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FORMATION OF THE CONCEPT OF ANGLE BY MEANS OF METRIC GEOMETRY ON GEOMETRIC MATERIAL OF 9TH GRADE

ABSTRACT

The work is to study the possibility of using the means of metric geometry for the formation of basic geometric concepts in the study of
geometry in secondary education. The use of metric geometry opens the way for students to get acquainted with the elements of
non-Euclidean geometries on both intuitive and axiomatic levels. In the paper, an alternative definition of the rectilinear
placement of points is given based on the definition of the numerical characteristic of the angle formed by the three points of the
metric space. With the help of numerical characteristics, it is easy to obtain definitions of right and straight angles. The material
presented in this paper can be used in geometry lessons starting from the 9th year and in extracurricular activities with students
studying in classes with in-depth mathematics learning.

Formulation of the problem. The material of this work relates mainly to the teaching of mathematics in classes with in-depth mathematics
learning. The current mathematical education state raises the question of the need to acquaint students with the basic concepts
and facts of non-Euclidean geometries. Doing this directly by referring to the actual material about such geometries is quite
difficult because of the significant level of its formalization. To address this issue, the authors offer to use the means of metric
geometry as the closest to the school course of geometry. It is offered to begin this work with the formation of generalized basic
geometric concepts and objects, such as a point, an angle, and a rectilinear placement of points.

Materials and methods. The results are based on the analysis of existing textbooks in mathematics for classes with in-depth study, textbooks
on geometry and mathematical analysis of higher education institutions, scientific publications and tested when reading the
relevant special course for students majoring in "014.04 Secondary Education (Mathematics)" master's degree.

Results. Based on the proposed definition of the angle as an ordered triple of points, analogs of classical geometric relations are obtained.
These analogues allow the demonstration of elements of non-Euclidean geometries by means of elementary geometry.

Conclusions. The analytical apparatus of metric geometry makes it possible to form a generalized understanding of basic geometric concepts,
such as point, angle, distance between points, rectilinear placement of points.

KEY WORDS: point, angle, distance, metric, metric space.

INTRODUCTION

The problem formulation. Geometry textbooks use two different definitions of a plane angle: as a set of two rays with a
common origin, and as part of a plane limited by these rays. In this paper, it is offered to supplement these definitions of the
angle, considering it as an ordered three points. This definition of angle makes it possible to use it to describe the concept of
rectilinear placement of points. In this case, it becomes possible to use the conceptual and analytical apparatus of metric
geometry to obtain relations of a geometric nature. A small number of simple axioms that can be described in words or written

© V. Kuz’mich, L. Kuzmich, A. Savchenko, 2021.
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analytically makes it possible to use metric geometry to form such basic geometric concepts as a point, distance, rectilinear
placement of points, an angle in the study of relevant material in the school geometry course. Also it is possible to consider these
concepts in a broader sense than it is accepted in existing school textbooks.

Recearch relevance. This work is a logical continuation of the work (Kuz’'mich, 2020) and is devoted to the possibility of
acquainting 9th grade students with the elements of non-Euclidean geometries based on metric geometry. The method of
studying the basic elements of non-Euclidean geometries (in particular, spherical geometry) has been considered by a number of
authors. For example, (Lénart 2020) studied the relationship between the concepts of "point" and "line" in different types of
geometries - spherical, hyperbolic and flat, by constructing an appropriate algebraic system (comparative geometry). The paper
(Lénart & Rybak, 2017) describes the approach to the use of comparative geometry in the school course of mathematics, within
the reform of mathematics education in Hungary.

The aim of the article. The aim of the research is to demonstrate the means of metric geometry, with the help of which
it is possible to form in pupils generalized notions of distance between points, rectilinear placement of points, angle. Such
concepts provide an opportunity to acquaint pupils with the elements of non-Euclidean geometries.

RESEARCH METHODS

The main method of research is to use the concept of metric space to formulate basic geometric concepts. The main
results of the study were obtained using three axioms of the distance between the points of the metric space. The paper uses
some geometric relationships with which 9th grade students are familiar, and it is shown that these relationships are performed
in an arbitrary metric space.

RESULTS

In this paper we consider several ways to form the concept of a flat angle. It should be noted that this concept is
ambiguous, and even in existing school textbooks in mathematics there are several definitions of angle.

In the "Elements" of Euclid, the following definition of angle is given: "A flat angle is the inclination of two lines that meet
in a plane with each other, but which are not placed on (one) line" (Mordukhay-Boltovskiy, 1948).

In current mathematics textbooks, when defining an angle, the geometric system of D. Hilbert is followed: “Let a be an
arbitrary plane, and let h, k be any two different rays in the plane a, emanating from the point O and belonging to different lines.
We call the system of these two rays h, k an angle and denote 2(h, k) or £(k, h)» (Hilbert, 1923).

In accordance with the definition in the textbook of mathematics for the fifth year the concept of angle is also considered
as a set of two rays with a common origin, it is emphasized that in writing the angle an order of letters is important (Merzlyak,
Polonsky & Yakir, 2018).

In the geometry textbook for the seventh grade the angle is understood as a part of the plane bounded by two rays with
a common origin (Merzlyak, Polonsky & Yakir, 2015).

Each of the concepts of angle above in our opinion can be used depending on the specific conditions of its usage. Namely,
the angle can be understood as a system of two rays with a common origin and as a part of the plane bounded by these rays. In
addition to these definitions it is offered to consider another definition of an angle, which does not require the concepts of a
straight line and a plane. To do this you need to turn to the means of metric geometry.

The basic concepts of metric geometry are the concept of a point as an element of some set 4 and the distance p between
two points x and y of the set A. The distance p(x, y) must satisfy with three axioms. This set of points is called a metric space
and is denoted by (4, p).

The axioms of distance are quite simple and understandable even for fifth graders. The first one requires the distance
between any two different points x and y of the set A be positive (p(x,y) > 0). The second axiom requires commutative
distance: the distance between any points x and y of the set 4 is the same as between the points y and x (o(x,y) = p(y, x)).
The third axiom of distance is called "triangle inequality". It requires the distance between any points x and z of the set A be no
greater than the sum of the distances from these points to any third point y of this set (p(x,z) < p(x,y) + p(y, 2)). If in the
inequality of a triangle the sign of inequality is replaced by the sign of equality (p(x, z) = p(x,y) + p(y, z)), in this case it is said
that the points x, y, z are rectilinearly placed in space (4, p), and the point y is between the points x and z (is internal to the
points x, y, z).

Consider the concept of angle formed by three different points of the metric space (Kuz’'mich, 2019). In the future, for
simplicity, we will consider all points as pairwise different. That is, all distances between points will be considered not equal to
zero.

Definition 1. Let x, y, z — be three different arbitrary points of the metric space (A, p). The ordered triple (x,y, z) of these
points will be called the angle with the vertex at the point y, and will be denoted as: £(x,y, z). Pairs of points (x,y) i (¥, z) in this
case will be called the sides of the angle.

This definition of angle is a logical complement to the two definitions mentioned above. That is, depending on the need,
the angle can be understood as a characteristic of the relative position of three points relative to one of them, and as a set of
rays with a common origin, and as part of the plane bounded by these rays. In this case, the rays can form a straight line, then
this angle is called expanded (Merzlyak, Polonsky & Yakir, 2018).

The numerical characteristic of the angle (angle measurement) is based on the uniform division of the expanded angle
into 180 equal parts (degrees) (Merzlyak, Polonsky & Yakir, 2018). Based on this division the angles are compared with each
other, indicating that equal angles have equal degrees. An angle whose degree is less than 90° is called acute, and an angle whose
degree is greater than 90° but less than 1800 is called obtuse (Merzlyak, Polonsky & Yakir, 2018). The equality of degree measures
of two angles is equivalent to the equality of these angles (Merzlyak, Polonsky & Yakir, 2015).

So finding the degree of the angle is based on the process of dividing the expanded angle at the level of the part by means
of geometry. Such a process will necessarily raise the question of its possibility.
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If we take a circle as the basis of a numerical measure of an angle, we obtain a radian measure of an angle. In this case,
the angle of one radian is called the central angle of the circle, based on an arc whose length is equal to the radius of the circle
(Merzlyak, Nomirovsky, Polonsky & Yakir, 2018). In this case, it is necessary to use the concept of a circle to measure the angle,
and again the question arises about the possibility of measuring, for example, a right angle.

In the case of defining an angle as an ordered triple of points in a metric space, it is easier to enter its numerical characteristic.
You can only use the distances between each pair of these points. This definition can be given on the basis of the cosine theorem,
which connects the cosine of the angle of a triangle with the lengths of its sides (Merzlyak, Polonsky & Yakir, 2017).

Definition 2. Let x, y, z — be three different arbitrary points of the metric space (A, p). The characteristic of the angle
2(x,y,z) (the angular characteristic) we call the real number ¢(x,y, z), which can be found as:

_ PP +pi(y.2)-p3(x.2)
o(x,y,2) = 2p(xy)p(y,2) (1)
From this definition it is easy to get the definition of the following angles. The “right angle” is called the angle 2(x,y, z)

for which the equality ¢(x, y,z) = 0 is right; “expanded angle” - the angle for which the equality ¢(x,y,z) = —1 is right; “zero
angle” - the angle for which the equality ¢ (x,y,z) = 1is right.
From Definition 2 you can get an estimate for the values of the angular characteristic.
Theorem 1. The characteristic of the angle £(x,y, z) satisfies the double inequality:
-1<¢(xyz) <1l
Indeed, using the axioms of the distance between the points of the metric space, we will have:
2 2 2
=gty =" G y) +p*0,2) = P70 2) _ "
2p(x, y)p(y, 2)
—2p(6,y)p(y,2) < p*(x,¥) + p*(v,2) — p*(x,2) < 2p(x,¥)p(¥, 2);
{ p?(0,y) + p*(y,2) — p?(x,2) < 2p(x,y)p(y,2),
=2p(Y)p(y,2) < p*(x,y) + p*(y,2) — p*(x, 2);
{(p(x, ¥)—p(,2)* < p*(x,2),
(p(x,y) + p(y,2))? = p*(x,2);
Extracting the square root of both parts of the inequalities, we have:
—p(x,2) < p(x,y) — p(y,2) < p(x,2); { pGy) —p(y.2) < plx,2),
pGy) +p(y.2) 2 p(x, 2), p(x,y) —p(y,z) 2 —p(x, 2);

p(x,y) +p(y,2) < —p(x,2); p(x,y) +p(y,2) = p(x,2);
p(x,y) —p(y,2) < p(x,2), p(x,y) < p(x,2) +p(,2),
p(x,y) —p(y,2) =2 —p(x,2), p(x,y) +p(x,2) = p(y,2),
p(x,y) +p(y,2) = p(x, 2); p(x,y) +p(y,2) = px,2).

Each of the inequalities of the obtained system is fulfilled due to the third axiom of the distance between the points of
the metric space - "inequalities of the triangle". Thus, the statement of the theorem is valid.

Using Definition 2, we can give an alternative definition of the rectilinear placement of three different points of the metric
space (Kuz’mich, 2019).

Definition 3. We will say that three different points x, y, z of the space A are arranged rectilinear, if for at least one of
these points (for example, for the point y) the equality holds:

0%(x,y,2) = 1. (2)

If we have a set of points, then it is natural to give the following definition of their rectilinear placement (Kuz’'mich, 2019).

Definition 4. We will say that the set of points of a metric space are rectilinearly placed if any three different points of this
set are rectilinearly placed.

Let’s show that Definition 3 is equivalent to the classical definition of a rectilinear placement of points. To do this, assume
that for three different points x, y, z of the metric space (4, p) the equality holds: p(x,z) = p(x,y) + p(y, 2). It means that
these points are rectilinearly placed in space (4, p) (Kagan, 1963; Dovgoshei & Dordovskii, 2009; Halushchak, 2016). Subtract
both parts of the equality to the square:

p?(x,2) = p*(x,y) + 2p(x, y)p(y,2) + p* (¥, 2).
Substituting this value in the right part of equation (1) we obtain:
PP y) +p*(y,2) — p*(x,2)

peoy2) = 2p(x,y)p(y,2)
_PPay +p’0.2) - (0 wy) + 2000 y)p(.2) +p2G02) |
2p(x,y)p(y,2) '

Therefore, equality (2) holds, and the points x, y, z are rectilinearly placed in the sense of Definition 3.
Let now for the points x, y, z of the space (4, p) the equality (2) from the Definition 3 holds. Then two cases are possible:
ox,y,z) =1lore(x,yz)=—-1.
Consider the first case when the equation is valid: ¢ (x,y,z) = 1. Then from equality (1) of Definition 2 we obtain the
equality:
p*(0,y) +p*(y,2) — p*(x,2)
2p(x,y)p(y,2)
p*(x,y) + p*(y,2) — p*(x,2) = 2p(x,y)p(y, 2);
(p(x,y) — p(y,2))* = p*(x, 2).
The last equality is equivalent to the combination of two equalities:
p(,y) —p(y,z) = p(x,2),
p(,y) —p(y,z) = —p(x, 2);

1;
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or a set of equations:
p(x,y) = p(x,2) + p(y,2) = p(x,2) + p(z,),
p(y,2) = p(x,¥) + p(x,2) = p(y,x) + p(x,2).

In both cases points x, y, z are rectilinearly placed in space (4, p), according to the classical definition (Kagan, 1963).
Moreover, in the first case, the point z lies between the points x and y, in the second - the point x is between y and z.

Now let the equation be right: ¢ (x,y,z) = —1. From equality (1) of Definition 2 we obtain the equality:

p?(x,y) +p*(y,2) — p*(x,2)
2p(x, y)p(y,2)
p*(x,¥) + p*(y,2) — p*(x,2) = =2p(x,y)p(¥,2);
(p(x,y) + p(y,2))* = p*(x, 2).
The last equality is equivalent to the combination of two equalities:
p(.y) +p(.2) = plx, 2),
p(x,y) +p(y,z) = —p(x,2).

From the first equality of the obtained set it follows that the points x, y, z are rectilinearly placed in space (4, p), and
point y is between x and z. The second equality of the population cannot be satisfied due to the first axiom of distance - distance
cannot be negative.

Finally, we obtain that both definitions of the rectilinear placement of the points of the metric space are equivalent to
each other.

From equality (1) of Definition 2 we can obtain some well-known classical facts concerning the geometry of Euclid. It is
interesting that their geometric meaning is not used. That is, these results are purely analytical in nature, and are the
consequences of the properties of the set of real numbers. In particular, from equality (1) it is easy to obtain an analogue of the
Pythagorean theorem for a right triangle (Kuz’'mich, & Savchenko, 2019).

Theorem 2. If for three different points x, y, z of the metric space (4, p) following equality is right: ¢(x,y,z) = 0, then
the equality holds:

—1;

p*(x,2) = p*(x,y) + p*(¥,2).

To prove this theorem, it suffices to put in equality (1): @(x,y,z) = 0, and to equate to zero the numerator of the right-
hand side of the equality. It is interesting that this result is valid in any metric space and therefore is a consequence of the
properties of the set of real numbers.

The following result is also valid in any metric space, that is, does not depend on the method of choosing the distance
between points in space (Kuz’mich, & Savchenko, 2019).

Theorem 3. For arbitrary three different points x, y, z of the space (4, p) following equality is right:

p(x,2) = p(x, Yo, x,2) + p(y, 2)p(x, 2, ¥). (3)

To prove equality (3) we use equality (1) Definition 2. Transforming the right part of equality (3), we obtain:

P, VoW, x,2) + p(y,2)p(x,2,y) =
p*(y,x) + p*(x,2) — p*(¥,2) () p’(x,2) +p*(z,y) — p*(x,y)
2p(y, x)p(x, z) Py 2p(x,2)p(z,) B
_ PP, x) +p*(x,2) — p?(y,2) + p*(x,2) + p*(z,y) — p*(x,y) _ 2p*(x,2) _
- 2p(x,z) T 2p(x,2)

Therefore, equality (3) holds. Note that it is an analogue of the well-known "projection formula" in Euclidean geometry
(Ponarin, 2004).

Despite the significant analogy of the obtained results with the corresponding facts of Euclidean geometry, the above
definition of the angle allows elements of non-Euclidean geometry. To make sure of this, consider a fairly simple example of a
metric space, the points of which are linear functions denoted by the interval [0; 1]. For the distance between the two functions
y = f(x) and y = g(x) let’s take the number:

=p(x,y)

p(x, 2).

p(f,g) = maxyeo;1lf (x) — gl (4)
With this choice of distance, the considered set of functions becomes a metric space (Kolmohorov, & Fomin, 1974).
Example 1. Let’s consider four functions: y; = x + 1, y, = x, y3 = x — 2, y, = —x. On the segment [0; 1] we find the

distances between these functions by formula (4):
P, Y2) = p12 =1, p(V1,¥3) = p13 = 3; PV, Va) = p1a = 3;

P(¥2,¥3) = P23 = 2; p(Y2,Y4) = p2a = 2; p(¥3,Y4) = p3s = 2.
These results are easy to illustrate on the coordinate plane (Fig. 1).

Yo
5 v =x+1
1 | ya=x

1

H X
o 1

|

Pove=—x
= D y

yy3=x—2

-2 Y

Fig. 1. Graphs of functions y4, ¥2, ¥3, ¥4
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From the obtained equations it follows that the points y,, y,, ¥3 are rectilinearly placed, because the equality is fulfilled:
P13 = P12 + p23 = 1+ 2 = 3. In this case, the point y, lies between the points y; and y;.

As in the Euclidean geometry, it should be expected that the angle 2(yy,¥,,y4) and the angle £(y3,¥2,Vs) will
complement each other to the expanded angle. To check this, we find the appropriate angular characteristics. By formula (1) of
Definition 2 will have:

_P122 + 03— Pia _1+4-9

= = _1.
OV, Y2, Ya) = P124 o 2 ;
©(V3,Y2,Ya) = P324 =p32+p24—p34 =4+4_4= 0,5
o 2p32024 8 '
Because of Definition 2 one should expect equality: @124 = —@324. However, it is not fulfilled. This indicates that the

Definition 1 of angle formed by three points of the metric space allows elements of non-Euclidean geometry. This fact indicates
the possibility of using such elements in the school course of mathematics.

DISCUSION

The results of the study were reported and discussed at several international scientific and practical conferences, in
particular, at the Xl International Conference on Mathematics, Science and Technological Education “ICon-MaSTEd 2020”
(Kuz’mich & Kuzmich, 2021). These results were tested at Kherson State University. First-year students of the master's level of
higher education in the specialty "014.04 Secondary Education (Mathematics)" were taught a special course on the elements of
metric geometry. The results of the analysis of the study of this discipline indicate a significant deepening of students'
understanding of the basics of geometry, its axiomatics. Almost two hundred years have passed since the first non-Euclidean
geometry (Lobachevsky's geometry), however, in the school course of mathematics, even in classes with in-depth study of
mathematics, it is still mentioned only historically (Merzlyak, Polonsky & Yakir, 2015). The essence of Lobachevsky's geometry
and other non-Euclidean geometries, their interpretations, remain inaccessible to students. The rapid development of metric
geometry in our time, the simplicity and accessibility of its axiomatics opens the possibility of acquainting students with the
simplest concepts of this geometry, the formation of generalized concepts of point, distance between points, straightness, angle,
plane. Such generalized concepts will ensure adequate students' perception of the basic provisions of non-Euclidean geometries.

The study of opportunities for pupils to get acquainted with the elements of non-Euclidean geometries is usually carried
out within the framework of non-formal education, using such forms as electives, special math classes and so on. Many
dissertation researches are devoted to this topic. In particular, pupils' acquaintance with the elements of Lobachevsky's geometry
and other non-Euclidean geometries was studied in detail (Gaybullayev, 1972; Martirosyan, 1973). The development of Euclidean
and non-Euclidean spatial representations in high school students was studied while studying the integrative elective course
"Introduction to Modern Geometry of the Universe" (Yermak, 1991), as well as the possibility of studying elements of
Lobachevsky's geometry at school (Titova, 2003). In addition, a theoretical justification of the possibility was made of acquainting
students with the elements of non-Euclidean geometries and methodological support of non-formal education. Practical
measures in this direction have led to the creation of elective programs in non-Euclidean geometries (Gorshkova & Titova, 2005;
Titova, 2006). When acquainting pupils with the elements of non-Euclidean geometries, Lénart's approach can be useful,
proposing to study the properties of plane and spherical geometry by means of comparative geometry, through direct
experiments with practical tools (Lénart, 2005; Lénart, 2021).

CONCLUSIONS AND PROSPECTS OF FURTHER RESEARCH

The above material indicates the possibility of mastering the basic concepts of non-Euclidean geometries by students
studying in classes with in-depth study of mathematics. At the basic level, these concepts can be learned intuitively using their
description, characteristics of the main properties and giving relevant examples. At the profile level, you can enter the distance
axioms between the points of the metric space, examples of metric spaces and the corresponding numerical characteristics of
basic geometric concepts.

In the further research it is necessary to continue in the direction of studying properties of flat arrangement of points,
using thus definition of the angle formed by three points of metric space.
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®OPMYBAHHSA NOHATTA KYTA 3ACOEAMUW METPUYHOI FTEOMETPIi HA TEOMETPUYHOMY MATEPIANI 9 KNACY
B.I. Kysbmuy, /1.B. Kysbmud, O.I'. Cag4yeHKo
XepcoHcbKkuli OepxcasHuli yHisepcumem, YKpaiHa

AHomayia. Poboma noss2ae y BUBYEHHIO MOXAUBOCMI 3ACMOCYB8AHHA 3acobie mempuyHoi eeomempii 018 (POPMYyB8AHHA OCHOBHUX
2eo0MempuYHUX MOHAMb MPU 8UBYEHHI 2eoMmempii' y 3aKknadax cepedHboi ocgimu. BukopucmaHHA mempu4Hoi eeomempii 8idKpusae
wax 00 3Haliomcmea y4YHie 3 enemMeHMamu HeesKknidosux eeomempili AK HA iIHMYIMUBHOMY, MAK | HA AKCIOMAMUYHOMY PiBHAX. Y
pobomi, Ha OCHOBIi 03HAYEHHA YUCN0B0I XAPAKMEPUCMUKU Kymd YmeopeHo20 mpboMa MOYKAMU Mempu4HO20 npocmopy, 0aHO
asbmepHamueHe 03HA4YeHHS MPAMOIHIIHO20 pPO3MileHHA mMOYoK. 3a OO0MOMO20K0 YUC/080I XAPAKMEePUCMUKU e2Ko
OMPUMYIOMbLCA 03HAYEHHA MPAMO20 Ma po320pHYmMo20 Kymis. HaseedeHuli y pobomi mamepian MoxHa sukopucmosyeamu Ha
ypoKax 2eomempii Mo4yuHaro4u 3 9-20 Kaacy, ma y rno3akaacHili pobomi 3 y4HAMU AKi HABYAIOMbLCA Yy KaAacax 3 noaaubneHum
8UBYEHHAM MAMeMamuKu.

®opmynoeaHHa npobaemu. Mamepian daHoi pobomu cmMocyemoCs, y OCHOBHOMY, BUKAAOAHHA MAMEeMAmuKu y KAacax 3 nozaubaeHum
sus4eHHAM mamemamuku. Cy4acHuli cmaH mamemamu4Hoi 0ceimu cmasume MUMAHHA PO HeobXiOHiCMb 03HAliOMsIeHHA Y4Hie 3
OCHOBHUMU MOHAMMAMU ma hakmamu HeesKknidosux 2eomempiti. 3pobumu ye 6e3nocepedHbO 38epmarovucs 00 aKkmu4Ho20
mamepiany makux 2eomempiti 0ocums CKAAOHO, 38aX(ar0YU Ha 3Ha4YHull piseHs (io2o popmanizauii. ¥ daHili pobomi, 0515 supiwieHHA
U4b020 MUMAHHA A8MOPU MPOMOHYMb BUKOPUCMAMU 3acobu mempu4Hoi 2eomempii, Ak Halibinbw HabauxeHoi 00 WKinbHo20
Kypcy 2eomempii. [pornoHyemoca posnoyamu yto pobomy 3 popMyB8aHHA y3a2asnbHEHUX OCHOBHUX 2e0MempPu4HUX NOHAMb ma
06’eKmis, MaKux K Mo4Ka, Kym, npamosniHiliHe po3miueHHs MOYOK.

Mamepianu i Memodu. Pe3ysemamu pobomu ompumaHi Ha nidcmasi aHani3y Oito4ux NiOpy4YHUKI8 3 MamemMamuku 0717 KAacie 3 noaaubaeHum
i sug4yeHHAM, MNiOpyYHUKiI8 3 2eomempii ma mMamemMamuyHO20 aHanizy 3aknadie euwoi oceimu, Haykosux nybaikayili ma
anpobosaHi npu YumaxHi 8i0NosioHo20 crieykypcy cmydeHmam cneuianeHocmi «014.04 CepedHs ocsima (Mamemamuka)»
MazicmepcbKo20 pigHA sUWOi oceimu.

Pe3ynemamu. Ha 0cHO8i 3arponoHO8aHo20 03HAYEeHHA Kyma AK yrnopA0Kos8aHoi mpiliku moYyoK ompumMaHi aHan02u KAACUYHUX 2e0MeMPUYHUX
cniegioHoweHs. Lli aHanozau Oonyckarome O0eMOHCMPAuito esnemeHmie Heesknidosux 2eomempili 3acobamu esnemeHMapHoI
2eomempii.

BucHosKu. AHanimuyHuli anapam mempu4Hoi 2zeomempii 0ae Moxcausicme cihopmysamu y3azanbHeHe PO3YMiHHA OCHOBHUX 2e0MempPuvHUX
MOHAMb, MAKUX AK MOYKA, Kym, 8i0CMaHb MiX MOYKAMU, NPAMOAIHIUHE PO3MIiUjeHHA MOYOK.

Knrovosi cnosa: mouka, Kym, 8idcmans, mMempuKa, mempu4Huli npocmip.

This work is licensed under Creative Commons Attribution-NonCommercial-ShareAlike 4.0 International License.
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NON-FORMAL CIVIC EDUCATION OF YOUTH THROUGH PARTICIPATIVE ART PRACTICES

ABSTRACT

Formulation of the problem. Due to the relevance of civic education for young people, in particular high school students, an integrated course
of Civic Education was included in the main curriculum. However, there is a problem of lack of a holistic approach, a system of
motivation to study the subject, and formal education’s limited resources. There is currently a need to intensify civic education
through the involvement of the students in practice. The performance of the course and the level of civic education will increase
significantly if it is implemented in addition to formal education, in a non-formal one. The article answers the question of how to
make the process of training an active citizen more integral and more efficient.

Materials and methods. The experience of Ukrainian public organizations in the implementation of civic education projects through
participatory artistic practices is used. The analysis of pedagogical, sociological, and scientific-methodological literature on the
education of civic position of youth in the system of formal and non-formal education is applied.

Results. The model of participatory artistic practices is described as a modern tool of civic education and civic action in terms of their multi-
agent structure, which includes the cooperation of students, educators, artists, school administration, local government
representatives, the general community. The methods and approaches to civic education programs are presented. The
organizational algorithm of the participatory art practice with elements of civic education is specified.

Conclusions. The existing integrated curriculum for Civic Education, implemented in the tenth grade, needs practical support through the field
of non-formal education. This possibility is provided by the algorithms of civic education projects through participatory artistic
practices that are implemented in extracurricular time. The introduced cases show the high efficiency of such practices in ensuring
the civic competencies of young people. Participation in such practices provides students with the formation of cross-cutting
competencies, which are revealed through social activity, social responsibility, tolerance, the ability to advocate their thoughts
and positions, the ability to interact both horizontally and vertically.

KEY WORDS: civic education, participatory art practices, non-formal education, civic competencies, activity approach.

INTRODUCTION

Problem statement. Societal demand for civic education faces the problem of the lack of a systematic approach to
providing civic education to young people, in particular high school students. The problem is related to scientific and
methodological tasks in a search of finding tools of educational influence for the formation of a conscious and active citizen. The
relevance of the article lies in the timeliness of the study of formal and non-formal education interaction, to improve civic
education efficiency.

Analysis of current research. Actual problems of political culture and civic education in Ukraine are covered in the works
of N. Amelchenko, O. Batishcheva, O. Burau, |. Zhadan, I. lvanyuk, S. Kiselyova, M. Smirnova and others. At the institutional level,
the Ministry of Education and Science of Ukraine, non-governmental foundations and organizations represented in Ukraine (the
International Renaissance Foundation, the Europe XXI Foundation, the Council for International Studies and Exchanges (IREX),
USAID and others) take care of the problem. Despite a large number of studies, such issues as the integrity of the system of formal
and non-formal civic education and the increasing interest of young people in the formation of civic competencies remain
unresolved.

The purpose of the article is to highlight the methodology of non-formal civic education through participatory artistic
practices, which can be effectively applied in extracurricular activities to increase the efficiency of the formal program and provide
practical experience of active citizenship.

© R. Mylenkova, 2021.
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RESEARCH METHODS

In the process of the presented exploratory development, methods of analysis of pedagogical, methodical literature and
scientific researches were used; generalization of results of domestic and foreign experience was carried out; empirical modelling
of multiagent participatory artistic practise with elements of civic education was implemented. This study was conducted as part
of exploring the role of non-formal education in the training of active citizens.

RESULTS OF RESEARCH

The essence of civic education is to form a civic position and common values of freedom, tolerance and non-discrimination
at different levels and through different types of education.

Nowadays, when violent border changes, terrorist acts and pandemic quarantine restrictions have been taking place in
recent years, calling into question fundamental freedoms, democratic values and respect for the rule of law and human rights.
Therefore, the importance of civic education of young people becomes even more relevant in such new socio-economic contexts.

Schooling institutions play an important role in education not only in terms of the formal curriculum but also in terms of
life skills. One of the most important missions of educational institutions is to teach how to be active members of a democratic
society.

Civic education takes on an institutional function - to create a mature informed electorate and to form an active citizen.
Civic Education Course is interdisciplinary, as it integrates numerous skills and competencies that will be applied throughout life
in the planes of an individual, a citizen, a specialist.

It is necessary to determine the essence and content of civic education. In democratic countries, the conscious civic
activity requires knowledge of history, understanding of the principles and foundations of democracy, motivation to participate
in civic, state and democratic processes. At the procedural level, civic involvement in solving public problems, as well as in
supporting, strengthening and improving the community and society, is demonstrated.

In general, the directions of such education can be divided into civic education by information content (awareness) and
by methods that should contribute to the formation of skills (participatory, critical thinking skills, advocacy, etc.).

In the formal Ukrainian school, an integrated course in civic education was introduced in the 10th grade. "The tasks of
civic education, according to the course program, (Hromadyanska osvita, 2018) are to provide purposeful preparation of high
school students for functioning in the system of social relations of the multivariate world, globalization, social interaction and
active responsible participation in social activities."

Among the expected results of this formal course are the formations of cross-cutting competencies in the blocks "Civil
Responsibility", "Environmental Security and Sustainable Development", "Health and Safety", "Entrepreneurship and Financial
Literacy".

These themes reflect socially and personally relevant ideas, in particular those that contribute to the realization of the
Sustainable Development Goals. Thus, through formal education (given the limit on the number of teaching hours), students
acquire mostly informational and content componenti of civic education, which promotes awareness. Also in the formal program,
an emphasis is placed on the legal aspects of civil coexistence (Amelchenko. 2017).

However, the methodological basis of the course includes a competency approach as the main one. Undoubtedly,
competencies are built through activities, and the basic principles of civic education are the principles of activity and participation.
That is why it is necessary to consider extracurricular activities as an underestimated resource for civic education. Extracurricular
time, providing more opportunities and fewer restrictions, becomes an effective format, the use of which requires the educator
to build a motivational system. Usually, motivational measures become sufficient when students create a sense of involvement,
participation, influence, social significance, and so on.

Non the less, at this stage it is also possible to add a formal motivation component - such as facilitating participants with
high-level organizational support, certificates and diplomas for participation in projects that will be able to replenish students'
CVs in the future, provide important points to cover letters, which significantly increase their marketability.

An informal approach to teaching civic education is manifested in both the form and content of projects. Refined
information about electoral processes and the state system is not always of interest to students, because in the upper grades of
secondary school they are not yet directly involved in the electoral process and have few tools to influence state and political
processes in the country. Therefore, non-formal education, using more pedagogical forms and tools, becomes a practical
reinforcement of a formal course in civic education through involvement in volunteer activities, engagement in creative
participatory projects. Informal forms are more flexible in the selection of participants in educational groups - they open up more
opportunities for inclusion, which realizes the basic values of civic education of young people.

Participatory art practices, known in many countries as Community public art, are an effective tool for civic education to
gain experience. The range of such projects is revealed through several directions from performative actions (drama,
choreography, concerts and other performances), digital projects (informative, educational, agitation, entertaining), architectural
and visual (from the creation of objects to the realization of graffiti, murals, decorations of urban locations, etc.).

Participatory artistic practices (community public art, community-engaged art) are just beginning to be implemented in
Ukraine. However, their history proves the effectiveness of the methods. Such practices have become the most common means
of civic education in countries where a significant stratification of society has taken place long ago - on the principles of racial,
social, political, gender, physical and intellectual differences. Societies that need to implement the principles of understanding
and reconciliation are actively using community public art to work with young people. In particular, in the United States, such
projects have the institutional support of government agencies and foundations such as the National Endowment for the Arts,
Americans for the Arts and others.

By its definition, participatory art (dialogue art, engaging art, collaborative art, collective art) is determined by the fact
that the process of creating objects involves a wide community, usually, a group that is united by a certain feature (national,
racial, gender, cultural, ideological, etc.). The presence of participatory art on the streets indicates the possibility of free
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expression of groups whose messages have not been verbalized, which means that they have been given a platform for free
expression and demonstrate their civic position. In this case, participatory art is not a material object, but the social and
educational situation and the event itself.

It should be noted that public art is a means of communication. This means that the artistic expression of the group is not
one-sided, it is actualized through feedback from the audience. This response is important not only because it demonstrates
public sentiment and can be indicative for the analysis of the stated problem, but also provides material for the interpretation
and improvement of further educational projects.

Situations, when participatory artistic practices become an effective tool for influencing society, are defined as (Framing
community - a community-engaged art workbook, 2016):

- times of turning points, in a society that needs memorialization;

- the need for self-expression of socially marginalized communities;

- the need to combat stereotypes and stigmas;

- building a dialogue about the differences of social groups;

- establishing public relations:
return of social spaces;
collection and transmission of unpublished (not told publicly) stories;

- transmission or creative revision of cultural traditions;
- expansion of social activity and increase active citizenship;
stimulation or mobilization of social action on a specific situation or problem.

In the context of this article, we speak of participatory artistic practices not as spontaneous creative interventions in
public space, but exclusively as a multi-agent model of civic education. By multi-agent structure, we mean fruitful cooperation of
educators (curators, teachers, assistants), artists who work with a group of participants, social (or political) consultants,
representatives of local governments and artistic experts in the field chosen for the project.

The content load of such practices in educational blocks can be done on such modules.

1. Education for the formation of responsibility for public utterances (whether verbal or visual utterance, intentional or
accidental, it leaves an information mark on the canvas of the city and society). Teaching this component includes the
development of critical thinking and social analysis, the formation of civic responsibility, prognosis skills and the articulation of
long-term goals.

2. Making a civic statement that will be placed in public space (this stage requires immersion on the one hand in the social
context of the city, its history, on the other hand - structuring a specific message of a group of students). The experience of project
implementation shows the following main messages of inclusive groups: ‘Our dreams are the same as yours!” ‘We are not
chimaeras, we want you to notice us!” ‘We live in the same city, it should be equally convenient for us and you’.

3. Work on the ideas’ visualization, the transformation of verbal units into symbols (consists of an artistic message, which
will then be seen by citizens). This stage becomes the most emotionally motivating one. It includes both individual creativity but
also teaches tolerance for the opinions of others, the ability to work in a team as a model of society.

4. The advocacy phase of the project is the most responsible of the participants. Ideas need protection not only on a
horizontal level - in front of partners, but also on a vertical level - in front of the administration of educational institutions, the
community, local governments. In this way, participants gain experience in negotiating, interacting with the authorities, justifying
and defending their projects, resolving conflicts, advocating and promoting results.

5. Participation in the implementation of the artistic part of the practice. This stage corresponds to the principles of
activity, civic participation, responsibility, forms the skills of participation in social processes. Authority delegation is also an
important skill. At the stage of realization of a mural, a fresco, graffiti, restrictions on participation may appear — either due to
low accessibility of space, or due to compliance with safety rules, or due to organizational (such as pandemic) restrictions. The
ability to delegate participation to individual participants and to exercise reasonable control over the work of delegates is a
necessary competence and experience for participation in further democratic processes.

6. Presentation of the project to the community (residents of the neighborhood, communities interested in the topic or
those who are a direct or indirect target audience). This stage provides skills development, like advocacy, public speaking, project
lobbying. Young people learn to be agents of social influence, social change, become public figures, interact with the media. The
final stage is also important for the analysis of project success, quantitative and qualitative analysis of the processes (gender
balance of participants, project inclusiveness, availability of results to the general public, analysis of conflict situations and crisis
management, etc.).

Methodologically, participatory practices in civic education through art can be classified as a case study, as they usually
focus on solving a certain socially relevant problem, which is holistically considered by the participants. In the process of learning
and working, they receive information, tools and experience to solve problems. Such experience is embedded in a case, or
algorithm, which can become a model for the further civic activity of young people.

Civic education of young people through participatory artistic practices as a purposeful social activity is realized on the
principles of mutual respect, cooperation, inclusiveness, voluntary and selfless contribution.

These principles become most relevant in times of pandemic restrictions when their observance becomes under threat
because much of the educational process and creative interaction takes place online and not all aspects of interaction are
transparent to the general public.

The multi-agent nature of civic education practices through art is the interdependent interaction of educators, artists,
groups of participants and their teachers (and guardians), school management, local governments, the community living where
the project is implemented

The role of educators is to organize the process so that at each stage the main task is performed - the formation of skills
that are basic for the citizen.
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The role of the artist is to aesthetically reflect the ideas and images proposed by the creative team.

The role of teachers and assistants is to support the ongoing communication process between all process agents. The role
of administrative bodies is in the project’s administration and control of its legitimacy, documentation, procedural compliance,
etc. Thus, only in fruitful interaction do projects become effective from the inside and visible from the outside - for the general
public.

The function of providing non-formal civic education can be taken over by educational public organizations. Currently,
their activities in the field of education are confirmed by membership in the "Ukrainian Association of Adult Education”,
methodological support of international educational institutions, and certification of certain educational programs. Non-formal
education does not provide comprehensive knowledge or full skills development. However, while not limited to a rigid curriculum,
it offers more flexible forms, methods, and approaches that become more student-centered.

DISCUSSION

Examples of such practices in the city of Sumy are the mural on the wall of the Secondary School Ne1, the image on the
wall of a Specialized School for Children who Need Correction of Physical and Mental Condition, the project "City of Content",
the fresco "City of Flowers" in the city centre, fresco "Chimeras", made by a group of people with disabilities.

The “City of Content” project (Misto Zmistu, 2019) was the most measurable for interpretation, as several questionnaires
and surveys were conducted during the registration and selection of participants.

The results showed a gender imbalance of participants with a predominance of women (65%), and low inclusion (5%),
however, a high level of group participation — not individual participation, but with family, class, teachers, group, etc. (74%). In
general, the results correspond to the statistics of involvement in the social life of the people of Ukraine, although they leave
room for influence in the selection of participants.

The subject content was also analyzed in the presented works. Most of them were patriotic at the national level - 65%,
historical about the city and its cultural aspects - 18%, identifying (who declare their membership in a group or organization) -
10%, and only 7% can be defined as those who have an entertaining format. These data indicate a high level of social involvement,
patriotism and socio-political awareness of the participants because in preparation for the project they study the contexts of
social coexistence and independently determine the points of influence on it.

However, the algorithms are not rigid and similar to all the case studies.

Working in inclusive participatory art projects requires the specifics of interaction, as well as the presence of another
agent - a teacher-assistant of a child with disabilities. Participants are involved in most of these projects only at the stage of
discussion and sketching, while the implementation of the mural is carried out by experts based on the ideas and
recommendations of the participants. Messages from such projects can be presented following the example of the inclusive
Chimera project (supported by the International ‘Renaissance’ Foundation, 2021): ‘You don't see us’, ‘We exist’, ‘We are different,
but we feel the same’, ‘See us, hear us’, ‘We are not chimaeras, we are real people’. Such statements to society through artistic
practices can also be a valuable contribution to community development, building accessible locations, changing public attitudes
towards people with disabilities. Thus, similar projects for inclusive groups have two directions. The first is the civic education of
the participants themselves. The second is to help society in defragmenting social ties, removing people with disabilities from
social reservations.

Demonstrably, the implementation of participatory projects in civic education requires professional training of educators
and other agents of influence and organization, adherence to the principle of participation and activity, building a communication
system at the horizontal and vertical levels.

CONCLUSIONS AND PROSPECTS FOR A FURTHER RESEARCH

Summarizing the above material, it can be noted that non-formal civic education is a necessary element of citizen training.
The importance of non-formal education is that it increases motivation for civic education, activities and further social
participation. The community benefits with a wide impact - new social ties are built through projects and social capital is
increased.

Thus, participatory artistic practices with elements of civic activity are an effective tool for civic action and the formation
of civic competencies.

However, the question of measuring such competencies and analyzing their components is still urgent. The prospects for
further research are seen in the development of a system for measuring the civic competencies of young people.
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HE®POPMAJIbHA TPOMAOAHCBKA OCBITA MO1041 YEPE3 NAPTUUUNATUBHI MUCTELbKI MPAKTUKU
P.B. MuneHKkosea
Cymcokuli depxcasHuli yHisepcumem, YKpaiHa
AHOomayis.

MocmaHoska npobaemu. Y 38°A3Ky 3 AKMyanbHICMIO 2pOMAOAHCLKOI 0c8imu Mos100i, 30Kpema y4Hie cmapwux Kaacie, 00 OCHOBHOI HABYAMbHOT

npozpamu 6yn0 eHeceHo iHmMezposaHuli Kypc 3 2pomMadAaHCbKOi oceimu. [Ipome, BUHUKAE Npobema 8idcymHocmi yinicHo2o nioxody,
cucmemu momusayii do eusvyeHHs npedmemy, obmexeHocmi pecypcie ¢opmanbHoi oceimu. Hapasi icHye nompeba 6
iHmeHcugikayii epomadsHceKoi ocgimu 4Yepe3 3anyyeHHA 00 MAPAKMUYHOI OisabHocmi. EgpekmusHicmes Kypcy ma pieHsA
2POMAOAHCbKOI 0c8imu 3HAYHO MiGBUWUMBCA, AKWO B80HA byde peanizysamucb Kpim cgepu ¢opmanbHOi ocgimu, makox y
HegpopmaneHil. Cmamms 8idnosidae Ha NUMAHHSA, AK 3pobumu npoyec Ni020MoB8KU GKMUBHO20 2POMAOAHUHA YinicHUM i Binew
eghekmusHUM.

Mamepianu i memodu. BukopucmaHo 00c8i0 yKpaiHCbKUX 2poMadCcbKux opaaHiszayili y peanisauyii npoekmis 3 2pomadsaHcbKoi oceimu yepes

napmuyunamueHi MucmeybKi MPaKmMuKu. 3acmoco8aHo aHaniz nedazoeiyHol, couyionoeiyHoi ma HayKoso-memodoso2iyHoi
simepamypu w000 8UX0BAHHA 2POMAOAHCLKOI MO3UYii M0s100i 8 cucmemi hopmanbHOi ma HegpopmasbHOI ocgimu.

Pesynemamu. [lpedcmasseHo MoOesnb NAPMUUUNAMUBHUX XYOOXCHIX MPAKMUK AK Cy4acHo20 iHCMpymeHmy 2poMaodAaHCbKoI oceimu i

2POMAOAHCLKOI Oii, AKi peanizylomscsa 30 ymMos ix MysbmuazeHmHoi CmpyKmypu, Wo 8KAKOYAE Cisnpayto mux, Xmo Ha84yaemscs,
edykamopis, XyOOMcHUKi8, aOMiHicmpauyito 3aknady oceimu, npedcmasHUKie Op2aHi8 Micyeso20 CamMoBPAOYBAHHS, WUPOKY
epomady. OnucaHo memodu i nidxodu 00 peani3ayii 3axodie 8 Mexcax npo2pamu 3 2pPomadsaHCbKoi ocgimu. OKpecneHo
opeaHizauyiliHul anzopumm NapmMuyunamMueHUx MUcCmeybKUX NPAaKmMuK 3 e1emeHmamu 2poMadfaHCbKOI oceimu.

BucHOBKU. IcHyo4a iHMe2posaHa Ha8YAbHA NPO2PaMa 3 2POMAGAHCLKOI 0ceimu, enposadxceHa 8 decAmomy Kaaci, mompebye NPakmMu4yHo20

nidkpinneHHa yepes cghepy HeghopmanbHoi ocsimu. TaKy Mmoxausicme HAOAOMb aA20PUMMU POEKMI8 3 2pPOMAGAHCLKOI ocsimu
yepe3 napmuyunamusHi XyOOX(Hi MPAKMUKU, AKI peaniaylomecs y Mo3aHas4yasnbHUl 4yac. YnposadyceHi 00 npakmuku Kelicu
MOKA3ylomb  BUCOKY eheKmueHicmb MmaKkux MpaKkmuk y 3abe3nedyeHHi 2pomMadAHCbKUX KommemeHmHocmeli mMonoodi. [Mpu
30CMOCY8aHHI KOMIMNAEKCHo20 nidxody 00 2pomMadAHCLKOI ocsimu yepe3 06°€OHAHHA (hopManbHOI | HehopmManbHOI OceiMHix
cucmem, hopmMyBaHHA AKMUBHO20 2pOMAOAHUHA 30ilicHIOEMbCA binbW egekmusHo i 3abe3nevye HA Minbku iHpopmayiliHy
cKknaoosy, ane U OifAnbHICHY. Y4acme y maKkux NpakmuKkax 3abe3neyye yyHAM hopmyeaHHs HACKPI3HUX KomrnemeHmHocmel, AKi
PO3KPUBAIOMbLCA Yepes CouianbHy AKMuUBHICMb, couiasbHy 8i0nosidasnbHicms, mosaepaHmHicms, 30amHicmes 00 a08oKayii 871ACHUX
OyMOK i no3uyiti, BMiHHA 830EMOOiAMU AK HQ 20pU30HMAAbHOMY PiBHI, MAK i HO 8EPMUKAAbHO-IEPAPXiIYHOMY.

Kntouosi cnosa: zpomadsaHCceKa ocsima, napmuyunamusHi MmucmeysbKi NpakmuKku, HedhopmasneHa oceima, 2pOMAOAHCbKI KomnemeHmHocmi,

dianeHicHUl nioxio.

This work is licensed under Creative Commons Attribution-NonCommercial-ShareAlike 4.0 International License.
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CONCEPTUAL AND TERMINOLOGICAL APPARATUS OF PROBLEM RESEARCH OF INNOVATIVE CULTURE DEVELOPMENT
OF THE FUTURE MANAGER OF THE GENERAL SECONDARY EDUCATIONAL INSTITUTION IN THE MASTER’S TRAINING PROCESS

ABSTRACT

Formulation of the problem. The need for a categorical interpretation of the thesaurus is due to methodological priorities for scientific,
objectivity, systemic, integrity, unity, complexity and logic of the study. The correctness of the use of relevant concepts and
categories is determined by the accuracy of their definitions, fully depends on the verification of the presented innovative culture
concept of the leader. Consequently, there is a need for a comprehensive research analysis of conceptual and terminological
apparatus of problem research of innovative culture development of the future manager of the general secondary educational
institution in the master’s training process.

Materials and Methods: Solving the highlighted aim, a set of methods of scientific research adequate to them were used, theoretical: a
comparative analysis of conceptual and terminological apparatus of problem research of innovative culture development of the
future manager of the general secondary educational institution in the master’s training process; a systematic analysis of
conceptual and terminological apparatus of problem research of innovative culture development of the future manager of the
general secondary educational institution in the master’s training process.

Results. The article presents the innovation culture development of the future manager of general secondary educational institution as a
systematically organized, respectively providing process in master's training, determined by the needs of society, state and
customers of educational services and institutionalized, which substantiates the relationship and interdependence of innovation
culture, which correlate with the content and pedagogically appropriate methodological systems of professional training at higher
education. It is determined the IC development of the future manager of general secondary educational institution.

Conclusions. Thus, modern theories of social development make it possible to identify the specifics of the innovative culture development and
give grounds to conclude that the innovation and innovation culture development is a natural, necessary, historically determined
and self-organized process of objectification and institutionalization of innovative content at the social and individual levels. It is
important to understand that the emergence of innovation and innovation culture is possible only if the dialectical and synergetic
nature of life is taken into account. For the innovation culture development is exceptional importance the openness of educational
systems, the presence of the environment and mechanisms for the natural struggle of contradictory and opposing forces, the
absence of authoritarian and artificial interference in the institutionalization of innovation culture.

KEY WORDS: innovation, culture, innovative culture, society, personality, manager, general secondary educational institution, master’s
training process.
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INTRODUCTION

Substantiation of theoretical-conceptual and methodical bases of development of the IC of the future manager of general
secondary educational institution in the master’s training process needs the analysis of leading definitions of research. First of
all, we are talking about the concepts of “innovation”, “culture”, “innovative culture”, “innovative culture of personality”,
“innovative culture of the future manager of general secondary educational institution”, “development”, “development of
innovative culture of the future manager of general secondary educational institution” etc. The need for a categorical
interpretation of the thesaurus is due to methodological priorities for scientific, objectivity, systemic, integrity, unity, complexity
and logic of the study. The correctness of the use of relevant concepts and categories is determined by the accuracy of their
definitions, because it is from what we mean by one or another concept, fully depends on the verification of the presented
concept of innovative culture of the leader.

Consequently, there is a need for a comprehensive research analysis of conceptual and terminological apparatus of
problem research of innovative culture development of the future manager of the general secondary educational institution in
the master’s training process.

ANALYSIS OF RELEVANT RESEARCH

The definition of the term “innovative culture of personality” is one of the most pressing debatable interdisciplinary
problems, due to its complex nature. This category consists of two universals, each of which has a different interpretation
depending on the field of knowledge (philosophy, culturology, pedagogy, sociology, psychology, etc.). Scientists, comprehending
the individual aspect of the studied phenomenon, present their own definitions, within which certain essential characteristics are
highlighted. In particular, B. Lysin believes that “innovative culture” is a life culture, where the main motivation for human actions
is the desire to update, create and implement new ideas, and the subjects have a moral and psychological ability to perceive
innovations, support and broad implementation (Lysyn, 2008, p. 51-52). Instead, L. Kholodkova considers “innovative culture” as
a sphere of spiritual life of the individual, which reflects its value orientations, which is enshrined in motives, knowledge, skills,
abilities and norms of behavior and allows the perception of new ideas, readiness and ability to implement innovations in all life
spheres. (Kholodkova, 2006, p. 82-83). In the Law of Ukraine “On priority areas of innovation in Ukraine” the concept of
“innovative culture” is considered as a component of innovation potential, which determines the level of educational, cultural
and socio-psychological training of individuals and society as a whole to the perception and creative implementation of the
economy principles (Law of Ukraine “On Priorities of Innovation in Ukraine”, 2011).

In our opinion, the “innovative culture of personality” is a dynamic characteristic that covers the readiness, ability of the
individual to create, perceive, disseminate and verify innovations and provides key qualities such as creativity, intuition, risk-
taking, ambition, courage and foresight. The innovative culture of the individual includes creative abilities along with the means
of restraint, which in this context are the norms of morality, the ability to anticipate the consequences of innovation, personal
responsibility. Innovative culture becomes a protective filter for general culture. As its component, innovative culture should
produce outwardly only those innovations that will promote the culture development (Kozlova, Milenkova, 2007, p. 20).

Thus, the issues of conceptual and terminological apparatus of problem research of innovative culture development of
the future manager of the general secondary educational institution in the master’s training process are urgent nowadays.

The aim of the article. To conduct a comprehensive research analysis of conceptual and terminological apparatus of
problem research of innovative culture development of the future manager of the general secondary educational institution in
the master’s training process.

RESEARCH METHODS

Solving the highlighted aim, a set of methods of scientific research adequate to them were used, theoretical: a
comparative analysis of conceptual and terminological apparatus of problem research of innovative culture development of the
future manager of the general secondary educational institution in the master’s training process; a systematic analysis of
conceptual and terminological apparatus of problem research of innovative culture development of the future manager of the
general secondary educational institution in the master’s training process.

RESULTS

The innovative culture emergence, which replaces the traditional, is determined by the processes of creation and
dissemination of innovations that determine the vector and nature of modern world development. Innovative culture occupies
a prominent place at both the individual and socio-cultural levels. On the one hand, innovative culture can be seen as the
readiness and ability of the individual to create and disseminate innovations, the use of new media, the presence of such
characteristics as speech culture, spatial imaginative thinking, creativity and self-education. All these qualities are extremely
important in a knowledge society, as they allow the subject to productively use the opportunities offered by an innovative society
to achieve personal and social goals (Tsvetkova, 2014, p. 21). On the other hand - innovative culture is a fundamentally new level
of human development, characterizing the conscious desire of society for material and spiritual self-renewal. Innovative culture
is a prerequisite and at the same time the result of qualitative changes in social development, value-semantic and methodological
basis of progress, a means of harmonizing all life spheres. The “dualistic” status of innovative culture is illustrated, on the one
hand, by its position as a special culture type, on the other — as an element inherent in each type of culture (Tarasova, 2015,
p. 308).

We support the opinion of modern researcher B. Lysin that the paradigm source of the “innovative culture” is the
“culture” concept in general. Innovation is a quality that is immanent to culture in general, because renewal and progress are
necessary conditions for cultural development in general. In the mainstream of the rise of innovative culture, the processes of
renewal of various branches of social activity become more intense, include changes of a higher order, such as the transition to
new information technologies in education or the introduction of business incubators in higher education or the creation of youth
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startups. Innovative culture reflects the axiological orientation of the individual to innovation, recorded in motivation, knowledge,
skills and abilities, as well as norms and patterns of behavior. Innovative culture makes it possible to achieve a significant impact
on the entire culture of society, especially on the culture of professional activity and industrial relations (Lysyn, 2008, p. 49).

In modern academic thesauri, the number of definitions of “culture” is measured by four-digit numbers. According to the
famous modern culturologist P. Gurevich, the multiplicity of culture definitions can be explained by the fact that it reflects the
depth and immensity of human existence. To the extent that people are inexhaustible and diverse, how multidimensional and
multifaceted culture is (Gurevich, 2001, p. 32). The term “culture” (from the Latin cultio, cultura — cultivation), first of all, denotes
a set of material and spiritual values that are the result of socio-historical practice of mankind and reflect the historically achieved
level of society (Rapatsevich, 2006, p. 363). Culture is a process and result of human development of the world, a special being,
the content of which is knowledge and creativity; culture reflects both the development of human spirituality (moral, aesthetic,
religious, philosophical, political culture, etc.) and the process of creating material goods (technology, material values, industrial
relations, etc.) (Khamytov, Krylova, 2006, pp. 97-98).

The historical experience of theoretical and semantic enrichment of the “culture” concept led to the emergence of a
number of relevant culturological concepts, which highlighted its various aspects. Among them: naturalistic, axiological,
rationalistic, theological, emotivist, technological, theory of culturological symbolism, personalistic, substantial, information-
semiotic, systemic, etc. Appearing in classical Latin, the term “culture” meant caring for the cultivation of the land, and the ancient
Roman authors did not distinguish between the concepts of “nature” and “culture”. Thus, began the naturalistic paradigm
formation, theorists of which considered the origins of culture in nature, because man as its creator is a biological being, and the
main environment for the emergence of cultural heritage are the nature resources.

Among the existing palette of approaches to understanding the culture phenomenon of exceptional importance is
activity, in which culture is considered as a man’s socially progressive creative activity in all life spheres and consciousness, which
is a dialectical unity of objectification processes (exteriorization, creation of values, norms, sign systems, etc.) and objectification
(interiorization, cultural heritage development), aimed at transforming reality, the transformation of human history into the
development of a spiritually rich personality, the comprehensive identification and the personality essential forces development
(Fedotov, 2010, p. 225). Man creates a culture in the process of activity — free, purposeful, meaningful, diverse and creative
activity, which has the appropriate result. Thus, culture should be considered as a dynamic set of meanings and values (material
and spiritual), born of free and creative activity of the individual (Gurevich, 2001, pp. 39, 42).

The methodology of the activity approach to understanding the essence of culture enriches the culturological discourse
with the position of creativity as the culture essential feature. As man is inseparable from culture, so culture is impossible without
innovation. The famous philosopher and culturologist S. Averintsev noted that it seems an illusion to think that we have a choice
between culture and something else; a person living among people has no choice but to have a culture or not. Lack of culture —
this person is not given (Gatalska, 2005, p. 38). Extrapolating the scientist’s opinion to the problem of the relationship between
culture and innovation, we can say that innovation is an integral attribute, a key feature of the creation and culture development,
its source, process and result. Thus, the concept of “innovative culture” is largely fundamental to the theoretical positioning of
the actual culture phenomenon.

The broad understanding of the term “culture” as a system of material and spiritual values is enriched by individualistic
and deontological connotations, because culture is also an ethical and aesthetic category, which generalizes individual personality
traits, such as: intelligence, education, morality, humanism, education etc. (Hipsters, 2006, pp. 173-174). The point is that man
is not only the creator and subject of culture, he is its bearer, the representative. Thus, culture as a level of society development
is present, first of all, in the system of certain qualities of personality, which, in turn, become a prerequisite and means of further
mankind’s socio-cultural development. In view of the above, in general, the term “culture” we understand the set of attitudes
expressed by the individual to all life aspects, which is represented in the creative activity process.

Innovative culture is an extremely broad concept, scope and scale of influence. Like culture in general, innovative culture
develops at the socio-cultural (global) and individual levels. On the one hand, the innovative culture manifests itself in the
formation of a stable motivation in society to perceive the new, the ability and willingness to comprehensively use innovation in
the interests of social progress. Society itself is the author, implementer and consumer of an innovative product. On the other
hand, the innovation culture reflects the holistic orientation of a person to innovation, is evidenced by the presence in the
individual of abilities, abilities and willingness to produce, implement and enrich innovations (Lysyn, 2008, p. 49). Thus, it is the
individual, the professional, who is the subject of the innovative culture.

The innovative culture development depends on a number of criteria that are imperatives of its functioning, namely:
interactivity (the interaction presence between the elements, the ability to respond to the challenges and needs of today);
systemicity (in this context, innovative culture is considered as a holistic set of interconnected components that form a
hierarchical structure); strategic (focus on solving global and long-term problems, a crucial role in organizing the modern world);
polyvariance (innovative culture multi-vector development); permanence (continuous innovative culture development, unity of
evolutionary and revolutionary ways of creating innovations) (Miklovda, Margitich, Fialkovsky, 2017, p. 20).

In modern socio-humanitarian discourse, the concept of “innovative culture of the individual” becomes relevant. It is
considered as a sequence of actions and measures for the production, dissemination and implementation of innovations; as a
key factor in economic development; as a system of change values and a set of norms and institutions for their implementation,
respectively; as an environment in which innovations are created and enriched, implemented and verified; as a set of innovative
and cultural components, the interaction of which causes the emergence of new benefits, and so on. Within the system approach,
innovative culture is a matrix in which the innovations development is reflected vertically, and the culture types are reflected
horizontally (economic, technological, organizational) (Kubiniy, 2017, pp. 24-26).

It is important in our study to consider the concepts at the micro and macro levels. The micro level involves the personal
innovation culture development. These are such personality traits formation as communication, creativity, ability to self-
education, innovative behavior, social activity, cooperation and co-creation, ability to adapt quickly, reflection, creative and
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intellectual activity, ability to find and use information, ingenuity, development of readiness and ability to innovation, critical
perception of information, ingenuity, ability to work in a team and socialization skills. The innovation culture macro level is
represented by its subjects such as the population of the city, country, continent, which has a positive attitude to innovation,
perceives the conditions of the competitive environment and actively participates in the production and distribution of new
products (Karamalikova, 2015, p. 327).

A significant heuristic value for our study is the categorical understanding of the concepts of “development” and
“innovative culture development”. In general, the concept of “development” is one of the most used in modern socio-
humanitarian cognition. With the help of its semantic potential, the content of all aspects of material (material), subjective (ideal),
biological (living) and social (social) existence is considered and covered. At the everyday level, the concept of "development" is
usually used interchangeably with terms such as "movement"”, "change", "genesis", "modernization", "reform", "renewal",
"improvement", "functioning". , and its semantic load is associated with qualitative transformations, especially progressive
content. Of particular importance is the concept of “development” in the cognitive continuum of philosophy of education,
educational, psychological and professional-pedagogical knowledge. Within the pedagogical discourse, the category
“development” is analyzed along with such concepts as “self-development”, “formation”, “socialization”, “correction”. A special
place is occupied by the scientific discussion on the relationship between the human context of the concepts of “development”
and “formation”. Moreover, the problems analysis of modern pedagogical research shows that when studying any pedagogical
problem, scientists necessarily turn to its consideration in the context of development. We are talking about the educational
ideals of personal development, factors, criteria and conditions of socialization, conceptual approaches, principles, methods,
forms, techniques and means of individual development and more.

The problem of development and self-development of the individual becomes extremely important in our time, when
society is in constant search of trajectories of global, national, professional and individual development. Moreover, the modern
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world sets clear criteria for social development, which are reflected in such terms as “sustainable development”, “environmental
progress”, “innovative development” and others. State and political leaders, philosophers, educators and thinkers focus their
interests on the purpose, direction and future development of mankind, vectors and strategies of movement, its roadmap,
priorities, criteria and indicators of progress, etc. (Weizsacker, Wijkman, 20019; Strategy; development “Ukraine —2020”, 2015).
Society is united in its opinion on the priority of innovative development of all activity spheres: from economic and managerial
to educational and cultural. The socially oriented part of humanity calls for the need to create an innovative ecosystem of society
and appropriate conditions for the development of economic and technological innovations.

In covering the content and ways of innovative development, the concept of “innovative culture” acquires considerable
importance, the formation of which in society is seen as a key indicator of progress in the XXI century. Thus, the Strategy of
Innovation Development for the period up to 2030 approved by the Cabinet of Ministers of Ukraine states that the current stage
of socio-cultural development requires a strategic vision and consistent state policy to transfer Ukraine to an innovative path of
development, formation of a national innovation ecosystem increased the innovative culture development in the country
(Development Strategy, 2019). As you can see, the prospect of innovative development depends on the availability of the
necessary theoretical and methodological, methodological and technological foundations for the innovative culture
development, both in professional and personal dimensions.

An important methodological significance for understanding the essence of the innovative culture development is the
specific terminological apparatus of synergetics, in particular such terms as “bifurcation”, “nonlinearity”, “open system”,
“attractor” and so on. Valuable is the idea that development is a set of bifurcation points (choices), after which an open system
must be determined between several alternatives. As a result of such self-organization processes, attractors are formed —
structures that crystallized after the “attenuation” of transients. Such ideas help to understand and take into account the specifics
of the innovative culture development of the individual, do not allow to ignore the objective conditions of the educational
systems functioning.

DISCUSSION

For a scientifically correct understanding of the innovative culture development process of the individual of considerable
interest is the synergetic position on self-development and self-support of any system. Therefore, self-learning and self-
improvement play a key role in achieving a high level of innovative culture development. On the one hand, the innovative culture
is the result of purposeful activity of the subject and is provided by his self-improvement, on the other hand, it itself forms the
subject of activity. In this context, it is valuable that the innovative culture should develop, especially in the process of purposeful
learning and professional activity, with the future acmeological attitude to self-development and self-improvement (Shumakov,
2008b, pp. 290, 297).

Innovative culture of personality in the paradigm context of sustainable human development. If scientists consider the
development essence within the dialectical and synergetic paradigms, the discussions on its purpose and direction, in particular,
are devoted to the concept of mankind’s sustainable development, which acquired its final form in the 80s of the twentieth
century. Its main task is to achieve a development level when meeting the needs of the current generation will not jeopardize
the ability of future generations to meet their needs (Gizatullin, Troitsky, 1998, p. 124). The tasks of sustainable development
were concretized in the UN General Assembly Resolution “Transformation of our world. Agenda for Sustainable Development
until 2030” (Transforming our world: the 2030 Agenda for Sustainable Development), approved in 2015. It outlined seventeen
global goals, including: quality education, gender equality, inequality reduction, clean energy, partnership, etc. (Transforming,
2015). Coordinates for achieving sustainable development, defined by the UN, were implemented in the Decree of the President
of Ukraine “On the Sustainable Development Goals of Ukraine until 2030” (Decree, 2019).

It is important to emphasize that the concept of sustainable development is socially oriented. It is aimed at maintaining
social and cultural stability, reducing the number of destructive conflicts (Gizatullin, Troitsky, 1998, p. 128). The priority of the
sustainable development strategy is innovation, which is based on the active use of knowledge and scientific achievements,
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stimulation of innovative activity, creation of a favorable investment climate, etc. The absolute goal of sustainable development
is the individual, ensuring decent living and working conditions (Strategy for Sustainable Development of Ukraine until 2030,
2017). Anintegral part of achieving the criteria and indicators of sustainable development is the educational reform, within which
the innovative culture development of teachers and organizers of educational activities is a priority.

So, It is determined that the IC development of the future manager of general secondary educational institution is a
systematically organized, scientifically and methodically provided master’s training process, determined by the needs of society,
state and other customers of educational services and institutionalized, which substantiates the relationship and
interdependence of the future manager’s IC with its development stages, which correlate with the content and pedagogically
appropriate methodological systems of professional training in higher education.

RESULTS AND PERSPECTIVES OF THE FURTHER RESEARCH

Thus, modern theories of social development make it possible to identify the specifics of the innovation culture
development and give grounds to conclude that the innovation and innovation culture development is a natural, necessary,
historically determined and self-organized process of objectification and institutionalization of innovative content at the social
and individual levels. Enriching the individual’s innovative culture is a multifaceted and specific process, the demand and success
of which depends on a number of socio-cultural and global political conditions, such as: the level of public policy, features of
religious life and more. It is important to understand that the emergence of innovation and innovation culture is possible only if
the dialectical and synergetic nature of life is taken into account. For the innovative culture development is of exceptional
importance the openness of educational systems, the presence of the environment and mechanisms for the natural struggle of
contradictory and opposing forces, the absence of authoritarian and artificial interference in the institutionalization of innovative
culture. The main task facing national education today is to legitimize in society the idea of the need for innovation and the
innovative culture importance, to translate innovation from the status of a trend term into an objective, perceived by society and
government vital needs of the XXI century.
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NOHATTEBO-TEPMIHONIOTIYHWNIA ANAPAT AOCAIAXKEHHA MPOB/EMU PO3BUTKY IHHOBALIMHOT KYNbTYPU
MAWMBYTHbOIO KEPIBHUKA 3AKNAAY 3ArAIbHOI CEPEIHLbOT OCBITU Y NMPOLIECI MATICTEPCbKOT MIArOTOBKU
0.B. CemeHixiHa, [].0. Ko3noes, O.I. Ko3noea
Cymcokuli depxcasHuli nedazoziyHuli yHisepcumem imeHi A.C. MaKkapeHKa, YKpaiHa

AHomayia. Po32naHymo Haykoeso-meopemuyHi nioxodu 00CaiOHUKI8 00 PO3YMIHHA OCHOBHUX MOHAMb | Kameeopili npobaemu. MoxHa
KOHcmamysamu, w0 8idnosioHa mepmiHocucmema He MAe yHighikosaHUX ma 0OHO3HAYHUX 8U3HAY€eHb, adxce HayKoei nidxodu 6o
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PO3YyMiHHA iHHOBAYiIl, ab0 ¢ Kyanbmypu cKAadHo nepepaxysamu. ¥ mol camuli 4ac, cy4yacHi maymavyeHHs npogidHux kamezopili
docnidneHHA O0aromes 3mMoey 3anpornoHysamu eusHayeHHA IK malibymHboz2o KepisHuka 33CO AK OUHAMIYHY Ma cucmemHy
yinicHicme, wWo micmume ni3HABAALHO-NPAKMUYHY, AKCION02i4HO-pedhaeKcusHy ma KpeamueHO-Npo2HOCMUYHy cKaadosi ma
8i00b6paxae 20mosHicme 00 B8iflbHO20 ONEPYB8AHHA 3HAHHAMU, YMIHHAMU, Hasuykamu 3 obpaHoi npogecii ma xapakmepusye
30amHicme malibymHb020 KepieHUKa 00 8UPIWEHHA YynpasaiHCbKUx 3a80aHb 3a0a 3a6e3nevYeHHA KOHKYPEeHMOCIpPOMOXHOCMI
3aKn10a0y 3020/16HOI cepedHboi 0c8imu 8 cumyayiax Heeu3HaYeHOCMi MiHAUBUX COUianbHO-eKOHOMIYHUX MA OC8IMHIX yMO8.
®dopmyniosaHHA npobaemu. HeobxiOHiICMb Kame20pu4HO20 MAYyMA4eHHA me3aypycy 3ymossneHa mMemoodos02i4HUMU npiopumemamu
Haykosocmi, 06’ekmusHicmio, cucmemHicmio, yinicHicmio, eGHicmio, cknadHicmio ma noziyHicmio docnioreHHs. lpasunbHicms
BUKOPUCMAHHA 8i0M08IOHUX MOHAMb | KAMe20pili 8U3HAYAEMbCA MOYHICMIO IX 8BU3HAYEHb, OCKifbKU came 8i0 moz2o, Wo MU MAEMO
Ha yeasi ni0 mum 4u [HWUM MOHAMMAM, MOBHICMIO 3a7eXUMb nepesipka npeodcmasneHoi KoHyenyii iHHosayiliHoi Kyaemypu
nidepa.
Omce, icHye nompeba 8 KOMMAEKCHOMY OOCMIOHUYLKOMY GHAAI3i KOHUenmyasneHo20 ma mepmiHono02iYHo20 anapamy
npobsemHo20 00Cni0HEeHHA po38UMKY iHHOBAYilHOI Kynbmypu malibymHbo20 KepisHUKa 3aknady 3a2aabHoi cepedHboi oceimu 8
npoyeci nidzomosku mazicmpa.

Mamepianu i memodu. Bupiwyoyu sudineHy memy, 6yn0 8UKOPUCMAHO KOMI/IEKC A0eK8amHuUX iMm memodie HAyKo8020 OOCAIOHEHHS,
meopemuyHuli: nopieHANbHUU aHAMI3  MOHAMIUHO-MepMiHON02iYHO20 anapamy npobnemHo20 O0CniOXeHHA pPo3sUMKY
iHHOBaUiliIHOT Kynbmypu MalibymHb020 KepisHUKA 3aKaady 3a2asabHOi cepedHboi ocsimu 8 npouyeci nidzomosku mazicmpis;
cucmemamuyHul aHasniz NoHAMIGHO-mepmiHono2i4Ho20 anapamy npobsaemHo20 00CiOHeHHA Po38UMKY iHHOBaYiliHOI Kyaemypu
malibymHb020 KepisHUKa 3aK1a0y 3a2abHOI cepedHboi ocgimu 8 npouyeci nid2omosKu mazicmpis.

Pe3synemamu. ¥ cmammi nodaHo po38umoK iHHO8AUiliHOI Kyaemypu malibymHb020 KepieHUKA 3aKAady 3a2aabHOI cepedHboi oceimu AK

cucmemHo opeaHizosaHul, 8idnosioHo 3abesneyHuli npoyec y mazicmepcokili nidzomosyi, susHaveHuli nompebamu cycninscmea,
Oepxasu i 3aMOBHUKI8 0CBIMHIX NOC/AY2 ma iHCMumMyanizoeaHudl, uj0 rpyHMye 830€EMO38°A30K | 83AEMO3ANEHHICMb CKAAO08UX
iHHOBaUiliHOT Kynbmypu 3 emanamu ii po3sUMKY, AKi Kopesaroomsca 3i 3micmom i nedazoziyHo O0UinbHUMU MemOoOUYHUMU
cucmemamu npogpeciliHoi nid2comosKu e 3aknadi suwoi oceimu.
BusHaveHo, wo po3sumok IK malibymHbo2o KepisHuka 33CO — ye cucmemHO opaaHizosaHuli, HayKo8o-memoodu4yHo 3abe3sneyeHuli
npoyec y mazicmepcokili nidcomosyi, susHaveHuli nompebamu cycninecmea, 0epxasu U iHWUX 3aMOBHUKI8 oceimHix nocaye ma
iHcmumyanizosaHull, Wjo rpyHmMye 830eM038°A30K i 83aemo3anexcHicme cknadosux IK KepieHuka 3 emanamu ii po3eumky, AKi
Kopesntoromeca 3i 3micmom | nedazoz2i4Ho 00yinbHUMU MemoOUYHUMU cucmemamu npogpeciliHoi nidcomoeKku 8 3aKknadi suujoi
ocsimu.

BucHosKku. Omie, cy4acHi meopii po38umky cycninecmea 0arome MOX(IUgicme sussumu crneyugiky po3sumky iHHosayiliHoi Kynbmypu ma
darome nidcmasu 018 8UCHOBKY, W0 PO38UMOK iHHO8AYil ma iHHOBAYiliHOI Kynbmypu € 3aKOHOMIPHUM, HEO0bXiOHUM, iCmopu4HO
06yMO8/1IeHUM | CAMOOP2aHI308aHUM Mpoyecom 0b6’ekmusauii ma iHcmumyuianizayii iHHoeayiliHo2o KOHMeHmMy Ha cycrinbHomy
ma iHOugidyaneHOMy pigHaAx. 36aza4yeHHA iHHOBAYIlHOI Kysemypu ocobucmocmi € 6azamozpaHHUM i cneyugpiyHUM npoyecom,
3ampebysaHicms ma ycriwHicmo K020 3a7eXUms 8i0 HU3KU COYiOKY/abmMYpHUX i 2106a16HO-N0AIMUYHUX YMO8, AK-0m: pieeHb
HTT, depxcasHa nonimuka, ocobaugocmi penieiliHo2o ¥ummsa mouwo. Baxsuso po3ymimu, wjo nosea iHHo8ayili ma iHHosayiliHoi
Ky/slbmypu MOMX/UBA 8UHAMKOBO 30 YMOB ypaxy8aHHA OianekmuyHoi ma cuHepaemuyHoi npupodu 6ymma. [na cmaHoeneHHA
iHHOBAUIlIHOT KyNbMYpPU BUHAMKOBE 3HA4YEHHA CMAHOB8UMb BIOKPUMICMb 0CBIMHIX cucmem, HassHicmb cepedosuwya Ui MexaHiamie
0n1a npupodHoi 6opomebu 83aEMOCyrepedausux i MPOMUAEHHUX CUs, 8i0CYMHICMb a8mopumapHuUX i Wmy4yHUX empy4yaHs y
npoyecu iHcmumyyianiszayii iHHosayiliHoi Kysaemypu.

Kntouosi cnoea: iHHoBauiA, Kynbmypa, iHHo8aUiliHa Kyabmypa, cycninecmeo, ocobucmicmes, KepieHUK, 3aKAa0 3a2asbHOI cepedHboi ocsimu,
npoyec mazicmepcoKoi nid2omosKu
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THE AUGMENTED REALITY FUNCTIONS TO SUPPORT THE STEAM EDUCATION AT GENERAL EDUCATION INSTITUTIONS

ABSTRACT

The paper considers immersive technologies in education. Augmented reality classifications are provided depending on the data presentation
methods, the type of AR devices, according to the type of information provided by the augmented reality, and the areas of use.
The importance of augmented reality in education, in particular for the support and development of STEAM education in school,
is determined. An example of a STEAM project for a secondary school using augmented reality is given.

Formulation of the problem. The need for research due to various factors impact on education, namely increased requirements for competitive
youth, pandemic caused COVID-19, increasing the role of distance and online learning, digitalization of various human activities,
giving special importance to digital literacy, inquiry-based science education, project-based learning, challenge-based learning,
etc. A significant problem arises in the process of organizing practical and laboratory classes in non-humanities, where the
formation of competencies takes place in the process of using laboratory equipment and inter-action with technical facilities.
Therefore, the main task of our study is to replace real laboratory equipment with virtual, which is implemented by virtual (VR)
and augmented reality (AR) and is one of the possible approaches in terms of distance learning, STEAM education approach and
quarantine.

Materials and methods. To achieve the purpose of our study we used the following methods: a systematic and comparative analysis of
pedagogical, psychological, philosophical, sociological findings, methodological and specialized literature; analysis of the
pedagogical experience of using the AR for STEAM approach in school; synthesis and generalization to formulate the main points
of the study; interviews and questionnaires of teachers about their understanding and attitude to augmented reality as a means
of supporting STEAM education in school; interpretation of the research results.

Results. Teachers were interviewed about their attitudes and understanding of AR to support STEAM education and to identify the main
augmented reality functions in conducting STEAM projects in schools. Conclusions are made on the attitude of teachers to the
use of augmented reality to support and develop STEAM education and the main augmented reality functions, which teachers
consider the most important for students to implement STEAM projects.

Conclusions. AR applications can enhance the learning process, learning motivation and effectiveness; help teachers to overlay information,
visuals, and different forms of content on an ordinary chalkboard, providing contextual and relevant results, to enhance learning;
improve student performance, help focus the user's attention on specific tasks.

AR bring significant specifics to the teachers' professional activities and student learning, to the transformation of the content of
education. AR provide the formation and development of a new information method of presentation and assimilation of material,
are high-tech didactic tools.

Our further research is the creation of algorithms for the use of AR for lessons and projects using the STEAM approach, which will
improve the quality of education at general education institutions.

KEY WORDS: immersive technologies, augmented reality, STEAM education, STEAM approach, STEM education, general education institution.

INTRODUCTION

The rapid development of the information society significantly contributes to the deepening of research and the
emergence of new areas of knowledge and technology, such as information and communication technologies (ICT), nano- and
biotechnology, and others. This causes a change of priorities in education. Important in the educational process of a secondary
school is the orientation of teachers to the competence approach, the development of students' sense of initiative and
entrepreneurship, creative thinking, the ability to turn ideas into life through creativity, innovation and others. One of the main

© N. Soroko, 2021.
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trends in the modernization of education is the focus on the so-called "STEM" education, which involves integration between the
disciplines of natural sciences, technological sciences, engineering and mathematics . The urgency of this area is explained by the
significant demand of the world labor market for specialists who will provide scientific and technological progress (Soroko, 2020).
The STEAM (“A” — art) education approach help students discover how the arts are an integral part of processes and products
that involve science, technology, engineering, and mathematics. The arts can also help increase engagement since students can
connect artistic mediums that they enjoy (for example, music, history, literature, visual arts and other) with more technical
projects that may seem daunting at first, such as building an app or programming a robots. Such approach able to combine the
familiar with the unfamiliar, acquiring new skills and discovering the world of artistic innovation.

In the context of the pandemic caused by COVID-19, distance learning with the help of ICT becomes important for the
school learning process. In distance learning, the teaching of theoretical material is sufficiently well implemented by simple means
of audio or video broadcasts, placement of text materials or presentations. A significant problem arises in the process of
organizing practical and laboratory classes in non-humanities, where the formation of competencies takes place in the process
of using laboratory equipment and inter-action with technical facilities. Therefore, the main task of our study is to replace real
laboratory equipment with virtual, which is implemented by virtual (VR) and augmented reality (AR) and is one of the possible
approaches in terms of distance learning, STEAM education approach and quarantine.

THEORETICAL BACKGROUNDS

VR is a digital environment where elements are displayed to a user via different interfaces for the respective senses, and
in which the participant is immersed in an artificially created world, which may or may not mimic the properties of a real
environment, either existing or fictional, but which may also exceed the bounds of physical reality by creating a world in which
the physical laws governing gravity, time and material properties no longer hold (Craig, Sherman, & Will, 2009).

Tepe T., Kaleci D., Tiiziin H. define VR as a three-dimensional simulation environment where users can experience
closeness to a real-world experience in an artificial world developed with a variety of visualization devices and equipment, as well
as interacting with other objects (Tepe T., Kaleci D., Tziin H., 2018).

Virtual reality should not be confused with augmented reality. Their fundamental difference in that the virtual constructs
a new artificial world, and augmented reality only introduces certain artificial elements into the perception of the real world.

We should pay attention to the idea “Reality Virtuality Continuum” by Paul Milgram (Milgram, et al., 1995). It spans from
a completely real environment to a completely virtual environment. The span between the two extremities is a range called
“mixed reality” (MR), which includes the virtual reality (VR) and the augmented reality (AR), while technology enabling immersion
into mixed realities is commonly referred to as “immersive technology” (Mihelj, et al., 2014).

We provide a comparative description of VR and AR to understand, how they differ from each other:

- VR constructs a new artificial world, and AR only introduces some artificial elements into the perception of the real
world;

- VR is a reflection of the real world around us, artificially created by technical tools and presented in digital form by
specialized helmets and goggles; AR is usually implemented using applications for smartphones and tablets, augmented reality
glasses, stationary screens, projection devices and other technologies.

Researchers determine that augmented reality is more promising for its use in various spheres of human activity than
virtual reality.

In 2019, the Perkins Coie conducted a survey on the attitude of citizens to the use of augmented reality (Augmented and
Virtual Reality survey report, 2019).

The vast majority — 70% — of respondents (the survey was completed by 200 respondents) said in 2019 they anticipate
the AR market to surpass the VR market in revenue. When asked when the AR market will surpass the VR market, 81% of
respondents predicted it would happen within five years (Augmented and Virtual Reality survey report, 2019).

In January and February 2020, 191 professionals completed the 2020 Augmented Reality and Virtual Reality Survey
conducted by Perkins Coie LLP, the XR Association, and Boost VC (Augmented and Virtual Reality survey report, 2020). Among
the respondents were: C-Suite (48%); Engineer / Producer (14%); Marketing / Business Development (12%); Consultant / Lawyer
(5%); Investor (4%); Other (17%).

The situation regarding the attitude of respondents to augmented and virtual realities has not changed compared to
2019: 76% of respondents said they anticipate the AR market to surpass the VR market in revenue (Fig. 1).

Do you anticipate that the AR market will surpass the VR market

in revenue?

0,
80% 70%  ®%

60%

0,
40% 30% 24%
20%

0%
Yes No
™ 2019 (N-200) 2020 (N-191)

Fig. 1. Diagram of presenting the results of respondents’ answers to questions «Do you anticipate that the AR market will
surpass the VR market in revenue?» (2019 & 2020)
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The arguments for such respondents’ answers (Fig. 1) were provided by the respondents in the answers to the questions
«Which of the following factors are most responsible in terms of the AR market surpassing the VR market? (Select all that apply)»:
- Cost (e.g., creating good AR apps or adding AR features to an existing app is cheaper than producing good VR apps and
content) — 57%;
- Accessibility of AR —52%;
- Safety — 45%;
- Easier and more intuitive experiences offered by AR —41%;
- Higher investment by businesses in AR technology — 33%;
- Scalability of AR —30%;
- More real-world applications and tangible benefits for AR —30%;
Greater presence of AR-compatible applications and software — 27%;
Higher preference for AR by consumers — 24%;
- No requirement of additional gear for AR — 9%.
Due to the big variety of applications related to augmented reality, it can be distinguished the following types:
1. According to the representation method (Fig. 2):

marker-based AR

markerless AR/ GPS-based AR

¢ Aecon me

{ ccording to the representation method
e projection-based AR

VIO-based AR

Fig. 2. Types of AR according to the representation method

- marker-based AR, that uses a camera and a special passive visual marker, such as a QR code (quick response code),
which shows the programmed result only when the sensor reads it (Jack C.P. Cheng, 2017);

- markerless AR, that uses Global Positioning System (GPS); the most common uses are to mark destinations, search for
the right number, such as a café or office, or in location-oriented apps (Jack C.P. Cheng, 2017);

- projection-based AR is a video projection technique, which can extend and reinforce visual data by throwing images on
the surface of 3D objects or space; this belongs to Spatial Augmented Reality in a broad sense (Lee, Jaewoon, 2015)

- VIO-based AR (Visual Inertial Odometry, VIO) is a technology that helps track position and navigate in space with sensors
and a camera; this makes it possible to create an accurate 3D model of the space around the device, update it in real time,
determine its position in it, transfer this data to all applications and apply additional layers on top of it (X. Li, 2020).

2. According to the type of AR devices (Pratibha Jha, Sapna Yadav, 2019) (Fig. 3):

Head up displays {HUD) based

Holographic displays based

According to the type of AR devices
Smart glasses based

Smartphone based/Handheld AR

Fig. 3. Types of AR according to the type of AR devices

- Head up displays (HUD) based, that contains such components as a projector unit, a viewing glass (combiner) and a
computer (symbol generator);

- Holographic displays based, that can realize the functions of an optical combiner, a see-through eye piece or a beam
expander (Y. Li, P. Zhou and Y. Su, 2019);

- Smart glasses based are defined as wearable AR devices that are worn like regular glasses and merge virtual information
with physical information in a user’s view field (Ro, Young, 2017);

- Smartphone based/Handheld AR, that is allowing users to interact with the virtual object in augmented scene in
handheld devices (Chowdhury, Shahan, 2013).

3. According to the type of information provides by augmented reality (Fig. 4)

AR for Visual Perception

= e

@ng to the type of information provides by augmentedml Audio AR

;
,_,_,——"’_'—'/“
e = —
Audio-visual AR

Fig. 4. Types of AR according to the type of information provides by augmented reality

- AR for Visual Perception, that to provide visual images based on visual perception of information;

- Audio AR, that is for audio perception focused on auditory perception and are usually used in navigation (Hannes
Gamper, 2014);

- Audio-visual AR, that is a technology that combines audio and video expressions (Edmund Ng Giap Weng, 2013).

4. According to the using fields (R. Silva, 2004) AR can be for entertainment and news business, education, medicine,
engineering and manufacturing, military training, engineering design, tourism, shopping and other (Fig. 5).
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Fig. 5. Types of AR according to the using fields

We should be noted that augmented reality is becoming relevant in education (Augmented and Virtual Reality survey
report, 2020).

Mustafa Sirakaya and Didem Alsancak Sirakaya (Mustafa Sirakaya, Didem Alsancak Sirakaya, 2018) conducted research
on scientific publications related to the use of augmented reality in various fields of science, and determined that:

- AR is often used in biology (19,8%), engineering (12,8%) and medical training (11,6%);

- AR technology is also employed in fields such as language education (5,8%), special education (4,7%), preschool
education (3,5%), history education (2,3%) and astronomy education (2,3 %).

Scientists point out that AR is especially important for to implementation STEAM approach in education (Jesionkowska,
Joanna, 2020). AR application in STEAM education brings lessons and textbooks to life by combining video, photos, and audio in
an interactive platform (Nawarat Wittayakhom & Pallop Piriyasurawong, 2020). This provides students with an engaging way to
learn that can make complex subjects and topics easier to grasp and understand makes teaching easier where teachers no longer
need to explain complex concepts.

The purpose of the article is to analyze the use of augmented reality to support of STEAM education at school and
highlighting the main functions of augmented reality for this.

RESEARCH METHODOLOGY

To achieve the purpose of our study we were used the following methods: a systematic and comparative analysis of
pedagogical, psychological, philosophical, sociological works, methodological and specialized literature; analysis of the
pedagogical experience of using the AR for STEAM approach in school; synthesis and generalization to formulate the main points
of the study; interviews and questionnaires of teachers about their understanding and attitude to augmented reality as a means
of supporting STEAM education in school; interpretation of the research results.

RESULTS

Once the surveys distributed in online format (Google Forms) among 24 teachers from a Primary Education school and
70 teachers from Secondary General Education two schools (Levels I-Ill N1 in Brovary (Ukraine) and at Semipolkivskyi Secondary
School of the 1st-3rd Grade (Ukraine)), the data were collected and a statistical study was carried out among all the teachers
surveyed.

Table 1
The results of teachers’ survey on their attitudes and understanding AR for STEAM education
Strongly Disagree Neither agree nor Agree Strongly agree

disagree (%) (%) disagree (%) (%) (%)
| have a clear understanding of 8,0 27,0 27,0 34,0 4,0
what AR is and how | can it
integrated with STEAM
education in my class
| have heard colleagues talking - 24,0 32,0 36,6 7,4
about AR for STEAM education
| have talked with colleagues - 35,0 32,0 33,0 -
about AR for STEAM education
| can employ teaching - 43,6 25,7 30,7 -

approaches with AR that foster
integrated STEAM education

Total (N=94)

According to the survey results on teachers’ understanding AR to be provided for supporting the STEAM-oriented
approach in general school teaching process, the teachers are interested in using AR in STEAM education:

«l have a clear understanding of what AR is and how | can integrate it with STEAM education in my class»: Neither agree
nor disagree — 27%; Agree — 27%; Strongly agree — 4;
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«l have heard colleagues talking about AR in STEAM education»: Neither agree nor disagree — 32%; Agree — 36,6%;
Strongly agree — 7.4%;
«I have talked with colleagues about AR in STEAM education»: Neither agree nor disagree — 32%; Agree — 33%;
«I can use teaching approaches with VR that foster integrated STEAM education»: Neither agree nor disagree —25.7%);
Agree —30,7%.
We invited teachers to conduct a training project that can cover all STEAM disciplines, the use of ICT and especially AR.
The project was developed within the MOOC «Aerospace in Class» coordinated by European Schoolnet
(https://www.europeanschoolnetacademy.eu/courses). The name of the project is «Future of Space».
In Table 2, we offer the approximate plan of realization the Project «Future of Space», which displays and supports
inquiry-based science education, project-based learning.
Table 2
The approximate plan of realization the Project «Future of Space»

The components of the Short description

project

Summary of project «Future | 1. In this deliberation, students will explore current issues pertaining to the space program

of Space» and form opinions regarding priorities for space travel and exploration, and private
partnership in the space program.
2. Space exploration studies can sometimes produce unintended consequences. One of them
is fatal accidents and the other is space pollution. Space pollution is caused by the remains of
satellites, telescopes, space laboratories and fragments that have been thrown from Earth
into space.

Subjects Science, mathematics, IT, visual arts

Topic Clouds in the sky, life in space, space costumes, making rocket and more

Questions for brainstorming
and discussion

How would be like our clothes if we lived in space?
What are the requirements for transport to be used in space?
What problems can the ecology of space have if people actively use it?

Age range of students

7-11 age (there is no physics or chemistry in the curricula);
12-14 age (within the curricula of subjects);

14-16 age (Consolidation);

16-18 age (Deepening)

Preparation time

150 minutes

Teaching time

30 minutes — space suit design, 30 minutes — space cap, 30 minutes — making rocket (solving
experimental problems and tasks), 30 minutes — planetary cards

Online teaching material

Padlet, Kahoot, Canva, etc.;

Python: https://www.programiz.com/python-programming/online-compiler/ (to
programs for solving problems);

Air-breathing rocket engines: the future of space flight: https://physicsworld.com/a/air-
breathing-rocket-engines-the-future-of-space-flight/;

4d space cards

write

Offline teaching material

Surgical suit, mask, paper, glue, colored printouts, etc.

AR

GeoGebra AR, AR Geometry Hololens 2, AR Chemistry Mobile App, Merge EDU (Merge Cube),
CoSpaces Edu application, Planets AR, Skyscrapers AR,

Results

Presentations of problem solving and models of space ships or clothes for Space

Within the theme of this project, STEAM subject teachers had to develop their tasks for students of different levels of
education, who may be close to the problem of the project and try out the proposed AR tools or offer their own tools (for example,
GeoGebra AR, AR Geometry Hololens 2, AR Chemistry Mobile App, Merge EDU, CoSpaces Edu application, etc).

After conducting this project in two schools (Levels I-Ill N1 in Brovary (Ukraine) and at Semipolkivskyi Secondary School
of the 1st-3rd Grade (Ukraine), 2021), we offered to teachers (68 secondary school teachers) determine what features augmented
reality tools have to support the STEAM-oriented approach in general school (Table 3).

Respondents were asked to evaluate the proposed augmented reality functions to support the STEAM education at school
by using a five Likert scale ranging from very undesirable (1) to very desirable (5).

Table 3 demonstrates that teachers especially distinguish such augmented reality functions to support the STEAM
education at school, as:

- Learning function that affects the students learning needs and provides assistance in solving educational problems;

- Function of models’ visualization for students' perception of educational material;

- Motivational function that influences the increase of students' interest in learning;

- Didactic function, which provides for the appropriate use of AR to facilitate the implementation of the educational
process in accordance with the curricula of subjects.

In addition to these features, we have to add, that an important function of augmented reality is to provide context
awareness, which is the ability to provide information appropriate to the situation. The motivating strength of context awareness
is precision: it enables the correct information, and only the correct information, to be displayed at the appropriate time.
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Table 3
The survey results about teachers’ attitudes to the proposed augmented reality functions to support the STEAM education
at school
The augmented reality functions to support the steam education at school Mean values
Learning function that affects the students learning needs and provides assistance in solving educational 49
problems
Function of models’ visualization for students' perception of educational material 49
Motivational function that influences the increase of students' interest in learning 4,9
Learning mobility, which provides the possibility of independent learning material by students, without 2,7
explanations and support of the teacher
Technological function, which provides communication between the participants of the educational process, 3,7
support for laboratory, practical, control works and their evaluation, access to various data sources
(databases, conferences, electronic libraries, etc.)
Psychological function that helps to motivate the subjects of the educational process (teachers; students; 3,5
parents; specialists in certain fields of education, science, business, etc.) To participate in educational
projects in the fields of steam; promotes the formation of students' responsible behaviours in the
implementation of these projects and the development of professional competence of teachers to
encourage the subjects of the educational process to participate in them
Didactic function, which provides for the appropriate use of ar to facilitate the implementation of the 4,5
educational process in accordance with the curricula of subjects
Total (n= 68)
CONCLUSIONS

AR applications can enhance the learning process, learning motivation and effectiveness; help teachers to overlay
information, visuals, and different forms of content on an ordinary chalkboard, providing contextual and relevant results, to
enhance learning; improve student performance, help focus the user's attention on specific tasks.

AR have a number of characteristics that become advantages over other types of visualization to support STEAM
education:

- ensuring interaction with the object on an intuitive level;

- providing real-time information;

- easy to use (no special skills and knowledge required for viewing);

- providing an opportunity to show what cannot be imagined in the usual ways;

- providing opportunities to easily change the parameters of the object through the interface of a special application;

- providing opportunities to adapt virtual objects to the real environment.

Thus, AR bring significant specifics to the teachers' professional activities and student learning, to the transformation of
the content of education. AR provide the formation and development of a new information method of presentation and
assimilation of material, are high-tech didactic tools.

Our further research is the creation of algorithms for the use of AR for lessons and projects using the STEAM approach,
which will improve the quality of education at school.
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®YHKLUIT AONOBHEHOI PEAILHOCTI ANA MIATPUMKU STEAM OCBITU B 3AKNAZIAX 3ATA/IbHOT OCBITU
H.B. Copoko
IHcmumym iHgpopmayiliHux mexHosnoeail i 3acobis Has4aHHA HAMH YKpaiHu, YkpaiHa

AHomayia. ¥ pobomi po3zanaHymi imepcusHi mexHonoeii 8 oceimi. HadaHi Knacugikayii donosHeHoi peansHocmi (AR) 3anexHo 8i0 memodis
npedcmasneHHa 0aHux, 3a munom AR-nipucmpois, 8idnogioHo 0o muny iHpopmauii, w0 Hadae AONOBHEHA peasbHicMb, ma 3a
2as1y3AMU 8UKOPUCMAHHA. BU3Ha4eHo 3Ha4YeHHs 00No8HEHOI peaabHOCMi 8 oceimi, 30Kpema 015 NidmpumKku ma po3sumky STEAM-
oceimu e wkoni. HasedeHuli npuknad STEAM-npoekmy 0415 3aKknady 3a2asbHOI 0c8imu i3 8UKOpUCMAHHAM 0MN08HEHOI peasabHoCcM.

®DopmynioeaHHsA npobaemu. HeobxioHicme docnidneHHs 06ymoesneHa pi3HUMU YUHHUKAMU 81Uy Ha 0ceimy, a came: nidsuueHHAIM 8umoe 00
KOHKYpeHMHOCpPpOMOXCHOI monodi, naHdemis, cnpuyuHeHa COVID-19, nidsuwjeHHsA poni OucmaHyiliHoco ma oHAaliH Ha8YAHHS,
yugposizayia pisHux eanyseli A10AcbKoi difsnbHOCMI, HAOAHHA 0c06aUB020 3HAYEeHHA Yugposili epamomHocmi ocobucmocmi,
PO3BUMOK MPOEKMHO20 i NPO61eMHO-0PIEHMOBAHO20 HABYAHHA MA iH. Y OUCMAHYiiHOMY Ha84YaHHI 8UKAAOAHHSA Meopemu4Ho20
mamepiany docume dobpe peasnizyemocs 3a 00NOMO20t0 NPocmux 3acobie aydio- yu eideompaHcAAYil, PO3MILUEHHA MeKCmosux
mamepianie abo npezeHmauil. 3HayHa npobaema BUHUKAE 8 MPOyeci op2aHi3auii Mpakmu4yHux ma AabopamopHUX 3aHAMb 3
HeaymaHimapHux OucyunniH, 0e opmy8aHHA BMiHb | HaBU4YOK 8i06YyB8aEMbLCA 8 npoueci 8UKOPUCMAHHA 1a6opamopHo20
06/100HAHHA Ma 83AeEMO0ii 3 mexHiYHUMU 3acobamu. ToMy OCHOBHUM 3A80AHHAM HAWO020 OOCMIOHEeHHS € 3aMiHa PeanbHo20
nabopamopHo20 0651a0HAHHA HA 8ipmYyarsnbHe, AKe peasizosaHe Yepes 8UKOPUCMAHHA 00N0BHEHOT peasbHoCcM.

Mamepianu i memoodu. [Jns docazHeHHA Mmemu 00CAiIOHeHHA Hamu Byau 8UKOPUCMAHi HACMynHi memoodu: cucmemamu4Huli ma nopieHAAbHUG
aHanNi3 nedazo2iyHuUX, NCUxoa02iYHUX, hinocopcoKux, coyionoidHux pobim, memoodu4Hoi ma crneuianizosaHoi Aimepamypu; aHani3
nedazoziyHo20 doceidy sukopucmaHHaA AR 055 nidxody STEAM y wKoni; cuHme3 ma y3a2aabHeHHA 0418 POPMYAOBAHHA OCHOBHUX
MOMeHMI8 00CNiOHEeHHS,; HMep8s8’to ma aHKemys8aHHsA s4umerie npo ix Po3ymiHHA ma cmaesneHHA 00 00NoBHEHOI peasabHOCMI AK
3acoby niompumku Has4yaHHA STEAM y wiKoni; iHmeprnpemayia pe3yasmamie 00Cai0HeHHs.

Pe3synemamu. [TposedeHo onumyeaHHA e4umesie w000 iXHb020 cmaeneHHA | po3ymiHHA AR 0aa nidmpumku STEAM oceimu ma w000
BU3HAYEHHA OCHOBHUX (hyHKUili donosHeHol peasbHocmi npu nposedeHHi STEAM-npoexkmis y wKosi. ChopmynboBaHO 8UCHOBKU
w000 cmasseHHsA 84umerie 00 8UKOPUCMAHHA 00MN08HeHOI peaabHocmi 047 Nidmpumku i pozsumky STEAM ocgimu ma oCHO8HUX
¢yHKUil donosHeHoi peasnbHOcMi, AKi 84umeni saxcarome Halibinbw 8axausuUMU 04 30ilicHeHHA yYHAMU STEAM npoekmis.

BucHosKu. [lodamku AR Moxyme MoKpawumu Mpoyec HAas4aHHA, MOMUBAyildo ma epekmusHicmes HABYAHHA; OOMOMO2Mmu 8UKAA0a4am
nooasamu iHGPOPMAUiO YYHAM, 8i3yasnbHi 306paxceHHA ma pi3Hi gopmu emicmy Ha 3eu4aliHy Oowky, 3abe3ne4yyroqu
KOHmMeKcmyasbHi ma 8idnoeioHi pesyansmamu 0718 NOKPAWEHHA HAB8YAHHSA, MOKPAWUMU Ha84asbHy ycriwHicme y4YHie, donomoamu
im 30cepedumu ysazy Ha KOHKpemMHuUXx 3a80aHHAX Ma 06’ ekmax.

AR 8HOCAMb 3HAYHY creyuiky 0o npogpeciliHoi disnbHocMi 84umesnie ma HaABYAHHSA y4YHi8, 00 mpaHcgopmayii 3micmy oceimu. AR
3a6e3nevyylome (PopMysaHHA ma pPo3pobKy HOB020 iHPopmayiliHoeco memody 8uKaady ma 3dCB0EHHA mamepiany, €
8UCOKOMEXHOM02IYHUMU OUOAKMUYHUMU IHCMpPYyMeHmamu.

Hawi nodanbwi 0ocnioiceHHA noas2arome y cmMeopeHHi an20pummie 8UKOPUCMAHHA O00Mo8HeHOI peasbHocmi 011 ypokie ma
npoexkmie i3 sUKopucMaHHAM nioxody STEAM, wo nokpawume AKicme HAB4YAHHSA 8 WKOSI.

Kntouosi cnoea: imepcusHi mexHosnoeii, donosHeHa peansHicme, STEAM ocgima, STEAM nidxid, STEM oceima, 3aknad 3a2anbHoi oceimu.

This work is licensed under Creative Commons Attribution-NonCommercial-ShareAlike 4.0 International License.
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OB ONMbITE NPENOAABAHUA MATEMATUKM ANA UHXEHEPHbIX CNELIMANIbHOCTEN
B PAMKAX AUCTAHUMOHHOIO OBYYEHUA

AHHOTAUNA

®opmynupoeka npobaemeol. Bcmameoe obcyrcoaemcsa npobaema obecriedeHus Ka4ecmea mamemamu4yecko2o 06pa308aHUS 8 COBPEeMEHHbIX
ycnosusax. [na peweHus amoli npobaemsi He06Xx00UMO cosepuleHcmeosams Kak ¢opmol U mMemodsl npernodasamesbcKoli
pabomel, Mak u opeaHusayulo yyebHoz20 npouyecca 8 uesnom. B Hacmoswee spems, Kozda npenooasaHue OC/A0MHAemcs
npobaemoli cobnodeHusa anudemuonoaudeckux mpebosaHuli 8 ceA3u ¢ pacnpocmpaHeHuem uHgekyuu COVID-19, mpebyemca
0NMUMQsIbHO UCM0/163080Mb 8CE BO3MOXHOCMU, 4mMobbl obecrieyums A0axHbIU yposeHb Mamemamuyeckol nod2omosKku
B6yOywiux UHMeHepHbIX Kadpos.

