ibnioTeky cTaTUCTMUHMX OYHKUIM Python, BbypoBaHux ¢yHKUiM Tabanup Google um Microsoft Excel. Hanpuknaa, pns
6iHoMianbHoro posnoainy BINOM.INV(), 4ns HOpmanbHO PO3NoAiNeHNX BUNagKOBUX BENINYMH MOXKHa BUKopucTat NORMLINV(),
NORM.S.INV(). Togi AK TpaanLUiiHO ANA HOPMANbHOTO PO3NOAiNY BUKOPUCTOBYIOTb GYHKLto /lannaca.

[JouinbHo nepesipuTH, reHepaTopu NceBAo0BMNAAKOBUX YNCEN AALOTb YMCAA, WO MatoTb PIBHOMIPHUIA po3nogin.

AKTYaNbHUM B KOHTEKCTi JOCNIAMKEeHHA MOXe CcTaTu nobyaoBa Ta AOCNIAMKEHHA CTOXaCTUYHUX MOZeNel Ha OCHOBI
meToay MoHTe-Kapno. [ouinbHo po3rnaHyTM moaenb 6poyHIBCbKOro pyxy, nobyaosa ¥ onpaLtoBaHHA AKOI BBOAWUTL Yy CBIT
BMNAZKOBUX YUCEN | MAaTEMATUYHOI CTAaTUCTUKM, CNPUAE GOPMYBAHHIO YABNEHB MPO PO3NOAIAN MMOBIPHOCTEN, 30KPEMA iNtOCTPYE
PIBHOMIpHWIA Ta HOpPManbHMI po3noginv. MogentoBaHHA 3a LOMNOMOrol BUMALKOBUX YMCEN [OUINbHO 3A4iCHIOBATU 3
BMKOpUCTaHHAM mabauueb Microsoft Excel i GeoGebra.

Mpu BUBYEHHI 30KOHY 8€/1UKUX Yucesa aKTyani3yloTbCA pe3ynbTaTh AOCNIAXKEHb, OTPMMAHI NMpY NpOoBeAEHHI ONUCaHUX
BULLE YOTUPLOX EKCMEPUMEHTIB. 3AiMICHEHE MOAENOBAaHHA BUKOPWUCTOBYEMO [AJ1A AEMOHCTpaLii CTiMKOCTi BMBIpKOBOro
cepefHboro, CTIMKOCTI BIAHOCHUX 4acToT. TyT AOUINbHO Lie pa3 Haro/JoCUTU Ha TOMY, WO ANA OB6YMCNEeHHA OLHOK MeBHUX
BEJ/IMYMH, HanpuKaaa, naow,i irypu, Havkpale bpaTv cepegHe apudmeTUyHe OTpMMaHNUX pe3ynbTartie. JouinbHo Ana nobyaosm
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rpadikis noniroHy MmosipHocTelM UM GYHKLIT LWiNbHOCTI po3noAiny MMoBipHOCTEN NPU 000a8AHHI 3HAYeHb 8UNAOKOBUX 8EAUYUH
nponoHyBaTh Hao4dHocTi Wolfram Demonstrations, po3rnsHyTi po3pobaeHi pparmeHTV Nporpam 3 BiAKPUTUMM KOAaMM ANA LUX
HAaOYHOCTEN UM CTBOPUTU BNACHI.

Hap3sunualiHo BaXK/IMBO pO3B’A3aTH cepito 33424 Ha BU3HAYEHHA KilbKOCTi NpoBeAeHHA BUNpobyBaHb meToaom MoHTe-
Kapno ans 3abesneyeHHA 3a4aHOi TOYHOCTI 3 BUKOPUCTAHHAM HepiBHOCTi YebuiwoBa Ta Teopemu Slannaca. Lie moxkyTb 6yTn ak
3aBAaHHA Ha BM3HAYeHHS MMOBIPHOCTI BUMAaAKOBOI NOAjl, Tak i HABMXKEHI 0BUMCNEHHA iHTerpanis, 30Kpema KpaTHux. Mpuknag
334a4i: MMOBIpHiCTb BiabyBaHHA AesKoi nogii BM3HA4YaeTbca MeTogom MoHTe-Kapno. 3HaMTM  KiNbKICTb He3aNexXHUX
BMMNpPObyBaHb, fAKi 3abe3neyytoTb 3 MUMOBIPHICTIO He MeHW AK 0,99 0BYMCNEeHHSs LWyKaHOI MMOBIPHOCTI 3 MOXMOKOW, WO He
nepesuuye 0,02. OuiHKY NoAaTh 3a 4ONOMOrolo HepiBHoCTi Yebulwosa Ta Teopemu Jlannaca.

JouinbHoO 3acTocyBaTM OTPUMAHI pe3yabTaT eKCNepuMEHTIB Npu nepesipyi cmamucmuyHux 2inomes. 30Kpema, uun
CYTTEBO BiApi3HAIOTLCA OTPUMAHI BiAHOCHI YacTOTH Bif, PO3paxoBaHMX MMoOBIpHOCTEN. TOBTO 34iMCHUTM NepeBipKy rinoTesn npo
BiAXuNneHHs KoeodiljeHTa nponopuiiHocTi Big cTaHaapTy. Hanpuknaa, sigHocHy vactoty p* = 0,16 BunagaHHA cymu uucen,
piBHOi cemu (pwnc.1), Ha piBHi 3HauywocTi 0,05 nopiBHATK 3 moBIpHicTIO p = 0,17 i BCTaHOBUTK, WO HEMA MiACTaB BiAKMAATH
Hy/IbOBY FiNOTE3y NPO BiAICYTHICTb BiAMIHHOCTEN y 3HaueHHsx (|(0,16 — 0,17)/V(0,17 * (1 — 0,17)/900)| < 1,64).

BaXkNMBO TaKOX, BMKOPMUCTOBYKOUM [OATYMKM BUMALKOBUX YMCEN, NEpPeBipuUTM rinoTesn nNpo 3aKOHW po3noainy
MMOBIpHOCTEN BUMNALKOBUX BENMYMH. [OUiNbHO MepeBipuUTU, HACKINbKM AKICHO reHepyloTbca Habopu BMNAAKOBUX 4yucen
BiANOBIAHO [0 3aKOHIB Po3noAiny MmoBipHOCTEM 3a gonomoroto Tabauub Google, Microsoft Excel um cuctemmn amHamiyHol
maTemaTnkmn GeoGebra. 3okpema, piBHOMIPHOrO Ta HOPMaA/IbHOTO PO3NOAiNIB. BapTo NopiBHIOBATM AK peanisyeTbca po3irpyBaHHsA
BMMNaAKOBOI BeNnYnHM B TabanyHomy npouecopi Excel, 3okpema 3 BUKopucTaHHAM «llakeTy aHanisy», Ta, Hanpukaag, B cuctemi
OMHaMiIYHOT maTemaTukn GeoGebra.

Ha 3aBeplwanbHOMy eTani BUBYEHHA CTOXACTUKM HeobXigHO y3arasibHUTU MPUIMOMU BUKOPUCTAHHA meToady MoHTe-
Kapno ana obuncneHHs BU3HAYEHMX iHTerpanis, cepeaHboro 3HaYeHHs GyHKLUiT Ha Bigpi3Ky, KpaTHUX iHTerpanis Towwo.

Mwu pocnigxyBanu, AK MoXe BMNAUBATU HaCKpi3He BUKOPWUCTaHHA meTody MoHTe-Kapno y HaB4aHHi CTOXaCTMKKM Ha
po3BuToK STEM-KomneTeHTHoOCTel 3400yBayiB OCBiTM — MaMbBYTHIX yuyuTeniB maTtematuku. BcTaHOBMAW, WO HacKpisHe
BMKOPUCTaHHA meToay MoHTe-Kapno cnpuae NOCUNEHHIO iHTErpoBaHOro HaBYaHHA, JEMOHCTPYE, AK MaTEMATUYHIi meToau
peanisytoTbca Yepes BMKOPUCTAHHA MOB MPOrpamMyBaHHA. | HaBnaku: AK meToAamu iHOOPMATUKM MOXKEMO pPO3B’A3yBaTU
MaTeMaTUYHi 3afadi NPaKTUYHOro 3MmicTy. IHTerpoBaHe HaBYaHHA — L CYKYMHICTb MOCNIAOBHMX Ta B3aEMOMNOB'A3AHMX Aii
YYaCHMKIB HaBYasbHOro npoLecy. BoHW cnpamoBaHi Ha GopmyBaHHA y 3400yBaYiB OCBITH LLiNICHOI KAPTUHW HA OCHOBI 06'€QHAHHA
HaBYa/IbHOrO MaTepiany 3 Pi3HUX OCBITHIX rany3ei (HaBYaNbHWUX NPegMETIB).

OfHI€0 3 BaXKIMBUX XapPaKTEPUCTUK A1 MalbYTHIX y4MTeNiB € TOTOBHICTb A0 BNpoBaaKeHHA STEM-niaxoais y HaBYaHHi
YYHiB. AK CKNAAHMKM XapaKTepPUCTUKM PO3rNaLanocs yMiHHA epeKTMBHOro 3actocyBaHHA IKT, 30Kpema, BUKOPUCTAHHA AaTUMKIB
BMNAZAKOBMX YMCEN, NOCTAHOBKA MAaTeMATUUYHMUX 334a4 ANS YYHIB, OpraHisauia cniBpobiTHULTBA ANA AOCATHEHHA iHHOBALiAHMX
pe3ynbTaTiB i PO3B’A3yBAHHA CKNAAHWX 3aBAaHb. [pn LbOMY B KOMaHOAx MpautoBasnM OCOOBUCTOCTI 3 Pi3HUM HAyKOBUM i
TEeXHIYHUM bekrpayHaom. HasuaHHA B 06nacTi STEM Haza€e WMpPOKi MOXKAMBOCTI ANs CNifKyBaHHA “oAnH Ha oauH” i “oanH-go-
6aratbox”. 30Kpema, PO3BUTKY KOMYHIKaTUBHOCTI CNPUANO CYyMiCHE NPOrpamyBaHHs, 06roBOpeHHs Ta YAOCKOHaNEHHA Koais. Y
npoueci HaBY4aHHA PO3BUBAETHCA KPUTUUHE MUCIEHHA Y 3400yBaYiB OCBITU K 34aTHICTb OCMUCAUTH, BAYMANBO 1 OBIPYHTOBAHO
npoaHanisyBaTu i 3acTOCOBYBaTM 3HaHHA. BcTaHOBUAM BNAMB Ha PO3BUTOK TBOPYOCTi —BUKOPUCTAHHA KPEeaTUBHUX BMiHb ANA
NMOKPALLEHHA HAYKOBOTO i TEXHOJIOTIYHOTO NPOEKTY, AE&MOHCTPALLii MOro HEPO3KPUTUX MOMK/IMBOCTEN.

MeTolo onuTyBaHHA CcTygeHTiB cneuianbHocTet 014.04 CepegHa ocsiTa. MaTemaTuKa, [04aTKOBa creliasibHICTb
IHpopmaTnka Ta 014.08 CepepHs ocsita. di3vKa, [oJaTKOBa cneujanbHicTb MaTemaTMKa nepes BMBYEHHAM Kypcy Teopii
MMOBIpHOCTEN Ta MaTeMATUYHOI CTaTUCTUKK Ta MicNs MOro 3aBeplueHHA 6ya10 BU3HAYMTM CTyNiHb 0Bi3HAHOCTI 3406yBaYiB OCBITU
3 MOHATTAM Ta 3MicTOM STEM-0CBiTH, yMiHHAM chopmyntoBaTH A9 MalbYTHIX yYHIB TEMY Ta BUSHAYUTM 3MiCT 3aBAaHb aA1a STEM-
NPOEKTY, 06paTN AOLINbHI MeTOAM Ta 3acobu 415 BUPILLEHHS NeBHOT NPaKTUYHOI npobaemu. 3406yBavam OCBITM MPONOHYBaNOCA
NPoOYMTaTU MUTAHHA i 33 AOMNOMOrol 3anPOMOHOBAHMX BapiaHTIB 06paTM BIAMNOBIAb YM 3anucaTM PO3LIMPEHY BiAMNOBIAb.
HaBegemo npuKnagm NuTaHb, AKi HABOAMAWCA B aHKeTi: AK po3wndposyeTbea abpesiatypa STEM / STREM; Hackinbku By 06i3HaHi
y 3MmicTi noHATTA «STEM-ocBiTa»; AK y HaBY4aHHi maTemaTuku Ta STEM-3axofax MoOXKHa BUKOPUCTOBYBATU CUCTEMU AMHAMIYHOI
MaTemMaTuKku, Hanpuknag, GeoGebra; Ake obnagHaHHA / nporpamHe 3abe3neyeHHs MOXe BMKOpUCTOBYBaTMCA Ha STEM-
3aHATTAX; AK 3HAHHA 3 Teopii UMOBIPHOCTEN Ta MAaTEMATUYHOI CTaTUCTUKM MOKYTb BUKOPUCTOBYBATUCA NPY BNpoBaaKeHHi STEM-
NPOEKTIB, AK 32 5-6a/1bHOIO LIKA/I00 OLHIOETE BIACHUI PiBEHb KOMMNETEHTHOCTI A4 BNpoBaAKeHHA STEM-HaBYaHHA B OCBITHIl
npouec 3aknagy cepeaHboi ocBiTM Towwo. OCKiNIbKM NUTaHHA Woao STEM-HaByaHHA NigHIMAAMCA Npu BUBYEHHI BaraTbox Tem
KYPCY CTOXaCTUKM, 30Kpema Npu BUBYEHHI KOPENALLIMHOro Ta perpeciiHoro aHanisy, To ONUTYBAHHA BK/IOYAN0 OKPeMi MUTAHHSA,
nos’A3aHi came 3 BUKOpPUCTaHHAM meToay MoHTe-Kapno. MponoHyBanuca ans po3s’A3yBaHHA NPUKAALM 3aBAaHb, KNHOHOBUMU
MOMEHTaMMU Y AKX BYN0 BU3HaAUYeHHSA naoLwi ¢irypu i 06’emy Tina HabAMKEHUMU METOLAMM, 30Kpema 32 GOTO3HIMKamMMU.

Y xopj aHKeTyBaHHA CTyAEeHTW BiA3HaAYanW NiABULEHHA PiBHA OCOBMUCTICHOI XapaKTepUCTUKM — FOTOBHOCTI A0
BnpoBagKeHHA STEM-nigxo4is y HaBYaHHi MaTemaTuKuK yuHiB. O6’em BMBIpKM cknas 42 ocobu. [lna onpautoBaHHA pes3ynbTaTis
[OCNIAXEHHA CKOPWUCTA/IMCA KPUTEPIEM [/1A BUAB/MIEHHA 3CYBIB Y 3HAYEHHAX PiBHA O3HaKM — KpuTepiem BinkokcoHa.
3aCcTOCOBYBA/IM KPUTEPIN ANA 3iCTaB/NIEHHA NOKA3HUKIB, BUMIPAHUX Y ABOX Pi3HUX YMOBAX Ha OAHIN i Ti camii Bubipui. Tunosmum
BMABUBCA 3CYyB Y HanpAMKY NiABULLEHHA rOTOBHOCTI BNpoBagXyBatu STEM-niaxoan y HaBY4aHHI maTemaTuMKu. 3a 4OMOMOroto
KpuTepito Byna 3mora Ha piBHi 3HaYyLWOCTi 5% BCTAaHOBUTM He TiIbKM CNPAMOBAHICTb 3MiH, ane i IXHIO BUMPaXKeHiCTb, TO6TO
KOHCTaTyBaTW, WO 3CyB TMOKa3HWKIB Yy TWUMOBOMY  HanNpPAMKY €  iHTEHCMBHIWWM, Hi)K B  HETUNoOBOMY
(Tp 0,01 = 266 < Ty = 272 < Ty 9,05 = 319).

O6roBOpHOIOYM MiACYMKM aHKETYBaHHA, CTYAEHTM 3BEpPTanu yBary Ha Te, Wo Ana STEM-HaBYyaHHA 3 BUKOPUCTAHHAM
meTogy MoHTe-Kapno xapakTepHe MOAAHHA HaBYa/lbHUX BiLOMOCTEM uYepe3 JKUTTEBI CUTyalii; 3ao0XO4yeHHA Ao
EKCMepuMMEHTaIbHUX  OOCAIgKeHb;, MNPUKNAgHI  acnekTM — po3s’A3yBaHHA  3a4auy/npobiem  MNPaKTUYHOTO  3MICTY;
MiXOMCLMNNIHAPHUI NiaXia AK NOEAHAHHA BiZOMOCTEN 3 AeKiNbKOX NpeaMEeTiB, 30Kpema MaTeMaTUKK, iHpopmaTuKu, reorpadii
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Ta iH. Mpn UbOMY BM3HAYANMCA B AOLiNbHIA NOCNIAOBHOCTI eTanu AocnigxeHHs: npobnema, rinotesn, eKCnepumMeHT, aHanis,
BMCHOBKM.

BUCHOBKU TA NEPCNEKTUBU NOAANBLUOIO AOCNIAKEHHA

3anponoHoBaHWit BWKNag Temu «MeTtog MoHTe-Kapno» BNpoOAoBX BUBYEHHA Kypcy CTOXAaCTMKM ManbyTHiMu
YUUTENAMM MATEMATMKM [AE€ 3MOry Kpalle peanizyBaTM KOMMETEHTHICHMI Migxig y HaByaHHi. MepcnekTmBHUM 6HaumMmo
BMNPOBaAKEHHA HAaCKPI3HOrO BUKOPUCTAHHA METOAY B HayKOBO-MeAaroriyHy npakTuKy.

HackpisHe BMKopucTaHHA meTony MoHTe-Kapno y HaBYaHHi CTOXaCTUKM MNO3UTMBHO BMJIMBAE HA piBEHb HaBYa/bHUX
[ocArHeHb 3406yBayiB OCBITM Ta iIX TOTOBHICTb A0 BNpoBagKeHHa STEM-nigxo4is y HaBYaHHI y4YHiB. Y X04j aHKeTyBaHHA CTYAeHTH
BiA3HaYanM NiABULLEHHA PiBHA OCOBMCTICHOI XapaKTepPUCTUKM — FOTOBHOCTI 40 BnpoBagMeHHs STEM-niaxoAis y HaByYaHHI
MaTeMaATUKM YYHiB. EKCNnepumeHTasibHO NiATBEPAXKEHO NiABULEHHA PIBHA FOTOBHOCTI MalibyTHIX yuuTenis 40 Noganblworo
BNpoBagXeHHA STEM-nigxoAais y HaBY4aHHI y4YHiB.

Mpwn HackpisHOMy HaB4YaHHi meToay MoHTe-Kapio 3 BMKOpUCTaHHAM Tabauup Google, Microsoft Excel, cucremun
OMHAMIYHOT maTemaTvKkn GeoGebra 3aK1aa€eTbCA 3HAYHMIM NOTEHLiaN IHCTPYMEHTapito WwoAo BUKopucTaHHA STEM-nigxoais y

AHani3 3aBAaHb, AKI MOXYTb OYTWM BMKOHaHi y HaBYaHHi CTOXaCTUKM Yepe3 BUKOPUCTaHHA meToay MoHTe-Kapno,
niaTBEPAMKYE Te3y NPO Te, WO MOro 3acToCyBaHHA HAAAE HaBYasIbHOMY NpoOLECY AOCAIAHULBKOIO XapakTepy. 3acTocyBaHHA
meTtoay MoHTe-Kapno Ak engineering-iHCTPYMEHTY 3MilLly€ aKLLEHTU HaBYaHHA 3 TEOPETUYHOI B eKCNEPUMEHTAsIbHY MJIOLLMHY.

Moaanbuwi Hawi gocniaxkeHHA OyayTb NOB’A3aHI 3 TPAHCAUCLUMNAIHAPHMM NiAX0A0M Y NiAroToBLi ManbyTHix yuntenis
MaTeMaTUKM 40 BNpoBaaKeHHA STEM-HaBYaHHA.
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ABSTRACT

PopmyniosaHHAa npobaemu. Po3sumok yugposux 3acobis, xmapo
OpiEHMOBAHUX cucmem Crpuse nidsuUWeHHI0 docmynHocmi 3006ymkie
8i0KpUMOI HayKu, 8IOKpUBAE HOBI MOXCAUBOCMI 0415 haxisyie pizHUX ciep
disnbHOCMI, 8 M.4. 84umerie 3aKknadie 3a2aa6HOI cepedHboi oceimu. Tak,
XMapo opieHMOoBaHI cepsicu 8iOKpUMOI HayKU Maromes nMomeHyidn 3HaYHo
nokpawumu npogecitiHuli po3sumok e4yumesnis, Hadar4u im docmyn 0o
8enuKoi  Kinbkocmi pecypcis, iHcmpymeHmie i moxcausocmel 0ns
nid8UWEHHA AKOCMI HABYAHHA MA BUKAAOAHHA.

M pi i ] lMpedcmasneHo Oesaki pesynemamu
00Cni0HEeHHA, WO BUKOHYEMbLCA 8 PAMKAX MPOEKMY «XMaApPO OpieHMOBaHI
cucmemu  8iOKpUMOI HAyKu y Ha84YaHHi i npodeciliHomy po3sumKy
s4yumenie» (peecmpayiliHuli Homep 2020.02/0310) 3a paxyHoK 2paHMoegoi
nidmpumku HauyioHanbHo20 hoHAY docnidxceHb YKpaiHu. 3acmocosaHo
meopemuy4Hi  mMemoOu, 30Kpema aHaniz  00CAiIOHUYbKUX  pobim
8iMYU3HAHUX | 3aKOPOOHHUX  OOCNIOHUKIB, — eKkcriepmis,  aHAnI3
MIiHCHapoOHUX O0KyMeHmis, pekomeHOauil.

Pe3syabmamu. Po3pobneHo modens cucmemu 8i0Kpumoi HayKu, wo
micmume: [PUHYUMU mMa YUHHUKU, AKi cnpuamumyme i ycniwHil
peanizayii; ¢acunimamopis, Aki 3anyyeHi 8 npoyecu 3anpPo8aAdHeHHA
8i0Kpumoi Hayku; beHediyiapie — cy6’ekmis, Aki ompumaroms 8i0 Yyboz2o
MAKCUMQsbHY Kopucme; e-iHgppacmpykmypy. BusHauyeHo moxcaueocmi
BUKOPUCMAHHA B8IOKPUMOI  Hayku y npogeciliHomy po3sumky ma
dianeHoCcMi 84yumMesnis; MOXUBOCMI Ma nepesaau XMapo OpiEHMOBAHUX
cepsicie 8i0Kpumoi Hayku 0naa npodeciliHozo po3sumky e4yumesnis.
Ob6rpyHmMoBaHO BUKAUKU BIOKPUMOI HAyKU ma YUHHUKU [000/AAHHA
nepewkoo Ha wAsAxy ii 3anpoeadieHHs. Po3pobaeHo pekomeHOayii wodo
po38UMKY cucmemu 8iOKpUMOI HAYKU, AKi MOXHA suKopucmamu AK 014
MowupeHHA NPUHYUNie 8iOKpUMOI HayKu 3a2aa10M, MaK i 018 NOKPAWeHHA
npogeciliHozo po3sumky ma dianbHOCMI 84UMenie 30Kpema.

BucHoeKu. HuHi 8i0KpUMa HayKa € He8i0’EMHUM enemeHMOoM Po38UMKY
Cy4acHo20 2n106ani308aHO20 CBIMY, WO CrIPUAE MIOBULYEHHIO AKOCMI,
nposopocmi i docmosipHocmi Haykosux docnidcers. II ynposadscerHs i
PO3BUMOK  CMAAU  MOMIUBUMU 3080AKU  WUPOKOMY 3ACMOCY8AHHIO
yugpposux 3acobis, 30Kkpema XMapo opieHmMosaHux cepeicie i cucmem. [ns
84umesiA 30CMOCYBAHHA XMAPO OPIEHMOBAHUX cepsicie 8iOKpumoi HayKu
8idKpusae nomeHyian 017 npogeciliHozo po3sumky, Hadaro4u docmyn 00
8esnuKoi KinbKocmi pecypcis, iHcmpymeHmie ma moxciusocmeli  01a
nidBUWEHHA AKOCMI HABYAHHA MA B8UKAAOaHHA. [lpu yvomy ycniwHicme
MOOesn0BaHHSA | 3anpo8adHeHHA cucmemu 8iOKpUMOI HayKU 3anexums 8id
y3200:ceHocmi ma egpekmusHocmi 83aemodii pisHux cy6’ekmie 8iOkpumoi
HayKu — 8i0 nonimukie 0o oc8imsH.

Formulation of the problem. The development of digital tools, cloud-
oriented systems, contributes to increasing the accessibility of
achievements of open science, reveals new opportunities for specialists in
various fields of activity, including teachers of general secondary schools.
Thus, cloud-based open science services have the potential to significantly
improve the professional development of teachers by giving them access to
a large number of resources, tools and opportunities to improve the quality
of learning and teaching.

Materials and methods. The article presents some results of the
research within the project «Cloud-oriented systems of open science in
teaching and professional development of teachers» (registration number
2020.02/0310) implemented with grant support from the National
Research Fund of Ukraine. Theoretical methods are applied, in particular,
analysis of research works of domestic and foreign researchers, experts,
analysis of international documents, recommendations.

Results. A model of the ecosystem of open science has been developed,
which contains: principles and factors that will contribute to its successful
implementation; facilitators who are involved in the processes of
introducing open science; beneficiaries - subjects who will get the maximum
benefit from it; e-infrastructure. The possibilities of using open science in
the professional development and activities of teachers have been
determined; opportunities and advantages of cloud-oriented services of
open science for the professional development of teachers have been
defined. The challenges of open science and factors for overcoming
obstacles on the way to its introduction are substantiated.
Recommendations for the development of the open science ecosystem have
been developed, which can be used both to spread the principles of open
science in general and to improve the professional development and
activities of teachers in particular.

Conclusions. Today, open science is an integral element of the
development of the modern globalized world, which contributes to
increasing the quality, transparency and credibility of scientific research. Its
implementation and development became possible due to the widespread
use of digital tools, in particular cloud-oriented services and systems. For a
teacher, the use of cloud-oriented services of open science opens up the
potential for professional development, providing access to a large number
of resources, tools and opportunities for improving the quality of learning
and teaching. At the same time, the success of the modelling and
implementation of the ecosystem of open science depends on the coherence
and effectiveness of the interaction of various subjects of open science -
from politicians to educators.

K/IKOYOBI C/IOBA: 8idKpuma HayKka; Yugposi mexHonoaii; xmapo
opieHmosaHi cepsicu i cucmemu; npogeciliHuli po3sumoKk e4yumenis;
MOOesnto8aHHA.

KEYWORDS: open science; digital technologies; cloud-oriented services
and systems; teachers’ professional development; modelling.
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npouecy (4epes AocTynHicTb iHhopMaLi, MoXKAMBICTb cninbHOT poboTH, Konabopau,ii, BigKkpuTMIA 06MIH igesamu i gocsigom). Y
uinomy, BiAKpWTa HayKa CNPUAE NPO30POCTi, KOHTPOJIO AKOCTI | 36iNblUEHHI0 JOCTOBIPHOCTI HAYKOBUX A0CAIAMKEHDb, NOCUNEHHIO
L,0Bipyn 4,0 HAaYKOBUX Pe3y/bTaTiB.

YnpoBaZKeHHA i PO3BUTOK BIAKPUTOI HaykM B r106aNbHOMY BMMIpI CTanv MOMKAMBUMU 3aBAAKM LUMPOKOMY
33CTOCYBaHHIO LMPPOBUX 3ac06iB — MEPEXHWUX TEXHO/OFiN, XMapo OPIEHTOBAHMX CEPBICiB i NAaTGOPM, CUCTEM LUTYYHOrO
iHTenekKTy Ta iH.

Cepep, acnekTis, 33 AKMMU LMPOBI TEXHOOFIT CNPUAIOTb PO3BUTKY BiAKPUTOI HAYKK, BAPTO BiA3HAUUTH:

— BigKPUTUI AOCTYN A0 HAaYKOBUX AaHuX i nybaikauil (umdpoBsi apxiBun, OHNANH-KypPHaNK, peno3nTopii Towo);

— cnisnpausA Ta KOMyHiKaLia (Beb-TexHooril, couianbHi MepesKi 1 iH. 3ac0bU CMHXPOHHOT Ta aCMHXPOHHOI BigaaneHol
KOMYyHiKaL,ii);

— aHani3 gaHux — CKNagHMI aHani3 AaHuX i MOAeNtoBaHHA, WO NOETLLYE BUABEHHA HOBUX 3B’A3KiB | 3aKOHOMIpHOCTeN
Y HayKOBMX OCNIAXKEHHAX;

— BiZLKpUTE OLHIOBAHHA HAYKOBUX POBIT — BUKOPUCTAHHA LbpoBux Nnatdopm ANs BiAKPUTOro peL.eH3yBaHHA, 0OMiHy
OYMKaMM Ta KOMEHTapAMU;

— BigKpuTa 0cCBiTa — UMpPOBI TexHONOrii CNPUAIOTL AOCTYNHOCTI OCBITHIX MaTepianiB Ta HaBYa/bHI B3aemog;i,
[,03BONAOYM NIOAAM HAaBYATUCA | NigBULLYBaTM CBOKO KBaslidikauito byab-ae, byab-Konu.

Lndposi TexHoNOrii po3LWMPIOIOTE MOXKAMBOCTI BIAKPUTOI HAYKKU, pobAATb HAYKOBUI NpoLuec 6inbly AeMOKpaTUIHUM,
NiABULLYIOTb AKICTb HAYKOBUX AOCANIAMKEHD, A03BOJIAOYM 3a0y4nUTU BiNblly KibKICTb Nt0AEN, CNPUAOYM 0OMiHY 3HAHHAMMK Ta
iHpopMmauieto. MowmpeHHA | AOCTYNHICTb 3006YTKIB BiAKPUTOT HAaYKM NiABULLYETLCA 32 PaXYHOK PO3BMTKY XMapo OPiEHTOBAHMUX
CUCTEM, L0 BiAKPUBAE HOBI MOXAMBOCTI AN1A daxiBLiB pi3HMX cdep AifNbHOCTI, 30KpemMa BUMTEIB 3aK1aAiB 3arasibHOI cepeaHbol
0CBiTH. TaK, XMapo OpiEHTOBaHI cepBicK BiAKPUTOI HayKM MatoTb NOTEHLiaN 3HAaYHO MNOKPALLMTN NPOdECIMHNI PO3BUTOK BUUTENIB,
Hagatouu iM LOCTYn A0 BENMYE3HOI KiNIbKOCTi pecypcis, iIHCTPYMEHTIB Ta MOXAMBOCTEN ANA NiABUWEHHA AKOCTI HAaBYaHHA Ta
BMK/IafaHHA.

Mpun ubOMy BapTO BiA3HAYMTH, L0 YCMILIHICTb MOAENIOBAHHA | 3aNpOBaAKEHHA CUCTEMMU BiAKPUTOT HAYKM 3a/1eXUTb Bif,
Y3roAKeHOCTi Ta epeKTUBHOCTI B3aEMOZ,ii pi3HUX cy6’€eKTiB BiAKPUTOT HayKM.

AHani3z aktyanbHux gocnigyeHb. OpraHisauia eKoHomiyHoro cniBpobiTHMUTBA Ta po3BUTKY (the Organisation for
Economic Co-operation and Development, OECD) Bu3Haya€e BigKpUTy HayKy fIK 3arasibHy AOCTYMHicTb (y umdposomy dpopmari,
6e3 06MeKeHb abo 3 MiHIMaNbHUMM 0BMEKEHHAMM) pPe3yNbTaTiB AOCAIAMKEHD, WO GiHAHCYIOTLCA 3a AepKaBHUI paxyHok (OECD,
2015).

3rigHo 3 pekomeHpauismn HOHECKO wopo Biakputoi Haykm (UNESCO, 2021), BigKpUTY HayKy BM3HAYeHO SK
iHKNIO3NBHMI KOHCTPYKT, WO NOEAHYE Pi3HI PyXM i NPaKTUKM, CNPSAAMOBaHi Ha 3abe3neyYeHHnA BiAKPUTOCTI Ta 4OCTYMHOCTI HAYKOBUX
3HaHb A/17 KOXHOrO, PO3WMPEHHA HAYKOBOro CniBpobiTHULTBA Ta 0OMiHY iHPOpMALLE Ha KOPWUCTb HayKM i CycninbcTea,
3abe3neyeHHA BiAKPUTOCTI NPOLECiB CTBOPEHHA HAaYKOBUX 3HaHb, iX OLLiHIOBAHHA Ta HAYKOBOI KOMYHIKaLii AN cyb’eKkTiB, AKYy He
HaNeXMWTb 40 HAaYKOBOI CMiZIbHOTU.

XMapo OpiEHTOBaHi CMCTEMW BIAKPUTOT HAayKW, WO € THYYKUM, MOTYXKHUM, QYHKLiOHAaAbHMM 3acobom MiaTpUMKM
npodecinHoro po3sUTKY Ta AiANbHOCTI, NpUBEPTatOTb BCE Hinbluy yBary AOCAIgHUKIB.

B YKpaiHi 4OCATHYTO 3HAYHUX pe3ynbTaTiB WOAO0 AOCNIAMKEHHA TEOPETUYHNX Ta METOAO0/OTIYHUX 3aCak, NMPOEKTYBAHHA
iHpopMaLiiHO-0CBITHIX cepenoBuLL BifKpuTOI ocBiTH (B. HO. BuKoB (Bykov Ta iH., 2020), C. T. /intBMHoBa (KoBaneHko Ta iH., 2020),
M. B. Map’eHKo (Map’eHKo Ta iH., 2021), C. O. Cemepikos, M. M. LUnwwKiHa Ta iH.).

