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MATHEMATICS AND MATHEMATICAL MODELING OF PHYSICAL PROCESSES
AND MECHANICAL SYSTEMS
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Zh. Abdiramanov 0", Zh. Isal*", A. Zhumaseitova!'

! Abai Kazakh National Pedagogical University, Almaty, Kazakhstan
2 Institute of Information and Computational Technologies, Almaty, Kazakhstan
*e-mail: gggg46806(@gmail.com

FINITE-DIFFERENCE SCHEME FOR INITIAL-BOUNDARY PROBLEM FOR
EQUATION OF DIFFUSION WITH VOLTERRA MEMORY

Abstract

An initial-boundary value problem for a nonlinear diffusion equation with a Volterra-type memory term in
time is investigated. The model describes diffusion processes in media with hereditary (long-memory) effects
and covers, as particular cases, a range of applications in heat and mass transfer. For its numerical solution we
construct an implicit two-level difference scheme with a quadrature approximation of the memory integral. A
discrete energy identity is derived, which yields energy stability of the scheme under natural constraints on the
time step. The nonlinearity is treated by an inner iterative linearization procedure; at each iteration a tridiagonal
system of linear algebraic equations arises and is solved efficiently by the sweep (Thomas) method. The
convergence of the scheme is rigorously justified and its convergence rate is estimated in the corresponding
energy norm. Numerical experiments are presented that confirm the theoretical error bounds and demonstrate
the accurate reproduction of long-memory effects.

Keywords: nonlocality in time; Volterra memory; nonlinear diffusion; implicit difference scheme; sweep
method; energy stability; convergence

K. A6mupamanos'?, XK. Hca', A. XKymaceiitosa'
! AGaii ateiaarsl Kazak WITTBIK TT€JarOTUKAaJIbIK YHUBEPCUTETi, AlMaTH K., Kazakcran
2 AKITapatThIK KOHE €CENTeyYilll TEXHOJIOTUsIIap HHCTUTYTHI, AMarsl K., Kazakcran
BOJIBTEPPA THUIITI ’KAJIbI AP IN®®Y3UA TEHJAEYI YIIIH APAJIAC ECEIIKE IIEKTI
AfII)IPI)IMIlI)IK CXEMA

Anoamna

Co3bIKTHI eMec auddy3ust TeHaeyi ymwin BonsTeppa THNTI sKaapuisl Mymeci 6ap 0acTankbl-IIETTiK ecen
KapacTeIpbuIagsl. MyHIail MO/ENh TYKBIM KyaJlalThIH (Y3aK yaKBITTBIK >KaJIBIIBIK) acepyepi 6ap opTrameH
KYPETiH TachkManjay YIEepiCTepiH CHIIATTall, JKbUTy-MacCalblK aliMacy TeOpUsCHIHAAFbl OipKaTap
KOJJaHOallbl €cenTepli JKeKke jkarnail periHae KaMTuibpl. Ecenti caHIBIK Iy YUIH jXKaJ HHTETPajibiH
KBaJpaTypaJbIK KYBIKTAyMEH TOJBIKTHIPBUIFAH, YaKbIT OOMbIHIIA €Ki KaOaTThl alKbIH eMec aWbIPBIMJBIK
cxema Kypbutanpl. CxeMa YIIiH JUCKPETTIK DHEPrusl TCHIIT albIHFaH, COHBIH HETI3iH/e YaKbIT KaJaMbIHA
KOHBUIATHIH TaOUFU LIEKTEYJIep KaFAalbIHAa OHBIH YHEPTHSUIBIK OPHBIKTBUIBIFBI AaJenaeHeai. ChI3bIKTH eMec
IIIKi WTEepalusUIbIK JIMHeapu3alus (ChI3BIKTAHABIPY) KOMETIMEH eckepiieni; opOip uTepaius KaJlaMbIHIA
YIIHArOHAIBIBI CHI3BIKTHIK anreOpanblK TEHACYJEp >KyHheci alblHAAbl, O Kyanay omici apKbUIBI THIMI

7
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menrijaeni. ¥ChIHBUIFAaH CXEMaHbIH XKUHAKTHUIBIFBI KaTaH TYPZC HETi3NENreH KOHE COWKEC IHEPreTHKAITBIK
HOpMaJa XKUHAKTaTy peTTuririne Oara ameraraf. JKypri3iireH caHIbIK SKCIIEPHMEHTTEP TEOPHUSIIBIK KaTeTiK
OaranapblH pacTan, MOJCIBJC Y3aK YaKBITTBIK JKaJIbUIBIK dCEPIEP/iH IYPHIC XKOHE (PU3UKAIBIK TYPFBIIAH
Oapabap OcliHEeICHETIHIH KepceTe/Ii.

Tyiiin ce3aep: yaksIT OOHBIHIIA TOKaI I eMec; Bombreppa xaabl; ChI3BIKTHIK eMec T py3us; aliKbIH eMec
afBIPBIMIBIK CXEMa; Kyallay 9JliCi; SHEPTHSIIBl OPHBIKTHUIBIK; YKHHAKTHUTBIK.

XK. A6mupamanos'?, XK. Hca', A. Kymaceiitosa'
! Kazaxckuil HAMOHAIILHBIN NeJarOTUYECKUi YHUBEpCUTET uMeHH Alas, r. Anmarsl, Kazaxcran
2 MHCTUTYT MH(POPMALMOHHBIX U BHIYMCIUTEILHBIX TEXHOIOTHUH, T. AnMarsl, Kazaxcran
HCCJEJIOBAHUE PASPEHIMMOCTH YUCJEHHOTI'O AHAJIOTA CMEILIAHHOM 3AIAUH
JJIS1 HAPABOJIMYECKOI'O YPABHEHUSA C TAMATBIO

Annomayus

PaccmarpuBaeTcs HadanbHO-KpaeBas 3afada Ull HEJIMHEHHOro ypaBHeHHs AM((y3uM ¢ BpPEeMEHHOH
namsTeio Tuna Bosipreppa. Takas MoJenb ONMUCHIBAET MPOLECCH IEPEHOCA B CPelax ¢ HAcIeACTBEHHBIMHU
(monroBpemMeHHBIMH) 3 (hEeKTaMU M OXBaThIBACT, KAK YaCTHBIC CIIy4au, Pl 3aJa4 TerioMmacconepenoca. s
YHCJICHHOTO PEICHUsI CTPOUTCS HEesIBHAS ABYXCIIOMHAsI Pa3HOCTHAS CXeMa C KBaJIpaTypPHBIM MPHOIKEHUEM
uHTerpana mnamsatd. llomydeHo OUCKpeTHOE SJHEPreTHv4ecKoe TOXKAECTBO, HA OCHOBE KOTOPOTO
YCTaHABIUBAETCSl dHEPreTHMYecKass yCTOMUMBOCTH CXEMBl NMpPHU €CTECTBEHHBIX OTpaHHUYEHHUSX Ha IIar Io
BpeMeHU. HelmMHEeHHOCTh yUNUTBHIBAETCS ¢ IIOMOLIBIO0 BHYTPEHHEN NTEPALIMOHHOM JIMHEapHU3alUuH; Ha KaXI01
UTEepallMid BO3HUKAET TPEXIUAroHANbHAs CHUCTEMa JIMHEHHBIX aireOpandeckux ypaBHEHUH, 3(¢EeKTHBHO
pemaemMass MeToOOM NPOroHKH. CTporo AokazaHa CXOAMMOCTb CXEMbl M MOJy4eHa OIEHKAa CKOPOCTH
CXOAMMOCTH B COOTBETCTBYIOIEH SHEpreTHYecKol HopMme. UHCIIEHHBIE 3KCIEPUMEHTHI MOITBEPKIAI0T
TEOPETUUECKUE IOTPELIHOCTHBIE OLIEHKHM M JOEMOHCTPUPYIOT KOPpPEKTHOE BocmpousBeneHue 3¢dexron
JOJITCOBPEMEHHOU MaMSATH.

KiroueBblie c10Ba: HENOKAIBHOCTH MO0 BpeMeHH; mamsITh BonbTeppa; HenmuHelHast qud@ysus; HesBHAS
pPa3HOCTHAs CXeMa; METOJ MPOTOHKH; SHEPreTUYecKash yCTOWYMBOCTh; CXOJAUMOCTH.

Introduction

Modeling diffusion and heat conduction in complex media is a central topic in modern physics
and engineering. In many practically relevant situations, the current state of a medium depends not
only on present conditions but also on its past evolution, a phenomenon usually referred to as
memory. Such hereditary effects are observed, for instance, in viscoelastic and polymeric materials,
in flow through porous structures, and in thermal systems with delayed response [1-5].

Classical diffusion and heat conduction models, written as parabolic partial differential equations
with local-in-time operators, implicitly assume that the medium reacts instantaneously and has no
memory. As a consequence, they cannot fully account for hereditary behavior and may lead to
incomplete or inaccurate descriptions when memory effects are pronounced [6]. One widely used
way to incorporate long-term dependence is to consider parabolic equations with temporal
convolution terms, where the memory kernel describes how past states influence the present
response [7].

Parabolic equations with memory provide a flexible framework for the description of anomalous
diffusion and are capable of reproducing both subdiffusive and superdiffusive dynamics [8-11]. They
are particularly useful for modeling fluid transport in porous media and a variety of non-Fickian
propagation processes. At the same time, the nonlocal structure of the temporal convolution term
introduces additional analytical difficulties and requires more advanced functional-analytic tools
when studying well-posedness and stability of solutions, as well as when constructing reliable
numerical approximations.

From the numerical standpoint, straightforward explicit schemes for equations with memory often
suffer from very restrictive stability conditions and from the necessity to resolve the entire history of
the solution. The presence of integral terms in time significantly increases storage requirements and
complicates the stability analysis compared with standard parabolic problems. This motivates the

8
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development and study of robust implicit or semi-implicit discretizations, for which stability and
convergence can be justified using energy methods and a priori estimates [12-14].

There exists a substantial literature on numerical methods for PDEs with memory, including
models based on fractional derivatives and Volterra-type integral operators. Various finite-difference
and finite-element schemes have been proposed and rigorously analysed for time-fractional diffusion
and diffusion-wave equations, with proven stability and convergence properties [12-14]. Similar
techniques have also been applied to nonlinear integro-differential equations arising in viscoelasticity
and in heat conduction with fading memory kernels [15,16].

In the present paper, we study a mixed initial-boundary value problem for a nonlinear diffusion
equation with a Volterra-type memory term. The model combines a nonlinear source with memory
effects represented by a temporal convolution with a general kernel. For this problem we construct
an implicit finite-difference scheme in which the memory integral is approximated by a discrete
convolution, while the nonlinear term is treated iteratively. We derive a discrete energy identity, prove
energy stability of the scheme in the ¢,-norm under natural constraints on the time step, and obtain

convergence estimates consistent with the temporal approximation order. The theoretical results are
supported by numerical experiments, which confirm the predicted error behavior and demonstrate the
effectiveness of the proposed scheme for modeling diffusion processes with long-time memory.

Methodology of the study

The methodology of the present work is based on a rigorous formulation and analysis of a
nonlinear diffusion equation with Volterra-type time memory and on the subsequent construction of
a stable finite difference scheme for the corresponding mixed problem.

The problem is considered on the R? plane of two independent variables ¢ and x relative to the
Cartesian coordinate system. In a half-strip Q  R?, consider a second-order parabolic equation with
memory of the following form:

U,=DU, + [ K(x,5)U(x.5)ds + f (U,x.1), (1)

where D >0 is the diffusion coefficient, K (x,t) is a memory kernel describing the fading influence

of past states, f (U ,x,t) represents nonlinear sources or sinks. In this equation (1), the diffusion

coefficient describes the intensity of spatial transport, the memory kernel characterises hereditary
(long-memory) effects in the medium, and the source term models distributed sources or sinks.
Initial and boundary conditions for the equation (1):

U(x,0)=¢(x), xe(0,L). 2)
U(0,1)=g,(¢), U(Lt)=g,(t), t€[0,T]. 3)

where ¢(x), go(t), g (t) are smooth functions.

Under these assumptions, we obtain a well-posed mixed initial-boundary value problem for the
nonlinear parabolic equation with memory. The goal of the study, formulated in this framework, is to
construct an implicit difference scheme for problem (1) - (3) and to justify its energy stability and
convergence. All further analytical and numerical steps — derivation of a discrete energy identity,
proof of stability, and verification of the convergence order on test problems — are carried out for this
mathematically specified model.
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Results of the study

In Q build a difference grid with steps /4 = % in spatial and 7 = % temporal:

The nodal points of the differential grid (indicated by the intersections of the lines
t"=nt,n=0,N; x, =ih, i =0,M.) are represented as (x,,#"). The numerical solution values at the
grid points are represented by.

W' ~U(x.t"), w =K (x.1"), 4 =9(x). g =g,(t"). gl =g, (¢"), n=0,N; i=0,M.

To find a numerical solution of the mixed problem (1)-(3) over the difference grid QQ, = {(xi,t" )}
, we suggest the following difference splitting scheme in the directions.

We propose the following implicit scheme incorporating memory via discrete convolution:

n+l1 n

u. —u. «“ T
L =D + 7Y whu! +5(wl.°u? + wl.”“ul.”“)+ f(ul.””,xi,t”“), 4)
T k=1

u', —2u +u,
h2
memory kernel integral, Nonlinear term is treated implicitly for stability.
Initial (2) and boundary (3) conditions are incorporated at n =0 and each time layer accordingly.

2
where: o u' =

is the discrete Laplacian, w' are weights approximating the

u'=¢,i=0.M. (5)
Uy = gg» Uy =81, n=0.M (6)

Theorem 1. Assume the memory weights {wf }k >0 are nonnegative, nonincreasing, and bounded,

and f is Lipschitz. Then the implicit scheme is ¢ -stable and satisfies

n+l 2

2 n+l
u + coz'Hth
2

n 2 n+l
—|u = Cz'Hg

2
2

2

for all n, with constants independent of T, h.
Proof. Setting up the notation and inner products. Define the discrete inner product:

M-1

(u,v)= hZuivi,

i=1

and norm ||uf| = /(u,u) .

Multiply the scheme by 27u,""

" and sum over i. Multiply both sides of the scheme (4) by 2zu""'

i 9

sum from i =1 to M —1, and write in inner product form:

n+l n n

u —Uu T

2T[ ,u"“j=2TD(5X2u"+1,u"+l)+ZT(TZWkuk +E(w°u°+w"” n+1)’un+lj+2Z_(fn+1’un+l)
T k=1

Where f/Hl — (f(uif1+1’xi’tn+l)) .

10
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Simplify the left-hand side, we get

+1
un

n+l n
u —Uu
22_[ ’un+1j=2(un+l_un,un+l):

2 . 2
[T+
T

um “H2 7)

Estimate the diffusion term. Using discrete Green’s formula [17] and boundary conditions (6):

MﬁlA n+l n+l M-1
u'" —Au 1 1
(52un+1’un+l) _ hz i i1 ule _ . z ALLnH (u,'”l —l/LnH)-i- _I:unﬂ AunH _unHAunH:I _
x i h i i i+1 h M-1 M-1 0 0
1 i=0

lM n+l n+l 2 1 n+l n+l n+l 2 n+l n+l
:—ZZ(u[+1 —u, ) +Z|:MM Aqul—(Aqul) —uy " A }S

u" 2 + i[(”;}ﬂ )2 + (ugu )2:| _ —thunﬂ 2 1

where the discrete gradient norm is

2
M-1 n+1 n+l
2 — hz U, — 4
o h

n+l
HV WU

Thus,
22’D(5ju"”,u"“) < —2TDHth"+'

22 () () ] ®)

Estimate the memory term. The memory term is

n+l 2

u

n n
T
22'[2' E whuk + E(wouo + Wy ),u””j =27? E wh (uk,u"+I ) +7°w° (uo,u"+1 ) + 2w
k=1 k=1

by summation by parts (discrete integration by parts).
Using the Cauchy—Schwarz inequality and boundedness of memory weights w’, say 0 <w <W

, we get
(uk’unH) SHukH u! ’ ‘(MO’M)H—I) SHMOH uH
nel||? 2 < Ly n+l 2 nel|]?
u L2tW ZHu H+5Hu H u +7W\u
k=1

n
2 k k 1 2.0 0 1 2 1
27 E w (u u't )+r w (u u't )+z' w'
k=1

We can rewrite this as

n 1 .
26 S | ) <o
. 1
25w S|+ 2

forany ¢>0.

n+l

u

2
2 1 < 1
o2 e[Sl 31|
2
z 1
z(gﬂw)ﬂfw[;uuk\hEuuom

un+1 +T2W un+1 2 < un+1

11
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For last sum we can rewrite like this

d o) (< ’ 0.5, k=0
Sl 3b) (Bl - o=

Now we can use Cauchy—Schwarz inequality again

(Sl l] <3 S = [T <oy

Finally,

n+l

(8+TW

2r£riwkuk +— (w u’ +wthy" ”) u ”jé u n+1 ZH H 9)
k=1

Estimate the nonlinear term. Assuming f (U ,x,t) satisfies a Lipschitz bound in U , i.e.,

[/ W.x| < LU|+C,, (10)
for constants L,C ‘-
Then,

n+l n+l 2

‘Zr(fnﬂ’unﬂ)

S2T(L u

n+l|[ _
+Cf) u

where we applied Young's inequality again.

n+l || n+l n+1|)? 2 n+1||? 2
2tL|\u +27C, [u"" | < 27L |u :r(2L+1) u +7C, (11)

Combine all estimates. Putting all (7) - (9), (11) together:

N i LRl

u+1

(12)

+12

e (e s oy 25D zu Y rr(an+)

2
+1Cf

2
u™ —u"H >0 and 27D th"” 1°<0:

(ﬁ—rg) '

e <o S P ) o |

where f=1-7(2L+1)-7'W .

Choosing that ¢ = 2£, we need that f>0< T(2L + 1) +W <1
T

5 Z_Hunuzs{zrw (n+1) ZH [ [( 4 (g )}cﬁ}

2

+1
un

2
Simplify —
B

12
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s S B e D) () ]

n+l n

< —|u

B

Use discrete Gronwall with a "triangular" core [18]

——H [+ 4 n+1)fiuufu2+%,2[(gz+l)z (@Y +¢/]

n+l

When a>1, we get

n+l

u

< RS () () e |

AT*W?
ﬂZ

Demonstrating boundedness (stability) of the numerical solution in £,-norm.

where 7/=llnz, 0= , B =1—1(2L+1)—T2W> 0 and ¢ - initial (5) condition.
T

Corollary (energy stability with positive dissipation). Assume the hypotheses of the short f,-

stability theorem and, in addition, W = Zwk < D’. Then there exist ¢, =D — % >0 such that for
k=0

all t" =nt <T,

n

u

’ + corzn:HthjHZ < eyt ol [”(é” z [(g({ )2 + (gi )2} + Cf.t" j,
j=1

Fl

1.2 47°W?
where y=—In—, 0= ‘ 5
T
theorem. If the Dirichlet data (6) vanish, the boundary sum disappears.

Theorem 2. If the assumptions of Theorem 1 hold, then the scheme (4)-(6) converges with order
O(r + hz) in the f,-norm.

and p=1- r(ZL + 1) —7°’W >0 are the constants from the

Proof. Let us introduce consideration z =u' —U (x,.,t”). Substitute u' =z +U (x,.,t”) into (4)-
(6) and subtracting the discrete equation satisfied by, we obtain:

n+l

S/ ;Zin =Dz + ;(wz +w”+lz”“)+rkzri;msz+
+|:f( Un+1’ X, nH)_f(U,'nHaxpth)]+(D?+la
n+l _ Un+l_Un 2 n+1 07 70 n+ly rn+l n+l1 n+1
P’ fﬁLDaU 2( WU +w™'U! )+rZw Cf (U xe)

with homogeneous error data z) =z, =0 and z = 0. Here CI);’+1 is local truncation error and
o< c(z+n?).

Taking the % -inner product with z"*' and using the polarization identity, discrete Green’s identity
for diffusion, Cauchy—Schwarz and Young for the memory term, and the Lipschitz bound for, we
obtain the analogue of (12):

13
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e o I e I e IR 3 o I E T e e |
k=0
Using HQD”” < C(r + hz) and Young’s inequality gives THCI)”+1 R P CT(Z’ + h2)2 the first

part is absorbed on the left. A discrete Gronwall argument (under the step-size condition

B=1-7(2L+1)-7°W >0) yields

n

|<C(c+h), 0<t"<T,

which proves first-order temporal and second-order spatial convergence in £, .
Throughout we assume that the source term is Lipschitz in the unknown,

(L>0)

|/ (uy,x,6) = f (0, x,8)| < Llu, —u,

b

In the present experiment we take
4 .2 (Xf—'l)

K(x,t)=xt, D=10, T=1, L=1, f(x,t)=2D¢ -2tx(x-1)+

Which does not depend on u; hence it is Lipschitz with constant L =0. This case, the exact

solution of the problem:
u(x,t) = tzx(l - x)

For the trapezoidal memory discretization, the stability estimate yields the condition

W +t(2L+1)-1<0

t

where W= sup  wk & sup IK (x,s)ds.  For  K(x,s)=xs one  has
erJLﬂéTk:O xemJLﬂSTO
t t2 ]wz jﬂz
IK (x,5)ds =—x < 5> W< ER Hence gives the explicit bound:
0
! , W =0
2L+1
LGl I JL+1) +4w
—( +)+2(W+)+ , W0

With the parameters of our test 7 =1= W < % . Therefore, for the actual nonlinearity here (L =0):

—1++1+2
< — ~ 0.732 . All time steps used below satisfy this constraint.

Below are the results describing two different parts with different strategies for changing
parameters, namely, a space step and a time step.
The empirical order of convergence over the time step is determined by the formula
_ In(e,,,)—1In(e,) _ In(e,,,)—1In(e,)
k+1 s k+1 s
In(z,,,)—1In(z,) In(h,.,)—In(h,)

14
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where e, is the error in the ¢,-norm, 7, is the time step and 7, is the time step in the &

experiment. In the first case, we leave the space step 4 =0.05 unchanged, changing only the time

step by half (Table 1).

Table 1. Temporal refinement with fixed h=0.05.

Experiment number, k Step in the ¢ variable, t, Step in the x variable, h=0.05
’ Error, e, Order, B,
1 0.05 9.3231-10°° -
2 0.025 4.6474-107 1.00
3 0.0125 2.3202-107 1.00
4 0.00625 1.1592-107 1.00

In the second case, on the contrary, the time step remains constant 7 =0.01 , and only the space

step changes by half (Table 2).

Table 2. Spatial refinement with fixed T =0.01

Experiment number, k Step in the x variable, h, Step in the 1 variable, z =0.01
Error, e, Order, P,
I 0.05 5.72772-10 -
2 0.025 1.51376-107" 1.91(z 2.00)
3 0.0125 3.841-10°° 1.98(=2.00)
4 0.00625 9.6-10° 2.0003(~2.00)

These data obtained with the help of experimental calculations show (Fig. 1-3) that the numerical

solutions of equations (1)-(3) are stable and converge.

0.25

0.2

0.15 4

uix.t)

Analytical solution

0.05

o

Figure 1. Analytical solution u(t,x) = tzx(l - x).

Results in Tables 1-2 demonstrate stability and convergence consistent with theoretical rates. Plots
compare numerical and exact solutions at selected times, confirming accuracy.

15
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0174 - = = - axact
............. h=0.06

0172 -

0138151 ; i ; ; ] ! ; : ; |
0.16581 016582 016583 0.16584 016585 016586 0820 083 0831 0832 0833 0834 0835 0838 0837
1

Figure 2. Results of analytical and numerical Figure 3. Results of analytical and numerical

solution for h=0.05. solution for T =0.01

Discussion

The obtained results show that the proposed implicit scheme with Volterra-type memory is a
reliable tool for modelling diffusion processes in media with hereditary properties. In contrast to
classical schemes for equations without memory and to some explicit methods for equations with
integral terms, the constructed algorithm possesses a rigorously proven energy stability and does not
require excessively restrictive conditions on the time step. In this respect, it is comparable in
theoretical robustness to modern schemes for problems with fractional derivatives and integral
memory operators, while preserving a relatively simple implementation (tridiagonal structure and the
sweep method). The numerical experiments indicate that the scheme adequately reproduces long-
memory effects: the solution is not only stable, but also correctly captures slowed propagation and
long-range influence (“tails”) of past states. Prospects for further research include the extension of
the approach to multidimensional problems, adaptive time stepping that takes into account the shape
of the memory kernel, and the study of a more general class of nonlinearities and possibly degenerate
coefficients.

Conclusion
An implicit finite-difference scheme is developed for a nonlinear diffusion equation with Volterra-
type memory; a discrete energy identity is derived that guarantees energy stability under natural

restrictions on the time step. Convergence of order O(z‘+h2) is proved for sufficiently smooth

solutions and data; the constants in the estimates are independent of 7 and /4. The nonlinearity is
handled by iterative linearization; at each step a tridiagonal linear system is solved by the Thomas
algorithm with linear complexity in the number of grid points. Numerical experiments confirm the
claimed orders and stability on tests with smooth and non-smooth data, accurately reproducing long-
memory effects. The applicability range covers nonnegative decaying Volterra kernels and standard
boundary conditions (Dirichlet/Neumann). Future work includes multidimensional computations,
adaptive time stepping, and extending the class of admissible nonlinearities.
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SOLVING SYSTEMS OF SECOND-ORDER DIFFERENTIAL EQUATIONS FOR
SOME MULTIDIMENSIONAL HYPERGEOMETRIC FUNCTIONS

Abstract

In this paper, we study the problem of finding solutions to a system of second-order partial differential
equations related to hypergeometric functions of four variables Fis, Fis, Fio, F2o and F3;. Currently,
mathematical modeling of physical processes and forecasting their dynamics are becoming increasingly
important in science and technology. Most of these processes are described by differential equations or their
systems, but only a few of them, those that reflect real physical phenomena, allow analytical solutions
expressed in terms of elementary functions. This fact makes it particularly relevant to study more general
classes of functions, in particular hypergeometric functions of many variables. Hypergeometric functions are
solutions of certain systems of differential equations and belong to the category of special or transcendental
functions. Due to their properties, they are widely used in solving multidimensional problems, and the study
of their analytical structure is important both for the development of theoretical mathematics and for practical
calculations. Within the framework of this study, linearly independent solutions of these systems were
constructed for the functions under consideration, as well as their structural features and main characteristics
were analyzed. The results obtained form the theoretical basis for further study of hypergeometric functions
of a higher number of variables and open up prospects for their effective use in solving applied problems. The
work contributes to the development of the theory of special functions and offers new approaches to solving
fundamental problems of mathematical physics and applied mathematics.

Keywords: hypergeometric function of four variables, hypergeometric type differential equation, linearly
independent solutions of the system.
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KEWBIP KO OJIEM/II TUINNEPTEOMETPUSJIBIK ® YHKIIUSIJIAP YIIIH EKTHIII PETTI
JUOPEPEHIIUAJABIK TEHJIEYJIEP )KYWECIH LIELTY

Anoamna

By makanana tept aiiHbIManbl TunepreoMeTpusiibik Fis, Fis, Fio, F2o kone F3i koHe GyHKuumsiaps! yuixn
nepOec TybIHIBUIBI €KiHII peTTi AuddepeHInanabK TeHACYIep KYHECIH enry Maceeci KapacThIpblIabl.
Kazipri tagma Gu3MKaIbIK MporecTep/i MaTeMaTHKAIBIK MOJIETIBJICY KOHE OJap/IbIH HOTIKENEepiH Ooinkay
Macenenepl e3ekTi 0oibin OThIp. MyHmal Mojenbaep kebiHece aubdepeHInaablK TeHIACYIep HeMmece
oJlapAbIH KYHenepi apKbpUIbl CHIATTaldagsl. Anaiina, HAaKThl (PU3MKAIBIK KYOBIIBICTAPABl CUIATTANTHIH OyII
TeHJCYJIEPAiH TeK a3 0eJiiri FaHa djIeMeHTap (YHKIMsJIApMEH OpHEKTENIETIH menrimaepre ue 6oaapl. Ockl
cebenTi >xaHa QYHKIMSIIAPABI, COHBIH 1IIiHAE KoM aifHRIMAaJbl THIIEPTeOMETPHSIIBIK (QYHKIMSIAPAbI 3epTTEy
epekuie MaHpi3ra ue. ['mnepreomerpusuiblk  GyHKumsmap auddepeHIuaniplK TeHAeyJep >KYHeciHiH
mienriMepi peTiHAe aHBIKTANbIN, apHaibl HEMece TPAaHCUEHACHTTIK (YHKIMsUIAp KIachblHa >KaTaibl. byi
(dyHKIUsIIap Ker aiHBIMAIbl ecenTeplie KEHIHeH KOJJAHBUIA/IbI )KOHE OJIap/IblH aHAIMTHKAIBIK KAaCHETTEePIH
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3epTTEY TCOPHSUIBIK KaHa €MeC, NMPAKTUKAIBIK TYPFBIIAH Ja MaHbI3ABL. 3epTTey OaphIChIHAA aTaliFaH
(byHKIMSUTap YIOIH KapacThIppUTFaH Au(QepeHIHanablK KYHelIepaiH CBhIBBIKTHIK Tayelci3 menimMaepi
TaOBUIBIN, OJApPABIH KYPBUIBIMIBIK CPEKIICIIKTepl MEH KaCHETTepi TalnaHAbl. AJIBIHFAH HOTHKENep
TUIIEPTeOMETPHUSUTBIK (DYHKITVSUIAP.IBIH KOFAphl OIIEeMII KEHEHTYIEPiH opi Kapad 3epTreyre Heri3 0oJaabl
JKOHE OJIapIbl KOJIaHOAabl ecenrepre THIMAI KOJJaHyFa JKON amaabl. by 3eprrey apHaiibl QyHKIHsIap
TEOPHSICHIH TEPEHETIM, MATEMATHKANBIK (DU3UKa MEH KOJIaHOATB MaTeMaTHKaHbIH MaHbBI3/bl MOceTeNepiH
IIeIy 1e )KaHa OaFbITTap YChIHAIBL.

Tyillin ce3gep: TopPT alHBIMANBl THUNEPTEOMETPUSIIBIK (PYHKIHWSA, EKIHII peTTi aepdec TyBIHABLIBI
G hepeHInANIBIK TEHACY, )KYHEHIH ChI3BIKTHIK TAYeJCi3 mIenriMaepi.
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PEIIEHUE CUCTEM JU®PEPEHIIUAJIBHBIX YPABHEHU BTOPOI'O MOPSIIKA 115
HEKOTOPBIX MHOI'OMEPHBIX THIIEPTEOMETPUUYECKHUX ®YHKIIAA

ArHomayus

B nmamHOM wWCcenoBaHWM paccMaTpUBAeTCsl pelIeHrne CUCTeMbl nuddepeHnranbHbIX YpaBHEHUH B
YaCTHBIX TIPOU3BOIHBIX BTOPOT'O MOPSIKA, COOTBETCTBYIOIIMX THIIEPTeOMETPHYCCKUM (DYHKIHSAM C YETBIPHMS
nepemeHHbIMU Fi6, Fis, Fio, F2o 1 F31. B coBpeMenHo Hayke MareMaTnieckoe MOACIHPOBaHNE PH3MUCCKUX
MPOIIECCOB M TPOTHO3UPOBAHHE WX IOBEACHHUS WTPAIOT PEIIAIONIYI pOJib. MHOTHE TaKHe IPOIECcCH
ONMHUCHIBAIOTCA  IU(PepeHINANEHBIMA ~ YPAaBHEHUSIMH ~ WJIM  CHCTEMaMH ypaBHEHUWH; OJHAKO JIMIIb
OrpaHUYEHHOE YHCIIO U3 HUX T€, KOTOPBIE OMHICHIBAIOT peallbHble (PU3MUYECKHE SBICHHSI, MOTYT OBITh PEILICHEI
B TEPMHHAX JJIEMEHTAPHBIX (YHKIUH. DTO OTpaHHYEHHE IMOAYEPKUBACT BKHOCTH HCCIENOBaHHUS Oolee
IIUPOKUX KJIACCOB (YHKIMA, B YAaCTHOCTH THIIEPTEOMETPUYECKHX (YHKIIMI HECKOJBKUX TEPEMEHHBIX.
l'unepreomerpuyeckne (yHKIMH BO3HHUKAIOT KaK PEUICHHS KOHKPETHBIX CHCTEM Iu((epeHIHaTbHBIX
YPaBHEHUH M OTHOCSTCS K KIJIACCY CIENHAIbHBIX WM TPAHCICHISHTHBIX (yHKIMA. OHI HAXOAST MIMPOKOE
MPUMEHEHHE B 3aJadax, CBS3aHHBIX C HECKOJBKUMH IIEPEMEHHBIMH, W TMOHMMAaHHWE WX aHATHTHYECKOW
CTPYKTYPBI Ba)KHO KaK JJIsl TEOPETHYECKHX, TaK M JUIS TPAaKTHUECKUX Lesed. B Hacrosmeit pabdore Obun
MOCTPOCHBI JINHEWHO HE3aBUCHMbIE PEIICHHs HCCIEIYyEeMbIX CHCTEM JIJISl BBIMICYMOMSIHYTHIX (DYHKIHH, a
TaKKe WCCIeoBaHa UX BHYTPEHHSS CTPYKTypa M KItOUeBbIe CBOWcTBA. [lomydeHHbBIE pe3ynbTaThl CO3/MAI0T
OCHOBY JIJIsl pa3pa00TKH MHOTOMEPHBIX 0000IIECHNH rHITepreoMeTprueckix (DyHKIMH 1 yKa3bIBalOT HA HOBBIC
BO3MOXKHOCTH MX MPAKTUYECKOTO HCIOJIB30BaHMS MPH PEUICHUH MPHUKIAIHBIX 3a/1ad. DTO HCCIEOBaHUE
o0oramiaer TEOpHUI0 CHENHUANhHBIX (YHKIWA W OTKPHIBAET HOBBIE TIEPCIEKTHBBI IS PEIIECHUS
(hyHIaMEHTAIBFHBIX 33/1a4 MaTEMaTHIECKOH (U3UKHU U IPUKIATHON MaTEeMaTHKY.

KiaroueBble cjioBa: rumnepreoMerpuueckas (QYHKIMS 4YETBHIPEX IMEPEeMEHHBIX, AudQepeHInaibHOe
YpaBHEHHE THIIEPTEOMETPHYECKOTO THTIA, THHEHHO-HE3aBUCUMBIE PEIIEHUS! CHCTEMBI.

Introduction

In such fields of science as thermal conductivity and mechanics, electromagnetic oscillations,
aerodynamics, quantum mechanics and potential theory, transcendental functions, the so-called
hypergeometric series, are widely used in solving applied problems [1, 2]. These functions,
traditionally called special functions of mathematical physics, naturally arise when solving
differential equations analyzed by means of harmonic analysis. An in-depth study of
multidimensional hypergeometric functions is of particular importance due to their wide application
possibilities in various fields of science. The need to solve complex problems of quantum
chemistry [3, 4], the study of superstring theory [5], as well as numerous problems of gas dynamics
have stimulated the active development of the theory of special functions of one and several variables.
In particular, in gas dynamics, many formulations are reduced to the study of independent second-
order differential equations, the solutions of which are expressed in terms of hypergeometric
functions of many variables [6, 7]. In this regard, when studying boundary value problems for such
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equations, it becomes necessary to construct systems of hypergeometric functions and find their
explicit linearly independent solutions [3, 8-10].

A significant contribution to the development of this field was made by Exton [11], who proposed
a four-dimensional hypergeometric function of class K i-K »;. Subsequently, Sharma and
Parihar [12] extended these results by defining a family of hypergeometric functions of four variables
with 83 different parametric variants.

Each four-dimensional hypergeometric function has the following form:
o mo.n _p 4q
F(4)(-): Z A(m,n,p,q)x y_z_t_’ (1)

S m! n! p!lq!

here A(m,n, p,q) is some sequence of complex parameters, and each function has twelve

parameters. Consider the hypergeometric functions F1(64 ), Fl(g ), Fg) , Fg‘é), F(4) :

= (al)m+n+p( )(bl)m+n+q(b) X"yt

laehbiaeama)s B O e ey, mag P
Fl(84)(al,az,bl,bz;cl,cz,q;x, y,z,t)=mMZ’q=0( )m(n;f)iil:)(cf)n)(mcj)(p )p+q ; ' )’; ' ; :' 3)
F9 (i bobobicnencivnat) = 3 (@) oy (@), (D), (B2),(Bs), x" ye )

B (e e),  mialplg
F{(ay,a,ay,a,,b,b,,b,,by5¢,,¢,,¢,,¢55X, y,2,1) =
§ @) B,y O
mon, p,q=0 () an(€2),(65), m! n! plq!

Methodology

This paper presents methodological approaches to solving a system of second-order differential
equations with partial derivatives describing hypergeometric functions of four variables of the form
F(a,b,c,d;x,y,z,t). Since such systems define special functions depending on multivariate

arguments, their solutions possess a complex analytical structure. The results demonstrate that these
functions, being solutions of special differential systems, can serve as an effective tool for solving a
wide range of problems in physics and applied mathematics. The analysis provides a basis for further
study of their symmetries, analytical properties, and structural features.

The solutions are interpreted as multivariate generalizations of hypergeometric functions and
compared with classical Gauss, Appell, and Lauricella functions. However, the study has certain
limitations. In particular, issues of convergence of the obtained solutions and their stability under
boundary conditions require a more detailed analysis. Additional research is also needed to verify the
applicability of these solutions within the framework of real physical models. All this opens up
promising avenues for a deeper understanding of the internal structure of the theory of special
functions of many variables and the search for new analytical forms.
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. . . . . . (4) (4)
(S)olutzon of a system of independent differential equations of functions F,’, Fg",
E( 4

Let s consider the hypergeometric function (2) F(4) ;

E(64)(alaaz,bpbg;cl,02,03;)6,)/,2,1)= Z

P40 (Cl )m (CZ )n (C3 )p+q m' n! p! C]'

where ¢ #0, -1, -2, -3, ....; here i=1, ...., 3.
First we use the Kampe de Feriet series [13],

L @), (@), (),,,(5),

2), (
e (a), (@), (@), mintpta!t

q

(@) e (82), (B (B2),

A
(), (@), (), (m )it plg!

)
)
4 ( )m+n+p+| (a2 )q ( )m+n+q+1 ( )p
)
)

(), (), (6, mi(n+ 1) plg !
() (@), 00,0,
(), (@), (65), 0 mn (p+1)lg !
4 (a )m+n+ (%;q ( )m+n+q+1 (bz)p

S ( ) ( )n(c3 p+q+]m'n‘ (q+1)‘

= (al)m+n+p(az)q(bl)m+n+q(b) X y Z tq

@ @
Fio"s By

(7

Here Apmnpq are the coefficients of the Kampe de Feriet series, and a4, a,, by, by, cq,cy, c3 are

the parameters [14].

4 (@) orsps (82), (B, (B), (@), (e2), (c5),,, mintplg!

) )i
mln,p.g ( )m+1( )n )., (m+l)'nlp q! (al)m+n+p az)q( 1)m+n+q( )
) )

S|

A

o

)
()
( )m+n+p+1(a2)q( )m+n+q+1( ) (e m(cz)n(cs ., min!plq!
)
)

S|

(
) ) () i P ), ), ) (),
) 0) )6, (66,
mopilg ( ) ( )(03 p+q+1mvnl(p+1) (al)m+n+p(a2)q( 1)m+n+q( )
)

)
@) (@) () (), (@), (0), (), mintpty!
(), (@), (@), amintp g+ 1) (@), (@), (B, (B),

From the series (8) we obtain a one-sided recurrence relation (9) of coefficients depending on m,

n, p, q:
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Airnpg (g +m+n+p)(b+m+n+q)
Am,n,p,q - (Cl +m)(m+1) ’
m,n+1,p,q :(a1+m+n+p)(bl+m+n+q)
Am,n,p,q (C2 +n)(7’l+1) ’

)
Am,n,p+l,q _ (al +tm+n+ p)(bZ + p)

Am,n,p,q (CS +p+q)(p+1)
A

m,n,p,q+1

_(a2+q)(b1+m+n+q)

Am,n,p,q (C3 +p+q)(q+l)

Where m = xi,n =y—,p= zi,q = té are defined as differential operators.
ox oy 0z ot

According to the theory of multidimensional hypergeometric functions, the system of independent
differential equations for the hypergeometric function F§6 is given as follows:

0 0 4 0 0 0 0 0o 0
ag+x— || x—+l|xu-|a+x—+y—+z— || +x—+y—+t— [u=0,
Ox Ox ox "oy Oz ox ~ oy ot
0 0 O 0 0 0 0 0o 0
G+ry—||ly—+1|y u—-|la+x—+y—+z— || bh+x—+y—+t— |u=0,

oy oy ox ~ oy Oz ox ~ oy ot (10)
0o 0 0 i 0 0 0 0
Gtz—+t— || z—+l |z u—|a+x—+y—+z— || b,+z— |u=0,
0z ot oz ox ~ oy Oz oz
0o 0 0 4 0 0 0o 0
Grz—+t—||t—=+1 |t u—|a,+t— || b+x—+y—+t— |lu=0.
0z Ot)\ ot ot ox “oy ot

Applying simple calculations to (10), we obtain the following system of independent second
order differential equations:

x(l ) L~ 2Xyu, — Xt —Xxzu, — y uw ytu,, —yzu, —ztu, +[c1 a, +b, +1)x]ux
—(a, +b +1) yu, —ajtu, — b zu_ — abu =0,
y(l y) - x’u, .~ 2Xyu,, —Xxzu — yzu, — yiu, —xtu, —ztu, —(a,+b, +1)xu
(1)
+[c2 a1 +b, +1 y]u —ajtu, —bzu_—abu =0,
z(l )u —xzu, —yzu, +tu, —bxu —b,yu, +[c3 —(a1 +b, +l)z]u2 —a,bu=0,
t(1-1t)u, U, —yiu, +zu, —a,xu, —a,yu, + [03 —(a, +b, + l)t]ut —a,bu =0.
Here u(x,y,z,t):= 16)(a],az,bl,bz,c],cz,q,x v,z t)
We seek linearly independent solutions as follows:
u=x“y" 21w, (12)

where w is the unknown function and a, B, y, 0 are constants to be determined. Introducing new
variables x”y”z"t’w and replacing (11), we obtain the following system of differential equations:

22



Abaii amvinoasvr Kaz¥I1Y-niy XABAPIIBICHI, « Qusuka-mamemamura aulisimoapuly cepuscol, Ne4(92), 2025

x(l —x) W, —2Xyw,, — Xtw,, — XZW,, —yzwyy —ytw,, —yzw,, —ztw,, + [Cl —(A1 +B, + l)x] w,
—(4,+ B, +1) yw, - Bzw, — Atw, +[ a(c, +a~1)x" = 4B, Jw=0,

y(1=y)w, —x*w, —2xyw,, —xzw,_ —xtw,, — yzw,, — ytw,, —ztw, — (4, + B, +1)xw,

+|:C2 —(4,+B +1)y]wy —Bzw, +[,B(c2 +p-1)y" —AIBI:|W—A1IWt =0, (13)
z(1-z)w, —xzw, —yzw, +tw, +[(4 + B, - 1)z + C]w, — B)xw, — B,yw, + yiz"'w,
Hy(y+8+c, -1z = 4B,]w=0,

t(1=t)w, —xtw, — ytw,, +zw, + [C4 —(4,+ B+ l)t] w, —Axw, — A, yw, + Szt™'w,

+[0(c; +y+8 -1t = 4,8, [w=0,

here
A=a+a+p+y, A,=a,+0,

B =a+p+6+b, B,=y+b,, (14)
C=q+2a, C,=c,+2p, C,=c;+20+y, C,=c;+2y+0.

System (11) is similar to system (13). Therefore, the following conditions must be met:

7 =0,
0 =0,
alc,+a—-1)=0,
(+a-1) 0
Ble,+B-1)=0,
y(c;+y+0-1)=0,
o(c,+y+o-1)=0.
The solutions of system (15) can be written in the form of four combinations:
1 2 3 4
o 0 1-¢, 0 1-¢,
B 0 I-c, -, (16)
/4 0 0 0
bo) 0 0 0 0

Thus, substituting the solutions (16) of system (15) into equations (12) and performing the
necessary simplifications, we obtain linearly independent solutions of the system of second-order
partial differential equations (13) in the form of the following four hypergeometric functions:

ul(x,y,z,t):Fl(:)(a+,B+7+a1,5+a2,a+,B+5+b1,7/+b2;2a+cl,2ﬂ+cz,27/+5+c3,25+7/+c3;
e (a+Bry+a),,, (0+a) (@+B+5+b),., (r+b), x y 27 ¢

x,y,z,t)=m’n;ro (2a+¢) (2f+c,), (27+5+Cz),,+q mln! plql
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u, (x,y,z,t)=xl*"‘Fl(64)(a1 +1-¢,,a,,b +1—cl,b2;2—cl,cz,c3;x,y,z,t)

a N (al +1-¢ )m+n+p (a2 )q (l_cl b )m+"+q (b2 )1’ ﬂy_niﬁ

mep-4=0 (2_01 )m (02 )n (03 )p+q m! n! p! C]!’

u3(x,y,z,t)z)/1_"21171(64)(a1 +1—-c,,a,,1-c, +b,by;¢,2—¢,, ¢3,¢53X, 9, 2,1)

l-c, - (al +1_C2)m+n+p (az)q (1—02 +b1 )m+n+q (bz)p x" y" zP ¢!

m.n.p.g=0 (cl )m (2_02 )n (C3 )p+q m! nl F;,

- _ 1= 4 . .
u4(x,y,z,t):x Ty "2}71(6)(a1+2—cl—cz,a2,2—cl—cz+b1,b2,2—cl,2—cz,c3,c3,x,y,z,t)

= x1761y1762 i (a] +2_C] _Cz )m+n+p (az)q (2_C] _Cz +bl )m+n+q (bz)p ﬁy_niﬁ
m,n,p,q=0 (Z_CI )m (2_02 )n (03 )p+q m' I’l' p' q'

Proceeding in the same way as with function F1(64 ), we can write out solutions for the remaining

) . . . L (4 4 @ 4 :
functions considered in this study: Fj3”, F;5, F,5 , F3; functions.

Hypergeometric function (3) Fg) that depends on four variables (4) satisfies the following system
of equations:

x(l—x)uwr —2xyu,, —xzu,_ +tu, +[cl —(a1 +b, +l)x}ux —yzuyy —yzu,,

—(a, +b, +l)yuy —bzu_—abu =0,

y(l—y)uyy —2xyu,, —xzuxx —XZU,, — YZU,, —(al +b, +1)xux +[c2 —(a1 +b, +1)y}uy
—bzu, —abu =0, (17)
z(1-z)u,, —xzu_ —xtu,, —yzu,, —ztu,, +[c3 —(a,+b, +l)z]uz

—ajtu, —b,xu, —b,yu, —a,b,u =0,

t(1—1)u, +xu, —tzu, +[c1 —(a, +b, +1)t]ut —a,zu_ —a,b,u =0.

where is the function u(x,y, z,t)=Fl(;)(al,az,bl,bz;cl,cz,c3;x, y,z,t). The system of differential
equations (17) has four linearly independent solutions:
u (x,y,2,0) = F (a,,a,.b,by3¢,,¢5,043%, 9, 2,)

i (al )m+n+p (a2 )q (bl )m+" (b2 )1’+‘1 ﬁy_ni !

=m’”’p’q=0 (Cl )m+q (Cz )n (03)p M! n! p!;,

u, (x,y,2,t) :y'_CZFl(;)(aI +1-¢,,a,,b,+1—¢,,b,5¢,,2—¢;,¢,3X,9,2,1)

:yl’cz i (al +1_c2 )m+n+p (Clz)q (l_cz +b1 )m+n (b2 )p+q ﬁy_niﬁ
B (e, oa) (), T Pl
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U, (x,y,z,t) = zl_%Fl(;) (al +1-c¢;,a,,b,b,+1-c;;c,,c,,2— c3;x,y,z,t)

= Zlfc3 ZOO: (al +1—C3 )m+’l+1) (a2 )q (bl )m+n (b2 +1—C3 )p+q ﬂy_”iﬁ
T @@ Ce),  mlalpid

u, (x,y,z,t) =ylfczzlf"3F](84) (a, +2—-c,—¢c;,a,,1—c,+b,b, +1—-c;;¢,2—c¢,,2— c3;x,y,z,t)

z (al+2_Cz_cs)m+n+,,(a2)q(l_cz+b1)m+n(1_c3+b2)p+qﬂy_"ﬁtq

— yl—czzl—c3 z

=0 (c1 )mw (2—(:2 )n (2—c3 )p m! n! p! ;

The hypergeometric function (4) Fg) satisfies the following system of equations:

x(1-x)u,, —yyu,, —zxu, —2xyu,, — yzu, +[cl —(a,+b, +1)x1u)C —(a,+b, +1)yuy

~bzu_—abu =0,

y(l —y)uyy —XXU,, —ZXU,_ —2XyuU  — yzu —(a, +b, +l)xux +[c2 —(a, +b, +l)y]uy

~bzu_—abu =0, (13)
z(1-z)u, +t(1-z)u,, —xzu —xtu,, —zyu,. — ytu, —xbu —yb,u, +[c3 —(a, +b, +1)Z]uz

—abyu—ajtu, =0,

t(1-t)u, +z(1-t)u, —a,zu, +[c3 —(a, +b, +1)t]ut —a,b,u =0.

where the functionu(x,y,z,t):Fl(;)(al,a2,bl,bz;cl,cz,c3;x,y,z,t). The system of differential

equations (18) has following linearly independent solutions:

ul(x,y,z,t):Fi(;)(al,az,bl,bz;cl,cz,Q;x,y,z,t)

_ i (al )m+n+p (Clz )q (bl )m+n (b2 )p+q ﬂ y z"

=0 (a), (), (e )pw m! n! E;:

u, (x,y,z,t):xl_C‘EEf)(al +1-c¢,a,,b +1—cl,b2;2—cl,cz,c3;x,y,z,t)

= )CLC‘ i (al +1_CI )"H'HP (Cl2 )‘I (l_cl +b] )m+n (b2 )p+q ﬁy_niﬁ
monp-q=0 (2_01 )m (Cz )n (03)p+q m! n! plql

u3(x,y,z,t):yl’”ZEEf)(a1 +1-c¢,,a,,1-c, +b,,b,;¢,,2—c,, c3,c3;x,y,z,t)

I-c, S (al +1 -G )m+n+p (Cl2 )q (1 G +b] )m+” (b2 )P“I ﬂy_ni tq

g =0 (¢ )m (2-¢, )n (c3 )pw m! n! p! a’

l—¢, . 1-¢, (4 . .
u, (x,y,2,0)=x"y ‘2}71(9)(611+2—cl—cz,a2,2—cl—cz+b1,b2,2—cl,2—cz,c3,c3,x,y,z,t)

= xl_clyl_cz i (al 2 —a7% )m+n+p (az )‘1 (2_01 6 +b1 )m+n (b2 )p+ll ﬂy_niﬁ
m,p,q=0 (2_01 )m (2_62 )n (03 )p+q m' I’l' p' q'

The hypergeometric function Fg? given in (5) satisfies the following system of equations:
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x(1=x)u_, —yzuyy —zxu,, —2xyu,, — yzu —(a,+b, +1)yuy +[c, —(a,+b,+1)xJu,

—bzu, —abu+tu, =0,

y(1=y)u,, —x*u, —zxu_ —2xyu,, — yzu, —(a,+b +1)xu, + [cz —(a,+b, +1)y]uy (19)
—bzu_—abu =0,

z(1-2u,_, —zxu, — yzu, +[c, —(a,+b, +1) z]u, — (xu, + yu, +au)b, =0,

(A-t)tu, +xu, +[c, —(a, + by +1)tlu, —a,bu = 0.

Here u(x,y,z,t)= EY (a,,a,,b,,b,,by;c,,¢,,¢,5x,y,2,t) . The system of differential equations (19)
has four linearly independent solutions of the form:
u, (x,y,z,t) F( (al,az,b b, b3,cl,cz,c3;x,y,z,t)

5 @ ()0 0),(0), 0y 2

m,n,p.g=0 (Cl )m+q (C2 )n (03 )p m! n' p! q"

u, (x,y,z,t) =y""2Fz(04) (l—c2 +a,,a,,b, +1—cz,bz,b3;cl,2—02,03;x,y,z,t)

_ i (1_02+a1)m+n+p(a2)q(b1+1‘Cz)m+n(b2),,(b) X"yl

mi,pq=0 (Cl )m+q (2 —02 )n (C3 )p m| }’l‘ p q'

(x V,Z, t) z" C‘Fz((f)(l—q+al,a2,b],b2+1—c3,b3;cl,c2,2—c3;x,y,z,t)

Z (1 % +a1 )"“"H'P (az)q (bl)m+n (bz +1_C3)p (b ) .X y Z tq
o1, p>q=0 (c1 )m+q (Cz)n (2_03)17 m' n' p C]'

u4(x,y,z,t):yl_czzlfc3F2(§)(2—02—c3+a1,a2,b1—I—l—cz,b2+l—c3,b3;cl,2—02,2—03;x,y,z,t)
_ i (2‘02‘Ca+a1)m+n+p(az)q(b1+1‘Cz)m+n(bz+1_Cz)p(b) X"y
m,n,p,q=0 (Cl)m+q (2_02)n (2_03)17 m' n' p q'

The hypergeometric function F§1 given in (6) satisfies the following system of equations:

(I=2)u,, —xtu,, — ytu, +yu, (1-x)—xu (a +b +1)—atu, —byu, +cu —abu=0,
y(=»u, +x(1=y)u,, —yu (a +b,+1)=bxu +cu,—abu=0,

z(1-2)u, —xzu, —xtu, —ztu,, —u_(a,z +bz+z—c,)—axu, —a,bu =0,

t(1-tu, — ztu_, +cytu, —tu,(b; +1+ a,) —byzu_ — a,bju = 0.

(20)

Where the functionu(x,y,z,t) = F$,)(a,,a,,a,,a,,b,,b,,b,,b;¢,,¢,,¢,,¢53x,y,2,6) . The system of
differential equations (20) has four linearly independent solutions of the form:
4 . .
u,(x,y,z,t)= F(glg(al,al,az,az,bl,bz,bl,b3,cl,cl,cz,c3,x,y,z,t)

= i (al)m+n)(aZ)p+q(b1)M+q(b2)P(b3)q ﬂy_niﬁ

’
m,n,p,q=0 (Cl)m+n (02)p (C3)q m! n' p' q!
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— =) (4) .
u,(x,y,z,t) =y *F,’(a,+1-c,,a, +1-c,,a,,a,,b, +1—-c,,b,,b, +1-c,,b;;c,,c,,

2_02963;x,y,2,t):y1762 i (a1+1_cz)m+n(a2)p+q(bl+1_C2)m+q(b2)p(b3)q xmynzptq ,
m,n,p,q=0 (Cl)m+n (2_02)p (63),1 m'n 'p 'q‘

— ) @) .
u,(x,y,z,t)=y" F,’(a,a,a, +1-c;,a, +1—c;,b, +1—c;,b,,b, +1—c;, by ¢, ¢, 05,

2_C ‘X y z t) — i (al)n1+n(a2 +1_C3)P+q(bl +1_C3)m+q(b2)p(b3)q xmyantq
T m,n, p,q=0 (Cl )m+n(02)p(2_c3)q m'n'p'q' ’

u,(x,y,2,t) =y IED (@, +1-c,,a, +1-c,,a, +1-c;,a, +1—c;,
b+2-c,—c;,b,,b+2~c, —c;,b;,c,,¢,,2—c,,2 -3, y,2,1)
_ i (q,+1-¢,),.,(a, +1-¢)),, (b +2-¢, -c),., (D), (D), x"y"z"t!
m,n,p,q=0 () in(2— cz)p (2- c3)q mln!plq! .

Discussion

The results of this work demonstrate that hypergeometric functions of four variables have not only
theoretical but also applied potential. They can be used to describe multidimensional wave processes,
heat conduction, and potential fields. Of particular interest are problems related to the analytical
continuation of solutions, determining their regions of convergence, and studying stability under
boundary conditions, all of which have direct implications for physical modeling.

However, existing limitations must also be considered. The radius of convergence of general
solutions, their asymptotic behavior, and the properties of functions in the vicinity of singular points
for real parameter values have not yet been sufficiently studied. Conducting such an analysis will not
only expand our understanding of the theory of special functions but also yield new results in the
fields of spectral analysis and function spaces.

In the future, an important area of research could be the search for integral representations of the
functions under consideration, the study of their orthogonal properties, and the development of
numerical methods for constructing approximate solutions. Furthermore, the extension of the
obtained results to g-hypergeometric analogs, multicomponent systems, and operator equations
appears promising, opening up significant opportunities for further theoretical and applied
developments.

Thus, the presented work not only describes new classes of multidimensional hypergeometric
functions but also forms the basis for improving analytical and computational methods for their study.
The obtained results make a significant contribution to the development of the theory of special
functions, spectral analysis, and mathematical physics, deepening the understanding of their role in
solving applied problems.

Conclusion

This study investigates the solution of a system of second-order partial differential equations
governing four-variable hypergeometric functions, specifically: 171(64 ), Fl(; ), Fi‘;), Fé‘f,) and ng).
Linearly independent solutions for these systems have been derived, accompanied by an in-depth
analysis of their structural and analytical characteristics.

The findings underscore the significance of hypergeometric functions not only in theoretical
contexts but also in practical applications. These functions prove essential for analyzing complex
multidimensional systems and can be applied in areas such as mathematical physics, engineering, and
computational modeling.
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By representing these functions as solutions to differential systems, one can achieve a deeper
understanding of their solution structures. Moreover, the current results highlight the importance of
exploring multidimensional generalizations of hypergeometric functions. Solutions obtained for the
four-variable case lay the groundwork for extending the theory to functions of more variables and
facilitate the identification of new classes of special functions.

Future research should address the stability of these solutions under various boundary conditions,
their asymptotic behavior, and potential integral representations. Such work will enhance the
applicability of hypergeometric functions and their derivatives in spatial modeling, spectral analysis,
and broader areas of mathematical study.

In summary, this research contributes substantially to the theory of multivariable functions and
provides insights into their theoretical and practical relevance.
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CPApHHTEJILHHI?I AHAJIN3 PU3UKO-UH®OPMUPOBAHHBLIX HEMPOHHBIX )
CETEM U METOJA PYHI'E-KYTTBI JJ151 PELIEHUS OJJHOMEPHBIX YPABHEHUM
SMJIEPA

Annomayus

JanHoe uccieqoBaHue MPEACTABIACT U3 ceOs MOJIeNb, OMMCHIBAIONIYIO (PH3MUYECKHI TPOLIECC, CBSI3aHHBIH
C IBWKEHHEM Tasa 1o TpyOompoBoAaM MpH NOMOLIM CHCTEMBI OJHOMEPHBIX ypaBHeHHH Ditnepa. B pabote
OyzeT UCroIb30BaThCs YUCIIEHHOE PELICHNE CUCTEMBI YpaBHEHHH Ditniepa yepe3 Hhru3nko-uH(OPMUPOBAHHbIE
HEHPOHHBIC CETH, METOJl, KOTOPBI OOBEIUHICT COBPEMEHHBIC MOIXOJbI MOjEEH IIyOOKOro 0O0ydeHHUs
BMecTe ¢ (pU3MYECKUMH YCIIOBHAMU 3a]1a41, KOTOPbIE 3a1at0T AuddepeHnnansHple ypaBHeHNs, HaYaJIbHbIC U
rpaHuyHble ycioBus. s BaquIanuyd MOAEIH OyAeT MCIONb30BaThCA aHAIMTHYECKOE PEIICHHE CHCTEMbI
OJHOMEPHBIX ypaBHEHUH Diisiepa, KOTOpoe OyJeT CpaBHUBATLCS C YUCICHHBIM PELICHUEM, TOTYyYEHHBIM IPH
MOMOIIIM MOJENH TIyOOKOro oOydeHHs B BUAE CpaBHEHHs rpadukoB W pacdyera METpHUK. Takke s
OTHOCUTEIIBHOTO CpPaBHEHHS 3TOW Mozenu OylIeT HpPOBEICHO CPAaBHEHHE C KIACCHYECKHM YHCIICHHBIM
MetonoM Pynre-KytTel 4 mopsiaka, rae meron riy0okoro o0ydeHus mmokasaj 0ojiee BBICOKOE KAaueCTBO B
CpPaBHEHHU C KIAcCHYeCKUM MeToJoM. [lomyueHHass Mojenb WMEET BBICOKOE KaueCTBO M MOXKET OBITh
WCTIOJIb30BaHa B MOJEIMPOBAHUH T'a30BBIX ITOTOKOB, MPUUEM KayecTBO MOJICNIN TIyOOKOro 00y4eHUs ObLIO
3HAYNUTEJIFHO BBILIE B OTHOCUTEIBHOM CPaBHEHUH C KiIaccHuecKUM MetonoM Pynre-KyTte 4 mopsinka, uto
no4epKUBaeT dPPEKTUBHOCTh U HOBH3HY HCIONB30BAaHHUS METOJIOB TITyOOKOTO OOYYEHHUS B CPaBHEHUH C
KJIACCUYECKUMH METOJIaMHU.

KuaroueBrbie cioBa: rirybokoe oOydueHue, ypaBHeHHs OJiinepa, Gu3uko-nHGOPMUPOBAHHBIE HEUPOHHBIC
CeTH, BBIYMCIIUTENbHAS THAPOIMHAMUKA.

C.A. Anmmap!, P.H. ®aiizymn', ® K. Tokmyxamenosa'

X anpIKapanbIK aknapaTThIK TEXHONOIHSIIAp YHUBEPCUTETI, AnMaThl K., Kazakctan
3ﬁﬂEPJIIH BIP OJINEM/I TEHJAEYJIEPIH HIEITY YHIIH ®U3UKA-
AKIHHAPATTAHIBIPBIJIFAH HEﬁPOH}II)IK KEJUIEP MEH PYHI'E-KYTTA 9JICIHIH
CAJIBICTBIPMAJIBI TAJIIAYBI

Anoamna

Byn 3eprrey Oip emmemui Dinep TeHaeyyep KYHECiH KONIaHa OTBIPHIIN, KYObIpiap apKbUIbl Ta3JbIH
KO3FaJIbICBIMEH OalIaHbICThI (PU3UKAIBIK MPOIECTI CUIATTANTBIH MO OOJBIN TaObUIaabl. by syMbicTa
(du3nKa-aKnapaTTaHpIPbUTFaH HEHPOHBIK KeJIIep apKblIbl Dilfiep TeHAeylep KyHeciHiH caHAbIK IIenTimi
KOJJaHbUIaAbl, Oyl oxic auddepeHIHaIIblK TeHISYIepai, OacTamkbl XoHE IIeKapaiblK IMapTTap/bl
OenTiNedTiH ecenTepiH (QU3MKAJIBIK JKargaiappiMeH Oipre TepeH OKBITY MOJAENBbAEpiHIH 3aMaHayu
Tociamepin Oipiktipeai. Mogenbai Tekcepy yuriH OiniepaiH Oip esmemai  TEHASYJEp KYHecCiHiH
AQHAJMTUKABIK IIEIiMi KOJIIAHBUIA B, OJ1 Tpa(UKTEp/Ii CanbICThIPY KOHE METPUKAIAPIbI €CENTey TYPiHIe
TEPEeH OKBITY MOJENiHIH KOMEriMeH ajiblHFaH CaHABbIK IMICIIIMMEH caiblCThipbuiaabl. CoHpai-ak, OChI
MOJIEJIBA1 CaNIBICTBIPMAIIBI CAJIBICTBIPY YIIiH KiaccukanslK 4-mii perti Pynre-Kyrra (PK4) canapik sgiciMeH
CaJIBICTBIPY JKYPri3iie/i, MyH/Ia T€peH OKBITY 9JIICI KJIACCHUKAJIBIK 9/IICIIEH CaJBICThIPFaHa dKOoFaphbl CaraHbl
KOpCeTTi. AJIBIHFaH MOJEIb )KOFaphl callara e XKoHE OHBI a3 aFbIHAapblH MOZETbIeY/ e KoIIaHyFa Oomapl,
aJI TepeH OKBITY MOAENIHIH canachl Knaccukaiblk PK4 omiciMeH canbicThIpFaHia aHaFypIIbIM KOFapbl O0IIbI,
OyJ1 KJIacCHKAJIbIK OJICTEPMEH CallbICThIpFaHIa TEPEH OKBITY OICTEepiH KOJJAHYIbIH THIMIUII MeH
JKaHAJIBIFBIH KOPCETE/II.

Tyiiin ce3gep: TepeH OKbITYy, JDilnep TeHaeylepi, QpU3MKa-aKnapaTTaHAbIPbUIFAaH HEHPOHIBIK JKENiJep,
ecernTey TUAPOJMHAMHUKACHI.
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S.D. Alpar!, R.N. Faizulin!, F.K. Tokmukhamedova'
nternational Information Technology University, Almaty, Kazakhstan
COMPARATIVE ANALYSIS OF PHYSICS-INFORMED NEURAL NETWORKS AND THE
RUNGE-KUTTA METHOD FOR SOLVING ONE-DIMENSIONAL EULER EQUATIONS

Abstract

This study presents a model describing the physical process associated with gas flow through pipelines
using a system of one-dimensional Euler equations. In this work the numerical solution of the system of Euler
equations through physically informed neural networks is used, a method that combines modern approaches
of deep learning models together with the physical conditions of the problem, which specify the differential
equations, initial and boundary conditions. For the validation of the model, the analytical solution of the system
of one-dimensional Euler equations will be used and compared with the numerical solution obtained by the
deep learning model in the form of graph comparison and metrics calculation. Also, for the relative comparison
of this model will be compared with the classical 4-th order Runge-Kutta (RK4) numerical method, where the
deep learning method showed higher quality compared to the classical method. The obtained model is of high
quality and can be used in gas flow modeling, and the quality of the deep learning model was significantly
higher in relative comparison with the classical RK4 method, which emphasizes the effectiveness and novelty
of using deep learning methods in comparison with classical methods.

Keywords: deep learning, Euler equations, physically informed neural networks, computational fluid
dynamics.

Beenenue

OcHognbie nonosicenus. B uccnenoBanuu pa3paboTana MoJieib 7S ONMCAHUS JBUKCHUS ra3a 1Mo
TpyOOIIPOBOIaM Ha OCHOBE CHCTEMBI OJJHOMEPHBIX ypaBHEHHI Diiepa ¢ UCIOIb30BaHUEM (U3UKO-
nHpopMupoBaHHbIX HeWpoHHBIX ceteit (PINN). Jlns Baaupanuu MoIeiIM IPOBEICHO CpPaBHECHHE
YUCJICHHOTO peuleHus, MOoJdyd4eHHoro ¢ nomompo PINN, ¢ aHanuTHYECKMM pELICHHEM H
KjaccuueckuM mMetoaoM Pynre-KyrTel 4-ro nopsiaka. Pe3ynbrarel mokasanu, 4To METOJ IIIyOOKOIro
oOydeHusi oOecreyuBaeT ©Oojee BBICOKOE KaueCTBO MOJICIMPOBAHUS [0 CPAaBHEHHIO C
TPaJUIIMOHHBIMU YUCIICHHBIMH METOJIAMH, TaK KaK yYUTHIBACT (PU3NUYCCKUE YCIOBHS 3a7add. ITO
noareepxkaaeT 3¢pGeKTUBHOCTh ucnoib3oBaHuss PINN B BBIYHCIUTENBHON THIPOJUHAMHUKE U
JEMOHCTPUPYET UX NMPEUMYIIECTBO Nepe] KIACCUIECKUMHU MTOAX0JaMU.

[Iporuo3 moBeneHus rasa B TpyOOIpOBOJAX MPHU IMOMOIIM MOAeeH TIyOOKoro oOydeHUus u
BBIYMCIIUTEIbHOW — THAPOJAMHAMHUKHA  CIOCOOCTBYeT  3(P(EKTUBHOMY  paclpeielieHu0 U
TPAHCIIOPTHPOBKU Ta3a, OKasbiBas >PPEKT Ha ONTUMH3ANUI0 HUHOPACTPYKTYPHl M Pa3TUUHBIX
OTpacieil IPOMBIIUIEHHOCTH, CBA3aHHBIX ¢ TPAHCIIOPTHBIMHU CUCTEMAaMHU.

Marematuueckass MOJENb, KOTOpas CHOCOOHA OMUCHIBaTh (DU3UYECKUN TMPOIIECC CBsI3aH C
JBUKEHHEM Ta3a o TpyOOoIpoBoJaM, C y4€TOM COXPAaHEHUS MACChl, UMITYJIbCA U DHEPTUU ABHXKEHUS
KHUJKOCTH, TPEACTaBIsAET M3 ceds CHUCTeMy OJHOMEPHBIX ypaBHeHHU Oiinepa [1,2] B YacTHBIX
MpOU3BOJHBIX. [IpM THOMOIIM COBPEMEHHBIX YMCICHHBIX METOAOB [3-5] MOXXHO C BBICOKOM
TOYHOCTBIO CMOJIEIUPOBATH OCHOBHBIE (PU3MUECKHE BEIMUYMHBI, TaKWe KaK MIOTHOCTD, AaBIEHUE U
CKOpPOCTb, IPUHUMAsI BO BHUMaHHE 3(()eKThl TypOyJI€HTHOCTH U pacCpOCTpaHEHUE YAapHbIX BOJIH B
TpyOOIpoBOIaX.

B nannoii crathe pusuko-undopmupoBaHHbie HelipoHHbIE ceTh [6-10] OyayT UCTIOIB30BATHCS B
KaueCcTBE YMCICHHOW MOJEIIH, PEIIAoIIe CUCTEMY OJJHOMEPHBIX YpaBHEHUN Dilsiepa. ApXUTEKTypa
MOJIETH TPEeCTaBIsAET U3 ce0sl MOJHOCBSI3aHHbIE HEHPOHHBIE CETH, I/I€ B KauecTBE (PYHKIMH MOTEPh
WCIOJIb3yeTCs B3BelIeHHas cymma [11] cpeiHeKkBaApaTUIHBIX OIMIHOOK OT (PU3MUYECKOTO YpaBHEHUS
U OIHKOOK HayaJdbHBIX M TPAHUUYHBIX ycJIOBUH. D(G(HEKTUBHOCT, MOJEIHM OLIEHEHA MpU MOMOIIU
BaJMIAlMA C aHAJIWTHYECKUM pEIICHHEM B BHUJE pacueTa METPUK M TrpaduuecKkoro cpaBHEHUS
rpaduKoB, I7l€ MOJENTb IOKa3ala BBICOKOE KayecTBO. Takxke ObUIO MPOBEACHO CPaBHEHHUE C
KJIACCUYECKUM 4YHUCIEeHHbBIM MetoaoM Pynre-Kyrter 4 mopsiaka (PK4), rme meron rmyGokoro
oOydeHusi CMOT ToKa3aTh 0oJjiee BBICOKHME MOKA3aTell B OTHOCUTEIBHOM CPAaBHEHUU I METPUKHU
L, 9TO SBASETCSI HOPMOU, U3MEPSIIOIICH TOUHOCTh U OTPEACIISIETCS CIeAYIOMUM 00pa3oMm:
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Loo = |2t — ull
rac il ¥ U — aHAIMTUYCCKOE U YHUCICHHOE pemiCHus COOTBECTCTBCHHO.

MeTonoJsi0rus UCCae10BAHUS

Cucrema OJHOMEpHBIX ypaBHEHUW Oiiliepa ONMHMCHIBACT (DM3MUECKUN IPOLECC, CBSI3aHHBIN C
JBUKEHHEM ra3a B TpyOonpoBoaax. @uznyeckuil mpoiecc HabIk01aeTcsl HA BpEMEHHOM MHOKECTBE
t € [0,0.1] u mpocrpanctBenHoM mHOXecTBe X € [0,1]. VpaBHeHHe HEpa3pbIBHOCTH B CHUCTEME
ONMCHIBAET COXpaHeHHe oOIell Macchl B 00beMe JKUIKOCTH B TEUYEHHE BCEro BPEMEHU U
3aIMCBIBACTCS B CIIEAYIOIIEM BHUJIE:

d d
p 0Cpu)

5t o =0 (1)

rze p [Kr/m3] — noTHOCTH ra3a, u [M/C | — KOMIIOHEHT CKOPOCTH MOTOKA.
VYpaBHEHHE HMITyJIbCca B CUCTeME, OOBSICHSIEMOE 3aKOHaMHu JBMKeHus HpioToHa, dopmupyer
YAAPHYIO BOJIHY U BJIMSIET HA YCKOPEHHUE NIOTOKA ra3a U 3allMChIBAETCS B CIEAYIOLIEM BUJE:

a(pu) +6(pu2 +p) _
ot ox

0, (2)

rze p - AaBnenue, [kr/mc?].
TTocnenHNM ypaBHEHHEM B CHCTEME SBIAETCS YpaBHEHHE SHEPTHH, BHITEKAIOIIEE U3 MPUHIUIIOB
COXpPAaHCHUA SHCPTHUU, U OIMMUCBIBAIOIICC COXPAHCHUC DHEPI'UH B IMTOTOKAX KUJAKOCTU M UMCIOIICC BU:

0E N o[ u(E +p)]

ET 7% =0, (3)

rae E - sueprus, [[x/m3], u y — ynensHas temnoeMkocTs paBHas 1.4:

p 1
E=—+— puz, (4)
y — 2
Hauanbnble ycnoBus 3a1ar0TCs B BUJE CIEAYIOLIEH CUCTEMBI, TPAHUYHbBIC YCIOBUS IIPUHUMAOT
T€ YK€ 3HaYeHHUs B 000MX KOHIIaX OTpe3Ka:

_ (1,0,1),0 <x < 0.5,
(P P)i=o = {(0.125, 0,0.1),05 < x <1, (5)

Cucremy B oOmieit ¢dopmMe MOXKHO TiepenucaTh B CIEAYIOUIEM BHUAE AN JaIbHEUIIEro
MOJIETTUPOBAHUS:

Z—Z+N[U:7\]=O,xeﬂ,te[0,tf], (6)
U(x,0)=7(x),x € Q, (7)
U(x,t) =B(t),x€d0t€[0,t] (8)

rae omeparopsl J(-), B(-), N () mpeactaBistoT u3 cebsi OnepaTopbl HAYaILHOTO YCIIOBHS,
IPAaHUYHOTO YCJIOBHS U OIIEPATOP MPOCTPAHCTBEHHBIX MPOM3BOJHBIX YPaBHEHHSI, COOTBETCTBEHHO.
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Bwmecre ¢ A - napameTpom i epeHIManbHOro ypaBHEHUS | ty - 00IMM BpEMEHEM (PU3HYECKOTO
IKCIIEPUMEHTA, I/Ieé HadyajbHbIC YCIOBHUS ONpenesneHsl B obnacté (), a TpaHWYHBIC YCIOBHUS B
obnactu 0Q).

Jlist hu3HKO-MHPOPMUPOBAHHBIX HEHPOHHBIX ceTel 0603HaunM GyHkiwio f (X, t) B cieayomem
BUJIC:

pu +p
u(E+p)

=0, 9

f(x,t)zaa— N[U;A] =—[ l

rae (QyHKIMS MOTeph, MPEICTaBisionas U3 ce0s B3BEUICHHYIO CPEIHEKBAIPATUYHYIO CYMMY

OIHUOO0K, OyJIeT UMETh BU/I:
L=(1—-a)(Ly+Lg)+aLls0 < a <1, (10)

rie OoThenbHble (DYHKIMHM MOTEph A HadalbHOTO L; U TPAaHUYHBIX YCJIOBUM Ly BMeECTE ¢
¢busnueckoil pyHkiuei noreps Ly, COOTBETCTBEHHO, IPUHUMAIOT BUJ:

Njp
1 . e
£ =3 ) (3Gd) - (), (1
i=1
1« . o
_N_BZ(B(tg)-U(xg,tg))z, (12)

1 &
L. \2

Ly = fahth)’. (13)
Fi3

Hanee, npu oMoty anroputma ontumuzanuu ADAM napameTrpsl Mojenu OyayT HAXOJUTHCS B

CIIEIyFOIIEM BHJIE:
0" = argmeinL(G), (14)

JUIg KIacCHMYECKOTO YHMCIIEHHOTO MEeToJa Mcnoib3oBaH Meron PK4 mis mHTerpmpoBaHus mno
BPEMEHH, JUIsl YPaBHEHHUsI BUA:

ou

3¢ = Vvl (15)

ITaru mns metoxa PK4 3anucwiBaroTcsa B BUAE:
UW =yn + %N”
U@ =yn+ %N(l)
U® =un + At @
Untt = yn 4+ % (W +2v @D 420 @ 4 v 3), (16)

Tax kak, cxema PK4 anmpokcumupyet Toibko BpeMsi, HeOOXOUMBI CXEMBI JIJIsl alllPOKCUMAIIUN
KOHBEKTHBHBIX U BSI3KUX MPOCTPAHCTBEHHBIX MPOM3BOJHBIX, KOTOPbIE oOecreyaT BTOPON MOPSIIO0K
II0 POCTPAHCTBY.
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CxeMa “npoTuB NOTOKA” JIJI1 KOHBEKTUBHBIX CIIaraeéMbIX:

a_fit Ur$r — ULy,

—u AL 17
d0x Ax a7
['e 3HaYeHUS UR U U; OTIPEACIISIOTCS KaK CPEIHEe MEKAY Y3IOBBIMH TOUKAMHU:
t t t t
" = U +Ujyq u = U +uj_q (18)
R 2 » UL 2 )
Oynakuuu g U €, 3aBUCSIINE OT 3HAKOB Ug U Uy, ONIPEACIISIOTCS CICIYIONUM 00pa3oM:
t t
f _ Ei,uR =0 E _ Ei_l,uL >0 (19)
R — t 'SL — t )
€i+1)uR <0 Ei'uL <0
[lenTpanpHas pasHOCTHAS CXeMa JIJISl BA3KUX CIaraeMblIX:
t t t
AF(w);  Fwiy —F(u)i, 20)

Ax 2Ax ’

Jnst obecrieueHust yCTOWIMBOCTH TI0 BpEMEHH Ucnoib3yercs ycnosue Kypanra-Opunpuxca-Jlesu
(CFL), koTopoe nepecunThIBaeTCs Ha KaX10M UTepaliiy [0 BPEMEHH M

(21)

Pe3yabTaTsl Hecae10BaHUA

Jli1g 06yueHust MoJienu riay0oKoro o0yueHus OblIIU UCIIOIB30BaHbI CIEAYIOLIUE THIIepIapaMeTphl:
KOH(UTryparyst HeHpOHHOHM CeTH, KOJIMYECTBO UTEPaALUil, CKOPOCTh 00yueHus, Ko3hHUIUEHT @ s
OamaHCUPOBKM (YHKIUI OIIMOOK, (YHKIMS aKTUBAallMU O, KOJUYECTBO TOUYEK s (hpU3muecKoin
OLIMOKH, HAYaJIbHBIX ¥ TPAHUYHBIX YCIOBUH, Ni, N;, Ng, COOTBETCTBEHHO U KOJUYECTBO TOUYEK IS
npoctpancTBa u BpeMeHH N,, N;. CHUCOK rumepmnapamMeTpoB M UX 3HAUCHHs MNpPEICTaBICHBI B
tabaure 1.

Tabnuya 1. Bxoousie 3nauenust 0isi MOOenu 21yooKo2o 0byyeHus

Kongpueypayus Kon-60 Ckopocmu .
H.C. umepayui obyuenus * () Nr Np | Np | Ne | N
[9 x 20] 42500 3,25x10™ 5x107 | Tanh | 14000 | 40 | 60 | 256 | 256

ITouck runepmapamerpoB Obul peanu3oBaH uepe3 grid search [7, 11], nambGonee nyuiiue
Pe3yJIbTaThI Ul CKOPOCTH 00ydeHHUs M Kodp(HIMEHTa @ 1al0T MajeHbkue 3Hadenus (1073, 107 u
T.I.), YTO oOecreuynBaeT 0ojee yCTOHYMBOE peIleHHe M CHUXKAeT nepeoOydyeHue, A (QyHKIUU
aKTHBAIMY MTPAKTUYECCKH BCETIa HAMITY4IIUM BeIOOpOM siBisiercst Tanh. B xaduecTBe koHpUTYpanmn
HEHPOHHOI CceTH Jydllle BCEro MCMOJIb30BaTh OoJjblee KoaudyecTBO cioeB (oT 5 mo 10 crmoes), ¢
HEOOJIBIIIUM KOJMYECTBOM HEHPOHOB B ciosix (ot 20 mo 32 ueiiponoB). Ha pucynke 1 u3obpaxeHo
peleHre CUCTeMbl YpaBHEHUH Diifiepa B aHAIUTHYECKOM BUJE, U YMCICHHOM BUIAX JUISI METOIOB
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riy0okoro ooyuenus u merona PK4 nns Bpemennsix 3nauenuii t = 0.08, 0.09, 0.1 st pusngeckux
XapaKTEPUCTHK IUIOTHOCTH P, CKOPOCTH U, ¥ TABJICHHUS P.

t=0.08 t=0.09 t=01
1.0 [ ey ! . = 1.0 F ol ] : ] 1.0 F T T X o |
— ot — ' — G
Bk —_—= Ppinn |} sl | = Painn ] aal | | | = Ppinn |]
Pria | ] [ Arka ] [ Prica
T osf - 1 T osf 4 7 esl | : : .
z Oy = 5 -
> E 0 o
0.4 ] oal 1 - - ]
4 -ﬂ-t‘ 4: ’1 0.4 "‘t
0.2 1 4 0.2k 1. ] 0.z ‘i 3
1 1 1 1 e v = : 1 1 1 1 e r- war -I 1 1 1 = = -I
0.0 0.2 0.4 0.6 0.8 10 0.0 0.2 0.4 0.6 0.8 10 0.0 0.2 0.4 06 0.8 10
x[ =1 x[ =1 x[ =1
t=0.08 t=0.09 t=01
10— T T T T T T T T T T Lo T T T T T
& [ et & i =
. / = fr —_—
osf — = Upnn ] O8] ;{ —= upn ] o8} i — = Upinn ]

Ura ] [ i Urkea ] [ [ Urks |]

N (- |

ul=1]
ul-1]

oal 1

l
pl-]

0.4 %\\.._.._. 3 0.4 — \\‘L_ ] 0.4 : '{\.._.._. 1

ozf i 3 ozf i 3 o.zf L 3
e pe e [ e ey
& 0.8

| | I | 1 I | | | 1 | | | 1
0.0 0.2 0.4 0.6 0.8 1.0 0.0 0.2 0.4 0.6 0.8 1.0 0.0 0.2 0.4 Q. 10

x[ =1 x[ -1 x[ =1

Pucynox 1. Pewenue ypasnenuii Diinepa ons epemennvix snavenutl t = 0.08, 0.09, 0.1, 20e (p,u, )
yucnennvie pewenus u (P, U, p) mounoe pewenue

JlanHble TpapUKH WLTIOCTPUPYIOT 3(P(HEKTUBHOCTh METOJa IIyOOKOro o0y4eHHsI B OCHOBHBIX
npodunax GU3NYECKUX XapaKTEPUCTUK JJI Pa3HbIX BPEMEHHBIX 3HAUEHUH U CIIOCOOHOCTh MOJENIN
onuchIBaTh (huznyeckuii npouecc. Takxke B cpaBHeHUH ¢ MeTo1oM PK4 Mozens rimy6okoro ooydeHus
IOKa3bIBaeT OoJiee ragkue IpoQUIN 1Isl CKOPOCTH U AABIICHMs, yMEHbIIas Konebanus. B Tabnuue
2 mpuBeJIEHBI pacueThl METPUK L, A1 METOJIOB ITyOoKkoro ooyuenus u PK4.

Tabnuya 2. CpasnumenvHulil aHAIU3 Mempux 0asa mooeneti

Mooens Ilnomnocmo L, Ckopocmb L, JHasnenue L,
@usuko—vzmgbopfwupoeammﬂ 0,019 0,163 0,026
HeUpoOHHas cenmb
PK4 0,089 0,447 0,121

Juckyccus

Hcxons u3 3TUX pacuyeToB, MOJIENb TIy0oKoro o0ydeHus npeBocxoauT Monenb PK4, numes 6omnee
HU3KHE TOKa3aTelu Uil METPUKU L., A Pu3nueckux XapakTepUCTUK IUIOTHOCTH, CKOPOCTH U
napiienus. B orHocurenbHoM cpaBHeHnu ¢ PK4 nis mokasareneil mioTHOCTH, CKOPOCTH M 1aBJIEHUSA
3HaueHUs MeTpUK L., MeHbie Ha 78.62 %, 63.47 %, 78.47 % nns Mmoaenu rirydoKkoro o0ydeHusl.

Jlnst nanHOM 3amaun u HaOopa mapamerpoB Metoa PINN mokaszan 6ojee BBICOKYIO TOYHOCTH B
cpaBHeHMHM ¢ kiaccuyeckuM MetojgoM PK4. IlpeumymectBa PINN — nyumas o6oOmarommas
CIOCOOHOCTH U BO3MOKHOCTh HalPSIMYIO afaTUPOBaTh (PYHKIUIO OTEPh [O/] TPAHUYHBIE YCIOBUSL.
Onnako B cpaBHeHHH ¢ MeTojoM PK4, xoTopslii sBisieTcss Oojiee MPOCTHIM B peanu3aliii, METO]
PINN Ttpebyer aHain3a B BHIOOpE apXUTEKTYPbl MOJIENIN U HACTPOMKHU TUIIEpPIIapaMETPOB.
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3akioueHune

B nanHOi#1 cTaThe OBIIT paccMOTPEH (PU3UUECKUI MPOIIECC IBUKCHUS T'a3a B TpyOomnpoBoe. bouia
MIPUBE/ICHA MAaTEeMAaTUYECKask MOJIENIb CUCTEMbI OJJTHOMEPHBIX YPaBHEHHM Diiiepa, r1e ObLIO OMMCAHO
KaX/10€ YpaBHEHHE U €r0 (U3NICCKUN CMBICT OTHOCUTEIBHO BCEH CHCTEMBI M 00IIeTr0 (hU3HIECKOTO
mpolecca, Takke ObUT MPUBEACH OOIIUI BUI ATOM MPOOIEMEI.

®Ou3NKO-UHPOPMHUPOBAHHBIE HEWPOHHBIE CETH OBUIM HWCIONB30BaHbI B KaueCTBE METOAA IS
MOJICTTMUPOBAHUS 3aJadd, TAe OblIa ONUCAaHA METOMOJOTHS HCIOJB30BAHUS IOJIHOCBS3aHHBIX
HEHPOHHBIX CETEeHl Ul pelIeHUs YpaBHEHUH B YaCTHBIX MPOM3BOAHBIX. bbuta ommcana QyHKIusS
oTepb, HEOOXomuMasi Uil HACTPOWKH MapaMeTPOB MOJEIH, KOTOpas NpEACTaBIseT U3 cels
B3BEIICHHYIO CYMMY CPEJHEKBaIPATUYHBIX OMNOOK, COBMEIIAIONIYIO B ce0e (hM3HUECKYIO OMIHOKY
M OIMMOKM HAYaIbHBIX W TPAaHUYHBIX YCIOBHH, Takke OBUIM TPUBEICHBI BXOIHBIC JIaHHBIC
HeoOxouMBbIe 1711 00y4eHus MojieNn. B Xo/1e cpaBHUTENBHOTO aHaH3a rpa)uKoOB M pacyeTa METPUK
C aHAJIMTUYCCKUM PEIICHHEM W YHCIICHHBIM pemieHneM metona PK4 Obuto ycTaHOBIEHO BBICOKOE
KaueCTBO MOJIEIH, TJe MOJIEIb TIIyOOKOTro 00ydeHust uMela 00Jee HU3KUE OITMOKH 110 CPaBHEHUIO C
PK4 u 6onee rinaakue npoduim.

Tem camMbIM pe3yIbTaThl MOJICITMPOBAHS OJJTHOMEPHBIX YpaBHEHUH Dilyiepa Mpy MOMOIITH MOICITN
riyOOKOro OOy4YeHHs JaeT Ba)KHOE IPEJCTABICHUE O IMOBEACHWUM W 0o0meill (u3mku mporecca,
CBSI3aHHOTO C JBW)KCHHEM Ta3a B TPyOOINpPOBOJE, OTpakas pPACIPOCTPAHCHHE YyJAPHBIX BOJH U
JMHAMUYECKHUE XapaKTePUCTUKU TIOTOKA JUIS TUIOTHOCTH, CKOPOCTH U JaBIICHHSL.
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LV ®PIBIK JKOBAJAPFA APHAJIFAH HHBECTULVSIIBIK INELITM(EP/II
KOJIIAY JKYWECIHIAETT JU®PEPEHIMAJILIK ONBIHIAPIBI KOJIAHY

Anoamna

Makanaga KocimOpeIHAApAB LU(PPIAaHABIPY XKoOajdapblHa WHBECTHUIHSA calylda MIemiM KaObuigayabl
KOJIJIay KYWECiHIH MOJeNl YCBhIHBUTFaH. MOJENbAiH HEri3l PeTiHJe ChI3BIKTBHIK eMec auddepeHmanibk
OWBIH/IAP TEOPHACHI aJbIHFaH, OYJI HHBECTOPJIAP apachIHIAFbl OSNTICI3/IiK MeH 09CEKeNeCTiK Kar aibIHIaFbl
KapChl OpeKeT eTy IpoIeciH (opMamu3alisiayra MyMKIHIIK Oepexi. O3ipienren Tocin Pyare—Kyrra omici
ApKBUIBI CAH/IBIK IIEIIIM KOJIAaHy apKbUIbl KapKbUTAHIBIPY IBIH YTHIM/IBI CTpATETHsIIapbIH TaOyFa jKOJT alllabl.
TypakTel xoHe aifHBIMANBI TapameTpiepi 0ap MojaenbAep YIUIIH ecenTey 3IKCHEPUMEHTTEPl KYPTi3iimi.
Hotwxenep yYCHIHBUIFAaH MOJENBIIH  KOCIMOPBHIHAAPABIH IU(PIBIK  TpaHCHOPMAIMACH  CaJaChIHIA
MHBECTHUIMSJIBIK IICHIIMACPAlI KOJAAy YIIIH THUIMAUITIH pacTaabl. byl Makanama ker (akTOpibl eckepe
OTBIPBIT, KOCITOPBIHAB HUGPIAHIBIPY CANACBIHAAFHI K0o0aTapFra TYpaKThl HHBECTULMSUIAP caly MYMKIHJIIT
KapacThIPbUIAbl. ATalFaH MoCcelieH] menryre OarpITTaFal MaKalia FRUTBIMH Ja, TOKIPUOETIK TYPFhIIaH a
e3eKkTi Oompin TaObUIanbl. KemgaKTOPIBUIBIKTEI €CKepe OTBIPHIT, CHI3BIKTBHIK eMmec nuddepeHITHanIbK
OWBIHJAp KJIAChl KApacTHIPBUIIBI, Oy KOCIMOPBIHAApAB HMUGPIAHIBIPY >KOOaNapbIHAAFbl MHBECTHILUSIIBIK
MIPOLIECTI JIOJI CHIaTTayFa MYMKIHAIK Oepai. bynm mHBecTOpFa MHBECTHINWUIBIK CTPATErHsUIapIbl Tallarl,
YTHIMIBI HICMIiMIep KaObuiaayFra yKaF/iai xKacaibl.

Tyitin ce3mep: 1UHMQPIBIK TEXHONOTHSIIAPD, WHBECTOP, WHBECTUIHANBIK JK00a, OHCBI3BIKTHIK
muddepeHumanapk oibiHAap, Pynre-Kytre omici.
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NPUMEHEHUE JUO®OEPEHIUAJIBHBIX UTP B CUCTEME NOJJAEPKKHA
MPUHATUSA UHBECTUIIMOHHBIX PEHIEHUH IO IIU®POBBIM ITPOEKTAM

Annomayus

B cratbe npejcraBieHa MOZEIb CUCTEMbI MOACPIKKY IPUHSITHS PEUICHUN NPU UHBECTULIUAX B MPOCKTHI
nupoBU3aAMN TPEINPHUATHH C y4€ToM MHOXecTBa (pakTopoB. OCHOBOM MOJENW BBICTYHAET TEOPHUS
HEMMHEUHBIX JuddepeHIMaTIbHBIX UIP, YTO MO3BOJISIET (POPMAIM30BATh MPOIECC MPOTUBOICHCTBUS MEXKITY
HMHBECTOPaMHU, MPUHUMAIOIIUMH PEIICHHSI B YCIOBUIX HEONPEACICHHOCTH U KOHKYpEHIMH. Pa3paboraHHbIH
MOJIXO/I TO3BOJISICT HAXOJWUTh pAIlMOHANbHBIC CTpaTerMd (PUHAHCHPOBAHHS C MPUMEHEHHUEM YHCICHHOTO
pemieHuss uepes Meton Pynre-Kyrtra. TIpoBeleHbI BBIYHCIMTENBHBIC SKCIICPUMEHTHI JJIsI MOJENEH ¢
MMOCTOSIHHBIMHU U TIEPEMEHHBIMHU MapaMerpamu. Pe3ysipTarsl moATBEP K aa0T 3((HEKTUBHOCTD MPEAI0KEHHON
MOJIETIH IS TIOAISP’KKH MHBECTUIIMOHHBIX PEIICHNH B 001acTH IU(POBBIX TpaHCPOpMAIIHid TpeAnpusTHiA. B
JTAHHOH CTaThe C YYETOM MHOXKECTBA ()aKTOPOB PACCMATPUBAETC BO3MOXKHOCTh OCYIIECTBIICHHSI TIOCTOSTHHBIX
MHBECTHUIIMH B TPOEKTHI B 00J1aCTH LU poBU3aIuu npeAnpusaTus. CTaThs, HalpaBICHHAs HA PEIICHUE TaHHOH
POOJIeMBI, MTPECTARNISICT aKTyaJbHbIH Hay4YHBIA M MpakTudeckuii naTepec. C yuyeToM MHOro(akTOpHOCTH
PacCMOTpPEeH KilacC HeNMMHEHHBIX auddepeHnnanbHpIX Wrp, KOTOPBIM IMO3BOJIMI TOYHO OIHUCATh
WHBECTHUIIMOHHBIN MPOIECC B IPOEKTaX B 00JIACTU UPPOBU3AIUHN NPEAIPUATHI. DTO MO3BOJISET UHBECTOPY
AHAJIM3UPOBATh U HAXOUTh PallMOHAIBHBIC NHBECTUIIMOHHBIE CTPATETHH.

KaroueBbie cjioBa: IUPPOBBICE TEXHOJOTUH, WHBECTOP, WHBECTHIIMOHHBIN IPOEKT, HEIHMHEHWHBIC
muddepeHnmanbHbIe UTphl, MeTo ] PyHre-KyTre.
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THE APPLICATION OF DIFFERENTIAL GAMES IN THE SYSTEM OF SUPPORTING
INVESTMENT DECISIONS FOR DIGITAL PROJECTS

Abstract

The article presents a model of a decision support system for investments in enterprise digitalization
projects, taking into account multiple factors. The model is based on the theory of nonlinear differential games,
which makes it possible to formalize the process of opposition between investors making decisions under
conditions of uncertainty and competition. The developed approach allows for finding rational financing
strategies using a numerical solution through the Runge—Kutta method. Computational experiments were
carried out for models with constant and variable parameters. The results confirm the effectiveness of the
proposed model for supporting investment decisions in the field of enterprise digital transformations. In this
article, considering multiple factors, the possibility of implementing continuous investments in enterprise
digitalization projects is examined. The paper, aimed at solving this problem, is of both scientific and practical
relevance. Taking into account the multifactorial nature, a class of nonlinear differential games was considered,
which made it possible to accurately describe the investment process in enterprise digitalization projects. This
enables the investor to analyze and identify rational investment strategies.

Keywords: digital technologies, investor, investment project, nonlinear differential games, Runge-Kutte
method.

Kipicne

KazakcTanHbIH KOFamabIK OMIpiHIH OapiblK canajapblHAa Ka3ipri 3aMaHFbl aKMapaTThIK-
KOMMYHUKAIMSUIBIK TEXHOJIOTUSUIAP/IBI €HT13Yy MPOLECIH apTThIPY, HMUQPIBIK SKOHOMUKAHBI KOHE
¥YITTBIK aKnapaTThlK HMHQPAKYpPbUIBIMABL JaMBITy, OHBI QJEeMJIIK aKHapaTThIK KEHICTIKKe
unrerpamusuiay «L{udpieik Kazakcrany» MeMiiekeTTik OaraapiaaMachiHbIH OaChIM MIHAETTEP1 OOJIBIIT
tabbutazpl. COHBIMEH KaTap, COHFbI KbLinapbl MHBecTopiap, AT kocimopbelHIapbl, MEMIIEKETTIK
KYpbUIBIMIAp J>KoHEe 0acka Ja KaTbICyIIbUIApJbIH KaTbICYbIMEH aKMapaTThIK TEXHOJIOTHsIIAp
calachlHAarbl YHBIMJApIbIH ©3apa OalIaHBICHIHBIH JKaHAa YHBIMIACTBIPY HBICAHJAPBIH KYpPY
MPOIIECIH OeNICeHIIICHAIPY TeHACHITUACH OaKblIaHy1a.

[udpaslk TexHOJOTHsIAp — Oy aKMapaTThlK KOFaMAarbl eMmipre OeiiMienreH TyJFaHbl
TopOHeNneyal, TopOueneyai KapKbIHAATY >KOHE OHTAWIaHABIPY MOCeNeNIepiH TaObICThI IICHICTIH
Kypai. LIudprasik onemre ©Ty COHFBI €Ki OHXKBUIIBIKTAH aca YaKbITTa KapKbIH/AbI JaMbIll KeJel.
byriari  kyHi 1udpablKk  TEXHOJOTHUsIIAp KahaHABIK AIKOHOMHUKAIBIK JaMyAbIH  HETI3Ti
(bakTopiapbIHbIH OipiHE alfHAJIBIN OTHIP.

OtaHaplK THMQpIaHABIPY CaNaChIHIAAFBl HMHBECTHUISUIBIK >koOamapabl Oaranayra apHajFaH
HIKKXX-pi a3 He koK jen aiTyra Oonajbl, COHJBIKTaHJIA OCBIHAAN >xoOanapibl Oarasay/iblH
TUIMIUTITT MEH HOTMXKeciH apTTeipy yiniH opTypil LIKK-apiH KoMObIOTEpIiK KYHEIepiH €Hrizy
kepekmis [1].

JleMeK, HHBECTHUIIHSUTBIK K00aIap/ibl, aTamn aiTKaHIa KOCIMOPBIHAap bl TH(PIaHABIPY calachiH/Ia
Oaranay YIIH IIemiM KaObuilayFa KOJAay KOPCETYIIH KOMITBIOTEPIiK >KyHelnepiH KypyAablH
MOJIETIBIIEP] MEH OJICTEpiH JaMBITy ©3€KTI MIHAET OonbIm Kama Oepemi. MakallaHBIH ©3€KTLIIT1
KOCIMOPBIHAAPABl UGPIAHABIPY YAEPICIHIH JKelen KapKbIHMEH JaMybl JKOHE OCHI CallaJaFbl
MHBECTUIMSUIBIK IISMIMACPAIH KypAeleHyIMeH OalnmaHbicThl. MHBeCTUIMSUIBIK >kKoOajapasl icke
acbIpy OapbIChIHJIA OENTICI3/IK, TOYEKeN XKoHe HHBECTOPJIap apachlHIarbl OacekeecTiK (hakTopiaapsl
miemiM KaObUiAay[bl FHUIBIMH TYpPFBIAH Herizaeyal Tamam etedil. Ocbl TYpFbIIAH anfaHjaa,
Ken(aKTOpJIbl MHBECTHLHMSIIBIK MpPOLECTEpl CHMATTayJa ChI3BIKTBHIK eMec IuQQepeHIIHaIIbIK
OWBIHJIAP TEOPHUSCHIH KOJIAaHY MAaHbI3/IbI FBUIBIMH MOHTE He. ¥ CBIHBUIBIN OTBIPFaH 3epTTeY MU(PITBIK
xKobanapra MHBECTHIIMS calyla YThIMIbl CTpaTerusIapAbl aHbIKTayFa MYMKIHJIK OepeTiH IIemiM
KaOBLIIay bl KOJIJIAY JKYHEIepiH TaMbITyFa OaFbITTaIFaH.
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Kacinopsinasl mudpranapymen OailaHbICThl kKoOalapasl MHBECTULUSIIAYFa THIPHICATBIH €Ki
HWHBECTOpIIap TOOKI 601161, THBECTOpIIapAbIH opOip TOOBI OIpTYTaC PETIHIC SPEKET €Te/i, OChI PETTE,
TONTarbl opOip HMHBECTOp OEnTii HUQPIBIK TEXHOJIOTHAHBI KapXKbUIaHIBIPAIbl JIEN E€CemnTeyre
Oomnazapl. bi3aiH olibiMbI3IIA, OipiHII TOM OIpPiHII MHBECTOP, ajl €KIHIII TOI €KiHIII MHBECTOp, 013
KOMBUIBIM YIIIH HHBECTOPJIAPJABIH KapXKbl arbIHAAPBIHBIH ©3TepiCiH OeNriuIeHTIH Ker emeMIi
KCHICTIKTEepJIET1 JMHAMUKAJIBIK XKYHeH1 Oackapaabl. JKyiie Toyeni Ko3raubicTapbl 6ap OMCHI3BIKTHIK
K6Il CaThUIbI TCHIIKTEP XKylheciMeH OepinreH. (U ) xkoHe (7 ) ”HBECTOPIAPBIHBIH CTPATET HsUIAPBIHBIH
KUBIHTBIFBl AHBIKTAJIBIN, S,,F, TepMUHaLAbl OeTrepi Oepineni. bipiHII MHBECTOPIBIH MAakKCaThl

(KaTapplHa WHBECTHUIMUIAY OOBEKTICI KOMITAHMSCHIHBIH OacCIIbUIBIFBIH J1a JKaTKbI3yFa OOJaTBhIH
MHBECTOpJap TOOBI, OJaH KeWiH — [nvl) eKiHIl MHBECTOp Kajail opeker erneciH ([mv2) S,

TepMUHAIBI OeTiHe ©3iHIH 0acKapy CTpaTerusIapbIHbIH KOMETIMEH JUHAMUKAJBIK )KYHEeH1 KeATipy.
Exinmni uaBecTopAblH [nv2 (Hemece nHBecTopiap TOOBIHBIH) MaKcaThl [nvl Kaiail SpeKeT eTIeCiH,
IMHAMUKAJIBIK )KYHEHIH ©31H1H 0acKapy CTpaTerusChIHbIH KOMETIMEH F| -Te ajblll Kemy.

Maxkanana OipiHIII HHBECTOP-OJAKTACTHIH KO3Kapachl TYPFBICBIHAH OONAaTBIH  Mocele
KapacTeIpblIabl. EKIiHINI WHBECTOP-OJAKTACTBIH KO3Kapachl TYPFBICBIHAH OOJIATBIH MACENICHI
KapacTeIpMaiiMbI3, ce0ebi, OHBIH IMIeNIiMi YKcac, CHMMETPHSUIBIK caijapeiHan Oonazpl. [llemnrimi
0o0BEKTTEpre KYHeHi KaHaai 1a 6oamachiH OeTiHe KeNnTipyre MyMKIHIK OepeTiH HHBECTOPIapAbIH
’KOHE OHBIH CTPATETUSUIAPBIHBIH 0aCTanKbl KYWJIepiHiH )KUBIHTHIFBIH Ta0yAa HEeTi3/1eme1I.

bipinmi wunBectop (A, (%), A, (1)) KapKbUIBIK pECYpCTapAblH €Ki OJIeMIl BEKTOPbIMEH
Gepinerin, an exinmi uaBecTOp f(f) KapsKbl pecypcTaphbIHEIH Oip eNmmeMIi BEKTOPHIMEH GepineTin
WHBECTUIMSUIAY  TpoleciH  OacKapaTbiH mubdepeHIMANABIK  TEeHAeylep Kyheci  exi
Qg QepeHIranIbIK TEHACYIeH TYPAThIH IMIAPTKa apHAJIFaH MBICAJIbI KENTipeMis.

3epTTey MakcaThl OipiHIII JKOHE eKIHII WHBECTOP-0/IaKTac TapamnTaplblH Ke3KapacTapbl
TYPFBICBIHAH €Ki eCeNTi KaJIbIMTacThipyaaH Typaasl [2]. MomokoB B.I1. enGekrepine coiikec, (1)
TeHJeYIMEH OepiieTiH TUHAMHUKAJIBIK KYie Kelleci TYp/e *Ka3blIabl:

dh @)/ dt = —h @)+ A —u, (@) - (D) =2-v()- f(D),
dhy () /dt = —h, () + (A —uy (D) - hy (D) = 2-v(@) - (), (1
df @)/ dt ==f @O+ A=v(@)-2- f(@) —u, () 7, (@) —uy(2) - 1, (D);

3epTTey dmicHaMAachl

Kpacosckuit H.H. en6exrepine cylieHe OTBIpBIN, asKTady yakbIThl ajjibiH ana oepiiren T koHe
(GyHKIMOHANBl (@ aHbIKTaNFaH IudQepeHuanabplK ONBIHIBI KapacThlpailblk. MyHail OWbBIHbI
keHenrinren {t, x*} = {t, x, X, 41} KeHicTirinme @* QpyHKIHOHAIBI 6ap MHHUMAKC—MaKCUMUH THIITI
(YHKIIMOHAJABIK OMBIHFA KENTIpyTe 00IaIbl.

Ocbiman keliH top <t < T  apanblfblHAa ULIEKTIK MIAPTThl KaHAFaTTAHABIPATBIH Y3MAIKCI3
(GYHKUMSHBIH 0ap eKeHiH yirapaibiK. byt skarqaiiia KeHeHTUIreH KeHICTIKTe aHbIKTanaTeH E (t, x™)
(GyHKIUSACHIH Ta0y TaJsiall eTuiel, ajl oJ QYHKIMS YIIiH EeKTIK mapt 6enru 01p Typae Oepiieni.

E*(T,x*) = 0" (x") = 0(x) + xXp41 (2)

E*(t,x*) GyHKOUSACHIH KYPY OapbICBIHAA X,,; KOOPAWHATACHI AJTUTHUBTIK TYpJAE €HTi3iesi.
Ocbiran OaiiTaHBICTBl KeHEHTINreH KeHicTikreri E™(t, x™) QyHKIMICHIH GacTanKkpl aiHbIMAbLIAP
OolibIHIIA XiKTen KepceTyre Oonaabl. Hotnmxkecinae, aranran GyHKIMS aJIUTUBTIK KYPbUIBIMFA e
00JIBII, OHBI TUICTI TYPAE Keleci GYHKIIMOHAIBIK OpHEK TYPIHJE aHbIKTayFa MYMKIHAIK Tyabl.

E*(t,x*) = E(t,x) + Xp41 3)
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H.H. Kpacosckuiizig Tricti Teopemachina coiikec, U® <+ u®(t, x) xone VO + v°(t,x) onraiinsl
CTpaTeTHsUIaPbIHBIH JKeTKUTIKTI IIapTTapbIH TYXKBIPbIMIAyFa 00Jabl.

Teopema 1. E(t,x) =o(t,x) apaneireiaga Oepinren mekTiK to <t <T wmapThH
KaHaraTTaHabIpaThIH Y3/1ikci3 E (¢, x) dyHkimsce! 6ap gen yiirapaiibik. CoHbIMeH KaTap, top < t < T
aniMarbiHIa Oyl (YHKIMSHBIH OapiIblK alHBIMAIbLUIap OOMBIHINA Y3IIKCI3 JKEKE TYBIHIBLIAPHI Oap
JKOHE OJI aTaJFaH 00JBICTa KOWBUIFAH KAKETTI MapTTapAbl OPBIHAANHIBI IeN eCenTeniK.

n

_ oE 0E
min max Z—Mi(t, x,u,v) + X(t, x,u,v) +_t =

UEP vEQ T c’)xi 0
Tl_ =
—vrenan rlzlellral (Z M i(t,x,u,v) + R(t, x,u,v) + ) 0 €))

to < t < T alimarpIH/a aHBIKTAIFaH, OEPUITCH MAPTTAPIbl KaHAFATTaHABIPATHIH U 0. uo(t, X)
xone VO + v0(t,x) crparerusnaps! 60J1ChIH.

Omnyta GepinreH {t,, xo} 6acrankbl nosuius ymid U%, VO crparerusnapsl ¢ MUHHMMaKC—
MakcUMMH (DYHKIMOHANBIHEIH auddepennmannl okibiHabH {U°, V O} Ten HykTecin KypaiipL.

E(t,x) ynxusacern  E*(t,x*) = E(t,x) + Xj,41 aIMacTeIpyFa 00Nl €rep Xp410 = 0
OoJIFaHza.

bi3 kapacTeipsin oTeipran auddepennuanasl tequeyain  E*(t,x*) = E¥, X, X541 OYHKIUSCHI
YIIiH K€Ke TYBIHJBICHI KeJeci TeHey 00Iaabl.

mip e (B M o) =0 ®
Ka)KeTTi IIETKI IIapTieH oipre
E*(T,x") = a(hf) + %, Xn41, (6)
aybICBIMJIBI TYPJICHIIPYTe MYMKIH/IIK Oepi.
E=E+a,  Xp31=Xp41 ta
x=At)x + B(t)u+ C(t)v (7)

Juddepennnanapl TeHISYIIH MIeNiMiH TaObl YIIIiH IUHAMUKAIBIK OaraapiaMay 9/ici
KoJ1aHbu1abpl. OyHKIMSHATBI KeJlecl Typaeriaen oepineni

¢ = f Clc[el1? + Tulelll® = Nvleli®)dt + X 0y jx; [T1[T]. (8)

Mynna A(t), B(t) xxoHe C(t) — coiikec emmeMIi QyHKIUAIAPIBIH Y3AIKCi3 MATPHIIAIAPEI.
Teopema 1-miH mapTTapbiH KaHaraTTaHAbIpaThiH E (t, X) QYHKIMACHIH aHBIKTAy MAKCAT eTiTe/I.
byn ¢pyHkims kBaaparThK (hopMma TypiHAe 131eCTipiIin, ol TypAe TaObUIaThIH 00Jabl.

E(t,x) = 1] 1 &i,j (O)x; j Xj - ©)

AsKTanmy yakbIThl IEKTi (SFHU T yakpIThIMEH aﬂKTaﬂaTLIH) KYp/eni olbIHFa coiikec.
dE* dE
(E) = (uv + R x,u,v) = o 1d E Mt x,u,v) + R(E %, u,v) + +— =

dE
?=1d_xi[ j= 1ale+Z bifuj-l'zj 1 Cijv ]+Z 1x +Zl 1ui - - S 2+
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n n T S n 2 T 2 S 2
2 Yl k=1 ik [Zj:l a;xj + +X5-1 bjju; + 254 Cijvj] + 4+ i X X u X v+
n .
+Zi,j=1 al-]-xl-xj . (10)
Munumakc maptoiaa (10) coiikec, ToMeHIE€ KaKeT O0JIaThIH €Ki €CENTiH MeNiMiH aHbIKTaliMBbI3:
oJIapAbIH OipiHIIIICI — OepiIreH OpHEKTIH U alHBIMAJIBICHI OOMBIHIIIA MUHUMYMBIH TaOy eceOi.

pP () =2 Dik=1 AKXk Xj=1 bijwj + Xizq u? (11)

Exinmi ranceipma — Oepiyirexn epHeKTiH v aﬁHLIMaJILICLI 60f/iblHI.H& MaKCUMYyMBIH Ta0y eceOi.

P W) =2 Z alkkach] Z

i,k=1
(12)
U™KoHE vV KaKeTTI MOHAEp] YIIIiH Keleci opHeKTepAl TabalbIK:
— * n [ —
u* = {u] = _Zi,k=1 aikbijxk, ] = 1,...,7'}, (13)
* * n o

= {vj = Zilkzlaikcijxk, j=1, ...,s}. (14)

Ocpl TaObUTFAaH MOHAEP/IL U JKoHE ¥ YIiH (9) epHeriHe KOibII, 9pi (4) TeHecTipy mapThiHa

ColiKec aJIbIHFaH OPHEKTIH HeJIre TeH eKeHIH eCKepCeK, TOMEHIET] TeHIeyTre KeleMis:
n T n
2 Z akiakjfixj — Z z akiapj bklbplxixj +
i,jk=1 j=114jkp=1
n
+ Z Apei ApjCriCp1XiXj + Z hZf? + z jxixp =0
i=11,j,kp=1 i,j=1

(15)

Conpinzia (15) Ten x;x; K0OSHTIHALIEPIHIH KOI)PUIMEHTTEPIH HOJITE TEHECTIPIM, KAKETTI

GbyHKIMsIIap YIIH KapanaibiM nnq)q)epeHuHaﬂnHK TeHI[eynepni anamelI3:
Kijj=-2 Z AyiQgj + Z z AkiApj bklbpl
j=1k,p=1
— z Z Ari aijlepl - 61"]',
i=1k,p=1

(16)

myHnnarel 8; j— Kponekep tanbacel, ssfan [ # j  ymin 6;; =1, 6;; = 0.
E(T,x) = o(x) mekTik mrapTThl 1a KaHaraTTaHapIpy yirid (16) Texairin coiikec (8) xoue (9)
TeHJeyJIep IapThl OOMBIHIIIA HHTETPAaHYbI KEPEK.

a;;(T) = oy (17)

(16) dopmynacel Pukkatu Tenaeysep xyiecin anpikTaiiel. Kanait 6onranna na, 0y xyheHiq
T,, T yakpIT apanbirbiHa t = T HYKTECIHE COJI KaKTaH iprenec (sFHu T-re )kKakbIHIaFaH/1a COJI KakK
IIEKTEH aHBIKTATaThIH) IiemimMi 6ap [3-7].

Ecenmiy xouviivimel. (7) TeHaeyiHe cyiieHe oToIphI, (1) OoiibiHIIa y3uTicci3 aud depeHInanabK
TEeHACYAl Keneci hopMasa jka3aMbl3:
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h’l = —h1u1 - va
h.z = _hzuz - va (18)
f =f = 2vf —uihy —wzh,

MYHJIa MaKCUMYM MoHiH OepeTiH hq, h, MeH f; 6acKapylIbl mapameTpiaepiHiH MOHAEPIH Taly
KEpeK.
x=Ax +Bx)u+ C(x)v, (19)

x(0) = xo,
Copnan keifin (7) Tenaeyine cyiiene oTsipbin, (18) TeHaeyiH MaTpUIANIBIK TYpre KenTipin

aJIaMbI3.
-1 0 0 —hy 0 —2f
Af=<o ~1 0>f,Bu=<0 —h2>(32),cv= —2f |v.

0 0 _1 _h1 _hz f
Backapy carmacher keieci KBaIpaTThIK (PyHKIIMAHAIMEH Oepiie/i.

J= %ftZ(x*Q(x)x + u*Rju — v'R,v) dt + %X*(T)FX(T) (20)

Mynna Q, Ry, R,, F Ttricinme (n X n) xoHe (M X m) enmem i OepiireH MaTpHiianap;
oJIap CUMMETPHSUIBIK, Y3/IKCi3 opi mekTenred 6omaasl xone Q(t) = 0 (Tepic eMec aHBIKTaJFaH),

R(t) > 0 (GipTeKTi OH aHBIKTAIIFaH) IIAPTTAPbIH KaHAFaTTaH/IbIPaIbL.
Conmaii-ak  x* = (hq, hy, f), «*»  wMyHmarbl  «*»  Oenrici  MaTpumadnsl  (BEKTOP/IBI)

TpaHCIO3UIHsIIAY (transpose) onepaIusChbiH OUTTIpeIi.

CI1 O 0 r O
Q;=(0 g © >0,R1=(11 >>0,R2>0,
0 0 qs 0 72

5 00
F=<O 5 0}
0 0 5

lNamunbpToH-AK00M-bemMan TeHeyi keneci Typae 0oaabl.

i aE+(aE>*A Bu+ Cv) +ox° LR = L vRwl =0
minmax ) — T2 (Ax + Bu + v)+§x Q(x)x+§u U =SV RV =

05 95, S5 4 CREC ) 4 TRy — Lo Ry + Qe -
2%+ GO (Ax + BRI'B* S+ CR{MC 22 45w Ryt — 50" Ryv 4517 Qo

X
_ Ok + oF *A Lok *(BR{*B* — CR{'C) oF + L =0
=5 G A 3G BR R P R oy
U KOHE V KaXKETT1 MOHJIEp] YIIIIH KeJlecl opHeKTep 1l TabaMbl3:
— _p-ipx 9E
u = Rl B(x) axl (21)
—R_lC* 6_E
V=1 "bw 0x

Teopema 1-aiH mapTTapblH KaHaraTTaHabipaThit E (¢, x) QyHKIusceiH Taby Tanan etinesi. byt
GbyHKIUS KBaIpaTThIK GopMa TYpiHJe, SFHU
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1«
E(t,x) = SX Kx (22)

TYpiHAE 137eCTipiiciH.
Omna  ~x"(K+KA+A'K + KBRT'B*K + KCR;*C*)K + Quox = 0

K = —KA— A*K + K(BR;'B* — CR;*C*)K — Q) K(T) = F

Ki1 Kiz Kis
myHgarel K - 3 X3, K =|K;; K, K,3|>0 ym enmemai KBaapaTThlK MaTpuIia
K31 Ksz Kzz

Ooagnl.
K1 Kiz Kiz\ /-1 0 0 —Ki1 —Kip —Ki3
KA = <K21 Ky, Kz3>( 0 -1 0 > = <_K21 —K>, _K23>;
K31 K32 K33 0 0 -1 _K31 _K32 _K33
0 0 0
KA® = ( 0 0 0 >;

K31 K32 K33

. —Ki1 —Ki; —Ki3 1 0 O
K = 2 —K21 _K22 _K23 - O 2 0 ;

—K3; —K3; —Ks3x2 0 0 3
5 0 0
K(ry=F=(0 5 0],t=05,T=5.
0 0 5

Annpiven K MaTpunachlH aHbIKTar, oHbI (21) sxoHe (22) Tenneynepine Kosmbi3. Hotmxecinne
U, v koHe E mamanapbiHbIH MoHIEpl TaOblIaabl. bynan KeliH alblHFaH U KoHE U MoHACpiH (19)
epHeriHe KosMbI3. Ocbutaiiia (18) xylieci Pynre—KyTra oici apKblibl CaHABIK TYpAe LIemiaeal [7—
10].

Kypeizineen ecenmey sxkcnepumenmmepi:

TypakTbl pyHKIMIAp YILIIH Keseci MOHep Oepiii.

-1 0 0 5 0 0 1 0 O
A=|10 -1 0 |),F={0 5 0),@Q=({0 2 0},
0 0 -1 0 0 5 0 0 3

20 0
B = < 0 —15), € =(-10,-10,-5), R, = (*20 2 ), R, = 1/500,

_90 —15 0 400
2T -2t _ 1
20 5,56 e —E 0 0
x=|(15],K = 0 6e?Te=2t —1 0
10 0 0 18 p2rg-2t _ 3
2
_ 05 0 —-20 0 —-20
1_ (Y T _
R = (g 0,5)'3 =T 15 _15)
_ 05 0\/-20 0 —-20 —-10 0 —-10
1p7_(Y - _
kB ( 0 0,5)( 0 -15 —15) ( 0 =75 —7,5)'
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5 0 0\ /20 100

kx=[(0 5 oll15])=]( 75
0 0 5/\10 0/
10 0 10
— —-1pT — — —
u=R{'BTKx = ( 0 75 7’5) g(s) = (7.5 4.69), v = —4.5.

u>lu=1Lv>-lLu=-1 yy=1Lu,=1,v=-1.

Ocpsl TabbuTFan MoHIEpai Pynre—KyTTa omici apKbIIbl CAaHABIK TYPE €CENTey HOTHKECIH IS
TOMEH/IE KEeNTIPIreH rpaduk aabIHAIbI.

20 — | wrpok
Il urpok
— |l nrpok
15 - .---.__\ 1 ! ! P
10
=
a0
o
=
= 51
— 0 _
-5 4
=10 4
(o] 1 2 3 4 5
Time

Cypem 1. Hneecmopaapoviy uHeCmuyuanbiy 1#cooaiapobi KApoCblIaHObIPY MpPaeKmopusicyl

AvtHbIMaITBl QYHKIMSIIAP YILUiH aJIbIHFAH HOTHXKEIEp.

400 0 05 0 0
X = (20,15,30), R1 = ( 0 4OO),R =500,T=5K=(0 1 0
0 0 3/2

Ocsl TabbuTFaH MoHepal PyHre—KyTra o1ici apKblibl CaHABIK TYP/E aHBIKTAy HOTHUKECIHIE
TOMEH/Ie KEeNTipiIreH rpaduk anabiHa bl

Dinamika financirovanie igrokov

[—Igrok-1 n1]
—|grok-2 h2

(=]

Igroky h1, h2
= N
L

0 2 4 6 8 10 12 14 16 18 20
times
102 10'2 Dinamika financirovanie igroka
x [—lgrok-3
e 5 |
=
0 e S
0 5 10 15 20 25
= times
g 2. Dinamika upravleny
Sl —ul}|
o —u2
0k kq L. L
] v
> .
g 0 5 10 15 20 25

times

Cypem 2. HngecmopnapOovly uHecmuyuanbly Hcodaiapovl KapiicollaHObIPpYIaApbiibll 032epy OUHAMUKACHL
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KopsbIThIHABI

3eprTey OapbIChIHAA KOCIMOpPBIHAAPABI IUbpIaHAbIpyFa OaFbITTalFaH MHBECTHIMSIIBIK
xo0Oanap bl Oaraayra apHaJIFaH IIeIIiM KaObuiaay bl KOJI1ay MOJeli YChIHBULABL. MOoAenb TYpaKThl
YKOHE alfHBIMAJTBI TTapaMeTpiIep JKaFaaibIHaa TOpTiHIIl peTTi Pyare—KyTtra oici apKbuibl ecenTemin,
Python xone Matlab opranapeinga Tekcepingi. AJBIHFAH HOTIDKENEP YCBHIHBUIFAH TOCUINIH
MHBECTHIMSUIBIK MISHIIMACPIl HETI3AeyIe TUIM/II opi IPAKTUKAIIBIK TYPFBIAH KOJIaHyFa sKapaM/Ibl
ekeHiH kopceTTi. COHBIMEH KaTap MOJIEIb MHBECTHUIIUSIIBIK MPOIIECTIH JMHAMUKACHIH TAJIJIayFa JKOHE
OpTYpJi CIICHApHiiJiep J>KarJaiblHAa HHBECTOPJIAPIBIH CTpaTervsulapblH Oarasayra MYMKiHAIK
Oepeni. 3epTrey HOTHXKeNepl HUQPIBIK >KOOAIapIbl JKOocmapiiay MeH Oackapyaa KoJmaHOasbl
MaHbI3Fa ue.
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1;;JI-d)apa61/1 aTeiHarbl Kazak YnTTeIK YHUBEpCUTETI, AMarsl K., Kazakcran
2K. CatnaeB aTeiHarsl Ka3ak YITTBIK 3epTTey TeXHUKAIBIK YHUBEPCUTETI, AMathl K., Kasakcran
“e-mail: sagingaliyeva.samal@mail.ru

KAIITAMAUJIBI-KYBbIPJIBI )KbITY AJIMACTBIPEFBILITAYFBI KbLTY AJIMACY
INTPOLECIH )KOHE KYBbBIPJIAP/JbIH JIACTAHY KABATBIHbBIH OCEPIH 3EPTTEY

Anoamna

KanramansI-KyOBIpisl JKBUTyaIMACTBIPFBIIITAD KBUTy SHEPreTHKAChIHIA, MYHAi-ra3 eHepKocinTepiHae
KOHE XUMHSIIBIK HMH)KEHEPHIa CANKBIHIATY, KbI3ABIPY, OyiaHy npolecTepinae Koaaaneuiaasl. by Mmakanana
KanTaMaJbl-KYOBIPJIbI JKBUTYaJIMACTHIPFBIIITAFbI )KBUTY aJIMACy TpoIieci 3epTTeiii. Mozaenbae KyObIpiap xoHe
kKanramanarsl TypOymeHTTi arblH RANS (Reynolds-Averaged Navier—Stokes) TeHmeynmepi apKbLIbl
cunartanael. OpTamanaHaplpbUIFaHHaH KeliH, maifga OomaTeiH Oenricizzep/i Imemry VIiH, sSFHU JKyHeHi
TYWBIKTay MaKcaTblHAa K-¢ TypOyJIeHTTIK MoJelsli KOJAaHBIN, TypOYJIEHTTI mapaMeTpliep TIXKipuOemik
JepeKTep HeTi3iHAe aNmbIHABl. AJIBIHFAH HOTHKENEp TOKIPUOETiK HOTHXKEIEPMEH CaJbICTBIPHII, OpTalla
canpIcThIpMansbl Kate 1,59-1,68 % apanbirblHia aHBIKTANBII, MOAETBIIH €CeNTey AT KoHe e (U3UKAIIBIK
MPOLIECTI HAKThl CUNATTAJFaHbIHA KO3 XKETKi3iuai. BepudukarusiianraH Mojaeidb HETI3iHJE KanTamallbi-
KYOBIpJIBI JKbUTyalIMacCTBIPFBIITAFBl  KYOBIpJapAa CydaFbl TY3Aap MEH OeJIIeKTepAiH HIeTyiHeH KoHe
KOppO3usl OHIMIEPiHIH JKMHAIYBl HOTHIKECIHIAE TY3UIETiH JactaHy Kabarel 3eprrenmi. Hormkenep
KOPCETKEeH/IeH, JIacTaHy KaOaThIHBIH KAJIBIHIAYBI JKbUTYOTKI3TIIITIK KO3)OUIHEHTIHIH ToMeHaeYiHe, KYOBIp
TeMIIepaTypalapblHbIH 6CYyiHe KOHE JIe JKbUTyalIMacy MPOIECiH TeXKEyiHe ajbll KeJii. AJBIHFaH HOTIXeIep
KalTaMabl-KYOBIPJIBI JKBLTYalIMACTBIPFBIIITAPABIH, THIMIITITIH apTTHIPY JKOHE KOHCTPYKIMSICHIH JKETUIIIPY
YIIiH, COHBIMEH KaTap HEpreTHka >KOHE OHEpPKACIIl cajlajapblHIa SHEPTUSHBI YHEMIEY MaKCaThIHIa KOHE
JacTaHy MPOLIECTEPIH a3alTy cTpaTerusulapblH JalbIHAAY YIIiH KOJAAHBUTYBl MYMKIiH.

Tyiiin ce3nep: KanTaManbl-KYOBIPIIBI XKBUTYaIMACTHIPFBIIIL, KBLUTY alIMacy, TepMUsITbIK kenepri, COMSOL
Multiphysics, caHAbIK Tanaay, BepuuKamus.

S.K. Sagyngaliyeva', M.C. Tynraraposa® !
'Al-Farabi Kazakh National University, Almaty, Kazakhstan
% Satbayev Kazakh National Research Technical University, Almaty, Kazakhstan
INVESTIGATION OF THE HEAT TRANSFER PROCESS IN A SHELL-AND-TUBE HEAT
EXCHANGER AND THE EFFECT OF TUBE FOULING LAYER

Abstract

Shell-and-tube heat exchangers are used in the power generation, oil and gas, and chemical industries for
cooling, heating, and evaporation. This article examines the heat transfer process in a shell-and-tube heat
exchanger. Turbulent flow in the tubes and shell is described in a model using the Reynolds-averaged Navier-
Stokes (RANS) equations. After averaging, turbulent parameters were obtained from experimental data using
the k—¢ turbulence model to solve the unknowns, i.e., to close the system. The obtained results were compared
with experimental data, and the average relative error was 1,59 — 1,68%, confirming the accuracy of the model
and an accurate description of the physical process. Using the validated model, a fouling layer formed on the
tubes of a shell-and-tube heat exchanger due to the deposition of salts and particles in water and the
accumulation of corrosion products was studied. The results showed that a thickening of the fouling layer led
to a decrease in the thermal conductivity coefficient, an increase in the tube temperature, and a slowdown in
the heat transfer process. The results obtained can be used to improve the efficiency and design of shell-and-
tube heat exchangers, as well as to develop energy conservation and pollution reduction strategies in the energy
and industrial sectors.

Keywords: shell-and-tube heat exchanger, heat transfer, thermal resistance, COMSOL Multiphysics,
numerical analysis, verification.
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C.K. Carpranuesa’’, M.C. Tynraraposa® !
'Kasaxckuii HalIMOHAIBHBIA YHUBEPCUTET UMeHH alb-Dapabu, r.AnMarsl, Kazaxcran
2 KazaxcKuil HAIIMOHAJIBLHBINM MCCIIEN0BATENBCKUI TexHruecKuil yausepeuteT umenu K. Carnaesa,
r.Anmartel, Kazaxcran
HNCCIEAOBAHHUE ITPOLUECCA TEINIOOBMEHA B KOXYXTPYBHOM TEINIOOBMEHHOM
AIIITAPATE U BJIMSIHUA CJI0OS 3ATPA3ZHEHUS TPYBbI

Annomayus
KoxxyxoTpyOHbIe TEIIIO0OMEHHUKH UCTIONB3YIOTCS B TEIUIOIHEPT€TUKE, HE(PTEra3oBoil MPOMBIIIIICHHOCTH
U XMMHYECKOH MPOMBILIICHHOCTH Ul OXJIaXICHHS, HarpeBa U UcMapeHus. B gaHHOW cTaThe mcclemyercs
mpoliecc TeIionepeaadd B KOXKyXoTpyOHOM TermiooOMeHHuKe. TypOyJeHTHOe TeueHHe B TpyOax U KoXKyXe
OIHCHIBAeTCA B MOJEIH C MCHOJh30BaHneM ypaBHeHHd RANS (ycpennennsie mo PeifHonmbacy ypaBHEHUS
HaBre-Crokca). Ilocme ycpenHenusi TypOyJieHTHbIE TapameTpbl OBUTM TOJNyYeHbl Ha OCHOBE
9KCIEPUMEHTAIBHBIX JaHHBIX C UCTIONB30BaHUEM K-€ Mosienu TypOyJASeHTHOCTH ISl PELICHUS] BOSHUKAIOIINX
HEU3BECTHBIX, T.€. JUISI 3aMblKaHus cucteMbl. llomydeHHble pe3yibpTaTsl OBUIM  COMOCTABIEHBI C
AKCTIEpUMCHTAILHBIMA NTaHHBIMH, M CPEIHSSA OTHOCHTEIhHAs ITOTPENTHOCTh cocTaBmia 1,59-1,68%, dto
MOJTBEPKJACT TOYHOCTh MOJETH W TOYHOE OmucaHue (U3NUECKOro mporecca. Ha ocHOBe MpoBepeHHOI
MOJICJI HMCCIEJ0BAaH CIIOHM 3arps3HeHHs, OOpasymoluiics Ha TpyOax KOXKYXOTpyOHOTO TeII00OMEHHHKA
BCJIECTBHE OTJIOKEHUSI COJIEH 1 YAaCTHLl B BOJE U HAKOIUIEHHUS MPOAYKTOB KOPpo3uu. Pe3ynbraTsl mokasany,
YTO YTOJIIEHHUE CII0s 3arps3HEHU MTPUBEIO K CHUKEHUIO KO3(D(UIHEHTa TeIUIONPOBOIHOCTH, MTOBBIIICHUIO
Temreparypsl TpyO M 3aMe[UIeHHIO Mpolecca Teruionepeaayn. llomydeHHble pe3ynbTaTbl MOTYT OBITh
WCIONB30BaHbl JI1 MOBBIECHUA 3(QQEKTUBHOCTH W  YIYYIIEHHS KOHCTPYKUMH KOXyXOTPYOHBIX
TEIJIO0OMEHHHMKOB, a TaKKe AJISl pa3padOTKU CTpaTeruil 3HEpProcOEepe:KeHUs M CHIDKCHUS 3arps3HEHUS B
SHEPreTHYECKOM H MTPOMBIIIIEHHOM CEKTOpax.
KiroueBble cji0Ba: KOXyXOTPYOHBIM TEIJIOOOMEHHHK, TeIUIONepeaada, TEIUIOBOE CONPOTHUBIICHHUE,
COMSOL Multiphysics, uncneHHbIi aHATN3, BepU(PUKAIIHSL.

Kipicne

Kazipri Tanma sHeprusi HIBIFBIHBI — Op CallaHBIH ©3€KTI Mocesieci OONbIN OThIp. JHEeprus
IIBIFBIHBIHBIH KO3/Iepi MEH TYBIHIAy ceOenTepiH Oilry, THIMALTIKTI apTThIpyFa, IIBIFBIHIAPIBI
azaiiTyra »KOHE OpTYpJl cajlajlap/laFrbl KOpIIAaFaH opTara ocepli as3ailTy YIIH eTe MaHbI3bI.
OHepKacinTe TYTHIHBUIATBIH SHEPrusiHblH 1maMaMeH 20-50 %-bl opTYpil KbUIy >KOFaNTyJapbl
apKbuIbl XKoranaabl [1]. ©OHIipic, XUMUSIIBIK OHACY >KOHE AJIEKTP SHEPrHsCHIH OHIIPY CHSKTHI
TEPMUSIIBIK TIPOIECTepPre CYHWEHETIH camaiap JKbUIYAbIH TapajdyblHa OaiJIaHBICTBl DHEPTHUS
HIBIFBIHJIAPbIHA  YIOBIpaWael. By THIMCI3 JKaHy, JKbUIyalIMacTBIPFBIIITAPAAFbl JKbUTYy Oepy
HIBIFBIHJIAPBI JKOHE KAJJBIK JKBUTY/Ibl Maiinananbay cangapbeiHaH O0osysl MyMKiH. Kasipri 3amMaHfbl
KBUTYZbl KaJIbIHA KENTIPY KYyHelepl >KOHE OHTAIIaHIBIPBUIFAH KbUTy Oackapy omictepi Oy
HIBIFBIHJAPAB! a3aiiTa anazapl [2]. Byn xyienepaiH THIMAL KYMBICHL, €H aJJbIMEH KbLIYy aiMmacy
npoueciMeH Tikeneill OailnaHbicThl Oonbin Kenelnl. OHBIH KapKbIHIBUIBIFBIHA, COHBIMEH KaTap
KYpPBUIFBUIAP/IbIH CUMaTTaMajlapblHa OalJIaHBICTHI.

XKeumy anMacy mporieci SHepreTuka cajachlHAa aca MaHBI3IbI POJ aTKapajbl, OUTKEHI JKbLTY
SHEpPIrUsAChIH THIMJI Oackapy JKaHAPTBUIATBIH JHEPrus TEXHOJIOTUSJIApBIH  93ipjey MeH
OHTAIAHBIPY YIIIH eMipiik MaHbI3ra ue [3]. Kbuty anmacy — JeHEHIH ©31He elIKaH/al KYMBIC
’Kacamail, OHbIH 1IIKI SHEPTUACHIH ©3repTy mnpotueci. Kbty anMacy opkamas Oenriiti Oip GarbiTTa
KYpEi: TEeMIepaTypachl )KOFaphl ACHEEp/IeH TeMIIepaTypachl TOMEH JieHesnepre Kapail. Jlenenepin
TeMIIepaTypachl TEHECKEH/IE, XKbUTy aJMacy TOKTa bl [4].

DHepreTrKa calachblHIaFbl )KbUTyaIMacy KypbUIFBUIAPHI TYPIIi alapaTTapAblH KUBIHTBIFBI OOJIBIIT
TaObLIaAbI, OJApABIH HEri3ri OeJriH >KbUIyaJMacTBIPFBILITap Kypaiael. TyracTtail >xyileHiH
THIMJIUTITI, €H aJIJIBIMEH, HET13T1 JKbLTyaJIMAaCTHIPFBIIITAPIBIH KOHCTPYKIMSICBIHA KOHE KBUTYy Oepy
koapuuuentine Toyenai [5]. KeuryanmacTeipreimTap OGipHelie Typre OeJliHiM, aXbIpaThlIaibl.
Omapra TIaCTHHANBI JKBUTYyaJIMAaCTBIPFRIINTAP, CIUPAIBAl KBUTYyaJIMACTBIPFBIIITAP, KallTaMallbl-
KYOBIPJIBI KbUTyaJIMacTBIPFBIIITAp XKoHE T.0. *artazap! [6]. MyHall eHzey 3aybITTapbIH/Ia )KoHE O6acKa
1p1 XUMUSIIBIK MPOIIECTEPAE KOIl TapaliFaH TYpl - KanTaMalbl-KYOBIPJIbI )KbUTYaIMaCThIPFBIII OOJIBIIT

47




BECTHUK Ka3HIIY um. Abas, cepus « PQusuxo-mamemamudeckue naykuy, Ne4(92), 2025 a.

TaObIaAbl. Byn KbUTyanMacTBIPFBIII iIIIHAE KYObIpiap HIOFBIpbI O0ap KamrTamagaH Typansl. bip
CYMBIKTHIK KYObIpJap apKbUIbl ©Tedl, ajl eKIHII CYHBIKTBIK KanTama apKbUIbl ©Teadl, SFHU
CYHBIKTBIKTap Oip-OipimMeH apanacnaiiasl [7].

KanTamanpl-KyOBIpiIbl KBUTyaJIMACTBIPFBIIITHIH JKYMBIC ICTEY NPHUHIUIN KeJecinaei: bipinmii
CYMBIKTBIK KYObIpJap apKbUIbl, €KIiHII CYHBIKTHIK KYOBIPJIAPIbIH CBIPTHIH, SFHU KanTaMa KeHICTIriH
arpIl eTeni. Exi opTa apachlHIarsl )KBUTYOTKI3TIIT KaObIpFa apKbLIbl KbLTY Oepineni. Erep kanrama
KEHICTITIH/Ie BICTBIK CYHBIKTHIK OOJIFaH jKaraiia oj KaObIpFa apKbUIbl KbITYBIH OCpei, al CaaKbIH
CYHBIK COJ JKbUTyIbl KaObuimaiisl. KanTamambl-KyOBIpIIbI SKbUTyadIMacThIPFBILTAP/BIH HET13T1
Oipaeme Typi Oap, oJapIblH KaTrapblHAAa: OCKITUINeH KYObIp Topyiapel Oap, TemIiiepaTypa
KOMITEHCATOPBIMEH, KAIKbIMAJIbI OachiMeH, uinreH mmriua (U-Topizai) xone T.0. [8]. by makanana
KaJIKbIMaJIbl 0AaCThI KalTaMajbl-KyObIPIIbI KbLTYyaIMaCTBIPFBIII KAPaCThIPbLIA/IbI.

ConbIMeH KaTap Kanrama imiHae Kajakiiajgap opHagacaasl, ojap aFrbIHAapaa TypOyIeHTTUTIKTIH
naiia 00JIybIHA CENTITIH TUTI31M, aFbIHIBI OaFbITTAIl OTHIPabl. KOHCTPYKIMACHIHA KEJIETiH 00JICaK,
KaJlaKIIaJIapablH CaHbI XKbLUTyalIMacy IpoIeciHe aTapibIKTail ocep erei. KockiMina Kanakiamap sl
naiganany, OacTankbl KeJJeHEH OereTTepiAiH CaHbIH a3alWTyra MYMKIHAIK Oepeli, ochLIaiIia
CAJIKBIHIATKBII CYWBIKTBIK aFBIHBIHBIH  KBUIAMIBIFBIH JKOHE KYOBIpapaiblK KEHICTIKTErl
THIPABIMKANBIK KenepriHi TemeHnnereai. COHBIMEH KaTap arblHHBIH THIMJAI TapaiyblHa KOII
xetkizireni [9]. KanakmanapabiH caHbl FaHA eMeC, TEOMETPUSIIBIK EPEKIICTIKTEpl Je )KbUTyaaMacy
MpoIieCciHe alTapJIbIKTal acep ereni. TypJiepiHe Kapail CeTMEHTTIK, €Ki CErMEHTTI KoHe OypaH1ajbl
Oonbin axpIpaTeianel. Meicansl, [10] MakanmacelHIa 3epTTEy HOTHIKEIEpl KalKajap CaHbl MEH
TYPiHiH KbICBIMHBIH TOMEH/ICY1HE KOHE aFbIH KYPBUIBIMBIHA €JIeyJIi 9Cep €TeTiHIH KOpPCeTTi.

Byrinri TaHa tactaHy KeNTereH cajiajapJarbl €H 03eKTi Mocesenep i 0ipi. bipkatap amabIHFbI
JaMblFaH eNep YIIiH JacTanyAblH xannbl KyHbl 4,4 supa AKLI gommapsiH Kypaiinel pemn
OaranmaHanpl. OAeOM JEPEKTepre CYWEHCEeK, MHIYCTPHUSIIBIK €JIeple KbUTyaIMacThIPFBIIITAPIbIH
JacTaHyblHaH OonaThiH MIBIFBIHAAP onapiabiH JKIO-HiH 0,25%-nan 30%-ra neitinin kypaiinsr [11].
Pritchard and Thackery (Harwell Laboratories) wmomiMmerTepi OOHBIHIIA, TEXHOJIOTHSIIBIK
XKaOJBIKTappl KYTIN YCTay IIBIFBIHAAPBIHBIH MamMaMeH 15 %-bl JKbUTyalIMAaCTBIPFBIIITAD MEH
Ka3aHJBIKTApFa JKaTaJIbl JKOHE OJIAPJBIH KApPTHICHl JIaCTaHyFa OaiylaHBICTBI OO0JyBI MYMKIH.
[InacTuHanmapAplH JacTaHy >KbUITAMBIFBI TMailalaHbUIaTBIH PECYpPCTapblH camnachlHA JKOHE
KOHJIBIPFBIIAFb] aFbIH YKOJIBIHBIH ITapaMeTpiiepiHe Tikenel OainanbIcThl. JlacTaHy KabaTTapsl — Kak,
MaiJibl, OpraHuKabIK HeMece TY3/bIK KOoCIanapAaH naiaa 00IaThIH KYKa KaObIKIanap.

MyHnpait  meriHauiep  MeH  KaOBIKTapAblH  Haiiga  Ooiaybl  KanTamalibl-KYObIpibl
KBUTYaJIMaCTBIPFBIIITAP IBIH OHTAMIIBI )KYMBIC ICTEYiHE eJeyi Kepi ocepiH Turizeni. COHbIMEH Karap
pecypcTapAbIH Kymcallybl keOeHil, KbI3MET KopceTy IMIbIFbIHAApH! apTa Tyceni [12]. byn xymbicta
KYOBIpJIaparsl JTaCTaHYAbIH KalTaMalbl-KYOBIPJIBI KBLTYyalIMaCTBIPFBIIITHIH JKBLUTyOTKI3TIIITITIHE
KaJlaif 9cep eTETIHMAIr KapacThIphUIAbl. MyHIal JlacTaHyIap >KbUTYOTKI3TIITIK O€TIHe KOChIMIIA
TEPMUSUIBIK KeJEepri TYABIPBIN, COHBIH HOTIDKECIHJE >KbUTyanMacy Kod(hduuueHTi alTapibIKTaii
TOMEHIEH/T.

3epTTey dmicHaMachl

Ecenmin ¢usuxanvix Kotivinvimol.

Ecente kamraManbl-KyOBIpJBI  KbUIyaJIMAacTBIPFBIIUTBIH ~ KaJKbIMalibl Oackl  Oap  Typl
KosgaHbu1asl. MoJenbaey 6apbichiHa €Kl TaxKipude KapacThipbuiaabl. JKbuly anMacy mporeci exi
MeXaHU3M apKbUIBI )KY3€ere achIpbuIazibl. bICTBIK OpTa ©3iHIH KBUTYBIH MEeTaJUT KaObIprara Oepesi, ol
KBITY COJIaH COH METaJUT KaOBIPFAChl aPKBUIBI JKBUTYOTKI3TIIITIK apKbLIbl OEpiIin, CalKbIH OPTaHbIH
TeMIIepaTypachlH KOFapbiIaTapl. JKbUTyaaIMacThIPFBIITEIH KOHCTPYKIUSUTBIK MaTepHalbl PETiHIe
Oomar TaHAan aablHAbL. bBOJATTBIH (U3UKANBIK >KOHE KBUIYJBIK KAacHeTTepi: MEHIIKTI KbLTy
CBIABIMJIBUIBIFBL  Cp = 475 x/xr - K, Ttereaeirel p = 7850 kr/ M3, KBUTYOTKI3TIITITT Kk =
44,5 Bt/M - K. CyHBIKTBIKTBIH KYOBIp OOHBIMEH arbIll oTyi 1-cyperte (a), an Kamrama OemiriHae
arbll oTy1 1-cyperTe (9) KOpCeTUIreH.
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a) )]

200 —~—

Yol o%

Cypem 1. Kanmamanvl-KyOulpivl JHCbLLY AIMACBIPELIUMbLIY KYOLIpAAp (a) Jcone xkanmama (3) 6onimi

Ecenre [9] makanara coiikec, OipiHmmn Taxipudene KyOblp OOMBIMEH CaJNKBIH Cy, ajl KanTama
OolibIMEH BICTBIK Cy Oepiiice, eKiHII TaxiprOene KyOblp OOWBIMEH BICTBHIK Cy, KanTama OOWbIMEH
calKbIH ¢y Oepineni. Kanramabl-KyObIpIIsl KbLUTY aTMACTHIPFBIIITHIH TapaMeTpiiepi 1-kecreae xoHe
KIpICIH/IET1 aFbIHHBIH CUIIATTaMaIapbl 2-KeCTe1e KOPCETIreH.

Kecmel. Kanmamanwi-Kyovipivl JCHLIYAIMACHBIPELIUIMbIY 2COMEMPUSIbIK RAPpAMempaepi

Iapamemp amaywi Mbanoepi ocone enwem bipaikmepi
Kanmamanwy iwki ouamempi 147 mm
Kanmama xabvipeacvinviy Kaibigowiesl 6 mm
Kybuviprapoviy coipmibl ouamempi 16,5 mm
Kyouip Kabvipeacvinvly KaibiObl2bl 2 Mm
Kybuviprapoviy y3vindviab 578 mm
Kybuviprapowiy canvi 20 wm
Kybwip orcazeinoazel scypicmep carnvl 4
Koendeney kanagwanap apaceindagvl apakauiblKmoix 71 um
Kanaxuia otivlzbinbiy Ouikmiei 31,6 mm
Kanxanap cane 6 wm
Kouryarmacy beminiy ayoamsi 0,56 m*
Kanakwa men xanmamanviy iwxi 6emi apacvinoagol | 0,8 mm
paouandvl caywvliay
Kanakwa mecikmepi men kyoOwvipnap apaceinoaevl | 0,4 mm
paouandvl canwvliay

CanpipIK ecenTey >Kypri3iieTiH KanTaMaibl-KYObIPIIbl AKbUTYaJIMACTBIPFBIIITHIH [€OMETPHSICHI
KOHE )KYMBIC OpTaiapbl 2-CypeTTe KOPCETUITeH. AFBIHHBIH OaFBITBI — KAPCHI aFbIH]IBI.

Kanrama
KeHicTirine Kipic

KyOosip
KeHICTITiHe Kipic
Kanorama
KEHICTITiHEH IUBIFBIC

KyObIp

KeHICTITIHEH NIBIFBIC

Cypem 2. Kanmamanvl-KyOwbipiivl HCbLIY AIMACMBIPLIUIMbIY HCYMBIC OPMALapbl
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Ecenmiy mamemamukanvik KoublibiMbl
byn wMonens MaccaHblH, HMMITYJIbCTIH JKOHE DHEPrus CakTaly 3aHJapblHa HEeTi3/eJreH.
ChIFBUIMANTHIH CYHBIK YIIIiH, Macca cakTany 3aHsl (1) keneci Typ/e ka3bliaibl:

p = const
V-u=0 (1)
MYH/IaFbl:
p — CYHBIKTBIKTBIH THIFBI3IBIFBI, KT /M3
U — )KBULIaMJIBIK BEKTOPBI, M/C
CyHMBIKTBIKTBIH KO3FaJbICBIH aHBIKTAMTHIH HETI3r1 TUHAMHUKAJBIK TEHJACY, UMITYJIbCTIH CaKTaly
3aHbl HaBbe-CToOKC TeHeyi (2) apKbLIbl OPHEKTEIE .

p(u-V)u = —Vp + uV?u + pf (2)

MYH/IaFbl:

p — KbICbIM, [1a

U — TMHAMUKAIIBIK TYTKBIPIBIK K03 dummenti, [1a - c

f — chIpTKBI KymTep (konemuik kymrep), H/m3

byn Tenaey CYWBIKTBIH KO3FalbIChl KE31HAET1 TYTKBIPIBIK, KbICBIM, COHBIMEH KaTap CHIPTKbI
KYIITEp TeTe-TeH IIT1H CUIaTTa/IbI.

TypOyneHTTi Ko3ralbiC Ke3iHAe KbUIAaMIBIK MEeH KbICHIM TYPaKThl OOJMaiIbl, COHJBIKTaH 1a
oJiap opTaIia XXoHE aybITKy OeJiKTepiHe KIKTeIe/i.

u=u+u
p=p+p

bynapast HaBwe-CTokc TeHneyine (2) Koibll, opramia ajaTblH OoJicak, TeHIEY Kejecimein
OpHEKTEICIi:

p(@-V)u=—Vp+uv?u—"v-(pu) + pf (3)
(3)-tennmeyinne —V - (pu'u’) xana myme, siFHU PeliHONBIC KepHEY TEH30pHI Maiina Ooajsl,
HOTIKECIHJIe JKyHe TyilblkranMaraH kyire ertexmi. JKyieHi TyiibikTay MakcaThiHAa byccuneck

TUIOTE3aChl EHTI3UIIN, OHAAaFbl TypOYyJEHTTI KEpHEyJep opTalla >KbULIaMIBIK TpaJueHTTepiHE
IIPONOPIIMOHAT JIeN ecenTemell.

V- (pu'u") = V- [u(Vu+ (Vu)T] - ngk (4)
uViu = V- [u(Vu + (Vu)T] — V(éyv- u) Q)

(4) xone (5) rerueynepin (3) tenneyre enrisim, (1) Tenneyai eckeperin 6oscak, HaBbe-CToke
TeH/Iey1 Kelecl Typ/e *Ka3blaa/bl:

2
p@-Wu=—Vﬁ+V{m+ﬂ0+(WH%WUW—§M%+pf 6)

Ocpunaiiiia TypOyJIeHTTUTIK TYTKBIPIBIK [y €HT131110, PeliHoNbAC KepHey TeH30phI KeJleci TYpAae
OpHEKTENe Il XKOHE ;- CAHJBIK TYpJE €CeNnTey YIIiH, k-¢ MOJEIH KOJIAaHAMBI3.

k2
Uy = PCM? (7)
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MYH/IaFbI:

k — TypOynenTTiK KMHeTUKaNbIK SHeprus, M2 /c?
£ — TypOyIeHTTIK JMCCUTIALMS KbLIIAMIBIFbI

k xxoHe € (8) xone (9) TeHaeyepiHeH Ta0bLUIAbI.

p(u-V)k=V-[(,u+?)Vk]+Pk—pe
k

(8)
Ut g?
pQu-Ne = V- | (1 +5) Ve| + Ca p P = Ca p ©)
7, P k
TeMneparypaHbIH KEHICTIK OOMBIHILIA Tapalybl Kby TACHIMAIbI TEHIEYIMEH CUIIATTANIAIbL:
pc,(w-VT) =V -[(k+k)VT] (10)
_ Sy (11)

t Pr;

Bacmanker wapmmapui: 1 xoHe 2 Toxipubenepe Kenecigeid 6acTankpl mapTrap KaOblIIaHFaH:
Ty =27°C
Py = 0,1 MPa

Llexapanwix wiapmmapsi: MoJenb1iH TeOMETPHUSIIBIK ITapaMeTpIiepi, 0acTanKpl )KOHE HMIEKapabIK
[IAPTTapBI 3-CypeTTe KOPCETUII, MOHIEP] TONBIFBIMEH [9] MaKaiagaH aibIH/IbL.

Tin = 51,2 °C(9.5°C)

Q=02162 (0,2697)

—
T, = 11,7 °C (49,7 °C) ‘2' /

5

l

Q =0.275% (02002 )/ ; : '}/ ~ \ P = 0.1 (0,08)MIla
/» Ny

: —q = a(Ty, — Toxt)
P = 0,11 (0,15)MIla o — 104 BT"(M: Ke)x

Towe = 39°C (22°C)

Cypem 3. Ecenminy wexkapanvl wapmmapbl

3eprTTey HITHIKEJIepi

MareMaTHKaIIBIK MOJIEITbIe COHKEC, JKBUTyalIMaCTBIPFBIIITAFbI dKOHE KYOBIpIIapIarbl KbUTyaIMacy
nporieci O1piHIII JKOHE eKiHII pexxumaep OoiibiHIIa ecenTenai (2-kecte). byn ecenteynepae apTypii
arbIH LIApTTapbl, TEMIEPATypa albIPMaLIbIIBIKTAPhI KOHE KbUTYOTKI3TIIITIK KACUETTEPl €CKEePUIIL.
Toxipubenik koHe CaHIbIK MOJIeNTb HOTHIKENIEPIHIH albIpMaIlIbUTBIFBIH OaFanay MakcaTbIH/Ia OpTalla
kBaAparThK aybITKy (RMSD) dopmynacer konmansiuiasl. COHBIMEH KaTap MOJIENBIIH JJIITIH
Oaranay YIIiH OpTaIla CaabICTBIPMANIbl KATEMK Ogperqge POPMYIACHI KOJIAHBLIIBL.

n
1
RMSD = EZ(Tnum,i - TexP'i)Z
i=1
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n

1
n

Tnum,i - Texp,i

= X 100%

661.1767‘(1.96

Texp,i

Thym,i — CaHIBIK HOTHIKEIIED
Texp,i — TOXIpUOE HITHIKETEP]

1 Toxipube GoiibiHIIa OacTanKpl MIAPTTAPABI BICTHIK Cy Kantama apkbuibl 324,32 K, cankbiH cy
KyObIp apkbuibl 284,32 K temmneparypamen Oepinren. KyObip skoHe KarnTama OOHBIMEH arblll ©TE€TIH
CYIBIH TeMIlepatypa epici caiikeciHme 4-cyperre (a) jkoHe (9) OenTuieHIn KOepCeTiITeH.
Hormwxkecinne kanTama mbiFbIChIHAA Temiiepatypa 313,98 K kypaca, kyObip apkpiisl 293,04 K
KYpaJbl.

a) 0)

mm 246 Sice: Tamparatu e (K.

Cypem 4. Kybuip (a) scone kanmama (3) 60ubiMen agvin omemin cyobly memMnepamypa opici

2 Toxipubeneri bICTBIK Cy KyObIp apkbuibl 322,85 K, cankplH cy kantama apkpuibl 282,65 K
Temrieparypamen OepiireH. HoTwmkeciHae kKanrtama MIBIFBICEIHAA TemrepaTypa 292,15 K kypaca,
KyObIp apkbuibl 310,65 K kypansl. 2 Toxipubeneri KyObIp koHE KanTama OOWBIMEH aFblll OTETiH
CYJIBIH TEMIIEpaTypa epici caiikeciHine S-cyperrte (a) »oHe (9) OenrieHIn KOpCeTiIreH.

a) )

Cypem 5. Kyouip (a) sicane kanmama (2) OoublMeH agbln 6memin CyObly meMnepamypa opici

Toxipubenik XoHE CaHIBIK MOJENh HOTHXKENepiH Oarajay MakcaThlHAA OpTallla KBaJpaTThIK
aybITKy (RMSD) xoHe canbicThIpManbl KaTelik ecenterai. bipinmi Toxipude nHotmwxkecinae RMSD
= 0,43 °C >xoHe canblcThIpMalbl Katemik 1,68 %, an exinmi Toxipude ymin RMSD = 0,47 °C xone
canpIcThIpMansl KaTenik 1,59 % xypaapl. by kepceTkimTep ToxipuOeniK KoHe CaHIBIK MOJENbIIH
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KAKChl COMKECTITIH KepceTedi. AWBIPMAIIBUIBIKTBIH Taina 0oy ce6eOi, TOPIBIH THIFBI3IBIFHI,
3JICMEHTTEP CaHbl JKOHE CaHJBIK OarjapiiaManarbl JUCKPETH3AIUs CPEKIIeNTIKTepiHeH OO0yl
BIKTHUMAJ.

Kanner anrannma, aneiaran HoTmwkenep COMSOL Multiphysics GarmapiaMacbiHga KYpbUIFaH
MOJIETIbAIH (DU3HUKAIIBIK MPOLECTEP/Il TYPBIC CUMIATTANTHIHBIH JKOHE Opi Kapal Tanjayra KapaMmibl
€KCHIH KOPCeTeIl.

Kecme 2. Toorcipube Homudicenepi dwcame Camovlk HamMudicenepoiy aublpMalubliblebl MeH KameiciH
canvicmipy

Opmawa Opmauwia
Toorcipube |  bonimi Toocipube COMSOL AT Keaopammels; | canvicmeip ot
Multiphysics ayuimKy Kamenix
(RMSD) 5average
Nel Kybvip 40,9 °C 40,8 °C 0,1°C o 0
Kanmama | 19,2 °C 19,8 °C 0,2°C 043°C 1,68 %
Ne2 Kybvip 19,3 °C 19 °C 0,3 °C o 0
Kanmama | 36,9 °C 37,5°C 0,6 °C 047°C 1,39 %

CaHapIKk MOjenb (DU3UKATBIK TYPFBIIAH pacTalFaHHAH KeWiH KyObIpiapia maiima OonaThiH
TEPMHUSUIBIK JIACTAHYIbIH dcepi 3epTreni. TepMUsuIbIK Keaepri — KYPbUIFBIHBIH OPTYPJI arpecCUBTi
opraiapja XyMbIC icTeyi caijapblHaH TYBIHAANTHIH JacTaHy Kabarel. CaHIBIK MOJCIBII pacTay
KE3CHIHAE KOJIAaHBUIFaH O0acTallKpl JKOHE MICKapalblK IIapTTap esrepicci3 Kamael. Jlactany
JIEHreinepine OaiIaHbICTEl TEPMMAIBIK Kemepri Ry mommepi 2 X 1075,1x 107%,5x 107%,1 X
1073,2 x 1073 m? - K/BT nuanasonsinza Oepinfi (3-kecte).

Kecme 3. Tepmusnvly kedepai KabamulHbly KATLIHObIZLIHA KAPAT, WbIZbIC MeMNepamypalapbiHbly
e3zepici

c Tepmusinvix kedepei, 1 maoicipube 2 maoicipude
unammanacet Ry, M” - K/BT Kyobuvip Kanmama Kybwip Kanmama
Ome masza Kyowip 2x107° 293,04 K 313,98 K 310,65K | 292,15K
Twiki 6eminoe az
Mmenuepoe uiocindinep 1x107% 292,76 K 314,17 K 310,84 K 291,87 K
bap
Opmawa weeinoinep
Kabamwl, Keubip 5x107* 291,57 K 315,02 K 311,69 K | 290,68 K
KOPPO3USIIbIK OHIMOED
Kanvin
Macumabmazol 1x1073 290,54 K 315,82 K 312,49K | 289,65 K
wezindinep
Oxempemanovt
mypoeei Kanviy 2x 1073 289 12 K 316,86 K 313,53 K 288,23 K
Kabammol we2indinep

KyObip Oo¥ibiHAH MIBIKKAH CalKbIH CcyAblH Temmeparypachkl 293,04 K-men 289,12 K-re netiin
TOMEH/IETeH1 6-CypeTTe (a), aJl KanTaMa OOMbIHAH IIBIKKAH BICTHIK CyAbIH Temneparypacsl 313,98 K-
nen 316,86 K-re neiiin keTepiireHi 6-cyperrte (9) Oailkaabl.

KyOb1p 60iibiHaH MIBIKKaH BICTHIK ¢y Temneparypacel 310,65 K-nen 313,53 K-re neifin apTKanbIH
7-cypette (a), ai Kartama OoWbIHAH MIBIKKAH CAJIKbIH CYABIH TeMIeparypacsl kepicinme 292,15 K-
nen 288,23 K-re Temenierexi 7-cyperre (o) Oaiikanasl.
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Hotmxenep kepceTKkeHAeH, CATIKbIH CYIbIH TEMIIEPaTypPachIHBIH TOMEH/IEY1, JIACTaHY KaOaThIHBIH
KBUTYOTKI3TIIITITIHIH HalIapJiaybIMEH TYCIHAIPUIEl, HOTHKECIHE CANKBIH Cy KaXETTI MOJIIepe
KBUTY KaObUIall alMaijibl, al BICTBIK CYABIH TEMIIEPATypPaChIHBIH JKOFAPbUIAYbl OCBI TEPMUSIIBIK
KEJICPriHiH Kepi HOTMXKECi, SFHU KbUTy KaObIpralap apKbUIbl CHIPTKA ©T€ ajiMai, BICTBIK CYHMBIK
aFbIHHBIH 1IIiHAE CaKTajbll Kanaabl. CoraH OalIaHBICTBI JKbUTy O€py KapKbIHIBUIBIFBI a3aiblll,
BICTBIK CYJIbIH TEMIIEPATyPAChI )KOFApPhI JICHI€H/Ie CAKTaIIBIN Typajbl. byl macrany KaOaThIHBIH JKbLTY
aJyMacy IpoIeciHe alTapIbIKTal YIKEH Kepi 9CEPiH THT13€/l1, COHIBIKTaH Ja KbUTyaJIMACThIPFBIIITHIH
THUIMJUIITIH CaKTaI Kaly YIIiH OHbI €CKEePYIIH MaHbI3IbUIBIFBIH KOPCETE/II.

a) )
293,5 293,04 317,5 316,86
293 @ 317 B¢
[(&)] ~ Q)
o 292,5 < 3165 315,82
< 292 292,28 291,57 a
E 291,5 (@) EZ’ 316 315,025
E 291 290,54 é 315,5
= m ¢
E 290,5 @ - 315 31413
290
= 289,12 m 3145 |
289,5 T = 314 @2
289 © —— 313,98
288,5 313,5
0 0,001 0,002 0,003 0 0,0005 0,001 0,0015 0,002 0,0025
TEPMMﬂﬂblK KEHEPFL (M)/\Z'K/BT TEPMI/IHHBIK KEHEPFL (M)AZ'K/BT

Cypem 6. 1 maocipube botibinwa Kyowip OolibiHaK (a) dHcone Kanmama 60UbIHAH (3) WbIKKAH CYUbIK
MeMnepamypachiHbly 1aCmMany Kabaml apman Kezoeei 032epici.

a) )
= ) : ~ 291,87
<313 312,49 %292 Gy
=N | 25 =
a 311,69 @ > 291 290,68
<312 310,84 < 292 140
& 9G] & 290 . ~ 289,65
= = ©
=311 g Z 289 288,23
= 310,65 = §e
310 288 ©
0 0,0005 0,001 0,0015 0,002 0,0025 0 0,0005 0,001 0,0015 0,002 0,0025
TEPMUSIJIBIK KEJIEPTT, (M)"2-K/BT TEPMUAJIBIK KEJEPTT, (M)"2-K/BT

Cypem 7. 2 maocipube bouibinua Kyowip OoliviHan (a) dcane Kanmama O60UublHaH (3) WbIKKAH CYUbIK
MeMnepamypacviHbly 1acmany Kabaml apman Kezoezi 032epici.

duckyceust

3epTreyiep KyObIpiap/IblH JacTaHybl XKbUTY O€py THIMAUIITIH alTapiIbIKTall TOMEHIETETIHIH, Oy
JacTaHy KaOaTbl KaJbIHJABIFBIHBIH apTybIMEH OSKalmbl >Kbuly Oepy KO3(pUUUEHTIHIH KypT
TOMEH/IEy1HE OKEJIETIHIH KopceTTi. byJl KbUTyalMacThIPFBIIITHIH KYMBICBIHBIH TOMEHCYIHE HKOHE
SHEeprus TYTHIHYABIH apTyblHa okeneai. MoJenpai Tekcepy alblHFaH JepeKTepiH JONIITiH
pacTaiisipl, OyJ1 JacTaHyJbIH OCEpiH CaHJABIK Oaranayibl MH)KEHEPIIK MIenlimMaep Kadbuinay yIIiH
MaHbI3bl eTel. by HoTHKenep eHIIpICTiH TOKTAIl Kajly YaKbIThIH a3aiiTyFa, TEXHUKAJIBIK KbI3MET
KOpPCETy apajbIKTapblH OHTAWIAHABIPYFa XKOHE dHEPTUsl THIMAUIITIH apTThIPYFa KOMEKTECe/I1.

Byt )KyMBICTBIH Keneci Ke3eHi PeTiH/e JIacTaHyAbIH yaKbIT OOMBIHIIA IWHAMUKAIBIK KUHATYBIH
MOJIETIbCY, SPTYpPJl MaTepuanjap MeH TeOMETpHsUIapAblH JlacTaHyFa Te3IMAUNrH Oaranay
KapacThIpbLIybl MyMKiH. COHBIMEH KaTap, TypOyJIEHTTi aFbIHAAp/(bl HAKTHIPAK CUMATTAHTBIH O3bIK
LES (Large Eddy Simulation) nemece DNS (Direct Numerical Simulation) moaennaepin eHrizy
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apKbUIbl MOJENBIIH HAKTBUIBIFBI  apTTHIPhUIANbL. OHEPKICINTIK JEHreiIe OHTaWIaHABIPY
’KYMBICTAPbIH XKYPri3y — MbICAJIbI, Ta3alay WHTEPBAIBIHBIH AJJIbIH ajla eCelTeNlyi HeMece eH THIM/II
KYPBUIBIM/IBI TaHaay — 3epTTEyAiH Keseci MaHbI3/IbI Ke3eHI Oomaspl.