Mamepuanel, memoodsl. [aa peweHus npobaemsl aHAAU3UPYEeMCa Ofbim MpenodasaHus mamemamuyeckux OUCYUNAUH Ha Kagedpe
svicweli mamemamuku benopycckoeo 2ocy0apcmeeHHO20 MEXHOA02UYECKO20 yHUsepcumema C MpUMEHeHUeM Kak
MPaduyuoHHbIX, MAK U UHHOPMAYUOHHO-KOMMYHUKQUUOHHbIX ~MexHoA02ul. Mcrnonb308aHsl  pesyaemamesl  0npoca,
nposedeHHo20 cpedu cmyOeHmMo8 (hakysbmema mexHoA02UU opaaHudeckux eewecme bITY. [1poaHanu3uposaHsi
cospemeHHbie nybauKkayuu no UCMaHyUuoOHHOMY 0ByYeHU0 Mamemamuke.

Pe3ynabmameol. [TpogedeH aHanu3 cocCmosAHUA npernoodasaHus Mamemamuku 058 cmyOeHmoe UHMeHepHbIX creyuansHocmeli 8 Pecriybruke
benapyce. M3yyeH 80MpoC UCMONL30BAHUA KAACCUYECKUX U UHGOPMAUUOHHO-KOMMYHUKAUUOHHbLIX 06pa3osamesnbHbIX
mexHoso2uli 8 COBPEMEHHbIX YCA0BUAX HA Mpumepe npernodasaHus Mamemamuyeckux OUCYUNAUH, d makx#e 8o3moxHocmeli
OHnaliH oby4eHus ¢ ucnonv3osaHuem naamgpopm LMS Moodle, Microsoft Teams, Zoom u Op. O6cy#cOeHbl Hedocmamku u
npeumyujecmea OUCMAHYUOHHO20 0by4eHUs.

Bbi80dbl. OimumarnbHbIM 0415 obecrneveHus Ka4ecmea mamemamuyecko2o 06pa3oeaHus 8 CO8PeMeHHbIX YCa08UsaX AB/Aemcsa coyemaHue
Kaaccu4eckux nodxodoe e npernodasaHuu ¢ UCMob308aHUEM UHMOPMAUUOHHO-KOMMYHUKAUUOHHbIX mexHosoauli. CmeneHb
yceoeHus 3HaHul 3asucum He cMosbKo om ¢hopMel NpernodHeceHUs npenodasamesnem Mamepuand, CKOAbKO 0m Momueayuu
cmyodeHma K usyyeHuro npedmema. Heobxooumo npusueame cmyOeHmMam HABbIKU CaMoobpazosaHus, camoopaaHu3ayuu,
MPUHAMUSA CAMOCMOAMEsIbHbLIX peuwleHul, 80CIUMbI8ams y cmydeHmos cmpemseHue K camopazeumuro. [pu oHnaliH 06yveHuu
cn1iedyem ucrnosne308ams 8ce 803MOXHOCMU 0b6YYeHUs U HanamcusaHus 0b6pamHoli cesa3u co cmyOeHmMamu € Yesnoko COXPAHEHUS
Kayecmea obpa3zosaHus 8 Henpocmoli snudemuonoau4eckuli nepuoo.

K/IFOYEBBIE C/IOBA: mamemamuka, MemoOuKa rpenodasaHus, Kaaccuyeckuli nooxo0d, UHGhOPMAYUOHHO-KOMMYHUKAUUOHHbIe mexHOos102uU.

BBE/JEHUE

MocTtaHOBKa ﬂpOsﬂeMbl. Cpe,a,w MaclTabHbIX COuManbHbIX MPOEKTOB, MNpeaNnoXeHHbIX B nocaegHue roabl
06LLI,8CTBOBEAaMVI N NONNTUKAMUN B KayecTBe I'IOTeHLI,Ma/'IbHOVI moaenu yCTOVI‘-{MBOI’O Pa3BnUTUA counyma, BblaenAeTca NPoeKT
((LLMd)pOBOE O6LIJ,€CTBO>). Ero npemmyLiecTtsa MHorme nccnenosartenm BUgAT B TOmM, YTO OH OPraHNYHO BNMUCbIBAETCA B TPAEKTOPUIO
CTpaTern4eckoro Kypca d)OpMVIpOBaHVIFI 9KOHOMUYECKUX YKNa40oB NATOro U WecToro I'IOKOI'IeHl/Iljl, T.e. obecneunsaeTr AaﬂbHeVILUMVI
TEXHUKO-TEeXHONOrNYeCcKnin nporpecc O6IJ.I,€CTBa.

© W.K. AcmbikoBud, O.H. MbixkkoBa, U.M. BopkoBsckas, 2021.
31



PHYSICAL & MATHEMATICAL EDUCATION issue 3(29), 2021

YKa3aHHbI COLManbHbIM NPOEKT NOyYMA NOALEPHKKY U B Benapycu: ykasom npesuaeHta Pecnybamku benapycb ot 7 mas
2020 roaa B KayecTBe MepBOro U3 LWIECTU MPUOPUTETHBLIX HANPaABAEHMI HAYYHOW, HAayYHO-TEXHUYECKON U MHHOBALMOHHOW
neAatenbHocT Ha 2021-2025 roap! yTBepaeHbl «Ludposble MHGOPMALMOHHO-KOMMYHUKALMOHHbIE U MEXANCUUNANHAPHbIE
TEXHO/MIOTMU, OCHOBAHHbIE HAa HWX NPOM3BOACTBA: pa3BuTME MHGOPMAULMOHHOTO O6LWLECTBA, 3NEKTPOHHOIO rocyfapcTsa M
UMPPOBOI IKOHOMMKM; MaTeEMATUKA U MOAENNPOBAHME CNOXKHbIX PYHKLUMOHANbHbIX CUCTEM (TEXHONOTUYECKUX, BUONOTUYECKUX,
COLMANbHbIX)».

Ho, K corKaneHuto, B peanbHON AeNCTBUTENBbHOCTU NPEenoAaBaHU0 MaTeMATUKKN, OGHOW U3 OCHOBHbIX AUCLUNAUH ANA
dyHAameHTanbHOro obpasoBaHua MHxeHepa XXI Beka B Pecnybivke benapycb, Aa M B Poccuu Toxe, HaHocATcA Bce bonee
cywecTBeHHble yaapbl (AcmbikoBuy & MbikkoBa, 2020). 3aknaablBaHME OCHOB MaTeMATUYECKOM Ky/bTypbl AOXKHO NPOUCXO4MUTb
B NpoLiecce LWKO/MbHOrO 06pa3oBaHMA, @ 3TO BO3SMOMXKHO Wb B TOM C/yvae, KOraa MaTemaTuKe yAensetca AO/IKHAA Pofb.
KonnyectBo 4acoB M KayecTBO npenofasaHus, TpeboBaHWA K 3HAHMAM Yy4YeHWKa onpedensloT B MUTOre ypoOBeHb ero
MaTemMaTUYecKoW NOAroTOBKM. fBNAACL B AasbHelwem 6a30i Ans OCBOEHUSA MaTeMaTUYeCKMX OUCUMMANH B YHUBepcuTeTe,
LWIKO/IbHAA NOArOTOBKAa MrpaeT 3HaYMMYyl0 po/b B ganbHellem obpa3oBaHUM crneumanucta. MNaBHOM LeNblo NpenogaBaHus
MaTeMaATUYECKUX OUCUMNANH B yHMBEpcuTeTe sBAseTca obecneyeHWe KadvecTBa 06pa30oBaHMA, U AOCTUMKEHWMIO 3TOM Lenun
LO0/IXKHbI CNOCco6CcTBOBATL KaK GOpPMbl U METOAbI NPenoaBaTeIbcko paboTbl, Tak M NOAAEPKKA OPraHM3aLMOHHAnA, B TOM YMcie
KO/IMYECTBO YaCoB, OTBOAMMbIX Ha MaTeMaTUYeCKne OUCUMMAMHBL. B HacToslee Bpems, Korga K npobnemam umerowmmen
npucoeamHunack Nnpobiema cobnloeHUA aNMaAeM1MoN0rMyeckux TpeboBaHMI B CBA3WN C pacnpocTpaHeHnem uHdekummn COVID-
19, npenogasaTento NPUXOAMUTCA M3bICKMBATb BCE BO3MOXHOCTM, YTOObI 06ECcneyYnTb LO/KHbIM YPOBEHb MaTeMaTUYeCcKOoM
NnoaroToBKM OyayWwmMX WHXKEHepPHbIX KagpoB. B cTaTbe o0606uwaeTca onbiT paboTbl npenopgasaTeneit Kadenpbl BbiCLUEH
MaTeMATUKM Benopycckoro rocyfapcTBEHHOTO YHMBEPCUTETA B C/IOMMBLUMXCA HEMPOCTbIX YCA0BUAX, Ob6CYKAatoTCA
BO3MOXHOCTU ANCTaHLMOHHOrO 0byyeHna ans obecneyeHnn KayecTsa NOATOTOBKM CTYAEHTOB.

AHanu3 aKTyanbHbIX ucciepoBaHuii. CoBpeMeHHbIM 3Tan PasBUTUA BbICLUEN LIKO/bI XapaKTepUsyeTcs BO3pacTatoLLeit
TBOPYECKOM aKTUBHOCTbIO MpenogasaTtens. Bo Bce BpemeHa BbICWAs LWKOMAA OT/MYanacb METOAMKOM yyebHoW paboTbl 1
CTENEeHbI0 CaMOCTOATENbHOCTU CTYAEHTOB, a Leblo yyebHOro npouecca ABAANOCL Pa3BUTME CMOCOBHOCTM Ob6yyatoWmMxXca K
HenpepbIBHOMY CaM0O06Pa30BaHMIO, K CTPEMIEHWIO NMOMOHATL U O6HOBAATL CBOM 3HaHUA. Ho 2020 rog, BHEC CBOW KOPPEKTUBSI
B MmeTogonornio obpa3oBaHMA, BO3HWK/AQ HEOOXOAMMOCTb BHEAPEHWA W aKTMBHOTO WCMNO/b30BaHWMA WHPOPMALMOHHO-
KOMMYHWKaLMOHHbIX TexHoormit (UKT) B 06pa3oBaTesibHbIM NPOLECC B LLE/IOM, TaK Kak NOABUIUCH TPYAHOCTU B NPUMEHEHWUU
KJacCcMYecKkoro noaxopda, rae BCe 3aHATMA MPOoBOAWMAUCH B ayauTopusx. Mpu aTom 6osblive Hagexabl BO3/Maraiucb Ha
3NEKTPOHHOE 0byyeHue, KOTOPOe Ha3blBaM MHHOBALMOHHLIM Nogxoaom (FoHuaposa, 2019). Ho B TeyeHMe nocnegHero roaa,
Korga 6onblWwan 4acTb NefaroroB CTONKHY/NACh C peasibHbIM NEpPexofoM Ha AUCTAaHUMOHHY dopmy obyyeHuA, B CBA3U C
naHgemMuelr KOpoHaBupyca, NOATBEPAMUINCH CYyLLECTBEHHble Npobaembl, KOTOpble MMEIOTCA MNPU 31EKTPOHHOM 0byyYeHun
matemaTuke (AcmbikoBud, 2019), (MapmysuHa, 2020). OcHoBHOM Npobaemoit, Kak oTMevanoch U paHee, ctana (Tectos, 2018)
npo6aema NOHMMaHUA.

[na opraHu3aumu yaaneHHoro obyyeHusa B Benopycckom rocyapCTBeHHOM TeXHONOrmyeckom yHusepcutete (BITY)
6bInM MCNONBb30BaHbI Pa3NNYHble NAATGOPMbI M ONbIT KOANET U3 APYIUX CTPaH. Tak, Hanpumep, B Monblie obpasosaTesibHble
pecypcbl pasmellaloT Ha caWTax BYy30B, B Yexum NpOBOJATCA OHMAMH 3aHATUA, CTyAeHTam npeasaraetca paspaboTka
WMHTEPAKTUBHbIX pedepaTos Mo PacCMOTPEHHbIM TEMaM.

OnbIT opraHM3auumn y4ebHOro npoLecca No MaTeMaTHKe NOKa3bIBAET, YTO MCNONb3yeMan Kadbeapoit BbICLLE MaTeMATUKK
BITY ypoBHeBasa TexHonorma adpdeKTMBHa NpU pelleHnr 3a4a4mM NOBbILWEHNA KauecTBa MaTeMaTUYeckoro obpasoBaHus U, Kak
cnepcteue, opMMUPOBAHUA UCCNEA0BATENBCKON KOMMETEHTHOCTM CTyAeHTa (AcMmbikoBUY., BopKoBcKas, Mbixkosa, 2019).

OCHOBHO Le/blo 3TON TEXHONOTUM ABASETCA:

- OpraHu3auma camocTosATesIbHOM pPaboTbl CTYAEHTOB;

- NpobyKaeHue y CTYyAeHTOB MHTepeca K NpuobpeTeHunto 3HaHUI;

~ OKasaHue NOMOLLM CTYAEHTY B NPeoA0eHUN TpyAHOCTEN B yyebe;

~ YCKOpeHMe npouecca agantaumm ANA CTyAeHTOB NepBbIX KYpPCcOB B YC/10BUAX 0byyYeHus B By3e.

YpoBHeBas 0b6pa3oBaTeNbHAA TEXHOOTMA MPUMEHAETCA NPU NPOBEAEHUN AYAUTOPHBIX 3aHATUIA NO MaTEMATUYECKUM
OMCUMNANHAM U aBnaeTca 3GPeKTUBHbIM cpeacTBoM, obecrnedymBalolmm guddepeHLMpoBaHHbIA NOAX0A K CTyAeHTam U
YUUTBIBAIOLWMM MX IMYHOCTHbIE OCOBEHHOCTU. B COBPEMEHHbIX YCNOBUAX OKa3as0Cb HEOOXOANMbBIM AOMONHUTL UCNOJb3yeMble
meTozbl 1 GopMbl NpenoaaBaHNA MHGOPMALNOHHO-KOMMYHUKALMOHHBIMWU TEXHONOTUAMM, AAIOLLMMU BO3SMOMKHOCTb NPOBOAUTD
3aHATUA B yaaneHHoM popmarte.

MATEPUAJIbI U METOAbI

KoHeyHo, aucTaHUMOHHOe obyyeHue NosBuaoCh elwé B 18 Beke, 33401ro A0 UHTEpHeTa, a CO BpeMeHeM U3MEHAIUCH
MWL MeToAbl ero opraHusaumun. 310 dopma obyuyeHus, roe B3aumogeicTBuMe neparora M obyyaemoro MpOUCXOOMT Ha
PacCToAHMM, B YACTHOCTM, C nomolbto UKT. ECTb CTOPOHHMKM BepcUM, YTO Takoe obydeHMe MOKEeT MOAHOCTbI0 3aMeHMUTb
TpaauuMoHHOe. B oTBeT mpuBesem NpUMep: KOr4a MHTEHCMBHO Hayano passuBaTbca TenesuaeHue, B CLUA 6bliv aKTMBHbIE
CTOPOHHUKM NPEeAnoNoKeHUs, YTo B BAuKallem 6yayuiem TeneBUAEHWE 3aMEHUT WM NeKUUU Belylimx npodeccopos, U
npaKTMyeckne 3aHATUA. Ho LL0BONLHO BbICTPO BLIACHWUAOCH, YTO 3T TEOPETUYECKME NOCTPOEHUA BECbMA Aa/IeKU OT peanbHoM
OeNCTBUTEIbHOCTH.

Ha Haw B3rnsg, npu MCnosib30BaHMM HOBbIX MHGOPMALMOHHBIX TEXHO/IOTMIA B NPENoAaBaHMK B MAeane KaxKabli CTyAeHT
MO/Iy4YaeT MNOJIHbIN KOHCMEKT NeKUMit 3apaHee B 3/1eKTPOHHOM WM pacrnedyaTaHHOM BUAE U MPUXOAMUT Ha NIEKUMIO CyLLaTb ee
OCMbICNEHHO. MpenoaaBaTeNb C NTOMOLLbIO Npe3eHTaLnin 0606LLaeT U CTPYKTYpUpyeT maTepuan, 06bACHAET CI0XKHbIE MOMEHTbI.
Bnarofapa KOMMNbIOTEPHbIM TEXHONIOTUAM MOXKHO peannsoBaTb maTtepuan 6onblwero obbema, a TakKe BblAeUTb U AeTaNbHO
MOSICHWUTb IaBHOE COAEpPXaHMNe NeKLUN, MPUBECTU OCHOBHbIE MAEN M NOAXOAbI, NPEANOXKUTb MaTepUan A1 CAaMOCTOATE/IbHOIO
M3yyeHMA MO yKasblBaeMOM /AuTepaType, UTO, B LE/SOM, OXMBAAET yyebHbI npouecc, Aenas ero 6osee AMHAMUYHBIM U
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pa3HoobpasHbiM (AcmbikoBuy & JloBeHeuKas, 2019). Ho npu 3TOM cambiM CyLLECTBEHHbIM BOMPOCOM, OCOBEHHO B
npenosaBaHMM MaTEMATUYECKUX SUCLMMANH, OCTAeTCA BOMPOC AOCTAaTOYHO XOPOLLEro NOHUMAHUA U31araeMoro Matepumana u
OTPabOTKM TEXHWUKM UCMONB30BAHUA NPU PELLEHUN NPAKTUYECKUX 3334 U UCNOIb30BAHUA MaTEMATUUECKUX MOZeneln B Kypcax
WNH}KEHEPHbIX AUCLUMNIINH.

Mpw opraHusaumm yuebHoro npouecca c npumeHeHnem UKT LeHTP TAXKeCTU B 06y4eHMM NepemeLLL,aeTcs ¢ npenogasaHms
nocpeacTBOM NIEKLMI U NpaKkTUYeckunx 3aHaTuit (offline) Ha obyyeHue online Ha nnatdpopmax COO Ha 6aze LMS Moodle, Microsoft
Teams, Zoom v Ap., @ TaKXKe Ha CaMOCTOATE/IbHYIO PaboTy CTyLeHTOB B OCBOEHUU maTepuana (FfoH4Yaposa, 2019). Tem cambim
YBE/IMYMBAETCA MHTEHCUBHOCTb NMOArOTOBKM COTPYAHUKaMM Kadeapbl PasNnyHbIX MaTEPUANOB A1A AUCTAHLUMOHHOTO 0byyeHus
W ANA YAANEHHOTo NpoBeAeHuaA 3aHATUIA. MpY 3TOM BpeMeHU Ha NoApo6HOe U3yyeHne Ton AN MHOM NAaTGOPMbI NPAKTUYECKK
HeT. Mepep, negaroramm BCTa/IM MHOMKECTBO BOMPOCOB, CPeAM KOTOPbIX, Hanpumep, Kak BbICTPOUTb CUCTEMY AUCTAHUMOHHOMO
0by4eHMA, KaK KOHTPO/IMPOBATb MpoLEcCc, Kak obecneuynTb ycBoeHWe y4yebHOro matepuana CTYLEHTOB, HaXxoAAWMXCA Ha
KapaHTMHe U T.N. UTaK, KaK 1 BO BCe BpeMeHa, HacyLLHbIMM OCTAlOTCA BOMPOCHI: «4eMY YUMM?», KKaK YUMM?» U «4TO B pesyibTaTe
nosy4yaem?».

BaKHeMWMM yCnoBMEM KayeCTBEHHOrO OHMalH obyyeHua ABNAETCA, NpeXKae BCero, maTepuasbHO-TEXHWUYECKOoe
obecneyeHne y4yebHOro npouecca U CBEPXCKOPOCTHOW MHTepHeT. B BITY Ha ¢daKynbTeTe TEXHONOMMU OPraHUYECKUX BELLECTB
6bIN10 NPOBEAEHO aHKETUPOBaHME, B KOTOPOM MPUHANO yyacTve 155 cTypeHTOB. B aHKeTe 6blan npepsioxeHbl creayowme
BOMPOChI:

1. [Ans guctaHumoHHoro obyyeHus (40) ncnonbsosanm

[] cBOM HOYTOYK [] cBOM cMapTdoH O
2. Buem Bbl BUAUTE NpenmyLLecTBa M HEAOCTATKMU 3aHATUI on-line No cpaBHEHMIO € TPAAULMOHHBIMW ayAUTOPHbIMM
3aHATUAMM (NEKL MU, NPAKTUYECKUE 3aHATUA)
Npenmywecrsa
Hepocratkun
3. Bbl npeanoutete Jflekuun [ on-line [ off-line
MNpakTnueckne 3aHatma [Jon-line [ off-line
4. Kakue dpakTopbl Mewann Bam yunTbca AUCTaHLUMOHHO 3GPeKTUBHO?
5. Kakue nnatdopmbl Ucnosib3oBann?
[JCOOBITY [1Teams [1Zoom [ pyryto

6. Kakasa ana Bac 6bina Hanbonee apdpektusHa? 1 COO BITY [1Teams [1Zoom [Mouyemy? CpaBHUTE

7. Y70, Ha Baw B3rnsa, MOXKET NOBbICUTb KaYeCTBO AUCTAHUMOHHOTO 0byYeHus?

8. Baww noxenaHua npenogasaTtenam.

HecmoTps Ha To, uTo nopaaka 70 % onpoLleHHbIX CTYAEHTOB (B aHKETUPOBAHWUM NPUHANO y4acTue 155 cTyaeHToB) nmetoT
HOYTOYKM, OCHOBHasA MX macca Mcnosab3yeT cMapTdoHbl ana paboTtol B COO, y MHOMMX BO3HWKAOT NPobaembl TEXHUYECKOro
XapaKTepa (C nogKAtoYEHNEM, CO 3BYKOM M NOALEPIKKOM BO3MOXKHOCTEN 0bpa3oBaTe/ibHbIX NaaTtdopm).

Cuctema gucTaHuMoHHoro obyyeHus (CAO) BITY Ha ocHoBe LMS Moodle ncnonb3yeTcs He 0AWH rof, HO Ha NepBOM 3Tane
BHeApeHus B y4ebHbIN NpoLecc NpesocTassNa HOBble BOSMOXKHOCTU A5 OpraHM3aLmuy TpaguLMOHHOTO 0byYyeHuUs, COBMELLAs
OYHble C AUCTAHUMOHHbIMU AOMONHUTENIbHBIMU 3aHATUAMM A8 MOTUBMPOBAHWUA CTyAeHToB. Bbinn co3gaHbl IYMK no
Pa3IMYHbIM Kypcam, UX maTepuanbl pasmelteHsl B CO, NCnoab30BaNNCh MHTEPAKTUBHbLIE BO3MOMKHOCTU CUCTEMbI, O4HAKO NWLLb
Manas YacTb CTYZEHTOB N0/1b30BasaCh AaHHbIMW MaTepuanamu.

Mepexoa, nekumit B online popmat notpeboBan 1 BpeMeHU, U BBEAEHUA HOBbIX TexHonormi (Fapaes & babuHa 2020).
BHauane nekuuu pasmelanmcb B ceobogHom goctyne B CAO (LMS Moodle) gna Kaxaoro noTtoka, BO BpemMA 3aHATUI Mo
pacnucaHuio npenogasaTesnb BeN YaT-3aHATUA, NPeaBapuTe/IbHO AeNaB PACCbINKy CMCKA BOMPOCOB, MCMNO/b3Ys 3/1€MEeHTbI
TenekoHoepeHumn. Ho ycBoeHMe TEeopeTUYecKoro maTepuana WO OYeHb NAoX0. [LOCTYNMHOCTb Pas/iMyHbIX MATepuasncos B
WHTEepHEeTe A OTBETA HA BONPOCHI NPenoAaBaTeNs He 03HAYaeT UX HaxoXAeHue, a Tem 6osnee yCcBOeHWe, NONyYEeHHan TakKUM
cnocobom MHPopMaLMa He COXpaHAETCA B NamMATM Hagonro. Co BpeMeHeM NeKLUK CTau NPOBOAMTLCA NOYTH B TPAAULMOHHOM
dopmare: B pexkmme BnaeokoHpepeHuun B CAO mam Microsoft Teams. JleKTop n3naran HoBbIM maTepwan, 3aZaBan BONPOCHI,
NnoAAep!KMBaa YaT-3aHATMA, MPU 3TOM BOMPOC C NOCEL,EeHMEM TaKUX 3aHATUI, BEpHEe CKasaTb, C NPUCYTCTBUEM CTYAEHTOB Ha
NeKUMK, ocTaeTcA OTKPbITbIM. Ha BOMpOCbl O TOM, Kakoe W3n0XeHue maTepuana bonee npuemnemo, 54% onpoLlleHHbIX
cTyaeHToB oTBeTMAM: online nekunn B Microsoft Teams. K npemMmyLiectBam TakuMx NEKUMIA CTYAEHTbI OTHECAN CReaytoLee:

- 06y4aTbCcA MOXHO B 1t060M MecTe (0BLEeXNTUN, [OMA, aYAUTOPUN U T.N.);

- He HY)XHO TPaTUTb Bpems Ha npoess;

- BO3MOXHOCTb NPOCMOTPETL 3aMMUCh NeKLMK B toboe yaobHoe Bpems.

K HegocTaTkam:

~ HEeT KOHTPO/IA CO CTOPOHbI NpernoaasaTens, a, CNefoBaTe/IbHO, KOHCMEKT NEKLUA MHOTUE He MULLYT;

- HeaoCTaToOYHaA MOTMBALLMA UK ee OTCYTCTBUE, TAXKENO 3aHNMMATbCA, KOor4a B 04HOW KOMHaTe coceam Mbo cnat, 1mbo

3aHMMAIOTCA CBOMMM AeNamu;

- W3-3a COBMeLLeHMI 3aHATUI online u offline yacTb nekuunit NpuxoAnTCS NPONyCcKaTb.

MpaKTMYecKkme 3aHATUA NPOXOAMAN B LUTAaTHOM peXume ANA 4acTu cTyaeHToB. OCTanbHble e NoNyYanu 3agaHna yepes
cUCTEMY AMCTAHUMOHHOTO obyuyeHuA. OTBeTbl Ha 33a4aHWMA LOMKHbI 6biAM NPUCLINATBLCA B 3apaHee OroBOPeHHOe Bpems B
dopmarax doc nnum jpg. Ha npenogasateneit, 0CO6eHHO acCUCTEHTOB, Ierna CANMWKOM 60/blas Harpy3ka No NpoBepKe 3a4aHni,
OHW ZileNann CBOM NOMETKM M OTCbIIANN UcnpasieHHble Gaiibl 06paTHO CTyAeHTam, NPU 3TOM KOHCY/IbTUPOBAIU CTYAEHTOB B
Pa3/IMYHbIX MecceHaKepax.

B cBA3M C annaemmnonornyecko 06cTaHOBKOWM BO BTOPOM NONIOBUHE CEMECTPA YacCTb NPAKTUYECKMX 3aHATUIM NPOXOANAN
online, a KOHTPO/IbHbIE MEPONPUATUA U NabopPaTOPHbIE 3aHATUA B yHMBepcuTeTe. Mpu 3Tom nposecTu 3-4 napbl MO pacnucaHuio
nepez 3KpaHOM KOMMblOTEPa 0Ka3anocb NpobaemMaTMyHO He TO/IbKO NpenogaBaTesto, HO U cTyaeHTy. NMpenogasatenun Kadeapbl

33



PHYSICAL & MATHEMATICAL EDUCATION issue 3(29), 2021

peann3oBbiBaAn OHNAalH obyyeHne B dpopme KoHbepeHumit B COO BITY, Ha nnatdopmax Microsoft Teams, Zoom. [laHHble
nnatGopmbl MOALEPKMBAIOT BUAEO CBA3b, AyAMO CBA3b, JEMOHCTpPaLMIO 3KpaHa (Bcero paboyero ctona WAW OAHOrO
NPUNOXKEHUA), UCTI0Nb30BaHWE BUPTYyanbHOM A0CKkM (Teams, Zoom), 3anucb POAMKOB. 1o U/WUAK nocne NpakTUYECKUX 3aHATUI
npenogasaTenu 0b6s3aTesIbHO OCTaBAAAN BPeMA Ha 0bLLeHWe co CTyaeHTamm, obcyKaanu TpyAHOCTU HOBOM GopMbl 0ByHeHUS.
Cnepyet OTMETUTb, YTO CTYAEHTbl, MOTUBMPOBAHHbIe K yyebe, HAaCTOMYMBO OCBaMBa/M MaTepuan M B NPUHUMNE C 3ajadeit
CMNpPaBWUANCb, HECMOTPA Ha OBBEKTUBHbBIE TPYAHOCTU, HO ANA MHOMMX oTcyTcTBue offline NpakTUYecKkmnx 3aHATUI M KOHTaKTa C
npenogasaTtesiemM NPUBEO K ABHbIM TPYAHOCTAM NPU PELLEHUM HEKOTOPbIX KN13aCCoB 334, HE YMEHMIO IOTUYECKM PaccyKaaThb.

Ha Bonpoc B aHKeTe 0 NpeAnoYTEHNM NPOBEAEHUA NPAKTUYECKUX 3aHATUI (B dopmaTe online nawm offline) 80% cTyaeHTOB
OTBETWU/IN, YTO HUYETO HE 3aMEHUT «KMUBOro» 06LLEHNA C Npenogasatenem. A 3 naatGpopm, KOTOpbIe UCMOAb30BaAN, BbiIBMpatoT
Microsoft Teams nnu Zoom (88%).

Py6eHblii KOHTPO/Ib YCBOEHWA 3HaHWI (MO Temam) NPOBOAWCA ayIUTOPHO, B OCHOBHOM, B BUJE KOHTPO/bHbIX paboT.
[na 3k3ameHoB B cBeTe CO6/I0AEHMA 3NUAEMMONOrMYECcKUX TpeboBaHui Bblna pekomeHLoBaHa NUCbMeEHHas Gopma, uTo
notpe60Bano OT NpenogasaTesa XOPOLLO NPOAYMAaTh COAEPIKaHME IK3aMeHaLMOHHbIX 61neTos. 19 06bEKTUBHOMO OLEHUBAHUA
YPOBHA 3HAHWI CTYAEHTOB 3afayu, C OAHOW CTOPOHbI, AO/XKHbI BbITb Y3HaBaeMbIMW, a C APYroi CTOPOHbI, NpeanonaraTtb M
CaMOCTOATENbHYHO MbICUTENbHYIO AEATENBHOCTb CTYAEHTa.

PE3Y/IbTATbI UCCNEAOBAHUA

Kaxgpli npenogasaTesib B CNOMMBLUMXCA HEMPOCTbIX YC/NOBUAX MOCAEAHUX NEeT HaKoMWA AONONHUTENbHbIA OMbIT,
KOTOPbI, HECOMHEHHO, HYXXHO UCMO/Ib30BaTb B Aa/ibHeWLeM.

TaKoW onbIT NpMBeN, B YaCTHOCTU, K C/IeAyOLWMM pe3y/ibTaTam:

— XOPOLUO MOArOTOBAEHHOMY M3HAYaNbHO CTYAEHTY C BbICOKMM YPOBHEM MOTUBALMK yAaeTcA NPeofoeTb CNOXKHOCTU
yfAaneHHon ¢opmbl 0byyeHMs M NPoAEMOHCTPUMPOBaTb HEMOXMe OTBeTbl Ha 3K3ameHe. KoHeuyHo, npuxopuTca nopaboTatb
CaMOMYy, 3HAaYMMOCTb CaMOCTOATE/IbHOW PaboTbl MHOrOKpaTHO Bo3pacTaeT. pu ymenon ee opraHM3auMnM U UCNONb30BaHUK
BO3MOXHOCTEN obleHnsa ¢ npenogasaTtenem (nycTb gaxe uyepe3 MHGOPMALMOHHO-KOMMYHUKALMOHHbIE CPEeACTBa, XOTA
60/1bWWHCTBO NpenoaasaTenei NPOBOANIN KOHCYNbTALMM B «XKMBOM» GOpMaTe) MOKHO AOOUTLCA BbICOKOTO YPOBHA YCBOEHMSA
maTtepuana;

— Ha NepBbI NAaH NPV NOATOTOBKE BbIXOAAT TaKMe KayecTBa CTYLEHTa, KaK YMEeHMe U KenaHue CaMoCTOATe/IbHO
obpabaTbiBaTb M ycBaMBaTb npeanaraemyto MHpopmaumio. ECTb NpUATHbIE «CIOPNPU3bI», KOFAa Ha IK3aMeHe XO4YeTCA CKasaTb
CTYAEHTY O ero oTBeTe: «3TO /lyylle, YeM MOXKHO OblJI0 OXKNAATb». KCTaTh, cpesm Takux «KCpeaHux» CTYAEHTOB MHOMO TeX, KTOo
anmtenbHo 6onen, 6bin Ha KapaHTUHE U NPK 3TOM He NOTePA, a TONIbKO Npuobpen KenaHune yunuTbea. MenaHne camopassutua,
yyeHue «ana ceba» nHorga AsnaeTca ropasno 6osee MOTMBMPYIOLMM GAKTOPOM, HEM OCTasbHbIE;

— ec/n y cTyaeHTa coscem cnabaa nepeoHayvasbHaA NMOArOTOBKA, MPU 3TOM eLe M cabblii ypoBEHb KOMMYHMKALLMKM €
OCTa/IbHbIMK CTYAEHTaMW TPynnbl, TO yaaneHHaa dopma obyyeHUA ABNAETCA ANA HEro HermocuIbHOW W YacTo MPUBOAMUT K
«MpOBany» Ha 3K3ameHe. TakoW CTYAEeHT He MOKET NPOABUHYTLCA Bepes Npyu NOAroToBKe 1 BoobLe TepaeT moTusaumio. Ecan
Takasa npobsema BbIABNAETCA 3apaHee, MpenoAaBaTesito MOMHO MOMbITaTbCA (KOHEYHO, ecauM MHULMATUBY MPOABIAET cam
CTYZIEHT) NMoMoYb 0Oy4aloLemyca OpraHM30BaTb CBOK CAaMOCTOATE/IbHYIO PaboTy, MPOBECTU HECKO/IbKO KOHCY/bTauuii B
06bl4HOM popmaTe. Mo BO3MOKHOCTU TaKMe KOHCY/IbTaLuu NPOBOAUTL HYXKHO, U PYBEXKHbIN KOHTPO/Ib B ayAUTOPUAX, KOHEYHO,
o4YeHb MHPOpMaTUBEH. MHOrMe CTyAEeHTbl BO BpeMA NPOBEAEHMUA YANEHHbIX 3aHATUW aKTUBHbI, CTAapaloTCA MOKasaTb CBOE
NPUCYTCTBME, OAHAKO B a/IbHeliLLeM OKa3bIiBaeTCs, 4TO 3TO INLLb BUAMMAA CTOPOHA. Ha caMOM e fiefie ypoBeHb 3TUX CTYAEHTOB
HacTo/IbKO cnab, YTo MaTepman CoBePLUEHHO He YCBAaMBAETCA, M HA SK3aMeHe pe3y/ibTaT OKa3blBaeTCA HeYyA0B/IeTBOPUTENbHBIM.

OTmeTuMm, 4To yaaneHHaa popma nNpoBeseHUA 3aHATUIM U ee coYeTaHMe C «KMBbIM» GOPMATOM KOHCyNbTauuii TpebyeT
334eMACTBOBAHNA BCEro NOTEHLMAaNa METOAUYECKUX U TEXHUYECKUX YMEHUI1 npenoaasaTens, Aa u ero usnyeckas noaroToska
OKa3blBaeTCA [aNeKO He INLLHEN, Harpy3KM O4eHb BbICOKM.

BbIBOAbl U OBCYXAEHUE

Takum obpasom, B OCHOBE COBPEMEHHbIX MNOAXOAOB K MPENnOAaBaHWUIO AOMKHbI JIeaTb pPasyMHble coYeTaHus
TPaAWULMOHHbBIX U ANCTAHUMOHHBIX METOL0B 0bYyYeHUA.

Y70 NOKaszano Mcnosab3oBaHuWe yaaneHHoro obyyeHna? OHO elle pa3s NoATBepAMAO TOT GaKT, YTo pesynbTaTt obyveHunA
3aBUCUT He TO/IbKO U He CTO/IbKO OT pOpMbl NpenogHeceHna npenoasatenem matepuana, CKOIbKO OT XKeaHMA U BO3SMOXKHOCTU
CTyAeHTa 3Ty uHbopmauumio ycBamsaTb. [MOKa ecTb BO3MOXKHOCTb MPOBOAWUTL 3aHATUA B ODObIMHOM «KuMBOM» dopmare,
HeobxoAMMO 3apaHee 3aKkNafbliBaTh B CTYAEHTaxX HaBblKM CamoobpasoBaHMA, yUUTb UX OPraHN30BbIBATb CBOM TPYA, CBOE BpEMS,
yMmeHue MpoABAATb WMHWULMATMBY W MNPUHMMATb CAaMOCTOATE/IbHble pelleHWs, BOCNUTbIBaTb Yy CTYAEHTOB CTpemaeHue K
camopasBuThio. Mpu HeobxoaMMOCTM OHNAH obByyeHMA neparor JOMKEH UCNONb30BaTb BCE BO3MOXHOCTK, YTOBbI MOMOYb
CTyAeHTy B yuebHOM npouecce, obecneyns emy Tpebyemyto NOAAEPIKKY B YCBOEHUM 3HAHWIA. Takaa cTpaTerna coTpyaHnYecTsa
[0/MKHa BbITb HanNpaB/eHa Ha COXPaHEHUE U yy4LLeHUE KayecTBa 06pa3oBaHNA B HEMNPOCTOW INMAEMUOIOTUYECKUI NepUoL.

Takum 06pa3om, opraHM30BbIBasA OHNANH 0byYeHWe, B Ka4yecTBe NepBOOYEPeAHOM 3a4aumn npenogasatens Ha 4aHHOM
sTane nNpeacTaBAAETCA CAeAyIOWan: HayYUTb Ky4UTbCA» B LUMPOKOM MOHUMAHWM 3Toro csiosa (MapmysuHa, 2020). Oase,
YYMTbIBAA MHTEHCUBHOE Pa3BUTME aZIFOPUTMOB MUCKYCCTBEHHOTO MHTE/NIEKTa, YesloBeK ocTaeTca Beayluel ¢urypoit B obnactu
06pasoBaHuA, 0co6eHHO No GyHAAMEHTANbHBIM HayKaM.

[lns XopoLlmnx cTyAeHTOB, 3aMHTEPeCcOBaHHbIX B Ka4ecTBe CBOEro 06pasoBaHMNA U 3aHNMAIOLLIMXCA CTYAEHYECKOW HayYHO-
uccnepoBaTtenbcko paboTolt, MHGOPMALMOHHbIE TEXHONOMMU HeobXoAMMbl M Becbma Mose3Hbl. ITU CTYAEHTbl MO COBETY
npenogasateneil 3HAKOMATCA B UHTEPHETE C COBPEMEHHbIMU MPUKNAAHBIMU pasAenamn MaTemaTUKK, Hanpumep, Teopuen
yucen, MeToAammn onTMMM3aLLUMK, Teopuel pagos Pypbe, TEOPUER INTUNTUYECKUX KPUBBIX M UX MPUNOKEHUAMM B KpunTorpadum
(Mapuyk & Acmbikosuy, 2019), (Kypmawes & Acmbikosud, 2020). B aTom cnyyae npenogasaTesib B pamKax SUCTaHUMOHHOIO
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OGLLI,EHVIH paccmaTpuBaeT NnojslydeHHble CTyaeHTaMK pelweHna N AaeT COBEeTbl MO UX aHaIn3y U ,CI,aﬂbHeVlLUVIM ncenenoBaHuAm,
OnucbiBaeT HOBble MaTemaTuyeckue 06'beKTbI, KOTOpble Ha40 PacCMOTpPeTb CTYAEHTY.

MoHATHO, 4TO B CBA3U C 06bEKTUBHOM HEO6XOAVIMOCTbIO nepexoga K cucrteme HenpepbiBHOro OGpaSOBaHVIH ponb

AWCTaHLMOHHOro 06pa3oBaHus byaeT ycuamneaTbes. B ycioBusAx Bce BO3PACTatoLLEro NOTOKa MHbOpMaLLMKM 06pa3oBaHme f01KHO
COMPOBOXKAATb Ye/I0BEKA BCIO M3Hb. B AaHHOW CUTyauMu B LIKOAE U YHUBEPCUTETE BAXKHO 3aN0XMWTb NPOYHbIA GyHAAMeEHT
3HaHMI U 3a710XKUTb NOHUMaHWE 0 HEOBXOAMMOCTH MOMOJHATDL UX B CUCTEME HEMpPEPbIBHOrO 06pa3oBaHms.

10.

11.
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CnUCoK UCNo/b30BaHHbIX NCTOYHMKOB
AcmbikoBud U.K. UKT u cospemeHHoe obpaszosaHue. Teopus u peasnbHOCMb. HayKoBa LifNbHICTb AK Wwaax GopmyBaHHA
npodecinHnx KomneTeHTHoCcTe MalibyTHboro daxisua (HMK-2019): maTepiann MixkH.i HayKOBO-NPaKT.i KOH., 5-6 rpyaHn
2019 p., m. Cymu; y 2-x yactnHax. Cymu: ®0OMN Lboma C.M., 2019. 4. 1. C. 84-86.
Asmykovich I.K., Arhipenko O.A. Importance of mathematics for information technology specialists. 36ipHUK HayKOBMX Npaub
33 maTepianamu AUCTaHUiAHOI BCeyKpaiHCbKOi HaykoBOi KoHdepeHLUii «MaTemaTuka y TexHiuHomy yHiBepcuTeTi XXI
cTopiuua», 15—16 TpasHa, 2019 p. [JoHb6acbKa gepKaBHA MalUMHOBYAiBHA akagemis, m. KpamaTopcbK. KpamaTopcebk: OMA,
2019. C. 132-134.
AcmbikoBny U.K., Bopkosckaa WU.M., MbixkkoBa O.H. O posau mamemamuKku 8 hopMupo8aHUU MBOPHECKUX HABLIKOB
cmydeHmo8 mexHuU4YecKux yHusepcumemos. HaykosBui BiCHMK J1bOTHOI akagemii. Cepis: MeparoriyHi Hayku. 36ipHUMK
HaykoBux npaub / Fon. pea. T.C. MnaumHaa. KponueHuubKuit: JIA HAY, 2019. Bun. 5. C. 29-33.
AcmbikoBuy U.K., NloBeHeuKan E.N. O memoduyeckom obecrieyeHuu Kypca «MamemamuyeckKue 0CHO8bI Kpunmoeapagpuu» 8
benopycckom 20cydapcmeeHHOM MexHOo102Uu4ecKkom yHusepcumeme. Haykosuii xypHan ®I3UKO-MATEMATUYHA OCBITA
Bunyck 1(19), 2019. C. 18-23.
AcmbikoBud U.K., Mbixkkosa O.H. JocmouHcmea u He0ocmamKu 31eKmpoHHO20 00yYeHUs npu npernodasaHuu Mamemamuku
8 mexHU4YecKom yHusepcumeme. MopenmpoBaHue U KOHCTPyMpoBaHWe B 06pa3oBaTenbHoN cpeae: cbopHMK matepunanos V
Bcepoccuinckon (C mexa,. yyactTem) HaydHO-NpPaKT., MeTOA0N0MMYecKon KoHd. Ana HayvyHo-neaarormyeckoro coobuiecrsa/
nog pea. U.A. Aptembesa, B.O. benesuosoii, H.[. AyanHon. M.: U3gatenbctBo FBMOY «MOCKOBCKMIA rOCyAapCTBEHHbIN
obpa3oBaTesibHbI Komnsieke», 2020. C. 40-44.
lapaes T.K.,, BabuHa C.B. OcobeHHocmu ope2aHu3ayuu OUCMAHUUOHHO20 0byvyeHUs MamemamuKke 8 YC/08UAX
pacnpocmpaHeHus uHgekyuu COVID-19. 3ameTku ydeHoro, 2020. Ne10. C. 201-204.
loHyaposa 3.T. JucmaHyuoHHoe 0byyeHUe KaK UHHOBAUUOHHAA MOOesb npenodasaHus mamemMamuKu 8 soeicwieli wkosne.
Meparoruka u ncuxonorus obpasosaxusa, 2019. Ne 4. C. 95-103.
Kypmawes A.0., AcmbikoBud WU.K. AHanuz u obpabomka OaHHbIX 041 nocmpoeHus 2paguxkos. Ponb matemaTuku B
cTaHoBNeHuM cneumanucta-2020. Mat-nbl  Mexa. Hay4yHO-NpPakT. KOHO. YPUMCKWMIA rocyaapCTBeHHbIM HedTAHOM
TexXHU4Yeckuit yHnsepcutet, 2020. C. 49-53.
Mapuyk K.C., Acmbikosuy U.K. Aneopumm co30aHUA 31eKmpoHHOU noodnucu Ha O0cHoge 2Py MoYeK Ha 3aaunmuyeckol
Kpusol. Monoaexb M HayKa: akTyanbHble nNpobnembl GyHAAMEHTaNbHbIX U NPUKNALHbIX UCCNef0BaHWA: maTepuansl |l
Bcepoc. Hal,. Hayy. KOH®. CTYAEHTOB, aCMMPaHTOB U MOIOABIX yueHbIX, Komcomonbck-Ha-Amype, 08-12 anpens 2019r.:84 u./
pepkon.: 3. A. AmuTpues (oTe. pea.) [u ap.]. Komcomonbck-Ha-Amype: ®FBOY BO «KHATMY», 2019. 4. 2. C. 354-356.
O npuopumemHsbix HaNpasaeHUAX Hay4yHol, Hay4YHO-mexHuYecKol u UHHOB8AaUUOHHOU desmenbHocmu Ha 2021-2025 200el.
Yka3 [pesmgeHTa Pecnybnvkm Benapyce 7 maa 2020 r. Ne 156 [3neKTpoHHbIM pecypc]. Pexum pgoctyna:
http://president.gov.by/ru/official_documents_ru/view/ukaz-156-ot-7-maja-2020-g-23556. [aTa gocryna: 17.08.2020.
MapmysuHa M.C. Hekomopesle 80rpocel opeaHu3ayuu 3aHAMUU No MamemamuKe co CmyO0eHmamu mexHU4YecKo20 8y3d 8
ycnoeuax KapaHmuHa. CoBpemeHHble npobaembl Hayku W obpasosaHumA. 2020. Ne 5.; URL: http://science-
education.ru/ru/article/view?id=30231 (gata obpaweHms: 08.03.2021).
TecToB B.A. 31eKMpoHHbIE MexHOo102uU 8 06YyYeHUU MamemMmamuke: npobsaema nNoHUMaHus . UndopmaTmsauma obpasoBaHua
N MeToAMKa 3NeKTPOHHOro obyyeHua: matepuansl || MexayHap. Hayd. KoH®. KpacHosapck, 25—-28 ceHTabps 2018 r.: B 2 u.
Y. 2/ nog obuw. pea. M. B. HockoBa. KpacHosipck: Cub. dpegep. yH-T, 2018. C. 285-290.

References
Asmykovich, 1.K. (2019). IKT i sovremennoe obrazovanie [ICT and modern education. Theory and reality]. Teorija i real'nost’.
Naukova dijal'nist' jak shljah formuvannja profesijnih kompetentnostej majbutn'ogo fahivcja (NPK-2019): materiali Mizhn.i
naukovo-prakt.i konf., 5-6 grudnja 2019 r., m. Sumi; u 2-h chastinah. Sumi: FOP C'oma S.P. [in Russian].
Asmykovich, LK. & Arhipenko, 0.A.(2019). Importance of mathematics for information technology specialists. Zbirnik
naukovih prac' za materialami distancijnoi vseukrains'koi naukovoi konferencii «Matematika u tehnichnomu universiteti XXI
storichchja», 15 — 16 travnja, 2019 r. Donbas'ka derzhavna mashinobudivna akademija, m. Kramators'k. Kramators'k: DDMA.
Asmykovich, I.K., Borkovskaja, .M. & Pyzhkova, O.N. (2019). O roli matematiki v formirovanii tvorcheskih navykov studentov
tehnicheskih universitetov [On the role of mathematics in the formation of creative skills of students of technical universities].
Naukovij visnik L'otnoi akademii. Serija: Pedagogichni nauki. Zbirnik naukovih prac' / Gol. red. T.S. Plachinda. Kropivnic'kij: LA
NAU. Vip. 5 [in Russian].
Asmykovich, I.K. & Loveneckaja, E.I. (2019). O metodicheskom obespechenii kursa «Matematicheskie osnovy kriptografii» v
Belorusskom gosudarstvennom tehnologicheskom universitete [On the methodological support of the course "Mathematical
Foundations of Cryptography" at the Belarusian State Technological University]. Naukovij zhurnal FIZIKO-MATEMATICHNA
OSVITA Vipusk 1(19) [in Russian].
Asmykovich, I.K. & Pyzhkova, O.N. (2020). Dostoinstva i nedostatki jelektronnogo obuchenija pri prepodavanii matematiki v
tehnicheskom universitete [Advantages and disadvantages of e-learning in teaching mathematics at a technical university].
Modelirovanie i konstruirovanie v obrazovatel'noj srede: sbornik materialov V Vserossijskoj (s mezhd. uchastiem) nauchno-

35



PHYSICAL & MATHEMATICAL EDUCATION issue 3(29), 2021

prakt., metodologicheskoj konf. dlja nauchno-pedagogicheskogo soobshhestva/ pod red. I.A. Artem'eva, V.O. Belevcovoj,
N.D. Dudinoj. M.: Izdatel'stvo GBPOU «Moskovskij gosudarstvennyj obrazovatel'nyj kompleks» [in Russian].

6. Garaev, T.K. & Babina, S.V. (2020). Osobennosti organizacii distancionnogo obuchenija matematike v uslovijah
rasprostranenija infekcii COVID-19 [Features of the organization of distance learning mathematics in the context of the spread
of COVID-19 infection]. Zametki uchenogo. no.10 [in Russian].

7. Goncharova, Z.G. (2019). Distancionnoe obuchenie kak innovacionnaja model' prepodavanija matematiki v vysshej shkole
[Distance learning as an innovative model of teaching mathematics in higher education]. Pedagogika i psihologija
obrazovanija, no. 4 [in Russian].

8. Kurmashev, D.D. & Asmykovich, I.K. (2020). Analiz i obrabotka dannyh dlja postroenija grafikov [Analyzing and processing
data for graphing]. Rol' matematiki v stanovlenii specialista-2020. Mat-ly Mezhd. nauchno-prakt. konf. Ufimskij
gosudarstvennyj neftjanoj tehnicheskij universitet [in Russian].

9. Marchuk, K.S. & Asmykovich, I.K. (2019). Algoritm sozdanija jelektronnoj podpisi na osnove grupp tochek na jellipticheskoj
krivoj [Algorithm for creating an electronic signature based on groups of points on an elliptic curve]. Molodezh' i nauka:
aktual'nye problemy fundamental'nyh i prikladnyh issledovanij: materialy Il Vseros. nac. nauch. konf. studentov, aspirantov i
molodyh uchenyh, Komsomol'sk-na-Amure, 08-12 aprelja 2019 g.: v 4 ch./ redkol.: Je. A. Dmitriev (otv. red.) [i dr.].
Komsomol'sk-na-Amure: FGBOU VO «KnAGU» [in Russian].

10. O prioritetnyh napravlenijah nauchnoj, nauchno-tehnicheskoj i innovacionnoj dejatel’'nosti na 2021-2025 gody [On priority
areas of scientific, scientific, technical and innovative activities for 2021-2025]. Ukaz Prezidenta Respubliki Belarus' 7 maja
2020 g. no. 156 [Jelektronnyj resurs]. Rezhim dostupa: http://president.gov.by/ru/official_documents_ru/view/ukaz-156-ot-
7-maja-2020-g-23556. Data dostupa: 17.08.2020 [in Russian].

11. Parmuzina, M.S. (2020). Nekotorye voprosy organizacii zanjatij po matematike so studentami tehnicheskogo vuza v uslovijah
karantina [Some issues of organizing mathematics classes with students of a technical university in quarantine]. Sovremennye
problemy nauki i obrazovanija. No. 5.; URL: http://science-education.ru/ru/article/view?id=30231 (data obrashhenija:
08.03.2021) [in Russian].

12. Testov, V.A. (2018). Jelektronnye tehnologii v obuchenii matematike: problema ponimanija [Electronic technologies in
teaching mathematics: the problem of understanding]. Informatizacija obrazovanija i metodika jelektronnogo obuchenija:
materialy Il Mezhdunar. nauch. konf. Krasnojarsk, 25-28 sentjabrja 2018 g.: v 2 ch. Ch. 2/ pod obshh. red. M. V. Noskova.
Krasnojarsk: Sib. feder. un-t [in Russian].

ABOUT THE EXPERIENCE OF TEACHING MATHEMATICS FOR ENGINEERING SPECIALTIES
IN THE FRAMEWORK OF DISTANCE LEARNING
I.K. Asmykovich, O.N. Pyzhkova, I.M. Borkovskaya
Belarusian State Technological University, Belarus

Abstract.

Formulation of the problem. The article discusses the problem of ensuring the quality of mathematical education in modern conditions. To solve
this problem, it is necessary to improve both the forms and methods of teaching, and the organization of the educational process as
a whole. At present, when teaching is complicated by the problem of complying with epidemiological requirements in connection
with the spread of COVID-19 infection, it is necessary to make optimal use of all opportunities to ensure the proper level of
mathematical training of future engineers.

Materials and methods. To solve the problem, the experience of teaching mathematical disciplines at the Department of Higher Mathematics of
the Belarusian State Technological University using both traditional and information and communication technologies is analyzed.
The results of a survey conducted among students of the Faculty of Technology of Organic Substances of BSTU are used. Analyzed
modern publications on distance learning mathematics.

Results. The analysis of the state of teaching mathematics for students of engineering specialties in the Republic of Belarus is carried out. The
issue of the use of classical and information and communication educational technologies in modern conditions is studied on the
example of teaching mathematical disciplines, as well as the possibilities of online learning using the platforms LMS Moodle,
Microsoft Teams, Zoom, etc. The disadvantages and advantages of distance learning are discussed.

Conclusions. Optimal for ensuring the quality of mathematical education in modern conditions is a combination of classical approaches to teaching
using information and communication technologies. The degree of assimilation of knowledge depends not so much on the form of
presentation of the material by the teacher, but on the student's motivation to study the subject. It is necessary to instill in students
the skills of self-education, self-organization, independent decision-making, to instill in students the desire for self-development.
Online learning should use all the opportunities for learning and building feedback with students in order to maintain the quality of
education in a difficult epidemiological period.

Key words: mathematics, teaching methods, classical approach, information and communication technologies.
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NPOEKTHI METOAWN HABYAHHA AK TPEHAM GAXOBOI MIAFOTOBKU MAMBYTHIX ®AXIBLIIB IT

AHOTALIA

dopmyntoeaHHa npobaemu. Ceped ehekmusHUX MemoDdi yHisepcumemcoKoi nidzomosku malibymHix gpaxieyis IT € npoekmHi memodu, wo
iHmepnpemyome peanbHi npogeciliHi cumyayii, 0o3eoaaOMe wykamu anemepHamusu, obupamu Halbinew O0oyinbHI
sapiaHmu piweHs npogeciliHux npobaem.

Mamepianu i memodu. AHani3 HayKoeoi simepamypu 3 Memolo 8CMAHOBAEHHA CMAHy po3pobsaeHocmi O0ocnidHcysaHoi npobaemu,
BU3HAYEHHA KameaopianbHO-NMoHAMIlHo20 anapamy O0CniOHeHHsA; CcUHMe3, Yy3deasnbHeHHs, cucmemamusauyia 017
06rpyHMYBAHHA MoXAUBOCMeli BUKOPUCMAHHA MPOEKMHUX Memooie Ha84aHHsA y npoyeci ¢paxosoi nidzomosku cmydeHmie.

Pe3yabmamu. YcmaHoes1eHo, Wo MpOEKMHI Memoodu HABYaHHS € mpeHOamu ghaxoeoi nidzomosku malibymHix gpaxisyis IT, 30kpema, 6akanaspis
Komn’tomepHuUx HayK. ModaHo 0oceid peanizayii NPoEKMHo20 Has4aHHA 8 KuiscbKomy yHieepcumemi imeHi bopuca lpiH4YeHKa y
¢opmami xakamoHy. pu po3pobaeHHi npucmpoie iHMepHemy peyeli 8UKopucmaHo maticmep-Kaacu 0115 y4acHUKie, ducmaHyitiHi
Kypcu, camocmiliHe 00CaiOHeHHs MpobaemMHUX MUMaHb. YcmaHoeneHo, Wio MPoeEKMHi Memoodu Ha8YaHHA 108’A3aHI 3 hopmamu
HABYAHHA (f1eKyis, npakmu4He, iHOUBIOyasbHE 3AHAMMSA, KOHCYsabmauyis, camocmiliHa poboma, Haykogo-0ocnidHa poboma
cmyodeHmis, N03aaydumopHi 3axo0u, y momy 4ucai opaaHi3ayia pobomu yHigepcumemcbko2o cmydeHmcbKo20 yeHmpy «IHgo-
aHanimuka»). ModaHo nepesik 3acobig AK PiI3HOMAHIMHUX Mamepiasie, 3a A0MNOMO20t0 AKUX OOCA2AEMbCA Mema O0CIOHEHHA.
OKpecnumo 3acobu — yugposi pecypcu 0415 peanizayii npoekmMHuUx memoodie Hag4yaHHA (3a H. Mopse).

BucHosKu. BudineHo OCHO8Hi 8UOU MPOEKMHUX MemoOie HABYAHHA: y 3anexHocmi ei0 eudy OisnbHOCcMi, W0 OOMIHYE y MPOEKMI
(BocnidHuybKi, KpeamusHi, imimayiliHi, iHpopmayiliHi, NPAKMUKO 30piEHMOBAHI), 3a nNpedMemHUMU HANPAMamu
(MoHOMpPoeKMu, mixcripedMemHi MPOEKMU), 3a KinbKicmio y4acHukie (iHOugidyasbHi, 2pynosi), 3a MepmiHOM BUKOHAHHA
(kopomkomepmiHosi, do8zomepmiHosi). [lodaHo nepcrekmusu NodasAbWUX HAYKOBUX MOWYKi8 — yrnpo8adr eHHs po3pobaeHux
NPOEKMHUX Memo0di8 HABYAHHA 8 MPAKMUKY yHisepcumemcbKoi oceimu.

K/IKDYOBI C/IOBA: npoekmHi memoodu Has4yaHHA, malibymHili 6akanasp, Kommn’tomepHi Hayku, ¢gaxoea nidzomoska, iHopmauiliHi
mexHosoei.

BCTYN

MocTaHoBKa npobnemu. PoboTa cyyacHux daxiBLiB iHPOpPMaLiiHMX TEXHOJIOTIN, Y TOMY YnCi BakanaBpiB KOMM IOTEPHUX
HaykK, NoB’s3aHa 3 NPUNHATTAM edEeKTUBHMX pilleHb B YyMOBAX HEBM3HAYEHOCTI, pisHoacneKkTHoCcTi. Lie 06ymMOBAIOE BUCOKMIA piBEHb
cpopmosaHoCTi npodeciliHoi KomneTeHTHOCTi. TOMy B ymoBax MOBiSIbHOCTi Ta LWBMAKONAMHHOCTI iHbopMaLLii BaXKMBO 06MpPaTK TaKi
bopmu 1 meToam haxoBoi MiArOTOBKM CTYAEHTIB, WO YMOXKAMBAATL AKICTb BULLLOT OCBITU. [LOCBiA, NPOBIAHMX KPaiH CBIiTY CBIAYMTD, O
cepef, Hanbinbw edPeKTUBHMX METOAIB HaBYAHHA BUCTYNAaOTb MPOEKTHI, L0 MAKCMMa/bHO iHTEPNPEeTyoTb peasnbHi NpodecinHi
cuTyauii ranysi iHpopmaLiiHMX TEXHONOTIN, A03BONAIOTb CTYAEHTaM LYKaTU asibTePHATUBK, 0BMpPaTH HAbINbL AOLINbHI BapiaHTK
pilweHb npodeciiHnx Npobaem 3 ypaxyBaHHAM NOTEHLIMHWUX PU3NKIB Ta MOXKAMBOCTEN. Kpim TOro, 3aCTocyBaHHA MeToAy NPOEKTIB
YMOM/IMBNIOE peasni3alilo CTyAeHTOLEHTPOBAHOrO HABYaHHA, CNPUAE PO3BUTKY MNPOGECIAHUX KOMMNETEHTHOCTEN CTYAEHTIB,
KPeaTMBHOCTI Y BUPILLEHHI NPaKTUKO 30PiEHTOBAHUX 3aBAaHb, MiABULLYE MOTMBAL,O A0 HABYAHHA 3 YPaxyBaHHAM iHAMBIAYaNbHOTO
Temny poboTu CTyAEeHTIB BiANOBIAHO A0 iXHiX HAABHUX 34i6HOCTEN.

© B.B. babkiH, B.B. MpowkiH, 2021.
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AHani3 aKTyanbHUX gocnigeHb. Y poboTtax /1. byTeHKa, B. BepeTeHHMKOBa, |. Mignacoro Ta iH. npeacTaBieHn niaxoam
OO BU3HAYEHHA NMPOEKTHUX METOAIB HAaBYaHHA, NMPOEKTHMX TEXHOJOFT HAaBYAHHA, NPOEKTHOrO HaBYaHHA. YCTaHOBNEHO, WO
NPUHLMNOBO EAHICTIO BKa3aHUX AediHiLil € Te, LLLO BOHM YABNAOTLCA AK OCBITHA TEXHO/IOTiA, WO CNPAMOBAHA Ha 34,00yTTA 3HaHb
y TICHOMY 3B'A3KY 3 PEaNbHOIO YKUTTEBOKO NPAKTUKO, GOPMYBAHHSA BiA4NOBIAHNX YMiHb | HABMYOK 3aBAAKM CUCTEMHIN OpraHisau;i
npo61eMHO-0piEHTOBAHOro HaB4asbHOro nowyky (byteHko, 2019; BepeTeHHMKoB Ta iH., 2006; Mignacuin, 1998). Lli noHaTTa
oTOTOXHIOOTL O. MeExoTa Ta iH., 3a3Havatoum, Wo Taka AianbHicTb nepenbayae, 3 o4HOro 60Ky, BUKOPUCTAHHA PISHOMAHITHUX
MeTop,iB, 3aC06iB HaBYaHHS, a 3 iHLWOro — iHTErPyBaHHSA 3HaHb, YMiHb 3 Pi3HUX ranysei HayKu, TexXHiKK Ta TBop4ocTi (MexoTa, 2002).
LlikaBumu € igei €. MonaT AK NpoBigHOT po3pobHULi Teopii NPOEKTHOrO HaBYaHHA. JoCNiAHMLA BUKOPUCTOBYE NOHATTA «METOA,
NPOEKTIBY», AKUIA TPAKTYE K CNOCI6 AOCATHEHHA METU Ha OCHOBI leTaIbHOTO PO3p06eHHA NPOBAEMM, LLO MYCUTb 3aBEPLLUMTUCL
Li/IKOM peasibHUM i Big4yTHUM NPaKTUYHUM pe3ynbTaTtom (MonaT, 1995).

AKLEHT Ha MPAKTUKO OPIEHTOBAHOCTI POBAATb TAKOXK iHWI aBTOPUTETHI AOCNIAHMKN. HaBeaemo gesKi npuKknaam, Tak
C. foHYapeHKOo 3a3Ha4ya€, MeTog, NPOEKTIB — Lie OpraHisalia HaBYyaHHSA, 3a AKOK HabyBalOTbCA 3HAHHA TAa HAaBWYKY B MpPoOUECi
NAaHYBaHHA 1 BUKOHAHHA NPaKTMYHMX 3aBAaHb (ToHYapeHKo, 2008).

ABTOPUTETHMMW BBAXKAEMO TAKOX AYMKM nNpeacTaBHUKIB KWiBCbKOro yHiBepcuteTy imeHi bopuca [lpiHueHka. Ak
ctBepaKye C. CnucoeBa, meTog, NPOEKTIB — Lie NegaroriyHa TEXHOOris, AKa Bigobparkae peanisau,ito o0CObUCTICHO 30piEHTOBAHOIO
niaxoay B OCBIiTi i cnpuae popmMyBaHHIO BMiHHA NOAMHM NOCTIHAYCTPIaNbHOMO CYCniNbCTBA aganTyBaTUCA A0 LWBUAKO3MIHHUX
ymoB uTta (Cucoesa, 2005). Cxoxoi gyMKuM AoTpumMyeTbcA 1 J1. XopyKa, A40A4akouM, WO ue — cnocié po3BUTKY TBOPYOCTI,
CaMOCTIMHOCTI, NparHeHHA A0 ifeanbHO NEepPCneKTUBHOrO NepeTBOPEHHA CBITY 33 JOMNOMOTOK KpeaTUBHUX Ail Ta onepain y
npoueci CTBOPEHHA KOHKPETHOro NPoayKTy (Xopy»a, 2006).

BBarKaeMo, WO BKasaHi pe3ynbTaTi AOCAIAMKEeHb € MEeTOAOMOMNYHUM MIAFPYHTAM LWOAO peanisauii HawMx HayKOBMX
nowyKis. Pa3som 3 TMM, KOHCTATyEMO, WO MUTAHHA BMKOPUCTAHHA NPOEKTHUX METOZIB HAaBYAHHA ANA MiArOTOBKM MaMbyTHIX
daxisuis IT He € feTaNbHO BUBYEHUM Cepes, YKPATHCbKMX YYEHUX.

MerTa cTaTTi — PO3KPUTU NPOEKTHI METOAMN HaBYaHHSA AK TpeHaU daxoBoi NifroToBKM MalibyTHix daxisuis IT.

METOAU AOCNIAXKEHHA

[JocniaxeHHA BUKOHAHO B paMKax KOMMIEKCHMX HayKoBUX Tem YHiBepcuTeTy imeHi Anbdpesa Hobensa: «MogepHizauis
npodeciiiHo-neaaroriyHoi ocBiTM B YKpaiHi B ymoBax iHTerpadii 40 cBiTOBOro OCBiTHbOro NPOCTOPY» (AEPHKABHUIN peeCTpaLiiHIiA
Homep 0112U002287) i «TeopeTuUyHi Ta MeTOAMYHI 3acaaM mMoAeNtoBaHHA KOMMNETEHTHICHOI NpodeciiHOl OCBITU Yy KOHTEKCTI
€BpOiHTerpauii» (aepxaBHUN peecTpauiliHmii Homep 0717U004331), a TaKOX KOMMAEKCHOI HayKoBoi TeMu Kadeapun Kniscbkoro
yHiBepcuteTy imeHi bopuca [piHY4eHKa «TeopeTuyHi i NpPaKTUYHi acCneKTM BMKOPUCTAaHHA MaTeMaTUYHWUX MeTOZiB Ta
iHbOpPMaLLiMHWX TEXHOOTIN B OCBITI | HayLi» (Aep*KaBHUI peecTpauiiHnii Homep Ne 0116U004625). Ana peanisaLii foCniaAXKEHHS:
BMKOPWUCTAaHO METOAM: aHa/li3 HayKOBOI NiTepaTypu 3 METOK BCTAHOBJIEHHS CTaHy pPo3pobaeHOCTi AocniaxKysaHoi npobaemu,
BM3HAYEHHA KaTeropiasbHO-MOHATIMHOrO anapaTty AOCAIOKEHHA; CUHTE3, y3ara/JibHeHHA, cMcTemaTM3alia aAna obrpyHTyBaHHA
MOM/IMBOCTEN BUKOPUCTAHHA NPOEKTHUX METOAiB HaBYaHHA y npoueci GaxoBoi NiaroToBKM CTYAEHTIB.

PE3Y/ZIbTATU AOCNIAKEHHA

AHani3 HayKoBWX PoBIT CBIAYMTD, LLO XapaKTEPHOI PUCOI0 MPOEKTHOrO HaBYaHHA € Te, WO npobnemu matoTb 6yTu
3HAYYLLMMUN ONA CTYAEHTIB, GaKTUUYHO CTaTh IXHIMM «BNAaCHUMM npobaemamun». CTyAEHTU He AnLle NpaLioloTb y rpynax 3agns
BMPILLEHHA peanbHUX }KUTTEBUX NPOBIem, 3 HaBYaOTbCA BiAYyBaTU BigNOBIAANBbHICTb 32 BUKOHAHY poboTy. BuKnaaayi npu upomy
BMKOHYIOTb po/ib TpeHepis i dacunitatopis. Kpim Toro, Ha gymky A. [LJo6poBO/bCbKOI, BUKNaZAa4yi BUKOHYE Taki QyHKLi:
[0NoMaratoTb CTyAeHTaM Yy MOLYKY HeobXigHUX AxKepes, KOOPAMHYIOTb NpoLec; NiATPUMYIOTb i CTUMYIOIOTb CTYAEHTIB;
niaTPUMytoTb 6e3ynuHHMI 3BOPOTHIN 3B’A30K ([obpoBosibcbka, 2018). YneBHeHi, WO Taka MNo3uuia cnpuse peanisauii
CTYAEHTOLEHTPOBAHOroO NiAXoAy B OCBiTi, PO3BUTKY KpPeaTMBHOCTI CTYAEHTIB, BiANOBIAAE NPUHLMUMNY MIXOUCUMNAIHAPHOCTI 3
YK/IOHOM Ha NPaKTUYHI HaBUYKM.

Ha cborogHi B YKpaiHi peanisoBaHO HWU3KY AOCAIAXEHb 3 MiATOTOBKM BUMTENIB 4O 3aCTOCYBaHHA MeETOAY MPOEKTIB Y
npoodecinHin gisnbHocTi (H. CamoiineHko), opraHisauii NpoeKTHOI AisnbHocTi yyHiB (/1. KoHapaToBa), opraHisauii 0CBiTHbOTO
npouecy B 33CO (B. HuweTa, O. OHONpPIiEHKO). ICTOPUYHI acNeKTN CTAHOBNEHHA NPOEKTHUX METO/iB HAaBYAHHA 3HAXO4MMO B pobHOTI
0. Kocosuny. ABTOPOM 3a3HayeHo, L0 MeTo/, NPOEKTIB BUHMK ie y 20-X poKax MUHyaoro ctonitta 8 CLUA. Moro Hasusanu e
meTogom npobnem. Y 60-70 pokax y CLUA po3ropHynaca KpUTUKa LbOTO MEeToAy, OCKiZIbKM Moro macwtabHe 3actocyBaHHA
NpPU3BeOo A0 3HUXKEHHA PiBHA TEOPETUYHMX 3HAHb Y4YHiB. HanpuKiHui 90-x pokis muHynoro ctonitta B CLLUA i HU3Ku KpaiH Esponu
BMHUWK HOBUI HaNpPAMOK B OCBITi — NPOAYKTMBHE HAaBYaHHA, WO 6a3yeTbcA Ha meToai npoekTis (Kocosuy, 2011).

A. [1o6poBO/IbCbKA BUAINAE We OAMH Nepiog — KiHeub XX cT. — noyaToK XXI CT., WO XapaKTepusyeTbCa aKTyanisalieto
MeToAy MPOEKTIB AK OCOBUCTICHO 30piEHTOBAHOI MenaroriyHoi TEXHOJOri 33 YMOBM, WO MPOEKTHA AiANIbHICTb € OCHOBHOM
OMAAKTUYHOO OAMHULLEH NPOLLECY OCBITH | 3acobom GpopMyBaHHA NPOEKTHOI KynbTypu (JobpoBonbebka, 2018).

Y pedopmi WKinbHMLTBA «HOBA yKpaiHCbKa WKOMA» YiTKO ONMCAHO OCOBAMBOCTI MPOEKTHOTO HABYaHHA, LLO MatloTb
CUCTEMHO 3anpoBaguTUcA B YKpaiHi. YneBHeHi, WO OCHOBHI igei, 3aknageHi gna 33CO NeBHOW MIpOD MOXKYTb OyTH
TpaHchopmoBaHi 1 ana 3BO. Tak, BUAINMMO OCHOBHI PUCK MPOEKTHOTO HAaBYAHHS, AKi BBAXKAaEMO MOro nepesaramu:

® COLlia/IbHA aKTUBHICTb, AKa BiAOYBAETLCA B MEXKax rpyn, KynbTypu Ta MUHYIOrO J0CBiAY;

® MO/IMBICTb BUKOPUCTOBYBATU HE SINLLIE 3HAHHA 3 HABYANIbHUX ANCLMNAIH, @ 1 BUUTUCA BECTU NEPEMOBUHU, YXBANOBATU
CNiNbHI pilleHHA, HEeCTM BiANOBIZANbHICTL BiAMNOBIAHO A0 PO/ B HaBYaNbHI KOMaHAi, iHTEpnpeTyBaTU pe3ynbTaTu CBOEI
pianbHocTi (HoBa yKpaiHcbKa WwKona, 2018).

Y HayKOBMX AxKepenax BUAINAIOTb Le HU3KyY nepeBar MPOEKTHOIO HaBYaHHA:

® BiAKPUTMIA OCBITHIN NPOCTiP, B AIKOMY CTYAEHTU PYXatoTbCA Y BAACHOMY Temni;

* notpeba B CaMOHaBYaHHI Ta CAMOBAOCKOHANEHHI;

® MOX/IMBICTb 3a/ly4€HHA CTYAEHTIB YCiX KYpCiB; AN1A CTYAEHTIB MOIOALINX KYPCiB Kpalle BMKOPUCTOBYBATU TBOPMI, irpOBi
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Ta NPaAKTUKO-OPIEHTOBaHI BUAM NPOEKTIB; ANA CTYLEHTIB CTapWMX KypCiB AOLiNbHILIe BUKOPWUCTOBYBATU AOCAIAHULBKI BUAM
NPOEKTIB, AKI € CKNAAHILLMMM Ta HABNMKEHMMM 0 CNPABKHBOFO HAYKOBOTO AOCNIAMKEHHA MAFICTPa;

* NiABMLLEHHA PiBHA 3aLLiKaBNEHOCTI CTYAEHTIB KOHKPETHUM NpegMeToMm;

® yA0CKOHaNOKTLCA YMiHb CTYAEHTIB OPIEHTYBATMCA B iIHPpOpPMALLiiHOMY NpoCTOpi;

* notpeba BMX0AY 3 By3bKOI Cnewjianisauii Ta iHTerpyBaHHA 3HaHb 3 Pi3HUX HAaBYANbHUX AUCLMUNIH.

CyyacHi JOCNiOHUKM BUAINAKOTb Pi3Hi BUAM NPOEKTIB: TEXHONONIYHI, AOCNIAHWUUBKI, TBOpYi, irpoBi, iHGoOpMaLiliHi,
NPAKTUKO OPIEHTOBAHI, NIOTIYHI Ta iH.

0cob611BUIA iHTEPEC Y KOHTEKCTI HALLOro AOCNIAMEHHA MatoTb iHPpOpMaLiiHi NPOEKTU. AK 3a3Hauvae A. [Jo6poBObLCHKA,
BOHW HaLjineHi Ha 36upaHHA, obopMAEHHA | NpeacTaBaeHHA iHdopmalLii, ii aHani3 i ysaranbHeHHs $akTis (JobpoBonbebka, 2018).

3ac/nyroBye Ha yBary A0CBiA, peani3auii NPOEKTHOro HaB4YaHHA B KWiBCbKOMY yHiBepcuTeTi imeHi bopuca lpiH4YeHKa.
Peanisauis HaBYaNbHOI NPAKTUKM CTYAEHTIB 34iMCHIOETbCA Y popmaTi xakaToHy (aHra. — hackathon, Big hack (xakep) Ta marathon
(mapadoH). XaKaToH fIK TEXHOIOMYHE 3MaraHHA € NPUKNALOM MPOEKTHOrO HABYaAHHA, KOJIM KOMaHAM MpaLioloTb Hag iae€to,
NPOEKTYBAaHHAM, NPOTOTUMNOM MPOAYKTY Ta NPeACTaBAAOTb PilleHHA B paMKax 3anponoHOBaHOi Temu. lNpeacTaBMmo BaacHe
6ayeHHn opraHisauii xakaToHy (y BUrna4i anroputmy aii):

1. BU3HaYeHHA MeTH.

. Bubip micua npoBeaeHHA 3 30HamK poboTH Ta BiANOUYMHKY. TeXHIUHe Ta NporpamHe 3abesneyeHHs 3axoay.

. Bu3HaueHHsa yacoBux TepmiHis 3axoay.

. BU3HaueHHsA CTPYKTypy 3axoau.

. 3anpoLUeHHsA CTEMKXONAEPIB Ta BUNYCKHUKIB OCBITHbO-NPOdeCiitHOi Nnporpamu.

. IHbopmaLiitHa niaTpumKka 3axoay.

. Bubip opraHisaTtopis i yuacHMKiB (KoMaHaM (3a3BUYait 4 — 6 y4aCHUKIB), MOZepaTop, CeKpeTap, TEXHIYHWIA cekpeTap).
. BusHaueHHsA nigepis KomaHg,

. 3abe3neyeHHs peecTpauii, BigKpUTTA (BiTaHHA, OrONOLWEHHA NPaBWA, NPeACTaBAEHHSA XKypi Ta iH.).

10. MpoeKTHa poboTa.

11. Npe3eHTaw,is NPOEKTIB.

12. OujiHOBaHHSA (OPiEHTOBHI KPUTEPIT: KOPUCHICTb, NETKICTb Y BUKOPUCTAHHI, KpeaTUBHUI Niaxia, BiACYTHICTb NOMMUIOK Ta
iH.), BUCTYMM YNEHIB XKypi.

Mig Yac xaKaToOHy CTyZAEHTCbKi KoMaHAM cneuianbHocTi «Komn'toTepHi HayKu» CTBOPHOIOTb Pi3Hi MPUCTPOI iHTEpHEeTY
peueii. PoboTa BeeTbCA IHTEHCMBHO: MaWCTep-KNacu AN YY4ACHWUKIB, AUCTAHLIMHI KypCK, CAMOCTIMHE AOCAIOKEHHA MUTAHHA.
OujiHIOTb PO3pPObKM NpeacTaBHUMKM KomnaHin. Taka ¢dopma poboTM [03BONSAE CTYAEHTAM  OBOJOAIBATU AK (axoBumu
KOMMETEHTHOCTAMM (MOLUYKY | PO3POBKM pillEHD i3 LWBUAKMMU TEXHOIOTISMU NPOTOTUMYBAHHA; CTBOPEHHSA CXEM 3 E/1EKTPOHIKOI0,
[aBayaMu Ta BUKOHYOUMMW NPUCTPOAMM; NPOEKTYBAHHA Ta NOOyA0Ba MaTeMaTUYHUX Ta KOMM'IOTEPHUX MOoAeNel NPUCTPoLo, ix
pO3paxyHoK i peanisauif y BUrnagi o6'emHoi mozeni 3 BAKOPUCTAHHAM Pi3HUX MaTepianis; nobyaoBa i nporpamyBaHHA NPUCTPOIB
i3 BOYA0BaHMMK cucTeEMaMy Ta [HTepHeTy peyeit), TaK i 3arafibHUMK (CUCTEMHUI NigXif [0 BUpiWEHHI 3a4a4i; KpeaTUBHICTDb;
cnisnpayA Ta YNpaB/iHHA B KOMAaHAj; camonpeseHTauis, epeKTUBHE MNpeaCcTaBNeHHA | 3axXUCT CTBOPEHOrO MNpPOAYKTY;
NiANPUEMHULTBO, CAMOMEHEAKMEHT, CTPECOCTIMKICTb Ta iHLWI).

Y AKOCTi pedneKcii y4acHMKam XaKaTOHY MOXKHa 3anponoHYBaTU TaKi 3aNUTaHHA:

1.Yum, Ha Baly AymKy, LikaBuii GopmMaT XxaKaTOHY AK NPAKTUYHOTO 3aHATTA?

2.4um, Ha Bawy aymKy, moxKe 6yTM KOPUCHUM XaKaToH AnA ManbyTHboi npodecii y ranysi iHpopmauiiHux TexHonorin?

3.AKi NpaKTUYHI 3aBAAHHA BAANOCA BUPILLIWUTK, A AKi Hi, Yomy?

4.4v BUHUKanu npobaemu y npoLieci aHanisy iHpopmalii, AK BOHW BUpiwyBanuca?

5.41 BUHMKanM Nnpobaemum Npu opraHisaLii B3aEMOAii MixK YneHaMu KomaHam? AK BUpillyBanunca Taki npobnemu?

3a3HauUMMO TaKOX, WO norika NobyaoBM XaKaTOHY CniBMafjae 3 igeamu, AKi sucnosuna A. Job6poBoabCbKa LWOAO
peanisauii (¢pa3) npoekris:

e iHiLitoBaHHA (BMBIp Temy Ta Biabip iaei);

® NJaHyBaHHA (MOAeNtoBaHHA MalbyTHbOrO NPOEKTY);

* nNpoBeAeHHsA (NPaKTUYHa peanisalia NaaHy NPOEKTY: NOLYK Ta ONpaLoBaHHA maTepianis 3a BUbpaHOO TeMoto, aHani3
i cuHTe3 BigibpaHoi iHPpopmaLii, aganTauia matepiany go GopmaTy NPOEKTY, NPOBEAEHHA AOCNIAXKEHHS, MOETaNHUN KOHTPO/Ib
BMKOHAHHA 3aBAaHb, GOpMyBaHHA NOAANbLWNX Linel i 3’AcyBaHHA MeXaHi3MiB IX 4OCATHEHHSA);

* nNpeseHTauif (AemMoHcTpauia pesynbTartis);

® OLiHIOBaHHA (KOHTPOAb BUKOHAHHA 3aBAaHb BigNOBIAHO A0 NAAHY);

® [LOKYMEeHTALis — 0dOPMANAIOTb NPOEKT Y BUrNALI €/1eKTPOHHOTO YM NanepoBoro 3paska (JobpoBonbebKa, 2018).

CxoKi iaei 3Haxoanmo i B gocnigxeHHi O. KocoBuu, Aka BU3HAYAE TaKi eTanu: NowyKoBUi (BU3HAYEHHA TEMU MPOEKTY,
nowyk i aHanis npobnemu, MNOCTAaHOBKA METU MPOEKTY); aHaNiTUUHMI (36MpaHHA, aHani3 HasaBHOI iHpopMauii, nowyK
ONTMMA/ILHOTO CNOCOBY JOCATHEHHA METU MPOEKTY, NobyA0Ba aNropUTMy AiANbHOCTI); NPAKTUYHMI (BUKOHAHHA 3ann1aHOBaHMX
TEXHONOFYHUX OnepaLii, MOTOYHNI KOHTPOb AKOCTI, BHECEHHSA 3MiH Yy PObOTY); Npe3eHTaLiMHUIA (Ni4roTOBKa Npe3eHTaLiiHuX
MaTepianis, NpeseHTaLin MPOEKTY, BUBYEHHA MOXKAMBOCTENM BUKOPWUCTAHHA pPe3ynbTaTiB NPOEKTY) Ta KOHTPO/IbHUI (aHani3
pe3ynbTaTiB BUKOHAHHA MPOEKTY, OLHKA AKOCTI BUKOHaHHA NpoekKTy) (Kocosuy, 2011). AHani3 3a3HayeHux pobiT CNOoHyKae Hac
06paTh ANA [OCNIAKEHHA CXOXKY NOCNIA0BHICTbL eTanis.

Y HayKoBMX poboTax BUAINAIOTL BUMOTM 4,0 OpraHisaLii NpoekTis:

1. HasaBHicTb 3HaYyLLOT B OCAIAHULBKOMY NAaHi npobaemu.

2. MpaKTMYHA 3HAYYLLICTb OYiKyBaHMX pe3yabTaTiB.

3. CamocTiliHa poboTa y4aCHMKIB MPOEKTY.

4. PO3yMiHHA MeTu peanisaLii NpoeKTy.

5. BU3Ha4YeHHA 6a30BMX 3HAHb i3 pi3HMX ranysei, HeobxigHWX gna PoboTH HaL NPOEKTOM.

O o0ONOUL A WN
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6. CTPYKTYpYyBaHHA 3MiCTOBHOT YaCTUHW NPOEKTY i3 3a3HAYEHHAM NOEeTanHMX pe3y/abTaTiB.

7. NpeseHTauia pe3ynbTaTiB NPOEKTY.

CyyacHUMM AOCNIAHMKAaMM BU3HAYEHO TAKOXK OCHOBHI QYHKLiT MPOEKTHOI AiSNbHOCTI — AOCAIgHULbKA, aHaNITUYHA,
NPOrHOCTUYHA, NEPETBOPIOBA/IbHA, YHOPMYBaJIbHA, KOHCTPYKTUBHA.

YpaxoByouun po3rnAHyTi nepeBarn NPOEKTHUX METOAIB HaBYaHHSA, BUCYHEMO FinoTe3y NPO MOMKJIMBICTb YPI3HOMAHITHEHHA
npouecy npodeciiHoi NiAroTOBKMU CTyAeHTiB — MalbyTHix daxisuis IT.

OBrOBOPEHHA

[na peanisauii noganbloi MOXAMBOCTI ANA ANCKYCiT BUAINMMO OCHOBHI BUAM NPOEKTHUX METOAIB HAaBYAHHA:

® v 3aN1€}KHOCTI Big, BUAY AiANBHOCTI, LLO AOMIHYE Yy NPOEKTI:

1.40CAIAHNLbBKI NPOEKTH, LWLO CRiBBIAHOCATLCA 3 OTIKOO peanisaLlii HAyKoOBOroO AOCAIAMKEHHA: BUSHAYEHHA aKTyaNbHOCTI,
npobaemu, Temu, HayKOBOro anaparty, rinoTesu, WAAXiB BUpilLeHHA Npobaemu (peanisalia NPUHUUNY HAaBYAHHA 33 LONOMOrOO
OOCNIAMKEHb);

2.KpeaTuBHI NMPOEKTU AK FHYYKi, MOBINbHI NPOEKTH, WO HE 0OBMEXKYIOTb HANPAMKKU AiANbHOCTI CTYAEeHTIB BiANOBIAHO A0
BM3HAYEHOT MeTHU (CTBOPEHHA YMOBM 0 CAMOBU3HAYEHHA CTYAEHTIB y NpoLeci HaBYaHHA);

3.imiTauiiHi NPOEKTH, Yy AKUX 34iACHIOETbCA NegarorivHe MoAentoBaHHA (CTYAEHTU BUKOHYHOTb NeBHi poAi BiANOBIAHO 40
MeTU Ta 3MICTy AiANbHOCTI);

4.iHbpopMau,ifHi NPOeKTK, Wo nepeabayvatoTb 36ip, aHanNi3, y3arasbHEHHS NEBHUX AaHUX;

5.MPaKTUKO 30PiEHTOBAHI NPOEKTH, Y AKMUX Pe3ynbTaT (MPOAYKT) AiANbHOCTI CTYAEHTIB YiTKO OKPeCc/sIeHO Hano4vaTky poboTwy,
YNPOBaZAKEHHA Pe3ynbTaTiB y MPAKTUKY € 060B’A3KOBOIO BMMOIOH; CTYAEHTM BYATbCA NPOEKTYBaTU MalbyTHIO npodeciiiHy
LiANbHICTb, 34iMCHIOBATU pedNeKCito AK YCBIAOMIEHHS pe3ynbTaTUBHOCTI A4ifIbHOCTI;

* 33 NPeAMETHUMM HAaNPAMaMM: MOHOMPOEKTU (Y MeXKax HaBYabHOT AUCUMMNIIHW), MiXKNPeaAMETHI MPOEKTY;

® 33 KiZIbKICTIO Y4aCHMKIB: iIHANBIAYabHI, FPynosi;

® 33 TEPMiHOM BMKOHAHHA: KOPOTKOTEPMIHOBI (NPOTATOM OZHOTO — A BOX HABYA/IbHUX 3aHATb), AOBrOTEPMIHOBI.

B AKocTi npuknagy npencrtaBMMO peanisauiio AOCAIAHULBKOTO MPOEKTY, LLO Peani3yeTbCA B MeXax aHaniTU4HOro
cemiHapy «ba3oBi aHaniTUYHI MeTOAMKNY. MEeTo A0CNIAHULBKOIO NPOEKTY € GOPMYBaHHSA iHTEpPECY CTYAEHTIB 4,0 AOCNIAHULbKOT
pob0TH; YMIHHA BUABAATU AOLINbHICTD BUKOPUCTAHHA Pi3HMX aHANITUYHUX MeTOAMK. [Jo 3aBAaHb AOCNIAHULBLKOIO MPOEKTY
BXOAWTb BUBYEHHA CTyAEeHTaMM HAayKOBO-METOANYHOI NiTepaTypu 3a TEMATUKOIO MPOEKTY; NPOBEAEHHA BNIACHOrO HaB4a/IbHOMO
LOCNIAXKEHHSA; y3ara/ibHeHHA OTPUMAHMX Pe3yNbTaTiB, CKNAAAHHA BAAcHOT Knacudikaii metoauk. MporHo30BaHUM pe3yibTaToM
NPOEKTY € HAbYTTA CTyAEHTaMM JOCBiIAY CAMOCTIMHOI AOCNIAHNLBKOT POHOTHM Ta BiANOBIAHWX BiZOMOCTEN 3 aHANITUYHUX METOAMK.
dopmoto 3BITY € Npe3eHTaLiA AOCNIAHULKOTO NPOEKTY y BUrAA[ NybaiYHOi AoNoBia,.

PoboTa Hag NPOEKTOM CKaAAETLCA 3 N'ATK eTaniB. Ha neplwomy eTani cTyaeHTam NPONOHYETbCA TeMa. Buknaaay 3sepTae
yBary Ha akTya/ibHicTb 0bpaHOi TeMu, NPOBYAXKYE Yy CTYAEHTIB iHTepec A0 NPOEKTY, OKpecatoe NpobaemHe nose, po3CcTaBanE
aKLLeHTM 3HaYYLLOCTi, NPONOHYE Pi3Hi pakypcu po3raaay Temu. Ha gaHomy etani opmMmyntoroTbCa MeTa Ta 3aBAAHHA AOCNIAKEHHS.
Ha ppyromy etani 3a4iMCHIOETbCA OpraHisauia AisnbHocTi. JoCniAHWUBKUIA MPOEKT peani3yeTbCs B rpynax, WO CTBOPEHO
BMK/agayem. [1na KOXHOI rpynm BU3HAYatoTbCA MeTa, 3aBAaHHA, OKPEC/IOETLCA PO/Ib KOXKHOTO YYacHMKa A0CNiAXKeHHA. TaK, ogHa
rpyna AOCNiAXKYE 3aralbHOHAYKOBI METOAMKM (aHani3, cuHTe3, abcTparyBaHHA, y3ara/ibHEHHA TOLWO); iHWA — METOAMKM
eMNipUYHUX JocnigxeHb (ONUTYBAHHA, CMOCTEPEXEHHSA, eKCNepUMEHT), HacTynHa — iHPOPMALiMHO-NPOTrHO3HI  MEeTOAMKM
(KOrHiTMBHE KapTyBaHHA, MOAENIOBAHHA, aHani3 npouecy NPUWHATTA pilleHb, eKCNepTHa OLiHKa TOLWO0), We ogHa rpyna —
MEeTOAMKM NoAaHHA iHpopmaLii B iHGopMaLiMHMX OKYMEHTaX (eKcTparyBaHHs, nepedpasyBaHHs, iHTepnpeTaL,is) ToLLo.

Ha TpeTbomy eTani BUKNaAay oronoLye nesHi npobaemHi cutyaii. Fpynu BUPILWYIOTb, Y CPOMOXKHI METOAMKM, L0 BOHU
po3rnapatoTb, BUpIWKUTK npobnemun. Y npoueci o6roBopeHHs NPOEKTY BUPOBAAETbCA MNaH Aii, CTBOPIOETbCA BaHK igen Ta
nponosuuin. 3aiMCHIOETbCA CMCTEMATM3alia Ta y3arasbHeHHA pe3ynbTaTtiB poboTn. Ha uyeTBepTOomy eTani 3A4iMCHIOETbCA
npeseHTaLis NPoAyKTiB AocniaKeHHsA. Llel eTan HeobxigHWI A4 NOAANbLIOTO aHaNi3y MPOBEAEHOIO AOCAIAXKEHHS, CAMOOLLHKH,
OLiHKM 3 BOKYy eKcnepTiB (OKpemux cTyaeHTiB abo 3anpolueHuX acnipaHTiB, BMKAaAaviB). Ha etani npeseHTauii Bif CTyAeHTIB
NOTPIGBHO BMiHHA CTMCAO i NOriYHO 3B'A3HO BMOYZAOBYBATM NOBIAOM/IEHHA, BMKOPUCTOBYBATM HAOYHICTb, AOTPUMYBATUCA
CTPYKTYpPOBaAHOCTI B A40NOBiAj. PekomeHaauii woao nobyaosmn npeseHTauii nogaHo B [loaatky XK.

OUiHIOETBCA AOCNIAHNLBKUI NPOEKT Ha N'ATOMY eTani 33 HaCTYNMHUMW KPUTEPiaMU: JOCAIAHULBKUIA XapaKTep poboTy;
[O0CTOBIPHICTb 3i6paHMx GaKTiB; FPAMOTHICTb | IOTIYHICTb NOAAHHA; MalCTEPHICTb Npe3eHTaLl (KyAbTypa MOB/IEHHA, HAOUHICTb,
iNtOCTPaTUBHICTD).

TpaauuiMHO MeToAM HaBYaHHA noB’A3aHi 3 dopmamm abo opraHizauitHMMKM dopmamy HaB4YaHHA AK cnocobamu
opraHisaujii HaB4aNbHOI AiANbHOCTI, LLLO BU3HAYAETLCA NEBHMUM po3nopaaKom. OCHOBHI GOpMU HaBYaHHA, AKI MU BUKOPUCTOBYEMO
B poboOTi, HAaCTYMHi: NeKuia, NpakTU4YHe, iHAUBIAYabHE 3aHATTA, KOHCY/IbTaLlis, CAaMOCTilMHa poboTa, HayKoBO-AoCNiAHA poboTa
CTYAEHTIB, MO3aayAWUTOPHI 3axoAW, y TOMY YMCAi OpraHisauia poboTn yHIBEPCUTETCbKOro CTYAEHTCbKOro ueHTpy «lHdo-
aHaniTUKa».

Buainnumo Taki OCHOBHI BUAW Nnekuin:

* iHbOopMaL,ifHa NIeKLis, y MeXKax AKOT BUKNa[ay Npe3eHTye CTyAeHTamM TeOpeTUYHY iHpopmauiito BignoBiaHo 1o poboyoi
HaBYa/bHOI NpOrpamu AUCUMNAiIHK (Hanpuknaa, nekuia «xxepena iHpopmauii: Knacudikauisn, yMoBM 3aCTOCYBAHHAY);

* NpobaemMHa NeKLUis, Y MeKax AKOi BUKOPUCTOBYIOTb METOZ, Ni3HaBaIbHO-A0CNIAHULbKOIO HaByaHHA (IBL— Inquiry Based
Learning), 3a LONOMOr0O0 AKOrO MParHyTb 3a/y4UTU CTYLEHTIB 0 CNPABXKHbOIO HAYKOBOIO NPoLEcy, KOAU HeBiZome HeobXigHO
KBIAKPUTUY Ta JOCNIANTU (NeKuia «IHpopmaLiiHMI NPOCTip AK 06’EKT AOCNIAKEHHA: CYTb, CTPYKTYpa Ta 3MiCT»);

* neKkuin-KoHdepeHLis, Wo iMiTye NpoBeAeHHA HayKOBO-MPaKTUUYHOT KoHdepeHU;i (neKkuis «CydacHi TeXHONOTIT aHaNITUKK
B Kibepbesnewi»);

e GiHapHa nekuia (abo nekuia yaBox), WO YMOXKAMUBIOE PO3KPUTTA HaBYanbHOI iHGOPMALLT 3 PaKypCiB Pi3HWX Hayk,
HaBYabHUX ANCLMNAIH («IHPOPMaLiiHO-aHANITUYHA KOMNETEHTHICTb daxiBua IT: CyTHICTb, CTPYKTYypa, GYHKL,i»);
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* fleKkuin-Bisyanisayin, wo 3abesnedye nodaHHa iHopmauii y BisyanbHii ¢opmi (Bigeo, ¢oTo Ta iH.) 3 MoAanbLIMM
obroBopeHHsaM (nekuis « OCHOBHI TpeHAM iHPpOpPMaLiIHO-aHaNITUYHOI AiANBHOCTIY);

* JIeKUif-KOHCYybTal,if, Wo A03BO/IAE PO3ibpaTh TPYAHOLW,, AKi BUHMKAKOTb Y CTYAEHTIB Y NPOLLECi BUBYEHHA HaBYaNbHOI
aycumnniim (nekuia «IHdopmauiiHa 4ifanbHICTb | aHaniTMKa B Nobya0Bi 610K-Cxem») TOLLO.

MpeacTtaBUMO Aani BUAN NPAKTUYHUX 3aHATb | CEMiHapIB:

® QHANITUYHUIA CEMiHap, Y MeXKax SKOro po3rnaaatoTbca npobnemHi npodeciitHi cuTyauii (cemiHap «ba3oBi aHaniTUYHI
METOLUKNY);

* MiXKOMCUMNNIHAPHUIA CcemiHap, WO YMOM/IMB/KOE peanisauilo MiXKNPeaMEeTHOro KOMMOHEHTa B OCBITI (cemiHap
«IHdOopMaUiiHO-aHaNITUYHA KOMMETEHTHICTb AK 3anopyKa epeKTUBHOI AifSNbHOCTI cydacHoro daxisua IT»);

® ceMiHap-KOHOEepPEeHLia, Yy Mexax fAKOro CTYAEeHTM Npe3eHTyloTb AOMNOBiAi Ha neBHi Temu (cemiHap «lnobanbHi
iHpopmauiliHi npouecn»);

® NPaKTUKYM-AMCKYCifi, WO CTUMY/IIOE CTYAEHTIB A0 aKTUBHOIrO 06roBopeHHs Npobaemu, BUCNOBAEHHA BNACHOT NO3MLT
(npakTMKyMm «IHbOpMaLiHO-aHaNITUYHI cucTemm Be3nekn»);

® NPaKTUKYM-LOCNIOKEHHA, WO nepeabayae B Meax peani3auii HaBYaHHA, 3aCHOBAHOrO Ha AOCNIAMKEHHSAX,
KONEKTUBHUIA MOLIYK BUpilleHHA $axoBux npobaem (NpakTMKym «MpUHUMNK Ta METOAM MPOrHo3y iHPpopmauiiHUX nogin Ta
npouecis»);

* MPAKTUKYM — 1i10Ba IPa, LLLO YMOK/IMB/IOE MOZE/IOBAHHA pPeasibHOi AiANIbHOCTI y MexKax NeBHOT Nnpobaemu (NpakTUKym
«IHdopMaLiHO-aHaNITUYHA AiANIbHICTb AK 3acib ANA yNpaBAiHHA Ta MaHINyAALiny).

Norika gocnigHuubKoi poboTn roBopuUTb NPO HeobxigHicTb po3rnaay Gopm i MeTodiB OCBITHLOrO Mpouecy pasom i3
33cobamy — pPISHOMaHITHUMKM MaTepianamm (iHCTPyMeHTapieM), 33 [OMNOMOrOl AKWUX [AOCATAETbCA MeTa AOCAIAKEHHS.
OKpecnnmmo oCcHOBHI UMdpoBi pecypcy (BianoBigHO A0 pe3ynbTaTiB gocniakeHHa H. Mopse):

® iHCTPYMeHTU pob0oTK B IHTEpHETI (MOLWYK AaHWUX, OpraHisaLlis CninKyBaHHA Yepes NoLuTy, ayAio Ta Bifeo 38'A30K, OHNAMNH-
nepeknag, NPoBeAeHHsA ONUTYBaHHA, pob0Ta 3 OHNAMH AOKYMEHTamMM, poboTa 3 XMAaPHMMM CXOBULLAMU JAHUX, CTBOPEHHA BED-
caliTiB, CTBOPEHHSA Ta KEPYBAHHA CNiJIbHOTaMK);

® iHCTPYMEHTU ANs pobOTU 3 eNeKTPOHHUMMU AOKYMEHTaMM (poboTa 3 TEKCTOBMMM AOKYMEHTamu, Tabanuamm, 6asamm
DaHux);

® iHCTPYMEHTM AnA Bi3yanisaujii (CTBOPEHHA KOHLENTya/lbHUX KapT, MajloBaHHA, CTBOPEHHA rpadiku, peparysaHHA
306parkeHb, pegaryBaHHA Bigeo);

® iHCTPYMEHTU CNiIbHOrO NUCcbMa (CMiNIbHI AOKYMEHTH, BiKi, 610rm);

® {HCTPYMEHTU AN opraHisauii pobotu (pecypcu AN OUiHIOBaHHSA, KaneHaapi, iIHCTPYMEHTU AN NAaHyBaHHA 3aHATTA,
KOHCMEKTyBaHH#A);

® {HCTPYMEHTU yNpaBAiHHA NPOEKTaMMU (KaneHaapi, 3aBAaHHA Ta BiACTEXEHHA OCHOBHWUX eTaniB BUKOHAHHA MPOEKTIB,
CMWCKM cnpas);

® iHCTPYMEHTU ANA JOCNiIAXKEHHA Ta NowWyKy (poboTa 3 BigaaneHumu nabopatopiamu, iHCTpymeHTH Google, 3aknagku,
$aino-06miHHMKK);

® {HCTPYMEHTU a8 poboTU 3 MOBINBHUMM NPUCTPOAMMU A/1A HaBYaHHA (MOBINbHI LOAATKM, MIOKAYEHHA MOBINBHUX
NPUCTPOIB, CMiNIKYBaHHA B PEXUMi OHMAMH, CMiNIKYBaHHA 3acob6ammn MobinbHUX NPUCTPOIB);

® iHCTPYMEHTU AN HAyKOBOI KOMyHiKaLjii (HayKoBWI NOLWYK, HagaHHA AOCTyny A0 HayKoBMX Pob6iT, aHani3 HayKoBUX
pobiT, PO3MNOBCIOAMKEHHA HAYKOBUX AOCNIAMKEHD, PeL,eH3yBaHHA HAayKOBMX AOCAigKeHb) Ta iH. (Mop3e, 2021).

3a3HauYMMo, WO YaCTMHA AOCNIAXKEHHA Peani30BYETbCA B YMOBAX 3MilLAHOIO HaBYaHHA, O BUKAMKAHO NaHAEMIELD.
BignosigHo oo «MonoXKeHHA NPo opraHisaLito 0CBITHLOro npouecy YHiBepcuTeTy imeHi Anbdpena Hobens» ak 6asosoro 3BO
HaLOro AOCNIAMKEHHA, HAaBYAHHA 34iNCHIOETLCA B CMHXPOHHOMY Ta aCMHXPOHHOMY PeXMmax, y T. Y. Yepes yHiBepcuTeTcbKe
BipTya/sibHe HaBYanbHe cepenoBuLLe, 30KkpemMa, Google Classroom (MonoxkeHHn, 2019).