3aKopAOHHMMM AOCAIAHUKAMKN BU3HAYEHO TeopeTuyHi 3acaam (Fecher ta iH., 2014; Tacke, 2010), TeHaeHU;i, npobaemu
i NepcnekTMBM 3anpoBagyKeHHA TexXHOOorin BigkpuToi Hayku (B. Kumar, M. Raju, |. Larsen-Ledet (Larsen-Ledet Ta iH., 2019),
H. Korsgaard, N. Chakravorty (Chakravorty Ta iH., 2022) Ta iH.), y3arafibHeHO peKomMeHAaLii WoA0 BNPOBaAMKEHHSA NPaKTUK
BiaKpuTOI Hayku (Banks Ta iH., 2019) Ta iH.

Lli Ta iHWi po60THM BITYN3HAHUX i 3aKOPAOHHMX aBTOPIB YTBOPHOOTb METOA00FYHNIA B6a3UC AN1A NOAANbLUMX JOCIAKEHD
33 JaHUM HanpAMOM, CNUPAIOYUCb Ha PO3YMIHHA TOrO, WO XMapo OPIEHTOBaHi CUCTEMWU BIAKPWUTOI HAYKM € HOBMM €Tanom
PO3BUTKY BiAKPUTUX OCBITHIX CUCTEM.

Meta — po3pobUTM MoAeNIb CUCTEMM BIZLKPUTOT HAaYKM A1 YCMILWHOro 3anpoBaAKeHHA BiAKPUTUX HAYKOBUX pe3yibTaTis
3aranom Ta gna npodeciitHoro po3BUTKY i A4iANbHOCTI BUMTENIB 30KpEMa.

MATEPIANU | METOAU AOCNIAXKEHHA

Y AaHiN cTaTTi npeacTaBAeHO AeAKi pe3yabTaTh JOCNIAKEHHS, L0 BUKOHYETbLCA B PaMKax MPOEKTY «XMapo OpieHTOBaHi
CUCTEMM BIAKPUTOI HAyKM Y HaBYaHHI i NpodeciiHOMYy pO3BUTKY BUMTENiB» (peecTpauiitHuii Homep 2020.02/0310) 3a paxyHOK
rpaHToBOI NiATPUMKKM HauioHanbHoro doHAy AocniaxKeHb YKpaiHu.

3aCTOCOBAHO TEOPETUYHI METOAM HayKOBO-MeAaroriYyHoro nowyKy. 30Kpema, aHanis AoC/iHULbKUX POBIT BITYM3HAHUX
i 3aKOPAOHHUX JOCNIAHMKIB, €KCNEPTiB, aHaNi3 MiXKHAPOAHMX LOKYMEHTIB, peKoMeHAaLil. Y pe3ynbTaTi CUHTe3y, y3araJbHeHHs
aHaNiTMYHOI pobOoTH 34iliCHEHO PO3PODOKY peKomeHAaL WoA0 PO3BUTKY CUCTEMM BiAKPUTOT HAYKK, AKI MOXKHA BUKOPUCTATH K
ONA NOWMPEHHA NPUHLMNIB BiAKPUTOI HAayKM 3arafiom, Tak i 1A NoKpalLeHHA NpodecinHoro po3BUTKY Ta AiA/NbHOCTI BUMTENIB
30Kpema.

PE3Y/IbTATU AOCNIAXKEHHA

O6roBoOpIOIOYM BIOKPUTY HAyKy AOLINbHO HAros0CUTKM, LLO KAKOYOBMM acnekTom i peanisauii € cnisnpaus, wo B
CY4aCHUX YMOBaX MOXKe 34iCHIoOBaTUCA Hanpamy (odnaiH) Ta onocepeaKoBaHO (pPo3noAineHo), i3 3acTocyBaHHAM LMPPOBUX
TexHosoriNn. MocTiHMIA Haronoc Ha «uMdpi» BKA3ye Ha 3HAYYLLiCTb TEXHOJ/IOMNYHOIrO GaKkTopy B PO3BUTKY CydacHOI LMBini3auji
3ara/loM Ta BiAKPMTOI HayKM 30Kpema. 3 oAHOro 60Ky MOMKHa cnocrtepirat uuoposuin po3pms (undposy, iHPopmauiiHy
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HepiBHICTb) Ta MOro HaCNiAKM Y COLiaNnbHIN, KyNbTYPHIN, EKOHOMIYHIM, OCBITHIM Ta iH. cdepax. 3 iHWOro — nocTiliHe po3pobaeHHs
HOBMX 06YMUCNIOBANbHUX IHOPACTPYKTYP, TEXHOOTI, CTaHAAPTIB, peKomeHAaui Ana NigTPUMKM BiAKPUTOI HayKu. B YKpaiHi
undpoBuii po3pnB 0COBANBO BIAYYTHUI, AKLLO NOPIBHIOBATH AKICTb IHTEPHET-3'€AHAHHA Y 3ara/ibHOOCBITHIX LLUKO/AX B MiCTax Ta
CiNIbCbKIM MicLeBoCTi.

MoB’A3aHi TepmiHM «BiAWYKYBAHICTbY», «AOCTYMHICTb», CYMICHICTb», «BiATBOPIOBaHICTb» (Big4 NpuHumMnie FAIR —
Findable, Accessible, Interoperable, and Reusable) noknann no4aTok AOCNIAMKEHHAM Y rany3ax iHGOPMATUKM Ta € KAOHOBUMM
ONA PO3YMIHHA HOBWMX BMKMKIB, WO BUHUKAOTL nepes umdbpoBumu TexHonoriamu. [lo npuknagy, «BigTBoptoBaHicTb» (abo
«MOBTOPHE BMKOPWUCTAHHAY), 30KpPeMa, MoxKe nepeabayatn nepenpodintoBaHHA Ta NpUM3BOAUTM A0 NoOOKOBaHb AOCNIAHUKIB
040 NOTEHUIMHNX HeBaXkaHMX NoBiYHMX edeKTiB Bif IXHIX gocniarKeHb. Lie oaHa 3 NpUUMH TOro, WO AeAKi BYeHi Ta iHwWi daxisui
[,0Ci He NparHyTb NOLWKMPIOBATM NPOMINKHI | KiHLLEBI pe3yabTaTu CBOiX pobiT y undposomy npocTopi.

Taki no60otoBaHHA CTBOPIOIOTb NEPENOHU MOLIMPEHHIO KOHLENUi BigKPUTOT HayKu. BaxknnMBo nam’ataTu, WO BigKputa
HayKa He € NPOTUCTaBAEHHAM TPaAMLiHIl Hayui. HaTomicTb BOHa nepeabayae, Wo A0CAigKeHHA 34iMCHIOTLCA Binbll Npo3opo,
y cniBnpau,i, i3 3aCToCyBaHHAM Cy4acHUX UMPpoBMX 3acobiB. | LLe CTOCYETLCA BCiX HAYKOBUX AUCLUMAIH.

OCHOBY CMCTEMM BiAKPUTOI HayKM CKnagae came crisnpaun. Ha puc. 1 306paxkeHo UMKA, B AKOMY NOLIMPIOOTLCA
pe3y/ibTaTu HAayKOBMX NOLUYKIB A1 3a6e3neYeHHA MOX/IMBOCTI CriBnpaLi LWAAXom NOBTOPHOrO BUKOPUCTaHHA, beanepepBHOro
06MiHY pe3yabTaTamu, NOWKNPEHHA PO3POD6OK i 3HAHD.

LleHTpanbHUM HOKYCOM LLiEl cUCTEMMU € CNiNIbHWUIA AOCTYN 4,0 HAYKOBMX Pe3y/bTaTiB, 30Kpema nybnikaLiin. Yacto noHATTA
BiAKPUTUX NyBAiKaLi BXXMBAOTb Y CEHCI BiAKPUTOT HayKK, AK CUHOHIMIYHe NOHATTA. [loCi TPUBAOTb AMCKYCIT LWOA0 HeobxigHoCTi
100% BigKpuToCTi Nybnikauii, WO 3yMOB/OE HEOOXiAHICTb OHOBNIEHHA €KOHOMIYHWX MoAeselt BUAABHUYOI cnpaBu. TaKox
npegMeToM AUCKYCil BUCTYNAlOTb BIAKPUTICTb AaHMX, 3aNPOBaAKEHHA YOro NoTpebye AONAHHA HU3KKU KYNBbTYPHUX, MONITUYHUX
Ta iH. bap'epiB. OAHiElD 3 MPUUMH HEY3roAMKEHOCTi € BiACYTHICTb Ha rnob6anbHOMY pPiBHi CNiJIBHOTO PO3YMIHHA MOHATTA
«nybnikauia» Ta wnaxis ii nownpeHHs. LA npobnema CTOCYeTbCA | HAYKOBUX Pe3y/bTaTiB Yepe3 HeBM3HAUYEHICTb CYTHOCTI UmUX
pes3ynbTaTiB, IXHI0 3HaYHy BapiaTMBHICTb (Bi4 HAayKOBOI CTaTTi 4O MPUKNAAHOI PO3PO6KKM, MPOrPaMHOro Koay i T.iH.). [NMbuHa
npobaemu BiApPiSHAETLCA Y 3a1€XKHOCTI Big, HU3KM GAKTOPIB: HAYKOBOI ANCLMNAIHW, reorpadiyHOro perioHy Towo.

MobypoBa cucTemMu BigKPUTOI HayKM Mae BigbyBaTuca AK 3a NpuHuMnamu FAIR, 3ragaHumu BuLLe (BiALWYKYBaHICTb,
[OCTYMHICTb, CYMICHICTb, BiATBOPHOBaHICTb), TaK i 3a MpMHUMMNAMK cniBnpali: 40BipW, PIBHOCTI, iIHKAO3UBHOCTI (NiATPUMKM
pi3HOMaHITHOCTI), BiAnoBiganbHOCTI. BignosiganbHicTb nepesbayae AOTPMMAHHA MPUHLMNIB HAyKOBOI €TWMKM, aBTOPCbKOro
npasa, 3aKOHOA,ABYNX HOPM.

Cepep, YMHHUKIB, LLLO CIPUATUMYTb YCNILWHIN peani3auii cuctemu BiAKpUTOI HayKK, PO3rNA4aEMO TaKi:

— 3MiHa Ky/bTypn BeAeHHs HayKoBMX A0CNiaKeHb — dopmyBaHHA y $axiBLiB Ta CycniNbCTBi 3araloM po3yMiHHA TOro,
LLL0 HAYKOBI AOCNIAXKEHHA MAtOTb 34iMCHIOBATUCA 3@ NpuHLUMNamu FAIR Ta 3a npuHUMiamu cnisnpaw;

— HaBYaHHA i NiAroToBKa — GOpPMYyBaHHA Yy MalbOYTHIX Ta NPaKTUKYHOUMX AOCAIAHMKIB KOMNETEHTHOCTEN BiAKPUTOI
HaYKW, 34aTHOCTI ePpeKTUBHO NPaLOBaTH Y BiAKPUTOMY HayKOBOMY NPOCTOPI;

— HapollyBaHHA NOTeHLiasy — MOTUBYBAHHA, CTBOPEHHA MeXaHi3MiB 320XOYEHHA, 3aly4eHHA MONOAi A0 HayKOBOI
LiANbHOCTI; 3a0X04eHHA $axiBLiB Pi3HWUX ranysew (3oKkpema, BUMTENIB) .0 BUKOPUCTAHHA HAYKOBMX 30,00YTKiB;

— diHaHCyBaHHA — MaTepia/ibHa NiATPUMKA NPOLLECiB BMPOBaAMKEHHA BiAKPUTOI HAYKU Ha Pi3HWUX PIBHAX (NOKanbHOMY,
perioHanbHOMY, AepKaBHOMY, rnobanbHOMY).

Cepep, dacunitaTopis (TO6TO cyb’eKTiB, AKi 3any4YeHi B NpoLecy 3anpoBaKeHHA BiKPUTOT HayKK) pO3rnaLaEmo:

— 3aKOHOZABYi OpraHu, O CTBOPIOKOTb HOPMATMBHE MIAFPYHTA ANA PEeryntoBaHHA MNPOLECIB Ha Pi3HUX PIBHAX —
LepKaBHOMY, MiXKHAapOAHOMY Ta iH. (Y T.4. 3aKOHOAABL,i, NONITUKKN, PO3POOHUKM AepPKABHOT NONITUKM i T.iH.);

— JOHOPWU — Pi3HOMaHITHI GOHAM, CNOHCOPM, FPAHTOAABAYI, AKI HagalTb GiHAHCOBY MIATPUMKY AOCNIAMKEHHAM Ha
KOHKYPCHUX YMOBaX;

— HAYKOBIi YCTAaHOBM — TOJIOBHI Cyb’€KTU 3amnpoBagyKeHHA BIAKPWUTOI HAyKW, fAKi 6e3nocepefHbO NPALLOOTL Hag,
CTBOPEHHAM i NOWMPEHHAM HAaYKOBUX PE3yNbTaTis;

— OCBIiTHI YCTaHOBM — peasni3yloTb MiArOTOBKY HOBMX HAYKOBMX KaapiB, 3abe3neuyytoTb PO3BUTOK aKTyasbHUX
KOMMNeTeHTHOCTel, GOPMYIOTb AYMKY LLLOAO LiHHOCTEN i MepeBar BiAKPUTOT HayKn, BNPOBAAKYIOTb aKTyaslbHi HayKOBI pe3yabTaTh
B OCBiTHbOMY Nnpoueci (30Kpema, Ha 6a3i 3aKkNaAiB 3arasbHOI cepeHbOi OCBITH) TOLLO;

— TeXHIYHA NiATPUMKaA — cy6’eKTH, LLO 3AIMCHIOIOTb peanisaLito i NiATPUMKY eNeKTPOHHUX MepeK, NaaTPopm, cepsicis i
T.iH. NS 3aNpoBafKEHHA BIAKPWUTOI HAyKM (40 NpUKNagy, TeXHIYHA MIATPUMKA EeNeKTPOHHMX XKypHanis, 6ibnioTek, XxmapHoi
iHbpacTpykTypn EOSC, MepexxHMX NigKNoUYeHb B 3aKNa4ax OCBITU TOLLO);

— BMZaBHMLTBA — CY6’EKTU, OCHOBHMM BUA,OM AisNIbHOCTI AKUX € NiATOTOBKA | BUNYCK BUAABHUYOT MPOAYKL,i. Y KOHTEKCTI
BiAKPUTOI HayKWM aKTyanbHOCTI HabyBae came BUNYCK €NEKTPOHHOI MPOoAYKUii, HATOMICTb MOMUT Ha APYKOBAHY MpPOAYKLitO
NOCTYNOBO 3HWUMKYETbCA. Lle 3ymoBAtOE HEeobXiaHICTb nepedopmaTyBaHHA POb6OTU BUAABHMLTB, OPIEHTALiIO iX HA €NEKTPOHHUI
KOHTEHT.

OcHoOBHMMM BeHediliapamu (TOBTO TUMM Cy6’ EKTaMu, AIKi OTPUMAKOTb MaKCUMasIbHY KOPUCTb Big, 3a3HaueHux npoLiecis)
BBaXAEMO:

— HAYKOBWIA CEKTOP (HayKoBi yCTaHOBM, AOCAIAHULBKI OpraHisauii Ta iH.);

— OCBITHIl cCeKTOp (3aKknaau ocBiTM Pi3HOro piBHA);

— eKOHOMIYHWUIA CeKTop (MPOMMCAOBICTb, BUPOBHULTBO, iIHHOBALLT TOLLO);

— CyCniNbCTBO 3arasiom.

[na nobygosm cucteMu BiZKPUTOT HayKKM BaXkAMBe QYHKLiIOHYBAHHA eNeKTPOHHOI iHGPACTPYKTYpK, 30Kpema Mepex i
nnatpopm (Hanpuknag, EOSC), cneuianisoBaHoro nporpamHoro sabesneveHHs (HANPUKAAA, }KYPHANbHUX CUCTEM), Peno3nTopiiB
(enekTpoHHMX 6ibnioTek) Towo. Oaa NIATPUMKM €NeKTPOHHOI iHPPACTPYKTYpM HeobXiaHMMm € fKicHe mepekHe 3’eAHaHHA,
WBWAKICHE MiAKAOYEHHA 00 Mepexi IHTepHeT ana edeKTUBHOI B3aemogii. TakoxK NoTpibHo 3abe3neunTy NoTpibHI NOTYyKHOCTI
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O/191 BAKOHAHHA 0BYMCAtoBasIbHUX 3aBAaHb, AKi Lboro notpebytoTb. Hapasi nepeBaxHa BiblUiCTb 1EKTPOHHUX NOC/YT € XMApOo
OpiEHTOBaAHMMM (HaZaloTbCA i 06CYroBYOTLCA YEpes «Xmapy»), WO A03BOJIAE MiHIMI3yBaTU BUTPATU Ta MaTu b6e3nepepsBHUiA
[OCTYyn 0o HeobxiaHUxX cepsiciB i N1atdopm, byab-ae i byab-Konu.

NpuHyMnu YMHHMKM yeniwHocTi peanisauii
FnoBaneHol cnienpaui FAIR - 3miHa KyNbTYPH BEJEHHA HAaYKOBMX
- Oosipu - BigwykyBaHicTb AocaigmeHb.
- PiBHocTi - JoctynHicTe - HapuaHHA i nigroToeka.
- IHKkAto3MBHOCTI - CymicHicTb - HapouyeaHHA noTeHuiany.
- BignosiganeHocTi - BigTeoptoBaHicTb - ®iHaHCyBaHHA.

Haykoea
LiANBHICTD

Haykosi
pesyibTatm

Pacunitatopun
- 3aKoHO4aBYi OpraHu
- NloHopwM
- Haykosi ycTaHosu
- OcBiTHI yCTaHOBKH
- TexniuHa nigTpumka
- BuaaBHuUTEE

BeHediuiapu
- HayroBHid cekTop
- OcBiTHil cekTop

- EKOHOMIUHUIA cerTop
- CycninbeTBO

E—iH¢pacrpwapa‘\

- Mepe:xi, nnatdopmu
- CneujanizoeaHe 3
- Penoautopii

Puc. 1. Mogenb cuctemu BigKpuTOi HayKu

OuyeBUAHO, MOAENb CUCTEMM BIAKPWUTOI HAyKM OXOMIOE Pi3Hi PiBHI — Big, OCBITHLOrO i HAyKOBOro A0 3arajbHO
cycninbHoro. EdekTnBHa peanisauia BiAKPUTUX HAYKOBUX AOCAIAXKEHb Ta 3aNpPOBaAKEHHA iXHIX pe3y/abTaTiB MOXK/IMBA 33 YMOB
cnisnpau,i ycix 3a3HayeHux cyb’ekTis. PO3rnaHemo, AK Lie peasnisyeTbCA Ha PiBHI 3aKNaAiB 3ara/ibHOi cepeaHboi OCBITH, 30Kpema y
npodecinHomy po3BUTKY Ta AiANIbHOCTI BUNTENIB.

Mo3xcnusocmi 8UKOPUCMAHHA 8iOKpUMOI HayKu y npogeciliHomy pozsumky ma disneHocmi e4umenis:

— AOCTYN A0 aKTyanbHOi iHPopmaLii — BYMTENi MOXKYTb CKOPUCTATUCA BIAKPUTMMM HAYKOBMMMW pecypcamun Ans
OTPUMAHHA OCTaHHIX AaHMX 3i CBOET ancumnniHuy. Lle Jonomarae nigBuLLMTH iXHIO KOMMNETEHTHICTb, OpMyBaTH B YUHIB aKTyasIbHi
3HaAHHA;

— HaBYaNbHi MaTepiaan ANA BUNTENIB — BiAKPUTA HAyKa CNYTYE AKepesiOM HaBYaIbHUX MaTepianis gnAa BUMTENiB. BOHM
MOXYTb 3HAUTM GE3KOLITOBHI MiAPYYHUKM, CTATTi, BiAEO Ta iHWIi pecypcu ANA BUKOPUCTAHHA B OCBITHbOMY npoueci — AK s
BJIACHOrO PO3BUTKY, TaK i AN1A 3aCTOCYBAHHA Ha 3aHATTAX 3 YYHAMMU;

— JOCNIAHVLUBKI MOXANBOCTI ANA BUUTENIB — BiAKPUTA HayKa [,03BOJSE BYUMTENAM BpaTH yyacTb Y AOCNIANKEHHAX Ta
NPOEKTAX, LLLO CTOCYHOTLCA IXHbOI ANCLMNAIHM, CNIBNPALLIOBATU 3 HAYKOBLUAMM i PO3BMBATU BNACHI AOCNIAHULBKI HABUYKY;

— 36inbleHHA MOTMBALIT YYHIB — BiAKPUTA HayKa MOXKe CTaTW [KepesioM HATXHEHHA A/A YYHIB, IXHbOrO Ni3HaHHA
aKTyaNbHWUX HaYKOBUX BiZLKPUTTIB, 3aCTOCYBAHHA 3HaHb Y peasibHOMY CBITi, LLIO MOXKe 36ibWnTH iXHIO MOTUBALLIO A0 HABYAHHSA;

— CNPUAHHA KPUTUYHOMY MWCNEHHIO — BiAKPWUTA HayKa CMPUAE PO3BUTKY KPUTUYHOrO aHanisy i ouiHui axepen
iHpopMaLiii. BunTeni MoxKyTb BUKOPUCTOBYBATH LLe AK MOXK/MBICTb A/1A PO3BUTKY HAaBUYOK KPUTUHHOTO MUC/IEHHS;

— MOUBICTb BNPOBAAKEHHA iHHOBAL,i — BUMTENi MOXKYTb BUKOPMCTOBYBATH iHHOBALLii Ta NepeaoBi MeToAn HaBYaHHS,
AKi 6a3yloTbCA Ha aKTyasIbHUX HAYKOBUX BIAKPUTTAX, LLO A03BOIAE NOKPALLMTM AKICTb HABYAHHSA;

—rnobanbHa cnisnpaua — BiAKPUTa HayKa cnpuae rnobanbHii cniBnpali mMidK y4uTenamm Ta ocBiTHIMM 3aKnagamu 3
Pi3HMX KPaiH, LLLO MOXKe CnpuaTi 06MiHY A0CBiZOM Ta pecypcaMm, CTBOPEHHIO CMiIbHUX MPOEKTIB.

BigkpuTa HayKa pO3LUMPIOE MOMAMBOCTI BYMTENiB, pobuTb npouec HaBYaHHA b6inbll HayKoBO O6rPYHTOBaHWUM,
3aXON/IMBUM Ta IHGOPMATUBHMM, LLLO CNPUAE NiABULLEHHIO AKOCTI OCBITU. [pK LLbOMY XMapOo OpPiEHTOBaHI cepBicK BiAKPUTOT HayKM
MatoTb NOTEHLial 3HAYHO NOKPALMTM NPOdECIMHUIA PO3BUTOK BUMTENIB, HAAAKOUM iM A4OCTYN A0 BEMYE3HOT KilbKOCTi pecypcis,
iHCTPYMEHTIB Ta MOXK/MBOCTEN ANA NiABULLEHHA AKOCTI HABYAHHA Ta BUKNAZAHHA.

Moxusocmi ma nepesazu XMapo OpPiEHMOBAHUX cepeicie 8i0KpUMOI HayKu 018 nNpogeciliHo2o po38UMKy s4umenis:

— [OCTYN 0 BeAnyesHux obcaris iHbopmaLii: XmapHi cepsicy L03BONAIOTL BUNTENAM OTPUMYBATU 4OCTYN 4,0 BENNKUX
06CAriB HAYKOBUX CTATEM, }KYPHaNiB, KHUT Ta AaHMX, LLLO MOXKYTb 6YTM KOPUCHUMM ANA NiATOTOBKM YPOKIB Ta iH. BUAiB npodeciiiHoi
aKTUBHOCTI;

— cnifibHa poboTa Ta 06MiH JOCBIZOM: BUMTENI MOXKYTb BUKOPMCTOBYBATU XMapHi CepBick Aaa chinbHOi poboTn Hag,
NPOEKTAMM 3 IHLUMMM BUMTENAMM, 0OMiHY JOCBIAOM. Lie cnpusie po3BUTKY CNiNbHOTW BYMTENIB i NiABULLEHHIO SKOCTI HABYaHHS;

— 3pYY4HUI AOCTYN A0 iHCTPYMEHTIB A/1A aHanisy AaHuX: XMapHi cepsicM HaZatoTb AOCTYN A0 PiSHOMAHITHMX
IHCTPYMEHTIB ANA aHANI3y AaHUX, AKI MOXKYTb BYTU KOPUCHUMM AN1A OLLIHIOBAHHSA YCNILWHOCTI Y4YHIB, CTBOPEHHA NEPCOHANI30BaAHNX
HaBYa/IbHUX MaTepianiB i PO3BUTKY CTpaTeriii BUKNA[AHHS;
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— MO/MBICTb CTBOPEHHA Ta Ny6/iKaLil BACHUX AOCAIOKEHDb: BUMTENI MOXKYTb BUKOPMUCTOBYBATM XMapHi cepsicu gna
CTBOPEHHSA i nybnikauii BNacHWUX A0CAIOKEHb Ta HaBYaJbHUX MaTepianis, WO cnpuae ixHbomy npodecitHomMy PO3BUTKY Ta
nigBULLLEHHIO aBTOPUTETY B raysi oCcBiTY;

— aanTUBHICTb Ta OHOB/IEHHA: XMapHi CepBicK NOCTIMHO OHOBAIOIOTLCA Ta PO3BUBAOTHCA, HAZAOUN BUMTENAM LOCTYN
0,0 HOBUX iIHCTPYMEHTIB | MOXAMBOCTEN A/1A HABYAHHA Ta BUKIAAAHHSA;

— 3MEHLUEHHSA BATPAT Ha mMaTepianu Ta 36epiraHHA AaHUX: 33 JONOMOrol XMapPHUX CEPBICiB BiKPUTOI HAayKK BUMTENI
MOXYTb 3MEHLWIMTN BMTPATM Ha ManepoBi maTepiaau Ta 36epiraHHA AaHMX, OCKINbKKU BeNuKi obcarn iHbopmaLii MoxKyTb byTn
36epexkeHi B enekTpoHHoMy dopmaTi Ta OCTynHi byab-ae, byab-Konu;

— NiABULLEHHA eEKTUBHOCTI HaBYaHHA: 3a AOMNOMOIOK XMApPHUX CEPBICiB BUMTENI MOXKYTb CTBOPIHOBATU IHTEPAKTUBHI
HaBYa/NbHi MaTepianu, BiAEOYPOKM Ta TECTY, LLO CNPUAE NiABULLEHHIO ePEKTUBHOCTI HaBYAHHSA Ta 3a/ly4YEHHIO YYHIB;

— NigBULWLEHHA KOHKYPEHTOCMPOMOMXHOCTI: 3HAHHA Ta BWKOPWUCTAHHA XMapHUX CEPBICIB BiAKPUTOI HayKM MOXKe
NiABULWMUTI KOHKYPEHTOCNPOMOXKHICTb BUMTENA HA PUHKY NpaLi Ta CNPUATK Moro npodeciitHomy 3poCTaHHIo.

BuKnuKu 8i0Kpumoi HayKu. BigKpuTa HayKa 3yMOBJ/IHOE HEOBXiAHICTb 3MiH Yy AOCAIAHMLbBKIA MEeTOZ4ONOTii | NpaKkTU,, y
npouecax BNPOBaAXKeHHA — HA PiBHI MUCAEHHA, MeHTanbHOCTI. Mpobaemn NobyaoBM CUCTEMM BiAKPUTOI HAayKM OXONOKOTL ABi
rpynu:

— NOACbKUI GaKTop — HeobXiAHICTb OHOB/IEHHSA LiHHOCTEMN, Ky/NbTypW, MOZAEPHI3aLia OCBITHbOI i HayKoBOiI cdepy,
$opMyBaHHA CBILOMOro BiZHOWEHHSA A0 3aNpPOBAAMKEHHS BiAKPWUTOI HayKW, BiAMOBIAHWX KOMNETEHTHOCTeW Ta iH. Ha piBHi
3aKNagiB 3arasbHOI cepeaHboi OCBITU — GOPMYyBAHHA Yy BYMUTENIB YMOTMBOBAHOCTI, CBILOMOro MpParHeHHA A0 3aCTOCYBaHHSA
nepesar BiAKPUTOI HayKu;

— TeXHiYHMIA ¢aKTop — HeobXiAHICTb NobyaoBM AKICHOI eNeKTPOHHOI iHPPaCTPyKTypu, NiarotoBku daxisuie a0
NiATPUMKKM | pobOTK 3 TaKow iHOPACTPYKTYpPOIo Ta ii MOCTIMHOrO BAOCKOHaneHHA. Ha TexHiYHOMY piBHi MOMYTb BUHWMKaTK
nepenoHu: isnyHi (Hanpuknag, HeBiANOBiAHA eneKTpoHHa iHdpacTpyKTypa), aaMmiHicTpaTMBHI (Hanpuknaa, noTpeba
pecTpyKTypu13aL,ii NEBHUX CTPYKTYP, YCTAHOB, MiAPO3AiNiB UM iH.), KOMNETEHTHICHI (HaNPWKAaA, BiACYTHICTb HANEXKHUX HAaBUYOK,
YMiHb Yy TEXHIYHOTO NepcoHany), puandHi (Hanpuknag, Nnos’A3aHi 3 3akoHoAaBYO 633010 ANa 06iKy NiLEeH3IN, iIHTeNeKTyaNbHOT
BNACHOCTI TOLLO). BiacyTHiCTb a60 HU3bKa AKICTb IHTEepHET-3'€aHaHHA, HEHAAiHE KUBNEHHSA, 3acTpine 061agHaHHA, iITHOPYBaHHSA
nuTaHb 6e3nekn — Bce Le NPU3BOAMUTb A0 HEBIANOBIAHOCTI €NEeKTPOHHOI IHPACTPYKTYPU, L0 HEMOXKIMBOCTI 3abe3neveHHsA ymoB
BiAKPUTOCTI.

PisHi ¢acunitatopu (cy6’ekT, 3anyy4eHi B MNpouLecu 3anpoBadyKeHHA BiAKPWUTOI HayKu) matloTb 06’eaHaTuca y
3abe3neyeHHi iHKA3MBHOCTI (NiATPMMKM PiISHOMAHITHOCTI), CNPUATU PIBHONPaBHIM cniBnpali, cnpaBeaMBOCTI i PIBHOCTI Y
[OCTynNi 10 HayKOBMX HaabaHb, BpaxoByBaTW BiAMIHHOCTI, WO iCHYIOTb B Pi3HMX CEKTOPaX EKOHOMIKM, perioHanbHi 0cob6aMBOCTI.

YuHHUKU N0B0AAHHA NepewKod Ha WAXY 3arnposadrHeHHA 8i0KpUMOI HayKu.

— OcsiTa: BaX/IMBO NiABMLLYBaTH 06i3HaHICTb AK MalbYTHIX, TaK i MPaKTUKYOUMX OCBITAH (30Kpema, BYMTeNiB) Woao
CYTHOCTI, NpMHLMniB, cnocobiB peanisal,ii, nepesar BiAKpPUTOIT HayKkKn, ocobamnsocTei rnobanbHoi cnisnpadi. PO3BUTOK rnobanbHoI
HayKu B baratoaucumnaiHapHOMY, My/IbTUKY/IbTYPHOMY KOHTEKCTi, HayKOBa eTUKa, be3neka Ta KoOHDIAEHLiMHICTb AaHKX, BIAKPUTI
OaHi (byab To nybnikauii yM nporpamHe 3abesneyeHHs) — Li Ta iHWI NUTaHHA NOBMHHI PO3rNAAATMCA B paMKax NiAroTOBKU He
JIMLLE HayKOBWX KaapiB, a i KaZpis OCBiTU. TaKOX NpM NiAroToBLi AOLINbHO PO3rNAHYTU Taki Npobaemu AK «po3pusmn» (gaps) —
Mi HayKkoBol cdepoto i cdhepoto NMpPaKTUYHOI peanisalii, Mix perioHamu (B ceHci LMbPOBOI HEOAHOPIAHOCTI — TEXHIYHOTO
OCHaLLEeHHSA | UMPPOBOT KOMMNETEHTHOCTI; Pi3HOrO PiBHA 3a6e3neYeHHs HayKOBOro CEKTOPY Ta iH.).

— CTUMyntoBaHHA: nybniyHe BM3HAHHA 3yCUAb | AOCATHEHb GaxiBUiB y MOLWMPEHHI BIAKPUTOI HayKK, WO MOXKe
BMpaXKaTuca B po3pobneHHi cMcTemu Haropog, BK/KOYEHHI BiAMOBIGHUX KpWTepiiB ANA Npuiomy Ha nocaau i Kap’epHoro
3pPOCTaHHA, MaTepiaslbHOMYy 3a0XOYeHHi Towo. CTUMY/OBAHHA, 3a0XOUYEHHA MOXe CTBOPUTU NIAFPYHTA ANA MOTUMBYBAHHA
NoLwMpOBaTH Y BIAKPUTOMY NPOCTOPI pe3y/ibTaTh CBOIX HaabaHb, AoTpumyBaTUCA NpuHLMNiB FAIR.