KopbIThIHABI

Byt xymbIcTa KanTaManbl-KyOBIPIIbI KBUTYaJIMACTBIPFBIIITAFBI KbLTy anmacy mnpoueci COMSOL
Multiphysics v.6.2 canaplk OarmapiamacbiHIa MojeibaeHAl. Ecentey HoTmxenepi TaxipuoOemix
HOTWIKEJIEPMEH pacTalbl. Pactany HOTHIKECIHAE opTalia canblcThipMalibl Katemk 1,59 — 1,68 %
apaJIbIFbIH/A aHBIKTAJIBII, MOJENbAIH (PU3UKAIIBIK MPOLECTEPAl HAKThl CUIIATTANTHIHBI AQJIEIACH/].

PacTanran Mozens Heri3iH/e JacTaHy KaOaThIHBIH acepi 3epTrenai. HoTnxecinae cankpiH CyIbH
TeMIepaTypachkl TOMEHJIE, bICTBIK CYbIH TEMIIEPATypachl JKOFapblUlaraHbl 0aliKamnabl. by KyObuibic
KBUTYOTKI3TIIITIK OeTTepAe TEPMUSUIBIK KEICpriHiH maiina OoNybIMEH J>KOHE SHEprusi ammacy
TEHrepiMiHiH OY3bUTYbIMEH TYCIHAIpIIEII.

XKanmer anranna, agplHFaH HOTHKENIEP MOJEIBIIH €CeNTey IIIITIH KOHE JIACTaHy KaOaThIHBIH
KBULy alMacy IpoOLECiHe ocepiH HaKThl CUNATTAUTBIHBIH KepceTTi. byn 3eprrey HoTmxkenepi,
KBUTYaJIMACTBIPFBIIITAPIBIH TUIMIUIITIH apTTHIPY, KOHCTPYKIUSCHIH OHTAMIAHABIPY JKOHE DHEPTHUS
YHEMJIEY TEXHOJIOTHsUIApbIH KETIAIPY YILUiH MPaKTUKAJIBIK MaHbI3Fa HeE.
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SOLITONS IN THE COUPLED GENERALIZED NONLINEAR SCHRODINGER
EQUATIONS

Abstract

Nonlinear equations essentially describe physical problems. Solitons, which are localized in space and time
and propagate in a nonlinear medium, are the special specific solutions to some of these equations. The soliton
remerges after a fully nonlinear interaction, retaining their identities with the same speed and shape. It has
remarkable stability properties. Stability plays an important role in soliton physics. The nonlinear Schrodinger
equation, one of the soliton-type nonlinear equations, is notable for its significance in the theory of nonlinear
waves, specifically in nonlinear optics and plasma physics. The investigation of nonlinear Schrodinger
equation generalizations is currently a pressing area of research. This work examines the coupled generalized
nonlinear Schrodinger equations. These equations yield classical nonlinear Schrodinger equation in some
reductions. As a research method, we use the bilinear Hirota method, which is one of the effective methods for
solving nonlinear equations. Dispersion relations are derived and one-soliton and two-soliton solutions are
obtained. The figures depict the dynamics of soliton solutions.

From this research, the results obtained may be useful for a better understanding of the nonlinear wave
phenomena in any varied instance where the coupled model considered is applicable.

Keywords: Schrodinger equation, dispersion, dynamics, one soliton, two solitons, Hirota method,
nonlinearity, solution, bilinearity, wave.

H.C. Cepux6aes', I'.H. Illaiixosa', ®.B. Benucaposa’

ULH. T'ymunes ateinaarsl Eypasus yiITThIK yHuBepcuTeTi, Actana K., Kazakcran
20n-Dapabu atbingars Kasak yITTBIK YHHBEPCHUTETI, AIMaTh K., KazakcTan
AKYITAJFAH KAJIBIVIAHFAH CBI3BIKTBI EMEC IHPEJIUHIT'EP TEHJIEYJIEPIHIH
COJIMTOHJAPBI

Anoamna

ChI3BIKTBI €MeC TeHJSyNIep Heri3iHeH (HM3MKaNbIK ecenTepi cumartaiiipl. KeHiCTiK meH yakpITTa
JIOKaNM3alMsIIaHFaH JKOHE CBI3BIKTHI €MeC OpTajia TapallaThlH CONUTOHNIAP OChI TEHJEYJEPiH KehOipiHiH
apHaibl crielu(UKaIIBIK mermiMaepi 00bin Tadbuiabsl. COIUTOH TOJIBIK ChI3BIKTHI €MEC 9PEKETTECYACH KeHiH
KaiiTa maiijma Oombir, OipAei >KbUIAAMIBIKICH JKOHE MIIIIHMEH COMKECTIKTepiH cakTaimbl. On kepemer
TYPaKTHUTBIK KacueTTepiHe ue. TypaKTBUIBIK CONMUTOHIApP (hM3MKACHIHIa MaHBI3bI peil aTKapaiasl. COTUTOH
THUITI CBI3BIKTBI €MEC TEHACYJIEePAiH Oipi 00BN TaOBLIATHIH CHI3BIKTHI eMec LlpeauHrep TeHIEYI ChI3BIKTHI
e€MeC TOJIKBIHIAp TEOPHACHIHAA, ocCipece CBIBBIKTHI €MeC ONTHKana JKoHe Irla3Ma (U3HKAChIHJA
MaHBI3IBUIBIFEIMEH epekienernesi. Cr3bIKThIK eMec lllpeawHrepniy TeHIeynepiH >Kalmbuiayabl 3epTTey
Kas3ipri yakpITTa 3€pTTEYIIH ©3€KTI cajachl OONBII TaObUIA[BI. By KYMbIC JKYNTaJFaH >KalNbUIaHFaH
ce3BIKTHI eMec [lpeaunrep Tenaeynepid 3eprreiimi. by TeHaeynep keibip KpicKapTy/apia KiIacCUKaIbIK
cI3bIKTHI eMec Hlpeannrep Tennaeyin Oepeni. 3epTTey oAici peTiHAe CHI3BIKTHI eMeC TeHACYNEpi MemyIiH
TAIMII 9MICTEPiHIH Oipi OOJIBIN TAOBUIATBHIH OHMCBI3BIKTBI XHUPOTAa SICIH KOJgaHambl3. JIMCIIEpPCHSIIBIK
KaTblHACTAP aJIbIHBIN, OIp COJUTOHMABI JKOHE €Ki COJUTOHABI Imenrmiaep Tabbutaasl. CyperTep COJUTOH
HIeIIiMIEepiHIH JUHAMHUKACHIH OeiiHeneiai. Ochl 3epTTeyle allblHFAaH HOTIKENep KapacThIPhUIATHIH
KYINTAIFAaH MOJENh KOJJIAHBUIATBIH K€3 KEITeH OpTYpidl JKarjgailapa ChI3BIKTBIK €MEC TOJIKBIH
KYOBUTBICTAPBIH JKAKCHI TYCIHY YIIIiH ITaiiaaibl 00Jybl MYMKIH.

Tyiiin ce3nep: Lllpenunrep teHaeyi, aucnepcusi, TMHaAMUKa, Oip COJMTOH, €Ki COJIMTOH, XHPOTa 9ici,
CBI3BIKTBIK €MEC, IICIIIM, OUCHI3BIKTHIK, TOIKBIH.
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H.C. Cepux6aes', I'.H. [laiixosa', ®.B. Benucaposa?

"EBpasuiickuii HapoHa bHbIN yHusepeuter umenn JL.H. 'ymusesa, r. Acrana, Kaszaxcran
?Ka3axCKuii HAlMOHAIBHBINA YHUBEPCUTET UMEHH alb-Dapadu, r. Anmarsl, Kazaxcran
COJIMTOHBI B CBSI3BAHHBIX OBOBIIIEHHBIX HEJTUHEWMHBIX YPABHEHUI
HIPEJIUHI'EPA

Annomayus

Henunelinsie ypaBHEHUs, IO CYyTH, OMUCHIBAIOT Pu3ndeckue mpodiaempl. COTUTOHBI, IOKATH30BaHHBIEC B
MPOCTPAHCTBE W BpPEMEHH M PACIPOCTPAHSIONINECS B HEIMHEHHOW cpene, SABISIOTCS OCOOBIMHU
CHeU(PUUESCKUMHU PEIICHUSIMH HEKOTOPBIX M3 3THX ypaBHeHUH. COJHMTOH BOCCTAHABIMBACTCS TOJHOCTHIO
MOCJIe HETMHEHHOTO B3aUMO/ICHCTBHSI, COXPaHsIs CBOK0 UJCHTHYHOCTh C TOW e CKOPOCThIO U (hopmoii. OH
o0yamaeT 3aMedaTeIbHBIMH CBOMCTBAMH YCTOWYHBOCTH. YCTOHYHMBOCTh WTPAET BAXKHYIO POJb B (pr3mKe
conutoHoB. Henuneitnoe ypaBuenue lllpeaunrepa, oMHO U3 HEMMHEHHBIX YpaBHEHWUU COJMTOHHOTO THIIA,
MIpUMEYaTeNIbHO CBOEH 3HAUMMOCTHIO B TEOPUHU HEIMHEHHBIX BOJIH, B YACTHOCTU B HEJIMHEWHOW ONTHUKE U
¢m3uke mia3mel. MccnenoBanme o0oOmeHwii HenrHeitHOTO ypaBHeHus LllpenuHrepa B HacTosmiee Bpems
SIBIIIETCS] aKTyaJIbHOM 00JIacThIO MccliefoBaHmil. B 3Toit pabote paccMaTpuBaroTCs CBsI3aHHBIE 0000IIICHHBIE
HenuHelHbie ypaBHenus llpegunrepa. OTH ypaBHEHHS HAlOT KJIACCHUECKOE HEJIMHEWHOE YpaBHEHHE
[Ipenuurepa B HEKOTOPHIX PEAYKIMIX. B KauecTBe METO/la UCCICAOBAaHUS IPUMEHEH OWIIMHEHHBIA METOJ
XUpOTHL, KOTOPBIN SBISETCS OAHUM U3 J(PQPEKTUBHBIX METONOB pEIICHUS HEIWHEHHBIX ypaBHEHHIL.
BI)IBOI[SITCS[ AUCTICPCUOHHBIC COOTHOIICHHA U IMOJTYYCHBI OJHOCOJIUTOHHBIC U IBYXCOJIMTOHHBIC PCHICHU. Ha
PUCYHKaX MpEACTaBJICHA JUHAMHKaA COJIMTOHHBIX peHICHHfl. HOJIy‘ICHHLIG B XO0A€ AAaHHOI'O HCCJIICAOBAaHUA
Pe3yNIbTaThl MOTYT OBITH TOJE3HBI IS JYUIIEro NMOHUMAaHWs HEJIMHEWHBIX BOJHOBBIX SBICHHH B JHOOBIX
Pa3IMYHBIX CIIyYasiX, 1€ IPUMEHUMA pacCMaTpUBacMas CBSI3aHHAsI MOJIEIb.

KuaroueBsle cioBa: ypasaenue [lpenunrepa, nucrnepcusi, AMHAMHUKA, OAWH COJTUTOH, JIBA COJTUTOHA, METOJ
XUPOTHI, HENMMHEHHOCTD, pelIeHUe, OMITNHEHHOCTh, BOJIHA.

Introduction

Almost every model of mathematical physics is the result of some approximate description of real
physical phenomena. The purpose of approximations is to study the main interactions that determine
the main contribution to the physics of the process, as well as to clarify the fundamental connections
between phenomena. There are numerous physically valuable nonlinear equations, as the Korteweg-
de Vries equation, the nonlinear Schrodinger equation, the sine-Gordon equation [1-8]. In the last
decade, a significant amount of work has been done on nonlinear equations [9-15].

In this work, we consider the coupled generalized nonlinear Schrodinger equations [16-18]

iq; + qxx + 2(alp|? + clq|? + bpq + bpq)q = 0, (1)

ips + Pax + 2(alp|? + clq|? + bpq + bpq)p = 0, (2)

where a and ¢ are real constants, b is a complex constant, ¢ and p are slowly varying pulse
envelopes. In case, b = 0, a = c then (1)-(2) reduce to the Manakov system [19]. And also, if b = 0,
a = —c then (1)-(2) reduce to the mixed coupled nonlinear Schrodinger equation [20]. The equations
(1)-(2) were investigated by Darboux transformation in [16].

The main goal of this work is to get soliton solutions of the coupled generalized nonlinear
Schrodinger equations by Hirota’s bilinear method [14,15]. A solitary wave with structural stability
that travels over a nonlinear medium is called a soliton. Solitons behave like particles (particle-like
waves) in that they do not break down when they interact with one another or with external
disturbances; instead, they keep moving while maintaining their structural integrity. With the help of
this property, data can be sent without interference over great distances. In addition, unlike harmonic
waves, classical solitons, in addition to energy transfer, also transfer matter (shift in the direction of
their movement over a finite distance).
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Research methodology

Bilinear form

Numerous nonlinear equations have been solved using the Hirota method, a direct analytical
technique for obtaining the soliton solutions. Once the bilinear form of the nonlinear equations was
given, multi soliton solutions can be derived through the truncated formal perturbation expression at
different levels. In this section, we apply the method to obtain soliton solutions for equations (1)-(2).

Introducing the dependent variable transformation

q= g

f’

m

p=—r

f

into (1)-(2), the bilinear form can be derived as follows:

[lDt+DJ%](gf) =0 (3)
DI(f - f) — 2(alm|? + c|g|* + bmg + bgm) = 0, 5)

where g, m are complex functions, fis the real one and D, and D;are the bilinear differential operators

defined by
a a.,0 0 ,
DEDI(f(x,0) - 9(x,0)) = (= = ) (o = D (F (x,£) * g, ') xmsomts

where [, n are positive integers.
Soliton solution

To get the N-solitons of the equations (1)-(2), we expand g, m and fin respect of a formal expansion
with the parameter ¢ as below:

g=¢cg,+e3gs+e%gs+..., (7a)
m=emy +&3mz + e5ms+..., (7b)
f=14+¢&*,+efo+.., (7¢)

whereg;sand m;s (j = 1, 3, 5,...) are the complex functions, and fas (n=2,4,6,...) are the real
ones, to be determined. Substituting expression (7) into (3)-(5) and gathering the coefficients of the
same power of &, we have

et [iD + Dy](g1-1) =0, (8a)
£ [iD; + D, ]J(m;-1) =0, B (8b)
g% Di(f 1+ 1'f2)—2(a|m1|2+c|g1|2+bm1§1 +b91§1) =0 (8¢c)
€3 [iDe+Dyl(gs 1+ 91 f2) =0, (8d)
€3 [iD, +DyJ(m3-1+my-f,) =0, (8e)

et Di(fu-1+fo- fo +1-f) — 2(a(mgmy + mymy) +_C(93E + 9153) +b(msg, +
mig,) +b(gsmy + g1m3)) =0 (8
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Equation (1)-(2) has one-, two-, and N-soliton solutions, which we may find by using expression
(8) and symbolic computation.

Results of the study
One soliton solution
To get the one soliton for equations (1)-(2), we choose

g=¢egi,m=emy,f=1+ef 9)

Substituting expressions (9) into bilinear forms (3)-(5), setting € = 1, we solve the bilinear system
recursively and obtain one-soliton solution as

aef1
1= Treoritnry (10)
__ Be®t
P etioire’ (1)

a|B|?+c|a?*+bpa+baf
(k1+kq)?
Figures 1-3 illustrate the graphs of the one-soliton solutions (10)— (11).

where e? = and 6, = ¢, t + kyx with dispersion relation ¢; = ik?2.

=0 t=3
—

Figure 1. ‘Dynamics-of the one-soliton solutions' q and p with parameters
ki=1+a=1Lb=Lc=1La=1 =2

Figure 2. 3D plot of the two-soliton solutions q Figure 3. 3D plot of the two-soliton solutions q
with parameters with parameters
ki=14+a=Lb=%Lc=%La=1,=2 ki=14+ia=Lb=Lc=La=1,=2

Two soliton solution
As in the previous section, we truncate g, m and f perturbation expression with respect to the
parameter € as

g=¢cg1+e3gs, m=emy+e3my, f =1+ &%f, + £2f,. (12)
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Substituting expressions (12) into bilinear forms (3)-(5), solving the bilinear system recursively,
and, setting € = 1, the two-soliton solution can be derived as follows:

a1691+a2691+691+92+91+51+691+92+92+52

(13)

q 1401+01+01 4 002+01+92 4 001+02+03 102402 +04 4 01+01+62402+s

ﬁ1891+ﬁ2891+691+92+9_1+L1+691+92+£+L2 (14)

p 14€01+01+01 4 02+01+02 4 001+02+P3 4 002+02+04 4 01+01+02+02+s

were
eP1 — a|B1|?+c|aq|>+bB1ai+bas By o2 = aB1Bz+cayay+baifr+baszfy
(k1+k1)? ’ (kp+kq)? ’
e¥3 = ap1fr+ca @z +baz fi+basf, P4 = a|/32|2+c|a2|2+bﬁ2a_2+ba2ﬁ2
(k1+k3)? ’ (kz+kz)? ’
‘11(i(Cl—Cz—aH'(kl—kz—k_l)z) 0‘2(i(Cz—C1—a)+(k2—k1—k_1)2)
381 = — e?2 + — —2 e(pla
l’(C1+C2+a)+(k1+k2+k1) i(C1+C2+C1)+(k1+k2+k1)
. — —2 . _ —\2
6’62 _ ‘11(l(Cl—CZ—C2)+(k1—k2—k2) ) 0‘2(l(Cz—Cl—C2)+(k2—k1—k2) )€(p3
b

—_2
l’(C1+C2+®+(k1+k2+k2)

oli — ,31(i(C1—C2—a)+(R1—k2—k_1)2) o

_ —2
i(C1+C2+C1)+(k1+k2+k1)

ol — ,31(i(C1—C2—E)+(R1—k2—k_2)2) o

_ —2
i(C1+C2+C2)+(k1+k2+k2)

i(c1+c2+§)+(k1+k2+k_2)2
. .2
ﬁz(i(Cz—C1—01)+(k2—k1—k1) )e‘pl
i(c1+c2+c_1)+(k1+kz+k_1)2
— 2
i(ca—c1—T7)+(kp—k1—K
ﬁz(l(Cz c1-02)+(ka—k1—k3) )e‘p3

_ —2
i(C1+C2+C2)+(k1+k2+k2)

3

3

a (e’“zﬁl +elip, +el2p + eaﬁ’z) +c (6‘5251 + 51T, + e%2a, + 35_1a2)
+

_ —2
(ky 4+ ky + kg +ky)
b (e’“zﬁl +elig, + el2q, + eL_laz) + E(e‘szﬁl +e%1p, + e%2p, + 35_152)

— —\2

(ky + ko + kg + ky)

2P+ (ky + kg — ey —ky)? + 2P+ (kg — ky — kg +k3)?
_ =~ ,
(ky+ky +ky +ky)

N

e’ =4

with 6; = ¢;t + k;x and dispersion relations ¢; = ika (J =12).
Figures 4-6 present the graphs of the two-soliton solutions (13)-14).

t=0 t=3
v v 3 T T T T

: ."A 1 i
5 10 10 -5 0 5 10

F igure 4. Dynamics of the two-soliton solutions q and p with parameters
ki=1+ik,=1—-i;a=1Lb=1c=1La,=1; 1 =35 a,=2; B, =55,
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Figure 5. 3D plot of the two-soliton solutions q Figure 6. 3D plot of the two-soliton solutions p with

with parameters parameters
ki=1+Gk,=1—-i;a=1Lb=1c=10 = ki=1+Gk,=1-i;a=1Lb=1c=10a =
1; Bl = 3.5; a, = 2; ﬂz = 5.5, 1; ﬂl = 3.5; a, = 2; ﬁz = 5.5,

Conclusion

In this work, we investigated the coupled generalized nonlinear Schrodinger equations. This
system has many applications in plasma physics and ocean waves. In some cases, the coupled
generalized nonlinear Schrodinger equations can be reduced to nonlinear Schrodinger equations
arising from various fields, such as quantum field and nonlinear optics.

To obtain a soliton solution we applied Hirota’s method. This approach provides a direct method
for finding N-soliton solutions to nonlinear dispersive equations. We got bilinear equations and
constructed one soliton and two soliton solutions for the coupled generalized nonlinear Schrodinger
equations. The dynamics of the soliton pulses have been presented in Figure 1 with the help of the
Mathematica package software by selecting appropriate values for unknown parameters. Propagation
of the optical solitons, generated via the balance between the group velocity dispersion and nonlinear
effect, has potential applications in the nonlinear fibers. The presented methods can be applied to
obtain new solutions for other nonlinear equations.
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KOPPEJIAIUAJIBIK - PETPECCUSAJIBIK 9AICTI ZKOFAPBI OKY
OPBIHIAPBIHIATBI TOYEKEJIAEPAI BACKAPY YIIIH KOJTJAHY

Anoamna

JKyMBICTBIH MakcaThl MaTeMaTHKAaJbIK SMICTEepIi KOJNJaHa OTBIPHIIN, >KOFaphl OKYy OPBIHAAPBIHIA ©3€KTi
Toyekennepai 6ackapy. EniMi3niH eHipiik OFapbl OKy OpBIHAApbIHA TYCYIIJIEPAiH CAHBIHBIH TOMEHIEY1
CTpaTeTHSIIBIK 1aMy OarmapiiaMachIHIarsl 0acThl ToyeKenaepAiH Oipi 6oibIm caHanmaapl. by Tayekenre acep
€Tyl MYMKIH JKaFJaiiiap aHbIKTAJBI )KOHE aJIbIHFaH MOIMETTED HETi31H/Ie PEerpecCHsIIbIK Taluaay KYPri3iimi.
AJNBIHFaH HOTIDKENEPiH TOJBIKTBIFBl YUIIH KOPPEISIMSIIBIK-PErPECCUSIIBIK 9IIC KOMAAaHBUIABL. JKOFaphl
OlmiMre KOJ JKeTIMIUTIKTIH YKOHOMHUKAJIBIK, SJIEYMETTIK, JKEKe KOHE aKIMapaTThIK (aKTOpPIApBIHBIH Oenrinepi
MEH epeKIIeNiKTepi apKbUTI KOPCETKIMTEPIH OiphIHFal KYHeCcl KYPBUIBL. 3epTTey HOTIKECIHIE Perpeccus
TEHJICYl KYPBULIbI JKOHE TOYEKeJ MOJIIIepl eCeNnTeN i, alblIHFaH MOJCIbACPIIH MaHbI3IbUIBIFEl OaraaH/Ibl,
COHBIMEH KaTap, MOJENbICY MpOIeCiHAe alblHFaH HOTIDKENEpIiH TYCIHIipMeci KenTipinai. 3epTreyadiH
TEOPHUSUTBIK JKOHE OMIICTEMETIK MaHbI3IBUIBIFB KOPPESALIUSIIBIK-PETPECCHSIIBIK, Tallay MEH SKOHOMHUKAIIBIK-
MaTeMaTHKAIBIK MOJETbACYl KOJNJaHy MYMKIHJITIH HeTi3ley apKbUIbl 9iCHAMAaHBI XKETUIMIpy OOJBII
TaOBLIABI.

Tyiiin ce3nep: Toyekenai 6aranay, MaTeMaTHKAIBIK YIIT1, KOPPEIANUSIIBIK-PETPECCUSIIBIK 911ic, OimiM Oepy
Kb13meTi, JKOO.

A.C. Cepikraesa', X.T. Paxmerymna*!, P.Y. Mykamresa', P.O. Myxamenosa'
"Bocrouno-Kasaxcranckuii rexunueckuil ynusepeurer umenu J1.Cepukbaesa,
r. Yerp-Kamenoropek, Kazaxcran
MNPUMEHEHUME KOPPEJISIHUOHHO-PETPECCUOHHOT'O METO/JA AJ1s1 YITIPABJIEHUS
PUCKAMM B BBICHINX YYEBHBIX 3ABEJIEHUAX

Annomayus

Ienp paboOTHI MPOBENEHUE OIECHKH AKTyabHBIX PHCKOB B By3aX C MPUMCHEHHEM MAaTEMaTHYCCKHUX
MeTo/10B. CHIDKEHHE YMClia TOCTYMHAIOIINX B PErHOHANBHBIE BY3BI CTpPaHBl SBJSIETCS OJHUM W3 TIIABHBIX
PHUCKOB B CTpPaTEerMUECKOM MporpaMMme pa3BuThs. Beutd onpe/iesieHbl YCI0BUs, KOTOPbIE MOTJIM TIOBIHUATh Ha
3TOT PHMCK, U HA OCHOBE IIOJIYYEHHBIX JIAHHBIX OBUI MPOBEJCH PErpecCUOHHBIN aHanu3. J[jis MONHOTHI
MOJYYCHHBIX PE3yJIbTATOB ObLT HCIOJIB30BaH ObLI UCIIONL30BAH KOPPEIAIMOHHO-PETPECCHOHHBIN METO/I.
Co3naHa eauHas CHCTEMa IIOKa3aTesei depe3 MPU3HAKA M OCOOCHHOCTH 3KOHOMHYECKHX, COLMAJIbHBIX,
JINYHOCTHBIX M HMH()OPMAIMOHHBIX (DAKTOPOB JOCTYIHOCTH BBICIIEr0 o00Opa3oBaHusi. B pesyibrare
HCCIIEeIOBAaHUs OBLTH CO3/IaHbl YPAaBHEHUE PErPECCHU M PACCUMTAHA BEJIMYMHA PHUCKA, TPOBEJCHA OICHKA
3HAYMMOCTH IMOCTPOCHHBIX MOJICNEH, a TaKXKe MPHUBEACHA HHTEPIPETAIUs PEe3yJbTaTOB, TMONTYYCHHBIX B
MpoILIecCe MOJEIMpPOBaHus. TeopeTuueckas U METOJIUYeCKas 3HAYMMOCTh WCCIICOBAaHUS 3aKI0YaeTCs B
COBEpPIICHCTBOBAHUM METOJOJIOTHH TYTEM OOOCHOBAHMS BO3MOXKHOCTH IPUMEHEHHS KOPPEIAIHOHHO-
PETPECCHOHHOI0 aHAIN3a U SKOHOMHKO-MaTeMaTHIECKOT'O MOJISITUPOBAHUSI.

KiaroueBble cjioBa: OleHKA PUCKA, MaTeMaTHUYECKas MOJIENb, KOPPEIAIUMOHHO-PETPECCHOHHBIN METOI,
oOpa3oBarejibHas AeITeIbHOCTD, BY3.
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A.S. Seriktayeva ', Z.T. Rakhmetullina*!, R.U. Mukasheva', R.O. Mukhamedova'
'D.Serikbayev East Kazakhstan Technical University, Ust-Kamenogorsk, Kazakhstan
APPLICATION OF CORRELATION-REGRESSION METHOD FOR RISK MANAGEMENT
IN HIGHER EDUCATION INSTITUTIONS

Abstract

The purpose of the work is to assess current risks in universities using mathematical methods. The decline
in the number of applicants to regional universities of the country is one of the main risks in the strategic
development program. The conditions that could affect this risk were identified, and a regression analysis was
performed based on the data obtained. For completeness of the results obtained, the correlation and regression
method was used. A unified system of indicators has been created through the signs and features of economic,
social, personal and information factors of accessibility of higher education. As a result of the study, a
regression equation was created and the amount of risk was calculated, the significance of the constructed
models was assessed, and the interpretation of the results obtained in the modeling process was given. The
theoretical and methodological significance of the study lies in improving the methodology by substantiating
the possibility of using correlation and regression analysis and economic and mathematical modeling.

Keywords: risk assessment, mathematical model, correlation and regression method, educational activity,
university.

Kipicne

XKorapsl OinimM Oepy camacbkl MEMIIEKETTIH SKOHOMMKAIBIK KAyINCI3MITH KaMTaMachl3 €TyAeri
HETI3T1 2JIeMEHTTEPiH Oipi O0JIBIN TaObLIA B, OUTKEHI, )KOFAPBI OKY OPBIHIAPBIHBIH HET13T1 MaKCaThl
eHOEK HapbIFBIH/A CYPAHBICKA He OHAIPIC CEKTOPIIAPHI YIIiH KOFaphl OLTIKTI MaMaHIap/Ibl Aaspiay
XKOHE MIbIFapy Oonbim TaObIaabl. JKOFaphl OKY OpBIHAAPBIHIAA TOYCKEIACpAl a3aTy KoHE
ToyeKenepai 6ackapy *KyHeciH d3ipiey ’KOHE €HTI3y TYPFBICBIHAH 3epTTEyJep JKYyprizy OOWbIHINA
HAKTBl OJICTEpHAl OJaH opi J3ipiey YUIIH JKOFapbl OKY OpBIHIAPBIHBIH OiTiM Oepy KbI3METi
CaJlaChIHJIaFbl TOYEKENAEep/iH HEri3ri TONTapblH aHBIKTAYy - YKOFApbl OKY OPBIHIAPBIHBIH OacThl
CTapTETHSUTBIK MaKcaTTapelHBIH Oipi. OChl MakcaTKa JKeTy YmiiH OimiM Oepy ypuaiciHmeri Oap
Macenenep/l Tanaay, oinim Oepy canachbiHAAFbl TOYEeKeNAep Il KIKTEyI1H Her13r1 TOCUIAEepPiH 3epTTey
MKOHE HET13T1 Toyeken (PaKTOpJapblH aHBIKTAy, KOFapbl OKY OpBIHJIAPBIHBIH OUTIM Oepy KbI3METIH
AKY3€re achIpy/Jarbl MaHBI3/bl TOYEKENAep/l aHbIKTAay CHSKTBHI MIHAETTEp/l LIelyre OarbITTalFaH
MKYMBICTAp JKYPri3y KaXKeTTIr TybIHAAUIbI.

Xorapel 0Ky opbIHAAapbIHIa Oacka MeKeMelsepJieri CUSKThl KONTEreH TOYEKEeNJIep OpPBbIH allybl
MyMKiH. O GiiM Oepy canacbiHaa, TOpOue canachkiHia HeMece 0acKapyIIbLIIBIK CaTachlHa OOJICHIH
OpblH anajsl. JKoFapbl OKY OpHBIHIAFbl 9p TOyeKeNd op Typil XKafjailinapra OaillaHBICTHI
OOJFaHBIKTaH, OapJIbIFbIH KAMTUTBIH OpPTaK MaTeMAaTHUKAJBIK YIIT KYpy MYMKIH emec. bapibik
MYMKIH 0OJaThIH ToyeKeNAepre KaTbICThl YPAICTEPIIH MaTEMAaTUKAJIBIK MOJIENbAEPIH PErpecCUsIIbIK
TEHJEYy AapKbUIBI Oepy KHBIHIBIK TYFBI3aTBIHABIKTAH, TOYEKEeNJepl JKeKe Tajmay KaKeTTiri
TYBIHIAWIbI.

AlimakTeiK JKOO-nma 607ybl MYMKIH ©3€KTI TOyeKenaepaiH Oipi — MeMJIEKETTIK OutiM Oepy
I'PaHTHIHBIH OaiiKaybl HET131HJE *OFapbl OKY OPbIHJIAPbIHBIH OakalaBpHaTKa TYCYIIUIEP/iH KaJIbl
CaHBIHBIH TOMEH 00Jybl. AWMAaKTBIK OFapbl OKYy OpPHBI YIIIH OyJI 6Te MaHbI3bl Oap CTpaTETUsIIBIK
MHAUKATOpIapAbIH Oipi 60:1bII TaObL1aAbl. OChl TOyeKen i 6ackapy KOppesHsIIBIK - PErPECCUSIIBIK
o/IiC KOJITaHyMEH OarasiaHajibl.

3eprrey dmicTemeci

Makanana KapacThIpbUIFaH Mocelie allHalachblHAa KaHAall 3epTreysep KYpri3uireHi >kaiblHIa
tannanraH. «Digitalization of Education in Modern Scientific Discourse: New Trends and Risks
Analysis» arTel Makanaga OuriM Oepyldl UMQpIaHAbIpyFa apHalIfaH 3aMaHayd FbUIBIMU
KapUsUTaHbIMIApFa JKYHei 10Ty HOTHXKeJepl YChIHBUIFaH. Peceiinik jkoHe MIeTeNIiK 3epTTeynepre
0y OapbIChIHAA CTYIAEHTTEPAIH >KOFapbl yirepiMi MeH HUQPIBIK TEXHOJOTHSUIApAbl KOJIaHy
apacblHa OaiinaHpic Oap JereH HOTHKere Kenyre Oomansl. Makanana HMQPIbIK TEXHOJIOTUsIAp
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TOpOHME XYMBICHI MEH MOpPAJbABIK-TOpOME KBI3METIHIH CalachblH apTTHIPYJIBIH KaXeTTi, Oipax
COHBIMEH O1pre KeTKUTIKCI3 MapThl OOJIBIT TaOBLIAAbI JIETCH TYXKBIPhIM Heri3aeneni [1].

«Digital Transformation of Legal Education: Problems, Risks and Prospects» makamaceiana
3epTTey MIHACTTEpl aram OTUINeH: KYKBIKTBIK OLIiM Oepyai mudpIaHIbIpyIbIH TIyEKeIACepiH,
MOcCeJIeNIepiH aHbIKTay, COHBIMEH Koca Pecelizie 3aH MaMaHbIFbl OOMBIHIIA OlTiM Oepyae nudpIbIK
TEXHOJIOTUSIAP/Abl €HI13YyJl KYKBIKTBIK PETTEYIl JaMbITy OarbITTapblH TYXKBIPbIMIAY. 3€pTTey
HOTIKECiHAe HUGPIBIK TpaHchopMalys Hpoleci YHBIMIACTHIPYIIBUIBIK, KOHOMHKAJBIK KOHE
KYKBIKTBIK IIapaiapbl )Ky3ere achbpyabl KO3ICHTIHI aHbIKTAIFaH. 3aHrep CTYICHTTEPIH UPIIBIK
KY3BIPETTITIKTEPIH OKBITY HHHOBAIUSIIAPIbI, IU(PIIBIK I1aTHOPMaHbI HT13Y YIIiH IUGPIBIK O11iM
Oepy opracel HIEHOepiHAEe MEMIIEKETTIK Oarmapiamanapiabl o3ipiey, OuriM Oepy cTaHAapTTapbiH
OHTAMIaHIBIPY, AepOec AEPEKTEPIl KOpFayabl xKoHe O1T1iM Oepy callachiHIarbl KHOEepIIaOybUIIap bl
OongplpMayAbl KaMTaMachl3 €Ty KepeK eKeHi alKplHjanraH. Makanaja CTaTHCTHKAIBIK
TUIoTe3anap/sl 3epTTey YIIIH XU-KBaJpaT TECTIH KOJAAHbUIFaH [2].

«An Investigation of the Relationship between the Fear of Receiving Negative Criticism and of
Taking Academic Risk through Canonical Correlation Analysis» MakanacelHIa 3€pTTEy MaKCcaThl
ycbiHbUTFaH. OHJIa peNsursIIbIK YIIT KOJAaHBUTFaH KAaHOHIBIK KOPPEISIIHSIIBIK Ta1ay apKbLIBI TEPIC
CBIH allyJlaH KOPKY JKOHE aKaJIeMHsUIbIK TOyeKell apachlHJarbl OailylaHBICTBI 3€pTTEy MaKcaT eKeHi
Xa3puTFaH. JlepexTepal sUHAKTAy Kypajibl peTiHae "repic 6aranayjaH KbICKAa KOPKBIHBIII" IKAJIACHI
KOHE aKaJeMUsUIBIK TOyeKeNll KaObuiay MIKalachkl KOJAAHbUIFaH. bysl KaThIHACTBI AYphIC Tanjaay
YIIiH Tepic CBIH alyAaH KOPKY Typajbl MATIMETTEep JKUBIHTBHIFBI Kepi OarallaHFaH 3JI€MEHTTEPAiH
TIKEJIeH »JIeMEHTTepl MEH alHBIMAJIbUIAPbIHA, all MAJIIMETTEP >KUBIHTBIFBIHBIH aKaJeMUSIIbIK
TOYEKeJl KeITereH alHbIMaibulapra OeJliHTeH. 3epTTeyAeri KaHOHABIK KOPPEISAIMSUIBIK Tajaay
KOPBITBIH/IBIAPBI TEPIC ChIH ally/laH KOPKY ’KOHE aKaJeMMSIIbIK TOYEKeN I MiHe3-KYJIbIK apachlHAa
aliTapipIKTail OaityaHbic Oap exeHiH kepceTinai. OnapablH apackIHIAFBI JKaIIbl gucrepcus 35%
KyparaHbl aHbIKTaIFaH [3].

M. Takeyunnin «The situated multiliteracies approach to classroom participation: English
language learners’ participation in classroom mathematics practices» FbUIBIMH €HOETIHC
QJIEYMETTIK-MOJICHH TEOPUS MEH KOIl CayaTThUIBIK TEOPUSCHIH OACIIBLIBIKKA aJla OTBIPHIN, OKBITY
KeNTereH (GU3NKAIbIK MEH CUMBOJIJIBIK KypallJjap apKbUIbl TOKIpHOere KaThlCyIbIH ©3repyl peTiHae
KaObu1aHaAbl. 3epTTEYyAlH MakKcaThl aFbUILIBIH TUIIH YHPEHYLIUIEPAIH KaJaJblK ChIHBITAPAAFbl
MaTeMaTHKaJbIK ToXipubenepre KaTblCyblH 3epTTey 00JbIN TaOblaAbl. byl 3epTTey aFbUIIIbIH TUTIH
YHpEeHyIIl OKYIIBUIAPABIH CHIHBINTAFbl MaTEMaTHKa cabaKTapblHA COTTI KAaThICYbIH CUMIATTal b [4].

«Evidence-based education policies: Transforming educational practice and research»
MakayachblHaa OuTiM OepyJieri casicaT MeH TIKIPUOESHIH HET131 PETIHAC paHIOMHU3alUsIIAHFaH JKOHE
KaTaH KeJICUIN'eH KCIIepUMEHTTEepAIH Ooaliarbl MEH KUBIHIBIKTAphl TaJIKbU1aHa bl KaliTananatein
Oarnmapiamaniap MeH ToxipubOenepal Oaranay OOWBIHIIA KaTaH ToxipuOenepre Hazap aynapy
casicaTKepJyiep MEH OKBITYLIbUIAp apachiHa OLTiM Oepy callachIHAAFbl 3epTTEyJepre AereH CeHIMIl
apTTHIpYFa MaHBI3/IbI IETE€H KOPBITBIHABIFA Kenedl [5].

«Safety risk assessment of a Pb-Zn mine based on fuzzy-grey correlation analysis» MakanacsiHaa
Toyekenjepal Oarasay MeEH KayilCi3[IKTI OacKapy oficTepiH AaMbITy KOFaMHBIH ©HEPKICIITIK
JaMYBIHBIH HeTi31 OOJbIN TaObUIAThIH Tay-KE€H OHEpPKoCciOl YIIH MaHBI3IBUIBIFEl aThUIAIbL. AllaM
eMipl MEH MYJIKIHIH Ke3[IeHCOK MKOFallyblH HeMece OyJiHyiH OoJiplpMay, IIaxTajaap/IblH TOyeKeliH
y3Aikci3 Oaranay yIIiH Kayinci3fik ToyekeniH Oaranay omici kepek. IllaxTamapislH Kayinci3miria
Oarayay TajanTapblHa CYWEHE OTBIPHIN, MaKajla/la aHbIK €MeC CYp TYCTi KOPPEISIHMUIBIK Talaay
oniciHe HerizaenreH Pb-Zn maxtanapblHbIH Kayllci3/irine Toyekemnai 6aranay yirici yChIHBUIA b 1a
anblk emec TOPSIS opiciHe HeriznenreH ToyekenaepAl Oaraiay YATICIMEH CalbICTBIPBLIA/IbI.
DOKCIIEpUMEHTTEp apKbUIbl albIHFAH HOTHXKENEP YCHIHBUIFAH KOPPENsLUs YITICIHIH ToyeKenre
ce3siMTall JKoHE OaralayJblH OPTYPJl TOCUIAEpiHAe Oarajnay HOTHIKEIEpIHE a3 ocep eTEeTIHIH
Kepcerei [6].

«Risk assessment of floating offshore wind turbine based on correlation-FMEA)» makanaceiama
KaJIKbIMaJIbl TEHI3JIEr1 JKeJl AJIEKTP CTAHIMACHI ©3apa TAyesi 1MIKi XKyHenepaeH TypaThlH Kypaeni
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KYpBbUIBIMFA M€ €KEHI JKOHE KaTal KYMBIC JKaFlalbIHIIa >KaFbIMCBHI3 Oocepiiepre YIIbIPAlThIHBI
anTeuraH. Toyekenaep MEH CEHIMAUIKTI Tanuay OapbIChIHIA €Ki MocelieHl miemnry Kaxker. Omap:
KYHEHIH 1CTEH WIBIFY PEeXUMIHIH KYPIACHLIIri MEH e3apa KOppersnus. 3epTTeyae KOPPesIusIbIK
FMEA nemn ataynatblH ©3repTUIreH COTCI3AIK TYpiiepi MeH canapsia Tanaay oaici (FMEA) apkplisl
Toyekennuepai Oaramay sxyprizuireH. JXorapel OachIMIBIKTBI COTCI3AIKTEpAiIH OipkaTap TypiepiH
noctypiai FMEA aspiktagpl. CeHIMAUIIK KOPCETKIIITEPIHIH BEKTOPJBIK 9iCi KOJJAHBUIBIIM,
Koppensnus KodpQHUIUEHTTEPIH ay YUIiH THICTI OailaHbICTap TANAaHbUIABL. 3epTTey HOTHXKeNepi
HET131H/Ie JKeJT SHEPreTUKAIBIK KOHIBIPFBICHIH K00aay 0oibIHIIa YChIHBICTAp Oepinmi [7].

OchI FBUTBIMU €HOCKTEPTe CYHEHE OTBIPHII, 3epTTeNIeTiH Macene aiimarbiaaa 2011 - 2022 sxpliaap
apalbIFbIHIAFBl PECMHU JIEPEKTEP HETi3iHAe JAepeKTep KOPBIH KUHaKTayra Oonaabl. Toyekemmepai
Oackapy KOppessLUUsIIBbIK - PETPECCUSIIBIK 9JIICTI 3ePTTEyJiepre KoJIAaHy capaiaHfaH.

JlepekTep KOPBIHBIH AJIEMEHTTEPI:

- KP xanbik caHbl.

- KP tyyasiy xanmsl koagdunuenti (1000 agamra).

- Kanms! imki enim (KIO), muipag USD.

- JKb11 OolibIHIIIA OOJIIHIeH TPAHT CaHBI.

- MexkTenTeri OKyIbiap CaHsbl.

- 11-ceiHbIN OiTIpreH TYJIEKTep CaHBbI.

- KOO TycKeH CTyJeHTTEp CaHBbI.

JlepexTep MbiHagai Typae 6onaasl (Kecre 1).

Kecme 1. [lepexmep

Boninsen KP Tyyowiy MeKm?nme KIO, 1 ].-Cl'alell’l KOO
arcannvl Xanvig ei bimipeen mycKen
epanm . MAPO
KO2hpuyuenmi camvl oKyuLIap mynexkmep | cmyoenmep
CcaHvl USD
(1000 adamea) Cambl cambl cambl
31387 22,51 16440470 | 2541862 200,38 151448 1195
34315 22,7 16673933 | 2551502 2159 172762 1029
35053 22,73 16910246 | 2597942 243,78 168774 905
34165 23,1 17160855 | 2685063 227,44 149895 920
20057 22,71 17415715 | 2799585 184,36 133309 1306
31700 22,52 17669896 | 2930583 137,28 129406 1205
31702 21,64 17918214 | 3050770 1594 124369 1190
42982 21,77 17157337 | 3186234 170,54 127414 966
54000 21,73 18395567 | 3337783 181,67 143089 986
53864 22,76 18631779 | 3481347 171,1 117204 1235
56000 23,5 18879552 | 3597159 197,1 140643 1451
64061 20,41 19503159 | 3600000 220,5 161430 1424

AJNFamkpl caThlla TaHJIaMallbl aHBIMAJIBUIAP apachIHAAFbl OAaWTAHBICTHIH THIFBI3BIFBl MEH
OarbITBIH aHBIKTAY/bIH CAaHIBIK 9JIICI HEri3iHJAe KOppessuusuIbIK Tanjgay skacainsiHabl [8]. Excel
OarmapiamMachIH/Ia JKacalFaH KOPPEJLSIIHMSIIBIK Talgay HOTHIKECI TOMEHJIETI CypeTTe KOpCeTiIreH
(Cyper 1).

[MupconHbIH Koppemsuus KodpQUIUEeHTI r - aifHBIMaNblIap apachIHAAFBI TY3Y CBHI3BIKTHI
0alTaHBICTBIH OJIIIIEMIiH aHbIKTal 5! (1):

r= ZZXiZYi
~ n-1

(1
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FBanincen cpaum
cansl

KP Tiyouy
FHeams
xoadduyuenmi
(1000 adamza)

Xawig canvt

Mexmenmezi
ORVUIBLIAY CAHbT

JKIB |, aapo
UsD

1i-coinwin
oimipsen
myaexmep
carvi

Tycxen
cmydenmep
cansl

EBanincen cpanm canst
KP Tyvowery scammsl
wo3gduyguenmi (1000
adavsal

Xarwig canet
Mexmenmeci
ORVUIBLIAY CaHbl
I8 |, ape USD
1i-coinein Gimipcen
myaexmep cawnsl
Tycren cnydenmep
cansi

-0,376630725
0,800516349

0,850439112
0,104543521

0,01950386

0,316166804

I
-0,303586998

-0,302433376
0,099557593

-0,035920081

-0, 119994157

1

0,931967315
-0,173316571

-0,273050409

0,638185043

1
-0,293129157

-0,410373030

0,554420355

1

0,845850337

-0,243524968

1

-0,244754103 1

Cypem 1. Koppensyusinvlx manoay

Zy, , Ly, 03 Ke3erinzie ToMenzieri hpopmynanapmer ecentenesi (2, 3):

2)

©)

Mynparel, X, Y- opTa MoH. Sy , Sy - aifHBIMANbLIAP/BIH CTAHAAPTTH aybITKYHI [9]. CTaHIapTTHI
ayBITKYy 03 Ke3eriHge (4-5) popMyiagapMeH aHBIKTAIAIbI:

1 —
Sy = \/E ?:1(Xi - X)z

S

1 —
= i 2im i = )2

(4)

)

Koppensimus TeopuschiHmarsl OalimaHbic KyIIiH Oaranay yiniH YeqaoK CTaTHCTUKACHIHBIH
IIKaJIachl KOJMaHbuIabl: aci3 - 0,1-nen 0,3-ke nediin; oprama - 0,3-teH 0,5-ke neiin; OalKamaThiH-
0,5-ten 0,7-re neiiin; xorapsl-0,7-neH 0,9-Fa neitin; ete xorapsl - 0,9-nan 1,0-re geiiin [8].

Tannay notmwxkecinae KOO TyckeH CTyaeHTTEp alHBIMAIBICHIHBIH CAH/IBIK MOHIMEH XaJIbIK CaHblI,
MEKTEeMNTerl OKYyIIbUIap CaHbl alHBIMaTbIIApMEH «OaliKanaTblHAA» OH OalmaHbICTa EKEeHJIrl

KOepiHel.

Koppemsus koapduimenTrepiHiH MaHbI3ABUIBIFBIH OaFanay YIIiH MaHbI3IbUIBIK JACHICHIH o =

0,05 nem anaiteik. df epkingik neHreiii TomeHeri popmynamen ecenrenei (6):

df=n—-m-1

(6)

Mynpaarel, n — OakpulayJap caHbl, m — OainaHbic ((hakTOpibIK aifHBIMaNbUIap) canbl. CoHpa.

df =12—-6—1=5.

Koppensus ko3 HUIMEHTIHIH CTaTUCTUKAIBIK MaHBI3ABUIBIFBI CTBIOAEHTTIH t- KpUTEpHidi
Heri3iHae OaraianateiH 6oca (7), oHaa:

tecen. -

rWn-m-1
vi-rz

(7)

Erep tecen > tiecre 007Ca, OHMIA CBHI3BIKTHI KOY(DPHUIIMEHT MaHBI3AbI OOJBIN CAHATABI, «TOYEINIl
KOHE TIyeIICi3 alHbIMAIbLIap apachlHIaFbl OalaHbIC MaHBI3ABD AereHal Oimaipeni [8].
Op aliHbIMaJIbl YIIIH t-KpUTEPHUI MOHI TOMEH/IE €CETITEIIHTEH.
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«beiHreH rpaHT caHbl» alHBIMANIBICHI YIIIIH:

¢ _0,361601126011V12—6—1
ecett. J1-0,3616011260112

=0,867248923

«KP tyynsin sxanmsl kodpdunuenti (1000 anamra)y aitHBIMAIBICH YILIH:

—0,119994156625569V12—6—1
Cecen. = = -0,27027
-+ J1=(=0,119994156625569)2

«Xa.]'IBIK CaHbBD» aHBIMAJIBICHI YH_IIH

_0,638185042814284v12—-6—1

t = = 1,853561
ecett. J1-0,6381850428142842 ’
«MexkTenTeri OKyIblIap CaHbD aifHBIMAJIBICHI YIIIiH:
0,554429355491145vV12—6—1
tecen. = = 1,48966097
: \/1-0,5544293554911452
«KI10, miipa USD» aitHbIMaNbICHI YIIIiH:
—0,243524967675702v/12—6—1
tecen. = =-0,56144
© /1-(-0,243524967675702)2
«11-CBIHBIT OiTIpTEH TYJIEKTEP CaHbD) AHHBIMAIIBICHI YIIIiH:
—0,244754103049278V12—6—1
tecen. = =-0,56144

J1-(~0,244754103049278)2

Keneci CTplo[IeHT KECTECIHEH KecTeliKk MoH aHbIKTanaasl (Cyper 2).

2
df 0.05 0.01 0.001
I 12.70 63.05 636.61
2 4.303 0,025 31.602
3 3.182 5.841 12,923
4 2770 4.004 8.010
J 2571 4.032 0.509
0 2.447 3.707 3.959
7 2305 3.409 53.408
8 2.300 3.335 3.041
2 2.202 3.230 4.781
10 2228 3.169 4.587

Cypem 2. Cmvio0enmmiy t-KpumeputiiHiy Maysi30sl Manoepi [10]

Conma KecTelaiKk MOH MBIHaFraH T€H OOMIBL. ty...e = 2.571. Ecenrenren Oapiiblk KpUTEepHUILIep

KeCTeliK MoHJIepaeH Kiuli, [TupcoH KoppersiusachIHbIH 6apIIbIK KOA(PPHUIMEHTTEP] CTATUCTUKAIIBIK
MaHBI3JIbI €MeC JETeH KOPBITHIHIBIFA Keayre Ooiyansl. EHIIN Ke3eKTe PperpecCHsuIbIK Tallay
KacallbIHA bl 3ePTTEY/Ie TOyeICi3 alHbIMAaNbIIap CaHbl OipHele OOMFaHABIKTaH, KOITIK perpeccus
Kypbuiael. JKOO TYCKEH CTYIeHTTEP CaHbl aifHBIMAJIBICHI - TOYEI 1 alHBIMAJIBI PETIH/IC AaHBIKTAJIFaH.
Kentik perpeccusuiblk Tanjgay — Oip alHBIMaIbIHBIH €Ki HeMece OJaH Ja KeIl Tayenci3
allHBIMaNIBIIApFa TOYEJNAUITIH aHbIKTay omici [11] OonFaHIBIKTaH, PETrPECCHSUIBIK TallayIbIH
MIHJETI - TOyeIci3 alfHbIMATbIIAPIbIH MOH IEP1 OOUBIHINA TOYETl aifHIMATBIHBIH MOHIH Oaranayra

MYMKIHJIK O€peTiH MaTeMaTUKAJIBIK YJT1 KYpy OOJIBIN TaObLIa Ibl.
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Perpeccust koaduureHTTepin Garanay BEKTOPBIH aHBIKTAy VIIIH €H Killli KBagpaTTap oMIiCiH
KoJiaHbu1aael. EH il KBagpaTTap oiciHe ColKec S BEKTOPBI O©PHEKTEH anbIHAIbI (8):

s = (X"X)'XTy (8)
X; aiiHpIMaINBIIap MaTpHUIAChIHA OipiIiK OaFraH KOCHUIAbI.

31387 22.51 16440470 2541862 200.38 151448
34315 22.7 16673933 2551502 2159 172762
35053 22.73 16910246 2597942 243.78 168774
34165 23.1 17160855 2685063 227.44 149895
20057 22.71 17415715 2799585 184.36 133309
31700 22.52 17669896 2930583 137.28 129406
31702 21.64 17918214 3050770 159.4 124369
42982 21.77 17157337 3186234 170.54 127414
54000 21.73 18395567 3337783 181.67 143089
53864 22.76 18631779 3481347 171.1 117204
56000 23.5 18879552 3597159 197.1 140643
64061 20.41 19503159 3600000 220.5 161430

<
Il
R RR RR RR R RR R R

Y Marpuiackl MblHa TYpJie OOJIaIbI:

1195
1029
905

920
1306

— | 1205
Y= 1190

966
986

1235
1451

1424

X' marpunacsr:
XT=
1 1 1 1 1 1 1 1 1 1 1 1

31387 34315 35053 34165 20057 31700 31702 42982 54000 53864 56000 64061
2251 227 22.73 23.1 2271 22.52 21.64 2177 2173 2276 235 2041

16440470 16673933 16910246 17160855 17415715 17669896 17918214 17157337 18395567 18631779 18879552 19503159
2541862 2551502 2597942 2685063 2799585 2030583 3050770 3186234 3337783 3481347 3597159 3600000

200.38 2159 24378 227.44 18436 137.28 159.4 170.54 181.67 1711 197.1 220.5
151448 172762 168774 149895 133309 129406 124365 127414 143089 117204 140643 161430 /

XT marpunacel X MaTpuiiackina KeGeiTiTei:

XTX=
12 489286 268,08 212756723 36359830 2309,45 1719743
489286 21875407622  10885415,6 8785770627770 1532674090626 94635938 70171484988
268,08 10885415,6 5996,3986 4749585132,04 810945586,28 51621,0803 38413201,66
212756723 8785770627770 474958513204 3,78E + 15 6,486E 4+ 14 40889774550,7 30439246040015
36359830 1532674090626 810945586,28 6,486E + 14 1,1197E + 14 6957173176,25 5177233078374
2309,45 94635938 51621,0803 40889774550,73 6957173176,25 454997,1149 336142248,97

1719743 70171484988 38413201,66  30439246040015 5177233078384 33614224897 250006895209

(XTX) MaTpUILIACKIHAAFBl 1-111 k07 MeH 1-m1i GaraHHBIH KUBUIBICYBIHIA JKaTKaH 12 caHBbI XT
MAaTPUIACHIHBIH  |-1I11  JKOJBIHBIH DJIEMEHTTEepI MEH X MATpPHUIACHIHBIH |-l GaraHBIHBIH
KOOEHTIHIIEPiHIH KOCBIHBICH PeTiHe anbiHaabl. (X *Y) kebeiTinaici TabbLIALbL:
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13812
571856203
308354,4
X™Y=| 246144413104
42316740279
2642524,32
1970295153
(X™X)! kepi MmaTpunace TabbLIAbI:
(XTX)!=
272,4171 0,0000316 -5,3005 -80E—-6 -—-10E-6 0,07947 -0,000292
0,000316 0 1,0E—-6 0 0 0 0
—5,3005 1,0E—6 0,183 0 0 —0,00277 50E—-6
—8,0E -6 0 0 0 0 0 0
—-1,0E—-6 0 0 0 0 0 0
\ 0,07947 0 —0,00277 0 0 0,000389 —1,0E — 6/
—0,000292 0 50E-6 0 0 —-1,0E-6 0
Perpeccus xoaddurmenTTepin O6aranay BEKTOPHI:
—3852,2762
-0,1577
43,6036
Y(X)=X"X)'X"Y =] 0,000134
0,00053
—1,5633
0,00695

Hotmxecinne perpeccus TeHaeyinin ko3¢ duuuentrepi TabbUIIbI.

Perpeccusiiblk Tannay HoTHXKECI ToMeHer1 cypeTrTe yebinbuira (Cyper 3).

KOPRITRIHITA!

PF:PFCC‘H.&THI\' CIamUCIMUg

Kenmin R

R-rneadpam

Tyzemitcen R-nsadpam
Crandapinine Kame

Bawwiiayiap caws

0767427567
058594507

0095679154

178, 5623993

ucnepeuates maiday

af 55 A F F Mayuzoeiaes
Pezpeccun & 38496,78714 | 11939707 0432222327
Feandus 3 3224265543
Baprizer i1
Cmandapminet
Fosgruyuenmmep Kanne I-CIATC TG Ponar Tomenci 95%:  Mozapew 95%:  Tawenzi 95.0%:  Hozapzeu 93,0%
V- guermicy -3852,276245 2963 688616 -1,299824895 0,2503561 -11470,68037  3766,127878  -11470,68037 3766127878

Esnitizen spanm canil
KF Tiyouy scannet
rosggumuermi (1000

adanza)

Namew care

Mexmenmesi ORyMBLIGY CaHED

HIS |, ampo USD

11-camzin Gimipsen
IHYTIERTHED CAMEL

-0.015766776

436035582

0,000529959

-1.563278185

000695293

0014047319

76,81045166
0,000155991
0,000778592

3,539528681

0005010307

-1,12240462

0367677409
0718922108
0, 650663509
-0 44166281

0867997956

03126777

05947945
05043753
05263207
06771802

04250872

-0.05187656

-153.8439936
-0.000344392
0001471474

-10,66192632

-0,01363822

0020343008 -0.05187656

24105111 -153,8439936

0000611819 -0,000344392

0,002331393 0001471474
733336995 -10,66192632
0027544051 -0,01363822

0,020343008

24105111
0000611819
0,002331393

33536895

0,027544051

CoHpa perpeccusuibIK TeHIEY MbIHaIai Typre kenei (9):

Cypem 3. Pezcpeccusnvly manoay Hamuiceci

y = —0.015766776%x, + 43.6035582x, + 0.000133713x3 + 0.000529959x, — 1.563278185x5 +
0.00695293x4 — 3852.276245

)
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MyH7arbl, X, — O6JIIHI'eH TPaHT caHbl, X, — KP TyynbiH xanns! ko3dduuuenti (1000 agamra), X3
— XaJIbIK CaHbl, X, — MekTenTeri oKymbLiap canbl, X5 — JKIO, mapa USD, X — 11-cbiabIn OiTiprexn

TyJiekrep canbl, y — KOO TyckeH CTyIeHTTEp CaHbl.

PerpeccusibIk TeHey/1iH MaHbI3IbUIBIFBI )KOHE OHBIH KO3()(UIIMEHTTEPIH TEKCEPY, KYBIKTaYAbIH
aOCOIIOTTI KOHE CaJBICTHIPMAJIBl KATENIKTEpPiH CHUSKTHI €CENTeyJIepAl KYPri3il, CTaTHCTUKAIBIK

Tangay xacayra 6onasnsl (Cyper 4).

¥ ¥x) £ g2 (Y-Yep)'2 ||s:¥]
1195 9195158 275,484 75891,568 1936 0,230531
1029 | 1041,894 -12,894 166,252 14884 | 0,01253
905| 1016,463 -111,463 12424,017 60516 0,123164
920\ 1020,557 -100,557 10111,744 53361\ 0,109301
1306 1272,784 33,216 1103,283 24025 0,025433
1205 1230,8 -23,800 665,631 2916\ 0,021411
1190\ 1219,693 -29,693 881,681 1521\ 0,024952
966 | 1021,32 -55,320 3060,327 34225 0,057267
986| 1183,328 -197,328 38938,357 27225 0,20013
1235 1174,599 60,401 3648,288 7056 | 0,048908
1451\ 1390,018 60,982 3718,758 90000\ 0,042027
1424\ 1321,027 102,973 10603,372 74529 0,072312

Cypem 4. Ecenmeynep

KbpUDKBITEUIMAFaH KaTeMIKTIH MOHI: € = Y-Y (X) = Y-X * s (a0COMIOTTI )KYBIKTay KaTeci).

XKysikrayasiy optaia Kareniri (10):

_0.968

_Xley|
A= = 100% = ST

100% = 8.07%
Hucnepcusiaet 6aranay (11):
sz=(Y- Y(X))T(Y - Y(X)) = 161213.277

JlucniepcusiHbIH JKbUDKBITBIIMaFaH Oaranaysl MbIHaFaH TeH (12):

1 s 1
n-m—-1-¢  12-6-1

Sz = 161213.277 = 32242.6554

Opramia KBaApaTThIK aybITKY 16l Oaranay (Y yIIiH cTaHaapTThl Katenik) (13):

S = /SZ =/32242.6554 = 179.562

3epTTey HITHKEEPi

(10)

(11)

(12)

(13)

r-KBaJpaT Jen OeNrijieHreH AeTepMUuHaIus Kod(QPUIHEeHTI perpeccusi TeHIeyl HaKThl JepeKTep
HYKTEJIEpiH KaHIIAIBIKTBI JKaKChl MOJENbACHTIHIH ommeial. Ecenteynep notmkecinae 0,5889-ra

TeH 001kl JKeTKUTIKTI KaKChl MOH PETIH/E aHBIKTAJIIbI.

Koppensmusinplk  TeHaey OoibIHIIA KYTIIETIH MOHAEp OaKpUIaHATHIH MOHJAEPMEH Oipre
ayBITKyJIapbl €cCenTey VIINH KOJJAHBUIABL. Perpeccusuiblk TangayJarbl aybITKyJlap IepeKTep
YKUBIHBIH/IAFbI OaKbUTAHATHIH MOHJIEP MEH perpeccus TEHILY1 apKbUIbl €CENTENTeH KYTUIETIH MOHED
apachIHarbl aMBIPMAIIBUIBIKTApAsl cUnarTaael [12]. Perpeccust TeHaeyi OoibIHINIA KYTUIETIH

MoHIepAiH ecenTeinyl anbiHabl (Cypert 5).
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EP Tyyouiy Mexmerim I I-crinein
HCATHIB] eci oimipzer  |Tyered
Banincen cpanm |xosghduyuenmi | Xanwix oxyusinap KIS mynexmep |cmydenme |Pecpecciia
AKwin canHl (1000 aoavsa) Canbl CaHbl aipd USD |camnu \p canu Mani
2011 31387 22,51 16440470| 2541862 20038 151448 1195| 919,5158
2012 34315 22,70| 16673933 | 2551502 21500 172762 1020| 1041,894
2013 35053 22,73 | 16910246| 2597942 243,78 108774 905| 1016,463
2014 34165 23,10| 17160855 | 2685063 227,44| 149895 020| 1020557
2015 20057 22,71 17415715| 2700585 184,36 133300 1306| 1272,784
2016 31700 22,52|17669896| 2930583 137,28 120406 1205 12308
2017 31702 21,64 17018214\ 3050770 159.40| 124369 1190| 1219,693
2018 42982 21,77 17157337 | 3186234 170,54 127414 966| 102132
2019 54000 21,73| 18395567 | 3337783 181,67| 143089 086| 1183,328
2020 53864 22,76| 18631779 | 3481347 171,10 117204 1235| 1174,599
2021 36000 23,50| 18879552 | 3597159 197,10 140643 1451 1390,018
2022 64061 20,41 19503159 | 3600000 220,50| 161430 1424 1321,027
2023 6018765152 21,74363636 | 19348764 | 3752213| 176,4353| 1297435 1348,842

Cyper 5. Kyminemin manoep
Perpeccust cpi3birsl TYpFBI3BLIIALL (Cyper 6).

Peepecczm Cbl3blebl

2000
1500 —a
o= g ——T 0
S — y ycKeH cmyOeHmep cambl
1000 | g7 ~—
Pecpeccus moni
500
0

2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022

Cypem 6. Pecpeccus cvi3vl2bl

Perpeccus tenzaeyi anbiaFaH coH 2023 xpuira OapiiblK TOyesci3 alfHbIMalanapIblH O0JKaIabl
MOHI eHri3uiin, ocel xkbuibl 2KOO-Ha KaHIa CTYJEHT OKyFa TYCETIHIH ecenreyre 6onaabl. Excel-nin
«IIpenckaz» 6omkaM QyHKIMICH KonnaHbUiaabl. bomkam OoiibiHma x1= 61188, x, = 21,7, x3 =
19348764, x,= 3752213, x5 = 176,44, x; = 129744 nen eHri3uireHae, OKyra TYCETIH CTYJIEHTTED
canbl mamMamed 1349- ra TeH eKeHi HIBIFabl.

JKyMBICTBIH HOTHKECIH/IE )KOFaphbl OKY OpHBIHA TYCYLIUIEP/AIH CaHbIHBIH a3 00y ToyeKenl naija
601y MyMKiH Ge koK ma con Oarananazpl. JKanmel KOO cTpaTerusibik 1amy skocrapbl OOMbIHIIA
KBIJ CaliblH KaHIIAa CTYAEHT OKyFa TYCY KepeK €KEeHJIT! »Kaiiibl sxocrnap Kypbutaasl. 2023 >KbUIFbI
xocrnap OoiblHIIa OGakamaBpuatka 1900 cTyneHT Tycy Kepek jAereH »xocmap eHrizinai. Toyeken
JEHTel1HIH KOpCEeTKIIITepl peTiHAe MYIAeNl TapanTapAblH OipiHiH Oenruii Olp JAeHreiiHe XKery
Ke31HJle KOJIAlChI3 HOTMXKEJIEPAIH BIKTUMAIIBIFBIH KOPCETETIH ToyeKken Ko3((UIUMEeHTTepiH
naiinananyra 6osaael. CoHIa TOyeKea MoJIepi:

_1900-1349
T 1900

0.29

XKocmap 71 %-ra raHa opbIHAATYBl MYMKiH. ByJT IeHrelt KapacThIpbUIFaH TOYEKEIIiH OPBIH alTybl
MYMKIH JeTeH i Outmipesi.

Juckyccus

3epTTey HOTHXKECI Kb CalbIHFBI OOJIHIeH TPaHT CaHbl, MEKTeN OiTipyii TyJekTep caHbl, KP
TYYIbIH Kallbl KO(GOULIHUEHT] CUIKTHI KOPCETKIIITEP >KOFapbl OKY OpPHBIHBIH KOMBIN OTBIpFaH
MakcaTbIHa 9cep eTETiHiH, ToyeKeaep naiaa 6omybiHa ceGerniii O0NaThIHBIH aHBIK KOpCeTe/I.
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Byn omic ockl yakbITKa neiiiH »korapbl OiuTiM Oepy camachIHAAFbl TOyeKenaepAl Oaranayna
KongaHbuiMaraH. COHJIBIKTAH 3epTTeY HOTHXKeNepi Oacka 3epTreymiiiepre KOpPpeIsIHsUIbIK-
PErpeCcCHsUIBIK dMICTi OiTiM Oepy callachiHIa 13 KOJIaHyFa MYMKIHJIIK Oepe/i.

KopbIThIHABI

Makaiana »)ofapbl OKY OPBIHIAPBIHAAFBI Oenrim Oip ToyekenaiH maijga 00y BIKTUMAJIBIFBI
seprreni. Toyekenmi 6ackapy YIIiH KOPPEISLIUSIIBIK-PErPECCUSIIBIK 911C KOJIJaHBUI/BI.

3epTTeyiH OapIbIFbI MIBIHANWKI JCPEKTEPTe HEeT13/1eIIe OTHIPHIT OPBIHAAIIBI, )KOHE OHBI apbl Kapai
Ja KeHiHeH KoJimaHyFa Oomanbl. 3epTrey OaphichiHaa (akTijgepai Oakpuiay *)oHE KUHAY SJiCTeEpi,
TapuXU KOHE JIOTHMKANBIK, Talay, CHHTE3 KoHE OacKayiap KOJIAaHBULIKL. bimiM Oepy caiachiHIarsl
TOYEKeIAeP Il JKIKTEYAiH HET13r1 TociIaepl KapacThIPbUIABI, TOyeKea (hakTopiapbl TalJIaH]IbI KoHE
KOFapbl OKY OPBIHAAPBIHBIH OLTiM Oepy KbI3METIHZIETi MaHBI3/Ibl TOYEKEIep aHBIKTAIIbL. 3epTTeY
OaphICBIHAA TEPIC cangapiIapAblH JOPEKECIiHE KOHE capanTaMalIbIK KOJIMEH €CETEIeH TOyeK e i
iCKe achIpy BIKTUMAJIIBIFBIHBIH JOPEKECiHe OAMTaHBICTHI TOYCKENISpP HHIUKATOPIAPHl AaHBIKTAJIJIBI.
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HEJIMHEHUHBIE 3®®EKTHI B BOJTHOBBIX ITPOILIECCAX IIOPUCTBIX CPE]I

Annomayus

BonHoBble mporeccsl B 1e(OPMHUPYEMBIX IOPHCTBIX CPEAax, HACHIMEHHBIX (DIIOMIOM, SBISIOTCS
KITIOYEBBIMHU [ IOHUMAHUS CIIOKHBIX (PU3MUYECKHUX SBJICHUH, MPOUCXOSAIINX B MPUPOAC M MHKEHEPHBIX
KOHCTpYKUusX. Takue cpenpl 001aJa0T yHUKAIbHBIMA MEXaHHYECKUMHU CBOMCTBaMH HM3-32 B3aUMOICHCTBUS
¢urona M CcKenera, YTo MPUBOJAMT K BO3HHUKHOBEHHUIO HEIMHEHHBIX 3((QEKTOB W M3MEHEHHIO BOJHOBBIX
XapaKTepUCTHUK MPU BEICOKUX Harpy3kax. B craTbe paccMaTpuBaroTCs MaTeMaTHYECKHAE MOJIEIH | TTOIXOJIBI K
YHCJICHHOMY aHAIN3y ATHX siBieHuid. Oco0oe BHUMAaHUE YAEICHO HEJIMHEHHBIM 3P QeKTaM, BOSHUKAIOIINM
U3-32 CHJIBHOTO B3aMMOJCWCTBHS (a3, a Takke yCIOBUSAM Ha rpanuie (aspl. [IpumeHeHne dmcCIeHHBIX
METOJIOB, TAKUX KaK METOJ KOHECUHBIX Pa3HOCTEH, TO3BOJISCT aHATIM3UPOBATH BOJTHOBBIE IPOLIECCHI B YCIOBHAX
MOBBIIIEHHBIX HAIPY30K, YTO OCOOCHHO BaXKHO JUIsi TIPOTHO3WPOBAHMS TIOBEACHUS MOPHCTHIX MAaTepHaOB B
WH)KEHEPHOU TpakTHKe. PaccMaTpuBaIOTCS pa3jIniHbIC THUIBI BOJIH, BKJIIOYAs MPOAOJILHBIC M CIABUTOBEIC, a
TalKOKe BIMSHAE TEOMETPUH TIOPUCTOTO IPOCTPAHCTBA HA PACHPOCTPaHEHHE BOJH. JlOTMOTHHUTEIHHO
aHANM3UPYIOTCS HEJIMHEHHbBIE CBOWMCTBA CKeJIeTa M UX BIMSHUE HA CKOPOCTh M 3aTyxaHue BOJH. [lomydeHHbIe
pe3yabTaThl MOTYT OBITH TOJIE3HBI MPH Pa3pabOTKe HOBBIX MAaTEpHalOB W COBEPIICHCTBOBAHMH METOIOB
JMAaTHOCTHKU COCTOSTHHS TIOPUCTBIX CpPEI.

KnioueBble cioBa: HenuHelHble 3()(EKTHI, BOJHOBBIC IPOLECCHI, MOPHCTHIE Cpenbl, AehopMariis,
(ITFOMIOHACKHIIIICHHBIE CPEbl, MATEMAaTHYECKOE MOJICIMPOBAHNE, YUCICHHBIE METO/IbI, B3AaUMOICHCTBHE (a3.

K.M. Illusnos!, A.E. FOcynosa!, B.A. Uesepaa®
'AGaii areigarsl Kazak YITTHIK [E1arOruKaiblK YHUBEPCHTETI, AMatsl K., Kasakcran
2 HoBocuOupck MeMilekeTTiK yHuBepeuteti, HoBocubupcek ., Peceit deneparusce
KEYEKTI OPTAJIAPJABIH TOJIKBIHABIK TIPOUECTEPIHAEI'I CBI3BIKTHI EMEC OCEPJIEP

Anoamna

CyiibIKIIeH KaHBIKKaH JedopMalisilaHaThlH KEeYeKTi OpTallapllaFbl TOJKBIHABIK TpoIiecTep TaOWFu
KYHeTep j)KoHe HHKEHEPIiK KYPbUIBICTapAaFbl O0IATHIH Kyp/ei (PU3UKAIBIK KYOBUTBICTAPABI TYCIHYIIH KilTi
0oJbIn TaObLIaABl. MyHal opranap CYHBIKTHIK TEH KAaTThl KaHKAHBIH ©3apa OpEKETTeCYiHe OaiaHBICThI
Oipereil MexaHUKaJIBIK KaCHETTEPre e, OYJI CHI3BIKTHIK €MeC acepiiepre XKoHe JKOFaphl JKYKTeMelep Ke3iHe
TOJIKBIH/IBIK CHUIIaTTaMallap/blH e3repyiHe okejeni. byl Makamama ochl KYOBUIBICTapibl CaHIBIK TajjaayFa
apHaJFaH MaTeMaTHKAJIbIK MOJENbIACPI MEH TocUllepi KapacTeipbliaabl. DazamapiablH KyIITI e3apa
OPEKETTECYIHeH TYBIHJIANTBIH CHI3BIKTBIK €MEC acepiiepre, coHpai-ak Qasza IieKapachlHAFbl XKaFaaiiapra
epekmre Hazap aynapbuiafpl. CaHABIK 9MICTEpi KOJIaHY, dcipece aKbIpJbl albpManap 9JICiH, JKOFaphl
KYKTEeMe JKaFIalbIH/Ia TOJKBIH/BIK IMPOIIECTEP/Ii TajlayFa MYMKIHJIK Oepelni, OYJ1 HHXEHEepIIiK Taxipudene
KEeYEeKTI MaTepuaap/IbIH SPEKEeTiH Oo/pKay YIIIH eTe MaHbI3/bl. TONKBIHIAPBIH SPTYPJIi TYpJiepi, COHbIH
imiHAe OOMIBIK JKOHE BIFBICY TYPJIEpi, COHIAM-aK KEYeKTi KEHICTIK T'€OMETPHSCHIHBIH TOJKbIHAAPABIH
TapalryblHa acepi KapacThipbuiaapl. COHBIMEH KaTap, KaHKAHBIH ChI3BIKTHIK EMEC KACUETTEpl JKOHE OJIap.IbIH
TOJIKBIHAAPBIH O KbUIIAMIBIFBI MEH bIAbIpayblHa ocepi TajmaHaabl. AJIBIHFAH HOTWXKEJIEp JKaHa
MaTepuajIapabl d3ipieyre KoHe KeYeKTI OpTaHbIH KyHiH Oarajiay 9MiCTEpiH KETUIIIpyre manaaisl 00JIybl
MYMKIH.

Tyiiin ce3mep: CBHI3BIKTHI €MEC aCepiiep, TONKBIHABIK HPOIeCTep, KEYeKTI opTa, aehopMalius, CYHbIKICH
KaHBIKKAH OpPTa, MATEMAaTHKAIBIK MOJIENBICY, CAaHJIBIK d1icTep, (haszaiblK e3apa opeKeTTecy.
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NONLINEAR EFFECTS IN WAVE PROCESSES OF POROUS MEDIA

Abstract

Wave processes in deformable fluid-saturated porous media are key to understanding complex physical
phenomena occurring in nature and engineering structures. Such media have unique mechanical properties due
to the interaction of fluid and skeleton, which leads to non-linear effects and changes in wave characteristics
at high loads. This article discusses mathematical models and approaches to the numerical analysis of these
phenomena. Particular attention is paid to non-linear effects arising from strong phase interactions, as well as
conditions at the phase boundary. The use of numerical methods, such as the finite difference method, allows
you to analyze wave processes under conditions of increased loads, which is especially important for predicting
the behavior of porous materials in engineering practice. Various types of waves are considered, including
longitudinal and shear, as well as the influence of the geometry of the porous space on the propagation of
waves. In addition, nonlinear properties of the skeleton and their effect on the speed and attenuation of waves
are analyzed. The results obtained can be useful in the development of new materials and the improvement of
methods for diagnosing the state of porous media.

Keywords: nonlinear effects, wave processes, porous media, deformation, fluid-saturated media,
mathematical modeling, numerical methods, phase interaction.

BBenenne

OchosHble nonodicenus

BonHoBble nporieccsl B 1eopMUpyeMOoil (pIrona0HACHILIEHHON TOPUCTON Cpesie ONUCHIBAIOTCS
CHCTEMOW YpaBHEHUH JBHKCHHS, YUUTHIBAIOIINX B3aUMO/ICHCTBHE TBEPIOTO CKelleTa U (IIronIa.

CornacHo teopuu buora, B Takoil cpene pacnpocrpanstorcs ase nponoisHsie (P1 u P2) u ogna
nonepeyHast (S) BOJHBL, IPUYEM B YCJIOBHUSIX CHJIBHBIX HAarpy3oK MpOSBISIIOTCS HEJIUHEHHbIE
¢ dexTl. UucneHHoe MoenupoBaHue (METO/bl KOHEYHBIX Pa3HOCTEH M KOHEYHBIX 3JIEMEHTOB)
MO3BOJISIET HCCIIEIOBATH BIMSHHE TOPOBOTO JABICHUS, YIIPYTUX TapaMeTpoB U puibTparnmu (iaonaa
Ha pacopocTpaHeHue BoJH. [lonydeHHbIe pe3ynbTaThl HAXOAAT HpPUMEHEHHE B Teo(U3HKe,
TUIPOTEOJIOTUN M METULIMHE, I7I€ BaKHO YUUTHIBATh BIMSHUE MOPUCTOM CTPYKTYphl HA JAUHAMUKY
BOJIH. AHAJIN3 MOKA3bIBAET, YTO yUeT HEMMHEHHBIX 3(()EKTOB CYIIIECTBEHHO MEHSET XapaKTePUCTUKU
BOJIHOBBIX MPOLIECCOB U MO3BOJIAET OOJ€e TOYHO IPOTHO3UPOBATH IOBEAEHUE TaKUX Cpeld B
pEaJIbHBIX yCIOBUSX.

BosHoBBIE TIpOIIECCH B IOPUCTBIX Cpeiax MPeACTaBIsAI0T COO0N CI0KHOE (PU3NYECKOE SIBICHUE,
B KOTOpPOM B3aUMOJACHUCTBYIOT MEXAHMUYECKHE, THIPOJMHAMMYECKHE U TEPMOIAMHAMHUUYECKHE
a¢dextsr [1]. OcoOblii uHTEpeC BbBI3BIBAIOT HEIMHEWHbIE A(PQEKThl, BO3HUKAIOIIUE IIPU
3HAYUTENbHBIX aMIUTUTYAAaX BOJH WJIU B YCIOBHUSX BBICOKUX Harpy3ok. OTU 3 QeKTbl OKa3bIBAIOT
CYILLIECTBEHHOE BIMSHUE Ha paCIpOCTPaHEHUE BOJIH, UX CKOPOCTh, aMIUIUTYly U 3aTyXaHHe. 3ajaun
TAKOT0 XapakTepa paccMmarpuBaiuch B paborax [1, 2]. B paborte [1] paccmoTpeHa BIMSHMIO
HaIpsDKEHUH Ha PacpOCTPAHEHHUE BOJIH B (PIIFOMIOHACHIIICHHBIX TOPUCTHIX cpeaax. B padote [2]
paccMOTpeHa IOCTPOEHHE MaTeMaTHYecKod Mojaenu aedopMUpyeMoil (IIrouI0HACHIIIEHHON
MOPUCTOM  cpeAbl, YUYUThIBaIOIIEH oOpaTUMble W HeoOpaTHMble JepopMaluu, a TaKxke
JWIATAHCUOHHOE pa3pylleHue, Uil 3aJad MOJEIUPOBaHUS THIPOJUHAMMUYECKHX IIPOLIECCOB B
CHIIBHOAE(POPMUPYEMBIX HEPTSIHBIX U ra30BBIX IJIACTaX.

Teopust BOJIH B HOPHUCTHIX Cpesiax MOJIydniIa pa3BUTHE ¢ Kiaccuueckoil pabotsl M. A. buo [1-5],
KOTOpas 3aJI0KH1JIa OCHOBBI JJIs ONMCAaHUS JIMHEHHOTO B3aUMOJICHCTBUS (uitonia U TBEpPAOH (a3bl.
OpHako peanpHBIE YCIOBHMS OKCIUTyaTallud IOPHUCTBIX MAaTEpUAIOB 3a4acTylO IPEANOJIararoT
CWJIbHBIE HArPY3KH, IPUBOJIAIINE K HEIMHEHHBIM JeopMaIisaM U HeCTallmOHAPHBIM 3 dexTam.

Henuneitaple 3¢(dexkTl B MOPUCTBIX CpeAax MPOSBISIOTCS B pa3iMyHBIX (opMmax, BKIOYAs
M3MEHEHUE MapaMeTpOB CKelleTa MOPUCTOMN Cpe/ibl, HETMHENHYI0 (DUIIBTPALIUIO )KUIKOCTH, a TaK¥Ke
IIOSIBJICHHE HOBBIX THUIIOB BOJH [6]. Hanpumep, npu pacipocTpaHEHUH yIIPYTUX BOJIH B HACHIIIEHHBIX
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KHUJIKOCTBbIO MOPUCTBIX Cpelax MOKeT Habmonatrbes 3(PQeKT ycusaeHus Wiu ociabieHHusl BOJH B
3aBUCUMOCTH OT UHTEHCUBHOCTHU HArpy3Ku. JTH SBJICHUS UMEIOT BaKHOE 3HAUEHHE I IOHUMAHHUs
MPOIIECCOB, MPOUCXOAAIINX B NMPHUPOIHBIX M TEXHOTEHHBIX CHCTEMax, TAKMX KaK He(TerasoBble
MECTOPOXKJICHUS, 30HbI CEHCMHUECKOW aKTUBHOCTH U CTPOUTENIbHBIE KOHCTPYKLIMH.

AKTyallbHOCTh M3YYEHHUs HENUHEHHBIX 3((PEeKTOB B BOJHOBBIX MpOIECCaX MOPHUCTBIX CpeEX
o0yci0BIeHa HeOOXOAMMOCThIO pa3pabOTKH Oosiee TOYHBIX MOZENCH M YMCIEHHBIX METOJOB JUIS
OIMCAHUs MOBEACHUS TAKUX CPEJ B CIOXHBIX YCIOBUAX [7]. DTO MO3BOJISET HE TOJIBKO yIIyOUTh
NOHMMaHue (pyHIAaMEHTAJIBHBIX (PU3MUYECKUX MPOIECCOB, HO M PEIIMTh MPAKTUYECKHE 3aJ1ayu,
CBSI3aHHBIE C IPOTHO3MPOBAHMEM WU YIPABIECHUEM IOBEJCHHEM IOPHUCTBIX CpeA IMPH BHELIHUX
Bo3JeicTBUAX. KpoMme TOro, HelMHEHHBIE SIBIEHHUS B BOJIHOBBIX IPOLIECCAX OTKPHIBAIOT HOBBIE
MEePCIEKTUBBl IS  WHXEHEpHBIX pemeHuit [8]. Hampumep, wu3ydeHue ocoOeHHOCTEH
pacrpocTpaHeHHs BOJIH B OPHUCTHIX Cpeax MO3BOJSET pa3paboTaTh METOABI YCUIICHHUSI BOJHOBOTO
BO3JCUCTBUS, YTO Ba)KHO JJISI MOBBIMIEHUS (PPEKTUBHOCTH A00bIMM HedTH M rasza. Takxke 3TH
HCCIIEIOBaHMs HAXOIAT IPUMEHEHHUE B 33/1a4aX MOHUTOPUHIA COCTOSIHUS T€0JIOTUYECKUX CTPYKTYD,
r7le TOYHOE NMOHMMAaHUE HEJIMHEWHBIX MPOLIECCOB MO3BOJIsIET Oojee 3(pPEeKTUBHO OLIEHUBATh PUCK
BO3HUKHOBEHUS KaTaCTPOPUIECKUX COOBITUHN, TAKUX KaK 3€MJICTPSICCHHS WIIH 00BaIIbI.

OnHUM U3 KJIIOUYEBBIX HAIIPABICHUN UCCIIEIOBAaHUN SBJISIETCS M3yUCHHUE BIMSIHUS TEMIIEPATyphl U
XMUMHAYECKOTO COCTaBa JKUIKOCTH, 3aIMOJHSIONICH MOpPhI, HA AMHAMUKY HENIWHEHHBIX 3¢ddexToB [9].
Hanpumep, nossliienne reMnepaTypbl MOXKET IPUBOIUTH K HN3MEHEHHIO BA3KOCTH JKUIKOCTH, 4TO, B
CBOIO Ou€pe]lb, BIUSET HA XapaKTep B3aMMOJEUCTBUS BOJH C IMOPUCTBIM CKEJIETOM. DTHU ACIEKThI
0COOEHHO BakKHbI JUIs 33/1a4 re0TepPMaIbHOM 3HEPreTHKH, Ie TpeOyeTcs TOUHOE MOJEIMPOBAHUE
MPOIIECCOB TEILIONEPEHOCa W BOJIHOBOro B3ammojenctBus [10]. Kpome Toro, BaKHBIM SIBIISI€TCS
aHaJIU3 BIUSHUS AHU30TPONMM TOPUCTONW Cpelbl Ha pPACHPOCTPaHEHUE BOJH. AHHU30TPONMSA,
BbI3BAHHAs OPUEHTALMEN N1OP WM MUKPOCTPYKTYPHBIMH OCOOCHHOCTSIMH, IPUBOJUT K MOSIBJICHUIO
HOBBIX 3(QQEKTOB, TAaKUX KaK HalpaBlIeHHas IUCIEepCHs BOJH WIM YCWIEHHE 3aTyXaHHUs B
OTIpe/IeTICHHBIX HAanpaBlieHUsX [11]. DTH acCIEKThI HAXOIAT MPUMEHEHHE B HE(PTAHOM reou3nKe, TIe
yueT aHHU30TPOIMM II03BOJSET OoJiee TOYHO HHTEPHPETUPOBATh JaHHbIE CEHCMOpa3BEAKH U
yJIy4IlIaTh TOYHOCTh ONPEAEICHUSI MECTOIIOJOKEHNUS 3aJIeKEN YTIEBOIOPOIOB.

CoBpeMeHHbIE TOAXOMBI, BKIHOYAas MaTEMaTHYECKOE MOJEIMPOBAHME W UYNCICHHBIE METOBI,
TakMe KaK METOJ] KOHEYHBIX pa3HOCTEW, IMO3BOJISIIOT 0oJjiee TOYHO aHAIU3UPOBATH IOBEICHHE
(IIOMIOHACBHIIICHHBIX MOPUCTBIX Cpel TNpPU  HENMHEHHBIX BOJHOBBIX mpoueccax [12,13].
HccnenoBanne HTHX SIBICHWH BaXKHO Ul TIOCTPOEHUS HAJEXKHBIX IIPOrHO30B M CO3/aHUA
6e30omacHbIX U 3()(PEKTUBHBIX MHKEHEPHBIX PELICHUH.

enb nanHOM pabOThl — YUCIEHHO MCCIIEI0BaTh BIMSIHUE HEIMHEWHBIX 3((EKTOB Ha BOJHOBOE
IIOBE/ICHNE, UCTIOJIb3Ys Pa3I0KEHUE M0 CTENEHIM HEIMHEUHOCTH U MeTol PyHre-KyTThI.

Metonos10rust uccaei0BaHUA

HccnenoBanne mNpoBOAUTCA C MCIONb30BAaHUEM TEOPETUUYECKOTO METO0Jla, OCHOBAHHOTO Ha
MaTEeMaTHYeCKOM MOJETUPOBAHUN M YMCICHHOM aHalIM3€ HEIMHEWHBIX BOJHOBBIX MPOIECCOB B
nehopMupyeMbIX (DIIFOMI0-HACKHIIIIEHHBIX MOPUCTHIX Cpelax. B OCHOBE JiexaT ypaBHEHHUSI IBHXKCHHS
MHOTO(a3HBIX Cpell B MOPUCTONW CTPYKTYpe, YUUTHIBAIOIIKME HENUHEWHBbIE 3(P(EKThl YINPYyrocTu
CKeJleTa W JTUHAMHUKA (QuibTpamuu GIrouaa, a Takke MoauduImpoBaHHBIE ypaBHEHHsI buota ¢
JIOTIOTHUTEIHHBIMU YJICHAMHM, OMHCHIBAIOIIMME HETHMHEHHbIE B3auMoieicTBus (a3. MccnenoBanue
Oasupyercsi Ha ¢GyHIAMEHTAIBHBIX paboTax B OO0JACTH MEXAaHWUKH TOPHUCTBIX Cpei, BOITHOBOU
JUHAMUKH M YHUCIEHHOTO MOJEIMPOBAHUSA, YTO I[IO3BOJISIET paccMaTpUBaTh KIJIACCUYECKHUE W
COBPEMEHHBIE MOXO/IbI K OMMMCAHUIO TAKUX MTPOIIECCOB.

JIsi 4MCIIEHHOTO MOJIETUPOBAHUS MPUMEHSAIOTCS METO/bl KOHEUHBIX 3JIEMEHTOB M KOHEYHBIX
Pa3HOCTEH, YTO MO3BOJISIET JIETATHHO MPOAHAIM3UPOBATH BIMSIHUE TEOMETPHUECKON U (PU3UIECKOM
HEJTMHEMHOCTH Ha paclpoCTpaHEHHE BOJH. B pacuerax y4yuTHIBAIOTCS KIIOYEBBIE MApaMETPhI
MOPHUCTBIX Cpell, BKIOYast KOI(PGUIMEHT MOPUCTOCTU, HACHIIIEHHOCTh (DIIIOMAOM W CBOWCTBA
B3aumojieiicTBus  ¢a3. Bepudwukanus pe3ynbTaToB  MPOBOJUTCS HA  OCHOBE  JIaHHBIX
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HKCIEPUMEHTAIBHBIX U TEOPETUYECKUX MCCIIETOBAHMM, TPEICTABICHHBIX B HAYYHOU JTUTEpaType, a
TaK)Ke IMyTEM CpPaBHEHHUS C KJIACCHMYECKUMHU JIMHEHHBIMH MOJIEISIMH, YTO TIO3BOJISIET BBISIBUTH
KITIOYEBBIC OTJIIMYMS ¥ IOATBEPAUTH BAKHOCTH YUeTa HEMMHEHHBIX 3()()EKTOB B BOIIHOBBIX MpoIIeccax
MIOPUCTBIX CPel.

Axmyanvnocme  uccieooganus. VI3ydeHune HEMUHEWHBIX S(PQPEKTOB B BOJIHOBBIX IPOLECCAX
MOPUCTHIX CpeJl UMEET KIIF0UEBOE 3HAYCHHE JIJIsi MOHUMAHUS CIIOKHBIX MPUPOAHBIX M TEXHOTEHHBIX
spreHnii. COBpeMEHHbBIE 33/1a4H, TAKUE KaK IIPOTHO3UPOBAHUE CEHCMUYECKUX COOBITHH, TIOBBIILICHHUE
3¢ GEKTUBHOCTH J0OBIYM YTIEBOJAOPOAOB, pa3padOTKa METOJOB TE€OTEPMAJIbHON HSHEPIeTUKU U
MOHHUTOPHUHI COCTOSIHHSI T€OJIOTHYECKHX CTPYKTYp, TpeOyrloT TIIyOOKOro aHajiu3a IOBeIeHUs
MOPUCTBIX Cpell TMpH BO3ACHCTBUHM 3HAUMTENBHBIX HArpy3ok. Hemuneitnsle 3¢ dexThl,
MIPOSBIISAIONINECS B BU/IC U3MEHEHUSI CKOPOCTH, aMILTUTY/ bl M CIIEKTPAJIBHBIX XapaKTEPUCTUK BOJIH,
UTPAIOT BAXHYIO pONib B 3TUX mpomueccax. Oco0oe BHUMaHME yNENAeTcss pa3paboTKe TOYHBIX
MOJIeJIell U YHUCIIEHHBIX METOJOB, CIIOCOOHBIX OMUCATh MOBEACHHE MOPUCTHIX CPEeA B YCIOBUAX
BBICOKUX TEMIIepaTyp, AABICHUS W XUMHYECKOTO BO3JACHCTBUSA. DTH HCCIEAOBAHHS HE TOJIBKO
yrayOonsitoT  QyHIaMeHTanbHbIE 3HAHUS, HO M CIHOCOOCTBYIOT CO3JaHHMIO TEXHOJOTHIA,
00eCTeYnBaIIMX YCTOWYMBOE HCIOJIB30BAHWE TMPHUPOJIHBIX PECYypCOB UM 0E30MacHOCTh
UH(PACTPYKTYPHBIX OOBEKTOB.

Henunetinas moodenv 6onnoso2o npoyecca. J1nst onucaHusi HEIMHEHHBIX BOJHOBBIX MPOIECCOB B
MIOPUCTHIX CPEIax MOKHO PACIIMPHUTH KJIACCHUECKYIO MOJIENb bro ¢ yuérom HennHeHHbIX (D PeKToB.
B ornmume oT NWMHEHHON TEOpHH, TAE 3aBUCUMOCTH MEXIY HANpSHKCHUSMHU U JIehopMarsiMu
BBIPAXKAIOTCS Uepe3 JIMHEHHBbIE ypaBHEHUS, B HETMHEHHOW TEOPUH STU 3aBUCUMOCTU CTAHOBATCS
(GYHKIMAMH, BKITIOYAIOIIMMHU HEJTMHEHHBIC YJICHBI.

Ypasnenue osudicenust 01 meepdoeo ckenrema (Heaunetinoe). JIns onmucaHus IBHYKCHUS TBEPIOTO
CKeJIeTa TIOPHCTOW cpelbl ¢ Y4€TOM HEIMHEWHBIX jaedopMaiii MOKHO 3amucarh Cleayrolee
ypaBHEHUE:

0%ug
Ps— =V o+ b(us —uy),

at

II€ Ps— IUIOTHOCTH TBEPIOIO CKEJIETa, Uy — BEKTOpP IEPEMEIICHUN CKeleTa, 0 — TEH30p
HaMnpsKeHUH, KOTOPBINA Tereph BKIIIOYAET HEMHEWHBIE YIeHbl, b — KOdpUIIMEHT B3aUMOACHCTBUS
¢ronna v ckenera, Uy — BEKTOp nepemenienui ¢uonna. B ciyyae HeTMHENHBIX nedopmannii

TEH30D HaprI)KCHI/Iﬁ 0 MOJXKET OBIThH 3aIlMCaH B BUIC:

o =AMV -ug)l + 2uE + A(V - ug)?+B(E: E)

rjae

- A u B — ko3 punMenTsI, yunThIBarOINE HETUHEWHbIE NedopMaliui (Hanpumep, KBaJpaTHbIE
YJIEHBI 110 HAMIPSKEHUIO),

- E — tenzop nedopmaruu, Kak B IMHEHHON MOJENH,

- | — eIMHUYHBIN TEH30P, ONMCHIBAET U30TPOIHBIE KOMIIOHEHTHI HAPSIKCHUM,

- A u u — mapameTtpsl Jlame.

OTU HENUHEIHbBIE YWIEHBI MOTYT YUUTHIBATh () (PEKT yIIIOTHEHUS TOPOBOIO CKEJIETa MPU CUIIbHBIX
Harpy3Kax ¥ MOo3BOJISIIOT MOJIETUPOBATh TaKW€ SBJICHUS], KAK KOJUIAIC MOPOBOM CTPYKTYPHI.

Ypasnenue osusicenusn ons ¢arouoa (nenunennoe). Jna ¢aronaa B mopax aHaJIOTHUYHO BBOJIUM
HEJTMHENHOE YpaBHEHUE JIBUKEHUS:

0%u
pf# =—-Vp — b(uf - us) +yV(V-us)

rjae Y —Kod(p(ULUUEeHT, yYUThIBAIOIINNA HeIMHEHHbIe PUIIbTpalliOHHbIE 2P GEKTHI (Hapumep, npu
TypOyJIEHTHOM Te€4eHUH (IIroua), ocTajabHble MapaMeTphl T€ K€, UTO U B TMHEHHON MOJIENH.
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@mrona MOXKET AEMOHCTPHPOBATH HETMHEWHOE TIOBEACHUE MTPH BEICOKUX CKOPOCTSX (DMIIbTpALIUU
yepes MOPhI WK B CIIyYasiX, KOT/1a MPOUCXOAUT UHTEHCUBHBIM 0OMEH Macc MeX /1y pa3HbIMH YacTIMU
IIOPUCTOU CpEMBI.

Ypasnenue cocmosinusa (neauneiinoe). Henuueitnsie 3 (heKThl MOTYT TaKKe OBITh YUTEHBI Yepe3
HEJIMHEHHOe ypaBHEHHME COCTOSIHMS s (Ironna W MOpucToi cpensl. Hampumep, 3aBHCHMOCTB
JaBJICHUS OT 00bEMa MOKET ObITh BBIpAXKEHA KaK:

p=p0+K(V'Uf+C(V'Uf)2

rie po— HavaiabHOe aaBieHue, K — kodddunuent cxumaemoctu dmronma, C — HETMHEHHBIN
K02(ppUIMEHT, OTBEUAIOIINM 3a YUET HETMHEHHBIX U3MEHEHUI 00BbEMa (rona.
Ilocmanoska 3adauu. PaccMoTpuM ypaBHEHHE IBHKCHUS JJIs1 TBEPA0(A3HOTO CKEJIeTa MOPUCTOM
Cpelibl, KOTOPOE OMHUCHIBAET PACIPOCTPAHEHNE HEIMHEWHOM BOJIHBI:
2 2 2, \2
0us 07U N 0°ug
- a
ot? 0x? ot?

rjae

- Ug(x, t) — mepemelIeHne TBEPIOTo CKeleTa B TOYKE X 1 MOMEHT BPEMEHH ¢,

- ¢ — CKOPOCTb pacipoCTpaHEHHUsI BOJIHBI B IMHEHMHOU cpeje,

- ot — KOO DUITUESHT, OTPEICIISIOMNN CTCTICHh HEJTMHSHHOCTH CPEJIBI.
Hauanvnwle ycnosus. Hauanbuble ycioBHs 3aJal0T HAYaJIbHOE COCTOSIHUE BOJIHBIL:

ug(x,0) =0, %(x, 0) =60 —xp)

rne §(x — xg) — nenpra-QyHKIUS, ONMCHIBAIOIIAS MTHOBEHHBIN yIap B TOUKE X = X.
Kpaesvie ycnosus. Jlomyctum, 9T0 CUCTEMa MMEET CIIEIYIOIINE KPaeBble YCIOBUS HA TPAaHHUIIAX
obmactu x=0ux=L

u(0,6) =0, ZE(L,t) =0

OTH yCIIOBUS 03HAYAIOT, YTO MEpEMEIEHHEe Ha JIEBOM Kparo 00JacTu (GUKCUPOBAHO (HAIpUMED,
MIPUKPEIUIEHO K HEMOABMKHON CTEHKE), a Ha TPaBOM Kpae OTCYTCTBYET MOTOK HAIPSKEHHUS.

Memoo pewenus. Pelienue TMHERHOTO ypaBHEHUS (HyJIeBas allpoOKCUMAaIus).

Jlns Hayana, 94ToObl yIPOCTUTH 3a/lauy, pacCMOTPHUM JIMHEHHYIO 4acTh ypaBHeHUs (mpu o = 0.)
[TonmyyeHHOE THHEWHOE BOTHOBOE YpaBHEHHE BHITIISIIUT CIIEIYIOIIUM 00pa3oM

62u§0) X azug")
gz ¢ ez =0

Pemrenue muHeHOTO BOJTHOBOTO ypaBHEHUs MeToAoM [[' AmamOepa B 0011IeM BUIE UMEET BUJT
u(o)(x t)=f(x—ct)+
s (x,t) = g(x + ct)

rae fu g - Ipou3BOJIbHBIE PYHKIUH, ONPEAEIIIeMble HAYAIbHBIMU YCIOBHUSIMH.

Onpeodenenue ¢ynxkyuti [ u g uepes nauanvuvie yciogus. [IpuMeHUM HavalIbHbBIE YCIOBUS IS
onpeaeneHus pyHkuuii fu g:

1. U3 ycnoBus

u®(x,0)= 0= gx) = —f(x)
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2. YcinoBue
(0)

S

ot2

(x,0) = 6(x —x0) = —cf'(x) + cf'(x) = §(x — xo)

Taxum 0Gpa3zom, HyJeBas annpOKCUMALMs I PEIIEHUs OYIeT UMETh BUJL
0 1
u@(x,t) = 2—C[6(x —Xo—ct) —6(x —xg + ct)]

YTO ONHUCHIBAET PACIIPOCTPAHEHUE JIMHENHON BOJIHBI OT TOYKH y1apa B 00€ CTOPOHBI.
Henuneiinoe pewenue (u(x,t)). s nonpasku (uP(x,t)) ucmons3yercs ypaBHeHHe:

02u®  92u®  (gu®\?
otz © Taxz .\ ox

HpaBaﬂ 9aCTb paCCYUTBIBACTCA HA OCHOBC JIMHEHHOT O PCILICHUA:

2 (0) (0)
ou® (Y% T Y

ox | 2Ax

Yucnennoe pewienue memooom koneunvix paswocmeii. Jns pemenus ypasuenns (u®(x,t))
UCIOJIb3YETCS SIBHAS CX€Ma KOHEUHBIX Pa3HOCTEH:

(D Wn . (Dn On _ (0)n\ 2
; — 2u,; +u;” u; —U;_
uj(l),n+1 — Zuj(l),n _u_(l),n—l + At2 |2 J+1 J j-1 j+1 j-1

J Ax? B 2Ax

Hauansurie YyCJI0BUA:
u®

Jt

u®(x,0) =0, (x,00=0

PesyabTaTsl nccieoBaHus

B xopxe uccnenoBanus Obl1a pazpaboTaHa U POAHAIN3UPOBAaHA HEJIMHEWHAs MOJIENIb BOJIHOBOTO
nporecca B J1ehopMUpPYyEeMbIX (IIIOMIOHACHIIEHHBIX MOPHUCTHIX cpenax. OCHOBHOE BHUMaHME
YAENEHO BIUSHUIO HEIMHEWHBIX 3()(PEeKTOB Ha AMHAMUKY TBepao(azHOro ckeiera u ¢iawouaa, a
TaK)K€ YUCICHHBIM METOJIaM PEUICHNS YPABHEHUM JBUKECHHUS.

1. Paspabomka nenumeiinoti mooeny. bbUlo MOTYy4eHO HEMTMHEHHOE ypaBHEHHUE IBUKEHMS IJIs
TBEPJIOTO CKeJeTa, yUuThIBalollee HelMHeHble AedopMaimonHble 3 QeKTsl yepe3 KBajgpaTHUHbIE
4JIeHbl B TE€H30pe HampshkeHHi. BBeneHsl HenuHelHble mapameTpsl A U B, oTBewaromue 3a yuer
U3MEHEHHUS CTPYKTYPbI IOPOBOT'O CKEJETa MO ACHCTBUEM CUIIBHBIX HArpy3o0K.

Jis  onucaHus JABMXKeHUs (urouga B MOpax IMOJYYEeHO HENUHEHHOe ypaBHEHHE C
JOTIOJTHUTENBHBIM  KOA(Q(PHUIMEHTOM Y, KOTOPBI YYUTHIBAeT HETUHEWHbIe (HIBTPALMOHHBIC
3¢ deKThl, HanpuMep, IpU TypOYJIECHTHBIX TEUEHHUSIX I BHICOKUX I'PaJHEeHTax JIaBICHUS.

Henuneitable 3¢ ¢exThl Takke BKIIOUYEHBI B YPAaBHEHUE COCTOSIHUSA, TJI€ 3aBUCUMOCTh JaBJICHUS

0T o0beMa JIOTIOJTHEHAa KBaJIpaTUYHBIM UYJICHOM C(V . uf)z, YTO TO3BOJISIET ONUCHIBATH CUJIbHBIE
KoJieOaHUsl JaBJICHUS B HACHIIIIEHHON MTOPUCTON Cpejie.

2. Yucnennwlil ananu3s HeauHeluHvlx 60H. J1s nccie1oBalys paclipoCTpaHEHN s HETMHENHBIX BOJIH
ObLJIa TpOBE/IeHa YMCIICHHAS alMpOKCHMAIIUs C MCTOJIb30BaHUEM METO0J1a KOHEUHBIX pa3HocTei. B
KauecTBE MEPBOM anmmpoOKCHUMAILUK pacCMOTpeHa JuHeiHas Moaens npu (o = 0), 4To MO3BOJIHIO
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UCTOJib30BaTh MeTon JI’AnamOepa [UIsi HaXOXICHUS aHAJIUTHYECKOro pemieHus. llomxydeHHble
pe3yJabTaThl MOKAa3aJld, YTO B JIMHEHHOM NPHOIMKEHUM BOJIHA PACIPOCTPAHSETCS ¢ MOCTOSHHON
CKOPOCTBIO ¢, a ee (hopMa HEe U3MEHSIETCSI BO BPEMEHHU.

Bo Bropom npuGnuxeHnn ObUIM ydTeHbl HEJIMHEHHbIE 3()D(PEKThI, 4YTO MPUBEIO K MU3MEHEHUIO
(bopMBI BOJIHBI BO BpeMeHH. bbI0 HaiiieHo, 4To NpH yBeIHMYSeHUH KOAPPHUIMEHTa HETHHEHHOCTH O
HaOJII0AAeTCsl ACUMMETPUYHOE UCKaXEHHUE BOJHOBOIO NMpoduist: GpOHT BOJIHBI CTAHOBHUTCA Oolee
KPYTBIM, YTO CBUIETEIBCTBYET O BO3MOKHOM (POPMHUPOBAHUH YJAPHBIX BOJIH B Cpejie.

YuceHHbI aHaNU3 HEITMHEWHOrO0 YpaBHEHUS METOAOM SIBHBIX KOHEUHBIX Pa3HOCTEH IOKa3all,
4TO:

- [Ipu ManbIX 3HaYEHUAX 0L OTKIOHEHMS OT JMHEHHON MOJeIM MUHUMAJbHBI, UCKa)KeHUE (POPMBI
BOJIHBI IIPOMCXOAUT ITOCTEIIEHHO.

- [Ipu Gonbinx 3HaYEHUAX o HaOIOgaeTcss GOPMHUPOBAHUE PE3KUX I'PAJIUEHTOB, YTO YKa3bIBAET
Ha BO3MOJKHOE I10SIBJIEHUE Pa3pbIBOB pPeLlIeHUH (yAapHbIX BOJIH).

- Henunelinple punbTparioHHble 3P PEKThI, yYUTbIBaeMble KO3((HUIIUEHTOM ¥, MOI'YT IPUBOAUTh
K JIOTIOJTHUTEIIFHOMY 3aTYXaHHIO BOJIH B CIIy4ae MHTEHCUBHOTO B3aMMOJICHCTBHS MEX Ty (hazaMu.

3. Bepuguxayua mooenu. s NpOBEPKU MPABUIBHOCTH YUCIEHHOI'O PELIEHUs MPOBOANUIOCH
CpPaBHEHHE C aHAJUTHUUYECKUM PELIEHUEM B JMHEHHOM ciydae. UuCIIEHHbIE pacueTsl Ul Majoro o
XOpOILIO COBMHAJAOT C AHAJUTHYECKMMM pPELIEHUSIMH, YTO MOJATBEPKIAET KOPPEKTHOCTh
HCIOJIb3YyEMOr0 METO/A.

JUis OLIEHKM BIIMSHUS HEJIMHEHHOCTH ObUIM IPOBEJNEHBI TECTOBBIE pacueThl MpPH pa3INMuHbIX
3Ha4yeHusx napamerpoB o, ¥ u C. IlomyuyeHHble pe3ynbTaThl JEMOHCTPUPYIOT CYLIECTBEHHOE
OTJIMYME TIOBEJICHUS CPEbl OT JIMHEHHOTO Cilydast, 4YTO MOATBEPKAAET BAXKHOCTh YUETa HEJIMHEHHBIX
3¢ GEeKTOB IPU MOJICIIMPOBAHUH BOJIHOBBIX ITPOLIECCOB B MOPUCTBIX Cpeax.

PesynbraTel WcclenoBaHUS TOKA3bIBAIOT, YTO YYET HETUHEHHBIX 3(PQEKTOB B BOIHOBBIX
mporeccax IMOPHUCTBIX Cpell MOo3BoJseT Oojiee TOYHO OMNMCHIBATh (PU3MUECKUE SBJICHUS,
MIPOUCXOJISIIME ITPU CUIIbHBIX HAarpy3kax. B 4acTHOCTH, BBISIBIEHO:

1. HenmuHeHOCTh NPUBOAUT K U3MEHEHUIO (DOPMBI BOJIHBI, YTO MOKET UI'PATh BAXKHYIO POJIb IIPU
MOJIETUPOBAHUU CEMCMUYECKUX IPOLIECCOB M TEXHOJOTMYECKMX IPUJIOKEHUN (Harmpumep, B
He(dTerazoBol HHKEHEPUN ).

2. BausiHue HemMHENHBIX QUIbTPAMOHHBIX 3P(PEKTOB MOXKET CYIIECTBEHHO U3MEHSTH INHAMUKY
¢ron1a B MOPUCTBIX CpeJax, yTo TpeOyeT JabHEeHIIero u3y4eHus.

3. Pa3paboraHHas 4WCIEHHAas CXeMa KOPPEKTHO amnmpOKCUMHUPYET YpaBHEHMs JIBUYKEHUS,
IIO3BOJISISL UCCIIEN0BATh IUPOKUI TUana3oH apaMeTPOB HEIMHENHON CpeIbl.

[TosydyeHHbIe pe3ybTaThl MOTYT OBITH MCIIOJIB30BAHBI JUIsl YIIYUILIEHUS CYLIECTBYIOIUX MOAENIEeH
CeMCMUYECKHUX BOJIH, MPOrHO3UPOBAHMS IMHAMHUKU (IIOMAOB B IMOPUCTHIX IUIACTAaX, a TaKXkKe
ONTHMHU3ALMY HHKEHEPHBIX PELICHUH B reopu3uke U HeTera3oBoil oTpaciu.

Juckyccus

1. Humepnpemayus nonyueHnvix pe3yiomamos. Pe3ynpTaTel NCCIEA0BAHUS MIOKA3AJIH, YTO YUET
HEIMHEWHBIX 3((HEKTOB B BOJIHOBBIX IpoIeccax AePOPMUPYEMBIX (IIIONI0OHACHIIIEHHBIX TOPUCTHIX
Cpell NMPUBOAMUT K CYLIECTBEHHBIM M3MEHEHUSIM B JUHAMHUKE cpeibl. B oTnnume OT JMHEHHBIX
MojieJiell, B KOTOPBIX BOJIHBI PACIpOCTpaHsIOTCS 0e3 n3MeHeHHs] (pOopMbl, HeTHHEHHbIE 3(PPEeKThI
BBI3BIBAIOT HCKaXKEHUE (PPOHTA BOJIHBI, POPMHUPOBAHUE PE3KUX IPATUEHTOB U BO3MOXKHOE MOSBICHHE
YAApHBIX BOJH. DTO 0COOEHHO Ba)KHO MPH MOJAEITUPOBAHUH MPOIIECCOB C BHICOKOW MHTEHCUBHOCTHIO
Harpy3kH, TakMX KaK CEMCMHMUYECKOE BO3ICHCTBHE, yAAapHbIE BOJIHBI WJIM BBICOKOCKOPOCTHBIE
(GUIbTPAMOHHBIE MPOIIECCHI.

[TonmyyeHHbIe YMCICHHBIE PE3yJNbTaThl MOATBEP)KIAIOT, YTO MpPU YyBEIHMYEeHHHM Kod(dduiumenra
HETTMHEHHOCTH o Jedopmalisi BOJTHOBOTO MPOGUIIS CTAHOBUTCA BCE 00Jiee BBIPAXKEHHOH. ITO
yKa3blBa€T Ha HEOOXOJUMOCTh YydeTa HEIMHEHHBIX 3((EeKTOB B pealbHBIX HHKEHEPHBIX U
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reo(U3MUECKNX pacyeTrax, 0COOEHHO B 3a/adaX MPOTHO3HPOBaHHS JehopMallid TeoMaTepuaios,
paspylIeHus MOPOJ UIIM TEXHOJIOTHYECKOTO BO3ICUCTBUS HAa IOPUCTHIE CPEIbL.

2. Cpasnenue c cywecmeyrowumu uccieoosanusmu. ViccienoBaHue HEIWHEHHBIX BOJH B
MOPHUCTBIX Cpelax SBISICTCS aKTUBHO pPa3BUBAIOIIMMCS HampamieHueM. B paborax buo (1956),
Hoprona u Knoppepa (2001), Kymnupa u 1p. (2018) paccmarpuBanach JMHEHHas TEOpUsI BOJIHOBOTO
pacnpocTpaHeHusi, B KOTOpoil 3(hdeKkT HeIMHeWHOCTH He YyuyuThbiBajcs. Hamm pe3ynbrarsl
MOKA3bIBAIOT, YTO TaKas JIMHEHHAs anmpOKCHMAIUs MOXKET OBITh HEIOCTATOYHOM JJIsi OMUCAHUS
pEeATbHBIX MPOIIECCOB MPU CHIBHBIX JAe(hopMarmsix.

B wuccnenoBanusax I'epke m Jlamba (2015), Yanmmuna (2020) paccMaTpuBaMCh HEIMHEHHBIC
MOJIETI, OJIHAKO OHU OTPAaHUYMBAINCH TOJIHKO OTACIHHBIMH aCTEeKTaMH (Hampumep, yHpyrou
HEJTMHEHHOCTBIO0 0e3 ydeTta GpuibTpaniMoHHbIX d()dekxToB). B naHHOM paboTe y4YTeHBI HETUHEHHBIC
B3aMMOJICHCTBUS MEKIY (QIFOUIOM M CKEIIETOM, YTO ITO3BOJISET 00JIee TOYHO OMUCHIBATH MTOBEICHUE
CpelIbl IIPH BHICOKUX Harpy3Kax.

Kpome Toro, B OTIM4YHE OT KJIIACCUYIECKUX PAOOT, MCMOIB3YIOMUX aHATUTHYECKUE METOIbI, HAMU
MPEeNIoKEH YHCICHHBIA METOJl pEIIeHUs C YYeTOM KOHEUHBIX pa3HOCTEH, MO3BOJISIOIINN
AHAIM3UPOBATH IBOJIOIUIO HEJIMHEHHBIX BOJIH Ha OOJIBITUX BPEMEHHBIX MacIITabax.

3. 3nauenue pe3ynbmamos u 603mModicHble npunodxcerus. [IpakTuyeckas 3HAUMMOCTD MOTyUYEHHBIX
PE3yJITATOB CBSI3aHA C PA3IUYHBIMU 00JIACTAMU HAYKH M TEXHHUKH:

- l'eodusuka u celicMoOrus — y4eT HeIMHEHHBIX () ()EKTOB B MOACTUPOBAHUN PACTIPOCTPaHEHUS
CEHCMHUYECKHX BOJIH MOXKET YIJIYYIIUTh MPOTHO3WPOBAHHUE 3EMIICTPSICCHUN W TOBEICHUE TOPHBIX
MOPOJ MPH TMHAMUYECKHX HArpy3Kax.

- Hedrerazosas orpaciib — TOUHOE OTNHMCAHHUE BOJHOBBIX MPOIIECCOB B HACHIIICHHBIX MOPUCTHIX
cpelax BaKHO IJI OLEHKU MPOYHOCTHU IJIACTOB, MMPOTHO3UPOBAHUS MOBEACHUS 3aliekel HePTH U
ras3a, a Tak)Ke JiJIsl ONTUMHU3AIMHA METOJIOB JJOOBIYH YTIIEBOJIOPOIOB.

- VmxeHepHble U CTPOUTENbHBIE TEXHOJOTUU — MOJEIMPOBAHUE YAAPHBIX BOJIH B MOPUCTHIX
MaTepuagax UMeeT 3HaYCHHE MPU MPOSKTUPOBAHUN YCTONYMBBIX KOHCTPYKITUH M MPEIOTBPAIICHUN
paspylIeHUs] MaTepUalIOB MO/ ACHCTBUEM JUHAMUUYECKUX HATPY30K.

4. Ilepcnexmusbl danvhelmux ucciedosanuii. HecMoTpst Ha Mogy4deHHbIE Pe3yJIbTaThl, OCTAIOTCS
HepellIeHHbIe BOMPOCHI, TPEOYIOIINe AaTbHEHIIET0 N3YYSHHS:

- Pacmmpenue Momenum — BKJIIOYEHHE JIOTMIOMHHUTENBHBIX A(G(EKTOB, TaKMX Kak
TEPMOIUHAMHUYECKOE TIOBeIcHUE (DITtoH 13, HETMHEHHAS BI3KOCTh MJIM XUMHYECKHE PEAKITUH BHYTPH
IIOPUCTOU CPEBI.

- MmuoromacmtabHoe MoaenupoBaHue — ydeT 3(P¢GEeKToB Ha MHKPO- U MAKpPOYpPOBHSX IS
JY4IIeTro MOHUMaHUS BIUSHUS TOPOBOM CTPYKTYpPHI HA TUHAMHUKY BOJTHOBBIX ITPOIIECCOB.

- DOKCHepuMEHTallbHasg TMpOBEpKa — TMPOBEJACHHE Ja0OpAaTOPHBIX OSKCIEPUMEHTOB IS
BepU(PHUKAINN YUCIICHHBIX PACUYETOB U OIICHKH PEATbHBIX 3HAUCHUN KOA()(PUIIMEHTOB HETMHEWHOCTH.

- Ontumu3zanus YUCICHHBIX METOJIOB — pa3paboTKa 00Jee TOYHBIX U CTAOMIIBHBIX YHCICHHBIX
CXeM, IO3BOJISIIOIIMX YYHUTHIBATh CJIOKHBIC HEIWHEHHBIE d(PQPEKTh 0e3 MOTepH TOYHOCTH IPU
OO0JBIINX BPEMEHHBIX MacIiTadax.

Takum 00pa3zom, UcclieJOBaHUE HETUHEHHBIX BOJIH B Ae(POpPMHUPYEMBIX (DIHOMI0-HACHIIIEHHBIX
MIOPUCTHIX CpefiaxX MPeACTaBIsAeT COOOM MePCIEKTUBHOE HAMpPaBIEHUE, UMEIOIEe TEOPETUUECKYIO U
MPUKJIAIHYI0 3HAYUMOCTh. JlabHEHIIee pa3BUTHE ITOW TEMBI MOXET NMPHUBECTH K YIIYYIICHUIO
MaTeMaTHYeCKHUX MOJeIIeH, METO/IOB YHCIEHHOTO aHAIK3a U 00Jiee TOYHOMY ONUCAHUIO (PUINIECKUX
MIPOIIECCOB B PA3JTUYHBIX 00JIACTSIX HAYKU M TCXHUKH.

3akiloueHne

B nmanHoii paboTe paccMOTpeHbI HEIMHEHHBIE BOJIHOBBIE MTPOIIECCH B € OPMUPYEMBIX (HITFOUI0-
HACBIIIEHHBIX MOPHUCTHIX CPEIAX C UCHOJIB30BAHUEM METOJOB MAaTEMATHUYECKOTO MOJEIUPOBAHUS U
YUCIIEHHOr0 aHanu3a. [IpoBeeHHOE WCCeNOBaHUE TO3BOJMIO TMONYYUTh OoJee TOJHOe
MPEJICTABICHUE O MOBEACHUHM TAKUX CPEJ MPH BO3JIECUCTBUM CHIIBHBIX HArpy30K M HHTEHCHUBHBIX
BOJIHOBBIX BO3JCHCTBHUH.
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Bbbu1o mokaszaHo, 4yTO y4eT HeMMHEHHBIX 3((EKTOB MPUBOIUT K 3HAUUTEIBHBIM H3MEHEHUSM B
XapaKTepUCTUKAaX BOJHOBOTO Ipoliecca, TakuM Kak Jedopmanus BOJHOBOrO  (pOHTA,
BO3HUKHOBEHHE PE3KUX I'PAJAMEHTOB M BO3MOXHOCTb 00pa30BaHus yAapHBIX BONH. Pa3paboTannas
HeJIMHEeHasg Mojenb, OCHOBaHHAas Ha pacIIMPEeHUH Kiaccudyeckoil Teopunm buo, mnosBosser
YUUTBIBATh CIIOKHOE B3aUMOJICHCTBHE MEK/Y TBEPIBIM CKEJIETOM U (DIFOMIOM, a TAK)KE ONUCHIBATH
BIMSIHUE CUJIbHBIX Harpy3oK M HEJUMHEHHOW puiubTpanuu. UHciaeHHOE pelleHue 3aaud METOA0M
KOHEUHBIX Pa3HOCTEH MPOJAEMOHCTPUPOBAJIO a/IEKBATHOCTh MOJIEIH M BOBMOKHOCTh €€ IPUMEHEHUS
JUISL aHAJIM3a BOJHOBBIX MPOLIECCOB B PA3IUYHBIX HHKCHEPHBIX U TeO(PH3MUECKUX 3aadax.

IIpakTHyeckass 3HAYMMOCTb pE3yJbTaTOB 3aKJIKOYAaeTCsl B BO3MOXKHOCTU IPUMEHEHHUs
pa3paboOTaHHBIX MOJeNeil MpH MPOrHO3UPOBAHMU TIOBEACHUS TOPHUCTHIX CPEd B YCIOBHSX
MHTEHCUBHBIX JMHAMUYECKUX BO3AECUCTBHI. DTO Ba)KHO JUIsl TaKUX 00JacTed, Kak ceiicMmoiorus,
HedTerazoBast HHAYCTPUS, TEOTEXHUKA 1 CTPOUTEIHCTBO.

B nanbHelimeM npeznonaraercst yriay0JieHHOE U3YUEeHUE BIUSHUS JONOJHUTEIbHBIX (aKTOPOB,
TaKUX KaK TepMOJuHaMUYecKue 3(P(HEKThl, XUMUYECKHE PEAKIIUH U CJIOXKHBIE TIOPOBBIE CTPYKTYPHI.
AKTyanbHBIMU HAIIPABICHUSAMM TAKXKE SIBJIAIOTCS SKCIEPUMEHTAJbHAs IPOBEpKa IOJYYEHHBIX
pe3yabTaTOB M pa3paboTKa Oosiee TOYHBIX YHUCICHHBIX METOJOB JUISl PEIICHHs] HETMHEHHBIX 3a1a4
JMHAMUKU TOPUCTBIX CPeNl.

Takum oOpa3om, IIPOBEICHHOE HCCIECIOBAHHUE 3AJIOKIIIO OCHOBY Ul JAIBHEHIIETO Pa3BUTHS
TEOPUHM HEJIMHEHHBIX BOJHOBBIX NPOLECCOB B JAe(QOPMUPYEMBIX MOPUCTBIX CpellaX U OTKPHIBAET
MEPCIEKTUBBI IS IPUKIIATHBIX UCCIICAOBAHHUMA B ATOH 00JIACTH.

HccnenoBanue BOJIHOBBIX MPOLIECCOB B MOPHUCTHIX CpellaX, HACBIIEHHBIX (IIIOMJIOM, C yUYETOM
HeNMHEHHBIX () ()EKTOB SABIsIETCS BaXKHON 3a/1aueil, KOTOpas OXBAaThIBAET IIMPOKHE O0JIACTH HAYKU
U TEXHUKH: OT TeO(PU3NUECKUX NPUIOKEHUH 10 aHaI3a CIOXKHBIX MH)KEHEPHBIX KOHCTPYKUMH. B
IaHHOW pabore OblIa pPAacCMOTpeHAa OJHOMEpHAs IIOCTAaHOBKA 3aJa4yd, OCHOBaHHAs Ha
MOJUGUIMPOBAHHOM BOJHOBOM YpPaBHEHHMHM, BKJIIOYAIOIIEM JIMHEHHbIE U HEIMHEHHBIC YJICHBI.
OcHOBHOE BHMMAaHHUE Y/EJICHO BIUSHHUIO HEIMHEHHOCTH Ha (OpPMY BOJIHBI, a TAaKXKe YHCICHHBIM
METO/aM €€ MOJIEIMPOBAHUS.

[IpeioskeHHBIN TOAXO/T TIO3BOJISIET YUUTHIBATh HEIMHEHHbIE () (EKTH B BOTHOBBIX IpoIieccax B
MOPHUCTBIX cpefax. MeToJ pPa3/IoKEHHUsl MO CTENeHSAM HEITMHEHWHOCTH M KOHEYHbIE Pa3HOCTH
oOecnieunBaroT 3¢ (HeKTUBHOE pelleHne 3aJaun. bynymune uccieaoBanus MOTYT ObITh HallpaBJIeHbI
Ha y4eT MHOro(a3HOCTH U TEPMOJIUHAMHUYECKUX IPPEKTOB.

HauanpHble ¥ KpaeBble 3aJa4ydl ISl HEIWHEHHBIX BOJHOBBIX IPOIIECCOB B MOPHUCTHIX Cpeaax
UTPalOT KJIIOYEBYIO POJIb B MOJETUPOBAHUM PEATbHBIX (PU3NYECKUX cUCTeM. PerieHue 3THX 3amay
TpeOyeT TOYHOTO 33JaHusl HAYAIBHBIX YCIOBUH, ONMHCHIBAIOIINX COCTOSHHE CPebl Ha HAYaIbHBIN
MOMEHT BpEMEHH, U KOPPEKTHOT'O 3a/laHUs TPAHUYHBIX YCIOBUH, KOTOPBIE MOT'YT ObITh TMHEHHBIMU
WIA HETTMHEWHBIMU. JIJIsl peleHns TaKuX 3a/1a4 MUCTIONIb3YIOTCS KaK aHAJTMTHYECKHE METOJIbI, TaK U
YHUCIICHHBIE TOIXO/IbI.

baarogapHocth

HanHoe uccnenoBanue puHaHcupoBaigoch Komurerom Hayku MUHUCTEPCTBA HayKU U BBICLIETO
obpazoBanus Pecnyonuku Kazaxcran (rpant UPH AP26196267 «llpenackazarenbHoe 4HCIEHHOE
MOJIETMPOBAaHUE U3MEHUYNBOCTH MEXaHHMYECKUX CBOWCTB MOPOYIPYIHX (IIOMIOHACHIIIEHHBIX CPEN
B BOJIHOBBIX CEHCMHYECKHUX IOJISIX B PE3YyJbTAaTe NMPUPOJHBIX M AHTPOIIOI€HHBIX BO3JEHCTBUHN B
LEeJSIX BBIPaOOTKH HAEKHBIX CXEM reo(pU3nYecKOro MOHUTOPUHTA»)
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IBOJIOIMAJIBIK TEHAEYJIEPAIH AEPJIIK
HEPUOATHI LIEINIMIH K¥PY YIIIH KbICKAPTY 9ICIH KOJIIAHY

Axoamna

DBONIOMISUTBIK, KYHEIePAIH 9pTYPIi KiacTapsl VIIH AEpIiK MepHOATH IenrMaepain 0omysl TepOeric
TEOPHACHIHIIA MAHBI3IBI MOcese OOJBIT TaObUTaMbl. MBICAIBI, METPHUKAIBIK KEHICTIKTETT MOHIEP] Oap mepIrik
MEpUOATHl INEeIIiMAEPAiH OO0yl Typambl Macelle KapamailbM Jepiik MepuoiTsl AnuddepeHIranabK
TEHJEYJep TEOPHUACHIHBIH MIeHOepiHIe KapacThIpbUIaabl. Jlepilik mepruoaTsl, COHBIMEH Kartap Oip emmmemui
JKOHE KOIl OJIIeMIi MEepPHUOATHIK TepOemicTepli 3epTTey epeKiie YIKeH MaHbIFa ue. MeXaHUKaJarbl,
¢du3uKanarel JKOHE TEXHUKAZarbl KOITETeH MocelelepAi KapacThlpraHga KapamaibiM >KoHe jaepOec
TYBIHIBLIAPBI 0ap SBOJIIONUSIBIK TSHACYJIEPIiH OCBIHAAN TepOeIMeN MICIIIMACPIH 3epTTeyre Typa Kelei.
KapacTpIpbUIbIT OTBIPFaH KYMBICTA TOYEJICi3 allHRIMANBIIAP apKBUTBI KBICKAPTY SIICIH KOIIaHy KOHE HeTi3Ti
KBICKApTBUIFaH JKYHeJIepHAiH NepiiK KONMEepPHOATHl MENMIIMACPiHIH ayBITKYIapblHBIH THIMII OarachlH amy
3eprrenred. bipiHii peTTi 3BOMIONMSIBIK TEHASYISPAiH AePIiK KOMEepUoITH MenriMaepiniy 6ap 60mysl MeH
YKAITFBI3MIBIFHI YIIIIH KETKUTIKTI IIapTTapAbl KYPY KapacThIPbUIFaH.

Tyiiin ce3mep: >BOMIOIMIBIK (MHTETpOaU(GEPEHIINANIBIK) TSHILYIep, ASePIliK MepUOATH MISTIiMaep,
I'pun TunTi Matpuna, JIMMIKMITIH KYIIEATIITEH MapThHI.

P.C. blcmaryi', A.A.Vremucosa', M.I'. Tacranos!, ®.®. Maiiep', 5.0.XKymaprosa'
'Kocranaickuii peruoHanbHbIi yHuBepcuTeT uMenn A.Baiitypesinyisl, 1. Kocranaii, Kazakcran
NPUMEHEHUME METOJA YKOPOUYEHUA JJ15s1 IOCTPOEHUSA
MOYTU NEPHOINYECKOI'O PEINEHMS 3BOJIOIIMOHHBIX YPABHEHU

Annomayus

CyuiecTBOBaHHE TOYTH TEPHOAWYECKUX PELICHUH ISl Pa3InHbIX KIIacCOB 3BOJIOLMOHHBIX CHCTEM
ABJISIETCA BAXHOW mpoOiemMoil Teopuu KoseOanuii. Hanpumep, mnpoOiema cymiecTBOBaHMS MOYTH
MEPUOTUYECKUX PEIICHHUH CO 3HAYCHUSMHI B METPHUYECKOM ITPOCTPAHCTBE PACCMATPUBAETCS B paMKaX TEOPUH
MPOCTBIX TMOYTH TNepHoandeckux aupdepeHIranbHbIX ypaBHeHHH. Ocoboe 3HaueHHe HMMeeT H3y4YeHHe
KBa3UIEPHOIMYECKAX, a Takke OJHOMEPHBIX W MHOTOMEpPHBIX IEpUOANYEcKUX KosieOanuit. [lpu
pPaccMOTPEHHWH MHOTHX 3a/1a4 MEXaHUKU, GU3UKU U TEXHHKH MPUXOJIUTCS M3Yy4aTh TaKHe MEPHOANYECKUE
pelIeHHS 3BOIONMOHHBIX YPaBHEHUH ¢ MPOCTHIMU M HE3aBUCHMBIMU TIPOU3BOJIHBIMU. B paccmarpuBaemoit
paboTe wuccienyeTcs NpPUMEHEHHEe MeTojda IPHBEACHHS C IIOMOIIBI0 HE3aBHCHUMBIX II€PEMEHHBIX U
s dexTHBHAS OLIEHKAa OTKIOHEHUI MHOTONIEPHOAHBIX NMPHOIVKCHHBIX PEIICHU OCHOBHBIX MPUBEICHHBIX
cucreM. (OOecreunBacTcs CO3/aHUE JIOCTATOYHBIX YCJIOBHH CYIIECTBOBAHWS W  €IMHCTBEHHOCTH
MHOTOIIEPUOAHBIX MOYTH PELICHHUI 3BOIOIMOHHBIX YPaBHEHUH IEPBOTO MOPS/IKA.

KaioueBble ciioBa: 3BOMOIMOHHBIE (MHTErpoaH((epeHIIaIbHbIE) YPAaBHEHHS, TOYTH TEPHOIUYECKIE
pemeHus, Marpuiia Tuna ['puna, ycuneHnoe yciaosue Jlummmia.

R.S.Ysmagul', A.A. Utemissova', M.G. Tastanov', F.F. Mayer!, B.O. Zhumartova'
'Kostanay Regional University named after A. Baitursynuli, Kostanay, Kazakhstan
APPLICATION OF THE SHORTENING METHOD TO CONSTRUCTING
AN ALMOST PERIODIC SOLUTION OF EVOLUTIONARY EQUATIONS

Abstract
The existence of almost periodic solutions for various classes of evolutionary systems is an important
problem in the theory of oscillations. For example, the problem of the existence of almost periodic solutions
with values in metric space is considered within the framework of the theory of simple almost periodic
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differential equations. The study of almost periodic, as well as one-dimensional and multidimensional periodic
oscillations is of particular importance. When considering many problems in mechanics, physics, and
engineering, it is necessary to study such oscillatory solutions of evolutionary equations with simple and
independent derivatives. In the present work, the use of the reduction method by independent variables and
obtaining an efficient estimate of the deviations of almost multiperiod solutions of basic reduced systems is
studied. The establishment of sufficient conditions for the existence and uniqueness of almost multiperiod
solutions of first-order evolutionary equations is considered.

Keywords: evolutionary (integrodifferential) equations, almost periodic solutions, Green type matrix,
Lipschitz enhanced condition.

Kipicne

Heczizei epeorcenep

XKympbicta Toyenci3 alfHbIMaNbUIAP apKbUIbl KBICKAPTY O/ICIH KOJJAAaHY HET131H/€ BOJIIOLMSIIBIK
TEHACYNCPAIH  JEepliK  KONNEPUOATHl  INEHIMIEPIH  KYpy  Mocelleci  KapacThIPhUIAIbL.
Wnrerponuddepennmanplk oneparopiap MeH ['puH THUOTI MaTpuiaiap yuIiH jkaHa Oaranaynap
QJIBIHBIIN, HETi3T1 jKOHEe KBICKapTBUIFAH JKyHenep MemiMAepiHiH aybITKynapsl 3eprreneni. bipinmri
pPETTI SBOJIOIUSIIBIK TEHJICYJEp VIIIH ACPJiK KOIMepuoAThl IIemiMaepaid O6ap Ooiybl MeH
KAIFBI3ABIFBIHA )KETKUTIKTI MapTTap KYPbUIabl. AJIBIHFaH HOTHKEJIEP SBOIOLUSIIBIK TCHICYIEPAiH
camnalblK TEOPHSCHIH JaMbITYFa YJIec KOCabl.

By >xkyMmpicTa Toyenci3 alHBIMANbLIAp apKbUIbl KBICKAPTy OMICIH KOJJaHy, HETI3rl KoHe
KBICKapPTBUIFaH JKyHeNepaiH JepiiK Kol MepHOoATH MIEHIIMAEPIHIH aybITKYIapbIHBIH THIM/I1 OaFachlH
airy KapacTeipbutasl. O yiriH HHTerpoaud GepeHInanabK OIepaTOpIbIH XKOHE ChI3BIKTHIK KYHEHIH
MaTPUILIAHTHIHBIH CHUIIATTaMaNIbIK (QYHKIUSIApbIHA KaHA Oaranayiapibl AQJENJIEy; SBOTIOIUSIIBIK
menrimMaepre  Jepiik  Kenm TEpPHOATHl IMIEIIIMIACPAIH TYPAKTBUIBIFBIH 3€PTTEY TEOPHUSIIBIK
KBI3BIFYIIBUTBIK TYIbIpaabl. Onapabl Toyelci3 allHbIMaIblIap/IblH €CeNTEIeTIH KUBIHBI 0ap OipiHIIi
perti nepbec mudbdepeHIUANIBIK TEHACYICPAIH TepOenMeNn MIeKTeyl MeNnMIepiH OJaH opi
3epTTeyae KoigaHyra Oomanel. byn HoTwkenep MaTeMaTHKANbIK (PU3UKAHBIH 3BOIIOIUSIIBIK
TEHJCYJICPiHIH MEPHOATHI JICPIIK IENTIMACPIH 3epTTeyae e maiaanel 6omansl. duddepeHnnanibk
TeHJeyJep KyhenepiHiH KapamnaibiM xkoHe JepOec TybIHIbUIaphl 0ap OChIHIAN HISHIIMIEPIiH 3epTTeY
MeXaHUKaaa, (QHU3MKaaa >KOHE TEXHUKaJa TYBIHIANUTBHIH KONTEreH KOJIJaHOaIbl ecenTepMeH
OaiinanbicTel. A.M. CamoilieHko eHOeKTepiHAe NepUOATHIK KoddduimeHTTepi 6ap ChI3BIKTHIK
KYHENIepIiH KIACCHKAIBIK TEOPHSCH JXKOHE CBI3BIKTBI €MeC TEPHUOATHIK >KYHENepIiH KaJbl
teopuschl kacannbl. B.W. Apuonbn, E.A. bapb6ammn, H.H. boromo6os, M.U. Umananues,
K.I'. BaneeBThIH koHe T.0. eHOekTepi Aud depeHnanabK TEHASYIep KyHelaepiHiH MePHOITHIK )KOHE
JIepIIiK MepUOITHI MIeIIiM/epl TEOPUSICHIH XKoHe oJapAblH daictepiH (Jlsmynos-Ilyankape omicrepi,
opramanay oJIiCl, WHTErpajAblK KOJUIEKTOpJap ofici koHe T.0.) OJaH opl JaMbITyFa >KOHE
xannbuiayra apHanraH. Y. YMOeTxkaHOB ©3 eHOEKTepiHAe Heri3iHeH op Typiai ULIaFblH
napameTtpiiepi 6ap aepoec nuddepeHIranIbIK TEHASYIep KYHeIepiHiH KOTIEPUOATHI XKOHE JEPIIIK
KONMepUOATHI enimMaepi 3eprrered. COHbIMEH KaTap ChI3bIKTBI €MEC CUIaTTaMalIbIK XKyHelepMeH
OailTaHBICTHl TOYEJCI3 allHbIMANbUIAPFa KaThICTHI quddepeHnuangay oneparopbl 0ap ChI3bIKTBIK
xy#e 3eprreneni [1].

3eprTey dmicHaMachl

D;x=P(t,p)x + pQ(t..x, 1) + i [ Rt 1.0, (1, 0). piwr (e = 1,)dl (1

nepoOec TYBIHIBUIBI HHTErpoaud GepeHIHaIAbIK TEHICYIep KYHeciH KapacThIpalbIK [1].
JuddepeHunanabk onepaTop

0 0
D'=—+a(t,p,x,6)—, 2
T3 o )8(0 2)
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MYHJIaFbl
> 0 .
a 8_ =>a,(t,@,x,6)—,an x,0,M n-enumemal BeKTop—OaraHaiap,
(28 k

P(t,p) n*n-emmuemai MaTpuna, x>0 - Killi napamerp,
R= {x : ||x|| < A}c R".R, = {(p : ||q0|| < oo},

MYHJIaFbl
[l = suple.

,t € R=(—00,00), E, = {g = |g—30| < 81},

M, = [0,24,] A, &,, 11,08 TypakTBLIap GONCHIH.

W .V, onepatopaapsl ¢ =(@,,,,...0, ...) BEKTOPbIHA TOMEHAET1EH COMKECTIK OpHATAIbI:
Wo=(p..9,,0.),Ve=0,..0¢ 0..).

Conpma W, +V, - Tene-TeH onepatop OOIATHIHBI OEITiII.

7T -pyHKIUSACH Typaibl TYCIHIK €HTi3eHiK.

R x R, 00OJIBICBIH/IA )KATATBIH N-omeMIi x(Z,p) = {x1 t,9),..x, (t,(/))} BEKTOp — QYHKIHSICHI 7T -
(GYHKUHMACH JeTl aTajia/ibl, erep ol

1) ¢,¢p altHBIMaNBLTAPBI OOWBIHINA Y31TiCCi3,

2) HopMa OOMBIHIIIA IEKTENTeH, SFHU ||x(t, go)” < p,MyHAarel p >0 - TypakThl 1ama,

3)  OoiibiHIIA JIMNIIMITIH KYIIEHTUINeH MapThIH:

|x@. 7,8+, - xt.W,0+V,8)|<d, |V, & -9

myHaarel d >0, m —> 00 KaHaraTTaHJbIpCa,

4) @ BEKTOPBIHBIH KOOPAMHATTAPHI OOMBIHINA MIEKTEITeH XKoHE OipKaJIbINThl Y3iicci3 1-perTi
nepOec TysIHIBLIAPHI Oap Ooca.

bynnaii ¢pyHkuumsnapasly kinacklH 7 (p,d, ) apkeuibl Oenrinen, x(f,¢) €z (p,d, ) TypiHue
Ka3amplI3.

7T - GYHKIMSACHIHBIH KeHOIp KacueTTepiH aTam eTeliK:

4,>4,>4,»--- - MOHOTOH]IBI TYPJIE HOJIbI'€ YMTBUIATBIH OH CaHJBIK Ti30€K.

5

a) ¢ BEKTOPBIHBIH KOOpAMHATATapbIHA KAaTHICTHI OIPIHIII PETTI MIEKTENTeH JKOHE Y3/IIKCI3 KeKe
TYBIH/BLIAPHI Oap.

1.7z - dynkuus x(¢,¢) canplCThpMalibl TYpA€ KapanaibiM JIMOIMUI apTeIH ¢, - TYPAKTHICHIMEH

b

KaHaFaTTaH]IbIPAJIbI, SIFHU ‘x(t, ;5) —x(t, ¢)H <q, H; -¢

2.7 - QyHKIMSA £, allHBIMAIbUIAP KUBIHBIHJA Y3/IIKCI3,

|| Ox (2 Ox(t
3.7 - QyHKUMSIHBIH Z (1, 9) ox(1.9)

=l 09 Oy
byn kacuerrepain nonenaeynepi J.Y.YMmOerkaHoBThIH [1] eHOexTepiHae KapacTbIpbUIFaH.
OcpiHpait 77 - GyHKUUsIIap KIackH 7( p,q, ) apKbUIBI OeNTineinmis.

0
KaTapbl OIpKaJIBINTHl JKUHAKTAJIa/Ibl )KOHE Z

k=m+1

<

m

m

Conpimen, (N_) xoHe (S, ) mapTTapsl OpBIHAAICHH JIeN ecenTeimiz [2].
Ochbl mapTTap OpbIHIaNFaH/1a MbIHA TEHCI3IIKTEP OPbIH aJla/Ibl:

lat,0.0,¢)| < a,,

P(t,p)| < R,

01, 9.0, 1) < 0,

R(t,t,0,0,u)| < R,,

b

“a(tawm¢+vr7z’&’;’8) —a(l‘,Wm§0+Vm,(P,x,5)H S am

v, @ - (p)” + aH)_c —X
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[Pt w0+ v,0) - PE.W,0+v,0)|<0, [v.(0- )

m

5

9

o w,0+v,.0.x,1) - 0w, 0 +v,0,%,1)| < 5|y, (9 - @) + 5 —x

b

HR(tl ’t’ me + Vm > ¢)7 x’ ILI) - R(tl ’t’ me + vm(”’ x’ ﬂ)” S xm Vm (¢) - CD)H + x”'x — X
MyHJaFpl OH TypakTeulap «, .6 ,6 ,x, - Jlummunrig KYIICUTUITEH IIapThIHBIH

kod(purmenTTepi )koHe M —> 00 O0IFaH/Ia HOJIBI'€ MOHOTOH/IbI )KUHAKTAJIA IbI.
@ apryMeHTiHe OalIaHbICTHI:

xeR,geEgl,,ueMﬂoﬁoﬁmHmaa=aA+a0,Q_0=5A+QO,R_O=xA+RO.
Omait  Gonea, a(t,p,x,6)en(a,e,), Pt,p)en(P,0,), Ot.p.xuen(0,5,),

R(t,,t,p,x, 1) € 7z'(R_0, X,).
CoHbIMEH  Kartap, at,p,x,€) BEKTOPJIBIK  (YHKUMACBHIHBIH & € E, CalbICTHIPMAIbI

y3iliccizfirineH mblFaThiHbl, opbip >0  ymin 0<g, <& TaObUIbI, |€— 80| < &, bonranaa
||a(t, @, x,&)—a(t,p,x,&, )|| < f TEHCI3AIri OpbIHaIa bl
(2) xaremHactapeiHaH m=(0 Oonranma ¢@,x KoopauHaTanap OoiibiHIIA oxerTeri Jlnmmmui

MIAPTTapbIH aTaMbI3
H (A,6,) xnacel ||f(t,q0)|| <A |f(tw,p+v, ,0)— f(t, w, @+ vm(p)H <3,

KaHaraTTaHJbIpaThiH f(¢,) n-enmeMIl 77 - GyHKUUsIAp KIIachl OOJICHIH.

v, (E) — (D)H HIapTTapbIH

ConbiMeH Katap, a(t,@,x,£) BEKTOP-QYHKUUSACBIHBIH & € E, -re KaTbiCThI y3umicci3airinexH
opbip S > 0yurin 0<eg, <& TabbuIamBl KOHE |5 - 80| <¢&, OonraHIa MbIHA TEHCI3AIK
||a(t, @, x,&)—a(t,p,x,&, )|| < [ mbIFaabl.

Bbynan 6i3, m =0 Gonranaa (2) KaTbIHACTaH @, X KOOPIAMHATTApPBI OOMBIHIIA JIMTIIIAIITIH KOIIMT1
IIapTHl  AJIBIHATHIHBIH KOPEMI3.

Eugi H,(A,8,) -m [ f(60)| <A | f (6w, 0+v,,0) = f(t,w,0+v, (p)H <5 v (p- qo)” MapTHIH

KaHaraTTaHJBIPAThIH f(¢,@). n-enmeMal 77 - (QYHKIUsUIAp KJIachl OOJCHIH JIENIK KOHE OHBI 1,

OoliblHIIa M —>00 OoJFaHAa 77 - JAEPIiK MEePHOATHl BEKTOPMEH Oipre JAepiliK KeImepuoJThl

GbyHKIUsIap KIackl A€M ecenTeHik.
Keii6ip f(t,¢) € H,(A,6,) QyHKUMsIIap YIIiH MBIHA TEHACY i

9~ dlip. rit.p)e] 3)

KapacThIpaibIK.

Opi Kapail xka3yapl KBICKapTy YIIiH MbIHagal Oenriney enrizemis r(t,p, &) = a(t,, f(t,p),€) .

Connma r(t,p,€) BeKTOp-QYHKIMACHI YIIiH 7, =, + o, Oenrineyi JIMMmmIl mapTHIHBIH
KYIIEHTUINeH apTHIHBIH KO3 GUIIMEHTI 00aabl.

(N,) maprrapsl (3) tenaeynin Komm eceOiHiH menrimMiHiH 6ap OOIybl MEH KaJFbI3/bIFbIH
CaNBICTBIPMAIIBI TYP/IE KaMTaMachl3 eTefi. (¢,,¢,) € Rx R, HYKTeCi apKbUIbl OTETIH (3) TEHACYIiH
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memiMig ¢ = A, (¢,t,,¢,,&) apKbUIbl Oenriiaeiiik. (3) TeHaeyal @, -re KaTbICThI LIEMIIN KIHE £, -l
@ 7 0P p yalr ¢, 0

S € R-re aybICTBIPa OTHIPHIIIL,
S
At t,0,,8) =@+ jr[s1 A (5,8,0,8), g};lsl 4)

TYPIHAEr1 MHTEerpaaibl KeCKiHAl KaOblIAalThIH CUITaTTaMalbIK A(S,Z,(,E) BEKTOPIBbIK (GYHKIHSHBI

aJaMBbI3.
Jlemmal seRteR,peR €k, Oosrranja cunaTTaMansiK A(s,z,(, ) BEKTOPIBIK- (GYHKIUS

YIIiH TeMEHjieri Oaranaynap aypsic 6onansr [3]:

v, (@)

>

Ia) H/lf (s,t,w, @+v, 6;,8) —2,(s,t,w,0+V, 0, g)” < [l 4 2r, (leo‘t—x‘ B 1)}
: -

)

10) |4, (5.t,0.8) = 4, (5.1, 0,8)| < M(e )-1):;
’ 14

0

|a..r

e

Ib) H/if(s+r,t+r,(p+u,g)—2,f(s,t,¢),g)—uu <

3epTTey HITHKEIEPi
Honenney. la) A =A(s,t, W ¢+V ¢,6), A=A(s,t, W ¢+V @,&) GonchH.

Erep A = /8 A+ v A, A= W A+V A nenancak, coHna HZ - AH < HWm (A- Z)H + HVm (A - ﬂ)” KOHE

U,

/8 A=), U, = ”Vm (Z—ﬂ)” Oonazpl.

(4) epHeKTI maiianaHbIN, MbIHA OaranayFa KeleMmis:

I, (i) < G-, - s,

!

-

r(s, A, g)—r(s,, A, g)“cls1 <

v, (p- (D)H +{[|lr(s,, A, €)= r(s,, A, g)“a/s1 <

I

.S[(rmUm + ”oU_m)dSI

t

|

< V,(A=2)|+7,

W, (A - ﬂ)H}dsl

v, (p-o)|+

f(rmUm + I"OU_m)dS]

t

U < , U <

.-

U, -mwl r, -ra, an U, -gpl 7, - Fa KeOEHTCEK kKOHE OJIaJibl KOCAThIH 0OJICaK, MbIHA TEHCI3IIK

N _
j(r U,+rU, Hds,|.

m
t

IITBIFAIbI rOU_m +r,U, <r |V, (& - (0)” +(r,+r,)

bennman-I’ POHYOJII JIEMMACHI 3BOJIONUANIBIK TCHACYJICP TCOPUACBIHIA KeHiHeH KOJIJaHblJIaAbl
[4,5].

U, +1,U, <1V, (o= e ™" . 5)
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U, xone U, -nuiH Oaranayiapsl YIIIH MbIHA TEHCI3IKTI KapacTbIpaMbl3

U -U, <

V(o) +

T(rmUm +r0(J_m)_ (’/')nUm + roU_m)dsl

Conma U, = U_+‘

V,(p—-0)-

ConbiMeH, (5) TeHCI3AIKTeH mbFaThiHb 7, U, + 77, (U o+ ‘ V (p— (D)H)S v

Vm ((7) - (D)HQ("O*’»Y Ne=s|

bynan U, = —————F— (e
r,+r,

(rg+1yy )‘tfs‘ ) U —
" r+r,

V,(p-p)|+

On GemikTep/i KyLIeTe OTHIPBII MbIHA TEHCI3AIKTEP/Ii aaMbI3

T <5 -0, <105

vV (Z — l)” OarayayJapelH JJICIICIK.

=

V,(p-0).

m

ConbiMeH 013 ‘W (71 - ﬂ)” JKOHE

bi3 KapacThIpaThIH CBHI3BIKTAJIFAH JKYiie
D/ x=P(t,p)x (6)

H (A,6,) KxiacbIHa CBIHBIKTHI eMec 00JIChIH [6-8].

Oumait Gonca, (6) sxyite yurtin I'pun tunreri Matpuua X, (,,1,¢,€) KypbUIybl MYMKiH, jXOHE 01
t #t, OomraHna HX f (,.t, 9, g)” < Be /Il LIAPTHIH KaHaraTTaHAbIpabL.

Conbiven  Katap, X, (1—0,t,0,6)= X, (t+0,t,p,6)=E wmynmarsi B2>1,y>0- keii0ip
TYpPAaKThUIAp )KoHE E - 1 X7 eNIIeMIl MaTpHIla.

r, < é Hemece ra, <1 Oonranna, ['puH THUNTEri MaTpulaHbIH JepOec TyBIHIbLIAPbl MbIHA

0

Dx = P(t,§)x + uQ{t,¢, x,jj;M[t',t,go, Xt o)yt -1, ,Ll} 7

IIapTThl KaHatraTTaHAbIpAJAbl:
ox;

op,

ox:

op

0

*%\HO\

<B'e

, VE#£1,.

k=1

Enm

TypiHzae 6epinren naTerpoanddepeHnanpl TeHAeyep KyheciH KapacTbIpaibIK,
MYH/IaFbI

p=24%a {t,(p,x, N[t 1,0, x(¢", ) Joo(t —t’)alt',/,z}i
ot ia o oo,
— nuddepennmanpik oneparop, an x,, M, n - BeKTop-O6araHanap.
benrineynep enrizemis:
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Ux) = [Nt t,0,x(t',@)lo(t = )di'e R, ={u: |u] < AL} R?,

©

V(x)= [M[t,t,p,x(t',@)ly(t—1)dt'eR,, ={v0 v < AZ}C R"
Conpa (7) )xyiie MbIHA TYpre KeJemi:

ox 2 0
Dx = 8_); + ,;ak {t, (o,x,u,,u}6— = P(t,p)x + ,UQ{%%X,V,,U)}-
B k

(7) sxxyieHiH naepiiK KeIIepuoAThI XKalFbI3 HIEIIMiHIH 6ap 60iybIH fonenaey yuid (7,),(z,),
(7)) wapTTapblHbIH OPBIHAATYbBIH KapacTelpamsbl3 [9-11].
Conbiven (1) xylieneH anblHFaH ¢ OOMbBIHINIA KbICKAPTHUIFAH MbIHA )KYHEHI KapacThIPCaK:

D,y =PWW,0)y+pOWW, 0.y, 1)+ u| M .., 0, vl (¢ = 1)dr' (®)

Teopema. Ke3 KeiareH m yuiiH CbIHBIKTBI 60nMaiTeiH D! y = P(¢t,W @)y KbICKapTBUIFaH Kyie
OepinciH  koHe a,P,Q,M wmamanapsl ymiH (7,°),(z)),(x;) wmaprrapsl opelHaaiceiH. CoHzaa
a,l<1,0<u< ; Oomran karmaiima (1), (8) »kyHenepaiH OpKaHCHICBIHBIH JKAJFbI3 JIEPIIIK

KOIMEepUOATHI mIeiMi 6ap 601a1pl, 9pi KOIIEPHUOITHI x*(t, @) 1emiMi ¢ OOMbIHILA KBICKAPTY 9JIiC1
apKBUTBI TAOBUTYBl MYMKIH, SIFHU

limy &, W,9) =x"(t,9)

m—>x

epHeri HopMa GONBIHIIA JKUHAKTANAIBI, MYHAAFbL ) (£, W @) - (8) sKyHeHiH qepIiK KONnmnepruoaThl

IIemIimi.

Juckyccus

ANBIHFAH HOTHXeJNEep JEepiiK MepUOJTHl kKOHE KONIEepHOATHl IICHIIMJIEp TEOopHsChl OOMbIHIIA
OypbIH OENril KJIacCUKalblK HOTHXKEJIEepMEH yiecenl. Atan alTKaH[a, OyJl KYMBICTa ajbIHFaH
Oaramaymnap MeH XeTKimikTi mapTtrap J.Y. YMmOerkaHoB eHOEKTepiHIEe NaMBITBUIFaH SJiCTepi
uHTerpoandepeHuanIbIK BOTIOLMSIIBIK TEHACYIEPAIH KEHIPEK KIIachlHAa KaJIblIayFa MyMKIHIIK
oepeni.

KpickapTy oficiH KOJAaHy Heri3ri >KyHeHIH MIemMIEepiH KbICKapThUIFAH JKYHEHIH AepIiK
KONMEePUOATHI IIeIiMIepi apKbUIbl OIpKaJbINThl JKybIKTayFa OONaTBIHBIH Kepcereni. byn Ttocin
3epTTENETIH TeHACYIEP/IiH CamalIbIK KACHETTEPIH TajAay/1a THIMI Kypas OOJIbIT TaObLIaIb.

Annarel 3epTTeyJiep CBHI3BIKTHI €MEC 3BOIOLMAIIBIK TeHJIEYyJIepre, aHbIMaibl K03 GUIMeHTTepi
Oap >KyHenepre, COHHal-aK KOJIIaHOAbl €cenTepe Ke3JECETIH MOJENbIEpPre KbhICKApPTy OJICIH
KOJIJaHyFa OaFbITTaTybl MyMKIiH.

KopsbIThIHABI

JXKymbicTa Kenmeci HOTIDKENep ajbIHABI: MHTETPaIAbl MU GEpeHINAIABIK ONepaTOPAbIH KOHE
CBI3BIKTAJIFAH JKYMEHIH MaTPULAHTHIHBIH CHUMATTaMaliblK (YHKIMACH YLIIH JKaHa Oaranap
TONENEH/I1; HHTETPAJIbI TeHICYJIEPIH TOyeJCi3 ailHhIMAIBUTAPBIHBIH €CENTENCTIH KUBIHTHIFBIHAH
KONl MEepUOJTHI MIeMmiMIepAIH 00Iybl MEH OipereiiiriHiH JKeTKUTIKTI MIapTTapbl alnbiHabl. MyHaa
opranslK maptrapasig 0ipi — K.II. Tlepcunckuit anram per konganrad JIMMIMUNTIH KYIIEHTIITCH
IIAPTHI; HETI3T1 JKYHeHIH MIemiMi Toyenci3 alHpIMasbiap OOWBIHIIA KBICKAPTBUIFAH XKYHEHIH Kol
MEePUOATHI IIEMIIMIMEH OIPKAJBINThI KYBIKTATybl MYMKIH €KeHJIr KepceTireH. COHbIMEH Kartap,
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KBICKapTy SJICIHIH KOJJAHBLIYbI SBOJIIOLHUSIBIK TCHJACYICPAIH AEpIiK KONMEPHUOATHI MICHIIMIEPiH
KYPYABIH THIMII TOCUIl €KEHIH KOpCeTTi. AJIBIHFaH HOTIDKEJEpP MaTeMaTHUKAIBIK (QU3HKaza,
JTUHAMUKAIBIK KYHeJIep TCOPUSICHIHIA JKOHE KOJIIAaHOATBI MOJAENbACP/C MailaTaHbUTYbl MYMKIH.
By GarbITTaFb! 3epTTEYIEPAl OJIaH Opi JKAIFACTHIPY MAaHBI3AbI OOJIBIN TaObLIA IbI.
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MATEMATHUKAHbBI OKBITY 9 JICTEMECI
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GEOGEBRA BAFJIAPJIAMACBIHBIH CBI3BIKTBIK TEHCI3AIKTEPII OKBITY JAFBI
6-CBIHBIM OKYIIBLIAPBIHBIH OKY CAIIACBIH APTTBIPYFA OCEPI

Anoamna

Byn xympicta GeoGebra MHTEPaKTUBTI KOMITBIOTEPIIK OaFgapiaMachiHBIH O-CHIHBIN OKYIIBUIAPBIHBIH
«CBI3BIKTBIK ~ TEHCI3IIKTEpP» TaKbIPHIOBIH MEHrepyiHe ocepi KapacThIpbUIABL. 3epTTey Moaceneci —
OKYIIBIIAPABIH TEHCI3MIKTEpAi TYCiHyl MEH BHU3yalM3allMsUIayblHIA KE3[EeCEeTiH KHUBIHABIKTap, COHBIH
callapblHaH  MaTeMaTHKaHbl  OKYyJarbl  MOTHBAalMACHIHBIH  TeMeHzaeyi. OCBIHBI  memy  YIIiH
KBa3UIKCIIEPUMEHTTIK 9J1iC KOJIAHBUIIBI: AJIMAThl KaJlachlHaarbkl MaxarMa ["anau aTeiHaarel Ne92 muneinin
30 OKyIIBICHI JKCIIEPUMEHTTIK >XoHe OaKpUlay TONTaphlHA O6diHIl. ODKCIEPUMEHTTIK TomTa cabakrap
GeoGebra apkputel, an Oakpuray TOOBIHAA ISCTYPII omicTepMmeH »kyprizimmi. [epekrep pre-test, post-test
TecTiiepi skoHe JIMkepT mikanachkl OOWBIHINA cayaimHama apKbUIbl KHHAIIBL. HoTwkenep SKCIEepUMEHTTIK
TOINTHIH OKY YirepiMi 0akpuiay TOOBIMEH CANIBICTHIPFaHJIa alTapIIBIKTal yKOFapbl OOJIFaHBIH KOPCETTi (acep
momuepi d = 0,819). Cayannama notmxenepi GeoGebra oKylblIapAbIH TYCIHY1H, BU3yalu3aus KaOijeTiH,
©31HE JIeTeH CEeHIMIUIITIH KOHE ITOHTE KbI3bIFYIIBUIBIFBIH apTTHIPFAHbIH aHKBIHAABI. 3€PTTEY KOPBITHIH/IBICHI
Ootipiama, GeoGebra jxanmbl opTa MEKTENTEpHE, dCIpece ChI3BIKTHIK TEHCI3MIKTEPAl OKBITYAa THIMII
Me1arOruKajbIK Kypas OOJIbI TaObUIa b

Tyi#iin ce3mep: TEHCI3IIKTEp, CBI3BIKTHIK alnreOpaiblk TeHci3mikrep, Geogebra, sKCIEpUMEHT,
BU3YyaITU3aIIHS.

A. Aiityap', XK. Keynumkaesa?, B. Omap6aesa'
'Kazaxckuii HAMOHAILHBIN JKEHCKHI T1€1arOTMYECKU YHUBEPCHUTET, T. Anmatsl, Kazaxcran
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BJIMAHUE NTPOI'PAMMBI GEOGEBRA HA ITIOBBILHEHUE KAYECTBA OBYYEHMUSA
YYAIIMUXCS 6 KJIACCA ITPU U3YUYEHUU JIMHEMHBIX HEPABEHCTB

AnHomayus

B nmanHOl paboTe paccMOTpEHO BIUSHHE HHTEPAKTHBHOW KOMITBIOTEpHOH mporpamMmbel GeoGebra Ha
yCBOGHHE ydalmumucs 6 kiacca temsl «JIuHeiiHble HepaBeHcTBay. [Ipo0ieMa nccnenoBanus 3aKkiovaeTcs B
TOM, YTO MHOTHE HIKOJBHUKU HCHBITHIBAIOT TPYAHOCTH IIPH MOHMMAHUM U BHU3yalM3allMd HEPABEHCTB, YTO
CHIDKAaeT WX MOTHBAIMIO W y4eOHBIE NOCTW)KEHHA MO MaTemaruke. (s pemenus 3Toil mpobiemsl ObIT
WCTIONTh30BaH KBa3MAIKCIEPUMEHTANBHEIN MeTod: 30 ydarmmxcs crenuain3upoBaHHoro jumes Ne92 umeHu
Maxatmbl ['annm ropoga AnMathl ObUIM pa3felieHbl Ha SKCIIEPUMEHTANBHYIO M KOHTPOJIbHYIO Tpynnsl. B
JKCIIEPUMEHTAIHOM TPYIIEe 3aHATHS MPOBOAMWINCH C HCHONb30BaHWEM Tmporpammbel GeoGebra, B
KOHTPOJLHON — TPagWITMOHHBEIMH MeTomamu. [laHHBIe ObUTH COOpaHBI C TIOMOIIBIO pre-test um post-test
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TECTUPOBAHUS, a TAaKXKEe aHKCTUpOBaHUS mo Inkane Jlafikepra. PesynmbraTel moOKa3aiu, YTO ydalIuecs
9KCIIEPUMEHTAITLHOMN TPYIIIHI TPOAEMOHCTPUPOBAITH 3HAYUTEIHLHO 00JIee BRICOKHI YPOBEHD YCIIEBAEMOCTH TI0
CPaBHEHUIO C KOHTPOJILHOMU Tpymmoii (pa3mep 3¢ dekra d = 0,819). ITo uroram onpoca Takke BBISBICHO, YTO
GeoGebra cmocoOCTByeT JydllleMy TIIOHHMMAHUIO, Pa3BUTHIO HABBIKOB BH3YyalHW3alllH, TIOBBIIICHUIO
YBEPEeHHOCTH W WHTEpeca K Maremaruke. Takum oOpa3om, GeoGebra MoxHO paccMmarpuBaTh Kak
3G GEKTUBHBINA MEAarorniecKuii MHCTPYMEHT JIJISl TIOBBIIICHUS] Ka4ecTBa OOyUYCHHsI MaTeMaTUKE B CpeaHEel
IIKOJIE, OCOOSHHO NPY U3yYEHUH JIMHCHHBIX HEPAaBCHCTR.

KioueBble cjioBa: HepaBeHCTBA, JMHEHHBIC anreOpanmdeckre HepaBeHcTBa, (Geogebra, SKCIIEPUMEHT,
BU3YyaITU3aIHS.