Y Hawin poboTi MW OpiEHTYEMOCA Ha pe3ynbTaTh AOCAIoKEHHA B KMIBCbKOMY yHiBepcuTeTi imeHi bopuca MpiHueHKa, y
AKOMY BMAINEHO NepeBarn aCUHXPOHHOTO PEXUMY (FHy4YKicTb rpadika OCBITHbOrO MPOLECY; MOMKANBICTb 3aCBOEHHA MPOrpamm y
BNACHOMY TeMIMi; LOCTYNHICTb HAaBYa/IbHMX MaTepianis y 6yab-AKMIA Yac) i CUHXPOHHOTO PeXUMmy (LUBUAKUIM 3BOPOTHMI 3B’A30K 3
BMKNaZayem; opraHisauis pobotu B rpynax; MOTMBaL,iA A0 HaBYaHHA B NPOLLECi CNiNKYBAHHA Ta cniBnpaL,i). 3milaHe HaBYaHHA AK
NOEAHAHHSA Pi3HUX GOPMaTIB OYHOrO HaBYaHHA 3 Pi3HMMKU dopmaTaMm (perkMMmamMm) eNeKTPOHHOTO (AMCTaHLiMHOrO) HaBYaHHA
(acMHXpOHHOro abo CMHXPOHHOTO) BiAGYBAETLCA NPOTATOM BCbOTO NPOLLECY BNPOBAAKEHHA PO3po6aeHUX NefaroriyHnux yMoB y
NPaKTUKY YHIBEPCUTETCbKOT NiArOTOBKM MalbyTHiX 6akanaBpis Komn'toTepHux HayK (OpraHisauia oCBiTHbOro Npouecy B LWKONAX
YKpaiHu B yMmoBax KapaHTuHy, 2020).

3a3HauMMO, WO A0CBIA BUKOPUCTAHHA NPOEKTHUX METOAIB HaBYaHHA y npoueci $paxoBoi NiAroToBKM ManbyTHix daxisLis
IT yMOXKNUBNIOE BUAINEHHA HACTYMHUX NOOMXKEHb:

® y LLeHTpPi yBarv NPOEKTHMX METOAiB HaBYaHHA 3HAXOAUTLCA CTYAEHT;

® MPOEKTHI METOAM HAaBYAHHA CNPUAIOTL PO3BUTKY TBOPUMX 34i6HOCTEN Ta NpodeciiHUX KOMMNETEHTHOCTEN CTYAEHTIB;

® OCBITHIl NpoLuec HabyBae 0COBUCTICHOIO CEHC ANA CTYAEHTIB, NiABULLYE IXHIO MOTMBALLIIO A0 HABYAHHA;

® iHAMBIAYyaNbHUIA TeMN POHOTU HAZ NPOEKTOM 3abe3nevye MOKANBICTb GAXOBOTO BUBULLIEHHA CTYAEHTIB;

* rNMboKe 3aCBOEHHA 3HaHb ranysi IT 3abe3neuvyeTbcs Yepes yHiBepcanbHe IXHE BUKOPUCTAHHA B Pi3HMX MPAKTUKO
30PIEHTOBAHUX HaBYa/IbHUX CUTYyaLLifAX.

BUCHOBKU TA NEPCNEKTUBU NOAANBLUOIO AOCNIAKEHHA

1. YCTaHOBNEHO, WO NPOEKTHI METOAM HaBYaHHA € TpeHaamu $axoBoi NiAroToBKM MaibyTHix daxisuis IT, 30Kkpema,
6akanaBpiB KOMM'OTEPHUX HAyK. AHaI3 iICTOPUYHUX NiLBANUH METoAy NPOEKTIB, IXHIX Nepesar y HaBYaHHi CTyAEeHTiB 4,03BOUB
YCTaHOBWTHU, LLLO XapaKTepHO PUCOI0 MPOEKTHOTO HABYAHHA € Te, WO Npobiemu MaloTb BYTU 3HAYYLWMMU ANA CTYAEHTIB,
baKTUYHO cTaTu iXHIMK «BAACHUMM Npobiemamn». MogaHo A0CBiA peani3auii NPOEKTHOro HaBYaHHA B KMiBCbKOMY yHiBepcuTeTi
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imeHi Bopuca lpiHyeHKa y dopmaTi XaKaToHy AK MPUKNAL MPOEKTHOrO HaBYaHHA, KOAW KOMaHAM MpaLoloTb Hag ifeeto,
NPOEKTYBAaHHAM, MPOTOTMMOM MPOAYKTY Ta NPEeACTaBAAOTb PilleHHA B pamKax 3anponoHoBaHoi Temu. [nAa po3pobieHHA
NPUCTPOIB iHTEPHETY peyelt BUKOPWUCTAHO MAMCTEpP-KAACUM A/A YYACHUKIB, AWUCTaHLiMHI Kypcu, camocTiiHe [OoCAiAMKeHHA
npo6aeMHMX NUTaHb.

2. Y pe3ynbTaTi aHani3y eTanis peanisauii NPOEKTIB (iHiLiloBaHHA, NAaHYBaHHA, MPOBEAEHHA, NPE3eHTaLs, OLiHI0BaHHS,
LOKYMEHTALLif), BUMOT LW040 peani3aLii NPOEKTIB, BUAIIEHO OCHOBHI BUAM NPOEKTHUX METOZIB HaBYaHHA: Y 3a71€XKHOCTI Big, BUAY
LIANBHOCTI, WO AOMiIHYE Yy NPOEKTI (AOCNIAHWMUDbKI, KpeaTuBHI, imiTauilHi, iHPopMaLiiHi, NPaKTUKO 30piEHTOBaHI), 3a
npegMeTHUMM HanpAmammn (MOHOMPOEKTU, MiXKNPeaMETHI MPOEKTU), 3a KiNbKIiCTIO yyacHuKiB (iHAMBiAyanbHi, rpynosi), 3a
TEPMIHOM BMKOHaHHA (KOPOTKOTEPMIHOBI, AOBroTepmiHoBi). MogaHO NOCAiAOBHICTL 5 eTanis peanisauii meTo4y NPOEKTIB Ha
NPUKNaai AOCNIAHNLBKOTO NPOEKTY.

3. YcTaHOB/IEHO, WO NPOEKTHI METOAM HaBYaHHA NOB’A3aHi 3 opMamm HaBYaHHA (NeKLuia, NpakTUYHe, iHAMBIAYaNbHE
33HATTA, KOHCYAbTalif, camocTiiHa poboTa, HayKoBO-goCniAHa poboTa CTyAeHTiB, No3aayAMTOpPHI 3axogu, y TOMY 4uchi
opraHisauia poboTu YHIBEPCUTETCbKOrO CTYAEHTCbKOrO LEeHTPY «IHdo-aHaniTMKa»). MogaHo nepenik 3acobis AK PisBHOMAHITHUX
maTtepianis, 3a AOMOMOrOK fKUX AOCATAETbCA MeTa AoC/igKeHHA. OKpecaMmo 3acobu — umdpoBi pecypcu Ana peanisauii
NPOEKTHUX MeTOAIB HaBYaHHA (3a H. Mopae).

MepcnekTMBM NOAANbLIMX HAYKOBUX NOLWYKiB BBaYaeMo B ynpoBagKeHHi po3pobieHNX NPOEKTHUX METOAIB HaBYaHHA B
NPaKTUKY YHIBEPCMTETCbKOI OCBITH.
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PROJECT TRAINING METHODS AS TRENDS OF PROFESSIONAL TRAINING OF FUTURE IT SPECIALISTS
Vladyslav Babkin
Alfred Nobel University, Ukraine
Volodymyr Proshkin
Borys Grinchenko Kyiv University, Ukraine

Abstract. Among the effective methods of university training of future IT specialists are project methods that interpret real professional situations,
allow you to look for alternatives, choose the most appropriate solutions to professional problems.

Materials and methods. Analysis of the scientific literature to establish the state of development of the research problem, determine the
categorical-conceptual apparatus of research; synthesis, generalization, systematization to substantiate the possibilities of using
project-based teaching methods in professional training of students.

Results. It is established that project teaching methods are trends in future IT specialists' professional training, particularly bachelors of computer
science. The experience of project training at Borys Hrinchenko Kyiv University in the hackathon format is presented. The development
of Internet devices used master classes for participants, distance learning courses, independent research of problematic issues. It is
established that project teaching methods are related to forms of education (lecture, practical, individual lesson, consultation,
independent work, research work of students, extracurricular activities, including the university student center "Info-analytics").
Given the list of means as various materials with which the purpose of research is reached. Let's outline the means - digital resources
for the implementation of project-based teaching methods (according to N. Morse).

Conclusions. The main types of project teaching methods are identified: depending on the kind of activity that dominates the project (research,
creative, simulation, information, practice-oriented), by subject areas (monoprojects, interdisciplinary projects), by the number of
participants (individual, group), by term of performance (short-term, long-term). Prospects for further research are the introduction
of advanced project teaching methods in the practice of university education.

Key words: project teaching methods, future bachelor, computer sciences, professional training, information technologies.
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UNSPOBI OPMU MIMKKYNbTYPHOI KOMYHIKALLIT B OCBITI:
DOCBIA PEANIBALLIT MPOEKTY EPA3MYC+AH MOHE MOAY/1b

AHOTALIA

PopmyntosaHHA npobaemu. Y cmammi npedcmassneHo 0esKi acrnekmu 8rnposadreHHs Hag4YaabHo20 Kypcy «MidxKynsmypHi KomyHiKayiliHi
cmydii», po3pobneHozo 3a npoekmom Erasmus + Jean Monnet Module «YKkpaiHa — EC: MiKynbmypHa KOMyHiKayis e
ocgimi»/«Ukraine — EU: Intercultural Communication in Education» 0ns 3006ysavie MazicmepcbKo2o pieHA 8uwjoi ocgimu
cneyianeHocmi 013 [Moyamkoea ocgima [BH3 «/oHb6acokuli depxcasHuli nedazoeiyHuli yHisepcumemy». [logedeHo, w0
8K/IH0YEHHA 00 HA38aHO20 Kypcy oKpemoi memu «L{ugpposa KomyHikayis & oceimi», nodaHoi'y popmi ducmaHyiliHozo Kypcy, €
aKMyanbHUM 8 yMo8ax CMpIimMKoi iHghopmamu3sauii ma 2no0banizayiliHux npoyecis y cycninscmai ma ocsimi, a makox< madxice
momasbHo20 AUCMAHYiliHO20 HABYAHHSA, CrIPUYUHEHO20 c8imoeoto naHoemieto COVID-19. Tomy 0CHOBHOK Memoto cmammi €
sucsimaeHHa cmpykmypu i 3micmy oucmaHuyiliHo2o Kypcy, 027140 0CHOBHUX (hopm Yughposoi KOMyHiKayii, peanizoeaHoi 8 ymosax
ducmaHyiliHo2o Hag4YanbHoO20 cepedosuuyd.

Mamepianu i mMemodu. Memood, Ha ocHo8i K020 8i06Y8anoch NPOEKMYB8AHHA AUCMAHYiliHO20 Kypcy, ue mak 38aHa meopis n’amu emanis
B. KyxapeHKa, B.bukosa ma iH., ujo 8Milye aHANI3, MPOEKMYBAHHSA, PO3BUMOK, BUKOHOHHA Ma OYiHKY. Ha cbo200Hi onucaHuli y
cmammi Kypc nicas npoxooxeHHA 8cix emarnis, nepebysae y cmaHi 800CKOHANEHHA MA OHOB/AEHHA Mamepianie, 30Kkpema
OHs1alH cepsicie 015 peanizayii yugpoesoi KomyHikauii.

Pesyabmamu. Ceped pe3ynbmamie 00CniOHeHHA: 8U3HaYeHHA Micys oucmaHyiliHo2o Kypcy «Ljugposa KomyHikayis e oceimi» 8 cmpykmypi
HaBYAbHOR20 Kypcy «MixcKynemypHi KomyHikayiliHi cmydii» 8 npoekmi npozpamu Epasmyc+ Hanpamy *KaH Mone «YkpaiHa — EC:
MIXKKYAbMYPHA KOMYHIKQUisi 8 0c8imi»; 8uceimaeHHa cCmpyKkmypu ma memMamuku Kypcy, OCHOBHUX KomremeHmHocmel ma
pesyabmamie Ha84aHHA, Wo Marme 6ymu cihopMoBaAHUMU 30 Pe3ysibmamamu 8UB4YeHHS Kypcy; onuc 3micmy meopemuyHoi
YaCMUHU, NPAKMUYHUX 3aHAMb, hopm camocmiliHoi pobomu 3006ysayie oceimu. BuokpemsneHo oCHOBHI hopmu yugpposoi
KOMyHIKayii, ceped AKux: yHigepcasnbHi opmu, Gopmu HAyKoBOoI KOMYHIKAUi, Has4asbHOI YUPPOBOI Ma KOMYyHIKayii 3
BUKOPUCMAHHAM 3acobie mynemumedia.

BUCHOBKU. Y 8UCHOBKAX 8i03HA4YEHO OYiHKY pe3ysnbmamie Ha8YaHHA, HAOaHY CmyOdeHmamu ma cghopmynbo8aHO nepcrekmusu nooasnswozo
00CniOHeHHs.

K/TKOYOBI C/IOBA: KOMYHIKQyisi, MiXKya16mypHa KOMyHiKayis, yugposa KomyHikauis, esponelicoKi yiHHocmi, yugposuli emuxkem.

BCTYN

MocraHoBKa npo6nemu. Erasmus+ — ogHa 3 BigoMux nporpam €sponeicbkoro Cotosy, Lo OXONIOE akagemiyHy chepy,
OCBiTY, MOJIOAiXKHY NOAITUKY, cnopT. BoHa BK/OYaE NPOEKTM chiBnpaLi, napTHepcTBa, mobinbHOCTI y chepi ocBiTM. Hapasi
OCHOBHMMM LinAMM poboTM nporpamu, AK orosioweHo Esponeicbkoto Komicieto Ta 3a3HayeHo Ha caWTi HauioHanbHoro
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Erasmus+ odicy B YKpaiHi (erasmusplus.org.ua), € cnpuaHHA akagemiyHii mobinbHoCTi y cdepi ocBiTM Ta NPodecinHOro Po3BUTKY;
CNpusHHA HepopmasnbHil Ta iHPOPMANbHIA HaBYaNbHIN MOBINBLHOCTI Y chepi monoai; CnpusHHA HaB4yasbHIA MObBINbHOCTI
nepcoHany cpepu cnopty (Mpo nporpamy, 2021). VY ranysi BULWOI OCBITU OAHMUM i3 KNHOYOBUX HAMPAMIB AiSNbHOCTI Nporpamm
Epasmyc+ € Hanpam XaH MoHe, AKWIA OPIEHTOBAHUI HA BUKNAAAHHA Ta AOC/IAXKEHHA 3 METOK aKTUBi3aL,ii eBpoiHTerpauinHoro
OUCKYpPCY, CNPUAHHA JOCKOHAIOCTi EBPOIHTErpaLiMHUX CTYAilM, 3a1y4eHHA YKpaiHCbKux 3BO A0 focnigKeHHs eBPOiIHTErpaLliiHmX
npouecie Ta nownpeHHs iger 06’egHaHoi EBponn. Came e Hanpsam 6y obpaHuUiA BUKNagadamu Kadeapu Teopii i NpakTUKK
no4aTtkoBoi ocBiTM ABH3 «[loHb6acbKuii geprkaBHUIA NeJaroriyHnn yHiBepcuTeT», AKMMUK Big nnctonaga 2020 poky po3noyato
BMKOHaHHA NPOEKTY 3a moaynem «YKpaiHa — E€C: MiXKKy/AbTypHa KOMyHikauia B8 ocsiTin/«Ukraine — EU: Intercultural
Communication in Education». Y mexax NpoekTy nepeabayeHo BMNPOBAAKEHHA HABYANbHOIO Kypcy «MiXKKyAbTYpHi
KOMYHIKaLiHi CTy4ii», 40 3MiCTy AKOro BK/AKOYEHO Pi3Hi aCMEeKTU MiXKKYbTYPHOT KOMYHiKaLLii, 30Kpema i uMdpoBoi, Wo B ymoBax
CTpiMKoi iHbopmaTU3aLii Ta rnobanizauiiHMX NPoOLECiB y CycMiNbCTBI Ta OCBIiTi, @ TAaKOX MalKe TOTa/IbHOrO AMCTaHL,iNHOro
HaBYaHHA, CNPUYMHEHOro cBiToBO NaHaemieto COVID-19, cTano Haa3BMYaMHO aKTyaNbHUM.

MOHATTA MiXKKY/NbTYPHOI KOMYHiKaLii Ta NoB’A3aHOi 3 HMM KaTeropii MiXKKy/NbTypHOI KOMMNETEHTHOCTI € A0CTaTHbO
NOWMPEHUMU B Cy4acCHOMY BiTYM3HAHOMY Ta 3apybiXKHOMY HayKOBOMY 06iry, BOHW BUCBITAIOIOTLCA B NeAaroriui, KynbTypoorii,
coujionorii, gocnigxyoTbca dinonoramm Ta npencTaBHUKAMM iHWKX HayK. Mpumipom, |. Hill (2006) po3rnaaae miKKyAbTypHY
KOMYHiKaL,ito y IBOX acrneKTax: KOTHITUBHOMY (3HaHHA MPO BAACHY Ky/AbTypy Ta iHLWIi KyNAbTypu) Ta adeKTMBHOMY (MiXKKYAbTYpHa
YYTAUBICTb). 3 TOUKM 30py |. Baxosa (2012), MiXKKy/bTypHa KOMYHiKaL,if € NiArPYHTAM /1A COLiOKYIbTYPHMX 3MiH | BaraTosKicCHUM
Ta AWHaMIYHUM couianbHUM GEHOMEHOM, SIKUW, 3 OAHOro OOKy, nepeabayae 34aTHICTb A0 CNPUMHATTA iHWOKYAbTYPHUX
€/1eEMEHTIB, 3 iHLWOro — AEMOHCTPYE 34aTHICTb TPAHCAOBATU CBOI LiHHOCTI B iHWI KyAbTypu. B. MaHakiH (2012), aHanisytoun
B33aEMO3B'A30K MOBM 1 MiXKKY/IbTYPHOI KOMYHIKaLLii, BKA3YE, L0 BOHA BUCTYMNAE K LiiHHICHO-HOPMATUBHUI PEryNAaTUB KyNbTypPHOT
LiANbHOCTI i BiApi3HAE OfHE CYCMniNbCTBO Bif, iHWOro, CNpUAE MOro iHTerpawii Ta NepeTBOPIOE Ha Ky/NbTypHY camobyTHiCTb. Ha
OYMKY HaAYKOBLSA, MIXKKYNbTYpHa KOMYHIKalif € reHepatopom CMUCAIB Ky/nbTypu, 6a3oBUmM enemeHTOM ¢GOpMyBaHHS,
BIZATBOPEHHSA | TPaHCAALLT KyNbTYpU K y LinoMy, Tak i i cknagosux (MaHakin, 2012).

3HaYyHa KiNbKiCTb AOCAILHWKIB PO3rNaAaloTb MiKKYNbTYpPHY KOMYHIKaLil0 B aCMeKTi BUBYEHHSA MOB, BBAXKaluu, LLO
NpoBiAHMM 3acobom MiXKKYyAbTYPHOI Ta MiXKHapoAHOI KOMYyHiKaUii € aHrnilicbka moBa (FaBpinosa, Abyposa, 2017; Maspinosa,
beckopca, lwyTiHa, 2019). IHWi HaykoBui (Gudykunst Ta iH., 2005; Ting-Toomey & Dorjee, 2015), Kpim MOBM, aKLLEHTYIOTb yBary
Ha CTWAI CMiNKYBaHHA, AKUM BKAKOYAE QYHKLIOHANbHICTb Ta BUPA3HICTb.

Ha cboroaHi MixkKKynbTypHa KOMYHiKaL,ia Yepes KapaHTUHHI 0bmMexKeHHsA, cnpuymHeHi naHgemieto COVID-19, BiabyBaeTbea
nepeBa)KHO B UMPPOBI dopmi. Tox nig vac po3pobaeHHs Ta BNPOBAAKEHHA Kypcy «MiKKyAbTypHI KOMYHIKaUilHi cTyaii» B
pamKax NpOEKTy nporpamm Epasmyc+ Hanpamy aH MoHe «YkpaiHa — EC: MiXKKy/bTypHa KOMyHiKauia B ocsiTi»/«Ukraine — EU:
Intercultural Communication in Education» 6yno BugineHo okpemy Temy, npucsadeHy LMbpoBili KOMyHiKaLLi B OCBITI 1 NogaHy y
BUINAL AUCTAHLIMHOMO Kypcy. BUCBITAMMO 3MICT i CTPYKTYPY LIbOrO AUCTAHLiAHOIO Kypcy, OrNAHEMO OCHOBHI dopmu LmbpoBoi
KOMYHiKaL,ii, peanisoBaHi B yMmoBax AMUCTAHLiNHOro HaBYaIbHOrO CEPEAOBULLa, WO i CTAHOBUTMME METY AaHOI CTaTTi.

METOAMN AOCNIAMKEHHA

OCHOBHMM MeToZoM ByNno MPOEKTYBAHHA AMCTAHLiAHOIO Kypcy, wo 6a3yBanocs Ha 3anponoHoBaHii B. KyxapeHkom,
B. BUKOBMM Ta iHLWIMMW BYEHUMM «Teopii N'ATK eTaniey, AKa BMILLYE:

— aHani3 (aHani3yeTbCA AiANbHICTb, LiNboBa rpyna, popmytoTbcA 3aBAAHHA Ta MEeTa HaBYaHHA);

— NPOEKTYBaHHA (POPMYETbCA MOCNILOBHICTb HAaBYaHHA, BM3HAYalOTbCA 3aCO6UM HaBYaHHA, OMWUCYETbCA HaBYasbHa
aKTUBHICTb (Yepes NpUKNaan, AOCNIAKEHHS) Ta CTBOPIOETLCA CXeMa HAaBYaHHSA);

— PO3BUTOK (MAe Y BiANOBIAHOCTI A0 CLEHapilo AUCTAHLiIMHOIO KypCy, CTBOPIOIOTLCA BNPABKU, MaTepiann Ta iHCTPYMEHTH,
BiAOYBAETbCA HAaNAroAXKEHHA Kypcy Ta TeCTYBaHHA);

— BMKOHAHHA (06paHa rpyna npoxoauTb HaBYaHHA y Kypci);

— OUjHKa (BMKOHYETbCA NOTOYHE Ta NiACYMKOBE OUiHtoBaHHSA) (BMKoB. Ta iH., 2008).

Kpim Toro, 3any4yannca HayKoBO-TeOPETUYHI METOAM aHanidy Axepen Ta BUKOPUCTAHHA HAABHOTO A0CBiAY NPOEKTYBAHHA
OMCTaHUiMHMX KypCiB.

PE3Y/IbTATU AOCNIAXKEHHA

HaBuanbHUit Kypc « MixKKYIbTYPHI KOMYHiKaLiiHi CTyAjii» B NPoeKTi nporpamu Epasmyc+ Hanpamy *aH MoHe «YKpaiHa —
€C: MiXKY/NbTYpHA KOMYHiKaL,if B OCBiTi» BBeAEHO A0 NpodeciiMHOI NiAroToBKM MalibyTHix daxisuis cneuianbHocTi 013 NovaTKoBa
OCBiTa MaricTepPCbKOro pPiBHA AK NO3aKpeauTHY AucLMNAiHy. Ha BUBYEeHHA Kypcy BigseaeHo 9 kpepuTis EKTC (270 roanH, i3 AKKMx
90 roavH ayaAMTOPHUX, PeLuTa — Ha CamocTiliHy poboTy 3006yBayiB BULWOT 0CBiTH). Kypc CKnagaeTbea i3 AeB’ATU Tem:

1) KomyHikauiliHi cmpameeii Egponelicbkoeo cycninecmea (Communicative strategies of European society), wo mae Ha
meTi  POpMyBaHHA pPO3YMiHHA Ta 34aTHOCTI OOroBOPIOBATM BWUKAMKM  €BPOMNEMCHKOrO  CYCMiNbCTBA, YCBIAOMAEHHA
HalledeKTUBHILMX MeTOAiB Ta CTpaTerii MiXKKybTyPHOT KOMYHiKaL,ii i3 BUKOPUCTAHHAM BepbanbHMX Ta HeBepbanbHUX 3acobis.

2) Mosa ma mixckynbmypHa kKomyHikayia (Language and Intercultural Communication), wo 3a6e3neyye HagaHHA 3HaHb
NPO BU3HAYEHHA KY/IbTYPHUX BiAMIHHOCTEW Yy CTUAAX CMiNKYBaHHA Ta BUPOOAeHHA HaBMYOK BUBOpPY BepbanbHUX 3acobis ana
edEeKTUBHOrO YCHOrO Ta NMMCbMOBOFO CMiIKYBaHHA.

3) OcHosu mixncocobucmicHozo cninkysaHHa (Foundations of Interpersonal Communication), wo Hagae ornag,
MCUXO/IOTIYHMX, KOMYHIKaTUBHUX, PENALIMHUX, KOHTEKCTHUX Ta AMUCKYPCUBHUX CTPATerili ANA HaNaroAXeHHA MiKoCoBUCTICHUX
CTOCYHKIB.

4) KynbmypHa KomyHikauis ma emriyHa ideHmuyHicme (Culture Communication and Ethnic Identity) ana po3suTky
HAaBMYOK CBIZOMOro BMOOPY LLOAO MOBEAIHKM B KOHKPETHIM cuTyaLii, Wwob epeKkTMBHO CMiNKyBaTUCS; NOCUNEHHA PO3YMIHHA
IAEHTUYHOCTI Ta MiXKFPYNOBMX BiAHOCUH.
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5) YnpaeniHHa mincocobucmicHumu ma mincepynosumu KoHgaikmamu (Interpersonal and Intergroup Conflict
Management) ana po3BUTKY HaBMYOK BUPILLEHHA KOHPAIKTHUX CUTYaLii WAAXOM OnaHyBaHHA epeKTUBHUX CTpaTeriii 60poTbbu
3 KY/IbTYPHUMMW Ta FreHAEePHUMM BigMIHHOCTAMM.

6) Lugposa KomyHikayia e oceimi (Digital Communication in Education), wo 3abe3neyye po3ymiHHA poni undposmx
NoCAyr ANA HaNaroAXXeHHA MiXKKY/IbTYPHOro CMiNKyBaHHA B Cy4aCHOMY aKageMiyHOMY cepefoBULLi.

7) Esponelicoka noaimuka iHMepHayioHanizayii suwoi oceimu: nonikyaemypHi acnekmu (European Higher Education
Internationalization Policy: Multicultural Aspects) pna po3ymiHHA OCHOBHMX Ky/AbTYPHMX KOHUENUii, aKyabTypauii,
NOANiKY/bTYPHOT OCBITW, NepesoBMX NPaKTUK Ta HABMYOK, W06 CTaTU KOMNETEHTHUM MY/IbTUKYbTYPHUM Neaarorom.

8) Hanpamu po3sumky couioKynbmypHoi cknadosoi iHmepHayioHanizayii suwoi oceimu e Ykpairi (Areas of Developing
Sociocultural Component of Higher Education Internationalization in Ukraine), wo 3abe3neyyBaTnme ycBigOMNEHHA HEOBXigHOCTI
PO3BUTKY KY/IbTYPHO-IHKNHO3MBHOIO CepefoBULLA CY4aCHOTO YKPAiHCbKOrO YHIBEPCUTETY; PO3BUTOK HABWYOK MpPOBeAEeHHS
HAYKOBUX AOCAIAXKEHDb Ta €NiCTEMOIONYHMUX YMiHb.

9) CoyianbHe cninKy8aHHA — NOHAMMA, yHKUil, 3HaYeHHA. MiXKy16mypHa KOMyHiKauis 3a0a couiansbHux 3miH (Social
communication — concepts, functions, importance. Intercultural Communication for Social Change), wo mae po3B1HYTU HaBUYKK
KPUTUYHOTO MWCNEHHS CTYAEHTIB LWOAO PO couianbHOI KOMYHiKaLii, mMegia, MiKKyAbTypHOI KOMYHiKaLii B cy4acHOmy
CyCninbCTBi.

Y 3aranbHili CTPYKTYypi HaBYa/IbHOrO Kypcy Avwe ofHa Tema — «LlMdpoBa KOMyHiKaLia B OCBiTi» — 3annaHOBaHa fAK
OMCTaHUiHWI Rypc. MpoTe yMOBM BUKAaAaHHA Ha noyaTKy 2021 poKy, TOTaNbHUIA Nepexif, BULLLOT OCBITU Ha ANCTaHLiMHY dopmy
HaBYaHHA NpU3BeaN 40 NepeBefeHHA BCbOro Kypcy B AMCTaHUiiHMIA dopmaT y cepegosuite MOODLE [BH3 «[oHb6acbkuit
OeprKaBHUI NeaaroriyHnin yHiBepcuteT».

CKOHLEHTPYEMO yBary Ha 0cobaMBoCTAX NobyaoBM AWCTaHLiMHOro Kypey «Ludposa KomyHikaLia B ocsiTi» (puc. 1), Ha
onaHyBaHHA aKoro BiaseaeHo 30 roguH / 1 KpeanT EKTC (12 roAMH KOHTaKTHUX: 4 rOoAMHW OHNANH NeKLiid Ta 8 roAnH OHNaNH
NPaKTUYHKUX 3aHATb; 18 roaMH camocTilHOI po60oTH). Kypc 3aBepLuyeTbea 3anikom y GOopmi TECTOBOrO KOHTPOO.

LUucpoBa KOMyHiKaLisi B OCBITi

Ha ronosHy Mol kypeu dakynbTeT No4aTKOBOI, TeXHOMOr4HOT Ta npodeciitHol ocsiTn kacbenpa Teopil i NpakTUKK NOYaTKOBOI OCBITH

HABITALIA [Slo]

Ha ronosHy
® Mos gomaluHsa
» Cropinku caiity
> Mitt npodbine
¥ TloTOMHWIA KypC
¥ UMK
> Yyackuku
> Buaukun
» Baranshe
» 1. AkapemiuHa KoMyHiKauia B
ymoBax undposizauii oc...
» 2. LUuchposi cepsicy 0CBiTHLOT
KOMyHiKauit

Kypc npuci ¥ onany 0 HABUYOK i )
CNiNKyBaHHS 3 MKHAPOIHOK ayAUTOPIE 3a A0NOMOTOK
» Moi kypen HuchnnauyY iusTAvMBUTIR

Puc. 1. FonoBHa cTopiHKa AUCTaHLiHOTO Kypcy B cepegosuili MOODLE
AOBH3 «[oHb6acbKuii geprkaBHUIA neparoriyHUi yHiBepcuteT»

BuBueHHA Kypcy 3abe3nedvye cdopmoBaHicTb B MabyTHiX yuMTeniB NOYATKOBOT LUKOIM TaKUX KOMNETEHTHOCTEN:

3020/1bHi:

— 3JaTHicTb peanisyBaTh CBOi NpaBa i 06OB’A3KM SIK YNeHa CyCnifbCTBa, YCBIZOM/IOBATU LLIHHOCTI rpOMagsaHCbKOro
(BiNbHOrO AEMOKPATUYHOrO) CYCNiNbCTBA Ta HEOOXIAHICTb MOro CTaNIoro PO3BUTKY, BEPXOBEHCTBA NpaBa, Npas i cB060A Nt0ANHM i
rpomMaaaHnHa B YKpaiHi;

— 3JaTHicTb 40 NowyKy, 06pobaeHHA Ta aHani3y iHpopmalLii 3 pisHUX axKepen;

— 3[aTHICTb AiaTK coliaNbHO BiANOBIAANbHO i CBIAOMO;

—  3[aTHiCTb AiATM Ha OCHOBI €TUYHMX MipKYBaHb (MOTUBIB).

cneyiansHi:

— 3[aTHIiCTb CMi/JIKyBaTUCA [EP’KaBHOK Ta iIHO3EMHOK MOBaMW A/ 3abe3neyeHHs YCHOI Ta MUCbMOBOI aKagemiuHoi
KOMYHiKaLLii;

— 3[aTHiCTb OpieHTyBaTUCA B iHbOPMALIMHOMY NPOCTOpPi, BMKOPMUCTOBYBATM BIiAKPUTI pecypcu, iHPopmauiiHo-
KOMYHiKaLiliHi Ta LMbpoBi TEXHONOTII, ONepyBaTh HUMMU AK KOMYHIKaLinHUMK 3acobamu;

—  3[aTHiCTb YNpaBAATA BAACHUMM EMOLIMHMMU CTAaHAMK, HANAroA4KyBaTU KOHCTPYKTUBHY Ta NAapTHEPCbKY B3aEMOLit0
3 yYaCHWKaMM OCBITHbOro npotecy, popmysaTn MoTMBaLilO0 3400yBayiB A0 HaBYaHHA Ta OPraHi3oByBaTW iXHIO Mi3HaBaNbHY
LiANbHICTb;

—  3[aTHiCTb A0 NPOEKTYBAHHA LMPPOBOro OCBITHLOIO CepesoBMLLA NiATOTOBKM BYUTENIB aHTNINCbKOT MOBM NOYATKOBOI
LIKOAMK.

3arasbHi Ta crneujanbHi KOMMNETEHTHOCTI cnisBiaHOCATbCA i3 KaodoBumm (Key Competences for LifeLong Learning),
BM3HAYeHUMKN EBPOMENCbKUMKU eTaNloHHUMKM pamkamu (Recommendation, 2006; Proposal, 2018), agantoBaHMMK B 3aKOHi
YKpainu «Mpo ocity» (2017), a TaKOK KOMMNETEHTHOCTAMM, CHOPMY/IbOBAHUMU B CTAaHAAPTI BULLOI OCBITM 3a CnewjianbHicTio
013 MNoyaTtkoBa ocsiTa ranysi 3HaHb 01 Ocsita/lMeaarorika 6akanaspcbkoro pisHa (CtaHaapT, 2021).

46



®I3UKO-MATEMATUYHA OCBITA (®MO) sunyck 3(29), 2021

MNepegymoBamu BUBYEHHA AUCTAHLIMHOIO Kypcy «LindpoBa KomyHiKaLis B OCBIiTI» y CKAagi NO3aKpeaUTHOT ANCUMNIIHK
«MiXXKyNbTypHi KOMYHiKaLiHi CTyAii» € nonepeaHbo HabyTi CTyAeHTaMM TaKi KOMNETEHTHOCTI:

—  IK-KOMNEeTEHTHICTb — 34aTHICTb 0 KPUTUYHOTO aHani3y gxKepen iHpopmauii, NoWwyKy HeobXigHUX pecypcis, CUHTe3Y,
y3arasbHEHHI0 Ta CTPYKTYpyBaHHIO NpoayLiinoBaHoi iHbopmaLii;

— nejgaroriyHa KOMMETEeHTHICTb — 34aTHICTb Ta FOTOBHICTb A0 NeAaroriYHOro NPOEKTYBAHHA, 3MICTOBOrO HAaNOBHEHHA Ta
BMKOPUCTaHHSA LMPOBUX OCBITHIX NPOAYKTIB Y NpodeciiHili gianbHOCTI;

— TEexHONOriYHa KOMMETEHTHICTb — 34aTHICTb Ta FOTOBHICTb A0 iHPOPMATUYHO-TEXHO/IONYHOI AiANbHOCTI, a came
NOCTAaHOBKM Ljifei CTBOPEHHA UMPPOBOro OCBITHLOTO MPOAYKTY, BMKOPWUCTAHHIO HasBHOI abo po3pobKM HOBOI TexHonorii
CTBOPEHHSA OCBITHBOrO LMPPOBOro KOHTEHTY, TECTYBAHHIO NPOAYKTY HA BiANOBIAHICTb A0 NEBHUX BUMOT TOLLO.

OuiKyBaHi pe3y/abTaTh HaBYAHHSA:

— npodgeciliHi 3HAHHA: OCHOBHUX TeHAEHLi LMdpPOoBi3aLii OCBITU Ta Cy4aCHUX BUMOT A0 BUNTENA NOYATKOBMX KNaciB B
iHbopmaLiHOMY cycninbCeTBi; BUAIB | dopm LMbpPOBOI KOMYHIKaL; 0cobaMBOCTEN aKageMiyHOT LMPPOBOT KOMYHIKaLi; npaBu i
HOPM LMbPOBOro KOMYHIKaLiMHOrO ETUKETY.

— npodgeciliHi 8MiHHA | HaBUYKU: epEeKTMBHO MpPaALOBATK i3 NpPOrpamamMu Ta OHMAWH pecypcamu A 3abesneyeHHs
undpoBoi KOMyHiKaL,ii; epeKTUBHO cninKyBaTUCA B AMCTAHLIMHOMY CepefoBULLi; paLioHaIbHO 3aCTOCOBYBATU OHNAMH cepBicK Ta
nporpamHe 3abesneyeHHs ANA OpraHisauii Ta NpoBefeHHA KOMYHiKauiiHMX 3axo4iB B yMoBax LMOPOBOro OCBITHbOrO
cepefoBuLa.

—  KOMYHIKayif: 30icHIOBaTN LMGPOBY KOMYHIKaLLit0, OPIEHTYIOUMCb Ha BUMOTU HETUKETY; NPOrHO3yBaTH, NPOEKTYBaTH
Ta Kopuryeat uMdpoBYy aKkaZemiyHy KOMYyHiKaujilo Ha 3acafax eTuKM npodecitHOro CninkyBaHHA, 3aCTOCOBYKOYM MpaBuaa
HayKOBOTO eTUKeTy.

BuBuatoum Kypc, cTyaAeHTU HabyBatoTb 3HOHb:

— OCHOBHWX TeHAeHLi uMdpoBi3aLii OCBITU Ta Cy4aCHUX BMMOT [0 BYMUTENA MOYATKOBMX KnaciB B iHGopmaLinHomy
CyCninbCTBi;

—  Buais i popm uMdpPoBOT KOMYHIKaLLT;

— ocobauBocTel akagemiyHol LMdpoBoi KOMYHIKaLLT;

— npasun i HOPM LMPPOBOro KOMYHIKaLLIMHOrO eTUKeTY.

CTyneHTH HabyBaloTb yMiHb:

— edeKTMBHO NpaLoBaTH i3 Nporpamammn Ta OHMANH pecypcamm ans 3abesneveHHs UMPPOBOT KOMyHiKaL,ii;

— edeKTMBHO CNiNKyBaTUCA B AUCTAHLiHOMY cepefoBULLL;

— pauioHanbHO 3acTOCOBYBAaTM OH/AMH CepBiCM Ta MNporpamHe 3abesneyeHHa AN oOpraHisauii Ta nposeAeHHsA
KOMYHiKaL,iMHNX 3aX0/iB B yMOBaxX LUMPPOBOro OCBiTHbOrO cepesoBumLLa.

Kypc cknapaeTbea i3 ABOX TeM, pO34iNeHUx Ha nigTemu:

Tema 1. AkademiyHa KOMyHiKayia 8 ymosax yugposizayii oceimu

1) HopmaTtuBHO-NpaBoBe ¢ 3aKOHOAABYE 3aKpiNJAEHHA npouecis uudposisaLii ocsiTU. [OHATTA «eNeKTPOHHA
KOMYHiKaLia», «lHTepHeT-KOMYHiKauia», «Beb-KOMyHiKaLia», «KOMyHiKalia, onocepegkoBaHa Komn'toTepom» (computer
mediated communication).

2) MepeBaru umdposoi KomyHikauii. New Media. Bnaue 3acobis LmMdpoBoi KOMYHiKaLLT Ha MiKKYNbTypHE CRifIKyBaHHA.

3) OcHoBHi dopmm LUMdpPOBOT OCBITHLOT KOMYHiKaL,ii. HayKoBa eneKTpoHHa cTaTTa: cneumdika xKaHpy.

4) UmndpoBuit eTUKeT: NoBeAiHKa B OHNAMH CMiNKyBaHHI.

Tema 2. Lugpposi cepsicu oc8imHb0oi KOMyHiKayi.

1) BigKkpuTa ocBiTa AIK HeobxigHa ymoBa 34iMCHEHHA akaAeMiYHOi KOMyHiKaL,ii B LMbPOBOMY OCBITHBOMY CepesoBULL.
BiakpuTi kypcu (MOOC).

2) OHnaiiH-cepsicK Ans opraHisauii BebiHapis, iHTepHeT-KoHbepeHLil Ta 34iMcCHeHHA OHNAMH-HaBYaHHA (Skype, ZOOM,
Google Meet).

3) OHnaH-pecypcu ANA CTBOPEHHA HABYa/NIbHOTO KOHTEHTY. IHTEPAKTUBHI Npe3eHTaui, iHTepakTMBHe Bigeo (OHNaMH-
cepsicu Genially, Learnis, Pictochart, Google Slides, Prezi, Canva). IHTepaktusHi nnakatu (Padlet, Glogster). IHTenekTyanbHi KapTtn
(Mindmeister).

4) OHNalH-IHCTPYMEHTU AN opraHisaLlii 3BopoTHOro 38’A3Ky (pecypcu Mentimeter Ta Slido).

Y 3aranbHoMy 67101 Kypcy po3miLLeHo Moro cunabyc Ta pobouy nporpamy AN AeTasbHOro 03HanomaeHHA 3400yBavis i3
TEMATMKOIO, BMAAMMU KOHTPOJIO, OLHIOBAaHHAM 3aBAaHb TOWO. 3arafibHMI 60K BMILLYE TaKOX rnocapi i3 OCHOBHUMMM
NOHATTAMM B rany3i MixKKy/IbTYpHOI KOMYHiKaL,jii Ta pi3HMX acnekTis LndpoBsizaLii ocBiTH.

[OunCTaHUiMHMIA KypC CKNAAQETbCA TPAAMULIAHO i3 HafaHHA TEOPETUYHWUX BifOMOCTEN, MPAKTUYHOrO X ONpPaLOBaHHA,
BMKOHaHHS 3aBAaHb CaMOCTiINHOI po60TU, KOHTPOJIIO Ta OLLiHIOBaHHA HAabyTUX 3HaHb | yMiHb. Teopemu4YHa YacmuHa Ma€ Ha MeTi
HaflaHHA CTyAeHTaM HeobxiZHOI HayKOBOi Ta HAyKOBO-METOAMYHOI iHpopmauii 3 nuMTaHb HOPMATMBHO-MPABOBOMO W
3aKOHOZABYOro 3aKpinieHHA npoueciB uudposisauii OCBiTU, PO3rNALAETLCA HWU3KA KAKOUYOBUX MOHATb Kypcy, cepefn, AKUX
ENEeKTPOHHA KOMYHIKaLia», «iHTEpHEeT-KOMYHiKaLia», «BebKOMYHIiKauifa», «KOMYHiKalis, onocepeAkoBaHa Komn'toTepom»
(computer mediated communication). BigzHaunmo, WO TEOpPeTUYHUI MaTepian BMKNAAEHO CTUCAO, 3HAYHA KiNbKicTb Teopil
y3aranbHeHa y Burnsagi t1abavub Ta iHporpadiku, WO UiKOM BigNOBiAAE 0COBAMBOCTAM Cy4aCHOrO «K/iMOBOrO» MWC/IEHHSA
monogi. Kpim Toro, manbyTHi BYUMTENiB NOYATKOBMUX K/ACiB 3HAMOMAATLCA i3 OHNAMH IHCTPyMEHTaMu Ta nporpamamu ans
KOMYHiKaLii B ymoBax umdpoBoro cepenosuila, Bus4aoTb Gopmu LMOPOBOI OCBITHLOT KOMYHIiKaLLi, 30Kpema po3rnagatTb
cneundiky KaHpy HayKOBOi €/1eKTPOHHOI cTaTTi. JOoUuifibHO Big3HAuUMUTU, WO NEKUiiHWIA MaTepian NoJaeTbca Mig Yac OHNaAMH
3yCTpiven 3i cTyaeHTamu, Konm ana edekTUBHOT pobOTM BUKNaAaueM OpraHi3oBaHO akTUBHY LiMdpoBy B3aeMOLito: BNpoaos K 40-
XBUJIMHHOIO 3aHATTA 3406yBauyi 3aHyploloTbCA B UMGPOBY KOMYHIKaLLi0 3aBAAKM 3a1y4YeHHI0 40AAaTKOBUX pecypciB (CKnagatoTb
«XMapKYy C/liB» Ta NPOX04ATb ONUTYBaHHA B Nporpami Mentimeter, po3milLyoTb BiANOBiAI HA OHNalH AowkKax Jamboard Ta Padlet,
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NUWYTb NOBIAOM/IEHHA B YaTi Ta iH.). 1N YHAaOUHEHHA TEOPETUYHOro MaTepiany BUKOPUCTOBYETLCA K popma MyabTUMEAINHOI
npeseHTaL,jii, npoTe cnaiam NnobyaoBaHi 3 ypaxyBaHHAM Cy4acHUX BUMOT (MiHIMyM TeKCTy, Makcumym iHdorpadikm).

[o 3micTy npakmuyHuUX 3aHAMb B AUCTaHUiMHOMY Kypci «LiMdpoBa KOMyHiKaLif B OCBITi» BK/IOYEHO OMNpaLOBAHHA
OH/alH-cepBiciB Ta Nporpam Ana peanisayii umdposoi KomyHiKauii (Skype, ZOOM, Google Meet ansa opraHisauii BebiHapis,
iHTEPHET-KOHdEpPeHLi Ta 34iiCHEHHA OH/AWH-HaBYaHHA; BAacHe poboTa B UMX cepBsicax, Oo3HaliomneHHA 3i cneundikoto
€/1eKTPOHHMX HaYKOBMX BUAAHb Ta iIHHOBALLIAMM B aKaAeMiUHil umdppoBiit KomyHikauii. Cepeg 3aBaaHb a4na camocmiliHoi po6oTu
nepeBarkae BMKOHAHHA TBOPUMX MPOEKTIB, WO HAabyBae BUrAAAy CTBOPEHHA LMPPOBUX OCBITHIX pecypciB y Burnaai pebycis,
KOMIKCIB, IHTEPAKTUBHUX M/IAKaTIB 3 NeBHOI TemaTMKN. OgHMM i3 aKTyasbHUX 3aBAaHb € YCBIAOMIEHHA NPaBUA NOBEAiHKM B
UMPpPOBOMY CEPEAOBULLi, TAK 3BaHOTO HETUKETY, 3 KpeaTUBHUM 0DOPMAEHHAM LMX NpaBuA (gns yuHis 33CO, ana BunTenis, 4ns
CTyAEHTCbKOI ayauTopii Towo). PparmeHT MyNbTUMELIMHOI Npe3eHTaujii 3 eTUKM KOMYHIiKauii B IHTepHeTi, CTBOpeHoi ans
YCBiLOMNEHHA cTygeHTammn 3BO KA4oBMX NpaBua UMGPOoBOI NMCbMOBOT KOMYHiKaLLii HaBeAEHO Ha puc. 2.

Mpaeuna cninkyBaHHA B uucppoBomMy NpocTopi Mpaesuna cninkyesaHHA B uudppoBoMy NpocTopi
MucsMoBa KoMyHiKavjis MucsMoBa KoMyHikavjis
3 BHKOpHCTOBY#H Hanex
[lopesto BuKopucToBY# o _ it e }
Hapasaii noantmsni Emoji ann sucnosnenHn BukopucTosyii nosHi peuenns i 3anuTyii, nponoHyii Ta Hanucae nepen TMM, AK YBaxHo BuCNYXY#H AYMKY

KOMeHTapi. Ko He Moxew nouyTTie uini cnis. ABpesiatypn He ‘sa0xouy# iniumx. Lie - yMosa NaRicraTn (nawaTai apo  KOWHOO i 3 poayminmam crasc

CKa3aTh HIOro XOPOWOrD, He pHiAHATI B aKapeMiuHin omamaol poorul nbpoets crim] A0 TOro, WO XToCk AyMaE iHaKue
KOMYHIKauii '
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NYHKTYaUiliHy nosHauky
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)
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Puc. 2. Cnaiign mynbTumegiliHOT Npe3eHTaLii 3 eTUKM NUCbMOBOI KOMYHiKauii B IHTepHeTi gna ctyaeHTis 3BO

HalironoBHiWMm pesynbTaTom BUBYEHHA AMCTaHLUINHOMO Kypcy «Lndposa KomyHiKaLisa B OCBiTi» 6ya0 ycBigoMaeHHA Ta
ONaHyBaHHSA CTYAEHTaMN OCHOBHUX popM LUMPPOBOI KOMYHIKALLT, 4O AKMX HaNexKaTb:

— yHisepcanbHi popmu (e-mail, messages, cninkyBaHHA Yepes coLia/ibHi Mepesxi, caitTu, 4aTn, Gopymmu), AKi BUMaratoTb
BiANOBIiAHMX HaBNYOK (HeTUKeT, Kibepbesneka);

— ¢opmu Haykosoi KomyHikauii (e-koHdepeHUii, BebiHapu, e-*KypHanu) i3 BMMOramm [OTPUMAHHA NPUHUMNIB
aKagemiyHoT Lo06poYecHOCTI, NIATPMMKM BiAKPMTOro A0CTyNy A0 HAYKOBUX NybAiKauil Ta iH.;

—  HOBYAsbHA Yugposa KOMYHIKayia (eNeKTPOHHI OCBITHI pecypcu, cninbHa poboTta y Google foaaTkax, KOMyHiKauia B
YMOBax AMCTaHLiAHOrO cepefoBuLa Ta iH.). TyT HAeTbca Npo CTBOPEHHA LMdPOBOro OCBITHLOrO cepeaoBuLLa 3i cneundiyHumm
BMMOFamMW 10 KOHTEHTY;

—  KOMYHIKayisa 3 8UKOpucmaHHAM 3acobie myasmumedia, WO AO3BONAE 3a1y4YUTU O CNiSIKYBAaHHA He /MLie CN0Ba, a
BECb KOMMEKC Bi3ya/ibHUX Ta 3BYKOBUX 06pa3iB, W0 3HAYHO MiACUIIOE BMNIMB HA PECMOHAEHTIB.

OBrOBOPEHHA

Mif Yac NPOEKTYBAHHA AUCTaHLIMHOro Kypcy 6yno gocniaskeHo ocobamBOCTi 3aCTOCOBYBaHHA e-learning nnatdopm, Big,
BMOOPY AKUX 3aN€XKUTb AKICTb NpoLecy HaBYaHHA. Mu cnupanuca Ha AyMKy B. BULHiBCbKOro Ta iHWKx (2014), Aki Big3Havanm,
wo naatpopma AUCTaHLINHOTO HaBYaHHA — Le LEeHTPa/lbHUIA eleMEeHT, HaBKOJIO AKOTO 36MpatoTbCa YYaCHUKM AUCTAHLIMHOT
OCBiTM. Ha cborogHi icHye 3HauyHa KifbKicTb e-learning nnatdopm (cuctem ynpaBaiHHA HaBYaHHAM), AKi NOAINAOTbCA Ha
KomepUinHi (Blackboard, LearningSpace, WebTutor Ta iH.) Ta 6e3kowToBHi (ATutor, Dokeos, ILIAS, Moodle Ta iH.). Mu
NOroAKyeEMOCH 3 BiNbLUICTIO BITYN3HAHMX HAYKOBLB, AKi BBaXatoTb Moodle oaHiE i3 HAMAOUINbHILWMX Y BUKOPUCTAHHI B yMOBaXx
BiTYM3HAHUX 3BO, OCKiNbKM BOHA BiAMNOBIAAE BCiM OCHOBHMM BMMOraM, LLLO BUCYBAOTLCS A0 Cy4aCHOro AMCTaHLiMHOIO HaBYaHHA:
dYHKUiOHaNbHICTb, HagiMHICTb, CTabiNbHICTb, BApTiCTb, BiACYTHICTb OOMEXKeHb 33 KiNbKICTIO NiLeH3i Ha CayxadiB, HaABHICTb
B6YA0BaHMX 3ac06iB PO3pO6KM Ta pesaryBaHHA HaBYaIbHOTO KOHTEHTY (BULWHIBCbKMI Ta iH., 2014).

BaxknmBum 6yno Takoxk OBrpyHTYBaHHA 6a30BMX TEOPETUYHMX MOHATL HA OCHOBI Cy4aCHUX HAYKOBWMX PO3BILOK. TaK y
PO3YMiHHI «LMbPOBOI KyNbTypu OCOBUCTOCTI» MU BUXOAMAM i3 il TAYMaAUeHHA AK CUCTeMM NOBEeAiHKM 0COBMCTOCTI B yMOBaXx
UMPPOBOro CyCcninbCTBA, L0 BKAKOYAE KyAbTypy KOmyHiKauii (Web-cninkysaHHs, Network Etiquette), pauioHanbHe cnoXuBaHHA
iHpopMmauii (MeaiarpamMoTHICTb), PO3BUHEHE KPUTMYHE MUCAEHHA Ta edPeKTUBHE BUKOPWUCTaHHA UMPPOBMX TEXHONOTIN AnA
3abe3neyeHHa ocobuctux notpeb Ta ycniwHoi npodeciiHoi aisanbHocTi (BopoHoBa, laspinosa, 2017). 3aranbHe MNOHATTA
MiXKKY/IbTYPHOT KOMYHiKaujii 6yn0 po3TiymauyeHe, FPYHTYOUMCb HA pPO3BiAKaX BITYM3HAHWMX HayKosuiB |. baxosa (2012),
M. FanunybKoi (2014), B. MaHakKiHa (2012), a TakoX NONOXKeHHAX 3apybixHux BueHnx W.Gudykunst ta iH. (2005), 1. Hill (2006),
S. Ting-Toomey Ta T.Dorjee (2015). Lie 3ab6esneunno HayKkoBuii piBeHb Kypcy Ta MOMKAMBICTb 3anydatm 3406yBadis Ao
NOBHOLHHOT LMPOBOT KOMYHIKaALLil.

BUCHOBKU TA NEPCNEKTUBU NOAANbLUOIO AOCNIAKEHHA

OucTaHuiiHnin Kypc «LndpoBa KOMyHiKauia B OCBITi» y CKNaZi HAaBYa/IbHOI NO3aKPeAaUTHOI ANCUMMIIHN « MiXKKYbTYpHI
KOMYHiKaL,iHi cTyajii» B NpPoeKTi nporpamu Epasmyc+ Hanpsamy *aH MoHe «YKpaiHa — EC: MiXKKy/IbTypHa KOMYHiKaL,isi B OCBITi»
6yn10 NpouYnTaHO ANA 3406yBaYiB MaricTepCbKOro piBHA BULLOT OCBITU cneuianbHocTi 013 MoyaTtkoBa ocsita [BH3 «JoHb6acbkuii
LEeprKaBHUI NefaroriyHUin yHiBepcuteT» y apyromy cemectpi 2020-2021 HaBY4aNbHOrO POKY. Y 3aralbHOMY KOHTEKCTi NPOEKTY
ERASMUS+ ancTaHuiiiHuiM Kypc «LlMdpoBa KOMyHiKauia B OCBITi» O6y/10 CTBOPEHO 3 METOK HafaHHA TEOPETUYHMX 3HaHb Ta
NPaKTUYHMX HAaBMYOK 3 aKaAeMiYHOI MiKKY/NbTYpHOI KOMYHiKauii B ymoBax uMdpoBoro cepenosuila. TobTo BUBYEHHA LbOro
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KYpcCy, AK CKNafHUKa «MiXKyNbTYPHUX KOMYHIKaLiMHUX CTYAiN», BUPiWYBano aKTyasbHe Ha CbOrOAHI 3aBAaHHA ONaHyBaHHSA
pi3HMX dopm UMPPOBOI KOMYHIKaL,ii: OCBITHbOI, HayKOBOI, popMasbHOi, HedopManbHOi Ta iH. NpoBeaeHa HanpUKiHLi Kypcy
pednekcia y BUrNaAi onuTyBaHHA CTYAEHTIB, AKi NPOCAyXanu Lei Kypc, L0BeNa aKTya IbHICTb Ta CBOEYACHICTb MOro NPOBeAEHH .
CTyaeHTH i3 3a0BO/IEHHAM BifBiAYyBaNAW OHNAMH 3aHATTA, BUKOHYBA/NM 3aBAAHHA, ONPALbOBYBAAN YUC/IEHHI 3anponoHOBaHi

umbposi pecypcu.

MepcnekTMBM NOAANBLIOMO AOCNIAKEHHA BOHAYAaEMO B 3anydeHHi HOBMX pecypciB Ana uMdpPoBOi KOMyHiKauii Ta

PO3WMNPEHHA NPAKTUYHUX HAaBUYOK 3400yBayiB LLLOA0 CAMOCTIMHOT opraHisal,ii OHnaliH-3ax04iB Ta 34iiCHEHHS HayKoBOT UM poBoT
KOMYHiKaLii.
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DIGITAL FORMS OF INTERCULTURAL COMMUNICATION IN EDUCATION:
EXPERIENCE OF ERASMUS + JEAN MONNET MODULE IMPLEMENTATION
L. Havrilova, O. Beskorsa, O. Ishutina
SHEI “Donbas State Pedagogical University”, Ukraine

Abstract.

Formulation of the problem. The article presents some aspects of implementing the training course “Intercultural Communication Studies”,
developed within the Erasmus + Jean Monnet Module “Ukraine — EU: Intercultural Communication in Education” for master students
of the specialty 013 Primary education of the State Higher Educational Institution “Donbas State Pedagogical University”. It is proved
that the inclusion of the theme “Digital Communication in Education”, presented in the form of a distance course, is relevant in the
context of rapid informatization and globalization processes in society and education, and almost total distance learning caused by
the global pandemic COVID-19. Therefore, the main purpose of the paper is to highlight the structure and content of the distance
course, to overview the main forms of digital communication implemented in a distance learning environment.

Materials and methods. The method based on which the distance course was designed is the so-called five-stage theory of V. Kukharenko, V.
Bykov, etc., which includes analysis, design, development, implementation, and evaluation. Currently, the course described in the
article, after passing all the stages, is in a state of improving and updating the materials, including online services for the digital
communication implementation.

Results. The results of the study include: determining the place of the distance course “Digital Communication in Education” in the structure of
the course “Intercultural Communication Studies” within the project of the Erasmus + program Jean Monnet “Ukraine — EU:
Intercultural Communication in Education”; representing the structure and themes of the course, basic competences and learning
outcomes that should be developed as a result of studying the course; describing the content of the theoretical part, practical classes,
forms of individual work of the students. The main forms of digital communication are singled out, they are universal forms, forms
of scientific communication, educational digital communication, and communication with the use of multimedia tools.

Conclusions. In the conclusions, the assessment of learning outcomes provided by students is noted and prospects for further research are
formulated.

Key words: communication, intercultural communication, digital communication, European values, digital etiquette.
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®OPMYBAHHSA BI3YA/IbHO-IHOOPMALIINHOI KY/IbTYPU MAUBYTHIX YYUTENIB MATEMATUKU TA IHGOPMATUKM:
MI3HABAZIbHUMA KPUTEPIN

AHOTALIA

@PopmyntosaHHA npobaemu. B ymosax 3pocmaHHA obcAzie Ha84a1bHO20 KOHMeHMY ma 36inbWeHHs Poi 8i3yanisauii 8 ocaimHbomy npoyeci
80/100iHHA YMiHHAMU cripulimamu, aHanizyeamu, ropieHeamu, 3icmaseaamu, iHmepnpemysamu, npooyKkysamu 3
BUKOPUCMAHHAM iHhopmayiliHux mexHosnoaili, cmpykmypysamu, iHmezpysamu, ouiHoeamu nodaHuli HAOYHO Has4asbHUll
mamepian nidsuwyoms KOHKypeHmMo30amHdicme yqumenie Ha puHKy npaui, mobmo 3ampebysaHumu cmaromes g4yumeni i3
chopmo8aHoI0 8i3yanbHO-iHGopmMayiliHow Kynbmyporo.

Mamepianu i memodu. OcHo80t0 O0CIOHEHHA CMAsU HayKosi PO38iIOKU 8IMYU3HAHUX | 3aKOPOOHHUX y4eHUX, AKI 3aliMaromeca 8UBYEHHAM
numaHe nidzomosku MalibymHix s4umesnie mamemamuku ma iHgpopmamuku. [na docaeHeHHA memu 6yau 8ukopucmaHi
Memoodu meopemu4Ho20 PiBHA HaYKOB020 Mi3HAHHA: AHANI3 HAYKOB0I nimepamypu, cuHme3s, hopmanizayis HayKkosux Oxceper,
onuc, 3icmaesneHHA ma cmamucmuy4Hi memodu: Kpumepil lMipcoHa; t-kpumepili CmotodeHma.

Pe3zynabmamu. li3HasanbHull Kpumepili Xxapakmepu3yemoCa HAABHICMIO MPEOMEeMmMHUX, MEemMOOUYHUX, MCUXOA02IYHUX Ma MexHOoA02iYHUX
3HaHb W00 8i3yanizayii ma didxcimanizayii oceimu. MMoKA3HUKAMU Mi3HABAMbHO20 KpUMepito €: cmyniHb iHhopmosaHocmi npo
HassHicMb 3acobie KOMN'tomepHOI 8i3yanizayil ma MmoxcaugicmMb ix BUKOPUCMAHHA 8 0OCBIMHbLOMY MPOUeEci; HaABHICMb cucmemu
3HaHb 8 2any3i ei3yanizauii iHpopmauii ma 0cHo8 KO2HIMUBHO-8i3yasnbHUX MeEXHOs02Il, MPo Kaacugikayil creyianbHUx
npoz2pamHux 3acobie npedmemHoz0 CrpAMY8aHHs, MPo 3acobu KoM’ romepHOI 8i3yanizauii, NPo Mo1causocmi 8UKOPUCMAHHA
3acobie Komn’tomepHoi 8i3yanisauii 3 ypaxyeaHHAM HAB8YAAbHOI Memu, 06paHUX hopM i Memooie HABYAHHS, NMPO MCUXOA02i4HI
ma e8ikosi ocobausocmi crpuliMaHHA HABYAABHO20 KOHMEHMY, PO CMPYKMYypy8aHHsA HABYAAbHO20 KOHMEHMY; pigeHb
pPO38UMKY 8i3yanbHO20 MUC/AEHHA. CmamucmuyHi po3paxyHKU nidmeepounu, wo ekcrepumeHmansHi epynu Er1, Er2 i
KoHmMposnoeHa epyna KI marome cmamucmu4Ho pi3Hi cepedHi Ha pieHi 3Havywocmi 0,05.

BucHoeKu. [1o3umugHy OUHAMIKY 3pyweHb 3a NOKA3HUKaMU Mi3Ha8as16HO20 Kpumepito ChopMosaHocmi 8i3yanbHo-iHopmayiliHoi Kyaemypu
Hemoxaugo 6ys0 6 3abe3neqyumu y pamkax mpaduyiliHozo nidxody 0o npogeciliHoi nidcomosku malbymHix yyumenis
mamemamuku ma iHgpopmamuku. Lle 3acgidvyroe epekmusHicme 8nMposadHeHHA asmopcbKoi nedazoeziyHoi cucmemu
GOpPMyBaHHSA 8i3yanbHO-IHGOPMayiliHoI Kysbmypu malibymHix yyumesnie mamemamuKku ma iHpopMamuKu, Wo peasnizyemscs
WAIAXOM KOpeKyii 3micmy nideomosku malbymHix yyumenie (8MposadiceHHs creykypcis, nozaubaeHHs amicmy npogeciliHo-
CNPAMOBAHUX OUCYUNIH), GKMUBHOR20 3asy4YeHHA cmydeHmig 0o HayKo80-00cs1iOHOI pobomu (36inbWeHHsA KinbKocmi Kypcosux
pobim 3 npobaem Koe2HIMuUBHOI 8i3yanizayji, y4acme y cmyOeHMCbKUX HaYKOBUX KOHepeHyisx), BUKOPUCMAHHA HEOPMAnbHOI
ocsimu (yuacme y mpeHiHaax, maticmep-Knacax, 8ebiHapax).

K/IKO4YOBI CJ/IOBA: gi3yanbHo-iHhopmayiliHa Kyansmypa, malibymHi eyumeni mamemamuku ma iHpopmamuku, nisHasansHul Kpumepit,
cucmema 3HaHs, 8i3yanbHe MUCAEHHS.

BCTYN

MocrtaHoBKa npobsemu. B ymoBax 3pOCTaHHA 06CAriB HaBYaZIbHOTO KOHTEHTY Ta 306i/blueHHs poni Bisyanisauii B
OCBITHbOMY NMPOL,ECI BONOAIHHA YMIHHAMM CNPUIMMaTH, aHani3yBaTh, NOPIBHIOBATK, 3iCTaBNATH, iIHTEPNPeTyBaTh, NPOAYKYBATH 3
BMKOPUCTAHHAM iHOPMaLiMHMX TEXHOOTI, CTPYKTYPYBATH, iHTErPYyBaTH, OLLIHIOBATM NOAAHWI HAOYHO HABYa/NbHWUIA MaTepian
NiABULLYIOTb KOHKYPEHTO34aTHICTb YY4MTENIB HA PUHKY NpaL,i, TO6To 3aTpebyBaHMMM CTalOTb BYMTEI i3 CHOPMOBAHOIO Bi3yaibHO-
iHpOPMaLiiHO Ky/bTYPOIO.

© M.T. Opywnsk, 2021.
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Bucokuii piBeHb chOPMOBAHOCTI BidyasibHO-iIHPOPMALIMHOI KyNbTYpY MalbyTHIX yuuTeNiB MaTEMATUKM Ta iIHPOPMATUKM,
Hacamnepes, nepenbavyae HasBHICTb TEOPETUYHUX 3HAHb 3 MATEMATUKO-iIHGOPMATUUHMX AMCUMNNiIH, WO 3abe3neuvye
dyHAAMEHTaNbHY TEOPETUYHY NIATOTOBKY i CAYTye NiArPYHTAM ANA BCi€l noganbluoi npodecinHoT AiaNbHOCTI. Y Cyd4acHUX yMOBax
undpoBsa TpaHcPopMaLia OCBITHLOT chepm € NPoLECOM HEOBXiAHMM Ta HE3BOPOTHIM. Y 3B'A3KY 3 UMM CHOPMOBAHICTb Bi3yaNbHO-
iHpopMaLiiHOT KyNbTypy 0608’A3KOBO NOBMHHA BYTV NOB’A3aHA 3 HAABHICTIO Y MaBYTHIX yuMTeNiB MaTeEMATMKM Ta iIHPOPMATUKK
yAB/eHb NPOo npoueck iHbopmaTm3auii Ta gigxKiTanisauii ocsitv.

Bak/IMBOKO CKNaAoBOK Bi3yanbHO-iHGOPMALMHOT KynbTypu € chopmoBaHa CUCTEMa 3HaHb LWOAO NedaroriyHux,
NCUXONOTYHUX Ta METOAMYHMX 3acaf, BUKOPUCTAHHA 3acobiB Komn’'toTepHOI Bidyanisauii B OCBiTHboMy npoueci. MaibyTHil
yunTeNb MaTeMaTUKKM Ta iHPOPMATMKM NOBMHEH BYyTM 0Bi3HAHMM i3 NCUMXOMOTIYHMMM NPOLLECamMM, LLO NPUIMaOTb ydacTb Yy
npoueci BisyanbHOro cnpuiimaHHs. NoBMHHa 6yTn chopmoBaHa cucTeMa: TEOPETUYHMX 3HAHb Y ranysi Bisyanisauii iHpopmauii Ta
OCHOB KOTHITMBHO-Bi3ya/IbHUX TEXHOJIOFIN; CUCTEMOID TEOPETUYHUX 3HaHb MNPO CTPYKTYPYBAHHA HABYAZIbHOFO KOHTEHTY;
CUCTEMOIO TEOPETUYHUX 3HAHb Ta YABJIEHb, WO A03BO/IAKOTbL HE Ti/IbKM 3aCBOIOBATM OAMHWULi HABYa/IbHOrO MmaTepiany yepes
Bi3ya/ibHi MOAeNi 3HaHb, @ i CAMOCTINHO X MPOEKTYBATU 1 PO3POBAATU Ta PO3YMIHHAM [AOLiNIbHOCTI BidyasbHOI GOpMM NOAAHHA
HaBYaNbHOI iHGOpMaUi.

MaWnbyTHI yunTenb maTeMaTWKu Ta iHPOPMATMKM MNOBMHEH MATU YAB/MEHHA MNPO XMApHi cepsicM NpegmMeTHOro
CNPAMYBAHHSA, MPO MOXK/IMBOCTI aBTOMATU30BAHOIO KOHTPOIO 3HaHb, OpraHi3oBaHoro Ha 6asi Bi3yanizoBaHWX 3aBAaHb; Npo
MOX/IMBOCTI PO3KPUTTA AMAAKTUYHOFO MOTEHLLiaNy eNeKTPOHHUX 3acobiB HaBYaHHA; YCBIAOM/IEHHA LWAAXIB BUKOPUCTAHHA
3acobiB Komn'tOTEPHOI Bi3yasisay,ii 3 ypaxyBaHHAM HaBYa/IbHOT MeTU, 06paHNX GOpPM | METOAiIB HaBYaHHSA.

3acBOEHHA OyAb-AKMX 3HaHb BiAOYBAETbCA Yy Mpoueci Ni3HaBa/NbHOI AiANbHOCTI, NPUYOMY 3HAHHA HE € MACUBHUM
BigOMTTAM HaBKOMMLWHbLOI AIACHOCTI, a € pe3y/sbTaTOM aKTMBHOI TBOPYOI AifANbHOCTI. TOMy BMCOKMIA piBeHb cHOPMOBAHOCTI
Bi3ya/IbHO-iIHPOPMALIAHOT KyNbTypU XapaKTepu3yeTbCA PO3BUHEHUM Bi3yalbHUM MWUCNEHHAM, AKe BOAYAETbCA HAMU Y BMiHHI
TpaHchOpMyBaTH Pi3Hi NPO6AEMHi cUTyaL,ii y CTPYKTYPU HOBUX 3HaHb, Y CTBOPEHHI Mi3HaBalbHUX CTPYKTYpP, B AKMX iHGOpmaLLia
NOAAETHLCA LWNAXOM CTBOPEHHA MOZenen, cxem TOLLO.

O60B’A3KOBOIO Y CTPYKTYPI BidyanbHO-iHOOPMALIMHOT KyAbTYpM MalbyTHIX yuMTeniB maTtemaTUKM Ta iHGOpMaTUKK €
HasABHICTb 3HaHb NPO KnacudiKaLito cnewianbHUX NPorpamHMx 3acobis NpeaMeTHOro CNPAMYBaHHA, NPO 3acobn Komn’toTePHOI
Bi3yasni3auii, 30Kpema Npo Nporpamu AMHaMi4HOi MaTeMaTMKK, NPO iX KOMM'IOTEPHUI IHCTPYMEHTapil Ta PYHKLIOHANbHICTb Npu
po3B’sA3yBaHHI NEBHWUX K/aciB 3a4au.

Onsa BM3HauyeHHA piBHA cHOPMOBAHOCTI Bi3yanbHO-iHGOPMALNHOI KynbTypy MaWbyTHIX yuyuTenie matemaTMKu Ta
iHPOPMATUKM BMOKPEMNEHO MOTMBALIMHWI, Ni3HAaBaNbHUIA, nNpouUecyaNbHUA Ta pedIeKCUBHO-OLIHIOBANIbHUI KpuTepii
(Apywnsk, 2020).

Mera crartTi. BusHauuntu piseHb chopmoBaHOCTI BidyanbHO-iHPOPMaLLiMHOT KyNbTypy MakbyTHIX yunTenis maTemaTuKm Ta
iHpOpMaTUKM 33 Ni3HABaNbHUM KpUTEPIEM.

METOAU AOCNIAXKEHHA

OCHOBO AOCNIAKEHHS CTa/IM HAYKOBi PO3BiAKM BITYN3HAHUX | 3aKOPLOHHMX YUEHUX, AKi 3aMMAOTbCA BUBYEHHAM MUTAHb
NiAroToBKM ManbyTHIX BUMTENIB MaTeMaTUKKN Ta iIHGOPMATUKK. NA AOCATHEHHA MeTU ByM BUKOPUCTaHI MeToaM TEOPETUYHOTO
piBHA HaAyKOBOro Mi3HAHHA: aHafi3 HayKoBOI NiTepaTypu, cuHTe3, dopmanisauia HayKoOBUX AxKepen, Onuc, 3iCTaBleHHA Ta
CTAaTUCTUYHI MeToau: KpuTepil MipcoHa; t-kputepiin CTblogeHTa.

PE3Y/IbTATU

Mi3HaBaNbHUI KpUTepilt XapaKTePU3YETbCA HAABHICTIO NPeaMeTHUX, METOAUYHWUX, MCUXONOTIYHUX Ta TEXHONOTFIYHUX
3HaHb WOAO0 Bi3yanisauii Ta Aimxkitanisauii ocBiTM. MOKasHUKaMKM Mi3HABa/bHOrO KpUTEpilo €: CTyniHb iHGOPMOBAHOCTI Mpo
HasABHICTb 3acobiB KOMN'IOTEPHOT BidyanisaL,ii Ta MOXKAMBICTb IX BUKOPUCTAHHA B OCBITHbOMY npoueci (wndp K1 — «O6i3HaHicTbY);
HasABHICTb CUCTEMM 3HaHb B rajysi Bisyanisauii iHpopmauii Ta OCHOB KOTHITMBHO-Bi3ya/lbHUX TEXHOJIOTiN, NPO Knacudikay,ito
cnewiaNbHUX NPOrpaMHMX 3acobiB NpeaMeTHOro CNpAMYBaHHSA, NPO 3acobu KoMn'OTEPHOT Bidyasisalii, 30Kpema nNpo nporpamum
AMHAMIYHOT MaTeMaTUKK, NPO iX KOMN'IOTEPHUI IHCTPYMEHTapIl Ta PYHKLiOHaNBHICTb NPU PO3B’A3yBaHHI NEBHMX KNaciB 3ajay,
NpPo MOXX/IMBOCTi BUKOPUCTAHHA 3acobiB KOMN'tOTEPHOI Bi3yani3aLii 3 ypaxyBaHHAM HaBYasbHOI MeTU, 06paHNX Gopm i meToaiB
HaBYaHHA, NPO MCUXOJOTIYHI Ta BIKOBi 0COB/AMBOCTI CNPUAMaHHA HAaBYa/NbHOFO KOHTEHTY, MPO CTPYKTYPYBAaHHA HaBY4aNbHOTO
KOHTEHTY (wndp K2 — «3HaHHA»); piBEHb PO3BUTKY BidyasbHOro MucaeHHa (wundp K3 — «BisyanbHe MUCNEHHA»).

Y3aranbHeHi pe3ynbTaTv KOHTPObHUX 3Pi3iB Ta AMHAMIKA NO KOXKHOMY MOKa3HUKY (y BiACOTKax) HaBeaeHo y Tabauui 13
MEeTOl0 KOHCTaTauil 3MiH, AKi Bigbynnca y eKcnepMmeHTaNbHUX TPynax BHACNILOK BMPOBAAMKEHHA NeAaroriyHoi cuctemum
$opMyBaHHA BisyasbHO-iHGOPMALNHOT KyNbTYpU MabYTHIX yunTenis matemaTukm Ta iHGOPMATUKM Yy 3aKNaAax BULLOT OCBITH.

OTpumaHe 3HaYeHHs t-KpWUTepito MOPIBHIOBANOCA i3 typur = 1,96 pns piBHA 3HauywocTi 0,05. ByaysBanaca Hy/iboBa
rinotesa: cepegHi B rpynax El Ta KI' ogHakosi. s il NPUIAHATTA MaE BMKOHYBATUCA BUMOTa |tepar| < Cxpur- PO3PaxXyHKu
34iiiCHIOBaNMCA i3 BUKOPUCTaHHAM TabanuHoro npouecopa MS Exel, Hapbyaosa «MakeT aHanisy», Bknaaka JaHHele/ AHanus
OaHHbIx/ [ipyxablbopoyHsili t-mecm 31 cpedHuUX ¢ pasauyHbiMu ducriepcuamu. CTaTUCTUYHI PO3PaXyHKM 3a BCIMa KpUTepiamu
nigTBEPAUAM PIBHICTL cepefHiX 0O6pPaHMX CYKYMHOCTENW — MO KOMHiM Napi CYKYMHOCTEN MO KOXHOMY MOKasHUKY OTPUMMAHO
|tCTaT| < thl/lT'

3a pesynbTaTamu GoOpMyBasbHOTO eKCnepumMeHTy 3HoBY Byn10 cHOpPMYNbOBAHO HY/bOBY riNOTe3y: eKCnepuMeHTaNbHi
rpynu El1, ET2 i KoHTpoabHa rpyna Kl matoTb CTaTUCTUYHO OAHAKOBI cepegHi Ta afbTepHATUBHY rinoTe3y: eKcnepuMeHTasbHi
rpynu El'1, EM2 i KoHTposbHA rpyna K matoTb CTaTUCTUYHO Pi3HI cepeaHi.

OTpuMmaHe 3HaueHHs t-KpuTepito NOPiBHIOBANOCA i3 t,,r = 1,96 Ana piHA 3Havywocti 0,05. [ina Toro, Wwob nNpuiiHATK
anbTepHATUBHY rinoTesy i CTBEPAKYBATY, L0 HAaNPUKiHLi ekcnepumeHTy y El'1 Ta EM2 6yn10 N03nUTUBHE 3pYLUIEHHA WOAO cepesHiX,
mana 6 BMKOHYBAaTUCA YMOBA lerar > Lypur- CTaTMCTMUHI pO3paxyHKWM 3a BCiIMa MOKasHWKamu Mi3HaBaNbHOTO KpwTepito
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niaATBEPAUAN CTAaTUCTUYHY BiAMIHHICTb 0OpPaHUX CYKYMHOCTEN: MO KOXKHIiM napi cykynHocten EM1 — Kl i EM2 — Kl no KoxHomy
MOKa3HMKY OTPUMAHO |terar| > Cypur T@ CTATUCTUYHY OAHOPIAHICTL No rpynam EMl — EM2, OCKiNbKM MO KOXKHOMY MOKa3HUKY
OTPUMEHO |tcrar| < tipur-

Tabauysa 1
Pe3ynbTaTi AiarHOCTUYHMX 3Pi3iB Y eKcnepumMeHTaIbHUX
Ta KOHTPOAbHIl rpynax Ha noYaTKy Ta HanpuKiHLi ekcnepumeHTy (y %)
Erl Er2 Kl

MoKasHuK N o N . . . M . o

BUCOKWUI | cepepHiii | HU3bKWUIA | BUCOKMI | cepelHiit | HU3bKMI | BUCOKMIN | cepepHii | HU3bKUIA
K1 (zo) 1,32 6,62 92,05 0,82 9,84 89,34 1,27 7,59 91,14
K1 (nicnn) 25,17 51,66 23,18 28,69 63,11 8,20 4,43 17,09 78,48
K1 (pi3Hunus) +23,84 +45,03 -68,87 +27,87 +53,28 -81,15 +3,16 +9,49 -12,66
K2 (zo) 6,62 54,30 39,07 9,02 45,90 45,08 5,70 55,70 38,60
K2 (nicnn) 13,91 61,59 24,5 18,03 54,92 27,05 6,96 60,13 32,91
K2 (pi3Hunus) +7,28 +7,28 -14,57 +9,02 +9,02 -18,03 +1,27 +4,43 -5,69
K3 (zo) 16,56 68,21 15,23 14,75 69,67 15,57 15,82 68,99 15,19
K3 (nicnn) 21,85 73,51 4,64 20,49 74,41 4,10 17,09 70,25 12,66
K3 (pi3Hunus) +5,30 +5,30 -10,60 +5,74 +5,74 -11,48 +1,27 +1,27 -2,53

OBrOBOPEHHA

[Onsa BU3HAYeHHA CTyneHs iHPOPMOBAHOCTI NPO HAABHICTb 3acobiB KOMN'OTEpHOI Bi3yanisauii Ta MOMKAMBICTb X
BMKOPUCTAHHA B OCBITHbOMY npouieci (NokasHMK K1 — «O6i3HaHicTb») MM NPOBOAMAN aHKETYBAHHA HA MOYATKY Ta HAMPUKIHL
eKkcnepumeHTy Ta dikcyBanm KinbKicTb 3KB i KiNbKICTb WAAXIB iX BUKOPUCTAHHA, AKi BiAOMI cTyaeHTam. s eKcnepTHOI OuiHKK
aHKeTn Byno 3anyyeHO NPOBIAHMX BUKNAZAYiB Kadesp MmaTeMaTUKKM Ta iIHPOPMATUKK, AKI BU3HAYaAM iX AKICTb 33 HAaCTyNMHUMMU
baKTOpamu: HACKINIbKM BIYYHO 3aNUTaHHA aHKET BiA0OpaKaloTb CyTb XapaKTEPUCTUKM, WO AOCAIAKYETbCA; HACKINIbBKM KOPEKTHO
BOHW OyayTb CMPUMMATUCA YYaCHUKAMM aHKeTyBaHHA. PiBeHb chopmoBaHOCTI nokasHuMKa K1 po3paxosyBaBcA Ha OCHOBI
ONUTYBAHHA, AKE MICTMUN0 3aNUTAHHA, B AKUX CTYAEHTU Bigmivanm sigomi im 3KB Ta waaxm ix BUKOpUCTaHHA B OCBITHbOMY NpPOLLECi.
3a KOXKHY No3HauyKy HapaxoByBca 1 6an. Makcumym 6anis, Aki mornm Habpatu ctygeHTn — 85. Bucokuin piseHb iHpopmoBaHOCTI
ManbyTHIX yunTeniB matemaTuKu Ta iHpopmaTmKm Npo 3KB Ta MOXKAMBICTb iX BUKOPUCTAHHA B OCBITHbOMY NpoLLeci Bigobparkae
cyma 6anis Big, 65 g0 85; cepenHiit piseHb — 21-64 6anis, HU3bKMI piBeHb — 0-20 b6anis.

LLloao BuMmiptoBaHHA MOKa3HMKA K2 3a3HauMmo, WO 3HAHHA XapaKTepu3ylTbCA HACTYMHUMM AKOCTAMM: MOBHOTA
BigoOparkae cKkAaf 3HaHb, KiNbKiCTb, BMMIPIOETLCA KiNbKICTIO MPOrpaMmHMX 3HaHb MNPO AOCANIAKYBaHUI OB6’€KT; rIMbuUHa
XapaKTepM3yeTbCA YNCIOM YCBIZOMIEHUX iICTOTHWUX 3B’A3KIB MiXK €1eMeHTaMM 3HAHHA; 3TOPHYTICTb BUABAAETLCA B YL i/IbHEHOMY
BMpPaXKeHHi 3HaHb, NONATAE Y 34aTHOCTI 0COBUCTOCTi BUCNOBUTM 3HAHHA KOMMAKTHO, ane TakK, Wwob BOHO NpeAcTaBAfN0 BUANMUIA
pe3ynbTaT YLWiNbHEHHA AEAKOI CYKYMHOCTi 3HaHb; PO3ropHYTICTb BUABAAETLCA MPU PO3KPUTTI CUCTEMU KPOKIB, WO BeayTb A0
3rOopTaHHA 3HaHb; CUCTEMATUYHICTb XapaKTEPU3YETbCA YCBIAOMNEHHAM CKNady QAeAKOoi CYKYMHOCTi 3HaHb, X iepapxii i
noc/ifoBHOCTI, TOOTO YCBIAOMNEHHA OAHUX 3HAHb AK 6A30BMX /1A iHLWMX; ONEPATUBHICTb XapPaKTEPU3YETLCSA YMC/IOM CUTYALLIN, B
AKUX CY6’EKT HAaBYAHHA MOXe CBIZOMO 3aCTOCYBaTW Te UM iHWe 3HaHHA, abo YMcNOM CnocobiB, AKUMU BiH MOKe Lie 3HAHHA
3aCTOCYBATU, XapaKTePM3YE FOTOBHICTb 3aCTOCOBYBATWN 3HAHHA; THYYKICTb peani3yeTbcaA TiIbKM NPU TBOPYOMY PiBHI 3aCBOEHHSA, LWLO
BMABNAETHCA B LUBUAKOMY CAMOCTIMHOMY 3HAXOAKEeHHI BapiaHTiB cnocoby 3acTOCyBaHHA 3HAaHb NPM 3MiHi cuTyaLii abo pisHKUX
cnocobis B oAHil i Tilh e cuTyau,ii (Mcmuxonoro-negarormyeckuii cnosapb, 2006).

[Ona BM3HaueHHA piBHA cHOPMOBAHOCTI APYroro NokasHWKa K2 BMKOPWUCTOBYBABCA aBTOPCbKWUW TecT, AKUA 6yno
npoBeAeHO i3 BUKOPUCTAHHAM Mporpamu Komn'toTepHoro TectyBaHHA MyTest. ObpaHa nporpama [O3BOMAE BKAKOYATU A0
TECTYBAaHHA 3aNWUTaHHA Pi3HUX TWUMIB: OAMHOYHUI BWBIP; MHOMWHHWIA BWBIP; BCTAHOBNAEHHA MOPAAKY; BCTAHOB/IEHHA
BiANOBIAHOCTI; BCTAHOBNAEHHSA iCTUHHOCTIi a60 NOMWIKOBOCTi TBEPAMKEHD; PyYHE BBEAEHHA YMCA; PyYHE BBEAEHHA TeKCTy; BUbBIp
MicLA Ha 306paykeHHi; nepecTaHOBKa JliTep; 3aNOBHEHHS NPONYCKIB.

EKcnepTHa oLiHKa 3anuTaHb TecTy 34iMcHIoBanaca BUKNagadyaMum Kadeap matemaTukm Ta iHpopmatukm 3BO, aki 6panu
yyacTb y ekcnepumeHTi. Lle 6ynn BMKNafdadi TakMX HaBYaNbHUX AUCUMMAIH AK «CUCTEMU KOMMN'IOTEPHOI MaTeMaTUKU»,
«3acToCyBaHHA KOMN'OTEPa MpU BMBYEHHI MaTeMaTUKN», «BUKOPUCTaHHA iHPOpMaLiiHMX TexHONOri B OCBITI», «MeToauka
HaBYaHHA MaTeMaTUKM», «MeToAMKa HaBYaHHA iHbopMaTUKM», «kKomN'l0TepHO-0PIEHTOBAHI CUCTEMM HAaBYAHHA MaTeMaTUKM Ta
iHpopmaTtukm», «lHporpadika B poboTi BunTens», «Komn’'totepHa rpadika», «KorHiTMBHa Bi3yanisauis Ta ii BAKOPUCTaHHA B
po6oTi BunTENA». HaBefemo NpuKAaaM 3anuTaHb TecTy BiZANOBiAAMM pi3Horo Tuny (puc. 1 — puc. 6).

BucoKkuii piBeHb CHOPMOBAHOCTI CUCTEMM 3HAHb MAMBYTHIX yuuTeniB maTemaTMKu Ta iHGOPMaTUKK BifobpaXkae cyma
6anis Big 21 no 30; cepenHin piseHb — 11-20 6anis, HU3bKKI piBeHb — 0-10 Ganis.

LLlogo nokasHMKa K3 3a3HaumMmo, Wwo Hawi Aii B Xo4i ekcnepMmeHTy 6ymn cnpsMoBaHi Ha PO3BUTOK onepaLiinHoi chepu
Bi3ya/IbHOr0O MWC/NEHHA LWAAXOM aKTMBI3aLii KOHCTPYKTUMBHOI AKTMBHOCTI Cy6’€KTiB HaBYaHHA Ta aHa/iTUKO-CUHTETUYHUX
onepawyioHaNbHUX CTPYKTYP MWUCNEHHSA, WO € H6asucom ans nobynoBu AKICHO HOBUX KOHCTPYKLiA — KOTHITMBHO-Bi3ya/ibHUX
mogeneit (Drushlyak, Semenikhina, Proshkin, Naboka, 2020).

O. IBaHtoTa Ta O. AHULbKA BBaXKalOTb, LLLO KOAHIEI 3 BU3HAYA/IbHUX XapPaKTEPUCTUK PO3BUHYTOTO Bi3yasIbHOTO MUC/EHHSA
€ 34aTHICTb 10 CTBOPEHHA HOBUX 06Pa3iB Ta onepyBaHHA HUMM, KA Peani3yeTbCA B NPoLLECci NPOAYKYBAHHA BidyasbHUX rinoTes,
Ha OCHOBI 33/1@HOr0 CTUMY/IbHOFO MaTepiany. Po3B’A3aHHA 3a4aui B 06pa3ax 34iMCHIOETLCA, NepeBaXKHO, 3 ONOPOD HA HAOYHUIA
matepian» (IBaHoTa &AHMLUbKa, 2018).
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OnepauitHa cdepa Bi3yasbHOrO MUC/IEHHA PO3BMBAETLCA NPM PO3B'A3yBaHHI 3agay, B XO4i AKOrO MMUC/IEHHEBO
TpaHCcPOPMYETbCA 3a4aHMIN MaTepian; aKTyanisyloTbCa Ta BUAO3MIHIOOTLCA MUCIeHHI 06pasu (No3a HAaOYHMM CNPUAMAHHAM).
YcnilWwHicTb po3B’A3aHHA 33434 TaKOro TUMNY 3a/1€XKNUTb Bif, PiBHA KOHCTPYKTUBHOT aKTUMBHOCTI Bi3ya/lbHOrO MUC/IeHHS. Ha aymky
O. IBaHtoTH Ta O. AHUUBKOI «34aTHICTb ONepyBaHHA 06pasamm NoB’A3aHa 3 PO3BUTKOM AOBINLHOCTI MUCIEHHEBUX MEXAHI3MIB,
a TAaKOX 3 0BONOAIHHAM cneuianbHUMKM crnocobamm cTBopeHHA 0bpasis Ta MaHinNyntoBaHHA HUMKUY (IBaHIOTa &AHKMUbBKA, 2018).
3MmicT Bi3yaNbHOTO MMUC/IEHHA MNOJIArAE B onepysBaHHi obpasamu, a yMOBOK MNPOAYKTUBHOCTI JAHOro Mpouecy € HasaBHICTb
[,0CTaTHbOTO 3anacy BUXigHMX 0bpasis. Big iX 3MiCTOBHOro HanoBHEHHSA 3a/1€XKaTb MOXKANBOCTI iX BUAO3MiHWU, ONepyBaHHA HUMM.
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[lna BM3HaYeHHA piBHA cPOPMOBAHOCTI TPETbOro NoKasHWKa K3 6yn0 BUKOpUCTaHO MeTOAMKY «MporpecuBHi maTpumui
PaBeHa» (Raven Progressiv Matrices) (Tect PaBeHa. LLIKana nporpeccuBHbIXx MaTpuu). JaHa meToanka byna po3pobneHa [JKoHoM
PaBeHom (cninbHo 3 /1. NeHpoy3om) y 1936 poui.

3aBAaHHA TecTy 3rpynoBaHi 3a n’atbma cepiamu (A, B, C, D, E). KoxHa cepin ck1aaaeTbea 3 12 matpumub, po3TalloBaHUX
nocnifloBHO B Mipy YCKNagHEeHHs 3aBAaHHA, — ycboro 60 3aBaaHb (puc.7-8). MpMHLMN NPOrpecuBHOCTI peanisyeTbCa WASXOM
MOCTYNOBOr0 3pOCTaHHA CKNAAHOCTI 3aBAaHb Bif, cepii Ao cepii, TOBTO BUKOHAHHA NonepeaHix 3aBAaHb 04HOYACHO € NiATOTOBKOO
[0 po3B’A3aHHA HAcTynHUX. KoxKHa cepia nobyaoBaHa 3a NEBHUM NPUHUMMOM, AKWMIA Bigobpakae okpemi onepauiinHi etanu
aHaNITUKO-CUHTETUYHOI AiANbHOCTI Bi3yasibHOrO MucaeHHa. MMpoueaypa TecTyBaHHA nepeabayae BMBGIp AOCNIAKYBAHMM
NOTPiIGHOro eleMeHTa MaTpuLL 3-NOMIXK 3anpPonNoHOBaHWX 6-8 BapiaHTiB.

HH B

P
OB DD

B-1 B-2

Puc. 7. Npuknag maTtpuui PaBeHa (cepia A) Puc. 8. Mpuknag matpuui PaseHa (cepia B)

TecT cTporo pernameHTOBaHWM y yaci, a came 20 xBUAWH. JocniAKyBaHi 3an0BHIOTb 61aHKK BignoBiael i NpoxogaTb
TecT OHNaMH, HanpuKnag Ha caiTi https://psiholocator.com/testy-iq/matricy-ravena.

MigpaxyHOK pe3yNbTaTUBHOCTI TECTYBAHHSA 3A4iACHIOETLCA METOAO0M 0BUYMCNEHHSA KiNIbKOCTI HabpaHux 6anis (3a KOXKHY
npaBuabHY BiANOBIAb HapaxoBYeTbCcA 1 6an) 3a KOXKHOIO CEPIEID OKPEMO, a TAaKOK 3arasbHOi CyMM OLLIHOK NO TecTy. MOoKasHUKK
BMKOHAHHA 3aBAaHb 33 OKPEeMUMW CepiaMM MOPIBHIOTLCA i3 CepegHbOCTAaTUCTUYHMMM, BPAXOBYETLCA PI3HULIO MiX
pe3ynbTaTamu, OTPUMAHUMK B KOXKHIiM cepil, i KOHTPO/NIbHUMMW, OTPUMAHUMWU MPU LOCNIANKEHHI BEAUKUX TPyn 340POBUX
obcTexyBaHmx. OTpMmaHi 6anm nepeBogATbCA 3a BignosiaHoW Tabavueto y 6anu BignosiaHO 40 BiKOBOI KaTeropii (y Hawomy
BMNaAKY BiK gocnigykysaHux 16-30 pokis).

BucoKmit piBeHb cPopMOBaHOCTI BidyaslbHOr0 MUCIEHHA ManbyTHIX yunTeniB MaTemaTUKK Ta iHGOPMATUKK Bigobpakae
cyma 6anis Big 111 go 130; cepepHiii pieHb — 91-110 6anis, HU3bKKUI piBeHb — 71-90 6anun. Cyma 6anis HUxK4e 70 Bignosizae
piBHIO naTonorii.

BUCHOBKM

3a pesynbTaTamu JoCNigKeHHA 3p061eHO HAaCTYMHi BUCHOBKM.

3HayHi 3pylWeHHs, WO Biabyanca y piBHAX CPOPMOBAHOCTI Bi3yasbHO-iHOOPMALIMHOI KynbTypu 3a nokasHukom K1
ni3HaBaNbHOIO KpPUTEpPilo — BUCOKMIA piBeHb +23,84% (EM1), +27,87% (El2), cepepHiit piseHb +45,03% (El1), +53,5% (Er2) —
NMOSAICHIDEMO TMM, WO HA MOYaATKYy MiArOTOBKM MaMbOyTHi BUMTENi MaTeMaTUKM Ta iHGOPMaTUKM He iHPOPMOBaHi CTOCOBHO
cneujanbHMX 3acobiB Komn'toTepHOT Bi3yanisaLii, Take nporpamHe 3abesneyeHHs He BUBYAETLCA Y LLKOAI Ta HE BUKOPUCTOBYETLCA
CTYAEHTaMW Y NOBCAKAEHHOMY KUTTi. [O3UTUBHA AMHAMIKa CBIAYMTb NPO MiABULLEHHA PiBHA 0Bi3HAHOCTI onuTyBaHMX i3 3KB
Pi3HOrO NPU3HAYEHHA Ta MOX/IMBOCTI IX BUKOPUCTAHHA, WO 6yn0 6 HeMOXK/MBO 3abe3neynTn y pamkax TpaauuiiHoro nigxoay
00 npodeciliHoi NiAroTOBKM ManbyTHIX yunTenis maTemMaTnkmn Ta iHpopmaTUKK. 3a3HauyeHi 3pyLleHHA HafaloTb YABAEHHA Npo
epeKTUBHICTb peanisauii y nporpami NigrotoBkM MalbyTHIX yuyuTenis maTemaTMK Ta iHGOPMATUKM KOpeKUii 3micTy TaKoi
niAroToOBKM Yepe3 BMNPOBAAMEHHSA CNeLKypciB «3acTocyBaHHA KOMN’'loTepa Mpu BMBYEHHI MaTemaTuKu», «Komn'toTepHo-
OPIEHTOBAHI CUCTEMWM HaBYaAHHA MaATeMaTWKM Ta iHGopmaTUKM», «IHdorpadika», «Bisyanizayia gaHux», «Komn’ioTepHa
iHporpadika B poboTi BunTensa», «LLKinbHUIM Kypc anrebpu 3 Komn'tOTEPHOO MiATPUMKOOY.

HanpuKiHui ekcnepumeHTy pesyabtaTtv no rpyni EM2 (maibyTtHi yumuteni inbopmaTtnkm) BuLLi 3a pesyabtati no rpyni EMl
(ManbyTHi yunteni matematmku). MOACHIOEMO Le TUM, WO Y 3MICTi NiArOTOBKM MalbyTHiX yuuTenis iHGopmaTuku 6yno
nepeabayeHo bGinblue cneukypcis, CNpAMoBaHMX Ha GOpPMyBaHHA BidyasbHO-iIHGOPMALLIMHOI KyNbTYpK, LLO CNPUANO 3HAYHOMY
NiABULLEHHIO pe3ynbTaTiB Mo AaHOMY NOKA3HUKY — piBHIO iHpopmosaHocTi npo 3KB.

3a noKasHMKom K2 nisHaBasbHOro Kputepito choOpPMOBaHOCTI Bi3yasbHO-iIHGOPMALMHOI KyIbTypu ManbyTHIX yuntenis
MaTeMaTUKM Ta iHGOPMATUKM BiA3HAYAEMO AOCUTb MO3UTUBHY AMHAMIKY +7,28% (EM1), +9,02% (El2) nopisHAHO 3 +1,27% (KI)
(BMCOKMIA piBEHD), LLLO KOHCTATYE 3POCTAHHA KiZIbKOCTI 3HaHb, iX IPYHTOBHOCTI, CUCTEMHOCTI, ONEepPaTUBHOCTI y ranysi Bisyanisauii
iHpopMaLii, Npo NcMxonoriyHi 0cobANBOCTI CNPUMMAHHA HABYANbHOTO KOHTEHTY PeLunieHTammn pisHUX BIKOBUX KaTeropin, npo
pi3Hi NpuioMn CTPYKTYypyBaHHA iHPOpMaLii; Npo Knacuodikauito 3acobiB Komn'toTepHOI Bilyasnisauii, Npo X Komn'toTepHui
iHCTPYMeHTapit Ta ¢YHKUIOHANbHICTb NpW po3B’A3yBaHHI MEBHWX KAaciB 3agay. Taki NO3UTMBHI 3pylleHHA 3acBiguyyloTb
edeKTMBHICTb BNPOBaAKEHHA aBTOPCbKOI NeaaroriyHoi cuctemn GopmyBaHHA BidyanbHO-iHPOPMALLIMHOT KynbTypu ManbyTHixX
yuuTenis matematMkuM Ta iHOOPMATUKM, WO PeanisyeTbCa LAAXOM KOpeKLUii 3MiCTy niAroTOBKM MaMbBYTHIX yuuTenis
(BNpoBaAKEHHA CNeLKypciB, NOrMBAEHHS 3MicTy NPodeCiiHO-CNPAMOBAHWUX AUCLMIIIH), aKTUBHOTO 3a/7ly4YEHHA CTYAEHTIB [0
HayKOBO-A0CANIAHOT pOo60TH (36iNblUEHHSA KibKOCTI KypcoBmMxX pobiT 3 npobaem KOrHiTMBHOI Bi3yanisauii, y4acTb y CTYAEHTCbKUX
HayKOBWX KOHepeHLifX), BUKOPUCTaHHA HepopManbHOI OCBITU (y4acTb y TPeHiHrax, MalicTep-Kknacax, BebiHapax).
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3a nokasHukom K3 «BisyanbHe M1CeHHA» NOKAa3HMKM MO BCiM rpynam 3HaXoA4ATbCA Ha BUCOKOMY Ta cepeHbOMY PiBHAX:
rpyna Er1l (Bucokuit piseHb — 16,56%, cepegHii piBeHb — 68,21%, HU3bKKIA piBeHb — 15,23%), EM2 (BMCOKMIA piBeHb — 14,75%,
cepepHin piseHb — 69,67%, HU3bKMIA piBeHb — 15,57%), Kl (BUcOKuit piseHb — 15,82%, cepeaHiii piseHb — 68,99%, HU3bKUI piBEHb
—15,19%), Tomy gMHamiKa He3HayHa (+5,3% (El1), +5,74% (EM2) NOpiBHAHO 3 iIHWMMM NOKAa3HUKaMM, ae NO3UTUBHA. MoACHIOEMO
Le BUCOKMMM BUXIAHUMM 3HAYEHHAMM, OCKINIbKM BUBIPKY CKNaganu CTyaeHTu cneuianbHocTel «CepeaHs ocsita (MaTemaTtuka)»
Ta «CepegHa ocBiTa (IHpopmaTMKa)», B AKUX PiBEHb PO3BUTKY Bi3yasIbHOrO MUC/EHHA, NMPOCTOPOBOr0 MWCNEHHS, JOFYHOrO
MWC/IEHHA anpiopi BULLLe cepeaHbOro.

He 3Baxakoum Ha He HAATO BMCOKY AMHAMIKY 3pylUeHb, 3aCBiAYYEMO, WO AOCAIAMKYBAHI HAaNPUKIHLI eKCnepumeHTy 3
BMCOKOIO NPOAYKTUBHICTIO NPOMOHYIOTb OPMUFiHaNbHI FiNoTe3n WoAo0 HeTpaguuinHMX cnocobiB BMKOPUCTAHHA KOFHITUBHO-
Bi3yaZlbHUX MozeNeit B OCBITHbOMY MPOLECi, AEMOHCTPYIOTb YMIHHA NpPaLloBaTK 32 NPUHLMNOM «3ajada ogHa — pisHi 3KB».
BBaXKAaEMO, WO UbOMY CMPUANO BNPOBALKEHHA MNEAAroriyHoi cuctemn GopmyBaHHA BilyanbHO-iIHPOPMaLiAHOT KynbTypu
ManBYTHIX yymTeniBs maTemaTMkM Ta iHGOPMATMKM, a came BUKOPWUCTaHHA TexHonorii SAMR, B XoAi BMKOPUCTaHHA SKOI
LEMOHCTPYETbCA BUKOPUCTAHHA HETPAZMULiIMHUX NiaXo4iB A0 PO3B’A3yBaHHA Pi3HMX KNacis 3a4ad, TpeHyBaibHUX 1abopaTopHMX
pobiT, opraHisauia AOMaLWHbLOIrO KOMM'IOTEPHOrO eKcnepMmeHTy Ha 6as3i xmapHoro cepsicy GeoGebra, BWKOPUCTaHHSA
npobs1eMHOro MmeToza Ta MeTo4,a MO3KOBOTO WTYPMY 3 MeTO pOpMyBaHHA YMiHb aKTUBHOFO NPOAYKYBaHHSA ifei.
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FORMATION OF VISUAL AND INFORMATION CULTURE
OF PRE-SERVICE MATHEMATICS AND COMPUTER SCIENCE TEACHERS: A COGNITIVE CRITERION
M. G. Drushlyak
Makarenko Sumy State Pedagogical University, Ukraine

Abstract.