— EnekTpoHHa iHPpacTpyKTypa: BaXKMBO 3abe3nevnTn JOCTYMHUI LWMPOKOCMYTOBUIA IHTEPHET Y BCiX perioHax, B T.u.
CiNbCbKiW, BiAAaNeHili micLueBocTi; NiATPUMYBATU CMINbHUN AOCTYN A0 LUMPOKOrO CNEKTPY Pecypcis, BKAKOYAOYM anapaTHi
cuctemun, 6esneyHi obuMcatoBaNbHI cepenoBua Ha 6asi XMapo OPIEHTOBAHMX cUCTeM; 3abe3neynTu NiAroTOBKY TEXHIYHMX
¢daxiBuiB, 34aTHUX 34iMCHIOBATU MIATPUMKY AOCAIOHULBKUX UMIPOBUX CEPBICiB Ta iIHPPACTPYKTYpP, NPOEKTYBATH i po3pobasaTu
BiAKpUTE NporpamHe 3abesneyeHHa AnA noTpeb BiAKPUTOI HaykM Towo. Ha piBHI 3aKnagis 3aranbHOi cepegHboi OCBITU —
3anNpoBafKeHHA CTaBOK AnsA ¢daxiBLiB, AKi NiATPMMYBaTUMYTb €NEKTPOHHY iHGPACTPYKTYpy 3aknaay, GOpmMyBaHHA y BUUTENIB
UMPPOBOT KOMMNETEHTHOCTI Ha PiBHIi, [OCTaTHbOMY A/1A 3aCTOCYBAHHA BiAKPUTUX €NEKTPOHHUX pecypcis, LMPPOBUX cepBiciB.

[onaHHA 3a3HayeHnx nepenoH CNpUATUME 3anpOoBaAKEHHIO CUCTEMU BIAKPUTUX HAYKOBUX AOCAIAXKEHD, WO NOEAHAE
Pi3Hi CEKTOpW Ha perioHasibHOMY, Aep’KaBHOMY Ta rnobasbHOMY PiBHAX O/ B3aEMOZII, CMiSIbHOTO MOKPALLEHHS CYCMiJibHOro
£06po6byTy. MopAga i3 UMM, BaXKIMBO 3a3HAUYNUTU, LLO NEpPLIOYEProBMMM 3MiHAMM, AKi NOTPIOHO iHILiIOBATK, € KYAbTYPHI 3MiHW, ¥
T.4. GOpMyBaHHA CBiZOMOrO BigHOLWEHHSA, BiIANOBIAANbHOCTI, BMOTMBOBAHOCTI, BifNOBIAHOI MEHTAaNbHOCTI MAWBYTHIX i
NPaKTUKYHUYMX HAaYKOBUX i OCBITHIX KaZpiB. 30Kpema, y MigroToBLi BYMTENiB HEOOXiAHO 3aKNacTy Knactep BiAKPUTOI HayKu —
$OopMyBaHHA iXHbOT KOMNETEHTHOCTI WOA0 MOXKANBOCTEN | MPAKTUYHOIO 3aCTOCYBaHHA NPUHUMNIB i NepeBar BiAKPUTOI HayKu.
TaKy NiArOTOBKY MOXKHA 34JMCHIOBATM Y 3aKNafax BULLOI NeparorivyHoi OCBiTH, 3aKnagax nicnaannaomMHoI neaaroriyHol ocsiTu.
JOoUinbHUM € CTBOPEHHA AOCTYNHUX AUCTAHLIMHUX KypCiB, WO cnpuanau 6 HenepepBHOMY nNpodecitHoMy pO3BUTKY BUUTENIB Y
[AHOMY KOHTEKCTI.

BUCHOBKWM TA NEPCMNEKTUBU NOAANBLLUOIO AOCNIAXKEHHA

OTXKe, HWHI BiAKPUTA HayKa € HeBif EMHUM eNeMeHTOM PO3BWUTKY Cy4acHOro rnobanisoBaHOro CBIiTy, WO CNpuUAE
NigBULLLEHHIO AKOCTI HAaYKOBUX AOCAIAXeHb, iXHbOi NPO30POCTi i AOCTOBIPHOCTI, MOCUAEHHIO AOBIPU A0 HAaYKOBWUX pe3ynbTaTiB.
YNpoBaAKeHHA i pPO3BUTOK BiAKPUTOI HAYKM CTaNN MOXKANBUMM 3aBAAKM LUIMPOKOMY 3aCTOCYBaHHIO Lndposux 3acobis, 30kpema
XMapo OPIEHTOBAHMX CUCTEM.
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[na BuMTENA 3aCTOCYBAHHA XMApO OPIEHTOBAHUX CepBICiB BIAKPUTOI HayKM BiAKpWMBAE NoTeHLian ansa npodeciiHoro
PO3BUTKY, HaalouM AOCTYN A0 BEIMYE3HOI KiIbKOCTI pecypciB, iIHCTPYMEHTIB Ta MOX/IMBOCTEN AN1A NiABULLEHHA AKOCTI HaBYaHHSA
Ta BUKNagaHHA. MNpu uboMy yCnilHICTb MOAENOBaHHA | 3aNPOBaAKEeHHA CUCTEMM BiAKPUTOT HAYKM 3aN€XUTb Bif, Y3rogKeHocCTi
Ta epeKTUBHOCTI B3aeMoji pisHNX cy6’eKTiB BiAKPUTOI HAyKM — Bifg, MONITUKIB A0 OCBITAH.

Y pesynbTaTi BUKOHAHOI A40CAIAHUUBKOT pO6OTU MM PO3pPObMAN pekoMeHaaLii, CNPAMOBaHI Ha NOAaNbLIMIA PO3BUTOK
CUCTEMM BiAKPUTOT HayKK, Ta AKI MOXYTb BYTK agpecoBaHi pisHMM cyb’ekTam peanisau,ii BiAKPUTOI HayKU. BBaXKaeMo, L0 TiNIbKK
LWIAXOM Y3roAXKeHOi cniBnpaL,i pisHUX 3aLiKaBNeHMUX CTOPiH MOXKHA AOCATTM 3HAYYLLMX pe3yabTaTiB.

PexkomeHOauii uy000 po38UMKY cucmemu 8iOKpUmMoi HayKu:

— 3miLHEeHHn 3B’A3KiB MiXK HayKOIO Ta CYCMiNIbCTBOM, 30KpeMa LUAAXOM MoNyAapum3aL,ii HayKu, 3a1y4eHHs rpomagsaH o
yyacTi B po3B’sA3aHi Npob6iem cycnibHOro 3Ha4YeHHs i T.iH. BNpoBagyKeHHA Ta NPOCYBaHHA NPaKTUK BiAKPUTOI HayKu.

— MponaryBaHHA i BcebiyHa NiATPUMKA HayKKW, 30Kpema BiAKPWUTOI HAyKM, HA AEpPKaBHOMY, FPOMALCbKOMY PiBHSAX.
dopmMyBaHHSA Y CYCNiNbCTBI YCBIAOMMIEHHA TOFO, WO HAaYKOBI 3400yTKM, 3HAHHA CNPUAIOTL NOAO0MAHHIO Npobaem, KpU3 pisHOro
piBHA i CKNaAHOCTI.

— CnpuaHHA 06i3HAHOCTI WOA0 MOX/IMBOCTEN i NepeBar, Lo HaZaE 3aNpoBaAKeHHA NPUHLMNIB BiAKPUTOT HayKMU.

— 3abe3neyeHHsA PiBHOrO AOCTYMNy A0 HAYKOBMX Pe3ynbTaTiB — AK A8 SOCNIAHWKIB Pi3HWUX rany3en, Tak i Ana ocBiTaH
(BUMTENiB), rPOMAACHKOCTI (BUPOOHUMKIB, CMOXKMBAYIB Ta iH.).

— CNpUAHHA KYAIbTYPHUM, MEHTA/IbHUM 3MiHaM Y Be4,eHHi HAyKOBUX AOCNIAXKeEHb, AK Ha PiBHi MeTOA00rii, TaK i Ha piBHiI
NPaKTUKMU.

— 3abe3neyeHHs y3roAKeHoi MOJIITUKM LWOAO 3aMNpOBAAMKEHHS BIAKPUTOI HAyKW, 30Kpema LWAAXOM BigmnosigHUX
[OMCKYCii Ha rnobanbHOMY PiBHi, CTBOPEHHA MiXXHAPOAHMUX yrog,

— 3abe3neyeHHs PO3BUTKY HaLliOHa/NbHOI Ta MiXKHapo4HOI HOpMaTMBHO-NpPaBoBoOi 6asu, wWo crnpuana 6 obmiHy
HayKOBMMMW pe3y/ibTaTaMu, AOCTYMHOCTI HAYKOBWUX Peno3nTopiiB NONpU MidKAepKaBHI KOPAOHU.

— P03BUTOK AIKICHOT @NeKTPOHHOI iIHPPACTPYKTYpU ANA NiIATPUMKM BiAKPUTOT HayKK, 3abe3neyeHHA HOpM Kibepbesneku.

— P03BUTOK eN1eKTPOHHMX NNaTGOopM BiAKPUTOI HAYKM ANA CIPUAHHA AOCTYMHOCTI, iHKO3MBHOCTI HAYKOBOTO Nporpecy
O BUPILEHHA aKTyaNbHUX perioHanbHUX npobnem.

— CNpuUAHHA PO3BUTKY KOMMNETEHTHOCTEN BiAKPUTOI HayKKW, HaBYaHHA Cy6’eKTIB, AKi 3abe3neyytoTb NiATPUMKY BiZKPUTUX
LaHWX, Nnybnikauin, nporpamHoro 3abesneyeHHs.

— CnpuAHHA cniBnpawi Aep*KaBHOTO i NPUBATHOTO CEKTOPIB A1 NOCUNEHHA BiAKPUTOT HayKM.

— CTBOpeHHA HoBMX bi3Hec-mogenel, BignoBiAHWX YMOB ANS BUAABHULTB, Wo6u BOHM Moriv 3abe3nedysaTu BiaKpUTY
nybnikaujito HayKoBMX pe3yabTaTiB Ta AOCTYN A0 HUX.

— CNpuAHHA WBWAKIMA, ONepaTuBHIA AOCTYNHOCTI MPOMIKHUX pPe3ynbTaTiB AOCAIAXKeHb Y pasi BUHUKHEHHA
HaA3BUYAMHMX CUTYaLi rnobanbHOro i perioHasbHOro PiBHiB.

— Po3pobneHHA HopmaTUBHOI 6a3un Aaa NIATPUMKM BiAKPUTUX AaHMX, BiLKPUTOrO NPOrpamHoro 3abesneyeHHs.

— Po3pob6aeHHA cucTemMm 3a0X0UeHb TUX Cy6’EKTIB, AKi 3aNPOBAAXKYIOTb MPAKTUKM BIAKPUTUX LOCNIAKEHD.

— Po3pobneHHA MmexaHi3miB gna BupieHHA npobnem HenpaBoMipHOI MoBeaiHKM B HaykoBili chepi (30Kpema,
3anpoBaZKEeHHA BiAMOBiAaNbHOCTI 33 danbcudikaLito pesynbTaTiB, NOPYLIEHH HOPM aBTOPCbKOrO MpaBa, HAyKOBOI ETUKM,
nnariaT Towo).

Peanisauia pekomeHAaLit cnpuAaTMME NOAANbLWOMY PO3BUTKY BiAKPUTOI HayKW, HAYKOBIM cniBnpali, NOKpaLLeHHIo
AKOCTI HAYKOBOT Ta OCBITHLOI AiANbHOCTI, NiAroTOBKM Ta NpodeciinHoi AianbHOCTI MakbyTHIX | NpaKTMKyoumx daxisuis, 30Kkpema
BUMTENIB.

Mopanbli A[OCNIOKEHHA [OUINBHO CNpsMyBaTM Ha (GOPMYBaHHA | PO3BUTOK KOMMETEHTHocTel (uudposoi
KOMMNETEHTHOCTI, KOMNETEHTHOCTEN BiAKPUTOT HayKK) pisHWUX cy6’eKTiB AiANbHOCTI HAYKOBO-OCBITHLOrO MPOCTOPY.
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AHOTAUIA

ABSTRACT

dopmynioeanHa npobaemu. MamemamuyHe MOOEOBAHHA Cb0200HI
€ He npocmo mpeHOOM, a HazanbHol nompeboto oceimu. OOHaK
8M1pP0oBAGMHEHHSA 8 WKINbHUL KYyPC MamMeMamuKu ybo20 Memody K Memooy
HAYKo8020 00CnideHHA ma OocHosu O0AA po3eumky, 044 Habymms
MamemMamuyHUX 3HaHb i BMiHb € 00CUMb OOMEHEeHUM.

Mamepianu i memodu. AHanI3 HABYANEHO-MEeMOOUYHOI Aimepamypu
3 npobaemu OocnidxeHHs; cucmemamu3ayia U y3a2anbHEHHA Pi3HUX
nidxo0ie 00 8U3HAYEHHS 3MiCMY MAMEMaMUu4YHO20 MOOeMOBAHHS; AHANI3
ma cucmemamusayis  8iMYyu3HAHoO20 ma  3apybincHozo  Aocsidy
BUKOPUCMAHHA Memody MamemMamu4Ho20 MOOEO8AHHSA.

Pesyabmamu. Y cmammi npedcmagneHo 4acmuHy pe3ysesmamie
00CniOHEeHHA NPO 3mMicm MamemMamu4yHo20 MOOes8aHHA 8 oceimi 3a
KopdoHom (6a3yroyuce Ha nybikayiax 8 aHaa0MOoBHUX Oxcepenax) ma e
YKpaiHi. Po3enaHymi pi3Hi popmynt08aHHA 03HAYEHHA MamemMamuyHo20
MOOestoBAHHSA, OKPECEHO MepPMiHU, AKi 8X(UBAIOMb HOYKOBYi, 8UB4YAIOYU
ye noHAMmA. AKUeHmMoeaHo yed2y HA  8AXAUBOCMI  GHANI3Y
MamMemMamu4yHo20 MOOENO8AHHA AK OiAAbHOCMI ma AK cmpykmypu.
lMpedcmasneHi cxemu YuKay MamemamuyHo20 MOOen8aHHA, AKi
HaliYacmiwe 8uKopuCMoBytoMbCA y HayKo8o-memoOouyHux pobomax. Ha
0CHO8I aHasi3y cmpyKmyp KomrnemeHuyii Mamemamu4yHo20 MoOento8aHHS,
AKI nodaHi 'y 00CniOHEeHHAX Ppi3HUX aemopis, BUOKpemsaeHo epynu
nidkomnemeHyili. BOHU € 8a#IUBUMU 0117 POPMYBAHHA 8MiHb HO HOBUYOK
po38’azysamu 8i0nosioHi MoOesbHi 3080aHHA.

BucHosKu. Poakpummﬂ 3Micmy noHAMmMA mamemamu4Ho20
MOOesoBaHHA O0MOMOXME 84UMESIO 30Cepedumuct HA KOHKPemHuUx
oKpemux 0OiAx, AKi apmo onaHysamu yYHAM 08 ycniwHo20 30ilicHeHHA
8Cb020  YUKAY MamemMamuyHo20 MoOentosaHHA. [Ana  OilicHozo
BUKOPUCMAHHA MAMeMamu4H020 MOOENIOBAHHA Y WKINbHOMY KypcCi
MamemMamuku, y 8i0MosiOHUX 8y3i8CbKUX KYpCax 8aXausuMu € ¢gakmopu
3auikaeneHocmi syumesie (suknadavie) mamemamuKku ma HaseHocmi y
HUX 8i0r08IOHUX 3HAHb MA 8MiHb.

Formulation of the problem.Mathematical modeling today is not just a
trend, but an urgent need for education. However, the introduction of this
method into the school course of Mathematics as a method of scientific
research and the basis for the development, for acquiring mathematical
knowledge and skills is quite limited.

Materials and Methods. The analysis of the courseware on the research
problem; the systematization and generalization of different approaches to
determine the content of mathematical modelling; the analysis and
systematization of domestic and foreign experience in using the method of
mathematical modelling.

Results. A part of our research on the content of mathematical
modelling in education abroad (based on publications in English-language
sources) and in Ukraine in this paper is presented. Various definition
statements of mathematical modelling are considered, the terms that
scientists use when studying this concept are outlined. The attention is
focused on the importance of the analysis of mathematical modelling as an
activity and the structure as well. The cycle schemes of mathematical
modelling, which are most often used in the scientific and methodological
papers, are introduced. Based on the analysis of the structures of the
competence in mathematical modelling that are described in the studies of
various authors groups of subcompetences have been identified. They are
important for the formation of skills to solve the corresponding model
problems.

Conclusions. Disclosing the content of the mathematical modelling
concept will help the teacher focus on the specific individual actions that
students should master in order to successfully complete the entire cycle of
mathematical modelling. The condition of strong interest of teachers of
Mathematics and the availability of relevant knowledge and skills in the
actual use of mathematical modelling in the school course of Mathematics
and in the corresponding University courses are important.

K/IKO4YOBI C/IOBA: M00ento8aHHsA; NpukaadHa 3ada4ya; Mpakmu4yHa
300a4ya; moldenbHa 3a0a4a; YUKA Mamemamu4yHo20 MOOENto8aHHA;
KomremeHUyiil Mamemamu4yHo20 MOOeto8aHHS.

KEYWORDS: modelling; applied problem; practical problem; model
problem; the cycle of mathematical modelling; the competencies of the
mathematical modelling.

BCTYN

MaTtemaTuyHa ocBiTa € GyHAAMEHTA/NIbHOIO, OCKINIbKM [3€E MOMAMUBICTb HABYMTUCL PO3B’A3yBaTM npobnemwu, wWo
BMXOAATb OANeKO 33 MeXi MaTeMaTuyHux 3aBfdaHb. Byab-ake cycninbctBo 3apa3s noTpebye ocobucTocTel, AKi MOXKYTb
BMKOPUCTOBYBATU MaTEMATUKY A1 BAACHMX i CYCMiNbHUX Lineit. TOMy HaBY4aHHA MaTeMaTUKM Ma€e 30CepesUTUCA Ha PO3BUTKY
umx 3gibHocTel (Burkhardt, 2006). MoaentoBaHHA € Ba*KAMBOIO CKAAA0BOIO MaTEMATUKM, @ 3aCTOCYBAaHHA MAaTEMATUYHUX 3HaHb
Yy peanbHOMYy CBiTi € BATOMOK KOMMOHEHTOIO MaTeMaTUYHOi KOMMETEHTHOCTI. TaKMM YMHOM, PO3BUTOK KOMMETEHTHOCTI YYHIB Y
po3B’A3yBaHHI peanbHUXx npobaem € 3arabHOBM3HAHOKD METO MaTeMaTUYHOI OCBITW, AK HaCNifOK, MaTemMaTuyHe
MozentoBaHHA (gani byaemo BUKOPUCTOBYBATU CKOPOYEHHA MM) BKAtOUeHO A0 6araTbox HaB4aNbHUX NPOrpam y BCbOMY CBITi.

NoctaHoBKa npobaemun. MM cbOrogHi € He NPOCTO TPEHAOM, 3 € HaranbHot NoTpeboto ocBiTU. Lielt daKT BKe He
notpebye goseaeHHA. OfHaK BNPOBaAXEHHA B LIKINbHUI Kypc MaTeMaTuKu meTogy MM Ak meTozy HayKOBOTO AOCAIAMEHHA Ta
OCHOBW A9 PO3BUTKY, ANA HAByTTA MaTeMaTUYHKUX 3HAHb | BMiHb € OCMTb ObMeXeHUM. Y 6araTbox KpaiHax, 30Kpema, i B HaLwii
KpaiHi, BCe LWe iCHYE 3HAaYHMI1 PO3PUB MiXK NepesoBUMM AOCNIAKEHHAMM Ta PO3pOOKaMM B MaTeMATUYHIl OCBITi, 3 04HOTO BOKY,
i OCHOBHOIO TEHAEHLLiEI0 HAaBYaHHA MAaTEMATUKM, 3 iHLWIOrO.

Mpyc A. MatemaTuyHe MOAENIOBAaHHA AK NiH3a peasbHoro CBiTy. ®izuko-mamemamuyra oceima, 2023. Tom 38. Ne 4. C. 56-61. DOI: 10.31110/2413-1571-2023-
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AHani3 akTyanbHUX AocnigKeHb. 3'ACyBaHHA Poni MM B OCBITi CTano NONyAAPHUM MiCAA AOCAIAXKEHH:A [eHpi
Monnaka «AK MW MOMKEMO HaB4yaTM 3acTOCyBaHHAM MaTemaTukm» (Pollak, 1969). MM € Temol NOCTiMHO 3pocTaloyoro
MirKHapogaHoro iHTepecy (Kutluca & Kaya, 2023; puc. 1).
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Puc. 1. LLlopiuHa HayKoBa NPOAYKLiA Ta LUTYBaHHA

B YKpaiHi MM Tako» aKTMBHO BMBYAETLCA. MPOTATOM OCTaHHIX MaliXKe ABaAUATM POKiB BynM npoBeaeHi FPYHTOBHI
LOCNIAXKEHHA Y LbOMY HanpsMKy, iX pe3ynbTaT o6roBopHOBaANCh Ha HAYKOBO-METOANYHUX KOHGMEpeHLiaxX, BOHM onucaHi y
AmcepTauinHmnx pobotax (auB. Tabn.1) Ta HAYKOBO-METOAMYHUX CTATTAX.

Tabauysa 1
AocnipgeHHs, nos’a3aHi 3 MM
Pik AsTOp Tema
1997 | CokoneHko /1. MeToauka peanisaLii NpUKNaAHOI CIPAMOBAHOCTI WKiNbHOT anrebpw i noYaTKiB aHanisy
1998 | ®inoH /1. BrBYeHHA enemeHTiB CTEpeoMeTPii B KypCi MaTeEMATUKM OCHOBHOI LLKOIN
2006 | lMaHyeHKo J1. dopmyBaHHA BMiHb MaTEMaTUYHOrO MOZAENIOBAHHA B MPOLECI HaBYaHHA MalbyTHIX yuuTenis
MaTeEMATUKM
2007 | NpycA. MpuKknagHa cNpAMOBAHICTb LWKINBHOTO Kypcy cTepeomeTpii
2011 | F'pmnb'tok O. MaTtemaTuuyHe MoAentoBaHHA AK 3acib eKONOriYHOro BMXOBAHHA YYHIB Y MpoLEeCi HaBYaHHA
MaTeMaTMKK B Klacax Ximiko-6ionoriyHoro npodinto
2015 | ®inimoHoBa M. dopMyBaHHA YMiHb MAaTEMATUYHOTO MOAE/OBAHHA B YYHIB OCHOBHOI LLKOW B MPOL,ECi HaBYaHHSA
reomeTpii
2017 | BosoweHa B. P0o3BUTOK yMiHb MaTemMaTM4HOrO MOZENIOBAHHA Yy CTApLUOKAACHMKIB B MPOLLeCi HaBYaHHA
NPUPOAHNYO MAaTEMATUYHWNX NPEeaMETIB
2020 | KartepuHiok I PopmyBaHHA YMiHb MaTEMATUYHOTO MOAENIOBAHHA B YYHIB NPOdinbHOI KON

AHanisytoun noHATTA MM B OCBITi, ONUCYtOUYM NOB’A3aHI 3 HUM NOHATTSA, HAYKOBL,i 33 KOPAOHOM (B aHI/TIOMOBHUX CTaTTAX)
333BMYaN BXKMBAIOTb TEPMIHM, AKI NOAAHI Y «XMapi cniB» Ha puc. 2. PO3Mip KOXKHOro TepmiHy Ta Moro 6M3bKicTb 0 XMAapHOro
LEHTPY BM3HA4YaloTb MOro BaXK/MBICTb. KNOYOBI C10BA, AKi HaluacTile BMKOPWUCTOBYIOTLCA, TaKi: OCBITa, 3HAHHSA, Y4HI, HayKa,
NPOAYKTUBHICTb, BUNTENI, AU3aMH, MaTeMaTHKa, LWKOAA, Mogenb. TepMiH «MaTeEMATUYHE MOAENIOBAHHAY Y BiAHOWEHHI 40 OCBITU
BBenn Gabriele Kaiser, Werner Hans-Joachim Blum y BicimgecaTux pokax MUHYIOTO CTONITTA.
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Puc. 2. «Xmapa cnis» (Kutluca & Kaya, 2023)

ABTOpM Nybnikauii 3 YKpaiHM, NpaLolouM Hag UMM Ke MUTaHHAM, BUKOPUCTOBYIOTb CXOXKY TEPMIHOAOriI0, O4HAK €
BigMiHHOCTI. Hanpuknag, npo MM roBopsaTb Y KOHTEKCTI NPUKNAAHOI CNPAMOBAHOCTI MAaTEMATUKM, NULWYTb NPO HeOobXigHICTb
HaBYaTM Y4YHiB PO3B’A3yBaTV NPUKNALHI 3a4a4i (CMHOHIMIYHO BXKMBAOUM «NPAKTUYHA 3a4,a4a», «33a4a 3 NPUKNALHUM 3MICTOMY,
«33/a4a 3 NPAKTUYHMM 3MICTOM») Ta KBa3inpuKNaaHi 3agaui.

57



Tom 38, Ne 4 / Vol. 38, No 4 (2023)

diznko-maTtematnuHa ocsita / Phisical and Mathematical Education

OpHaK He3Ba)KalouM Ha AeAki TepmiHoNOrivyHi po36iKHOCTI, 3micT MM BM3HAYa€ETbCA, B LiNOMY, OAHAKoBo. [ns
intocTpauii mn 06panu Tpn o3HadeHHa MM, B3ATI 3 aHITOMOBHUX AKepen Ta TPU 03HaYeHHs, AKi 6yan cdopmyiboBaHi B poboTax

YKpPaiHCbKM aBTOpIB.

FopAnHCbKMIA 1.,
2006

Tabauys 2
TpaKTyBaHHA MaTeMaTU4HOTO MOZENOBAHHA
ABTOp, piK O3HayeHHA
baxpywwuH B., MogaentoBaHHs — Lie NPouec AOCNIAKEHHA peasibHOi CUCTEMM, SIKMIA BKAKOYAE nobyaoBy mogeni, ii
2004 [OCNIAXEHHA Ta NepeHeCceHHA 0AeprKaHMX pe3y/bTaTiB Ha AOCNIAXKYBaHY CUCTEMY.
CraHxuubkuin O., MopgentoBaHHA — Le nobyaosa (abo Bubip) i BUBYEHHS Takoro 06’ekTa byab-aKoi npupoam (mogeni), wo
TapaH €., 3[aTHWUIA 3aMiHUTK cObOtO AOCNIAXKYBaHMIA 06’€KT (OpUriHaA) i BUBYEHHA AKOrO AA€ HOBY iHbOpMaL,ito

npo AocNiAxyBaHW 06’eKT. MaTemMaTUyHe MOLENIOBAHHSA € HAWBULLOK GOPMOI0 MOLENOBAHHS.

Niss, M., Blum, W.,
Galbraith, P, 2007

MaTtemaTuyHe MoZeNtoBaHHA, 3aayMaHe AK PO3B’A3yBaHHA NPaKTMYHOI 3a4a4i, € Mpoyec 3aCTOCYyBaHHA
MaTeMaTUKM A0 NPaKTUYHOI 3a4a4i 3 MeTOIO ii PO3YMIHHA.

CemeHosBa ., 2014

MaTtemaTMyHe MOAENIOBAaHHA — OAWMH 3 OCHOBHMX METOAiB AOCHIAMeHHs cuctem. BiH nepeabayae

CTBOPEHHA KOHLENTyanbHOi mMogeni ob6'ekTa pocnigxeHHs, il popmanisauito Ta NepeTBOpPeHHA Y
matemaTuyHy abo Komn'toTepHy MOZENb, NEPEBiPKY afeKBaTHOCTI 1 noganblie AOCNiOKeHHA
OTPMMaHOI MoAeni 3a JONOMOroK aHaMITUYHUX ab0 YMCENbHUX METOLIB i Cy4aCHUX KOMM'IOTEPHUX
TEXHO/OTIM.

Blum, W., 2015 MogaentoBaHHs BifOyBa€eTbCA, KONW BUUTENI, CTYAEHTU, MAaTEMATUKM Ta iHLWI HAMArarTbCA ONMUCATU AeAKi
ACNEKTU NPaKTUYHOT 3334 B MaTEMATUYHUX TepMiHax, W06 3po3ymiTh WoCh Kpale abo BXUTK abo
peKomeHAyBaTH NeBHi gjii.

Greefrath & MaTemaTtMyHe MOAEeNt0BaHHA 3aBXAM MOXOAUTb i3 MPaAKTUYHOI 334adi, AKa NOTIM ONUCYETbCA

Vorhdlter,2016 MaTeMaTUYHOIO MOAEN/IIO Ta BUPILIYETbCA 32 AONOMOrOH0 Li€i moaeni. Becb npouec Ha3uBaeTbcA

MOAEeNtBaHHAM.

MeTa cTaTtTi. 3’AcyBaTV iCTOTHI BAACTMBOCTI NOHATTA MM y npoueci y3aranbHeHHA PO3BUTKY Npo6iemn BNPOoBaLKeHHA
MaTeMaTUYHOro MOAE/IOBaHHA B OCBITY.

METOAU AOCNIAXKEHHA
AHani3 HaBYaIbHO-METOANYHOI NiTepaTypy NPobaeMn AOCNIAKEHHSA; cUCTEMATU3aALLiA 11 y3arasibHEHHA Pi3HUX NiAXo4iB
0,0 BU3HAYeHHA 3micTy MM; aHani3 Ta cucTeMaTtnsalis BiTYN3HAHOIO Ta 3apybiXkKHOro A0CBiAY BUKOPUCTAHHA meToay MM.

PE3Y/IbTATU OOCNIOXEHHA

Po3rnsaHeMo NOHATTA «MaTemMaTUYHE MOZENOBAHHA» 3 A BOX TOYOK 30py: 1) K npouec; 2) AK CTPYKTypa.

Mpoyec Modento8aHHA 4acTo NPeACTaBAAOTb Y BUTAAAT LMKAY. BiH NOYMHAETLCA | 3aKiHUYETLCA NPO61EMHOIO CUTYaLLiElD
B peasbHOMY XUTTi abo B HemaTeMaTU4HIN AUCUMNAIHI. Y UbOMY UMKANI € Nepeknas npobiemnm mMaTeMaTU4yHO MOBOK Ta
MaTeMaTUyHe PO3B'A3aHHA. B aHI/IOMOBHMX CTaTTAX MOXKHA 3HAWTK H6arato moaudikauii, po3wmnpeHb i NoAINWeEHb WOAO LLbOro
umkny. Hukye (puc.3; puc 4) HaBeAeHO HalbinblL NOWMPEHi CXeMu, AKi CTBOPEHi BiAOMUMM 3aKOPAOHHUMM aBTOPamMu (KPoKu
KOYKHOTO LMKAY, Ha HALy AYMKY, iHTYITUBHO 3p0O3yMifi, TOMY MM iX He NepeKnazanm yKpaiHCbKO). 3a3HaUMMO, L0 B YKPATHCbKMX
O)Kepenax Ham BAAN0Ch 3HANTU ive ogHy cxemy MM, BoHa nobyaoBaHa yKpaiHCbKMM HaykoBLem B. LLiseuem.

Real world model Mathematical model Real model mamema(mng—» Mathematical
. simplifyin/gv model
Real world wlz:king
within
problem mathematics
validating

v .
Mathematical

Real Situation results

Interpreted
solution

Mathematical
solution

interpreting

Mathematics

Reality

REALITY
Puc. 4. Uukn mopenioBaHHA 3a (Maal3, 2006)

MATHEMATICS
Puc. 3. Llukn mopentoBaHHs 3a (Kaiser, 1995; Blum, 1996)

Mpouec MOAeNtoBaHHA, AK NOKa3aHO Aani Ha puc. 5, BKAOYAE TaKi eTanu: 1) po3ymiHHA 3aBAaHHA; 2) CNPOLLEHHSA
(cTpyKTypyBaHHA); 3) matematusauio; 4) matemaTyHe po3B’A3yBaHHA; 5) iHTepnpeTauito; 6) Banigauito; 7) npeacTaBieHHA
(Blum & Ferri, 2009). Lli cim KpoKiB npoLecy moaentoBaHHA fobpe BigoMi Ta yCrilUHO BUKOPUCTOBYOTHCA 3aKOPLAOHOM NPOTArOM
OCTaHHiIX KiZIbKOX AeCATUANITb AK eBPUCTUKA ANA HAaBYaHHA y4HiB MM.

MoAcHeHHA NO3HaYeHb, AKi BUKOPUCTOBYBANCh Ha puc. 6: M3 — npuknagHa 3agaya; M3 — matematuyHa 3agaya; PM3 —
PO3B’A3KM MaTemaTuuyHoi 3agadi; PM3 — po3s’a3kuM NpuknagHoi 3adadi; + — ayske cnabo BONOAIOTb HaBUYKamu; + — Aobpe
BOJIOAiIIOTb HABUYKaMU; £ — HAaBUYKM CHOPMOBAHO HEAOCTATHbLO.
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Puc. 5. lukn mogentoBaHHs 3a (Blum, LeiR, 2006) Puc. 6. YpizaHa rpadiuHa cxema npouecy maremaTuiHoro

mopgentoBaHHA (mane kono) (LWeeub, 2008)

Mepelioemo 0o poszenady MM sk 0o cmpykmypu. KomneTeHuii MOAeNtOBaHHA BK/OYAOTb HAaBWUYKKM Ta 34i6HOCTI
BMKOHYBATV MPOLLECU MOAENOBAHHA HANEXHUM YMHOM i LiNecnpAmMoBaHO, a TaKOX FOTOBHICTb BTiAtOBATU 1X Y XuUTTA (Maall,
2006).