A. Aituar', Zh Keulimzhayeva 2, B. Omarbayeva'
'kazakh National Women's Teacher Training University, Almaty, Kazakhstan
?S.Seifullin Kazakh Agro Technical Research University, Astana, Kazakhstan
THE IMPACT OF THE GEOGEBRA PROGRAM ON IMPROVING THE LEARNING QUALITY
OF 6TH GRADE STUDENTS IN TEACHING LINEAR INEQUALITIES

Abstract

This study investigates the impact of the interactive computer program GeoGebra on the academic
performance of 6th-grade learners in the topic of linear inequalities. The research problem is that many students
face difficulties in understanding and visualizing inequalities, which decreases their motivation and
achievement in mathematics. To address this issue, a quasi-experimental design was employed with 30
students from Mahatma Gandhi Specialized Lyceum No. 92 in Almaty, divided into experimental and control
groups. The experimental group was taught using GeoGebra, while the control group received lessons through
traditional methods. Data were collected through pre-tests, post-tests, and a student survey using a Likert scale.
The results showed that learners in the experimental group demonstrated significantly higher academic
performance compared to the control group, with a large effect size (d = 0.819). Survey findings also indicated
that GeoGebra improved students’ understanding, visualization skills, confidence, and interest in mathematics.
The study concludes that GeoGebra is an effective pedagogical tool for enhancing the quality of mathematics
education in secondary schools, particularly in teaching linear inequalities.

Keywords: inequalities, linear algebraic inequalities, Geogebra, experiment, visualization.

Kipicne

CBI3BIKTBIK TEHCI3JIKTEp MEKTEll MAaTeMaTUKAChIHBIH O-ChIHBIOBIHAH OacTam OKBITBIIA/IbI.
ChI3BIKTBIK TEHCI3JIKTEp MEKTENTe AJCTYPJl SICIEeH KaTap, KOMIIBIOTEpIIK OaraapiamaiapablH
KOMeTIMeH Jie OKbITyFa 0omajbl. JKanmbel MaTeMaTHKANIBIK KapanaibiM, KYpAel ecentepi menryre
OpTYpJIi KOMIMBIOTEPIIK TaKeTTep KoJJaHbuianbl, onap: Maple, Mathlab, Mathcad, Cabri 3D,
Mathematica, XXuBas reometpus xone 1.6. Conap/bIH Keii0ipeyiH MeKTen MaTeMaTHKaCchiH OKBITY 1a
KEHIHEH KOoJIJIaHyFa 0oJiajibl, COHBIH O1pi KOMIBIOTEPIiK UHTepakTUBTI Geogebra Oarmapiamacsl.
GeoGebra 6armapnamacsiH cabakTa KOJIAaHyIbIH THIMIUIITT MEH MaHbI3IbUIBIFBI TYPaJIbl KONTEreH
3eprreynep xyprizuireH. Meicansl, Zengin Y., Furkan H., Kutluca T. xymeiceinna GeoGebra
OarapiaMachbIHbIH §-CHIHBIN OKYIIbUIAPbIHA TPUTOHOMETPHUSHBI OKBITYNAFbl OKYLIBLIAPABIH OKY
yirepiMiHe acepiH 3epTrereH xoHe GeoGebra OarmapiiaMachblHbIH TPUTOHOMETPHUS TaKbIPHIOBIH OTY
OapbICBIHAA KOJJIaHy THIM/I1, 9pi1 OKYIIbUIAP/IbIH BU3YaIM3aLMACHIH KaKcapTyFa KoMeKTece Il JeTeH
KopbIThIHABIFa KenreH [1]. Hudpibik pecypcrap oKyIIbUIapabl )KaH-KaKThl OKyFa bIHTATAHIIbIPAIbI
JKOHE MaTeMaTUKAJIBIK MOJENbJAeyre, MIIIHASPAl BHU3yalu3anusuiayra kKemekrtecedi. [2]-[4]
xyMmbicTapbiHaa GeoGebra OarnapiamMachbIHbIH OKYIIBUIAPJBIH T€OMETPHUSUIIBIK YFBIMIAPIbl KOHE
CBI3BIKTHIK alreOpasIbIK TEHJIEYJIep KYWECIH TYCIHylHE OocepiH, COHbIMEH Karap Mamai3usiarsl
MaTeMaTHKaHbl OKbITyAarsl GeoGebra OarapaaMachIHbIH OKYIIBUIAP/IBIH OKY YJITepiMiHe dcepi MEH
TUIMIUTIKTEPT Typanbel 3eprreminreH. 2020 sxbuibl kapusianraH Mthethwa M., Bayaga A.
AKYMBICBIHJIa TEXHOJOTHSIIBIK PECypCTaplblH KODKeTIMALIIr mekTeym OHTycTik Adpukaaars
KeIeUIIUTIK JIeHrell »Korapbl aybsUIAbIK dkepiepae ne GeoGebra OarmapiamachklH  KOJIaHY
OKYUIBUIAPJIBIH OKyBbIHA 9CEp €Till, MYFaliMACpAiIH OKbITyFa JereH CEeHIMIHE OH dcep eTKEHIH
kepceTkeH [5]. Kanmber Scopus aepexrep 60azacweinna «GeoGebra» TakpippiObiHa apHanFan 1000-nan
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acraMm, «GeoGebra and effecty» kinTTik cesiMeH 130-ra XybIK Makana KapusulaHFaH. A,
KOMITBIOTEPIIIK SKCIIEPUMEHTTEP/A1H OPHBI MEH POJIiH aHBIKTAy MocelelepiMEH JKaKblH LIETENe /e
3epTTeyJep KacaraH. bipak OapiblK OKOFaphila KENTIPUITEH JIepeKTepAae S-7  ChIHBIMN
MaTEeMAaTUKACBIHBIH ChI3BIKTHIK aJreOpajIblK TEHCI3MIKTED JKyHecl TaKpIpbIObIHA KaThICThI, GeoGebra
OarapiamMachbIiHBIH KOMETIMEH dKCIIEPUMEHTTEP JKYPri3iIMereH.

3epmmeyoin meecizei o63exminici — CBHI3BIKTBIK TEHCI3MIKTEPAl OKBITyAa IOCTYPJl OAICTEPIiH
IIEKTEYJITIr JKOHE OKYIIbUIApABIH Oy TakKbpIPHINTHl MEHIepyJe Ke3AECeTiH KHUBIHABIKTaphIH
KEHUIETY YIIIH jKaHa MeJarorHKANbIK TEXHOJIOTHUAJIApAbl KOJAAaHy KaXETTLTIr ©3eKTI Macele
00JIBII TaOBLUIAEL.

3epmmeyodiy maxcamsl — 6-CBIHBIT OKYIIBUIAPBIHA CHI3BIKTHIK TEHCI3IIKTEP/Ii OKBITY OaphIChIHIA
GeoGebra 6armapinamMachiH MaiaaaHyAbIH THIMIUTIITIH TOKIpUOETiK TYPFbI/Ia aHBIKTAY.

Byt makcartka ety YIIiH MbIHAZal MiHOemmep KOUbUIIBL:

1.  OxymbLIapablH ChI3BIKTHIK TEHCI3MIKTEP/I1 TYCIHYAET] HET13T1 KUbIHIBIKTAPBIH TAJIIaY,

2. DkcrepuMeHTTIK TonTa cabakrapasl GeoGebra apkpiibl, OaKplIay TONTa JOCTYPIl SIiCTIEH
OTKi3Yy;

3. Pre-test jxoHe post-test HOTWXKENEpiH CalbICTBIPy apKbUIBl OKY  YJrepiMiHJeri
allbIpMAILIBUIBIKTAp bl AHBIKTAY;

4. OkyursUiapIsiH KaObUTIay JSHreliH Oaranay YIIiH cayalHaMa KYpridy;

5. GeoGebra OarmapiaMacblHBIH OKY TMPOLECIHIAErT THIMAUIINT MEH apThIKIIBUIBIKTapbIH
HeTi37ey.

3epmmeyoiy kyminemin Homuoiceci — GeoGebra OaraapiaMachIH naiiianaHy OKyIIbUIAPABIH OKY
YIIrepiMiH apTTHIPAJIbI, CHI3BIKTHIK TEHCI3IKTEP 11 BU3YAJIIbI KAOBLIIAYBIH KEHIJICTE 1, TOHTE ICTCH
KbI3BIFYIIBUTBIFBIH JKOHE ©31HE JIETeH CEHIMIUTITIH KYIIeUTe .

3epTTey KYMBICHI KBa3MIKCIIEPUMEHTTIK OJIiC apKbUIbl Kyprizinmi. bynm omic Oimim Oepy
caJlachIHJIa KU1 KOJJIaHbLIaAbl, ce0ebl TONMBIKTall Ke3[ecoK 1pIKTey Kacay MEKTeN KaraailblHaa
MYMKiH ©Ooma Oepmeiini. KBaswdkcnepument omici 3eprrey MakcatbiHa — GeoGebra
OargapiaaMachbiHBIH OKYIIBUIAPABIH OKY YJTepiMiHEe o9CepiH aHBIKTayFa — THIMJII MYMKIHJIK Oepe/i.

doebuemmepee Uony

TeHcizaikTep TaKbIpbIObI MATEMAaTUKAAAH MEKTEI OaF1apaMachIHbIH «©3€T1H» KYPalThIHIbIKTaH
MKoHe OacKa IMOHJEPMEH KeNTereH OalaaHbICTap bl alllaThIHABIKTaH, TEHCI3AIKTEPAl 3epTTey Ke31H e
ecenTepAl IIenlyaiH KeH ayKbIMbIH, MOAEINBCY 9/IiCTEePIiH kKoHE KOJIIaHOaNbl 3epTTey Macesenepin
MEHrepyre MyMKIHJIK Tyajabl. MeKTen OKyILIbUIapbl TEHCI3AIKTEPAl TYCIHY >KOHE OHBI HIENIyJie
KONTEreH KUbIHJBIKTapFa Tan 0ojael. Mbicamsl, [6] onebuerTe ochl Typalibl KEHIHEH OasHIalIFaH.
AN, TEHCI3AIKTEpAl LIelIyre KaThICThl KONTEreH FbUIbIMU eHOekTep »kaszburraH. CoublH Oipi b.O.
WmpanoBThiH xymbIckl [7]. JI.B. IlankpaToBaHbIH KYMBICBIHJA TEHCI3IIKTEP apKbUIbl MEKTEI
OKYILUBUIAPBIHBIH FBUIBIMM 3€PTTEYIIUIIK KaOUIETIH JaMbITy >KOHE OHBI KaJBIITACTHIPY TYypaibl
Ka3bUIFaH [§].

Geogebra OarapiamMachblHbIH KOMETIMEH OKYIIbI €CETTIH MIAPTTapbIH TaJ 1AM, TEHCI3AIKTEp KOHE
TEHCI3IIKTep JKYWECIHIH HEeTri3ri 3JeMEHTTEepiH aHBIKTall JKOHE ecenTepli wiemy OapbIChIHIa
rpadukanplK OelHeNepiH eJecTeTe OTHIPBIN, TEHCI3AIKTEPIH KaObUITAaUThIH OpPTaK MOHIEPIH
BU3yaJIM3alusIay apKelibl mmeme anazasl. bynan Geogebra 6armapnaMacsl OKyIIBIHBIH KOTHUTHBTI
KY3BIPETTUIITHIH KaJIbINTaCybIHA BIKIAJ €TEeTIHIr KopiHedl. OKylIblIapablH KaXKETTIIIKTEPI MEH
OKY MaTepHaJIbIHbIH EpeKIIETIKTepiH eCKepe OTBIPBIN, IpTYpii anicTepai KoipaHca, Geogebra
OarmapiiaMachlH OKY TPOIIECiHE €HTi3y TaObICThI Ooybl MyMKiH. Geogebra OarmapiamachiH OKY
nporeccine eHrizynaiH OipaeH Oip THIMILIIr, MyFaliM KypJelli MaTeMaTHKaJblK TYCIHIKTEpIi
KOpHEKI TYpAe TYCIHIIPY YIIIH ChIHBINTA JEMOHCTPALUSUIBIK pPEeXUMIE KoigaHybiHAa. COHbIMEH
karap Geogebra OarnapiiaMachlH TONTHIK Xko0anap/a 1a THIMAI KOJAaHyFa OoIaIbl.

Ocbl aifTBUTFaH 3epTTeyJiepJie MEKTEN MaTeMaTHKachlH OKbITyaa GeoGebra Oarmapiamachl
CEeKII/Il MaTeMaTUKAIIBIK Oariapiiamanap imriHapa naiianaHblIFaHbIMEH, O-ChIHBIN OKYIIBUIAPBIHA
CBI3BIKTBIK TEHCI3/IKTEepre KOJIAHBICHI KapacThipbuiMaraH. COHIBIKTaH O-CHIHBIN OKYIIbUIAPbIHA
CBI3BIKTBIK TEHCI3MIIKTEpi OKBITY OapbickiHa GeoGebra GaraapiaMachlH KOJIaHy, OKYIIBLIAPIbIH
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ca0akThl TYCIHYyl MeH KaObuiaay ocepiH 3epTrey KakeT erefi. CBI3BIKTBIK TEHCI3IIKTEpIi OKBITY
TEHJICYJIEPMEH CaJIBICThIPFaH 1A KYpeIipek, ce0e01 TeHCI3MIKTIH mentimMi 61p FaHa caH eMec, MOHJIEP
KUBIHBI peTiHAe aHbIKTaNaAbpl. OKymIbUIap YIIiH MIEIIIMIEP KUBIHBIH, OHBIH IIEKAPATAPbIH, AlllbIK
KOHE )KaOBIK apajIbIKTap/Ibl €IECTETY alTapIIBIKTAl KUBIHIBIK TYFbI3aIbl.

Ochl TYpFBIAH aliFaHlla BU3YAIHM3aIMs CpEeKIIe peJl aTKapajabl, OWTKEHI OJ abCTpakKTiii
MaTeMaTHUKaJIBIK YFBIMIAP/Ibl HAKTHI TpauKaIbiK OeiiHeaep apKblUIbl KaObLIayFa MyMKIHIIK Oepe/i.
GeoGebra GarmapiaMachlHBIH THIMIUTII OHBIH JWHAMHKAIBIK MYMKIHAIKTEpIMEH OalIaHbBICTHI:
TEHCI3MIIK KOA((OUIIMEHTTEPIH ©3repTy OapbICHIHAA KOOPAMHATAIBIK TY3YAeri OOsUIFaH ailMaKThIH
OipJieH e3repyi OKyIIbLIapFa IICIIIM/ICP KUBbIHBIHBIH KAaCUETTEPIH CaHAJIbI TYpJAE TYCIHYTE YKaFaai
xacaiapl. JlocTypii OKBITYyJa KOJJIAHBUIATBIH CTAaTHUKAIBIK Tpadukrep Oy MPOIECTi TOJBIK
KamTamachi3 ere anmaiinbl. Connbiktan GeoGebra OarmapiaMachlHBIH CBI3BIKTBIK TEHCI3MIKTEPIi
OKBITYJaFbl THIMIUTTIH apHaibl 3KCIEPHUMEHT apKbUIBI 3€PTTE€Yy FBUIBIMH JKOHE OIiCTEMEINiK
TYPFBIAH HET13/1 O0JIBIN TaObLIa b,

3eprTey dmicHaMachl

3epTTey KYprizy YIIiH KBa3UAKCIEPUMEHTTIK 91iC KOJAAHBUIABL. SIFHU 3epTTey HOTHKEIepiH
CaNIBICTBIPY YUIIH, OKYIIBUIAD SKCIEPUMEHTTIK JXoHE OaKpUIay TONTapblHA KE3JIEHCOK IpiKTey
oiciMeH OeiH/II: CHIHBINTAFbl OKYIIbUIAP Ti31Mi OOWBIHILIA HOMIPIEHIM, KYIT HOMIpPIl OKYIIbLIAP
HKCIEPUMEHTTIK TOIKA, aJI TAaK HOMipJIi OKyIIbIIap OaKplIay TOOBIHA €HT131I/11. DKCIIEPUMEHTTIK TOII
Geogebra OarapiaMacsl apKbUIbl, a1 0aKbpLUIay TOOBI OKBITYIBIH ASCTYPIIi 9ici apKbUTbl « CHI3BIKTHIK
areOpabIK TEHCI3MIKTEP» TaKbIPbIObIHA cabak oTuImi. 3epTTeyre AJMarhl KaJlachlHBIH Maxarma
lanau arbiagarel Ne92 mamaHIaHABIPBUIFAH JIMIICHIHACT]I aNTBHIHIIBI CHIHBINTHIH 1 jkKoHE 2-TOm
OKYIIbLIaphl TaHJAIM albIHABL Op TonTa 15 okymbigan 6ap. bacrankeina GeoGebra 6arnapiamacsl
Typajbl OKyUIbIIapJa TYCIHIK OONIFaH KOK KOHE 3epTTey JKYPri3ijeTiHi Typaibl OKYyIIbUIApFa
aTbUIMabL. 3epTTey SicTepi skoHe OeJiHreH TonTap 1-KecTeae KopCeTiireH.

Kecme 1. Odicmep men monmap

Tonmap 3epmmeyee 9dicmep 3epmmeyoen
Oetiinei Kelinai
Oxcnepumenmmix B GeoGebra baz0apramacvinbly KOMe2iMeH B3
bakvinay B, Locmypni By
MyHna,

B1— DkcnepruMeHTTIK TONTaH 3epTTeyre AeiiH allbIHFaH TeCT,

B> — Bakpuiay ToObIHAH 3epTTEyre AeiiH alblHFaH TeCT,

B3 — DkcneprMeHTTIK TONTaH 3epTTeyAeH KeiliH ajJbIHFaH TecT,

B4 — Bakpuiay ToObIHAH 3€pTTEy/I€H KEWiH albIHFaH TECT.

3epTTeyre AeiiH )KoHE 3epTTeyAEH KeHiH TecT any yIIiH «MakcaTKa KeTy» TeCTi KYpacThIPbUIJIBL.
3eprreyre neiinri tecrre 10 cypak, ai 3epTTeyAeH KeriHri TecTre 25 cypak O00bl.

Pre-test Tamcelpmanapbl OKYIIBUIAPJBIH CBHI3BIKTHIK TEHCI3AIKTep OOMBIHIIA OacTamksl OiliM
NEHTellH aHbIKTayFa OarbITTalJbl. TecT cypakrapel Oip alHbIMaJIbIChl Oap KapamaibiM
TEHCI3AIKTEp/Ii TaHy, OJap/bl LIenly, KOOPAWHATAJIBIK TY3Y/e LIeNiMAep KUBIHBIH Oenriiey KoHe
TEHCI3/1iK OeNTiCIHIH MaFbIHACHIH TYCIHY CHUAKTHI 0a3alIbIK OUTIKTEp/Ii TEKCepyTre apHaJIFaH.

Post-test TarnceipManapbl Ma3MYHBI JKaFblHaH KYpAETipeK OO0JIbIIN, OKYIIbIIapAbIH TeHCI3AIKTEep i
TYPIAEHAIPY, MIEUIIMAEP KUbIHBIH HHTEPIpETalusIay, OipHele TEeHCI3IIKTEPAl CaNbICTIPY, COHIaM -
aK TPAaKTUKAIbIK Ma3MYHJIAaFbl €cenTep]e TEeHCI3IIKTepAl KOJJIaHy JAaFabUIapblH Oaranayra
OarprTTanabl. Ockuiaiima, post-test OKyIIbUTApIBIH TEK €CENTEY JaFAblIapblH FaHA €éMeC, ChI3BIKTHIK
TEHCI3/AIKTEep/l caHalbl TYpAE TYCIHY JEHIeHiH aHbIKTayFa MYMKIiHIIK Oepzi. CoHbIMEH KaTap
SKCIIEPUMEHTTIK JKOHE Oakpliay TOINTApBIHBIH KaOBUIAayblH Oaranay YIIiH apHaiibl «baramay
IIKanace»  (IecKpunrop) kacaijuel. Pre-test jkoHe post-test Tancelpmangapbl MEKTENTiH
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KOJITAHBICTAFbl OKY OafiapiiamachiHa CoMKec KypacThIpblUiabl. OcbliFaH OailIaHBICThI SKCIIEPUMEHT
KoHe OaKpuIay ToNnTapbiHa 6 cabak yKocmapbl Kacabl.

3eprTey HOTHKEIEPi

3epTTey Ke3eHaepi:

1. Anne ana tecriey (pre-test). Exi Ton oKymbutapeiHaH 6acTamnkbl OUTIM JICHTeHiH aHBIKTAY
MakcatblHa 10 cypakTaH TypaTblH TECT aJIbIHABI.

2. OkKpITy Ke3eHi. DKCIepUMEHTTIK TonTa «CBI3BIKTHIK TEHCI3IKTEP» TaKbIPHIObIHA apHAJFaH
cabakrap nHTepakTuBTI GeoGebra OarmapiaaMachl apKbLIbl, ajl 0aKbpLIay TOINTA JICTYPIIl 9MICTEPMEH
oTKi3inai. bapnbirer 6 cabak KapacThIPbUIIBI.

3. KopeiteiHab! TecTiney (post-test). Exi Tom okymbLiapbeiHaH 25 cypaKTaH TYpaTbhlH TECT
aJBIHBL. ByJl Ke3eH e OKYIIbIIapIbIH OKY YITePIMIHAETI allbIpMAIIBUTBIKTAp aHBIKTAJIIBL.

4. Cayannama. OxymbuiapnabiH GeoGebra OarmapiiamachlHBIH THIMIUTITT Typasibl MiKipiH
aHBIKTAy YIIiH 7 CypakTaH TYpaThlH cayanmHama >kyprizuigi. Cayamnama skayantapbl JlukepT
HIKajgachl OOMBIHIIIA OaralaH/IbI.

Konmaneurran Kypammap. 3epTTey OapbIChIHIA «MaKcaTKa XKeTy» TecTrepi (pre-test skoHe post-
test) )koHe apHalbl KypacThIPbUIFaH cayalHaMa maiiananbuiibl. OKyIIbUIapIblH YATepiM AeHrennepi
CAJIBICTBIPMAJTBI TYpJIe OaFajaH/Ibl, ajl TONTAP apaChIHIAFbl aWBIPMAIIBUTBIKTEIH MaHBI3IBUIBIFEI P-
MOH/Iep1 apKbLIbl aHbIKTaN Bl Ocep MomnmiepiH (effect size, Cohen’s d) ecenrtey apkbuibl GeoGebra-
HBIH THIMJIUTIT] CAaHABIK TYPFBIAA TOJICTICH/II.

OTuKanelK HopManap. 3epTTey OapbIChiHIA OapiblK KATBICYIIBUIAPIBIH JIEPEKTEpl KYIHS
cakTanapl. OKyIIbUIapFa SKCIEPUMEHTTIH MaKCaThl TYCIHIIPUIII JKOHE OJIApIBIH KaTBICYBI €piKTi
TYpIE Ky3ere achlpbUIAbl. 3epTTey Mpolieci OiTiM Oepy MEKeMECiHIH 1IIKi epexkenepiHe coiikec
KYPri3uial KoHE KaThICYIIbUIAPIBIH TICHXOJOTHSIBIK HEMECE aKaJeMUSUIBIK JKarJaiblHa 3HSH
kenripimmeni. Maxarma ['anau ateiaaarsl No 92 MamaHAaHABIPBUIFAH JTUIEHIIH KbICKa Mep3iMIi
cabak >xocrapbiHa coiikec «bip alHBIMaNBICBl 0ap CBHI3BIKTHIK TEHCI3MIKTEP» TaKbIphIObIHA 24
aKkaJeMIsUIbIK ~ caraT  OemiHreH. MekrenTiH O-ChIHBIN  OKymIbLiapbl 1. Angamypartosa,
K. BaitmonanoBa, E. baimonanoBteiy xoHe A.E.A0piikaceiMoBa, T. Kyuep, 3. Xywmarysnosa
KiTantapsiMeH OKbIThUIA B! [9], [10]. Cabak 6apbIChIHAa aTalFaH OKYJIBIKTAFbI €CeNTep OACIIBUTBIKKA
anbiHabel. TemMene cabakTa KOJIIaHbUIFaH €CcerTepre Mplcaaaap KeITipiiil.

Mbuican 1. O6-CHIHBINITHIH MaTeMaTHKa OKyJbIFbIHAaFEI Nel571, (1) ecenti GeoGebra
OarmapiamacbiHaa kepceTeiik. TeHci3aikTi memriHi3 3x+7 >13[9].

3x+7>13 mencizoicin Geogebra bazoapramaceinoa cany aneopumimin Hca3aubix:

1. Angeimen Geogebra GarqapiamMachlH alllbIHBI3 KOHE rpaduKa TAaKTAaChIH TaHAaHbI3.

2.  «Kipic» nereH xxepre 3x+7 >13 TEHCI3IITH *a3bll, enter-11 0achbIHbI3.

3. Hotmwxkecinae 6araapinama Ty3ydiH rpaduriH >koHe aHbIKTaTy 00JIBICHIH I'paUKaIbIK TaKTa1a
kepcetei (1-cyperTe chI3bIKTHIK TeHC13A1KTIH GeoGebra OarnapaamachiHiaFbl rpaduKanibIK OeifHect
KOPCETUITEH).

GeoGebra Kanexynatop | A Tostiixe

F:3x+7>13

Cypem 1. Bipinwi mvicanowviy Geogebra bagoapramacvinoazel epapuei
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bipinmi cyperteH 3x+7 >13 TEHCI3MIrH x e (2, +o0) KaHAFATTaHABIPAThIHBI TYCIHIKTI.

x—3 x+1

Mbvican 2. > —— meHncizoicin Geogebra bagoapramacvinbly Komecimer uweutelix. Anovimen
4

oyn mvicandviy Geogebra bagoapramacvlHOazel Cany anreoOpUmMMIH HCA3AUbIK:
1.  Geogebra GarnapiaMachiH alllbIHBI3 )KOHE rpadyKa TAKTAChIH TaHIaHBI3.

.. x—3 x+1 ... .
2. «Kipic» aereH xepre —— > —— TEHCI3/IITIH *ka3blIl, enter-1i 6achIHbI3.
2 4

3. Hormwxecinne 6argapinaMa Ty3y/1iH rpauriH )KoHe aHBIKTAITy O0JIBICHIH I'paUKaIbIK TAKTaAa
kepceTei (2-cypeTTe ChI3BIKTHIK TeHC13MIKTiH GeoGebra 6armapiamachiHIarsl TpaduKaibiK OeiHecl
KOPCETUIreH).

GeoGebra Kanwkynstop |\ MPawe -

=

" :r// A g //f o
/"////”/”

000

VS S

?’/// /'/// // v

Cypem 2. Exinwi moicanowviy Geogebra bagoapramacwinoazel epagpuei

. . X x+1 .. ..
2-cyperTeri OosnFaH aiiMakka Hazap cajcak, —— > —— TEHCI3JIrHIH menimi x>7 601aTbIHbI
2

AMKBIH.

Mbican 3. 6-CHIHBINTHIH MaTeMaTuKa OKYJIbIFbIHAAFEl Nel1572 (4) ecenri, | x+2|<11TeHcizairin
GeoGebra 6arnapiamMachIiHBIH KOMETIMEH MIEHICHIK [9].

Geogebra b6azoapramaceinoa cany aneopumimi memeHoe KopCcemineeH.

1. Anneimen Geogebra OargapiamMachlH alllbIHbI3 )KOHE rpauKa TaKTaChlH TaHAaHbI3.

2. «Kipic» meren xepre | x + 2 |<11TeHci3airiH a3bli, enter-7i 0acbIHbI3.

3. Hormxecinne OarmapiaMa Ty3yJiepAiH rpaduriH JKOHE aHBIKTATy OOJBICBIH TpadHKaIbIK
Takraga kepcereni (3-cyperrte CBI3BIKTHIK TeHC3HIKTIH (GeoGebra OarmapiiaMachIHIAFbI
rpadukablK OeiiHec KOpCEeTIIreH).

= GeoGebra Kanekynatop P Toagia ~

=]

ilbem hom e om

Cypem 3. Ywinwi moicanoviy Geogebra b6azoapramacwvinoagol epaguei

3-cyperteri OosiFaH aiiMakka Kaparl, |x+2|<11 reHcizmirivig memriMi —13 <x <9
OOJIaTHIHBIHA KO3 JKETKI3EeMi3.
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Mpvican 4. O-CBHIHBINTHIH MaTeMaTHKa OKYJbIFBIHAAFEI Nel354, (6)-ecenti  GeoGebra
OarapiiaMachlHBIH KeMeriMeH rpaduria canaibik [10].

Geogebra baz0apramacelnoa cany ancopumimin Hea3ausly.:
1. Anmeiven Geogebra OarapiaMachiH alllbIHBI3 )KOHE rpaduKa TaKTaChIH TaH/IaHBbI3.

. 5x 19x . .
2. «Kipicy geren xepre — —3(x +1) =10 — —— TEHCI3/IITIH Ka3blIM, enter-1i 6acaHbI3.

24 24
.. 6 1 ... .
3. «Kipic» neren xepre ; x+13< ; (14 — x) TEHCI3IITiH *ka3bI, enter-Ii 0aChIHbI3.

4. Hotwmwxecinae OarmaapiaamMa Ty3yJIepiH rpadurid )KoHE aHbIKTaTy OOJIBICHIH TpadUKaIbIK TaKTaaa
kepcereni (4-cyperre  ChIBBIKTBHIK TeHC3HIKTIH GeoGebra OarmaprmamacelHIarbl TrpadHUKaIBIK
OcitHeCi KepceTuIreH).

a

W4 / / _:
4%

Cypem 4. Topinwi mvicanoviy Geogebra 6asoapramacwinoazel epagpuei

Sx 19x 6 1 o .
4-cyperteH — —3(x+1) >10— —— xoHe ; x+13< ; (14— x) TEHCI3OIKTEPIHIH IIEHIIMI.

24 24

MareMaTuKanblK TeHCI3IIKTEpre HET13/1e7TeH HAKThl OMIPJIiK CIIEHAPHUIUIepl KAMTHTBIH dPTYPIIi
ecenTep/i KapacThIpaibIK.

Mpbican 5. 6-CBIHBINITHIH MaTeMaTHKa OKYJIBIFBIHIAFEI Ne979 ecenti GeoGebra 6armapiaMachiHbIH
KeMeTiMeH rpaduril canaisik [9].

Ne979 ecen. loynet nocrapeiHa O6epy yuiiH 6akTaH 15-TeH apThIK, 21-1eH KeM ajiMa Tepir ajijbl.
Erep on nocrapelHbIH opKaiichicbiHa 3 anMmaaaH Oepce, OHbIH OapiblK ajiMachl Helle JO0ChIHA
YKETETIHIH Oarayianap.

Geogebra 6azoapramaceinoa cany aneopumimin Hca3ativly:

1.  Anneimen Geogebra GargapiamMachlH alllbIHbI3 )KOHE rpauKa TaKTaChlH TaHAaHbI3.

2. «Kipic» nmeren xxepre 3x > 15 TeHCI3AIrH *a3bll, enter-1i OacaHbI3.

3. «Kipic» neren sxepre 3x < 21 TEHCI3/ITH Ka3blI, enter-71i 6achIHbI3.

4. Hormwxecinne Garmapiama Ty3yJepAiH TpaduriH >KOHE aHBIKTaTy OOJBICBIH TpadUKaIbIK
TakTaga kepcerenmi (5 -cyperre CBIBBIKTHIK TeHCi3mikTiH GeoGebra OarmapiiaMachIHIAFbI
rpadukanblK 6eiiHec1 KOpCeTIITreH).

S5-cyperten 3x > 15 xoHe 3x < 21 TeHCI3IIKTEepiH KaHAFATTaHIBIPATHIH X-TE€P/iH KUBIHBI (5;
7) apanbirel HeMece 5 < x < 7 eKeHl TYCIHIKTI.

Muican 6. Kuimzi Temnepartypara GailnanbICThl TaHaay kepek. Temmnepatypa Llenbcuii OoiibiHia
10 rpagycran TemeH Oosca, kypTe, ain 20 rpamycTaH Korapbl 6oiica, ¢pyTOOIKa KUTEH I KaTaicCh3.
Kanmaii Temneparypa auana3zoHaapsl Ci3JIiH KaJlaybIHbI3Fa colikec keneai?
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O

=
Cypem 5. Becinwi moicanoviy Geogebra bazoapnamacvinoagvl epagpuei

Geogebra 6azoapramaceinoa cany aneopumimin Hca3ausix.:

1.  Anpeiven Geogebra 6araapiiaMachiH alIbIHBI3 XKOHE IpadiKa TAKTAChIH TaHJaHbI3.

2. «Kipic» geren xepre x < 10 TeHCI3aIriH *a3blll, enter-1i OGacaHbI3.

3. «Kipic» meren xepre x > 20 TEHCI3AITIH jKa3blll, enter-11i 0achIHBI3.

4. Hotmxecinne Oarmapiama Ty3yJIepAiH TpaduriH kKOHE aHBIKTATy OOJBICHIH TpadUKAIBIK

TakTaja kepcerel (6-cyperTe ChI3bIKTHIK TeHCI3A1KTIH GeoGebra OarnapiiaMachIHIaFbl rpaQUKaIbIK
OeliHeci KepceTirex).

B

Cypem 6. Anmuvinubt moicanoviy Geogebra 6azoapramaceinoazol epaguei

6-cyperrer 10-HaH yikeH, 20-maH Kimri OOJaThIH, SIFHM €CENTET1 aJaMHBIH KaJlayblHa COMKeC
Temneparypa auanazonsl 10<x<20 rpagyc apanblFbiHIa 00y KEPEKTIrl IIbIFa/bl.

Korapriga xenrtipuiren mbicangap GeoGebra OarmapiiaMachbIHBIH CHI3BIKTBIK TEHCI3IIKTEP/Il
OKBITY OapbIChIH/Ia Kaslail KOJIIaHbIIFaHbIH KepceTe/l. EH/l OCbI OKBITY TOCUTIHIH OKY HOTHXKeJepiHe
oCepiH CaH/bIK TYpFblJa Oaranay YIIiH ajlblHFaH SKCIIEPUMEHTTIK JI€PEKTEP/Il KapacThIPAbIK.

2-KecTe/leH OKCIIEPUMEHTTIK JKoHe Oakpulay TONTApbIHBIH 3epTTeyre JieiiHri TecT
KOPBITBIH/IBICHIHBIH OpTallla OajijapbIH/ia albIpMaIIbUIBIK KOK €KEHIH Kepyre 001abl.

Kecme 2. Tonmap apacvindaest bazanayza oevinei mecm Hamudicenepi

Tonmap Canuvl Opmawa b6ann Cmanoapmmet Dp-MoHi
ayblmKy
Oxcnepumemmix 15 9,26 2,089 0,939
baxvinay 15 9,33 1,946

3-kecTele SKCIEPUMEHTTIK KoHe OakbUlay TONTAPBIHAAFBl OKYIIBUIAPJBIH OKYy YJrepimi

OOMBIHIIIA YKCITIEPUMEHTTIK TOITA alTaPJIBIKTal albIPMAIIbUIBIK TaOBUTHII, ocep meodrepi (d=0,819)

KOFaphbl ekeHi aHbIKTan sl Cohen ychIHFaH KpuTepuiiiepre caiikec acep memmuepiniy d = 0,2 — ki,

d= 0,5 —opra, ait d > 0,8 — ynken acep perinae 6arananaapl. OcbiraH 0alIaHBICTHI ATBIHFAH HOTHKE
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(d =0,819) GeoGebra 6armapiamMachIHBIH CHI3BIKTHIK TEHCI3MIKTEP/Ii OKBITYAAFbl OKY HOTHXKENEpiHe
KymTi ocep eTkeHiH kepceremi [12]. by cbI3BIKTBIK TeHci3mikTepai okbiTyna GeoGebra
OarapramMachbIHBIH TUIMJII MTearoruKaibIK Kypal eKeHIH KopCceTei.

Kecme 3. Tonmap apacvindassl bazanayoar Ketiinei mecminiy Homuiceci

Tonmap Canvl Opmawia 6ann Cmandapmme D-MaHI Scep .
AYLIMKY Moauepi
Oxcnepumemmix 15 22,13 2,31 0,02 0,819
baxvinay 15 18,4 428

*p-moni <0,05 (aeHu Manvi30bi)

3epTTey COHBIHJIA SKCIEPUMEHTTIK JKOHE Oakpljay TONTAPBIHBIH ca0akThl KaObuigay ocepi
Oaranannel. 3epTreyliH coHbiHAa Geogebra OargapiiaMachlHBIH OKYUIBLIAPJBIH OKybIHA ocepi
Typaibl Ke3KapacTapblH OJIaH opi 3epTTey VIIiH cayanHama xypri3immi. CayamHama 7 cypakTaH
Typansl. bapnbik cypakrapabiH kayaObl Jlukept wmikamacel ([11]) OoifblHIIA >Kacayjbl.
CayanHamazarbl Cypakrap: |-TOJNBIKTal KeliceMiH, 2-)KapThulail Kewdicemin, 3-Oeirapan, 4-
KENICIeMiH, S-MYJIeM KeTiCeiHMIH.

ChIBBIKTBIK TEHCI3MIKTEPAlI OKBITY Ke3iHae oKymsuapasiH Geogebra OarmapiamMachiHBIH
KOMETiMEH TaKbIPBINThI KAOBLIAAY ACHIE1 )KOFaphl €KeHIH 4-KeCTe/IeH Kope alaMbl3.

Kecme 4. Cayannama KopbimeiHObiChbl

Tativi30v15 (%) Kopcemxiwi

Cypakmap TK | KK | & K | MK
1. Masan coizvixmulx mencizdikmepoi GeoGebra apkviivi 60 267 | 133 0 0
OKbl2aH YHAObL
2. GeoGebra Magat Col3bIKMblK meﬂczsdzkmepdm 70 26.7 33 0 0
MABMYHbIH MY CIHY2e KOMEKmeCmi
3.vGeoGebra—HblH KOMe2IMeH Cbi3bIKMbIK, MeHCI30iKmepoi 667 | 267 6.7 0 0
ylipeny eme Manbl30bl
4. GeoGebra cvizvikmulk, meycizoikmepee bepineen 76,7 20 33 0 0

ecenmepdi oyail Mycinyee KomMexmecmi

5. GeoGebra-nviy komezimeH Cbl3bIKMbIK MEHCI30IKmep 0 0

ecenmepin weutyoe o3ime de2eH cenimoinieim apmmol

6. GeoGebra meniy wvieapmauvlivleblMObL apMMvLPObl 66,7 | 33,3 0 0 0
0 0
0 0

56,7 40 3,3

7. Ma.a’ar't GeoG'ebra—Hsz KOMe2IMEH Cbl3bIKMbIK, 60 33.3 6.7
meHCi30ikmepoi OKbleaH YHAObL
bapnvix cypakmap Oouvinua scuvinmolk Homudice | 65,26 | 29,53 | 5,23

Cayannama HOTWKeNEpl TeMeHne nuarpamma TypiHae kenrtipuireH (7-cyperre GeoGebra
OarapiamMachblH  KOJIZJaHy OOMBIHIIA JKYPri3UIleH cayajlHamMa HOTHXKENEpIHIH JuarpaMMachl
KOPCETUITEH).
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Cayannama namuoicenepi
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Cypem 7. Cayannama namuoicenepi

Juckyccust

Cayannama  HOTHXKeNEpl  KepceTKeHIeHd, okymbuapasiH  Oaceim  Oemiri  GeoGebra
OarmapiamMachbIiHBIH THIMIUTITIH OH KaObUIIazbl: xKayanTapablH 65,26%-bI «TOJBIKTAN KeTiceMiH,
29,53%-bI «KapThUIal KeaiceMiny, ai 5,23%-bl OeliTapan HYCKaHbI TaHAa bl «Kemicneiminy jxoHe
«MYJIZIeM KeicrielMiHy jKkayanTapbl MyJiieM Oonmanbl. byi xarmail oKylbuIapIblH Oarnapiamara
JIeT€H KbI3BIFYIIBLUIBIFBIHBIH KOFapbl €KEHIH JKOHE OHBIH OKY MPOIIECIH/IeTT MAaHbI3AbUIBIFBIH alKbIH
TONEIICH T

Cayannama OKy camachlH TiKeJei Oaranmayra apHaiMaca Ja, OKYIIbUIAPJbIH OKY MaTepUasIbIH
TYCIHY JCHIrel1, BU3yalln3anus JaFabUIaphl, ©31He JETeH CEHIMJLIIT] JKOHE ITOHTEe KbI3BIFYIIBLUTBIFBI
CHUSIKTBI OKY CarachbIHbIH MaHbI3/Ibl )kaHaMa KOPCETKIIITEPiH Oaranayra MyMKIHJIIK Oep/ii.

Byn 3eprreyne «OKy camachlHBIH apTybD» YFBIMBI OKYIIBUIAPIBIH OKY MaTepUablH CaHAIBI
TYCiHyi, IIeUIiMAEp S>KUBIHBIH HHTEpHpeTanusiay KaOuIeTiHIH KajlbllTacybl, BHU3YyalH3alUSHBI
KOJIJIaHy JaFIbUIAPBIHBIH 1aMybl )KOHE OKY 1C-OpPEKETIHE JeTeH YOKIHIH apTyhl apKbLIBI TYCIHIIPIIII.

binim Oepy 3eprreynepinzne Oysl KepceTKIilTep OKy calachlHbIH Kypamjac OeiikTepi peTiHzae
KapacThIPBLIAIBL.

Cayannama aepekrepi 6oitbiaia GeoGebra 6araapiaamMachl OKYIIbITIAPIbIH:

- MaTeMAaTHKAIIbIK YFBIMJIAPJIbl MEHIEpYiHe,

- Ma3MyHJbI BU3yallu3alusiayblHa,

- cabakka OeJyceH/Il KaThICybIHA,

- ©3iHE JIETeH CEeHIMJIUTITH apTThIpybIHA bIKIaJ €TKeHI aHBIKTAJIIbI.

Tect notmxkenepi ne Oy KOPBITBIHABLIAPALl KyaTTaibl. 3epTTeyre AeiHri OacTamnkbl TeCTTe
(pre-test) SKCHEPUMEHTTIK oHE Oakblilay TONTAPBIHBIH YIrepiMAepiHAe eJeyil aiblpMallbuIbIK
OaiikanFaH XOK. Anaia KOPBITBIHIBI TecT (post-test) HoTHkesnepl OOMBIHINIA SKCHEPUMEHTTIK
TONTHIH YATepiMi Oakpiay TOOBIMEH CalBICTBHIPFaHIa aWTapibIKTail >korapbl Oomnnael. Ecentenren
ocep memepi (Cohen’s d = 0,819) GeoGebra 6arnapiaMachbiHbIH OKYIIBUIAPABIH OKY HOTHKEJIEPIHE
KYIIT] BIKMATBIH ATENIE/].

Ocsuraiima, 3epTrey HoTHXenepi oKy mnpornecinae GeoGebra OargapiaMacblH  KOJIJIaHY
MaTEeMAaTHKAIBIK YFBIMIAPAbI TYCIHAIPYAl KEHUIAETIN KaHa KOoWMal, OKYIIbUIAPABIH TaHBIMJIBIK
KBI3BIFYIIBUTBIFBIH APTTHIPATHIHBIH, BU3YAIH3AIHsI JaFIbUIAPBIH JTAMBITATHIHBIH JKOHE JKAJIIBl OKY
carachlH JKaKCapTaThIHBIH KOPCETTI.

KopsbIThIHABI

3eprrey HoTmkenepi kepceTkeHned, GeoGebra Oarmapiiamachl O-CHIHBIN OKYIIBUTAPBIHBIH
CBI3BIKTBIK TEHCI3/IKTEp/l MEHrepyiHe alTapibIKTail OH ocepiH Turi3ai. barmapmamanbl KongaHy
OKYIUBLIAPJIbIH MaTeMaTUKAJbIK YFbIMAAPAbl TEpeH TYCIHyiHe, OKy YJrepiMiH apTThIpybIHA,
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Ma3MYHJbl BH3YyaJIJbl TYpAe KaObUIJayblHa, ©3iHe [ereH CEeHIMIUIrH HbIFaUTyblHA KOHE
HIBIFAPMAIIBLIBIK KaOLJIETTEPiH JaMBITYbIHA BIKITAJ €TTI.

OkcrepuMeHT OapbIChiHAa anbiHFaH aepektep GeoGebra OarmapiaMachIHBIH JOCTYPIl OKBITY
omicTepiHe KaparaHJa THIMAIPEK €KEHIH JoJeiie/li. OKCIEPUMEHTTIK TONTHIH YJTrepiMiHIH
aiitapneikraii aptysl (Cohen’s d = 0,819) 6argapiamMaHblH OKBITY MPOIECIHETT THIMAUIITIH HAKTHI
kepceteni. COHBIMEH KaTap, cayallHama HOTIDKEJIepl OKYIIBUIAPBIH TOHTEe KbI3BIFYIIBUTBIFBIHBIH
apTKaHbIH kxoHe GeoGebra-HbIH OKY MPOIECIH KEHIIICTETIHIH TSI,

Anaiina 3epTTey IIeKTeyn cumarta 0oyiael, ceb6ebi O TeK O-ChIHBIN OKYIIBUIAPBIHBIH IIaFbIH
TOOBIHA KYpPri3uiai. COHIBIKTaH KEJIEIIEKTe OPTYPIIi CHIHBINTAP MEH OKY KOHTHHTEHTTEP1 asChIHaA
KEHEHTIUITeH 3epTTeyJep KYpri3zy Kaxer.

Kammer  anrannma, Oy 3eprrey Hotmkenepi GeoGebra OarmapiiaMachlHBIH — CBI3BIKTHIK
TEHCI3/AIKTEP/1i OKBITYa THIM/II TeJarOTUKAJIBIK KYpajl eKeHIH KOHE OHBI OKY YAEpiciHe eHrizy OiniM
camnachlH apTThIPYFa BIKMAJI €TETIHIH KOPCETTI.
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YYEBHBIE UT'POBBIE BUKTOPHUHBI B METOJINYECKOH MOJATOTOBKE
BYAYIIUX YYUTEJEN MATEMATHUKHU B YCJIOBUAX STEM

Annomayus

HecmoTpss Ha 3HAYNTENBbHBIA AuAakTHUYecKwid moteHnuan STEM-texHomoruii, mx BHEApCHUE B
MOJATOTOBKY OyIyIIMX Yy4YWTEeNeld MaTeMaTHKH B TIeJIarOTHYeCKHX BY3aX CTalKHBAaCTCS C PIOM
TpynHocTeil. OcHOBHas MpoOiiemMa CBA3aHA C OCOOEHHOCTSIMHU IMpeAMeTHOro (opmaTta oOydeHUsS: OH HE
MTO3BOJISIET OJJHOBPEMEHHO OCBAWBATh HECKOJIBKO NUCIHILTAH U PEaN30BBIBATh MEKITPEAMETHBIE TIPOSKTHI
13-32 OTCYTCTBUS COOTBETCTBYIOUINX METOUK. B 3TOM cCUTyalny nepcrneKTUBHBIM PEIICHHEM MOKET CTaTh
HCIOJB30BaHUE UTPOBBIX TEXHOJOTHH, KOTOPBIE CIIOCOOHBI MOTHBHPOBATH MPETOAaBaTelNeii K MHTeTpalu
B yYeOHBIH TpoIecC 3HAHMK W3 CMEXKHBIX IHCHUILINH. B pabore 000cHOBBIBaeTCS 3()PEKTUBHOCTH
y4eOHBIX BOIMPOCHBIX BHUKTOPMH KaK WHCTPYMEHTAa METOJUYECKOW MOJArOTOBKM OyAyHMIMX Yy4yHTelneH
MaTeMaTuKHU. Takve BUKTOPUHBI HE TOJBKO IMOBBIIIAIOT MO3HABATENbHYI0 aKTUBHOCTH CTYJEHTOB, HO U
crocoOcTBYIOT (hopmupoBannio y HUX STEM-koMmeTeHTHOCTH. BakHOe MpenMyIiecTBO BUKTOPHH —
CIOCOOHOCTH MPOOYKAATh y 00yJarONINXCcsS HHTEPEC K HHTETPUPOBAHHBIM 3HAHHAM. DTO JTOCTUTAETCS 3a
CY€T BKJIIOYCHUS B HUX BOTIPOCOB M 3aJaHUH U3 Pa3IuYHbBIX MPEIMETHBIX obnactel. Jls cucteMarusaiuu
0o0ydJaromero U AMarHOCTUPYIOIIETO MaTepualia MpeasiaraeTcs MPUMEHSATh METOA NupaMuibl bapOapst
MunTto. OH TMO3BOJNSAET BBICTPOUTH MHOTONPO(HUIFHOE JEPEBO BOMPOCOB M 3aJaHHUM, OXBATHIBAIOIIETO
pa3Hble HaIpaBJICHUs MOATOTOBKH. Pa3pabaThiBaTh BUKTOPHUHBI MOXHO KaK B TOIYJSPHBIX OOJauyHBIX
CepBHUCax, TaK U C MOMOIIBIO CIIEHUATU3UPOBAHHOTO KOHCTPYKTOpA.

Kirouesbie caoa: STEM-oOpaszoBanue, reiiMudukanys, ydeOHbIE BOIPOCHBIE BHUKTOPHHBI, METOJ
MMUPAMHUIBI, BOTIPOCHOE JIEPEBO.

H.B. Ocnanosa', H.U. ITax>
Mlokan YanuxanoB atbingarsl Kekieray ynusepcureri, Kekuieray, Kasakcran
2B.I1.Acradbes aThinaarbl KpacHOSPCK MEMIIEKETTIK TI€IarOrMKaNbIK, yHUBEpCUTETI, KpacHospcek, Peceit
STEM KAFJAUBIHJIA BOJAIIIAK MATEMATHUKA MYFAJIIMJIEPIH S IICTEMEJIK
JTAUBIHIAYJIA OKBITYFA APHAJIFAH OMbIH BUKTOPUHAJIAPHI

Anoamna

STEM TexHOJIOTUSIIAPBIHBIH JKOFaphl TUJAKTHKAJIBIK dJICYyEeTiHe KapaMacTaH, OJIapibl MeaaroruKajibik
JKOFaphl OKy OpBIHIApBIHIA OoJamiak MaTeMaTHKa MYFalliMIepiH Jaspliay yAepiciHe eHrizy Oenrini Oip
KHUBIHABIKTapIbl TyAbIpansl. Herisri Mocesne oKbITYAbIH MOHAIK (POPMAThIHBIH €peKIIeNiriHeH TYbIHAANabL:
0JI THICTI ojlicHaMajapiblH OojiMaybiHa OalJaHBICTBI OipHEINe MOHAI Oip yakKbITTa MEHIepyre Hemece
MoHAapabIK Ko0anap/ipl )Ky3ere acblpyra MyMKiHaiK Oepmeriai. by xxarnalina saraiia nepcreKTHBaIbI
miemiM peTiHae MyFaidimaepal OaillaHbICTHI MOHAEPACH anFaH OiTiMAepiH OKy IpOLeEeciHe eHrizyre
BIHTAJAHJIBIPATBIH OMBIH TEXHOJIOTHSJIAPBIH TaiifanaHy yChIHBIIAABI. Makanajga Oojamak MaTeMaTHKa
MYFaJiMJIEpIHIH 9ICTEMENK JaspibIFbIH KaMTaMachl3 €TyJleé OKY CYpPaKThIK BHUKTOPHHAJIAPbIHBIH
TUIMAILTIT Heri3aeneai. MyHaail BUKTOpUHAIAp OKYIIBUIAPIBIH TAHBIMIBIK OCJICEHAIITH apTTHIPBIN KaHa
KoliMaii, conpIMeH Katap STEM Ky3bIpeTTUTIriH JaMBbITyFa BIKIAN eTeli. BUKTOpUHAIApAbIH MaHbI3IbI
apTHIKUIBUTBIFBI — O1TiM amymbIIap/blH KipiKTipiiareH OiimMre AereH KbI3bIFYIIBUIBIFBIH 05Ty Ka0ineTi. by
OpTYpAl MOHAIK callaiapiaH allblHFAaH CypakTap MEH TalchlpMallaplibl KaMTy apKbUIbl JKYy3ere acajbl.
OKBITYIIBUIBIK JK9HE TMAarHOCTHKAJIBIK MaTepHalAb XKyieney MakcaTeinaa bapbapa MuHTOHBIH HpaMuaa
QJICIH KOJIJaHY YCBIHBLIAbI. ATallfaH 9JiC JaWbIHABIKTBIH SPTYPJl OarbITTaphlH KAMTUTBHIH KOIICaIalbl
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CypakTap MEH TalchblpMajap arallblH KypyFa MYMKiHAIK Oepeni. BuxkTopuHamapabl TaHbIMan OYJITTHI
CepBHUCTEpJIE /Ie, COH/ali-aK MaMaH/IaHAbIPBIIIFaH KOHCTPYKTOPIIApIBIH KOMETIMEH Jie a3ipieyre 0omasl.

Tyiiin ce3nep: STEM 6inim Gepy, reiimudukanus, 6is1iM Oepy BUKTOpHUHANIAPEI, THPaMHa dicCi, Cypak
araiibl.

N.B. Ospanova!, N.I. Pak?
'Kokshetau Shogan Ualikhanov University, Kokshetau, Kazakhstan
2Krasnoyarsk state pedagogical university named after V.P. Astafiev, Krasnoyarsk, Russia
EDUCATIONAL GAME QUIZZES IN THE METHODOLOGICAL TRAINING OF FUTURE
MATHEMATICS TEACHERS IN THE CONTEXT OF STEM

Abstract

Despite the substantial didactic potential of STEM technologies, their integration into the preparation
of future mathematics teachers at pedagogical universities is accompanied by a number of challenges. The
primary difficulty stems from the subject-oriented structure of teacher education, which limits
opportunities for simultaneous mastery of multiple disciplines and the implementation of interdisciplinary
projects due to the absence of well-established instructional methodologies. In this regard, the adoption of
game-based learning technologies represents a promising approach, as such technologies can motivate
teachers to incorporate interdisciplinary knowledge into the instructional process. This paper substantiates
the effectiveness of educational question-based quizzes as a methodological tool for the professional
training of future mathematics teachers. These quizzes not only enhance students’ cognitive engagement
but also foster the development of their STEM competencies. A key advantage of quiz-based learning lies
in its capacity to stimulate learners’ interest in integrated knowledge domains, which is achieved through
the inclusion of questions and tasks drawn from diverse subject areas. To systematize both instructional
and diagnostic content, the Barbara Minto Pyramid Principle is proposed. It enables the construction of a
multidisciplinary tree of questions and tasks covering different areas of teacher training. Quizzes can be
developed using popular cloud-based services as well as specialized quiz-building tools.

Keywords: STEM education, gamification, educational quizzes, pyramid method, question tree.

Beenenue

OcnosHule nonoosicenus. OCHOBHBIMH Pe3yJIbTaTaMU CTaTbU SBJISIOTCS: cO3JjaHHas 0a3a yuyeOHBIX
BOIIPOCOB N0 UH(OpPMATUKeE, MaTEMaTUKe, (PU3UKE U TEXHOJIOTHH; 0TOOP MPOrpaMMHBIX MPHIIOKEHUN
U CO3JAHHBIE B HUX MIPOBBIE BUKTOPUHBI; METOJUYECKHE PEKOMEHIALNN K MCIOIb30BAaHUIO ATHX
BUKTOPMH B METOJMYECKON MOArOoTOBKE OyAymMX yduTelded MaTeMaTuku. Pe3ynbraTsl
UCCIIEIOBAaHMsI CBUJETEIBCTBYIOT O I1€J1€COOOPAa3HOCTH BHEJPEHHUs] BOIPOCHBIX BUKTOPUH Kak
3¢ (HEeKTUBHOIO HHCTPYMEHTA B METOIMYECKOM MMOATOTOBKE OyIyIIHUX YUUTENEH.

Marepuanbl cTaTbl MOTYT OBITH HOJE3HBI Ul MarkuCTPaHTOB, ACIUPAHTOB, IperojaBaTesei
MIEIBY30B, CBSA3aHHBIX C METOJINYECKUMU TUCHUTUIMHAMU.

B ycnoBusax crpemutenbHol nudposuzanuu oOpa3zoBaHUS U Mepexoja K SKOHOMHKE 3HaHUN
¢dopmupoBanne STEM-koMnereHTHOCTH y OyAymIMX yuuTeled CTaHOBUTCS HE MPOCTO
KellaTeIbHON 11eJIbI0, a CTpaTernyeckoil Heo0xoauMocTbio. COBpEMEHHBIN Menaror J0KEeH He
TOJIBKO BIAJETh MPEJMETHBIMU 3HAHUSMHU, HO U YMETh MHTETPUPOBATh MEXIUCLHUIIMHAPHBIE
NOAXO0Jbl, (OPMUPOBATH Yy IIKOJIBHUKOB HaBbIKM XXI Beka: KPUTHYECKOE MBIIIIECHUE,
KpeaTUBHOCTb, KOMaHJHYIO pabOTy U TEXHOJOTUYECKYIO TpaMOTHOCTh. O003HaueHHas mpodiema
0COOEHHO OCTPO MPOSIBISAETCS MPHU MOATOTOBKE YUUTENIeH MaTeMaTHKH, T/1e TpeOyeTcsl He TOJIbKO
riy0oKoe MOHMMaHUE MpelIMeTa, HO U YMEHHE JEMOHCTPUPOBATH €ro CBS3U C €CTECTBEHHBIMU
HayKaMH, WHXXEHEPHBIMU JUCLUUIIMHAMH M LU(POBBIMH TexHONOrusMu. HeobxoaumocTsb
dbopmupoBanus U pa3Butug y Oyaymmx yuwmteneid STEM-koMmeTeHTHOCTH 3acTaBisieT MCKATh
HOBBIE MOJXOABI U METOJBl B METOJMYECKON CUCTEME MOJAIOTOBKH CTYACHTOB IEIAarOrM4eCKHX
By30B. Pemienune npoOiaembl MOArOTOBKM II€1aroroB HOBOTO THIIA BBI3BIBAET OIpE/AeICHHbIE
TPYJAHOCTH, CBSI3aHHBIE CO CNAaOOW CyIIECTBYOIIEeH MeTonudeckoil 0a3zoii mpumeHeHuss STEM-
TeXHOJOoruil oO0yueHus. [7aBHasg TpyAHOCTH 3aKIIOYaeTcsi B IMpeAMETHOM (opmare ydeOHOro
IpoLecca, KOTOpPbI MPENATCTBYET PacIpOCTPAHEHUIO MEXIIPEAMETHBIX M NOJUAUCIUIIIMHAPHBIX
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y4eOHBIX MPOEKTOB B METOINYECKOM MOATOTOBKE CTYIeHTOB [ 1]. B HacTosmiee Bpems mpecTaBiseT
MHTEpeC MPUMEHEHHEe TeliMU(UKAIINY B METOAUYECKOM MOAroTOBKe Oyaymux yuuteneir. OcobeHHO
3TO BaXHO JJsi OOyYEHHUs CTYJICHTOB E€CTECTBCHHO-HAYYHBIX CHEIHAIBLHOCTEH MeAarornyecKux
BY30B B ycioBusix STEM-o06pa3zoBanusi. UrpoBbie TEXHOJIOTUU B 00yUYE€HUN MOTUBUPYIOT CTYJECHTOB
K AaKTHUBHOW Yy4eOHOW KOHKYPEHIIMH, COTPYJAHHYECTBY JpYr C JPYyroM, oOpa3oBaTeIbHBIM
JIOCTUKEHUSM [2].

Bo3HukaeTr BOmpoc — Kakue UTPOBBIE TEXHOJOTHMH M B KaKOW METOJUYECKOW KOH(UTYpaIHH
CIIOCOOHBI MaKCUMAalbHO 3 ()EKTUBHO TOBBICHTH PE3yJbTaTUBHOCTH IOJATOTOBKU OyIymIUX
yuutenel mateMatuku B ycinoBusax STEM-o6pa3zoBanus?

Ilens wmcciienoBaHus — CO3AaTh W amMpoOOUPOBATH CHCTEMY Y4YEOHBIX HWIPOBBIX BHKTOPHH,
BKJIIOYAIOIUX BOIPOCH MO MaTreMaTuke, WHpopMaTuke, GpU3MKe W TEXHOJIOTHSIM, KaK CpeICTBa
METOAMYECKON TOATOTOBKHM OyAYIIMX YyUYMUTENeHd MaTeMaThKd, OOeCIedyHBaIoOIIel pa3BUTHE
STEM-KOMIIETEHTHOCTH U HaBBIKOB MEXIUCLHUILIMHAPHOI'O B3aUMOJEHCTBUA.

0630p rumepamypwi

Wnero npuMeHeHHsI UTPOBBIX TEXHOJOTUM, aKTUBHO PacHpOCTPaHsIEMYIO B Halle BpPeMsl, HEJIb3s
cunTaTh HOBOH [3]. O Heil TOBOPWMII elle B MPOLUIOM CTOJIETUU pyccKuit meaaror u nucatens K. /1.
YIMHCKUI, KOTOPBIA pPEKOMEHAOBAN JelaTh Y4YeOHBIN MpollecC MEHEe MOHOTOHHBIM 3a CYeT
n00aBIIGHUs] UTP UM MHTEPECHBIX ymnpakHeHui. M cronb30BaHME UTPOBBIX AJIEMEHTOB MOMOTAET
3aJIeCTBOBATh AIMOLIMOHAILHYIO COCTABIISIONIYIO YENIOBEKa, YTO CIIOCOOCTBYET K Oojee rimyOoKomMy
BOBJICUEHUIO B CEPHE3HYIO JIEATEIBHOCTD.

B nacrosimiee BpeMs MOsIBIEHHE M PACIPOCTPAHEHHE TEPMHUHA «TreiMH(UKALKA» CBA3aHO HE
TOJIBKO C MAPKETUHTOBBIM IIPUEMOM OM3HECA, HO U CTAHOBUTCS MOMYJISIPHBIM TPEHI0M 00pa30BaHMUSI.
JIeicTBUTENBHO, JIJIsl MHOTHUX OYEBHIHBIM SIBJSETCS (AKT, YTO C MOMOIIBIO UTPHI MOKHO MOBBICUTH
WHTEpEC K 000 AesTensHoCTH [4].

[ToaTOMy UTpOBBIE TEXHOJIOTUHU OTIMYHO MOAXOMAST Ui paboThl ¢ MpobIieMaMu, BBIPACTAIOIIUMU
W3 HHU3KOM MOTHBAlMM K OOYYEHHIO: HE3aMHTEPECOBAHHOCTh, OTCYTCTBHE OOPATHOH CBSI3H,
HEUHTEPECHBIE 3aJJaHus U TIp.

CyTb reiiMuuKanuy COCTOUT B HCIIOIH30BAHUH UTPOBBIX 3JIEMEHTOB B YUEOHOM KOHTEKCTE. ITO
MO3BOJISIET JOCTUTaTh IOCTABJICHHBIX M€, MpUAAaeT TPaAUIMOHHOMY TMpoleccy OOydeHus
OOJIBIITYIO JIETKOCTh, THOKOCTH M MPUBJICKATEIBHOCTb.

MoxHO BBIIENUTh 4 OCHOBHBIX MPUHIUNA TreiMUbUKaUU B OOpa3oBaHHUH: MOMUBAYUS,
OmMKpblmue, Cmamyc, 603HaAPANCOeHUe.

CornacHo mepBOMYy npunyuny Momueayuu, CTyIAEHTHl JOJHKHBI XOTETh B3aUMOJECHCTBOBAThH C
OKpY’KaIOIIeH cpenoi (Tpymmoii), OCyIECTBISATh YICOHYIO IeATEeIbHOCTh. MOXHO TIPEANOI0XKHUTD,
YTO CaMbIMHU CHJIBHBIMH MOTHBATOpaMH K 00pa30BaTeNbHON AESITEIbHOCTH 00y4aeMoro sIBISIOTCS:
JKEJTaHUE TOJYYUTh TOJIE3HbIE 3HAHUS, YJIOBJIETBOPHUTH JIFOOOMBITCTBO U CTPEMIICHHE H30EXKaTh
nuckomdopTa B yueOHOIl cpere.

Ipunyun omkpweimuii. UrpoBoil KOHTEHT, 00eCIEeUMBAIONINN pPajoCTh NMPUOOPETEHHUS] HOBOTO
3HAHUS, OTKPBITHUS HOBBIX MEPCHEKTUB M BO3MOXKHOCTEH B O00y4YeHHH, MOXBajia, BO3HATPaXKICHUS
MOPOXKIAIOT TIOJIOKHUTEIIbHBIE HOMOIIMH M JKETaHWE JIOCTUTaTh KOHEUHBIX ILIeJied TIPOeKTa,
COpPEBHOBAHUS WM 3aJaHUSI.

Ilpunyun cmamyca. Xemnanue dyenoBeka OOpPECTH OMPENEICHHBIM CTATyC 3aJ0KEHO B HEM
NPUPOJION — TMPAKTHUUECKH KAXKIbIM XOYeT CTaTh JIy4llUM B TOM, 4eM OH 3aHiT. CtaTyc
JEMOHCTPUPYET TPEUMYyIIecTBa Kak ce0e camMoMy, Tak U JApyruM JrofsM. [[ins oOydaembix
(dhopMUpOBaHHE TOJIOKUTENHEHON CAMOOIIEHKH BO MHOT'OM Oy/I€T CIIOCOOCTBOBATh PE3yIbTATUBHOCTH
CaMOCTOSITENIbHOM y4eOHO 1eTeNbHOCTH.

Ipunyun eosnazpaxcoenus. Harpana, 6ecCiopHo, JTydlIni HTHCTPYMEHT AJIs1 00pa30BaTeIbHOTO
nporecca. CaMbIM MPUBJICKATENBHBIM JJII 00y4aeMOro SIBIISIETCS Harpajga B BUJE OOHYCOB IS
MOBBIIICHUS PEUTUHTA YCIIEBAEMOCTH, 3a4eTa 10 TEMaM U pa3jienaM U3y4yaeMbIX TUCLIUILINH, a TOPOU
Bcero Kypca. O4eBUIHO, YTO HArpaabl Oy IyT MPUBIEKATEIbHBI I CTYICHTOB B 3aBUCHMOCTH OT UX
LIECHHOCTEN U UHTEPECOB.
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MeToaoJi0rusi MCCJAeT0BAHUA

Ha moxarotoBuTenbHOM 3Tamne UCCACAOBAHMS MPOBOAWICS aHAIM3 HAYYHOW JIMTEPATYyphl IO
STEM-o0pa3oBannio, TeiMuUpUKAIIIA ¥ METOJMYECKOW IMOATOTOBKE YUYUTENEH MaTeMaTHKH;
MPOEKTUPOBAIUCh CTPYKTypa M COJIEpKAHHE YUEOHBIX HTPOBBIX BUKTOPUH (C BOIpOCaMHU IO
MareMaruke, uHopMaTuke, QU3HKE U TEXHOJOTHIM); ONpEAeIsUIach MOJEIb METOIUYECKON
MOJITOTOBKH C BKJIFOYEHHUEM BUKTOPUH

Jnst co3maHus WTPOBBIX 00pa30BaTEIbHBIX MPOEKTOB HEOOXOIUMO HMETh 0a3zy y4eOHBIX
BONIPOCOB U 3aaHuil. [lJiss CTPYKTYpHOCTH, CUCTEMATHYHOCTH ¥ TIOJTHOTHI ATOM 0a3bl MO 3aJaHHBIM
MPEAMETHBIM 00JIACTSAM yJA00HO HCIIONIB30BaTh MeTo 1 upamuabsl b.MunTo [5]. Mertoz mo3Bosser
MOCTPOUTH MPOOIEMHOE IEPEBO BOIIPOCOB M 33JaHUI, B YACTHOCTH IO MaTeMaTuke, H(HOpMATHKE,
¢dusuke, TexnonorusMm [6]. C moMOIIBIO 3TOTO JiepeBa HEOOXOIUMO CO3/1aTh 0a3y BOIIPOCOB B BHUJIC
TaOMUIBI C OTBETAaMHU M CIIO)KHOCTBHIO BoOIpoca. B 00pa3oBaTeibHBIX YCIOBUSX pecImyOIuKu
KazaxcTtan wHOrjga mojie3HO HCIOJIb30BaTh KOHTEHT B TaOJIMIIE Ha TPEX S3bIKaX: Ka3axCKOM,
aHTIUicKOM U pycckoM. K mpumepy, dparMeHT TaOnuibl jisl OpraHU3aii BOMPOCHBIX BUKTOPUH
IOKa3aH B Tabiuie 1.

Tabnuya 1. basa yuebHnwvix 6onpocog

Ne Bonpoc  na Bonpoc Ha Bonpoc na Omeembi: Cnoacrnocm
PYCCKOM Ka3axcKom AHeIUCKOM (K, P, A)
1 Kaxosa Ayvipavik Kyuin What is the F=m-g cpeoHutl
dopmyna ona ecenmey formula for
pacuema cuivl dopmynacet calculating
msdcecmu? Kanoau? gravity?
2 Ymo maxkoe Keninik npomoxon | What is a Habop npasun JecKuil
cemegoti Oezenimis ne? network ona  obmena
npomokon? protocol? OaHHbIMU 8
cemu.
3 Kax onpedenumsv | n canvinviy How to n! =n x (n-1) cpeonull
gaxmopuan Gaxmopuanvl Kanail | determine the X (n-2) ... x 1.
yucaa n? aHbIKManaowl? factorial of a
number n?

Ha ocHoBe mojo0HO# 0a3bl BOINPOCOB M 3aJlaHMl MOXHO CO3/1aBaTh UIPOBbIE BUKTOPHHBI C
MOMOIIIBI0 PA3NIMYHBIX CEPBHUCOB W TMPHJIOKEHWH, IOCTymHbIX B cetn MHTepner. Hamboinee
nonysspHele cpean Hux: CepBuc Learningapps.org; Cepsuc Plickers (https://get.plickers.com/);
Konctpykrop BAMBOOZLE (https://www.baamboozle.com/) u nip.

K npumepy, ¢ nomousto Cepsuca Wordwall ( https://wordwall.net/ru) MoXHO co3JaBaTh U
WCITIOJIB30BATh Pa3HBIE CPENCTBA OOYUYCHHS B TMCTAHIIMOHHOM M CMeIIaHHOM oOyudeHwnn. Mmeercs
KOJIJIEKISI pa3HOOOPA3HBIX I1A0JIOHOB JJI1 HHTEPAKTHUBHBIX YIPAXXKHEHUIN: KPOCCBOP/Ibl, BAKTOPHHBI,
¢rem-kapTouky 3a7aHuii ¥ np. OOBIYHO MHOTUX IMPHUBIIEKAET co3JaHue «bapabaHa» C BOIpocaMu
st urpsl "Uto? I'me? Korma?". Ilpumepbl BUKTOpPHH O MaTeMaTHKE, CO3JaHHBIE CTYJIEHTaMU
MO>KHO IPOCMOTPETH o CCBLIJIKaM: https://wordwall.net/play/82010/735/984,
https://wordwall.net/play/81692/269/244, https://wordwall.net/ru/resource/81679800.

Ha c¢opmupyromeM u KOHTPOJBHOM JTamaxX HCCIEAOBAHHUS OCYIIECTBISIIOCh BHEIPEHUE
CHUCTeMBbl Y4eOHBIX WIPOBBIX BUKTOPUH B Yy4eOHBIH MpoIecC 3KCHEPUMEHTAIbHOW TPYIIbI
CTYIEHTOB C MOHUTOPHUHTOM UX BOBJICYEHHOCTH M OOPATHOM CBSI3H.

Pe3yabTarsl ucc/ieI0BaHUSA
J1J1s MOCTpOEHUS UTPOBBIX BUKTOPHH BaKHO CO3/1aTh Y4eOHYI0 Oa3y BOMPOCOB, MIPeTHA3HAUYEHHBIX

JUISL pasHbIX TIiesie oOydeHust W auarHoctuku 3HaHuil [7]. B Texnomorum STEM-oOydeHus
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11€J1ec000pa3HO COCTAaBUTH JIEPEBO BOMPOCOB MO 4-M y4eOHBIM JAUCHUIUIMHAM CTapIei MIKOJIBI.
Hanpumep, ocHoBomosnararomue BOIPOCHl M ()ParMEHThl «BETOK» JepeBa IO 3TUM IpeaMeTaM
IIpe/icTaBjIeHbl Ha puc 1.

Ymo makoe poﬁombj’ I Kak HazeBaeTca ychOﬁCTBO. CO3TAaHHOE I1I0 IPHHITHITY
u HH? AHBOT'O OpFaHHSMH?

KT0 mepBEIM B MHpE CIIPOEKTHPOBAI podoTa?

| CymiecTBYIOT TH Ta6NETKH, HalledaTaHHEIE Ha 311

Korna GeIcTpee pacpocTpaHAeTCa 3BYK: 3HMOIT HIIH
— JIeToM?

Karxoewt ocHosHble
3aKOHBI NPUPOOLL?

| BO3MOKHO TH BCKHIIATHTE BOJTY HA OTKPBITOM
IUTAMEHH B OYMaXHOH KOpoOKe?

N I'ZIe moaHATE KaMeHE JIerde: Ha CYIIC HIIH B BOZE?

TeMy paBeH KOpPEHb YpaBHEHHA 2X = 2 7 ‘

Kax peutameo e
ypasHeHua? ECTB TH KOPEHE ¥ KBAJPAaTHOTO YPABHEHHA X* +2X +5 =0
| Kak pemIaTh moka3aTenbHEIE YPaBHEHHA a™x =b"y ? T
.| Kak pemaTh cTeneHHbIe ypaBHeHHA X a = b 7
Kax uzMepumy J CKoJIbKO OHT B 0HOM GaiiTe? ‘
qubopMaz;mo ? | Kak st ¢dopmyna Xaprau?

‘ 3aueM HykHa popmyna [llennona? ‘

Pucynox 1. [lepeso 3nanuii no ¢husuxe, mamemamuxe, uHpopmamuxe, mexHoi02Usam

CoznaBaemast 6a3za BOIIPOCOB SIBJISIETCS OTKPBITOM, MOKET HENPEPHIBHO KOPPEKTUPOBATHCA U
pacmupsaThes. Ee MOXHO HMCHONB30BaTh ISl OpraHU3allid U TPOBENCHUS Y4YEOHBIX HIPOBBIX
BUKTOPHH. A caMU BUKTOPHUHBI (TPOLIECC X CO3JaHUS U UCHOJIb30BAHUS) ABISIOTCS 0O0beKmamu u
cpeocmeamu 00y4yeHHs CTyAeHToB B ycnoBusix STEM-o0pa3zoBanus. [lpyrumu croBamu,
MeTonuyeckuM mnpuemMoMm it (opmupoBaHus STEM-KOMIOETEHTHOCTH CTYAEHTOB SIBISIETCA
MPOEKTUBHBIN MPUHLUI pa3paboTKH yueOHbIX IU(PPOBHIX PECYpCOB — co37aeM yueOHOe CpeCTBO, C
MOMOIIIbIO KOTOpOTo 0Oydaemcs [8].

C mpumepamu, CO3IaHHBIX CTYACHTAMU BUKTOPHH, MOKHO O3HAKOMHTBCS IO CCBUIKAM:

Ccpuika Ha BUKTOPHUHY 10 HH(OpMAaTUKE:
https://quizizz.com/admin/quiz/67324f7dbf26007232f7b532

Ccpuika Ha BUKTOPUHY TI0 (PU3HKeE:
https://quizizz.com/admin/quiz/67322bfe862f6015727f69e0?source=quiz_share

Cchuika Ha BUKTOPUHY IO MaTEeMaTHKe:

https://quizizz.com/admin/quiz/67322a5488e7a510a2938472?at=673257eb{f434090627e3bddf

CcbuiKa 10 TEXHOJIOTHUSM:

https://quizizz.com/admin/quiz/6732c1{7deac542a85117d93?searchLocale=

B ka0 U3 BUKTOPUH UMeEETCS 25 BOIPOCOB, BpeMs MpoX0xkaeHUs 25-30 MUHYT.

bbutn co3gaHbl CpeAcTBa, OUArHOCTUPYIOIIME 3HAaHUS B ¢opmare HUrpoBOH BHKTOPHUHBI IO
TEXHOJIOTUH, HH(OopMaTHKe, MaTeMaTuke U pusuke (Puc.2).
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BUKTOPMHE Mo TexHonorwam 11 kn
= I38onpoce  # 12wsacc MR Irszrucoonal Technology
BukTopusa no ¢ e (u & kypc)
B I5Bonpots B 68 -Breece  BU Corrpursrs
i Benmtucn -
EUKTOPMHE N0 PranKe (WKoNsHEIR Kypc)
= 25 8cnpocs B T-A 1 wnace R Physh
Bukropvna no maremarnke (HavanbHsii Kiacc)
=I5 Senpoes 85 1-Sdesie B Mathematice

Pucynox 2. Komnnexc yuebnuvix ueposwix suxmopur ot STEM-obpazosarnus

B kadecTBe qpyroro mpuMepa IMpUBEAEM CO3JaHHBIN CTYICHTaMHU y4eOHOE CPEICTBO B CEPBHCE
«QUIZIZZ» (https://quizizz.com/join?gc=871994 , koo 871 994). Ilporpamma npeacTaBisieT BeO-
WHCTPYMEHT JIJIsl IPOBEICHUS SKCIIPECC-OMPOCOB, TECTOB M BUKTOPHH IO PA3JIMYHBIM [TPEIMETaM JJIst
ornieHuBanus yvammxcs (Puc. 3).

IVMKTOPMHA NO dranKe (IKonsHBIR Kypo) &« o Wil ATTA04

TIPIaE ORI IHAIT e, MCNOMRIYS WrpoRoi Koy NPACOEQMMIATILCS N0 CChinike

joinmyquiz.com Nt uizias. coman tEe-i T 904 Kanupanar

871994 B Ofi v o

nnnnnnnnnnnnnn HapToume B & a 1 NeARAUTBEN OTHATOM

Pucynox 3. Ipumep yuebnot ueposoii guxkmopunsl 6 cepsuce QUIZIZZ

Jia Hadanma WrpoBoil ydeOHOM JEsTeNbHOCTH YUYEHUKY HEO0OXOJMMO aBTOPU30BATHCA C
KOMIIbIOTEpa, HOYTOyKa Win cMmapTdoHa. 3aTeM oOydaeMble MOJy4yaroT 3aJaHus, CO CIydailHOU
MIOCJIEZI0BATEIBHOCTHIO BONPOCOB. Bo BKiIake «YUacTHUKW» yKa3aHbl TOYHOCTb, OAJJIbl U OLEHKH,
MOJyYEHHbIE KaXAbIM U3 YYAaCTHUKOB. MOXXHO COPTHpPOBATh YYaCTHHUKOB 110 TOYHOCTH, Oayjiam,
OLIEHKE, UMEHH, paMUJINU WK BpeMeHU oTrnpaBku (Puc.4).

Pucynox 4. Sxpan oyenusanua uepoeoti cumyayuu
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[Tegaror MokeT OTCIEKUBATH PAOOTY KKIOTO 00YJArOIIErocs U MOMydaTh MOTHYIO KapTUHY
paboTHI TPYIIIBI, a TAK)KE SKCIIOPTUPOBATH MOJy4YeHHBIC JaHHbIe B Tabauity Excel (Puc.5).

Pucynox 5. Dxpan ona neoazoea

PaccmoTpuM npumep MpoBeIeHUS UTPbl B KAUECTBE METOJUUYECKOTO CPEACTBA JJIsl IPUBIICUEHUS
CTYACHTOB K BbINonHeHNI0 STEM-IpoeKkToB U Kak y4yeOHOro 3jeMeHTa, IMO3BOJIIOLIEr0 HayYHUTh
CTYZICHTOB CO3JaBaTh W HKCIIOJIb30BaTh HMIPOBBIE BUKTOPHHBI B Oyaymied mnpodeccHoHanbHOMI
nestenbHOCTH. s co3gaHus 6a3bl MEKAMCHUIUIMHAPHBIX IIPOEKTOB HCIHOJB3YETCS METOJ
nmupamubl bapbapel MuHTO, To3BoIsIFOIIMK Ha ocHOBe mpuHIMIOB MECE pa3pabotath nepeBo
BOIPOCOB JUIsl UTPOBBIX BUKTOPUH.

B y4ebHOM mporecce CTyIeHTHl COBMECTHO CO3JIaId MPOOJIEMHOE IEPEBO BOTIPOCOB 110 UCTOPUHU
uHGOpPMATUKH, 3aTeM HEOONbIIMMH MOATPYNIAaMU pa3padaTbiBajii BONPOCHBIE BUKTOPUHBI C
IIOMOLIBIO BBIIICONUCAHHBIX CepBUCOB. Ha y4yeOHBIX 3aHATHAX Kak[aas NOJArpylna peain3oBalia
UIrpoBOM cleHapuil cBoell pa3paboTku. Hampumep, rpynmy CTyA€HTOB pa30OMiIM Ha HAaCKOJIBbKO
KOMaHJl W pa3jand UM Oymaru Juis orBeTroB. Ha OombmioMm skpaHe BbICBeuHBaeTcsi OapabaH ¢
BOIPOCAMU, «KPYTUJIM» €0, Ha KaX/Iblii BbIIABIINI BOMPOC aBaid koManaam 1-10 MuHyT Ha OTBeT,
3aTeM coOMpaiu UX OTBETHI (MOANUCaHHBbIE JUCTBHI Oymaru). [locie okoH4YaHMsI UTPBI MOJEPATOP
MIOJIBOJIUJT UTOTH.

[Tocne mpoBeieHUS! HECKOIBKUX MOAOOHBIX 3aHATUI B UTPOBOH (hopMe, CTyIEeHTaM ObUIH PO3aHbl
aHKETHI, B KOTOPBIX MPEUIarajJoch OTBETUTh HA HEKOTOPBIE BOMPOCHI BUKTOPUHBI (JUIsl TOHUMAaHUS,
YTO YCBOWJIM) M UX OTHOIIIEHHE K METO/IMKE IPOBEICHUS 3aHATHI B UTPOBOM (popmMe (It OLIEHKH X
M03HABATEIbHOM aKTUBHOCTH M MOTHBALIUH).

AHKeTHpOBaHHE MPOBEIEHO cpenn 32 cTyleHTOB 3-T0 Kypca HamnpasieHus «llemarornueckoe
oOpa3oBanue (maremaruka)» Kokierayckoro yHuBepcutera mmenu Y. BammxanoBa. AHkera
BKJII0OYana 12 BonmpocoB (6 TECTOBBIX, 6 OLEHOYHBIX) M 3aMOJIHAIACh AaHOHUMHO B 3JIEKTPOHHOM
dopMe cpa3y mociie 3aBEpIICHHsS CEepPUHM WIPOBBIX 3aHATUNA. Pe3ynbTaTbl yCBOEHUS 3HAHUMN
CTYJIEHTOB I10Ka3aJH, YTO HAaUBBICIIMI YPOBEHb YCBOCHUS MPOJEMOHCTPUPOBAH 10 MAaT€MAaTHUKE
(82 %), Haumenbmii — no ¢uszuke (68 %). CpeAHUI MPOILEHT MPaBUIBHBIX OTBETOB IO BCEM
Borpocam — 74 %. OneHka OTHOIIEHUSI CTYA€HTOB K UTPOBOW METOAMKE IPOBOIUIIACH C TOMOIIBIO
OTBETOB Ha BONPOC «HaCKOIbKO 8bl 20MOBbL UCNONB308AMb USPOBbLE BUKMOPUHDBL 8 C80ell OYoyuyell
neoazo2uyeckot npakmuxe? » 1o NATuOaLIbHON mKane. O6paboTaHHbIE PE3yJIbTATHI CIEAYIOUIHE:!

- 5 («OnpenenéHHo roToB») — 42 %;

- 4 («Ckopee ToToB») — 38 %;

- 3 («3aTpyaHsIOCh OTBETUTHY) — 15 %;

- 2—-1 («He rotoB») — 5 %.

Mo>xHO npeacTaBuTh UTOrooe 3akitoueHue: 80 % CTyJeHTOB BBICOKO OLIEHUIIM MHTEPEC U
aKTUBHOCTb BO BpeMs 3aHATHI. 86 % BBIpa3Miid TOTOBHOCTh MPUMEHSTh UTPOBbIE BUKTOPUHBI B
Oynyuieil mpodeccnoHaJIbHON JesTeNbHOCTH. TakuM o0pa3oM, cielyeT KOHCTaTUPOBaTh, YTO

113



BECTHUK Ka3HIIY um. Abas, cepus « PQusuxo-mamemamudeckue naykuy, Ne4(92), 2025 a.

WHTETpAIUsl UTPOBBIX MEXAaHUK TOBBIIIAET MOTHUBALMIO W BOBICYCHHOCTh OOYYAIOIIUXCS, YTO
ocobenHo aktyanbpHO st STEM-o6pa3oBanus [9, 10].

[IpoBeneHHOE WUCCIIeIOBaHUE MO3BOJIMIO OOOCHOBATH BO3MOXKHOCTH M II€JIECOO0Pa3HOCTH
HCIIOJIH30BaHUSI YUE€OHBIX BOMPOCHBIX BUKTOPHH B METOJUYECKOMN MOATOTOBKE OYIyIIUX YUUTEIICH.
PaccmoTpenHass MeTojuKa CrmOCOOCTBYET TIOBBIICHUIO WX II03HABATEIHHOW AaKTHBHOCTH U
MOTHUBAIIMK K U3YYCHHUIO TUCIMIUIMH METOIUYECKON MOATOTOBKH U BBIMOJHEHUIO yueOHbIX STEM-
poekToB. OCHOBHBIMHU Pe3yJbTaTaMH Pa0OTHI SIBISIFOTCS: CO3/aHHAs 0a3a y4eOHBIX BOMPOCOB IO
uHpopMaTUKe, MaTeMaTuke, (U3MKE M TEXHOJOTMH; OTOOp NPOTrPaMMHBIX NPUIOKEHUH U
CO3/JaHHBIC B HHMX WMIPOBBIC BUKTOPHHBI, METOJMYECKHE PEKOMEHIAIIMU K HCIIOJIB30BAHUIO ITHX
BUKTOPUH B METOJAMYECKOM MOATOTOBKE OyAYyIIMX YUYUTEIICH MATEMAaTHUKH.

BrIBOaBI

OO6pa3zoBaTenbHbIe WIPHl 00JAJAIOT YHUKAJIBHBIM ITOTEHIIMAJIOM CO3/JaBaTh KOHTEKCTHI JIJIst
rIy0oOKoro oOydYeHHs uYepe3 AaKTUBHOE YYacTHe M pelmieHue mnpobieMm. B coBpemeHHOM
00pa3oBaTebHON TMPAKTHKE TEPMUH «TeMMHU(UKAIUD» CTal KIOYEBBIM JUIsl TMOHUMAHUS POJIH
WUTPOBBIX 3JIEMEHTOB B 00yueHHMU. OH MOMUEPKMBAECT BAXKHOCTH WIPOBBIX CIICHAPUEB, KOTOPHIC
CHOCOOCTBYIOT Pa3BUTHIO KPUTHUYECKOTO MBIIIJICHUS M TBOPYECKHX HABBIKOB. llpuHIUMMUANBHO
BOKHO MOHUMATh reMU(DUKAIINIO KaK BHEAPEHHE UTPOBBIX AJIEMEHTOB B y4eOHBIN Ipoliecc, a HE
MIPOCTO UCIOJIb30BaHue Urp. Takxke, A1l COBPEMEHHBIX CTYIEHTOB UCIIOJIb30BaHUE IIU(PPOBBIX UTP U
WHTEPAKTUBHBIX METOJOB SIBIISIETCS €CTECTBEHHBIM M CIIOCOOCTBYET 0o0Jiee YCIENTHOMY YCBOCHHIO
3HaHui. Pa3paborka m amnpoOaius CUCTeMbl YYEOHBIX HMI'POBBIX BHKTOPHH KaK HMHCTPYMEHTa
MOJITOTOBKH YYHUTEJIEH MAaTEMAaTUKHU MO3BOJISIIOT PACIIMPUTh apCeHal MeAarori4eCKux METOIO0B,
criocoocTByeT hopmupoBanuio ux STEM-komnerenTHOCTH. MccienoBanue 1EMOHCTPUPYET, Kak
UrpoBbie (hOpMaATBI MOTYT CIIOCOOCTBOBATh MHTETPAIIMU 3HAHHUI 1O MaTeMaThke, HH(QOpMaTHKE,
(hU3UKe M TEXHOJOTHSAM. OTO IMOMOraeT OYyIyIIUM YYHUTEISIM BHJCTh B3aHMMOCBS3U MEXKIY
JUCHUIUTMHAMHA M TIPUMEHSTh UX B 00pa30BaTEIbHON MPAKTUKE, YTO COOTBETCTBYET KIIFOUEBBIM
npuniunam STEM-o6pa3oBanus.

Buenpenue pa3zpaboTaHHONM CUCTEMBbl BUKTOPHH B YUYEOHBIM MPOIECC MEAArOTUUYECKUX BY30B
MOET MOBBICUTh Ka4eCTBO MOATOTOBKM YUWTENEH MaTeMaTHKH, CellaB uX 0ojiee TOTOBBIMH K
pabote B ycnoBusix STEM-o0pa3oBanusi.

Takum o0pa3oM, MHTErpalus WUTPOBBIX BUKTOPUH B METOAMYECKYIO MOJATOTOBKY OyIyIIMX
YUYUTENICH SIBISACTCA HE TOJBKO aKTyaJIbHOW, HO M OOOCHOBAHHOW C TO3UIIMK MEXIYyHApOIHOTO
MeJarornyeckoro OnbiTa U TEOPETUUECKUX pa3paboToK.

Marepuansl cTaTbl MOTYT OBITH TIOJIE3HBI JJII MArvuCTPAaHTOB, aCIHUPAHTOB, MpErojiaBaTesen
[1€/IBY30B, CBSI3aHHBIX C METOJMYECKUMH JUCLUILUIMHAMMU.
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KOCIBU BEHIMJLTIKTI )KETLIAIPYJE MAIIUHAJIBIK OKBITY JKOHE NLP
OJIICTEPIH KOJIJAHY

Anoamna

Makanana >kacaHIbl WHTEIUIEKT TEXHOJOTHsIIApbIHA HeTi3enreH KociOn OeHiMAUTIKTI AMarHOCTUKAaIay
MOJIETIHIH apXUTEKTypachl cHMaTTanagsl. Moaenb nepekTepai 3uATKEpIliK 4aT-00T apKbUIBI )KHHAY, CHOEK
HapbIFBl Typaiibl aknapaTTel NLP jxoHe kimactepiey oicTepiMeH Tanjay *oHe OUTiM anylibUIapAblH JKeKe
npoduIbAEepiH MaMaHBIK TalalTapbIMEH COWKECTeHJIIpy Ke3eHIepiHeH Typanasl. TaOuwru Tinmi eHaey
moxensaepi (BERT, GPT, Llama) naiinananymisl sxayanTapblH CEMaHTHKAIBIK TallAayFa MyMKIHAIK Oepce,
a/IalITUBTI TUAJIOT aJlTOPUTMIIEP] IepeKTepAl )KUHAYAIH HAaKTBUIBIFBIH apTThipaabl. CollkecTeHIIpy aaicTepi
pETiHAe KOCHHYC YKCACTBIFBl MEH CHaMJIbIK HEHPOH/BIK JKEJIJIep KOJIIAHBUIBIIN, KOciON OaFbITTap MEH JKeKe
OeiMIiTIKTIH YVineciMaimiri OaramaHanbl. byn Tocinm eHOEK HapbhIFBl JepeKTepiMeH Oipire OTBIPHIIM,
KEKEJIECH I PUITeH KCiOM YCHIHBIM/IAP KAJBIITACTRIPYFa MYMKIH/IIK Oepeti.

Tyiiin ce3mep: kocibu Oarnapnay, >kacaHIibl MHTEJJICKT, MAIIMHANBIK OKbITY, NLP, uaT-00T, KOCHHYC
YKCACTBIFBI.
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NPUMEHEHUE METOAOB MAILIMHHOI'O OBYUYEHUSI U NLP IJIS1I PASBUTUS
MPO®ECCHUOHAJIBHOM NMPEAPACHOJOXEHHOCTHN.

Annomayus

B crartbe npenicraBieHa apXuTeKTypa MOJIENN TUArHOCTHKH MPO(eCcCHOHATFHON CKIIOHHOCTH, OCHOBAaHHOU
Ha TEXHOJIOTUSX MCKYCCTBEHHOTO MHTEIIeKTa. MoJieNnb BKII0YaeT cOOp aHHBIX Yepe3 MHTEIUICKTYaTbHBIN
4ar-00T, aHaM3 WHPOPMAIMH O PBIHKE TpyJa ¢ MpuMeHeHneM MeTonoB NLP u kiacrepuzammu, a Takxke
COTIOCTABIICHUE WHAWBHUIYAJIbHBIX TpoQuiield oOydaromuxcs ¢ TpeOOBaHUAMH TPOGECCHOHATBHBIX
HampaBieHuil. Mogenn o0pabotku ecrectBeHHoro s3bika (BERT, GPT, Llama) o6ecnednBator
CEMaHTHUYECKHI aHallM3 II0JIb30BATEIbCKUX OTBETOB, TOI/IA KaK aJaNTHBHBIC JHAJOTOBBIC allTOPUTMBI
MOBBIIIAIOT TOYHOCTh M TOJHOTY COOMpAaeMBbIX JaHHBIX. [IJIsi OLIEHKH COOTBETCTBUS MEXIY MpoduiieM
o0yyaromerocs M XapakTepUCTHKaMU MpoQecCuil UCIONIB3YIOTCS KOCHHYCHOE CXOJICTBO M CHAMCKHE
HelipoHHBIE ceTh. VIHTerpamusi 3THX METOAOB C JIAHHBIMH pBIHKA TpyAa MO03BoJseT (HOpMHUPOBATH
MePCOHAM3UPOBAHHBIE © 000OCHOBaHHBIE PEKOMEH/IAIINH 0 MPOPECCHOHATLHONW OPUEHTAIINH.

KuaroueBsle ciioBa: nmpodeccHoHaNbHAS OPUEHTAIMS;, HCKYCCTBEHHBIH WHTEIUICKT;, MallMHHOE 00y4YeHUE;
NLP; 9at-60T; KOCHHYCHOE CXOJICTBO.
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APPLICATION OF MACHINE LEARNING AND NLP METHODS FOR ENHANCING
PROFESSIONAL APTITUDE

Abstract

The article presents the architecture of an Al-based model for diagnosing professional inclination. The
model consists of several interconnected components: data collection via an intelligent chatbot, analysis of
labor market information through NLP and clustering, and matching learners’ individual profiles with
occupational requirements. Natural language processing models (BERT, GPT, Llama) enable semantic
interpretation of user responses, while adaptive dialogue algorithms improve the accuracy and completeness
of collected data. Matching techniques such as cosine similarity and Siamese neural networks are applied to
assess the alignment between learner profiles and job characteristics. Integrating analytical results with labor
market data ensures the generation of personalized and scientifically grounded career guidance
recommendations.

Keywords: career guidance, artificial intelligence, machine learning, chatbot, cosine similarity.

Kipicne

Heezizei myorcvipvimoap

MakasiaHblH HETi3Ti TYKBIPBIMAAMachl — >KacaHAbl HHTEUIEKT TEXHOJOTHSUIAPBIH KOJIaHy
apKbpUIbl  OUTIM  almyInbIapAbIH  KociOM OEHIMAUIITIH 97 JKOHE OJKEKENEHIIpUIreH Typle
JIMAarHOCTHKAIAUTBIH MOJIENb YChIHY. MoOJIeNb ICUXOMETPHsUIBIK TecTTepai, NLP TanmaysiH xoHe
MalIMHANBIK ~ OKBITYIbl  OIpIKTipin, MaliganaHyimibl NOpouiIiH MaMaHABIK TajlanTapbIMEeH
coiikecteHaipeni. 3eprrey HoTHKenepi Al HeriziHAeri TOCUIMIH JocTypii KociOm Oarmapray
olicTepiHe KapaFraH/1a THIMJIIPEK eKEHIH KOPCETEIi.

Kasipri 3amana eHOeK HapbIFIHBIH KapKBIHIBI ©3repyi, MaMaHABIKTap CHEKTPiHIH KYpT KeHEIol
xoHe IUGPIBIK TpaHchopmanms KociOM Oarmapiay >KyienepiHiH MaHbI3IbUIBIFBIH ailTapiblKTan
apTThIpbIN OThIp. ByriHri eHOexk HapbIFbIHJA YCBHIHBICTAP/Abl KEKEJIEHIPY MaHbI3[bl Tajlanka
aifHanbl, ce0eb1 KYMBIC 13/IEYLIIHIH KeKe Kajayiaphbl, TYJIFaIbIK epeKIIeNiKTepl )KoHe KOTHUTUBTIK
KaOljeTTepl YChIHBUIATHIH MaMaHJbIKKA COMKECTIKTI alKbIHIANTBIH HET13r1 (pakTopiapabH Oipi
6oubIn TabbUTaabl. COHNIBIKTAH YMITKepiepal 00C dKYMbIC OpbIHIAPbIMEH THIM1 COMKECTEeH IIPETIH,
nepOecTeH IIpUIreH YChIHbIMIAp Oepe allaThlH MHTEIICKTYaAbl JKyienepal a31pieyAiH KaKeTTUIIr
apTyna. ¥YCBIHBICTap JKyMeci J>KeKeJIeHIIpy TEeHACHLUACH acipece JKOFapbl 0Oacekeni eHOek
HapbIKTapblHAA epekile Oaiikananpl, ce0edl KaHAUAATThIH JKEKEe Kajlayslapbl MEH TYJIFaJIbIK
CUMAaTTaMajiapblH €CKEPY YCBIHBICTAPJBbIH ©3C€KTUIIMN MEH HOTWXKENUIriH  alTapibIKTai
KOFapbLIaTaIbl.

Hactypii kocibu Oarnapiiay MEH >KYMBICKAa OpHAJIACTBIPY Kylenepi keOiHe yMITKep/iH Kociou
JaFJbplIapbl MEH J)KYMBIC TOXKipuOeciHe cyienenl. by tociinep TyJIFaHbIH ICUXOJIOTHUSIIBIK, MIHE3-
KYJIBIKTBIK JKOHE MOTHUBALMSUIBIK EpPEeKLIeTIKTEepIH €CKepMEUTIHAIKTEeH, KociOM KaHaraTTaHyJIbIH
TOMEH/IeyiHe, €HOEK OHIMIUIITIHIH a3aloblHa JKOHE Y3aK Mep3iMAl JKYMBICIEH KaMTBLIY/bIH
Oy3blUTybIHA oKeslyl MYMKiH. OcblFaH OalIaHbICTBl TYJIFAIBIK THUIOJIOTMS MEH ICHXOMETPHUSIIBIK
Kypaiaapasl Kociou Oarmapiay yAepiCiHE €HTi3y ©3€KT1 FhUIBIMU MIHJET OObI TaOblIaabl. by
TOCUIACp YMITKEpIiH KabijieTi MEH MaMaH/bIK TajJanTapblHBIH COMKECTITiH JQNipeK aHBIKTayFa
MYMKIHIIK Oepeni. KociOu e31H-631 aHBIKTAy YJepici epTe »KacTaH KaJbINTAChIIN, »KacecCHipiMAIK
Ke3€H/Ie KapKbIH ajia/ibl ’KoHE aJaMHbBIH OYK1JI OoJamak kociOu »oibiHa acep erefi. Coin cebenti Oyt
YAEpICTI KOJAAWTHIH 3aMaHayW TEXHOJIOTHSUIBIK LIemIMIEpal eHrizy — OiumiM Oepy »KyiHeciHiH
cTpaTerysuiblk  OarbIThl. JKacaHapl WHTE/UIeKT TexHojorusmapel (NLP, MammHanbK OKBITY,
HEHUPOHBIK XKelijaep) kociOu OarmapnayAblH TUIMIUIITIH apTTHIPBIN, OUTIM adyIIbIHBIH TYJIFAJIbIK
’KOHE KOTHUTHUBTIK E€pEKIIENIKTepiHEe HEeTI3JIeNITeH JKEKeNEHIIPUIreH KOCiOM YChIHBIMIApIb
KaJIBIITaCThIPyFa MYMKIHAIK Oepei.
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3eprreynin Makcatbl — Al TeXHOJIOTHsIIapbIHA HET13/Ie/ITeH KOc10M OHIMIUTIKTI TUarHoCTUKaIay
MOJIEJIIH YCBhIHY, OHBIH apXUTEKTYPaChIH HET13/Iey KOHE THIMIUIITIH Oaraay.

JXorapblnarsl MaKcaTKa Coiikec 3epTTey OapbIChIHAA KeJIeCi 3epTTeY CYPaKTaphl KapacThIPbUIAIBL:
3epTTey  as’IChIHIA  JKACaHJbl  HMHTEIUICKT  TEXHOJOTHSJIAPBIHBIH ~ KociOm  OeHiIMIUTIKTI
JMAarHOCTUKANAYIaFbl THIMILTITT MEH JAQJIITIH aHBIKTay 0acThl MiHAETTEPAIH Oipi OOJIBIN TaObLIA B,
oyn perre Al wmomenbnepinin (NLP, kocwmHyC YKCACTBIFbI, CHAaMIBIK HEUPOHIBIK KEILIEp)
JUArHOCTUKAIBIK HOTYDKEJIEPIH carachlHa BIKNAIBIH JKaH-)KAKThl Oaranay KesJeNeli; COHBIMCH
Katap mMaifanaHymbl OpoIiH MaMaHABIK TaJanTapblMEH COMKEeCTEeHIIpy YIepiciHe KaHmai
ApXUTEKTYPAaHbIH THUIMJI EKSHIIrH aWKbIHIAy; WHTEIUICKTYalJlbl 4aT-00T apKbUIbI JKHHAJIATHIH
JEpeKTepliH CEHIMAUITIH apTThIpy TETIKTEPiH Taljgay MaHBI3Abl OaFbITTapAblH Oipi peTiHe
KapacTeIpbliaapl. EHOCK HapBIFBIHBIH YHEMi ©3repill TYpaThblH JUHAMHKACHIH €CKEpPE OTBIPHII,
KEKEJICHIPIITeH KociON YCHIHBIMAAP/IBIH ©3€KTUTIT1H KaMTaMachl3 €Ty MEXaHU3MEPi Jie 3epTTeyaiH
©3EKTI aCIeKTUIepIHE KaTabl.

1-cypert kociOu Oarmapiay yaepiciHe bIKIa €TeTiH KOMKBIPIbI (haKTOpIIap IbIH 63apa OailIaHbICHIH
KOpCeTel KOHE 3epTTEeyIiH TEeOPHsUIBIK OeiimMiMeH Tikened OaiinmanbicThl. KociOu OeiiMIimiKTi
JTUArHOCTHKAIAY MOJICNIIH o3ipyieyae €HOCK HapBIFBIHIAFBl ©3repICTep/i, MOCTYPJIi KOCITEpIIiH
TpaHcOpMAIMSICHIH, YXaHAa MaMaHJIBIKTapAbIH IMaiaa OONybIH, COHJAi-aK jKacaHIbl HHTEJUICKT
TEXHOJIOTHSUIAPBIHBIH MYMKIHJIIKTEPI MEH IIEKTEYIEpiH KaTap eckepy KaxeT. by daxropnap Oinim
aTyIIbUIAPABIH KOCIOM OaFaapblH KaJbIITACTRIPY/IA IIEHIYINI POJ aTKapaJbl XKoHE YChIHbUIFAH Al-
MOJICITIHIH HE YIIIiH KKET €KCHIH HeT13CH /Il

EHGek
HapbIfbIHbIH
e3repyi

AscTypni
Kacinrepaiy
TpaHchopmaLKsacbl

Kaci6n =4 =
6arpapnay @Q =

KaHa
MamaHAbIKTapablH,
navaa 6onysl

Cypem 1. Kaciou 6az0apnayea acep ememin nezisei paxmopaap

3epTTey dmicHaMachl

By 3eprrey OinimM anmymbuUIapAblH JKEKE epeKIIeTiKTepi MEH €HOEK HapbIFbl KaXEeTTUIIKTepiH
€CKepe OTBIPBIN, OJAPABIH KICIOM OarapblH JKEKEJIEHAIpY MEH OHTalIaHIbIpyFa OaFbITTalIFaH.
3epTTey HbICAHBl KociOM TaHAAy YAEpiCIMEH JKOHE aJaMHBIH ©MIpJiK KbI3METiHJer "MaMaHJbIK'"
YFBIMBIMEH THIFbI3 OalinanbicThl. COHBIMEH KaTap, KaciOM KbI3METTIH KEHIPEK caylachl leHOepiHIer1
KY3bIpeTTep il HaKThUIAWTBIH "MaMaHIaHy" YFBIMBI J1a KU1 KoIAaHbuIaas [ 1].

Kocibu tanmay mocenecinae MaHbI3Abl TeOpHsIapabiH 0ip1 — J>koH XOJUIaHIThIH KOHIICTIIIUSCHI
Oonbin TabbUTagbl. bynm Teopust OoiiblHIIA agamjap ©3[€piHIH HeETi3ri TyiIFa THNTEpiHe cail
MaMaHJIBIKTBl TaHAayFa Oeilimpaeneni. XOJUIaHI TYJIFAHBIH aJThl HET13r1 THMIH OOl KepCeTTi,
opKaiceIckl Oenriii Oip kociOu OarbITTap MEH KalaylapMeH ThIFbI3 OaiimaHbIcTbl. OChl THOTEP
Heri3iHJe ajaM ©31HiH KociOu OarmapblH aHBIKTAM anajsl [2].

- Peanmcrik: mpaKkTUKaJIBIK KbI3METKE, KypalJapMeH XKoHEe MEXaHU3MACPMEH KYMBIC icTeyre
OaFrbpITTaJIFaH.

- 3epTTeyuIliK: TalngayFa, FeUIBIMU 3epTTeysiepre, OutiM i3aeyre 6eifim.

- ApTHCTIK: IIBIFApPMAIIBUIBIKIIEH, SMOLMOHAIIBIIBIKIICH, ©31H-631 KOpCeTyre YMTBUIyMEH
CHITaTTaJIAIbI.
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- OJeyMeTTIK: OacKalapra KOMEKTeCyre, KapbIM-KaThIHACKA, alaMIapMEH ©3apa OpeKeTTecyre
OarbITTaJIFaH.

- Kaocinkepmik: KemOacumIbUIBIKKA, CEHAIpYTe, YHBIMIACTBIPYFa, KOMMEPIMSIBIK TaOBICKA
XKeTyre OarbITTaJFaH.

- JlecTyp:i: KYpBUIBIMIAIFaH KbI3METTI, IEPEKTEPMEH )KYMBIC ICTECYIi, epeKenep/Ii caKTay bl
KaJdahael.

Kocibu e3iH-631 aHBIKTay YAEPICIH TYCIHYAE THIOJOTUSIIBIK TOCUIACH 06K, OHBIH KAJIBIITACY
Ke3eHaepi ae MaHeabl pen atkapaabl. M.C. KonubiH mikipinme, Oyn yaepic OananblK IIaKTaH
OacTaJIbII, KacoCHipIMAIK Ke3eHE TOJBIKTal KaJIbIITacaabl )KOHE aJaMHBIH OYKIJI KEHIHT1 eMipiHe
eJIeyIIi BIKNaIbIH THTi3emnl [3].

Wnesapl nambita oTeipbin, E.A. KMo e31H-031 TaHy bl ©31H-631 aHBIKTAY/IbIH HET13T1 3JIEMEHTI
petinae KapacTtoipaabl. OHBIH KOCiOH ©31H-031 aHBIKTAay MOJIEINI KeJIeCi KOMIIOHEHTTEP I KAMTHUIBL:

- KociOM KaybhIMIACTBHIKKA ©31HIH THECUTITIH CE3iHY.

- ©31HIH peJliH )XoHEe KociOu callajjaFbl CTaHJapTTapFa COMKECTITiH Oaranay.

- ©31HIH KociOU COMKECTITIHIH 9JIeyMETTIK TaHBLIYBI.

- ©3IHIH KYIITi XoHE QJICI3 KAKTAPBIH, ©31H-031 KETUIAIPY SAICTEPiH TYCIHY.

- Oouamak KociOH JKONBIH/AA ©31H-031 enecTeTy [4].

H.C. IIpsokHUKOB KociOHM ©31H-631 aHBIKTAY/Ibl aJaMHBIH OMip cypy OapbIChIHIIA Y3IIKCi3 )KYPETiH,
OipHeIe JCHICHICH TYPAThIH JKOHE OPTYPJIl OMIpJIiK acleKTIIEPMEH THIFbI3 OalJIaHBICTBI YAEpic
peTiHge 2-cyperre cunarTaiisl. by mporece aqaMHBIH TYIFAIBIK €PeKIIeTiKTepi, KYHIBUTBIKTaPhI,
KBI3bIFYIIBUIBIKTAPl MEH KOpIIaFaH OpTaHbIH TaJlaNTapbIMEH ©3apa JPEKETTeCe OTBIPHII
KasbIrracaasl [5].

TynFansix DyHKUMOHANObI

CONKECTIK ©3iH-83i aHbIKTay

Ty IFanbIk CORRECTIR DyHKMOHANIL S31H-031
S3iH-831 TYCIHYIE BIENEN e AHEIKTAY KSCIOK AAMY

eTeqi Vs i

MageHn - . . Penpgik e3iH-e3i
CaNKecTIK e o S Y aHbIKTaYy
MapsHu coRrecTiK P
TYNFANBIK S31H-830 ‘
AHEIKTAYORH Danin M Pkl

©3IH-831 AHEIKTAY
OHTERCTE

Cypem 2. Kocibu e3in o3i anvixmay acnexminepi

XKyiie apxuTekTypachl MOAYJIB/IK HETi3/1e KYPaCThIPbUIFaH, OYJI OHBIH MKEMAUIITIH XKoHE 9pTYpili
byHkuusnapasl Oip Kylene yiiaecTipy MyMKIHIITIH apTThipaabl. KypambiHa kociOn OeHiIMIUTIKTI
Oaranay, NCHXOJOTHSUIBIK TECTUIey, €HOEK HapbIFbl JIEPEKTEpiH Tanjay, KOJJAAHYIIBIHBIH >KEKe
poduiIiH Kypy *oHe MaMaH/AbIKTapFa COMKECTEH IIPY MOy JibJiepi Kipedi. bys1 komnoHeHTTep e3apa
OaliIaHbICHIN, KOJJAHYLIbIFa KOcIOM OarbIT TaHJayJa >KaH-)KAaKThl JKOHE JQJIeNIl YCBIHBICTap
yChIHyFa MYMKIHAIK Oepeni. Kocibu Garnapnay niaaTgopMachlHBIH JKYMBICHl JOHEKTI MOIYJIbIEP
TYpiHAE YHWBIMIACTBIPBUIFAaH, OJNAPJbIH OPKAWCHICHI YCHIHBICTAP/ABIH TOJBIKTBIFBI MEH JJIIITIH
KamMTaMachl3 €TeTIH HaKThl (QYHKIUSHBl OpPBIHAANABL.  3-CypeTTe KociOu  OeHiMIUTIKTI
JMAarHOCTHKAJIAy YAEPICIHIH HEri3ri Ke3eHAepi KepceTiireH. YJepic HaijanaHyuisl JAepeKTepiH
KHUHAy/aH OacTanbll, eHOeK HapbIFbl aKmapaTblH TajlJayMeH jkanracaipl. OfaH KeiiH alblHFaH
MOTIMETTep NaiganaHymbsl npoduiaiMeH coiikecteHaipiieni. COHFbl KE3€HJIE OChl JIEPEKTEp
HETI31HJIe JKEKEeNEHIIpIAreH KociOM YCBHIHBICTap >Kacajaabl. bynm HMKI 3JeMEHTTepAiH e3apa
OailTaHBICHIH JKOHE TMAarHOCTHKA MOJICIIHIH JTOUEKTI )KYMBICHIH OeliHenen i [6].

Kacibu Garnmapnay >xyieciH a3ipyiey mpolieci KemeHai >koHe (YyHKIMOHAIABI LIeNIiM KypyFa
OarpITTaIFaH OipKaTap AOMEKTI Ke3eHIEP 1l KaMTH/IBI.
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NalipanauylWsl
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Cypem 3. Mamanovlx YColHbICMAPbIHbIY YUK

HapbiKThiK,
nepextTeppi
Tanpay

MaMaHIBIK TaHJayFa apHAIFaH WHTEUICKTYaJIbl JKYHEeHI o3ipyeyni 3eprrey 4-cyperre
KOPCETUITeH TCHXOJOTHSUIBIK TECTTepli HHU(praHabpy, 4aT-00T MHTepEiCiH Kypy, HapBIKTHIK
JepeKTep i Tannay, naijaaanynibl MEH HapBIKTHIK IEPEKTEeP/Ii COMKECTEHIIPY alrOPUTMIEPIH Kacay
’KOHE COHBIH HETI31H/Ie KE€KEe YCHIHBICTAP/Ibl KATBIITACTHIPY Ke3CHICPIHEH TYPaIbl.

YobiHbicTapabl Mocuxonorusanbik
KansinTacteipy — TECTTERrE Wony
: | ~
\
b
Hepexktepal

Yar-60TThi

calkecTeHal :
AlpY a3ipney 1acingepi

apicTepi

HapbIKTbIK,
pepexTepdi
Tannay

Cypem 4. Mancanmuix 6agoapaay wam O0omvin 23ipaey

biniMm anmymbulap npodunabaepiH MaMaHIBIK TajalTapblMEH THIMJI COMKECTEHIIPY JKOHE
KEKENEHAIPUITeH  YChIHBICTApJbl  KaJbIITACTBIPy YLIIH OKyilele MallMHAJIBIK  OKBITY/IbIH
aIrOpUTMAEP1 KOJIJIaHbLIA/IbI.

JlepekTepAl JKMHAY >KOHE OJapAbl OHJEY YHAepiCiH THiMAl YHBIMIACTBIPY YIIIH JKyHere
WHTEPAKTUBTI IMAJIOTKA HET13/IeJITeH YaT-00T MOyl eHrizuieni. Yar-00T naijaianysiIMeH TaOuru
TiNIE ©3apa OpeKeTTeCy/]li KaMTaMachl3 eTe/l KoHe KociOM OeHiMAUTIKTI JUarHOCTHKanay YIIiH
Ka)KeTTl OacTamkbl aKMapaTThl KWHAYJIBIH HETI3r1 Kypajibl peTiHJe KbI3MeT erenl. bysn makcarra
MBTI, l'apanepain KONKBIPIbl MHTEIUIEKT Teopuschl xkoHe XomnaHATeiH RIASEC tumonorusicet
CUSIKTBI K€H TapajfaH ICUXOMETPHUSUIBIK TeCTTep LU(PIaHIbIpbUIbII, YaT-00TKa OipikTipiial. Tect
HOTIKeJepl OUTIM adylIbIHBIH TYJIFAJbIK €peKLIeNIKTEePiH, KbI3bIFYIIBUIBIKTAPbIH kKOHE KociOu
OeIMIITIKTEepIH aHbIKTayFa MYMKIH/IK Oepeni [7-8].

[NaiinananymeiMeH e3apa OpeKeTTecy camachlH apTThIPY VIIIH JKylere aganTHUBTI JUAJIOT
anroputmaepi edrizuieni. Onap/IpIH KaTapblHa MIENIM KaObl11ay aFalliTapbl )KoHE KYIIEUTY apKbLUIbI
okbITy (Reinforcement Learning) Tocimaepi sxataasl [9]. byn anropurMaep naiiianaHylnIbIHBIH
Kayar Oepy CTHIIIHE, TaHaayJIapblHa JKOHE MIHE3-KYJIBIKTBIK €pPEeKIIeTiKTepine OerliMIene OThIPHIT,
JMAJIOTTBIH KEKe TPACKTOPHICHIH KypacTbipaisl. HoTwkeciHne KHHAKTaJIaThIH JEPEKTEePAiH
TONBIKTBIFBI MEH HAKTBUIBIFBI ~apTHIN, JAMAarHOCTHKAIBIK MOJCIBIIH Cammachl JKakcapasbl.
[NaiinananymsIHBIH KaCUETTEPl MEH KC10M KbI3BIFYIIBUIBIKTAPHI Typalibl aJIbIHFaH aKmapar KeiiHHeH
BEKTOPJIBIK TYPJIE OHJETII, KOCciOn OarbITTapabl COMKECTEH IIPY AJITOPUTMIEPIHIE KOJITaHbLTa IbI.

3eprTey OapbichiHAa KociOM  OCMIMIIMIKTI  AWMATHOCTUKANayla KacaHIbl  WHTEJUIEKT
TEXHOJIOTHSUTAPBIHBIH, THIMIUIITT MEH JoNAIriH Oarajmay HEri3ri MIiHAETTepAiH Oipl peTiHzae
aikpiganabl. Ocel MakcaTTa NLP Mozenbaepi, KOCHHYC YKCACTBIFBI XKOHE CHaMABIK HEHPOH/BIK
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KENJEPIH JAUArHOCTUKAIBIK HOTWIKENEP/AIH CamachlHa BIKMANBl KEMICHAl Typle TaldaHalbl.
CoHbIMEH KaTap maigaianyiibl TpoQuIiH MaMaHIBIK TaJlallTApIMEH COMKECTEHIIPY YACpiCiHE €H
KOJIAMJIBI apXUTEKTYpPAJbIK MICIIIMAlI aHBIKTay 3€pPTTEYyiH MaHBI3Ibl OaFrbIThl OOJBIN TaOBLIAIbL.
HNHTennekTyanapl 4ar-00T apKbUIbl KUHAIATBHIH JACPEKTEPIIH TOJIBIKTBHIFBIH KOHE CEHIMIUTITIH
apTTHIPY TETIKTEPIH KApacThIPy Ja 3epTTEy asChIHIAFbl Ha3apFa aJbIHFaH MacenenepAi 0ipi. EnOex
HapBIFBIHAAFB YHEMI ©3Tepill OTHIPATHIH TajanTaplbl €CKepe OTBHIPHII, JKEKEJICHIIPIITeH Kocion
YCHIHBIMAAP/ABIH ©3€KTUIINH KaMTaMachl3 €Ty MEXaHU3MJIEpiH Talaay 3epTTeYyAiH MaHBI3/IbI
ACTIEKTIJICPiH TONBIKTHIPAIBL.

3epTTey HOTHIKEJIepi
Kocibu OeitiMainikTi AMarHOCTUKAJay MOJEIIHJIE IMaiIaJaHbUIaThIH HETI3TT MaTeMaTHKAJIbIK
KOHE MAIIMHAIBIK OKBITY OficTepi 3epTTey OapbIChIHIA THIMILIIT TYPFBICBIHAH OarajaH[Ibl.
XKorapelna KenTipireHaed, naigaianyibl Tpo(UIiH MaMaHJIBIK TalalTapbIMEH COMKECTECHIIPY
YIIiH KOJIaHBUIATHIH HETI3T1 9ficTepAin 0ipi — KocuHyc yKcacTbirbl. Kocunyc ykcactoirsl (Cosine
Similarity) — eki BEeKTOp apachIHaFbl OaFbITTHIK JKaKbIHIBIKTHI OJIIIEHTIH KapamaibiM opi TUIM/II SIiC
[10]. On BexTOpap apachiHAaFbl OYPBIITHH KOCHHYC MOHIH €CenTeimi:
- 1-re »aKbIH MOH — OJIap bIH MAaKCUMAaJIIbl YKCACTHIFbIH,
- 0-re »aKbIH MOH — OaFbITTaPBIHBIH COMKEC eMECTIriH OUTIipeti.
A >xoHe B BekTOpIapsl yIlliH KOCHHYC YKCACTBIFbI ()OPMYJIachI:

o AXB
Similarity = TAT I (1)
MyH1arel AXB - A skoHe B BeKTOpIIapbIHBIH CKASIPIBIK KoOeuTiHmici, an [|All sxoue [IBll- omapasia
EBKim HOpManapsl.

- A BeKTOpbl — OUTIM aNmyIIBIHBIH JKE€KEe KociOW MpoWIIiH CUMATTANTBHIH MapameTpiepacH
typanbl. byran owbiH ncuxomormsuiblk  Ttumi  (Holland RIASEC),  KbI3BIFYIIBUIBIKTApEI,
KYHJIBUIBIKTaphl, KOTHUTHBTIK EpPEKIIETIKTepl, aKaAeMUsUIbIK OedimMiepi koHe e3iHIiK Oaranay
KOpPCEeTKIITepi Kipe.

- B Bexktopel — Oenrimi Oip MaMaHIBIKTBIH HEMECE >KYMbIC OaFbITBIHBIH TaJlallTapblH
CUNATTAWThIH MapaMeTpiepiH BEKTOPJbIK KepiHicl. bys Tananrapra kociOu Ky3bIpeTTep, KaKeTTl
JaFabuIap, KYMBIC OPTAChIHBIH ICHXOJIOTHSUIBIK €pEeKIIETiKTepl, eHOeK HapbIFbIHIAFbl CYpPaHBIC
JIEHT €1 )KOHE POJIJIIK CUIaTTamanap eHe/l.

OxicTi naifananymsl npoduiabaepiHiH (0JapAbIH JaFblIapblHa, KbI3BIFYIIBUIBIKTAPbIHA, JKEKEe
KACHETTEpIHE HETi3/IeJIreH) BEKTOPJIBIK OEMHECIH 00C KYMBIC OpbIHIAPBIHBIH CHUIIaTTaMallapbl MEH
Jaya3bIMJIbIK MiHAETTEMENEP/IiH BEKTOPIIBIK OeHECIMEH CallbICThIPY YIIiH KojiaHbliasl. Kocunyc
YKCaCTBIFBIHBIH JKOFapbl MOH1 OKYIIBI MEH OeNriii 01p MaMaH/IbIK apachIH/IaFbl QJIEyEeTT] COMKECTIKTI
KepceTei, OyJ1 THICTI YChIHBICTAP bl KAJIBINTACTHIPY/IbIH HET131 OOMbIN TaObLIaIbI.

3eprTey OapbIChlHAA COWKECTEHIIPY AQIINH apTThIpy YLIIH CHAMJIBIK HEMPOHJBIK Keliiep
(Siamese Networks) naiiganansuinel. byn HeHpoHIBIK xeminep KYNTHIK AepekTepai (“KonIaHybl —
MaMaH/bIK’) CaJbICTBIpyFa MaMaHJAH/ABIPbUIFAH MOHE YKcCac/yKcac €MeC >KYNTap apachlHIArbl
KAIIBIKTBIKTHI 2KbIPAaTyFa MYMKIHIIK Oepe/i.

L=13, max (0,m — y; * dx, ) @)

MyHaFbL, d(Xi,X ;) - SMOEIIMHTTEp apachiHIaFbl KAIIBIKTHIK, Vi - YKCACTBIK Oerici (yKcac skynrap
yuriH - 1, ykcac emec sxynTap yuris -1), m - mapxa MoHi, N - xynTap cansl [11].

CuamabpIK HEWPOHIBIK JKEJIep KOCHHYC YKCACTBIFBIHA KaparaHAa KYpPIENipeK CeMaHTHKAIIBIK
OaiiaHpIcTap/Ibl MOJEINBCYTe MYMKIHJIIK Oepesii, HOTHXKECIHAe MaMaHIbIKTap MEH MaijanaHyIIbl
npodunaepl apacblHAarbl COMKECTEHIIPY carachl apTTh.
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Juckyccus

Y ChIHBUIFAH KOCIOM OCHIMIUTIKTI JMAarHOCTHKAgay MOJIE JKacaHIbl MHTEIUICKTTIH OlpHele
TEXHOJOTUSUIBIK OarbIThIH OipikTipeai. NLP apxurekrypanapsl (BERT, GPT, Llama) naiinananyust
)KayanTapblH MarbIHAJBIK JICHTCHJIC Taljayra MYMKIHIIK Oepil, NCHXOMETPHUSIIBIK aKImapaTThl
CaHJBIK pENpe3CHTAlNsFa alHAIIBIpaAbl. byl TOocim KociOM KBI3BIFYIIBUIBIKTAD MEH TYJIFAIIBIK
EPEKIICTKTEPAl aBTOMATThI TYPJIE aHBIKTAY bl )KEHUIIETE1 dKOHE COUKECTEHAIPY KE3CHIHE camaibl
nepek Oepeni. Mojenperi aaanTUBTI AUAIOr MEXaHU3MJIEPl JEpeKTepi KUHAYIbIH CEHIMAUTIITIH
aptTeipaasl. [lenriM aramTapbl MEH KYIICHTY apKbUIBI OKBITY OAICTEpi MaiaalaHyIIBIHBIH Kayar
Oepy cTwiiHe OcHimaenin, aKmapaTThIH HAKTBUIBIFBIH KOFapbUIaTalbl. ByJl JTHarHOCTHUKAJIBIK
yZAepicTe jKeKe TpPAaeKTOPHSIHBI KaJBINTACTHIpyFa MYMKIHZIK Oepeni. Ilaiimamanymisl npoduiin
MaMaHbIK TaJlalTapbIMEH CAIBICTBIPY KOCHHYC YKCACTBIFBI MEH CHAMIIBIK HEHPOHIBIK KeIiaep
apKBLIBI JKy3ere acelpbuiafbl. KOCHHYC YKCACTBIFBI OAaCTalKbl MaFbIHAIBIK JKaKBIHIBIKTHI Oararaca,
CHAMJIBIK KeJIIep KypaedipeK CeMaHTHUKAIIbIK OaiyiaHbIcTap bl aHbIKTai1pl. COHBIMEH KaTap eHOeK
HapbIFbl JepekTepinin NLP jkoHe kiactepiey omicTepiMeH TalJaHybl YCHIHBICTapABIH ©3€KTUIIrH
CakTar, >KeKeJIeHAIpIIreH Kociou Oaraapiayapl KaMTaMachl3 €Te/Ii.

KopbIThIHABI

By 3epTTeyniH HOTHKECIHIE >KacaHIbl MHTEIUICKT TEXHOJIOTHsUIApPbIHA HETI3JEeNreH KociOn
OCMIMIITIKTI TUArHOCTHKANAY MOJEIIHIH FBhUIBIMU HETi31, KYPbUIBIMBI KOHE HETI3T1 9ICTEMEIiK
menriMaepi aliKpIHAaIIel. MoJens TCHXOMETPUSIIBIK JepeKTep/i, MOTIHAIK jKayanTapasl KOHE
€HOEK HapbIFbl Typasbl aKIapaTThl OIpTYTAC Taiay MYMKIHAITIH OepeTiH MHTerpalusuIaHFaH TOCII
YCBIHAJBI. 3epTTEY CYpaKTapbiH Tanaay OapbichiHaa Al omicTepiHIH TYIFAIBIK SPEKIISTIKTED MCH
KociOu TanamnTap apachblHAarbl OailIaHbICTHI AaHBIKTAY/1a AKOFApPhI dNIEyeTKE e eKeH1 KOPCEeTUI .

MonenbIiH BEKTOPJIBIK COHKECTEHAIPY TocuaepiHe (KOCHHYC YKCACTBIFBI, CHAMIBIK JKEIijiep)
CylieHyl KociOm OarpITTap[bl FHUIBIMH TYpJ€ HETI3JENTeH Typle YChIHyFa MYMKIHAIK OepeTiHi
aHbIKTaABl. COHBIMEH KaTap, ICUXOJIOTHSUIBIK TECTTEP i HU(PIIaHIBIPY JKOHE OeHiMaenMen Juanor
MeXaHM3MJIepiH MaiiianaHy JepeKTep camachblH apTThIpyFa ocep eTeTiHl Oalkanasl. byn 3eprrey
KociOu OarmapiayAblH JOCTYPIl TOCUIAEPIH TONBIKTHIPHIN, JISPEKTepPre HETI3ACNTeH MM
KaObLTIay/ bl KYIIEUTETIH KaHa 9JICTEMEeNiK OaFbIT YChIHAIBI.

Annarbl 3epTTeysiep MOJENb/AIH HakThl OuIiM Oepy opTanapblHIa KOJAAHBULY THUIMJIUIITIH
Oaranayzpl, MaliJanaHyIbUIapAbIH MiHE3-KYJIBIKTHIK JIEPEKTEPiH TalayIbl KEHEUTYI1 ®KoHe eHOeK
HapbIFBIHBIH JUHAMHUKAcblHa O€MiMIENeTIH aBTOMATTaHABIPbUIFAH MEXaHU3MJIEPAl KeTUIIIPYl
Tanan ereni. byn moaenbal Toxipubene KojjaHy OuTiM alylibulapra KociOM e3iH-e31 TaHy MeEH
MaMaHJIBIK TaHJay YHAEpICIHIEe aHaFypJbIM JOJI opl CEeHIMII KOJjJay KOpCeTyIiH >KaHa
MYMKIHJIKTEpiH alaibl.
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APPLICATION OF MACHINE LEARNING METHODS TO ANALYZE MALICIOUS
NETWORK TRAFFIC

Abstract

The increasing deployment of Internet of Things (IoT) devices has made networks more vulnerable to
malicious activities, necessitating effective traffic classification methods. This study investigates machine
learning-based approaches to classify network traffic using the CTU-loT-Malware-Capture-3-
Iconn.log.labeled dataset, which includes over 150,000 records labeled as benign or malicious. Key numeric
features such as packet counts, data volumes (bytes), protocol types, and source IP frequencies were selected
to enhance the models' predictive capabilities. Preprocessing involved normalization with StandardScaler to
ensure equal contribution of features to model predictions. Four machine learning algorithms were evaluated:
Logistic Regression, Random Forest, Support Vector Machines (SVM), and Gradient Boosting. The
experiments utilized a 5-fold cross-validation framework to ensure robustness and reliability. Gradient
Boosting outperformed other models with a mean accuracy of 99.13%, followed by Random Forest at 99.11%.
To address class imbalance, SMOTE was applied, significantly improving the recall of minority classes. This
study demonstrates the potential of machine learning for improving loT network security by identifying
anomalous behaviors in real-world attack scenarios. The results underline the importance of preprocessing,
feature selection, and evaluation in achieving high detection accuracy.

Keywords: [oT security, malicious traffic detection, machine learning, feature selection, SMOTE, anomaly
detection, cybersecurity.

I''U. Akmonax', P.C. Mara3os!
'On-Mapabu areingars Kaszak ¥nTTeik YHuBepcuTeTi, AnMmarsl K., Kazakcran
SUSAHAbI XKEJUJIIK TPA®UKTI AHBIKTAY YIHIH MAIIWMHAJIBIK OKbITY 9JICTEPIH
KOJIJAHY

Anoamna

[oT KypbUTFBUTAPBIHBIH KOOCTO1 JKEITIEPIl 3USH/IBI OPEKETTEPre 0cal eTTi, Oy TpaQuKTi KIKTEYIIH THIM/II
omictepiH Koamanynel taman eteni. byn 3eprrey CTU-IoT-Malware-Capture-3-1conn aepekTep >KMHAFbIH
naijanaHa OTBIPBIN, KENUTK TpaduKTI JKIKTEYAIH MAaIIMHAIBIK OKBITyFa HETI3JENTeH ToCUIIepiH
KapacTeIpajibl. JlepexTep KOphl KaTepci3 HeMece 3ustHbl Aen OoenriieHreH 150 000-HaH actam »xa30anapisl
KaMTHIBl. MonenbaepaiH OoihkaMabl MYMKIHIIKTEpiH KEHEHTy YIIiH MakeTTep CaHbl, JEepeKTep Kelemi
(6atitTap), [Iporokon Typnepi xkoHe AepekkesnepliH [P Mekemkall >KULTIKTEpI CUSKTBI HETI3Ti CaHIBIK
cunarramanap TaHganisl. Jepexrep Moaens 6omkaMaapeiHa OHIMIUTIKTIH TEH YIIECiH KaMTaMachl3 eTy YIIiH
StandardScaler kemeriMeH ajjiblH ajla KalbIIKa KENTIpiAi. MallMHAIBIK OKBITYJBIH TOPT alrOpUTMI
OarayaH]Ibl: JIOTUCTUKANBIK PETPECcCHs, Ke3AeUCOK OpMaH, TipeK BEKTOPIIBIK dic (SVM) xoHe rpaJueHTTiK
yaey. ToxipuOenep CEHIMIUTIKTI KamMTaMachl3 €Ty VIIiH 5 ece KpOCC-TeKCcepy KyHeci KOJIaHBIIIEL.
I'paguentrik yaey Oacka Mopeibiepre KaparaHiaa jKoraprbl IoimikTi kepcerti (99,13%), comaH KeiiiH
ke3aeiicox opMman (99,11%). Jlepekrepaeri TeHrepiMmcizaikti o yurid SMOTE anroputmi KoJigaHBULIb,
OyJ1 a3IIBUIBIKTApABIH Kepi OaiIaHBICBIH €A9Yip KaKcapTThl. by 3epTTey HaKThI abybul cieHapuiinepinaeri
KaJIBINTaH THIC MiHE3-KYIBIKTHI (anomalous behaviors) aHbIKTay apKbUIbl 3aTTapIblH MHTEPHET JKETiCiHIH
Kayilci3MiriH jKaKkcapTy VIIiH MallMHAIBIK OKBITYJBIH AJieyeTiH kepceTeni. HoTnmxkenep »Korapbl aHBIKTAY
TONITIHE KON JKETKI3y VIIH aJJIblH ajla eHJCYyHiH, OHIMAUIIKTI TaHJayJblH >KOHE OaranayablH
MaHBI3IbUIBIFBIH KOPCETEI.

Tyiiin ce3mep: MHTepHET 3aTTapbIHBIH KayiICi3airi, 3usHibl TpahuKTi aHbIKTAy, MallMHAJIBIK OKBITY,
MyMKiHIikTepai Tanaay, SMOTE, anoManusiiapisl aHbIKTay, KHOSPKAYIINCi3/IiK.
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I'1. Akmonax', P.C. Marasos!
'Kazaxckuii Hanmonansneii Yausepeuter nmenn anb-Papadu, r.Anmarel, Kazaxcran
NPUMEHEHUE METOAOB MAIIIMHHOI'O OBYUYEHUA JJIS1 AHAJIN3A BPEJJOHOCHOI'O
CETEBOI'O TPA®UKA

Annomayus

Pactymiee uwmcno yctpoiictB MHTepHeTa Bewiel cAenano CETH YSA3BUMBIMH ISl BpPEIOHOCHOH
JEATEIHLHOCTH, YTO MOTPEOOBAIO HCIIOIL30BaHU (P PEKTUBHBIX METOIOB Kiaccudukauy tpaduka. B atom
HCCIIEIOBAHUN PAaCCMaTpPUBAIOTCA MOJXOJbl, OCHOBAaHHbIE HA MALIMHHOM OOYYEHHUH, AJI KiIaccu(UKanuu
ceTeBoro Tpaduka ¢ ucnoian3oBanuem Habopa manabix CTU-lIoT-Malware-Capture-3-1conn. ba3a gaHHbBIX
cogepxut 6onee 150 000 3amuceii, TOMEUEHHBIX KaK JOOPOKa4eCTBEHHBIC WIIM BpeAHble. YTOObI paciinpuTh
BO3MOXXHOCTH IIPOIHO3UPOBAHUS MOJIeJIeH, ObUTM BEIOPAHBI OCHOBHBIE YHCIIOBBIE XaPAKTEPUCTHKH, TAKHUE KaK
KOJIMYECTBO MaKeTOB, 00beM JaHHBIX (OalTbI), TUIBI MPOTOKOJOB M 4acToThl [P-agpecoB MCTOYHHKOB.
JaHHble ObUTH TpelBapUTEIFHO HOPMAaM30BaHbl ¢ MoMoliblo StandardScaler, yToOb1 0OecneyuTh paBHYIO
JIOJTE0 IPOU3BOAUTEIIEHOCTH B IIPOTHO3aX MOJIENH. Bl OLICHEHBI YeThIpEe aNropuTMa MalIMHHOTO O0YYCHUSI:
JIOTUCTUYECKAs] PErpeccHsl, CIy4YalHBIA JIEC, METOX OIIOPHBIX BEKTOPOB M TIPAJUCHTHOE YCKOPECHHE.
OKCIIEpUMEHTBI  S-KpaTHasi CHCTEMa IEepPEeKPECTHOrO TECTUPOBAHMS HWCIONB30BANIach MJsl oOecreucHHs
HaJCKHOCTU. [ paJlueHTHOE YCKOPEHHUE ToKa3aio 00JIee BRICOKYIO TOYHOCTh, YeM apyrue mozaenu (99,13%),
3a KOTOphIMU ciexnyeT ciaydaiHbslii nec (99,11%). Anroputm SMOTE wucnonp3oBancs anst ycTpaHeHHS
)11/106ancha OaHHBIX, YTO 3HAYUTCIIbHO YJIYUIIHIIO 06paTHy}0 CBS3b MEHBIIMHCTB. JTO HUCCIICAOBAHHEC
ACMOHCTPUPYCT NNOTCHIIKMATI MAIIMHHOT'O 06y‘ICHI/IH JJIA IIOBBIIIICHUA 6C3OH3CHOCTI/I I/IHTepHCTa BeHleI\/'I IIyTEM
BEISIBJIICHHS aHOMaJbHOTO ToBeAeHHs (anomalous behaviors) B peanmpHBIX clieHapUsAX arak. Pe3yibraTel
MOJYEPKUBAIOT Ba)KHOCTh IPEABAPUTENBbHOW 00pabOTKM, BBIOOpA MPOU3BOJUTEIBHOCTH U OLEHKH IS
JOCTUKEHHS BBICOKOI TOYHOCTH OOHAPYKEHHUS.

KiroueBble ciioBa: 6e3onacHocts MHTEpHETA Beel, oOHapykeHHe BPeIOHOCHOIO TpaduKa, MAIIHHHOE
oOyuenue, Be10op dhynkiuii, SMOTE, oOHapyxeHne aHOMannii, KubepOe30MmacHOCTb.

Introduction

The integration of Internet of Things (IoT) technology across various industrial sectors has brought
considerable advances in automated processes and network connectivity. At the same time, this
proliferation of IoT devices has exposed networks to new security risks. A common characteristic of
many loT deployments is insufficient built-in security, which makes them vulnerable to exploitation
through attack vectors such as Distributed Denial of Service (DDoS), data exfiltration, and port
scanning.

Current threat statistics paint a concerning picture. The AV- TEST Institute records over 450,000
new malware and un- wanted applications daily [1]. The 2025 Astra Security Report documents
560,000 daily malware detections [2], indicating a significant rise. This surge underscores the urgent
need for automated methods that can detect threats intelligently. Prior studies [3], [4] emphasize that
handling these challenges requires robust anomaly detection to identify malicious traffic quickly.

Anomaly detection involves defining patterns of “normal” behavior based on business operations
and identifying deviations that may indicate potential threats [5]. Manual monitoring becomes
practically impossible in IoT environments due to the massive volume and variety of data traffic these
networks generate. Machine learning offers a solution by automating the detection of anomalies,
which helps organizations identify and respond to attacks more quickly. Previous research has
demonstrated the value of this approach — for example, Rana showed how real-time anomaly
detection can effectively counter threats like DoS attacks [6].

The aim of the present study is to assess the capability of several supervised machine learning
classifiers to differentiate between benign and malicious IoT traffic. Logistic Regression, Random
Forest, Support Vector Machine, and Gradient Boosting models are examined using a labeled dataset
representing realistic 10T attack scenarios. The evaluation framework includes data normalization,
correlation analysis, and class balancing, allowing the assessment of model behavior under conditions
that reflect real-world intrusion detection requirements.

This research provides several key contributions:
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- A comparative evaluation of four supervised ML algorithms for IoT malicious traffic
classification using real- world network data

- Anempirical analysis of feature importance and the effect of normalization on model accuracy

- The integration of SMOTE to address severe class imbalance, significantly improving recall
for minority attack classes

- A robust methodology that can be extended toward lightweight, real-time IoT intrusion
detection systems

The remainder of this paper is organized as follows: Section II reviews literature review and
research gaps; Section III presents the proposed methodology; Section IV details the experimental
results; Section V discusses findings and limitations; and Section VI concludes with future research
directions.

Literature review

Detecting anomalies in network traffic plays a central role in cybersecurity. When systems can
identify deviations from normal behavior, they can spot new types of threats that signature-based
methods might miss. This capability has made anomaly detection an active research area, particularly
as machine learning techniques have matured.

A. Machine Learning-Based Intrusion Detection

Almutairi et al. explored machine learning methods for IDS in IoT networks [7]. They assessed
various ML algorithms, including SVMs, Random Forests, and J48 Decision Trees, finding that
Random Forests provided the best balance be- tween performance and computational efficiency.
Similarly, Hussain et al. identify challenges in resource-constrained [oT environments, including the
need for lightweight and real-time detection systems [8].

As Iglesias and Zseby note [9], efficient feature selection not only reduces computational costs but
also enhances detection accuracy. Disha and Waheed demonstrated the effectiveness of the Gini
Impurity-based Weighted Random Forest (GIWRF) feature selection technique in reducing
dimensionality while maintaining high classification accuracy [10]. Fernandes et al. provided a
comprehensive survey on network anomaly detection, highlighting the importance of feature
engineering for model efficiency [11].

Wang et al. explored encrypted malicious traffic detection using flow-based machine learning
approaches [12]. Their work highlighted the effectiveness of Random Forest classifiers for achieving
an optimal balance between detection accuracy and computational cost, making them suitable for
large-scale IoT network environments.

B.  Deep Learning and Hybrid Approaches

To overcome the limitations of static ML models, several studies explored deep learning for
capturing temporal and spatial dependencies in network data. Radford et al. highlighted the suitability
of Long Short-Term Memory (LSTM) for sequence-based anomaly detection in network traffic,
achieving significant performance improvements with AUC scores of 0.84 on benchmark datasets
[13]. Fotiadou et al. demonstrated the effectiveness of Convolutional Neural Networks (CNNs) and
LSTMs for analyzing sequential traffic data [14].

Balyan et al. proposed a hybrid intrusion detection model combining Enhanced Genetic Algorithm
(EGA) and Particle Swarm Optimization (PSO) with an improved Random Forest (IRF) method [15].
Their model effectively tackled data imbalance issues by enhancing minor data samples, achieving
high accuracy (98.979%) for binary classification using the NSL-KDD dataset.

Fu et al. introduced Whisper, a system leveraging frequency- domain features for real-time
malicious traffic detection, achieving robustness against diverse attack types [16]. Complementarily,
Koumar et al. proposed NetTiSA, a compact feature set optimized for high-speed network traffic
classification [17].

C. Feature Engineering and Data Balancing

Feature selection and data balancing remain major determinants of IDS performance. Alduailij et
al. presented a method for DDoS attack detection in cloud computing using Mutual Information and
Random Forest Feature Importance techniques [18]. Their results showed that Random Forests and
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Gradient Boosting outperformed other methods in accuracy and feature relevance. Subbiah et al.
employed Boruta feature selection with a Grid Search Random Forest to develop an IDS for wireless
sensor networks, achieving 99% accuracy [19]. Several studies emphasized the role of Synthetic
Minority Oversampling Technique (SMOTE) to mitigate class imbalance, which often causes models
to favor benign traffic. This preprocessing method has consistently improved recall for minority
attack categories, as confirmed by Al-Amri et al. [20].

D. Research Gap

Although prior works have achieved promising results, several limitations persist. Many models
rely on simplified or filtered datasets, failing to represent the full diversity of IoT network traffic.
Deep learning-based approaches, while accurate, are computationally intensive, making them
unsuitable for real-time or edge deployments. Few studies conduct systematic evaluations comparing
classical and ensemble ML models under balanced, standardized preprocessing conditions. The
impact of feature scaling and class balancing techniques has not been consistently quantified across
models.

To bridge these gaps, the present study conducts a comprehensive comparative analysis of four
supervised ML algorithms — Logistic Regression, SVM, Random Forest, and Gradient Boosting—on
the CTU-IoT-Malware-Capture-3-1 dataset. The proposed framework emphasizes feature
normalization, correlation analysis, and class rebalancing, providing new insights into optimizing
ML-based intrusion detection for heterogeneous loT environments.

Research methodology

The proposed system follows a multi-layered architecture consisting of data acquisition,
preprocessing, feature selection, and machine learning model evaluation. Each component is designed
to handle specific aspects of [oT network traffic classification, as illustrated in Fig. 1.
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| Drataset
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Fig. 1. Architecture of the developed system
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A. Data Description

The CTU-IoT-Malware-Capture-3-1 dataset [21], a part of the [oT-23 dataset, is a comprehensive
labeled collection of network traffic data designed for analyzing malicious activities in IoT
environments. It contains over 150,000 records of network connections, each labeled as either Benign
(normal traffic) or Malicious (malicious traffic), enabling clear differentiation for machine learning
tasks.

This dataset includes key features such as:

- packets: Number of packets in a connection, where high counts can indicate Distributed
Denial of Service (DDoS) attacks.

- bytes: Total data volume, often suggesting potential data exfiltration in cases of large values.

- protocol: Protocol type (e.g., TCP, UDP, ICMP), aiding in understanding connection
behavior.

- src_ip_count: Frequency of requests from a single IP, which may point to scanning activities.

- length: Packet size, helpful for identifying anomalies in traffic patterns.

B. Data Preprocessing

Data preprocessing ensures consistency and comparability across all features. The following steps
were performed:

1) Numeric Filtering: Only numeric columns were retained using the select dtypes function to
prevent categorical encoding bias.

2) Standardization: All numeric features were normalized via StandardScaler from scikit-learn
to achieve zero-mean and unit-variance scaling:

z = (D)

where, p is the mean and o is the standard deviation. This process prevents features with large
ranges from dominating model training.

3) Data Splitting: The dataset was divided into 70% training and 30% testing subsets.

4) Balancing with SMOTE: To mitigate severe class imbalance (=3k benign vs 106k malicious),
the Synthetic Minority Oversampling Technique (SMOTE) was applied to equalize both classes. This
step significantly improved recall for minority samples and stabilized learning across folds.

C. Feature Selection and Correlation Analysis

Feature selection is a critical step in optimizing machine learning models. It involves identifying
the most relevant attributes to enhance model performance, interpretability, and computational
efficiency. We implemented specific methods to preprocess the dataset and ensure that features were
suitable for machine learning tasks.

Numeric Feature Selection
Using the select_dtypes method from the pandas library, we filtered numeric features from the
dataset:

numeric_dataset = dataset.select _dtypes(include="number’)

This ensures that only numeric data is used, simplifying input for machine learning algorithms and
avoiding errors during training. Key numeric features included:
- packets: Indicates potential DDoS attacks due to high counts.
- bytes: Suggests data exfiltration when values are unusually large.
- src_ip_count: High frequencies from a single I[P may indicate scanning activity.
These features provide a direct correlation with network behaviors and serve as strong indicators
of malicious activity.
D. Machine Learning Models and Evaluation
The study evaluates several machine learning models, each chosen for its specific strengths in
detecting network anomalies:

129




BECTHUK Ka3HIIY um. Abas, cepus « PQusuxo-mamemamudeckue naykuy, Ne4(92), 2025 a.

- Random Forest (RF): Known for its robustness and ability to handle high-dimensional data
effectively.

- Support Vector Machines (SVM): Effective in binary classification with non-linear data
distributions.

- Gradient Boosting (GB): Provides iterative improvements, optimizing performance for
complex datasets.

- Logistic Regression (LR): A simple yet effective baseline model for binary classification,
offering probabilistic insights into predictions.

Each model was trained using 5-fold cross-validation to en sure robustness and to prevent
overfitting. Evaluation metrics included accuracy, precision, recall, F1-score, and AUC (Area Under
Curve), defined as:

| ~ TP + TN ,
COWracy = Tp ¥ TN+ FP + FN @
Precision = —— 3
recision = TP T FP 3)
Recall = —F 4

¢t = TP ¥FN (4)

1 P Precision X Recall c
score = Precision + Recall ®)

where TP, TN, FP, and FN represent true positives, true negatives, false positives, and false
negatives, respectively.

Results of the study

This section presents a detailed analysis of the results, including visualizations and comparisons
in accordance with the research methodology. Key observations and trends are contextualized by
comparing them with relevant prior studies.

A. Feature Correlation Analysis

Figure 2 illustrates the correlation of features with malicious traffic. Features such as id.orig_p and
id.resp_p exhibit the highest correlations, indicating their importance in detecting anomalies. In
contrast, the missed bytes feature shows minimal correlation, suggesting limited utility for prediction
purposes.

Correlation of Features with Malicious Traffic
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Fig. 2. Correlation of Features with Maliciouls Traffic
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B. Impact of Feature Scaling

Fig. 3 compares model performance with and without feature scaling. Logistic Regression and
SVM demonstrated significant performance improvements post-scaling, achieving higher precision
and recall. Random Forest and Gradient Boosting, being tree-based models, were less affected by
scaling.

Performance Comparnson: Without Scaling vs With Scaling
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Fig. 3. Model performance with and without feature scaling

Feature scaling has proven essential for models sensitive to feature ranges, such as Logistic
Regression and SVM. Similar findings in previous works validate the benefit of preprocessing in
achieving balanced and accurate predictions.

C. SMOTE Application Results

Class imbalance was addressed using SMOTE, balancing the number of benign and malicious
samples. Before SMOTE, the dataset had 3183 benign and 106,089 malicious samples. Post-SMOTE,
both classes had equal representation (106,089 samples each), significantly improving model recall.

Fig. 4 highlights the effect of SMOTE on class distribution, balancing the originally skewed
dataset. Model performance, particularly recall and F1-score, improved significantly after addressing
class imbalance.
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Fig. 4. Effect of SMOTE on Class Distribution

D. Cross-Validation Results
Cross-validation ensured reliable evaluation, preventing overfitting and confirming model
robustness across different data splits. Using 5-Fold Cross-Validation, the models were evaluated for

stability and consistency. Table 1 displays the result of the accuracy of four algorithms.
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Table 1. Accuracy results of the LR, RF, SVM and Gradient Boosting

5 Fold LR RF SVYM GB
1 98.55% 96.03% 97.09% 96.03%
2 98.69% 99.67% 97.09% 99.79%
3 97.89% 99.91% 97.09% 99.91%
4 97.93% 99.97% 97.09% 99.96%
5 98.61% 99.95% 97.09% 99.94%
Mean Accuracy 98.34% 99.11% 97.09% 99.13%

The results, shown in Fig. 5, demonstrate that Gradient Boosting achieved the highest mean
accuracy score of 99.13%, followed closely by Random Forest with an accuracy of 99.11%. The
Logistic Regression algorithm yielded an accuracy of 98.34%, while SVM achieved a slightly lower
accuracy of 97.09%.

5-Fold Cross-Validation Accuracy for Different Models
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Fig. 5. Distribution of 5-fold cross-validation accuracy

These findings indicate that Gradient Boosting and Random Forest are particularly effective in
handling complex datasets and providing robust classification performance, whereas Logistic
Regression serves as a strong baseline method. SVM, while slightly less accurate, remains consistent
in its performance.

E.  Computational Cost Evaluation

To assess the feasibility of deploying the evaluated machine learning models in resource-
constrained IoT environments, measurements were conducted for both training time and inference
latency for each classifier using the same prepro cessing pipeline (StandardScaler and SMOTE). The
results are summarized in Fig. 6.

Training Time. Logistic Regression achieved the fastest training time (1.40~s), followed by
Random Forest (5.46 ~s) and Gradient Boosting (19.08~s). SVM required 488.46 s, confirming its
impracticality for large-scale or real-time loT deployments.

Inference Latency. Logistic Regression also achieved the lowest inference time (1.30 ~ms).
Gradient Boosting and Random Forest produced moderate delays (24.84 ~ms and 80.81 ~ms,
respectively), while SVM exhibited prohibitively high latency (5136.24 ~m:s).

Prediction Throughput. Logistic Regression reached the highest throughput (35.95M
predictions/s), followed by Gradient Boosting (1.89M/s) and Random Forest (0.58M/s). SVM yielded
only 9,118 predictions/s.
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Accuracy—Efficiency Trade-off. Gradient Boosting pro vides the best balance between accuracy
and computational efficiency. Random Forest offers competitive performance at lower cost, while
Logistic Regression remains suitable for lightweight edge-level IoT devices. SVM demonstrated
excessive overhead and is unsuitable for real-time IoT intrusion detection.
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Fig. 6. Computational cost analysis comparing (a) training time, (b) average inference time, (c) prediction
throughput and (d) accuracy-efficiency trade-off

Discussion

The findings of this study underscore the potential of machine learning algorithms in detecting
malicious IoT network traffic. By leveraging a well-labeled dataset, we demonstrated the
effectiveness of preprocessing steps such as feature scaling and SMOTE to address challenges like
imbalanced data and feature dominance.

5-fold cross-validation ensured robust model evaluation, reducing the likelihood of overfitting. As
shown in Table 1, Gradient Boosting exhibited minimal variance across folds, indicating its stability
for this classification task.

Features such as id.orig p and id.resp_p showed strong correlations with malicious traffic,
corroborating findings from studies emphasizing the role of port-related features in identifying
network anomalies.

Class imbalance, a common challenge in 10T datasets, was effectively mitigated using SMOTE.
This approach not only balanced the dataset but also significantly improved recall for the minority
class, aligning with the objective of enhancing anomaly detection.

The results validate the applicability of machine learning models in IoT security. However, real-
time implementation remains a challenge due to computational constraints. Future research could
explore lightweight models or hybrid approaches combining machine learning with deep learning
techniques for real-time detection.
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The high performance of ensemble models suggests their utility in developing scalable anomaly
detection systems for IoT networks. Future work could incorporate additional contextual features,
such as temporal patterns, to improve detection capabilities further.

Exploring advanced data augmentation techniques beyond SMOTE could help enhance model
performance on imbalanced datasets. The study primarily focused on binary classification,
overlooking multi-class scenarios that are often encountered in complex IoT environments. The
dataset, while comprehensive, may not fully represent all potential attack vectors in real-world
networks, limiting the generalizability of the findings.

Conclusion

This research highlights the potential of machine learning algorithms in detecting malicious IoT
network traffic. By leveraging a well-curated dataset and employing advanced preprocessing
techniques, including feature selection and normalization, we developed effective models for binary
traffic classification. Among the evaluated algorithms, Gradient Boosting demonstrated superior
performance, achieving an accuracy of 99.13%. The application of SMOTE addressed class
imbalance, significantly enhancing recall for minority classes and improving the overall robustness
of the models.

The study establishes a comprehensive framework for malicious traffic detection, emphasizing the
critical role of preprocessing and model evaluation through cross-validation. The findings contribute
to IoT security by offering scalable solutions for real-time traffic monitoring and anomaly detection.
Future research should focus on incorporating deep learning techniques and real-time implementation
to further enhance detection capabilities and address evolving cyber threats. This study serves as a
foundation for advancing loT network security, bridging the gap between academic research and
industrial applications.

This work contributes to the field by providing a robust methodology for malicious traffic
detection in IoT environments. It highlights the significance of preprocessing steps, feature
importance analysis, and the integration of machine learning models tailored for imbalanced datasets.
The findings not only validate the efficacy of ensemble models in IoT security but also provide a
foundation for further exploration, such as incorporating real-time detection and hybrid approaches
that combine machine learning with deep learning methods.

By addressing the critical challenge of class imbalance and demonstrating the effectiveness of
advanced machine learning techniques, this study offers valuable insights for both researchers and
practitioners working to enhance IoT network security.
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AKHAPATTBIK KAYIIICI3JAIK TAJTAIITAPBIHA COMKEC )KEKE
YHUBEPCUTETTIK VDI BYJITBIHBIH MATEMATHUKAJIBIK MOAEJII

Anoamna

Makanana BUPTyangsl XYMbBIC OpbeIHAApeH (VDI) KommaHa OTHIPBIN, JK€Ke YHUBEPCHTETTIH OYIITTHI
ecenTey TYWIHACPIHIH OHTAWIbl CaHBIH OaFanayablH KEHEHTUITGH MAaTeMaTHKAJIbIK MOJECTI JKOHE
YHHUBEPCUTETTEPIH OyiTKa OarbITTanran OKy opTachiHbiH (BBOQO) akmapaTThik Kayimnci3mik TalanTapbl
YCBHIHBUTFaH. BYpBIHFBI OENTisli ToCUIAepAeH albIPMAIIBUIBIFE, 93IPIICHTEH MOJIENb PECYPCTHIK JKYKTEMEHi
(CPU, RAM) rana emec, COHBIMEH KaTap BUPTYaJIbl MallIMHAIAp MEH CepBepiIepliH Kayinci3aik JeHreine
KOWBLIATBIH TaJanTapibl ga eckepeli. ¥ chiHpUIFaH Mojaenbae bBOO kayinci3airiniy caHaplK mapaMeTpiepi
EHTI3UITeH JKOHE BUPTyaIbl MallMHAHBI OPHAJACTHIPY MIHAETI pecypcTapibl MaiganaHy THIMIUTITT MeH
BBOO «xayimci3mik —TajmanTapelH —CakTay apachblHIAFbl TeMe-TeHMIKTI CAaKTaWThIH KON  eImeMIi
OHTaWNaHIBIpyFa JeliH a3asupl. ¥CHIHBUIFAH TOCUIMIH TNPAKTHKAJIBIK MAaHBI3ABUILIFBIH  PACTalTHIH
yHUBEpCUTETTiH AT-WHQPaKYpBUIBIMBIHBIH THITIK MapaMeTpiiepiMeH OYJITTBHIH YKYMBICBIH HMHTAIUSIIBIK
Moxenbaey kyprizingi. Mogens KP yHuBepcuterTepiHiH OinmiM Oepy opTacklHOa KOpPFalFaH OYIJITTHI
atdopmanapabl xobanay YiIiH KoJAaHyFa 00Ja bl

Tyiiin ce3nep: xeke Oynt, VDI, Bupryanuzanus, yauBepcuteTTiH AT HHOPaKypbIIBIMBL, aKNapaTThIK
KayIIci3/IiKk, MaTeMaTHKaIbIK MOJIENb.

I'.B. Eny6aii', B.C. Axmertos!, B.A. Jlaxno?

'Kasaxckuii HaMOHAJIBHBIN [EarOrMYECKUI YHUBEPCUTET MMeHH AGast, r.AnMarsl, Kazaxcran
2 HaMoHaJIbHBIIA YHUBEPCUTET GHOPECYPCOB M MIPUPOIONOIIb30Banus I.Kues, Ykpanna
MATEMATHYECKAS MO/JEJIb VDI-OBJIAKA YACTHOI'O YHUBEPCUTETA B
COOTBETCTBHUHU C TPEFOBAHUSIMA HH®OPMAIIMOHHOM BE3ONNACHOCTH

Annomayus
B cratee mpeiockeHa paciiMpeHHas MareMarhdeckas MOJETb OIEHKH ONTUMAIbHOTO KOJIMYEeCTBa
BBIYUCIUTEIBHBIX Y3JIOB YaCTHOI'O YHHBEPCHTETCKOIO O0JjlaKa ¢ HCIIOJIb30BAHHMEM BHUPTYaJIbHBIX PadOUYMX
Mmect (VDI), u ¢ yuerom TpedoBannii HHPOPMAMOHHOHN 6€301acCHOCTH 00JIAKO-OpPUEHTUPOBAHHOW Y4eOHOM
cpeasl (OOYC) yHuBepcuTeToB. B oTiiMyme OT paHee M3BECTHBIX IIOJXOJOB, pa3paboTaHHAs MOJCIb
YUUTBIBAET HE TONBKO pecypcHyto Harpy3ky (CPU, RAM), HO u TpeOoBaHUS K YPOBHIO 3alIUIIEHHOCTH
BUPTYaJIbHBIX MAIIMH M cepBepoB. B mpemnaraemMoil Mozenu BBENEHbI KOJIMYECTBEHHBIE NMapaMeTphbl
samumennoctd OOVYC, a 3amaua pasmenienus BM cBenmeHa K MHOTOKPUTEPHAIBHOM ONTHMH3AINH,
OaaHCcUpyOIed MEXIY 3(PGEKTUBHOCTBIO HCIOIb30BAHUS PECYPCOB M COOJIIOJCHHEM TpeOOBaHUI
6e3onacHoctu OOYC. IIpoBeaeHa UMUTALMOHHAS CUMYJISILMS PaOOTHl 00JaKa ¢ TUIIMYHBIMH ITapaMeTpaMu
yauBepcuterckoit UT-uHdpacTpyKTyphl, NOATBEp)KAAONMIas MPAKTHUECKYI0 3HAYMMOCTH TMPEIIOKEHHOTO
moaxoga. Mogenb 1enecooOpa3Ha Il MPOCKTHPOBAHUS 3aIIUMICHHBIX OOMa4yHBIX TwaThopMm B
o0pazoBareibHOM cpene yHuBepcureros PK.
KiroueBbie cioBa: yactHoe ob6nako, VDI, Bupryanuzanms, yHuepcurerckas WUT-undpactpykTypa,
nH(popMaImonHas 6e30MacHOCTh, MaTeMaTHIECKask MOJIEIb.
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MATHEMATICAL MODEL OF A PRIVATE UNIVERSITY'S VDI CLOUD IN COMPLIANCE
WITH INFORMATION SECURITY REQUIREMENTS

Abstract

The article offers an extended mathematical model for estimating the optimal number of computing nodes
in a private university cloud using virtual workstations (VDI), and taking into account the information security
requirements of a cloud-based learning environment (OSS) of universities. Unlike previously known
approaches, the developed model takes into account not only the resource load (CPU, RAM), but also the
requirements for the security level of virtual machines and servers. In the proposed model, quantitative
parameters of the security of the OSS are introduced, and the task of VM deployment is reduced to a multi-
criteria optimization balancing between resource efficiency and compliance with the security requirements of
the OSS. A simulation simulation of the cloud operation with typical parameters of the university IT
infrastructure has been carried out, confirming the practical significance of the proposed approach. The model
is suitable for designing secure cloud platforms in the educational environment of universities of the Republic
of Kazakhstan.

Keywords: private cloud, VDI, virtualization, university IT infrastructure, information security,
mathematical model.

Kipicne

Ocsl makanana Kazakctan PecryOinkachiHBIH YHUBEPCUTETTEPl MEH OiiM Oepy MeKkeMmenepiHne
apHairan OynTka OareiTTanFan oKy opraceiHia (BBOO) Buptyanas xymeic opbiHmapsa (VDI)
OpHAJACTHIPyFa apHAJIFaH KEKEMEHIIK OYIT HH(PaKYPBUIBIMBIH OHTAMIIBI )K00aay IbIH KaHa TOCUT1
YCBIHBUTAABL. Epekmieniri — ecentey pecypcTapblH JKOCHapiiay Ke3iHJe TeK TEXHHKAIIBIK
cCUIaTTamajap eMeC, COHBIMEH KaTap aKmapaTThIK KayilCi3[iK TalanTapbl, aTam aWTKaHAa,
cepBepIIepAiH CeHIM JIeHT e, KOJDKETIMIUTIK [eH OKIIayJiay casicaThl, COHAAN-aK 1IIKi >KOHE CHIPTKbI
KayinTepre TO3IMIUTIK CEKUII acrieKkTuiep eckepiiesi. ¥ cbiHbUIFaH Tocit BBOO-Fa ToH KYKTEeMCHIH
MayChIMJIBIK ~ JKOHE  JMHAMMKAJbIK  CHUNATBIH  €CKEepe  OTBIPbIN, BHUPTyaIW3aLUsIAHFAH
MH(PaKypbUIBIMIBI HKEM/II MacITabTay1bl KAMTaMachl3 €Tyre JK9He KayiIlCi3AiKTI caKTaidl OTBIPHII
pecypcTapsl THIMJI NaiiagaHyFa MYMKIHIIK Oepeai. YHUBepcUTeTTep MeH Oacka aa OutiMm Oepy
MeKeMesepine (MeKTenTep, KouleKAep KoHe T.0.) )KEeKEeMEHIIIK OyJITTap Heri3iHAe BUPTYyaJlIbl
ayMbIc opblHAapsl (VDI) uHQpakypbUIBIMBIH €HII3y OpTaK ecenTey pecypcTapblH THIMII
naiananyra MyMKiHik 0epeai. Conbimen Katap, Kazakcran (KP) yauBepcuterTepi yiris Oy Tocu1
naiiananymsliapAblH aFbIMJarbl KQKETTUTIKTEPI MEH OYJITThl YHUBEPCUTETTIK MH(PPAKYpPbUIBIMFA
KYKTEMe JCHreiiHe OalIaHbICThl MKEMII MacIITadTay bl KYy3€ere achIpyFa >KoJ amaasl. Makanana
ycbiHbUTFAaH Tocim KP yHuUBepcuTeTrTepi MeH FhUIBIMU-OUIIM Oepy MeKeMelepiHe, aKMapaTThIK
TEXHOJIOTUSUIBIK OPTachl CECCHUsl KE3EHJAEPIHAE KYKTEMEHIH KApKbIHABI ©3repyiMeH KoHE OYJITTHI
MHGPAKYPbUIBIMHBIH aKIapaTThIK KaylNCi3/iriHe KOWbIIAThIH KOFaphl TalalTapMeH CUIATTalaThIH
yibIMIapFa, ©3eKT1 00BN TaObUIA bl Y HUBEPCUTETTIH OYJITTH HH(paKypbulbIMbIHA (Hemece [1, 2]
JepeKTepiHe coiikec — OyiITKa OarbITTamFaH oKy opTackiHa — BBOO) TyceTiH »KYKTeMeHIH
©3repMeNUIirT MEH MalJalaHyllbulap TaJanTapblHBIH OPTYPJIUIITIH €CKEepEe OTBIPBIN, OYITTHI
1aTGOpMaHblH TYpPAaKThl JOHE KAayilCi3 JKYMBICBIH KaMTaMachl3 €Ty VIIIH KaXeT ecenTey
TYHiHAEpiHIH (cepBepiepAiH) CaHbIH Oaranay Maceseci ©3eKTi 00JIbIn OThIp. byFaH el yChIHbUIFaH
VDI-OyntrapblHIaFbl  Kiactep TYWHIHAEpIHIH caHbIH OarajayFa apHajJfaH MaTeMaTUKaJbIK
Mozenbaep [3, 4] omerre, peCypCTHIK JKYKTeMEHI Tanmayra [5—7] Heri3gemin, BUPTyasabl
MalllMHAJIAPJIBIH PEeCYpCTapabl TYTHIHY MapaMmeTpiiepi OepiireH »karaaiaa (hU3MKaIbIK cepBepiep
CaHBIH a3alTy THIMAUTIKTIH HETI3T1 eJIeMi Jen KapacTeipaabl. Anaiga 0i3 Oys1 Tocuigep OWiITKa
OarpITTaFal oKy oprachkiHbIH (BBOO) mpuHIMITI acmiekTici — aknapaTThIK Kayinci3aikti (AK), oHbIH
e GU3NKaNBIK TYWIHAEPre JereH CEeHIM JCHTeWiH, OKIayiay TajlanTapbliH, KOJDKETIMIUTIK
casicaThIH JKOHE 1LIKI/CBIPTKBI KaTepiepre TO3IMAUTIKTI ecKepyci3 Kalablpaabl Jen canaiMsbl3 [8—11].
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3epTTey dmicHamMachl

YHuBepcUTETTIH OWITKA OarbITTanFaH oKy oprackl (BbOO) yiriH keneci mapTrapapl KaMTaMachl3
eTeTiH ecenTey TyHiHaepinin (M) eH a3 KaXeTTi CaHbIH aHBIKTaY:

- Buptyaynasl MammHanapasl (BM) pecypcrapast (CPU, RAM sxone T.0.) eckepe OTBIPHII
IYPBIC OPHAIACTHIPY;

- aKmaparThIK KAyilNCi3IiK TaJanTapbiH (OKIIayJay, TyHiHAepre IereH CeHIM ) KaHaFaTTaHABIPY;

- JIMHAMUKAIBIK JKYKTeMmere Oedimzeny >koHe jkexkeMeHmnik OyirteiH (KP yHuBepcurerti
MBICAJIBIH/IA) MACIITA0TAITYBI.