Formulation of the problem. With the growing educational content volume and increasing the visualization role in the educational process, the
ability to perceive, analyze, compare, interpret, produce using information technology, structure, integrate, evaluate visually
presented educational material increases the teachers’ competitiveness in the labor market. In other words, teachers with formatted
visual and information culture are needed.

Materials and methods. The study was based on scientific research of national and foreign scientists studying the training of pre-service
mathematics and computer science teachers. To achieve this goal, the methods of the theoretical level of scientific knowledge were
used: analysis of scientific literature, synthesis, formalization of scientific sources, description, comparison, and statistical methods:
Pearson's test; Student's t-test.

Results. Cognitive criterion is characterized by the presence of subject, methodological, psychological and technological knowledge on the
visualization and digitalization of education. Indicators of the cognitive criterion are: the degree of awareness of the availability of
computer visualization tools and the possibility of their use in the educational process; availability of a system of knowledge in the
field of information visualization and basics of cognitive and visual technologies, the classification of special software, computer
visualization means, the possibility of using computer visualization taking into account the educational purpose, selected forms and
methods of teaching, about psychological and age features of perception of educational content, about structuring of educational
content; level of development of visual thinking. Statistical calculations confirmed that the experimental groups EG1, EG2 and the
control group KG have statistically different averages at a significance level of 0.05.
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Conclusions It would be impossible to ensure the positive dynamics of changes in the indicators of the cognitive criterion of formation of visual
and information culture within the framework of the traditional approach to the professional training of pre-service mathematics
and computer science teachers. This testifies to the effectiveness of the author's pedagogical system of formation of visual and
information culture of pre-service mathematics and computer science teachers, which is realized by correcting the content of training
pre-service teachers (introduction of special courses, deepening the content of professional disciplines), active involvement of
students in research works on cognitive visualization problems, participation in student scientific conferences), use of non-formal
education (participation in trainings, master classes, webinars).

Keywords: visual and information culture, pre-service mathematics and computer science teachers, cognitive criterion, knowledge system, visual
thinking.
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OCOB/IUBOCTI 3ACTOCYBAHHA STEM-MIAXOAY B OCBITHbOMY NPOLIECI NOYATKOBOI LLKONN

AHOTALIA

DopmynoeaHHA npobaemu. CmpimKuli po38UMOK ycix cghep M0OCbKO20 HUMMS, iIHMEHCUBHE BUKOPUCMAHHA KOMM tomepHUX mexHonozill i
pobomomexHiKu 8 cy4acHomy ceimi 8HOCAMb HEOOXiOHI crneyuiky HaB4YA1bHO-BUXOBHO20 NMPOUECY HA BCIX NAHKAX 8iIMYU3HAHUX
3aKnadie 3a2an6HOI cepedHboi ocgimu. OOHUM i3 nMepcnekmMuBHUX Hanpamie i modepHisayii nocmae enposadxceHHA STEM-
nidxody 00 0c8iMHbO20 MpPoyecy Mo4YamKos8oi WKOAU 3 MEMOIO PO3BUMKY iHMenekmyansHuUx 30i6Hocmeli ma ni3HA8aAbHO-
docnidHuybKoi disnbHocmi y4yHig. O3HaveHa npobaema cb0200Hi po3pobaeHa HeAOCMAMHbLO i 30078 C8020 B8U4epPrHO20
p038’A3aHHA nepedbavyae OMPUMAHHA 3HAHbL i3 Pi3HUX 2asy3ell MPUPOBHUYUX HAYK, MexHO02ili Npo2pamy8aHHA, a MAKOH
HanpAamis, AKi oxonatoe STEM-ocsima.

Mamepianu i memodu. Ynpodoex nidzomosku cmammi 6yau uxkopucmaHi maki memoou O0CMIOHeHHA: MOPIBHAAbHUU aHanI3
meopemuyYyHUX M0s104(eHb ONpPaybo8aHOI HAYKOBOI Ma HABYAs6HO-MemOoOUYHOI nimepamypu; criocmepexeHHA 3a 0C8IMHIM
npouyecom 8im4u3HAHOI MOYaMKo80i WKonu.

Pesynomamu. /[ns 0ocAzHeHHA nocmassaeHoi memu nepedoscim MPornoHyeEMbca 8ukopucmaHHa STEM-nidxody e ocsimHbomy npoyeci
104YaMKOBOI WKOAU, 8MPo8adHeHHs HABYAAbHUX MOOYni8 i3 3aCMOCY8AHHAM esfemMeHmie aHani308aHo20 mnioxody 3adns
KOMIM/AEKCHO20 PO38°A3GHHA MAKUX crneyugiyHUx 3a80aHb, AK PO38UMOK iHMenekmyanbHux 30i6Hocmeli y4Hie yrnpodosc
ni3Ha8anbHO-00CNIOHUYbKOT OigbHOCMI | 3any4YeHHs ix 00 HAYKOBO-meXHiYHOI meopyocmi.

BucHo8Ku. YsedeHHA 0CHOBHUX KomrnoHeHmi8 STEM-oceimu 00 HaB84YAMAbHUX MPo2pPam cy4acHux eim4usHaHux 33CO dae 3mozy cmeopumu
HalionmumasneHiwe cepedosuuwye 015 BUABNEHHA MA PO3BUMKY KPeamueHo20 nomeHuyiany wkonapie. 3acmocysaHHa STEM-
mexHonoeili y no4amkogili wkosi nocmae Halbinbw O0YiAbHUM HA enemeHmMapHoOMy MponedesmuyHoOMy pigHi. YeupasHeHo
maki nepesazu STEM-nidxody: a) akmueizye iHmepec 00 MmamemMamuKku ma npupodo3Hascmea; 6) momusye do Habymms
8i0N0BIOHUX 3HAHb y chepi MmexHiKU, pobomomexHiKU, KOHCMPYIOBAHHS, 8)Crpuse po3sumky meop4yux 30i6Hocmel i
KOMYHIKGMUBHUX HABUYOK MOA00WO020 WKOAPA, PAHHLOMY 8U3HA4eHHKo (1020 ocobucmicHo2o nomeHyiaay ma malibymHil
opieHmauyii.

K/IKOYOBI C/IOBA: STEM-ocgima; mo4amkosa WKoa; ypok mamemamuku; STEM — STEAM — STREAM-nioxoou; LEGO-KOHCMpyto8aHHS.

BCTYN

MocraHoBKa npobnemu. 34iicCHMBLUM aHaNi3 HayKOBO-MeAaroriyHMx Ta MeToOAUYHUX AXKEepesn CTOCOBHO BMKOPUCTAHHA
STEM-nigxoay y BiTYM3HAHIMA NOYATKOBIM LUKOJI, KOHCTAaTYEMO BiACYTHICTb €AMHOIO BU3HAYeHHA MOHATTA «STEM-nigxig» Ta
BMOKpPEM/IEHHA ocobamsocTelt Moro BNpoBaasKeHHA. ®daxiBui HaronowytoTs, Wo  «STEM-nigxig iHTerpye BUKnagaHHA
NPUPOAHUYMX | MAaTEMATUYHUX ANCUMNIH 32 4ONOMOrOK NPAKTUYHMUX HAYKOBUX AOCNIAKEHb, TEXHONONMYHOrO Ta iHXXeHepHOro
NPOEKTYBAHHA, @ TAKOXX MaTeMaTUYHOTO aHani3y i MixaucumnaiHapHux Tem (LiepkosHasn, 2017)

YnpoagskeHHs STEM-nigxony nepeabayae Linnii cnekTp HOBaL,in yNpPOLOBXK OAHOro abo KiflbKOX HaBYaIbHUX Nepiosis
abo nig yac onaHyBaHHA HaBYaNbHOI Nporpamu. Kpim Toro, ix MoxHa peanisyBaTu AK Ha PiBHI O4HOrO HaBYa/IbHOrO NpeameTy,
TaK i y No3aknacHin abo nosaluKinbHii AianbHOCTI 3aranom.

AHani3 aKTyanbHUX gocnigKeHb. OcobansocTi GopmyBaHHA AOCAIAHMLbBKMX YMiHb B YYHIB NOYATKOBMX KNacis nig, yac
3actocyBaHHA STEM-nigxony BUCBiTAOBanncA 6araTbma 3apybiKHMMM i BITYU3HAHMMM HayKOBUAMMW. TakK, aHani3oBi CYTHOCTI
deHomeHy STEM-ocBiTM npwuceauveHi pocnigxkeHHs C. AsepiHa, [K. bpeiHepa, K. OkoHcoHa, K. Koxnepa, [A.Kpunosa,
B. Mapkosoi, C. XapkHecca, A. LlepkosHoi, B. Yemekosa.

© 0.0. ¥wuraiino, 2021.
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TpaKTyBaHHA MNOHATTA «AOCAIAHWUUBKI BMIHHA», BM3HAYEHHA X CTPYKTYpU  MNPOCTEXYEMO B HAYKOBUX CTyAiax
H.N. TonogisHiHa, A.H. Moapa'akosa, H.l. MonixyH, A.l. CaBeHKoBa, I.C. YepHeubkoro, E.A. LLlaweHKoOBOI Ta iH.

McuxonorivyHi acnekTn TepmiHa KyMiHHA» yBUpasHeHi gocnigHnkamu H.4. NlesitoBum, b.®. Jlomosum, |.A. ChinyxiHoto,
0.€. Ctpmkak. Ona t0.K. babaHcbkoro, H.T. 3to3bkesuy, .M. Koarkacniposoi, H0.A. Kogskacniposa Ta |.A. LlepkoBHOi 06’ekTom
BMBYEHHA CTaN0 PO3YMIHHA 3MICTYy MOHATTA «yMiHHA» B negaroriui. 3i cBoro 60Ky, ByeHi C.B. 3yesa, H.A. denoTtoB Ta
A.B. XyTOPCbKUI BUOKPEMUAU CTPYKTYPHI KOMMNOHEHTU [OCNIAHUMLBKUX YMiHb. Knacudikauii 3aranbHOHaBYaNbHUX, @ TAKOXK
LOCNIAHNLbKMX YMiHb yKnageHo H.B. AHgpeesoto, K.I. KopTHesum, B.B. MaproniHoto, A.O. Tatyp, M.M. LWywapiHoto Ta iH.
Cepep, focnifeHb OCTaHHIX POKiB, NpucBAYeHUX GOPMYBAHHIO AOCAIAHULBKUX YMiHb Y MONOALIOMY LWKiIbHOMY BiL,i, BBaXKaemo
uikasumu pobotun H.P. Banuk, A.MN. Fhagkosoi, H.A. CemeHogoi, .M. Wmurep.

MerTa craTTi — gocnigutn npobnemy BnpoBaaKkeHHA STEM-0CBIiTM B OCBITHI NpoLec BiTYN3HAHOT NOYATKOBOT LLKO/IM.

METOAUN AOCNIAXKEHHA

Hamu npoaHanisoBaHO MNPaKTUYHWUI [0CBiIA, HAaYKOBLIB Ta METOAWCTIB LWOAO OpraHisauii Ta npoBeAeHHA 3aHATb 3
BUKOpUCTaHHAM STEM-niaxoay B OCBITHbOMY NpoLLeCi NO4YAaTKOBOI LUKO/IM, @ TAKOX OMPaLbOBaHO HafBHY NCUXONOro-neaaroriyHy
Ta HAyKOBO-METOAMYHY AiTepaTypy 3 TeMu HaWoi PO3BiAKW. 3arasiom 3aCTOCOBAaHO METOAM KOHTEHT-aHani3y, CUHTesy,
MOPIBHAHHA, ONUCY OAEePKaHMX Pe3yNbTaTiB AOCNIAXKEHHA 1 y3arasbHEHHA.

TEOPETUYHI OCHOBU AOCNIAMXKEHHA

AK 3a3HavatoTb H.P. Banmk T1a I.MN. Wmurep «STEM-ocBiTa — Lue nporpama HaBYaHHA, AKA FOTYE Y4YHIB 4O YCRiWHOrO
npaueBnallTyBaHHA Ta nepeabavyae po3yMiHHA HAYKOBUX NOHATb, GOPMYBAHHA TEXHIYHO CKNAZHMX HABMYOK i3 3aCTOCYBAHHAM
3HaHb Y ranysi iHxeHepii, TexHonorii Ta matemaTukn» (banuk & Wmurep, 2017).

[epKaBHMM CTaHAAPTOM 3ara/ibHOi cepefHbOoi, NO3aLUKINbHOI, AOWKIZbHOI, BULLOI OCBITM, @ TAaKOX cneLianizoBaHUMM
cTaHgapTamun STEM-0CBiTH BU3HAYeHO i CTPYKTYpY.

daxiBLi BMOKpPeMOWOTbL TP eTanu BrnpoBagxKeHHAa STEM-0CBiTM y WWIKOAI, WO BKAKOYAOTL iHTErpauiio TpaauuinHmUX
HaBYa/bHUX NPEAMETIB Ta 3aHATb IHTErPOBAHOIO KypPCy «f AOCNIAMKYIO CBIT» Ha KOXKHIl i3 NaHOK:

® y MOYATKOBIl WKOAI — LLe MOTMBAL,iA A0 HaBYaHHSA, 3aLLiKaBAEHHA MOJIOALWNX YYHIB Ta CTUMY/IHOBAHHSA iX 40 AOC/iOKEHD,
CTBOPEHHSA HAWMNPOCTILIMX MOZenen i npunaais;

® y cepepHiit WKoNi — 3MiLLHEeHHSA iHTepecy AiTeil A0 NPUPOAHMYO-MATEMATUYHMX OUCUMNAIH; 3abe3neYeHHs 3aCBOEHHSA
TEeXHIYHUX 3HaHb, MOTPIOHUX Yy MOAANLLUOMY KUTTI NIOANHWU; PO3YMIHHA EKONOTiYHOro nigxody 40 AOBKINAA, MOTMBALIA 40
L0CNIAHNLbKO-BUHAXIAHULBKOI AiANBHOCTI;

e y CTapwiln wKoni — BMbip npodinbHOro HasyaHHA 3a gonomoroto STEM-nigxony, OCBOEHHA HayKOBOi MeToaosiorii
pocnigeHb (CTpukak & CninyxiHa, MonixyH, YepHeubkuit, 2017).

3anpoBagKeHHA OCHOBHUX KOMMNOHEHTIB STEM-0CBITU YMOX/IMBAIOE CTBOPEHHA MaKCMMasibHO CNPUATIMBUX YMOB ANA
BMAB/IEHHA 0643apOBaHUX AiTeN LWe Y MONOALIOMY LWKibHOMY BiLli.

STEM — STEAM — STREAM-nigxoamn, 'pyHTOBaHi Ha AOCNIAXKEHHI AK NPOBiAHOMY TUNi HaBYaNbHOI AiANBHOCTI, KOTPe iHOA)
HabyBa€e He CTPOro HayKoBOTO, @ CMOHTAHHOTO 1 HECMOAiBAHOIO XapaKTepy.

TaKe HaBYaHHA BK/OYAE YBUPA3HEHHA PO3B'A3aHHA YMCNEHHWUX Npobaem, NOLWYKKM BigNoBiAeN Ha NUTaHHA, peanisauito
NeBHMX MPOLLECIB, CKNAAAHHA NPOEKTIB, WO MatoTb CBOI LjiNi, 3aBAaHHA i poi. MpK LbOMY Y4HI HabyBatOTb CTATyCy CaMOCTIMHMX
aBTopIB, iHiLiaTOpIB, NiAepiB YM UYNEHIB KOMaHAM, A BiACYTHICTb TPAAMLINHOT TEMU YPOKY 3aMiHIOETbCA aHaNi30OM HeobXiaHUX
apTedakTiB i NPo6AEMHUX CUTYaLin.

3apna 3'AcyBaHHA cyTHocTi STEM — STEAM — STREAM-niaxoA4is AOUiZIBHO MOPIBHATK iX i3 TPAgULIMHUM BUBYEHHAM
WKiNbHMX NpeaMeTiB Xo4a 6 B 04HOMY 3 acneKTiB (HanpuKnag, CTOCOBHO OpraHisaL,ii HaBY4aHHA i 3MiCTy HaBYaNbHOI AiANbHOCTI).

OcHoBHOW BiAMiHHicTIO STEAM-niaxoay € ioro, Tak 6M MOBWUTW, CYTO NPUKNALHMUI, NPAKTUYHWUIA XapaKTep: L4iTu
CaMOCTiNHO 3406yBaloTb NEBHI 3HAHHA LLJAXOM NPIOPUTETHOrO BUKOPUCTAHHA BAACHUX PO3YMOBUX Ta GisUHMX cuA.

3aranom STEM-TexHonorii po3BMBAIOTL iHTEPEC YYHIB A0 TEXHIYHUX HAaBYAJbHUX ANCUMNAIH, YAOCKOHANOTb HAaBUYKM
KPUTUYHOTO MUC/IEHHA, CNPUAIOTb PO3B’A3YBAHHIO HECTAHAAPTHUX 334a4 WAAXOM TECTyBaHHA i NpoBeAeHHA Pi3HOMAHITHUX
0OCNiAiB, aKTUBI3YIOTb KOMYHIKaTUMBHI HaBWYKM LWKOAAPIB. IHWMMKM cnoBamu, 3ragaHi TexHoAOrii AalTb 3MOry Aitam
niAroTyBaTUCA A0 AOPOC/AOrO XKUTTA, e BOHW YAaCTO CTUKAaTUMYTbCA 3 NPO6AeMHUMM CUTYaLiAMM.

daxiBLi aKUEHTYIOTb, WO KAOYOBUMU MUTaHHAMM B po3byaosi STEM-0CBiTU € HagiHa LinboBa NiATPUMKA edeKTUBHOI
npoodecinHoi nigrotoskm STEM-neparoris; peanisauis iHiLiaTMB, CNPAMOBAHMX Ha 3a7yYEHHA 1 YTPUMAHHA TanaHoBUTUX STEM-
BMKNAAauiB; po3pobaeHHA BUCOKOAKICHMX CTaHAApTiB y STEM-ranysax; npioputeTHMi po3BuToK STEM OpieHTOBaHWX MPOEKTIB,
nporpam i HaB4YabHUX NAAHIB, AKI BKNHOYAOTb ayAUTOPHY 1 MO3aLLKiINbHY HAaBYabHY AifNIbHICTb, 30KPeMa NOoAbOBI AOCNIAKEHHS,
NiTHi HayKoBi Tabopu, ekcnegmLii, KOHKYpPCH, TYpHipy Towo. HayKoBLAM HEODXiAHO aKTUBI3yBaTU AOCNIAKEHHA KOMMNETEHTHOCTI
WKONIAPIB Y NMPOEKTHIN, HaBYa/IbHO-A0CNIAHULBKIA Ta HAaYKOBO-A0C/AIAHMLBKIA AiANbHOCTI AK O4HOMO 3 pesy/bTaTiB 3arasbHoi
cepeaHboi ocsiTh (LlepkosHas, 2017).

AIK y)Ke Haronowysanocs, BNpoBagKeHHa STEM-niaxoay B 0CHOBHOMY nepeabayae KomaHAHY poboTy AaiTel, aki binbluy
YaCTUHY Yacy CRiNbHO JOCNIAKYIOTb AKECh ABULLE, PO3BMBAOTL CBOT BMiIHHA 1 HABMYKWM HAaNaroAKyBaTtu fianor i3 apy3samu.

CborogHi STEM-ocBiTa NOCTAaEe CBOEPIAHOKO CMOMYYHOK JIAaHKOK MiXK OCBITHIM MpOLLecOM, Kap'epotlo i nMoganblmvm
npodecinHnum pocTom. IHHOBAUiMHA OCBITHA KOHUENUiA YMOXAMBUTb Ha (HaxoBOMY pPiBHI MigroTOBKY AiTel A0 TexHi4Horo
nporpecy y CBiTi.

HaykoBui 21 cTonitra po3rnagatotb STEM AK HOBY CUCTEMY HaBYaHHA, AKa LWAAXOM iHTerpaLii iHHoBaLiiHUX TeXHONOTIN
cnpuAe BcebiYHOMY PO3BUTKY OCOBMCTOCTI YYHIB Ta HOBOFO TUMY MWUCAEHHA B HWX. HaB4yaHHA 3a STEM-mopennto cyTTeBO
BiAPI3HAETbCA Big, TPAANLIAHOI CUCTEMM LIKINIBHOT OCBITU, OCKiNIbKK Nepeabayvae po3BUTOK He NLe aHaNITUYHUX HAaBUYOK, a 1
TBOPYUX YMiHb Y4YHiB. Hanpuknaa, Ha 3aHATTI iHTErpoBaHOro Kypcy «f AOCAiAXKyto CBIT» y 2 KAaci Aiteli 03HaNOMIOEMO 3a
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[,0MOMOrOH0 KOPOTKOTO GiNbMy 3 NEBHUMM ABMLLLAMU HaBKOIULLIHbOIO CEPeLOBULLA, BUKOPUCTOBYIOUM irpn abo irpoBi 3aBaaHHs,
dopMytoUM B YUHIB YABNEHHS NPO XKUBY i HEXMBY NpUpoAy.

CTBOPIOIOYM MANIOHKM abo BUrOTOBAAKOYM MEBHI BUPOOW, AiTM cnocTepiratoTb, NisHaOTb 06’€KTM, TOBTO OTPUMYIOTL
3HAHHA AO0CAIAHUM WAAXOM. BMBYEHHA MPOMNOHOBAHOrO maTepiany BMPOBASE HABMUKM CaMONIAFOTOBKM Y4YHIB YyNpOLO0BXK
nepernagy BiAeo, NPOCNYXOBYyBaHHA ayaio-3anucis, 36opy iHbopmauii Ha caitTax B iHTEpPHETI. He MeHLW BaXXNMBMM eTanom €
nepesipKa piBHA 3aCBOEHHA TeMM, 3anuc abo 31ioMKa BifeomaTepianis NPo peanbHi 06’ eKTU JOCNIAKEHHA, NPeaMeTn UM ABULLA
JKMBOI Ta HeXXMBOI Npupogm. OcTaHHIN eTan ypoky 3a STEM-moaennto BK/AYaE 3OMKY rpynoBoro Bigeo Ha 10 xB. Megaror moxke
YiTKO BU3HAYMTM 3HAHHA Ta 06i3HAHICTb YYHIB i3 po3rnsayBaHoi TeMu.

MNig yac STEM-HaBYaHHA LWKONAPI PO3BMBAIOTb HABWUYKM CaMONiArOTOBKM, CAMOCTIMHOrO pPO3B’A3aHHA YMCNEHHUX
npo6semu. Cninkyrouncb Mixk coboto, AiT 0O6MiHIOHTbLCA HabyTUM L0CBIAOM, NP CTBOPEHHI MPOEKTIB OX04Ye ZoNnoMaratoTe 04MH
OfHOMY.

STEAM-nigxia, € OpiEHTYE Ha  PO3BUTOK AOCAIAHULBKMX HABMYOK. 32 AONOMOIOK AKUX Y4YHi PO3yMITUMYTL i
nam’aTaTMMyTb, @ He 3a3y6ptoBaTMMYTb OrO.

Po3po6bKa ypoKiB maTemMaTuKKM 3 BUKOpUCTaHHAM STEM-nigxoay cnpsamoBaHa Ha PO3BUTOK iHTe/IeKTyaNbHUX 34ibHOCTel
WKONAPIB YNPOAOBXK Mi3HaBasbHOI AiANbHOCTI Ta 3a/y4eHHA iX A0 HayKOBOi TexHiyHocTi. STEM-TexHosorii abo ix okpemi
e/leMEHTU TaKOX AO0LiIbHO BUKOPUCTOBYBATHM AIK Y NMO3ayPOYHil AiANbHOCTI B paMKax OCHOBHOI OCBITHbOT NPOrpamMun NOYaTKOBOI
3arasibHOI OCBITU, TaK i B CUCTEMI MNO3aLLKI/IbHOI OCBITU.

CyYyacHUI CBIiT CTaBUTb Mepes, OCBITAHAMW HENpOCTi 3aBAaHHA: NigroTysaTn AMTUHY A0 cCaMopeanisauii B cycninbCTsi
MalbyTHbOro, KA HEMOXKAMBA 6e3 HAaABHOCTI B 0COBM PO3BMHEHMUX iHTENEeKTyabHUX 34iOHOCTeN, WO BKAOYAOTb Nepeaycim
YMiIHHA  NpauoBaTM 3 MiHAMBOI iHbopmaLieto. AayKe BAOCKOHANEHHA HABMYOK OTPUMYBATM, NepepobnsTv i NpaKTUYHO
BMKOPWUCTOBYBATM OTPMMAHY iHpopmaLito € NiarpyHTam STEM-ocBiTH.

PE3YNIbTATU LOC/NILMKEHHA TA IX O6FTOBOPEHHA

Y pe3ynbTaTi NpoBeAeHOro A0CNiAKEHHSA 3'ACOBaHO, Wo STEM-Niaxia yMOXKAMBAOE CUCTEMHE BUBYEHHSA HAaBKOULWHbLOTO
cepenoBuLLa, PO3YMiHHA MOro JIOTIYHUX 3aKOHOMIPHOCTEN Ta iX B3aEMO3B'A3KIB, CMOHYKAE LWKOAAPIB 40 MNOCTIMHUX MOLWYKIB i
BiAKPUTTIB, GOPMYE BMiHHA HaunTM HOBE, HE3BUYaMHe W LjiKaBe y By AeHHUX 3BUYHUX ABULLLAX JOBKINNA.

Po3BUTOK JONUTNMBOCTI 1 Ni3HAaBaNbHOT aKTUBHOCTI AiTeld; HEObXigHICTb camMm BU3HAYaTH AnA cebe uikaBe 3aBAaHHS,
06MpaTK CNocobm i WAAXM YN aNFOPUTM OO PO3B’A3aHHSA, BMIHHA KPUTUYHO OLLHIOBATW pPe3ynbTaTh — BCi Ui YAHHMKK GpopmMytoTb
Y HUX iHXEHEePHUI CTUNb MUCIIEHHSA, @ KONIEKTUBHA AiANbHICTb Nig yac STEM-HaBYyaHHA BUPOBAAE HAaBUYKM KOMAHAHOI poboTy.
Ak 6aunmo, STEM-ocBiTa 3abe3neyye KapAMHaIbHO HOBUI, BiNbLL BUCOKWUI PiBEHb PO3BUTKY AUTUHMW, YBUPA3HIOOUMN Nepes HEeto
ManbyTHi BUGip npodecii.

Hamu po3pobneHo n’ATb HaBYA/NbHWUX MOAYNIB i3 BUMKOPUCTaHHAM enemeHTiB STEM-niaxoay, epeKTUBHICTb AKMX
nepesipeHo ekcnepnmeHTanbHO. CTUCNO OXapaKTepu3yeEMO ix.

1. OceimHili Modynb «EKCepuMeHmMy8aHHSA 3 H(UBOIO | HEX(UBOIO NPUPOOOIO»:

— popmyBaHHA yABAEHb NPO HABKOJIMLLHIW CBIT yNPOAO0BXK A0CNIAHO-eKCNepPUMEHTabHOI AiANbHOCTI;

— YCBIQOM/IEHHS EQHOCTI BCbOrO ¥XMBOTO Mif, 4aC HAOYHO-YYTTEBOIO CMPUNHATTS;

— popmMmyBaHHA eKoNoriYHOI CBIZOMOCTI.

2. OcsimHili modyne «LEGO - KOHCMPYHOBAHHAY:

— dopMyBaHHA 34aTHOCTI A0 MPAKTUYHO PO3YMOBOrO EKCNEPUMEHTYBAHHA, y3arajbHeHHA, 3'ACYBaHHA MPUYMHOBO-
HACNiAKOBMX 3B’A3KiB, KOMEHTYBaHHS NPOLLECY W pe3y/ibTaTy BIACHOI AifNIbHOCTI;

— BUPOOGNEHHA BMiHHA rpynyBaTh NpeameTu;

— PO3BUTOK 06iI3HAHOCTI B Pi3HUX Chepax KUTTA;

— Bi/ibHe BO/IOAiHHA PigHOI0 MOBOIO;

— ¢popmyBaHHA BMiHHA CTBOPIOBATM HOBI 06pa3u, PpaHTasyBaTH, BUKOPUCTOBYBATU aHANONIIO | CUHTES.

3. OcsimHiti modyne «Mamemamuy4Huli po36UMOK»

— 3abe3neyeHHA KOMMJEKCHOro NiaAXoA4y A0 MATEeMaTUYHOrO PO3BUTKY MOJOAWMX LWKOAAPIB (3 ypaxyBaHHAM iXHix
BIKOBMX Ta iHAMBIAYaNbHUX 0COBNMBOCTEN) 32 TAaKUMM HanpAmMamu: BeaiMumHa, dopma, NpocTip, Yac, KinbKicTb i niuba.

4. OcsimHili MoOynb «PobomomexHika»:

— PO3BMTOK /IOTiKW 1 aNTOPUTMIYHOFO MUCNEHHS;

— 03HAMOMNEHHSA 3 OCHOBAMM NPOrpamyBaHHS;

— PO3BMTOK 34i6HOCTEN A0 NNaHYBAHHA, MOLENIOBAHHSA;

— popmyBaHHA BMiHb 3 06p06KM iHbOpPMaLLi;

— PO3BMTOK 34aTHOCTI A0 abCcTparyBaHHA M NOLWYKY Ta 3HAXOAXKEHHA 3aKOHOMIpHOCTE;

— BMPOBNEHHA BMiHHA WBUAKO PO3B’A3yBaTU NPAKTUYHI 3aBAAHHSA;

— dopMyBaHHA BMiHb aKLLeHTYBaHHA, cxemaTu3alii, Tunisawii;

— HabyTTA 3HaHb Ta BMiHb KOPWUCTYBATUCA YHIBEPCAZIbHUMM 3HAKOBUMM CUCTEMAMU (CUMBONAMM);

— PO3BUTOK 34,iO6HOCTEN L0 CAaMOCTIMHOIO OLLiHIOBaHHSA NPOLLECY 1 pe3y/ibTaTiB BAIACHOI AifNIbHOCTI.

5. OceimHili Modynb «Mynemcmydia «f cmeoptoto c8im Ha8Koso cebex:

— 0CBOEHHSA IKT (iHpopmaLiiHO-KOMYHIKALLIMHUX TEXHONOTI) | LMbPOBUX TEXHONOTIN;

— 03HAWOMNEHHSA 3 MeAiHUMM TEXHONOTIAMM;

— OpraHi3auis NPoAyKTUBHOI AifANbHOCTI HA OCHOBI CUHTE3Y XYA0XHbOI 1 TEXHIYHOI TBOPYOCTI.

AIK 6a4MMo, KOXKEH 3 OMMUCaHUX MOAYNiB, Nepeabayaoyn KOMNNeKcHe po3B’A3aHHA cneundiyHnx 3aBaaHb 3abesneyye
peanisauito uinert STEM-0CBiTM, @ came PO3BUTOK iHTENEKTyasibHUX 34i6HOCTEeN y4YHIB LWIAXOM Mi3HABa/NbHO-AOCNIAHULBKOT
LiANBbHOCTI, @ TAKOX LWMPOKE 3a/ly4eHHA iX 40 HAYKOBO-TEXHIYHOT TBOPYOCTI.
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Bigomo, wo noTiK iHbopmaL,ii CbOoroAHi HacTiNbKM BeNMYE3HUM, a IHCTPYMEHTU ONs po3Bar Taki Pi3HOMaHITHI, wWo
HeAOCBiAYEHI ANTUHI Nerko 3arybutucs y BesimyesHomy uuoposomy cBiTi. OTXKe, BUNTENO HEOOXiAHO 06MpPaTN ANs HaBYAHHA
Taki meTogu 1 3acobu, Aki ByayTb 3po3ymini 4iTAM, PO3BMBATMMYTb Y HUX Pi3HOMAHITHI KOMneTeHuii. Takum edeKTUBHUM
HaBYa/IbHUM IHCTPYMEHTOM MOXKe CTaTh poboToTEXHIYHMX Habip LEGO.

KoHcTpykTop LEGO pae 3mory Aitam, He3anexHOo Big iXHix iHTenekTyasbHMX 0cob6iMBOCTEN, YCMIlWHO OBO/MOAIBATU
HeobXiAHMMM 3HAaHHAMM. HanpuKnaa, Ha ypoLi maTeMaTUKK 3 MOro AOMNOMOTO0 LWKOAAPI HAOYHO 3’ACOBYIOTH, WO BiAPI3OK —
YacTuHa NpAMoi, obmeXkeHa TOYKaMM, AKA MaE NOYATOK i KiHeLb (BOHM NOKa3aHi LerMHKaMm 4epBOHOTO KO1bopy). A 0Cb MPOMiHb
MQ€E NOYATOK, asie He MAE KiHUA.

LLle oamH npuKknag. Mpamy NiHilo MOXKHa NPOAOBXKUTU B 06MABI CTOPOHM (BUMTENb NPUKPINIOE LETIMHKM «TOYKKUY»). Ona
NepLIOK/IACHMKIB CTA€E 3p03YMifOo, Lo NpAMa NiHiA — ue 6e3/i4 TOYOK, PO3MILLLEHUX YNPUTY 04Ha A0 ogHOoI. [iTh 3anam’aToByOTb
Le Hao4yHo, byayloTb NpAMmy, 3 uernMHoK LEGO (Touok). na AeMOHCTpaL,ii TOYOK, WO nexaTb Ha NpAMii i no3a Hel, MOXHa
BMKOPWUCTOBYBATM iHLWi 3aCObM (HanpuUKNag, mMaTemaTUyHi NaaHweTH).

3a 4ONOMOrOI0 NEro-LeriMHOK, NPUKPINJeHMX A0 NAaTh, AOUINbHO HAaOYHO NOKAas3aTu, Lo Yepe3 OAHY TOYKY MOXKHA
nposectn 6arato NpAMMKX NiHii, a Yepes3 ABi TOYKM — NPOBECTU TiNbKKM OAHY. Mifa Yac 03HAMOMNEHHSA YYHIB i3 nepumeTpom Ta
naoLLeto NPAMOKYTHUKA UM KBagpaTa eGpeKTUBHMM 3aC0B0M HaBUYAHHA 3a/IMLIAETLCA KOHCTPYKTOP LEGO.

BUCHOBKW TA MNEPCNEKTUBU NOAANBLLUOIO AOCNIAXKEHHA

STEM-ocBiTa cTae Bce 6inbw nonyaspHoO cepes cydyacHux negaroris. OQHaK XBUIOE Mi3EPHUA TEOPETUYHUI JOPOOOK y
Ui ranysi, Wo 1 CNOHYKano Hac A0 HanMcaHHA NPOMNOHOBAHOI CTaTTi. YBMpasHeHi nepesarn STEM-ocBiTM ganu niactasm ana
BMCHOBKY NpPO Te, L0 OKpecseHnin peHomeH € iHHOBALMHUM NiaAXxo40M A0 OCBITHbOrO Mpouecy, Wo 3abesnevye epeKkTUBHe
bopMyBaHHA AOCNIAHNLBKUX YMiHb MONOALINX WKOAAPIB. TOMY CbOrOAHI 3aCTOCYBaHHA HaBYa/lbHUX MOAYIB i3 BUKOPUCTAHHA
enemeHTiB STEM-niaxoay BUAA€ETbCA Haf3BMYAMHO akTyalbHUM. STEM-0CBITAHM NOK/IMKaHI 4ONOMOITU KOXKHIl ANTUHI 3’AcyBaTU
il HaBYaNbHi iHTEpecK i MOTUBYBATK A0 IX PO3BUTKY, CNPUAIOYM OCOBUCTICHI camopeanisauii Wwkonapa. STEM-moaens HaBYaHHA
MA€E CTAaTM He3aMiHHMM MOMIYHMKOM nepjarora y PO3BUTKY AWUTAYOI iHTYiLii, IXHbOrO BMiHHA BCTAaHOB/OBATU MPUYNHOBO-
HaACNiAKOBI 3B'A3KM, LUYKATU 3aKOHOMIPHOCTI ABULL, Ta NOAiN TowWw,O.

STEM-ocBiTa, cnpuAloyYmn po3BUTKY TBOPYOI AiAIbHOCTI LUKOAPIB, CTBOPIOE YyA0Bi YMOBW ANA NOLWYKY ANTUHOIO BAACHOTO
LINAXY PO3BUTKY 3 ypaxyBaHHAM ii iHTepecis Ta 3aLjikaBneHb.

MepcnekTMBHMM BBaYaeMo noganblie BNpoBagsKeHHA STEM-0CBITM Ha ypoKax MaTemaTuMKM Yy MO4YaTKOBIM LWKOAI Ta
pPO3p06KY KOHCMEKTIB YPOKIB i3 BUKOPUCTAHHAM O3HAYEHOro Niaxoay.
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FEATURES OF THE APPLICATION OF STEM APPROACH IN THE EDUCATIONAL PROCESS OF PRIMARY SCHOOL
Oksana Zhigailo
Drohobych State Pedagogical University named after Ivan Franko, Ukraine

Abstract.

Formulation of the problem. The rapid development of all spheres of human life, the intensive use of computer technologies and robot engineering
in the modern world make the necessary specifics of the educational process at all levels of the national institutions of secondary
education. The introduction of STEM approach into the educational process of primary school to develop intellectual abilities and
cognitive and research activities of schoolchildren is one of the promising directions of the modernization of educational system. This
problem is insufficiently developed, For its detailed solution it needs the acquirement of knowledge in various fields of science,
programme technologies, as well as the directions of STEM education.

Materials and methods. The following research methods were used during the preparation of the article: comparative analysis of theoretical
statements revealed in the studied scientific and educational literature; observation of the educational process of national primary
school.
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Results. To achieve the goal it is proposed to use the STEM approach in the educational process of primary school, to introduce training modules
using elements of the analyzed approach for the complex solution of such specific tasks as the development of intellectual abilities
of schoolchildren during their cognitive and research activities and also their participation in scientific and technical creativity.

Conclusions. Introduction the main components of STEM education into the curricula of modern national institutions of secondary education
enables to create the best environment for the discovering and development of schoolchildren’s creative potential. The use of STEM
technologies at primary school is the most expedient at the elementary, propedeutical level. The STEM approach has great
advantages, namely, a) it intensifies the interest in mathematics and natural science; b) it motivates to gain knowledge in the field
of technics, robot engineering, design; c) it promotes the development of primary schoolchildren’s creative abilities and
communication skills, and it furthers early identification of their personal potential and future orientation.

Key words: STEM education, primary school, Mathematics lesson, STEM — STEAM — STREAM approaches, LEGO design.
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EPEKTUBHICTb AUCTAHLINHOIO HABYAHHA ®I3UKU CTYAEHTIB TEXHIYHUX CNELIA/IBHOCTENA B YMOBAX KAPAHTUHY

AHOTALIA

®dopmyntoeaHHa npobaemu. Y cydacHomy ceimi ocobausoi akmyansHocmi Habysae AucmaHyiliHa hopma Ha8YAHHSA, Mid Yac AKOI oceimHil
npoyec 30iliCHIEMbCA WAAXOM BUKOPUCMAHHA Cy4acHUX iHpopmauiliHo-KomyHikayiliHux mexHonoeil. ®i3uka, Ak eidomo,
8i0HOocumbCA 00 YuKny 0608°A3KOBUX HABYAALHUX OUCYUMAIH MPUPOOHU4O-HAYKOBOI i mamemamu4Hoi nid2omoeKu, wo
8UBYAEMbLCA CmMyOdeHmamu mexHiYHUxX cneyiaseHocmel. ¥ moli #ce 4ac ¢izuka € mpaduuiliHo 00HiE0 3 HAUCKAAOHIWUX
ducyunnin 01 binbwocmi cmydeHmis. BionosioHo, 00CAiOHeHHA eheKmUuBHOCMIi OUCMAHYiliHO20 HABYAHHA (i3UKU cmydeHmig
mexHiYHuUX crieyianbHocmeli 8 yMOBAX KAPAHMUHY € QKMYAsbHUM.

Mamepianu i memodu. Onpaybo8aHo pe3ysabmamu ycriwHocmi cmyodeHmie mexHiyHux cneyiassHocmel HayioHanbHo20 MpaHcnopmHozo
yHisepcumemy 3 ¢i3uKu 3a pe3ys1bmamamu 04Ho20 ma QuUcMaHyiliHo2o Has4aHHA. Kinekicme cmydeHmie cknadana 242 ocobu.
[na docaeHeHHA nocmasaeHoi memu pobomu 8UKOPUCMOBYBAAUCA HACMYMHI Memodu: aHani3 i cucmemamusayia — nid Yac
027170y Haykosux nybnikayili 3a 06paHOK MeMamMuKoK O0O0CAIOXEHHSA, AHAAI3, CUHME3, MOPIBHAHHSA, cucmemMamu3ayis,
y3a2asbHeHHA — Nid Yyac 06pobku ma 062080peHHA pe3yanbmamis ycrniwHocmi cmydeHmis 3 (i3uKku 3a pe3ysnbmamamu 04HO20
ma OuCMaHyiliHo2o HaB4YaHHS.

Pe3yaemamu. Y npedcmasneHili pobomi susasneHo, Wo po3nodin niocyMKosux OYiHOK cmyoeHmie 3 hi3uKU 3a pe3yabsmamamu 04Ho20 ma
OucmaHyiliHo2o HaBYaHHA 00CUMb BIOPI3HAEMbCA. 30Kpema, 3a Pe3ynbmamamu OUCMAHYiHO20 HABYAHHA (i3UKU MOMCHA
sudinumu 08i Halibinbwi nidepynu cmydeHmis, wo ompumanu maxkcumaneHi (A) ma, eidnosioHo, miHimanbHi (E) nidcymkosi
oyiHKu. Taka meHOeHYis crnocmepizanacsa 8 KoxHili akademiyHil epyni cmydeHmis. PiseHb aAKocmi Ha84aHHA, Mobmo 8idcomok
cmydeHmis, U0 ompumanu 3 Qizuku niocymrosi oyiHku A, B i C, nid yac ducmanyiliHo2o Hag4yaHHs dopieHrosas 50.8 % i sussuecs
Ha 5.8 % suwyum, Hixe niod 4ac 04HO20 HABYAHHS.

BucHosKku. Takum 4YuHOM, OuCMaHyiliHa ¢opma Ha8YaHHA hi3uku cmydeHmie mexHiYHUX creyianbHocmel nid 4ac KApaHMuHy 3
00CMamMHbOK eheKmMuUBHICMIO 3aMiHUAA OYHY POpMY HaBYAHHA. OOHAK, OuCmaHyiliHe HABYAHHA hi3UKU y CydyacHomy popmami
8UABUMNOCA MeHW MpudamHum 0a8 cmydeHmis 3 HU3bKUM pigHeM CamoopeaHizayii. 3aszHayeHi cmyOdeHmu eusasuaucs
cuxon02i4Ho He2omosumu 00 BUCMAHYiliHo20 HaBYAHHA Ma, 8i0N0BIOHO, OMPUMAU MiHIMAAbHI MIOCYMKO8I OUiHKU 3 hi3uKu.
B nodasnbwomy, Ha OyMKy asmopis, Ginblu egpeKkmusHo Moxce 6ymu 3miuaHa hopma HaBYaHHA (i3uKU.

K/IKOYOBI C/IOBA: ducmaHyiliHa hopma HABYAHHA, OYHA POPMA HABYAHHA, KYPC (hi3uKu, nMidcymkosi oUiHKU 3 hisuku, edpekmusHicmo
AucmaHyiliHo2o HaBYAHHSA, cmydeHmuU mexHiYHux crieyiansHocmed.

BCTYN

MNocraHoBKa npob6aemu. OcTaHHIM Yacom Bce BinbluOoT aKTyanbHOCTI HabyBae ANCTaHLiMHA opMa HaBYaHHSA, AKa HAJA€E
MOMBICTb CTyAeHTam 6paTh yyacTb B OCBITHbOMY MpoLeci BiaaaneHo Big 3aknagy BuLLoi ocBiTv (3BO) B 6yab-AKMIA 3pyUHNIA
Yac. OcBIiTHiM npouec nig Yac 3a3HayveHoi GopMM HaBYAHHA 34IMCHIOETLCA LINAXOM BMKOPUCTAHHA Cy4yacHUX iHGOpMaLiMHO-
KOMYHIKaLiiHUX TexHonorih. [AWCTaHUiliHe HaBYaHHA, WO 3A4INCHIOETLCA 3 BUMKOPWUCTAHHAM CTaLiOHAPHUX NEepPCOHANbHUX
Komn'toTepiB i HOYTOYKiB, Ha3MBalOTb ENeKTPOHHUMM HaByaHHAM (E-learning). Moandikauielo eneKTPOHHOro HaBYaHHA €
MobinbHe HaByYaHHA (M-learning), To6To AMCTaHLiMHe HaBYaHHA 3 BUKOPUCTAHHAM CMapTdOHIB, NNAHLIETIB, ENEeKTPOHHUX KHUT

© P.M. lweHko, I.B. TopbyHoBMY, 2021.
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ToWO. PO3BUTOK AnCTaHLiHOT dopmn HaBuyaHHs B 3BO 3abesneyye piBHUIA A0CTYN ycix H6akatounx 40 OTPMMAHHA BULLLOI OCBITU.
Ocob11BOi aKTyaNnbHOCTI gUCTaHUiiHa popma HaBYaHHA Habyna nig yac naHaemii COVID-19, nig yac akoi, 3a gaHnmu KOHECKO,
91 % y4HiB Ta CTYAEHTIB MO BCbOMY CBIiTY ONMUHUANCA Ha KapaHTUHI. Take rnobanbHe 3aKpUTTA 3aKNafiB 3arasibHOi cepeaHboi
ocBiT1 Ta 3BO € neplwmm 3 yacis [lpyroi cBiToBOI BiltHM (AHApYLWeHKo, 2020).

AIK BigoMO, di3nKa BiAHOCUTLCA 40 LMKNY 060B A3KOBUX HAaBYANbHUX AUCLMUMNIIIH NPUPOLHMYO-HAYKOBOT i MaTeMaTUYHOI
NiAroTOBKM, W0 BUBYAETLCA CTYAEHTAMM TEXHIYHUX cneuianbHocTel 3BO. 3aranbHi Ta npodeciiiHi KoMneTeHTHOCTI, HabyTi Nig Yac
BMBYEHHA Kypcy ¢i3nku, cnpmaioTe GopmMyBaHHIO HAYKOBOTO CBITOrNAAY M HAYKOBOFO CTU/IO MUC/IEHHA CTYAEHTIB Ta € OCHOBOKO
019 NOAANbLIONO YCNILLHOMO ONaHyBaHHA BiNbWOCTI 3araIbHOTEXHIYHMUX | GAax0BMX HABYANbHUX AUCLUNAIH. Y TOM e Yac di3nka
€ TPAaAMUIAHO OAHIE 3 HaMCKNAAHIWWX AMcuMnAiH ana 6GinbliocTi cTyaeHTiB nepworo Kypcy (lweHko & lcaeHko, 2020).
Mpobnemu, WO BUHMKAIOTL Mif 4ac BUBYEHHA Bi3MKM, @ TAKOXK AUCLMNAIH MAaTEMATUYHOTO LMKAY, € OAHMMM 3 FOSIOBHUX MPUYUH
HU3bKOI YCMiWHOCTI CTyAEeHTIB-NepPLIOKYPCHMKIB. BianoBigHO, AoCNiaXKeHHA epeKTUBHOCTI AMCTAHLIAHOrO HaBYaHHA ¢i3nKu
CTYAEHTIB TEXHIYHUX CneLiaNbHOCTEN B YMOBAX, WO CKIAINUCA, € aKTYaIbHUM.

AHani3 aKTyanbHUX AochigkeHb. MobynoBOO Teopili Ta pPO3POGKOK TEXHOMOTM AMCTAHUIMHOrO HaBYaHHSA,
[OCNIAXKEHHAM Nporpam, Wo 3acTOCOBYHOTLCA Nif Yac peanisauii AUCTAHLIMHOrO HAaBYaHHA, BUBYEHHAM METO/IB BUKIALAHHA
HaBYa/IbHOro MaTepiany nig Yyac BKasaHoi OpMM HaBYaHHA 3alimanucs becnanbko B.MM., Bukos B.1O., unbuos 0.5, *Kyyok 10.B.,
KyxapeHko B.M., Nlebegesa I.J1., Matsiituyk O.B., Hopik /1.0., Nognacos C.0., CanbHuk I.B., CemepikoB C.0., Cipuk E.MN.,
Ctptok A.M., XyTopcbKoii A.B. Ta iHWi BYeHi. 30Kkpema, B poboTi (Mognacos, MaTsiiiuyk & BpuriHeub, 2017) npoBegeHo aHani3
nepesar i HegoONiKiB OYHOTO, 3MiLLAHOrO i AMCTAHLIMHOIO HaBYaHHA Qi3NKM CTYAEHTIB TeXHIYHOro yHiBepcuteTy. Ha OCHOBI
NpoBeAEeHOro aHanizy aBTopamMu 3a3Ha4yeHoi poboTv 3pobneHO BUCHOBOK MPO  AOUINBbHICTb BMKOPUCTAHHA MoZeni
nepeBepHYTOro Knacy nig 4yac 3millaHOro HaB4yaHHA Oi3MKKM cTygeHTiB TexHiuHux 3BO. B poboTi (CanbHuKk & Cipuk, 2020)
[oCNiaXKeHo 0cob/MBOCTI MPOBEAEHHSA CEMIHAPCbKUX 3aHATb 3 Qi3MKKM Nig Yyac AUCTAHLUIMHOrO HaB4YaHHA. BigsHaueHo, wWwo
cemMiHapCbKe 3aHATTA aKTUBI3Ye POOOTY CTYAEHTIB NPOTArOM CEMECTPY, MOTUBYE iX NPALLIOBATU CUCTEMATUYHO, PO3LLUMPIOE MEMXKI
CaMOCTiNHOI pob0TM Ta 3MIHIOE B3AEMOBIAHOCMHM B NaHLi BUKIA[AY-CTYAEHT, CTBOpIotouM atmocdepy cniBpobiTHMLTBA. B poboTi
(Myuok, 2020) Bia3HauyeHo, WO AMCTaHUiHa GopMa BUBYEHHS MAaTEMATUYHUX AMCLMMANIH NigBULLYE eDEKTUBHICTb CAMOCTINHOI
pob0oTK CTYyAEHTIB, HALAE HOBI MOMKIMBOCTI A/1A TBOPYOCTI, @ BUKNAAa4aM L,03BOJISE peanisoByBaTM NPUHLMMNOBO HOBI popmM i
MEeTOAMN HaBYaHHA i3 3aCTOCYBaHHAM MAaTEMaTUYHOIO MOAE/IIOBAHHA ABULY, i NPOLLECiB.

MNpobnema AocnifrKeHHs 0CO6AMBOCTEN AMUCTAHUIMHOrO HaBYaHHA i3VKM Ta AUCUMMJIIH MATEMATUYHOIO LMKAY €
aKTya/NibHO i B 3aKOPAOHHIM NepdaroriyHiin nitepatypi. 3okpema, y poboTi (Fauza, Ernidawati & Syaflita, 2020) sugineHo pag,
dakKTOpiB, AKIi HeraTMBHO BMN/IMBalOTb Ha AKICTb AMCTAHUIMHOIO BMBYEHHA i3MKM. 30Kpema, BesiMKa KiNbKiCTb 3aBAaHb Ha
CaMOCTiHe OnpaLoBaHHA, BPaK CMiJIKyBaHHA HAXXMBO CTYAEHTIB 3 BUK/IA4auYeM, a TAaKOXK CTYAEHTIB MixK coboto nig yac posrnsay,
06roBopeHHA Ta y3ara/sibHeHHA HOBOrO maTepiany HeraTMBHO BN/MBAOTb Ha AKICTb Qi3MYHOT OCBITU cTygeHTiB. B poborTi (Irfan,
Kusumaningrum, Yulia & Widodo, 2020) Bia3Ha4YeHHO, LLLO BUKNAAAYi MAaTEMATUKKN He Y NOBHIl Mipi BUKOPUCTOBYHOTb MOMKANBOCTI
pi3HUX nnatdopm nig Yac peanisauii AUCTAHLIMHOrO HaBYaAHHA; Mig Yac NpeAcTaB/eHHA HOBOro maTtepiany HeaoCTaTHbO
BMKOPWUCTOBYIOTb BifleO Ta aHimalii, 0OMeXMBLWMKCb NOAAHHAM npe3eHTauin y Power Point. B pobori (Li & Lalani, 2020)
Bifj3HAYeHO, WO B MPOLECi OHNAMH-HABYAHHA MOXYTb OyTW BUHAWAEHI HOBI epeKTUBHIi MeToAM HaB4YaHHA, AKi byayTb B
noAasbLOMy BUKOPUCTOBYBATUCA i Nif, Yac opraHisaLii 0CBiTHbOro Npouecy B O4HilM popmi No 3aKkiHYEHHIO NaHAeMil.

OfaHak, He3BaXKatouM Ha pag pobiT, B AKMX [OCNIAMKEHO 0COBAMBOCTI AUCTAHLIMHOrO HaByaHHA Qi3UKKM i AncLMNAIH
MaTEMATUYHOrO UMKAY, B HAYKOBO-MeAaroriYHin nitepatypi He 3HalgeHo pobiT, NpucBAYEHMX AOCNiAKEeHHIO edeKTUBHOCTI
OMCTaHLiMHOTO HaBYaHHA Gi3MKM CTYAEHTIB TEXHIYHMX cneLiasibHOCTEN, WO aKTyani3ye MeTy npeacTaBieHoi poboTu.

MerTta craTtTi. Bpaxosytoum BuLe3a3HauYeHe, MeTa CTaTi NOMATAE Yy BUBYEHHI ePeKTUBHOCTI AMCTaHLiMHOIO HaBYaHHA
di3UKM CTYAEHTIB TEXHIYHMX cheLjianbHOCTe 04HOT GOPMUM HAaBYAHHA B YMOBaX KapaHTUHY.

METOAU AOCNIAXKEHHA

[OnAa [oCArHeHHA NOCTaBAEHOI MEeTWU CTaTTi BUKOPUCTOBYBA/IMCA HACTYMHIi METOAM: aHani3 i cuctematmsallia HayKoBUX
nybnikauin, NpUCBAYEHNUX OOCNIANKEHHIO 0COHBANBOCTEN AUCTAHLIMHOIO HAaBYaHHA Qi3MKM i AUCUMNAIH MaTEMATUYHOTO LIMKAY
CTYAEHTIB, WO HABYalOTbCA B BiTYN3HAHUX Ta 3aKOpPAOHHMX 3BO; aHani3, cMHTE3, NOPIBHAHHA, CMCTEMATU3ALLA, Y3arafibHEHHA —
nig, yac 06pobKM Ta 06roBopeHHA pesyabTaTiB YCMiLWHOCTI CTYAEHTIB TEXHIYHWUX cnelianbHocTei HauioHanbHOro TPaHCMOPTHOMO
yHiBepcuteTy (HTY) 3 $i3nKu 3a pe3yabTaTaMy O4HOro HaBYaHHA NPOTArOM OCIHHLOTO cemecTpy 2019/20 HaBYaNbHOro PoKy (H/p)
Ta AUCTaHLIMHOIro HaBYaHHA MPOTArOM OCiHHbOro cemecTtpy 2020/21 H/p. MOpPIBHAHHA pe3y/bTaTiB YCMilUHOCTI CTYAEHTIB 3 Gi3nKu
NPOBOAMNOCA B TUX aKaZEMIYHUX rpynax, B AKMX NPOTATOM ABOX 3a3HaYEHMX CEMECTPIB OCBITHIM NpoLec 34iMCHI0BAAN Ti K cami
BUKNaaaui.

PE3Y/NIbTATU AOCNIAXKEHHA

Y 3B’A3Ky 3 BBeAEHHAM KapaHTUHHWUX OBMeXKeHb, CNpPUYMHEeHMX TpuBanol naHgemielo COVID-19, nouyuHatoum 3
12 6epesHa 2020 poKy ocBiTHiM npouec y Bcix 3BO YKpaiHW BiabyBaeTbca B AUCTaHUiMHIN dopmi. B akocTi nnatdopm, 3a
[,0NOMOrOH0 AIKMX 3AIMCHIOETBCA peanisalia ocBiTHbOro npotecy 3 ¢isnku 8 HTY, BukopuctosytoTbes Google Classroom i MOODLE.
3a3HayeHi N1aTPopmMmn € OAHMMM 3 HANBINbLL NOLWMPEHNX Cepes, TUX, L0 BUKOPUCTOBYHOTLCA Mif, Yac AMCTAHLINHOIO HaBYaHHA
(Zelinskiy, 2020). ABTopu NpeacTaBneHoi poboTU NepeBaX)HO BUKOPUCTOBYIOTL NaaTdpopmy Google Classroom. Bukopuctosyoun
MOXIMBOCTI BKa3aHOI N1AaTGOPMM, KOXKHWUI BUKNALAY CTBOPUB ENEKTPOHHWUI HaBYaNbHUI KypC Bi3UKMK, LLO MICTUTb YCi HEOOXiaHI
OVOAKTUYHI MaTepiann: KOHCNEKT fieKuil, npeseHTauii Power Point, Bigeo3sanuncuy, HaB4anbHi NOCIBHUKM, METOAMYHI BKa3iBKM 40
BMKOHAHHA nabopaTopHMX PobiT Ta opraHisauii camocTiiMHoi poboTu cTygeHTiB Towo. Mnaatdopma Google Classroom fo3sonse
CTBOPIOBATU Pi3Hi BUAWM 3aBAaHb A/1A CTYAEHTIB, BCTAHOB/IOBATM CTPOKM 3A4ayi UMX 3aBAaHb. BkasaHa nnatdopma Hapae
MOX/MBICTb MPaLOBATU i3 €1EKTPOHHUM KYPHANOM OLLIHOK, AKUIA MOXYTb Nepernafatv CTYAeHTU | Npy LbOMY MaTtu NOBHY
iHpopMaLito Npo pe3yabTaTh OLiHIOBAHHSA iX MOTOYHOT PO6OTH, BYAaCHO Ta HEBYACHO BUKOHaHI 3aBAaHHSA.
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Ona ctygeHTiB 04HOT GOPMM HaBYaHHA YCi 3aHATTA 3 i3MKKM (NeKuii, NpakTUUHi Ta NabopaTopHi) NpoBoaATbLCA 3a
biKCoBaHMM pO3KIALOM Yy pexumi Bifeo-koHbepeHLin Zoom abo Google Meet, WO CTBOPIOE MOXKAMBICTb Be3nocepesHbOro
CNiNIKyBaHHA CTYAEHTIB 3 BMKNagayem. Mig yac npoBeAeHHA NeKuil 3 ¢i3vKM CTyAeHTaM NPOMNOHYETbCA mMaTtepian y BUraagi
npeseHTauin Power Point abo ¢ainis y dopmarti PDF. Takox nig, 4ac NeKuii BUKOPUCTOBYIOTLCA Bifeo, NoB’A3aHi 3 BUBYEHHAM
TUX YU IHWKX Tem 3 Kypcy GisuKKU. Bci NUTaHHA, 3ani1aHoBaHI Ha NeKLit0, PO3ri1AAaloTbCA B CUHXPOHHOMY PEXMMI Yacy, nig vac
AKOrO CTYAEHTM MatOTb MOMKAMBICTb CMiNKYBAaTUCA 3 BMKNAZAYeM, 334aBaTW NUTAHHA. Ha MPaKTUYHWUX 3aHATTAX 3 Oi3nKK
BinOyBa€eTbcA po3B’A3yBaHHA 33434, 6iNbl AeTanbHO PO3rNAAAOTLCA AEAKi TEOPETUYHI NUTAHHA, Mig, Yac ONaHyBaHHA AKUX Y
CTYAEHTIB BUHUKNM CKNAAHOLL, NPOBOAUTLCA NOTOYHMI Ta MOAY/IbHUIA KOHTPOb, BiAOYBalOTLCA AONOBIAI | 3aXxUcTU pedepaTis,
HanucaHHA AKMX NepegbayeHo NaaHOM opraHisauii camocTiiHoT poboTu cTyaeHTiB. 1N NOTOYHOIO KOHTPO/IIO 3HaHb CTYAEHTIB 3
bi3VKM BUKOPUCTOBYIOTLCA AK TPaguUiliHi GOpMU KOHTPOAK, TOBTO ONWUTYBaHHSA, GiSUYHUI AMKTAHT, 3a4adi, Tak i TecTosi
3aBAaHHA B Google Forms. MoaynbHuii KOHTPOAb 3 $i3nKK ABNAE coboto 3aBaaHHA B Google Forms, WO Mae KOMMNAEKCHUM
XapaKkTtep, TO6TO MiCTUTb TECTOBI TEOPETMYHI NUTAHHA 3 BapiaHTamMM Bignosigen, 3aBAaHHA Ha CMNiBCTaBAEHHA maTepiany, AKICHi i
KinbKicHi 3apaui 3 ¢i3MKK. JlTabopaTopHi 3aHATTA, WO 3aniaHoOBaHi Nporpamoto 3 ¢isnKKM, TaKoXK NPOBOAATLCA AUCTAHLINHO Y
peXunMi Bifeo-KOHPEepPEHL,i 3 BUKOPUCTAHHAM BipTyasbHWUX NabopaTopHMx pobiT, aHimau,ii Ta Bigeo, 6eanocepeaHbo NOB’A3aHMX
3 TeMot0 1abopaTopHOi pobOTH. 3a HEOOXiAHOCTI, BUKAaLAui NPOBOAATL OHNAMH-KOHCYNbTaLi 3i CTYyAEHTaMM, BUKOPUCTOBYHOUM
Google Classroom, gonaTtkn-meceHaskepu Viber i Telegram, a TaKOXK eN1eKTPOHHY NOLWTY.

[Ona BuBYeHHA edEKTUBHOCTI AUCTAHUIAHOIO HaBYaHHA i3vKKM 6yN0 BUKOHAHO MOPIBHAHHA YCMIWHOCTI CTYAEHTIB i3
3a3HayYeHol AMCUMMNIIHM 33 pesy/ibTaTaMM OYHOrO0 HaBYaHHA MPOTATOM OCiHHbOro cemectpy 2019/20 H/p Ta AMCTaHUiNHOIO
HaBYaHHA NPOTAroM ociHHboro cemectpy 2020/21 H/p. Pe3ynbTaTtv BecHaHoro cemectpy 2019/20 H/p He BK/OYEHO A0 po3raaay,
OCKiNIbKM OCBITHIlA NpoLLEC NPOTATOM BKa3aHOTO CeMecTpy BiAbyBaBCA AK B OYHIM (40 KapaHTWHY), TaK i B AUCTaHUiAHIA dpopmi
(nicna BBeAEHHA KapaHTUHY). TaknMm YMHOM, By10 ONpaLbOBaAHO PE3YNbTaTH YCNILLHOCTI 3 Gi3UKM CTYAEHTIB 7 aKaAeMiyHUX rpyn
HTY, wWwo HaB4atoTbeA 3a cneuianbHoctammn 015 «lMpodeciiiHa ocsita (TpaHcnopT)», 121 «IHKeHepisa NporpaMHOro 3abesneyeHHs»
(2 rpynu), 122 «Komn'toTepHi Hayku» (2 rpynu), 131 «MpuknagHa mexaHika» Ta 193 «leopesia Ta 3emsieycTpit». 3aranbHa
KiNbKICTb CTYAEHTIB 3a3HaYeHUX TEXHIYHUX CMeLiaNbHOCTeN, WO CKAaZanu icnuTh 3 GisMKM 33 pe3ybTaTaMu O4YHOTO HaBYAHHSA
(ociHHin cemectp 2019/20 H/p) ctaHosBuna 131 ocoby, a 3a pesynbTaTamMu AUCTAHUIMHOTO HaByaHHA (OCIHHIN cemecTp
2020/21 H/p) — 111 ocib. OcBiTHii NpoLec NPOTAroM ABOX 3a3HAYEHNX CEMECTPIB Y BKa3aHMX aKageMiuHuX rpynax 34iicHioBanu
Ti cami BUKnagadi. OLiHIOBAHHA 3HaHb 3 i3nKM CTYAEHTIB BKa3aHMX cnewiaibHOCTel 04HOT GOpMM HaBYaHHSA 34iMCHIOBANOCA 3a
100-6anbHot0 WwKanoto EKTC 3a HaKoNWMYyBa/NbHOK CUCTEMOLO, 3riQHO 3 AKOK CTYAEHTM MPOTArOM CEMECTPY 3a BCi BMAM
HaBYaNbHOI AifNIbHOCTI MorAun oTpumaTu 60 6anis, a Nig Yac cknagaHHA NigCyMKoBOro KoHTpoJto (icnuty) — 40 6anis. BignosigHo
00 uboro, cymi 6anis Big, 60 g0 63 Bignosigae niacymkoBa ouiHKa «3aaosinbHoy (E), Big 64 ao 73 — «3agosinbHo» (D), Big 74 fo
81— «[lo6pe» (C), Big 82 no 89 — «a06pe» (B), Big 90 go 100 — «BiamiHHO» (A).

Ha puc. 1 npeactaBneHo posnogin nifCyMKOBUX OLHOK 3 i3WKM CTyAEHTIB BULLE3a3HauYeHUX crneuiasibHoCcTel 3a
pesyabTaTaMy OYHOro HaBYaHHA NPOTArOM OCiHHbOro cemectpy 2019/20 H/p Ta AUCTAHLIMHOIO HaBYaHHA MPOTATOM OCIHHbOTO
cemecTpy 2020/21 H/p. Ha BKa3aHOMY PUCYHKY BMAHO AKa KiNbKiCTb CTyAeHTIB (Y BiACOTKAX, OCKINbKM B 3a3HaYeHWUX 4BOX H/p
icnuTh 3 $isnKM cKnagana pisHa KinbKicTb 0cib) i3 3aranbHOI KiIbKOCTI OTPUMANM Ty UM iHLWY NiACYMKOBY OUiHKY 3 $i3unKkM 3a
pe3ynbTaTamMu O4YHOTO Ta AMCTAHLiIMHOro HaBYaHHA.
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Puc. 1. Po3nogain nigcymkoBuX OuiHOK 3 di3uKM 3a pe3y/ibTaTaMy OYHOro HaBYaAHHA NPOTArOM OCiIHHbOFO CEMECTpY
2019/20 H/p Ta AUCTAHLIIHOTO HaBYaHHA NPOTArOM OCiHHbOTO cemecTpy 2020/21 H/p

Buasuaoca, Wo po3nogin niACYMKOBMX OLIHOK 3 Oi3MKM Yy ABOX 3a3HAYeHUX CeMecTpax AOCUTb BiApi3HAETbCA.
Po36ixHicTb, B NnepLuy yepry, NposaBMIaca B KiIbKOCTi OTPMMAHMX NiACYMKOBUX OLHOK A. 30Kpema, Nnif Yyac gMCTaHLuinHoi popmm
HaBYaHHA KiNbKiCTb CTYAEHTIB, W0 OTpUManu 3 Gi3vKM NiaCYMKOBY OLiHKY A, 3pocna Ha 11.1 % y NopiBHSAHI 3 KiNbKiCTIO CTYAEHTIB,
Lo oTpMManu A nig yac o4yHoi popmu HaBuaHHA. LLlogo KinbKocTi nigcymkosux ouiHok B, C, D i E, To po36ikHicTb B iX KinbKoCTi 3a
0Ba 3a3HavyeHi cemecTpu BUABUIACA HE TAaKOKO CYTTEBOID. 30KPEMA, KiNbKICTb CTYAEHTIB, L0 OTPUMAN NiacymkoBi ouiHkm B, C, D
i E 33 pe3ynbTaTaMn AUCTAHLINHOMO BUBYEHHA Bi3UKKM, cMcTemMaTMyHO 3meHwnnaca Ha 0.4 %, 4.9 %, 3.6 % Ta 2.2 % signosigHo y
NOPIBHAHHI 3 KiNIbKICTIO CTYAEHTIB, WO OTPMMaAM 3a3HayeHi OLiHKM 3a pe3y/ibaTaMM OYHOrO BMBYEHHS ¢i3uKKU. PiBeHb AKoCTi
HaBYaHHA, TOBTO BiACOTOK CTYAEHTIB, LLO OTPUMANN NiACYMKOBI OLiHKM A, B i C, nig Yac ANCTaHLiMHOIo HaBYaHHA OPiIBHIOBAB
50.8 %, a nig, 4ac o4HOro HaB4YaHHA — 45 %.
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AIK BUAHO 3 puc. 1, 33 pe3y/nbTaTaMu AMCTAHLIMHOTO HaBYaHHA i3VKM MOXKHa BWUAIIUTU ABi Halbinbwi niarpynu
CTYAEHTIB, WO OTPMMAAM MiaCyMKOBi OuUiHKM A (23.8 %) Ta E (30.2 %) BianoBiaHo. OCTaHHE O3Ha4ae, WO CTYAEHTU OZHIEl 3
BKa3aHMX NiArpyn ycnilwHO BWKOHYBanW yci BMAM 3aBAaHb 3 isMKKM MPOTATOM CEMECTPY, B SKOMY OCBiTHiA npouec 6yno
OpraHi3oBaHO B AMCTaHLiNHIM Popmi, Ta, BiANOBIAHO, OTPUMANN MAaKCUMaIbHY NiACYMKOBY OLiHKY A. CTyAeHTM iHLOT 3a3Ha4YeHoi
niarpyny NpUMKAaganyM MiHimanbHi 3ycunna nif 4ac AMCTaHLIMHOIO HaBYaHHA Ta 3aZ0BOJIbHUANUCA OTPUMAHHAM MiHIManbHOI
niAcymMKoBOi ouiHKM E. Taka TeHAEHLUis crnocTepiranaca B KOMHiM akaZeMiyHil rpyni ctyaeHTiB. OTpumaHi y faHin poborTi
pe3y/ibTaTu B LiIOMY Y3roAKytoTbCa 3 pesyabTaTamu pobotu (flebeaesa & Hopik, 2020), B AKil BiA3HAUEHO, WO B MEXKaX KOXHOI
aKagemiyHol rpynu MOXKHa BUAIAUTM ABi HaMBiNbli CYKYMHOCTI CTYAEHTIB, AKi OTPMManM MaKcMmanbHi Ta, BiANOBigHO,
MiHIMa IbHi NiACYMKOBI OL,iHKM 3 AUCUMNAIH MaTEMATMYHOIO LMKY 33 pe3y/bTaTaMy AUCTaHLiMHOIO HaBYaHHA.

HeobxifHO Big3HaAuUMTK, WO AMCTaHLiiHe HaBYaHHA Qi3nKK y cydacHOMy dopmaTi BUABMAOCA Binbll NpuaaTHUM Ansa
aKTUBHUX | OpraHi3oBaHUX CTYAEHTIB. Y TOM Ke 4Yac, CTYAEeHTU 3 HU3bKMM PiBHEM CamMOOpraHisauji BUABUAMUCA NMCUXOIOTIYHO
HEroToBMMM A0 AWMCTAHLIMHOrO HaBYaHHA Ta, AK HACNIAOK, OTPMMANM MiHIManbHI MiACYMKOBI OUiHKKM 3 ¢i3nKK. 3abopoHy
BiggiayBaTM 3BO uyepe3 KapaHTUHHI OBMEKEeHHA 3a3HauyeHi CTYAEeHTM CMPUNHANM AK NPUBIL HE MPUAINATU HANEXHOI yBaru
OCBITHBOMY MpOLEeCY, MOMWUIKOBO BBAXKAlOUM KApPaHTUH Ta AMCTAHLiMHE HaBYaHHA TaKMMW cobi KaHikynamu. CuTyauis, Wwo
CK/M1anacA, OCTaTOYHO Ae30praHisyBana Takux CTYAEHTIB, 3aBaXasa IM 30cepeamTUCa Ha HaBYaHHI. Pasom 3 TuMm, Wwob ycniwHo
HABYATUCA B yMOBAX NPOBEAEHHS OCBITHbOIO NPOLLECY B ANCTAHLINHIA popmi, CTyAeHTaM HeobxigHO NpuKknaaaTm binblie 3ycunb
i BUTpayaTh HaBiTb Ginblue yacy, HiX Nig Yyac o4Hoi popmm HaByaHHA. Kpim Toro, nig, Yac AUCTaHLiAHOTO HaBYaHHA BMPIiLLIAIbHOIO
3Ha4YeHHA HabyBae camocTiiHa poboTa CTyAeHTiB, WO BUMarae Big HUX HeabUAKOro piBHA camoopraHisau,i.

TaKMM YMHOM, AUCTaHLiMHA dopma HaBYaHHA Gi3NKKN CTYAEHTIB TEXHIYHUX cneuianbHocTel HTY aK BuMyweHa mipa nig,
yac naHaemii 3 JOCTaTHLOK e(PEKTUBHICTIO 3aMiHMNA O4HY GOPMYy HaBYAHHA. B mofanbliomy, Ha AYMKY aBTOpPiB, €/1eEMEHTH
OUCTaHUiMHOT GOPMM HaBYAHHA MOXKYTb BUKOPUCTOBYBATUCA AK AOMNOBHEHHA A0 04HOi popmu. OfHaK, 6inbll ePpeKTUBHOO MOXKe
6yTK 3miwaHa (ribpmuaHa) popma HaBuaHHA (Kncenbosa, 2020), nig, 4ac AKOT AeAKi BUAM 3aHATb 3 Gi3MKM MOXKYTb NPOBOAUTUCA
OMUCTaHUiMHO (HanpuKaag, Nekuii), a iHwi — o4yHo B ayguTopiax 3BO (HanpuKknaa, NpakTUYHI i NabopaTopHi 3aHATTA, KOHCYbTaLi).
Take NoefHaHHA BKa3aHMX GpOpM HaBYAHHA HAZACTb OCBITHBOMY NPOLLECY AOCTAaTHbOI FHYYKOCTI HAa BMNAZLOK Kpu3, NoaibHux
HUHIWHIM NaHAeMIi, a TaKOX BiAKPWUE HOBI MOXKINBOCTI A/1A YCiX Y4aCHUKIB OCBITHBOIO NpoLecy.

BUCHOBKUM TA NEPCNEKTUBU NOAANBLUIOIO AOCNIAKEHHA

TaKMM YMHOM, aHasi3 YCNiWHOCTI CTYAEHTIB TEeXHIYHUX cheuianbHocTen HTY 3 ¢isnKM 3a pesynbTaTamy OYHOro Ta
OUCTaHUiIMHOrO HAaBYaHHA BUABMB CYTTEBY PO3biXKHICTb B pO3nogini NiaCyMKOBUX OLHOK 3 BKa3aHOi gucumnaiHi. 30Kpema, 3a
pe3ynbTaTamu AUCTAHLIMHOIo HaBY4aHHA Gi3UKM MOXKHa BUAINUTY ABi HAWBINbLLI NiArpynuU CTYAEHTIB, WO OTPUMAAN MaKCUMabHi
(A) Ta, BignosigHo, miHiManbHi (E) niacymkoBi ouiHKM. OCTaHHE CNOCTEPIranoca B KOXHI akagemiyHin rpyni ctyaeHTis. PiBeHb
AKOCTI AMCTAHLINHOro HaBYaHHA isnKK, TOBTO BIACOTOK CTYAEHTIB, WO OTPMMaNM NiLCyMKoBi oLiHKM A, B i C, nopisHioBas 50.8 %
i BuABMBCA Ha 5.8 % BULLMM, HiXK 33 pe3ynbTaTaMy OYHOTO HaB4yaHHA. OTXKe, AWCTaHUiMHa dopma HaBYaHHA GisnKKM nig vac
KapaHTMHY 3 A0CTaTHbOI ePEKTUBHICTIO 3aMiHUAa OYHY GOPMY HaBYaHHA. OfHaK, AUCTaHLiiHe HaBYaHHA Gi3UKKM Y cydacHOMY
dopmaTi BUABMNOCA MEHLW NPUAATHUM ANA CTYLEHTIB 3 HU3bKMM piBHEM CaMOOpPraHi3alii. 3a3HayeHi CTyAeHTU BUABUMAMUCA
NCUXONOTYHO HErOTOBUMM [0 AMUCTAHLIMHOrO HaBYaHHA Ta, BIANOBIAHO, OTPUMANN MiHIMabHI NiACYMKOBI OLLIHKK 3 ¢i3nku. B
noAanblwomy, Ha AYMKY aBTopiB, binbw edeKTUBHOO MOXKe ByTH 3miaHa popma HaBYaHHA i3nKK, AKA CNpUATUME aKTUBI3aLLl
OCBITHbOrO Mpouecy Ta NiABULWMTL MOTUBALLIIO A0 HAaBYAHHA Y CTYAEHTIB 3 HU3bKMM piBHEM COMOOPraHisauii. OCTaHHE MoXe
CNpuATK B6inbl rNM6OKOMY 3aCBOEHHIO CTyAeHTamM Gi3nKM Ta NiABULMTM edEKTUBHICTb OCBITHbOTO nNpotiecy B 3BO.

HactynHy poboTy nnaHyeTbCA NPUCBATUTM BCTAHOBAEHHIO POAIi 3334 MiXKNPeaMeTHOro 3MiCTy B aKTUBI3aLLii OCBITHbOro
npowecy nig Yac AUCTaHLiMHOro NpoBeAeHHA NPAKTUYHUX 3aHATb 3 Gi3UKM | MAaTEMATUKKN B TEXHIYHOMY YHIBEPCUTETI.
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EFFECTIVENESS OF DISTANCE LEARNING OF PHYSICS OF TECHNICAL SPECIALTIES STUDENTS
UNDER QUARANTINE CONDITIONS
Ruslan Ishchenko, Iryna Gorbunovich
National Transport University, Ukraine

Abstract. Formulation of problem. Nowadays, distance learning is especially relevant when the educational process is carried out through the use
of modern information and communication technologies. Physics is known to belong to the cycle of compulsory disciplines of natural
sciences and mathematics, which is studied by students of technical specialties. At the same time, physics is traditionally one of the
most difficult disciplines for most students. Accordingly, the study of the effectiveness of distance learning of physics by students of
technical specialties in quarantine conditions is relevant.

Materials and methods. The results of students' success of technical specialties of the National Transport University in physics based on the results
of full-time and distance learning were processed. The number of students was 242 people. To achieve the purpose of the work, the
following methods are used: analysis and systematization — during the review of scientific publications on the chosen subject of
research; analysis, synthesis, comparison, systematization, generalization — during the processing and discussion of the student
achievements in physics based on the results of full-time and distance learning.

Results. In the presented work it is revealed that the distribution of final grades in physics based on the results of full-time and distance learning
is quite different. In particular, according to the results of distance learning of physics, we can distinguish the two largest subgroups
of students who received maximum (A) and minimum (E) final grades, correspondently. This trend is observed in each academic
group of students. The level of quality of education, which is the percentage of students who received final grades A, B and C in
physics, during distance learning is 50.8 %, that is 5.8 % higher than during full-time education.

Conclusions. Thus, the distance learning of physics of technical specialties students during quarantine has replaced the full-time education with
sufficient effectiveness. However, distance learning of physics in the modern format has proved to be less appropriate for students
with a low level of self-organization. These students are psychologically unprepared for distance learning and, accordingly, receive
minimal final grades in physics. In future, according to the authors, a mixed form of education of physics should be more effective.

Key words: distance learning, full-time education, physics course, final grades in physics, effectiveness of distance learning, students of technical
specialties.
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BUKOPUCTAHHSA IHTEPAKTUBHOTIO IMITATOPA ®I3U4HUX NMPOLIECIB STEP B OCBITHbOMY MPOLIECI
Y 3AKNAZIAX BULLLOT OCBITU

AHOTALIA

Y cmammi 8uknadeHo 00ceid 8UKOPUCMAHHA iIHMeEPAKMUBHO20 imimamopy ¢i3u4HuUX npoyecie Step Ha 3aHAMMAX 3 PI3UKU Y HABYAHHI
cmydeHmie cneyianeHocmel «AzpoiHxceHepis», «[eode3ia ma 3emaeycmpili» ma «Komn’tomepHi HayKu».

®opmynioeaHHa npobaemu. Po3ymiHHA cmydeHmamu OuCyunaiH npupoOHUYO-MamemMamu4yHo20 YUKy, 30Kpemda (hi3UKU 88aMaeEMbCA
0CHOBHOI npobaemoro y 3aKkaadax euwoi oceimu. Bisyanizauyis ¢izuyHux npouyecie donomazae 3po3ymimu, yceidomumu ma
3aceoimu Ginbwicme mem i3uku. A 3a80AKU imimayiliHomy moden8aHHIO cmydeHmu Marome MoXausicmes nobavyumu
npupody npouecie i A8UW, AKi He MOXHA cnocmepieamu He 036poeHUM OKoM abo 6e3 BUKOPUCMAHHA CreyianbHUX MoOMyHHUX
ma dopoaux npunadie. [IpukaadoOM MakKo2o iHMepaKmMueHo20 imimamopy Gi3u4HuUX npoyecie Moxce csiy2ysamu Step.

Mamepianu i memodu. Mamepianom 00CniOHeHHA € CMBOPEHHA Ma 00CaiOHeHHA cmydeHmamu imimayiliHux moodesneli 0158 8uB4YeHHsA
108e0diHKU MPYy#HO20 MAAMHUKA, MAMeMamu4yHo20 MAsAMHUKQ, ABUWA Pe30HAHCY, MEXAHIYHOI X8usi ma 6POYHIBCbKO20 pyxy
8uUKOopucmosyto4u iHmepakmueHuli imimamop ¢izu4Hux npouecie Step Ha 3aHAMMAX 3 izuku. Memoou cnocmepexeHHs,
aHanizy, cucmemamusauii ma MamemMamuyHoOi CMamuCmuKu BUKOPUCMOB8Y8aAUCA O OMPUMAHHA iHopmauil npo
doyinbHicmb BUKOPUCMAHHA iHMePaKkmueHozo imimamopy ¢izuyHux npoyecis Step Npu HA8YAHHI GizuKu.

Pe3zyasmamu. B cmammi onucaHo memoouKy 8UKOPUCMAHHSA iHMepaKmueHo20 imimamopy (i3udyHux npouyecie Step rnpu HaAB4YaHHI Gi3uKu,
30Kpema 8UYeHHi NMPyHHO020 MAAMHUKA, MAMeMAMUYHO20 MASMHUKA, Pe30HAHCY, MEXAaHIYHOI x8usi, 6POyHIBCbKO20 pPyXy;
8i00bpaxceHo pe3ysnbmamu nedazo2iyHo20 ekcrnepumeHmy.

BUCHOBKU. ¥Y302a/16HI0H0YU pe3ysnbmamu 00CAIOHEeHHA MOXCHA CMeepOXy8amu, Wo 8UKOPUCMAHHSA iHMepakmueHo20 imimamopy ¢izudyHux
npouecis Step Npu HaBYAHHI Gi3uKu A0360M5€: 8i3yanizysamu Has4anbHUlU mMamepias; nose2uwumu crnpuliMaHHa Mma Po3yMiHHA
CKAAOHUX Gi3uyHUX ABUW, Ma npoyecis; popmysamu y cmydeHmie 00CAiOHUYbKI KOMnemeHmHocmi; nidsuwumu Mmomusayito
HABYAbHO-Mi3HABAMLHOI DifiAbHOCMI cmydeHmis. Ane pa3om 3 muM, BUKOPUCMAHHA Auwe imimayiliHux modesnel He nidsuwye
AKicmb pizu4HoIl nidzomosku cmydeHmis.

K/TKOYOBI C/I0OBA: ¢izuka, Step, imimauiliHe modentosaHHs, iHmepakmusHuli imimamop, ¢izu4Hi npoyecu, nedazoaivHuli ekcnepumeHm.

BCTYN

MocraHoBKa npo6nemu. CTaTUCTUYHI AaHi, WO MICTATbCA Ha CalTi YKPAiHCbKOro UEHTPY OLiHIOBAHHA SAKOCTI OCBITU
cBigYaTh, Npo Te, WO i3nKa € OA4HUM 3 NpeaMeTOM, AKUA 0bupaloTb Halpigwe ANA CKAAAAHHA 30BHILUHBOTO He3aseXHoro
OUiHIOBaHHA. MMiACYMKM 30BHILUHbOrO HE3aNeXKHOro OLHIOBAHHA OCTaHHIX POKiB CBigYaTb Npo Te, WO B cepeaHbomy 30%
YYaCHUKIB HE MOKYTb NOA0NATM BCTAHOB/IEHHA NOPOra «CKAaB / He CK/aB», a 3HaHHA TUX abiTypieHTiB AKi nogonanum nopir, ane

© J1.€. KoBanbos, M.O. MegBepgesa, |.1. Mobepexenb, 2021.
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¢di3nKa He NoB’A3aHa 3 ix paxom, € nocepegHimu. ToMy y 3aKN1agax BULLLOT OCBITH, Ae di3nKa € HeNPOdiNbHUM NpegMeToM, MOCTAE
npobaema nigBULLEHHA MOTUBAL,T HABYAHHA CTYAEHTIB.

OpHUM i3 3acobiB, WO MOXKe A[O0MNOMOITM BUPIWWTM AaHy nNpobnemy, € BMKOPUCTAHHA B OCBITHBOMY MPOLLECI
iHpopMaLiTHO-KOMYHIKALiMHUX TEXHOJOFiN, 30Kpema iHTepakTMBHOro imitatopa ¢isnyHuXx npouecis Step. BuUKopucTaHHsA
KOMN'IOTEPHUX iIMiTaLiiHMX MoAenei L03BONAE YHAOUHUTM Ta 3p06UTM Binbll 3pO3YMINIMM BaXKKMIN TEOPETUYHMI MmaTepian,
CNPUAE NOKPALLLEHHIO 3HaHb Ta YMiHb CTYAEHTIB.

AHani3 aKTyanbHUX AOCAiIAXKeHb. BUKOPUCTaHHA iHPOPMaALiMHO-KOMYHIKALIMHUX TEXHONOTIM Mig, Yac HaBYaHHA @i3nKK
posrnaganoca 6aratbma HaykoBuamu (Cnobogaxuk, 2019; JiuteuHosa, 2019; KosanboB&/leweHko&Measeaesa&HeHbKa, 2020;
CemeHixiHa&OpyeHKo&YnoBuueHKo, 2020). Y AaHUX JOCNIAKEHHAX AKICHO Ta AOCTYMHO OMMUCAHO BUKOPWUCTAHHA KOMMN'IOTEPHUX
mogenen nig, yac iHaMBigyanbHoi poboTn yyHiB 3 ¢isnkn (CnoboasaHuk, 2019), mogeni BUKOPUCTAHHA CUCTEM KOMM' HOTEPHOIO
MOZENOBaHHA ANnA POPMYBAHHA KOMMETEHTHOCTEM YYHIB 3 NPUPOAHMYO-MATEMATUYHMX npeameTiB (/IuTBMHOBa, 2019),
BMKOPMUCTAHHSA BiZIbHUX KOMN'IOTEPHUX MaTEMATUYHMX CUCTEM MPKU HaBYaHHi ¢isnkn (Kosanbos&/lewweHko&Meapenesa&HeHbKa,
2020) Towo. BUKopUCTaHHA KOMN'IOTEPHOTO MOAENOBAHHA (i3MYHUX NPOLLECIB A4ONOMArae 3p0o3ymiTv Ta 3acBOITU BiNbLIICTb Tem
bi3nKK. A 3aBAAKM IMITALIAHOMY MOAENOBAHHIO CTYAEHTU MatoTb MOXK/IMBICTb NO6aYMTU NPUPOLY NPOLLECIB i ABMLL, AKi HE MOXKHA
cnocTepirat He 036pOEHMM OKOM abo 6e3 BUKOPUCTAHHA creLiasibHUX NOTYXKHWUX Ta 4OPOTUX NPUAaAIB.

Mera crarTi. 3 ornsgy Ha Le MeTot CTaTTi € BUCBITNIEHHSA IHCTPYMEHTAIbHUX MOXK/IMBOCTEN BUKOPUCTAHHA IHTEPAKTUBHOIO
imiTaTopy ¢isnuHux npouiecis Step nig Yac BUBYEHHA AeAKMX Tem Bi3UKKM Ta 06rpyHTYBaHHA AOLLIIBHOCTI OO BUKOPUCTAHHA.

METOAU AOCNIAXKEHHA

Martepianiom AocnigKeHHA € CTBOPEHHSA Ta AOCNIAXKEHHA CTyAeHTamM iMiTauiiHUX moaenel AN BUBYEHHSA NOBELiHKM
NPYXXHOrO MaATHMKA, MaTEMAaTUYHOTO MaATHWUKA, ABULLA PE30HAHCY, MEeXaHI4YHOI XBUAi Ta BPOYHIBCbKOrO pyxXy BUKOPUCTOBYHOUM
iHTepaKTUBHUI imiTaTop di3nyHMX Npouecis Step Ha 3aHATTAX 3 di3MKKM. MeToaM CnocTepeXKeHHA, aHanily, cuctemaTusalii Ta
MaTeMaTUYHOI CTaTUCTUKM BMKOPUCTOBYBAZIUCA ANA OTPUMAHHA iHPopMaLii Npo AOLiNbHICT BUKOPUCTAHHA IHTEPAKTUBHOIO
imiTaTopy ¢isnyHMX Npouecis Step Npu HaBYaHHI Gi3nNKMU.

PE3Y/IbTATU AOCNIAKEHHA

Komn’toTepHi moaeni npu BuBYEHHi i3VKM BUKOPUCTOBYIOTbCA AaBHO Ta AOCTAaTHbO YacTo, 30KpemMa Komn'toTepHe
mogentoBaHHA ¢isnyHoro ekcnepumeHTy (ChoboasHuk, 2019).

Bce vacTiwe B OCBiTi Npy BUKNAZAHHI AWCUMNAIH MPUPOLHMYO-MATEMATUYHOIO UMKAY BUKOPUCTOBYHOTLCA BifIbHI
KOoMN'toTepHi nporpamHi 3acobu (Cnoboganuk, 2019; NiutenHosa, 2019; CemeHunwmnHa&repacumuyk, 2015) i aBTopamu AaHoi
cTaTTi Takoxk (Kosanbos&JleweHko&Measenesa&HeHbka, 2020).

Hamu BMKopucTOBYBaiach onepauiitHa cuctema GNU/Linux, a came anctpubyTtns Manjaro 3 o6onoHKowo KDE Plasma, sk
i B nonepeaHbomy gocnigkeHi (Kosanbos&/leweHko&Meageaesa&HeHbka, 2020), ae i 6y 06rpyHTOBaHU Leit BUBIp.

KDE — ue iHTerpoBaHe cepegosuliue ana Bcix sugis Unix. CninbHoTa KDE niaTpvmye Hinblue cOTHI 3acTOCYHKiB ana Beix
notpeb Ta iHTepeciB. Cepepn HUX € OCBITAHCbKI NpoOrpaMmu ANA LWKOAAPIB, CTYAEHTIB Ta BMKAAAa4yiB, a TAKOX MporpamHe
3abe3neyeHHA AN1A HAYKOBUX AOCNIAKEHD.

Cepeg, BinbHUX NporpamHux 3acobis Hamu bys 06paHUt ANA NPOBeAEHHA NefaroriYHOro eKCnepuMeHTY iHTEPaKTUBHUIA
imiTaTop $i3nyHMX Npouecis Step.

Step imiTye disnyHy noseaiHKy peanbHuX Tif. [0ON0BHOK YacTUHOM BikHa Step € 061acTb ekcnepumeHTy (puc. 1), aka
pPO3MiLLEeHa No LEHTPY rONI0BHOTO BikHa Step. Y Wit 061acTi BU cnoYaTKy po3TalloByeTe 06’€KTH, @ MOTIM CNOCTEPIraeTe 3a iX pyxom.
JNliBopyu Big, 061acTi eKCNepMMeHTY PO3TaLLOBAHO «NAMITPY», 3 AKOT BU MOXKeTe 06MpaTtu Balwi ¢isnyHi 06’ ekTu. «Manitpy» MoxKHa
nepecyHyt y byap-aKke micLe Ha Bawomy poboyomy cToni NPOCTMM NepeTAryBaHHAM 3a nose 3aronoBKa. MpaBopyd Big obnacTi
eKcnepuMeHTy MOXKHa 6a4ymTH ONUC MOTOYHOTO eKCMEePUMEHTY, MOro BAACTUBOCTI, AOBIAKY, LLLO CTOCYETLCA AEAKUX CANiB, Ta iCTOPItO
NMOTOYHOTO eKcnepuMeHTy. KOXHY 3 LiMX NaHeneit MOXHa po3TallyBaTi y BarkaHOMy MicCLyi eKpaHa NPOCTUM NepeTAryBaHHAM 3a
none 3aronoBKa.

o Jhome/leal loxymenThScience/Step/Pr_mayatn.step — Step ele)
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Puc. 1. «Mogenb NpyXXHOro masaTHMKa» B 061acTi eKcnepumeHTy BikHa Step
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Y Step icHye N’aTb NigPYYHMKIB, 32 AKMMU BU MOCNILOBHO 3MOMKETE HABUMTUCA KEPYBAHHIO KOXKHUM 3 enemeHTiB Step.
Haiikpallle noyaTu 3 NepLioro MNiApyYyHMKa HaTUCKaHHAM Ha no3Hayky dainy tutoriall.step. AKwo Bu ue 3pobuTte, y Step byae
BigKpuTo «MigpyyHmk 1». Ha naHeni «CBiT», AKy pO3MilleHO NpaBoOpy4Y, HABEAEHO CMWUCOK BCiX 06’eKTiB y obnacTi Baworo
eKcnepumMeHTy. AKLLO HAaTUCHYTU Ha 06’EKT y LLbOMY CNMCKY, Ha NaHeni «BnacTMBoCTi», po3TalloBaHii HUKYe, byae BifobpakeHo
BN1AaCTUBOCTI 06’€KTa. Tam MOXKHA 3MiHUTM BAACTUBOCTI HATUCKAHHAM HA TY 3 HUX, AKY B BaKaeTe 3MiHUTK.

KoKeH 3 nigpy4YHUKiB CKNAJAETLCA 3 TEKCTY, 32 JONOMOTOH AKOTO B 3MOXKETe 03HANOMUTUCA 3 HOBUMM eNleMeHTamMM Ta
iX BnactMBocTAMMU. BU NOBWHHI ByaeTe 3MiHUTU AeAKi 3 BNacTUBOCTEN 3 METOK OTPUMATU HOBMIN pe3y/ibTaT eKCnepuMeHTy
(Mahfouf, 2021).

Y naKkyHKy Step MiCTUTbCA CiMHAZUATb KOPUCHMX NPUKNAZAiB, AKi 4ONOMOXKYTb Bam po3ibpatnca y npuHumnax pobotu
nporpamu. 3 HAX MM CKOPUCTANUCh INLLE TPbOMA:

e brownian.step — MogentoeTbca BPOYHIBCbKMI PyX YHaCTUHKM (MaNlOETLCA TPAEKTOPIA Y KOPCTKOTO AMCKA, L0 B3AEMOZIE 3
40 YyaCTMHKaMM, fiKi BUNAAKOBUM YMHOM PYXatOTbCA Y 3aKPUTIld NOCYAMHI;

e resonance.step — HaBeZeHo imiTaL,ilo pe3oHaHCy y cucTemMi 3 06epTanbHUM pyLUIEM;

e wave.step — HaBeAeHO iMiTaLilo MexaHiYHOi XBU /.

[ns nepeBipku rinotesn Npo Te, Lo BUKOPUCTAHHSA iMITaLiiHUX MoZenelt B OCBITHbOMY MPOLLECi, 30KpeMa NP BUBYEHHI
di3nKkn NigBUWMTL MOTUBALilO 3400yBayviB OCBITM Ta MOKPAWWTbL pe3ynbTaTM HaByaHHA, Oyn0 npoBefeHO neaarorivyHui
EKCMepUMEHT, B AKOMY Bpanin y4acTb TPY rpynu CTyAEHTIB, AKi HABYAOTLCA 3a CreLiabHOCTAMMU: «ArpoiHxeHepia» (11-im rpyna),
«leopesin Ta 3emneyctpii» (11-3m rpyna) Ta «Komn’toTepHi Hayku» (11-kH rpyna).

Ha pgaHuii Yac ayanTopHa KinbKicTb roAMH, AKa BUAINEHA Ha BUBYEHHA $i3MKM B Kypcax, Wo obpaHi Ana eKcnepumeHTy
Ayxe obmexkeHa, TOMy MW 3yNUHUANCA IMLLIE HA ABOX TEMAX: MeXaHiYHi KOJIMBaHHA i XBUAi Ta OCHOBU MOEKYNAPHO-KIHETUYHOT
Teopii.

[na nepwoi Temn MU 3anponoHyBanW CTyAEHTAM YOTUPWU iMITALIMHUX MoAeni: MPYXKHiM MaATHUK, MaTeMaTUYHWUA
MaATHUK, Pe30HaHC i MexaHiyHa XxBuaa. Ana Apyroi oaHy moaenb — 6POyHIBCbKUI pyX.

Mogenb Npy*HOro MasTHMKa CTYAEHTW NOBUHHI Bynn po3pobuTh «3 Hyna». Im HeobxiaHo 6yno BCTaBUTM 610K, [0 AKOTO
KpinUTbCA MAATHUK Ta 3akpinuTu Moro (puc. 1). MoTim A0 HbOrO NPUEAHATU MPYKMHY Ta Ky/bKy A0 Hei. Kpim Toro ctyaeHTu
BCTaBW/IM B MoZenb rpadik 3a1eXHOCTi MONOXEHHA KYNbKK Bif, Yacy Ta BBIMKHYN CUAY TAMKIHHA. 3anycKaroum iMmiTaLiio cTyaeHTu
NOBWUHHI Bynn NigibpaT ONTUMaNbHY XOPCTKICTb NPYKMHK. MMicna BCiX LUX NiArOTOBYMX POBIT BMUKAETLCA iMiTaLiA Ta 3 rpadiky
BM3HAYaETbCA NEPioa KONMBaHb i 064YMCNOETLCA KOediLiEHT 3 KOPCTKOCTI NPYXKMHM Ta MOPIBHIOETLCA i3 3HAYEHHA Yy «BnactmBocTax»
«Cuctemm».

ImiTauiiHa moaenb mMaTeMaTUYHOIO MasTHWKa Po3pobniAiachk CTyAEeHTaMM aHANONYHO MOZENi MPYXKHOro MasTHWKA
(puc. 2). Nicna BU3HaYeHHs nepiogy KOAMBaHb CTYAEHTU 06YMCIOBANN NPUCKOPEHHS BiIbHOMO NaAiHHSA.

[nA BMBYEHHA Pe30HaHCY 3aCTOCOBYBasacb MOAENb, WO € B NakyHKy Step (puc. 3). o po3pobneHoi moaeni cTyaeHTH
Aopanu rpadik 3aneXHOCTi NONOKEHHA TiNa, WO KOJMBAETLCA Bif, KYTOBOI WBUAKOCTI 0bepTasbHOro pyuwis. Micna nposeaeHHA
imiTauiMHOro eKcnepuMeHTY CTYAEHTU NOBUHHI 6ynun 3p06UTU BUCHOBOK.
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Puc. 2. ImitayiiHa mogenb maTteMaTUYHOTrO MaATHUKA

Puc. 3. Mogenb anA BUBYUEHHA Pe30HAHCY

[na imiTauii mexaHiuHOi XBMAI TaKOXK BUKOPUCTOBYBanach BbyaoBaHa B Step mogens (puc. 4). CTyaeHTV Npu nposeaeHi
imiTauji cnoctepiranu 3a rpadikom 3anexHOCTI NONOXKEHHA 06PaHOT KyNbKKM Big, Yacy. Ha rpadiky cueHM nokasaHo pyx 3eseHoi
YaCTMHKKU. Ha noyaTKy imiTaLii XBUASA PyXy Y CUCTEMI YACTOK 3’€AHAHUX NPYXKUHAMM NMOYMHAE PyXaTUCA Big, YEPBOHOI YACTUHKM.
XBWANA Bifi6’€TbCA Big, CMHBOI YAaCTUHKM | MOYHE PYXaTUCA Y 3BOPOTHOMY HanpAMI, axK AOKM He Bifib’eTbcs Bif YePBOHOT YaCTUHKM.
KonueaHHsA 3racaTMmyTb Yepes po3citoBaHHA eHeprii y Npy»KuHax. Micnsa ekcnepumeHTy CTyAeHTU pobaAaTb BUCHOBOK.

Ona Temn «OCHOBU MONIEKYNSAPHO-KIHETMYHOT TEopii» BUMKOPMUCTOBYBAfNacb /uwWe opHa, BOygosaHa B Step, mogenb
6poyHiBCbKOro pyxy (puc. 5). Ha rpadiky Ta B mogeni rasy BigobparkaeTbCA TPAEKTOPIA }KOPCTKOrO AMUCKY, WO B3aemogie 3 40
YaCTMHKaMM, SIKi BMMAAKOBMM YMHOM pPYyXaloTbCA Yy 3aKpPUTIA nocyauHi. [Ona OTpMMaHHA HAO4YHOI TPaeKTopii HeobxiaHo
cnocTepiraTi iMmiTauito 4OCTaTHLO BEAMKKMIA Yac. Micna 3aKkiHYeHHA imiTawii pobUTbCA BUCHOBOK.
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Puc. 5. Mogenb 6poyHiBCcbKOro pyxy BbyaosaHa B Step
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Tpu rpynu, aki 6yan obpaHi gna npoBeaeHHA eKcnepumeHTy, bynu nogineHi Ha Ai nigrpyny NnpubAn3HO OAHAKOBI 3a
KinbKicTio cTyaeHTis (11-im rpyna — 8+8, 11-3m rpyna — 6+6, 11-kH rpyna — 9+8). Mepeg, noginom 6ynn npoBeseHo TeCTYBaHHA 3a
nonepeaHimu Temamu. CTyaeHTv B niarpynu 6ynm BnbpaHi Tak, wob piBeHb ycnilWHOCTI B Niarpynax 6ys maiixe ogHakosum. OgHa
niarpyna B KOXHiu rpyni 6yna ekcnepnmeHTasbHOLO, @ Apyra — KOHTPO/IbHOHO.

[N ouiHKKM pi3HMUI NiArpyn 3a piBHEM yCMilWHOCTi Hamu b6yB BUKopUcTaHui U-KpuTepint MaHHa-YiTHi. Liei kputepili moxke
33CTOCOBYBATUCb 418 Manux BUBIPOK Ta A03BONAE OUHUTM Pi3HULIIO MK ABOMA BMBIpKamu 3a piBHEM AeAKOi 03HaKM, AKa

BUMIpAHA KiNbKiCcHO.