Mepwa epyna. KomneTeHuii gaa po3ymiHHA npobnemun Ta CTBOPEHHA MoOZeNi Ha OCHOBI peanbHOCTi: 1) 3pobutn
NpuNyLeHHA Wwoao npobaemmn Ta CNPOCTUTU CUTYaLito; 2) PO3Mi3HATU BENIMYMHM, AKI BNAMBAOTb Ha CUTYaLito, Ha3BaTW iX i
BM3HAYaTW KAOYOBI 3MiHHi; 3) ByayBaTh 3B'A3KM MiXK 3MIHHUMU; 4) LWyKaTK AOCTYNHY iHPOpMaLLito Ta PO3Pi3HATH pesleBaHTHY Ta
HepeneBaHTHY iHpopMmaLijto.

Apyea epyna. KomneTeHLii AN CTBOPEHHSA maTemMaTUYHOI MoAeni 3 peanbHoi mogeni: 1) maTemaTusyBaTu BignosigHi
BE/IMUYMHM Ta iX CMiBBIAHOWEHHSA; 2) CNPOCTUTM BiANOBIAHI BE/MUYMHM Ta iX CNiBBIgHOLWEHHS, AKLWO Le HeobXxigHo, a TakoX
3MEHLUMTU iX KiNbKiCTb i CKnagHictb; 3) obpatu BigNoBiAHI MaTeMaTUYHi NO3HaYeHHA Ta rpadiuHo 306pasuTU cuTyalito;
4) BUKOPUCTOBYBATU EBPUCTUYHI cTpaTerii (nogin npobnemu Ha CKNagoBi, BCTAaHOB/EHHA BiAHOWEHb A0 NoAibHux abo
aHanoriyHmx npobnem, nepedpasysaHHa Nnpobiemu, nepernag npobaemu B iHWIN GopMmi, 3miHa BEMUYNH abO AOCTYNHUX AaHUX
TOLW,0); 5) 3aCTOCOBYBATU MaTeMaTUUHi 3HAHHA A4NA PO3B’A3yBaHHA 3a4aui.

Tpemsa epyna. KomneTeHuii gns iHTepnpeTauii maTeMaTUYHUX pe3y/bTaTiB y peanbHiii cuTyauii: 1) iHTepnpeTyBaTtu
MaTeMaTUYHi pe3yNbTaTh B MO3amMaTEMATUUHWUX KOHTEKCTax; 2) y3arasbHUTU PilleHHA, AKi 6yan po3pobneHi ANns KOHKpPeTHOT
cUTyaUii; 3) NnepernsaHyT1 po3B’A3aHHA Npobaemu.

Yemeepma zpyna. KomneTeHLii nepeBipku 3HalifAeHoro po3s’asky: 1) KPUTUUYHO NepeBipUTU Ta 06MipPKYBATV 3HANAEHI
pO3B’A3KK; 2) NepernaHyT1 AesaKi YacTUHU moaeni abo 3HOBY NPOMTU NPOLLEC MOLENIOBAHHSA, AKLLO PO3B’A3KM He BignosifatoTb
cuTyaUii; 3) nogymaTy npo iHWi cnocobu BupieHHA Nnpobaemu, NOCTaBUTU Mif, CYMHIB MOAENb.

3’AcyBaHHA iCTOTHUX BnRacTMeocTelt MM fae BuMTeNto HeobxiAHi 3HaHHSA, Wo6 HaBYyaTK yYHiB PO3B'A3yBaTV NPUKAALHI
334aui. 33 OCTaHHI ABaAUATL POKIB HANMCAHO AK 32 KOPAOHOM, TaK i Y HALWIN KpaiHi, AeKinbKa 36ipHMKIB TakKMX 33434 (30Kpema,
Mpyc & LWseup, 2007). Haseaemo NpuKAaL NOBHOrO po3B’A3yBaHHA MOAENbHOMO 3aBaaHHA (Borromeo Ferri, 2010). 3a3Haunmo,
WO Ue OOMH i3 BifOMMUX NPUKNALiB, AKMI B3ATUI i3 pocnigKeHHa (Hankeln, 2020), oaHum i3 3aBAaHb AKOro 6yn0 NOPiBHATM
iHAMBIAYaNbHI MOAENbHI MapLWpPyTN yYHIB i3 HimeuunHu Ta PpaHLii, Ta 3 AKMMK NepeLKoAamM BOHW 3yCTpidatoTbCA Y npoueci
MaTeMaTUYHOTrO MOAENIOBAHHSA.

3as0aHHA «Mask». Mask Balenoaux — ue cnopyza, Aka 3HaxoamTbea B 3 KM Big Pointe du phare Baleines, Ha niBHiYHOMY
3axoAi ocTposa Inb-ae-Pe. CnoyaTKy nnaHyBanocs, Wo BMcoTa Bexi byae 50 m, ane B pesynbTaTi reorpadiyHUX TPYAHOLLIB MasK
nigHimaeTbca nvwe Ha 31 m. BorHi manka 403BONAIOTb KOPabnam BU3HAUYaTH po3TallyBaHHA Hebe3neuHnx 30H 6ins ysbepexxks,
a TaKoXK MopTiB. AKy BiACTaHb A0 y36epex KA We Ma€E CyHO, KO/IM BOHO BrepLLUe po3ni3HaE CBITNI0 MasKa? (puc. 7).

1. Po3ymMiHHA ma crnipowjeHHA cumyadyii. Y 3aBAaHHI AAETbCA iHGOPMALLIA NMPO MasK Ha aTAaHTUYHOMY y3bepexki
®paHUii, AKMI pPOo3TalOBaHMIA Ha BiACTaHI 3 Km Big y3b6epexka i mae sucoTy 31 M. OCKiZlbKM METO0 MasfKa € nonepeasKeHHs
CYLEeH NPO MOXKNUBY Hebe3neyHy 30Hy y36eperkiKa, ANA eKinaxKy CyAHa Ba)KNMBO 3HATW CBOIO BiAcCTaHb A0 y3bepexska, Koiu
BOHM Breplue 6ayaTb masK. OCKiNbKM TOYHA BiACTaHb 3a/1EXKUTb Bif, pi3HMX GAKTOPIB, TAKMX AIK MOroAa, BUCOTa Kopabas, Towo,
ane iHpopmauisa npo Kopabenb, AN NpUOYB, He HAAAETHCA, 34AETLCA AOLIIBHUM MOLLYKATU NPUGANU3HY OLHKY.

ToMy MOXKHa 3pobuTK AesAKi cnpoleHHn: 1) igeanbHi NnorogHi ymosu;
2) BUCOTOO KOpabnsa MOXHa 3HeXTyBaTW; 3) CBIT/I0 BUNPOMIHIOETHCA 3 BEPLUMHM
MasKa; 4) MaKcMmanbHa BiACTaHb OOMeKeHa KPUBU3HOK 3emni, 3emns
BBAYKAETbCA i4,€aNbHOIO Ky/ieto 3 pasiycom 6371 Kkm.

2. Mamemamus3auis cumyauii, Mamemamuy4He po3e’a3ysaHHA. Bci ui
NPUNYLLEHHA MOXHA MepeTBOPUTM Ha TaKy maTemaTuyHy mogenb (puc. 8):
BMKOPUCTAEMO ABOBMMIpPHE YABMEHHA CUTYaLii, WO € NonepeyHum nepepisom
3emni i masKka. Kono d nosHauyae 3emnio, GE nosHavyae mask, AoTudyHa GH
NO3Ha4ya€ NPOMiHb CBiT/1a, @ TOYKa H -nonoxKeHHA YoBHa. MakcumanbHa BiacTaHb
MiX Kopabnem (o 6a4nTb CBITN0) | MAAKOM eKBiBaNEeHTHA BiACTaHi MiX TOYKOIO
OOTUKY AOTUYHOI A0 KOJa, WO NPOXOAUTb Yepes BepLUMHY MasKa, Ta OCHOBOH
masnka. JJoTMyHa Ta pagiyc y Touli 4OTUKY NeprneHAMKYAAPHI.

Puc. 7. Mask Balenoaux HalinpocrTiwnii cnocié HabanxkeHo BU3HAUUTK BiacTaHb HE — ue ABivi
3actocyBaTv Teopemy Midaropa. Ockinbkn EA = HA = 6371 Km i GE =31 m, TO:

HG = VGA? — HA? = \[6371,0312 — 63712 = /395,003 ~ 19,874;

=
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HE = /GH? — GE? = 1/395,0032 — 0,0312 = /394,972 ~ 19,874

lMpumimka: OCKiNbKM MasAK Ay¥Ke Manunii No BiAHOLWEHHIO A0 pagiyca 3emni, neplle 3acTocyBaHHsA Teopemu Midaropa
BXe Aa€ fobpe HabAMKeHHA [0 BiACTaHi. IHWa MOMAMBICTL NONATAaE B TOMY, WO6 BU3HAYMUTU KPMBONiHiNHY BiacTaHb HE 3a
L,0MOMOro0 BU3HAYEHHA KOCUHYCA. AKLWO KyT Mmixk HA i GA no3HaunTu a, To:

_ B 6371
a = arccos GA = arccos 6371,031
a
HE = —2m X 6371 ~ 19,874

360
3. IHmepnpemayia ma niomeepoxceHHa pe3yasmamy. Obuasa pPo3paxyHKM NOKasyloTb, WO Kopabenb 3HaXoAUTLCA

npunbansHo B 20 Km Bif MasKa, KoM eKinax Kopabns sBneple nobauntb 1Moro cBiTno. OCKiIbKM Masik po3TallOBaHWUI He Ha
y36epexKKi, a 3a 3 KM BiZ, HbOro, MaKCMMasibHa BiACTaHb Bifg, KOpabaa [0 y3bepeska MoXKe CTaHOBUTU 23 KM, 3a/1€XKHO Bif, TOro,
3 AKoro 6oKy cygHo npubysae. Lia BigcTaHb 343€TbCA BMNPABAAHOM, OCKiZIbKM BOHA 3a/MLLAE AOCTATHbO Yacy A/1a eKinaxy
Kopabns, Wwob BigpearysaTu BiANOBIAHMM YMHOM Ta CKOpWUryBaTM Kypc. MpoTe, NpunyleHHs, WO BMCOTY Kopabna MoxKHa
irHOpPYBaTW, MOXE MaTW CEPNO3HI HaCNigKM ANA BMMIpPHOBAHHA BiACTaHi. Yum BUWMIA Kopabenb, TUM Binblia makCcMmanbHa
BiACTaHb A0 MaskKa. LU iHpopmauia moxe ByTu iHTerpoBaHa B MoZe/lb Ha puc. 9. 3a ONOMOroH0 LiEi MOAENI MOXKHa TecTyBaTu
pi3Hy BMCOTY Kopabas (Biapiszok DF). Ane uj cyaKeHHa BUXO4ATb AaNEKO 338 MeXKi TOro, W0 OYiKYETbCA Bifg, A4aHOrO 3aBAaHHSA.

Puc. 8. Mogenb 1 Puc. 9. Mogenb 2

OBrOBOPEHHA

ICHYIOTb YiTKO BM3HAueHi y JOCNIAXKEHHAX AK Y HAac B YKpaiHi, TaK i 3a kKopgoHom (Blum, 1991), npuunHu nepesaru
BMKOPUCTaHHA npouecy MM y HaBYaHHI maTemaTtuku. [lpaemamuyHi apeymeHmu. BuKNagaHHA MaTeMaTUKWM MOKAMKaHe
L0NOMOITU YYHAM 3PO3YMITU Ta BNOPATUCA 3 NPAKTUYHUMM 3aBAAHHAMMU. Buxoasaum 3 uboro, 6e3 moaentoBaHHA He 06inTUCh.
Gdopmytodi apeymeHmu. LiiKaBnAYMCb MaTeMaTUKOMO, YYHi MOBWHHI HAabyBaTW 3aranbHUX sAKOCTel (HanpuKknag, 34aTHICTb
BMpiWyBaTM npobnemn) abo ycTaHOBOK (HanpuKAaa, BiAKPUTICTb A0 HOBMX CUTyauil). MoAentoBaHHA € OAHUM i3 BaXKNMBUX
cnocobiB ix po3BUTKY. KysaemypHi apeymeHmu. YYHAM CNlig, BUKNALATU MaTEMATUYHI TEMU AK AXKepeno Ansa posaymis abo ans
TOro, Wwob CTBOPUTU BCEOCSKHE Ta 36a/1aHCOBaHe yAB/IEHHA NPO MATEMATUKY AK HaYKy Ta YaCTUHY JOACBKOT iCTOPIl Ta KyAbTypy.
MogentoBaHHA - Lie HeBiA'eMHa puca IO ACbKOTO iHTENEKTY, @ TaKOXK iCTOPIl Ta peanbHOi NPAKTUKM, i, TAKUM YNHOM, BOHO MOXKe
CNPUATU NPOCYBAHHIO LMX ACcNeKTiB. 3 ornagy Ha nepepaxoBaHe, 6araTo HayKoOBLiB NiATPUMYIOTb AYyMKY, WwWo MM mae ctatu
HaCKPi3HOI 3MICTOBOIO NHIEID LWKINbHOMO Kypcy matematuku (LLseup, 2009). BnposagykeHHa MM y WKiNbHY NPaKTUKY B YKpaiHi
peanbHO MOYaNOCb i3 OHOBJIEHHA 3MICTy HaBYa/JbHMX MPOrpam i3 MaTemMaTuKKM, NigpyvyHuKiB. OgHAK Tam, MNPaAKTUYHO, i
3yNUHUAOCH. MPUYMHOIO LbOTO, Ha Hally AYMKY, € HE NnLLe «KOBiAHI POKM» Ta BiliHA, AKa TpuBae. Lle € npuBogom BcebivHoro
06roBopeHHs.

BUCHOBKW TA NEPCNEKTUBU NOAANBLUOIO AOCNIAXKEHHA

Po3KkpuTTA 3micTy NOHATTA MM 0NOMOKe BUNTENIO 30CepeUTUCh HA KOHKPETHUX OKPEMMX AifX, AKi BAPTO ONaHyBaTh
YYHAM O1A YCNIWHOTO 3A4iMCHEeHHA BCbOro uukay MM. [na AiMCHOro LWMPOKOro BUMKOPWUCTAHHA MM y LWKinbHOMY Kypci
MaTeMaTUKK, Y BiNOBIAHMX BY3iBCbKMX OCBITHIX KOMMNOHEHTAX BaXNMBUMMW € GaKTOp 3aLiKaBNEHOCTI BYMTeNiB (BMKNaLauis)
MaTeMaTMKKN Ta GaKTop HAABHOCTI Y HUX BiAMNOBIAHNX 3HAHb Ta BMiHb.

MU npeacTaBUAN AuMLIE YACTMHY HAWOrO AOCAiAXEHHA. HacTynHa YacTMHa AocniayKeHHA chOKycoBaHa Ha aHanisi
NPUKNaZHMX 334a4 (MO4EeNbHMX 3aBAaHb), AKI BUKOPUCTOBYIOTLCA 32 KOPAOHOM Ta YKpaiHi, poni IKT ana MM B ocBiTi. TakoK mu
NAAHYEMO AETaNbHO PO3rAAHYTU CUCTEeMHI Bap’epu peanbHoro BnpoBagyKeHHA MM B OCBITYy (cepefHto, BULLY) Ta KAOYOBUX
BayKesiB iX NOA0NAHHA.
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AHOTALIA

ABSTRACT

@®opmynioeaHHa npobaemu. OcsimHi npozpamu  nid2omosku
3006ysa4is dpy2020 oc8imHbo-npogeciliHozo pisHsa (Mazicmpis) ¢izuyHoz20
¢akynememy YucHY micmame nepenik KomnemeHmHocmel, wo €
CBOEPIOHUMU enleMeHmamu moodeni ¢axisys. 3abesneyeHHA MalibymHix
¢axisyie 30amuicmio  adanmysamucs 0o pobomu 8  peucumi
iHHOBaYiliHO20 pigHA Nepedbayae Po3BUMOK y HUX, KPIiM IHWUX, HOBUYOK
iHHOBaYiliHO20 8upiweHHA nNpobaem HayKo8o-00cniOHo20 xapakmepy. Lle
nepedbavyae OpeaHi3ayito mMakozo muny ni02omosKu ¢axieyie, AKa
3abe3neyye PopmMyB8aHHA HABUHOK IHHOBAUIIHO20 MUCEHHS.

M pi ma du. Bukopucmosysanucs meopemuyHi (aHani3
nimepamypu 3 npobaemu O00CAIOHEHHA Ma KOHMEHM-AHANI3 Cy4YacHuUX
meHOeHyili  iHHosayiliHOI nid2omoeKu  iHyeHepie-0ocnidHuKie) ma
emnipu4Hi (aHKemysaHHaA mazicmpie 3 Kibepbe3zneku) memodis. Y npoyeci
00CniOHEeHHA BUKOPUCMOBYBAAUCH MAKOX Mamepianu oc8imHix npozpam
nidzomosKu mazicmpie 3 kibepbesneku Ha izudHomy pakynememi YucHY.

Pesynemamu  docnidneHHa. B pobomi poskpumo cymHicme
iHHOBaYiliHO20 NidX0dy 00 opMyB8aHHA KomnemeHmHocmel mazicmpie 3
Kibepbe3neKu, ujo noas2ae 8 OHOB/EHHI 3micmy, npoyecy ma pesyasmamy
ix nidzomosku 8 ocaimHbomy cepedosuwyi 8UU4OI WIKOAU. IHHO8AYiTy 3micmi
nidzomosku 8idobpaxcarome peszyabmamu Memoodosn02iyHoi pednekcii
B830EMO38’A3KI8 MM  MOHAMMAMU  «ocobucmicme»,  «UiHHOCMI»,
«iHHO8ayii» ma HayKoso-0ocniOHUYbKa QifnbHICMb i hoKycytome yeaey Ha
MOHAMMI «HABUYKU [HHOBAUIIHO20 MucneHHA». IHHosayii y npoyeci
nidzomosku malibymHix ¢paxieyie no3HavyeHi mapkepamu «iHHOBAYiliHI
ocsimHi mexHonoeii», «iHpopmayiliHo-komyHiKayiliHi cucmemu, mepedi,
38A3KU, mMexHosoRIi». IHHOBAUIT y pe3ynbmamax Hayinome Ha
OHOB/EHHA Kpumepiie OUIHKU COpMOBAHOCMI MOKA3HUKIB, AKUMU
onucyromeca pe3ysemamu nid20mosku ma memoois ix 0iazHoCmMuKu.

BucHoseKu. Peanizayis iHHogayiliHo2o nioxody y nideomosui mazicmpis
3 Kibepbe3neku nepedbayae oOpeaHi3auilo oceimHbO20 npoyecy 3
BUKOPUCMAHHAM  iHHOBAYIliIHUX  OC8IMHIX mexHosnoeili  po3sumky
KpUmu4H020, KpeamusHo20, MBOP4020 MUCAEHHSA; HABUYOK PO36’A3AHHSA
docnidHuybKux npobaem, memoodie ocobucmicHo2o ma iHOUBIOyanbHo20
camopossumky mazicmpis.

Formulation of the problem. Educational programs of the second
academic and professional level (master degree) of the Physics Faculty of
UzhNU list competencies that are specific elements of the specialist model.
Developing in future specialists the ability to adapt to work at an innovative
level involves the developing, among others, of skills to innovatively solve
scientific and research problems. This assumes the type of organization of
specialist training, which ensures the formation of innovative thinking skills.

Materials and methods. Theoretical (analysis of scientific literature on
the issue under consideration and content analysis of modern trends in
innovative training of engineers-researchers) and empirical (questionnaire
surveys conducted with masters in cyber security) methods have been
applied. In the research process, the materials of educational programs for
the training of masters in cyber security at the Faculty of Physics of UzhNU
have also been used.

Research results. The research reveals the essence of an innovative
approach to the formation of competencies of masters in cyber security. It
consists of updating the content, process and result of the training in the
educational environment of a higher education institution. Innovations in
the content of training reflect the results of methodological reflection of
relationships  between the concepts of '"personadlity", ‘'values",
"innovations" and scientific-research activity. They focus attention on the
concept of "innovative thinking skills". Innovations in the process of training
of future specialists are marked with the markers of "innovative educational
technologies"”, "information and communication systems, networks,
connections, technologies". Innovations in the results are aimed at updating
the criteria for evaluating the indicators formed, which describe the results
of training and methods of their diagnosis.

Conclusions. The implementation of an innovative approach in the
training of masters in cyber security involves the organization of the
educational process using innovative educational technologies for the
development of critical and creative thinking; skills for the solving of
research problems, methods of individual self-development of masters in
physics.

K/IHOHOBI CJ/10BA: iHHo8auiliHuli nioxio; iHHosauiliHe MucneHHs; iHHo8ayiliHi
ocsimHi mexHosoeii; Mmazicmpu 3 kibepbe3neku,; haxosa nid2omoskKa.

KEYWORDS: innovative approach, innovative thinking, innovative
educational technologies, masters in cyber security, professional training.

BCTYN

MNoctaHoBa npo6aemu. OcBiTHIi Nporpamu NiAroToBKM 3400yBayiB APYroro ocBiTHbO-NPodeciiHOro piBHA (maricTpis)
disnyHoro dakynbtety Y:KHY MmicTATb nepenik KOMNETEHTHOCTEW, WO € CBOEPIOAHMMU enemeHTamu mogeni ¢axisua.
IHTerpaTMBHUI pe3ynbTaT GOPMYBAHHA KOMMETEHTHOCTEN CNPAMOBAHWUI Ha BOJIOAIHHA 34aTHOCTAMM, WO 3abe3neuytoTb
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BMNYCKHWKIB OCBITHbO-NPOdECIMHUX NPOrpam MOXKAMBICTIO YCMILWHO KOHKYPYBAaTWU Ha PUHKY npaui. 3abesneyeHHs manbyTHix
¢daxiBuiB 3gaTHICTIO aganTyBaTMCA A0 PO6OTM B peXKMMI iHHOBaLiMHOTO piBHA (HaNpuKNag, po3B’A3yBaHHA HAYKOBMX Ta HAYKOBO-
TEeXHIYHUX 3aday iHHOBaALiMHOro piBHA B ranysi npuknagHoi ¢isMKM Ta HaHomaTepianis; 3agay AochigHuubkoro Ta/abo
iHHOBaUiMHOro xapaKkTtepy y cdepi iHpopmauiitHoi 6e3nekn Ta/abo Kibepbesneku), — nepeabavac PO3BUTOK Y HUX, KPIM iHLINX,
HaBMYOK iHHOBaL,IMHOIO BUPILLEHHA NPoHiem HayKOBO-40CNI4HOIO XapakTepy. Lie B cBoto Yepry nepesbayae opraHisalito Takoro
TUNY NiAroTOBKM ¢daxiBLiB, AKa 3abe3neyye popmyBaHHA HABMYOK iIHHOBALIMHOTO MUCIEHHS.

OCHOBOO 4711 OHOBJ/IEHHSA 3MiCTY OCBITHIX KOMMNOHEHTIB NPOrpam NiAroToBKM MaricTpiB 3 Kibepbe3nekn MoKyTb CTaTu
KPOKM 4/1A NiATPUMKM HAaYKOBOI Ta HAyKOBO-TEXHIYHOI AifNbHOCTI, PO3BUTKY A0CAIAHULbBKOI Ta iHHOBALiMHOI iHQpacTpyKTypu
yHiBepcuteTy. Hacamnepep, ue peanisauis ycTaHOBOK ¢dinocodii cydacHOT HayKM y KOHTEKCTi PO3BUTKY iHHOBALLiMHOT napaaurmm,
CNPAMOBAHOI Ha YTBEPAXKEHHA €AHOCTI | B3aEMOAIT OCBITU | HayKKM, 3 EKOHOMIKOIO Ta NPOMMCAOBICTIO. LA iaea KOHKpeTu3oBaHa y
«KoHuenuii iHHoBauiiMHOro po3BuTKy [BH3 «Y:KropoAcbKui HauioHanbHMI yHiBepcuTeT» Ha 2015-2025 p.p. (KoHuenuis...
https://www.uzhnu.edu.ua/uk/infocentre/get/8662). BaMAMBUMW MNONOMKEHHAMU LHbOTO AOKYMEHTY Y KOHTEKCTI Halloro
DOCNIAKEHHS € Ti, WO BiAHOCATLCA A0 HAYKOBOI AiA/IbHOCTI, IKa Y A0C/AIAHULbKO-IHHOBALiMHOMY YHIBEPCUTETI «34iNCHIOETLCA B
pamMKkax npoBefeHHA ¢GyHAAMEHTaNbHUX | NPUKAAAHUX [OCAIAXKEHb» Ta MNiATOTOBKM HOBOI reHepauii ¢axiBUiB «34aTHMX
336e3ne4YnTn NO3UTUBHI 3MiHM B EKOHOMIL,i perioHy» i He TiIbKu.

LLiHHMMM Yy LbOMY KOHTEKCTI € MNONIOXKEHHA, HanpauboBaHi MiHocBiTM BNpogoBXk 25 yepBHA 2020 poKy — 26 KOBTHA
2022 poKky (FonoBHi gocArHeHHs... https://mon.gov.ua/ua/news/golovni-dosyagnennya-u-sferi-nauki-ta-innovacij-2020-2022).
Cepef, OCHOBHUX iHAMKATOPIB, AKMX NAAHYOTb focartn Ao 2032 poky 3 MeTot iHTerpauii 4o EBpONeicbKoro A0CNiAHULBKOTO
NPOCTOPY, 3a3HAYeHO HaCTyMHi: 36i/blEHHA KiIbKOCTI JOCNIAHMKIB; BiANOBIAHICTD HAYKOBOT Ta HAYKOBO-TEXHIYHOI AifNbHOCTI
CYYaCHUM CBiTOBMM TEHAEHLiAM; PO3LUIMPEHHA MOXKANBOCTI A7 PO6OTM HayKOBL,iB Ta iIHHOBATOPIB.

3 ornaay Ha BaXK/IMBICTb MPUAHATUX Ha PI3HUX PIBHAX pilleHb 3a3HAYMMO, WO 3MICT NiAroTOBKKN Qi3nKiB-A0CAIQHUKIB 3
HeobXiAHICTIO MONOBHIOETLCA 3HAHHAMM MPO HOBI MOMAMBOCTI CY4aCHOT TEXHIKM Ta NPOrpamHOro 3abesneyeHHs y NpoBeaeHHi
LOCNiAXeHb Ta aHani3i ix pe3ynbraTis.

AHani3 akTyanbHUxX gocnigKeHb. Mpobiemu po3BUTKY iHHOBALLIMHOI OCBITU BiZ0OOPAXKEHO Y UNCIEHHUX AOCNIAKEHHSAX,
AKi CNPUAAN BUOKPEM/IEHHIO rajys3i NegaroriyHoi HayKu nig Ha3Bok MegaroriyHa iHHOBaTMKa. YCi AOCNiAMKEHHA y it coepi
MOKHa NOAINUTM 33 HanpAMamM: iHHOBaLT y 3MiCTi OCBiTH, iIHHOBaL,i y opraHi3au,i Ta 34ilicHeHHi OCBITHbOrO Npouecy, iHHoBaLl
y QAiarHoCTyBaHHi pe3ynbTaTiB OCBITHbOrO NpoLecy, iHHOBaLii B ynpasAiHHI OCBiTHIM npouecom (iHHOBALiMHMIA OCBITHIM
MeHeXXMeHT), iHHOBaL,ii B NigroToBLi Ta nepeniarotosui ¢paxisuis.

KoHKpeTusaLis HanpAamy «iHHOBaLi y NiaroToBui GaxiBLiB» YMOXKIMBIIOE PO3KPUTTA TaKUX KOMMOHEHT AK iIHHOBAL,i Y
3MICTi NigroToBKK, IHHOBLT Yy Npoueci NigroToBKKW, iHHOBALL Y AiarHOCTYBAHHI pe3y/bTaTiB MiArOTOBKM. PO3yMiHHA CTPYKTypw
YMOXMB/IOE PO3KPUTTA CYTHOCTI MOHATTAY iHHOBALT y NiAroToBu,i dpaxiBLiB».

IHHOBAUIT y 3MicTi niarotoBKkM daxisLis be3nocepeaHbO NOB'A3aHi i3 METOLONOrE Cy4YacHOi OCBITWU, Y SKil
BigobparkaloTbCA TeHAEHLT PO3BMTKY OCBITU B CydacHoMy rnobanisosaHomy cBiTi (Debétaz, 2023; Nwabueze & Isilebo, 2022;
Pramoth, 2022); meTon,0/10ri€0 Cy4acHOro NPMpPOA03HABCTBA Ta CY4aCHOrO HAyYKOBOTO A0CNIAXKeHHA (TpagmuiviHi Ta iHHOBaLiMHI
nigxoau A0 HAYKOBUX AOCANILMKEHb..., 2022). Lle HabauKae Hac 4O CNPUIHATTA METOL0/OMYHMX YCTAHOBOK LLLOAO PO3PO6KM
OCBIiTHIX Mporpam nNiarotoBKM cydacHoro ¢axisus, 3arajom Ta maricTpis 3 Kibepbesnekn Ana NpUMpoAHMYO-A0CAILHOT ranysi,
30Kkpema. OcgiTHi nporpamu (OMM «CucTema TexHIYHOro 3axucTy iHPopmauii, aBTomaTtu3auia ii 3axucty»; OMNM «be3neka
iHGOPMALLIMHUX | KOMYHIKaLiAHMX CUCTEMY) Y «KOOPAMHATAX» KOMMETEHTHOCTEN OMUCYHOTb LiAi | 3MIiCT NigrotoBkM daxisuis 3
YPaxyBaHHAM aKTyaNbHUX BUMOT CyCMisbCTBA i CydacHoro npodeciiiHoro cepenosuiLa. IHHOBALLT Y 3MiCTi NiATOTOBKM Cy4acHMX
¢daxiBLiB HAYKOBO-NPUPOAHMYOI ranysi, BifobparkatoTb OCBITHI LiNi i MOXyYTb ByTV NpeacTaBAEHi CUCTEMOLO aKTya/lbHUX HaBUYOK
(«HaBuukwm 21 cToniTra»).

IHHOBALT Yy Npoueci NiAroToBkM ¢axisBLiB TICHO NMOB’A3aHi i3 OHOBMIEHHAM NAPaALUIManbHOro MigXoAy A0 PO3BUTKY
ocobucTocTi ¢daxiBua i 3HaXoA4ATb CBOE BTINEHHA B i€l BUMKOPUCTAHHA iHHOBAWiMHUX TEXHONOriA PO3BUTKY KpPeaTUBHOrO.
KPUTUYHOTO, CUCTEMHOIO Ta TBOpPYOro mucneHHsa (Kosyboscbka & Mosigaiumnk, 2021). OKpim Toro, iHHOBaUiMHICTL npoLlecy
NiAroTOBKM TiICHO NepenfeTeHa i3 BUKOPUCTAHHAM iHPOPMaLLiiHO-KOMYHIKaTUBHUX TEXHOOTI, AIKi ANA MaricTpis 3 Kibepbesnekun
aHaNi30BaHMX OCBITHIX Nporpam € i 3acobom AOCATHEHHA HaBYaIbHUX Linel i pe3ynbTaTom NiAroTOBKM, BTINEHUM Y NPOTrPAaMHUX
KOMMEeTEHTHOCTAX.

IHHOBAU,Ty pe3yabTaTtax (Onayko Ta iH., 2021) opieHTOBaHi Ha OHOB/IEHHA AiarHOCTUYHOT NpoLeaypy BLiNOMY: Big onucy
O4iKyBaHMX pPe3ynbTaTiB A0 MEeTOAiB i MeTOAMK X AiarHOCTyBaHHA (BMABNEHHA i OLiHIOBAaHHA). Y AOCNIAXKEHHI Ha npeameT
BMBYEHHA Ta AjarHOCTUKM «iHHOBALMHOrO AWAAKTUYHOIO NOTeHLiany» y 3406yBadyiB TPeTbOro (OCBITHbO-HAYKOBOro) piBHA
cneujianbHocTi «011 OcBiTHI, NegaroriyHi HAYKM» PO3KPUTO [,0CBIA TAKOTO OHOBNEHHSA. Y AaHOMY AOCNIAXKEHHI PO3KPUTTA CYyTHOCTI
iHHOBaUjMHOTO NiAxoA4y A0 NiArOTOBKM MaricTpiB 3 Kibepbesneku nepenbayae npeAcTaBNeHHA OYiKyBaHWUX Pe3ybTaTiB He nnLle
y NapameTpax KOrHITUBHOIO PiBHA (3HAHHA, YMiHHA, HABUYKKM) @ M NPOLECYaNbHOMO (BUKOHYE..., AEMOHCTPYE..., NPeACTaBNSE. ..,
NOEAHYE..., BKIOYAE..., MPOMNOHYE..., MePeBipsE..., TOLLO) Ta OLIHHOIO (pPiBeHb CTaBAEHHSA A0 TOrO, YUM NHOAMHA 3aMMAETLCA, Has,
YMM MPALIOE, LLLO BUTOTOB/ISIE) PiBHIB.