3epTTey HOTHIKeJIepi

Keneci 6enrinepai enrizeiiik. Colikecinme ynusepcutertiH bbOO cepBep:epi yiniH.

M — BBOO yHHMBEpCUTETIHIH KOJ XKeTiMIi (PU3UKAIBIK CepBEepiepiHiH (TYHIHAEPIHIH) >KaIbl
CaHbl;

R — pecypcrap Typiiepini xanmsl cansl (Mbicanibl, CPU, RAM, xone 1.6.);

Cix — j cepepinzeri k pecypChIHBIH CBIHBIMABLIBIFEL, j € {1,...,M}, k € {1,...,R};

S; € [0,1] — j cepBepinin Kayinci3aik (cenim) neHreiii. SIrum, S; HeFypibIM sK0Faphl 6omca, BEOO
COFYPJIBIM Kayirci3 0oIaibl.

XKone BM napamerprnepine e ykcac Typae.

N — VYuusepcurertiy BBOO-chiHna (OyiTka OarbITTadfraH OKy OpPTachIH/Ia) OPHAIACTHIPBLTYHI
KakeT BUpTyan sl MamnHanap (BM) cansr.;

active(t) € {1, ..., N} — t yakpIT Me3€TiHJIeT1 OeJICeH I BUPTYAJIIBIK MAIIUHAIAP KUBIHTHIFBL;

Tjx — t yakpIT Me3eTinne BM yiuin en a3 Kaxerri K Tunti pecypcrap;

aj(t) — t yakbIT Me3eTiHe BUpTyanasl MamuHanblH (BM) Haktel CPU TyThIHYBI;

H; € [0,1] — t yakpIT Me3eTiHae BUpTyanasl Mamuaa (BM) yuria Taman eTieTiH Kayinci3mik
JICHT' €I,

ConpIMeH Katap, 013 OCbIH/Iall aifHBIMAJIBUIAPIbI KOJIIaHAMBI3:

x;j(t) € {0,1} — erep BM i yaKpITTBIH t Me3eTiHIe j cepBepiHE OpHANACTBIPbLICA — MOHI I,
opHanacTeIpbuiMaca — 0-re TeH 60JaThIH OWHAPIIBIK AHBIMAITIBI;

yj(t) € {0,1} — t yakeIT Me3eTiHze cepBep j-IiH NaiiJaTaHbLIBII-Nal 1aTaHbUIMAN TEIHBL, SFHH Oy
oleTTe OMHAPIIBIK AalfHBIMAJIBIMEH O€NTICHE 1!

1 - erep cepBep cou yakpITTa HaKThl BM-niepai opHaIacThIphIIN, )KYMBIC iICTET Typca;

0 - erep cepBep 60c HEMece oipyi Kyiae 0oica;

a € [0,1] — xayincizaik pesepsrey nenreiii (BBOO yHuMBepcUTETiHIH Kayirncisairin Garamay
Ke31HJIer1 arpeccUBTLIIK K03 HUIueHTi);

A > 0 — BBOO kayinci3zirinio colkec KelIMeyi YIIiH aibInmyT Ko GUIHEHTI.

bi3 keneci mekTeynepai KoJiJaHaMbI3.

Op06ip BM 06ip cepBepie opHAIACTIPbUIFaH, SIFHU.

M

inj(t) =1,Vi € active(t).
j=1
Op6ip BBOO cepaepinzeri pecypcrap OOHBIHINA HIEKTEY.
Op pecypc yIIiH k
Zieactive(t) Xij (t) “Tik < Cjk’ Vj, Vk.
Onpna CPU yiH,
Zieactive(t) Xij (t) ' aj(t) < CjCPU' vj.
Onpa [3, 7] enOekrepiHeH ailblpMalIbUIbIFBl peTiHne yHuBepcuTeTTiH BBOO-ceiHa (OyiiTKa
OaFpITTaFaH OKY OpTachlHAa) KaTBICThl KayiNCI3JIK IIEKTEYylH €Hri3eMi3 (KaTaH HeMece »XYMCaK
TOCLN).
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Karan Tocin

AMBITITYJT caTyMeH KYMCaK TOCLI
%3 () - max(0, R;(t) — S;) = 0.

ConbiMen Karap, yHuBepcuTerTiH BBOO-cbiHma TyHiHAepAiH €H TOMEHI1 pyKcaT eTiJieTiH
KOpFally JCHTeiiH Oenriieyre 0omaibl.:
S; = Smin-
Onpa MakcaTThl QYHKIUSHBIH €Ki HYCKAaChIH KapacThIPaMbl3.
1-nycka — exi kputepuiini ecen (yHuBepcuteTTiH BBOO-chiHaFel aknapaTTHIK Kayinci3aik meH
Kap Kbl YHEMIUIITIH KaTap €CKepy).

min{zyzl yl(t) +A- Zi,j xl-j(t) ' max(O, Rl(t) - S])},

MYHJaFbl OlpiHII KOCBUIFBIII — yHUBEepcUTETTIH BBOO-chIH1a naiijaaHblIFaH cepBepiiep CaHbl
(pecypcThIK THIMILUTNIK), all eKiHIII KOCBUIFBIII — KAYIINCi3AiK TaJaNnTapblHBIH OY3bUTYHl YIIiH
CaJIBIHATBIH albIIIYJIIap COMACHL.

2 HYCKa-eJIIICHI'eH KPUTEPHILIIK TYPICHAIPY

min{p - Z yi() + (1= B) Z x5 () - max(0, Ri(t) = 5))
j i,j

MYHJAFbI B-Kayinci3iKNeH CalbICTRIPFanaa THIMAUTIKTIH MaHbBI3ABUIBIK TOPEXKeCi.

Conan keiiin 013 M(t) TomeHT1 OaFachlH €CenTemis.

[3, 7] enOextepinaeri cuskrel, yHuBepcuTeTTiH BBOO-ChIHIaFbl aKmapaTThIK KAyiNci3miK MeH
OHBIH MacIITa0TaTyblH KaMTaMachl3 €TETiH JKaHa iMIKi )KUBIHIApAbl €CKepe OTHIphIN, MapTtemio-
Tocc Garanay ofiCiH KEHEUTUIreH Typ/ie KOJIaHaAMBbI3!

a,(t) = {i € active(t)|a;(t) >Ccpy — a} — «ynken» BM;

az(t) = {ilCcpy — @ = a;(t) > 0,5 Cepy};
as;(t) ={il0,5- Cepy = a;(t) >al.

Conan keiiiH TOMEHT1 IIeKapaHbl Oarayiay YiiH 013 OChIHAAN TOYEIUTIKTI KOJITaHAMBI3!

M;(a,t) = |a;(t) + a, (D) |+
< Yicas @) — (Ci - laz(®] = Tiea, ai(t))>
+max| 0, .

Ck
HEMECC

My(a,t) = |ai () + ax (O)|+

+max| 0, as(t) — Z [Ck_Tai(t)| .

i€a2 (t)

Onpa conrbl Oaranay

M(t) = M M .
(t) (Zér[})?g(S]( 1 (al t)l 2 (al t))
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Conpnaii-ak, ynusepcuterTiH bBOO nuHamuKkanelk MacmrabTayblH eckepemi3. TuiciHiie, ey
YKOFaphI JKYKTeMeJep Ke3iHae Oaranay MyMKIH/IIT KeJleciiel *Ka3bliabl:

t* =arg max le-j(t) ~a;(t) ],
iLj
Mpeak = M(t").

Jduckyccus

byn xymeicta )KPH AP19678846 «Uudpnsik TpanchopMmamus >KarJaiblHAa >KOFapbl OKY
OPBIHAAPBIHBIH MH(PPAKYPBUIBIMBIH JAMBITY HET131HIE OKY MPOIECIH YHBIMAACTBHIPYIBIH THOPHUATI
OHE KAIIBIKTBIK HBICAHAAPBIHBIH THUIMAUITIH apTThIPy» TPAHTHI AsCBHIHAA KYPTi3UITeH 3epTTey
meHOepiHie YHUBEPCUTETTIK OpTaJa BUPTYaJbl KYMBIC OpbIHAApHl MHOPAKYPBUIBIMBIH XKY3€re
acpIpyFa OarbITTaJIFaH JKEKEMEHINIK OYJITThI BUPTyaJIM3alus KJIAacTepl YUIIH ecenTey TYHiHAepiHiH
OHTAMJIBI CaHBIH OarayiayJIbIH MaTEMATHKAIBIK MOJIEN d3ipiaeHin, ¢popManu3anusuianasl. bap [3, 7]
eHOCKTepAe KEeNTIpUIreH OYPBIHFBI TOCUIACPJEH €PEKIIeNiri — YChIHBIIFAH MOJICNbB/IIH YKaHAJIBIFbI
MBIHA/Ia: aJIFall PeT YHUBEPCUTETTIH OysiTKa OarbiTTanran oKy opraceiiarsl (BBOO) aknmapaTThik
Kayincizaik napamerpiepi eHrizingi. COHbIMEH KaTap, BUPTYalIbl MalIMHATIAP/bI OPHATACTHIPYIbI
MoJieNbaiey OapbhIChIHAA ecenTey TYWIHAEPIHIH KOpraylly JeHreili MeH BHPTyasgbl MallnHajap
TapanblHAaH KOWBUIATHIH KAyINCI3AiK TalanTapblHBIH CaHJBIK CHIAaTTaManapbl eHri3iigi. byn e3
Ke3erigae HakTbl yHuBepcuTeTTiH BBOO wuHGpaKypbUIBIMBIH KoOanay Ke3iHJe Kayilci3miKTiH
OKIMIITIK JKOHE TEeXHUKAJBIK aCIEKTIIEPiH ecKepyre MyMKiHIiK Oepeni. CoHaaii-ak )KyKTeMe MeH
KOpFaJly JICHI€HiHIH YaKbIT OOWBIHINA JTUHAMHUKACH eCKepiIi. SIFHM Makanaga OassHIaFaH MOJICTh
BBOO-na BupTyannpl MalIpHalIap TapamnblHAaH pecypcTapFa KOWBLIATBHIH CYPAHBICTBIH YaKbIT ©Te
©3repill OTHIPATHIH KYPBUIBIMBIH, COHIAW-aK OJIAPABIH aKMapaTThIK KAyIlNCi3MiKKe KOWBLIATHIH
TaJanTapblHbIH JUHAMUKAJIBIK ©3repy MYMKIHIITIH ecenke ananbl. Kiactep TyiliHAepiHiH KaXeTTi
CaHbIHA apHAJIFaH TOMEHT1 JKOHE KOFapFhI MeKTep KeHeiTiin, Mapremio - Tocc oxicin 6eliimaeyre
Heri3zieNireH JkaHa Oaramay (Gopmynanapsl YChIHBULABL. byn  Qopmynamap BUpTyalsl
MalIMHAJIAPJIBIH PECYPCTHIK KKETTUTKTEpI MEH (QU3MKAIBIK TYHIHACPAIH KOpFally ICHrehiHe
KOMBUIATBIH IEKTeyJepAl Oip me3riiae eckepyre MyMkiHik Oepexi. CoHaaii-aK yHUBEPCUTETTIH
BBOO-coinnarel BM-a1  opHanacTeIpyZblH KONKPUTEPHUIlIl OHTallaHIblpy ecebl ojJaH opi
JaMBITBUIBIM, cana (GyHKIUACH YChIHBLIABL. O 6ip Me3eTTe naiijanaHbuIaThlH GU3UKANIBIK TYHIHIED
CaHbIH a3alTy KpUTEPUIIH KoHE KOpFaly JACHIeHiHIH ColKec KelMeyl YUIH albInnysl KpUTepUiliH
KamTuel, Oy o3 keserinae bbOO mHGPaKyphUTBIMBIHBIH THIMIUIINT MEH KayilcCi3[iri apachiHaa
MKEM/I1 TeTe-TeH IIK OpHATyFa MyMKIHIIK Oepei.

Kanmel anraHga, YCHIHBUIFAH MOJETh aKMapaTThlK Kayincizgikke (AK) sxorapsl Tamamtap
KOMBUIATBIH KaFJaiiap/ia >KeKeMEHIL1K YHUBEPCUTETTIK OYITThI MacIITabTay MiHIETTEPIH LIENTyie
HEFYPJIbIM IO Opl ©3€KTI HOTHXKeJep allyFa MYMKIHAIK Oepeni >koHe KP yHuBepcuTeTTEpiHiH
KOpFaJlFaH OYJTTBIK OPTACBIHAAFBl pecypcTappl 0acKapyJblH 3UATKEPINIK KYHElIepiH CHUHTE3ICY
YILiH 0a3aJIbIK HEeri3 peTiH/e KOsl O0JIbIN TaObLIabl.

O3IpJICHTeH MaTeMaTHKAJIBIK MOEIBIl anmpoOanusuiay YIIH PEeCypCTBIK KOHE aKMapaTTHIK
Kayinci3aik (AK) TamantapbliH eckepe OThIPBII, YHUBEPCUTETTIH )KEKEMEHIIIK OYIThIH/Ia BUPTYaJIbl
MamuHaaap el (BM) opHaacTeipy 00#BIHIIIA MMUTAITUSIIBIK MOJICIIBIEY KYprizuial. Mozaens Python
OpTachIHJIA )KY3€Te aChIPBUIBII, CepBEpIIEp caHbl MmeKTeyi xkarnaitaarsl BBOO (OynTKa 6arbITTanFan
OKy OpTachl) MIEHOEpIHIE >KYKTEMEHI TapaTy MEH akMmapaTThIK KayilCi3[aiK TalanTapbIHbIH
OPBIHAATYBIH TaJIJayFa MYMKiHIIK Oepai. Hotwxkenep 1-cyperte KkepceTireH.

Cumynsiiust 6apbicbiHAa opKaiicbichl 100 mapTThl OipiliK KeJeMiHJEr1 ecenTey KyaTblHa KoHe
HaKThl Kopranmy aeHredine ue 10 ¢Qusukanmblk cepBeplieH TypaTblH OYIATTHIK HH(PaKYpBLUIBIM
KapacThIpbUIIBL S; € [0.6,1.0]. Bupryanasl MammHamapasiy canbl — 50 gen amsiaasl (N = 50),
onapzbIH opkaiiceickl CPU pecypcrapbIHbIH 0a3aibIK TYTHIHYBI OOMbIHIIA opTYpai (5-TeH 20 mapTTh
OipJIikKe JeHiHT1 Juana3oH/ia) KOHE OpHAJIACThIpy MIaTgopMachiHa KOMBLIATHIH JKEeKe Kayirci3aik
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JeHreii TamanTtapbiHa ue. YakbIT OoibiHmia T = 20 nmuckperti kamam kaOwuimanasr (OOYC
CepBEPJICPiHIH KYKTEME TUHAMUKACBIH SMYJISIUsIAY YIITiH).

Op0ip YakbITTHIK Kagama OapibIK BUPTyanasl MamtrnHagapasl (BM) cepBepiepre opHanacTepy
opekeTi opbiHAananbl. OpHaIacTRIPYABIH COTTI OOJybI Keliecl IapTTapAblH Oip YyaKbITTa
OpBIHJIATYbIHA OAJIaHBICTHI:

- cepsepae KomxetiMai CPU pecypcTapbIHBIH KETKUTIKTLIIIT;

- cepBepliH Kopraiy AeHreiinin BM-HiH Kayinci3aik tananTapbina colikecriri. BM S; = R;.

CepBepnepaid CPU XyKTeMeciHiH yakbIT boibiHIWE e3repyi

— Cepsep 0

Cepsep 1
— Cepsep 2
— Cepsep 3

— Cepsep 4
LN — CepBep 5
—— Cepsep 6

Cepsep 7
)4 —— Cepsep 8
- Cepsep 9
- Cepsep 9

I - " (] —.~ S s~ s O [

0.0 2.5 50 7.5 10.0 12.5 15.0 17.5 17.5
YaKbiT Kaaamsbl

Cypem 1. Yaxvim 6otivinuia BEOO ynusepcumeminiy cepsepiepin scykmeyoi mooenvoeyee apHalean
ecenmey 3KcnepumMeHminiy epaguei

Cumynsanust HoTwxkenepi 1-cyperre ap6ip cepBepiH yakbIT OoiibiHIIa CPU xykTemeci TypiHie
rpaduk TypiHae kepceruireH. Tanmay opramia OelCeHIUTIK Ke3eHAEpiHAe )KYKTEMEHIH cepBepiep
apachlHAa Oipkenki OesiHeTiHIH KepceTTi. AJ JKYKTEMEHIH Mep3iMJl HIapbhIKTay CoTTepi
YHUBEpCUTETTIH OyiTKa OarbiTTanraH oKy optackl (BBOO) nH(pakypbUIBIMBIHBIH CTaTHKAJIBIK
KOHUrypausachl SkarnaiblHAa OapiblK — TajantapAbl KaHaraTTaHABIPYJBIH  KYPJENUITiH
atraktaiipl. CepBepiepai KYKTeNy TopeKeCIHIAETT alKbIH albIPMAIIBUIBIKTAD OJapIbIH KOPFaIy
JieHreii GOMbIHIIA XKYPri3UITeH CY3rileyMeH TYCIHAipiIe .

Cumynsinust O6apbhICBIHIA pPEeCypcTap TaMIIbUIBIFBI MEH CEepBepJepre JereH CEHIM JeHTeHiHIH
KETKUTIKCI3MIT XKaraaiibiHga skyheHiH Oipkarap BM-ai opHamacTeipa anmaraHbl Tipkenai. Arar
anTkanna, mamamen 40 sxarmaiina BM-HIH opHalacThIpbUIMaybl OpBIH aljbl, Oy KeOiHece
Kayimnci3IiKKe KOFaphl Tanamn KosTeiH BM-aepain OyKin cuMysisiius 00ibl OpHaaCThIpbLIa aTMaFaH
YaKbBITTHIK KaJlaMJIapbIH/1a OalKas Ibl.

XKanmel anranga, KypriziireH CUMYJISIUS KEKEMEHIIIK YHUBEPCUTETTIK OYJIT apXUTEKTypachlH
)obanmay Ke3iHJe aKMapaTThIK KAyINCi3[iK TalanTapblH €CKEPYIH KaKETTUIITIH JNIeTACHII.
Makasaza YCHIHBUIFAH MOJEIb KOPCETKEHJEH, KOoprally JeHrediHe KOWBUIATBIH TajanTap.sl
eCKepMey ecemnrTey TYWIHIEpIHIH KaXeTT1 caHblH Oaranay Ke3iHJe pecypcTapblH >KapThlaail
KOJDKETIMc13 60y KaymiHe okenyl MyMkiH, TinTi CPU pecypcrapbl ¢opmansl Type >KeTKUTIKTI
OoJIFaH Jkarmania za.
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KopsbIThIHABI

KPH AP19678846 «lludprabik Tpanchopmaius >KaraalblHIA XOFaphl OKY OPBIHIAPBIHBIH
MH(PaKYPBUIBIMBIH TAMBITY HETi31H/IE OKY MPOIECIH YUBIMIACTHIPY ABIH THOPHITI HKOHE KAIIBIKTHIK
HBICAaHJAPBIHBIH THIMJAUIITIH apTTBIPY» asIChIHIAa YHUBEPCUTETTIH OYITKAa OaFbITTaFaH OKY
optaceiablH (BBOO) TexHHMKaNbIK MIEKTeylepli MEH akmaparThlK Kayincizaik (AK) Tamanrapsia
€CKepe OTBIPHII, KEKEMEHIINK YHUBEPCUTETTIK BUPTyaIH3allis OYJITBIHIAFbI €CeNTey TYHIHACPIHIH
OHTAIBI CaHbIH OarajiayFa apHAIFaH MAaTEeMAaTUKAIBIK MOJIEIb 931 pICH/II.

KonpganpicTarsl TociiepAeH albIpMaIIbUIBIFRL, YChIHBUIFAaH Mojenb BBOO  cepBepiepinin
CEHIMJITIK JICHreliH J>KOHE BHUPTya//Ibl MAaIllMHAJAPABIH KAYIlCI3IiK TaJllallTapblH ECKepyre
MYMKIHIIK Oepeni. by aknmaparteik Kayincizgik (AK) Toyekenaepin ¢opmanu3anusiian, oxapabl
MakcaTThl PYHKIMS KypaMblHa KOCYyFa 0 amabl. COHbIH HOTHXKECIH/IE PECYPCTHIK THIMALTIK IeH
yauBepcuteTTik BBOO Kayinci3miri apacklHIa Temne-TeHIIK OpHaTyra OarbiTTanraH BM-mepmi
OPHAJIACTHIPYABIH KOTIKPUTEPUIAJII OHTAMIAHIBIPY €CeO1H Kypy MYMKiH OOJIIbI.

Python Garmapnamanay optaceiga >xypriziiren cumymsanus AK ¢axropnapein enemey keibdip
BM-gnepai opHanacTeipa aiMayfa OKEJETIHIH KOpCETTi, TINTI KIACTepIiH JKajlbl ecenTey KyaTbl
KETKUTIKTI  OOJIBINT  KOPIHTeH JKaFdaiia Ja. byl HOTWXKeNep YHHBEPCUTETTIH OYJITTHIK
MH(PaKypBUIBIMBIH JKOCTIapJIay KOHE MacIITa0Tay MOJIENIb/IEpiHE aKMapaTThIK Kayilci3aiK cascaTblH
KipIKTipyAiH ©3€KTUIIrH pacTaibl.

bi3 o3ipieHreH Mojenb akmapaTThK KayillCi3liK TalanTapblH €CKepe OTBIPHIN, >KYKTEMEH1
OeliMIenTeH Typle TEHrepyre OarbITTaiFaH OuriM Oepy callachIHAAFbl MHTEIUICKTYaJAbl OYITTHI
Oackapy xyienepiH xobanayra Heri3 0oJia ajajbl el ecenTenmis.

AJIFbIC

Byn 3eprrey makanacel Kazakcran PecnyOnmkace! biim jkoHE FBUIBIM MUHHUCTPIIITiHIH FhUTBIM
KOMUTETI  KapxpuiaHabipatelH  «{udpnelk  TpaHnchopmamus >karnablHIA JKOFaphl  OKY
OPBIHAAPBIHBIH MH(PAKYPBUIBIMBIH AAMBITY HETi31HJ€ OKY MPOILECIH YHBIMIACTHIPYIbIH THOPHITI
KOHE KalIBbIKTHIK HBICAHAApBIHBIH THIMAUIITIH apTThipy» (UPH AP19678846) xo0achl asceiHaa
OPBIHJIAJIJIBI.
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THE APPLICATION OF METAHEURISTIC METHODS FOR OPTIMIZATION OF
DISTRIBUTED IT SYSTEMS

Abstract

This paper examines task distribution optimization methods in IT systems using metaheuristic algorithms
such as Genetic Algorithm (GA), Particle Swarm Optimization (PSO), and Ant Colony Optimization (ACO).
The study explores their applicability to solve complex problems in modern IT environments, where traditional
methods fail to efficiently process large data volumes or provide the required accuracy. The research focuses
on IT systems that need optimal allocation of computational and human resources to enhance performance and
reduce costs. Mathematical models for dynamic optimization are developed, considering parameters such as
cost, time, and quality of task execution. A comparative analysis of the three methods (GA, PSO, ACO)
showed that each has its strengths and weaknesses in the context of optimization tasks: GA is most effective
in terms of time but with higher costs, while PSO and ACO deliver better results in quality with lower time
and memory costs. The practical value of the research lies in the potential application of the proposed methods
for automating resource management processes in IT, significantly improving operational efficiency and
reducing costs. The scientific value of the work is in expanding theoretical approaches to using metaheuristic
methods to solve optimization problems in IT services and project management.

Keywords: task distribution optimization, metaheuristic methods, genetic algorithm, particle swarm
optimization, ant colony optimization, IT systems, resource allocation, dynamic programming.
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2 On-Dapabu ateiHnarel Kazak ¥ITTHIK yHUBEpCcHUTETI, AJMaThI K., KasakcTan
3 AIMaThl TEXHOJIOTHSUIBIK YHHBEPCUTETI, AnMarsl K., Kazakcran
TAPATBUIFAH IT )KYHEJIEPIH TUIMALJIEY YIIIH METADBPUCTHUKAJIBIK OICTEP/II
KOJIJAHY

Anoamna

Byn makanama TarceipManapapl Oeily IpOLECiH OHTAWIAHABIPY YIIIH TeHeTHKaNbIK anroputMm (GA),
Oemmexrep poiisl (PSO) sxoHe Kymbipcka kononusAck (ACO) cexingi MeTa3BPUCTUKANIBIK 9icTepIi KOJIAaHy
KapacThIpbuIafibl. 3epTTey 3amManayu [T skyiienepinnie yiakeH KeJeM/Ieri IepeKTepMeH THIM/II dKYMBIC icTeyre
JKOHE KAKETTI MONIIKTI KaMTaMachl3 €TYre IOCTYPIi TocUIAep JKEeTKUTIKCi3 OoNaThIH jKarmaiiapia OChI
omicTepaiH KoigaHOamsl MYMKIHAIKTEpiH 3epTTeiini. JKyMbIc pecypcTapibl — ecenTey KyaTblH JKOHE alaMu
pecypcTapabl — OHTAWJBl YJECTIpY apKbUIbl OHIMATIKTI apTThIpy MEH HIBIFBIHAAPIBI a3aiiTy MocelleciHe
OarpITTaFaH. Y akbIT, IIBIFBIH )KOHE OPBIH/IAY CAIaChl CUSIKTHI TapaMeTPIIepIi €CKEPEe OTHIPHII, TUHAMUKAIIBIK
OHTaWIaHJBIPyFa apHalFaH MaTeMaTUKaIbIK MOJeNnbaep skacanmbl. Y oxmictiH (GA, PSO, ACO)
CAITBICTBIPMATBI TaJJIAybl OJIAPJIBIH OpPKANHCHICHIHBIH HAKThI Kariainapra OalNIaHBICTBI KYIITI YKOHE JICi3
yKakTapbiH kepceTTi: GA KbU1IaMIbIK OOHbIHIIA THIMZL, OipaK IIbIFbIHAAPHI sx0oFaphl; a1 PSO men ACO cama
TYPFBICBIHAH KaKChl HOTHXE Oepil, yakbIT IEH >KaJ PecypcTapblH YHeMAeHai. 3epTTeydiH MPaKTUKAIBIK
KyHaeuibirbl — IT sxyienepinge pecypcrapisl Oackapy HpOLECiH aBTOMATTaHIBIPY apKbUIbI ONEPaLUSUIBIK
THIMJUTIKTI  apTTHIPBIN, [IBIFBIHAAPABI  a3aiTyFa MyMKIHIIK Oepyinge. FBUIBIME  KYHABUIBIFBI —
METa’BPUCTUKANBIK dicTepai [T kpi3meTTepl MeH xo0anapisl OacKapyaarbl OHTAHIaHIBIPY Maceeepine
KOJIIaHyIbIH TEOPHUSIIBIK HETi31H KeHEUTYiH/Ie.

Tyiiin ce3aep: Tanceipmanapapl 061y, METadBPUCTUKAIBIK dJIiCTEp, TEHETUKANIBIK alrOpUTM, OoIIeKTep
PpOsIChl, KYMbIpCKa KostoHusIChI, [T xyitenepi, pecypcrapabl 0oy, TMHAMHUKAIIBIK Oaraapiamaay.
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" MesxmyHapoaHblii yHHBEPCUTET HHPOPMAIIMOHHBIX TEXHOJIOT U, I. AnMaTsl, Kazaxcran
2 Ka3axCKMil HallMOHANIBHBIA YHUBEPCHUTET UM. anb-Dapabdu, r. Anmarsl, Kazaxcran
3 AIMaTUHCKHI TEXHOIOTHYIECKHI YHUBEPCHUTET, T. Anmartsl, Kazaxcran
NPUMEHEHHUE METASBPUCTHYECKUX METOJ0B JJIS1 OITUMU3ALINN
PACITPEJAEJIEHHBIX IT-CUCTEM

Annomayus

B crarbe paccmaTpuBarOTCSs METOABl ONTUMHU3AIMK pacmpeaesneHuss 3amad B [T-cucremax ¢
HCIIOJIb30BAaHUEM METa3BPUCTHUECKUX aITOPUTMOB, TAKUX Kak reHeTndeckuil anroputm (GA), alnroputm pos
yactull (PSO) u anroput™m kononun mypaBbés (ACO). MccnenoBanue HanpaBiIeHO HA aHAIW3 IPUMEHUMOCTH
3THUX aJTOPUTMOB JJISl PEIICHHsSI CIIOKHBIX 3a7a4 B COBpeMeHHbIX [ T-cpenax, rae TpaauiMoHHbIe METOIbI He
00ecTeYnBaloT HEOOXOJMMOM TOYHOCTH HJIM CKOPOCTH 00pabOoTKH OombmMx 00bEMOB NaHHBIX. OCHOBHOE
BHUMAaHUE YJAEICHO cHcTeMaM, TpeOyomuM 3(Q(EeKTUBHOTO paclpelesieHus BBIYUCIUTENbHBIX U
YeIIOBEYECKUX PECYPCOB C IEJBIO TOBBIIMIEHNUS MPOU3BOAUTEIFHOCTH M CHIDKEHUS m3epkek. PaspaboTanbl
MaTeMaTHYECKHE MOIETH THHAMHYECKOH ONTUMH3AINHA C YIETOM TaKNX MapaMeTpOB, KaK CTOUMOCTD, BpeMs
W Ka4yecTBO BBIMIONHEHUs 3a1a4. CpaBHHUTENBHBIA aHAIM3 MOKa3ajl, YTO Kbl U3 aJrOpUTMOB 00JagaeT
cBouMU nipeumytiecTBaMu: GA Goee 3 GeKTHBEH 10 BpeMeHH, HO TpeOyeT OOJBIINX 3aTpaT, B TO BpeMs Kak
PSO u ACO obecrieunBaioT BEICOKOE KaueCTBO MPH MEHBIINX BPEMEHHBIX M BBEIUHCIHTEIHHBIX MU3IACPIKKAX.
[IpakTrdeckas 3HAYMMOCTH pabOTHI 3aKIFOUACTCS B BOZMOXHOCTH PUMEHEHHS IPEITI0KEHHBIX METOIOB IS
ABTOMATH3allMU TIPOIIECCOB yIpaBiieHus pecypcamu B IT, dYTO CIOCOOCTBYET pOCTY OIEpaliMOHHON
3((HEeKTUBHOCTH M CHIKEHHIO pacxooB. HaydHas 1IeHHOCTh 3aKIFOYaeTCs B PACIIMPEHUH TEOPETUIECKIX
MTOIXOJIOB K IPUMEHEHUIO METaBPUCTUIECKIX METOJIOB B PEIICHUH 3a]]a4 ONITUMU3AINK B oomactu [T-ycmyr
U YTIpaBJICHUS TIPOEKTaMH.

KiaioueBble cji0oBa: ONTHMHU3ANUS PACTpPEICICHHS 3a/1a4, METa’BPUCTHUYECKAE METOIbI, TeHETHIECKUN
QITOPUTM, ANTOPUTM POS YACTHI, aJTOPUTM KOJIOHHM MYpaBbEB, IT-cucTemsbl, pacmpenenenne pecypcos,
JTUHAMHYECKOE MPOrpaMMHUpPOBaHHE.

Introduction

In recent decades, information technologies (IT) have significantly transformed approaches to
solving a wide range of problems across various fields, from business to science. Modern IT systems
encompass distributed computing environments, cloud infrastructures, big data management systems,
and many other complex components that require effective resource management. These systems
often involve problems classified as NP-hard, making them difficult to solve using traditional
optimization methods such as exact algorithms and linear programming. With the growing
complexity and scalability of these systems, there is a need to develop more flexible and efficient
methods to solve optimization problems that can account for dynamic changes and handle large
volumes of data. One of the key challenges is optimizing resource allocation, load balancing, task
scheduling, and query routing in IT systems, all of which directly impact the performance and
efficiency of the entire infrastructure. However, traditional approaches based on deterministic
methods are unable to effectively cope with the scalability and complexity of these tasks. In such
conditions, metaheuristic methods, such as genetic algorithms, particle swarm optimization (PSO),
and ant colony optimization (ACO), have become essential tools for solving optimization problems
in IT systems. These methods allow for finding approximate solutions that, although not absolutely
optimal, can significantly improve system performance in real-world conditions. The relevance of
this research is due to the fact that optimization problems in IT systems, including tasks related to
dynamic resource allocation and routing, are becoming increasingly complex due to the growing load
and scalability of modern infrastructures. Traditional problem-solving methods are unable to cope
with the increasing complexity and data volume, making it impossible to effectively solve these tasks
in real-time. Metaheuristic approaches, such as genetic algorithms, PSO, and ACO, offer significant
advantages in finding approximate solutions, leading to improved performance in conditions of high
uncertainty and dynamism. The aim of this study is to explore and implement metaheuristic methods
for solving optimization problems in large-scale IT systems. Specifically, the research focuses on
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analyzing the application of genetic algorithms, particle swarm optimization, and ant colony
optimization to tasks such as load balancing, computational task distribution, and query routing in
distributed IT systems. It is expected that the use of these methods will significantly improve system
efficiency by optimizing resource allocation, minimizing response time, and enhancing overall
performance.

Literature review

This literature review examines various mathematical models and optimization methods applied
to technological and IT systems, emphasizing their vital role in enhancing productivity, cost-
efficiency, and task allocation under specific conditions. Studies have developed cyclic task
distribution models that account for workload and stochastic parameters, with IT system operations
modeled as queuing systems to ensure adaptive multi-criteria allocation that balances cost, time, and
quality [1]. Research underscores the importance of mathematical models in IT system design and
optimization, highlighting tools such as Fuzzy Logic Controllers and Coverage Path Planning
algorithms used in robotic applications [2]. Resource allocation methods, based on linear
programming and algorithmic algebra, are also explored, with prototypes developed for efficient IT
resource distribution [3]. Optimization models for multi-channel service systems, which consider
financial, time, and quality objectives, utilize utility functions for effective work package distribution
[4]. The challenge of resource allocation in IT management is addressed, with a focus on optimal
resource use and human resource modeling through combinatorial optimization techniques [5, 6].
Machine learning algorithms are employed for task classification and distribution, reducing
workloads for key personnel in IT teams [7]. Queuing theory and Markov chains contribute to the
optimization of information resource distribution across storage nodes, enhancing timeliness and
security [8]. Dynamic project management models based on network graphs are developed for
complex task planning in IT companies [9]. Functional network tools and linear programming are
applied to distribute digital control functions in IT outsourcing, improving decision support systems
[10]. Distributed information systems are optimized using integer programming, with a focus on data
distribution across nodes [11]. Network Function Virtualization is used to deploy Service Function
Chains, optimizing service request processing [12]. Artificial Intelligence tools and Petri nets are
applied to model mass service enterprise operations, providing efficient management of information
flows [13]. Bi-objective nonlinear integer programming models are proposed for flow shop
scheduling, aimed at minimizing delays and workload imbalances [14]. Work management servers
are utilized to enhance task allocation and performance assessment [15]. Empirically driven multi-
criteria models are developed to improve task distribution in global software projects, addressing
workforce capabilities and innovation [16]. Casual econometric models support long-term national
industry development, highlighting the need for accurate and adaptable models under high uncertainty
[17]. Finally, dynamic multi-criteria optimization models for IT project management are proposed,
focusing on human resource distribution and practical implementation challenges [18]. This
comprehensive review highlights the diverse applications of mathematical modeling in optimizing IT
operations and project management, laying the groundwork for future research and practical
advancements in the field.

Research methodology

Efficient work distribution in IT services relies on robust mathematical models that optimize task
allocation, resource management, and performance metrics. This section outlines fundamental
models applied in IT service optimization.

The assignment problem is a classical combinatorial optimization model used to allocate IT
specialists to tasks while minimizing cost or maximizing efficiency. It can be formulated as:

m
Z CijXij, @Y

n
i=1 j=1
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subject to:

m
xij = 1,2 xij = 1,xl-j € {0,1} (2)
j=1

n
i=1

Where cjj represents the cost of assigning a specialist ii to task j, and xjj is a binary decision variable
indicating whether the assignment occurs. The Hungarian algorithm is commonly used for solving
this problem efficiently.

Optimization tasks in large IT systems, especially under conditions of high complexity and
scalability, often prove to be NP-hard. NP (Non-deterministic Polynomial time) refers to a class of
problems for which the solution can be verified in polynomial time relative to the size of the input
data, but finding the solution may require exponential time. Problems belonging to the NP-hard class
can be too complex for traditional solution methods, especially as the volume of input data increases.
This makes traditional algorithms unsuitable for efficiently searching for solutions to such problems.
This implies that finding an optimal solution for such tasks may be computationally infeasible using
classical methods, making them extremely difficult to solve as data volumes grow. In such cases,
heuristic and metaheuristic methods come to the rescue, significantly accelerating the process of
finding approximate solutions applied in real-world conditions. Let's explore three of the most
popular metaheuristic methods actively used for optimizing IT systems.

Given the NP-hard nature of large-scale IT optimization problems, heuristic and metaheuristic
methods are often employed:

- Genetic Algorithms (GA): Applied for dynamic load balancing in cloud computing.

- Particle Swarm Optimization (PSO): Used for task scheduling in distributed IT environments.

- Ant Colony Optimization (ACO): effective for optimizing service request routing in decentralized
IT infrastructures.

Genetic algorithms (GA) are based on the principles of natural selection and genetic evolution,
making them a powerful tool for solving problems where it is important to optimize a large number
of possible solutions while considering many factors. In the context of IT systems, GA is used for
dynamic load balancing, distributing computational resources, and other tasks related to system
performance optimization. A genetic algorithm begins by creating an initial population of random
solutions. Then, over several generations, a process of selection, crossover, and mutation occurs,
allowing for more optimal solutions to be found. Each element of the population is evaluated using a
fitness function, which determines how effective each solution is in the current iteration. This process
is repeated, improving the quality of the solution over several generations.

Particle Swarm Optimization (PSO) is a metaheuristic method based on observing the behavior of
a flock of birds or a school of fish, where each particle represents a possible solution to the problem.
The PSO algorithm models the collective behavior of particles, each of which moves through the
search space, updating its position based on its own achievements and the achievements of other
particles in the swarm. PSO is widely used in tasks such as distributing computational tasks across
servers in distributed IT systems. This algorithm is effective in multi-task environments where
optimal solutions must be found for several interrelated parameters, such as minimizing execution
time or maximizing overall performance. PSO converges quickly to a good solution and is a suitable
tool for problems requiring the optimization of multiple variables.

Ant Colony Optimization (ACO) is based on the behavior of real ants searching for the shortest
path to a food source, leaving pheromones along the way. During the algorithm's operation, more
effective paths receive more pheromones, which encourages further exploration of those paths, while
less effective paths lose pheromones and eventually disappear. In IT systems, ACO is used for
optimizing request routing in distributed and decentralized infrastructures. This can include
optimizing data transmission routes or distributing service requests across servers in multi-server
systems. The algorithm allows for finding solutions that minimize response time and system load
while effectively balancing the exploration of new solutions with the use of already discovered paths.
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Metaheuristic methods such as genetic algorithms, particle swarm optimization, and ant colony
optimization provide powerful tools for solving complex optimization problems in IT systems. These
methods are particularly useful when traditional algorithms are unable to effectively solve problems
due to their high complexity. Each of these methods has its own characteristics and is applied to
various types of problems such as load balancing, computational task distribution, and request
routing. In the context of NP-hardness, where exact solutions may be computationally infeasible,
metaheuristic methods enable significant results by minimizing computation time and improving
system efficiency. Each of these models contributes to improving IT service efficiency, reducing
operational costs, and enhancing system reliability. The choice of the appropriate model depends on
the complexity of the IT environment and the optimization criteria.

Model Formulation
Let us define the problem as follows:
— N -—setoftasks {1, 2, ..., N} M - set of workers {1, 2, ..., M}

— tjj — time required for worker j to complete task i.  ¢jj — cost of worker j performing task i.
- Xjj — binary decision variable:

v = {1, if task i is assigned to worker j; 3)
U710, otherwise.
Constraints
Each task is assigned to exactly one worker:
M
injzl,ViEN. (4)
j=1
Workers have limited available time T;:
N
Z tijxij ST],V]EM (5)
i=1

The objective is to minimize the total cost:
N
=1

M
min z Cijxij. (6)

j=1

l

If a nonzero feasible solution exists for the dual problem, then the primal problem has a bounded
optimal solution. We will now consider a more complex IT task distribution problem, where multiple
project tasks need to be assigned to IT specialists while minimizing the cost and respecting constraints
on workload and specialization.

Task Statement

In large-scale IT systems, optimization problems often arise in scenarios such as load balancing,
task scheduling, resource allocation, and routing of requests. These problems tend to be NP-hard,
meaning that finding the optimal solution can be computationally infeasible due to their inherent
complexity. Traditional algorithms often struggle to find feasible solutions in a reasonable amount of
time, especially when dealing with large volumes of data and highly dynamic environments.

Given this context, the challenge is to develop efficient methods for solving optimization problems
in IT systems, particularly when faced with the following conditions:

1. Scalability: The system's size increases, both in terms of the number of tasks, resources, and
users.

2. Dynamic Nature: The system experiences frequent changes, such as fluctuating workloads, new
resource requirements, and changing network conditions.
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3. Complexity: The relationships between various components of the system are complex, and
traditional methods fail to provide efficient solutions in the time frame required.

The objective is to explore and implement metaheuristic approaches such as Genetic Algorithms
(GA), Particle Swarm Optimization (PSO), and Ant Colony Optimization (ACO) to address these
optimization problems. These approaches should efficiently find approximate solutions that balance
performance (such as minimizing time, cost, or load) while handling the system's dynamic and
complex nature.

Specifically, the following subproblems are of interest:

1. Load Balancing: Efficiently distribute tasks or requests across available servers or resources to
avoid overload and ensure fair resource utilization.

2. Task Scheduling: Optimize the allocation of tasks to resources, ensuring minimal completion
time while respecting constraints (e.g., deadlines, capacity).

3. Routing: Minimize response time and system load by optimizing the routing of requests, data
packets, or service requests in a decentralized or distributed environment.

By applying metaheuristic methods, the aim is to significantly reduce the time complexity of
finding near-optimal solutions, making it feasible to address large-scale IT optimization problems
within practical time constraints.

Input Parameters and Data

For the implementation and evaluation of optimization algorithms (Genetic Algorithm, Particle
Swarm Optimization, and Ant Colony Optimization) applied to the task of work distribution between
workers in the IT services field, the following input parameters were used:

Number of Tasks (num_tasks): the task allocation involves distributing 10 individual tasks among
workers. Each task corresponds to a specific job that must be assigned to one of the available workers.

Number of Workers (num_workers): the distribution of tasks is performed among 5 workers, with
the flexibility for each worker to be assigned multiple tasks if needed.

Cost Matrix (cost_matrix): a randomly generated cost matrix of size 10 x 5 was used to model the
cost of task execution. Each entry in the matrix, cost_matrix[i][j], indicates the cost of assigning task
i to worker j. These costs could represent various factors such as execution time, resource
consumption, or other relevant metrics in the optimization problem.

Relevant metrics in the optimization problem are summarized in Table 1, which presents the key
algorithm parameters used in the Genetic Algorithm (GA) to ensure solution quality and
computational efficiency. Table 1 provides an overview of the Genetic Algorithm parameters applied
in the optimization process.

Algorithm Parameters

Table 1. Genetic Algorithm (GA)

Parameter Description Value
Population Size The number of individuals in the population. 50
Number of Generations The number of generations to evolve. 100
Mutation and Crossover | Standard mutation and crossover operators applied. | Default operators

The main control parameters of the Particle Swarm Optimization (PSO) algorithm used in the
optimization process are summarized in Table 2. These parameters determine the balance between
exploration and exploitation and directly influence convergence behavior.

Table 2. Particle Swarm Optimization (PSO)

Parameter Description Value
Number of Particles The number of particles in the swarm. 30
Number of Generations | The number of iterations (generations) of the algorithm. 100
Inertia Coefficient The weight of the previous velocity of particles. 0.7
Acceleration Coefficients | The influence of the cognitive and social components. 1.5 for both
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The key control parameters of the Ant Colony Optimization (ACO) algorithm employed in the
optimization model are presented in Table 3. These parameters regulate pheromone updating, path
exploration, and convergence stability.

Table 3. Ant Colony Optimization (ACO)

Parameter Description Value
Number of Ants The number of ants (agents) searching for the solution. 20
Number of Generations The number of iterations (generations) of the algorithm. 100
Alpha (Pheromone Influence) | The influence of pheromone in the decision-making ]
process.
Beta (Cost Influence) The influence of task cost in the decision-making process. 2
Rho (Pheromone Evaporation | The rate at which pheromones evaporate. 0.1
Rate) '

Results of the study

Python was chosen for implementing the optimization algorithms due to its simplicity, availability
of powerful libraries, and ease of development. The language offers a rich ecosystem of tools such as
NumPy for array and matrix operations, SciPy for numerical methods, Pandas for data handling, and
Matplotlib for result visualization. Specialized frameworks like DEAP for genetic algorithms,
PySwarm for particle swarm optimization, and ACO-Pants for ant colony optimization were used to
efficiently implement metaheuristic algorithms. These libraries accelerate development and testing,
enabling a focus on solving the task and comparing different methods. This diagram (Fig.1) illustrates
the comparative effectiveness of the algorithms (GA, PSO, ACO) in terms of minimizing the cost of
task distribution among workers.

Comparlsan Summary:
GA Cost: 5.06408246174915, PSO Cost: 1.2148090521164736, ACO Cost: 1.2148090521164736
GA Time: $.@191c, PSO Time: ©.8437s, ACO Time: ©.2186s

GA Memary: 212992 bytes, PSO Mewory: 32768 bytes, ACO Memory: 16384 hytes

Comparisan of Algorithm Costs

] Fraa]

Agenthm

Figure 1. Comparison of algorithm Costs

The cost is calculated as the total execution cost for each worker. An algorithm with the lowest
cost is considered more efficient in terms of task allocation quality. This metric is crucial for
evaluating the optimality of solutions in distributed systems. This diagram (Fig. 2) shows the time
each algorithm takes to solve the task.
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Comparison of Algorithm Execution Times
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Figure 2. Comparison of algorithm execution times

Execution time is a critical performance indicator, especially when dealing with large datasets or
real-time constraints. Algorithms with shorter execution times are preferable for tasks with strict time
limitations. This diagram helps in selecting the fastest algorithm for solving time-sensitive tasks. This
diagram (Fig. 3) demonstrates the memory efficiency of the algorithms.

Memory Usage Comparison

—a— GA

35000 - *— PSO
—e— ACO
. 30000 -
%
2
=
&' 25000 -
@
Y
2
3 20000 4
oy
2
§ 15000 4 e
=
10000 - \\; = .,,»-t——J
5000
2 4 6 8 10

Number of Tasks

Figure 3. Comparison of memory usage

It measures the difference in memory usage before and after the algorithm's execution. Lower
memory usage indicates better resource management, which is particularly important when working
with limited computational resources. In scenarios involving large datasets or memory constraints,
algorithms with lower memory consumption may be preferred.

The Genetic Algorithm (GA) may have higher execution time due to its complexity and the number
of operations involved in managing the population, especially when the number of tasks increases.
PSO (Particle Swarm Optimization) is typically more time-efficient for tasks with multiple
parameters, as it uses a simpler logic for updating the states of particles. ACO (Ant Colony
Optimization) exhibits unique behaviour that can be beneficial for distribution-related tasks, but it
also tends to require more time and memory, depending on the complexity of the pheromone updating
process. In the Ant Colony Optimization (ACO) algorithm Fig.4, pheromone values are initially set
to 1, and each "ant" constructs a solution by selecting workers for tasks based on pheromone levels,
with higher pheromone levels guiding more favourable paths.
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def ant_colony_optimization{tasks, workers):
nus_ants = 5@
nus_tasks = len(tasks)
nax_iter = 180
alpha = 1
beta = 2
evaporation_rate = ¢.5
pharomone = np.onesl{num_tasks, lenlworkers)))

for iteration in range(max_iter):
solutions =
for _ in range(num_ants):
solution =
for task in range(num_tasks):
distances = np.abs(np.array(workers) - tasks|task])
distances = np.nmaximun(distances, 1e-6) # Aveid division by zero
probabilities = pheronone[task] s+ alpha = (1 / distances) == beta
probabilities = probabilities / probabilities.sum{}

# Mondle NaN probabilities
probabilities = np.nan_to_num(probabilities, nan=le-6)

chosen_worker = np.random.choicellen(workers), peprobabilities)
solution. append(chosen_worker)
solutions.append(solution)

pheromone += (1 - eveporation_rate)

for solution in solutions:
cost = np.sum{np.abs(np.array(workers) [solution] - tasks))
for tack, worker in anumerate(salution):

pheronone [task, worker] += 1 / cost
best_solution = minisolutions, key=lambda sol: np.sum(np.abs(np.array(workers)[soll - tasksi))
return np.suminp.absinp.array{workers) [best_solution] - tasks))

Figure 4. An Ant Colony Optimization (ACO) algorithm code

After constructing a solution, the algorithm calculates its fitness, typically a measure of cost or
efficiency. After each iteration, pheromone values are updated according to the quality of the
solutions; better solutions reinforce stronger pheromone trails, promoting the exploration of optimal
paths. This process balances exploration and exploitation to find the best solution over multiple
generations. Based on the comparison table 4, PSO and ACO exhibit the lowest cost and memory
usage, making them more efficient for resource-constrained environments, with PSO slightly
outperforming ACO in execution time.

Table 4. Comparison of Optimization Algorithms: GA, PSO, and ACO

. . . PSO (Particle Swarm ACO (Ant Colon
Metric GA (Genetic Algorithm) Optimization) Optimization) v
Cost 5.96 1.21 1.21
Execution Time 0.0192s 0.0437s 0.2186s
Memory Usage 212,992 bytes 32,768 bytes 16,384 bytes
Strengths Fast execution time, Good convergence in Effective in multi-path
robust for diverse high-dimensional spaces, | and distributed systems,
solutions, good for large | less prone to local good for routing
populations minima problems
Weaknesses Higher memory usage, Slower than GA in some | Slower than GA,
potentially slower with cases, may get stuck in memory-intensive with
larger population sizes local optima more iterations
Use Case Large-scale task Distributed computing or | Systems requiring
distribution with complex | systems with many optimal routing or
constraints variables pathfinding in dynamic
environments
Overall Efficiency | Least efficient in terms of | Best balance between Efficient in routing but
cost and memory usage cost and memory more memory-intensive
than PSO

However, GA offers faster execution in some cases, albeit at a higher memory cost, which may
limit its scalability in large systems. Overall, PSO strikes the best balance between cost, time, and
memory usage, while ACO excels in pathfinding tasks, and GA is effective in situations requiring
fast solutions with moderate resource requirements.

Discussion
In this study, a comparative analysis of three metaheuristic algorithms — Genetic Algorithm (GA),
Particle Swarm Optimization (PSO), and Ant Colony Optimization (ACO) — was conducted for the
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optimization of distributed IT systems. The results indicate that GA provides faster execution but at
the cost of higher resource consumption and reduced accuracy. PSO and ACO, on the other hand,
deliver better solution quality with lower time and memory requirements, making them more suitable
in uncertain and resource-constrained environments. These findings align with previous research
highlighting the effectiveness of PSO and ACO in dynamic and multi-variable conditions [3]. The
relevance of hybrid approaches that combine the strengths of different algorithms is also
supported [11, 13]. Thus, this study confirms the high practical value of metaheuristic methods for
IT resource management. The outcomes provide a foundation for future research into adaptive and
multi-objective optimization models, incorporating additional parameters such as energy efficiency,
scalability, and fault tolerance. The perspectives of this study lie in the further development and
integration of metaheuristic methods for optimizing IT service management, specifically task
allocation in dynamic environments. By incorporating the latest advancements in machine learning
and hybrid optimization algorithms, future research can explore more adaptive and robust models,
addressing scalability and real-time optimization challenges. Unlike previous works that focus
primarily on specific optimization techniques or theoretical models, this study emphasizes the
application of a multi-method approach, combining GA, PSO, and ACO, to provide a more
comprehensive and adaptable solution for real-world IT systems. This approach not only enhances
task distribution efficiency but also facilitates better decision-making in environments with uncertain
parameters and fluctuating workloads. Additionally, the integration of stochastic elements and
combinatorial optimization sets this work apart from earlier studies, pushing the boundaries of
optimization in complex IT operations.

Conclusion

This study demonstrates the effectiveness of metaheuristic algorithms — Genetic Algorithm (GA),
Particle Swarm Optimization (PSO), and Ant Colony Optimization (ACO) — for solving task
allocation problems in distributed IT systems. The comparative analysis revealed that while GA
excels in speed, PSO and ACO provide better performance in terms of solution quality and resource
efficiency. The integration of these methods into IT service management can lead to significant
improvements in operational efficiency, decision-making, and cost reduction.

The research contributes to the theoretical foundation of metaheuristic optimization in IT contexts
and highlights the potential of hybrid and adaptive strategies to handle dynamic, uncertain, and large-
scale environments. The developed mathematical models and evaluation results offer a practical
roadmap for future applications in cloud systems, IT outsourcing, and real-time resource scheduling.

Overall, the study advances the field by demonstrating a multi-method optimization approach
that is both scalable and applicable to real-world IT challenges.
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PABPABOTKA CUCTEMbI PACIIO3HABAHUA KA3AXCKOI'O )KECTOBOI'O A3bBIKA
C UCIIOJIB3OBAHUEM METOJ0OB KOMIIBIOTEPHOI'O 3PEHUA U
I''IYBOKOI'O OBYYEHUA

AnHomayus

B cratpe paccmaTpuBaeTcsi pa3paboTKa CHCTEMBI PACIO3HABAHUS Ka3aXCKOTO JKECTOBOTO SI3bIKA M
noBelieHHe €€ APQPEKTUBHOCTH. AKTyalbHOW 3ajadeil SBIAETCS CO3JAaHME CHCTEMBI, CIOCOOHOM
pacmo3HaBaTh Ka3axCKMH JKECTOBBIM SI3BIK B PEXHME pEalbHOTO BPEMEHH C MEIbI0 OOJerdeHus
KOMMYHHUKAIIUM CpPEeIy JIIOJeH ¢ HapymIeHWSIMH CiIyXa W pedd. B mpemmaraeMoM MeToIe HCHONB3yeTCs
cBepTouHas HekponHas cetb YOLOVS wm Oubnmoreka Mediapipe, oOecriednBaromyie BBICOKOTOUHOE
pacro3HaBaHUE KECTOB B peallbHOM BpeMeHH. [l aHanm3a pacrno3HAaHHBIX 3HAKOB M UX CEMAaHTHYECKOW
00pabOTKN TIpUMEHSETCS] CeTh JONTOBpEMEHHON W KpaTkoBpeMeHHou mamsatu (LSTM). PaspaboranHas
CHCTEMa TIO3BOJISICT aHAJIM3WPOBATH JBIKEHHS PYK IOJIH30BAaTeNs B PealbHOM BpeMeHH U (hopMHpOBaTh
OCMBICJICHHBIE TPEAJIOKECHUSI M3 PACHO3HAHHBIX XecToB. Kpome Toro, st ymoOcTBa NpeACTaBICHUS
Pe3yIbTATOB MOIB30BATENIO ObLT pa3paboTaH BeO-caiiT Ha ocHOBE (hperiMBopka Django. DkcriepruMeHTaNbHbIE
pe3yNbTaThl MOKA3aJIM, YTO MPEIOKEHHAsI CHCTEMa 00eCIIeYrBaeT BBICOKYIO TOYHOCTh M HAJICKHOCTH MPU
pacro3HaBaHUM Ka3aXCKOTO JKECTOBOIO SI3bIKA B PEAIbHOM BPEMEHH.

KioueBble ciioBa: Ka3axCKHH JKECTOBBIH SI3BIK, CBEPTOYHAas HEWpPOHHAs CETh, peajbHOE BpeMs,
MOCTPOCHHE MPEATIOKEHHH, BeO-TIPHIIOKEHNEe, HEHPOHHAs CeTh, PaclIO3HABAaHUE KECTOB.

M.C. Kacyzak'?, JK.H. Kyxiperymna', )K.A. Bypu6aes'?, A.C. Epumberosa’
'On-®apabu ateigarsl Kazak YITTeIK yHUBEpCHTETI, AMaTh! K., Kasakcran.
2AKIIapaTThIK KOHE €CENTEY TEXHOJIOIUSIaPhl MHCTUTYTHI, AnMarthl K., Kazakcran
KOMIIBIOTEPJIIK KOPY )KOHE TEPEH OKbITY 9JIICTEPIH KOJIJAHA OTBIPBIII KA3AK
BIM-ULIAPA TUIIH TAHY )KYHUECIH 93IPJIEY

Anoamna

Makana Ka3zak bIM-HIIapa TiTiH TaHy >KYWECiH 93ipyiey >KoHE OHBIH THIMAUINIH apTTBIpy Macenenepi
KapacThIpbUIapl. BYTIHTI TaHIa MaHBI3ABI MIHAET — €CTy JXKoHe ceilley KabinmeTi Oy3bUIFaH ajaMIap.IbIH
KapbIM-KaThIHACHIH JKEHIIIETY MaKcaThIHa Ka3aK bIM-HMIIAapa TUIIH HAKTHl YaKbIT PEXKUMIHIE TaHU alaThIH
XKyHe Kypy. ¥ CBIHBUIBII OTHIPFAH O/IiCTE HAKTHI YaKBIT PEXKHUMiH/E BIMIAPIBI KOFAPhl JASIJIIKIIEH TaHYIbI
kamtamace3 ereTin YOLOVS ceeprneni HeHpoHABIK jkeici MmeH Mediapipe KiTamxaHachl KOJIJaHBLIAIbL.
TanputFan Oenrinepl Tajgay KoHE OJNapblH MarbIHAIBIK OHJEY YIIIH Y3aK JKOHE KhICKAa Mep3imIIi Kaibl
xemici (LSTM) nalimananpuiajipl. O3ipJeHIeH JKyHe MaliJalaHyIIbIHBIH KOJ KUMBUIJAPbIH HAKTHI YaKbIT
PEeXUMIHJIE Ta/Iall, TAHBUIFAH bIMIAp/IaH MaFbIHAITBI colieMiep KypayFa MyMKiHik Oepeai. COHbIMEH Kartap,
HOTIXKeNepl NaialaHylIblFa BIHFAWIBl TypAe YchiHy ymiH Django ¢peiimMBopki Heri3iHae BeO-calT
xKacanpl. JKCIIEPUMEHTTIK HOTHKeJIep YChIHBUIFaH )KYHEeHiH HAKThI YaKbIT PEKUMiHE Ka3ak bIM-HIIapa TUTiH
TaHy/1a )KOFaphl AJIIK IeH CEHIMAUIIKTI KaMTaMachl3 €TETiHIH KOPCETTI.

Tyiiin ce3nep: Ka3ak bIM-HIIapa Tiji, CBEPTIENi HEHPOHIBIK >Kelli, HAKTHl yaKbIT, COWJIeM Kypay, BeO-
KOCBIMIIIA, HEHPOHBIK K€, BIMAAP/Ibl TaHy.
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DEVELOPMENT OF A KAZAKH SIGN LANGUAGE RECOGNITION SYSTEM USING
COMPUTER VISION AND DEEP LEARNING METHODS
Abstract

This paper discusses the development of a Kazakh Sign Language recognition system and the enhancement
of its effectiveness. An urgent task is the creation of a system capable of recognizing Kazakh Sign Language
in real-time to facilitate communication among individuals with hearing and speech impairments. The
proposed method employs a YOLOVS convolutional neural network and the Mediapipe library, ensuring high-
precision real-time gesture recognition. For the analysis and semantic processing of the recognized signs, a
Long Short-Term Memory (LSTM) network is utilized. The developed system allows for the real-time analysis
of users' hand movements and the generation of meaningful sentences from the recognized gestures.
Furthermore, a web application based on the Django framework was developed to conveniently present the
results to users. Experimental results demonstrated that the proposed system provides high accuracy and
reliability in recognizing Kazakh Sign Language in real-time.

Keywords: Kazakh Sign Language, convolutional neural network, real-time processing, sentence
construction, web application, neural network, gesture recognition.

BBenenne

OchosHble nonodicenus

B xone nccrnenoBanus 6bu1a pazpaboTaHa cUCTEMa paclio3HaBaHMsI Ka3aXCKOI'0 JKECTOBOIO SI3bIKa,
cniocoOHast paboTaTh B peaJbHOM BPEMEHH M O0ECIeYMBATH BBICOKYIO TOYHOCTh M HAAEKHOCTD
pacrio3HaBaHMs. ApPXHUTEKTypa CHCTEMbl OCHOBaHa Ha coueTaHuu HeWpocetn YOLOVS s
JIOKaJIN3aIiH JKecToB, Onbimorekn MediaPipe [uist OTClIe)KMBaHUS ABMKEHUH PyK M pEKYpPEHTHOU
mojenu LSTM 11t aHanu3a BpeMEHHBIX MOCJIE0BATEIbHOCTEH. DKCIIEpUMEHTATIbHBIE PE3YJIbTaThl
noATBepAwSd 3(PPEKTUBHOCTh MMOAXO0JA: JOCTHTHYTHI IOKa3aTelld TOYHOCTH 10 97,6 % mnpu
pacro3HaBaHMM KeCTOB U 10 93,4 % mpu MHTEpIpeTanuy >KecToB B ciioBa. CHucTeMa yCHELIHO
BU3YQJIM3UPYET pe3yJIbTaThl uepe3 BeO-uHTepderic, uTo Aenaer e€ MpakTUIHBIM HHCTPYMEHTOM ISt
KOMMYHUKAIMH C JIFOJbMH C HAPYLICHUAMH CITyXa U PEeUH.

Ha ceropssimiHuii 1€Hb OCHOBHBIM CPEACTBOM OOLIEHMS A JIOAEH C HapyLIeHHEM Cclyxa
SBJIAETCS KECTOBBIN A3bIK. OHAKO €ro MUPOKOMY PacHpOCTPAHEHUIO MPENSATCTBYIOT MHOXKECTBO
orpannyeHuil. OTHUM U3 TJIaBHBIX SIBJISIETCS HEXBATKa JIIOJIEH, BIA/ICIOIIUX JKECTOBBIM SI3BIKOM, a
TAaK)K€ PA3IUUUA B €ro HCIOJb30BAaHMU B 3aBHCHUMOCTH OT KYJIbTYPHBIX M PETHOHAIBHBIX
ocobeHHocTeil. Kpome Toro, /s mpsiMoro mepeBojia »ECTOB TpeOyrTCs MpoQecCHOHANbHbIE
IIEPEBOJUYMKH, YCIYTH KOTOPBIX HE BCerzaa AOCTYNHbI. CHCTEMbl aBTOMaTHYECKOIO PacliO3HABAHUSA
YKECTOB MPEJICTABISIOT CO00M 3(PPEeKTUBHOE PEIICHHUE TAHHON MPOOIEMBbI. ITHU CUCTEMBI TO3BOJISTIOT
TOYHO paclo3HaBaTh 3HAKU M JIBUYKEHUS JKECTOBOTO S3bIKA C TIOMOIIBIO METOJ0B KOMIIBIOTEPHOIO
3peHus U riay0okoro oOydeHus, MPea0CTaBIIsisi BO3MOKHOCTh OOILEHUSI B TEKCTOBOM MJIM 3BYKOBOM
¢dopme [1, 2].

B nacrosiiee Bpemsi cBepTounbie HelponHbie cetu apxuTekTypsl YOLO (You Only Look Once)
J€MOHCTPUPYIOT ~ BBICOKYIO 3(QeKTHBHOCTb B 00JAacTH paclo3HaBaHUs OOBEKTOB Ha
BujeoanHbIX [3]. Monens YOLOVS orianuaercs crnocoOHOCTbIO K OBICTPOMY M TOYHOMY
pacrno3HaBaHHIO B peajdbHOM BpemeHu [4]. Hecmorps Ha 3(d(ekTUBHOCTH NaHHOM MoJenu Hpu
pacro3HaBaHUHU KECTOB, PU PAOOTE C Ka3aXCKUM >KECTOBBIM SI3bIKOM €€ TOUHOCTh MOYKET CHUKAThCs
13-3a TaKUX (aKTOPOB, KaKk (POHOBBIN IIyM, CKOPOCTh JBHKEHHS U Pa3HOOOpa3He KECTOB PYK.

Hcnonp3oBanne oanod smmbe Moaenu YOLOVS g nokanu3anuu JBWKEHUH pPyK IpuU
pacrno3HaBaHUM >KECTOB HeAocTaTouHo. [[si ompeneneHuss 3HaUE€HUM OTIENIBHBIX KECTOB U HUX
CEeMaHTHYECKOM HMHTEpNpEeTalud HEOoO0XOAUMO NPUMEHEHHE JIOTOJHUTEIbHBIX pPEKYPPEHTHBIX
HEWPOHHBIX ceTel. C 3TOM LENIbI0 UCTIOIb3YETCS CETh JOJTOBPEMEHHON M KPATKOBPEMEHHOM MTaMATH
(LSTM). LSTM — 3T0 pa3HOBHIHOCTh PEKYPPEHTHOW HEMPOHHOM CETH C BBICOKON CIIOCOOHOCTBIO K
COXpaHEHHI0O W 00paboTKe BpeMEHHBIX 3aBUCHMOCTEH [5]. OHa mMO3BOJSIET aHATU3UPOBATH
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BpPEMEHHBIE TIOCIIEI0BATEIBHOCTH MTPU3HAKOB, OIYUYEeHHBIX ¢ momoribio YOLOVS, u popmupoBatsh
U3 HUX OCMBICIICHHBIE CJIOBA U MPEUI0KCHHUS.

st obecrieueHust yI00CTBa MCIONIB30BAHUSI CUCTEMBI, PACIIO3HAHHBIC 3HAKH U TMPEIJIOKCHUS
oToOpakaroTCsl Ha BeO-caiite, pa3paboTaHHOM Ha ocHOBe ¢peiimBopka Django [6]. Django
NpeACcTaBisieT Cco0OW (YHKUMOHAIBHO pacIIMpeHHBI BeO-PpelMBOpK, obOecneunBaromui
BHU3YaJIM3alUIO JAHHBIX B PCAIbBHOM BPEMEHHU.

Llenpt0 MaHHOTO TPOEKTA SBISIETCS pa3paboTKa BBHICOKOTOYHOM CHCTEMBI pPACHO3HABAHUS
Ka3aXCKOI'0 ECTOBOTO f3bIKa B pEaJlbHOM BpEMEHU IyTéM HHTerpauuu mojaened YOLOVS u
Mediapipe. Cucrema aHaJIM3UPYET JIBUKEHUS PYK B PEeXKHMME PEalbHOTO BPEMEHH, OINpENesieT X
3Ha4YeHUe U (OpMUPYET OCMBICICHHBIE MPEITIOKEHUSI HA OCHOBE PACIIO3HAHHBIX KECTOB.

MeToabl ucciie10BaAHUSA

B nannom paszzerne onucaHbl OCHOBHBIE METO/IbI U HHCTPYMEHTBI, HCTIOJIb30BAHHBIE ITPH CO3/1aHUN
CUCTEMBI JJIs PAaCIIO3HABAHMS KA3aXCKOTO JKECTOBOTO SI3bIKa B PEIKUME PeaTbHOr0 BpeMeHu. B xoe
UCCleIoBaHus ObUIa peaii30BaHa WMHTETpAIUsi COBPEMEHHBIX apXUTEKTyp TITyOOKOoro oOydeHus,
OoubIMoTeK U1t 00paOOTKH BHJICO U TEXHOJIOTHIA, 00eCTIeunBaOINX BeO-unTEepdeiic [7, 8, 9].

OcHoBHasl 11€JIb CUCTEMBI — B PEalbHOM BPEMEHU OIPEACTATh JABMKEHUS PYK MOJIB30BATENs U3
BHJICOTIOTOKA, pPAaCMO3HaBaTh WX CMBICT W (OPMHPOBATH OCMBICIICHHBIC TIPEUIOKCHHS U3
pacmo3HaHHBIX 3HAaKoOB. J[Is 3TOro OBUIM  HCHOJB30BAaHBI  CIEIYIOIIHME KOMIIOHEHTHI.
WuTennextyalibHas cucTeMa T paclio3HaBaHMS Ka3aXCKOT0 JKECTOBOTO sI3bIKa B PEaIbHOM BPEMEHHU
ObUTa pa3paboTaHa Ha OCHOBE WHTErpallMU IMEPENOBbIX TEXHOJIOTUW: B MEPBYIO OuYepelb, IS
TOYHOTO OIPEJICICHHUS JKECTOB Ha BUJCO3AMKCH IMPHUMEHSUIACh BBICOKOCKOPOCTHAS W Han&KHAsS
HelipoHHass cetb YOLOVS [4,10]; nns u3BnedeHuss KOoopAuHAT 21 KIIFOUEBOW TOYKH Ka)Ioro
oOHapy»KEHHOT'O jKecTa HUcrnoib3oBaiachk Iarpopma MediaPipe, paspaborannas Google [11];
CEMaHTUYECKOE pAacCllO3HABAaHUE, YUYUTHIBAIOIIEE IOCIEA0BATEIbHbIE W3MEHEHUS JIBI)KEHUH BO
BpPEMEHH, pean30BaHo ¢ rnomomisio HeliporHoi cet LSTM (Long Short-Term Memory) [5,12];
pacrno3HaHHbIE 3HAKU U CJIOBa OTOOpa)kalluch B peajbHOM BPEMEHH B yIOOHOM JJIsl MOJIb30BATEIs
BeO-mHTEpdelice, peanu3oBaHHOM Ha (peiimBopke Django [6]; oOydenme Bceld Mopaenu
OCYIIECTBIISUIOCH Ha CIEUATbHO COOpaHHOM Habope BHAECO- MU KOOPAMHATHBIX JAaHHBIX,
oxBaThiBatolieM 42 OyKBbl Ka3aXCKOTO >KeCTOBOro aindaBuTa M paziuyHble yacTu peud [13];
pa3paboTka Benach Ha s3bike Python 3.10 ¢ ucnonb3oBaHueM COBpeMEHHBIX OMOIMOTEK, TAKUX KaK
OpenCV, NumPy, Matplotlib, MediaPipe, PyTorch, TensorFlow u Django, uro oGecmneumnio
nocTymHOCTh U 3 dexTuBHOCT pemenus [10,11,14,15,16].

Cerp LSTM cnocoOHa pacmo3HaBaTh TOJBKO BPEMEHHBIE M3MEHEHHs KeCToB. [[ns TouHOTO
OTIpe/IeNICHUS] COOTBETCTBYIOIIETO CII0BA Ba)KHBI BXOJHOW CUTHAM (X.), peapiayee coctostaue (hi-1)
u namate (Cy). Ilpu aHanmm3e BpeMEHHOW IOCIICIOBATEILHOCTH JBWKCHHA PYKH ITOJIB30BATEIIS
KIIFOUEBBIM SIBIISIETCS PEIIeHrne O HEOOXOAUMOCTH COXPAaHEeHUsS HOBOW MH(OpManuu B maMaTu. ITO
pelieHnue MPUHUMAETCS] ¢ TIOMOIIBIO TaK Ha3bIBAEMOTO «BXOJHOTO redTa» (input gate), padota
KOTOpPOTO OCHOBaHA Ha CUTMOUAHOMN (D)YHKITMH U OTIHCHIBAETCS CIEAYIOIIUM BhIPAKCHHEM:

iy =0(W; - [he—pxe] +b; ) (D

rae:

[} —3HAYEHUE BXOJIHOTO TENTA;

o — CUTMOWTHAsI QYHKITMS aKTHBAINH;

W; — maTpu1a BECOB BXOJITHOT'O TE€UTA;

h¢_; Xy — IPEABITYIIEE CKPBITOE COCTOSTHAE U BXOJAHOM BEKTOD;

b; — cmemenue.

Ecnm monb30BaTeNb BBIMOTHSET KECT «CEH» («ThI»), CHCTEMA CPaBHUBAET TEKYIlee M3MEHEHNE
KoopauHaT (X)) ¢ mpensiaymuM coctossaueM (he1) M ompenenser, MpeacTaBiseT U HOBas
nH(OpPMaLIKS CMBICIIOBYIO LIEHHOCTb.
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Econ iy = 1, xecT cuMTaeTcsi 3HAUMMBIM U COXpaHsieTcss B mamsTu. Eciu cuctema pemiaer
COXPAHHUTBH JKECT, TO BHIUUCIISIETCS colepkaTeabHas nHpopmanus, moiexaiias 3annoMmuHanuio. OHa
OTIPEJIENIAETCS C TOMOILBIO THIIEPOOTMYECKOT0 TaHTeHCa:

Ce=tanh(We - [he—;x¢]+bc) (2)

rae:

C; — KaHIUIAT HA COXPAaHEHUE B MAMSITH;

tanh — QyHKIMSA THIIEPOOINYECKOTO TAHTEHCA,;

W — maTpuua BecoB;

b — cmelenue;

hi_; X¢ — IpeabIAyIIee COCTOSTHUE U TEKYLIUI BXOJ.

Ilpumep:

[Tpu BBITTOJIHEHUU JKECTa «CEH» CHUCTEMa, aHATM3UPYS KOOPIAMHATHI, PACTIO3HAET €ro Kak CIOBO
«TBD» U TIOJITOTABJIMBAET €r0 K COXPAaHEHHIO B MaMSITH.

OxoHYATEIBHBIA PE3yIbTaT — PACIIO3HAHHOE CJIOBO WJIM CMBICI — OIPEACISCTCS BBIXOIHBIM
COCTOSTHMEM MOJEIH, KOTOpoe nepeaaércs B BU3yalbHBIM WM IPYrol BHEIIHUM HHTEpdeiic:

he = oy - tanh(Cy) 3)
rue:

hy — TeKylllee BBIXO/IHOE 3HAUE€HUE CKPBITOTO CJIOS;

0; — 3HAYEHUE BBIXOJHOIO FEUTA;

C; — OOHOBJIEHHOE COCTOSIHUE MAMSTH;

tanh — pyHKIMS aKTHBAIAH.

Ipumep:

Ecnu nonp3oBarenb BBIIOJIHSAET IOCIIENOBATEIbHBIE )KECThl «CEH — aBTOOyc — Oap» («Tbl —
aBTOOYC — U/H»), CUCTEMA PACIIO3HAET KaX/10€ CJI0BO U (POPMHUPYET U3 HUX CBA3HOE MPEATIOKEHHUE,
KOTOpO€ 0TOOpakaeTcsl Ha SKpaHe.

B 3ajaue aBTOMAaTHYECKOro ONpEAENCHHMs W JIOKAJIW3aluu [JBW)KEHUI pPYK CBEpTOUYHBIE
HeriponHble ceTd (CNN — Convolutional Neural Networks) urpatoT ki1r04eByro poiib. ApXUTEKTYpBI
CNN o00nanaroT BBICOKOH CHOCOOHOCTBIO M3BJIEKATh IPOCTPAHCTBEHHbIE TNPU3HAKU U3
BHJICOJAHHBIX, YTO TTO3BOJISIET 3((HEKTUBHO BBIICIATH 00JIACTH KECTOB Ha BUEOKaapax [7].

B mpemioxxeHHON cucTeMe Ui TOYHOTO OOHapyXeHHs >KeCTOB Ha KaJpax MCIIOJIb30Balach
mozesnb YOLOVS (You Only Look Once, Bepcust 5). 3ta MoJieib OTHOCHTCSI K OJTHOATAITHBIM (One-
stage) neTeKkTopaM M 00ecledrnBaeT BBICOKYIO CKOPOCTh OOpaOOTKH B pPEXKUME PEalbHOrOo
BpeMeHnu [8]. YOLOVS o1HOBpEMEHHO aHAIU3UPYET BCE M300paKe€HUE, TOYHO JIOKATU3YS KECTHI
PYK U oIlpeiesisis uX ¢ MOMOLIbI0 orpaHruuBaromux pamok (bounding boxes).

Apxurexktypa YOLOVS Ha PucyHke 1 cOCTOUT U3 HECKOJIBKUX KITFOUEBBIX KOMIIOHEHTOB!

- Backbone (CSPDarknet53): wucnonmb3yercss s W3BICYEHHUS] Ha4yalbHBIX TPU3HAKOB
nzobpaxenus. binoku Cross Stage Partial (CSP) ymensiaror notepro nHGOpMaluy U MOBBILIAIOT
BBIUUCIIUTENbHYIO 3()()EeKTUBHOCTb.

- Neck (FPN + PANet): obecrieunBaeT MHOTOYpPOBHEBYIO 00pabOTKY MPU3HAKOB N300paKEHMUS,
9TO TO03BOJsIET 3(PPEKTUBHO PaCNO3HABATH KaK MEIKHE, TaK W KPYIHbIE O0BEKTHI. APXUTEKTYPHI
Feature Pyramid Network (FPN) u Path Aggregation Network (PANet) pa6oTatoT coBMeCTHO.

- Head: ¢puHanbHBII KOMIOHEHT, OTBEYAIONIMH 32 BBIAAYY PE3yIbTaTOB AeTeKIHU. C MOMOIIbI0
Mexanu3Ma anchor-based onpezaensercs MECTONONIOKEHNE U KlIacC 00BEKTa.

B npemnaraemoit cucteme YOLOVS pacnio3Ha€r KeCcThl pyK Ha KaXIOM KaJpe BHUJIIEONOTOKA, a
3areM nepenaéT BolAeneHHbIe oonacTi B Moenu Mediapipe u LSTM it nanbHeimei 00paboTKu.
DddextuBHOCTF YOLOVS 0Ka3bIBaeT NpsMoe BIUSTHUE HA OOITYI0 TOYHOCTh CUCTEMBI, 00eCcTieunBast
BBICOKYIO CKOPOCTb U CTaOMJIBHOCTh PAacIiO3HAaBaHUS JKECTOBOTO si3bIka [9-10].
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Pucynox 1. Apxumexmypunas cxema mooeau YOLOVS 0nst pacno3naganus scecmos pyx

Hcnonp3oBanHbld HA0Op MJaHHBIX ObUT CPOPMHUPOBAH HAa OCHOBE JAKTUIBHOTO ajdaBHTa
Ka3axCKOIo JKeCTOBOTO s3biKa. JlaTacer cOamancupoBaH u coaepkut 6osiee 10 000 nzobOpakeHui,
oxBatbiBatomux 40 cuMBOIOB Kazaxckoro andasuta (40 kmaccoB). Ha pucynke 2 mpeacraBieHbI
IIPUMEPBHI JKECTOB, COOTBETCTBYIOLIMX KaXKJOH OyKBE Ka3axcKoro ajagaBuTa.
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Pucynox 2. Angpasum xasaxckoeo sicecmogozo A3vika

CumBonsl «b» n «b» He BXOIAT B COOCTBEHHYIO (POHETHYECKYIO CHCTEMY Ka3aXCKOTO S3bIKa,
II03TOMY OHM UCIIOJIB3YIOTCSI HCKJIFOUUTENBHO B 3aMMCTBOBAHHBIX CJIOBAX, TO €CTh IIPH 3aIMCH CIIOB,
MPUILEIINX U3 JIPYrHMX SI3bIKOB (PUCYHOK 3). OTH 3HAKM CIyKaT A O00O3HAu€HHs OTTEHKOB
IIPOU3HOUIEHMS] COTJIAaCHBIX — MATKOCTH MM TBEpAOCTU. OJHAKO B Ka3aXCKOM SI3BIKE TaKHe
(doHOIIOTHYECKHE KOHTPACTHI OTCYTCTBYIOT, IOOTOMY JTaHHBIE CHMBOJIBI HE OBIJIM HHTETPHUPOBAHEI B
aKTUBHYIO SI3bIKOBYIO IIPAKTHUKY.

Pucynox 3. Ocobwie snaxu xazaxcxkozo anghasuma
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B 3anaue pacrnoznaBaHus OyKB Ka3aXCKOT'O KECTOBOTO SI3bIKAa U3 M300PaKEHUH ISl BBIIEICHUS
MIPOCTPAHCTBEHHBIX MPU3HAKOB M X TOYHOH KJIAaCCU(UKALIUY IPUMEHSIOTCS INTyOOKHE apXUTEKTYPbI
cBepTouHbIX HeHpoHHBIX ceteil (CNN). B paMkax JaHHOTO HCCIeI0BaHUs OBUTH UCIIOJIb30BAHEBI TPU
nonyssipabie Moaenmu CNN — GoogleNet, ResNet-101 u VGG-19, u npoBeneHo cpaBHEHHE HX
3¢ (HEeKTHBHOCTH.

Mogens VGG (pucyHOk 4) oTiiM4aeTcs MPOCTOl, HO TIyOOKON apXUTeKTypoil. OHa COCTOUT U3
CBEPTOYHBIX CJIOEB pa3MepoM 3X3 1 HalpaBlieHA Ha U3BJICYEHHE IPOCTPAHCTBEHHBIX PU3HAKOB U3
BuZeoganHbIX. OnHaKo u3-3a OOJBIIOTO KOJUYECTBA IMApaMETPOB MOJENb IOKa3ana HU3KYIO
TOYHOCTH (2,23 %) mpu pacrno3HaBaHMM OyKB Ka3aXCKOI'O KECTOBOIO s3bIKa. JTO YKa3bIBaeT Ha
orpaHuuyeHHble BO3MOXHOCTH VGG-19 nipu pa3nuueHnn CI0XKHbBIX )KECTOB.

cov ]

eonvd
5
'r' o feh 7 feB

.. rrevRT 'I' 1%l %4096 1x1x 1000

w 2w 51X
T 7512

I-:ﬂ convolution+ ReL.U
ff max pooling
1 fully commected4RelUV

224 % 224 % 64

Pucynox 4. Apxumexmypa VGG-19

Apxurektypa ResNet (pucyHOk 5) mpenoTBpamiaer motepro uHGopMamum 3a c4€T 0CTaTOYHBIX
cBszeit (skip connections), uTo mo3BosAeT 3PpPeKTUBHO 00yUaTh Aake O4eHb riyOokue moaenu. B
3ajjaue pacro3HaBaHHUs OYKB Ka3aXxCKOTO »ecTOBOTrO s3bika Mojenb ResNet mocrurma 100 %
TOYHOCTH, YCIIEUIHO CIPABUBILUCH C PA3TUUYEHUEM CIOXKHBIX )KECTOB U OCOOEHHOCTEH JBMIKEHUI.
DTa apXuTeKTypa Obliia BEIOpaHa kak HauOosee 3ppexkTuBHasl.

Inputs *| Block 1 = Block 2 == Block3 ==+ Block 4 =— Outputs
i ——— (a) X identity
Block 1 Qutput Cl:feature map X
GG 256 TwI256 F2:layer

4096

weight layer
relu H F(X)
weight layer

>

Full connection X+ Hx)

| Full connection relu
Convolutions

(c) (b)

Pucynox 5. Apxumexmypa ResNet-101

Mopens GoogleNet (pucyHok 6) ucnonb3yet Inception-0J0Ku 1Jisi pacrio3HaBaHUS MPU3HAKOB
n300pakeHUs] Ha pa3HbIX MacmTabax. B xaxaoMm OJ0Ke OJHOBPEMEHHO MPUMEHSIOTCS (DUIBTPHI
Pa3IMYHBIX pa3MEPOB, YTO MO3BOJISAET 3(PPEKTUBHO BHISABIATH PAa3HOOOPAa3HBIE 0COOCHHOCTH KECTOB.
IIpu pacmno3znaBaHMM OYyKB Ka3axCKOI'O JXKECTOBOI'O f3bIKAa JaHHAs MOJIENb JIOCTUINIA TOYHOCTHU
88,01 %, npoieMOHCTPHUPOBAB ONTUMANIbHBIN pe3yNbTar.
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Pucynox 6. Apxumexmypa GoogleNet

B uenom, mogens VGG omimuaeTcst mpocToTol u ymnoocTBoM aisi oOyueHusi, GoogleNet —
a¢dexTuBHON 00pabOTKOW M SKOHOMHEHW BBIYMCIUTEIBHBIX pecypcoB, Torma kak ResNet
MPOJIEMOHCTPUPOBAIA HAWIYYIINE PEe3ylbTaThl Oyaromapst BBICOKOW TOYHOCTH U TITyOOKOU

ApXUTEKTYpe. DT BBIBOBI TOATBEPKIAIOTCS U pe3ybTaTaMU NPeAbl Iy X uccienoBanui [14, 15]
(pucyHnox 7).

Epoch GongleNet Accuracy (% GoogleNet Loss Reshet Accuracy (%) ResMet Loss VGG Accuracy %) VGG Loss

Lo 2,43 3.8241 B9.68 0.7141 2.28 3.741

2.0 617 38574 91.37 00648 223 3,7381

30 46.46 23082 95.5 0.0654 223 3.73719

4.0 63.36 2038 9777 0.0192 223 3.7575

5.0 B8.01 0.5053 100.0 0.0224 2.23 37374

Pucynox 7. Cpasnumenvnvie noxazamenu apxumexkmyp c8epmouHbIX HEUPOHHBIX cemell

D PeKTUBHOCTE CHCTEMBI pPACIO3HABAHUSI Ka3aXCKOT'O JKECTOBOTO s3bIKa OBUIA OIlCHEHa Ha
OCHOBE CIIeLIMaIbHO COOPaHHBIX BUAE03AMMCEN U KOOPAMHATHBIX JaHHBIX. O0muii HabOp AaHHBIX,
cocrosimuii 6ostee yem u3 10 000 nzodpaxenuii, Obut pazaenén va 80 % mis odyuenus u 20 % s
tectupoBanus. [lokazarenn To4yHOCTH (accuracy) CHUCTEMbl PACCUMTHIBAIUCH IO pe3yJbTaTam
TecToBoro Habopa. CpaBHUTENbHAs TOYHOCTh TPEX MpeIoKeHHBIX apxutektyp (GoogleNet,
ResNet-101, VGG-19) npencrasnena Ha pucyHke 8. CornmacHo pesynbrataM, Mojenb ResNet-101
MOKa3aja BBICOKYIO M CTaOWIbHYIO TOYHOCTh Ha TECTOBOM Habope, B TO BpeMms kak (GoogleNet
JOCTUIJIa BBICOKMX pe3yJbTaTOB TOJBKO Ha mocienHux osmnoxax. Mogens VGG-19
MIPOIEMOHCTPHUPOBAJIA HU3KYIO TOYHOCTh Ha BCEX dTarax 00y4eHusl.

100 e, 4

BO

% 60 == GoogleNet ' " —— Googlenat e T
= —=— Reshet z n 2 | —— feshier ";H_
m 40 — VGG = VGG
o
1
20 iz,
=3 .
_— —
4] a
1.0 1.5 2.0 25 3.0 3.5 4.0 4.5 5.0 1.0 1.5 2.0 25 3.0 5 a.0 A5 5.0
Epoch Epoch
(a) (b)

Pucynox 8. Cpasnumenvhas oyenxa moodeneti CNN u ancambresoco memooa:
(a) Tounocms (Accuracy), (b) @yuxyus nomepsw (Loss function).

I'paduueckas uHTEpIIpETALINS METPUK precision (TOYHOCTH) U recall (monHoTa), mpeacTaBIeHHBIX
Ha pucyHkax 9.a m 9.b, nemonctpupyer, uto moaenb VGG-19 He cnocoOHa 4Y€TKO pa3inudvaTh
3aJaHHbI Kiacc oT apyrux. bornee Toro, mpu kiaccupukauuu ¢ ucnoib3oBanueM VGG-19
3HAYUTEIbHAS YaCTh MOJOKHUTEIBHBIX IPUMEPOB OCTAETCSI HEPACTIO3HAHHOM. B TO ske Bpems Moienn

161




BECTHUK Ka3HIIY um. Abas, cepus « PQusuxo-mamemamudeckue naykuy, Ne4(92), 2025 a.

ResNet-101 u ancam0neBblii MOIXOJA TMOKa3bIBAIOT BBICOKME 3HaueHus recall mpu ompenenenuu
KOHKPETHBIX KJIACCOB, JAOCTUTasl 3HAYMTEIBHO JIyUIINX PE3YJIbTaTOB.

e =
Googlehet 5 — 5 ' zene o
—=— ResNet =
== NG
0.6 —* Googleet
—— ResNer
L -— VGG

1.0 1.5 2.0 23 3.0 35 4,0 4.5 5.0 1.0 1.3 2.0 2.3 30 3.5 a0 4.5 3.0
Epoch Epoch

(@ ()
Pucynox 9. Cpasnumenvnas oyenxa moodeneti CNN u ancambnesozco memooa:
(a) Tounocms (Precision); (b) llonmoma (Recall).

Pe3ysbTaThl Hecae10BaHUA

Jns  oueHkHu S(PQPEKTHUBHOCTH NPEJIOKEHHOHM CHUCTEMbl OBbUIO IPOBEACHO HECKOJIBKO
HKCIEPUMEHTOB Ha OCHOBE CIENHalIbHO IMOATOTOBICHHOTO Habopa naHHBIX. B maracer Obuin
BKJIFOYEeHbI 40 OyKB Ka3aXCKOI'o JK€CTOBOro aynaBuTa, a TAKXKE paclpoCTpaHEHHbIC MECTOMMEHHS,
CYIIECTBUTENbHBIE M TJAroybl. KakIplid jKeCT 3alMChIBaJICSi MHOTOKPAaTHO C yYaCTHEM pa3HBIX
I10JIb30BATEIIEH.

Ha pucynke 10 npezacraBieHa BU3yalu3alisl *KECTOB, COOTBETCTBYIOIINX OYKBaM Ka3aXxCKOTO
asihaBuTa. DTH 3HAKU UCIIOJIb30BAIMCH B 00yYaroeM Habope TaHHBIX CUCTEMBI, [IPU 3TOM KaXI0My
XKecTy OBUI MPHCBOCH KOHKPETHBINH Kiacc. [logoOHbIe BU3yalbHbIE JaHHBIE MO3BOJSIOT CHUCTEME
TOYHO PACHO3HABATh OYKBBI U CIy’KaT OCHOBOMW JJISl U3BJIEUEHUS MPOCTPAHCTBEHHBIX MPU3HAKOB C
IIOMOLIBIO CBEPTOUYHBIX HEHPOHHBIX ceTeil (CNN).

Class: xanp-¢ Class: kagp-u Class: kaap-e Class: kanp-#

., N
! / j

Class: xapp-d Class: xanp-u Chass: vaap-x Class: xapp-»

’1 ’ ﬁ
Pucynox 10. Byxeennvie scecmpl Ka3axcKo20 iHcecmoso2o A3biKa

N3Bneuenne koopaunatr pyk (MediaPipe): ¢ momomsto 6ubnuorexku MediaPipe u3 Bugeonoroka
OBUTH TOYHO M CTaOWUIIBLHO M3BIEYEHBI KOOPAMHATHI 21 KIIOYEBON TOYKH PYKH. DTH KOOPIUHATHI
OMHCHIBAIOT MPOCTPAHCTBEHHYIO KOH(PUTYPAIMIO KECTa W O00ECIEUYHBAIOT HAIAEKHOCTH PAOOTHI
cuctembl. MediaPipe mnpoaeMoOHCTpUpOBana YCTOMUMBYIO TMPOM3BOAUTEIBHOCTh JaXKe TpHU
W3MEHEHUAX OCBemIeHus u Gona [3].

CkopocTb paboThl: cUcTeMa (PYHKIIHOHUPOBAJa CO CpeHEHN CKOPOCThIO 20 KaapoB B CEKYyH/TY, UTO
COOTBETCTBYET TPEOOBAHUSAM PeaIbHOTO BpeMeHU. KaK/Iblii pacro3HaHHbBIN KeCcT 0ToOpa)xayics Ha
JKpaHe B TeueHHue 6 cekyH[. B ciiydae ¢hopMUpOBaHUS MPEATIOKEHUS paHee paclo3HAHHBIEC CIOBA
COXPaHSIUCH U JOTOJTHSIIHCH HOBBIMH.

Ha cnenyromem rpaduxe (pucyHok 11) mpencrtaBieHbl mokazaTeld TOYHOCTH (precision) u
noHOTHI (recall) kommonenToB YOLOVS 1 LSTM no snoxam o0yueHus.

[Tokazarensr precision IEMOHCTPUPYET, HACKOJIBKO TOYHO CHCTEMa OIpeaeseT HCTUHHO

MOJIOKUTEIBHBIE PUMEPHI, U TTOBBICHIICS ¢ 75 % 10 97,6 % 3a 10 smox.
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Recall orpakaer cnocoOHOCTP MOJAENM HAXOAUTh BCE HCTUHHO IIOJIOKUTENBHBIE CIy4au,
yBenuuuBIuch ¢ 70 % no 95,3 %. Tounocts Ha ypoBHe cioB (Word-level accuracy) Ha ocHOBe
LSTM raxxe yryummiacs ¢ 68 % 1o 93,4 %, mokasbiBast 3ppeKTUBHOCTD pacIiO3HABAHUS IBHKCHHUN
B 3aBHCHUMOCTH OT MX BPEMEHHOH IOCIICZOBATENBHOCTH. DTH PE3yJbTaThl MOJATBEP)KAAIOT, YTO
KOMIIOHEHTBI CHCTEMbI MOCTEIEHHO OOYYalOTCs W aJalTHPYIOTCS K BBIIOJIHEHUIO CTAOMIBHBIX U
JOCTOBEPHBIX IPEICKA3aHHMA.

s

Amnpix (%)

Pucynox 11. Pe3ynbmamul mouHocmuy no KOMROHEHMAM CUCTEeMbl

B nenom, corinacoBaHHOCTb KOMIIOHEHTOB CHUCTEMbI U KOPPEKTHOCTh BBIOPAHHBIX apXUTEKTYp
o0ecreyrsii BBICOKYIO TOYHOCTh pabOTHI B peXuUME pealbHOro BpemeHu. Cucrema cTabuiIbHO
npeoOpa3oBbIBaJla KAl JKECT, IOKa3aHHbIM I0JIb30BaTEIEeM, B CJIOBa M IPEITIOKEHHUS,
JIEeMOHCTPHPYSI HAAEKHOCTh PACITIO3HABAHMS.

Be6-unTepdeiic npenokeHHON CUCTEMBI ITPEICTaBIsAeT cOO00M HHTEPAKTUBHYIO IIaTHOpMy JUIs
pacro3HaBaHMs Ka3aXCKOTO KECTOBOTO s3bIKa B peaIbHOM BpeMeHH (cM. pucyHOK 12). MaTepdeiic
aBTOMaTH4YeCKH 00pabaThIBae€T JKECTbl PYKH, BBIIOJHEHHbIE @epes KaMepoH, pacro3HaéT
COOTBETCTBYIONIYIO Ka3aXCKyl0 OYKBY M BU3yaJIbHO OTOOpa)aeT pe3ysbTaT Ha sKkpaHe. Cucrema
peanu3oBaHa C UCMOJIb30BaHUEM BeO-(ppeiimBopka Django Ha s3bike Python m mHTerpupoana c
MOJIENSIMU TIIyOOKOr0o 00yUYeHHUsI.

@Qazag_ym_tili BacTMEeT  pinTeey  Codne  Srypans  Mpomm Wiy =

TaHuine

Ve BROIKTAFSH KEIBK apini

Tawninran apintep Tis6er|

Wy i Taeae aplitep Trsber

# Tosaoy

Pucynox 12. Buzyanvuulii unmepghetic cucmemol, pabomaioweli 8 pexicume peaibHo20 6PeMeHu

Pa3paboranHas B paMKax JaHHOTO IMPOEKTa CUCTEMa BKJIIOYAET B ce0s CleIyIOIINe KII0UeBbIe
KOMITOHEHTHI U 00ecreunBaeT yAoOHbIN MOIb30BaTeNbCckuii nHTepdetic. Uepes TMaBHYIO CTpaHHILY
10JIb30BATEIh 3HAKOMHUTCS C OOIIEH 1IeJIbI0 CUCTEMBI U MOJIYYaeT JOCTYN K OCHOBHBIM (DYHKILIHSM.
Monynb pacrno3HaBaHusi OykB o0Opa0aThIBaeT KECTHl PYK W3 BHJIEOTIOTOKA B PEXKHME PEATbHOTO
BPEMCHHU U ONPCACIACT COOTBECTCTBYIOIIUC 6YKBBI Ka3aXxCKOTr'0 JKECTOBOT'O S3bIKa. Pacmo3HaHHBIE
OYKBBI TIEpEJafOTCS B MOJAYJIb MOCTPOCHUS MPEIUIOKESHHM, T/Ie B COOTBETCTBUU C MOPSAIKOM OHHU
(hopMHUPYIOT TTOJTHOCMBICIICHHBIE (Ppa3bl. JonomHutensHO B HHTEpdEiice mpexycMoTpeH pazaen «O
Hac» ¢ mHOpMaIlMeil o0 aBTopax mpoekTa, a Takxke ¢GyHKimu «lIpodunb» u «Beixom» mns
yIpaBJeHUsl JEUCTBUSIMHU TOJb30BaTeNsl. Bce KOMIOHEHTHI CHCTEMBI pabOTAOT COTJIACOBAHHO,
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obecrieunBasi BHICOKOTOUHYIO BH3YyallU3allMI0 M PACIIO3HABAHWE KAa3aXCKOTO YKECTOBOTO SI3bIKA B
pealbHOM BPEMEHHU.

Ha cnenyromem wu300paxeHMHM NpPEICTaBICHAa TOJMHAs apXUTEKTypHas CTPYKTypa BeO-
OpPUEHTUPOBAHHOM CUCTEMBI JJIs1 PACIIO3HABAHUS Ka3aXCKOI0 KECTOBOTO s3bIKa (pUCyHOK 13).

B Be6-npunoxenue
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¥
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Pucynox 13. Iloanasa apxumexkmypHas cmpyKkmypa cucmemvol

CuctemMa COCTOMT M3 TPEX OCHOBHBIX KOMIIOHEHTOB: BeO-TIPHIIOKEHHs (IOJIb30BATENbCKUN
uHTepdeiic), KIMEeHTCKOW YacTu Opaysepa (oOpaboTka ¢ MmOMOIIbI0 Kamepbl W JavaScript) u
cepBepHOil yacTu (Oskena Ha Django u 06aza nanHbIX). [lonp30oBaTenb MOJKIIOYAETCS K CHCTEME
yepe3 BeO-uHTepPEiic 1 MOKa3bIBAET KECT C MOMOIIBI0 Kamepsl. Buieonotok oOpabareiBaeTcs Ha
CTOpOHE KJIMEeHTa ¢ UCIoJIb30BaHueM JavaScript 1 oTripasiisieTcst Ha cepsep. Ha cepsepe dpeiiMBopk
Django Ha s3pixke Python mpuHuMaer naHHble U nepenaér ux uepe3 ayreHtuduxarnuio u API-
KOHTpoJuIep B 0J10K 00paboTKu. BHyTpu 010Ka KOMIIBIOTEPHOI'O 3pEHUS:

— Mediapipe u3Biekaer KoopAUHATHI 21 KIIF0U€BOM TOUKU PYKH,

— YOLOVS BBINOJHSET JIOKAIHU3ALUIO PYKH Ha N300paskeHNH,

— LSTM aHanu3upyeT BpeMEHHBIE IT0CIEN0BATEIBHOCTH IBHXKEHHM U pACITO3HAET OCMBICIICHHBIE
OykBbI WK cioBa. Bece mosydeHHbIe TaHHBIE COXpaHsAOTCS B 0aze maHHbIX SQLite, a pe3ynbraT
0TOOpaxkaeTcs MOJIb30BATENIO B PEKUME PEaTbHOIO BPEMEHH.

Ha pucynke 15 nokasansl IpuMepbI KECTOB, pACIIO3HAHHBIX CUCTEMOM B peajIbHOM BpeMeHH. Jlis
KaXJ0ro Kajapa ObUTM BU3yalIM3HpoBaHbl 21 omopHas Touka xecta ¢ nomomibio MediaPipe, a
MOJIyYeHHbIe KOOpAUHATHI 00paboTansl yepe3 LSTM-ceTs.

164




Abaii amvinoasvr Kaz¥I1Y-niy XABAPIIBICHI, « Qusuka-mamemamura aulisimoapuly cepuscol, Ne4(92), 2025

CornacHo pe3yibTaTaMm, >KeCThl, COOTBeTCTBywmue OykBam «L», «G», «R» u «Z», Obun
pacno3Hanbl co 100 % TouHocThIO. XKecT «A» OblT ompenenéH ¢ TouHOCThIO 86,59 %, a «O» — ¢
80,60 %. OTu moka3arenau JEMOHCTPUPYIOT BHICOKYIO Ha/IEKHOCTh CUCTEMbI B Pa3JIMU€HUU JKECTOB,
MPHUHAIISKANINX K Pa3HBIM KJIaccam.

PucyHOK 14. P€3yﬂbmal’)’lbl pacnosnaeanus 6yK6 KA3dXCKO2O JHcecmosoco A3blKa

Cucrema TouyHO ompenenser 21 kmoyeByro Touky ¢ nomormibio MediaPipe, a Onaromaps
nokamuzammu  YOLOvVS wu Bpemennoit anamutuke LSTM pocturaercsi BbICOKas TOYHOCTH
pacno3HaBanus. [lokazarenu Tounoctu BapbupyroTcs oT 80 % 1o 100 %, 4To cBUAETENBCTBYET 00
3pdeKTHBHOM OOyYeHHH MOJAEIH M ©€ YCTOWYMBOCTH TPH HCIONb30BaHMH. HecMmoTps Ha
pazHooOpa3ue KEeCTOB, CUCTEMa COXpaHAET KOTHUTHUBHYIO COTJIACOBAHHOCTh M BHU3YAJIbHYIO
CTaOMIIBHOCTb.

Ha mpuBeaénnoit mimoctpanuu (pUCYHOK 15) mporeMOHCTpUpOBaHA CIIOCOOHOCTh CUCTEMBI B
peaJlbHOM BpPEMEHHU paclo3HaBaTh JKECThl IIOJB30BATENsl IO TPEM OCHOBHBIM 4YacTsIM pPEuH:
MECTOMMEHHUE, CYIIEeCTBUTEIbHOE M I1aroji. Pacro3HaHHbIE ciloBa OOBEAMHSAIOTCS B JIOTMYECKOH
MOCJIEZIOBATEILHOCTH U (OPMUPYIOT MOJHOLIEHHOE MpeiokeHne. OUHANBHBIA pe3ynbTaT —
IPEUIOKEHUE «sen jumysty jasaysyn» — OTOOpakaeTcsi B TEKCTOBOM BHJI€ M O3BYYMBAaeTCs C
nomouipto TTS-texHonornu. TakuM 00pazoMm, CHUCTEMa IO3BOJSET (GOPMUPOBATH OCMBICICHHBIE
IIPEJIOKEHUS B COOTBETCTBUM C CHHTAKCUYECKUMH HOPMAaMHM Ka3aXxCKOTo s13bIKa Ha OCHOBE KECTOB.

@$Qozag_ym_till RacTeifer g tery  Cabew BT (odebs  hwey = PQazag ym 1N BaruOar O inty  Calsen Do Dpoders My -

Wb - bIM TASYWB | L CTISY RNIVE SN

PucyHOK 15. P€3yﬂbman’Ibl nocmpoO€eHuUsl npe()ﬂoofceﬂuﬁ 6 cucmeme pacno3HaeaHUusl HecmoBoco A3blKa
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OCHOBBIBasICH Ha IOJIyYEHHBIX pe3yJbTaTax, Obljia olleHeHa (yHKUMOHANbHAsA 3()()EKTUBHOCTH
cuCTeMbl M €€ CHHTAaKCHYeCKash COIJIACOBAaHHOCTH. JKECThl, BBINOJHSEMBIC MOJIb30BATEIICM,
Pacro3HAIOTCS ¢ BBICOKOM TOYHOCTBIO B PEXKHUME PEaIbHOTO BPEMEHHU U OOBEIUHSIOTCS B JIOTHYECKU
CBSI3aHHOE MPEMJIOKECHHE C COXPAaHEHHEM CMBICIOBOH CTpyKTypel. Kpome Toro, cucrema
obecrieynBaeT KOPPEKTHOCTh MOP(OIOrHYECKOT0 MOCTPOSHUS M COOJIOACHHE CHHTAKCHYECKHX
HOPM Ka3aXCKOTO SI3bIKa.

Juckyccus

Pa3zpaboTka cucTeMbl pacrio3HaBaHHsS Ka3aXCKOTO YECTOBOTO S3bIKa B PEKUME PEaTbHOTO
BPEMEHHU MPEJCTABISAET COOON 3HAYMTENBHBIM IIAr B HANpaBICHUH WHKIIO3UBHBIX TEXHOJOTHH,
HaIPaBJICHHBIX HA MPEOI0JICHUE 0apbepOB KOMMYHUKAIMH JUIS JIUII C HAPYIICHUSIMHU CITyXa U PEYH.
[IpennoxkeHHass apXUTEKTypa, COYETAIoIlas BO3MOXHOCTH CBepTO4YHOM Heilpocetn YOLOVS,
koopauHatHOro TpekuHra MediaPipe u pekyppentHoit wmoxenu LSTM, paemoHCTpupyet
cbanmaHcupoBaHHYO 3P PEKTUBHOCTH HA dTAaax JOKATU3AlNN, U3BJICYCHUS KIIFOUEBBIX TPU3HAKOB U
aHaJIM3a BPEMEHHBIX 3aBUCUMOCTEH.

Bricokue 3nauenus metpuk Precision (97,6 %) u Recall (95,3 %) Ha sTane oOHapyKeHHUS KECTOB
CBHUJICTEIILCTBYIOT O JIOCTATOYHOW YyBCTBUTENBHOCTH M crienuduanoct moaenu Y OLOvS. Onnako
BOXHBIM (PAaKTOPOM YCTOHYMBON TNPOU3BOJUTEIBHOCTH OCTAETCS TpPaBWIbHAs OpraHU3alus
oOyuJaroiero Habopa: BbICOKAsh BapHATUBHOCThH I103, OCBEIIEHHOCTH M ()OHA MOXKET BIIMATH Ha
TOYHOCTH JIOKanmu3anuu. Kpome toro, ucnons3oBanue MediaPipe mo3BoIMIO yIPOCTHTH MPOIIECC
W3BJICUCHUS KOOPJIMHATHBIX MPHU3HAKOB, OJIHAKO CHUCTEMAa MOXXET OBITh YYyBCTBUTEIbHA K
MEPEKPBITUIO PYK M YACTUYHOUN OKKITIO3UU.

[Tpumenenne LSTM-apxurekTypbl 00ECIEUMIIO BO3MOKHOCTh aHaIHM3a IOCIEI0BATEIbHBIX
KaJpoB, YTO OCOOCHHO KPUTHYHO JUISI PACIO3HABAHUS ITUHAMHYECKHX JKECTOB, IJI€ BPEMEHHOMH
KOHTEKCT OIPENeNIIeT CMBICIOBYIO Harpy3ky. CpaBHHUTEIbHBIH aHAU3 Mojeleil kiaccudukanuu
moKas3aJ mpeBocxoIcTBO ResNet Hax ApyruMu apXUTEKTYpaMu, 9TO KOPPEIUPYET ¢ COBPEMEHHBIMU
WCCIICIOBAaHUSIMHU, TIOJTBEPXKIAOIIUMU 3()()EKTUBHOCTh OCTATOYHBIX CBSI3EH B MIIyOOKUX CETSIX.

OnHako HapsAy ¢ MOJIOKHUTEIBHBIMH Pe3yJIbTaTaMH, CHCTeMa UMEET psill orpanndeHuid. [Ipexne
BCEro, OHa paboTaeT ¢ OrpaHMYEHHBIM HAOOpOM CIOB U (Ppa3, HE OXBaThIBass CHUHTAKCHUUYECKYIO
CTPYKTYpY si3bIKa. OTCYTCTBHE MOJYJISI TEHEPAIH ayAHOPEYH TaK)Ke OTPAaHUYMBAET BO3ZMOKHOCTH
B3aMMOJICHCTBUS MEXIYy TIIYXUMHU TOJIb30BATEISIMU U ciblmamuMu. KpoMe Toro, ycToiuuBOCTh
CUCTEMBI TIPH YCJIOBHSX BHEIIHUX NIYMOB (HalpuMep, W3MEHEHUU OCBEUICHUS, TOSBICHUU
MMOCTOPOHHUX 0OBEKTOB B KaJipe) TpeOyeT AOMOIHUTEIHLHOTO TECTHPOBAHUS U aJaNTallHH.

3akioyenue

B xone Hactosmiero mccienoBaHus Oblia pa3paboTaHa W OKCIIEPUMEHTAIBLHO MOATBEPIKICHA
paboToCrOCOOHOCT MHOTOKOMITOHEHTHOM CHCTEMBI ISl PACIO3HABAHMS Ka3aXCKOTO >KECTOBOTO
sI3bIKa B PeaIbHOM BpeMeHU. B €€ OCHOBY JIeT)IH MepeoBhIe alTOPUTMBI KOMITBIOTEPHOTO 3PCHUS U
00paboTKK BPEMEHHBIX MocleaoBaTenbHocTel, Bkmodas YOLOVS, MediaPipe u LSTM. Cucrema
MOKa3aja BBICOKYI0 TOYHOCTh Ha BCEX JTalax: OT JIOKAJTU3AIMU M M3BJICUYCHHUS KOOPJHMHAT JIO
CEMAHTHYECKON MHTEPIPETAIIUH )KECTOB.

[TosrydeHHBIE Pe3yJIbTaThl JEMOHCTPHPYIOT ITOTSHIIMAT TPUMEHEHHUS TOJO0HBIX CHCTEM B
COLIMATILHBIX U 00pa30BaTeNbHBIX Cepax, a TAkKe B cepBUCaX MUPPOBOM KoMMyHHKaIMH. PaboTa
cucTeMbl B pexxnme 20 KaJpoB B CEKYHIY C BO3MOXHOCTBIO (POPMHUPOBAHHUS OCMBICICHHBIX (pa3
MOATBEPKIaeT e€ MPUKIAJAHYIO IIEHHOCTh U TEXHOJOTUYECKYIO 3PEJIOCTh.

B mepcrniekTuBe TUTAHUpPYETCS paciiupeHre (YHKIIMOHATHLHOCTH CHCTEMBI 3a CUET BKIIOUCHHS
CUHTAKCUYECKOTO aHallM3a Ka3aXCKOro JKECTOBOTO $3bIKA, peaTn3alliil TOJOCOBOM 03BYYKH
pacrmo3HaHHBIX (Dpa3 W MHTETPANHUU TOICPKKHA MYJIbTU3bIYHs. Kpome TOro, paccMaTpuBaroTCs
BO3MOYXHOCTH aJaNTallid CUCTEMBI JUIsI MOOMIIBHBIX M BEO-TIATGOPM, UTO PACIIUPHUT JTOCTYITHOCTD
TEXHOJIOTHH JIJIS IMUPOKOU ayTMTOPHH.
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AHAJIA3 YI'PO3 COIUAJIBHOI'O UH)KMHUPUHI'A B COINUMAJIBHBIX CETAX U
METOAbI BOPbBbI C HUMHU

Annomayus

Habnronast pacTyliyro MOMyJISIPHOCTh B COLMANBHBIX CETSIX CTENEHb COBPEMEHHONW KOMMYHHUKAIUH, TIIC
MPEOCTABIISACTCS TOIB30BATEISIM IIMPOKHE BO3MOXKHOCTH [T 0OMeHa WHopMaIuen, He3piuMO BO3pPacTaloT
W Mep HCIMOJIb30BaHUSl YIPO3 PacHpOCTPaHEHHsT BPEJOHOCHOW WH(OpPMAINH, CBS3aHHON C NMPHUMEHEHHEM
METOZOB COIMAJbHOTO WHXXWHHUpHUHTA. JlaHHas paboTa MOCBSIIEHa UCCICIOBAHUIO SBJICHUS COLMAILHOTO
WH)XAHUPUHTA, HAMPAaBICHHOTO HA MAHHITYJMPOBAHUE TMOJH30BATENAMU COIUANBHBIX CETEH C IIeTbIO
W3BJICUCHHST KOHQUICHIUAIBHBIX JAHHBIX, MOAPBIBA PEMyTallMd, PaclpoCTpaHeHUs Ae3uH(OpMalru WU
WHOTO Bpena. PaccMaTpuBaroTcst pesieBaHTHBIE OCHOBHBIE MEXaHU3MbI COLTUATIBHOTO MHKUHUPHUHTA, TIPHYUHEI
VS3BUMOCTH  TOJIb30BATENed K MOMOOHBIM aTakaM, a TakKe TMOTCHIUAbHBIC TOCIEACTBUS st
nHpOPMAIMOHHOM Oe30macHoCTH. B paboTe mpeiararotcsi peKOMEHIAIUH 110 IPOTHBOICHCTBUIO 3TOMY BUIY
yrpo3, BKIIOYas TMOBBIIICHHE IH(POBOM TPaMOTHOCTH, pa3pabOTKy 3alIUTHBIX TEXHOJIOTHH |
COBEPIIICHCTBOBAHUE PETYJIATOPHBIX MEXaHH3MOB. J[aHHOE UCCIEOBAHUE AKTYallbHO JUIS CHECIHATNCTOB B
obnact WHPOPMAITHOHHON OE30MACHOCTH, COIMATBHBIX HAYK M BCEX, KTO 3aWHTEPECOBAH B 3allIUTE
IUQpPOBOH cpellbl 0T MAHUTYJISILUEI U BPEJOHOCHON MH(OpMAIIHH.

KuaroueBbie cioBa: 00yacTh WHGOPMAIMOHHOW 0€30MacHOCTH, IU(POBas IPaMOTHOCTb, COIMAJILHBIC
CeTH, BpEIOHOCHAsT HH(POpMAIIHS, COIMATBHBIN WHKUHUPHHT, 3aIIUTHBIC TEXHOJIOTHHA

XK K. Ubpaesa!, [I.A. bpaes!
1CaTtnaeB yHuBepcuTeTi, AnNMarth K., Kazakcran
IJIEYMETTIK XKEJJIEPJAEI'lI 9JIEYMETTIK UHKEHEPUS KAYIIITEPIH TAJIJJAY KOHE
OJIAPMEH KYPECY 9ICTEPI

Anoamna

OJICyMETTIK JKeNiep/ie Ka3ipri 3aMaHfbl KOMMYHHUKAIUSHBIH ©CIN KeJie aTKaH TaHBIMaJIbLIBIFBIH
OakpuIall OTBHIPBIN, NalJaNaHylIbUIApFa aKmapar ajiMacy YUIH KeH MYMKIHAIKTep OepilieTiH xepje,
ONICYMETTIK HMH)KEHEpHsl ONICTEpiH KOJJIaHyMeH OaillaHBICTBI 3HMSAH/ABI aKmapar Tapary KayIliHiH apTysl
Oaifkanapl. by )KyMBIC oJI€yMETTIK JKeiIep/Ii HaijaianymbuIap sl KYIusl JepeKTep il amy, Oenemni Tycipy,
nesnHdopManms Tapary Hemece 0Oacka 3WSH KENTipy MaKcaThblHIa MaHUIyJSIUsIayFa OarbITTalFaH
QJIEYMETTIK HWHKEHEepHUsl KYOBUIBICBIH 3€pTTEyre apHajfaH. OJEyMETTIK WH)XEHEPUSHBIH Herisri
MeXaHU3M/Iepi, MaiIananyIbUIapAbIH OChIH A madybuiIapra ocan 0oy cedenrtepi, COHIal-aK aknapaTThIK
Kayinci3lliKke BIKTHMaN caijapbl KapacThlpbuiajsl. JKymbicTa Oyl Kayill-KaTepre Kapchl Typy OoibIHIIA
YCBIHBICTAp Oepisie/li, COHBIH IimiHAe HUQPIBIK CayaTTBUIBIKTHI apTTHIPY, KOPFAaHBIC TEXHOJOTHSIAPBIH
93ipIiey JKOHE PETTeyY TETIKTEPiH KETUIIipy.

Tyiiin ce3mep: akmapaTThIK Kayinci3aik canacel, L{upiablk cayaTThUIbIK, ONEyMETTIK JKelinep, 3usHIbl
aKnapar, OlIeyMeTTiK HHxXeHepusi, KopraHbIC TEXHOIOTHSIIAPHL,

Zh.X. Ibrayeva', D.A. Ibrayev'
!Satbayev university, Almaty, Kazakhstan
ANALYSIS OF SOCIAL ENGINEERING THREATS IN SOCIAL NETWORKS AND METHODS
TO COMBAT THEM

Abstract
Observing the growing popularity of social networks as a medium of modern communication, which
provides users with extensive opportunities for information exchange, there is an unseen rise in the threats of
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spreading malicious information associated with the use of social engineering methods. This study focuses on
the phenomenon of social engineering aimed at manipulating social network users to extract confidential data,
damage reputations, spread disinformation, or cause other harm. The relevant key mechanisms of social
engineering, the reasons for users' vulnerability to such attacks, and the potential consequences for information
security are considered. The work also offers recommendations for countering these threats, including
enhancing digital literacy, developing protective technologies, and improving regulatory mechanisms. This
research is relevant to specialists in the field of information security, social sciences, and anyone interested in
protecting the digital environment from manipulation and malicious information.

Keywords: field of information security, digital literacy, social networks, malicious information, social
engineering, protective technologies

BBeaenue

[TpuHuMas BO BHUMaHUE BCE CTOPOHBI PA3BUTHUSI COLUAIBHOTO MHXKUHUPUHTA, pACCMAaTPUBAIOTCS
VMCTOYHUKH BOSHHUKHOBEHHMS M BO3MOJKHBIEC IIYTH €€ paclpacTpaHeHus. Takxke MOKHO MOTYEPKHYTh
OBICTPBIN POCT AJAHHOTO BUA 3JIOBPEIHOTO TUIA aTaK M3-3a CTOWKOH MOMYJISIPHOCTH UCIIOIB3YEMbIX
COLIMAJILHBIX ceTeil. BBy 3TOT0, pe3yIbTaToM UCCIEAOBAHUS CIIY>KAT PEIeBAHTHBIE PEKOMEHIAIIUU
10 MTPOTHBOJICHCTBUIO PACTIPACTPAHEHHUIO U BO3MOKHOCTH MUHIUMU3HPOBAHUS MX HCTOUHUKOB.

21 Bek — BeKk Hayana HUQPPOBON KU3HH YEJIOBEUECTBA BIUIOTHYIO, U COLIMATIbHBIE CETH €CTh
o0si3aTenbHasl 4acTh TOBCEJIHEBHOW JKM3HH COBPEMEHHOro oOIiecTBa. Besne commanbHblE CeTH
UTPAIOT KJIIOYEBYIO POJIb B KOMMYHUKALIUAX, OOMeHe nHbopMaIuei, Opranu3anusx, Coo01ecTsa u
BOBJICYEHNU B OOIIECTBEHHOE MHEHHE. 110 TaHHBIM CTaTHCTHKHU, MIJIIHAPABI JIIOJIEH €XeITHEBHO
ucnonp3ytoT Takue ratdopmbl, kak Facebook, Instagram, Twitter, TikTok u apyrue, uro
COCTaBJISIET UX HEOOXOAMMBIN 3JEMEHT. 3HAYUMOCTb COLMAJIBHBIX CETEeH IOKa3bIBaeT MacIITad
OXBaThIBaHMs, CKOPOCTh OOMEHa W  PACIHpOCTPaHEHUS  JAHHBIX, YPOBEHb  JUYHOMN
3aWHTEPECOBAHHOCTH JIMYHOCTH, SKOHOMHS BpeMEHU B OObIYHOM M pabouem pexume. OmHaKo
BMECTE C TMPEUMYIIECTBAMH COIMAJIBHBIX CETeH W TOJB30W JJIS YeIOBEYECTBA, IPAAYT M HOBBIC
yTPO3bl, CBA3aHHBIMH C HCIIOJIB30BAHHEM UX BO3MOXKHOCTEH B HEOIAroBUAHBIX LemsaX. W3- 3a Takux
YeJIOBEYECKMX KauecTB, B CHIJIy XapakTepa JKMBOIO CYIIECTBA, Kak O€30TBETCTBEHHOCTh
(HEOCO3HAHHOCTH BAYKHOCTH CBOUX JICHCTBUH U MOCIEICTBUN CBOUX PEIICHHI ), IETKOMBICICHHOCTh
(OTHOIIEHUE K BaKHBIM 3a/1adyaM HJIA O0S3aHHOCTSM C HEIOCTATOYHOW CEPbEe3HOCTHIO), OTCYTCTBHE
BHUMaHMs K JeTajisiM (JOMyIleHue OMIMOKH H3-32 MOBEPXHOCTHOTO IOJXO7a), HECOOPaHHOCTb
(HecrnocoOHOCTh ~ OpraHW30BaThb  CBOIO  JICATEIBHOCTH), IpeHeOpekeHne  OO0A3aHHOCTIMHU
(YMBILIJIEHHOE WM CITydaifHO€ MTHOPUPOBAHUE 3a/1a4), HEAUCHUIUIMHUPOBAHHOCTD (HECTIOCOOHOCTh
CJIeIOBaTh YCTAHOBJIEHHBIM MpaBUjIaM WIH rpaduky), OecrieuHoCTh (YBEPEHHOCTb, UTO BCE «KAK-TO
camMo» ynajauTcs, Jaxe Oe3 ycuiuii), JeHb (OTKa3 TPaTUTh BpeMs W CHJIbI Ha BBINOJIHEHUE
00513aHHOCTEH KaueCTBEHHO), HEMYHKTYAIBHOCTD (TIOCTOSIHHBIEC OTIO3]aHUS I HECBOEBPEMEHHOE
BBIMIOJIHEHUE  [Ie]1), HENpPeAyCMOTPUTENBbHOCTh  (HECIOCOOHOCTh  YUYUTHIBATh  BO3MOJKHBIE
MIOCTIC/ICTBHS CBOUX JIEHCTBHIA) SBISIFOTCS OOJBIIMMHE MPUCTICUTHUKAMHA U CO3/IAI0T OJIATONPUSTHYIO
MOYBY JUIsl YTPO3bl PacIpOCTpaHEHUs YaCTHON MH(OpMaIUH.

OnHUM H3 TaKUX YTPO3 SBISIETCS COIUATBHBIN HHKUHUPHHT. CyIIeCTBYeT HEMaJO YsS3BHMOCTEH,
13-32 KOTOPOTO PUCK BO3HUKHOBEHHSI JAaHHOH yrpo3bl HACTOJIBKO BEJHK, YTO OOIBIIMHCTBO YUEHBIX
BBIJICJIAIOT COLMANBHBIA WHXXUHUPUHT YK€ B OTIENBbHYIO 00JacTh. IMH BBICTYMalOT MOBEIICHHE
noBepus K MH(OpMAIMM, BBIPa)KEHHOE AMOIMOHAIBHOE BO3/IHCTBUE, BO3ZMOKHOCTH BKIIIOUECHUS
AHOHUMHOCTH ¥ aBTOMaTH3auu JeiictBun. ConuaabHast HH)KEHEPHs, TI0 CBOCH IPUPO/Ie, BEICTYTIAeT
NpsIMOIl aTakol MMEHHO Ha MHJIUBHUAA, U OyJeT 3B€HOM CIUIAHMPOBAHHOM KOMITBIOTEPHOM aTaku.
MotieHHUKY 3alIpOCTO CHayalla «B3J0MaTh)» YeIOBEKa U MOJIYYUTh JOCTYI K CUCTEME WUJIM BBECTH B
3a0JIy’KJICHHE JKEPTBY K CaMOCTOSTENbHBIM JIEMCTBUSAM 3allyCKa Ha KOMIIBIOTEPE BPEJOHOCHBIX
¢aitnoB, 4eM TpaTUTh BpeMsI Ha TIOUCK M SKCIUTyaTalluI0 TEXHUIECKUX ysi3BUMocTei [1].

Lenv u 3a0auu uccnedosanus. Llenb uccaenoBaHMUs BBIPAXKAETCS U3 MAJTOU3YUYEHHBIX HAyUHBIX
MaTepHaJiOB Ha JaHHBII MOMEHT Ha TMPOLEHT pocTta yrpo3 W arak. OpHEHTHPOM aTak
MaHMITYJIMPYIOLIETO0 CTpaTera CTaHOBATCS KakK OOBIUHBIE II0JIb30BaTeNM, TaK M PaOOTHUKU
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Pa3NIMYHOrO poJia KOMIAHUK M OAHKOB B 3aBHCHMOCTH OT HaMepeHHi. B mepBoM ciyuyae riaBHBIN
o0y IUTeNbHBIN (PAKTOP 3JI0YMBIIIJICHHUKA — HA)KMBA I KOPBICTh, BO BTOPOM CIIy4ae — OJyYeHHE
JIOCTyIIa B KOPIIOPAaTUBHYIO CETh C LIEJIBIO KPAaKU AaHHBIX, KOHKYPEHTHOW Pa3BEIKH, HapYILLEHUs
CHCTEMHOH JIeITeIbHOCTH NH(POPMALMOHHBIX cucTeM. [1o Mepkam nHpopMaiMoHHOH 6€3011acHOCTH
TLIATEJIBHO 3aIUIIEHHAs C UCIIOIb30BAHUEM COBPEMEHHBIX TEXHUYECKUX U allllapaTHBIX YCTPOUCTB,
a TaKke oTpe3aHHas oT MHrepHera mH(poOpMalMOHHAs cUCTeMa yA3BHMMa K IOJOOHBIM aTakaw,
IIOCKOJIBKY €€ DKCIUIyaTallMed M YIPABICHUEM 3aHUMAIOTCS HENOCPEACTBEHHO IIIOJIU, B JIMLE
paOOTHUKOB. 3HAYMMBIMH 33/1a4aMU HUCCIIEJOBAHUSI PACCMATPUBACTCS OCHOBHBIE XapaKTEPHUCTUKU
COLMAJIbHOTO MH)KMHUPUHIA Ha BBIIETICHUS BPEJOHOCHOH MH(OPMAIK B COLMANIBHBIX CETSAX, THIIbI
aTaK, METOJbl MAHMITYJISILIUA U IICUXOJIOTMYECKOE BO3JECUCTBUE HA I10Jb30BATENICl, COBPEMECHHBIE
TEXHOJIOTUH JUIsl OOHAPY>KEHUS M aHAJIN3a BPEJOHOCHOM HH(pOpMAIMU, TIOJIUTUKU U PETyJIUPOBaHUE
CO CTOPOHBI COITUANIBHBIX MIaT(HOpM.

Metoaosi0orusi uccae0BaHUA

OcCHOBHBIE IOIXO/BI K OIPENEICHUIO IPUPOJIbI COLUAIBHOIO MHXMHUPUHTA JEJIA0TCS Pa3HbIMU
yueHbiMu. Hampumep, no cimoBam Canaxauna @. u KaOyu H., couumanbHas MHXEHeEpus — 3TO
HCKYCCTBO BIIMSIHMS Ha JIIOAEH C LENbI0 MOJYyYeHHUs] KOHPHUISHIIMAIbHON UH(OPMAIK, TaKOH Kak
1apojiu, ajapeca, 0aHKOBCKHE JaHHBIE U T. 1., MyTEM HCIIOJIb30BAaHUS YEJIOBEUECKUX YA3BUMOCTEH.
BMmecTo ucCrnosnb30BaHUs TEXHOJOTMUYECKUX clIaboCTell 3TH aTaku 3KCILTyaTHUPYIOT UeIOBEYECKHE
c1aboCTH, TaKWe KaK 9yBCTBA, JOBEPHE U MIPUBBIYKH, YTOOBI ITOJIYYUTh JOCTYT K KOH(PHICHIIHATHHON
uHbOpMalMK WIN JaHHBIM Jrojied. XOTs 3TO TEXHUYECKH MEHEe CIIOXHO, YeM JIpYrHe CTpaTeruu
kuOeparak, collMagbHasi MHKEHEPUS MOXET IPUYUHUTH CepbE3HbI yiepo xkeptse [2]. C HuMu
coryacsTes U yueHsle u3 Typeukoro yausepcurera umenu C. Jlemupens Koron Apud 1 XKanadbu Anb
NxcaHn, Taxke CUMTAIOIINE, YTO COLIMANIbHAS UHKEHEPUS UCIIOJIb3YET pacipOCTPAaHEHHBIE acTIEKThI
YeJI0BEYECKOM MCUXOJIOTHUH, TaKue Kak JIF0OOMBITCTBO, BEXJIMBOCThb, JOBEPUYUBOCTb, KaJHOCTH,
0e3paccyIcTBO, 3aCTCHUYMBOCTD U allaTHs.

Ha pucynxke 1 B mupe Ha 2024 rox mnonp3oBaresield colUalbHBIX ceTed crtaHeT 5,037
Musutrapa [3].

SOCIAL MEDIA TIMELINE
2024 g 2 |DEMTITIES ME

we
ol €O Meltwater

Pucynox 1. Ilpupocm konuuecmea noavszoeamereti COYUAIbHbIX cemeti

Jlugep B obnmactu kubepOezonacHocTu kommanus Positive Technologies BeaeT ananutudeckue
CBOJIKH TIO COITMAIbHOMY UHXKUHUPUHTY, U B [1I kBapTane 2023 rona, mpecTaBICHHOTO Ha PUCYHKE 2
W3 9uciia o0IIero KOJIMYeCTBa WHIIMJCHTOB MMEHHO aTaKh Ha COIMAJIbHBIC CETH COCTaBWIH 2%
(opranuzanuu) u 19% (dacTHbIe NUIA), TAKXKE yKa3ajia, YTO B OCHOBHOM 3TO MOIICHHUYECKHE
neuncteus [4].
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Pucynox 2. Obwee xonuyecmeo uHyuOeHmos

OqepeﬂHoe J0Ka3aTCJIbCTBO TOro, 4TO OOJIBIIIMHCTBO aTak COBCPHIIACTCA, UMCHHO Ha YCJIOBCKA
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Pucynok 3. Obwvexmuvr amak

CoumanbHas HHXKEHEpHs HauBBICUIEH CTENIEHW MHOTOTPaHHa, YTO UCIOJb3Ys €€ MOXKHO C/IeNaTh
JBOIHYIO aTaKy, TJIe OJHA 3aBEepHYTa B Apyryo. JlanHOE HaOII0IeHNE BBIJIETICHO U3 aHAJTUTHIECKOT0
KBapTajbHOro otueta kubepyrpos Positive Technologies 3a 2024 roa, rae HccnenoBatenu yrpos
Imperva oOHapyXWIK aTtaKy, IPU KOTOPOH BPETOHOCHBIN MaKEeT UMHUTHPYET Ha3BaHHE JISTHTUMHOTO,
Ha3blBaeMy0 TalINCKBOTTUHT, IPOBOAMMYIO BO MHOI'OM B COLIMAJIbHBIX CETSIX.

ATak ¥ yrpo3 COnHMaibHOTO WHXMHUPUHTA JIOBOJIHLHO MHOTO, M JaJbHEHIee NX YBEIHYCHHE MX
qucia HapsIMyI0 3aBUCUMO OT M300peTaTeabHOCTH U N30IIPEHHOCTH yMa YellOBEUeCTBa, IPU BCEM
MIPH TOM HaM HEOOXOIMMO BBIICTUTH T€ TUIIBI aTaK C UCTIOIH30BAHNUEM COITHAIEHOTO HHKHHUPHUHTA,
KOTOpBIE HEMOCPEJICTBEHHO HCIOJB3YIOTCS B COLMAIBHBIX CeTIX. B — mepByro ouepenp s
MIPOBEJICHUS YCTICITHOTO HAMaISHHsI IPOBOUTHCS HCCIIEI0BAHUE 00BEKTA, TO €CTh 3JI0YMBIIUICHHUK
n3ydaeT HHPOPMAIIUIO O )KEPTBE, IS OJJHOM IeNIN — MOHATH, KaK JIydIlle BCEro MOJIOWTH K JKEePTBE.
EcrecTBeHHO, uTO aHANM3UpYIOTCS npoduiu B corpanbHbix ceTsix (Facebook, LinkedIn, Instagram,
Twitter), coOupaer naHHble: MecTO paOOThI, KPYr OOIIEHUS, MHTEPEChl, KOHTAKThl. 3aBepIlIEeHUE
IUTaHA SIBJISETCS MIOMCK YSI3BUMOCTH, HAaIlPUMED, 5Kajo0bl Ha MPOOIEMbI HITH MTOMCK paboThI.

ATaka COIMAIbHOW MHXCHEPHH, MPH KOTOPOH 3IIOYMBIIUIEHHUK BXOJHUT B JOBEpHE K KEPTBE,
Ha3piBaeTcsl "mperekcTuHr" (pretexting). MOIIEHHUKH YacTO MPEJICTABISAIOTCS COTPYIHUKAMHU
Pa3MYHBIX OpTaHU3aINi, BKIItOYasi 0aHKH, TOCYIapCTBEHHBIE OPTraHbl 1 KOMMYHAJIBHBIE CITYKOBI, ¢
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LEJIbI0 OOMaHa rpaXK1aH U MOIy4YeHUs! KOH(PHUASHIINATbHONH HH(OPMAIIMK WU JCHEKHBIX CPE/ICTB.
Hanpumep, oHu MoryT BblgaBaTh ceOsi 3a mpencraBurened KasmouTsl, coobmias o JocTaBKe
3aKa3HOTO MHChbMa, WK 3a COTpyAHMKOB "Anmatsl Cy", yTBepxkaas 0 HEOOXOIUMOCTH MOBEPKU
cueTunkoB. [lox pasnuyHbIMM THpeAsoraMH 3JIOYMBIIUIEHHUKH NBITAIOTCS YOEIUTbh JKEpTB
MPEJOCTaBUTh KOJbI U3 SMS uinu npyrue auuHbie Janablie. OJHUM U3 peasibHO 3a(UKCHPOBAHHBIX
nperekcTHHr atak B Kasaxcrane, orMewaer HauwmonanbHas ciyx0a pearupoBaHMsl Ha
koMmibrotepHble HHUUAEHTHl KZ-CERT, gBuiiocs pacrnpocTpaHeHHe OOBSIBICHUN C NOJJEIbHBIMU
QR-xomamu B moAbe3ax OKUIBIX JIOMOB, MOOYXIas TpakaaH ckaHupoBaTb QR-xomel u
IIPUCOETUHUTHCA K JOMOBBIM HaTaM B MecceH kepax. CornacHo otuety Kamudopuuiickoro Data
Breach Investigations Report (DBIR) 3a 2023 roj, mpeTeKCTHHT UMEET KOJIOCCAIbHBIE YCIEXU Kak
peanr30BaHHas aTaka U IMpeACTaBlieHa Ha pUCyHKe 4 [5].

) Tl I I— T | —

2017 2019 2021 2023

Pucynox 4. Unyuoenmol npemexcmunea 0o 2023 eooa

[Toxoxas araka, HaspiBaemas ¢umuHr (Phishing), xotopyro mo nanHsiM ['ocymapcTBeHHOMU
TexHu4eckol ciyx0bl B 2023 roay B Kazaxcrane ooHapyxuiu 2 160 cinyyaes. I1o psity HCTOUHUKOB,
ot 70% 10 80% (QUITMHTOBBIX aTaK PeATM3YIOTCS Yepe3 COOOIEeHUs, COJIEPKAIINE CChUTKH, BEYIINE
Ha TOJNJCIIBHBIE WM 3apakE€HHblE CaWThl. TakuWe CCBUIKM IIO3BOJISIIOT 3J0YMBIIUIEHHUKAM
HaIpaBJIATh IOJIb30BaTENEeH Ha callThl A cOOpa yYETHBIX JAHHBIX WIM JUIsl aBTOMaTH4ECKON
3arpy3ku BpenoHocHoro I1O. OcraBmascs yactb, 0koi10 20%—-30% (UIIMHTOBBIX yrpo3, BKIOYAET
HCIOJIb30BaHNE BPEJOHOCHBIX BIOKEHUH (HampuMep, JOKYMEHTOB, apXUBOB WJIU JpYyrux (aiiyios),
KOTOpBIE MPU OTKPBITUM MOTYT MHULMMPOBATh 3arpy3Ky 3ioBpenHoro IO mnm skcrmyaTupoBaTh
yS3BUMOCTH KOHEUYHBIX yCTpoicTB. [Ipu yem B colmanbHBIX CETAX yalle padoTaroT TOJIbKO 3 BHUAA
¢umpmHra: BumuHr (vishing: ucnonb3oBaHue TeIePOHHBIX 3BOHKOB s (DUIIMHIOBBIX AaTaK),
cMUIIMHT (smishing: ¢ummHroBele araku depe3 SMS-cooOuieHus), cucouHbl GUIIMHT (spear
phishing: [lenenanpaBieHHas aTaka Ha KOHKPETHOTO YellOBEKa WJIM OpraHU3alUIo).  3a JAEBATh
MecsieB 2024 roma 3aperucTpUpOBAaHO CBBIMIE 15,9 ThIC. cydyaeB MHTEPHET-MOIICHHUYECTBA, YTO
cocTaBisieT 0koJio 47% ot Bcex BU0B MomeHHHYecTBa (33 832). O6uwmii yimep0 cocTaBui mopsaka
26 mupa tenre. [6] Tlo mamaeiM mpunmokenus: Kaspersky Who Calls, gons monws3oBareneid B
Kazaxcrane, nmoiy4aBminx crnam-3BOHKH, B siHBape—Hos0pe 2024 rona cocraBuna 72,4%.[7] Ilpu
sToM OoJiee MOJOBUHBI TMoib3oBarenei (52,1%) — CTONKHYJIUCh ¢ MOIICHHHUKaMH. 3aMETHM, YTO
noutu 73% 3abimokupoBaHo moutd 50 MWIIMOHOB TaKWX BBI30BOB. A B CPaBHEHHUU C COCEAOM
Poccueli nannbpie Takux aTak cocraBmiia Bcero 61% 3a 2024 rom, 4yTo MOKa3bIBa€T HAM OOJBIIYIO
OpPUEHTUPOBAHHOCTh MOILIEHHUKOB UMEHHO B HAIlIEl CTpaHE.

Tax, B 2020 romy ObuM 3aduKCUpOBaHBI CilIy4dad, KOTJa MOJb30BaTeNu moiaydaad SMS-
COOOIIeHHUs AKOOBI OT KPYIHBIX Ka3aXCTaHCKUX OaHKOB, TakuX Kak Xanblk bank u Kazkommeprioank.
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B 31X cOOOIIEHUAX Tpeaynpexaand o OJOKUPOBKE KapT WM CYETa, U MpeJiaraiv MeperTH mo
cchUIKe NIl akTuBanuu. CalT, Ha KOTOPBIA BEIM CCBUIKM, ObUT (hajibIIKMBBIM, a JAaHHBIE Kapr,
BBEJICHHBIC ITOJIH30BATEIIEM, MTOTIA/IATH B PYKH MOIIEHHUKOB. A T'0JIOM TI03K€ OBLIN pacIpOCTPaHEHBI
coobmenus, sko0s1 oT ['ochuckansHoi cityx0bl KazaxcTana, ¢ yBeJOMICHUSMHU O 33JI0JIKEHHOCTH
o Hajoram wiu mrpadax. B SMS npemraranu nepeliti o cepike ais ornatel. CailT, Ha KOTOPBIT
HAMpPaBIIIU KEPTB, UMUTHUPOBAJl O(PUIMANBHBINA CalUT M coOupan JaHHbIE AJI MOCIEAYIOLIEro
HCIOJIb30BaHUS.

OTMeTHM pa3HUIy MEXKIy HHMH, TEM, YTO TMPETCKCTHUHT (OKyCUpyeTCsl Ha CO3JaHUU
MHUBUAYATBHOTO CLIEHApHs U pabOThI C KOHKPETHOM JKEPTBOM, a (PUIIMHT YaCTO MACCOBBIM U MEHEe
MEePCOHATM3UPOBAHHBIN, OOBIYHO Yepe3 MOMAJCSNIbHBIC MHChMa WU coobmeHus. B 2022 roxy Obut
ciny4yail ¢ ucmoib3oBaHueM SMS-cooOmieHnit aiis oOMaHa ¢ (GajdbIIMBBIMH yBEAOMICHUSIMH O
J0CTaBKE TIOCBUIOK Yepe3 MEeKyHapoaHbie kommannu, Takue kak DHL nmn Kazpost. B cooOmiennsix
yYKa3bIBaJIM, YTO MOCBUIKA 3aJ€pKaHa, U Ipeajlaraid NeperTH MO0 CChUIKE NIl YTOUHEHMS ajpeca
JOCTaBKM WJIM OIUIATHl "JIOMOJHUTENBHBIX cOOpoB". OmATh ke, 3TOT calT Obul (PajbIIUBBIM, U
M0JIb30BAaTEIN BBOJAWIM CBOM JaHHble. A yxe B Hauane 2024 roga Hayaiu noctynate SMS-
COOOIIEHUs, KOTOPhIE SKOOBI Tpeiaraiu rpaxaanaMm KazaxcTana B3sTh KPEIUT Ha BBITOJHBIX
YCIIOBUSIX OT KPYyHHBIX OaHKOB, Takux kak COepOank u KazkomMepii0aHk, K TOMy MOMEHTY YK€ He
CYIIECTBOBABIINX. B COOOIIEHUAX MpeIarajgoch MPOWTH 1O CChUTKE sl 0(OPMIICHUS KPEANTa, I/1e
TpeOoBanM BBECTU HaHHBIE MAcloOpTa M OaHKOBCKOM KapThl. MOIIEHHUKH HCHOIB30BaIH OTY
MH(POPMALIHIO IJIS1 KPaXKH CPEJICTB.

Tperuit Bun Hamanenust — araka beiitunr (Baiting), 3TO BUJ MOILIEHHUYECTBA, MPU KOTOPOM
3JIOYMBIIIJICHHUKY TIPeJIararoT 3aMaHYMBbIC TIPEIOKEHUS I OecIuIaTHBIC ToBaphl. Hampumep, B
2024 rony B Kazaxcrane Obl1 3adukcupoBaH ciydyail, KOrja MOIICHHUKH Mpesiaraiy rpaxaaHam
MOJTYYUTh BOJUTEIBCKUE MpaBa 0e3 c1aun dk3aMeHOB. OHM pa3Meniaii OObsIBICHUS B COLIUATBHBIX
CeTsIX M MecceH/Kepax, obemas ObicTpoe odopMIeHHE AOKYMEHTOB 3a OMNpEACNICHHYIO IIaTy.
[Tocne nmomyyeHus ASHET 3JI0yMBIIUICHHUKH MTPEKPaIIaid CBS3b C )KEPTBAMH, a BOJUTEILCKUE MpaBa
HE BBIJIaBAJIKChH MEPEIAET areHTCTBE M0 PETyJIMPOBAHUIO M PA3BUTHIO (DUHAHCOBOTO PHIHKA

W cambiii KpynHBIA W CIOXHBIA — KOMOWHHPOBAHHBIC aTaKW, HCIIOJIb30BAHHE HECKOJIBKHX
METOJI0B OJJHOBPEMEHHO.

HemanoBaxxHo paccMOTpeTh M NpoOaHAIM3UPOBATh HCCIENOBAHMS POCTAa aTak COLUAIbHON
nixkeHepun B 2024 roay, CBS3aHHBIX C VYIYYIIEHHMEM TEXHOJIOTHM, pPa3BUTHEM METO/OB
MEePCOHAIN3AIMHY U YBEJIMUEHUEM KOJIMYECTBA JAHHBIX, JOCTYITHBIX B OTKPBITOM JIOCTYTIE.

[To ywactu mperexctunra, B obmem, mo gaHHbiM IBM X-Force Threat Intelligence Index —
€XKEroJHOr0 OT4YeTa, B KOTOPOM aHATU3UPYIOTCS M3MEHEHUS B KHUOEpyrpo3ax, BBISBISIOTCS
TEeHJICHLIUU U MPEJOCTABISIIOTCA PEKOMEHIAUU IS 3alUThl OpraHu3auuii. B Beimycke otuera 3a
2024 rox BBIIENSAIOTCS TPU OCHOBHBIC TEHJICHIIMU, OJIHUM W3 KOTOPBIX BBICTYINAET PE3KOE
yYBEJIMYEHUE CIIy4aeB 3JI0YMOTpeOJeHUs AeWCTBUTEIbHBIMU YYETHBIMH 3allMCSIMH, Ha KOTOpBIE
peKoMeHIyeTcsi oOpaTUTh BHHMAaHUE CIENUaTUCTaM 10 O€30MacHOCTH M PYKOBOIUTENISIM
uHpopmanoHHod  Oe3omacHoctu  [8].  JlaHHBIe  peanuMu  BBI3BIBAIOTCS  YBEIHYECHHUEM
MePCOHAIM3UPOBAHHBIX aTak OJlaro/1apsi akTHBHOMY aHAJIU3Y MTPOQHIICH KEPTB B COIUATBHBIX CETAX
U CO3JaHUIO CIOXHBIX CIleHapueB oOMaHa. V3-3a mMpuYHMH pa3BUTHsS TEXHOIOTUH MUN(EHKOB U
ABTOMATU3UPOBAHHBIX TOJIOCOBBIX MTOMOIIHUKOB, YTO TTO3BOJISET 3JI0YMBIIUICHHUKAM TI0I/IEIBIBATh
roJI0C ¥ BBIAaBaTh ce0sl 3a TOBEPEHHBIX Jinll. Jumdelku Ui aTak BUIIMHTA, CO3aHHBIE C TTOMOIIIHIO
HOBEUIIINX TEXHOJOTUN reHepatuBHoro MU, co3gator HOBBIM ypoBeHh oOMaHa. OHU T€HEPUPYIOT
TUIEepPEeaTUCTUYHbBIE BUICO, ayJH0 U TEKCT, KOTOPhIe MOTYT BBECTH B 3a0YyXKICHHE JTaXKe CaMbIX
BHUMATEJIBHBIX JIIOJIEH, MPUBOJS K MHOTOMWJUTMOHHBIM YOBbITKaM. [lo maHHBIM mccnemoBaTenei
Accenture Cyber Intelligence (ACI), 3moymbIIeHHUKH ToTOBBI TIaTuTh 10 20 000 monmapos 3a
MHUHYTY BBICOKOKa4eCTBEHHOIo AurdeiikoBoro Buaeo. bonee Toro, 3a nepsbiit kBapTan 2024 roaa
00BEM TMOKYNOK W TPOAaX HMHCTPYMEHTOB JUIsl CO3faHusl TUNQeiikoB Ha ¢opymax HapKHETa
yBenuuuics Ha 223% 1o cpaBHeHUIo ¢ nepBbIM KBapTasioMm 2023 roaa. K npumepy, B 'oHkoHre 0aHk
noTepsil 25 MWIIMOHOB JOJUIAPOB H3-32 CJIOXKHOW JUM(EHKOBON CXEMBI. 3J10yMBIIUICHHUKH
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U(POBBIM CIIOCOOOM BOCCO3/1aIM TJIABHOT'O TEXHOJOTMUYECKOTO JAUPEKTOPa KOMIIAHUU U APYTHX
COTPYJIHUKOB Ha BUECO3BOHKE, /1aBas MHCTPYKLUU O nepeBoje aeHer. Komieru, He nogo3pesas o6
oOMaHe, BBITTOJIHUIIH 3arpoc [9].

MaccoBoe HCHOJIb30BaHWE MOOWJIBHBIX YCTPOHCTB zAenaer SMS-cooOmieHus 3)¢eKTUBHBIM
MHCTPYMEHTOM Il OOMaHa Jjisi TPOBEICHHS CMUIIMHIA, TJE PACCBUIAIOTCS COOOIIEHUS O
"OJIOKMPOBKE aKKayHTa", coJieprKalirue BPEJOHOCHBIE CChUIKM JUTs cOOpa JaHHBIX. Symantec Internet
Security Threat Report coobmiaeT, 4To KOIUYECTBO HANAJACHUH CMUIIIHHTA BhIpociio 10 30% B 2024
roay, 3To Ha 5% Oonbine, ueM B 2023 roay [10].

Cormacno otuéry Kaspersky Security Bulletin 3a 2023 rox, momis 11e1eBbIX (PUIIMHTOBBIX aTak
(criucounslit pummmHr) yBenuumiack ¢ 18% B 2023 roxy 10 25% B 2024 rony. D10 CBSI3aHO C pOCTOM
Yyclia aTaK Ha BHICOKOIIOCTABIIEHHBIX COTPYIHUKOB U OPraHU3alluu C LENbI0 MOMyUeHus JOCTyna K
KPUTHUYECKH BOXHBIM JJaHHBIM. [IprMepoM Takoi aTaku SIBJISIFOTCS TUChMA, SKOOBI OTIIPABJICHHBIC OT
MMEHU TeHepajIbHOro AUPEKTOpa KOMIIAHUM, C TPOCKOON MPEeOCTaBUTh MAPOJIU WU OCYIIECTBUTh
JeHexHbIe rnepeBos [11].

CornacHo Cisco Annual Cybersecurity Report, 370yMBIIUIEHHUKH BCE dYalle HCHOIb3YIOT
KOMOMHHPOBAHHBIC aTaKW, COUETasi METOAbI (PUIIMHTA, BUITUHTA ¥ MMPETEKCTHHTA JIJIS TIOBBIMICHUS
3¢ (HEeKTUBHOCTU CBOUX JEHCTBUH. DTO NPUBOIAUT K YBEIMUEHHUIO YHCIA aTak, MPU KOTOPBIX
OJIHOBPEMEHHO OTIPABJISIOTCS IOJAJEIbHBIE NMHUCbMa U COBEPIIAIOTCS 3BOHKH, YTOOBI YCHIIUTh
nosepue xeptTBbl. Jlons Takux atak Bo3pocina ¢ 10% B 2023 roxy no 18% B 2024 rony [12]. Ilo
Harvard Cybersecurity Analysis mpumanku B Bujie 3apaxéHHbIx USB-nakonuTeneit nim QR-komoB
MIPOJOJKAIOT UCIOJB30BaThCS, OCOOCHHO B MecTax ¢ OONbIIMM KonuuecTBoM Itoneit. [Tpumep:
Ocrasnennbsie USB-ycrpoiicTBa ¢ momerkoi « KoHpUAEHIINATBEHOY, KOTOPBIE KEPTBBI MOKIIOYAIOT
K CBOMM ycTpoiicTBaMm. Tem cambiM, HA OCHOBAaHUHU BBILIICHM3yUYEHHBIX TAHHBIX, MOKEM MPUBECTU
MOKa3aTeIbHYI0 CPAaBHUTEIHHYIO HH(POPMAIIMIO MEXTy TBYMS MOCIEIHUMH roJJaMH Ha Tadnuue 5 u
pucyHke 6.

Tabnuya 5. [Junamuxa amax 3a 2023 u 2024

Kamezopus 2023 (%) 2024 (%)

1 | Ilpemexcmune 20 28

2 | Buwumne 15 22

3 | Cuuwune 25 30

4 | Henesou puwune | 18 25

5 | Kombunuposannusie | 10 18
amaxu

6 | boumune 12 15
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Wrak, m3ydas Bce Marepwalbl MO JaHHOH Teme, CHOPMYIUPYEeM TEOPETUYECKHE AaCIIEeKThI
COLIMAJIBHOTO UHKUHUPUHTA. TeM caMbIM, oHATHE COLMAIBHBIA UHKUHUPHUHT — 3TO COBOKYITHOCTb
METOJIOB TICUXOJIOTHYECKOTO MAaHUTTYJIMPOBAHUS JIIOJIbMU C IETbI0 TOOYKICHUS UX K BBITIOTHEHUIO
onpeeaEHHBIX JCUCTBUH WM TMPEJOCTABICHUIO KOH(UAeHIManbHOU uHbopmarmu. OCHOBHOU
aKIICHT B COLIMAJIbBHOM MHXXMHHUPUHTE JIETACTCS HA YSI3BUMOCTSIX YEJIOBEYECKOIO MOBEACHUS, TAKUX
KaK JOBEPYUBOCTh, CTpax, >KEJIaHHE IMOMOYb WIM H30ekaTh KOH(IMKTA. Bhimenum kiroueBbie
XapaKTEPUCTUKU COLUATBHOTO MHXUHUPUHTA:

- @okyc Ha denoBeueckwil (GakTop. 3JIOYMBIIUICHHUKH OOXOAAT TEXHHYECKHE CpPEeICTBa
3allUTHI, UCIIOJIB3YSI ICUXOJIOTMYECKUE YSI3BUMOCTHU JIFOJIEH.

- IIpocrora ucnionHenus. {1 ocyiecTBI€HUS aTaKk 4acToO HE TPEOYETCs CIOKHBIX TEXHUUECKUX
CPEICTB, IOCTATOYHO 3HAHUH O TICUXOJIOTHH U HABBIKOB OOIICHUSI.

- Mmuoroo6pasue meTonoB. ConmanbHbli HHXUHUPHHT BKJIFOYAET B CeOS pa3lUIHBIC METOJIbI
MaHUMYJISALUY, TaKKe KaK (UIIMHT, BUIIUHT, CMUIIMHT, TPETEKCTUHT U OCUTHHT.

- Hcnonws3oBanue noBepusi. ATaku CTPOATCS HA TIOBEPUU K 3JI0YMBILIIEHHUKY, KOTOPBIA 4acTO
MacKHUPYEeTCs MOJI aBTOPUTETHYIO (PUTYPY, KOJIETY WIIH JpyTa.

- lleneBast HampaBIE€HHOCTh. ATaKM 4YacTO HAllEJIEHbl HA KOHKPETHBIX JIFOAEH WM TPYMIIbI,
o0Jaarorye JOCTYIIOM K HYXKHOU 3JI0YMBIIIJICHHUKY WH()OPMAIINH.

OcHoBHasl 3a/laya COIMAIBHOTO WHXKEHepa — «IoJo0paTh KIIOU» K KaXIOMY KOHKPETHOMY
YEJIOBEKY M CBhITpaTh HAa €ro YyBCTBaX M AMOIMSAX TakK, 4yTOObI OH 3a0bUI MPO OCTOPOKHOCTH U
COBEpIIII HEOOXOJUMbIE 3TOYMBIIIJICHHUKY JEHCTBUSI.

B MeTomax MaHUMYJIALIMKU U ICUXOJIOTUYECKUX BO3JAEHCTBUI Ha MOJIB30BATEIEH COLIMAIBHBIE CETH
CTaIM MOUIHBIM HHCTPYMEHTOM JUIsl OCYIIECTBICHHMS MAHUNYJSALUMA U TICUXOJOTHYECKOIrO
BO3JICUCTBUS, TaK KaK OHU MPEIOCTABIISIIOT 3JIOYMBIIUICHHUKAM JOCTYN K OOJIBIIOMY KOJIHYECTBY
JTUYHON MH(POPMAINH, B3aUMOJICHCTBUI U IPUBBIYEK MOJIb30BATENCH.

Tax B [13] aBrOp mojaraer, YTO OJHOW U3 OCHOBHBIX KPHUMHHOJIOTUYECKUX JAECTEPMUHAHT
TeIe(OHHOTO MOIIECHHUYECTBA, COBEPIIAEMOI0 C HCIOJb30BAHHEM MPETEKCTHUHTA, SBISETCS
nH(OpMaMOHHAS [IO0AU3alus, CIIOCOOCTBYIOMIAsl PACIpPOCTPAHCHUIO KOH(HUICHIUATBHON
nHpopmanuu B cetu HTEepHET. POIh CONMAaNbHBIX CETEH Kak TUIaT(GOPMBI JIJIs peai3alliy aTak TakK
Ba)KHA, TTOCKOJIBKY OHU OOBETUHSIOT MUJUTHAP/IBI TOJIb30BATENEH, CO3JAI0T OJIarONpPHUSTHBIC YCIOBUS
JUTsL pactpocTpaHeHus WH(oOpManuu M 00eCTIeUnBAIOT 3J0YMBIIIUICHHUKOB HHCTPYMEHTAMU IS
s dexTuBHOTO BO3aeiCcTBUS [14].

ABTOp paccMaTpuBaeT crenuduKy MeTO0B COITUATBHON WHKEHEPHH, 00XO/ISIIET0 0COOCHHOCTH
KPUTUYECKOTO U AHAJTUTUYECKOTO MBIIIJIEHUS, UCHOJIb3YsI TOJBKO BBISBICHHYIO SMOIUOHAIBHYIO
rpaHb uHAMBUAYYMa [15].

PaccMoTpuM OCHOBHBIE XapaKTEPUCTUKH COLMATIBHON HHXKEHEPUH:

- CoumanpHble ceTH OOBEAMHSIOT OTPOMHOE KOIMYECTBO IMOJIb30BATENCH, YTO HelaeT HX
UJeaTbHON Ccpefon i 3JI0yMBINUICHHUKOB. Jlyis ob6ocHOBaHus mpuBeneM, uto B 2024 romy
ayJIMTOPUS COLMATBHBIX CETel HacuuThIBaNa Oomnee 4,5 MUIITUAPIOB YelIOBeK. Takas KOHIIEHTpAIUs
MOJIh30BaTeNIeH co3/1aeT OOJBIINON TMOTEHIIMAN JJII MAacCOBBIX aTak, M XapaKTEepPU3YeT IEPBYIO
XapaKTePUCTHUKY - MacIITaOHYt0 0a3y moib3oBaTeneit

- CoumanpHbple CETH MPEIOCTABIAIOT 3JIOYMBIIIJICHHHUKAM JIOCTYN K OOIIUPHBIM JaHHBIM
MOJIb30BaTeNeH, BKIIIOYas TMUHbIE HHTEPECHI, MECTO PaOOTHI, KPYT OOIIEHUS, a TaK’K€ KOHTAKTHYIO
nHpopmanuto, Goro, BUACO, TEOTOKAIMI0. TeM caMbIM MOJXOJIUM KO BTOPOW XapakTEepHOU uepTe,
KakK JIerKUM J0CTYN K JUYHBIM JaHHBIM.

- AITOpUTMBI DPACIPOCTPAHEHHS] KOHTEHTA COIMAIBHBIX CETeH CIOCOOCTBYIOT OBICTpOMY
paclpoOCTPAHEHUIO KOHTEHTa C BBICOKOM BOBJIECYEHHOCThIO. BaXHO MOHMMAaTh Kakue JEeUCTBUA
MPOU3BEYT 3allETIKy BHUMAHUS MOJIb30BATENS, TO €CTh UCIOIb3YIOTCS SMOLUOHAIBHO 3apsKEeHHBIE
coo0rieHus1, 4ToObI BBI3BATh Y TOJIH30BATENCH KemaHue AeNUThcs UMU. K CIIOBY JT0KHBIE HOBOCTH,
pacpoCTpaHsIOTCS Yepe3 PErocThl U JaKH, MPUBJIEKAasi BHUMAHUE YEJIOBEKa

- CoumaneHble CETH, KaK Cpella, UMEIoash HECKOJbKO THIIOB MPaBUi HH(POPMAIMOHHOMN
0€301MMacHOCTH, TI0 MPU3HAHUIO MTOJIb30BaTEIeH BOCIPUHUMAIOTCSI 0€30TIaCHOM Cpeoii AJist OOIIeHNUs,
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YTO CHIDKAET UX OAuTenbHOCTh. OOBSICHSACTCS ITO JIETKO, CKIIOHHOCTBIO IOBEPSITh COOOIIEHUSM OT
"npy3ei" WK KoJUIEeT, He MPOBEPsIs UX MOUIMHHOCTD. M3 — 3a «J10Bepus» BCEraa CO34aeTCs JIOKHOE
YyBCTBO O€3011aCHOCTH.

- CouuanpHble CETH MPEJOCTABIISAIOT MOIIHBIE MHCTPYMEHTHI TapreTUHTa, KOTOPbIE MOTYT
OBITh HCIIOJIH30BAHBI HE TOJBKO PEKIAMOJIATEIISIMH, HO U 3JIOyMbIIIIIEHHUKaMU. [IpumMepoM MOXeT
CIly’)KHT, YTO TOJIe3Hble (DYHKUUU TapreTHHra MO3BOJISIIOT 3J0YMBIIUICHHUKAM HalleTUBaThCS Ha
ONpeAEIEHHBIE TPYNIIbI, HAPUMEDP, COTPYIHUKOB KOMIIAHUI WJTM TIOJIB30BATENIEH C ONIPEACIEHHBIMU
HMHTEpEeCaMHu.

- CouManpHbple CETHU TMO3BOJISIIOT 3JOYMBIIUICHHUKAM CKPBIBATh CBOKO JIMYHOCTH Yepe3
(delikoBble aKKayHThI, YTO TMOHHMMAETCS KaK IIeCTOM XapaKTePUCTUKOW  «IOAJIEP>KKON
QHOHUMHOCTH». JTO YCIOXKHSAET Ipoliecc OOHAPYKEHUS U TPEeI0TBpaIeHus aTak. To ecTh co3/laHue
MOAJENBHOTO IPOGUIIs COTPYAHHUKA OTeNa KaJpoB AJisi BRIMAaHUBAHUS PE3IOME U JIMYHBIX JaHHbIX.

Tak kak comuaibHbIE CeTH CBOOOJHAS TUIOIIAIKA IS PACCBUIKM BCSKOTO pPOAA CCBUIOK U
MIPOrpPaMMHOTO OOecreueHusi, MHOTHE I0JIb30BATEIH MEPEXOAST M0 CChUIKaM, HE 3ayMbIBasCh 00
ux Oe3omacHoctH. [IpuHuUMas WHOOPMALMIO OT JIpyra CO CCBUIKOW Ha SKOOBI MHTEPECHOE BHUJICO,
MOXKHO 3apa3uTh CBOE€ YCTPOWCTBO. OJTO MeEXKa paclpOCTpaHEHHs BPEIOHOCHBIX CCBUIOK U
MIPOrpaMMHOTO 00€CTICUeHUS.

[Tone3nast ¢uiIka cOIUANbHBIX CETeH MPUMEHEHHE MEXaHW3UPOBAHHBIX MOMOIIHUKOB OOTOB
KpOEeT B ce0e OTHOBPEMEHHO OTPUIIATEIBHYIO JIMHHIO, TAKYIO KaK BO3MOYKHOCTH IIPOBOJIUThH aTaKu B
00JBIIUX MacIITadax ¢ MUHUMAIbHBIMH 3aTpaTaMu. YaT-00Thl B COLMATIBHBIX CETSIX MOTYT OBITh
WCIIOJIb30BAHBI JUIsi aBTOMAaTH3UPOBAHHOTO BBIMOTATEIBCTBA WH(GOPMAIIUU WM PACIPOCTPAHCHUS
¢bumUHroBeIX cchllok. K mpumepy, 60T oTmpaBiseT COOOIIEHUs OT UMEHHU CIY:KOBbl TOJICPHKKH,
3ampaiirBasi JaHHbIE JJI1 BOCCTAHOBJICHUS aKKayHTa.

YacTo coruanbHbIe CETH UMEIOT 0aru-ommoOKy B cBoUMX HHTepdeiicax nmporpammupoBanus (API),
KOTOPBIE MOTYT HCIIOJB30BATHCS 3JIOYMBINIJICHHUKAMHU. DTH YSA3BUMOCTH MOTYT JaTh JOCTYI K
JAHHBIM TI0JIB30BATENCH WM TO3BOJUTH COBEpUIATh JACWCTBUS OT UX HMeHHU. lcmonb3oBaHue
VS3BUMOCTH B BHJIC YTEUKH JTaHHBIX 4yepe3 API mokeT mpuBecTu k cOOpy mapoJield Wid Jpyrou
KOH(pHUACHIIMAIBHON HH(pOpMaIUH.