B skocTi rinotean Hy npuiimaeTbca oAHaKOBICTb PiBHA 03HaKW, a B AKOCTI rinotean H; — BigMiHHICTb piBHA 03HakKkM y
Bubipkax. lNnotesa H, npuiimaetbca, AKLWO eKcnepumeHTanbHe 3HayeHHA Kputepia U bGinblue KPUTUUYHOTO 3HaAuYeHHsA, Ake
Bignosifae pisHio cTaTUCTUYHOI 3HauywocTi p < 0,05: U > Uy, g95- TnoTesa Hy BiaXmnaeTbes, AKWO eKcnepumeHTanbHe
3HauyeHHA KpuTepia U fopiBHIOE ab0 MeHLIe KPUTUYHOIO 3HAYEHHSA, AKe BiANOBIAAE PiBHIO CTAaTUCTUMUHOI 3HauvywocTi p < 0,05:
U < Uyxpoos Ta 3 wWe 6inbliolo JOCTOBIPHICTIO NpuiimaeTbes rinotesa Hy, AKWO ekcnepumeHTanbHe 3HadeHHsa Kputepia U
OOpiBHIOE ab0 MeHLe KPUTUYHOrO 3HAYEHHs, AKe BIiANOBIAAE pPiBHIO CTaTUCTMYHOI 3Hauywocti p < 0,01: U<Ugpoot

(KoBanboB&HeHbKa, 2018).

Hamu 6ynun cpopmynbosaHi rinotesu:
Hy: piBeHb ycnilwHOCTI B eKcnepuMMeHTabHiW Niarpyni He BULLiM 3a piBeHb YCNIWHOCTI B KOHTPO/IbHIM Nigrpyni.
H;: piBeHb ycnilWHOCTI B eKcnepMMeHTanbHiM Nigrpyni BULWMIA 3a piBeHb YCMILWHOCTI B KOHTPOAbHINM Nigrpyni.
Byno npoBeaeHO paH}KyBaHHA BCIi€l rpynu 3a 6anom ycnilWHOCTI Ta 3HalAeHa cyma paHris 33 popmynoto

ne N — KinbKicTb cTyaeHTiB y rpyni.

TZZRl

N-(N+1)
2 )
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MoTim 6ynn 3HAWAEHI CYMU PaHTiB eKCrepumeHTanbHOI | KOHTponbHOT Niarpyn: Teq, Tyq-
EKcnepumeHTasibHe 3Ha4YeHHA KpuTepito MaHHa-YiTHI BU3Havanocb 3a Gopmynoto:

Ny * (nx +1)
f —_ Tx )

ne Ty — 6inbla 3 ABOX paHrOBMX CyM; Ny — 06’€m BUBIPKK 3 BiNbLLIOD PaHFOBOIO CYMOIO.

KpuTUYHI 3HaYeHHn KpuTepito U BM3HaYanuch 3a Tabaumueto (lopoHeckynb, 2009).

Bci Tpu rpynu 6ynv nogineHi Ha nigrpyny TakMM YMHOM, LLO Ha MOYATKYy eKCNEePUMEHTY npuitmanacs rinotesa Hy, To610
BMOpaHi Nigrpynu y KOXKHil rpyni MoKHa BBaXaTW PiBHO3HAYHMMM 3a PiBHEM ycniwHOCTI. MNicns npoBefeHHA eKCnepumeHTy
piBEHb YCMIWHOCTI 3a Temamu byB OLiHEHWI 3a AONOMOrok TecTyBaHHA. linoTesu, AKi onucaHi Buwe 6ynn nepesipeHi 3a
ponomoroto U-Kputepia MaHHa-YiTHi, ekcnepumeHTaibHi 3HaYeHHA AKOro aopisHioBann: 11-im rpyna — 27 (KPUTUYHI 3HAYEHHA
Up0.0s = 15, Upoo1 =9), 11-3m rpyna — 19 (kputnuni 3HaverHs U, 005 = 7, Uxpoor = 3), 11-kH rpyna — 31 (kputuuni
3HaveHHA Uy 0,05 = 18, Ugpo.01 = 11).

3a Temoto «MexaHi4Hi KONMBaHHA | XBUAI» piBEHb YCNILIHOCTI B eKCNepUMEHTaNbHUX NiArpynax CTyAeHTiB, AKi HABYalOTbCA
3a cneujanbHOCTAMU «ArpoiHXeHepia» Ta «leogesia Ta 3emneycTpii» 6yB AewWwo BULMM, HiXK Y KOHTPOAbHWUX Miarpynax.
EkcnepvmeHTanbHi 3HayeHHA U-kputepia MaHHa-YiTHi gopiBHooBanu: 11-im rpyna — 13 (KPUTMYHI 3HAYeHHSA Ukpo.0s = 15,
Ukpo.01 = 9), 11-3m rpyna — 6 (KputnuHi 3HaveHHs Uy, 005 = 7, Uxp .01 = 3), BignosigHo (rinotesa Hy sigxunanace). PiseHb
YCMiLHOCTI B eKCNepMMeHTasbHil Ta KOHTPO/bHIN Niarpynax CTyAeHTiB, AKi HABYalOTLCA 3a cnewjianbHicTio « Komn'toTepHi HayKu»
(11-kH rpyna) 6y npubnausHo piBHMM (npuiimanach rinotesa Hg), ekcnepumeHTanbHe 3HayveHHA U-kputepia MaHHa-YiTHI
£0piBHI0BaNO — 24 (KpUTUUHI 3HaYeHHA Uy 0,05 = 18, Upo.01 = 11).

3a Temoto «OCHOBU MOIEKYNAPHO-KIHETUYHOT Teopii» piBeHb YCMIWHOCTI B €KCNePUMEHTANbHUX Ta KOHTPO/bHMUX
nigrpynax Bcix cnewianbHOCTEN NpakTMYHO ByB 0gHaKOBUM (Npuiimanacs rinotesa Ho). EKcnepumeHTanbHi 3HaueHHs U-kpuTepis
MaHHa-YiTtHi gopisHiosanu: 11-im rpyna — 21, 11-3m rpyna — 12, 11-kH rpyna — 23.

Taki pe3ynbTaTi eKCNepuMeHTY, Ha HaLy AYMKY, MOACHIOIOTLCA HACTYNMHUM: OAMH NPOBEAEHUM IMITALINHUIA eKcnepumeHT
32 TeMoto «OCHOBM MOEKYAAPHO-KIHETUYHOT Teopii» He Mir MiABUWMTM PiBEHb YCAILWHOCTI BMBYEHHA Li€i Temu, a Tomy
pe3ynbTaTV TeCTYBAHHA B €KCNEPUMEHTA/IbHUX Ta KOHTPO/IbHUX NiArpynax He BiApi3HANUCH.

CTyneHTH, AKi HaBYalOTbCA 3a cneujanbHicTi0O «Komn'toTepHi HayKM» LWOAEHHO B OCBITHbOMY NpOLLECi MaloTb CNpaBsy 3
KOMM'IOTEPHUMW TEXHOOTIAMM | 3aCTOCYBaHHA iMITALiMHUX mogenei He CUAbHO iX 3auikaBuo. Ana Uiel rpynu cTyaeHTis
HeobXigHO 3HaNTM iHWY MEeToAMKY NPOBEeAEHHA 3aHATb 3 iMiTaLieto Gi3MYHUX NPOLECiB.

CTYLEHTM, AKi HAaBYAKOTLCA 33 CReELiaNbHICTIO «ArpoiHXeHepia», B eKCnepMmeHTanbHii niagrpyni nokasanu 3a Temoto
«MexaHiYHi KONMBaHHA i XBWUAiI» KpalLin piBeHb ycniwHocTi. Lle WmosipHiwe nos’A3aHO 3 TUM, WO AaHa Tema binbw TicHO
nos’s3aHa i3 cnewiasibHMMM 3HaHHAMM 3a IX MalibyTHBOO creLjiasbHICTHO.

U=(n1'n2)+

BUCHOBKUM TA NEPCNEKTUBU NOAANbLLOIO AOCNIAXEHHA

BuKOpUCTaHHA iHTEpaKTMBHOrO imiTatopy ¢i3M4HMX npouecis Step Npu HaBYaHHI i3MKM [03BONAE: Bi3yanidyBaTu
HaBYa/IbHWMI MaTepia; NONErWnTU CIPUAMAHHA Ta PO3YMIHHA CKAagHUX isMYHMX ABML, Ta NpoueciB; popmyBaTh y CTYAEHTIB
LOCNIAHWUDBKI  KOMNETEeHTHOCTI; MiABMWMTM MOTMBALiD HaBYa/ibHO-Mi3HABaNbHOI AiANbHOCTI CTyAeHTiB. Paszom 3 Tum,
BMKOPWUCTAHHA AnLLE iMITaLitHUX Mogeneit He NiABULLMTb AKICTb Gi3MYHOI NiAroToBKM cTyaeHTiB. OTXKe, NoTpibHO BiANOBiAHO A0
6a30B0i MiArOTOBKM CTYAEHTa, CMewiaNbHOCTI Ha AKi BiH HABYAETbCA, PIBHA 3aCTOCYBaHHA 3HaHb 3 ¢i3MKM y noganbliil
npodecinHin gisnbHocTi nigbupatn metoan, dopmm Ta 3acobm HaBYaHHA, WOO CTBOPUTU YMOBU A5 ePEKTUBHOIO OCBITHBOTO
npouecy. Hawi noganbwi gocnigKeHHA CNpAMOBaHi Ha PO3POOKY METOAMKM BUBYEHHS CTyAeHTamu ¢isMyHUX npouecis 3a
[0MOMOrOH0 iMITaLiMHOrO MOAENIOBAHHSA Y KOMMAEKCI 3 MeTOAaMM A0CAIAHULbKOTO HaBYaHHA.
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USE OF THE INTERACTIVE SIMULATOR OF STEP PHYSICAL PROCESSES IN THE EDUCATIONAL PROCESS
IN HIGHER EDUCATION INSTITUTIONS
Leonid Kovalov, Ivan Poberezhets
Uman National University of Horticulture, Ukraine
Mariia Medvedieva
Pavlo Tychyna Uman State Pedagogical University, Ukraine

Abstract. The article presents the experience of using the interactive simulator of physical processes Step in physics classes in teaching students
majoring in "Agricultural Engineering"”, "Geodesy and Land Management" and "Computer Science".

Formulation of the problem. Students' understanding of the disciplines of the natural-mathematical cycle, in particular physics, is considered to
be the main problem in higher education institutions. Visualization of physical processes helps to understand, comprehend and master
most topics of physics. And thanks to simulation, students have the opportunity to see the nature of processes and phenomena that
cannot be observed with the naked eye or without the use of special powerful and expensive devices. An example of such an
interactive simulator of physical processes is Step.

Materials and methods. The research material is the creation and study by students of simulation models to study the behavior of the elastic
pendulum, mathematical pendulum, resonance, mechanical wave and Brownian motion using an interactive simulator of physical
processes Step in physics. Methods of observation, analysis, systematization and mathematical statistics were used to obtain
information about the feasibility of using an interactive simulator of physical processes Step in teaching physics.

Results. The article describes the method of using the interactive simulator of physical processes Step in the teaching of physics, in particular the
study of the elastic pendulum, mathematical pendulum, resonance, mechanical wave, Brownian motion; the results of pedagogical
experiment.

Conclusions. Summarizing the results of the study, it can be argued that the use of an interactive simulator of physical processes Step in teaching
physics allows you to: visualize the training material; to facilitate the perception and understanding of complex physical phenomena
and processes; to form research competencies in students; to increase the motivation of educational and cognitive activities of
students. But at the same time, the use of only simulation models does not improve the quality of physical training of students.

Key words: physics, Step, simulation modeling, interactive simulator, physical processes, pedagogical experiment.
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HOPMATUBHO-MPABOBI 3ACAZIU PO3BUTKY BULLLOT OCBITU B YKPAIHI B YMOBAX EBPOIHTEMPALLIT

AHOTALIA

dopmyntoeaHHA npobaemu. BussneHHsA nosumusie i HeA0iKie HOPMAMUBHO-MPABOBO20 014 Y 2aaYy3i 8ULWLOT 0C8IMU 3 ypaxy8aHHAM 00C8i0y

PO38UHYMUX €8POMELICbKUX KPAiH € 8aM/UB0K MepedyMosoro YCriWHOCMI 3arNoYamKO8aHUX MepemeopeHb y KoHmeKcmi
po36ydosu 0eMOoKpamu4Ho20 Mpagos8o2o CycninbLCmeaa.

Mamepianu i memodu. OcHo80t0 00CNIOHEeHHA CMasu HO8IMHI HOPMAMUBHO-NPABO8I AKMU 8 2as1y3i BUUW,OI 0C8IMU YKpaiHU, CIPAMOBAHI Ha

adanmayito 8iM4Yu3HAHO20 3a0KOHOOa8cMea 00 €8ponelicbKo20 HayKoB0-0C8iIMHLO20 Mpocmopy. [na docaeHeHHA memu 6yn0
BUKOPUCMAHO MemoOu MeopemuYyHo20 PiBHA HAYyKOB020 Mi3HAHHA: icmopiozpagiyHuli aHani3, NopieHAHHA, AHAAMI3, cCUHMeS,
y3020/1bHEeHHA.

Pe3ynemamu. lpedcmasaeHo cmpyKkmypy YUHHOI HOPMamMuBHO-MpPagoeoi basu y 2anysi suwoi oceimu YKpaiHu, cxapakmepu308aHO OCHOBHI

2pynu 3aKoHOOaB8YUX | MIO3AKOHHUX GKMIB, WO MAme pi3Hy Opudu4Hy cusy. Y3azanbHEHO HOB088E0eHHS, 3arpo8adHeHi
HOBUM 3aKOHOM YKpaiHu rpo suwly ocgimy (2014 p.), NopieHAHO 3i cMapoto pedaKyiero 3a3Ha4eH020 3aKOH00a84020 aKMYy.
Po3kpumo ocobsausocmi 3akoHy «[1po 8HeceHHsA 3miH 00 OeaKux 3aKOHI8 YKpaiHu w000 NpucyOHeHHs HayKo8UX CMyneHie»
(2021 p.), HayioHaneHoi pamku Keanigikayili (2020 p.) ma lNpogpeciliHozo cmaHdapmy Ha epyny npogecili «Buknadayi 3aknadie
suwoi oceimu» (2021 p.), cmpamezidHux OOKyMeHmis, uj0 8U3HA4YaOMb Npiopumemu po38umKy 0C8imu mMa AI0KAAbHUX AKMig
3aKnadie sUWOI 0C8iMU, OKpecseHo nepcrekmusu Modasnbuwo20 po3pobaeHHa 0bpaHoi npobaemu. Ocobnausy yeaay npudineHo
aHanizy Cmpamezii po3sumky oceimu YkpaiHu Ha 2021-2031 poKku. BuseneHo, wjo 8 ymosax naHoemii ma yugposizayii
cycninbecmea 3pocmae 3HAYeHHSA OHAAlH-3ax00i8, HA AKUX 30iliCHIOEMbCA aKMueHe 062080PEHHA KOHUENMYyasabHUX 3acad
pegopMysaHHaA 2asny3i ma 8iOKPUBAOMbCA HOBI MOM/IUBOCMI 0414 3a7y4eHHA 6CiX 3aUuiKasaeHuUx cmopiH ma 3apybiXHux
eKkcnepmis.

BucHo8Ku. KoHCmamogaHo, wWo enpodoex: OCMAHHIX poKie 8idbynocs OUHAMIYHE OHOB/EHHA HOPMAMUBHO-MPABOBUX 3ACA0 PO3BUMKY

suwoi ocgimu; 6ys10 yx8asneHo HU3KY 30KOHI8 YKpaiHu ma nid3aKoHHUX aKmis, ujo Micmameo HO8i euMmozau 00 AKocmi npogeciliHoi
nidezomoeku malibymHix gaxisuie, y3200xceHi 3 eaponelicokumu cmaHoapmamu. 3aKUeHMoB8aHo yeazy Ha NUMAaHHI amecmaujii
HayKoeo-nedazozivHuUx Kadpie ma KoHKpemu3ayii sumoa 0o suknada4is 3aknadie suwjoi oceimu. [epcriekKMUBHUMU HANPAMAMU
po3pobaeHHsA 0bpaHoi Npobaemu € 800CKOHAMEHHA cucmeM 8HYyMpiWHb020 3abe3rneyeHHs AKocmi ocgimu, nid2omosKka 3aKOHY
«[po ducmaHyiliHy ocsimy» ma po3pobaeHHA HOPMAMUBHO-MPAB0B020 Cyrnposody peanizayii Cmpamezii pozsumky suwjoi
ocgimu Ykpaitu Ha 2021-2031 poku.

K/IKDYOBI C/IOBA: HopmamueHo-npagosi 3acadu, 3akoHooas4ya 6a3a, po3sUMoK 8UwWoi oceimu, nidecomosKka ¢axisyie, espoiHmezpayis,

bosnoHebKuli npoyec, eOuHuli egponelicoKuli ocsimHili npocmip.

BCTYN

MocraHoBKa npo6aemu. CborogHi B KOHTEKCTI pedopMOTBOPUMX MPOLECIB, CMPAMOBAHUX Ha CTAHOB/IEHHA NPaBOBO(

OeprKash,

YTBEPAKEHHA TYMAHICTUYHMX ULiHHOCTEM, po36yLoBy [AEMOKPATUYHOTO TFPOMALAHCLKOIO CyCMifbCTBa, 3aXMCT

CTpaTeriyHnX HaLioHaNbHUX iHTEPeCiB B yMOBax r106a/i30BaHOrO CBITy, yBara AepKaBHUX Ta FPOMAACHbKUX CTPYKTYP NPUKYTa L0

© 1.B. Kops-YceHko, M.d. Pubanko, 2021.
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npobs1emy OHOBNEHHA CUCTEMW BULLOI OCBITU. BaxNMBOIO 3amopyKor YCMIWHOCTI 3ano4aTkoBaHUX B YKpaiHi nepeTBopeHb €
BAOCKOHA/NIEHHA NPaBOBOro MO/IA Ha OCHOBI BpaxyBaHHA MO3UTMBHOMO AOCBiAY KpaiH-uneHiB €EBponeiicbkoro Coto3y Ta
po3pobneHHA 3acobiB iMnaemMeHTaLii HOPM YMHHOTO 3aKOHOAABCTBA Y NPAKTMKY BMLLOT OCBITU HALLOi AepiKaBK.

IcTopiorpadiyHuii aHani3 Nokasye, WO A0 BUBYEHHA Pi3HMX aCNEKTiB CTaHy HOPMaTMBHO-NPABOBOI 6a3un B ranysi BMLLOT
ocBiT 3BepTanuca O. ABTeHIoK, A. Binoyc, [l. BopoH, B. BopoHa, /1. Tonosii, K. Fopobeub, C. Knenko, B. /lyrosuii, Y. MapnaH,
J1. MpokoneHKo, H. MpoTacos.a, /1. MweHn4yHa, C. CeixkeBcbka, M. Ctenko, A. YepKkawwuH, . Yupea, C. LUKapaeT Ta iHwi. CyyacHi
TeHAeHUji PO3BMTKY BULWOI OCBITU B YKpaiHi 3HaWAM BigobpaxkeHHA B po3BigKkax B. AHapyuweHKa, A. BepbuupbKoi, O. Napaluyk,
M. OeHuceHko, K. Kopcaka, B.KpemeHsa, B.KyueHko, C.MapTtuHeHko, C.HikonaeHka, A.CbpyeBoi, H.TepeHTbeBOI,
M. AcTpybcbKoro Ta iHWMX. Ycnixam Ta npobaemam 3amnpoBagyKeHHA €BPONENCbKMX CTaHAAPTIB Y KOHTEKCT BITYM3HAHOMO
3aKOHOZABCTBA B ra/ysi BULLOI OCBITU, AOCBiAY peanisaLii yHiBepCMTETCbKOI aBTOHOMIi Ha NPUKAagi NPoBiAHUX yHiIBEpCUTETIB
YKpaiHu, 3HauHy yBary npuaineHo y npayax C. Ksita.

Merta cTaTTi — PO3KPMTU HOPMATMBHO-NPABOBI 3acagn PO3BUTKY BMLLOT OCBITM YKpaiHW B yMOBaXx €BPOIHTErpaLinHuX
npouecis Ta BUABUTM NEPCNEKTUBHI HanpaAmM po3pobaeHHs obpaHoi npobaemu.

METOAU AOCNIAXKEHHA

OCHOBOW [0CNIgXEeHHA CTaNM HOBITHi HOPMATWMBHO-MPABOBI AKTWM B rany3i BULWOI OCBITM YKpaiHW, cnNpsAmOBaHi Ha
afanTauito BITYM3HAHOrO 3aKOHOAABCTBA A0 EBPOMENCHKOrO HayKOBO-OCBITHbOrO NPOCTOPY, icTopiorpadiyHnin aHanis, aHanis,
CMHTE3, NOPIBHAHHA, y3araJibHeHHs.

PE3Y/IbTATU AOCNIAXKEHHA

Y po3Biaui nNpeacTaBneHO CTPYKTYPY UMHHOI HOPMATMBHO-NpaBoBOi 6a3nM B ranysi BULWOI OCBITUM YKpaiHW,
CXapaKTepu3oBaHO OCHOBHI TPynMu 3aKOHOAABYMX | MiA3AKOHHUX aKTiB, WO MaloTb Pi3HY OPUAUYHY cuay. Y3araibHeHO
HOBOBBEAEHHSA, 3anpoBagXeHi HoBMM 3akoHoM YKpaiHu «Mpo suwy oceiTy» (2014 p.), NoOpiBHAHO 3i CTapolo peadaKLuielo
3a3HayYeHOro 3aKOHOAABYOro akTy. Po3KpuTo 0cobamBocCTi 3akoHy «[po BHECEHHA 3MiH 40 AeAKUX 3aKOHiB YKpaiHU Woao
npucyaKeHHA HayKoBuUX cTyneHis» (2021 p.), HauioHanbHoi pamKku KBanidikaui (2020 p.) Ta npodeciitHoro ctaHaapTy Ha rpyny
npodeciit «Buknaaaui 3aknagis suwLoi ocsitn» (2021 p.), CTpaTeriyHMX 4OKYMEHTIB, LLLO BU3HAYAOTb MPIOPUTETM PO3BUTKY OCBITU
Ta NIOKa/IbHMX aKTiB 3aKNaAiB BULLOI OCBITM, OKPEC/IeHO NepcneKkTMBM NoAablioro po3pobaeHHA obpaHoi npobnemu.

OBrOBOPEHHA

Mepeaycim NoTpibHO 3a3HaAUUTK, WO HOPMATUBHO-NPABOBI 3acaAn PO3BUTKY 3aKNaAiB BULLOI OCBITM — L CYKYMHIiCTb
YMHHUX HOPMATUBHO-MPABOBUX AKTIB, LLO BU3HAYAOTb METY, 3aBAAHHA, NPUHUMNK, GYHKLi, NPaBOBUI CTaTyC 3aKNagiB BULLOI
OCBiTM, NpaBa Ta 060B’A3KM YYaCHMKIB OCBITHBOTO NpoLiecy Towo. CTPYKTYpa HOPMATUBHO-MNPaBOBOI 6a3u y ranysi BULLLOI OCBITU
YKpaiHX 0XOMN/I0E KOMMNJIEKC 3aKOHIB i NiA3aKOHHUX aKTiB, cepea AKMX, BiANOBIAHO A0 iEpapXii Ta OPUANYHOI CUAN [OKYMEHTIB,
HeobXiZHO BUOKPEeMUTHU TaKi rpynu:

- KoHcTutyuia Ykpaiin (1996 p.) — OCHOBHWIA 3aKOH HaLWOi AepiKaBW, HAZINEHWI HaWBINbLLOI OPUANYHO CUOKO | €
3aKOHOZABYUM MIAIPYHTAM A4 BCIX iHLIMX HOPMATUBHUX JOKYMEHTIB;

- 3aKkoHu YKpaiHu: «Mpo ocsity» (2017 p.), «MNpo suwy ocsiTy» (2014 p.), «Mpo HayKOBY i HAYKOBO-TEXHIYHY AiANbHICTbY»
(2015 p.), L0 € OCHOBHMMM B rany3i BULLOT OCBITH;

- NiA3aKOHHI aKTWM OpraHiB 3aKOHOAABYOI i BUKOHABYOI BNaau Hawoi aepykasu (MoctaHoBu BepxoBHoi Pagun YKpaiHu,
YKa3u Ta posnopagKeHHs MNpesnaeHTa YKpaiHu; NMocTtaHosu Ta posnopagkeHHA KabiHeTy MiHicTpis YKpaiHu; pilleHHA Konerii,
Hakasn, aMctn MiHicTepcTBa OCBITU | HayKW YKPAiHW, iHLWMX MIHICTEPCTB i BiZOMCTB, AKMM MiANOPAAKOBYIOTbCA 3aKNagM BULLOT
OCBITW; HAaKa3M i pO3NopAAKEHHA MiCLLeBMX OPraHiB AepKaBHOT BUKOHABYOI BaAM), LLO PeryntooTb GyHKLIOHYBAHHA ranysi;

- MiXKHapoAHi Ta MiXKAepKaBHi AOKYMEHTU B ranysi BULOT OCBITU (yroan, memopaHaymu, aeknapauii), patudikosaHi
BepxoBHot0 Papoto YKpaiHu;

— CTpaTerivyHi JOKYMEHTU (KOHLENL,i, AOKTPUHK, AeKnapalLLii, nporpamu), Lo BU3HAYaOTb NPIOPUTETM PO3BUTKY OCBITH 3
YPaxyBaHHAM BITYM3HAHOIO Ta EBPONENCHKOrO KOHTEKCTIB | MatoTb peKoOMeHAALMHUI XapaKTep;

— JIOKa/bHi aKTW, yXBaneHi 3aknagamu BULLOT OCBITU.

Po3rnaHemo peTanbHilwe HaBaxKAUBILWI 3 NepeniyeHnx rpyn AOKYMEHTIB, L0 OKPEC/OTb CUCTEMY KOOPAMHAT, B AKIN
dYHKUiOHYE BMLLa OCBiTa YKpaiHW. OCHOBHMM NPaBOBMM A KEPesIOoM 3aKOHOAABCTBA B HalLil AeprKasi € KOHCTUTYLia YKpaiHy, Wwo
33KpiNOE NPaBO Ha OCBITY Ta rapaHTii cBoboAM HayKoBOI i TexHiuHoi TBopYocTi (cT. 53, 54) (KoHcTtuTyuin, 1996). 3rigHo 3i
cratreto 53 KoHCTUTyLii YKpaiHuM, rpomaasaHn HaWwoi AepKaBn MatoTb NpaBo 6e30ni1aTHo 3406yBaTh BULLY OCBITY B AePKaBHUX i
KOMYHaNbHUX 3aKknagax. BignosigHo o crtatti 53 OCHOBHOro 3aKoHy, AeprkaBa 3060B’A3aHa 34jilicHIOBaTM 3abe3nedyeHHs
[OCTYMHOCTI BULWOI OCBITU ANA BCiX rpOMasAH, PO3BUTOK BULLOI i NiCASANNIOMHOI OCBITU, Pi3HUMX GOPM HaBYaHHA, HafaHHA
OEePXaBHUX CTUNEHAIN CTyAeHTaM.

3aKkoH YkpaiHu «Mpo ocBiTy» € 6a30BMM HOPMATMBHO-NPABOBMM aAKTOM, WO PEryato€ CYCnilbHi BIAHOCMHU LWOA0
HaBYaHHA, BUXOBAHHA, NpodeciliHOi Ta 3araIbHOKY/bTYPHOI NiArOTOBKMU rpomaaaH YKpaiHu (cT. 2), 3aKpinatoe aepKaBHi rapaHTii
LWoA0 peanisauii npae y raaysi OCBiTM, MOBM HaBYaHHSA, OEPrKAaBHUX OCBITHIX CTaHAApPTIB, OKpecntoe cdepy KOMMeTeHuin
LepXaBHMX OpraHiB Ta OpPraHiB CaMoBpALYyBaHHA, KOMNETEHL,0 i BiANOBIAANbHICTb 3aKNAA4iB OCBITU, YNPABAIHHA AePXKAaBHUMM i
HeLep*KaBHUMM OCBITHIMKM 3aKNaZamu, NOPALOK CTBOPEHHA i pernameHTaLito iX AiANbHOCTI, KOHTPOAO 3a AKicTio ocsiTM (Mpo
ocsity, 2017).

MpiopUTETHUM 3aKOHO4ABYMM aKTOM Y ranysi BULLOI OCBITU € 3aKOH YKpaiHu «[po BuLLy OCBITY», AKMM BM3HAYaETbCA
CTPYKTypa BWLLOI OCBiTM B HalWiil KpaiHi, OCBITHIi Ta OCBITHbO-KBanidiKaLiiHi piBHI, cMCTema CTaHAAPTIB BULLOI OCBITM Ta
L,ePXKaBHOTO KOHTPOIIO B 3a3HAYeHil ranysi, NPUHLMNKW YNPaBaiHHA Ta NPaBOBMWIA CTATYC 3aKNaZy BULLOI OCBITW, MeTa 1 3aBAaHHA
LiANbHOCTI, TUNKW, NOPAAOK CTBOPEHHA, peopraHisaLii, niksigauii 3aknais BULLOI OCBITU, NiLEeH3yBaHHA OCBITHbOI AiA/bHOCTI,
aKpeauTaLii HanpAMIB NiAroTOBKM, CreLliabHOCTEN 3aKNaiB BULLOT OCBiTM Towo. MopiBHANBHUI aHani3 cTapoi i HOBOI peaaKu;i

75



PHYSICAL & MATHEMATICAL EDUCATION issue 3(29), 2021

3acBigvye, WO HOBWI 3aKOH YKpaiHM «[lpo BMLLY OCBiTY» FPYHTYETbCA Ha ifel YHIBEPCUTETCbKOI aBTOHOMII Ta aKaAeMiyHoi
cBoboau, nepeabayatoum 6inbly CaMOCTIMHICTb | BiANOBIAANbHICTb 3aKNa4iB BULLOT OCBITU B OCBITHI, OpraHisau,iiHii, GiHaHCOBIN
Ta EKOHOMIYHil AisnbHOCTI (NpaBo BNpPOBaZKyBaTWM BJ/IACHI OCBiTHI Ta HayKOBi MpoOrpamu, BigKPWMBaTW BAACHI PaxyHKW,
OTpPMMYBaTW KpeauTu, po3nopsaaxKaTnca MailnHOM Ta 3eMJIet0, 3aCHOBYBaTM HAyKOBi MapKuK Ta NiANPUEMCTBA, WO 3aliMatoTbCA
HayKOK 4YM iHHOBALiAMM), NOCUNEHHA CTYAEHTCbKOrO CamoBpAAyBaHHA. 3aBAAKM peanisauii NpUHUMMY Ny6AIYHOCTI KOXKeH
3aKnag 30608'A3aHMIA ONPUAIOAHIOBATU Ha BAAacHOMY odiuiiHOMY caliTi maTepiann Npo BCi acnekTM HayKoBOi, HaBYaNbHOI i
Nno3aHaBYa/IbHOI AifNIbHOCTI, 30KpPEMa, LLOKYMEHTHM NPO CBOI piHaHCK Ta MaliHO. 3aMicCTb PiBHIB aKpeauTaL,ii 3aK1agu BULWOT OCBITH
BiATENEp NOAINATLCA Ha TaKi TUNU: yHiBepcuTeTM (yHiBepcanbHi 3aKNafu OCBITUM); IHCTUTYTU Ta akagemii (ranysesi 3aknagu
OCBITW); KONeAXi, WO roTytoTb cnewianicTiB piBHIB Mmonogworo 6akanaspa abo 6akanaspa (Mpo suwy oceity, 2014). NMpuyomy
YHIBEPCUTETU 3i CTAaTyCOM HaLioHaNbHOro abo AoCNiAHWMLBKOrO 3abe3neyvyoTbCA rapaHTOBAaHWM LiboBUM biHaHCYBaHHAM
HayKOBMX PO3PO6OK.

3apaxyBaHHA A0 3aKNaAiB BULWLOT OCBITU 34iMCHIOETBCA Ha NiACTaBi 30BHILUHBLOMO OLLiHIOBaHHSA, Ai€ KOHKYPEHTHa cucTema
OEePK3aMOBIEHHA, @ CTUNEHAIT CTyaeHTam nepenbayeHo Ha PiBHI MPOMKMTKOBOrO MiHiMyMy. 3aKOHOM 3aKpinjieHO 3MeHLEeHHA
HaBaHTAXXEHHA Ha BMK/IaZayiB i CTYAEHTIB, MOCUNEHO aKadeMiuyHy MOBiNbHICTb BMKNaZayiB Ta CTyAeHTiB, i BignosiaHo 40
BonoHcbKoro npouecy 3anpoBagyKeHO KpeaAUTHO-MOAY/bHY CUCTEMY BUMIPIOBAaHHA HaBYa/JbHOTO HaBaHTaxkeHHA. MoBsoto
BMKNAAAHHSA, 3riAHO i3 3aKOHOM, € YKpaiHCbKa, WO Ma€ CTaTyC AEep’KaBHOI, NpoTe AAA NiABULLEHHA MiXKHAapOAHOI aKkaZeMiyHol
MObINbHOCTI 3aKnaf BWULLOI OCBITM MA€E MPABO YAaCTUHY AUCUMMIIIH BMKNAAATU iHO3EMHUMMKW MOBaMM, 3abe3neymBlUM NpPaBO
3800yBayiB Ha BUBYEHHS BiAMNOBIAHOT AMCLMNNIHM YKPAiHCbKOM. BiaTenep pekTopu, AeKkaHu, 3aBigyBayi Kadeap obMpatoTbes Ha
nocagm Ha 5 pokiB Ta He 3MOXKyTb iX 06ilimaTh Binblue, HixK ABa TepmiHW. HOBMM 3aKOHOM nepeabadyeHo Taki piBHI NiAroTOBKU
cneuianicTis 3 BULLOK OCBITOK: NOYATKOBUIA (KOPOTKUIA UMKA); Neplimii (6akanaBpCbKuUt), apyrnii (marictepcbkuit) i TpeTin
(ocBiTHbO-HayKoBMIA). BignoBiAHO 3amicTb CKacoOBaHOro OCBITHbO-KBanidiKaLiMHOro piBHA creuianicta i HayKoBOro cTyneHs
KaHAMAaTa HayK ynpoBafMeHo M'ATb CTymneHiB BULLOI OCBITW: mosnoawmin 6akanasp, 6akanasp, marictp, AokTop o¢inocodii /
[OOKTOp MWCTELTBa, AOKTOp HayK (Mpo suuwy ocsity, 2014). CyTTeBy yBary npuAineHo akagemiuyHiii AobpoyecHOCTi, 3Ha4YHO
NOCWUIIOETLCA BiANOBIAANbHICTL 33 NAariaT (HanepeAoAHi 3aXUCTIB TEKCTU AMCepTaLili Ta BiAryKiB ONOHEHTIB PO3MIlLytOTbCA Ha
odiuiiHNX caliTax 3aKNagiB BULLOI OCBITH).

Okpemi Hopmu 3akoHy YkpaiHu «Mpo BuiLy ocsiTy» 2014 poKy 6yn0 KOHKPETU30BaHO B HOBIV pefakLii 3akoHy YKpaiHu
«Mpo HayKoBY i HAyKOBO-TEXHIUHY AisnbHicTb» (2015 p.). OcTaHHi 3aKoH 6yn0 pPO3pO6NEHO ANA BPETY/NOBAHHA HU3KU
3ycunb BepxoBHoi Pagu, KabiHeTy MiHicTpis i Mpe3unaeHTa YKpaiHu ansa ctapTy pedopm y HayKoBili cdepi, AKi gaBHO Ha yaci. e
B 1996 poui ckanKaHo BceyKpaiHCbKy Hapagy 3 Hayku, a B 2005 poui 6yno cTBOpeHO crewiasibHy KOMICito 3 TMTaHb pepopmyBaHHA
HayKM Ha 4yoni 3 akagemikom HAH YkpaiHu A. Aukosum i npodecopom B. bptoxoseupkum. Togi byno nigrotosneHo 6arato
CNYLWHMX NPONO3MKLIN, NpoTe iX He 6yN10 peanizoBaHo Ha NpakTULi. O6roBopeHHA NepeTBOPEeHb Yy rany3i HayKu iHTeHcudikyBanocs
y 2015 poui 3a WMPOKOi y4acTi HayKOBL,iB, NPeACTaBHMUKIB aKaAeMiYHUX | rany3eBux iIHCTUTYTIB, 3aKNafiB BMLLOI OCBITU, eKcnepTiB
PeaHimauitHoro naketa pedbopm Ta rpoManCcbKMX HAayKOBWMX OpraHisauin. 3acigaHHa pobodyoi rpynu, ctBopeHoi npu KomiterTi
BepxoBHOi Paau 3 NUTaHb HayKuM i OCBITU TPAHC/IOBATU OHIAMH, | KOXKeEH Daykatoumii MaB 3MOry BifCTeXKyBaTK nepebir ANCKycin
(KsiT, 2016).

OAHMM i3 HaWBaXK/AMBILUMX HOBOBBEAEHb 3a3HAYEHOrO AOKYMEHTY € CTBOPEHHS MOCTIMHO Ail04Oro KOHCYAbTAaTUBHO-
nopaayoro opraHy npu KabiHeti MiHicTpis YkpaiHu — HauioHanbHOi paay YKpaiHu 3 NUTaHb PO3BUTKY HAyKK | TEXHO/OFiN, METOO
LiANbHOCTI IKOi € pO3POOKa Bi3ii CTPaTeriyHOro PO3BUTKY HAaYKM B YKpaiHi Ta 3ab6e3neyeHHA edeKTUBHOT B3aEMOLIT NpeaCcTaBHUKIB
HAYKOBOi rPOMaACbKOCTi, OpraHiB BMKOHABYOI B/agM, PeasibHOrO CEKTOPY eKOHOMIKM y $opMyBaHHI Ta peanisauii eguHol
OepKaBHOT NONITUKKM y cdepi HAYKOBOI i HAYKOBO-TEXHIYHOI AiANbHOCTI. 3rigHO 3 3aKoHOM, HauioHanbHa pasa YKpaiHu 3 NnuTaHb
PO3BUTKY HayKW i TEXHONOriN CKnafaetbca 3 HaykoBoro 1a AAMIHICTPAaTUBHOIO KOMITETIB, 40 AKUX YBiMAYTb 24 NpoBigHUX
HayKOBL,i, AKi NpeACcTaBAATUMYTb CBITOBY HayKOBY CMiNbHOTY, Ta 24 npeACTaBHWKU LLEHTPaSIbHUX OpraHiB BMKOHABYOI Bnaawm,
HauioHanbHoT akagemii HayK YKpaiHu Ta HauioHabHUX rany3eBmx akaaemin Hayk, 061acHUX (MiCbKUX) AepKaBHMX aaMiHicTpaLil
perioHiB, Ha TepuTOpii AKMX 30CepesyKeHO 3HaAYyHMI HAyKOBWMIM NoTeHuian (He HMXKYe 3acTyMHUKIB TrONiB AepXKaBHUX
aAMiHICTpaUili), gepKaBHMX OpraHiB, WO BiANOBIAAOTL 33 HayKoBy cohepy, BEUKUX HAYKOEMHWMX NiLMNPUEMCTB, HAYKOBUX
YCTaHOB, YHIBEPCUTETIB, aKaZeMil, iHCTUTYTIB Ta iHHOBaLiMHUX CTPYKTYp (LLloso HoBoT peaakuii, 2016). 3rigHO 3 NONONKEHHAM,
nepegbayeHMmm ctatreto 22 3aKoHy, yneHn HayKkoBoro KomiteTy obvpatoTbes |aeHTUdIKaLiIMHMM KOMITETOM 3 NUTaHb HayKu,
NepcoHaNbHUIM CKNaA AKOro GOPMYETLCA Ha KOHKYPCHIA OCHOBI 3 BITYUM3HAHWUX Ta iIHO3EMHUX BYEHUX, AKI MatOTb BaroMi HayKosi
3006yTKM, 6e3a0raHHy HayKoBY penyTaLito Ta f0Bipy B HaykoBoMy cepegosuiui (Mpo Haykosy, 2015).

3aKkoHOM YKpaiHu «Mpo BHECEHHA 3MiH A0 AeAKUX 3aKOHIB YKpaiHM Woa0 NPUCYAKEeHHA HAayKoBMX cTyneHis» (2021 p.)
nepeabayeHo ynopagKyBaHHA PiBHIB OCBITU, NPABOBY pernameHTal,ito nopaaKy aTecTauii 3406yBayiB BMLLOT OCBITH, Npoueaypu
NPUCYAKEHHA HAYKOBUX CTYMEHIB Ta NPUCBOEHHA BYEHUX 3BaHb, MOBHOBAXKEHb LLeHTPa/IbHOrO OpraHy BUKOHaBYOl Bnaau y cdepi
OCBiTM i HayKM Ta HauioOHaIbHOrO areHTCTBa i3 3abe3neyeHHn AKOCTI OCBiTW. BignosigHi 3miHM BHeceHo g0 3akoHy YKpaiHu «[lpo
BULLY OCBITYy», 3aKOHY YKpaiHu «[lpo ocBiTy», 3aKoHy YKpaiHn «[1po HayKOBY i HAYKOBO-TEXHIYHY AiANbHICTb», 3aKOHY YKpaiHu
«Mpo daxosy nepeasuLy ocsity» (MpuitHATO 3aKkoH, 2021).

[na 3abe3neyeHHA HaBYaHHA BMPOAOBXK KUTTA Ta CNPOLLEHHA B3aEMOBU3HAHHA KBanidikauii 3a piweHHam KabiHeTy
MiHicTpis YKpaiHu 2020 poky HauioHanbHy pamKky Keanidikauii 6yno y3rogsKeHo 3 BignoBigHUM EBPONENCHKUM LOKYMEHTOM,
Wwo nepepbayae Bicim KeanidikaLiHUX PiBHIB 3aMicTb 0AMHAAUATK, AK Byno paHiwe. HauioHanbHa pamka KBanidikauin — ue
CUCTEMHUI | CTPYKTYPOBaAHWU 32 KOMMNETEHTHOCTAMM onuc KBanidikaliMHWUX PiBHIB OCBITU, KOXKEH 3 AKUX XapaKTepu3YeTbCA
CYKYMHICTHO KOMMNETEHTHOCTEN 0COBUCTOCTI, 3HaHb, YMiHb, HABMYOK Ta 34aTHOCTEN 3aCTOCOBYBATU 3HAHHA (Bicim KBanidikaLiiHuxX
piBHiB, 2020). FapMOHi3aLin 3 eBpONeNCbKMMM CTaHAapTammM 3abe3neyye CniBCTaBHICTb OCBITHIX | NpodeciiHMx KBanidikauii, wo
3806yBaoTbCA B YKpaiHi, i3 KBanipikaLismmn, oTPMMaHMMM 32 KOPAOHOM.

Y 2021 poui 6yno 3aTeepaKeHo npodeciiHuit cTaHAapPT Ha rpyny npodeciit «Buknagayi 3aKknagis BULLOT OCBITUY», WO €
nifcTaBo ANA CTBOPEHHA NOCAAO0BUX IHCTPYKLLM | BUMOF A0 HAayKOBO-NeAaroriYyHNX NpaLiBHUKIB, OCBITHbO-HAaYKOBUX Nporpam,
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NAaHiB NiABULLEHHSA KBaNidiKaLii Ta cTaxyBaHHA, NPodeciMnHOro po3BUTKY, CaMO- Ta OLLIHKOBAHHSA Aif/IbHOCTI BUKNa[auviB 3aKknagais
BMLWOI OcBiTW. Mpu onpautoBaHHi CTaH4apTy 3 ypaxyBaHHAM NoN0OXKeHb HauioHanbHOi pamku KBanidikauii Ha 2016—2020 poku
Ta KoHuenuii po3BuTKYy negaroriyHoi ocsiT (2019 p.) BUSHAYEHO BMMOTU A0 3MICTY Ta AKOCTI NpodeciitHOi AiANbHOCTI, piBHA
ocBiTH, KBanidikauii, aocBigy poboTn, 3aranbHUX i NpodeciMHMX KOMNETEHTHOCTeN BMKNALAYiB 3aKNagiB BULLOI OCBITH,
OKpec/ieHo iepapxito Tpyaosux GyHKLUiM HayKOBO-neaaroridHMX npauiBHuKiB. BignosigHo ao HauioHanbHoro Knacudikatopa
Ykpainn OK 003:2010 «Knacudikatop npodeciii» Ao rpynu cTaHAapTy YBINWAK: Npodecop; AOLEHT; BUKNAAay 3aKnagy BULLOI
0CBiTH; acucTeHT (MpodeciltHuii ctaHaapT, 2021).

OKpemy rpyny cTaHOBNATb HOPMATUBHO-MPABOBI aKTU, CNPAMOBAHI Ha iHTerpauito YKpaiHu 40 eBPONeiCbKOro OCBITHbOIO
i HAYKOBOTO NPOCTOPY B KOHTEKCTi peanisauii bonoHcbKoi aeknapauii 1999 poky, Wo 3yMOBUIO HEODOXIAHICTb YXBaNIeHHA HU3KK
aKTiB BiANOBIAHO A0 PEKOMEHAALINHUX LOKYMEHTIB KpaiH-y4acHMKiB BosoHCbKOro npouecy. 3okpema, 6yio yxBaneHo 3aKoHM
YKpaiHu «Mpo patnodikauito KoHBeHLiT Npo BM3HAHHA KBanidiKalii 3 BUWOI OCBiTM B EBponencbkomMy perioHi» (1999 p.), «Mpo
3arafibHoAEepXKaBHY nNporpamy aganTtauii 3aKoHoZaBCcTBa YKpaiHM [0 3aKoHogascTBa EBponelicbkoro Cotosy» (2003 p.),
onpuntogHeHo «Mporpamy Al wopao peanisauii nonoxeHb bonoOHCbKOT AeKknapaLii B cucTemi BULLOI OCBITU | HAyKM YKpaiHM Ha
2004—-2005 poku», BignoBiagHi Hakasn Ta pilweHHA Konerii MiHicTepcTBa OCBITM | HayKn YKpaiHu.

HeobxigHicTb 3MiLHEHHS KOHKYPEHTOCMNPOMOMKHOCTI BITYM3HAHOI BMLWOT LWIKOAM, PO3BUTOK MiKHAPOAHWUX 3B'A3KIiB Ta
rnobanisauiiHMx Npouecis, NOCUNEHHA AiNI0BOi aKTUBHOCTI HACENIEHHA 3YMOBUU NiANUCAHHA HU3KU MiXKHAPOAHUX LOKYMEHTIB
(BonoHcbKoT aeknapalii, Yrogn npo acouiauito Mix YKpaiHolo Ta EBPOCOO30M), WO BMMarae pedopmMyBaHHA CUCTEMM BULLOT
OCBITW 3 ypaxyBaHHAM CNOPiAHEHUX NPaBW, NPUHLMNIB | CTaHAAPTIB. BU3HaUeHW Ha AepKaBHOMY PiBHI BEKTOP PO3BUTKY BULLLOT
OCBITM 3 OPIEHTALEID HA FYMAHICTUYHI AEMOKPATMYHI LLIHHOCTI 3aXigHOT KyNbTypy MNOCUAIOE TEHAEHLIiO A0 €Bponei3aLii, Wwo €
HaCNiAKOM NOITUKM KpaiH YneHis EC i KaHAMAATIB Ha YIEHCTBO WO0A0 aKTMBI3aL,ii BNAMBY EBPONENCbKOI iHTerpaLii Ha ykpaiHcbke
cycninbcTBO. [leMoKpaTM3aLia BULLLOI OCBITU, MOCTYNOBUIA Nepexis A0 AeueHTpanisauii ynpasniHHA, guBepcudikauia cTpyKTypu
3aK1agiB BMLOI OCBITU Ta gyKepen ix GiHaHCYBaHHS, CNPAMOBAHICTb CUCTEMM BULLOT LLIKOJIM HA EBPOMNENCHKI CTaHAAPTM OCBITHLOT
[OifNbHOCTI 3HANLWAKM BigobpaKkeHHs B Cy4acHili HOPMaTUBHO-NPaBoBil 6asi. Tak, 3akoHOM YKpaiHu «Mpo BuLly ocsiTy» (2014 p.)
YNPOBAAKYETbCA MEXaHi3M 3a/y4eHHA 40 NPOoLecy akpeauTaLii Ta OLIHKM AKOCTI OCBITM Pi3HMX 3aLliKaBAEHUX CTOPIH, TaKUX AK
«NpeAcTaBHUKKN Aepasu, poboToaaBsLis, iX opraHisauin Ta 06’eaHaHb, NpodeciiHMX acouialiii, BULMX HAaBYaNbHUX 3aKNagiB
ycix ¢opM BNACHOCTI, HAYKOBUX YCTaHOB, HauioHanbHOI akagemii HayK YKpaiHM Ta HaliOHa/IbHUX rasly3eBMX aKaZeMIil Hayk,
NPeLCTaBHUKIB OpraHiB CTYAEHTCbKOro CaMOBPAAYBaHHA, MiXKHapoAHMX ekcnepTis» (cT. 17, n. 1). CTaHOBAEHHA cybcuaiapHoCTi
B CMCTeMi aKpeauTauii nepeabayae generyBaHHa MiHiCTepCTBOM OCBITH | HAyKM YKpaiHu NpaBa po3pobaeHHA CTaHA4apTiB BULLOT
OCBiTW, 3aNpPOBaAMKEHHA BHYTPIWHbLOI cucTeMy 3abe3neyeHHs SAKOCTI OCBITM Ha PiBHI OKpeMWX 3aKiagiB, AKa NOCUAIOE
Bi4NOBIAaNbHICTb OCTaHHIX 33 pe3y/bTaTu TakMx iHHOBaL,i (CBikeBcbKa, 2015, c. 167-168).

Yropga npo acouiauito mixk YKpaiHoto Ta €sponeicbknum Cotosom (Mnaea 23 «OcBiTa, HaBY4aHHA Ta MoJsioAb», CT. 431)
nepeabayae aKkTMBI3aLilo cniBpobiTHMLTBA B rany3i BULLOI OCBiTM, CNPAMOBaHY Ha pedOpPMyBaHHA Ta MOAEPHI3aLilo cucTemm
BMLLLOT OCBITU; CNPUAHHA 361MKEHHI0 Yy cdepi BULLOT OCBITU B pamKax BoNoHCbKOro npouecy; nigBULLEHHA AKOCTI Ta BaXKNMBOCTI
BMLLOT OCBiTM; NOrNNBAEHHA CNiBPOBITHALTBA MiXK 3aKN1agamMu BULLOI OCBITU ANA PO3LWMPEHHA iX MOMXK/IMBOCTEN; aKTUBI3aLLO
MOBINbHOCTI CTYAEHTIB Ta BMKNAAayiB; PO3WMPEHHA AocTyny A0 3406yTTA BMWoOi ocBitn (Yroga, 2014). AK 3a3HayeHO B
Mapusbkomy KomioHike 2018 poky, A0 PyHAAMEHTANIbHUX LIHHOCTEM €EBPOMENCHbKOro MPOCTOpY BULWOI OCBITM nopsag 3
aKagemiyHoto cBoboaoo i AOBPOYECHICTIO, Y4acCTIO CTYAEHTIB i NPALiBHUKIB Y KEpiBHULTBI BULLOI OCBITO, FPOMAACHKOO
BiANOBIAANbHICTIO BUWOI OCBITM BKAOYEHO iHCTUTYLiHY aBToHOMmito (Paris Communique, 2018). Mpuyomy nocTilHe
BLAOCKOHA/IeHHA BUKaAaHHA | HaBYaHHSA B EMBO moxkamBe 3a yMOBM TiCHOT CMiBMpaLLi 3 EBPOMNENCbKOIO CMiJIbHOTO BULLLOI OCBITU
y BignoBigHOCTI 40 akagemiyHoi cBoboAM Ta iIHCTUTYLIMHOT aBTOHOMI (Paris Communique, 2018).

KoHuenTyasnbHO BaXKANBUIA JOKYMeEHT — CTpaTerito po3BUTKY BULLOT OCBITM B YKpaiHi Ha 2021-2031 poKu, Wwo BU3HAYaE
MicLe BMLLOT OCBiTM B CYCMiNIbCTBI 1 €KOHOMIL KpaiHu, 6yno po3pobneHo Ha BMKOHAHHA YKasy MpesuaeHTta YKpaiHu «Mpo
BAOCKOHA/NIEHHA BULLOI OCBiTM B YKPaiHi» Ta HU3KM BignoBigHWX aopydeHb Mpem’ep-miHicTpa YKpaiHu. HeobxigHicTb NiaroToBkm
LOKYMEHTY 3YMOBJIEHA PO3BUTKOM TEXHOJIOT HOBOFO MOKOJIIHHA, 3arocTpeHHAM aemorpadiyHux i couianbHux npobnem,
NMOCUAEHHAM LMBINI3aLiMHUX BUKAMKIB i BNAMBY rNobanbHOro puHKY npaui Ta 3asepweHHam y 2021 poui aii HauioHanbHoi
cTpaTerii po3BUTKY OCBiTM B YKpaiHi. HoBy Crpaterito niarotoBneHo poboyoto rpynoto, CTBOPEHO 3rifHO 3 HAKa3om
T.8.0. MiHicTpa ocBiTM i Hayku YKkpainm C. LLkapnerta, fo AKoi yeiiwan noHaa 100 daxisuis. Mpouec po3pobKM OOKYMEHTY 3
YpaxyBaHHAM MpPONo3uLii NpesACTaBHUKIB OpraHiB BAaAn, eKCNEepPTHOro CNiBTOBAapUCTBA, OCBITAH, HAYKOBL,iB, FPOMaACbKOCTI Ta
6i3Hecy maB BigKpUTUI NybNiYHMIA XapaKTep, BUCBITAOBABCA Ha odiuinHOMy caiTi MiHicTepcTBa OCBiTM Ta Hayku YKpaiHu, B
3acobax MacoBoi iHbopmaLii Ta Ha iHTepHeT-nopTani http://reform.org.ua. NMpoekT AeTanbHO PO3rNALaBCA Ha 3acigaHHAX
poboumx rpyn i Niarpyn y pexxumi Bigeo-koHbepeHLii.

FfonoBHUM pe3synbTaTom peanisauii Ctpaterii mae 6yTm cTBOpeHHA epeKTUBHOI CUCTemMM BULLOI OCBITW, 34aTHOI
3a6e3neynTy KagpoBuii i HAYKOBO-TEXHIYHUI CYNPOBIA PO3BUTKY HALLiOHA/IbHOI EKOHOMIKM, 3340BOIBHUTM NOTPEBM CycninbCTBa
Ta NocicTu rigHe Micue y CBITOBOMY OCBIiTHBOMY NpocCTOpi. Ha Hawy AymKy, ocobivBuMiA iHTepec y 3a3HaYeHOMY AOKYMEHTI
BMKIMKAIOTb CTpaTerivyHi 1 onepawiiHi Wini po3BUTKY BULWOI OCBITM Ha HaNBMKYEe AeCATUNITTA 3 YpPaxyBaHHAM HaL,iOHaNbHUX Ta
rnobanbHUX PUSKKIB i BUKAVKIB.

1. MoKpaLLeHHA CUCTEMM YMPABAiHHA OCBITOI i 3abe3neyeHHs aBTOHOMII 3aKnaZiB BULLOI OCBITU, cepes, iHAMKaTopiB
peanisauii Akoi CTpaTerieto BU3Ha4YeHO NMTOMY Bary pilleHb LWoA0 AiANbHOCTI 3aK/1a4iB BMLLOI OCBITU, AIKi NPOMLWAN rpOMaCbKe
06roBopeHHs, KiNbKiCTb 3aKNaAiB 3 HAWBULWMM PiBHEM aBTOHOMIT; NTMTOMA Bara 3a/y4eHuX iHBECTULLI Y PO3BMTOK 3aKN1aay Won0
3arabHOro QiHaHCyBaHHA; NPUCYTHICTb YHIBEPCUTETIB Y CBITOBUX PEUTUHIAX; CepeaHiit 3aranbHOYKPAIHCbKUI PeNTUHT 3aKnaay
BMLLOi OCBiTW B PErioHi; BUAATKM Ha BULLY OCBITY Y % BaNOBOMY BHYTPILLHbOMY NPOAYKTi; obcar diHaHCyBaHHA 3aknagis BULLOT
OCBITW 3 PO3PaxyHKY Ha OAHOrO CTYAEHTa Ta BUKNAZaua; NMTOMA Bara CTYZEHTiB, AKi HABYAIOTLCA KOLITOM Gi3UYHUX Ta LOPUANYHUX
oci6 Towo.

2. 3abe3neyeHHs 36anaHCOBAHOCTI PUHKY npaui ¢axiBuiB 3 BMLLOK OCBITOW, iHAMKATOpamMM AKOI € NUTOMA Bara
BMNYCKHWKIB 3aK/1a4iB BMLLOT OCBITU, AIKi OTPMManu nepLie micue poboTu BignNoBiAHO 40 OCBITHLOI MPOrPamun; HaBaHTAXKEHHA Ha
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OZLHY BaKaHCilo y po3pisi npodeciit 3a perioHamu; KinbKicTb NPOEKTIB Ny6AIYHO-NPMBATHOrO NapTHEPCTBA Y cdepi BULLOT OCBITYH;
NUTOMA Bara NPaKTUYHOI NiArOTOBKM 3400yBayiB BULLOI OCBITM Ha MiANPUEMCTBAX WOAO 06CAry HAaBYANbHOTO HABAHTAXKEHHS;
KiNIbKiCTb YKNAAEHMX KOHTPAKTIB MiXK 3aKN1agamum BULLOT OCBITU Ta poboToaaBuAMM Ha NiarotoBKy ¢axisuis; NMToMa Bara roguH
HaBYa/IbHOrO NaHy, NPoBeAeHUX NpeacTaBHUKaMmu bisHecy, poboToaasuis Towo (Ctpateria, 2020, c. 39-43).

3. 3abe3neyeHHn AKOCTI 1 AOCTYNHOCTI BULLLOI OCBITU 1A Pi3HUX BEPCTB HAce/seHHs BignoBi4HO A0 TaKMX iHAMKATOPIB:
YacCTKa OHOB/IEHUX AEePrKaBHUX CTaHAAPTIB NigroToBKM $axiBLiB; KibKICTb cepTUdiKaTHUX NPOrpam Ta BiAKPUTMX KBanidikaLiiHNX
LLeHTPIB; 3MEHLLEHHA KibKOCTi abiTypieHTIB, AKi BUKAMKAtOTb Ha HAaBYAHHA 33 KOPAOH; KiNIbKiCTb 3BePHEHb 3aKNaiB BMLLOI OCBITU
00 He3aNneXHWX LLEeHTPIB OLHIOBAHHA AKOCTI OCBiTWU; micue YKpaiHu y FnobanbHomy IHAeKCi KOHKypeHTOCMPOMOXKHOCTI, Y
penTMHrax HaLioHabHMX CUCTEM BULLOT OCBITU Ta yHiBepcuTeTiB (ARWU, THE, QS, U21); obcar ocBiTHIX Nporpam, akpeauToBaHmx
aBTOPUTETHUMM 3aKOPAOHHMMMK OpraHisauismmn (4neHamm EBponeincbKoi acoujauii i3 3abe3neyeHHs AKOCTi BULLOI OCBITH,
€BpONEeNCcbKOro peectpy 3abesneyeHHa AKOCTI BMLOI OCBITU Ta MiXKHapOAHMMM NpodecinHMMM acouiauismm); 3a40BONEHICTb
CTYAEHTIB AKICTIO Ta piBHEM OpraHi3aujielo OCBITHbOrO Mpouecy (3a maTepianamy COLONOMYHUX [OCAIAMKEHb); piBEHb
npauesnaliTyBaHHA BUMYCKHWUKIB; MMTOMA Bara 3aK/lagiB BULLOI OCBITW, Ae BUABMEHO KOPYNLUiMHI NpaBONOpYyLWEHHA; NMTOMA
YacTKa BCTYMHWKIB, AKi ycniwHo cknaam 3HO; piBeHb «BiACiBy» CTYAEHTIB 3a HeYCMilHICTIO; KiNbKiCTb CNibHMX nporpam
niarotoBKkM (UeHTpiB npodeciiiHOi opieHTaLil 3aknagiB BMLWOI OCBITU i 3aKnagiB cepefHboi, cepefHboi npodeciiHoi Ta
nepeaBuLLOi OCBITH), KiNIbKICTb CTYAEHTIB 3 0C06MBMMM NOTpebamm Ta i3 coliaNbHO-BPA3IMBUX KaTeropiit HaceNeHHsn; KilbKicTb
OCBITHIX MpOrpam 3aKnagis BULLOI OCBITU 3 BEPCIAMM A5 OUCTAHLIMHOIO HAaBYAHHA; KiNbKiCTb BUNYCKHUKIB, AKi HaBYyasimcs 3a
LUCTaHUiHO dopmoto.

4. |HTerpauis Hayku, OCBITM Ta 6i3Hecy AnA 3abe3nevyeHHA €KOHOMIYHOro 3pPOCTaHHA KpaiHW, 3rigHO 3 TakMmM
iHOMKaToOpamMu: KiNbKicTb CTBOPEHMX Ha 6a3i 3aKnagiB BULLOI OCBITU LLeHTpPiB iHHOBALA; 0bcAar peanisoBaHMX 3a y4yacTi 3aKnagais
BMLLOI OCBITM iHHOBALiMHMX NPOEKTIB; 0bBCAr AepraBHOro ¢iHaHCYyBaHHA HAyKOBWX MPOEKTIB, rPAHTOBUX i CTUNEHAiaIbHUX
nporpam; obcar 3amoB/ieHb Big, cyb’eKTiB rocnofaptoBaHHA; KiNbKiCTb NaTeHTiB, OTPMMaHMX BUKIagadamu; obCAr KOLTIB,
OTPUMAHMX 3aK1a4aMM BULLLOT OCBITU BiA peanisaLii NpaB iHTeNeKTyaNbHOT BAACHOCTI, KiIbKiCTb CTBOPEHUX CMi/IbHUX HAaBYa/IbHO-
HAYKOBMX 3aKNagiB (CnifibHO 3 akagemMiYHMMKM YyCTaHOBaMM 3a y4acTi 3aKNaziB BULLOT OCBiTU) Ta MiXKYyHIBEPCUTETCbKMX HayKOBUX
NPOEKTIB; Ki/IbKiCTb A0CNIAHUX YHIBEPCUTETIB; KiNbKiCTb Ta NO3UL,ii yKPAiHCbKMX 3aKNaAiB BULLLOT OCBITH, NpeACTaBAEHUX Y CBITOBUX
YHIBEPCUTETCHKUX PENTUHIaX, MMTOMA Bara 3aknajiB BMLLOT OCBITU — YYaCHMKIB perioHanbHMX KnacTtepiB IHAycTpii 4.0; KinbKicTb
HayKOBO-TEXHOOTIYHMX NAAaTGOPM; NUTOMA Bara 3aKNagiB BULOI OCBITK, WO BigKkpuau $inii kadeap (4m nabopatopiit) Ha Hasi
cy6’ekTiB rocnogaptoBaHHs (Crtparteris, 2020, c. 43-47).

5. Po3BUTOK KagpoBOro NoTeHLiany 3aKnagiB BULLOI OCBITM nepepbayae Taki OCHOBHI iHAMKATOPM: CMNiBBigHOLWEHHSA
cepeaHboi 3apobiTHOI NaaTM BUKNaZaYiB A0 cepeaHboi B perioHi He meHwe 200 %; KifbKicTb 3406yBayiB TPETbOro, HayKOBO-
OCBITHbOTO PiBHIB Ta HAYKOBOTO PiBHA; MMTOMA YacTKa MOJIOAUX BUKA4auiB-y4eHUX Y 3aK1aZax BMLLOI OCBITU.

6. PO3BMTOK cucTemun H6e3nepepBHOI OCBITM Ta HaBYAHHA BNPOAOBXK KUTTS, O BU3HAYAETbCA IHOMKATOPAMMU: KiNbKiCTb
CTYAEHTIB 3aKNafiB BUWOI OCBITW, AKI 3400yAn apyry Buwy, npodeciiHy, NicNAZUMNAOMHY OCBITY; KiNbKiCTb CTYAEeHTIB, AKi
34iMcHMAK NigBULWeHHA KBanidikaLii, Bpaxosytoun HedbopmanbHy Ta iHGOpManbHy OCBITY.

7. IHTerpaujina B €BponenicbKuiA i CBITOBMIA OCBITHIM NPOCTip 3 ypaxyBaHHAM HaLLiOHAIbHWUX iHTepeciB 30PiEHTOBaHA Ha TaKi
iHAMKATOPU: KINbKICTb KPaiH CBITY, WO BM3HAOTb AUNIOMM YKPAIHCbKUX 3aKNaAiB BULLOI OCBITM MPO BULLY OCBITY; KiJIbKICTb i
No3uuii yKpaiHCbKMX 3aKMaAiB BULLOI OCBITU Yy CBITOBMX PENTUHrax yHiBEPCUTETIB, KiNbKiCTb OCBITHIX Mporpam 3 noagiHux
OMNIOMIB; KiNbKICTb YKPATHCbKUX BWMKNAAAYiB, 3aNy4eHUX A0 MIXKHAPOAHMUX [OCNIAMKEHb; 06CAT MidKHAPOAHMUX TPaHTIB,
OTPUMAHMX 3aKNaZOM BWLLOI OCBITM; KiNbKICTb MIiKHAPOAHUX HAYKOBMX KOHdepeHLin, iHAEKCOBAHMX Y MiXKHAPOAHMUX
HayKOMeTpUYHUX 6a3ax, Ki/fIbKiCTb iIHO3EMHUX CTYAEHTIB Ta 3aKOPAOHHMX NPeacTaBHUUTB, $iniii yKpaiHCbKMX 3aKnagis BULOT
OCBITH.

MopiBHANBHUI aHani3 NoKasye, WO Ha BIAMIHY Bif, nonepeaHix CTpaTeriYHUX [AOKYMEHTIB, nepenbayvacTbca
ONPUNIOAHEHHSA 3BITIB NPO Pe3ynbTaTUBHICTb peanisavii Ctpaterii Ha odiuiiHomy caiTi MOH YKpaiHu, nocMnaHHA Ha 3BiTW Ha
cTopiHkax MOH YKpaiHu y couianbHux Ta npodeciiHux mepexkax. Ha caiti reforms.org.ua 3anposaakeHo ¢popmy 3BOPOTHOrO
3B’A3KY A1 F[POMaZCbKOro 06roBopeHHs pesybTaTUBHOCTI peanidauii CTpaTerii Ta npono3nu,in Wwoao BHeceHHs 3MiH fo CtpaTerii
(Crpareria, 2020, c. 62).

BUCHOBKWM TA NEPCNEKTUBU NOAANBLUOIO AOCNIAKEHHA.

OT)Xe, BNPOAOBK OCTaHHIX POKiB Bifbynoca AMHaMiYHe BAOCKOHA/NIeHHS HOPMATUBHO-NPABOBMX 3aCaj, PO3BUTKY BULLOT
OCBITW, YXBaZIEHHA HMU3KWM 3aKOHIB YKPAiHM Ta NiA3aKOHHMX aKTiB, WO nepeabayatoTb BiANOBIAHICTb BUMOT A0 AKOCTI NnpodeciiHoi
niAroToBKM MalibyTHix daxisLiB eBponencbKMm cTaHZapTam. MNiaTBepAXKeHo, WO B yMOBax NaHAeMii Ta Ldposisal,ii cycninbeTea
3pPOCTAE 3HAYEHHA OHNAMH-3aX0A4iB, HA AKUX 3A4iINCHIOETLCA OOrOBOPEHHS KOHLENTYa/NbHUX OOKYMEHTIB, CNPAMOBAHUX Ha
pedbopMyBaHHSA ranysi, WO BiAKPMBaOTb HOBi MOXKIMBOCTI A5 3a/ly4EHHA BCiX 3aL,iKaBNeHMX CTOPiH Ta 3apybiXKHUX eKcnepTis.
MepcnekTMBHUMK HanpamaMu po3pobieHHA ob6paHoi nNpobiemu BBAXKAEMO BAOCKOHANIEHHA MPABOBOrO MOAA CUCTEMM
BHYTPiWHbOro 3abesneyeHHA AKOCTi OCBITWU, NiAroTOBKA 3aKOHY «Mpo AUCTaHUiHY OCBITY», WO € BUHATKOBO aKTya/lbHUM B
Cy4aCHWUX YyMOBaX, Ta po3pobaeHHsA HOPMATUBHO-NPABOBOrO CyNpoBOAY peanisauii CTpaTerii po3BMTKY BULLOT OCBITW YKPAiHK Ha
2021-2031 poKM, W0 BU3HAYAE BEKTOPU OCBITHbOTO PO3BUTKY ranysi Ha HalbanKuye AecATUNiTTA.
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NORMATIVE-LEGAL FOUNDATIONS OF HIGHER EDUCATION DEVELOPMENT IN UKRAINE
IN THE CONDITIONS OF EUROPEAN INTEGRATION
Larysa Korzh-Usenko, Petro Rybalko
Sumy State Pedagogical University named after A. S. Makarenko, Ukraine

Abstract.

Formulation of the problem. Identifying positive features and shortcomings of the normative-legal framework of the higher education in Ukraine,
taking into account the experience of the developed European countries, is an important prerequisite for the success of the initiated
transformations in the context of building a democratic legal society.

Materials and methods. The study was based on the latest regulations in the field of higher education in Ukraine, aimed at adapting domestic
legislation to the European research and educational area. To achieve this goal, the methods of the theoretical level of scientific
knowledge were used: historiographical analysis, comparison, analysis, synthesis, generalization.

Results. The structure of the current normative-legal framework in the field of higher education in Ukraine is presented, the main groups of laws
and regulations that have different legal force are characterized. The innovations introduced by the new Law of Ukraine “On Higher
Education” (2014) are summarized in comparison with the old version of this legislative act. The article reveals the peculiarities of
the Law “On Amendments to Some Laws of Ukraine on Awarding Scientific Degrees” (2021), the National Qualifications Framework
(2020) and the Professional Standard for the Group of Professions “Teachers of Higher Education Institutions” (2021), strategic
documents, which determine the priorities of education development and local acts of higher education institutions. The prospects
for further development of the selected problem are outlined. Particular attention is paid to the analysis of the Education
Development Strategy of Ukraine for 2021-2031. It is revealed that in the conditions of pandemic and digitalization of the society the
importance of online events is growing, where the conceptual foundations of reforming the industry are actively discussed and new
opportunities are opened for involving all stakeholders and foreign experts.

Conclusions. It is stated that in recent years there has been a dynamic improvement of the normative-legal framework for the higher education
development, a number of laws of Ukraine and bylaws have been adopted that contain requirements for the quality of training of
future specialists in line with European standards. Emphasis is placed on the issue of certification of scientific and pedagogical staff
and specification of requirements for teachers of higher education institutions. Promising areas for the development of the selected
issue are improvement of internal systems of the education quality assurance, creation of the Law "On Distance Education" and
development of the regulatory support for the implementation of the Education Development Strategy in Ukraine for 2021-2031.

Key words: normative-legal foundations, legal framework, development of higher education, specialists training, European integration, Bologna
process, European education area.
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METOAUYHI OCOB/INBOCTI BUKOPUCTAHHA CUCTEMHO-IHTETPATUBHOIO Niaxoay
A0 BUKNAOAHHA OKPEMUX TEM ®YHOAMEHTAZIbHUX HAYK

AHOTALIA

Cmamms NpuceaYeHa MOX(AUBOCMAM 8POBAOHEHHSA CUCMEMHO-iIHme2pamugHo20 nioxody 00 Nid2omoeKuU yyumesie-mazicmpis y npoyeci
OMNAHYBAHHA HUMU YUKAY hyHOAMeHManbHUX HAYK (i3uKu, acmpoHoMii, acmpoghiauku, Kocmonoeii, KocMOo20Hii, Ximii).

®opmynioeaHHa npobnaemu. Ob6rpyHmysamu Mmoxcaugicme 00Ho20 3 eapiaHmie cucmemHo-iHmezpamugHo2o nidxody wodo
CMPYKMYypyB8aHHSA i 8UBYEHHA HABYAAbHO20 Mamepiany npo ¢pyHOameHmasnbHi 83aemodii 8 npupodi i cyyacHuli cmaH npoyecy
06°€edHaHHA meopili, wo ix onucyroms.

Mamepianu i memoodu. Y skocmi memodie 00Ci0HeHHA BUKOPUCMOBYBAAUCA KOMIAEKCHUU aHAI3 HAYKOBO-MemOoOUYHUX Oxcepes, 8 AKUX
pernpe3eHmyemocs cucmemHo-iHmezpamusHuli nioxid 0o eupiweHHs nedazoeiyHux npobsaem, ma cuHmes 8i0No8IOHUX
pesynbmamia docnidreHs, onybaiKoBaHUX y HaYKOBO-Meda202idHUX BUOGHHAX, 3 Pe3yabmamamu asmopcbKux HapoboK wWodo
eKCcrepuMeHmMasnbHo20 ix 8rpoeadHeHHa 8 0OC8IMHIO MPAKMUKY. I[HmezpamusHicme 3micmy mamepiasny npo yHOamMeHmManbHi
83aemodii 8 npupodi NPonoHyeMbCa 8ukaadamu nocnidosHo y gopmi mpeox nidmem (numars). Cnepwy po3znadaemscs
npupoda ecix pyHOameHmManbHUX 83a€MOOil, ix 3a2a7bHA XAPAKMEPUCMUKA, MOPIBHAAbHI OOHI 30 8eAUYUHOK YuCeabHUX
3Ha4eHb, hopmyu 6e3po3mMipHUX C8IMOBUX KOHCMAHM, WO ONUCYIOMb Ui 83AEMODii, NPoAE hyHOameHmasibHUX 83aeMo0ili (cus)
y izuyi, acmpoHomii, ximii mowo. HacmynHuli eman nons2ae y 8U3HA4YeHHi 8MAUBY 3MIHU YUCEAbHUX 3HA4YeHb C8imosux
KOHCMaHm Ha esosntoyito Bcecsimy. [licna ybo2o Ha AKICHOMY pigHi posenadaromeca cy4acHi meopil, AKi Hamazaromecs
06’edHamu 8 eOuHy cucmemy (Haykosy KapmuHy ceimy) eci gpyHOameHmManbHi 83aemodii.

Pesynbmamu. BHacnidok npogedeHo2o O00CniOweHHA 3°AC08aHO, WO MOMAUBOCMI iHMe2pamusHO20 BUBYEHHA mamepiasay Mnpo
¢yHOameHmManbHi 83aemo0ii y npupodi, nidkpecarrome ix gyHoameHmansHi npomusnexcHi enacmueocmi (danekodiroyuli
xapakmep epasimayiliHoi i enekmpomazHimHoi 83aemodili ma 6au3bkolditoduli — cAabKoi i CusnbHOI), AKi 8 NMOEOHAHHI U
8U3HAYAIOMb CMPYKMYPHY EOHICMb | esonroyito Hawozao Bcecgimy, moxausicme iCHy8aAHHA MHOMCUHHOCMI iHWUX 8cecaimis,
ssacmusicme Hesu4yeprnHo20 «OpobseHHA» mamepii Ha ece MeHWI i MeHWi YacmuHKU, nidmeepoXyo4u mum Ccamum
dianekmuKy eOHocmi i Gopombbu npomusnexHocmed.

BucHo80K. CucmemHo-iHmezpamusHuli nioxio 0o susyeHHsA hyHOameHmManbHUX 83aemodill y npupodi 0ae moxausicmes iHMepnpemysamu
¢yHOameHmManbHe 3HAYeHHA Pi3HUYi mixc 0anekoditoyumu i 61U3bKOOIOYUMU CUAAMU NPUPoOU: 3 00Ho20 BOKY — 83aeMOOiT
HeobmexceHo2o padiyca Oii (epasimayis i enekmpomazHemusm), a 3 iHWo020 — mano2o padiyca (cunvHa i cnabka). Lum G
deMOoHCMpPYyeEMbCA, WO €8im NPUPOOHUX MPOUECI8 PO320PMAEMBLCA 8 MeHax yux 080x noaapHocmel i pasom 3 mum emintoe
€0HICMb 2paHUYHO MQas1020 i be3meHHO 8enuKo20 — MiKpoceimy i meaacgimy, enemeHmMapHoOi YaCMUHKU i 8cbo2o Bcecgimy.
IHWUMU ci08amu — onuc npupPoOU MpPonfA2ae MiX 080Ma NPOMUAEHHUMU KAPMUHAMU. Y 4bomy «cepeduHHOMY» onuci gisuyHi
30KOHU Mpu3800mMb 00 HOBOI hOPMU Mi3HAHHA, AKA BUPAHAEMbCA UMOBIPHICHUMU yAsneHHAMU. Tobmo, 6ydy4u noe’asaHumu
3 QUHAMIYHOKO HecmiliKicmio MPUPOOHUX cucmem (AK MIKPO- MAK i MAKPOCKOMIYHUX), 30KOHU npupodu onepyroms aAuwe 3
moxcausicmio nodit, a He pobasme okpemi nodii Haneped nepedbavysaHuMu.

K/TKO4YOBI C/IOBA: iHmezpauis, HayKosa KapmuHa cgimy, ¢pyHoameHmaneHi 83aemooii, ceimogi KoHcmaHmu, meopii 06’€OHAHHA.
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BCTYN

MocraHoBKa npob6nemu. OcBiTHbo-npodeciiHa nporpama (OMM) 3 NigroToBKM MalbyTHIX y4yuTeniB-maricTpis Ao
BMKNAZaHHA OCHOB MPUPOAHUYMX HAYK BK/IOYAE, 30KPEeMa, TaKi HaBYasibHi AMCUMMNIHM AK «3arafbHUi Kypc $isnkny,
«TeopeTnyHa disnka», «AcTpoHomifA», «TeopeTUyHa acTpodisnka», «OCHOBM KOCMOJIOTIT Ta KOCMOTOHIT», «Ximif» TOLLO.

Opi€EHTYIOYNCb HA HUHIWHI TEeHAEHUT WoA0 CNpPAMYBaHHA OCBITHLOrO Mpouecy Ha GopMyBaHHA y cyb’eKTiB HaBYaAHHA
uinicHoro obpasy 0TOUYHHOrOo CBITY, METOAMCTM BCE YacTille 3BepTatoTh yBary Ha po3pobKy iHTerpaTMBHUX Niaxo4is Ao Nnobyaosu
pi3HMX MoAenei HaBYaNbHOI AianbHOCTI (MapTuHioK & [ekapuyk, 2013).

Cnupatoumncb Ha CUCTEMHUIA Migxia, «UinicHWMIM 06pas CBiTy» y CydacHii TEpMIHOOTIT BTINOETLCA Y KOHLEeNii «cy4acHol
HayKOBOI KapTWHM CBITY», AKa PO3rNAQAETbCA AK naatopma AnA iHTerpauiiHMx npouecis B OCBIiTIi (ApLMLLEBCbKUIA
&LUonomuubka, 2004). OgHUM 3 BU3HaYeHb HayKoBOi KapTuHU cBiTy (HKC) € il po3ymiHHA AK HAaMBULLOro PiBHA y3arajbHeHHs i
cucTemaTtmsalii BCiei CyKYnHOCTi 3HaHb, HAKOMWYEHMX NACTBOM Yy npoueci Moro ictopnyHoro po3sutky (KpacHobokuii &
TkayeHko, 2019; KpacHobokuit & TkayeHko, 2020). IHwumu cnoBamu, HKC mMOXKHa po3rnsagat fiK yHiBepcasbHy, CKNagHy,
iEpapxiyHy cuctemy, AiKa, 3rifHO CUCTEMHOTO aHani3y, CKNAaAAETbCA 3 NiACUCTEM | €N1eMEHTIB — B3aEMO3aNeXKHUX | NTEBHUM YNHOM
B3AaEMOLIIOYMX MK COBOI AK Yy pamKax KOHKPEeTHOi nigcucTemu, Tak i 3 enemeHTamu iHWMX nigcmuctem (TKauyeHKo &
KpacHobokuii, 2020).

MNiacuctemamm yHiBepcanbHoi HKC (YHKC) € 3aranbHoHaykoBi KapTuHu cBiTy (3HKC), y AKMX akymynoloTbea
(06’eqHYIOTbCA) 3HAHHA 3 HayK (HaBYaNbHUX AUCUMMAIH) 33 cnopigHeHMMKU abo 6AU3bKMMKM NpegMeTamn A0C/IAKEHHA
(BMBYEHHS), HanpWKNaL: NPUMPOAHUYO-HayKoBa KapTuHa cBiTy (MHKC), cycninbHo-nonitTMuHa KaptuHa ceity (CMKC), reonoro-
reorpadiyHa KapTuHa cBiTy (TKC), moBHO-aemorpadiyHa KapTuHa ceity (MAKC), iHbopmaLiHO-cMHepreTMYHa KapTuHa CBIiTy
(ICKC) Ta iH. MoxHa BBarkaTy, wWwo nigcuctemn YHKC, To6T0 3HKC, y cBOtO Yepry CKNafaroTbCA 3 e/1eMEHTIB — KOHKPETHO-HayKOBUX
KapTuH cBiTy (KHKC), TO6TO KapTUH CBiTY KOHKPETHUX HayK (aucumnnnid) (Apunwescbkuit &Llonomumubka, 2004; KpacHoboKkuit &
TkayeHko, 2020; KpacHobokuit, TkaueHKo & [ekapuyk, 2020;). Hanpuknaa, MHKC cknagaetbea 3 HU3KKM GisUYHMX, BioNOTIUHKX,
XIMIYHUX HaYK, Y pamKax AKUX GopmyroTbes BignoBigHo disnyHa, bionoriyHa Ta XimiyHa KapTuHu cBiTy (KpacHobokuii & TKaueHKo,
2019).

Ockinbku nepepaxoBaHi Buwe B OMNM HayKM oNUCyOTb ABMLLA | NPOLLECU B HEXKMBIW NPUpPOAi, MM BUOKpematoemo 3 MHKC
OOMH Ti enemeHT — i3nuHy KapTuHy cBiTy (PKC), i Hamaraemocs npeacTaBuUTK CNocCi6 IHTErPOBAHOrO BUBYEHHA MaTepiany
HABYaNIbHUX AMCUMNANIH, AKi € dopMOoto iMmnaemeHTaLii nepepaxoBaHUX Bulle ¢GyHAAMEHTA/IbHUX HAyK B OCBITHIM npouec
NiAroTOBKM MalbyTHIX yuuTenis npupoao3HABCTBa, 30Kpema W isvku. BuKnag matepiany 34JiMCHIOETbCA  LWIAAXOM
dopmyntoBaHHA Npobaem cydacHoi Gi3UYHOT HAYKM | MOXKAMBUX WAAXIB X BUPILLEHHS.

Paszom 3 MM Hamaraemocs AOCArTU YCBIAOMIEHHA CTyAeHTamu Toro GaKTy, WO Y NPOLLECi Pyxy LWAAXOM Ni3HAHHA CBITY
BCe biNblue BUHWKAE MUTAHb i BCE BayK4e HA HUX BianoBsigaTn. Tak, Hanpuknag, y HeXuBili Npupoai NOCTIMHO BiAKPMBaOTLCA BCE
HOBI i HOBI CyDaTOMHI YaCTUHKMK, | 6araTo aeTanem ix NoBeniHKM MOKM LLO 33/IMLLAIOTLCA HE3PO3YMITUMMU.

BuKOpWCTOBYOUM METOAMYHI NPUAOMM TPAHCAUCUMNNIHAPHOCTI LWOAO 03HANOM/IEHHA CTYAEHTIB 3 ABULWAMMU Y MPOCTUX
cucTemax i B3aEMOAIAMM, AKi iX CynpoBOLKYIOTb, BUOKPEMIOEMO 3arasibHi NpaBuaa, AKUM BOHM MiAKOPAIOTLCA, 3’ACOBYEMO
061acTb X 33CTOCOBHOCTI Ta MOMK/UBICTb iX eKCTPanonsALii Ha 6ifblWw CKNaaHi cuctemu.

IHTErpytouM TAaKMM YMHOM HaBYasbHUIM MaTepian 3 ¢i3uKM, acTPOHOMIi, acTpodi3MKM, KOCMOJOrii, KOCMOTOHii,
Hamaraemocsa chopmyBaTH y CTYZEHTIB YABNEHHA NPO BeNMYE3HWUI | CKNaaHWA BcecBiT y BUrNAA CyKynHOCTI HEBE/IMKOTO Yncna
eNleMEHTapHUX YaCTUHOK, fAKi MOXYTb B33aEMOZIATM NMWeE KilbKOMA cnocobamu i NigKOpPATUCA HEBEeNWKIA  KinbKocTi
dyHAAMEHTaNbHUX 3aKOHIB.

Takum matepianom, AKUIA B TiK UM T Mipi nepeabayvaeTbca y UMK AUCUMNAIH dyHAAMeHTanbHOI nigrotokm (®M)
MaricTpis NpMpPoA03HaBCTBA i A03BOJIAE IHTErPAaTUBHUI Niaxig A0 Moro posrnsay, € npobsema CTBOPEHHS Cy4aCHUX Teopil, AKi
PO3KPUBAIOTH 3 MO3MLLM KBAHTOBO-PENATUBICTCHKUX YABNEHb CYTHICTb | OCHOBM EAHOCTI YOTUPLOX OCHOBHUX GYHAAMEHTANbHUX
B3aEMOLiN y npupoai (TkaueHKo & KpacHobokuii, 2017; TkauyeHKo & KpacHobokuit, 2019). Y nopaaKy 3pOCTaHHA iX iIHTEHCUBHOCTI
Li B3aEMOIT NpeacTaBAATbLCA HACTYNMHUM YMHOM: FpaBiTaLiiiHa, cnabka, eNekTpomarHiTHa, CMabHa.

CyyacHa HayKa BBayKa€, LLL0 BNACTMBOCTI MaTepii B maclTabax Big aToMiB [0 3ipOK BU3HAYAOTHCA LLUMU B3AEMOLIAMM, LLO
came Ui B3aemMoAii B KiHLEBOMY paxyHKy BiAnoOBifaloTb 3@ BCi 3MiHM B MPUPOAi, CamMe BOHW € AXKepenom BCiX NepeTBOpeHb
maTepianbHuX Tin i npouecis (Po3eHTanb, 1980). TeopeTnyHa i eKcneprMmeHTanbHa po3pobKa Liel npobaemMaTKM Ha JaHui Yac €
nepegHim Kpaem pyHOAMEHTANIbHOI HAYKM, LLLO aKTyani3ye ii BUBYEHHS B 3aK/iagax OCBiTH. Lle 11 CnoHyKaio aBTOpiB A0 MOLYKY
MOXX/IMBUX BaPiaHTIB iHTErpOBaHOI NoAaYi LbOro martepiany.

AHani3 akTyanbHUX gocnigKeHb. Mpobaema iHTerpauii HayK i ix imnaemeHTawii y HaBYaNbHI AUCUMNNIHM HEe € 30BCIM
HoBO'0. [JaBHO B¥Ke CKNaNWCA TaKi HayKu sk acTpodisuKa, 6iodismnka, disnyHa ximin, arpodisnka, biomexaHika Ta iH., a BignosiaHi
HaBYaNbHi NpeaMmeT TBEPAO NOCIAM CBOT MiCLA B HaBYaNIbHUX NAAHAX | NOTYHO BAMCANUCA B CUCTEMY MiATOTOBKM BiAMNOBIAHUX
cneuianicTis. MpoTe, Npobaemu NOLWYKY WAAXIB METOAMKO-METOA0/10TIYHOIO YAOCKOHANEHHS 3MICTy HaBYaHHSA Wwo y 3BO, wo y
LUKONAX BIAHOCATLCA A0 TaKWX, AKI NOCTIMHO 3a/MLIAIOTLCA aKTyalbHUMM, Hacamnepes, y 38'A3Ky 3 NOCTINHUM HaKOMUYEHHAM
HOBOI iHbOpMaL,ii | AMHAMIKOO 3MiH coLianbHOro A0CBiAY, AKi i € rNobanbHUM AXKEpPeNoM 3MiCTy OCBITH.

3a cyyacHux ymos 6araTokaHanbHOCTI iHGOpMaLii 0cO6AMBOrO 3HAYEHHA HabyBa€ iIHTErpaTUBHUI 3MICT NiZPYYHUKIB 3
TOYHMX (PYHOAMEHTaNbHUX) HAyK, Y AKMX Ma€ BigobpaxkaTmca OCBiTHA ranysb «Mpupoao3HaBCTBO». |3 MAacMBHOrO Hocis
iHpopMaLii TakuMM NiAPYYHUK NEepeTBOPIOOTLCA B aKTUBHY AMAAKTUYHY CUCTEMY, fiKa Cnpuae GopmMyBaHHIO NPUPOAHUYO-
HayKOBOrO CTW/IO MUCNEHHSA, chneundivyHoi TepmiHonorii, yHidiKOBaHMX HAYKOBUX KOHCTPYKLiM Ta 3abe3neuyye cTyaeHTy
MOX/IMBICTb CAMOKOHTPOIO HAaByTUX 3HAHb.

Po3po6bui 3aranbHUX NUTaHb iHTErpaLinHMX NPOL,ECiB B OCBITI, i 30KpemMa y NpUpoAHUYO-HAYKOBIN, NpUCBAYEHi pob0TH AK
BiTUM3HAHMX (C. ToHUapeHKo, K. ly3, B. InbyeHko, O. /laweHKo, M. MapTUHIOK), Tak i 3apybixHux (I. AnekcaHgposa, A. l'ypesuy,
B. PazymoBCbKMi1) neaaroris. Teopito i NPaKTUKY HAMOBHEHHA CTPYKTYPHUX NOBYAOB WKINbHUX KypciB ¢i3vKKM i acTpoHoMmiIi
po3pobnsanm O. byraios, C. FoH4YapeHKo, 0. [ik, I. KnumuwuH, K. Kpaesuy, |. Kpauko, M. MapTuHiok, /1. Pe3HiKoB Ta iH.
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KoHuenTyanbHi OCHOBM iHTerpauii 3micTy NpupoaHMYO-HAYKOBOI OCBITM MpeacTaBneHi B pobotax M. ApuuiieBcbKoi
(Apumwescbka, 2000), T. 3acekiHoi (3acekiHa, 2011), B. InbyeHKo, K. Iy3 (InbyeHKo & Ty3, 2002), M. MapTuHioKka (MapTUHIOK,
2013), A. CyxaHoBa, O. lonybeoi (CyxaHoB & lonybera, 2011) Ta iH.

MeToaMKO-MeTOA0N0rYHI 3acaan BNPOBAAKEHHA MogeNel iHTerpoBaHOro HaB4YaHHA Ha AaHMI Yac po3pobasatoTbea
M. ApumweBscbKkoto (Apumwescbka, 1988), HO. beketoBum (BekeTos, 2014), M. MapTuHiokom (MapTuHioK, 1988), a TakoX
aBTopamu aaHoi cTatTi (KpacHoboKkuit, TKaueHKo & InbHiubka, 2018; TkaueHKo & KpacHobokuit, 2017; TKaueHKo & KpacHoboKui,
2019; TKkaueHko & KpacHobokuii, 2020).

Mpobnemam meToguyHOro 3abesneyeHHn CMCTEMM IHTErPOBAHOMO HaBYaHHA (30KpPeMa 3MicCTy BignoBiAHMX NigPYYHUKIB)
npuceadeHi pobotu T. 3acekiHoi (3acekiHa, 2011), B. InbueHKo, K. Ty3 (InbyeHko & Ty3, 2002), T. Tunosua (Tunoseyb, 2012),
aBTOpPCbKi poboTu (KpacHobokul & TkaueHko, 2018; TkaueHKo & KpacHobokuii, 2019).

CyyacHa OCBiTa OPIiEHTYETbCA HA KOMIIEKCHI Migxogu WoA0 opraHisauii AianbHOCTI BCiX ii NaHOK — iHbopMaLinHuiA,
CUHEPreTUYHUM, CUCTEMHUI. 3a LbOr0 BBAXKAETbCA, L0 OAHIEI 3 HallBaXKMBIWINX 3acas, NPOBIAHOK TEHAEHLIEID NOAANbLIOIO
PO3BUTKY OCBITU i AApOM ii iHTerpauii mae ctatn dopmysaHHa cydacHoi HKC. OcKinbKKM nuLie Ha Uit OCHOBI MOX/IMBE HayKOBO
06rpyHTOBaHE MOAEN0BaHHA 3MICTY Cy4acHOi 0cBiTH (ApumieBcbkuin & LonomuubKka, 2004), To LA BUMOra BUCYBaE Hacamnepes,
notpeby y HayKOBO-TEOPETUYHIll po3pobLi cTpyKkTypu camoi HKC.

Li npo6n1emun 3Haxo4ATb CBOE BigobpakeHHA y AOCNIAXKEHHAX HU3KN BYEHMX — Negaroris, ¢inocodis, cycniNbCTBO3HaBLLIB
Towo. [1o TakMxX AoCNigXeHb MOXHa BigHecT poboTu A. ABepbaHoBa (ABepbaHoB, 1985), P. ApunweBscbkoro, T. LlonomuupKoi
(ApumweBcbkuit & LWonomuupka, 2004), B. /intasap (/iutasap, 2012), T.PysasiHa (Py3aBuH, 1988) Ta poboTu aBTOpIB
(KpacHob6okuit & TkaueHko, 2019; KpacHob6okui & TkaueHko, 2020; KpacHob6okuit & TkaueHko, 2019; KpacHo60KuiM, TKayeHKo
& [ekapuyK, 2020; TkayeHKo & KpacHobokuit, 2019; TkaueHko & KpacHobokuii, 2020). Y ymx poboTax poO3KpMBaOTbCA
CUCTEMHWIA aHani3, CUHepreTMYHMI Ta iHpopmaLiiHMi nigxoam i ix iHTerpauis B npoueci popmysaHHA MHKC.

MeTolo NPONOHOBaHOI CTaTTi € cNpoba NPOAEMOHCTPYBATU MOMK/IMBICTb iHTErpauii HaB4asbHOro martepiany 3 LUKy
byHAAMEHTaNbHUX AUCLMNAIH Ha NPUKAaai GopmMyBaHHA i PO3BUTKY Teopil PpyHAAMEHTaNbHUX B3AaEMOAIN y npupogi Ta ix
06’egHaHHA B eanHy HKC.

06’€eKT AoCnig»KeHHA CKAaa€e OCBITHIN NpoLEeC 3 NiAroTOBKM MaMbYTHIX yunTeniB NPUPOAHUYMX HaYK.

Mpeamet focnifgKeHHA: MeTOAMKA BUBYEHHA GYHAAMEHTANIbHUX B3AEMOAIM Y NPUPOA.

OCKiNbKM EQHICTD, AKA BUABNAETLCA 33 CUCTEMHO-IHTErPATUBHOIO NiAXoA4y A0 HAYKW NONATAE Y BCTAHOB/IEHHI 3B'A3KIB i
BiAHOLIEHb MiXK Pi3HMMM 33 CKNALHICTIO OpraHi3aLii, piBHeM Ni3HAHHA i LiNiCHICTIO OXONeHHA KOHLEeNTya/bHUMKU CUCTEMaMU, 33
[,0MOMOrO0 AKMX came 1 BiA0OPaXKAETbCA HAKONUYEHHSA | PO3BUTOK HALLOr0O 3HaHHA Npo npupoay y dopmi HKC, To came Takuii
niaxig 6yno obpaHo ana gocnigKeHHA npobiemaTvkm cTaTTi. BiH nonsras y 3acTocyBaHHi METOAIB aHaNi3y | CUHTe3y pe3y/ibTaTiB
BiANOBiAHMX Ny6AiKaLiM y HAyKOBO-NeAaroriYHMxX BUAAHHAX Ta aBTOPCbKMX HAPOOOK 3 eKCNePUMEHTANbHOTO iX BNPOBAAXKEHHA B
OCBITHIO NMPAKTUKY.

3aBpaHHA CTaTTi:

— 06rpyHTYBaTU CUCTEMHO-IHTErPATUBHUI NiAXiA A0 BUBYEHHA MaTepiany npo dyHAAMeEHTaNbHI B3aEMOAIT B NpUpoA;

— chopMyNtOBaATU KOHLENTYaNbHi 3acagM, Ha AKMX FPYHTYIOTbCA CyYacHi YABNEHHA NPO CTPYKTYPY i eAHICTb BeecsiTy;

— ONMncaTH AKICHY XapaKTepuUCTUKY GyHAAMEHTANIbHUX B3AEMOZAIN MiK CTPYKTYPHUMU eeMeHTaMy MaTepiasibHoro CBiTy;

— 34iACHUTM HANIBKINbKICHWUI NOPIBHANBHUI aHani3 GyHAAMEHTAaNbHUX B3AEMOAIN Ta 3’ACYBaTU BN/MB MOXK/IMBUX 3MiH
YMCNOBUX 3HAYEHb KOHCTAHT, AKi iX ONUCYIOTb, Ha eBotoLto BeecBiTy;

— 34iMCHUTM AKICHUI ornag npouecy GopmyBaHHA Ta Cy4aCHOro CTaHy TeOpii, AKi HamaratoTbcAa o6’eaHaTv BCi
byHAameHTanbHi B3aemogii B eauHy cuctemy (HKC).

PE3Y/IbTATU AOCNIAKEHHA

AHani3 nporpam nepepaxoBaHUX HaBYANbHUX AUCLUMANIH A03BONAE CHOPMYNIOBATU KilbKa METOLONOMYHUX KOHLLEeNTIB,
AKi MW MOKNaZAaEMO B OCHOBY iHTerpauii BianoBigHOro matepiany, a came:

— iCHY€e 06’eKTUBHUI Bi3UYHMI CBIT 40 | HE3A/IEXKHO Bif NOAMHM i Ti CBiZOMOCTI;

— cyyacHa di3nyHa HayKa NOCTY/OE HAABHICTb TPbOX AKICHO BIAMIHHWUX CTPYKTYPHWUX PiBHIB CBiTY Qi3UUHUX eNemMeHTiB:
MIKpO-, MaKpoO- i MerapiBHiB;

— BU3HaHHA CXemMM IEpapXiyHOi CTyniH4YacToi OyA0BM MaTepii, AKa noB’A3aHa 3 BM3HAHHAM iCHYBaHHA BiAHOCHO
CAaMOCTIWHMX i CTIMKMX PiBHIB, «BY3/10BMX TOYOK» Y NIAHLLIO3i AiNEHHA MaTepii; 3ri4HO 3 Li€El0 CXEMOK ANCKPETHI 06’EKTN NeBHOro
piBHA maTepii, BcTynatoun y cneundivHi B3aemogii, cnyrytoTb BUXigHUMM (NOYATKOBUMM, NEPBUHHUMM) ANSA YTBOPEHHSA | PO3BUTKY
NPVHLMNOBO HOBUX TUMiB 06’EKTIB 3 IHWMMM BNACTUBOCTAMM | OPMaMK B3aEMOAIT;

— y NPOULECi eBONOLLiT YMCNO B3AaEMONOB’'A3AHNX PiBHIB MaTepii 3poCTaE, a ii 06’eKTU cTatoTb Bee binbly GaraTopiBHEBUMMU;
06’EKTN KOXKHOIO HACTYMHOro PiBHA BMHMKAIOTL | PO3BMBAOTLCA B pe3yabTaTi iHTerpauii (06’eaHaHHA) | gudepeHuiauii neBHUX
MHOXWH 06’€KTiB NonepeaHbOro PiBHA;

— CTPYKTypa NpoL,ecy NisHaHHA He € HE3MIHHO — AKICHOMY PiI3HOMaHITTIO NPUPOAM NOBMHHE BifNOBIAATM 1 Pi3HOMAHITTA
cnocobis 1i NisHaHHA;

— ¢di3nyHa Teopisa NOBMHHA MICTUTK B cObi He nwe 3acobu Ana onucy NOBeAiHKM NisHaBaHUX 06’ €eKTiB, ane 1 3acobu ana
OMUCY YMOB Ni3HaHHSA;

— OCHOBOIO Mi3HAHHA € eKcnepuMMeHT — besnocepeaHa MaTepiasibHa B3aEMOAIA MiXK 3acobamm gocniaxeHHa cyb’ekTa i
06’eKkTOM.

CTBOpPEHHA TEOpeTUYHUX Mogeneil ob’eaHaHHA dyHOAAMEHTAaNbHUX B3aEMOAM 0as3yeTbCcsA HA MNowWyKax ix chifbHOT
CyTHOCTI. 3’AcyBanocs, WO CiIbHUM A/1A HUX € HAABHICTb NEBHOTO r1ocepedHUKd, Yepes AKUIN nepesaeTbCs BigNoBiAHa B3aEMOAIA,
— «1071A». 3 PO3BUTKOM KBAHTOBOI MEXaHiKM, y CBIT/li KBAHTOBO-XBM/IbOBOTO Ayaniamy ByZib ke CMN0Be NoJe He € HenepepBHUM,
a MaE€ AMCKPETHY CTPYKTYpY. TOBTO, KOXKHOMY MO0 MatoTb BiAMNOBIAATM NEBHI YaCTUHKW — KBAHMU LbOTO NoA, a A0 HaraTbox
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Teopil, AKi onucyloTb Wi NoAs (B3aeMogii), BXOAATb Tak 3BaHi PyHAAMEHTaNbHI («c8im0o8i KOHCMAHMU»), YNCNOBI 3HAYEHHA AKMX
Bif06parKatoTb CTPYKTYPHICTb TeNepilHbOro cTaHy BeecBiTy.

BuBYEHHA KOHKPETHUX BNACTMBOCTEW Ta 3aKOHOMIPHOCTEN LMX NOJIB | YaCTUHOK — HOCIB GyHAAMEHTANbHUX B3AaEMOA,iN
— CK/J1afla€ OCHOBHE 3aBAaHHA CY4aCHUX HAYK NPUPOAHUYOTO LUKAY.

Y npoueci BUKNaAaHHA BigNoBiAHOro matepiany HaBYaNbHUX OUCUMMAIH HAa3BaHOrO UMK/Y, CNoYaTKy pobMMO AKICHMI
ornAg Teopii, Wo onucytoTb dyHAAMEHTaNbHI B3aeMoii, i HAMaraemocsa HafaBaT MOMY iHTErPAaTUBHOIO XapaKTepy.

Hanpuknag, 3a po3rnagy epasimayiliHoi 83aemo0ii (K y ¢i3nLi, TaK i B acTpOHOMIT, acTpodi3mLi Tow) 3BepTaETbCA yBara
Ha il 0c06/IMBOCTi — Many iIHTEHCUBHICTb i YHiBepcaibHicTb. Meplwa 0cobaAMBICTb NiAKPINAOETLCA MOPIBHAHHAM, WO rpaBiTauiiiHa
B3aemogia npubansHo B 103° pasis meHLWwa Big CUIM B3aEMOLIT eNeKkTpuyHMX 3apagis. TobTo, AKwWo 6 po3mipn aToma BOAHIO
BM3HAYaINCA rPaBiTaLi€l0, @ HE B3AEMOLIEID MiXK €NeKTPUYHMMM 3apAjamMu, TO Pagiyc Hanbamkyoi fo aapa opbiT enekTpoHa
nepesepLlyBas 61 pagiyc AOCTYNHOI ANA CNOCTEPEKEHHA YacTuHK BeecsiTy — 1026 m.