Takum YMHOM Npobnemy AOCAISKEHHA aKTyaNi3ye cynepeyHicTb Mixk NoTpeboto y GopmyBaHHI HABUYOK iIHHOBAL,iINHOTO
MWCNEHHSA Y MalbyTHIX maricTpis 3 Kibepbe3neku, WO ONMPAETbCA HA METOA0/IO0Ti0 iIHHOBALIMHOIO Nigxoay Ta nepesBaXKaHHAM
KNAaCUYHUX (XapaKTepHUX ANA AiaNbHICHOTO NiAXo4y) MEeToAiB iX NiAroTOBKM.

MeTta cTatTi nonfArana y BU3HaYeHHi CYTHOCTI MOHATTA «iHHOBAUiMHMI Miaxig y niaroToBui ¢axiBLiB» Ta PO3KPUTTI
ocobaunsocTel oro peasnisalii y npoueci niAroToBKM MaricTpis 3 Kibepbesneku.

METOAU AOCNIAKEHHA

BuKoOpUCTOBYBaIMCb TEOPETUYHI METOAM, @ caMe: aHani3 NiTepaTypu 3 nNpobaemun AOCNIAMKEHHA Ta KOHTEHT-aHani3
CYYaCHUX TEeHAEHUi iHHOBALIMHOI NiAroTOBKM ¢i3MKIB-A0CNIAHWUKIB;, eMMipuyHi MeTogu, a came: aHKeTyBaHHA MaricTpiB 3
Kibepbe3nekn, eKcrnpec-onuTyBaHHA PO3POOHMKIB OCBITHIX Mporpam. Y Mpoueci AOCAioKEeHHA BUKOPWUCTOBYBAZINCL TaKOXK
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maTepiann OCBITHIX Mporpam MigroToBKM maricTpis 3 kibepbesneku Ha disnuHomy dakrynbTeTi VKHY («be3neka iHpopmaLinHux i
KOMYHiKaLinHUX cuctem», «CUCTEMM TEXHIYHOTO 3axMUCTy iHPOpMaLLi, aBToMaTu3aLis i 06pobKu»).

PE3Y/IbTATU AOCNIAXKEHHA

B poboTi po3KPUTO CYTHICTb iHHOBALMHOIO Nigxoay 40 GOPMYBaHHA KOMMETEHTHOCTEN MalbyTHIX AOCNIAHMKIB, WO
NONAra€e B OHOB/IEHHI 3MICTY, NpoLLecy Ta pe3y/ibTaTy iX NiArOTOBKM B OCBITHbOMY CEpeA0BULLi BULLOI LLIKOU.

IHHOBALT Yy 3MiCTi NiAroTOBKM BigobparkatoTb pe3ynbTaT¥ METOA0/OrYHOT pedieKcii B3aEMO3B’A3KIB MiXK NOHATTAMM
«OCOBUCTICTbY, «UHHOCTI», «iHHOBALI» Ta HaAyKOBO-AOCNIAHMUbKA AiANbHICTb i POKYCylOTb yBary Ha MOHATTI «HaBUYKK
iHHOBALLIMHOIO MUC/IEHHAY.

Mcmxonoria TpaKTye HaBUUKY AK NCUXiYHE HOBOYTBOPEHHS, WO KOHTPOIOETHCA CBIZOMICTIO | BUPOBASAETLCA Y Npoueci
BMKOHaHHA BNpas. baratopasoBe BNpaBAsHHA NPU3BOAMTL L0 aBTOMATM3aLii HABMYKM | HABYTTA yMiHHA. KnacMyHe BU3HAYEHHA
YMiHHA 3BOAMTbCA [0 MOro PO3YyMiHHA fK aBTOMATM30BaHOi HaBUYKW. HAaBMYKM iHHOBALIMHOrO MUC/NEHHA-LEe iHTerpaTnBHe
YTBOPEHHS, LLLO NOEAHYE HAaBUYKN KPUTUUYHOTO, KPEATUBHOMO, TBOPYOTO MUC/AEHHSA. IHHOBaLLiiHE MUCIEHHA MOKHA NpeaCcTaBUTH
AK NOeAHaHHA uini (nobaunTh, BNOBUTK, BiaUYyTU HOBE), npouecy (CMHTe3yBaTK, BIAKUHYTU/MPUAHATM, AOAYYUTU/BIAMIHWNTK) i
NpoAyKTy (06’€KT 3 HOBMMM BNACTMBOCTAMMU, GYHKLiAMKU, chepamm 3acTOCyBaHHA Towwo). Y nepeniky «HaBWUYOK...» («HaBWUYKM
21 cTONITTA») Ue CTPYKTYPOBaHO y 610KM: TBOPYUICTb Ta iHHOBALMHICTb; KPUTUYHE MUCIEHHA | BMiHHA BUpilLyBaTK Npobaemu;
KOMYHIiKaTMBHi HaBMYKM Ta HAaBUYKM CNiBPOBITHULTBA, Meaia Ta KOMN' IOTePHI HaBUYKM, }KUTTEBI Ta Kap'€PHi HABUYKM TOLLO.

P0O3BMTOK HaBMYOK iHHOBALIMHOrO MUCNEHHA Yy MaricTpiB 3 Kibepbe3nekn — MUCAEHHA, CNPAMOBAHOIO Ha HayeHHs i
BIAKPUTTA HOBOrO, WO NEXWUTb B OCHOBI 34aTHOCTI MPOAYKYBATW IHHOBALIMHUIA NPOAYKT, — MOTPebye HAMOBHEHHA 3MicTy
NiAroTOBKM 3HAHHAMM NPO MeToaM i popmM iHHOBALIMHOI NPUPOAHNYO-[0CAi AHULbKOT poboTH.

Hacamnepeps, 3BepTaemo yBary Ha cCyd4acHi TeHAeHLUji y BUKNaAaHHI Gi3vKM Ta Gi3MUYHUX AUCUMNAIH Y BULLIKA WKOAI
(Magazu, 2018). Cepefa NpoBiAHMX HAaNPAMIB 3a3HAYAETLCA HEOBXiAHICTL OBIPYHTYBAHHA HOBOrO 3MICTY MAaTEMATUKKN ANA KypciB
bi3nKK; 3pocTaHHA poni NabopaTopHUX PobiT 3 Gi3UKKM (Di3UYHMX NPAKTUKYMIB); BaXKAMBICTb MiNKAMCLMNAIHAPHWUX NiAXOAiB,
30Kpema KOMM/IEKCHOTO TEOPETUKO-EKCNEPUMEHTANIbHOTO NiaXxoAy (B AKOMY B3aEMOMOB’A3aHI MiK cOBOMO Pi3Hi rasnysi 3HaHb:
maTemaTuka, pinocodisa, HayKoBa KyabTypa, KOMYHiKaLifl TOLLO).

B LbOMY KOHTEKCTi 3MiCT OCBiTHiX KomnoHeHTiB (OK) ocBiTHHiX nporpam (Ol) mMosKe AONOBHIOBATUCA «ENEMEHTAMMNY
iHHOBaUiMHOro 3micTy. Ha TeopeTUYHOMY piBHi: OKpema Tema, naparpad, 4ONOBHIOOTLCA iIHPOPMALLIEIO 3 PiI3HUX rasy3ei 3HaHb
y dokyci posrnagysaHoi npobnemu (MaTemaTUYHWUIA anaparT; icTopii BiAKPUTTIB, BUHAXOAiB; COLia/IbHUI KOHTEKCT npobaemu
ToWwo. Ha npakTMYHOMY piBHi: NPOMNOHYIOTLCA 3aBAAHHA ANA IHAMBIAYANbHOTO MOLWYKOBO-AOC/AIAHNLBKOIO NPOEKTY, 3aBAaHHA
017 TPYNOBOro NPOEKTY; 3aBAAHHA A1 CAMOCTIMHOI TBOPYOT NOLWYKOBOI pO60TH; 3aBAAHHA 41A KONEKTUBHOTO 06roBopeHHsA Ta
CUHTE3Y ineWn; nepeabayeHHA Yacy oA KONEKTUBHOO pPo3B’A3yBaHHA 3a4ad i3 AMHAMIYHUM PO3BUTKOM 3MICTY TOLLO.

AK Biamiyae M. NliniH (2018), «KOHCTUTYIOBAHHA OCBITHLOFO MPOCTOPY AK KEMEPAMKEHTHOI» CUCTEMMU HEMOXK/IMBE NO3a
KpeaTuBHOW0 AisnbHicTio. OCBiTa, TaK camo fK i TBOpYicTb, 6e3nocepeHbo MNOB’A3aHa i3 CMiJIKYBaHHAM i B3aEMOJIED OAHIED
NOAMHMU 3 iHWO». B LLbOMY KOHTEKCTi «BaXk/IMBUM € He /ivle Te, WO HamaralTbCA HaZaTW iHWIW NOAWMHI AK HaBYaNbHUI
maTepian, BaX/MBO AK Lie pobaThb: <...> AiCHA OCBITAa HAZAE HE NPOCTO «HABYAJIbHWUI MaTepian», a WiNiCHWI KUTTEBUI A0CBIAY.
Came Ha TaKili OCHOBi TBOPUTbCA MPOCTIP ANA CMiJIKYBaHHA Ha PiBHi MAPTHEPCTBa, CniBnpawi, cChiBTBOPYOCTi. Y MOHOOTIYHIN
iHTepnpeTaL,ii 3MiCT HaBYAHHA He HaAMXAE Ha CAMOPO3BMTOK YCiX y4aCHUKIB OCBITHbOTO MPOLLecy, 3aHATTA N036aB/eHi «3apasHOoi»
eHepreTUKM KONEKTMBHOI TBOPYOCTI.

AKWO TBOpPYiCTb, Yy 6iNbWiN Mipi, BIAHOCATL A0 OCOBUCTICHUX XapaKTePUCTUK NOAMHM, TO KpeaTUBHICTb — A0
iHanBiayanbHMx. Came TOMy 3MiCTOBa NiHiA «iHHOBALiMHICTb — TBOPYICTb» HAbyBAa€ CMMUCIOBUX i peanbHUX aTpubyTie y
KO/MIeKTMBHIN cniBnpaui BMKNagadis i ctygeHTiB. Y wii cniBnpau,i BiATOUYyOTbCA anroputMmu (Bigomi cnocobu i metoam) TBOpYOro
BUpilleHHA Npobnem, HabyBalOTbCA HaBUYKM CUHTE3Y/aHanisy, NPURHATTA/BIAKMAAHHA inei.

3micToBa NiHifA «iIHHOBALIMHICTb — KPEATUBHICTbY NONAMAE Y CTUMYNIOBAHHI THYYKOCTI MMCNEHHSA, MOrO OPUriHANIbHOCTI,
O BUABNAETLCA Y 34aTHOCTI NMOMIYaTM He3BMYAlHI, HeCTaHAAPTHI iAel, po3BMBaTK iX; WBUAKO 3HAXOAUTU METOAU BUPILLEHHSA
npobieMHUX cuTyaLii. Y ocBiTHIX KomnoHeHTax Ol gna maricTpis 3 KibepbesneKkn LA 3MiCTOBa NiHIA MOXKe peanisoByBaTUCb
yepes 3aBAaHHA AN CaMOCTiIMHOT pob0TH, Yepes «TBOPYi MalCTEpPHI» i3 PO3B’A3yBaHHA 3a4ad i3 HeBU3HAYeHMMK ymoBamu (abo
33/a4i Ha BUABNEHHSA NPOTMPIYYA, NpobaemHe bayeHHn; 3aaui 3 BiACYTHICTIO NOBHOT BMXiAHOT iHpopmaL,ii ToLLo).

3micToBa NiHiA «iIHHOBALMHICTb — KPUTUYHICTb» BIAHOCUTLCA A0 iHTENEKTYaNbHOro PO3BUTKY MAricTpiB MaricTpis 3
Kibepbesnekn. Hacamnepea, KPUTUYHICTb NPOSABAAETLCA Y 34ATHOCTI aHanNi3yBaTH iHGOPMAL,ito Y Pi3HUX KOHTEKCTax, acneKTax;
CNpUMMaT AYMKM iHWWUX NOAeN KPUTUYHO, TOBTO Kpi3b Mpu3mMy 06’EKTMBHOI OLHKM Pi3HUX CyAKeHb; MPArHeHHA YHUKaTu
MMUCINUTU 33 3PA3KOM, CTepeoTMNHO. TaKa 34aTHICTb MOXKe PO3BMBATUCA | BUABNATUCA Y Aiano3i, AUCKyCii. TOMY y 3MICTi OCBITHIX
KoMnoHeHT Ol moxke 6yTn nepenbdaveHa MOXKANBICTb FPYNOBUX AUCKYCiM Ta 3aNPONOHOBAHO TEMU ANA iX NPOBEAEHHSA.

OmKe iHHOBaLi y 3MICTOBIM NIOLWMHI NIATOTOBKM MalbyTHiX iHXeHepis-di3uKiB, ¢isunKiB-gocnigHuKiB nos’asaHa i3
OHOBJIEHHSIM MiAXOZiB A0 PO3POOKM OCBITHIX KOMMOHEHTIB, fIK i3 ypaxyBaHHAM TEHAOEHLIA PO3BMTKY BUKNAAAHHA i3vKKU B
Cy4YacHili BMLLiM WKOMI, TaK i OCOBAMBOCTAMM PO3BUTKY IHHOBALMHOIO MUC/IEHHA Yepe3 peanisauilo 3MiCTOBMX NiHiK
«IHHOBALIMHICTb - TBOPYICTb, KPEATUBHICTb, KPUTUYHICTbY.

IHHOBAUii y npoueci NigroToBKM MalbyTHiX ¢axiBLiB MNO3HaYyeHi MapKepamu «iHHOBALiMHI OCBITHi TexXHONOri»,
«iHGOPMALiMHO-KOMYHIKaUiiHI  cucTemu, Mepei, 3B’A3KM, TEXHONOri», «HAyKOBO-AOCNIAHMUbKE Ta iHHOBaUjiiHe
NpoeKTyBaHHA». TObTO, MAeTbCA NPO BNPOBAAMKEHHS | BUKOPUCTAHHS HOBITHIX GOPM i MeToAiB HaBYaHHA y npoueci ¢paxoBoi
NiAroToBKM marictpis 3 Kibepbesneku. s BUBYEHHS CTaHy BNPOBAAMKEHHA iHHOBAULiMHWUX OCBITHIX TEXHO/OTIN Y NPaKTUKY
niAroToBKM GaxiBLiB HAMM NPOBOAMNOCH ONUTYBAHHSA cepes, MaricTpiB (y onuTyBaHHI B3AAKM y4acTb 8 ocib 1 poKy HaBYaHHSA), AKi
HaBYalOTbCA 33 OCBITHBLOI Mporpamoto cneuianbHocTi 125 Kibepbesneka Ha ¢isnyHomy dakynbTeTi YKHY. JeTanbHuii aHanis
OTPUMaAHUX pe3ynbTaTiB byae po3rNAHYTO B iHWMX MaTepianax. TyT NPOKOMEHTYEMO BiANOBiZi Ha MUTaHHA, WO MaloTb
BiAHOLWEHHA A0 NPOLEeCcyanbHOi YaCTUHW PO3BUTKY iIHHOBALIMHOrO MUCNEHHA MaricTpis 3 Kibepbe3sneku (aus. Tabn.l).
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Tabauus 1

Pe3ynbTaTM ONUTYBaHHA MaricTpiB Y KOHTEKCTi pO3BUTKY iHHOBALiliHOro MUCAEHHA

AUCKYCIA
[IATPAMA BEHHA

METOA ACOLIIALIINA, ABO...

A/IBTEPHAT... 50
"3A" -"NPOTH"
HECTAHOAPTHE... 62,5
BMHAXIANMBICTD 7 HECTAHAAPTHI PILUEHHA
TBOPYE... 100
METOA NIKACCO
0 S0 100 150
0 20 40 60 80
M LU0 Take KpeaTusHicTy? B AKi 3 METOAIB PO3BUTKY KPEATMBHOCTI Bam Bigomi?
Puc.] Posyminus/TinymMaucHus KpeaTHBHOCTI Puc.2 McToau po3BHTKY KpeaTHBHOCTI
"HABYAHHA YEPE3
BOCNIDKEHHA" = |
= TPB3-TEXHONOrA 25
NPOEKTHE HABYAHHA 25
- METOA "AKen..." |IIES
LOCNIAHVUBKI  |em 2
3ABAAHHA CUHEKTUKA |JIEEX
"MO3KOBUI WTYPM" = METOAAENbo! VR
- "LWICTb KANENIOXIB" | 52,5
NPOBNEMHI CUTYAL, — ol \
AKI NOTPEBYIOTb... ! o 20 4 ol

0 20 40 60 80 ¥ Yy 3Hanomi BM/YM NPALIOBANK BM 3 TeXHIKaMK

/ ?
» AKI METOAM PO3BUTKY KPEATUBHOCTI EOSEMINY KPeaTHEHOCT! ¢

BUKOPUCTOBYIOTHCA Y NPOLEC BUKNARAHHA $axOBHX
in? . 4
EACLERIA Puc.4 3nanus npo TCXHiKy PO3BUTKY KPCaTHBHOCTI

Puc.3 Bukopucranus MCTOAIB PO3BHTKY
KpCaTHBHOCTI

BAYEHHA OCHOBHMUX
HANPAMIB NOLWYKY...
ANA NOACHEHHA... BUABNEHHA CYTI
3ABAAHHA
Y NPOLLECI POBOTH... 81AX1A 81A
ANA OPFAHIZAUL.. CTAHQAPTHUX...
Y NPOUECI NYBNIYHOL... CUHTE3 10ERA
Y NPOLIEC... CUCTEMATU3ALIA
ANA YTOYHEHHA... | IHOOPMALYT ‘ \
0 20 40 60 80 0 10 20 30 40
AK BUKOPUCTOBYETHCA Alanorisauia y npoueci ® B yomy nonarae cyticts TPB3 - rexwonorii?

HABYAHHA?
Puc.6 Cyrnicts TPB3 -rexnonorii

Puc.5 Bukopucranns ameroav manorizauii

AIK BUAHO i3 puc.1, maricTpy 04HOCTalHI Y pO3yMiHHI KpeaTUBHOCTI K 34aTHOCTI TBOPYOro BupilleHHs npobaem (100%);
6iNbLicTb BUABAAE PO3YMiIHHA KpeaTUBHOCTI AK 34aTHOCTI HECTaHA4APTHOrO BUPiLLEHHA npobaem (62,5 %) Ta 34aTHOCTI 4,0 NOLWYKY
anbTepHaTUBHMX cnocobis BUpieHHsA Npobnaem (50 %). Ane HeBeNMKa KibKICTb i3 YNCNa ONUTAHUX NOB'A3YIOTb KPEaTUBHICTD i3
BMHaxignmeicTio (37,5 %), xoua AKpPa3 Take PO3YMIHHA KpeaTMBHOCTI (iHCAlT, OCAAHHA, «EBPMKa» TOLLO) € KAOYOBMM ANA
CTBOPEHHA MOAE/NI PO3BUTKY iHHOBAL,iIMHOTO MUC/IEHHS.

Haibinbll nowmMpeHnmMmM meTogammn po3BUTKY KpeaTUBHOCTI (puc.2) maricTpu HasuBaloTb AMCKYCito (62,5%), nonosuHa
onuTaHux 3ragytoTb MeTog acouiauii, abo «AcouiaTMBHOIO FPOHYBAHHA» Ta MeTog, «3a» - «[poTWU»; He3HayHa KiNbKicTb
onutaHux (37,5%) 3ragytoTb metos «HectaHAapTHUX pileHb» Ta «MeTog Mikacco» Ta He3HaYHWUM BiACOTOK (25 %) CTAaHOBNATL Ti,
AKi yynn, abo 3Haomi i3 metogom «TPB3 - TexHOAOri». YTOYHEHHS TOro, B YoMy nosarae cyTHicTb TPB3 - TexHonorii (puc.6)
NiaTBEPAKYE HALLe NPUNYLLEHHA MPO NOBepXHeBe (HeCUcTemHe) 3HaMOMCTBO 3 LIUM METOA,0M MaricTpiB.

Halbinbw 4acto y OCBITHbOMY NpoOLECi BUMKOPWUCTOBYIOTbCA (pMcC. 3) Taki MeToam pPO3BUTKY KpeaTUBHOCTI, fK
«JocniaHMLbKI 3aBAaHHAY, « M0O3KoBUI WITYypm», «MpobaemHi cuTyauii, Aki noTpebytoTb o6rosopeHHa» (62,5%). Habarato pigwe
BMKOPUCTOBYETbCA «[POEKTHE HaBYaHHA» i TexHosoria «HaBYyaHHA AK AocChigKeHHA» (25%). Haibinbw nowupeHumu cepep,
MaricTpis € 3HaHHA (puc. 4) npo TexHonorito «LLicTb Kanentoxis» (Le poAboBa rpa, CyTHICTb AKOI NOAATaE y PO3rNA4i oAHIEl 1 Tiel
K NPoBNeMHOI cuTyaLii 3 WecTn HesanexHUx nosuuin) — 62,5%, Tpoxn meHwe 3Haomi i3 «Metogom [enbdi» (TexHonoria
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NPUAHATTA PiLLEHHA HA OCHOBI EKCNEPTHUX OLHOK). MaricTpy mano 3Haliomi i3 TPB3-TexHONO i€ (MOLWYK OpuriHanbHUX igel Ta
BMAB/IEHHA | BUPILLEHHA TBOPYUX NPo6iemM) Ta MeTOAOM «AKOU...» (NPOAYKYBaHHA HOBUX iAel y 3B’A3KY 3 NPUNYLLEHHAMM LLOA0
3MiHW YMOB, MOK/IMBOCTEN TOLWO, AKi 403BONAOTL NO6auMTK Npobnemy B iHWIN NAoWMHI) — 25%, i 30BCiM Mana KinbKicTb ix
03HallomeHa i3 meToaoM «CUHEKTUKM» — (CTBOPEHHA HOBOTO. OPUFiHaIbHOroO 06’€KTY Ha OCHOBI @aHaNOriN: NPAMUX, 0COBUCTUX,
baHTaCTUYHMX, cumBONiUHUX) — 12,5%. lMpunyckaemo, WO MmaricTpam BigOMO, Hanpuknag, WO 3a NPUHLUMNOM pPoboTU
€X0/10KaTopa KarkaHa CTBOPEHO MO b Pafapa; asie BOHWM MOXKYTb He 3HaTU, IK HAa3MBAETLCA Lie MeToa, POo3pobKM HOBOI ifei 3a
aHanorieto, abo BOHN He MatoTb A0CBiIAY MOro BUKOPUCTAHHA TOLLLO.

dopmyBaHHA iHHOBALIMHOTO MUCNEHHA Nepenbayae BiAKPUTICTb 4O HOBOrO, B TOMY YMCAI, i Yepe3 KOMYHiKyBaHHA.
[ianorizaLis y cy4acHiv ocBiTi po3rn1aaaeTbea AK OAUH i3 METOA0NOTNYHUX NiIAXOAIB, AK MeTO4 HaBYaHHA. ToMy 418 HAC BaXXANBUM
6yn0 3’AcyBaHHA TOro, IKe MiCLLe 3aMMaE Ajanorisalia AK MeTo HaBYaHHA y NiAroToBLi MaricTpiB. Pe3ynbTaT onuTyBaHHA (puc.
5) nokasytoTb, WO Aianori3aLis BUKOPUCTOBYETLCA B NepeBarkHil 6iNbWOoCTi Ana NoAcHeHHA pOo3B’A3KY 3aBAaHHA | 41A opraHisauii
rpynoBsoi B3aemogii (62,5%) Ta y npoueci nybniyHoi npeseHTauii eTanis BUKOHAHHA AOCNIAHULbKMX 3aBAaHb (50%). MeHwe
Apianorisauis BUKOPUCTOBYETbCA A1 YTOYHEHHS ujinen i 3aBAaHb A0CNiAHOI poboTU Ta y NpoLeci poboTy Hag AOCNiIAHULbKUM
npoektom (37,5%). HesHauHuMi BiACOTOK BKasye Ha Aianorisauiio B npoLeci 06roBopeHHs pisHUX acneKTiB HayKoBoi Nnpobaemu
(25%).

AHanis meToziB PO3BUTKY TBOPYOCTI, KPEATMBHOCTI Ta KPUTUYHOCTI AK MepesymoB iHHOBALiMHOCTI MUC/IEHHS, WO
BMKOPUCTOBYIOTbCA i Mpoueci BUKNAAAHHA $axoBUX AMCUMMNIH 33 BULLE 3ragyBaHUMW OCBITHIMM MNporpamamu [03BONSE
KOHCTaTyBaTW HeobXiAHICTb y NoAanbLii po3pobui uiei npobiemmn y KOHTEKCTI 3pOCTaHHA PiBHA 3HAHb MaricTpiB NPo meToan
(TexHikM, cnocobu, anropuTMmn) Po3BUTKY KPeaTUBHOCTI, iIHHOBALIMHOTO MUC/NEHHA. BaKAMBUM MUTAHHAM € MiAroTOBAEHICTb
BMK/Ia[auviB A0 BUKOPUCTAHHA METOZAiB PO3BMTKY KPEaTMBHOCTI y HaB4YaHHi. Y Oyab-AKOMy pasi, pe3y/nbTaTu nNposBeneHoro
ONUTYBAHHA BKa3yloTb Ha HEOOXiAHICTb HAabyBaHHA «40CBiAY KPEaTUBHOCTI» YCiX YYaCHUKIB OCBITHbOTO MPOLLECY Yepes cucTemy
HedOpPManbHOI OCBITM Ta CAMOOCBITU.

IHHOBALLT y pe3yabTaTax NigroToBKM HaNaLWTOBYOTb HA PO3PO6KY KpUTepiiB oL iHKM cHOPMOBAHOCTI MOKA3HMKIB, AKUMU
ONUCYHTbCA OTPMMAHI BHAC/AOK BNPOBAAMKEHHSA iIHHOBALLIMHOIO Nigxoay NPOAYKTU-LIiNI Ta MeTOAiB X AiarHOCTUKM.

MpeacTaBNeHHA HaBMYKM iHHOBALIMHOrO MUC/EHHA B AKOCTI KiHLEBOro pesy/bTaTy BMpPOBaAKeHHA iHHOBaLiiHOro
niaxoay 4o NiarotoBKM GisnKiB-maricTpie Mae CynpoBoAKyBaTUCb NOACHEHHAM NPO iHTErpaTMBHY NPUPOAY TAaKOro NPOAYKTY-LiNi.
Lle 4,03BO/IAIE BUOKPEMUTI Y OTO CTPYKTYPI NOKa3HMKK/NapameTpu, AKi 6 Aanm 3mory CTBOPUTU MOAENb IIOANHY 3 IHHOBALLINHUM
MUCNEHHAM. |IHHOBALIMHICTb MUCNEHHSA AK AKICTb 0COBUCTOCTI | MOXKe ByTU BUABNEHA Y CUCTEMI CTaB/IEHb: Y CTAaBAEHHI 0o cebe
(mae pocsig reHepauii HOBUX iael, BMie opraHisyBaTu i NPOBECTU eKCNepMMEHT, LYKAE anbTePHATUBHI Migxoam, NpoABaAe
[ONUT/MBICTb, NOCTIMHO NOMNOBHIOE BaHK iHHOBAUiMHMX igen); 00 iHWuUx (34aTHUA 3auiKaBUTU iHLWKUX CBOIMMU iZesAmMU; BMmie
33/1y4aTV iHWKX 4O CTBOPEHHSA HOBOrO, BMI€ HANarogyKyeBaTW CNiBMpaLto 3 iHWWMKU ONA AOCATHEHHA uinel), 0o npupodou
(nponoHye igei woao HoBMx meToAis/3acobis AOCNIAMKEHHSA ABULL, MPUPOAN; BUKOPUCTOBYE Ta NOMY/APU3YE iIHHOBaLLINHMI AOCBIA,
iHWWX Y BUBYEHHI ABUL, NpUpoAam); 0o npayi (40 TOro, Hag YMm npautoe) (NPONOHYE HOBI iAei, NPONOHYE HECTAaHAAPTHE PileHHA
nNpobaeMHUX CUTYaLil, LiKaBUTbCA TEHAEHLiAMM B PO3BUTKY CBOET NpodeciiHoT chepun ).

Ha OCHOBI LMX NOKa3HMKIB MOXKe OyTW: BBeAEHe MOHATTA iHAEKCY (KiNbKICHOro MoKasHMKAa) HaBMYOK iHHOBALIMHOIO
MWC/NEHHS; 3aMPONOHOBAHA MOAE/b KiNIbKICHOI i AKICHOI OLiHKN PiBHA PO3BMTKY HAaBMYOK iHHOBALLIMHOIO MUCNEHHA, OMMCaHa
OiarHOCTMYHA npoueaypa. [liarHOCTMKa PiBHA PO3BUTKY HaBMYOK IHHOBALMHOTO MUC/NEHHA OKPIM TPagMuiiHUX MeToAiB
BMBYEHHA/PO3Mi3HABAHHA ABULLA (CNOCTEPENKEHHS, aHKETYBAHHA, CAMOOLiHKA, TECTYBaHHA TOWO) Mae MiCTUTM Habip 3aBaaHb,
BMKOHaHHA AKWUX AAcTb 3MOry HamoBHUTU 3MIiCTOM BUKOPUCTAHHA METOAYy BMBYEHHA MPOAYKTIB AiANbHOCTI came ANA LbOro
BUMAOKY.

Ha ubomy eTani AOCNIAXEHHA BaXKAMBUM € YCBIAOMIEHHSA MOMANBOCTI onucy/sepbanisauii iIHHOBaLLIMHOrO MUCIEHHSA
Ta BM3HAYeHHA iHAEKCY MOro po3BUTKY. Y MOAANbLIOMY Lie MOXKe CTaTU MOKa3HMKOM edeKTUBHOCTI CMCTEMM HaBYaHHA,
CNPAMOBAHOI Ha PO3BUTOK iHHOBALMHONO MMUC/IEHHA B PaMKax KOHKPETHOi OCBiTHbOI Mnporpamu. PO3KPUTTA CYTHOCTI
iHHOBaUjiHOrO nigxo4y A0 NiArOTOBKM 3406yBayiB Apyroro (maricTepcbKoro) piBHA y YacTUHI iHHOBALIMHOCTI pesynbTaTy
NiArOTOBKM HAL/IIOE HA CTBOPEHHA 3aBAaHb-eTasIoHIB, eTanu poboTn Hag SKMMM 4afyTb MOXKAMBICTE He TiNbKK dikcyBaTh
}aKTUYHUI CTaH PiBHA PO3BUTKY HAaBMYOK iHHOBALIMHOTO MUC/IEHHA a 1 A4aAyTb 3MOTY KepyBaTU LLMM MPOLECOM.

BMUCHOBKM Ta NnepcneKTMBU MOAANLLUOTO AOCAiAMKeHHA. Mpobnema peanisauii iHHOBALIMHOrO niaxoady y nigrotosui
iH)KeHepiB — AOCNIAHMKIB, HABYAHHA AKMX 34IMCHIOETbCA Ha Apyromy (maricTepcbKomy) piBHi 3a creuianbHicTio 125 Kibepbesneka,
nepeabayana BU3HAYEHHA CYTHOCTI MOHATTA «iHHOBALiMHWMIA Niaxig y nigrotosui ¢axisuiB» Ta po3KpUTTA 0cobamnBocTel Moro
peanisaLii OCBITHbOMY cepeZoBULLI BULLOT LWKOAWU. CTPUMKHEM Yy NiATOTOBL iHXeHepiB-A0CNIAHUKIB Y KOHTEKCTI iHHOBALMHOIO
niaxoay € HaBMYKM iIHHOBALHOTO MUCAEHHA. Ix dopmyBaHHA nepeabauac: 1) OHOBAEHHA MiAXOAiB 4O PO3PODBKM OCBITHIX
KOMMOHEHTIB, AK i3 ypaxyBaHHAM TEHAEHLIN PO3BUTKY BUKNAZAaHHA Gi3UKM B Cy4acHiN BULWM WKOAI, Tak i 3 ocobamBocTAMM
PO3BUTKY iHHOBALIMHOrO MUCNEHHA MaricTpiB 3 Kibepbesnekn y npoueci ¢axoBoi NiAroToBKM; 2) opraHisau,ito 0CBITHLOrO NpoLecy
Ha OCHOBI BUKOPWUCTAHHA IHHOBALLiMHUX OCBITHIX TEXHONOTiN PO3BUTKY: KPUTUYHOTO, KPEATUBHOIO, TBOPYOTO MUCIEHHSA; HAaBUYOK
pO3B’A3aHHA AOCNIAHULbBKUX Npobiem, 0coBUCTICHOrO Ta iHAMBIAYaNbHOrO CaMOPO3BUTKY; 3) PO3POBKY KpuTepiiB OLiHKK
cPOPMOBaAHOCTI MOKA3HUKIB, AKUMU ONUCYIOTLCA PiBHI PO3BUTKY iIHHOBALLIMHOIO MUC/NIEHHA Ta METOA,iB iX AiarHOCTUKW.