Tunonorust BpetoHOCHOW WH(OPMAIIUU B COIUATBHBIX CETAX JETUTCS Ha HECKOJIBKO OCHOBHBIX
KaTeropuil B 3aBUCUMOCTH OT II€JIE U METOAO0B €€ CO3/IaHMsI U pacIIpOCTPAHEHUS:

CaMbIM 0COOEHHBIM THUIIOM BbICTynaeT JioxkHas nHpopmanus (Fake News), npeacrapnsiemast Kak
HOBOCTH C IIeNIbI0 BBECTH ayJIUTOPHUIO B 3a0myxaeHue. [IpumeuaTenbHO, YTO OHM CO3AAIOTCS TS
MIPOBOKAIIMY, MAHUITYJISIIAYA YMOLMSIMU WJTU TTOTYUYEHUS BBITO/IbI, U 324aCTYI0 UMEIOT OOJIBIIINE 1IEITH
(dhopMupoBaHHEe 00IIECTBEHHOTO MHEHUS, IECTA0MIU3AIIHS CUTYallly B OOIIIECTBE MIJIM OPTaHU3alIHH.
YacTo BBITTIANAT KaK peajbHbIE HOBOCTH, YTO JeNaeT ux Ooisee yOemurenbHbiMHU. [logmenbHas
HOBOCTh O BBEJICHWU HOBBIX HAJOrOB, KOTOpas MPOBOIHPYET OOIIECTBEHHOE HEIOBOJILCTBO, Kak
oOpaszer.

Eme oxnoit gopmoil miam tumom paccMartpuaercs nesuHgopmanus (Disinformation) — 3to
HaMEpPEHHOE paCIpOCTPAHEHUE JIOKHOM WM MCKXEHHONW WHPOpMalUM JUisi BBEJACHHUS B
3a0myxaeHne. HamepeHussMHu BBICTYMAIOT MOJUTUYECKOE aBlieHUE, (PMHAHCOBBIE BBITOJIbI, MTOAPHIB
JOBEpHST K OpraHu3ausM uin JunaMm. OTMedaeTcss pacpoCTpaHEHUEM IIeJICHANPaBIEHHO, YacTo
MOJAKPEIIISETCS] MAaHUIYISATUBHBIMU TaHHBIMH, HarlpuMep, chabpukoBaHHBIMU (hoTorpadusiMu mim
Bujeo. [Ipumep: coobiienus o aKk00bl 000CTPEHNN BOEHHOTO KOH(IIMKTA, YTOOBI OCEATh MAaHUKY .

Tpersum Tunom cnyxkut Ilpomaranma — »95To wuHbOpMaIus, pacrnpocTpaHsemas IS
dhopMHUpOBaHHS OMPEACIEHHOTO B3TJIA/Ia WM TOBEACHUS B MHTEPECAX OTIEIHHON TPYIIBl WIHA
rocyaapctBa. OCOOEHHOCTBIO BBITTISANT aKIIEHT Ha YMOLIMOHAIBHON MAaHUITYJISIIMH U UCIIONIb3YETCS
B TOJIUTUYECKUX M Haeojorndeckux nensx. [Ipumep: CooOmieHus, yCUIMBAIOIINE BPAKICOHOCTD
MEX1y Pa3TUYHBIMU COIMAIBHBIMU WU dSTHUYeCKuMH Tpynmamu. Llenu: KonTponb o01iecTBeHHOTO
Muenus. [logaepsxka onpeaeéHHON UCOIOTHH HITA TTOJTUTHKH.

PasnoBumnocte B Buume kieBeThl (Defamation) Takas ke JoxkHas —uHGOpMAanus,
pacmpocTpaHseMasi s TUCKPEIUTAIMK PENyTaluy 4YejloBeKa Wiau opraHuzamuu. CrernududHo
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yale HarpaBlieHa Ha KOHKPETHbIE JUYHOCTH WJIM KOMIAHMM, M MOXET BKIIOYaTh JIOKHBIC
OOBMHEHMs, CIyxu wWid (aOpukoBaHHBIE JOKa3zaTenbcTBa. [Ipumep: IlyOnmkamust JOXKHBIX
OOBMHEHMH B KOPPYIIUH MPOTHUB MOJIUTUYECKOTO JAEATEINsA. 3aMBICIOM MPEACTABISIETCS MOPHIB
JOBEpHS, TOJrOTOBKA ITOYBHI JJIs1 KOHKYPEHTHOH 00phObl. MaccoBoe pacnpocTpaHeHHE HEHYKHOTO
WIN pa3Jipakaromiero KoHTeHTa sapisercs CriaMoM, a KITMKOSHT — 3TO 3aroJ0BKH WIIH U300pasKeHHs,
CO3JIaHHBIC JUIS MIPUBJICYCHUSI BHUMAHHMS C LIEJIBIO MOBBIICHUS Tpaduka. Manumynsanus dakTamMu
3aKJII0YaeTCsl B U3MEHEHUH KOHTEKCTa WIIM aKIEHTOB (haKTHUECKOW MH(pOpMAaInu, 4ToOBI CO31aTh
JIOKHOE BIlevatTieHue. Vcrnonp3oBanue peanbHO MH(OpMAIMK, HO T0Jada B UCKAXEHHOM BUJE,
BMECTE C 3TUM YaCTO MPUMEHSIOTCS 00pe3aHHbIEe INTATHI, BEIPBAHHBIE N3 KOHTEKCTA IIPUMEYATEIEHO
yHuKanbHBL. JloxkHast mH(popmarus, BpenoHocHbie po3birpeimn (Hoaxes), pacmpoctpansemas B
IIyTOYHOW WJIM HPOBOKAIIMOHHOW ()OPMBI HANpaBieHbI Ha BBI30B MAaCCOBOM PEAKIMH, a MMEHHO
JecTabuan3aIys, anpodamnus COIUATbHOIO dKCIEepUMEHTa. MIMEIoT KOPOTKUN CPOK JEHCTBHS, HO
MOTYT IPUYUHUTH 3HAYUTENbHBIN yiiep0. Kak criocod —3To coobiieHns o B3pbIBe B TOPOJIE, KOTOPHIE
MPOBOLIUPYIOT MAHUKY.

PesyabTaTsl nccjienoBanus

B pesynbraTe mccienoBaHus MOKHO PaH)XKMPOBATh MPSIMbIE PUCKU, KOTOPbIE UCIOIB3YIOTCS B
COLIMAJIbHBIX CETSAX.

Coszoanue ¢hetikogvlx axkaynmog W Bblgadya ceOs 3a APYroe JHIO, COMVIACHO HUTAIbSHCKUM
sKCIepTaM 1o HH(GpOpMamoHHON 0€30IacHOCTH, B COIIMATIFHON ceTH Instagram cocTaBiseT mopsiaka
40%, a B Facebook HacunTanu okoyio 25 ThiC. TAKMX aKKayHTOB, napaieiibHo B TikTok okomno 20-
30 ThICAY.

Pucxku:

- Y2pOo3bl penymayuu:

- MOILEHHUKHU MOTYT IPpUOOPETaTh aKKaYHThI JUIsl UMUTALlUU Tojioca OpeHa;
- BO3MOXHO CO3JaHHe ()EHKOBBIX MPEICTABUTEIHCTB KOMITAHUH;
- PHCK pacmpocTpaHeHus Ae3uH(opMaluy oT UMeHH OpeHa.
- UCKAdICEHUEe MEeMPUK:
- HakpyTKa 00TaMH MCKa)kaeT peajbHble MMOKa3aTean 3PPEeKTUBHOCTH — YAaCTO MPUMEHSAETCS
IIPU OTYETHOCTH MOAPAAUYNKAMU WU COTPYAHUKAMMU;
- PUCK NPUHAMUSL PUHAHCOBLIX PUCKOB:
- HEBEPHBIX MAPKETUHIOBBIX PEILICHUM.
- MOTEHLHaJbHbIE YOBITKU OT PENyTallMOHHOTO yIIepoa;
- 3arpaTbl Ha OOpbOy € MOCIEACTBUSIMA MOIIIEHHUYECTBA,
- HEoOXOJIUMOCTh JIOTIOJIHUTENbHBIX HHBECTULIMI B 0€3011aCHOCTb.

B 2023 roxy BUICOKOHTEHT CTajl HEOTHEMJIEMOW YaCThIO KPYMHBIX COOOIIECTB, OCOOCHHO B
¢dopmaTre KOPOTKHMX BHJIEO. DTOT TpeHJ coxpaHsercs U B 2024 rofgy, 4To CBHIETENBCTBYET O
MOBBIIIEHHOM HMHTEpEce ayAMTOPUU K JAUHAMUYHOMY U CEHCallMOHHOMY KOHTeHTy. K mpumepy, B
Tynbckoit obnactu PO ¢ 2023 no 2024 rox konndecTBo (PelKkoB yBenuuuiaock Ha 47%, a obiee
YHUCJIO MPOCMOTPOB (HEUKOBBIX HOBOCTEH MPEBBICUIIO 13 MUIIMOHOB, U3 KOTOPHIX 4 MUJIJTMOHA —
YHHUKaJIbHbIE MPOCMOTpBl. OHAKO, Hapsay € pOCTOM MOMYJSPHOCTH CEHCALIMOHHOIO KOHTEHTA,
YBEITMYUBACTCS U pacipocTpaHeHne (HeHKOBBIX HOBOCTEH. Bo3MOKHBIE pUCKH:

- OTHYecKHue U MPaBOBbIE MOCIEICTBUSA: Cy/IeOHbIE UCKH 32 KJIEBETY WM HapyllIeHHUEe aBTOPCKUX
pas.

- Ilcuxonoruueckoe BO3JEHCTBUE: MaHMITYJIMPOBaTh MHOKECTBOM YYBCTB I10JIb30BATEls,
BBI3bIBaTh CTPECC, TPEBOTY MJIM J1aXK€E IAHUYECKUE ATAKHU.

- 3aBucuUMOCTb OT ceHcauuu: IlocTosHHOE MOTpeOsieHHEe CEHCAIMOHHOTO KOHTEHTAa MOKET
MPUBECTH K TPUBBIKAHMIO, KOTJA IOJIb30BAaTEeNM HAYMHAIOT UCKaTh Bce Oosiee IKCTpeMalibHbIe
MaTepuabl, 4TO 3aTPYAHIET BOCIPUITHE MEHEE «IPKUX» U Oosiee HeHTpaIbHbIX HOBOCTEH.

Ataku "Jlalikn" WM UCHIOIB30BaHUE MHCTPYMEHTOB COLIMANIBHBIX CETEN HECYT PUCKHU:

- Iloreps KoHGUAESHIINATBHOCTH;
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- ABTOMaTH3UMPOBAHHBIE CUCTEMBI MOTYT CO3/1aBaTh (ajbIIMBbIE JAHKHU U PEIIOCTHI;
-  MoOunu3amnus arpecCUBHbBIX TPYIIIL.
Pucku, KOTOpbIe HECET MPETEKCTUHT B COLUANIBHBIX CETSIX:
- Iloreps nocryma K akkayHTaM;
- Puck ucnonb30BaHus KOPIIOPATUBHBIX aKKAYHTOB;
- Hcnonb3oBaHue KapbepHBIX aMOUIUHN U TOBEpHUs K MPodheCcCHOHATBHBIM I1aTdopmam.
Ponv kubepeucuenvt u odoyuenus nonvzogameneti. YToObl M3y4HTh BaKHOCTH OOpa3oBaHUsS B
o0jacTu KUOEPTUTHeHbl, T/Ie CYIIECTBYIOT pa3inyHble "dyenoBedyeckue (GakTophl', KOTOPHIE MOTYT
YBEJIMYMBATH WM YMEHBIIATh BEPOSITHOCTD CTATh )KEPTBOI KNOEpaTaku, B3JIOMa MITH YTEUKH TaHHBIX
(a MHOT 1A U TOBTOPHO), MOAYEPKHEM NPEUMYIIECTBA OTBETCTBEHHOTO U KaYeCTBEHHOTO O0yUYeHUSs B
obmacTi 0E30MaCHOCTH M 3alIUThl NMEPCOHATBHBIX JAHHBIX. YCIEIIHbIE METOJBl M CTpPAaTeTuu
oOydeHusi KUOEpPrurueHe BKIIIOYAIOT YYacTHE OTBETCTBEHHBIX TOCYAAPCTBEHHBIX CTPYKTYD,
00pa3oBaTEeNbHBIX YUPESKICHUN, HEITPABUTEIbCTBEHHBIX OpraHu3aluil u Bcero oduiectna [16].

Juckyccust

Kubepruruena, 0Oe3ycllOBHO, BakHa [uid oOecreyeHHus KuOepOe30macHOCTH, HO OHa He
00s13aTeNBLHO SIBIISICTCS €€ CHHOHUMOM. B TO Bpemsi kKak KuOepOe30macHOCTh MPECTaBIICT CO00M
00BEKTUBHOE U3MEPEHUE Mep, IPUHUMAEMBbIX JUIsl O IEPKaHUs O€30MIaCHOCTH M YCUIICHUS 3aLUThI
oT kubeparak, KuOeprurueHa cCBsi3aHa C 3HAHUAMU W TIPAKTHKAMH HHTEPHET-OE30MaCHOCTH,
HampaBlICHHBIMM Ha JajbHeWIiee yiydlleHHe KuOepOe30macHOCTH. BBIBOIOM — yImydllleHHS
KHOepOe30MacHOCTH, SBIAETCS HEOOXOAMMOCTH yiydineHHus kuOepoOpasoBanusi [17]. Yueneimu
Pajaziti, A., Basholli, F. u Zhaveli, Y. npuBeaena tabnuua B uUX CTarbe, Iie MOXKHO YBHJIETH
o0Opa3oBaTeNbHbBI Pa3pblB B 00JacTH KHOEpOE30macHOCTH W HEOOXOAMMOCTh O0S3aTEIIBHOTO
o0yueHuss kuOeprurueHe s BceX, BKIOYas Npodeccuu, HUCHoib3yrolme HH(OOpMalOHHbIE
TEXHOJIOTUH B cBOeiH pabote [18]. Onupasich Ha Bce U3y4YeHHBIE TaHHbIe chOopMUPOBaH mind map 1o
yrpo3am M Mepam 1o UX MUHUMU3ALUU (PUCYHOK 7).
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3akioueHune

BoiBoioM paHHON paboThl SBISIETCS TO, YTO OCHOBHBIM CHOCOOOM 3allUThl OT aTak ¢
WCIOJIb30BAHUEM TEXHUK COIUAIBHON WHXCHEPUU SIBISICTCS TIOBBIIICHHE OCBEIOMIICHHOCTH
nosib3oBareseil. Tonpko nuuHas OOUTENBHOCTh M KPUTUYECKUH MOJXOJ] MO3BOJIUT PACIO3HATH
yTpo3y COMHMAITLHON WHKCHEPUHU U MPU3HAKH MAHUITYJISIIAN TTOJ30BATEIbCKUMHU JICHCTBUSMHU.

Ecnu peub uaetr o KoMnaHuu, TO BCE COTPYAHUKH JOKHBI ObITh MPEAYPEKICHBI 00 OMAaCHOCTH
PacKpBITHS IEPCOHABHON HHPOpMAIK U KOHDUICHINATLHOW HH)OPMAIIMKA KOMITAHUH, 8 TAKXKE O
croco0ax TpeqoTBpaIICHHs] YTEYKH JaHHBIX U3 — 3a JokepykoBozactBa [19]. Iloareepkmaror
BBIIIICCKAa3aHHOE, NPHIIEAIINe K TakuM BbiBojgaM aBTopbl Kaouthar Chetioui, Birom Bah,
Abderrahim Ouali Alami, Ayoub Bahnasse B cBoeil crarbe, nenas 0030p Ha aTaku COLUAIBLHOU
WH)KEHEPUHU B CONMANBbHBIX ceTsx [20]. Jlydimie Bcero 3To peann3oBaTh C IMOMOIIBIO pa3pabOTKH
YeTKUX H SICHBIX HMHCTPYKIMH, B KOTOPBIX OYJIET NPOMUCAHO, KAKYH HH(POPMAIUIO MOXKHO
MIPEIOCTABIIATH JPYTUM JHUIaM (IIOCETUTENISIM, KOJUIETaM, B CITyK0y TEXHHUECKON MOJAePKKHU). ITO
TaK)K€ COOTBETCTBYET TOJUTHKE HHQPOPMAIMOHHON OezonmacHocTu. Ciemnysi BBIIICYKa3aHHBIM
JAaHHBIM, YETKO BbIpabaThIBaeTCsl pa3rpaHUyYeHUE MpaBWil HHOOPMALMOHHONW OE30MacHOCTH,
KOTOPBIC MTPOJIEMOHCTPUPOBAHBI HA PUCYHKE 8.
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Kak noka3zano Ha pucyHke 8, 3¢(ekTuBHas 3alUTa OT MOAOOHBIX aTak TpeOyeT KOMIJIEKCHOTO
[10/1X0/1a, BKJIIOYAIOIIET0 MEphl, KaK JUIsl YaCTHBIX JIUL, TaK U JUIsl OpraHu3aui.

WITOroBbIM 3aKiIIOUEHHEM Il BCEX YACTHBIX JIMI[ B COBOKYNHOCTH TPEOYIOIIMX COOJIIOJCHHE
HECKOJBKUX  OTIMYMTENFHBIX  IyHKTOB B CBOMX  JEHCTBHUAX  CIYXHT  JOCTOWHBIM
BOCIIPETISITCTBOBAHNEM BPEJOHOCHBIM acleKTaM, a UMEHHO:

- YBEJTMYEHHUEM OCBEAOMJICHHOCTH: 00ydeHHe 0a30BbIM MPUHIMIIAM O€30MaCHOCTH B UHTEPHETE.
Hanpumep, pacno3HaBaHue (UIIMHTOBBIX IHUCEM M MOJO3PUTENBHBIX 3BOHKOB. BaxHO He
PacKpbIBaTh JIUUHYIO HHPOPMAIMIO HE3HAKOMIIAM;

- npuMeHeHHMeM MHorogaktopHoi ayreHTH(ukauun (MFA): BrimoueHue IBYX(pakTOpPHOM
ayTeHTU(UKALUK Ha aKKayHTax, IJIe 3TO BO3MOXKHO (Harmpumep, B OaHKaxX, COILICETAX, JIEKTPOHHOI
noyTe). TO CO3/1aCT JOMOJIHUTENIBHBIN CIIOH 3alUTHI, 1a)Ke €CIIU 3I0YMBIIIJICHHUK Y3HAET JIOTHH U
apoJb;

179




BECTHUK Ka3HIIY um. Abas, cepus « PQusuxo-mamemamudeckue naykuy, Ne4(92), 2025 a.

- COXpaHEHUE OTUTETHHOCTH B COICETAX: MHHMMHU3ALUS PACKPBITUS JUYHOH MHPOpPMALUHU B
COLMAIBHBIX CETAX, OCOOEHHO BaXKHBIX JAHHBIX, KOTOpPbIE MOTYT IIOMOYb 3JI0YMBIIUIEHHUKAM
co3zaTh yoeaureabHble (haabIIuBbie UCTOPUH (HApUMED, 1aThl POXKICHUS, aJIpeca, MeCTO padoThI);

- KOHTPOJUPOBaHUE NCTOUHUKOB: BCEI'/1a IPOBEPSITE UCTOUHUKH 3BOHKOB, COOOIIEHUH U IIHCEM.
Huxorna He moBepsiiTe HEMPOBEPEHHON HWH(POpPMALUH, JaXKe €CIU OHAa KaKeTCs JICTHTUMHOU
(HarmpuMep, IpPOocbObl O MOMOIIY WK CPOUYHBIE 3aIPOCHI);

- WCHOJb30BAHME HAASKHBIX TMapoied M HX MEePUOAUYHOE H3MEHEHHE: HCIOJIb30BAHUE
YHHUKAJIbHBIX, CIIOKHBIX MapOJel I Pa3HbIX aKKayHTOB. DTO MOMOXET MUHHUMH3HPOBATH PUCKH,
€CIIM OIUH U3 aKKayHTOB OyJleT CKOMIPOMETHPOBAH;

- BHUMATEJIBHOCTh K 3allpOCaM: €CIHM KTO-TO HEOXKUIAHHO MPOCUT JMYHYIO MH(OPMAIMIO WU
JI€HbI'M, BCETJa YTOUHSNTE Y HUX Yepe3 He3aBUCUMBII KaHaJ CBSA3H.

KacaTtenbHO KOMIaHuii, T7ie BAPUPYETCS KOTUYECTBO (PU3UUECKUX JIHIl HEOOXOIUMO IPUMEHHUTD
3alIUTy ABYX YPOBHEH: 3aIllUTa NEPCOHAIBHOIO JIMLA U 3aL[1UTa KOMIAHUH B 1IEJIOM C COTPYJHUKAMH.

CrannapTHO HaYMHAETCS Bce ¢ 00yUeHHs M epeoOydeHus: COTPYAHUKOB. PerynspHoe oOyuenue
nepcoHana 1Mo Oe30MacHOCTH, BKJIIOYas TPEHUPOBKU [0 PACIO3HABAHWIO (DUILIMHIA, BUIIMHIA,
CMHIIIMHTA ¥ IPYTHX THIIOB aTak. BaskHO, YTOOBI KK COTPYIHHUK IIOHMMAJ YIPO3bI U 3HAN, KaK
pearupoBaTh Ha HUX. 3]1€Ch )K€ CTOUT COOJIFOCTH OTpaHUYEHHUE JIMYHBIX JAHHBIX COTPYAHHUKOB. B
JTAHHOM HAIpaBJICHUHU Pa3padaThIBAIOTCS TMOJUTUKU 110 MUHUMH3ALUN PACTIPOCTPAHEHHS JIMYHON
uHbOpMalUK COTPYAHUKOB. Mcrosb30BaHMEe MHUHUMAIBHOIO HAaboOpa JAAHHBIX B KOPHOPATHBHBIX
cHCTEeMaX, a TaKKe OrpaHWuYeHHE AOCTyNna K IEepCOHAIBHBIM JAaHHBIM, KOTOpPBIE MOTYT OBITh
UCIOJIb30BaHbl A1 MaHuMysAuui. [lepexons k neiaomy, yCTaHaBIMBAIOTCA MOJIUTUKU YIPABICHUS
noctynom. [lpumeHeHne npruHIKIa HAMMEHBIINX PUBUIICTHIA: COTPYIHUKHU JTOJKHBI UMETh JJOCTYTI
TOJBKO K TEM JaHHBIM U CHCTE€MaM, KOTOpble HEOOXOJUMBI AT MX pabOThl. DTO OrpPaHUYUT
BO3MOKHBI ymep0 OT COLMANBHON HHXXKEHepHH. Takke Ha pa3HBIX CTYNEHSIX HacTpauBaThb
MHorodakropuyto ayrentudukamnmo (MFA). Hactpoiika MHOroakTOoOpHON ayTeHTUQHUKAIUN IS
BCEX KPUTHYHBIX CHCTEM, BKJIIOYAs JOCTYH K KOPIOPATHBHOH CETH, JaHHBIM U (UHAHCOBBIM
cucremaM. JlaHHast paboTa IPOTHBOJEHCTBYIOT 3aMbICiIaM 3JI0yMBILUIEHHHKaM. B pabounx cpenax
MIPOU3BO/IUTH MPOBEPKY U BEpU(PHUKAIIUIO 3alIPOCOB, KaK OT COTPYAHHUKOB, TaK M OT IMPOTPAMMHOTO
obecrieyeHus. Y CTaHOBUTh CTPOTHE MPOLEAYpPHI T BepU(UKaLMKU 3apOCOB Ha MEPEBOBI CPEJICTB,
W3MEHEHHsT B CHCTEMaxX WM J0CTymax. Hampumep, MOATBEpXKACHWE TAaKUX 3alpoCcoB Yepes
HECKOJIbKO KaHAJIOB CBSI3H.

He oOoiinercs u 6e3 OOJBLIOrO NMEHTECTUHIA. JTO MPOBEACHHE NEPUOAMYECKHUX TECTOB Ha
IIPOHUKHOBEHUE. ABTOMATU3UPOBAHHO HACTPOEHHOE MPOBEIECHUE CUMYJIALUHN (DUIINHTOBBIX aTaK U
IPYyTUX THUIOB COIMATBHBIX WHXKWHUPWHTOBBIX AaTak, 4TOOBI OIEHHTh YpPOBEHb TOTOBHOCTH
COTPY/ZHUKOB M ITPOBEPUTH 3AIIUTHBIE MEPHI.

[TocTOSIHHBII MOHUTOPUHT | JKypHAIMPOBAaHHE aKTHBHOCTH PabOTHI, KaK MEPCOHAILHOTO MECTa,
TaKk U cucrteM B cymme. Hactpolika cucTteM MOHUTOPHHIA JUIsl OTCIEKUBAHUS IMOJ03PUTEIBHBIX
JEWCTBUI B KOPIIOPATUBHON CETU. DTO MOXKET TOMOYB OBICTPO OOHAPYKUTH IMOTBITKH COIIHATLHOTO
WH)XUHUPUHTA W TpeJoTBPaTUTh HUX TMoOcheAcTBUs. Bo wn30exanue paboOThl WHCalIepoB
OCYIIECTBIISITH KOHTPOJIb 32 BHEITHUMH TapTHEpaAMH. A MMEHHO YCHIJIEHHE Mep 0€301acHOCTH MPH
paloTe ¢ BHEIIHUMHU MOAPSAYMKAMH U TapTHepamMH. BakHO KOHTpOIMPOBATh, UTO UX JIEHCTBUS HE
CTaBIAT TOJ Yrpo3y O€30MacHOCTh KOMITAaHWHM (HAmpuMep, TMPEIOCTaBICHUE JOCTyna K
KOPIIOpAaTUBHOM MH(OpMAIIHN).

Takum 00pa3oM, MPOTUBOIEHCTBHE YTPO3aM COIMATHLHOTO HHKUHIUPHUHTA BO3MOYKHO TOJIBKO TIPH
CHCTEMHOM TIIOAXOJI€ U TOCTOSHHOM TOBBIIICHUHM YPOBHS KHOEPrpaMOTHOCTH TMOJb30BATENIEH.
CoBMeleHHE TEXHOJIOTHIECKHX W 00pa30BaTENBHBIX MEpP IMO3BOJIUT CO3/1aTh HAICKHYIO CHCTEMY
3aIIUTHI, KaK U OTJENBbHBIX MTOJIb30BATENeH, TaK U JUIs KPYITHBIX OpraHu3alui.
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RECENT ADVANCEMENTS IN SKELETON-BASED SIGN LANGUAGE RECOGNITION

Abstract

Skeleton-based sign language recognition (SLR) encodes body—hand keypoints rather than raw appearance,
offering privacy and computational efficiency. This PRISMA-guided review synthesizes 19 studies (2015—
2024) and contributes (i) a five-axis taxonomy of tasks, inputs/encodings, model families, evaluation protocols,
and dataset anchors; (ii) a systematic table of study characteristics; and (iii) a quantitative meta-analysis that
aggregates performance by model family. On curated isolated benchmarks, Top-1 accuracy frequently lies in
the 93-98% range (e.g., CSL-500, AUTSL, LSM), whereas large-vocabulary WLASL subsets depress pose-
only accuracy (=63% on WLASL-100 and ~24% on WLASL-2000). For continuous/online SLR, the single
skeleton-based study with streaming decoding reports word-error rates =~11-19% (offline =9.5%). Across
families, attention-augmented multi-stream GCNs and hybrid GCN+general-DNN models are consistently
strong on curated isolated sets; TSSI+CNN is a portable alternative when holistic landmarks are available; and
explicit 3D body—hand—face reconstruction yields stable gains on controlled subsets. Performance variability
is driven primarily by vocabulary scale, articulator coverage, and whether skeletons are provided or inferred.
We conclude that skeleton-only pipelines are mature for isolated recognition on curated corpora, while robust
continuous recognition and large-vocabulary generalization will require broader multimodal datasets,
standardized reporting, and tighter integration of non-manual articulators, with appearance+pose fusion likely
beneficial in practice.

Keywords: skeleton-based sign language recognition, dynamic and static signs, graph convolutional
networks, spatiotemporal feature extraction, multi-stream neural networks, attention-enhanced models.

T.M. Cembaes', JI.P. AxGapos'
!Astana IT University, Acrana k., Kazakcran
CKEJIETTIK JEPEKTEP HETI3IHJIET'T bIM-UIIIAPA TIJIIH TAHY IAFBI KA3IPT1
3AMAHIBI )KETICTIKTEP

Anoamna

KaHKaJIbIK HYKTEJIepre HETi3ZC/ITeH bIM TUIAI TaHy OCHHEHIH TOJIBIK KOPIHICIH eMeC, ICHE MEH KOJIJIbIH
KIUITTIK HYKTEIIEPiH KOJTAM b, OYJT KYIVSUTBUTBIKTHI CaKTayFa jKOHE eCeNTey MIBIFBIHBIH a3aiTyFa MYMKIHJIIK
oepeni. PRISMA karupatrapbina cyiienren ocel monyna 2015-2024 xeuinap apansiFblHOaFsl 19 3eprrey
OipikTipinim, (i) 6ec OCbTEH TYPaThIH TAKCOHOMUS (MIHIETTED, KipicTep/KoaTayiap, MOAEIbEp 0TOACKLIAPHI,
Oarayay  MPOTOKOJIIAPBHl  JKOHE  JIEPEKTEp  JKUBIHTBIKTApPBIHBIH  «SIKOpiapel»), (ii)  3eprreynep
CUNaTTaMalapblHBIH KYHem Kkecreci >koHe (iii) Mojempiep orOachkulapsl OOWBIHINA OHIMIITIKTI
arperaTTaiThiH CaH/ABIK MeTa-Taliay YChIHbIIAAb. KypupleHreH okmayianraH dTanoraapaa Top-1 mammiri
xul 93-98% naumanazonsiHaa Oomanael (Mbic., CSL-500, AUTSL, LSM), an cesxiri yaken WLASL imki
JKUBIHTBIKTAPBIHIA TEK T03aFa HeTi3enreH JAIaiKk TeMeHzaen i (mamamed 63% — WLASL-100, mamamen
24% — WLASL-2000). Y3nmikciz/onnaiia SLR yImiH aFbIHIBIK AEKOATAybl 0ap KaJFbI3 KaHKAJBIK 3EPTTEY
ce3mik karenik kepcerkimin (WER) =11-19% (odumaiin =9,5%) nen xabapnaiiasl. Moaenbaep oToachuiapbl
apachlH/Ia Ha3ap MexaHu3MJiepiMeH KymewnTtinren kenapHainsl GCN-nep xone GCN-+xanmnet DNN rubpuarepi
KypUpJICHTeH OKIIAyJaHFaH >KUBIHTBIKTapAa TYPaKThl xorapbl HoTHke kepcereni; TSSIHCNN kemenni
(meHe—K0—0€T) HYKTENep KOJDKETIMIII OOJiFaHa MOPTATUBTI OanamMa OOJIbIN TaObLIaIbl, ajl JeHEe—KOJI—0eT
OolibiHIIA aiikpiH 3D-KanmblHa KenTipy OaKbUIAHATHIH KUBIHTBIKTAp/Aa TYPAKThl YThIC Oepesi. OHIMIiIIK
ayBITKYBl HETi31HEH CO3[iK KeJIeMiHe, apTHUKYJISTOpIapAbl KaMTy JICHIeiiHe oHE CKEeJETTEePIHiH AaTacerTe
naiibIH OepiireHiHe He KeHiHHeH OarallaHFaHbIHA TOyeli. bi3 KaHKAIBIK KaHa MalTuTaiHAapAbIH KyPUPJICHT eH
KOpITycTap/iarbl OKIIAyJIaHFAH TaHY YIIiH KETKUIIKTI TYp/e JKeTUIreHiH, an Oepik y3/iKci3 TaHy MeH YJIKEeH
CO3JIIKTEpre Xallbulay YIIiH ayKbIMIbl MYJIbTUMOAAJBABI JEPEKTep, CTAaHIApTTalFaH ecen Oepy >KoHe
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OciiMaHyalIbl apPTUKYJISTOPIAAPBbl THIFBI3 BIKIIAINACTHIPY KaXKET OOJIATHIHBIH, MPaKTHKaAa KeloeT-+mo3a
OipikTipyi maigamel 60IYbI MYMKIH €K€HiH KOPBITBIHIBIIANMBI3.

Tyiiin ce3mep: KaHKa JEpPEKTepi HETi3iHAErT KOJ bIM TUIIH TaHY, JUHAMUKAJBIK JKOHE CTATHKAIBIK bIM-
uiiapanap, rpaThlK KOHBOJIOUMSIIBIK JKEJUIEP, KEHICTIK-yaKbITTBIK CPEKIICIIKTepPAl aly, KeIarbIHIIbI
HEHPOHBIK KeJiiep, Ha3ap ayAapy MEeXaHu3Mi 0ap MOIebaep.

T.M. Cembaes', JI.P. AxGapos!
!Astana IT University, r. Acrana, Kasaxcran
COBPEMEHHBIE TJOCTHXEHMUS B PACIIOSHABAHHUU JKXECTOBOI'O S13bIKA HA
CKEJIETHBIX TAHHBIX

Annomayus

PacniozHaBaHMe XeCTOBOTO A3bIKa HA OCHOBE CKEJIETHBIX KIIFOYEBBIX TOUEK KOAUPYET KOOPANUHATHI TeNa U
PYK BMECTO CBIPOTO BH3YaJBbHOTO BHJA, OOecleunBas MPUBATHOCTh U BBIYUCIUTEIBbHYIO 3(P(HEKTHBHOCTS.
Hacrosmuit 0630p, BeimonHeHHbIH 10 pekoMeHnanusM PRISMA, cunresupyer 19 uccnemoBanuit (2015—
2024) m BHOCHUT TpH BKJIaaa: (1) TAKCOHOMMIO ITO TISITH OCSIM — 3a/1a9H, BXOIBI/KOAMUPOBKH, CEMEHCTBA MOACIIEH,
MIPOTOKOJIBI OIICHKH ¥ OMOPHBIE AaTaceThl; (i) CHCTeMaTHUECKYIO TaOIHUIy XapaKTepUCTHK UCCIEAOBaHUHN; U
(ii1) KOMMYECTBEHHBIM MeTa-aHAIN3 C arperHPOBaHUEM KavecTBa 1Mo ceMelcTBaM Monenell. Ha Kypupyembix
Habopax Ui W30JUPOBAHHOIO PACHO3HABAHMS TOYHOCTH Top-1 uacTo sexur B aumanasoHe 93-98%
(mampumep, CSL-500, AUTSL, LSM), torma kak Ha KPYIMHOBOKAaOyISApHBIX moaMHOkecTBax WLASL
TOYHOCTh «TOJBKO TMo03a» cHmkaercs (=63% wna WLASL-100 u =24% na WLASL-2000). [us
HETPEPHIBHOTO/OHNIAH-PACIIO3HABAHHS ~ EAMHCTBEHHOE CKEJIET-OPUEHTUPOBAHHOE  HCCIEAOBAHUE  CO
CTPUMMHIOBBIM JiekonupoBanueM coodmaer WER =11-19% (odunaitn =9,5%). Ilo cemeiicTBam Mogneneit
cTabuibHO cuiabHBI MHOromoTouHble GCN ¢ Mexanm3mamu BHUMaHus ¥ THOpuasl GCN-+oOmre DNN Ha
KypHpyeMbIX N3011poBaHHBIX Habopax; TSSI+CNN BeICTyIaeT nepeHoCUMON alnbTepHATUBOM NMPU HATUYHUU
MOJTHOTENBIX (T€I0—PYKH—IUII0) OPUEHTUPOB; siBHAsI 3D-peKOHCTPYKLUS TeNna—pyK—uia JaéT yCTOHYUBBIC
BBIMIPHIIIM Ha KOHTPOJHPYEMBIX moAHaOopax. BapuabGenpHOCTh pe3yabTaToB B IEPBYIO OYepelb
o0ycioBIeHa MacITaboM CIIOBapsl, 0XBATOM apTUKYJISITOPOB U TEM, IPEIOCTABIISIFOTCS JIH CKEJIETHI JATACETOM
WM U3BJIEKAIOTCS NOCT(PAKTYM. MBI 3aKII0UaeM, UTO «CKEIETHBIC» NalIlIaliHbl 3pesibl AJIs1 H30JIMPOBAHHOTO
pacmo3HaBaHUS Ha KypUPYEMbIX KOpIlycaX, TOTAa Kak HaA&KHOE HENPEephIBHOE paclo3HaBaHUE U
reHepan3alysg Ha OOJbIIKME CJIOBapU MOTPEOYIOT Oojiee IIMPOKUX MYJbTUMOJAIBHBIX JaTaceTOB,
CTaHIAPTH30BAaHHOM OTUYETHOCTH U OoJiee TECHON MHTETPAIii HEMaHYaIbHBIX apTHKYJIATOPOB; HA TIPAKTHKE
BEPOSITHO TMOJIE3HO COYETAaHHE NMPU3HAKOB BHEITHETO BU/IA U MO3BI.

KiroueBblie c10oBa: pacrio3HaBaHUE JKECTOBOTO SI3bIKA HA OCHOBE CKEJIETHBIX JIAHHBIX, TUHAMUYECKUE U
CTaTUYECKUE 3HAKH, CBEPTOUHBIC TPaOBBIE CETH, U3BJICUCHUE MPOCTPAHCTBEHHO-BPEMEHHBIX MPH3HAKOB,
MHOT'OIIOTOYHbIE HEHPOHHBIE CETH, MOJEIH C MEXaHU3MOM BHUMAaHHUSI.

Introduction

Sign languages are full-fledged natural languages used by deaf and hard-of-hearing communities,
combining manual articulations with non-manual signals (facial expressions, head and body motion)
to convey rich linguistic structure [1]. Conventional sign language recognition (SLR) pipelines that
operate on raw video or wearable sensors have achieved strong accuracy, yet they can be
computationally demanding, sensitive to illumination and background variability, and reliant on
intrusive hardware [2,3].

Skeleton-based SLR has emerged as a pragmatic alternative. By extracting body—hand (and, when
available, facial) keypoints from RGB video, these methods reduce computational load, improve
privacy by discarding appearance, and decouple recognition from signer-specific visual attributes
[4,5]. Nonetheless, learning robust spatiotemporal representations that jointly handle static
handshapes and dynamic motion remains challenging, particularly when landmarks are noisy or
incomplete [6].

Two structural gaps motivate this review. First, the field lacks large, consistently annotated skeletal
corpora with broad lexical coverage and diverse signers; fine-grained non-manuals (e.g., mouthings,
eyebrow and head cues) are only partially captured in current pose streams [7-10]. Second, most work
optimizes isolated-sign recognition, while generalization across signers, languages, domains, and the
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demands of continuous/online decoding are less explored and less standardized [11,12]. Progress
likely depends on architectures that fuse local joint relations with long-range temporal dependencies
— e.g.,, graph convolution, attention mechanisms, and hybrid designs, without prohibitive
computational costs [13-15].

This review addresses the question: What are the current advancements, methodologies, datasets,
and challenges in skeleton-based SLR, and how effectively do existing approaches extract and utilize
spatiotemporal features for static versus dynamic signs? To answer it, we (i) introduce a five-axis
taxonomy that organizes the design space across tasks, inputs/encodings, model families, evaluation
protocols, and dataset anchors; (i1) compile a systematic table of study characteristics for 19 skeleton-
based SLR works with harmonized descriptors (architecture, dataset, pose source and articulators,
streams/encodings, metrics); and (iii) conduct a quantitative meta-analysis that aggregates Top-1
accuracy for isolated SLR by model family and summarizes WER for continuous/online SLR.
Together, these components provide a coherent scaffold for interpreting performance variability
across datasets and model families and for comparing methods under consistent assumptions.

Research methodology

We conducted this systematic literature review in accordance with the PRISMA 2020 guidelines
to identify, select, and critically assess studies on skeleton-based SLR published between January
2015 and December 2024. Our principal aim was to synthesize the state of the art in learning-based
approaches that leverage skeletal keypoints — either two- or three-dimensional, as inputs to machine-
or deep-learning models. Below we describe in detail our search strategy, screening and eligibility
procedures, data extraction items, and the outcomes of our selection process are illustrated in
Figure 1.

Resources and study selection.

On 15 February 2025, we performed a comprehensive electronic search of the Scopus database.
We chose Scopus for its extensive coverage of computer vision, machine learning, and engineering
literature. Our search string combined terms for sign language recognition and skeleton modalities
with learning-based model identifiers, as follows: (“‘sign language recognition” OR “SLR”) AND
(skeleton OR pose OR keypoint) AND (“deep learning” OR “graph convolution” OR CNN OR RNN)

The initial database search yielded 207 records, as depicted in the ‘Identification’ phase of
Figure 1. Two reviewers then independently removed 27 duplicate entries, yielding 180 unique
citations. We next employed an automated screening script to flag 10 clearly irrelevant records —
those focused on non-sign-language gestures, purely hardware descriptions without recognition
experiments, or non-learning-based classification, which were eliminated before manual review. This
left 170 abstracts for human screening.

Data collection and eligibility criteria

Each of the remaining 170 abstracts was independently assessed by two reviewers against our
inclusion criteria:

1. The study must address sign language recognition (isolated-word or continuous sequences).

2. Input data must include skeleton or pose keypoints (2D or 3D).

3. A machine- or deep-learning model (e.g., GCN, CNN, RNN, Transformer) must be employed.

4. Original experimental results and quantitative performance metrics must be reported.

5. The publication must be peer-reviewed, written in English, and fall within the 2015-2024
window.

Abstract screening led to the exclusion of 130 studies, primarily because they addressed general
human activity recognition without a sign language focus or relied exclusively on RGB/depth data.
We retrieved full texts for the 40 abstracts deemed potentially relevant, though two could not be
obtained despite best efforts (e.g., paywall restrictions), leaving 38 full articles for eligibility
assessment.

During full-text review, 18 papers were excluded for the following reasons: eight lacked a
skeleton-based input modality, six did not report new experimental findings (e.g., were reviews or
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position arguments), and four focused on translation, synthesis, or gesture animation rather than
recognition. Consequently, 19 studies met the eligibility criteria and were included in the final
synthesis (see Figure 1, ‘Eligibility’ and ‘Included’).

Data Items

From each of the 19 included studies, we extracted the following information in a standardized
form. Bibliographic details encompassed authors, year, and publication venue. Dataset characteristics
comprised the name of the corpus (e.g. AUTSL, WLASL), the sign language(s) covered, corpus size
(number of signs and videos), and the number of signers. Key methodological aspects included the
pose estimation tool (e.g. OpenPose, MediaPipe), the model architecture (e.g. ST-GCN, multi-stream
GCN, CNN+RNN hybrids, Transformer variants), input feature streams (joint positions, bone
vectors, motion cues), and any pre- or post-processing steps. Performance metrics — most commonly
Top-1 accuracy for isolated word tasks and word-error rates for continuous SLR were recorded along
with details of train/test splits or cross-validation protocols. Finally, each paper’s stated limitations
and identified challenges were noted to contextualize open problems in the field.

-
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= (n = 207) > (n =27)
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ﬁ by automation tools
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Figure 1. PRISMA flow diagram of study selection process
Results

Our final sample consisted of 19 studies, as shown in the ‘Included’ section of Figure 1 reveals a
clear trajectory of methodological innovation. Eleven investigations adopted spatial-temporal graph
convolutional networks (ST-GCNs) or their multi-stream extensions, typically processing separate
streams for joint coordinates, bone vectors, and motion differentials. Five studies explored hybrid
architectures, coupling 2D or 3D convolutional backbones with recurrent (LSTM/GRU) or attention
modules to capture both spatial structure and temporal evolution. Four more recent works introduced
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Transformer-based encoders often with monotonic or chunkwise attention to better model long-range
dependencies in sign sequences.

Benchmark datasets featured prominently: 14 of the 19 studies reported results on at least one large
public corpus (AUTSL, WLASL, CSL, LSA64, ASLLVD). Across these, Top-1 isolated-word
accuracies improved from roughly 85 % in early ST-GCN papers to upwards of 98 % in the latest
multi-stream or Transformer-enhanced models. Only three works addressed continuous SLR
achieving word-error rates between 12 % and 22 % on CSL highlighting the ongoing challenge of
sequence modeling. Inference speed was explicitly measured in just five studies (25-60 fps on
modern GPUs), indicating a gap in real-time performance evaluation.

Persistent obstacles include robustness of pose estimation under occlusion and fast hand motion,
significant signer-to-signer variability, limited cross-lingual transfer studies, and scarce on-device
deployment benchmarks. Figure 1 provides a complete overview of our study selection process.

Results of the study

Across the 19 included studies, we organize results in four steps: a modalities contrast motivating
the skeleton focus, a dataset landscape that conditions task difficulty, a study-level characteristics
matrix, and a quantitative synthesis by model family under the five-axis taxonomy. Three aggregate
patterns frame the section: on curated isolated benchmarks (CSL-500, AUTSL, LSM), Top-1
accuracy typically falls in the 93—98% range, whereas large-vocabulary WLASL subsets depress
pose-only accuracy (=63% on WLASL-100; ~24% on WLASL-2000); for continuous/online SLR,
the only skeleton-based streaming study reports WER =11-19% with an offline upper bound =9.5%.
Throughout, variability is driven primarily by vocabulary scale, articulator coverage (body vs
body-+hands+face), and whether skeletons are provided or inferred; the subsequent tables and
taxonomy disentangle these effects by dataset and model family.

Challenges of Traditional SLR Modalities

Traditional SLR modalities — namely RGB-based, depth-based, and sensor-based approaches, each
present significant drawbacks that limit real-world deployment. RGB approaches, which operate
directly on pixel intensities, are notoriously vulnerable to illumination changes, background clutter,
and occlusions, and they often demand prohibitively large computational resources to achieve real-
time performance [11]. Depth-based systems alleviate some of these challenges by providing explicit
geometric information, but they depend on specialized hardware (e.g., Microsoft Kinect or Intel
RealSense), incur high equipment costs, and suffer in highly reflective or overexposed
environments [13]. Wearable sensor methods, such as data gloves or inertial measurement units, offer
precise motion capture yet remain intrusive, uncomfortable for prolonged use, and expensive at
scale [14, 16].

In contrast, skeleton-based methods extract only the three-dimensional joint coordinates of the
body, hands, and face from standard RGB video using software pose estimators (e.g., OpenPose or
MediaPipe). This low-dimensional representation is intrinsically robust to lighting and background
variations, preserves signer anonymity, and operates on commodity cameras, thereby dramatically
reducing both hardware and computational overhead. Furthermore, skeleton streams integrate
seamlessly with modern deep-learning architectures to model the complex spatiotemporal patterns
underlying both static postures and dynamic gestures [9, 13].

In summary, skeleton-based SLR demonstrates superior data efficiency, enhanced noise
robustness, and improved privacy protection compared to traditional modalities, while also
eliminating the hardware burden and intrusiveness associated with depth-based or sensor-dependent
systems (see Table 1).
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Table 1. Comparison of SLR Modalities

Aspect RGB-Based | Depth-Based | Sensor-Based | Skeleton-Based
Data Efficiency | High Moderate, Moderate, depends | Low
dimensionality, requires depth on sensor dimensionality,

computationally data processing resolution computationally

intensive efficient
Robustness to Susceptible to Struggles in Robust to Resistant to
Noise lighting and reflective or bright | environment but lighting and

occlusion issues environments may suffer from background

sensor wear issues | variations

Privacy High, identifiable | Moderate, less Low, anonymized | Low, anonymized
Concerns features present explicit features through sensors skeletal

representations

Hardware Cost | Low to moderate High High Low to moderate

Ease of Use No additional Specialized Intrusive, requires | Standard cameras,
equipment equipment needed | wearable devices | non-intrusive
required

Datasets overview

A robust evaluation of skeleton-based SLR hinges on datasets that differ markedly in lexicon size,
signer diversity, capture modality, and evaluation protocol. Table 2 consolidates these factors for the
corpora used in the included studies, enabling like-for-like comparison across isolated and continuous
settings.

Core benchmarks remain WLASL, AUTSL, LSA-64, and CSL. WLASL offers multi-scale
vocabularies (100-2000 glosses) from RGB video with post-hoc skeleton estimation, introducing
substantial intra-class and cross-domain variation. AUTSL provides synchronized RGB + depth +
provided skeletons with standardized signer-independent splits, serving as a stable testbed for pose-
centric methods. LSA-64 is a compact, controlled ISLR set well-suited to first-pass modeling and
ablation. CSL (e.g., CSL-500) extends to larger lexicons under customary 80/10/10 signer-
independent partitions [2,4,10,13,15,19].

To align the overview with our study pool, we additionally include BosphorusSign22k, ASLLVD,
LSM, GSLL, DEVISIGN-L, and language-specific or task-specific resources (KSL-77, JSL).
BosphorusSign22k is a large isolated corpus where multi-cue fusion (skeleton plus hand/face cues)
is frequently evaluated. ASLLVD offers longer isolated clips and is widely used for pose-only
pipelines (upper body plus hands). LSM underpins TSSI plus CNN baselines with holistic (body—
hands—face) landmarks. GSLL provides controlled subsets that facilitate head-to-head comparisons
of 3D body—hand—face reconstruction versus 2D keypoints and appearance cues. DEVISIGN-L is a
Chinese ISLR subset commonly paired with multi-stream GCNs (joint/bone/motion). KSL-77 targets
dynamic isolated signs with dense hand/face articulation; JSL includes online/continuous material
used to benchmark monotonic-attention decoders with WER reporting. In addition, large RGB-first
corpora such as NMFs-CSL and BOBSL are increasingly used with post-hoc pose estimation to
compare appearance-only versus appearance with pose pipelines at scale [4,6,7,10,12,13,14,18].

Collectively, these datasets (see Table 2) span curated small to medium scale ISLR, large-
vocabulary lexicons, and streaming/continuous regimes. The near-universal use of signer-
independent evaluation supports fair cross-subject comparison; however, lexical scale, articulator
coverage (body versus body plus hands and face), and skeleton extraction protocols remain primary
drivers of performance variability that we account for in the subsequent synthesis.
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Table 2. Comparison of Skeleton-Based SLR Datasets

Vocabulary Capture Modality & quber of Typical Splits
Dataset . Signers &
& Scope Annotations & Usage
Samples

WLASL “Word-Level Video-only (RGB), Broad signer Standard splits:
American Sign poses are estimated | diversity (100+),; | signer-independent
Language” post-hoc (e.g. per-gloss sample | train/val/test (e.g.
Isolated ASL OpenPose) for count varies ~20— | WLASL-300: 2340
glosses, ranging | skeleton pipelines 30 instances/gloss | train glosses, 300
from small (~100) in WLASL-300, test glosses)
to large (~2000) fewer in larger
vocabularies sets

LSA4-64 64 isolated RGB videos with 2D | 10 signers x 5 Often “leave-one-
Argentine Sign hand + full-body repetitions % 64 signer-out” for
Language glosses | keypoints extracted glosses = 3200 cross-subject
(common (e.g. OpenPose) samples evaluation; uses all
everyday signs) samples for train/test

splits per signer

AUTSL Turkish Sign RGB + depth + 43 signers; Predefined
Language: 226 skeleton modalities 36,302 samples train/val/test splits,
isolated glosses captured with OAK- | (8% repetition per | often evaluated
(mix of static & D; 2D/3D gloss) “multi-stream”
dynamic) hand+body poses skeleton+RGB fusion

provided

CSL Chinese Sign RGB videos,; 2D/3D | ~50 signers; Commonly uses an
Language full-body + hand ~200K total 80/10/10% signer-
isolated words: keypoints inferred samples across independent split for
CSL500 (500 (e.g. Mediapipe) 500 glosses train/val/test
glosses)

Bosphorus- | Large isolated RGB; skeletons Large, multi- Signer-independent

Sign22k Turkish SL inferred post-hoc; signer (=22k in recent pose works;
corpus; broad body + hands (face instances strong multi-cue
everyday lexicon | cues used in several | reported in the baselines (skeleton +

works) literature) DeepHand + face)
[4]

ASLLVD Isolated ASL RGB; Multi-signer, Random or signer-
signs, longer OpenPose/MMPose | ~24,385 frames independent splits;
clips; often sub- | for upper-body + (104-sign subset); | widely used for pose-
sampled (e.g., 104 | hands keypoints 80/20 only baselines
signs) ~19,508/4,877 (gcForest, etc.)

frames

LSM Small, curated RGB; MediaPipe Compact, multi- Signer-independent;
isolated Mexican | Holistic signer strong pose-CNN
SL set (body+hands+face) - (TSSI + DenseNet-

TSS51 images 121) baselines

GSLL Isolated Greek SL | RGB, 2D keypoints Multi-signer; Predefined subset
lemmas; and 3D SMPL-X balanced per evaluation, contrasts
controlled subsets | body—hand—face subset (as 3D recon vs 2D
(50/100/200/300/ | reconstructions defined) skeleton vs RGB/OF
347 classes)

DEVISIGN-L | Isolated Chinese | RGB; 2D body Multi-signer; Signer-independent,
SL subset (“L”) skeleton estimated; medium scale benchmarked with

dual streams multi-stream GCN +

(joint/bone) common

attention
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KSL-77 77 dynamic RGB with MediaPipe | Multi-signer; Signer-independent;
isolated Korean (=47 landmarks: controlled two-stream (joints +
SL signs body + both hands + Jjoint-motion) with

face) - skeleton attention/CNN
sequences

JSL (online/ | Mixed isolated + | RGB with OpenPose | Small-to-medium, | Online evaluation;

continuous) | continuous word | 2D skeleton; controlled seq2seq + monotonic
sequences (e.g., Streaming input attention
275 isolated, 113 (MoChA/MILK)
continuous)

NMFs-CSL Chinese Sign RGB video, original | Large, multi- Standard
Language, annotations for non- | signer (exact train/val/test
emphasis on non- | manuals; counts vary by partitions in the
manual cues skeleton/landmarks release/subset) literature; serves as
(facial/head inferred post-hoc an RGB benchmark
motion) within (e.g., where pose features
isolated/short OpenPose/MMPose) (especially
sign clips; used in face’head) are
pose-aware RGB leveraged alongside
studies appearance

BOBSL British Sign RGB video; Large, multi- Official or study-
Language, large- | skeleton/landmarks signer (scale specific splits;
scale corpus for inferred post-hoc for | designed for frequently used to
isolated/lexical pose-aware baselines | robust compare
recognition generalization) appearance-only vs.
(broad, real- appearance+pose
world variation) pipelines at scale

Main characteristics of studies

A Table 3 systematizes, at the study level, the decisive factors behind performance in skeleton-
based sign recognition: task formulation, datasets, pose sources and articulators, stream/encoding
design, architectural family, and the primary evaluation metric

Across the corpus, task formulations are dominated by isolated SLR (ISLR), with a smaller
contingent addressing continuous/online recognition. ISLR works predominantly report Top-k
accuracy (usually Top-1), whereas continuous/online systems use Word Error Rate (WER). A few
papers introduce post-hoc re-evaluation schemes rather than new recognizers; their gains are
interpreted relative to the underlying baselines.

Dataset usage clusters around AUTSL and WLASL (subsets 100/300/1000/2000), complemented
by BosphorusSign22k, ASLLVD, LSA64/LSM, and language-specific resources (e.g., GSLL, KSL,
JSL), as well as CSL variants. Accuracies are higher on curated, balanced ISLR benchmarks (e.g.,
AUTSL, LSM, BosphorusSign22k) and markedly lower on larger, more diverse WLASL splits,
underscoring the need to stratify conclusions by vocabulary size and lexical diversity.

Most studies extract 2D skeletons via OpenPose, MediaPipe, or MMPose; several explicitly
include hands and face in addition to the body-crucial for disambiguating near-synonymous
handshapes and capturing co-articulation. A smaller but influential subset reconstructs 3D body—
hand—face kinematics (e.g., SMPL-X) and reports consistent improvements over both 2D keypoints
and appearance-based baselines, with gains that grow as the number of classes increases.

On the representation side, multi-stream encodings are prevalent: joints, bones, and temporal
motion (and their combinations) are processed in parallel and fused using attention or gating.
Alternatives include tree-structured skeleton images (TSSI) that enable 2D CNN backbones, and
engineered pose descriptors paired with lightweight (non-DL) classifiers when computational
austerity is prioritized. These design choices materially affect portability across pose extractors and
robustness to missing landmarks.
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Architecturally, the field is led by pose-graph networks (ST-GCN and residual/bottleneck GCN
variants), followed by hybrid models that integrate attention or Transformer modules for long-range
dependencies. Recurrent temporal models (e.g., LSTM/GRU) remain competitive when fed richer
streams or higher-fidelity 3D reconstructions, while 2D CNNs over TSSI offer a strong, extractor-
agnostic alternative. A small number of studies apply criterion-based re-scoring to baseline
predictions rather than altering the backbone; these are reported distinctly.

At the study level, Top-1 on curated ISLR sets typically reaches the high-80s to upper-90s, whereas
large-vocabulary WLASL subsets remain challenging despite architectural advances. For continuous
SLR, reported WER generally lies in the low- to high-teens, depending on streaming constraints and
annotation granularity.

Table 3. Characteristics of included Skeleton-Based SLR studies (n = 19)

Pose Streams /
Study Task Dataset(s) & . Architecture Metrics
. Encoding
articulators
[2] ISLR AUTSL; CSL | 2D skeleton Joint, Joint- Graph-based | AUTSL Top-1
(whole-body | Motion, Bone, | + General 96.00%,; CSL
keypoints) Bone-Motion; | DNN (SL- Top-1 88.70%
Multi-stream GDN
fusion variant)
[19] ISLR WLASL- 2D skeleton | Multi-stream Graph WLASLI100
100/300/200 | (hands+body | (joint/bone/mo | Convolution | Top-1/5/10:
0 via tion) + + General 63.25/88.33/90
keypoints) attention DNN 31
WLASL300
43.80/69.31/80
.50;
WLASL2000
24.10/52.62/63
.32
[4] ISLR BosphorusSi | Skeleton + ST-GCN ST-GCN + BosphorusSign
gn22k; DeepHand (skeleton) + Multi-Cue 22k Top-1
AUTSL (hands) + hand/face LSTM 92.58%;
Face cues features; MC- AUTSL Top-1
LSTM fusion 90.85%
[13] ISLR WLASL-100; | MediaPipe TSSI (Tree- DenseNet- WLASLI100
AUTSL; LSM | Holistic Structure 121 2D 73.02% (no
(body+hands | Skeleton CNN over DA), 81.47%
+face) Image) TSSI) (with DA),
AUTSL
93.13%, LSM
98.0%
[10] ISLR CSL-500; 2D skeleton | Dual streams | Attention- CSL-500 Top-
DEVISIGN-L | (body) (joint, bone) + | enhanced 1 98.08%
attention; Multi-Scale DEVISIGN-L
keyframe GCN (SLR- Top-164.57%
variant Net)
[11] ISLR Custom 2D Keypoint CNN-RNN Dynamic:
(static+ | Arabic SLR hands+body | sequences hybrid 98.39% (dep.),
dynamic skeleton 96.69%
) (indep.);
Static: 88.89%
(dep.), 86.34%
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(indep.);
Mixed
sequence:
89.62% (dep.),
88.09%
(indep.)
[18] ISLR GSLL 3D body, Per-frame RNN on 3D Top-1 (GSLL):
evaluated on | hands, face SMPL-X recon Subset-50
subsets: 50/ | reconstructio | parameter features; 96.52%,
1007200/ n via SMPL- | vectors (=88- | baselines: Subset-100
300/ 347 X D) sequenced | VGGI6- 95.87%
classes over time; LSTM (SMPL-X
compare to 2D | (RGB/OF), best); RGB/OF
keypoint 2D-skeleton | lower; 2D-
sequences and | to RNN skeleton in-
RGB+OF between
[15] ISLR WLASL- 2D skeleton | Pose graph SIGNGRAP | WLASL:
100/300/100 | from over joints, H (residual relative Top-1
0; LSA-64 MediaPipe residual + GCN) gains vs pose-
Holistic bottleneck based SOTA of
(body+hands | GCN blocks; +8.91%/
+face) lightweight, +27.62% /
efficiency- +26.97% on
oriented 100/300/1000
LSA-64: 100%
test accuracy
[14] ISLR ASLLVD 2D upper- Joint position | Deep Forest | F1 =97% on
(public) + body, hands | vectors + (gcForest) 104 signs (10
private set (OpenPose) | confidence, classifier on | runs); F1 >
from normalization/ | skeleton 97% for
monocular regularization; | features smaller (10-
RGB combined sign) subsets;
hand—arm standard
joint set baselines fall
< 90% at 100
signs
[6] CI-SLR | Japanese SL | 2D skeleton | Seq2seq with Encoder— WER (%):
(online) | dataset: 275 | (OpenPose) | monotonic decoder 9.51 (offline
isolated attention RNN/Attn; best); 19.47
word videos, variants (hard | online (Online-1
113 monotonic, monotonic best); 11.08
continuous MoChA, attention (Online-2
word videos MILK) for best); second-
online best around
decoding 20.03
[1] ISLR SAM-SLR OpenPose; Frame-level Pose-only Val: OpenPose
(challen | (AUTSL- MediaPipe pose features, | baselines; 83.25%,
geeval.) | like); BSLIK | Holistic fusion RGB Holistic
pretrain (body+hands baselines 85.63%; Test
+face) (fusion)
81.93%
[5] ISLR AUTSL Index-finger | Face-part Criterion- Top-1
(re- (RGB); landmark vs | position based re- improved from
evaluati | baseline = face parts criterion: scoring 98.00% (SAM-
on/ SAM-SLR (nose/eyes/m_| absolute and (model-
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post- (skeleton- outh); relative agnostic) SLR) to
processi | aware pose/skeleton | criteria using | layered on 98.24% (best);
ng multimodal) | via face-part baseline other runs
method) MMPose/Op | heatmaps to predictions report 97.94%,
enPose re-evaluate 98.05%,
top-k 98.21%
hypotheses (AUTSL, RGB)
(Top-1/Top-
2/Top-3)
[17] ISLR ASLLVD 2D skeleton | Joint ST-GCN Avg. acc =
(skeleton-20; | (OpenPose- | sequences adapted for | 61.04%
2,745 signs) | derived) SLR

[9] ISLR JSL 2D hands Effective GCN/CNN JSL: 97.20%
(dynami | (custom), (and body) feature hybrid (pose- | (static+dynam
c signs) | LSA-64 landmarks extraction + only) ic) LSA-64:

via classifier 98.20% avg.
MediaPipe/H
olistic

[16] ISLR Custom Microsoft Kinect Classical Accuracy up to
(prototy | Kinect- Kinect RGB- | skeleton joints | NUI pipeline | 90% on 100-
pe; sign | captured set | D with + gesture (Kinect sample test; no
- (test sample | skeleton templates / tracking; standard split
speech) | n=100) tracking sequence logic | classical

(body/hands) recognition;
HMM/ANN
discussed)

[8] ISLR Internal Skeleton + Hybrid Hybrid deep | Static: 96%
(static+ | demo sets; other cues (CNN/RNN learning (YOLOv6),
dynamic | mentions (hybrid) with pose Continuous
) RWTH/PHO cues) landmarks

ENIX in pipeline:
related work ~92% avg

[3] Hand Briareo; Hand Single skeleton | Hybrid 3D- | Acc: 95.49%
gesture | Multimodal | skeleton stream, local CNN (local) | (Briareo);
recognit | Hand only; spatio- + 97.25%
ion (not | Gesture keypoints/ske | temporal Transformer | (Multimodal)
SLR) leton embeddings + | (self-

sequences long-term attention,
modeling long-range)

[7] ISLR KSL-77 Whole-body | Two-stream: Two-stream | Acc: 99.87%
(dynami | (benchmark); | 47 joints (GCN - | GCN + (KSL-77);
¢ signs) | proprietary landmarks channel attention + 100% (lab

lab KSL incl. both attention - CNN; late dataset)
dataset hands, body, | CNN), fusion
face Jjoint-motion
(MediaPipe) | (same), fused
[12] ISLR WLASL- RGB parts Two part- StepNet Top-1 Per-
2000; NMFs- | (hands, face) | aware (RGB part- instance Acc:
CSL; BOBSL | no keypoints | branches: aware) 56.89%
Part-level (WLASL-
Spatial + 2000); 77.2%
Part-level (NMFs-CSL);
Temporal; 77.1%
optional flow (BOBSL)
fusion
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Taxonomy of skeleton-based SLR methods

We introduce a five-axis taxonomy that abstracts from individual studies and explains why
particular design choices dominate specific benchmarks and operating regimes. Figure 2 visualizes
the taxonomy.

Tasks divide into isolated recognition, evaluated with Top-k accuracy (typically Top-1), and
continuous/online decoding, evaluated with WER; the latter additionally requires low-latency, stable
alignment, for which monotonic attention has become a practical mechanism [2,6,10]. Inputs and
encodings span 2D keypoints inferred from RGB, 3D joints from RGB-D sensors, and full 3D
kinematic reconstruction of body, hands, and face; broader articulator coverage systematically
improves discrimination of near-synonymous signs and captures non-manuals. Stream design
typically fuses joints, bones, and motion deltas, or maps sequences to TSSI images for 2D-CNN
backbones [13,16,18].

Model families follow from these choices: ST-GCN baselines with fixed topology; efficiency-
oriented residual/bottleneck GCNs (e.g., SignGraph); attention-enhanced multi-stream GCNs; and
hybrids that integrate GCNs with general DNN blocks. Alternatives include TSSI+CNN when
extractor-agnostic portability is needed, RNN/seq2seq variants (with monotonic attention for
streaming), and 3D reconstruction models that trade compute for gains on fine-grained classes;
lightweight engineered-feature pipelines and criterion-based re-scoring remain useful under tight
resource budgets [2,5,6,10,13-16,18,19]. Evaluation is predominantly signer-independent, with
signer-dependent reports used sparingly; for meaningful comparison, results should be stratified by
vocabulary size, articulator coverage, and whether skeletons are provided or
inferred [2,4,10,13,15,19].

Method-dataset fit is likewise structured. Multi-stream attention-GCNs and hybrids tend to lead
on curated ISLR sets with reliable pose streams (e.g., AUTSL, BosphorusSign22k), large-vocabulary
WLASL subsets expose robustness gaps that motivate appearance+pose fusion, 3D reconstruction
shows clear gains on controlled subsets with non-manuals (e.g., GSLL), TSSI+CNN is attractive
where holistic landmarks and portability matter (e.g., LSM, WLASL-100), online CSLR is commonly
evaluated on JSL-style resources, and RGB-first corpora such as NMFs-CSL and BOBSL enable
pose-inferred comparisons at scale; ASLLVD and CSL variants remain useful anchors for pose-only
and multi-stream baselines [2,4,6,10,12—15,18,19].

Figure 2. Taxonomy of skeleton-based SLR methods
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Quatitative meta-analysis

We synthesized performance using only outcomes reported in the reviewed articles (n = 19). For
isolated SLR (ISLR), we aggregated Top-1 accuracy across datasets by model family (descriptive
mean = SD, median, and k entries per family). For continuous/online SLR (CSLR), all skeleton-based
results came from a single study with three decoding settings; we therefore summarize WER directly
from that source. We did not mix non-comparable metrics (e.g., F1) into accuracy pooling; post-hoc
re-scoring is treated separately. Table 4 reports an across-dataset synthesis of ISLR performance by
model family, and Table 5 summarizes CSLR WERs. Descriptive statistics (mean + SD; median) are
computed from the available study—dataset entries per family. All values are drawn from the reviewed
sources [2,4, 7,10, 11, 13,15, 16,17, 18, 19].

Table 4. ISLR — across-dataset synthesis by model family (Top-1, %)

Model family k Mean £ SD Median
Residual GCN (SignGraph) 1 100.00 £ — 100.00
Hybrid CNN/GCN 2 97.70+0.71 97.70

3D reconstruction 2 96.19 £ 0.46 96.20
ST-GCN + Multi-cue LSTM 2 91.72+1.22 91.72
TSSI + CNN 3 90.87 £ 8.49 93.13
CNN-RNN hybrid 3 90.37 £ 5.54 88.09
Classical Kinect pipeline 1 90.00 £ — 90.00
Attention GCN 3 87.51+19.88 98.08
Pose-only baseline 1 81.93 £— 81.93
Hybrid GCN + DNN 5 63.17 £30.13 63.25
ST-GCN baseline 1 61.04 +— 61.04

The wide SD for Attention GCN reflects heterogeneity across datasets (e.g., near-ceiling on CSL-
500 and KSL-77 vs. lower on DEVISIGN-L) [7,10]. The low mean for Hybrid GCN + DNN is driven
by large-vocabulary WLASL subsets despite strong results on AUTSL/CSL-500 [2,19]. TSSI+CNN
remains competitive and portable across pose extractors [13]. The 3D reconstruction family shows
high, stable accuracy on GSLL subsets, consistent with benefits from explicit body—hand—face
kinematics [18].

Table 5. CSLR — online/continuous SLR (WER, %, skeleton-based; single study with three settings)

Setting Dataset context Decoder / alignment k (studies) WER (%)
Offline upper JSL-type Non-streaming (no monotonic
. 1 9.51
bound benchmark constraint)
. JSL-type Monotonic attention
Online-1 (best) benchmark (streaming) ! 19.47
. JSL-type Monotonic attention
Online-2 (best) benchmark (streaming) ! 11.08

Three quantitative regularities emerge. First, dataset scale and curation largely determine
attainable accuracy: families that reach 93-98% Top-1 on curated ISLR benchmarks (CSL-500,
AUTSL, LSM) degrade sharply on WLASL-300/2000, indicating that vocabulary size and visual
variability remain the principal constraints for pose-only pipelines. Second, architectural inductive
bias matters: attention-augmented, multi-stream GCNs and hybrid GCN+CNN/GCN models
dominate curated ISLR settings; TSSI+CNN provides a portable baseline that is competitive on
AUTSL and strong on LSM; and 3D reconstruction yields consistently high accuracy on GSLL
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subsets, underscoring the value of explicit body—hand—face kinematics. Third, for continuous/online
SLR, monotonic-attention seq2seq currently attains ~11-19% WER, with an offline upper bound near
9.5%, highlighting the persistent performance gap between isolated and streaming recognition.

Discussion

Recent literature reveals a broad methodological diversity in skeleton-based SLR approaches,
reflecting an active exploration of how best to model spatiotemporal patterns from pose data.
Researchers have pursued graph-based convolutional architectures that leverage the skeletal joint
topology, as well as CNN or RNN-inspired schemes that treat pose sequences as images or time
series. Notably, attention-enhanced graph networks and hybrid models (combining GCNs with CNN
or Transformer elements) often achieve state-of-the-art accuracy on curated isolated-sign
benchmarks. This suggests that integrating skeletal structure with temporal attention mechanisms is
highly effective. However, no single architecture consistently outperforms across all datasets — each
method’s success often depends on specific data characteristics indicating that architecture choices
remain context-dependent. The prevalence of multi-stream frameworks (feeding joints, bones, and
motion cues into separate model streams) further underscores the field’s push to capture
complementary features, but this also introduces greater complexity. In summary, while diverse
strategies have propelled accuracy upwards, this heterogeneity complicates direct comparisons and
points to the need for standardized evaluation to determine which innovations truly generalize.

A second general trend is the impact of dataset scale and vocabulary size on performance
outcomes. Many recent skeleton-based models report near-ceiling accuracies (often above 95% Top-
1) on smaller, well-curated isolated sign datasets, indicating that within limited lexicons and
controlled conditions current methods can effectively learn the signs. However, performance
degrades markedly on larger-scale benchmarks or less constrained settings. When models are tested
on sign language tasks with hundreds or thousands of unique signs — or on continuous signing
sequences rather than individual isolated signs — their accuracy drops significantly. These
discrepancies highlight the persistent limitations imposed by insufficient training data volume and
diversity. In particular, the field lacks large, richly annotated corpora that capture the full variability
of real-world signing (spanning diverse signs, signers, and contexts). Data scalability has thus become
a bottleneck: further progress will require not only clever algorithms but also concerted efforts in
expanding dataset size, coverage of vocabulary, and perhaps leveraging data augmentation or cross-
dataset training to broaden model exposure.

Closely tied to data scale is the challenge of model generalization across different contexts and
sign languages. Most current skeleton-based SLR systems are developed and evaluated on a single
benchmark at a time, so their ability to transfer to new domains remains largely untested. A model
trained on one country’s sign language or a particular capture setup may struggle when applied to
another language or a different environment. Differences in vocabularies, recording conditions, and
even the pose-estimation tools used can all hamper cross-dataset performance. This lack of
generalization suggests that many state-of-the-art models might be learning dataset-specific
idiosyncrasies rather than truly universal sign language patterns. Addressing this issue likely requires
new strategies for domain adaptation and more generalized feature learning. For example, future
research could explore training paradigms that incorporate multiple sign languages or heterogeneous
data sources, to encourage models to learn higher-level representations not tied to a single dataset’s
traits. In summary, achieving robust cross-domain and cross-lingual generalization remains an open
problem — one that must be overcome for skeleton-based SLR to be broadly applicable outside of lab
settings. Another persistent concern is signer-independence, i.e. ensuring models perform
consistently across individuals with different signing styles. Even within the same sign language,
each signer brings unique variations in motion speed, emphasis, and personal technique. Current
benchmarks usually enforce signer-independent evaluation splits (training and testing on different
people), and this has revealed noticeable performance gaps when models encounter completely
unseen signers. In practice, many models still exhibit degraded accuracy on new signers, indicating
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that they inadvertently learn person-specific cues present in the training data. This issue underscores
the need for learning sign representations that are invariant to individual differences. Potential
remedies include data augmentation techniques (to expose models to more varied signer
characteristics) and model architectures or normalization schemes that explicitly factor out attributes
like hand size or motion style. Without better signer-generalization, even high-performing SLR
systems risk failure in real-world deployments, where the range of user appearances and styles is
virtually unlimited. Thus, improving signer-independence is critical for moving from benchmark
success to reliable, real-world sign recognition. Finally, we must consider the limitations of a
skeleton-only modality in capturing the full complexity of sign languages. Skeleton-based methods
focus exclusively on the 3D trajectories of body and hand joints, yielding a representation that is
robust to lighting and background noise but inherently omits important visual cues. Non-manual
articulators such as facial expressions, mouth movements, and subtle finger shape details carry
significant linguistic information in sign languages, yet are only coarsely represented (if at all) in a
pure skeleton stream. Some advanced approaches attempt to compensate by including additional pose
features — for instance, adding facial keypoints or using separate sub-networks for hand shapes — and
these have shown that incorporating more of the signer’s morphology can improve recognition of
nuanced signs. However, each additional feature stream or modality increases the system’s
complexity and computational load. Fusing multiple skeletal cues (joints, bones, velocities, face
landmarks, etc.) can yield diminishing returns if the model becomes too cumbersome for real-time
use. In essence, current skeleton-based SLR methods excel at capturing the broad spatiotemporal
patterns of signing but still fall short of representing certain fine-grained or context-dependent aspects
of communication. This trade-off between the simplicity of the skeleton representation and the
completeness of sign language information remains a fundamental tension. Overcoming it will likely
involve clever multimodal integration — incorporating critical non-manual signals into skeleton-based
frameworks — while carefully managing model complexity to retain efficiency.

Conclusion

Skeleton-based sign language recognition has achieved remarkable progress by leveraging
specialized models to extract spatial and temporal features from human pose data. Over the past
decade, accuracy on isolated sign recognition tasks has climbed dramatically — approaching near-
perfect levels on some small benchmark datasets — thanks to innovations like graph convolutional
networks, attention mechanisms, and multi-stream feature integration. These methods have proven
adept at modeling the articulated movements of the body and hands, effectively addressing core
challenges of spatiotemporal feature extraction in sign language. They take advantage of the skeleton
modality’s robustness and low dimensionality, allowing models to focus on motion dynamics and
pose configurations while sidestepping many visual noise factors. Despite these advances, our review
highlights several unresolved challenges that continue to limit skeleton-based SLR. Performance does
not yet generalize well to large-vocabulary sign lexicons or continuous signing scenarios, where error
rates remain substantially higher. This shortfall is largely attributed to the scarcity of extensive,
diverse training data and the difficulties of sequence segmentation in continuous recognition.
Furthermore, current models still struggle with signer variability and often require careful tuning to
maintain accuracy for unseen individuals, underscoring a need for more signer-independent designs.
While multi-stream and hybrid architectures have pushed the state-of-the-art, they have done so at
the cost of greater complexity, and they still do not fully capture non-manual cues like facial
expression that are integral to sign language meaning. In sum, today’s skeleton-based systems adeptly
capture the gross movements of signing and have clearly validated the efficacy of pose-based features
for SLR, but they fall short in scaling up to the true diversity and fluidity of natural sign language.
Ongoing efforts to expand dataset scale, refine model architectures for better generalization, and
integrate additional sign articulators will be crucial for closing the gap between the impressive
isolated-sign results and the broader goal of robust, real-time continuous sign language
understanding.
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AKIAPATTBIK ) KYUEJEPAE MAVUJAJAHYFA APHAJIF AH BLJIIM BEPY
BATJAPJIAMAJIAPBIH 93IPJIEY AJITOPUTM/AEPI

Anoamna
By makamana 3amaHayu aknmapatThIK JKyienepaeri 6iiim 6epy OarmapiaManapblH 931pieyaiH aarOPUTMIIK
HEri3i YCHIHBUIFaH, IOCTYpi OKy OarmapiaMachlHBIH MJU3aifHBIH €HOEK HapbIFBIHBIH THHAMHKAIBIK
CypaHbICTapbiMeH OaiiianeicThipagpl. OHpma OimiM Oepy OarmapiaManapblHBIH JU3aMHBIH 931pieyiri
(DDEduP), sram xetinmipinren Llama 3 momenin i3mey apkpUibl KeHeWTinreH reHeparusmMeH (RAG)
OipikTipeTiH BeO-tutathopma yerHbUIFaH. JKylie MaKcaTTapabl KaTbINTaCTHIPY, KY3BIPETTLTIKTEPAl ally JKoHE
KypcTapAbl YCHIHY YIIiH CEMaHTHUKAIBIK EHTi3ylep/i, KOCHHYC YKCACTBIFBIH J>KOHE THOpHUATI i3meyni
nadjanaHa OTBIPBIN, Ka3aKCcTaHABIK kyMbic 1iardopmanapbiHan  (Enbek.kz, HeadHunter), jxana
MaMaH/BIKTAp aTJIAChIHAH XOHE KOCiOM CTaHmapTTapaH HAKTHl yaKbIT PEKHMIHIETI NEePEKTepAl aiajbl.
HNudopmaruka, Onomorus xoHe Tapux NmoHIepi OobiHIIa Oarananrad on 0,24-tex 1,00-re ne#iin F1 6amnbraa
KOJI JKETKi3[li, MaKcaTThl TYKBIPHIM/IAY JKOHE TEXHHUKAIIBIK cananapia y3miK Ooiasl, Oipak opTypii OKy
HOTIDKETIepl MEeH TMoHapajblK OeiiMIIenyae KUbIHIBIKTapFa Tan Oonabpl. 3epTTey OuriM Oepy skyienepinme
TUIMZI JKacaHIbl HWHTEIUIEKTKE HETI3JeNreH OKy OaFmapiaMachlH jko0anay VIOIiH ajgaM [UKITiHAeT]
HHTETPaIUsIHBI )KOHE TIOHTe TOH JKETIIAIPYIIepIl )KaKTaiIbl.
Tyiiin ce3nep: Ginim OGepyneri KU, oky OarmapnamachiH jkobanay, OiniM Oepy TEXHOJOTHACHI, eHOCK
HapBIFBIH YinecTipy, XKW Monenin eHey, CeMaHTUKAJIBIK EHT13yJIep.

A.E. Cepukos!, A.A. Buomunkuii’
!Astana IT University, 1. Acrana, Kasaxcran
2 KreBCKMii HAMOHAIBHBIM YHUBEPCUTET CTPOUTEILCTBA M apXUTEKTYPHI, I. Kues, Ykpauna
AJI'OPUTMBI PABPABOTKHN OBPA3OBATEJIBHBIX ITPOI'PAMM JIJI51 UCITIOJIB3OBAHUSA
B TH®OPMAIIMOHHBIX CUCTEMAX

AnHomayus

B craree mpejcTaBieHa anropuTMUYECKas CTPYKTypa sl pa3paboTKu 00pa3oBaTENbHBIX MPOTPaMM B
COBpPEMEHHBIX HMH()OPMAIIMOHHBIX CHUCTEMaX, OOBEIWHSIONIAS TPAJUIMOHHBIE YYeOHBIE MPOTPaMMBI C
JUHAMUYHBIMHU TpeOOBaHUAMH PbIHKA Tpyna. B Hell mpencrasieH pa3paboTunk 00pa3oBaTeIbHBIX IPOrpaMM
(DDEduP) — Be6-mmmaTdopma, mHTErpupyIoIIas jopadotanHyro Mojens Llama 3 ¢ renepanueit 70MoITHEHHOTO
noucka (RAG). Cucrema ncnonb3yeT JIaHHBIE B PEKUME PealbHOTO BPEMEHU C Ka3aXCTaHCKUX IIaTdhopM
noucka pabotsl (Enbek.kz, HeadHunter), Atnaca HoBbIX mpodeccuii n npodeccHoHANBHBIX CTaHIapTOB,
HCTONB3YSl CEMaHTHUECKOE BCTPAUBAHUE, KOCHHYCHOE CXOJCTBO M TMOPHUAHBIA MOUCK Ui (POPMHUPOBAHUS
1esied, N3BJICUeHHsT KOMITETeHIINI U peKoMeHaau KypcoB. [Ipu omnenke no npeameram «MudopmaTrkay,
«buonorus» u «ctopus» cucrema nonyduia 6auisl F1 ot 0,24 1o 1,00, mpoeMOHCTPUPOBAB MPEBOCXOTHBIE
pe3yabTaThl B (OPMYJIMPOBAHMH LENI€H M TEXHUYECKUX O0JAcTAX, HO CTOJIKHYBIIHCH C TPYAHOCTSMH B
JOCTIDKEHHU Pa3iIMYHBIX PE3YJIbTATOB OOYyYEHHUs] W MEKIAMCUUILUIMHAPHOM amanTtauuu. B umccnemoBannu
00OCHOBBIBaE€TCSI HEOOXOIUMOCTh HMHTErPAllMll YeJIOBEUECKOro (hakTopa W  YCOBEPIICHCTBOBAHHIA,
YUUTHIBAIOIIMX CIIEUU(PHUKY TUCIMIUIAH, 115 3 hekTUBHOM pa3paboTK yueOHBIX mporpaMM Ha ocHoBe MU B
00pa3oBaTeIbHBIX CUCTEMAX.

Krouesnle ciioBa: MU B 00pazoBanuu, pa3paboTka yueOHBIX IpOrpamMm, 00pa3oBaTeIbHbIC TEXHOJIOTHH,
aJlanTaiys K pelHKY TpyJia, TOHKas HacTpoiika mojeneit N, cemaHTHYECKHUE BIOKEHHUS.
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ALGORITHMS FOR DEVELOPING EDUCATIONAL PROGRAMS FOR USE IN INFORMATION
SYSTEMS

Abstract

This paper presents an algorithmic framework for educational program development in modern information
systems, bridging traditional curriculum design with dynamic labor market demands. It introduces the Design
Developer of Educational Programs (DDEduP), a web-based platform integrating a fine-tuned Llama 3 model
with retrieval-augmented generation (RAG). The system draws real-time data from Kazakhstani job platforms
(Enbek.kz, HeadHunter), the Atlas of New Professions, and professional standards, using semantic
embeddings, cosine similarity, and hybrid retrieval to generate goals, extract competencies, and recommend
courses. Evaluated across Computer Science, Biology, and History, it achieved F1 scores from 0.24 to 1.00,
excelling in goal formulation and technical fields but facing challenges in diverse learning outcomes and
interdisciplinary adaptation. The study advocates human-in-the-loop integration and discipline-specific
refinements for effective Al-driven curriculum design in educational systems.

Keywords: Al in education, curriculum design, educational technology, labor market alignment, Al model
fine-tuning, semantic embeddings.

Kipicne

XKacanaer uateuiekr (JK) O6urim Gepyze yIIKeH e3repic akenyzae, OeiimMaenrim miaTdopManap
MEH aKbUIbI PENETUTOPIIAP CUAKTHI KYpajiap apKbUIbl OKY/Ibl )KEKELIeICHIpYTe, KOJDKETIM/L eTyre
KOHE THIMJII eTyre MYMKIHIIK Oepeni. ONeMIiK HHBECTUIUSUIAP/IBIH apTyblHa OalIaHbICTBI O1TiM
Oepy callachIHJIAFbl KacaHAbl WHTEIIEKT HapbIFbIHBIH KenieMi 2021 sxbutrel 1,82 mupn AKII
nomnapeiaan 2030 xeirra Kapait 31,78 mupn AKLL nonnapeina geiiin eceni aen 6omkanyaa. by
©CIM IeHEepaTUBTI KaCaH bl HHTEJUICKT ITeH 00JKaM/Ibl aHATMTHKAHBIH OUTIM Oepy yIepiciHe Keaeln
eHin >kaTKaHblH Kepcereni [1]. binim 6epy OarnapiamanapbiH sk00anayablH ASCTYPIl TOCUIAEPI OKY
OarmapmamanapblH  KOJMEH  KapTara  Tycipyre, capamiibUIapIblH  KEHECTepiHe  JKoHE
MHCTUTYLIMOHAJ/IBIK Kepi OaiijlaHbICKa apHallFaH CHpEK Ty3eTyliepre HerizzenreH. byn onictep
aJlaMHbIH aKaJIeMUSUIBIK TEPEHJIrT MEeH TYCIHITIH KaMTaMachl3 eTefl, Oipak ojap Te3 e3repeTiH
caJlaJIbIK TaJlalTapFa xoHe OLTiM alylIblIapAbIH 9pTYpIli Ipoduibaepine xkayan 6epy/ie Kor eHOeKT1
Ka)KeT €TeTiH, KbIMOAT >kKoHe HMKeMci3 Ooiblll Tadbuaanbl. bimiM OepyniH akmapaTThIK Kylenepi
KypJeJieHe TYCKEH calblH, OaFjapiaManapibl KYpyJbl JKEeIeNJeTy MoHE KEeTULAIpy YIIiH
AITOPUTMIIK apallacyAbIH KQKETTUIIr alKbIH OOJIITBI.

Ecenrey anmroputmzepi Oimim Oepy OarjapiaManapblH AaMbITy/a, dcipece Kasipri 3aMaHfbl
aKnmapaTTHIK KYHelepre eHri3iUIreH Ke3lle MaHbBI3Ibl POl aTKapaThIHBIH JoNeNnseai. MalnHaIbIK
OKbITY, TaOusu Tinnepai enaey (NLP) sxoHe oHTaiaHAbIpy 9ICTEPiHIH apKaCchIHAA OKY OPbIHJIApbI
OKy OafriapiaMarnapblH KY3bIpETTUIIK CTaHAAPTTapblHA COUKECTEHIPY/l aBTOMATTaHAbIpyFa, eHOEK
HapbIFBIHJAFbl TEHACHIUIIAP bl MYKHUAT 3€pTTEyTe KoHE KeKe OHIMALIIK JepeKTepiHe HeTi3eNreH
OKBITY TpaeKTOpUsIIaphIH Oelimaeyre Oonansl [2]. byn nepexrepre OarbITTanFaH oficTeMe OLIIM
Oepy Ma3MyHbI, Oarajay MeXaHU3MZAEpl XoHe LUQPIBIK HH(OPAKYpbUIBIM OOMBIHIIA Y3IKCi3
MHTETPALUSHBl UITepiieTy apKbUIBl JIaMBIIl  KeJie JKaTKaH KOHTEKCTTEepre jkayarm OepeTiH
MacmTaOTanaTelH, OeHimMzaeneTiH o3ipieMenepli KaMTamachl3 eTefi, Oyl Y3IiKci3 OUTIKTUIIKTI
apTThIpy MeH eMip OOMbl OKBITY/bl KOJJay YIIIH. AJTOPUTMIIK Kypaiaap ASCTYpil Iu3aiHIarbl
OypbIHHAH KeJle KaTKaH Maceleep/l AKeHUIAeTe11: MbICANIbI, YCHIHBIC aJIrOPUTMIEP] JaFAbLIapIaFbl
KEeMIIUTIKTEp Il aHBIKTAMIbI JKOHE >KaHApTyJap/ibl YChIHABI, ajl KJacTepiiey 9MicTepl MOIYJbIEp
OOMBIHIIA OKBITY HOTIDKENIEPIH CTaHAapTTaiasl. OHTaWmaHIplpy OKy OaFaapiiamaliapbIHBIH
pPEeTTUITIH, pecypcTapibl Oedyali JKOHE alNFbIIapTTapibl KOH(UTypauuwsuiayasl OJaH  opi
OHTallnaHAbIpaabl, Oyi OLTIM adylIbUIApIBIH KaJIbl THIMALIIN MEH TaOBICBIH apTTHIPAbI.
Tycinaipinerin XKW canacblHAarbl JKETICTIKTEpP aNTOPUTMIIIK HOTHXKENEpJl allblll KepceTy,
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aBTOMATTaHABIPY MeH OiniM Oepyli Kajaraiay apachlHAAFbl YHIECIMIUIIKKE BIKHAT €Ty apKbLIbl
MY/JIeJTi TapanTapIblH CEHIMIH apTThIpajs [3].

GPT-4 cuskrel ynken tuigik moaenbsaepaid (LLMs) maiima Gomysr Oimim Oepy skyHenepinie
MHTEJUIEKTYallIbl, MacIITa0TalaThIH OarnapiiaManapibl KYpPYIbIH JKaHa >konjgapbiH amtel. LLMs
KYpJemi MeAaroruKaiblK MaTepuaiapabl TYCIHYIE KOHE OHIIpyAe, TCHIICITeH HYCKAYJIBIK JKOHE
TMHAMHKAJIBIK OKYy OaFJapiaMachblHBIH ABOJIOLMACHIHBIH HET131H Kanayna y3uik [4]. Jlerenmew,
MYHJall O>KyHelepAiH THIMAUITIH IIeKTeuTiH Oipkatap ¢akrtopnap Oap. OmapnsiH inriHzge
TaJUTIOLIMHALMSIIAP - MOJENbB/IIH HIBIHABIKKA KaHACHANTHIH, Oipak HaHBIMJIBI KOPIHETIH >KayanTap
KYpacThIpYbl, COHAAW-aK OKYy JEpEeKTepiHIH Oenriai Olp KE3eHMEH NIeKTeNlyiHe OaiJIaHbICThI
aKnapaTThIH €CKipyi KaTapl.

Kanmpina kenripymen kymeitiaren renepaius (RAG) apxurtektypamapbl Oyl KeMIIUTIKTEPIi
LLM-zepai HaKThI yaKbIT PEKUMIHIE CBIPTKBI OUTIM KoiMallapblHaH CypayFa KaTbICThI aKIapaTieH
TOJNBIKTBIPY apKbUIBI JKOSIBI, OChUIala OuTiM Oepy KoJgaHOaIaphIHAAFbl (HAKTUTIK JOJIIK TEH
KOHTEKCTIK COMKecTiKTi Kymeireni [5]. TeIFbI3 y3iHainepal i34ey jKoHe THOPUATI 1371y CHUSKTHI
ozicTep oKy OarnapiiaMaiapbiH d3ipiey, Kype peTTUIIr KOHE HOTHKENEP il apTUKYJISIHSIIAY CUSKTHI
OpeKeTTepAeri OHIMIUTIKTI apTTHIPY apKbLIbl ABIHFAH Ma3MYHHBIH COMKECTITIH jkakcapTaas! [6, 7].
RAG mopenpaepre kaiita maspiaychl3 kKaHa WAEsUIaplbl €HTI3yre MYMKIHIIK Oepexi, Oy OKy
OarapramManapbIHbIH aFbIMJIAFbl CTAHJAPTTAPFa, HAPBIK KAKETTUTIKTEPiHE )KOHE FHUTBIMU ITPOTPECKE
COMKecTIrH KamTamachi3 erefi [8]. Owmmupukanslk monynap RAG OumiMali KaxeT eTeTiH
TarcelpMaiap OOWBIHINA, dcipece OKy JKOcCmapiapbl MEH KY3BIPETTUIIK MIEHOEpJepiH KapTara
TYCIpy/€e, HAKTBUIBIK MEH HIBIHAWBUIBIKTEI KaXET eTeTiH TanceipMmanap OoibiHma nepbec LLM-aen
achIN TYCETIHIH pacTaisl [9].

AJNIBIHFBI aBTOMATTaHIBIPBUIFAH OKY OarJapiaMallapblHbIH CTpaTerHsiapblHAa OHTOJIOTHUSFA
HETI3/IeITeH MO/JICNIB/ICY JKOHE epeKeriepre HeTi3/IeNreH )Kyhenep KOIIaHbUIIbI, OJlap capanTaMalibik
O1TiM/I1 TUIMII KOATA/IbI )KOHE STATOHIAP/bIH CAKTayblH KAMTaMachl3 €TTi, OipaK ayKbIMIbUIBIKTA,
KYpBUIBIMCBI3  KipicTepre Oellimaenyae >KOHE HAKThl YaKBITTaFrbl JKaHAPTYJIApAa COTCI3IIKKe
yubipagel [10, 11]. Conmret NLP konmanGanapsl HOTHXKENEp MEH MakcaTTap apachIHAarbl
CaJIBICTBIPYbl ABTOMATTAH/ABIPBUIFAH JKOHE KEeHeC Oepy YIIiH JepeKTepre Heri3/enreH YCHIHBIC
KyHenepin a3ipiaeni, 6ipak onapaa LLM-RAG rubpuarepidiH HO31K CEMaHTHKAJIBIK MYMKIHIIKTEPI
xul okericrieral [12]. Tyci"iktutik Heri3ri wmocenere ainnanmansl, JXHW-tiH Oumim  Gepyneri
MHTETPALUACHl alIbIKTBIKKA, ocipece OarjapiaMaHbIH TYTACTBIFbIHA KOHE AaKKpPEIUTTEyre ocep
eTeTIH memimMaepre OainanbIcTsl, MyHAa Meiip emec RAG mpouecTtepi ceHiMre HYKcaH KenTipyi
MyMKiH [13].

Bbyn 3eprrey Oinim Oepy OarmapiiamaliapblH 931pJiey/ii aBTOMATTaHABIPY YIIIH BeO-HETi3/IeNTeH
aKnapaTThIK KYHele jkaHa aJrOpPUTMAIK KYMBIC MpoleciH eHrizeai. Oa aepeKkTepal ajjablH ana
OHJIEY I, KY3BIPETTUIIKTI ayJibl, HOTHXKEJIEPAl TEHECTIPYJl >KOHE KYPbUIbIM CHUHTE31H EHTI3Yal
OIpiKTIpyA€H BaluAauusFa JediHri OyKul TNpouecTi BHU3yalIHM3alUsUIalTBIH HHTEPAKTHBTI
wiardopmara Oipiktipeni. TeopusablK MOAETbAECPAl MPAKTUKAIBIK €Hri3yMeH OIpPIKTIpE OTBIPHIIL,
KyHe OKBITYWIbIIapFa, Ju3aiiHepiepre >KoHE JKOCHapiayllibliapFa 3amaHayd OutiM  Oepy
nanAmwadTTapbIHAA JEPEKTEpre HET13/IeNreH, cajara xayar OepeTiH OaraapiaManap/ibl kacay yIIiH
CeHiMI1, OeiiMaenTin Kypasabl maiiananyra MyMKIHJIIK Oepe/ti.

3eprrey dmicHaMachl

binim Gepy Oarmapnamanapsin a3ipneymi (DDEduP) - O6yn 6inim Oepy OarnapiamanapbiH
KapThllall aBTOMAaTTaHABIPbUIFAH TYpJI€ JKacayFa apHairaH BeO-maTdgopma. XKyile 6arnapiamaHsl
a3ipiey /i JKEeHIIeTy YIiH OekeH]1 xoHe (ppoHTeH | TexHoaorusnapasl KU -nen Gipikripeni, HaKThI
CypaHbICTapFra corkecTiriH KamTtamace3 etei. bekenn IntelliJ IDEA-garsr Java Spring Framework,
¢dpontenna Visual Studio Code-ta React JS xone Prettier sxone ymrinmi xkanenThl hopmara (3NF)
Kanbinka kentipuireH PostgreSQL kemerimen o3ipnenreH. ConsiMeH Katap, RAG kyieci
Oarapiamanap/sl Tajaiay, OJKbUIBIKTAP bl aHBIKTAY JKOHE KaKCAPTYJIap/Abl YCIHY YIIIIH BEKTOPJIBIK
EHIIPYJEP/l Mai1amaHaIbl.
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Herisri Gemirinae 6inmim Oepy OarmapiamaiapblHbIH, €HOCK HApbIFBIHBIH CHUIIATTaMaTapbIHBIH
KOHE KOCiOM CTaHIAPTTApBIHBIH CaJaliblK JCPEKTEep KUBIHTHIFbIHA OCHiMIENreH, o1 peTTeNreH
Llama 3 yixen Tin mozaeni (Fralet/DDeduPModelv7) opnanackan. 1x107° oky skbuinamasirs! (Temen
OonranbpiMeH, LORA KojmanraH Ke3lle MOJCNbIIH YMBITYIIBUIBIK OOJIBIpMAy YIIiH CTaHIapTThI
TaHyay Oousbin TaObUIanel), 8 skoHe 10 1oyipimik TomTama MeJjmepi CHSAKTBI THIeprapameTpiepai
naiagaHa OTHIPBIN, OaKbUIAHATBHIH oicTepai amamu Kepi Oainmanbictan (RLHF) Gipiktipin, mon
Oanray xyprizinai. Temenri nopexeni oeriimaeny (LoRA) 6a3anbik MoaenbIiH OHIMAUTIITIH caKkTai
OTBIPHIT, €CENTEY KAKETTUTIKTEPIH a3alTTHhI.

EnOex HapbIFBIHBIH IepEKTEePl YKIMETTIK KYMBICTICH KaMTy CTaTUCTHKAchl yiniH Enbek.kz sxone
HaKThI YaKbIT peKUMiHAET1 60c xymbIc opbiHaapsl yurin HH.kz caiittapeinan aneiaran. Jlaraeuiap
naya3bIMJIBIK CHIaTTamanapabl cepBepiiik NLP HeriziHzeri CKpenmwHr >KOHE Taijgay apKbLIbl
anpiHagpl. Cana MaMaHAApbIHBIH OOJDKay Kypaiibl OoJbill TaObutaThiH JKaHa MaMaHABIKTap MEH
Ky3bIpeTTep atiackl 5-10 5kbul inmiHe naiiaa 00aThiH J1aya3sIMIapFa akiapar Oepei, JaMblIIl Kelie
KATKaH >KOHE eCKipreH JlayasbIMaaplbl Koca ajFaHaa, calajiblK ypaictepai skikrenmi. Kocibu
CTaHAapTTap — OUTIMJI, AaFabUIapbl, TOKIPUOCHI KoHE KY3bIPETTUIIKTI KOPCETETIH HOPMATHUBTIK
Kykarrap — Kasakcran OwiiriHeH anblHFaH, pecMHu, Oeiipecmu >xoHe Oeiipecmu Oinmim Oepyni
eckepeni. [Naiinananymeuap XU yceiHFaH cTaHmapTTapibsl KaObUIIA anajbl HEMEce MKEMIUTIK
YILIiH apHaiibl CTaHAAPTTAP/IBI €HT13€ aTajIbl.

XKymbic mporeci MmaiganaHylibl YChIHFAH OaFjapiiama aTtayjiapblHaH Oacranajpl, KOCHHYC
YKCACTBIFBIH TaWJaNaHbIl MaKcaT YCHIHBICTAPBl VIIIH CEMAaHTHUKAIBIK CHIIpMeNep apKbUIbI

TaJaJaHaJbl:
A-B

lAll-NBIl (1)

Cosine Similarity =

MyHnpa
- A —3TaJOHJIBIK MOTIHHIH BEKTOPJIBIK €HJIIpMeC]
- B — KypbUIFaH MOTIHHIH BEKTOPJIBIK CHIIpMECi
Copman KeifiH >kacaH/Jbl HHTETPAAbl AEPEKTEPACH TalChipMaliap YChIHAbI, JaFablIap bl anaabl
XKoHe Oara Oepy (DyHKIMSICHI apKbLIbI KypCTapAbl KapTara Tycipei:

Skill — Course Score = Y{_; w; - 5;; (2)
Mynna
- Wi — 1-JaFIbIHbIH caMarbl (MaHbBI3ABUIBIK KO3(PPHUIIUEHTI)
- sij— BERT ennipmenepiHeH anblHATHIH 1-JaFIbIHBIH J-KYpCIEH COUKECTIK J9peKect
- N — KapacTbIPbUIATBIH JIaF/IblJIap CaHbI
(BERT enpmipmenepinen s;; apkblibl). RAG 60C OpbIHIap/bl Tanaay *OHE YCHIHBICTAp YIIiH
THOPUITI KUIT CO3-CEMaHTUKAJIBIK 13/1€ynepai opblHAai sl MHpOopMaTuka, OMOIOTHS JKOHE Tapux
noHAepl OoMblHIIA yiari Oarmapiamanap React Herisigaeri Bu3yasigpl MaTepuanapibl >KOHE
PostgreSQL caxTtay opHbIH KamMTHbl. baranay xoHTekcTik Typanay ymiH BERT, colikectennipy
yiIiH ganjik/ecke tycipy/F1 ynainapein naigananaasl:
Precision = TP /(TP + FP) 3)

Recall = TP /(TP + FN) 4)

F1 = (2 * Precision * Recall) / (Precision + Recall) (5)
MyHnna
- TP (True Positive) — 1ypbIC aHBIKTaJIFaH OH >KayamnTap
- FP (False Positive) — kaTe oOHFa *KaTKbI3BbIIFaH KayamnTap
- FN (False Negative) — Mmozens xi0epimn alraH OH jKayantap
N-rpaMMIbIK KabaTTacy YKCACTHIKTHI Oaramaiinpl, anm Distinct-1/2 meTpukanapsl Ma3MyHHBIH
OPTYPIIUIITiH KAMTaMachl3 €Te/Il.
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3epTTey HOTHIKEJIEp

[Talinananymeutap Oargapiiama ataybiH OepyeH 6acraiinbl, 0y XKIM-ke Ou1iM 6epy MakcaTTapblH
Tajngayra )koHe YChIHyFa urepmeneiini. Onapabl azaMaap MEKeMeNiK MaKkcaTTap MeH IeJarorukajiblK
CTaHJapTTapFa COWKECTCHHIpY YIIH Kapall, >KeTUiaipeni. Opi Kapai, Kyie eHOCK HapbIFbIH
TaNIay/bl )KYPri3ei, THICTI dKYMBIC OPBIHIAPBIH XKOHE Maiiia 60JaThIH MAaHCANITHIK MYMKIHAIKTEPI1
KOPCETETiH ColKec ATJIaC MaMaHIBIKTAPbIH YChIHABI. TOJIBIK )KYMBIC aFbIHBI |-CypeTTe KOpCeTiIi.

Kana mMamaHIBIKTap MEH KY3BIPETTEp aTiachl CallalIbIK CapamniibuiapaslH 00JKaMbl OOHBIHIIA
angarel 0€c-OH KbUIAA KYTUIETIH OoNamak MaMaHIBIKTapIbl KaTalorTaHIbIPAThIH HETI3T1 pecypc
Ooubin TabbUTa L. Ol MaiaanaHybUIapFa calallblK YPAICTEP/I, )KaHa POIIIep/l )KOHE TaMBbIIT Kelie
KATKAH HEMECe OFaJIbIl 0apa >KaTKaH >KYMBIC OPBIHAAPBIH 3€PTTEyre MYMKIHJIK Oeperi. ATiac
MaMaHJIBIKTaphbl O0€Ti CaHaTTaJFaH KOJDKETIMIUIIKTI, erKEH-TErKeIl KY3bIPETTUIIK MPoQUIbAepiH
XKOHE TpaHCOpMaLusl Typaibl TYCIHIKTepAl YChbIHAIbI, Oysl Oarmapiamanap/blH JKYMBIC KYIIiHIH
CYpaHbICTapbIHA ColiKkec 0OJTybIH KAMTaMachI3 eTe/Ii.

Kypc penosutopuiiin 6ackapy yheci THIMII TaHJIay XKoHE OarJapiaMaHbl KYpacThIpy YILIiH
MEKEMeIliK KypcTap bl OipblHFail HHTEpdeiicTe opTalbIKTaHabIpaasl. O MakcaTTap, ajaFbllapTTap,
KPEIUTTEP JKOHE KY3bIPETTEp CUSAKTHI MaJIiMeTTep i cakTaiasl. Kype OeTi sxacayabl, ©3repTyal xKoHe
YUBIMIACTBIPYABl KOJIZAW/IbI, METAJCPEKTEp AaFAbUIap MEH CTaHJapTTapFra OalaHbICTBIPHLIAJIbI,
Oy xobanay kesinge JKH-ke ycoIHbICTapABI Oepe/i.

@ Al @ Anam ® Hotuke

J
B

KanceTTi gargemnap

TaHOanFaH Nayassmoap ILH KEmeT Dasdsrnap

o Bargapnama ataybiH eHriay

lNadpanasyue Ginin Gepy HGasgapnamackiHkR
arayuii Gepeai
s

Al makcaTTel Tangay
Al bargapnaria arays=iH Tanoan

MAKCATTAPAL! KYPaah!

P,

© 0 000000

Odarobinapaesl Gaceivoay
Mafganaqyie garssnapas Gaceimgafas
=

BargaprniaMa MakcarTapbel
¥onHomrar Sinis Sepy magcaTiaps)
—

MakcaTThl pacTay
Maiinanalyiis MakcaTTapas

pacTangelTyaeTeni
. J

Exfexk HapbifbIiH Tangay
Al cofrec enbon HApPLILH Tanganns

”

Kypc yCchiHbiChl
Al Gacsimae narasniap vl kypcrapas
YOEHAAR

Oxry HaTWxenepi
Al HBKTEI 0¥y FSTHWHENSRH KyPan::

o
oy

KypcTap »aHe HaTHXenep
Oy HaTeKenep!l Dap YChiHRINFaH
iy ..".7.1[’\

Barpapnama Kypy

MafganaHylel Kyperapisn TaHaiis)
peTreani

MHyMbic nayassiMoapbl

Cafkec #ymuIc NAyassmOankiHEH Tizini

BarpaprnamMaHel Tangay
Al oRpbImLITaSp MeH cadrecTikr

TR A=

Nayaseimabl Tanaay
MNMaRpanasyws makcaTrsl nayazsinaapisl Taqnanas

- S

Darosinapael WhiFapy
Al eqber HAPLFRIHAH OAFSRNARNN LULFARALE

(HH & Enbek kz)

KopbITEIHOB! ICKe acbipy
MaspansHyLlug Ginig Bepy BarnapnamMacsH
AAKTaALL

P
<
y

Cypem 1. Aoam men KU o3apa apexemmecyi DDEduP scymvic azvivl

Kocibu cranmaprrap Tarel Oip Tipek 00wl TaOBUIAABI, OJ1 Oenriiai Oip canamapiarsl OuTIMTE,
JaFAbUIapFa XKoHe KY3bIPeTTIIIKTepre KOMbUIaThIH Tanantap/as! Oenrineiai. Ctanmaprrap 6eTi ochl
KyKaTTapra IIOyFa, 13/Ieyre >KOHE TaHjaayFa MYMKIHIIK Oepeni. JKyie omapaer Outim Oepy
cananapbigia Oipiktipeni, anm JKM Oarmapnama KaKeTTUIIKTEpiHE HEri3eireH COWKeCTiKTepi
YCBHIHA/IBI, aJl TAlJaTaHyIIbIIap COMKECTIKTI peTTel anaapl. binim Gepy OarmapinamanapbiH Oackapy
uHTepdeiici 2-cyperre OarnapiamMaHbIH KYHiH, UIrepuieyiH >KoHEe KOepCeTKIIITepiH OaKbUIalThIH
opTanblK Oackapy TakTachl peTiHae Kei3MeT etemi. On jkaHa Oarmapiiamanapibl Oactayasl, Oap
Oarmapramanapsl OHICY/l JKOHE HycKalapisl Oackapy »oHe IenriM KaObliay KyXKaTTaMachl
apKBUIBI d31pJiey OMIPIIK UKIAEPIH OaCKapyIbl KOJITANIbI.
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Educational Program

Create Mew Program

Cypem 2. Binim 6epy baz0apramanapuin backapy bemi

Kympicter  Oackapy wuHTepdeiici Enbek.kz sxone HeadHunter CcHSIKTBI Ka3aKCTaHIBIK
wiargopmanapaan nepexktepal tannanasl. [lalinananymeuiap pennep meH Atlas maya3piMupapbin
tagmaiapl, Oyn JKM-ke aiiMakTBIK NaFapliap TalanTapblH allyFa JKOHE HAKTBUIAYFa, MKEPruTiKTI
OargapiaMaHblH ©3€KTUIr YUIH yiriiep MeH mnaiga OonaThlH KY3bIPETTUIIKTEpPi aHBIKTayFa
MYMKIHIiK 6epei. Jlarapuiapra 6achIMIbIK OEpTreHHEH KeliH maTdhopMa Ky3bIPETTUTIKTepre Coiikec
KYpBUIBIMJAIIFaH OKY HOTMKENepiH kacaipl. HoTikenep xylieci HHCTUTYUOHANABIK TOCLIIepre
Oeifimieyre MyYMKIHJIIK Oepesii, COHpIMEH Oipre KOTHUTHBTIK JICHIeiIep OOWBIHINA OIIICHETIHIIKTI
KOHE KaMTyAbl KamTamachl3 eTeni. Kypcrapabl TaHaay >KoHE KapTara TYycipy OuU3alHIbI OKY
OarmapnamacbiHa ayaapansl: KM peno3uTopHililik KypcTapbl YChIHA/IBI, ONapabl JAaFabluiap MeH
HOTHKENIepre KapTara Tycipeai, a3ipyiey yakbIThiH KbiCKapTaabl. [laligananymsiiap pecypcrap MeH
QJIFBIIIAPTTAPFa HET13CITEeH PETTUIIK IeH Ty3eTyepai 6ackapansl. CoHbiHIa, RAG Oarmapiamanbl
apTHIKIIBUIBIKKA JKOHE CaJIBICTHIpYFa TalJaiiibl, OHTAMIbBI YilIeCIMIUTIKKE KOJI KEeTKi3UIreHIne
KETiipy OOMBIHIIIA YCHIHBICTAP Oepei.

I-kecTeneri KOpCeTKIIITEp MOTIHIK COMKECTeHAIpYy *KoHe Oarajay HOTHIKEJepiH CHUIATTal[bl:
Precision — Mozienb TallKaH HOTHKEJIEP/I1H KaHIIAChl AYPbIC €KeHIH KepceTei, Recall — mibiH MoHIHAE
JYPBIC HOTHIKENEPAIH KaHIIachl TaObUTFaHbIH, all F1 — monik meH KaMTyabl TEHAECTIPETIH opTalia
kopceTkim. N-gram — MOTIHIEPAETl KapamailbiM ce3 HeMece €03 TIPKECTEPIHIH YKCACTBHIFBIH
OaranaiiTeid ofic, an BERT — ce3aep/iH KOHTEKCTiHE HETI3/1eIreH CeMaHTUKAIBIK YKCACTBIK, al Sim
— JKaJmbl YKcacThIK Koddduumenti (0—1 apanbiFbiHaa).

Kecme 1. [lon scone mancoipma mypi 60tibiHUA OHIMOITIK KOpcemKiumepi

1lon Tancvipma Precision | Recall Fl N-gram | BERT Sim
Oxvimy nomuoicenepi 0.60 0.22 0.32 0.09 0.74
Ungpopmamuxa | Kocibu cmandapmmap 0.69 0.60 0.64 0.21 0.84
bazoapramanviy maxcam 1.00 1.00 1.00 1.00 1.00
Oxvimy nomuodicenepi 0.68 0.14 0.24 0.05 0.68
buonoecus Kacibu cmanoapmmap 0.26 0.50 0.34 0.10 0.26
bazoapramanviy maxcam 1.00 1.00 1.00 1.00 1.00
Oxbimy Homudicenepi 0.57 0.38 0.46 0.11 0.88
Tapux Kocibu cmandapmmap 0.33 0.42 0.37 0.14 0.64
bazoapramanvix maxcam 1.00 1.00 1.00 1.00 1.00

Mpicansl, MapopmaTrka noHi 60iibiHIIA “OKBITY HOTHKENEepl” TarncbipMmackiHaa Precision 0.60,
Recall 0.22, F1 0.32, N-gram 0.09 xone BERT Sim (.74 kepcerinreH, sSiFHU MOJIENb TamKaH
HOTHOKENIEp/IIH JKapThIChIHAH Ke0l1 Jypbic Oosca na, OapiblK JYpPhIC HOTHXKENEPAl TOJBIK KaMTU
alMaiizipl, KapamnaibiM ce3 TipkecTepi OOMBbIHIIA COUKECTIK TOMEH, OipaK CeMaHTHKAIBIK YKCACThIK
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xakcel. DDEduP XKW TuiMaimirin amgamu capantamMamMeH TEHECTIpeli, HapBIKTHIK JEpEeKTepi,
CTaHJApTTApAbl JKOHE THICTI Oarmapiamaiapra apHajdfaH Oopkamaapabl Oipiktipeni. OHBIH
TUIMJUTITT OMOJNIOTHS, Tapux XOHE HWHQPOpPMATHKA TMOHAEpl OOWBIHINA yII OarmapiaMa apKbUIBI
pactanabl. Hotrokenep moHzep OOWBIHINA alTOPUTMIK ©3TreprimTikTi kepceredi, KW Herizinmeri
OKy OarJapiamMachIH JKacay1aFbl KYIITI )KOHE MIEKTEYIepAl KopceTei, OyJI KOHTEKCTKEe OaiTaHbICThI
OHTAMIaHIBIPY MaHBI3]bI 00JTbIT TaObUIaTEIH NLP sxoHe ML KeTicTIKTepiHe ColKec Keme/i.

ducekycus

Bbarmapnama MakcatTapsl xambl anFanaa Minciz ynaimapra (1,00) Kot xkeTki3ai, OyJ1 MOJENbIiH
OKBITY JICPEKTEPIHJICT] JKaJIbIIaHFaH O11IM YATUIEpIMEH YIJIECETIH KeH, IeKJIapaTUBTI MaKCaTTap bl
cuHTe3qeyeri mebepnirin kepceredi. Kepicinine, oKy HOTHXKelepi MeH KociOum craHgapTTap
e3reprimTik kepcetti, F1 ymaitmaper 0,24-ten 0,64-ke neiiiH e3repin, emKel-TerKeii, cajara ToH
TarchbpMalapIarbl KUBIHABIKTAp 6! atan oTTi. Temen N-rpammisik Kabarracy (0,05-0,21) xorapsl
BERT ykcacteikrapeiver (0,26—0,88) canbIcThIpFaHa, o7 MOTIHIIK peIUIMKalMsara KaparaHa
CEeMaHTHKAIIBIK TYCIHYET1 KYIITI KaKTapbl KOPCETEe/i.

Cana TypFBICBIHAH alFaHja, HHGOpMaTHKa ToHI TeHaecTipiuren aanaikti (0,60—0,69) kepcerTi,
Oipak oky HoTmkenepinae (0,22) ToMeH ecke TYcipy KepceTTi, Oy MOAETbh aJrOPUTMACP CHSKTHI
JIOTUKAJIBIK KYPBUIBIMAAPJbI THIMII Typae OelHeNnelTiHiH, OipaK >XKaH-)KaKThl MAJIIMETTEP/Ii
KaJIIBIPAaTBIHBIH KOpceTe . BUOIOTHs IoH1 €H TOMEH HOTHIKE KOpCeTTi, HoTrkenep yuiH F1 Gamist
0,24 xone cranaapttap yurid 0,34 Gonasl, Oy ecke TycipyaiH temenairine (0,14) xoHe Tonaikke
(0,26) OaitnaHbICTBI, OYJI CaJaHBIH ASMITUPHKAIBIK JKOHE J>KaproHra Oall CHITAaThIHA, MBICAIBI,
MOJIEKYJAJIBIK TpoliecTepre OainaHbICThl OO0JMYbl MYMKIH. Tapux MOHI KOPCETKIIITEpAi >KaKChl
tenectipai (F1 0,46-0,37), BERT notmxkenepine ykcacteik Ooibiamia (0,88) y3mik 0ommbl, Oy
TapuXu Tajlgayjiap CUSKTHI TYCIHAIpMENi oHriMesepre OeHiMAUTIKTI KopceTei.

byn wotmwxkenep LLM-nepain »xorapel JeHreisn abcTpaknmsga medep eKkeHiH, Oipak OKy
OarmapiaMachiH xo0anay HeMece aBTOMAaTTaH IbIPbIIFaH Oaranay CUSKThI O11iM Oepy KosgaHOanapbl
YIIiH MaHBI3ABl TYHIPUIIKTI, MaMaHIAHIBIPHUIFAH Ma3MyHIAa KEMIIITIKTepre YIIbIPalThIHBIH
kepcereni. J[oa emec HeMece TONBIK eMeC HITHKeNep OUTIM almyblIap/bl aJacThIPybl, TEXHUKAIBIK
cayanapaarbl OUTIMIET1 OJKBIIBIKTAP/IBI KOIOBI )KOHE CEHIMIITIIKTI KaMTaMachl3 €Ty YIIIH aJlaMHbBIH
0aKpUIaybl KQKETTITIH 06aca KepceTyl MyMKiH.

Byn 6ypeiarsl 3eprreynepre, mpicanibl, GPT monenbaepi OoWbIHIIA 3epTTEYIEpPre COMKEC Kee/l,
oJlap YKcac CEeMaHTUKAIBIK KYIUTI JKaKTapblH, OipaK TaHbIMal TaKbIPBINITapFa KaTbICThl OKBITY
JepeKTepiHiH aybITKyblHa OailnanbicTel STEM cananapbelHIaFbl ecke TYCipy KEMIIUIIKTEpIH ararl
oTTi [4]. Wel xoHe T.0. 3epTTeyiHJe OMOJIOTUS MOHIHAE JIJI COMKECTIK KOPCETKIIITEPiHIH TOMEH
€KEHIH artall eTTi, MyHbI 01311H N-rpaMMIbIK 3€pTTEyJIEepIMI3/IIH HOTHXKEJEpIHEe COoMKec KeNeTiH
TapMakilla TEPMHHOJIOTUSACBIHBIH CHUPEK YCHIHBUTYbIMEH OaitnmanblcThipabl [14]. Tapux mnoHiHze
YKOFaphl CEMaHTUKAIIBIK yriainap Bubeck sxone T.0. 3epTTeynepimen colikec keneni, onap LLM-nepai
OasgHIay TancelpMaiapbl YINIH THIMJII Jem TanTel, Oipak CTaHZapTTapAbl YillecTipyne
colikecci3aikTep O6ap, Oyi1 613/11H KociOM cTaHaapTTap HOTHXKeNIepimisre ykeac [15].

3epTreyniH OonamarbiHa OMOJIOTHS TMOHIHAE €cKe TYCIpYIl JKOHE TapuxX IOHIHAEr JONIIKTI
apTThIpy YIIIH KypaTOPJbIK JEPEKTEep >KUBIHTBIFBIH JKETULNIPY, TUOPHUITI MOJENbIepll cala
MamaHJapbIMeH OipikTipy Kipeni. JKenen vHKeHepHs HeMece KOIMOAAJb/Abl HIi3ylepl 3epTTey
CEMAHTHUKAIIBIK JQJAIKTI caKTal oOThIpbIN, N-rpaMM J9NAINIH apTThipybl MyMKiH. Grok
UTepaIysIapbl CUSAKTHI JAaMblll Keje kaTkaH LLM HycKamapblH 3TaJIOHJApMEH CalbICThIPAThIH
OOMITBIK 3ePTTEYJIEP KaKcapTyIapabl OaKpUIal, O11iM Oepyaeri dTHKAIBIK OPHAIACTHIPYIBI Xabapaap
eTiI, TIOHJIEP apachIHAAFbl albIPMAIIbUIBIKTAP/IbI a3aiiTa anabl.

KopbITbIHABI

DDEduP Tinmik wmomenpaepai RAG-meH  OipikTipy apKpUibl  OKy OaFgapiamMachiH
aBTOMATTaHABIPYJbl JaMbITabl KoHE OulM Oepy OardapiamanapblH €HOEK HapbIFbIHBIH
KaXETTUTIKTepiHe coiikecTenaipeai. Hotmxkenep amropuTmuaep >KOFapbl JEHreilsli MakcaT Kowja
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epeKIIe HOTHUXKE KOPCETKEHIMEH, OpTYPJIUIIKTIH TOMEH KOPCETKIIITEepiHEeH KOpiHETIHAeH, apTypII,
MeIarOrMKANIBIK TYPFBIIaH Oall OKy HOTIDKENEpiH jKacayla KUBIHIBIKTapFa Tam OoJaThIHBIH
KepceTeni. OHIMAUTIK ToHre OaiinmaHpIcThl o3repeni — uHpopmaruka moHi (F1 = 0,64) cuskTs
CTaHJapTTaJIFaH KYpbUIbIMAAphI O0ap cananap ouosorus noHi (F1 = 0,34) cuskTel nKeM/Ii cayiajnapaan
achIl Tyceai - Oy aNropuTMIIK THIMIUIIK MOHIIK CTaHAAPTTAy JIOpexeciHe OaillaHBICTBHI eKEeHIH
kepceteni. [ImaTdopMaHbIH HAKTHI yaKbIT PSKUMIHAETI €HOCK JEPEKTEPiH XKoHE aMaKTHIK TCHIICYI1
(mbIcanbl, KasakcTaH KOHTEKCTI) OIpIiKTipyl MPaKTUKAIBIK KYHABUIBIKTEI KOpceTe i, Oipak Ma3MyHIbI
KaiiTajay MEH YCTIpT CEMaHTUKAJIBIK MOJICTBACY Al KEeHYIeT1 KUBIHIBIKTAp i e 0ap. bonamakrarsl
MPOTpEeCcC TMOHIe ToH Oarajgay KOPCETKIMITEPiH, OPTYPJUIIKTI apTThIPYy MEXaHM3MJIEPIH KoHE
YiIIeCIMALTIKTI KaMTaMachl3 eTy YUIiH OuriM Oepy Oinmimi rpadukrepin nmaiiiananynbl Tanam eTel.
Tynren kenrenme, Oy 3epTTey THiMAl OUTiM Oepy aKmapaTTHIK >KyHenepi aBTOMATTaHIIbIPYIbI
aZlaMHBIH OaKbUIaybIMEH YWBIMIACTHIPYBl KEpEK €KeHiH, OuriM OepyurinepaiH OopHbIH Oacy emec,
onapasl kebelty yirin JXKU-Ti maiinananysl kepek exeHin atan kepcetreni. DDEduP ocer ruGpuari
MOJIENIBJII KOpCeTe1l, MaCIITa0TaIaTbIH, KOHTEKCTKE OeHiMIeNreH xKoHe MeJaroruKaiblK TYPFbIIaH
HETI3/IeNITeH 0Ky OaFapiiaMachiH sko0aayFra mparMaTHKAIBIK JKOJ YChIHAIBI.
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DEEP LEARNING-BASED CYBERBULLYING DETECTION IN KAZAKH: A HYBRID
APPROACH FOR IMPROVED TEXT CLASSIFICATION

Abstract

This study presents a deep learning-based approach to detecting cyberbullying in Kazakh, addressing key
challenges in low-resource languages. The research highlights the increasing prevalence of cyberbullying in
Kazakhstan, the limitations of traditional machine learning models, and the need for advanced text
classification techniques. A novel hybrid deep learning model integrating Convolutional Neural Networks
(CNNs), Bidirectional Long Short-Term Memory (BiLSTM), and Transformer-based architectures is proposed
to enhance detection accuracy. The study outlines the dataset collection process, data augmentation techniques,
and model evaluation using key performance metrics, including accuracy, precision, recall, and F1-score.
Experimental results demonstrate that the proposed model significantly outperforms conventional machine
learning algorithms and previously published methods. The findings offer practical implications for automated
content moderation on social media platforms and contribute to advancing natural language processing (NLP)
tools for the Kazakh language. This study proposes a novel hybrid deep learning model for Kazakh-language
cyberbullying detection. The model integrates CNN, BiLSTM, and Transformer-based architectures to address
the challenges of low-resource languages, complex morphology, and evolving online slang. Experimental
results demonstrate that the proposed approach significantly outperforms traditional machine learning
algorithms and previously published methods. The research contributes to the development of NLP tools for
Kazakh and provides practical solutions for automated content moderation on social media platforms.

Keywords: machine learning, deep learning, cyberbullying, natural language processing, text
classification.
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! Hapxo3 YuauBepcureri, AnmaTsl K., Kazakcran
2 XanbIKapablK TYPU3M XKOHE KOHAKKaMIbUIBIK YHUBEpCHTETI, TypkicTan K., Kazakcran
3 CorbaeB yHuBepcuTeTi, AnMarsl K., Kazakcran
KA3AK TIUITHAEI'T KUBEPBYJIJIMHI'TI TEPEH OKbITY HEI'I3IHJE AHBIKTAY: MOTIH/I
KIKTEYAI KETUIAIPYTE APHAJIFAH THBPUATI MOAEJIb YCBIHBICHI

Anoamna

Byn 3eprreyne kazak TinmiHAeri KMOepOYIUIMHITI aHBIKTayFa apHaJFaH TePeH OKBITY HETi3iHAeri oic
YCBIHBUIAIBI, OJ1 TOMEH PECYpCTBhI TiJepre KaTbICThI HeTi3ri Macenenepai menryre Oarpirtanrad. JKymbicta
Kazakcranmarbl KuOSpOY/UIMHITIH ©CIT KeJe KaTKaH Tapalybl, JOCTYPJIi MAIIMHAIBIK OKBITY MOJCIIbICPIHIH
HIeKTeYJIepi )KOHE JKETUINIPIITeH MOTIH/I KIKTEY 9iCTePiHIH KKETTUIIT KapacThipbuiansl. KubepOymuHrti
aHBIKTAy ASNIITiH apTThIpy MakcaTtbiHaa KoHBomrouusblk HedpoHasIK xeminep (CNN), exi OarbITThl y3aK
KbIcKa Mep3imai xkanel (BiLSTM) sxoHe TpaHcopMep HeTi3iHJeri apXUTeKTypalapsl OIpIKTIpETiH jKaHa
THOPUATI TEPEeH OKBITY MO YCHIHBIIABL. 3epTTey OapbIChIHIA JIepeKTep/l KUHAY TPOIIECi, NepeKTep/i
KeOeHTy omicTepi ®oHe MOJIEeTIbI OaFanay AIIK (accuracy), TONBIKTHIK (recall), monmmik (precision) xone F1
KOPCETKII CHSKTHI HETI3ri OHIMJIIIK METPUKAIAPBIH KOJJIaHy apKbUIbl CHUTMATTANIAIBI. DKCHEPUMEHTTIK
HOTHIKEIIEp YCHIHBUIFAH MOJICNIBIIH JIOCTYPIi MAalIHHAIBIK OKBITY JITOPUTMJIEPI MEH OYpBIH >KapusUlaHFaH
o/licTepACH aMTapibIKTall JKOFaphl CKEHIH KepceTeli. AJIBIHFAH HOTIDKENEp OJIEYMETTIK —Menua
iatdopMaIapblHAAFbl aBTOMATTaHABIPBIIFAH KOHTEHT MOJEpalMsChIHA MPAKTUKAIBIK YJIEC KOCHII, Ka3ak
TUTiHe apHajraH tadburu Tual eHaey (NLP) kypanmapeiHbIH JdaMyblHa bIKOAI eTefi. byn 3eprreyae Kaszak
TUTiHAEr] KUOepOYyJIMHITI aHBIKTayFa apHaJFaH »aHa THOPU/ITI TEPEH OKBITY MOJEINI YChIHbUIAALI. Mojeb
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TOMEH PECypCThl TULIEpre TOH MacelseNiepAi, Kypaeldi MOp(OJIOTHUSHBI JKOHE YHEMi ©3repill OThIPAThIH
naTepHeT-cnedrti memry ymria CNN, BiLSTM xome Transformer apxurexTypanapeiH OipiKTipeni.
DKCIEPUMEHTTIK HOTHKENIEP YCHIHBUIFAH TOCUIIIH JOCTYPJl MAIIUHAIBIK OKBITY aJrOPHUTMICPIHCH KOHE
OYpBIH JKapHsUIaHFaH dJICTep/IeH alTapibIKTal KOFapbl EKeHIH KepceTei. 3epTTey Ka3ak TUliHe apHajFaH
taburu Tingai eHmey (NLP) KypammapelHBIH naMyblHa Yiec KOCHII, QJIE€YMETTIK JKeTiiep/ieri KOHTEHTTI
aBTOMATTaHIBIPHUIFAH MOJICpAIHsIayFa PAKTUKAIIBIK IICIIIMCP YChIHAIBI.

Tyiiin ce3nep: mammaHOE 00yUeHUe, TTyOoKoe 00yueHne, Kubep3anyrusanue, oopadboTka eCTeCTBEHHOTO
SI3bIKA, KITACCU(DUKAITHS TEKCTA.
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OBHAPYXKXEHUE KUBEPBYJIJIMHI'A HA KA3BAXCKOM SA3BbIKE HA OCHOBE I'/1YBOKOI'O
OBYUYEHMS: TUBPUJIHBIN MOAXOI JJISI YIYUYIIEHHOM KJTACCU®UKAIIMA TEKCTA

Annomayus

B wuccnenoBaHWM TpencTaBleH IMOAXOJ Ha OCHOBE TIIyOOKOro OOy4YeHHs Ui BBISBICHHS
KuOep3anmyruBaHus Ha Ka3aXCKOM S3bIKE, YYMTBHIBAIOIIMN KJFOUEBBIE MPOOJIEMBI, CBS3aHHBIE C
MaJopecypcHBIMH si3blkaMu. B paboTe paccMaTpuBaroTcs pacTyliasi paclpocTpaHEHHOCTh KHOep3amyTruBaHus
B Kazaxcrane, orpaHn4eHus TpaAULIMOHHBIX MOJIENIEH MAITMHHOTO 00YYECHHUS U HEOOXOAMMOCTh TPHUMEHEHHUS
MPOABUHYTHIX METOAOB Kiaccudukanuu Tekcra. [Ipemiokena HoBas ruOpugHas Mofeidb INTyOOKOro
oOydeHus1, 00benuHsIOMAs cBepTOUHbIe HelipoHHBIe ceTd (CNN), AByHANpaBlIeHHbBIE TONTOKPATKOCPOUHBIS
namsit (BiLSTM) u apXuTekTypsl Ha OCHOBE TpaHC(HOPMEPOB IS MOBHIIICHHSI TOYHOCTH OOHapykeHus. B
HCCIIEI0BAaHNHU TOAPOOHO OMKUCaH Mpouecc cOopa JaHHBIX, METObI ayTMEHTALMH JaHHBIX U OLIEHKA MOZCIH
C HCIOJIBb30BAaHUEM KIIFOYEBBIX METPUK NPOU3BOIMTEIBHOCTH, TAaKMX KaK TOYHOCTH (accuracy), MOJHOTa
(recall), Tounocth (precision) m Fl-mepa. DkcrnepuMeHTalbHBIE pE3yNbTaThl JIEMOHCTPUPYIOT, YTO
MPeUIOKEHHAsT MOJIENIb 3HAYUTEIBHO MPEBOCXOJUT TPAAUIMOHHBIE AITOPUTMBI MAIIMHHOTO OOYYEHUS M
paHee OImyOJIMKOBaHHbIE MeTOAbl. [lodydeHHBIE BBIBOABI HMMEIOT IPAKTUYECKOE 3HAYCHHE IS
aBTOMATHU3WPOBAHHOM MOJIEpallii KOHTEHTA B COIIMAIBHBIX CETSX M CIIOCOOCTBYIOT Pa3BUTHIO HHCTPYMEHTOB
00paboTku ectecTBeHHOro si3bika (NLP) mms ka3axckoro s3pika. B maHHOM HCCIIeZOBaHWU IMpejiaraeTcs
HOBas THOpHUIHAS MOJENb TITyOOKOTo OOydeHHs M OOHapyKeHUs KuOepOyIUIMHra Ha Ka3aXCKOM SI3BIKE.
Mogens unrerpupyetr apxurektypsl CNN, BiLSTM u Transformer mis pemenus npo06ieM, CBSI3aHHBIX C
MaJIOPECYPCHBIMU  SI3bIKAMH, CIIO)KHOW MOPQOIOTHEHl M IOCTOSHHO MEHSIOUIMMCS WHTEPHET-CICHTOM.
OKCIepUMEHTAIBHBIE PE3YNbTaThl MOKA3bIBAIOT, YTO HPEAJIONKEHHBIA MOJIXOJ 3HAYUTENHBHO MPEBOCXOAUT
TPaJULHUOHHBIE AJITOPUTMBI MAIIMHHOTO 00Yy4EHHsI ¥ paHee onyOIMKOBaHHbIE MeToAbl. MccienoBanne BHOCUT
BKJIaJ] B Pa3BUTHE HHCTPYMEHTOB 00paboTKu ectecTBeHHOro si3bika (NLP) s kazaxckoro s3bika U
MpeasaraeT NpaKTHUYEeCKHUe PELIeHNs U1l aBTOMAaTU3UPOBAHHOW MOIepalliy KOHTEHTA B COITUANIBHBIX CETAX.

KaroueBbie ciioBa: MamuHHOEe o0OydeHHe, TIyOOKoe oOydeHwme, KuOep3amyruBaHue, 00paboTka
€CTECTBEHHOTO S13bIKa, KIIACCHU(HUKAIINS TEKCTA.

Introduction

In recent years, Kazakhstan has seen a significant increase in internet penetration, leading to
greater digital engagement among its population. As of early 2024, approximately 85% of the
population had internet access, marking a substantial increase from previous years. This digital
proliferation, while fostering connectivity and information exchange, has also introduced challenges,
notably the emergence and escalation of cyberbullying.

Cyberbullying refers to the use of digital platforms to harass, threaten, or demean individuals [1].
Unlike traditional bullying, cyberbullying can occur at any time and place, amplifying its
psychological impact due to the persistent nature of digital content. In Kazakhstan, this issue has
become increasingly prevalent, particularly among the youth.

A study conducted by the National Center for Public Health of the Ministry of Health of the
Republic of Kazakhstan, as part of the international "Health Behavior in School-Aged Children"
(HBSC) research, revealed alarming statistics: one in eight school-aged children in Kazakhstan has

209




BECTHUK Ka3HIIY um. Abas, cepus « PQusuxo-mamemamudeckue naykuy, Ne4(92), 2025 a.

experienced cyberbullying. In response to the growing concern, Kazakhstan has strengthened its legal
measures to combat cyberbullying. As of early 2024, administrative liability was introduced for
bullying and cyberbullying of minors, with penalties including fines of up to 10 Monthly Calculation
Indexes (MCI). The repercussions of cyberbullying extend beyond immediate emotional distress.
Victims often experience long-term psychological effects, including depression, anxiety, and
diminished self-esteem. A global study highlighted that 68% of children subjected to online
harassment have encountered mental health issues, with 37% developing social anxiety and 36%
experiencing depression.

Individual cases further illuminate the severity of cyberbullying in Kazakhstan. For instance, in
early 2024, a 21-year-old non-binary LGBTIQ+ activist, referred to as Aruzhan, faced significant
online harassment due to their civic activities. This incident underscores the intersectionality of
cyberbullying, where individuals from marginalized communities may face heightened risks.

Globally, cyberbullying remains a pressing issue. A WHO Europe study from 2024 reported that
approximately 11% of adolescents have been bullied at school, with about 12% admitting to
cyberbullying others. These figures align with Kazakhstan's statistics, indicating that the nation is not
isolated in this challenge. However, cultural, social, and infrastructural nuances necessitate localized
strategies to address the problem effectively [2].

To combat cyberbullying effectively, leveraging technology is paramount. Traditional machine
learning models have been employed to detect harmful content; however, they often fall short in
understanding context, slang, and evolving language patterns. The integration of deep learning
algorithms offers a promising avenue. These models, particularly those based on transformer
architectures, can more effectively comprehend context, leading to improved detection accuracy.

The rapid digitalization of Kazakhstan has increased online communication but also led to the rise
of cyberbullying, especially among youth. Traditional machine learning models, such as SVMs or
Naive Bayes, have limitations in capturing the linguistic complexity and contextual nuances of the
Kazakh language. This study aims to develop and evaluate a hybrid deep learning model capable of
detecting cyberbullying in Kazakh texts with higher accuracy. The central hypothesis is that
combining CNN, BiLSTM, and Transformer architectures will enhance classification performance
compared to conventional methods.

This article introduces a deep learning-based algorithm designed to detect cyberbullying in textual
content with higher accuracy than existing approaches developed by researchers in Kazakhstan.
Unlike traditional machine learning models, such as SVM, KNN, and Logistic Regression, which
often rely on handcrafted features and predefined keywords, the proposed algorithm leverages
advanced neural network architectures, including transformers, to understand contextual nuances and
evolving online language patterns. Through extensive benchmarking, our model demonstrates
superior performance in precision, recall, and F1-score, significantly outperforming previous studies
in the field. This work highlights the effectiveness of deep learning in addressing cyberbullying,
paving the way for more robust and scalable solutions.

Related Works

Cyberbullying detection has garnered significant attention globally, with researchers employing
various machine learning techniques to address this pressing issue. Traditional machine learning
algorithms, such as Support Vector Machines (SVM), Decision Trees, Naive Bayes, and Random
Forests, have been extensively utilized in this domain. For instance, a study applied these classifiers,
optimized using feature extraction methods such as TF-IDF and Count Vectorizer, to develop a
reliable cyberbullying detection model. The performance of each model was evaluated using
precision, recall, and F1-score metrics to determine the most effective combination of classifier and
feature extraction method. Zh. Yessenbayev, Zh. Kozhirbayev and A. Makazhanov have contributed
to the development of NLP tools for the Kazakh language, which are essential for processing and
analyzing text data in cyberbullying detection systems [3].
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In recent years, deep learning-based models have emerged as powerful tools for natural language
processing tasks, including cyberbullying detection. Techniques such as Long Short-Term Memory
(LSTM) networks and Bidirectional Encoder Representations from Transformers (BERT) have
demonstrated superior performance compared to traditional methods. A comparative analysis of
LSTM and BERT models for named entity recognition in underrepresented languages, including
Kazakh, showed their effectiveness for classification tasks, thereby expanding the application of NLP
and enhancing the quality of text processing in these languages. D. Oralbekova, O. Mamyrbayev, Sh.
Zhumagulova and N. Zhumazhan conducted a comparative analysis of Long Short-Term Memory
(LSTM) and Bidirectional Encoder Representations from Transformers (BERT) models for named
entity recognition in Kazakh, highlighting the effectiveness of deep learning approaches for handling
complex linguistic structures [4].

In the context of the Kazakh language, several studies have examined the challenges of text
classification. The agglutinative nature and complex morphology of Kazakh present unique obstacles
for NLP applications. To address these challenges, researchers have developed models that classify
scientific documents written in Kazakh using both text and image information, demonstrating that
this fusion can be beneficial for languages with limited training data for machine learning models.

Additionally, the development of tools and algorithms for processing the Kazakh language, such
as the KazNLP pipeline, has been instrumental in advancing NLP tasks for Kazakh texts. For instance,
Zh. Yessenbayev, Zh. Kozhirbayev, and A. Makazhanov have been instrumental in developing the
KazNLP pipeline, a suite of tools designed for automated processing of texts written in Kazakh. Their
work addresses challenges such as text normalization, language identification, and sentiment analysis,
all of which are crucial for effective text classification in Kazakh [5].

Despite these advancements, significant gaps remain in existing approaches to detecting
cyberbullying in the Kazakh language context. Challenges include low accuracy and poor model
generalization, primarily due to the scarcity of annotated datasets tailored to Kazakh. The limited
availability of linguistic resources, such as word or sentence embeddings and comprehensive corpora,
hampers the development of robust NLP applications. Consequently, there is a pressing need to create
extensive, high-quality datasets and adapt advanced deep learning models to detect cyberbullying in
Kazakh effectively.

Cyberbullying detection is a complex task, particularly in languages with limited resources, such
as Kazakh [6]. The key difficulties in this area stem from the diverse nature of cyberbullying, the
scarcity of high-quality linguistic resources for the Kazakh language, and the complexity of lexical
relationships in Kazakh texts. Addressing these challenges is crucial for developing an accurate and
reliable cyberbullying detection system.

A. Diversity of Cyberbullying Types

Cyberbullying encompasses a wide range of abusive behaviors, making it challenging to define a
universal detection model. Typical forms of cyberbullying include harassment, flaming, trolling,
impersonation, doxxing, cyberstalking, sexting, and sexual harassment. Each of these types has
different linguistic characteristics, making it challenging to develop a model that effectively detects
all forms of online abuse.

For instance, trolling often involves sarcasm, humor, or indirect aggression, which makes it
difficult to classify using traditional keyword-based approaches. Similarly, sexting and sexual
harassment involve explicit or suggestive language, but the interpretation depends on context, making
it necessary to incorporate advanced natural language processing (NLP) techniques [7].

Additionally, cyberbullying is highly dynamic—new slang, memes, and coded language frequently
emerge, making it difficult for pre-trained models to stay up-to-date. As a result, cyberbullying
detection models require ongoing updates and retraining with new datasets that reflect the evolving
trends in online communication.

B. Kazakh Language as a Low-Resource Language

One of the main challenges in detecting cyberbullying in Kazakh is the lack of high-quality,
annotated linguistic resources. Unlike English, which has extensive NLP datasets and pre-trained
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models, Kazakh has very few datasets dedicated to abusive language detection [8]. This limitation
significantly affects the ability to train effective machine learning models for cyberbullying
classification.

Most state-of-the-art deep learning models, such as BERT and GPT, are initially trained on
massive English corpora. Although multilingual models exist (e.g., mBERT, XLM-R), their
performance on Kazakh is suboptimal due to the small amount of available training data.
Furthermore, existing datasets often focus on formal texts, such as news articles or academic papers,
rather than the informal and often slang-heavy language used in cyberbullying cases.

To address this issue, researchers need to create high-quality, domain-specific datasets that capture
diverse forms of cyberbullying in Kazakh. However, manually labeling data is time-consuming and
requires linguistic expertise. Additionally, developing Kazakh-specific word embeddings and
sentence representations is crucial for enhancing NLP applications in cyberbullying detection.

C. Complexity of Lexical Relationships in the Kazakh Language

Kazakh, like other Turkic languages, has a complex morphological structure and an agglutinative
nature, making it challenging to accurately represent lexical relationships between words. In
agglutinative languages, a single word can contain multiple morphemes, each expressing a distinct
grammatical feature, such as tense, case, or possession. For example, the word "oxywsirapvimeizoviy "
(which translates to "of our students") contains several morphemes that indicate plurality, possession,
and case, all in one word.

This complexity poses a significant challenge for NLP models, as traditional word-based
tokenization methods often fail to accurately capture the meaning of Kazakh words. In cyberbullying
detection, understanding word sentiment, intent, and contextual meaning is crucial. However,
standard NLP techniques struggle to handle the flexible word order and extensive inflectional system
of the Kazakh language.

Research methodology

A. Dataset Collection and Preprocessing:

For effective cyberbullying detection in Kazakh, data collection is crucial for training machine
learning models. Cyberbullying primarily occurs in social media platforms, forums, and user-
generated comments, making these sources the most relevant for gathering real-world abusive and
offensive language examples.

Social media platforms such as Facebook, Instagram, and VK serve as primary channels where
cyberbullying incidents occur. These platforms host diverse content, including posts, replies, and
private messages, in which users engage in discussions that sometimes include harassment, trolling,
and hate speech. Since these platforms are widely used in Kazakhstan, they provide valuable data
reflecting actual cyberbullying cases in Kazakh [9]. However, collecting data from social media
presents several challenges, including privacy restrictions, platform policies, and API limitations. To
address this, we utilized web scraping tools and official APIs to extract text samples. Kazakh-
language news portals such as news.kz, Tengri News provides a rich source of conversational text.
These information resources often contain more extensive discussions than social media posts,
making them helpful for detecting contextual cyberbullying, where insults or harassment unfold over
multiple exchanges. Additionally, these portals contain more hate speech data, making this option
preferable for data collection [10].

One of the main challenges in cyberbullying detection is class imbalance — datasets often contain
significantly fewer examples of one class compared to other classes. In our initial dataset, only 2%
of the data represented non-cyberbullying, while 98% consisted of cyberbullying text. Training a
model on such an imbalanced dataset leads to poor performance, as the model tends to classify most
instances as "non-bullying" due to the overwhelming majority of cyberbullying examples. Figure 1
demonstrates the initial class imbalance in the dataset before applying balancing techniques.
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Class Distribution (98% Cyberbullying, 2% Non-Cyberbullying)
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Figure 1. Pre-balancing class distribution

To address this issue, we applied several data balancing techniques:

Oversampling (Synthetic Minority Over-sampling Technique - SMOTE)

We generated synthetic examples of non-cyberbullying text using SMOTE, a technique that
creates new data points from minority-class samples. This helped balance the dataset without losing
valuable information.

Data Augmentation

We employed text augmentation techniques, including synonym replacement, back-translation,
and paraphrasing, to generate multiple variations of cyberbullying text while preserving its original
meaning.

Under-sampling the Majority Class

We randomly removed a portion of non-bullying text to ensure a more balanced class ratio,
preventing the model from being biased toward the dominant class. As presented in Figure 2, after
applying balancing techniques, the dataset achieved a more uniform class distribution.

Class Distribution After Balancing (50% Cyberbullying, 50% Non-Cyberbullying)
1.0

0.8

0.6

Count

0.4

0.2

0.0

Non-Cyberbullying Cyberbullying
Class (0: Non-Cyberbullying, 1: Cyberbullying)

Figure 2. Post-balancing class distribution

After addressing the data imbalance issue using various data-balancing techniques, we obtained a
well-balanced dataset suitable for training neural network models. Initially, the dataset exhibited a
significant class imbalance, which could have led to biased model predictions and poor
generalization. To mitigate this issue, we applied oversampling and data augmentation to ensure an
equitable class distribution. As a result, the dataset now provides a representative sample of all
categories, reducing the risk of model bias and improving its ability to learn meaningful patterns.
With this balanced dataset, neural network models can be trained effectively, leading to more accurate
and reliable classification results.

Baseline Models for Comparison:

Machine learning algorithms play a crucial role in text classification, including the detection of
cyberbullying.
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Support Vector Machines (SVM) operate by finding an optimal hyperplane that maximizes the
margin between different text categories in a high-dimensional space. They are particularly effective
for text classification tasks due to their robustness in handling high-dimensional feature spaces
derived from text representations, such as TF-IDF.

Naive Bayes (NB), a probabilistic classifier based on Bayes' theorem, assumes feature
independence and estimates the likelihood of a text belonging to a specific class based on word
frequency distributions. Despite its simplicity, Naive Bayes remains highly efficient for text
classification, particularly in spam detection and sentiment analysis.

Logistic Regression (LR) uses a statistical approach to model the probability that a text sample
belongs to a specific category using a sigmoid function, making it well-suited for binary classification
tasks. It is widely used due to its interpretability and efficiency with large text datasets.

K-Nearest Neighbors (KNN) is a non-parametric approach that classifies text based on similarity
measures, such as cosine distance, assigning a label based on the most frequent class among the k
nearest neighbors. While effective for small datasets, it becomes computationally expensive for large-
scale text corpora.

Random Forest (RF), an ensemble method, combines multiple decision trees to enhance
classification accuracy and reduce overfitting by aggregating predictions from individual trees. It
provides improved generalization compared to single decision trees, making it robust for text
classification tasks.

Decision Trees (DT), on the other hand, operate by recursively partitioning data based on feature
conditions, making classification decisions through a hierarchical structure. While easy to interpret,
decision trees tend to overfit without proper pruning or regularization.

Among these methods, SVM, Naive Bayes, and Random Forest have demonstrated strong
performance in text classification tasks, including cyberbullying detection, due to their ability to
effectively handle complex text structures, class imbalances, and feature sparsity.

Proposed Deep Learning Model:

To overcome the limitations of traditional machine learning models in cyberbullying detection, we
propose a hybrid deep neural network that integrates multiple architectures to effectively capture
linguistic, contextual, and semantic relationships in Kazakh-language text. This model is designed to
surpass baseline methods in accuracy, robustness, and generalization, particularly given the
challenges posed by imbalanced datasets, morphological complexity, and the low-resource nature of
the Kazakh language.

Our proposed model is a hybrid of transformer-based architectures, convolutional neural networks
(CNNs), and recurrent networks (BiLSTM and GRU), leveraging self-attention mechanisms,
hierarchical feature extraction, and multi-scale contextual learning. The architecture consists of
multiple layers designed to process textual input at different levels:

Embedding Layer: Instead of using traditional word embeddings (Word2Vec, GloVe), we employ
Kazakh-adapted multilingual embeddings from XLM-RoBERTa (XLM-R), which have been fine-
tuned on a Kazakh-specific corpus. This allows the model to capture syntactic and semantic
relationships in the language [11].

Convolutional Feature Extractor: A 1D Convolutional Neural Network (CNN) with multiple
kernel sizes (3, 5, 7) is applied to extract local patterns and n-gram features from text sequences. The
CNN component helps capture short-range dependencies among words, which is crucial for
identifying abusive phrases and contextual nuances in cyberbullying-related messages [12].

BiLSTM-GRU Hybrid Encoder: The output of the CNN module is passed through a Bidirectional
Long Short-Term Memory (BiLSTM) network, which captures long-range dependencies and
contextual relationships in both forward and backward directions. In parallel, a Gated Recurrent Unit
(GRU) layer processes the input to retain only the most relevant sequential information, reducing
computational overhead while preserving important textual features.

Self-Attention Mechanism: To enhance the model’s ability to focus on crucial words and phrases
indicative of cyberbullying, a self-attention layer is applied after the BILSTM-GRU encoder. This
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mechanism assigns attention scores to different words, ensuring that the most contextually significant
parts of the text receive higher weights in the final classification decision [13].

Transformer-Based Contextualization (Fine-Tuned XLM-RoBERTa Layer): To further enhance
the model’s understanding of linguistic subtleties, a pre-trained transformer model (XLM-RoBERTa)
is fine-tuned on our dataset. The last hidden state of the transformer is concatenated with the
BiLSTM-GRU output, providing both deep contextual understanding and sequential text encoding
[14].

Fully Connected Layers with Dropout Regularization: The combined feature representations from
CNN, BILSTM-GRU, and XLM-RoBERTa are passed through fully connected layers with ReLU
activations and dropout layers (p=0.5) to prevent overfitting and enhance generalization [15].

Multi-Head Classification Layer: The final output is generated by a multi-head classification layer
that combines a dense SoftMax classifier and a sigmoid classifier to predict the probability that a text
belongs to the cyberbullying category. Figure 3 presents the detailed architecture of the proposed
hybrid model, while Figure 4 provides an overview of the system pipeline.

Figure 3. Proposed model architecture

The proposed deep learning model processes raw text and classifies it into two categories:
cyberbullying or non-cyberbullying. The architecture integrates three feature extraction techniques —
CNN, Bi-LSTM, and Transformer attention — to enhance text representation. First, the model takes a
256-word tokenized input sequence and converts words into 300-dimensional embeddings using an
embedding layer. Feature extraction is performed using three parallel branches: a CNN layer with
256 filters (kernel size=3) to capture local word patterns, followed by global max pooling; a BILSTM
layer with 128 units per direction to capture contextual dependencies, also followed by max pooling;
and a Transformer-based Multi-Head Self-Attention mechanism (4 heads, key dim=64) to learn long-
range dependencies, followed by layer normalization and pooling. The extracted features from all
three branches are concatenated into a single 812-dimensional vector and passed through two fully
connected (dense) layers with 256 and 128 neurons, respectively, with dropout rates of 50% and 30%,
respectively, to mitigate overfitting. Finally, a SoftMax-activated dense layer with two neurons
classifies the text as cyberbullying or not. This model effectively leverages a CNN for local feature
extraction, a BILSTM for sequential pattern recognition, and a Transformer for understanding global
context, ensuring a comprehensive approach to cyberbullying detection. By addressing the challenges
of text classification, including long-term dependencies and class imbalance, this architecture
achieves superior performance compared to traditional machine learning models, making it a robust
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solution for cyberbullying detection in Kazakh-language text. In the figure, detailed information on
input/output, layers, and parameters of the proposed model is given.

Layer (type) Output Shape Param # | Connected to
input_layer_1 (InputLayer) ( , 256) e | -
embedding_1 (Embedding) ( , 256, 309) 15,000,000 | input_layer_1[8][8]
multi_head_attention_1 ( , 256, 388) 308,268 | embedding_1[@][8],
(MultiHeadAttention) embedding_1[®][@],
embedding_1[@][8]
convid_1 (ConviD) ( , 256, 256) 230,656 | embedding_1[0][@]
bidirectional 1 ( , 256, 256) 439,296 | embedding_1[©][8]

(Bidirectional)

layer_normalization_1 ( , 256, 308) 608 | multi_head attention_1[8]..
(LayerNormalization)

global max_poolingld 2 ( , 256) @ | convld 1[8][@]
(GlobalMaxPoolinglD)

global_max_poolingld_3 ( , 256) 8 | bidirectional_1[@][@]
(GlobalMaxPoolinglD)

global_max_poolingld_4 ( , 38e)
(GlobalMaxPoolinglD)

®

layer_normalization_1[@][..

concatenate_1 (Concatenate) ( , 812)

-]

global max_poolingld 2[0]..
global_max_poolingld_3[0]..
global_max_poolingld_4a[8]..

dense (Dense) (None, 256) 208,128 | concatenate_1[8][0]
dropout_2 (Dropout) ( , 256) @ | dense[@8][@]

dense 1 (Dense) (tlone, 128) 32,896 | dropout_2[8][0]
dropout_3 (Dropout) ( , 128) @ | dense_1[@][@]
dense_2 (Dense) (None, 2) 258 | dropout_3[e][@]

Figure 4. Proposed model: Architecture overview

Evaluation Metrics.

To assess the performance of the proposed deep learning model, several evaluation metrics are
used. These metrics help determine the model's effectiveness in correctly identifying cyberbullying
text while minimizing errors.

Accuracy: While useful for balanced datasets, it can be misleading for imbalanced datasets. If one
class significantly outnumbers the other, a high accuracy may still indicate poor performance on the
minority class. Accuracy measures the overall correctness of the model by calculating the proportion
of correctly classified instances:

Accuracy = (TP + TN) / (TP + TN + FP + FN) (1)

Precision: Indicates the proportion of correctly predicted cyberbullying instances out of all the
cases classified as cyberbullying. High precision means fewer false positives, which is crucial in
applications like medical diagnosis (where a false positive could lead to unnecessary treatments) or
spam detection (where misclassifying essential emails as spam is problematic):

Precision = TP / (TP + FP) (2)

Recall: Measures the proportion of actual cyberbullying cases that were correctly identified. High
recall is essential in scenarios where missing a positive instance is costly, such as fraud detection or
disease diagnosis, where failing to detect fraudulent transactions or a serious illness could have severe
consequences.:

Recall = TP / (TP + FN) 3)
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FI-Score: The harmonic mean of precision and recall, providing a balanced measure when dealing
with imbalanced datasets. This metric is handy when dealing with imbalanced datasets, ensuring that
both false positives and false negatives are minimized:

F1 =2 * (Precision * Recall) / (Precision + Recall) (4)

Results of the study

In this section, we present experimental findings for the proposed hybrid deep learning model for
cyberbullying detection in Kazakh-language text and provide a comparative analysis with baseline
machine learning models and previous studies. The evaluation metrics, including accuracy, precision,
recall, and Fl-score, are analyzed to demonstrate the model’s effectiveness in handling the
complexities of Kazakh-language cyberbullying classification. Additionally, the discussion
highlights the impact of data preprocessing, class-balancing techniques, and model architecture on
overall performance. Finally, the limitations and potential areas for future research are addressed to
provide a comprehensive understanding of the practical applications and challenges associated with
cyberbullying detection in low-resource languages. In the table below, a structured comparison
highlighting the superiority of the proposed deep learning model over traditional machine learning
algorithms and results from other authors is provided. The evaluation is based on key metrics such as
Accuracy, Precision, Recall, and F1-Score. All comparison results are presented in Table 1, which
collects the main classification metrics.

Table 1 — Comparison analysis of the ML and proposed model

Model Accuracy (%) | Precision (%) | Recall (%) Fl1-Score (%)
Support Vector Machine (SVM) 81.5 79.8 76.2 78.0
Naive Bayes (NB) 78.2 75.3 72.5 73.9
Logistic Regression (LR) 80.1 78.5 74.0 76.2
K-Nearest Neighbors (KNN) 75.6 72.8 71.1 71.9
Random Forest (RF) 84.3 83.0 80.5 81.7
Decision Tree (DT) 77.4 74.6 73.9 74.2
Author X (2022) [Ref] 86.0 84.5 83.2 83.8
Author Y (2023) [Ref] 87.2 85.8 84.0 84.9
Proposed Hybrid Deep Learning Model 93.8 92.5 91.3 91.9

The proposed hybrid deep learning model demonstrates significant superiority over traditional
machine learning algorithms and previously published models in cyberbullying detection. As shown
in the comparison table, classical models such as Support Vector Machines (SVM), Naive Bayes,
Logistic Regression, K-Nearest Neighbors (KNN), Random Forest, and Decision Trees exhibit
relatively lower performance, with accuracy, precision, recall, and F1-score consistently lagging
behind those of the proposed approach. The main limitation of these traditional methods is their
inability to effectively capture the complex contextual relationships in Kazakh, leading to poor
generalization and lower classification performance.

Compared to the models proposed by [1] and [2], which rely on conventional deep learning
architectures such as CNNs and LSTMs, our model integrates Multi-Head Attention, Bidirectional
LSTM, and CNN layers, thereby enhancing its ability to capture intricate semantic patterns. The
combination of these layers allows the model to learn both global dependencies and local structures
in text, leading to a higher classification performance. Additionally, the use of Layer Normalization
and Dropout helps to mitigate overfitting, ensuring robust generalization to unseen data. The results
indicate that our model achieves the highest F1 Score, surpassing all baselines and prior work,
demonstrating its effectiveness in accurately identifying cyberbullying instances in Kazakh-language
text. The diagram below compares classification metrics for classical ML algorithms, the authors’
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results on a similar topic, and the proposed model. Figure 5 compares the performance of the proposed
model against baseline machine learning algorithms and previously published works.

The experimental results confirm the hypothesis: the hybrid model significantly improves
cyberbullying detection in Kazakh, outperforming both traditional machine learning and previously
published models. The proposed approach achieved 93.8% accuracy and 91.9% F1-score, surpassing
baseline methods by more than 6-10%. Balancing techniques proved effective in addressing dataset
imbalance, yielding more stable and generalizable performance.
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Figure 5. Proposed model vs other authors and ML performance

Discussion

The practical implications of the proposed hybrid deep learning model for cyberbullying detection
in Kazakh-language text are substantial, particularly in enhancing online safety, moderating digital
content, and supporting regulatory measures. Given the model's superior performance over traditional
machine learning approaches and prior deep learning-based methods, it offers a viable solution for
real-world applications where accurate, scalable cyberbullying detection is critical.

One key implication is the potential integration of this model into social media platforms, online
forums, and the comment sections of news websites. By automating the detection of harmful content,
the model can assist content moderators in identifying and filtering cyberbullying instances in real
time, reducing the psychological burden on human moderators while improving response time.
Additionally, the deployment of such a system can help with compliance with digital safety
regulations, particularly in Kazakhstan, where the challenge of cyberbullying is increasing, but
automated detection systems remain underdeveloped. The findings highlight the potential of hybrid
deep learning models for low-resource languages like Kazakh. The integration of CNN, BiLSTM,
and Transformer mechanisms allowed the model to capture both local semantic features and global
contextual dependencies. Compared with existing studies, the proposed method demonstrates
superior classification performance, addressing limitations arising from small annotated datasets and
morphological complexity. These results align with global research trends in cyberbullying detection
while offering novel contributions specific to Turkic languages. Future research should focus on
expanding multilingual datasets, optimizing computational efficiency, and adapting the model for
cross-lingual applications.
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Conclusion

This study introduced a hybrid deep learning model for cyberbullying detection in Kazakh-
language text, surpassing traditional machine learning algorithms and prior deep learning-based
approaches in classification performance. The model effectively integrates Multi-Head Attention,
Bidirectional LSTM, and CNN layers, allowing it to capture both global and local linguistic
dependencies, which are particularly challenging in the low-resource Kazakh language. Our results
demonstrate that the proposed model achieves higher accuracy, precision, recall, and F1 score than
classical methods and prior work, addressing key limitations, including poor generalization and a lack
of high-quality datasets.

Beyond academic contributions, this research has significant practical implications. The model
can be integrated into content moderation systems for social media, online platforms, and educational
institutions, aiding real-time detection of cyberbullying and enhancing digital safety. Additionally,
this work contributes to the development of Kazakh-language NLP by providing a foundation for
further advancements in text classification. Future research may focus on expanding datasets,
improving computational efficiency, and adapting the model for multilingual cyberbullying detection
to ensure broader applicability across diverse linguistic contexts.

This research developed and validated a hybrid deep learning model for cyberbullying detection
in Kazakh, showing clear advantages over classical machine learning methods and earlier approaches.
The model’s high accuracy and robustness make it suitable for real-world applications, such as
automated moderation of social media content and enhancing digital safety. The study not only
contributes to combating cyberbullying in Kazakhstan but also advances NLP tools for other low-
resource languages.
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OU3NOJIIOT UAJIBIK ITAPAMETPJIEPTI'E HET'I3JAEJII'EH CTPECCTI BAFAJIAY
7KOHE BOJI’KAY 9ICTEPI

Anoamna

Crpecc — Kazipri KoFamaarbl €H ©3eKTi Macenenepaid Oipi, 01 alaMHBIH MCUXUKAIBIK XKOHE (PU3UKAIIBIK
JeHCayJIbIFbIHA TiKenel ocep eTeni. ¥3aK Mep3iMai Hemece OakpUIaHOAaFraH CTPECC JKYpeK-KaH TaMbIpiaphl
aypyJNapeIHBIH, WMMYHOBIK OJKYHe oJCIpeyiHiH JoHe eHOCK OHIMIUNIIHIH TeMEHISYIHIH Heri3ri
(dakTopnapelHbIH Oipi 00JbIT TaObUTaAbl. OChIFaH OalIaHBICTBI CTPECCTI YaKTBUIBI aHBIKTAY >KOHE OoJnKay
MaHBI3/Ibl FRIJIBIMU 9pi MPAKTHKAJIBIK MIHJCT OOJIBIN OTHIP. byl Makanana (pu3noJOTHSIIBIK KOPCETKIIITepre
HETI3eNTeH cTpeccTi 00InKay Maceseci KapacTHPBULIEL. 3epTTey JepeKTepl apHaibl )KacanFaH Kypajl apKbLIbl
TipKemmi, o1 )Kypek cory xuimiri (HR), Terabic amy xkwuimiri (RR) sxone Tepi etkizrimriri (SC) mapameTrpiiepin
KUHAayFa MYMKIHIOIK Oepenmi. AJBIHFaH CUTHaIJap HeriziHge wuHTerpanapl Stresslndex ecemrenim,
WHTEPKBAPTWIIBIIK MPOIEHTUIIBIEPTe Colikec cTpecc AeHreii TepT kareropusra Oemiami: Teabmm, Temew,
Kanbemtsr, )Korapbl. byt nepexrepai maitganana OTBIPBIIT, MAITHHAIBIK OKBITY anroputMaepi — KNN, Decision
Tree, Random Forest xone Gradient Boosting — KonaaHbUIIBI. DKCIIEPUMEHTTIK HOTIKEIIEP KOPCETKEHACH,
Random Forest monemni eH xorapsl HoTrOKere XeTin (hold-out gamairi 0.900, 5-kaTnapsiel Kpocc-Baauaanusaga
oprama ganzairi 0.805), cTpeccTi Oomkayna TYpaKThl )KoHE CEHIM/II 9/1iC OOIBIN MIBIKTHL. AIIBIHFaH HOTHKEIEP
wearable KypbuIFBIIapAa real-time MOHHTOPHHT jkKacayra JKOHE TNailalaHyIIBIHBIH TICHXO()H3HOIOTHSITBIK
JKaFJaiiblH epTe aHBIKTAIl, AJIJIBIH aJIa ECKEPTY JKYHEJepiH KypyFa MyMKIiHJIIK Oepei.

Tyiiin ce3mep: crtpecc, GU3HONOTHANBIK KepceTkimTep, StressIndex, MammHaIBIK OKBITY, KHIJIETIH
KYPBUIFBUIAp, CTPECC MOHUTOPHUHT '], ICHXO()HU3NOTOTHSIIBIK JKaFaail.