YHiBEPCaNbHICTb e rpasiTalii BUABNAETLCA B TOMY, LLO BOHA € AA/IeKOAi0400 cuaoto npupoau. Lle o3Havag, wo xo4
iHTEHCUBHICTb rpaBiTaLiiHOI B3aEMOAIT 3MEHLLYETbCA 3 BigCcTaHHIO (NponopuiiiHo 1/r2), BOHa MOLMPIOETLCA B NPOCTOPI | MOXe
BigYyBaTUCA Ha [0CUTb BigganeHux Big Askepena Tinax. B acTpoHOmiYHOMY MacwTabi rpasiTauiiHa B3aemogina Bigirpae
BMpilIaNbHYy posb. 3aBAAKM Aanekogii rpasitauis 3abesnedyye uinicHicTb BcecBiTy: BOHa yTpumye nnaHeTu Ha opbiTax, 30pi B
ranakTUKax, raNakTUKK B CKyNYEHHAX, CKynueHHs B MeTtaranaktuui (MusHep & TopH, 1977; Yunep, 1962).

LLlo » fo npupoau rpasiTauiiHoi B3aEMoAii, TO MOKM WO NOCNiAOBHOI KBAHTOBOI Teopii rpasiTaLii He ctBopeHo. lMpoTe,
3rigHO i3 3araJIbHUMM CyHaCHUMW TEOPETUKO-PISUYHUMM YABIEHHAMM TpaBiTaLiiiHA B3aEMOAia Ma€ MigKOPATUCA KBAHTOBUM
3aKOHaMm, fAK i iHWi B3aemogii. TobTo, i mae BianoBigaTK rpasiTaujiliHe Nosie 3 KBAHTOM rpaBiTauii — epagimoHom (HenTpanbHO
YaCTMHKOIO 3 BiACYTHICTIO MacKu CNOKolo i cniHom, piBHUM 2) (BpoHHMKoB & Py6uH, 2010).

KBaHTyBaHHS rpasitau,ii NiaBoANUTb 40 YABNEHHA NPO AUCKPETHICTb BAACTUBOCTEN NPOCTOPY-Yacy, MOHATb e/leMEeHTAPHOI
LOBXWHM (KBaHTa npocTopy r = 10735 m) i enemMeHTapHOro 4acoBoro iHTepBany (KBaHTa yacy t = 107* ¢) (Fpuropobes, 1987).

3a po3rnagay esnekmpomazHimHoi 83aemodii TeX 3BepTaeMoO yBary Ha ii cneuudiky. 3a BEIMYMHOK E€NEKTPUYHI CUan
HabaraTo nepeBepLyoTb rpaBiTaliHi, TOMY, KOIM BOHU AiH0OTb MiXK TinaMKn HaBiTb 3BMYAHUX PO3MIPIB, IX MOXKHA NIETKO BUABUTU
i BUBYaTU. TPMBA/IMIA Yac eNEeKTPUYHI | MarHiTHI ABUWA PO3rNAL4aAUCA | BUBYANUCA He3anexHo. | nvwe B cepeguHi XIX cT., Ak
Bigomo, k. K. Makcsenn o6’egHaB BYEHHA NPO ENEKTPUKY | MarHETU3M Yy EANHY TEOPIO €1EKTPOMArHITHOrO NOAs.

EnekTpomarHiTHa B3aemMozia Bipi3HAETbCA Bif rpaBiTaLiMHOI We 1 TUM, WO KOAW BCi MaTepiasibHi YaCTUHKMU CTBOPHOOTH
rpaBiTauiiHe nosie, TO 3 €1EKTPOMArHiTHUM Monem 3B’A3aHi NepeBakHO 3apAAMKEHI YaCTMHKWU. AK | enNeKTpuuHi 3apagu,
OZHOWMEHHI MarHiTHi NONOCK BiAWTOBXYIOTLCA, @ PiI3HOMMEHHI — NpuTArytoTbea. MNpoTe, Ha BigMiHY Bif, eNeKTPUYHUX 3apALiB,
MarHiTHi NONOCK 3YCTPIYaAOTbCA HE OKPEMO, @ Napamu — «MiBHIYHUMIA» MOJIOC, «NiBAEHHUN» Nostoc. MOXAUBICTb ICHYBAHHA
OKPEMOr0 MarHiTHOro Nosiloca — «KMOHOMOAA» — e LWe OA4Ha 3aragka npupoan (Hanabiw, 2004).

EneKkTpomarHiTHa B3aemopis (K i rpasiTauiiiHa) — Janekogitoya; AK i rpasitauis — NigKoOpPAETbCA 3akoHy 1/r2. BoHa
NPOABAAETLCA Ha BCiX PiBHAX MaTepii — B MeracBiTi, MakpocCBiTi i MikpocBiTi. (TyT AopeyHo BeAeTbCs MOBA NP0 MarHiTHe nosne
3emni, ke NPOCTAraeTbCA AaNeKo B KOCMIYHMIA MPOCTiIP; NMPO NOTYyXKHe marHiTHe none COHUSA, AKe 3anoBHIOE BCto COHAYHY
cUCTEMY; NPO rafiakTUYHI eNeKTPOMarHiTHi NoasA ToLwo).

Y TOW Ke 4yac eNIeKTPOMArHiTHa B3aEMOJiA BU3HAYAE CTPYKTypy aTOMIB i Mosiekyn. BoHa BiAnoBigae 3a nepeBakHy
6inblwictb Gi3UYHMX i XIMIYHMX ABULY, | MPOLLECIB: CUAW NPYXKHOCTI, CUAM TepTA, NOBEPXHEBOrO HATATY, BNACTMBOCTI arperaTHux
CTaHiB PEYOBUHU, XiMiYHUX NEPETBOPEHDL, ONTUYHI ABULLA, ABMLLA MOHI3aL,ii, baraTo peakuii (nepeTBopeHb) y CBITi en1eMeHTapHUX
YACTUHOK Ta iH.

Came TaKi BNIacTMBOCTI €NEKTPOMArHiTHOI B3aemopii [03BOMAIOTb PO3KPUBATM iHTErpaTMBHMUIA 3MICT BiAMOBIAHOrO
HaBYa/NIbHOrO MaTepiany y Nporpamax HaB4yaNbHUX AUCUUNNIH GYHAAMEHTANIbHOTO LIMKAY.

MopiBHAHO BaXKKO i MOBINIbHO CKNAAANNUCA YABNEHHA NpPO c1abKy e3aemoldito. Cnabka B3aemopgia npossnse cebe y
npouecax B3aEMONepeTBOPEHb Ta po3naay eleMeHTapHUX YaCTUHOK. 3 LM ABULLEM 3iTKHY/INCA 33 BIAKPUTTA PafioaKTUBHOCTI i
pocniaxeHHa 6ema-posnady. Y 6eta-po3nagy BUABMAACA AyXKe AMBHA 0c06/aMBicTb. CTBOPIOBAZIOCA BPAXKEHHA, LLO 33 LbOro
po3nagy HeHaye MOPYLWYETbCA 3aKOH 30eperkeHHs eHeprii, WO YacTMHa eHeprii «Kyoucb 3HUKae». He cymHiBawouucb y
dYyHAAMEHTaNbHOCTI 3aKOHY 36epeeHHA eHeprii, B. Mayni BUCYHYB NpunyLieHHA, Wo y npoueci 6eTa-po3nagy pasom 3
€/1eKTPOHOM BWAITAE e O4Ha YaCTUHKA, AKa M «BMHOCKTbY 3 COBOI0 HeaocCTatouy B po3paxyHkax eHeprito (Mayau, 1962). Ls
YacTMHKa HelTpanbHa i Mae HaA3BMYAHO BUCOKY NPOHWMKHY 34aTHICTb, 3aBAAKM YoMy ii He BAABaN0CA CNocTepiraTv (BUABUTK).
E. ®epmi Ha3BaB L0 YAaCTUHKY «HelmpuHO» (KHENTPOHUMKY).

AKLLO TaKa YaCTMHKa AifCHO iCHYE, TO HeobxigHo Byno 3'AcyBaTu ii 3aragKkoBy npupody. Cnpasa B TOMY, WO €1€KTPOHM i
HENTPMHO BUNPOMIHIOIOTLCA HECTabiNbHUMM AAPaMMU, ¥ TOM Yac, AK Byno BiZOMO, WO Y A4PaX TAKMX YHaCTUHOK HEMAE. fAK ¥Ke BOHU
BMHUKANU? BUABMAOCA, LLLO HEMTPOHM B HECTabiNbHUX AAPAX, ONUHUBLUMCL Cami No cobi, Yepes KiNbKa XBUMH pPO3NafatoTbcs Ha
NPOTOH, €NeKTPOH i HeMTPUHO. BUHWMKNO NUTaAHHA, AKi K CUAM BIANOBIZANbHI 3a Takuit po3naa? Y npoueci Noganblumx
po3paxyHKiB 3’AcyBanocs, L0 BiAOMI Ha TOW Yac CUAM BUKAMKATM TakUi po3nag He3paTHi. Mpunyctuaum, wo 6eta-posnag
CMOHYKAETLCA AKOKOCb HOBOLO, HEBIZLOMOIO CUANOIO, AKIN | BignoBiAae NeBHa «cnabka B3aEMOLiA».

Cnabka B3aeMOZifl 3HA4YHO MEHLLA 33 BE/IMYUHOLO Bif, iHLWIMX B3AEMOAiN (Kpim rpasiTauiitHoi). Kpim Toro, pagiyc cnabkoi
B3aemogii ayxe manmit (~ 10718 m). Tomy BOHa He MOXe BNANBATM He INLE Ha MAaKPOCKOMiYHi, ane HaBiTb 1 Ha aTOMHI 06'eKTH,
obMeXyunCb CybamomMHUMU YacTUHKaMU.

Y cnabkii B3aemogii 6epyTb y4acTb BCi e1eMeHTapHI YacTUHKM, Kpim GOTOHIB. BBaXKa€eTbCA, WO NepeHOoCHNKammM cnabkoi
B3aEMOLT € BIOHU — Lie YaCTUHKM 3 macoto, Npnbam3Ho y 100 pasis 6inbluoto Big Macy NpoToHa i HelTpoHa. Mpo ix BiaKpuTTa 6yNo
nosigomneHo y 1983 poui (KapneHkos, 2003).

IHTerpaTMBHMI 3MiCT MaTepiany Npo cabKy B3aeMOLito NONATAE B TOMY, LLLO BOHA BiZirpae B NpUpOAi AyKe BaXKVUBY pPOb.
BoHa nposaBAfeTbCA y TepMoAaaepHUX peakuiax Ha CoHL,i, y 30pAax, 3abe3neyye cMHTE3 Ny/bcapis, BUOYXiB HAAHOBUX 3iPOK, CUHTE3
XiMIYHUX eN1eMeHTIB y 3ipKax ToLWOo. A Ui NUTaHHA PO3rnaAatoTbeaA AK Y Gi3uLi, TaK i B acTpoHOoMIi, acTpodisumui, ximii Towo.
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LLloao yaABaeHb NPO iCHYBaHHA CUsbHOI 830EMOOIi HayKa HabAUXKanaca y NpoLeci BUBYEHHA CTPYKTYPM aTOMHOrO Aapa.
HeobxigHo 6yno 3’AcyBaTu npupody CWAM, AKA 343THA YTPUMYBATW MO3UTUBHO 3apAAMKEHi MPOTOHM Yy AApi, He Aaloun im
MOK/IMBOCTI «PO3ITaTUCA» Mif Li€EH0 €NEeKTPOCTaTUYHOrO BiAWTOBXYBaHHA. Ha TakoMy piBHi rpaBsiTauia HagTo cnabka wob ue
3a6e3neunTu; o4eBMAHO, WO A1 Lboro HeobxigHa AKachk iHLWA B3aEMOAiA, NPUYOMY CUAbHILLA 1 32 €1eKTPOMArHiTHY. 3peLToto
TaKa B3aemogis 6yna BMsABAEHA | OTPUMANA Ha3BY «CUIbHOT B3aEMOLIT».

3’AcyBanoca, WO XO4Ya 33 CBOEK BE/NMYMHOID CU/IbHA B3AEMOAIA CYTTEBO NepeBepllye pewTy yHAAMEHTANbHUX
B33aEMOZiN, 332 MeXKamMM Afpa BOHa He Big4yBa€eTbCA, a MPOABASAETLCA NLLE HA BiACTaHi CyMipHilA 3 po3mipamu aToOMHOro agpa,
npmbansHo 10715 m. OcHoBHa ¢YHKLIA CMAbHOI B3aEMOAIT B NPUMPOAi — CTBOPEHHA MILHOTO 3B’A3KY MiXK HYKJIOHamMu B fgpax
aTomiB. 3a LbOrO 3iTKHEeHHA Aaep abo HYK/IOHIB 3HAYHUX eHeprilt NPU3BOAUTbL A0 PISHOMAHITHUX AAEPHMX peakLii, y ToMmy Yuchi
1 peakuji TepmosiiepHOro cMHTe3y (3a CyTTEBOI yyacTi i cnabkoi B3aemogii) Ha COHLj, IKa € OCHOBHUM [XKEepesnoM eHeprii Ha
3emni.

Micna Takoro sAKiCHOro aHanily OCHOBHUX QyHAAMEHTa/IbHUX B3aEMOAiN NOAAEMO MOPIBHAHHA KiNbKICHUX NapameTpis
(BiZANOBIAHNX KOHCTAHT), AKMMMU BOHU ONUCYHOTLCA.

Mpougec nisHaHHA NONATAE B y3araibHeHHI AiACHOCTI, TOMY METOH HayKW € NOLYK EAHOCTI Y NPUPOAi, CUHTE3i pO3pi3HEHMX
dparmeHTiB 3HaHHA y €ANHY KapTuHy — HKC.

AIKa K ponb PyHAAMEHTaNIbHUX B3AEMOAIM | 3HAYEHHS X KOHCTAHT y Cy4acHOMY PO3yMiHHI CTPYKTypu BcecBiTy i oro
eBooL,i?

MepeBarkHa BiNbLWICTb i3UYHUX KOHCMAHM MAOTb PO3MIPHOCTI, AIKi 3a/1€XaTb Bif BUOOPY cMCTEMU OAMHULb BigniKy. Y
Pi3HMX CUCTEMaX BiANiKY OCHOBHiI 04MHULL MatoTb Pi3Hi YNCNOBI 3HAUYEHHSA | PO3MIPHOCTI. TaKMIA CTaH He 3aBXK 41 BNALUTOBYE HayKYy,
OCKiNIbKM 3pyYHille maTh 6e3po3mipHi KOHCTAHTK, AKi He NoB’A3aHi 3 yMOBHUM BMBOPOM BUXIAHUX OAMHULL i CUCTEM BianiKy.
OcobnnBo Baxk/MBOI poAi Takui nigxia Habysae 3a cnpob CTBOPUTM 3aranbHUM (LiNiCHUIA) TEOPETUYHMIA ONUC BCiX QisUYHUX
npouecis, To6To, iHWKMK cnoBamm, chopmyntoBatu yHipikoBaHy (yHiBepcanbHy) HKC Big Mikpo- o MerapisHs. BuasnsaeTbes,
O TYT OCHOBHY, BU3HAYa/ibHy PO/ab NOBWUHHI BidirpasaTu 6e3po3mipHi dyHAaMeHTanbHi, TOBTO «iCTUHHO» €8iMOBI, KOHCTAHTU
(M'yceltHoB & Paarkabos, 2007):

— KOHCTaHTa rpaBiTauiliHol B3aemogii

2
ag = % ~ 5,8 -1073%; (KannaH & Oubaii, 1976)
— KOHCTaHTa cnabkoi Bzaemog,ii

2
_ gFMp ¢ .05, ~10- .
ay == — = 107>; pe gr=102 1xk-c — KoHcTaHTa ®epmi; (PoseHTanb, 1980)
— KOHCTaHTa e/1eKTPOMArHiTHOT B3aemogaii
_et 1 -3 v
Ae =150~ 57036~ 7,3 -107° (KannaH & u6ain, 1976)

— KOHCTaHTa CUNbHOI B3aEMoAii
as = % ~ 1, (Kannan &4wnbain, 1976), ne gs — konboposuii 3apag. (fopbayes, 2003).

Y uux bopmynax: e —3apag, eNeKTPoHa; ¢ — LUBUAKICTb CBITAA; M, — Maca NPoToHa; h —3BeaeHa ctana Mnawka (h = h / 2n);
G — rpasiTayiiHa cTana; iHAEKC «S» Bif, aHININCbKOro C1I0Ba «Strong» — CUNbHWUI; IHAEKC «W» Bif, aHIINCbKOro cnosa «weak» —
cnabkrui.

CTPYKTYpHiCTb MmaTepii NpoABNAETbCA B ii CUCTEMHIM OpraHisauii, iCHyBaHHi y BUINAAI MHOMMHM i€EPAPXiUHO
B3aEMONOB’A3aHNX cnucTem: MeTaranaktnka (BcecBiT), OKpema ranakTuka, 30psaHa CUCTema, NAaHeTa, OKpemi Tina, MoNeKkynu,
aToOMMK, enemeHTapHi Ta cybenemeHTapHi YaCTUHKM.

3a BCe rMBLWOro NPOHUKHEHHS B TAaEMHMLI OynoBu BcecBiTy Big, eNeMeHTapHUX YacTMHOK A0 ranakTUK, YYeHi He
nepecTalTb OUBY8AMUCA HACTI/IbKM TOYHO «MidibpaHuUM» 3HaYeHHAM GyHAAMEHTaIbHUX CTasINX, AMBHOMY 36iroBi HU3KK Yncen,
AKIi € KOMBiHAUIED 3 UMX GYHAAMEHTA/IbHUX CTanuX, TaK 3BaHOMY «MOHKOMY HA/AAWMYS8AHHI» BcecBiTy. Y 3B’A3Ky 3 uum i B
TEOPETUKIB, | B EKCMEePUMEHTATOPIB BUHMKAE MUTAHHA METOAONOMYHOIO 3HayYeHHA: «A wo 6yno 6 y npupoai (Bcecsiti) ak6m
peanisyBanacs iHWA NOCNIAOBHICTb YACIOBUX 3HAUYEHb CBITOBMX KOHCTAHT?» (KannaH & Aubaii, 1976).

TeopeTUyHi Po3paxyHKM MOKasylTb, WO 3a 3MiHWM YWUCIOBMUX 3HAYEHb KOHCTAHT UMX B3aemoain byae BiabysaTuca
NopyLUeHHA CTINKOCTi oAHOro abo 1 AeKiNbKOX CTPYKTYPHUX enemeHTiB BcecBiTy. Tak, HanpuKknag, 36inbleHHA Macu eNeKkTpoHa
me y mexax Big 0,5 MeB po 0,9 MeB nopywuTb eHepreTudHuii banaHc y peakuii yTBOpeHHA Oelimepito B COHAYHOMY UMKAI i
npusseae Ao aectabinisauii cTiMKocTi aTomis i i3oToniB. 3meHwWeHHA o Ha 4 % npu3Beno 6 Ao HecTabinbHOCTI AelTepito, a
36i/IblEHHA i 3HAYEeHHA 03Hayano 6 BUrOpaHHA BOAHIO BXKE Ha PaHHiX CTagifx eBositoLii BcecBiTy. KOHCTaHTI e «403BONEHO»
3MiHIOBaTUCA Anie B Mexax 1/170 <ae< 1/80. IHwWi K ii 3HaYeHHA 03HAYal0Tb HEMOMK/MBICTb HEOBXIAHOrO BiALUITOBXYBaHHA
NPOTOHIB y AApaXx, Wo npusseno 6 fo HecTabinbHOCTI aToMiB. 36iNblEHHA @, NPU3BENO 6 40 3MEHLUEHHSA Yacy KUTTA BiIbHUX
HelTpoHiB. Lle 03Hauvae, LWo Ha paHHil cTagii eBontoLii BcecBiTy renii He yTBoptoBaBca 6 i He 6yno 6 peakuii 3AUTTA -4aCTUHOK
y npoueci cuHTesy Byrneuto C12. Toai Ha micui Haworo syaaeyeso2o Beecsity 6ys 61 BcecBiT 800Hesul. 3MEHLLEHHA X 3HaYeHHSA
Qaw Npu3Beso 6 [0 Toro, Wo BCi NPOTOHW BUABUAUCA 6 3B’A3aHUMM B -4aCTUHKM, LLO CTBOPUAO b 2eniesuli BeecsiT.

BuABNAETbCA, WO iHTEPBAN MOX/IMBUX 3HAYEHb LMX KOHCTAHT, AKWI 3abe3neyye AN Hac CBIT, NPUAATHUIA ANA KUTTA,
LyKe Manuii. 30Kpema, BYEHMMM NPOPAXOBAHO, LLO NOCNABAEHHSA HA KilbKa NOPAAKIB KOHCTAaHTU CUNbHOT B3aEMoAii npu3seno 6
0,0 TOro, L0 Ha PaHHIX CTagifax po3wnpeHHna BeecsiTy yTBoptoBanncs 6, B OCHOBHOMY iNLLE BayKKi enemeHTw, i y BececsiTi He 6yno
6 pyrepen eHeprii. AK6M Ha KiNbKa NopaaKiB 6ya MeHLWOo rpasiTaliiiHa B3aEMOZis, TO He peanisyBannca 6 ymosu ana nepebiry
ANEPHUX peakLii y 30pAxX (Yepes HEeMOXKIMBICTb HEOBXiAHOrO ANA LbOro Npouecy iX rpasiTauiiHOro CTUCHeHHA). MocuneHHs
cnabkoi B3aemogji nepetBopmao 6 Ha paHHiX CTagifax eBotoLii BcecBiTy BCIO peyYoBUHY B reii, a OT)Ke, 3HOBY K Taku 6ynu 6
BiACYTHI peaKLii TepmosaaepHOro cMHTesy B 30pAxX. MOCUNEHHSA Ha KifibKa NOPAAKIB enekTpomarHiTHoi B3aemogaii npusseno 6 go
3POCTaHHA eNEeKTPOCTaTUYHOIO MPUTArAHHA MiXX eNeKTPOHaMK i NPOTOHaMM, B Pe3y/ibTaTi YOro enekTPoHW noranHyauca 6
A4pamMM aTOMIB, WO NpU3Beso 6 40 HEMOXKANBOCTI XIMIYHMX NEPETBOPEHD i PeakL;ii.
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3anexHicTb BNacTMBocTen BcecBiTy Bif 3HaYeHb CBITOBMX KOHCTAHT AEMOHCTPYEMO Le M Ha Takux NpuKkaagax. Axkwo 6
Maca enekTpoHa byna y 3-4 pasu 6inbliol Bif, HUHILWHBLOTO ii 3HAYEHHA, TO Yac iCHYBAaHHA HeEMTPanbHOrO aTOMa BOAHIO
obumncntoBasca b Kinbkoma gHaMU. A Le npusseno 6 40 TOro, WO rasakTUKK i 30pi CKNaganuca 6 nepesakHo i3 HEWTPOHIB, TOXK
Pi3HOMaHITTA aTOMIB | MONIEKYN Y iX CydaCHOMY BUIAALI MPOCTO He icHyBano 6.

Po3paxyHKM MOKasytoTb, WO CydacHa CTPYKTypa BcecBiTy AyKe XOPCTKO 3ymoB/eHa BennynHoo Am = m,—m,p, T06T0
pi3HMLEIO B Macax HEMTPOHA i NpPOTOHa. | Xou uA pisHMUA AyXe mana (Bcboro 6ins 1073 macu npoToHa), NpoTe, AK6M BoHa Byna
Nnwe yTpuui binbwoto, To y BeecsiTi He BiabyBaBca 6 HyKNeocMHTES i B HbOMY He Byn0 6 CKNafHUX eleMEeHTIB.

KOHCTaHTa e/1eKTPOMarHiTHOI B3aEMOAIi TaKOX HE MO’Ke CYTTEBO BiAXMAATMCA Big, 3HadeHHa 1/137. Ak6u, HanpuKknag,
BoHa 6yna pisHa 1/80, TO BCi YaCTMHKK, AKI MalOTb Macy Crokoto, aHiritoBann 6 i BcecsiT cknagasca 6 avwe 3 6e3macosmx
YacTUHOK (Ha 3pa3okK poToHiB). Tomy i1 i «403BONEHO» MaTK 3HAYEHHA nlue B Mexkax 1/170 < a. < 1/80.

LLlo ¥ 40 3MiHM KOHCTAHTW rpaBiTaliiHOi B3aEMOAIT — 3MeHLUeHHA 1l 3HayeHHA Ha 8-10 % NoKasye, Wo ranakTuKM i 3opi
B3arafi He BCTUIM 6 BUHUKHYTM 40 HAWOro 4acy; 36inbleHHs X il 3HaYeHHsA Ha 8-10 % HaBMaku — O3HAYa€ HAATO LUBUAKY
€BOJIIOLLi10 3ipOK.

TaKMM YMHOM, KKACMYHI» PO3MipHi yHAAMEHTaNbHI CTaNi BiZirpatoTb BU3HAYAbHY POJIb Y CTPYKTYPI OKpemMux hi3uyHux
meopitli. 3 HUX GOPMYIOTbCA «CBITOBI» 6E3PO3MIPHI KOHCTAHTU €AMHOI Teopil B3AEMOAIN — Qg, Otw, Oe, s. Lli KOHCTAHTH, a TaKOX
JAeAKi iHWi BeNWYMHM (Hanpuknag;: e, me, my, Am, e / m), a Takox po3mipHicTb NpocTopy N BU3HaYaloTb CTPYKTYpY BeecsiTy i iioro
BNACTUBOCTI.

30Kpema, TEOPEeTUYHO A0BeAeHO, Wo y npoctopi N BUMIpiB TOYKOBI AXepesna B3aEMoAitoTb 3 cuioo F~ 1/rV1, pe r —
BiACTaHb MiX AyKepenamu. 3a LbOro cTabinbHUI pyx ABOX Tif, LWLO B3aEMOAIOTb 33 LUM 3aKOHOM, BXe CTaHe HEMOMXKIUBUM 33
3HayeHb N >3. We y 20-Ti pokn XX cT. M. EpeHdect nokasas (Mopos, 1984), wo AK6M yMcno NpPoCTOpoBUX KoopauHaT N
[LOPiIBHIOBANO YOTUPbLOM, TO He 3mMmoran 6 cdopmyBaTUCA 3aMKHYTI OpbOITU NNaHeT, a , OTXKe, He icHyBano 6 COHAYHOI cUcTEMM 1
NoanHU. 3a 3HaveHb N = 4 HeMOXX/IMBOIO TaKoXK Byna 6 aTOMHa CTPYKTypa peyoBUHM. 3a 3HaueHb N < 2 pyx MOX/UBUIA nuLle B
obmexeHiln obnacTi. /inwe 3a N =3 MoxAuBi AK OiHITHI, Tak i IHOIHITHI pyxK, WO BAacHe 1 peani3yeTbcsA y cnocTepexyBaHoOMyY
BcecsiTi. HapewTi, MOXHa We BiA3Ha4UTH, WO AK6M NoYaTKoBa LWBMUAKICTL po3wKnpeHHA BeecsiTy 6yna 6 xou Ha 0,1 % meHwoto
Bif, KPUTUYHOI LWBMAKOCTI PO3LLMPEHHA, TO BcecBiT gocAr 61 anwe TpeTUHU CBOro TenepilHboro pagiyca, nicas 4oro BiH 3HOBY
noyas 61 cTMcKaTUcs.

Bignosigi * Ha NUTaHHSA, AKa X CTPYKTypa i BAacTMBOCTI BcecBiTy, KpuMtoTbCA y meopisx, AKi HamaratoTeca o6’eaHaTh B
€AVHWNI MeXaHi3M BCi YOTMPU PpyHOAAMEHTANbHI B3aeMogaii.

Y apyrii nonoBuHI XX CT. NpOBOAUANCA IHTEHCUBHI MOLWYKN MOXK/IMBOrO 06’ €AHaHHA eN1eKTPOMAarHiTHOI, C1abKoi i cMabHOI
dyHAamMeHTanbHUX B3aemogiid. Y pe3ynbTaTi eKcnepuMeHTaNbHUX [OCAiAKeHb B3aEMOLIN enemeHTapHUX YacTMHOK Ha
HaZNOTYXHUX MpPUCKOptoBayax 6yn0 BUABNEHO, LLO 33 BE/IMKWUX E€Hepri 3iTKHeHHA npoToHiB — 6ina 100 eB — cnabka i
€N1eKTPOMArHiTHa B3aEMOJji He PO3pPI3HATBCA — iX MOMHA PO3rNagaTM AK €AUHY esneKkmpocnabky 63aemodito. Taky
eNeKTPOoCNabKy B3aeEmogilo O6yno TeopeTUyHo nepenbayeHo amepuKkaHcbKkumu o¢isukamu C.BatHbeprom i LW.Mewoy Ta
NaKMCTaHCbKUM disnkom A.Canamom, 3a Lo BOHWU bynu yaocTtoeHi HobeniscbKoi npemii 3 ¢ismkm y 1979 poui. Y BignosigHocTi 3
Li€El0 Teopielo 3a enekTopocnabKy B3aEMOAII0 BiANOBIAAOTb YAaCTUHKM — KBaHTU eneKkTpocnabkoro nona — 603oHu W* i 20,
MNiaTBepaKeHHa LA Teopis oTpumana, Koan y 1983 poui K.Py66ia i C. BaH gep Meepom Ui YacTUHKM Oynu BusABNEHI
eKkcnepumeHTanbHo (Hobeniscbka npemin 3 isnkun 1984 poky). CyTTeBOT NoAanbLIOT po3pobKu Teopia enekTpociabKol B3aeMoaii
OTpMMasna B Npausax HigepnaHAcbKux sueHumx . XydTa (XoodTa) i M.BenbtmaHa (Hobeniscbka npemis 3 ¢isnkm 1999 poky).

Micna Toro, AK Byna cTBOpPeHa €AMHA Teopia eNeKTopocnabKoi B3aemogii, 3'ABMNAcA peanbHa NepcrnexkTMeBa Nobyaosu
Teopii TPbOX (Kpim rpasiTauiiHoi) B3aemogiii. Lia nporpama oTpumana Ha3By «Besnuko2o 06’e0HaHHA». Qna uboro notpibHa 6yna
neTanbHa po3pobKa Teopii cMabHOI B3aemogaii. CTBOPEHHIO L€l Teopii cayryBas Tol $aKT, WO, AK BUABMAOCSA, NPOTOHM i HEUTPOHU
B A4PaX aTOMIB y CBOIO Yepry CKNaAaloTbCA LLLe 3 MeHLMX YaCTUHOK — Keapkie (M.Tenn-MaHH, HobeniscbKa npemis 3 ¢pisnkmn 1969
POKy). ToMy AoCniaKeHHA nepemictuancAa B obnacTb BMBYEHHA B3AaEMOLIN MiXK KBApKamMu i HyKAoHamu. Bussunoca, wo
B33aEMOZiS MiXK HEMTPOHAMM | MPOTOHAMM y AApPI ABNAE COOOIO 3aNULIKOBUI edeKT Big, 6iNbl NOTYKHOI B3aEMOAIT MiXK camumm
KBapKamu. Lle moACHMN0, YOMY CM/IbHA B3AEMOZiA € TAKOKO CKAAAHO i HOMY KBapKW Y BilbHOMY CTaHi He cnocTepiratotbca. Konm
NPOTOH «NPUAMNAE» A0 HEUTPOHa abo A0 iHWOro NPOTOHA, TO Y B3AaEMOAi 6epyTb y4acTb 6 KBAPKiB, KOMKEH 3 AKMX B3aEMOIE 3i
BCiMa pewToto. 3Ha4YHa eHepria Liel B3aEMoaji BUTPAYAETLCA HA MiLlHE KCK/Iel0BaHHA» KBApPKiB y ABi TPiliKM, a HEBeAMKa peLuTa
eHeprii hae Ha CKpINJIeHHA uMX TPIMOK MiK coboto. OTKe, KBApKM CKPINIoKTbLCA MiX CODOK BHACNILOK CU/IbHOI B3aEMOZI.
MNepeHoCHWKaMM (KBaHTaMM) OCTaHHbOI € 2/1100HU (8i0 aHen.glue — kneli) («koboposi» 3apadu). 06nacTb Gi3UKM eeMeHTapHUX
YaCTUHOK, IKa BUBYAE B3AaEMOi0 KBAPKIB i FN1I0OHIB, HOCUTb Ha3BY KBAHMOB0T XpOMOOUHAMIKU. TOX Y BiANOBIAHOCTI 3 KBAHTOBOO
XPOMOAMHAMIKOIO CW/IbHA B3AaEMOAIA NOB’A3YETbCA 3 iICHYBAHHAM KBaHTIB MiXKHYK/NOHHOrO Nons — rtooHiB. [eaki aBTopu
rNIIOOHHY B3aEMOI0 BBAXKatoTb N'ATO dyHAAMeHTanbHO B3aemogieto [O.d.JlixiH, 2006].

Y noganblinx A0CAIAMKEHHAX BUABMAOCS, LWLO 3a eHeprii 1014 — 101° [eB, ska Bignosigae BiacTaHi Mix yacTuHKkamm 1031 m,
CUNbHA, cnabka i enekTpomarHiTHa B3aeMoAii ONUCYOTbCA EAUHOI KOHCTAHTO, TOOTO BOHM MatoTb CRifbHY nNpupoay. KBapku i
NIENTOHM 33 UbOro NPaKTUYHO He PO3PI3HAIOTLCSA, @ IH0O0HM, POTOHM | BEKTOPHI 6030HM Wi Z0 € KBaHTamMM KanibpysasibHUX NoiB
3 €4MHOLO KanibpyBanbHOO cMMeTpiEto. | AKWO AiNCHO eneKkTpocnabKa i cMabHa B3aemogii ABAAITL COBOt0 Nnwwe ABi CTOPOHM
Benukoi eOuHoi 83aemodii, TO A TaKOXX NOBMHHE BigNOBIAATU KanibpyBasbHe Mone 3 AeAKOH CKAa4HOK cumeTpietn. TepmiH
«CKNaZHa» 03HAYagE, Lo BOHA MAE OyTM A0CTaTHbO 3arasibHO, 343aTHOK OXONUTK BCi KanibpyBasbHi CUMETPIT, AKi MICTATbCA AK Y
KBAHTOBIi XpPOMOAMHaMILj, Tak i B enekTpocnabkili B3aemogii. MoBa lige Npo HeobXiAHICTb 3anyyYeHHA abCTpaKTHMX
KanibpyBanbHUX CUMETPIN, Yepes AKi BigKPUBAOTLCA HOBI TUMU CUAOBUX NOJIIB, LLLO XapaKTEPU3YOTbCA HOBMMMW BNACTUBOCTAMM,
HanpuKNaga, 34aTHICTIO NepPeTBOPIOBATU KBAPKU B IENTOHM.

BBa)KaeTbCA, WO [NIOOHM 3'€AHYIOTb | YTPUMYIOTb KBapKM BcepeguHi NPOTOHIB i agep. Hi rnooHiB, Hi KBapkis
6e3nocepeHbO CNOCTEPIraTM MOKK WO He BAABANOCh, TOMY WO iM «3abOPOHEHO» BUAITATK i3 AAep HA30BHI, NOAIGHO AK hoHOHU
— KBAHTW TENNOBUX KONMBAHb KPWUCTANIYHOI FPaTKM — iCHYIOTb Anwwe BcepeauHi TBepaux Tin. Lia BnactueicTb 38°A3yBaHHsA, abo
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YTPVMMaHHA FNIOOHIB | KBApKiB B AOPOHAX HAa3WBAETLCA KOHPalimeHmom. Byno NnomivyeHo, Wo OAUHUYHUI KBAPK, AKUI 3'aBnaBCA
3a NeBHMX NPOLECIB, MaiKe MUTTEBO (NpoTarom 10-21c) «npunawToBye» cebe [0 aApOHa i BUNETITU 3 HbOTO BXKE HE MOXKeE.

Y 1969 p. BAasnoca OTPUMaTM ONOCEPEAKOBaHi OO0Ka3M iCHyBaHHA KBapKiB y cepii ekcnepumeHTiB (noaibHux Ao
eKkcnepumeHTiB Pesepdopaa No po3cCiloBaHHIO O-4AaCTMHOK Ha AApax aTOMiB) MO PO3CilOBaHHIO €/1IeKTPOHIB (po3irHaHUX Ao
BMCOKWUX €Hepriii) Ha NpoToHax. EKCnepumeHT BMABMB, WO PO3CitOBAHHA €N1eKTPOHIB BifbyBanocs Tak, HeHaye eneKTPOHM
HaNiTanu Ha KPUXITHI TBEPAi BKpanaeHHs i BigCKaKyBaau Big, HUX Nig, caMMMM HalPi3SHOMaHITHIWMMM KyTamn. TaKMM YMHOM Byno
BMCNOBNEHE BNEBHEHHSA, WO LUMU KTBEPAMMMU» BKPAMNJEHHAMWN B CepenHi NPOTOHIB € KBapKW. Afle OCKINIbKM 3 YaCOM KiNbKicTb
KBApPKiB 3p0CTana, AeaKi BYEHI NOYANN BUCYBATM CYMHIBU: YN HE CKIAAAIOTbCA CaMi KBapKM 3 Lie MEeHLIMX YacTMHOK? (Halhabiw,
2004).

«CTape» NUTaHHA 3HOBY CTa/I0 KHOBMMY» i MOCTABMUNO HU3KY Npobiem nepes AOCAIAHMKAMU: LLO TaKe YaCTUHKa i fiKe
CNiBBiGHOLIEHHS MiXK peasibHUMU i BipTya/IbHUMMU ii CTaHAMMU? KOJIM YaCTMHKA NOYMHAE NPOSABAATM BNACTUBOCTI XBUJI, | UM MOXKHa
3apPeECTpyBaTh Liei MOMEHT Cy4acHUMM npuaagamm?

Po3pobneHunii HaTenep HaWNpPOCTiWMIA BapiaHT Teopii Beankoro o6’eaHaHHA ANA NepeTBOPEHHS KBapKiB Yy JIENTOHM
BUMarae HasaBHOCTI 24-x nois. Mpuyomy, 12 KBaHTIB LMX NOAIB y3Ke BigoMi: GOTOH, ABi W -4aCTUHKM, Z0-4acTUHKa i BiCiM r/1100HIB.
Y AKoCTi pewwTn 12-T1 KBaHTIB TeOpiElo NepeabayatoTbCa HOBI HAaABAXKKi NPOMIXKHI 6O30HM, AKMM NPUCBOINM 06’egHAHY Ha3By X-
i Y- YaCTMHKM — BOHU MatOTb «KOJiP» | eNeKTpUYHUIA 3apad. Li KBaHTM BignoBigatoTb NoOAAM, AKi NIATPUMYIOTb 6ifblW WKMPOKRY
KanibpysBanbHy CUMETPIIO i 34aTHI «nepemiwyBaT» KBapKKM 3 1enToHamMu. ToBTo, X- i Y- 4aCTUHKM MOXKYTb NepeTBOPIOBATU KBAPKU
B 1€NTOHM i HaBnaku (Halabiw, 2004).

Taknum YMHOM, HOBa Teopia Nopoamna HoBi Npobaemun: AnA NepeKoOHAHHA B MOMAMBOCTI TAaKMX B3AEMOLiN, a OTXKe 1 Y
cnpaBeanuBoOCTI Teopii Bennkoro o6’eaHaHHA, HeobxigHe eKcnepuvmeHTasibHe NiATBEPAMKEHHA HaABHOCTI y npupodi X- i Y-
6030HiB. Ha AaHWi Yac BaxKKo nepenbayunti HanmbaMKUy MOMIUBICTb OAEpPXKaHHA YAaCTUHOK TaKUX BUCOKMX eHepriid. CyyacHi
npuckoptoBayi negp agocaratotb eHeprii 100-200 MeB (nicns peKkoHCTpyKLii Bennkoro agpoHHoro Konangepa y 2022 poui
NNaHYETbCSA [LOBECTU MOTO EHEPreTUYHY MOTYXKHiCTb A0 14-10%2 eB) y ToW Yac K Teopia Bennkoro o06’eiHaHHA BUMArae eHeprii
YacTUHOK Buule 1014-1016 [eB.

be3 ekcnepumeHTanbHOI A0Ka30BOCTi Teopii Bennkoro o6’efHaHHA HEMOXK/AMBO OMMCATM PaHHIO CTagilo eBoAtouji
BcecsiTy, KoM TemnepaTypa NepBMHHOI Naasmu carana 1027 K, agxe came 3a TakKMX yMOB MOT/IM HApPOAXKYBATUCA 1 aHirinoBaTu
HagBaXKi 6030HM Xi Y.

Ane 06’efHAHHA TPbOX i3 YOTUPLOX PYHAAMEHTANIbHUX B3AEMOZIiM — Le We He LinicHa Bceoxonaotoda Teopia. Agxe
33/IMLIAETbCA LWe epasimauis. TeopeTUYHi cxemun, B pamKkax AKUX 06’€AHYIOTbCA BCi YOTUPU TUMKU B3AEMOZIM, HA3MBAKOTHLCA
mogenamu «Cynepepasimayii».

O6’epHaHHA B3aEMOS Y EANHIV TEOPETUYHIN cxemi HeobxigHe AN yCyHEeHHA HaABHUX B OKpeMUX Teopifax po3bixkHocTen
i aHomanin. Lito npobaemy nopoamuno BU3HAYEHHA eNeMeHTapHUX YAaCTUHOK AK NMEBHMX TOYOK i CMOTBOPEHHA HUMMK NPOCTOpPY-
Yacy. Tomy Take 06’€AHAHHA CTA/IM LWYKATU 3 BUCYHEHHSAM el | Teopilt 6inblu BUCOKUX cuMeTpini. OAHY 3 TaKUX Teopilt — «meopito
cynepcmpyH» — No4Yanun po3BMBATH aHMNINCbKMI ydeHnit M. TpiH i amepuKaHcbknii — K. LBapL,. BoHM cniBcTaBMAM YacTUHKaM,
3aMiCTb TOYOK, OAHOMIPHY CTPYHY, po3milleHy y N-mipHomy npocTopi. Lia Teopif, 3aMiHUBLUM TOYKOBI YaCTUHKM KPUXITHUMMU
E€HEPreTMYHNMM NETNAMM, YCYHYNa HU3KY abCypAHWUX pe3ynbTaTiB, fKi BUHMKaAM B po3paxyHkax (CacckuHa, 2016). MpoTe, ui
Teopii, AK BUABNAETLCA, TEX BUMAratoTb HAssBHOCTI MEBHOr0 TOHKOIO HaNaWTyBaHHA. Xoua AaHOwagm Teopii CTPYH 04HOYaCHO
33/a€ BeCb Habip Gi3MUHMX KOHCTAHT, Y TOMY YMCAi 11 XapaKTepUCTUK eneMeHTapHUX YaCTUHOK, OfHaK icHye npobnaema subopy i
06r'pyHTYyBaHHA BMOOpPY came TOro naHAawadTy, AKMIN MOBHICTIO onucyBaTMme Haw BcecBit. LUa npobnema oTpumana Hassy
«npobaemu naHowagmy» (CacckmHa, 2016).

BianosigHo [0 Teopii cynepcTpyH, dyHAAMEHTaNbHUM 06’EKTOM Cy4acHOi Gi3UKM € KBaHTOBAHE CynepcTpyHHe none,
36YAKEHHAMW AKOrO € CYNepcTPyHM, LLO B3AEMOZLiOTb OAHA 3 OAHOM i 3 BaKyyMOM (BMHWKAIOTb i MOrMHAOTLCA B HbOMY).
CTpYHM, y CBOIO Yepry, NOPOAXKYHOTb e1eMEHTAPHI YaCTUHKU. Pi3UUHWUIA BaKYyM NOPOANKYE BipTyabHi YaCTUHKM, AKi CBOEIO MACOIO
CTBOPIOIOTb A0AaTKOBE MoJie TAXKIHHA. 3rigHo i3 3TB y LbOMy K MicLi i B TOM K& MOMEHT 4Yacy 3MiHIOTbCA FreOMETPUYHI
B/IACTUBOCTI NPOCTOPY-4acy, TO6TO BiH GAYKTYHOE. 3riAHO 3 LiE0 MOAENNIO — 2PABIMOH — LLe KBAHT G/IYKTYHOHOYOro NpoCcTopy-yacy,
AKUIN NOEAHYE B COBI | YaCTUHKY | XBUIIO BUKPUBNEHHS, KA NOLUMPIOETHCA Y HOTMPLOXMIPHOMY NpocTopi BececBiTy. PO3paxyHKK
NOKasytoTb, WO TaKi epeKTM MOrnn NPoABAATUCA Y PaHHI MOMEHTW icHyBaHHA BcecBiTy, KoaWM npocTip-4ac 6yB AUCKPETHUM,

. . . . ,hG . ’hG .
KBAHTOBaHWM, WO BignoBigae napametpam «epu MnaHka»: BigcTaHi I = = 1,5-103 m; yacosi tg = == 510" ¢; maci

mpg = \/Ez 2:108 Ke.
G

OTKe, y MoOdeni cynepcmpyH B AKOCTi eleMeHTapHOi OCHOBM BcecBiTy cnyrytoTb yxe He GpyHAAMEeHTaNbHI YaCTUHKK, a
efleMeHTapHi NpoLecn — KOAMBAHHA HECKIHYEHHO AO0BrMX CTPYH 3 HaA3BMYAMHO MasvM PO3MIpOM MOMepevyHoro AiameTpa
CTPYHU. 3a OLiHKamMMn TEOPETUKIB TOBLLMHA CTPYHW cKnagae 103'm, a il «noroHHa maca» (maca, Aka NPUNaAae Ha OAUHULIO
O0BXKUHM) gopisHioe 1021k2/m, TOBTO TaKi HECKIHUEHHO NPOTAXHI 06’EKTU € HAATO TOHKUMM i AyKe BaXKKUMMU. 33 LLbOrO MOXKYTb
BMHUKATU PE30HAHCK KOIMBAHb Pi3HUX CTPYH, BUXOPW Y NPOCTOPI, WO NOB’A3Yt0TbCA 3 MEBHOK PUTMiKO KocMocy, UMKAIYHUMM
npouecamu y BceciTi, AKi BNAMBaOTh 1 Ha BCi npoueck Ha 3emni (Topbayes, 2003).

Takui 36ir npegmeTta JocnigkeHb 3MiHMB cHOPMOBAHY paHille MeTOAONOril HayKu. TaK, acTpOHOMIA BBarkanaca
CMOCTEPEKHOK HAYyKOK, a NPUCKOPOBaYi — iHCTPYMEHTOM Yy ¢i3unLi enemeHTapHMX YaCTUHOK. Temep e CTanu cKnagatuca
YABMIEHHA NPO BNACTUBOCTI YaCTUHOK i IX B3aEMOA,i Y KOCMOOTii.

Lle He3BuYaliHe 36NMKEHHA KOCMOOTIi | Gi3UKM eneMeHTapHUX YaCTUHOK 4310 MOXK/MBICTb 3’ACYyBaTM CYTHICTb NpoLecis
HapOAMKEHHA MPOCTOPY-4Yacy i PeYOBMHM 3a KOPOTKUI iHTepBan 4Yacy Big 1043 go 1035c nicna nepBUHHOI CUHIYAAPHOCTI, WO
oTpuMmana HasBy Beaukuli subyx.
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KocMiyHi CTpyHM — Le eK30TUYHI HEBUAMMI YTBOPEHHSA, AKI NOPOAYKEHI Meopi€ero enemeHmMapHUX YacmuHoK. Y Ui Teopii
Bif06parkeHa iEpapxiyHiCTb PO3yMiHHA CBiTYy, TOBTO, MOXK/IMBICTb TOTO, WO HE iCHYE OCTAaTOYHOI (KiHLEBOI) OCHOBU gns di3nyHOi
peanbHOCTI, @ € MNLLE HECKIHYEeHHA MNOCAIA0BHICTb BCE MEHLUMX i MEHLUMX YaCTUHOK.

Ha ocHoBi Teopii cynepcTpyH MOXHa MOACHUTM «KNOYKYBaTiCTb» po3noginy peyosuHu y Bcecsiti. CynepcTtpyHu — ue
HUTKW, AKI 3a/IMWIWANCA Bif, PEYOBUMHM LWOMHO «HapoaKeHOro» BcecBiTy. BOHM HeMMOBIPHO PYX/MBI i WifbHi, BUKPUBAAIOTb
NpocTip HaBKoJio cebe, yTBOPIOIOTL KAYBKM i neTni. 30Kpema, MacuBHI NeTNi MOXKYTb CTBOPIOBATU rpaBiTaLiiiHe NpUTAraHHsA,
[OCTaTHbO CUAbHE, W06 3apOAKYBANNCA e/1eMEHTaPHI YaCTUHKK, aTOMMU, FaNAaKTUKK | CKYNYEHHA ranakTuK.

Teopis cynepcTpyH NpM3BOAUTbL A0 AEAKUX HETPUBIANbHUX HAcNiAKiB. Tak, cepes NOPOAKEHUX CTPYHAMU eNeMeHTapHNX
YaCTUHOK, MOBUHHI BYTU FiNOTETMYHI YAaCTUHKM MAxXiOHU, WO PYXaloTbCA 3i WBMAKOCTAMM BiNbluMMM 33 WBWUAKICTb CBiTAa.
Hacnigkom wi€i Teopii € TAKOXK NOACHEHHA «TIHBOBOTO CBITY», TOBTO BiAKPUTOrO aCTPOHOMAaMM GAKTY, WO ranakTUKKU i CKyNYeHHA
raakTUK MIiCTATb BE/IMKY MacCy HEBUAMMOI PEYOBMHM, AKA B AECATKN Pa3iB NepesepLUye Macy CaMmx rafakTuk. O4HUM 3 BaXKIMBUX
KOCMOJIOTYHMX HAC/iAKIB TeOPIi CyNnepCTPpyH € TaKOXK NepeabdavyeHHA MHOMCUHHOCMI 8cecaimis, Y KOXXHOMY 3 AKUX iCHYE CBili Habip
YyHOAAMEHTANbHUX B3AEMOAIN.

3 Teopii KOCMIYHMX CTPYH (cynepcTpyH) onybaikoBaHo 6arato pobiT, ane cami BOHM A0 LMX Nip eKCcnepumeHTanbHO He
BMABNEHI. BMABUTU CynepcTpyHW BBAXKAETbCA MOM/AMBUM 33 BUKPUBIEHHAM MPOCTOPY, AKE BOHWU BWK/IMKAIOTb, Ait0O4M AK
rpasiTauiiHa fliH3a, abo 3a rpaBiTaLiiHUMM XBUNSIMW, SKi BOHU FTEHEPYIOTb.

Y 38’A3Ky 3 Teopieto «EAMHOro $isM4HOro NoNA» PO3rNALAETLCA M MOMKAMBICTb iICHYBAHHA KBaHTa LbOro €AMHOrO
MPOCTOPOBO-4acoBoro noss. Liei KBaHT no3HayatoTb ByKBamMm st i Ha3MBaKoTb («space-time») — KBaHTOM: st = h2G /¢’ = 10138 pm3.¢L,
AKLLO St-KBAHT AiNCHO iCHYE, TO Lie NPU3BOAWTDL A0 LLIKaBMX BUCHOBKIB: Y «06’€Mi» St-KBaHTa NOPYLUYIOTbCA NPUYMHHO-HACNIAKOBI
38’A3KMN. MNogji, AKi BigbyBatoTbCA B St-KBaHTI, MOXKYTb BYTW PO3TArHYTI B Yaci, afne CTUCHYTI B NpoCcTopi i HaBNaku. Ha piBHi st-kBaHTa
NPOCTip-4ac NOCTIMHO «KTBOPUTb» cam cebe i3 3MiHIOBAHMMM B KOKHOMY aKTi TBOPEHHA TONOJIOTIED, Gi3MYHMMM BNACTUBOCTAMM i
33aKOHaMM 3 NPUYMHU HEBU3HAYEHOCTI CAMOro NPOCTOpYy-4acy. Taki CNOHTaHHI GAyKTyaLii NpoCcTopy-4acy MOXKyTb NPU3BOAUTU 40
NopyLleHHA 3aKoHy 36eperkeHHs eHeprii. BUCNOBAOOTLCA AYMKK, WO B Ui 0cObAMBi MOMeEHTH, MabyTb, i Biabysca Benukuii
BMOYX, i LLO MOXKe icHyBaTu 6e3niu BipTyanbHMx BcecBiTiB (FTopbayes, 2003).

linoTe3a Nnpo KBaHTyBaHHA MNPOCTOPY-Yacy Npu3sena A0 HACTYNHOro NPUNYLLEHHA MPO iCHYBAaHHA «KOMIPOK» NPOCTOPY-
yacy 3 MiHIMasIbHO MOX/IMBOK OOBMKMHOW, WO AO0PiIBHIOE 8i0cmaHi epu [laaHKa. 3rigHO 3 L€ rinOTe30t0 CTyMiHb BNAUBY
KBaHTYBaHHA MPOCTOPY Ha MOLIMPEHHSA KPi3b HbOTO CBIT/1A, 3a/1eXKUTb Bif, PO3MipiB KOMipKM. CNoCTepeXKeHHA 32 HaA4NOTYyXHUM
cnanaxom ogHoro 3 nysbcapiB (po3TawoBaHoro Ha BigctaHi 300 MinblOHIB CBITNIOBMX POKIB Bi4 3emni) 3a 40MNOMOroH
€BPONENCbKOro KOCMiYHOro Teneckony «Integral» Nokasanu, WO AKLLO «3ePHUCTICTbY (AUCKPETHICTb) NPOCTOpPY B3arasi iCHYE, TO
BOHa NOBMHHa 6yTu Ha pisHi 108 m, abo 1t meHwe (Yunep, 1962).

CyyacHa Hayka po3pobuna HoBUI nornsg Ha npupoay ¢isnyHUX 06’€KTIB, AKMIA MOXKHA XapaKTepusyBaTu AK YislicHO-
cuHepzemuyHuli. OCHOBHUM OO’€KTOM BWMBYEHHS HAYKM CTAE EAMHWIN HEMOLINbHUIM CaMOOpraHi3oByBaHWW BcecsiT, wo
BM3HaYa€ HeOOXiAHICTb iHTErpaTMBHOIO NigxoAay A0 3'ACYBaHHA ABWULL i NPOLLECiB, AKi B HbOMY BigbyBatoTbcA. Ha AaHuii Yac disvku
Ta acTpodi3nkum Bee Binblue CXMNATLCA A0 AYMKM, L KOHKPETHO-BCE3araibHO YacTMHO BcecBiTy € 8akyym, Akuii 3abesneuye
BcecBiTy camoopraHisoByBaHi npouecu 1oro esotoLii. Lie, 30kpema, BifobpaxKaeTbca y BU3HAYaNbHIN PONi BaKyyMy y CydacHUX
di3nyHMX Ta acTpodisnyHMx Teopiax. BuaineHicte Bakyymy, moro ocobimBa ponb y KOCMOOTIYHMX MpoLecax BUHUKHEHHA i
pO3BUTKY }i3MYHOrO CBiTY L03BO/IAE PO3MNALATU MOTO B AKOCTI BUXiAHOT abCTpaKLii y TeopeTuyHil actpodisnui. Came disnyHui
BaKyym bepe 6esnocepeHio y4acTb Yy OpMyBaHHI K AKICHMX, TaK i KiNbKiCHWMX BRacTuBocTel disnyHMx 06’eKTiB.

OcTaHHIM Yacom BaKyymy NPUNMCYOTb 0COBAMBUIA BUA, KONMBAHb (YaCTUHOK) — «iHCMAHMOHIB», AKi NpU3BOAATL A0
CMOHTAHHOrO 36YAMKEeHHA i 3aracaHHA CUAbHOTO FIIOOHHOrO NoAA. JnA MaTemMaTUYHOro ONWUcy iHCTAHTOHIB BMKOPMCTOBYHOTb
dopmanbHUI NPUNOM, SIKUIA NPU3BOAMUTL A0 BaXK/AMBOI Gpi3MUHOI aHanorii. [loBeAeHO, WO NOWMPEHHS IHCTAHTOHHMX GYKTyaLlil,
AKe € KBAaHTOBMM ABULLEM, MOXKHA OMUCYBATU AK KNACUYHUI PYX, AKLLLO Yac BBAXKATU YABHUM NapameTpoM.

BusaBMNOCA, WO TaKi «NCEBOOYACTUHKMY» MOXKYTb OYTM Pi3HMX TUNIB; He BCi 3 HUX AEeTasbHO BWBYEHi, NpPOTe, BXKe
YypaxyBaHHA BifOMMX NCEBAOYACTUHOK-IHCTAHTOHIB MPU3BOANTD A0 BAXKANBUX Gi3UUHUX ABULL,.

Hanpuknagz, 3a NOMileHHsA KBapKiB y cepefymHy rasy (abo pigvHu) 3 TakKMx NCEBAOYACTUHOK (iHWMMK cnosBamu, npu
pO3rnaaj KBapKis y Bakyymi) Lii NceBaovYacTUHKM «CTUCKAKOTb» TIIOOHHE NoJsie KBAPKIB i 30cepeaKytoTb MOro y CTpyHonoAibHin
06.1acTi, Lo MOXKe NPU3BOANTU [0 TaK 3BAaHOIO «NAETEHHA» KBAPKIB i Bi4irpaBaTu CyTTEBY PO/b Y CUNbHIM B3aEMOAIT.

IHWe 3acTocyBaHHA ifesA IHCTAHTOHIB 3HAaXOAMUTb Y Teopii rpaBiTalii. 3aBAAKM 3aPOAKEHHIO TPaBiTaLiMHUX iHCTAHTOHIB
npocTip HabyBa€e CKNAAHOT TONONOTIYHOI CTPYKTYPU — BiH BUABNAETLCA 3PUTUM KKPOMOBUMU HOPAMU» Ta iHLUMMM TOMOIOTIYHUMM
YTBOPEHHAMMU. Taka NPOCTOPOBO-YacoBa «MiHa» NPU3BOAUTb A0 HE3BUYHWUX HACNIAKIB | MOBMHHA BiZirpaBaTv BaXKAMBy ponb y
MaMbyTHIX cnpobax 06’ egHaHHA BCix GyHAAMEHTaNbHUX B3aemogiit (PagskapamaH, 1985).

TaKnM YMHOM, HayKa CTOITb Ha NOPO3i CTBOPEHHA EANHOI Teopii MaTepii, TO6TO BCix GyHAAMEHTaNbHMX B3aEMoZilt (nons)
i CTPYKTYpU peyoBuHW. MpaBaa, Ha LbOMY LUAAXY HANEXKWUTb BUPILLIUTK, KPIM Ha3BaHUX BULLE, Lie 6araTo ckaagHMx npobaem (Ha
AKi M1 3BepTaeMo 0cob/IMBY yBary CTyZeHTiB).

Hacamnepep, mae 6yTn cTBOpeHa KBaHTOBa Teopin rpasitau,ii, 6e3 AKoi peanisaLis nporpamu cyneprpasitalii HeMoXuBa.
Jlnwe 3i CTBOPEHHAM KBaHTOBOT Teopii rpaBiTaLii MOXKAMBO BAACTLCA 3HANTM BiANOBIAI HA NUTAHHA: YOMY Hall NPOCTIP MaE TpK
BMMIpK, @ Yac AnLLe OAMH BUMIP? YHOMY HaM AaHWUI came Takui Habip eeMeHTapHUX YaCTMHOK Ta YUM BU3HAYAETbCA iX maca’?
YoMy B MPUPOAI ICHYE e/leMeHTapHWUIA eNeKTPUYHWUIA 3apAg, i Bif, YOrO 3a/1eXK1Tb MOro BeIMYMHA? YN MAE BNACTUBICTb po3najaTtuca
MPOTOH, Yac XMUTTA AKOrO ouiHoETbCA Y 1031¢? UM icHYE MarHiTHUIA MOHOMOANL? YK ICHYE KBAHT rpaBiTaLiiiHOro Noas — rpasiToH?
YOMY iCHYE INLLE YOTMPM TUNK (@ MOXKe 1 N’'ATb) PyHAAMEHTaNbHUX B3AEMOZIN, | came Ti, AKi Ham BiOMI? YOMY CBITOBI KOHCTAHTH
MatoTb CaMe TaKi, a He iHLWi 3Ha4YeHHA? WO ABAAE cob0t0 PisUYHUNI BaKyyM? LLO Take TeMHa MaTepia? Wo ABAAE 06O NpUXoBaHa
eHepria BcecBiTy? ne merka ApobieHHs maTepii i M icHye BOHa? Ta iH.

Y cyyacHomy NpupoAo3HaBCTBI NepeAbavaeTbea, WO CBITOBI KOHCTAHTM Habyan cTabinbHMX 3HaYEHb, MOYMHAIOYM 3 Yacy
10735¢ Big, MOMEHTY 3apoaXeHHsA BcecBiTy i Wo, TaKMM YMHOM, Y HalWoMy BcecsiTi HeHaye iCHYE HaATO TOHKE KHaNALTYBaHHA»
YMCNOBUX 3HAYEHb CBITOBMUX KOHCTAHT, AKe 1 0BYMOB/IOE HEODXiAHI IX 3HAUEHHA A/1A iCHYBaHHA fAep, aTOMIB, 3ipOK i raNaKTUK.
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AIK BUHWMKNA | peanisyBanaca Taka CUTyal,ia — HayKa NOACHUTU He MoxKe. TaKe «HaNalWTyBaHHA» (KOHCTaHTU came TaKi, AKNMW BOHU
€l) cTBOPIOE YMOBU A1 iCHYBAHHSA He NI HEOPraHIYHUX PEYOBUH, ase I }KMUBUX OPraHiamis, y TOMy Ymcai it ntognHn (CacckmnHa,
2016).

Ocobnusy yBary Liin npobnemi npuainas sigomuii Buenuii MN.Oipak (Hobeniscbka npemin 3 ¢ismkm 1933 poky) (Dirak,
1963). BiH nepwmm BUCYHYB rinoTesy nNpo Te, WO PO3BMTOK BcecBiTy cynpoBOAMKYETbCA 3MEHLLIEHHAM 3HAYEHHA rpaBiTaLiMHOI
cTanoi 3 yacom. [lipak NOMITUB, LLO BifHOLWEHHA Qe/0g=10%. TaKe X YMCNO BiH OTPUMaB A1 BiHOLWEHHA PO3Mipy HYKNOHa A0
WwBmMAKoCTi citaa. 36ir unx sBigHoweHb y Burnaai 6esposmipHoi BesnnunHu 1040 3 BpaxysaHHAM BiKy BcecsiTy (1017c) 1 ao3BonmB
Momy BBaXKaTu, LLLO KOJIM BiK BcecBiTy 36inbLuyeTbes, TO, W06 36epernocs 3HayeHHa KoHcTaHTM 1040, rpasiTauiiiHa B3aemogia mae
3MEHLIYBATUCA.

[ipaK He BBaKaB Takui1 36ir i HaaBHICTb KOHCTaHTM 1040 BUNaAKOBMM. AfyKe Takuii 36ir BUABAAETLCA M B iHLIMX BapiaLiax
di3nYHMX NapameTpis, WO onucytoTb BeecsiT. Hanpuknag, BigHoweHHs po3mipy MeTtaranaktmku (1026 m) o po3mipy HyK/1oHa
(104 m) Texk popiBHIoe 100, IHWKWIM NPUKNAZ — YUCNO BAXKKMX YacTUHOK y BeecsiTi

e
Gmg

Tomy M. [lipak BUCNOBMB ifet0 NPO CMHXPOHHY 3MiHY 3 YacoMm BCiX PyHAAMEHTaNIbHUX KOHCTAHT. BucyHyTa M. Jipakom
rinotesa NpPoO MOM/AMBY 3MIHIOBAHICTb CBiTOBMX KOHCTAHT CTasa MOWTOBXOM [0 6araToumcesibHUX eKcnepuMeHTabHUX
[OCNIAMXKEHb, AKIi NOKa3ann 3 BE/IMKOKO TOYHICTIO, WO 03HAKW 3MiHWN Byab AKOT 3 KOHCTAHT NPOTATOM LIMKNY po3WnpeHHA Beecsity
BiACYTHi. CYMHIBM BUK/NKANO NMLLE BIAHOLWEHHA MK MacaMu eNeKTPOHa i NPOTOHa Yepes BiACYTHICTb AOCTOBIPHUX AaHUX LWOAO
ix cTabinbHOCTi. MpoTe, cNocTepesKeHHA CNeKTPasbHUX NiHIN NOFIMHAHHA Y CMEKTPi raNakTUKK, AKa 3HAXOAUTLCA Ha BigcTaHi
7 MinbApAiB CBITNOBUX POKIB Big, 3emni, NOKasaau, WO BigHOWEHHA MAC eNeKTPOHa i NPOTOHa 7 MINbAPAIB POKIB TOMy
BiApi3HANOCA Bif TenepillHbOro 3HaYeHHn He binble, Hix Ha 0,00001% (Po3seHTanb, 1980).

3arasiom e MOKHa BBaKaTu, L0 Pi3HOMAHITTA i LiNiCHICTb $Gi3MYHOro CBiTY, MOro NOPAAOK i rapMOHisA, nepeabavyBaHicTb
i NOBTOPIOBAHICTb GOPMYIOTHCA | YNPaBAAKOTLCA CUCTEMOO HEBEIMKOTO Yncna pyHAAMEHTaZIbHUX KOHCTaHT.

OTke, 6araTto HE3BUYHOTO | HECMOAIBAHOIO MICTUTb A/1A Ni3HaHHA i3MYHOro CBiTY Ta 061acTb, Ae MiKPOCBIT BUABNAETLCA
nos’A3aHuii 3 MeracsiTom, y/ibTpamane 3 yAbTPaBeMKUM, eNeMEHTAPHA YaCTUHKA 3 BcecsiTom B uinomy, disnKa 3 acTpoHomieto
Towo.

0\
N = ~ 108°, 10670 Tex (10 ) (frop6aues, 2003).

Y ¢i3nui, Ta 1 B iHWKMX HayKax, BUABWMIOCA Harato AnBHUX 36iris, AKi HE MOXKYTb BYTM 3p0O3yMii Hi AK YNCTO BMNAAKOBI, Hi
AK YNCTO 3aKOHOMIpPHI. MOXHa NpoCNiAKyBaTVM B3aEMHI NepeTBOPEHHA NOPALKY B XaOC, HAPOAMKEHHSA 3aKOHIB i yNopsAAKOBaHOCTI
Xaocy, aNe YN MOXKHA KepyBaTh UMM npoL.ecammn?

BUCHOBKM TA MNEPCNEKTUBU NOAANBLUUX AOCNIAXEHDb

MNiacymoBytoum iHTErpaTUBHUIA 3MICT MmaTepiany GpyHOAMEHTANbHUX B3AaEMOZIN Y NPUPOAi, 3BEPTAEMO yBary CTYAEHTiB Ha
byHAAMEHTaNbHE 3HAUYEHHA PI3HULI MiXK SaneKoaitounmmu i 6M3bKOAIIUYMMKN Ccunamm npupoam: 3 ogHoro BoKy — B3aemogii
HeobmexkeHoro pagiyca Aaji (rpasiTauisa i enekTpomarHeTMam), a 3 iHWOro — Manoro pagiyca (cunbHa i cnabka). Lum
LEMOHCTPYEMO, WO CBIT NPUPOAHMX NPOLLECIB PO3rOPTAETLCA B MEXKAX LMX ABOX MOAAPHOCTEN i pa3omM 3 TMUM BTI/IIOE €AHICTb
rPaHMYHO Manoro i 6e3mMerKHO BE/IMKOIo — MiKPOCBITY i MEracBiTy, e/leMeHTapHOi YaCTUHKM i BCbOro BcecBiTy. IHWMMKM cnoBamm
— OMUC NPUPOAM NPONATAE MiXK ABOMA NPOTUNEKHUMM KapTUHAMK. Y LbOMY «cepeanHHOMY» onuci Gi3nyHi 3aKOHU NPU3BOAATL
[0 HOBOT GOPMM Mi3HAHHA, AKA BUPAXKAETbCA MMOBIPHICHUMWU yABAEHHAMMU. TobTo, Byayunm MNOB’A3aHMMM 3 AMHAMIYHOWO
HeCTIMKICTIO NPUPOAHMX CUCTEM (AK MIKPO- TaK i MaKpPOCKOMIYHMX), 3aKOHU NPUPOAM ONEPYIOTH JINLLE 3 MOXKJIUBICTIO NOAjN, 3 He
pobnaTb oKpemi noAii Hanepen nepeabavyBaHUMM.

[oceig, aBTOpiB Yy BMKN3AaHHI NepepaxoBaHWX BULLE AUCUMMIIH MOKAasye, WO TaKui cnocib ¢opmyBaHHA 3micTy
HaBYa/IbHOro MaTepiany NiaBuULLYE iHTEpPeC CTYAEHTIB 0 MOro OCBOEHHS, GOPMYE iX TBOPYE MUCNEHHSA, iHILitOE BUBIP HUMM TaKMUX
TEeM KypCcoBMX i KBanidikaLiiHMx pobiT, NiAroToBKa AKMX CYNPOBOAMKYETLCA NOLWYKOM BiANOBIAEN Ha Lie HeBMpiWweHi npobaemun
Cy4YacHoi HayKku. ToMy [0LiNbHO, Ha Hally AYMKY, NOA4abLi JOCAIOKEHHA CNPAMOBYBATM Ha PO3POOKY METOAMKN iHTEFPOBAHOIO
BMBYEHHA M iHWKX TeM GyHAAMEHTAaNbHUX HaYK.
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METHODOLOGICAL FEATURES OF USING A SYSTEM-INTEGRATIVE APPROACH
TO TEACHING CERTAIN TOPICS OF THE FUNDAMENTAL SCIENCES
Yuri Krasnobokyj, Igor Tkachenko, Katya lInitskaja
Pavlo Tychyna Uman State Pedagogical University, Ukraine

Abstract. In the article analysis the possibilities of introducing a system-integrative approach to the training of master teachers in the process of
mastering the cycle of basic sciences (physics, astronomy, astrophysics, cosmology, cosmogony, chemistry) is analyzed.
Formulation of the problem. The possibility has been substantiated of one of the variants of the system-integrative approach to the structuring
and study of educational material about the fundamental interactions in nature and the current state of the process of combining

the theories that describe them.

Materials and methods. The research methods used were a comprehensive analysis of scientific and methodological sources, which represent a
system-integrative approach to solving pedagogical problems, and a synthesis of relevant research results published in scientific and
pedagogical publications, with the results of the author's work on their experimental implementation in educational practice. It
consisted in the analysis and generalization of the results of relevant publications in scientific and pedagogical publications and
author's developments on their experimental implementation in educational practice. The integrative content of the material on
fundamental interactions in nature is proposed to be presented sequentially in the form of three subtopics (questions). First, the
nature of all fundamental interactions, their general characteristics, comparative data on the value of numerical values, formulas of
dimensionless world constants describing these interactions, the manifestation of fundamental interactions (forces) in physics,
astronomy, chemistry, etc. are considered. The next step is to determine the effect of changes in the numerical values of world
constants on the evolution of the universe. After that, modern theories are considered on a qualitative level, which try to unite all
fundamental interactions into a single system (scientific picture of the world).

Results. As a result of the research, it was found that the possibilities of integrative study of material on fundamental interactions in nature,
emphasize their fundamental opposite properties (long-range nature of gravitational and electromagnetic interactions and short-
range - weak and strong), which in combination determine the structural unity and evolution of our universe. the possibility of the
existence of a plurality of other universes, the property of the inexhaustible "fragmentation" of matter into smaller and smaller
particles, thus confirming the dialectic of unity and the struggle of opposites.

Conclusions. System-integrative approach to the study of fundamental interactions in nature makes it possible to determine the fundamental
significance of the difference between long-range and short-range forces of nature: on the one hand - interactions of unlimited range
(gravity and electromagnetism), and on the other - small radius (strong and weak). This demonstrates that the world of natural
processes unfolds within these two polarities and at the same time embodies the unity of the extremely small and infinitely large -
the microworld and the mega world, the elementary particle and the whole universe. In other words, the description of nature lies
between two opposite pictures. In this "middle" description, physical laws lead to a new form of cognition, which is expressed by
probabilistic representations. That is, being associated with the dynamic instability of natural systems (both micro- and macroscopic),
the laws of nature operate only with the possibility of events, and do not make individual events predictable.

Keywords: integration, scientific picture of the world, fundamental interactions, world constants, unification theories.
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TEXHONOTrIA KOMMIOTEPHOIO TECTYBAHHA NMPU 3MILLAHOMY HABYAHHI B YHIBEPCUTETI

AHOTALIA

®opmynoeaHHa npobaemu. Poboma npuceaveHa 8UpPiWeHHI0 npobaemu nidsuweHHa OUCKpUMIHaMUBHOCMIi mecmig 3 (hi3uKu WSXoMm
88e0eHHA Ho8UX (hopM 3a80aHb y mecmi ma rnpouedyp nposedeHHs Kommn’tomepHo20 mecmyeaHHsA. [inome3a 00cniOHeHHs:
niosuweHHsA edheKmueHOCMi KOHM PO 3a camocmiliHoro pobomoto cmydeHmis npu nepexodi yKPaiHCbKUX yHisepcumemie Ha
3miwaHy popmy HaBYaHHA nompebye yOOCKOHAAeHHA memodie i 3acobie KoMn’tomepHo20 Mecmy8aHHS.

Mamepianu i memodu. Po3pobka Hosux hopm 3a80aHb y mecmax nposoousacs Ha 0CHO8I cy4acHoi meopii ducmpakmopis. OuiHKa egpekmusHocmi
3080aHb HOB020 3Micmy | hopMu NPOBoOUACE 8 PAMKAX Neda202iYHO20 eKcriepuMeHmy MPOMA20M POKY CLICMeMU 8 GBMOMAMUYHOMY
pexcumi. AHanizysanuce pesynemamu OYiHIOBAHHA Hae4asnbHux 0ocseHeHb 91 cmydeHma cneyianeHocmi 122 «lHxceHepis
MpoepamHo20 3a6e3neyeHHs ».

Pe3yaemamu. [TposedeHo aHani3 nowupeHux 8 YKpaiHi nnamgopm 0ns opaaHizayii Komn’rtomepHo2zo mecmysaHHs (Google ®opmu, Quizlet,
Proprofs, Kahoot!, ClassMarker, MyTestX, Test_ 2W, Testing, Plickers, Easy Test Maker i MOODLE). KoHcmamyemebcsa, wo
0NMUMQsbHUM PiLUEHHSA MPU 3MiWIAHOMY HABYAHHI - € MOBY1b 019 mecmys8aHHsA y 8idkpumili LMS MOODLE. HasedeHi npuknadu
8UPIWEHHA HABYAbHUX 3a80aHb MPU BUBYEHHI (Pi3UKU (NepesipKa cucmemu 3HaHb 3 i3UKU, hOPMYsIHOBAHHA 3AKOHIB, CXemu
MPOMIKAaHHA Gi3u4HO20 Npoyecy, anzopumm po38’AsKy GizudHUX 3a0ay, 008edeHHA meopem) 3a O0NoMo2u HOBUX hopM mecmis.
HaeedeHo ricuxonoz2o-nedazoziyHe obrpyHmMysaHHA hopMyno8aHHA OUCMpPaxKmopie ma eeedeHHs Hosux (hopm mecmis. [TokasaHa
AouinbHICMb BUKOPUCMAHHA NPU 3MiWaHili (hopmi HaBYAHHSA 8 yHiBepcumemi 080x 8udie 0peaHi3ayii KOMn’toMmepHoO20 KOHMPOIIKo,
AKi marome 8iOMIHHI npouyedypu nposedeHHA: cucmemamuy4Ha onepamueHa ognaaliH-nepesipka pobomu cmydeHma Hao
Mamepianom, ujo 8UHOCUMbCA 018 camocmiliHoi pobomu, ma enizodu4Huli ModynbHUl OHAALH-3PI3 3HAHb.

BUCHOBOK: BUKOPUCMAHHA Po3pobseHUX MexHOsozili KoMM'lomepHO20 mecmysaHHA 00380/A0Mb 3HAYHO MOKPAWUMU HABYAAbHI
docAzHeHHsA cmydeHmie 3 hi3uKU Npu 3mMiluaHOMY HABYAHHI 8 yHigepcumemi.

K/TKOYOBI C/IOBA: mecmu, ¢izuka, ducmpakmopu, oHnAaliH, ogpaalH, UCKpUMiHamueHicmeo.

BCTYN

Mepexia y 2019 poui Ha 3miwaHy GopMy HaBYaHHA (BUKOPWUCTAHHA AWUCTAHUIMHWX TEXHOAOrIN B OYHOMY HaBYaHHI)
3aKNaAiB BULWOI OCBITU YKPAiHKM aKTyanisyBas NpoLLec YAOCKOHANEHHA HaBYaibHUX TEXHOOTiN opraHisaLii camocTiliHoi poboTn
CTYAEHTIB Yy BipTyaNbHOMY HaBYa/sbHOMY cepeaoBuLli. Ane 6e3 KOHTPO/IIO 3a CamMOCTiliHOO poboTol ByaAb-AKMI HaBYANbHUIA
npouec He MOXHa BBa¥KaTW NOBHOLIHHUM. EAMHOIO GOPMOI0 KOHTPOAIO 32 CAMOCTIMHOK POBOTOK CTYAEHTIB 33 TaKMX YMOB €
BigganeHe (iHTepHeT) Komn'toTepHe TecTyBaHHA 3 aBTOMaTM30BaHO NepeBipKolo. K MoKasana npaktuka (Pedoceesa, 2019,
Ky0diH&KydiHa, 2016), epeKTUBHICTb KOMN'IOTEPHOTO TECTYBaHHA AK GOPMM NPoBeAeHHA 06’ EKTUBHMX 3Pi3iB 3HAHb 3POCTAE, AKLLO
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BOHM MPOBOAATLCA YACTO, TECTU MaloTb BeNWKi 6a3n 3aBAaHb i BOHM pisHi 3a popmoto. Popmu 3aBaaHb y TecTax, AK NPaBuo,
334,3a10TbCA MOXANBOCTAMM iHPOPMALIIHUX CUCTEM TECTYBAHHA.

AHani3 nitepatypHux gxkepen. 3a gaHnmu caity NAUROK.COM.UA (5, 2021), no Halibinbw nowupeHunx y 2019 poui B
YKpaiHi cMcTem KomMn'toTEPHOro TeCTyBaHHA, OPIEHTOBAHWX Ha MPOXOAMKEHHA TecTyBaHHA uyepe3 BebiHTepdeiic, Hanexatb:
Google ®opmu, Quizlet, Proprofs, Kahoot!, ClassMarker, MyTestX , Test_2W, Testing, Plickers, Easy Test Maker i MOODLE.

AKLLO NOPIBHATU KiNbKICTb i AKICTb BUPILLEHUX HAaBYa/IbHWUX 3aBAaHb BULLOT LWWKOAWN Y PO3INAHYTMX naaTdopmax i mogyni
[Ns TectyBaHHA cuctemu MOODLE (4, 2021), To BOHM He Bigpi3HAOTbeA. OKpim Toro, y LMS MOODLE € MOXK/MBICTb pO3MICTUTH
MY/IbTUMELINHUX KOHTEHT, € BNacCHi cepBick KomyHikauin. LMS MOODLE € abcontoTHO 6e3KOLITOBHOW i BigKpuTOl. Taknm
YMHOM, Ha HaLly AYMKY, BUKOPUCTAHHA moAayna ana TectyBaHHA y LMS MOODLE € onTuManbHUM pilleHHAM AN BULWLIB | 3 nornaay
OVAAKTUKK, |3 NOrnaay eKOHOMIYHOI BUroau.

Cepep, CKNapoBUX OpraHisaLii Komn'loTepHOro TecTyBaHHA (poboTa Hag 3micTom i opmoto TecTis, BUBip 06010HKM AnA
TeCTyBaHHA, BBeAEHHA TecTiB B 060/10HKY, NpoLeaypa NpoBeAeHHA TeCTYBaHHA, aHai3 pe3ynbTaTiB TeCTyBaHHA) HaliBaromiwni
BMN/IMB Ha AKICTb TECTYBAHHA Ma€ Mneplia ckaagosa. TobTo, poboTa Hag 3micTom i GOpMOIO NUTAHb TECTIB € BU3HAYA/bHOIO.
BpaxoBytoun npoBeaeHi 3a OCTaHHI POKM [0CTaTHbO FAMBOKI AOCNIAMKEHHA MWUTaHb CTAaTUCTMYHOrO aHanisy pesynbTaTiB
TecTyBaHHA, Hanpuknag (Kyxap&CepeieHko, 2010), mMeTOK HALWOro AOCAIAMEHHA CTaNo YAOCKOHANEHHA TaKWUX CKAALOBMX
opraHisauji Komn'loTepHOro TecTyBaHHA AK poboTa Hag 3micToM | GOPMOIO MUTaHb TECTiB Ta NpoLeayp NPoBeAeHHA TeCTyBaHb.

METOAU AOCNIAXKEHHA

LabnoHun popm TecTie cTBOptoBanuch cepeicamm LMS MOODLE. MepexeBe TecTyBaHHA NPOBOAUIOCH NPOTATOM POKY B
aBTOMATUYHOMY PEXMMI: OTPUMYBANNCH PE3y/IbTaTH OLHIOBaHHA HaBYaNbHWUX gocarHeHb 91 cTyaeHTa cneujanbHocTi 122 «IHxeHepisa
nporpamHoro 3abe3neyeHHa». [ina nobysoBu BapiaLiHUX KPUBMX BUKOPUCTOBYBA/IUCL AaHi 3 MOAYNA ANA TECTYBaHHA CUCTEMU
MOODLE. Mpwu aHanisi iHAMBIAyanbHUX pe3ynbTaTiB 3pi3iB 3HaHb 404aTKOBO BUKOPUCTOBYBANOCA aHKETYBAHHA CTYAEHTIB.

PE3Y/ZIbTATU AOCNIAXEHHA TA OBrOBOPEHHA

Mpu cknapgaHHi TecTiB neBHMX ¢opm poboTa 3BOAMTLCA A0 GOPMy/tOBaHHA AMCTpakTopis.  [eaki metoguctu
(Kyxap&CepeieHko, 2010) BBaXkaloTb, LLO AUCTPAKTOPU — Lie HETOYHI BiAMOBi4i, AKi MalOTb AOMOMOITM YYHEBi OBOOAITU
HaBYa/JIbHUM MaTepiasom, @ He BHOCUTM XaoC B OCMUCNIEHHA HUM TaKoro maTepiany. AKLLO CNMPATUCh Ha TOYHICTb Nepekaagy, To
aHrnificoke cnoso «distractor» yTBopeHe Big giecnosa «distract» (BigBonikatv). Ha Hawy AymKy, AUCTPAKTOPU — Ue TOYHI
Bif4NOBiAi, afie BOHW He BiAMNOBIAAOTb TOMY, NPO LLO MAETbCA Y 3aNUTaHHI.

Tenep nepeligemo Ao anpoboBaHWx B AoCNigXeHHi dopm TecTiB. ByayTb 3anponoHoBaHi pi3Hi popmu TecToBUX 3aBAaHb
3a/1e}KHO Bif TOTO, WO nepesipanoca y ¢isuLi: 3aKoH, 03HaYEHHA, NPOLLEC, ABULLE, aIFOPUTM, J0BEAEHHA Teopemu, Gopmynn.

MNepwa popma: Ha nepesipKy 8U3HAYEHHSA i3u4HO20 3aKOHY abo o3Ha4YeHHA (Tabauya 1).

Tabauysa 1

Mg AKMMK UMCNamK Yy BU3HAYEHHI, WO nepeaae 3MiCT akCioMu iHepLii , BXKUTi HeNpaBWAbHI C/l0Ba:

1 AbcontomHo meepde mino

2 byde nepebysamu

3 8 CroKoi

4 npu 0ii 080x cun

5 modi, Koau 80HU

6 00HAKO8I 3G 8e/UYUHOIO

7* 00HAKOBI 30 HANMPAMKOM

8 Marme 00HY MOYKY NPUKAAOGHHA

LLlo6 cTBOpPUTM Taky dopmy TecTy, GopMyNtoBaHHA Gi3UYHOrO 3aKOHY UM O3HAYEHHSA, IKe NepeBipPAETLCA, PO36UBAETLCA
Ha NloriYHO NoB’A3aHi Mix coboto cnosa. IM NpUCBOIOIOTLCA NOpAAKOBI Homepu. Ane cepea Hux (y Tabauui 1 — ue dpasa nig
HOMepoM 7) BHOCATLCA C/10BA, AKi He HanexaTb LboMy GOpMyNtoBaHHIO. Ane BiAHOCATLCA A0 iHLWOro BiZLlOMOro 03Ha4YeHHs Yu
3aKOHY. To6TO, Le AUCTPAKTOP, AKMI «BiABONIKAE». TAKMM YMHOM CTBOPHOETLCA NCUXONOTIYHA CUTYaLLiA, KOIM AUCTPAKTOPU He
BHOCATb XaoC B OCMUCAEHHA HaBYa/IbHOrO MaTepiany.

Mo3HaYeHHA OKPEMMX AMCTPAKTOPIB YMCNaMM NO3B’A3aHe 3 TMM, WO Le Haibinbl HagjiiHa dopma nepepadi Bignosiai, ae He
MOKe ByTU TEXHIYHOI NOMUIKK B pe3ybTaTi Habopy. Ha BigmiHy, Hanpukaag, Big, popmu BigNoBIAj AK «BBEAEHHA CI0BA 3 KNasiaTypuy.

BkasaHui niaxig moxke 6yt BUMKOPWUCTAHWW | ANA NepeBipKM cxemu izudHo20 npouecy, Asuwa abo aszopummy
p038°A3aHHA NeaHoi Ghi3uyHoi 3a0a4i. Y NpuKnaai TecToBoro nutaHHaA (Tabanus 2) nepeBipaeTbcsa TOYHE PO3YMIHHA NOCAIA0BHOCTI
KPOKiB B arOpuUTMi po3B’A3aHHA O4HI€l 3a4a4i B CTaTUL:

Tabauys 2
LLlo morkHa He po6uTn Npu po3B’A3yBaHHI 3a4ay B CTaTULi 3 BUKOPUCTAHHAM YMOBM PiBHOBaru:
1 306pa3umu 8ci cunu Ha PUCyHKY
2* 3Halimu i nokazamu pieHoOiliHy cuny
3 8secmu mino siodniky

4 i 38’A3aHY 3 HUM cucmemy KoopOuHam

5 OCi Ha PUCYHKY po3micmumu y 3py4HoMy 8u2nsoi

6 o0bpaxysamu npoekyii ycix cua Ha oci KoopAuHam

7 3anucamu pieHAHHSA, y Aigy YacMuHy AKUX 8X00AMb Cymu
npoekyili ycix cun Ha 8idnosioHy sicb

8 p038°A3amu piBHAHHSA
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Opyra popma: nepesipka dosedeHHs meopem abo 3aKOHIs.

BinblWicTb NPaKTUKIB BBAXKAE, WO AaBTOMATM30BaHA KomM'lOTepHa nepeBipKa A0BeAEeHHA TEOPeMM UM BUBELEHHA
bopMyn NPaKTUYHO HEMOXKANBA, 60 BaXKKO NepeabaunTh yci MOXKAUBI BapiaHTM cniB (abo iX MOCNiLAOBHICTb) y TEKCTI 40BEAEHHS,
AKI MOXKe BXUTU CTyaeHT. Hanpuknag, ¢pasum «Bisbmemo cuny...», «Hexah Maemo cuny...», «AKWO MW MAaEMO CUNY...» MatOTb
O/4HAKOBWI 3MICT, asie NpU aBTOMATM30BaHIN NepesipLi KoMN’'IoTeEPOM MOXKe BYTH OLiHEHO He OAHAKOBO.

Huxkye HaBegeHO NpWKAaA TecToBOro 3aBAaHHA (puc.l), Ake nepesipA€e NPaBUAbHICTb AOBeAEHHA OAHIEI Teopemu
MeXaHiKu: Teopema Npo MUTTEBUI LLEHTP WBUAKOCTEN NPU NAOCKONapanesbHOMY pPyci.

Mpuknag.

Mpo4yumatiime ysaxHo 0osedeHHA meopemu. HYu ece mam 8uKaadeHo nNpasuasHo. Bubepimos sapiaHM npaskKu.

Hexali maemo Oeske misno, ujo pyxaemocA nA0CKO napanesnsHo, i moyka A — Moskc, Wo Mae weuodKicme Un , AIK IOKA3GHO
Ha pucyHky. lposedemo vyepe3 m.F niHito neprneHOUKyaapHy 00 8eKmMopy WeuodKocmi p a. 3a 03HAYEHHsA M10CKO-NapanesnsHo20
PyXy, no-nepuie, 8Ci MoYKU Uiei niHil, 4k i moyka A, 6yOymes pyxamuce nocmyrnanbHoO 3 WeudKicmio p 4. [Mo-0pyee, 8ci moyvku, wjo
3HaX00AMbCA Ha il ninii, 6ydyme obepmamuca Hagkosao m. A.

MoKkaxcemo sekmopu niHiliHux weudkocmeli moYok obepmasbHo20 pyxy. 32i0HO popmynu Elinepa —yum 0ani moyka eid
oci 0bepmaHHa, mum niHiliHa weuodkicme 6yode binbworo. 3Halidemo pe3yabmyrodi weuokocmi moyok Mi, M, M’. MoxHa
nepedbayumu, wjo icHye maka moyka M', e AKil niHiliHa weudkicms 06epmanbHO20 pyxy i WEUOKICMb NOCMynanbHo20 pyxy
b6ydymoe o0Hakosi. Todi pe3ynbsmytouya weudKicme moyku M' dopisHiosamume Hynawo. Omice, Npu nA0CKO napanesnsHomy pyci
mina icHye mo4Kka mina, Mummesa weuoKicms AKOi O0PIBHIOE HYtO.

Puc. 1. [oBepeHHA Teopemu NPo iCHYBAaHHA MUTTEBOIO LLEHTPY WBUAKOCTEM

BapiaHmu npagok.
1.BunpasnerHs sudineHo — «Hexali maemo abcoanromHo meepde miso, W0 PyXaemeocs MaA0CKO NapanesbHo...»
2.BunpasneHHs sudineHo — «3a gpopmyrnoro Elinepa 014 wisudkocmeli moOYOK npu rna0CKO-napasnesnsHoMy pyci, mo-nepuwe,

8Ci MoYKU ujiei niHii, AK i mo4yka A, 6y0yme pyxamucs nocmynaabHO 3 WeUOKicmwo U A D

3.BunpasnerHs sudineHo — «32idHo popmynu Elinepa — yum 0ani moyka 8i0 oci 06epmaHHA, MUM Kymoea weuoKicms
byde binbworo».

4.BunpasneHHs sudineHo - «MoxcHa nepedbayumu, ujo icHye 0ekKinoka moyok M', 8 AKux niHiliHa weudKicms
06epmanbHo20 pyxy...».

5.BunpaenerHs sudineHo — «Omiice, npu na0CKO nNapanesbHoMy pyci mina icHye mo4yka mina, 8i0HOCHA WeuodKicmoe AKOI
OO0pIiBHIOE HYMHON.

6.Bce npasusbHo.

Yci npaBKu — Le AUCTPAKTOPM, AKi BiANOBIAAI0 BUMOraMm, WO 3a3HaYeHi BULE. Y TeKCTi, AKMI 6aUnTb CTYAEHT, BUAINEHUX
MiCLb 3HaXO4XKEHHSA NPaBOK Hemae. ToH6TO CTyAeHTOBI NOTPIOHO yBaXKHO (!) nepeunTaTv He oAMH pas TeKcT, Wob BiglyKaTn micue
NpPaBKW, AKA MPOMOHYETLCA; NPUAHATU PilLEHHA NPO 3aMiHY UM He 3aMiHy MpaBkKu. Lle Tex BaXXK/MBWUW HaBYaNbHUI MOMEHT:
6araTopasoBe NOBTOPEHHA (NepeynTyBaHHsA) GpparmMeHTiB TOro, WO paHiwe 6yN0 NPoYMTaHe, MOXKe BUKAMKATU BiZLHOB/NEHHS B
nam’sTi BCboro TekcTy. Lia 0cobamBicTb nam’aTi y NCMX010riB Ha3MBaETbCA pparmeHTapHicTio (3egpupos & 3uamouHosa, 2015).

Ane B HaBeAEHOMY NMpPUKAAALi BUKOPUCTOBYETHCA LLe OAMH NPUAOM NCUXONONYHOTO BNAMBY Ha CTYAEHTA: Lie HAABHICTb
auctpaktopa nig Ne6. CTyaeHT nicna nepernagy ycix CMUCAOBUX AMCTPAKTOPIB MOMAAAE Yy TaKy CUTyaLito, KON HaTpanafe Ha
HalnpocTilwe pilleHHA — AUCTPAKTOP «Bce NPaBMAbHOY. MPaKTUKa NOKasana, Wwo 6inbWwicTb CTYAEHTIB YOMYCb He 06UPaloTb Leit
OMCTPAKTOP. AHKETYBaHHA CTYAEHTIB NOKAa3ano, WO BOHM «He BipUTb B Te, LLO BUKAAZAY NpuMAymyBaB N'ATb HenpaBU/IbHUX
OUCTPAKTOPIBY».

TpeTa dopma: nepesipka popmyn.

MNepeBakHa binbluicTb popmyn y disnLi Mae 3HaK PiBHOCTI.

MpaKTMKa nokasana, WO CKAAAHILIMMM Ha BUTNAL € NMUTAHHA Ha NepeBipKy Gopmyn y BUNAAKY, KONN Y NMUTAHHI BiACYTHA
0JHa 3 YAaCTUH LbOro piBHAHHA (Tabaunua 3).
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Tabauys 3
BcTtaHOBUTM BiANOBIAHICTD, WO BUparXkaloTb popmynu:
1 \/*h A MpoeKLuis «NOHOBAIOKYOI» CUAN
m

(kyt+a) b Mepiop,
3 —kx B da3za
4 2z r YactoTa

kD
5 X il Amnnityaa

sin(kt+ @)

Mpoyedypu nposedeHHA KOMN’OMepPHO20 Mecmy8aHHS.

Y HaByanbHiit nporpami aucumnnidm «®isnKka (BMbpaHi nuTaHHaA). PisMyHi ocCHOBM pPobOTU enemeHTiB Komn'toTepa», €
TEMM, AKIi BUHOCATBLCA HA CAMOCTiHE OMNpaLLoBaHHA, | CTYAEHTOBI HEOOXiZAHO BUBUMTM Liel maTepian A0 HAaCTYMHOro aygUTOPHOro
3aHATTA. OTXKe, PO3rnag, UMX NUTaHb HE MOMKHA BIAK/AACTM Ha KiHeub HaBYya/nbHOrO poky. Kpim Toro, y cTyaeHTa mae 6ytu
BMEBHEHICTb, L0 BiH 3pO3YMIB Lii TMTaHHA NPaBUJIbHO | FOTOBMI NEPENTU A0 BUBYEHHA HOBOI TEMM Ha HAaCTYNHOMY ayAUTOPHOMY
3aHATTI. A NicnA BMBYEHHA OKPEeMWUX MOAYNiB (po34iniB) CTyAEHT Mae AOCTaTHi 3HaHHA, W06 NPONTM aTecTalilo HaBYaNbHUX
pocArHeHb 3a 100-6anbHOO cuctemoto. MpaKTMKa MOKasana AOUiNbHICTE BUKOPUCTAHHA NpW 3MilWaHiM popmi HaBYaHHA B
YHIBEPCUTETI TaKMX BUAIB KOMN'IOTEPHOrO KOHTPO/IO, AKI MatloTb BiAMiIHHY npoueaypy NPOBEAEHHA: cucmemMamuyHa
onepamusHa ognaliH-nepesipka pobomu cmydeHma Haf, MaTepiaiom, Lo BUHOCUTLCA ANA CAMOCTIMHOI poboTu Ta enizoduyHuli
MOOYnbHUU OHAAUH-3Pi3 3HOH®.

1.0nepamuseHa ogpnaiiH-nepesipka camocmiiiHoi pobomu cmydenma.

Micue npoBeneHHA. BigaaneHe TecTyBaHHA OpraHi3oBaHO B MOAYNi ANA TeCTyBaHHA B iHTEPHET-JOCTYMHOMY KypCi
«®Diznka» y MOODLE ana aBTOpM30BaHUX CTYAEHTIB.

Mpoyedypa mecmysaHHA. BianoBiAHO [0 33a3HAYEHOi BULE HABYAJIbHOI METU YMOBM peanisauii gaHoro suagy
BiA4aneHoro Komn'toTEPHOro TeCTyBaHHA MAOTb TaKUWA BUIAA: YAacTOTa MPOBEAEHHA TECTYBAaHHSA BW3HAYAETbCA Ki/bKICTIO
BMBYEHUX TeM (nicna KoXHoT Temu); bopma HecknagHa (Hanpuknaa, «ogHa NpaBubHA BigNoBiab i 3-4 «HenpasuabHI»); cnpoba
OAHA; TEPMiH 34a4i — A0 HAaCTYMHOMO 3aHATTA NPOTATOM TUXKHA; TPMBANICTb TECTYBAaHHA BU3HAYAETLCA eKcrnepumeHTanbHo ([o
Yyacy NPOYMTaHHA TEKCTY 3anUTaHHA i yCiX MOro AucTpaKkTopiB AoaaeTbcA 15 cekyHAa. Taki «KOPCTKi» YacoBi pamMKKU LbOro BUay
TEeCTyBaHHA o0OymoOB/AeHi TuMM, WO, AK MOKa3ylTb pe3yabTaTM NPaKTUYHUX pPobIiT 3  KomMN'toTepHOi  TeKkcTonorii
(®edoceesa&HevyenopeHko, 2019), obMeXKeHHA 4Yacy Ha 0b6AyMyBaHHA, AK MPaBUIO, BUKIIOYAE MOMKAMBICTb KOPUCTYBATUCA
[003TKOBUMM AyKepenamu nig, vyac TecTyBaHHA.); TECT Ha HEBEMKY KinbKicTb 6anis (2-3 6anu npu Tomy, Wwo moaynbHuii 30 6anis!
Lie 3po6neHo 3 MeToto, Wob He 6yno 6arkaHHA y CTyAeHTa 3BePHYTUCH A0 iHLWOT 0CO6M 3 MPOXaHHAM BUKOHATM 3@ HbOTO); MUTAHHA
B TecTi obupae reHepaTop BMNALKOBMX YMCeN — CTaHAApTHa OyHKLiA dopmMyBaHHA BapiaHTiB bineTiB npu Komn’'toTEpPHOMY
TeCTyBaHHi; OLiHKa 3a TECT CTAE Bif,OMOIO CTyAeHTOBI 04pa3y NicAs Moro 34a4i, ane NOBHUIM NPOTOKOA BiANOBIAI ONPUAOAHIOETLCA
nicnA 3akiHYeHHA TepMiHiB 34a4i BCiX POBIT CTyAeHTIB, WO BCTaHOBAOETbCA B cucTemi MOODLE BuKknagayem. Lie 3pobneHo gna
HeoTpuUMaHHA iHGopMaLLl NPo NPaBW/bHI BiANOBIAI CTyAEHTAaMMU, AKi ByAyTb 343aBaTU TECT OCTAHHIMM.

2.0HnaliH MmoodynbHuli 3pi3.

Micuem npoBefeHHA LbOro BMAY TECTYBaHHA € MOAY/Nb ANA TECTYBaHHA B iHTEPHET-AO0CTYyNHOMY Kypci «®Dismka» y
MOODLE pna aBTOpM30BaHUX CTYAEHTIB, ane 3 iHWWMM HaNalWTyBaHHAMM | NPOBOAUTLCA B MEPEKEBOMY K/aci Nif, Harnagom
yepes Web-kamepu.

[ONOBHMM 3aBAAHHAM [ApPYroro BWAY KOMM'IOTEPHOIO TECTYyBaHHS € OO’'EKTMBHWMI 3pi3 3HaHb Be/MKOro obcary
HaBYa/IbHOro maTepiany. TOMy yMOBM NpoLLeAypy TECTYBaHHSA BinbLL «KOPCTKi»: iaeHTUdIKaLis ocib y meperkeBomy Knaci nepes
NMOYaTKOM TEeCTYBaHHA; 3aBLAHHA PO3PI3HAIOTLCA 33 PiBHEM CKAAAHOCTI; BMOGIp Bignosiai — 3 KAasiaTypw; BiACYTHI 4acosi
obMeKeHHsA Ha 064yMyBaHHA NUTAHHA; 1 pa3 Ha MicALb; NPOBOAUTLCA Y 3a34a/1erifb BU3HauYeHui Yac (80 1 roguHm); npucyTHIicTb
BMKNagaya 0608’A3K0Ba; OCHOBHWIA BHECOK Yy PEUTUHT CTyAeHTa (Hanpuknaa, Tpu TectysaHHA no 30 6anis).

OUiHKa edhekmusHOCMI 3arnpornoHoO8aHux hopm mecmis.

Hamu 6yB npoBeseHMI aHani3 TeCTY B Li/IOMY Ha A10Tr0 AMCKPUMIHATUBHICTb. Lle — HalroNoBHiWMM Kputepii epeKTUBHOCTI
byab-aKkoro Tecty, ocobanso negaroriyHoro (Kyxap&CepeieHko, 2010). [OUCKPUMIHATUBHICTb — Lie 34aTHICTb TecTy B Liiomy
dugpepeHyitosamu obCTeKYBAHUX CTYAEHTIB BiGHOCHO MAaKCMMA/IbHOTO | MiHIMANbHOrO pe3ybTaTis TecTy. Y HalomMy BUNaAKy —
nepeBipuTH,  HaCKiNbKM edeKTUBHO 3anponoHOBaHi GOpPMU TecTiB BUKOHA/NM HaBYa/bHE 3aBAAHHA 3 MNepeBipKU piBHA
33/IMWKOBUX 3HAHb.

