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NUMERICAL METHODS FOR THE INVESTIGATION OF THE AERODYNAMIC
NOISE OF A HELICOPTER ROTOR

Abstract. In this paper, the main numerical methods for modeling the aerodynamically
generated rotor noise of helicopter are considered. In particular, finite difference schemes for steady
and unsteady 2-dimensional potential flows are given, on the basis of which a model of sound
generation of aerodynamic origin of a helicopter rotor blade is built. Examples of the solution of the
problem for 3-dimensional potential unsteady flow are considered. It should be noted that until
recently there was no general finite difference scheme for solving problems of helicopter rotor
acoustics. The numerical-analytical method developed by the author of this paper showed the ability
to solve problems of aeroacoustics of a helicopter blade for different types of flow models, both
potential and non-potential. The paper gives examples of the solution of similar problems, analyses
the application of the numerical-analytical method and compares it with existing finite difference
methods. In particular, the calculation schemes for the application of the method for a 2D steady flow
and a 3D unsteady flow are presented and the peculiarities of the selection of the number of points in
the calculation molecule are explained. Depending on the characteristics of a problem, the number of
computational grid points can vary both along the span and across the blade. This makes it possible to
adapt the numerical-analytical method for each of the problems to be solved. At the same time, a
stable calculation is performed based on the idea of the numerical analytical method itself, and the
convergence of the method is performed automatically each time.

Keywords: Helicopter rotor noise, numerical methods, numerical analytical method

Introduction

The study of the noise of aerodynamic origin is an important task in the direction of
improving modern rotorcraft, in particular helicopters. To successfully solve the problem of
noise reduction of aerodynamic origin, it is necessary to find out which of the existing
numerical methods are suitable for studying this or that type of flow in which aerodynamic
noise is generated. This work is devoted to the analysis of existing numerical schemes for
solving problems of noise generation of the aerodynamic origin of a helicopter rotor.

First of all, it should be noted that initially the noise of aerodynamic origin was studied
on simple theoretical models, the purpose of which was to establish the dependence of the
noise of the rotor rotation on the kinematics of the rotor rotation and the geometry of the
blade. But then the range of questions significantly expanded after it was found out that the
noise of aerodynamic origin has different components, and types: rotation noise, high-speed
impulse noise, as well as the noise of the interaction of vortices and blades.
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Mathematical models, equations that simulate various types of noise, differ among
themselves. Accordingly, the methods of numerical calculation of rotation noise and blade-
vortex interaction noise, for example, are also different. Therefore, we present a detailed
analysis of the numerical approaches used to describe various types of the noise of
aerodynamic origin.

The purpose of this work is to analyze the existing numerical schemes for calculating
the noise of the aerodynamic origin of the helicopter rotor and as a result, show the method of
helicopter noise simulation depending on the flow regime.

1. Analysis of potential flow calculation schemes

The first type of noise that attracted the attention of scientists was the helicopter rotational
noise. The first theoretical model that investigated rotational noise was proposed by Gutin
[1]. It clearly states that the noise of rotation depends on the generated harmonics and the
size of the blade. But this model is only one-dimensional and unfortunately does not reveal
the nature of noise as it occurs directly inside the medium.
The next step in the study of the noise of aerodynamic origin is a model of the
generation and propagation of small disturbances from a thin wing, which is described by the
Karman-Guderley equation [2], [3], [4]

(K=(y+D¢.)o,. +9,, =0 (1)

2
where K =(1-M2)5? is the transonic similarity parameter, y =c,/c, is the ratio of

specific heat capacities. Since this equation is a nonlinear differential equation, the boundary
value problems based on it require a numerical solution. Let's consider the existing numerical
schemes and perform their analysis

It is known that equation (1), depending on the values of the parameters included in it,
allows the simultaneous existence of flow regions with subsonic and supersonic velocities in
the flow. This became the reason for selecting the calculation scheme for the numerical
solution of the problem based on the equation of (1) it turned out not easy.

The first successful attempt to numerically solve the Karman -Guderley equation was the
Murman-Cole scheme [5]. For the numerical implementation of the scheme, the authors
choose equation (1) in a conservative form, which allows using a fully conservative scheme:

(Wj)x -, =0 )

where w=0, = (y+1)¢, —K,v=0; =(y+ ;.
Let (x,y) is an arbitrary element with a uniform step of the difference grid in the plane
(x,y), and the nodal points have indices (7, j) . Equation (2) can be written in a conservative

form for a cell that centered at a point (i, j) (Fig. 1). As a result, we have:

2 2
w w

[(7)141/2,; - (7)1'—1/2,]‘ 1Ay - (Vi,j+]/2 - Vi,j—]/Z)Ax =0 3)

Otherwise, relation (3) can be written as:

1 —
E(Wi+]/2,j Wi ) Wen; ¥ Win DAY = (Vi jiin = Vi) AX =0 (4)
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Fig.1 Control cell

Now, if we solve the equation in a domain where it is an equation of elliptic type, that
is, an equation of the Laplace type, then central finite differences are used to approximate
both wand v:

Qi1 = Pi; Qi — P s
Vijrn = ((pj/)i,j+]/2 :#’V@j—ln :]D—)_;J]
¢ Q. Q;; P, — 0 ;-
Wi 2 = ((px)i+]/2,j = ]é_ L, i1 = s 0y =
Q. =P, ©., . =20 +O0, . Q. =20, .+,
( i+l,j i-1,j )( i+l,j i,j i ],])_( i,j+1 i,j i,j 1):0 (5)

Ax (x)? 0y)

Equation (5) is a central difference scheme of the second order of accuracy, which is
an approximation of the equation for the elliptical (subsonic) region. The issue of the stability
of this scheme and fulfillment of the Courant-Friedrichs-Levy criterion is discussed in detail
in the monograph of one of the authors of this scheme [4]:

® ij+1

Iﬂ
® X ®

} - 1!’- ,'l'} i+ 1,,"

@
ij—1
je— AX —»]

Fig. 2. Calculation template in the elliptic domain
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Such a template is not suitable for the hyperbolic (sonic) flow region, since it contains
points upstream. To avoid this effect, the calculation template shifts downstream by one point
by index i+1— i for the first (nonlinear) term of equation (2), which i is responsible for the
formation of shock waves that transform into a sound wave:

G =Pin; 0 =20, 10, 0 — 20,0,
(O P = (S =0 (6)
® i i+1
Jo
- X .
I=1 W i+,
.
Lji-1
— X -

Fig.3 Calculation template in the hyperbolic domain

What happens in the region of sound points: points where the flow accelerates or
decelerates to the speed of sound? A different pattern is used here, which does not coincide
with either the hyperbolic or elliptical patterns:

(pi+],j - (pi,j + (pi—],j +(pi—2,j )((pi+],j - (pi,j + (pi—l,j + (pi—2,j ) _ ((pi,j+l - 2(pi,j + (pi,j—l ) —0 (7)
2 x Ox)? Oy)

As can be seen from the above example of solving the problem, it is impossible to use
only one numerical template for different flow regions. The finite-difference scheme
considered above is a scheme of the first order of accuracy in the hyperbolic flow region [5].
In the elliptical flow region, it has the second order of accuracy.

(

i+ 1 X
ay

(] o X o
i=2,j i—=1i ij i+ 1,j

Li-1X

_.l AX Iq_
Fig. 4 Calculation template of the operator at a point on the shock wave

The second-order accuracy difference schemes for the hyperbolic domain are given in
[5], and the methods for obtaining them are described in the monograph [6]. Analysis of
coupled shock waves, in terms of using numerical schemes, was carried out in [7]. After it,
there have already appeared works using this calculation procedure [8], but for equations in
full potentials, without separation of small perturbations from the flow. In [8] calculation of
plane unsteady flow has been carried out. Both central and mixed finite differences were used
for mixed time and coordinate derivatives.
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So far, we have not talked about the characteristics of the flow during study we are
interested in shock waves. For the analysis of the solution of the Karman -Guderley equation,
which describes the propagation of small disturbances from a thin wing, the pressure
coefficient C, is of interest. The preassure coefficient is defined as a ratio

C,=2(p—ps)/ pU 2. The above numerical schemes calculate the pressure coefficient in the

form of a parabola if there is no shock wave in the flow. If a gap appears on the pressure
curve, that is, a shock wave is realized, then the profile has the form of a deformed, "torn"
parabola [4]:

Fig. 5 Pressure distribution, K = 1.8

The experience of later studies of the unsteady plane transonic flow showed that the
pressure coefficient of propagation of small disturbances in the unsteady flow has a different
shape than a parabola. Such a discrepancy can be explained by the fact that the numerical
schemes considered in reality do not reveal the non-stationarity of the flow: in them, the
shock wave is, as it were, stopped in relation to time. Therefore, it makes sense to further
consider non-stationary schemes for solving the Karman-Guderley equation.

In the second half of the 70s of the last century, to solve a two-dimensional non-
stationary problem for the equation of propagation of small disturbances from thin wings, a
number of authors resorted to an implicit ADI (alternating direction implicit). This method
was used in [9] for the case of low-frequency unsteady two-dimensional flows. In this case,
the Karman-Guderley equation is solved in the following form:

Ad)tt + 2B¢xt = C(I)xx + (I)yy (8)
where
A :kzMi /52/3,B:kMi /52/3,C:(1—Mi)/52/3 —(y+D)M”¢,

The parameter m of this expression is a function of M . This parameter is an adjustment

parameter for the critical value of the pressure coefficient [10]. The time parameter
k=wc/U_ is the Strouhal number. According to the coordinates x,y in (8), the double-

sweep method was used:
by coordinate x :

2B(At)_]5x (ajn,:] - Jnk) = Dxfj,k T 5yy¢;,k
by coordinate y:



Bicnux Yepracwvroeo nayionansnozo ynieepcumemy imeni boeoana Xmwenvnuyvkoeo

. pil Tay L il gn
2B(At) ]5x(¢j,k] _¢j,k) = ESW (¢j,kl _¢j,k)’B = kMi /67 ’

5x¢j,k = 2(¢j,k _¢j—1,k )(xj+l X )= (3¢j,k - 4¢j—1,k + j—z,k)(xj+1 - xj—l)_l >
0.0, =20, —9;,)(x,, —x, )= B =401, +0,5,0(x,, — xj—l)_l )

5yy¢j,k = 2[(¢j,k+] _¢j,k)(yk+l — Vi )_] - (¢j,k _¢j,k—1 ) _yk_l)_]](ykﬂ —yk_l)'l . (9).
1 n n+ n
S ZE[CJ,,{ (1= M2, 187,

¢x-+l/z,k = (¢x1-+1 k _¢xl-,k)(xj+l _xj—l) 4

J

ij,k = 2(xj+] X ) (1- €; )(fj+l/2,k - fj-l/z,k) +é&, (fj—l/Z,k - fj—s/z,k )] (10)
Here

_ . n n 1 n n
£,=0,if CF 1, +Ciyp, >0,6,=1,if C7yp +CPy), <0

This work was followed by more publications in which the method of modeling the flow at
the shock wave is being improved. Thus, in works [61], [54], the method of separation of
jumps and stretching of grid coordinates is used. Shock waves are considered as gaps
perpendicular to the flow direction. A little later [13] the authors develop their approach for
three-dimensional flow, but not for Kdrman-Guderley, and for the equation of the full flow
potential. At the beginning of the 80s [14] the inverse problem is solved: according to the
given pressure is the flow field and the shape of the wing profile.

2. Numerical analytical method

The author of this work proposed a numerical-analytical method [15], [16], which has
been successfully tested on a number of solved problems of helicopter blade noise generation.
The main idea of the method is that finite-difference representations of derivatives in the
equations to be solved are not used explicitly. The reason is simple: it is not always known in
advance which of the known decompositions, with what accuracy, will prove to be the most
convenient.

Therefore, according to the idea of the method, we have the following: at the n—1
points of the calculated "molecule" we perform a standard Taylor series expansion and at the
n point we assume that the small perturbation propagation equation is automatically fulfilled.
In fact, we forcibly require that the small unsteady perturbation generation equation is
satisfied at the n—th point. From such condition we actually have automatic fulfillment of
convergence condition of required numerical solution.

At the same time, the expansion coefficients in the Taylor series are expressed
implicitly from the system of n equations. Such a scheme of the method is used for separate
boundary value problems, where the boundary condition allows integration, therefore it is not
added to the calculation system of equations. But this happens only in simple cases.

If it is additionally necessary to fulfill a boundary condition, which occurs in most
problems, then this boundary condition is also added to the calculation system of equations. In
this case, we have the following: at the n —2 points of the calculated "molecule" we perform
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expansion into a multidimensional Taylor series, and we also require satisfying of the
equation being solved and the boundary condition. Thus, the number of points of the
calculated molecule, for which expansion in the Taylor series is required, is reduced by 2.

Below we will consider the implementation of the numerical analytical method for the
two-dimensional stationary and three-dimensional non-stationary Karman-Guderley
equations.

3. 2-dimensionals case

Equation (1) of Karman-Guderley in dimensionless variables &=x/c,n=Ay looks

like :

(R YA A

Z_f =0,
]\41 M12 f'777

(1)

For the two-dimensional case [17], we have a 6-point scheme: at five points we expand the

function f(&,,m.), f € C*([0;1]x[0;1]), into a Taylor series:

SE.m) :f(ao’no)"'fg(&oano)(gi_éo)+fn(§0’no)(ni_no)+
+%[f55(§0’77 o)(é' _go)2 + 2f§r](§0 )17 0)(51' _50)(771' _770) +fm7 (50’77 0)(771' _770)2]+

+o(max {(§ - ﬁo)z,(ﬁ— &)M—n,),(n— n0)2) ’i =L...,5 )

In the 6th point (§,,m,), we require automatic execution of the equation:

. [1—#+s(v+1)]2@0,110)];2&(&0,110)—A’;—fﬁm(ao,m=0. (13)

The non-penetrating boundary condition f, =8g,,0<&<1 in this problem is fulfilled

automatically.

This numerical scheme allowed direct satisfaction of the convergence of the proposed
method, and its implicit type ensured the stability of the calculation. The curves of pressure
coefficients given in Fig.6 at Mach number values M =1 (the range of the problem
calculation zone) indicate that the numerical analytical method successfully coped with the
task of calculating the sound flow in a physically unstable region. At the same time, the
numerical scheme did not "fall apart", as happened with most known finite-difference
representations.

Note that in the case where function f(§,,n;,,)depends on time, 4 more derivatives

N S are added to the Taylor series in the expansion, so the scheme becomes an 8-
S JE It Yy p
points scheme if we take into account the fulfillment of the boundary condition.

4. 3-dimensionals case

The author of this paper previously derived a complete three-dimensional equation for
the propagation of small disturbances from a thin wing [18], and performed an analysis of its

10
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partial cases. To solve the boundary problem of studying the generation and propagation of
small non-stationary disturbances from a helicopter blade, a numerical analytical method was
used [19]. In this case of its application, we have a 3-dimensional equation for the
propagation of small disturbances:

ke 1 2kc (kc)2 cY 1
(U] fﬂ+[1—V]2+(1+y)sf§]f&§+ U Je— M Jon = R ngg:o (14)
where E=x/c,n=Ay,C=z/R,t=kt.
0.5 ¢ ] 04
04 Pl o
T2 \\_ 0.3 | )
03 - T T .
S 0.2 |-
0.2 7 \\ .\ ]
0.1 -~ \\' 0.1 |
0F M=0.98 8 0 M=0.99 o
_().1 C L 1 L 1 L 1 L 1 C L 1 L 1 L 1 L 1 é
0 02 04 06 03 0 02 04 06 038
Fig. 6 Calculation of the pressure coefficient in the transonic flow range
Boundary condition is:
kc
5 TE e =ehef,,0<E<1,n=n(E), (15)

Next, by the analogy given above for the two-dimensional case, we choose the number
of calculation points of the template by the number of unknown derivatives in the function
represented in the Taylor series expansion, but by 2 less, since we also have the boundary
condition (14) and equation (15), which is solved.

FEMCLT) = F(EM,06,0T) + £ (& —E) + (=) + fo(G—C,)+ £ (1,-7,)+
PTG =6+ f =) 4 1,6 =)+ £ =514 £, (& =6, ~n) +

+fé§(§i - &o)(gz _Co)+fn(;(qi - Co)(ni _TL,) +f§t(§i - go)(’ti —T0)+fm(ni _no)(Ti - T0)+

+ (G =E (T, — 1)+ R(AY),i=1,n-2 (16)

So, in the three-dimensional non-stationary case, we have shown the calculation of the
pressure coefficient (Fig.7) in the cross-section of the blade. As can be seen from Fig.7, the
pressure distribution according to the non-stationary model is significantly different from the
pressure distribution according to the stationary model (Fig.6).

11
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Fig. 7 Pressure coefficient along the blade chord

5. Calculation schemes of non-potential flow

The existing schemes for calculating sound disturbances in the potential
approximation were considered above. These models are usually used for relatively large
values of Mach numbers, M > 0,5, when rotational noise is dominant, rather than vortex

noise. In the case of M <0,5, the vortex component of the noise is significantly activated,

and therefore the potential approximation is no longer appropriate. In this case, full equations
for simulating the generation of sound of aerodynamic origin, which take into account the
vortex component of the flow, are used for calculation.

To date, a sufficient number of theoretical non-potential models [20], [21] are known
which, according to the authors, are capable of describing the generation of the sound of
aerodynamic origin. However, these models are somewhat physically inaccurate. That is why
the majority of researchers choose the currently most popular models of Fowkes-Williams-
Hawkings [22] and Forsyth's 1A formulation [23] for the calculation of helicopter noise, and
Lighthill's acoustic analogy is used only in some cases. But this does not mean that these
models are physically more accurate: Lighthill's acoustic analogy and its application in the
form of the Ffowkes-Williams-Hawkings model leave the question of the physicality of these
approaches [21].

Consider the Ffowkes-Williams-Hawkings equation:

T 2 [ P A Py
A7 (p—0n) = i jj 0" J
7 (p—py) = @c,ax,{[ o ax,-i[r|1—Mr|w(") j[ il MXJVJ[ a7 (1)

Equation (17) contains the Lighthill equation inside, which was obtained artificially:
by adding a certain term to the left and right sides, which formally led it externally to a wave
equation that seems to describe the generation of sound. The question arises: if we add other
derivatives to the left and right sides, what will we get formally? I mean that the approach
used by Lighthill is not physically correct, because by physically unexplained addition and
subtraction of certain derivatives in the equation, we thereby actually add certain physical

12
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components, and get equations that describe a completely different physical process. This is
the main physical drawback of this approach.

Formulation 1 of Farassat:

According to the formula obtained by Farasat [23], the sound pressure is determined
through the thickness source p, (x,t) and the load source p, (x,?):

4 (5.0) =4 pr(x.0)+ py (1) = j[ Py, PO j (= p""sg

r1-M) cr(l- M)’e’ ’e’ 5 (18)

where cosO®=nr is the local angle between the normal to the surface and the radiation

direction.

If you look carefully at equations (17) and (18), you can make sure that nothing is said
about the definition of the near sound field in these approaches. What methods are used to
find the potential of the sound field, or the density in the sound wave - they do not write about
it.

The main disadvantage of using Farassat's approach is that the source of sound is non-
existent fictitious sources, which are placed inside a solid surface. The question arises: why is
such a strange approach used? The answer is simple: in classical acoustics, Green's function is
used as an auxiliary solution to represent the far sound field. This makes it possible to record
the specified representation of the far field based on second Green's formula for real sound
sources.

Farassat used the next approach: he said that these sources do not have to be real
sound sources, let them be imaginary ones. Moreover, they are placed inside a hard surface
that does not emit sound. And this is actually the main obstacle to a physically accurate
determination of aerodynamically generated sound: in fact, such an approach lacks real sound
sources. And this was discussed in the work of Fedorchenko [24], as well as in the work [18].

In addition to the above-mentioned models, there are several models that describe the
sound of aerodynamic origin [21], but there is no numerical implementation of them. An
exception is a theoretical model proposed by the author of this paper [21]. The closed system
of equations obtained based on this model makes it possible to describe the problems of
aeroacoustics with accuracy to the values of the second order of smallness:

625'_L._625’_ (12 z, 62 + 1 ) R(p' ai ai ai azp az az—.)
ot MZI o&? o’ AR agz T0E T on T o¢ T 0g? TonoET T oL

op 05 05 P9 P O

o0& on oc o8& omoE’ §3 (19)
_ 0'p oy 1 0@ op 0@ D 0o '
A (€+c212 (i+ - ('02)+ 9 .@ 2128_,0‘6_(0 1 9p o9 __ caﬁ+

08 on~  AR”0¢ 08 0¢ on on AR*o¢ o¢ or
L E P P e 6p}

ot on R e on R o | 20)

In equations (19)-(20), o,p' - are acoustical density and sound potential

correspondingly.

13



ISSN 2076-5886 (Print) Cepis «Ilpuxnaona mamemamuxa. Ingpopmamuxay. Bunyck Ne 1.2022

Despite the mathematical complexity of this system of equations, the author
managed to numerically solve a number of interesting problems using the numerical
analytical method [25]-[28]. An interesting feature of the application of the numerical
analytical method, which was noticed, is the use of an unstructured calculation grid around
the blade. So, for example, along the chord, the step of the calculated grid is smaller (Fig. 8,
Fig. 9) than along the span of the blade. This is necessary for stable calculation according to
the numerical analytical method.

Fig. 9 Distribution of acoustic density on the surface of a helicopter blade [26]

And in conclusion, we will indicate that the near-field calculation data obtained with
the application numerical-analytical approach is easy to use to calculate the integral
representation of the far field. For this, there is no need to use any specific numerical
approaches: standard methods of calculating definite integrals are used.

Conclusions

1. In this work, a study of the methods of numerical calculation of the near sound field
of a helicopter is carried out.

2. The conducted analysis showed that there was still no single method, a finite-
difference scheme, for various flow models: each of the given numerical schemes solved a
certain problem.

3. It is shown that the numerical analytical method is capable of solving the problems
of helicopter noise generation for various types of flow, both potential and non-potential. This
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feature of the method allows it to be used for various tasks of modeling noise of aerodynamic
origin.
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JYK’SAHOB Ilerpo Bonoaumuposuy,
KaHIuAaT (I3UKO-MaTeMaTUYHUX HayK, CTapIIMi HAyKOBUH CHIiBpOOITHUK, noueHT APDB,
HHIAT, HTTY “KIII”

YUCEJIBHI CXEMHM JOCJIIIKEHHSA AEPOAMHAMIYHOI'O
HIYMY POTOPA I'EJIIKOIITEPA

Anomauin. B Oawniii pobomi po3eisiHymo OCHOGHI YUCENbHI CXeMU MOOCTIOBAHHS ULYMY
pomopa 2enikonmepa aepoOUHAMIYHO20 HOXOOJNCEeHHS. 30Kpema, HABeOeHO KiHYe8O-pisHUYesl cxemu
0151 CMayioHapuoi, Hecmayionaphoi 2-euMipHOi nomenyianrbHol meuii, Ha OCHOGI AKoI bydyemuvcs
MoOdenb 2enepayii 36YKy aepoOUHAMINHO20 NOXO0O0JCeHHsi aonami pomopa ecenikonmepa.Hasedeno
NPUKAAOU PO38 SA3aHHS 3a0ayi 01 3-6UMIPHOI NOmeHYIanbHoi Hecmayionaproi meuii. J{nsi Kod#cHOL 3
nepeniveHux — 3a0a¥ NPONOHYEMbCA GIACHA KiHYego-pisHuyesa cxema. Lfi cxemu cymmego
BIOPI3HAIOMbCSE 00HA 610 00HOI. Omoice €OUHOL KIHYEBO-PIZHUYEB0T cXxemu 0 036 SI3aHHS 3a0ay
aKycmuku pomopa eenikonmepa (akxmuyHo He IcHysano 0o Hedaguix nip. Lle yckiaouogano
npaKkmuyHe 3ACMOCYBAHHA BKA3AHUX CXeM, OCKIIbKU Ni0 4ac po38 a3aHHA KOHKPEemHOI 3a0auyi
MOJICIUBA peanizayis pisHUX munie meuii, wo nompeodye noCMiuHoi 3MiHU PO3PAXYHKOBO20 WAOIOHY.
Bupiwennsi danoi npobaemu 60anoch 00cCseHymu 3a608KU GUKOPUCHAHHIO YUCETbHO-AHATITMUYHO20
memody. Yucenvho-ananimuynuii  Memoo, po3poOieHull  agmopom O0aHoi pobomu, noKa3as
CIPOMOICHICb PO38 A3Y8amu 3a0a4i aepoaxyCmuKy Jonami eeiikonmepa OJisi PI3HUX Munie meuii, sik
nomeHyianbHux max i He nomenyiarbHux. B pobomi nasoosamvcs npuxiaou po3e’s3anHs nooioHux
3a0a4, GUKOHAHO AHANI3 3ACMOCYBAHHS YUCETbHO-AHATNIMUYHO20 MemOoOy, NOPIGHAHHS 3 ICHYIOUUMU
KiHYeBo-pisHuyesumu cxemamu. 30Kpema, npeocmagieHi po3paxyHKosi wabIOHU 3ACOCYBAHMHS
Memody 0na  2-8umipnoi cmayioHapHoi meuii, 3-eumipnoi HecmayionapHoi meuii, NOSACHeHA
cneyughixa eubopy KitbKOCmi MOYOK Y PO3PAXYHKOSIU MONeKyni. B 3anexcnocmi 6i0 ocobiueocmi
KOHKpemHoi 3a0aui, KilbKiCmb mMOo40K PO3PAXYHKOBOI CIMKU MOiCe 8aPilO8AMIUCY 5K Y3008HC POZMAXY,
maxk i nonepex nonami. e dae 3mo2y HaraUMOBY8AMU YUCETLHO-AHANIMUYHUL MEMOO Ni0 KOJCHY 3
3a0ay, wjo po3e’szyemvcs. llpu ybomy euxomyemvcs cmilKuil po3paxyHox, a 30IJCHICMb Memooy
Wopaszy BUKOHYEMbCS ABMOMAMUYHO HA NIOcmasi i0ei camozo YucerbHO-AHANIMUYHO20 Memooy.
Pospobnenuii asmopom memood 0036015€ GUKOHYBAMU HUCETbHUL PO3PAXYHOK WYMY pomopa
eenixonmepa 05 PI3HUX PENCUMIB 1020 pobomu.

Mema cmammi. Memoio danoi pobomu € aHAi3 ICHYIOUUX YUCETLHUX CXEM PO3PAXYHKY ULYMY
aepoOUHAMIYHO20 NOXOONHCEHHS pomopa cellikonmepd.

Memoou oocnioxcennsn. Teopemuunuii AHANI3 ICHYIOYUX YUCETLHUX CXEM.

Pe3ynomamu  docniodcennsn. Busisneno eiocymuicmes €0UHO20 HUCETbHO2O NIOX00Y 00
PO38’A3aHHA 3004y 2eHepayii wymy aepoOUHAMIYHO20 NOXOONICEHHs pomopa 2eiikonmepa. Y axocmi
038 s13aHHs 0AHOT NPOOAEMU NPONOHYEMBCSL HUCETLHO-AHATIMUYHUL MeMOO, PO3POOIeHUL A8MOPOM
odawnoi pobomu.

Bucnoexu.

YV oaniti pobomi suxonano 00CaiOHCceHHs MemOOI8 YUCETbHO20 PO3PAXYHKY ONUNICHLO2O 36YKOB020 NOJIS
eenikonmepa, KOmMpi GUKOPUCMOBYIOMbC Osl  PISHUX  (DISUMHUX MoOOeell. NOMEHYIAIbHA medis ma He
nomenyianbHa meyis.
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Iposedenuil ananiz noxkaszas, wjo €0UHO20 Memooy, KiHYe8O-pI3HUYe8oi cxemu, O/ PISHUX Mooeael
meyii 00 cux nip He 6y10: KOJCHA 3 HABCOEHUX YUCETbHUX CXeM PO36 SA3V8ald UuLe Ne6Hy 3a0ayy.

Toxazano, wo uucerbHO-AHANIMUYHUL MemoO 30ameH po36’sa3yeamu 3a0aui 2eHepayii  uiymy
eenikonmepa OJisL Pi3HUX Munie meuii, IK NOMEHYIAIbHOL, maK i He nomenyianvhol. I ocobnusicms memooy
00360J1€ BUKOPUCIMOBYBAMU U020 OISl PIZHUX 3A0ad 3 MOOEIIOBAHHS ULYMY AePOOUHAMINHO20 NOXOONCEHHSL.

Knrouoei cnoea: wym pomopa ecenikonmepa, HUCeivbHi Memoou, YUCENbHO-AHATIMUYHULL
Memoo.
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PO3POBKA BEB-OPIEHTOBAHOI'O IHCTPYMEHTAJIBHOI'O CEPEJOBHUIIIA
JJIsA KEPYBAHHSA PO3KJIA/IOM 3AHATDH

YV oawii cmammi npedcmagneno pospoOKy  6e6-0pieHmMO8AH020  IHCIMPYMEHMATbHOZO0
cepedosuya 015 eeKmuUBHO20 Kepy8ants po3KIaA0OM 3aHAMb 8 HABYATbHUX 3aKAA0ax. 3pOoCmanis
KIMbKOCMI V4HI6 Ma 6UKIAOAYI6 V CYHACHUX OCGIMHIX YCMAHOBAX CMASUMb Neped KepieHUYmMeoM
BUKIUK 8 eheKmMUHOMY NIAHYEAHHI MA VHUKHEHHI KOHQIIKMIE y epagiky HAGYATbHUX 3AHAMD.
Ipoepamuuil incmpymenm, wo NPONOHYEMbCS, HAOAE 3PYYHUL IHmepghelic Ons CKAAOAHHSA Ma
OHOGAEHHS PO3KIAOY, 00360IAIOUU BPAXOBYEAMNU DIZHOMAHIMHI 0OMEIICEHHS, HAABHICMb PI3HUX 2pYN
cmydenmis, uxnaoavie ma ayoumopii. Ilpusnauenuil iHCmpyMeHm O0OnoMazac asmomamuszyeamu
npoyec NIAHY8AHHA, 3a0e3neyye OnMmuUMaibHe pPO3NOOLNEHHA pecypcié ma O0NnOMa2a€e YHUKHYMU
NOMUJIOK, WO MOXCYMb GUHUKAMU NPU CKAAOAHHI pO3K1ady 6pyuHy. Pesynemamu excnepumenmis
niOMBEPONCYIOMyb epeKMUBHICG 3aNPONOHOBAHO20 THCINPYMEHNTY ma nepedaz UKOPUCAHHS 6e0-
MEXHOA02TU 0151 KEPYBAHHSL POZKAAOOM HABUATLHUX 3AHMb.

Knrouoei cnoea: posxnad, aemomamuyna 2eHepayis pos3kiady, 2eHeMmuyHull alcopumm, 6eo-
000amox.
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Beryn

CyuacHi HaBualbHI 3aKJaJy CTHKAIOTHCS 3 IJ00albHOIO MPOOJIEMOIO YIPaBIIIHHS Ta
aBTOMAaTU30BAHOTO CTBOPEHHS PO3KIAaJy HABUAJbHUX 3aHATH. 3apa3 KUIbKICTh Y4YHIB Ta
BHUKJIQ/IaYiB IIBUJKO 3pOCTA€, MO MPU3BOJAUTH O 3OUIBIICHHS 3YCHJIb, HEOOXITHUX IS
CTBOPEHHSI PO3KJIaAy, KU 3a/I0BOJIbBHUTH BCIX YYAaCHUKIB HaBYAJILHOI'O MPOILECY 1 YHUKHE
koH(pmikTiB. Hepiaki cuTyauii, KoJu OJHOTO BUKJaJadya MpPU3HAYAIOTh HA 3aHATTS B JBOX
PI3HUX ayAUTOPIAX OJHOYACHO, MPU3BOJAATH 0 IMOCIIXY Ta BUIIPABJIEHb, 10 BXKE Ha eTarli
[IPOBEJICHHS 3aHATh MOKE CIPUYMHUTU Mpodiaemu. Tomy MallOyTHE yrpaBiiHHS PO3KIaJaMu
HaJIeKUTh BeO-I0AaTKaM, SIKI JOMOMOXYTh YKjajJadaMm po3KJIaay 3€KOHOMUTHU dYac Ta
YHUKHYTH TPyOMX TOMMJIOK, MOMIOHMX 3ramaniii. Taki BeO-momaTku OyAayTh HE TUIBKH
3pyYHUM IHCTPYMEHTOM JUIsl IUIAHYBaHHS HABUAJIbHOIO TMPOLECY, aje i JIONOMOXKYTh
MIBUIIATA HOro e(EeKTHBHICTh Ta OpraHi30BaHICTh, 3a0e3Meuyroyd 3py4YHUH Ta
ONTUMAJILHUI PO3KJIaJ JUIsl BCIX YYACHUKIB.

Mera crarri — NpOBIBIIM aHAJI3 AHAIOTIYHUX JOJATKIB PO3POOUTH apXITEKTypy Ta
CTBOPUTU BEO-OpIEHTOBAHE IHCTPYMEHTAJIbHE CEPENOBUIIE JUIsI KEPYBAHHS DPO3KIAIOM
3aHSITh.

IIpakTHyHe 3HA4YeHHsI OJep:KaHMX pe3yJbTaTiB. JlogaTok po3polieHuil y Xoi
HaIMCaHHS CTaTTI MO’KHA BUKOPUCTOBYBATH JIJIsl KEPYBAHHSI PO3KJIAJ0OM 3aHSTh Y HABUAJIbHUX
3aKJIa1ax.

Buknan ocHoBHOro marepiany
1. Konuenuisi 1oaaTKy Ta orjsiji npeaMeTHoi odacTi
1.1 Orasia Be0-10AaTKIB CX0K01 TeMATHKH
VY cdepi reneparii po3kiIaAiB HaBYAIBHUX 3aHATH ICHYE 3HAYHA KUIBKICTH MPOTpaM,
npoTe OUIBIIICTh 3 HUX € IUIATHUMHU. Y LbOMY PO3AUIL MU PO3IJISHEMO O€3KOIITOBHI
anpTepHatuBy, 30kpeMa FET, Timetable-Plus Spring Lite Ta College Schedule Maker.
FET € OGe3KoIITOBHUM MpOrpaMHUM 3a0€3leUeHHSM, NpU3HAuYE€HUM MJis TeHeparlii
pPO3KIaAIB y LIKOJAaxX Ta YyHIBepcuTeTax. BiH BHUKOPUCTOBYE IIBUAKUI Ta €QEeKTUBHUI
QITOPUTM JIJIsl CKJIaJJaHHs PO3KJIaiiB, 1 MOXKe BHUPIIIYBATH CKJIAJHI 3a/1a4l 3a Jy»X,e KOPOTKUMI
yac - BiA 5 10 20 XBWIMH. Y MNpOCTILIMX BMIAJKax LIed Ipolec MOXKe 3aiiMaTH MEHIIEe 5
XBWJIMH, a 1HOJII HaBITh BCHOTO JEKUIbKA CEKYHI. AJie Ul Iy)Ke CKIAIHUX 3a7ad, MOXE
3HAJI0OUTUCH KUIbKA TOJUH.
OcHosHi nepeBaru FET Bki1touaroTs:
— Iupoxwuit BUOIp JOKaI3aIliii, BKJIIOYAIOUYH YKPAiHCHKY.
— TloBHICTIO aBTOMATHM30BaHUN aNTOPUTM TEHepallii po3KIady, SKUA TPH LBOMY
JI03BOJISIE KOPUT'YBAHHS PE3YJbTATIB BPYUHY.

— Kpocmiardpopmena peanizaimis mnporpamu, 10 O3HAyae, L0 BOHA JOCTYIHA JUIsS
PI3HUX OIEpalifHUX CUCTEM.

— 3reHepoBaHi po3KJaau MokHa ekcriopryBatu y popmaru CSV, XML a6o HTML.

— TlinTpuMKka BeIUKOI KUTBKOCTI MOMJIMBUX YaCOBHX Ta MPOCTOPOBUX OOMEKEHB, 1110
JI03BOJISIE BPaXOBYBATH crieU(IYH1 BUMOTH Ta 0OMEKEHHS JUIs KOXKHOTO PO3KIIany.