B nofanbliomy NAaHYyETbCA BUSHAYUTM NCUXONOrO-NeAaroriyHi yMoBu peanisauii iHHoBaLiHOro nigxoay 40 NigroToBku
maricTpis 3 Kibepbesneku Ta NPoOBECTM EKCNepuMMeHTaNbHy nepeBipKy X epeKTUBHOCTI Ans ¢GopmyBaHHA Yy HWUX [0CBiAY
iHHOBAUHOrO BMpilWEHHA NPo61em HayKOBO-AOCNIAHOTO XapaKTepy.
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ABSTRACT

dopmyniosaHHA npobaemu. BusyeHHA ma 3aKpinaneHHA Ha84an1bHO20
mamepiany 3 gisuku 6a3yemsca Ha ekcriepumeHmax. OcmaHHi, 8 ymosax
ducmaHuyiliHozo HagYyaHHA, Oocume e8auko peanizysamu. CydacHi
iHpopmauiliHi mexHonoeii do3sonarome 30ilicHumu maky peanizayito. B
cmammi 8 AKocmi NpukAady po32aaHYmMo 8UKOPUCMAHHA KOMM tomepHoi
cumynayii  npu eusvyeHHi Kona nocmiliHozo cmpymy 8 ymosax
OuUCMAaHUiliH020 HABYAHHS.

Mamepianu i memodu. [locmaHoska npobaemu ma ii eupiweHHs
CNUPaeEMbCA HA  mMamepianu HABYAAbHUX MPO2PAM 3 hi3uku 044
10-11 knacie 302as1bHO0C8IMHIX HABYANbHUX 3aKAA0I8, MPo2pamu 3 i3uku
6aKan1a8pCcbK020 pieHs 015 3aKAAdi8 8UWOI 0c8iMU 3 (hi3UKO-MexHIYHUX
cneyiansHocmeli ma cneyiansHocmi 014.08., mamepianu Haykoso-
nedazoziyHuUx Ma HayKo80-mMemoOuYHUX OXcepes, 8 AKUX po32130aromecs
numaxHsa, 0omu4Hi 00 nposedeHo20 00CniOHeHHA. byau esukopucmaHi
makox mamepianu pecypcie 3 Kommn’rtomepHUx cumyasyil, 30kpema 3
catimy iHmepakmusHux cumynayil phet.

Pe3synemamu. AHani3 BUKOPUCMAHUX MAMepianie 8U3HA4UE KOMIAEKC
eKcrepuMeHmasneHUx pobim hizu4HO20 NPAKMUKYMY 3 eneKmpuKu,
eapiamusHicme ~ 3a80aHb6 Yy AKUX  HaOGeana  MOXAUsicme
suKopucmosysamu ix & pisHUX popMamax HA8YAHHA (AK & cmapuwux
Knacax cepedHbOI 3020716HOOC8IMHBOI LWKOAU, MAK i Ha MOOOWUX Kypcax
6aKanaspcbKo20 pisHA). 13 3acmocy8aHHAM KoM lomepHoOI cumynauii 3
calimy iHmepakmueHux cumynayili phet 8 akocmi npuxknady posensHymo

HasyanbHuli ekcriepumeHm «/locnionceHHA nocmiliHo2o cmpymy, KOpUcHoOT

nomy#Hocmi ma K. K. 0. Oxcepesna cmpymy».

BucHoBKU. BuKopucmaHHA iHMepaKmueHoi cumynauyii npu eus4yeHHi
memu «3akoH Oma 0414 Nos8Ho20 Koa. [lomyxcHicme nocmiliHo2o cmpymy»
do3eonAe  3modenosamu  3a3HaveHull pisuyHuli  ekcnepumeHm i
sukopucmamu  (ioeo  pesynbmamu 044  O6IPYHMYSAHHA  HU3KU
meopemuyHuUX M0/0}¥eHb 30 MemMol, WO B8us4yaemocA. PospobneHe
memoOuyHe 3abe3neyeHHA BUKOHQHHA  eKcriepumeHmy  003801A€
suKkopucmosysamu  [i020 HQ  pi3HUX PIBHAX HABYAHHA  (Di3UKU.
lMepcrneKMusHUM € CMBOPEHHA KOMMeKcy aabopamopHux pobim 3a
pi3HUMU  po30inamu Kypcy 3a2anbHoi hi3uku, wo 6a3ylomecs Ha
BUKOPUCMAHHI KOMM'tomepHUX cumynayil, ma po3pobka memoduyHoz2o
3a6e3ne4YeHHs iXx BUKOHAHHA.

Formulation of the problem. Studying and consolidating educational
material in physics is based on experiments. The latter are rather difficult to
implement in the conditions of distance learning. Modern information
technologies allow such implementation. In the article, as an example, the
use of computer simulation in the study of a direct current circuit in the
conditions of distance learning is considered.

Materials and methods. The formulation of the problem and its solution
is based on the materials of physics curricula for grades 10-11 of general
educational institutions and bachelor's level physics programs for
institutions of higher education in physical and technical specialties and
specialist 014.08., materials of scientific-pedagogical and scientific-
methodical sources, in which issues related to the conducted research are
considered. Materials from resources on computer simulations, in particular
from the phet interactive simulations site, were also used.

The results. The analysis of the materials used determined a complex of
experimental works of the physical workshop on electricity, the variability
of the tasks in which provided the opportunity to use them in different
educational formats (both in senior classes of secondary comprehensive
schools and in junior courses of the bachelor's level). Using a computer
simulation from the phet interactive simulation site as an example, an
educational experiment on the topic "Investigation of direct current, useful
power and efficiency of a current source" was considered.

Conclusions. The use of interactive simulation when studying the topic
"Ohm's law for a complete circle. The power of direct current" allows you to
simulate the specified physical experiment and use its results to justify a
number of theoretical propositions on the topic being studied. The
developed methodological support for the experiment allows its use at
various levels of physics education. It is promising to create a complex of
laboratory works for various sections of the general physics course, based
on the use of computer simulations, and to develop methodological support
for their implementation.

K/IKOYOBI CJ/IOBA: komn’tomepHa modens; eipmyansbHuli ¢izudHul
npakmukym; phet-cumynauii; camocmiliHa poboma; 0omawHi 3a80aHHA;
K0710 mocmiliHo20 cmpymy; KOPUCHA MOMYyH#CHiCMb.

KEYWORDS: computer simulations; Phet-simulations; independent
work; homework; physical experiment; direct current; useful power.

BCTYN
NocraHoBKa npobnemu. OCBiTHSA MONITMKA YKpaiHW, AK YacTUHW EBPOMENCbKOro coto3y, 6asyeTbca Ha K/HOYOBMUX
npuHumMnax 6esnepepBHOI cy4acHoi ocBiTU. Cepea HUX OAHWM 3 OCHOBHUX € TOM, 32 AKMM OCBITHi CUCTEMM NOBUHHI aganTyBaTmCA
[0 Cy4aCHMX YMOB, BPaxoByBaTU NEPCNEKTUBU PO3BUTKY TEXHONOTIM, YCTPIN CYCNiNbHOMO XUTTA 1 OPIEHTYBATUCA Came HA HUX Y
CBOEMY PO3BMTKY. B cyyacHMx ymoBax TpaguuiiHe HaB4YaHHA, WO 6a3yeTbCA HAa OYHOMY BifBiAyBaHHI HABYANIbHMX 3aKNALIB 3a
CaBuyk B., PomaHeub O. Komn'toTepHa MoZe/nb Kona NOCTIMHOMO CTPyMy Y BipTyanbHoMy GisvuHOMY NpaKkTUKymi. @i3uko-mamemamuyHa oceima, 2023. Tom 38.
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NEeBHUX MPUYMH MOXKe ByTM HEeZOCTYNHUM, OT)Ke AMCTAHLiMHEe HAaBYaHHA € OAHIED 3 anbTepHaTMBHMX Gopm opraHisauii
ocBiTHbOro npouecy. Cneuundika ancumnniHn «Pisnka» 3po3ymino NOAArAE B TOMY, LLLO BUBYEHHS Ta 3aKpinieHHA HaB4yabHOro
maTepiany NoBMHHO 6a3yBaTMCA Ha eKcnepumeHTax i nabopaTopHux poboTax, 6e3 sAKMX BOHa CTAe CyTo GOPMANbHOO.
3anobiraHHi0 (B pamkax AMCTAHLiIMHOrO HaBYaHHA) dopmanisauii npouecy HaBYyaHHA, MOXe AOMOMOITM Komn'toTepHe
MoAeNtoBaHHA Gi3UYHUX ABMLL Ta NPOLLECIB.

B cTaTTi NOKa3aHO AK AeMOHCTpaLiiH1IN eKcnepumeHT Ta fabopaTopHa poboTa 3 Temu ««ocniorceHHa nocmiliHozo
cmpymy, KOPUCHOI MOMyX#HOCMIi Ma K. K. 0. 0xepena cmpymy» Moxyme 6yTu peanisoBaHi 3a LONOMOTO PhET cumynauin.

AHani3 aKkTyanbHUX AocnigxKeHb. BUKOPUCTAHHA KOMM'IOTEPHOIO MOALENIOBAHHA MPU BUKAAAAHHI NPUPOAHMUX
OMCUMNNIH, | Gi3MKM 30KpEMa, € aKTyaNlbHUM, 0COBMBO B CbOroAeHHI. JloCcNigeHHs 3 LLbOro HanpsAMy NPOBOAATb AK BITYM3HAHI,
TaK i 3apyb6ixKHi HayKoBL,.

MoTeHwian KoMN'tOTEPHOrO MOAENIOBAHHA Ta KOMMN'IOTEPHMX irOp 414 MOKPALLLEHHA HAayKOBO 0Br'PyHTOBAaHOIO HaBYaHHA
LOCNIAXKYETLCA, 30KPEMa B MOHorpaodii «BUBYEHHA NPUPOAHMYMX HAYK Yepe3s KOMN'IOTepHI irpu Ta mogentoBaHHa» (Honey &
Hilton, 2011). Bnave Komn'toTEPHOrO MOAENIOBAHHA Ha HAaBYaHHA AOCNIAKYBaABCA e Ha novaTky XXI CTONITTA 3 BUKOPUCTAHHAM
Pi3HUX MoZenein HaBYaHHA. 30Kpema, «CUCTemMa CUMYALIMHOIO HaByaHHA Byna peanizoBaHa HAa OCHOBI.. TPbOX Moaenew, i
BiAMIHHOCTI MiXK CUMYNALIMHMM HaBYaHHAM | TPAZMLIMHUM NabopPaTOPHUM HaBYaHHAM ByaM JocCniAxKeHi B KOHTEKCTi BUBYEHHSA
¢isnkm» (Chang at al., 2008). OaHieto 3 BaskMBUX LiNei NogibHWUX AOC/IAKEHD CTaNI0 «BUBYEHHA ePEKTUBHOCTI BUKOPUCTAHHS
BipTya/IbHUX €KCNepUMEHTIB Ha PiBHI JOCATHEHb CTYAEHTIB Ta iX NMPaKTUYHMX HABUYOK, @ TAKOXK iX NOrMAAIB Ha 3aCTOCYBaHHA
BipTya/IbHUX eKcnepumeHTiB y nabopatopii 3aranbHoi ¢isvkn» (Hamed & Aljanazrah, 2020). 3acTocyBaHHSA OCBIiTHiX iHHOBaL,il 3
BMKOPUCTaHHAM OHJIANH-TEXHONOTi 0C06/IMBO aKTyani3yBasiocs B CBITOBOMY OCBiTHbOMY NpocTopi B nepiog naHgemii COVID 19.
B yKpaiHCbKOMY OCBITHBOMY NpOCTOPI LA Npobsema He BTPaYa€e akTyasibHOCTI y 3B’A3KY 3 rOCTPOI HEOOXiAHICTIO AOTPUMYBaHHSA
coLjiaNnbHOT AMUCTaHLT Nig Yac BiMHM, AKA TPMBAE BXKe He NepLumnii pik. CTaH PO3BUTKY HaBYa/IbHOrO KOMMN'IOTEPHOFO MOAE/NOBAHHSA,
Or0 Cy4aCHMX MOXK/IMBOCTEN NPU BUKNAAaHHI Gi3nKu gocnigxytoTe M.B. Fonosko, C.10. KpuxKaHoBcbkuii, B.M. Mautok (FTonosko
Ta iH.,, 2015). B ny6nikauiax HW3KM [OCNIAHWKIB PO3rNALAOTbCA PI3HOMAHITHI acneKkTM KOMMN'IOTEPHOrO MOAE/OBaHHA,
33CTOCYBAaHHA KOMM'IOTEPHUX CUMYAALUIN B NpakTMUi HaByYaHHA isvku. [ocnifxKyloTbca BNAMB BipTyasbHOro ¢isvyHoro
eKCNepuMMEHTY Ha BAOCKOHaNeHHA npodecinHux KomneTeHTHOCTeN (PenumwmH Ta iH, 2023), aHANI3yOTbLCA METOANYHI OCHOBMU
BUKOpUCTaHHA phet-cumynauin (Pegunwimt Ta iH, 2022), GopMyeTbCA METOANKA 3aCTOCYBAHHA KOMN' IOTEPHUX CUMYANALIA ANns
BMKOHaHHSA A0MaLLHIX 3aBAaHb 3 MONEKYNAPHOT ¢i3nkn (MacTkoBcbKa & Mwembaes, 2016) Ta npoBeaeHHA NabopaTopHUX POBIT
3 dpisunkn (Mopnacos & Martsiituyk, 2023), npy BUBYEHHI aTOMHOT di3nkmu (CnoboasaHuk, 2019 ).

Ornag, cyyvacHux nybnikauii, npucBAYeHUX 3’ACyBaHHIO BNAMBY BipTyasnbHMX nabopaTopii Ha BMKNAZAHHA i
caMopery/iboBaHe HaBYaHHSA, 3aCBifYMB aKTYa/IbHICTb LLbOrO HAaNPAMY B OCBITi Ta BUABMB HU3KY MO3UTUBHUX MOMIMBOCTEN ANA
DOCATHEHHA AKICHOTO BUKNAAaHHA i HaBdyaHHA (Govender, 2023). binbwicTb AocaigXKeHb, NOPIBHIOYM ePEeKTUBHICTb
TPAAULIMHOIO BUMKNAZAHHA i3MKM 3 HaBYaHHAM i3 BMKOPUCTAHHAM KOMM'IOTEPHUX CUMYAALiA, A0BOAATb, WO nNig 4ac
3aCTOCYBaHHA BiAMNOBIAHMX KOMM IOTEPHUX NPOrPam yYHAMM (CTyAEHTaMM) NONINWYETLCA PO3YMIHHA Gi3UYHMX KOHLEeNUil, iae
OBO/IOAIHHA HAaBMYKAMM eKCNepUMEHTaNbHOT pO6OTU. BUKOPUCTAHHSA iIHTEPaKTUBHMX CUMYAALLIN 36inbLlUYE iHTEpPeC A0 NpeameTy
Ta PobUTb HAaBYAHHA LKaBIlLMM Ta MNiABULLYE MOTMBALLIO BUBYEHHSA, LLO 0COB/IMBO BAXK/MBO A1a cepeaHboi WwKonu (Honey &
Hilton, 2011; TonosKo Ta iH., 2015; ®epunwmH Ta iH, 2023; Nognacos & Marsiidyk, 2023).

MerTa cratTi. 3a BignosigHoto Phet cumynsuieto po3pobuT Ta METOANYHO NpOaHanisyBaTM nabopaTopHy poboTy 3a
Temoto «JocnigKeHHA CTPYMy, KOPUCHOI MOTYXKHOCTI Ta K.K.A. AXKepena CTpymMy» B MeKax Mporpamu ctaHAapT Ta npodinb
cepeaHbOi 3aranbHOOCBITHLOI LWIKOAW Ta B pPaMKax HaBYasbHOro nniaHy cneuianbHocTi «014.08 ®isnka. CepegHsa ocsiTa».
BW3HAUMTN MOKAMBOCTI 3aCTOCYBaHHA BiANOBIAHOI cMMyAALii B HABYaIbHOMY MPOLLEC 3@ BipTyasibHOKO GOPMOIO HaBYAHHS.

METOAWN AOCNIOMEHHA

B pamkax AaHOi Temu NpoBeAeHO aHai3 BigNoBiAHOIO NAAcTy HAYKOBO-METOAMYHOI NiTepaTypu 3 METOH y3araibHeHHsA
pe3ynbTaTiB BiTYM3HAHOrO Ta 3apybikHoro mgocsigy poboTu, 3’acoBaHO icHytodi Migxoawu, BiAKpuUTI npobnaemu Ta nepesaru
BMKOPUCTAHHA CUMYAALUIM Nifg Yac HaB4YanbHOro npouecy. MpoBefeHO aHani3 KOHUeNnTyasbHUX MigXoAiB A0 BMKOPUCTAHHA
KOMMN'OTEPHUX CUMYAIALLIA NPU BUKNAAaHHI Qi3nKK, 33414 pO3yMiHHA nepeBar i 06MerKeHb WO HaKAaZatoTb came CUmynsawii,
iXHbOT POAi Yy CTUMYNIOBAHHI TBOPYOTO MUC/NEHHA Ta OCMUCAEHHI $i3UYHMX 3aKOHOMIPHOCTEW MPOLLECIB Y NaHLOrax NocTitHOro
CTPYMy NpY BUBYEHHI 3a3Ha4YeHoi Temu.

PE3Y/ZIbTATU AOCNIAKEHHA

Mepes po3rnAA0M OCHOBHOI TEMM, XOUEMO 3a3HAYUTH, L0 BUKOPUCTAHHA iIHTEPAKTUBHUX MOZes1Iel He MOXKe 3aMiHUTH
NpoBeAeHHA eKCNepUMEHTIB 3 peasibHUM YCTaTKYBaHHAM, i AKLLO € MOXAUBICTb BUBOpY, 3aBXan Tpeba BigasaTu nepesary
peanbHUM 06’ekTam i Nnpunagam (3BiCHO Le He CTOCYETbCA ABULL i NPOLLECiB, AKI HE MOMKAMBO BIATBOPUTM B pamKax LLKibHOrO
eKcnepumMeHTy). BigcyTHICTb NPy HaBY4aHHI HABUYOK PO6OTU 3 1abOPATOPHMM YCTaTKYBAHHAM B YMOBAX PeasibHOro eKCNepumeHTy
3MEHLUYE MOK/IMBOCTI YYHAM OTPMMATU TOM A0CBi4 poboTH 3 disUMHMMM NpUIagaMK, Ti MOXKIMBOCTI BPaxyBaHHA 30BHILLIHIX
¢daKTopiB NpPU NpPOBEAEHHI Ta MAaHYBaHHI EKCMEePUMEHTY, OTPMMATU BULLMIA piBeHb ¢i3nYHOi B3aemogii 3 06'ekKTamu, AKUM
HaAZAETbCA Nif Yac TPAAULIMHUX EKCNEPUMEHTIB, WO MOXE 3MEHLUMTM iX PO3YMIHHA Ta CNPUAHATTA GisUYHUX KOHUeNUin. Tox
KOMN'toTePHE MOAENIOBAHHA BiAirpae LONOMINKHY PO/b y BUKAAAaHHI ( 0c06MBO y cepeaHilt LWKoni), Konm GopmMyBaHHA HaBUYOK
Y Y4HA iHWKWMKM 3acobamm € HegoCTyNHMUM. LiboMy acriekTy npuaineHo 3okpema yBsary B poborTi (Moanacos & Matsiliuyk, 2023). B
TOW e Yac BUKOPUCTAHHA iHTEPAKTUBHUX MoAenel Hafa€ iHWi MOXKAMBOCTI, AKi NO3UTUBHO BM/IMBAIOTL HA MPOLEC HaBYAHHS.
[enAki 3 HUX BUNIMBAIOTb 3 aHaNi3y MOX/MBOCTEN PO3MNAHYTOT (B AKOCTI NPUKAAAy) cumynsawi.

OCHOBHIi NPUHLMNN BUKOPUCTAHHA KOMN'IOTEPHUX MOAENEN B HAaBYaIbHOMY NpoL,eci 3a3HayeHi y poboTi (MACTKOBCbKa
& MNwembaes, 2016):

«1) mogenb nesHoro ¢isvyHOro ABUWA HeobXiZHO BMKOPWUCTOBYBATU NULIE B TOMY BUMNaAKYy, KONM HEMAE 3MOTU
NPOBECTN eKCNepMMeHT abo KoM ABULLE NPOXOAUTL AyXKe WBUAKO M 32 HUM HE MOX/IMBO NPOCTEXNUTU AeTaNbHO;
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2) komn'loTepHa Mogenb NOBMHHA gonomaraTv posibpaTnca B AeTanax ABMLLA, WO AOCNIAKYETbCA, abo BigirpaBatu
pOAb iNtocTpaLii yMoBM 3a4aui, LLO NPONOHYETLCA 1A PO3B’A3KY;

3) y pe3ynbTaTti pob0TM 3 MOLENNIO YYHI MOBUHHI BUSBUTU AK AIKICHI, TaK i KiNIbKiCHI 3a1€KHOCTi MiXX BEMYMHAMM, LLO
XapaKTepu3yloTb AaHe ABULLE.

4) nig 4ac poboTN 3 MoAeN0 HEODXiAHO NPOMNOHYBATH YYHAM 3aBAAHHAY.

BiZLHOCHO NepLOoro NyHKTY 3a3Ha4MMO, LLLO 0COBIMBOI aKTyaIbHOCTi BUKOPUCTaHHA KOMN'IOTEPHUX Moaenieit HabyBae B
YMOBaX CbOroAEHHA, KON BiNblUicTb HaBYaZIbHUX 3aKNaAiB BUMYLLEHa NPOBOAUTU 3aHATTA B PEXKMUMI OHNAMNH.

[l0 OCTaHHbOTO NYHKTY MOXHa A40AaTH, WO 33 YMOBU AWUCTAHLIMHOrO HaBYaHHSA, Y YYHIB NOBUHHI 6YTU NPONMCAHI YiTKi
(abo popaHi Bigeo) iIHCTPYKLUiT poboTU 3 MOAENNIO, HA AKI BOHWM MOXYTb CNMPATMCA Nig Yac BUKOHAHHA poboTu. [JocnigxeHHs
NMOKas3syloTb, WO CamoCTiliHa «rpa» 3 mogenamu, 6e3 YiTKol meTu i moTueaLii, byae NeBHWUI Yac LiKaBoo, ane He NPMBOAUTL 40
NOKPALLEHOTO PO3YMIHHA HaBYa/NbHOTO MaTepiany. BUMKOpWUCTaHHA Komn'toTepHUX cumynauin 6e3 signosigHoro cynposoay
BMKNAZaYeM, MOXKe BUKAMKATK B YYHIB 3MilLeHHA yBarn o rpadikis Ta aHiMalii, WO MOXe Npu3BecTn 40 BTPATU OCHOBHOIO
aKagemiyHoro $okycy Ta 36isblEHHA Yacy HA PO3BaryM 3amMicTb aKTMBHOTO HaBYAHHA.

3 NoMmixK iHWKUX pecypciB 3 KOMMN'IOTEPHUX CUMYAALiA, WO TBOPEHi Ha OCHOBI PI3HMX MPOrpPaMHUX CepenoBuLL
Hanpuknaa: «Javalab», «Exploration Series», «MOZAIK education», «Go-Labz», BUpi3HAETbCA calT IHTEPAKTUBHUX CUMYAALiN
PhET — npoekTt University of Colorado Boulder ana cTBOpeHHs i BUKOPUCTAHHA OE3KOLITOBHUX iHTEPAKTUBHUX CUMYASALIN 3
MmaTemaTuKu i Hayk npo npupoay (https://phet.colorado.edu/uk/simulations/circuit-construction-kit-ac-virtual-lab). MpoekT 6ys
3acHoBaHui y 2002 poui naypeatom Hobeniscbkoi npemii Kapnom BimaHom. CalT MICTUTb iHTEPAKTMBHI cumynsLii, wo
CMOHYKaloTb YYHIB [0 [OCAIAMEHb, @ TaKOX METOAMYHMIA CYnpoBig, BCIX CUMYNALiA, BKIOYHO 3 po3pobKamu ypokis Big,
BMKNaZayiB 3 ycboro cBiTy. BesMKow nepeBaroto pecypcy, € MOMKAMBICTb NpaLtoBath 3 cumynsauiamum B pexumi off-line Ta
MiHiManbHi BUMOrM 40 NporpamHoro 3abesnedyeHHs. Chig 3a3HaunTH, WO IHCTUTYTOM iHPOpPMaLiAHMUX TexHoNO i i 3acobis
HaBYaHHA HauioHanbHOI akagemii neparoriyHMX Hayk YKpaiHM 6yno cTBopeHO iHTepHeT-pecypc «LUKiNbHWMIA HaBYanbHUIA
EKCMepuMeHT i3 cainTom cumynauin PHET» (https://ukrainepthet.blogspot.com/), B sAKOMY po3MilLleHO Pi3HOMaHITHI pecypcu, Taki
AK peKoMeHAaLii WoA0 BUKOPUCTAHHA CUMYNALIN, 1abopaTopHi poboTn Ta pobOTH LWKINBHOTO NPAKTUKYMY, PO3PO6KM AOMALLHIX
eKCcneprMMeHTaIbHMX 3aBAaHb Ta HACTAHOBM A1A NPOBEeAEHHA AEMOHCTPAL,IMHOrO HAaBYaIbHOTO eKCNePUMEHTY ANA NPUPOAHMUYOT
OCBITHbOI ranysi. OgHaK AaHy TeMy MOXHa i HeobXigHO PO3WKMPIOBATK | AK NPUKAAA PO3rIAHEMO NpoBeaeHHA N1abopaTopHOro
NPaKTUKYMy 33 TeMoto «EKcriepumeHmasbHe 00CiOHeHHA 3aaeXHOCmi cmpymy y AaHYt3i nocmiliHozo cmpymy. KopucHa
nomyxmHicme i KoegiyieHm KopucHoi 0ii Oxepena cmpymy 8 3anexcHocmi 8i0 onopy HasaHmaxceHHA». Cnif, 3a3Ha4YnUTH, WO
3rigHo 3 nporpamoto (Pisnka. HaB4YanbHiI Nporpammn ansa 3araibHOOCBITHIX HaBYasIbHUX 3aKknagis. Pisunka. 10-11 Knacu) Temy «
PoboTa Ta MOTYXKHICTb ENEeKTPUYHOro CTpymy, TenaoBa Aia CTPyMy» BMBYalOTb AeTasbHO y 11 Knaci B pamkax Temwu
«EneKkTpoanHamika», xo4ya NoYaTKOBI BiAOMOCTI BBOAATb BXKe Yy 8 Knaci. [leTafibHO aHani3 KOPMUCHOI NOTYXKHOCTi 3 BU3HAYEHHAM
MaKCMManbHOI NOTY}KHOCTI i Bi4NOBiAHMX NapaMeTpiB KOJla BUBYAOTb CaMe B «MpodinbHOMY» pPiBHi HaBYaHHA Gi3NKK, @ TAKOXK
Ha MOOALIMX Kypcax BULLMX HaBYa/IbHUX 3aKAafis NpW BUKNaAaHHI dyHAAMeHTanbHOI AucumMnIiHn «3aranbHa isuka»
(EnekTpuKa Ta MarHeTn3m. J1TabopaTopHUIA NPAKTUKYM).

Po3rnsaHeMo OCHOBHI MOX/IMBOCTI cumynsLii «/labopaTopis eNeKkTPUKM: NOCTIMHUI CTPYM - BipTyasibHa nabopaTopia»»
(https://phet.colorado.edu/sims/html/circuit-construction-kit-dc-virtual-lab/latest/circuit-construction-kit-dc-virtual-
lab_uk.html).

3a peKoOMeHAALE CaNTy CUMYAALIID AOLUiIIbHO BUKOPUCTOBYBATU A1A TaKUX 3aZay: AOCNIAKEHHA OCHOBHMX MOHATb
€1eKTPMKKN; MOYATKOBI HaBMYKM 3aCTOCYBaHHA €NeKTPOBUMIPHOBANbHUX NpPUNafiB, CTBOPEHHA MPOCTIWWUX Kin, AOCAIAXKEHHA
€/1eKTPONpPOBIAHOCTI PI3HOMAHITHMX MaTepianis, BUBYEHHA 3aKOHY OMa Ta 3acTocyBaHHsA npasua Kipxroda.

Memor 3 nporoHosaHoi nabopamopHoi pobomu Ha 6a3i 0aHoi cumynayii € 0ocnidueHHs eKcnepumeHmMasabHoi
3anexcHocmi cmpymy y Koai nocmiiiHo2o cmpymy 8i0 308HiWH6020 MA 8HYMPIiWHbLO20 0NOPi8, @ MAKOH BU3HAYEHHS KOPUCHOI
nomyxcHocmi i KoegiyieHmy KopucHoi 0ii Oxepena cmpymy 8i0 onopy HA8AHMAMCEeHHA Ma 3’ACY8aHHA HA OCHO8I epagika
8i0M08i0OHOI hyHKUiOHANbHOI 3anexHOCMi 0ocobausocmeli po3nodiny NoMyM#Hocmi Oxcepena mix: Oxepesnom i 308HIUHIM KOAOM
(HasaHMax3ceHHAM).

Na6opaTopis eneXTPUKM: NOCTIAHA CTPYM - BIpTYansHa NabopaTopis

Puc. 1. MpuHUMNoBa cxema Ko/1a NOCTIHHOroO CTPYMY 3 NOCAIA0BHO 3’ €AHAHUMM eeMeHTamm

Cxema yCTaHOBKM 306parkeHa Ha puc. 1. (CKpMHLOT cumynsLii nabopaTopHoi poboTh). BoHa cknagaeTbea 3 NOCAiA0BHO
3’€lHAHUX AKepena CTPymy, Onopy 30BHILHbOI AINAHKM NaHLIOra, WO MOXe 3MIHIOBATUCA 3a BE/IMYMHOLD, Ta BUMUKaYa. OAnA
BMMIPIOBaHHS CUAM CTPYMY | HAaNpyrM BUKOPUCTOBYIOTLCA BiAMOBIAHO amnepMeTp Ta BOAbTMETP, NO3HAYEHi Ha CKPUHLWOTI. Ix
MOXHa Nif’efAHaTV ANA BUMIPIOBAaHHA CTPYMY Y NaHLLO3i 3 NOCNIA0BHO 3'€HAHUMM IOrO eNemeHTaMu, Ta ANA BUMIpIOBaHHA
Hanpyry Ha 30BHiLIHbOMY onopi. Ha naHesi cnpaBa 3HaX0AWUTLCA eNeMeHT KepyBaHHA, AKMI J03BONAE 0BMpaTh onip Axepena

CTPYMy. 3HU3Y NaHeNi 3HaX0AATbCA e/1eMEeHT KepyBaHHSA, WO A03B0OIAE 3MiHIOBATK ONip R 30BHIWHbOI AiNAHKM NaHUtora. 3Ha4yeHHsn
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onopis R Ta r MOXKHa 3MiHIOBATK 32 4OMOMOrO0 MOB3YHKIB Ha LWKanax 3Ha4yeHb LMX OMNOpPiB 3 NeBHMM KpoKoM. [laHi BUMiptoBaHb
306yBayi OCBiTM 3aHOCATb B Tab/aMLl0, 3pa3oK AKOI HaBeAEHWM HUK4Ye. 33 OTPUMAHUMW eKCNepUMEHTaNbHUMKU AaHUMU
6yAyloTbCA 1 aHani3yloTbea rpadikm 3aneXHOCTEN, Lo XapaKTepm3yoTb 3aKOHW NOCTIMHOrO cTpymy. B HaBeaeHoMy npuknagi
ekcnepumeHTy EPC gxkepena - 10 BonbT; BHYTpiWHiN onip r = 4 OMm; onip R HaBaHTa)KeHHsA Byaemo 3MiHIOBaTV 3a ZOMNOMOroH
nos3yHKa (puc. 1 BHM3y) B mexKax Big, 1-ro 4o 20-1v Om 3 Kpokom 1 Om.

Tabauysa 1
EkcnepumeHTanbHi AaHi, oTpMMaHi Npy 3MiHi 30BHilIHbOro onopy R
R r R+r | 12 P'I(?F;)_ n €
om om om A A? Bt % B
1 4 5 2,00 4 4 20 10
2 4 6 1,67 2,79 5,58 33 10
3 4 7 1,43 2,04 6,13 43 10
4 4 8 1,25 1,56 6,25 50 10
5 4 9 1,11 1,23 6,16 56 10
6 4 10 1 1,00 6,00 60 10

[Ona maTemaTnyHOi 06pO6KM pe3ynbTaTiB BUMIpOBAHHA, MPOMNOHYETLCA NObYAyBaTU, BUKOPUCTOBYOUM Nporpamy Excel,
rpadikv 3aneXHOCTI: CTPYMY Bif, 3aranbHOro onopy Kosa (R+r), KOPUCHOT NOTYXKHOCTI Ta K.K.A. Bif, 0NOpy 30BHILIHbOT AiNAHKK
Kona R.

Ha Puc. 2 3rigHo 3akoHY OMa CnocTepiraEMo HeiHilHY 3aN1eXHiCTb CUAK CTPYMY Big onopy. 3BMYAlHO Lie BUNINBAE 3
camoi GopPMYAN, OCKiNIbKKM ONip CTOITb Y 3HameHHUKY | = € / (R+r).

3a/1eXHiCTb CM/IN CTPYMY Bif, onopy

08

Cuna ctpymy | A
.

062 59
06 9% 053 05 g 045 043
' 045 043 042
04

02

Onip R+r, Om
Puc. 2. 3aneHicTb cMau CTpyMy Bifg onopy B KoJli NOCTiliHOro cTpymy
Mpadik Ha Puc. 3 npeactaBnfe HeniHiliHY 3aneXHicTb Pyxop(R). Maemo foBoi BaxK/MBMIA pe3ynbTaT, Ha 0CO6AMBOCTAX

AKOro HeobxiZAHO aKLeHTyBaTu yBary 3400yBayiB ocBiTM. CaMe B MOMEHT, KO/IM OMip HaBaHTaXKEHHA 3PIiBHIOETLCA 3 OMOPOM
Axepena cTpymy R=r=4, KOpUCHa NOTYKHICTb HABYBAE MAaKCMMANbHOTO 3HAUYeHHS. Pyop = 12 R = £2R/(R+r)2.