[ONCKPUMIHATUBHICTb TOYHO BUMIPIOETbCA MOKAasHMKOM AenbTa PepriocoHa, ane moxe 6yTU ouiHeHa i3 xapaktepy
po3noainy KinbKocTi obcTexXyBaHMX MO iHTepBanax 6aniB Big MiHIMaNbHOrO A0 MAKCMMANbHOIO 3HayeHHA. Y JaHomy
[OCNIAMKEHHI ANCKPUMIHATUBHICTb TECTY Nepesipaaack 3 4ONOMOroto BapiauiiHmx Kpusux (B8 10 nocniaoBHUX iHTepBanax 6anis,
Ha fAKi po3buBaeTbca WKana Big 0 go 100 6anis), nobyaoBaHMX Ha OCHOBI pe3y/nbTaTiB 3pi3iB 3HaHb, NPOBEAEHUX MPOTArOM
cemecTpy (puc. 2). laHi oTpumyBanu 3 moayna ans TecTyBaHHA cuctemn MOODLE B aBTOMaTM30BaHOMY pPeXMUMI.

3 nornsgy 3aranbHoi Teopii TecTis (Pedoceesa&HeyenoperHko, 2019) ACKPaBO BUPAXKEHMI MAKCMMyM BapiaL,iiHOT KpUBOT
B NeBHilt obnacTi 6anis CBIAYNTL NPO HU3bKY AUCKPMMIHATUBHICTb TecTiB. HanpuKknag, AKWo ue obnacte manux 6anis, mecm 8
UisloMy BaxKKUI ONA CTYAEHTIB KOHKPETHOI rpynu i noTpebye AOKOPiHHOT NepepobKu. AK BUAHO i3 puc. 2, ANCKPUMIHATUBHICTb
[AHOTO TEeCTYy € BUCOKOK: KPMBA MAE LUMPOKUA MaKCUMYM, AKMIA OXOMJIIOE 3HAYHY YacTUHY iHTEPBANiB NO3UTUBHUX Banis. Lie
03Hau4ae, WO AaHWI TECT B LLiJIOMY BUKOHAB CBOE HaBYa/ibHE 3aBAAHHA - KPO3NOAIANTUY CTYLEHTIB Ha 0Cib 3 HU3bKUM, cepeaHim
i BUCOKMM piBHEM 3HaHb.
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Puc.2. Po3nogin KinbkocTi cTyaeHTiB 3a 6anamu (0-100) npu BUKOpPUCTAHHI 3anponoHoBaHUX popm TecTiB
i npoueaypn Komn’lOTEPHOro TeCTyBaHHA

BUCHOBKM

3anponoHoBaHi Gopmu NUTaHb KOMN'IOTEPHUX TECTIB 3 Bi3NKK, AKI 6a3yIOTbCA HA Teopil AUCTPAKTOPIB, PO3B’A3YIOTb HU3KY
BaXK/IMBUX HaBYaNbHUX 3aBAAHb BULOI LWKOAWM (CMCTemMaTus3auilo 3HaHb 3 ¢i3nku, nepesipky GopmMyntoBaHb 3aKOHIB, Cxem
NPOTiKaHHA i3MYHOro NpoLecy, 3HaHHA anroputTmy po3s’AsKy OiI3MYHWMX 3agay | foBeAeHHA Teopem). BusHaueHo, wWwo
ONTUMaNbHUMM Y 3aKN1afax BULLOT OCBITM NPU 3MillaHiN Gopmi HaBYAHHA € ABA BUAWM KOMN'IOTEPHOTO TECTYBAHHA: CUCTEMATUYHA
odnaltH-nepesipka 3HaHb MaTepiany, WO BUMHOCUTLCA HA CaMOCTIMHE OMPALLOBAHHA | MOAYNbHUI OHNANH-3PI3 3HaHb Y
MepeXKeBOMYy Kaci. Pe3ynbTaTv neparoriyHOro eKCnepuMmeHTy MoKasasu, WO yA0CKOoHaseHa dopma TecTiB i 3anpornoHoBaHa
npoueaypa NpoBeAeHHA KOMN'IOTEPHOTO TeCTYBaHHA A03BONAOTb AOCATHYTU BUCOKOI ANCKPUMIHATUBHOCTI TecTi. Moganbworo
OOCAiAKEeHHA NOTPebyIOTb aAMTUBHI TEXHOOTIT TECTYBaHHA 3 €1eMEHTaMMU LUTYYHOTO iHTENEKTY, BUrOTOB/IEHI Y GopMi MOBINbHMX
3aCTOCYHKIB A/1f NTPOBEAEHHA ONEePaTUBHOMO OH/IANH-ONUTYBaHHA CTYAEHTIB.
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TECHNOLOGY OF COMPUTER TESTING IN PHYSICS FOR BLENDED LEARNING IN UNIVERSITY
A.P. Kudin, T.M. Kudina, W.Y. Karhut
Drahomanov National Pedagogical University, Ukraine

Abstract.

Formulation of the problem. The article is devoted to solving the problem of increasing discriminar parameter of tests in physics by introducing
new forms of tasks in the test and procedures for computer testing. Research hypothesis: the improvement of methods and tools of
computer testing is necessary to increase the effectiveness of control over the independent work of students in the transition of
Ukrainian universities to a blended form of education.
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Materials and methods. The development of new forms of tasks in the tests was carried out on the basic of modern distractor theory. Evaluation
of new tasks effectiveness was carried out as part of a pedagogical experiment during the year in automatic mode. The assessment
results of academic achievements of 91 students specialty 122 "Software Engineering" were analyzed.

Results. The author analyzes the most common in Ukraine platforms for the organization of computer testing system (Google Forms, Quizlet,
Proprofs, Kahoot, ClassMarker, MyTestX, Test_2W, Testing, Plickers, Easy Test Maker and MOODLE). For his opinion, the optimal
module for testing is learning management system MOODLE It can solve the existing problems in blended learning. The pre-work on
the content and form of test requests is determining for organization of testing. The author gives examples of solving educational
problems in physics studying (checking knowledge, formulation of laws definition, schemes for the physical process, an algorithm for
the solution of physical problems, the introduction of the theorem) using new forms of tests based on modern research theory. There
are two types of computer control, which have different procedures. The first one is the systematic operational offline verification of
the student's work; the second one is episodic module online checking.

Conclusion: the developed computer testing technologies can significantly improve the students educational achievements in Physics educating
for a blended form at the university.

Key words: tests, physics, distractors, online, offline, discriminar.

This work is licensed under Creative Commons Attribution-NonCommercial-ShareAlike 4.0 International License.
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METOAUKA BUKOPUCTAHHA XMAPO OPIEHTOBAHUX CUCTEM BIAKPUTOI HAYKU
Y NPOLLECI HABYAHHA | NPO®ECIMHOIO PO3BUTKY BYUTENIB

AHOTALIA

B cmammi onucaHo memoOuKy BUKOPUCMAHHA XMApo OpPIEHMOBAHUX cucmem 8iOKpUMOI HayKu y rpoueci Ha84yaHHA i npogeciliHozo
po3sumky e4yumenis. HasedeHO CKAAOHUKU MemOOUKU 8UKOPUCMAHHA XMapO OpiEHMOBAHUX cucmem 8i0Kpumoi Hayku y
npoueci HagYaHHA i NpogeciliHo2o pPo3suMKy s4umernis.

@PopmynoeaHHA npobsaemu. He3eamaryu HA GKMUBHE BUKOPUCMAHHA OC8IMAHAMU XMAPO OPIEHMOBAHUX CUCMEM iCHYrOMb nesHi
npobaemu 8 opeaHizayii Hag4aHHA ma npogpeciliHozo po3sumky s4umesie. OOHIEO 3 OCHOBHUX NMPobaem nocmae 8idcymHicme
MemoOUK 8UKOPUCMAHHSA XMAPHUX Cepeicis, Ujo He € /10KAi308aHUMU, as1e 6e3KoWmMmOoBHUMU 018 8UKOPUCMAHHSA 8 HAYKOo8il ma
HasyanbHili OianbHOCMI (XMapHi cepsicu ma XmMapo OpiEHMOBAHI cucmemu 8i0KPUMOI HayKu).

Mamepianu i memodu. [ns docazHeHHA MOCMasaeHoi Memu 3aCMOoCcoB8aHO KOMI/AEKC Memodis: NopieHAMbHO20 MA CUCMEeMHO20 aHANI3y
HAyKoBUX Mpayb, W0 OXOMNAoms npobaemy 00CniOHeHHs, 8UBYEHHSA 8iIMYU3HAHO20 Ma 3apybiHHO20 00C8i0y BUKOPUCMAHHA
XMapo OpiEHMOBAHUX cucmem 8iOKpUMOI HAYKU; CUHME3, Yy3az2asnbHeHHA U KoHuyenmyanisauia 011 06rpyHmMysaHHsA
meopemuyHUX 3acad BUKOPUCMAHHA XMAPO OPIEHMOBAHUX cUCMEM 8iOKPUMOI HayKU.

Pe3syaemamu. OnucaHa mMemoOuUKd € YACMUHOK XMApo OPiEHMOBAHOI MemoOu4Hoi cucmemu Mi020mosKU e4umerie MPUPOOHUYO-
mamemamuy4Hux rnpeomemie 0o pobomu 8 Haykosomy siuei. MemoOuKa BUKOPUCMAHHA XMApPO OPIEHMOBAHUX cucmem
8i0KpuMoOI' HayKu y npouyeci HagYaHHA i npogheciliHozo po3sumkKy eyumesnie mMicmume HACMYynHi KOMMIOHeEHMU: yinbosud,
3micmosuli, mexHonoziyHUli ma pesynbmamugHul. BusHa4eHo, W0 8 AKOCMi OCHOB8HO20 3acoby HABYAHHA B8UCMYNAE
esponelicoka Xmapa 8i0KpUMoi HayKu.

BuCHOBKU. BukopucmaHHsA 84UmMensaMuU XMapo opiEHMOBAHUX CUCMEM 8i0KpPUMOI HAYKU y Npoueci HABYaHHA i NpogeciliHo2o po38UMKy Moxce
npu3secmu 00 8MPOBAOHEHHA XMAPO OPIEHMOBAHUX CUCMEM 8iOKPUMOI HaYyKU 8 WKiNbHY NPAaKmMuKy, BUKOPUCMAHHSA OKPemMoz0
iHCMpymMeHmapito 8 pamMKax WKinbHUX npedmemis, Wo ypi3HOMaHIMHUMb Has4asabHuUl npoyec ma npuseede 00 nid8uUUeHHS
lio2o HayKkosocmi.

K/IKDYOBI CJ/IOBA: xmapo opieHmoeaHi cucmemu, 8iOKpuma Hayka, npogeciliHuli po38uUMoK 84yumeris, XMapo opiEHMOBAHI cucmemu
8iOKpUMOI HaYKU, MemMoOUKA BUKOPUCMAHHA XMAPO OPiEHMOBAHUX cUCMeM.

BCTYN

MocraHoBKa npo6aemu. Y suctyni /1. C. MaHggiii (Manasiin, 2020), 3acTynHuui MiHicTpa ocBiTv i Hayku YKpaiHu, 6yno
PO3KPUTO OCHOBHI MOXXMBOCTI NiABULLLEHHSA KBanidiKaLii neaaroriyHnx npayisHUKIB. [Jo OCHOBHMX 3MiH NPodeciMnHOro po3BUTKY
nesarora BifiHECEHO BiNibHUIA BMOIpP NearoriYyHMMM MpauiBHUKAMM CeMiHapiB, TPEHIHriB, MPAKTUKyMmiB, BebiHapiB B MerKax
nporpamu niaBulLeHHA KBanidikauii. Biatak, cepes HanpaAmiB MigBuWeHHs Keanidikauii Oyno BKa3zaHO: BUKOPUCTaHHSA
iHpopMaLiiHO-KOMYHIKaLiMHUX Ta UMPPOBUX TEXHONOrN; GOPMyBaHHA Ta MNiABUWEHHA NPOGECIMHUX KOMNETEHTHOCTEMN,
OnaHyBaHHA HOBITHIX TEXHOOTIN. B 3B°A3Ky 3i 3MiHaMM NiaBULLEHHA KBanidiKaLii OCBITAH, 30Kpema BUMTENiB, NOCTAE Npobiema
B PO3p06Li HOBMX METOAMK, AKi 6 3MOrNM OXONUTU NPMHAMMHI BKa3aHi ABa HanpsamM nigsuLLeHHs Keanidikauii. O. B. KopoTyH B
CBOEMY JocCniaxeHHi (KopoTyH, 2018) 3pobuna BUCHOBOK, LLLO BUKOPUCTAHHA XMapO OPIEHTOBAHWX CUCTEM MAE BEAUYE3HUN
NoTeHLaN Yy HaBYaHHi, 30KpemMa Yy HaBYaHHI MalbyTHix BuYMTeniB iHGopmaTUKU. OpHaAK, METOAMK BUKOPUCTAHHA XMapo
OpPIEHTOBAHMX CUCTEM HefoCTaTHbO. AKWO 3a 2018-2021 pp. cMTyauia 3 BNPOBaAXKEHHA Ta BUKOPUCTAHHA XMAPO OPIEHTOBAHUX
cuctem nokpauunach (BonowwHa, 2018; Bakantok, 2019; KysbmiHcbKa, 2020), TO BUKOPUCTAHHA XMapO OPIEHTOBAHMX CUCTEM
BiAKPUTOI HayKn NoTpebytoTb NOAaNbLWOro po3pobieHHs, 30KpemMa y NpPoL,eci HaBYaHHSA i NpodeciMHOro Po3BUTKY BYMTENIB.

© M.B. Map’eHko, 2021.
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B 3B’A3Ky i3 3anpoBaAKEHHSAM KapaHTUHHWUX 3aXOAiB CMpPUYMHEHUX po3noBciogxkeHHAm COVID-19 B 2020-2021 pp. B
6inbwocTi WKin YKpaiHM 6yno BNpoBagKeHO AMUCTaHUiMHY dopmy HaByaHHA. OpraHisauisa AgucTaHuiiHoi ¢opMKu HaBYaHHA
MOK/IMBa 32 PaxyHOK BMKOPWUCTaHHA iHCTPYMEHTIB XMapO OPIEHTOBAHWUX CUCTEM BiAKPUTOI HayKu. He3Barkaloum Ha aKTUBHe
BMKOPWUCTAHHA OCBITAHAMM XMapO OPIEHTOBAHMX CMCTEM iCHYIOTb NeBHi Npobnemun B opraHisauii HaB4aHHA Ta npodeciiHoro
pO3BUTKY BuMTeNiB. OfHIEID 3 OCHOBHWMX NpPobaem NOCTaEe BiACYTHICTb METOAMK BUMKOPWUCTAHHA XMapPHMX CEpBICiB, WO He €
NIOKani3oBaHMMM, ane 6e3KOWTOBHUMM A1 BUKOPUCTAHHA B HAYKOBIN Ta HaBYa/bHIil AiabHOCTI (XMapHi cepsicuM Ta Xmapo
OPIiEHTOBAHI CUCTEMM BIAKPUTOI HAyKM). ICHYE NPUNYLLEHHSA, WO BUKOPUCTAHHA XMApPO OPIEHTOBAHUX CUCTEM BiAKPUTOI HayKu
[,03BO/INTL 3p06UTU HaBYaNbHMI Npouec 6ifbl HayKOBMM Ta aKaZeMiuHUM, Npu3Bede L0 BUPILIEHHA OKpemux npobnem
aKagemiyHoi 406poYecHOCTi cepes BUUTENIB TA YUHIB.

AHani3 akTyanbHux gocnigeHb. O. . KyabmiHCbKa B cBoeMy pochigyeHHi (Ky3bmiHcbKa, 2020) aHanisye 3micT NoOHATb
«MeToaMKa BUKOPUCTaHHA IKT B OCBITI» Ta Hafa€ aBTOPCbKE BU3HAYEHHA TePMiHY «MeTOAMKa 3aCTOCyBaHHA UMdPOBOro
OCBITHbOrO CEPEAOBULLA HAYKOBOT KOMYHiKaL,ii MaricTpis-gocnigHukiB». OnncaHa metTogmka BKAOYAE: Cyb’ekTH, 06’eKTU, meTy,
ymoBM, 3acobu, Gopmu opraHisauii, MeToan OCBITHbO-HAaYKOBOT KOMYHiKaLii Ta pe3yabTar.

T. A. BakanioK BU3HauYnIa OCHOBHi KOMNOHEHTU METOANYHOI CUCTEMU BUKOPUCTAHHA XMAPO OPIiEHTOBAHOrO HaBYaIbHOTO
cepefioBuLa NiArOTOBKM Hakanaspis iHGOPMATUKM BKAKOYAE TaKi meToauKKM (Bakantok, 2019): meToamMKa BUKOPUCTAHHA XMapo
OpPIiEHTOBAHOI CUCTEMM MNIATPUMKM HaBYaHHA fAK cKnagHuka XOHC y nigrotosui 6aKkanaspie iHGOpMaTUKKM, MeToaMKa
BMKOPUCTAHHA XMapOo OPiEHTOBAHMX 3acobiB HaBYaHHA y NigroTosLi 6akanaspis iHGOpPMaTUKK, METOAMKA BUKOPUCTaHHA Web-
OpiEHTOBAHMX 3ac06iB HaBYaHHA 6akanaspiB iHGOPMATUKM.

B pocnigeHHi C.T./iutenHosoi (/intenHoea, 2016) pospobneHa MeToaAMYHA CUCTEMa MPOEKTYBaHHA XMapo
OPIEHTOBAHOrO HABYa/JbHOMO CepefioBMLLA 3aKNady 3aralbHOiI cepeAHbOi OCBITWM, TOMY OCHOBHWI aKLEHT MOAArae B ONuUCi
METOANKM NMPOEKTYBAHHA XMApO OPIEHTOBAHOrO HaBYa/IbHOrO CepeaoBMLLLA 3aKNaAy 3arasbHOi cepeHbOi OCBITU. Mpu Lbomy
PO3rNAHYTO MNPOEKTyBaHHA HAa pPiBHI KepiBHWMKA, NPOEKTYBAaHHA Ha PpiBHI agMiHIiCTpaTopa HaBYa/IbHOMO CepefoBuMLLa,
NPOEKTYBAHHA Ha PiBHI BUMTENA-NpeAMETHUKA, NpoekTyBaHHA XOHC Ha piBHi yuHA. Xoua B poboTi (/iutenHoBa, 2016) BiacyTHA
MeTOAMKa BUMKOPUCTAaHHA XMapO OPIEHTOBAHOrO HaBYa/IbHOrO CepefoBULLA 3aKnady 3arajbHoi cepefHboi OCBITU, ane AnA
NpoBeAeHHA MOTOYHOTO AOCNILMKEHHA Ba)KAMBUM OyB aHanNi3 MeETOAMYHMX OCHOB BWMKOPMUCTAHHA CMPOEKTOBAHOrO XMapo
OpPIEHTOBAHOrO HABYa/IbHOTO CepeAoBULLLA Yy 3aK/1aAi 3ara/ibHOi cepeaHboi OCBITH.

T. B. BonowwuHa (BosowwuHa, 2018) onucana mMeToAMKY BUKOPUCTAHHA FiGPMAHOrO XMapo OPIEHTOBAHOIO HaBYasbHOIO
cepegoBuwa gna GopmMyBaHHSA CaMOOCBITHbOI KOMMNETEHTHOCTI MaibyTHiX ¢axiBuiB 3 iHbopmaLiltHMX TexHonorii. MoaaHo
CTPYKTYPY MeTOAMKU. [oAaTKOBO HaBedeHO ONMUC METOAMKM iHTerpauii pecypciB i cepsiciB ribpMAHOro XmMapo OpieHTOBaHOro
HABYa/IbHOrO CepeoBULLA Y €NEKTPOHHI HaBYa/IbHi Kypcu o8 NiATPUMKM CAMOOCBITHBOT AifsNbHOCTI cTyaeHTiB IT-daxy.

AHani3 ocTaHHiX gocnigeHb Ta nybnikauii 6yno B nepwy yepry CNpAMOBaHO Ha BMBYEHHA HAABHUX METOAMK
BMKOPUCTAHHA, OCKIIbKM METOAMKN HAaBYaHHA Ta METOAMKN BUKOPUCTAHHA MatoTb CYTTEBI BiAMIHHOCTI. 32 CBOEKD CTPYKTYpOLO
METOAMKa BUKOPUCTAHHA XMapo OPIEHTOBAHMUX CUCTEM BiAKPWUTOI HAYKM Y NpoLeci HaBYaHHA | NpPodecinHOro po3BUTKY BUMUTENIB
6yAe MaTH CXOXY, KNacUUHY CTPYKTYpPY, NOAIOHY A0 HAafBHUX METOAMK BUKOPUCTAHHA TOO YK iHLIOTO CepBicy YM NPOrpamHoOro
NPOAYKTY.

Merta cTatTi — po3po6UTU METOAMNKY BUKOPUCTAHHA XMapO OPIEHTOBAHMUX CUCTEM BiAKPUTOT HAYKM Y NpoLEeci HaBYaHHA i
npodecinHoro po3BUTKY BUMTENIB.

METOAUN AOCNIAXKEHHA

[Ona pocArHeHHA NOCTaB/IeHOI MeTM 3aCTOCOBAaHO KOMIMJIEKC METOAIB: MOPIBHANbHOrO Ta CUCTEMHOTO aHasli3y HayKOBUX
npaub, WO OXOMN/KTb Npobnemy AOCAIANKEHHA, BUMBYEHHA BIiTYM3HAHOTO Ta 3apybiKHOro AOCBiAY BUKOPUCTAHHA XMapo
OPIEHTOBAHMX CUCTEM BIAKPUTOI HAyKW; CUHTE3, y3araibHeHHA M KOHUenTyanisauia ANa obrpyHTyBaHHA TEOPETUYHWUX 3acaj,
BMKOPUCTaHHA XMapO OPIEHTOBAHUX CUCTEM BIAKPUTOI HayKM.

B cTaTTi HaBedeHi pe3ynbTaTM BUKOHAHHA Apyroro etany ([oCnigHWUbKWIA) NPOEKTY «XMapo OpIiEHTOBaHI cucTemu
BiAKPWTOI HAYKM y HaBYaHHI i npodeciiHomy po3BuTKy BunTenis» (2020.02/0310) nepemoskusa KOHKypcy «MiaTprmKa focnigskeHb
NPOBigHUX Ta MONOAMX BYEHMX» 33 2020 p, wo ¢iHaHcyeTbea HauioHanbHUM PoHAOM pocniaKeHb YKpaiHu. ABTOp cTaTTi €
BiANOBIAANIbHUM BMKOHABLEM MPOEKTY «XMapO OPIEHTOBAHI CMCTEMMW BIAKPUTOI HayKM Yy HaBYaHHI i NpodecintHomy po3BUTKY
BUMTENIBY.

PE3Y/NIbTATU AOCNIAKEHHA

Coepa BULWOI OCBITU € cepenoBULLEM, A€ BiAKPMTA HayKa Ta BiAKPWUTa OCBITa MOXYTb MaTWU B3aEMO3B'A3KM B MeXKax
CNiNbHOI KoHLenuii BiAKPUTOCTI. Binbl TOro, BiAKpUTa HayKa Ta BiAKpWTa OCBITa NOB'A3aHi MK CO6OI0 TakKMMM cyb’ekTamu, AK
BMKNAAAui 3aKNaAiB BULLOI OCBITU, AKi 3a4iHI B HAYKOBO-AOCNIAHOMY MPOLLECi. ICHYIOTb AeAKi KNH0YOBI KOMMOHEHTU BiZAKPUTOCTI
Y BiAKPUTII Hayu,i, AKi MaloTb 3B’A3KM 3 BiAKPUTOIO OCBITOM. Bifblie TOro, Li acneKTn TaKoXK MOXKyTb ByTK NoB'A3aHi 3 HayKOBO-
LOCNIAHOI Ta OCBITHBO AiANbHICTIO. O4HUM i3 KOMNOHEHTIB € IHCTPYMEHTHM, TOHTO CUCTEMM Ta NOCAYIU — NepeBaXKHO Uundposi
— AKI NiZTPUMYIOTb CNiINKYBAHHA Ta CNiBNPALLIO B HAYKOBIM CNiNbHOTI. BigKPUTICTb Y LbOMY CEHCI MOXe CTOCYyBaTUCA AOCTYNHOCTI
iHCTPYMEHTY, Moro BapTocTi abo cymicHOCTI 3 iHWKMMM nocayramu. baraTo AocniAHWKIB Ha3MBAKOTb IHCTPYMEHTU Ta MpOrpamHe
3abe3neyeHHn 3 BIKPUTUM KOZLOM NOCAYramMu, AKi € AOCTYNHUMU, MOAUDIKYIOTbCA Ta MatoTb BilbHWI (MOBTOPHO) BUKOPUCTaHUI
Kog,. TakMm YMHOM, BIOKPUTI AxKepena AOCNIAHULBKUX IHCTPYMEHTIB Nerko Ta AOCTYMHO BMKOPUCTOBYBATWM A/1A HAaBYaHHA Ta
BMK/MaJaHHA Ta MOXYTb NONErWWUTM AOCTYN A0 AAHWUX AOCAIAKEHb Ta AXepen Ana CTYAEHTIB UM y4YHiB. Jpyrnii KOMNOHEHT — e
OiANbHICTb, TaKa AK ocobucTa noBefiHKa Ta B3AaEMOAA HAYKOBLIB, AK CMiKyBaHHA Ta CMiBNpaus B HayKOBMX CMibHOTaX.
[JianbHicTb moxe ByTV BUAMMOIO ANA BCiX, 06MeXKeHOo ANA NeBHMX rpyn abo 3aKpUTOlo, AK HanpuKaag, npoecu CAinoro
peLieH3yBaHHA. MPUCTOCOBYIOYUM iX A0 HABYA/ILHOTO NPOLLECY, HAYKOBa AiANbHICTL MOXKe cTocyBaTUCA abo nNoBefiHKM BUMTENiB,
abo noBepiHKM Y4HiB. AKTyaZlbHUMWM acnekTamu gna yYyHiB € BapiaHTM CTBOPEHHA Ta OOMiHY BAacHMMWM maTepianamu Ta
06roBopeHHs ix 3 ogHONITKaMK. TpeTiMm KOMMNOHEHTOM € TaKi pecypcu, AK AaHi, KHUIM uM Haykosi cTaTTi (Heck et al, 2020).
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AHanisyloum onnuc MeToAMKN BUKOPWUCTAHHA HAayKOBO-HABYa/NbHOI XMapyu HayKoBOI (OCBITHbOI) YCTAHOBU Ta METOAMKM
BMKOPWUCTaHHA KOMMOHEHTIB HaBYaIbHOTO NPU3HaYeHHnA Ha 6a3i ribpmaHoi xmapu AWS HaBegeHi B gocnigskeHHi M. M. WuwkiHoi
(WnwkiHa, 2016) 6yn0 BUKOHAHO ONUC METOAUKM BUKOPWUCTAHHA XMapo OPIEHTOBAHMX CUCTEM BIAKPWUTOI HayKu y npoueci
HaBYaHHA i NpodeciiHOro Po3BUTKY BUUTENIB.

CTPYKTYpa METOAMKN BUKOPUCTAHHA XMapO OPIEHTOBAHMX CUCTEM BiAKPUTOI HayKM y Npoueci HaBYaHHSA i npodeciinHoro
PO3BUTKY BUMTENIB.

Llineosuli KomnoHeHm.

Mema: nigBULWEeHHA PiBHA HaBYaHHA | NpodeCiHOro PO3BUTKY BUMTENIB 33 PaXyYHOK BUKOPUCTAaHHA XMapO OPiEHTOBAHMUX
CUCTEM BiAKPUTOI HaYKM, NiABULLEHHSA PiBHA KOMMNETEHTHOCTEN BiAKPUTOT HAYKM.

LinboBa rpyna: BunMTteni npupogHMYo-maTeMaTUYHNX NpeaMeTiB.

3micmosuli KomnoHeHm.

EnemeHTM 3micTy nepenigroToBku, NigBULLEHHA KBanidiKaLii BUNTENIB NPUPOAHNYO-MAaTEMATUYHNUX NPELMETIB.

TeXHONOrYHUIA KOMMNOHEHT.

Memoou HaB4YAHHA: CNOCTEPEXEHHA, AEMOHCTpaLis, iNtCTpaLif, PenpoayKTUBHWUIA, NOLUIYKOBWUM, AOCNIAHULbLKUNA,
HaBYa/ibHa AMCKYCifl; CUTyaLia NisHaBaNbHOI HOBU3HM; CUTYaLLiA 3aLiKaBAEHOCTI, NPO61eMHO-eBPUCTUYHUIA.

dopmMu HABYAHHA: TPEHIHTU, HaBYaNbHi KypcW, AMCTaHLiNHI HaBYaNbHi Kypcu, cemiHapu, BebiHapw, iHOMBIAyanbHi
KOHCy/bTaLii, neKuisa (TpaguuiitHa, npobaemMHa) i3 3acTocyBaHHAM XMapHUX CEPBICIB Ta CUCTEM BIZKPUTOI HAYKMU.

3acobu HaBYaHHA: XMapo OPIEHTOBAHI CUCTEMM BIAKPUTOT HayKM (XMapHi cepsic xmapw BigKpuToi Hayku EOSC, Google
Classroom Skype).

Pe3ynbTaTMBHUI KOMMOHEHT: NiABULLEHHA PIBHA HABYaHHA | NPOdECiMHOro PO3BUTKY BUMTENIB 33 PaXYHOK BUKOPUCTAHHSA
XMapO OPiEHTOBAHUX CUCTEM BiAKPUTOI HAyKM, NiABULLEHHSA PiBHA KOMMNETEHTHOCTEN BiAKPUTOT HAYKM.

MiHimanbHi BMUMOrM A0 anapaTHO-NPOrpaMHOro 3abesnevyeHHs Ha MPUCTPOI KOPWUCTyBaya: HasBHICTb Opaysepa Ta
NigKNOYEHHA [0 Mepexi IHTepHeT (apoTose un Wi-Fi).

OpieHmosHull naaH MmpeHiH208UX 3aHAMb.

Tema 1. Peectpauis B EOSC Ta cTBOpeHHs NpoeKTy (4 roa.).

Tema 2. [obip Ta oAaBaHHA OKPEMMUX XMAPHUX cepBicis (4 roa,.).

Tema 3. BUKOPWCTaHHA 3araibHOraay3eBuUx XMapHUx cepsicis (2 roa,).

Tema 4. BukopuctaHHA cnewianizoBaHMX XMapHUX cepsicis (2 roa,.).

Bcboro: 12 rog.

3anpoBag)KeHHA [aHOi MEeTOAMKU PEeKOMEHAYETbCA Ha BULLOMY pPiBHIi XMapo OpPIEHTOBAHOI METOAMYHOI cucTemmu
NiAroTOBKM BYUTENIB NPUPOAHMYO-MATEMATUYHUX NpeaMeTiB Ao poboTu B HayKoBomy Jiuei. PEKOMeHA0BaHO NpoBeAeHHSA
OKPEMOTO0 Kypcy (OYHOrO UM AUCTaHLIAHOIO ) NiaBULEHHA KBanidikauii BUNTENIB NPUPOAHNYO-MATEMATUYHNUX NpeameTiB. Mpu
uboMy Horo cneumdika MONATAE y BUKAOYHOMY BMKOPUCTAHHI iHCTpymeHTapito EOSC. Kypc nigBuiieHHA Keanidikauii 3
BMKOPUCTaHHA iHCTpyMeHTapito EOSC Buntensamm 6axaHo NpoBOAUTU TPUBANICTIO BinbLue HiX TUXAEHb, OCKINIbKM OKpemi XMapHi
ceps.icK, AKi KOPUCTYBay A0AA€E A0 CBOro NPOEKTY NoTpebytoTb NepeBipKM Ta NileHsiliHoI 3roau. Llelt npouec mosKe TpmBaTh Bif,
OAHOTO AHA A0 TPbOX.

MonepegHbo Tpeba nposecTn niarotoByy pobOTY, MOACHUBLLM, WO poboTa byae BiAbOyBaTUCL B aHIIOMOBHOMY
cepefoBuLLi, TOMY MOXKANBO, 3HAA0OUTLCA 3a7yYEHHA CTOPOHHIX NPOrpamHMx 3acobis (aBTOMATUUYHMX TA HANiBABTOMATUYHUX
nepeknagadvis). Tomy, OCHOBHi MOMEHTU BMKOPUCTAHHA Kpalie noaaTu, AK 3pa3oK NOKPOoKoBoi pobotu 3 EOSC y Burnagi
[O0BIZLKOBMX UM HaBYa/IbHO-A0BIAKOBMX MaTepianiB. AK BapiaHT po3pobuTK crnewiasibHi 30WNTU 3 HOTAaTKAMM A& KOXKEH cayxay
KypCiB 3MOXe 3anucaTu iHAMBIAyanbHi cnocTepeeHHA poboTu 3 iHcTpymeHTapiem EOSC. BenuKy yBary chig, npuainutu
LEeMOHCTpaLiMHOMY MaTepiany, Wwo byae BUKOPUCTAHWUI Nig Yac nekuin. Lle moske 6yTn AK npe3eHTaLis 3 ay4io cynpoBoAOM, TaK
i nonepeaHbO 3anucaHe Bifeo (KOPOTKMIA AOBIAKOBUIA MaTepian).

Takox BuMTeNi mMatoTb ByTn 03HaoMAeHi 3 NoAPOBULAMN CTBOPEHHA NMPOEKTY Ta CN/aHyBaTM MOro HanoBHeHHA. Lii
MOMEHTU € biNbll OpraHisaLiiMHOro xapakTepy, ogHaK NoTpebyloTb A0AATKOBUX PO3’ACHEHb Ta KOHCyAbTaui. Cayxadi Kypcy
nonepeaHbo BM3HAYalOTb CTPYKTYPY MalbYyTHbOro MpoeKTy, MOoro wini, 3agadvi 1a npobaemu aki byayTb BUpilWeHi nicaa Moro
CTBOPEHHSA.

MNig yac BUBYEHHS Tem 3 Ta 4 03HAMOMMUTU CNyXadiB 3 KAaTEropisMm CepBiciB, WO HanBHI B CTPyKTypi EOSC Ta noAcHWTY, WO
B Meplly Yyepry BOHM OpPiEHTOBAHI Ha HayKoBLiB. O4HAK BiNbWICTb 3 HUX MOXKYTb OYTU BUMKOPUCTaHI ANA OpraHisauii cninbHoi
pob0oTM YYHIB HA YPOKaXx, ANA HaNaroAKeHHA KOMyHiKauil. OKpemolo KaTeropieto NocTaioTb cepsicu, AKi CKopille HaraayloTb
penosuTapii HayKoBuX AocnigxeHb. [aHi cepsicu BigKpUTOro AocTyny 6yayTb TaKOMX KOPWCHI negaroram, OCKIiNbKK
npeacTaBnsatoTb cob00 OCTaHHI HOBMHKM MPOBIAHMX AOCNiAXeHb EBPOMM, BUMTENI 3MONKYTb O3HAMOMMUTUCHL 3 3apybiKHUMM
aHanoramm 6e3KOLITOBHUX XMapHUX CePBICIB BiAKPUTOI HAyKu.

AK NPUKNaL MOXKHa HaBeCTM KOPOTKMIM OMUC Ta BUKOPUCTAHHA OAHOIO 3 XMapHUX cepBicis, Wo npeactaBneHmnii 8 EOSC —
3DBionotes-WS. Beb6-nnatpopma 3DBionotes-WS iHTerpye Kinbka Beb-ciykb Ta iHTEpaKTMBHWI Beb-nepernsgad, LWob
3abe3neunTn eamHe cepeaoBuLLe, B AKOMY BioNI0riYHI aHOTaL,ii MOXKHA aHaNi3yBaTK B iX CTPYKTYPHOMY KOHTEKCTI. Micna cnanaxy
COVID-19 HoBIi CTPYKTYpHi AaHi 6araTbox BipycHWX 6inkis 6yau BKAOUYEHI B HOBUIA po3ain 3DBionotes-COVID-19 (puc. 1).

Mogenb € AMHaMiYHO. 33 4ONOMOTrOK KHOMOK HaBirauii KOpMCTyBayY MoOXKe 404aBaTU OKPeMi elieMeHTU, nepernagaTm
nignucn. HaBoaAYM MULLUKOK Ha OKpemi enemeHTM mogeni 3'aBNseTbcA NignNUc 3 NoscHeHHAM. XMapHWI cepsic Hagae
MOM/IMBICTb CAMOCTIAHO CTBOPIOBATU CTPYKTYPHI MOAENi, 3aBaHTa)KyBaTW BXKe rOTOBI UM Nepernafati HansHi.

CnyxadiB cnif, OpieHTYBaTK Ha Te, WO BCi cepBicM EBPONENCHKOT XMapU BiKPUTOI HayKM HE MOKHA OMNaHyBaTW B pamKax
KypCiB NigBULLEHHA KBanidikauyii. fosoBHe, Wo6 BYMTeNi 3anam’aTanm ocHoBu pobotn 3 EOSC, eTann CTBOpPEHHA BAACHOTO
NPOEeKTY Ta A0AaBaHHA [0 HbOrO XMapOo OPIEHTOBAHMX CEPBICIB, L0 NPeACTaBAeHi B Mepesiky 3a KaTeropiamu.
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Puc. 1. Mpuknag cTpyKTypHOi mopeni

Mig vyac NnpoBefeHHA TPEHIHTOBUX 3aHATb MOXYTb BUHUKATK NeBHI TPYAHOLL:

1. NonepeaHbo Tpeba nonepeaKatv TEXHIYHY MIATPMMKY TOFO 4YM (HLIOFO XMAPHOro CepBicy, ajlKe oOAHO4YacHe
BMKOPUCTaHHSA BE/IMKOT KiIbKOCTI KOpUCTyBaYiB 3 YKpaiHu (6ansbko 1000), moxke 6yTn posuiHeHe ak DoS-aTaka. Lie npussoautb
0,0 TUMYACOBOrO BiAKNHOUYEHHS aKayHTiB KOPUCTYBaYiB UM MOBHOTO 6/1I0KYBaHHS NOCAYT 33 I0Kali3ali€to.

2. AKWO BCe X XMapHWI cepBic TUMYACcOBO 3ab/I0KOBaHO MOMY MaEe 6yTW HadaHa anbTepHaTMBa (MOXAMBO FHYYKWUIA
rpadik BUKOHAHHA 3aBAAaHb 3 BUKOPUCTAHHAM TOTO UM iHLLOrO cepsicy).

3. MoxnnBUIA BapiaHT, KOAM B OKPEMIl MICLLeBOCTi BiACYTHE MOBHE UM YACTKOBE iHTEPHET-3'€QHAHHA, 3 YYaCHUKM
TPEHIHrOBMX 3aHATb 0OMEKEHi YHaCoBUMM pamKamu.

4. Tpeba 6yT! roTOBMMM, LLO TOM UM iHLWIMIA aKayHT KOpUCTyBaya MoxKe byTn 3abnoKkoBaHO YM BuganeHo. Ls npobnema
0CcobNMBO aKTyanbHa Mig Yac opraHisauii rpynosoi poboTu.

5. Cnig, BpaxyBaTu TO MOMEHT, WO 33 NEBHMX TEXHIYHUX NPUYMH aKayHT TOTO YM iHLIOrO KOpUCTyBaya He byae oapasy
OOCTYNHUM AN po6OTH (NiIGKAOYEHHS IHLUIMMM Y4aCHUKAMU TPEHIHTOBUX 3aHATD).

6. Y4acHMKaM TPeHIHrOBMX 3aHATb CAlig nonepeaHbo NOACHUTU, HOMY 0BpPaHO came Ti Uu iHLWi XMapHi cepsicu, YNM BOHM
BiAPi3HAIOTBLCA, B YOMY iX 0COBAMBICTL Ta YOMY iX CAif BBaXKaTW BiAKPUTUMM. XO4Ya NonepesHbO BYMTENI BUBYAIOTbL Mapaaurmy
BiAKPWTOI HayKK, ane He 0Apasy CTa€ 3p03yMiZIUM AK Lie BAKOPUCTATU HA NPUKTULL.

BUCHOBKU TA MEPCNEKTUBU NOAANBLUOIO AOCNIAMEHHA

B npoueci gocnigxeHHsa 6yn10 BCTaHOB/IEHO, WO iCHYE B3AEMO3B'A30K MiXK BiAKPUTOIO HAYKOIO Ta BiZKPMTOLO OCBITOO, LU0
Lini Ta NPUHLMMM BiAKPUTOI HAYKM MOXKHA BNPOBaAMUTU B 3aKNaAax BULLOI OCBITU. XMapO OPIEHTOBAHI CUCTEMM BiAKPUTOT HAyKM
MaiKe He BMKOPMCTOBYIOTbCA B 3aK/lafax BMLLOI OCBiTM Ta Ha Kypcax NigBULLEHHA KBanidikauii sumtenis. Tob6TO icHyOTb
npo6semn 3 BUKOPUCTAHHA XMapoO OPIEHTOBAHWMX CUCTEM BiAKPWUTOI HAYKM Yepe3 HeAoCTaTHIO PO3pobJieHiCTb MeToaMK ix
BMKOPUCTaHHA. MeToaMKa BUKOPUCTAHHA XMapo OPIEHTOBAHMX CUCTEM BiAKPUTOI HAyKM Yy Mpoueci HaBYaHHA i npodeciiHoro
PO3BUTKY BUMTEIB MAE BK/ILOYATU TaKi 3aCOOM HaBYaHHA, LLO6 OXOMUTM Pi3Hi NOTpebun BUMTENIB 3aN1eXKHO Big GOpmMM Ta NpeameTiB
BMK/AfaHHA.

OnncaHa MeToAMKa € YaCTMHOK XMapO OPIEHTOBAHOI METOAMYHOI CUCTeMM MiArOTOBKM BYUTENIB NMPUPOAHMYO-
MaTeMaTUYHUX NpegMeTiB A0 poboTn B HayKoBOMY Jliugi. MeTogMKa BUKOPUCTAHHA XMapo OPIEHTOBAHUX CUMCTEM BigKpuUTOI
HayKM y npoueci HaBYyaHHA i NpPodecitHOro PO3BUTKY BUMTENIB MICTUTb HACTYMHi KOMMOHEHTU: LiNbOBUIA, 3MiCTOBUH,
TEXHONOTIYHWI Ta pe3yNbTaTUBHUIA.

BUKOPUCTAHHA BUNTENAMM XMAPO OPIEHTOBAHMX CUCTEM BIAKPUTOI HAaYKKM Yy NpoLeci HaBYaHHA i npodeciiHoro po3BnUTKY
MOKe NPU3BECTU A0 BNPOBaAKEHHA XMAPO OPIEHTOBAHUX CUCTEM BIAKPUTOI HAYKM B LLKINIbHY MPAKTUKY, BUKOPUCTAHHA OKPEMOTO
{HCTPYMEeHTapito B pamKax WKiNbHUX NpeaMEeTiB, WO YPi3HOMAHITHUTL HaBYabHUIM NpoLec Ta Npu3seae A0 NiABULLEHHA KOro
HayKOBOCTi.

B AKOCTi NnepcneKkTMBM NOAANbLUMX AOCAIAKEHb NOCTAE OBFPYHTYBAHHA METOANYHUX PEKOMEHAAL,IM W0A0 BUKOPUCTAHHSA
CepBiCiB XMapO OpPIEHTOBAHOI METOAMYHOI CUCTEMM Yy NpOUECi AiANbHOCTI BYMTENA HAYKOBOTO Niuet, WO € OAHMM i3
3ann1aHOBaHUX 3aBAaHb [1iaCyMKOBOro etTany BUKOHAHHA MPOEKTY «XMApO OPIEHTOBAHi CUCTEMW BiAKPWUTOI HAYKM Y HABYAHHI i
npodeciiHomy po3suTKy BunTenis» (2020.02/0310).

CnN1COK BUKOPUCTaHUX AXKepen
1. Bakaniok T. A. TeopeTWKO-MeTOAMYHI 3acagn MNPOEKTYBaHHA | BUKOPWUCTAHHA XMapo OPIEHTOBAHOrO HaBYa/NbHOroO
cepeposuLa y nigrotosui 6akanaspis iHGOPMATUKK : gUC. ... A-pa ned. Hayk : 13.00.10 / IHcTUTYT iHbopMaLiiHMX TeXHOOri
i 3aco6iB HaByaHHA HAMH YkpaiHu. Kuis, 2019. 614 c.
2. BonowwuHa T.B. BuKOpuCTaHHA TriBpUAHOro XMapo OPIEHTOBAHOTO HaBYaNbHOrO cepefosulWa AnA  OPMyBaHHA
CaMOOCBITHbOI KOMMETEHTHOCTI ManbyTHiX daxisuiB 3 iHGOPMaLiAHMX TEXHONOTIN : AnC. ... KaHA. nea. Hayk : 13.00.10 /
IHCTUTYT iHpOpPMaLiiHMX TeXHONOTiN | 3acobiB HaBYaHHA HAMH YKpaiHu. Kuis, 2018. 293 c.
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METHODS OF USING CLOUD-ORIENTED OPEN SCIENCE SYSTEMS IN THE PROCESS OF TEACHER TEACHING AND
PROFESSIONAL DEVELOPMENT
Maiia Marienko
Institute of Information Technologies and Learning Tools of NAES of Ukraine, Ukraine

Abstract. The article describes the method of using cloud-based systems of open science in the process of teaching and professional development
of teachers. The components of the methodology of using cloud-oriented systems of open science in the process of teaching and
professional development of teachers are given.

Formulation of the problem. Despite the active use of cloud-based systems by educators, there are some problems in the organization of teaching
and professional development of teachers. One of the main problems is the lack of methods for using cloud services, which are not
localized, but free for use in research and educational activities (cloud services and cloud-based open science systems).

Materials and methods. To achieve this goal, a set of methods is used: comparative and systematic analysis of scientific papers, covering the
problem of research, study of domestic and foreign experience in the use of cloud-based systems of open science; synthesis,
generalization and conceptualization to substantiate the theoretical foundations of the use of cloud-based systems of open science.

Results. The described technique is a part of a cloud-oriented methodical system of preparation of teachers of natural and mathematical subjects
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for work in a scientific lyceum. The method of using cloud-based systems of open science in the process of teaching and professional
development of teachers contains the following components: target, content, technology and effectiveness. It is determined that the
main cloud of learning is the European cloud of open science.

Conclusions. Teachers' use of cloud-based open science systems in the process of teaching and professional development can lead to the
introduction of cloud-based open science systems in school practice, the use of separate tools in school subjects, which will diversify
the educational process and increase its scientificity.

Key words: cloud-oriented systems, open science, professional development of teachers, cloud-oriented systems of open science, methods of using
cloud-oriented systems.

This work is licensed under Creative Commons Attribution-NonCommercial-ShareAlike 4.0 International License.
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MOHITOPUHT 3HAHb AK IHCTPYMEHT 3ABE3MEYEHHA AKICHOI MATEMATUYHOT NIATOTOBKU CTYAEHTIB

AHOTALIA

dopmynoeaHHa npobaemu. B cmammi po32ngHymo npobsaemy 3HUMEHHA AKOCMIi mamemamu4Hoi nid2omoeKu cmydeHmis pi3Hux
cneuyianeHocmed.

Mamepianu i memoodu. Y xodi nidzomosku cmammi 6yau sukopucmaHi maki memoodu 00CniOHeHHA: NopPiBHANbHUU aHANI3 meopemuyHuxX
10/10)4(eHb, PO3KPUMUX Y HayKosilli ma Hae4yasnbHO-MemoOuyYHill nimepamypi; CrocmepexeHHAa 30 Mamemamu4Ho
nidzomoekoro MalibymHix ¢paxisyie pisHUx Hanpamie; 6eciou i3 cmydeHmamu; y3azasnbHeHHA nedazo2iyHo2o 00cs8idy 3
BUKAAOAHHA MamemMamuyHux oucyunaiH, aHkemyeaHHsA (239 pecnoHOeHmis) ma cmamucmuy4Hi mMemoou 06pobKu
ekcriepumeHmasnsHuli 0aHux (Memod crmamucmuYHux 2inomes).

Pe3yaemamu. Ha ocHosi aHanizy MoHimopuHzoeux A0cnidxceHb pi3HUX pigHie 3pobaeHO 8UCHOBOK MPO Me, WO AKICMb Mamemamu4yHoi
nidezomosku malibymHix gaxisyie Mae meHOEHUi0 3HUMEHHA He3anexHOo 8id Hanpamy nidzomoeku. HasedeHo pe3ynemamu
eKcrnepuMeHmasnbHo20 Pe2ioHanbHo20 00CAIOHEeHHS, Wo Nidmeepoxcytoms yel 8UCHOBOK.

O6rpyHMo8aHoO HeobxiOHicmb MPo8edeHHs MOHIMOopPUH2Y MAMeMamu4yHUX 3HaHb AK 00HO20 i3 IHcmpymeHmie 3abe3nevyeHHs
binbw AKicHOI Mamemamuy4Hoi nid2omosKu cmyoeHmie.

3anponoHo8aHo MemoduYHi pekoMmeHOauyii U000 NidBUWEHHSA AKOCMIi MamemMamu4yHoi Nid20moeKu cmydeHmig nepuiozo poKy
HABYAHHA PI3HUX HAMPAMIE Ni020MOBKU.

BucHoskKu. 1idmeepoxceHo, wo cucmema MOHIMopPUH2y MAae bymu KOMIN/EeKCHOK mMa nposooumMuUCsA Ha 8CixX PieHAX ynpassiHHA 0ceimoto AK
3anopyKa eanioHocmi, HadiliHocmi, eKOHOMIYHOCMI, iHMe2posaHocMi ma NpakmuyHocmi. MoHimopuHe Hag4anbHUX 00CA2HEHb
cmydeHmis € iHcmpymeHmom, AKul 00380as€ 3abe3neyumu SKICHY mMamemamuy4Hy nid2omosky malbymHix gaxisuie.
30ilicHeHHA eKcrnepumeHmManbHo20 00CniOHeHHA 0an0 3mo2y eussumu ei0cymHicme y3200xeHocmi pesynemamy 3HO,
WKinbHo20 cepedHbo20 basny 3 MameMamuKku ma pe3ysemamis icnumy 3 Mamemamuku, Wo cKAadanu cmyodeHmu nepuozo
POKY pi3HUX yHisepcumemis. [1ns YHUKHEHHSA MPOo2asaUH Ma KOpeKyii 3HaHb NepuoKypCHUKI8 00YinbHO opaaHizyeamu npomsaom
nepwiozo cemecmpy Moemopro8anbHUli Kypc WKiAbHOI MamemamuKu, 3a80aHHA AKO20 € Y3a2anbHEHHA i cucmemamusayis
OCHOBHUX (hakmis apupmemuKu, 2eomempii, anzebpu ma noyamkie aHanidy. Lle 00380AUMb MOKpPAWUMU AKiCMb
MamemMamuyHoi nid2zomosKu cmyodeHmie 3aKnadie suw,oi ocgimu.

K/TKO4YOBI C/IOBA: mamemamu4Ha nid2zomosKa, MOHImopuHa, cmydeHm, AKicmb oceimu.

BCTYN

MocraHoBKa npobnemu. CyyacHuli eTan pPO3BMUTKY YKPAIHCbKOro cycninbcTBa NoTpebye ¢axiBuiB BMCOKOro piBHA
niAroToBKW. YKpaiHa, AK i iHWi iHAYCTpiaibHi AepKaBKu, Ma€e TEXHIYHY iHPPACTPYKTYpPY, AKY HEObXiAHO MOCTIHO MigTpMMyBaTH,
po3BMBaTM Ta OHOBAIOBATW. HepocTaTHA NIArOTOBKA KagpiB MOXe MNpU3BECTM A0 3aHenafy BUMPOOHULTBA, PYMHYBAHHA
iHPPACTPYKTYPU | 4,0 3yNUHKM LMBINI3aL,IMHOIO PO3BUTKY, WO byae MaTy YNC/IEHHI HEraTUBHI HACNIAKM 411 YKPAiHCbKOro Hapoay.
Y niarotoBui MaibyTHiX daxisuiB, 30KpeMa iHXeHEepPHO — TeXHIYHMX cneLianbHOCTeN, AKi 3a6e3neYyoTb MKUTTE3AATHICTb TEXHIYHOT
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iHQpPaCTPyKTYypn Aepikasu, ocobimBe micue 3aliMae maTeMaTUyHa nigrotoska. OCTAHHIM YacOM CNOCTEPIraeTbCA 3HUMKEHHSA
AKOCTI MaTeMaTM4HOI MigroToBkM axiBLiB Pi3HMX HanNpAMKiB NiarotoBkW. Mpobnema BaxkivBa i baratoacnekTHa. Po3ymiHHA
aKTyasnbHOCTI Liei Nnpobiemn Ha piBHI AepKaBu NPM3BEO A0 TOro, Wo HaBYanbHUI 2020-2021 pik B YKpaiHi 6yn0 nporosioweHo
POKOM MmaTemaTuyHoi ocBiTH (Mpo oronoweHHs, 2020).

AKTyanbHicTb gocnigeHHA. [JoKOPiHHUM YMHOM 3MIHUTU HeraTUBHY TEHAEHL,t0, AKA CNOCTEPIraeTbCA B MAaTEMATUYHIN
OCBITi, MOXKe peasizauia cMcTeMHUX pedpopm, A1 YCNiLWHOTO 34iMCHEHHSA AKMX HEODXiAHI YiTKi peKoMeHAau,ii BYEHUX-METOAMUCTIB,
ncuxonoris, negaroris. Ha Hawy AyMKy, OAHiel0 3 ymoB 3abe3neyeHHA AKICHOI MAaTeMaTUYHOI MiArOTOBKU CTYZEHTIB BULLMX
3aK/1afiB OCBITU € PiI3HOPIBHEBUI MOHITOPUHT iX HABYa/IbHUX AOCATHEHb.

Merta cTaTTi NonArae B aHani3i MOHITOPUHIOBUX AOCNIAKEHD Pi3HMX PIBHIB LLOAO MaTeMATUYHOI NiArOTOBKM MalbyTHIX
daxiBuiB pisHMX cneuianbHOCTel, O06rPYHTYBaHHI HEOBXiAHOCTI NPoBeAEHHA MOHITOPUHIY MaTeMaTUYHUX 3HaHb CTYAEHTIB i
po3pobLi METOANYHMX PeKOMEeHAALIM WoA0 NiABULWEHHSA AKOCTI iX MaTeMATUYHOI NiATrOTOBKM.

METOAU AOCNIAXKEHHA

Y XoAi NiAroToBKM CTaTTi 6yIM BUKOPUCTAHI Taki MeToaM AO0CNIAMKEHHSA: MOPIBHANbHMIA aHaNi3 TEOPETUYHUX MONOXKEHD,
PO3KPUTMX Y HAYKOBIA Ta HaBYa/NIbHO-METOAMYHIN NiTepaTypi; CNOCTEPEKEHHA 3a MATeMaTUYHOK MiArOTOBKOK MalbyTHixX
daxiBuiB pisHMX Hanpamie; becigM i3 cTyaeHTamu; y3arasbHeHHA MefaroriyHoOro A0CBiAy 3 BWMKAAZAHHA MaTeMaTUYHUX
OMCUMNAIH, aHKeTyBaHHA (239 pecnoHAeHTiB) Ta CTaTUCTUYHI MeToaM 06p0BKM eKcnepMMeEHTabHUI 4aHMX (MeTo4 CTaTUCTUYHMX
rinoTes).

PE3Y/IbTATU AOCNIAXKEHHA TA OBrOBOPEHHA

Pedopmu B OCBITI YKpaiHK CNpsMOBaHi Ha NiaBULLEHHS Ti AKOCTI. Y 3aKkoHi YKpaiHu «Mpo ocBiTy» (2017) NOHATTA «AKiCTb
OCBiITM» BM3HAYEHO AK BIANOBIAHICTb pPe3ynbTaTiB HaBYaHHA BMMOram, BCTAaHOB/JEHWMM 3aKOHOAABCTBOM, BiAMNOBIAHUM
CTaHAapTOM OCBiTH Ta/abo AOroBOPOM NPO HaZaHHA OCBITHIX Nocayr» (3akoH Ykpainu «Mpo ocsity», 2017).

MiHicTepcTBO OCBITU | HAYKM YKpPaAiHW TPAKTYE NOHATTA AKOCTI OCBITU AK:

1) KomnneKc xapaKTepuCTUK OCBITHbOrO NPOLLEecy, WO BU3HAYaloTb NOCAiIA0BHE Ta NPaKTUYHO edekTuBHE GOpMyBaHHA
KOMMETEHTHOCTI Ta NpodecinHoi cBigoMOocCTi;

2) neBHWI piBeHb 3HaHb i BMiHb, PO3yMOBOro, ¢i3MYHOrO i MOpPa/SILHOTO PO3BUTKY, SKOTO AOCATIM BUMYCKHWUKK
OCBITHbOrO 3aKnaAy BiANOBIAHO 40 3an/aHOBAHMX Ljifel HaBYaHHA Ta BUXoBaHHA (AKicTb ocsiTk, 2021).

BignosigHo Ao Takoro niaxody, B YKpaiHi dopmMamu OUiHIOBaHHA AKOCTI OCBITU B MOBHIN 3arafibHili cepegHii ocBiTi €
30BHILLHE He3anexHe ouiHioBaHHA (3HO), aepskaBHa niacymkosa atectauia (4MA) Ta Mporpama miKHapOAHOro OLiHIOBAHHA
(PISA). Bci 3a3Ha4eHi Gopmu OLLIHIOBAHHA € MOHITOPUHIOBUMM AOCNIAKEHHAMM PI3HOTO PiBHA.

MoHimopuHe 8 oceimi YKpaiHu

TepmiH «monitoring» 03Ha4Ya€e NOCTIMHMI KOHTPONb, Lel TepMiH YTBOPEHWI Bif, NAaTUHCbKOro «monitor» — ToW, wWo
KOHTPOJIOE. MOHATTA «MOHITOPUHI» NPUILLANO Yy Neaaroriky 3 ekonorii Ta couionorii. B eKonorii MOHITOPUHE — Le cnocTepeXKeHHs
33 [OBKIiNNAM, OUiHKA M NPOrHO3 MOro CTaHy Yy 3B’A3KY 3 rocnofapcbKol AiANbHICTIO NIOAUHWU | 3 METOK nonepeasKeHHA
Heba)KaHUX BiAXWNEHb 3a BAXKAMBILLMMWM MapameTpamu. Y COUiONOrii MOHITOPUHI pPO3rnagaeTbes K 36ip iHGopmauii gna
BMBYEHHA rPOMAZCbKOI IYMKM LLIOA0 AKOTOCb NUTAHHA. AHani3 HayKOBOI NiTepaTypu CBiAYUTD, WO NOHATTA K MOHITOPUHI» B OCBITI
noYanu BUKOpMUCToBYBaTH y 60-X poKax XX cTonitta. OfHe 3 nepLuimnx Noro TPakTyBaHb, AK TEXHONOTIT NOCTIMHOrO cnocTepeKeHHn
KOHKPETHOro ABMLLA, MOro OLiHKM | NPOrHO3yBaHHA PO3BUTKY, byno onybnikosaHo B 1977 poui y MixXHapogHin eHuuKknoneaii
OCBITH.

MOHATTA «MOHITOPUHI» MOXHa TPAKTYBAaTU AK CUCTEMATUYHE CMOCTEPEXEHHA 3a OyAb-AKMM npouecom AnA
BCTAHOBNEHHA BiANOBIAHOCTI (UM HEBIANOBIAHOCTI) pe3ynbTaTiB LbOro NPOLLECY NOYAaTKOBUM MPUMNYLLEHHAM; KOMMNEKC 3aX0LiB,
CNPAMOBAHMIN HA OTPMMAHHA NOBHOI, OPIEHTOBAHOT Ha NpPegMeTHy ranysb iHpopmau,ii Npo GyHKLIOHYBaHHA CKAAAHOI cucTeMm
ONA YyNPaBAiHHA Helo.

OCBIiTHI MOHITOPUHT Mae cBoto cneundiky. MOHITOPUHT B OCBITI PO3rNsgaEeTbcA AK cucTema 360py, 06poOKM,
36eperkeHHA Ta PO3NOBCIOAKEHHA iHPOpPMaLLii NpPo OCBITHIO cucTemy abo oKpemi if KOMNOHeHTU. Lie cuctema iHbopmauiiHoro
3abe3neyeHHn ynpasniHHA, AKa AA€ 3MOry 3pobuTU BMCHOBKM NPO CTaH 06’eKkTa y 6yAb-AKMIA MOMEHT i 4aTW NPOrHo3 horo
PO3BUTKY.

HayKoBL,i BBaKatoTb, W0 06’EKTaMM MOHITOPUHTY B OCBITi MOXXYTb byTH:

- cucTema OcCBIiTM (3aranbHa cepepgHs, npodeciiHa, BMWa, HauioHanbHAa abo 3aranbHOAEpP)KaBHa, perioHasbHa,
MYHiLUMNanbHa, iIHCTUTYLiOHaNbHA abo NOKanbHa);

— pe3yabTaTh HaBYaNbHOI AiANbHOCTI;

— XapaKTEPUCTMKM YYACHMKIB OCBITHbOrO Npouecy (CTaH 340pOB’A, COWiaNbHWUIA 3aXMCT, YMOBU MKUTTA W HaBYaHHS,
FOTOBHICTb A0 34iAICHEHHA NeBHOT A4iANbHOCTI, 3340BONEHICTb OCBITHIMM NOCAYramm TOLWO);

- BiZLHOCMHM CMOXKMBaYiB OCBITHIX MOCNYT 3 OCBITHIM CEPEAOBULLEM (OTOUYIOUMM COLLIYyMOM);

- npouecu GyHKLUiOHYBaHHA | PO3BUTKY OCBITHIX CUCTEM Ta YNPaBAiHHA HUMW;

~ KOMIMOHEHTM OCBITHbOrO NpoLLecy:

- YMOBM i 3acobu peanisauii OCBITHbOrO npouecy (MaTtepiafbHO-TEXHIYHI, CaHiTapHO-TiriEHiYHi, HOPMaTMBHO-MPaBOBI,
KaZpoBi, GiHaHCOBI, HABYANIbHO-METOAMYHI YMOBU TOLLO);

- OpraHisauis oCBITHbOro Npouecy (Mepexi OCBITHIX yCTaHOB, KOHTUHIEHT Ta MOro gudepeHLialia 3a PisHUMM 03HaKaMu,
peXnm poboTu, PO3KNAL HaBYAbHMX 3aHATH TOLLO);

- HacNiAKM OCBITHLOTO npouecy (pesynbTaTh 3anpPoBaAMKEHHA OCBITHIX pedopm, 3MiH HaBYa/bHMX MPOrPam i OCBITHIX
ctaHaapTis Towo)( /1IaweHKko& NlykiHa, 2011).

CMCTEMM MOHITOPUHIY AKOCTI OCBITU MOXYTb BYTM peanizoBaHi Ha Pi3HWMX PIBHAX YNPaBAiHHA OCBITHIMM NpoLecamu, a
came I0KaNbHOMY, perioHaIbHOMY, HaLiOHAaNbHOMY Ta MiXKHapoAHOMY. PO3rnaHeMo KOXKHUI piBeHb 6inbl 4OKNaAHO.
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JIoKanbHMIN MOHITOPUHT — Lie MOHITOPUHT Ha PiBHI OKPEMOro HaBYa/JbHOTO 3aKNagy (LWKOMM, Konemxy, yHiBepcuTeTy).
JIOKaNbHUI MOHITOPUHT 3AIACHIOETBCA Cy6’EKTaMM CaMOro OCBITHBOTO 3aknagy. Moro mMeTol € oTpumaHHa iHbopmauii npo
peanbHU cTaH ChnpaB B OCBIiTHIW YCTaHOBI, BUABNEHHSA NPWYUH HeJoNiKiB pPobOTM ANA BUNpPaBAEHHA CUTyauii, HaZaHHA
MEeTOANYHOI | NPAaKTUYHOI AOMNOMOIM BUUTENAM Ta BUKNALAUYaM.

Y pesynbTaTi aHani3y HayKoBUX AXKepen My NPUNLLAN A0 BUCHOBKY, WO A1 ePeKTUBHOrO MOHITOPUHIY HA IOKA/IbHOMY
piBHI HeobxigHO cTBOPUTU iHGOPMaLiMHY cUCTEMY, AKA MOBWMHHA MOCTIMHO MNOMOBHIOBATUCA 3aBAAKW 6e3nepepBHOCTI
BiACTEXXEHHA NeBHOro 06’eKTa ynpaBAiHHA 33 BUAINEHMMUN NapaMeTpaMuy Ta KpUTEPIAMM iX OLLIHIOBAHHSA, Ha NiACTaBi NPOBEAEHHA
NOTOYHOrO KOHTPOJIIO, OLIHKM Ta KOpeKLii CTaHy 06’eKTa, 3 METO NPUNHATTA ONepaTMBHOIO YMNpPaBAiHCbKOrO PilleHHA Woa0
NPOrHO3yBaHHA HAMPAMKIB NOAA/bLIOrO PO3BUTKY KEPOBAHOro 06’eKTa.

PerioHanbHUM MOHITOPUHI € Ba)KNMBUM MPOLLECOM, OCKIZIbKM AaHUI BWUA, MOHITOPUHIY € OCHOBOI AN CTBOPEHHA
iHpopmauiliHo-aHaniTMYHOI 6a3n perioHanbHOI i HaLuioHaNbHOI MONITUKM B ranysi mMogZepHisauii ocsiTn. lNpoBegeHHAM
MOHITOPUHIOBUX AOCNiAKeHb Yy perioHax YKpaiHW 3aimatoTbCs cneuiasbHi YCTaHOBM, AKI HA3MBAKOTLCA IHCTUTYTaMu
nicnagmMnaoMHOI neaaroriyHoi ocBiTu.

MpoBeneHnn aHani3 gae nNiacTaBu ANA BUCHOBKY, WO B YKpPAiHi BiACYTHI CUCTEMATUUYHWUIA MOHITOPUHI OCBITHIX
pe3ynbTaTiB i couianbHUX ePEKTIB OCBITHLOT CUCTEMM Ha perioHanbHOMY piBHi. OKpPeMi MOHITOPUHTOBI 3aX04M, LLLO 34iACHIOITLCA,
OpiEHTOBAHi B OCHOBHOMY Ha NPoLLecH, WO BifOYBalOTLCA B CUCTEMI, @ HE HA OLiHIOBaHHA pe3ynbTaTis i dyHKLioHYyBaHHA. OpraHu
ynpaBAiHHA OCBITOK PErioHasIbHOrO PiBHA, AKi OPraHi3oBYIOTb i NPOBOAATL AOCAIAMKEHHA, HELOCTAaTHbO MNiArOTOBMEHI WOA0
OLHIOBAHHA pe3ynbTaTiB i couianbHMX edeKTiB OCBITHbOI AiSNbHOCTI; WOAO0 BU3HAYEHHA CUJIbHUX i CNabKuMx CTOpiH poboTn
KOHKPETHUX HaBYaIbHUX 3aKNaLiB Y KOHTEKCTi 3abe3neyeHHs AKOCTI.

Y pi3HMX perioHax YKpaiHu BNpoaoBx 6araTbox poKiB 34iMCHIOITLCA iHILiaTUBHI MOHITOPUHIOBI AOCNIAKEHHSA 3 Pi3HUX
npob6aem OCBITHLOT NPaKTUKK (Y BiNbLIOCTI BUNAAKIB OLiHIOKOTLCA HAaBYaIbHi AOCATHEHHA YYHIB Pi3HUX BIKOBUX rpyn 3 OKPeMMX
npegmeris). Taki 06CTEXEHHA TAKOXK MOXKYTb BYTU KOPUCHUMU ANA 34iACHEHHA CUCTEMHOIO MOHITOPUHTY AKOCTI OCBITH, AKLLLO iX
ynopsaaKyBaTH, BUKOHYBATU 32 EAMHOI0 METOA0/0TIEI | KOOPAMHYBATHM IX NPOBEAEHHA Ha 3arasibHOAEPKABHOMY PiBHi.

HauioHanbHi cMcTemMM MOHITOPMHIY AKOCTI OCBiTU MaloTb BignoBigHe iHCTUTYLiMHe 3a6e3neyeHHA. K NpaBuIo, BOHO
CKNAJAETbCA 3 IHCTUTYLi, WO 34iMCHIOE 36MpaHHA, 30epeeHHA 1 aHani3 AaHux Mpo CUCTEMY OCBiTM Ta € yTpPMMyBa4yem
iHbOopMaLiMHOI cucTemu ynpaBAiHHA OCBITOM; IHCTUTYLLIM, AKI NPOBOAATL MOHITOPUHIOBI AOCNIAMXKEHHA AKOCTI OCBITU, 30BHILUHI
icnnth TOLWO.

OAHWM i3 HOBOBBEAEHb, L0 BKOPEHWIOCA B YKPAIHCLKIM cMCTeMi OCBITU, CTaNo NPOBeAeHHA 30BHILHbOrO He3a1eKHOro
OLLiHIOBAHHSA.

30BHIWHE He3anexHe oujiHoBaHHA (3HO) — ue Komniekc opraHisauiiHuMx npoueayp (nepeaycim — TecTyBaHHA),
CNPAMOBAHMI Ha BU3HAYEHHA PiBHA HAaBYa/IbHUX AOCATHEHb BUNMYCKHUKIB CEpeAHiX HaBYa/IbHMX 3aKNaziB Npu iXHbOMY BCTynNi A0
BULLMX HABYaNIbHWUX 3aKNagiB. MeTa 30BHILIHbOrO He3a/1eKHOMO OLHIOBAaHHA: MiABULLEHHA PiBHA OCBITU HaceneHHA YKpaiHu Ta
3abe3neyeHHn peanisauii KOHCTUTYLINHUX NpaB rpomagaH Ha PiBHWIA AOCTYN A0 AKICHOI OCBITW, 34iMCHEHHA KOHTPOAO 33
LOTPUMAHHAM [lepKaBHOro CTaHAApTy 6a30B0Oi i NOBHOI cepeaHbOi OCBITM M aHaNi3y cTaHy CMCTEMM OCBITM, NMPOrHO3YBaHHA il
PO3BUTKY.

Y KOHTEKCTi Halloro AocnigyKeHHA 6yno 3pobaeHo aHani3 pesynbratisa 3HO 3 maTtemaTMKn. OAHUM 3 NMOKa3HUKIB PiBHA
MaTEeMATUYHOI NiArOTOBKM YYHIB BUMYCKHUX KNaciB € BiACOTOK YYHiB, LLO B3araji He CKNann TecT. 3a OCTaHHI TpU POKKU Lel
NMOKasHMK NocTynoBo noripwysascsa: y 2016 poui BiH ctaHosus 12,7%, y 2017 36inbwmeca fo 14% , a 8 2018 6yB 3adikcoBaHui
MaKCMManbHUI NokasHuK — 15% (OdiuiiHi 38iTH, 2021). Lli dakTM NiATBEPAKYIOTL aKTyaslbHICTb NPOBAEMMU 3HUMKEHHSA AKOCTI
MaTeMaTUYHOI NiArOTOBKM BUMYCKHWUKIB LUKIf.

MiXHapoaHi foCnigKeHHA B OCBITI HaLiNeHi Ha NOPIBHAHHA pe3y/bTaTiB GYHKLiOHYBAHHA HALOHANbHUX CUCTEM OCBITH,
Ha BMABNEHHSA CTaHy rPaMOTHOCTI i OCBITU B pPi3HUX KpaiHax. MiBBIKOBMI [0CBIA NpOBeAeHHA NOAIBHUX JOCAIAKEeHb NOKA3YE, WO
MiXKHapPOAHI NOPIBHANBLHI AOCNIAXKEHHA BHOCATb HOBI 3HAHHA, HOBY METOA0/10rit0, HOBE PO3YMIHHA A0CAIAHULbLKOI AiANbHOCTI B
Cy4aCHOMY CBITi, BiAKPUBalOTb HOBi NEPCMNEKTUBU PO3BUTKY MOPIBHANBHOIO OCBITH.

B MiHapogaHii neparoriui  BMKOPWUCTOBYIOTb  Pi3HI  3acobu  BUMIpPIOBAaHHA HaBYa/JIbHUX LOCATHEHb YYHIB
(BariHa3apoBa,2009) B mexKax NpoBeAeHHA Pi3HUX MOHITOPUHIOBUX Nporpam (Tabavua 1).

3ayBaxkumo, Wwo y 2007 p. Ta 2011 p. YKpaiHa 6pana yyacTtb y nporpami TIMSS, ogHaK i3 pisHUX NPUYMH B NOAANbLIOMY LA
npakTUKa npunuHunaca. Cepen MixHapoAHMX AOCAIAMEHDb AKOCTI OCBITM Halla KpaiHa 6epe ydactb nvwe B PISA (i3 2016 p.).
OpHUM i3 3aBAaHb AaHOT MOHITOPUHIOBOT NPOrPamm € AOCiAKEHHA PiBHA CGOPMOBAHOCTI MaTeMaTMYHOI FPaMOTHOCTI 15-piuHmX
nigniTkis.

Benuky pAMcKycito B YyKpaiHCbKOMY CyCMinbCTBI BWMKAMKANM pe3ynbTaTM YKPAIHCbKMX Y4yHiB, Wwo 6panu y4yactb B
MiXHapoaHin nporpami PISA B 2018 poui. Ik 3a3Ha4yeHO B HauioHanbHOMY 3BiTi (HauioHanbHul 3BiT, 2018), maTemaTnyHa
rPaMOTHICTb Y4YHA / CTyAEHTa BU3HAYAETLCA AK MOTO 34aTHICTb GOPMY/IOBATKM, 3aCTOCOBYBATM i iIHTEPNPETYBATM MaTeMaTUKY B
Pi3HOMAHITHUX KOHTEKCTax. Lie BKtOYAaE maTeMaTUUHI MipPKYBaHHA 1 3aCTOCYBaHHA MaTeMATUYHUX NOHATb, Npoueayp, dakTis Ta
iHCTPYMEHTIB 414 Onucy, NOACHEHHA W NPOrHO3yBaHHA ABULL. [PAaMOTHICTb Y ranysi MaTemaTMKM AOMNOMarae 3po3ymiTv posb
MaTeMaTUKWN y CBIiTi, POBUTM aprymeHTOBaHi BMCHOBKM M NPUIAMATK pilLEHHA, HEobXiaHi NoAAM AK TBOPYMM, aKTUBHUM i
CBigOMUM rpomagsHam. Y PISA 6a30BuiA piBeHb CHOPMOBAHOCTI Ti€i UM TiEl rPAMOTHOCTI BUSHAYAETLCA SIK PiBEHb MiHIMasIbHOTO
OBOJIOZIHHA 3MICTOM Ti€i UM TiEi NPeaAMEeTHOT rany3i h MiHiManbHOT cGOPMOBAHOCTI YMiHb CAMOCTIHO MUC/IUTU. Ha XKanb, HaBiTb
6a30B0oro piBHA cGOPMOBAHOCTI MaTEMATUYHOI FPAMOTHOCTI He A0CATAN 36 % YKPaiHCbKMX NigniTKiB. Lielt NoKasHUK € ripwum 3a
cepegHe 3HayeHHA no KpaiHax OECP, ge 6asoBoro piBHA cHOPMOBAHOCTI MaTeMaTUMUHOI rPpaMoTHOCTI He gocAran 23,9 %
(BaiHaszaposa,2009).

AHani3 uMx faHux NiaTBEPAKYE BUCHOBOK NPO HEAOCTATHIO MaTeMATUYHY MiArOTOBKY YYHIB YKPAiHCbKUX LUKIA.
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Tabauys 1

3aco6u BUMipIOBaHHA HAaBYa/IbHUX AOCATHEHD YYHIB 33 Pi3HUMM MidKHAPOAHMMM NPOTPAMaMMN MOHITOPUHTY

International monitoring program

Content

Programmer for International Student Assessment
(PISA)

assessment of students' knowledge and skills in the areas of «reading
literacy», «mathematical literacy», «natural science literacy»

Trends in International Mathematics and Science
Study (TIMSS)

international study of the quality of mathematics and science
education

Progress in International Reading Literacy Study
(PIRLS)

international project and text

comprehension"

"Study of reading quality

Civic Education Study (CIVIC)

comparative assessment of civic education of secondary and primary
school graduates

Second Information Technology in Education Study
(SITES)

comparative study of information and communication technologies in
education

First International Mathematics Study (FIMS)

assessment of success in mathematics in primary and secondary school

Second International Mathematics Study (SIMS)

study of students' success in mastering mathematics, natural sciences,
English and French as foreign languages, as well as the study of the
learning environment within one class

Language Education Study (LES)

devoted to the study of the state of teaching foreign languages

Computers in Education Study (COMPED)

study of the use of computers in education

Monitoring in Eastern Europe

project, the purpose of which was to analyze the social living conditions
of children, their families and public policy of post-socialist countries

International Comparative Study on Mathematics

international comparative study of mathematics teacher training

Teacher Training (ICSMTT)

Pe3ynomamu eKcrnepumeHmMasnbHo20 00CniOHeHHA

Buknagadi BUILMX HaBYa/ZbHUX 3aKNAAiB TAaKOX BiAMIYAOTb TeHAEHLUi 3HM)KEHHA PIBHA MaTeMaTU4HOI NiAroTOBKM
cTyaeHTiB. [locBig poboTH CBIAYMTL MPO Te, O BUMYCKHUKM LLKIA, AKi 32 pe3y/IbTaTamMM 30BHILUHbOTO HE3a/eXKHOI0 OLiHIOBaHHSA
MaloTb HaBiTb «A0CTaTHI» Banu ANA BCTYNy Ha ChewianbHOCTI, Ae HeobXiAHMM € cepTudikaT 3 MmaTeMaTUKKU, AOCUTb YACcTO He
MOXYTb 3aCBOITM HaBYaNbHUI MaTepian MaTeMaTUYHUX AUCLMNAIH, AKi NOYMHAIOTb BUBYATU B YHIBEpCUTETI. BUHMKAE NUTAHHA: Y
YOMY MPUYUHU Npobaemn? MOKIMBO, WO NPOrajiMHN B 3HAHHAX, HEBMIHHA BUAINATU FOJIOBHE, MipKyBaTW, POOUTU BUCHOBKM i
B3arani BYNTMCA CAMOCTIMHO € HAC/igKOM TOro, WO LWKOJ/Ia OPIEHTYE YYHA Ha «pe3ynbtaT 3HO». Tak, ue Baknuso. Ane X
BiANpaLOBaHHA NEBHWX TeM, TUNIB 3aBAaHb, He 3abe3nevye AKICHY MaTeMaTUYHY MigrOTOBKY YYHA.

Ha Hawy aymky, icHye neBHa HeBigNOBIAHICTb OLIHIOBAHHA MaTeMaTUYHWMX 3HaHb YYHA-BUMYCKHWKA Ta CTyAeHTa-
NepWoKyYPCHUKA. 3 MeTol MNiATBEPAMKEHHA UM CMAPOCTYBAaHHA [JaHOi Te3an Hamu 6yno npoBeAeHO eKcnepumeHTasbHe
LOCNIAXEHHA, TEOPETUYHOIO OCHOBOIO AKOTO € CUCTEMA MOHITOPUHTIY AKOCTI OCBITH.

3 MmeTol JOCNiAXEHHA MUTAHHA BiANOBIAHOCTI pPiBHA 3HaHb 3 MATEMATUKM Y4YHIB-BUMMYCKHWUKIB Ta CTYyAEHTIB-
NepLIOKYPCHUKIB, WO BMBYAIOTb MaTEMATUYHI ANCLMNAIHU, HamK Byn0 NpoBeAEHO aHKeTyBaHHA. B aHKeTyBaHHi Bpanum yyactb
239 cTyAeHTiB NepLlworo Kypcy pisHMX cneuiasbHOCTEN Pi3sHMX BULMX HABYaNbHUX 3aKnagis micta Cymum (YkpaiHa). KinbkicHui
CKNAJ, YYaCHUKIB eKCNepMMEHTY NoAaHo B Tabauu,i 2.

Tabauys 2
KinbKicHWi1 cknap, yyacHUKIB eKcnepumeHTy
BH3 KinbkicTb cTyaeHTIB

CyMCbKWIA HaL,iOHaNbHUI arpapHuUii yHiBepcuTeT 139
(iHXKeHepHi cnewianbHOCTI)

CyMCbKUIA fiepsKaBHUIN yHiBepCUTeT 45
(iHskeHepHi cneuianbHOCTI)

CyMCbKWIA fepyKaBHUI negaroriyHunii yHisepeuteT im. A. C. MakapeHKa 55

(dpisnKko-maTemaTmuHmUIt dakynbTeT)

Bci cTyaeHTH, Wwo 6panu ydacTb B €KCMepUMEHTaSIbHOMY AOCAIAMKEHHA Mann cepTUdikaT 30BHILUHBOIO He3aseXHoro
ouiHoBaHHA (3HO) 3 maTemaTtukm (He HUxKYe 140 6anis 3 200 MOKAMBMX) Ta NPOAOBXKYBAIM BUBYATU MaTEMATUYHI AUCUMUMAIHK
Y BMLLIOMY HaBYa/IbHOMY 3aKnag,.

PesynbTaTi aHKeTyBaHHA MM OMNpaLboBYBa/Iv B TPU €Tanu, 3 BUKOPUCTAHHAM BifNOBIAHUX METOAIB CTaTUCTUYHOI 06pPO6KM
OaHuUX:

1. NopiBHIOBaNN WKiINbHUI cepedHili 6an (3a ouiHKaMK B aTecTaTi NPO cepefHI0 OCBITY) 3 MaTEMaTUKU Ta pesyabTaT
30BHILUHbOrO HE3a/1IeXKHOTO OLIHIOBAHHA KOXHOIO pecroHaeHTa.

2. NopisHoBann pesynbtat 3HO 3 pe3yabTaTtamu iCIUTY 3 MaTEMATUKMK, LLO CTYAEHTU-NEPLUIOKYPCHUKM CKAAZANN Nif Yac
nepLuoi cecii y BULMX HAaBYANbHUX 3aKNagax.

3. NopiBHIOBaNN pe3ynbTaT WKINbHOTO cepeHbOro 6any 3 MaTeMaTUKM Ta pe3ynbTaT iCMUTY 3 MaTeMATUKM, LLO CTYAEHTU-
NepLUOKYPCHUKN CKAAZANMN Nif, Yac NepLloi Cecii y BULWMX HAaBYaNbHUX 3aKNa4iB.

Mpwv NopiBHAHHI pe3ybTaTiB WKiIbHOrO cepegHboro 6any 3 maTemaTnku, 6anis 30BHILLHLOTO HE3a/IeKHOTO OLiHIOBAHHA
Ta pe3ynbTaTiB iCNUTY 3 MaTeMaTUYHUX OUCLUNAIH, WO CTYAEHTM-NEePLIOKYPCHUKN CKNadanu nig 4yac nepLuoi cecii y 3aknagax
BMLLLOT OCBITU, HAaMUK BYM BUAiNEHI 3 PiBHI MaTeMaTUYHOI NiAroTOBKMU CTyAeHTiB (Tabanua 3).
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Tabauys 3
PiBHi MaTeMaTM4HOI NiAroToBKMU 3a pe3y/IbTaTaMMU MOHITOPUHTY
KinbKicTb 6anis 3a WKiNbHUM KinbKicTb 6anis 3a pesynbTatom lcnuT 3 maTemaTuyHoOi
PiBeHb (paHr) aTectatom 3HO AMCuMnAiHN
(makcmanbHo —12) (makcmanbHa Kinbkictb — 200) (makcmanbHa Kinbkictb — 100)
CepegHini 4-6 140 - 150 60—74
[JocTaTHii 7-9 151-183 75-89
Bucokui 10-12 183,5-200 90 -100
Po3nogin yyacHuKiB eKcnepMmeHTy No PiBHAX MAaTEMATUYHOI NiATOTOBKM NOAAHO B Tabauu,i 4.
Tabauys 4
Po3nopgin y4acHUKIB eKCnepumeHTy 3a BUAINEHMMU PiIBHAMM MaTeMATUYHOI NiAroTOBKMU
- Bua koHTponio LKinbHWI 6an 3HO lcnuT
PiBHi
CepepgHin 15,9% 38 27,6% 66 54,4% 130
JocTatHin 67,8% 162 59,8% 143 39,7% 95
Bucokui 16,3% 39 12,6% 30 5,9% 14

3 MeTOol BCTAaHOB/AEHHA OAHOPIAHOCTI pe3ynbTaTiB OLUiHIOBAaHHA MATeMaTUYHUX 3HAHb Y4YHIB | CTYAEHTIB MU
BUKOPWCTOBYBaNMN MeTO/, CTaTUCTUYHMX FNOTe3, a Came MeTo/, NepeBipKM CTaTUCTUYHMX rinoTes 3a KpuTepiem X 2.

HynboBa rinoTesa nosiArana B TOMy, LLLO XapaKTEPUCTUKMN 4BOX BUBIPOK 3a BUAINEHUMM KPUTEPIAMM CriBNaaatoTb Ha PiBHI
3HavywocTi a = 0,05.

ANnbTepHaTMBHA rinote3a NosArana B TOMY, WO XapaKTEPUCTUKM LMX BUBIPOK 3a BUAINEHUMU KPUTEPIAMWU CYTTEBO
BiApi3HAIOTLCA Ha BUBpPaHOMY PiBHi 3HAYYLLOCTI.

rinoTesun nepesipannca 3a Kputepiem y?2 . 3a pesynbTaTaMu eKCnepuMeHTy Hamu Byan oBUMCAeHi eMNipUYHi 3HAYEHHA
KpuTepito 3a popmynoto:

(-5
){Zexcn. =N-M- Zg‘:l%’ ae

L — KinbKicTb paHriB (KinbKicTb BUAINEHMX PiBHIB),

N — KiNbKicTb pecnoHAeHTIB (ocib) ekcnepnmeHTanbHOI rpynu,

M — KinbKicTb pecnoHAeHTiB (0Cib) KOHTPOALHOI rpyny,

7; - KIIbKICTb PECNOHAEHTIB eKCNepMMEeHTaIbHOI FPpynu, WO BiANOBIAAIOTL [ - My PaHry,

m; - KiNbKiCTb PECNOHAEHTIB KOHTPOJIbHOI FPyNK, WO BiANOBiAatoTh i - My paHry (Hosukos, 2004).

Pe3ynbTaTi 064MCAEHb eMMIPUYHMX 3HAYEHb KpUTepito NoAaHo B Tabaumui 5.

Tabauys 5
EmnipuuHi 3HaueHHA KpuTepilo 3a BUbipkamu
BunbipKu, Lo NopiBHIOBaNUCH EmnipnyHe 3HaueHHA Kputepito )(zeKcn
LLUKinbHWI 6an i 3HO 9,9
3HO i pesynbTtaTh icnuty 36,4
LLKinbHWI 6an i pesynbtaTy icnuty 79,6

B Hawomy gocnigxeHHi L = 3 (BUAiNeHo Tpu piBHIi MaTeEMaATUYHMX 3HAaHb PECNOHAEHTIB: CepeaHii, LOCTaTHIN | BUCOKUNA),
TOMY KPUTUYHE 3HAYEHHS KpUTEpito szp. = 5,99 (anq piBHA 3HavywocTi & = 0,05).

Bci emnipnyHi 3HaYeHHA KpUTepito 33 3HAYEHHAM bifblie KPUTUYHOTO szp.' OTKe, BigNOBIAHO A0 NpaBuaa NepeBipKn
CTAaTUCTUYHMX FiNOTE3 MOXKHa 3pPOBUTU BMCHOBOK MPO Te, LLO XapaKTEPUCTUKM BUBIPOK 33 BUAINEHUMU KPUTEPIAMMU CYTTEBO
BiZlPi3HAIOTbCA.

HaouHo pe3ynbTaTv onpaLoBaHHA NEPLUOro eTany AOCAIAKEHHA NpeACcTaBieHi Ha pUcyHKy 1.

Hao4yHo pe3ynbTaTv oNpaLoBaHHA APYroro eTany AOCNiAXKEeHHA NPeACcTaBNeHi HA PUCYHKY 2.

Hao4yHo pe3ynbTaTv onpaLoBaHHA TPETLOrO eTany AOCAiAKEeHHA NpPeaCcTaBNeHi HA PUCYHKY 3.

= AnA 3HO 3HO o lcnuT = ANA B lcnvt

67,80% ) ) 67,80%
59,80% 54,40% ©%80% 54,40%

39,70% 39,70%
27,60% . 27,609
15,90% 16,30%  so% 12,60% 16,30%
i 1oU7%0 5,90% 5,90%
o -
cepeaHin [OCTaTHIN BUCOKMUI cepegHin [OCTaTHIN BUCOKUI cepeaHin [OCTaTHIN BUCOKUI
Puc. 1. Pesynbratu Puc. 2. Pesynbtatu Puc. 3. Pesynbtatn
nepLUoro eTany AOCNiAXEHHA ApPYroro etany AoCNifKeHHA TPeTboro eTany AoCNiAKEeHHsA
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3 BignoBigHWX Aiarpam 6a4nMmo, WO KiNbKICTb PeCnoHAEHTIB AOCTAaTHBOMO i BUCOKOrO PiBHA 3MEHLLYETbCA 33 PAXyHOK
36iNbLIEHHA KiNbKOCTi PECNOHAEHTIB CEPEeAHbOro PiBHA (WO «BigYyBalOTb Ha CO6I» BUKNAAayi BULMX HAaBYaNbHUX 3aKnagis). Ll
HeraTMBHI 3MiHW € CTaTUCTUYHO 3HAYYLLMMWU.

dakTopamu BnamBy Ha pesyabTati 3HO, Ha Hally AiyMKY, € AKICTb HAaBYa/IbHO-BUMXOBHOIO NPOLLECY, @ CaMe:

- MaloTb MicLe 03HaKM HEOB’EKTMBHOTO OLiHIOBAHHA HaBYa/IbHUX AOCATHEHb YYHIB;

— TecTOBi TEXHOIOrii 3aCTOCOBYHOTLCA BUNTENAMM NEPEBANKHO /INLLIE HA YPOKaX KOHTPOJIIO 3HaHb T BMiHb YYHIB;

-y 6inbLIOCTi yYHiB BiACYTHA CUCTEMA 3HAHb 3 OKPEMMUX HAaBYANIbHUX TEM.

Llloao pesynbTaTiB icnuTy 3 BUWOI MaTEMATUKN CTYAEHTIB MEepLOro PpoKy HaBYaHHA, MOXHa 3p06UTM BUCHOBOK, LLO
CTYAEHTU NepLUMX KypCiB NOraHO afanTytoTbCA A0 HOBOI CUCTEMM HaBYaHHA. MiAFPYHTAM LLbOMY € Te, LLLO OCTAHHIN PiK HABYAHHA
B LUKOJIi YYHi «CNPAMOBAHI» Ha MiAroTOBKY [0 30BHILUHbOrO HE3a/IeXKHOMO OLLHIOBAHHA, @ HE Ha OTPMMAHHA CUCTEMHMX 3HAHb YK
NiAroToBKY A0 HaBYaHHA Y BULLOMY HaBYaNbHOMY 3aknagi. AK pesynbTaT GinbWicTb CTYAEHTIB NepLnX KypciB HECMPOMOXKHI
AKICHO HaBYaTKCA. Ha Halwy AyMKY, 418 YHUKHEHHSA TaKoi cUTyauii, 4OLiNbHO NepLumnii ceMecTp NPUCBATUTU LKINbHIN maTemaTuLi,
y3arafibHeHHIO | cucTemaTm3auii OCHOBHUX aKTiB apudmeTrku, reometpii, anrebpu Ta nouyatkie aHanisy. HeobxigHo
nepeopieHTyBaTN NEPLUOKYPCHMUKA 3 «BIAMITKM» HA «3HAHHA», HA BMIHHA BUMTUCA.

BUCHOBKWM TA NEPCNEKTUBU AOCNIAXEHHA

1. MpoBeaeHWIt aHanNi3 HayKoOBOi, NCUXONOro-NeaaroriyHoi, HaB4yasbHO-METOAMYHOI NliTepaTypy A03BONAE TPAKTyBaTH
MOHITOPWHT Y LUIMPOKOMY PO3YyMiHHI fiK cucTemy 360py, 06pobku, 36epiraHHsA i po3nosciogKeHHaA iHGopMaLiii Npo cTaH ocBiTU TaK
i y BY3bKOMY — fIK CYNpOBiAHMIA KOHTPOJIb i3 MOTOYHMUM KOpEeryBaHHAM neaaroriyHol B3aemogii cyb’ekta Ta 06’eKkTa y OCBITHIX
npouecax.

2. NiaTBEpAKEHO, WO CUCTEMA MOHITOPUHIY MA€E BYTM KOMNAEKCHO Ta MPOBOANUTUCA Ha BCiX PiBHAX YNPaB/iHHA OCBITO
AK 3aMopyKa BanifHOCTI, HAAIAHOCTI, EKOHOMIYHOCTI, iIHTErpOBAHOCTI Ta NPAKTUYHOCTI. MOHITOPUHI HaBYa/NIbHUX [OCATHEHb
CTYAEHTIB € IHCTPYMEHTOM, AKMI [03BONAE 3abe3neunTn AKICHY MaTeMaTUYHy NiAroToBKy ManbyTHix daxisLis.

3. MpoBeAeHHA eKCnepMMeHTaNbHOMO AOCNIANEHHA AaN0 3MOTy BUABUTU BIACYTHICTb y3rogxeHocTi pesyabtaTy 3HO,
LWKiNbHOTO cepeAHboro 6any 3 maTeMaTUKM Ta Pe3ynbTaTiB iCIUTY 3 MaTEMATUKM, LLO CKAAANN CTYAEHTU NEPLLOro POKY Pi3HMX
YHiBEpCUTETIB.

4. AnAa yHUKHEHHA NpOorajanH Ta KOpeKLii 3HaHb NepLUOKYPCHMKIB AOLiIbHO OpPraHi3yBaT NPOTArOmM NepLIoro cemecTpy
MOBTOPIOBA/IbHUIA KYPC LWKIZIbHOT MaTEMATUKM, 3aBAAHHA AKOTO € y3arasibHEHHA | cMCTeMaTU3aLia OCHOBHUX GaKTiB apudPpmeTnku,
reomeTpii, anrebpu Ta noyaTkis aHani3y. Lie 03BOUTL NOKPALLMTU AKICTb MaTEMATUYHOT NiArOTOBKM CTYAEHTIB 3aKNaAiB BULLOT
ocCBiTH.
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KNOWLEDGE MONITORING AS A TOOL FOR PROVIDING QUALITY MATHEMATICAL TRAINING OF STUDENTS

Abstract.

Anzhela Rozumenko
Communal institution of Sumy regional council
"Sumy Regional Gymnasium-Boarding School for Talented and Creatively Gifted Children", Ukraine
Anatolii Rozumenko
Sumy National Agrarian University, Ukraine

Problem formulation. The article describes the problem of reducing the quality of mathematical training of students of different specialties.
Materials and methods. During the preparation of the article the following research methods were used: comparative analysis of the theoretical

provisions described in the scientific and educational literature; observation of mathematical training of future specialists in various
fields; conversations with students; generalization of pedagogical experience in teaching mathematical disciplines, questionnaires
(239 respondents) and statistical methods of experimental data processing (method of statistical hypotheses).

Results. Based on the analysis of monitoring research at different levels, it is concluded that the quality of mathematical training of future

Conclusions.

professionals has a tendency to decrease not depending on the training direction. The results of the experimental regional study,
which confirm this conclusion, are presented.

The necessity of mathematical knowledge monitoring, as one of the tools to ensure higher level of mathematical training of students,
is justified.

Methodical recommendations on improving the quality of mathematical preparation for the first-year students of different directions
are offered.

It was confirmed that the monitoring system should be comprehensive and conducted at all levels of educational management as a
guarantee of validity, reliability, economy, integration and practicality. Monitoring of students' academical achievements is a tool
that allows to provide high quality mathematical training for future professionals. The implementation of the experimental study
made possible to identify the lack of consistency between the results of the external evaluation, school average score in mathematics
and results of the mathematics exam of first-year students of different universities. To avoid gaps and correct the knowledge of
freshmen, it is advised to organize during the first semester a repetitive course of school mathematics, which task is to generalize
and systematize the basic facts of arithmetic, geometry, algebra and the beginnings of analysis. This will improve the quality of
mathematical training of students of higher education institutions.

Key words: mathematical training, monitoring, student, quality of education.
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MIXAUCUUNNIHAPHI 3B’A3KU NPU BUBYEHHI AEAKUX TEM
OUCKPETHOT MATEMATUKU TA IUGEPEHLIIANIbHUX PIBHAHb

AHOTALIA

Halisaxcausiwuum 3a80aHHAM nid2omosKku malibymHix ¢axisyie y 2asny3i mamemamuku € po3wupeHHs U no2aubseHHAs mamemamu4yHux
3HAHb 3 MeMOIO X KOMIAEKCHO20 3aCMOCYB8AHHA HA Mpakmuyi, 8 malibymHili Haykoeili ma npogeciliHili disabHocmi. OOHUM 3i
wsxie peanizayii Mako2o 3a80aHHA € BUKOPUCMAHHA MiXAUCUUNAiHapHUX 38°A3Kie, Aki nepedbavyarome nepeHeceHHs Memoois
docnidrceHHa i modeneli 3 00Hi€el HayKo8oI QucyuniHU 8 iHWY.

®opmynioeaHHa npobaemu. Y OaHili cmammi po3enadaemecs Moxcausicme peanizauii mixcoucyunaiHapHuUx 36°A3Kie OuckpemHoi
mMamemamuKku ma oughepeHyianbHUX pieHAHb HA MPUKAAdi susyeHHs mem «/liHiliHi peKypeHmMHi cniggidHoWeHHA 3i cmaaumu
KoegiyieHmamu» ma «/liHiliHi OughepeHyianeHi pisHAHHA 3i cmanumu KoegpiyieHmamu».

Mamepianu i memodu. Aemopamu 8UKOpUCMOBY8AAUCL HACMYMNHI Memodu 00cnidxeHb: cucmemMHuli aHani3 HayKoeoi, Has4asnabHOi ma
MemoOuYHoI nimepamypu; MOPIBHAHHA MQA CUHMEe3 MeopemuUYHUX 00 EeHb, PO3KPUMUX 8 HAyKosili ma HasyasbHill
nimepamypi; y3azanbHeHHA 8aacHo20 nedazozidHo2o 0oceidy ma 00ceidy Kosee 3 iHWuX 3aKnadie suwoi ocgimu. OKpim moeo,
6ynu sUKOpuUCMAHI OesKi 302a7A6HO MamemMamuyHi ma crneyianeHi memoou meopii dugepeHyianbHUX pisHAHL, OUCKpemHoi
MamemMamuKu ma pi3HUYe8020 YUCAEHHS.

Pezynomamu. OOHum 3i crnocobie po36’a3y8aHHA AiHIlIHUX OOHOPIOHUX PeKypeHMHUX criesiOHoweHb 3i cmanumu KoegiyieHmamu €
CKNAOAHHA XaPaKMepucmu4Ho20 PiBHAHHSA i 3aNuc 3a2a16H020 PO38’A3KY BUXIOHO20 CNiBBIOHOWEHHS 30/a1eHHO 8i0 3HaYeHb
3HaliOeHUX XapaKMepucMuyHUX KOpeHie. AHan02i4HUl anzopumm 8uKopucmosyemocs U 071 3HAXOOMEHHA 3020s16HO20
p038°A3KY AiHilIHUX 00HOPIOHUX OughepeHyianbHUX pieHAHb 3i cManuMu KoegiuieHmamu. Y cmammi CmaHo81eHo 38°A30K MiXc
pO38’A3KaMU peKypeHmMHuUX criesiOHoweHb ma AughepeHyianbHUX pieHsAHb, AKi 8i0N08idaroMe 00HOMY Pi3HUUEBOMY PIBHAHHIO.

BucHoBKu. BcmaHoeneHHA 38°A3Kie Mix¢ mMoldeaamu i memodamu OO0CaiOHeHHs, AKi B8UKOPUCMOBYIOMbCA MpuU BUBYEHHI pPi3HUX
mamemamuy4Hux Oucyunaid, wo exodsame y npoepamy mnidzomosku malibymHix axieyis-mamemamukie, 00380715€
chopmysamu y cmydeHmig yinicHe yaeneHHs npo mamemamuyHi 06’ekmu, anzopummu i meopii, i AK Hacnidok, pobume ix
3HAHHA CUCMEMHUMU | IPAKMUYHO binbw 3HaYyuwumu. Lie cnpuse iHmenekmyasnbHOMy po3eumky cmydeHmis, popMy8aHHIO 8
HUX cUCMeMHUX MamMeMamuyHUX 3HaHb, MiOBUWEHHIO piBHA MamMeMamuyHoi 2pamomHocmi ma iHmepecy do npedmemy.

K/IDYOBI CJ/IOBA: mixcOucyunaiHapHi 368’a3Ku, OUCKpemHa mMamemamukd, OughepeHyianbHi piBHAHHA, PEeKypPeHMHI Crie8iOHOWeHHS,
pi3HUYese YUC/eHHH.

BCTYN

MocraHoBKa npob6semu. Y Haw 4ac OAHUM i3 3aBAaHb BULLOT OCBITM € POPMYBaAHHA Yy CTYAEHTIB BMiHHA BUpPiLlyBaTH
CKNafHi 3aBAaHHA i3 BUKOPUCTAHHAM CUCTEeMHOro nigxopy. [ieBum 3acobom peanisauii TaKoro 3aBAaHHSA € BUKOPWUCTAHHSA
MixaucumnaiHapHux (abo mixknpeameTHMX) 38’A3KiB, AKi nepeabayatoTb nepeHeceHHs MeTOAIB AOCNIAXKEHHS | Moaenelt 3 ogHiel
HayKoBOI gMcuMNNiHK B iHWY (BaTeuko&TutapeHko, 2016). Taki 38’A3KM MiXK pisHUMMK anucuunaiHamMyM NpodeciiHOi NigroToBKK
cTypeHTiB y 3BO € KOHKPETHUM BMPA3OM iHTErpaLinHMX Npouecis, Wo BiAOYBalOTLCA CbOrOAHI B Hayui Ta CycninbCTBi. BoHM

© 0.N. Crpax, T.4. Nlykawosa, 2021.
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CNPUAIOTbL PO3B’A3aHHIO iCHYHUMX CYNEPEYHOCTEN MiXK PO3PISHEHMMM 3HAHHAMM CTYAEHTIB 3 PI3HUX AUCLUNIIH Ta HEObXigHICTIO
X MOAaNbLIOro CMHTE3Y Ta KOMMJIEKCHOTO 3aCTOCYBaHHA Ha MPaKTWLi, B MalbyTHi HayKoBili Ta npodeciltHin aisnbHocTi. 3a
L0MOMOrOI0 MiXAUCLMNAIHAPHWUX 3B'A3KIB HE NLIe BUPILWYIOTbCA 3aBAAHHA HaBYaHHSA, PO3BUTKY | BUXOBAHHA CTYAEHTIB, ane i
3aKNAJAETLCA GYHAAMEHT AN KOMMNIEKCHOro H6ayeHHsA W OBONOAIHHA NPUMOMaMK BUPILEHHA CKAAgHUX Npobsiem peanbHoi
AivicHocTi (Ko3nos& Tomawescbka & KysHewos, 2018).