[HmMM iHCTpyMeHTOM i reHepalli po3kiany 3aHsTh € Timetable-Plus Spring Lite -
11e OE3KOIITOBHE MPOrpaMHe 3a0e3IeUeHHs, SIKe JO3BOJISIE CTBOPIOBATH PO3KJIAIU 3aHATH 0e3
KOH(DIIKTIB MK pecypcamu. Llell iHCTpyMEHT BOJIOJIIE€ THYYKICTIO BXIJHUX JaHUX Ta HAJa€
YHCJIEHHI HaJlalITYBaHHs OOMEXEeHb PecypciB, 11O JO3BOJIIE T€HEPYBATU PO3KIATN SIK IS
3BUYAMHHUX LKL, TaK 1 JUIsl KOJIEJDKIB 1 YHIBEPCUTETIB.
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View students timetable

Primer Afio G101 G102 Automatic Subgroup  Leck/unlock
Segundo Afo G102
Tercer Ano G103 Time Space
Both
Help Close
G102 Automatic Subgroup Details
Lunes Martes Miércoles Jueves Viemnes Sabado | | Activity:
PHCCU C PP1 L ALC M2 C ,I:c;jtlp -
08:00 Diamiry Sofiora Barbaro Emesto -X- Dura [ionyzz
A2 — ;‘2 — A2 A2 Teacher=Sofiora
MD C PP1L M2 C P1L Subject=PP1
09:45 Adrian Sofora Emesto Peia -X- Activity tag=L
A2 L2 ) A2 L1 Students=G102
M2 C P1C CASIE C ALC MD C Students=G304
11:30 Emesto Pefia Richard Barbaro Adrian * Total number of
A2 A2 A2 A2 A2 studerits=0
13:30 -X- -X- K= -X- A= Room: L2
DN C P1C DN C
15:15 Arturo Pena Arturo 3
A2 A2 A2
FEU C
17:00 ot -
[ >

Puc 1. 3aransuuii Burmnsg 3actocynky FET

Conglraints Tree | Batch Grouping ‘Cuursestis{ Rooms Lt | Lecturers it | Generl

| Y ]
No | Code | Course Name _Section | Room Type Lecturer (Class Size Opss Duston | Slat
1 CBB1013 Principle of Accounting 1 Tutorial Room Sharfah Faeziah 40 ZHOM - |
2 CBB1023 Principle of Microeconomics 1 Tutorial Room Sharfah Faezish 40 2ZHOM v |
3 CBB2013 Statistical Methods 1 Tutorial Room Sharon Natasha Pious 40 2HOM k |
4 CBM&023 Management of IT Resources 1 Tutonial Room Gurvinder Kaur a/p Gurehar... 40 2HOM 238 |
5 CEM&033 IT & Business process Reengineeing 1 Tutoral Room Wan Raihanah Hashim 40 2HOM ol I
6 CEB1014 Programming Principles & Technique 1 Tutorial Room Au Yong Geok Lian 40 2HOM 51 |
1lab Computer Lab Au Yong Geok Lian 40 ZHOM 62 |
7 CEB1114 Algorthms & Data Structures 1 Titoral Room Adling Shakh Awadz 40 ZHOM 120 |
1Llab Computer Lab Azlina Shakh Awad: 40 2HOM - |
8 CEB2104 Systems Analysis & Design 1 Tutonal Room Bokkasam Sasidhar 40 2HOM 151 |
9 CEB2114 Object Oriented Programming 1 Tutorial Room John Smith 40 2HOM 108 |
1lab Computer Lab John Smith 40 ZHOM 13 |
10 CEB3014 Human Computer Inferaction 1 Tutorial Room Gurvinder Kaur a/p Gurchar.., 40 2ZHOM 125
n CEB3124 Software Engineering for IS 1 Tutorial Room Harita Sarsh Saad 40 2ZHOM 62 |
12 CEB4124 Software Project Management 1 Tutosial Room Ramana Raialingam 40 2HOM 1 |
13 CEB4134 Software Quality 1 Tutorial Room Chong Kim Loy 40 2HOM 1) |
Ll D toal Hoom Sofiz 4 2 F.

Constraints Tree | Batch Grouping | Courses List | Rooms List |Leduershst Genesal

€|8|=[ ol
o | Lecturer Name | Subject Taught | Section | Time | Verue | Workdoad |
1 Au Yong Geok Lian CEB1014 - Frogramming Principles 4 T... 1 Thursday: 08:30 AM - 10:30 AM TR3 2HOM |
CEB1014 - Programming Principles 4 T...  1Lab Thursday: 10:30 AM - 12:30 PM LAB2 2ZHOM |
CEM5023 - Systems Analysis and Design 1 Saturday: 08:30 AM - 10:30 AM CGS52 2HOM |
CNMB5023 - Computer Networking 1 Saturday: 01:30 PM - 03:30 PM CGS2 ZHOM |
Total BHOM |
2 Adina Shakh Awadz CEB1114 - Mlgorithms & Data Stuctures 1 Tuesday: 08:30 AM - 10:30 AM TR4 ZHOM |
CEB1114 - Algorithms & Data Structures 1 Lab Tuesday: 10:30 AM - 12:30 PM LAB1 ZHOM |
CSB3043 - Principles of Arficial Intefig... 1 Thursday: 01:30 PM - 03:30 PM TR1 2HOM |
Total 6HOM |
3 Bokkasam Sasidhar CEB2104 - Systems Analysis 4 Design 1 Friday: 08:30 AM - 10:30 AM TRE 2HOM |
CNB1014 - Computer Systems & Organi... 1 Tuesday: 01:30 PM - 03:30 FM TRS ZHOM |
Total 4HOM |
4 Chang Kim Loy CEB4134 - Software Qualty 1 Thursday: 10:30 AM - 12:30 PM TR4 ZHOM |
CNB1024 - Discrete Mathematics 1 Menday: 01:30 PM - 03:30 PM TRS 2HOM |

:

Puc 2. 3aransauii Burisg 3acrocynky Timetable Plus Spring Lite

OcHoBaEME ocobmBocTssMu Timetable-Plus Spring Lite €:
— BigcytHicTh 00MEXeHb Ha po3Mip 0a3u JaHWUX Ta BXIIHUX JAHUX, 110 POOHWTH HOTO JTyKe
THYYKHM 1 3JaTHUM TIPAIIOBATH 3 BEIIMKUMU 00csATaMu iHdOopMaIrii.
— Bukopucranss iepapxii Ipu BBEIEHHI JaHUX Ta OOMEXEHb, 10 JI03BOJISIE CTPYKTYPYBaTH
iHpopMaIIito 3a 0ATPKIBCBKUMU Ta JTOYIPHIMH €JIEMEHTaMHU.
— Benmka KUTBKICTh HaJamTyBaHb Il OOMEXEHb IO pecypcax, IO JO03BOJSE TOYHO
BHU3HAYATH NTAPAMETPH PO3KIATY.
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— MOXJIUBICTh PYYHOTO JIO3aIIOBHEHHSI PO3KJIAy IIiCIIA T€Hepallii, 110 J103BOJIsIE BULIPABUTH
npi0OH1 HeoTikK abo BpaxyBaTu crienudiyH1 HoTpedu.

— ['myuxi HanamTyBaHHS Uil APYKY PO3KIAJiB, IO J03BOJIAE BUOpATH ONTUMAIbHUM
¢dbopmar BuBesIeHHS 1HQOpMaIii.

— [Iporpama nmpusHaueHa il BUKOPUCTAHHS JIMILE OJJTHUM KOPUCTYBayeM, 110 poOUTH Horo
3pYyYHUM 1 €PEKTUBHUM IHCTPYMEHTOM JUISl IHAUBIIYaIbHOTO BUKOPHUCTAHHS.

[HmmM iHcTpyMeHnToM Juts reHepanii poskiany € College Schedule Maker, sikuii € BeO-
nonatkoM. College Schedule Maker mae npoctuii ¢yHKIIOHAT, IKUH JO3BOJIIE CTBOPIOBATU
PO3KJIaJl HA THOKJICHb JUTSl IIKUT Ta KOJIE/DKIB. BIMMIHHICTIO IIbOTO J0JaTKA BiJ MOMEPEIHIX €
HOoro BeO-OPIEHTOBAHICTh Ta BIACYTHICTh aBTOMATHYHOI reHepallli po3Kiaay, KOpUCTyBau
CaMOCTIITHO BHOCHUTH 3aHSITTSI.

OCHOBHI MOKIMBOCTI JAaHOTO JOJATKA BKIIOYAIOTh:

— Jlpyk po3kiamy, IO J03BOJIIE 3pY4HO MaTeplaii3yBaTH PO3KIA] Ta BUKOPHUCTOBYBATH
Horo odmaiin.

— MOXIUBICTh  CTBOPEHHS  HEOOMEXKEHOI  KUIBKOCTI  PO3KIJaiB, M0  JI03BOJISIE
BUKOPHUCTOBYBATH JI0JATOK JUIsl PI3HUX HaBYAJIbHUX 3aKJIAIB YU ME€PIOJIIB.

— 30epexeHHs PO3KIIAay Y SKOCTI 300pasKeHHS, 110 TI03BOJISE 3PYYHO JUTUTUCS PO3KIAJOM 3
IHIIMMH KOPUCTYBadaMH a0o JPyKyBaTHu Horo y 3py4HoMmy ¢opmari.

— Immopr Ta excnopt po3kiany, 1O J03BOJISE JIETKO MEPEeMIIyBaTH PO3KIA] MDK PI3HUMU
MPUCTPOSIMU 200 MporpamMaMH, a TaKOK JUTUTUCS PO3KIAJIOM 3 IHIIUMU KOPUCTyBauyaMHu.

m Schedule Title {:@i} Settings

4 3
Monday Tuesday Wednesday Thursday Friday
Addten 11:00AM
_ 11:30AM
f Editltem
12:00PM
Delete Item 12:30PM
1:00PM
@ Save Image
1:30PM
o "
P Print 2:00PM
2:30PM
@ Export
3:00PM
Import 3:30PM
4:00PM
Fizis
@ New Schedule
4:30PM
5:00PM
& J

Puc 3. 3aransuuit Burnsag nogatka College Schedule Maker

1.2 Onuc koHuenuii Bed-10aaTKY

Metoro po3poGiieHoro BeO-10/1aTKa € MaKCUMallbHa CIPOLIEHHS MPOIECY CTBOPEHHS
PO3KJIaay 3aHATh Ta €KOHOMIS Yacy JUlsl aIMIHICTPATOpIB, SIK1 3a3BUYall CTBOPIOIOTH PO3KIIAAN
BpyuHy. [l1s1 nOCSTHEHHs L€l METH BUKOPHUCTOBYETHCS T€HETHMUHUU anroputwm|l,2], mo
3a0e3medye aBTOMATHYHY TEeHEpaIito po3kianiB. Beb-opieHTOBaHICTh JOJaTKa J103BOJISE
aJMIHICTpaTopaM JIETKO MOJUIMTHCA CTBOPEHHMM PO3KJIaJ0M 3 KOPHCTyBauyaMu, SIK1 IPOCTO
MaroTh aBTOPU3YBATHUCS B CUCTEMI JUIsL TOCTYIY IO aKTYaJIbHOTO PO3KJIaay 3aHSTh.

B cucremi BuAUISAIOTBCA J1Ba THUINM KOPUCTYBauiB: aJMIHICTPaTOpH Ta 3BUYaAHI
KOpHUCTyBaul. AJIMIHICTpaTopaMm JOCTYIHUN NOBHUHM (YHKIIIOHANT CHUCTEMH, 30KpeMa, BOHU
MOXYTh peJaryBaTu Ta BUJAJISTH aKaJeMIdH1 TPYNH Ta BUKJIaJauiB, CTBOPIOBATU BXIJHI JaHi,
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reHepyBaTH, MeperiasgaTi Ta BUJAISITH PO3KJIaJ1, HAJalllTOBYBaTH MapaMeTpH T'€HETUYHOTO
QITOPUTMY Ta OOMpaTH aKTUBHUM PO3KJIIAI.

3BUYAlHI KOPUCTYBadl MAlOTh JIMIIE IOCTYN [0 MEPerisiay MOTOYHOTO PO3KIIALTY,
3a0e3neuyroun CHUHXPOHI3allil0 MDK yciMa KopucTyBauaMu cucreMu. HagmipHuii momyk He
noTpiOeH, OCKUIBLKH BCs 1HGOPMAIIS PO PO3KIIA]] 3HAXOJUTHCA B OJHOMY MICII, 110 POOUTH
HOro 3py4HHM Y BUKOPHCTAHHI.

OxpiM TOrO, BEJTUKY yBary NpuUI€HO MOKJIMBOCTI TOBTOPHOTO BUKOPUCTAHHS BXITHUX
JAHUX, 110 JO3BOJIAE aMIHICTpaTOpaM HIBUIKO CTBOPIOBATH HOBI PO3KJIaJ1, BHECEHHSIM 3MIH
70 ICHYIOUMX JAaHMX, a HE MOBTOPHUM BBOJOM Bciei iHpopmanii. Takuil miaxia MiHIMI3Yye
3aTpaTH yacy Ha IeHepallilo HOBUX PO3KIaIIB.

OcCTaHHBOIO BAXJIMBOIO OCOOJIMBICTIO J0JAaTKa € WOro MpOCTOTa Ta IHTYITUBHICTD.
3aBAsKU HaBiraliiHINA MaHendi, SiKka MICTUTh BC1 MOXJIMBI IUIAXH B J0JAaTKy, KOPUCTyBayam
JIETKO OPIEHTYBATHUCA Ta HE 3aryoutucs cepel GyHKIIH IporpamMu.

2. Po3po0ka Be0-101aTKY Ta BUKOPHCTAHI TeXHOJIOTil

VY mpoueci CTBOPEHHS CEpPBEPHOI YaCTMHM J0JATKy OYyJ0 BUKOPHUCTAHO HACTYIHI
TEXHOJIOT1i: B AKOCT1 (ppeiiMBopKy [uist web APl wactunu OyB Buxkopuctanuii .NET 6 moBu
nporpamyBanHsi C#, 3a 0a3y manux Oysno oOpaHo PostgreSQL. ¥V kiieHTChKIN 9acTuHI Oyiu
BUKOpHCTaHi 6161i0Texu React Ta Material Ul moBu JavaScript.

2.1 .NET
NET € 6e3k01TOBHOI0 KpOC-IUIaT(HOPMEHOIO IPOrPaMHOI0 MIATPOPMOIO 3 BIIKPUTUM
KOJIOM, TMPU3HAYEHOI JJIs PO3POOKM PISHOMAHITHUX 3aCTOCYHKIB. BoHa moOynoBaHa Ha
OCHOB1 BHCOKOIIPOJYKTUBHOTO CEpEJOBUIIA BUKOHAHHSA, SIKE€ YCHIIIHO 3aCTOCOBYEThCS B
0araTbOX BEJTUKHUX MacIITaOOBaHUX MpoeKTax [3].
3a pe3yapTaTaMH ONUTYBAHHS CEpell YKpPaiHChbKUX po3poOHHMKIB y 2022 pomi, MoBa
nporpamyBaHHsi C# 3ailiMae Jpyre Miclie 3a HOMYJSPHICTIO B KOMEPUIHHUX MPOEKTaxX,
nocrynarunch jgumie JavaScript. Y po3po0ii back-end nonatkis C# 3aitmae tpete micue [4].
[NonmoBHuit koHKYpeHT C# - MOBa MpoTrpaMyBaHHs Java.
OcnoBHi nepeBarn C# ta .NET, mo crpusium ix BuOOpYy mis po3poOKH CHUCTEMU
reHeparlii Ta KepyBaHHS PO3KJIaJOM, BKJIIOUAOTh:
— Buxopucranns Language Integrated Query (LINQ) - mpocTtoi Ta BUCOKOpPIBHEBOI MOBU
3amuTIB J0 JDKEpelia JaHuX, 1o iHTerpoBana B C# [5].
— Buxopucranns auto-properties Ta 3py4HOro CHHTaKcucy, Hampukiaj, null-conditional
OTIEPATOPIB.
— IIpocra Ta 3po3ymuia MOAEIb aCHHXPOHHOTO IIPOTPaMyBaHHS.
— Benuka KUIbKICTh CTOPOHHIX IMAKETIB, 30KpEeMa, MOKJIMBICTbh BUKOPHUCTAHHS MEHEIkKepa
nakeriB NuGet.
3 MeTo10 00’ €KTUBHOCTI BapTO TAaKOXK 3a3HAYMTH ekl Hepodiku .NET:
— JIT xoMminsiis MOKe MPHU3BOAUTH 10 "MiABHCAHB" TPH MEPIIOMY 3aIMyCKy I0JaTKY,
OCKUIbKH BOHA B1I0YBA€ThCS M1 Yac poOOTH poTrpamu.
— BinHocHO npocTa MOXKIUBICTH NEKOMIUIALIT KOy, yepe3 Bukopuctanus JIT komnismii.
— CKJIagHICTh CTPYKTYpPH .CSproj (aiiiis.

2.2 PostgreSQL
PostgreSQL € moTy»XHOI0 CHCTEMOIO KEPYBaHHS 00’ EKTHO-PEISAIINHUMH 0a3aMH JaHUX
3 BIIKpUTUM KOoJ1I0M. BoHa po3muproe MmoBy 3anuTiB SQL Ta mpomnoHye 6arato MOKJIUBOCTEH,
SIK1 TO3BOJIAIOTH O€31eYHO 30epiraty Ta MacmTadyBaTu HAMOUTBIN CKIIAgHI 00’ €eMH TaHuX [6].
[TouatkoBO mpu po3poOIi CUCTEeMH IS KepyBaHHS Ta TEHeparlil po3KiIany, IUIaHYBalIOCh
BHKOPUCTOBYBATH HEpeIIIiiHy 0a3y nanux. [IpoTe, 3ro0M BUSBHIIOCS, IO 3 ypaxyBaHHIM
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apXITEKTYpH MPOTPAMHOTO MPOIYKTYy, TaKWW MiAXia Oyae CKIAgHO peai3yBaTH, OCKUIBKH
OupIIa yacTUHA O0’€KTIB y 0a3i JaHUX MalTh MDK c00010 3B’s3KU. Tomy Oyno NMpHIHATO
pIIICHHS 3aMIHUTU HepelsaLiiny 0a3zy nanux Ha PostgreSQL.
OcnosHi niepeBaru PostgreSQL BKII0YaIOTh:
— BinkpuTuii ko.
— Bucoka cymicHicTs 13 crangaprom SQL.
— MoXuBICTh pOOOTH 31 CKIaJIHUMU TUIIAMU JTaHUX.
— ['Hy4Kuil TOBHOTEKCTOBHM ITONIYK.
— [ligTpuMka BenuKOi KIJIBKOCTI MOB IPOrpaMyBaHHS.
— KpocmardopmeHicTs.
Cepen nenonikiB PostgreSQL mMoxHa BUIUTHTH:
— [lopiBHSIHO HU3bKA MIBUJKICTh YUTAHHA JaHUX (TOpiBHSAHO 3 MySQL).
— Jlesiki 3aCTOCYHKHM 3 BIAKPUTUM KOJOM MOXKYyThb HiaTpumyBatu jume MySQL, ane He
nigrpumysatu PostgreSQL.
— Posmupena qokymeHTarlist 10CTyIHa JIMIIE aHTJHCHKOI0 MOBOIO.

2.3 React
React - e OeskomToBHa GpoHTeHA-010110Teka MOBU JavaScript 3 BIAKPUTUM KOJOM,
sKa MpU3HAa4YeHa JUIsl CTBOPEHHSI KOPUCTYBAalbKUX 1HTepdeiiciB Ha ocHOBl Ul xoMnoHeHTIB
[7].
Cepen mo3utuBHUX 0cOOIMBOCTEN React MO)KHA BII3HAYUTH HACTYITHE:
— React onosmtoe nume T1i yactuHu DOM Opaysepa, cTaH SKUX 3MIHUBCS, 3aBISKU
BUKOPHUCTAaHHIO BipTyaabHOro DOM.
— Bukopucranns JSX s HanmucanHs React-KOMIOHEHTIB, IO CHPOIIyE KOJ Ta HaJa€e
CUHTaKCUYHUN LIYKOP AJIs1 HIBUALIOT PO3POOKH.
— Buxopucranns oO'exkta props s mepefadil JaHUX Bl OaTbKIBCHKOTO A0 JOYIPHBOTO
KOMITOHEHTA Ta MOJii /111 3BOPOTHOI Iepeiadl TaHuX.
— MOoXJIUBICTh EPEBUKOPUCTaHHS React-KOMIIOHEHTIB.
OnHak € TakoXK JIesIKl Hemouika React:
— React-koMMoOHEHTH MICTATh SK TPEACTABJICHHS, TaK 1 JIOTIKY, IO MOXX€ CTBOPIOBATH
poOJIeMH MPU YUTAHHI Ta PO3YMIHHI KOY.
— BigcyTHIiCTh NIATPUMKU JIESKOTO KIHOYOBOTO (DyHKLIOHANTY A (PPOHTEH]y, TaKOro SK
poytusr tTa HTTP 3anutu, mo notpedye migkat04eHHs] CTOPOHHIX 010110TeK.
— 3acTtocyHKHM Ha OCHOBI React yacTo BHUMararoTh BEIMKY KUIBKICTb CTOPOHHIX 010110TeK,
10 MOK€ MPU3BOAUTHU 10 KOH(IIKTIB MK React Ta numu 610110TeKaMH.

2.4 Material Ul

Material Ul - ne 0i6mioTexka React KOMIOHEHTIB 3 BIAKPUTHM KOJIOM, SIKa IPOIOHYE
peanizamiro gu3aiiHy Material Design Bim Google. Bona wictuth TOTOBHIT HaOIp
KOMIIOHEHTIB, $IKI MOXYTb OyTH BHUKOpHUcTaHl "3 kopoOku" [8]. Buxopucranus miei
010:110TeKH [J03BOJISIE YHUKHYTHM pPy4HOi po3MiTku 3 BuKopuctanHsM CSS ta HTML,
JO3BOJISIFOUM  PO3POOHUKAM 30CEPEAUTHCh Ha OI13HEC-JIOTIIl CBOIX 3aCTOCYHKIB. 3aBISKH
BEJIMKOMY pO3MaiTTI0 KoMmnoHeHTiB, Material Ul BinnmoBimae TunoBum norpedam (GpoHTEHA
po3poonukiB. Kommonentu Material Ul monuneni Ha kaTteropii, Taki sSIK BBEJICHHS JIaHMHX,
B1I0OOpaXeHHsI JaHUX, 3aCO0M 3BOPOTHOTO 3B'A3KY 3 KOPUCTYBAaueM, €JIEMEHTH IOBEPXHI,
€JIEMEHTHU HaBiramii Ta MakeTH. KoxHy 3 IuX KaTeropiil ckiasaioTb KOMIIOHEHTH, SIKI MOYKHA
JIETKO HaJalllTOBYBATH M1l BAMOTM KOHKPETHOTO 3aCTOCYHKY.
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3. Peanizauisi Be0-100aTKY

3.1 Peagizaniss cepBepHOi YaCTHHU

Jst peanizanii iHTepdeiicy 3actocynky Oyno crtBopeHo REST API [9]. Leit migxin
JI03BOJISIE PO3POOIIATH KUIbKa KIIEHTCHKUX JTOJATKIB, SIKI BUKOPUCTOBYIOTH OJHE 1 T€ caMe
API, ockineku REST mpaitoe 3 pecypcamu, a He 3 NpeACTaBIEHHSAMU. B KOHKpeTHOMY
BUIIAJIKY pecypcH, 3 skumu B3aemojie API, Bkmouatote Groups, Lessons, Login, Schedules,
Schedule Inputs, Teachers ta Users.

I'enepartiro posknany 3aiiicatoe meroq POST pecypey /schedules. IIpu BuKimky mporo
METO/1y, KOHTpOJIep OTpUMye id BXITHUX JaHUX, ISl SIKUX TOTPIOHO 3reHepyBaTH po3Kiajl. 3a
JI0TIOMOT010 1IbOTO id 3 06a3u JaHKWX OTPUMYIOTHCS BIAMOBIIHI BX1HI JjaH1 Ta NepearoThCs 10
Metony Solve B kimaci Solver. Came meld MeTo MICTUTH B €001 BCIO JIOTIKY T€HETHMYHOTO
AJIITOPUTMY.

Ha nouartky anroputmy CTBOPIOIOTHCS PO3KJIAIU, B SKUX 3aHATTS BUIAIKOBUM YHMHOM
po3MillieH1 y yaci (aeHp Ta HoMmep napu). IloTiM anroputM nepexoauTh y LUKI, B SKOMY
CIIOYATKy OOUMCIIOIOTHCS 3HAYeHHS (PiTHeC-(QYHKIINA JUIs KOKHOTO €JIEMEHTY HOMYJISLil, 3
ypaxyBaHHsM 1TpadiB. lltpapu BkItoyaroTh Taki Kareropii: mrpad 3a BUIbHI IPOMDKKU
yacy MDK @IapaMu BHKIaJadiB abo rpym, mrpad 3a MHi3HI Hapu, SKi HE BiANOBIAAIOTh
BKa3aHUM IIapaMeTpam, a TakoX MTpad 3a OJHOMAHITHI AUCLUIUIIHU B TPy (SKII0 B OJAUH
JIEHb 3'ABIISIETHCST OUTBINE HDK N 3aHATH 3 OJIHIET JUCHMIUIIHM, € n - mapamerp ¢iTHec-
¢yHk1ii). 3HaueHHs wWTpadiB Ta HapaMeTpH, U0 BU3HAYAIOTh, KOJIM IITpad 3aCTOCOBYETHCH,
MOXKYTb OyTH HaJallITOBaH1 OKPEMO.

Jlani nomyssiisl COpTY€eThCs B MOPSAKY CHAJaHH, 1 SIKIIO eIeMeHT 3 iHaekcoMm 0 mae
3HaueHHs (itHec-QyHKIii 0, 1e o3Hayae, MO0 3HAWJAEHO 1I€albHUM PO3B'SI30K, 1 HOro
MOBEPTalTh. B iHIIOMY BHUMaJAKy B1IOyBaeThcs BiOIp XpOMOCOM: 3 HallKpaliuMm (iTHecoM
oOupatoTbcsi 1/4 momynsiii, 1 3 KOXKHOI XpOMOCOMHM CTBOPIOIOTHCSI TP HOBI MYTOBaHI
XpOMOCOMH, MEPEMIIIYIOUH JIBa BUMAIKOB1 3aHATTA B PO3KIa/L.

[ukn nmponoBxyeTbes abo A0 3aKiHUEHHS 3a/laHOi KUIBKOCTI iTepaniif, abo MOKU He
3HAMACHO 1AC€aIbHUM pO3Kian. SIKIO HUKJI 3aBEpUIMBCS, a 1IeadbHUNA PO3KIaA J0Ci HE
3HalJIeHui, To OyAe MOBepHYTO HaWKpamwuil poskian nomynsuii. Kox anroputmy moskHa
MEPErIsiHYTH B A0JATKy A.

Jiia 6inbmocti pecypeis (3 BunaTkoM Login Ta POST merony Users) noctyn Bumarae
aBTOpU3allii 3 METOI 3amoOiraHHd HE3aKOHHOMY JOCTYIY KOpPHCTYBayiB 330BHI YMOBHOi
KOPHOPaTUBHOI MEPEX1 YHIBEPCUTETY, SIKU BUKOPHUCTOBYE L€l 3aCTOCYHOK JUIsl CKJIaJlaHHs
po3kiany. ABTOpu3allisl 3/IHCHIOETHCS HAa OCHOBI POJICH, 1 B CHUCTEMI ICHYIOTH JABI POJIi:
Admin Ta User. Omepartii, siki KOpUCTyBa4l MOXXYTh BHUKOHYBaTH, PO3JIUICHO Ha IIl POJIL
KopucryBau 3 pomutro Admin mae J0CTym 10 BCIX peCypCiB y CUCTEMI, TOJII SIK KOPUCTYBadi 3
poimto User oOMeXeHI Yy MOMJIMBOCTI Ta MarOTh JIMILE MPaBO MEperjisay HOTOYHOIO
poskmany. Ilpm peectparmii HOBOTO KOpPHUCTyBaua B CHCTEMI 3a 3aMOBUYYBaHHSIM
BCTAHOBJIIOETHCS POk User, 1 B CHCTEMI ICHY€E TUIBKU OJUMH KOPHUCTYBad 3 poutto Admin.

3 mporpamMHOi TOUYKHU 30Dy, aBTOpH3allisl peanizoBaHa 3a gornomorow JWT (JSON Web
Token). JWT - me BimkpuTuil cTaHIapT, KUK 3a0e3leyye KOMMAKTHUM 1 CaMOJOCTaTHIN
MeTton Oe3neuHoi nepeaaul naHux y gopmati JSON mbk ctopoHamu. IHdopmais y TokeHi
MOXxe OyTH mepeBipeHa Ta miarBepkeHa 3aBasaku mianucy [10]. JWT ckmamaerses 3 TphoX
yacTuH: 3arojioBka (header), Bmicty (payload) Ta minnucy (signature). 3arojoBOK 3a3BHYaM
MICTUTh TUIl TOKEHA Ta aJIFOPUTM mianucy. Bmict MicTuth iHdopMaliito, Ky TOKEH TOBUHEH
nepenaBatu. SIk BUIHO 3 puc. 4, Ui TokeHa 3 posuito Admin, sskuii OyB 3reHepoOBaHUM Y
3aCTOCYHKY, BMICT MICTUTh JaHl mpo iM'ds kKopucryBada "admin", #oro ponp "Admin", a
TaKoX 1H(OopMaIlito PO Te, KOJIU TOKEH CTaHe HEJIMCHUM Ta BUJABLS TOKEHY.
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"http://schemas.xmlsoap.org/ws/2005/05/1identity/claims/
name": "admin",

"http://schemas.microsoft.com/ws/20088/66/1dentity/claim

s/role": "Admin'
"exp": 1671115818,
"1ss": "ScheduleSystemIDP",

"aud": "http://localhost:44485/'

Puc 4. Bmict JWT TtokeHna 13 posuito Admin

TokeH y po3po0eHOMY 3aCTOCYHKY T€HEPYETHCA 3a JOTIOMOTOI0 BOYJIOBAaHOTO CEpBICY
TokenService. 3reHepoBaHuil TOKEH AIMCHUN MPOTIroM 2 TOAMH, MICHS YOrO0 KOPUCTYBau
3HOBY IIOBHHEH OyJle aBTOPU3YBaTHUCS JUIsl OTPUMAHHS HOBOTO TOKEHY.

CepBepHa yacTMHA TPOTPAMHOTO NPOIAYKTY MOOYTOBaHA BIAMOBIIHO 10 TPUHIIUIIB
"Yucroi apxitekrypu" [11]. OCHOBHMM MNPUHIMIOM LI€] apXiTEKTYpH € PpPO3JAUICHHS
3aCTOCYHKY Ha YOTHPU OKPEMI IIapH, SIK I0OKAa3aHO Ha PUCYHKY 5.

"The Clean Architecture Cone

Abstract, General, Rarely Change

A

|:| Enterprise Business Rules
|:| Application Business Rules
I:l Interface Adapters

|:| Frameworks & Drivers

Level

Controllers
Gateways Presenters

Devices

Y

Concrete, Specific, Change Frequently

External
Interfaces

Puc 5. Cxema mapiB 3aCTOCYHKY 3 YHCTOI apXITEKTYPOIO

Ha pucynky 5 npezacraBieHi 4OTUPH IIapu YUCTOI apXiTeKTypu. CHHIM O3HAYEHO IL1ap
1HQPACTPYKTYpH, SKUNA BKIIOYa€ KOHKPETHI (pelMBOpKM, JApaiiBepu Ta IHIII TEXHIYHI

25



ISSN 2076-5886 (Print) Cepis «Ilpuxnaona mamemamuxa. Ingpopmamuxay. Bunyck Ne 1.2022

KOMIIOHEHTH. 3€JeHHM IO03HAaYeHWH map ajzantepiB 1HTepQeEiciB, 10 SIKOTO HajeXaTb
KOHTpoJIepH (B TaHOMY 3aCTOCYHKY). UepBonum no3Haueno map "Use Cases", IKHil MICTUTh
cnenudiuny s 3aCTOCYHKY Oi3Hec-yoriky. OcTaHHIM )KOBTUH IIap - 1€ IMap CYTHOCTEH, K1
MIPEJICTaBJISAIOTh 3arajibHi O13HEC-NpaBuiia, HE3AJIEkKH] BiJl KOHKPETHOTO 3aCTOCYHKY 1 Maiixke
HIKOJIM HE 3MIHIOIOTHCA, SIKIIO HE MOTPIOHO OHOBJICHHS IMX Oi3HEc-paBwi. Uum BuUIle
po3TaloBaHuil map, TUM OUIbII a0CTPAKTHUM 1 3araJIbHUM € Horo (yHKIIOHAJ, TOAL SIK YUM
HUKYE - TUM OUThII CHEHU(PIUHUM 1 4aCTO 3MIHHUM.

OpHi€ro 3 YUCICHHUX TIEpPeBar YMCTOI apXITeKTypH € 130Jsmia mapiB. Lle o3Hadae, mo
3MIHU B OJJHOMY IlIapi HE BIIMBAIOTh Ha 1HIII mapu. Hanpuknaza, koyn y BUNaIKy po3poOKu
BUKOPHUCTOBYBAJIaCh HEpelslliiiHa 0a3a 1aHuX, sika cTajia HeoJIIKOM, nepexia Ha PostgreSQL
BiIOyBca 0€3 KOJHUX 3MIH y IIapax KOHTPOJIEPIB, (03 KEHCIB Ta CYTHOCTEH, 3aBISKU
BUKOPUCTAHHIO YHUCTOI apXITEKTYPH.

Ha pucynky 6 3o00paxena crpykrypa mpoekty ScheduleSystem, ne nupekropii
Application, Controllers, Infrastructure Ta Domain BianoBizaioTh pi3HUM Iapam Oi3Hec-
JIOTIKU 3aCTOCYHKY, ajanTepiB iHTepdeiiciB, GppeiMBOpPKIB 1 JpallBepiB, a TaKOXK 3arajibHIi
O13HEeC-JIOTIII 3aCTOCYHKY B1IIOBITHO.

Sk 3a3Ha4eHO y po3AIi 2, it 6a3u qanux Oyno Bukopucrano PostgreSQL. Ctpykrypa
0a3u 1aHuX MpeAcTaBieHa Ha PUCYHKY 7.

Application

ClientApp

Pages

>
>
>
>
>
>
>
>
?
>

Properties

.gitattributes

.gitignore
appsettings.Development,js...
appsettings.json

Program.cs
ScheduleSystem.csproj

ScheduleSystem.sin

Puc 6. Crpykrypa nanok B npoekTi 3actocyHky ScheduleSystem

Tabnuus InputData micTuTh BXigHI JaHl JUId pPO3KIaNy, sIKHH MOTPIOHO 3reHepyBaTH.
Jst 3pyanocti, InputData mae mose 3 HazBoro (Name). Koxxknomy 3ammcy B InputData
BiAmoBigae oauH abo mekuibka 00'ekTiB 3 Tabmumi Lessons. Koxxen o0'ekt 3 Lessons
MIpeJICTaBIs€ BX1IHI JaH1 Il OJHOTO 3aHATTA 1 MICTUTh 1H(OpPMAILI0 PO aKaJAeMIiuHy Tpymy
(tTabmuusa Group), Bukiamada (tabmuis Teacher), mpeamer Tta ayautopiro. [licna reneparii
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po3kiany, Oyae cTBOpeHO HOBHUiA 3anuc y Tadiui Schedule, a Takox 111 KOKHOTO 00'€KTY
Lessons Oyne BCTaHOBJICHO BiANMOBiTHUH 3amuc 3 Tabmuii LessonTime, sxuii BU3HA4Ya€ IeHB
THOKHSI Ta HOMEP TIapH sl TPOBEICHHS 3aHATTS. TakuM YHHOM, 3 OJTHUX 1 THX CaMUX BXIITHUX
JAHUX MOXHA 3reHepyBaTH JAekuibka posknaliB. Tabmuui User Ta Role BUKOpUCTOBYIOThCS
JUId aBTeHTU(IKaILlli Ta aBTOpU3allli KOPUCTYBAYIB.

©
o & schedule o ©
(- schedule == &> schedule <° schedule
Teacher
Group — : | InputData Role
1d uuid T 7 FirstName character varyin 1d vuid o 1d uuid |
f Name character varying g i Mame character varying j Mame character varying
[ Sumame character varying 3
- /
(0]
® & schedule ©
4 — Lessons & schedule
{#> schedule i @ =
P o =] User
= LessonTime Ky // <#» schedule
Id uid & Groupyt ukd > £ schedule aue
BT : — 7 UserName characler varyin
A7 Lessonid uuid e & feacherduid ? Id uuid e g
- 7 Discipline character varyin a - .
T Day integer 3 o 4 1 Mame character varying ] Password character varyin
3 a
Hour integer 2 inputdataid uuid / # Roleld usid

&2 Scheduleld uuid )—IZ g Room integer
//

Puc 7. liarpama BigHOIIEHB 0a3u JaHUX

VY 06a3l JaHMX BUKOPHUCTAHO 30BHILIHI KJIIOYUl Ui 3B'A3KYy MDK OaThbKIBCBKUMHU Ta
JOYIpHIMU TAOIUIIAMH 3 METOI0 MIATPUMKH KacKaaHoro BumaieHHs. lle o3Havae, mo sAKIio
00'ekT y 06aTbKiBChKIM Tabnauil OyB BUAANEHUIN, TO aBTOMAaTUYHO BUAAJIATHCS BCl 3B'3aH1 3
HUM O0'€KTH y JOYIPHIX TaOIHIISX.

3.2 Peanizanisi KJIi€HTCbKOI YACTUHU

KnienTchbka 4acThHa 3aCTOCYHKY 0a3yeTbcs Ha OJHOCTOPIHKOBOMY nonaTtky (SPA) 3
BUKOpUCTaHHAIM React. 3acrocyHok mae pi3Hi nuisixu gocrymy. Illnax /scheduleinputdata
(Bxiagka "BxigH1 maH1" Ha MaHeNi HaBiramii, sIK MOKa3aHO Ha pUC. 8) MICTUTH TAOJHINO IS
KEpyBaHHsI BXIIHUMHU JaHUMHU po3kiaaiB. [Ipu HaTUCKaHHI HAa OJMH 13 PSAAKIB TaOIuUI,
KOpHCTYyBa4 mepexoauTh Ha exkpaH /scheduleinputdata/:id, me Moxe 3MiHIOBaTH 00'€KTH
BXIJTHUX JIaHMX, TaKi K Tpyrna, BUKIAaa4, ayAUTOPIis Ta MPEAMET.