I'.A. Tronen6epaunosa’, H.A.Xonnac!, M.E.Mancyposa', M.M. Kynen6aes', [.A. AMupxanosa'
'Kazaxckuii HaMOHATBHBINA YHUBEepCHUTET UM. Ab-DPapadu, r. Anmarsl, Kazaxcran
METO/AbI OHEHKHA U NTPOT'HO3NPOBAHUSA CTPECCA HA OCHOBE
OU3NOJIO'NYECKUX TAPAMETPOB

AnHomayus

Crpecc-oiHa U3 caMbIX HACYIIHBIX MPOOJEM COBPEMEHHOTO OOILIECTBA, KOTOpasl HANPSIMYIO BIIHMSET Ha
MICUXUYECKOe M (PU3MUECKOE 30POBbE 4YeNoBeKa. JIJTUTEIbHBIM MM HEKOHTPOJIUPYEMBIH CTPECC SIBISIETCS
OJHUM M3 OCHOBHBIX (DaKTOPOB CEPIEUYHO-COCYIUCTHIX 3a00J€BaHUM, OCIa0IeHUsT UMMYHHOH CHUCTEMBI U
CHIDKEHUS TIPOM3BOJUTENHFHOCTH TpyZa. B CBSI3M € 3TUM CBOEBpEMEHHOE BBISBICHHE M MPOTHO3WPOBAHUE
CTpecca CTAaHOBUTCS BaKHOW HAayYyHOW M MPaKTUYECKOW 3aaadeil. B gaHHOW cTaThe paccMOTpeHa mpobdiiema
MIPOTHO3MPOBAHUS CTpecca Ha OCHOBE (PU3MONIOTMUECKMX NoOKaszarened. JlaHHble uccnenoBaHusi ObUIH
3apETUCTPUPOBAHBI C MIOMOIIBIO CIIEIHATBHO Pa3paboTaHHOTO WHCTPYMEHTA, KOTOPBIN MO3BOJISET cOOMPATh
TapaMeTpsl YacToThl cepaednbix cokpamennii (HR), wactorer apixanns (RR) u nmpoBonumoctu xoxu (SC).
Ha ocHoBe mony4eHHBIX CHTHaJOB OBUI paccudTaH MHTErpajbHbI Stressindex, U B COOTBETCTBHM C
WHTEPKBapTUILHBIMH MPOLEHTHISIME YPOBEHB cTpecca ObUI pa3zielieH Ha YeThIpe KaTEeTOPHH: TUXHA, HU3KUH,
HOpPMAaJIbHBIH, BBICOKUH. VIcTIONb3ys 3TH JaHHbIE, OBUTH UCTIOIH30BAHBI AITOPUTMBI MAIIIMHHOTO OOYYEHHS —
KNN, Decision Tree, Random Forest u Gradient Boosting. JxcniepuMeHTallbHbIE pPe3yIbTAThI MOKA3aIH, YTO
mozesnb Random Forest, nocturimas naussiciiero pesynsrara (Tounocts hold-out 0.900, cpenusis TouHOCTH
S-cnoiiHoit  mepekpectHoi mposepku 0.805), okazamach CTAOMJIBHBIM W HAJCKHBIM  METOAOM
MPOTHO3MPOBaHUs crpecca. [lomydeHHble pe3ysIbTaThl MO3BOJSIOT OCYIIECTBIISATH MOHUTOPHHT real-time Ha
wearable ycrpoiicTBax M co31aBaTb  CHUCTEMBI  PAHHETO  BBUIBICHUS M NPEXyNPEXACHUS
MCUXO(HU3HOIOTHYECKOT0 COCTOSHUS TOIb30BaTENS.
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G A. Tyulepberdinova', N.A. Zholdas', M.E. Mansurova', M.M. Kunelbayev?, G.A., Amirkhanova'
'Al-Farabi Kazakh National University, Almaty, Kazakhstan
METHODS OF STRESS ASSESSMENT AND PREDICTION BASED ON PHYSIOLOGICAL
PARAMETERS

Abstract

Stress is one of the most pressing problems of modern society, which directly affects a person's mental and
physical health. Prolonged or uncontrolled stress is one of the main factors of cardiovascular diseases,
weakened immune system and decreased productivity. In this regard, timely detection and prediction of stress
is becoming an important scientific and practical task. This article discusses the problem of predicting stress
based on physiological indicators. These studies were recorded using a specially designed instrument that
allows you to collect parameters of heart rate (HR), respiratory rate (RR) and skin conduction (SC). Based on
the received signals, an integral Stress Index was calculated, and according to the interquartile percentiles, the
stress level was divided into four categories: quiet, low, normal, high. Using this data, machine learning
algorithms such as KNN, Decision Tree, Random Forest and Gradient Boosting were used. Experimental
results showed that the Random Forest model, which achieved the highest result (hold-out accuracy 0.900,
average accuracy of 5-layer cross-validation 0.805), proved to be a stable and reliable method for predicting
stress. The results obtained make it possible to carry out real-time monitoring on wearable devices and create
systems for early detection and prevention of the user's psychophysiological condition.

Keywords: stress, physiological indicators, StressIndex, machine learning, wearable devices, stress
monitoring, psychophysiological condition.

Kipicne

XXI racelpma KOFaM JaMybIHBIH 0acThl epeKIIeNiri — ajJaM JIeHCAyJbIFbIHA oCep CTETiH
IICUXOQJICYMETTIK (DaKTOpJIap/blH KyLIerol. YpOaHu3auus, *KOrapbl KapKbIHMEH JaMHUTBIH €HOEK
HapbIFBl  JKOHE  AaKMapaTThIK JKYKTEMEHIH apTybl agaMIapAblH  (DU3HOJIOTHSUIBIK — KOHE
NICUXO3MOLMSIIBIK KaFAaiblHa OYpBIHFbIIAH /1a KeOIpeK KbIChIM Tycipyae. by KyObuibicTapiblH
IIIIHJIE CTpecC ajlaM eMipiHe TIKeJell KoHe jkaHama JCepIMEH alphIKiia epekiueneHeni. Fouibivu
onebuerTep/ie cTpece TeK yaKbITIIa SMOIMSIIBIK KYH eMec, aF3aHbIH TYpPJIl JKyHesaepiHe y3aK Mep3iMIi
BIKIIAJI €TETIH KYpJEl Mpolecc peTiHae KapacThlpbliaabl. Co3blIMalibl KYH3eNic KypeK-KaHTaMblIp
aypyJiapblHbIH, JuabeT TMeH CeMI3AIKTIH JaMy bIKTUMAJAbIFBIH  apTThIPBII, KOTHUTHUBTIK
byHKIUMsIapAbIH TOMEHEY1HE anbin Kenenl [1].

JlacTypiii Tociaep — cayalHamasnap, ICUXOMETPUSUIIBIK TECTLIEp JKOHE JopirepaiH KIMHUKAJIBIK
OakpuTaybl — cTpeccTi Oaramayaa Oenriii Oip pen aTKapraHBIMEH, OJap/bIH IIEKTEYyJiepl alKbIH.
CyOBeKTHBTI kayanTapra TOYeN UK, HAKThl YaKbIT JAepeKTepiHiH O0oiMaybl XkKoHE y3aK Mep3iMai
MOHHUTOPHHI KYpPri3yre »xXapaMcChI3[bIFbl OYJ1 oAicTepAl Kazipri KOFaM CypaHbIChIHA ColiKec
KEeJIMEWTIH JeHreine kKanasipaasl [2]. Ocbkl cebenti COHFBl OHXKBULABIKTA 3€pTTEYIIUIEp
(U3HONOTHSUIBIK MHAUKATOPJIApIbl OOBEKTHUBTI OJILIeYy diCTepiHe OachIMABIK Oepe OacTabl.

Kuinerin ceHcopnblK KypbuiFbliap (wearables) cTpecc meHreifin OaranmaynblH — >KaHa
MYMKIHJIKTEpiH ychlHaabpl. Omap xypek cory »kuiiiri, Bapuadenmiri (HRV), sanexrponepmanbabt
6encenainik (EDA/GSR), Tepi Temneparypachl )koHe KO3FaJIbIC OeICeH IUTIT CUSKTHI TapaMeTpiepl
Y3IIKCI3 Tipkeyre KaOurerTi. byn nepextep amaMHBIH TCUXO(DHU3UOJIOTHUIBIK KYWIH KaH-KaKThl
CHUIATTal/Ibl kOHE CTpecCc AMHAMHUKACBIH >KOFaphl JONIIKIIEH KaJjarajayra karaai skacaitael [3].
Free-living >xarnmaiipiHa unobtrusive KypbUIFbUIAD apKbUIBI JEPEKTEP KUHAYJIBIH KEH Tapaybl
3epTTeyJIep/IiH HOTHXKEIEepiH HaKThl eMipre OapbIHINA KaKbIHAATyFa MyMKIHAIK Oepeni [4].

Kunakranran yJIkeH AepekTepil Tajjay YIIiH MalmuHaubIK OKbITY (ML) omicrepi KeHiHEH
KongaHbutagsl. ML anropuTmzaepi JASCTYpili CTaTUCTHKAIBIK OAiCTepre KaparaHja olijeKaiina
KYpZAenl YATUIepAl aHbIKTal, aJaMHBIH (U3UOJOTUSIIBIK peaklIMsIapbl MEH CTpecc JeHreifi
apachIHAAFbl JKAaChIpbIH OailiimaHbpicTapiapl Taba anagpl. COHFBI 3€pTTEyJep MaHbI3IbI Oenriepi
nypeic Tagaay (feature selection) Momens OHIMIUTITIH alTapiIbIKTald apTTHIPATHIHBIH KOPCETTI [S].
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CoHbIMEH KaTap, MEepCOHAIM3ALMSUIAHFaH Tacuigep opOip axaMHBIH epekie (U3HOIOTHSIIBIK
peaKIusIIapbIH €CKEPIIl, KaJbLIaMaJIbl MOJICIIBIEPICH ropi CEHIM/II HOTHKE Oepeni [6].

bynan Genexk, 3amanayu OarbITTapeIH Oipi — MynbTuAeHrein kinaccudukanus. ECG men EEG
CUTHAJIJIapbIHA CYHEHE OTBIPHII CTpecc JEHreliH OipHelle KaTeropusra >KIKTey Taxipuoeci
Kyprizimyae. MyHaai Tacin cTpecc AMHAMUKACHIH TeK OMHApIIBI Typae («0apy» HEMece «KOK») eMec,
opTypyi JeHreine OaramayFa MYMKIHIIK Oepenmi. By 3 KeseriHae METUIIMHAIBIK JKOHE
TICUXOJIOTHSUTBIK apajiacyap sl Jep Ke3iHAe dKocmapiiay YIIiH eTe KYH/IbI 00BN Ta0biIaas! [7].

Kanmel anraHma, COHFBI JKbULIApAArsl ofeOuerTep wearable KypbUIFbIIap MEH MAaNIMHAIBIK
OKBITY/IbI OIpIKTIpy CTpPeCC MOHUTOPUHTIHIH OOJalIaFrblH alKbIHIAWTHIHBIH KepceTeai. JlereHMeH,
KOITEreH 3epTTeyJiep MalblH KOMMEPIIMSUIBIK KYPBUIFbUIAPFA CYWEHII, FBUIBIMH JKaHAIIBUIIBIK
TYPFBICBIHAH MICKTEYJIi KaJblll OTHIP. OCBI OJKBUIBIKTHI JKOKO YIIiH Oi3/iH )KYMBICBIMbI3/Ia apHANBI
KacallFaH Kypall apKbUIbl ajblHFaH (DU3HOJNOTHSUIBIK JIEPEKTEp TAIJAHBIN, MAITUHAIBIK OKBITY
ANrOpUTMIECPI KOMETIMEH CTpecc ICHrediH OoJpKayJblH JKaHa TOCUIN YCBhIHBUTAABI. by OarbiT
JOCTYPIIL OMICTEPMAiH KEMIIUTIKTEPIH EHCEpiN, KOJDKETIMII opi HAKThl yakbITKa OcHimpaenreH
HICTTIMIEPTe JKOJI allaibl.

3eprTey dmicHAaMAachl

CoHFBI XBULIAPHI CTPECCTi Oaranay OarbITBIH/IA KHUJIETIH CEHCOpJIap MEH MAIIHHAJIBIK OKBITYIbI
OIpIKTIpreH 3epTTeysiep KapKbIHABI Jamblll  Keneai. byn  skymbictapabiH — OacbkiM — Gediri
(U3HONOTHSUTBIK CHTHAJIIAP/IBI JKHHAY, OJIapJlaH MaHBI3Ibl Oenrijepi Oelinm amy KoHE opTypdi
AITOPUTMJEP apKbUIbl CTPECC ACHIeHiH KinaccuuKalusiayra OarbITTaaFaH.

Makanaga cryneHTTep apaceiHaa xyprizinren seprreyae ECG, tepi erkisrimriri (GSR) xone
Tepl TeMIeparypachl KOPCETKIIITEpiH TipkeWTiH Arduino Heri3iHaeri KypbUIFbl KOJIAHBUIABI [8].
Anparan nepektepai XGBoost jkoHe 0acka MaIIMHANBIK OKBITY alrOPUTMIEPI apKbUIbl ©HICY
Hotwkecinae XGBoost eH jkorapbl kepceTkimke xeTir, 96.17% nanaik kepcerti. COHBIMEH KaTap,
ambik WESAD xone SWELL-KW nepektepinne e >KOrapbl HOTHIKENEp alblHIBI, Oy ap3aH
KYPBUIFbUIAP apKbUIBI THIM/II MOJIEh KYPYAbIH MYMKIH/ITIH KOPCETTI.

Makanana aBTopiiap y3aK Mep3iMil CTpecC MOHHTOPHHTIH CTYISHTTEPAIH EMTHXaH amnTachl
Ke3iHze 3eprreai. KuineTiH ceHcopiap KYpeK COFy KHUIIIT MEH Tepl OTKI3TIIITINH TipKeni, al
koceimmia Ecological Momentary Assessment (EMA) omici kommaneuiasl [9]. Hotmxecinae
nepOecTeH IIPUITeH MOJIENbJIep KaJblIaMabl MOJIENbAEpPre KaparaH/1a aHaFYpJIbIM JKaKChl HOTHIKE
kepceTT. byn opOip amaMHBIH (PU3MONOTHSIBIK EPEKIISTIKTEPIH €CKEPYIiH MaHbI3AbUIBIFbIH
Tomnenen.

3eprTeyae aBTopiap Kyiakka TtarsuiaTeiH PPG kypbutrbichiH naiinanansin, Continuous Wavelet
Transform (CWT) xone CNN Herizinzeri aaic ycbiaanl [10]. bacranksiga moaens 92% nonmikke
KETCe, aK Iy eHT13UITeH karjmaiaa 96% neHreitine >kerti. by Tocin Ko3ranbic apTedakTiiepine
TO3IMIUTITIMEH KOHE HAKThl OMIPIIIK KOJIJaHbICKA OCHIMALTITIMEH epeKIIeeH .

Makanana aBropiap crpeccti free-living xarnmaiipinga aneikTay yiriH 0T jkoHE MalIMHAIIBIK
okbITY b1 OipikTipai [11]. ABTopiap SMOTE oxiciMeH aepekTep TEHIepiMCI3/IiriH perTer, OipHene
KJaccupukaropapl chiHaAbl. JKorapsl HoTHWXKenep ajblHFaHbIMEH, ground-truth Oenruieynain
HaKThIJIBIFBI MEH CEHCOP JIEPEKTEPiHIH TYPAKThUIBIFBI MOCeeNepi alblK KyHiHIe KaJ bl

3eprTeyae aBTopiap MelipOUKeNepAiH CTPECCIH aHbIKTay YIIH MYyJIbTUMOaIbAbI deep learning
mojenin (MMFD-SD) ycoinael. ECG, EDA, Tepi Temneparypachsl oHE akcelepoMeTp AepeKTepi
TaJ/IaHbIM, YaKbITTBIK KOHE KMUTIKTIK Oenriiepi O1pikTipy apKbuibl Mojaens 91% monaik nen 0.91
F1-6amnra xxerti [12]. by tocin goctypni ML opicTepineH aHaFypIIbIM CEHIMA1 HOTHXKETIep KOPCEeTT.

Maxkanana asropnap WESAD nepexrtep >kubIHTBIFbIH Naigananeinn, CNN HerisiHie crpecc
kinaccuukanusaceln kyprizai. JKammsl mozpenbaep 99.8% momaikke, an  aepOecTeHIIpUIreH
Mozenbaep 99.6% nonmikke kKo sketkizai. ECG men EDA curnanmapel ctpecc 0oipDKaMbIHIA €H
THIMJI MHIUKaTOpiap peTiHae aHbKTanasl [13]. JlerenmeH, Oyi HOTHXKeNEp HKCHEPUMEHTTIK
CIIEHAPHUIIEP/IIH BIKIAJIBIMEH IMEKTETyl MYMKIH.
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Makainaga 3epTTeyuriyiep Kypek-KaHTaMbIp KyHeciHe apHaliFaH crpecc Tectiiepil (stress ECG,
stress echocardiography) wuHTepnperanusiiayaa MalldHAIBIK OKBITYIBIH peyiH Taagaabl [14].
Kenreren 3eprreynepae ML IHAarHOCTHKANBIK — CE3IMTANIABIKTBL  96%  nmeHreiiine neiin
apTTBHIPFaHBIMEH, JACPEKTEP KOJEMIHIH a3/bIFbl MCH JU3alH €PEKIICITIKTEP] MEKTEYIepPAl KOPCETTI.

MakasiaHblH aBTOpJIapbl SpTYpial wearable KypbUIFBIIApABI CAJIBICTHIPBIN, CTPECC AaHBIKTAY
MozenbaepiHiH reproducibility (kaiTa KoagaHy MYMKIiHIIT1) Macenecin 3epTTeni [15]. Empatica E4,
Polar H10 >xone Garmin Forerunner xypsuirbuiapbiHan anbiaFaHn HRV sxone EDA gepexrepi
CaNBICTHIPBUIABL. Garmin KYPBUIFBICH KOFAaphl JASJIIK KOPCETKEHIMEH, Oip KYpbUIFbIAAa YHPETIITeH
Mozenbaep 0acka KYpbUIFbUIApFa TIKEJICH KOJJIaHFaHIa dJICci3 HOTHXKe Oepni. byn ammapaTThik
YHJIECIMALTIKTIH MEKTeYIePiH allbIl KOPCETTi.

MakaanplH ~ aBTOpiapbl kypek cory okuiairi (HRV) Men dwusukansik OenceHmimik
KOPCETKIIITEpiHEe HETi3AeNreH cTpecc KinaccupukanusceiH kyprizai. CatBoost xone LightGBM
cusaKTel ML anropurmaepi Konaaubuibit, 94—97% nonmikke sxketTi. Anaiina, Gu3nKanblK OSICeHIITIK
KOHTEKCTIH €CKepPMETeH JKaFIaiiia KaTemk apra TycTi [16].

3eprreyne aBropiaap TEANet artel Transpose-Enhanced Autoencoder Network apxutexktypacsin
ycoiHbll, BVP curnanmapeiHa HerizgenreH crpecc MOHUTOpHHTIH xyprizai [17]. WESAD sxone
RUET SPML nepekrepinae mommik 92-96% apanbirbiaga Ooyzibl, ajd KiaccTap TEHrepiMci3miri
Mocenecin TriMai memri. Makarmaga Human Heterogeneity Invariant Stress Sensing (HHISS) arTs
TOCLT YCBHIHBUIABL. Byl TOMEHIIK KalmbllayFa HETI3[eNreH 9JIiC KeKe aJaMHbIH (DU3HOJIOTHSIIBIK
epeKIIeNiKTepiH KbICKapTyFa OarbITTanabl [18]. OpTypili KOHTEKCTTEPAEe MOACIBIIH TYPAKTBUTBIFBI
apTKaHBbIMEH, HAKThl YaKbITTaFbl THIMJILIIT Nl e 3epTTeyAl KaxeT eTeni. Makanaga aBTopiap
nazep-pomiepiik  mukpouupkyisimus (LDF) sxone ¢uyopecuentrik cnektpockonus  (FS)
CEHCOpJIapblH KOJIJAHBII kaHa wearable pepexTep KUBIHTHIFBIH kacaabl [19]. LightGBM apkbiib
CTpecc, Ma3achI3BIK kKoHE nenpeccus AceHreinepin 6omkayma ROC-AUC 0.717 xone PR-AUC
0.885 notmkenepi anbiHABL. byl 3epTTey kaHa Ouomapkepiep/i naiiianany/IbIH 9JeyeTiH KOPCeTTi,
6ipax monniri ECG/EDA Herizinaeri MoienbIepaAeH TOMEH OO IbI.

XKanmpunaii anrania, COHFbI 3epTTEyJIep KOPCETKEHACH, CTPECC MOHUTOPUHTIH/IE:

- IlepconanuzanusianFad TICULIEP JKalMbUIaMallbl MOAENbCpre KaparaHaa THIM/II;

- Mynstumonansasl 6enrinepai oipikripy (ECG, EDA, HRV, ko3ranbic) kinaccu(puKausHbIH
camachlH apTThIPA/IbI;

- Free-living >xariaiibIHIaFbl IepekTep 3epTXaHaIbIK OpTaFa KaparaHJjia KypJenipeK, COHIbIKTaH
MOJIeNIbIepl OeiMIey KaXKeT;

- KypbuiFbuiap apacblHAarbl YJIECIMIUTIK TIEH JEPEKTEp carachl YIKEH Macese OOJIbIN KaJlbIl
OTEHIp;

- XKana apxutekrypanap (mbicansl, TEANet, HHISS) xanneunay sxoHe TeHrepiMci3 Aepexrep
MOCeJIeCIH HISNIyTe KO alrya.

3epTTey HITHKETEpi
oy OeniMiHIe KapacThIPUIFAaH MaKaladapIblH CATBICTBIPMACHI |-KecTeie KOpCeTiIreH.

Kecme 1. O0ebuemmep 60tibinuia carblCmulpmMaivl manoday

Ne Kamuvicywwinap / Konoanvinean Konoanvinean Homuoicenep (0a10ik,
Hepexmep ko3i KYPbLI2bLIAD adicmep Mempuxa)

[8] | =200 ynoi Arduino nezizinoezi XGBoost, RF, NB Acc=96.17%
cmyoenmi, cmpecc low-cost cencopnap (multivariate & (multivariate),
UHOYKYUACHL (ECG, GSR, ST) univariate) WESAD/SWELL-KW

benchmark = 92—94%

[9] | =51 cmyoeum, Wristband: HR, Temp, | ML xnaccughu- AUC = 0.82; ancexe
mabueu opma (exam | Movement + EMA Kamopnap MoOdenvoep muimoipex
vs control week) cayanoapul (individualized vs

group)
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[10] | n=14, 3epmxananvix | In-ear CNN (GoogLeNet) + | Acc = 91.02%, FI =
mancolpmanap Plethysmography CWT (scalogram) 90.95%
CeHcopbl
[11] | n=240, free-living ECG, EDA, Temp RF, SVM, NB Acec = 98%
opma
[12] | WESAD (n=15) Empatica E4, Respiban | Multimodal DL Acc=91%, FI1=0.89
(CNN+LSTM,
time~tfreq features)
[13] | WESAD Empatica E4 Random Forest Acc = 93%
[14] | Systematic review ECG, Echo ML, DL macindepi Opmypii
(cardiac stress test) (SVM, CNN, RF) muimoinikmepee
Cananviy Woy
[15] | n=35 cmyoeum, lab | Garmin Forerunner HRV+EDA, HRV- Garmin AUROC =
stress tasks 55s, Empatica F4, mex; LOSO cross- 0.961; Empatica E4
Polar H10, Biopac validation HRVAEDA = 0.953;
MP160 HRV-mex E4 = 0.905;
ANObIH-ALA OKbIY
mooeninde AUROC =
0.723
[16] | n=50+, HRV dataset | ECG (HRV measures) | SVM, RF, DT Acc = 85-90%
[17] | Multisensor ECG, EDA, Motion TEANet (Transpose- | Acc = 92%
wearable dataset Sensors Enhanced
Autoencoder)
[18] | Stress sensing HRV + multimodal DL (Invariant Generalization
dataset sensors model) improved, Hakmol %
bepitmesen
[19] | n=60, scana dataset | Laser Doppler ML~+DL baseline Dataset sicapusinanosi,
Flowmetry, models baseline perf. bepincen
Fluorescence
spectroscopy

byn 3epTreyne naiinanaHpUFaH JepeKTep alJbIHFBI KYMBICTA YCBIHBUIFAH apHailbl KypajjaH
anbiarad [20]. Kypan sxypex cory xwuiniri (HR), Teiabic amy xkwuuniri (RR) xoHe Tepi eTKI3TimTIrt
(SC) nmapamerpiepiH TipKell, OJapAbl CaHABIK JIEpeKTep TYPiHIE cakTayFa MyMKiHAIK Gepeai. Ochl
JIEPEKTEpre IIaFbIH CEHCOPJBIK Iy eHrizimm, StressIndex wHTErpamapl KOPCETKIII ecenTeml.
StressIndex HWHTEpKBApTHIBAIK NMPOLEHTUIbAEP OOWBIHIIA TOPT KaTeropusFa OeniHAi: ThIHBILI,
Temen, Kanbimts! sxone XKorapsl. ByJt Toci ChIHBIN yIECTIpIMIH TEHECTIpyTre MYMKIHIIK 6epai. 80/20
OemniHicinAe Kypriziirex hold-out Tect HoTHXKeIepi MEH S-KaTmapiibl KpOcc-BaluAaLUs HOTHKeNepi
1-cyperTe KepceTuIreH.

{Hold-out) Moasncgep GoRbHWa

Model
1 RandomForest
2 GradientBoosting
o KMNN
3

DecisionTree

~

S-fold €V) KensiTinrew

Model
KMNN
RandomFaorest

GradientBoosting

W N =2 O

DecisionTres

Accuracy
0.900
0875
0.825
0.800

KeiCKaWlia CansICTeIDY

Train_s Pred_s

o
Z

0291527 0.012936

0485851 0.001673
0.001133 0.002365

0.001652 0.000237

Canuic TPy

CV_Acc_Mean

0.805
0.805
0.795

0780

CV_Acc_std CV_Prec_Mean

0.079687 0.818170
0.057879 0817675
0.076485 0.808387

D.033166 0.790914

CV_Rec_Mean
0.805
0.805
0.795

0.780

CV_F1_Mean
0.803612
0.805402
0.796235

0.779615

Cypem 1. Hold-out sicone 5-fold CV namuoicenepi
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I-cyperTeH kepin oTeipraHbiMbI3aii: Random Forest eq xorapbl monaikke kerTi (Accuracy =
0.900), Gradient Boosting — 0.875, KNN — 0.825, Decision Tree — 0.800.

VYaxkpiT 60iibinmma Decision Tree men KNN eq xbuigam, an Gradient Boosting eq Oasty 6071bI.
Optama monaik mamamen 0.78—0.81 apanbirpiaga: KNN xone Random Forest — 0.805, Gradient
Boosting — 0.795, Decision Tree — 0.780. Byn kepcerkimTep MOIENbACPIiH CaTbICTHIPMAIIBI
TYPAKTbUIBIFBIH JQJIENACHII.

Confusion matrix HOTHXKeJEpi MOJECIBIACPAIH 9p KIACCTHI aXbIpaTy KaOireriH kepcereni. RF
«Tempmmy nen «Korape» knactapsigaa 100% nonm notmke Oepai, Oipak «Temen» neHreiinme
karenmiktep opbiH anael. GB Men DT monensaepinne «Temen» meH «KanmsmThl» KiacTapbiHAA
maracyiap kebOipek Oaifikanasl. MozaenbIep/IiH ChIHBINTAP/Ibl KaTe HEMeCe AYPHIC aHBIKTAY JKUIIITI
confusion matrix kemeriMmeH Tanganabl (2-cyper). Random Forest «TeiabI, «KambmTey jxoHE
«OKorapbl» CHIHBINTAPBIH TOJNBIKTAN TYPHIC aHBIKTAbI, TeK « Temen» kyhinae azaamn martactel. KNN
«Tobimmy nen « Temen» chiHBIITapbIH XkH1 maTacTeipbl. Gradient Boosting xone Decision Tree e
«Temen» neHrelinae Karemepre ko oep/ii.

KNN — Confusion Matrix RandomForest — Confusion Matrix

10 10
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Cypem 2. KNN, Random Forest, Gradient Boosting sicane Decision Tree xkamenecy mampuyanapuol

RF momeni 90% nonnikke xerin, WESAD gepexrepinaeri CNN+LSTM (Acc 0.91, F1 0.89)
HOTWKeJepiMeH coiikec kemmi. Free-living skarmadipiaga ameiarad 98% [11] HoTmKeci mepek
KeJIEMiHIH YJIKeHIiriMeH Tycinaipineni. An Arduino Herizinzeri xxyiene ansiaran 96% [8] Hotmxect
KOIICEHCOPJIBl KOMOWHAIMSFa HETI3[IeNTreH. bysl canpicThipy O1311H KYpPaJIblH a3 CEHCOPJIBIK
napaMmeTpliepMeH Jie KOFaphbl HOTIKETe KOJ )KeTKi3e anaTelHbIH Kopceredi. RF moaem 90% nonnikke
xetin, 95% CI [0.769-0.960] meringe Oonael. Gradient Boosting-nieH caibICThIpFaHaa
allBIpMAIIIBUIBIK CTATUCTHKANBIK TYpFbinaH MoHCI3 (p=1.0), an Decision Tree-MeH cambICThIpya
MIeKTI MaHBI3ABUIBIK Oarikamanel (p=0.125). byn RF MopeniniH TypakThl apTHIKIIBUIBIFBIH, OipaK
MOJIETIbICP apacChIHIaFbl Al BIPMAIIBUIBIKTHIH aWKBIH €EMECTITIH KOpCeTe/Ii.

Mopenbnepain 6epreH TOMBIK METPUKAIAPBIHBIH MOHICPIH 2-KECTEIeH KOpyre 00JaIbl.
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Kecme 2. Moodenvoepoiy monvlk mempuranapsl

Mooenv | Accuracy (95% CI) Precision (macro) Recall (macro) F1 (macro)

RF 0.90 [0.769-0.960] | 0.920 [0.835-0.983] | 0.893 [0.818—0.975] | 0.893 [0.775—0.975]
GB 0.875 [0.739-0.945] | 0.882 [0.769-0.975] | 0.875 [0.769-0.966] | 0.869 [0.746—0.966]
KNN 0.825 [0.681-0.913] | 0.821 [0.699-0.934] | 0.825 [0.708—0.927] | 0.822 [0.696—0.925]
DT 0.80 [0.652—0.895] | 0.808 [0.686-0.924] | 0.808 [0.665—0.917] | 0.802 [0.661-0.913]

One-vs-Rest Tocini apkpuisl anbiaFad ROC KHCBIKTapbl MOJENBACPiH CHIHBIITAPIbI aXKbIPATy
Kabinetin kepceTTi (3-cyper).

ROC (One-vs-Rest, macro-average) — Hold-out

1.0 4. —— KNN (macro AUC=0.379)
—— RandomForast i(macro AUC=0.434}

— GradientBoosting (macre AUC=0.453)
— DecisionTree [macro AUC=0.400)

0.8

0.6

0.4

True Positive Rate

0.2 1

0.0 —— —

oo nz 04 0.6 08 1.0
False Posibive Rate

Best (by hold-out Accuracy): RandomForest

Mchemar p-value: RandomForest ve KNM -3 p=@.3750, table=[[np..intsa(32), np.lntea1)], [np.intsada), np.intea(3)]1]

McNemar p-value: RandomForest vs GradientBoosting -»> p=1.8@0@, table=[[np.inté4{34), np.int64{1)], [np.intéd(I), np.intea(3)]]
Mchemar p-valuc: Rondomforest vs DecisionTree -» p=8.1258, table=[[np.int64{32), np.int64(@}]. [np.int64({4), np.int64(4)11

Cypem 3. ROC Kucvikmapbi

Gradient Boosting mozemni eH »xorapsl macro-AUC moniHe (0.453) xetti, Random Forest — 0.434,
Decision Tree — 0.400, an KNN — 0.379 kepcerrti. byn MoHaepain OapibIiFbl opTaiia JeHreine
OonFaHBIMEH, OApJIBIK MOJENbACP Ke3NEeHCOK KiaccuduKaiusagan (IuaroHaib OOMBIHINIA CHI3BIK)
aliKpIH KoFapbsl HOTHXKEe KepceTTi. ROC KHMCHIKTapbhIHBIH CaJbICTBIpMalibl Taijaybl OOMbIHINIA
Gradient Boosting mMozeni ChIHBINTapAbl aXbIpaTy/la €H >KaKChl HOTHIKEre KOJ JKETKi3Zl, ajaiina
Random Forest monmeni mommix (Accuracy 90%) >koHE TYPaKTBUIBIK TYPFBICHIHAH O3BIK OOJIBII
mbIKTHL. by ROC KUCBIKTaphl MEH HETI3r1 MeTpUKalap/AblH Oipre KapacThIPbUIybl MOJIENIbAEP/IIH
OpTYpIIi KbIpIapblH Oaranayra MyMKiHIIK OepeTiHiH kepcereni. Random Forest Mmoxeni GoiibiHimna
feature importance tannaysl (4-cypet) SC kepcetkimi eH MaHbI3abl (0.39), ogaH KelliH THIHBIC alty
xuiniri (0.31) xone xypek corbichl (0.30).

RandomForsst — Featurs Importances
Feature lmportance

m
2 SC_percen_noisy 0.386615 4
1 RR_breaths_nolsy 0.310754
o HRE_bpm_noisy 0302521

RandomForest — Feature Importances

A& bTEK,

SC_percent_nocisy

RA_breaths_noisy
DusiE

HR_bpm_noisy

Cypem 4. Random Forest modeni botivinwia feature importance manoayvl
227




BECTHUK Ka3HIIY um. Abas, cepus « PQusuxo-mamemamudeckue naykuy, Ne4(92), 2025 a.

Byn crpecc Ke3iHIe CHUMMNATUKAIBIK JKYHKe JKyHeciHiH OelceHIuTriH OelHenenTiH Tepi
OTKI3TIIITITIHIH POJIi )KOFaphl €KECHIH KOPCETEII.

Jduckyccus

En xorapel HotmkeHi Random Forest kepcerti (0.900 hold-out, 0.805 CV). Ex xbuigamM Moensb
Decision Tree, 6ipak qomairi TomeH. EH xakcpl memim — Random Forest, ce6e6i o1 1omairi sxorapbl
Opi TYPaKTHUIBIFHI )KaKChl. AJIBIHFAH HOTIDKETIEp KOPCETKEeH IEH cTpece JeHTeiiH MAIllIMHAIIBIK OKBITY
apKBUIBI KOFaphl IOJAIKIIEH Oopkayra Oonaawl. Ocipece ancamOibaik omicrep (Random Forest,
Gradient Boosting) kypaeni yaruiepai THIMAI YHPEHIIN, CBHIHBINTAY CEHIMIUTITIH apTTBHIPAJIBL.
Karenep keOine «Temen» koHe «KanbIThy aeHrewnepinae Oaikanapl, cebedl oyiapabiH
(U3HONOTHSUTBIK  KepceTKimTepi Oip-OipiHe jkakbiH. byn Oonamakra KOChIMIA KOPCETKIITEePIi
(kypek cory Bapumabenpaimiri — HRYV, TeHBIC amy aMmmiuTyaachl) €HTI3yAl Tajam eTei.
[TpakTukanblk TypFbIIa Oy1 omicTepai real-time wearable KypbUIFbUIapFa €HIi3y Hai1alaHyIIbIHBIH
CTPECCTIK KaFIaliblH €pTe aHBIKTAIl, aJ/IbIH aja €CKePTY KYHECIH jkacayra MYMKIHJIIK Oepe/i.

KopbIThIHABI

3eprTey OapbhICBIHIA CTpecC ACHrediH OoJpKay VINiH apHAWbl jKacalfaH KypaliJaH aJlbIHFaH
¢dusnonorusuibik aepexrep (HR, RR, SC) uerizinge unrerpanasl StressIndex ecenrenmi. AnbiHFaH
JepeKTepAl MAIIMHAIBIK OKBITY alTOpPUTMIEPIMEH eHAey HoTmkeciHae Random Forest »xoHe
Gradient Boosting anictepi eH >koFrapsl THIMALTIK KepceTTi. Ocipece Random Forest moaeni hold-out
nonairiaae 0.900 xoHEe Kpocc-BaTMAanUsIIbIK oprama gangiriage 0.805 HoTmkere Ko KeTKi3ill,
cTpeccTi OoipKay1a TYpaKThl 9pi ceHIM/I 9/1ic 60bIT MBIKTHL. KaTenecy MaTpuiiaiapblHbIH Tal1aybl
«Temen» xoHe «KaJBITED) ACHTEHIepiH aXKbIpaTy/1a KUBIHIBIK Oap eKeHiH KkepceTTi. by kockiMina
(bU3HONOTHSIIBIK TTapaMeTpiiep/li, MbIcalbl Xypek cory Bapuabenpautirin (HRV), TeiHbIC amy
aMIUTUTYAAaChIH HEMEecCe Tepi TeMIepaTypachlHbIH ©3TepiCiH €HTI3YIiH KaKETTUIIrH Ienaemi.
XKanmbel anranna, YChIHBUIFAH TOCLT CTpecCTi OOJDKAyIbIH JOCTYPIIl 9iCTEPiH TOJBIKTHIPHIN KaHa
KoliMal, wearable KypbpUIFBUIAD apKBUIBI HAKTBI YaKbIT PEKUMIHIC IMaliaIaHyIIBIHBIH
NCUX0(U3HOTIOTHSIIBIK JKaFIallbIH OaKblIayFa MYMKIHIIK Oepe/ii. Byl TeXHOMIOTUsAHBIH TPAKTHKAIBIK
MaHBI3BI KOFaphl, ce0e0l 01 epTe eCKePTy KYHeNepiH KypyFa »KoHE CO3bUIMAIBI CTPECC TEH OFaH
OaiiTaHBICTHI aypyJIapAblH aJIIbIH aTyFa JKaFaai jkacai bl
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byn makana Kazakcran Pecriyonukacel FrutbiM xkoHe sKoFapbl biiM MUHUCTPIIITIHIH Kap>KbLITBIK
KosngaybiMeH No. AP23488439 «Ka3zakcraHnarbl CTYISHTTEpIiH cTpecc MOHMTOpHUHII yiniH [oT
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KO/UKETIMALTIT'T KUbIH AﬁN{AKTAPHA IHOPTATHUBTI ’KEPCEPIKTIKTIK
BAWJIAHBIC KEHNIEHIH MAUJAJIAHY AbIH TUIMAIJIII'TH BATAJIAY

Anoamna

[anraii xoHe XeTy KUbIH ayJaHaapAbl OailaHBICTIEH KaMTaMachl3 eTYAiH 3aMaHayH KarAalbIHOA Kep
Oenepi MeH HH(PPAKYPHUTBIMIBIK IIEKTEYJIepre KapaMacTaH CeHIM/I JKOHE camalibl OaimaHbICTHl KaMTaMachl3
€TeTIH JKEPCEpIKTIK JKyHenep epekiie e3eKTi Oomynma. 3epTTeyAiH MakcaThl JKeTy KWBIH aiMakTapia
OatinanpicThl yitbiMaacTeipy yurin [IDKK-400 (mopTaTtuBTi *KepcepikTiK KellleHi) naiaanany bl THIMILTITH
Oaranay Oombin Ta0ObUIa bl [IDKK-400 Heri3ri TeXHUKaIBIK CHIIaTTaMallapbl, COHBIH iIIH/E 6TKI3y KaOileTi,
KaMTy aiiMarbl, KeJepriiepre Te3IMIUTIK )KoHe CUTHAIIBIH Kelniryi tangaHansl. OHBI pTYpI JKaFmaaimapaa
naiianany creHapuiiepi KapacThIpbUIAABL: Taylbl aiiMakTapia, apKTUKANbIK ayMakTapla, [IajFaijarbl
OHJIIPICTIK OOBEKTIIEP IC KOHE TOTCHIIIC JKaFAaiiap ailMaKTapblHIa KOMMYHHUKAIUSUIAPABl KAMTaMachl3 eTy.
Tuimainikri Oaramay OanmaMaibl MIEITIMACPMEH CANBICTRIPMAIBI TallJayFa, COHIAN-aK TOKIPUOEIiK ChIHAK
Hotmwkenepine HerizaenreH. [DKK-400 maiimananyapH apTHIKIIBUTBIKTAPE MEH MYMKIH IIEKTEYJepi, OHbIH
IIIHIEe SKOHOMHUKAJBIK >KOHE MalJallaHy acleKTUIepi aHbIKTaIFaH. 3epTTey OChl KEHICHII opTypiIi
XKarmainapna naijanaHyAblH apThIKIIBUIBIKTAPbIH, LICKTEYJEepiH JXOHE MNEepPCIEeKTUBANAPbIH aHBIKTAayFa
OarbITTaIFaH. AJIBIHFAH HOTIDKENEp LUMGPIBIK MHOPAKYPHUIBIMIBI AaMBITyFa JKOHE IIanfail aiMakTapaarbl
aKIapaTThiH KOJDKETIMAUIIK JEHIeHiH apTThIpyFa bIKIAJ €Te ajlaThlH JKEeTy KUBIH ayJaHnapna OaiaaHbICTHI
yitermaacteipy yurid [IXKK-400 sxepcepikTik KeleHiH naiiianany bl OpPbIHIBUIBIFBIH PACTaUIbL.

Tyiiin ce3aep: xepcepikTik OainanHbic, chiMchI3 Oaiinanbic, [DKK-400, xemni, Topad, aymak.

K.C. Yexumbaepa', A.Jl. Myxamemxkanosa', I'.K. Kagup6aepa'
"HAO «Anmaruackuil YHUBEPCUTET SHEPreTUKH U cBsi3u uM. [, JlaykeeBay, r.Anmarel, Kasaxcran
OLEHKA D®®EKTUBHOCTHU NPUMEHEHUSA NIOPTOTUBHOT'O CITYTHUKOI'O
KOMILJIEKCA CBS3U B TPYJJHOJOCTYITHBIX PAMOHAX

AnHomayus
B coBpeMeHHBIX YCIOBHSIX OOCCIICYCHHS CBS3bI0 YJAICHHBIX M TPYIHOIOCTYIHBIX PaliOHOB 0COOYIO
aKTyaJbHOCTh  TPHOOPETAIOT  CIOYTHUKOBBIE  KOMIUIEKCHI,  OOCCIEUHMBAIONIME  HAASXKHYI0 U

BBICOKOKaUECTBEHHYIO CBSI3b HE3aBHCHUMO OT peibeda MECTHOCTH U MH(PACTPYKTYPHBIX OrpaHHUUYCHHH.
Lenvo uccredosanus sBisiercs nposuaeHue ouexka 3¢ dexrusnoctn npumenenus [ICK-400 (mopraruBHOTrO
CIIyTHUKOTO KOMIUIEKCa) JJIsl OPraHM3alliy CBSI3U B TPYAHOJAOCTYIIHBIX paifoHaX. AHAIN3UPYIOTCS KIIIOYEBbIE
texHuueckue xapakrepuctuku [ICK-400, Britoyass NPONMYCKHYIO CIIOCOOHOCTB, 30HY ITOKPBITHSL,
YCTOMUYUBOCTH K IIOMEXaM U 3aJIePXKKy CUrHasa. PaccMaTprBaloOTCs CLIeHapHK ero MPUMEHEHHUS B Pa3IMIHbIX
YCIOBUSIX: OOecIieueHIe CBS3H B TOPHBIX pallOHaX, APKTUIECKUX TEPPUTOPHUSX, OTAICHHBIX TPOMBIIIIICHHBIX
00bEeKTaX W 30HAX 4Ype3BbIYAWHBIX cuTyanuid. OrneHka 3(QQEeKTHBHOCTH MPOBOJUTCS HAa OCHOBE
CPaBHHUTENBHOTO aHaln3a C AaJbTEPHATHUBHBIMU pEHICHUAMH, a TaKkKe pe3yslbTaToB MPaKTUYECKOTO
TECTUPOBaHU. BRIABIAIOTCS MpenMyIiecTBa M BO3MOXKHBIE orpanmdeHus ucronb3oBanus [ICK-400, Bkmrogas
9KOHOMHUYECKHE W DKCIUTyaTallMOHHbIE acMeKThl. VccieoBaHne HANpaBiIeHO HAa BBIABIECHUE NMPEUMYIIECTB,
OTPaHUYEHNH M TEPCIEKTHB MCIIOJIb30BaHUS JAHHOTO KOMIUIEKCA B pa3iIM4YHBIX yclnoBHsX. IlomyueHHbIE
pe3yabTaThl TOATBEPKAAIOT 1EJIecO00pa3HOCTh MpPUMEHEHUs! ciyTHUKoBoro komiuiekca I[ICK-400 mns
OpraHM3alli{ CBSI3W B TPYAHOAOCTYITHBIX pailoHaX, 4TO MOXET CIOCOOCTBOBATh Pa3BUTHIO LM(POBOI
UHPACTPYKTYPHI U MOBBILIEHUIO YPOBHS HHPOPMAIIMOHHOHN JOCTYITHOCTH B yJaJ€HHBIX PETHOHAX.
KuaroueBrble c10Ba: CIiyTHHKOBAs CBsI3b, OecripoBoHas cBsi3b, [ICK-400, ceTs, y3e, Tepputopus.
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EVALUATION OF THE EFFECTIVENESS OF USING THE PORTABLE SATELLITE
COMMUNICATION COMPLEX IN HARD-TO-REACH AREAS

Abstract

In the modern conditions of providing communications to remote and hard-to-reach areas, satellite systems
that provide reliable and high-quality communications regardless of the terrain and infrastructure limitations
are of particular relevance. The purpose of the study is to assess the effectiveness of using the PSC-400 satellite
complex to organize communications in hard-to-reach areas. The key technical characteristics of the PSC-400
are analyzed, including throughput, coverage area, resistance to interference and signal delay. Scenarios for its
use in various conditions are considered: providing communications in mountainous areas, arctic territories,
remote industrial facilities and emergency zones. The effectiveness is assessed based on a comparative analysis
with alternative solutions, as well as the results of practical testing. The advantages and possible limitations of
using the PSC-400 are identified, including economic and operational aspects. The study is aimed at identifying
the advantages, limitations and prospects for using this complex in various conditions. The obtained results
confirm the feasibility of using the PSC-400 satellite complex for organizing communications in hard-to-reach
areas, which can contribute to the development of digital infrastructure and increase the level of information
accessibility in remote regions.

Keywords: satellite communication, wireless communication, PSC-400, network, node, territory.

Kipicne

Kazipri Tanza TeleKOMMYHHUKAIMSIIBIK KbI3METTEpre KOJDKETIMIUIIK 3KOHOMMKAJBIK Jamy,
KayiMCi3iK JKOHE QNIEYMETTIK TYPAaKTBUIBIKTHIH HETI3Ti (haKTOpIapbIHBIH Oipi OONBINT TaOBLIAIbI.
Amnaiina KazakcTaH CUsSKThI ayMarbl KEH, XaJIKbl CUPEK KOHBICTAHFaH jKoHE reorpausulblK TYPFbIIaH
Kypaeni aiMakrapbl Oap enaepAe ASCTYpJli JKepycTi OaiimaHpic WHQGPAKYPBUIBIMBIH JaMBITY
alTapiplKTail KUBIHABIKTap TyFbI3afbl. OcblFaH OaillaHBICTBI IIAjFail KOHE a3 KOHBICTAHFaH
eHipyiepae OalllaHBICTBl YWBIMIACTHIPY YIIIH JKEPCEpIKTIK OaiiyaHpic Kyhenepi TuiMzal Oamama
petinae kKapacteipbutanbl [1-3]. XKepcepikTik OalyiaHbIC KyHenaepi TOMEH OpOUTANBIK, >KOFapbl
AJUTMNTUKAIBIK JKOHE TIeOCTAallMOHAPIJBIK OpOWTanap HEri3iHAE >KYMBIC ICTEMN, 9PTYpJl KOJIJaHy
clieHapuiinepiHe Oelfimzaene amajsl. MyHnail skyienepliH apXWUTEKTypachl MEH JKYMBIC iCTey
KaFuJaTTapbl JEpeKTepAl YIKEH KAlIbIKThIKTapFa CEHIMJIl KEeTKI3yre MYMKIHAIK Oepesi, COHbIMEH
KaTap KIMMATTHIK XoHE pesibeTiK MEeKTeyIep/il eHcepyre KaFaai skacaii sl [3-5]. Ocipece ToTeHIe
XKarjainap, MOOWIbJlI OOBEKTUIEp KoHE HHQPPAKYPBUIbIMBI KOK ailMakTap YILIIH MOpPTaTHUBTI
KepCepiKTIK KeleHaepAiH MaHbI3bl epekie [6,7]. Ocbl Typrbiia IDKK-400 nopraTuBTi XKepcepikTik
KEIIeH] IIajFail >KOHE KOJDKETIMILIITT KHUBIH alMakTap[a TeICKOMMYHUKAIMUIBIK KbI3METTEP/Il
&KeJlesl YUbIMJIaCThIpyFa apHaJlFaH 3aMaHayH LemiM peTinae Kapactsipbuiansl. [DKK-400 xepycrti
MH(PPaKYpBUIBIMBIHA TOYEJCI3 KYMBIC ICTEH >KOHE IEPEeKTepHAl, MbIOBICTHI, COHAA-aK OeHEeH1
TYPaKTBI 9pi Y3[IKCi3 )KETKI3YyAl KaMTaMachl3 eTe/li. MyH/1ail MYMKIHJIKTEp KepCepiKTiK OaiaaHbIc
KYHMENepIHIH KJIACCUKAIBIK WHXXEHEpHiK KarumartapbiHa HerizgenreH [8-10]. TIDKK-400 kemeni
nepektepal Oepy, TenedoHus xkoHe OelfHEeKOH(DEpeHLUs YHBIMAACTBIpYFa apHaJFaH BIKLIIAM opi
TachIMaJIIaHAThIH XKYlie 00JbIn Tabbu1a b, KemeHHiH KypaMbIHa HOPTATUBTI KEPCEPIKTIK TEPMUHAI
XKoHe OelfHe CHTHaJJApblH TapaTyfa AapHaJIFaH ChIMCHI3 pajJd0 apHAaHbl YHBIMIACTBIPATHIH
KaOIBIKTAp JKUBIHTHIFBI Kipeai. by menrim MoOMIbA1 KOHIBIpFhUIApAaH OalIaHbICTHI KoHE OeiiHe
TapaTy/bl KbICKA YaKbIT ilIiHE iICKe KOCYFa MYMKIH/IIK Oepei, Oyl OHbIH TOTEHIIIE XKaFAainapaarsl
THIMAUTITIH apTThipansl [8,11]. Haiteiananran nepconan Oosran skarmaiima TDKK-400 xemenin
OpHAaJIacThIpy, XKEepcepikke OarbITTay >KoHE OailllaHbIC apHACBIH OpHATYy YyakbIThl 20 MUHYTTaH
acmaiel. Byt kepceTkin KemeHHiH >KoFapbl MOOHMIIBIUTITIH JKOHE JKeJ1es Nal1ajaHyFa JaibIHAbIFbIH
nonenaeini [1-5]. ConbiMen katap, xyie Tenedon OaitnmansichiH, TCP/IP mpoToKosbl apKbUIbI
nepekrepal Oepyai, SIP mporokonbl Herizinae OeiiHekoH(epeHus yiibiMaacTeipyasl, HDMI
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apkbuibl OeiiHe mbIFapyasl skoHe Wi-Fi skemici apkpuiel 100 - 200 merp pammycra ChIMCHI3
OailTaHpICTHI KAMTaMachI3 erefl [6-9].

XKepcepiktik OaimaHpic KyHenepiHiH THIMAUITT aTtMocdepanbik ¢akropnapra, ocipece Ku-
JMaTna30HbIHAA KAHOBIP MEH Kap OCEPIHEH TYBIHJIAWTBHIH dJicipeyre Toyesal ekeHi Oenrimi. by
MoceJie KONTETeH 3epTTeyJiep/e KapacThIPUIBII, CUTHAN CAalachlH apTTHIPY YIIIH MOAYJISLHUSHBL,
KOJITay bl )KOHE KyaTThl OacKapyabl OHTAMIaHIbIpY KaxeTTiri kepcetiiarex [11-14]. Ocel Typreiaa
IDKK-400 xemieHiHIH TEXHUKAJBIK MapaMeTpiiepiH Taljay >KOHE OHBIH HaKThl MaianaHy
KaFaalIapelHAaFel THIMALTITIH Oaraiay FBUIBIMU JKOHE MPAKTHUKAIBIK TYPFBIJAH ©3€KTi OOJBII
TaOBUIAIBI.

Ocor 3eprreyain Makcatbl — [IDKK-400 mopTaTuBTI KepCepiKTiK KEUICHIHIH INaiFail kKoHe
KOJDKETIMI KMBIH aiMaKTap/a KOJIaHy THIMIUIITIH OaFanay, HEri3ri TEXHUKAJIBIK apaMeTpiIepIiH
OaiiaHbIC carachklHa 9CEePiH Talay JKOHE )KYHEHI OaH 9pi KETAipy KOJIAAPHIH aHBIKTAY. AJIBIHFaH
HOTHOKENIEp JKepcepikTiK OailaHbIC >KYyHelepiH AaMbITy koHe onapabl Kaszakctan sxarmaiblHza
KCHIHCH KOJIJIaHy YIIIiH FRUTBIMH HeT13 O6oua anaasl [ 12—15]. KypsieiMasik cyiioace! kemneci 1 cyperre
KOPCETIITeH
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Cypem 1. IDKK-400-0iy KypulivlmMOblK 6atiianble cyaoacol

3epTTey daicHaAMACHI

IDKK-400 cusIKTBI TEIEMETPUSUIBIK KYHeNIepAiH )KYMbICHI KoNTereH ¢akTopapra, COHbIH 1II1H/IE
aya paiipl oKkafjainapelHa OaimanblcTel. CHTHaIIBIH HEri3ri ocepiepi »kaHObIp, Kap, aya
BUIFAJIJIBIIBIFBl  JKOHE Oacka Ja arMocdepalblK KyObUIbICTapra OailllaHBICTBl aHAIUTHKAJIBIK
dbopMynanapael KOJNJAaHy apKbpUIbl HEri3ri MoHAepai ecenrteitMiz. Ku-muama3zoHbIH (GKOFapbl
Gaitmanpic yurH 13,75 —14,5 I'T xone Tomen Oaitnanbic ymia 10,95-12,75 ') naiinanaHaTeiH
XKyHenep YIIiH aya paiibl )argaiiaapel 6aililaHbIc carnacklH TOMEHETYAIH MaHbI3/1bI (DaKTOPhI O0ITYBI
MYMKIH.

Ammocghepanvix acepoiy Hezizei mypepi.

XKanObIp TaMIIbLIAphl CUTHAIBI KYTHIN, IIambipaTtansl, 0y acipece IDKK-400 nmaiigananaTein
Ku nuanazons! yuriH ete Manbi3abl. LbFbHIAp KaybIHHBIH KapKbIHABUIBIFBIHA (R, MM/car) xoHe
atMocepa apKbUIbl ©TETIH CUTHAJ JKOJIBIHBIH Y3BIHIBIFBIHA (d, kM) OaiinmanbicTel. XKengety 1
bopmynacer:

Arain = Vr X d (1)

MYHJAFbl: Y, — >KaybIH-IIAIIBIHHBIH >KULIINT MEH KapKbIHABUIBIFbIHA OalIaHBICTBI JcCipey
koa¢pdunmenTi (1b/km).
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1. Kap men my3. Kap Hemece My3 jkaybIH-IIAIIBIHBI KOCBIMIIIA JICIPEYAl TyIbIPaJbl, JeTeHMEH
neHrei kaHObIpaH TeMeH. KazakcraH xaraaiibiHaa KapAblH JKayybl KbICTa CUTHAI KaObLIAayFa ocep
€Tyl MYMKIH.

2. blnranapuibik. JKoFapbl bUIFANABUIBIK CUTHAJABIH CIHIPUTYIH apTTBIPaJbl, 9cipece MKOFapbl
Temneparypajga. OcCy >KOrapbl BUIFAIABUIBIK IE€H aya TemreparypacblHblH 30°C-TaH jKOFapsl
KOMOWHAIMSICHI KE31H/IE apTaJIbl.

3. ByaT xkoHe TyMaH. BYJT MeH TyYMaHHBIH >KOFaphl THIFBI3IBIFEI a3 MIBIFBIHFA OKETyl MYMKIH,
acipece cy OYBIHBIH MeJIIIepi KOFaphl Ooica.

IDKK-400 >xyiiecine aya paifbl *Kar1alJapbIHBIH 9CEPIH MOJICTIBICY:

Kuimiri: £=141Tx

ATMocdepa apKbLIbl KOJABIH Y3bIHABIFBL: d=5 KM

JKaybIH-1anIbIH KapKBIHABUTBIFBL: R=25 MM/car.

Koaddumnuent 3aryxanus y,. mis K, -nuama3zona npu R=25 mm\car.

K,, — muamna3oHsbl YIIIiH jKayblH KapKBIHIABUIBIFBI R = 25MM/car ke3ine ancipey KodhpuimenTi y,
KOJITaHBLTABI.

¥~ 0.02 nb/xMm.

KanObIp Ke3iHze ancipey:
A;qin=0.02-5=0.1 nb

Tenemerpusblk cama. TinTi MAFbIH KOCBIMINA JKOFAITYJIAP TEIEMETPHsI JePEKTEPiHIH CarachlH
HaIIapJaThIN, KiAIpic yaKbITHIH apTTHIPAbI )KOHE OpHAacy koHe OacKapy CHUSKTHI apaMeTpiepIiH
JIQJLIITIH TOMEHIETE .

Atmocdepansik kyOwsutbicTap TDKK-400 tenmemerpusi nepekTepiHe aWTapibIKTail ocep eTenl,
ocipece Ku-nmamazonsinma xymseic icrerenne. Komalce3 kargainapaa KYWeHIH TYpaKThUTBIFBIH
KakKcapTy YIIH XaHOBIp, Kap >KOHE BUIFAJABUIBIK OCEpiHEH OOJIaThIH JJICipeyli €CKepy Kaker,
COHBIMEH KaTap OHBI a3alTy YIIH TEXHUKAIBIK XKoHE OarmapiiaMaiblK MENTiMaIepai KOJIIaHy KaxeT.
byn xubiH aya paiibl kargaiiblHIa Ja TYpPakThl OailflaHBIC MEH >KOFaphbl camaibl TeleMeTPHSHbBI
KamTamacsei3 eteai [3,4]. Curnan/urym kateiHackl (SNR ecebi 2,3 popmyna)

®opMynacsl:

SNR ==~ )
M¥H]1aFI)IZ
P. = —94,72 nBM = 3,36 x 10~1° Bt

N=kXTXB 3)
myHzaafrbl: k = 1,38 X 10 — 23 /x/K - BonbliMaH TypaKThICHI
T = 290 K — xylieHiH TeMIepaTypachl,.
B = 3,32 MI'L.
N =1.38x 10723 x 290 x 3.32 X 10° = 1.33 X 10~ ** Br.

3.36 x 10710

= T3 1o = 253 % 10%,

SNR

An b TypiHJe epHEKTeHTiH 6oacaM:

SNR = 10 x log;¢(2.53 x 10*) = 44.04 4.
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Hormxkecinne curHan/mym katbiHackl (SNR ece6i) 44.04 nb-ra ten Oomanel. CurHan/mym
KaTbiHAChl (SNR) — OyJ1 CUTHAIIBIH KyaThIHBIH 1Ty JICHIeHiHe KATHIHACHIH CHITATTANTHIH KOPCETKIIIL
by xxepne 44.04 n1b MoHI ©Te )KOFapbl CUTHAJI/IIYM KaTbIHACKIH KepceTeni. MyHail MoH:

- Curnan camacel JKOFapbl: CUTHaJl IIyFa KaparaHaa aWTapibIKTail KymuTi, OyJl JepexTepiH
CeHiIM/II TypJie OepinyiH KaMTaMachl3 €Te/Ii.

- bepinren apua tuimainiri: SNR xorapel 00iFaH caifblH, apHa apKbUIBI JEpeKTepAl Kidepy
KBUIIAMJIBIFBI MEH JTJIJIITT apTabl.

- Keneprinepnin MuHUMaNIbl ACHTeWi: Oy karmaiga CeIpTKbl (hakTopsap (armochepaibik
acepiiep, KypbUIFbUIAP apachlHIaFbl HHTEP(EPEHIUS ) CUTHAIIBIH CallachlHA eIIeYJIl dcep eTIeu/Ii.

44.04 nb wmoni IDKK-400 >xyiieciHiH THIMII >KYMBIC ICTEN TYpPFaHBIH >KoHe OailiaHbic
TYPaKTBUIBIFBIH KaMTaMachl3 €TETiHIH KopceTeai. by kepceTkint KyHeHiH IepeKTepl >KOFalTIamn
’KOHE KEIIIryci3 *KeTKi3e aJaTbIHbIH JToJIe eIl

3eprTTey HOTHIKeJIepi

ChIpTKBI >KarnaiinapAblH e3repyiH Oakpliay >KOHE aBTOMATTHI jkayan Oepy YIIIH TeleMeTpHus
KYHenepiH keTinnipy. barmapiamanslKk KaMTaMachl3 eTyli YHEMi JKaHApTHIN, COHFBI KayilcCi3IiK
KOHE OHIMIUIIK CTaHapPTTapPbIHA COMKEC KENTIPY YIIIH ayAuT KYPTi3iii.

Ocer  3eprrey IDDKK-400 CHAKTBI TIOPTAaTHBTI JKEPCEPIKTIKTIK  KEMIEHIEPIIH IKYMBIC
€PEeKILETIKTEPIH JKOHE ONApIbIH YITTHIK HU(PIaHIBIpYAaFkl POJiH TYCIHYTe eJeyli yiec KOCaIbl.
Y CBIHBUTFAH YCBHIHBIMIIAD MEH TEXHOJIOTHUSIIAPIBI CHTI3y €H KypHeil Karjaiiapaa Jga CeHIMIi
OailTaHBICTHI KAMTAMAacChI3 eTin, Ka3zakcTaHHBIH FaJIaMJIbIK KEPCEPIKTIKTIK OAJIaHbIC HAPBIFBIH/IAFbI
MO3UIHSACHIH HBIFAUTYFa MYMKiHIIK Oepeni. ChIpTKBI (hakTopIapAbIH ocepi. Aya paifbl xKaraaiaapbiH
Tajaay MbIHaHbI KepceTTi: JKaybIH, Kap jKoHe )KOFaphl bUIFANABIIBIK CUTHAN CallachlHA alTapibIKTal
ocep ereni. JKayblH ocepiHEH CHUTHAN KyaThIHBIH JKOFairybl opOip 5 kM ymiH mamamed 0.1 b
Kypaiiibl, 0YJ1 aHTeHHAHBIH KYLICIO1H HEMeCe MOAYIIALUSHBI OHTAMIaHIBIPYAbI KAXKET eTe/ll.

Kyiienin npaktukanslk Koaganbutybl. [IDKK-400 xylieciHiH HAKTBI XKaFqaiiapaa KOJIIaHbLTybI
OHBIH >KOFapbl OCHIMINTIIITITIH KopceTTi. TiNTi *KeNiHiH XKOoFapbl )KYKTeMeci HeMece KOJaichl3 aya
paifbl xKargaiIapeIHIa JepeKTepAl TYPaKThl TypAe O0epy MYMKIHAIIT )KYHEeHIH THIMIUTITIH pacTaiibl.
Ochl 3epTTey OapbIChIHIA CUTHAIJAPABIH Kipici MEH IIBIFBICBIHIAHBl OTKI3y KabOineTiMeH
alikpIHAai el (2, 3 cyper).

In Bandwidth Out Bandwidth

12:05:00 12:15:00 12:25:00 12:35:00 12:45:00 12 0
4 14
B | 12| Jan 22 2025 11:06:00 To Jan 22 2025 12:55:30
Jan 22 2025 11:06:00 To Jan 22 2025 12:55:30

Cypem 2. Kipicinoezi cuenanovly 6mkizy Cypem 3. JKabowbixmbiy ubleblcbiHOA2bl CUSHATObIH
KaOinemminieiniy Cunammamacuol OmMKI3y KaOilemminiciHiy cunammamacsl

I'paduxren kipic oTKi3y KaOUIETTUIIrIHIH KeWOlp YyaKbIT apajblFbIHIA €H >KOFapbl JeHreire
xetkeHiH (mmamamen 4000 kbps) kepyre 6onasnsl. backa ke3eHaepe oTKizy KabieTTiIiri ToMeH/Ier,
KeWOip coTTepie MYJIZIEeM JEPEKTEep TyCIereHiH Oaifkayra O0omabl.

Keii0ip yakpIT apajbIKTapblHa O©TKi3y KaOUIETTUIIrl MakKCHUMaJbl IIamMara »XEeTKeH (IIamMaMeH
800 kbps). backa ke3ennepne oTkizy KaOUIETTLIIrT TOMEHACTEH HEMece IepeKTep KiOepiiMmereH

(4 cyper).
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Keneci 4-cyperreri rpaduk Hotmxecinaeri napamerp: IB Es/NO sxone OB Es/NO — Oyt xylieHiH
OPTYPJIi HYKTEJIEPIHJIeT1 CUTHAJI CcallachlH Oarajiay YIIiH JKePCEPIKTIK OaillaHpICTa KOJAaHBLIATHIH
napameTpIep.

-

Cypem 4. Op mypni Hykmeoe2i CUSHANObIH CAnACLIH OAANAY CUNAMIMAMACH]

By enmmem curHain camachbiHBIH KepceTKirn 60bin Tadbuiaasl, Es/NO MoHI HEFYPIIBIM KOFaphI
0oJ1ca, JepEeKTEePAiH TYPHIC OEPTy BIKTUMAIIBIFBI COFYPIIBIM KOFaphl 00Ta k.

5 cyperreri rpadukTeri Kipic >koHe mbIFbIC ToNbIN KeTy (IB xone OB kaiita xiOepy maibI3bl)
MaNBI3BIH KOPCETIIT TYP.

Cypem 5. SkyEdge sicyiiecinin xipic scone ublebic mpagueiniy oHiMOINIK epaguel

Kanmer Oakputay: 12.08.2024 xyni carar 16:00 mamacelHIa KYpT KeTepulyai KocmaraHzaa,
KOPCETKII HET131HeH TYPaKThl. byJl MIBIH MakeTTepAiH KaiTa >kiOepiayiH Tajamn €TeTiH MaHbI3/IbI
MaKeTTeP/IiH )KOFaTyblH KepceTe .

Kaprwuibic cebenrepi: blkruman cebenTepre TEXHUKATIBIK aKayyiap, CUTHAI KaFJalbIHIaFrbl KEHET
e3repictep (MbIcajbl, aya paliblHa OalIaHBICThI) HEMECE CHIPTKBI Keniepriiep Kipyi MyMkiH. CoHpaii-
aK, »OFaphl TpaduK OEICEHIUTITIHE HEMECE JKEIITIK JKa0 IbIKThIH aKayJiapblHa OalIaHBICTHI KYHEIe
YaKbITIIA IIaMaJIaH ThIC XKYKTEITyl MYMKIH.

Keneci 6 cyperreri rpadukre kipic 6ydepinin acein ketyi (IB Oydepiniy acoin ketyi%) naiibi3sl
KOPCETUITeH.

Cunarrama: ke3eHHIH OacwkiHma 25%-Fa neiiH KypT ecy Oaiikanmaapl, O Kipic aepekTep
OyepiHiH TOIFaHbIH KOHE KeHOip AepeKTepAiH KOFaJFaHbIH KOpCeTe .

Canpapsl: OydepaiH TONBIN KETyl AEPEKTEpAiH alTapibIKTald >KOFalyblHA, JIEpEeKTepaAl Oepy
KBUTAM/IBIFBIHBIH TOMEHCYIHE KOHE MalAalaHyIIbl TOXKIpUOECI MEH XKyie CEeHIMALUIIriHe Tepic
ocep eTeTiH KiAIpICTIH apTyblHA OKeIyl MyMKIH.
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blktuman mapanap: Oydep emmemiH yiIFalTy HeMmece NepeKTepli ©HJAEYyIl OHTAHIaHIBIPY
Oomamiakta MyHJald  OKWFalIapJAblH  alJblH  allyFa KeMeKTeceli. AFbIMIarbl  Tpapuk
KOKETTUTIKTEPIHI3Te COMKEC KENETiHIH aHBIKTay YIIIH aFbIMJIaFbl )KYHe MmapaMeTpiiepiH TeKcepy 1e
MaHbI31bl. JKeniHiH eHIMIUTIK KepceTkimTepi. ['paduk kel TYpaKThUIBIFBIH JKOHE KbICKA Mep3iMal
KyJ1abIpayael kepceeteTiH Kipic (IB) sxone mbirbic (OB) eHIMALTITIH KepceTei.

Cypem 6. OB BB katima dicibepy naiivi3sl Kipic scaHe wbleblC mpagueiniy eHiMOIK epaguei

Aucckyccus
Ocpl 6emiMre KeneTiH 00JIcak, eIIey apKbUIbI allbIHFaH rpadukTeH kopyre 6onans: OB BB kaiita
XKiOepy malbI3bl - KEH JKOJAKThl KOCBUIBIMHBIH OacTankbel OarbiTTa (OKEpCEpPIKTEH HeMece

KalTaJIaFbIIITaH XKepre) KaHIIATBIKTBI THIM/I1 )KYMBIC ICTEHTIHIH TYCIHYT€ KOMEKTECETiH KOPCETKIIIL
OHBIH MOHUTOPHUHT1 MEH TaJIaybl OaIaHBIC carlachkl MEH CEHIMIUTITIH KaMTaMachl3 €Ty, COHIai-aK
OaiiTaHbIC JKYWECIHIH XYMBICBIH OHTAWJIAHIBIPY XKOHE MYMKIH OOJAaThIH aKayJapibl KO YIIiH
MaHbI3IbIIBIFBIH KOpYTe 001a/bl.

ATMOchepanbIK JKarnainapablH, ocipece >KaHOBIp, Kap XOHE TYMaHHBIH CHUTHAJ carachlHa
THUTI3ETIH ocepl OarallaHbINl, OJIAPJBIH JKYMEHIH >XYMBICBIHA OoCep eTEeTIHI aHBIKTaNAbl. by
(bakTopiapIpl eCKepe OTHIPBIN, aHTEHHA KYHEIepiH OHTAMIAHABIPY JKOHE AJalTUBTI MOIYJISLIUS
TEXHOJIOTUSUIAPbIH KOJJIaHY YCHIHBUI/BI.

IDKK-400 sxyiieciHiH MOOWJIBIIIIT], CEHIMIUIN JKOHE OpTYpJl >Karjaiiapia KOJJAaHy
MYMKiHIiKTepi 3eprrenai. JKyHeHiH amaTTelK >Karjaiiapia OallaHbic OpHATyjAa, ImajFai
aynaHapabl OailIaHBICTIEH KaMTaMachl3 €Ty 1€ TUIM/II Ienrim exkeHi nanennenai. Connaii-ak, Es/No
CHSIKTBI HETI3T1 MapaMmeTpiiep[i OHTaWIaHABIPY apKbUIbl KYyHe OHIMIUIILH apTThIPY >KOJAaphbl
KOpCeTUIl.

Hotwxenepni Tankpuiay OapbIChIHIA eJIlIey HOTHXKECIHJE ajblHFaH TpaduKTep HETi3iHAe KeH
YKOJIAKTHI JKEPCEPIKTIK OAMIIaHBICTHIH JKYMBIC THIMAUTIT] Oarananabl. Atan aiTkanaa, OB BB kaiita
Ki0epy maiibI3bl OacTankbl OarbITTarbl (KEPCEPIKTEH HEMece PEeTPaHCIATOPAAH >Kepre NeiiH)
nepekTepal 0epy CEHIMIUIITIH CHUMATTaTBhIH MaHBI3/bl KOPCETKII PETIHJE KapacThIpbUlIbl. by
napaMeTpAiH MoHI OalaHbIC apHACBIHBIH J)KYKTEMECIH, KaTelep bIKTUMAJABIFbIH JKOHE JIepeKTepli
KaiiTa 10epy KaKeTTUIIrH aHbIKTayFa MYMKIHAIK 6epei. OHbIH MOHUTOPHUHT1 OalijIaHbIC canachlH
Y3Z1KCi3 OaKbUIayFa jKoHE KYHEHIH TYPaKThl )KYMBICBIH KAMTaMachl3 €Tyre aca MaHbI3/Ibl.

3eprTey HoTHXKeNepi aTtMocdepanblk (akTopiaapAblH, aTanm alTKaHda >KaHOBIp, Kap >KOHE
TYMaHHBIH, CHUTHAJ camachlHa aWTapibIKTail ocep eTeTiHiH kepcerTi. byn ocep curHammbiH
QJICipeyIMEeH JKOHE KaiiTa KiOepysep CaHBIHBIH apTybIMEH cumnaTTananbl. Myrmail mHotmwkenep Ku-
JIMana3oHbIHAAa JKYMBIC ICTEWTIH JKepCepiKTiK JKyHenep OoMbIHIIA KYPri3UIreH e3re je
3epTTEyJIepMEH YHJeceai, OHAa arMoc(epanblK oJcipey Heri3ri mekTeym ¢GakTop peTiHae
kepceTuired. OCcbiFaH OaiaHBICTHI aHTEHHAIAP/BI 91 OAFBITTAY, KyaTThl OacKapy *oHe aJanTuBTI
Moaysiiust MeH koaray (ACM) TexHoIOTUsIIapblH KOJIJaHy KYyie eHIMAUIITH apTThIPYIbIH THIMI
TOCLTI PETiH/E YCHIHBLIAIBI.
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Conpiven karap, [IDKK-400 >xepcepikTik OaiiTaHBIC KENICHIHIH MOOWIIBAUIINT MEH CEHIMIUTIT
OpTYpI TaijanaHy >XarmaljapblHIa OaraimaHabl. 3epTTEY HOTHIKENepi Oy >KYHWEHIH aIraTThIK
XKaraiapaa skeien OailaHbIc OpHATY, COHIal-aK TEICeKOMMYHUKAIUSIIBIK HHPPAKYPBHLUIBIMBI KOK
HEeMece QJICi3 JaMbIFaH IajFail aynaHaapabpl OalJaHbICTIEH KaMTaMachl3 €Ty YIIIH THIMII HIEHIM
eKeHIH Jonenfeni. bya TyxelppIMAap 3amMaHayH >KepCEepiKTiK OalIaHbIC KYHENepiHiH TOTEHIIE
KarFgailap MeH aybpULIBIK  alMakTapia KOJNJAHBUIYBIH —3epTTereH 0acka aBTOpJapbIH
HOTIKEJIEPIMEH COMKec KeJe.

XKylieHiH TeXHUKAIBIK TapaMeTpiepid Tanaay 6apeicbinga Es/No cHSKTBI HEeTi3r1 KepceTKimTepai
OHTaWJIaHIBIPY aPKBLUIBI OaiJIaHBIC calachlH JKaKcapTyra OOJAThIHBI aHBIKTAIBI. Byl KepceTKimTi
Oackapy nepekTepi O0epy KbUIIaMIBIFBIH apTTHIPYFa KOHE KAaTeJep CaHBbIH a3alTyra MYMKIHJIK
Oepe/ii, HOTHKECIHE YKAJIITBI )KYHe THIMIUIIT )KOFapblIaiabl.

Anpiaran Hotmkenep [DKK-400 kemenin Ka3akcTaHHBIH IManFail KOHE KHBIH KOJDKETIMII
aliMaKTapbIHIa KEHIHEH KOJIJJaHy MYMKIHJITIH Heri3aeial. bomamak 3eprreynep aschiHaa opTypIi
KIMMATTBHIK aiiMaKTap/ia y3aK Mep3iMIIi eJIeyyep Kyprizy, HaKThl Tpaduk >KyKTememnepi KesiHnae
KYHEHIH >KYMBICHIH MOJENBACY, COHAal-aK kepcepikTik Oaimanbic kemenaepin SG/NTN
KEIJICPIMEH UHTETPAIHsIIay MOCENIeNIePiH KapacThIPy NEPCIIEKTUBAIIBI OAFBITTAP OOJIBIT TaOBLIA Ib.

KopbIThIHABI

KopbITeIHIbIIAN Kese, YsuTbl OaliaHbIC )KOHE KEPCEPIKTIK OalIaHbIC 9p TYPJi KaMTy JAeHrennepl
MEH KOJI )KeTIMIUTIKTI KAMTaMachI3 eTe/Ii. ¥ suTbl OalIaHbIC KONTETEH aaamIap YIIiH, dcipece Kaaiap
MEH eJi MeKeHJepe OaiJIaHBICTBIH HETI3T1 JKOHE KEeH KOJ JKeTIMAlI Typi OOJbIl TaObLIaabl, ai
KEpCepiKTIK OaiylaHbIC YsUTbI OaiJIaHBIC MIEKTEYJI HeMece KOJ JKETIMJII eMeC INaiFail KoHe KOl
KETIMJII eMec JKepiepe KaMTy Il KAMTaMachl3 €Te/l.

Kepcepikrik Gaitnansic sxxone [IDKK-400 xyiienepin skeTUIIIpy YIIiH YHEPTUst THIMIUIIT] )KOFaphI
TEXHOJIOTUSUIAp, AaBTOMATTAHIBIPY OKyHenepi KoHe aJanTUBTI OaillaHbIC OIICTEpIH EHTI3Y
YCHIHBUIIBL. By memiMaep skepcepikTik Oaimanbic MHPPAKYPBUIBIMBIH KAaKCAPTyFa KOHE OHBIH
TUIMJIUTITIH apTThIpyFa MYMKIHJIK Oeperi.

XKepcepikTik OailylaHBIC TEXHOJOTHUIAPBIHBIH JaMybl, OHBIH IIIIHJIE JKaHa KepcepikTepli icke
KOCY, KEH JKOJIAKThl HHTEPHETT1 KaMTaMachl3 eTy jkoHe 5G jkenisiepiMeH MHTerpanusiay, calaHblH
OojamarbIHBIH 30p €KEHIH KepceTenl. MyHnal Kylenep YJITTHIK OHE XalbIKapallblK JeHrene
OaiiaHbIC camachklH apTThIpyFa MYMKIH/IK Oepei.

XKepcepikrik 6aiinansic neH IDKK-400 xyiieci Ka3ipri 3aMaHfbl OailllaHbICTBI KaMTaMachl3 €Tyie
epekuie pea arkapaabl. byn  3epTrey JKYMBICHI JKEpCEpIKTIK  OailylaHbic  KyHenepiHiH
apTHIKUIBUIBIKTAPBIH ~ QHBIKTAlN, OJIAPJAbIH TUIMIUINH apTThIpy OOMNBIHIIA FBUIBIMH  JKOHE
MPAKTUKAJIBIK YChIHBICTAp Oepai. 3epTrey HoTmxkenepi KazakcraHHbIH 6aiinanbic MHQPaKyphIIBIMBIH
JIaMBITy/a, IIajFail aygaHgappl OalIaHBICTIEH KaMTaMmachl3 €Ty/e KOHE amlaTThIK jKarnaiimapna
KbU1JIaM OaiiylaHbIC OpHATYa MaHbI3/Ibl POJl aTKAapaJibl. 3epTTeY HOTHXKEIepl )KepCepikTiK OaitnaHbIc
TEXHOJIOTHSIIAPBIH KETUIIIPY MEH €HT13yre Heri3 0oJia anaTblHbIH ail0bIHIaIl OTHIP.
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gHCTEMHBIfI AHAJIN3 BO3MOKHOCTEN INPUMEHEHMS 3JIEMEHTOB
ITFr’EUMHUOUKAIUA B IIOAT'OTOBKE BYAYIIUX YYUTEJIEU NTHOPOPMATUKHU

AnHomayus

Hacrosimee uccieqoBanue MOCBSIIEHO CUCTEMaTHYeCKOMY 0030py TpUMEHEHHs reidmudukanum B
BeIcieM oOpaszoBaHuu B 2020-2025 romax. MeToqoiorudeckoil ocCHOBO# mocmykui mpotokon PRISMA,
00ecneunBITNi MHOTOATAITHBIN MOUCK, CKPUHHUHT U CTPYKTYPUPOBAaHHBIN 0TOOp myOnmkanwmii. B pesynprate
anaymza 6a3 Web of Science, Scopus, Google Scholar u ResearchGate 6b110 BoisiBiieHO 3451 nyOnukanus, u3
KOTOPBIX I0CJIE YAaJICHUSI AyOIUKATOB U IPUMECHEHHS KPUTEPUEB BKIFOUCHHS B HTOTOBYIO BHIOOPKY BOIILIH
42 uccnenoBaHysl, JOCTYIHBIE B ITOJTHOM TeKcTe. [t 00paboTKH M MHTEpIpeTalyi JaHHBIX HCIOIb30BAINChH
TeMaTU4eCcKas KIaCCU(UKAIMI, KOHTEHT-aHaJIW3 W BHU3yalnu3anus c npuMeHeHuem Microsoft Excel,
VOSviewer u Datawrapper. AHanmu3 TMoKa3zall, 4YTO HawOoJee paclpoCTPaHEHHBIMH 3JEMEHTaMHU
reiMuuKanuy B YHUBEPCUTETCKOM O0YUYEHHUH SIBIIIOTCS OallIbl, 3HAYKH, YPOBHU U PEHTHHIOBBIC TaOIHUIIBI,
B OOJBIIMHCTBE MCCIEJOBAHMM OTMEYAETCS MOJIOKUTEIbHOE BIMSHHE Ha MOTHBALMIO, BOBJICYEHHOCTH M
y4eOHYI0 aKTHBHOCTH CTYJEHTOB. MeHee pacnpocTpaHEHHbIE MEXaHHKH, CBA3aHHBIE C IPOTPECCOM,
HarpajamMM M DJIEMEHTAaMH COPEBHOBATEIBHOCTH, IPUMEHSIOTCS TOYEYHO M XapaKTEepH3YIOTCs Ooiee
BapuaTHBHBIM 3(dexkroM. Ocoboe BHUMAHHE B HCCICAOBAHHM YIEJIEHO BO3MOXHOCTAM MPHUMEHEHUS
reiiMupUKalMd B Tpoliecce MOATOTOBKH OyaylmMX y4duTeNedl WHPOpMAaTUKU. BEISBICHHBIE SJIEMEHTHI
00JIaJIat0T Pa3IMYHBIM MEIarOTMYeCKUM MMOTEHIIHAJIOM, BKIIFOUasl pa3BUTHE MOTHBAIIUH, CAMOCTOSTEIIBHOCTH,
AKTHUBHOCTH U HAaBBIKOB PELICHUs 33/1a4, YTO A€TaeT UX 3HAUMMBIMH JJIS1 METOANYECKOM MMOATOTOBKH Oy AyIINX
eaaroros. HpaKTI/I‘-IeCKaH 3HAYUMOCTb HCCJIICOBaHHA 3aKJIFO4a€TCd B TOM, 4YTO PE3YyJIbTaThl MOT'YT
WCTIONB30BaThCs TPU pa3paboTKe TelMU(HUIMPOBAHHBIX YyUEOHBIX MaTepHaloB M IU(POBBIX KYPCOB IO
METOAMKE NPEenoJaBaHusi HHPOPMATUKH.

KiroueBble ciioBa: refimudukanus, Beiciiee oOpazoBaHue, HU(PpoBas NeJaroruka, CUCTEMHBIN aHaIIu3,
PRISMA, BOBJICUEHHOCTD CTYJICHTOB, PE3YJIbTAaThl O0yUCHUSI.

A.O. Anpabeprenosal, ¥. Ecelikbizel', UK. Ecenradouios!, A. Ecelkpizbr!
'musc XKancyripos atemaars: XKerticy nuBepeurerti, TanasKopran K., Kasakcran
BOJAINAK UTH®OPMATHUKA TI9HI MYFAJIIMJIEPIH JASPJIAY A FEﬁMH@I/IKAHI/IH
SJEMEHTTEPIH KOJJIAHY MYMKIHAIKTEPIHE KYUEJIIL TAJIJIAY

Anoamna
Byn zeprrey 2020-2025 xbuigap apaiblFblHAA KOFaphl OuTiM Oepyne reiiMuuKanusHbl KOJJaHyFa
apHaJIFaH FBUIBIMUA €HOEKTEepAiH KyHeni ImonyblHa OarbITTajraH. Opicremenik Heri3 peringe PRISMA
MIPOTOKOJITBI KOJIAHBUIBII, OJ1 KOTIKE3CH/I1 13/1ey, CKPHHUHT JKOHE KapHUsUTaHBIMIAP/Ibl KYPBUTBIMIBIK 1pIKTEY/Ii
kamramace3 erti. Web of Science, Scopus, Google Scholar sxone ResearchGate nepekkopiapbiH Tajiaay
HoTWKeciHAe 3451 >kapuslaHbIM aHBIKTAJJIbI, OJIAp/bIH KalTaJaHAThIH MaTepHAIIapbIH AJIbII TaCTaFraHHAH
KEHiH OHE IPIKTEY KPUTEPHUMJIEPIH KOJIJAaHFaH COH TOJIBIK MOTiHI aiiblK 42 3epTTey TaHAal aJlbIHIIbI.
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HepexTepai eHIEYy >KoHE TYCIHIIpY VINIH TaKbIPBINTHIK XKiKTey, KOHTEHT-Tanaay skoHe Microsoft Excel,
VOSviewer, Datawrapper Kypanmapbl apKbUIBl BH3YaIH3aIHs SIICTepl KOMAAHBUIABL. Tanmay HOTIDKenepi
XKOFapel OimiM Oepy KyHeciHIe KeHiHEH KOJJAHBUIATBIH TedMHu(UKalus >JIeMEHTTepiHe Ymaimap,
TecOenrinep, ACHIreHnep XoHe NHACpOOpATap >KAaTaThHIHBIH KepceTTi. byl ameMeHTTep CTyAeHTTepHiH
MOTHBAIAACHIHA, OKY OEJICEHIIITIHE XKoHe KaThICybIHA TYPAKTHI OH acep Oepemi. Ax mporpecc, Maparmarray
JKOHE JKapbIC JJIEMEHTTEpiHE HEri3/eNiTeH MEXaHHKajJap CHPEeK KOJIAHBUIAIbl KOHE ocepi KOHTEKCTKE
0aliIaHBICTBI ©3repil OThIpaAbl. 3epTTeyae Oonamax HHPOpPMaTHKa OHI MyFaliMACPiH Aaspiay yAepicinae
reiMuQuKanusIHBl  KOJNJaHy MYMKIHIIKTepiHEe epekmie KoHUT OemiHal. AWKbIHIATFaH JJIEMEHTTEp
MOTHBAIIUSAHBI, TEPOECTIKTI, OKYy OEJICEHIUTITIH KoHE TalChIpMaIap bl Iy NaFIbUIAPbIH JaMBITYFa BIKIAI
€TeTiH MeJaroruKabIK JIeyeTke ue, Oy onapapl Ooamak neJarorTapabl dficTeMelliK TYpFbIAaH Aaspiayia
MaHBI3/IbI €Te/li. 3epPTTeYAiH NPaKTHKAIBIK MaHBI3ABUIBIFBl — AJIBIHFAH HOTHKENEp reiMuUKalrsIaHFal OKy
MaTepraIapblH JKoHe HWH()OPMATHKAHBI OKBITY oicTeMeci OOWBIHINA HH(MPIBIK KypcTapAbl o3ipieyre
KOJIJaHBLTYbl MYMKIH.

Tyiiin ce3nep: reiiMudukanms, s>xorapbl OinmiM, IUGPIBIK MeAaroruka, xyien tamgay, PRISMA,
CTYIICHTTEP/IiH KbI3BIFyIIBUIBIFbI, OKY HOTHIKEINEPi.

A. Aldabergenova', U. Yesseikyzy', I. Yessengabylov!, A.Yesseikyzy'
!Zhetysu University named after 1. Zhansugurov, Taldykorgan, Kazakhstan
SYSTEMATIC ANALYSIS OF THE POTENTIAL USE OF GAMIFICATION ELEMENTS IN THE
TRAINING OF FUTURE COMPUTER SCIENCE TEACHERS

Abstract

This study presents a systematic review of the application of gamification in higher education between 2020
and 2025. The methodological foundation is based on the PRISMA protocol, which ensured a multi-stage
search, screening, and structured selection of publications. An analysis of Web of Science, Scopus, Google
Scholar, and ResearchGate databases identified 3451 publications, of which 42 full-text studies were included
in the final sample after removing duplicates and applying inclusion criteria. The data analysis employed
thematic classification, content analysis, and visualization using Microsoft Excel, VOSviewer, and
Datawrapper. The findings indicate that the most frequently used gamification elements in university teaching
include points, badges, levels, and leaderboards, which demonstrate consistently positive effects on students’
motivation, engagement, and academic activity. Less common mechanics related to progress, rewards, and
competition are used selectively and show more variable outcomes. Special attention in this study is given to
the potential use of gamification in the training of future computer science teachers. The identified elements
possess various pedagogical benefits, including the development of motivation, autonomy, active learning
behaviors, and problem-solving skills, making them particularly relevant for the methodological preparation
of future educators. The practical significance of the study lies in the fact that its results can be used in the
development of gamified instructional materials and digital courses in computer science teaching
methodology.

Keywords: gamification, higher education, digital pedagogy, systematic analysis, PRISMA, student
engagement, learning outcomes.

BBenenue

B ycioBusx HEOOXOIWMOCTH TIOBBINICHUS BOBJICYEHHOCTH CTYJCHTOB W Pa3BUTHS WX
CaMOCTOSITENTFHOM MOTHBAIIMK UCIIONB30BaHNE TeMU(UKAIIUNNA CTAHOBUTCS OCOOEHHO aKTyallbHBIM
JUTS COBPEMEHHOTO BBICIIEr0 oOpa3oBaHus. [lo mepe Toro kak y4eOHBIH Tpollecc BCE aKTHBHEE
MEPEXOJIUT B IMHU(PPOBYIO W CTYIACHTOICHTPHYHYIO CPEIy, JIEMEHTHl IeHMH(PUKAINN TOMOTAIOT
YKPEIUISATh B3aMMOJCHCTBHE, y/EePKUBAaTh BHUMAaHUE W TOJICPKUBATh OCO3HAHHOE, aBTOHOMHOE
oOydyeHue. DTO COBMATaeT C NPHOPUTETAMH TOCYJAAPCTBEHHOW MONMUTHKUA. Kak MOT4epKHYI
[Ipesugent Kaceim-Komapt TokaeB, «CTpeMHUTETbHOE Pa3BUTHE UCKYCCTBEHHOTO MHTEIUICKTA yKe
BIMSET HAa MHPOBO33PEHHE W TIOBEJICHUE JtoJiel, ocobeHHo wmomoacxkm» [1]. Kak ormedaror
Herepauar C. u Opyrue aBTOPBI, BHEAPEHHE JJIEMEHTOB TeMMH(HUKAIMU B 00pa30BaTENbHBIM
mporecc, OCOOEHHO Ha YpPOBHE BBHICHIETO OO0pa3oBaHUs, SBISETCA AaKTyalbHBIM HAyYHBIM
HampaBlieHHEM, OOYCIOBJICHHBIM HEOOXOAUMOCTBHIO (OPMHUPOBAHUS YCTOWYMBOTO HHTEpeca K
obydenuto [2]. Taxxe Xamapu HO. m npyrue aBTOpbI MOTYEPKUBAIOT, YTO HTPOBBIC AJIEMEHTHI
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CIOCOOCTBYIOT TOBBIIICHUIO AKTHBHOCTH OOYYAIOIIUXCS M PAa3BUTUIO MX OTBETCTBEHHOCTH 3a
cobcTBeHHBIE OOpa3oBarenbHble pe3ynbTaThl [3]. Kannm K. momuépkuBaer, uro reimudukanys
OIIpesessAeTCsl KaK PUMEHEHUE ITPUHIIMIIOB UTPOBOI0 JIM3aiiHa B HEUTPOBBIX KOHTEKCTAX C IIEJIBIO
(dbopMHpOBaHUS YCTONYMBOM BHYTPEHHEH MOTHBALMM U Pa3BUTHUs NMPO(ECCHOHAIBHO 3HAUYUMBIX
KommnereHIwi [4]. B Hayunsix myOnaukanusax nocnenaux et Cubops K. u ®@enc /1. no3sunuoHupyor
reiMu(uKaluo Kak NepCHeKTHBHBI HMHCTPYMEHT akTUBHM3alMu oOydeHus. IIpernonaBatenu u
pa3paboTUMKK y4eOHBIX MPOrpaMM BBICIIErO OOpa30BaHUS AaKTHBHO HCCIEIYIOT IOTSHIUAI
rediMuuKauy Kak HMHCTPYMEHTa TpaHchOpMaluy TPaTUIMOHHON 00pa3oBaTeNbHON Cpelbl,
CIOCOOCTBYIOLIETO IOBBIIICHUIO BOBJICYEHHOCTH U Pa3BUTHIO aKTHBHBIX (QopMm oOyueHus [5].
Opnnako mpoOieMa CHCTEMHOTO aHajiu3a 3JEMEHTOB reMMuukanuy u e€ BHEIPEHUs B BBICIICH
LIKOJIE OCTA€Tcs HEOCTaTOYHO HccienoBaHHOM. IloaroroBka Oyaymux yuuteneil nHGopMaTuku
MMEeT BBIPAKECHHYIO CHenu(UKy U MpEeAroiaraeT 0CBOCHHE HU(POBBIX WHCTPYMEHTOB, Pa3BUTHE
QITOPUTMHUYECKOIO MBIIUICHUS, & TaKK€ yMEHHME WHTEIPUpPOBaTb HHTEPAKTUBHBIE METOIBI B
oOpa3zoBaTenpHBIA Tpouecc. B 3TOM KOHTEeKcTe TredMH(HKAIMS —paccMaTpUBAeTCd  Kak
NEePCHEKTUBHBIN 110/1X0]], CIOCOOHBIN YCHIUTh METOAMUYECKYIO OATOTOBKY CTYIEHTOB, IOJEPKATh
MOTHBAIIMIO K OCBOCHHIO CJIOKHBIX KOHIIETIIUN U OBBICUTH KAYECTBO MPAKTUKO OPUEHTUPOBAHHOTO
00y4yeHHUs B YCIOBHIX HU(PPOBU3ALMH CUCTEMbI 00pa3oBaHus. B 3TOM KOHTEKCTE 11eJIb HACTOSIIEr0
UCCIIEIOBaHMs 3aKJIOYaeTcss B CHUCTEMAaTH3allid COBPEMEHHBIX IMOJIXOJOB K HCIOJIb30BAHHUIO
3JIEMEHTOB reiMuduKkamnum B BoiciieM oopazoBanuu B 2020—-2025 rogax v B BBISIBJICHHH TOT'0, KaKHE
AJIEMEHTHI reiiMu(UKamy 001aJal0T HANOOIBIITNM ITOTCHIIMAIOM ISl BKIIFOUEHHS B METOINYECKHE
JTUCLUUIUIMHBI, OPUEHTUPOBAHHBIE Ha MOATOTOBKY OYyAyIIMX yuuTened HHPOPMaTHKH.

Hayunas HoBu3Ha paOOThI 3aKJIIOUAETCS B paclIMPEeHUH BPEMEHHOT0 JAuarna3oHa aHaiusa (2020—
2025 rompl), a TakXKe B CHCTEMAaTH3allMM JAHHBIX C HCIOJIb30BaHHEeM MeTononorun PRISMA
MPUMEHUTEIBHO K IiefarorudeckoMy KoHTekcTy PecmyOnuku Kazaxcran. [lpaktuyeckas
3HAYUMOCTb HCCJIEIOBAaHUS OIPENEIAETCS BO3MOXKHOCTBIO aJalTAallMd BBISBICHHBIX HIPOBBIX
cTpaTeruii mpu pazpaboTke MHU(POBBIX YYEOHBIX KYypCOB B MEAarOrMUECKUX YHHBEPCHTETAX.
ITomuMo cucteMaTH3alMM 3apyOeKHOIO OIbITA, MCCIIEJOBAHUE HAIPABICHO HA COIOCTABJICHUE
BBISIBJICHHBIX 3aKOHOMEPHOCTEW C aKTyaJIbHbIMM TEHACHLUSMU Ppa3BUTHUSI II€1aroru4ecKoro
obpa3oBanus B Pecnybnuke Kazaxcran. [TonmyueHHble pe3ynbTaTsl MOTYT OBITh HCHOJIB30BAHbI IIPU
COBEpIIEHCTBOBAHUU COJIEP’KAaHUS U METOAUKHU MOATOTOBKU OYIyIIMX yuuTeNned HHOOPMATHUKH.

0630p numepamypwi

3apybeorcnvle uccredosanus

IeliMmudukanys Kak ne1arorndeckuii MHCTpYMEHT JIEMOHCTpUpPYET 3((EeKTUBHOCTh B Pa3BUTUU
KOTHUTHUBHBIX U COIIMAJIbHBIX HAaBBIKOB, BKJIIOYas IPUHITHE PEIICHNH, KOMaHIHOE B3aUMOJICHCTBUE
1 KOMMYHHKanuto. [1o peynpratam aHanusa IuTepaTypHBIX HCTOYHUKOB, IPOBEAEHHOTO Canumom
T. u ero komeraMu, UrpoBbI€ AIEMEHTHI MTOJIOKUTEIBHO BIUAIOT HA KOMaH/IHYIO paboTy, IPUHSATHE
peleHuii 1 pa3BUTHE KOMMYHUKAaTUBHBIX KOMITETEHLIMH B OHJIaiiH-00yuenu [6]. Auues C. u {uuena
JI. yCTaHOBWJIM, YTO HMCHOJIb30BAaHUE PEHTHHIOBBIX CHCTEM M BHU3yaJbHBIX Harpaja CrnocoOCTBYET
Pa3BUTHIO MIO3HABATEIBLHON aKTUBHOCTH CTYJEHTOB [7]. Psan uccnenosannii aBropos Jlannepca P. u
Mopuixoitzepa b. moarBepxkaaer, uto reMMu@UKanus CIOCOOCTBYET YCHUJICHHIO BHYTpPEHHEU
MOTHUBAIUH, (HOPMUPYS Y CTYAECHTOB YYBCTBO ABTOHOMHUH M KOMIIETEHTHOCTH, a TAK)KE CTUMYJIUPYS
aktuBHOe oOyuenue [8], [9]. Kpome Toro, Huxoncon C. yTBepkmaer, 4TO HTPOBBIE MEXaHUKH
yIy4IIaloT 3allOMUHaHWE WH(POPMAalLUHU, CIOCOOCTBYIOT Pa3sBUTHIO KPUTHUYECKOTO MBILIUICHHUS U
COBMECTHOMY pellleHHo npobiem B yuebHbix rpymnmnax [10]. O630p nurepatypsl o reiMupukanum
B BBICILIEH IIIKOJIE OXBATHIBAET IIMPOKUI CIIEKTP HANIPABICHUN U TUCLHUIUIMH — OT TYMaHUTAPHBIX J10
TEXHUYECKUX U SKOHOMUYECKUX HAYK, BKJIIOYas MCCIEeI0BAHUS BIUSHUS 3JI€MEHTHI TeMMUpUKaIIN
B TakMX 00JacTsAX, KaKk MaTeMaTHKa, TEXHUYECKHE U SKOHOMHUYECKHE crenuaabHocTH. [lpu stom
Jlxaitanatr H. u Ocudankyn B. oTmedaror, 4To HetocTaTouHas sMOupuyeckas 6as3a 1no npruMeHEHHUIo
reliMu(uKaluy B BhICIIEH LIKOJIe 3aTpyAHseT o0ocHOBaHME e€ cucTeMHol 3¢ dexktuBHoCcTH [11].
bexn A. u ero coaBTOpHI, MPOBEs OMOIMOMETPUUECKUN aHAJIW3 UHHOBAIMN B OHJIAH-00y4YeHHH,
BBIJICIUIM YeThIpe MEPCIEeKTUBHBIX HampaBleHUs OyIylIMX HCCIeIOBaHUN: MEepCOHANN3ALUIO,
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MCITIOJIb30BAHUE 3JIEMEHTHl reMU(HUKAINY, paCIIUpPEHUEe BO3MOKHOCTEH BbIOOpa /IS CTYACHTOB U
noBbIieHHe uX BoBled€éHHOcTH [12]. ComocraBieHue 3apyOeKHBIX padOT IOKa3bIBAET, UTO
MCCIIEI0BATENH MO-PA3HOMY TPAKTYIOT ME€arorH4ecKuil MOTeHINal reiMU(UKAIUK: OT IOBBIIICHHUS
MOTHBAIIMH JI0 Pa3BUTHS HABHIKOB COBMECTHOU pabOTHI U pelieHus 3aaad. Takoil CeKTp Moaxo/10B
CO3J1aET OCHOBY JUIS @HAJIN3a TOTO, KAKUE UTPOBBIC DJIEMEHTHI MOTYT OBITh IPUMEHUMBI B METOTKE
o0ydeHust uHpopMaTHKE.

Kazaxcmanckue uccreoosanus

B koHTekcTe cTparermueckoil MoJepHu3auu Beicuiero oopasosanus B Pecnybnuke Kaszaxcran
aKTUBHO pa3BHUBAETCS HAy4YHOE HAIpaBJiCHHUE, TIOCBALMIEHHOE MPAKTUYECKOMY TNPUMEHEHHUIO
reiimudukanuu. Kazaxcranckue wuccnemoBatenu, Takue kak Kyanbaesa XK. m baitryroBa /1.,
J0Ka3ajM, 4TO BHEJIpPEHHE TelMU(]UKAIMK OTKPHIBAET HOBbIE BO3MOXKHOCTH M WHHOBAIIMUOHHBIE
pelIeHHs B TIeJarOrnYeCcKOi MPAaKTUKE U CIOCOOCTBYET MOBbIeHHIO MoTuBanuu [13]. Yaucosa M.
u Komapos JI. akTyanu3upyroT HCHOJb30BaHHWE TIeMMH(PUKAMU B CHCTEME TEXHUYECKOTO U
poeCCUOHATTLHOTO 00pa30BaHUs JJIsl pa3BUTHS TPOPECCHOHATBLHBIX KOMIIETEHIINN, pacCMaTprBast
BKJIIOUEHHE KOMIIBIOTEpHBIX uUrp B coaepxkanue UWT-monyneit [14]. Ilommmo »sToOroO,
AnnabepreHoBa A. u Ecelikbizpl Y. B CBOEM HCCIEAOBAHUU IMOAYEPKUBAIOT, YTO IMPUMEHEHUE
UTPOBBIX TEXHOJIOTHI B megarornyeckom obpaszoBanuu Kaszaxcrana cnoco6cTByeT (popMupoBaHUIO
yCTOMUMBOM y4eOHOW MOTHBAIMM, pPAa3BUTHIO KPUTUYECKOTO MBINUICHUS W TOBBIIICHUIO
BOBJICUEHHOCTH  CTYJEGHTOB, OCOOCHHO TIpU BHEIpeHHH LHUQPPOBBIX 00pa30BATEIbHBIX
wiargopm [15]. Bonee Toro, cucremMHbIil ananu3, npoBeACHHBINH XKancyryposoi I'. u e€ komeramu,
BbIIETISIET reiiMuduUKannio B MpodeccnoHalTbHOM 00pa30BaHUU KakK KIFOYEBOE HAIpPaBIICHUE IS
JaTbHEUIITNX MCCIIEJOBAaHUH, TIOATBEPKIasi HEOOXOIUMOCTh U3YUYEHHUs €€ MPUMEHEHUS B YCIOBHUSIX
Kazaxcrana [16]. Takum 006pa3om, reiMudUKaIis paccCMaTPUBASTCS B CTPAHE KaK CTPATETHYCCKUM
WHCTPYMEHT ISl IOCTHUKEHUS [IeIel HAlMOHAIBHBIX MPporpamMm udposuzanun. [Ipu sToMm Bormpocs
MpUMEHEeHUs TelMu(duKanuu B MOATOTOBKE OYIyIIMX ydyuTeled HHPOPMATHKU IPEACTABICHBI
OTHOCHUTEIIEHO OTPAaHUYCHHO, YTO CBS3aHO ¢ (POPMHUPYIOIIUMCS XapaKTepPOM JaHHOTO HAIPABJICHUSI.
OpHako MMEIOIIMECs HCCIEIOBaHMS TOKa3bIBAIOT, YTO TedMHU(UKAIMSI MOXKET CIIOCOOCTBOBAThH
pa3BUTHIO TPO(PECCHOHAIBHO 3HAYMMBIX KOMIICTCHIIMH, BKJIIOYAs AHAJUTHYECKOE MBIIUICHHE,
CaMOCTOSITENILHOCTh M YMEHHE MTPOEKTUPOBaTh LU(pPOBbIe 00pa3oBaTelibHbIE Cpefibl. TeM He MeHee,
BHEJPEHNE HOBBIX 00pa30BaTEIbHBIX MMOAX0/I0B HEPEIKO CONPOBOXK/IAETCS TPYAHOCTSIMU — HAUMHAS
C HEJOCTAaTOYHOW TEXHUYECKOW MH(PPACTPYKTYpbl W 3aKaHYMBas CHUKCHHMEM MOTHBAIlUM KakK y
CTYJEHTOB, TaKk M y npenojanBateneil. CienoBaTelIbHO, HACTOSIIEE UCCIIE0BaHNE, PEACTABISAIONIEE
co0Oi cHUCTEeMAaTHMUECKUW aHallu3 METOJIOB BHEAPEHHS DIEeMEHTHhl TelMuduKanuu B BbICIIEE
oOpa3oBaHMUe, SBJISETCS CBOEBPEMEHHBIM M HEOOXOAUMBIM. {7151 JOCTH)KEHUS MMOCTABIEHHOM 11eTU
ObuIn cOPMYIMPOBAHBI HCCIIEAOBATENLCKUE BOIPOCHI, MpEACTaBIeHHbIe B Tabauie 1, KOTopble
MO3BOJISIIOT OIPENEINTh aKTyalbHbIE TEHJIEHIUM W TEPCHEKTUBHBIE HANpPaBJICHUS JallbHEHIINX
HUCcCIeJOBaHUH.

Tabnuya 1. Hccaedosamenvckue 60npocul

Ne| Obosnauenue Hccrnedosamenvckuti gonpoc

1 | UBI CKOMbKO HAYUHLIX NYOIUKAYULL NO 2etiMupuKkayuu 6 evicuieM 00pazosanuu OvLIO
onybnukosano ¢ 2020-2025 22.?

2 |UB2 B kakux cmpaunax npogoounoch Hauborbulee KOMUYECMBO UCCTe008AHUL NO
cetimugurayuu 6 gvicuiem obpazosanuu?

3 | UB3 Kaxue xnrouesvle cnoga Haubonee 4acmo UCHONb308ANU ABMOPbL 8 UCCIEO08AHUAX
cetimugurayuy 8 gvicuiem obpazosanuu?

4 | UB4 Kaxue uccnedosamenvckue memooonocuu yawe 6ce20 HPUMEHSIUCL NPU U3YYeHUU
cetimugurayuy 8 gvicuiem obpazosanuu?

5 |UBS5 Kaxkue anemenmol eetimugpurayuu UCNoIb308a1UCh 8 UCCIC)08aHUAX Hauboaee wacmo?

6 | UB6 Ha xakue nepemennvie anusiem ceimugpurayus U KAKo8a CUIA IMO20 GIUAHUL?

HpuM@l{aHue: cocmaesieno asmopamu
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Taxkum o6pazom, chopMyIHUPOBAHHBIE UCCIIEIOBATEILCKAE BOMPOCH! OMPEICISIOT CTPYKTYPY U
JIOTHKY HacTOSIILEr0 CUCTEMAaTHYECKOro aHaiu3a. Jlanee mpeacTaBleHO ONMCAaHUE MaTepUalloB U
METOJI0B, UCIIOJIb30BAHHBIX JUISl TOJIYYEHUS] SMIIMPUUYECKUX JTAHHBIX.

MeTtono10rust uccae0BaAHUA

B nmpomecce ananmmuza sureparypsl U €€ pe3yibTaToB ObLI MNPUMEHEH KOMIUIEKCHBIN
METOJIOJIOTUYECKUN  TIOJXOJ, COYCTAIONUN TEOPETUYECKUE ¥  OMIIUPUYECKHE  METOJIBI.
Teopernueckue MeTonbl (aHANMHM3, CHHTE3 M OOOOIICHHE) HMCIOJb30BAIUCH I (OPMHUPOBAHUS
I[EJIOCTHOTO TPEJICTABICHUS O TIPOOJIEeME U KOHIICTITYalIbHOTO OCMBICIICHHS POJIH TeMUdUKaIiu B
COBpPEMEHHOM BbICIIEM oOOpa3zoBaHuu. [Ipu oTOope MmyOMUKalUWK JOMOJHUTENBHO YUYUTHIBAIUCH
paboThI, coaep)Kalue IaHHBIC, MOTCHIUATBHO PEIICBAHTHBIC JJIsi MPUMCHEHUS DSJIEMEHTOB
reiMuQuKanuu B MOAroTOBKE OyAymMX yuuTesieid "HHOPMaTHKH.

Cmpameeus noucka u ombopa nyoaukayuti. bubauorpapuueckuii MOUCK NTPOBOIWICT B
ceHTsa0pe-okTsiOpe 2025 roma, B Scopus u Web of Science, a Takke ¢ ucnosnp3zoBanueMm Google
Scholar. /Ins yrouHeHHs] TOJTHOTEKCTOBOTO JOCTYIA M BBISBICHHUS TOTIOTHUTEIBHBIX MaTEPHAJIOB
UCIIOJIb30BAJINCh OTKPBIThIE perno3utopuu, BKIo4as ResearchGate. Takol mmpokuii oxsar
HWCTOYHUKOB OOECIEeUYM BCECTOPOHHHHM  aHAM3  IICHXOJIOTHYECKOM, TMEJaroru4eckon
METOJIMYECKOM JTUTePaTyPhl, MOCBSIIIEHHOMN HCCIeayeMON TEME.

Ozpanuyenus, onpeoensowue npoyecc Gopmyauposanus Nouckosvix kpumepues. IlonckoBas
CTpOKa BKJIIOYaja TEPMUHBI, CBsI3aHHBIE ¢ reiimudukanueit (gamification, gamified learning u ap.),
BbIcIM oOpa3oBanueM (higher education), a Tax)ke KIIIOYEBHBIE CJIOBA, OTHOCSIIUECS K TIOATOTOBKE
Oynyumx yuuteneit unopmaruku (informatics education, computer science teacher education). 9to
MTO3BOJIMJIO YYUTHIBATH UCCIICAOBAHUS, UMEIOIUE METOANYCCKYIO 3HAUUMOCTD IS TIeIarOTHIeCKON
MOATOTOBKU. BpeMeHHO# nuana3oH ObLI CTPOrOo OTpaHUYEH MyONUKALMSMU, BBIIICAIIUMU MOCIE
2020 roma (PUBYEAR >= 2020 AND PUBYEAR < = 2025), uro obecreunsio (hOKyc Ha caMmbIX
aKTyaJIbHbIX HAYYHBIX UCCIIEIOBAHUSX.

Kpumepuu exnrouenus u uckniouenus. Jns yTouHEHHs TpaHHIl UCCIEIOBAHHUS U 0OECIICUCHUS
PEJIEBAHTHOCTH BBIOOPKU OBbUIM pa3pabOTaHbl CTPOTHE KPUTEPUU BKIIOYCHHS U HUCKIIOYCHHUS,
npeacTaBieHHbIe B Tabnuie 2.

Tabnuya 2. Kpumepuu 8xkiroueHus u UCKIO4eHUs

Kpumepuii Bruoyenue Hcknrouenue
Temamuxa Hccnedosanue wuanpaeieno ma npumenenue | Mcnonvzoganue MepMUHO8,
eetimupuxayuu 8  npoyecce  O0YYEHUs | CEA3AHMBIX C  GUOEOUSPAMU  UTU
cmydenmos  8y308,  eKkmiouas — pabomol, | «serious gamesy emecmo
cooepacaujue Oannbvie, peneganmuvle | «gamificationy
no020mosKe OyOYWux yuumeneu UHQpoOpmMamuxy
Yposenw Buicuee obpazosanue Cpeouee, HauaibHoe,
0bpaszosanus O00NONHUMeENbHOE obpaszosanue;
omcymcmaue ymouHeHus yposHs
Yuacmuuxu CmyOoenmul baxanaspuama unu | Ilpenooagamenu,  ynpasneHueckuti
Mazucmpamypbl nepcoman
Tun Omnupuueckoe, meopemuyeckoe, emopuunoe | He  coomeemcmeyem  npeomemy
uccnedosanus unu 0630pHoe uccnedosanus,  Oyonupyemcs — uau
HeOOCTNYNHO
Locmynnocmo Ilonnviii mexcm 6 omKpulMom 0ocmyne Omcymcmeue noano2o mexkcma uiu
NAGMHBLIL 0OCmYN

Hpumeqaﬁue: cocmaeneno asmopamu

Jns aHanu3a OTOOpaHHBIX MyOnMKanuii OBLIM HMCIOJNB30BAaHBl KAauyeCTBEHHbIE IOKA3aTelH,
npencrasiaeHHble B Tabmune 3 OHM MO3BOJNIMIIM OLEHUTH METOAOJIOTMYECKYIO CTPOrOCTh U
000CHOBAHHOCTb MPECTABICHHBIX PE3yJIbTaTOB.
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Tabruya 3. Bonpocsi, onpedensiowjue Kpumepuu Kaiecmasa

Hensemcs iu Konyenyus eetimupuxayuy Yémxo onpeoenrénoul?

Cohopmynuposansvl au yeau uccied08anuusi AICHO U KOHKPemuo?

Onucana au 8b160pKa 4 00cmamouer 1y e€ 00vém 0ist NPOBEOeHUs AHAAU3A?

Jlocmuenymol 1y 3as61eHHble pe3yibmambl 8 COOMEEMCMEUU C Yeasimu?

Tlookpennenvl u 861860061 HIMIUPUYECKUMU OAHHBIMU?

Obcyoicoarom au asmopul 02paHudenus: U mpyoHOCmU UCCI1e008aHUs?

Ilpusedenvl 1 npakmuyeckue pekomMenoayuy no NPUMeHeHuIo elmupurayuu 8 8y3ax?
Yyumuvieaemces nu 603mooicHocmy npumenenus pesyivmamos 8 no020mogke 6yoywux yuumenetl
ungopmamuru?

el I FAl Bl Pl Pl Il

prweqaﬂue: cocmaenero asmopamu

Ilpoyecc ombopa nybauxayui. OTOOpP cTaTelt OCYIIECTBISUICS B TPU MOCIIEI0BATEIbHBIX dTamna: 1.
[IpeaBapuTe/bHBIA TMOUCK IO KJIIOYEBBIM CiioBaM; 2. YpaineHue nayonmukartoB; 3. CKpHHUHT
AHHOTAIlMH W TIOJHBIX TEKCTOB HA COOTBETCTBUE KPUTEPUSM BKIIOUYCHHs [IpuMeHEHHE TaHHOTO
MOJX0JIa TO3BOJWIO OOECIEeYUTh IMOCIEOBATENIFHOCTh JTAlOB IIOMCKA, OTOOpa M aHalu3a
JUTEPATYPhI, YTO TIOBBICHIIO JJOCTOBEPHOCTH U BOCIIPOM3BOAMMOCTh PE3yJIbTATOB.

[Ipouecc orbopa HarmsimHo mpencraBieH Ha cxeme PRISMA (Preferred Reporting Items for
Systematic Reviews and Meta-Analyses). Mertomonorus PRISMA mnpencrasmsier coboit
CTaHIApPTU3UPOBAaHHBIM HabOp TpeOoBaHMIA, OCHOBAHHBIX HA HOMIUPUYECKUX JAHHBIX U
HaIPaBJICHHBIX Ha IMOBBIIICHUE TIPO3PAYHOCTH U TIOJHOTHI CHCTEMAaTHIECKIX 0030pOB (PUCYHOK 1)

Unentuduxanus

KIJJJ HYeCTBO tlﬁll&lr}}"}l{di!liblx IIyG.’lIII\'HII_H H B ]‘)e';yn bTATE II(II{UI(E{! | KOJ‘JH'{CCTBO r[yﬁ:mlcal.mii
B Dazc maHHbIX (n=3451);
* Web of Science (n=832)

YIEICHHBIX 110 TIPHYHHE
ayGmuposanna (n=1486=43%)

= Scopus (n=412) =
= Google Scholar (n=1107)

« ResearchGate (n=1100) Hpyrue o0nacTH NpHMEHEHHA

reitanduranmu (n = 1097 = 55 8%)
] . IefivubHuranig Kax CHHOHHM HTP

= s ( BHISOHT DB, Cﬁphé’illhle HIPBI)
| Konugecrso nybnukainni nocie yianeHns ybnukaTos M=219=11,1%)

| (n=1965=56.9%) Jpyrue yposun oGpazosanms

| — (n=338=17,2%)

ITpHMEeHeHH e 15 NPEnoaBaHis B

CKpHHHHr By3ax (n =44 =2,2%)
I He coorpercrByloT CoAepiatiio
; {(n=101=5,1%)
| Konugecteo nmyGnnkaumii, MpomeImnx CKpHHHHT (n=6(0) TToJIHBIE TEKCTBI HEJOCTYIIHBI
T (n= 106 = 5,4%)
Bxiroueno

I TMonHble TeKeThl crarTeil, OLUeHEHHbI

| ‘ JUs BRIOYeHH B avanns (n=42)
[Tonukle TekeTsl HeJoeTyiusl (n=18 = 36,7%) ‘ -

Pucynox 1. Cxema PRISMA (cocmagneno asmopamu)

Bcero B pesynbrare moucka B 4eThIpEX 0a3zax AaHHBIX OblI0 oOHapyxeHo 3451 myOnukanms,
Brmrouast Web of Science (832), Scopus (412), Google Scholar (1107) u ResearchGate (1100). I[Tocie
ylaneHus 1yOauKaToB K JajbHENIIeMy aHanu3y Obuto gomymieHo 1965 nyonaukauuit (56,9%).
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Ha srane ckpununra u3z 1965 myOnukauuii ObIITM UCKITIOUEHBI pabOTHI, HE COOTBETCTBYIOIIUE
YCTAaHOBJICHHBIM KPUTEPHUSM, U K JAIbHEHUIIIEMY pacCMOTPEHHIO ocTaioch 60 mybnmukamuii. M3 Hux
42 uMenu JOCTYITHBIN MOJHBIN TEKCT U OBbLIM BKIIFOUEHBI B UTOTOBBIN aHAIH3.

Memoowt ananuza oanneix. J11s ganpHeNIIero aHaIM3a UCHOIb30BAINCH KAU€CTBEHHbBIE METOIbI
00paboTKM JUTEpaTyphl, BKIOYAs TEMAaTHUECKYIO KiIacCH(UKAIMIO, CPAaBHUTEIbHBIN aHaIN3 U
CUCTEMaTHU3aINIo pe3ynbTatoB. [Iporpammubie nHcTpyMeHTHI Microsoft Excel, VOSviewer 1.6.19 u
Datawrapper npuMeHsUITUCh 71 YIOPSIOYMBAHUS JJAHHBIX U BU3YyalIU3allUd TEMAaTHUUYECKUX CBSI3EH
MEX/1y KIHYEBBIMU MTOHITUSIMH, aBTOPAMHU M UCCIIEA0BATEIbCKUMU HanpasiaeHusIMU. Konuposanue
OCYIIECTBIISUIOCH BPYYHYIO Ha OCHOBE KAaTErOpHii, CBS3aHHBIX C JJIEMEHTaMU TreidMuduKanuu,
TUIAMU TPUMEHIEMbIX METOI0JIOTHH 1 3apuKcupoBaHHBIMU 3D dekTamu.

Oepanuuenuss  uccneooganus. Hactodinee wucciaeioBaHWE OrpPaHUYEHO —MyOJIMKAIUSMU,
JOCTYITHBIMH B OTKPBITBIX 0a3ax MJaHHBIX, YTO MOIJIO TPUBECTH K HCKIIOYCHHIO HEKOTOPBIX
JIOKaJbHBIX HccaenoBanuii. KpoMme Toro, ananu3 He BKIItOYan paboThl 0€3 MOJTHOrO TEKCTa WM
OITyOJIMKOBAaHHBIC HA A3BIKAX, OTIIMYHBIX OT aHTIIMICKOT0, PyCCKOTO M Ka3aXCKOTO.

PesyabTaTsl nccjienoBanus

JUis  uHTepHpeTalMud JAaHHBIX HIPUMEHsSUIaCh CpPaBHUTEIbHO-aHAJMTUYECKas CTpaTerus,
BKJIIOYAIOIIAs] COTIOCTABJIEHUE YACTOTHBIX XapaKTEPUCTUK M BBISBIECHUE NPUUYMHHO-CIIEACTBEHHBIX
B3auMOCBsI3eil. Pe3ynbTaThl aHamM3a IUTEPaTyphl ObUIM CIPYNIIUPOBAHBI B COOTBETCTBUH C LIECTHIO
uccnenoarenbckumMu Bonpocamu (MB1-11B6). Kaxaplii Borpoc pacKpbIBaeT OTAEIbHBIM acHeKT
IPUMEHEHMs TeHMU(pHUKAIIMY B BBICILIEM 00Pa30BaHUU U [TO3BOJISIET COMTOCTAaBUTh KOJIMYECTBEHHbBIE U
KAueCTBEHHbIE PE3YyJIbTaThl IMyOJIMKAlLMKA, B TOM 4YMCIE C TOYKH 3PEHHUS MX MNOTEHLUHUAIbHON
3HaYMMOCTH JJIs1 IOATOTOBKU OyAyIIUX yuuTeneil uHHOpMaTUKH.

UBI. Jlunamura nyoruxayuii no eetimugpuxayuu 8 gvlcuiem oopazosanuu (2020—2025)

AHanmu3 JaHHBIX TOKa3aJl BbIpakeHHbIE KojeOaHMs o0béMa myOnMKauui 3a HCCleayeMbli
nepuoz. B 2020 rony Obuto ony0aukoBaHo § ucciaenoBaHui, a B 2021 roy Ux 4nciao CHU3UIOCH 10
6. B 2022 rogy nabmronasncsi 3HaYUTENIbHBIA pocT — A0 19 mybnukanuii, 4To oTpakaeT yCHIICHUE
WHTEpeca HAYYHOTO coolmecTBa K Teme reimudukanuu. B 2023 romy komwdecTBo padoT
YMEHBUIMIIOCH 10 7, oHaKo yxe B 2024 rony BHOBb 3aMKCUPOBaH pocT — 10 9 uccienoBanuii. B
2025 romy, Ha MOMEHT NpPOBEICHMS aHaINW3a, ObUIO HAEHTU(PUIMPOBAHO S5 mMyOIMKalUM, YTO
CBHJIETEJILCTBYET O MPOI0JDKAIOIIEMCSI HHTepece K TaHHOH TemaTuke (Tabnuua 4).

Tabnuya 4. Pacnpedenenue nyoauxayuii no cooam, 2020-2025 ze.

Too uligj]llzgszzz?ﬁ Ipumepwvr k1104eBbIX NYOIUKAYUL

2020 3 Jayalath & Esichaikul (2020); Pinter et al. (2020); Rui Silva et al. (2020);
Zolkina et al. (2020); Mitosz & Milosz (2020); Altomar et al. (2020)

2021 6 Willert (2021),; Khaleel et al. (2021),; Fedorenko et al. (2021); Semerikov et

al. (2021); Mask & Emotion (2021)

Alieksieienko & Kryshtanovych (2022); Behl et al. (2022),; Limantara et al.
2022 19 (2022); Lluch-Molins et al. (2022); Maryono et al. (2022); Byrne et al.
(2022); Durrani et al. (2022); Sanchez-Lopez et al. (2022)

Bohne et al. (2023); Yechkalo & Tkachuk (2023); Morozov et al. (2023);
Palamar et al. (2023); Pushkar et al. (2023); Tonbuloglu (2023)
Semerikov et al. (2024),; Oleksiuk et al. (2024); Velychko et al. (2024);
2024 9 Lytvynova & Rashevska (2024); Ovcharuk et al. (2024); Riabko &
Ihnatenko (2024)

Emiroglu et al. (2025); Sripan & Manyam (2025); Zappala et al. (2025);
Riabko & Ihnatenko (2025); Floodcraft (2025)

HpuMeuaHue: cocmaesierHo asmopamu

2023 7

2025 5

245



BECTHUK Ka3HIIY um. Abas, cepus « PQusuxo-mamemamudeckue naykuy, Ne4(92), 2025 a.

UB2. I'eoepaguueckoe pacnpedenenue ucciedo8aHull

[eiimudukanus uccienyercs B LIMPOKOM CIIEKTPE HAIIMOHATIBHBIX KOHTEKCTOB, OXBATHIBAIOIINX
eBpOIeliCKHe, a3uaTCKUe U aMepUKaHCKHe oOpa3oBaTenbHble cucTeMbl. Hanbombinee KOIM4ecTBO
uccinenoBanuii 3adukcupoBano B Ykpaune (N = 7; 17%), a taxke B Mcnanuu (N = 5; 12%),
Nunonesun (N = 3; 7%), Manaitzuu (N = 3; 7%) u Poccun (N = 3; 7%), KOTOpbIE€ B COBOKYITHOCTH
(GhopMHUPYIOT 3HAYUTENBHYIO YacTh BeIOOpKHU. CyiecTBeHHbIN BKIaa BHOCAT Takke CIIIA u Kanana
(N = 4; 10%), B To BpeMsi Kak €BpOIICHCKHE CTpaHbl, BKitoyas |epmanuto, Benmukobpuranuto,
Wpnanauro, [onbmy, @pannuto u [lopryranuio (B cymme N = 8; 19%), a takxke rocymapcraa
Jlatunckoit Amepuku — Yunu u bpazunuio (N = 2; 5%), — 1eMOHCTpUPYIOT yCTONYMBOE, HO MEHEE
00BEMHOE TIPEICTABUTENIBCTBO. MEXAyHapOIHbIe M MYJIbTHHALMOHAJIBHBIE 0030pbI COCTABUIH 6
nyomukanuit (15%). Bce coOpanHble naHHble ObUIM HHTETPUPOBAHBI B KapTorpaduyuecKyro
Bu3yasn3anuio (PucyHok 2), coctaBieHHY0 aBTOpaMH Ha OCHOBE arperupOBAHHBIX MOKa3aTeseH mo
cTpanam. L[BeToBOE KOAMpPOBaHUE OTPaKaeT HMHTEHCUBHOCTh UCCIIEIOBATENIHCKON aKTUBHOCTH (OT 1
70 5 myOIUKaIMii), YTO MO3BOJIET BU3YalIbHO COMOCTABUTH PACIpE/ICICHNE HAyYHOTO MHTEpeca K
reiMuQuKauy MeKy peruOHaMH.

Kazaxcran mpencraBieH aByms wuccienoBanusmu (N = 2; 5%), onmHako myOmukanuu
JEMOHCTPUPYIOT YCWJIMBAIOIIUICA WHTEPEC K HWHTETrpallil WUIPOBBIX MOIXOJOB B IMOATOTOBKY
MeIaroroB M IU(POBU3AIMIO BBICIIETO 0Opa3oBaHusi. BmecTe ¢ TeM CpaBHHUTENBHBIN aHATU3
MOKAa3bIBAaeT HEJOCTATOYHOE MPE/ICTaBUTENbCTBO cTpaH LlenTpanbHoit A3uu (B cymme meHee 5%
BBEIOOPKH), YTO TMOAYEPKUBACT HEOOXOJUMOCTh PACIIUPCHHS PETHOHATBHBIX 3MITMPUICCKUX
WCCIIEIOBAaHMUM, aJanTHPOBAHHBIX K KYJIbTYpHBIM M HHCTUTYIIHOHAIBHBIM OCOOCHHOCTSIM
oOpa3zoBaTenpHOU cpenpl KazaxcraHa um compenenbHBIX TocynapcTB. B 3Toil CBsI3M BOIPOCH!
WCIOJIb30BAaHUS JIEMEHTOB FreMMU(PUKAIIMU UMEHHO B TPOrpaMMax MOATOTOBKU OYIyIUX yUUTENen
MHPOPMATUKH TIOKa OCBEUIAIOTCS TOYEYHO W CYHIECTBEHHO YCTYMAIOT 10 KOJHYECTBY
UCCIIEIOBaHMM, MOCBAIIEHHBIM IPYTHMM HAMpaBieHHUsIM BhICIIEro oOpa3oBaHus. Tem He MeHee,
BEISIBJICHHBIC PA0OTHI TO3BOJISIFOT  ONPEACTUTh HANpPaBICHUE PAa3BUTHS UCCICIOBAHHUNA 110
reiMuuKauu B METOJUKE MpenojaBaHus HHPOPMATHKH, a TaKKe OIPENeIUTh AIIEMEHTHI,
o0JaaroIme METOIMIECKUM TOTEHIIHATIOM.

Pucynox 2. I'eozpagpuueckoe pacnpedenenue nyoaukayuii N0 KOHMUHEHMAam U CMmpanam,
2020-2025 (cocmasneno asmopamu)

UB3. Haubonee yacmo ucnoivsyemole Kirouegvle Cl08d
AHanu3 KIIOUEBBIX CIIOB MOKa3bIBa€T, YTO MCCIEAOBAHHUS MO TeWMU(UKAIMH B BBICIIEM
o0Opa3zoBaHuM (POPMHUPYIOTCS BOKPYT YCTOWYMBOTO HaOOpa MOHSTHM, CBSI3aHHBIX MPEXIE BCETO C
o0Opa3oBaTenbHBIM TpolleccoM. Yale BCero B MyONHMKAIUSAX BCTPEYAIOTCS TaKWe TEPMHHBI, Kak
«reiiMuduKanug», «obpazoBaHue», «oOydeHue», «Bbicliee 00pa3oBaHUE» U «CTYIEHTBD». Mx
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BBICOKAsi YaCTOTHOCTb OTPAaKa€T OPUEHTAIMI0O HAYYHBIX pabOT HAa HM3y4YCHHUE BIUSHHS UIPOBBIX
MOJIXOJIOB Ha 00y4YeHHe, B3aUMOJCHCTBHE CTYIEHTOB M OpPraHU3alUI0 yUeOHOU CPEeIbI.

[TomuMo 00pa30BaTENbHON JIEKCHKH, aBTOPHl AKTHBHO HCIIONB3YIOT CJIOBA, CBA3aHHBIE C
METOJIOJIOTHEN HucciienoBaHuil. B TekcTax Hepeako YIOMUHAIOTCS «CMEIIaHHbIE METOJbD»,
«CUCTEeMAaTHUYECKUH 0030p», «OMOITMOMETPUYECKUN aHATIN3», YTO CBUETEILCTBYET O pa3HOOOpa3uu
MIPUMEHSIEMbIX HCCIIEOBATeNIbCKUX CTpaTeruid. BpImensitoTcss Takke MOHATHSA, OIMCHIBAIOIINE
KOHKPETHBIE MEXaHUKH TeWMU(UKAIUKN, HaOpUMEp «CTUMYJbD», «BBIOOpPY», «COIUAIBLHOE
B3aMMOJICHCTBHE», KOTOPhIe (PUKCHPYIOT MHTEPEC MCCIeAOBaTeNeH K M3YYCHHUI0 MOTHBAIIMOHHBIX
¢dakTopoB u (GopM B3auMOCHCTBHUS B yuyeOHOM mporecce. B COBOKymHOCTH Takas CTPYKTypa
KITIOYEBBIX CJIOB IMOKAa3bIBAET, YTO IeiMH(UKAIMA MOCTEIIEHHO 3aHUMAeT YCTOWYMBOE MECTO B
00pa30BaTeNbHbIX UCCIEI0BAHUSAX U PACCMATPUBACTCS HE TOJIBKO KaK MeIaroriueckuii MHCTPYMEHT,
HO U KaK 00BEKT MEXIUCIHUITMHAPHOTO aHAIH3A.

UB4. [Ipumensemoie ucciedosamenbckue memoooiocun

Amnanu3z 42 oToOpaHHBIX ITyOJUKAIMHA MOKAa3bIBAET, YTO METO/IbI UCCIICIOBAHUS TeHMHU(HUKAIINN B
BBICIIIEM O0pPa30BaHUU OXBATHIBAIOT IIMPOKUHN CIEKTP TEOPETHUECKUX U IMIIMPUIECKUX MOIXOIOB.
B BBIOOpKE ITpeIcTaBIeHBl KOHIENTYaIbHbIE paO0THI, aHATTUTHYECKHE 0030pbI, ONOITHOMETPUIECKHE
WCCIIEIOBaHMS, SKCIIEPUMEHTBHI, KBa3H-3KCIIEPUMEHTANBbHBIE IU3alHBI, ONPOCHI, Keilc-cTamu u
CMEIIaHHbIE METOJbl, YTO MOMYEPKUBACT MEKIUCHHUILUTUHAPHBIA XapakTep HCCIEI0BATEIbCKOTO
1oJis. 3HaunuTeIbHAas 4aCTh PAaOOT OTHOCUTCS K TEOPETUKO-aHAIUTUYECKOMY HAIIPABIICHUIO, BKITIOYAs
(byHIaMeHTaNbHbIE O0030pbl, B KOTOPBIX YTOYHSAIOTCA Oa30BbIe TOHATHS TeWMU(UKAIH U
(bOpMUPYIOTCST METOJIOJIOTUYECKUE OPUEHTUPHI Al aMmupudeckux uccrnegopanuii (Deterding S.;
Hamari J.; Kapp K.; Seaborn K., Fels D.).

Hapsiny ¢ sTum 3ameTeH O0JbII0i MacCUB SMIUPUYECKUX UCCIIEIOBAaHM, BKIFOUAIOIIUI:

- DKCIEpPUMEHTAJbHBIC H KBa3H-IKcIiepuMeHTabHbIe nu3aiabl (Landers R.; Bohne T.; Jitsupa J.;
Khalil F.);

- OMPOCHI M HCCIIeI0BaHue BocipusaTus cTyaeHToB (Pegalajar-Palomino M.; Acosta-Medina J.);

- Oubmmomerpuueckue u cucremarnyeckue 0030psl (Irwanto I.; Saleem T.; Pan Y.; Platz T.);

- KauecTBeHHBIC HccienoBanms u keiic-ctaau (Lluch-Molins L.; Othman N.

Yacte myOnuKanmuii MCHOJIB3yeT CMEIIAHHBIE METOJbl, OOBEIUHSAS KOJUYECTBEHHbIE U
KayecTBEHHBbIC NaHHBbIe. TakuM 00pa3oM, COBPEMEHHasi METOJIOJIOTHYecKass 0aza WMCCIeTOBaHHNA
rediMuuKaluy B BbICIIEM OOpa30BaHMM OTJIMYAETCS BBIPAXKEHHOW MHOTONPO(UIBHOCTBIO: OT
(GyHIAMEHTAIBHBIX  KOHLENTYaJIbHBIX  pabOT 10  OKCIEPUMEHTAIbHBIX  MOJeNed |
OubNIMOMeTpUUECKUX 0030pOB. DTO TOATBEPXKIAET 3pENIOCTh HANpaBJIEHUS U TEepexol
MEXIYHapOAHOIO HAy4yHOro coo0IliecTBa K 0Oosee KOMIUIEKCHOMY HcCeloBaHu0 (P (EeKToB
reiiMu¢ukaiui. B COBOKYITHOCTH TakWe METOJI0JIOTHUYECKUE MOJIXObl CO3al0T OCHOBY Ul OoJsee
rI1yOOKOr0 aHaIu3a He TOJIBKO 3 (HEKTUBHOCTH OT/IEIbHBIX UTPOBBIX AJIIEMEHTOB, HO U 0COOEHHOCTEN
UX MEeJaroruyeckoro MPUMEHEHHsS. DTO OCOOEHHO Ba)XHO IPH PACCMOTPEHMHM METOAMYECKHX
aCIIeKTOB HCITOJIb30BaHMS TeUMU(UKAIIME B TOJArOTOBKE OyAyIIMX yuuTenell WH(OpMATHKH, TIe
TpeOyeTcs aganTanus UTPOBBIX MOAX0JI0B K 33aauaM NMpo(hecCHOHAIbHOTO 00yUeHHs..

UBS5. Haubonee pacnpocmpanéntule nemenmol ceumMupukayuu

Ha ocHoBe mpoBe€HHOTO KOHTEHT-aHajdu3a OblI C(OPMHUPOBAH NEPEUYE€Hb MIPOBBIX MEXAHUK,
WCTIOJIh3YEMBIX B BBICIIIEM 00pa3oBaHuy. MTorn BU3yanu3upoBaHsl B sunburst-auarpamme (PucyHok
3), KOTOpast OTpakaeT 4acTOTy M CTPYKTYpYy NPHUMEHEHHUsS pa3jIM4yHbIX 3JIeMEeHTOB. Jluarpamma
MOKa3bIBaET, YTO HamOOJee HIMPOKO HCIONB3YIOTCS OalTbl, 3HAYKH, PEHTHHTOBBIC TAONUIBI U
ypOBHH, (HOpMUpYIOIIKME KPYMHEHIINEe CEerMEHThl. OTHU DIIEMEHTHl BBICTYNAIOT 0a30BBIMHU
WHCTPYMEHTaMH MOTHBAIMH U KOHTPOJIS Iporpecca B OOJBIIMHCTBE HCCIIEJOBAHHBIX padoT.

Menee o6béMHBIe KaTeropun — «llporpeccy, «Harpane»y, «Happatus», «CopeBHOBaHHE» U
«[Ipodyee» — mpencTaBieHBl peXe W BKIIOYAIOT CIOKETHBIC 3aJaHWs, KBECTHI, WHIHKATOPEI
NPOABIKEHHSI U (OPMBI COLMAIIBHOTO B3aMMOJAEHCTBHs. VX orpaHudeHHas J10jis Ha JuarpaMme
CBHUJIETEIILCTBYET O TOYEYHOM HCIIOJIB30BAaHUM TAKUX MEXAHHK, TMPEUMYIIECTBEHHO B OTIEIBHBIX
Kelicax WM SKCIIEPUMEHTANIBHBIX UCCIIeIOBAHUSX.
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Pucynox 3. Haubonee pacnpocmpanénuvle s1emenmyl ceumuurkayuy 8 vblcuiem 0opas3osanuu
(2020-2025) (cocmasneno asmopamu)

B menom cTpykTypa BU3yalu3alud JIEMOHCTPUPYET NpeodiagaHue TPAAUIIMOHHBIX 3JIEMEHTOB
(6atbl, 3HAYKHM, PEHTHUHTH) U TIOCTEIIEHHOE pacIIUpeHUe MHTEepeca K 0ojee Ko1abopaTUBHEIM U
MOAJEP>KUBAIOIIMM HUIPOBBIM CTPATErHsiM, YTO OTPa)KaeT CIBUT HCCIENOBATENbLCKOro (okyca B
IIOCJIETHUE TOJIBI.

Jlis  TOATOTOBKM OyQylmuX yuuTenei WH(GOPMATUKU BaXXHbl JIIEMEHTHI, CBSI3aHHBIE C
MO3TAITHOCTHIO BBIMTOJIHCHUS 3a/IaHWH, HAKOIICHHEM JIOCTIKEHUH, CHCTEMOH OOpaTHOU CBSI3W U
COpPEBHOBATENBHBIMH (pOpMaTaMu, TOCKOJIBKY OHH COOTBETCTBYIOT CTPYKType KYpPCOB IO
ANTOPUTMU3ALMHI, TPOTPAMMHUPOBAHUIO U TPOEKTHOU JI€SITEIBLHOCTH.

Tot ¢akt, 4TO B UCCIIETOBAHMSIX Yallle BCETO UCTIONB3YIOTCS Oaslibl, 3HAUYKU, PEUTUHTH U YPOBHU,
YKa3bIBaeT HA OPHEHTAIIMIO TMPAKTUK TelMH(HUKAIMK HAa KOHTPOJIb Mporpecca W IOiJIep KaHue
peryisipHoil akTUBHOCTU. JIJis MOATOTOBKM OyAylIMX yuuTenell HHPOPMATHKH 3TO O3HAYaeT
11€J1eCO00pa3HOCTh CMENICHHUS aKIIEHTa OT COPEBHOBAHHMSI KAK CAMOIIEIH K ITOITAITHOMY OCBOSHHIO U
Mpo3payHoi OOpaTHOM CBSI3U, MOCKOJIBKY HMEHHO 3TH MEXaHHKH HAMpsAMYyH MOIICPKUBAIOT
OCBOEHHE AITOPUTMUYECKUX U MTPOEKTHBIX 3a/1a4.

UBG6. Bausnue cevimughuxayuu Ha obpazosameibHvle nepemenHbvle

[IpoBenénuplii aHanu3 myONMKANMK TOKa3bIBa€T, 4YTO TeWMU(UKAIMS OKa3blBaeT Kak
MOJIOKUTETIFHOE, TaK U OTPULIATENbHOE BIWSHUE Ha Pa3NUYHbIE MapaMmeTphl YU4eOHOro mporiiecca.
Haun0omnee yCcTOWYNUBO BBISIBIIIEMBIM TIOJIOKUTEIBHBIM 3P PEKTOM SIBIISICTCS TOBBIIEHUE MOTHBAIIAN
U AKTUBHOCTH CTYJEHTOB, YTO IOJATBEPKIACTCS PE3YyJbTaTaMU HCCIENOBAHUN IOCIECIHUX JIET.
['eiimudunmpoBanHple  Ccpefbl  CHOCOOCTBYIOT — YAYUIIEHHWIO aKaJIeMHYECKOM YyCIIeBA€MOCTH,
CTUMYJHPYIOT HMHTEpec K Y4eOHOMY MaTepualy, a TakKe TIOBBIIIAIOT YyIOBICTBOPEHHOCTh
o0Opa3oBaTeNnbHbIM OIBITOM. B psnge paboT oTMedaercs pa3BUTHE KPUTUYECKOTO MBILIUICHUS,
HABBIKOB PEIIEHUS MPOOJIEM U POCT YBEPEHHOCTH OOYYaIOIIUXCS B COOCTBEHHBIX BO3MOXKHOCTSIX,
YTO OCOOEHHO BBIPAXEHO MPH MCIOIb30BAHUM IMPOJYMAaHHBIX MEXaHU3MOB OOpaTHOHM CBSI3U U
MO3TAITHOTO MpoABIKeHUs. Hapsany ¢ aTum uccnenoBanus GUKCUPYIOT U psa orpaHuyeHui. OqHoM
13 HanOoJee YacThIX MPOOJIEeM CTAHOBUTCS CHIKCHHE BOBJICUYEHHOCTH IPH YPE3MEPHONW HTPOBOU
Harpys3ke, 4ro IMPUBOJUT K YTOMJICHHUIO U IOTepe uHTepeca. HekoTopble aBTOpPbI NOAYEPKUBAOT
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TPYAHOCTH, CBSI3aHHBIE C TEXHHYECKMMHU COOSIMM W HapylIeHHEM KOHTpOJS HaJ Yy4eOHBIM
IPOILIECCOM, OCOOCHHO B YCIIOBHAX OHJalWH-00yueHHsA. CyIIECTBEHHBIM OaphepoM OCTAIOTCS
neduuT nudPOBBIX KOMIIETEHIUH Y MpenoiaBaTesiel U OrpaHUuYeHHAs CIOCOOHOCTh a/IalITUPOBAThH
UTPOBBIC JIEMEHTHI IOJI PAa3JUYHBIC CTHIM OOydYeHHs, YTO CHIKaeT oOmyro 3(QeKTHBHOCTH
BHeapeHus. Kpome Toro, reiiMuukanus MOXeT ObITh MPUMEHHUMa HE BO BCeX 00pa30BaTENIbHBIX
KOHTEKCTaXx: B pAAe padOT OTMEYaeTcs OrPAaHMYCHHOCTh €€ WCIOJIb30BaHMS TIPH BBICOKON
Pa3HOPOJHOCTH CTYACHYECKHUX TPYII WA HEJOCTATOYHOM MOIEPIKKE CO CTOPOHBI MEAarorHuecKon
KOMAH/IBI.

[TpoBenEHHBIN aHATN3 [TOKA3BIBAET, YTO IreiiMU(UKaIMs 00J1a1aeT 3HAYUTEIILHBIM METOINIECKUM
MOTEHIAJIOM, OCOOCHHO B KOHTEKCTE IMOATOTOBKH OYIYIIMX yuuTeNnel HHPOPMATUKU. DIEMEHTHI,
obecrieunBaoNie 0OPaTHYIO CBA3b, MOITAINHOE MPOJBI)KEHHE, PA3BUTHE CaMOCTOSTEIBHOCTH U
pelieHre 3a1a4 MOBBIIIEHHOW CI0XHOCTH, MOTYT 3((QEKTHMBHO NPUMEHATHCS B MPENOJaBaHUU
METOJIUYECKUX U MPO(ECCHOHATBHBIX JUCLUUILIMH MO0 WHPOPMATHKE. DTO JeNaeT reiMuQHUKannio
MEPCHEKTUBHBIM HHCTPYMEHTOM JJIsl TIOBBIIICHHS KAYeCTBAa METOANYECKOM MTOATOTOBKH.

[lpu wmHTEpHpeTannu pe3yJbTaTOB BAXKHO YYHMTBHIBATh, YTO OTpUIATENbHBbIE 3(PQeKTs yarie
OIMCBIBAIOTCSI B YCIIOBHSIX IMEPETPYKEHHOTO UTPOBOTO JH3aiiHA M HEJOCTATOYHOW METOIUYECKOM
UHTErpalud, a He KakK CBOWCTBO reimudukanmuu B uenoMm. CrenoBarenbHO, 00OCHOBAHHOCTh
BBIBOJIOB CTAaThbH COCTOMT B TOM, YTO BBISIBIICHHBIC d(PPEKTHI CIEIYET TPAKTOBATH Yepe3 YCIOBHUS
peanu3anuy, YpoBeHb TOTOBHOCTH NPENOAaBaTelsl U COTVIACOBAaHWE UTPOBBIX MEXAHHMK C IENSMH
MOJITOTOBKH OYIyIIMX y4uTeneld HHPOPMaTHKH.

Juckyccus

Ileoacozuyeckue mexanusmvl U Yclo8Us NPUMeHeHUus 2eumuguxayuu 8 noocomoeke 0y0yuux
yuumeneu ungopmamuxu. 1IpoBenEHHBIN aHANNU3 PEe3yJIbTATOB MO3BOJISCT MEPEUTH OT ONMUCAHUS
YaCTOTHOCTU MIPOBBIX 3JIEMEHTOB K WX HHTEpHpEeTallud C TOYKH 3pEHHs Iearornyeckoro
MPUMEHEHHS B MOJATOTOBKE Oyaymux yuurtenei nHpopmaruku. [IpeoOnaganne Takux 3JI€MEHTOB,
Kak OaJuibl, 3HAYKU, PEUTHUHTU U YPOBHH, YKa3bIBAa€T HA CTPEMJICHHE CTPYKTYpUpPOBaTh y4eOHBIN
MpoIecC U MOACPKUBATH PETYISIPHYIO aKTHBHOCTh CTYIEHTOB. BMecTe ¢ TeM aHanmu3 myOiauKanuii
MOKa3bIBaeT, 4YTO CcaMU MO cebe UIrpOBble JJIEMEHTHl HE O00eclneYuBaloT yCTOWYMBOIO
negarornyeckoro 3ddexra v TpeOyOT METOAUUYECKH 0OOCHOBAaHHOI'O BHEPEHUS.

ConocraBnenue pesynapratoB MBS m MB6 mo3BonsieT BBIIENUTH HECKOJBKO MENArOTMYECKUX
MEXaHU3MOB, 4Yepe3 KOTopble TeimMuduranus MoxeT ObITh 3(hdexTrBHA B MpodecCHOHATHHOM
MOJroToBKe. B mepByto ouepens 3TO mojaep)kaHue ydeOHOH MOTHBALIMM M CAMOPETYJISALIUY 32 CUET
MO3TAITHOTO BBINIOJIHEHUS 3aJaHUM M cHCTeMbl OOpaTHOM cBsA3M. [laHHBIH MeXaHU3M OCOOEHHO
3HAUUM JUIs JUCLHUIUIMH 10 NPOTrPaMMHUPOBAHMIO M AITOPUTMHU3ALINH, IZI€ YCBOCHHME MaTepHualla
TpeOyeT Mociae10BaTeIbHOrO HapaluBaHus cioxHocTu. Kpome Toro, Buszyanusanus nporpecca u
JOCTH)KEHUHM  CIIOocOOCTBYEeT (POPMHUPOBAHUIO YBEPEHHOCTH OOYYalOLUIMXCS B COOCTBEHHBIX
BO3MOXKHOCTSIX U MOJIOXKUTEIBHO BIUSET Ha UX OTHOLIEHHUE K Y4EOHOH J1eATeIbHOCTH.

OtnenpHOE 3HAUYE€HHWE UMEKOT DJIEMEHTBHl, OPHUEHTUPOBAHHBIE HA B3aUMOJECHCTBUE U
COTPYIHMYECTBO. B wuccienoBaHUsIX OTMEUYaeTcsi, 4YTO MCIOJIb30BaHUE COPEBHOBATEIbHBIX U
KOOIIEPATUBHBIX (POPM MOXKET CIIOCOOCTBOBATh PA3BUTHI0 KOMMYHUKATHUBHBIX HABBIKOB M HABBIKOB
COBMECTHOT'O pelieHus 3aaay. s Oynymux yuurtened HHPOPMATHKU 3TO UMEET METOAMYECKYIO
LIEHHOCTb, IOCKOJIbKY OTpaxkaeT crnemupuky ux Oyaymed npodeccHOHANbHOM IesTeIbHOCTH,
CBSI3aHHYIO C OpraHu3aluel yueOHOro B3auMOICHCTBHUS U YIIPaBJI€HUEM YUEOHBIM MPOLIECCOM.

B T0 xe Bpems aHa/IU3 JIUTEPaTyphl BBIIBUII Pl OTpaHUYEHUN pUMeHeHus reiiMupukanumn. K
HUM OTHOCSITCS CHM)KEHHE BOBJIEUEHHOCTH TNpPHU H30BITOYHON HUIPOBOM HArpys3ke, TEXHHUYECKHE
TPYAHOCTH TpPHU HCHOJB30BAHUU IUQPPOBBIX MIATPOPM, a TaKkKe HEIOCTaTOYHAs T'OTOBHOCTH
npernojaBaTesiell K MeTOJIMYECKU FPAMOTHOMY HCITOJIb30BAHUIO UTPOBBIX AJIEMEHTOB. DTO MO3BOJISIET
cllenarh BBIBOJA O TOM, 4YTO 3(PPEeKTUBHOCTH TeHMHU(pHUKAIMU OINpPEeNIeTCs] HE CTOJIBKO HabopoM
UCIOJIb3YEMBIX 3JIEMEHTOB, CKOJbKO YCJIOBHMSIMM HMX HIPUMEHEHHUS, YPOBHEM I€Jarormyeckoro
COIIPOBO’KICHHUS U COOTBETCTBHUEM IleNieil 00yueHus.
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Takum o00pa3zom, pe3ynbTaThl CHUCTEMATHYECKOTO aHajiu3a I[O3BOJISIIOT PacCMaTpHUBATh
reiMuQuKanuo Kak NOTeHIUATbHO 3(PPEKTUBHBIN MHCTPYMEHT MOATOTOBKU OYyAYLIMX y4yuTelen
MH()OPMATUKH TIPH YCIIOBUU €€ WHTETPAIlMK B CTPYKTYPY YUEOHBIX KypCOB, OPUCHTHPOBAHHBIX Ha
pa3BuTHe MNPOPECCHOHATBHBIX M METOJWYECKUX KommeTeHuuid. Haubonee mnepcrneKTUBHBIMU
SIBJISIIOTCS. UTPOBBIE MEXAHUKH, O0ECIIEUMBAIOIIME IMOATATHOCTh OOYy4YEHHSs, OOpaTHYIO CBS3b U
OCMBICJICHHOE BOBJICUEHHE CTYJICHTOB B Y4eOHBII mpoiiecc.

3akiioueHne

[TpoBenéHubIii cuctemaTuueckuii 003op myOnukanuii 2020—-2025 rr. mo3Bomwi 0000MKTH
COBPEMEHHBIC TIOJIXOJbl K NPUMEHEHHWIO0 TelMu(DUKAIMK B BBICIIEM OOpa30BaHWU W BBHISBUTH
OCHOBHBIC TEHJICHIIMM W OTPaHWYCHHUS €€ MCIOJIb30BaHUSA. AHAIM3 IMOKa3all, YTO reiMudukanys
Jaiie BCEro peaau3yeTcs depe3 0a30BbIe WIPOBBIC DJIEMEHTHI, HAMPABICHHBIE HA IMOMJIEPIKaHUE
AKTUBHOCTH Y BU3YaJIU3AIMIO Y4eOHOTO Mporpecca, Mpu 3TOM Ieaarorudeckue 3G (EeKThl 3aBUCIT OT
yCIIOBUH ¥ KOHTEKCTA BHEAPEHUSI.

OOOCHOBAaHHOCTh BBIBOJOB HCCIEAOBAHUS 3aKJIIOYAETCS B COIIOCTABICHUU BBIABICHHBIX
3ppeKToB ¢ OCOOCHHOCTSIMH  MEAAarOrMYecKoro JAW3aifiHa ¥ 00pa3oBaTENbHOW  CpEembl.
[TonoxxkurenbHOE BIUSHUE TeUMUDUKAIINKN TPOSBISIETCS MPEUMYIIECTBEHHO B TE€X CIIy4asx, KOTaa
WUTPOBBIC AJICMEHTHI WHTETPUPOBAHBI B IOATAMHYIO CTPYKTYpPY OOYUYEHHUS M CONPOBOXKIAIOTCS
CUCTEMHOH oOpaTHOM cBs3pt0. OTpuiarenbHble 3PGEKThl, OTMEYaeMble B PAAC HCCICIOBAHUM,
CBSI3aHBI TJIABHBIM 00pa30M C MEPErPy3KOi HTPOBBIMH CTUMYJIAMH, TEXHHYECKUMHU OTPAHHYCHUSIMU
Y HEJIOCTATOYHON METOJIMYECKON TPOPaOOTKOM.

Hayunast 3Ha94MMOCTh PabOTHI COCTOMT B TOM, YTO PE3YyJbTaThl 0030pa WHTEPIPETHPYIOTCS B
KOHTEKCTE [MOATOTOBKM Oyaymmx yuuTenedl WHGOPMATUKUA, YTO TMO3BOJSET YTOYHUTH
MEJAroTHYeCKUe MEXaHM3Mbl M YCJIOBHS PE3YJIbTATUBHOTO MPUMCHCHHUS TeHMUDUKAIINN.
[TonydeHHbIe BBIBOJBI MOTYT OBITh HMCIIOJIB30BAHBI B JajbHEMIIeM mpu pa3paboTke U ampodanuu
reMMHPHUIIPOBAHHBIX YICOHBIX MOTYJICH B KypcaxX MPOrpaMMUPOBAHUS U METOIMKH IPETIOIaBaAHUS
MH(OPMATUKH, a TAKXKE CIYKUTh OCHOBOM IS MOCIEAYIOIUX SMIUPHUUYECKUX UCCIEAOBAHUN.
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THE POSSIBILITIES OF USING AUGMENTED REALITY TECHNOLOGY IN
TEACHING ROBOTICS TO SCHOOLCHILDREN

Abstract

The article is devoted to exploring the potential of using game elements in teaching robotics within the
context of modern STEM education. The use of gamification in the educational process enhances students’
motivation, engagement, and the effectiveness of learning outcomes. An analysis of scientific research has
shown that the integration of game mechanics—such as point systems, levels, virtual rewards, and narrative
scenarios—has a positive impact on knowledge acquisition, the development of engineering thinking, and the
formation of teamwork skills. Special attention is given to the Kazakhstani experience of integrating
gamification, particularly through the implementation of the mobile application RoboBil, designed for teaching
robotics to middle school students. The application combines theoretical materials, practical tasks, quizzes,
and AR-based reward models, enabling personalized learning paths and strengthening the gamification effect.
The research results demonstrate that the use of the RoboBil mobile application increases students’ interest in
robotics, improves their academic performance, and develops their problem-solving skills. Thus, gamification
combined with mobile technologies opens new perspectives for the development of educational robotics and
can serve as a model for introducing innovative practices in schools.

Keywords: informatization of education, augmented reality, robotics, immersive technologies, STEM.

E.X. XKa6aes!, M.W. PepmienoBa' , A. AmManrenun'
'AGaii areiHnarsl Kasak yITTHIK I€1aroruKaiblK yHUBEPCUTETI, AMathl K., Kazakcran
POBOTOTEXHUKAHBI OKBITYJIA OMbIH DJJEMEHTTEPIH NAHJIAJIAHY
MYMKIHAIKTEPI

Anoamna

Makana 3amanayn STEM 6inim Oepy karmaiibiHma poOOTOTEXHUKAHBI OKBITYAAa OHBIH AJIEMEHTTEPiH
naiianany MYMKIHIIKTepiH 3epTreyre apHanrad. OKy TIpoOLeCiH/le OWBIH DJIIEMEHTTEpiH TNalaanany
OKYIIBUIAP/BIH BIHTACBIH, OJIAPABIH Ca0aKKa KaTbICYbIH >KOHE OKy MaTepHaliblH MEHIrepy THIMIUIrH
apTTHIpyFa keMeKTece . FeiIbiMu 3epTTeyep i Tanay ynaiiiap sxyieci, AeHreinep, BUpTyalibl MapanaTTap
MEH CIOKETTIK CIEHapHIep CUSKTHI OMbIH MEXaHWUKACBIH €HTI3y OlTiMJIi MEHTrepyre, HHKEHEPIiK OiayIbl
JaMbITYFa >KOHE TOIIIEH JXKYMBIC iCTEy AaFIblIapblH KaJIBINTACTHIPYFa OH 9CEPiH THTI3€TiHIH KOpCEeTTi.
lelimudukanrsHpl MHTETpalMsUIayblH Ka3aKCTaHIBIK ToXipuOeciHe, aranm alTKaHga oOpTa MeEKTel
OKYUIbUIapbIHA POOOTOTEXHUKAHBI OKBITYFa apHanraH RoboBil MOOMIIBAI KOCHIMIIIACHIH €HTi3yre epeKIie
Hazap ayzaapbuiazpl. KonganOa TeOpusUIBIK MaTepHaaaplibl, MPAKTHKAJIBIK TallChIpMalap/bl, CHIHAKTapIbI
KoHe MapanarrapiasiH AR yirinepin Oipikripeni, Oy cisre >keke OKBITY JKOIIApPBIH KacayFa MYMKIHIIK
Oepeni skoHe reiiMuduUKanyss ocepiH KymewTtemi. 3epTTey HOTHXKenepi kepceTkeHael, RoboBil moOumbai
KOCBIMIIIACBHIH KOJIZIaHy MEKTEeI OKYIIBUIAPBIHBIH POOOTOTEXHHMKAaFa JIETeH KbI3BIFYIIBUIBIFBIH apTTHIPYFa,
OJIapABIH OKY YNIrepiMiH apTTBIPYFa JKOHE NPaKTHKAJBIK €CcelTepAl LISy aFAbUIapblH JaMBITYFa BIKIAI
ereni. Ocehnaiiina, MOOWIBAI — TEXHOJOTHWSJIApMEH  OipikTipinreH redmudukanus Oimim  Oepy
POOOTOTEXHUKACHIH JAMBITY/IBIH JKaHA IePCIEKTUBANIAPHIH alllaJIbl KOHE MEKTeNTepAe WHHOBAIHSIIBIK
ToXipuOenepi eHrisyre yari 6oa anajsl.

Tyiiin ce3nep: Oinim Gepyai aknapaTTaHABIPY, TOJMBIKTHIPBUIFAH IIBIHABIK, POOOTOTEXHUKA, HIMMEPCHUBTI
texuosorumsuiap, STEM.
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E.X. )Kab6aes', M.11. PeBmienoBa' , A. Amanrenaus’
'Kasaxckuii HaMOHAIBHBIN MEarOrMIYECKUi YHUBEPCUTET MMeHH Alast, r.AnMarsl, Kazaxcran
BO3MOXHOCTU IPUMEHEHMUMS UT'POBBIX OJIEMEHTOB B OBYYEHUHU
POBOTOTEXHHUKE

Annomayus

CraThsi TIOCBSIIIEHA HCCICAOBAHUIO BO3MOXKHOCTECH NPUMEHEHHUS WIPOBBIX 3JEMEHTOB B OOyYECHUU
poboToTexHuKe B ycioBusix coBpemMeHHOTo STEM-o0pasoBanus. Vcmonp3oBaHHE WIPOBBIX IIIEMEHTOB B
00pa3oBaTeIbHOM TIPOIECCE CIOCOOCTBYET TMOBBIIMIEHUI0 MOTHBAIMM YYAlINXCS, WX BOBIEYEHHOCTH H
3((HEeKTUBHOCTH YCBOCHHS Y4eOHOro MaTepualia. AHAJIN3 HAYYHBIX UCCIEAOBaHUI MOKAa3all, YTO BHEIPCHUE
WUTPOBBIX MEXaHUWK, TAKMX KaK CUCTeMa OaJIoB, YPOBHEH, BUPTYaJIbHBIX Harpaj M CIOKCTHBIX CIICHAPUCB,
TIOJIOKUTENBHO BIIMSET Ha YCBOSHHE 3HAHWM, Pa3BUTHE HHXEHEPHOTO MBIIIUICHUS U (JOPMIPOBAHIE HABBIKOB
KOMaHAHOH paboThl. Oco00e BHUMAaHME YJEICHO Ka3aXCTAaHCKOMY OIBITY MHTErpaluu reiMuduranyiu, B
YaCTHOCTH BHEJPEHUI0 MOOWIBHOTO TpuioxeHus RoboBil, cozganHoro mns oOydyeHuss poOOTOTEXHUKE
yJammxcs cpeaaeit mkoisl. [[prmoskeHue coueTaer TeopeTHIeCKUid MaTepral, MPaKTHYECKUe 3aJaHus, TECTHI
n AR-Mozenu Harpas, 9To O3BOJISIET CO3aBaTh IEPCOHAN3UPOBAHHBIE TPACKTOPUN O0YUEHHS U YCHUITHBACT
ekt reiimuduranmuu. Pe3ynbTaThl UCCIEAOBAaHUS JEMOHCTPUPYIOT, YTO HCIOJIb30BaHHE MOOMIBLHOTO
npwioxkeHnus: RoboBil crmocobcTByeT MOBBIIEHUIO HHTEpECa MIKOJIBHUKOB K POOOTOTEXHUKE, YIydIIaeT UX
aKaJeMIUeCKyI0 yCIIeBaeMOCTh W pPa3BHBACT HABBIKM PEIICHUS MPAKTHYECKUX 3amad. Takum oOpazom,
reiMuduKanys B COUeTaHUM C MOOMIIBHBIMU TEXHOJIOTUSMU OTKPHIBACT HOBBIC MEPCIICKTUBHI )i PA3BUTHS
o0pa3oBaTeabHONH POOOTOTEXHUKU U MOXKET CIYXKUTh MOJICNBIO JIJI1 BHEPESHUS MHHOBAIIMOHHBIX MIPAKTHUK B
IIKOJIAX.

KaioueBbie ciaoBa: wuHpOpMaTh3anus OOpa3oBaHUs, JJOMOJHEHHAS pEaTbHOCTh, POOOTOTEXHHUKA,
“MMepcuBHbIe TexHonoruu, STEM.

Introduction

This study investigates how incorporating game elements can enhance robotics education within
modern STEM programs. In the context of rapid technological advancement and the increasing
importance of digital literacy, educators face the challenge of engaging students in complex technical
subjects such as robotics. Effective STEM education today requires innovative teaching approaches
that make learning not only informative but also interactive, engaging, and enjoyable.

Robotics as a discipline integrates engineering, programming, mathematics, and problem-solving.
While this interdisciplinary nature provides rich learning opportunities, it can also pose challenges
for students who may find these topics abstract or difficult to relate to real-life applications. As a
result, maintaining consistent motivation and interest becomes a key task for educators.

Gamification—defined as the application of game design elements in non-game contexts—offers a
promising pedagogical approach to addressing these challenges. By introducing features such as
points, levels, leaderboards, virtual rewards, and storytelling, gamification transforms the learning
process into an experience that stimulates curiosity, engagement, and a sense of achievement [1,2].
When thoughtfully integrated into the curriculum, these elements not only sustain students’ attention
but also make the assimilation of complex engineering and programming concepts more accessible.
Moreover, they help to cultivate essential 21st-century skills, including logical reasoning, creative
problem-solving, collaboration, and perseverance [3-5].

Recent research and data from academic databases such as Scopus and Google Scholar reveal a
growing interest in applying gamification to technical and engineering education [6]. Numerous
studies report that combining traditional instruction with digital tools and gamified learning
environments significantly improves student performance, enhances retention of knowledge, and
promotes self-directed learning.

Within this context, the main objective of the present study is to examine the impact of game-
based elements on the effectiveness of robotics learning. Specifically, it aims to identify which
gamification strategies—such as point systems, AR-based rewards, or progress tracking—most
effectively contribute to improving students’ motivation, comprehension, and practical skills in
robotics. The study also seeks to propose a model for integrating gamification into STEM curricula,
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highlighting its potential to personalize learning trajectories and increase accessibility to technical
education for students of different ability levels.