Cnipg, 3a3HAUYNUTH, WO BCTAHOB/IEHHA MiXXAUCLMNAIHAPHWUX 3B’A3KIB € JOCUTb CKNAAHOI 334a4eto HaBiTb Y MeKax OAHiel
CneLiaNbHOCTI, OCKiZIbKKU Nepeabavae He vLLe nepernag 3MmicTy Nporpam BiZANOBIAHUX HABYANbHUX AUCLUMMNAIH, @ M Y3roAKeHHA
MeTOAMKM pobOoTM pPi3HMX BMKNagadis. Mpu LbOMy HEObOXigHICTb BCTAHOBNAEHHS 3B’A3KIB MiXK PiBHUMM MaTeMaTUHHUMM
OVCUMNAIHAMM Y BULLIM WKONI OUKTYETbCA AK AUAAKTUYHUMM LiNAMM HaBYaHHSA, TaK i HEOBXiAHICTIO NiArOTYBaTU CTYAEHTIB 4,0
npodecinHoi Ta HayKOBOI AifNIbHOCTI, € O4HUM 3 YMiHb € 34aTHICTb BUPIiLWYBATN 3aBAaHHA KOMMIEKCHO.

Y paHilt cTaTTi po3rNagaeTbCa MOMK/AMBICTD peanisauii MiXkaUCuMNAiHapHUX 3B’A3KIB ANCKPETHOI MaTeMaTuKK Ta Teopil
andepeHLianbHUX PiBHAHD, WO BXOAATb Y UMKA NpodeciiHOT NiArOTOBKM MabyTHIX BUNTENIB MaTEMATUKU.

AHani3 akTyanbHUX AochigXKeHb. MNpobnemi peanisauii MiXAMCUMNAIHAPHUX 3B'A3KIB Y BULLiMA WKOAI NpUCBAYEHA Lina
HW3Ka K BITYM3HAHMX, TaK i 3aKOPAOHHUX PobiT (AHaHYeHKo&BopoHiHa&Ckopoxogoea, 2020; bess, 2003; BacbKiBcbKa, 2017;
BonobyeBa, 2015; Ko3nos& TomaweBcbka&Ky3Hewos, 2018; Konot, 2014; Koprkosa 2017; dinineHko, 2017; LWKypa, 2020; Styron
Ronald, 2013), wo niaTBepasKye akTyanbHICTb Ta 3HAYYLLICTb 03HaYeHoi Npob61emMn B CUCTEMI OCBITH.

He3sBaKatoum Ha 3HaYHy Ki/IbKiCTb NOAIOHUX AocniaKeHb, Npobnema peanisauii mixknpegmeTHUX 3B'A3KIB MiXK PisHUMMU
MaTeEMaTUYHUMKU AUCUMNNIHAMU GAKTUYHO 3a/IMLIAETLCA HE BUBYEHO, 33 BUK/IIOYEHHAM NEPEHECEHHS OKPEMMUX METOAIB i
MoZenei 3 MaTeMaTUYHOro aHanily y mMetoau obumcieHb, 3 NiHIMHOT anrebpu y maTemaTUMyHe NPoOrpamyBaHHs, 3 Teopiel
MMOBIpPHOCTEN Y MaTeMATUYHY CTaTUCTUKY. B TOW e Yac TaKi 38’A3KM MOXKHa BCTAHOBUTU MiK 3MICTOM OKpPeMUX TEM LiN0ro paay
iHWWX, Ha Nepwuit noraag, Aanekux ofHa Big, O4HOI AUCUMNANIH, 30KPEeMa, Mi AMCKPETHOK MaTeMaTMKOK Ta TeOopiel
audepeHLianbHUX PiBHAHb.

OuckpeTHa maTemaTuka (y 3axiZHUX [Kepenax AUCKPETHUIM aHanis) — ue pos3ain maTemaTuKu, NoB’s3aHuii i3
LOCNIAXKEHHAMM Pi3HUX 06’EKTIB Ta CTPYKTYP, 3a4aHMX Ha CKiIHYEHHUX MHOMKMHAX. Cneumndika ANCKPETHOT MaTEMATUKMN NONATAE
Yy BiAMOBI Bif, OCHOBHMX MOHATb KAACMYHOI («HemepepBHOI») MAaTEMATUKM — rpaHuMLi Ta HenepepsBHOCTI. ToOMy Ans 3ajad
OVCKPETHOT MaTeMaTUKM 3BUYaIHI 3aCOBM KIACMYHOTO aHani3y € 4OMOMIXHUMU. Ane AUCKPETHA Ta KnacuyHa («HenepepBHa»)
MaTEeMaATUKM B3aEMHO AOMOBHIOIOTb OfHA OAHY, @ B OKPEMMX BUMAZKax MAlTb CXOXMUI anapat [OCNiIAMEHHA, Wo pobuTb
MOXK/IMBUM NOBYA0BY 3B'A3KIB MiXK BiANOBIAHUMM TEOPiAMM.

TpaguuUiMHO [0 [AUCKPEeTHOI MaTeMaTUKM  BifHOCATb Pi3HULEBE YWUCIEHHA, WO € AUCKPETHUM aHasorom
oudepeHLiaibHOro Ta IHTErpanbHOrO YUC/NEHHA, | fAIKe Bifirpae BaXkNMBY pPoO/b B TeOpii YMCIOBUX NOCNIAOBHOCTEW,
KOMbiHaTopHOMY aHanisi Ta Teopii rpadis. OgHUM 3i cnocobiB po3B’A3yBAHHA OKPEMUX BUAIB PiSHULEBUX PIBHAHb € CKAAAAHHA
XapaKTEPUCTUYHOTO PIiBHAHHA | 3anuC 3araJibHOro pPO3B’A3KY BUXIQHOrO PiBHAHHA 3a/1€KHO Bif, 3HaYeHb 3HAWAEHMX
XaPaKTEPUCTUYHUX KOPEHiB. AHANOTMYHUI aNropuTM BMKOPUCTOBYETLCA W A1A 3HAXOAMKEHHA 3arasibHOro pPo3B’A3Ky NiHIAHUX
OAHOPIAHMX PEKYPEHTHUX CMiBBigHOWEHb Ta NiHIMHUX OAHOPIAHWUX AuMdepeHLianbHUX PiBHAHb 3i cTaanmMK KoedilieHTamu.
Pi3HOlO € Anwe popma 3anucy BigNoBiAi, WO NOACHIOETLCA PISHUMMU MHOMXMHAMM BUM3HAUYEHHS LWYKaHUX GYHKLiM (Y nepwomy
BMMNAAKY LA MHOXMWHA € AUCKPETHOLO, Y APYroMy — HENepepBHO). TaKUM YUMHOM, BUHUKAE 3aZa4a 3HAaXOLKEHHSA 3B’A3KIB MiXK
XapaKTePUCTUYHUMM PIBHAHHAMM | KOPEHAMM LIUX PiBHAHb B AUCKPETHOMY i HEenepepBHOMY BUNaKax.

MeTolo CTaTTi € BCTAHOB/IEHHA MiXANCLMNAIHAPHWUX 3B'A3KIB ANCKPETHOI MaTEMATUKM Ta AndepeHLianbHUX PiBHAHb Ha
NpuKnagi BuUBYEHHA Tem «JliHiVHI peKypeHTHi cniBBiAHOWEHHA 3i cTanumu KoediuieHTamu» Ta «JliHiHI andepeHuianbHi
PiBHAHHSA 3i cTanMMK KoediuieHTammn».

METOAU AOCNIAXKEHHA

Y CTaTTi BUKOPUCTAHO HACTYNHi TEOPETUYHI Ta eMNiPUYHI MeTOAM AOCNIAKEHb: CUCTEMHUIA aHANI3 HAYKOBOI, HABYaIbHOT
Ta METOAMYHOI NiTepaTypu; NOPIBHAHHA Ta CUHTE3 TEOPETUUYHMUX MOOXKEHb, PO3KPUTUX B HAYKOBIl Ta HaBYa/bHIW niTepatypi;
y3arasbHEHHA BNAaCHOro NeaaroriyHOro AOCBiAY Ta AOCBiAY KOJer 3 iHLWKMX 3aKNagiB BULLLOI OCBiTU. OKpim Toro, 6yan BUKOPUCTAHI
LeAKi 3arabHO MaTeMaTUYHI Ta cneliasbHi meToan Teopii AudepeHLianbHUX PiIBHAHb, AUCKPETHOT MaTEMATUKM Ta Pi3HULLEBOTO
YMCNEHHA.

PE3Y/IbTATU AOCNIAXKEHHA

Tema «PeKypeHTHi cniBBigHOLWEHHA» € CAMOCTIHOI TEMOIO AUCKPETHOI MaTEMATUKM i He NOTPebYE 3HaHb IHWKX TeM L€l
OMCUMMNIHK (OKpiM, MOXKAMBO, TeMu «TBipHi QYHKLI», e pO3rnafaeTbca OAWH 3 METOAIB PO3B’A3YBaHHA PEKYPEeHTHUX
CNiBBiAHOWEHb i3 3aCTOCYBaHHAM reHepaTpuc). BuABNAETbCA, WO ANA BiAWYKAHHA PO3B’A3KIB NiHIMHOrO PEeKypPeHTHOro
CniBBiAHOLWEHHSA (PiBHAHHA) 3i CTaAMMM KoediliEHTaMU MOXKe BYTU BUKOPUCTAHUI TOW e afiropmuTM, WO | AN 3HAXOAKEHHSN
PO3B’s3KiB NiHIMHOrO AMdepeHLiaNbHOro PiBHAHHSA 3i CTaIMMK KoedilieHTamu.

Po3rnsaHemo niHiltHe ogHOpigHE peKypeHTHe ChiBBigHOWEHHA cTeneHs k 3i cTanumn KoediuieHTamu:

A Anik T Ag—10pik-1F... T Any1 + Aoan =0, (1)
ae (ap)neny — OeAKa nocnigosHictb, a a; € R — 3agani koediyieHTn (i = L_k) Ons Toro, wob po3s’sA3aTM peKkypeHTHe
cnieBigHowWweHHsA (1), HeobXiAHO CKNACTK i PO3B’A3aTH BiANOBIAHE XaPAKTEPUCTUYHE PIBHAHHA:

A’ + ap_ A+t A+ ay =0, (2)
Lo MaE Ti K KoeodiuieHTH (FTenbdoHa, 1959).
3p03yMmino, Wo po3s’a3KkaMu Liforo anrebpaiuHoro piBHAHHA (2) 3 AiNCHUMUK KoedilieHTamMn MOXKYTb BYTU AK Pi3Hi TaK i
04HaKoBI AiMCHI UM KOMNAEKCHI uMcna. Hexalh A4, 45, ..., A — KOPEHi XapaKTepPUCTUUHOIO PiBHAHHA (2) 3 BiANOBIAHOK KpaTHICTIO
ki, k,, ..., ks. Togj 3aranbHuit po3B’A30K piBHAHHA (1) MaTMe BUMNAL:
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=2 (C 4+ cPnt. 4 cfOna) 1 28 (¢ + cPnt Pkt ) o+
+22 (€ + Pt +cEnks), 3)

ae Cim — A0BiNbHI AjficHi (abo KoMneKcHi) cTani.

AKWO npoaHanisyBaTh CTPYKTYpy po3B’A3Ky (3), TO BCi AOAAHKM, WO A0 HbOTO BXOAATb € NiHIMHO He3aNeXHUMU
dyHKLiAMM.

Po3rnaHemo Tenep NiHiltHe ogHopigHe andepeHLianbHe PiBHAHHA NOPAAKY k 3i cTanMmum KoediuieHTamm

ay® + ap_y* D+ tayy +agy =0, (4)

ae y = y(x) — wykaHa oyHKLinA, a a; € R —3aaaHi koediuieHTn (i = ﬂ)

Ak Bigomo (LW Kinb&eindpypa&CamyceHko, 2003), po3B’A30K TaKOro PiBHAHHA MaE BUTNAL,

y(x) = eh* (Cl(l) +CPx+... +Cl(k1)x"1—1) + ehox (Cz(l) +CPx+... +C§k2)x’<2‘1) oo+

+er (¢ + CPut.. +cxk), (5)

ae A4, 1,,..., As — KOPeHi XapaKTePUCTUYHOIO PiBHAHHA (2), a k4, k5, ..., kg — iX KpaTHOCTI BignosigHo.

dopmynn (3) Ta (5) i meTogn 3HaAXOAKEHHA PO3B’A3KIB PeKypeHTHOro cnissigHoweHHA (1) Ta audepeHuianbHoro
piBHAHHA (4) matoTb 6arato cninbHoro. BigTak, BUHWKAE NPUPOAHE MUTAHHA: UM HE MOXKHA 3anucaTtv po3s’asku (3) i (5)
PEKYPEHTHOrO cniBBigHOWEHHA (2) | AndepeHUianbHOro piBHAHHA (4) BignoBigHO AKoOCb 3aranbHo popmynoto? Bignosigb Ha
Le NUTaHHA NO3UTUBHA, NPOTe NOTPebye 3aCTOCYBAHHA NOHATTA TaK 3BAaHOIO Pi3HMLEBOTO PIBHAHHSA.

Pi3HMLEBi PIBHAHHA € aHANOTOM PEKYPEHTHUX CMiBBiAHOWEHb B Teopil AndepeHLianbHUX PIBHAHD. IX MOXHa OTPUMaTH 3
BiZANOBIAHOrO NiHIMHOIO ANdEPEHLIaNbHOTO PIBHAHHSA LUAXOM 3aMiHM NOXigHWUX GyHKLT y(X)

Y 0O,y (), y*E D (), y® (x)
Ha 3HauYeHHs pisHuuesoro onepatopa Ay (x) (AHaepcoH, 2004), a came:
Ay(x):=y(x +1) —y(x),
Ay (x):=A4y(x)) = A(y(x + 1) —ky(x)) =y(x+2)-2y(x+1)+y(x),....

2%y (x): = Z(—nic,iy(x +k—1)
i=0

BignosigHoro nopagky (TyT koedilieHTH C,i — ue paobpe BiAOMI y KOXKHOMY 3 PO3/4i/iB MaTeMaTUKM BiHOMianbHi KoedilieHTH, AKi
BM3HAYaloTbCA AK KOMBiHaLiT 6e3 NOBTOPEHb 3 k enemeHTiB no J).

TaKNM YNHOM, Pi3HULLEBE PIBHAHHA, AKE Bi,u,nosi,a,ae audepeHUianbHOMY PiBHAHHIO (4), mMaTUMe BUTNAA.:

e T o(~1ICEy (x + k= 1) + ey ZEH(—DICE Ly + k=1 =D+ e ((x + 1) = y(x)) + apy = 0,
abo

a (- 1)°C,Sy(x + k) + (e (DI + ap_1 (mDOC_ )y(x + k — 1)+...+
+ 250 @i (DL y (e + 1) + 2 i (1D y(x) = 0. (6)

Mpu LbOMY, AKLLO apryMeHT X WyKaHoT dyHKLT y(X) € HaTypanbHUM YMCNOM, TO PIBHICTb (6) € 3anMcom AeaKoro NiHiHOro
PEKYPEHTHOrO CMiBBIAHOLEHHSA.

MoKaXKemo, WO pPO3B'A3KM XapaKTEPUCTUYHOTO PIBHAHHA (2) pPeKypeHTHoro cnisBifHoOWeHHA (1) 6e3nocepesHbo
noB’A3aHi 3 po3B’A3KaMM XapaKTEPUCTUYHOTO PIBHAHHA A1A PI3HULEBOrO PiBHAHHA (6), TOBTO PO3B’A3KAMM PIBHAHHA:

a (= 1)°C£Ak+(ak( DICE+ ap_1 (m1OC_ A1+ +
+ 20 @1 (1) iCH 2+ g (- 1DIC] = 0. (7)
MoKaemo, AKLO AefAKe YUCN0 A € PO3B’ASKOM PiBHAHHA (7), TO YnCNO (A — 1) € po3B’A3KOM piBHAHHA (2). AilcHo,

CKOPUCTaBLWNCb PO3KNagom 6iHoma HbtoTOHa, Maemo:
k

a(A-1)" + @ (1-1) b (T- 1) + = @y ) (~DICLT +

i=0
k-1

e 12( 1)iCh_ Ak1i 4, +a22( DI + ay(T— 1)+ a =

—ak( 1DOCRA* + (ap(— 1)1ck +ak 1(=Doc 1)Ak T+

+ Z A2 (=1)" Cl.+2 2+ Z @y (1) Cl+1 1+ Z ai(_l)lCiL
i=0

TO6TO OTPUMYEMO NiBY YaCTUHY PiBHAHHA (7).

OTXe, 3HalOUM PO3B’A3KM PIBHAHHA (2), MOXHA NIeTKO OTPUMATK PO3B'A3KU PIBHAHHA (6), AKE Yy CBOI Yepry MOXKHa
3anuncaTu Yepes BBeLEHHA [0 PO3rAaAy pisHULEBOro onepaTopa 4, i HaBnaku.

Matoum oTpuMaHuii BULLLE pe3ynbTaT, BUA, po3s’asky (5) gudepeHuianbHoro piBHAHHA (4) MOXKHa NOB’A3aTK 3 3arasbHUM
BUTNAL0M PO3B’A3KY (7) peKypeHTHOro cniBBigHOWEHHSA (6) 33 gonomoroto GyHKLi:

z,aKkmo h = 0,
$n(2) = {% Ln(1 + zh) , saxmo h > 0, ®

ae w = Ln(t) — HaTypanbHWii noraprdm KOMNAEKCHOIO Y1CAa t, AKWIA BU3HAYaAETbCA 3 PiBHOCTI e® = t.

AKLWLO 33 h NO3HaAUUTK BiACTaHb MiX eflemeHTaMu obnacTi BU3HaueHHA M wyKaHoi GyHKLUIT y(x), TO ANA npeacTaBieHHA
3araibHOro po3s’asky i andepeHuianbHOro piBHAHHA (4) | pEKYPEHTHOrOo CNiBBIAHOWEHHSA (6) MOXKHA BU3HAUMTU GYHKLO:
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z,ako inf{s € M,s > x} = x,
= 9
£(zx) {Ln(l + z),axkwpo inf{s € M,s >x} =x+ 1. ©)
3 popmyau (9) anst x € N ogepskumo e*éAx) = oxIln(1+d) — (1 4+ 2)* i Tomy cninbHWI BUTNAA PO3B’A3KIB PiBHAHD (4) i
(6) byae HacTynHMM:
y(0) = e (¢ 4¢Pt 40 0xkat) 4 2600 (P 4 Pt 40D xke ) 4

+ext s (¢ 4¢Py 4 xks), (10)
ae A4,1,,...,A; 3HOBY € KOPEHAMM XapPAKTEPUCTUYHOTO PIBHAHHA (2), a ky, ky, ..., ks —1x KpaTHOCTI BignosigHoO.
MpointocTpyeEMo OTPUMaHUI BULLLE pPe3yabTaT Ha NPUKAA4I.
Mpuknag 1. 3a gaHnm gudepeHLiabHUM PIBHAHHAM

y® +y" —15y" + 23y’ — 10y =0 (11)
nobyaysaTu BiANOBigHE peKypeHTHE CMiBBiAHOWEHHA Ta OTPUMATM PO3B'A3KN KOXKHOIO 3 HUX.
Po36’Aa3aHHA
[na 3apaHoro piBHAHHA (11) 3anuluemo BignNoBiLHE XapaKTEPUCTUYHE PIBHAHHA Ta PO3B’AXKeMO 1oro:
A+ 23 —-1522+231—-10=0. (12)
CKopucTaBwmKCh cxemoto FopHepa, 3Hangemo pauioHanbHi KOpeHi piBHAHHSA (12):
1 1 -15 23 -10
A=-1 1 0 -15 38 —48 # 0 He € KopeHem
A=1 1 2 -13 10 0 € KOpeHeM
A=1 1 3 -10 0 € KOpeHeM

To6T0 A = 1 € ABOKPATHUM KOpeHeMm piBHAHHSA (12). IHWI K 2 KOpeHi 3HalAEeMO 3 OTPMMAHOrO 3a cxemoto FopHepa KBaApaTHOro
pieHAHHA A2 + 31 — 10 = 0. 3a Teopemoto Bieta maemo A3 = —5i 4, = 2.

3a dpopmynoto (5) 3aranbHuil Po3B’A30K gaHoro andepeHuianbHoro piBHAHHA (11) mae surnag;:

y(x) =e* (Cl(l) + Cl(z)x) + C,e™5 + C;e?*.
3anuwemo Tenep pisHMLEBE PIBHAHHA, YBIBLUM 3aMiCTb NOXiAHWX BigNOBiAHMI NOPAAOK Pi3HMULLEBOro onepaTopa:
Aty (x) + 83y (x) — 154%y(x) + 234y(x) — 10y(x) = 0.
CKopu1CTaBLWMCb BUPA3OM Y JiBil YacCTUHI PiBHAHHA (6), 0AEPKMMO HACTYMHE PEKYPEHTHE CNiBBiAHOLWEHHA
yx+4)+ (—C}+ CDy(x+3) +(C2 - C} —15Cy(x +2) + (-C3 + C% + 15C; + 23CY)y(x + 1) +
+(1-1-15-23-10)y(x) =0,
abo
y(x+4)—=3y(x+3)—12y(x +2) + 52y(x + 1) — 48y(x) = 0. (13)
Moro xapaKTepUCTMUHe PIBHAHHA Ma€ BUFNAL;
A*-323 — 1222 + 524 — 48 =0,

a KOPEeHsAMM € uncna 11'2 =2, 13 = —4,1, = 3.V BignosigHocTi 3 (3), 3aranbHWit PO38’A30K PEKYPEHTHOrO CMiBBiAHOLWEHHA (13)
€ HACTYMHUM:

() =27 (€1 + cPx) + Co(—4)% + €337,

3 iHworo 60Ky, 3a popmynoto (10) po3B’A30K PeKypPEHTHOro chiBBigHOWEHHA (13) MOXHa 3HANTK, BUXOAAYM 3 KOPEHIB

XapPaKTEPUCTUYHOTO PiBHAHHA (12) BUXiAHOTrO AndepeHLianbHoro piBHAHHA (11):
y) =@+ D7 (¢ + Px) + C(=5+ D* + G2 + 17 = 27 (¢ + €Px) + (-9 + (33~

AIK 6auMmo, po3B’A30K OTPUMAHO NPABUNLHO.

HaBegeHut BULWE Niaxin AeMOHCTPYE TiICHMI 3B'A30K MidK KOPEHAMMU XapaKTEPUCTUYHUX PIBHAHb NiHIMHUX OAHOPIAHWX
PEeKYPEHTHUX CNiBBIAHOLEHb Ta NiHIMHMX OAHOPIAHMX AndepeHLiaNbHUX PiIBHAHD 3i CTaIMMUK KoediLlieHTaMK, WO MaloTb AOCUTb
CXOXi anropuTmMu po3B’A3yBaHHA | BUBYAIOTLCA B KypCaxX AUCKPETHOT MaTeMaTUKK Ta AudepeHLiabHUX PiBHAHb.

OBrOBOPEHHA

Cnipg, 3a3HAYNTY, WO HA CbOTOAHILLHIN AEHb iCHYE Teopin, AKA AO3BONAE PO3rNALATU 06’ EKTU Y HENepepBHO-ANUCKPETHOMY
33 Yacom pexXumi. Lle Tak 3BaHa Teopia AMHAMIYHUMX PiBHAHb HA YacoBil WKani. BoHa 6yna 3anponoHoBaHa NOpPiBHAHO HeAaBHO
(y 1988 poui) HimeubkuM maTemaTvkom CTepaHOm Xinbrepom Ta FPYHTYETbCA Ha MOHATTI YacOBOI LWIKAaAM AK O0BiINbHOT
HEeNnopOoXHbOI Ta 3aMKHEHOI (3 Nornaay Teopii MHOMMH) NIAMHOMKUHU MHOMMHU AiACHUX yncen. Lia Teopia AeTanbHO onucaHa B
po6orTi (Bohner&Peterson, 2001). Toai x Bubip dyHKuii &, (2), nogaHoi y (8), He € BUNagKoBUM.

OyHkuia &,(z) BM3HaAYae peske UMNIHAPUYHE NEPETBOPEHHS KOMM/EKCHOI MIOWMHM Ta BWM3HAYae TaK 3BaHy
eKCMNOHeHLianbHy GYHKLI0 Ha AOBi/IbHI YacOoBIl WKani:

t
ep(ty(t. to) = o Sun(P@)ar, (14)

ae u(t) — oyHKUiA BiACTaHI MK enemeHTaMM 4acoBOi WKanM (Ha3WBalOTb TAKOMK 3EPHUCTICTIO 4acoBoi WKanu), a AT —
A -pudepeHuian 3MiHHOI, AKWUIA BU3HAYaE 3BMYaNHMIA andepeHuian dt, KoM YacoBa WKana € HenepepsHUM Biapi3kom, abo
LOPIBHIOE h, KOAW 4acoBa LUKaNa € AUCKPETHUMM Bigpiskom i3 Kpokom h (Bohner&Peterson, 2001). AudepeHuian A Takox
noB’A3aHW 3i 3HAXOAKEHHAM A-noxigHoi GyHKu;i y“(x), fiKa € 3BMYaliHoto noxigHot y'(x) y BUNaAKy AilicHoro Bigpiska, abo
BU3Hayae pisHuLeBuii onepatop Ay(x) = y(x + 1) — y(x) y BUNagKy AUCKPETHOrO BiApi3Ka Ha MHOXMHI Linnx yucen.

3a3Ha4yeHa ekcnoHeHUianbHa ¢yHKUiA (14) y3aranbHIOE NOHATTA PO3B’A3KY HENiHIMHOro ogHOpPIAHOMO AMdepeHLianbHOro
UM Pi3HMLLEBOrO PIBHAHHA NEPLUOro NOpAAKyY. Tak, po3riagatoym Tak 3BaHe AMHaMIYHe PiBHAHHA NepLIoro NOpAAKY Ha Yacosi
LWKani
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yA(x) = p()yx),

OTPMMYEMO PO3B’A30K BUAY:

Top,

abo

y(x) = Cepy(t, to).
Topaji po3s’a30K BignosigHoro andepeHuiansHoro pisHaHHA V' (x) = p(x)y(x) 6yae matv Burnag,
y(x) = Cel P,
i AK PO3B’A3KOM BiZNOBIAHOrO pisHMLEBOro PiBHAHHA Ay (x) = p(x)y(x) byae:
y(x) = CeZ)tc=x0Ln(1+p(t)) — CeLnH’f=x0(1+p(t)) — Cn)tczxo(l + p(t)). (15)

Po3rnaHemo npuKnag, 3acToCyBaHHA 3a3Ha4YeHOoi Teopii 0 PO3B'A3yBaHHA HENiHIMHUX PEKYPEHTHUX CMiBBIgHOWEHD.
Mpuknag 2. Po38’A3aTh PeKypeHTHE CniBBigHOWEHHA a1 — (n + 1)a, = 0.
Po36’a3aHHA
3anunwwemo CnoYaTKy 3agaHe peKypeHTHe CNiBBiAHOLWEHHA Y BUMNALI Pi3HULLEBOTO PIBHAHHA:

Ap41 — Ay —na, = da(n) —na(n) =0,

Aa(n) = na(n).
Topai, CKOpUCTaBWMKCHL BUTNAAOM Po3B’A3KyY (15), oaeprumo:
a(n) =C[[}.;(1 + k) =Cnl.
OTKe, po3B’A3KaMM 3a,aHOTO PEKYPEHTHOrO CNiBBIAHOLIEHHA € NOCAif0BHOCTI BUAy a, = Cnl.

BUCHOBKM TA NEPCNEKTUBM NOAANbLLUOIO AOCNIAXKEHHA

MigBOAAYM NiACYMKM, 3a3HAUYMMO, LLLO BCTAHOB/IEHHSA 3B’A3KIB MiXK PI3HUMU MaTEMATUYHUMU SUCLUNAIHAMM SOMNOMArae

cbopmMyBaTU B CTYAEHTIB LiNiCHE yABNEHHA NMPO MaTeMaTMyHi 06’eKTn, anropuTmMu i Teopii, i AK HaACNiAOK, pobUTb 3HAHHA
CUCTEMHUMM i MPAKTUYHO BinbWw 3HaYyWMMKU. BUABNEHHA TaKMX 3B’A3KIB CMPUAE iHTENEKTYyaNbHOMY PO3BUTKY CTYZEHTIB,
GOpPMYBaHHIO B HUX CUCTEMHUX MAaTEMATUYHUX 3HAHb, NiABULLEHHIO PIBHA MATEMATUYHOT FPAMOTHOCTI Ta iHTEpecy 4,0 HaBYaHHA.
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INTERDISCIPLINARY CONNECTIONS IN THE STUDY OF SOME TOPICS OF DISCRETE MATHEMATICS
AND DIFFERENTIAL EQUATIONS
O. P. Strakh, T D. Lukashova
Makarenko Sumy State Pedagogical University, Ukraine

Abstract. One of the important tasks in the training of future specialists in the branch of mathematics is the expansion and deepening of

mathematical knowledge in order to apply them comprehensively in practice, in future scientific and professional activities. One way
to implement this task is to use interdisciplinary connections that involve the transfer of research methods and research models from
one scientific discipline to another.

Formulation of the problem. This article considers the possibility of implementing interdisciplinary connections of discrete mathematics with

differential equations on the example of studying the topics «Linear recurrence relations with constant coefficients» and «Linear
differential equations with constant coefficients».
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Materials and methods. The authors used the following research methods: systematic analysis of scientific, educational and methodological
literature; comparison and synthesis of theoretical positions disclosed in scientific and educational literature; generalization of own
pedagogical experience and experience of colleagues from other institutions of higher education. In addition, some general
mathematical and special methods of the theory of differential equations, discrete mathematics and difference calculus were used.

Results. One of the ways to solve linear homogeneous recurrence relations with constant coefficients is to compile a characteristic equation and
write the general solution of a given relation depending on the values of the found characteristic roots. A similar algorithm is used
to find the general solution of linear homogeneous differential equations with constant coefficients. The article establishes a
connection between the solutions of recurrence relations and differential equations, the characteristic equation of which has the
same form.

Conclusions. Establishing connections between models and research methods used in the study of various mathematical disciplines included in
the training program for future mathematicians, allows students to form a holistic view of mathematical objects, algorithms and
theories, and as a consequence, makes their knowledge is systematic and practically more meaningful. This contributes to the
intellectual development of students, the formation of their systematic mathematical knowledge; increase the level of mathematical
literacy and interest in studying the discipline.

Keywords: interdisciplinary connections, discrete mathematics, differential equations, recurrence relations, difference calculus.
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DopmynoeaHHa npobaemu. lNepexid 0o nocmiHOycmpiansHo20 iHGPOPMayiliHO20 CycninbCcmea 03HAYAE MepesamcaHHs HemamepianbHo20

Mamepianu

8UPOOHUYMBA, 3POCMAHHA 3HAYEHHA [HPOPMAayii ma 3HAHHA, MOoWUpPeHHA meop4oi npayi. OOHUMU 3  XaPaKmMepHUX
ocobausocmeli nocmiHAycmpiasnbHo20 CycninbCmMaad € 8rnposadHeHHA 8 chepi sUPObHUYMEBA HosiMHix mexHonoeil i npoyecis,
CMBOpeHHA HosUX Mamepianie ma npodykmis, NpuckopeHuli po38UMOK HAyKU ma ocgimu, Akuli 6a3yemosca HA 3POCMAHHI
MIiHOUCYUNAIHAPHO20 83AEMONPOHUKHEHHSA Pi3HUX p030inie HayKu. fKicHa cyyacHa oceima € 6a3Ucom ycrniuH020 HayKo8020
npoyecy, CmeopeHHA HOBUX 3HAHb, W40 8, 8 CBOHO Yepay, € PaKMOPOM ma Oxepesom po38UMKY eKOHOMIKU. Cy4acHicms ocgimu
npeomemHoi 0baacmi Mae Ha yeasi OCBOEHHA 3HAHb, MexHosoRil, MPoyecie, 8aAACMUBUX CbO20OHIWHLOMY CMAHY HAyKU,
GOPMYBAHHIO Cy4acHOI (8 HaWwoMy 8unaodKy izu4Hoi) KapmuHu ceimy.

i Mmemoou. [Jna 0ocazHeHHA nocmasaeHoi Memu pobomu 8UKOPUCMOBY8AAUCA HACMYMHI Memoou: aHani3 i cucmemamu3ayis —
nio 4ac oenady Haykosux cmamel, HABYAAbHO-MEMOOUYHUX MOCIOHUKI8, cunabycie, y AKux npedcmasnaeHi mi 4u iHwi
0ocnidnceHHs, po3pobKu, onucu NUMaHb, Wo cmocytomeca po3dinie cy4acHoi gizuku (CP) ma memodis ii eus4eHHs; cuHmMes,
MOPIBHAHHA, CUCMEMAMU3ayis, y302a7abHEeHHA — Mi0 4ac OMPUMAHHA mMa 062080peHHs pe3ysnbmamis i hopmMyato8aHHA
8UCHOBKi8 pobomu.

Pe3ynbmamu. HeobxidHicmb ¢hopmMy8aHHS NPUPOOHUYOT 2paMOMHOCMI, YABAEHb MPO Cy4acHy izudHy kapmuHy ceimy (®KC) ma iHmepecy

0o Hayku nompebye nowyky eionoeideli Ha y3azanbHioroue 3a80aHHA MemoOUKU Qi3uku «/1aa 4020, WO i AK e4umu?», AKi
CMOCOBHO cy4acHoi ¢izuku 21 cmopivya nompebyrome sus4yeHHs, wo U 6yn0 3pobaeHo 8 pobomi. [MpoaHani308aHi NpUYUHU
CKOPOYEHHSA AIK KinbKocmi mux, xmo eue4ae gizuxky 8 3BO, mak i Has4anbHux npozpam. [josedeHo Aki po3dinu CP doyinbHO
susYaMU, NiOKpecorYu 38’a30K Yux po30dinie 3 malibymHim paxom cmydeHmis.

3anponoHo8aHo Memood 8KOYeHHSA po321:a0y CP 8 HagyanbHUl Npoyec ma memu MexHiYHO20 BUKOPUCMAHHA C®, AKi MOXymob
6ymu po32aaHymu no 0eaKux po3oinax, Wo eus4aromesca.

BucHoeKu. IcHye npobsaema 38°a3ky numaHe C® ma mpoxu 3acmapinozo, 8 binbuwiocmi c80iM KAACUYHO20 Kypcy 3a2asbHoi ¢izuku 3BO.

HeobxioHo npuckoprosamu pobomy no nepepobyi Hag4yanbHUx npoepam, 60 nompebu OHA OUKMyOMb 8uMo2U 8i0no8idHOCMi
moeao, wo susyaroms, momy, 0e 80Ho byde 3acmocosy8amucs.

K/IKOYOBI C/IOBA: cyyacHa ¢izuka, mexHiyHuli 3BO, memoOuKa HABYAHHS, Npobaemu 8UBYEHHS Cy4yacHOI (hi3uKku, nocmiHdycmpiasneHe

cycninbcmeao.

BCTYN

MocraHoBKa npobaemu. Teopia NOCTIHAYCTPIaNbHOrO CYCNiNbCTBA BBAXKAE, LLO 3HAHHA CTalOTb MATEpPia/NIbHOO CUAOIO,

3pOCTAE LUiH

HiCTb KBanipiKoBaHMX MNpaLiBHUKIB, 34aTHUX MOCTINHO BYMTUCA, NIABULLYBATU OCOBUCTICHI W npodeciliHi

KOMMETEHTHOCTI, BUKOPUCTOBYIOUM iHGOPMALIMHI TexHoAorii, opieHTyBaTMcA B iHbopmauii 1 dinbTpysatn ii (benn, 2004).
KNto4oBMM gna HAWOro NoAanblioro po3rnagy € BMiHHA BU6paTh HeobxiaHy HaykoBy iHdopmaLito, nos’a3aTu ii 3 BignosiaHMM
pPO3A4iN0M HaBYaNbHOI NPOrPamu, BCTAHOBUTU 3B’A30K MiXK HEIO Ta Cy4aCHUMM TEXHONOTIAMM.

B 2012 p. Ha Youtube 3'aBuBCA BigKpuTHii «amcT» npesmgenTosi CLUA (Minutephysics, 2011), npo npobaemn BUBYEHHSA
bi3nMKM B amepuKaHCcbKux 3BO, WO Mae Ha CbOroAHilLHiA AeHb 1,9 MAaH. nepernsais. ABTop 3BepHeHHs, I'. Peitu (Henry Reich),

YKasye Ha Te,

1865 r., Kon
NOBHICTIO Ha

wo $i3nKa, WO BUKNAJAETLCA CTYAEHTAM aMepUKaHCbKux 3BO, He po3rnaaae BiAKpUTTA i1 3aKOHW, 3pobaeHi nicaa
n . MakcBenn 3anucas piBHAHHA O/1A eNeKTpoMarHiTHoro nona. HaByanbHi naaHW cokycoBaHi NpaKTUYHO
KNacu4Hil isnui i1 BUKAOYalOTb i3 po3rnagy Taki po3ginu CO Ak KBaHTOBa mexaHika. . Peiiy 3aTBepasKye, wo CLUA

© O.N. WamiuunH, 2021.
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MOKYTb BTPATUTK CBOI NO3MLIi Hauji, WO NiANPYE B iHHOBALLAX, AKWO OCHOBHI NpuHuMnu CP, Taki AK ¢poToH, byaoBa atoma,
iCHyBaHHA aHTMMmartepii, GPS, nasepu, TpaH3UCTOpPW, AioAM W CBITAOAIOAMN, KBAPKW, TEOPIA XaoCy, eNeKTPOHHWUI MiKpoCKonm,
MarHiTHO-pe30HaHCHUI Tomorpad, Teopia BeNMKoro BMOYXy, YOPHI Aipu, YTBOPEHHA 3ipOK, CKPMB/IEHHA CBIiTNA rpasiTaui€to,
po3LMpeHHs BcecBiTy, 6030H Xirrca, cnabka i cuibHa B3aemMoaia, i iHWI BiAKPMTTA acTpodi3nKu i KBaHTOBOI Bi3nKKM, He ByayTb
BK/IIOYEHI B HAaBYa/IbHi Nporpamu. BiH TaKoX 3aTBEPAXKYE, WO CTYAEHTU YNYCKatoTb BaXK/MBI 3B'A3KM MiXK Cy4aCHOIO TEXHIKOO ¢
CyyacHoto ¢i3nKoto, WO podbUTL BUBYEHHA Gi3UKM 3aXONIOIYUM i aKTyaIbHUM.

HaBegaeHi BuLe MipKyBaHHSA BigHOCATbCA A0 6araTbox KpaiH, BKAOYatoun i YKpaiHy. HaByanbHi nporpamu 3 ¢isnKku Ha
NiBCTOPIYYA 3aCTUTIM B CBOEMY 3MicTy. 3 2015 p. 3MiHM noYanuca B6iK CyTTEBOro 3MeHLWEHHA HaBYa/IbHOrO HaBaHTaXKeHHA, KON
MOro ayaMTOpHa 4acTMHa Bnana B 2-3 pasu. 3 ypaxyBaHHAM CNabKMX WKiNbHUX 3HaHb PO3pPaxoByBaTM HA CaMOCTIiHY poboTy
CTYAEHTIB He YABNAETbCA MOXK/INBUM.

3aBaaHHAM i3UYHOT OCBITM € POPMYyBaHHA NPUPOLHMYOT FPAMOTHOCTI Ta iHTEPECY A0 HayKM B OCHOBHOI MAacu TUX, fKi
HaBYaloTbCA, Ta B MoZasbloMy byayTb 3alHATI B Pi3HOMAHITHUX chepax AianbHOCTI. HaykoBa rpamoTHa AtogMHa 34aTHa 40
KPUTUYHOIO aHanisy iHbopmauii, caMoCTIMHOCTI CyAKeHb, PO3YMIHHA POAi HAYKU i TEXHONOTYHWUX iHHOBALM Yy PO3BUTKY
cycninbcTBa. AK Bigomo (Cagoswuii, 2013), ogHieto 3 npobaem 3aranbHOI METOAMKM HaBYaHHA Qi3MKM € NOWYK ePeKTUBHILLIMX
TEXHO/IOFN Ta METOZIB HAaBYaHHA 1 KOHTPOJIO Ta HE3a/IeXKHOro OLiHIOBAaHHA HaBYa/NbHUX AOCATHEHb, @ 3aBAAHHAM HaBYaHHA
di3nKM — e 3abe3neyeHHs CMCTEMM 3HaHb 3 ypaxyBaHHAM Cy4acHOro po3BUTKY isnknM Yepes nesHi dopmu i meToamn. AKLWO
y3arasibHIol4e 3aBAaHHA METOAUKM Gi3UKM 3BYUUTb AK MUTAHHA: «[11A YOro, WO i AK BUMTU?» | CTOCOBHO KACMYHOI Ta HOBOI
di3unKm Bignosigi Ha Hboro BXXe A06pi BiAOMI, TO BiGHOCHO cyvacHOT di3nKKM 21 cTopivya BOHO 3a/IMLIAETLCA BiAKPUTUM.

AHani3 aKkTyanbHUX AoOCnigMKeHb. T/iYMayeHHs C/N0Ba «Cy4aCHWI» Mae Tpu 3HauveHHs (CnosHUMK, 1970): 1) Akuit
CTOCYETHCA OLHOIO Yacy, OAHIEI eNOXM 3 KUM-, YNM-HeDbYAb; 2) AKUIA iCHYE, BigOYBAETLCA, XKMUBE i T. iH. TENEP, HWUHI; AKMIA CTOCYETbCA
TenepilHbOro Yacy, HUHILLHbOT €NOXM; HUHILWHIN, TenepiluHii; 3) AKUI CTOITb Ha PiBHI CBOTO BiKY, BignoBiAae BUMOram CBOro vacy,
BMK/IMKaHUI Moro notpebamu. MoHATTA «cydacHa ¢isnKa» y NigpyyHUKax AN BULLOT 1 cepefHbOi WKOAWN BKJIKOYAE PO3raag,
eKCNepUMEHTaIbHUX W TEOPETUYHUX POBIT 3 BY3bKOro Kona nutaHb y nepiog 3 1895 go 1960 p., TemMaTMyHO BignOBiAaOuM
(CaBenbes, 1987, 1982), posainm 13-18 (YonnaH, 2003), okpemi po3ginv 1 naparpadpu (bap'axtap, 2019, 2018). «Cy4acHa
disnKa», BUCBIT/NIEHA B MigpyyHMKax, byna Takot Ans BinblIOCTi aBTOPIB UMX MigPYy4yHUKIB i BignoBigae cKopile neplomy
3HAYEHHIO 3MICTY C/I0Ba «Cy4YacHUI». AHaNoriyHa KapTMHa CNOCTepiraeTbea i B aHIIOMOBHUX NigpydyHuKax: Modern Physics for
Engineers (Singh, 2008), Modern Physics for Scientists and Engineers (Morrison, 2009), Ae KON0 MUTaHb, WO OCBITAIOOTLCA,
36iraeTbca 3 (CaBenibes, 1987), xoua i po3rnsgaroTbca BOHM Binblu AeTanbHO.

[ani roBopa4mM Npo cydacHy ¢isvKy mun byaemo maTu Ha yBasi HayKOBi AOCATHEHHS 32 OCTaHHI WICTAECAT pPOoKiB.

B pob6orTi (3aBpaxkHa, 2018) BKa3aHO Ha NPOTUPIYYSA, WO ICHYIOTb B NEeAAroriyHilii Ta 3arabHiit BULLA OCBITI NpY BUBYEHHI
C®. MNo-nepuwe, Uue NepeBaxHO akageMiuyHUI Nigxia, NPy AKOMY BTPAYa€eTbCA 3B’A30K MiXK TEOPETUYHOI 633010 Ta NPaKTUYHUM,
NPUKNALHUM 3aCTOCYBAHHAM. 3ayBaXKMMO, L0 aKaAeMiYHiCTb B3arani BNacTMBa TpaamuiiHomMy Kypcy $isnkun, Koam ogHakoBui
maTtepian BMKNALAETbCA MaNbYTHIM pagiodisnkam, iHKeHepam 3 iHPOPMaLiMHO-BUMIPIOBANbHOT TEXHiKW, ynpaBAiHLAM
3aN1i3HUYHOrO TPAHCMOPTY Ta BICbKOBMM aBTOMobinicTam. Mo-apyre, BiAcTaBaHHA OCBITHIX Nporpam 3BO Big cy4acHOro cTaHy
HayKK. TyT TaKOX BiA3HAUMMO, WO TaKe BiACTaBaHHA A4 3arasbHOro Kypcy ¢isukn icTopuyHo nputamaHHo. Tak cknanocs, LWo
OCTaHHI HAaYKOBiI AOCATHEHHA CTYAEHTU OMAHOBYHOTb Ha CTAPLUMX Kypcax Mpu BMBYEHHI cneuKypcis. Mo-TpeTe, BiAcyTHICTb abo
HU3bKWIA piBEHb METOAMYHMX PO3POOOK, HAYKOBO-METOANYHUX AXKepen Nonynapmn3saLlii Ta onaHyBaHHA Cy4acHOro cTaHy ¢isnyHux
[0CArHeHb. ABTOPY BU3HAYatoTb KOYOBMM METOAUYHUM NUTAHHAM BiAbip MaTepiany, Wo Nignarae BUBYEHHIO B 3a/71€KHOCTI Big,
cnevwianbHOCTI TUX KOTO HaBYatoTb. [PONOHYETLCA BKAOYATM OKpeMi NuTaHHA CP B BiANOBIAHI pO34inn Ta CTBOPOBATM CneLiabHi
Kypcu. FoBopuTbca Npo GopmyBaHHA Cy4aCHOro HayKOBOTrO CBITOrNAAY 3aBAAKU BUBYEHHIO CO.

I. CanbHuK (CanbHuK, 2011) posrnsgae nuTaHHA BuBYeHHA CP B negaroriyHnx 3BO. TaKoXK NiAKPECNIOETbCA BigcTaBaHHA
MeTOAMYHMX HanpaLloBaHb A0 NOCTIMHO 3pocTatoyoro obcaAry iHGoOPMaLLT OCTaHHIX HAYKOBUX AOCATHEHb, AKI MOXK/MBO BUBYATU
Ha crewKypcax Ta cneunpakTMKymax. MponoHyTbCA TeEMU CNELKYPCiB Ta pO3rnafatoTbca 0COBAMBOCTI CneunpakTUKymis. [eski
po3ainv Ta nuTaHHA CP cTatoTb 3MicTomM NabopaTopHMX POBIT crewnpakTUKymy, NpUYoMy Taki poboTn 6yayTb KOMN'IOTEPHUMM
abo mogenbHMmKU. Mu 61 ix HasBanu BipTyasbHUMK. ABTOPKA 3BEPTAE yBary Ha HeobXiAHICTb peTenbHoro Bigbopy martepiany,
WO NiANArAE BUBYEHHIO, T BUAINAE ABAAUATL Npobiem, BignoBigHMX A0 TpboX HanpamKis CO: MiKpo-, Makpo- Ta meradismKa.
Biamitmo, wo ui 20 npobnem € YactmHoto cnucky 3 30 $i3nyHMX Ta acTpodisnuHux npobnem, aki akagemik B.J1. TiH3bypr
3anponoHyBaB HanpukiHui 20 ctopiyys (TMH36ypr, 1999).

HaBuanbHa niTepatypa, B AKii po3rnagaetbcd CO i AKa MOXKe BUKOPUCTOBYBATUCA AK OCHOBA A/1A MiArOTOBKM
MeTOAMYHOro MaTtepiany ANns ayaUTOPHUX Ta CaMOCTIMHUX 3aHATb, HA CbOTOAHILWHIM AeHb iCHYE, ane He B BENMUKIN KinbKOCTi i
yacTiwe He B TOMY BWrNsagi, W06 33a40BONLHUTM NOTPebM BMKNAZayYa Ta «CTyAeHTa-TexHapsa». PyHAaMeHTanbHWUi
4oTUPbOXTOMHMK B.K. BopoHoBa, A.B. Mogonnenosa Ta P.3. Cargeesa (2012) oxonntoe HAMHOBILI HAMPAMKMA Ta aKTyaNbHi
npo6semn CP. ABTOpM aHOHCYIOTb BUAAHHSA, AK MiAPYYHUK Ta AK OrN1A4, YCiX OCTaHHIX JOCATHEHb Y i3uLi. 3HaUYHMI 06CAr KHUT, a
B cyMi ue 1640 cTopiHOK, nepeabayae, Wwo HalBiporigHiwe, ix 6yayTb BUBYATM CTYAEHTM Ta acnipaHTu ¢isuku. GyHaameHTanbHa
npaua noTtpebye A0OCUTL BenMKoro ob6’eMy roguH cneukypcy. ABTOPW BWAINAIOTb ABI OCHOBHI 0COBGAMBOCTI CydYacHoOro
NPMpPOA03HABCTBA: NPUCKOPEHE 3pOCTaHHA ob6cAriB iHPpopMaLii Ta LWBMAKO 3pOCTatoya iHTerpaLis pisHUX HanNpPAMKIB HayKOBOroO
NpMpPOA03HABCTBA, AKI NPUBOAATDL [0 METOAONOMNYHUX Npobaem BUKAALAHHA HAaBYa/SIbHOrO MaTepiany 3 NEPEeHOCOM aKLEeHTy
OVOAKTUKM 3 METOAMKM HaBYaAHHA Ha 06’eM i CTPYKTYpY 3MiCTy HaBYaNbHOTO Kypcy, BUBYEHHA MaTepiany AKOro NPOMNoHYETbCA
pPobUTK B pamKax CneLKypcy 3 ayaAUTOPHUM HaBaHTaXKeHHAM A0 104 roauH.

Okpemi nNuTaHHA, 30Kpema Makpoodismku, CP Ta ix TexHiuHe 3acTocyBaHHA po3rnagatoTb B.A. InbiH i B.B. Kyapasues
(MnbumH, 2018). | xoua BMKNAL MaTepiany AAETbCA B BiNbly fOCTYNHIN popmi, 6e3 3aliBUX TEOPETUYHUX MiPKYBaHb i PO3PaxyHKis,
Yy HAayKOBO-NOMNYAAPHOMY CTUAI, ane malke TPeTUHY KHUIU 3aliMa€e HaanpoBigHICTb, @ AeAKi MMTaHHA Gi3UKM KOHAEHCOBAHOIO
CTaHY, HAHOTEXHIKM Ta iHWIi He Po3rNAAalTbCA. 3ayBarKMMO, L0 Lieit aBTOPCbKMI KONEKTUB PO3rNAfA€E MUTAHHA MOB’A3aHI 3
BMKNagaHHAm CP y cepeHiii WKoni B baraTbox cBoix poboTax, Hanpuknag (Kyapssues, 2017, 2011).
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Okpemi po3ginn CO posrnsgatoTbca B NiAPYYHUKAX, MOHOrpadiax, HaBYa/bHO-METOAUYHUX PO3POOKax 3 npeamerty
«CyyacHa ¢isnyHa KapTuHa cBiTy». Hanpuknag, (OnaHactok, 2005) npuainnae ysary TeOpeTMYHOMY OMUCY TaKUX Po34inie, AK
CMMETpIfl, HeNiHilHA AnHaAMiKa, Teopia KaTacTpod Ta iHWi. 3a3HaUYMMO, WO A/1A BCiX LMX TEOPIl XapaKTepHa YacoBa 3a/IeXKHICTb
no KpwuBi xamny.

Merta cratTi. AHani3 TeOPEeTUKO-MEeTOAONONYHMUX OCHOB BMBYEHHA ¢i3nMKM 21 cTopiyyAa cTyAeHTamu TexHiyHux 3BO,
NPaKTUKO-OPIEHTOBAHOrO KOMMNOHEHTHOIO HanoBHEeHHA eflemeHTamu CO 3aranbHOro Kypcy ¢isuku, BU3HaAUYEHHA MOXKANBOCTEN i
BWUAiB BTiIEHHA OKpeMmnx NnTaHb CP B pamKum iCHYOHOro negaroriyHoro npouecy.

METOAUN AOCNIAXKEHHA

[na pocarHeHHA nocTaBieHOi MeT PoboTU BMKOPUCTOBYBAANCA HACTYMHI MeTOAM: aHani3 i cucTemaTnsauia — nig vac
OrnAAy HayKoBMX CTaTel, HaBYaNIbHO-METOANYHMX NOCIOHMKIB, Y AKMX NPeACcTaBAeHi Ti UM iHWI JocniaxeHHA, po3pobku, onucu
NUTaHb, WO cTocytoTbes CP; y3aranbHEHHA CTaTUCTUYHUX AaHWUX BCTYMHMX KamnaHii 8o 3BO, cunabycis 3 ¢i3nKM TEXHIYHUX BULLIB;
aHani3, CMHTE3, NOPIBHAHHA, CUCTEMATM3aL,iA, y3arasibHeHHA — NPK po3pobLi NakeTiB HaBYabHUX MaTepianis 3a BCiMa po3ginamm
OCBITHbOrO npoLecy.

PE3Y/IbTATU AOCNIAKEHHA

BuAinmo ocCHOBHI HanpAMKKM NoAanbworo po3sraaay. CnoyYaTky po3rasaHEMO NMUTAHHSA XTO i fIK 3apas3 Lie BUBYaE Qi3nKy Ta
B AKOMY 06cs3i. [oTiM 3aNponoHyEMO MeToaM BUBYEHHSA po3ainis CP.

loBopsaun npo HTP, nepexig 40 NOCTiHAYCTPIaAbHOMO CyCniNbCTBa, NOCTIMHO NiAKPECNOETLCA (CTAN0 3arabHMUM MicLEem)
3POCTaHHA KiZIbKOCTi HAYKOBUX CMiBPOBITHUKIB i, 30Kpema, BYEHMX-i3MKiB, 3pOCTaHHA TUX KOMY HeobxigHo BMBYaTU ¢i3mKy. Lie
3pOCTaHHA AjiMicHO BigbyBanoca B reoMeTpuyHii nporpecii 3 cepeamHu 18 ctopivua i go 1970-x pokis. MoTim cnocTepiraeTbea
3yNuHKa, a 3 1990 pokiB 3aHenas KibKoCTi GpisnyHMX cneuianbHoCTel, cTyAeHTiB-¢i3nKiB, NnoTpebu B BuB4YeHi ¢isnku. B CLUA 3a
oCTaHHi 20 pOKiB KifIbKiCTb HAayKOBLiB NoABoinacs, 3pocna 4o 5 % (npubansHo 7 MH.) X YacTKa B 3arasbHili KinbkocTi poboyoi
cunun. Ane, AKLLO B HayKOoBOMY ceHci 20 cT. 6e3yMOBHO BU3HaYau., K BiK Gi3nKKM, To B 21 CT., NPUHANMHI y 1Oro nepLliii NONOBUHI,
CY4AYM NO CTAaTUCTUYHUX SAHUX CEPEAHbOrO NPUPOCTY KBanidikoBaHUX daxiBuis, nepesakaoummm byayTb 6ionorun, auTilWHUKMK,
MmaTepiano3HaBLi Ta rymaHiTapii (puc. 1). | xo4a mokHa 6yno odikyBaTW, WO 6e3nepepBHUI PO3BUTOK TEXHIKWU, TEXHONOTIN,
6iodi3nKM, maTepianosHaBCTBa, NPpWUIa00yaAyBaHHA i Take iHWe byae noTpebyBaTh BUBYEHHS Gi3MKKM Xo4a 6 y TUX 06’ emax, Wo
6yB paHiwe, ane daxisLi BUNYCKaOUMX iHXKEHEPHUX Kadenp BUMAratoTb BK/IOYEHHA B HaBYasIbHI Kypcu NUTaHb cydacHoi GisnKu
33 paxyHOK 0bMexKeHHs, a aHo4i 1 BiaMoBM Bif TpaguuinHux po3ainis (Redish, 2000).

4 I ||

Biological, agricultural, Computer and Physical sciences Sodial sciences Engineering
and environmental life  mathematical sciences
scences

Percent
% w

Field of highest degree
H Bachelor's [l Master's Doctorate

Puc. 1. CKnageHui piuHUiA TeMn NPUPOCTY 3aranbHOI KiNIbKOCTi 3alHATUX OCi6 3 HaliBULLMM CTyneHeM HayKOBOI Ta
iH)XXeHepHOI aianbHOCTI 3a cpepamm Ta piBHem BULLOro cTyneHs: 2003-17
(Since, 2021)

Ha sigminy Big CLUA Ta €EC npotarom 1991—2014 pp. KinbKicTb NpaLiBHUKIB HAYKOBMX YCTaHOB B YKpaiHi 3MeHLWwmnAach y
4,1 pasu, a KinbkicTb 6e3nocepefHbO 3aMHATUX HAYKOBOIO AiANbHICTIO AocnigHuKiB — y 4,5 pasu. B ocTaHHi poku TeHAeHuil
noripwuaunce, 3okpema npotarom 2015 poKy B YKpaiHi 3akpunoca 90 HaykoBux yctaHoB (Hayka, 2021). Y 3aranbHiit
KiNbKOCTib3aMHATOro HaceneHHa YKpaiHu B 2014 poui Haykosui ctaHosuamn anwe 0,49% (1990 poky — 1,16%) (Monoswuy, 2017). 3i
3HAYHMM CKOPOYEHHAM NPOMMUCIOBOr0 BUPOBOHULTBA 3MEHLYETLCA NOTpeba B BUCOKOKBANIGIKOBAHMX iHKEHEpPHUX Kagapax. Ocb
cBixKMI NpuKknag: Big 120 po 150 ITP AN «XapKiBCbKe KOHCTPYKTOPCbKe 610po 3 MawmnHobyayBaHHaA iMm. A.A. Mopo3oBa», Te Lo
CTBOPOBA/IO Harato TaHKiB, B ToMy uncii T-34, 3 14 aunHa 2021 poui NoBMHHI NeperTn Ha ogHoAeHHUI rpadik poboTu. Mpwm
LbOMYy, «CKOPOYEHHA», B MepLUy Yepry, CTOCYETbCA iHTE/IeKTya/bHOI CKIaf0BOi KOJMIEKTUBY, 30KPEMAa KOHCTPYKTOpiB. A oCb
BMPOGHMYI NpaLiBHUKM (30Kpema, 3BaptoBasIbHUKM) HAaBMAKM NPALLOBATUMYTb Y TPU 3MiHM — poBUTM KopnycKn Hoeux BTP.

MocTae NMTaHHA: KOO BUMTKM 3aranbHin ¢isuui, He Kaxyun Bxe npo CP, B TexHiuHoMy 3BO, B KOTPOMY MaitKe CTO POKiB
di3nKa byna oaHielo 3 pyHAAMEHTaNbHUX, HA30BUX UCUMMNIH ANA HU3KKM CheLiaNibHUX Ta BUNyCKatoumx Kadeap? KinbKictb TUX,
wo 3aatoTb 3HO no ¢ismui 3a ocTaHHI 9 poKiB CKopoTUAaca BinbLL HiX B 3 pasu, | MMHYI0Oro POKY cTaHOoBMAA 6% (20521 abiTypieHT)
Bif, 3aranbHOro uncna Tmx, xTo 3gasas 3HO (Puc. 2). 3 Tux, wo 3aanm 3HO 3 ¢isnkm 63,71 % oaepskanm Tpilky (Pesynbrtati, 2020).
PesynbTtati Tecty 3HO 3 ¢i3unKu, AK i B MUHYIOMY poLi, He 6yayTb 060B'A3KOBMMUM A1 KOLHOI CNewiaibHOCTi NPy BCTYNI A0 BULWIB
y 2021 poui. OcTtaHHiin pa3 3HO 3 isnkn byno obos'askosum ana Bctyny B 2018 poui Ha cneuianbHocTi «CepeaHsa OcCBiTa
(dismka)», «di3nka i acTpoHOMIfA», a TakoxK «MpuKknaaHa disuka i HaHomaTepiann». MounHaroum 3 2019 poky, 4na BCTyNy Ha Ui
cneuianbHOCTI 000B'A3KOBOK € MAaTEMATUKA, a di3Ka NMPOMOHYETLCA AK OAMH 3 NPegMeTiB cepes, iHWKMX Ha BUbip abiTypieHTa.
PelTUHIM cneuianbHOCTEN 3a KiNbKICTIO NOAAHMX 3aAB NOKa3yoTb, WO NPUPOAHMYI Ta TEXHIYHI cneuianbHocTi B 8 — 20 pasis
NnocTynatTbcA «YNpaBAiHHIO Ta aAMiHICTPYBaHHIO», Xo4a 6iNbl KOpPeKTHO Byn0 6 NOPiBHIOBATU MO 3aPaXOBaAHUX CTyAEHTax, ane

121



PHYSICAL & MATHEMATICAL EDUCATION issue 3(29), 2021

BCe 04HO LMbpK BparkatoTb. He AMBHO, WO yce yacTilwe CTyAeHTCbKI rpynu Ha TeXHIYHMX cnewiaibHOCTAX CKAagatoTbes 3 1-3
YO/I0BIK.

HactynHe nuTaHHsA: wo suntn? ®isuka, 6yayum GyHAaMEHTANbHOK ANCUUNNIHOK IHKEHEPHO-TEXHIYHWX cneLianbHOCTen
3BO, 3806yBae B OCTaHHI AECATMAITTA PUCKM O[HOCEMECTPOBOro ¢aky/lbTaTUBHOIO Kypcy 3 MiHIMaNbHUM ayaAUTOPHUM
HaBaHTaXXEHHAM, BUXOOLLEHUM CBITOMNAAHUM NiaTeKCTOM. BigfaHa Ha BiAKyn camoocBiTi ¢i3nKa, AK peasibHUN HaBYaNbHUM
npeameT, NepexoauTb Y BipTya/lbHUN. B yKpaiHCbKMX TexHiuHMX 3BO 3a ocTaHHI KifbKa PokKiB Kypc ¢isnKM cepio3HO ypisaHui.
CKOpOYEHHS HaBYa/IbHOTO HABaHTa)KeHHA BMKNagadiB B 2016 p. 4o 600 roauH, akLEHT Ha CamMOCTilMHY PoboTy CTyAeHTIB i X
PO3BaHTAXKEHHA, POBMNOCA LWAAXOM CKOpPOYEHHA ¢yHAAMEHTaNbHUX Aucumnnid (puc. 2). Ha paai cneuianbHocTen ¢isnka
3amiHeHa Kypcom «®Pi3nyHi ocHOBM cydacHMx TexHoori» (POCT) abo oMy NofibHUM, AKKIA € BeanocepesHim NPOAOBKEHHAM
npeameta «®Pi3vka» i PO3BUTKOM PO3MAHYTUX Y HbOMY NPo6/ieM Ha OCHOBI Cy4aCHWX KOHUEMLIiM i TeXHIYHUX AoAaTKiB — Le
oodiuiiHa Toyka 30py Ha ®OCT, a HeodiuiltHa — noBepxHeBe, onucose, bespopmynbHe abo ManopopmynbHe BUKAALAHHA
OKpPEMMWX HaBiTb He po34inis, a Tem. HaltuacTiwe 3abpanu 3 BuBYeHHA i1 disnky it POCT.

AHani3 cunabycis no ¢isuui n'atn xapkiscbkmx 3BO nokasye (puc. 3), Wo € ABi TeHAEHUIT Y BUKNafaHHI Kypcy ¢i3nKu:
noTpoxy npo yce abo 6inbl AOKNAAHO BUBYAKOTLCA TPU-HOTUPW PO3AiINM A NPU LLbOMY MOBHICTIO HE PO3rNAAat0TLCA iHLWI. Mpu
CKOPOYEHHI nporpam, AK NpaBW/O, BMAYYalOTbCA PO3AinAn, NoB'A3aHi i3 HoBow ¢isnkoto 20 cTopivuda. 3 puc. 3 BUZHO, WO,
HanNpuKNaa, KBaHTOBa MexaHika Ta enemeHTM OTT po3rnagatoTbCA Ha ABYXTOAMHHMX MIEKLiAX TiAbKM y BilicbkoBux 3BO Ta
nporpamuctamu XHALY. Mpuyomy nporpamucTv posrnagatoTb YCbOro YHOTUPU PO34iAn 3 OAMHAAUATU 33 32 NEKUiMHUX TOANHM,
enekTpoHwmkn XHYPE — 5 3a 36 roauH, ynpasneHui npouecamu nepeseseHb (YMM) YkpAY3T — 6 3a 15 roauH, BiliCbKOBI
aBTOMObinicT — 9 3a 38 roamH i mexaHikn — 10 3a 28 roguH.
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Puc. 2. 3miHa HaBaHTa)KeHHA 3 Pi3MKK. AnAa HaoOUHOCTI Puc. 3. Po3nogin nekuiHoro Kypcy no posginax ¢pisnku
NYHKTMPOM NMOKA3aHO TaKOX NagiHHA KinbKocTi y n’atn 3BO m. XapKoBa 3a AaHumuU cunabycis
abitypieHTis, wo 3pa0Tb 3HO 3 ¢i3nKM y BigcoTKax Bipg, 2020 - 2021 H.p.
3arasnbHOI KinbKocTi abitypieHTie. 3a gaHnmm (LUamwuH, B3poBiK oci X: 1 — mexaHiKa; 2 — monekynsapHa ¢ismka Ta
2017) ta (Pe3ynbTaty, 2020) TepMOAMHaMIKa; 3 — eNeKTpukKa; 4 — NocTikHui cTpym; 5 —

eNeKTPOMarHeTmsm; 6 — KoIMBaHHA Ta XBWJi; 7 — XBMIbOBA Ta
KBAHTOBa ONTMKA; 8 — aToMHa di3nKa; 9 — agepHa ¢ismka; 10 —
KBaHTOBa MeXaHiKa; 11 — enemeHTH $i3nKM TBEPZOTO TiNa

[0 oCHOBHMX @YHKLIN HaBYaHHA BiZAHOCATb OCBITHIO, BUXOBHY Ta po3BuBatody. OCBiTHA dyHKLiA Bege A0 BUPOBAEHHA
YMiHb i HABUYOK BUKOPUCTAHHA 3HaHb Ha NpPaKTuULi. 3834010 Gi3nYHOI OCBITU € GOPMYyBaHHA NPUPOAHUYOT FPAMOTHOCTI, YAB/EHb
npo ¢isnYHy KapTUHY CBITy Ta iHTepecy A0 Hayku. ®KC — yABneHHA Npo npupoay, Wo 6asyeTbca Ha 3aranbHUX GisvUHMX
NPUHUMNAX, NMOHATTAX, 3aKOHax i runoTtesax ¢isvku. PKC MoXKHa MOPIBHATU 3 Ma3/oM, AKUI CTYAEHTU CKIagatTb No Mipi
BMBYEHHA Gi3nKK. Ta, HaXKanb, B HAWOMY Nasni € TiIbKK AeKiNbKa pparmeHTis, a binbwictb aetanei 3a 30 pokis 3arybneHa. He
BAXK/IMBO, YM ByayTb 3i6paHi YoTUPKM BENUKUX dparmeHTa 3 11, 4 fecATb Mannx 3 BEJIMKOrO Masny, KApTUHY MU He N0HauMmo Hi
B MepLIomy, Hi B APYromy BUNAAKY.

Arni matepian 3 CO moxkHa 6yn0 61 PO3rNAHYTU Ha NEKLiAX, NPAKTUYHUX, NabOPATOPHUX 3AHATTAX Ta CTYAEHTbCKUX
KodepeHLiax i rypTkax? Tak AK MW po3rnagaemo ¢ismKy B TexHiyHomy 3BO, To 6inbll CAyyHUMM € NpakTU4YHe BTiNeHHAa CP B
CbOroAeHHe }KUTTA. 36poa Ha HOBUX Gi3UYHMX NPUHLMNAX, i Pi3HOBUAWM — TeMU 1A A0NOBIAeN Ha KOHdepeHLUiax.

Kpu3a TeopeTuyHoi ¢isvKM No CTBOPEHHIO Teopii BCbOro, ekcnepimeHTanbHi poboTn B H6oratbox HanpamKkax Co, wo
NPOAOBXKYIOTLCA BXKe biNblue COpoKa POKiB, anei Aoce He Aann NPaKTUUYHUX pe3yabTaTiB (MaeTbcs Ha yBasi BTHI), matoTb Noku
O AOCNIAHNLBKMI XapaKTep i MOXKyTb ByTU KpaTKo 3ragaHi.

| HanpUKiHeLb PO3FNAHEMO NUTAHHA «AK HaBYaTU CP»?

B nocraHoBLi npobiemu 6yno BKasaHo, nocunatoumch Ha (Cagosuid, 2013), Wwo oaHieto 3 Npobaem 3aranbHOi METOAMKN
HaBYaHHA Oi3MKM € MNOWYK edEKTUBHILLIMX TEXHONOTIM Ta METOAIB HAaBYAHHA M KOHTPOJ/IIO Ta HE3aNeKHOro OLiHIOBaHHA
HaBYa/IbHUX AOCATHEHb CTYAEHTIB.
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B niTepatypHomy ornsgii mu 3’acyBanu, WO NPOMNOHYOTLCA ABI cxemMu HaBuaHHA CP: neplua, MOXK/IMBA B NefarormyHuX
3BO, ue cneuKypcu Ta CNeunpakTMKyMU, eNeKTUBHU KYPCHY 3i 3HAYHUM ay4iTOPHUM HaBaHTaxKeHHAM 6inbwmum 100 rogamH. Puc. 2
CBiAYMTb NPO Te, WO Ha CbOrOAHIWIN AEeHb U CXeMa He 3MOKe iCHyBaTK B TexHiYHomy 3BO.

[e 3HalTM [O[ATKOBUIM Yac Ha cyvacHy ¢i3MKy, KoM MOro He BUCTAYa€e HaBiTb Ha CKOPOYEHWUIN Kypc, TPaaMUuinHO
BMKNA4AEMUIA B BMLLAX. AKLLO paHille B OKPEMUX TEMAX MOXKHA By10 PO3rAHYTU IXHE Cy4acHe 3aCTOCYBaHHA, TO B OCTaHHI N'ATb
POKiB /leKuia no ¢i3unui NnoBepxHeBO OXOMNJOE ABi - TPU TemM, | y BUKAaAa4a NpocTo 6paKkye Yacy Ha po3rnsg NUTaHb, O
cTocytoTbeA cTaHy Co.

Tomy gpyra cxema nepepgbayae nepepobKy ayAiTOPHOro 3aHATTA TakKMm ymHOM, Wob Buaginutn 10-15 xBUAWMH Ha
pO3MOoBiAb NPO Cy4aCHWUI CTAH MUTAHHA, WO PO3rNAAAETLCA Ha 3aHATTI. Hanpuknaa, npy 3acBOEHHI pPyXy 3apAAKeHUX YacToK Y
MarHiTHoMy noni, po3noBicTW NPo NpuckoptoBadi, 3anyck BAK B 2008 p., BigKpuTTa 6030HY Xirrca B 2012 p., Npu BUBYEHHI
€1eKTPONpPOoBIAHOCTI MeTaniB MOXHa 6yno 6 6inblw AoKNaaHO po3rnaHyT BTHI i HaBiTb Nnoka3aTtn edpeKT MelicHepa, po3noBicTu
npo 3actocyBaHHA BTHIM y noizgax Ha marHiTHIM noAaywui, marHitHiv nesitauii Marnesa B LUaHxai, npuckoptoBavax BAK, rapmari
[aycca, penKoTpoHi, 36poi Ha HOBMX Qi3UYHUX NPMHLMNAX i T. N. B 3arani, Mo)KHa 3aNponoHyBaTU Takn TeMU BUKOPUCTaHHA CP B
TexHili, Lo BiaNoBiAaloTb po3ainam, siki 3a3Bnyait BUBYAtOTb B BULWax Tabamusa 1.

Tabauys 1
MoXKnu1Bi TeXHIYHI BUKOPUCTAHHA aeaKux po3ainis CP, aki BignosigatoTb Temam,
AIKI BUBYAIOTbCA B 3arasibHOMy Kypci $pi3uku texHiuHoro 3BO
Ne Po3gain, 3aKkoH, asule un popmyna, Lo MpuKnag 3acTocyBaHHA, TEXHOOriA, MaTepian i T. iH.
BMBYAETHCA
1 LLIBnAKiCTb, NPUCKOPEHHA linep3ByKOBI NpucTpOi
2 EHepria HaHomoTop, 6inKoBMIN ABUTYH, MONIEKYNAPHI Nponenepu
3 EHepria 06epTanbHOro pyxy CynepmaxoBuK
4 TepmoanHamiKa, TeNN0BI | XON0AUNbHI TennoBuit Hacoc
MaLWNHK
5 LlienekTpruyHa NPOHMKHICTb Pe4yoBMHM 3 FiraHTCbKMM 3HaYeHHAM € >10°
6 Cuna Amnepa PeltkoTpoH
7 MarHiTHe none, enekTpomarHiTHa iHayKuiA rapmara laycca
8 Topoig, TOoKamak - TopoifanbHa YCTaHOBKA A1A MarHiTHOro yTPUMaHHA Niasmu
9 Pyx 3apaasKeHWUX YacTOK Yy MarHiTHomy noni, | MpWCKoproBaYi: LMKNOTPOH, CUHXPOTPOH, CUHXPOdA3OTPOH, Konanaep,
cuna JlopeHua BAK.
10 EnekTpomarHitHi xauai 2G — 5G 38’A30K
11 OnTtuka BONOKOHHO-ONTUYHI NpUCTPOI
12 IHTepdepeHLin ronorpadis
13 Monsapwusauis AHTeHU TenebayeHHs meTpoBOro gmanos3oHy, H i V — nonapwusauin

TpaHCMOHAEpPIB, KOHBEPTOPM CYNyTHMKOBOrO TesiebayeHHs: Hot Bird 13
E - 10°, Sirius 5E - 15°, Amos 4W - 15°,

14 Tennose BUNPOMIiHIOBaHHA IHPpayepBOHi MynbTM  AICTAHULIMHOrO yMNpaBAiHHA, AMCTaHUiliHe
BMMIpIOBAHHA TEMNepaTypun, nupomeTpu, Tennosizopu; YOO obirpisadi

15 TemnepaTypHa 3a1eXHiCTb onopy BTHM, edpeKkt MelicHepa, MOXMBICTb 3acTocyBaHHA BTHI y noisgax Ha

NpoBiAHWKA MarHiTHiM  moAywuyi, MarHiTHa JneBiTauia Marnesa B LaHxai,

HagnposigHu coneHoign B BAK

16 da3oBUI CTaH PEYOBMHU Piaki kpucranu: LED ta OLED LCD

17 KBaHTOBa i3uKa QLED LCD — meTaneBuin HAaHOINbTP HA OCHOBI KBAaHTOBUX TOYOK

18 TyHenbHUi epekt TyHeNnbHUM mikpockon

19 BHyTpiWHin poToedekT CoHAYHI NaHeni, 3e/1eHa eHepreTuKa

20 HanisnpoBigHWKM MiKpo- Ta HaHOENEeKTPOHiKa

OBrOBOPEHHA

Mu npeacTaBuan CBOK TOYKY 30py Ha BUKNaA CO, TouHiwe ABOX ii YaCTUH — MIKpPO- i MaKpoQi3nKKM B TEXHIYHOMY BYS3i,
BMXOAAYM 3 0OMEXKEHMX 3a roANMHAMM PaMoK Big, Tpbox A0 n'atn kpeautie ECTS. Lle Ti yacTuHM di3ukK, AKi byayTb 3aTpebyBaHi
npu NoAanblUOMYy HaBYaHHI CTyAEHTIB i AaloTb 6a30Bi 3HaHHA HeobxigHi B ManbyTHIN npodecii. Ui po3ginn ¢isnku Hanbinbl
6YpX/NIMBO PO3BMBAIOTLCA | € PYLWiMHOO CMNOI0 YeTBepTOi HAayKOBO-TEXHiYHOI peBostouii. CNpobu cTBOpeHHA Teopii BCbOro
06'e/HAHHAM OMUCY CBEPXMANOro I HafBesMKoro, NMPUBOAATL A0 KPW3 Yy Hayui. HeobxigHicTb nNpuiimaTi Ha Bipy CKnagHi
TEOPETUYHI PO3PaxXyHKM CKOpilLEe MATEMATUKIB, HiXK i3nKiB-TeOPeTHKIB, BeAyTb A0 BiATOPrHEHHSA, HE CNPUIMHATTA Gi3nuKM B3arani.
10-, 26- MipHUI1 NPOCTiP ONUCYE MUP e/IeMEeHTapPHUX Y4acToK i Kocmonorito. 1059 cnocobis peayKuii 10-MipHUX CynepcTPyHHUX
Teopii A0 4-mipHiit edbeKTUBHIN Teopii Nona nopoaKye Teopito naHawadTis. AKWO B «ManeHbKOMY NPUHLOBI» Y WICTbOX repois
6YyNM CBOT NNAHETU, TO CbOTOAHI KOMKHUIN MOXKe BUBPaTK CBi BCECBIT 3 ryrny N'ATOMY cTeneHi MoxKansux. [1ns Toro wob 3posymitu
i npautoBaTn 3 CO HeobxigHO 3HaTK anrebpaiyHy i1 gudepeHLianbHy reomeTpito, TONOOrito.

Mpoige e Kifbka AecaTuniTb i 3'ABNATbCA HOBI BiNblU CKIAAHI Teopii, @ NPO CbOroAHIWHIX MOXKYTb i He 3ragatu. 60-Ti
POKM MUHY/IOTO CTONITTA HAa3MBAKOTb «30/10TUM YacoM» Gi3UKK, KON Teopii BUHUKaNM Ay»Ke YacTo. [pocyBaHHsA iX y HayKOBi Macu
BM3Ha4yanocA, K 61 3apas cKkasanu, xalinom. PO3KPYTUAM aKaZemiku Teopito KaTacTpod, BOHA JocAria CBOro cnaecky B 80-Ti
POKW, a 3apa3 OAMHWYHI pPobOTM BeTepaHiB-KaTacTPoPUCTIB iHOAI 3ycTpiyaloTbea B AiTepaTypi. Monoguit y4eHuit nparde
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3pO3YMiTW, ONMCATKU Te, LLO BiH BUBYAE, LUYKAE AOMOMOIM B TEOPETUKIB. A BUABNAETHLCA, LLLO TEOPIA ONUCYE OANH AKMICH BAKT,
BNACTUBMUI ABULLY, HE MOACHIOYM MOro NoABW, 3B'A3KM, 3aNeXKHOCTI. | BUXOAMTb, HanpuKnag, Wwo beHomeHonoriyHa Teopis
dasoBux nepexogqis /laHaay NpoAoBKYETLCA B Teopii KaTtacTpod (TK), i3 3amiHOI TepmoaMHaAMIYHUX NapameTpiB BignNoBigHUMM
3MiHHUMM NapameTpamu. | MM 0fepPKYEMO Ti K pe3ynbTaTu, Wo i y Teopii SlaHaay, ane npu ubomy susumam TK.

| TaKMX NpuKnagis Teop. onucy ¢GisnyHMX ABUL, 40CUTb BaraTto. ToMy, Ha Hal NOraa4, CboroAHi BapTo bisblie roBoOpUTH y
di3nyHin ayanTopii Npo ekcnepMmeHTanbHO NepeBipeHi 061acTi MiKpo- i Makpodi3nKK. AKLLO € MOXKIMBICTb (Y4ac), TO MOXKHa
npueectTn 1 onucatu Tabauyto CPO y Burnaai (He Tonbko 6030H Xurrca, 2021), wob chopmyBaTtv xoya 6 noyaTKoBi nposopi
yABAeHHa npo CP. | 3po3ymino, Wwo matoum 15 — 38 neKuinHNX roAMH Ha BECb KypC Gi3nKM, Npy BCbOMy bakaHHi BUKNagaya, horo
[0CBiai 1 neparorivyHin manctepHocTi Hemoxkameo coopmysaTn OKC.

BUCHOBKU TA NEPCNEKTUBU NOAANBLUOIO AOCNIAKEHHA

Bypxnusuii po3BUTOK Gi3UKM B MUHYIOMY CTONITTi NPUBIB 40 CYTTEBOrO TEXHO/OMNYHOIO NPOPUBY NPOMMUCAOBOCTI, NOABU
HOBMX HaAyKOBWUX AUCLUMNAIH, WO BUHWKAW HA CTUKY HayK. PO3BUMTOK MaTepiasio3HABCTBA, €/IEKTPOHIKM, HAHOTEXHOJOTIMN,
pobOTexHiKM, BCbOro, WO BM3HAYAE HAYKOBO-TEXHIYHE 06aMYYs 21 CT., MNOCTYNOBO BUTICHAE KAACM4YHY ¢i3MKy 3 OCBITHbOrO
npouecy, NoTpebyoum BKAOYEHHA B HaBYa bHI NnaHK po3ginis CP, Ha AKMX 6a3yeTbCA HEOHAYKM.

MoKa3aHo, WO CKOPOUYEHHSA TUX, XTO BUBYAE i3nKY € He TiIbKM Npobaemoto YKpaiHW, ane Ma€e 3arasibHOCBITOBI TEHAEHLT.
MOpiBHAHHA NPUYMH TaKOrO CKOPOYEHHSA AO0BOAMTb, WO B CBIiTi Le NoB’A3aHO 3 nepexogom Ao iHaycTpii 4.0. B YkpaiHi ue
BMKIMKAHO, NO-neplLue, TOTaNbHOK AeiHAyCTpianisauieto, a no-apyre, pepopmamm BULLOT LWKOAU: AKWO paHiwe ¢isnky Bunam
NiKapi, eKOHOMICTH, iH}KeHepw i T. 4., TO 3apa3 BOHa € TpeTim npeameTom 3a Bubopom Ha 3HO HaBiTb Ha ¢i3MyUHI cnevlianbHOCTI.

[oBeaeHo, Lo 3 TpboX cKNagosux CO gouinbHO BUBYATM MIKPO- Ta MaKpodi3nKy, 30Kpema TH iX po3ainu, ski nos’ssaHi 3
ManbyTHIM baxom cTyaeHTiB.

3’AcoBaHO, WO B pamKax obmerkeHoi 3a Yacom nporpamu 3 ¢isvku TexHidHoro 3BO Hainbinbw AouinbHUM € po3raag,
nuTaHb CP Ha ayaUTOPHUX 3aHATTAX WAAXOM BUCBITNEHHA, 06roBOPEHHA, 3 MOXKAUBO, | 4OMNOBIAl cTyAeHTiB npoTarom 10 — 15 xs.
3anponoHoBaHi TEMW TEXHIYHOTO BUKOPUCTAHHA CP, AKi MOXKYTb BYTU PO3rAAHYTU NO AEAKUX PO3AiNax, LLO BUBYAIOTLCA.

Y noganbuwii poboTi nnaHyeTbcA He oOMexyBaTUCA ABaAuUATbMA MNYHKTAMM 3aCTOCYBaHHA Cy4yacHoi ¢isvku B
NepcnekTUBHUX TEXHOOTiAX, a BiNbll WMPOKO PO3rNAHYTU Ui NUTAHHA, 06cyanTn MOXAMBY pobouy nporpamy HaB4anbHOI
OUCUMNNIHKY, B AKY OyAyTb BHECEHI 38's3KM 3 HTP.

CNUCOK BUKOPUCTAHUX ArKepen

1. Bap'axtap B.T., Josruit C.0., boxkuHosa .. KiptoxiHa O0.0. disuka: Miapyy. ans 11 kn./ 3a pea. B.I. bap'axtapa, C.0. [Josroro.
Xapkis.: PaHok, 2019. 272 c.

2. bap'axtrap B.l., Josrmit C.0., BoxuHosa ®.[., KiptoxiHa O.0. ®isuka: Migpyd. gna 10 kn./ 3a pea. B.l. bap'axtapa,
C.O. fosroro. Xapkis: PaHok, 2018. 275 c.

3. Bbenn [. Mpadywee nocmuHOycmpuansHoe obuwiecmso. Onbim coyuanbHo20 npo2Ho3uposaHus. M.: Academia, 2004. 944 c.

4. BopoHos B.K., Nogonnenos A.B., Caraees P.3. ®usuka Ha nepesnome meoicayesnemeli: B 4 T.: yuebH. nocob. M.: U3a-so JIKU,
2012.T.1.510¢c., T.2.336¢., T.3.432 ., T.4. 368 c.

5. TuH36ypr B /1. Kakne npobnembl GU3MKM M acTPOOU3MKM NPeacTaBAAOTCA ceidvyac 0CObEeHHO BAXKHbIMU M MHTEPECHbIMM
(TpnALaTb neT cnycTa, npuyem yxe Ha nopore XXI Beka)? Y®H, 1999. Bunyck 169. C. 419-441.

6. 3asparkHa 0.M., OgHozsopeusb /1.M., Nacbko 0.0., Cantukosa A.l. MeToguKka popmMmyBaHHA y CTYAEHTIB 3HaHb NPO CTaH Cy4acHOI
di3nKM Ta HaHOTEXHOAOTIN. [TedazoeiuHi HayKu: meopis, icmopis, iHHosayiliHi mexHosoeii. 2018. Ne1(75). C. 196-208.

7. WnouH B.A., Kyapasues B.B., MazucmpaneHele HanpasnaeHus gusuxku XXI seka: @uzuka mexHonoauli 6ydyujezo 015 6ydyuwsux
¢usuKkos u uHx3ceHepos: CospemeHHas Makpogusuka: Huskue memnepamypel. Ceepxnposodumocms. Caepxmekxyyecme.
Jlazepol. @ynnepeHol, HAHOMPY6KU, epageH. UHopmayuoHHbie mexHonaozuu. M.: URSS, 2018. 448 c.

8. Kyapsasues B.B., nbuH B.A. 06 n3yyeHnn BONPOCOB COBPeMeEHHOM ¢u3unKe B WwWKone. BecmHuk MIOY. Cep.: MNeparoruka,
2017. Ne2. C. 117-124, DOI: 10.18384/2310-7219-2017-2-117-124.

9. Kyapsasues B.B., UnbuH . ®. B. A, MuxanauwuHa I.®. UsyyeHne cospemeHHON ¢U3UKM B NPOOUNBHONM LLKONE:
MEeTOL0N0rMYecKuii acnekT. lledazozuveckoe obpasosaHue u Hayka, 2011. Ne 9. C. 40-47.

10. Minutephysics. Open Letter to the President: Physics Education. URL: https://www.youtube.com/watch?v=BGL22PTIOAM
(OdaTta 3BepHeHHs 25.05.2021).

11. Morrison J. Modern Physics for Scientists and Engineers. Academic Press, 2009. 488 p.

12. Hayka B YKkpaiHi. URL: https://uk.wikipedia.org/wiki/Hayka B YKkpaiHi ([JaTa 38epHeHHs 25.05.2021).

13. He TonbKo 6030H Xurrca: 4To eue Hawau B bonbwom agpoHHom Konnaigepe. URL: https://hightech.fm/2021/03/03/tally-
hadrons?is_ajax=1 ([aTta 38epHeHHs 25.05.2021).

14. OnaHactok, A.C. CyyacHa ¢isuyHa KapmuHa ceimy: HaBy. nocib. Mikpo-, makpo- Ta meragismnka. Cymu: Cymaly, 2005. 328 c.

15. Nonoeny O. Ha sAKe MaibyTHE MOXKe CcnogiBaTMca YKpaiHCbKa Hayka. YKpaiHceka npasda, 17.03.2017. URL:
https://life.pravda.com.ua/columns/2017/03/17/223188/ (JaTa 38epHeHHn 25.05.2020).

16. Redish E. F. Who needs to learn physics in the 21st century — and why? Plenary lecture, GIREP Conference Physics Teacher
Education beyond 2000, Barcelona Spain, August 2000.

17. Pesynbtatbl 3HO. URL: https://ru.osvita.ua/test/rez_zno/ (JaTa 38epHeHHsn 25.05.2021).

18. Casenbes W. B. Kypc obweli pusuku: Yueb. nocob.: 8 3 1. T. 3. KBaHTOBas onTuKa. ATomHas ¢pusmka. dmsmnka TBepaoro Tena.
®Pur3nKa aTOMHOro A4pa U anemeHTapHbIx Yactuu,. M.: Hayka, 'n. pea. pus.-mat. ant. 1987. 320 c.,

19. CaBenbes W. B. Kypc obweli pusuku: Yyeb. nocob.: B 3 1. T. 1. MexaHMKa, moneKkynapHas ¢usmnka. M.: Hayka, 1. pea. ¢ms.-
mat. anT. 1982. C. 217-245.

20. Cagosuit M.I., BoskoTpy6 B.MM., TpudpoHoBa O.M. BubpaHi numaHHA 3a2a1b6HOi MeMOOUKU HABYAHHSA (hi3UKU: HaBY. Nocib.
Kiposorpapa: MMM «LleHTp onepaTtnsHoi nonirpadii «AsaHrapa», 2013. C. 12.

124


https://www.youtube.com/watch?v=BGL22PTIOAM
https://hightech.fm/2021/03/03/tally-hadrons?is_ajax=1
https://hightech.fm/2021/03/03/tally-hadrons?is_ajax=1
https://life.pravda.com.ua/columns/2017/03/17/223188/
https://ru.osvita.ua/test/rez_zno/

®I3UKO-MATEMATUYHA OCBITA (®MO) sunyck 3(29), 2021

21.

22.

23.
24,

25.
26.

10.

11.
12.

13.

14.

15.

16.

17.
18.

19.

20.

Science & Engineering Indicators 2020, Science and Engineering Labor Force. URL: https://ncses.nsf.gov/pubs/nsb20198/u-s-
s-e-workforce-definition-size-and-growth) ([ata 3BepHeHHA 25.05.2020).

CanbHuK |. MeToa moaentoBaHHA AK HEBiA EMHa KOMMNOHEHTa NPaKTUKYMy 3 Gi3vKKM y nedaroriyHomy BH3 Haykosi 3anucku
KAMY imeHi B. BuHHU4eHKa. Cep.: Mpobiemun meToamKkm ¢isMKo-maTteMaTnyHoi i TexHonoriyHoi ocsitk, 2011. Bun. 1. C. 90-95.
Singh J., Modern Physics for Engineers. WILEY-VCH Verlag GmbH & Co. KGaA, 2008. 400 p.

CnosHUK ykpaiHcoKoi mosu: B 11 1. /3a pea.: I.K.Binoaina; AH YPCP. IH-T moBo3HaBcTBa. K.:HaykoBa aymka, 1970-1980. T.9.
C. 872.

Yonnaw MN.MN. ®isuka: Nigp.. K.: Buwa wkona, 2003. 567 c.

WamwuH A.M. CoBpemeHHaa ¢du13MKa B cOBpeMeHHOM Kypce ¢u3unkm By3a. MaTepiann MixKHapOAHOI HayKOBO-NPAKTUYHOI
KOHdepeHLii «MeToauKa HaBYaHHA NPUPOAHUYUX AUCLUNAIH Y cepeaHin Ta BULWN WwKoni» (XXIV KapuUWKHCBKI YnTaHHA)»,
(MonTaBa, 18 - 19 TpasHA 2017 poky). C. 315-317.

References
Bariakhtar V. H., Dovhyi S. 0., Bozhynova F. Ya. Kiriukhina 0.0. (2019). Fizyka [Physics]: Pidruch. dlia 11 kl. Kharkiv.: Ranok [in
Ukraine].
Bariakhtar V. H., Dovhyi S. O., Bozhynova F. Ya. Kiriukhina O.0. (2018). Fizyka [Physics]: Pidruch. dlia 10 kl./ Kharkiv.: Ranok
[in Ukraine].
Bell, D. (2004). Gryadushchee postindustrial'noe obshchestvo. Opyt social'nogo prognozirovaniya [The Coming of Post-
Industrial Society: A Venture in Social Forecasting]. M.: Academia, 944 [in Russian].
Voronov V.K., Podoplelov A.V., Sahdeev R.Z. (2012). Fyzyka na perelome tysiacheletei [Physics at the turn of the millennium]:
v 4 t.: tutorial. M.: Yzd-vo LKY [in Russian].
Hynzburh V L. (1999). Kakye problemy fyzyky y astrofyzyky predstavliaiutsia seichas osobenno vazhnymy y ynteresnymy
(trydtsat let spustia, prychem uzhe na porohe KhKhl veka)? [What problems of physics and astrophysics seem to be especially
important and interesting now (thirty years later, and already on the threshold of the 21st century)?]. UFN - Physics-Uspekhi
(Advances in Physical Sciences), 169, 419-441 [in Russian].
Zavrazhna O.M., Odnodvorets L.P., Pasko 0.0., Saltykova A.l. (2018). Metodyka formuvannia u studentiv znan pro stan
suchasnoi fizyky ta nanotekhnolohii[Methods of forming students' knowledge about the state of modern physics and
nanotechnology]. Pedahohichni nauky: teoriia, istoriia, innovatsiini tekhnolohii — Pedagogical sciences: theory, history,
innovative technologies, 1(75), 196-208 [in Ukraine].
Ylyn V.A., Kudriavtsev V.V. (2018). Mahystralnye napravlenyia fyzyky XXI veka: Fyzyka tekhnolohyi budushcheho dlia
budushchykh fyzykov y ynzhenerov: Sovremennaia makrofyzyka: Nyzkye temperatury. Sverkhprovodymost. Sverkhtekuchest.
Lazery. Fullereny, nanotrubky, hrafen. Ynformatsyonnye tekhnolohyy [The main directions of physics of the XXI century:
Physics of technologies of the future for future physicists and engineers: Modern macrophysics: Low temperatures.
Superconductivity. Superfluidity. Lasers. Fullerenes, nanotubes, graphene. Information technologies], URSS [in Russian].
Kudriavtsev V.V., Ylyn V.A. (2017). Ob yzuchenyy voprosov sovremennoi fyzyke v shkole[About studying questions of modern
physics at school], Vestnyk MHOU. Ser.: Pedahohyka — Bulletin of the MSUR. Ser .: Pedagogy, 2, 117-124, DOI: 10.18384/2310-
7219-2017-2-117-124 [in Russian].
Kudriavtsev V.V., Ylyn H. F. V. A., Mykhailyshyna H.F. (2011). Yzuchenye sovremennoi fyzyky v profylnoi shkole:
metodolohycheskyi aspect [Study of modern physics in a specialized school: methodological aspect]. Pedahohycheskoe
obrazovanye y nauka — Pedagogical education and science. 9, 40-47 [in Russian].
minutephysics. Open Letter to the President: Physics Education. Retrieved from
https://www.youtube.com/watch?v=BGL22PTIOAM.
Morrison J. (2009). Modern Physics for Scientists and Engineers. Academic Press.
Nauka v Ukraini [Science in Ukraine]. (n.d.). uk.wikipedia.org. Retrieved from https://uk.wikipedia.org/wiki/Nauka v Ukraini
[in Ukraine].
Ne tolko bozon Higgsa: chto esche nashli v Bolshom adronnom kollaydere. (n.d.). hightech.fm. Retrieved from
https://hightech.fm/2021/03/03/tally-hadrons?is_ajax=1 [in Russian].
Opanasiuk, A.S. (2005). Suchasna fizychna kartyna svitu: navch. posib. Mikro-, makro- ta megafizyka [Modern physical picture
of the world: textbook. Micro-, macro- and megaphysics]. Sumy: SumDU [in Ukraine].
Popovych 0. (2017) Na yake maibutnie mozhe spodivatysia ukrainska nauka [What future can Ukrainian science hope for?].
Ukrainska Pravda - Ukrainian Pravda, 17.03.2017. Retrieved from https://life.pravda.com.ua/columns/2017/03/17/223188/
[in Ukraine].
Redish E. F. (2000). Who needs to learn physics in the 21st century — and why? Plenary lecture, GIREP Conference Physics
Teacher Education beyond 2000, Barcelona Spain.
Rezul'taty ZNO [ZNO results] (2020). (n.d.). ru.osvita.ua. Retrieved from https://ru.osvita.ua/test/rez_zno/ [in Russian].
Savelev Y. V. (1987). Kurs obshchei fyzyky: Ucheb. posob.: v 3 t. T. 3. Kvantovaia optyka. Atomnaia fyzyka. Fyzyka tverdoho
tela. Fyzyka atomnoho yadra y elementarnykh chastyts [General Physics Course: Textbook. manual: in 3 volumes. V. 3.
Quantum optics. Atomic physics. Solid state physics. Physics of the atomic nucleus and elementary particles.]. M.: Nauka [in
Russian].
Savelev Y. V.(1982). Kurs obshchei fyzyky: Ucheb. posob.: v 3 t. T. 1. Mekhanyka, molekuliarnaia fyzyka [General Physics
Course: Textbook. manual: in 3 volumes. V. 1. Mechanics, molecular physics]. M.: Nauka [in Russian].
Sadovyi M.I., Vovkotrub V.P., Tryfonova O.M. (2013). Vybrani pytannia zahalnoi metodyky navchannia fizyky: navch. Posib
[Selected issues of general methods of teaching physics: textbook]. Kirovohrad: PP «Tsentr operatyvnoi polihrafii «<Avanhard»
- Kirovograd: PE "Center of operative polygraphy" Avangard " [in Ukraine].

125


https://ncses.nsf.gov/pubs/nsb20198/u-s-s-e-workforce-definition-size-and-growth
https://ncses.nsf.gov/pubs/nsb20198/u-s-s-e-workforce-definition-size-and-growth
http://www.irbis-nbuv.gov.ua/cgi-bin/irbis_nbuv/cgiirbis_64.exe?Z21ID=&I21DBN=UJRN&P21DBN=UJRN&S21STN=1&S21REF=10&S21FMT=fullwebr&C21COM=S&S21CNR=20&S21P01=0&S21P02=0&S21P03=A=&S21COLORTERMS=1&S21STR=%D0%A1%D0%B0%D0%BB%D1%8C%D0%BD%D0%B8%D0%BA%20%D0%86$
http://www.irbis-nbuv.gov.ua/cgi-bin/irbis_nbuv/cgiirbis_64.exe?Z21ID=&I21DBN=UJRN&P21DBN=UJRN&S21STN=1&S21REF=10&S21FMT=JUU_all&C21COM=S&S21CNR=20&S21P01=0&S21P02=0&S21P03=IJ=&S21COLORTERMS=1&S21STR=%D0%9668990:%D0%9F%D1%80%D0%BE%D0%B1%D0%BB.%D0%A4.-%D0%BC.,%D0%A2%D0%B5%D1%85%D0%BD.%D0%BE%D1%81%D0%B2.
http://www.irbis-nbuv.gov.ua/cgi-bin/irbis_nbuv/cgiirbis_64.exe?Z21ID=&I21DBN=UJRN&P21DBN=UJRN&S21STN=1&S21REF=10&S21FMT=JUU_all&C21COM=S&S21CNR=20&S21P01=0&S21P02=0&S21P03=IJ=&S21COLORTERMS=1&S21STR=%D0%9668990:%D0%9F%D1%80%D0%BE%D0%B1%D0%BB.%D0%A4.-%D0%BC.,%D0%A2%D0%B5%D1%85%D0%BD.%D0%BE%D1%81%D0%B2.
https://hightech.fm/2021/03/03/tally-hadrons?is_ajax=1
https://life.pravda.com.ua/columns/2017/03/17/223188/
https://ru.osvita.ua/test/rez_zno/

PHYSICAL & MATHEMATICAL EDUCATION issue 3(29), 2021

21. Science & Engineering Indicators 2020, Science and Engineering Labor Force. (n.d.). ncses.nsf.gov. Retrieved from
https://ncses.nsf.gov/pubs/nsb20198/u-s-s-e-workforce-definition-size-and-growth).

22. Salnyk I. (2011). Metod modeliuvannia yak nevidiemna komponenta praktykumu z fizyky u pedahohichnomu VNZ [Modeling
method as an integral component of a workshop on physics in a pedagogical university], Naukovi zapysky KDPU imeni
V. Vynnychenka. Ser.: Problemy metodyky fizyko-matematychnoi i tekhnolohichnoi osvity - Scientific notes of V. Vynnychenko
Kirovograd State Pedagogical University. Ser .: Problems of methods of physical-mathematical and technological education,
1. 90-95 [in Ukraine].

23. Singh J. (2008). Modern Physics for Engineers. WILEY-VCH Verlag GmbH & Co. KGaA.

24. Slovnyk ukrainskoi movy (1970): v 11 t.[ Dictionary of the Ukrainian language: in 11 volumes] /za red.: I.K.Bilodida; AN URSR.
In-t movoznavstva. K.:Naukova dumka [in Ukraine].

25. Cholpan P.P. (2003). Fizyka: Pidr [Physics: Textbook]. K.: Vyshcha shkola [in Ukraine].

26. Shamshin A.P. (2017). Sovremennaia fyzyka v sovremennom kurse fyzyky vuza [Modern physics in the modern physics course
of the university]. Proceedings from Materialy Mizhnarodnoi naukovo-praktychnoi konferentsii «Metodyka navchannia
pryrodnychykh dystsyplin u serednii ta vyshchii shkoli» (XXIV Karyshynski chytannia)» - Materials of the International Scientific
and Practical Conference "Methods of nurturing natural disciplines at middle and high schools" (XXIV Karishinsky reading).
(pp. 315-317), Poltava [in Russian].

PHYSICS OF THE 21ST CENTURY IN TECHNICAL UNIVERSITIES
Olexandr Shamshin
National Academy of the National Guard of Ukraine, Ukraine

Abstract.

Problem formulation. The transition to a post-industrial information society means the predominance of intangible production, the growing
importance of information and knowledge, the spread of creative work. One of the characteristic features of post-industrial society
is the introduction of the latest technologies and processes, the creation of new materials and products, the accelerated development
of science and education, which is based on the growth of interdisciplinary interpenetration of different branches of science. Quality
modern education is the basis of a successful scientific process, the creation of new knowledge, which, in turn, is a factor and source
of economic development. Modern education of the subject area implies the development of knowledge, technologies, processes
inherent in the current state of science, the formation of a modern (in our case, physical) picture of the world.

Materials and methods. To achieve this goal the following methods were used: analysis and systematization - during the review of scientific
articles, textbooks, syllabuses, which present certain studies, developments, descriptions of issues related to the sections of modern
physics (MP) and methods of its study ;, synthesis, comparison, systematization, generalization - during the receipt and discussion of
results and formulation of conclusions..

Results. The need for the formation of natural literacy, ideas about the modern physical picture of the world and interest in science requires finding
answers to the generalizing problem of physics "Why, what and how to teach?", Which in relation to modern 21st century physics
done at work. The reasons for the reduction of both the number of those who study physics in the universities and educational
programs are analyzed. It is proved which sections of the MP should be studied, the connection of these sections with the future
specialty of students is emphasized.

Conclusions. There is a problem between MP and the somewhat outdated, mostly classical course in general physics. It is necessary to accelerate
the work on the processing of curricula, because the needs of the day dictate the requirements of compliance with what is being
studied, so where it will be applied.

Keywords: modern physics, technical universities, teaching methods, problems of studying modern physics, post-industrial society.
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