[Ticnst BBeieHHA HEOOXIIHUX BXITHUX JAHUX Ha LbOMY K €KpaHl, KOPUCTYBay MOXKe
3reHepyBaTH pO3KJaJ, HATHUCHYBIIM KHONKY "3reHepyBatu poskian'. JlOCTymHI Takox
nuisaxu /group (Bkiaaka "['pynu" Ha puc. 8) Ta /teacher (Bknaaka "Buxianaui" Ha puc. 8) ans
KEepyBaHHs aKkaJeMIYHUMH IpylaMH Ta BHKIagadamu BignosinHo. Lllnsx /settings (Bkiagka
"HanamtyBanus" Ha puc. §8) 103BOJIsiE KOPUCTYBAUy HajJallITyBaTH MapaMeTpU I€HEeTHYHOTO
AMropuTMy HJs1 TeHepamii poskinany. llepeimoBmm Ha expad /schedule (Bkmanka
"3renepoBaHi po3kiaagu" Ha puc. 8), KOPUCTyBad MOXKE TEPETISHYTH CIHCOK paHilie
3reHepOBAHMUX PO3KIIAMIB i BUOpPATH KOHKPETHHWHA PO3KIIAJI JJIS MEperisiay, HATUCHYBIIA Ha
HbOTO y crucky. [licas nporo BimOymerbes nepexin Ha ekpan /schedule/:id, ne xopuctyBau
MOJKE TICPETIISIHYTH PO3KIIaJ] 3aHATh HAa KOHKPETHUH JICHb.
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Bci Bume3asHaueHi NUISXU JTOCTYIHI KOpUCTyBadam 3 poiumto Admin. Kopucrtysau i3
poiumro User mae gocTyn Jmmie 10 ekpany /schedule, ne BiH Moke meperyisigaTd MOTOYHHMA
po3kiaa. AamiricTpaTop (KopucTyBad i3 posurro Admin) MO)Ke BCTaHOBIIIOBATH, SKHH 13
3reHEPOBAHUX PO3KJIA/IIB € TIOTOYHUM.

= Po3Kknapg 3aHATb BXIOHI JAHI 3TEHEPOBAHI POSKIALA TPYNU BUKNALAYI HATAWTYBAHHSA .

OOOATUK Hassa
BUOANUTU New data from sql

BUDANATU Test new penalty

1-2i32 1

Puc 8. 3aranpuuii BUTIIA KIIIEHTCHKOT YaCTUHUA

st 3mificaenass HTTP-3amuTiB 3 KITi€eHTa Ha CepBep BUKOPHUCTOBYETHCS 0i0JIIOTEKA
Axios. Axios € HTTP kimiertom mst node.js Ta Opay3epa i Ma€ KOPHCHI MOXKJIMBOCTI, TaKi sK
MEPEXOIUICHHST 3allUTIB 3a JIONMIOMOTOK IEpeXOoIuToBadiB. B maHoMy 3acTocyHKy Oyiio
3aCTOCOBAHO TIEPEXOIIIOBAY 3alUTy Ul ITiJICTAHOBKHM 3arojOBKY aBTOpHW3allil, a TaKOX
MEePEeXOIUTIOBaY BIAMOBIII JUIS IEepeHANpPaBICHHS KOPUCTYyBaya Ha CTOPIHKY JIOTIHY, SIKIIO
cepBep noBepHe craryc-koxa 401.

= Po3knajg 3aHATb BXIOHIJAHI 3rEHEPOBAHI POKMALOW TPYNWU BWKNALAHI HANAWTYBAHHA .

3POBUTU MOTOYHUM

‘ CbOrofHI < > 12TPYOHA 2022 P.

Mpyna: 1-MMM Mpyna: 3-B lpyna: 3-A

nH

08:00 - 09:20 08:00 - 08:20

08:30

08:00

08:30

10:00

10:30

Puc 9. 3aransauii Burisa ekpany /schedule/:id, mist kopucryBada i3 pomuro Admin

Jiis BimoOpaXkeHHsI 3reHEPOBAHOTO PO3KJIay BUKOPHUCTOBYBABCS FOTOBHII KOMITOHCHT
DevExtreme React Scheduler. L{eii koMIOHEHT 103BOJISIE BiOOpakaTH JaHi TUTAHYBAIbHUKA
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Ta 3a0e3neuye MOKJIUBICTh KEpyBaHHS PO3KJIAJ0M KOPUCTyBadeM. 3alie)kKHO Bl MOTped
KOPHUCTYBa4a, KOMIIOHEHT MOX€e BiqoOpa)kaTu po3KJiaJ MOJIEHHO, MOTHKHEBO a00 MOMICSYHO
[12]. 3araiibHUi BUTJISLT €KpaHY 3 PO3KIAJOM MOXHA M0OauynuTH Ha puc. 9.

Ha pucynky 9 BuiHO, 1110 po3KJiaj Ha JI€Hb BKJIIOYAE Yac MOYATKy Ta 4ac 3aKIHYCHHS
3aHSTTS, a TAKOXK aKaJIeMIUHY IpyIy, JUIsl sSIKOi IpU3HadeHo naHe 3aHATTA. KopucryBau moxe
BUOUpATHU JaTy, Ha K1 NOTPIOHO NeperysiHyTH po3kiial. [Ipu HaTHCKaHHI Ha KapTKY 3aHATTS
3'ABIISETBCSA JI0JIATKOBA 1HQOpMaILis PO ayauTOpil0 Ta BHUKJIanaya, KWW MPOBOAUTH 1I€
3QHSTTSL.

[leli roTOBMII KOMIIOHEHT CHPOIIY€E BiMOOpa)k€HHsI PO3KJIany Ta 3a0e3neduye 3pydHi
MO>KJIMBOCTI JUI HOTO NEPErJIsiAy Ta IHTEPAKTUBHOI pOOOTH 3 HUM KOPUCTYBAUEM.

BucHoBku

VY crarti Oyno yCHINIHO peali30BaHO KUThbKAa BaXKJIMBHUX ACIHEKTIB, CIPAMOBAHUX Ha
BJIOCKOHAJIEHHS T[€HETUYHOTO0 QJrOpUTMy [UIsi aBTOMATHU30BAHOI TeHepalli po3KiIany
HaBYAJIbHUX 3aHATh. OKpIM 1bOro, Oyia0 po3po0ieHO BeO-OpIEHTOBAHWM JOJATOK, SKUN
J03BOJISIE  3pYyYHO KepyBaTH Ta aAMIHICTpYBaTH PO3KIAN 3aHATh. Hapemti, Oynu
MIPOAHaJI30BaH1 ICHYI0Y1 pIIEHHS AJIs HOAIOHUX MPOOIIEM.

OcHOBHI pe3ynbTaTh, OTPUMaHI TMiJ dYac TMPOBEIEHHS JOCHIIKCHHS, MOJXKHA
y3araJlbHUTU TaKUM YHHOM:

1. Byno po3pobimeno BeOG-momaTok, M0 3a0e3leuye 3pydHe KepyBaHHS Ta
aBTOMAaTHU30BaHy I'€HEPaLlilo PO3KJIay HaBYAJIbHUX 3aHSTh.

2. T'eHeTnuHUN anTOPUTM TeHEpallli po3KiIaay OyJl0 yIOCKOHAJIEHO, IO JJI03BOJIUJIO
3/IIACHIOBATH OUTBLI TOYHY Ta €PEKTUBHY ONTUMI3aLlil0 PO3KJIaly HABUYAJIbHUX 3aHSTh.

I{i mocArHeHHs MPECTABIISIOTh 3HAUHMM MPOrpec y BUPIIIEHH] MpobdieMu TeHepariii
pO3KJIaly Ta PpO3MIUPIOIOTH MOXJIMBOCTI Uil €()EKTUBHOTO YIPaBIiHHSI HaBYAJIbHUM
IIPOLIECOM.
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Summary. Introduction. Modern educational institutions face a global problem of managing
and automating the creation of class schedules. Currently, the number of students and teachers is
rapidly increasing, which leads to an escalation in efforts required to create a schedule that satisfies
all participants in the educational process and avoids conflicts. Situations where one teacher is
assigned to classes in two different classrooms simultaneously are not uncommon, resulting in haste
and adjustments that can cause issues during the actual classes. Therefore, the future of schedule
management lies in web applications that help schedule creators save time and avoid critical errors
such as the one mentioned. Such web applications will not only be a convenient tool for planning the
educational process but also contribute to its efficiency and organization, providing a user-friendly
and optimal schedule for all participants..

Purpose. The aim of the article is to analyze similar application, develop an architecture and
create a web-based tool for managing class schedules.

Results. A web application has been developed, providing convenient management and
automated generation of class schedules. Also, the genetic algorithm for schedule generation has been
improved, enabling more accurate and efficient optimization of class schedules. These achievements
represent significant progress in solving the scheduling problem and expand the possibilities for
effective management of the educational process.

Conclusion. The article successfully implemented several important aspects aimed at improving
the genetic algorithm for automated generation of class schedules. In addition, a web-based
application was developed, which allows convenient management and administration of class
schedules. Finally, existing solutions for similar problems were analyzed.
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_PO3POBKA IPOI'PECUBHUX CTPA]:EFIﬁ I'runy miAXmu
TA IX 3ACTOCYBAHHS ITPU PEAJII3ALII HTAXOBOI'O IBUT'YHA

Y pobomi pozensinymi ancopummu 01 npoepamysants Mooeiei ieop 0715 080X 0CiO 3 HYIbOBOI
cymMoio ma noenoio ingopmayicio. Taxi areopummu Oepymo C6ill NOYAMOK 6 Meopii i2op ma Wupoxo
BUKOPUCMOBYIOMbCA OIS PO3POOKU WUAXOBUX O8USYHIB. 3 PO3ZGUMKOM 2aY3i UAX08020 NPOSPAMYBAHHSL
be3niy 800CKOHANEHbL OY10 3aNPONOHOBAHO O/ KIACUHHUX aneopummie minimax ma alpha-beta.
Buxopucmanms natlbinbus ONMUMATLHO20 CIMEKY 8600CKOHANEHb NI0 4aAC PO3POOKU BIACHO20 OBUSYHA
cmano ooHicio 3 yineu oanoi pooomu. Ilopieusnvuuii ananiz 6y8 6UKOHAHUL ma 8i0n0sioHi maobauyi
HagedeHi 6 pobomi. Pizui xombinayii aneopummie ma ix 600CKOHANEHb OUNY NPOMECMOBAHi Y
BACHOMY cepedo8uyi npedcmasieHoMy Waxo8um O8USYHOM.

Knrouoei cnosa: waxosuii osueyn, minimax, alpha-beta..

Berym.

[MMaxu 1e rpa st ABOX OCI0 3 HYIHOBOIO CYMOIO Ta MOBHOIO iHopmariiero. Okpim
LBOT0 IaXH — HAWMOMYNSpHINIA CTPATETrTYHO-IHTEJIEKTyallbHa I'pa B CBIT1 31 CTOJITTSIMHU
ICTOpIi Ta MAaCUBHUM KOPITyCOM TE€OPETUYHMX 3HaHb. IMOBIpHO, LIaXu SBJISAIOTHCS HAWOUIbII
3aJIOKYMEHTOBAHOIO TpOI0 3 HaMOUIBIIO KUIBKICTBIO —CIIELIalli30BaHOI  JITepaTypu
MPUCBSYEHOT TOMY SIK B HUX TpaTH. 31 CTPIMKMM PO3BUTKOM KOMIIBIOTEPHUX TEXHOJIOT1H
BIPOJOBXX OCTAaHHBOTO CTUIITTS MOMEHT KOJIM JOCIITHUKH 3BEPHYTh CBOIO yBary Ha
npoOieMy IIaxiB 3ajMIlaBcs NUTaHHAM dYacy. Ilepmia HaykoBa poOoTa sika minHIMaia Ie
nuTaHHs Oyna omyosikoBana B 1950 poui Knogom Illenonom. V crarti [1] Illennon
00roBOpIOBaB MOTEHLIAJI BUKOPUCTAHHS KOMII FOTEPIB JJIs TP B IIaXH 1 3aIIPONOHYBAaB 11€H0
CTBOPEHHSI KOMIT FOTEPHOI MPOTpaMu, sSika MOTJIa O CUMYITIOBAaTH M OLIIHIOBATH MOJKJIUBI XOIH
B maxoBiii rpi. PobGora IllenHoHa mokjana mOYAaTOK JOCHIKEHHSM MOKIMBOCTEH
aBToMaru3alii rpu B maxu. Ha choroAHiumiHii JeHb LS raily3b Jocsrjia 3HaAYHUX YCIIXiB B
MIOCTABJICHUX 3aBJAaHHSX 1 cpopMyioBaa 00'eMHHIM TEOPETUYHHUX Oa3HC.

IcTopnuno neit mponec nportikaB B Aekiibka ertamiB: 1950 — 1980 poGora Benacs
BUECHUMHU-aKaIeMIKaMH iK1 IyOIIKyBalld CBOi pO3pOOKM B HAYKOBHX >KypHaiax; 3 IOSBOIO
iHTepHeTy B 1980-x TemMaTHuH1 CIUIBHOTH IPUCBSUEHI LIaXxaM 1 po3poOKaM ABUTYHIB [OYaln
3'ABIATHCA, BUIbHUM OOMIH 1€ B 3HAYHIA Mipl CTUMYJIIOBaB pPo3BUTOK ramysi; 1990-2010
KoH(epeHIIii 1 3MaraHHs cepe]] aBTOPChKUX JABUTYHIB HaOHpaiau o0epTH, BUeHl, npodeciiiHi
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PO3POOHUKY 1 TOCIIITHUKU-EHTY31aCTH KOHKYPYBaJIH OJUH 3 OJHHM, IIaXOBE MPOTrpaMyBaHHS
0yJI0 KOMEpLIIHO BUTTHUM, aBTOPU MPU30BUX JBUTYHIB MOIJIM NPOJIABATH JILEH31IHI KON
CBOT0 IporpaMHOro npoaykry; 2010 — Ham yac, cniibHOTa B 3Ha4yHIA Mipi chopmyraroBaia
HalKpalll NpakTUKW 1 METOJUKHU, PIBEHb CKJIaJAHOCTI JIBUTYHIB IEPEBUIIIB MOKJIMBOCTI
IHAMBIAYaIbHUX  PO3POOHUKIB, HAWCWIBHINI  ABUTYHH  HIATPUMYIOTBCS  Ipynamu
[POrpaMiCTIB, MOJAJBIIMK PICT PEUTHUHIY JBUTYHIB CHUJIBHO 3aJ€KUTh Bl HasBHOCTI
MIPOIIECOPHOTO PECYPCY JUTsl TECTYBAHHS HOBHUX 171€¥ 1 BAOCKOHAJICHbD.

He3Baxkarouun Ha Te, 1110 CydacHI IaXOB1 JBUT'YHU 3HAXOASTHCS HA a0COJIOTHO IHIIOMY
pIBHI I'pM HDK HaBITh HAMCHJBHINIMKI TIpaBelb-TpOCMENCTEp, MOBHE BUPIIICHHS IIaXOBO1
mpoOJieMH Bce 1€ HE JOCSKHE, aJKe HABITh HAWMCHIIBHINIUKA MIAXOBUH JBUTYH ChOTOJICHHS
3alylleHUd Ha HalKpalmoMy KOMIT'IOTEpl HE 3AaTHUM MOBHICTIO IMpOpaxyBaTH BCIO IIAXOBY
MapTiio 3 NO3ULIT HE B €H/IIIILII.

Mera crarrTi.

[IponemoHcTpyBaTH pe3yabTaTH poOOTH KIACUYHUX AJITOPUTMIB 3 JIOMEHY PO3POOKHU
[IaXOBUX JBUTYHIB 3 PI3HUMHU BapiaHTUMHU iX BJIOCKOHaJieHb. HaBecTn KOpOTKMH omuc
OTPUMaHUX Pe3y/IbTaTIB Ta BUKOPUCTAHUX BJIOCKOHAJICHb.

Bukian ocHOBHOro marepiadny.

1. OcHoBHuii onnc

JIist MOCSATHEHHS TIOCTAaBJICHUX 3adad OyJio po3poOJIeHO BIAMOBITHE CEPEAOBHINE —
IaXOBUH JBUTYH, MOBa IIporpamMmyBaHHs Oyna oOpana Java [6]. [ToBHuit onuc peanizaiii BCix
CKJIa/IOBUX KOMIIOHEHTIB JBUT'YHa BHUXOJMTH 3a pPaMKU JaHHOI CTATTi, HaBEAEMO JIMILE
kiroyoBi fetani. 1llaxoBuil ABUTYH CKIIQJa€ThCs 3 TeHepaTopa KpOKiB, (QYHKI[IT OLIHKU 1
MexaHi3BMy nomyKy. KokeH KOMHOHEHT Moxe OyTh peani3oBaHui  aOCOIIOTHO
BITJOKPEMJIEHO, HACTUIbKH IO MOXE CTaTH OKPEMUM MPOEKTOM 1 BUKOPUCTOBYBATHUCS SK
3MIHHUHA MOJYNb B IHIIMX ABUT'YHaX. MOJMBa 1 IPOTHIIEKHA CUTYallisl, KOJIM KOMIIOHEHTH
JIBUTYHA TICHO CHoOJIyueHi MDK co6orw. Ile dacto o0OyMOBJIEHO ONTHMI3alIMHUMHU
MipKyBaHHSIMH. Tak HapUKIIaI TeHepaTop KPOKiB MOKE BUKOHYBATH BHYTPIITHE COPTYBaHHS
[3], Tak sk Oe3mocepeIHHO B MOMEHT I'eHepalii JOCTynHa KopucHa iHpopmalig ska Oyne
KOIITYBAaTH Yac MPU TIOBTOPHOMY OTPUMAaHHI B KOMIIOHEHTI TIOITYKY.

Po6Gora aBuryHa BUrisiae HaCTymHUM YHHOM:

1. I[llaxoBa mo3uIlsl MpeACTaBI€HHAa B OJHOMY 13 KOMMAakTHUX (opmariB 3amucy
maxoBux no3uuii FEN nepenaetbes 3 IHTEpQEiicy B IBUTYH;

2. Iudopmalis mpo cTaH JOUIKK JEKOAYETbCA 1 30€pira€TbCsi, BUKIUKAETHCS (DYHKIIS
IIOIITYKY,

3. Ilomyk, B OCHOBI SIKOTO JIEKHUTh aJTOPUTM mMminmax, CTBOPIOE JIEPEBO IpH, SKE
MPEACTABIISIE BC1 MOJJIMBI XOJM Ta iXHI HACHiAKU. BiH MOYMHAETHCS 3 MOTOYHOL
MO3HUIIIT Ta JOCIIKYE MOXKIIHBI XOIU Ui 000X CTOPIH, CTBOPIOIOYH PO3TATYKEHE
JIEPEBO TIO3UILIH.

l ®
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Puc. 1. Cxema nepeBa nomryky [4]
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4. B xoxHOMY BY3II1 JIepeBa BUKIMKAETbCS [€HEPATOP KPOKIB B SIKUW NEpeNaeTbcs CTaH
JOLIKM Ha JIaHUW MOMEHT. ['eHeparop MNOBEpTaE CHUCOK JIETAIbHUX KpPOKIB JUIs
CTOpPOHO $IKa XOJHUTh BIIHOCHO LbOTO BY3Ja jepeBa [7]. ['enepaTop Moxe moBepTaTtu
OJIMH KPOK, 3aMaM'aTOBYIOYM HOTO, TAKUM YHWHOM SIKIO BIiAOYIETHCS BIACIKAHHSA M€l
TUIKM Ha JaHOMY KpOIli, 9Yac Ha T'eHEepallil0 MOBHOTO CIHUCKY Oyjae 3€KOHOMJICHUM.
Takuii ninxig Oyne BUTIHUM TUIBKU SIKIIO T€HEPAaTOpP BUKOHYE COPTYBAHHS KPOKY B
cepeauHi ceOe 1HakuIe ei miaxig 0yae KOHTp e(heKTUBHUM.

5. Cnucok KpoOKIB IIOBEpTa€TbCcs B BY30J1 JiepeBa J€ COPTYETbCS 3a IEBHUMHU
eBpuctukamu. lle HeoOXigHO Uit TOro w0 IMOBIPHO Kpalll KPOKH IIyKalIHUCs
NEepIIMMU TaK K BOHM MarOTh OUIBIIMI IIAaHC BUKIMKATU BiAcikaHHA. CopTyBaHHS
MO)ke Oa3yBaTucs Ha 0araTbOX €BPHCTHKAaX 1 BPAaXOBYBAaTH 3axXMILEHI 1 aTakoBaH1
KJIITUHA 000X CTOPIH, MPOTE B OUIBIIOCTI BHUIAIKIB COPTYBAaHHS BiZOYBAa€ThCS 3a
TaKUMM KPUTEPLIMU: PV-KpPOK — Kpallifl XiA 3 MONepeaHbol ITepauii iTepaniiHoro
3ariauOaeHHs / KPOK 3 TaOJIML1 TPAaHCIIOHYBAHHS - CTPYKTYypa AAaHUX Ui 30€epiraHHs
iHpopMalLlli PO MONEepPeAHbO OLIHEH1 MO3UIl B MOUIYKOBOMY JI€pEBI I'PU; aTaKyrooui
Burpamidi kpoku BimcoproBani mo SEE [4] abo MVV-LVA [4]; eBpucTuka BOHBIII -
171es1 3amaM'aTOBYBaTH XOpPOILl HE aTaKyro4l X0 SIKI CIIPUYMUHSIOTH OeTa B/ICIKaHHS;
eBpPUCTHKA ICTOPIi — MEHII e(QeKTUBHA XeUI-Ta0IHIsl HE aTaKyluHuX KpPOKIB SKi
BUKJIMKAJIM BIICIKaHHS paHille B J€peBi; MpOrpallHi aTaKkyro4dl XOJM; BCl 1HIII He
aTaKyroul XoJu, MOXYTb Oyau BiAcOpTOBaHI mo cratuyHuM Piece-Square Tables —
Ta0JIML1 3HAYEHb L0 XapaKTEepHU3yIOTh AOLLUIBHICTh 3HAXOJDKEHHS MEBHOI QIrypu Ha
neBHIM KiIiTUHLI gomkd. CTaHAapTHUN HaOlp eBpUCTUK MOKe OyTH JOIMOBHEHUN abo
3aMIHEHUN MEHII MOMYJISPHUMHU 11€IMU 1 ILUIKOM 3alie)KUTh BIJ pe3yJbTaTiB
TECTYBAHHSI.

6. OOpaHuil NpUITyCTUMO HAWKpALIii X1 BUKOHY€ETHCS, 3MIHIOIOUM CTaH JOUIKH, MMOIIYK
PEKYPCUBHO BUKJIMKAETHCSI 3HOBY, IOTOK BUKOHAHHS MEPEXOJUTh B HACTYIIHUM BY30J1
JepeBa.

7. Konu mouryk pocsr 3a3HadyeHol MNMOMHU BiOYBa€ThCS BUKIUK (YKL OI[IHKUA CTaHy
nomkyu. DyHKIIS OLIHKM MOBEPTA€ YHUCENbHI 3HAYEHHS fKI IHTEPHIPETYIOThCS SK
J0JIaTHE 3HAYEHHSI — MO3MIl Ha JOIII HAa KOPUCTh CTOPOHHU IS SIKOT (PYHKIIiS
OI[IHIOE, BIJ'€eMHE — MO3UIisl HE Ha KOPUCTb CTOPOHM AJIsl SIKOT BUKJIMKaHa OIlIHKA 1
HYJIb — IO3MIIA HI B 4MIO KOpUCTh. PoOoTa (yHKIIi OLIIHKM MOXXe OYTH CKUIBKH
3aBTOJHO CKJIQJHOIO 1 BpaxOBYBAaTH HAWTOHILI TEOPETUUHO-CTPATETTYH1 IPUMOMU TPH.
Lle#t acnexT po3poOKM IIAXOBOTO JBUTYHA 3aCIyrOBYE OKPEMOTO PO3IIISAY TaK SK
Cy4JacHHM KOHCEHCYC nependayae BUKOPUCTAHHS HEHPOHHUX Mepex [S].

8. 3HaueHHS (QYHKLII OLIHKM IIOBEPTAETHCS HA NONEpeAHId pPIBEHb BUKIUKY J€

BUKOPHUCTOBYEThCA JUIs 3MIHM Jliana3ony alpha-beta Bikna.
Alpha-beta BikHO — 11e QyHIaMEHTalbHA ONTHUMI3AIlSl TOMIYKY SIKa Ja€ MOYKJIMBICTh
0e3nedHo BIACIKATH O€3MepCHEeKTUBHI T'UIKM, €KOHOHMIISIYM TUM CAaMHUM BEJIHMYE3HY
KUIbKiCTh yacy. Alpha-beta — ne nBa 3HaueHHs K1 3MIHIOIOTHCSI Ha MPOTS31 BCHOTO
MOIYKY, MPEACTaBISIIOYM THM CaMUM HIDKHIO 1 BEPXHIO TPAHUIIO JIOIYCTUMOTO
3HAYEHHS KPOKY SIKii peanbHO Moxe Oynu 3irpanuil. Alpha — e MakcumanbHa HUKHS
rpaHulsd, a beta — 1e MIHIMaJbHA BEPXHs, pa30M BOHU YTBOPIOIOTH BIKHO IOIIYKY.
Axmo moBepHyTe 3HaueHHs (QYHKIII OIMIHKKA OUIbIe HDK beta TO 1€ 3HAYUTH, IO
MPOTUJIEKHA CTOPOHA HIKOJIM HE 3irpae Led KpOK 1 BCSA TUIKa BiJCIKA€THCS, AKILO
3HaueHHs MeHuIe beta 1 6uiblue alpha To BoHO cTae HOBUM alpha, 3BYy)XylOuM BIKHO
TMOILIYKY, SIKILIO 3HAYeHHs MeHLIe alpha To momryk B By3J1 MPOJOBKYEThCS.

9. TlponoB:xyrouu MOUIYK 1O J€pEBY, HalOUIbIIE 3HaUeHHA alpha migHIMa€eThCSA B KOPEHB
JepeBa 1 BIATIOBIAHUI HOMY KPOK IOBEPTAETHCA SIK HAMKpaIIid B JaHid MO3MUIT IS
JTAHOT1 CTOPOHHU.
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score alphabeta( position .alpha , beta ,depth)
{
if (isTerminal{ position))
return valueOf( position )

if (depth == 0}
return evaluate( position ):

children = getChildren ( position }:
while (not children.empty())

child = children. removeOne( ):
value = —alphabeta(child, —beta, —alpha, depth — 1);

if { value > alpha)
if {value »>= beta)
return heta:
alpha = wvalue;

return alpha:

}
Puc. 2. IlceBmokon anroputmy nomyky 3 alpha-beta [4]

Bbinpuiicts BAOCKOHAIEHD MOIIYKY MOB'A3aH1 3 IPUCKOPEHHSIM BIICIKAHHS Yyepe3 pi3HUM
BILTUB Ha alpha-beta BIKHO IIJISXOM IITYYHOTO 3BY)KEHHSI BIKHA a TaKOX 3MEHIIEHHS MNTUOUHU
MOILIYKY JUIsSl HE IEPCIIEKTUBHUX I'UIOK. Taki METOIU X04 1 HPUIIBUIIIYIOTE POOOTY MOIIYKY
OJIHAaK SIBJISIOTHCS HE MOBHICTIO 0€3MIEYHUMHU TaK SIK 3aJIUIIAI0Th IMOBIPHICTh BIAKMHYTH
MOTEHLINHO HaMKkpaiid Kpok. /leTalbHe TECTyBaHHsS y BUIJISAl peallbHUX HapTid MpoOTU
HaboOpy TECTOBUX JBHUIYHIB-OIIOHEHTIB IMOBUHHO OyTH NPOBEIEHO JUISl MiATBEPIKEHHS
€(EeKTUBHOCTI TOTO YH 1HIIIOTO BIOCKOHAJICHHSI.

2. Omnwuc cneuuiyHUX KOMIIOHEHTIB

Tak sik ormuc BCIX CKIAA0BUX PO3POOJICHOTO MIaXOBOTO JBUTYHA BUXOJIUTH 32 MEX1 JaHOT

CTaTT1 03HAYMMO JIMILIE TE 10 BaXKJIMBO JUIsI OTPUMAHHS MIPEJICTABICHUX PE3YJIbTaTIB.
2.1 Quiescence Search

Konu mu BukoHyeMo anbda-0eTa nouyk 3 pikcoBaHOIO INIMOMHOIO Yy HaC HEMa€ rapaHTii
TOT0, L0 BY30JI JIepeBa Ha SIKOMY MU 3YINHUHUIM MOUIYK 1 BUKIMKAIU (YHKIIIO OI[IHKH HE
SIBJISIETHCS. HEOE3MEUHOI0 MO3ULIIEI0. SIKIIO0 MU pyXaeMocs 10 JEPEeBY MOILIYKY 1 HA KIHIEBOMY
BY3Jly Haml ep3b Oepe BOPOKOTO Timiaka, (GyHKIIisl OIIHKK MOBEPHE HaM JI0JIaTHE 3HAYCHHS,
TaKk K L€ 3MIHUTh MaTepialbHUM OanaHc B Hamly KopucTb. [Ipore B Takiil curyauii He
BpaxOBYETbCA 1[0 MOXKE CTaTUCS 3 Hallol (Irypor0 Ha HACTYNHIA IIHOWMHI, a MOXeE
BIIOYTHCS TaK, 1110 Halry (irypy 3adbepyTh pirypu siki Oyiau 3B's3aH1 3 MIIIAKOM.

Mu nporo He 0auMMo Mij 4Yac MOUIYKY TakK SIK BIH OOpHBAaeThbcs Ha INIMOMHI Ha SIKiH
3/1a€ThCS IO TepeBara B Hally KOpuTh. [1{06 yHUKHYTH bOTO HaM NOTPIOHO MPOJIOBKYBATU
MOILIYK JUIsl BCIX BY3JIIB SIK1 3aKIHUYETbCS aTakaMu. TOOTO SKIIO MU IIYKAaEMO Ha TNIMOUHY 5,
JOXOJIMMO J10 11i€1 rMOMH1 B OJHIN 3 TUIOK JepeBa 1 OCTaHHII By30J B HIH 1i€ aTaka, TO MU
MIPOJIOBXKYEMO MOIIYK JUIsl LIbOIO By3/a JO TUX MIp MOKW HE ONMUHUMOCS B Oe3neuHiid abo
TUX1i no3uuii. Takui miaxig Oyne po3LKpPIOBaTH JEPEBO MOUIYKY 3a MEX1 3a1aH0i MIMOUHU
MPOTE HE HACTUIBKU CHUIIBHO MO0 11e Oys10 mpoOIeMoro, TaK SK MOCTIIOBHOCTI aTak B IIaxax
He OyBalOTh CHJIBHO MOBruMu. Kpurtepiem miis BUKOHaHHS quiescence search moxe OyTu He
TUIBKM CHUTYal[isl KOJIM MOILIYK I'UIKM 3aKIHYY€ThCS BY3JIOM 3 aTakoro, a 1 B3arajil Oyap sika
IrpoBa CHUTYyallisl sfika Ha AYMKY po3poOHHKa BapTa Outbmnoi yBaru. Hampukiaa mpocyBaHHS
IiaKa 4acTo HPHU3BOAUTH A0 MaTy. TakuM YMHOM SIKIIO MOIIYK IO TUIII 3aKIHYYEThCS
MO3ULIEI0 /1€ MMilIa CTOITh Ha MEpPEeOCTAaHHbOMY ISl CBOTO PYXY paHry, BapTO NPOJIOBXHUTU
MOIIYK 100 MOOAYuTH YU NpU3BEAE NPOCYBAHHSA JIO YOroCh BaXKIUMBOro. Yum OuibIn
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cnenugiuHl CcUTyalli MOKPUBAIOTHCA TaKUM YMHOM, TaM OUIbII CTPATEriyHO CHJIBHO1
CTAaHOBUTHCS I'pa LIAXOBOIO JIBUTyHA. 3pO3yMUIO TAaKOX IO Taki JOJATKH PO3LIUPIOIOTH
JIEPEBO TIOIIYKY, 1[0 CTIOBUIBHIOE 1OTO POOOTY.

int Quiesce( int alpha, int beta ) {
int stand_pat = Evaluate();
if( stand_pat »= beta )
return beta;
if( alpha < stand_pat )
alpha = stand_pat;

until{ every_ capture_has_been_examined ) {
MakeCapture();
score = -Quiesce( -beta, -alpha );
TakeBackMove();

if( score »= beta )
return beta;

if( score » alpha )
alpha = score;

¥

return alpha;

h
Puc. 3. IlceBmokon quiescence search [4]

2.2 CoptryBaHHSs KpOKIB

Sk ommcaHo paHille, IpaBUJIbHE BIOPAJIKYBAHHS XOJIB € BaXJIUBUM JJIsl €(pEKTUBHOCTI
anbda-6era anroputmy. Tak sk yuM paHilie Bi10yneThcs OeTa BiICIKaHHS TUM MEHILE BY3JIiB
noBeneTbess MpoiTu. Kpoku cOpTyroThCS B MOPSAKY iX IMOBIpHOI BaxiuBocTi. [lepumum
PO3TAIIOBYIOTh KPOK 3 XemI-Tabiulli, SKIIO0 BOHA icHye. [licas HBOro poO3TalIOBYIOTHCA
MOTEHLIHHO BUIpAlIHI aTakW, BIACOPTOBaHI MO MOTEHIMHI MepeBa3l B MaTepiaibHOMY
OanaHcl Ky BOHM MOXYTb 37100yTu. Burpaiini ataku — 1e ataku SiKi 3ajJUIIal0Th CTOPOHY
sKa XOJUTh B IUTIOCI IO MarepiaibHOMY Oananci [9]. Taki KpoKM MOXYTb BapitoBaTUCS MIK
co0010 sIK OUIBII LIHHI a00 MEHII B 3aJE€KHOCTI BiJ TOro sika (irypa arakye sky. Lle Ttak
3Bana MVA-LVV “Most Valuable Victim - Least Valuable Aggressor” eBpuctuka. Tak sk
¢irypu B mIaxax HeCcyTb B c00l1 pi3HY LIHHICTb, MU MOKEMO BIJICOPTYBATHU BCl aTaku IO
HACTYITHOMY KpHUTEPII0, SIKIIO aTaKkyroua (irypa MeHIIa o HIHHOCTI 3a Qirypy siKy arakyroThb,
TO TAKUH X1 BBAKAETHCS OUTBII MIEPEBAKHUM HDK SKIO BiAOYBa€ThCs HaBMaku. TOOTO Xif 1€
nimak o6epe gep3s Oyae croATu paHime HiK Xia ae pepsp Oepe mimaka. L eBpuctuka nerka
B peaiizallii IpoTe He CHJIbHO aKypaTHa B OLIHII. B 3aMmiHy ilf yacTO BUKOPHUCTOBYIOTH OLIBIII
ckinaanui nigxin nig HazBoro SEE “Static Exchange Evaluation”. B Hamomy mnpoexTi Mu
BUKOPUCTOBYEMO Horo. Ines mossirae B ToMy 1100 OLIHUTH aTaKyrO4Hil XiJ] ypaxyBaBIlU Te
110 IICJIS aTaky aTakyooda girypa Moxe OyTu B3sTa (Iryporo NpoTUBHHUKA, a TA B CBOIO YEPry
HaIIOK (QIryporo i Tak 10 TUX Mip MOKHU MOCIIAOBHICTh B3ATTSA (DIryp Ha KOHKPETHINA KIITHHII
HE 3aKIHYUTHCA. TakKMM YMHOM MH MOKEMO TOYHO OIIHUTH aTaky. Ilpuknang Ha puc. 4
JIEMOHCTPYE IMOJIOKEHHS JJIEMOHCTPYE MOJIOKEHHS IIPU SIKOMY aTaka KOHeM Julsl OUIMX Kpala
HDK aTakKa CIIOHOM.

Jlana mo3wmiris 1aif 01ITMM BHKOHATH 181 aTaku, ¢c3d5 1 f3d5. Buxoasuu 3 Toro, mo mimak
B Hamriii mporpami oriHeHuit B 100 6aiis, kinb B 300, a cion B 350, Bukonytoun ¢3dS xix Mu
orpumaemo + 100 3a mimaka, -300 3a Hamoro KoHs kUil Oyzae B3sATUil y Bianosias 1 +300 3a
B3STTS CJIOHOM KOHSl. TakMM YMHOM YHMCTUH NPUPICT B MarepiaibHOMy OayiaHci i Outoi
cropouu Oyne 100 6uriB. Iloxonusmu f3d5, po3paxyemMo Takum ke YMHOM 1 OOAYMMO, 110
npupict 50 6aniB. Taka sorika 3a SEE eBpuctukoro.
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Puc. 4. lTpuknax mo3wurii

[Ticnst TOro sIK MU BIICOPTYBaJIM aTaKylOUH KPOKH IO OAHIN 3 €EBPUCTUK, MU IIEPEXOTUMO
710 3BUYaHUX KPOKIB 1 BUKOPHUCTOBYEMO TaK 3BaHy €BpUCTUKY BOuBLI. EBprcTuka BOMBLI —
e 1esl 3anam'siTOBYBAaTH XOPOIl HE aTaKyloul XOIW SIK1 CIPUYMHSIOTH OeTa BIJCIKAHHS 1
IIYKAaTH 1X MEpIIMMM Michas XOMAIB 3 XeHI-TaOJMIll 1 BUIPALIHUX aTaKyluuX XOAIB. SIKIIo
CTOpOHA Ma€ HaI3BUYANHO XOPOIIWI HE aTaKylOUWH Xif B OJHIM MO3MUIIIi, TO YacTO MEH Xif
OyZe XOpoIIMM 1 B IHIIMX MO3ULIAX Ha LbOMY K HIapi momyky. ToOro xoim mu Oynemo
reHepyBaTH KpOKU B IHIIKX BY3JIaX Ha LbOMY 3K LIapi MOLIYKY, IPU COPTYBaHHI LIUX KPOKIB
MU OyJIeMO MEPEBIPSITU YU MICTSATh BOHU BOMBYI X0/11B 30€pEKEHUX paHilIe 1 K0 TaK TO MU
MEepPEeMICTUMO iX B MO3UIII0 MICJs BUTPAIIHUX aTak. B TumoBux peanizamisx Mu 30epiraeMo
JEKUTbKa BOMBYMX XOJIIB HA KOKHOMY IIIapi.