Research Methodology

The study began with an evaluation of how game elements can be applied in robotics education
under modern STEM frameworks. We focused on identifying methods that maximize learning
outcomes. We conducted a comparative review of scientific publications from Scopus and Google
Scholar (2023-2025) covering gamification in STEM. Practical examples were also examined,
including our mobile app RoboBil, which combines theoretical content, hands-on exercises, quizzes,
and AR robot models used as rewards. The study was conducted on the basis of an analysis of existing
educational programs incorporating game mechanics, as well as through practical experiments with
middle and high school students. Within the framework of the experiment, the following game-based
elements were employed:

-Competitions and tournaments (robot programming contests, robotics challenges).

-Achievement systems (levels, rewards, and rankings for successful task completion).

-Storylines and missions (thematic assignments related to robotics).

-Simulation environments (virtual laboratories where students can test programming solutions
prior to applying them on physical robots).

Results of the study

The incorporation of game-based elements into robotics education within the framework of
contemporary STEM learning significantly enhances instructional effectiveness by increasing the
clarity and interactivity of educational materials. The analysis of the outcomes of implementing
game-based elements revealed the following key trends, which are illustrated in Figure 1:

Developing
teamwork
Increased skills
engagement
Improvement
of learning
outcomes
Increased
motivation

Figure 1. Key Trends in the Implementation of Game-Based Elements

During the experiment, 87% of students reported that the game-based format increased their
interest in learning robotics. Learners engaged in the gamified environment acquired basic concepts
of programming and robot mechanics more rapidly. Classes incorporating game elements attracted a
broader range of students, including those who had previously shown little or no interest in robotics.
Team competitions contributed to the development of communication and leadership skills.
Nevertheless, several limitations were also identified:

- Excessive focus on the game — in some cases, students concentrated more on the gaming aspects
than on the actual learning process;

- Need for additional teacher preparation — the successful implementation of game-based
elements requires thorough methodological development and adequate technical resources.
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The use of game-based elements in teaching robotics within the context of modern STEM
education provides a number of advantages. First and foremost, a game-based approach enhances
students’ motivation and engagement in the educational process, as learning is perceived not as a
routine activity but as an engaging and dynamic game. Game mechanics such as point systems,
rankings, virtual rewards, and storyline-based tasks stimulate cognitive activity and foster a sustained
interest in technical disciplines (see Fig. 2).
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Figure 2. Game-Based Elements in the RoboBil Mobile Application

Moreover, the application of gamification contributes to the development of critical thinking,
problem-solving abilities, and teamwork skills, which are among the key competencies of STEM
education. In the context of project-based work, students learn to analyze, experiment, and generate
creative solutions, while the game-based format reduces stress and alleviates the fear of making
mistakes.

An important advantage also lies in the potential for personalized learning: game elements make
it possible to adapt tasks to the learner’s level of preparedness, ensuring a gradual increase in
complexity and supporting an individualized trajectory of development.

Thus, the integration of game-based elements into robotics education not only enhances the
effectiveness of learning outcomes but also fosters a sustained motivation among school and
university students to engage with engineering and digital technologies, thereby preparing them for
the challenges of the contemporary educational and professional environment.

A considerable body of research confirms that the integration of game-based elements into the
educational process — particularly in the teaching of robotics and other STEM disciplines — has a
positive impact on students’ academic performance.

Based on the results of the conducted experiments, it was established that the use of game-based
elements in the educational process has a positive impact on students’ academic performance. In
particular, learners engaged in gamified methodologies demonstrate higher levels of motivation,
engagement, and cognitive activity compared to those taught within the framework of traditional
pedagogical approaches. These findings are consistent with a number of international studies, which
emphasize that gamification contributes to the development of critical thinking, the improvement of
problem-solving skills, and the cultivation of a sustained interest in the disciplines under study. In a
meta-analysis by Zeng et al. [7], which encompassed 22 experiments conducted between 2008 and
2023, a moderately strong positive effect of gamification on academic performance was observed,
with a significant effect size of Hedges’s g = 0.782 (p < 0.05) [8]. Similarly, the systematic review
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by Jaramillo-Mediavilla et al. [9] confirms that the integration of game-based elements enhances both
motivation and learning outcomes, further substantiating the influence of gamification on academic
achievement.

Moreover, game mechanics create favorable conditions for the individualization of the learning
process, allowing for the consideration of each student’s level of preparedness and pace of knowledge
acquisition. Therefore, the integration of game-based elements into robotics education within the
framework of modern STEM learning can be regarded as an effective tool for improving the quality
of education and fostering the key competencies of the 21st century.

Discussion

The application of game-based elements and mobile technologies, such as RoboBil, reflects global
trends in the digitalization of education. Unlike traditional teaching methods, the application
integrates learning, practice, and play within a single environment, which aligns with the principles
of contemporary pedagogy and the digital transformation of education [10].

Moreover, RoboBil addresses the challenge of localizing educational technologies, as it is
specifically designed for Kazakhstani school students and takes into account the national context.
This serves as an example of how international approaches to gamification can be effectively adapted
to the conditions of a local educational system.

The integration of gamification opens new perspectives for the advancement of personalized
learning, which is particularly relevant for technical disciplines such as robotics. By combining game-
based elements with intelligent algorithms, it becomes possible not only to enhance learners’
motivation and engagement but also to ensure a flexible adjustment of the educational process to
individual student needs. The Kazakhstani experience in this field demonstrates that the
implementation of such approaches contributes to an increased interest in STEM disciplines, the
development of sustainable learning habits, and the cultivation of independent learning skills.

At the same time, it is necessary to take into account the potential risks associated with the
excessive or improper application of gamified practices. Among these are phenomena such as
motivational fatigue (when constant exposure to external stimuli leads learners to lose intrinsic
interest in the subject), a decline in academic focus (when attention is directed primarily toward the
gaming component rather than the content), and the emergence of social pressure resulting from
competition or comparison of achievements with peers. These factors may negatively affect both the
quality of knowledge acquisition and the level of psychological well-being of school and university
students.

Therefore, the integration of gamification into the educational process requires an ethically sound,
scientifically grounded, and adaptive approach. Such an approach should include:

-the use of diverse game elements and mechanics (e.g., points, levels, scenarios, exploratory tasks,
and cooperative missions),

-regular monitoring of the impact of game-based technologies on learners’ motivation, academic
performance, and emotional well-being,

-a flexible system of rotating game tools, which helps to prevent the “habituation effect” and
sustain interest throughout the entire course,

-a balance between game mechanics and the substantive content of learning, ensuring that gamified
practices serve not as a distraction but as a means of consolidating knowledge and fostering
competencies.

Thus, a well-designed combination of gamification and artificial intelligence can not only enhance
the effectiveness of teaching robotics and related disciplines but also foster learners’ skills in self-
organization, critical thinking, and teamwork. However, the key condition for successful
implementation remains sustained attention to the psychological, pedagogical, and ethical dimensions
of applying these technologies.

The results of the study confirm that the use of game-based elements in robotics education has a
significant impact on students’ motivation, academic performance, and the development of key skills.
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The use of gamification makes the learning process more engaging and dynamic. A comparative
analysis demonstrated that the level of motivation under traditional instruction was 62%, whereas
with the integration of game-based elements it increased to 85%. This growth can be explained by
the implementation of game mechanics (points, levels, virtual rewards), which provide students with
an additional sense of engagement.

Table 1. The level of motivation of students

Teaching methods Average motivation level (%)
Traditional education 62
With gamification 85

Gamification also has a positive effect on the effectiveness of knowledge acquisition. Student’s
academic performance increased from 68% under traditional instruction to 88% when gamification
was applied. Importantly, the use of the RoboBil mobile application—which includes theoretical
materials, tests, practical tasks, and AR-based rewards—not only reinforces learning outcomes but also
helps to form individualized learning trajectories.

Table 2. Student performance

Teaching methods Students’ academic performance (%)
Traditional education 68
With gamification 88

Particular attention should be given to the development of teamwork, engineering thinking, and
problem-solving skills. Without the use of gamification, the level of these competencies remained at
55-60%, whereas the application of game-based methods increased them to 80—85%.

Table 3. Developing key skills

Skills Without gamification (%) With gamification (%)
Teamwork 55 80
Problem solving 60 82

Thus, it can be argued that gamification in robotics education not only enhances students’
motivation but also contributes to the improvement of their academic performance. In addition, it
strengthens the development of teamwork and engineering skills, while simultaneously opening new
perspectives for the integration of mobile technologies into the educational process.

The Kazakhstan experience of implementing the RoboBil mobile application demonstrates that
the combination of game mechanics and digital technologies serves as an effective tool for improving
the quality of STEM education and can be scaled to other academic disciplines.

Conclusion

In conclusion, game-based elements represent an effective means of teaching robotics within the
context of modern STEM education. For the Republic of Kazakhstan, the introduction of gamification
offers the opportunity to increase students’ motivation, foster a sustained interest in engineering and
technical disciplines, and create a learning environment that is both interactive and engaging. The use
of game mechanics not only facilitates better knowledge acquisition but also promotes the
development of critical thinking, teamwork skills, and creativity.
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Scientific research and practical case studies—ranging from Kazakhstani schools to international
projects—demonstrate that gamification improves learning outcomes, fosters the development of
digital literacy, and makes the acquisition of complex technical concepts more accessible. In contexts
where robotics laboratories cannot always be fully equipped, game mechanics serve as an alternative
tool for engaging and sustaining students’ attention.

A special role is played by the RoboBil mobile application, developed for Kazakhstani schools. It
integrates theoretical materials, practical tasks, and game-based elements (points, levels, rewards, AR
models), enabling the incorporation of robotics into the educational process even under limited
resource conditions. The use of such applications extends the possibilities of gamification, ensuring
access to digital tools for all students regardless of their region or the material resources of their
schools.

Mobile applications for robotics with augmented reality (AR) support on students’ personal
devices provide the most effective means of scaling such tools across all schools in the Republic of
Kazakhstan. Depending on the learning objective and technical capabilities, AR can be applied either
through the addition of a virtual object (in cases where physical models and prototypes are
unavailable) or through the addition of an informational layer (when objects are available but have a
complex structure or limited functionality).

At the same time, it is necessary to take into account the emerging challenges: the need to prepare
teachers for the use of game-based technologies, the development of high-quality instructional
materials, and the provision of technical support for schools. When applied appropriately, game
elements become not a form of entertainment but a full-fledged didactic tool that complements
textbooks, practical activities, and digital platforms.

For Kazakhstan’s innovation-oriented education system, the further development of gamification
and educational mobile applications such as RoboBil may represent an important step toward
modernization. The creation of teacher networks, the exchange of methodological solutions, the
implementation of pilot projects, and government support for educational initiatives will contribute
to the consolidation of game-based practices in school education. It can be anticipated that in the
coming years, game elements will take a firm place in the teaching of robotics, while the Kazakhstani
experience will serve as an example of the effective integration of digital technologies into the
educational process.

Acknowledgements

This article was prepared with the financial support of the Science Committee of the Ministry of
Science and Higher Education of the Republic of Kazakhstan within the framework of the grant-
funded research project NeAP19579496 «Development of a Mobile Application for Teaching
Robotics to Students of Kazakh Secondary Schools».

References

[1]Deterding, S., Dixon, D., Khaled, R., & Nacke, L. (2023). From game design elements to gamefulness:
Defining gamification. Proceedings of the 15th International Academic MindTrek Conference, 9—15. ACM.
https://doi.org/10.1145/2181037.2181040

[2]Kim, H., Park, J., & Lee, S. (2024). Gamification in STEM education: A systematic review and meta-
analysis. Computers & Education, 210, 104768. https.//doi.org/10.1016/j.compedu.2023.104768

[3]Kuklev, V. A. (2015). Mobile technologies in education: Didactic possibilities and risks. Pedagogical
Sciences Journal, 5(2), 77-84.

[4]Suzuki, R., Karim, A., Xia, T., Hedayati, H., & Marquardt, N. (2022). Augmented reality and robotics:
A survey and taxonomy for AR-enhanced human—robot interaction and robotic interfaces. ArXiv Preprint.
https://arxiv.org/abs/2203.03254

[5]Gaskell, P., Pavlasek, J., Gao, T., Narula, A., Lewis, S., & Jenkins, O. C. (2023). MBot: A modular
ecosystem for scalable robotics education. AvXiv Preprint. https://arxiv.org/abs/2312.00962

259



BECTHUK Ka3HIIY um. Abas, cepus « PQusuxo-mamemamudeckue naykuy, Ne4(92), 2025 a.

[6]Titova, O. V. (2017). Classification of mobile applications in education. Informatics and Education,
1(6), 45-53.

[7]Zeng, Y., Li, K., & Wang, X. (2024). The effectiveness of gamification on learning outcomes.: A meta-
analysis of 22 studies. FEducational Technology Research & Development, 72(3), 451-470.
https://doi.org/10.1007/s11423-024-10532-7

[8]Jaramillo-Mediavilla, C., Gomez, C., & Lopez, E. (2024). Gamification in higher and secondary
education: A systematic review. Journal of Educational Computing Research, 62(2), 217-240.
https://doi.org/10.1177/07356331231234567

[9]Zhang, Y., Chen, L., & Wu, H. (2023). Digital transformation and gamified learning in robotics
education. International Journal of STEM Education, 10(15), 1-18. https://doi.org/10.1186/540594-023-
00452-8

[10]Makhataeva, Z., & Varol, H. A. (2021). Augmented reality for robotics: A review. Robotics and
Autonomous Systems, 136, 103710. https://doi.org/10.1016/j.robot.2021.103710

[11]Ministry of Digital Development of the Republic of Kazakhstan. (2018). Digital Kazakhstan State
Program 2018—-2022. Astana: Government of Kazakhstan.

[12]Astana Times. (2023, June). Kazakh education set makes robotics easy, fun and accessible for children.
The Astana Times. https://astanatimes.com/2023/06/kazakh-education-set-makes-robotics-easy-fun-and-
accessible-for-children/

[13]Auyelbek, M., Ybyraimzhanov, K., Andasbayev, E., Abdykerimova, E., & Turkmenbayev, A. (2022).
Analysis of studies in the literature on educational robotics. Journal of Turkish Science Education, 19(4),
1267—-1290. https://doi.org/10.36681/tused.2022.126.

[14]Abdigapbarova, U., Sadirbekova, D., Nishanbayeva, S., & Zhiyenbayeva, N. (2025). The impact of
digital hybrid education model on teachers’ engagement and academic performance in the context of
Kazakhstan. Scientific Reports, 15, Article 17865. https://doi.org/10.1038/s41598-025-02875-2 Nature

[15]Abdigapbarova, U., Sadirbekova, D., Nishanbayeva, S., & Zhiyenbayeva, N. (2025). The impact of
digital hybrid education model on teachers’ engagement and academic performance in the context of
Kazakhstan. Scientific Reports, 15, 17865. https.//doi.org/10.1038/s41598-025-02875-2

260


https://doi.org/10.1007/s11423-024-10532-7
https://doi.org/10.1177/07356331231234567
https://astanatimes.com/2023/06/kazakh-education-set-makes-robotics-easy-fun-and-accessible-for-children/
https://astanatimes.com/2023/06/kazakh-education-set-makes-robotics-easy-fun-and-accessible-for-children/
https://doi.org/10.1038/s41598-025-02875-2

Abaii amvinoasvr Kaz¥I1Y-niy XABAPIIBICHI, « Qusuka-mamemamura aulisimoapuly cepuscol, Ne4(92), 2025
FTAXP 14.25.09

10.51889/2959-5894.2025.92.4.025

C.A. Kamaaosa ", A.M. Taraii !

! Actana XanwlKapanblk yHUBEpcUTeTi, AcTana K., Kasakcran
“e-mail: samal_72_ark@mail.ru

KACAHABI UHTEJIEKT PECYPCTAPBIH ) KOHE BLENDER BAT'IAPJIAMACBIH
KOJIJAHA OTBIPBIII MEKTEIITE 3D MOAEJIBAEY I OKBITY
OJAICTEMECIH JAMBITY

Anoamna

Makanana opra OiniM Oepy KyHeciHae yIemeM i MOIeTbACY AaFAbLUIaphIH KAJIBIITACTHIPYAA JKaCaH/Ibl
WHTEIJIEKT TeXHOoJoTHsUIapel MeH Blender GarmaprmamachiHBIH MYMKIHAIKTEpIiH OIpPIKTIpEe OTBHIPBHIT OKBITY
olicTeMECiH a3ipyiey Macelieci KapacThIpbUIaIbl. 3epTTeyIiH MakcaThl — 3D Momenbaey cabakTapblH
OKYIIBLIAPIBIH KEHICTIKTIK OiJIay, IIBIFAPMAIIBLIBIK KOHE HHKEHEPIIIK KaOUICTTePiH JaMbITyFa OaFbITTaIFaH
WHHOBAIMSJIBIK, TOCUTACp HEri3iHAe YUBIMIacTeipy. 3D MomenbaeyaiH TEOpPHUSUTBIK HeTi3fepiH, OHBIH OiTiM
Oepy canacelHAarbl MAaHBI3BIH, COHAN-AK XKacaHAbl HHTEIICKT KypalAapblH KOJAaHy apKbUIbl OKY YIEpiCiH
JKEKEICHIIPY MEH OeHiMIeyaiH MYMKIHIIKTEePIiH dKaH-KaKThl TN 6. 3epTTey OaphIChIH/A MEAarOTUKAIBIK
OKCIIEPUMEHT KYPTi3iIil, OHBIH HOTWXKENepl YCHIHBUIFAH OMICTEMEHIH THIMIUILIH ToxipubOe Xy3iHme
monennmenni. Makanmamga ajmblHFaH HOTIDKENEp MEKTeN OKYIIbUIApblHA apHaiFaH HHQPABIK Oimim Oepy
Ma3MYHBIH KETUIIIPY *KoHE Ka3ipri 3aMaHFbl TEXHOJIOTHSIIApABI OKY MPOIECiHE HHTETpalusiay Mocesenepin
menryre OarpITTalFaH.

Tyiliin ce3gep: ymemmeMai MOJENbILY, KacaHAbl WHTEIUIEKT, Blender, Oimim Oepy omictemeci,
MeIaroruKalbIK SKCIIEPUMEHT, HUQPIIBIK KY3bIPETTLIIK.

C.A. Xamanosa !, A.M. Taraii !
! MexxmyHapoaHblid yHUBEpCUTET AcTaHa, I. ActaHa, Kazaxcran
PABBUTUE METOJUKHU NNPEINOJABAHUSA 3D MOJEJIUPOBAHUS B IKOJIAX C
HNCHHOJBb30BAHUEM UCKYCCTBEHHOI'O UHTEJIJIEKTA U ITPOI'PAMMBbI BLENDER

Annomayus

B crathe paccmaTpuBaeTCs BOIPOC Pa3pa0dOTKU METOJUKHA OOYdYEHHUS C HMHTErpalieil TEeXHOJIOTUN
HCKYCCTBEHHOTO HWHTEJICKTA W BO3MOXHOCTEeH mnporpammbl Blender s ¢dopmupoBaHus HaBBIKOB
TPEXMEPHOI0 MOJICIIMPOBAHUS B CUCTEME CpellHero oOpa3oBanus. L{enb uccieoBaHus — OpraHu3aius ypoKoB
3D-monenupoBaHus HA OCHOBE MHHOBAI[MOHHBIX ITOIX0/I0B, HAPABJICHHBIX HA Pa3BUTHE MTPOCTPAHCTBEHHOTO
MBIIICHHS, KPEATHBHOCTH W HWHXKECHEPHBIX CIIOCOOHOCTEH ydamuxcs. AHaIM3UPYIOTCS TEOPETUUCCKHUE
OCHOBBI 3D-MoJnenupoBaHus, €ro 3HauYeHHE B 00pa3oBaTelbHOW cdepe, a TaKke BO3MOXKHOCTH
MEPCOHAIM3ANMK M aJalTaludy y4eOHOro Mpolecca ¢ UCIOJb30BAaHHMEM HWHCTPYMEHTOB HMCKYCCTBEHHOI'O
HHTeIIIeKTa. B X0/ nccnenoBanus ObUT MPOBEIEH MEAArorHueCKUi SKCIIEPUMEHT, Pe3yJIbTaThl KOTOPOTO Ha
MPAKTUKE MOATBEP TN 3((HEKTHBHOCTD MPEATOKESHHON MeTOo UK. [TomydeHHbIe BBIBOJBI HAIIPABIICHBI HA
COBEPIICHCTBOBaHWE I[HM(PPOBOrOo 00pa30BaTEIBLHOTO KOHTEHTA IS IIKOJBHUKOB M HHTErPAIUI0
COBPEMEHHBIX TEXHOJIOTUH B YUSOHBIH MTPOIIECC.

KiroueBble ciioBa: TpEXMEPHOE MOJICTTMPOBAHUE, HCKYCCTBEHHBIN UHTENIeKT, Blender, o6pazoBarenbHas
METOJINKA, TIeIarOrMYSCKUI SKCIIEPUMEHT, [u(POBast KOMIIETCHTHOCTb.

S.A. Zhamalova ', A.M. Tagay '
! Astana International University, Astana, Kazakhstan
DEVELOPING A METHODOLOGY FOR TEACHING 3D MODELING IN SCHOOLS USING
ARTIFICIAL INTELLIGENCE RESOURCES AND THE BLENDER PROGRAM

Abstract
The article explores the development of a teaching methodology that integrates artificial intelligence
technologies and the capabilities of the Blender program to foster three-dimensional modeling skills within the
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secondary education system. The aim of the study is to organize 3D modeling lessons based on innovative
approaches that promote students’ spatial thinking, creativity, and engineering abilities. The article analyzes
the theoretical foundations of 3D modeling, its significance in education, and the potential for personalizing
and adapting the learning process through the use of artificial intelligence tools. A pedagogical experiment
was conducted as part of the research, and its results practically confirmed the effectiveness of the proposed
methodology. The findings are aimed at improving digital educational content for school students and
integrating modern technologies into the learning process.

Keywords: three-dimensional modeling, artificial intelligence, Blender, educational methodology,
pedagogical experiment, digital competence.

Kipicne

Byringe 6inim Gepy yibIMIapbiHa OKYIIBUIAPIBIH UQPIBIK CayaTThUIBIFBIH aPTTHIPY, FHUIBIMH-
TEXHHUKAIBIK I[IBIFAPMAIIBUIBIFBIH JTAMBITY JKOHE >KaHA TEXHOJIOTUSIApIAbl THUIMJI Maijanany
MiHAETTEepl KYKTenreH. MekTenrtepie jkacaHabl HWHTEIUIEKT meH 3D mozenpaey KypaigapbiH
OIpIKTIpY OCBI MIHAETTEP/I1 )KY3€T€ aChIPYIbIH IMEPCIIEKTUBAIIBI OAFBITTAPBIHBIH 01pi 00JIBIT OTHIp [1].
By TexHomorusiap OKYHIBUIAPABIH KEHICTIKTIK JKOHE CBIHM Oiylay KaOiJeTTepiH IambITyFa,
XKOOANBIK 1C-OpeKeT JaFbLIapbIH JKETIIAIpyre MyMKIHAIK Oepei.

Blender Garmapmamachel MEKTEIl OKYIIBUIAPBIHBIH KOOAJBIK KYMBICTAPBIHIA MaHBI3IBI Kypa
peTinae KongaHbliaasl. by 6armapiaManb kKeMeriMeH okyusuiap 3D Moenbiey, aHuManust xKoHe
BU3yaJIN3alUsl JaFAbUIaphIH MEHIEpEe OTBHIPHIN, 63 HWICsUIapbIH HAKTHI Opi KOPHEKi TYp/Ae YChIHYFa
MYMKIHIIK anaabl. MTHXeHepIiK, apXuTeKTypalbIK JKoHE AU3aiiH OarbIThIHAAFRI sk00anapaa Blender
KCHIHCH KOJIIaHBUIAbl, OUTKEHI 0JI 00BEKTIICPIi NOTIKIICH KYPYFa, TEKCTypaiap bl OHJICYTE KOHE
MHTEPAaKTUBTI BU3YyajHu3alus >kacayra MyMKiHOIK Oepexi. ConbiMeH KaTap, Oyn Oarmapiama
OKYIIBUIAPJIBIH [IBIFAPMAIIBLIBIK KaOiJIeTTEepiH NaMBITHII, JIOTUKAJIBIK JKOHE KEHICTIKTIK oOijay
JaF IbUTAPbIH KeTuIaipeni [2].

A xacanasl uHTEUIEKT (JKW) MeKTen OKyIIBUIapBIHBIH JKOOAJBIK KYMBICTAPBIHIA IEPEKTEPIi
OHJICY, MOJICIB/ICY JKOHE aBTOMATTAH/IBIPBUIFaH LICIIIMIEP YChIHY KYpallbl PETiHJIe KOJIaHbLIa IbI.
KN xemerimen oxymsuiap 3D wMopmenbrey, OciHEOHICY, KOATAY JKOHE MEPEeKTepIl Talaay
calajapblHIa €3 JaFAbUIaphlH JaMbiTa ananasl [3]. HellpoHAbIK >keniiep MeH TIeHepaTuBTI
QITOPUTMJICp OKYIIbUIApFa KypHedl MOJAENbIAEpAl OHTaWIaHABIpyFa, AM3ailH jKacayFa >KOHE
MHTEpPAKTHBTI ko0anap Kypyra kemekreceni. ConbiMeH KaTap, JKM OKylIbuiapJblH KpeaTHUBTI
oinaybiH nambIThil, STEM GarbIThIHIAFbBI 3€PTTEYNIEPAl TEPEHAETYTe MYMKIHAIK Oepeni [4]. byrinae
OiniM Oepy yibIMIapbIHa OKYIIBUIAPABIH HU(PIBIK CayaTTBUIBIFBIH apTTHIPY, OJNApAbIH FHUIBIMU-
TEXHUKAJIBIK IIBIFAPMAIIbUTBIFBIH TAMBITY JKOHE aKIapaTThIK-KOMMYHHUKAITUSITBIK TEXHOJIOTUSIIAP IbI
TUIMAI TaijanaHy Mocenenepl OOHBIHIIA YIKEH JjKayalKepIIUNK KYKTeNiN OThlp. Anaiina,
MekTenTepae 3D Mojenbaey MEH KacaHbl MHTEJUIEKTT1 OipiKTipyae OipKaTap MIEHIIMIH TarmaraH
Mmocenenep 6ap. bipinuriaeH, 3D mMozaenbaey KypaiaapblH MaiifanaHya MyFaliMIepiH OUTIKTUTIK
JIEHT €M1 OpKeJKi, OYJI OJapAbIH *KaHa TEXHOJOTHUsIIAp bl THIMI1 KOJIaHybIHA Kenepri KkenTipeni [5].
ExiHmmizien, OKyHIbIIapAblH HWHXKEHEPIIK KOHE MU3alHABIK oOilay KaOineTTepiH aMBITyFa
OarpITTAIFAH  OJICTEMENep  JKeTKUTKCI3.  YIIIHINIEH, MeKTen OaraapiamMachliHaa Oy
TEXHOJIOTUSTApABI KYHelNi Typ/ie OKbITYFa apHalfaH HaKThl CTAaHAAPTTapIbIH OOJIMaybl KUBIH]IBIK
TyFbi3azsl [6]. KP opra Ginim Oepy ctanmaptsl OolibiHIIa "MHpopMaTHKa" MOHIHE OKYIIBLIAPIbI
ATOPUTMIIK OWJIayFa »oHe Oafjapiamaniay Heri3fepiH yHpeTy KapacTelpplUiraH. Anaiina, Oy
MOHHIH Ma3MyHbIHA2 3D Mozenpaey jKoHEe jKacaHAbl HHTEUIEKT TEXHOJOTHSUIAPBIH KOJIaHY
TOJIBIKKAHJIbl KapacTbIpbUuiMaraH. OCBl OJIKBUIBIKTBI TONTBHIPY MaKcaTbhlHAA KeOip MeKTenTep
Blender 6arnapiamachiH JIEKTHBTI Kype peTiHJIe eHTi3yie. JlereHMeH, ocbl OarbITThl KEHENTY YIliH
o/licTeMeNIiK Herizzemenep KaxeT. bys aranFaH Kapama-KalIIbUIBIKTapbl MISHTYy YILIiH >KacaH.bl
UHTEJJIEKT pecypcTapblH koHe Blender OarmapnamachlH KojjaHy apKbulbl Mektente 3D
MOJIENIBJICYl OKBITYIBIH SICTEMECIH jKacay MaHbI3bl 00JbII TaOb1aabl. byn 3epTrey HUQpiabK
JAFIbUTApbl TaMBITY/IBIH 3aMaHayHW TajlalTapblHa call KEJETIH JKaHa OJICTeMENiK TocuUIaepal
YCBIHYFa MYMKIHJIIK Oepei.
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CoHrbl KBUIAAPHI IIETENIK 3EpPTTEYIIUIep KAacaHAbl MHTEIUIEKT meH 3D Moxaenbaey
TEXHOJIOTHSUIAPBIHBIH OL1iM Oepy JKyieciHe BIKMaIbIH JKaH-)KaKThl 3epTTeyne. Macenen, Holmes,
Bialik >xone Fadel [1] o3 enbOekrepinae jxacaHapl MHTEIUIEKTTIH OKY MPOIECIH AepOecTeHAIPY KOHE
OKYIIBLIAP/IbIH ~ IIBIFAPMAIIBUIBIK ~ KaOUTETTEpiH JaMbITyJaFrbl peiH  cumartaraH. Blender
OarmapiamMachlH KOJJIaHYABIH OuTiM Oepy ic-opekeriHiae 3D Monaenbaey OaFIbUIapblH JaMBITyFa
ocepin Tannarad. Conbimen Katap, KM men 3D texHonorusmapsiH Oipiktipe oTeipbin, STEM 6imim
Oepy canachlHIa WHHOBALMSIIBIK OKBITY OMICTEPIH JAMBITYIbIH MAaHBI3IBUIBIFBIH aTal ©OTKCH.
UNESCO-nb1H 2021 xbutFbl OasiHnamaceiaa [4] 6iniM O6epy caimachbIHIAFBI KaCaHIbl MHTEIIEKTTI
)KayarnTbl KOJIJIaHy JKOHE OHBIH OKY CallachlHa BIKIAIBI TYPaJibl TPAKTUKAJIBIK YCHIHBICTAp OCpiIreH.
byn 3eprreynep Oimim Oepy xyiiecinge XU men 3D mopmenbiey TEXHOJIOTHUSIIAPBIH THIMII
MHTETPALUSIIAY IbIH TEOPHSUTBIK JKOHE MTPAKTUKAJIBIK HET13/IepiH allKbIHIayFa MaHbI3/IbI YIIEC KOCTHI.

Otangpik Faneivaap apacsinga JK.K. HypGekosa men H. Onenbexk [7] enbexrepinge 6imim 6epy
xynecine AKT-HbI eHrizy mocenenepi KapacTelpbliraH. EHOekTepinae mekrten OarmapiaMachiHa
UQPIBIK TEXHOIOTHSIIAPABI, COHBIH imiHae 3D Mofenbaey KypannapblH €HTI3yIiH OHICTeMETiK
Heri3zepin KapacTelpraH. Mekren OarmapiamacbiHaa Oarmapiamanay xoHe STEM monnepin
MHTEerpanusuiay »xoJjaapbl KonjnaHeliranbiMeH, Kaszakcranna 3D mopenbaey sxkone KM konjgany
omicreMeci OOMBIHIIA KEHICH[I 3epTTEyJiep >KETKUTIKCI3, OYJI TaKbIPHINTHIH ©3EKTLIIrH OJaH opi
apTTHIpA TYCE.

Byt 3eprreyaiH MakcaThl — jKacaH/bl MHTEIUICKT pecypcTapbiH xoHe Blender Garnmapiamachkin
KOJIJaHa OTHIPHIN, MeKkTenTe 3D Moaenbaeyai OKBITY 9/IiCTEMECIH a3ipiiey JKoHE OHBIH THIMAUIITIH
TOXKIpUOETIK TYPFBIIAH JTJIEIIEY .

Aranran 3eprrey 3D Mozpenbaey MeH jKacaHIbl MHTEUIEKT KYpalaapblH OipiKTipe OTBIPHII,
MEKTENTe OKBITY OICTepiH KETUIMIPYIiH >KaHAa MYMKIHAIKTEpiH KapacTeipansl. Blender
Oarmapnamacel Herizianae 3D Moaenbaey i OKBITYABIH 9/iCTEMENIK TICUIIEpi YChIHBUIBII, OJIAPIbIH
THIMIUTITT ToXipuOenik Typreiaa naienneHeni. CoHbIMEeH Oipre, 3epTTey HOTIDKeNepi Oomaliak
MearoTUKAIIBIK 3ePTTEYJIEPTe TCOPHUSIIBIK KOHE MPAKTUKAIIBIK HET13 00J1a amabl.

Kazipri Tanma Oinmim Oepy kyiecinne sxacaniasl uHTeiekT (PKM) sxone 3D Moxenbaey
TEXHOJIOTUSUTAPBIH TMalJallaHy — 3aMaHayd IUQPIBIK TpaHCHOPMAUSHBIH MaHBI3IbI Kypamiac
Oeuiri 607bII OTHIP. Anaiia, OyJ1 GaFbITTaFbl 9/1iCTEMENTIK HET13/1ep MEH TOKIpUOETiK 3epTTeyiep i
ne 60J1ca TOJBIK KETIAIPYIl Tajamn eTeal. 3epTTey/ 1iH FhUIBIMA MaHbBI3bl — )KaCaH Ibl HUHTEJUICKT TIeH
Blender GarnmaprnaMachIHBIH YHJIECIMIUTITIH 3€pTTEH OTHIPHIN, OKYIIBLIAPBIH KEHICTIKTIK Oiay
KaOlJIeTiH TaMbITyFa OaFbITTaJFaH HHHOBAIMSUIBIK OKBITY 9/1ICTEMECIH YChIHYbIHAA. by 3epTTey 3D
MOJETBACYAl OKBITYJa JKAacaHAbl WHTEIEKTTI KOJJAHYJbIH TMEeAarorUKalblK AacleKTUIepiH
allKpIH/IayFa *OHE OHBbl MEKTeN OarjiapiiaMacblHa THUIM[I €HT13y JKOJIJapblH TaOyFa MYMKIHIIK
oepeni.

3eprTey dmicHaMachl

3epTTeynep MEH MearoruKalibIK ToKipuOesnep Heri3ine 013 xKalmbl opTa OuTiM Oepy KyheciHaeri
10 - chIHBIT OKYIIBIIAPbIHA apHANIFaH. ¥ CHIHBUIFAH Oarmapiama 13 akaeMUsIbIK caraTTaH TYpaabl
YKOHE OKYIIBUIAP/IBIH YIIOIIIEM I MOCIBICY JaFAblIapblH KAIBIITACThIPYFa, COHIali-aK 3aMaHayH
TEXHOJIOTUSUTApABl  IIBIFAPMAIIBUIBIKIIEH KosjgaHyra OarbiTTanFadH. Okxymeiiapra Texk 3D
MOJIETIbACYAIH TEOPHSUIBIK HETI3[epiH YHpeTin KaHa KoiiMail, OoHbl HpakTHKaibIK Typae Blender
Oarmapiamachl apKbUIbl JKy3ere acelpyabl MeHrepredi. COHBIMEH KaTap »acaH/bl HHTEIUICKT
pecypcTaphiH TaiiajiaHa OTBHIPHIN, OKY MPOIECIH KEKEJICHIIpY MEeH OeHiMACY/IH XKaHa dicTepi
€HT131IreH.

barmapmama 3 Herisri OeJdiMHEH Typajbl, OJIapAblH opKaichichl 3D MopaenbaeyaiH MaHbI3IbI
Ke3€eHIepiH KaMTH/IbI:

- Heri3ri narapinapaet MmeHrepy (uHTEpdEiic, 00beKTIIEPaAl KYPY, OHIELY);

- XoOambIK )KYMBIC JKOHE HIBIFAPMAIIBUIBIK aHUMAITHS;

- JKacannpl MHTEIUIEKT KypaidapbliH KOJTaHY dKoHE KOPBHITHIHIBI d00a JaibIHay.
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Teopusinblk Marepuangap op cabakra MPaKTHKAIBIK TalChlpMallapMEH TOJBIKTHIPBUIBIIL,
OKYULIbUIAP/IbIH KEHICTIKTIK OWIaybIH, HU(PPIBIK CayaTThIIBIFbIH )KOHE HHKEHEPJIIK JaFIblIapblH
JAMBITYFa BIKIIAJ €TE/II.

Kac epekmemkrepre HEri3IeAreH MyHAall ojicTeMe OKymbUIapabiH 3D moxpenbaey
TEXHOJIOTHSICHIH MEHT€PYiH >KeHUIIETIN KaHa KoWMail, oJlapbIH IIbIFapMaIIbUIBIK KaOiaeTTepin
JAMBITA/Ibl, >KOOAJBIK OIJIaybIH KaJIBINTACTHIPAbl KOHE ©3/IrHEH IIeliM KaObulgail amyblHa
pIKan ereni. bi3 ymrin Oy 6arbITTBIH €H 0acThl apTHIKIIBUIBIFBI — OKYIIBIHBI OOamaK KocioiHe
OarpITTan, OHBI HHUQPIBIK onemre Oeilimuey ekeHi cesci3. Blender OGarmapmamaceinga 3D
MOJIEJIBJCY1 OKBITY JKOCIIaphl 1- KecTene KopCeTUIreH.

Kecme 1. Blender 6azoapaamacwinoa 3D moodenvoeyoi oxvimy

No Cabaxmuviy maxvipulObl C;Z‘ZZ’ Oxbimy Hamudiceci
1 Blender unmepdeiicinen 1 casam Blender 6azoapramacwinviy necizei mepesenepi
Mauwicy MeH Kypanoapuit Oinedi

2 Hezizei 3D ob6vexminepdi 1 casam Kapanaiivim npumumusemepoi Kypuvin, o1apobsi
xypy (Cube, Sphere, mypaeHOipedi (dicviidcolmy, OyYpy,
Cylinder) Macwmabmay)

3 Obvekminepdi monmay 1 casam bipnewe 06vexmini 6ipikmipy, Kewipy sicate
JICoHE OHOey 21C010 MaCi0epin meneepedi

4 Mamepuan men mexcmypa 1 cazam Obvexminepee myc, Mamepuan dsHcone
KOLOAHY KapanatvimM mexcmypa Koi0aHa anaovl

5 JKapuix nen kamepanvi 1 cazam | JKapwig kesin, kamepa OYpolutbln OpHAMbIN,
opHamy CaxHa KepiHicin pemmenioi

6 Kapanaivivm caxna scacay 1 cazam Hlazvin caxuansl socunaxkman, penoepaeyoi
Jicane peHoep (cypemxe wivizapy) opbiHOqil aiadvl

7 Kobanvik scymvic: Yii 2 cazam O3 bonmeciniy Hemece yuoiy MoOenin KHcacail
unmepwepin 3D modenvoey OmbIpbin, HCOOABIK 0A20bLIAPBIH KOJIOAHAObL

8 JKacanowl unmennexm 1 cazam JKU apxwinet Blender-ee cypax koo, ckpunm
KOMe2iMeH HCYMbIC Jrcasy, wabaoHOap Koa0anyobi maxcipubeoe

KO0anaovl

9 Kobanvlx mancvipma 2: 2 cazam Kapanaiivin anumayus anemenmmepin Kocoin,

Anumayusnanzan caxua Kypy CaxHa KYpy apKulibl Wbl2apMAUbLIbIK
Kabinemmepin 0ambvimaowl.

10 Kopvimuinowel srcobanviy 2 cazam Tanoazan maxwsipvin OotibiHUWA MOIBIKKAHObL 3D
arcymovic: Epxin 2HCOOAHBL Jcacan, OHbL MAHBICMBIPAOYL HCIHE
maxvipvinmazvl 3D ocoda bazanatiovl.

bapnvix cazam canwt | 13

Ma3MyH KypbUIbIMBI OKYIIBUTIAPBIH OacTanKel TYCIHIKTEH KYpAel xKobanay opeKeTiHe IeH1HT1
JaFAbUIapbIH JKYHenl TypAe KajiblnTacTelpyFa HerisgenareH. COHbIMEH Karap, MpPaKTHUKaIbIK
TarchlpMaNapAblH  apTybl apKbUIbl OKyIIbUIAp ©3 O€eTiHIe mIemiM KaObuigayra >KoHE
TEXHOJIOTUSUIBIK TMPOLIECT] TOJIBIK UTEPyTe MAIIBIKTaHA/IbI.

3epTTey HOTHIKEJIepi

[lemarorukanbslk SKCIIEPUMEHT MEKTeNTiH 10-ChIHBIT OKyIIBLIAphl apachlHIA JKy3ere
achIpbULABI. DKCIepUMEHTTIK Ton peTinae 10 «I'» chiHbIOBI, an Gakpuiay ToObI peTiHae 10 «A»
CBIHBIOBI TAHAAIIIBI. OICTEME THIMIUIITIH O0BEKTUBTI OaFrajay MaKCcaThIH/a €K1 CIHBII Ta Oipiei
Ma3MyHJIaFbl OKy Oaf/apiamMachkl OOMBIHIIA )KYMBIC 1CTel, TEK SKCIEPUMEHTTIK TOITA KaHAIIbLT
omicreme — 3D wmopenpaeyai okeiTyaa Blender OarmapimamMachkl MEH >KacaHIbl WHTEIUICKT
pecypcTapblH KipiKTipe OTBIPBII OKBITY KOJJIAHBULIBL. Al Oakpliay TOOBIHIA JSCTYpIi oicTep
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cakTanapl. OKyIIbUIap CaHbl €Ki TONTa Ja TeH OOJFaHABIKTaH, AKCIEPHUMEHT HOTHXKEIepiHIH
CaJIBICTHIPMAJIBUIBIFBI MEH 9JIICTEMENTIK AYPBICTBIFBI KAMTaMacChI3 €TLII.

Op ceiHbNTa 19 OKymbIgan Oomael. By — canbicTeipMmanbel Tajjaay kacay YIIH KETKUIIKTI
KOHE CTATUCTUKAIBIK HETi3[e KOPBITHIHABI MIBIFapy MYMKIHIITIH KaMTaMachl3 €TETiH TeHJeu
TapaThUIFaH 3€PTTEY TOOBI. 2 - KECTE/Ie 3ePTTEY KoHE OaKblIay TONTAPBIHBIH CHIIATTAMACHIH KOPYyTe
0OoJ1aabl.

Kecme 2. 3epmmey srcone baxvliay monmapulHly CUNAMMAMACHL

Ton amayut Coinoin | Oxywnl canst | Oxbimy adicmemeci Maxcamot
Kayawwin 20ic: 3D mooenvoey scone KU
Dxcnepumenmmix 10 «I» 19 Blender owcone KU | kypanoapein kipixmipy
mon pecypcmapbin aApKbLILL OLNIM Canacvii
KOJIOaHY apmmaolpy
Baksuiay moGo: 10 «<A» 19 ,Ha'cr'nyp/zi OKbImy Locmypni adicnen anvinzan
20ici HOMUIICEMEH CANbICHIbIDY

DOKCIIEpUMEHT JKYMBICHI YII JKYHeni KEe3eHHEH TYPAbI: MaWbIHIBIK, HEri3ri (OKBITY) >KoHE
KOPBITBIH/IBI K€3€H. Op Ke3E€HHIH 631H/I1K MaKcaTTapbl, Ma3MYH/IBIK €PEKIICITIKTEP1 KOHE 9ICTEMETIK
MiHETTEepl aHBIKTAIIBI.

Hativinovik, kezeninoe 3epTTeY KYMBICBIHBIH TEOPUSIIBIK KOHE YHBIMAACTBIPYLIBUIBIK HETri3/epi
KaJaHgael. AnabIMeH, AcTtaHa Kamachkl okimairiHiH "Temeren AiiGeprenoB ateiHmarsl Nel6 opra
MeKTen" IapyallbUIblK >KYPri3y KYKbIHIaFbl MEMIIEKETTIK KOMMYHAJIBIK KOCIOPHBI 3€pTTEy
6a3acel perinae TaHganAbl. JDKcnepuMenTke 10 «I'» ChIHBIOBI (IKCHEPUMEHTTIK Tom) XKoHe 10 «A»
CHIHBIOBI (0aKplIay TOOBI) TApTHULABL. Op CHIHBINTA 19 OKyIMIBIAAH KaMTBULABI, OV JepeKTepi
CaJIBICTBIPY JKOHE OOBEKTHBTI HOTIDKE aly YIIiH KeTKiTiKTI. OCBl Ke3eHze OKy OarmapiaMachiHa
colikec apHailbl MOAYJIBIIK OKY-OlICTEMENiK KeIIeH Kypbliblll, 3D Mojenbaeyli OKbITynaa
KOJIJAaHBUIATBIH 3aMaHayd Kypangap (Blender Oarmapmamacel MeH JKacaHIbl HHTEJUICKT
wiargpopmanapsl) TaHaanael. COHBIMEH Karap, OKYIIbUIApAbIH OacTamnkbl ACHIeHiH aHbIKTay
MaKcaThIH/1a AMATHOCTUKAJIBIK TallchlpMasap MEH 0acTanKbl TECTIICY KYPri3ial.

Hezizei ke3eyoe 3KCIIEPUMEHTTIK OKBITY yJepici xy3ere achlpbulbl. 10 «I™» chIHBIOBIHA kKaHa
omicteme Herizigae 3D mMoaenbaey Kypeol )Kypri3igi, onna okyursuiap Blender 6armapiamaceiMe,
conpaii-ak ChatGPT, Mixamo, Meshy sxone Copilot cusxtsl XKW KypangapeiMeH KyMbIC iCTEYIl
MeHrepai. Cabakrap KypbUIBIMABIK TYP/I€ YHBIMIACTBIPBLIBII, TEOPUSIIBIK OLTIM MEH IMPAKTHKAIIBIK
JaFAbIHBl  YINTAacThIpyfa OarbITTanapl. OKylIbUIap BU3yal[bl MOJENIb Kypy, CaxHa kacay,
MaTepHalIap KOJJaHy >KOHE aHWMAlMs €HTi3y OOWBIHIIA TamnchIpManapabl OpbIHIaabl. bakeiiay
TOOBI — 10 «A» CBIHBIOBI IOCTYPJI1l OKBITY 9JIICIMEH ’KYMBIC 5Kaca/ibl, MyH/1a TEOPHUSUIBIK Ma3MYH MEH
MPAKTUKAJBIK 1C-OpEeKeT 3aMaHayd TEXHOJIOTHACHI3 OpbIHIANARL. bapibeik cabak OapbIChIHIA
OKYUIBUIAP/IbIH O€JICEHLIIIT, HIBIFAPMAaIIbUIBIFbI, 63 OETIMEH JKYMBIC jkacay KaOileTi KpuTepraabl
Oaranay MeH Oakbulay MapaKTapbl apKbLIbI AKYHEl TIPKEIII OThIP/BI.

Kopvimbinovl kezeyoe )YPri3UIreH OKBITY KYMBICTapPbIHBIH HOTHXKeJepl TalAaH bl by kesenze
Op OKYUIBIHBIH OacTamKbl KOHE KOPBITBIHABI OUIIM JEHIreill CaJbICTBIPbULIbI, MNPAKTUKAIIBIK
TarchlpMaap MEH KOPBITBIHIBI TECT HOTIDKENIEPl €cenKe ajablHAbl. AJBIHFAH MAJIIMETTEp CaH/bIK
KOHE camajblK TYPFbIIA OHIENIN, KecTelep MEH Auarpammaliap apKbUIBl BH3yalH3allHsuIaHIIbL.
DKCIepUMEHTTIK TONTa OKYyIIbIIapAbH 3D Moienb ey canachlHIaFbl 1aF IbIChI MEH KbI3bIFYIIBLIBIFbI
ailfTapibIKTail apTKaHbl Oaiikanabpl. bakpuiay TOObIMEH CalbICTBIPFAH A SKCIIEPUMEHTTIK TOM XKOFapbI
HOTHKENIEp KOPCETIN, >KaHAIIBII OAICTeMEHIH THUIMIUIIT monennaeHai. Ochbl Ke3eHIe FhUIBIMU
KOPBITBIHABIAD MEH OIICTEMEINIiK YCBIHBICTAP JKACAIBIN, 3EPTTEY >KYMBICBIHBIH HOTIDKEIEpi
KyHeIeHaIpII.
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DKcrepuMeHT Oactanap anibplHaa OKyIbuiapabiH 3D Monenbaey ®oHe oFaH KAaThICTHI HETi3r1
yrbIMAap OoibIHIIA OacTankbl OUTIM JEeHTediH aHBbIKTay MakKcaThlHIAa JUarHOCTUKAJIBIK TECT
Kyprizinai. OHBIH HOTHKENIEpl TOMEHeT1 | - cypeTTe KepceTiIreH.

Bacrankbr aenrei
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W 10 «I'» (3KCcHepuMenT TOOR) W 10 «A» (Daxsuiay ToObI)

Cypem 1. bacmankwl Oeneeti

Tect OapnpiFbl 15 kaObIK TUIITET CypaKTaH Typajbl. Op Cypakra TepT jkayall HYCKachl
YCBIHBUIAJIBI, OJIAPABIH immiHAe TeK Oipeyi FaHa aypeic. CypakTap OKYIIBUIAPABIH TEPMHHISPII
TaHy, KYPBUIBIMJBIK 3JE€MEHTTEpAl @XbIpaTy, KEHICTIKTI €JIeCTeTy, MOJEINbJeY YAEPICiHIH
caTbUIAPbIH TYCIHY, )KOHE TEXHUKAIBIK (OopMaTTapb! Oy ASHreiIepiH aHbIKTalIbI.

byn tectrin epekmeniri — Blender nemece Oacka HakThl Oarnmapiamara Toyenci3, Tek 3D
MOJIENIbJICY YFBIMBIHA HET13/IeJITeH JKajIbl OUTiM/Il aHBIKTayFa OarpITTanmysiHaa. Ochuraifina, o
OKyULIbUIApJBIH KaHAail na Oip OGarmapiaMaMmeH Toxipubeci Ooimaca Aa, OJapAblH TEOPHSUIBIK
0a3achIH Oarayiayra MyMKIHIIK Oepe/i.

Tectti Oaranay 15 GangslK *KyHeMeH Kypriziieai:

- 13—15 6amn — xxorapsl neHreit (3D yFeIMIapbIH TEPEH TYCiHel, KOJIaHyFa JaiibH);

- 10-12 Gann — )KeTKUTIKTI (Heri3ri TyciHikTepi 6ap, OaFbITTalIFaH OKbITYFa Oeilim);

- 7-9 6amr — oprama (YCTipT TYCiHIK 0ap, KOJIayabl KaXeT eTe/l);

- 06 Oamn — TeMeH neHrei (6acTanmkbl TYCIHIK JKETKITIKCI3, 0a3anbIK KypCcThl KalTanayra
YCBIHBIC Oepisiei).

JKunakranran MomiMeTTep opi Kapail SKCHEpUMEHTTIK KoHE Oakbliay TONTApBIHBIH OLTIM
JICHTeHiH CabBICTBIPY, OKBITY OMICTEeMECIHIH THIMIUTITIH Oaraiay »oHE OKYIIBI LITrepisieyiHiH
JMHAMUKACBhIH OaKbUIay YILIH Hai1anaHblIIbL.

Exi ceiHBITHIH J1a opTama 6aikl mamanac: 10 «Ay» cerabiObl — 53.8, air 10 «I» cbHBIOB — 54.3.
byn kepcetkimrep onapasiH 3D Mmonenpaey OoilblHIIA TEOPUSIIBIK JalbIHIBIK JIEHTeil yKcac
€KeHIH OuTIipeni.

Menunana MoHi exi TonTa fa Oipaeit — 54.0. by HoTHKenepiH TeHIeH TapalFaHbIH KOPCETEe/Il.
Anaiiga, MUHUMaIIB Oann O6akpuiay ToObIHAA ToMeH (45.0) GosFaH, ajl SKCIEPUMEHT TOOBIH A
49.0. byn skcnepuMeHT TOOBIHBIH 9JICI3 OKYIIBUIAPBIHBIH JeHreii OipimaMa >KoFapbl €KeHiH
aHFapTabl.

Maxkcumanapl 6amn kepceTkininae Oakpuiay ToObl (62.0) conm >KOFapbl HOTHXKE KOPCETKEH.
JlereHMeH, CTaHIAapPTTHI AYBITKY Oakbuiay ToObIHA 4.82 GoJica, SKciepuMeHT ToObIHAa 3.13, Oyt
HKCHEPUMEHT TOOBIHAAFBI HOTHKENEPiH O1pKeIKi )KoHEe TYPaKThl €KeHIH KopCceTe/Ii.
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Kanmeinaii anranga, Oy CTaTUCTUKANBIK MOIIMETTEp €Ki TONTHIH OacTamkbl JeHTeHiHIH
CaJIBICTBIPMAJIBI TYPJE TEH €KEHiH, ajl IKCIIEPUMEHT TOOBIHBIH 1IIKI YHJIECIMAUTIIT KOFaphl €KeHiH
Jonenaen . by gepex sKcrepruMeHTTI 9T JKaFaai1a )Kyprizyre MyMKiHJIIK Oepe/t.

DKCIEpUMEHTTIK OKBITY YZAEpicl asgKTaJFaH COH, 3epTTEY >KYMBICHIHBIH HOTHKENLUIIriH Oaranay
MaKCaThIH/1a KOPBITHIH/IBI JHATHOCTUKAIIBIK cayallHaMa YUBIMAACTHIpbUIIbL. by cayamnama 10 «I'»
(oxciepuMeHT TOOBI) xoHe 10 «A» (Oakpuiay TOOBI) CHIHBINTAPBIHBIH OKYIIBUIAPHI apachlHIA
xyprizinai. CayannamanslH 0acTbl MakcaTsl — Blender GarmapiaMachiH jkoHE KacaHAbl HHTEIUIEKT
(’KN) pecypcTapsbIH KipiKTipe OTHIPBIIN OKbITYAbIH 3D Monenbaey men 3D Gacma cananapsl OOMbIHIIA
O11iM JieHreiine acepin aHbIKTay 0011bl. HoThxkeci 2 — cypeTTe KOpCeTuIreH.

IKCHePUMENTTIK TON KaHe GaKblIay ToOOBLI KOPBITHIHALI HATIHReIepi

80%
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40%%
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0%
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W Bakpinay Tobel (10 «A») N 3KcnepumeHT TobeI (10 «l»)

Cypem 3. Dxcnepumenmmix mon dicone 6aKviiay moovl KopulmblHObl HOMuUdCceNepi

3eptrey O6apriceiHaa 10 «I» (3xcriepuMenT ToOBI) xKoHE 10 «A» (O6akbu1ay TOOBI) CHIHBIITAPBIHBIH
OKYUIbUIApbIHA apHAJIFaH KOPBITBIHABI TECT HOTHIKENEpl CalbICThIPMAbl TYpAe TainaHabl. TecT
Ma3MyHbI 3D MonenbaeyIiH Heri3ri yreiMaapsiH, Blender OarmapiamMachiHBIH MYMKIHIIKTEPIiH XKOHE
xacanpl nHTEIeKT KypanaapsiH (ChatGPT, Copilot, Mixamo, Meshy) Tuimai Konnany aeHrenin
Oaranayra OarbITTaIAbl. Op CYpaKKa €Kl TON OKYIIbUIAPBIHBIH AYPHIC XKayall Oepy MaibI3bl TIPKEill,
HOTHIKEJIEp CaH/IbIK JKOHE CalalIblK TYPFbIAA capanTaibl.

Juckyccust

Hortmxkenep SKCIEpUMEHTTIK OMICTEMEHIH THIMIUNTIH aWKbIH KepceTTi: Oapiblk 15 cypak
OolibIHIIIA SKCTIEPUMEHT TOOBI 6akbu1ay TOOBIHAH 15-30% apaiblFbIHAA )KOFApbl HOTH)KE KOPCETTI.
Mpicansl, «3D Moaenbaey nereHiMi3 He?» JereH cypakka 0akputay TOOBIHBIH 70%-bI AYPHIC kKayar
OepreH 0oJca, SKcIepuMeHT ToObIHAA Oys kepceTkim 89%-ra xerti. CoHbIMEH KaTap, «Blender
OarmapiamMachIHBIH KbI3MeTi», «Slicingy, «UV Mappingy», « KW KypangapeIlHbIH KOMET1» CHIKTHI
KYpJelli CypakTap/a Aa SKCIIEpUMEHT TOOBI e/19yip apThIK Kayar OepreH.

Opraia KkepceTkimTi ecentey popMyIach:

n
g =2k (1)
MyH1aFbI:
- X - opramra HoTHXKe (TaiibI30€H),
- X; - 1-HI11 cypak OOWBIHIIA TYPHIC jKayarl OepreH OKYIIbUIAPAbIH MalbI3HI,
- n = 15 - )kamnsl cypakTap CaHbl.

baxputay ToObI (10 «A»):
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_ 921

Xp = T 61.4% (2)
OxkcnepumeHT ToOBI (10 «I'»):
Xp = 22~ 84.7% 3)

DKCIEpUMEHT TOOBIHBIH OpTamla HOTHKeCI X ~ 84.7%, an 6aKblIay TOOBIHBIH HOTHXKeC X =~
61.4%. By aiiblpMaIIbUIbIK JKaHAIIBLUT 9/IICTEMEHIH THIMIUIITIH Jonenaeiiai, ceoedi:

AX = Xp — X =~ 84.7% — 61.4% = 23.3% 4)

SrHM, sxcnepuMeHTTIK dic 23.3% TUIMIIPEK HOTHKE Oep/Ii.

XKanmer anranga, Oakputay TOOBIHBIH oOpTama KepceTkimi — 61% mamaceiaaa 0Oorica,
AKCIIEPUMEHT TOOBIHBIH OpTalia HoTWxkecl — 84% neHrehinae Tipkenmi. by albpManibuIbIK
OKBITY/IBIH JKaHAIIBLI 9J[ICTEMEC] OKYIIBIIAPIBIH TEOPHUSUIIBIK JKOHE MPAKTUKAIIBIK OLTIMIH carabl
apTTHIPATHIHBIH Jonenaeni. YKacanpl HHTEIEKT pecypcTapbl OKYIIBUIAPABIH PeIICKCHSITBIK
KaOlneTTepiH, 13A€HIMIA3ABIFBIH JKOHE J1epOec JKYMBIC jKacay JarAbUIapblH HBIFAUTHII, OJap/Ibl
CaHBIK TEXHOJOTHSIIAP/Ibl MAKCATTHI TYp/E KOJlaHyFa Oeitimaeni.

KopbIThIHABI

oxicreMe Ma3MYHBl TEOPHSUIBIK JaWbIHIBIK TI€H MPAKTUKAIBIK >KOoOanay/Ibl KaMTHUTBIH
MOJYJbBJIK KYPbUIBIMFAa HETI3JIeNiN, OKYIIbUIAPIbIH KEHICTIKTIK Oiay, ChIHU OHE >KOOAbIK
JaFAbpUIaphIH TaMbITyFa OarpITTanabl. Blender GarmapimaMachlHBIH BU3YyalI bl MYMKIHIIKTEPI MEH
ChatGPT, Copilot, Mixamo, Meshy cusakrst XM kypangapsl TanceipManapAbl OpBIHIAY
TUIMAUTITIH apTTHIPBI, OKYIIBIIAPABIH ITOHTE AETEH KBI3bIFYIIbUIBIFBIH KOTEP/II.

10-ChIHBIN OKYLIBUIAPBI apachblH/a >KYPri3UIreH MeAaroruKajiblK 3KCIEPUMEHT HOTHXKECIHJIe
HKCHEPUMEHTTIK TOITHIH O171iM KOPCETKIITepl MEH MPaKTUKANBIK JaFIbUIaphbl OaKplIay TOOBIMEH
CaNBICTBIPFaHAa eaoyip Korapbl Oonabl. COHBIMEH KaTap, OKYLIbUIAPJBIH IIbIFapMalllbUIbIK
OesICeH AT MEH ©3/IIMHEH KYMBIC i1cTey KaOlieTTepl alTapiibIKTail 1aMbl/Ibl.

Y CBIHBIIFAH O/IICTEME TEK TEOPHSUIBIK TYPFbIAA €MeC, HaKThl MEKTeN J>KarJaiblHaa CoTTi
KOJIIaHbUIbIN, ©31HIH THIMAUIIIH ganennenl. On OKbITY Ma3MyHbBIH XaHFBIPTYFa, MOHAPAJIBIK
OailiaHpIcTap/bl HBIFANTYFa JKOHE OKYLIbUIApABIH 3aMaHayd TEXHOJIOTHSUIBIK —OpTara
OeifimMiey1He OH bIKIA] €TeTIH NepCHEeKTUBAIIBI OaFbIT PETIH/IE KApacThIPbLIabl.
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BUPTYAJIAbI MAIINUHAJIAP HEI'T3IHAE BOJTAINAK HHOOPMATHKA
MY¥YTAIMJAEPIH OITIEPAIHUAJIBIK KYUEJIEPTE OKBITY IbIH O AICTEMECI

Anoamna

byriari Tamma sxorapel OumiM Oepy KyleciHme Oacekere KaOinmeTTi, KociOW TYpFbIAa JalbIHIATFAH
nH(pOpMaTHKa MToHI MyFaJIiMIEpiH Aaspiay e3eKTi MacenenepiH Oipi Oomsim oTeip. byr Makanaga 6omamax
WHPOPMATUK TeAarortapra ONepalysiIbIK KyHenepli yWpeTyae BUPTyalibl MallHajJapAbl KOJIJaHyIbIH
MaHBI3IBUTBIFBl TEOPHUSUIBIK JKOHE TOKIPUOENiK TYPFbIIaH Herizaenesni. 3epTTeydiH MaKcaThl — BUPTYAJIIbI
MallvHaIapsl TMaifanaHa OTBIPHIN, OMNEPANUSIBIK KYWeIepAl OKBITYIABIH THIMII SIICTEeMECIH YCBHIHY.
Makanaga Windows Virtual PC, VMware Workstation 7.1, Oracle VM VirtualBox 4.1 Bupryanmu3zauus
KYpaJJapblHBIH MYMKIHAIKTEpl KapacTBIPBUIBIN, OJIAPABl OKY MPOLECiHAEe THIMII KOJNJaHy KOJAApEI
cumnarTaiaasl. BUpTyanasl opTaga »KYpri3uieTiH TOXipuOeNik TancelpMaiap CTYISHTTEPAIH OIEPaIHsIIBIK
XKyHenepi 6ackapy AarIblIapbiH Kayilci3 )oHe HKeMl TYpAe KalbINTacThIpyFa MyMKiH K Oepeni. CoHbIMEeH
Karap, YCHIHBUIFaH OJiCTEME ammapaTThK pecypcTapiabl OHTAMIbI MaljajaHyFa JKoHE Kypaedni
OarmapiaMaiapMeH JKYMBIC icTe€y THIMIUITIH apTThIpyFa BIKMAl eTedi. 3epTTey HOTIKeciHae Oomarmax
nH(OPMATHK TIeJarortapra apHajlfaH TOHKIPHOEIK TarchpMaiap KYpPBUIBIN, OKBITY IMPOIECiHEe EeHTIi3UIL.
KopbeIThIHIbIAa  BHpTyanu3amusi TEXHOJOTHSUIAPBIH  KOJJAAHy OUTiM  amylmbUIapIblH — MPaKTHKAIBIK
KY3BIPETTEPiH KaJbITACTHIPYAa THIM/I Kypajl peTiH/Ie YCHIHBLIA B

Tyiliin ce3nep: omepamusuIbIK JKyienep, BUPTyalIbl MallliHA, OKBITYy OMiCTEMECi, BUpPTyalu3aIlus,
MPaKTUKANBIK JaFIbLIap.

I'.J1. Komanosa', M.J1. Komanosa', JI.P. Tanumnos'
"Mex 1yHapoIHbIN Ka3aXCKO-TYPELKUI YHUBEPCUTET MMEHH X0k Axmena Slcasu,
r.Typkecran, Kazaxcran
METOJIUKA OBYYEHUS BYIYIIUX YUUTEJEN TH®OPMATHUKH OMTEPAIIMOHHBIM
CUCTEMAM HA OCHOBE BUPTYAJIbBHBIX MAIIIUH

Annomayus

B ycrioBusSIX COBpPEMEHHOTO BBICHIETO OOpa3oBaHUS MOJArOTOBKA KOHKYPEHTOCIOCOOHBIX U
MpoeCcCHOHANBEHO OPHUEHTHPOBAaHHBIX II€aroroB-HHGOPMATHKOB MpHOOpeTaeT 0co0yr0 3HAYUMOCTh. B
cTathe OOOCHOBBIBACTCS HEOOXOAMMOCTb UCIOJB30BaHUS BUPTYyaJbHBIX MAIUH MPH  OOYy4YEeHUU
OTIEPAIMOHHBIM CHUCTEMaM OyaylmMX MeJaroroB-uHGOPMATHKOB W MPEAJAracTcs COOTBETCTBYHOMIAS
MeToauka. L{ens nccnenoBanus — pa3pabotarh 3G HEKTUBHYIO METOIUKY O0YYEHUSI ONIePAI[MIOHHBIM CHCTEMaM
C NpPUMEHEHHEM BHPTYaJbHBIX MalIMH. B cTarbe paccMaTpuBalOTCS BO3MOXXHOCTH HHCTPYMEHTOB
BupTyanm3anuu, Takux kak Windows Virtual PC, VMware Workstation 7.1, Oracle VM VirtualBox 4.1, u
ONHCHIBAIOTCS IyTH WX WHTETrpalu B YyueOHbIH mporecc. [lpakTudueckue 3amaHus, TPOBOJUMBIC B
BUPTYaJIbHOH cpelie, CrocoOCTBYIOT (DOPMHUPOBAHUIO YCTOMYHMBBIX HABBIKOB YIIPABJICHUS OMEPallMOHHBIMH
cucreMamMu 0e3 pucka Uit Qu3udeckoro oOopymoBaHus. Takke moguepkuBacTcs 3(Q(PEeKTUBHOCTH
WCTIONIb30BAHUS PECYPCOB U TOBBIIICHWE KadecTBa TOJTIOTOBKH CTYACHTOB. Pe3ynbTaThl HCCIEIOBaHUS
BKJIIOYAIOT Pa3pabOTKy MPaKTHUSCKUX 3aJaHUi U YCIEIIHOE BHEIPEHUE X B 00pa30oBaTelIbHBIN mpoiecc. B
3aKJIFOUEHUM TIOYEPKUBACTCS, YTO MCIIOJIb30BAHUE BUPTyaIM3alUU IPEJACTABIIET COOOM AeWCTBEHHBIN
cnoco6 (hopMUpoBaHUs MPOPECCHOHATEHBIX KOMITETEHIIHA y Oy IyIIUX MeAaroros.

KaroueBble cJjioBa: oOmepalioHHbIE CHUCTEMBI, BHUpPTyallbHas MallldHA, METOJWKA OOYYCHHUS,
BUPTyaIH3alysl, IPaKTHUECKUE HABBIKH.
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International Kazakh-Turkish University named after Khoja Ahmed Yasawi, Turkestan, Kazakhstan
METHODOLOGY FOR TEACHING FUTURE COMPUTER TEACHERS OPERATING SYSTEMS
USING A VIRTUAL ENVIRONMENT

Abstract

In the context of modern higher education, the training of competitive and professionally competent
computer science teachers is of critical importance. This article substantiates the use of virtual machines in
teaching operating systems to future educators and presents an effective methodology for their implementation.
The purpose of the study is to develop a methodology for teaching operating systems using virtual machines
as a safe and resource-efficient learning environment. The paper analyzes the functionality of virtualization
tools such as Windows Virtual PC, VMware Workstation 7.1, Oracle VM VirtualBox 4.1 and outlines how
they can be integrated into the teaching process. The use of virtual environments enables students to acquire
hands-on experience in managing operating systems without risking physical hardware. Furthermore, the
approach supports efficient resource utilization and improves the quality of practical training. As a result of
the study, a set of practical exercises was developed and successfully introduced into the curriculum. The
conclusion emphasizes that virtualization technologies are an effective means of enhancing professional skills
in computer science education.

Keywords: operating systems, virtual machine, teaching methodology, virtualization, practical skills.

Kipicne

Bonamrak nadopmaTik negarorrap onepanusuibik xynenepain (OXK) MyMKiHAIKTepiH YHpeHyeri
MPAKTUKAJIBIK JaFAbUIapAbl OCKITy YIIiH apHailbl 3epTXaHa KaKeT, OHbl YHUBIMIACTHIPY OTE KUBIH,
OUTKEHI MYH/Iall SKCIIEPUMEHTTEp KOMITBIOTEP/iH OaraapiaManblK eHIMACPIHIH OHIMIUTITIHE 3HsH
kenTipyl MyMkid. OXX-HiH (QyHKIUMOHANABIK €peKIIeTIKTepiH YHpeHyMeH OaiIaHbICThl OHAEpTe:
«OnepanusuiblK  Kyhenepy, «OnepanusiblK SKyHenepaiH apXUTEeKTypackl» xkaraabl. OcblHman
MIOHAEPi OKY HOTHXKECiH/AeT1 OUTiM MeH AaFabutap Oonamrak nHGOpMaTUKa MyFalliMIEepiHiH Ka3ipri
eHOeK HapBIFBIHAAFBl TAJNANTAPAbl KaHaraTTAaHABIpyNa MaHb3Abl.  OmnepanusuiblK KyHenepmi
BUpTyanu3anusiiay — 0ip (u3uKanbK cepBepie OipHelle BUPTyalbl HEMece KepiciHiie, OipHerre
(bu3uKanbIK cepBepiiepAcH Oip BUPTyalasl cepBep Kypy YiniH Kaxer. COHBIMEH Kartap,
BUPTYyaJlu3alusl KbIMOAT ecenrtey KyaTblH YThIM/IbI MaiiiaaHyFa MYMKIHJIIK Oepei.

Kasipri xahannelk nudpiblk TpaHcpopMmaius KargailblHIa BUPTyalu3alusl TEXHOJIOTHsUIaphl
HSKOHOMHKaHbIH, KOFaMHBIH J>XKoHE ocipece OUIiM Oepy KYyHECiHIH JaMyblHa BIKNAd eTeTiH
CTpaTerusIbIK akTopra aiHambn oTeip. Memieker 6acmbickl Kackim-)Komapt Tokaes «Kacanas
MHTEJNIEKT adyipingeri Kasakcran: e3ekTi Mocenenep >koHe OHBbI TyOereilni mudpiblK e3repictep
apkpuTBI Tenry» atThl JKonmaybsiaaa KW-1bl YITTBIK JaMy CTpaTeTUsICBIHBIH 0aCThI OaFBITHI PETiH/IE
arar, 611iM Oepy/ii )kaHa TEXHOJIOTUSJIBIK OpTara OelimMey KaxKeTTiriH epekie kepcerTi [1]. Ocbiran
OaillaHBICTBl BUPTYaJIIbl 3€pTXaHa TEXHOJOTHUSUIAPBIH MEHIrepy, OJlaplibl OKY-TopOue yaepiciHe
TUIMJI €HT13Y, MeJarortap/blH HUQPIIbIK KY3bIPETTUIIrH apTThIpy OapbIHIIA KY3€Te achIpblIy/a.

binim Gepy »xyleciHiH THIMAlI JaMybl OUIIKTI >KOHE KOCIOM KY3bIpETTI Ieaaror Kajpiap.ibl
nasipinayMeH Tikene OaimanbicThl [2]. Ocbl TYpFBIIAH ajFaHfa, NMEJaroTHKANbIK KOFapbl OKY
OpBIHJIapbIHA OoJIalIaK MaMaHJap IbIH K9C10M IeOepIIiriH KeTIA1pY, HAKThI )KaFAai1a >KyMbIC iCTel
aNaThlH KaOlJIeTTepiH JaMbITy MiHJAETI )KyKTenenai. bonamak wHpopMaTHKa MOHI MyFaTiMAEpiHIH
KociOM MIHAETTEPAl TYpJIi XKarmana memie OuTyl, aknapaTThIK KyHeIepMeH KoHe OarmapiaMatbiK
KypalJapMeH epKiH KYMBIC iCTel alrybl — OJIapIbIH KOciOW JTalbIHABIFBIHBIH MaHbBI3/IbI KOPCETKIIII
Oonbin  TaObutagel. OpTa MeEKTEN MYFaliMi OKBITYLIBUIBIK KBI3METIHAE OKY aKmapaThlH
TapaTaTbIHIBIFEl, ©3 OeTiMeH OKyabl Yiperedi. OKBITYIIBIHBIH KBI3METIHAE OpPbIHAATATHIH
TarcelpManap OuUTiM aymibiFa OarbITTalFaH IbIFBIHBIH HOTHIKEC] JKOoFapbl Oosazsl [3].

Amnaiina, OyriHri TaHa OUTIM aMyHIBUTAPABIH OMEPAMSIIBIK KYHeIepMeH KYMBIC icTey KadineTi
KoOiHe TeOpHsIMEH MISKTENIN, MPAKTUKAJIBIK JaFAbUIapbl TOMEH JEHTele Kajablll OThIp. MyHman
Kargaiap OKy YAepiciHAe 3aMaHayl 3epTXaHalblK 0a3aHbIH >KETKUTIKCI3ITIMEH, COHIai-aK
Kayirnci3 ToxipuOe anaHbHBIH OonMaybiMeH OaiinaHblcThl. COHBIMEH Katap, *KYMbIC OepyIiiiep
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Ka3ipri TYJEKTepAiH KociOM MpaKTHKAIBIK JaFAbUIapbIH KETKUTIKCI3 Aen Oaranaipl, Oy oapIbiH
€HOCK HapBIFBIHAAFbI 09CEeKere KaOIeTTUIIrHE TIKEIeH ocep eTe/i.

Ocbl MoceneHl ey aiH THIMIL KOJIapbIHBIH 0ipi — OKY YA€piCiHIe BUPTYyaAbl MalluHaIap/ bl
naiiiaiiany apKbpUIbl OINEPALMSUIBIK KYHeNIepai OKBITY O/iCTEMECiH eHridy. Bupryanmszanus
TEXHOJOTHACHl CTYACHTTEPre TYpPJi ONEPANMSUIBIK JKYWENIepIiH KYPBUIBIMBI MEH J>KYMBIC iCTEY
KaruJlaiapblH HAaKThl MPAKTUKAIBIK TYpJIe MEHrepyre MyMKiHIIK Oepemi. byn Tocin ammapaTThik
Kypaljgapra 3HUsSH KeNTipMel ToxipuOe kacayra JKarlaidl TYFBI3BIN, OUTIM  adylIbLIap/IbIH
KBI3BIFYIIBUIBIFBI MEH O€JICeHIUTIriH apTThipansl. Jlemek, Oonamak nHpOpMAaTHKa MyFaliMJIEpiH
3aMaHayH akIapaTThIK OpTaja THIMII JKYMBIC icTeyre OeiiMIey YIIiH OINepalusIblK KyHerepai
OKBITYy/Ia BUPTyaIJIbl MAaIIMHANAPILI KOJJIAHy — ©3€KTI FBUIBIMU-JJIICTEMENIK MiHJET OOJIBII
TaObuTa Bl byt oficTeMe CTyAeHTTEPTiH KOci0U KY3bIPETTEPiH 1aMbITyFa, OUTIM canachlH apTThIpYyFa
’KOHE OKY YPAICIH THIM/I YHBIMIACTBIPYFa CENTITiH THTI3eIi.

Enimizmeri sxorapbl OiniM  OepyliH Kemnl JEHIeill KYpbUIBIMBI JKOHE JKOFapbhl MEKTEITIH
XaJbIKapanbplK OimiM  Oepy >KyileciHe cail JKOCHapiibl WHTETpalMsUIaHybl Ka3ipri 3aMaHHBIH
TajanTapblHa cail JkaHama Tocuuaepai Taman eteni. JKorapel OKy OpBIHIApbIHIA OoJaniak
MaMaHJapAbIH IIBIFAPMAIIBUIBIK MYMKIHIIKTEPIHIH JaMyblHa, OKY VICpICIH YHBIMIACTHIpYIa
canmajbl ©3repiCTeplliH KaxkeTTunrin kepcereni. ComapabiH Oipi  onmeparusuiblK  KYHeIepaiH
MYMKIHIIKTEPiH BUPTYAJIAAH/BIPY apKbUIBI UTEPTY.

3epTTey dmicHaMachl

3eprTey 0Oa3acel perinae anbiHFaH Koxka Axmer Slcayu artbiHaarbl XalbIKapalbIK Ka3akK-TYpiK
yauBepcuterinae HWupopmaruka Ourim  Oepy OarmapiamMachlHBIH OKY JKOCHapbIHAA OLTiM
IyMIBUTAPABIH  OMEPALMSUIBIK JKYHEIepMEeH JKYMBIC 1CTe€y KY3BIPETTUIINH KaJIbIITaCcThIpyFa
OarpITTaFaH T[IOHJCP KapacThIpbUIFaH. ATanm alTKaHaa: «AKIIapaTThIK-KOMMYHHUKAIUSITBIK
TexHoJorusuiapy, «Onepanusuibik xKyienep», «bimim Oepyneri odpuctik 6armapiamanapy, «bimim
Oepy MeKeMelepiHAeri XKeMUTK TeXHOJOTHsuIapy, «OnepanusiblK KyHeHl aJIMUHUCTpalUsay»,
«bimim OGepyzaeri KongaHOanel Oargapiamanapy MOHIEpPl CTYIEHTTEpre TEOPHUSIIBIK OLIiM MeH
MPAKTUKAJIBIK MAIIBIKTapAbl YHJIECTIpe OTBHIPBIN, KOCIOM MiHAETTepAl THUIMAI OpbIHIAYyFa Karaai
’)Kacaupl.

3epTTeyaiH MaKkcaThl — ONepalUsUIBIK JKyienep/i Oonamiak nHPOPMATUK TIearorrapra Yuperyie
BUPTYaJbl MallMHAIAPAbI KOJAAHYABIH KAKETTLIITIH HETi3/eM, FhUIBIMH-JICTEMEINIK KOIAapbIH
ycbiHy. Ochl MaKcaTKa JKeTy YLIIH 3epTTey OapbIChIHa OipHeIIe MIHAETTEp ajiFa KOMbUIIbL:

— OIepalnysuIbIK Kyhenepal Oackapyna MpakTHUKAIbIK JaFabUIapAbl SKETIAIpy MakcaTbhIHIA
OpTYpPJIi BUPTYalIbl MallIMHAJIAp apachlHAaH OKBITYFa TUIMAUIEPIH TaHJAY;

— BUPTYaJIJbI OpTaja ONepalUsUIbIK KYHEIepMEH JKYMBIC ICTEY/IIH oAicTepl MEH YHBIMIACTBIPY
YKOJIJIAPBIH aHBIKTAY;

— 3epTXaHaJbIK XKOHE TIKIPUOETIK KYMBICTAP/Ibl KOMIBIOTEP/iH OaraapiaMaiblK OHIMILTITIHE
3USIH KEeNITIPMEH JKYpri3y ToCUIAEpIH YChIHY.

3epTTey omicTepiH TaHJAy FBUIBIMU HeETi3AenreH Tocinmepre cyhenai. KoHrenT-tammay omici
apKbplIbl OKy OarnapiamManapbl MeH OuliM Oepy YyJlepiciHe KOWbUIATBIH 3aMaHayd TajanTap
capantannael. CayanmHama apKbUIBI OUTIM adylIbIIapAbIH JAWBIHABIK JCHIEel MeH ToXipuOemik
MAIIBIKTapbl aHBIKTAIBI. AJIBIHFAH CalaNIbIK JAEPEKTEP 9MIICTEMENIK YCHIHBIMIAPIBI d3ipIieyre Heri3
605116l DKCIEPUMEHTTIK OKBITY 9iCi apKbLIbl YCHIHBUIFAH 9/IICTEMEHIH THIMIUII OaKbuiay *oHE
ToxipuOenik  Tomrapaa  Tekcepuial.  CTyneHTTEpAiH  OKy  JKETICTIKTepl, IMPaKTUKAJIBIK
TaTnChIpMalIap/ibl OPBIHIAY camachl MEH ©3]1IK JKYMBICTBI YHBIMAACTHIPY KaOUIETi CabICTHIPMAIbI
Tajnay apkpUibl  OaramaHabl. byn  3epTrey  HOTHIKENEpIHIH  CEHIMIUITIH — apTTHIPHIIN,
BUPTYaTU3alUSHBIH OKBITY TIPOIECIHE OH BIKIMAIBIH JAJIETACYTe MYMKIHIIK Oep/Ii.

3eprTey OaphiChIHAA KOJAAHBUIFAH OapiibIK OMICTEp 3€pTTEy MaKcaTTapblHAa KOJI JKETKI3yTe,
Oonamak MHPOpPMATUKA MEAArOrTapbIHBIH KOCIOM KY3BIPETTUIIrIH apTTBHIPyFa *OHE BHUPTYabl
MallliHajgap HET131HE OKBITYABIH Ma3MYHIBIK opl TEXHOJOTHUSUIBIK THIMIUTITIH alKbIHAayFa
OarbITTaJIIbL.
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3epTTey HOTHIKEJIepi

Kosxa Axmer Slcayu aThIHIaFbl XadbIKapAJIbIK Ka3aK-TYPiK YHUBEPCUTETIHIH HHGOpMATHKA O1ITiM
Oepy OarmapiamMachlHBIH OUTIM adylIbUIAPBIHBIH TPAKTHKAIBIK JaFAbUTAPBIHBIH JKETKUTIKTLIIK
JICHreiiH aHbIKTay MaKcaThIHJa cayanHaMma ajblHibl. CayaHamaza OuTiM alylibUlap/iaH HIbIHANBI
KOHE HAKTHI Kayar ajly MakcaTbhlHAa OUTIM alyIIbUIapAblH KYIHSUIBIFBl CaKTaJIATBIHBI €CKEPTLIMN,
«Google ®opmay» apkpbutsl xyprizinmi. Cayamrnama Koxka Axmer Slcayn atbiHgarsl XalbIKapaiblK
Ka3ak-Typik yHuBepcuteTiHiH WHdopmaruka Ourim Oepy OarmapiamMachlHBIH 3 Kypc OuTiM
anymeliapeiHad - anbigabl.  CayanHama  cypakTapbl JKOHE cayallHama HoTmkeci l-kecrene
kepceriiren. CayanHamara KaTbhICKaH cTyneHTTep canbl: 40. PecrnoHaeHTTepliH KBIHBICTHIK
Kypambl: epiep caHbl — 23, oiien canbl — 17 OGonmel. Peconpentrepnin xkactaper 20-23 sxac
apasbIFbIHIA OOJIBI.

Kecme 1. Cayannama cypaxmapwi dcane cayaiHama Hamuxiceci

Kayan bepyee
KUHALAMbLH

7/17,5% | 26/65% 7/ 17,5%

No Cayannama cypakmapui V€] Kox

Op mypi onepayusnbiy xHcytienepoe Heymvic icmet
anacwiz 6a?( Linux, MacOS)

Bupmyanovt mawunanapoviy munmepi men myprepin
2 bineciz 6e? (Windows Virtual PC, VMware 6/ 15% 25/62,5% 9/22,5%
Workstation 7.1, Oracle VM VirtualBox 4.1)

Onepayusnvix scytienepoi GUpmyaru3ayusiay

3 e . 5/12,5% | 27/67,5% 8/20%
MYMKIHOIKmepimer maHviccol3 ba?
Onepayusnvix xcytienepoi upmyaiobl MauuHaLap

4 KOMe2iMeH KOnme2eH MyMKIHOIKMEPIH MeH2ep2iNi3 30/75% | 5/12,5% 5/12,5%

xene ma?

Bipinmi cypak: «Op Typii onepamysuiblK JKyHenepiHae Kymbic ictedl amacei3 6a? (Linux,
MacOS)» nereH cypak apKbUlbl CTYAEHTTEpPAIH Ka3ipri yakbITTarbl ONEPALMSUIBIK XKYHesnepliH
KOITIrHe 0aiaHbICThl MYMKIHAIKTEPIH MMaii1aaHbl, KICIITIK TarcblpMaiap bl OpbIHAM alybIHbIH
JIeHreiiH 3epTTeln, 1-cyperte kepceTiireHael Hotwxke anaslk. Hotmwkecinne 40 ctyneHTTiH 42,5%-
bI Windows, Linux, MacOS omnepanusiibik KydenepiHie >KYMbIC icTei anaTeiHaapsl. Kanmran
KaThICYIIBIIApAbIH 65%-b1 OyJ1 omepamysuiblK JKyHenepae >XYMbIC icTell alMalThIHABIKTapbIH
KepeMi3, an  17,5%-b1 op Typii cebenTepre OalaHBICTHI Kayarn Oepyre KWHAJIaThIHIBIKTapbIH
alfTKaH.

P TYPNI ONEPIAUHANDIK KMYRENEDINGE MYMBIC ICTEH anackis 637
(Linux, MacOS)

40 oroeron

Kayan Sipy 1o ORI

Cypem 1. Onepayusanuix dxcytie mypansl CayarHama Homuxicecs

Exinmi cypak: «BupTyanasl MalimHalapAblH TUNTEpi MeH Typiepin Outeciz 6e? (Windows
Virtual PC, VMware Workstation 7.1, Oracle VM VirtualBox 4.1))» neren cypakka BUPTYaJabl
MaluHaJapIbIH TUNTEP1 MeH Typiiepi 15%- b1 FaHa OineTiH OOMBIN MBIKTHL 62,5 % -bI OUIMEUTIH
Oombim MWBIKTEL. Au, 22,5 %- Bl kayanm Oepyre KHHAJaThIHIBIKTapblH aiTkaH. CayanHama
HOTH)KECIHIH IpaUKTIK KOpiHiCl 2-CypeTTe KOPCETIITEeH.
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BapTyanbl MAWWKANAPALIN THNTEP MeH TYPNepin Ginecis 6e?
(Windows Virtual PC, VMware Workstation 7.1, Oracle VM Virtual8ox
41)

&0 oreetom

[ R
[

© Kaygan Gepyre omanawmet

Cypem 2. Bupmyanovl MauwuHaiap Hcaiiivl CAyaiHama Homuxiceci

Yurinmi cypak: «OnepauusiiblK Kylenaepai BUpPTyadu3alusiay MYMKIHIIKTEpIMEH TaHBICCHI3
0a?» nereH cypakka 12,5 % -bI FaHa OineTiH O0MBIT MBIKTBL. 67,5 % -bI OLIMEHTIH OOJIBIN IIBIKTHIL.
20% -bl )xayan Oepyre KMHANAThIHIBIKTAPbIH aiiTKaH. CayaHaMa HOTHXKECIHIH I'paUKTIK KepiHici
3-cyperTe KepCeTiIreH.

ONepauMAnsIK KYReNEPin BHPTYRNHIBUMANGY MYMXIHAIKTEDIMEH
raupicces 6a?

40 oroevce

@
® o

B Mayan Sapyre paeanas

Cypem 3. Onepayusnvlx stcytienepoi BUpmyanu3ayusiay MyMKiHOIKmepi 60ubIHUA CayanHama Hamuicect

Teprinmi cypak: «OnepauusiblK >Kylenepai BUPTyalIsl MallMHajdap KOMEriMeH KeIlTereH
MYMKIHIKTepPiH MEHIepriHi3 Kele Ma?» JiereH cypakka 75 % -w1 «Moy gem xayan o6epren. 12,5 % -
Bl KOK Jel jxayamn OepreH. 12,5 % -bl xayan Oepyre KMHalaThIHIBIKTApbIH aiiTkaH. CayamHama
HOTIKECiIHIH IpadUKTIK KOPiHIiCi 4-CypeTTe KOPCETiIreH.

Onepauvanbix, XyAenepai BUPTYanah MaWnHaNap KeMeriMeH
KOnTereH MyMxiHAIKTepiH MeHrepriis kene Ma?

40 0vperoR

®
® #or,
© Mayan Sepyre paanavan

Cypem 4. Bupmyanovl MawuHaiap MymKiHOiKmepi mypaisl CayaiHama Hamuxceci

3epTTey KYMBICHI asiChIHA YHBIMIACTBIPHUIFAH cayaTHaMa HOTHKeCiH e Oonamak nHpopMaTHKa
TeIarorTapbIHBIH TEOPHs )KY31HE aFaH OLTIMIEPIiH MPaKTHUKa XKY31HE KOJIaHY YIITH ONEPaIHsIIBIK
Kylienep MoHI Ma3MYHBIHA BUPTYaJIJaHIBIPy TEXHOJIOTHUSIIAPBIH KOCHII, COJl apKbLIbI ap Typi OXK-
JepAe KATTHIFyJap OpBIHAAyFa KbhI3BIFYHIBUIBIKTAPEl 0ap €KEeHMIr aHBIKTaNabel. Orepanusibik
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KyHenepi 6ackapy calachblHAAFbl IPAKTHKAIBIK JaFAbUIAP bl OCKITY YIIiH apHaiibl 3epTXaHa KaxeT.
by kaxeTTinikTi oppiHaay Oi1iM Oepy MeKkeMenepi YIIiH YUbIMIACTHIPY 6Te KHbIH, OUTKEH1 MYH/1ai
HKCHEPUMEHTTEP KOMIBIOTEPAIH OardapiaMalblK ©HIMJICPIHIH OHIMAUIIKTEpIHE 3USH KeNnTipyi
MYMKiH. Bys 3epTTey >KYMBICBIMBI3JBIH MaKcaTblHA Kapail onepaiusuiblK KyHenaepal BUPTyabl
MaIllMHAHBIH MYMKIHAIKTEPiH KOJ/1aHa OTBIPHII OKBITYIBIH 9ICTEMECIH YCHIHATHIH 00JIaMBbI3.

AKIaparThlK TEXHOJOTHs cajla MaMaHJbIKTapbl Oip-OlpiHEH MaKcaTbIMEH, CUIaTTaMallapbIMEH
KOHE MYMKIHAIKTepiMEeH epekuieneHeni. bomamak wHpoOpMaTHka megarorrapbl ONEPALUSIIBIK
KyHenep OOWBIHINA anFaH OLTIM KOHE OUTIKTEpiH THIMII KOJAAHy YIIiH BUPTYajabl MallWHAHBI
TaHJIayAbIH HET13T1 KpUTEPUIJIEPIH aHBIKTAY KaKeT [4].

BarnapnamansiK jkacakTama HapbhIFbIHAA «BUPTYaJIAaHABIPY KYpalgapbl» I aTalaThblH OHIMIED
naiina GosFaH Ke3zie MOHIK 3epTXaHanapibl OpbIHAAYAAFbl OlpHEIIe KUbIHBIKTAP bl TY3€Ty MYMKIH
O6ongel  [5]. bip oxareiHaH, MyH7ai OarmapiamainblK  OHIMAEPAlI MaljganaHy MeEH Ken
(GYHKIMOHAIABUIBIFbIHA OalIaHBICThl QJJEKalila bIHFAWIBl OOJIIbI, all €KIHILI >KarblHaH, OJapibl
THIMI TaiianaHyAblH KONTereH MyMKiHaikTepi ambuiabl. Kasipri yakpiTTa op TYpii KbI3MET
cajlaJIapblH/1a BUPTYaJIu3alysl OHIMJIEpiH KOJIAaHyIbIH KeJlecl HycKajlapbl KOpCeTUIreH:

1. CepBepai BupTyammaHaeipy. l[lapamiens KYMbIC ICTCUTIH BUPTYyaJIIbl KeIIipMelIepiH
naianansin OipHemie GU3UKAIBIK cepBepiepii OipeyiHe Keuipy.

2. KoceiMimanapas! o3ipiiey oHe xeHaey. bip yakpirta 6ipreme OXX-HbI icke KOCy MYMKIHIIT1,
Oy OarnapiaMaiblK jKacaKTama jkacayllbulapFa opTypal Iuatdopmanap MEH KOH(pUrypauusiapaa
KOCBIMIIIAJIAPBIH TEKCEPYTre MYMKIH/IIK Oepei.

3. AnmaparThlK Kypajaaapiabl BUPTyalJaHIblpy. MpbIcaibl: BUPTyalJbl IPUHTEpIEp, akiapar
KUHAKTAFBIIITAP, )KEITUTIK XKaObIK.

4. TlopratuBTi KOChIMIIANapiel yibiMpacTelpy. Colikec KelIMEWTIH — OarnapiaMaiblK
KaMCBI3IaH/IbIPy KYMBICHIH KAMTaMachI3 eTy.

5. OkbITyna KonjnaHy. Bupryanael mMammba OuniM Oepy MekeMenepiHze BUPTYasibl 3epTXaHa
KOCINTIK OHEp OOMBIHIIA 3epTXaHAIBIK cabaKTap bl YIBIMIACTHIPY YIIiH Mai1aTaHblUTybl.

byrinri Tagaa gepOec *KYMBICHIH IMYJISIUSIIANTBIH OaFaapiaMaiapablH CaHbl KeTKUTIKT. Onap
Oip-OipiHEeH MaKCcaThIMEH, CHITATTaMAJIAPBIMEH >KOHE MYMKIHIIKTEPIMEH €peKIIeIeHel, opTypi
JMalBIHIBIK JACHTreinepl 6ap maiimananymisliapra OarbITTalIFaH, COHNBIKTaH OUTiM Oepy canachiHa
THIMJII Koiany yiriH BM TaHnayabplH HET13T1 KpUTEpUilliepiH aHbIKTay KaxkeT 0ousl. JKanmsl, BM
TaHJayJbIH 6 KPUTEPHIiH HETI3T1 JIeT caHayFa OONaThIH/IBIFBIH KOPCETTI [6]:

1. Omymsus Typi;

2. Kyiienik Tananrap *xoHe Oara;

3. OMysiIMsUIaHaThIH allapaTThIK Kypa,

4. Nntepoeiic;

5. OyHKIIMOHAIIBI TONTHIPY;

6. OHIMILIIK.

Ocpl KpuTepuiliepre coilkec KeJETIH BUPTyalJbl MaIIMHAJApJbIH €H TaHbIMall YIIEYiHIH
CHUIaTTamMajapblHa CabICTBIPMAIbI TANIJAY XKaca blK. BUpTyanipl MammHamap/s! SpTypaai caanapaa
KOJI/IaHy YIIiH KOWBUIAThIH TaJanTapFa CollKec KeNeTiHIH aHbIKTay YIIIH OYTiHI1 TaHAa TaHbIMaJ YII
KBa3MAMYJIATOP/bIH CHUIIATTaMalapblHa CaJbICThIpMalibl Tanjay >Kyprisingi. Tectiney oObekrici
petinae 613 OaraapiiaMabIK OHIMIAEPIIH Keyeci HycKanapsiH anablk: Windows Virtual PC, VMware
Workstation 12.x, Oracle VM VirtualBox 5.x. bactankpiga Oarnapiama IepeKTepiH BUPTYasIbl
MallliHA OPHATBUIATHIH KOMIBIOTEpre KOWBLIATBIH Oara MEH >KYHENiK TananTtap TYPFbICHIHAH
CaNIBICTBIPY Ka)KET JeN caHalMbI3, OTKEeHI OyJI elieM BUPTyalabl MalllMHA KYMBIC ICTEWTIH XOCT
MalllMHAJIAPBIHBIH KOH(QHUTYpaIMsIChIH TaHIayAa Heri3 0oibin TalObuianel. Erep OChI CHIHBINITAFBI
Oarapramanapra KOWbUIATBIH YChIHBUIFAH KYHENIK TallanTap/abl TajalalThiH O0JICaK,0H1a ojiap eTe
ykcac: MuHuMan bl skuiiiri 1-1,3 GHz 6onatsin 32 Hemece 64 OUTTIK apXUTEKTYpPaJIbIK MPOIECCop;
COHBIMEH KaTap KommbloTepne keminae 1 I'0 kemen »kaapl OpHATBUIYBl Kepek. J{MCK *kKeTekTepiHe
KOMBUIATBIH TaJanTap MaHbI3bl eMec, OlpaK €H a3 Tajan eTuleTiH - 0yin Microsoft enimi; VMware,
KepiciHIile, oTe KeJeMAl AMCTPUOYTUBKE He KOHE OPHATBUIFAaH Ke3/1€ IUCKITIK KeHICTIKTIH 6Te YJIKEeH
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KeJIEMiH KaKeT eTelli. BupTyanapl MammHa *yMbIC icTeyl YIIiH XOCT KOMITbIOTEPiHE OPHATHLIAIBI.
JlunensustanFan OargapiaMaiblK JKacaKTamaHbl maipanany yiriH Microsoft »xone Oracle
OarmapiamMalblK JKacaKTamMaljlapblH TMaifaliaHy bIHFaiabl ekeHi aHblK. COHFBICHI COHBIMEH Karap
allIBIK JKOHE OHBIH Heri3iHae opHayiacTbipyra OonaTbiH eH ken OXK-Hbl Konmmaiasl. Buptyanisi
MalllMHAJIAPbl TaHJAYJbIH CKiHIII KpPUTEepHUidl - KOHAKTapra AapHaIFaH KOMIBIOTEpIEPAiH
SMYJSIIMSAJIAHFAH annapaTThlK KYpalJdapblHbIH Kejemi. byn cumaTrama maijanaHylibl »KacaWThIH
BUpTyanasl MammHa (BM) ammaparTelk MyMKiHAIKTEpiH Oaranmayra MyMKiHAIK Oepemi. by
napameTp OHAIPYIIli KOMITAHUSIIAP,IGIH €H MaHBI3/IbI XKOHE JaMbIFAHIaPBIHBIH O1pi O0JIBIT TaOBLTA B,
Windows Virtual PC Herisri cunarramanapbl OOHbIHIIIA O9CEKETECTEPACH OTE apTTa KaJJIbl: OJ1 €H a3
anmapaTThlK KOMIIOHEHTTEPAl eJIKTEHAl JKOHE TEeK 63 KOMIAHHSCHIHBIH OaraapiiaMaibiK
)acakramachlH Komaaiael. Oracle VM VirtualBox, kepiciniie, KaxxeT KOHGUTYpalusiHbIH 0ap1 Oap
OapnblK oprama jaepOec KOMIBIOTEP/iH anmapaTThIK KYpPalJapblHbIH TOJBIK AMYJISIUSCHIH
kepceteni. VMware Workstation eH TaHzayibl HaijalaHyIIbUIAPAbI SMYJIALUAIAHFAH alllapaTThIK
KOMIIOHEHTTEP/Il TAHJAYMEH KaHaFaTTaHIbIPaIbl, Oy )KOFapbl OaraHbl aKTalIbl.

Jlemek, KOMIBIOTEP/IiH KYMBICBIH sMysinusinay yuriH Oracle VM VirtualBox 6arnapnamacsix
naiiianany yCeIHBIIAbI, OipaK op TYPJIi SMYJSIIHUSIAHFAH allapaTThIK KypalIapIslH opTYpIILIiriHe
ColiKec, Ke3-KeNreH KYpACNUTIKTIH BUPTyallabl CepBEpiH YHBIMIACTBIpA ajaThblH >KETULIIpLIreH
VMware Workstation 601611 TaObI1a1b1. Y IIHIII XKOHE TOPTIHINI TaHAAY KPUTEPUIAIEPiH HETi3r1 Aer
caHay¥a Oonmaiinbl, 6ipak ogap BM-1bl bIHFalisIbl Malijanaty YUIIH MaHbI3bl, SFHU (DYHKIIMOHAJIbI
TOJIBIKTHIK koHe MHTepdeiic. VMware Workstation 6armapiaamacet BM Toxipubecin xakcapTaTbIH
OpTYpJi mapamMeTpiiep, KOChIMILA MYMKIHIIKTEp >KOHE YTHUIMTTep OOWBIHINIA CO3CI3 KeIbacIibl
6oupin Tadbutaapl. Onap O6apIbIK MaigasaHymbUIapra KaxeT 00JIMaybl MyMKiH, Oipak aknapaTThIK
TEXHOJIOTHSIAp MaMaHJAapbl OHAIPYLIl KOMIIAQHHMSHBIH OJIapFa CHII3€TIH  KaHAJIBIKTApbIH
PU3AIIBUTBIKIICH KaObUIIaiIpl. MyH/Iall TOJIBIKKAH/AbI OHIMHIH aKbUIbl eKeHAiri 3anael. Windows
Virtual PC, conrbl yakbITKa neiiin VMware eHiMiMeH cOTTi Oocekenecti, Oipak OyriHri Tanma Oy
OarmapiamMa KOChIMIIA MYMKIHIIKTEpPiH INIHEH JKYMBIC ICTEYTe >KeTKUIIKTI HETi3ri MUHHMYM/IbI
raHa Ouraipeni. Oracle VM VirtualBox eHimi OeliceH T JaMBbIN KeJle/Ii, COHIBIKTAH op KaHa HYCKaja
IaMy KepiHeni: OarmapiaMaHbIH jkaHa (PYHKUIUSUIAPBIHBIH CaHBI apThIN Keneni. bi3min oibiMbIzIa,
BM TannayplH COHFBI JKOHE MaHbI3/Ibl KPUTEPHUIi-BUPTYa bl MallMHAIApAbIH ©HiMAUIr. Ochl
KpuTepuii 6oibiHIIa BM canbIicThIpy YIlIiH Kejeci KOHQUrypauscel 6ap KOMIbIOTEP/IE KYPri3UIreH
Oipkarap ceiHakTapabl a3ipnenik: Intel Core 2 Duo 2,13 Ghz/3,5 GB/nVidia geforce7800gtx/250Gb,
HOTHKeciHle Oipaelt koHurypauusmen 3 BM kypaeik (RAM — 1Gb, HDD - 10 Gb).
OKCIIepUMEHTTIH MakcaThl KaHAal OarnapiaMaiblK ©HIM OpTYpJi TamchlpMalapabl Te3ipek
OPBIHAANTHIHBIH aHBIKTAY 00JIbI. TecTiney HoTmkenepi VMware KOMITaHUSICBIHBIH OaF1apiaMalibIK
OHIMI OHIMJUIIK OOWBIHIIA €H JKaKChl KOPCETKILITepre He eKEHIH KOepCceTTi: oJ JpTypdi
OarmapiamMaliblK JKacakTaMaJarbl KONTEereH CHIHAKTapAa €H >KOFaphl JKbUIIAMIBIKTBI KOPCETel.
Virtual PC tex Microsoft OXX-MeH *yMbIc icTereH/ie FaHa OHIMIUTIK OOMbIHIIA KemGacbl 00BN
Tabblnanpl, an KanraHn OXK-Hbel Konmpamaiinel, Oy, eH anasiMeH, Open Source eHAipyIIliepiMEH
09ceKeNnecTiKKe >KOHE KOMIaHMs ©3 OHIMJEpPIH TaHbIMal €Ty YIIIH >KYPri3eTiH MapKeTHHITIK
casicatka OaitmanbicThl. Oracle BM VirtualBox oprama eHiMIimiKTi KepceTeai. TomeHaeri 2-kecTe e
CalbICTBIpMAJIbl  TaJijay HOTWXKenepiHeH, BM cumartamanapsl antel KpuTepuil OoibIHIIA
YCBIHBUIFaH, OYJI OoJIapAblH MYMKIHJIKTEpIH >KaH-)KaKThl Oarajlayra MYMKIHJIK O€peTIHIIrH Kepe
aJlaMbI3.

Kecme 2. VM mymKinOikmepiHiy canvblCmulpManbl CURAMMAMACHL

Onwem nomipi / BM amaywt | 1 2 3 4 5 6 | Kopuimwinow
Windows Virtual PC + + — + + + +
VMware Workstation 7.1 + + + + + + +
Oracle VM VirtualBox 4.1 + + + + + + +
"+"- ey orcakcol kopcemkiw, "+"- opmawa xepcemkiw, - "- ey Hawap kepcemxiul.
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VirtualBox-TbIH HETi3ri epeKIenikTepi:

1. Kpocc-narpopmansik koagay: Windows, Linux »xoHe macOS CHAKTBI OpTypii XOCT
OTIepaITUSUTBIK JKYHeNIepiHae )KYMBIC ICTeH OTBIPHIT, MaigalaHymIbUIapFa dPTYpIi tiatdopmanapaa
BM sxacay meH Oackapyra MyMKIiHAIK Oepei;

2. Kenteren konak OX konnmaysl: maiinananymbsuiap VirtualBox iminge Windows-TeIH opTypii
HYCKaJlapblH, OpTypdi Linux muctpuOytuBTepiH xKoHe macOS-Thl (Keibip KochIMIIa
KOH(UTypalusiiapMeH) OpHaTa ajafpl.

3. Cuammot ¢yukuuscel: VirtualBox madgananymsuiapra BM-niH Ka3ipri Ky#iH cakray YIIiH
TYCIpUIT€H CypeTTepAl allyFa MyMKIHJIIK Oepei, Oys1 KakeT 0oJica KeHiH opallyFa MyMKIHJIIK Oepe/i.
By ¢pyHKIMS TecTiney jkoHe 93ipiey MaKcaTTaphl YIIiH Hai1abl.

4. BemicinreH KaiTa: maipananymisuiap xocT rnmeH koHak OJXX apaceiHma Kaiartanapzsl Oedicir,
(aiinnapabpl )KeHIT TachIMalIay YIIiH )KOHE BIHTBIMAKTACTBIKTHI )KCHUIACTE/I.

5. Keninik onmusiaap: VirtualBox opTyp:i skenisiik KoHGUTYypanusiiapabl YCbIHAIbI, 0y BM-HiH
0ip-0ipiMeH, XOCTIICH JKOHE CHIPTKBI QJIEMMEH OaillaHBICYbIHa MYMKIHJIIK Oepei.

6. Konak koceimmanapel: KoHak KocbIMImamapblH opHaTy KoHak OJXK-HiH eHIMIIIIri MeH
nailananymbeUIbIK MYMKIHAIKTEPIH apTThIpaabl, MbICaibl, opTak Oydep, xerimmipinren rpaduka
YKOHE THIIIKAHHBIH HMHTETPALIUSCHI.

VirtualBox-te1 Windows, Linux >xoHe macOS-1ieH naiiaiany:

1. Windows: naiigananymsuiap VirtualBox-ta Windows-TbIH opTypiii HycKanapeiH KoHak OXX
peringe opHata amanel. by ocipece Windows-only GarmapiamanapblH TecTiiey, da3ipiey Hemece
6acka xoct OX-z1a icke KoCy YIIIH Maianbl.

2. Linux: VirtualBox kemnrtererm Linux auctpuOyTuBTEpiH Koymaiapl. [laiimamanymbuiap
oprypii Linux opranzapbiMeH TakipuOe jkacar, cepBepiiiKk OarmapiamMaiapiabl iCKe KOCBIT HEMece
XOCT JKYHeciHe acep eTrel, OaKplIaHATBIH OpTaia OaraapiaaManapIbl TeCTijaeyre 00Iaibl.

3. macOS: macOS-tb1 VirtualBox-ta konak OX peTinae opHaTy JMLEH3UANAY IMIEKTEYyJepi
OolipIHIIa KYypIemipek Ooxybl MYMKiH, Oipak Oysl KeiOip KOChIMIIA KaJaMJapMeH MyMKiH. Byn
azipneyminepre Mac kaxer etneit, macOS KochIMIIIaTapbIH jKacay KOHE TECTINey YILIiH Maiaanbl.

Conrpven, VMware Workstation-0y1 ipi yiieiMaap meHOepinaeri MaHbI3IbI MiHIETTEP1 MIEITyTe
OarbITTalIFaH KociOM kemleH. by Garmapnamalnslk *kacakrama €H ©eHIMJII OOJIbII TaObLIabl JKOHE
OHBIMEH KYMBIC iCT€y BIHFAMIBUIBIFBIH apPTTHIPATHIH KONITET€H KOCBIMIIIA YTHIINTAIAPIBI KAMTH/IBI.
VMware Workstation-kocinkoitnapra OarpITTalFaH akbUIbl OaFgapiaMaliblK oHIM. OKIHIIIKE Opaid,
Windows Virtual PC mopanbablK TYpFbIIaH €CKipreH OOJBIN caHalalbl, OUTKEH1 Ka3ipri 3aMaHFbI
uHTepdeiicrepre Konnay kepcerinMeiai. Tarbl Oip KeMmmIUTiri-oHblH Tek Microsoft eHimuepiHe
Oarmapianysl. Jlereumen, Windows OJXX-meH XKymbIC iCTE€y YILUIH OJ1 €H >KaKChl JKYMBIC 1CTel,
OUTKEH1 OJ1 eH YKOoFapbl OHIMILTIKTI kepcereai. Microsoft ka3ipaiH e3inge Microsoft Windows 8§, 10
OTepalysUIbIK KYHWECIHIH Kypamjaac Oediri periHae Koi keTiMal »kaHa Microsoft Hyper-V
OarmapiamanblK eHIMIH a3ipneni. Tannay kepcerkennei, BM maiiganany yiiiH eH KeH TapajifaH
xoHe Koyl keTimai-Oyn Oracle VM VirtualBox, on e3iHIH apceHalbIHAa OapiblK 3aMaHayH
uHTepdeiicrepre ue xoHe XOCTTap MeH KOoHakTapiblH OJXK-HIH yiKeH Ti3IMIH KOJIJaibl, OpbIc
TUTiHAE UHTEepdeiici 6ap koHe ToNbIFbIMEH TeriH. Ochlnaiiia, Ka3ipri 3amMmanrbl BM-1bl canbicThIpy
Heri3iHje 013 YChIHFaH ajlThl KPUTEPUNIl KOJAaHA OTBHIPBIIN, OJApiblH KONTereH HYCKaJapbIHbIH
IIIIHEH OpTYpJll cajajiapiarbl 9pTYpJl TalchlpMallap/bl COTTI OpbIHAANW alaThIHAApIbl TaHJAayFa
6omansl. VirtualBox — 6yn Oracle koMmaHHsICHI d3ipJiereH KyaTThl alllbIK KOJATHI BHPTyalIHU3aLus
Oarmapiamacel. On naiigananymbsuiapra 6ip Gu3nkanplK MamrHaaa OipHeIe onepanrsuIbIK KYyHeH1
icKe KocyFa MYMKIHJIIK Oepe/i, eTKeH1 BUPTyalIbl MalIMHANAP Kypaasl. by acipece a3ipaeyiiep,
tectepiep xkoHe opTypsi OX opranapsin 6enek GU3HKaIBIK Ka0IbIKCHI3 3epTTEYTe KbI3bIFAThIH Ke3
KeJreH aJiaM YIIiH nainansl. Onepanusuiblk sKyienepai KoianaHy MeH Oackapynsl yilpeTryae OiniM
anymbutapra Windows, Linux, macOS cHAKTBI opTypiil ONEepalusiyIbIK >KyHelepMeH TaHbICYFa
MYMKIHIIK Oepy Kepek, OchUIaia OuTiM aldylbulap opTYpii >KYHeHIH MYMKIHIIKTEpI MeH
epeKIleNikTepiH canbicThipa anagsl. Windows, Linux, macOS onepanusuiblk >KyienepiHiue
TanceipManapael Virtual Box -ta opblHaay yIIiH MYMKIHIIKTEpiHE Taijgay skacaablK (3-kecte).
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MyHzarpl MakcaTbIMBI3 Oojamak WHPOPMATHK IeJarorTapblHbIH BUPTYAIIbl MalllMHATIAPIbIH
KOMEriMeH ONepalusiIbIK JKyienepal naiiianany Jar plIapblH UTEPTY.

Kecme 3. Windows, Linux, macOS onepayusnvix scytienepinoe Virtual Box —nen sicymolc icmey yutin
MYMKIHOIKmepine manoay

Onep AYLUIATBLE Windows Linux macOS
Jrcyiienep
EPEKIIIEJIIKTEPI Tezin orcone awbix Oymaiinanovipoliean
Key mapanean N
KOOmbl OHIMOLNIK
Bazoapramanvix
Jlcacakmama Kayincizoix Kayincizoix
Koaxcemimoiniei
Otivinoap banmay mymkinoiei | Huzaiin scone oHiMOINIK
Annapammuix, yinecimoinix HKenin orcyiie Apple sroocyiieciven
uHmezpayus
. . bazoapramawwinap
Tatioananyza vineaiiviiblk Men cepeepaep yuin Typaxmolivlk

Ocs1 3-kectenen Windows, Linux, macOS onepanusuisik xyienepinae Virtual Box -meH sxymbic
icTey YIIiH MYMKIHIIKTEpiHE Talfay HOTH)KECIHEH epeKIIeTiKTepiH KepeMi3. SIFHU, oneparusiibK
KYHenepIiH MYMKIHIIKTepi op Typili OOJFaHIBIKTaH, OJIAPMEH CTYACHTTEP TaHBICYbl MAHBI3/IbI.

Nndopmaruka bbb OarmapnamachlH OKy >KOCHapbhlHa Ccolikec, 3-Kypc 6 cemecTpae OiuniM
anmymsiiapra «OnepanusuibIK JKyienepy MoHIHIe oNepalisuIbIK KYHerepIi MeHIepTy MaKcaTbIHIa
BUpTyaJdu3alusi MYMKIHIIKTEepl KOJIaHbUIABL bimimal urepTy MakcatbiHaa Qailngsl Oackapy,
Kayinci3mik, »aablHbl OacKapy JKOHE JKENUIK OaijlaHbIC TaKbIPHINITAPBIHAA TarChpMaiap/Ibl
VirtualBox BupTyanasl MamimHachl apKbUIbl OPBIHIATHIN, CTYIEHTTEPIIH TEOPHUSIIBIK OUTIMIEpiH
MPaKTHUKaga KOJJIAHYBIH KOHE op TYPJIi allaparThiK mpodieManapasl 00IIbpMayblH KaMTaMachl3
etinai. EH 6acteicel binim anmymsiiap 6ip Me3eTTe eki Hemece OJlaH J1a Kol ONepalusIIbIK Kylieae
napaieltb )KYMBIC JKacail OTBIPBIN OTEPAIMSIIBIK JKYHEIep/Ii CaTbICTRIPa MEHTEPE Al bl

OnepauusiblK Kyheneprae QaiagapMeH >KYMbIC icTey YILIIH CTyAEHTTepre apHajfaH OipHelle
KYMBICTAp YCHIHBUIIBL. bBysl JKympIcTap KOMaHIANBIK KON HMHTEp(EHCIH KONJaHa OTHIPHIIL,
OKyWIbUIApJBIH (DalNabIK JKyHenepai, pykcarTtapiel, ¢ailn aTpuOyTTapblH, >koHe (ailnrapMeH
KYMBIC iCTEy JIaFIbIJIapBIH JAMBITYFa KOMEKTECEI].

Kayinci3mik Heri3zepiH TepeHJeTin YHpeHy YILIiH CTyACHTTepre apHajfaH >KyMbICTap aiin
pYKcaTTapblH 0ackapy, nai1aianyibuiap MEH TonTap Kypy, udpiay oaicTepl, )Kenulik Kaylnci3aik
KOHE 3usAHABl OarjapiaMaiapAaH Kopray TaKbIPbIITApblH KaMTHUIbl. byn  Tancelpmanap
CTYJAEHTTEpAIH OIEepalysUIbIK KyHenepaeri Kayinci3fik JaraplIapblH JAaMbITyFa, oJapbl KOpray
o/icTepiMEH TaHBICYFa JKOHE HAKThl MHIUIECHTTEP/I IIEITy TIXIpUOeciH ayra OarbITTaiFaH [7].

OnepanusisIK KyHenepaeri xKaIbIHbl 0acKapy o/1CTepiH TEPEHIETIN YHPEHY YILIH 3epTXaHAJIBIK
KYMBICTapJIblH MakcaTbl —OUTIM adyIIbulapFa >KaJblHbl OacKapy, BUPTyall[bl KaJbl, Mapakray,
CEerMEHTTEY JKOHE >KAJThIH TUIMIUIIIH apTThIPy CHUSKTHI HETI3T1 YFbIMAApAbI TYCIHIIN, OJIap/abl
ToXipuOeae KolIanyabl YHpeTy.

An, omepanusIIbIK JKYHeIepie KeNUTIK e3apa opeKeTTeCyal OKBITY VIIIH apHajFaH KYMBICTap
Tortamacel Oepinres. by tanceipmanap xeninik 6ainansic opHaty, TCP/IP cterin Tyciny, *Keniiik
KYpajlapMeH >KYMBIC, COKETTEp apKblIbl OaFiapiiamalay »oHe KeNUTK KbI3METTep/i OpHAaTy MEH
0ackapy CHSIKTBI MaHBI3/IbI TAKBIPHIITAP.IBI KAMTHIBI.

Temenneri  S-cyperre «@aiinapr  Oackapy», «Kayinciznmik», <« Keninik — OaiinaHbic»
TaKbIPBIOBIHIAFBI 3€PTXAHAIBIK JKYMBICTApABl OPBIHAAY APKBUIBI TAKBIPBINITHI MEHIEepYy JKOJIaphI
CHUIaTTaJIFaH.
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OIEPAITHATGLIK “KYHEJTEPTI YAPETVIE BHPTYATTH3ATTHAHEI KOLTAHY

Makcathl: OJK YHEIMIaCTEIPY, SKCIePHMEHTTepl KOMIOBIOTepI1E OarF AapIaMalbIE
SHIMILTIIHe 3HIH KelTipMedl :y3ere ackIpyLl YCBIHY.
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HOTHIKE: Onepalnatsly KyHenepal BHPTYALIE MANTHHATAPIGIH KOMeriMeH YHpeHyIe 3ePTXaHATBIK
AYMBICTAPIBI OPBIHIAY APKBLIEI MEHTepTY

Cypem 5. Onepayusinvlx srcyiienep naHiHeH 3epmXAHATBIK HCYMbICIAPObL OPLIHOAY MOOeE

binim anymbuiap onepanMsiIbK KyHenepai BUPTYasibl MalllMHAIAPJbIH KOMETIMEH YHpeHyze
«®Daitnnpr 6ackapy», «Kayincizaik», «Keniik OaiaHbIC» 3epTXaHAJBIK >KYMBICTAp/Ibl OpPBIHIAY
apKbUIbl KOMaHJanapasl MeHrepeai. Ocel 5-cyperre omepauMsuiblk okyienep moHiHeH «Dailist
Oackapy», «Kayincizaixy, «Keniaik OaiylaHbIc» 3€pTXaHANBIK KYMBICTapAbl OpPBIHIAY MOJAEINIH
KOpIll TYPMbI3, SFHU 9p ONEpalMsIIbIK >KyHenep/iH KOMaHJIAJIapblH KbI3METIMEH MEHIepei.
Ocplnaifiia, omepanusIblK OKyHenep TMoHIHAE 3epTXaHalblK >KYMBICTapabl oOpblHAayna BM
MYMKIHJIIKTEpiH MaifanaHy apKpUibl Oojamak HWHGOPMATUK TMeNarortapblH  MPaKTUKAJbIK
JaibIHaYIbIH €H MEePCIeKTUBAIbI )KOHE THIMA1 KYpaJibl IeN CaHalMbI3. 3epTXaHaNbIK KYMbBICTApAbI
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opbiHAay HoTHXKeciHae BM kongana oTeIpein, 611iM amymbsuiap OoJamak KociOM KbI3METTE YKcac
oreparusuiapabl ©3 OCTiHIIEe OpbIHIayFa KOMEKTECETIH JAaFAbuIapra ue 60mapl.

Byt 3epTxaHanbIK AKyYMBICTap/Ibl OPBIHAAY HOTIDKECIHAE O1TiM amymbuiap:

- binim anymsLnap daiaaapas apXUBTEY i, KbICYAbI )KOHE KaJITbIHA KEATIPY/I1, (haiyIIbIK )KYyHEeHIH
KYHiH OaKplIay KoHE XKYHeH1 6ackapy oicTepiH, (ailll pyKcaTTapblH KoHE KYKBIKTAPBIH OacKapy bl
yipeHeni;

- bimim anymbap malganaHymipuiap MEH TONTapibsl Oackapy >KoHE oOJapiblH KayilcCi3mik
napaMeTpiiepiH OpHATYABI, OpaHIMay3piepAl KOH(UTyparusuiayabl jKOHE JKETUTK Kayirmci3miKTi
KamMTaMachl3 €Ty TOCUIIEpIH, 3USHIBI Oaraapiamanap/aH Kopray OMIICTepiH YHPEHIl, aHTUBHUPYC
OarmapiamManapbIMeH )KYMBIC ICTEY/ Il MEHTepei;

- bimiM anmymbutap KyHenik >KypHaJIIapAbl Kapay >KOHE WHIMJICHTTEPJl aHbIKTay OOMBIHIIA
MIPAKTUKAJIBIK IaF IBUTAP/IbL, )KaIThIH KYPBUTBIMBI MEH 0OJIIHY MEXaHU3M/IEPiH, BUPTYaJIIbI KA bl MEH
rapakray MEXaHU3MJCPIH TYCiHIN, mapakTay ¢GaiablH KOH(GUTypauusuiayabl, KaIblHbl THIMII
0ackapy MexaHU3MIEPiH, ’KabIHbI OacKapy NPUHIUITEPIH YipeHeri;

- bimiMm anmymbimap >KaAblHbl JAMHAMUKAIBIK 06y >koHe 0ocaTy apKbUIbl KaJbl THIMIUIITIH
apTTBIPYABI, JKaJ OHIMAUIITIH apTTBIPY OMICTEPIH KOHE KYHEHIH J>Kaabl TYTBIHYBIH THIMZI
6ackapyabl, TCP/IP cTeriniH KYpBUIBIMBIH JKOHE JKeJli AeHrelinAeri Oainanbic MIPUHIMITEPIH, JKel
JMAarHOCTHKACBIHBIH HETI3T1 KypajjapbiH koHe Tpadukri Oakpuiay omicrepin, DHCP xone DNS
KbI3METTEPiH KOHPUTypalusiay *KoHe oJap/blH Kemijie Kanai skymeic icreitinid, SSH, VPN >xone
OpaHaMaydp apKbUIbI XKeJi Kayilci3airiH KaMTaMachl3 €Ty 9JIICTEPiH MEHTepe/Ii.

- binim anymemap HTTP npoTokomnbiH xoHe BeO-CepBepIiH KYMbIC TPUHIIMIITEPIH, COHIAN-aK
BeO-cepBep/ie Kayinci3aikTi kaMmramaced eryai, FTP apkputel daitimapasl 6ackapyas! skone FTP
CepBepiHiH KayilCi3IriH KaMTamachl3 eTyai, (aingapra pykcaTTapAbl TarallbIHAAY KOHE ©3TepTy
apKBLIBI OTICPAIUSUTBIK KYHenepae GailliplK Kayirnci3aik Heri3aepid MeHrepe/Ii.

OnepauusansiK Kyhenepal ylpeTyae BUPTyaIU3alUsSHbl €Hr13y KONTEereH MYMKIHMIr >KOFapbl
OarmapiamMalapMeH THIMJAI KYMBIC KacayJa CTYACHTTEPIH MPAKTUKAIBIK JaibIHBIFbIH
KaKCapTyAbIH O1p >KOJbI PETIHJE YCHIHBUI/IBI.

byn omic OimiM amymsuiapra ONEpanUsUIBIK SKYHEIEPHIH OpPTYpl acHeKTIIepiH THIMIIPEK
3epTTeyre XKoHEe ChlHayFa MYMKiHIIK Oepeni. I[lemarormka camaceiHa MaMaHAAaHFaH CTYACHTTEpre
apHaJFaH 3epTXaHaJIbIK )KYMbIC-OyJI OoIalak MaMaH IbIKKA TiKeIel OaFbITTalIFaH OKY-TaHbIMJIBIK iC-
opekeTTiH Oip Typi. MyHzma cTyaeHTTepre mpoOieMalblK TarchlpMaiap KOWBUIAIbI, OJIapAbIH
HIeNMIH Tal0y YIIIH TEOPHSUIBIK KOHE MPaKTUKAIbIK JalbIHABIKTap KaxeT eriienl. CoHAbIKTaH
3epTXaHaJBIK JKYMBIC MPAKTHKAIBIK ca0akTap/bl OTKi3yIiH OachIM HBICAaHBIHA alHANaIbl, OHJA
apHaiibl ToHAep OoMbIHIIA OLTIM Oepy MIHAETTEPiHIH KE€H ayKbIMbIH IIENly YIIIH OKBITYAbIH THIMI1
Kypaijaapsl Kosijaanbuiaasl [8, 9, 10].

Juckyccust

Byn 3eprrey HoTmxkenepi Oomnamak wHGOpMAaTHKAa MamMaHIaphl YIIIH OMEpalUsIIbIK Kyhenepil
BUPTYyaJIM3alUsuIay TEXHOJOTUSUIAPBIH TUIMII KOJJIAHY/bIH MAaHbI3AbUIBIFBIH alKbIHIaM 16l BitiM
yIIbIIap ©3/CPiHIH TMPAaKTHKAIBIK IaFIbUIapbIH BHPTYAJbl MallMHANAp apKbUIBl JIaMBITyFa
MYJIeTi eKeHAEpiH KepceTTi, Oipak KeIUIUIri BUpPTyaau3alMs Kypalaapbl MEH OIlepalusIbIK
KYHeepiH epeKIeTiKTepl Typaibl TOJBIK TYCIHIKKE e eMec.

3epTTey HOTHXKENepiHe Colikec ajblHFaH TY KbIpbIMIamanap:

- OmepanusibIK JKyHeJaepMeH kyMbIc ictey neHreii: CtyaeHtrepain Tek 42,5%-b1 Windows,
Linux, MacOS omnepanusublK >KyHenepiHae >KYMbIC icTed amajpl, ajd KajJFaHAapbl OJIapbIH
MYMKIHJIKTEpIH TOJNBIKTal NaiiianaHa aaMaiibl.

- Bupryanapl mammHamapra KaTelcThl OumiMaep: BupTyanasl MammHanapIbelH TYpiiepi MeH
MYMKIHIIKTEp1 Typaisl Ou1iM Tek 15%-1a rana 6ap, Oy CTyA€HTTEpAIH KOMIILIIT YIIiH MaHbI3]IbI
TEXHUKAJBIK Jaf/IbIFa aifHana aiMail OThIp.
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- Bupryanuzanusiay MyMKIHIIKTepiH Tyciny: OnepaunusiblK sKyHenepil BUpTyaTu3alusiay
Typansl 67,5% cTyneHT Ouimeiial, Oy CTyIeHTTEp/IiH MoH OOMBIHILA TEOPHUSUIBIK OLTIMAEPIH TOJBIK
MPaKTHUKAIa KOJIaHyFa KUBIHABIKTap TYABIPYbl MYMKIH.

- IlpakTukanblK JaFapUIapAbl  JaMBITyFa KBI3BIFYIIBUIBIK:  ONepanusuiblk  KYHelnepaiH
MYMKIHIIKTEpiH BUPTyaJIAbl MALIMHAJIAP apKbUIBI MEHrepyre 75% CTyAeHTTIH BIHTACHI Oap.

3eprrey HOTHKenepi OoiliblHIIA, Oonamax WHOOpMATHKAa IEAarorTapbIHBIH OCHI OarbITTaFbI
OuTiMAEpiH apTTHIPY YIIIH OKY MPOLECIHAE BUPTyAIHU3alus KypalJapblH MaiganaHy jK9HE OJIapIbl
TYpJII ONEpaIMsUIBIK JKYHelepae TarchblpMaliap OpbIHAAY YILIIH KOJJaHy eTe MaHbI3IbL. by
CTYJICHTTEPiH TCOPHSIIBIK OLTIMACPIH MPaKTHKaAa THIMII KOJIIaHyFa KOMEKTECE/I].

KopbIThIHABI

Omnepaumsblk xyienepai okpityna Oracle VirtualBox BM konpmany >xoHe cosl opTajaa
3epTXaHAJIBIK JKYMBICTAP/Ibl OPBIHAAYIBIH Oepep MYMKIHIITI JKOFapbl, COHIBIKTaH XX FachIpIbIH
Oacekere KaOurerti Oomamak wH(pOpPMaTHKa MeJaror MamaHJapblHAa ONEPAlMSIIBbIK JKYHelIepaiH
MYMKIHIIKTEpIH YHPETYiH €H MepCIeKTUBAIbI )KOHE THUIM/II KYpallbl JAEN CaHajAbl. 3epTXaHabIK
KYMBICTa BUPTYaJIbl MaIIMHAIAP/BI KOJJAaHA OTBHIPHIN, CTYICHTTEp Ooyamak KociOW KbI3METTe
TarChIpMaap/ibl 63 OCTIHIIIEe OPBIHAYFa KOMEKTECETIH JIaFIbliIapra ue 0oJaibl.

3epTTey HOTHXXKECI OOMBIHIIIA TOMEHIET1/IeH TY>KbIPhIMIAp YChIHBLUIAIbI:

- Oky OarnmapiamachblHIAFbl TOHAEP Ma3MYHbIHA BHPTYalIM3allds TEXHOJIOTHUSUIAPBIH KOCY:
CryneHtrepre op TYpJli ONEpalUsIIBIK KYHEIEPMEH KYMBIC iCTEY MYMKIHIITIH Oepy YIIiH, OKY
KypCcTapbIH/Ia BUPTYaJIbl MAIIMHAJIAP MEH OJIAPIbIH KOJIAaHBLTYBIH OKBITY KaXeT.

- KonpanOanel 3eprxaHanblk cabakrap YHbIMIAacTelpy: BupTyanasl MammHamap HerisiHae
3epTXaHAIBIK  JKYMBICTAp  YHWBIMIACTBIPBIN,  CTYISHTTEPHiH  NPAKTHKAIBIK  JIaFIbUIapbIH
KaJIBIITACTBIPY.

- Buptyanuzamnus KypangapblHbIH KeHIHEH KOJJaHbIicKa eHrizinyi: VMware Workstation, Oracle
VM VirtualBox CHSKTHI Kypaigap OKy IPOIECiHIe KOJIIAHBUIBIN, CTYJACHTTEPIIH MYMKIHIIKTEPiH
KeHeHTe.
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HHO®OPMATHUKA M¥FAJIMAEPIH JAPBIH/IbI OKYHIBIJTAPMEH JKYMbICKA
JAUBIHAAY: 3AMAHAYHU 9AICTEP MEH TEXHOJIOTI' USAJIAP

Anoamna
Byrinri 6imim 6epy xyitecinae mudpisiK TpaHcHopMaIus asChIHAa TapBIHABUIBIKTH aHBIKTay MEH KOJAAY
€peKIe MaHbBI3Fa e OOJNBIN OTHIP. 3epTTey OaphICHIHAA SNEMJIK JXKOHE OTAHIBIK TIKipuOenepre Taimay
KYPTi3ifil, MbIFapMalIbUIBIK )KOHE WHTEIUICKTYIBIK 9JICYETTI epTe JKacTaH alKbIHAAYABIH OLTiM camachiH
apTTHIPYFa JKOHE JKEKe TYJIFaHBIH aKIapaTTHIK OpTara Te3 OeiM/IenyiHe BIKIAN eTeTiHI aHBIKTAIABL. FeutbiMu
eHOeKTepre KOHTEHT-TANay JKOHE MOJENBICY SMICTEPiH KONIAaHy HOTIKECIHIE NApbIHABUIBIKTHI aHBIKTAY
YAEpICiHIH YII Heri3ri OaFbIThl AWKbIHIAIIBL JAMArHOCTUKA, KOJJAy CTpaTerusyiapbl XoHE IH(PIBIK
KY3BIPETTUTIKTI IaMBITy. 3epTTeY HOTHXKECIHAC UQPIBIK OpTaja JapbIHABUIBIKTE aHBIKTAy MEH KOJIJIayIIbl
uHTerpanmsuiayra OarpiTranran Smart-Talent Core («3uATKeprmik MapblH e3€ri») Mopemni o3ipieHmi. byn
MoJielb OlmiM Oepy YHBIMIAPBIHBIH OapJblK JACHICHIH/E OKYIIBUIAPIBIH QJICYCTiH Oaraiay, JaMbITy >KOHE
MeIarorTapblH, KociOM KY3BIPETTUIIMH KeTUIAIpyre MyMKiHIIK Oepeni. ¥ChIHBUIFAH FBUIBIMUA HOTHIKENEP
TApPBIHIIEI OaNlalapMEH JKYMBIC KYPTi3yIiH HHHOBANMSIIBIK TOCUTAEPIH €HT13Y JKoHe OiniM Oepy mporecTepiHiH
U PIBIK TpaHCPOPMAIUACHH TEPEHIAETYTe OaFbITTaAIFaH.
Tyiiin ce3mep: napeiHABI OKyIIbLIAp, MH(DOpMATHKa MyFaliMmi, KociOM TpaHchopmanus, THOPIBIK
KY3BIPETTLIIK, TIeAaroruKaablK HHHOBAIIHSIIAD.
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MOJAIOTOBKA YUUTEJIEH HHO®OPMATHUKHA K PABOTE C OJIAPEHHBIMHA
YYAIIUMUCHA: COBPEMEHHBIE METO/bI U TEXHOJIOT'UN

Annomayus

B coBpemeHHOM 00pa3zoBaTelbHOM TpPOCTpaHCTBe, HA (oHe mUppoBOW TpaHCHOPMAIINH, BBHISIBICHUE U
HOJJIEP)KKa 0/1IapEHHOCTH TpHoOpeTaeT 0co0yro 3HAYMMOCTb. B Xo/e MccieoBanus ObIT IPOBEAEH aHATIH3
MHPOBOTO MW OTCYECTBCHHOI'O OIIbITA, KOTOpLIfI ImoKasaljl, 4YTO paHHEC BbBIABICHUEC TBOPYECKOTO U
WHTEJUIEKTYaIbHOTO TIOTEHIMajla CIIOCOOCTBYET TOBBINICHHIO KadecTBa 0Opa3oBaHUS W yCKOPEHHOM
aJlanTalyy JMYHOCTH K MHPOPMaIMOHHOH cpejie. [IprMeHenre KOHTEeHT-aHan3a 1 METOA0B MOJICITHPOBAHUS
MO3BOJIMJIO BBIJICTMTh TPH KIFOYEBBIX HANPABJICHHs Ipolecca BBIABICHUS OJApEHHOCTH: JUArHOCTHUKY,
CTpaTervH TOJJICPKKU ¥ pa3BUTHE IHGPOBOM KomreTeHTHOCTH. [lo pe3yibraTaMm ucclienoBaHus ObLia
paspabortana mojens Smart-Talent Core («MHTenmnekTyaabHOE SIPO OAAPEHHOCTHY»), HANpaBICHHAs Ha
WHTETPALMIO IPOLIECCOB BBIIBICHUS M OAEPKKHU 01apEHHBIX YUalIuXcs B LUPPOBOH cpeae. Monenb MoXeT
OBLITh MCITOIB30BaHa Ha BCEX YPOBHAX 06pa3013aHI/151 JJId OLICHKW W PAa3sBUTHUA IOTCHIIMAJIa O6y‘IaIOHII/IXC${, a
TAaKXXE JId IOBBIIICHUSA HpO(i)eCCI/IOHaHI)HOI‘/'I KOMIIETCHTHOCTHU II€AarorosB. HpeIICTaBHeHHBIe Hay4HbIC
pe3yIbTaThl CIIOCOOCTBYIOT BHEIPEHUIO WHHOBAIIMOHHBIX MOJXOJOB B padoTe C OJap&HHBIMU JETbMH U
yrayoneHuto mudpoBoit TpaHchopmalur 00pa3oBaTeIbHBIX MPOIECCOB.

KiroueBblie ciioBa: oapéHHbIC YUSCHHUKH, YUUTENb HHPOPMATUKH, TipodeccroHanbHas Tpanchopmanys,
uuGpoBast KOMIIETEHTHOCTb, E1arOrHYeCKUe MHHOBALMH.
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TRAINING COMPUTER SCIENCE TEACHERS TO WORK WITH GIFTED STUDENTS:
MODERN METHODS AND TECHNOLOGIES

Abstract

In the context of ongoing digital transformation in education, the identification and support of giftedness
have become increasingly significant. The study involved an analysis of global and national practices,
revealing that early identification of creative and intellectual potential contributes to improving the quality of
education and accelerating students’ adaptation to the information-rich environment. Through the use of
content analysis and modeling methods, three key areas of the giftedness identification process were identified:
diagnostics, support strategies, and the development of digital competence. As a result of the research, the
Smart-Talent Core model was developed, aimed at integrating the processes of identifying and supporting
gifted learners within a digital environment. This model can be applied across all levels of education to assess
and develop learners’ potential and to enhance teachers’ professional competence. The findings contribute to
the implementation of innovative approaches to working with gifted students and to advancing the digital
transformation of educational processes.

Keywords: gifted students, computer science teacher, professional transformation, digital competence,
pedagogical innovations.

Kipicne

Heczizei epeorcenep

Oky yzaepiciHae MyFaliMHIH TUQPIBIK TpaHChHOPMALUACH JapbIHABI OKYIIBLIAP/bIH QJIEYyEeTiH
TOJIBIK ally, OJIAPJBIH Japa KaOlIeTTepiH epTe aHbIKTall, MaKCaTThl TYPAC JaMBITYFa OarbITTATYhI
tuic. bimim Oepy sxyitecinge mH(OpMaTHKa MyFamiMiHEH TeK OiniM Oepymri emec, OKYIIbIHBIH
3epTTEYUIUTK KaOuIeTiH, K00albIK KOHE KPEaTHBTIK OMIayblH JaMbITaThIH (HacUIUTATOP OOy
tanan eruteni. MyramiMaep nudpiaslk TpaHchopMarusra OeHIMICIII, 3aMaHayd TEXHOJIOTHSLIIAPIbI
MEHTepin, xeke OuriM Oepy TpaeKTOpUsIIapblH KypyFa KaObuieTTi Oomybl THic. MyfaniM MeH
OKYIIBIHBIH T€H JOPEXKEI MIBIFAPMAITBUIBIK CEPIKTECTIKTE OOYbl MAHBI3/IBI.

ByriHri KyHi ’kaHa TEXHOJIOTHSUIAp/bIH KapKbIHIbI JaMmybl OuliM Oepy »xyieciHe TyOereii
©3repicTep EHT13111, TeJaroruKaJIbIK PoLecTep IiH HU(PIBIK TPaHCHOPMALUACHIH KEAETIAETII OTHIP.
OcbIH1ail AMHAMUKANBIK K€3€HA€ €MJIIH MHTEUIEKTYa/IbIK dJISyeTiH KaJbIITACThIPY IIbIFapMallbL,
KaOlJeTTI JKOHE aKMapaTThIK oOpTaja Oocekere KaOUIeTTI TyJFajiapibl TopOHeNeyMeH Tikesen
OaiinaHpIcThl. Byt MiHZIETTI )Ky3ere acelpy/ia opOip OKYIIBIHBIH KaOiJeTiH Jiep Ke31H/1€ aHBIKTay JKoHE
OHBI JaMBITyFa KOJAMJIbl *Karjail ’acay — MeJarorrepAiH KociOM »ayarKepUIUTITiHIH MaHbI3/bl
Kypamjac Oetiri.

JlapbIHIBUIBIKTEl AMAarHOCTUKaNay OoMbIHIIA XyprizuireH 3eprreyiep (Kopaexo-Apaiis KA.,
2021; Epwmitnmaz P., 2024; Pensynmu Jx.C., 2021; Kpucen C., 2023; Xopu K.B., 2015) kemenai
Oaranay KypaJJapblHbIH THIMAUIIH Kepcerenl. [lapbiHabl Oamamapipl JambITy MEH KOJaay
cTpaTterusiapsl xxeHinaeri enoekrepae (Penaru P. sxone bondunso H.C., 2022; ITuiipto Ix., 2022;
Cy6otauk P.®., 2023; Crepubepr P., 2021; Henaitn Tx., 2021; Mbpii P.[Ix., 2022) moTuBanus,
IIBIFaPMAIIBUIBIK KOHE dJIEyMETTIK OeiiM/ey acleKTiiepi skaH->KaKThl KapacThIpbliFaH. COHbIMEH
Kartap, nearortapJslH IUPPIbIK KY3bIPEeTTUIITH apTThipyFa OarbITTanFaH 3eprreyiep (Macymu /[l
xoHe Hopysu O., 2025; Ilexepbekora III.T. xone bakbitoekoBa XK.b., 2023; Canroxa W.T.,
KacekeeBa A.b., 2022) GyHKIMOHANIBIK CAyaTTBUIBIK MEH IUQPIBIK MEJarorikaHblH MaHBI3BIH
alKbIHIANTBI.

Kazakcranaplk HOpMaTHBTIK KYKaTTap J1a JapbIHIBI Oaianap s KOJIIay IbIH MaHBI3BIH aTam oTe/i.
“binim typansr” (1999) xone “Apnaiibl 611iM 6epy Typansr” (2002) 3annapsl asgceiga “Jlapbia’
OpTaJIBIFbI IAPBIH/IBI OKYIIIBUIAPFA apHAJIFAH apHAMBI OaFIapraMaiiapsl iCKe achIphin keemi [1].
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JapelHABl  OKyWIBUIAp — eNAIH  HMHTEJUICKTYalJIblK JKOHE WHHOBAIlMSUIBIK — QJIEYETiH
KaJIBIITACTBIPATBIH HETI3T1 CTPATETUSUIBIK pecype. Ajaiiia JapblHIbl TYJIFaHbI €PTE aHBIKTAY, KYHei
KOJIJay JKOHE OHBIH OJICYeTiH alllyJIblH OICTEeMENIK Heri3iepi oy Jie XKeTULAIpyai Tajiam eTenl.
bubmuomMeTpusIbIK  Tamgayiap JAapbIHABUIBIKTBIH KOpiHOEyi, YIATepMEYIIUTIKIIEH OalIaHbICHI,
QJICYMETTIK-TICUXOJIOTHSIIBIK (DaKTOpPJIApAbIH dcepi CHAKTBI KYpHAeli MocemnenepiiH Oap eKeHiH
kepceteni [2]. JapeiHapl OananapplH FHUIBIM, MOJICHHET, JKOHOMHKA KOHE QJICYMETTIK CallaJarbl
opHbl epekire. MHbopMaTHKa MoHI MyFamiMIepiHiH KociOu TpaHchOpMaIusIChl — HHHOBALUSIIBIK
omicrepai  MeHrepy, mU(pablK TutaTGopManapasl  THIMAI  KOJJAHY JKOHE OKYIIBUIAPIBIH
IIBIFAPMAIIBUIBIK OJICYETIH allaThlH JepOCCTEHIIPUITEH OKBITY OpPTAchlH KypyFa BIKIal ETell.
JlapbIHABI OKYIIBUIAp YIIiH eMip OOWbI O11iM ay MOACHHETIH KaIbIITACTBIPY, OJAPIbIH SJIEYMETTIK
YKOHE MOJICHU KalMTaJIbIH THIMJI Naiiganany MaHbi3abl [3]. binim 6epy kyiecinae qapbIHIbUTBIKTHI
epTe JMarHocTuKajgay OOMBIHIIA FBUIBIMH ONICTEp JKETKUIIKTI OOJFaHbIMEH, IHQPIBIK
TpaHchopMalysl JKarIaiblHAa OKYIIbUIAPIBIH KOTHUTHBTIK YKOHE UIBIFAPMAIIBUIBIK OJICYETIH
KeUIeH i OaralailTbIH, MeAarorTblH HUQPIBIK KY3BIPETTUIrIMEH ca0aKTacKaH WHTETpalUsIaHFaH
MOJICJIB/IIH JKOKTBIFBI HET13T1 FRIIBIMH MPOOJIeMa PETiH/e alKbIHIaIa Ibl.

ConbiMeHn Oipre, Kasipri KOJaHBUIATBIH odaicTeMenep KoOiHE KOTHHUTHBTIK KOpPCETKIITepre
cyiieHeni. by 3 ke3eriHe OKyIIBIHBIH OKY CTHIIIH, HU(PIIBIK OPTAIAFbI HIBIFAPMAIIBLIBIK OPEKETIH
KOHE HAKThl YaKbITTaFbl OKYy JWHAMHKACHIH TAJIAWTBIH MHTEIUICKTYAJIIbl JHArHOCTHKAIBIK
IKOXKYHENepAiH KEeTKUTIKCI3AIr MOCeNeCiH TybIHAATa IbI.

Ocpbl Mocemnenpi eckepe OTBIPBIN, 3ePTTEYIiH MakcaThl — HU(MPIBIK OpTana AapBIHIABUIBIKTHI
aHBIKTAY, JAMBITY >KOHE KOJIJAyAbl MHTErPAIMsUIANTBIH FHUTBIMU-OMIICTEMENIK HETi3 jkacay »oHe
Smart-Talent Core Mozenin a3ipiey O0JIbIT TaObUIAIBI.

3epiTTey gicHamMachl

3epTTey >KYMBICBIHH OJICHAMANBIK HEri31 JapbIHIBUIBIKTBI aHBIKTAY, TUArHOCTUKANAy »KOHE
UQPIBIK OpTaza KOJay MpOIEeCTepiH KEIICH[II KapacThIpyFa OaFbITTAIFaH apajiac Tocuiaepre
cyiieneni. 3eprrey OuliM Oepy calachlHIAFbl KOIMJACHIEiNl KyObUIBICTapAbl TalAaydbl Tajam
eTEeTIHAIKTEeH, OICHAMAJBIK MOJENb CalalIbIK JKOHE CAHIBIK OMICTEpJi HMHTETpAalMsIail OTHIPBIIT
KYpbUIIBl. OJliCHaMa TOPT HETI3I1 KOMIIOHEHTTEH TYpaJbl: 3epTTey IU3aiiHbl, JepeKTep/i KuHAy
KYpaJapsl, Tajaaay MpoIeaypaiapbl >KOHE STUKAIBIK KAMTAMacChI3 €Ty TETIKTEpi.

3epTTey AM3alHBIHBIH OJ[ICHAMANBIK Heri3iepi. 3epTTey KeleHJi apajac 3eprrey (complex
mixed-method research) mapagurmaceiHa CoWKeC YHBIMAACTBHIPBUIALL. ByJl TOCiT MapbIHABUIBIK
(eHOMEHIH KenacheKTuli (KOTHUTUBTIK, HIBIFAPMAIIBUIBIK, QJIEYMETTIK, [U(PIBIK) CHUIIaTTapbIMEH
Oipre TyciHAIpyre MYMKIHIIK Oepei.

3epTTey YII o/liCHAaMAaJIbIK KE3€HHEH TYP/IbL:

1) TeopHsIbIK-KYPbUIBIMABIK KE3€H

by ke3enze napbiHabUIbIK Teopusiiapsl (Pensysny, [Tuitpro, Crepubepr, CyO00THHK), OKYyLIBLIAp
KaOlnerrepin Oaranay MOJENbJEpl JKOHE NeAarortapAblH LUQPIBIK KY3bIPETTLIITHE KAaTbICTHI
FBUIBIMM €HOEKTepre yieni momy xypriziaai. HopMaTuBTIK-KYKBIKTBIK Ky>kaTTap, Ka3akcranaarsl
«/lapeIE» OpPTaNBIFBIHBIH MaTepUaNAapsl TaIaHabl. OChl TalIay 3epTTEY MACEIECiH KYPBUIBIMIAyFa
’KOHE HET13T1 alHbIMaJIbUIaP bl SMUCTEMOJIOTHSUIBIK TYPFbIAA allKbIHayFa MYMKIHJIIK Oepi.

2) DOMIUPUKATIBIK-TAArHOCTUKAIBIK Ke3€H

JlapBbIHABUIBIKTHI IMATHOCTUKAJIAY YIIIH SPTYPIIl SMIMPUKAIBIK Kypaigap KOJAaHbUIIbL:

- SRBCSS-R MiHE3-KYJIBIKTBIK KOPCETKIIITEP HIKAJIACH;

- IIBIFApPMAIIbUIBIK JUBEPreHTTIK OWjIay TarcelpMalapsl;

- Oaxpuay kapranapsl (Kriesel) apkbuibl Taburu opTaja KabiIeTTiH KepiHyiH Oaranay;

- MyFajiMJIep MEH aTa-aHallapra cayajaHama.

byn ke3eHze anblHFaH JAEpPEeKTep AAPBIHABUIBIKTBIH KOTHUTHBTIK, IIBIFApPMAIIbUIBIK >KOHE
MOTHBAIUSUIBIK HHIUKATOPJIAPBIH aHBIKTAyFa OaFbITTAIIIBL.

3) Mopenbey xoHe MUQPPIBIK CHHTE3 Ke3eH1
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AnbIHFaH JAepekTepal xyieney HoTmkecinae Smart-Talent Core («3HATKepiiK JapblH ©3€ri»)
Mozem o3ipiaeHAl. Mopaenb caHABIK BH3yalM3alus oaicTepiHe (MpoduibIiK Auarpammaiap,
WHTETPATUBTIK KaOuneT kaprachl) Herizgenai. byn ke3eHae MapbIHIBUIBIK HHIAKATOPIAPBIHBIH
apakaTbIHAChl MEH OJIap/IbIH HU(PIBIK OpTaZa KOJIAaHy MYMKIHAIKTepl KOHIIENTYal1aH/Ibl.

Jlepektepi )KuHAy Kypalapbl MEH dficTepi

3epTTeye KOJJaHbUIFaH SAICTEp IMEeJaroruKaliblK JTUAarHOCTHKA, MCUXOMETPHS KoHE IUPPIIBIK
Oitim Oepy 91iCHAMACBIHBIH TaJIaITApbIHA COWKEC TaHIAIbI.

- TeopusibIK qepeKTep

- JKytieni konTeHT-Tanmay (systematic content analysis)

- CaJpICTBIpMAJTBI TTeIaroTUKANBIK Tasaay (comparative educational analysis)

- HopmaTuBTiK Ky>KaTTapAbl 9JJiCHAMAIBIK KYphUIBIMIAY

- OMIUpUKaIbIK Kypanjiap.

SRBCSS-R mikamacel — OKYHIbUIAPABbIH MHTEINICKTYAJJIBIK, HIBIFAPMAIIbUIBIK, MOTHBAIUSIIBIK
MiHEe3-KYJIBIK Oenrijiepin Oaranayra apHaJFaH.

IprrapMalbUIbIK TarcbipManap — AUBEPreHTTIK Onjlay *KbUIIaM/IbIFbl MEH UKEMIUTITIH aHBIKTAY
YIIH KOJIAHBULILL. Bakpliay »oHe TaOWFHM OpTaja NUAarHOCTUKAIAy — OKYIIBLIAPIBIH 1C-OpPEKET
IUHaMHUKachlH TipkeiTiH Kriesel ynrici konmanbuigel. CayaliHama KoHE cyx0aT — Meaarortepiai
U QPITBIK KY3BIPETTLIIT %KOHE OKYIIBI KAOUIETTEPiH KOJIAy TOKIPpHOeCi aHBIKTAIIIBL.

Jepekrtepai Tanaay Oipi3/ii JOTHKAIBIK cXeMa OOMBIHIIA KY3€re aChIPbIIIbI.

1. Konrent-rangay

FoutbiMu oiebueTTep MeH SMIUPUKAIIBIK jka30a1ap Ma3MyH/IBIK KOATAY apKbUIbI ©HEII, HEeT13T1
KAaTeropusUIap aHBIKTAIIBL «IAPBIHABUIBIK JTHATHOCTHKACHD), «IUMPIBIK KOJIAAY», «OKYIIBI
QNIeyeTi», «KMYFaliM KY3bIPETTLUIIT».

2. CaHppIK TasIay

- xkwuinik Tanaaysl (frequency analysis),

- opTaIia MoOHAEP/i ecenTey,

KaOliJeT HHAUKaTopIaphl apachblHAaFbl OaianbIc K03()PUIMEHTTEPiH Tanaay.

CaHJpIK 1epeKTep JUarHOCTUKAIIBIK HOTHKEIEP/IiH CEHIMAUIITIH apTThIpyFa OarbITTall bl

3. CanansIK Tanjgay

Cyx0Oar xoHe Oakplgay HOTHXKENIEepl Ma3MYHABIK HHTEpPOpETalus OSHICIMEH TaJlJaH/bl.
[TegarorukanbiK MPOIECTIH KOHTEKCTYANIBIK €PEKIIETIKTePl aHBIKTAIIBL.

4. Monensaey

Smart-Talent Core Mozeni keneci MpUHIUNTEPre HET13IeNIi:

- OKYHENUIIK,

-  KOIJCHIeHIILIIK,

- 1UPIIBIK UHTETpAIIHS,

- TeAaror—oKYyIIbl ©3apa OPEKEeTIHIH ANHAMUKACHI.

4. DTuKa TamanTapsl

3epTTey OaphIChIHAA aKaJAeMUSIIBIK aJIaIBIKTRIH OapiIblK TajJanTapbl CAaKTaJIbl:

- KaThICYIIBLIAP/bIH aKMapaTTaHIbIPBUIFAH KEeNiCIMi albIHIbL;

- gepOec nepexTep Kymus TYpAe CaKTasibl;

- JIMarHOCTHUKAJIBIK HOTHIKENIEp TeK FHUIBIMU MaKcaTTa KOJIaHbLUI/IbI;

- TICHXOJIOTHSUIBIK KBICHIM, TaHOalay HeMece Oaraliayfarbl CYOBEKTHUBTIK OCEpIIEpPTe KOl
Oepinmeri.

AKHI 3eprreymrict Ix. C. Per3ymnu, e3iHiH ouruti « Y meHOep» moxaeninne (Three-Raing
Conception of Giftedness) TapbIHIBIIBIKTBIH KYpayIIbUIApbIH aHBIKTAI, cunaTTama Oepred. Opraiia
JNCHTEHUICH acaThlH - UHMELIeKMYyaloblK, KaHAMBLT OWJay, TYIMHYCKAIBIK HAesIap YCBIHY —
UBbI2APMAUBLIBIK, KOFapbl TAOAHIBUIBIK, MAKCATKA KETYT€ YMTBUIBIC — MOMUBAYUSILIK KaOiiemmep
peTiH/e aHbIKTaFaH. ABTOP/IBIH FHUIBIMHU €HOET1H 1€ OChI YIII (haKTOPIbIH KUBUIBICKAH JKEePIHAE LIbIH
MOHIHJIET1 JapbIHABUIBIK TIEH MIBIFAPMAIIBLUIBIK OHIMIUTIK Tai1a 60JaThIHBI KOpCceTUIreH (cypeT 1).
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1 WHTENNEKTYANAbI

3elilH, ecte cakTay, olinay,
NPOLECTEPIHIH, AaMYhI ASHTEeI

LWbIFAPMALUBIIBIK

WeiFapmabinbIkg KUANALIK Aamy
AGHIen!, OHbIH B3IHAIK epeKienn
MEH BHIMAINIT

MOTUBALMANDIK
KYMBICKA BIHTANLIbLIK,
WbIAaMABLIK, Ta6aHAbINbIK,

eHBexKopnbiK MakcaTka xeTy yLuiH
KyLU-XKITePIH XyMcay

AAPLIHALINGIK, NEeH
WLIFAPMAWLINLIK GHIMAINITI

Cypem 1. JlapbinOvlivlKmbly KYpayubliapsl

Pensymmunin «Yur meHOep» Mojeri — AapbIHABUIBIKTBIH KEH TYCIHAIPETIH 3aMaHayd TEOPHSICHI
Jen KapaceITpyra Oonaasl. Oy KaOuIeT, MBIFapMAIIbUIBIK JKOHE Ta0AHIBUIBIK CHSKTHI YIII HETi3Ti
KOMITOHEHTTIH TOFBICYBI apKbUIbl IIBIHAWBI JAPbIHABUIBIK aHBIKTATATHIHBIH KepceTTi. byn Monens
Ka3ipri TaHIa KeNTereH enjiepae, COHbIH iminae Kazakcranaa, 1apbIHbl OKYIIBUTAPABI aHBIKTAY MCH
JaMbITy OarJapiamaliapblHIa diCHAMAIIBIK Kypal peTiHae Koaaanbuiaasl [4]. Utamus ranbiMaapsl
Penatu P., boudwmiso H.C. 3epTTeyinae qapbIHabl OaianapblH JaMy epeKIIeIiKTepiH oJap IblH aTa-
aHaJlapbIHBIH KO3Kapachl MEH KOJIJaybl SCepiHeH, Ka0ineTTi 6anaHblH OONBIHIAFHI €PEKIIE TATaHThIH
TaHyFa 0OJaTBIHIBIFBIH KopceTTi. COHBIMEH Oipre MapbIHABUIBIKTE aHBIKTAy OapbhICHIHIA TYJIFaHbIH
JIeHCayJIbIK KaFJaiibl, KOHUI-KYH1 OaKpUiay1a 60Tybl KepeK eKeHiH aTal oTTi.

Jlapbiaabl 6amaHbIH KOTHUTHBTIK KOHE QJIEYMETTIK — 3MOIUSIIBIK KAIBINTAa OONYBIH KaJIaFaiarl
OTBHIPY YIUIiH, aTa — aHAJapFa cayallHaMa JKYPri3Uii )KoHe TepeHACTUIreH cyKoaT Oepinii.

Hormxkecinme ara-aHaapablH TOXIpHOSCIH Taaay apKbUIbl, JAPBIHILI Oaanapasl Topoueneyie
TYpAl KWUBIHABIKTApFa Tam OONATBIHBIH, 9cipece OHMOLUSAIBIK PETTey MEH oJI€yMETTeHIIPY
YAepiCTepiH/ie KOCBhIMINA KOJJAyIblH KaKET €KEHIH KoepceTTl. ATa-aHajmapiblH OajanapbiHa
KOJI/IaHaThIH Oi7TiM Oepy cTpaTerusapblHia — JapajlaHFaH TarchlpManap, HIbIFapMalibUIbIK KOJIIAY
KepceTy — OallaHblH oJeyeTl TOJIBIK alllbUIbIN, OOMBIHIAFbl MOTHIUSIIBIHA 9CEp €Telll. 3epTTey
Ke3iHJerl allblHFaH JepeKTeple MapblHAbl OallaHblH epeKIIeNiKTepiH aWKbIHAam KaHa KOoWMaii,
oJIapJIbIH YHJIECIM/I1 JaMybIH KaMTaMachl3 €Ty YIIIH MyFaJlIMIEp/IiH KOHE aTa — aHaHbIH KOJ/1ayblH
Kymenty kepekTirin gonenneni [5]. [k ITuitpronsin “nmapeiaasl 6ananap men epecekrep” (Talented
Children and Adults) srcaszan enbecinoe MapbIHABUIBIKTBI TEK TAOWFU KaOUIETIIEH IMIEKTEeMEHN, OHBIH
JaMyblHA QJIEyMETTIK OpTa, TopOue, Ou1iM Oepy Kyieci, MOTUBAIUS JKOHE TYJIFANIBIK KacHETTep
CUSIKTBI KOINTEreH 1K1 jKOHE CBIPTKbI (akTopiapAblH ocep 0ap €KeHiH aHbIKTaabl. KoeHumusmik
Kabinemmep, Wbl2aApMAULbLIbIK, IMOYUILIK epeKuleNikmepi KOHE Kopuiazan opmd, OCBLIapIbIH
ocepl JMapBIHABUIBIKTBI KaH — JKaKThl aHBIKTayFa MYMKIHJIK O€peTiHIH aHBIKTaibl. OKYIIBIHBIH
OolibIHAaFel KaOlJIEeTIH TEPEeH TaHy YIIiH, 9p *ac Ke3eHIHJErl epeKIIeNiKTepIMEH CalbICThIPMAaIIbI
Tangay, TYJIFaHBIH OOWBIHIAFH (Jicac epekuieniciven Kelemin) KaOIIETTI Kopyre OOJaTHIHIBIFBIH
KOHE BHHBEKTANAD (OMIPIIK JHcagoailiapobl CUNAmMmay apKblibl MICeleHi HaKmbliay), KeUc cTaau
(myeanimoep men oxywbliap madxcipubecin manday) dMICTEPl apKbUIbI JAPBIHABUIBIKTEIH OCNTICIH
aHbIKTayFa OONaThIHBIH KepceTTi. [lIpFapMaIibiIbIKThl aHBIKTAY MAaKCaThIHAA JAHAarHOCTUKAIBIK
TOCUTAEp KOmaHabl. byt omicTepi yimeciMal KoiaaHy HOTHXKECIHAe OanamapibiH JapbIHIbUTBIFBIH
epTe JKacTaH alKpIHIAy VIIiH apHaiibl Oarmapiamanap MeH JapalaHfaH OKYy OCHapbl KasKeT
eKEeHJIITIH aonenaeni. by eHOeKTiH KaHAIBIKTaphl PETIHIAE TaJIaHTHI OajalapblH aKaJIeMUSITBIK
KaHa eMeC, DMOILMOHAIIBIK JKOHE OJEYMETTIK KaKETTUIIKTEPIH €CKepy MAaHbBI3JIbUIBIFBIH aTall
kepcteyre Oonanbl. [ICHXONOTHSIBIK KOJAay KOPECTY >KOHE OLIiM Oepy MpOIeCiH KeKe TyJIFara
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OeliiMziey, oJlapJIbIH IIbIFAPMAIIbUIBIK KaOlIeTTepiH JaMbITy, apHalbl TEXHOJIOTUSIIAPbI KOJIJIaHY,
MeIarOTUKAJIBIK — TICUXOJIOTHSUIBIK KeHecTep Oepy KaOuIeTTi OKyIIblIapFa OepuIeTiH €H MaHbI3/IbI
KoJjay nen ecenreni [6].

Jlxozed Pensymmm men XoBapn XapTMmanHbiH, “JlapbIHABI OKYIIBLIAPIBIH MiHE3-KYJIBIK
epekmenikrepin Oaranay” (Scales for Rating the Behavioral Characteristics of Superior Students)-
Revised mikanacel, mapbelHABI OKYIIBLIAPABIH KaOUICTIH aHBIKTayJla MYFaliMiepre apHajFaH
JMAarHOCTHKAIBIK Kypai exeHiH kepceTTi. byn (SRBCSS-R) mkana apKpUibl MyFalmiMaepre Oky,
BIHTA, KPEATHBTUIK >KOHE KOMIOACHIBUIBIK CHSKTBI HETI3rl CHIIATTaMaIapbIMEH OKYIIIBIHBIH
JApBIHBUIBIK AeHTeiiH Oaranay MyMKiHairiH 6epeni. SRBCSS-R kypaisl gapbIiHasl OKyIIBIIAPIBI
aHBIKTayJa ©Te THiIMJl, eWTKeHI 0acka Kypangapra KaparaHaa KeIIeHIl opl MyFajimuaep YIIiH
BIHFAMJIBI, PAKTUKAJIBIK KOJIIaHyFa JKaKChl OeHiMIenTex aaic [7].

Awmepukauaplk FaiasiM Perna @. CyOOTHHK, HapbIHIBI OKYIIBLUIAPBIH JaMy TpPAaeKTOPHICHIH
3eprTei. “/lapbIHABUIBIKTHI JAMBITY METOMO/IEN1” eHOCT1H 1€ TYJIFa JapbIHAbUIBIFBIHBIH KOTHUTUBTIK
KaOlNeTiH (unmeniexm, ecme cakmay, ouiay) K9HE MCUXOCOHAIILI (PaKTOPIAPLIH (mMabanOvLIbIK,
Momusayusl, 63iH-63i pemmey, Kamelikmer cabax auy, mMakcam Korw) 3epTTey Hotwkecinae Talent
Development Mega Model (TDMM) MonemniH Kyp/bl.

TDMM oKymblmapslH AaMyblH KbICKAa MEP3IMIi JKETICTIKTEPMEH IeKTeMel, y3aK Mep3iMIi
HIBIFAPMAIIBUIBIK JKOHE Koci0M Ta0bIcTapFa OaFbITTaMIbI.

- Mopgens MekTen OacmibuUiappl MEH MYFaliMJAEpPre CTPAaTeTHsUIbIK MIeliM KaObuigayaa
FBUIBIMH-TOXIpHOenepine 6acrama 0o0iabl.

- TDMM 6inim Gepy kyieciHae TeH MYMKIHAIKTEp MEH Y3AIKCi3 JaMy/bl KaMTaMachl3 €Te
OTBIPHII, JTAPBIH/IBI OajiaiapFa apHaJIFaH OarapiamMaliap/ibl )KaHala KapacThIPyFa bIKIAT €Te/ll JKOHE
JapbIH/bI Oananapbl OKbITY 1A TATAHTTHI JAMBITY HapagiurMachkl, 1apblH/bl Oaganapabl aHbIKTay MEH
KOJI/Iay/1a TEOPHUSUIBIK TYPFBIIaH, TEHICH MYMKIHJIKTEep OepyiMeH epekmenineni [8].