3aneXHiCTb KOPUCHOI MOTY}KHOCTI Bifl ONOPY HaBaHTaXKeHHA
7

o
[0}

615 24 615

6,00

o)

«w
[0}

KopucHa noTy»xHictb, BT
»
[

1 2 3 4 5 6 7 8 9 10 11 12

Onip HaBaHTaXeHHA, Om

Puc. 3. 3aneKHicTb KOPUCHOI NOTY}KHOCTI Big, ONOPY HaBaHTaXKeHHA (ONOpy 30BHILWHbOI AiNAHKM KO/IA NOCTiliHOro CTpymy)

TaKkuit pe3ynbTaT, OTPUMAHWUI 33 EKCMEepUMEHTASIbHUMM OaHUMKM, MOXHA OBrpyHTYBaTW TEOPeTUYHO. Y Kaaci, wo
npaytoe 3a NpoginbHo npozpamoro, abo 014 cmydeHmis Moaodwux Kypcie, Wo Hag4aromsca 30 6aKaAAA8PCHKOI NPO2PAMOI0,
HeobXigHO MoKas3aTH, Wo AOCAIAKYHOUM Pyop = 12R = g2R/(R+r)? Ha eKCTpEMYM, MOXKHa TEOPETUYHO 3'ACYBaTH, WO KOPUCHA
NOTYXHICTb Ma€ MaKCMMyM came Npu R = r; makcMmanbHe 3Ha4YeHHA KOPUCHOI NOTYXHOCTI AOPIBHIOE:

PMyop = €2/4r.
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3anexHictb KK/ Big onopy HaBaHTaXeHHA
100

80
60
40
20

g 71 73 75 76 78 79 80 81 82 83 83

64 67 6
56 60

K.K.4, %

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20
R, Om

Puc. 4. 3anexHictb KK/, Big onopy HaBaHTaXeHHs (Onopy 30BHILLHbLOI AiNAHKM KONa NOCTilHOro cTpymy)

MoKa3oBMM AN MOPIBHANBHOIO aHaNi3y XapaKTepy B3aEMOBIGHOCMH MK K.K.4 Ta MaKCMMasbHO KOPUCHOM
NOTYXKHICTIO, AKA BiAAAETbCA Yy 30BHIWHE KO0, € rpadik 3anexHocti KK, Big onopy HaBaHTaXKeHHS, O HAOYHO AEMOHCTPYE
HeniHiliHy 3anexHictb KK[ Bif onopy HaBaHTameHHA. N = Pyp/P=12R/lg= IR/g =IR/I(R + r) = R/(R + r) = 1/(1+ r/R),
PMyop = € 2/4r, K.K.4. Y LbOMY BUNAAKY fopisHIoe N = 0,5 abo N = 50%, wo mu i 6aunmo Ha rpadiky.

MopiBHAHHA rpadiKiB 3a1€KHOCTI K.K.A. Ta KOPMUCHOI MOTYXKHOCTi, OTPMMAHMX NPU BUKOPUCTaHHI AaHOT cUMynsALii, Aae
MOM/MBICTb CTBOPUTU YiTKe YABNEHHA YYHIB (CTYAEHTIB), WO OAHOYACHO OTPUMATU MAKCMMANbHY KOPMUCHY MNOTYMKHICTb i
MaKCUManbHUIA K. K. A. HEMOX/IMBO. B eneKkTpoeHepreTWuHii ranysi 6axaHUM € BUCOKWIA K. K. 4. Moro moxHa gocary,
36iNblUyOYM ONip 30BHILLIHBOT YaCTMHM KOM1a MOPIBHAHO 3 BHYTPILLIHIM onopom axepena. Ha ubomy Tpeba aKueHTyBaTH yBary
3006yBayiB OCBITM NPU eKCNepumeHTaNbHIN nepesipLi 3akoHa OMa Ana NOBHOTO KoNa.

3a3HayeHui BipTyanbHUI GI3UYHUI eKcnepuMeHT ByB YCMillHO 3aCTOCOBaHW MPU BUKAAZaHHI B OHMAWH-PEXUMI
Bi4NOBiAHOT TEMM Ha NepLIoOMY Kypci cTyaeHTamM $i3nKo-TeXHIYHMX creuianbHocTen AHY imeHi Oneca FoHuyapa.

BMUCHOBKW TA NEPCNEKTUBU NOAANBLLUOIO AOCNIAXKEHHA

ONpakTUUHI MOXKAMBOCTI BiPTyasIbHOrO EKCNEPUMEHTY PO3LIMPIOIOTb MOMK/IMBOCTI OOFPYHTYBAaHHA TEOPEeTUYHUX
NONOXKeHb, Wo GOPMYIOTbCA Y NpoLeci BUKNAAAHHA AOCUTb CKAAAHUX Tem 3 $isnku. [na IXHbOro 3aCBOIOBAHHA BAKAUBUM i
HeobXigHUM € AeMOHCTpauiliHMIiG abo NabopaTopHUN EeKCNEepUMEHT, AKMIA Nig, Yac AMcTaHUiMHOro HaByaHHA (abo npu
06MeKeHOCTi MaTepiaibHO- TeXHIYHOT 6a3M HaBYaIbHOTO 3aKNaay) He Moxe ByTM 3aCTOCOBaHWIA. PO3rAsaHyTa B CTATTi MOMKAMBICTb
BMKOPWUCTAHHA OAHIET 3 BipTyaNbHUX CUMyAALLN 3 caitTy Phet npu BusdeHHi Temun « 3akoH OMa Ana NoBHOro Kona. MoTyXKHicTb
NOCTIMHOrO CTPYMy», [03BOJIAE 3MOZLENOBATU 3a3HAYEHUN i3UYHUIA eKCNepUMEHT i BUKOPUCTATU WMOro pesynbTati ans
06r'PYHTYBaHHA HU3KM TEOPETUYHMX NOJIOXKEHD 33 TEMOIO, LLLO BUBYAETHCA.

MepcneKkTMBM NoAaNbLWNX AOCAIAKEHD, HA HALWL NOTNAL, NONATAOTb NEPLL 3a BCe B CTBOPEHHI KOMMIeKcy N1abopaTopHUX
pobiT 3a pi3HUMM po3ainamum Kypcy 3aranbHoi GisnKu, Wwo 6a3yroTbCA HAa BUKOPUCTAHHI KOMN' IOTEPHUX CUMYANALiNA, Ta po3pobui
MEeTOANYHOro 3a6e3neyYeHHn iX BUKOHAHHS.
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AHOTAUIA

ABSTRACT

Byumeni moxyme nidmpumysamu 36epereHHs Kyabmypu, 800HOYAC
3a6e3neyyouu akmyanoHull i yikaeuli crnocié 8UKAAOAHHA PIBHOMAHIMHUX
npedmemis, 3aay4arodu mpaduyiliHi izpu e HaguansbHul npoyec. Memoio
Yb020 00CNiOHEHHA € BU3HAYEHHA MOHAMb OUHAMIKU 06epmasneHo20 pyxy
yepe3z mpaduyiliHy iHOoHesilicoky epy «Bandhul Sada» Ha 6a3i

KOHMeKCMHo20 ioxody.
A,

®opmy p Mu 30cepedunuca Ha momy, AK 8us4uMu
noHAmms  OuHamiku  obepmanbHo20  pyxy 4Yepe3  mpaduyiliHy
iHOoHesilicbKy epy «Bandhul Sada». Take eusHaYeHHsA BKAKOHYAE AHANI3
MoHAMb OuHamiku obepmasnbHo20 pyxy 8 epi «Bandhul Sada» ma aHani3
HABYAMAbLHUX KPOKI8 Mpu 8UKOPUCMAHHI Uiel 2pu Ha 6a3i KOHMeKcmMHo20
nioxo0y.

Mamepianu i memodu. BukopucmaHo sKicHi memodu 3 onucosum
aHanizom. [lpu aHanizi noHAMe OuHamiku obepmanbHo20 pyxy ma
HOBYANLHUX  KPOKi8 MpuU  BUKOPUCMAHHI  KOHMEKCMHo20  nidxoody
B8UKOPUCMAHO Memod HapamueHozo 027140y. /Jlimepamypa ma
crocmepexeHHA byau BUKOPUCMAHI AK Memoou 360py OaHUX.

Pe3syabmamu. Pe3ynbmamu docnioxceHHA nokasytoms, wo (1) y epi
«Bandhul Sada» moxHa noacHUmMu maki nNoHAMMA  OUHAMIKU
06epmasnbHO20 pyXy, AK AiHIlIHY WeudKicme, Kymosy weudKicme, KpymHul
MomeHm | Kymosuli MOMeHM; (2) Yt 2py MOXHA 3ACMOCY8aMU 8 HABYAHHI
Ha 6a3i KOHMeKcmHo20 nidxody. Emanu 8uKopucmaHHsA yiei epu HacmynHi
OopMyB8aHHA cucmemu 3HGHb CMyOdeHMmis, PO38UMOK NMOYAMKOBUX 3HOHb
cmyodeHmis i3 eukopucmaHHAMm epu «Bandhul Sada», nposedeHHi
onumysaHHa wnaxom o62080peHHA ma pegekcii. 3 ycix yux emanie
HABYAHHSA BUABAAEMbCA, WO ICHYE 368’A30K Mid Nidxodamu 00 HABYaHHA Ma
docsazHeHHAM yinel.

BucHoeKu. TaKUM YUHOM, MOMXCHA 3p06UMU BUCHOBOK, W0 mpaduyiliHa
2pa «Bandhul Sada» moxce 6ymu sukopucmaHa AK peansHul npukaad y
8UBYEHHI MAKUX i3u4HUX MOHAMb OUHAMIKU 06epmanbHo20 Pyxy, AK
Kymosa weudKicme i niHiliHa weuodkicme. Lje Hadae cmydeHmam UiHHU
docsid nobydosu cucmemu 81ACHUX 3HAHb PI3HUMU MEMOOamu.

Teachers can support cultural preservation while also providing a
relevant and interesting way to teaching diverse subjects by including
traditional games into the learning process. The aim of this research is
identify the rotation dynamic concepts of Indonesian traditional game
«Bandhul Sada» with contextual approach

Formulation of the problem. We focused how to learn the rotational
dynamic concept with traditional game «Bandhul Sada» and
implementation learning steps with contextual approach.This identification
includes analysis of rotation dynamic consepts in “Bandhul Sada” and
analysis of learning steps with a contextual approach to the application of
the game.

Materials and methods. The method used qualitative approach with
descriptive analysis. In the analysis of rotation dynamic concepts and
learning step in contextual approach, we used the method of narrative
review research. Literature and observation have been used as the data
collection methods. In the analysis of learning step, we used the literature
review includes gathering information through literature that supports the
development of learning steps based on a contextual approach.

Results. Result of the research shows that (1) in «Bandhul Sada» game
can be explained the concept of rotation dynamics that occur, namely linear
speed, angular velocity, and angular momentum; (2) this game can be
applicate in learning with contextual approach. This learning consist of
5 phase. There were constructing knowledge possessed by students,
developing students' initial knowledge, using game «Bandhul Sada» in
delivering material concepts, conducting inquiry processes through
discussion activities and finally reflection. From all these learning phases, it
appears that there is a relationship between teaching approaches and
achievement of goals.

Conclusions. Thus it can be concluded that the traditional game
«Bandhul Sada» can be used as a real example in learning physics the
concept of rotational dynamics such as angular velocity and linear velocity.
And it provides students with valuable experience in constructing their own
knowledge in a variety of methods.

K/IlO4OBI ~ C/IOBA:  mpaduuyiliHa  epa; NOHAMMA  OUHAMIKU
06epmasnbHo20 pyxy; KOHMeKcmHul mioxio.

KEYWORDS: traditional game; rotation dynamic concept; contextual
approach.

INTRODUCTION

When applied in a real-world situation, physics becomes more interesting and understandable. Educators have
embraced innovative ways, such as modifying traditional games to create compelling learning experiences (Baran et al., 2018),
to bridge the gap between theoretical concepts and practical knowledge. There has been an increasing acknowledgment in recent
years of the significance of incorporating cultural aspects into teaching techniques (Baran et al., 2018; Hainey et al., 2016;
Sholahuddin & Admoko, 2021). Teachers can support cultural preservation while also providing a relevant and interesting way to
teaching diverse subjects by including traditional games into the learning process. Studies on the effectiveness using traditional
games in education have produced promising results. According to studies, including traditional games in the curriculum helps
raise students' involvement, motivation, and cognitive skills (Deta et al., 2021). It also supports cultural identity and plays a role
in the preservation of indigenous traditions and knowledge (Kancanadana et al., 2021).
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In Indonesia, the game of Bandhul Sada has a high cultural importance and has been played for many years. Its
significance as a cultural heritage that symbolizes kinship within a community and traditional values has been emphasized by
academics and scholars. It is seen as a sign of unity, and incorporating it into teaching methods helps encourage cultural
awareness and preservation among pupils. The advantage of this traditional game is that it may be used as a learning tool or
approach. Physics is included with nature-based learning, often known as Natural Sciences. There is one feature of science
learning that distinguishes it from other subjects. Students must understand the concepts contained in learning materials for
themselves through diverse activities such as discussing, observing, and investigating the problems (Fatmaryanti et al., 2017,
2018). They also have to be skilled to solve problems within their immediate environment. (Fatmaryanti et al., 2020).

One of the unique physics concepts that can be found in everyday activities is the concept of rotational dynamics.
Difficulties often found in students were in analyzing the concept of moment inertia, acceleration of angles, torque and the
relationship with kinetic energy of rigid object rotation (Haji et al., 2015). In other research also found that student difficulties lie
in the relationship of moment inertia to rotational energy, and the effect of torque on angular acceleration (Jannah & Ermawati,
2020). Mastery of basic concepts about the dynamics of rotation will affect the ability of students to master the material further.

There hasn't been much research done specifically on using “Bandhul Sada” to teach rotation dynamics principles.
Studies exploring the use of traditional games in science teaching have, however, shown how successful they are at improving
students' comprehension of scientific ideas (Baran et al., 2018; Putranta et al., 2021). Future research can investigate how
“Bandhul Sada” can be modified to illustrate ideas like angular velocity, and rotational equilibrium. To improve students'
conceptual understanding, we conduct a detailed study of innovative learning models with traditional games. We focused how
to learn the rotational dynamic concept with traditional game “Bandhul Sada” and implementation learning steps with contextual
approach.

METHODS OF THE RESEARCH

The descriptive review method of research has been used in this article. Analysis of traditional games is viewed from
the whole process when the game is being carried out with analysis of physics concepts and analysis of learning step.

In the analysis of rotation dynamic concepts, we used the method of narrative review research. This method is
equivalent to the literature study approach as it integrates data collected from research objects collected from several literacies
before coming to a conclusion. Literature and observation have been used as the data collection methods. The observation
activity that was conducted used indirect observation, especially visual observation through photos and video recordings during
the game. The research material was analyzed as a variation on the traditional game “Bandhul Sada”, where the researcher
examined the possibilities of any physics concept presented. The process of collecting data was through journal reviews. Data
collected from various sources will be analyzed and adapted to the topic of physics concept analysis, namely the concept of
rotational dynamics. The results of investigations from various sources are collected and integrated into a finding that can be
useful for teachers and students in implementing physics learning.

In the analysis of learning step, we used the literature review includes gathering information through literature that
supports the development of learning steps based on a contextual approach. Each learning step is described in detail regarding
the learning activities carried out by students and teachers.

RESULTS AND DISCUSSION OF RESEARCH

Understanding how to apply basic physics concepts can be attained by creates activities and knowledge concerning
suitable applications in real life situations. Cultural traditions can be used as a learning resource, particularly in physics education,
which requires physical and real-world applications that improve students in understanding.

Analysis of Rotational dynamic concepts in “Bandhul Sada”

Bandhul sada uses items that are no longer used, namely Bluluk (coconut buds). This game can be played alone or in
groups. The way to make these traditional toys is only in the form of bluluk which is given a rubber band as seen at figure 1. The
way to play it is very easy, that is, you just need to rotate the bluluk around on the floor or ground, so that the rubber band that
is attached is then tightly twisted. When it's twisted, lift it and float the rubber in the air, then we will see the turtledove spinning
in the air until the rubber twist runs out and returns to normal. Participants in the game use a string to spin a wooden top called
a “Bandhul Sada”, then release it onto a playing field that has been demarcated. Players must deftly control the top's motion as
it spins, offering a singular chance to investigate rotation dynamics.

v )

Figure 1. The Part of Bandhul Sada

From the results of the analysis of the concept of rotational dynamics found in traditional game “Bandhul Sada”, it
was found that the game contained several basic concepts of rotational dynamics. The concepts that can be found in the game
can be seen in Table 1.
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Table 1
Concepts of rotational dynamics can be found in step of “Bandhul Sada”

Step of “Bandhul Sada” Concept of rotational dynamics
Step 1: Rotate the rubber on the floor until it become short The concept of elasticity occurs
when the rope is wrapped around
the top. At that time, there was a
concept of elasticity in the rubber
strap and it caused the top to
rotate.

Step 2: lift it and observe the spin

i

The rotational dynamics process is
related to concept of angular and
linear velocity. When moving, the
bluluk in the Bandhul Sada game
takes a changing position, namely
turns. There is a change in time
from the initial position to a
different displacement position.

it A DI AN 5Tk
Figure 2. Difference of velocity and diameter against time

The angular displacement is the displacement encountered by the propeller during circular motion. Furthermore, when
the bluluk rotates, it possesses angular velocity. The angular velocity can be calculated by taking the angular displacement

traveled in a given time and dividing it by the time. As a result, it can be stated as equation 1.
A6

= (1)

The angular displacement taken in a period of time At=T and A@=2nrad. So, we found the angular velocity experienced by a

bluluk in a regular circular motion is formulated as equation 2.
21

w=— (2)

The rotational dynamics process is related to angular velocity and linear velocity. When moving, the bluluk in the bandhul sada
game takes a changing position, particularly turning. The time from the initial location to the displacement position is different.
It can be shown that there is a time that changes from the propeller movement conditions, which can be formulated as equation 3
At=t,—t; (3)

In this bandhul sada game, the d value is the length of the side of the rubber band. In terms of angular velocity (w) and linear

velocity (v), it requires a value of d (diameter). So that we get the equation (4)

o= (9o @

Angular velocity is influenced by the rope force. In “Bandhul Sada”, magnitude of the force is translated as the size of
the rope style when we rotate the rope on the bluluk. The greater the force we give, the greater the torque pressure which
ultimately the greater the angular velocity that will be produced. Vice versa. The smaller the force we give when we rotate the
bluluk rope, the smaller the speed of the angle produced. In addition to the force factor, the “Bandhul Sada” mass also affects
the speed of the rotating angle. The greater the bluluk mass, the smaller the angular velocity.
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Analysis of learning steps with a contextual approach

The contextual approach to learning facilitates teachers in integrating classroom material with situations from the real
world. It helps students to connect their knowledge to its application in their lives as family members and members of society.
Contextual learning has given students in groups or working together the most opportunities to explore and integrate a physics
problem. Phases of application “Bandhul Sada” game in learning with contextual approach can be seen in Table 2.

Table 2
Learning activities in each step of contextual approach with traditional game
Phases Learning Activities
Constructing knowledge possessed Construct the knowledge students have with material to be studied, and related to
by students the context of everyday life
Developing students' initial Discuss with asking about concept that student have before
knowledge
Using “Bandhul Sada” game in Students play the game “Bandhul Sada” together and make observations based on
delivering material concepts the variables guided by the teacher
Conducting inquiry processes Discuss the concepts of rotational dynamics from observational data on the
through discussion activities worksheet.
Reflection Group discussion and do some examination

In order to perform their role as active learning subjects, students play traditional games that integrate physics learning.
The teacher must develop an effective plan for teaching physics using traditional long-distance games. Planning an exhaustive
instructional design is part of the strategy that teacher needs to get prepared to teach when using traditional distance game-
based physics learning. Learning implementation is determined by instructional design (Khalil & Elkhider, 2016). The learning
objectives will probably not be achieved to their maximum potential if the instructional design is not organized and
comprehensive. Additionally, the abilities of students cannot also improve in accordance with defined learning objectives (Lee &
Kim, 2017).

A teacher needs to guide students to find their own concepts through their own creativity. The goal is to construct
knowledge into the mind by emphasizing process over outcome (Kivunja & Kuyini, 2017; Dagar & Yadav, 2016). So, in first phase,
constructing knowledge, students are invited to construct knowledge with rotational dynamics material through examples in
everyday life. The teacher provides examples such as pulleys in wells, ballet dancers and so on. In second phase, developing
students' initial knowledge, the teacher guides the discussion with asking about concept that student have before. In the third
phase, delivering material concepts, the students make observation based on the variables guided by teacher. From these
quantities they discuss the relation of quantities. The purpose of this stage is for students to be able to identify scientific principles
and their relationships, control variables (distinguishing independent variables, dependent variables, and control variables), until
finally students design their own experiments (Bigozzi et al., 2018). In fourth phase, conducting inquiry processes, students give
analysis with began mentioning physics quantities, like rope length, time, mass etc. They discuss the concepts of rotational
dynamics form observational data on the worksheet. In the last phase, reflection, students make group discussion and do some
examination. The examination is carried out in the form of performance, tests or quizzes, assignments, presentations, and results
of students' traditional game-making projects are used to evaluate physics learning based on traditional games.

From all these learning phases, it appears that there is a relationship between teaching approaches and achievement
of goals. Student knowledge can be increased by inducing mastery goals, not performance goals (Meece, 2023). For example, by
creating a constructivist learning environment with the thought that all ideas are useful, rather than asking students about their
ideas but just to make corrections.

CONCLUSIONS AND PERSPECTIVES FOR A FURTHER RESEARCH

Learning by applying traditional game with contextual approach has given authentic experience for teacher. This finding
is in line with the finding that the students' understanding and problem solving skills that will increase if they have the experience
to perform or train these skills.

Based on the findings of various analyses and observations, it is concluded that the traditional game Bandhul Sada has
the potential for the development of rotational dynamic notions such as angular velocity and linear velocity. In this study, we
concluded that there was a need for physics teachers to innovate in order to help students understand the material more easily
by connecting the physics material based on local wisdom or anything related to student life in terms of this in the traditional
game from West Java. Based on the research findings, the researcher proposes that each physics teacher employ another
traditional game since it provides students with valuable experience in constructing their own knowledge in a variety of methods.
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AHOTALIA

ABSTRACT

Y pobomi oxapakmepu308aHO nepcreKMuUeHi WAAXU 3anpos8aoHeHHs i
BUKOPUCMAHHA XMApO OPIEHMOBAHUX cucmem 8iOKpUMoi Hayku y
cepedosuwi HABYAHHA i Mi0BUWEeHHA K8anigikayii e4umenie npupooHU4o-
Mamemamuy4Hux npedmemis.

PopmyniosaHHa npobnemu. Haykoso-memoOuyHe OnpayroO8aHHA i
pO38UMOK Memo00s102ii BUKOPUCMAHHA XMApo OPIEHMOBAHUX cucmem
8i0KPUMOI HayKU y Npouyeci HABYaHHSA i MpogeciliHo20 Po38UMKY e4umesnie
cnpamoeaHe Ha nidsuwjeHHA pigHA ixHooi IKT KommnemeHmHocmi,
MoinWeHHA HaBUYOK ONMaHy8aHHsA Halbinbw cyyacHumu IKT.

M pi i Ou. [nsa OocseHeHHA memu pobomu 6ynau
BUKOPUCMAHI 3020/16HOHAYKOBI Memodu: a) meopemuyHi — aHani3
HAyKy080-MemoOUYHOI, ncuxonozo-nedazozidHoi  Aimepamypu 3
npobsemu O0CniOHEeHHA, Y3a2aabHEHHSA 8iMYU3HAHO20 | 3apybircHO20
doceidy; meopemuyHuli aHani3, cucmemamusayis ma y302a7bHEeHHSA
HayKosux hakmie i 3akoHoMipHocmel 6) emnipu4Hi — 6ecidu 3 yyacHUKamu
0C8IMHbLO-HAYKOB020  cepedosuwa;  nedazoziyHi  CrocmepeMeHHs;
QaHKeMy8aHHSA; Mecmy8aHHA.

Peszyabmamu. Y pobomi 06rpyHmogaHo, w0 mMemooduyHo 8UsaxceHe

ma doyinbHe 3anpo8adHeHHAs XMapo OPiEHMOBAHUX cucmem 8iOKpumoi

HayKu y npouec HasYaHHA | npogeciliHozo possumky e4yumenie
crpuamume  nosninweHHI0 piBHA opeaHizayii oceimHb020 npoyecy,
nidsuwjeHHto lio2o AKocmi 3a80AKU BUKOPUCMAHHIO HalicyyacHiwux IKT,
binbW aKMUBHOMY BUKOPUCMAHHIO [HHOoBayiliHux copm, 3acobie i
mexHosoeili y npoyeci nidsuujeHHA Keanigikayii 8yumeris; niosuujeHHoO
pieHsA ix IKT-komnemeHmHocmi.

BucHoeKu. 3anposadxeHHA XMapo opieHMOoBAHUX cucmem 8i0Kpumoi
HayKu y npouyec nidsuweHHA Keanigikayii e4umenie - MemoouyHo
doyineHull HaNPAMOK YOOCKOHAseHHA HAyKosoi ocsimu syumenis, ye
crnpuaAmume  WUpwomy 3arposaodHeHHIO aKMYyanbHO20 0C8IMHL020
KOHmMeHmy | HalicyyacHiwux mexHono2ili y npouyec HABYAHHA.
lMepcnekmusHUMU ~ wWAAXamu  iIX  3aNpoBAOMEHHA € MaKi, AK:
nidmpumysaHHsA 2pynosoi pobomu i MPOEKMHO-0PIEHMOBAHO20 HABYAHHA;
36epieaHHA, ONPAylo8aHHA, NOOAHHA | ei3yanizayii OaHux y npoyeci
30ilicHeHHA HAyKOBUX i HaYKOBO-HABYA/IbHUX 00CIOH(EHb; ONPAYO8AHHA
8enuKUX OaHUX; pPO368’A3GHHA PIZHOMAHIMHUX creyianbHux 3ada4
00CnioHeHHsA, AK 8 iIHOUBIOYaNbHOMY, MAK i KOAEKMUBHOMY PEXCUMI.

The work describes promising ways of introducing cloud-oriented
systems of open science in the process of training and professional
development of teachers of natural and mathematical subjects.

Formulation of the problem. The scientific and methodological study
and development of the methodology for using cloud-based open science
systems in the process of training and professional development of teachers
is aimed at increasing the level of their ICT competence, improving the skills
of mastering the most modern ICT.

Materials and methods. To achieve the goal of the work, general
scientific methods were used: a) theoretical - analysis of scientific and
methodological, psychological and pedagogical literature on the problem of
research; generalization of domestic and foreign experience; theoretical
analysis, systematization and generalization of scientific facts and patterns
b) empirical - conversations with participants in the educational and
scientific environment; pedagogical observations; questioning; testing.

Findings. The paper substantiates that methodically balanced and
expedient introduction of cloud-oriented systems of open science in the
process of training and professional development of teachers will contribute
to improving the level of organization of the educational process, improving
its quality through the use of the most modern ICT, more active use of
innovative forms, tools and technologies in the process of teacher training;
improving their ICT competence.

Conclusions. The introduction of cloud-based open science systems in
the process of teacher training is a methodically expedient direction for
improving the scientific education of teachers, this will contribute to the
wider introduction of relevant educational content and the most modern
technologies in the learning process. Promising ways of their
implementation are such as: supporting group work and project-oriented
learning; storage, processing, presentation and visualization of data in the
process of scientific and scientific-educational research; big data
processing; solving various special research tasks, both in the individual and
collective mode.

K/IHOYOBI C/IOBA: xmapHi cepsicu; 8idkpuma Hayka; npogecitiHuli
po38UMOK; 84UMenni.

KEYWORDS: cloud services; open science; professional development;
teachers.

BCTYN

MoctaHoBKa npobnemu. Y cyqacHomy iHGOpPMaLMHO OCBITHbOMY MPOCTOPI XMapo OPIEHTOBAHI CUCTEMW BiOKPUTOI
HayKM NOCTaloTb O4HUM i3 NpoBiaHMX TpeHais. Lli IKT 3abe3neuyioTb NiATPMMYBAHHA TaKMX iHHOBALINHWX GOpM opraHisau,ii, Ak
HaBYaHHA Ta AOCNIAXEHHA Y CNiBPOBITHULTBI 33 paxyHOK cnisibHoro goctyny Ao IKT-cepenosuila i nporpamHoro 3abesneyeHHs
ONA BUPILLEHHA 3aBAaHb; afanTUBHI XMapo OPIEHTOBaHI CUCTEMM OMpPALOBAaHHA AaHWUX, 30Kpema, Be/IMKUX JaHUX; afanTUBHI
XMapo OpiEHTOBAHI NAaTGOPMM HaBYAHHA | AOCNIAXKEHb, PO3ropHYTI Ha 6a3i 3aKknagis 0cBiTM abo X OKPEeMUX 0AMHULb; HAYKOBO-
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OCBITHI iIHpOpMaLiiHi Mmepexi, nnatdopmm Ta iHGPACTPYKTYpPK, 30Kpema EBponeicbka xmapa Bigkputoi Hayku (EOSC); xmapHi
CepBicK i eNeKTPOHHI pecypcu HaB4a/lbHO-HAyKOBOTrO MPU3HAYEHHA, WO € AOCTYNHUMMU ANA BUKOPUCTaHHA. HalBarknusilwmm
3aBAaHHAM € MigroToBKa MejaroriyHMX KagpiB, agske camMe BOHW € pyuWwiiHow cunoto umdpoBsisauii OCBITU. AKTMBHe
BMPOBAAKEHHA XMapO OPIEHTOBAHMX HAYKOBUX CEPBICIB i CMCTEM BiAKPUTOI HAYKWU, XMapHUX iHCTPYMEHTIB HOBOFO NMOKOJIIHHA €
OAHMM i3 NepcnekTUBHUX Hanpamis NiasuweHHA IKT-KoMneTeHTHOCTI BUMTENiB Ta MOoAepHi3aLii HaBYaNbHO-AOCAIAHNLBKOTO
cepesoBuwa. Tomy B OCBIiTi CydaCHOro BYMTENA MaloTb BYTU NMpeacTaB/ieHi He Nvlwe TeXHOJOrii BiAKPUTOro HaB4yaHHSA, a 1
BiAKPUTOI HAaYKM, AIKi CbOrOAHI € HEBIZ' EMHOIO YaCTUHO alaNTUBHOIO, NePCOHANI30BAHOIO CepeaoBULLA HOBOTO Yacy. Mpobaema
nigsuweHHA IKT-KOMNeTeHTHOCTI NejaroriYyHMX KadpiB MNOCTAE B KOHTEKCTi 3anpoBagykeHHAa |KT Biakputoi Hayku. LUs
6aratoobiuatoya TeHAEHLiA CTOCYETLCA NPOEKTYBAHHA Ta 3aCTOCYBAHHSA BiAKPUTUX HAYKOBMX CUCTEM AIK HOBOTO €Tany pPo3BUTKY
XMapo OPIiEHTOBAHUX CUCTEM.

B iHpOpMaLiMHO-OCBITHbOMY CepeAoBULLi iICHYIOTb HOBI MOAENI OpraHisauii HaBYaNbHOI AiANbHOCTI, AKi 6a3yloTbCA Ha
iHHOBALIMHMX TEXHO/IOMYHMX PILLEHHAX WOAO0 NPOEKTYBaHHA CepefoBULLA, Cepes, AKMX 3HAYHY PoAb BiAirpatoTb anapaTHO-
nporpamHi 3acobu aaanTMBHUX iIHPOPMALIMHO-KOMYHIKaLiMHUX MepPeX, XMapHi pilleHHs.

MuTaHHA aganTauii i HanawTyBaHHA 3acobiB Ta cepBsicCiB iHPOPMaLiIHO-TEXHOIOTYHOrO OCBITHLOTO cepenoBuLLa 40
noTpeb KOPMCTYBaYiB 3 METOK MaKCUMabHOI peanisaLii negaroriyHoro noTeHLiany BUKOPUCTAHHA HacyyacHiwmx IKT, 30kpema,
XMapHUX, MOAINWeHHA pe3ynbTaTiB HaBYaHHA, @ TaKOX YAOCKOHA/NeHHA MpoLecy HayKoBO-AOCNIAHOI AiANbHOCTI BYMTeNiB,
PO3BUTKY HaBMYOK CMiNbHOI poboTM, noTpebye 3anpoBagKeHHa iHHOBaUiMHWX nigxoaiB. Li nmigxoam matoTb 3abesneuntu
HaMbinbW fouinbHI cnocobu opraHisau,ii gocTyny Ao NporpamHoro 3abesneyeHHA HaBYaANIbHOIO NPU3HAYEHHS, 30KpPema, Ha basi
XMapOo OPIiEHTOBAHMX MiAXOAIB, WO HanexXaTb 40 NPOBIAHWX MoAeseil opraHisauii iHppacTpyKTypu OCBITHbOrO cepenoBuLa, a
TAKO NOCTAKOTb KaTasi3aTOPOM 3aMNpOBaAKEHHS iHHOBALIMHMX METOAIB i NiAX0AiB B OCBITHIO NMPaKTUKY.