Jlaii 3aCTOCOBYETHCSI TaK 3BaHA €BPUCTHKA 1CTOPIi, TAKOXK A0 XOJIB O6e3 3axormieHHs. Le
3arajgbHUM 1 MeHII epeKTUBHUMN crocid 3amam'sToByBaHHs Xxopowmmx pyxiB. KoxkHoro pasy,
KOJIU BIIOYBa€ThbCS BIACIKAHHS, 3amuc TaONuWIlN, IHAEKCOBAHWW BHUXIIHUM 1 KIHIEBUM
KBaJpaTaMH XOAy, 30UIbIIyeThCSI Ha Jesky BenunuuHy. Komm Bei iHIII eBpuUCTHKH Oynu
3aCTOCOBaHl1 /10 CHUCKY KpPOKIB Ha BY3/l, IHIII pyXu O0€3 3aXOIUIEHHS COPTYIOThCS 3a
3HAYEHHSAMU B 1ii Tabnuui icropii. Takum 4MHOM, XOAH, SIK1 YaCTO OYJIM XOPOILIMMHU B IHIINX
YacTHUHAX JiepeBa, Oy1yTh IIYKaTHUCS Mepes X0AaMU, PO K1 MU MEHIIIE 3HAEMO.

2.3 Iterative Deepening

OueBuaHUl crocid BUKOpUCTaHHS ajib(a-0eTa alroputMy € BUKIMK HOTO 3 3aJaHOI0
rimmbunoro [8]. Ile mopomxkye neski mpobnemu. [lo-nepire, Mu He 3HaEMO, HACKUTBKU MUTKHI
MOIIYK MH MOXEMO 3poOUTH, 100 «BUPILIMTH» MO3UII0, TOOTO 3HAWTH (QaKTUUHUN
Halikpamuii xin. KpiM Toro, Mu He 3Ha€EMO, CKUIbKHM 4Yacy TpPUBATUME IOIIYK, IEpII HDK BIH
3aBepuIuThCs a00 mepml HDK BIH NpUHaliMHI 3Haige xopomwmit xia. Ile moxe Oyru
po0JIEMOI0 SKILO ICHYE YyacoBe OOMEXKEHHs, a TaK sIK JJIs Cy4aCHUX JBUT'YHIB 1€ e (akTo
CTaHIapT, MU OyJIEMO BUKOPHCTOBYBATH III0 TEXHIKY TaKOX. [aes iTepamiitHoro 3arau0neHHs
B TOMY 1100 3ammyckatu ainb(a-0eTa mouryK B UK, KOXKEH pa3 30UIbIIy0un riauouny. Takum
YHHOM Yy Hac 3aBXAu OyJe xoua O SKHUIiCh X1 AJi1 MOBEpHEHHS 1 BIH He Oyae abCO0THO
BUIIAIKOBUM. 3 TEPILOTO MOTJSAAY 34A€ThCS, L0 1€ CYTTEBO CIOBUIBHUTH POOOTY MOIIYKY,
ajle Hacmpap/l L€ HE 30BCIM Tak. SIKIO JBUIYH BHUKOPUCTOBYE XeII-TaOMUII0 B AKii
30epiraroThCs HaWKpalli XOAu 3 MOMEPEIHIX MOUIYKiB, TO ITepalliiHe 3arau0IeHHsS MaixKe He
CIIOBUIBHIOE MONIYK, TaK SIK KOXHA HACTyIHA ITepallid MOUIyKy BUKOPUCTOBYE 1HHOpMaLito 13
nonepeaHboi itepanii. Takoxk gaHHI Hpo BOMBYI KPOKM 1 €BpPUCTHKA IcTOpii OyAyTh
MIPUILBU/IITYBATH MOLIYK HA HACTYIHUX ITE€palisix.
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Puc. 5. Bizyanizanis iterative deepening [2]

3. Onwuc pe3ynbTaris

[Ticast CTBOPEHHSI BJIACHOTO JIBUI'YHA MOYKHA MEPEXOJMTH 10 TECTYBAaHHS BiMOBIIHHX
CTEKIiB BIIOCKOHAJICHb. TeCTyBaHHsS I[IAXOBOTO JBUTYHA MOJYKHA MPOBOJUTH JCKUIbKOMA
crocoOoMa: 3amycKaTy MONTYK 3 IMEeBHOI MO3HIIT 1 TUBUTUCS KUTBKICTh MPOUICHUX BY3IIB 1
Jac 3aTpayeHWil Ha JOCATHEHHS 3aJaHOi IIMOWHU; 3aIyCKaTH IrpOBi MapTil MPOTH IHIIHX
JIBUTYHIB MPUOJIN3HO piBHOI criid. B Hamowmy Bumanaky OyB oOpanuii nepmuii Bapiant. [[Bi
MO3UIIIT PO3MIISIIAETHCS B SKOCTI TECTOBUX, MOYATKOBA TO3MINS 1 CKJIQJHA TO3MILS IiCIsA

po3sirpanry ¢iryp.

Puc. 6.1 IlouaTkoBa o3I Puc. 6.2 CxiagHa mo3uiis

Jliist 3py9HOCTI MO3HAYMMO TO3UITIF0 HAa puc. 6.1 mo3wmis A, a Ha puc. 6.2 mo3uiis B.
Tabmurs 1 MICTUTH pe3yiIbTaTH MOIIYKY JIIS CTaHAAPTHOTO aib(a-0era momyky 0e3 iHIIMX
BJIOCKOHAJICHb.

Tabmuns 1.1 PesynpraTu alpha-beta monryk mosmiist A

I'mubuHa Yac mc Byzmu
5 221 5395
6 582 87127
7 1072 386050
8 6510 5324402
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9 44626 33006491
10 366010 316084543
Tabnuus 1.2 PesynpraTn alpha-beta nomyk no3uuis B
['mubuna Yac mc Byznu
5 150 13686
6 630 150471
7 1621 518908
8 5581 4394516
9 36528 14868399
10 187636 175741641

Sk 6Guuumo, 3HaueHHs Yacy Juist B mo3unii BusBuiIMCs HaBiTh MeHIIUMU. CKopille 3a BCe,
Tak BiIOYBaeTbCS TOMY IO KOJM MOIIYK IMOYMHAEeThbcs 3 mo3uuii B B gepeBi momyky
BiIOyBaeThCs OUTbINEe O€Ta BIACIKaHb, TaK fAK 3 MO3UIi B reHepyerhcs Outbine atak. Takox
MU 6auyuMo, 110 HaBITh HE 3HauHA TJTMOMHA, IO MIpKaM CUJIbHUX LIaXOBUX JBUTYHIB 3aiimae
3HayHUM 4yac ans nouryky. Ciij 3a3Ha4MTH, 110 B CBIT1 IIaXOBOTO MPOTpaMyBaHHS CHIIbHI

JIBUTYHU 00OpaxoByIOTh rHOUHY 11-12 MeHIT HIX 32 CEKyHIY.
PosrnsiHeMo sik 3MIHATBCS pe3ybTaTH SKIIO J0JaTh quiescence search.

Tabmums 2.1 PesynbraTtn alpha-beta + quiescence search momnryk mo3utist A

['mubuna Yac mc Byznu
5 60 36836
6 741 371141
7 2113 3041757
8 10560 24701472
9 72653 197224184
10 775851 1793110479

Tabmums 2.2 PesynbraTtn alpha-beta + quiescence search momryk nmo3uttist B

I'mubuna Yac mc Byzmu
5 929 782742
6 3417 5162845
7 6593 13438137
8 66173 116746648
9 141150 352460245

Sk 1 odikyBaJoCs JOJAaHHS quiescence search 3HaAYHO 30UTBIITYE Yac MOMIYKY 1 KUTBKICTh
npoiaeHux By3diB. s mosuuii A Ha 10 rmmOuHI MM 1IyKaemMo OiM3bKO 12 XBWIMH 1
MPOXOAMMO Oulbllle MUIbSpAA BY3JIB, AJIs AECATOI TIMOMHM MO3ullii B 3amyckaTu mouryk He
Ma€ CEHCY Tak sIK BimOyaeTbcs Tak 3BaHui “search explosion”, ToOTO Tak sIK KUIbKICTh aTak 3
i€ mo3WIli Benuka, 0arato TuIOK Oyae MpPOJOBXKYBATH TOIIYK BHKJIMKAIOYH quiescence
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search 3 ocranHboro By3na. Quiescence search sIBJis€ThCS HEBIA'€MHOIO YAaCTHHOIO JIBUI'YHA,

TOMY JOBCACTHCA IMPUIIBUAITYBATH MMOIIYK HACTYITHUMH MCTOIaMHU.

Ta6mums 3.1 PesynbraTtn alpha-beta + quiescence search + SEE nomryk moswmiris A

I'mubuna Yac mc Byzmu
5 76 36774
6 984 364629
7 2292 2987920
8 11033 23870509
9 76019 190871949
10 883899 1704353808

Ta6mums 3.2 Pesynbratn alpha-beta + quiescence search + SEE mommyk no3uttist B

I'mubuna Yac mc Byzmu
5 408 165098
6 1497 1058014
7 2567 3756300
8 16070 23200460
9 52700 110385254
10 338943 511747895

[Ipu noxaBaHHI cOpPTYBaHHS KPOKIB JiecsiTa IIIMOMHA JUIs TO3ULli B cTae 1ocskHOTO.

Tabnuus 4.1 Pesynbratu alpha-beta + quiescence search + SEE + killer heuristic

MOIIYK TO3ULs A

I'mubuna Yac mc Byznmu
5 50 18114
6 388 107399
7 1343 823801
8 4138 5832305
9 14268 37273156
10 107610 212638983

Tabnuus 4.2 Pesynbratu alpha-beta + quiescence search + SEE + killer heuristic

noIyK no3uuis B

I'mubuna Yac mc Byznu
5 490 164464
6 1167 1056752
7 2599 3735366
8 13734 23134067
9 44589 109121751
10 293616 508046187
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Ax 6aunmo alpha-beta + quiescence search + SEE + killer heuristic mae naiikparmriit
pedynprar. Cnia 3a3Ha4uTH, L0 [EBHY YAaCTUHY IMIBUAKOJII 3a0e3neuye eQeKTUBHE
COpPTYBAaHHS KPOKIB 1 ONITUMI30BaHUN I'eHepaTop KpokKiB. B3arani kokeH OJIOK MporpaMHOro
KOJly B IIaXOBOMY JBUT'YHI 3aiiMa€e NMEBHUN Yac MpU BUKOHAHAHHI, BIAMOBIIHO MaKCHUMaJIbHA
ONTHUMI3allisl BCOIO MPOEKTY Oa)kaHa 3a/J1s TOCATHEHHSI MaKCUMAaJIbHOI IIBUAKOCTI MOIIYKY.
B nanniii poOOTI MU BUHOCHMO 3a JIy’KK1 LIel HIOAH 1 30Cepe/KYeMOCS TUIbKU Ha KOJ1 KU
BITHOCHUTBHCS 10 (PYHKIIT OIIYKY.

Bucnoskmn.

VY crarti po3ryisHyTO HPUHLMII POoOOTH LIAXOBOrO JBHUIYHAa, OolHMcaHa poOoTa Horo
KIIIOYOBUX KOMIIOHEHTIB Ta JESKUX OCHOBHUX METOJIB. 3a/yulsl IMEPEBIPKU NPUPIYLICHb
CTOCOBHO €(EKTHBHOCTI TUX YM IHIIMX Moaudikamiid momyky Oyjao po3poOJIeHO BiacHE
Cepe/IOBUILE — IIAXOBHI JBUT'YH B SIKOMY BiOyBasiocsi TecTyBaHHS. byna mpoBeneHa Hu3Ka
TECTIB Ha 3a3HAYEHUX MO3MILIAX 1 OTpUMaHl pe3ynbTatu. Pesynbratu Oyiau mnpuBeneHi B
TaONMUIIX BHINE. 3 pe3yiabTaTiB MOXHA 3pOOMTH BHUCHOBOK, IO BapiaHT alpha-beta +
quiescence search + SEE + Kkiller heuristic € HalikpamiiM 3 TOYKH 30py 4acy BHUKOHAHHS.
HacTtynHuil Kpok B TeCTyBaHHI MOK€ OyTH 3allyCK n KUIBKOCTI IrOp MK HAaIlMM JBUTYHOM 1
JBUTYHOM IOJ10HOT criii abo HaBiTh HAOOPOM TakMX ABUTYHIB. Takuil crmocid TecTyBaHHS
Jla€ TOYHIIINK pe3ynbTar npoTe NoTpedye HabaraTo OUIbIIE Yacy HA BUKOHAHHS.

OtpuMaHi pe3ynbTaTd JI0JATKOBO MIATBEPIXKYIOTh CIOCTEPEKEHHS pPO3POOHUKIB
I1aXOBUX JBUTYHIB CTOCOBHO €()EKTUBHOCTI THUX YM IHIIUX METOJIB, JAIOTh MOIIUBICTh
JI0JIATKOBO MEPEKOHATHUCS B OLUIBHOCTI X BUKOpHUCTaHHA. Ha choronHimHii 1eHp B ranysi
[IaXOBOTO MPOTpPaMyBaHHS HAIIYYEThCS JECATKH METOIB-MOAMQIKAIIN  KIaCHYHUX
QITOPUTMIB TOULIYKY, Cepel] HUX € ¥ Takl 1[0 BUKOPHUCTOBYIOTHCS JIMIIE B KOHKPETHUX
aBTOPCHKUX JBUTYHAX. JlesKl 3 HUX NOEIHYIOTHCS 3 IHIIMMH a00 HaBMAKHU MEPEIIKOKAIOTh
po0OOTI OIMH OJTHOTO TOMY Ba)KJIMBO BHOCUTH SIKYMOT'a OUTBIIIE SICHOCTI B 11€ TUTAHHS.
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DEVELOPMENT OF ADVANCED CHESS STRATEGIES AND THEIR APPLICATION IN
THE IMPLEMENTATION OF A CHESS ENGINE

Summary. Introduction. Algorithms for programming models of games for two people with
zero sum and complete information are considered in the paper. Such algorithms originate in game
theory and are widely used to develop chess engines.

As the field of chess programming has developed, many improvements have been proposed to
the classic minimax and alpha-beta algorithms. Using the most optimal stack of improvements during
the development of one's own engine became one of the goals of this work.

A comparative analysis was performed and the corresponding tables are given in the work.
Different combinations of algorithms and their improvements were tested in their own environment
represented by the chess engine.

Purpose. To demonstrate the results of classical algorithms from the domain of development of
chess engines with various variants of their improvements. Provide a brief description of the results
obtained and the improvements used.

Results. In order to check the assumptions about the effectiveness of certain search
modifications, an own environment was developed - a chess engine in which testing took place. A
number of tests were conducted on the specified positions and the results were obtained. The results
were given in the tables above. From the results, we can conclude that the option alpha-beta +
quiescence search + SEE + killer heuristic is the best in terms of execution time. The next step in
testing could be to run n number of games between our engine and an engine of similar strength, or
even a set of such engines. This method of testing gives a more accurate result, but takes much more
time to perform.

Conclusion. The obtained results further confirm the observations of chess engine developers
regarding the effectiveness of certain methods, and provide an opportunity to further verify the
feasibility of their use. Today, in the field of chess programming, there are dozens of methods-
modifications of classic search algorithms, among them there are those that are used only in specific
author's engines. Some of them combine with others or, on the contrary, interfere with each other's
work, so it is important to bring as much clarity as possible to this issue.

Keywords: chess engine, minimax, alpha-beta.
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3ACTOCYBAHHSI TEOPII JU®EPEHIIIAJTbHAX PIBHSIHB 10
PO3B’sAI3YBAHHA MATEMATUYHUX 3AJAY

Y cmammi posensnymo uomupu pieHi  cpopMOBAHOCMI MAMEMAMUYHUX NOHSAMb, SIKI 6apmo
nponpaybo8yeamu 3i cmyoenmami npupooHudux, mexuiyHux ma IT-cneyiansHocmeti nio 4ac 6uGYeHHs
Kypcie «Qupepenyianvhi pisnsmnny, «Mamemamuynuil ananizy, «Buwa mamemamuray, 3anponoHo8aHo
NPUKIAOU 8IONOBIOHUX 3ABOAHD.

Knrouosi cnoea: ougepenyianvni pisHanHi, Memoou po36 s3yeanHs, Oughepenyiaivhe ma
iHmezpanvie YUCIeHHs, CIMYOeHmu NPUPOOHUYUX ma mexHiunux cneyianorocmei 3BO.

IlocranoBka mnpoOaemu. Kypcu MaTemMaTHUHOrO aHamizy Ta AudepeHuiaTIbHUX
PIBHSIHb € OJHUMH 13 OCHOBHUX 0a30BHX KypCIB MAaT€MaTHYHOIO LUKIY AMCLUMILIIH, SKI
BHBYAIOTh SIK CTYJACHTH MAaTeMaTHYHHX, TaK 1 Pi3uuHux, TexHiunux, I'T cnemanpaocTeit 3BO
tomlo. [li Kypcu HacCM4eH1 BETUKOIO KUIBKICTIO IOCHUTh CKJIQJHUX MAaTEMATHYHHUX MOHATH Ta
¢daktiB (Teopem, Gpopmyn ToImo). K Mmokazanu Hail AOCTIIKEHHs [7, 8], 3aCBOEHHS Ta, IO
HANTOJIOBHIIIE, 3aCTOCYBAaHHS CYKYIHOCTI BEJIMKOI KUIBKOCT1 PI3HMX MaTeMaTUYHUX (DaKTiB
Ta TMOHATH Yy MpoIeci PO3B’S3yBaHHS 3aJad YacTO 3YMOBIIOIOTh MOSBY TPYIHOLIIB Yy
3n100yBauiB. ToMy Meroauka iX BHUBUEHHA Mae OyayBaTucs fK creuudiyHa A Takoi
KaTeropii CTy/IeHTIB.

AHai3 ocTra”HHiX JochailKeHb Ta myOJdikauii. [lutanHsM  migBUIEHHS
e(eKTUBHOCTI BUKJIAJaHHA KypCiB IU(EepeHIIabHUX PIBHSIHb Ta MaTEeMaTHUYHOTO aHaIi3Yy,
BJIOCKOHAJIEHHSIM METOJMKM iX HaBuaHHS cTyAeHTiB 3BO mnpucsueHi poOoTu Oaratbox
CydaCHHX METOJIMCTIB Ta MareMmarwkiB, 30kpema M. bopoxina, JI. Bacsak, K. Bmacenko,
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M. Kanpmaka [1], T. Kpunosoi [2], O. KonaparbeBoi [3], B. Kmouka [4], A. Jlumu [5],
I. Jlor’ssnoBoi, T.MaxkcumoBoi, I. MuxaiinmoBoi, I. Muxaitnenko, O. IloramoBoi [6],
C. ®enoposoi, C. Denoceena, B. lIsews, €. Arosoi Ta iH.

Mera cTarTi — pO3MISIHYTH OCOOJMBOCTI 3aCTOCYBaHHA Teopii AudepeHIiaTbHUX
PIBHSHb Ta METOJIB 3HAXO/KEHHS pI3HUX THUIIB IHTETpaliB [0 pO3B’SA3yBaHHS 3ajad
F€OMETPUYHOTO Ta MEXAaHIYHOrO 3MICTYy Ta BpaxyBaTH iX IIiJl yaCc HAaBYaHHA CTYJCHTIB
cnenianpHocTe ramy3eit 01 Ocsira/ Ilemarorika, 3oxkpema 014 Cepenns ocsita, 11
Maremaruka Tta Craructuka, 10 Ilpupoanuui nHayku, 12 IHdopmarniiiHi TEXHOJIOTI,
chopMyIIOBaTH BIIMOBIAHI pEeKOMEHIAIi.

Buknag ocHoBHOro martepiany. ¥ YepkacbkoMy HalllOHaJbHOMY YHIBEPCUTET] IMEH1
bormama XMenpHMIIBKOIO HaBYajibHI muciuInnau «MareMaTWYHHM  aHaili3y Ta
«IudepeHuianbHl pIBHAHHS» BXOAATH A0 LUKIY MNOpodeciiHOi MiArOTOBKU OLIBIIOCTI
CHEIIaJIbHOCTEN MPUPOJHUYOTO CIPSIMYBaHHS, sIK 000B’13K0B1, a00 K po3auin Kypcy «Buiia
MaTeMaTHKa» 30KpeMa CTYAEHTIB Takux creuianpHocTeil, sik 014.04 Cepennst ocsira
(Marematuka), 014.08 Cepennst ocsita (Pizuka), 014.09 Cepenns ocBita (IHdopmaTuka),
104 «®iduxka Tta actpoHoMmis», 105 «lIpuxmanna ¢isuka Ta HaHomatepianm», 111
Maremaruka, 113 «IIpuknaana matematukay», 126 «lHdopmariiiHi CUCTEMH Ta TEXHOJIOTII.
I{i AuCUMIUIIHM BHUBYAIOTHCA Y JIOCUTh BEJIMKOMY OOCS31, SIK BHJHO Ha pUCYHKax 1-4
(npencraBiieHo (GparMeHTH JAEIKMX HaByYalbHUX IUIaHiB). Kpim TOoro, mi mpenmeru €
BAKJIMBUM MIAIPYHTAM Ui NMOJAJIBLIION0 BUBYEHHS TUCIHUIUIIH IPOodeciiHOro cupsMyBaHHS
3a BKa3aHUMHU CIIelialbHOCTAMU. TOMYy I'pPYHTOBHE BUBYEHHSI caMe JJaHUX JAUCLHUILIIHM, Ta 1X
MIPaKTUYHE CIPSMYBaHHS, € Ba)JIMBUM €JIEMEHTOM MOJAaJbIIOi MpodeciiHoi MiAroTOBKU
MaiOyTHIX (paxiBLiB 3 MaTeMaTUYHUX, G13UYHUX, TexHIYHUX Ta I T-cnemianpHoCTEMH.

1. OBOB’I3KOBI KOMIIOHEHTH OCBITHBO-ITPO®ECIIHOT IPOTPAMH
1.1. Ikt npodecifinol miaroToBkn
OK 01 [HpopmaTika 1 6 180 60 30 30 120
OK 02 [1porpamyBanHs 1;2 12 360 [ 120 60 60 240
OK 03 JlicKpeTHa MaTeMaTHKA 2 5 150 50 24 26 100
OK 04 AnreGpa Ta reoMeTpis 1;2 11 330 | 110 54 56 220
o e i 2 s [ 1so| s0 | 20| 30 100
iHopMaLiiHO-KOMYHiKalliiHi TeXHOI0TT
OK 06 AZITOPHTMH Ta CTPYKTYPH JaHHX 3:4 12 360 | 120 60 60 240
OK 07 MOBH TpOrpaMyBaHHs 34 10 300 | 100 40 60 200
OK 08 MaremaTnunmii aHanis 4 3 10 300 [ 100 [ 48 52 200
OK 09 Teopis iiMOBIPHOCTEIH Td MATEMATHYHA CTATHCTHRA 3 4 120 40 20 20 80
OK 10 ApXiTeKTYPa 00UHCIHOBLTEHHX CHCTEM 3 4 120 40 14 26 80
OK 11 BeG-uporpamysasss 4 5 150 | 50 20 30 100
OK 12 00 €KTHO-OPIEHTOBAHE TPOIPAMYBAHHA 5 6 130 60 20 40 120
OK 13 Basu iannx ta inopmarntiini cuereMn 5 6 180 60 20 40 120
OK 14 Meroam oGuHCIEHR 5 6 180 | 60 30 30 120

Puc. 1. ®parmenT HaBuanbHOrO MaHy crneuiaabHocTi 113 «[Ipukinaana MaremaTukay

43



ISSN 2076-5886 (Print) Cepis «Ilpuxnaona mamemamuxa. Ingpopmamuxay. Bunyck Ne 1.2022

] \ 2 | 3 |4[sTe[7[ 8o w]uln
1. ObOB’A3KOBI KOMINIOHEHTH OCBITHLO-ITPOMECIHHOI IPOrPAMM
1.1. lukn npodeciiinoi nigrorosikn
| OKoI Beryn so daxy 1 6 180 60 20 20 20 120
0OK02 BHia matematika 1:2:3 15 450 | 180 | 60 120 | 270
OKO03 MaTemaruunnii ananis 1;2 9 270 | 120 | 40 80 150
OK04 Mexanixa 2 9 270 | 90 30 30 30 180
OKO05 Mouckynspia disnka 3 9 270 | 90 30 30 30 180
OK06 EnekTpuka i Marnerusm 4 9 270 | 90 30 30 30 180
OKO07 Onthia 5 6 180 | 90 30 30 30 90
OKO08 Diznka aroma 6 6 180 | 90 30 30 30 90
QK09 Di3nKa 5.1pa | CICMCHTAPHAX YACTHHOK 7 6 180 60 30 30 120
OK10 Kypcosa poGota 3 axy 8 3 90 90
0OK11 Knacuuna mMexanixa 4 6 180 | 60 30 30 120
nrm T vammmnr slesm - pe
Puc. 2. ®parMeHT HaBYAIBHOTO IUIaHY CHELIATbHOCTI
105 «IIpuxiamna izuka Ta HAHOMAaTEPiaATN
1. OBOB’SI3KOBI KOMIIOHEHTH OCBITHBO-IIPO®ECIMHOI ITPOTPAMU
1.1. Iluka npodeciiinoi miaroroBkn

OK.01 AHamiTHYHA TEOMETpis 2 9 270 | 96 48 48 174

OK.02 JIMcKpeTHa MaTeMaTHKa 1 2 10 | 300 | 100 | 48 52 | 200

OK.03 JTiniiina anre6pa 2;3 9 270 | 96 48 48 174

OK.04 MaremaTH4HHMI aHaNi3: QyHKUIT onHi€eT 3MiHHOT 1;2 13 390 | 148 72 76 242

OK.05 MaremaTHIHHI aHAi3: QYHKIIT KiTbKOX 3MiHHHX 4 3 17 | 510 | 182 | 84 98 | 328

OK.06 Jlndepennianbhi piBHAHES 4 3 9 270 | 100 | 50 50 170

OK.07 Jlndepennuianpaa reomerpis i Tornosoris 5 4 270 | 94 46 48 176

OK.08 Kommuexchuit aHai3 6 5 9 270 96 48 48 174

OK.09 Teopist HMOBIPHOCTEH i MaTeMaTHYHA CTATUCTHKA 7;8 12 360 | 120 60 60 240

OK.10 AKTyasbHi IpOGJIEMH IIKiIBHOT MATEMaTHYHOI OCBITH 7 6 180 | 64 32 32 116

OK.11 MeTo/MKa HaBYaHHS MAaTEMaTHKH 7 6 180 64 32 32 116

OK.12 Ilenarorika 5 4 6 180 72 36 36 108

OK.13 BikoBa Ta 1earoriusa ncuxonoris 3 4 120 48 24 24 72

OK.14 IIpaxTHKyM i3 po3BLIsA3yBaHHI MaTeMaTHYHHX 3a/1a4 5 6 180 68 28 40 112

OK.15 LLIKinbHMI Kypc MaTEeMaTHKH Ta HOTO TUAAKTHKA 56 13 390 140 70 70 250

Puc. 3. ®parmeHT HaBUAIBHOIO IJIaHY CIEL1aIbHOCTI
014.04 «Cepenns ocsita (MaTemaTnka

[HCTpyMeHTapiii MareMaTHyHOro aHaji3y, L0 Jajli BUKOPUCTOBYETHCS Y Teopii
nugepeHLiaIbHUX PIBHSAHD, 30KpeMa JU(EepeHIaIbHOrO Ta IHTErpalbHOTO YHCICHHS, TyXKe
NOTY)XKHHM, TOMY ¥ BHUKOPUCTaHHS MWOTro MiJ 4Yac pO3B’A3yBaHHSA pI3HUX (I3UYHHUX,
MaTeMaTUYHUX 3a]ad, 3aBJaHb MaTEeMaTHYHOTO MOJEIIOBAHHS, MPOTrpaMyBaHHSA MOXe OyTu
HaJ3BUYAlHO BaXXIMBUM. TOMY CTYAE€HTH MalOTh BUIBHO BOJIOJITH JIaHUM MaTepiajioM,
30KpemMa obupaTu cepes 6araTbOX M 3aCTOCOBYBATH caMme TI MaTreMaTwdHi (QopMmynH, 3a
JIOTIOMOTOI0  SIKMX 3a7ada OyJe po3B’s3aHa SKHaWmpocTime ado X BUKOPHUCTOBYBATU
HaWOUIBII pallioHaTbHI METOIM 3HAXOHKEHHS TOTO UM TOrO BHAY IHTErpajia TOIIO.

CnigoM 3a BIJOMMUMH METOJMCTAaMHU BUAUIMMO YOTUPHU OCHOBHI PiBHI CpOPMOBAHOCTI
TOTO YM IHIIOTO MAaT€MaTUYHOTO MOHSATTS: 1) po3cisiHe ysABIEHHS CTYyJEHTa MpO SBUIIE,
MpEeAMET TOIIO; 2) CTYICHT MOXE BIIPI3HUTU OJHE MOHSTTS YM SIBUIIE Bifl 1HIIOTO, HA3BATH
O3HAKH TOHATTSI, aji€¢ HE BIAPI3HSAE ICTOTHI BIACTUBOCTI Bill HEICTOTHUX; 3) CTYIEHT 3aCBOIOE
ICTOTHI Ta HEICTOTHI BJIACTMBOCTI, aJle¢ HE MOJKE Yy3arajbHUTU TOHSTTS; 4) CTYACHT MOXKE
y3arajlbHUTU MOHSTTS, BUIbHO onepye HuM [9].

[[o6 nocsrtu 4eTBEpTOrO PiBHSI CPOPMOBAHOCTI MATEMATUUYHOTO MOHSTTS Ta BUIBHO
OIepyBaTH HUM IIiJ] Yac PO3B’SI3yBaHHs PI3HUX 33]a4, 30KpeMa i MPaKTUYHOTO CIPSIMYBaHHS,
CTYIEHT Ma€ NpoiTu Bci etanu. [IpononyeMo audepenuiiioBany cucremy BripaB [is dikcarlii
KOYKHOTO PIBHSI 3aCBO€HHS MOHSTTA y CTYAEHTIB I1Jl YaC BUBYEHHS KypCiB MaTeMaTUYHO60TO
aHa3y Ta MU epeHIiaIbHUX PIBHSHbD.
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3asoanns 1 pieHs 3aceo€ents
Tyr MM NpPONOHYEMO JOCHUTH MPOCTI 3aBJaHHS Ha PO3Mi3HABAaHHSA TOrO YU IHILIOIO

BUAY IudepeHIiaJbHUX PIBHAHb 3a JOTMOMOTOI0 Bi3yanbHOi 000sI0HKH. TOOTO CTymeHTH
MaroTh BUITBOPUTH JIMIIE BIATBOPUTU NEBHUM BHJ PIBHSAHb, MPUraJaBIId HOTO 3arajlbHUNA
BUTJISI.

3aeoanna 1. B rorenpHOMYy HOMEpi ceild mae voTupuszHauyHui mapoib. [1[o06 ioro
BIIKpUTH HEOOXigHO po3ragatu ner mmdp. [locnigoBHo (HE 3MIHIOIYHM MOPSAIKY), Tpebda
HaOpaTu OYyKBH, fIKl € NPaBUILHUMHU BIINOBIASIMH J0 HACTYIHUX 3aBJaHb. Y KOXXHOMY
3aB/IaHHS JIMILE OJIHA IPABUJIbHA BIATIOB1/Ib.
1. Cepen HaBeneHUX HUXKYE AUdepeHIiabHUX PIBHSIHL 00€piTh PIBHSAHHSA 3 BIIOKPEMICHUMU
3MIHHUMH BUKJIIOYHO 32 30BHINTHIMU XapaKTePUCTHUKAMHU.

A B C D

(x2 + y)dx = (y + l)dy xX’dx = (y + l)dy X’tdx = (y + z‘)dy x7dx = (y + l)dy

2. Cepen HaBeNEHUX HMIXKYE AU(EpeHLIalbHUX pIBHAHb OOEpiTh OJHOPIAHE PIBHIHHS
BUKJIFOUHO 32 30BHIIIHIMU XapaKTePUCTUKAMH.

A B C D
2 2 3 2
Y.,y Yy 3y .,y Yo,y
Tty =3 Yo = YT Tty =73
X X X X X X X X

3. Cepen HaBeACHUX HIDKUYE AU(epeHIalbHUX PIBHAHb 00€pITh JIiHIHE PIBHAHHS BUKJIIOUYHO
3a 30BHILIHIMU XapaKTePUCTUKAMHU.

A B C D
Y +xyt=xy V+xly=x'+1 | y+(x+)y=x+y | y+xy=xy
4. Slxe 3 HaBeJJEHUX HU)KUE PIBHSIHb MOXHA pO3B’sA3aTH 0€3 3aCTOCYBAaHHS I1ICTAHOBKU?
A B C D
ydx + xdy =0 V+xy=1 xy'+y=x V'+5y'+6=0

3asoanns 2-3 pieHs 3ac60€HHS
Tyr MU OpoONOHYeEMO 3aBJaHHS TPOXM CKJIAIHINI, SKI CHPSIMOBAHI HE JIMILIE Ha
BIITBOPEHHS 3arajlbHOT KAPTUHKU TOrO YM IHIIOTO BUAY IU(EpEeHLIaIbHOTO PIBHSAHHA, a U
B)Ke Tpeba MpoMTH OJMH YM KUIbKa KPOKIB Y H1OT0 po3B’si3aHHI.
3aséoanna 2. CryneHtam noTpiOHO pO3B’sA3aTU YEpProBe 3aBJAHHS KBECTY, Y SIKOMY
3amn(poBaHO YOTHPU JIITEPH, SIKI € MPaBUIBHUMH BIAMOBIISIMU J0 HACTYIHOTO 3aBJAHHS.
[TocnigoBHO (HE 3MIHIOIOYH MOPAAKY), Tpeda iX 3amucaTi.
1. SIky 3aMiHy BapTO BUKOPHCTATU JJI1 PO3B’A3aHHS HACTYMHOro Ju(epeHIiaIbHOro

piBusHEs X° Y — Yy =,/y* —x* 2

A B C D

_ r__ ., 4 !/ ) ) ’ [} ! !
y=uv,y =uv-r+uyv y=ux,y =ux+u | y=ux,y =ux | y=u+x,y =u +1

2. SIky 3amiHy BapTO BHKOPUCTATH JUIsl PO3B’SI3aHHSA HACTYIHOIO JU(EpEeHLIATbHOTIO

piBusHEa X)) — yx =+/1—x° ?
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A B C D

’ ] ’
y=uv,y =uv+uv | y=yx,y'=ux+u | y=ux,y ' =ux | y=u+x,y' =u"+1

3. Sy 3amiHy BapTO BHMKOpPUCTaTH JUIsl pO3B’SI3aHHS HACTYIMHOTO AU(EepeHLIabHOTO
. 14 14
piBusiabst ' —3)" +2 =07

A B C D

y:e y:e3x y:er y:e

4. Jlano pisusuus; V" +2)" —3 =5e". IlpaBa chemiagpHa YacTMHA HOTO YAaCTUHHOIO
PO3B’s3Ky Oy/Ie MaTu BUTTIAL ...

A B C D

y=e y=>e y=Ae y = Axe’

3asoanns 4 pieHs 3aceoenns

Ha npoMy etami AOUUIBHO BXK€ YCKJIAQMHUTH 3aBAAaHHS, TOOTO CTYJIEHT HE JIMIIEC MAE
BIATBOPIOBATM IIE€BHUN BUJ PIBHAHb Ta BKa3yBaTH aJIrOPUTM WHOTO pO3B’S3aHHA, a
3aCTOCOBYBATH BECh KOMIUIEKC OTPUMAHMX 3HaHb Ta HABUYOK JI0 PO3B’A3yBAHHS CKJIATHIIINX
3aJla4 — 4acTO F€OMETPUYHOTO YU MEXaHIYHOro 3MicTy. TyT Tako Ha TONOMOTY IMPUUAYTH i
3HaHHS 3 JU(QEepeHIiaJbHOr0 Ta IHTErpaJibHOrO 4HcieHHsA. PoboTa Haj mNpakTUYHUMHU
3aJlayaMH JI03BOJISIIOTH CTY/IEHTaM MIJHATHCS HAa HOBUUM BUILIUI TBOPYUI PIBEHb BIATBOPEHHS
OTpUMaHUX 3HaHb, BMIHb Ta HaBUYOK. Taki 3aBJlaHHs HAOIMKAIOTh IX TAKOXK N0 KUTTEBUX
cutyaniii. Ilepen BHUKOHAHHSIM TakKoOro 3aBAaHHsS BapTO 3pOOMTH MEBHI Yy3arajJbHEHHS
MOTIEPEAHBOTO MaTepiamy.

3aséoanna 3. 3HalTH NiHII, B SIKUX M1THOPMaJb B OyAb-AKii TOYIl TaK BIIHOCUTHCS JI0

CyMHU abCLMCH 1 OpIMHATH, K OpAUHATA I11€1 TOUKH J10 i aOCIHUCH.

¥y
My)

P

|
|
|
A 0/ K T X

Puc. 4

Po36’sa3anna. Crioyatky BUKOHA€EMO BIANOBITHUI pUCYHOK (puc. 4) Ta HO3HAUYUMO

Touky aotuxy (M), Hopmans (MT) Ta miin Hopmans (KT). Ouesuano, mo KT =—y-y'. Jlani
wo_y

BIINOBIAHO JO YMOBHU 3aJlaul CKJIQJa€MO PIBHSHHS: — ———— = Ta pPO3B’A3yEMO HOTO:
x+y Xx

46




Bicnux Yepracwvroeo nayionansnozo ynieepcumemy imeni boeoana Xmwenvnuyvkoeo

!