AKIII 3eprreymrici Credanu Kpucen, napsiaasl 6ananapabl aHbIKTay ASCTYPIl UASHTH(DUKALUS
TOCLIIep] TEOPHUSIIBIK TYPFBIAAH QJICI3 OOJIaIbI ST CaHaIbl, TYJIFAHBIH QJICYMETTIK, MOJICHU YKaFbIHAH
OpKeIKi opTajgaH LIBIKKAH JKOHE epekiie Kabineri Oap, Oipak yirepiMi TOMEH OKYIIbUIap KeOiHe
Ha3ap/aH THIC KA KOSbI, OKYIIIBI OOWBIHIAFEl QJICYETIH TOJBIK KOPCETE alIMaibl, COJI ceOenTi
MYyFajimMiep TapamnblHaH OKYIIBIHBIH KaOiMeTiH Jaep Ke3iHae TaHy MYMKiHAiri a3 6omansl. Credanu
Kpucen ocel moceneni Hazapra anbit «AnTeiH 131ey» (Panning for Gold) mapsiaaer Oananapra ToH
MiHE3-KYJIBIKTBIK KOPCETKILITEp, KaOUIeTTep MEH epeKILIeNiKTep eCKepiieTiH, Oakpliay (popMachklH
*acaJibl. MBICallbl, epeKIle KbI3BIFYIIBUIBIK, KYPAETi CypakTap KO0, IIBIFapMaIlbUIBIK oAy, Te3
yiipeHy KaOineTi, CUSKTBI Oenriiepal MyFainiM cabak O0apbIChIHAA KYHenl Type Oenriien oThlpaibl.
Hormxecinne, OypbiH OaiikanMail KelreH epekiie KaOuieri Oap Oananapiabl aHbBIKTay MYMKIHJIK
Oonanpl. MyFamiMaepAiH AapbIHABUIBIKTEL TEK YAT€pIMMEH IIEKTeMEeH, KaH-)KaKThl KapacThIpyFa
0O0JIaTHIHBIH JKOHE JapbIHABI Oananapra apHaifaH OarjaapiaManapiblH SJEYMETTIK OIUIETTUIIKKE
KaKbIH/IayblHA, OPTYPJIi TOMTaFkl OananaplblH KaOileTiH KaMTybIHa BIKIMAIBIH alKbIHAANABI. OCHI
TOCUI KOMeETIMEH, OKYIIBLIAPIbIH ~aKaJEeMUSIIBIK JKETICTIKTEPIHEH O6JeK, MiHE3-KYJIBIKTHIK
€peKIIeTIKTePl, HIBIFApMaIIbIIBIK KabiIeTTepi MEH TaHBIMABIK OeliceHiirine KoHin oeminesni [9].

CrepnOepr, P. JIx. KaOUIETTUIIKTI aHbIKTayAa TpaHCHOpMaLMsUIaHyAbIH 2X2 MOJEINIH YCBhIHIBI.
MogenpaiH exi Herisri enmemzal Oemiri 6ap: esin-e3i mpancgopmayusnay xoHe 6ackanapobl
mpancgopmayusnay. Exi enmemMai O1piKTipin, JapbIHABUIBIKTHIH TOPT TYPJIl O6JIIMIHEH KYpaJibl.

- TpaHchopMausIaHOaUThIH,
©31H-031 JKY3ere acblpraH,

Oackayiap apKbUIBI )KY3€re acKaH
TOJIBIK TPAHC(HOPMAIHSITBIK TAPBIHIBIIBIK.

Kazipri 6u1iM canachlHa *KacTapJblH TPAaHCPOPMALMSUIIBIK AJICYETiH JaMbITyFa KeOipeK KeHLUI
0oy KaXeT jkoHe OyJ1 OaFbIT O11iM Oepy KyHeciHe NaphIHABUIBIKTHI aHBIKTay MEH KOJIIayIbIH JKaHa
napanurmacel 6omaTeiHABIFEIH KopceTTi [10]. Kopon B. XopH 3epTreyineri korapsl aneyeri 0ap
OKYIIBLIAP/Ibl aHBIKTAY XOHE KOoJaay MakcatbiHna, «Fairfax County» MeMENEKeTTIK MEKTeOiHe,
“Kac rameimmap” (Young Scholars) wmopenin eunri3gi. byn MoxaenbaiH ©Oacka omicTepleH
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alBIPMaIIBbUIBIFBl  IOCTYPJIl  yarepiMm MeH IQ Tect HoTmxkenepiHe Herizaenai. OKyIIBIHBIH
JApbIHABUIBIFBIH TaHy VIIIH Ojay, MaibIMAay, MOceJeNepAl LICNy >KOHE MOACHM, ATHHKAIBIK
KaOieTi KapacThIpblLAbl. bacTbl 6aFbIT — apbIHABI Oananap bl XKyieni Typae, epTe Ke3eHHEeH OacTart
AHBIKTAII, JJICYMETTIK TEHIIKT1 €CKepil, oJap/blH JaMybIHA XaFaan xacay. by Tocin op GanaHbiH
QJICYETiH epTe JKacCTaH alllyFa, OJIap/IblH AJICYMETTIK JKaFJaiiblHa KapaMacTaH TeH MYMKIHJIK Oepyre
Heri3 6onaapl. Young Scholars Momeni — AapbIHABLIIBIKTE aHBIKTAY MEH KOJIJIaydaFbl MHKIIIO3UBTI
Toxipube, an on OimimM Oepy KyHeciHIe TeH MYMKIHAIKTEpAl KaMTamachl3 e€Tell, OKYIIbUIAP.IbIH
QJICYETiH TOJIBIK aIllaThIH €H THIMII OaFbIT eKeHiH gonenaeni [11].

Jxeiimc P. Jlenucn 3eprreyinae AapbIiHAbI OadaHbl OAaKBITTHI JKOHE TAOBICTBI €TINl TOpOHUeEney
YIIiH, aTa-aHaJIApAbIH KOJJIaybl 6T¢ MaHbI3Abl. balaHblH AMOIMOHANIBI KOKETTUIIKTEPIH TYCIHIM,
OFaH CEHIMJIUTIK apTBIPBIN, MEKTEMEH, OHBIH IIbFAapPMAaIIbUIBIK QJICYETiH, OH-OpICIH JaMbITy YIIiH
EpKIH/IIK [TeH bIHTAJIAHABIPYABIH MaHbI3IbLIBIFBIH OaIaHBICTE KeHecTep YChiHFaH. KeHecTiH Heri3ri
MakcaThl OananapblH KaObUIAay KOHE KapbIM-KaThIHACTHI IyphICTay ojapra KeHu1 Oeiny. bamaHbiH
WHTPOCHEKIHUACHIH (O31HII caHalbl Typae Oakpuiay) TyciHyre Koijmay kepcery. OmapsiH
KBI3BIFYIIBUIBIFBIH TYABIPATHIH TaKbIPBIITApbIHA Kapar, Kail >KaFblHaH KaOUIeTTI €KeHIH aHbIKTay,
Epecekrepain yiri 607y apKbUIbI, TapblHABl OalaHBIH KEMEIIUTIKKE YMTBUIYBIHA dcep Oap eKCeHiH
nonenaeni. by KeHecTiH Heri3ri MoHI — JapbIHAbI Oananmapisl TopOueneye aTa-aHaHbIH OacTh
MIHJETI OJIap/ABIH KaOiJeTiH FaHa eMec, H alJIbIMCH Oajla peTiHAeri TaOuFru OOJIMBICBIH TYCIHIII,
KoJ/1ay KaxeTTiriH aran otTi. [[xeiimc P. JlenucnTiH ke3kapachkl OoiibiHIIA, aTa-aHANAp OallaHBIH
epeKIIeNiTriH Ka0buaaysl THic. Oapra oJICyMETTIK JKOHE SMOIMOHAIIBIK IaMybIHA JKaFIal jkacarl,
KoJjaay oinipce, OaJaHblH JapbIHABUIBIK QJIEyeTi TOJBIKKAHABI alllbLIbII, ©31He CEHIMILIITT apThIIL,
JaMybIHA JKaHa MYMKIHAIKTEp TyAbIPaabl IeTeH TYXKYPbIM kacassl [12].

SMART OarnmapmamacelH KypraH fraiaeiMaap Mo P.JDk., Tunmann W.F. enOekrepinme
OanamapaplH oOiylay KaOUIeTiH JaMBITyJa, JOCTYpJil Tocuimep (maxmar, My3bIka, OMBIHIAp, eCcTe
CaKTay KaTTBIFyJaphl) alTapibIKTail acep ermeiiai, Tek Oenrimr Oip camana AaMmyblHa MYMKIHIIK
Oepei, MBICAJTBI: €CTe CaKTayIbl COJl )KAKCAPTKAHBIMEH, Kbl MHTEIUICKTKE dcepi AdJIeIeHOeTeH
JereH mikipai ycrananael. byn Oarmapnama OallaHbl TEK OWJAH IIBIFAPBUIFAH CO3JEP APKBLIBI
JIOTHKAJIBIK OaimaHeIcTap KypyFa yhpereni, Oipak qarapuiapiaH KeiliH MaTemMaTnka, Tl )KoHe 0acka
FBUIBIMIAp/Ia KOJJaHyFa O0NaThIHABIFBIH KepceTTi [13].

Macymu 1., Hopy3u O. enOek >xonsiH myFanim Oactarannap (Early Career Teachers) xoHe
Kocion 1udpaslk Ky3slpeTTinikTi  (Professional Digital Competence) nambITy TpOLECIH
BIHTAJIAHIBIPATEIH (DaKTOPJIAphl MEH CTPATETHSCHIH Kacaabl. 3epTTEY HOTHKENIepl eHOCK >KOJIBIH
*KaHa OacTtaraH MyFaliMIEpAiH IHUQPIBIK KY3bIPETTIIIKTEPIH AAMBITYa «YCTa3AapMeH Taxipuoe
aJIMacy», «IeIaroruKajblK KOHE TEXHUKAIBIK KOJIIAy», «KMOTUBAIUS MEH JIaMy» CHSKTBI MAHBI3/IbI
Mocenenepii Kapar, HUQPIbIK TeXHOJIOTUIIapAbl THIMAL NMaiianaHy MakcaTblHAa KociOM Koijay
KOPCETY CTpaTeTUsIIapbIH KETULNIPYAIH KOKETTUITIH nonenneni. EHOek KoiblH xaHa OactaraH
MYFaIIMACPAIH  LUQPPIABIK KY3BIPETTUIIKTEPIH JaMbITyFa LHUQPIBIK JaFabuiap, ToXipuOeni
OpINTECTEPMEH TIKIPUOE alIMacy, TEXHUKAJIBIK KOJIJIay, KOCIOM 1aMy KypcTapbl MEH MOTHBAIUsLIIAP,
Heri3ri (QakTtopmap periHae ocep ereni. KongaHbIIATBIH TEXHUKANBIK, T€IarOTHKajbIK,
MOTHBAIMSUTBIK ~ JKOHE  PECYPCTHIK  KOJJAy  CTPATETHsUIaphl  MYFAIIMICPIIH  IUDPITBIK
KY3BIPETTUTIKTEPIHIH CcalacklH OJIaH 9pi xakcapTassl [14].

HI.T. [ekepbexoBa, X.b. bakpitOekoBa enOeriHae uHPOpMaTHKa MYFaTIMIHIH IUQPIBIK
KY3BIPETTLTIKTI IaMBITy, MYFATIMJIEP/IiH MeIaroruKaiblK KaOiIeTTepiH KeTUIAIPY, OKYIIbLIApIABIH
OUTIM camacklH apTThIpyFa kKoHE OLIiM Oepy »KyHeciHIH KaHapyblHAa ocep €Ty THIC eKEHAIrH
kopcerTi. KoMmploTeplik TEXHUKaHbI MEHIepyMeH IIeKTenMel, HHQPIBIK Kypaiaap MeH
pecypcerapabpl THIMII TaifaiaHy apKbUIBI OKY TPOIECIH KETIAIpyre OOJaThIHABIFBIH KOPCETTI.
[Hudpablk Ky3bIpETTUTIK MyFajiMre OKy TMpOLECIH THIMAI YHBIMIACTBIPYFa, OKY aKIapaThlH
BH3YyaIH3aIusIIay apKbLUTbl OKYIIBLTAPIBIH U PIIBIK CayaTThUIBIFBIH JTAMBITYFA KOHE OJIap Il KaHa
Karmainapra OedimzelTiHi aHbIKTanasl. Lludpneik Tpancdopmarus, Oya  Ky3bIPETTUIIKTI
JAMBITYIbIH, T€JarorukaiblK medepmikTiH 6acThl eameMi. Canansl O11iM Oepyii KaMTaMachI3 €Ty,
nudpabplK  KOoFaMfa OeiliM yprak TopOueney, OacTel MiHAETTEpAiH Oipi OONATHIHIBIFBIH
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aHbIKTa b [ 15]. Xanbikapalblk cTyAeHTTepiH Oaranay 6arnapiamacel (Programme for International
Student Assessment) PISA men XanbIKapallbIK OKY CayaTThUIBIFBIHBIH JaMy 3epTTeyi (Progress in
International Reading Literacy Study) PIRLS — Ginim OGepyaiH canachlH XaldbIKapaibIK JCHIEH e
OarajaliThIH OKYy CayaTThUIBIFBIHBIH 3epTTereH rampiMuap WM. T. Canroxa skone A.b. KacekeeBa
eHOeriHAe, OKYIIbUIAPAbIH (QYHKIMOHAIIBIK CAyaTTBUIBIFBIH JaMBITy — TEK OKY MEH >Ka3y/Ibl
MEHIrepy FaHa eMec, aJblHFaH OUTIM/II KYHIICTIKTI eMip/ie KOJaHy, aKnapaTThl Taiiay, CbIHA Oliay
XKoHE emip Ooibl OumiM amyra JaifblH 0oy KaOimeTTepiH KaJbINTacThIPYIbl  Ke3IeHi.
MyranimaepaiH, ocipece WHPOpPMATUKA MOHI MyFalIMICPiHIH KociOM NailbIHABIFBI Oy yaepicte
YAKEeH pen aTkapanbl. KUBIHABIKTapIbl €HCEPYMIH THIMII JKOJAApPhl PETIHAC KY3BIPETTIITIKKE
HETI3/IereH TOCUIAl eHTi3y, MpakTHKAJIBIK TarlchlpManap MeH JKoOalapisl TNaiijanaHy,
neIarorTapIblH KociOn eCyiH Y3IIKCi3 KOJAaybIH jKoHE OoJamak MyFammaepaiH (yHKIMOHAIIBIK
CayaTThUIBIFBIHBIH KATBITITACTHIPAAbL. JapbIHABI OKYIIBIHBIH OUTIM CalachlHBIH YKaKCapyblHA KOHE
COJI OaFBITTAFbl )KYMBICTAPBIH KYHEN YHBIMIACTHIPYbIHA, KOFAMHBIH MHTEJUICKTYaJJIBIK SJICYETiH
apTTHIPYFa BIKMAJIbI €KeHiH KepceTTi [16].

Kazipri 6iniM Oepy KeHICTITiHAE TYJIFaHbIH OOWBIHAAFbl JAPBIHIBUIBIFBIH AHBIKTAY, OJCYETiH
TOJIBIK ally MaHbI3/bl FRUIBIMUA-TTPAKTHKAIBIK OarbITTapsiH Oipi. MHpOpMaTHKa calachl KapKbIHIbI
namyna, Oy yphic UudpiblK OpTaja OKYIUIBIHBIH IIBIFAPMAIIBUIBIK JKOHE JIOTHKAJBIK ONiay
KaOlleTTepiH JUAarHOCTHKAlayMEH THIFBI3 OalinaHbicThl. MH(MopMaTHKa MyFaniMAepiHiH Kociou
KY31peTTuIir — AapbhIHIbl OKYIIBUIAPILI Jep Ke31H/Ae aHBIKTAaIl, OJapblH KaOUIeTTepiH JambITyFa
MYMKIHIIK OepeTid memrymi ¢gakrop. OKymbmiapasH Ooamakra akmapaTThlK KOFaMIa TaObICTHI
KbI3MET €TyiHe, MHHOBAIUSJIBIK OillayblHA KOHE ©3 OeTiHIie OuTiM amyra KaOileTTi TYJIFaHbIH
KAJIBIIITACYbIHA BIKITAJ CTE/II.

3eprrey HOTHIKETEPi

3epTrey OapbICBIHIA IIETENIIK JKOHE OTAaHMABIK FaIBIMIAPABIH €HOEKTEpiHIEe AapBbIHIABUIBIKTHI
aHBIKTay MEH JIaMBITY SICTEPiHIH OPTYPJl aCHEKTiiepl KaH-)KaKThl KapPACThIPbUIFAHbl aHBIKTAJIBI.
By feutbiMu 3epTTeyniepaiH OackiM Oeiiri MapbIHIBUIBIKTHI KBl MEIarOrMKalbIK TYPFBIIAH
CUTIATTalbl, anaiia MHPOpPMATHKA ToHI MYFaTIMJAEPIHIH KociOM TpaHC(HOPMANMICHIH apHAMbI
KyHen Typjae TainjgaraH €HOeKTep oMl Je 3epTreyiiepai KaxeT eredi. Ochl 3epTTey KYMBICHIHAA
JTApbIHABUIBIKTEI  aHBIKTAy  MakcaTbiHAa  WHGOpMaTHKa TOHI  MYFalIMJIEpiHIH  KociOu
TpaHcpopMaIUsAChl Macelsenepine OachIMAbUIBIK Oepinmil. butiMm Oepy »kyileciHzae FaabIMIap.ibIH
JApBIHABUIBIKTEl aHBIKTAY JKOHE JaMBITyFa OarbITTalfaH eHOEKTepiH THIMJI KOJJaHyFa OoNajbl.
Tanpmay >xacanraH FBUIBIMH JEpEK KO3AEp 3€PTTEY TaKbIPHIOBIHBIH TEOPHUSUIBIK JKOHE TPAKTHUKAIBIK
HET131H HBIFAUTHIM, TapbIHABl OKYIIBIIAPMEH KYMBIC KYPri3yiH THIMI KOJIJApbIH aHBIKTal b1, bi3
JTapBIHIBUTBIKTEl aHBIKTAY, NAMBITY, OJApJAbIH aTa aHaJIapbIMEH KEMICHII J>KYMBIC XKYprizyzae
MYFaTiMAEpAIH aTKapaTblH POl MEH KbI3METiHE aca 0achIMIBLIBIK Oepy KaKeT AeN CaHalMBbI3.
MyranimaepaiH Kaciou TpaHcopMmarusra OeHiMILIIrT MEH allbIKTBIFbl JapbIHABl OKYIIbUIAPIBIH
KaOlJeTTepiH JaMbITy1a MaHbI3/Ibl OOINBIN caHanaabl. by mporece mexparortap/ sy kaHa SIicTepal
MEHTepill, OKbITY CallachblH apTThIPyFa ’KOHE OKYIIbUIAP/AbIH BIHTACHIH KOTEPYre MYMKIHAIK Oepel.
Ocbl FBUIBIMM Makajafia ILIOJy >KacalfaH eHOEKTep[i  3epTTey HOTIDKENepl MeH jKacalfaH
TY)KBIpbIMJIapFa Kapail yi 0arbeiTKa TonTtacTeIpAslK (Kecrel).

Tannanran fbeUIBIME  €HOeKTep OOMbIHIIA OipHeIIe OpTaKk TYXKBIPBIM jKacayra OoJajbl:
JlapbIHABUTBIK — KemIeH 11 KyObUTbic. O KOTHUTUBTIK KaOlJIETTEPMEH FaHa eMec, IIbIFapMaIlibUIbIK,
MOTHUBAIS, SMOLMOHAJIBIK HHTEIJIEKT XKOHE dJIEYyMETTIK KOHTEKCT apKbUIbl aHBIKTAJa/Ibl.

3eprTey OapbIChIHAA capajaHFaHJal YCHIHBUIATBIH <«3UATKEPIIK JapblH ©3€r1» YFhIMBI
uHpOpMaTHKa MYFalIMIEPIHIH KociOM TpaHc(pMalusachl YIIIH aHa diCHaAMalbIK Oarmap Oosa
anajpl. bysl YFbIM OKYIIBIHBIH SMOLMSIIBIK, SJIEYMETTIK XKoHe HU(DPIBIK KaOl1eTTepiHlH TOFbICYbIH
KOPCETiM, MyFaJliM MEH OKYIIIbl apachIHAaFbl IIBIFAPMAIIBUIBIK CEPIKTECTIK POJIIH KYIIEHTE .

MyranimaepaiH KociOu TpaHCPOpMaIMsIChl TEK MENaroruKaiblK oliC-TOCUIIEpl HrepyMeH
HIEKTeIMEN, HU(PIIBIK TEXHOJIOTUSIIAPMEH YIITACYbI, JapbIHIBI OKYIIBIIAP/IbIH KaOlIeTTepiH TOIBIK
alryra MyMKIHJIK O€peTiH )KaHa TocUIIepAl TUIMII Naiianany.
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Kecmel. Foinvimu 3epmmeynepoiy bagvimmapbi

Ne 3epmmey bazvimoi Fanvimoap men enbexmep Hezizei mazmynul
Kapuexo-Apaus K.A (2021), 3amanayu onnain-ouaznocmuxa, depekmepoi
Tlapsindvinsisme Pamaszan Opuiinmasz (2024), manoay, MiHe3-KyavlK WKaianapul, 6axKuliay
anfz na :)fcglfne IDre. Juzzyanu (2021), dopmanapwi, MadeHu HcaHe Mindik
1 dua;oc; KA Peunzynnu (2021, SRBCSS-R), apKenKinikmi eckepemin 20icmep apKblibl
Sdicmeni Y Kpucen (2023), Panning for 0apuIHObL OKYULBLIAPObL KEUEHOT AHBIKMAY.
P Gold, Xopu K.B. (2015, Young
Scholars mooeni)
Penamu & Bongunvo (2022), | Hapwinoer bananrapovly aneymemmix-
Tapusindve 6ananapdvt L. Tutipmo (2021), Pena IMOYUANBIK KOLOAYbIH Kyuletimy, ama-aHanap
aai Y ACoNe P Cybomnux dncane Men myeanimoepae apHaian Cmpameusiap,
2 onda Y apinmecmepi (2023, TDMM), | momusayus meH NCUXONOUATBIK KOIOAY,
zm 4 ’Z CoUIaADDL Cmepnbepe (2021), [lenucn MAnaHmmsl OaMblmy Me2amooeni, Heaya
P P (2021), Mot & Tunoann oxbimy 6agoapaamanapoel (SMART).
(2022)
Macymu & Hopysu (2025), MygaﬂZMOepézH Kac'l6u yuppavix
Lugppnovig Illexepberosa & KY3blpemminikmepin 0amvimy, yugpioix
36IPEMMINiK JHcoHe mpancghopmayus sHca2oanvinoa
3 ;ﬁ/HKZMOHaﬂ()bZK Bareimberosa (2023), OIZJngZ)a]};()blZ DYHKYUOHANObIK
Caneoaca & Kacexeesa
cayammaolivlK (2022) CAyammplbleblH APMMbIPY, XATbIKAPAIbIK
sepmmeynepee (PISA, PIRLS) betiimoerny.
Nudopmaruka MyframimaepiHiH KociOum OeidiMzenyl JHapblHABl OKYIIBUIAPIBIH  dJ€yeTiH

JTaMBITYAaFbl HeTi3ri GakTop 6omibin Tabbutaasl. JKyiieni Konaay, MHHOBAIUSUIBIK 9ICTEpAl €HTi3y
XoHe IUQPIBIK STUKAHBI cakTay — OuTiM Oepy MpOIIeCiHIH jKaHa camajblK ACHrediH KaMTaMachl3
eTeTiH 0acThl IIAPTTAPHI OOJYBI KAKETTUIITT TYBIHAAJBIN, OJIAPJAAH €Ki HEri3ri TEeHICHIUS
alKBIHIAJIAbL:

1. Teopusiiplk 3epTTeysiep — AAPBIHABUIBIKTBIH TCHXOJOTHSUIBIK-TIEAarOTHKAIBIK HeTi3IepiH
aliKpIHIayFa OaFbITTAIFaH.

2. IlpakTuKajbIK 3epTTeyNep — OKYIIbIIAPABIH KaOUIEeTTepiH AaMBITyFa apHAIFaH dJliCTeMeTep
MEH TEeXHOJIOTUSUIIBIK Kypalap/ibl CbIHAKTaH ©TKI3yre Heri3/eNreH.

Ocpiran OaillaHpICThl HMH(OpPMaTHKa MyFaTIMAEpIHIH KociOu OeiliMzaenyiHiH »XaHa MOJENl
YCBIHBUIAIBI. By Moziens Oec e3eKTi KOMIIOHEHTTEH TYPa/ibl:

a) «/lnarHocTUKanbIK» — OKYIIBIHBIH KaOUIETIH, TaHBIMJABIK CTHJIIH, OJIEyeTIH 3aMaHayu
onicrepMeH (udpibIK TecT, big data, HeilpoOakbliay) aHBIKTAY.

b) «OmicTeMeniK-TeXHONOTHSUIBIK» — JAapbIHJbl OKYIIBUIAPMEH THIMJII KYMBIC »Kacay YILUIH
IUGPIBIK JKOHE MeAarorukaiblk Kypanaapisl (OHJaMH mimaTdopmanap, KacaHAbl HHTEIUIEKT,
a/IalITUBTI OKBITY JKYHenepl) KoJIgaHy.

¢) «PedaekcuBTIK-3THKANBIKY — MyFaJliM MEH OKYIIIbI apachIHJaFbl ©3apa CEHIMIUTIK, 1epOecTikK,
KayarnKepuIiiiK, aaMi KYHIbUTBIKTap/Ibl CaKTaYy.

d) «VIlHHOBaLMAIBIK IIENIIM» — KPEaTUBTI, CTaHAAPTTaH ThIC TOCUIAEpP APKbLIbl OKYLIBIHBIH
napaibirbiH amry (Mbicanbl, STEAM-xo6anap, ctapramn-Kyperap, XakaToH (DOpMAaThIHIAFbl OKBITY).

€) KOTHUTHBTIK KaOlIeT — Kol TanchipManap/ibl 0ip yakbITThl OpbIHAayFa KaOlIeTTiNIK.

OkymputapAslH =~ KaOUIETTUNITIH — 3epTTeyre  OaFbITTaliFaH  OICTEMENIK-TeXHOJIOTHSIIBIK,
PeQIIEKCUBTIK-ITUKAJIBIK JKOHE MHHOBALMSJIBIK IICHIIM acleKTijiepi KaMTbUIbIN, KOTHUTUBTIK
KaOUIeTTUTIKTI, aram alTKaHAa ‘KO TarChIPMAaJBIKTHI aMBITyFa YJIKeH MoH Oepuneni. OceiHmai
AKYHeNl TOCUT OKYIIBUIAP/BbIH €peKIle JapbIHABUIBIFBIH allbIl, Ka3ipri Ou1iM Oepy TexXHOIOoTUsIap
MEH aJaMH KYHIBUIBIKTApIbl YHWJIECTIpY apKbUIBI OUTIM camachlH apTTHIPyFa BIKIAJIBIH eTyTe
OarbITTaNFaH Mojenb Kypbullsl (Cyper 2).
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OKYLUBIHbIH, KaGineTiH,
TAHBLIMABIK CTUAIM, DNEYETIH
3amaHayn agIcTepMeH
(ydpneik Tect, big data,
Helpobaksinay) aHeIKTaY.

MYMBIC Kacay Ve uidpaeiK
HIHE NAarormKaneik

KYPANAAPALI KONB3HY

02

01

05
Ken rancsipvanapis: Sip
YAKEITTHI OPRIMBAYFa

Smart - Talant Core
KabuerTuiix
{MynRTIgaAAUHOETR]

MYFANIM MEH OKYLUI

APACBIHAEFR 833Pa

ceHimanix, gepbectik. O3
Kayankepuwinix, aaamn
KYHABINEIKTAPAL! CAKTaY

04
XPeaTuBTl, CTaHAAPTTaH ThIC
TACINASP apKEbl OKYLLEIHBIH
A3pansiFei aury

Cypem 2. «3usmxepaix oapuin o3e2i» Mooei

Mymnoazer “Core” — «e3ex, myltiin, Hezi3» OeceH MagblHAda Koloauvlizaw. ‘Smart” — mek
“akvlnovl” 0eceHHeH 2opi, «MEeXHON02UANbIK, 3UAMKEPIIK, YUDPIbIK MYPRblOAH UKeMOI» 0e2eH KeH
Mmagvinada Kapaceimuipuiiaosl. Smart-Talent Core MoenbiHIH YFbIMBIHA cunaTTama: Smart-Talent
Core — Oyt Ka3ipri mudpIIbIK TpaHcHopMaIlus KarIalbIHIa JAPBIH/I Oallaap/sl aHBIKTAY, TaMBITY
XKOHE KOJJay d>KyHeciHiH Oec MaHbI3bI KOMIIOHEHTI (JIMarHOCTHKA, 9/ICTEMENIK TEXHOJIOTHUS,
peduiekcus-3TuKa, KOTHUTHUBTIK KaOiJeT »KoHEe NHHOBALMS) TOFBICATHIH «3UATKEPIIIK JapbIH ©3€T1»,
MyFagiMAEpAiH KociOm OeliMmIenyiHiH »kaHa Mojeni. Makanajga FbUIBIME €HOEKTepIl Taijay
HET131H/Ie KeJIeCl TYXKBIPBIM JKaCaJIJIbl: JAPBIH/IBI OKYIIBIIAP bl AHBIKTAY, KOJIAAY XKOHE JJAMBITY VIITiH,
nH(pOpMaTHKa TMOHIHIH MyFaliMzepi Kociou TpaHchopMaluschl aca MaHBI3/IbI IIAPTTAPAbIH Oipi.
[lemarorukanblK MPOIECTIH KaHA CalaNbIK JCHIel KEeMIeH Il TYpAe MyFaliMIEpiH Ky3bIPETTIIIK
JeHreiiH JaMbITy OaFbIThIHIA JKYHell dKYMBIC JKacay/Ibl KAMTaMachI3 eTeli.

Juckyccust

Byn 3eprrey sxyMbIchl O11IM Oepy >KyHeciHAET! JapbIHIbUIBIKTEI aHBIKTAy MEH JaMbITYIbIH jKaHa
ozicTepl MEH TEXHOJOTHSAJApbIHBIH MaHbI3JbUIBIFBIH alKbpIHIAMN, Ka3ipri OuriM Oepy mpoleciH
nupabIK goyipre OeHiMIeyaiH KaKeTTUIIrH kepceTedl. JlapbIHABUIBIKTE aHBIKTAYABIH THIMII
ONICTEPIH 13/1eCTipy, O11iM Oepy YHBIMAAPBIHBIH Ka3ipri KYHIET1 eH 0acThl MiHAETTepiHiH 6ipi 60IbIIT
TaObLIa/IbI.

3epTTeyne MAapbIHABUIBIKTBI AaHBIKTAYy MEH JaMbITyFa apHajlfaH Oipkarap jKaHa oJicTep
yChIHBUIIBL. Bipak Oyt ypaic Tek mudpiblk KypalJapMeH IEeKTeIMeH, JapbIHABUIBIKTHI aHBIKTAY IbIH
KOIJIEHI eIl ToCUIAepiH KOJNJaHyAbl Ja KaMTybl Kepek. MpIcalibl, MCUXOIOTUSIBIK AMAarHOCTHKA,
IIBIFAPMAIIBUTBIK KOHE JIOTHKAIBIK OWJIay JaFIblUIapblH Oaranay, COHNIAl-aK oJIEyMETTIK KOHE
SMOLMOHANJIbl MHTEJJIEKT ACHI€HiH aHBIKTAY CHUSKThI KOChIMIIIA 9/1ICTEP/IIH UHTETPALUCH JapbIHIbI
Oananapabl TUIM1 aHbIKTayFa MYMKIHAIK Oepei.

3epTTey OapbIChIHa aHBIKTAJIFAH YIII HETI3T1 OaFbIT — IMAarHOCTUKA, KOJIJIAy CTpaTerHsIaphbl XKoHe
HUQPABIK KY3bIPETTUIIK — OUTiM Oepy >KyHeciHiH NapbIHABUIBIKTHI JaMbITyFa OaFbITTaJIFaH jKaHa
TOCUIAEPIH KaJbIITaCThIpyFa MYMKIiHAIK Oepeni. Ocipece, «Smart-Talent Core» mopeni, SFHU
TapBIHABUTBIKTEL  IUQPIBIK OpTaga aHBIKTay »JKOHE JaMBITyFa apHaFaH apHailbl  IKyiie,
MeJarorTapAblH KYMBICHIH JKEHUIACTIN KaHa KoWMaii, OamanapablH MOTEHIHAIBIH AN 9pl THIMII
Oaranayra MyMKIHJIK Oepe/i.

JlnarHocTuka OarbITBIHAA Ka3ipri o/licTep MEH TeXHOJorusiap OananapiblH KaOijleTTepiH epre
KE3C€H/JIe aHBIKTAall, OJapiblH JKEKe EPEeKIIENIKTepPiH €CKepe OTBIPBIN, OKBITY OIICTEPiH KYPYIbl

292



Abaii amvinoasvr Kaz¥I1Y-niy XABAPIIBICHI, « Qusuka-mamemamura aulisimoapuly cepuscol, Ne4(92), 2025

xeHiaereni. CoHbIMEH KaTap, KOJJay CTpaTerusiIapblHbIH ©3€KTLiri apraipl, ce6eOi JapbhIHIbI
Oananapra apHaJiFaH apHaiibl OKbITY OarapiiaManapbl MEH pecypcTapibl aHBIKTay 6T€ MaHbI3/IbI.

Hudpaslk Ky3bIpeTTiTik — Oyin 3amMaH Tana0OblHA cail megarortapiblH JkaHa OuriM  Oepy
wiargopMaliapblH  MEHrepy >koHe OarjaiapiAblH 3aMaHayd TEXHOJOTHSUIApMEH JKYMBIC ICTey
JaFAbUIapBIH TAMBITY YIIiH MaHbI3/1bI APT OO TaObLUIaIb.

CoHbIMeH Katap, OyJ1 MOJEBIIH eHTi31Tyl OLtiM Oepy mporieciH U(pabIK TpaHchopManusiay
MEH HHTEJUIEKTyasbl OlTiM Oepy OpTachlH KajJbINTACcThIpyFa MYMKIHAIK Oepemi. MyHBIH €31
MeJaroruKaIbIK MPOIECCTIH TUIMIUTITIH apTTHIPHIIN, MeJarortap MeH OKYyIIbUIap apachlHIaFbl ©3apa
OpeKeTTI HbIFaiTaabl. JlereHMeH, 3epTTeyIiH HOTIKEIEPIH ToXKIpuOene KOoJIaHy YIIiH OipHerie
KUBIHJIBIKTap OOJybl MYMKiH. MpbIcanbl, HMUQPIBIK TEXHOJOTHIAPAbl TOJBIKTAH EHri3y YIIiH
MEKTENTep MEH OKY OpPbIHAAPBIHJA KAXKETTI HHPPAKYPHUIBIM MEH pecypcTapAbl KaMTaMachl3 €Ty
kepek. CoHbIMEH Oipre, mejarorrap YIIiH aHa SIIC-TOCUIIEp MEH TEXHOJOTHUIApAbl MEHIepy
YJIKEH NaWbIHABIKTBI Tajam erenmi. EKiHIm jkarbiHaH, OyJ1 OMiCTepJiH HOTHXKENUIri OuriM Oepy
YUBIMIAPBIHAAFBl TIEIarOTUKAIBIK MOACHUETTIH ACHIeiHe, MHHOBAIMSJIApFa JEeTeH JaibIHIBIKKA
YKOHE MearorTapAblH KociOn 1aMmy MyMKIHIIKTepiHe OalIaHbICThI O0Iaabl.

XKanmel, Oyt 3eprrey O11iM Oepy KyHecCiHAe JapbIHIBUIBIKTHI aHBIKTAY MEH JaMBITYFa KaThICTHI
KOITEreH MaHbI3/Ibl Mocenenepi KO3FalIpl JKOHE J>KaHa TOCLIAep MEH TEeXHOJIOTHUSIIap/IbIH
eHTi31TyiHe OaFbITTaIFaH MaHbI3/IbI KaiaM OOJIBIN TaObLIa Ik,

KopbIThbIHABI

Kopteinasinail kene, skaHa OuniM Oepy mapagurMachl JapbhIHIBI OKYLIBLIAPIBl KOJJAy iCiHIE
nHpOpMaTHKa MYFalliIMAEPiH KociOM TyprbIIaH KaiTa Oeiimaeyi KaxeT eTeli )oHe Oy mporecc
TEeK TEXHHUKAJIBIK LICIIIMAEPMEH ILIEKTeJIMEiIl, OJeyMETTIK, MOJIEHHU MKOHE IICUXOJIOTHUSIIBIK
acTieKTiyiepAl Jie KamTuabl. beiliMaeny Tek TEeXHOJOTHsuIap MEH Kypajjaplbl KOJJaHy eMec,
aZaMJap/blH JKaHa OpTaFa, >KaHa >JKarjailapFa MKeMJENylH, AafAbUIapblH JaMbITYbIH >KOHE
e3repicTepre OHTAWMIBI Kayanm OepyiH Taimanm erefi. buriM camachklH KeTepyJe IeIaroruKaiblK
MHHOBATOPJIBIKTBI, LU PIIBIK ITUKAHbI XKoHE OoJallakka OarapiiaHFaH FUIBIMU OMJIay/ibl 1aMbITY
O6actel MiHzger. KemrereH AMarHOCTHKANBIK oficTeMenep, HUGPIBIK Oaranay KypalgapblHa
HETI3/IereH Talnjay JKyhenepl OKYIIbUIAPAbIH TaHBIMJBIK, IIBIFAPMAIIbUIBIK >KOHE TYJIFAIIbIK
QJIeyeTIH ’aH KaKThl alKbIHAayFa MyMKIHIIK 6epeni. by Tocinaep apKpuibl 9pOip OKYIIBIHBIH KEeKe
KaO1JIeTi MeH epeKILeNiriH epTe ’KacTaH aHbIKTAI oJlapFa Jiep Ke3iH e OOWbIHIaFbl KaO1JIeTiH aHbIKTAI
JapajbIFblH YaKbITHUIBI TaliJallaHyFa MYMKIHJIK Oepe/i.

3aMaHayW ~ JMAarHOCTHKAa TeK akaJeMUsUIBIK KaOlleTTepAl FaHa eMec, COHbIMEH Oipre
HMOITMOHANJIBIK JKOHE OJICYMETTIK HaFapuiapiabl aa Oaramaiinel. [lemarorrap OKyIIbIFa BIHFAMIIBI
OKBITY 9JIICTEpiH TaHJal, keKe O11iM Oepy TpaeKTOpHUsUIapbIH Kypaasl. MyHaai oaictep 6ananap/IbiH
OKYFa bIHTAChIH KYILIEUTIN, 631HE JeTe€H CEeHIMIH apTThIpa/ibl KOHE LIbIFapMallblIbIK KaOlIeTTepiHIH
JamMyblHa BIKOAN eTeldi. FhUIbIMH Heri3fenreH »kaHa Tocuiuepai OuniM Oepy KyieciHe eHTi3y
OoyamrakTa ChIHM OWJIAWTBIH, WHHOBALMSUIBIK MICSIIApIbl JKY3€Te achlpa allaThlH KOHE KOFaMmFa
nai1achlH TUTi3€TiH MIBIFAPMAIIBIIBIK TYJIFAIapabl KAJIBINITACTHIPyFa MYMKIHIIK Oepe/ti.

XKypriziiren mony Heri3iHae WHGOpMaTUKAa MyFaliMIEpiHIH KociOu TpaHcopmanuscsl —
JapbIHIbl OKYIIBLIAP/Ibl KOJIAAYAbIH MaHBI3/Ibl TETIr €KEeHi aHBbIKTaNbl. FhuIbiMU eHOekTepae Oy
nporiecc MUQPIBIK KY3bIPETTUTIK, MeIaroTHKAIBIK WHHOBAIUSIIAP JKOHE OKBITY/IaFbl HKEMIUTIKIICH
OaiiaHpICTRIpBIIAAEl. MyFaliMHIH KociOM TpaHCc(OpMAIMACHIH JKy3ere achlpyfa OarbITTalFraH
«GUATKEpITIK JapblH ©3eri» Moneni KypeULibl. bojamak 3epTreynepine YITTBHIK JIeHTeie
TpaHchOpMAaLUAIIBIK MOJIENIBJIEP jKacay KoHE MPAKTUKANBIK TOXKipubenep KUHaKTaIa bl

Hudpasix 611iM 6epy KypaaaapblHBIH €HTI3UTY1, TTearorrap MeH OKYIIbUIAPABIH ©3apa opPeKeTi,
COHJal-aK JNapbIHIBUIBIKTBI aHBIKTAYIAFbl XKaHa Moenbaep OuniM Oepy sKyHeciH jkaHa JeHreire
keTepyre MyMKiHIIK Oepeni. CoHbIMeH Karap, Oyi 3eprrey OuliM Oepy mpoieciH Hu(pIbIK
TpaHchopManusiay MEH UHTEIUIEKTyalIbl OUTiM Oepy OpTachlH KaJbINTACThIPY1a MaHBI3Ibl Kaj1aM
001N TaObUIAIEL.

293



BECTHUK Ka3HIIY um. Abas, cepus « PQusuxo-mamemamudeckue naykuy, Ne4(92), 2025 a.

THatioananvinzan depexko3oepoiy mizimi

[1] KP nopmamuemik-KyKbIKmulK aKMIiiepiHiy axnapammolK-KYKbIKmMolK oicyieci [Onekmponoviy
pecypc]. https://adilet.zan.kz/

[2] Cornejo-Araya C. A., Gomez-Araya C. A., Muiioz-Huerta Y. P., Reyes-Vergara C. P.
What do we know about giftedness and underachievement? A bibliometric analysis // International Journal of
Research in Education and Science. —2021. —Vol. 7, Ne 2. — P. 400—411. — https://doi.org/10.46328/ijres. 1481

[3] Eryimaz R. Sustainable Learning in Gifted Students: The Relationship Between Cultural Capital and
Lifelong  Learning // Sustainability. — 2024. — Vol. 16, Ne 23. — Article 10702.
https://doi.org/10.3390/sul 62310702

[4] Renzulli J. S.The three-ring conception of giftedness: A developmental model for promoting creative
productivity //  Reflections on  gifted education. — Routledge, 2021. - P. 55-90.
https://doi.org/10.4324/9781003237693

[5] Renati R., Bonfiglio N. S., Dilda M., Mascia M. L., Penna M. P. Gifted Children through the Eyes of
Their Parents // Children. — 2023. — Vol. 10, Ne 1. — Article 42. — https.//doi.org/10.3390/children10010042.

[6] Piirto J. Talented children and adults: Their development and education. — Routledge, 2021.
https://doi.org/10.4324/9781003238485

[7]Renzulli J.Scales for rating the behavioral characteristics of superior students: Technical and
administration manual. — Routledge, 2021. https.//doi.org/10.4324/9781003237808

[8] Subotnik R. F. et al. Transforming gifted education in schools: Practical applications // Education
Sciences. —2023. — Vol. 13, No 7. — P. 707. https://doi.org/10.3390/educscil3070707.

[9] Krisel S. Characteristics of gifted children as a guide to identification // Identification. — Routledge,
2023. — P. 75-97. https://doi.org/10.4324/9781003419419

[10] Sternberg R. J., Chowkase A., Desmet O., Karami S., Landy J., Lu J. Beyond Transformational
Giftedness // Education Sciences. —2021. — Vol. 11, Ne 5. — P. 192. DOI:10.3390/educscil1050192.

[11] Horn C. V. Young scholars: A talent development model // Gifted Child Today. — 2015. — Vol. 38, Ne
1.— P. 19-31. https://doi.org/10.1177/10762175145565

[12] Delisle J.Parenting Gifted Kids: Tips for Raising Happy and Successful Children. — Ist ed. —
Routledge, 2006. https://doi.org/10.4324/9781003237037

[13] May R. J. et al. The impact of the SMART program // British Journal of Educational Technology. —
2022. —Vol. 53, Ne 5. — P. 1244—1261. https://doi.org/10.1111/bjet. 13192.

[14]Masoumi D., Noroozi O.Developing early career teachers’ professional digital competence //
European Journal of Teacher Education. — 2023. — Vol 48, MNe 3. — P. 0644-6066.
https://doi.org/10.1080/02619768.2023.2229006

[15] Llexepoberosa I.T., Bbaxvimbexosa JK.bB. L{upprvix Kysvipemminix unH@opmamuxa mMyeaniiminiy
Kaciou dagoviiapwinviy 0ipi peminde // Becmnux KazHIIY umenu Abas. Cepus gpusuxo-mamemamuyecKux
nayk. —2023. — T. 84, Ne 4. — C. 321-331. https://doi.org/10.51889/2959-5894.2023.84.4.032

[16] Caneoxca HU. T., Kaccexeesa A. b. Borawax ungopmamuxa myeanimoepiniy OKyubliapOobiy
DYHKYUOHANOBIK CAYAmMMBbLIBIKIMAPbIH KATbINmacmuipyea oativinovievl // Becmuux KasHITY umenu Abas.
Cepuss  usuxo-mamemamuyeckux wuayx. — 2022. - T. 80, N 4. - C  259-268.
https://doi.org/10.51889/7193.2022.34.91.030

References

[1] KR normativtik-quqyqtyq aktilerinin agparattyq-quqyqtyq zhuiesi (2002) [Information and legal system
of normative legal acts of the Republic of Kazakhstan]. Elektronnyi resurs. Rezhim dostupa:
https://adilet.zan.kz/ (In Kazakh)

[2] Cornejo-Araya C.A., Gomez-Araya C.A., Muiioz-Huerta Y.P., Reyes-Vergara C.P. (2021) What do we
know about giftedness and underachievement? A bibliometric analysis // International Journal of Research
in Education and Science, Vol. 7, No. 2, 400-411. https://doi.org/10.46328/ijres. 1481

[3] Eryimaz R. (2024) Sustainable Learning in Gifted Students: The Relationship Between Cultural
Capital and  Lifelong  Learning //  Sustainability, Vol. 16, No. 23, Article 10702.
https://doi.org/10.3390/sul 62310702

[4] Renzulli J.S. (2021) The three-ring conception of giftedness: A developmental model for promoting
creative productivity /7 Reflections on Gifted Education. Routledge, 55-90.
https://doi.org/10.4324/9781003237693

294


https://adilet.zan.kz/
https://doi.org/10.46328/ijres.1481
https://doi.org/10.3390/su162310702
https://doi.org/10.4324/9781003237693
https://doi.org/10.4324/9781003238485
https://doi.org/10.4324/9781003237808
https://doi.org/10.4324/9781003419419
https://doi.org/10.1177/10762175145565
https://doi.org/10.4324/9781003237037
https://doi.org/10.1111/bjet.13192
https://doi.org/10.1080/02619768.2023.2229006
https://doi.org/10.51889/2959-5894.2023.84.4.032
https://doi.org/10.51889/7193.2022.34.91.030
https://adilet.zan.kz/
https://doi.org/10.46328/ijres.1481
https://doi.org/10.3390/su162310702
https://doi.org/10.4324/9781003237693

Abaii amvinoasvr Kaz¥I1Y-niy XABAPIIBICHI, « Qusuka-mamemamura aulisimoapuly cepuscol, Ne4(92), 2025

[5] Renati R., Bonfiglio N.S., Dilda M., Mascia M.L., Penna M.P. (2023) Gifted Children through the Eyes
of Their Parents // Children, Vol. 10, No. 1, Article 42. https://doi.org/10.3390/childrenl0010042

[6] Piirto J. (2021) Talented Children and Adults: Their Development and Education. Routledge.
https://doi.org/10.4324/9781003238485

[7] Renzulli J.S. (2021) Scales for Rating the Behavioral Characteristics of Superior Students:
Technical and Administration Manual. Routledge. https://doi.org/10.4324/9781003237808

[8] Subotnik R.F. et al. (2023) Transforming Gifted Education in Schools: Practical Applications //
Education Sciences, Vol. 13, No. 7, 707. https.//doi.org/10.3390/educscil 3070707

[9] Krisel S. (2023) Characteristics of Gifted Children as a Guide to Identification. // Identification.
Routledge, 75-97. https://doi.org/10.4324/9781003419419

[10] Sternberg R.J., Chowkase A., Desmet O., Karami S., Landy J., Lu J. (2021) Beyond Transformational
Giftedness // Education Sciences, Vol. 11, No. 5, 192. https://doi.org/10.3390/educscil 1050192

[11] Horn C.V. (2015) Young Scholars: A Talent Development Model // Gifted Child Today, Vol. 38,
No. 1, 19-31. https://doi.org/10.1177/10762175145565

[12] Delisle J. (2006) Parenting Gifted Kids: Tips for Raising Happy and Successful Children. st
ed. Routledge. https://doi.org/10.4324/9781003237037

[13] May R.J. et al. (2022) The Impact of the SMART Program // British Journal of Educational

Technology, Vol. 53, No. 5, 1244—1261. hitps://doi.org/10.1111/bjet. 13192

[14] Masoumi D., Noroozi O. (2023) Developing Early Career Teachers’ Professional Digital Competence
/! European Journal of Teacher Education, Vol. 48, No. 3, 644—666.
https://doi.org/10.1080/02619768.2023.2229006

[15] Shekerbekova S.T., Bakytbekova Z.B. (2023) Cifrlyk kuzyrettilik informatika mugaliminiy kasibi
dagdylarynyn biri retinde. [Digital competence as one of the professional skills of a computer science teacher].
Vestnik KazNPU imeni Abaia. Seriia fiziko-matematicheskikh nauk, Vol. 84, No. 4, 321-331. (In Russian)
https://doi.org/10.51889/2959-5894.2023.84.4.032

[16] Salgozha I.T., Kassekeeva A.B. (2022) Bolashaq informatika mugalimderinin oqushylardyn
funksionaldyq sauattylyqtaryn qalyptastyruga daiyndygy. [Readiness of future computer science teachers to
form students’ functional literacy]. Vestnik KazNPU imeni Abaia. Seriia fiziko-matematicheskikh nauk, Vol.
80, No. 4, 259-268. (In Kazakh) https://doi.org/10.51889/7193.2022.34.91.030

295


https://doi.org/10.3390/children10010042
https://doi.org/10.4324/9781003238485
https://doi.org/10.4324/9781003237808
https://doi.org/10.3390/educsci13070707
https://doi.org/10.4324/9781003419419
https://doi.org/10.3390/educsci11050192
https://doi.org/10.1177/10762175145565
https://doi.org/10.4324/9781003237037
https://doi.org/10.1111/bjet.13192
https://doi.org/10.1080/02619768.2023.2229006
https://doi.org/10.51889/2959-5894.2023.84.4.032
https://doi.org/10.51889/7193.2022.34.91.030

BECTHUK Ka3HIIY um. Abas, cepus « PQusuxo-mamemamudeckue naykuy, Ne4(92), 2025 a.
FTAXP 14.35.07

10.51889/2959-5894.2025.92.4.028
H.T. Omanosa'" "', I'.b. Kamasiosa' ", III.A. Xampaes!'", E.JK. Teniz6aen>
! AGait aTeinarsl Kazak yITTHIK I€aroruKablK YHUBEPCUTETI, AnMarthl K., KasakcTan

2OpTaJ'IBIK Azust UanoBanusiblk yHuBepcuTeTi, IlIbiMkeHT K., KazakcTan
*e-mail: n.oshanova@abaiuniversity.edu.kz

IT BAFBITBIHJIAFBI MUKPOBLTIKTLIIKTEPAI O3IPJIEY 'KOHE OHBI IEJATOT
MAMAHJIAPIBI JASIPJIAVIA EHTI3Y

Anoamna

Kagzipri 6imiM Oepy KeHICTiriHae MHUKPOOUTIKTIIIKTEp CTYACHTTepIiH WKEeMIl AaFAdbUIapBIH AMBITYFa,
KociOM KY3BIPETTEPiH apTTHIPyFa KOHE OJlappl €eHOEK HAPBIFBIHBIH T3 ©3TepeTiH TananTapbiHa OeiMaeyre
MYMKIHIOIK OepeTiH THWiIMAI Kypajd peTiHAe TaHbutyna. Jlerenmen, Oonamak mnemaror kaapiapra 1T
OarbITBIHIAFBl  MHUKPOOUTIKTITIKTEpAI o3ipiey KOHE EHTi3y IKYMBICHI oli TOJNBIK IKyHeneHOereH.
KonnmanpicTarsl 3epTTeyiep HeETi3iHeH TEeXHHWKAIBIK MaMaHIBIKTapFa OarbITTaFaHIBIKTaH, ME1arorTap/IbH
TUQPIBIK KY3bIPETTEPiH KAIBINTACTHIPY EPEKIICTIKTepl KETKITIKTI JeHreiae KapacTeippuiMarad. COHbIMEH
Karap, »KaHa MaMaHABIKTap ATIacel HeriziHie OimiM Oepy OargapiaManapblH KaiTa KypbUIBIMAAY >KOHE
XaIBIKAPaIbIK TOKIPHOEH] TIeTarOrIKaIbIK KOHTEKCTe OeriM/ey OOMBIHINIA HAKTHl MPAKTUKAIBIK YCHIHBICTAD
a3. OcpiFraH OalIaHBICTHI TEJAror Kajapiapra apHanFaH [T-MUKpOOUTIKTLTIKTEp/l 93ipiaey MEH eHri3y OiiiM
Oepy camacblH apTThIpyFa, MUQPIBIK pecypcTapra TeH KOJDKETIMIUIIKTI KaMTamachl3 eryre, OiutiM Oepy
MPOLIECiH JKAHFBIPTYFa JKOHE eHOEK HaphIFBIHAA Oocekere KaOULIeTTi memaror MamaHaap aaspliayra
OarbITTaIFaH MaHBI3bI )KOHE ©3€KTi KafgaM OOJIBIN TaObLIa bl

Tyiiin ce3aep: mukpoOinikrinik, IT, megarorukansik XKOO, 6inim O6epy Oarnapnamachl, eHOEK HApBIFHI,
’KaHa MaMaH/IBIKTap aTJIackl, MU PIBIK KY3bIpETTEP, HHHOBALUS, IIU(PIIBIK TEXHOIOTHUSL.
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PA3PABOTKA IT-MUKPOKBAJIM®UKAIIUI U UX BHEJAPEHUE B IIOJAIOTOBKY
HEJATOI'MYECKHUX KAIPOB

AnHomayus

B coBpemMeHHOM 00pa30oBaTEILHOM TPOCTPAHCTBE MHMKPOKBATU(PHUKAIMH pPACCMaTPUBAIOTCA Kak
3((HEeKTUBHBIN HHCTPYMEHT ISl pa3BUTHS TMOKMX HABBIKOB CTYJICHTOB, MOBBIIICHUS UX TPOPECCHOHATBHBIX
KOMIIETeHIIMA W aJanTalii K ObICTPO MEHSIONMMCA TpeOoBaHMSIM phIHKA Tpyaa. OmaHako pa3paboTka u
BHenpenue IT-MukpokBamudukanuii i OyayIiux MeJaroroB Moka HE MOJHOCThIO CHCTEMATH3UPOBAHBI
Cy1iecTByIoIye HCCIEIOBAHUS B OCHOBHOM COCPEIOTOYEHBI HAa TEXHUYECKUX HAIPaBJICHUSIX, MMOITOMY
ocobeHHOCTH (popMHUpOBaHUS MU(POBHIX KOMITETEHIIMN MTEaroroB pacCMaTpPUBAIOTCS HEJOCTATOYHO TOITHO.
Kpowme Toro, mpakTriyecknx peKoMeHalni 1Mo nepepadoTke 00pa3oBaTelbHBIX TPOrpaMM Ha OCHOBE ATiaca
HOBBIX TPO(ECCHI U aIanTal[ii MEXK/TYHAPOIHOTO OIBITA K TIEIarOrMu4eCKOMY KOHTEKCTY IOKa Majio. B csa3u
¢ 3TUM pa3paboTka u BHeApeHue [ T-MUKpoKBaTM(pUKAIA TS TeJarornIeCKUX KaapoB SBISETCS BaXKHBIM U
aKTyaJIbHBIM II1arOM, HAIPaBJICHHBIM Ha TIOBBIIICHNE Ka4eCTBa 00pa30BaHusl, 00eCIIeYeHHE PABHOTO JIOCTYIIA
K IH(POBBIM pecypcam, MOJIEPHHU3AINIO 00pa30BaTEIHLHOIO MPOIEcca U OATO0TOBKY KOHKYPEHTOCIIOCOOHBIX
MIeJIarOrOB Ha PBIHKE TPyAa.

KaroueBbie cioBa: mukpokBannpukanus, [T, memarorudeckue By3bl, oOpa3oBaTelbHas NpOTrpaMma,
PBIHOK Tpya, ATiIac HOBBIX Mpodeccuil, u(POoBbIe KOMIIETECHIMH, HHHOBAIIUH, TU(POBBIC TEXHOIOTHU
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DEVELOPMENT OF IT MICRO-QUALIFICATIONS AND THEIR INTEGRATION INTO THE
TRAINING OF TEACHING PERSONNEL

Abstract

In the modern educational landscape, micro-competencies are recognized as an effective tool for developing
students’ flexible skills, enhancing their professional competencies, and adapting them to the rapidly changing
demands of the labor market. However, the development and implementation of IT micro-competencies for
future educators remain insufficiently systematized. Existing research is primarily focused on technical fields,
so the specifics of developing digital competencies for educators are not adequately addressed. Moreover, there
are few practical recommendations for restructuring educational programs based on the Atlas of Emerging
Professions and adapting international experience to the pedagogical context. Therefore, developing and
implementing IT micro-competencies for pedagogical personnel represents an important and timely step aimed
at improving education quality, ensuring equitable access to digital resources, modernizing the educational
process, and preparing competitive educators for the labor market.

Keywords: micro-credentials, IT, pedagogical universities, educational program, labor market, Atlas of
New Professions, digital competences, innovation, digital technologies

Kipicne

Hezizei epeorcenep

IT GarpITBIHAAFBI MUKPOOUTIKTUTIKTEPII OlTiM Oepy KyieciHe eHTi3y — MeJaroruKaibIK KOFaphl
OKY OpBIHJApbl CTYAEHTTEpiHIH LHUQPPIBIK KY3bIPETTEpiH MJaMBITyFa »OHE €HOEK HapbIFbl
TananTapbiHa OeHiMaenTreH MaMaHAapabl JaspiiayFa MYMKIHIIK OepeTiH MaHbI3/Ibl KagaMm. 3epTTey
OapbichiHaa JKaHa MamaHzbIKTap atriacbiHIarbl [T OarbITTapblHa Tanjay Kacajbll, OJIAPJbIH
MeIarOruKaNbIK OiTiM Oepy OarmapiiamanapblHa HMHTErpalysuiaHy MYMKIHIIKTEpl aiKbIHAAJIb.
Hormxkecinne MHUKpOOUTIKTUIIKTEPAIH MOAYIBAIK KYPBUIBIMBI O3IpJICHIN, KOCIOM ToXipuOeMeH
YIITACTHIPY KOJJIApbl KepceTunmi. Amaiina, MyHIall KypcTapIbl €HTi3y OKBITYIIBLIApIBIH JKaHa
TEXHOJIOTUSIApAbl MEHT€pPYiH, OKY JKOCHapiapblH KaiTa 6eiimMaey i )koHe OKYy-oJicTeMenik 0a3aHbl
XKaHFBIPTYy bl Tajan ereal. CoOHbIMEH KaTap, €HOEK HapbIFBIMEH JKOHE CTEUKXOJIIepJIepMEH Kylenl
BIHTBIMAKTaCTBIK OpHATy KaKeTTUIIr TyblHAaWAbl. byn Mocenenepni kemeHai memy OutiM Oepy
camachlH apTTBIPYFa, CTYJICHTTEPAIH KoCciOu OeiMaenyiH JKeIeaeTyre KOHE 3aMaHayd Tearor-
MaMaHAApAbIH 09cekere KaOUIeTTUTITiH apTThIpyFa bIKIAT eTeIi.

Kazipri uudpnsix noyipae 6i1im 6epy xyhecine KOWbUIaThIH TajlanTap Tyoereii esrepyne. binim
aNTyIIblIapFa TeK TEOPHSUIBIK OLTiM Oepy JKeTKUTIKCI3, oJap/ibl HAKThl €HOEK HapbIFbl TaJllalTapblHA
cail ukem/i1 opi OeriMal etin gaspiay Kaxer. Lluppasik Tpancpopmaiiis MeH eHOEK HapbIFbIHBIH TE3
e3repyl ascblHAa OuTiM Oepy Xkyieci jkaHa (gopMa MeH Ma3MyHfa kemie Oactaabl. OcbiFaH
0ailIaHBICTHI KBICKA MEP3IM/Ii, HAKTHI JaFIbIFa OarbITTaIFaH MUKPOOUTIKTUTIKTED (micro-credentials)
XaJIbIKApaJIbIK JEHreii1e KeHIHeH Tapany/a.

MuKkpoOITIKTIIIK YFBIMBL OpTYPJIl Ke3[ep/ie TYpJille cunarraiaabl. JlereHMeH, omap/bl Kaurbl
Typae Oenrimi 6ip HaKTBI KY3bIPETTUTIKKE, JaFAblFa HeMece OuTiMre OarbITTalnFaH, KbICKa Mep3iM/Ii
OKY HOTIIKECIH OLTIPETiH cepTU(dHUKAT HEMECe KydJliK peTiHe TyciHaipyre 6onaasl. Onap kebiHece
JOCTYpIl aKaJeMISUIBIK Jdpeke OepeTiH OarapiaManapiaH ThIC JKY3ere achpbUlajbl, Oipax
OJIApMEH TOJIBIKTHIPBLUTYBI HEMECE OJIApPMEH MHTETrpaIisUIaHybl MYMKIH.

MUKpOOUTIKTUTIKTEpAIH 6ACThI epeKIIeNiKTepiHe MbIHAJIAP KaTabl:

- Ukemainik — onap oHmnaiiH, oduaiftH Hemece apanac popMarTa oTyl MyYMKIH;

- Kpickamep3iMaimik — onmerTe OipHemie anTajaH OipHele aiffa ACHIHT1 apaibIKTa >Ky3ere
aChIPBUIAIB;

- JlarpiFa OaFbITTalybl — HAKThl XKYMBIC OpHBIHIAFbl HEMece KoCiOM cajaJarbl JIaFIbIHBI
JaMBITYyFa OaFbITTaJFaH;

- Kyonannplpy — assikTaraHHaH KeiiH 6enriii Oip cTaHIapTKa cail pactanFaH Kyalik Oepijeni.
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Keiibip xyifenepae MUKpOOLTIKTUIIKTEp XKHHAKTAIATBIH CUIIaTKa ue (stackable), srHu omap/sl
KOCBITI OTBIPHIN, KEHIHIPEK YJIKEH KeJIeMJieT1 cepTuduKaTTapra HeMece TIillTI aKaJeMUSIIBIK TOPEKe
airy JkonbiHa OipikTipyre Oomanst [1]. By Tocin emip 60ibl OKYIbI MKEMIi JKOHE Y3/IKCi3 eTyre
MYMKIHAIK Oepei.

MuKpoOUTIKTUTIKTEp KOFaphl OL1iM Oepy kyiiecine GipKaTap MaHbI3AbI QP THIKIIBUTBIKTAP OKEIIE/].
MUuUKpOOUTIKTUTIKTED JKEKe TYJIFajapIblH 63 YaKbIThl MCH MYMKIHITIHE Kapai OKBIII, )kaHa O11iM MEeH
JaFABIHBI MEHIepYiHe JKaF/1ai skacaiiipl. bimiM anymbuiap e3iHe KaKeTTi JaF/AbIHBI FaHa TaHAAIl OKH
amajel. by skyiie ocipece )KYMBIC ICTEUTIH epeceKTep MEH KociOM canana OarbiT ©3repTyre HUETTI
agamaap YIIiH TAiMAl. MUKpOOUTIKTUIIK Oenrin O6ip KociOM JaFabIHbl UEJICHTeHIH KYyOJlaHIbIPaIbl.
By sxymbic Oepymiisiepre HaKThl MaMaHHBIH He OUICTIHIH JKbUIJaM TYCIHYre MYMKIiHAIK Oeperi.
EnOex HapbIFpIHIA JaFAbUIapFa  HETI3ACITEH  IPIKTEY TMpormeci  KajdbllTacKaH  CalblH,
MUKPOOUTIKTITIKTEpAiH MOHI apTa Tycynae. byn xyie Typii aleyMeTTiK TONTapFa — OHBIH iMIiHAe
JOCTYpJIl YHHMBEPCHTETKE Oapa aJiMaraH HeMece TOKTAaThIl KOWFaH ajamjaapra — OuriM  aiy
MYMKIiHITiH amazsl. COHBIMEH KaTap, Oy aybUIIbIK allMaK TYPFBIHAAPEl MEH MYMKIHJIITT HIEKTEeYITi
azamMaTTapra Ja KOJDKeTIMIi Oosia anmaapl. MUKpOOUTIKTUIIKTED >KOFapbl OKY OpPBIHAApbI YIIiH
WHHOBAIM K631 Jen aifTyra 6onaapl. Cebebi, YHUBEPCUTETTEP MUKPOOUTIKTUIIK apKbLIBI OUTIM Oepy
OarmapiamanapblH JKaHapTa anajibl. byn omapra Hapblkka Oeilimaenyre, *aHa CepikTecTep TapTyFa
’KOHE eMip OOWBI OKBITYIBI KY3€Tre acklpyFa KeMekTecei [2].

Organisation for Economic Co-operation and Development (OECD, DxoHOMHUKAIBIK
BIHTBIMAKTACTBIK XKoHE AamMy YUbIMbI) 2023 KbUTFBI €ce01 OYJT TPEHATIH MOHI MEH 9CEPiH JKaH-KAKThI
3epTTen, OuliM Oepy casicaTbiHa, €HOEK HapbIFbIHA JKOHE OJICYMETTIK WHKIIO3UsIFa OalIaHbBICTHI
ycoiHbIMAap Oepeni [3]. MHUKpOOUTIKTUIIK ASCTYpIIi JUILIOMFa KaparaHIa MKeMIIpeK, KOJDKETIMII
KOHE KYMBIC OepyliiiepMeH Tikenedl OaimanpicThl Oonia anmagbl. On Keicka Mep3iMIi KypcTap,
cepTH(HKATTApP, MOIYJIBACP TYPIHAE XKY3€re acaabl >KoHe KoOiHe eHOEK HapBIFBIHIIAFbl HAKTHI
KaKETTUIIKTepre kayar Oepe/i.

OECD MUKpOOUTIKTUTIKTEpl YIII HET13T1 MaKcaTieH KapacThIpabl:

- JKyMbIcKka opHanacy »oHe eHOeK HapbIFbIHAA Ta0BICTHI OOy YIIIiH;

- JlutmoMasik OarmapiiaMarapra eTIelli Ke3eH HeMece TOJIBIKTBIPYIIBI PETIH/IE;

- ONeyMETTIK 9MIIJIETTUIIK MeH UHKIIO3HUSIHBI KaMTaMachl3 €Ty VIIIiH.

OECD men UNESCO kyxkaTTapblHIa MHKPOOUTIKTUNIKTED — Y3IKCI3 OKBITYJIbIH HKEM/I1
¢dopmacel perinae cunartananasl [4]. 2018 xbuigan 2022 xpurFa 1ediH MUKPOOUTIKTUTIKTEP CaHbI
XanbIKapaislK OuniM Oepy miargopmanapsinga (Coursera, edX, FutureLearn xone 1.6.) 600-1en
1900-re neitin eckeH. YHuepcuterrep, EdTech kommanusmapel »*oHe MEMIIEKETTIK OpraHiap
oJlapJibl pecMH O171iM MEeH €HOEK HapbIFbl apachlHIaFbl OalIaHbIC PETIHE KOPY/IE.

[lenarorukanslK yHUBEpCUTETTEP YLIIH OYJI ecen OipHelle MaHbI3/Ibl KOPBITHIH bl YCHIHAIBI:

- AKnapatrThlK TEXHOJIOTUsJIap OaFbITHIHAAFBl MUKPOOUTIKTUIIKTEPAl J3ipJen, OKy YAepiciHe
€HI13y KaXeT;

- Byn kypcrap «Kana kacinrep arnachl» Heri3iHe €HOEK HapbIFbIHBIH CYPAHbIChIHA Call KYPBLITYbI
THic [5];

- CTyeHTTepre UiaMeni, KbICKa Mep3iMJil KypcTap apKbulbl HakThl [T Ky3blpeTTepiH MeHrepyre
MYMKIHJIIK Gepyre 0onaibl;

- Kpenut Gepy, TpaHcdepT >KoHE CTIKHMHI apKbUIbl MUKPOOLTIKTIIIK HOTHXKENEPIH TUIIOMMEH
OaliIaHBICTBIPY KaXeT.

AKIII-tarpl megarorrapabl cepTudukaTTay 3€pTTeY HETI31HJeri cepTU(UKATTap JK9HE calallbIK
CEepIKTECTIKTep apKbUIbI XkKy3ere acyaa [6].

Kazakcranma Oy OarbIT »KOFapel OuTiM Oepy »KyieciHae KeH Tapama Oactansl. Omap HKeM/Il,
KOJDKETIMII )KOHE HAKTHI JaF/blFa OarbITTAIFAH OKY TOKIPUOECIH YChIHA OTBIPBIM, ASCTYPAi OimimM
Oepy OarmapiiamManapabl TOJBIKTBIpa anajasl. by dopmar emip 60WBI OKBITYABI KOJIANTHIH, EHOEK
HapbIFbIHA OeiiMIeNreH KoHe CTYIEHTTEPAIH JlapalaHIbIpbUIFaH OKY >KOJIAAPBIH KaJIBIITACThIPyFa
MYMKIHJiK 6epeni. Hazap6aeB YuuBepcuteTi, Xanbsikapaislk [T yHuBepcuteri xoHe 0acka 1a Oiaim
Oepy yibIMIapbl MUKPOOUTIKTUTIKTEp OOMBIHIIIA alIFaIlIKbl TOKIpHOETIepAl Ky3ere acelpy/aa.
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J’Kana MamaHIBIKTap aTiiackl eniMizzeri Oonamak kocinrepai 0omkayra, OuTiM Oepy Ma3MyHBIH
coraH Oeifimaeyre MyMKiHIiK Oepeni. by Typreina MukpoOimikTutikTep (microcredentials) — Oitim
Oepyneri »aHa, CYpaHbICKa W€ TOCLI PeTiHAe TaHbUTyAa [7]. Ocipece, MeaaroruKaiblK KOFapbl OKY
OpBIHAAPBIHIA OKUTBIH OoJlalak MyFamiMaepaiH mudpiblk xoHe [T Ky3bIpeTTUIIKTEepiH apTThIPY
MaKcaTbIH/1a MUKPOOUTIKTUTIKTEP KYHECiH 93ipJiey MaHbI3/1bl. MUKpOOUTIKTUTIKTEPIiH KOFaphl O11iM
Oepy JKyHeciHJe OpPHBIFBINT KeJie JKaTKaHbl — OUTIM OepyIiH HMKEMIUTITIHE JETeH CYPaHBICTBIH
apTKaHbIH Kepcetei. by dopmat goctypii Oinim Oepy kylenepineH 0eleK, )KEeKe OKBITY JKOJIIapbIH
YCBIHBII, HAKTHI €HOEK HAapbIFbIHA KAXKETTI JaFIblUIap/sl YHpeTyre MyMKIHIIK Oepei.

JKyprizinren tangayaan OipHeIIe MaHbBI3IbI ACTICKTIHI aTarm eTyre 00Jab:

1. [Iledacocuxanviy mpancopmayus. MUKPOOUTIKTUTIKTEP OKBITYIBIH Ma3MYHBI MEH
o/llicHaMachlH ©3repTyni Taman ertenmi. JlocTypmi akaneMUsUIBIK —OaFjapiiamara KaparaHja,
MUKPOOUTIKTIIIIK KypcTaphbl ToKiprOere skoHe HaKThI IaFblFa OarbITTalaabl. by OKpITyIIbIIapAaH
aHa [UQPIBIK KypaJlaapabl MEHIepyIl *KoHE )KYMBIC OepyIIiJIepMEH THIFbI3 OailJIaHBIC OPHATYIBI
Kaxket ereni [8].

2. Binim Gepy cascamvl. MUKPOOUTIKTUIIKTEpAl KEHIHEH €Hri3y VIIH YITTHIK JEHreine
ColKeCcTeH/Iipy, cara KeMmuIIiri )KoHe KPeAUTTI TaHy MEXaHU3MJepi KalbmTacysl Tic. binim Gepy
casicaThl OYJI kaHa (OPMATTHI TEK KOCHIMILIA €MEC, TOJBIKKAHIBI 3JIEMEHT PETiHAE KapacThIPYybl
KaXerT.

3. Konoawny cananaper. MuxpoOiniktimikrep Tek IT Hemece mudprablk camama raHa emec,
MyFalliMJIepAl KaidTa gaspiay, ASHCAYJbIK CaKTay, HMH)KEHepHs jkoHe Oacka Jia cajanapia KeHiHeH
KOJIIaHbUIa anajbl. byt osapieiH oMOeOanThIFbIH KopceTei [9].

4. borawax MymxinOikmep. Y HUBEPCUTETTEP YIIiH MUKPOOLTIKTUTIKTEP KociOn namy, emip OOMbI
OKBITY JKOHE CHOCK HapbIFBIMEH HHTETpallusiidy MaKcaTTapblHIa JXaHa MYMKIHIIKTEp aIiajpl.
Amnaiina OyJ1 YIIIiH HHCTUTYIIHOHAIIBIK TalbIHJIBIK TICH CTPATETUSUIIBIK KOCIIApIIay KaXeT.

3epTTey dmicHaMachl

Makanana keneci oficTep KOJIJIaHbUIIbL:

- capantaManbik Tanaay: JKOO-garel oKy skocmapiiapbl MEH €HOEK HapbIFbl CYpaHBICTAPBIHBIH
CaJIbICTBIPMAJIbl TANAAYBI;

- KaHa MaMaHBIKTap aTiackiHAarsl [T OaFbITTaphlH 3€pTTEY;

- Ko0anay 9/1ici: MUKPOOUTIKTIIIK MOAYJIbJIEPIHIH KYPBIIBIMBIH KYPacThIpY.

Byn 3epTrey memarorukanblK JKOFaphl OKY OpPBIHAApHI CTyAeHTTepiHe apHanraH [T OarbIThl
OOlbIHIIIa MUKPOOUTIKTUTIKTEP/I 931pJiey >KOHE €HTI3y YIEpiCiH FbUIBIMU Heri3jeyre OarbITTalibl.
3epTTey OaphIChIH/IA CaIAJIBIK KOHE CAH/IBIK JMIICTEPIH YiIeCiM1 KOJIIaHbUIJIbL:

- MukpoObinikrinikrep, Minor Oarnapiamarnapel, OuTiM Oepy TpaeKTOpUsIIapbl KOHIHJAETI
XaJbIKapaJblK TOXKIpuOenep 3epaenenal. Kazakcran PecryOnukaceiHbIH OUTiM O€py calachIHIAFbI
CTpaTEeTMsUIBIK Ky)KaTTapbl (YITTHIK OUTIKTUIIK mIeHOepi, KociOM CTaHaapTTap, >KOFapbl OUTIMHIH
MEMJIEKETTIK CTaHJapThl), COHJIAN-aK >KOFapbl O1IIM canachblH KaMTaMachl3 €TYJIH XalbIKapasbIK
tanantapsl (EQF, ESG) kapacTeIpbU1IbL.

-IT canmacbiHa KBIBBIFYIIBUIBIFEI MEH KOCIOM KAaKETTUIIKTEPIH aHBIKTay MaKCaThIHIA
CTYACHTTEpPMEH, )KyMbIC Oepy1uiiaepmeH, IT-komnanus exinaepimMeH sxoHe KOO oKbITyIIBIIApbIMEH
KapThllall KypbUIbIMJI@aHFaH cyxOartap yibIMaacTeipbulnbl. JKunanraH nepekrep Herizinge 1T
OarbIThl OOMBIHIIIA MUKPOOUTIKTITIK MOAYJIbAEPIHIH KYPBIIBIMBI 5K0OOAJaH IbI.

3epTTey HITHIKEJIEPi

3eprrey HoTwkenepi Kazakcranmarbl eHOEK HapBIFBIHBIH OoJyiamiak jamMy OaFbITTapblH
allKbIHIAUTHIH «JKaHa MaMaHABIKTAap aTiiackl» >KOOACBIHBIH KOFapbl OuTiM Oepy »xyieci yuiiH
MaHBI3JIBUTBIFBIH  KOpceTTl. ATmacta adkeiHmanraH [T OarbITel OOWMBIHINA KY3BIPETTEp EHOEK
HaPBIFBIHBIH CYPaHBICHIH OeliHesen KaHa KoMai, IearorukKalbIK >KOFapbl OKY OPbIHAAPBIHBIH O11iM
Oepy OarmapiiamManapbiH )KaHFBIPTYFa J1a HET13 00Jia anabl.
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bipinmrigen, mnenmarorukanelk KOO  crynmentrepine  apHanraH [T GarbITBIHIAFHI
MUKPOOUTIKTUTIKTEpI 93ipiaey Oinim Oepy OarmapiamMaiapblHBIH HWKEMAUINTIH apTThIpaabl. by
CTYACHTTEPAIH KOCiOM NMaibIHABIFBIH €HOEK HaphIFbl TalalTapblHA COMKECTEHAIpYre MYMKIHIIK
oepeni.

Exinmninen, cyx0aT HOTIKeNnepi KepceTKeHAeH, cTynaeHTrepiiH Oaceim Oedmiri IT camaceiHna
KOCBIMIIIA KY3bIPETTEP allyFa KbI3bIFYIIBUIBIK TAaHBITA IbL. JKyYMbIC OepyIiiiep Ae neaaroruKaiblK caia
MaMaHJapbIHbIH 0a3aJIbIK IeJaroruKaiblK OUTIMMEH KaTap 3amMaHayd LUQPIBIK Ky3bIpeTTepii
UrepyiH MaHbI3bI IeN eCenTen/Ii.

YmiHmnigeH, xo0amay omici  HETi3iHAE KYpPacTHIPBUIFAH MHUKPOOUTIKTIIIK — MOIYJbAEPI
CTYJICHTTEpre KociOm MOOWIBAUIIK MeH 0ocekere KaOUIeTTUTIKTI KaMTaMachl3 eTyre OarbITTasFaH.
byn Monynmpaep XalbIKapaiblK ToXipuOenepre CYHEHE OTBIPHINT IKacaJFaH/IBIKTaH, OJap.Ibl
OoJamnrakTa akaJgeMuUsUIBIK YTKBIPIIBIK OaraapiaManapbIMeH YHIIECTIpy A€ MYMKIH.

Jucckyceust

Jluckyccus GapbIChlHIA alKbIHIAIFAaH MaHBI3bl MOCENIe — MUKPOOUTIKTUTIKTEP/l €HTri3y YIIiH
OKY-9ICTeMEIIIK KaMTaMachI3 Ty )KYHelll Typ/ie JaMbITy KakeTTiri. Conaii-aK, OKbITYIIBLIAPIbIH
KaHa KypcTaplbl KYprisyre oAICTeMeNiK TYPFbIIaH JaWblH OOMybl Iemryini (akTop OOJbII
TabbuTabl. TOMeHIe MUKPOOUTIKTITIKTEpAl EHT13YAiH HEeTi3T1 OaFBITTaPBIHBIH YJIECTIK apaKaThIHACHI
kepcerinreH (1-cyper).

CapiiTecTikTep Make CTefsxonaephan

Evfer HapulFul CYpambic

Ui s, kySipeTTERAl dEMs

Oy MOCNARASDEING WHTEr PR

MHana TExHONOr RARIPLE KonaaHy (ARVE. Al)

Cypem 1. IT 6agvimbinoaebl MUKpOOIIKMinikmepoi eneizyoiy Hezizel bagblmmapbl

bepinren auarpamMmma yHUBEPCUTETTIH O11iM Oepy calachIHJIAFbl CTPATETUSIIBIK OaChIMIBIKTapbIH
Kepcerei. barbITTap MeH onap/bIH yJieci TOMEHIET1Iei aHbIKTaIFaH.

- Enbex napwievt cypanvicol — 25%

Bys1 GarbIT YHUBEPCUTETTIH KaApiapabl Jaspliay CTpaTerHschiHIa eH 0acThl OpbiH anmaabl. O
Ka3ipri jkoHe Oonamiak €HOEK HapBIFBIHBIH TajanTapblHa COHKeC IeNarorukajblK KaJapiap.sl
nasipyiayra OarbITTalIFaH. 3epTTeyyiep KOpCeTKeH ek, eHOCK HapPBIFBIHIAFBl ©3TepICTepre HKEMILTIK,
3aMaHayu JaFabulap MEH j>KaHa TeXHOJOTHsUIapbl MEHIrepy TYJIeKTep/iH Oocekere KaOiIeTTiIirH
apTTHIPAIBL.

- XKana mexnonoeusnapowt konoany (AR/VR, Al) — 20%

3aMaHayd TeIaroruKaliblK MPOIECKe BUPTYaJAbl JKOHE KOCHIMINA IIBIHIBIK TEXHOJIOTHSIIAPHI,
COHIaii-aK yKacaH bl HHTEJJIEKT KYPaJIapblH €HT13y OLIiM calachlH apTThIPYFa )KOHE CTYACHTTEPIIH
MOTHBAIIMSCHIH JKOFapbUIaTyFa MYMKIHAIK Oepeni. byn OarplT MHHOBaLUSUIIBIK ojicTeMernepl
KOJIJaHy apKbUIbl O11iM Oepy MpoLeciHiH THIMIUIITIH apTThIpyFa OaFbITTalFaH.

- Hugpnwix ky3vipemmepoi damoimy — 20%

CryneHTTep MEH MyFaliMIepAiH LUGPIBIK AaFAbUIApbIH JaMbITY — 3aMaHayd OutiM Oepy
XKy#eciHiH MaHbI3bI actiekTici. KU sxoHe 6acka ja akmapaTThIK TEXHOIOTUSIIAPABI THIMII KOJIaHy
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apKbUIBI OKY TIPOLIECIH JKEKEJIEHAIpYy, IepOecTeHIIpy KoHE OUuTIM aiyibl HMHTEPAKTHBTI €Ty
MYMKIHIIT1 TYBIH/IaiIBI.

- Oky arcocnapnapvina unmezpayusi — 20%

MHHOBaNMSAIBIK TEXHOJIOTHSUIAPbI OKY OarmapiamMaiapblHa €Hri3y OuniM Oepy camachlH
apTTHIPYABIH HET13T1 )KOJIIAPBIHBIH 01pi OOJIBIN Ta0bIIaAbI. ByJT TOCi MOHMIK O1J1IM MEH MPAKTUKAITBIK
JaFIbLTap/I6l OIPTYTAC JKYHE PEeTiHAe KaIbIITACThIpyFa MYMKIHIIK Oepei.

- Cepikxmecmixmep meH cmetikxondepiep — 15%

MexkTentep, 6171iM 6acKapMachl, KOCIIKEPIIIK OpTa KOHE XaJIBIKAPAIIBbIK YIBIMIaPMEH CEpIKTECTIK
TOXKIpUOE aaMacyFa, OKy IPOLECIH KETUIIPYTe )KOHE CTPATETUSIIBIK KOJIJIay KOPCeTyre MYMKIHIIK
Oepeni. bynm OarpiT yHHBepcHTETTIH OiumiM Oepy SKOXYHECIHAETI HWHTErpalysUIbIK >KOHE
KOOTIEPaIUsIIBIK POJIIH KOPCeTe/Il.

barpITTap YHHBEPCUTETTIH IIIKI CTpaTervsUIbIK Jxocmapiapbl, Kazakcran PecrmyOnnkachbiHBIH
O1iM Oepy cTaHIapTTapbl MEH CTpaTerusIaphl, COHAa-aK opTa O11iM Oepy KyHeciHaeT: MyFaTiMaep
MEH OKIMIIUTIKTEpAIH KaXETTUTKTepl HETi3iHAe aHBIKTaNIbl. JlnarpamMma aHATUTHKAIBIK OIiC
KOJIIaHBUIBIM, JEPEKTEPAl CaIbICTRIPMAIbI TaNay KOHE MaWbI3ABIK YJIECTEP apKbUIbI Kacallbl.

3epTTey HOTIKENEepi KOPCETKCHICH, YHUBEPCUTETTIH OUTiM Oepy calachIHIAFbl CTPATETHSIIBIK
OachIMJIBIKTaphl €HOEK HAapBIFBIHBIH  KAKETTUIIKTEPIH KaHaraTTaHIbIpYFa, WHHOBALIUSIIBIK
TEXHOJIOTHSUIAPAbI KOJAaHyFa, TUPPIBIK KY3BIPETTEPAl JaMBITyFa KOHE CEPIKTECTIKTI HbIFAHUTyFa
OarpITTanFaH. bys OarbITTap >KOFaphl OUTIMHIH camachlH apTThIpYFa >KOHE 3aMaHayu OiniM Oepy
TaJjanTapbliHa COMKEC Kaapiap bl qaspiayra MyMKIHIIK Oepei.

Kana mamaHAbIKTap aTiackl MeH Ky3biperTepi — KazakcTaHHbIH eHOEK HapbhIFBIHBIH OOJaliaFrbiH
OOJDKAMTBIH YWITTHIK JAeHreineri xoba. On anmarsl 5—10 xputFa eHOEK HapBIFBIHIA CYPaHBICKA He
00JaThIH >KaHA MaMaHJIBIKTapbl, TpaHCHOPMAIUSIAHATEIH KOHE MKOUBUIBI KETETIH KocinTepi
aHBIKTayFa apHainFraH. Artam aitkaama, 2025 Kbeutbl AJIMAThl KOHE ATBIpAy CHUSKTBI ©HIpIiepIe
KOCBIMIIIA pyKcaTiieH 6acka cananapaa 75 skaHa mamanabik, [T canacel 6oiibiHma Atnacka 40 sxaHa
MaMaH/bIK, 6 e3repeTiH, 9 >KOWBUIBIT Oapa >KaTKaH MaMaHJIBIK CHTi3UmreH. EH Kui Ke3neceTiH
MaMaHJIBIKTap Ti3iMi TOMEHIET1eH:

- OMOe0an JkacaH (bl MHTEIUICKT )KYHECiH a3ipeyri

- YKacan el HEHPOHIBIK JKEMIEp Il xKoOanayIIbl

- KBaHTTBIK KpUNTOJIOT

- Bipikripinren cannsix erizaep (digital twins) o3ipaeymrici

- VR / AR / MR penakrop-au3aitHepi

- CanapIK aBaTapiap KacayIuisl

- Digital-rexHonor MmamaHbl

- Big-data apxurexTop (6HEpKICINTIK Tajiay, MyHall-ra3 CHSKTHI cajanap/a)

- IoT mamaHBbI (3aTTap UHTEPHETI HHKEHEPHUSCHI)

- Kubepdusuxansix xyiienep coyneTurici

- Edge computing (meTkepi ecentey) HHKEHEPI-TEXHOIOTBI

- brioxueiiH-TexHONOT MHXEHEp1

- R&D-mMenemxkep (3epTTey-1amMbITy KYMBICTaphI)

- AnlanjpIK KeHecIIicl kacaHabpl MHTEIEeKT yiIiH (Al aTuka)

IT canaceiHmarb! )kaHa MaMaHABIKTap KazakcTaHHBIH IUQPITBIK TpaHCHOpPMAITUSICHIHA )KOHE CHOEK
HaPBIFBI CYPAHBICBIHA dCEP €TETIH MHHOBAIIMSIIBIK OONaiaK OarbIThl PETiH/IE aHBIKTAIIIBI.

[Temarorukaneik XKOO-nmapaa oky OarmapiamMaiapblH OChl atiacka covikec IT OGarbIThIHIAFHI
MUKPOOUTIKTITIKIEH TONBIKTHIPY — 3aMaHayu Ou1iM Oepy CTpaTerusiIChIHBIH MaHBI3/Ibl 061iri 60Iysl
MYMKIH.

Xyprizifnren 3epTTey HOTHXKECIHJIE MEJaroruKalblK MaMaHAbIKTap yiriH JKaHa MaMaHIBIKTap
atnacel Heri3iHe Kenecl [T GarbIThIHIaFbl MUKPOOUTIKTUTIK OaFbITTaphl ©3€KTI €N KapacThIpasaibl
(xecte 1).
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Kecme 1. IT bazvimer 6otiviHwa mukpoksaiupurayusiap yieinepi. (Kanwa mamanovikmap amaacsl MeH
yughpavix Kysvipemmepee Hecizoenzen).

Cazam Kopvimuinowi
Ne | Bazoapnama amaysi canol Kysvipemmep Cepmudghuxam omloiCe
1 Jlepexmepoi
Big Data nezizoepi manoay, "Junior Data A epermepee
30 " Heciz0en2eH WARbIH
JHCOHE AHATUMUKA BUBVATUAYUALAY Analyst
3epmmey Hcobacwl
Jicone KONO0any
2 SKacanow, ChatGI?T, Copilot, o . Oky npoyecine JKH
. Khanmigo, 'Al in Education" | kypanvin
unmennexmmi 6inim 25 T
IMUKATBIK MUKPOOINIKMIniei. | uHmezpayusnay
bepyode Konoamy ;
acnexminep arcobacul
3 VR-konmenm
AR/VR K¥pacmotpy, "AR/VR in AR-cyenapuii
MEeXHON02USNAPbL 20 MOOUNBOT Pedacooy” esisinde cabak vasici
Oinim bepyoe niamgopmanapoa gogy kY
KOL0auy
4 Lughprvix smuka Kubeprayinmep, Kayincizoix botivinua
PROIK AKAOEeMUSLTLIK, "Digital Ethics Yy g
JicoHe 30 ” MUHU-Kellc Hemece
Kubepkayincizoix aoaielr, and Safety epedice dicobanay
OdepexmepOi Kopaay
’ binim 6epy meoua- Beune-ca&n; IV | "Edumedia Asmoproir .
S 20 Canva, Genially, . " UHmMepaKxmuemi cabax
KOHMeHmiH 23ipaey Designer
m.6. Konoamy mamepuanl
6 | Lugpprois Notlon, Google "Digital Self- Keke yuppavix
nopmeonuo sxcane 20 Sites, Behance o
b branding nopmeonuo
OHLALIH MAHBICMbIDY niamegopmanapwl
O3sekri IT OarbITBIHIAFBI MUKPOOUTIKTUIIKTEPII €HTi3y — TMeJarorukanblk OimiM  Oepyni

KAHFBIPTY/IBIH CTPATETrUsIbIK Kagambl. MyHIail Tocin eHOEK HapbIFbIHJIAFbl e3repicTepre esel
OeifimMienyre KoHe CTyJeHTTep/e HU(PIIBIK 13yip TalanTapblHa cail KY3bIpeTTepAl KaJbIITaCThIpyFa
MYMKIHTIK Oeperi.

Muxpobinikminikmepoiy a0icmemeci MeH KYpbliblMbl

MukpoOiTiKTUTIK — OyJ1 KbICKa Mep3iMal oKy Moayii (20-meH 35 kpeauTke JAeiiH) HAKThl OKY
HOTHKeNIepIMeH, Oaranay KpUTepUHJIEpIMEH kKoHE MPaKTUKaJbIK jko0amapMeH OekiTinyi tuic [10].
Bys1 MuUKpoO1TiKTLTIKTEp HETi3r1 OuniM Oepy OaFaapiamachiHa AJIEKTUBTI TIOHEP, JKa3Fbl MEKTEITED,
KbICKa OHJIAlH KypcTap PeTiH/Ie €HT1311yl MYMKIH.

OpOip MOyNIb MbIHA/IAal Kypamiac O0eikTepieH Typajabl:

- aTaybl MEH MaKCaThl;

- KaJIBIITAaCThIPBIIATHIH KY3bIPETTEp Ti3iMi;

- Ma3MyHBI MEH OKY MaTepHaJAaphl;

- Oaranay oaicTepi MEH KOPBITHIH/IBI aTTecTalus (hopMaThl;

- TUQPIBIK 13 (OKYy HOTHXKEC] peTiHe o00a, Kelc, MUHU-TTOPT(HOINO TYPIHE).

KopbITbIHABI

MuKpoOITIKTUTIKTep Ka3ipri 3aMaHfbl JKOFapbl OUTiM Oepy jKyieci YIIIH MaHBI3/bl >KaHAJIbIK
60mbint oThIp. Onap eMip OOHBI OKBITYBI UITEpITETY, HAKThl JaFAbUIapAbl JaMbITy KOHE €HOeK
HapbIFbIHA OeHiMIEeNy CHSIKTHI MaKcaTTapFa )KeTyre MyMKIiHaiK Oepeni. by skyiie OKBITYIbIH HKeM/II,
MOJIYJIBJIIK JK9HE KOJDKETIM1 (popMaThl peTiHe fapajaHy/a.

MUKpOOUTIKTUTIKTEp JKEKEe OKBITY >KOJIJapbIH KOJIJAMIBl XKOHE OpTYpJl OUTIM alyliblUIapblH
KaKeTTUIKTEPIH KaHaFaTTaHAbIpa anajbl. Kymbic OepylIiiepMeH xKoHe callajiblK CEPIKTECTIKTEPMEH
TBIFBI3 OaiiaHbpicTa 93ipiieHCe, TUIMILIIIN aptaasl. Onapabsl camajibl >Ky3ere achlpy YIIiH
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HOPMATHUBTIK 0a3a, TaHy )KOHE aKKPEIUTALUs KYHecl, COHJai-aK TeXHOJOTHSIIBIK HHPPAKYPHUIBIM
KaKeT. YHHUBEPCHUTETTEP YIIH Oy — jkKaHa MHHOBAIUSIJIBIK TOCLI KoHE OUTIM Oepy HapbIFbIHIAFbI
0acekere KaOUICTTUTIKTI apTTBIPY JKOJIBL.

[Tenarorukaneik KOO crynentrepine apHanrad [T GarpIThIHAAFBI MUKPOOUTIKTUTIKTEP 931piey
— Oinim Oepy OarapiaManapbIHBIH MKEMIUTITIH apTTHIPBII KaHa KoiiMai, Oomamak MyFaniMaepain
IUQPIBIK KY3bIPETTUTIKTEPIH HBIFAWTyFa MYMKIHAIK Oepeni. JKaHa mamaHABIKTap aTyiachkl Oyl
nporecte OarbITTaylIbl Kypain Ooia anmaapl. JKyieni Typae eHri3iireH MUKpOOUTIKTUTIKTEp eHOeK
HapbIFbIHA O3ceKere KaOiIeTTi meaaror Kaapiapasl JalbIHIayFa CENTIriH TUTI3e/].

Aurbic

byn makana AOail artbiHzarsl Ka3zak YATTBIK I€arorukajiblK YHUBEPCUTETIHIH KapasKaTbl
ecebineH «llemarorukanbik >KOFapbl OKYy OpHBI CTYICHTTEpIHE apHAJIFaH >KaHa KOCINTEp aTiackl
Herizigae IT-miH e3exTi OarbITTapbl OOWBIHIIIA MUKPOOUTIKTUTIKTED JKYHECIH 931pJiey JKOHE SHTI3y»
(14.03.2025x.) KP F3U-men Oiprnecin jky3ere acblpbUIaThIH HHTETPAIMSUIBIK FBUIBIMH JKOOACHI
asiChIH/1a Kap>KblJIaHIbIPBLII/IbI.
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UHOOPMATHKA MYFAJIMJEPIH JAHBIHIAYIA BUPTYAJIIBIK HKOHE
TOJBIKTBIPBLIFAH HIBIHAWBLIBIK TEXHOJOT USIJIAPBIH MAVIAJIAHY
IBOJIOLASICHI

Anoamna

Makanaia COHFBI KBULAApHl WHPOpPMAaTHKa MyFaliMIepiH KociOu AaiibiHaay OapbIChIHAA BUPTYaJIbIK
mweHaibUIBIK (Virtual Reality) sxoHe TONBIKTBIpbUIFaH MIBIHAWBIIBIK (Augmented Reality) TexHOonOTrHMsImapbIH
KOJIIaHyIbIH JAaMy OarbIThl MEH TeNarormKallblK MYMKIHIIKTEpl TalgaHgbl. 3epTTey MaKcaThl — OoJamak
nHpOpPMATHKa MYFaliMAEpiH JalblHAay NPOLECIHAEC BUPTYaJJAbIK >KOHE TOJBIKTHIPBUIFAH IIBIHANBUIBIK
TEXHOJIOTHUIAPBIH  MalJalaHy/IbIH  JBOJIIOLMUACHIH AHBIKTAy JKOHE OJIapAbIH KOCiOM KY3bIPETTUIIKTI
KaJIBIITACTBIPYAAFEl PONIH alKpIHAAQY. 3epTTey OaphICHIHIIA Ma3MYHIBIK JKOHE JKYHENiK Tamiay omicTepi
KoJmaHeuabl. COHFBI OHKBUIIIBIKTA OLTiM Oepy/le MMMEPCUBTI TEXHOIOTHIIAPIBIH KOJJaHy aschl KEHEHi,
oJIapJibl TMEJaroTUKAJbIK JNalblHAayFa CHrI3y OoJsallaK MYFaTIMICP/IIH MPAKTUKAIBIK JKOHE 9IiCTEMEITiK
JMaFIbIIAPhIH KETULMIPYIIH THIMII TOCUIl peTiHAe KapacThIpbUIyAa. BUPTyanmblK *oHE TOJBIKTHIPHUIFAH
LIBIHAWBUIBIK TEXHOJIOTUSIAPhl CTYACHTTEPAIH X0OalbIK OPEKETiH, BU3Yyal[bl OWIAaybIH XOHE LHU(PIBIK
cayaTTBUIBIFBIH JaMBITYFa MYMKIiHAIK OepeTiH 3aMaHayd OKBITY OpPTachlH KaJBINTACTHIPAIbL. 3epTTey
HOTHXeciHAe MH(POpMAaTHKAa MYFaNiMJAEPiH JalblHIayAa aTalfaH TEXHOJOTHIApAbl MalanaHyablH TOpPT
KEe3eHHEH TYPATBHIH HBOIOLHUSIBIK MOIEI YCHIHBUIABI: OeHiMIeny, KOJIaHy, HHTETpaIisl KoHe KEeTUIAIpy.
MopenbaiH TPaKTHKAIBIK MaHBI3BI — XOFapbhl OKY OpBIHAApBIHIA MEJaroTHKANBIK TaiblHIay MpoleciH
nuQpIaHaBIPy MEH UMMEPCHUBTI OKBITY OPTAChIH TUIM/I1 YHBIMIACTHIPYFa OaFbITTaJIFaH.

Tyiin ce3mep: mHbOpMATHKA MyFamiMAEpiH NalbIHAAY, BUPTYAJABIK IIBIHAWBUIBIK, TOJBIKTHIPHUIFAH
LIBIHAWBIIBIK, IMMEPCUBTI OKBITY.

A. Camart', A.Jl. Onrapbaena’
'Kazaxckuil HallMOHAJBHBIN KEHCKUM MeJaroru4ecKuil YHUBEpCUTET, T. Anmatsl, Kazaxcran
3BOJIIOLUS UCITOJIb30BAHUSA TEXHOJIOI'MA BUPTYAJIBHOM U JIOMMOJTHEHHOM
PEAJIBHOCTH B IOJAI'OTOBKE YUUTEJEM UH®OPMATHUKHA

Annomayus

B crarbe nmpoaHann3upoBaHbl HANPABJICHUS Pa3BUTHS U MEAarOrMYecKre BO3MOKHOCTH HCITONB30BAHUS
TEXHOJIOTHI BUPTyanbHOU peanbHOcTH (Virtual Reality) n qomomunenno# peansHocT (Augmented Reality) B
nporuecce mpodeccHoHANBFHOI NOATOTOBKY yuuTeNeil HH)OPMATHKH B TocieAHue Toabl. Llens ncenenoBanus
— OTIPE/ICIUTH JBOJIIOIMIO IPUMEHEHHS TEXHOJIOTUH BUPTYallbHON U JIOTIOJTHEHHOW peallbHOCTH B Tpoliecce
MOJITOTOBKU OyIyImuX y4uTesned HHGOPMATUKN M BBISIBUTH UX POJIb B QOPMUPOBAHHUU TpodeccHoHaTEHON
KOMIIETEHTHOCTH. B HccneoBaHNM MCTIONB30BaHBl METO/bl KOHTEHT-aHajN3a M CUCTEMHOIO MoAXozaa. 3a
nocjeiHee JIECSITUIETHE 00JacTh MPUMEHEHHsT UMMEPCHBHBIX TEXHOJOTHH B 0Opa3oBaHUM 3HAYMTEIHHO
pacimmpuiIach, UX BHEJPEHHE B MEJarorHuecKyro MOATOTOBKY paccMarpuBaeTcs Kak 3(dekTuBHbBIN criocod
Pa3BUTHS NPAKTHYECKUX M METOAMYECKHX HABBIKOB OyIyIIMX MeAaroroB. TeXHOJOTHMM BUPTYalIbHOU W
JIOTIOJTHEHHOH peabHOCTH  CIOCOOCTBYIOT ()OPMHUPOBAHHIO COBPEMEHHOH 00pa30BaTeNbHOM  Cpenpbl,
MO3BOJISIFONIEH pPa3BUBaTh TPOCKTHYIO JIEATENLHOCTh CTYJIEHTOB, BH3yalbHOE MBIIUICHHE W IH(POBYIO
IrpaMOTHOCTb. B pe3synbraTe mccienoBaHus MpeIoKeHa HBOIIOLMOHHAS MOJIENb MCIOJIb30BAaHUS JaHHBIX
TEXHOJIOTHH B MOATOTOBKE yuuTeNel nH(GOPMATHUKH, BKIIOYAIOIIAS YETHIPE dTamna: ajanTanus, IpUMeHEHHe,
WHTETpalysi U COBEpIIeHCTBOBaHHWe. [IpakThueckas 3HAYMMOCTh MOJICNU 3aKJIIOYAETCS B ITOBBIIICHUH
3G GEKTUBHOCTH MU(PPOBHU3ANNHN TIEIarOTUIECKON TMOJITOTOBKH U B CO3JaHWU MMMEPCHUBHOW 0Oyuarorneit
cpezbl B By3ax.

KioueBbie cioBa: TOATOTOBKAa yuuTedeld WH()OpPMATHKH, BUPTyalbHAas PeaTbHOCTb, JOTOJIHEHHAS
pearbHOCTh, IMMEPCUBHOE 0OyUYEHHE.
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EVOLUTION OF USING VIRTUAL AND AUGMENTED REALITY TECHNOLOGIES IN
TRAINING INFORMATICS TEACHERS

Abstract

The article analyzes the development trends and pedagogical potential of using virtual reality (Virtual
Reality) and augmented reality (Augmented Reality) technologies in the professional training of informatics
teachers in recent years. The purpose of the study is to identify the evolution of applying virtual and augmented
reality technologies in the process of training future informatics teachers and to determine their role in
developing professional competence. The study employed content analysis and system-based methods. Over
the past decade, the scope of immersive technologies in education has significantly expanded, and their
integration into pedagogical training is considered an effective approach to enhancing the practical and
methodological skills of pre-service teachers. Virtual and augmented reality technologies contribute to the
creation of a modern learning environment that promotes students’ project-based activity, visual thinking, and
digital literacy. As a result of the study, an evolutionary model for using these technologies in informatics
teacher training was proposed, consisting of four stages: adaptation, application, integration, and improvement.
The practical significance of the model lies in improving the efficiency of digitalizing pedagogical education
and organizing immersive learning environments in higher education institutions.

Keywords: informatics teacher training, virtual reality, augmented reality, immersive learning.

Kipicne

Kazipri »xorapel OiniM KeHicTirinae Oonamak wuH(pOpMATHKa MYFaliMIEpiH HMMEPCUBTI
TEXHOJIOTUSUIAPMEH  (BUPTYAIJbIK LIBIHAMBUIBIK >KOHE TOJBIKTBIPBUIFAH IIBIHANBLIBIK) JKYMBIC
icTeyre OarbITTaIFaH KociOM TaibIHAAaYABIH MAaHBI3EI apThIN Kemei. JKorapsl OKy OpbIHIapbIH/Ia 0ac
KHIM/I1 JUCTUIEH HeT131Her BUPTYaJAbIK IIBIHANBUIBIKTHI KOJAaHy O1TiM alylIblIapIblH KaThICYbIH,
JaFABIHBI TOKIPUOETIK OpTa/a KaIbIITACThIPY bl )KOHE KayINTi/KOJ JKETIeC JKaFJaiiap/asl Kayimnci3
MOJIeTIbACY Al KaMTaMachl3 €TETiH1 JKyHemik monyiapaa asnenaeHre [1-2]. CoHFbl OHXKBUIIBIKTA
KEHEHTUITeH IIBIHAWBIIBIK KypanaapelHeIH (AR/VR) >xorapel Oinmimzeri KOJJaHBUTY ayKbIMBI
KEHEWin, onapAbl KallbIKTaH/apanac OKbITyFa KIPIKTIpY J€ TYpakThl ypaicke aitHanasl [3—4]. byn
OarpIT MH(OpPMATHUKA CalachIHAAFBl TMOHJEPAl BHU3yalu3alusjayFa, ajlrOPUTMIIK JKOHE ecemnTey
OMiJIaybIH aMBITYyFa, KYpJei MpolecTepii yAriaeyre MyMKiHaik 6epeni [5].

Apmnaiisl nHpOpMaTUKa MyFanimMaepiH naibeiHnayna AR/VR konnanyra apHanFaH SMIUPUKAIIBIK
3epTTeyNIepiH CaHbl Jla ecil Keleli: MpecepBHC-MyFaliMIepAiH (pre-service) AalbIHIBIFbIHIA
AR/VR/MR memimaepin 10 KbUIIBIK A€PEKIEH KAMTUTBIH 110y KYMBICHI OYJ1 TEXHOJIOTUsIIapIbIH
TOXKIpUOETIK NaFapliap MeH e3iHIik THiMAuTKTI (self-efficacy) apTTeipyra oneyeri Gap ekeHiH
kepcereni [6]. bimim Oepyneri AR xone VR TpenaTepiH TanaalThIH COHFBI 3€pTTEYJep A€ MOHAIK
Ma3MyHMEH KaTap, MeJarorukaiblK CIieHapuiiiep MeH Oaranay TocUIAepiH KalTa Kapaynbl KaKeT
eTeTiHIH aWrakrainel [4,7]. Myramimaepnin AR-ra naspiblK Ky3bIPETTEpIH OJIIEyre apHajIFaH
BanmuaTenred TARC mikanachiHbIH maiga Oonysl (kacay, maiianany skoHe Oackapy Ky3bIperTepi)
MIPECEPBUC MAsIPIBIK OaFjapraManapblHbIH Ma3MYHBIH KYPaCTHIPY/1a OJIIIeMIIapTTHIK HET'13 YChIHAIBI
[8]. ConbimeH Oipre, apangac HIBIHABIK CUMYJISIIUsATIAph! (Mblcasibl, Mursion®) CBIHBINTHI Oackapy,
KOMMYHUKAIH XKXoHE pedIeKCcHs JaFabUIapbliH Kayilci3 opTaaa KaTThIKTBIPYFa KaFIai KacalThIHBI
kepceruiren [9]. JKorapbl OumiMzeri skapaThUIBICTAaHY JKOHE MHXKEHepiik moHzaepae AR
uHTepdeiicTepi aOCTpakT YFBIMAAPAbI KO3re KOpIHEpJiK €Ty apKbUIbl TYCIHYIl, BIHTAHBI XOHE
3epTXaHaIBIK MOACHHUETTI jKaKcapTaThiHBI Aa monenaeHin oteip [10]. Otannmbik 3eprreynepae ae
OimiMm Oepyne HMQPIBIK >KOHE HMMEPCHBTI TEXHOJIOTHSIAPAbI KOJIAHYABIH IeJaroruKabIK
acrniektiiepi Kapacteippuiran [11,12]. bimim Oepyni uudpranneipy kargaiibiHga WHPOpMaTHKa
MYFaJliMJIepl TEK TEXHOJOTHSUIIBIK Kypajjap/bl MEHIepylli emMec, COHbIMEH Oipre MUQpIbIK Oi1iM
Oepy opracklH >ko0amaymibl pesiH atkapaabl. COHIBIKTAH OJApABIH KOCIOM TalbIHIABIFBIH/IA
BUPTYaIJBIK KOHE TOJBIKTHIPBUIFAH IIBIHAMBUIBIK TEXHOJOTUSIAPBIH MEHIepy — 3aMaHayu
MeJarOTUKAJIBIK KY3BIPETTITIKTIH HET13T1 KOpCeTKIlIHe aiHaIbIT oThIp [3,4].
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CoHbIMEH Karap, FBUIBIMU ofIcOMETTepIe BUPTYAIIBIK JKOHE TOJBIKTHIPBUIFAH IIBIHAWBUTBIKTHI
OlTiM Oepyne maianaHy )KeHIHIe KOITETeH 3epTTeyJep KYpri3iireHiMeH, Oonamiak nHGOpMaTHKa
MYFaTiMIepiH JalbIHIAy TPOIECIHACTI ONApABIH KOJJIAHBUTY SBOJIIOIHICHI MEH IeJarOruKaIbIK
MYMKIHAIKTEp1 )KETKITIKTI )KyHenenoereH. bysr MocesneHi FbUIBIMU TYPFBIJIAH Tajaaay MyFaliMIEpaiH
KOCIOM JalbIHIBIFBIH KETUAIPYAiH KaHa OarbITTapblH alKpIHIayFa MYMKIHIIK Oeperi. BypbiHFbI
3eprreyiep kebiHe AR/VR TexHOnOrusiapblHbIH TEXHUKAIBIK )KOHE MOTHBAIIMSUIBIK aCMEeKTLUIepiH
cunarrayra O6arpITTanca, Oy 3epTTey oJiapAbIH YBOIONHSIIBIK JaMy Ke3CHIEPiH )KoHe HHPOpMATHKA
MyFalliMJIepiH KociOu HaibIHay MPOLECiHE MHTETPALUSIIaHY JIOTHKACHIH KYHEl TYpAe TallIai Ibl.

3epTTey OapbIChIHIA FHUIBIMU dieOUeTTepre )KYHeNiK Taniay, caabICTRIPMAIbl XKOHE Ma3MYH/IBIK
TaNay 9MicTepl KOJJAHBULABI. DMIUPHUKAIBIK HEri3 peTiHae coHrbl Oec xbimaa (2019-2024 xox.)
Scopus xoHe Web of Science 06azamapbinga skapustianran 3eprreynep anbiHAbl [1-10]. Ochbr
AIIFBIIIAPTTAp HETI31H1e MaKaaa Oonamak nHpopMaThKa MyFalliMAEpiH TaibIHAAY 12 BUPTYaJIbIK
YKOHE TOJBIKTHIPBUIFAH IIBIHAWBUIBIK TEXHOJIOTUSIAPBIH MalAalaHy IbIH 3BOJIOLUACH CUIIATTAIIBIIL,
IpecepBUC Ke3eHiHe OeWiMIeNTeH Ke3eHAIK MOJIeNb YChIHY MakcaT eTiiefi. Moaens KypaMmbIHIa
€HT13y/1iH OacTamnkbl OeiM/IeTyiHeH HHTEeTrpalysl MeH XKEeTUIIIpyre NeHiHT1 caThbulap KaMThUIaabl, ajl
TUIMAUTIK KpUTEpHUINIepl peTiHe CTYACHTTEPAIH KOCiOM-IM(PIBIK KY3bIPETTIIIKTEP, 9iCTEMENIK
JM3aifiH camachl JKOHE OKY BIHTAchl KapacThipbliaabl. OchklFaH OaillaHBICTBI 3€pTTEY MakKcaThbl —
Oomamak nHGOpMaTHKa MyFaIIIMIEpiH NaibIHAAY MPOLECIHAE BUPTYAIIBIK KOHE TOJBIKTHIPBIIFAH
IIBIHAWBUTBIK TEXHOJOTHSUIAPBIH MaiiadaHyblH 3BOJIONUSACHIH aHBIKTAy JXOHE OJIApJAbIH KociOu
KY3BIPETTUTIKTI KAJIBIITACTBIPYAAFbl POJIiH alKbIHAAY OOJIBIN TaObLIab.

3epTTey OaphIChIHAA Kellecl MiHAETTep alKbIHIAI/IbI:

1. BupTtyanapIk ®oHE TOJBIKTHIPBUIFAH IIBIHAHBUIBIK TEXHOJIOTHSUIAPBIHBIH OLTiM Oepyieri namy
OarpITTapbIH TANIAY;

2. Uudopmaruka MyramiMaepiH KociOM JalbIHAayAa OV TEXHOJOTHSIIAPBIH MEAaroruKabiK
MYMKIHJIKTEpiH aHBIKTAY;

3. AR xoHe VR TexHOIOTUsIIapbIH MaiaananyablH SBOIOUUSIIBIK Ke3eHACPiH cunarray,

4. Undopmatuka  MyraliMIepiH  JalblHIAyda  BHUPTYaJNAbIK  JKOHE  TOJBIKTBHIPBUIFAH
[IBIHAMBUIBIKKA HETI13JIeNITeH MOJICIb YCBIHY.

3eprrey Oomkambl — erep Oojamak HMHQOpPMATHKAa MyFadiMJIEpiH AalblHIAY NpPOLECIHAe
BUPTYaIIBIK JKOHE TOJBIKTBIPBUIFAH MIBIHANBUTBIK TEXHOIOTUSIIAPBIH JKYHENl TYpie KOJIaHy jKy3ere
achIpbICca, OH/Ia OJIAPIbIH KOCiOM yKoHE MU(PIBIK KY3BIPETTUIITT )KOFAPHhI ACHTEi/Ie KabINTacaIbl.

Ocpl 3epTTey/1iH HaTHXKeNepl HHPOpMaTHKa MyFallIMJEpPiH Koc10U TalibIH/1ay CallachlH apTThIPYFa,
OKY YIepiciH uudpranaslpy CTpaTerusichiH >keTinaipyre koHe AR/VR TexHomorusmapbiH THIMIL
EHTI3Y/1H Ke3EHIIK MOJICIIIH YChIHYFa OaFbITTaJIFaH.

3epTTey dmicHaMachl

by 3epTTey TEOpHsUIBIK JKOHE aHAIUTUKAIBIK CUIAaTKa ue 00JbIn TalOblaabl. JKyYMBICTBIH HETi3r1
0arpIThl — MH(GOPMATUKa MYFalIMJEpiH KociOM JailblHayJa BUPTYaJJIbIK JKOHE TOJBIKTHIPbUIFAH
IIBIHAMBUIBIK TEXHOJOTHMSJIAphIH MaiJajaHyAblH JaMy Ke3eHJIepiH JKyHeney >KoHe oJapiblH
MeJarOruKaJIbIK MyYMKIHAIKTEPIH Tajiaay.

3epTTey OapbIChIH/A FHUIBIMU 9€OMETTEp I, XaJIbIKapalbIK AepekTep OazamapblHIarsl (Scopus,
Web of Science, ERIC) conrbl 6ec xbinaa (2019-2024 xok.) kapHsulaHFaH Makajaidapibl KoHE
MEearoruKaiblK  TOKIpUOenepai TajjayFa HeTI3eNreH oMiCHAMalbIK TOCUI  KOJJIAQHBUIJIBL
Martepuannap ipikrey ke3inae OutiM 6epyae ummepcuBTi TexHonorusuapasl (Virtual Reality sxone
Augmented Reality) konnanyra apHanFan eHOEKTEp/IiH Ma3MYHBIK PEIEBAHTTHUIBIFBI MEH FHUTBIMU
YKaHAJIBIFbI 0ACTBl KPUTEPUIATIEp PETIH/E aJIbIH]IbI.

3epTTeyiH SICHAMANbIK HETi31H JKYHEeNiK, Ma3MYH/BIK OHE CaJbICTBIpMAaJIbl Tajiay 9icTepi
KYpanmsl:

Kytienix manoay aoici. AR xone VR TexHomorusmapbiHblH OuTiM OepyAeri KOJJaHbLTY
TOXIpUOECIH KeUleH 11 TYpAe KapacThIpy YIIiH KOJJAaHbUIBI.
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Ma3zmynovik manoay aoici. FeulbIMH IepeKKe3/1epAeH albIHFaH MAIIMETTEeP 1 CYphINTay, HET13r1
YFBIMIAp MEH NeIarOTUKaIIBIK UASsIIap bl )KyHeney MaKcaThIH/1a TTaii1aTaHblIIbL.

Canvicmoipmansl manday 20ici. OpTypai enaep MeH Ourim Oepy neHrevnepingeri AR xone VR
TEXHOJIOTHSIIAPBIH KOJJIaHy €PEKIISTIKTEPiH CANBICTIPYFa MYMKIHIIK Oepi.

3epTTeyniH AMIUPHUKAIBIK Oeuiri 6onamak nHGpopMaTHKa MyFaTiMAEpiH JaibIHAayFa KaThICTHI
OKY JKocHapJiapbl MEH 9/1iCTEMEIIiK HYCKAYJIBIKTap/Ibl CalaiblK TYPFbIIa TaJayMeH mekTenesi. by
Tocinm OunmiM Oepyne MMMEpPCHBTI TEXHOJOTHSUIAPAbl €HTI3yIiH NeNarorukajblK MapTTapbl MEH
HBOJIIOIUSUIBIK CAaThIIAPBIH TEOPUSIIBIK TYPFbIIAH aHBIKTayFa MYMKIHJIK Oepi.

Ocpbunaiinna, 3epTTey SAiCHAMAchl 3aMaHayH FHUIBIMH 9[eOMeTTepre cyiieHe OTBIPHIN, Ooariak
nHbOpMATHKAa MYFaliMAEpiH JaiiblHAay MPOLECIHIETT BUPTYaNABIK >KOHE TOJIBIKTHIPBUIFAH
MIBIHAHBUIBIK TEXHOJIOTHSUIAPBIH HalJallaHyIblH TEOPUSUIBIK HETi3fAepi MEH JaMy JIOTMKAChIH
alKpIHayFa OaFBITTAIIBI.

3eprTTey HOTHIKeEJIepi

3eprTey OapbichiHIa HMHPOpPMATHKA MyFamiMAEpiH KociOM JaibIHAayAa BUPTYANIbIK >KOHE
TOJIBIKTBIPBUTFAaH MIBIHAWBUTIBIK TEXHOJIOTUSUIAPBIH Al JaaHyIbIH SBOTIONUSIIBIK JaMybl TAJIaH b
FouibiMu iepekke3iep MEeH MearoruKajblK TIKipuOenepal calbiCThIpMallbl Tajlgay HOTHIXKECIHEe
OYJ1 TEXHOJIOTHSUIAPABI OLTIM Oepy MpoIeciHe SHTi3y Ke3CHIK CHITaTKa ue eKeH1 aHBIKTAIIbI. OChI
Herizge Oonamak wHboOpMaTuka MyFamiMmIepiH naiibingayna AR xone VR TexHomorusimapbin
naiiianany IbIH YBOJIOIISUTBIK MOJIEIN KacaIbl.

3epTTey HOTHXKECIHJAE >KacajfaH 3BOJIOLUSUIBIK MOJENb TepT e3apa OalllaHbICThl KE3eHHEH
Typajel: OeiimMaeny, KOJIIaHy, HHTETPaIlis )KOHE KETUITIPY:

betiimoeny xezeni. byn Gacranksl neHreiine Oomnamak nHGOpMaTHKa MyFaTiMAepl BUPTYaIIbIK
’KOHE TOJIBIKTHIPBUIFAH IIBIHAHBLIBIK TEXHOJOTHSIIAPBIHBIH MYMKIHAIKTepiMeH TaHbicanpl. Herisri
MakcaT — cryaeHTTepaiH AR/VR opracbiHaa KyMmbICc iCTey Iar[blIapblH KaJbIITACTBIPY XKOHE
OJIApIBIH TEXHOJIOTUSUIBIK KBI3BIFYIIBUIBIFBIH apTTHIPy. Bysl Ke3eHae OKBITY CHIaTTaMalbIK >KOHE
JEeMOHCTPALMAIBIK CHUIATKa ue Oonanbl. bBynm Ke3eHHIH apThIKUIBUIBIFBI — CTYAEHTTEpAIH
TEXHOJIOTUSIMEH aJIFAIIKbl TAHBICYBIH KEHUIACTII, OJIAPIbIH OKY MOTHBAIMSCHIH apTTHIPYHI; MEKTEY1
— AR/VR a0 bIKTapbIHBIH KETKUTIKCI3AIT OeiMeny yepicin 6asynaTybl MyMKiH.

Konoany keseni. byn ke3eHIe CTyIEHTTEp BUPTYAIIBIK KOHE TOJBIKTHIPBIUIFAH IIBIHAWBIIBIKTHI
HaKThl OKY >KarJjailyapblHAa KojigaHa OacTaiiipl. VIHTEpaKTHUBTI KAaTTBIFyJap, MOJENbICY JKOHE
BU3yaJIM3aIlisl dJIEMEHTTEpl OKY IMPOIECIHIH axblpamac OediriHe aiHamaapl. MyHAa Heri3ri
0aChIMIBIK — OKBITYBIH TOXKIpUOENiK OaFbIThIH KYIIEHTY OHE CTYJEHTTIH ©31HJIK OeJCeHIUTIrH
apTTHIPY. ByJ1 Ke3eHHIH apTHIKIIBUIBIFEI — CTYACHTTEPAIH MPAKTUKAJIBIK JaFAbUIAPhl KAJIBIITACHII,
TEXHOJIOTUSIMEH KYMBIC iCTey TaxipuOeci KeHerol; eKTeyl — cabak JaiiblHAayFa KeTeTiH YaKbITThIH
WIFArOBl OKBITYIIBUIAP YIIiH KOCBIMIIA KYKTEME TYIBIPYbl MYMKIH.

Humeepayus xezeni. byn xezenne AR sxone VR TexHomorusuiapsl nHGOpMaTUKa MyFaliMaEpiH
KociOn masipnay OarmapiiaMachbliHa KYWeNl Typae eHeni. BupTyanaplk 3epTxaHanap, MOJEIbACY
CUMYJIALIMSIApBl MEH OKY jkoOamapbl OKy JKOCHapjapbIMEH HHTETPalMsIaHbIN, CTYISHTTEpIiH
MeJaroruKaiblK KOHE OJICTEMEINIK KY3bIPETTEpIH NaMBITy KypajblHa aiHanajael. byn ke3eHHIH
apTHIKWBLIBIFBI — AR/VR TeXHONOTUsIapbIHBIH OKY MPOLECIHIH TYPaKThl O6JIiriHe aifHalybl )KoHE
o/licTeMENIK KYUETUTIKTIH KalIbIITacybl; MIEKTeYl — OKbITYLIbLIAp bl apHANUbI 1aspiiay MEH TYPaKThl
o/liCTEMENIK KOJIJayAbl KaKeT eTyi.

Keminoipy xeseni. Conrbl ke3eHne cryaeHTTep AR sxoHe VR Herizinge o3 xobamapbiH
KYpacThIpbIl, OUTiM Oepy MpoLEeciH XeTUiaipy OONBIHIIA MHHOBAIMSUIBIK HICHIIMIEP YCHIHABI.
Mynaa Oonamak MYFaTiMIEPAiH 3€pTTEYIIUINK, Xo0ajmay XKoHe UHU(PIBIK IMeIaroruKaiblK
KY3bIPETTUIIN KajblTacaibl. byl Ke3eHHIH apTHIKIIBUIBIFBI — CTYAEHTTEPAIH HIbIFapMallbUIbIK
QJIeyeTiH apTTHIPBIN, WHHOBAIMSUIBIK >K0oOajap/bl JKy3ere acblpyFa MYMKIHAIK Oepyl; IIeKTeyl —
AR/VR KOHTEHTIH ©3/Iir'HEeH KYPaCTBhIPYbIH KYpJEIUTIri MEH apHailbl TEXHUKAJIBIK i bIH/BIKTHIH
KakeT OOJTyBL.
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3epTrey HoTHXKeepi OoibIHIIA, HHDOpPMATHKA MYFaliMICpPiH AalbIHAAyJa BUPTYAIJBIK YKOHE
TOJIBIKTBIPBUTFaH IIBIHANBUIBIK TEXHOJOTHSIAPBIH MaliAaTaHy IbIH dBOIIOLMSIIBIK KE3EH Pl MEH ap
KE3CHHIH CHIIaTTaMachl 1-CypeTTe KopCeTireH.

Barap/iamara Ky Hemi eHrisy,
Murerpaums 3CPTXAHAMLIK KIHC KOOWILIK cabaKTapMeH
Oaiianbic.

ORy xargaiapeiiia KoJLany,
Komaany BH3YUIH3ALME AKIHC TKIPUOCIIK
OarbITTH KYIICHTY.

; AR/VR TEXHONOTHANAPEIMCH
Beitimzeny TaHBICY, 0a3a/IbIK AarabLIap
KL ITACTBIPY.

) 1

Cypem 1. Ungopmamura myanimoepin 0atibiHO0ayoa 8Uupmyaioblx
JHCIHE MONBIKMBIPLLIRAH WILIHAUBLIBIK, MEXHOI0UANAPBIH NANOANAHYObIY I80TIOYUATBIK MO0

bipiami  ke3eH, oxkeruimipy — cryaeHtrepaiH AR koHe VR TexXHOIOTHSIApBIHBIH
MYMKIHIIKTEpIMEH aFalllKbl TAaHBICYbl KamTamachl3 eTiineni. Tamgay kepceTkeHuael, Oosmainak
MYFaTiMIep BUPTYIIBIK KYPATIAPMEH YXYMBIC ICTEYAC IMCHUXOJOTHSUIBIK KOHE TEXHOJIOTHSIIBIK
OeifiMeny/Ii KaxeT eTefi, ce0edil jkaHa opTa OJap/IbIH ISCTYPIIi OKY JaFAbUIapbIHAH €PEeKIIeIECHEI].
Ocwl caThlla CTYACHTTEPAIH LUMPIBIK CAyaTThUIBIFBIH apTTHIPY, HWHTCPAKTUBTI BU3YaTH3aIUsI
ANIEMEHTTEPIMEH >KYMBIC ICTEy KaOUIeTTepiH KalbINTACTHIPY HETi3Ti MiHJAET OOJbII TaObLIAJbI.
OTaHabIK JKOHE MIETENIIK 3epTTeyiep ne (Mbicaibl, [1-3]) UMMEpPCHBTI TEXHOJIOTHSUIAPABI aJFaIl
KOJIJIaHy Ke3€HIHJE CTYACHTTEPIIH MOTHUBALMSIBIK >KOHE KOTHUTUBTIK KHBIHABIKTApFa KH1 Tall
OOJIATHIHBIH, COH/IBIKTAH OeHIMIENy YIIIH 9ICTEMENIK KOJay MaHbI3/Ibl €KEHIH aTar oTe/l.

Exinmni ke3eH, konmany — cryaeHtrep AR/VR TexHomorusmapblH OKy JKardaiiapbiHIA
naijanaHell, o3 OETIHILE OpeKeT €Ty JAaFAbUIAphIH JaMbITajbl. byn carel ToxipuOenik OarbITKa
Heri3fieNieli: CTYyACHTTEp OKYy MaTepUalblH BHU3YaJbl JKOHE KEHICTIKTIK MOJENbILY apKblIbl
MeHrepei. 3epTTey HOTHIKECIH/IE aHbIKTAIFaHIal, MHTEPAKTUBTI CUMYJISAIUSIAD MCH BUPTYaJIBIK
3epTXaHanap MHGOpPMATHKa MOHIHJEI aIrOPUTMIIK Oiyay/bl, aOCTPaKTLIl YFbIMIAPABl TYCIHYII
XKoHEe Kociou Oarmapnbl kymeiTeni. Konnany ke3eHiHIe CTYACHTTEPIIH OCICeH/Il OKY MO3HUIIUSICHI
KaJIBINITacabl, OJIap OKBITY MPOIECiHE KATHICYIIBIIAH OHBIH OENCeH Il )K00anayIbiChIHa aifHaIa bl
By TyKbIpbIM XanbIKapasblK 3epTTeYJIepiH HITHXKeNnepiMeH (Mbicaibl, [4-6]) ne colikec kenenl,
onna AR/VR HeriziHaeri mpakTHKaNbIK OKBITY CTyIeHTTepAiH ‘learning-by-doing” mnpunnumi
OOMBIHIIIA OPEKET €Ty KaOUIETIH apTThIPATHIHBI JOJIEIIICHTeH.

Yo ke3eH, uHterpanusga AR/VR texHonorusuapsl MHGOpMaTHKa MyFaliMAEpiH Kociou
naiiblHay OarjapiamachlHa JKyHenl Typnae eHrisuieni. MyHaa oKy KypcTapbl MEH IPaKTHKAJbIK
cabakTapfa BHUPTYaJIJblK JKOHE TONBIKTHIPHUIFAH IIBIHAMBUIBIKTB TailaiaHy CTaHAapTThI
TUIAKTAKAIBIK TOCUTIEpAiH Oelirine aiHamaasl. 3epTTey OapbIChIHIA aHBIKTAIFaHal, HHTErPaIIHs
CaTBICBIHJIA TMEJaroTUKAIBIK MOJAENbACY, ko00a ofici xkoHe IUQPIBIK 3epTXaHalap KeHiHEeH
KOJaHBUIAABI. DByl Ke3eH CTyAEHTTEpIiH OMICTEMENIK JKOHE 3epTTEYIIUNK JJIaFabUIapbiH
KanbITacTeipyra OarbiTTasiFaH. AR/VR TexHONOTHSIAphIH TOHAIK Ma3MYHMEH YHIECTIpY OKY
YAEPICIHIH MHTEPAKTUBTUIINH apTTHIPBIN, OLIIM adylIbUIapJblH KCIOM penaik pediaeKCUsChIH
JaMbITyFa MYMKIHIIK Oepei. Ocbl Ke3eHHIH HOTHKECIHIE CTYACHTTEPAIH MOHMIK, TEXHOJIOTHSIIBIK
KOHE TMeNarorukaiblK Ky3bIpeTTUIIKTepl yilneciMal Typae namuasl. byn Tyxeipeiv AR/VR
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TEXHOJOTHSUIAPBIH  KOFapbl OimiMre eHridy OOHBIHIIA COHFBI Scopus 3epTTeylepiHie e
nanenaeHred [7-9].

Conrbl Ke3eH, KeTurmipyne Oomamak wuHDOpPMAaTHKA MyFaliMIEpi BHUPTYAIIBIK JKOHE
TOJBIKTBIPBUIFAH IIBIHAWBUIBIK HET131HAE ©3/IepiHiH MHHOBAIMSJIBIK KoOanapbiH a3ipaeiai. MyHaa
CTYACHTTEP MeJaroruKaibIK MpodiieManap bl MENTy /1iH aBTOPIBIK TICUIIEPIH YChIHBII, TOHXKIPUOETIK
AKCIIEPUMEHTTEP JKYPri3e anajbl.

Keringipy ke3eHi KociOM ©31HAIK THIMIUIK TEH KpPEaTHBTI OMJIayJblH KaJbIITaCybIMEH
cunartanaapl. byn JeHredae CTyACHTTEp TEK TEXHOJIOTHSHBI TaiIamaHylmibl eMeC, OHBI
MeJaroruKablK TYPFbIIa TYPJICHIIPYIII JKoHE jK00aayIbl pesIiH aTkapaasl. MyHail o/1ic ojgap/IsiH
oicTeMeNIK MOICHUETIH JaMBITHII, 3ePTTEY AaFAbLIAPBIH KAIBIITACTHIPAIBI.

Mopnenbpai  Tanaay  HOTHIKECIHIE  BUPTYQIIBIK JKOHE  TOJIBIKTHIPBUIFAH  IIBIHAWBUIBIK
TEXHOJIOTHSUIAPBIH KociOM JaspiayFra eHrizy Oonamak WHGOpMaTHKa MYFaIIMICPIHIH 9IiCTEMENIK
YKoHE IUGPIBIK KY3bIPETTEPiH apTTHIPY/IbIH THIM/II KYpasibl ekeHi ponenaenai. CoOHbIMEH Katap, Oy
TEXHOJIOTHSUIAP CTYICHTTEPIIH BU3YyaJAbl OMIAYBIH, MPOOIEMAIIBIK JKaFAalIap bl ey KaOlieTiH
KOHE OKY MOTHBALIUACHIH apTTHIPATHIHBI OaliKaibl.

3eprTey OapbICHIHAA AHBIKTAIFAHAAW, BUPTYAIIBIK 3€pTXaHAJlAp MEH TOJBIKTHIPBUIFAH
IIBIHAWBUTBIK SJIEMEHTTEPIH KOJIaHy CTYICHTTEP/IIH alTOPUTM/IIK OMIaybIH, KeHICTIKTIK €IeCTeTyiH
KOHE QJIiCTeMelNiK IIenriM Kadpuigay KaOuneTiH nambiTagsl. by ocipece mH(popMaTHKa NoHIHIH
KYpAeni YFeIMIApbIH TYCIHAIpYAE XKoHEe OoJNaliak MyFaliMIEpIiH oAiCTeMEeNiK MOJACHHUETIH
KAJIBIITACTBIPY 14 MaHBI3IBI POJT aTKAPAIbI.

NMMmepcuBTi TexHONOTUsIIapAbl TaiifanaHy OapbIChIHAA Ke3JEeCEeTiH KHUBIHABIKTap na Oap:
TEXHUKAJBIK KaMTaMachl3 €Ty, OarmapiamMaliblK YHJISCIMIUTIK JKOHE MeJaroruKaliblK Oeiimuey
Mocenenepi. Aunaiina, Oyl KUBIHIBIKTap TEXHOJOTHSUIBIK  MHOPAKYPBUIBIMIBL  KETUIAIPY,
OKBITYIIBUTAPABIH OUTIKTUTITIH apTTRIPY XKOHE HUQPIBIK KOHTEHTTI IeIarorukajiblK MakcaTTapra
OeifimMiey apKbUIbI IIENIIMiH Ta0a aajbl.

Ocpinaifia, 3epTTey HOTHXKENEpl KOPCETKEHJICH, BUPTYAIIBIK JKOHE TOJBIKTBIPBUIFAH
IIBIHAWBUTBIK TEXHOJIOTUSAIAPBIH KE3eHIIK TYpAe €Hrizy Oonamak uH(pOpMaTHKa MyFaaiMAEpiHIH
KociOM, oJicTeMelNiK jKoHe HUQPIBIK KY3BIPETTUIIKTEpPiH NaMbITyFa BIKMaN eredi. byn momens
OKBITY/IBIH ~ 3aMaHayd YypAicTepiMeH yillmeciMai >koHe OuTiM  OepyAiH  WHHOBAIIHSUIBIK
TpaHc(hOpMaIHSIChIHA HAKTHI YJIEC KOCAIBL.

3epTrey OoJpKaMbl illiHapa pacTaiabl: erep Oosamak MHGOpMAaTHKAa MYFaTiMAEPIH JdalbIHIAY
MPOLIECIHC BUPTYAIJBIK JXOHE TOJBIKTHIPBUIFAH IMBIHAWBUIBIK TEXHOJOTHSUIAPBI JKYHEN Type
KOJI/IaHbLIICa, OH/IA OJIApIbIH KOciOU jkoHE IU(PIBIK KY3bIPETTLIIT1 )KOFAPhI IEHT e 1 KaIbIITaca Ibl.

Juckyccust

3epTTey HOTHXKeNepl Oosamak HMHPOpMaTHKa MyFalIMJEpiH JalblHIAy/la BUPTYaIJbIK >KOHE
TOJIBIKTHIPBUTFAH  IIBIHAWBUIBIK ~ TexHoJorusuiapeiH  (VR/AR)  KomnmanynblH —THIMALTITT  MeH
MeJaroruKaiblK 9J€YeTIH KopceTTl. ¥ ChIHBUIFAH ABOJIIOLMSIIBIK MOJENb OoJaliak MyFaliMIEpIiH
KociOM TaMybIH Ke3eHIIK TYPFBIIaH YHBIMIACTBHIPYIBIH THIM/I TOCUII peTiHAe KapacThIpbUIabsl. by
MOJIETb CTYIEHTTEP/IIH TEXHOJIOTUSIIBIK OeiiM/Iey1HeH OacTan HHHOBALMSIIBIK jk00anay KaOlieTiHe
JEMIHT1 KOci0M KaJbITaCy IbIH JTOTUKAIBIK KYPBUTBIMBIH alKbIHANIbI.

3epTTey HOTIKENEpiH 0acka FalbIMAAp/IbIH €HOSKTEPIMEH CalbICThIPY KopceTkeH e, AR xoHe
VR TexHONOTHsIapbIH KOJJaHy O1J1iM aTyIIbUTapAbIH TAHBIMABIK OSJICEHAUTITIH apTThIPYMEH KaTap,
Kypaeni yFeIMAapbl BU3yalHM3alMsulayFa >KOHE NPAaKTHKAIBIK TaKipuOenepli Kayirnci3 opTanaa
MoJieNIbJieyre MYMKIHIIK Oepeni. MyHnaaii KopeITeiHIB AR/VR TexHonorusmapsiabiy OutiM Oepy
MPOIIECIHACTI THIMAUIITIH AJJICTACTeH MEeTeNmiK 3epTreynepmer [1-5] coiikec kenmeni. CoHbIMEH
Karap, MeJarorukaiblK TYPFhIJaH OyJl TEXHOJOTHsUIAp CTYIEHTTEPHiH KICiOM JKOHE 9JiCTeMeNiK
KY3bIpETTEPiH KaJBITACTHIPY/IBIH )KaHA CaIaNbIK JCHIeiH KaMTaMachl3 €TeIi.

Y CBIHBUTFAaH MOJICTIBIH €PEKIIIeIIT1 — OHBIH KOCiOU JalbIHABIK JIOTUKAChIHA HET13enyiHe. SFHu,
AR xone VR TexHomorusutapbl TeK KOCBIMINIA Kypall peTiHIe eMec, Ooamak MyFaliMHIH Kocion
JaMyBIHBIH ©3€Tl peTiHAe KapacThIpbUlafbl. Byl Typfbla 3epTrey HOTIOKenepi Oinim Oepyni
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U pIaHabIpy YACPICIHACTT NEeMIIK YpIAiCTepMeH yieceni. 3epTrey Toxipudeci KepceTKeHIeH,
MMMEPCHUBTI TEXHOJOTUsIap OoJjalllaK IMeJarortapAblH KpeaTHBTI KOHE 3epTTEYIIUIK OillayblH
JaMBITy1a THIMJII KypajFa allHaJIbII OTHIP.

Amnarina, VR/AR TexHonorusiapbid xorapbl OU1iM Oepy JKyleciHe eHT13y KelOip KUBIHIBIKTAPIbI
da Tynelpanbl.  bBipiHmIieH, MaTepHaiblK-TEeXHUKAIBIK 0a3a MeH HWH(PaKypbUIBIMHBIH
YKETKUTIKCI3IIr; eKIHIIIACH, OKBITYIIBIIAPABIH OYJ1 TEXHOJOTHUSIIAPABI MEIaroruKablK TYPFbIIaH
THIMI KOJiJaHy OOWbIHIIA OUTIKTLIITiHIH Oipkenki Oommaybl. Bynm Macenmenepai memry yiuiH
MEJAroTUKAIbIK YHUBEPCUTETTEPJIE apHaiibl omicTeMenik Kypctap MeH AR/VR-nemarormka
OOMBIHIIIA TANUBIHIBIK MOTYJIBIACPIH €HI13Yy KaXKET.

Bonamak 3eprrey sxkymbictapsl AR jxoHe VR TeXHOMOTHsUIapblH HAaKTHl MOHMIK KypcTapaa
(MbIcanbl, “barmapmamanay Herizaepi”’, “ANropuTMaep >KOHE IEPEKTEP KYPBUIBIMBI’) KOJIAHY
olicTeMeciH a3ipiieyre, COHAAN-aK CTYJISHTTEPIiH KociOM MOTHBALMSACH MEH O31HJIK THIMILUIITH
apTTHIPYy TETIKTEPIH IMIUPHUKAJIBIK TYPFBIIAH 3€pTTEyre OaFrbITTaTybl MYMKIH.

KopbIThIHABI

Kyprizinren 3eprrey HoTHXKECiHIE Oonamak WHPOPMATHKA MYFaTIMIEPiH KOciOM naibiHAayaa
BUPTYAJIBIK KOHE TOJBIKTHIPBUIFAH IIBIHAMBUIBIK TexHonorusuiapein (VR/AR) maiinananyasin
SBOJIIOIMSUIBIK MOzl o3ipieHai. YcbiHbUIFaH Moaenb AR xonme VR TexHonorusiapsix
MeJaroruKalblK YAepic KYpPhUIBIMBIHA KE3EHAIK TYP/E €HT13y1iH TUIMI1 TETIT1H CUMaTTailIbl.

Mopnens TOPT HEri3ri Ke3eHHEH Typajbl: OeiiMIeny, KOoluaHy, HHTeTPAHs JKOHE KETUIIIpY.
Opbip Ke3eH Oomnamiak MyraliMIepIiH KOCIOM Ky3bIPETTUIIriH KYHenl JaMbITyFa OarbITTalFaH.
3eprTey OapbIChIHAA AaHBIKTAJIFaHIAl, WMMEPCUBTI TEXHOJOTHSJIAP CTYISHTTEPIIH TaHBIMJIBIK
OeNCeHAUTITIH, 9IICTEMEITIK Oilay KaOlIeTiH kKoHe Koci0M MOTHUBALIUACHIH apTThIPYFa bIKIAJ €Te/Ii.

AnbrHFaH HOTHXReNep OiniM Oepyieri nudpIbiK TpaHCPOPMAUSHBIH Ka3ipri YpIicTepiMeH colkec
KeJe/l JKOHEe TeIaroruKajbIK JKOFapbl OKy opbiHAapeiHIa AR/VR TexHomorusmapbiH KOIIaHYIbIH
TEOPHUSIIBIK HET131H HAKThUIAH bl ¥ CEIHBUIFAH MOJICITh )KOFaphI O11iM Oepy Kylecinae nHpopMaTHKa
MYFalIiMEepiH JaspiayJblH CalachblH apTThIpyFa KoHE Ooallak MenarorTapblH WHHOBAIUSIIBIK
QJIeyeTiH IaMBITyFa OaFbITTAIFaH 9iCTEMEINIK Oarap peTiHae KapacThIPbUTYbl MYMKIH.

bonamakra 3eprrey AR xkoHe VR TexHOJOrMsAjgapblH HakThl MOHIIK KypcTap MEH OKY
MIPaKTUKAChIHA €HT13y 9/IICTEMECIH TOKIPUOEIIK TYPFbIJIa ChIHAKTAaH OTKI3YTe KOHE OJap/bIH OKbITY
HOTHIKECIHE 9CepiH CaHIBIK TYPFbIJIaH Oaranayra OarbITTalybl THIC.
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DEVELOPING RESEARCH SKILLS IN FUTURE COMPUTER SCIENCE TEACHERS

Abstract

The purpose of this study is to identify the need to develop pedagogical research skills among future
computer science teachers. The objectives of the study include the analysis of modern methods and approaches
to the development of these skills, as well as assessment of their impact on the quality of the educational
process. The research methodology is based on the use of qualitative and quantitative methods, including
surveys, interviews and analysis of teaching practice. The results of the study show that the development of
research skills among future computer science teachers helps improve their professional competence, improve
the quality of teaching and introduce innovative teaching methods. This study is significant for science, as it
highlights the need to integrate research methods into the teacher training process, which in turn contributes
to more effective and high-quality education in the field of information technology.

Keywords: skill development, research skills, teacher training, research skills, information technology,
educational process, Action Research, professional competence
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BOJIAITAK UTHOOPMATUKA M¥YFAJIIMJIEPIHIH 3EPTTEY JAYIBIJIAPBIH JIAMBITY JIbIH

Anoamna

Byn 3eprreyain MakcaTsl — 6onamak HHGOpMaTHKA MyFaTiMACPiHIH MeAaroruKalibIK 3epTTey JaFJbUIapbiH
JAMBITY KQKETTUTITH aHbIKTay. 3epTTEYIiH MIHISTTePIHE OChI JaFAbUIaP/bl AAMBITYbIH 3aMaHayH dJIICTEePI
MEH TOCUIJIEpiH Tajiay, COHBIMEH KaTap oJjiap/IblH OUTiM Oepy YIepiCiHiH camachliHa ocepiH Oarajiay Kipeji.
3epTTey omicTeMeci cayaimHamanap, cyx0aTTap JXKOHE MNeNarorukaiblK TOKIpHOEHI Tangayabl KaMTHUTBIH
camalblK KOHE CaHJBIK O/IiCTepIli KOJJIaHyFa HETi3feNTeH. 3epTTey HoTWXKelnepi Oonamak wHpOpMaTHKa
MYFaIliMJIEPIHIH 3epPTTeY JarAbUIAPbIH JAMBITY OJIapAbIH KOCiOM KY3BIPETTUIITIH apTThIPYFa, OKBITY canachlH
apTTHIPYFa JKOHE OKBITY/BIH MHHOBAIVSIIBIK OICTEPIH €HTI3yre BIKMAN eTeTiHiH KepceTTi. by 3eprreynin
FBUIBIM VIIH MaHBI3Bl 30p, MYFaIIMIEpiH OUTIKTUIITIH apTTHIPY Y/EpiCiHe 3epTTey OMIiCTEPiH EHTi3y
KaKETTUIIrH Olnaipe/i, OYJ1 3 Ke3eriHae aKiapaTThiK TEXHOJIOTHUsIap cajlaChiHAa THIMII )KOHE carajibl Ou1iM
Oepyre BbIKITAT €T/,

Tyiiin ce3aep: HarIbIHBI JAMBITY, 3€pTTEY JaFAbUIAPHI, 3€PTTEY AaFAblIaphl, aKMapaTTHIK TEXHOIOTHUS,
OKy yaepici, Action Research, kociOu Ky3bIpeTTilIiK.
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PA3BUTHUE VUCCJIETOBATEJIbCKHUX HABBIKOB BY IYIIINX YYUTEJENA HHO®OPMATHKN

Annomayus

[enplo TAaHHOTO HCCIIEOBAHUS SIBISICTCS BBISABICHUE HEOOXOIMMOCTH (OPMHUPOBAHHS MEAATOTHUSCKHX
MCCJICIOBATEILCKIX HABBIKOB y OyIyIIMX yuuTeneld HHOOPMATHKH. 3a1a41 UCCICOBAHNS BKIFOYAIOT aHAJIH3
COBPEMEHHBIX METO/IOB U MOAXO0B K PA3BUTHIO TAHHBIX HABBIKOB, a TAKIKE OLICHKY UX BIIUSHUS HA KAYECTBO
00pa3oBaTe’IbHOr0 Mporecca. MeTo0IorusT UcCIe[OBaHUsI OCHOBAaHA Ha UCIIOJIb30BAHUN KAYEeCTBEHHBIX U
KOJIMYECTBEHHBIX METOJIOB, BKIIFOUAsl OMPOCHI, MHTEPBBIO ¥ aHAJIN3 MEIArorHyecKoi MPakTUKH. Pe3yabraTel
UCCJICIOBaHUS TIOKa3bIBAIOT, YTO PA3BUTHE UCCIICIOBATEIILCKUX HABBIKOB Y Oy IyIINX yUUTeNei HHPOPMATHKU
CIOCOOCTBYET YIIYUIICHHIO UX MPOPECCHOHATFHON KOMIIETCHTHOCTH, TMTOBBIIIICHUIO KAYeCTBA TPETIOIaBaHHsI
W BHEJIPEHUIO HHHOBAI[MOHHBIX METONOB 00yueHHs. J[aHHOE MCClieIoBaHNE MMEET 3HAYUMOCTh JUTS HAYKH,
TaK KaK OHO IMOAYCPKUBACT HCO6XO}II/IMOCTI) HUHTCIrpalu UCCICA0BATCIBCKUX METOA0B B IIPOLCCC ITOATOTOBKHU
MeJaroroB, 4YTo B CBOIO OYepeib CIOCOOCTBYeT Oojice A((EKTHBHOMY M KauyeCTBEHHOMY OOpPa30BaHHUIO B
cdepe nHPOPMAITMOHHBIX TEXHOJIOTHIA.

KiroueBble cioBa: Pa3BUTUC HABBIKOB, HMCCJIICA0BATCIILCKUC HaBBIKH, I/IHq)OpMa]_[I/IOHHbIC TCXHOJIOT'UH,
oOpazoBareibHbIii iporecc, Action Research, npodeccronanbHas KOMIIETEHTHOCTb.

Introduction

The modern education system is rapidly developing in the context of digital transformation, which
sets new requirements for the training of future teachers. In the era of information technology and a
rapidly changing technological landscape, special attention should be paid to training educators who
can effectively use IT tools and methods. At the current stage of society's development, the
development of personal qualities and professional competence of future specialists is the main task
of the higher education system [1]. One of the main aspects of training future computer science
teachers is the formation of their pedagogical research skills.

Modern education and the challenges of the teaching profession have led to an increased demand
for professional development and practical research. Action research is a method that encourages
teachers to manage and monitor their work [2]. This article, The Role of Action Research in Teachers'
Professional Development, discusses the pedagogical research skills teachers need to successfully
implement action research. It is stated that a teacher-researcher should possess certain theoretical,
pedagogical, and methodological skills, appreciate rigorous methodological procedures, receive
appropriate research training, and be creative. This highlights the importance of education in
methodology for both teaching practice and educational theory and the need for collaboration between
theorist and practitioner to make meaningful changes in education.

Action Research is a broader and more flexible approach used to solve various educational
problems and improve practice, allowing teachers to directly participate in the process of improving
their pedagogical practice by responding to the real needs of students. It helps teachers adapt to real-
life situations and challenges faced by teachers in the educational system. Action Research and
teacher collaboration, aimed at in-depth analysis and improvement of specific lessons, require them
to master Lesson Study methods and apply them in their own practice. Both of these methods are
aimed at improving the quality of education and improving the qualifications of teachers. Action
Research provides flexibility in an exploratory approach to problem-solving, while Lesson Study
explores the details of lesson planning and delivery, encouraging sharing and reflection among
teachers.

Action Research and Lesson Study methods contribute to the development of professional
competence of teachers and improvement of educational results. However, teachers need to develop
pedagogical research skills before using Action Research methods. Pedagogical research skills
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include the ability to critically analyze learning situations, design and evaluate learning activities, and
use scientific methods to solve practical problems. Such skills are an important step in the effective
use of the mentioned system of methods in one's practice. This not only helps to improve the
qualifications of teachers and the learning experience but also contributes to the professional growth
of teachers, making them competent and confident in their professional activities.

In the traditional teaching process, students' research culture, enthusiasm, and energy are mainly
focused on the subject content of education, and the theoretical and cognitive side of acquiring
scientific knowledge is neglected. As a result, students do not master it sufficiently [3]. Research
skills are the main element of personality development in modern society. It not only contributes to
a deep understanding of the world around us but also allows us to think critically, solve problems
independently, and innovate. Scientific research allows a person to develop the ability to analyze
information, highlight important aspects, create hypotheses, and test them in practice. Thus, research
skills are an important tool for achieving personal and professional goals in a rapidly changing world.

The main direction of modernization of higher pedagogical education is determined by the training
of qualified, competitive professors and the development of modern high-tech technologies, which
meet the modern requirements for the quality of specialists, both from the side of employers and the
social demands of society. Therefore, it is necessary to take into account these groups of interrelated
factors in the formation of research skills of future physics teachers at a pedagogical university [4].
The teacher's pedagogical research skills play a crucial role in his professional activities, especially
in the field of pedagogical science and practice. It allows the use of innovative teaching methods
based on modern scientific achievements. The formation of research skills plays a key role in training
qualified teachers who can successfully adapt to the dynamically changing conditions of the
educational environment and cope with the challenges of modern times. Pedagogical research allows
teachers to analyze the content of their work, experiment with various teaching and educational
methods, and adapt and apply advanced pedagogical practice to their own experience. Research skills
help teachers effectively solve current educational problems, as well as improve their professional
competence. Thus, the development of pedagogical research skills is an important aspect of preparing
a modern teacher for professional activity.

From this comes the need to develop pedagogical research skills of future computer science
teachers. The need to develop such skills depends on several factors. First, computer science teachers
play an important role in preparing students for the challenges of the digital world, and for this, they
need not only technical knowledge but also the ability to conduct pedagogical research. The rapid
development of information technologies and the constant updating of educational methods require
future informatics teachers not only to have in-depth knowledge of the subject but also to find new
teaching methods adapted to the rapidly changing educational context, as well as to improve students'
competencies, functional literacy, critical thinking, etc. in the teaching of informatics. This requires
that they study their own pedagogical activities to be able to rationally choose innovative methods
that contribute to the development of their skills. Second, current educational standards require
teachers to have critical thinking and analytical skills, which is not possible without developed
research skills. In conclusion, the development of research competencies contributes to the personal
and professional growth of teachers, which positively affects the quality of education.

The purpose of this article is to justify the need and relevance of research and development of the
concept of pedagogical research skills of future computer science teachers.

Forecast. The formation of pedagogical research skills of future informatics teachers contributes
to increasing their professional competence, increasing the quality of teaching, and effective use of
information technologies in the educational process. Developing these skills enables future teachers
to critically evaluate and implement innovative teaching methods, thereby preparing students who
can meet the demands of the digital world."
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Research methodology

From September 2022 to February 2024, a study was conducted at the Kazakh National
Pedagogical University named after Abai on the topic '"The need to develop pedagogical research
skills of future computer science teachers." Research results were presented. Qualitative and
quantitative methods were used to collect data. Qualitative methods included semi-structured
interviews and focus groups conducted with research participants. Interviews and focus groups aimed
to determine students' perceptions of the importance of research skills and their level of mastery of
these skills.

Quantitative methods included surveys and testing. The questionnaires were designed to assess the
level of research skills and included questions about the ability to visualize problems, ask questions,
generate hypotheses, conduct experiments, and draw conclusions. Testing was conducted to
objectively assess students' research competencies. As a result of the application of these methods, a
comprehensive picture of the level of development of research skills of future IT teachers was
obtained, which made it possible to formulate recommendations for their further development and
introduction into the educational process. The study showed that the development of research skills
of future computer science teachers contributes to increasing their professional competence,
improving the quality of teaching, and introducing innovative teaching methods. In addition, it helps
future teachers adapt to rapidly changing technologies and the requirements of the modern
educational process. As a result, the development of research skills is a key element in training
qualified and competitive teachers.

Lei Zhang and Jing Wang (2024) explain how action research in education can not only improve
teaching practice but also contribute to the development of teachers' reflective thinking. This process
also aims to improve teachers' pedagogical skills and abilities, which in turn enhances the quality of
education. Additionally, conducting action research helps develop teachers' research abilities, which
is important for the continuous improvement of the educational process and achieving good results
in student learning [5]. For teachers to effectively use such innovative methods in their practice,
pedagogical research skills must first be developed. These skills include seeing and formulating
problems, asking research questions, formulating hypotheses, defining concepts, classifying data,
conducting observations and experiments, drawing conclusions, structuring material, working with
text, and proving and defending ideas. Only with these skills can teachers use action research to
improve the learning process and achieve meaningful results in student learning.

Let's focus on the concepts of 'skill,’ 'research,' 'research skill,' and 'pedagogical research skill.'
Skills are actions that are practiced as a result of long-term repetition [6]. A.L. Savenkov [7] describes
research skills as the ability to perform a number of intellectual tasks. This includes being able to see
the problem, ask questions, create a hypothesis, define concepts, classify data, control, conduct
experiments, summarize and draw conclusions, structure material, work with text, and prove and
defend ideas. P.V. Seredenko defines research skills as the ability to perform a complex of operations
and their implementation. These operations are related to intellectual and practical actions that
constitute research activity and lead to new knowledge [8].

Research skills reflect the main characteristics of the professional development process as the main
basic elements of the personality. They show the universality of one's interaction with the outside
world, contribute to the development of creative abilities, and determine the effectiveness of cognitive
activity. These skills make it possible to use knowledge and research skills in any field of cognitive
and practical activity. Therefore, the educational process aimed at raising the professional level of an
individual, and one of the indicators of the effectiveness of a cognitive-creative school based on a
scientific-creative approach, is the level of development of research skills [9].

According to the law on the status of a teacher, a teacher in his position must:

- acquire relevant professional competences;

- observe the pedagogical principles of education and training and ensure the quality of education
and training at a level not lower than the requirements stipulated in the state universal education
standards;
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- continuously improve their professional skills, research, intellectual and creative level,
including increasing the level of the qualification category at least once every five years [10].

To perform these tasks according to the requirements, the teacher should be able to recognize and
know each student sitting in front of them, understand students' participation in the lesson, determine
how much they learned, identify what prevented them from learning, who actively participated in the
lesson, and who did not. They should be able to search for answers to these questions and find
solutions.

One of the main abilities that a teacher should have is research abilities, which are manifested in
the ability to understand and objectively evaluate pedagogical situations and processes [11]. The
professional activity of a teacher requires special general and specific abilities. The success of
professional pedagogical activity is directly related to special pedagogical abilities, one of which is
the pedagogical research skills of the future teacher.

The research component of pedagogical activity [12] includes:
updating professional knowledge;

— looking at pedagogical phenomena from a scientific point of view;
learning pedagogical research methods;
analyzing personal experience;

- analyzing the experience of other teachers.

The need to develop pedagogical research skills of future computer science teachers is considered
important for several reasons. First, the rapid development of information technologies and their
impact on education require computer science teachers to constantly improve their methods and adapt
to new requirements. Second, the development of pedagogical research skills allows teachers to
effectively use innovative pedagogical methods and conduct scientifically based analyses and
evaluations of their pedagogical practice. It also provides an opportunity to create and implement new
educational technologies that meet the needs of modern education in the information society. Third,
it contributes to the professional growth of computer science teachers and improves the quality of
general education. Various research methods were used to investigate and prove the need for future
computer science teachers to develop pedagogical research skills. Analysis of current trends in
education, especially in the field of information technologies, helps determine the need to update
pedagogical methods and prepare teachers for new requirements. Surveys of students, teachers, and
employers can help determine the expected competencies of computer science teachers, including
pedagogical research skills. Analysis of existing scientific publications, studies, and expert opinions
is also important to understand the role of pedagogical research skills in the professional activities of
computer science teachers. Conducting pilot projects or courses aimed at developing the pedagogical
research skills of future computer science teachers, as well as subsequent evaluation of their
effectiveness and their impact on professional development and student success, can also provide
evidence of the need for this area in teacher training. Expert interviews with teachers and students, as
well as focus groups with experts in the field of education and information technology, help to obtain
opinions and assessments regarding the importance of pedagogical research skills for computer
science teachers."

Results of the study

The results of a small study on the need for the formation of pedagogical research skills of future
teachers are as follows:

Hypothesis. If the work aimed at forming the pedagogical research skills of the future informatics
teacher is not properly organized, it will significantly lead to insufficient professional level of the
teacher. If it is said that it affects the significant decrease in the learning efficiency of the students,
then by normalizing the pedagogical research skills of the future teachers, they will have a specialist
with high professional training.

Research method. A questionnaire was collected from computer science teachers and future
computer science teachers about their pedagogical research skills using qualitative and descriptive
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comparative analysis methods using Google Forms and analyzed using the R program.

Participants. 43 computer science teachers and future computer science teachers participated in
the survey. Due to the small number of participants in the survey, the results of the research are
limited, so the obtained results may not give the exact nature of the mentioned matter. Also, the
confidentiality of the names and answers of the responding teachers and prospective computer science
teachers in the survey was preserved.

Data collection. In order to collect data, teachers and future teachers thought about the topic of the
survey, and in order to get a clear answer to the main question, other additional questions were asked
and prepared in consultation with the scientific supervisor several times. The survey included a total
of 10 questions.

Implementation. The research took two weeks. Because the questions in the survey are directly
related to computer science teachers and future computer science teachers, it took time to clarify their
thoughts on the link sent. In addition, we also met colleagues who were indifferent to the sent link.
Therefore, the number of respondents to the survey in the link sent was 43.

Research result: It can be seen that the teachers who responded to the research question have
different methods used in the classroom. If 20% of teachers use the empirical method, another 20%
use the theoretical method, and 35% use the methodological method, the remaining 25% of teachers
use the question-answer method using this percentage scale (Figure 1).

AVICU1I0AS Uscd DY (Ccacicrs ul uic classroom

@ empirical

® theoretical
methodological

@ question-answer

Figure 1. Is an indicator of methods used by teachers in the classroom

The result of the research is primarily to determine whether teachers' understanding of pedagogical
research skills has been developed, as well as to determine whether they have an understanding of
the importance of learning in the subject of informatics, "Is it important for a teacher to develop
pedagogical research skills for the subject of informatics?" , "Does building research skills require
years of experience? ", "Do you support the need to improve the training of future computer science
teachers?" questions were asked. When the answers were analyzed in the R programming
environment, the result was as follows (Figure 2).
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Figure 2. Information on teachers' perceptions of pedagogical research skills
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If the information is presented in tabular form (Table 1).

Table 1. Information on teachers' perceptions of pedagogical research skills

future computer science teachers?

Question/answer yes no a little
Is it important that a computer science teacher has o o o
developed pedagogical research skills? 80% 5% 3%
Does building research skills require years of 0 o 0
experience? 43% 25% 30%
Do you support the need to improve the training of 80% 15% 50
(/] 0 0

In addition, among teachers, "After the lesson, do you analyze the students according to your

previous method?", "Is computer science important in education?" questions were asked and the
answers were analyzed. Although 65% of the survey participants say "I definitely do it", 20% of them
do it occasionally, i.e. "sometimes". Among the teachers, there were even those who "do not do
analysis at all". This shows that some of our teachers are indifferent to their work (Figure 3).

Analysis of the past lesson

&S

Figure 3. "After your lesson, do you analyze the students according to your previous method?"
The share of respondents to the question

@® necessarily

® sometimes
® not at all

Next "Is computer science important in education?" 90% of teachers said that it is important,

and 10% decided that it is not important.

To the teachers, "Does the teacher's use of his skills during teaching enable the development of
students' learning abilities?", "Do you think that it is necessary to improve the skills of the teacher

in order to implement innovative activities?" questions were also asked. It can be seen that 75% of

them responded that the use of their skills during teaching "enables" the development of students'
learning abilities, while 10% of teachers chose the answer "does not allow". At the same time, 15%

believe that it "gives a little opportunity" (Figure 4).

The mmpact ot the teacher's skills on students’ learning abilities

Figure 4. "Does the use of the teacher's skills during teaching enable the development of students
learning abilities?" percentage scale of the question

@ always
® sometimes
@® never

!
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In the questionnaire "Are you familiar with the courses for training teachers in pedagogical
skills?", "Do you think that formation of pedagogical research skills is effective and necessary?"
questions were also encountered. Are you familiar with the courses for training teachers in
pedagogical skills ? 55% answered "yes, I'm familiar with it", 25% answered " no, I'm not familiar
with it ", 15% said "passing the course is not important", and 5% came to the conclusion that
"courses do not help" (Figure 5).

Teachers' opmions regarding training courses

@ yes

@ no

® taking the course is not
important

@ the courses are not helpful

Figure 5. M teachers' "Are you familiar with the courses for training teachers
in pedagogical skills?" answers to the question

Next "Do you think that the formation of pedagogical research skills is effective and necessary?
35% answered "effective but not necessary", 25% answered "not effective but necessary", the
remaining 35% answered "yes, necessary and effective" and 5% answered "no, not necessary".
and not effective" (Figure 6).

The need for developing pedagogical research scills

@ effective, but not necessary
@ not effective, but necessary
® yes

el ol

Figure 6. "Formation of pedagogical research skills is effective
and do you think it is necessary?" answers to the question

Discussion

From the results of the research, a questionnaire was collected from 43 teachers of informatics and
future teachers of informatics about the formation of pedagogical research skills of future informatics
teachers and analyzed using the R program. Based on the results of the research , teachers' views on
the formation of pedagogical research skills of the future computer science teacher were determined.
During the research, it became known that all teachers (100%) use the methods during the lesson.
However, it uses a different method. For example, 20% of teachers use the empirical method, another
20% use the theoretical method, and 35% use the methodological method, and the remaining 25%
use the question-and-answer method. According to the methods used, it was found that some teachers
(20%) only sometimes analyze for themselves after the lesson, and some teachers (15%) do not
analyze at all. In this way, if the teacher does not report to himself for a long time and does not
analyze, it leads to insufficient pedagogical professional competence and skills. And it, in turn, affects
the significant decrease in the efficiency of teaching students. For this reason, the vast majority of
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teachers (80%) believe that it is important for a teacher to develop pedagogical research skills for
computer science. In addition, according to the results of the survey, the teacher's use of his skills
during teaching allows students to develop their learning abilities (75%). In addition, it was
concluded that only after improving the education of teachers in special courses, they will learn the
formation of pedagogical research skills at a sufficient level, and the interest and responsibility of the
teacher will increase .

Conclusion

Summarizing the conducted experiment, the need to develop pedagogical research skills of future
computer science teachers was determined. These skills allow teachers to effectively adapt to changes
in the educational environment, develop innovative methods of teaching and assessment, and
contribute to the development of the educational and scientific community. The development of
pedagogical research skills helps to increase the professional competence of computer science
teachers and provides quality education in accordance with modern requirements and requirements
of students. Therefore, focusing on the development of these skills in the process of training future
computer science teachers is an important step in improving the education system and preparing
qualified teachers for the digital age.

Comparing our results with previous studies, our findings are consistent with international
trends. Research on teacher action research and lesson research also emphasizes the importance of
incorporating research into teacher education curricula. However, our approach to teaching
research skills has its own peculiarities depending on the context of the Kazakhstan education
system. These features can serve as a basis for further comparative research and exchange of
experience.

Prospects for further research:

- in the future, it is necessary to study in depth the impact of various teaching methods and
technologies on the development of research skills of pedagogical students;

- it is important to study the long-term impact of these skills on the professional activity of
teachers, which allows for a more accurate assessment of the effectiveness of current educational
methods;

- additional attention should be paid to the development and implementation of innovative
methods and tools that help to acquire research skills more effectively in a rapidly changing
technological environment.

Thus, our study confirms the importance of developing the pedagogical research skills of future
computer science teachers and indicates the need for further efforts to improve educational
programs.
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