AKTyanbHicTb po60oTM 0bymoBneHa HeobXigHicTIO NiaBULLEHHS ePEeKTUBHOCTI i pe3ynbTaTUBHOCTI Po3BUTKY IKT
KOMNETEHTHOCTI BYMTENIB 3@ PaxyHOK LUMPLIOTO BUKOPWUCTAHHA Y Mpoueci HaBYaHHA 3acobiB i TEXHO/OFN BigKPUTOI HayKu,
30Kpema i3 BUKOPUCTAHHAM XMapOo OPIEHTOBAHMX pilleHb. 3anNpoBaAKEHHA XMAPO OPIEHTOBAHUX CUCTEM Ta CEpPBICiB BigKpUTOI
HAYKW € CYTTEBOIO NepesyMOBOIO NiaBULEHHA KBanidiKalii, NiAroTOBKM i NepeniaroToBKM BUUTENIB A1 aKTUBHOI NpodeciiiHoi
OiANbHOCTI i camopeanisaLii y BUCOKOTEXHONOMYHOMY CYCMifibCTBi, BUKOPUCTAHHA iIHHOBALIMHMX METOAMK i 3acobiB HaBYaHHA.

AHani3 akTyanbHUX gocnipyKeHb. XMapHi iIHCTPYMEHTU TpaHCHOPMYBaIM HaBYa/IbHE CepefoBULLE, YMOXKINBUAN MacoBY
06pObKYy AaHUX, ChifibHe BUKOPUCTAHHAM pe3ysibTaTiB AOC/AigKeHb, binbly mMaclTaboBaHiCTb 064YUCNIOBANIbHUX MOTYXKHOCTEN i
cepBic-opieHTOBaHy apxiTeKTypy. JaHui niaxia 3abesneuye BigkpuTe, cninbHe, MPOEKTHO-OPIEHTOBAHE HaBYaHHA. B IHcTUTYTI
undposisauii ocsitn HAMH YkpaiHu 6yan po3pobneHi 3acagHuui nigxoau, Wo BU3HayvaoTb GOpMyBaHHA Moaenen BigKpUTOi OCBiTH
(Bukos, 2008). Pe3ynbTaT AOCNiAXKEHb YTBOPIOIOTL TEOPETUKO-METOAONONYHMI GYHAAMEHT ANA NOoAANbWMX POBIT 3 PO3BUTKY
CcUCTEM BiAKPUTOI HayKM NopAg, 3 LUMPOKMM BNPOBAAKEHHAM | BAKOPUCTAHHAM UMX NiAXOAIB Y BCiX JaHKaX CUCTEMU OCBITU.

MeTogaosioris, cnpAMoBaHa Ha peani3aLlito 3araibHUX NPUHLUMMIB BIKPUTOI HAYKK, TaKUX K BIAKPUTUIA JOCTYN, BIGKPUTI
OaHi, BIAKPWTI MeToaM AOCNIAXKEHHS, BiAKPMTa KOMYHiKauia Ta BiakpuTe ouiHioBaHHA (Open Science, 2015), notpebye
noAanbloro BNpoBaaKeHHs y chepi ocBiTH. [ns peanisauii umx NPUHLMNIB CNig BUKOPUCTOBYBATU XMapo OPiEHTOBAHI Nigxoamn,
OCHOBHMMW OCOBNMBOCTAMU SAIKUX € THYYKICTb i MacwTaboBaHicTb IT iHGPACTPYKTYpH, LLO NPM3BOAUTL 4O 3HAYHO BULLOT
edeKTUBHOCTI ix peanisauii (Bykov & Shyshkina, 2018).

HaykoBo-meToaMyHe onpautoBaHHA Npobaem popmMyBaHHA XMApPO OPIEHTOBAHOrO OCBITHbO-HAYKOBOTO CepesoBULLa
notpebye NOAaNbLIOro PO3BUTKY B KOHTEKCTI npiopuTeTiB BigKkpuToi Hayku (Bykov & Shyshkina, 2018), (Marienko, 2021).
30Kpema, B acneKTi 3aCTOCYBaHHA MOTYKHMX naatdopm AnA 36epiraHHA Ta ONpaLtoBaHHA 06CAriB HAYKOBUX AaHMX, @ TaKOXK
rHYy4YKoro BM6opy Ta MacluTabyBaHHA KOMN'OTEPHMX NOTYXKHOCTEN. BUKOPUCTAHHA XMapHUX NNaTGOPM Yy NOEAHAHHI 3 cepBicamm
KOMYHiKaLjii cTBOptoe Habarato Ginblie MOXKAMBOCTEN AA QYHKLIOHYBAHHA BipTyasbHMX HayKoBMX KonekTusis (Bykov et al.,
2020). Ui TeHaeHuji 6ynn 3HaYHO MOCWAEHI BNAMBOM Mepiofy nMaHAeMmii, Npy LbOMY 3MillaHe Ta AMCTaHLiiHe HaBYaHHA Ta
LOCNIAHWLUBKI Npouecy Habrpann MacoBoro NPUNHATTA Ta BUKopucTaHHA (Krylova-Grek & Shyshkina, 2021).

Y3aranbHOYM 40CBif, BUKOPUCTAHHA XMapO OPIEHTOBAHMX IHCTPYMEHTIB BiAKPWUTOI Hayku ANA NiATPUMYBAHHA
npouecis KOMyHiKaLii, cnifibHOI pO60TH, 3AANTUBHOIO YNPABAiIHHA KOHTEHTOM, CTBOPEHHS | BAKOPUCTAHHSA eIeKTPOHHUX PecypciB
i cepBiciB y X0/ OCBITHbO-HAYKOBOTO CMiBPOBITHMLTBA Y BipTya/ibHUX KONEKTMBAX, MOXHa CTBEPAKYBATH, LLO Liel A0CBi4 MOXKe
6YyTV KOPUCHUM A8 NOAANbLIOTO 3aNPOBAAMKEHHSA Y BITYN3HAHOMY OCBITHBO-HAYKOBOMY MPOCTOPI, 30Kpema, B OCBITi BUMTENIB.

B YKpaiHi BXXe noyann pobuTti nepLli KPOKK LLOA0 BNPOBAAKEHHA NiAXOAiB BIAKPUTOT HAYKM Y NiArOTOBKY HayKOBO-
neparoriyHmx i negaroriyHmMx Kagpis (Marienko, 2021). JaHui niaxig, 4O NPOEKTYBaHHA OCBITHIX CMCTEM HaBYaHHA Hapasi cTae
Bce 6inbw nonynspHuMm, 60 YypnoBo cebe nokasye y GpopmyBaHHI HaBUYOK AOCAIAHULBKOI LiANbHOCTI, Y HaBYaHHI Mono4MX
HayKoBL,iB. TOMY JOCANIAKEHHA NePCNEKTUBHUX LUNAXIB NOAANBLIOIO PO3BUTKY Y L chepi, BUSHAUEHHA HanpAmiB po3pobaeHHn
i 3aNpoBaAKEeHHA METOANYHUX MiAXOAIB A0 NOrNMBAEHOro onaHyBaHHA BUMTENAMM NPAKTUK BIGKPUTOT HAYKM i BigNoBiAHMX IM
CepBiCiB € Be/IbMW aKTyaNbHUMMU.

Merta cratTi. MeToto CTaTTi € 06rPYHTYBaHHA MEPCNEKTUBHUX LUAAXIB 3aNPOBAAMKEHHA XMApPO OPIEHTOBAHUX CUCTEM
BiAKPUTOI HAayKM y cepeaoBuLLE HAaBYaHHA | NigBULLEHHA KBaidiKkaLii BUNTENIB NPUPOAHNYO-MAaTEMATUYHUX NPEAMETIB.

METOAU AOCNIAXKEHHA

Ona pocarHeHHA meTu poboTv 6y BMKOPUCTAHI 3arafibHOHAYKOBI MeToAM: a) TeOpPEeTUYHi — aHani3 TexHiYHol
nitepaTypn 3 npobnemu AOCNIAKEHHA; Yy3ara/JibHEHHA BITYM3HAHOTO | 3apybiKHOrO AOCBiAy; TEOPEeTUYHMI aHanis,
cucTemaTtmsalif Ta y3arasbHeHHs HayKoBUuX GaKTiB i 3akoHOMIpHOCTen 6) emnipnyHi —6ecigy 3 y4acHMKamMmM OCBiTHbO-HAaYKOBOrO
cepenoBuLLA; NeAaroriyHi CNoCTeperKeHHA; aHKeTYBaHHA; TeCTYBaHHA.

PE3Y/IbTATU AOCNIAXKEHHA
3a pe3y/nbTaTamMu aHani3y BITYU3HAHWUX i 3apybiKHUX [OCAIONKEHb OCTAHHIX POKiB BM3HAYEHO XMApPO OPIEHTOBaHI
iHCTPYMEHTM BiZKPUTOT HayKK, WO NoTpebytoTb 6ifbl WNMPOKOro BNpoBaAKEHHSA Yy NpoLec NigBULLEHHA KBanidiKauii BunTenis
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(Marienko & Shyshkina, 2022). Cepea HUX, 30Kpema, XMapoO OPIEHTOBAHI CUCTEMM MIATPUMYBAHHA AiANbHOCTI BipTyanbHMX
HaBYa/IbHMX/HayKOBMX KOJIEKTWBIB, rpynosoi pobot, wo pobasaTb AOCTYNMHMMM ANA CMiIbHOTO BUKOPUCTAHHA THYYKO
OpraHi3oBaHWi NyN eNeKTPOHHUX pecypciB Ta iHWi. MpuyomMy B OCBITHbO-HAayKOBOMY CEPEnOBULLi MOXKYTb OYTM BUKOPUCTaHI
cepBicM AIK KOPNOPATUBHOI, TaK i 3aranbHOAOCTYMHOI Xmapu. 30Kpema, 3aBAAKW 3a/yYeHHI0 B OCBIiTHIWM Mnpouec Xmapo
OpieHTOBaHUX NAaTGOPM, PO3rOpPTaHHA Ha HUX PiSHUX TUMIB KOPMOPATUBHWUX XMAPHWUX CeEpPBICiB BAAETbCA CTBOPHOBATU
cnewianisoBaHi cepefoBuLLa, AKI HaMbBINbLLIOK MiPOO OPIEHTOBAHI Ha PO3B’A3aHHA MEeBHUX TUNIB 3aga4y. JaA LUbOro MOXe He
iCHyBaTV roTOBMX 3arafibHOAOCTYMHMUX CEPBICiB, TOAj AK KOPNOPaTMBHE XMapo OPIEHTOBaHEe cepefoBMLLE MOXKHA afanToByBaTH,
HaANAWTOBYBATU i OPIEHTYBATU Ha OyAb-AKi TUNM 3a4ady, AKi BUHUKAIOTL Yy MPaKTULi AocnigxKeHb. e aae Halbinbw wWUpokKi
MOMBOCTI A4/19 CTBOPEHHA YHIKaNbHUX aBTOPCbKUX METOAMK | METOAUYHUX CUCTEM AA PO3B’A3aHHA chneujianbHMX 3a4ad. 3a
L,0MOMOrOH0 3anNpoBaAXeHHA XMapO OPIEHTOBAHUX CUCTEM, CIIPAMOBAHMX Ha NiIATPUMYBAHHA NPAKTUK BiAKPUTOI HAaYKU, MOXKHa
[OCATTU NO3UTUBHUX 3MiH Y 34iMCHEHHI HaBYa/IbHOT i HAYKOBOI AiANIbHOCTI BUUTENIB, NONIMWMUTK Ti AKICHI i KiNbKICHI NOKa3HUKMK,
BNpOBaAKyBaTW HoBi dopmu i moaeni ii opraHisauii. Ana nigTpMMyBaHHA PO3ropTaHHA KOPNOPATUBHUX XMapo OPIEHTOBAHMUX
CUCTeM Yy 3aK/agi OCBITM A0LiIbHO 3aCTOCOBYBaTM Taki Niatdopmm, Ak, Hanpuknag, MS Azure, AWS a6o iHwi (Bykov et al., 2020).
[ocsig, ix BUKOpUCTaHHSA, 30Kpema, y NPoeKTi « OCBITHIN akagemiuyHni nopTan iHTerpauii IT B ocBiTy» EDUPORT, W0 BUKOHYETLCA
3a yyacTi [HcTuTyTy umdposizauii ocsitn HAMH YKpaiHu cBigumnTh, WO Le No3UTUBHO BMNJIMBAE AK Ha Pe3y/ibTaTW HaBYaHHA, TaK i
Ha PO3BUTOK HAYKOBMX A0C/iIAKEHDb, NONINWEHHA PiBHA iX OpraHisauii, niaBuLLEHHA ePpEeKTUBHOCTI.

€Bponelicbka xmapa BigKpuToi Haykm (EOSC) noTpebye oKpemoi yBaru y naaHi yA0CKOHaNEHHA AK 3MiCTOBOTO, TaK i
TEXHOJIOFNYHOro KOMMOHEHTIB METOAMYHOTO 3abe3neyeHHs npolecy nNiaBuLLeHHs KBanidikauii Bumtenis. Lie naH-EBponeiicbKa
iHbpacTpyKTypa, Wo 06’eAHYE eNeKTPOHHI pecypcK i cepsicu, po3pobrieHi B MerKax EBPONENCBKUX JOCNIAHULbKUX NPOEKTIB i He
Anwe ix, KnacudikoBaHMX BiANOBIAHO A0 HAYKOBUX ranysen i BUAIB AifANbHOCTI. IHCTpyMeHTapii, po3milLeHunii Ha nopTani EOSC,
€ JOCUTb Pi3HOMaHITHMM, Nepenik cepeiciB 3Ha4YHWN. Ha nopTani HagaHO YiTKi IHCTPYKLIi WoA0 peecTpauii, HaBirawii, nowyky
cepBiciB, HaNaWTyBaHHA, OTPUMAHHA [OCTyny. MeTOOMKM BUKOPUCTAHHA cepBiciB EBPOMENCbKOI XMapu BiAKPUTOI HayKM,
30Kpema i po3pobneHiy (Marienko, 2021) B 0CBiTHbO-HayKOBOMY NpoLeci NoTpebytoTb N0A4aNbLIOr0 PO3BUTKY | BMIPOBaAMKEHHS.
HeobxigHO HagaBaTh NiATPUMKY BYUTENAM LWOAO BNPOBALKEHHA HOBUX NPAKTUK.

Xmapa Bigkputoi Hayku (EOSC) o6'eaHye €BponeicbKi AocCAigHULbKI iHPpaACTpyKTypu (y TOMY YMCAi €eNeKTPOHHI
iHbpacTpykTypu nporpam/npoekTis ESFRI) y eAnHUIM BipTyanbHMIA OCBITHbO-HAyKOBMIA NPOCTIP, Y AKOMY KOXHOMY A,0CAI4HUKY-
KopwucTyBayesi EOSC (K iHgMBioyanbHOMY, TaK i KONIEKTUBHOMY, OKpPEMI AOCNIAHULbKIN iHPPACTPYKTYpPi, KOHCOPLiyMy TOLLO)
Hafa€eTbCA AOCTyN A0:

— BCIX HasiBHUX HAyKOBWX AaHWUX, OTPMMAHMX Y NPOEKTax Esponelicbkoro Cotosy, Wo 34iACHIOBaINCL 33 AEePKaBHUN
KOWT (KaTanor gaHux);

— [0 BigomocTelt Npo AOCTYNHi cepBicy Ta NOTYXKHOCTI AOCAIAHMLUBKNX e-iHpacTPyKTyp (KaTanor cepsicis);

— po iHbopMmaLii Npo icHytoui AoCNigHULBKI iIHGPACTPYKTYpK, NPO HAaABHI NPOrpamu i NPOEKTH, NPO AitoYi KOHCOPLyMK,
L0 BXKe iCHYIOTb YM CTBOPIOOTLCA (KaTanor AOCNIAHULBKUX iHOPACTPYKTYp).

PosrnaHemo npuknagn pobopy i BUKopucTaHHA cepsicie EOSC Ha npuKknagi TMx, Wwo moran 6 6yt KopucHumu y
HaBYaHHI BUMTENIB NpegMeTiB NPUPOAHUYO-MATEMATUYHOTO LMKAY.

Moptan EOSC (https://eosc-portal.eu/) — ue €sponeincbknini xab AaHUX AOCAIAMKEHDb, 3 YHIPIKOBaHMM AOCTYNOM A0
€MHOI CUCTEMM IHCTPYMEHTIB Ta cepBiciB A1a iIHHOBALLM Ta OCBiTW. BiH micTuUTb Taki pybpuku, sk Mybnikauii; AaHri; MporpamHe
3abe3neyeHHn; Cepsicy; Oxkepena gaHux; HasuaHHa; PekomeHaauii 3 cymicHocTi; Maketw; |Hwe. AKWO 06paTh NyHKT MeHto
«Cepsicu», 31iBa BUHUKAE BKNagKa «PinbTpu». CepsicM MOXKHa 06MpaT 3a GinbTpamu B 3a1eXKHOCTI BiZ KaTeropiit. Hanpuknag,
KaTeropin «ETanu AocnigKeHHA» MiCTUTb TaKi MITKK, AK «BiglwyKaTn pe3ynbTati focnigkeHb», «O6pobKa i aHani3», «YnpaBniHHA
OaHUMK pocnigxeHb», «[ocTyn Ao obuymcnoBanbHUX pecypciB i npocTopy ansa 36epiraHHA»; «JocTyn A0 [OCAIAHULBKUX
iHbpacTpykTyp»; «Mybnikauis pe3ynbTaTtiB AochigKeHb»; «[ocTyn [0 HaBYa/NbHUX MaTepianiey»; «3HAWTU IHCTPYMEHTM i
o06nagHaHHA». HacTynHa BKNagKa oxontoe GpinbTpm focCTyny A0 cepsicie, MoXKHa 0bpaTu «BinbHMiA gocTyn», Toai 6yayTb obpaHi
Nivwe BiZIbHO MOLUMPIOBAHI cepsicK, HapewTi BKAagKa «HayKoBi ranysi» BCTAHOBAIOE GinbTpU NO ranysax, Ae MoXKHa 0bpaTu Ti
TUNK CcepBiciB, WO MiAXOAATb O/ KOHKPETHMX npeameTiB. Y Uit KaTeropii moxkHa obpatu «MpupoaHudi Hayku» (Hapasi y
HanaBHOCTI 34 cepsicK, AOCTYNHUX 418 BUKOPUCTAHHSA); «IHXKeHepis | TexHonorii» (12 cepsicis) Ta iHWi. Y nepeniky HEMae oOKpemo
ranysi «MaTematuka», Tomy, Wob niglwyKaTm HeobxigHi pecypcu, 3HOBY MepexoaAMmO B OCHOBHWMI KaTanor i Habupaemo
«MaTemaTtunKa» y cTpiyLi nowyky. Bucsitamnoca 460 nyHKTiB nporpamHoro 3abesneyeHHs, HasBHi y BinbHoMy gocTyni (Puc.1).
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3BaXKkatoum Ha iCHYBaHHA Pi3HUX MoAeNeit BUKOPUCTAaHHA XMAaPHUX CepBiCiB, BapPTO 3BEPHYTM yBary Ha BUBaXkeHuU BUBIp
HaMBINbL AOUINBHOMO pillEeHHSA, AKe NIAXOAUTb ANA KOXKHOro BUMNAAKY, A8 KOHKPETHO! cuTyauii, AK ANA KONEKTUBHOTO, TaK i
iHOMBIAYyanbHOTO KopucTyBaya. Bubip mogeni SaaS (nporpamHe 3abesneyeHHs SiIK CepBic) Yy LbOMY BigHOWEHHI MoXe 6yTn
06r'pyHTOBaHUIN TUM, WO Li cepBicyk € HalbiNbl AOCTYNHMMM, XO4a i NOTPebyloTb PeTeNbHOro aHanisy PUHKY Ta neaaroriyHo
BMBaXKeHOro BM60Opy NPOrpamHoro AoA4aTKy, 3a 4OMNOMOrol AKOro MOXHa 6y10 6 AocArTM NOTPIBHMX HaBYaNbHUX 360 HayKOBUX
uinen. Li 3acobn moxyTb 6yTU 3afisHi AK y AiANbHOCTI OKPEMOro BUMTENS, TaK i B iHAMBIAyanbHi abo KONEKTUMBHIN poboTi
NPOEKTHOI KOMaHAM. 30Kpema, AR NiATPUMYBaHHA POBOTM BipTyaNbHOrO HayKOBOTO/HAaBYaNbHOrO KO/IEKTUBY MOXKe 6yTu
BMKOPUCTaHe nporpamHe 3abesneyeHHs nakeTy nporpam MS Office 365, wo € 6€3KOWTOBHMM AN BUKOPUCTAHHA Y 3aKnagax
ocBiTh. [Jo cKnagy uboro nNakeTy Nporpam BXoAuTb cepsic MS Teams, AKMI f03BO/ISIE CTBOPIOBATU B LLbOMY CEPEA0BULLi MPOEKTHI
abo HaByanbHi rpynu, AoAaBaTM 40 HbOTO HeobXiaHI cepBicK, CTBOPIOBATH i 36epiraT eNeKTPOHHI pecypcu.

Y €BponencbKiii Xmapi BiAKpUTOI HayKM € y HasABHOCTI NporpamHe 3abe3neyeHHs HaBYaNbHOTO NPU3HAYEHHA PI3HUX
TUNIB, AKE MOXKe BYTM BUKOPWUCTAHO, HAaNPUKNAL, Y HaBY4aHHI MaTemMaTUKKU. Ane MoxHa AobupaTu cepsicu He nvwe B EOSC. Tum
6inblue, AKWO BOHM BigNoBifaloTb BUMOram QYHKLIOHaNbHOCTI | BinbHONOLWMpPHOBAHOCTI. [AnA BUMTENiB NPeAMETIB NPUPOAHNYO-
MaTEMATUYHOIO UMKIY MOXKe BYyTU KOpUCHUM XmapHuit cepsic CoCalc. Lle nporpamHe 3abe3neyeHHs Ana 34iNCHEHHA YNCN0BUX
06paxyHKiB Ta CUMBOJIbHMX NEPETBOPEHb, @ TAKOXK BidyanizaL,ii MaTeMaTUYHMUX CMiBBiAHOLWEHb | 3aKOHOMIPHOCTEN Y AaHMX, LLO €
[OCTYMHUM AK XMapHuiA cepsic (Popel, 2018).

Ona pobotn 3 CoCalc HeobxigHO onaHyBaTW MOYATKOBI HaBMYKK, AKi HabyBalTbCcA Ha NigroTtoBuil cTagii 4o
BMKOPUCTAHHA LbOro CepBicy, a came — BMITW 3apeeCcTpyBaTMCA i aBTOPU3YBaTUCA B CUCTEMI; HAaBUMTUCA CTBOPIOBATU OCBITHI
pecypcu; NpaLLoBaTHh 3 IMCTaMM sagews (BKNHOYAoUM HaNoLWKWPEHiLWi pexxmnmu, Ha ocHoBi moB: LaTeX, Python, HTML); s6yaysaTtu
Bifgeo, aydio, aHKeTH, rpadiynHi Gatnn B pecypcu sagews; CMiJIKyBaTUCA B YaTax HaBYa/NbHUX pecypcis i B pecypci sage-chat;
npauloBaTM 3 HaBYa/NbHUM Pecypcom Tuny tex; 3aBaHTaXKyBaTWM HOBi pecypcu 3 eNeKTPOHHWX HociiB. Ha HacTynHomy eTani
HeobxigHO Oyae onaHyBaTWM HaBMYKM peanisauii HayKoBO-AOCNIOHMX MPOEKTIB Ta HaBYa/bHO-HAYKOBWUX MPOEKTIB 3
BMKopucTaHHAM CoCalc (Popel, 2018).

OKpemMm acrnekToM TexHOoJOori3auii TMNiB HayKoBO-NeAaroriyHoil AifanbHOCTI € Bigbip Ta cucTtemaTtmsauia 3acobis
iHpOpPMaLHNX TexXHONO M, WO NPUAATHI ANA BUKOPWUCTAHHA Ha KOXKHOMY 3 eTaniB AoCniasKeHHs. Bigbip Ta 3actocyBaHHA
KOYKHOIO KOHKPEeTHOro 3acoby notpebye HayKOBO-METOAMYHOIO OnpaLtoBaHHA. MpaKTUyHe 3HAYEeHHA MaE y LibOMY acneKTi
BMABJIEHHA, aHaNi3, ONUC Ta XapaKTEPUCTUKA 3acobiB, AKi iCHYIOTb Ha HaW Yac Aaa NiATPUMYBAHHA TUX UM iHWKX Aii. MpoTe,
NPaKTUYHO HEMOX/IMBO OXONUTU B OAHI po60Ti 6araTOMipHUIA CNEKTP KOMN'IOTEPHMX TEXHOIOTI EKCNEPUMEHTY, WO NOCTIAHO
pO3BMBalOTLCA | BAOCKOHaNOOTLCA. 30Kpema, Y AocniaxeHHi (Marienko & Shyshkina, 2022) cepsicu €poneiicbkoi xmapu
BiAKpUTOI HayKkM Byno KnacudikoBaHo i AibpaHO BiANOBIAHO 40 OCHOBHMX €TaniB HAayYKOBOTO AOCAIAMEHHSA, TaKMX AK NOLIYK
HayKOBMX A)Kepen; NoAaHHA, Bidyanisauia i onpauloBaHHA AaHWUX; MNIATPUMYBAHHA CMibHOT Po6OTM NPOEKTHOI rpynu;
BMKOPWUCTAHHA CEPBICiB BE/IMKMX AaHUX; NOLIMPEHHSA | 0BroBOPEHHA pe3ynbTaTib.

MeToan HaB4YaHHA, WO AOUIJIbHO 3aCTOCOBYBATU Y XMapoO OPIEHTOBAHOMY CepefoBMLL Y MpoOLeci NiAroToBKM
neparoriyHMX Kaapis: MOACHHOBANbHO-IMOCTPATUBHUIA; 3aCBOEHHA NPAKTUYHUX 3HAHb; YACTKOBO-MOLWYKOBWUIA; NPOBAEMHUNA;
LOCNIAHULBKUIA.

dopmMu HaBYAHHSA Y XMAPO OPIEHTOBAHOMY OCBITHbO-HAaYKOBOMY CepenoBuLi: poboTa B rpynax; nekuii; akynbTaTmsu;
TPEHIHTOBI 3aHATTA; NPaKTUYHI | NTabopaTopHi poboTH; camocTiltHa poboTa; cemiHapu, BebiHapu, web-KoHdepeHU;i, ToACHEHHS i
iHOMBIAYaNbHI KOHCYAbTaL,i; pob0Ta y HaBYaZIbHUX i AOCAILHULBKMX MEPEXKHUX MPOEKTAX.

Cepep, iHHOBaLiiHMX GOPM HaBYaHHA, WO MOXKYTb OYTM peanisoBaHi svLWe y XMAapo OPiEHTOBAHOMY CepesoBML,
O0UiNbHO 3aCTOCOBYBATM KOMBIHOBAHMI TPEHIHT, B AKOMY NOEAHYIOTLCA OYHa | AUCTaHLiiHA dopmu poboTu.

3acobn PopmyBaHHA XMaApPO OPIEHTOBAHONO OCBITHbO-HAYKOBOrO CeEpeaoBMLLA: XMapPO OPIEHTOBaHI nnatdopmu i
cepsicu (Google Apps for Education; Microsoft Office 365; cneuianizoBaHe SaaS (CoCalc abo iH.); cepBicu 3aranbHOAOCTYMHOI
XMapu Ha 6asi IKT-nnatpopm (Amazon Web Services, Microsoft Azure abo iH.), cepsicM KopnopaTneBHoOi xmMapu Ha 6asi IKT-
nnatpopm (Microsoft Azure, Xen, WMWare abo iH.), cepBicv HayKOBO-OCBITHIX Mepex i iHppacTpyKTyp, 30Kkpema EBponeincbKoi
XMapw BigKputoi Hayku (EOSC).

OBrOBOPEHHA

3aBAAKN BUKOPUCTAHHIO XMapPHUX TEXHOOTI A MOXKHA CTBOPUTK NONidPYHKLiOHaNbHE HAaBYa/IbHe CepefoBULLE Ha EAMHIN
OCHOBI, 3aBAAKM YOMY BLAETbCA AOCAITM aKTMBI3aLji OCBITHbOro npouecy, popmysaTi y BUMTENiB MpPaBUIbHE CTAaBAEHHA A0
pob0oTKn, OpieHTYBaHHA Ta 06i3HAHICTb WOA0 PobOTU 3 HaBYANbHUMU NPOEKTaMM, ePEKTMBHO OMPaLbOBYBATU 3HAYHI obcArm
LAHWX i BiJOMOCTEN, paLLioOHaIbHO OPraHi3oBYBaTK Yac i HasABHI pecypcu, POo3ymiTu BigMiHHOCTI Pi3HMX MoAaeNiei BUKOPUCTaHHSA
XMapHWX TEeXHONOrIN Ta NPOEKTYBAaHHA XMapo OPIEHTOBAHUX CUCTEM BIAKPWUTOI HayKM AO1A BUPIWEHHA HaBYa/lbHUX YK
LOCNIAHWUUBKMX 334a4. BCi Wi HAaBMYKM € HeoBXiaAHMMM ANA NOBHOUHHOMO iCHYBaHHA i camopeanisauii MaibyTHboro daxisua B
iHpopMaLiiHOMY CyCniNbCTBI, LLLO CTaBUTb Nepes, Moro YJeHammu HOBI, Cy4acHi BUMOTU Ta MOXKINBOCTI 151 PO3BUTKY.

3arasiom MOXKHa BMOKPEMWTU KislbKa HanpsimiB YM rpyn TUMIB AisNbHOCTI, AKi BiAOyBalOTbCA Y XMApO OPiEHTOBaHOMY
cepefoBuLLi BIAKPUTOT HAyKM i NiATPUMYIOTLCA abo YMOMK/IMBAIOIOTLCA 3aBAAKM BUKOPUCTAHHIO BianoBigHMx IKT. Lle Taki ak:
rpynosa poboTa i MPOEKTHO-OpiEHTOBaHe HaByaHHA (Moxe MiaTPUMYBATUCA AK YHiBEpPCaNbHWMM, TaK i cneuianisoBaHUMM
XMapHUMK cepBicamm, Hanpuknag, MS Office 365, MS Teams abo iH.); 36epiraHHA, onpaLtoBaHHA, NOAAHHA i Bidyanisauia gaHux
(Hanpuknag, MS OneDrive, MS Power Bl abo iH.); OnpautoBaHHA BEAMKMX AaHWX (Hanpuknag, MS Power Bl abo iH.);
BMKOPWCTaHHA XMapHUX CEPBICiB BiAKPUTOI HayKM o5 PO3B’A3aHHA PiISHOMAHITHMX CreLiani3oBaHnX 3ajay AOCNigKeHHs, K B
iHAMBIAYyaNnbHOMY, TaK i KonekTMBHOMY pexkmmi (CoCalc abo iH.); Po3ropTaHHA i BUKOPUCTAHHA Pi3HOMaHITHOro cnewiafizoBaHoro
nporpamHoro 3abesneyeHHa y KOPNopaTUBHIM XMapi ANA KOMaHAHOT poboTu (BipTyanbHi mawmHu MS Azure, AWS abo iHwWi).

JocninskeHHs 30iMcHeHO y Meskax NPoeKTy HauioHanbHoro ¢oHAay aocniaskeHb YKpainn 2020.02/0310 3a Temoto «Xmapo
OpPIEHTOBAHI CUCTEMM BiZKPUTOI HAayKM Y HaBYaHHI i NpodecitHOMY PO3BUTKY BUMTENIBY.
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BUCHOBKU TA NEPCNEKTUBU NOAANBLUOIO AOCNIAKEHHA

BnpoBaaKeHHA XMapo OPIEHTOBAHUX CUCTEM BiAKPWUTOI HAyKM Yy MPOLEC HAaBYaHHA i NpodeciiHOro po3BUTKY BYMTENIB
CTBOPIOE YMOBM [/ MOKPALLEHHA pe3y/bTaTiB Lboro npouecy. MepcnekTMBHMMUM WAAXaMM iX 3aNpOBafKeHHA € TaKi, fAK:
NiATPUMYBAHHA rPynoBoi poboTU | NPOEKTHO-OPIEHTOBAHOIO HaBYaHHSA; 36epiraHHA, onpawoBaHHsA, NOAaHHA | Bidyanisauii AaHux
y NpoLEeci 34iNCHEHHA HAayYKOBMX | HAYKOBO-HaBYalbHUX AOCAIAKEHD; ONPALLIOBAHHA BEMKUX AaHWNX; PO3B’A3aHHA Pi3HOMAHITHUX
cneuianbHUX 3aa4 AOCAIAMKEHHA, AK B iIHAMBIAYaNbHOMY, TaK | KOJIEKTUBHOMY PEXKUMI.

MepcneKkTMBO NOJANbLUMX AOCNIAMKEHb € TeopeTuyHe OOrPYHTYBaHHA Ta Oinbll LWMpOKa anpobauia MeToauK
BMKOPWCTaHHA XMapHUX CePBIiCiB Ta TEXHO/IOTIH BiAKPUTOT HayKM Y HAyKOBIl OCBITi BUMTENIB.
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