_r Y . Otpumanu oxHopinHe audepeHLiaabHe PIBHAHHSA nepiioro nopsaky. 111o0
X
“4+1
y
y . b , tx+t
HOro po3p’s3aTH, BUKOHAEMO 3aMIHy: Y =IX,y =tx+¢. Jlani maemMo: — 1T - z,
-+1
t
, , dr 1 dx C C
tx+t=1+t,tx=1, —=—,dt =—, t =In—, 3Bigcn y =xIn—.
X X X X X

Bionogion: y = xlng.
X

ITig yac po3B’s3yBaHHS NPAKTUYHUX 3aJad TEOMETPUYHOrO0 YU (I3UYHOrO 3MICTY
CTYICHTH Yy3arajbHIOIOTH SIK BCl 3700yTI 3HaHHSA 3 Kypcy JudepeHIialIbHUX pPIBHSHb,
MaTeMaTUYHOTO aHali3y, a TaKOoX eJIEMEHTapH1 3HaHHs 3 reoMerTpii Ta ¢i3uku. Hampuknan,
o0 Take JOTHYHA 1 HOpMalb [0 KpUBOI, MiJ JOTHYHA 1 MiJ HOpMaib, IUIOLI PI3HUX
reoMeTpuuHux Piryp, 06’emu Ti1 Tomo. Taki 3aBgaHHS TOUUIFHO MPOTIOHYBATU CTYJICHTAM 1
IiJ] Yac MPaKTUYHUX 3aHSTh 1 U1 1HAUBIAYaJIbHUX PO3PAXyHKOBHUX POOIT.

BucnoBku. [lonanbii gociimkeHHs My BOa4aeMo y po3poOLii cUCTeMHU HIATOTOBUUX

IUQepeHLiHoBaHUX 3aBJaHb Ul MIATOTOBKYU /0 PO3B’S3yBaHHS I'€OMETPUUHUX Ta (PI3UYHUX
3a]1a4 3a JI0NOMOT 010 Tu(epeHIialbHIX PIBHSAHb.
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APPLICATION OF THE THEORY OF DIFFERENTIAL EQUATIONS TO SOLVING
MATHEMATICAL PROBLEMS

Abstract. Introduction. The courses of mathematical analysis and differential equations are
one of the main basic courses of the mathematical cycle of disciplines, which are studied by students
of mathematical, physical, technical, IT specialties of higher education institutions, etc. As our studies
have shown, acquisition and, most importantly, the application of a set of a large number of different
mathematical facts and concepts in the process of solving problems often lead to the appearance of
difficulties in achievers. As shown by our studies, assimilation and, most importantly, the application
of a set of a large number of different mathematical facts and concepts in the process of solving
problems often lead to the appearance of difficulties in learners. Therefore, the method of their study
should be built as specific for this category of students.

The purpose of the article is to consider the peculiarities of the application of the theory of
differential equations and methods of finding different types of integrals for solving problems of
geometric and mechanical content and to take them into account during the training of students in the
fields of 01 Education/ Pedagogy, in particular 014 Secondary Education, 11 Mathematics and
Statistics, 10 Natural Sciences sciences, 12 Information technologies, formulate appropriate
recommendations.

Originality. in the article, we indicated the vectors that should be used with students to
consolidate and reproduce the methods of solving differential equations when solving problems in
geometry and physics. Exercises have been developed in accordance with four levels of the formation
of a mathematical concept: 1) the student's scattered idea of a phenomenon, subject, etc.; 2) the
student can distinguish one concept or phenomenon from another, name the features of the concept,
but does not distinguish essential properties from non-essential ones, 3) the student learns essential
and non-essential properties, but cannot generalize concepts; 4) the student can generalize concepts,
freely operates with them.
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Conclusion. We see further research in the development of a system of preparatory
differential problems to prepare for solving geometric and physical problems using differential
equations.

Keywords: differential equations, solution methods, differential and integral calculus, students
of natural and technical specialties of the university

Oneprkano penakiiero 17.10.2022p.
[MpuiinsaTo no myo6mikanii 03.11.2022p.

49



ISSN 2076-5886 (Print) Cepis «Ilpuxnaona mamemamuxa. Ingpopmamuxay. Bunyck Ne 1.2022

CEKUIA «IHOOPMATHUKA»

YK 004.9 : 004.056 PO3JIOMIMH Inna OsexcanapiHa
K. T. H., CTapIIAI BUKJIa/1a4,
Uepkacbkuil  HallOHAJIbHUNA  YHIBEPCHUTET
iMeH1 bormana XMenbHUAIIBKOTO
ORCID: 0000-0001-5065-9004
e-mail: inna-roz@ukr.net

APMUJIKO Aunapiii BacniaboBuu

K. T. H., JIOLICHT, JOIICHT,

Uepkacbkuil  HallOHAJIbHUNA  YHIBEPCHUTET
iMeH1 bormana XMenbHUAIIBKOTO

ORCID: 0000-0003-2062-2694

e-mail: a-ja@ukr.net

IHTETPOBAHUM KPUIITOTIPA®ITUYHO-CTET AHOT PA®TYHHUI 3AXUCT
MYJbTUMEIIMHOI'O KOHTEHTY I JAHUX B CHCTEMAX E-LEARNING

Y cmammi pozenamymo 3acanvmy npobdremamuxy Oesneku 6 cucmemax e-learning.
Ilpoananizosano  cyyacui  QOCHIOXNCEHHs mMaA  NPAKMUKY — 3ACMOCYS8AHHS  IHCMPYMEHmMAapiio
inhopmayitinol 6esnexu y makux cucmemax. Bemanoeieno, wjo y 0inbuiocmi 6unaokie cucmemu e-
learning naoaromv kopucmysawam 3acobu aemenmugikayii ma idenmupixayii y4acHUKI6 Ceancie
HasuamHs, 3a6e3neyyionsv KOHGIOeHYIUHICMb Ma a0pecHicmb THMHOPMAYIIHUX NPOYECis, 3aXUUeHICMb
HABUALHUX Mamepianie npu UKOPUCMAHHI SIOKPUMUX KAHAMIE 363Ky ma [Hwi (QyHKyil 3axucmy.
Ilpome komnaexcnuil nioxio 0o zaxucmy cucmem e-learning 3amUUIAEMbCS MATOOOCTIONCEHUM. 3
027150y HA ye OYI0 3aNPONOHOBAHO NIOCUTUMNU 3AXUCH OAHUX MA MYTbMUMEdiUH020 KOHMEHmY 8
cucmemax eleKmpoHHO20 HABYAHHA UISIXOM 3ACMOCYBAHHS THMESPOBAHO20 KPUNMOZSPAPIUHO-
cmezanozpagiunozo nioxody. Bin 3acmocogye aneopumm no6yoosu yupposozo 800IH020 3HAKY, KU
bazyemvcsi  HA - onepayisx  MampuyHozo — Kpunmoepagiunoco  nepemeopenns.  Komniaexcue
3ACMOCy8anHsi 080X Memoodié 3aXucmy Mae Ha Mmemi NiOSUWeHH Cme2aHo2pagiunoi cmitukocmi
aneopummy 606y008Y8aHHI MIMOK YUPDPOBO2O B0OAHO20 3HAKY 34 PAXYHOK YCKAAOHEHHS 3A60aHMS
subopy napamempy ingepcii 6imie y 6aumax, npusHaueHux O0as 60Y008Y6aHHs I0eHMUDIKAYIUHUX
osHak. /looamkosuil 3axuchuil eghexm 3abe3neuyemvcs HeouesuoHicmio eubopy oatmie y @aiini-
KOHmetinepi 01 60Y008Y8AHHS YUPPOBO2O 800SIHO20 3HAKY MA MONCIUGICMIO IXHbOI i0enmupixayii
auue 3a 00NOMO2010 KpUnmozpapivuux npoyedyp ynosHogaxceHumu xopucmysavamu. Taxui nioxio €
NPOOYKMUBHUM U000 POpMyeanuss cmpamezii 006ipu 00 OH-IAUH Mamepianie i OUCmaHyitiHol
dislnbHocmi 8 0c8imHill 2any3i, 0coOIUBO — 00 MYTbMUMEOIUHUX pecypcie y cucmemax e-learning.
Inxopnopyeants NpPoONOHOBAHUX 3AXUCHUX MEXAMI3MI8 6 ICHYIOYI ma po3pobnogaHi cucmemu
e1eKMPOHHO20 HAGUAHHS NPONOHYEMbCSA UIAXOM 000A8AHHA GIONOGIOHUX (dpacmenmis Koy abo
HEe3aNeNHCHO CKOMNINTbOBAHUX NPOSPAMHUX MOOYIIG-naacinis. [Ipakxmuyne enposaddicents 8i0no8ioHuxX
NPOCPAMHUX [HCIMPYMEHMI8 MA€E CRpUsmu NIOBUWEHHIO O008IpU  MIdC VUACHUKAMU CUCTNeMU
eeKMPOHHO20 — HAGUAHHA 34  PAXYHOK — MOdicaugocmi  idemmuixayii  euxpadenux  abo
CKOMNpOMemOoBanux ideil ma IHHOBAYill y KOHMEHmI OCeimHIX pecypcis, ¢ikcayii cmamycy
CKOMNPOMEMOBAHUX KOPUCMYBAYI8 5K ceped 3000y8adie ocgimu, maxk i ceped BUKIAOAUIS.
THozumugnutl eghexm oUiKyEMbCs K Y KOHMEKCMI KIOY08UX 0emepMIiHanHm Memooie 3axXucmy OaHux 8
cucmemax eneKmpoHHO20 HAGYAHHA, MAK 1 w000 NIOMPUMKU CMAN020 DPO3GUMKY UYUPPOSUX
iHOYCmpiil, N08 SI3aHUX 3 KHULOBUOABHUYNEOM MA NOWUPEHHIM MYTbMUMEOTUHUX ThEOPI8.

Knrouoei cnosa: 3axucm aemopcoko2o npasa, yu@dposutl 600AHUI 3HAK, eIEKMPOHHE HAGUAHHS,
wugpysanns, cmeeanocpa@is, kpunmozpagis.
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IlocranoBka npodJemu. [{udposa iHPpopmariiiiHa peBOTIONIS 3MIHIIIA KOMEPIIIHHY Ta
aKaJeMiuHy NOBEAIHKY, a [HTepHeT BifirpaB BaKJIMBY poJib y riiodaiizaiii ux mnpoiecis. Sk
3aznaueHo L. Shahmoradi, V. Changizi, E. Mehraeen, A. Bashiri, B. Jannat Ta M. Hosseinti,
nepeBaru BiJ TPaHCIALIl AaHUX, JErKe peJaryBaHHs OyAb-iKoro Hu(ppoBOro BMICTY Ta
MOXJIMBICTh WOTO BIATBOpPEHHS 0€3 OyIb-SKUX BTPAT SKOCTI 3poOMiIn U(PPOBY TEXHOJIOTIIO
HabaraTto Kpamioro 3a crapi aHajoroBi cuctemu [1]. Lle mopoauno HOBI MOKIMBOCTI IS
iHHOBaIii. Po3BUTOK iH(MOpPMALIHHUX TEXHOJIOTIH CTUMYJIOBAB IMEpexil A0 HOBUX (popm
opraizanii JisnbHOCTI B OCBiTHIl cdepi. [i IIBMAKMI PO3BUTOK CTUMYJIIOETBCS
BIIPOBA/IPKEHHSI €JIEKTPOHHOTO HABYAHHS, SIKE € MPSAMUM DPE3Yy/IbTaTOM IHTErpaiii OCBITH Ta
TEXHOJIOTI 1 CTajo MOTYXKHUM 3aco0OM, OpIEHTOBAHUM, 30KpeMa, Ha BHUKOPUCTAHHS
[HTepHET-TEXHOIIOTIH.

EnexTpoHHe HaBYaHHS — 1€ IHTEPAaKTUBHUU MpolEC, Y SKOMY HaBYaJIbHUNA KOHTEHT
JOCTYIIHUA B pEXUMI OH-TAilH 1 3abe3nedye aBTOMATUYHUI 3BOPOTHUI 3B’SA30K 13
HAaBYAJIbHOIO JIISUIBHICTIO CTY/AEHTa, a OT)KE, BUKOPUCTAHHS I[HTEpHETy A MOKpalleHHS
€JICKTPOHHOTO HAaBYaHHS CTaj0 TPEHIOM cydacHux 3akiamiB ocitu (M. A. H. Masud,
X. Huang, [2]). EnextpoHHe HaBYaHHSA IWIBUJKO PO3LIMPUIIOCS 3aBISKU PI3HOMaHITHUM
TEXHOJIOTISIM 1 MPUCTPOSIM JUIsl JOCTYNY J10 HaBYAJIbHUX PECYpPCIB, TaKUX K HOYTOYKH,
KOMIT I0TepH, cMapT(HOHH Ta IIaHIIETH. TeXHOJIOri CyTTEBO BIIMHYJIM Ha OCBITY, HABUAHHS
Ta METOJI BUKJIA/IaHHS.

be3zanepeune 3HaueHHs EJIEKTPOHHOTO HaBYaHHS B OCBITI MPHU3BEIO 10 MacOBOTO
3pOCTaHHS KUIbKOCT1 KYpCIB €JIEKTPOHHOTO HaBYaHHS Ta CUCTEM, SIKI IPOMOHYIOTh PI3H1 BUJIU
nocsyr. ChoroJiH1 BeNMKa KUIbKICTh HAaBYAJIBHUX PECYPCIB AOCTYIHI Yyepe3 IHTepHeT B pi3HUX
dbopmaTtax (TeKCT, 300pa)K€HHs, ay/io, Bil€O), IO CIPHUAE CAMOCTIMHOMY HAaBYaHHIO Ta
BHUXOJly 3a M€X1 reorpadiunux kopoHiB. Kypcu, npusHadeHi i €JIeKTPOHHOTO HaBYaHHS,
MICTSITh HOBI THUIIM HaBYaJbHUX MaTepiajiB, SKI BUKOPHUCTOBYIOTH IE€pPEBAard MEpPEkKEBUX,
MYJbTUMEIIMHUX Ta HIIUX 1H(OpMaLIiHUX TexHoJorii. KpiMm Toro, BigOynocs po3LpeHHs
MOXJIMBOCTEM [UIsl CIIBIpAll 13 3aly4€HHSM IHTEPAaKTUBHUX (QYHKLIA CHUIKYBaHHS —
¢bopymiB, 4aTiB TOILO.

[Ipote nerkictb Ta AOCTYMHICTH METOAIB 1 3aCO0IB BUTOTOBJICHHS 17I€AJIbHUX IIU(PPOBUX
KOITi Ta TOB’s3aHE 3 MM MAacIITa0HE HE3aKOHHE KOMIIOBaHHS EJIEKTPOHHOTO KOHTEHTY €
3HAYHUM BHUKIUKOM JJIi HOPMAaJbHOIO PO3BUTKY LU(POBUX IHAYCTpPi, IMOB’S3aHUX 3
KHUTOBUJABHUIITBOM, ay/10BI3yalbHUMH TBOpPAaMHU Ta HaBIThb HAYKOBHMHM IyOiikarisimu. He
OMHHaE 1151 Ipobsiema 1 chepy eeKTPOHHOTO HAaBYaHHS.

BunukHeHHs Ta pO3BUTOK cUCTeM e-learning 6e3mocepeHbO MOB’S3aHI 3 MOIIMPEHHS
KOMIT IOTEPHO-OIIOCEPEIKOBAHOT KOMYHIKAIli Ta PO3BUTKOM HOBHUX IH(QOpMaIiiiHO-
koMyHikaniiiHux TexHozorii (IKT). CrninkyBaHHS B KOMIT'toTepHOMY (OpMaTi BILUIMBAE Ha
06araTo pI3HMUX ACMHEKTIB MPUTAMAHHOI OCBITHHOMY IMPOIECY MDKOCOOHUCTICHOI Ta TpynoBoOi
koMyHikalii. Cepes HUX BapTUMHM MUJIBHOI yBaru €, 30KpemMa, MeXaHi3MH (HOpMYyBaHHS
BpakeHb, IPyNOBa AMHAMIKA Ta €THUYHI MUTAaHHS, OB’ s3aH1 3 IOBIPOIO /10 JDKEpena 1, BJIacHe,
no camoi iHGopmauii. Henmosiku 1mporo ¢opmaty, [Ki OCOONMBO MPOSIBIASIOTECA IMPU
BIICYTHOCTI BI1IEOTPAHCIALIl, MOB’S3yIOTh 3 BTPATOI 3HAYMMOI JUId IPAaBHIBHOL
IHTepIpeTalii NOBIAOMJIECHb HeBepOaabHOI 1H(pOpMALli: TOHY, MIMIKM Ta XecTiB. Takum
YUHOM, X04a KOMYHIKAIIis 32 JIOTIOMOTOI0 KOMIT I0Tepa HaJa€ YuMaJIio IepeBar, TEXHOJIOTTdHE
MOCEPEHUITBO MOKE TaKOX TraJbMyBaTH IpOILEC CHUIKYBaHHS Ta B1IOMBATHCS Ha HOro
SIKOCTI. Jl07aTKOB1 TPYMHOII BUHHUKAIOTh TAKOX 13 3aXUCTOM 1H(GOPMAIIHHUX PECYpCiB Ta
MEePCOHAIBHUX JaHUX, [0 30MPaIOThCsl Ta OOPOOIISIOTHCS i Yac MPOLEAYp €IEKTPOHHOIO
HaBYaHHS.

[IpakTuHUi AOCBIJ MEpPEXOoAy 10 €JIEKTPOHHOTO HABYAHHS 3 BUKOPHUCTAHHSAM HOTO
TUCTAHIIMHUX (OPM TMEPEeKOHJIMBO II0Ka3aB, M0 BUKOPUCTAHHS |HTEpHET-TEXHOJOTIH B
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opraHizailii HaBYaHHS MPHU3BOJUTH JO 3HAYHOTO IMIABUIIEHHS JOCTYMHOCTI Ta SIKOCTI
HABYaHHS 1, SIK HACI1/I0K, CIIPUSIE MIIBULIEHHIO PEHTa0EeIbHOCTI ccTeMU HaBuaHHA. CucreMa
€JIEKTPOHHOTO HaBYaHHA 3a0e3ledye KOKHOIO CTyAEHTa 1HQOpMaliifHUMH Ta OCBITHIMHU
MO>XKJIMBOCTSIMU B Oy/b-SIKMII MOMEHT 4acy HE3aJIeXHO Bi iX MiCLE3HaXoJKeHHS. [Hmmmu
CIIOBaMH, |HTEpHET-OpIEHTOBaHA MOJIENb OCBITH XapaKTEPU3YETbCS MOBHOTOK CBOOOAM Bif
IIPOCTOPOBO-YaCOBUX OOMEXKEHb, IO € ii He3anepeuHolo nepesaroto. BoaHouac, po3pobiieHi
KOMYHIKAI[Ii{H1 PIIIEHHS CUCTEM EJIEKTPOHHOTO HaBUaHHS HE 3a0e3NeuyloThb MOKIMBOCTI
abCOIIOTHOIO KOHTPOJIIO HaJ KaHajaMmu crnulkyBaHHs. [lepeBaru HagaHHs 3HaHb y HU(POBIi
dhopmi MOXKyTh OYTH 3HIBEIILOBaHI MOMJIHMBICTIO X HE3aKOHHOTO KOITIFOBaHHsI, MOAM(IKAIIli
Ta PO3MOBCIOJKEHHS 0€3 ypaxyBaHHS aBTOPCbKUX IpaB. ToMmy HaJaHHS HaBYaJIbHHUX
MaTepiajiB yepe3 BIIKPUTI KaHaIW 3B'SI3KY, 3aXHCT MEPElaHOTO MYJIbTUMEAIMHOrO BMICTY
HaBYAJIbHUX KYypCiB, TaK caMoO fK 1 MIOB’SI3aHUX 3 OCBITHIM IPOLIECOM JIaHUX, aBTEHTH(IKAIii
Ta 1neHTu¢IKamii HOro y4acHUKIB, KOH(IIEHIIHNHOCTI Ta aJpecHOCTI CEaHCIB HaBYaHHS,
MUTaHHS 3aXMCTY aBTOPCHKUX MPaB, IHTEIEKTYalIbHOI BIACHOCTI, aKaJIleMIYHO1 JOOPOUYECHOCTI
CTalOTh 0COOJMBO AKTYaJIbHUMH.

AHaJii3 ocTaHHIX Jociigxkenb i myOJikanii. EnekTrpoHHe HaBYaHHS CTal0 OCHOBHUM
HaIpsIMKOM B OCBITHBOMY CEKTOpi Ta OyJI0 MacoBO BIPOBA/KEHO Yy BHILINA ocBirTi. BoHo
OXOIUTIOE MIMPOKUI Hallp mporpaM 1 MpoLeciB, TaKUX sSK BeO-HaBYaHHS, KOMII IOTEpHE
HaBYaHHS, BIpTyalbHl Kjacu Ta uu@poBa cmiBmpausd. llpuyomy, ik mokaszye IpakKTHKa,
OypXJIMBOMY 3POCTAaHHIO TOMHTY HA Taki IHHOBAIlli Ta, 30KpeMa, HAa AWCTAHIIIIHI OCBITHI
MOCIIYTH, CIpUS€E HE JHILE TEXHOJOTTYHHM mporpec, aje # TpaHchopMalisi OCBITHHOIO
MPOCTOPY BHACIIIOK TJIOOQJIBHUX 1 JIOKAJBbHUX KATaKII3MIB, TaKMX SK €MieMii, CTUXIHHI
auxa Ta BIMHU. SIKICTP CHCTEM €JIEeKTpOHHOI'O HaBYaHHSA MpUBEpPTAaE 3HAYHY YyBary
JNOCHIIHUKIB, KOTpPl HaMmaraimThCsl  BU3HAUUTU  (PakTOopu  iXHBOrO  €(EeKTUBHOIO
(GYHKIIOHYBaHHS, 1100 MaKCHMI3yBaTh €(QEKTUBHICTh LMX cucTteM. OJHUM 3 BaKIUBUX
MOKa3HUKIB I1XHbOI SIKOCTI € BHpINIEHHS MNUTaHb 1H(OpMaliiHOiI Oe3neku 1, 30Kpema,
KOH(D1IeHIIITHOCT1 Ta 0€3MEKN KOPUCTYBAHHS.

[ndopmariitna Oe3neka BU3HAYAETHCA, SIK KOMIUIEKC 3aXOJiB LI0OJ0 BUSBJICHHS Ta
3arno0iraHHsT HEaBTOPU30BAHOMY JIOCTYIY KOPHCTYBadyiB, 3IIMCHEHOMY 3a JOIOMOTOIO
BianoBiAHOrOo Habopy iHCTpyMmeHTiB (V. 1. Zuev, [3]). Ha BaxumBocTi HpopmauiiiHOi
Oe3meKku Uil CHCTEM EeJEeKTPOHHOTO HaBuaHHsA Harosomye S. Aljawarneh y [4]. V
nocmimxenHi [5] S. H. Hasan, D. M. Alghazzawi ta A. Zafar nHaiiBa)/1uBIIIi BUMOTH 11010
KOH(DiIeHIIIHOCT1 Ta Oe3MeKH, MOB’sA3aHl 3 €JIEKTPOHHUM HaBYaHHSIM, PO3JAUISIOTH Ha TpU
OCHOBHI T'pYIIH:

—  KOH(QIIEHIIMHICTh KOPUCTYBaya (BU3HAYEHHS METU 300PYy JaHUX, 3HAHHS MOJITHUKU
KOH(1ICHIIIITHOCT1, HEOOX1THOCT1 BUIAJICHHS JAHUX TICJISI BUKOPUCTAHHS TOIIIO);

—  KOH(QIIEHIIHHICTh Mepexi (BCl pecypcy Bpa3iuBi 0 MEPEKEBUX aTaK);

— MexaHI3MH Oe3reku (aBTeHTH(IKaIlisd, CTBOPEHHS MPOQUII0 KOPUCTyBada, 3aXUCT
HaBYAJIbHUX MaTepianiB, cepTudikaiis, OlomeTpuyHa 1aeHTU(IKalis, 1AeHTudikamis 3a
JOTIOMOTOF0 CMapT-KapT TOIIIO).

HaiiuacTimi Bumaaku, mMoB’si3aHi 13 3aMOMISTHHSAM IIIKOJM B KOHTEKCTI €JIEKTPOHHOTO
HaB4YaHHs, macymoBano G. Riahi B [6] Takum urHOM:

1) mnomkompkeHi abo BTpaueH1 NOB1IOMIIEHHS], OI[IHKH, J1aH1 4d poOOTH;

2) ipeHTU(]IKALIS CKOMIPOMETOBAaHUX YUYHIB a00 BUKJIAJayiB;

3) BuKpaaeHi a00 CKOMIIPOMETOBAHI 1/1€1 a0 IHHOBAIIIT CTY/ICHTIB;

4) mnopyieHa IUIICHICTh COLIIAIbHUX a00 TEXHIYHUX CUCTEM.

Orusin 3arpo3 Oe3mneri cucTeM eIeKTPOHHOTO HaB4YaHHS 3pobiieHo B [7-9], ae omucano
MiAX1] JO CTBOPEHHS 3aXUUIEHOI CHUCTEMHU €JEKTPOHHOTO HaByaHHSA. ABTOpaMu
A. R. Ghobadi, A. Boroujerdizadeh, A. H. Yaribakht ta A. Abd Manaf onucana 3aranpHa
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KOHIICTIIIIST 3aXUCTy CHCTEM EJEKTPOHHOTO HaBUYaHHS 3a JOMOMOTOI IH(PPOBHX BOISHHUX
3HakiB (LIB3) [10]. V mpami HaBenmena kinacudikamis metoniB Hakimamanas [[B3  mis
3a0e3MeyeHHs] [UIICHOCTI KOHTEHTY B CHCTEMax €JIGKTPOHHOIO HaBuYaHHSA. [HIII HanmpsSMKu
JOCITIDKEHb CTOCYBaJMCh MeToay BOymoByBanHs [[B3 3a momomMoror reHETHYHHX
anmroputMmiB (H. S. Heniedy, O. M. Ouda, M. O. Khozium, [11]) Ta Meromy BeiBieT-
nepeTBopeHs (A. Zemtsov, [12]). 3aramom, y OUIBIIOCTI OTIASHYTHX JTOCTIKEHb BUBUYAIUCS
OKpeMi YaCTHHU KIIFOYOBHX JIETEPMIHAHT METOJIIB 3aXUCTY JTAHUX B CUCTEMax €JIEKTPOHHOTO
HaBYaHHSI.

Meta pocaigxenns. O JitepaTypyd BUSBHB, 110 MAJIOJAOCIIIHKCHIM 3aJIUIIAETHCS
KOMIUIEKCHUW MIXiA 70 3axucty cucteM e-learning. Jlama oOcTraBuHa BIUIMHYJA Ha
dbopmyBaHHS METH IIi€l CTATTI: 3aXUCT JAHUX Ta MYJIbTUMEIIMHOTO KOHTEHTY B CHUCTEMax
€JIEKTPOHHOTO  HAaBYAaHHS [IJISXOM 3aCTOCYBaHHSI IHTETPOBAHOIO  KpUMTOTpadiuHoO-
creraHorpagHoro mniaxoay. Takui MiAXi[g Mae NIABUIIMTU JOBIPY MDK Yy4YaCHMKaMU
CUCTEMH €JIEKTPOHHOTO HaBYAHHS.

Buknag ocHoBHOro marepiaiy.

1. 3aranbHi MeTOAU 3aXHCTY MYJIbTHMENiHHOIO0 KOHTEHTY i JaHMX y cCHCTeMAax e-
learning. Ilpu Bcili OaraTOMaHITHOCTI TEXHIYHOI Ta TEXHOJOTIYHOI MIATPUMKH
KOMIIT FOTEPHO-0TIOCEPEIKOBAaHOT KOMYHIKAIlli y cUcTeMax e-learning, 03HaKOIO 4acy € oropa
Ha XMapHIi TexHoJoTii. EnekTpoHHe HaBYaHHS Ha OCHOBI XMapHHUX TEXHOJOIIM — 1€ crnocid
3MEHILIUTH BapTICTh 1 CKIAIHICTh JOCTYNY N0 JaHHUX, AKI KOHTPOJIIOKIOTHCS CTOPOHHIMU
ciayxOamu. TpaauuiiiHi METOAM €JEeKTPOHHOTO HaBYaHHS IOEJHYIOTHCS 3 TEXHOJIOTIEI0
XMapHUX 00UnCIIeHb, 100 HAaTu NepeBaru KOpUCTyBauaMm.

XMapHi TEXHOJIOT1I Ta MOB’s3aHl 3 HUMH CEpBICH, KPIM OUYEBHUIHHUX IE€peBar, MaroTh 1
00’€KTHBHI HENOJIKHM, $KI BHUIUIMBAIOTh 3 CAMOi AapXITEKTypH «XMapu» SK TEXHIKO-
TEXHOJIOTIYHOI'O PIIEHHS 1, BIAMOBIAHO, 3 1i 3JaTHOCTI rapaHTyBaTH Oe3MeKy JaHUX SIK TaKy,
TOOTO MPHUHIIMIIOBOIO 3AaTHICTIO CEpPBICIB rapaHTyBaTH 30epiraHHs Ta 00pOOKY JaHUX 3TiTHO
3 YMHHUMHU TPABOBHUMH akTaMH. SIK mMokazaHo Ha puc. 1, 3arpo3u Oe3meri y cucremax
€JIEKTPOHHOI'O HAaBYaHHS CTOCYIOTHCS BCIX THIIB XMAapHUX MOCIYT: TUCTAHIIITHOTO HaJaHHS
nporpamMHoro 3abe3nedeHHs (SaaS), miardpopmu (PaaS) uu inppactpykrypu (1aaS).

Besneka ganux |

Besneka mMepexi SaaS

IimicuicTs qanux

E-learning Security

Posramysanns
JIAHHX

— PaaS

IMpusinei goctymy

Be6-araku i

—_— IaaS

DDos-araky  —d

Pucynok 1 — Tunu arak Ha cuctemu e-learning
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JlaHi BiIIrparoTh BaXJIMBY POJb Y XMapHUX CclOyk0ax, OCKUIbKM ©Oarato
MOCTaYaJIbHUKIB XMapHUX IOCIYr 30epiraioTh JaHl KJIIEHTIB y BEJIUMKHUX IIEHTpax 0OpoOKu
nanux (data centre). Ilix yac mepeximHUX omepariii 6e3meka T1aHuX KII€HTIB HE TApAHTYETHCS.
Konu oauH KOpUCTyBad CHUHXpPOHI3YE JEKUIbKA MPUCTPOIB, JaHI MOKYTh OYTH HMOLIKOJKEHI.
besneky manmx moxHa kinacudikyBatu ABoma criocobamu. [lo-mepiie, BIacCHUK JaHUX Mae
MEPEeKOHATUCA, 10 MOCTAYAJIbHUK XMAapHHUX MOCIAYr OOpoOisTHUME [aHl JuIle 3TiTHO 3
IHCTpyKUiAMU  KiieHTa. [lo-Agpyre, BJacHUK JaHUX T[OBMHEH OYTM BIIEBHEHUH, IO
MOCTavyaIbHUK XMAPHUX IMOCIYT BXKMB BIAMOBIAHUX il y pa3i HECAHKI[IOHOBAHOT'O JOCTYIY
70 TaHuX, Mo QiKaIlii TaHWX, 3HUIICHHS TaHUX 3JT0BMACHUKAMH.

[locTauanbHUKaM XMapHUX IOCIYT MaloTh HAJaBaTUCh TapaHTii I10J0 HaBEIECHUX
HUKYE KIIFOYOBUX MTpoOsieM Oe3Ieku JaHuX:

— 3aCTOCYBaHHS ME€XaHI3MY 3all00IraHHsl HECAaHKI[IOHOBAHOT'O JOCTYITY JI0 JIaHUX;

— MOXJIMBICTb BJIACHUKaM JIaHUX YacTO CTBOPIOBATH PE3EPBHI KOIIIi;

— HaJIaHHS 3aKOHHUX [MOBHOBA)XEHHSI BIIACHUKAM JIaHUX HA BUAAJICHHS, 3MIHY JaHUX

1 IepeMIlIeHHs] JaHUuX 0 1HIIOT0 XMapHOIo MoCcTayalIbHUKA.

KnienTtu 30epiraroTe cBoi KOH(1IEHIIHHI 1aHl Ha XMapHOMY CepBepi, 1 MocTadallbHUK
SaaS Moxke HMMM MaHImynoBaTH. ToMy Ui 3aXUCTy JAHMX Bl BUTOKY KOH(IIEHIINHOT
iHpopMalLlli 3aCTOCOBYIOTHCS KOPCTKI METOIM IIU(pPYBaHHS MeEpexKeBOro Tpadiky mjs
KEepyBaHHsI IOTOKOM JaHUX y Mepexi, Hanpukiad: Secure Socket Layer (SSL) 1 Transport
Layer Security (TLS).

HuricHicts naHux mnepeadadae MNpaBUIIbHICTb, JIOCTYHHICTb, BHCOKY SKICTH 1
HAJIHHICTh 30€pEeKECHUX MTaHUX. XMapOl 3a0e3MEeUyeThCsl IUTICHICTh CXOBHIN JaHUX IS
KOH(DIIEHIIITHOCT1 KJIIEHTIB. Y pO3NOJUICEHOMY CEpPEIOBMILI JJs JOCATHEHHSI LLTICHOCTI
JAaHUX y TpaH3akmisx 0a3u naHux OepyThb y4yacTh OaraTo pecypciB naHux. Jlomatky SaaS
moTpiOHO 3a0e3MEeUnTH CEepeoBHUIE Uil OOpOOKM MaHWX 13 KUIBKOMAa KIIIEHTaMH Ta
3aly4eHHs! OUIbIIOI KUIBKOCTI CTOPOHHIX CTOpIH. Sk 3aco0M NOCSATHEHHS LUTICHOCTI JaHHUX
PO3IIIAAI0THCS METOIU XEIIYyBaHHs, aBTeHTU(IKaLlisi TOBLAOMIIEHb 1 HU(PPOBI MIAMNKCH.

VY Bumanky PaaS-mocnmyr xmapHi OOYMCICHHS HAJAIOTh KJIIEHTAM OOYHCIIOBAIBHY
mwiargopMy Ta CHCTEMHE IporpamHe 3a0e3neuyeHHs. KopucTyBaui XMapu CTBOPIOIOTh
[porpaMy, Kepylo4Hd pO3rOpTaHHSAM MporpamMHOro 3abe3leueHHs Ta IapameTpaMu
KOH(Irypariii BiJl ocTayalibHUKIB. 3 TOYKU 30py O€3MeKH, BTOPTHEHHSI HA OCHOBI XOCTY Ta
Mepexi € CKIaAHUMU (hakTopaMHu 115 mocTadaabHUKIB PaaS. OcHOBHI 3arpo3u Oe3nexu piBHS
PaaS crocyroTscs po3TairyBaHHs JaHUX 1 IPUBLIEIB TOCTYITY.

[loctauanbuuku PaaS HamawTh NOCIYrM 3 MNPOEKTYBaHHS JOJATKIB, pPO3pOOKH
J0JIaTKIB, PO3ropTaHHs, KOMaHAHOI CIIBIpalll, iHTerpaiii BeO-cepBiciB 1 TecTyBaHHs. Ha
OCHOBI pO3TallyBaHHs MJaHUX MoOAenb PaaS 3a0esmedye HamidHICTH CBOIM KITIEHTaM.
XMapHHUI MocTavyaJbHUK Mae TOBHI IpaBa JOCTYIY /10 JAaHUX, KOJU JaHl 30epiraroThCs B
XMapHOMY CEpEeIOBHUIIL. Y I[bOMY XMapHOMY CEpEIOBHIII HeMae KOHQIACHIIHHOCTI JTaHUX.
TakuM yMHOM, NIATPUMYBATH NMPUBLIEHOBAHHUM JOCTYN KOPUCTyBauya MOXKHA 3a JOIOMOIOIO
MpUHAWMHI OJTHOTO a00 JABOX IMIIXOJIIB, JOCTYIMHHUX BJIACHUKOBI ganuX. [lepmuit — BuOpatu
HagliHUi Meroa wmudpyBaHHA Ui 30epiraHHsd JaHUX 1 BUKOPUCTOBYBATH IHIIUNA METO]
mupyBaHHs U1 JOCTYNy A0 JaHMX; JAPYrUd — MIATPUMYBaTH BHUCOKUI CTaHIapT
KOH(DIIEHIIITHOCT] J1aHUX, 3aKOHOJABYO BCTAHOBIIOIOYM BHMOTHM IOCTa4aJlbHUKA XMapHHUX
MOCIYr Yepe3 JOToBipHI 000B’A3KM Ta MEXaHI3MHU 3a0e3MedeHHs. XMapHUU IMOCTadaIbHUK
MOBUHEH MaTH IEPEeBIPEH1 IMOJITUKU KOHTPOJIIO O€3MeKH IOCTYNy, TEXHIUHI pIIIeHHS Ta
yacTU ayauT [l KOpHUCTyBauiB, 1100 3amoOIrTd HECaHKUIOHOBAaHOMY JOCTYILY
KOPHUCTYBauiB, 1 MIATPUMYBATU HPUHLHUII PO3MOJALLY OOOB’SI3KIB JJisl INpUBLICHOBaAHUX
KOPHUCTYBauiB, 11100 3aM00iraTu Ta BUSBJISATH 3JI0BMUCHY BHYTPIIIHIO AISUTbHICTb.

[ndpacTpykrypa sik Moaenb OOCIYrOBYBaHHS y XMapHHX CEpEIOBMILIAX JI03BOJISIE
KIIIEHTY BUKOPUCTOBYBATH PI3HOMAHITHI PECYPCH, TaKi SIK CEpBEPH, CXOBUILA, MEPEXKI Ta 1HII1
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00YMCIIIOBAJIbHI PECYPCH, SIK BIPTyalli30BaHI CHUCTEMHM, SIKI OTPUMYIOTh JOCTYIl uepe3
InTepuer. KopucryBaui MOXKYTh 3alycKaTu OyAb-sKe MporpamHe 3a0e3redeHHs 3 0e31eK0r0
Ha BUAUICHUX pecypcax, Tomy laaS 3a0e3nedye MOBHHI KOHTPOJb 1 KEPYBAHHS PECypCaMH.
OTxe, XMapHl IpoBaiiiepy HECYTh BIANOBINAIBHICTH JIMIIE 3@ HAIAITYBAHHS MOJITHK
6e3neku. TunoBumu npobiiemamu Oe3neku, MoB’si3aHuMHU 3 laaS, € ataku Ha BeO-cepBic Ta
DDoS-araku.

Takum yuHOM, NMUTaHHS O€3MEKU € Cepilo3HOI0 MPOOJIEMOI0 B XMapHHUX pecypcax Ha
BCIX MpUTAMaHHUX iM PIBHSAX HAJAHHS MOCIYT. A HaWBaXIUBILIOKW PYIIIHHOI CHIIOIO
MOIIYKY BIAMOBIIHUX TEXHIYHMX 1 OpraHi3aliiHUX pilIeHb € 3aHENOKOEHHS 1010 3aXHUCTY
aBTOPCHKUX TMpaB Ha LU(POBUI KOHTEHT, PEryJdlis IOCTYIYy JI0 CEpBICIB Ta PEXKUMIB
iXHBOTO (PYHKIIOHYBaHHS. B KOHTEKCTI 3aXUCTy HaBYAJIbHOTO KOHTEHTY PIIICHHS MPOOIeMHU
3HAXO/IATh 3aBJASKU BIPOBA/PKEHHIO IIPOrpaM MyJIbTUME1IHOT cuctemu Oe3nexu (Multimedia
Security Applications, MSA). 3a ocranHi poku MSA npoaemMoHCTpyBaiu 3HaYHUI Mporpec i
BKJIIOYAIOTh JIOCUTh IIMPOKI (YHKIIOHAJIbHI MOXJIMBOCTI: 3aXUCT aBTOPCHKUX IpaB,
KOH(DIIEHIIMHICTh, BHSBJICHHS 3JOBMHCHHKIB, BHUSBICHHS MIAPOOKH, MiITBEPAKEHHS
JOCTaBKM Ta IMIATBEPIPKEHHA MOKYNKH. [l mOCWIIeHHs 3axucTy Ta 3a0e3neyeHHs
aBTOPCHKUX IpaB Ha LU(poBUN KOHTEHT MSA BHUKOPUCTOBYIOTH 3aco0u Kpumnrorpadii ta
cTerasorpadii 1 IOCIyroBylOTbCS TAKUMU IHCTPYMEHTAMU SIK aBTeHTU(]IKallisl, IUPpyBaHHS,
MO3HAYEHHSI Yacy, XeIIyBaHHs, U(PPOBUN €NEKTPOHHHUM MiANKC Ta UUQPPOB1 BOASHI 3HAKU
(puc. 2). 3apa3 HalBaXJIMBILIUM JOCTYITHUM IHCTPYMEHTOM 3aXUCTy JaHHUX € MHQpyBaHHS.
[le#t iHCTpYMEHT 3axuIlae JaHl MiJl yac CHUIKYBAaHHS MDK BIIIPAaBHUKOM 1 OJEpKyBaueM
yepe3 Intepuer. [Ipore micins oTpuMaHHS JaHMX 1 iXHBOI PO3MMPPOBKU (AemIn(pyBaHHS)
BOHU OUIbIIIE HE 3aXUILEHI.

Ayrentudikanis

\ UIndpypanns
Multimedia Security Applications I XemyBanus
e B3

Binmirka uacy

E-learning Security

Pucynok 2 — Moaens 3axuiieHoi cuctemMu e-learning

2. TexHoJjioris uu(pPoOBOro BOASAHOr0 3HAKy Ta ii 3acrocyBaHHs. lludposuit
BoJsHuM 3Hak (LIB3) mpusHaueHuii Ui JOMOBHEHHS KpUOTOrpaiuyHUX Mpolenyp Ipu
BUPIILIEHH1 3aJ[aul 3aXUCTY IHTEJIEKTYaJIbHO1 BIACHOCT] B CUCTEMAX €JIEKTPOHHOTO HAaBYAHHSI.
BuxopucrtanHs 11i€1 TeXHOJIOT1i CpsIMOBaHE HAa CTBOPEHHSI J10JIATKOBUX 1l1€HTU(IKALIMHUX
O3HAaK LUISIXOM BBEACHHS MITOK B OPUIIHAJIbHUNM MYJIBTUMEIINMHUI BMICT 1S 1AeHTU]IKAIT
aBTOpy TBOPY. BoHa € olHMM 13 BapiaHTIB 3aCTOCYBAaHHS METOJIB cTeraHorpadii. 3a octaHHi
poxu texuousoriss [[B3 mnpomemonctpyBanma 3naunuii mporpec [13] 1 3apa3 mmpoko
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3aCTOCOBYETHCS JIJIs1 3aXUCTY IIpaBa BJIACHOCTI Ha LU(POBI 300paxeHHs, ayaiodaiiau, Biaeo
Ta TEKCT. TakuM YMHOM, LISl TEXHOJIOTISI Ma€ MOTEHIiaJl BUPIMIEHHS NUTaHb YIpPaBJIIHHA
uudpoBUMHM TMpaBaMu, 3axucTy 1Hopmauii Ta 3ale3neyeHHs KoHQiAeHUIHHOCTL. B
€JIEKTPOHHOMY HaBYaHHI cTeraHorpagiyHi METOAM J103BOJISIFOTh BUPIIIUTH TaKi 3aBJaHHS:

1. 3axucT aBTOPCHKUX IIpaB LUISIXOM 3amoOIraHHs MOKJIMBOCTI KOIIIOBaHHSA Ta
nyOII0OBaHHS MYJIbTUMEAINHUX pecypciB. MOXKIIUBICTh 3alIpOBaKEHHS HU(POBOTO BOASIHOTO
3HAKYy JI03BOJISI€ BIATBOPIOBATH 3a00pOHY KOIIIIOBAaHHS Ta peJaryBaHHS MYJIbTHUMEIIHHOT
1HpopMarii.

2. ABrenTudikauis Ta igeHTudikamis. BusHaueHHs OCTOBIpHOCTI iHGoOpMaIlii,
OTPUMAHOI Yepe3 MEpexy, 3aJIMIIAETbCS BAKIMBOIO NMPOOJIEMOIO €JIEKTPOHHOTO HaBYaHHS, B
SKIM 3HAHHS CTYJEHTa OLIHIOIOTHCS 3a pe3yibTaTaMH BUKOHAHOI IHAMBIAYalIbHOI poOOTH Ta
3a pe3yJapTaTaMH JIUMCTaHI[IITHOTO TeCTyBaHHS.

3aBAsIKM MM MOXJIMBOCTSIM BUKOpHUCTaHHA 1IB3 B eneKkTpoHHOMY HaBYaHHI CTa€ BCE
OUTBII MOMYJISPHUM SIK BaXXJIMBAa YaCTHHA CTpaTerii JOBIpU 10 HU(PPOBOTO KOHTEHTY CUCTEM
e-learning. KpiMm TOro, asis €JIEKTPOHHOTO HaBYaHHS, sKEe IMepeadadyac BUKOPHUCTAHHS
BHUCOKOSIKICHUX 300pakeHb, pdf-QaiisiB TO110, 3aXUILEHICTh aBTOPCHKOTO KOHTEHTY € OJTHUM
3 YNHHUKIB MIJIBUIIECHHS €()eKTUBHOCTI HABYAIBHOI TISTTHHOCTI.

3a cBoero cyrTio 1IB3 — e cnenianbHa MiTKa, sika BOYZAOBYETbCSI B IM(PPOBUN KOHTEHT
(koHTEWHEp) 3 METOI MIATBEP/PKEHHS IUIICHOCTI JaHuX. OJHOYAacHO, 1€ MOTY)XHa
TeXHOJIOTIsT Jisi imeHTudikamii maHux mpo aBTopchki mpaBa. [[B3 omepye omnudpoBanoro
1HGOpMaLIIEI0 Y BUIJISAL TEKCTY, 300pakeHHs, ayAlo Y Bi€o, Kl BOYJJOBaHO B OpPUTIHAJIbHY
iH(popMaIlI0 Ta MOXYTh OYTH MpPaBWIHHO BWIyY€H1 3a JOTIOMOTOI0 METOJY BHIAJICHHS
BOJITHOTO 3HAKy JJIsl MIATBEpP/UKEHHs MpaBa BJIAcHOCTI. BaiuBo, 10 AJis JIFOJCBKOTO OKa
BIIMIHHICTh OpUTiHAIBbHOI 1H(OpMalii BiA 1HPoOpMalii 3 BOAIHUM 3HAKOM € HETOMITHOIO
[14]. 3aBmsxku npomy I1IB3 mo3Bosisie ymoBHOBaxeHMM oOco0aM J0JaBaTH MPUXOBaHI
MOBIAOMJIEHHS [IPO aBTOPCHKI MpaBa Ha 1u(poBe ayaio, Bileo, 300paxkeHHs Ta Tekct. Llei
METOJ IpPUIATHUM Ui MapKyBaHHsS HaOOpIB JaHUX 1 BHECEHHS BIAMITKH JUIsl peecTpariii
MpaBa BJIACHOCTI HA OCHOB1 30pPOBOi CUCTEMU JIFOIUHHU.

Otxe, 1IB3 € omuum 3 MeTomiB aBTEHTHU(]IKAIIl, SKUH JO3BOJSIE KOHTPOJIOBATH
CHOTBOpPEHHSI B HU(PpoBUX MyapTuMeaiiHux nanux (Digital Multimedia Data, DMD).
Cucrema 11B3 mae 181 ocHOBHI ¢a3u: BOy10ByBaHHS Ta BHIIy4eHHS (puc. 3).

Anropurm IIB3 Anaroputm LIB3
Daiix Paiin 3 IIB3 Daiix
3obpaxeHHa/Bineo/ IoKyMeHT/ Beraeka IIB3 3o0pameHHA/Bigeo/ TOKYMEHT/! Bunyuenns I[B3 3obpaxeHHd/Bineo/ ToOKyMeHT/
nporpama nporpama nporpama

Pucynok 3 — IIpornec BctaBku/Bunydenns 1{B3

B npaktnynux Bunaakax [{B3 moxe OyTH 1O0roTunoM ycTaHOBH, IICEBIOBUIIAIKOBOIO
MOCIIZOBHICTIO a00 GoHOM 300pakeHHs un Qaitiny pfd. Cepen cykynmHOCTI O3HaK, 32 SKUMHU
kinacudikyroreess [[B3, HailOUIbII MOIMMPEHOI € O3HaKa 3a CTYMEHEM CHPHIHATTA.
BigmoBimno no mworo kmacudikatopa [[B3 monpumsttoreess Ha BuguMmi (Visible Digital
Watermark, VDW) Ta wneBuwmaumi (Invisible Digital Watermark, IDW) [15]. Burbmiicts
JOCTIIKEHb MpHUCBsSYeHI BUBUYEHHIO IDW, ocCkinibku BOHH 4YacTille BUKOPHCTOBYIOTHCS B
IB3.

Bunumuit nudgposuit BonsHuit 3Hak — VDW — OyB modaTtkoBUM i, B OCHOBHOMY,
npuMitTuBHUM MetogoMm [IB3, skumit € Buaumum st KopuctyBauiB. Xoua VDW
BUKOPUCTOBYETbCS TPOTITOM TPUBAJIOrO Yacy, BIH HE € 3aXUIIEHOI (OPMOIO BOJASHOIO
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3HaKy Juisi DMD. Meronuka anroputmy VDW € HenoctatHboto 11 3axucty DMD. Boasinuii
3HAK TAKOT'O THUITy MO>KHA BUKOPHCTOBYBATH JIMILE JUISl 1ACHTU(IKAIAHUX 1[U1el. 30Kpema, B
cucremax e-learning 1e AOpeYHO SK OJUH 13 3aX0JIB NPO(UIAKTUKHA HECAHKI[IOHOBAHOI'O
BTpY4YaHHs B HU(PPOBI MYJIbTUMEAINHI aHI.

HeBuaumuit nudposuii Boasauii 3Hak — IDW — MoOXHa BUKOHATH 3a JOMOMOTOIO
PI3HUX TEXHIK, 1 HalmpocTilia 3 HUX — Le NpuxoBatu BoJsHUH 3Hak y DMD. IlepeBaru
MIPUXOBYBAHHSI MOJISITAIOTh Yy TOMY, IO HaBITh SKIIO YaCTUHY 300paxkeHHs Oyne oOpizaHo,
0JIEpKyBad MOX€ OTPUMATH MOTPIOHE MOBIIOMIICHHS, OCKUTBKH BOJSIHUN 3HAK BCTABIISIETHCS
y HbOro Oarato pasiB. SIKIO 3MIHUTH HaWBa)JMBilIl OITH Yy MOBIIOMJIEHHI, TO 1I€ MaTHUMe
BEJIMKUI BIUIMB Ha BJIACTUBOCTI MOYATKOBOIO (hailily (HampHKiIal, MOXKEe MOMITHO 3MIHUTHUCS
KOJIIp 300paxeHHs). HaBmaku, $KImI0o 3MIHUTH HaWMEHII 3HA4yylll OITH, II€¢ MaTuMe
MIHIMaIbHUM edekT. Y BUNAAKY 3aXUCTy MYJbTUMEIINHUX 300pakeHb, SIKIIO 3MIHUTH JIMILE
onvH abo aBa MojoqmUX OiTa Yy JaHHUX, L€ CYNPOBOKYBATUMETHCA MIHIMAIbHUM
BI3yalbHUM €(EeKTOM, OCKUIbKU JIIOJICBKE OKO MOKE€ IOMITUTH JuIIe OJNU3bKO IIECTU
YaCTUHOK Koybopy. Hampukinaz, sikimo Mu Maemo cropaBy 3 kojgoBuM 3amucoM 10001100 1
3miHoeMo ioro Ha 10001101, BiH Oyme aHAIOTIYHO CHIPUAMATHUCH JIOJICHKUM OKOM. [laHuii
MeTo 1 BOynoByBaHHs LIB3 oTpumaB Ha3By MeTo1a BOY/IOBYBaHHS JaHUX B MoJiouli 0itu abo
Merona LSB (maiiMeHnm 3Hauymoro OiTa), Ta € OJHHUM 13 HAWNPOCTIIMX 1 OJHUM 13
HanmBuauux Meroais LIB3 (puc. 4).

00101101 01101001 00110101

[ = | n (=] n 01101100 01101001 21010111

10100100 11101000 10110110

!

00101100 01101000 00110100
u n u n 01101101 01101000 01010110
10100101 11101001 10110111

Pucynok 4 — Beraska 1IB3 meToz0oM 1HBEPTYBaHHS MOJIOAIINX OITiB

Meton LSB € onnHuMm 13 HaiilaBHIIMX METOMIB cTeraHorpadii Ta BUKOPUCTOBYETHCS
Ui BOYy/IOBYBaHHS 3aXUCHUX O3HAK y Pi3HI BUIU MYJIbTUMEAIHNHOTrO KoHTeHTy [16-17]. ns
MIJBHUIIEHHS JIOBFOBIYHOCTI 3aXUCTY, SIK IPABUJIO, BUKOPUCTOBYETHCS CEKPETHUM KITHOY, SIKUN
BHU3HAYa€e HAOIp MIKCEiB, TOCTYIHUX /Ul BOyIOBYBaHHS.

butbmricte po3po6iieHnX Ha CHOTOIHI METO/IB MOOYAOBH ITU(POBOTO BOISHOTO 3HAKY,
SK1 MOXKYTb OYTH BUKOPHUCTaHI1 JJIs 3aJa4 3aXUCTy JOKYMEHTIB, I0OY/I0BaH1 HA OCHOBI caMe
merony LSB. [Ilpore, pans OulblIocTI 3 HHUX XapakTepHa Bpa3iUBICTb, HU3bKa
creraHorpagiyHa CTIHKICTb.

3. Meron KoMOiHOBaHOro 3acTOCyBaHHs Kpunrorpadii ta creranorpagii nus
3aXMCTY KOHTEeHTY y cucremax e-learning. BpaxoByroun MOXIHMBI PU3UKH THOPYLUICHHS
3aXMILEHOCTI CKIIAJI0BUX CUCTEMHU e-learning, 04eBUIHO, III0 HEMOXJIUBO 001iTHCA 3aco0aMu
nuiie kpunrorpadii uu creranorpadii. B 3B’43Ky 3 MM HEOOX1IHUN KOMIIEKCHUHN MIAXIJ 10
3a0e3neyeHHs iH(popMaliifHOi Oe3reKku Ha BCIX PiBHAX (DyHKILI0HYBAHHS CUCTEMH e-learning.
3okpeMa, 3 OISy HAa HENOJNIKM HasBHUX METOJIB BOYIOBYBaHHS  3aXHCHHX
(inenTH(IKALIMHUX) KOMIOHEHTIB, IPONIOHYETHCS AITOPUTM MOOYA0BU LIU(PPOBOTO BOASIHOTO
3HAKYy, IKUW 0a3yeThCs Ha ONepalisix MATPUYHOTO KPUNITOTpadi4HOrO EPETBOPEHHSL.

MynbpTumeniiauii ¢aiin, kUil miasarae 3aXucTy 3a JornomMororo HaknajgaHHs 1[B3, e
KOHTEHHEpOM Ui BOYJOBYBaHHA 1neHTU(IKauiiHOT iHpopMmalii. Sk Bxke 3a3Hadanoch, nNpu
MapKyBaHHI KOHTEHTY LHU(POBUM BOJSHUM 3HAKOM 3aJisiHI J[Ba IMpOIIECHM — BCTaBKa Ta
BUTydeHHs. BcTaBka BUKOHY€eThCs Oe31mocepelHbO BIACHUKOM KOHTEHTY, 100 J10/1aTH IIPaBo
BJIACHOCTI Ha HBOTO. Lli mpormecu MpoTWIekKHI OIWH OJHOMY, ajie TOB’s3aHI MDK CO0O0TO,

57



ISSN 2076-5886 (Print) Cepis «Ilpuxnaona mamemamuxa. Ingpopmamuxay. Bunyck Ne 1.2022

OCKLUThKM BcTaBka [[B3 mae BUKOHYBAaTHCh TaKUM YMHOM, 00 BIUIYYUTH 1H(OPMAIIII0 MOTIH
JIUIIIE aBTOPU30BaHI KOPUCTYBadi. PO3riisiHEMO 111 TpoliecH IeTaabHIIIe.

Eman 1. BceraBka BoasHoro 3Haky. Crnouartky [[B3 BOymoByeThcsi B BUXiIHUM (hHaid-
KOHTEWHep 3a asroput™om [18]:

1) 3amaTi MOCHIJOBHICTh 4YMCEI Ta MATPUII0, Ha OCHOBI fIKOI 3/A1MCHIOBAaTUMETHCS
MIEPETBOPEHHS 3HAUEHb 3 IPOMIKKY;

2) BUKOHATH omepalii MaTpUYHOIO KPUIITOrpaiuHOIro MEePEeTBOPEHHS MOCIIIOBHOCTI
qucell; OTpUMaH1 3HaYE€HHs BKa)XXyTh Ha 0aliTH, B IKMX OyAyTh IHBEPTYBATUCH OITH;

3) BU3HAUMTHU NapaMeTp iHBepcii — O61T(01TH), kUil Oy/e IHBEpPTYBAaTUCh;

4) micns HBepTyBaHHA OITIB y BciX OaiiTax 3 pe3yibTaTiB BUKOHAaHHS MaTPUYHUX
MepeTBOpPeHb BBakaeMo, 1o 1{B3 BOynoBanwuii y ¢aii.

CyTb 3ampOINOHOBAHOIO AJITOPUTMY IOJSAra€ B TOMY, L0 CIIOYATKy HaJ 3aJaHUMU
3HAYEHHSIMU, 3 BU3HAYEHOTO MIPOMDKKY, BUKOHYETHCS MaTpUYHE IEPETBOPEHHS (pHC. 5).

Ynciose Omepauia MaTpHIHOTO Pesvastat
3HAYEHHA kpunTorpadiTHOro nepeTEOpeHH NepeTEOPeHHA THCIA
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Pucynok 5 — MaTtpuune kpunrorpagiqHe nepeTBOpEeHHs YUCIOBUX 3HAYEHb

3 puc. 5 BUJHO, 110 HAJ KOXXHUM 3HAYEHHSIM mMij, M2, ..., M, BUKOHYETbCS MaTpUYHE
KpUTTOrpadidHe IepeTBOPEHHS, B PE3Y/IbTATI SIKOTO OTPHMY€EMO HOBi 3HAYCHHS M 1, M 3, .
m ,, SKi BKa3yIOTh Ha GaiiTH, B IKMX OyIyTh iHBepTyBaTHCs 6iTH [19].

[HBepcis Moke BUKOHyBaTHCs Haj Oylb-SKUM OITOM B OaliTi 4yu KUIbKOMa OJpasy.
Haitnpocrimmii cnoci6 — iHBepTyBaTH Mosoamuii Oir y Oaiiti. Came [uisl ycKJIaJHEHHS
3aB/aHHs BUOOPY MapaMeTpy iHBepcii i BAPTO BUKOPUCTOBYBATU MAaTpUyHe KpunTorpadidyHe
neperBopeHHs. To0To, 3a JOMOMOIrO MaTpulli MaEMO MEPETBOPIOBATU 3a/laHE 4YHCIIO, a
OTpUMaHUI TaKUM YMHOM Pe3y/bTaT IEPETBOPEHHS BKa3yBaTUME Ha MOPSJIKOBUI HOMeEp OiTa
B 0ailTi, skuii Oyqe IHBEpTYBaTHUCS.

B pesynpTaTi MaTpuuHUX KpunrorpadiyHuUX NepeTBOpeHb OyayTh 3HaljeH1 OalTH, B
AKUX BinOynacs iHBepcis O0iTiB. Ha meprinii cTopoHHIN NOrisia 31a€Thesl, O OaillTH, B SIKUX
BinOynacs 1HBepcis OiTiB, BHOpaHi B XaoTHUYHOMY Hopsanky. | mei edekr mnigBuulye
cTeraHorpaguHy CTIMKICTh aJIFOPUTMY BOYIOBYBaHHS MITOK LIU(PPOBOro BOASHOIO 3HAKY.

Eman 2. Bunyuenns 1IB3. Onepartii nponecy sunanensas [{B3 anamoriuni oneparisam
HOro BCTaBKHU: 3a JIONIOMOTOIO MaTPUYHOIO IMEPETBOPEHHS YHUCEN 3 3a/aHOTo Jlana3oHy
BHU3HAYAIOThCS NMOTPIOH1 OalTH Ta IHBEPTYIOTHCS BIANOBIIHI OITH y HUX.

TakuM 4YuMHOM, 3 BOPOBA/PKEHHSIM JOJATKOBHX  KpUIITOOIEpaliidl mepeBaru
3actocyBanHsa [[B3 sk imentudikamniitHoro 3acoOy I MO3HA4YEHHs TpaBa BJIACHOCTI abo
aBTOPCTBA HA JaH1 Ta MyJbTUME/IHHI 00’ €KTH MOCHIIOIOTHCS 3aBISAKH Kpalliid 3aXUIIEHOCTI
imeHTudikaiiiinoi Hpopmanii. B cucremax e-learning Taki CTiiKi 11eHTU(DIKATOPH MOKYTb
OyTH 3acTOCOBaHI HE JIMIIE JUIsl 3aXHCTY HaBYAJIbHOTO KOHTEHTY, aje ¥ N CTBOpPEHHS
IHAVBIIYAIBHUX TPUXOBAaHUX MITOK JUIsl MO3HA4YeHHS poOIT 3100yBaviB OCBITH. Pazom 13
3aco0aMu KepyBaHHS Bi3yasi3alli€lo TaKUX [M03HAYEHb 3 OOKY YIOBHOBa)KEHUX KOPUCTYBAUIB,
3aCTOCYBAaHHS TaKUX IHCTPYMEHTIB Ma€ CIPUATH BIPOBAHKEHHIO MPHUHIMIIB aKaJeMIYHOL
N0OPOYECHOCTI Ta CHPOIIEHHIO KOHTPOJIIO 11010 IXHBOTO JOTPUMAHHS B MEXaX KOHKPETHOI'O
cepBicy e-learning B JoKanbHUX OCBITHIX rpynax. Oco0nuBo e(peKTHBHOIO Taka (YHKIIS

ey
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MOXe OyTHM y BHITQJIKy OIIIHIOBaHHS TOTOKIB pPOOIT 3HAYHOTO OOCSTY, BUKOHAHHUX 3a
IIEHTUYHUMH 200 MOAI0HNMH 3aBIAHHIMU.

3anponoHOBaHl 3aXHCHI MEXaHI3MHU MOXYTh OYTH IHKOPHOpOBaHI B ICHYKOYl Ta
pO3po0IIIOBaHI CHUCTEMHU €JIEKTPOHHOIO HaBYaHHS IUIAXOM JOJaBaHHS BIANOBIIHHUX
(dbparMeHTIiB KOy (snippets) Un He3aJIeKHO CKOMITUILOBAaHUX MPOrpaMHUX MOAYIIB (plugins).

BucnoBku. 3abe3nedyeHHs LUTICHOCTI HAaBYAJIBHOIO KOHTEHTY Ta KOH(IIEHLIHHOCTI
MEpekl € Ba)XJIMBUM 3aBJIaHHSIM B CHCTEMax €JEKTPOHHOTO HaBYaHHs. 3aXUCT pecypciB
Mepeki Mae OyTu 3a0e3leyeHO Ha PI3HUX PIBHSX: BUSABJICHHS (DAaKTIB MOIIKOJDKEHHSI abo
BTpaTH TOBIAOMJICHb, OIIIHOK, JAaHWX, 3aBJaHb, & TaKOX pOOIT, BUKOHAHUX 37100yBayamMu
OCBITH. AKTyaJIbHOIO € i ineHTu(QIKallisl BUKpPaJACHUX ab0 CKOMIPOMETOBAHMX iled Ta
IHHOBAIIIH, (iKcallis cTaTycy CKOMIIPOMETOBAaHMX KOPUCTYBayiB (sIK 3700yBauiB OCBITH, TaK 1
BHKJIQ/IaviB).

OCKUIbKM BUKOPUCTAHHS TPAJUIIIMHUX METOJIB 3aXHCTYy HE 3a0e3Medye akTyalbHOTO
pIBHS 3aXMIIEHOCTI cHCTeM e-learning, AOUUIBHUM € 3aCTOCYBAaHHS KOMIUIEKCHOIO
BUKOPUCTaHHS KUIbKOX MeToAiB. IIpogykTHBHMM HampsMOM € TIO€JHAHHS METO[IB
creranorpadii ta kpunrorpadii. [yig niaBuIIeHHS e(EeKTUBHOCTI 3aXUCTy Ha MEPIIOMY eTarl
npornoHnyeThesi HakiaagaTd [IB3 Ha KoHTEHT, mOTiM oOuucaoBaTH Xeml-QyHkifiro. s
oOumciieHHs xew-(QyHKIIT NpuIaTHI BCl ICHYIOYl METOJM, 30KpeMa, Ha OCHOBI oIepariil
MaTpUYHUX KPUOTOrpadiyHUX NEPEeTBOPEHD, K1 3alIpOorIoHOBaH1 B po0oTi [20]. B pe3ynbraTi
1HTErpallii ABOX TEXHOJOTIH JOCITAETHCS MIABUIIEHHS CTeTaHOTpadivyHOT CTIMKOCT1 3aXHUCHUX
o3Hak. Takuil miaxia JO3BOJIUTH CTBOPIOBATH HUGPOBUIA KOHTEHT 3 rapaHTi€l0 aBTOPCTBA Ta
aBTEHTUYHOCT1 BMicTy. [IpakTHuHe BOpPOBAPKEHHS BIANOBITHUX IPOrPAMHUX IHCTPYMEHTIB
MATPUMAE CTPATETiI0 JOBIpU JO OH-JAiiH MarepiayiiB 1 JISJIBHOCTI B OCBITHIA ramysi,
0CO0JIMBO — IO MYJIbTUMEAIMHUX PECYPCIB.

binpmr moTy)xHy cxeMy 3axUCTy KOHTEHTY 1 JaHHUX Yy cucTemax e-learning MoxHa
nmoOyayBaT 3a JomoMorotro kommosumitoBanHs [[B3 pazom 13 cydacHUMH M SIKHM
OOYMCIIIOBAIBHUMU ~ ITHCTPYMEHTaMH, TMpPUTAaMaHHUMH METOJaM IITYYHOI'O IHTEJIEKTY.
30kpeMa, Taki pIlIeHHS MOXYTb I'PYHTYBAaTHCS Ha 3aCTOCYBaHHI M€HETHMUHUX aJTOPUTMIB,
HEHPOHHUX MEPEX Ta HEUITKOT JIOTIKH.
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INTEGRATED ENCRYPTION-STEGANOGRAPHY PROTECTION OF MULTIMEDIA
CONTENT AND DATA IN E-LEARNING SISTEMS

Abstract. Introduction. The article focuses on the modern research and the practice of using
information security tools in e-learning systems. It has been noted that, in most cases, e-learning
systems ensure the confidentiality and addressability of information processes and the security of
educational materials when using open communication channels. However, a comprehensive
approach to e-learning systems protection needs to be better researched.

Purpose. Developing a data and multimedia content protection method in e-learning systems
using an integrated cryptographic-steganographic approach.

Methods. Steganography, cryptography.

Results. The strengthening of data and multimedia content protection in e-learning systems was
proposed using an integrated cryptographic-steganographic approach. This method applies the digital
watermark construction algorithm based on matrix cryptographic transformation operations. The
complex application of two protection methods is aimed at increasing the steganographic stability of
the digital watermark embedding algorithm by complicating the task of selecting the bit inversion
parameter in the bytes intended for embedding identification features. An additional protective effect
is provided by the non-obviousness of the choice of the byte in the file container for embedding a
digital watermark and the possibility of their identification only using cryptographic procedures by
authorized users. This approach is productive in forming a trust strategy in online materials and
remote activities in the educational field. Incorporating the proposed security mechanisms into
existing and developing e-learning systems is offered by snippets or plugins adding.

Conclusion. The practical implementation of software tools according to the developed method
should contribute to the increase of trust between the participants of the e-learning system due to the
possibility of identifying stolen or compromised ideas and innovations in the content of the
educational resources, fixing the status of compromised users among both students and teachers.

Keywords: e-learning, digital watermark, encryption, steganography, cryptography, copyright
protection.
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MOJEJII OPTAHI3AIIIL JAHUX TA IX ONITUMIBAIIIA ITPA ITPOBEJIEHHI
CEMAHTHUYHOI'O AHAJII3Y KOHTEHTY COIIIAJIBHUX MEPEXK

Y pobomi Oocnidsiceno @ynoamenmanvui nioxoou 00 opeauizayii 0anux 6 IHGOpMayitiHuX
cucmemax ma ix 3acmocy8aHHsa OJid ONMUMI3AYIl CeMAHMU4YHO20 aHANI3Y KOHMEHM) COYianbHUX
mepedic. Tlpoananizosano Knacuyni mMooeni 0anux — iEpapxiyny, mepesicesy ma peiayitiny, UHaA4eHo
ix nepesacu ma obMediceHHS Y KOHMEKCmi 00poOKu Geruxux o00cseie mexkcmogoi iHgopmayil.
Poszenanymo  memooonocito  xonmenm-ananizy K — IHCMPYMEHMY  OOCHIOJNCEHHS  COYIANbHUX
KOMYHIKayil ma ceMaumuyHuil aHaliz mekcmy K eman asmomMamuiHo20 po3yMiHHA NPUPOOHOT MOBU.
Bemanoeneno  63aemo36 30k midic  eubopom  Mooeni  opeanizayii  OaHux ma  epexmuseHicmio
aneopummie ceManmuidHoi 00poOKU KOHMEHMY COYIATIbHUX MEPedC.

Knrouoei cnosa: mooeni oanux, opeanizayis O0aHux, KOHMeEHM-AHANI3, CEMAHMUYHUL AHANI3
MEKCHY, COYIaNbHI MEpediCi, ONMUMIZAYIA.

Beryn

CyuacHuif  etam  pO3BUTKY  IHQOpMALIMHMX  TEXHOJIOTIA  XapaKTepU3yeTbCA
eKCIOHEHIIMHUM 3pocTaHHsAM o0csariB 1udpoBoi iHpopMalii, 0 IUPKYIIOE B MEpexKi
IaTepuer [1]. Oco6nMBO IHTEHCUBHO 1LI€H Mpoliec BiIOYBA€ETHCSA y COLIATBHUX MEpekax, siKi
CTaJli OCHOBHMM KaHAJIOM KOMYHIKalil s MUIbSpAIB KOPUCTYBauiB. 3a OI[IHKaMHU
JNOCHIIHUKIB, ILIOJHA Yy COLIAIbHUX Mepexax TreHepyerbcs mnoHax 500 MuibloHIB
MOB1IOMJIEHb, 1110 CTBOPIOE SIK HOB1 MOXJIMBOCTI, TaK 1 BUKJIMKU JIJIsl aHANI3Y 1€l iHpopMmarii
[2].

EdextuBHa 00poOka TakuxX MacuBIB JaHUX MOTpeOye HE JIMIIE MOTYKHUX
00YMCIIIOBAJIBHUX PECypCiB, ajle ¥ ONTUMAabHOI OopraHizamnii camMux JaHux. BuOip moxeni
opraHizamii JaHux Oe3mnocepelHbO BIUIMBAE Ha MIBUAKICTH JOCTYNy [0 iH(opmarlii,
CKJIQIHICTh aJTOPUTMIB OOpOOKM Ta SIKICTh KIHIIEBHUX pe3yabTariB aHanizy [3]. Bomnouac
3pocTae moTpeba y aBTOMATH30BAHUX CHCTEMAax aHalli3y KOHTEHTY, 3JaTHUX BUSBIATU
MPUXOBaH1 3aKOHOMIPHOCTI, TEHJEHIIII Ta CMUCIIOBI 3B SI3KM y BEJIMKUX MACHUBaX TEKCTOBHUX
JaHUX.

KonTtenT-anani3 sk MeTo 1 TOCTIIKEHHS 3aPOIUBCS y COIIOJIOTIT Ta )KYPHATICTHIIL, aJie 3
PO3BUTKOM OOUYMCIIOBAJIBLHOI TEXHIKM TpaHCPOpPMYBaBCS Yy TMOTYKHUH I1HCTPYMEHT
aBTOMaTU4yHOI 00poOKM TekcTiB [4]. CemMaHTHYHUN aHaNi3, MO0 € CKIAJOBOIO KOHTEHT-
aHai3y, JT03BOJISE BUSBJISATH HE JIMINE SBHHUH, ajleé ¥ MPUXOBAHUM 3MICT MOBIAOMIICHb, IO
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0COOJIMBO BAXJIMBO JJISi PO3YMIHHS CYCHUIBHMX HAcTpOiB, BHSBJICHHS TEHACHLIA Ta
IIPOrHO3YBaHHS MMOBEIIHKH KOPUCTYBaUiB COL[IAJIBHUX Mepex [5].

MeTtor0 1aHOro JOCHIDKEHHSI € aHali3 KIAaCMYHMX MojeJeil opraHizamii AaHUX Ta
BU3HAUEHHS X ONTUMAJbHOCTI JJIs 3aJa4 CEMaHTUYHOTO aHalli3y KOHTEHTY COLIaIbHHUX
MEpEeK.

AxTyalibHICTh pOOOTH 00YMOBJIEHA HEOOXIAHICTIO pO3pOOKH €(PEeKTHUBHUX MIAXOJIB JI0
00poOKH BENMKHUX OOCATIB HECTPYKTYPOBAHOI TEKCTOBOI 1H(QOpMALIl y pexuMi peasbHOTO
qacy.

Buknan ocHoBHOro marepiany

1. Mopeai opranizanii 1aHuX: TeopeTHYHI OCHOBH

1.1. lonsaTTA NaHuX B iHopMaLiliiHUX cucTeMax

Y KOHTEKCTI IHQOpPMAIIMHUX CHCTEM JaHl pO3yMIOThCS SK (dopmarizoBaHe
npeAcTaBieHHs iHGopMallii, mpuaaTHe i 30epiraHHsA, Iepefadl Ta aBTOMATH30BAaHOL
00poOku [6]. Ha Bigminy Bix iHpopMalii, ika Ma€ CEMaHTUYHE 3HAUYEHHSA JJIsi KOpHUCTyBaua,
TaHl € HEUTpabHOI (hopMoOTo mpeacTaBiaeHHs (akKTiB, [0 MOXKE MiJIaBaTUCS OaraTopa3oBiil
IHTepIIpeTallii 3aJIeXHO Bl KOHTEKCTY BUKOPUCTAHHS [7].

Mopenbs AaHUX BHU3HAuYae JIOTIUHY CTPYKTYypy opraizauii iHopmanii y 6a3l JaHuX,
cnenudikye omeparii Hajg JaHUMH Ta OOMEXEHHS IUIICHOCTI. ICTOpMYHO CKIamucs TpU
KJIACMYH1 MOJIEJI1 OpraHizaiii JaHuX, KO>KHa 3 SIKUX B1A0Opakae eBHUM piBeHb abcTpakiii Ta
MIIXOIIB 10 CTPYKTYpyBaHHs iH(opMmaii [§]. lepapxidyna moaens BUHUKIA Tiepiio0 y 1960-x
pOKax, 3a HE TOCHIAyBaIM MEpexeBa Ta pelsiiiiHa Mojaeni. Bubip xoHkpeTHOi mMomaeni
3aNeXUTh Bl CHEIU(IKKA MPEeAMETHOI 00J1acTl, XapakTepy 3B’ SI3KIB MK JaHUMH Ta BUMOT 10
LIBUKOII CUCTEMH.

1.2. Iepapxiuna MoaeJib JaHUX

lepapxiuna Mozenb MpencTaBise AaHl y BUIJISAL 1€pEBONOIIOHOT CTPYKTYpPH, 1€ KOXKEH
€JIEMEHT Mae He Ouplie OJHOTO OaTbkiBchbkoro Bysia [9]. Taka oprasizaiiss mpupoIHO
Bi10Opakae BIJHOCHHHU MIANOPSAKYBAHHS Ta YCHAAKyBaHHS, 110 pOOUTh MOJENb IHTYITUBHO
3pO3yMUIOI0 JUIsl KOpUCTYBadiB. OCHOBHUMU MOHATTSIMU 1€pApXiuHOT MOJEI € PIBEHb, BY30J1
Ta 3B’s130K. KopeHeBuil By30J1 PO3TAIIOBAHWIA HAa HAMBUIIIOMY pPiBHI 1 HE Ma€ 0aThKIBCHKHUX
€JIEMEHTIB, TOAL K YCI 1HIII BY3JM MarOTh PIBHO OJWH OaThKIBCHKHUIl BY30J1 1 MOXKYTh MaTH
JOBUIbHY KUIBKICTh IOYIPHIX €JI€MEHTIB.

Kosxen By30J1 i€papXiqHOi CTPYKTYPH MPEACTABISE COOO0 CETMEHT JIaHUX, 10 MICTUTh
Ha0Ip aTpuOyTiB KOHKPETHOTO 00’ €KTa mpeaMeTHOT oomacti. JJocTym 10 qaHuX 371HCHIOETHCS
LUISIXOM MPOXOJKEHHS 1€papXIUHOTO IIISAXY BiJ KOPEHEBOTO By3ja 0 LLILOBOTO €JIEMEHTA,
mo 3abe3mnedye mnependadyBaHy MBHAKICTh omepanid uutands [10]. lepapxiuna monens
XapaKTepHU3yeThCsl €(HEKTUBHUM BUKOPHUCTAHHSAM I1aM’sITi Ta BUCOKOIO IIBHIKOJIEIO 3aBJISIKH
¢13uyHI 6IM3bKOCT1 OB’ SI3aHUX JJAHUX Ha HOcli 1HdopMartii.

[IpoTe iepapxiuna Moens Mae cyTTeB1 oOmexeHnHs. [lo-niepie, BoHa HE MIXOAUTD IS
MIPEJICTaBJICHHS CKJIAJHUX 3B SI3KIB TUNY ‘‘Oararo-n0-0ararbox”, II0 YacTO 3YCTPIYAIOThCA Y
peanibHux 3agauyax [11]. Ilo-gpyre, Oyap-sika 3MiHA CTPYKTYpU JaHHUX BUMAara€ IOBHOI
nepeOynoBu 0a3u TaHUX, U0 pOOUTH cUCTeMY HerHyukoro. [lo-Tpere, g noctyny 10 JaHUX
HEOOXI1ZIHO 3HAaTH MOBHUU I1€papXiyHUM HUIAX, 110 YCKJIAIHIOE (OpMYBaHHS JOBUIBHHX
3anuTiB. L1 HemoiKu 0OMEXYIOTh 3aCTOCYBAHHS 1€papXI4HOI MOJIEN1 ISl aHaJ13y KOHTEHTY
COLIIaJIbHUX MEPEXK, € 3B SI3KH MK 00’ €KTaMH MarOTh CKJIAJHUMN Ta TMHAMIYHUNA XapakTep.
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1.3. Mepe:xeBa MoeJIb JaAHUX

MepexeBa Mojielb BUHUKIIA SIK PO3LIMPEHHS 1€papXidyHOi 1 J03BOJISIE MPEACTaBIATU
CKJIQIHINI1 CTPYKTYPH JaHUX MIJISXOM JOIMYIICHHS MHOXHHHUX OaTbKIBCHKUX 3B’s3KiB [12].
VY MepexeBiii MOJIelN 1aHl OpraHi3oBaHl y BUIJISAL rpada, e BY3JIU MPeACTaBIsSIOTh 00’ €KTH,
a pebpa BimoOpakaloTh 3B’SI3KM MDK HUMU. Taka oprasizaimis J03BOJISIE TNPUPOIHO
MO/IETIOBATH BITHOCHHU THUITY “‘0arato-m10-06aratbox’” 0e3 myOmroBaHHs iHpopMaIii.

OCHOBHMMU KOHCTPYKILISIMH MEPEKEBOi MOJIeIN1 € 3anuc Ta Halip. 3amnuc sBisge co00r0
IMEHOBaHy CYKYIHICTb aTpUOyTiB, 10 ONHUCYIOTh AeSIKUN 00’€KT mpeameTHoi ooOnacti. Habip
BH3HAYa€ 3B’SI30K THUMY “‘OMWH-I0-0ararbox’ MDK JBOMAa THUIIAMHU 3aIUCIB, /1€ OJMH 3aruc
BHUCTYyIIa€ BJACHUKOM, a IHIII € wieHaMu Habopy [13]. Pi3muna peanizaiis 3B’SI3KIB
3MIACHIOETHCS 3@ JOTIOMOTOI0 TOKaXYHWKIB, IO 3a0e3neuye e(PeKTHBHY HaBITaIlllo 110
CTPYKTYp1 AaHuX. BaxxiimBo10 0COOIUBICTIO MEPEKEBOT MOJIETII € MOKIIUBICTh TIEPEMIIICHHS
SIK BiJl BIJACHUKA JI0 WICHIB HA0OPyY, TaK 1y 3BOPOTHOMY HAIPSIMKY.

MepexxeBa Mopaenb 3a0esnedye OUIBIIY THYYKICTH TOPIBHSHO 3  1€papXidyHOIO,
JO3BOJISIFOUN TIPEACTABIISITH JTOBUTBHI 3B’ SI3KM MDK 00’ektamu. IlIBuakomis mepexxeBux 0a3
JTaHUX 3aJUIIAETHCS BUCOKOIO 3aBIAKH MPSMOMY AOCTYNy 4depe3 nmokaxuuku [14]. OmgHak
CKJIQIHICTh CTPYKTYpH TPHU3BOJAUTH 10 TOrO, IO PO3pOoOKa Ta CYIMPOBIL MEPEKEBUX 0a3
JaHUX BUMarae BHCOKOI kBaidikairii. KpiM Toro, sik 1 B iepapXiuHiid MO, U JOCTYIY A0
JAaHUX HEOOXIHO 3HATH CTPYKTYpY 3B S3KiB, LIO0 POOUTH CHCTEMY MEHILI 3PY4YHOIO IS
KIHLIEBUX KOPUCTYBayiB. 3MiHa CTPYKTYpH 0a3u JaHUX 3aIMILAETHCS CKIAJAHOIO 33/1a4€l0, 110
00MEXy€e aIaNTUBHICTH CUCTEMH JI0 3MIHHUX BUMOT.

1.4. Penxsiniiina Mopesb JaHUX

Pensamiitna mopens, 3ampomonoBana Enxrapom Kommom y 1970 pomi, 3aificHuna
peBOIIIONII0 B oOpradizamii 0a3 JaHUX 3aBAJKM IPOCTOTI KOHLENIIl Ta MOTYKHOMY
MaTteMaTH4HOMY amnapaty [15]. ¥V pensuiliniil Moaeni qaH1 MpeIcTaBieH] y BUTIISII TaOIHIlb,
1€ PpSIAKY BIANOBIJAIOTH 3amucaM, a CToBmUl arpudyram o00’ekriB. Taka ¢opma
MIPEJICTAaBJICHHS IHTYITUBHO 3pO3yMiJla KOPUCTyBauaM 1 HE BHMMAara€ 3HaHHS CKJIAIHHUX
1EpApXIYHUX YU MEPEKEBUX CTPYKTYP.

MaTteMaTUuuHOI0 OCHOBOIO PEJISIIIIMHOT MOJIEII1 € TEOPis MHOKHH Ta pefsiiiHa anredpa,
oo J03BoJisie  (OpMalIbHO BH3HAYMTH omnepamii Hajg ganumu [16]. Koxna Ttabmuns
[IpeJICTaBJIsI€ BIAHOLIEHHS, SIKE € MIIMHOKUHOIO IEKapTOBOIO TOOYTKY TIOMEHIB ii aTpuOyTiB.
OCHOBHMMHU MOHATTSAMU MOJIENI € aTpUOYT SIK IMEHOBAHUN CTOBIEIb BIAHOUICHHS, KOPTEX SIK
PAAOK TaONUIll, IEPBUHHUMN KJIIOY SIK YHIKAIbHUM 11€eHTU(IKATOP 3aIIUCYy, Ta 30BHIMIHINA K04
JUIS BCTAHOBJIEHHS 3B S3KIB MK TaOnuusiMu. PensiiiiHa Moienb BBOJUTH CTPOrT OOMEKEHHs
LUTICHOCTI, 30KpeMa LUIICHICTh CYTHOCTEH Ta NOCHJIANbHY UUIICHICTh, ILIO TapaHTye
KOPEKTHICTb JaHUX.

[lepeBaramu pensLiiHOT MOJIENI € HE3aJEXKHICTh TaHUX B NPUKIATHUX MPOrpam, 10
noJsieruye Moaugikaiio ctpykTypu 6a3zu 6e3 3MiHu nporpamHoro koxay [17]. JeknapaTtuBHa
MoBa 3anuTiB SQL m103Bossie hopMynoBaTH TOBUTBHI 3aTUTH 0€3 HEOOX1THOCTI crienudikaii
MPOIIEAYPH JIOCTYIYy 1O NaHuX. PensiiiiHa Moaenb 3a0e3neduye BUCOKUM PIBEHb 3aXHUCTY
JaHUX Ta MIATPUMKY HapajesbHOro AOCTyNny OaraThoxX KopucTyBauiB. [IpoTe pensuiiiHi
CHUCTEMH TIOCTYNAIOTHCS 1€pAPXIYHUM Ta MEPEKEBHUM 3a MIBHAKOIIEI0 OTIEPAIli YUTaHHS, 1110
KPpUTHUYHO JJIs JIeKUX 3acTocyBaHb. KpiM Toro, BinmoOpakeHHsS CKJIaJAHUX OO0’€KTIB 3
MHOXXHHHUMHU 3B’SI3KAMU MOXE€ BUMAaraTh OaratboX TaOJHIp Ta omepaiid 3’€aHaHHS, IO
3HUKYE €()EKTUBHICTD.
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1.5. CyuacHi moaeJsti 1anux

Po3BuTok 1H(}OpMaLIHHUX TEXHOJOTIA TMPHU3BIB 1O TMOSIBU HOBUX MOJIEICH MaHUX,
OpIEHTOBAaHMX Ha crneuudiuHi 3actocyBaHHA. OO’ €KTHO-OpiEHTOBAHAa MOJEIb IHTErpye
KOHIIETIIT 00’ €KTHO-OPIEHTOBAHOTO MPOTpaMyBaHHS 3 OPraHI3aIll€l0 JaHUX, IO03BOJISIOUN
30epiraTu ckjajgHi 00’€KTH 3 MeTojaMu Ta ycnaikyBaHHsM [18]. baratoBumipHa Mopenb
ONTHUMI30BaHa JUIsl aHAJITUYHOI 0OPOOKM BEJIMKMX MAacHBIB arperoBaHUX JAHUX Yy CHCTEMax
MIATPUMKA TPUUHATTS  pilieHb. JIOKYMEHTO-OpieHTOBaHI 0a3u JaHUX, ULI0 Halylmu
nonyisipHocTi 3 mosiBoro NoSQL pyxy, 30epiratoTe JaHl y BHIJISAI CaMOOIHCYBaHHUX
JOKYMEHTIB 0€3 JKOPCTKOi CXeMHM, 110 3a0e3nedye THYYKICTb Ta TOPU3OHTAIbHY
MacmTaboBaHicTh [19].

Jliis 0OpoOKM JaHMX COLIAJIbBHUX MEPEX OCOOIMBUM IHTEpeC MpeACTaBIsAOTh rpadosi
0a3u JaHuX, K1 MPUPOTHO MOJIETIOIOTH 3B A3KM MDK KOpHUCTyBa4aMH Ta KOHTeHTOM [20]. ¥V
rpadoBiif MOJeNl BY3/IM MPEACTaBISAIOTh CYTHOCTI, a peOpa 3B SI3KM MK HUMU, IPUUOMY SIK
BY3JIM, TaKk 1 pedpa MOXYThb MAaTu JIOBUIbH1 aTpuOytu. Takuil migxil ONTUMI3ye omeparii
o0xony rpada Ta HOIIYKY HUIAXIB, WO KPUTHYHO JJIs aHaIi3y COILAJbHUX CTPYKTYP.
[MOpuaHi NiAX0AM NOETHYIOTH MEPEBAru pi3HUX MoJelel, BAKOPUCTOBYIOUH pelIsliiiH1 6a3u
JUI CTPYKTYypoBaHUX aHuX Ta NoSQL pimieHHs 1yisi HECTPYKTYPOBAHOTO KOHTEHTY.

2. KoHTeHT-aHAJIi3 IK MeTOJ A0CTiIZKeHHS

2.1. MeToaoJ10riuHi 0CHOBH KOHTEHT-aHAJII3y

KonrenT-anamni3 BU3HAYAECTLCS SIK CUCTEMATHYHHUN, 00 €KTUBHUN Ta KUIBKICHUM METOJ
aHai3y 3MICTy KOMYHIiKaii [21]. BUHUKHYBIIHN y COII0JIOTI JUIsi BUBYEHHS 3aC00IB MacoBOi
iHpopMalii, el MeToJ 3roJoM 3HAWIIOB 3aCTOCYBAHHA Y IICHXOJIOTI, IOJITOJIOrII,
MapKeTUHTy Ta HIIMUX raixy3sx. CyTHICTb KOHTEHT-aHajli3y IOJISIrae y MepeTBOPEHHI SIKICHOT
TEKCTOBO1 1H(OpMAIl y KUIbKICHI MOKa3HUKU HUISXOM BUSBJIEHHS Ta HIIPAXyHKY YacTOTH
TIOSIBH TIEBHUX €JIEMEHTIB 3MICTY [22].

OO0’ €KTUBHICTh KOHTEHT-aHAII3y AOCATAETHCS 3aBASKH YITKO BU3HAYEHUM IPOLETypam
Ta KputepiiM kimacudikamii martepiamy. JlocmigHuk QopMyiroe KaTeropii aHamizy, IO
B1100OpaXkaroTh IMpeIMeT IOCHIIPKEHHS, Ta OJMHHUII aHali3y, TOOTO €JIeMEHTH TEKCTY, SKi
NUIAraloTh 1eHTHdikanii Ta migpaxyHky [23]. CucreMaTuyHICTh O3Hayae, 10 aHali3
OXOILIIOE BECH JIOCII/PKYBAHUN MaTepiall 3T1IHO 3 IEBHUMHM NpaBuiiaMu BuOipku. KuibkicHui
XapakTep aHali3y I03BOJIAE€ 3aCTOCOBYBATH CTATUCTUYHI METOIU OOpPOOKHM pe3yibTaTiB Ta
MEPEBIPATHU TIIOTE3U MPO 3B’ A3KU MDK XapaKTEpPUCTUKAMU KOHTEHTY Ta IHIIUMHU 3MIHHUMHU.

2.2. ETanu npoBeJeHHs] KOHTEHT-aHAJTI3y

Peanizamisi koHTeHT-aHanm3y mnepeadadae MOCTIIOBHE BUKOHAHHS KUIBKOX €TarliB,
KOXEH 3 AKX Ma€e METOJI0JIOTTYHe 3HaueHHsA. Ha nepiiomy eramni BU3HAYa€ThCsl CYKYITHICTh
pKepen iHdopmalii 3riIHO 3 KPUTEPIIMU PENEeBAHTHOCTI JOCHyKeHHIo [24]. [l anamizy
COLIAJIbHUX MEPEeX 1€ MOXKYTh OyTH myOiiuH1 TpodiIi KOPUCTYBauiB, IPYIH 3a IHTEPECAMU,
KOMEHTapi A0 MmyOuikaiid Tomo. BaxkauBo 3a0e3meunTu penpe3eHTaTUBHICTh BHOIPKH, IO
MOX€E BUMaratu crpaTudikaiii 3a 4aCOBUMH TepioiaMu, TeorpaiuHuM po3TalTyBaHHSIM abo
neMorpagpiuHUMHU XapaKTepUCTUKAMU aBTOPIB.

Hpyruii eran nepeadadae ¢popMyBaHHS BHUOIPKOBOI CYKYNHOCTI MOBIJOMIIEHB, SIKIIO
MMOBHHI aHaji3 reHepaIbHO1 CYKYITHOCTI HEMOXIIMBUM a00 HenouuipHuid. Ha TpeTromy etami
BUSIBJISIFOTBCSL OJIMHHUIIL aHAJI3y, SKUMH MOXYTh OyTH OKpEMi CJIOBa, CJIOBOCIIOIYYEHHS,
TeMaTH4H1 OJI0KK a0o0 Tl TOKYMEHTH 3aJIeKHO BiJ METH JOCTIpKeHHS [25]. YUeTBepTuii eramn
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MOJISITAa€ Y BU3HAYEHH1 OJMHMUIIb HiIpaXyHKy, HAIpUKIJIAJ 4acTOTU MOSBU KaTeropii, oocsary
TEKCTY, MPUCBIYCHOTO TeMi, a00 IHTEHCUBHOCTI BHPa)XEHHS NEBHOI OIiHKH. [I’sTuit eram
Oe3nocepenHs Mpoleaypa MIAPAXyHKY 3 BHUKOPHUCTAHHSM CIELIai30BaHOrO MPOTrPaMHOIO
3a0e3neyeHHs: abo EeKCIIEPTHOIO KOJyBaHHS. 3aBeplUalbHUNA IIOCTUH €Tan IHTephHpeTanis
OTPUMAHUX PE3YyIbTATIB Y KOHTEKCTI JOCTITHUIBKUX MUTAHb Ta TEOPETUUHUX PAMOK.

2.3. 3acTocyBaHHSI KOHTEHT-aHAJIi3y 10 COLiaJbLHUX Mepex

CouianbHi Mepexi K 00’ €KT KOHTEHT-aHali3y MaloTh crielu(iyH1 XapaKTepUCTUKH, 1110
BIUIMBAIOTh HA METOJIOJIOTII0 AocipkeHHs. [lo-mepie, 00csar qaHuX y COLIabHUX MEpEeKax
HabaraTo TMepeBUIIye TpaJULIWHI JpKepena, Lo poOUTh pPydHY OOpOOKY MpPaKTUYHO
HEMOXXJIMBOIO Ta BUMarae apromatu3auii [26]. Ilo-gpyre, nuHaMidHUil XapakTep KOHTEHTY
COLllaJIbHUX MEpeX MOoTpedye Mailke pealbHOro yacy oOpoOKM JUlsl BUSIBJIEHHS aKTyaJIbHUX
tenaeHuii. Ilo-tpere, HehopmanbHUil CTHUIL KOMYHIKAIlll, HasBHICTh *aproHy, eMoA31 Ta
CHEeU(pIUHUX CKOPOUYEHDb YCKIIATHIOE aBTOMaTUYHUI aHaI3.

CydacHi HiAXOAM 1O KOHTEHT-aHaji3y COI[aJIbHUX MEpEeX MOENHYIOTh TpaJuLliiiH1
METOIM 3 TEXHOJOTIIMA MAIIMHHOTO HAaBYaHHSI Ta OOpoOKM mpupogHoi MoBHu [27].
ABTOMaTH4YHa Kiacudikailis MOBIAOMIICHb 32 TEMaMH, aHali3 TOHAIHHOCTI BHUCIIOBIIIOBAHb,
BUSIBJICHHS BIUTMBOBUX KOPUCTYBAuiB Ta IPOTHO3YBaHHS NOUIUPEHHS 1HPOpMaLlii € TUTIOBUMHU
3ajauaMy. BaxiamBolO CKIa0BOIO CTa€ Bi3yaiizallis pe3ynbTariB aHanizy y ¢opmi rpadis
COIIAJIbHUX 3B’SI3KiB, XMap TeEriB, YaCOBHMX JiarpaM aKTHBHOCTI Tomo. ETW4YHI acmekTw
aHaJI3y JIaHUX COLIAJIbBHUX MEPEX BKIIIOYAIOTh MUTaHHS KOH(DIIEHIIIMHOCTI KOPUCTYBaUiB Ta
[IPaBOMIPHOCT1 BUKOPUCTAHHS IyOJIIYHO JOCTYMHOI IHPOpMaLii y JOCTITHUIBKUX LUIAX.

3. CeMaHTHYHMI aHAJII3 TEKCTY

3.1. IloHaTTs TA PiBHI CEMAHTHYHOI0 AHAI3Y

CeMaHTHYHMI aHAJI3 TEKCTY € KJIIOYOBUM KOMIIOHEHTOM CHCTEM PO3YMIHHS IPUPOIHOT
MOBH, CHPSIMOBAHMM Ha BUSBJIEHHS 3MICTYy Ta 3HAY€HHS TEKCTOBUX (¢parmeHTiB [28]. Ha
BIIMIHY BiJl CHHTAaKCUYHOTO aHali3y, SIKUH BCTAHOBJIIOE I'PAMATUYHY CTPYKTYPY PEUEHHS,
CEMaHTUYHUU aHaji3 BH3HAYa€ CMUCIIOBI 3B’S3KM MDK CJIOBaMU Ta IHTEPIPETYE TEKCT Y
KOHTEKCTI mpeameTHoi oOmacti. CeMaHTHKa MOBH BKIIIOYA€ JIGKCHYHY CEMaHTHUKY, IO
BHU3HAYA€ 3HAUEHHS OKPEMUX CJIIB, Ta KOMIIO3UIIHHY CEMaHTHUKY, SIKa MOSCHIOE, SIK 3HAUEHHS
CKJIQIHUX BUPa3iB POPMYETHCS 3 3HAYCHB 1X YACTHH.

VY 00poO11i mpupoHOT MOBU BUUISIOTH KUTbKAa PIBHIB CEMAaHTHYHOTO aHAJI3y 3aJICKHO
B ruOuHu iHTepnperauii [29]. IloBepxHeBUil ceMaHTUUYHUN aHaI3 1AEHTU(IKYE OCHOBHI
CeM aHTUYHI POJII YYaCHHMKIB CHUTYyaIlli, OMHMCAHOI y PEYEHHI, TaKi sIK areHT [ii, MaIli€eHc,
IHCTpYMEHT, Miclie Ta 4dYac. [JMOMHHUNA CEeMaHTHYHHN aHami3 Oyaye dopmaibHe
MIPEJICTaBICHHS 3MICTY TEKCTY y BUIJISAAl JOTTYHUX (opM ab0 CEMaHTHUYHUX MEpEx, IO
JI03BOJISIE 31MCHIOBATH JIOTTYHUM BHCHOBOK Ta INepeBipky HecynepeuHocTi. [Iparmatuunuii
aHaJli3 BpaXxOBYe KOHTEKCT KOMYHIKallli Ta HamMipu aBTOpa TEKCTY, IHTEPIPETYIOUU IpOHIIO,
MeTadopu Ta 1HIII HENPAMI1 CIIOCOOU BUPAKEHHS TYMKHU.

3.2. MeToan aBTOMATHYHOI'0 CEMAHTHYHOI 0 AHAJII3Y

ABTOMaTUYHUN CEMaHTUYHHUM aHall3 TEKCTY Oa3yeThCcsl Ha KOMOIHAI[li JIHIBICTUYHUX
3HaHb Ta CTATUCTUYHUX METOAIB 00poOku naHuX. TpaauuiliHi NIAXOAU BUKOPUCTOBYIOTh
CEMaHTHYHI CJIOBHUKU Ta OHTOJIOTI, AKl (JOPMai3yIOTh 3HAHHS MPO MPEIMETHY 00JIacTh Y
BUTJISA/II KOHIIENTIB Ta BiHOMEeHb MK HUMU [30]. Bimomi pecypcu Takoro THUITY BKIIOUYAIOTh
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WordNet it aHIiiicbKOi MOBH, SIKMM OpraHi3ye CJI0Ba y CUHOHIMIYHI pSIU Ta BCTAHOBIIIOE
CEMaHTHYHI BIJHOLIEHHS MDK HHUMH. Jli1 MOp(OJIOTiYHO CKIAQAHMX MOB, BKIIIOYAIOUYU
YKpalHCbKy, CTBOPEHHSI IOBHOIIIHHUX CEMAaHTUYHUX PECYpPCIB 3aJIMLIAETHCS AKTYaJIbHOIO
3aJauero.

CraructTuuHi  METOAM  CEMAaHTUYHOTO  aHamidy  0a3ylThCs  HA  TINOTE31
JUCTPUOYTUBHOCTI, 3TIHO 3 SIKOIO CJIOBA 31 CXOKUMH 3HAYEHHSIMU 3yCTPIUaIOThCA Y CXOKHUX
koHTekcTax [31]. BektopHi mnpeacTtaBieHHsS CiIB, OTpUMaHI 3a JOMOMOTOI MOJEIIEH
Word2Vec, GloVe a6o FastText, konytoTb ceMaHTUYHY OJM3bKICTh Yy BUIJISAI KOCUHYCHOL
BIICTaHI MDK BEKTOpaMmH. Taki MpeACTaBICHHS MO3BOJISIOTH 3AIMCHIOBATH CEMaHTUYHUN
MOIIYK, KJIACTepU3aIlil0 TEKCTIB 3a TeMaMHU Ta BUSBJICHHS CEMAaHTUYHUX aHAJIOTIH.
HeiipomepexxeBi Mozeni Ha ocHOBI TpaHchopmepiB, 30kpema BERT Tta i#oro BapianTtu,
JOCATalOTh HAMBMILOI SKOCTI y 3aJadyax CEMaHTUYHOIO aHaji3y 3aBJIsSKM 3JaTHOCTI
BpaxOBYBaTH KOHTEKCT CJIOBA Y PEUECHHI.

3.3. AHAJIi3 TOHAIBHOCTI Ta BUSIBJICHHS MO

AHaii3 TOHaJbHOCTI € OKPEMUM HANPSMKOM CEMAHTHUYHOTO aHaji3y, COPSIMOBAaHUM Ha
BHU3HAUEHHS eMOLIIfHOro 3a0apBieHHs TeKcTy [32]. V HallmpocTioMy BUIIAJIKy TOHAJIBHICTh
KJIacU(IKYETHCSI HA TO3UTHUBHY, HETaTUBHY Ta HEUTPaAJIbHY, ajle ICHYIOTh OUIbII JeTali30BaHi
IIKadd, [0 BPaxXxOBYIOTh IHTEHCUBHICTh €MOLIA. AHali3 TOHAJIbHOCTI LIMPOKO
3aCTOCOBYETHCSI Y MApKETUHIY JUIsli MOHITOPHHIY BIATYKIB IpO MPOAYKTH Ta OpeHau, y
MOJIITUYHIA aHAIITUL JJI OLIHKU CYCHUIBHMX HAacTpOIiB, Ta Y (piHAHCAX JJIsl MPOTHO3YBAaHHS
KOJIMBaHb PUHKIB HA OCHOB1 HOBUHHUX MTOTOKIB.

Metoan aHalli3y TOHAJBLHOCTI TMOJAUISIOTHCS Ha MIAXOAM HA OCHOBI CJIOBHUKIB Ta
MalMHHOro HaByaHHs [33]. CI0BHUKOBI METOJIM BUKOPUCTOBYIOTh 3a34aJI€T1/lb MiArOTOBJIEHI
CIIMCKH CJIIB 3 MIO3UTUBHOIO Ta HETATUBHOIO KOHOTALIEIO, MIAPAaXOBYIOUH X 4aCTOTY Y TEKCTI.
[Ipote Taki MeTOAM HE BPAaXOBYIOTh KOHTEKCT Ta I'paMaTHU4HI KOHCTPYKLII, 10 MOXYTh
3MIHIOBaTH MOJISPHICTh BHUCIOBIIIOBAHHS, HAPUKIIAJ 3anepedeHHs] a00 YMOBHI KOHCTPYKIIII.
MeToM MAalIMHHOTO HaBYaHHS TPEHYIOThCS HAa PO3MIYEHHUX KOpIycaxX TEKCTIB 1 3/1aTHI
BUSIBJIISITU ~ CKJIAJHI TATEPHU BUPAKEHHS TOHAIBHOCTL. [MOOKI HEWpoOHHI Mepexi
JEMOHCTPYIOTh HaWKpallll pe3ylbTaTH, 0COOJMBO y MO€JHAHHI 3 MEXaHI3MaMU YBaru, 10
JI03BOJIIIOTH (POKYCYBAaTHCA HAa HAOUIbII 3HAUYIIUX (parMeHTaxX TEKCTY.

4. Onrumizaunisi Mogesell JaHUX JJIsl CEMAHTHYHOTO aHAJTI3Y

4.1. Bumoru 0 oprani3zauii JaHux

EdexTuBHICT CUCTEM CEMAaHTUYHOIO aHaNI3y KOHTEHTY COLIaIbHUX MEPEK KPUTHUHO
3aleXUTh Bl crocoOy opraHizalii BXIIHHUX JaHUX Ta MPOMDKHHUX pE3yJbTariB 0OpOOKH.
OCHOBHMMHM BHMOTaMHU € IIBHJKICTh JOCTYIYy OO JaHUX, MaclITa0OBaHICTb CUCTEMH IPHU
3pocTaHHl 00CSTIB iHQoOpMAaIlii, THYYKICTh CXeMH MaHUX MJs ajamnTailii 10 HOBHUX THITIB
KOHTEHTY Ta MIATPUMKA CKJIQJHUX 3aMHTIB s OaratoacmektHoro aHanizy [34]. Kmacuuni
pensniiHi 6a3u naHuX 3a0€3Medyr0Th TPaH3aKI[IHY IUTICHICTh Ta MiaATpuMKy SQL 3anuTis,
ajle MOXKYTb HE CIIPABJISTUCS 3 HABaHTAXKEHHSAM INpU 00poOLl MUIbIOHIB MOBLAOMIIEHb Y
peaibHOMY yaci.

Jlis 30epiraHHs CHpPUX JI@aHUX COLIaJIbHUX MEpeX JOLUIBHO BHKOPUCTOBYBAaTH
JOKYMEHTO-OpIEHTOBaH1 0a3M AaHUX, SIK1 JO3BOJISIIOTH 30epiraTy MOBIIOMIICHHS Y HATUBHOMY
JSON ¢opmati 6e3 HeoOXimgHOCTI BU3HA4YCHHS >KOpcTKoi cxemm [35]. Lle 3abesmeuye
THYYKICTh IpHU poOOTI 3 PIZHOPIIHUMHU JAaHMMH 3 PI3HHUX COLIAIbHUX IUIaT(GOpM, KOXKHA 3
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SAKUX Mae€ creuudiuHy CTpyKTypy meranaHux. Jlis 30epiraHHs pe3yJibTaTiB CEMAHTUYHOTO
aHami3y, TAaKUX SK BUSBJICHI CYTHOCTI, TOHAJIBHICTb Ta TEMH, MOXXE 3aCTOCOBYBATHUCS
pensiiiiHa MOJeNb, IO TOJIETIIYE arperaio Ta aHaliThudHi 3anuTH. ['padoBi 6azm maHux
ONTUMAJIBHI I TNPEACTaBIEHHS COLIaJbHOTO rpada Ta 3B’A3KIB MDK KOpPHUCTyBayaMmu,
TEMaMU Ta KOHTEHTOM.

4.2. IngekcyBaHHS Ta NOLIYK

HIBuakuii mOWIyK 3a 3MICTOM HOBIIOMJIEHb € (DYHAAMEHTaJIbHOK BHUMOIOIO CHUCTEM
aHai3y KOHTEHTy. TpamuiiiiHi iHIekcu 0a3 maHux Ha OCHOBI B-nmepeB edektuBHI 1is
TOYHOTO TMOIIYKY 3a KIIOYaMH, aje HE MIIXOJIATh JUIsl MOBHOTEKCTOBOIO IOIIYKY 3
ypaxyBaHHsIM Mopdoorii Ta cuHoHIMIT [36]. Cneriani3oBaHi MOIIYKOBI CHCTEMH, Taki sK
Elasticsearch a6o Apache Solr, OyaytooTh iHBepTOBaHI IHICKCH, IO BiIOOPaKaIOTh KOXKHE
CJIOBO Ha CIHMCOK JOKYMEHTIB, Y SIKUX BOHO 3YCTPI4a€ThCs, 3 JOJATKOBOIO 1HPOPMAIIIEIO PO
MTO3HUIIIIO Ta YaCTOTY.

JlJ11 ceMaHTUYHOTO MOIIYKY 3aCTOCOBYIOThCS BEKTOPHI IHAEKCH, 1110 30epiratoTh MIUIbHI
IIpe/ICTaBJICHHs IOKYMEHTIB y 6araroBuMipHoMy npoctopi [37]. Ilomyk HalOnM»Kuux cyciaiB
Yy BEKTOPHOMY MPOCTOPI JI03BOJISIE 3HAXOAWTH CEMAHTHYHO MOMIOHI TEKCTH HaBITh MpHU
BIJICYTHOCTI CIUIBHUX KIIOUYOBUX CIIB. ANPOKCUMAIIIHI aJrOPUTMHU MOIIYKY HalOIMKUNX
cyciniB, Taki sk HNSW a6o FAISS, 3abe3neuyiors cyOmiHiM HY CKJIAQIHICTh 3alUTIB NPU
NPUMHATHIA TOYHOCTI pe3yapTaTiB. [10pUIHI MIIXOAM MOENHYIOTh JIGKCUYHUN Ta
CEMaHTHYHUH NOILIYK, PaHXKYIOUH Pe3yNbTaTh 3 YpaxyBaHHIM 000X (akTopiB.

4.3. [1apanesizM Ta po3nojaijieHa 00pooka

OOpoOka BenuMKHX OOCSTIB TEKCTOBMX JAHUX BUMAarae mnapajuesnizamii oOuucieHb Ta
PO3MOAUICHOT apXITEKTypu cucteMu. OperMBOPKH PO3MOAUICHOI 0OpOOKH JaHUX, Taki sK
Apache Spark a6o Apache Flink, m03Bois10TH BUKOHYBaTH CEMAaHTHYHUM aHaII3 Ha
KJIacTepax CepBepiB 3 aBTOMAaTUYHUM OalaHCYBAaHHSM HABAHTAKCHHS Ta BIAMOBOCTIMKICTIO
[38]. dani po30uBarOThCA HA MAPTHIlli, KOXKHA 3 AKX 00pOOJISIETHCS HE3aJIEHKHO, IICIST YOTO
pe3ynbTaTH arperyrothcs. Taka apxirekTypa 3a0e3medye JIHIHHY MacimTaboBaHICTh
MIPOJIyKTUBHOCTI IIPU J10JIaBaHHI HOBUX BY3JIB /10 KJacTepy.

Jliig 3a7a4 MOTOKOBOi 0OpOOKH, KOJIM HEOOX1IHO aHaI3yBaTH JlaHl y peajJbHOMY Hacl
Mo Mipi iX HAAXOJKEHHS 31 COLIaJbHUX MEpEeX, 3aCTOCOBYIOTHCS CHUCTEMHU IOTOKOBOL
00po6ku [39]. BoHu minTpuMytoTh BIKOHHI Omepatii 1y 00YMCICHHS arperaTiB 3a YaCOBUMU
IHTEpBaJIaMu Ta CTEUTPYyn 0OpOOKYy 3 MOMIIMBICTIO HAKOMWYEHHS MPOMDKHHUX PE3yJbTaTiB.
Kputnunum acniektom € 3a0e3neyeHHs] CeMaHTUKU oOpoOku exactly-once asns 3amoOiraHHs
nyOnoBaHHIO ab0 BTpaTi MOBIAOMJIEHb. |HTerpaiiss MOTOKOBOI Ta HaKeTHOI OOpoOKH Yy
lambda-apxiTekTypi 103BOJISIE MOEIHYBATH HIBUAKICTh pearyBaHHs 3 TOUHICTIO PE3YJIbTaTIB.

BucHoBku

Y poOoTi mpoBemeHO CHUCTEMAaTHYHHI aHalli3 MOJENeH opraHizamii JaHux Ta iX
3aCTOCYBaHHS JUIS 33714 CEMAaHTHUYHOTO aHAJI3y KOHTEHTY COL[laJIbHUX Mepex. BcTaHoBieHo,
mo BUOIp MOJENI JaHWUX CYTTEBO BIUIMBA€ Ha €(EKTHBHICTh CHUCTEMH Ta IIOBUHEH
BpaxoByBaTH crnenugiky mnpeaMerHoi obnacti. KiacuuHi iepapxiuHa Ta mMepexeBa MOJENi
3a0€3Me4yI0Th BUCOKY IIBUJIKOIIIO, aje HEIOCTATHBO THYYKI JIJsi pOOOTH 31 CKIIAJHUMH Ta
OUHAMIYHUMU ~ CTPYKTYypamMH  COLIaJIbHUX  JaHuX. PenduiiiHa Mozenb  MPOINOHYE
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YHIBEpPCAJIBHICTh Ta MOTY)XKHI 3aCO0M 3amuTIB, ajie MOXKE MaTH OOMEXEHHS MacIITaboBaHOCT1
IIPH JTy’Ke BEIUKUX 00csrax JaHuX.

CyuacHi NoSQL pimeHnHs, 30kpeMa JI0KyMEHTO-OpIEHTOBaH1 Ta rpadoBi 0a3u JaHuX,
Kpalle BiANOBIIAIOTh BUMOraM OOpPOOKHM KOHTEHTY COI[aJIbHUX MEpPEeX 3aBJISKH THYYKOCTI
CXEMHU Ta ONTUMI3alli JUIsl pO3NMOJUIEHUX cucTeM. ['10puaH1 apXITEeKTypH, IO MOEAHYIOTh
PI3H1 TUIIM CXOBMIIL 3AJIEKHO BiJl XapaKTepy AAHUX Ta orepalliil, € HaiOUIbII MepCIEeKTUBHUM
HanpsMKoM. 11 e(eKTUBHOrO CEMaHTUYHOTO aHalI3y KPUTUYHE 3HAYEHHS Ma€ OopraHizaiis
IHACKCIB, 10 3a0€3MeYyI0Th MBUAKANA MOIIYK K 3a JIGKCHYHUMH, TaK 1 32 CEMAHTHYHUMHU
O3HaKaMHU.

KoHTeHT-aHani3s Ta ceMaHTUYHUNA aHal3 TEKCTY € NOTY)XKHUMH IHCTPYMEHTaMu
BUBYEHHS COLIAJIBHUX KOMYHIKallll, ajieé iX NpakTU4YHE 3aCTOCYBAHHS BHUMAara€ 3HAYHUX
00YMCIIIOBAJIBHUX PECYPCIB Ta PETENbHOIO MPOEKTYBAaHHA apXiTeKTypu cuctemu. [lonanbuni
JOCIIIJKEHHST JTOIUIBHO CHOPSIMYBAaTH Ha PO3POOKY CHEIiaTi30BaHUX MOJEIeH HaHuX,
ONTHUMI30BaHMUX JUISl KOHKPETHUX 3aJady CEMaHTHUYHOI'O aHalli3y, Ta Ha IHTErpalil0 HOBHUX
METO/IIB MAaIlTMHHOTO HABYAHHS 3 TPAIUIIIHHUMH TiIX0JaMH OpraHi3aiii 1aHuXx.
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Abstract. Introduction. This paper investigates fundamental approaches to data organization in
information systems and their application for optimizing semantic analysis of social media content.
Classical data models — hierarchical, network, and relational — are analyzed, and their advantages and
limitations in the context of processing large volumes of textual information are identified. The
methodology of content analysis as a tool for studying social communications and semantic text
analysis as a stage of automatic natural language understanding are examined. The relationship
between the choice of data organization model and the efficiency of semantic processing algorithms
for social media content is established.

The exponential growth of digital information, particularly in social networks, creates both new
opportunities and challenges for data analysis. Effective processing of such data arrays requires not
only powerful computing resources but also optimal data organization. The choice of data organization
model directly affects the speed of information access, the complexity of processing algorithms, and
the quality of final analysis results. Meanwhile, there is a growing need for automated content analysis
systems capable of identifying hidden patterns, trends, and semantic connections in large arrays of
textual data.

Content analysis as a research method originated in sociology and journalism but has
transformed into a powerful tool for automatic text processing with the development of computing
technology. Semantic analysis, which is a component of content analysis, allows identifying not only
explicit but also hidden content of messages, which is especially important for understanding public
sentiments, identifying trends, and predicting user behavior in social networks.

Purpose. The aim of this article is to analyze classical data organization models and determine
their optimality for the tasks of semantic analysis of social network content.

Results. The hierarchical model represents data in a tree-like structure with strict subordination
relationships but has limited flexibility for representing complex many-to-many connections. The
network model extends the hierarchical approach by allowing multiple parent relationships but
increases system complexity. The relational model, based on set theory and relational algebra,
provides data independence and declarative query language but may have performance limitations for
certain operations.

Modern data models, including document-oriented and graph databases, better meet the
requirements of social media content processing due to schema flexibility and optimization for
distributed systems. Hybrid architectures combining different types of storage depending on data
nature and operations are identified as the most promising direction. For effective semantic analysis,
the organization of indexes that provide fast search by both lexical and semantic features is critically
important.

Conclusion. The paper examines content analysis stages including source selection, sampling,
unit of analysis identification, and results interpretation. Semantic analysis methods are reviewed,
including sentiment analysis, entity recognition, and topic modeling. The relationship between data
organization model choice and semantic analysis algorithm efficiency is established.
Recommendations for optimizing data structures for processing large volumes of social media content
are provided.

The research demonstrates that no single data model is universally optimal for all aspects of
social media content analysis. Document-oriented databases are suitable for storing raw heterogeneous
data, relational databases for storing structured analysis results, and graph databases for representing
social connections. Distributed processing and stream processing technologies are essential for real-
time analysis of large-scale social media data.

Keywords: data models, data organization, content analysis, semantic text analysis, social
networks, optimization, hierarchical model, network model, relational model, NoSQL databases.
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PO3POBKA OCBITHBOI'O IOPTAJY IJIs IIEPEBIPKHU
KOMIT'FOTEPHUX ITPOI'PAM, HAITMCAHUX CTYAEHTAMHU

Y pobomi poszensnymo memoou ma 3acodbu cmeoperHst NOBHOYIHHO20 sebcaimy 3 6A3010 OAHUX,
KIIEHMCbLKOI0 Ma cepeepHolo uyacmuHolo. Hapasi ownaiin HagYyamHA wupoxko SUKOPUCMOBYEMbCA 8
HasuanvHux 3axaadax ma 'y cgepi IT. Coursera, EDX, Udemy, Udacity ¢ nposionumu pecypcamu
OHIQUH HA8YaHHA Y ceimi. Bapmo maxodwc 32adamu yKpaiHCoKull npoexm Macoux i0KpUmux oHIAuH
xkypcie Prometheus ma oceéimmio niamegpopmy Stepik, sixi € Oyoce nonynapuumu ¢ Yxpaini. Ha oanux
nIam@opmax BUKOPUCMOBYIOMb DI3HI 3aco0U NnepesipKu OOMAWHbO20 3a80anHs. [l KOHmMPOIo
meopemudHUX 3HAHb 3ACMOCO8YI0OMb MPAOUYILHI Memoou, nepesaxcHo mecmosi sadaui. Axwo ye
CMOCYemMbCs KOOy, MO Nepesipka, a came pednizayisi Yybo2o npoyecy € CKAAOHUM, pPecypCoOMiCHKUM
npoyecom ma 600HOYAC YIKAGUM.

Memoro pobomu € cmeopenns 6ebcepsicy 07151 po3MiujeHHs ma nepesipky NPAKMUYHUX 3a60aHb,
a came 3a80amb, O0e NOMPIOHO peanizyéamu nesHy npozpamy. Taxkoxc memor M020 HpPOeKmy €
PO3POOKA ANOPUMMY nepesipku Kooy, sSKuil Oyoe peaniz08ano WisxomM RPO2OHY OESIKUX 6XIOHUX OAHUX
ma NOPIBHAHHS iX 3 NONEPEeOHbO 3A0AHUMU BUXTOHUMU OAHUMU.

Ompumane npoecpamue 3abe3nedentss modice Oymu guxopucmate 6yob-0e, MOMY WO CMBOpeHe
60HO 'y 6U2NAO0I NPOSPAMHO20 NAKemd, AKUL MOJCHA 3 JIe2KiCmI0 pO320pHYMU HA cepeepi yu
nepcouanvhiu mawuni. besnocepeonvo npoepama moodce 6ymu euKopucmaHa Oias nepesipku pobim
CMYOeHmi8 8 MOEMY HABYATILHOMY 3aAKAAOI.

Knrouosi cnosa: 6ed6 0ooamox, mosa posmimxu caumis html, cmuni css, ¢petimeopx flask, mosa
npoepamyseants python, 6aza Oanux.

Beryn

o, B3arami Take TectyBaHHs? TecTyBaHHSA - L€ JOCHUIKEHHS, NMPU3HAYCHUH s
BUSIBJICHHS 1H(pOpMaILlii Mpo SKICTh pOOOTH MPOAYKTY BIJHOCHO KOHTEKCTY, B IKOMY BiH Mae
BUKOPUCTOBYBATUCh. TE€XHIKa TECTYBaHHs TAKOX BKIJIIOYAE SIK MPOIIEC MOIIYKY MOMUIOK ab0
IHIIKX 1e(EeKTIB, TaK 1 BAPOOYBAaHHS MIPOrPaMHUX CKJIAJOBHUX 3 METOIO OLIHKU. [1]
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Mos 3anaua nosisirae B TOMy, 1100 HamucaTH AOAATOK, 0 OyJe MepeBIpsATH HEBEIHKI
IpOrpaMu Ha MpaBUIBHICTH iX pobotu. 1o mosnsrae mig caoBoM “npaBuIbHICTE? B Moemy
BUIAJIKY, 116 TTO3UTUBHE MPOXOJHKEHHS TECTIB Ta KOPEKTHE 3aBEpUICHHS POOOTH MPOrpamH.
CaM TecT peainizye IporiH ASIKUX BXIIHUX JAHUX 4Yepe3 Mporpamy, Ta MOPIBHIHHS BUXITHUX
JAHUX 3 MONEPEIHBO MIATOTOBIEHUMH NPAaBUILHUMH BUXITHUMH JTAHUMHU.

PeanizyBatu y Burisi rpagigdoro intepdeiicy uu Bedcaiity? Ha moro nymKky, kparie
BUKOPHUCTATH Ipyruii BapianT. Och JEKUIbKA IPUYUH YOMY:

- Jerkuil joctyn 10 Bedgonatky. B mboMy BuUmaaky KopucTyBauy MOTpiOeH Jinine
KOMIT'tOTEp 3 Opay3epoM 1 3'€IHaHHS 3 IHTEPHETOM;

- OHOBJICHHS 0AaTKy. s Toro, mo6 OHOBUTH BEOJ0MATOK, HOTO HEOOXITHO OHOBUTH
HOro TUIBKM Ha cCepBepl Ta BCl KOPUCTYBaul Bipa3y MOXKYThb IpalOBaTH 3 HOBOIO
BEpCI€lo;

- BeOJ0JaTKM OUIbII YyHIBEpCAlbHI Ta MPaKTUYHI Uil KIHLEBOro KopucTyBaya. Bam
JOCTaTHBO OyJie BCTAHOBHTH BEOJOJATOK Ha CEpBEpP, IO MpaIoe€ i Oyab-IKOIO
cygyacHoi OC, 1 BM 3MOXeT€ KOPUCTYBAaTHCS HUM 4Yepe3 IHTEpHET Ha OyJlb-SIKOMY
KoMIT'toTepi a00 MOOUIBHOMY IIPUCTPOT;

JluBnsiuMCh HA PUHOK, MOXHA CKa3aTd, M0 BeOMOJATKM JAaBHO OOIrHAIW 3BUYANHI
rpadiyHi nporpamu. Bonu nermi B po3poOrii, po3sropTaHHl Ha cepBepl, BOHU T'HYYKIIIi, Ta
Oouemn npoctynHi. Tomy s He Oauy cency B GUI, mpunaiimMHi npu peanizaunii MOro
MPOTPaMHOTO 3a0€3MeYCHHSI.

Crexk TexHoJorii

[lepme w0 moTpiOHO 00paTu A CTBOPEHHS OyIOb-SKOTO JOJATKy, II€ MOBa
nporpamyBaHHs. S 3ynunuBcs Ha Python 3.8, Tomy 110 BoHa Mae JO0cUTh LiKaB1 GperMBOPKU
IUIs CTBOPEHHS BEO CEepBiCiB, K1 BapTO AOCHIAUTH. OCHOBHI XapaKTepPUCTUKHU:

- IHTEpIIPETOBaHAa MOBA MPOTPaMyBaHHS BUCOKOI'O PIBHS;
— IUHAaMIYHA THUITI3aLis;
- JIAKOHIYHUH CUHTAKCUC;
- MOOUIBHICTH IIPOTpaM;
—  MOMYJSPHICTS, 1 IK HACHIJIOK - BEJIMKA CIUIbHOTA PO3POOHUKIB.
Henoniku:
- HU3bKA MIBUJIKOIS, 110 XapaKTEPHO JUIS BCIX IHTEPIPETOBAHUX MOB;
- BIJICYTHICTh CTaTUYHOT THII3allil, [0 TAKOX YIOBUILHIOE POOOTY MPOTPaAM.

HactynuuMm 3aBaaHHsM € oOpaHHS (pelMBOPKY Ul CTBOPEHHSI CEPBEPHOI YaCTHUHHU.
Icnye nBa nainonmynsapHimux kanguaatu: Flask ta Django. Ilepmunit - nerkuit 1 rHy4Kuit
(peiiMBOpK, B IKOMY HE BCTAHOBJIEHO HIUOTO 3aiiBoro. lle mo3Bosisie BUOMpaTu MOyl Juist
BHIIIIEHHSI KOHKPETHUX 3aBJIaHb 1 BCTAHOBJIIOBATH X 3a MOTpeOu. Django - Ha/ae makeT «Bce
BKJIIOUEHO»: Yy Bac € IaHellb aAMIHICTparopa, iHTepdeiicu 6a3 manux, ORM, 1 cTpykTypa
KaTaJoriB Ui BalllUX JI0JIaTKIB 1 IPOEKTIB.

Flask gacriie BUKOPUCTOBYIOTh KOJIM MOTPIOHO OUIbIIIE KOHTPOJIIO HaJl KOMIOHEHTaMU
J0JIaTKy, ab0 CTBOPEHHSA 4YOroch HeTUnoBoro. Django, sKiIo Bac LIKaBUTh KIHIIEBUI
poayKT. OcoOIMBO SAKIIO MOTPIOHO MPAIIOBATH 3 MPSIMOJIIHIMHUM J0JIaTKOM, TAKUM SIK CAlT
3 HOBUHAMHU, OHJIaiH Mara3uH uu 0ior. [2] Tomy s 3ynuHHMBCS Ha nepiioMy BapiaHTi - Flask.

Hamani npu Oe3mocepenniii po3poOiii MpOTpaMHOTO TPOIYKTY 3HAAOOIATHCA 11
JeKUIbKa MOJYJIB Ta 010J10TeK s peanizallii HeOOXiTHUX MOKJIuBocTel aonarky. Cepen
SAKHX:

—  wtforms - ans peanizanii ¢ yHKIIOHYBaHHS BeOhOpPM;
- subprocess - AJ1s1 3aIyCKy 30BHILIHIX IPOrpam;
— flask sqlalchemy - mnst poGoTH 3 6a3010 MaHUX;
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- flask admin - qs ynpaBninHsg 023010 JaHUX;
— flask bootstrap - mns iHTerparnii 3 Bootstrap4;
- os, shutil - Moyl U1 cCHCTEMHUX KOMaH/ Ta HaJIAIITyBaHb.

Jlisg po3poOKU KIIIEHTCHKOT YaCTUHH MporpaMu BUKOpHucTaro MoBY po3mitku HTML 5
Ta MOBY Tabnuito ctuiiB CSS, Ta Habip iHCTpyMeHTIB Bootstrap4, mo mictuts HTML 1 CSS-
mabsonn odopmieHHs Ui TUnorpadiii, BedGopM, KHOMOK, MITOK, OJIOKIB HaBiramii Ta
IHIIMX KOMIOHEHTIB BeOiHTepdelicy, BKiItouyaroun JavaScript-po3mupeHHsi.

[Ipu cTBOpeHHI po3MiTKH Oyay BHUKOpUCTOBYBaTu Iabmonuzarop Jinja2. Ile pymriit
mabaoHIB [J11 MOBH IporpamyBaHHs Python ctBopenuit Apminom Ponakepom 3 JileH3i€I0
BSD. Ha Bigminy Bin cxoxoro pyuiis mabnoHiB y Django, Jinja BUKOpUCTOBYE BUpa3H y
ctuini MoBu Python, ToMy mporec po3MITKH ITOKYMEHTY CTa€ TMOMIOHMM 10 HamNMCaHHS
3BUYAHOTO KOJY.

3aco0u peasnizamii

Jlyist po3ropTaHHs Ta CTBOPEHHS MPOEKTY s BUKOPHCTAI0 HOBY po3poOky Microsoft -
WSL. Windows Subsystem for Linux - ne mpomapok mix simpom Windows 1 qogatkamu st
Linux, sixkuil 103BOJIsI€ IEPETBOPIOBATU CUCTEMHI BUKIIMKH /10 sapa Linux B BUKIIMKH J10 A1pa
Windows. [3] 3aBasku Tomy, 10 BIpTyasi3aiis IPaKTUIHO BIICYTHS, TaKe PIICHHS MPAIIO€
HIBUJIIE TPATUIIMHOI BipTyani3alii, A€ MOBHICTIO €MYJIOETbCS KOMI'IOTEp, SK LE
Bi1OyBaeThes B Oracle VirtualBox 1 VM Ware Player.

Jst po3pooruka WSL - 1e 3pydne cepemoBuinie po3poOku. Bce K BCTaHOBIIGHHS
06araTb0X MOB, KOMIUISTOPIB Ta IHTEprpeTaropiB, yTwiiT B Linux BinOyBaeTbcs  KyIau
MPOCTIIIE.

Takox pu cTBopeHHi 51 6yny BukopuctoByBatd VS Code - 3pyuHuil peaakTop Koay 3
0e311u posmmpenHsmu, Git cuctema KOHTposro Bepcid, Ta Github ams 30epexeHHsT MOTO
JOJIaTKY.

Caoto nporpamy Oyay mucaty y BUTISI makeTy. Lle m03Bossie Hamami CrpocTH 3amycK
IporpaMy, ii HOBTOpHE BUKOPHCTAHHS, Ta PO3ropTaHHS Ha cepBepl. dailsl 3 po3MIMpPEHHAM
‘.py’ - ue Molyab. B HbOMy MOXKHa CTBOPUTU B HhOMY KiacH, (pyHKIIi Ta 3MiHHI. SIKIIO B
JTUPEKTOPII0 MOKJIACTU KUIbKAa MOJYJIB 1 CTBOpUTU (ailin ¢ init  .py’, CTBOPUTHCA MAKET 3
IM'IM JJaHOT AUPEKTOPII.

B HactymHuxX po3auiax s MOBHICTIO OIHUINY MPOIEC peamizaiii IpOoT0 J0JaTKy Ta
MPOTECTYIO HOT0O Ha MEBHUX JAHUX.

MakeT npoexkrty

daitnioBa iepapxis IpoeKTy Oy/e BUIIISIaTH HACTYITHUM YUHOM (puc. 1).

\ CODECHECKER [WSL: UBUNTU-20.04]
2 Nenv
> Nscode
~ app
> static
> templates
@ _init_.py
@ forms.py
@ models.py
@ routss.py
> temp
€ _gitignore
app.db
@ config.py
@ README.md

requirements.txt

L]

run.py

Puc. 1
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CodeChecker/ - ocHOBHaA AUPEKTOPIS AOJATKY

.venv/ - TUPEKTOpist B SIKIM 3HaX0AAThCs (ailnu BipTyaabHOTO cepenouiia Python.
app/ - 6e3mocepeIHbO MAKET HAMIOTO JTOAATKY

static/ - qupeKTopis JUid CTaATUYHUX (aililiB, 30kpeMa (aiiliB CTUIIIO CSS

templates/ - mupexropist as daitiB po3mitku html

temp/ - TUPEKTOPist TAMYACOBUX (pailiTiB

app.db - 6aza ganux

config.py — KOJl HaJIalITyBaHb

run.py — nporpama 3amycky cepicy

CTBOpeHHs Ta CTWIi3alisi BeOCTOPiHKH
Hactynmuum kpokom € crBopenHs HTML cropiHok Ta ix CSS odopmienns 3a

nonomoroto BootStrap4. Cteopro B Teui templates/ 4 daitnu:

base.html - 0a3oBuii maOioOH, IO MICTUTH 3arojJOBOK, HAaBIraimil0, Ta TaK 3BaHUU
“migBan’” caury;

main.html — rojoBHa cTopiHka, 1110 MICTUTh CIIMCOK 3a7ad. HacaigyeTbes BiJl CTOPIHKU
base 3a 10MOMOT0I0 MOXKJIMBOCTEH Jinja;

result.html - cropinka, Ha siKy OyAyTh IiepeaBaTUCs pe3y/lbTaT TECTYBaHHS;

task.html — cropiaka 3 ¢popmoro 17151 BBOIy pO3B'si3aHHSI MIEBHOT 334241,

<!DOCTYPE html>
<html lang="en">
<head>
<meta charset="utf-8">
<meta name="viewport" content="width=device-width, initial-
scale=1, shrink-to-fit=no">
<link rel="shortcut icon" href="../static/code.ico">
{{ bootstrap.load css() }}
<title>CodeChecker</title>
</head>

B nictuHry Bumie HaBeAeHO “TOJOBY’ cTOpiHKM base.html, ne Bka3aHo OCHOBHY

iHpopMmaito: Bepcit HTML, koayBaHHs, po3TalryBaHHs (ailily CTUIIB, TUTYJIKA.

<body>
<div class="container">
<header>
<nav class="navbar navbar-default navbar-dark bg-
primary rounded mt-3 mb-3">

<div>
<a class="navbar-
brand" href="{{ url for('mainPage') }}">

<img src="static/code.svg" width="30" he
ight="30" hspace="10" class="d-inline-block align-
middle™ alt="">
<strong class="text-light align-
middle">Cody</strong>
</a>
</div>
<div>
<a class="text-
light™ href="https://github.com/Ihoriam">Github</a>
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</div>

</nav>
</header>
{% block content %}
{% endblock %}

B miit wactuni HTML posmitku aitny base.html HaBegena oaHa 3 1mikaBHUX
MOXJIMBOCTEH Jinja - HacmigyBaHHs. {% block content %} {% endblock %}

Sl BuUKOpuHCTaB omepaTop YHpaBiiHHSA OJOKOM, 00 BU3HAYUTH MiCLE, JI€é MO’KHA
CTaBUTH MOXIAHI 1a0noHU. biiokaM NpuCBOIOETHCS YHIKAJIbHE 1IM'sl, HA K€ MOX1AH1 1a0I0HN
MOXKYTb ITOCUJIATHUCH.

Tenep s Moxxy Hanucatu main.html, Haciinytoun oro Bin base.html, mo € xopoioro
MIPaKTUKOIO B IPOrpaMyBaHHI.

{% extends "base.html" %}
{% block content %}
<main role="main">
<section class="jumbotron text-center mb-3">
<div class="container">
<hl class="jumbotron-heading">BiTawn!</hl>
<p class="lead text-
muted">Bu ninmanuce! aHwmi CcepBiC CTBOPEHO IJisd IHepebBipkm Bamoro
OOMAWHLOTO BaBIAHHA 3 IporpamyBaHHg!</p>
<p class="text-black-
50">Tenep He BUMIe abu SK CKMHYTM NYCTYy [HalkKy 3 IOOMAKOK Ha IIOWT
yi</p>
<p>
<a href="#" class="btn btn-primary my-2">Io poboru</a>
</p>
</div>
</section>

{% endblock %}

[{ikaBicTh ILOTO KOy MOJISITa€ B BUKOPUCTAaHHI ToToBUX html kiacis, peanizoBaHuX B
Habopi iHcTpyMeHTiB Bootstrap4. [4] Lle no3Bossie ekonHoMutu vac Ha cTBopeHHst CSS cTumi
BJIACHOPYY.

Hami s ctBopu mie nBa html noxymenrta task.html ta result.html. [Ilabmonu Takox
MATPUMYIOTh Kepyrodl omepartopu, iX 3amaioth B {% ...%}. [2] B manomy cuenapii s
BHKOPHCTAB ONEPATOP YMOBHOTO OJIoKa {% if flag %}.

<div class="row bg mt-3 mb-3 rounded">
<div class="col text-center">
{%$ 1f flag %}
<h3 class="text-success">YCnimHoO BMKOHaHO</h3>
{% else %}
<h3 class="text-danger">01, mecp nommika</h3>
{% endif %}
</div>
</div>

Ochb Tak BUTIIAIa€ OCHOBHA CTOPIHKA CalTy (puc. 2).
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Cody Github

Bitato!
Bu mirimanmce! ,ﬂ:’HV\@ CEepBIC CTBOPEHO A/1A NePEBIPKM Baluoro AoMallHBOro 3aBAaHHs 3 FDO’[?‘G‘V“\,’E{"‘{FF‘
Tenep He Buiiae abu ik CKHYTV MYCTy NanKy 3 AOMALLKOIO Ha nowTy!
dakTopian
dakTopian HaTypanbHOTO Yncia — A0BYTOK HaTypabHIX YMCEN Bid OAMHMLI 4O N BKIOUHO, Mo3HauaeTbcs nl. MoTpibHO Hanncatn GyHKLUito, Lo
OTPUMYE OAHE HaTypa/lbHe YMCO Ha BXi, Ta nosepTae dakTopian Lboro uncna. SyHkujto Hassatm "fac”
Puc. 2

Ininianizanmis nakery
B mmpektopii app posmimenuid ¢aitn 3 iMeHeM  init  .py, B SKOMY 3allHCaHO
HaCTYITHUM KO

from flask import Flask

from config import Config

from flask sglalchemy import SQLAlchemy
from flask admin import Admin

from flask bootstrap import Bootstrap
app = Flask( name )
app.config.from object (Config)
bootstrap = Bootstrap (app)

db = SQLAlchemy (app)

admin = Admin (app, name='cody', template mode='bootstrap3')
from app import routes, models

app.run (debug=True)

Cuenapiii BuIlle IMIOPTYE OCHOBHI MOAYINI JUIsl pyHKLIIOBaHHS noAatky. Cepen Akux
MOyl ust poOoTH 3 6a3010 JaHUX, 3 popmamu Ta O6e3nocepenHbo Moaynb Flask. A Takox
CTBOpIOE ex3eMIusip kiacy Flask.

Peasizauist Be6gopm

[[o6 oTpuMmyBaTH NEBHI JaHi BiJ] KOPUCTyBaya, Ha CTOPIHKAX BUKOPUCTOBYIOTh (POPMHU,
a came ter <form>. Il{06 3B'13aTu HTML ¢dopmy ta Python xox, st Bukopucraro po3mIMpeHHs
flask-wtf, sixe s1 BCTAaHOBUB paHie.

CrBopro B aupekTtopii checky/ daiin 3 HazBoro forms.py:

from flask wtf import FlaskForm
from wtforms import TextAreaField, SubmitField, SelectField
from flask codemirror.fields import CodeMirrorField
from wtforms.validators import DataRequired
class CheckerForm(FlaskForm) :

codeField = TextAreaField("Bam xom", render kw={"rows": 15,
"cols": 10}, wvalidators=[DataRequired()])
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selectLang = SelectField('', choices=[('gcc', 'C"), ('g++',
'C++'), ('py', 'Python'),
('"java', 'Java'), ('js', 'JavaScript')])

submit = SubmitField ('lleperipurn')

B nepumux psakax s imnoptyro kinac FlaskForm, Ta nexinbka ¢ynxkuiil. [ani ctBoproro
eK3eMIUIAp KJacy, B MOJISIX SKOrO IHIIali3yl0 3MiHHI, K OAMH 3 TUliB GopM. B mMoemy

Bunajaky 1e TextAreaField, To6To TekcToBe moJe, B sike KOpUCTyBay Oy/ie BBOJIUTHU JaH1 (puc.
3).

Baw kog

G4

Python
YoTa Ha Temy "Beb cepgic ana TectyBaHHA koay" Java

JavaScript

Puc. 3

e D s THS e B st aisiis T e T P

st podoTtu posmupenns flask-wtf HeoOximHO 3amatu cexpeTHU# Kirod. s mboro
cTBOpIo (haiin 3 HanamTyBanHsIMU B Tell CodeChecker/ :

import os

class Config(object) :

SECRET KEY = os.environ.get('SECRET KEY') or 'you-will-never-
guess

Flask 1 neski #oro po3lIMpeHHs BUKOPHUCTOBYIOTH 3HadeHHs SECRET KEY sk
KpunTorpaQiuHuil K4 Juisi reHepauii mignuciB abo TokeHiB. Posmumpennst Flask-WTF
BUKOPHUCTOBYE HOro /i 3axucty ¢popM Bija BebaTaku mij Ha3Boro Cross-Site Request Forgery
a60 CSRF (BuMoBmsieThes K «seasurty). [2]

ba3za nanmnx

st moBHOWLIHHOTO (YHKIIIFOBaHHS CaWTy HeoOxigHa O0a3za pgaHux, 1e OyayTh
30epiraTucs 3ajayi, YaCTUHU KOAY, TE€CTH, Ta I MeBHa HdopMalis. [jis 1p0ro cTBOPIOIO
ckpunt models.py.

from app import db
from app import admin
from flask admin.contrib.sgla import ModelView

class Code (db.Model):

id = db.Column (db.Integer (), primary key=True)
id task = db.Column(db.Integer (), db.ForeignKey('task.id'))
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id lang = db.Column(db.Integer (), db.ForeignKey ('language.id

pre code = db.Column (db.Text())

main code = db.Column(db.Text (),
post code = db.Column (db.Text ())
tests = db.relationship('Test', backref='code', lazy=True)

nullable=False)

asK

id

name id

about pre_code Test
nain_code id
post_code it
id_Task

Puc. 4

B naniit yactuHi KOy HaBelEHIN BUIE peai3oBaHa ojHAa 3 TaOnuub 0a3u naHux. Ha
MaJIFOHKY BHIIIE TIPOJEMOHCTPOBaHA Jllarpama Bciei 6a3u qanux (puc. 4).

AJITOPUTM NepeBipKHU

B ubomy po3auni g Oyny mpamroBatu 3 ¢aitiom routes.py. Lle ocHOBHUI CKpUNT MOTO
BeOAOJaTKy, 10 MICTUTH B co0i soriky URL cTopiHOK, Ta aJrOpuT™M TECTyBaHHS KOIY,
BBEJICHOTO KOpHUCTyBaueM. AJITOPUTM Mpaltoe Ha Takux MoBax sk Python, C, C++, Java Ta
JavaScript. Huxue g HaBeny aiaroputm mepeBipku 1 MoBu Python, mis iHIIKMX MOB BiH
CXOKHH.

@app.route ('/task/<int:id task>', methods=['GET', 'POST'])
def taskPage (id task):

form = CheckerForm{()

task = Task.query.filter by(id = id task).first()

if request.method == 'POST' and form.validate on submit () :

# print (form.selectLang.data)

if form.selectlang.data == 'py':
code = Code.query.filter by (id task=id task, id lang

=3).first ()

tests = Test.query.filter by(id code=code.id) .all ()
num tests = len(tests)
count = 0

with open ("temp/py/sub.py", "w") as sub:
sub.writelines ([code.pre code, '\n', form.codeFi
eld.data, '\n', code.post code])
for test in tests:
# print (test.input data)
process = subprocess.run(['python3', 'temp/py/su
b.py', *test.input data.split()],
check=False,
capture output=True,
universal newlines=True)
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if (process.stdout) and process.stdout.strip() =
= test.output data.strip():
count += 1
# print (count)
else:
break

1) mporpama otpumye 3 6a3u 1aHuX 1H(OpPMAILIiIO Ta TECTH Ha KOHKPETHO BUOpaHy 3a1auy;

2) 00pobiroe popMy 3 KOJIOM, 1110 3aIIOBHUB KOPUCTYBAY;

3) B MK, mporpama mporaHsie TeCTH depe3 subprocess.run() [5], mo 3amyckae Ha (QoHI
MporpaMy KOpHUCTyBaua 3 pI3HUMHU BXIIHUMU JaHUMU;

4) moTiM JOJIaTOK OTPUMYE BUXIJHI JaHi Ta 3BIps€ iX 3 MPaBUIbHUMH.

if 'post process' in locals():
error = post process.stderr

else:
error = process.stderr
if count == num tests:
flag valid=True
else:

flag valid=False

return render template('result.html',
code=form.codeField.data,
propose code = code.main code,
error=error,
flag=flag valid,
count=count,
num tests=num tests

)

Jani nporpaMa nepeBipsie KUIbKICTh KOPEKTHO IMPOWJIEHUX TECTIB, Ta BUKOPHUCTOBYIO
¢dynkuiro render template, mo renepye cropinky result.html Ta nepenae gani go =Hei.

AJIMiHICTPYBaHHS JaHUX

B mpoexTi TakoX CTBOpeHa CTOpIHKa aJaMiHIcTparopa 3a jgonomMoror nonartky flask-
admin. B Hiil peanizoBani 4 06a30B1 (YHKIII yIpaBJIiHHSA JaHUMHU «CTBOPEHHS, 3UUTYBaHHS,
3minHa 1 Buganenas» CRUD [6] (puc. 5).
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Cody Home Task Code Language Test

List (3) Create WITH SELECTED~

Id | Name About

1 dakTopian PakTopian HaTypanbHOro YXCNa — AOGYTOK HATYPaNbHWUX YUCEN Bifl OAMHULI A0 N BKMKOYHO, NOZHAYAETLCA N, MOTPICHO HanMcaTh QYHKLIH, Wo

OTpUMYE OfIHE HaTypPaNbHe YUCNO Ha BXi, Ta NoBepTae dakTopian uboro uncna. PyHKuio HassaTk "fac”

P 2 [ea JaHo nBa cnucka "a" i "b". Hanpuknap:a=[1,1,2,3,5,8,13,21,34,55,89] b=[1,23,4,5,6,7,8,9 10, 11, 12, 13] Hanuwitb pyHkuito "same_list"

CNHCKa L0 NPUAMAaE ABa CNUCKa, Ta NOBEPTaE CNMCOK CINbHUX ENIEMEHTIE.

O o oo
=

i 3 Manivapom = HanucaTu dyHKuito "is_pal” fika OTpUMYE CTPOKY AK apryMeHT (yHKLT, Ta nepeBipse 44 € BOHa NaniHApoMomM. AKLLO Tak, NOBepTae YKEno 1, AKILO

Hi - uncno 0.

Puc. 5

BucnoBok

B pesynbraTi 3aBeplieHHS LbOrO KOMILIEKCHOTO IPOEKTY, S BHUKOPUCTaB Takl
TexHoJorii sk: MoBa Python 3.8, @peiimBopk Flask, popmu, 6a3a nanux, wsl, madnonusarop
Jinja2, moBy po3mitkn HTML, tabmumio ctunie CSS, Bootstrap4 Ta mie aekuibka MOIYIIB
Python.

[ToeanaBmm el CTEK TEXHOJOTIH, s CTBOPUB IIIKABHH JOJATOK, 3 CEPBEPHOIO Ta
KJIIEHTCHKOIO YaCTHHOIO. TaKoXX s MOKpalluB CBOT HaBHYKK B POOOTI 3 0a3010 JaHMX Ta y
BUKOPUCTaHHI KOMaHJHOTO TepMiHaia Linux.

Ha Mor0 1ymMKy, MpOEKT IIKaBUH SIK 3 TEOPETUYHOI, TaK 1 3 MPAKTUYHOI TOUKHU 30py. B
MailOyTHPOMY HOro MO’Ha BHMKOPUCTAaTH, SK OCHOBY YHM SIK MIKpOCEpBIiC s OUIbII
MacmtabHoro mnpoekty. Hampuknan — ans Hamoro kxadeapanbHOTO CalTy, 1€ CTYIEHTH
MOXKYTh AMCTAHLINHO ONpPaLbOBYBaTH MaTepian. MoXy cka3zaTu, 10 BXKe Maro JIeKUIbKa 1/1ei
JUISL KIOTO BAOCKOHAJICHHS:

- 0COOUCTHUI KaOIHET;

- MIZCBITKA CUHTAKCHUCY;

- OLUIbIIIE MOB JUISl IPOXO/IXKEHHS 3aBJIaHb;

- MIJABUIIECHHS IIBUIKOMIT 32 TOTIOMOT0I0 MapaieIbHOIO IPOrpaMyBaHHS;
- OUIBII JIeTaJIbHA CUCTEMA CIIOBILICHHS PO MOMUJIKH.
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Summary. Introduction. Currently, online learning is widely used in schools and in the field of
IT. Coursera, EDX, Udemy, Udacity are the world's leading online learning resources. It is also worth
mentioning the Ukrainian project of mass open online courses Prometheus and the educational
platform Stepik, which are very popular in Ukraine. These platforms use various way to check
homework. Traditional methods are used to control theoretical knowledge. But when we need to verify
code, this process becomes complex, resource-intensive and at the same time interesting to solve .

Purpose. The purpose of the course work is to create a web service for posting and testing
practical tasks, namely tasks where you want to implement a program. Also, the goal of my project is
to develop a method of verifying the code, which will be implemented by running some input data and
comparing them with predefined output data.

Results. The resulting software can be used anywhere, because it is created in the form of a
software package that can be easily deployed on a server or personal machine. The program can be
used directly to check the work of students in my university.

Conclusion. As a result of completing this complex project, I used technologies such as Python,
Flask framework, forms, database, wsl, Jinja2 template, HTML markup language, CSS stylesheet,
Bootstrap4 and several other Python modules.

Combining this technology stack, I created an interesting application, with a server and client
part. I also improved my skills in working with the database and using the Linux command terminal.

In my opinion, the project is interesting both from a theoretical and a practical point of view.
In the future, it can be used as a basis or as a micro-service for a larger project. For example - for our
cathedral site, where students can remotely process the material.

Keywords: web application, html site markup language, css styles, flask framework, python
programming language, database.
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